


ADNSU-nin
100 illiyina hasr olunur.




AZORBAYCAN RESPUBLIKASI TOHSIL NAZIRLIYI

AZORBAYCAN DOVLOT NEFT VO SONAYE UNIiVERSITETI

CABBAROV T.Q., RZAYEVA G.H..

Masin istehsali texnologiyasinin asaslari
Dars vasaiti

Baki-2020



AZORBAYCAN RESPUBLIKASI TOHSIL NAZIRLIYI

AZORBAYCAN DOVLOT NEFT VO SONAYE UNIVERSITETI

CABBAROV T.Q., RZAYEVA G.H..

“Masin istehsali texnologiyasinin asaslar1”

Dors vosaiti

(Ali texniki moktoblor iigiin)

Azorbaycan Dovlot Neft vo Sonaye

Universitetinin ©Omr NeQ1- 1/18 sayls,
“25 noyabr” 2020 ci il tarixli
iclasinin gorart ilo tosdiq edilmisdir.

ADNSU-nun nasri -2020



UDK 621

Muiialliflar: dosent Cabbarov Tahir Qaffar oglu

dosent Rzayeva Giilnaz Hac1 quz1

Dors vasaiti. Baki, ADNSU - nasri, 2020

Redaktorlar : bas miisllim Komalo Heydar qiz1 ismayilova (ADNSU)
assistent Nurlan Arzu oglu Qurbanov (ADNSU)

Roy veranlar : t.e.d., professor Ibrahim Obiilfaz oglu Habibov (ADNSU)
t.e.n, dosent  Qurban Sadix oglu Abdullayev (SDU)

Masin istehsal texnologiyasinin asaslari

Dors vosaiti bakalavr pillasi iigiin 050622,050623,050628 vo 050638
ixtisaslarinda tohsil alan talobalor tigiin nozards tutulmusdur.
Dors vosaitinin hazirlanmasinda asas moagsad kegirilon nozori kursun

monimsanmasing vo mohkomlonmasina komoak etmakdir.



MHUHHUCTEPCTBO OBPA3BOBAHUS ABEPBANI)KAHCKOM
PECIIYBJIMKH
ABEPBANUJI)KAHCKHM TOCYJAPCTBEHHBIH YHUBEPCUTET
HE®TU U NPOMBIIIJIEHHOCTH

JAXKABBAPOB T.I'., P3AEBAT.I..

OcHOBBI NMpou3BOJACTBA TCXHOJOI'MH MAIIIMH

YueoHoE mocooue

Jl1s1t BEICIITUX YUEOHBIX 3aBE/ICHHM

baky-2020



VIK 621

ABTOpBI. IOLEHT [xa06apos Taup I'apdap orubl
JAOLEHT P3aeBa I'tosibHa3 I'aku KbI3bI

YueoHoe nocooue , baky, AUHII - uznareanctBo, 2020

Penakropnl: cr.mpenogoBarenab K. I'. UcmannoBa (AT'MHIN)
ACCHCTEHT H.A.Kyp6anos (AT'MHII)
OT3BIBBI . [.T.H.,lIpo(eccop N.A.I'aouooB (AT'UHII)
K.T.H., TOIEHT I'.C.Aoayainaes (CI'Y)

OcHOBBI Mpou3BOACTBA TCXHOJOI'MH MalllMH

VY4eOHOe ocoOue MpeayCMOTpeHa ISl CTYACHTOB, 00YYaronuXxcs 110
cnenuanbHocTaM 050622,050623,050628 u 050638 GakanaBpuara.
OcHoOBHas 11eJ1b MOJATOTOBKH YY4ECOHOT0 MOCOOUS TIOMOYb YCBOUTh U

YKPENHUTh TEOPETUUECKUN KypC MpeaMeETa.



MINISTRY OF EDUCATION OF AZERBAIJAN REPUBLIC
AZERBAIJAN STATE UNIVERSITY OIL AND INDUSTRY

JABBAROV T.G., RZAYEVA G.H.

Fundamentals of Manufacturing

Machine Technology

Tutorial

For higher education institutions

Baku — 2020



UDC 621

Authors: Assoc. Prof. Dr.  Jabbarov Tair Gaffar oglu
Assoc. Prof. Dr.  Rzayeva Gulnaz Hajy gizi

Study guide, Baku, ASOIU - publishing house, 2020

Editors: Senior Lecturer K. H. Ismailova (ASOIU)
Assistant N. A. Gurbanov (ASOIU)

Reviews: Doctor of Technical Sciences, Prof. I.A.Habibov (ASOIU)
Assoc. Prof. Dr. G.S. Abdullaev (SSU)

Fundamentals of Manufacturing Machine
Technology

The textbook is provided for students studying in the specialties 050622,
050623,050628 and 050638 undergraduate. The main purpose of preparing a
textbook is to help you learn and strengthen the theoretical course of the

subject.



MUNDORICAT

Sah.
GIRIS ...ttt 11
1. Hissalarin xatti olc¢iilorinin noniuslu alatlorls  6l¢iilmasi........ 17
2. Hissalorin xatti olciilorinin mikrometrlarlo ol¢iilmosi.............. 51
3. Hissalorin xatti olciilorinin meyllorinin lingli alatlorle
OlGUIIMOSH. ....cooiiiiiiii 101
4. Bucaqlarim vo konuslarin ol¢iilorinin xUsusi lavazimatlarla
OlGUIIMOSH. ....coeiiiiii i 150
5. Hissalarin ol¢iilorinin sart vo tanzimlonan kalibrlorlas
YOXIAMIIMASL. ....oceiiiiiiiiiii 200

6. Dozgah amoliyyatlari iiciin texniki vaxt normalarimn toyini ... 292

7. Kasici alatin ol¢ii yeyilmasi vo onun kasmd yolundan

astGININ tOYINI.........ooiiiiiiii 321
8. Sothin kalo koétiirlilyliniin taymnn ...........cccoovevveniiiie i 387
9. Masin istehsalinda baza vo bazlasdirma...................................... 465
10. Avadanhgin yigilmasi va texnoloji yigim sxeminin tartibi..... 495

11.ISTIFADO OLUNAN ODOBIYYAT......cco oo, 545



COJIEPKAHUE

CTP.

BBEJIEHUE ...........cccooiiiiiiii et 13
1. U3Mepenne TUHEHHBIX Pa3MepoOB € HOHMYCHBIMH
TIPHOOPAMI.......coeiiiiiiiieiiiiie et e e 28
2. I3MepeHne JUHEHHBIX Pa3MepoB MUKPOMETPUYECKUMHU
TPHOOPAMEY ......ovviiiiieieetie ettt e e e s e s e s 67
3. U3mepeHune OTKJIOHEHUH JJUHEHHBIX pPa3MepoB NPH MOMOIIN
PBHIYAKHBIMH TPHOOPAMI.......ooeiiiiiieiiiiieiirieeeineeeesnneeesnee e nnee e 117
4. U3mepeHue pa3MepoB YIJIOB U KOHYCOB CHIeIIHAJIbLHBIMH
HU3MEPSEMBIMH CPEHACTBAMM.......oeeiiiireeiiiieeeaireieasineeassneeeesnnesesnnneens 166
5. IIpoBepka pa3mepoB JeTrajieil KeCTbKHMH M

PErYJIUPYEMBIMH KATHMOPAMME........oooiiiiiiiiiiienisiieenssiieeessineessienenns 230
6. OnpenesieHue TeXHU4ECKUX HOPM BpeMeHH BbINOJIHEHUS
CTAHOYHBIX OMEPALMEI ....ooovvvvieiiiiieiiiiieeiiiie et ee e e e 301
/. Pa3MepHBI HM3HOC PeKYylIero MHCTPYMEHTA W onpeaesieHue
€ro 3aBUCHUMOCTH OT TYTH PE3AHMIA ...ooovvurrrrainrrieniiiineessiinnenssnsnenns 343
8. OnpenesieHue MEPOXOBATOCTH MOBEPXHOCTH........covvvvvvrenrivneennn, 413
9. bazupoBaHue H 0a3bl B NMPOM3BOJACTBE MAIIMH.................... 475
10. CocTaBJ/ieHHe TEXHOJIOTHYECKOH COOPKH M COOpPOYHOM
[0,V 0 S 0 7 e 31 (<1 0/ 0; SR TRTRTRTTRP 512

11.JIATEPATYPA....itiiintrnneincsnnnnnnecssneessssessssnessssecssssessssessses 545



CONTENTS

INTRODUCTION. ...

1. Measuring linear sizes with nonius instruments.............

2. Measurement of linear sizes with micrometric

IS T UMIENTS e et eereereeeceeeesssseccocesssssscesssnsssssscassssssssssns

3. Measuring linear dimensions by handling with lever
INSEFUMENTS.cueieiiniieiieiieinieniiateeenesnrsnssnssesnssnsonssnsesses

4. Measuring angles and cones special measured

MEASUNES . ceieeeeeereceeeceececscscceseccecssossssosscsccscscsscsssssscnse

5. Checking the parts size rigid and adjustable

(07 1 1101 &= 1 { (o] o 1R

6. Definition of technical standards of time performance

of machining OpPerationS....cccceeeeeiieiieieneeieeiaceneceacensennes

7. Dimensional wear of the cutting tool and determination

of its dependence on the CUttiNg WaY ...cceeeereerinreneeencannanns
8. Determination of surface roughnesS...ccceeeeeeeeeeeneeeacannens

9. Base and base in machine production.......ccccceeeeeieernennn.

10. Composition of technological assembly and assembly

diagram of the product......cceeeeiiiiiieriiinieieciereneenecnnnens
11. REFERENCES .....coi i



GIRIS

Masinqayirma sahasinin qorunub saxlanilmasit vo inkisafi Azaorbaycan
Respublikasinin dovlet ohomiyyatli strateji mosolosidir. Bu mosalonin
somorali holli li¢iin respublikamizin 100 ildon ¢ox olan masingayirma sonaye
tacriibasi movcuddur. Diinya oOlkalori ilo iqtisadi slagelor yaratmaq tigiin
alverisli cografi makani, zangin enerji vo material ehtiyatlar: var.
Masinqayirma sanayesi xalq tasarriifatinin biitiin sahalorini miioyyon edir.
Yeni comiyyatin asasini togkil edon maddi bazanin yaradilmasina boyiik tosir
gostorir.Bu sababdon da dovlat torafindon masingayirmanin inkisafina
homiso ciddi ohomiyyat verilmisdir.

Azorbaycan masingayirma sonayesinin formalagmasi vo inkisafi Abseron
yarimadas1 vo Xozor donizinds zongin neft yataqlarinin istismari ilo alagadar
olmugdur. XIX osrin axirlarindan Bak1 sohorindo neft avadanligl tomiri vo
istehsali miiossisoalori foaliyyot gdstormisdir.

Dors vosaiti tolobolorin sorbast isi olub, xiisusi fonlorin dyronilmosindo
biliklorin manimsonilmasini méhkomlatmak va sistemlosdirmok moagsadini
guddr.

Talobalor sarbast movcud islori yerino yetirmok, asas cihaz, avadanliq vo
magsinlarla islomok bacarigina malik olmalidirlar.

Texniki ali moktoblorin bakalavr todris pillosinin talobolorine “Masin
istehsali texnologiyasinin asaslar1”, “Masinqayirmada keyfiyyotin
normallasdirilmas1” foanlari tizro moOvcud islari yerina yetirmak {iglin dors
vosaiti kimi nozordo tutulub.

Dors vosaitindoki islori geyd olunan fonlorin praktiki hissosini togkil
edir. Qeyd olunan islorin yerino yetirilmasi tolobaloro Oyradilon nozari
materialt yaxsi monimsomoys imkan verir.

Dors vosaitindon istifado edorok tolobolor verilon islori qrup halinda vo

ya ayri-ayriliqda, har bir tolobonin 6zii yerina yetira bilor.



Talaba sorgu kitablarindan, normativlarden va texniki adabiyyatdan istifade
etmak vardiging, hesablama gabiliyyatini inkisaf etdirmak va
mohkomlandirmak, texnoloji prossesi layihalondirmak tacriibasing,
tortibatlarin vo kasici alotlorin qurulusunu vo hesabatini vermok, on
mohsuldar avadanliq segcmak vo gobul edilmis texnoloji prossesds on
somarali kasma rejimlarini toyin etmok bacarigina yiyalonir.

Islorin yerino yetirilmosi tolobolora dyradilon nozori materiali yaxsi
monimsamays imkan verir. Texnoloji proseslords cihazlarla, avadanhqglar va
materiallarla tanis edir, alinmis tocriibi noticolori miizakirs etmayi vo onlarin
analizi osasinda miivafiq notico va fikir sOylomayi dyronir.

Bunlar tolobalorin nazari biliklorini tamamlayir.

Har bir goriilon isin mozmununun yazilisi iki hissodon ibarat olur. Birinci
hissada qisa nazori molumat verilir.

Talobolors tolob olunan isi diizgiin vo basa diisocok yerino yetirmoyo komok
edir.Isin yerina yetirilmasindo istifade edilon qurgularin,masimlarin vo
cihazlarin xarakteristikas1 gostorilir,har bir igin tapsirig1 vo moqsadi izah
olunur.

Ikinci hissado konkret tapsiriq gostarilir.

Isin yerino yetirilmosina vo hesabatin tortib edilmosine dair metodiki
gostarislor verilir.

Taloboloro movzunu dorindon dyronmasine komok ii¢lin yoxlama suallari
verilir.

Qeyd olunmus islorin miitkommal yerins yetirilmosi yalniz ona hesabat
yazmagqla tamamlanmir.

Baslicasi iglorin asas hissalorinin mozmununu oks etdiron suallara cavab
vermoyi bacarmaqdir.

Dars vasaiti tosdiq olunmus fonn proqramina asasan tortib edilib.



BBEJIEHUE

CoxpaHeHue 1 pa3BUTHE MAIIMHOCTPOUTENBHONU OTPACIH SBISETCS
CTpaTeTMUE€CKHUM BOIPOCOM TOCYJAPCTBEHHOM BaXKHOCTU A3epOaiiiKaHCKON
Pecniy6nuku. J1ns s pexTuBHOrO perienus 3Toil mpoodiieMbl Halla cTpaHa
umeet 6osee yem 100-neTHHI ONbIT pabOThl B MAIIMHOCTPOUTENBHON
orpaciu. OH UMEET BBITOJHOE reorpaduueckoe moyioxeHue, Ooraroie
HSHEPreTUYECKUE U MaTEPUATIbHBIE PECYPCHI JIJIsl YCTAHOBJICHUS
HKOHOMHYECKUX OTHOILLIEHUN CO CTPaHAMH BCETO MUpA.

MammHocTpoeHHe onpeiessieT BCce 0TPacin YJKOHOMHUKHU B HAPOHOM
X03s1icTBE. DTO UMeEeT O0JIbIIIOE BIUSHUE HA CO3JJaHUE MaTEpUATIbHOM 0a3bl,
KOTOpasi COCTaBJISIET OCHOBY HOBOro ob1iectBa. I1o 3Toi npuunHe
rocy/IapCcTBO BCEr/ia MpUIaBajo O0JbIIOE 3HAYECHUE PA3BUTHIO
MaIlIUHOCTPOCHHUS.

dopMupoBaHHUE U pa3BUTUE a3epOaiiIKaHCKOT0 MAIIMHOCTPOEHUS OBLIO
CBSI3aHO C pa3pabOTKON OOraThiX HE(MTAHBIX MECTOPOKIECHUN Ha
AnmeponckoM nosryoctpoe U B Kacnuiickom mope. C konna XIX Beka B
baky nencTByIOT MpeAnpUsTHS 0 PEMOHTY U MPOU3BOJCTBY HE(PTIHOTO
00opy10BaHMUS.

VYyeOHoe mocobue SBISETCS CAMOCTOSITENIbHON pabOTON CTY/IEHTOB U
HaIlpaBJICH HA 3aKPEIUICHUE U CUCTEMATU3AlIMI0 YCBOCHUS 3HAHUM TIPU
M3YUYEHUHU CHEIUATbHBIX MPeaMeTOB. CTYJEHThI JOKHBI YMETh BBIIOJIHSIThH
CaMOCTOSTETIbHBIE TaHHBIE PAOOTHI U PabOTaTh C OCHOBHBIMU MIPUOOpaMH,
obopynoBanuem u MamuHamMu.OH MpeIHa3HAuYCH B Ka4eCTBE Y4EOHOTO
MOCOOUS JUTsl CTYZICHTOB OakallaBpraTa TEXHHYECKUX BY30B JIJIs
BBHITIOJTHEHUS JTaHHBIX paboT mo npeameraM «OCHOBBI TEXHOJIOTUN
MPOU3BOJICTBA MalIuHy, «HopManu3anus kayecTBa B MATUHOCTPOCHUI.
JlaHHBIE pabOTHI B yueOHOE TOCOOME COCTaBIISIET MPAKTUUYECKYIO YacTh
3TUX npeameToB. [IpoBegeHne NaHHBIX padOT MO3BOJISAET CTYICHTAM

YCBOUTH TEOPETUYECKYIO YaCTh MPOUIEHHBIX MAaTEPHUATIOB.



C nomo1pio y4eOHHUKa CTYI€HTbI MOTYT BBIIOJHATh JaHHBIE paOOTHI B
IPYIIAX WU OTAEIBHO WIIN K€ KaXXIbI CTYAEHT UHAUBHUYAJIBHO.
CryzaeHTt npuoOpeTaeT yMEHHE UCIOIb30BaTh CIIPABOYHUKH, HOPMATHUBBI,
CTaHJAPThI U TEXHUYECKYIO JIUTEPATYPY, PA3BUBATh U YKPEILIATh
BBIYMCIIUTEIBHBIE HABBIKH, OIIBIT TPOCKTUPOBAHMS TEXHOJIOIMYECKOTO
IIPOLIECCA, CTPYKTYPBI U OTYETHOCTH IO KOHCTPYKIUSAM U PEKYILIUM
MHCTpYMEHTaM, BbIOOpa HanboJsee MpOr3BOIUTEIHLHOTO 000PYIOBAHMS U
omnpezenenus Hanbonee 3QHEeKTUBHBIX PEKUMOB PE3aHHUs B IPUHATOM
npouecce. [IpoBenenre qaHHbIX pabOT MO3BOJISET CTYJEHTAM YCBOUTD
NpONJEHHBIN TeopeTrnueckuii matepuai. [loznakomurcs ¢ npudbopamu,
000pyZ0BaHUEM U MaTepUajaMu B TEXHOJOTUYECKUX MPOIECCax, YUUTCS
00CYX/1aTh MOJIYYEHHBIEC SKCIIEPUMEHTANIbHBIE Pe3yJIbTaThl U BHICKA3bIBATh
COOTBETCTBYIOILIME BBIBOJIbI U MHEHUSI HA OCHOBE UX aHAJIU3a.

Bce 3T0 1OMOJIHAIOT TEOPETUYECKUE 3HAHUS CTYIEHTOB.

ConepxxaHue KaxaoH JaHHOM paOOThl COCTOUT U3 JABYX YacTeil.

B nepBoii yactu gaercs kpatkas TeopeTuueckast uHpopmanus. Ilomoraer
CTYZEHTaM MPABUJIBHO U MOHITHO BBINOJIHATH JaHHbBIE paOOTHI.
IToka3aHbl XapaKTEPUCTUKH YCTPOUCTB, MAITUH U MPUCIIOCOOICHUH,
UCTOJIb3yEMbIX [P BBIIIOJIHEHUHU paboT, MOSICHIIOTCS 3a7a4a U Lelb
KaXXJ10H paOoTHI.

Bo BTOpO# 4YacTu mMoOKa3bIBa€T KOHKPETHYIO 3a/1a4y. /[aHbl MeTOAMYECKUE
yKa3aHUs M0 BBIIOJHEHUIO pabOT U COCTABICHUIO OTYETA.

KoHTposibHBIE BOIIPOCHI 1al0T, YTOOBI IOMOYb CTYI€HTaM YII1yOJIeHHO
U3Y4YUTH TEMY.

BrimonHenne naHHBIX pabOT HE 3aKaHUYMBAETCS B pacyueTax.

I'maBHOE yMeTBH OTBEYaTh HA KOHTPOJIBHBIE BOIPOCHI, KOTOPHIE
COJIEp>KaHUE COCTABIISIET OCHOBHBIX TEOPETUYECKOM YacTel padboThI.

VYyeOHoe mocoOre COCTaBJIEH MO YTBEPXKIAECHHON MporpaMMe ImpeaMeTa.



INTRODUCTION

The preservation and development of the machine-building industry is a
strategic issue of state importance for the Republic of Azerbaijan. To
effectively solve this problem, our country has more than 100 years of
experience in the engineering industry. It has an advantageous geographical
position, rich energy and material resources for establishing economic
relations with countries around the world.

Mechanical engineering determines all sectors of the economy in the national
economy. This has a great impact on the creation of the material base, which
forms the basis of the new society. For this reason, the state has always
attached great importance to the development of mechanical engineering.
The formation and development of Azerbaijani mechanical engineering was
associated with the development of rich oil fields on the Absheron Peninsula
and in the Caspian Sea. Enterprises for the repair and production of oil
equipment have been operating in Baku since the end of the 19th century.
The manual is an independent work of students and is aimed at consolidating
and systematizing the assimilation of knowledge in the study of special
subjects. Students should be able to work independently on workshop
assignments and work with basic tools, equipment, and machinery. It is
Iintended as a teaching aid for undergraduate students of technical universities
on "Fundamentals of Machine-Building Technology", "Quality Normalization
in Mechanical Engineering".

The topics in the textbook are a practical part of these subjects. Carrying out
the existing work allows students to master the theoretical part of the
transmitted materials. With the help of the textbook, students can work in
groups or individually, or individually for each student.

The student acquires the ability to use reference books, norms, standards and
technical literature, develop and strengthen computational skills, experience

in designing a technological process, structure and reporting on structures and



cutting tools, choosing the most productive equipment and determining the
most effective cutting conditions in the adopted process. Conducting topic
work allows students to master the theoretical material. Get acquainted with
devices, equipment and materials in technological processes, learns to discuss
the obtained experimental results and express appropriate conclusions and
opinions based on their analysis.

All this complements the theoretical knowledge of the students.

The content of each case consists of two parts.

The first part gives a brief theoretical information. Helps students to complete
assignments correctly and clearly. The characteristics of devices, machines
and devices used in the performance of work are shown, the task and purpose
of each work are explained.

The second part shows a specific task. Methodical instructions for work
performance and report preparation are given.

Test questions are given to help students explore the topic in depth.

The work done does not end with calculations.

The main thing is to be able to answer control questions that make up the main
theoretical parts of the work.

The textbook is compiled according to the approved program of the susbject.



MOVZU Ne 1
HISSOLORIN XOTTiI OLCULORININ NONIUSLU

ALOTLORLO OLCULMOSI
Tapsiriq
1.Hissalorin yararliligini toyin etmok.
2.Gortiilon 15 hagqinda hesabat tortib etmok.
Isin magsadi
Stangenalotlordon istifado vo noniuslu 6lgmonin
monimsonilmosi.Istehsalda texnolji prosesdon sonra oldo olunan
hissalorin yararliligini toyin etmok.
Isin yerina yetirilmosi ii¢ciin lazzim olan cihazlar vo lovazimatlar:
RSP-1, SP-1, SP-11 vo SP-111 tipli stangenporgarlar , stangendorinlik-
Olganlor, stangenreysmuslar , stangendisélgonlor va 6l¢iilon hissalor
daxildir.
Isin yerina yetirilmaqaydasi:
1. Stangenporgarlarin osas ndvlori, onlarin qurulusu vo istifado saholorini

Oyronmoli.

2. Nonius skalasi lizro hesabat metodikasini islomali.
3. Stangenporgarlar vasitosi ilo nlimunoni 6l¢mali.
4. Alinmis naticalorin cadval formasinda tortib edilmali.
5. Noticolorin analizi .
Nazari moalumatlar:
Istehsal zaman1 momulatin davamliliga,mdhkomliye hesablanmasi zamani
xatti Olgtilorinin - d,l,h qiymotlondirilmasi yaranir.Masin istehsal zamani
hissalorin talob olunan 6l¢lido alinmasi ¢ox miirokkobdir.Buna osaslanaraq
masinqayirmada miixtolif Olciilordon istifado olunur.Masinqayirmada:
1.Nominal 6lci; 2. Haqigqi él¢ii; 3. Olgmadon alinan
Olciilor mothumlarindan istifads olunur.

Nominal 6lgl - layiho zamani hesabatdan toyin olunmus ,
17



yuvarlaqlasdurilaraqg cizgide uygun sothds gqeydos alinmis Olgiiyo
deyilir.Mexaniki xassolori hesabatdan toyin olunmus “Nominal xatti dlgiilor”
DUIST-ino gora - CT. COB144-2000 I'OCT 25347-2001. yuxariya dogru
yuvarlaglasdurilaraq secilir. Nominal 6l¢i ideal ol¢ldur, yuva tgin - Dn,
val U¢lin iso - dn Kimi isara olunur. Masin hissalari sathini nominal 6l¢iiya
uygun miitloq doqiq hazirlamaq geyri mimkundr.

Haqiqi ol¢ii istehsaldan sonra alinan 6l¢iiya deyilir.Haqiqi dl¢ii asil
Ol¢tidon 6lgmonin xatas1 qodar farqlonir.Hoqiqi 6l¢ii hissalarin cizgisinda
emal olunan sathin 6l¢iisii iki buraxila bilon 6l¢ii ilo verilir. Bu 6lgiilora
hadd 6lgiilari deyilir. Hadd 6lgiilari on boyiik ve on kigik(sak.1.1) olurlar.

Yuvanin hodd 6l¢iilori - Dmax, Dmin valin hadd 6l¢iilori is9 - Amax,dmin Kimi

gostorilir.
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Sakil 1.1  Masin istehsal zamani hissalorin talob olunan olciilori

Uygun standartlardan hodd meyillonmolorini se¢dikdon sonra asagidaki
ifadoalorlo hadd Olgiilorini toyin etmok olur:

Dmax = Dn + ES; Omax = dn + €S; 1.1

Dmin = Dn + EI; dmin= dn + €i.
Olgmo naticasinda toyin olunmus 6l¢i- 6l¢lilmadan alinan 6l adlanir.
Olgon alatin dogigliyindon, lgmonin aparilma saraitindon, dlgmoeni aparan
soxsin gOrmo gabiliyyatindon vo s. asili olaraq eyni sothin hoqiqi Olgiisti

muxtalif ola bilar.
18



Hal-hazirda SP-I, SP-11 vo SP-111 nonioslu stangenporgarlardan vo
monitorlu- rogomli RSP-I, RSP-11, RSP-III, XRSP (xiisusi) vo DSP
(indikatorlu dairavi) stangenpoargarlardan(sok.1.2) istifads edilir.

m-1-125-0,1 I'OCT 166-2001

I-11-200-0,05 I'OCT 166-2001

-111-300-0,05 I'OCT 166-2001

SPS-1-150-0,1 I'OCT 166-2001
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SPR-1-150-0,01 I'OCT 166-2001

Stangendarinlikolconlor:
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l‘:—" A i. 49» - STe—o ) RN T IR N T

Ir-250 I'OCT 162-2002

mIr-160 I'OCT 162-2002

Nazik olcii iclikli rogomsal stangendarinlikol¢con
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Stangendisol¢on IH3H-18 TY 2-034-773-2001
Saokil 1.2 Hal-hazirda istifads olunan stangenpargarlar

SP-1 — bu nov stangenporgarlarda 6lgon 1 vo 2 dodaglar iki torafdo
yerlosdirilmisdir. (sok.1.3,b). Ust qosa dodaqlar daxili, alt qosa dodaqlar isa
xarici Olciilori 6l¢mak ticiindiir, 3-¢ixintis1 ilo iso dorinlik Sl¢iiliir.

SP-1I — bu stangenporgarlarda 6lgon 1 vo 2 dodaqlar1 iki torofdo
yerlosdirilmisdir (sok.1.3,c). Alt qosa dodaqlar xarici vo daxili dlgmolor
Uclndiir. Daxili 6lgmoalords nonius skalasinin gostorisine dodaglarin eninin
Ol¢lislinii (adoton b = 10mm) olavo etmok lazimdir. Bu 6l¢ii dodaglarin
tizorindo gostorilir.

SP-111 - tipli stangenporgarlarda 6lcon 1 vo 2 dodaqlar1 hor iki torofdo
yerlosir (sok.1.3.d). Alt torofdo yerloson 1vo 2 dodaglarinin daxili miistovi
sothlori xarici Olgmo, xarici silindirik sathlori iso daxili 6lgmo tigiindiir.
Daxili 6lgmolordo nonius skalasinin gostorisine dodaglarin enini do olave
etmok lazimdir. Ust torafdoki 1 vo 2 dodaqglar1 xarici 6lgms iiciindiir. Burada
iist qosa dodagqlar itiuclu olduglar1 ii¢ciin bunlardan nisanlanma islorindo do
istifado edilir. SP-I stangenporgarlarinin 6lgmo haddi 0+125 mm va 6lgma
doqiqliyinin qiymoti 0,1 mm-dir. SP-II vo SP-III stangenpargarlar1t miixtolif
Ol¢mo hadli -yuxar1i hadd 2000 mm olub 6l¢gma doaqigliyinin giymoti 0,05

yaxud 0,1 mm-dir.
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RSP-I tipli stangenpargarlarda 1 va 2 dodaqlar1 har iki terafds yerlosir

(sok.1.3a). Ust qosa dodaqlar daxili, alt qosa dodaglar iso xarici dlgmalor
ticiindiir. Olgmo uzunlugu 150 mm dogqiglik isa 0,01 mm-dir. Bu tip
stangerlor raogomsal stangenporgarlar adlanir. Olgmodon alinan natico birbasa
stangerpargarin  lizorindo qurasdirilmis  g¢argivadoki ekranda-monitorda
yazilir. Alotlorin {izorindoki bolgli xotlori lazer vasitosi ilo ¢okilmisdir.
Horokot etmoyon stanq vo hoarokot edon ¢orgiva tablandirilmig poladdan
hazirlanmigdir. Ragamsal stangenpargarlarda nonius yoxdur, 6l¢ma daqiqliyi
0,05+0,01 mm-dir, 2000 mm-o godor Sl¢iinii dlgmok olur. Olgmoalor hom
diiymo, hom do metrik skalalarla aparila bilor. Olave olaraq ¢or¢ivonin arxa

torofindo moalumat

b) d) c)

Sokil 1.3 Stangenpargarlarin asas novlori
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lclin yivlori agmaq maqgsadi ilo lazimi diametrlorin Sl¢iilorinin se¢ilmosi
gostarilib. Corgivo mikrometrik vintlo do horokats gotirilo bilor.

Sokil 1.4-do stangendorinlikdlgan va stangenreysmus gostorilmisdir.

- -
Stangenreysmus

Sokil 1. 4 Stangendarinlikolgon vo stangenreysmus

Stangendorinlikdl¢on iki miistovi arasindaki masafoni, pazlarin dorinliyini,
dar - dibi bagl biitov yuvalari, pillali detallarin uzunluq v hiindiirliiklorini
6lgmok {igiindiir. Stangenreysmus asason nisanlanma omoliyyati Ugln
isladilir, onunla hoamginin detallarin xarici vo daxili 6l¢tilorini do 6lgmok
olar.

Stangendarinlikdlgan vo stangenreysmusun 6l¢ii miistovilari forqli geyd
23



edilmisdir. Cihazlarin galan hissolori eyni ilo onlarin gordiiyt isi goriir.
Stangendorinlikdlgon stanqi lizerindoki diiz xstli skaladan vo noniusdan
ibaratdir. Nonius stangenalatlorin asas skalasinin bolgiilori intervalinin kosr
paylarini hesablamaq imkanini veran tortibatdir. Olgiilon A komiyyatini osas
skala tlizro tam bolgllori M va nonius skalasi {izra hesablanmis (n-C)
hasilini comlomakls tapilir,
yani

A=M+nC 1.2
burada n - noniusun xattinin say1; C -noniusun bolgii qiymatidir.
Sokil 1.5 - do K xatti kimi nonius skalasinin elo bolgii xatti gobul edilir ki, bu
xott osas skalanin xotti ilo {ist-iisto diissiin, ya da buna daha ¢ox yaxin olsun.
Miixtalif noniuslarin(Sak. 1.6 ) hesabatina aid misallar géstorilmisdir.
Nonius skalasinin gostorisini Fop

M)

*Fnain 1.3

Fnon (Lmaln

ifado ilo toyin etmok olar.
Burada Lpyain- 9sas skalanin, L,,,-nonius skalasinin uzunlugu; n- tam

bolgiilorin say1; Fyain —9sas skalanin bolgiistiniin qiymatidir.

L
[

Sokil 1.5 Nonius skalasi

Sokildo asagidaki skala noniusun, yuxaridaki stangenporgarin osas

skalasidir. Yuxarida qeyd olunan 0,02mm noniusun har bdlgiistiniin
24



qiymatidir.Yoni noniusun 1-9 barabar bolgiisii -0,1-don va 6-ya barabar
bolgusi-0,6-ya uygundur.

Numuns olaraq noniusun asagidaki sokildoki gostoricini hesablayaq:

0 10 20

0 5 10
Sokil 1.6 Numuna nonius skalasi

Gostorilmis sokildo  osas skalada 7 tam, noniusun ist-lsto diisdiiyii
bolgii(qurmiz1 strixlo) 6-n1 gdstorir.Olgli  doqiqgliyi 0,1 oldugundan demok
0l¢U-7,6 (yeddi tam onda alt1)-dir.

Isin yerina yetirilms ardicilhg:

1.Verilmis is¢i cizgiyo asason hissonin eskizini tortib etmoli.

2.Hecabat codvolino hissonin is¢i cizgisinin {izorindo geyd olunan biitiin
Olgiilorin hodd meyllonmolorini T'OCT 25347-2001-dan se¢ib yazmal.
3.Codvolin xiisusi qrafasina hesablama  noticosindo  alimmis  hadd
Ol¢iilorini,6l¢iilorin miisaidolorini qeyd etmali.

4 Hor bir Olciinli 6lgmok ti¢lin Olgii alotini se¢mali.

5.Secilmis  Ol¢li  alotlori  vasitesilo  biitlin ~ Olgiilorin ~ diametr  vo
uzunluqlarinin haqiqi 6l¢iilorini toyin etmali.

6.Hor bir Olgiilon Olgiinii alotin hissoys nozoron iki istigamotds , yoni iki
kasimds (A-A,B-B) aparmaq lazimdir.

7.Hor bir 6l¢iiniin orta arifmetik yoni orta hesabi hesablamalardan sonra
oldo olunan hoqiqi Olgiiniin,hodd Olciilorinin noticalorini TOCT 25347-
2001-1o miiqayiso edororok hissalorin « yararli»,« yararsizy,« diizoldilo

bilon yararsiz », « diizaldilo bilmoyan yararsiz »yoni« ¢ixdas» oldugu
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miloyyanlosdirilir.
Analoju olaraq biitlin olgiilor tigiin aparmaq lazimdir.
8.Miollimin tapsirigia oasason ii¢ olciiniin miisaido sahosi,nominal,haqiqi

vo hodd ol¢iilorinin sxemi ¢okilir.

le =750/H72
L =408 l> =50H72
L =32H 74 L =24 T
)

L w ! J_lL
= . B =
2 = = S
= W e = N

== = . =
= ~=-
h‘*\
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Tapsiriq:Slgiilori Olciilon hissonin(detalin) eskizi
Olgmok
Hisso No
I 1l I A
I 11 11 W
Ol¢monin naticesi, mm
Oxa perpendikulyar kosiklor =
‘— <
P I-I -1 Hi-111 g g
e — © o
CZS Olgon Istigamotlor = g
—
w»|  alotin adi T
A-A | B-B | A-A B-B | AAA | B-B S
1
2
3
4
5
6
7
8
[slomo tarixi Isin tohvil tarixi
Talobonin imzasi Miiollimin imzasi1

Yoxlama suallar:
1.Stangenporgar.Novlori vo totbiq sahosi?
2.9sas hissalori,ig prinsipi,nonius skalas1?
3.Miisaida vo miisaids sahasi nadir?
4.0Ol¢iiniin asag1 vo yuxar1 hodd meyllonmasi nadir?
5.Nominal 6l¢ii noys deyilir?

6.Hoqiqi 6l¢li noyo deyilir?
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TEMA Nel.
U3MEPEHME JIUHEMHBIX PA3MEPOB C
HOHUYCHBIMU NPUBOPAMM.
3anauva:
1.0Onpenenenre TroAHOCTH JieTalled COOTBETCTBHE IO UEPTEXKY.
2.CocTaBUTh pacueTr O MIpoJielaHHON padoTe.
eab pabdoThI:
[IpuoOpereHre HABBHIKOB MOJIb30BAHUS IITAHTCHUHCTPYMEHTaAMU W
OCBOCHHME HOHUYCHBIMH U3MepeHuil. OnpeneneHue mnocie
TE€XHOJOTHUYECKOT0 Mpolecca TOJJHOCTH JETaJEH.
CpencrBa nsmMepenusi 1 u3mMepsieMbie 00bEeKThI VISl BHINIOJHEHHSI
padoThI:
Mranrenmpkynu tuna -1, IHI-11 o HHI-111 , mrasrearayOuHomMepb
U IITaHT€HpEecMacchl U U3MEPSIEMBIE JIETAJIN.
IIpaBuiia BbINOJHEHUS PA0OTHI:
1.M3yyeHue OCHOBHBIX BHUIOB U OTCUETHBIE YCTPOIMCTBO IITAHT€HIUPKYJIEH,
00J1aCTh MPUMEHEHHUS.
2.Pa3paboTaTh METOUKY OTCUETA TUHEHHBIM YCTPONCTBOM HOHHUYCA.
3. 3mepenust pa3iuyHbIMU MPEEIaMy I€Tadu TAaHTeHIUPKYJIEM.
4.CocTaBuTh TAaOIUIly O JaHHBIM PE3yJIbTaTaM H3MEpPEHHUS.
5.AHanu3 pe3ynbTaToB.
TeopeTnveckue cBeeHMs:
Pa3mep, onpenensroniuii BEICOTY U (popMy ACTaiH, ONPEaSasIeTCs 13
pacuera Ha MPOYHOCTH, KECTKOCTH U T. A. Pa3Mep—-aTO 4MCI0BOE 3HAUCHHE
nrHenHon Bennunusl - d,lh.
["abGapuTHbIe pa3Mepbl MPOCTABISIOTCS MO BHICTYNAIOMINM YacTsIM U3AEIHS.
TexHOoJIOrn4ecKne pa3Mepsl y4aCTBYIOT HEITOCPEICTBEHHO MIPH

HN3IroTOBJICHHUH U U3MCPCHUU zLeTaneﬁ.
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B mMammHOCTpO€HNH B OCHOBHOM €I11€ MOJIb3YOTCS CIEAYIOIINMHA
pasmepamu:

1.HomuHaJbHBINA pa3mep

2. JleiicTBUTEJIbHBIN pa3Mep

3.M3mepsiemblil pasmep
PaznuyaroT HOMUHAIBHBIN, TEUCTBUTEIBHBINA U U3MEPSIEMBIA pa3MEpBI.
HomuHaabHbII pa3mep 5TO pazMep, HA OCHOBAHMM MHKEHEPHBIX pacueToB,
OMbITa MPOEKTUPOBAHUS, OOECIEYEHUS KOHCTPYKTHMBHOTO COBEpIICHCTBA
M3TOTOBJICHUS JI€TANH - U3JIETUSl OKPYTJISIOT OOBIYHO B OOJIBUIYIO CTOPOHY
u Onwkailliee ero 3HayeHUE BBHIOMpAETCS MO CTAaHAAPTY KOTOPBIN
yKa3bplBalOT Ha uyepTexke. (OO03HaueHWE HOMHHAJIBHOIO pasMepa s
otBepcTHs - Dn, 1is Bana - dn.
IT10T craunapt,CT.COB144-2000,'OCT25347-2001 HOMHUHAJILHBIE
JIMHEMHBIE pa3Mepbl», CO3JaH HA OCHOBE PAIOB IPEANIOYTUTEIBHBIX YUCEIL.
HomuHanbHbIi pa3zMep - 3TO aOCOMIOTHBIM pa3Mmep. Ero B mpousBojicTBe
IIOJIyYUTh HEBO3MOKHO.
B mpousBoacTBE HEBO3MOXXHO BBIMIOJHUTH a0CONIOTHO TOYHO TpeOyemble
pasMmepnl aetanei. [loaToMy CylecTByeT MOHSATHE - AeHCTBUTEIbHBIN
pasmep gerasm. Ilpu M3roToBIEHMM W U3MEPEHHM MOJ BIHMSHUEM
PAa3IMYHBIX OTPEIIHOCTEN MOJIYYaETCsl pACCEUBAHUE PA3MEPOB.
Jleranu, KOTOpPbIE U3rOTABIMBAIOTCS MPHU OJJHUX U TEX K€ TEXHOJOTMYECKUX
YCIOBHUSIX MOJIYYarOTCS HE C OJMHAKOBBIMHU Pa3MEPAMH.
N3rorosneHne neraner MO OJHOMY pasMepy cilokHO. Hano yuuTsIBaTh
JOIYCTUMYI0 HETOYHOCTbh U3rOTOBJICHUS.
[TosToMy neranu U3roTaBIMBAKOT B IBYX MpPEAEiax, KOTOPhIE HA3bIBAOT
MpeeNbHBIMU pa3zmepaMu. [IpeaenpHblid pazMep—-aTO JBa JOMYCTUMBIX
pazmepa, MeX1y KOTOPbIMH JOJIKEH HAXOJIUTHCS U KOTOPOMY MOKET OBbITh

paBEH NCUCTBUTEIBHBIN pa3Mep.

29



[Mpenenbupiii pasmep ObiBaeT (puc.l.l)HanGoabmuM —D max , d max ®

HauMeHBIIUM -Dmin , Amin.

-13mkm
ES=+16mKm

E

n
=]

eifF-27mKm
gl
-

@ 10.016

@ 10,018
@ 10,028
@ 10

©9,987

D9,973

=

dmin

dmax
Dmin
Dmax

dmin
dmax

Pucynok 1.1 TpeGyemble pa3mepsl JeTasieil Ipu NPOU3BOACTBE MAIIIMH
[IpenenbHbIE pazMepbl XapaKTEPU3YIOT TOUHOCTh U3TOTOBJICHUS.

Dmax: Dn+ ES, dmax:dn+es; 1.1
Dmin = Dn + Ei; dmin=dn + el.

Hekotopass morpemiHocTs BHOCUTCSI TAKKE MPU U3MEPEHUU. Tak Ha3bIBAOT
pa3Mmep, TOJIYYEHHBII B pe3yJbTaT€ U3MEPEHUSI C MOTPEUIHOCTHIO
MEPUTEIBHOTO MHCTPYMEHTA. TOYHOCTh M3MEPEHUSI 3aBHUCUT OT TOYHOCTH
MU3MEPUTEIBHOTO MHCTPYMEHTA, OT TEMIIEPATYphl TOMEUIEHUS, OT 3PEHUS U
kBaspukanuu paboyero.

Hannbie npubopsr mtanreHnupkyau(puc.1.2) tuna INI-1 , -1 » ITIX-
11 , mranreHTTyOUHOMEPHI , IITAHTEHPEHCMACCHI , IITAHT€H3yOOMEDHI,
MITAHTCHIIUPKYIN HOBOTO MOKOJeHUs 1uppoBeie MoHuTOopom - LITHII-1 ,
IO v - cnenmnansabie- HTIICIL, uaaAnKaTOpHBIE KPYTJIbIe-

I KX mmpoko NpUMEHSAIOTCS B MAIMHOCTPOCHHH.
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[To sTomy proOpeTeHne HaBBIKOB pa0OThI C HUMU 00S3aTENBHO.

m-1-125-0,1 I'OCT 166-2001

I-11-200-0,05 I'OCT 166-2001

-111-300-0,05 I'OCT 166-2001

cC-1-150-0,1 I'OCT 166-2001
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mni-1-150-0,01 I'OCT 166-2001

IITaHreHr;iyOMHOMEpHbI:

Ir-250 I'OCT 162-2002

mIr-160 I'OCT 162-2002

u¢ppoBoii MITAHTeHITTYOUHOMEP C MOHHUTOPOM
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ITanrensyoomep MHI3H-18 TY 2-034-773-2001

Pucynok 1.2 JlaHHBI MOMEHT MCIOJIb3yeMble IITAHT€HUHCTPYMEHTHI

Tun IIII-1 C AByCTOPOHHUM pacCoI0KeHUEM U3MEPUTEILHBIX T'YOOK 1 1 2
(puc. 1.3,8). BepxHss napa npeaHa3zHayeHa AJis BHyTPEHHUX U3MEPEHUI,
HWOKHSIS — JUJIS HApYKHBIX. JIMHeWKa CIy>KUT JIJIsl U3BMEPEHUs TITyOuH.

Tun IOL-11 ¢ 1BycTOpOHHUM pacIoioKEHUEM U3MEPUTETBHBIX T'YOOK (puc.
1.3,c). HwxkHss mapa ciay>XuT JJis Hapy>KHBIX 1 BHYTPEHHUX U3MEpPEHU (TaKk
ke, kak B LIII-111); BepxHss mapa ry0ok, UMEIOIINX 3a0CTPEHUS, CITY>KUT
IUTSL Pa3METKH, a TAK)KE JIJIs1 HapyKHBIX U3MEPEHUM.

Tun HHI-111 ¢ oTHOCTOPOHHKUM PACTIONOKEHUEM U3MEPUTEIBHBIX TYOOK
(puc. 1.3, d). BuyrpenHue miockocTr TYOOK 1 U 2 ciryKat JuIist HapyKHBIX
M3MEPEHUN, Hapy>KHbIEC LIMJIMHIPUYECKUE TOBEPXHOCTH — AJIsI BHYTPEHHUX
m3mepeHuit. K orcuery no mikane ¢ HOHLYCOM MPU BHYTPEHHUX U3MEPEHUAX
cJIeyeT MprUOaBISITh CYMMapHYIO TOJIIHUHY IBYX I'y0ok( wacto b = 10mm),
MapKUPOBAHHYIO HA HUX.

[ranrenuupkynu tuna -1 BeimyckaroTcs ¢ npeaenamu usmepenui 0-
125 MM u ¢ BenmuuHoM otcuera no HoHuycy 0,1 mm. lItanreHunpkynu tumna

IIIL-11 u HIIL-111 BimycKatoTCs ¢ pa3nIUYHBIMU MIpEAEIaMu U3MEPEHUS
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(Bepxuwuit mpeaen 1o 2000 mm) ¢ BenmuuuHOM oTcueta no HoHuycy 0,05 wiu
0,1 mm. IlorpemHoOCTh MOKa3aHUM MTAHTEHIUPKYJIEH C BEIMYNHON OTCYETA
o HoHuycy 0,05 mM He goipkHa npebimath 0,05 MM, a ¢ BETMUUHON
orcueta 0,1 mm — 0,1 MM.

Tun - LITAaHT€HIUPKYJIN uugepbiaTHbie C  IBYCTOPOHHUM
pacnoyioKeHUEeM U3MepUTeNbHbIX TyOok 1 u 2 (puc.1.3,a). Bepxussa napa
npeHa3HavueHa JJisli BHYTPEHHUX HU3MEPEHUH, HWKHAS — JJISI HapY>KHBIX.
[HudepOnaTtupie — ocHamieHbl nudeposaroM s yao0cTBa U OBICTPOTHI
CHSITUS TTOKa3aHUM. BeIycKalOTCs ¢ pa3NuyHbIMU MpEJeTaMu U3MEpPEHus -
BepxHuil npenen no 2000 mm ¢ BenmumHOM TouHoctu 0,05+0,01 mm-
a.ldcnonp3yercs 0Oojee COBpEeMEHHBbIE MITAHTCHUUPKYIH C HUGPOBOI
WHJUKaIMen - 3JeKTpoHHbId. [{udpoBbie — ¢ 1mudpoBod MHAMKAIIMEH NS
0e30mM1O00YHOT0  CUMTHIBAHUSA.Y  COBPEMEHHBIX  IITAHTCHIUPKYJIEH C

1 (poBoit UHAUKAIMEH U ITUPepOIaTHRIX HET HOHUYCHOM IIKAaJIbI.

b) d) ©)
Pucynox 1.3 OcHOBHBIC BHAbI LITAHTCHUHUPKYJIe
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Mranrenmupkynu tuna HIT-1, ITI-11 u HTH-111 | mrasrearny6uHoMepbl

U mTaHreHpeiicmaccol(puc.1.4) U uzmepsieMble AETalH.

IITanrenpeiicmaccsol

Pucynok 1.4 IItanreHriy0MHOMepbl M IITAHTEHPEHCMACCHI

[TpuHIIMT paGOTHI IIKATIBl OCHOBAH HAa TOM (DaKTe, 9TO YETOBEK Tropa3io TOUHEE
3aMeUaeT COBIIAJICHUE JEJICHHM, YEM OIPEEISET OTHOCUTEIBHOE
PACMOJIOKEHHUE OJTHOTO JEIICHUS MEXAY TPYTUMMU.

[Ikana-HoHnyc umeet AeneHusi(puc.l.5), pacctosiHue Mex 1y KOTOPbIMHU Ha
ONPEACIECHHYIO BEIMUNHY MEHBIIIE, YEM MEXKAY JCICHUSIMH OCHOBHOMW IIKAJIbI.

OI[HO ACJICHUC HOHNYCA MOKCT COOTBETCTBOBATH KdK OJJHOMY ACJIICHUTIO
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OCHOBHOU LIKAJIbI, TAK U HECKOJILKUM. B 1mociieqnem ciydae pa3HoOCTb JJIMH
MIPONOPLIMOHATBHO yBennuuBaerca. Lleny nenenus Honnyca Fnon MOXKHO

onpeNeNuTh 1o hopmyiie:

Lnon
Fhon= (Lmain- T )'Fmain 1.3

rae

L main, Lnon — JJIMHA JIeNICHUS COOTBETCTBEHHO OCHOBHOM IITKAJIBI M
HOHUYCA;

N — KOJIMYECTBO BCEX IMOJHBIX JSJICHU OCHOBHOM IIKAILI U OJJHOT'O
HEMOJIHOTO, KOTOPBIE COOTBETCTBYIOT OAHOMY JEJICHUIO HOHUYCA;

Fmain — II€Ha ACJICHUA OCHOBHOM IIKAJIbI.

Pucynok 1.5 HonuycHas mkana

BHemHmii  BHI < HOHWMYycAa INTAHTEHIMPKYIS (BHH3Y HW300pakKCHHS).
B cepenune ¢dotorpadum BuaHA OCHOBHAs INKala, BBEPXY yKa3aHa IICHA
nenenus Hounyca —0,02mM. [udpamu ot 1 10 6 Ha HOHMYCEe 0003HAYCHBI

pazmepst oT 0,1 MM 10 0,6 MM COOTBETCTBEHHO.

0 10 20

0 5 10

Pucynok 1.6 IIpuMep HOHHUYCHOM IIKAJbI
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Ha sToM pucyHke HOHMYC (HYDKHSIS IIKajia) MOKa3bIBaeT 7 IENbIX 6 NeCIThIX
JeJIeHUs] OCHOBHOM (BepxHel) mikanbl. Llemas 4acTh 0OBIYHO OmpeenseTcs
10 MTOKa3aHUSM HYJIEBOTO JI€JICHUS HOHMYCA, a IPOOHAsi YaCTh OMpeesieTcs
[0 HOMEpPY TOTrO JeJeHUsS HOHUYCA, KOTOPOE TOYHO COBIAJAET C JIeJICHUEM
OCHOBHOU HIKaJIbl (0OBEIEHO KPAacHBIM MYHKTUPOM).B pesynbrare neneHue
MOKa3bIBACT 7,6 —CEMb HEIbIX IIECTh ACCSTHIX.

Ilopsinok BbIMOJHEHU PaGOTHI:

1.BBINOSHUTE 3CKU3 ACTAIH COTJIIAaCHO pabodyeMy UepTeKy PHUCYHOK .

2.B Tabmuiy otyera Beimucath u3 ['OCT 25347-2001 npenenbHble
JOTyCKaeMble OTKJIOHEHHUSI JIsl BCEX Pa3MEPOB, YKa3aHHBIX Ha paboueM uep-
TEXKE JCTaNH.

3.IlogcunTtarh mpenebHBIE pa3Mephl, JTOMYCKU pPa3MEpPOB W PE3yIbTaThl
3aHECTH B COOTBETCTBYIOIINE Tpadbl TAOIUIBI OTUETA.

4.IlpousBecTH BBHIOOP HM3MEPUTENIBHBIX CPEJCTB JUII U3MEPEHUS KaKJIO0To
pasmepa.

5.0npenenuth JACHCTBUTEIbHBIE pa3MEPhl BCEX JAUAMETPOB U JJIMH
U3MEPSIEMOH JIETaIM C TIOMOIIbIO BEIOPAHHBIX U3MEPUTEIBHBIX CPEJICTB.
6.13Mepenne Kax10ro pazMepa Ipou3BOAUTh B ABYX MOJIOKEHUAX
(A-A,B-B) uHCTpyMEHTA 110 OTHOIICHHIO K JCTAJIH.

7.CpenHee apudMETHUYECKOE 3HAYCHHE IO JIBYM HM3MEPEHUSIM OJHOTO
pasMepa MPUHATH 3a JCHUCTBUTEIBHBIA pa3Mep, CPaBHUTh €ro ¢ Ipeseib-
HbeiMu gomyctuMbiMHu 110 ['OCT 25347-2001 u ciemath BBIBOJ O KAayeCTBE
WCIIOJHEHUS JAaHHOTO pa3Mepa -«TOJHBIN», «Opak HCIPaBUMBIN», «Opak
OKOHYATETbHBIN- OpaK HEUCITPABUMBIII.

AHaJIOTUYHOE 3aKJII0OUCHHE CEIaTh M0 KaXIOMY pasmepy.

8.BbIYepTUTh CXEMY PacCMoOJIOKEHUS MOJIEM JOIMYCKOB JJISI TPEX Pa3MEPOB -
M0 yKa3aHWIO MPEnojaBaTeis, MPOCTABUTh HA HUX YHCJIOBBIE 3HAYEHUS

HOMMHAJIBHOI'O, IIPCACIBbHBIX U I[eﬁCTBI/ITeJII)HOFO Pa3MEPOB.
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3anaua: M3mepenue OCKU3 HU3MEpAEMON JeTaln
pa3mMeposB
I II I A
ey
I II 11 W
Pe3ynbtatsl uamMepenuii, mm
Ceuenus,EpNEeHANKYISIPHBIE K OCU o
1 ]
& HaumenoBanne ] THT TR = =
2| M3MCPHUTEIIbHO o 3
=N
§ ro Hanpasnenus g %
S| HMHCTPYMEHTa 2 A
< A-A | B-B | A-A B-B | AA-A | B-B o
= g
1
2
3
4
3)
6
7
8
JlaTa BBIIOJIHEHUST PaOOTHI JlaTta cmaun paboThI
[Toamuce crynenTta [loanuce mpenogasaTens

KoHnTposibHBIE BONIPOCHI:

l.IlItanrentmpkynb. Buasl 1 o61acTs nmpuMeHeHUs?

2.Ilopsimok paboThI, COCTaBHBIC YACTH, IICHA JCICHUS HOHUYCHON IITKAaJIbI?
3.UTo Takoe AOIMyCK U MOoJIe JOmycKa?
4.YTo Ha3bIBaeTCS BEpXHEE, HUKHEE OTKIIOHEHHE pa3Mepa?

5.Kakoi#t pa3mep Ha3bpIBaeTCsi HOMHUHAIBHBIM?

6. Kakoii pa3mep Ha3bpIBaeTCs JCUCTBUTEIBHBIM ?
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TOPIC No. 1.
MEASURING LINEAR SIZES WITH NONIUS
INSTRUMENTS.
Task:
1.Determination of the suitability of parts (compliance with the drawing).
2. Make a calculation of the work done.
Objective:
Acquisition of skills in using vernier tools and mastering Vernier
measurements. Determination of the suitability of parts after the technological
process.
Measuring instruments and measured objects for performing work:
Vernier calipers of type SHTS-1, SHTS-11 and SHTS-111, calipers and depth
gauges and measured parts.
Work rules:
1. Study of the main types and reading device of calipers, scope.
2. To develop a method of reading by a linear vernier device.
3. Measurement at different limits of the workpiece with a vernier caliper.
4. Make a table according to the given measurement results.
5. Analysis of the results.
Theoretical information:
The size that determines the height and shape of the part is determined based
on strength, stiffness, etc. Size is a numerical value of a linear the
values -d, I, h. The overall dimensions are specified for the protruding parts
of the product. Technological dimensions are directly involved in the
manufacture and measuring parts.
In mechanical engineering, they still use following dimensions:
1. Nominal size; 2. Actual size; 3. Measurable size.
Distinguish between nominal, actual and measured dimensions.

The nominal size is the size, based on engineering calculations, design
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experience, ensuring the structural perfection of the manufacture of the part
products are usually rounded up and its nearest value is selected according to
the standard indicated on the drawing. The designation of the nominal size for
the bore is Dn, for the shaft - dn.

This standard, ST.SEV144-2000, GOST 25347-2001 "nominal linear
dimensions™, is based on the series of preferred numbers.

The nominal dimension is the absolute dimension. It is impossible to get it in
production.In production it is impossible to fulfill absolutely exactly the
required dimensions of the parts. Therefore, there is a concept - the actual
size of the part. During manufacturing and measurement, under the influence
of wvarious errors, dimensional scattering is obtained. Parts that are
manufactured under the same technological conditions are not obtained with
the same dimensions.

Making parts in one size is difficult. It is necessary to take into account the
permissible inaccuracy of manufacture. Therefore, parts are made in two
limits, which are called limiting dimensions. The size limit is two
permissible size(Fig.1.1), between which it must be and which can be equal

to the actual size.
The limiting size is the largest —D max, d max and the smallest —D min, d min.

=+16MKM

-13mKm
ES

Fl=

n
=1

e!'=-2?MKM
E
<

@ 10.016

@ 9,973
@9,987
P e ——]
@ 10,018
@ 10,028
@ 10

dmin

dmax
Dmin
Dmax

dmin
dmax

Figure 1.1 Required dimensions of parts in the manufacture of machines
41



The limiting dimensions characterize the manufacturing accuracy.

Dmax = Dn + ES; dmax = dn + €5; 1.1

Dmin = Dn + EI; dmin=dn + el.
Some error is also introduced when measuring. This is the name of the size
obtained as a result of a measurement with an error of the measuring tool. The
measurement accuracy depends on the accuracy of the measuring tool, on the
temperature of the room, on the eyesight and qualifications of the worker.
These devices ShTs-l1, ShTs-11 and ShTs-111 calipers, calipers, calipers,
calipers, calipers of a new generation digital monitor - TsShTs-I, TsShTs-11
and TsShTs-111, special- ShTsSTs, indicator round-ShTs K1 widely used in
mechanical engineering(Fig.1.2). Therefore, the acquisition of skills to work

with them is mandatory.

l-!,['l-l- = - =]

SHTS-11-200-0,05 GOST 166-2001

SHTS-111-300-0,05 GOST 166-2001
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SHTS-1-150-0,1 GOST 166-2001

8] r'.".‘.".'.’.‘JA.‘JGI.‘.‘HHJJIJn
1 110 180 130 140 ¥

Micron

SHTS-1-150-0,01 GOST 166-2001
Depth gauges:

SHG-250 GOST 162-2002
SHG-160 GOST 162-2002

SHGTS -300 GOST 162-2002
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Figure 1.2 Currently used vernier tools

Type SHTS-I with two-sided arrangement of measuring jaws 1 and 2

(Fig. 1.3,b ). The upper pair is for internal measurements, the lower pair is for
external measurements. The ruler is used to measure depths.

Type SHTS-I1 with two-sided arrangement of measuring jaws (Fig.1.3,c). The
bottom pair is used for external and internal measurements (the same as in
SHTS-II1); the upper pair of jaws with sharp edges serves for marking, as well
as for external measurements.

Type SHTS-I11 with one-sided arrangement of measuring jaws (Fig.1.3,d).
The inner planes of jaws 1 and 2 are for external measurements, the outer

cylindrical surfaces are for internal measurements. The total thickness of the
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two jaws (often b = 10mm) marked on them should be added to the reading
on the scale with the vernier during internal measurements.

Vernier calipers type SHTS-I are produced with measurement ranges of 0-
125 mm and with a vernier reading of 0.1 mm. Vernier calipers of type SHTS-
Il and SHTS-111 are produced with different measuring ranges (upper limit up
to 2000 mm) with a vernier reading of 0.05 or 0.1 mm. The error in the
readings of calipers with a vernier reading of 0.05 mm should not exceed 0.05
mm, and with a reading of 0.1 mm - 0.1 mm.

Type SHTSTS-I dial calipers with two-sided arrangement of measuring jaws
1 and 2 (Fig.1.3,a). The upper pair is for internal measurements, the lower pair
Is for external measurements. Dial - equipped with a dial for convenience and
speed of taking readings. They are produced with different measuring ranges
- the upper limit is up to 2000 mm with an accuracy of 0.05+0.01 mm-a. More
modern calipers with digital indication are used - electronic. Digital - with

digital indication for error-free reading. Modern calipers with digital display

and dial no vernier scale.

b) d) c)

Figure 1.3 The main types of calipers
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Vernier calipers of type SHTS-I, SHTS-11 and SHTS-I11, calipers and depth

gauges and measured parts.

Depth gauges

¥

-
Weight Gauges
Figure 1. 4. Depth gauges and weight gauges

The vernier scale has divisions (Fig. 1.5), the distance between which is

a certain value is less than between the divisions of the main scale.

One division of the vernier can correspond to one division main scale, and
several. In the latter case, the difference in lengths increases(Fig.1.6)
proportionally. Fnon Vernier division price can be determined by the formula:

Lnon
l:"non= (Lmain' T )'Fmain 1.3



46
L main, Lnon - division length of the main scale and vernier, respectively;

n is the number of all complete divisions of the main scale and one incomplete
division, which correspond to one division of the vernier;

Fmain - division value of the main scale.

P
G

‘
‘

Figure 1.5 Vernier scale

External view of the vernier caliper (bottom of the image).

The main scale is visible in the middle of the photo, the vernier division
value is indicated at the top - 0.02mm. The numbers from 1 to 6 on the

vernier indicate sizes from 0.1 mm to 0.6 mm, respectively.

0 5 10
Figure 1.6 Example for vernier scale

In this figure, the vernier (lower scale) shows 7 point 6 tenths of a division of
the main (upper) scale. The whole part is usually determined by the readings
of the zero division of the vernier, and the fractional part is determined by

the number of that division of the vernier, which exactly coincides with the
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division of the main scale (circled in red dotted line). As a result, the division

shows 7.6 - seven point Six.

Work order:

1. Make a sketch of the part according to the working drawing, Figure .

2. In the table of the report, write out the maximum permissible deviations
from GOST 25347-2001 for all dimensions indicated on the working drawing
of the part.

3.Calculate the limiting dimensions, size tolerances and enter the results in the
appropriate columns of the report table.

4. Make a selection of measuring instruments to measure each size.

5. Determine the actual dimensions of all diameters and lengths of the
measured workpiece using the selected measuring tools.

6.Measure each dimension in two positions (A-A, B-B)

tool in relation to the part.

7. Take the average arithmetic value for two dimensions of the same size as
the actual size, compare it with the maximum permissible according to GOST
25347-2001 and draw a conclusion about the quality of performance of this

size - "good", "correctable marriage”, " final marriage - incorrigible marriage
Make a similar conclusion for each size.

8. Draw a diagram of the location of the tolerance fields for three sizes - as
instructed by the teacher, put on them the numerical values of the nominal,

limiting and actual sizes.
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Task: Measuring

Sketch of the part to be measured

dimensions
I 11 111 A
n ARy
I 11 111 \*‘/
Measurement results, mm
Sections perpendicular to the axis
c
Name of |1 1-11 11-111 2
measuring tool S— o >
g Direction S =
s O
c 8
A-A |B-B |A-A |B-B |A-A |B-B S
O &

0| N o O b~ W N Number

Work completion date

Work delivery date

Student's signature

Teacher signature

Test questions:

1.Caliper. Types and scope of application?

2. The order of work, components, the price of the division of the vernier

scale?

3.What is tolerance and tolerance range?
4.What is the top, bottom size deviation?

5. What size is called nominal?

6. Which size is considering valid size ?
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MOVZU Ne 2
HISSOLORIN XOTTi OLCULOSRININ MIKROMETRLORLO
OLCULMOSI
Tapsiriq
1.Hissalarin birlogsmada istirak edon sathlorinin haqiqi dl¢iilorini tayin
etmoak.
2. Hesabat1 goriilon igo osason tortib etmok.
Isin magsadi
Mikrometrlordon istifado vo O6l¢gmonin monimsanilmasi. Texnoloji
emaldan sonra birlosmodos istirak edon sothlorin yararliligini toyin etmok.
Isin yerino yetirilmosi iiciin lazim olan cihazlar vo lovazimatlar:
Hamar mikrometrlor, mikrometrik dorinliklgonlor , mikrometrik daxiligl-
¢onlor, mikrometrik yivolgonlor ,mikrometrik dis6l¢anlor vo 6lgiilon
niimunalor daxildir.
Isin yerina yetirilmo qaydasi:
1. Mikrometrlorin osas novlori, onlarin qurulusu vo istifado saholorini
Oyronmoli.
2. Mikrometrik skala tizro hesabat metodikasini islomali.
3. Mikrometrlor vasitosi ilo verilmis hisso niimunslorini 6lgmoli.
4. Alinmis naticolori codvolo yerlosdirmali vo sxematik formasini tortib
edilmali.

5. Noticolorin miioyyonlosdirilorok analizi .
Nazari moalumatlar:
Iki vo daha ¢ox hissalorin bir-biri ilo harakatli vo yaxud horokatsiz uzlagmasi
birlosmo adlanir. Birlosmoys daxil olan hissalor iss val vo yuva adlanar.
Ohato olunan sathi olan hissolors val, shato edon sathi olan hissalors iso yuva

deyilir.
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Istismar tolabatlarindan asili olaraq 3 noév oturtma(sok.2.1) melumdur:

1. Arabosluqlu oturtma 2. Kecid oturtmalar1  3.Gorilmali oturtmalar

I B il
7111‘!— [

Sakil 2.1 Istismar tolabatlarindan asih olaraq oturtmalarin névii

Horokotli oturtmalar o zaman yaranir ki, vallar vo yuvalar coxlugundan
birlogsmolor yaratdiqda, on kicik hoqiqi 6l¢iiyo malik yuva, on boyiik hoqiqi
Ol¢cliyo malik valdan boyiik olsun. Eyni nominal 6l¢iiyo malik val vo yuvanin
is¢i cizgilorino goro do ara bosluqlu oturtmanin yaranmasini gqabaqcadan
bilmok olar. ©gor yuvanin asagt hodd meyillonmosi valin yuxar1 hodd
meyillonmosindon yuxarida yerlosirss, yaxud yuvanin on kigik hodd Ol¢iisii
valin on boyiik hodd Olgiistindon boyiikdiirso, bu ciir vallardan horokotli
oturtmalar yaranacaqdir.
Horokatli oturtmalar on bdyiik - Smax vo on kicik - Smin ara boslugu ilo
xarakterizo olunurlar.
On boylik ara boslugu yuvanin on boyiik hadd 6l¢iisii ilo valin an kigik hodd
Ol¢iisiinilin cabri forqing, yaxud yuvanin yuxari hadd meyillonmasi ilo valin
asag1 hodd meyillonmosinin cobri forqinin miitloq giymatino borabordir. Yoni
Smax = Dmax - dmin 2.1
Smax= | ES—ei |
On kigik ara boslugu yuvanin on kicik hodd 6l¢iisii ilo valin on boyiik hodd
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Olclisliniin cobri forqine yaxud yuvanin asagi hodd meyillonmasi ilo valin
yuxar1 hadd meyillonmasinin cobri forqinin miitlaq qiymatina barabardir. Yoni
Smin = Dmin - Omax 2.2
Smin= | EI—es |
Harakotsiz oturtma o zaman yaranir ki, vallar va yuvalar ¢oxlugunda an kigik
haqiqi 6l¢liys malik val on boyiik hoqiqi 6l¢iiys malik yuvadan boyiik olsun.
Eyni nominal 6l¢iliyo malik val vo yuvanin is¢i cizgisino goro do horokatsiz
oturtmanin yaranmasini qabaqcadan bilmok olar. Ogor valin asagi hodd
meyillonmosi yuvanin yuxart hodd meyillonmasindon yuxarida yerlosirsa,
yaxud valin on kicik hadd 06l¢ilisii yuvanin on bdylik hadd 6lgiisiindon
boyiikdiirss bu clir yuva vo vallardan horokotsiz oturtmalar yaranir. Horokotsiz
oturtmalar on boylik- Nmax vo an kicik gorilma ilo xarakterizo olunurlar.
On boyiik gorinmo valin an bdylik hadd 6lciisii ilo yuvanin on kigik hodd
Ol¢lisliniin cobri forqino, yaxud on boylik gorilmo valin yuxari hadd
meyillonmosi ilo yuvanin asagi hodd meyillonmasinin cobri forginin miitloq
gqiymatinoe borabardir. Yoni
Nmax = dmax - Dmin 2.3
Nmax = | es —EI |

On kigik gorilma valin on kicik hodd 6l¢iisii ilo yuvanin on boyiik hodd
Ol¢iisiiniin cobri forqing, yaxud valin asagi hadd meyillonmasils yuvanin
yuxar1 hadd meyillonmasinin cabri forqinin miitloq qiymotino borabordir.
Yoni
Nmin = dmin - Dmax 2.4
Nmin = | el —ES |

Layiholondirmo zamani istismar tolobatindan asili olaraq, konstruktor elo
birlosmalor yaratmaq istoyir ki, val va yuvanin sathlori bir-birino c¢ox

uygunlagsmis olsun vo homginin val vo yuva arasinda alinan ara boslugu,
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yaxud garilma ¢ox kicik qiymatlora malik olsun. Bu ciir birlogsmalorin alinmasi
val va yuvanin kicik miisaide sahslorinds hazirlanmasini talob edir ki, bu da
iqtisadi cohatdon olverisli deyildir. Texnoloq konstruktorun bu arzusunu
yering yetirib val vo yuvanin hazirlanmasi {i¢iin iqtisadi cahatdon olverisli
miisaidoalor segib, onlar1 bir-birina nazaran els yerlosdirir ki, onlar bir-birini ya
tamamilo ya da qismon tamamlamis olsun. Bu ciir birlogsmalor harokatli yaxud
harokotsiz oturtma ilo alir. Lakin, oturtmalarda alinmis hoqiqi ara boslugu,
yaxud gorilmonin qiymati uygun olaraq horakotli vo horokotsiz oturtmalarda
alinmig ara boslugu vo gorilmonin qiymotindon qat-gat Kicik olur. Bu cur
oturtmalara ke¢id oturtmalar1 deyilir. Kegid oturtmalari on boyiik ara boslugu
- Smax vo an boyiik gorilma ilo - Nmax xarakterizo olunur ki, onlarin qiymatlori
bizo molum ifadslorlo toyin olunur.

Smax = Dmax - Amin

Sma_x: | ES —ei | 2.5
Nmax = Omax - Dmin
Nma_x = | es — Ei |

MUmkdin soraitds oturtmalar1 (sok.2.2) miioyyanlosdirak.

Arabosluqlu oturtma = Garilmali oturtmalar Kecid oturtmalar

Sakil 2.2 Oturtmalarin novlari
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Hal-hazirda hamar mikrometrlor, indikatorlu mikrometrlor, mikrometrik
dorinlikdlganlor , mikrometrik daxilidlgonlor, mikrometrik yivolganlor,

mikrometrik disol¢conlordon(sok.2.3) istifado edilir.

Borulu mikrometr MT 25-1-8 TOCT 6507—-2000

—_—

Lovhali mikrometrlor
MJI 25 TOCT 6507-2000, MJI 10 'OCT 6507-2000
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Prizmasokilli mikrometrlor: MCH 45 TY 2-034-770-2000,
MIIN 45 TY 2-034-770-2000,MTH 20 TY 2-034-770-2000

x|

ey p—

Mikrometrik darinlikol¢con
I'M100-1 I'OCT 7470-2002
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Mikrometrik daxihiol¢anlor:
HM 75-0,01 1SO 9002, HM 50-0,01 DIN 863,HM 30-0,01 DIN 863

s

Mikrometrik daxihol¢anHM 75-0,01
I'OCT 10-2000

Etalon ¢comboarli vo uzadicilardan ibarat

HM 600-0,01 TOCT 10-2000 mikrometrik daxihol¢on
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StolUsti mikrometr model 03500:
MH-10 TY 2-00221190-016-2002
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Tokrarlanan mikrometr MKIIp 25

Ragomsal hesablayic1 qurgulu masaiistii mikrometr

Sakil 2.3 Mikrometrlorin novlari
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Hissonin xarici dlgiilorini 6lgmoak ti¢iin sigalli mikrometrdon(sok.2.4)
istifada olunur. Mikrometrlorin 6lgmo doqiqliyi 0,01mm-dir. Olgmo hoddi
0+25mm, 25+50mm, 50+75mm vo bu gayda ilo 600 mm-o godordir.

Olgmo zamani1 mikrometri oldo tutur vo ya da xUsusi dayaqda yerlosdirirlor.
Olgmodon ovval alatin etalon dlgiilor iizra sazlanmasi aparilir. Olgmo hoddi
0+25 mm mikrometrlor sifra sazlanir. Ol¢ii hodlori 25-50, 50-75 mm va s.
mikrometrlords iso futlyarin igorisindo olan vo asagi 6l¢ii hoddine,yoni

25,50,70 mm va s. barabar golon etalon- 6lgii tavaciqlarindan istifads edilir.

-h
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~
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Sakil 2.4 Sigalli mikrometr

Olgmodon avval 3 mikrometrik vintin vo 1 bandine per¢imlonmis 2 panconin
yan sathlorini xiisusi sakilda silib tomizlomoak lazimdir. Mikrovintin va sifra
tonzimlomonin sorbastliyini yoxlamaq lazimdir. Sifra tonzimloms 8 cir-cirin
harakatinin tosiri hesabina olur. 3 mikrovinti 4 dayagi vasitosi ilo borkitmoali
vo 7 tonzimloyici qapaqcigl yarim dovr ehtiyatla ¢evirmok lazimdir.Bu halda
6 barabani azad olur. Barabani firladib 5 saplagimnin uzununa xottinin {izorino
sifir strixini gotirir. Ondan sonra 6 barabanini 7 tonzimloyici gapaqciqgla
barkitmak lazimdir.Mikrometrlo 6l¢ma cir-ciradan istifads etmak ilo yerino
yetirilir.
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Bu halda mikrometrin 8 cir-cirini, 3 mikrovintinin yan Uzii vo 2 panconin
mioyyonlosdirici tavaciga toxunana qodor firladir. Bu zaman barabanin
konar1 elo voziyyot almalidir ki, 0,5 mm bolgiilii skalanin baslangic1 0,25
yaxud 50 tamam goriinsiin, yoni 5 saplagiin boyuna strixi ilo qarsi-qarsiya
dayansin.

Bitin mikrometrik(sok.2.5) alatlorin 2 hesablama ardicillig1 vardir . Birinci
hesablama 5 saplagi iizorindo gostorilmis 0,5 mm bolgiilii skaladan vo

barabanin yan iiziindo olan gostoricidon ibarotdir. Ikinci hesablama 6

barabaninin sothinin iizorindo gostorilmis 0,01 mm bolgiilii skaladan vo
tizorindo, boyuna strix soklindos, verilmis gostoricidon ibarotdir. Barabanin dai-
rovi skalasinda olli strix n = 50 vardir. Buna goro do barabanin bir tam dovrii
mikrovintin ox boyu 0,5 mm yerdoyismasino uygun golir.

Olgmo zamani 8 cir-crram firladib detali 3 mikrovintin va 2 panconin 6lgmo
saholori arasinda yerlosdirir vo gdstorislorin hesablanmasini aparirlar .
Mikrometrik alotin hesablama qurulusu vo hesablamaya aid misallar sokildo
verilmisdir.
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Sakil 2.5 Mikrometrik alatlorin hesablama ardicilhgi

Mikrovintin horokatine gérs barabandan istifads yol verilmazdir.
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Mikrometrlo 6lgmo zamani 6l¢ii xotasinin qiymati 10 mkm-dir. Mikrometrlo
O0lcmonin stangenporgarla 6lgcmadon baslica forqi, mikrometrds 6lgmo
qiivvasinin sabit olmasidir. Olgmo vaxt1 bu giivve P=400 q olur.
Olgmogqiivvasi hoddini agarsa 8 cir-cir baghg cirildayir.

Stangenporgarda iso oksing, 6l¢con obyekts tozyiq sabit olmur.

Mikrometrik dorinlikdlgan(sok.2.6) pazlarin , dibli desiklorin, pillali detallarin

uzunlugunun vo hiindirliyiiniin 6lgiilmasi tigiin istifado edilir.

73 =

Yerhydioma

L kst

Sakil 2.6 Mikrometrik darinlikolg¢on

Pilloli detallirin hiindiirliiylinii vo uzunlugunu 6lgmok {iglin mikrometrlor
gostorilmisdir. Bu tipli mikrometrlori sifra sazlamagq ti¢ilin siiso I6vhaciklordon
istifado edilir.

Pilloli detallirin hiindiirlitytinii  vo uzunlugunu 6lgmok iiglin mikrometrik
daxilidlgonlori sifra sazlamaq tigiin siiso 16vhaciklordon istifado edilir.

Mikrometrik daxiholgonlor

Mikrometrik daxilidlgon(sok.2.7) daxili 6lgiilori vo yuvalarin diametrlorini
O0lgmok ticun istifads edilir.
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Sokil 2.7 Mikrometrik daxihél¢on

Mikrometrik daxilidlgon 2 bashigindan ,1 saplagindan vo gayka ilo

3 barabanin govdasine barkidilon 4 mikrovintindon ibaratdir. Mikrovintin
bir ucundan 6l¢ii uclugunun biri kimi istifads edilir. Mikrovintin halqgas1
vasitosilo firladir vo 5 vint vasitasilo dayandirirlar. Gilizin ikinci ucu iso
Olgon ucluq ilo birlogdirilir. Gilizin lizarindoki yive qoruyucu gayka
yerlosdiriliir. Homin yivin lizorine qaykani bagladigdan sonra uzadicini
baglayirlar. Olgiilorin oxunmas1 hamar mikrometrlords oldugu kimidir.

Mikrometrik daxiliflgonin basligi(sok2.8) daxili6lgonin asas hissasidir.

‘ )
2= i
&

Sokil 2.8 Mikrometrik daxiliél¢onin bashg

Daxilidlgonlorin bolgiilorinin qiymati 0,01 mm-a barabar olan 50-75; 75—
175; 75-600; 150-1250; 200-1250; 1250-4000; 2500-6000; 4000—-10000
mm 6lgmos intervalinda hazirlayirlar. Uzadicisiz bashiginin Ol¢l haddi 50—

63 mm olur. Hor bir uzadici lizorindo onun is Ol¢iilori gostorilir.
63



Olciilori 500 mm vo daha cox olan uzadicilarin iizorinds az istilikkeciron
materialdan hazirlanmus Ortiik olur.

Daxilidlgonlorin komplektine bond formali(sok2.9) 6l¢ii qurgusu daxildir ki,

Sokil 2.9 Mikrometrik daxihdlgonin dl¢ii qurgusu

onun vasitasilo cthazin sifir vaziyyati yoxlanilir.

Isin yerina yetirilmo ardicilhign:

1.Verilmis hissoalorin eskizini tortib etmoli.
2.Hecabat codvolino hissolorin is¢i cizgisinin iizorindo geyd olunan biitiin
Olgiilorin hodd meyllonmolorini T'OCT 25347-2001-dan se¢ib yazmal.
3.Codvolin xiisusi qrafasina hesablama  noticosindo  almmis  hadd
Ol¢iilorini,6l¢iilorin miisaidslorini geyd etmali.

4. Hoar bir 6l¢linii 6lgmok Ucln mikrometrik olgii alotini segmoli.
5.Secilmis Olcii  alotlori vasitasilo  biitiin  Ol¢iilorin  diametr,dorinlik |,
uzunluqlarinin vo daxilisothlorinin hoqiqi dlgiilorini toyin etmali.

6.Hor bir 6lciilon Slgiinii alotin hissoyo nozoron iki istigamotds , yoni iki
kasimds (A-A,B-B) aparmaq lazimdir.

7.Hor bir Olcliniin hesab1 hesablamalardan sonra oldo olunan haqiqi
Olglinlin,hodd  Olgiilorinin - naticolorini miiqayiso  edororok  hissoalorin
arabosluqglu oturtma,gorilmali oturtmalar vo ya Ke¢id oturtmalari  oldugu
miuoyyanlosdirilir.
Analoju olaraq biitiin ol¢iilor liclin aparmaq lazimdir.
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8.Miuollimin tapsirigina 9asason biitiin oturtmalarin miisaido sahalorinin

Olciilorinin sxemi c¢okilir.
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Tapsiriq:6lgiilori 6lgmok

| Olgiilon hissolorin (detal) eskizi

Hissa Ne

Olgmonin naticesi, mm

Oxa perpendikulyar kasiklar

- 7 5
5 ) | I i g2
S Olgan ‘ <5
s alotin adi Istigamaotlor Tg g
N o o
g AA|BB| AA | BB | AA| BB | <
1
2
3
4
5
6
7
8

Islomo tarixi

Isin tohvil tarixi

Talobonin imzast

Miiollimin imzasi

Yoxlama suallari:

1.Mikrometrlor.Novlori vo totbiqi saholori?

2.9sas hissalori,is prinsipi, Ol¢l skalas1?

3.0turtma nadir va onun novloari ?

4. Arabosluqlu oturtma noya deyilir ?

5. Gorilmali oturtmalar noays deyilir?

6. Kecid oturtmalar1 noys deyilir?
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TEMA Ne 2.

U3MEPEHME JIMHEMHBIX PA3MEPOB C

MUKPOMETPUYECKUMU [PUBOPAMHA
3anava:
1.Onpenenenne AENCTBUTENBHBIX PA3MEPOB CONPATAEMBIX JIETANIEH .
2.CocTaBUTh pacueT O MIpoJielaHHON paborTe.
eab padoThI:
[IpuoOpereHre  HaBBIKOB  MOJb30BaHUS ~ MHUKpomeTpamu.  OcBoeHue
u3MepeHuil. OnpeneneHrne Mociae TEXHOJOTMYECKOro MpoLecca TOJHOCTH
JETAJIEN.
CpencrBa u3MepeHusi M u3MepsieMble O0OBEKTbI JISl  BbINOJHEHUSA
padoThI:
['mangkue MHUKpPOMETpPBI, MUKPOMETPUUECKHE TITyOMHOMEPHI,
MUKPOMETPUUYECKHE HYTPOMEPHI, MUKPOMETPUUECKHE Pe3b0OMEPHI,
MUKpPOMETPUUYECKHE 3yOOMEphl U M3MEpsieMbIe JIeTallu.
IIpaBusia BbINOJTHEHHUS PadOTHI:
1.0cHOBHBIE BUABI MHUKPOMETpPOB.M3ydeHHMe OTCYETHBIE YCTPOWCTBO
MUKpPOMETpa U 00J1aCTh TPUMEHEHUSI.
2.Pa3paboTaTh METOUKY OTCUYETA TUHEHHBIX YCTPOUCTB OCHOBHOM IIIKAJIBI.
3. M3aMepeHust pa3audHbBIMH IpeIesiaMu AeTaleii MUKPOMETpPaMH.
4.CocTaBuTh TAaOIUIly O JAaHHBIM PE3yJIbTaTaM H3MEpPEHHUS.
5.AHanu3 pe3ynbTaToB.
TeopeTnyeckue cBeJeHUS:
JIBe WM HECKOJIBKO MOJBMIKHO WJIM HEMOJBUXHO COEHUHSEMBIX JeTajen
HAa3bIBAKOTCS CONPATAEMBIMU.
IToBepxHOCTH, IO KOTOPBIM MPOUCXOAUT COCIUHEHUE JETAJICH, Ha3bIBAIOTCS
COMNPSITAEMBIMU TOBEPXHOCTAMHU. (OcCTallbHbIE MOBEPXHOCTU HA3bIBAIOTCS
HECOMNpPSraeMbIMU - CBOOOJHBIMU. B COOTBETCTBHM € 3TUM pa3inyaroT

pa3Mephbl COMPATaeMbIX U HECOMPSTAEMBbIX - CBOOOHBIX TOBEPXHOCTEH.
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B coenunenun neraney, BXOAAIIKUX OJHA B APYI'YI0, €CTh OXBaTbIBAIOIUE U
OXBaTbIBAEMBIE IOBEPXHOCTU. [[JIs TIIaKUX HUIUHAPUYECKUX U KOHUYECKUX
JeTajle  OXBaTblBalollas  [OBEPXHOCTb  HA3bIBACTCSI  OTBEPCTHUEM,
OXBaTbIBaeMas - BaJOM, a COOTBETCTBYyIOLIKME pa3Mmepbl — D - nuamerpom
oTBepcTus U 0- TuaMeTpoMm Bala.

B 3aBUCMMOCTH OT 3KCIUTyaTallMOHHBIX TpeOOBaHUN COOPKY COEIMHEHUI
OCYLIECTBIIAIOT C PA3IMYHBIMU IIOCAAKaMU. B3anMHOE pacnoioKeHue nojaen
JIOTYCKOB Baja M OTBEPCTUS IMpPHU COEAMHEHUM JIBYX AeTayieid oOpazyercs
nocagka. Ilocanka—>oTO Xapakrep COCOUHEHHs ACTAJIECH, OIpeleIsieMbli
pa3HOCTBIO HX pa3MepoB 10 cOopku. Ilocaaka xapakrtepuszyer cBoOonxy
OTHOCUTEJIBHOTO IEPEMELICHUSI COCIUHAECMBIX JETallel WIM CTEIEeHb
COIIPOTUBIICHUH UX B3aMMHOI'0 CMELIEHHUsI. B 3aBUCMMOCTH OT pacIonoKeHUs
HoJiel JOMYCKOB BaJia M OTBepCTHs pasnyaroT 3 Buaa (puc.2.1)nocamok:

1.ITocaakm ¢ 3a3opom 2. Ilepexoannie nocaaku 3. Ilocaaku ¢ HATSATOM

A 4 v v g«
d

| ‘?v | i l

1 B 1 B rfl rj

- | . = P
’T‘

Pucynox2.1 Buanbl nocagok 3aBHCHMO OT KCILIATAIITMOHHBIX

TpeOOBaHUI

Tun mocagku onpenensieTcss BEJIMYMHON U B3aUMHBIM PAaCOJI0KEHUEM TOJIE T
JIOITYCKOB OTBEPCTHS U BaJja.

Ecnm pasmep oTBepcTus Oosbllie pa3Mepa Bajia, TO pa3HOCTh MX HA3bIBACTCS
3a30poM. Ilocaaku C 3a30poM TpelHA3HAYCHBI JJIsl TOJBWXKHBIX U

HCIIOABHMKXHBIX COCI[PIHCHHﬁ.
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B noaBuXHBIX COETMHEHUX 3a30p CIYKUT JUIsl o0ecriedeH s CBOOObI
NepeMEINICHMS, pa3MEIICHHs CJIOS CMa3KH, KOMIIEHCAIIMN TEMIIEPAaTyPHBIX
nedopMalrii, a TAKKe KOMIIEHCALIMHA OTKJIOHEHUH (POPMBI U paCIIOIOKEHHUS
MOBEPXHOCTEH, MOrPEIIHOCTH COOPKH U JIp.

B HenoaBMKHBIX COETMHEHUSIX MTOCAAKHU C 3a30POM HMPUMEHSIIOTCS IS
oOecrieueHus: becnpensTCTBEHHOU cOopku aetaneil. Ux oTHocuTenbHas
HENOJIBUYKHOCTh 00€CTIeUnBaeTCs IONOJHUTEIBHBIM KPETJIEHUEM
MITTOHKAMH, BUHTaMU, Oostamu, mtudramu. Beibop mocajku B 3TOM cirydae
POU3BOJUTCA TAKUM 00pa3oM, 4TOObI HAUMEHBIINH 3a30p o0ecreynBal
KOMIIEHCAIIMIO OTKJIOHEHUH (POPMBI U PACTIONOKEHHUS CONPITaeMbIX
IIOBEPXHOCTEM.

JIJist mocaziok ¢ 3a30pOM I0JIE€ JOMYCKa OTBEPCTHS PACIIOJIONKEHO HAJ| MOJIEM
JIOTTyCKa Baja.

3a30p obOo3Hauaercs- S. Pa3nuuaroT npenenbHbI HaWOONBIIMH -Smax U
HaUMEHbIIUN - Smin 3a30pbl. HamOonpmii 3a30p 3TO pa3HOCTb MEXAY
HauOOJIBIIUM TPEJIEIbHBIM pa3MEpPOM  OTBEPCTHUS U HaUMEHbLIUM
IpeJeNbHBIM pa3MepoM Bajla UM ajaredpandeckasl pa3HOCTb MEXAY BEPXHUM
OTKJIOHEHHEM OTBEPCTUS U HUKHHUM OTKJIOHEHHEM BaJia €€ onpeiessieMble 10
dbopmynam:

Smax = Dmax - Omin 2.1
Smax: | ES —ei |

Haumenpmmii  3a30p 3T0 pa3HOCTh MEXAY HAWMEHBIINM IPEIEIbHBIM
pa3MepoM OTBEPCTHS M HAWOOJBIIUM MPEASTbHBIM pa3MepoOM Balla, WU
anreOpanyeckasi pa3HOCTb MEXKIY HHXHUM OTKIIOHEHHEM OTBEPCTUS U

BerHI/IM OTKJIIOHCHHCM BaJia .
Smin = Dmin - Omax 2.2
Smin= | EI —es |

69



Ecnu pazmep Bana Oosnbllie pasmepa OTBEPCTHUS, TO UX PA3HOCTh HA3bIBAETCS
HaTAroM. B pacuérax Hatar MOXeT OBbITh BBIPAXXEH KaK OTPULATEIbHBIN
3a3op.llocankaMu ¢ HATATOM Ha3bIBAIOTCS TAKHUE, Y KOTOPBIX MEKy COIpsTra-
€MBbIMH MOBEPXHOCTAMH 10 COOPKM UMEJCS rapaHTUPOBAHHBIN HATAT, obec-
MEYUBAIOLIMN B3aUMHYIO HENOJIBMXKHOCTD JIeTajeil mociae uX COOpKH.
JIns mocajoK ¢ HATAMOM IIOJIE JOIMyCKa Baja PACIOJIOKEHO HAJM IOJIEM
JOIyCKa OTBEPCTHUS.
Hatsar o0Oo3nauaercs- N. Paznuuaror npepenbHblii HauOoOAbmMi- Nmax H
HaUMEHBITHH - Nmin HaTAT.
HaubGonpiumiAi HaTAr 3TO pPa3HOCTh MEXIY HauOOJNBIIMM TMpPEIeIbHBIM
pa3MepoM Bajla U HAWUMEHBIIUM MPEAEIbHBIM pa3MEpOM OTBEPCTHS WIIU
anredpanyeckasl pa3HOCTh MEXAY BEpPXHUM OTKJIOHEHHEM Bajla M HIKHHUM
OTKJIOHEHUEM OTBEPCTHUS
Nmax = dmax - Dmin 2.3
Nmax = | eS—Eil

HavMenblimii HaTAr 3TO Pa3HOCTb MEXAY HAUMEHBIIMM IIPEIEIIbHBIM
pa3MepoM Baja W HAuOOJBIIUM MpEAEIbHBIM Pa3MEpPOM OTBEPCTHUS WIH
asireOpanveckasi pa3HOCTb MEXAY HIDKHUM OTKJIIOHEHUEM Bajla €€ U BEPXHUM
OTKJIOHEHUEM OTBEPCTHUS

Nmin = dmin - Dmax 2.4

Nminzlei—ES|
IlepexonHble MOCAAKU NMPEIHA3HAYEHBI JUIsI HETIOABM)KHBIX, HO Pa3beMHBIX
COCIMHECHUN JeTalie W  O00ecrme4ywBaloT  XOpoliee IEHTPUPOBAHUE
COCAMHAEMBIX JeTanei. 11 HuX XxapakTepHa BO3MOYKHOCTD IIOJIyYEHUs, KaK
HATArOB, TaK W 3a30pOB. HaTArM MMEIOT OTHOCUTENIBHO MalIyl BEJIWYHHY U
OOBIYHO HE TPeOYIOT MPOBEPKH JAeTajeil COeTWHEHUS Ha MPOYHOCTh, 3a
WCKIIFOUEHUEM TOHKOCTEHHBIX JeTaneil. OJTH HaTArM HEIOCTAaTOYHBI s

nepcaadyn COCAMHCHUEM 3HAYUTCIbHBIX KPYTAIIUX MOMCHTOB U YCHHHﬁ.
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[loaToMy mepexoaHble TOCAAKH MNPUMEHSIIOT C  JIOMOJHUTEIbHBIM
KpPEIUICHUEM COCIMHSEMBIX JIETAJICH.

[lepexoaHas mocaaka 3TO B KOTOPOM BO3MOXHO MOJYYeHUE KaK HATATa, TaK
1 3a30pa. B aTux mocajakax mojie J0MycKa OTBEPCTUS U Baja YaCTUYHO WJIU
MOJTHOCTBIO TepekpbiBatoTcs. [Ipu HanbombieM npeaeasHOM pa3Mepe
OTBEPCTHS U HAUMEHBIIIEM TIPEACIFHOM pa3Mepe Baja MoJIyqdaeTcs
HanOOJIBIINHI 3330D -Smax, @ IPU HAUOOJIBIIIEM MIPEACIIBHOM pa3Mepe Bajia U
HaUMEHBIIIEM TIPECIFHOM pa3Mepe OTBEPCTHUSI MOJydaeTCsl HAUOOIbITNI
HaTAT -Nmax. B 3Tux nmocankax HauMeHbIui HATAT- Nmin 1 HAUMEHBITUN

3a230p -Smin PaBHBI HYIIIO.

Smax = Dmax = Amin

Smax = | ES —ei | 2.5
Nmax = Omax - Dmin
Nma_x = | es — Ei |

YTouHUTh IOCAO0K(pUC.2.2) B TaHHBIX YCIOBUSX.

nocCaagka 3a3opoM NocCagka € HaTAIoOM IepexoaHas mocaaka

Pucynok 2.2 Buabl nocanok

B naHHBI MOMEHT HCTIONB3yeTCs cpeacTBa m3mepenusi(puc.2.3) riaakue
MUKPOMETPbI, MUKPOMETPUUECKHE ITyOMHOMEPHI, MUKPOMETPUUYECKHUE
HYTPOMEPbI, MUKPOMETPHUUECKHE PE3bOOMEPHI, MUKPOMETPUUECKHUE

3yOOMepHI U JIp.
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Ils1acTUHYATHIA MUKPOMETP

MUJI 25 T'OCT 6507-2000, MJI 10 TOCT 6507-2000
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Ipusmaruyeckue mukpomerpbl : MCH 45 TY 2-034—-770-2000,
MIIN 45 TY 2-034-770-2000,MTH 20 TY 2-034-770-2000

I

ey g—)

MukpoMeTpudeckue riry0nHOMepbl

I'M100-1 I'OCT 7470-2002
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b)

MukpoMeTpuiecKue HyTPOMePbI:

HM 75-0,01 ISO 9002, HM 50-0,01 DIN 863,HM 30-0,01 DIN 863

MuxkpomeTpuuecKuii HyTpoMep

HM 75-0,01 'OCT 10-2000

MuxkpomeTpuuecKuid HyTpoOMep

ITAJIOHHBIM YCTAHOBOYHOWH MepPOi M YIJIHHUTEIHLHBIMH
HAKOHEYHHKAMU

HM 600-0,01 I'OCT 10-2000
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Muxkpomerp HacToabHBI Mogean 03500:

MH-10 TY 2-00221190-016-2002
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[T B, ] Wik,

L r
050 & 1214 ]

HacrToabHblit MUKpOMETP € UMPPOBBIM YCTAHOBKOM

Pucynok 2.3 Buabl Mmukpometrposn
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JIJis u3MepeHus pa3MepoB JieTaield B OCHOBHOM HCIob3yeTcs (puc.2.4)
rJ1aJJKue MUKpOMETphl. TOUHOCTh n3MepeHust MUKpoMeTpoB 0,01mm.
[Tpenenamu m3mepennst 0+25mm, 25+50mm, 50+75mMm u Taxke 70 600 MM-
oB.IIpu u3MepeHnr MUKPOMETPaAMH HCIIOIB3YETCS CIIeIUaNTbHbIC
npucnocobsiennu -aepxxarens. [Ipu usmepenuu no 025 MM MUKpOMETp
ycTaHaBlMBaeTcsi Ha HOJb. [Ipu peaenax 25-50, 50—75 MM u 1p. u3mMepeHun
MUKpPOMETpaMu MHUKpoMmeTp yctaHaBiuBaeTcs Ha 25,50,70 mm u Ta. [epen
U3MEpPEHHEM MUKPOMETpP YCTaHABJIHMBACTCS MIIOCKOMAPAUICTbHBIMA

KOHIICBBIMU MCpPaMU.

Pucynok 2.4 I'naakuii MUKpoMeTp

Ilepen w3MepeHUMEM TIIATENIBHO HPOTEPETh H3MEPUTENIbHBIE IUIOCKOCTH
MHUKpPOMETpPA - TOPEI] MUKPOMETPUUYECKOTO BHUHTA 3 U TOPEIl MATKU 2, 3a-
MIPECCOBaHHOW B CKOOYy 1; mpoBepuTh MIABHOCTh X0/1a MUKPOBUHTA U HYyJIE-
BYIO YCTaHOBKY. Jlj1s1 MuUKpoMeTpa ¢ npeaeinomM uzmepenud 235.. .50 MM uzme-
pUTEIbHBIE IUJIOCKOCTA MHMKPOMETpa NPUBOAST B CONPUKOCHOBEHHE C
ATajoOHOM JUIMHOU 25 mMMm. Ecim HyneBas ycTaHOBKa cOuTa, CleqyeT BHOBb
MPOTEPETh U3MEPUTENBHBIE TOBEPXHOCTH, MPUBECTU UX B COMPUKOCHOBEHHUE

MOJT YCWJIMEM TPEMIOTKH 8, 3aKpenTh MUKPOBUHT 3 CTONOPOM 4 1

77



OCTOPOXXHO OTBEPHYTh YCTAHOBOYHBIN KOJIMAa4yoK / Ha nos-ooopota. [Ipu
sToM OapabaH 6 ocBOOOXKAaeTcs; Bpallias ero, COBMECTUTh HYJIEBOU IITPHUX C
npoJosibHOM auHKUeH ctebns 5.11ocne s3Toro 0apadban 3akpenuTh

KOJITTAYKOM /.

N3Mepenne MHUKPOMETPOM IPOU3BOIAT, IOJIB3YsICh TpemoTrkou. Hc-
MoJib30BaHue OapabaHa AJid MOABUHYMBAHUS MUKPOBUHTA He AomycTtumo. He
CJIElyeT MOJb30BATHCSI MUKPOMETPOM C 3aCTONOPEHHBIM MUKPOBHHTOM Kak
KECTKOM CKOOOH.

Br160op m3MepuTenbHOro CpeacTBa I KaKI0ro pazMepa MpOU3BOJIUTCS B
3aBUCUMOCTH OT BEJTMYMHBI JOIMYCKA, YCTAHOBJIEHHOTO JIJIsl JAHHOT'O pa3Mepa,
U OT KOHCTPYKUMH JEeTalH, PYKOBOJACTBYACh TE€M, 4YTO IMpeAesibHas
NOTPEIIHOCTh METOAa HW3MEpeHusi He JoibkHa npesbimath 20..30 %
BEJIMYMHBI JOMYCKa Ha JAHHBIN pazMep.

[IpenenbHas MOTPEMIHOCTh U3MEPEHHUSI C TIOMOIIBI0 MUKPOMETpPA COCTABISET
10 MKM; ¢ TOMOUIBIO IITAHTEHLIUPKYJS U IITAHTeHITyOMHOMEpa C IIEHOU
nenenus 0,05 mMm coctaBisgeT 80 MKM.

Jlano npuMepbl u3mepenus (puc.2.5)u pacyer B pUCyHKax

13 +05+087 =13.77 GapafiaH
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Pucynok 2.5 IIpuMepsl U3MepeHUs U pacyeTa MHUKpPOMeTpa
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MukpomeTprdeckue TiyOuHOMEpHI (prc.2.6) UCTIONB3yeTCs IS U3MEPEHUS
Ma30B, HE CKBO3HBIX OTBEPCTHM, BBICOTY U JUIMHY CTYIEHEW CTYNEHYaThIX

neTaleu.

Juga

Pucynok 2.6 MukpoMeTpuYecKue ri1yoOnHoOMepbl

Ilepen m3MepeHHEM BBICOTY M JUIMHY CTYIIEHEHM CTYNEHYATBhIX JETAJIEH
MUKPOMETPUYECKUMHU TIyOMHOMEpaMH yCTAHABIMUBACTCS HAa HOJb TIPU

IIOMOILH CTEKJIIHHBIMU IUIOCKOIIApaJIIEIbHBIMU KOHIIEBBIMU MEpPaMH.
MukpomMeTpu4yecKre HyTPOMepbl
MuxkpomMeTrpuueckne HyTpoMepsl (prc.2.7) UCHOIB3YEeTCs IS U3MEPCHUS

BHYTPEHHBIX OBEPXHOCTEN U JUMETPOB OTBEPCTHI JETAJICH.
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Pucynoxk 2.7 MukpoMeTpu4ecKue HyTPOMepbI

MukpomMeTpuueckas roJioBKa HyTpoMepa COCTOUT U3 cTeOss [ u
MUKPOBUHTA 4 COETMHEHHOTO ¢ KoprycoMm Oapabana 3. KoHery MUKpOBHHTA
4 CIyUT OJHUM U3 U3MEPUTEIIbHBIX HAKOHCUHUKOBZ. Bpaienue
MUKPOBHUHTA ITPOU3BOIUTCS] HAKATHBIM KOJIBIIOM .MUKPOBHHT CTOTIOPUTCS
cTtoriopoM 5 . BTopoii KOHEI[ THIIB3bI COSMHEH C U3MEPUTETbHBIM
HAKOHEUYHUKOM U MMEET pe3h0y, Ha KOTOPYIO HABUHUYUBACTCS
npenoxpaHuTenbHas raiika . Ha oty pe3pOy mocie cBUHUMBAHUS Taiku

MOT'YT HaBUHYMBAThCs (puc.2.8) yIITHHUTENH .

Pucynok 2.8 YaauHuTe/IbHbIe HAKOHEYHUKH MHKPOMeETpa

MukpomeTpuuecKkre HyTPOMEPhI H3rOTOBIMBAIOTCS WHTEPBAJIAM T10
pasmepy 50-75; 75-175; 75-600; 150-1250; 200-1250; 1250—4000; 2500
6000; 4000-10000 mMm u menenusm tounoctd 0,01 mMm-a. Y immHUTENBHBIE
HaKOoHeUYHHKH uMeeT 50—63 MM npeaenbHoro pasmepa.Ha kaxaom

YJIMHUTENE MapKUPOBaH ero padbouuit pazmep. Ha yanuHurtensax pazmepom
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500 MM m Gosiee UMEIOTCS HalaJIKH, 00JIagaroIIne MajJon
TEIJIONPOBOTHOCTHIO.

K HyTpOoMepy mpunaraercs TabiHIia, COCTaBICHHAS 3aBOIOM
M3TOTOBUTENIEM, KOTOpas o0jierdyaet noaoop yaIMHUTEICH.

B xomrutekT HyTpoMepa Bxoaut (puc.2.9)ycTaHOBOYHAS Mepa, UMEIOIIasi BH/T

CKOOBI [0 KOTOPOU MPOU3BOUTCS HYJIEBasl YCTaHOBKA MpUOopa.

A ~ % < a
%"

PucyHoxk 2.9 YcTaHoBoYHAsi Mepa HyTpoMepa

[Ipu oTCYTCTBUMH YCTaHOBOYHOM MEPhI HYJIEBYIO YCTAHOBKY HyTpOMeEpa
MO>KHO TIPOM3BECTH 10 KOHIIEBBIM MepaM. KoTopbie umeeT ¢ 60KkoBUKaMu
3aKJIaJbpIBaloTCs B AepkaBKy. [locie 3Toro BpanjaeM BUHTa KOHLIEBBIE MEPBI
¢ OOKOBHKaMU OKOHYATEIBHO 32KMMAIOTCA B IEPKABKE U B POCTPAHCTBO
MeXIy OOKOBUKAMH BBOJHUTCS MUKPOMETPUUYECKUIM HYTPOMED.
[IpunepxuBas HyTpoMep 3a TWIB3Y U Bpaias 0apabaH 3a HAKATHOE KOJIBIIO
BBIBUHYMBAIOT MUKPOMETPUUYECKAM BUHT A0 TE€X IOP, OKA U3MEPUTEIbHbIC
HAKOHECYHHUKH HE KOCHYTCS IOBEPXHOCTH YCTAHOBOYHOM MEPHL.

3aCTONOPUB MHUKPOBUHT TOBOPOTOM PYKOSITKH ,IIPOBEPSIIOT  HYJIEBOE
[OKa3aHue.

MuKpOMETpUUECKHI HYTPOMEP HE UMEET TPEUIOTKH.

[ImOTHOCTH ~ CONPHUKOCHOBEHWH  U3MEPUTEIIBHBIX  HAKOHEYHHKOB  C

MMOBCPXHOCTAMHU MCPEI WK ACTAIX OIIPCACIIACTCA HAa OTINYIIb.
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Ilopsinok BbINOJHEHUSA PadOTHI:
1 .BBINOTHUTE 3CKU3 ACTaJCH.
2.B tabnuiy otuera Boinucath U3 'OCT 25347-2001 npenenbHbie
JOTyCKaeMble OTKJIOHEHHUSI JJIsl BCEX Pa3MEPOB, YKa3aHHBIX Ha paboueM uep-
TEXKe JICTAJIH.
3.IlogcunTtarh mpenesbHbIE pa3Mephl, JOMYCKU Pa3MEpPOB U PE3yJIbTaThl
3aHECTH B COOTBETCTBYIOIIUE Tpadbl TAOIUIBI OTYETA.
4 TlpousBecTr BEIOOP MUKPOMETPOB JIJII U3MEPEHHUSI KaXKJIO0TO pa3Mepa.
5.0npenenuTh 1eUCTBUTEIBHBIE pa3Mephbl BCEX TMAMETPOB, T1yOUH, JUIUH U
BHYTPEHHBIX MMOBEPHOCTEH H3MEPSEMBIX JeTajel ¢ MOMOIILI0 BBIOPAHHBIX
MUKPOMETPaMH.
6./3MepeHne Kaxaoro pazMepa Mpou3BOJAUTh B IBYX MOJIOKESHUIIX
(A-A,B-B) wuHCTpyMEHTa 10 OTHOLICHHUIO K JCTAIIH.
7.CpenHee apudMeTHUYECKOE 3HAYCHHE TI0 JIBYM H3MEPEHHUSIM OJHOTO
pasmepa NpUHATH 3a JSHCTBUTEIbHBIN pa3Mep, CPAaBHUTH €T0 C MPeIeTbHBIMU
nonyctumbiMu 110 ['OCT 25347-2001 u chenaTh BBIBOJ UM ONPEACIIHTH
IIO0CAI0K-

1.ITocaaku ¢ 3a30pom

2. [lepexoiHbIe MOCAIKU

3. [Tocanku ¢ HATITOM
AHaJIOTUYHOE 3aKJII0OUCHHE CEIATh 10 KaXIOMY pasmepy.
8.BeIuepTuTh CXeMy pacIoIOKEeHUS IOJICH JOMYCKOB JUIS TPEX IMOCaJI0K IO

YKa3aHHIO IIPCIIOAaBaTCIIsAd.
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3agaua: M3mepenue pazMepoB OCKHU3 U3MepseMOl neTanu

Heranp No

PesynpraTel u3MepeHuid, mm

CeueHus, IepreH JUKYIISIPHBIE K OCH °
& | I 1 %’ =
g-( HaumeHnoBanue Hanpassers 2 é
D U3MEPUTEINBHOIO % ¢
é HHCTpYMeHTa AA|BB| AA | BB |AA| BB | & ~
1
2
3
4
5
6
7
8
Jata BeimonaeHus: paboThI Hata coaum paGoTs
[Moamuck crynenTta [Monmuck npenogaBarens

KoHTposbHBIE BONIPOCHI:
1.MukpomeTtp. Bunbl 1 061acTs npuMeHeHus?

2.Ilopsimok paboThI, COCTaBHBIC YaCTH, IICHA JICICHUSH3MEPUTEIILHON
HIKaJIbI?

3.YT10 Takoe mocaaka v BUAbLI TOCATOK?

4. YUTo HA3BIBAIOT MMOCAIKH C 3a30pOM ?

5. UTo HaA3BIBAIOT MEPEXOIHBIC TOCATKU ?

6. UTo HA3BIBAIOT ITOCAJIKU C HATATOM ?
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TOPIC No. 2.
MEASUREMENT OF LINEAR SIZES WITH
MICROMETRIC INSTRUMENTS.

Task:
1. Determination of the actual dimensions of the mating parts.
2. Make a calculation of the work done.
Objective:
Acquiring the skills to use micrometers. Mastering measurements.
Determination after the technological process of the suitability of parts.
Measuring instruments and measured objects for performing work:
Smooth micrometers, depth micrometers, bore micrometers, thread
micrometers, tooth micrometers and parts to be measured.
Work rules:
1. The main types of micrometers. Study the reading device of the
micrometer and the scope of application.
2. To develop a method of reading linear devices of the main scale.
3. Measurements at various limits of parts with micrometers.
4. Make a table according to the given measurement results.
5. Analysis of the results.
Theoretical information:
Two or more movably or immovably connected parts are called mating.
The surfaces along which the parts are connected are called mating surfaces.
The rest of the surfaces are called non-conjugate - free. In accordance with
this, the sizes of mating and non-mating - free surfaces are distinguished.
In the connection of parts entering one another, there are female and male
surfaces. For smooth cylindrical and tapered parts, the covering surface is
called the hole, the covered surface is called the shaft, and the corresponding
dimensions - D - the hole diameter and d - the shaft diameter.

Depending on the operational requirements, the assembly of the connections
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Is carried out with different landings. The relative position of the tolerance
fields of the shaft and the hole when the two parts are connected, a fit is
formed. Fit is the nature of the connection of parts, determined by the
difference in their sizes before assembly. Landing characterizes the freedom
of relative movement of the parts to be joined or the degree of resistance to
their mutual displacement. Depending on the location of the shaft and hole
tolerance fields, there are 3 types of landings (Fig.2.1):

1.Clearance landings 2. Transitional landings 3. Interference landings

4 \ 4 V =
| ’ ‘ :’ L l
] i i B |
- L I | .

D

Figure 2.1 Landing types depending on the exploitation Requirements

The type of fit is determined by the size and relative position of the hole and
shaft tolerance fields.

If the size of the hole is larger than the size of the shaft, then the difference is
called the gap. Clearance fits are designed for movable and fixed joints.

In movable joints, the gap serves to ensure freedom of movement, placement
of the lubricant layer, compensation for temperature deformations, as well as
compensation for deviations in the shape and location of surfaces, assembly
errors, etc.

In fixed joints, clearance fits are used to ensure smooth assembly of parts.
Their relative immobility is provided by additional fastening with keys,

screws, bolts, pins.
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The choice of fit in this case is made in such a way that the smallest gap
provides compensation for deviations in the shape and location of the mating
surfaces.
For clearance landings, the hole tolerance field is located above the shaft
tolerance field.
The gap is denoted -S. There are the maximum maximum - Smax and the
smallest -Smin gaps. The largest gap is the difference between the largest
limiting hole size and the smallest limiting shaft size or the algebraic
difference between the upper hole deviation and its lower shaft deviation
determined by the formulas:

Smax = Dmax - Gmin 2.1

Smax = | ES —ei |
The smallest gap is the difference between the smallest limiting hole size and
the largest limiting shaft size, or the algebraic difference between the lower
hole deviation and the upper shaft deviation.

Smin = Dmin - Omax 2.2
Smin= | El —es |

If the size of the shaft is larger than the size of the hole, then their difference
is called interference. In calculations, the interference can be expressed as a
negative clearance.
Interference landings are those in which there was a guaranteed interference
between the mating surfaces before assembly, ensuring the mutual
immobility of the parts after assembly.
For interference fits, the shaft tolerance is located above the hole tolerance.
The preload is designated -N. There are maximum- Nmax and the smallest
Nmin pre load.
The greatest interference is the difference between the largest limiting shaft
size and the smallest limiting hole size or the algebraic difference between

the upper shaft deviation and the lower hole deviation.
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Nmax = dmax - Dmin 2.3
Nmax = | s — EI |
The smallest preload is the difference between the smallest limiting shaft
size and the largest limiting hole size or the algebraic difference between its
lower shaft deviation and the upper hole deviation
Nmin = dmin - Dmax 2.4
Nmin = | ei — ES |

Transitional fits are designed for fixed, but detachable joints of parts and
provide good centering of the connected parts. They are characterized by the
possibility of obtaining both tightness and clearances. The preloads are
relatively low and usually do not require checking the strength of the joint
parts, with the exception of thin-walled parts. These preloads are not
sufficient for the connection to transmit significant torques and forces.
Therefore, transitional landings are used with additional fastening of the
connected parts. Transitional landing is in which it is possible to obtain both
interference and clearance. In these landings, the tolerance field of the hole
and shaft is partially or overlap completely. At the largest limiting hole size
and the smallest limiting shaft size results in the largest clearance -Smax, and
with the largest limiting shaft size and the smallest limiting the size of the
hole results in the greatest interference -Nmax.

Smax = Dmax - Amin

Smax = | ES —el | 2.5
Nmax = dmax - Dmin
Nmax: | eS—Ei |

In these landings the smallest interference -Nmin and the smallest clearance -

Smin are equal to zero.
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Refine plantings (Fig. 2.2) in the.

clearance fit interference fit transitional landing

Figure 2.2 Kinds of fits
At the moment, the measuring instruments are (Fig .2.3) smooth
micrometers, micrometric depth gauges, micrometric bore gauges,

micrometric thread gauges, micrometric tooth gauges, etc.

Smooth micrometers in various sizes
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Micrometric thread gauges MVP 0-25 GOST 4380-2003
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Prism micrometers: MSI 45 TU 2-034-770-2000,
MPI 45 TU 2-034-770-2000, MTI1 20 TU 2-034-770-2000

°

|y p—

Micrometric depth gauges
GM100-1 GOST 7470-2002

b)

Internal micrometer:

HM 75-0.01 1SO 9002, HM 50-0.01 DIN 863, HM 30-0.01 DIN 863
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Inside micrometer
Reference setting standard and extension tips
HM 600-0.01 GOST 10-2000

Benchtop micrometer model 03500:

MH - 10 TU 2-00221190-016-2002
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Routine micrometer MKPR 25

Smooth micrometer MKTs 25 GOST 6507-2000

[eirTa Blanr, HE Wik
A,

=] e T
(181 bl 12146 Fn

Benchtop micrometer with digital setting
Figure 2.3 Kinds of micrometers
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Smooth micrometers (Fig. 2.4) are mainly used to measure the dimensions of
parts. The measurement accuracy of micrometers is 0.01mm. Measuring
range 0+25mm, 25+50mm, 50+75mm and also up to 600 mm.When
measuring with micrometers, a special holder is used.When measuring 0 is
established 25 mm, the micrometer is set to zero.In the range of 25-50, 50-75
mm and other measurements with micrometers, the micrometer is set at
25.50.70 mm and so on. Before measuring, the micrometer is installed with

plane-parallel end gauges.

_—
[N
w
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._4“0,
(o)}
~!
o)

Figure 2.4. Smooth Micrometer

Before measuring, carefully wipe the measuring planes of the micrometer -
the end of the micrometer screw 3 and the end of the heel 2 pressed into the
bracket 1; check the smooth running of the microscrew and the zero setting.
For a micrometer with a measurement limit of 25 ... .50 mm, the measuring
planes of the micrometer are brought into contact with a standard 25 mm
long. If the zero setting is knocked down, you should wipe the measuring
surfaces again, bring them into contact under the force of the ratchet 8, fix

the microscrew 3 with the stopper 4 and carefully unscrew the setting cap 7
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by half a turn. In this case, drum 6 is released; rotating it, align the zero line
with the longitudinal line of the stem 5. After that, secure the drum with the
cap 7. Measurement with a micrometer is carried out using a ratchet. It is not
permissible to use a drum for turning the microscrew. A micrometer with a
locked microscrew should not be used as a rigid bracket.

The choice of a measuring tool for each size is made depending on the size
of the tolerance set for a given size, and on the design of the part, guided by
the fact that the maximum error of the measurement method should not
exceed 20 ... 30% of the tolerance for a given size.

The limiting error of measurement with a micrometer is 10 mcm; using a
caliper and a caliper with a graduation of 0.05 mm is 80 microns.

Examples of measurement (Fig.2.5) and calculation are given in figuress
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Figure 2.5 Examples of measuring and calculating a micrometer

Micrometric depth gauges are used to measure grooves, non-through holes,

height and length of steps of stepped parts (Fig. 2.6).
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Figure 2.6 Micrometric depth gauges

Before measuring, the height and length of the steps of stepped parts with
micrometer depth gauges is set to zero using glass plane-parallel end gauges.
Internal micrometer

Bore micrometers (Fig. 2.7) are used to measure internal surfaces and hole

diameters of parts.

Figure 2.7 Internal micrometer
The micrometer head of the inside gauge consists of a stem | and a

microscrew 4 connected to the drum body 3. The end of the microscrew 4
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serves as one of the measuring tips 2. The microscrew is rotated with a
knurled ring. The microscrew is locked with a stopper 5. The second end of
the sleeve is connected to the measuring tip and has a thread onto which a
safety nut is screwed. Extensions can be screwed onto this thread after

screwing the nut (Fig. 2.8).

Figure 2.8 Micrometer Extension Tips

Internal micrometers are manufactured in size intervals of 50—75; 75-175;
75-600; 150-1250; 200-1250; 1250-4000; 2500-6000; 4000-10000 mm and
precision divisions of 0.01 mm.

Extension lugs have a size limit of 50—-63 mm. Each extension is labeled
with its working size.

On extensions 500 mm in size and more, there are adjustments with low
thermal conductivity.

A table, compiled by the manufacturer, is attached to the inside meter, which
facilitates the selection of extenders.

The set of the bore gauge includes an adjustment gauge in the form of a

bracket for which the device is zeroed in(Fig .2.9).
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Figure 2.9 Bore gauge setting

In the absence of a setting standard, the zero setting of the bore gauge can be
performed using the end measures. Which has with sides are laid in the
holder. After that, we rotate the screw, the end measures with the sidewalls
are finally clamped in the holder and a micrometer inside gauge is inserted
into the space between the sidewalls.

Holding the inner gauge by the sleeve and rotating the drum by the knurling
ring, unscrew the micrometer screw until the measuring tips touch the
surface of the setting standard. Having locked the microscrew by turning the
handle, check the zero reading.

The internal micrometer has no ratchet. The density of contact of the
measuring tips with the surfaces of the measure or workpiece is determined
by touch.

Work order:

1. Make a sketch of the parts.

2. In the table of the report, write out from GOST 25347-2001 the maximum
permissible deviations for all sizes indicated on the working drawing of the
part.

3.Calculate the limiting dimensions, size tolerances and enter the results in
the appropriate columns of the report table.

4. Make a selection of micrometers to measure each size.

5. Determine the actual dimensions of all diameters, depths, lengths and

internal surfaces of the measured parts using the selected micrometers.
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6.Measure each dimension in two positions (A-A, B-B)

tool in relation to the part.

7.The average arithmetic value for two measurements of the same size is
taken as the actual size, compare it with the maximum permissible according
to GOST 25347-2001 and draw a conclusion and determine the landings-

1. Clearance landings 2. Transitional landings 3. Interference landings

Make a similar conclusion for each size.

8.Draw the layout of the tolerance fields for three landings as instructed by
the teacher.
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Task: Measuring
dimensions

Sketch of the part to be measured

Detail

Measurement results, mm

Sections perpendicular to the axis

| I I 5
g Measuring tool Directi o >
£ | name irections 5%
> [&]
g A-A BB |AA |BB |AA|BB | 5=
n O
1
2
3
4
5
6

Work completion date

Work delivery date

Student signature

Teacher signature

Test questions:

1.Micrometer. Types and scope of application?
2.The order of work, components, the price of division of the measuring

scale?

3.What is fit and types of fit?
4. What is called clearance fit?
5. What are the transitional landings?

6. What is called an interference fit?
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MOVZU Ne 3
HISSOLORIN XOTTi OLCULORININ MEYLLORININ
LINGLI ALOTLORLO OLCULMOSI
Tapsiriq
1. Birlogsmadas istirak edon hissolorin sathlorinin haqiqi 6l¢iilorinin nominal
Ol¢tidon meyllonmalarini toyin etmok.
2. Goriilon 1so asason hesabati tortib etmak.
Isin magsadi
Lingli alotlordon istifado vo 6l¢monin monimsonilmasi. Birlogsmadas istirak
edoan sathlorin yararliligini,yoni hadd meyllonmalarini vo miisaidasini toyin
etmok.

Isin yerino yetirilmosi ii¢iin lazim olan cihazlar vo lavazimatlar:

Indikatorlu daxildlgon, lingli-disli, lingli , lingli-yivli, lingli bondlor —

passametr , daxili sathi 6lgan lingli bandlor - passimetr, indikator , saat tipli

indikator, Ol¢ii tavaciglari, digli Gtiirmali cihazlar vo oOlgiilon niimunolor

daxildir.

Isin yerins yetirilmo qaydasi:

1. Lingli alotlorin osas novlori, onlarin qurulusu vo istifado saholorini
Oyronmoli.

2. Indikatorun va lingli bandlor — passametrin 6l¢ skalasi iizro hesabat
metodikasini iglomali.

3. Lingli alotlor vasitoesi ilo verilmis hisso niimunslorini 6lgmali.

4. Sxematik formasi tortib edilmoli vo alinmis noaticalori codvals
yerlosdirmali.

5. Noticolorin miioyyanlosdirilorok analizi .

Nazari molumatlar:

Hodd meyillonmalori miisbat, manfi va sifra borabor olurlar. DUIST 25347-

2002 standartinda hadd meyillonmalori mikrometrlarlo gdstorilmisdir.

Cizgilor 1so mm-lo gostorilir.Cizgido 6l¢ii xottinin iizorindo ovvolco nominal
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0lcli, daha sonra sag torofdo motorizodo yuxari va asagi (sok.3.1)hadd

meyillonmalori mm-ls yazilir, sifir hadd meyillonmasi isa yazilmir, masolon

i} 121 ) +230 i) 435
.f-"';f oy ._.-""._:__-"'_.- E.:_-:"fr".-.;"..-':.:_:*_
o T s IS
B
0 L 0 G 00 22
L] N —
40 4 S
& S =2 RN L 2%
) .\;*\"'5 N : e a1l
R
-73 -7
Sakil 3.1 Hadd meyillanmalari

028 (+0,021> 028 (—0,040> 034 <+0,250) 34 (—0,310) 7 (+0,035) - (—0,013)
0 ’ -0,073/’ 0 —-0,470/" \+0,013/°  \-0,028/

Uygun standartlardan hodd meyillonmolorini se¢dikdon sonra asagidaki
ifadolorlo hadd 6lgiilorini toyin etmok olur:
Dmax = Dn+ ES;  dmax = dn + €s; 3.1
Dmin = Dn + EI;  dmin = dn + €i.
Yuxar1 vo asagl hodd 6lgtilori masin hissosi sothinin hazirlanma doaqiqliyini
gostorir. Bu iki Ol¢ii arasinda forq no qodor kigikdirse, hazirlanma doqiqliyi o
godor boyiikdiir vo oksina.
on boyiikk vo on kigik hadd olgiilori forqine miisaido deyilir. Yuvanin
miisaidosi -TD, valin misaidosi iso -Td ilo isaro olunur. Yuva vo valin
miisaidosi asagidaki kimi toyin olunur:
TD = Dmax - Dmin 3.2
Td = dmax - Dmin
Miisaidonin qiymatini hadd meyillonmolorine gors do toyin etmok olar.
Yuxar1 hodd meyillonmoasi ilo asagr hodd meyillonmasinin cabri forqinin
miitloq qiymoti miisaidonin qiymatino barabardir. Yoni
TD=|ES-EI| 3.3
Td=les—ei|
Olgiilor, meyillonmolor vo miiasidalorin iki ciir qrafiki tosviri verilir. Birinci
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geyri-miqyasli , ikinci iso eyni miqyaslt qrafiki tosvir adlanir. Qeyri-miqyash
grafiki tosvirdo Olciiniin misaidesi ilo Oziinlin miqyast bir-birindon min
dofslorlo forqlonir. Bu sobabdon qrafiki tosvir qarisiq olur. Masingayirmada
eyni miqyash qrafiki tasvir gobul olunmusdur. Bu grafiki tosvirin(sok.3.2)
qurulma metodikas1 asagidaki kimidir.

Ovvalco hodd meyillori vo miisaidslor tigiin hesablama xatti olan vo nominal

Ol¢liya uygun golon 0-0 (sifir-sifir) xattini ¢okirlor .

\: ‘ o
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5 |V n B &
i /8/ + |
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gl 2 o 2
":- l.f " II’
g & : £
Sakil 3.2 Miisaidonin qrafiki tasviri

Bu xottin sol cinahinda miisbat vo monfi qlitblor geydo alinir. Sorti olaraq
nominal Ol¢iinli yuxariya dogru yonalmis vo sifir-sifir xottino sdykonmis
oxun iizorindo geydo alirlar. Miqyas qobul edib (masolon, 1mkm=1mm;
Imkm=2mm v3 s.) hadd meyillonmalarini miqyasa vo isarasino uygun olaraq
qeyde alirlar. Alinmis noqtolordon 0-0 (sifir-sifir) xottino paralel xotlor ¢okib,
uygun yerdo dérdbucaqli qururlar. Alinmis sahs val, yaxud yuvanin miisaido
sahasi olur.

Hal-hazirda sothlorin meyllonmolorini  toyin etmok tigiin indikatorlu
daxildlgon, lingli-disli, lingli , lingli-yivli, lingli bondlor — passametr , daxili
sothi 6lcon lingli bondlor - passimetr, indikator , saat tipli indikator, disli

otlirmoli cihazlardan(sok.3.3) istifads edilir.
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Indikatorlu daxilél¢onlar:
HH 10-18-1 T'OCT 868-2002,
HH 18-50 -1 T'OCT 868-2002,
HH 100-160 -1 TOCT 868-2002
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Indikatorlu dorinlikél¢on

I'n-100 'OCT 7661-2000

Indikatorlu qalinhqélcon .
TP-25-60b I'OCT 11358-2001 Indikatorlu qalinhqoél¢con
TH-10-60 I'OCT 11358-2001

Indikatorlu divarqahinhg (detallarda) élconlar
C-2TOCT 11358-2001 C-10A T'OCT 11358-2001

C-25TOCT 11358-2001 C-10b I'OCT 11358-2001
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Flagrmz.uz

Elektron manitorlu lingli daxilélgon

Lingli — disli indikatorlar
HUPB I'OCT 5584-2000
HUPT I'OCT 5584-2000

Mikrokator:
2UTTI T'OCT 6933-2001.

Dayaq uzorindd qurasdirilan
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Raqomsal indikatorlu daxiliol¢onlor
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Passametrlor

Sokil 3.3 Sathlorin meyllonmalarini tayin etmak iiciin cihazlar
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Bu cihazlarla 6lcma nisbi vo kontaktl: tisullarla aparilir.
Hissonin nominal 6l¢lisuna gora lingli alatlor vasitesils onun hadd
Ol¢iilorinin tolobata uygun oldugu toyin edilir. Bu igin yerina yetirilmasi
dcun lingli alatin iki noviindan istifads olunur:

1.Lingli bandlor — passametr , passimetr

2. Lingli indikatorlu daxilol¢con
Lingli alatlorls 6l¢iiniin haqiqi qiymatini toyin etmok olmur. Bu alatlorlo
sothlorin tolab olunan doqiqliys uygunlugunu vo sathlorin meyllonmalorini
mioyyon edirlor. Lingli bondlor — passametr , passimetri nozordon kegirok.
Emal zaman1 firlanma horokoti edon hissolorin xari¢i sothlorini passametr
(sok.3.4)vo daxili sothlorinin meyllonmolorini passimetr ilo toyin edirlor.
Bu alotlor miisaidoni nozaroat etmok ticiin istifado edilir.Cox bahali alot

olduglaria goro xilisusi ixtisaslasdirilmig vo niifuzlu miiossisolords istifado

olunur.
®
@
3
4
5
5
6
Sakil 3.4 Passametr

Lingli bandlor - passametr xarici bond gévdadon, asas skaladan — 6,0sas
agrabdon- 4,tonzimloyicinin diiymoasindon — 5,harokot edon poncodon — 7,

tonzimlonan harokat etmoyon pancodon — 8,qeyd edici (fiksator)
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gqaykasindan — 9, gqoruyucu ortiikkdon —10,hoqiqi meyllonmonin haddini
gostaron aqrablordon -1-3, meyllonmonin saorhodlorini toyin edondon — 2 vo
sairalordan 1baratdir.

Passametr miixtolif 6l¢iilii hissolorin xarici sothlorinin dl¢iilmosinin tortibat
vazifaosini do yerina yetirir. Tonzimlonon bondi IOHANSonun talobatina
osason 'OCT 11098-2000 iizro kalibrloyirlor. Passametrdon firlanan
sathlari olan val,ox,bolt,miixtalif hissalorin qalinliq ve uzunluglarinin
Olctilorini daha doqiq olds etmok iiclin istifads edilir. Mexaniki emal zamani
pastahlarin va hissalorin 6l¢iilorinin 6lgms doqiqliyi 1- 2 mkm yani

0,002 mm- dir.

Passametrlo 6lgma prosesi ¢ox sadadir.Ilkin ndvbada cihaz1 dl¢ii
tavaciqlarindan istifads edorak sifir voziyyeotino gotirmok lazimdir.

Hissoni 6lgmo bir ne¢o nominal 6lgiisii tizro aparilir. Tapilmis nominal
Ol¢liyo uygun olaraq, yasti paralel 6l¢ti tavaciqlari segilir. Sonra lingli bond
gotiiriiliir .Mikroverisi miithafizo edon qapacigi galdirib agmaq lazimdir.
Tonzimloyici qaykani bosaldib, mikrovinti miivafiq voziyyato gotirib vo
sonra yigilmig 6l¢ii tavaciqlarini mikrometrik vintlo panco sothinin arasinda
yerlosdirirlor. Mikrovinti 6l¢ii tavaciqlarina toxunana godar tarpadirlor.Olgii
poncasi ucunda daimi yerlosmis sektor lings tosir edir. Ox iizorinds bond
edilmis oqrob daimi ¢arxa ilisono kimi, cihazin skalasi boyunca sifir nisani
lizorino diisono qodar harokat etdiririk .Olgmo qiivvoesi yayin tosiri ilo amoala
golir. Beloliklo, sifir voziyyati aliriq. Homin voziyyati dayandirici vinti
vasitosilo saxlayiriq. Tonzimloyicini basanda pancolor konara ¢okilir vo
yast1 paralel 6l¢ii tavaciqlari dosti ¢ixarilir. Bundan sonra silindrik detali
gotiiriib passametr vasitasilo meyllori toyin edirlor.

Bunun Uglin passametrin tonzimloyicisini basib poncalori konara gokorok
detali 6lgmo voziyyetindo yerlogdirirlor. Tonzimloyicini buraxanda aqrabin
sifirdan (+), yaxud (-) istigamatinds getdiyi meyllonmasinno gora Olcuniin

meyllonmasini geyd edirlor. Passametrds hor bir bolgiiniin qiymati
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0,002 mme-2 baraboardir. Biitiin hissalor {i¢iin bels etdikdon sonra nominal
meyllonma toyin olunur. Verilon vo alinan meyllonmalori miigayisa
etdikdon sonra daqiqlik haqqinda natica verilir.9lds olunan naticalor
hesabat aparildigdan sonra cadvals geyd olunur.

Lingli indikatorlu daxilolgon(sok.3.5) alotlordon o6l¢iiniin haqiqi qiymatini
toyin etmok ti¢iin deyil sothlorin tolob olunan doqiqliys uygunlugunu vo
sathlorin meyllonmalarini miiayyon etmok ti¢iin istifads edilir.

Lingli indikatorlu daxildlgonlo do islodikdo on avvol nominal dl¢unii toyin
etmok tolob edilir.

Lingli indikatorlu daxilélgon ling -7 vo saat tipli indikatordan -1, yaxud
MKM, 1TP3 vs s. tipli bashiglardan ibaratdir.

Sakil 3.5 Lingli indikatorlu daxilol¢on

Saat tipli indikator lings barkidici vint — 8 vasitasi ilo borkidilir.Ling osas
temperatur qoruyucu dostokdon,dayaqdan -4 ,tonzimlonan uclugdan -2 vo
sort uclugdan -5 ibaratdir. Tonzimlonon ucluq dayaga istigamatlondirici — 3
vasitasi ilo barkidilmis va dlgiilon sathlorin meyllonmoasini xtsusi mil
vasitosilo indikatora otiirmo funksiyasini yerine yetirir. Sort ucluq dayaga
vint — 6 vasitasi ilo tarpanmoz barkidilir va 6l¢gms intervalini boyiitmok
funksiyasini yerino yetirir. Sort ucluglar 6l¢ii cihazinin futlyarinda miixtolif

Olgiilori 6lgmak ticiin dost 5 - 6 adad olur.
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Miixtalif 6l¢iilii diametrlori 6lgmak tigiin daxilidlganin(sok.3.6) ucluglar1 har
dofo doyisdirilir vo xiisusi hazirlanmis vo attestasiyadan kecirilmis halgoalor

vo uzunluq bloklart , mikrometrlo vo ya rogomli stangenporgarla sazlana

bilir.

:
7 &N
—

Sakil 3.6 Miixtalif olciilii diametrlari 6lcmak ticiin daxiliol¢canlor

Adi tipli indikatorlu daxilélgon bdlgiilorinin qiymoti 0,01 mm olan
indikatorlari, yiiksok doqiqliklo indikatorlu daxildlgonlords iso bolgiilorinin
qiymoti 0,001, yaxud 0,002 mm olan lingli-disli bashqlar1 totbiq edilir.

Disli 6tlirmali 6lgon cihazlara saat tipli indikator (sok.3.7) daxildir. Bolgu
qiymsati 0,01 mm olan indikatorlu bagligdan ibarat olur.

Boyiik siferblatin tizorindoki bolgiilorin say1 100-o borabordir. Hor bolgiiniin
qiymati 0,01 mm-dir.

Balaca siferblatin g0storicisi boyiik siferblatin aqrobinin horokoti ilo yaranan
dovrlor sayin1 gostorir.

Yoni boyiik aqrob bir tam dovr etdikdo kicik aqrab bir bolgii godor horokot

edir.
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Sokil 3.7 Saat tipli indikator

Saat tipli indikatorlu daxili 6lgon vasitasi ilo detallarin daxili 6lgiilori 6lgiiliir.
Daxili Olgonin  mexanizmi pazli Gtiirmo vo hesablayici indikatordan
ibaratdir. Yuvalarin diametrini 6lgon zaman 6l¢li xatti ilo diametr miistovinin
bir-birinin {izorino diismasini tomin etmok {i¢iin daxili 6l¢on morkazlosdirici
korplciiklo tohciz edilmisdir.

Daxilidlgonin (sok.3.8) osas elementlori mikrometrik basliq — indikator |,
uzadici vo 0lgma ucluglaridir . Ucluglarin yeyilmoys davamliligini artirmaq

Uctin onlarin islok ucu bark xolitodon hazirlanmisdir.

i

[ N

Sakil 3.8 Indikatorlu daxiliélcon
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Hal-hazirda bolgiisiiniin giymoti 0,01 vo 0,002 mm olan mikrometrik basliqli
vo bolgiisiinlin qiymot 0,001 mm olan raqomli hesablama sistemi ilo tohciz
edilmis daxili 6lganlordon MDB daxilinds genis istifado edilir.

Daxilidlgonin mikrometr vasitosilo sazlanmasi vo onlardan istifado edilmosi
asagidaki kimi aparilir.

Daxilidlgon, indikator va ucluqlarla tohciz edildikden sonra talob olunan
ol¢iido sazlanmis mikrometrin yan sothi arasina salinir. Is zamani cihazin
istilik i1zolyasiyas1 olan dostoyindon tutmaq lazimdir. Daxilidlgonin dostoyinin
komoayi ilo uzadict mikrometrin oxuna, gézoyari olaraq, perpendikulyar
istigamada yerlosdirilir. Bundan sonra, indikatorun aqrabi horokasiz
dayanana godar, mikrometrin pancasi ilo mikrovintin yan sothi arasinda, saat
kofkiri kimi bir ne¢o dofs yellondirilir. Bu zaman, indikatorun oqrobi horo-
kotsiz dayandigi anda -uzadicinin mikrometrin oxuna tam perpendikulyar
oldugu anda, indikatorun boylik siferblatinda yerlogon xiisusi holqo

vasitosilo, siferblatin sifir ndqtosi oqrobin altina gatirilir vo bu voziyyot
fiksasiya edilir.

Olgmolar zamani, baslangic ndqtosi kimi, fiksasiya edilmis sifirdan istifado
edilir.

Birbasa 6l¢molor apararkon sazlama prosesindo hoyata kegirilon horokatlor
bir daha yenidon fiksasiya edilmis sifira toxunmamaq sortilo tokrarlanir. Bu
zaman oqrabin horokotsiz hali ilo fiksasiya edilmis sifir ndqtosi arasindaki
meyillonmo nozors alinaraq dlgiilon yuvanin 6l¢iisii miioyyan edilir.
Daxilidlgonlorin sorti isarosi agagidaki kimi yazilir.

Misal:

Olgmo intervali 18...50 mm bélgiisiiniin qiymoti 0,002 mm olan daxili 6lgon

asagidaki kimi gostorilir.-Daxilidlgon 18 - 50 (0,002) TOCT 9244-2000.
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Isin yerino yetirilmo ardicilig::

1.Birlosmodo istirak edon hissolorin eskizini tortib etmali.

2.Hecabat codvaline hissalorin sothlorinin meyllonmolorini geyd etmok vo
biitlin 6l¢iilorin miisaidalorini 'OCT 25347-2001-dan seg¢ib yazmal.
3.Codvoldo sothlorinin = meyllonmalorini  xUsusi qrafada qeyd etmoli.
hesablama noticosindo alinmis butlin Slgiilorin miisaidslorini geyd etmoli.
4. Hor bir 0Olgiinii 6lgmok tg¢iin passametr, lingli indikatorlu daxilidlgon
Olcti alotini segmali.

5.Secilmis passametr, lingli indikatorlu daxiliblgon vasitosilo  biitiin
Olciilorin diametr,dorinlik , uzunluglarimin va daxili sathlorinin
meyllonmolorini toyin etmali.

6.Hor bir Olgiilon Olgiinii 1ki istiqgamotdo aparmaq lazimdir.

7.Hor bir 0Ol¢ii Ucln hesablamalardan sonra  miisaidonin qiymoti
muoyyonlogdirilir.

8. Miiollimin tapsirigina osasan biitiin 6lgiilorin miisaido sahoalorinin Sxemi

tortib edilmolidir.
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Tapsiriq:6lgiilori 6lgmok

Olgiilon detalin eskizi

=]
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Hissa Ne =
Olgmonin naticosi, mm
Oxa perpendikulyar kasiklar
b Olgan I Il g =
< alotin ad1 = _§
g = =
n . 58
Istigamatlor =
1
2
3
4
5
6
7
8

Islomo tarixi

Isin tohvil tarixi

Talobanin imzasi

Miiallimin imzasi

Yoxlama suallari:

1.Lingli alotlor.Novlori va totbiqi saholori?

2.Passametr,is prinsipi, 0l¢ii skalas1?

3.Passimetr vo onun totbiqi sahalori?

4. Lingli daxilidlgonlor vo onun totbiqi saholori?

5.indikatorlu daxilidlganlor vo onun is prinsipi ?

6. Indikatorlu daxilidlconlorin 6l¢ii skalas1 vo dlgii vahidi?
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TEMA Ne3.
U3MEPEHUE OTKJOHEHUWM JIUHEVMHBIX PA3MEPOB

P NMOMOIIN PBIYAKHBIMU ITPUBOPAMM.
3anauva:
1.Onpenenuth OTKIOHEHHWI MOBEPXHOCTEH CONMPATAEMBIX JETajeH .
2. I[IpoBectn pacuer o mpojenaHHON paboTe.
eab pabdoThI:
[IpuoOpeTreHre HABBIKOB MOJIB30BaHUS PhIYKHBIMU Tprbopamu. OcBoeHUE
u3Mepennii. Onpenenutb TOJHOCTH, OTKJIOHEHHUSI MOBEPXHOCTENW M JOMYCK
COIPATAEMBIX JIETAJICH.
CpencrBa m3MepeHMsi M u3MepsieMble O0BEKTHI ISl  BBINOJTHEHUS

padoThI:

NuaukaTopHBIA HyTpOMED, PhIYaKHO — 3y0UaThlie, PhIYakKHBIC, PHIYa)KHO —
pe3b00BEIe, phIUakHAsE CKOOa — MmaccaMeTp, phIuakKHast cKoOa JIist
MU3MEPECHHS BHYTPEHHUX TUAMETPOB - MTACCUMETPHI, HHIUKATOP, HHIUKATOP
YacoOBOTO THIIA, TUIOKOMAPAIIEIbHBIE KOHIIEBBIE MEPbI, HHIUKATOP THIIA
3yOuaToii TIepeiadrl ¥ U3MEepsieMbIC JCTAIH.

IIpaBuia BeIMOTHEHUsI PA0OTHI:

1. OcHOBHBIC BH/IBI PBIYQKHBIX HHCTPYMEHTOB, HHANKATOPOB,
WMHIUKATOPHBIX HYyTpOMEpOB. M3yueHne oTCYeTHBIE YCTPOHCTBO HHIUKATOPA
1 00J1aCTh MPUMEHEHHS.

2.Pa3paboTaTh METOJIUKY OTCUYETa OCHOBHOM IIKAJIBI PHIYAXKHBIX CKOO,
WHJUKAaTOPOB, UHIUKATOPHBIX HYyTPOMEPOB.

3. 3mepennst pa3nuyHbIMH PHIYQKHBIMA HHCTPYMEHTAMH JIETAJICH.

4. Tlo paHHBIM  pe3ynbTaTaM COCTaBUTh  CXEMATHYECKYHO TaOIuIly
HU3MEPEHUSI.

5.0mnpenenuts aHaIu3 PE3yIbTaTOB.

TeopeTnveckue cBeeHHs:

JIns ynponieHus: JOMyCKd MOYKHO U300paxaTh rpapuuecKku B BUJIE MOJIEH
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nonyckoB o I'OCT-y 25347-2002 . Ilpu sTOoM OCh U3Aenus Bceraa
pacmonaraercs moj cxemoid. [Tone nomycka (puc.3.1) orpanndyuBaercs
BEPXHHUM U HIDKHUM OTKJIIOHEHUsIMU. [loJis Jomycka onpenensiroTes
0 TIOJIOKEHUU OTHOCUTENIbHO HOMHUHAJIBHOTO pa3mepa. ['paduyeckom
M300pKEHHUH TI0JIEC JIOMYCKA 3aKIIF0YCHO MEKIY COOTBETCTBYIOIIUMHU
BEPXHEMY U HIDKHEMY OTKJIOHEHUSIM OTHOCUTEIBHO HYJICBOH JIUHHH.
HyneBast muHUSI COOTBETCTBYET HOMHHAIBLHOMY pa3mepy. OT HyJeBOM
JIMHUY OTKJIAJIBIBAIOT OTKJIOHEHHS Pa3MEpPOB MPH rpauaeckom
n3o0paxxennu (puc.3.2) NOMyCKOB U MOCaa0K. Eciu HyneBas JIMHUS
pacIoio’KeHa TOPU3OHTAIBHO, TIOJIOKUTEIbHBIC OTKIOHEHHSI
OTKJIaJILIBAIOT BBEPX OT HEE, a OTPHUIATEIbHBIC BHH3.
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Pucynox 3.1 IIpenenbHbIe OTKIOHEHHE
028 (+0,021) 028 (—0,040) 334 <+0,250> 334 (—0,310) - <+0,035) - (—0,013)
0 ’ -0,073/’ 0 ’ -0,470/"  \+0,013/’  \-0,028/

[Tocnie BeIOOpa MpeaeIbHBIX OTKIOHSHHH 10 CTaHIAPTyY MOKHO OIPEACIIUTD
MpeNeIbHBIX Pa3MEPOB:
Dmax = Dn + ES;  dmax = dn + €s; 3.1
Dmin =Dn+EI;  dmin = dn + ei.
JIoTyCK 3TO pa3HOCTh MEXIY HauOOJBIIUM U HAUMEHBIIIUM MPEACIIbHBIMU
pa3MepamMu, Win anredpandeckas pa3HOCTh MEXY BEPXHUM U HUKHUM
oTkioHeHUsIMH. Jlomryck o0o3Hauatot OykBori - T ot ¢p. «tolerance».
Jomyck otBepctrsi - TD a  Bama - Td.
TD = Dmax - Dmin 3.2
Td = dmax - dmin
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IIpu BepXHUM 1 HUKHUM OTKJIOHEHUSMHU.
TD=|ES-EI| 3.3
Td=les—ei|
Jlonyck Bceraa nonoxurenaeH. C yBeIMUEHUEM JOIMYCKa KaueCTBO
IPOIYKIIMH YXYAIIAETCS, @ CTOUMOCTbh U3TOTOBJIEHUSI CHHKAETCS.
N300paxkeHre Ha yepTexax JIeTajeil J0MycK K pa3Mepam sSBIISIeTCS
UCKaxkeHHBbIM. [loaTOMYy /U1l yripolleHus pa3Mep J0Mycka u300paxaroT

rpaduyecku B BUE MOJs JOIMyCKa.
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Pucynok 3.2 I'padmyeckoe uzobpakeHue aomycka

IIpu rpaduyeckoM u300pakeHWU IIOJIE JIOMyCKa MPUHHUMACTCS MaciiTad
Hanpumep, Il Mkm=1MM; 1MKM=2MM H T.]I.

B coenunenun peranei, BXOISAIINX OJHA B APYTYIO, €CTh OXBATHIBAIOIINE -
OTBEpPCTHE M OXBATHIBAEMbIC - BaJI IOBEPXHOCTH. T€pPMUHBI OTBEPCTHE U BaJl
OTHOCSITCSI HE TOJBKO K HUJIMHIPUYECKUM JIETAISIM KPYIJIOrO CEUYECHUS, HO U
K DJJIeMEeHTaM JieTanel apyroid (Gopmbl OTPaHUYCHHBIMHU JBYMSI
MapaJyIeTbHBIMU TJIOCKOCTSIMH - T1a3, IIMOHKA. ¥ OCHOBHOTO BaJjia BEpXHEe
OTKJIOHEHHE paBHO HYMO - €S = 0. Y OCHOBHOrO OTBEpPCTHS HIDKHEE
oTkiioHeHre paBHO Hymto - El = 0. Jlomycku pa3smepoB oXBaThIBAIOIIEH M
OXBaThIBAEMOM TMOBEPXHOCTEH COKpPAIIEHHO HA30BEM COOTBETCTBEHHO

nomyckoM oTBepetus -TD u gomyckom Bana - Td.
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B nmaHHBIII MOMEHT MJIst OTIpe/IeTICHHsT OTKJIOHEHHe nmoBepxHoctel (puc.3.3)
UCIIOJIB3YETCSl  MHIAUKATOPHBIA ~ HYTPOMEp, PpPBIYAKHO —  3yOuarsle,
pBIYAXKHBIE, PBIUAXHO — pe3bOOBbIE, pbIYAXHAsI CKOOa — maccamerp,
phlYaXKHasi ckoOa Il U3MEpPEHUs] BHYTPEHHUX JIUAMETPOB - MACCHUMETPHI,
WHJWAKATOp, WHAMKATOPbl  YacOBOTO TUIIA, IJI0CKONapalIEIbHbIE

KOHIIEBbIE MEPBI, MHAUKATOPHI TUIA 3y0UaToil nepenay.

NuaukaTropHbie HyTPpOMEpPHI:
HMU 10-18-1 T'OCT 868-2002,
HHU 18-50 -1 T'OCT 868-2002,

HH 100-160 -1 TOCT 868-2002
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NuaukaTopHbIi riiyOuHOMeEP
I'n-100 'OCT 7661-2000

—

NHaukaTOpHBIA TOJIIMHOMEP
TP-25-60b 'OCT 11358-2001 NuankaTopHbIil TOJINMHOMEP
TH-10-60 'OCT 11358-2001

NHaukaTopHble TOJIIMHOMEPHI A/ M3MePEeHHsl CTeH JAeTaJei.
C-2TOCT 11358-2001 C-10A I'OCT 11358-2001

C-25TOCT 11358-2001 C-10b I'OCT 11358-2001
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R\ Y WIRELESS

431 sutput medite

Flagrz.uz

JIEKTPOHHbIC HHAMKATOPHBbIE HYTPOMeEPbI

.

PpIua:kH0—-3y0uaThle HHAMKATOPbI

HNPB I'OCT 5584-2000 NPT I'OCT 5584-2000

MukpokaTop:
2UTTT T'OCT 6933-2001.

YcranoBouHoe 3aKPCILVICHUC
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HudpoBble MHAUKATOPHBbIE HYTPOMEPbI
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ﬂnany/.a

ITaccamerpsl
Pucynok 3.3 IIpudopsl 1Jis onpe/iesieHusl OTKJIOHEHHE MOBEPXHOCTEl
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W3mepenust 5TuMu pUOOPHI IPOBOANUTCS OTHOCHUTEIBHBIMU U
KOHTAKTHBIMU criocobamu n3mepenus. [lpu momomy peraakxHbIMU
WHCTPYMEHTAMHU OTPEICIISAIOT MpeieibHbIe Pa3Mepbl OTHOCUTEIHHO
HOMMHAJILHOTO. [IJ1s1 BRIIOTHEHUSI HCTIONB3YETCS ABA BHAA PHIYaKHBIX
HHCTPYMEHTOB:

1.Ppiyasknasi cko0a — maccameTp, MacCUMETPBHI.

2. PplyakHble MHAUKATOPHBbIE NMPHOOPHI.
[Tpu moMoITH phIYaXHBIMU IPUOOPAMU HE BO3ZMOXKHO OIPEICTUTh
JEHCTBUTENBHBINA pa3Mep U3MEPAEMbIX MOBEPXHOCTENH. DTUMU PUOOpaMHU
OTIPENIETSIOT TOYHOCTh U OTKJIOHEHHE HW3MEPSIEMBIX IOBEPXHOCTEH.
PaccMOTpHM phIYa)KHBIX CKOO — maccaMeTphbl U TacCUMeTpoB. [
MU3MEPCHHS BHYTPEHHUX TMAMETPOB JCTaei UCTIOIB3YIOTCS TTaCCUMETPHI.
[Maccamerp(puc.3.4 )aTo priuaskHast ckoba MpeACTaBIseT COOOH
MPUCTIOCOOJICHNE JIJIsi CPABHUTENIBHO TOUHBIX 3aMEPOB BHEIIIHETO IHaMEeTpa

OTIIEJIbHBIX BUIOB JIeTaIEeH
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Pucynok 3.4 Ilaccamertp

[TaccameTp cOCTOUT U3 HAPYKHOTO KOpITyca CKOOBI , OCHOBHOM MIKajbl - 6,

yKaszaTens Tpejena JeHCTBUTEIBHBIX OTKJIOHEHUH -1-3, cTpenka - 4,
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MOJBW)KHOU TISATKH - 7 , pEryIUpyeMOil HENOJBUKHOM NATKU - 8,
npeoXpaHuTenbHoro uexia- 10,raiftku Qukcaropa - 9, KHONIKU appeTupa -
5, OmpefenuTeNsl TPaHUIIbl OTKIOHEHUH - 2.

[TaccameTp pabGoTaeT mpocto. Bo Bpems 3amepa IBHKETCS CrielhaibHast
msaTka. Ee nepeMmenienne npuBOIUT B IBUKEHUE U3MEPUTEIbHBIN phryar. Ha
ATOM pbluare uMeeTcs 3youarbiii yuacTok. B pe3ynbrare ero cmemeHus

IPOBOpAUYMBAETCS 3y0UaTOE KOJIECO U CTpeliKa, 3aUKCUpOBaHHAsT Ha OCU
ATOTO KOJIeca.

[IpenycmaTtpuBaeTcs Bcerja cuupaibHas Ipy>KuHa, MO KUMAaroIias
3y04aToe KOJIeCO K HY>)KHOMY Y4acTKy peiuara. B pe3ynbrare Mmexay HUMU

OTCYTCTBYET 3a30p. BUHT HEOOBIIOTO pa3Mepa MOMOTaeT YCTAHOBUTH
pudOp Ha HYJIEBOE 3HAUCHHE. 3aJ1al0T 3TY OTMETKY C MOMOIIbIO OJIOKa
KOHIIEBBIX MEP.

Henpb3s npuctynars Kk U3MEpEeHUsIM, II0Ka OH HE BBICTABJICH HOPMAJILHO Ha
HYJIEBYIO OTMETKY 0 OJIOKY KOHIIEBBIX Mep. J{Jist aToro morpedyercs
BBICBOOOJUTH CTOIOP, KOTOPHINA (DUKCUPYET KECTKO 3aKPEIICHHYIO TSTKY.
3a TeM OTBECTH €€ OT JABMXKYILEHCS B MPOIECCE U3MEPEHHUS YaCTH Ha
JMCTAHIIMIO SIBHO OOJIBINYIO, YeM rabaput 010Ka KOHIEBBIX Mep. [locTaBuTh
ATOT OJIOK TOYHO MEXKIY MATOYHBIMH TOpIamMu. [IpokpyurBasi BUHT,
OCTaHOBUTBCS, KOTJa CTPEJIKa JOCTUTHET HYJIEBOI'O MOJI0KEHUS. BHOBB
3aUKCUPOBATH OOBIYHO HEMOABIDKHYIO ISITKY MaccameTpa crornopom. Eciu
npeapIayIas onepamus ObuTa MPOu3BeIeHa HEJOCTATOYHO aKKypaTHO, U
CTpEJKA CABUHYJIACH, CTOUT ITIOBTOPUTH ITPOLEAYPY IMOJCTPOUKH C CAMOIO
Havala.

Korna nactpoiika Ha HOJIb 3aBEpIICHAa, MOXXHO HaYWHATh 3aMepbl. TexHuKa
M3MEPEHUS TOXKE MPOCTA: HY>)KHO CYMMHPOBATh radapuT 0JI0Ka KOHIIEBBIX
MEP U MMOKAa3aTesib OTKIOHECHUS, IEMOHCTPUPYEMBINA CTPEIKOM.

B nepBoMm cityyae MUKpPOBUHT KPYTSAT J0 T€X MOP, MOKa HE OyJieT

AJOCTHUI'HYTO HYJICBOC 3HAYCHHUC HA OTCYETHOM (KAJC-CTPCIIKE».
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Y CcTaHOBUTH, KAKOBO U3MEPEHHOE 3HAUCHUE, TOMOTAEeT MUKPOMETPUUIECKOE
yCTpoiicTBO oTcyeTa. [Ipu cmonb30BaHUM €T0 HHTEPIIOIUPYIOT JOJIU
JeJIEHUsI METOJIOM Ti1a3oMepa. MexaHu3M U3 pbluaroB U 3yObEB MPU 3TOM
OKa3bIBACTCS HYJIb-UHINKATOPOM, TO €CTh 10 CYIIECTBY OTPaHHUUTEIEM
U3MEPUTETHLHON CIIOCOOHOCTH.

Torna uamMepeHHyI0 BEeITUYUHY MPUICTCS ONPEISISITh Cpa3y Mo AByM
OTCYETHBIM ycTpoiicTBaM. CHavasa BRISICHSIOT, YTO TIOKa3aia
MHUKpOMeTpHUUecKas 4acTh npuodopa. [lorom k momyueHnHoit nugpe
anredpanveckuM Crioco0oM T00aBISIOT OTCUET MO IIKAJIE-CTPEIKEY.
PbraakHbIe CKOOBI TaK)KE MHOT/IA KPEIIAT B CIICIMANIbHBIX cTOMKax. OaHaKO
TaKoe MoI00ME CTAlMOHAPHOTO U3MEPUTEIHHOTO YCTPOUCTBA TOIBEPIKEHO
TEM K€ METOJIUYCCKUM MOTPEITHOCTSM IPHU 3aMepe, YTO U TIIATKUN
MUKPOMETD.

Perymupyemyro ckoOy fenarot U KaauOpyroT muTkamu Morancona
coobpasno tpedoBanusm ['OCT 11098-2000. MHCTpyMEHT IPUMEHSIOT,
9TOOBI KaK MOKHO TOYHEE 3aMEPATh JACTAIU B BUJIC TEJ BPAIICHHS . BaJIbI,
pa3MYHbIe OCH,00JITHI, TOJIINHA U JUTUHA PA3INIHBIX MIPEIMETOB.
[To3BosieT M3MEPSTH pa3Mepsl MIPEIMETOB, 3aTOTOBOK B MEXaHHUECKOH
METaI000paboTKe ¢ MOTPeIHOCTRIO He Oosee 1—2 MiM. -0,002mMm.
WMHCTpyMEHT MpU3BaH KOHTPOJIUPOBATH BCETO OTKIOHEHUE OT HEOOXOMMBIX
normyckoB. CTOMMOCTh TaCCaMETPOB OYEHB BEJIHKA, IO ATOM MPUYUHE, a
TaKKe M3-32 Y3KOU CHeIaIn3aIllii OHU MPUMEHSIOTCS TOJBKO B CEPHE3HBIX
MIPOMBIIIICHHBIX MPEATPUITHSIX.

K phl4akHbBIM HHAMKATOPHBIM TPUOOpPaM OTHOCSTCS MHANKATOPHBIE
HYTPOMEDBHI, PHIYaKHO — 3yOUaThie, PhIUYaXHBIC, PIYAXKHO — PE3bOOBHIE,
WHIUKATOPHI, MHANKATOPHI YacOBOTO THIA U T.II.

PeruaxxapiMu mHAMKaTOpHBIMU(pHC.3.5) mprOopaMu oOnpeaensorT
CXOJICTBO TOYHBIX PA3MEPOB U OTKJIIOHEHHE IMOBEPXHOCTEH.

C nauano TpeOyeTcs ompeaeieHue HOMUHAIIBHOTO pa3Mepa MpH MOMOIIU
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PBIYAKHBIMA HMHJIMKATOPHBIMM HYTPOMEPAMH.

N3mepuTenbHbIM yCTPOWCTBOM B MHANKATOPHOM HYTPOMEPE CIIYKUT
WHJIMKATOP YaCOBOTr0 TUIA WK rojioBok Tuna MKM, 11I'P33 u np.
Wuaukarop 1 ycranaBnuBaeTcs B TpyO4aThiil Kopiyc 7 npubopa u
3akpermisierca raikoi 8. Ha npyrom koHiie TpyO4aToro kopryca MMeeTcs
M3MEPUTENBbHAS roJI0BKA. KOHCTPYKIMSA U3MEPUTENBHOM TOJOBKH Y

HpI/I60pOB C pa3JIMYHbIMU TIpEACIaMUn HBMepeHHﬁ pas3jindHa.

<
—§

77 NG —3
Pucynok 3.5 PbryakHol MHIUMKATOPHBIA HYTpOMep
N3mepuTenbHas rogoBKa UMEET C OJHOW CTOPOHBI U3MEPUTEIbHBIN
CTEP>KEHb 2, C IPYTrOM YKPEIISETCS] CMEHHAsI U3BMEPUTEIIbHASL BCTaBKa 5 MpHU
IIOMOIIIM BUHTA 6 .
K HyTpomepy npunaraercs mecTb ITYK CMEHHBIX U3MEPUTEIbHBIX BCTABOK.
J1J1st MpOMEXKYTOUHBIX pa3MEePOB UMEIOTCS IIaii0bI, KOTOPBIC B ClTydae
HEO0OXOIMMOCTH HAJIEBAIOTCS HA CMEHHYIO H3MEPUTEIIbHYIO BCTABKY,
YBEJIMYMBAsI HA COOTBETCTBYIOLIYIO BEJIMUHUHY €€ pa3Mepa.
HyTtpoMepbl UMEIOT HEHTPUPYIOIIUN MOCTHUK 4, CITYXKaIllUi JJIs1 COBMELICHUS
JIMHUM U3MEPEHHS ¢ THAMETPAIbHON MNIOCKOCTHIO H3MEPSIEMOTO OTBEPCTHS
IIPY MOMOIIH HAITPABIISIIOIINM 3.
[Ipn u3mMepeHnn OTBEPCTUS NEPEMELIEHUE H3MEPUTEIBHOTIO CTEPKHS
MEePEIACTCS MOJIBUAKHOMY CTEPKHIO, KOTOPBIN, B CBOKO OYEPE/Ib, IEPEAACT

MEPEMENICHUE U3MEPUTEIIBHOMY CTEPKHIO UHIUKATOPA.
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[Tpu pabote npudop cienyer AepKaTh 3a TEIUIOU3O0ISALUOHHYIO PYUKY.

VY npubopa HanOonbasg riryonHa uaMepenus pasHa 140 mm, nepeMelieHus
U3MEPUTEIBHOTO CTEPHKHS OT CPEIHErO MONOKEHUS paBHbl =£0,5 MM,
JOIyCTUMAs MOTPEIIHOCTh nokazanuii =+0,005 MM B nipeaenax 1to000ro
y4acTKa MepEeMENICHHS U3MEPUTEIIBHOTO CTEPKHS, paBHOro + 0,1 MMm.
[Mocne kaxmoit cMeHbl H3MepuTenbHOM (prc.3.6) BCTaBKM yBEIMUYMBas Ha
COOTBETCTBYIOIIYIO BEIMYMHY €€ pa3Mepa MPOBOAUTCS KOHTPOJIb
YCTAaHOBJIEHHOTO pa3Mepa MO aTTeCTAlMOHHBIM KOJIbLAM, IO
YIJIMHUTENBHBIM 0JI0KaM , MUKPOMETPaMH WM LHU(PPOBBIMU

IMTAHTCHIIUPKYJIAMU.

Pucynok 3.6 HyrtpoMepsl 11 u3MepeHus1 Pa3IMYHbIX 1UAMETPOB

B HyTpOoMepax 00BIYHOTO THIIA TPUMEHSIOTCS HHAUKATOPHI C IIEHOH
nenenus 0,01 MM, B HyTpomMepax NOBBIILIEHHON TOYHOCTU MTPUMEHSIOTCS
pBIYaxHO-3y0uaThie ToJoBKH ¢ 1ieHoi aenenus 0,001 wmum 0,002 mm.

[Ipenen u3amepeHunil 1eJIeHU IO OCHOBHOM IIKAJIE Y WHAMKATOPA YacOBOrO
tuna (puc.3.7) paBen 100. Ilena kaxmoro menenus pasen 0,01 mm. B
WHJMKATOpax »JTOr0 THUMNA [EPEMEIICHHE U3MEPUTEIBHOTO  CTEPXKHS
BBI3BIBACT TEpeMelIeHue OOJIBIION CTPEeNKH 1O OCHOBHOW IIKale.

[Tepemenienre Mamon CTPENIKU MO MAJIOW IIKaJe.
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Masienpkass 1Kaja ABIAETCS  yKa3aTeleM II0OBOPOTOB U IO  HEH
OTCYMTBHIBAETCS LIEJI0€ YUCIO 000pOTOB OOJBIION cTpesku. OQHO AeleHue

MaJICHbKOM IIKaJIbl 3TO OAUH 000POT OOJIBIION CTPEIIKH.

Pucynok 3.7 NuaukaTop 4acoBoro tuma

WN3mepuTenbHbIM  YCTPOMCTBOM B HWHJIHUKATOPHOM HYTPOMEpPE CIIYXKHUT
UHIUKATOP 4YacOBOIO THUIA H3MEPAIONIUN OTKJIOHEHHE BHYTPEHHHX
noBepxHocteit. Uuaukatopubiii  Hytpomep (puc.3.8) dwacoBoro Tuma B
OCHOBHOM COCTOMT U3 HMHAUKATOPA, KOPIyca C pyKOSTKOUN, N3MEPUTEIIHHOTO
CTEpXKHS M CMEHHOTO W3MEPHUTENbHbIH BcTaBku. [l obecnieueHus
W3HOCOCTOMKOCTH HW3MEPUTEIIBHOW CTEPKHEWM M CMEHHOW H3MEPUTEIbHOU

BCTAaBOK HM3TOTaBJIMBAIOT U3 TBCPAOI'O CIlJIaBa HIINA JIGFI/IPYIOHIGIZ CTaJIn.

Pexynorar
(amsarsan a 6

BeNIIn3)

17, 079988 mm
oy
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7
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Pucynok 3.8 NuaukaTopHblii HyTpOMep
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B naHHBII MOMEHT Yy HAC U B COCEHUX CTPaHaX B OCHOBHOM HCIIOJIb3YETCS
nu(ppoBbIE MHAUMKATOPHBIE HyTpomepbl ¢ neHou nenenus 0,001 nmm

0,002 MM .

[lepen HauaaoM u3MEpEeHUS HYTPOMEP HEOOXOJUMO HACTPOUTH HA HYJIb 110
OJIOKY IUJIMTOK, HMMEIOLIEMY pa3Mep, paBHbII HOMHUHAJIBHOMY pa3Mepy
CONPSIKEHUS.

JIist HaCTPOMKKM OJIOK MIMTOK YCTAHOBUTH MEXKIY JBYMSI OOKOBHYKaAMHU MU
3aKpeNnuTh B CHEIMAIbHON CTPYOLIMHE.

HyTtpomep cBoMMHM UW3MEpUTENbHBIMM HAKOHEYHUKAMH BBECTH MEXIY
BBICTYTAIOIIUMH KOJIbLIaMH OOKOBUYKOB.

[loxaunBaHueM HyTpoMepa B Pa3IUUHBIX TIIOCKOCTAX JOOUTHCS TOTO, YTOOBI
NOKa3aHUsl €ro CTajd MHUHUMaJIbHbIMU. B 3TOM ciiyyae JNMHUS H3MEpPEHHUS
NEPIEeHIUKYIsIpHA pabouyuM IJIOCKOCTSAM OOKOBMYKOB M IMYTEM IOBOPOTA
IIKaJIbl IPUOOP HACTPOUTH HA HYJIb.

M3MmepeHrne BHYTPEHHErO JuaMeTpa KOJbLla  MPOBOJAUTCS, KAaK W A
BaJIMKOB, B TPEX TOYKAX B CPEHEM CEYEHUH KOJIBLIA.

Cpennee apu¢pmMernyeckoe 3HAUYEHHWE W3 IMOJYUYEHHBIX pPE3yJbTaTOB
CUMTAETCS JEHCTBUTEIBHBIM PA3MEPOM OTBEPCTHS.

Heo6xoaumMo MOMHHMTB, YTO HYTPOMEp IIOKA3bIBAE€T JIUIIb OTKIOHEHUS
pa3zMepa  OTBEpCTUS OT €ro HOMHMHAJIBHOIO  3HAYEHHs, IPUYEM
IIOJIOKUTENIbHBIE OTKJIOHEHUST OTCUMTBHIBAIOTCS B HAINPABICHWHW IPOTHB
YaCOBOM CTPEJIKH.

VYcinoBHOE 0003HaYEHNE HYTPOMEPOB YKa3bIBACTCS:

Hytpomep18 - 50 (0,002) TOCT 9244-2000.

3neck uaTepBan uaMmeperus 18...50 mm, Tounocts aeneHus 0,002 mm.

131



Iopsinok BbINOJHEHUsI PadOTHI:

1 .BBITIOTHUATH 3CKU3 COMPSITAEMBIX AETaICH.

2.B Tabmumy otcuera 3amucatb u3 ['OCT 25347-2001 npenenbHbIe
OTKJIOHEHUS U JIOITYCKH JIJISI BCEX Pa3MEPOB.

3.IlogcunTarh mOpenesNbHbIE pa3MEpPBL, TONMYCKH pPa3sMEpPOB U PE3YJIbTATh
3aHECTH B COOTBETCTBYIOIIME Tpadbl TAOIUIBI OTUETA.

4.Ilpon3BecT BBIOOP pPBIYAKHBIX CKOO, PBIYAKHBIX  WHIAMKATOPHBIX
npruOOPOB U UHIUKATOPHOTO HYTpOMEpa JIsl U3MEPEHUS KaKI0T0 pa3mepa.
5.0mnpeaenutb OTKJIIOHEHUE MMOBEPXHOCTEN BCEX NMAMETPOB, MIyOUH, JJIUH U
BHYTPEHHBIX [IOBEPHOCTEN U3MEPSAEMBIX JI€TAJICH .

6.M3mepenne Kaxa0ro pazMepa Mpou3BOAUTH B IBYX MOJIOKCHUSIX.

7.Ilocne xkax0ro pacdera onpeAeanuTh J0INYCK pa3MepoB.

8.BBIYepTUTH CXEMY PacHOJIOKEHUS [TOJIEH AOMYCKOB JUJISl BCEX Pa3MEPOB IO

YKa3aHHIO IPCIIoaaBaTeIId
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3anaua: M3mepenue OCKM3 HM3MEpAEMON JeTaln
pa3MepoB
Herans No
S
b
&
2
&
s
<
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——r
T
o B
é\l
=5
PesynbTaTel n3mMepenunii, mm
. Ceuenus,nepneHIUKYJIISPHBIE K OCH v <
= 5
) I I Il 7 g
= 2 &
s 52
= HaumenoBanue Hanpasnenus S o
1
2
3
4
)
JlaTa BBITTOJIHEHUS Jlata ciaun paGoThI
paboTHI
Honmucek cryneHTa [Moamnuck npenogaBaTens

KoHTposbHBIE BONIPOCHI:

1.Poryaskaple MHCTPYMEHTHI. Buasl 1 065acte mpuMeHeHUs ?

2.ITaccameTp, TOPAIOK pabOTHI, IIEHA JEJICHUS N3MEPUTEIBHONW TITKAJIBI?

3. [Naccametp 1 00MacTh TPUMEHEHUS?

4. PpryaxHble HyTPOMEPHI U 00J1aCTh MPUMEHEHUS ?

5.MunukatopHbie HYyTPOMEPHI U IOPSATIOK PaOOTHI?

6.0cHOBHAas 1TKajga MHANKATOPHOTO HYTPOMEpPA U €IUHUIIA U3MEPECHHUS ?
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TOPIC No. 3.
MEASURING LINEAR DIMENSIONS
BY HANDLING WITH LEVER INSTRUMENTS.
Task:
1. Determine the deviations of the surfaces of the mating parts.
2. Make calculation of the current work.
Purpose of work:
Acquisition of skills to use lever devices. Mastering the measurements.
Determine suitability, surface deviations and tolerance of mating parts.
Measuring instruments and objects for the current work:
Indicator caliper, lever - toothed, lever, lever - threaded, lever bracket -
passameter, lever bracket for measuring internal diameters - passimeters,
indicator, dial indicator, plane-parallel end measures, gear type indicator
and measurable details.
Work execution rules:
1. The main types of lever tools, indicators, indicator calipers. The study of
readout indicator device and scope.
2. To develop a methodology for reading the main scale of lever brackets,
indicators, indicator calipers.
3. Measurements with various lever tools of parts.
4. Based on these results, draw up a schematic measurement table.
5. Define analysis of the results.
Theoretical information:
To simplify the tolerances can be depicted graphically in the form of
tolerance fields according to GOST-25347-2002. In this case, the axis of the
product is always located under the diagram. The tolerance field is limited by
the upper and lower deviations (Fig.3.1). Tolerance fields are determined by
position relative to the nominal size. In the graphic image, the tolerance field

Is enclosed between the corresponding upper and lower deviations relative to
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the zero line. The zero line corresponds to the nominal size. Dimension
deviations from the zero line are plotted for tolerances and landings
graphically (Fig.3.2). If the zero line is horizontal, positive deviations are

laid up from it, and negative ones down.
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Figure 3.1 Limit deviation
028 (+0,021) ) (—0,040> 4 <+0,250) 4 (—0,310) (+0,035) (—0,013)
0 ’ —-0,073/’ 0 ' —-0,470/" " \4+0,013/" \-0,028

After selecting the maximum deviations according to the standard, you can
determine the maximum dimensions:
Dmax = Dn + ES;  dmax =dn + €s; 3.1
Dmin = Dn+ EI;  dmin = dn + €i.
Tolerance is the difference between the largest and smallest limit sizes, or
the algebraic difference between the upper and lower deviations. Tolerance
is denoted by the letter - the letter - T from fr. "Tolerance". The hole

tolerance is -TD and the shaft tolerance is Td.

TD = Dmax - Dmin 3.2
Td = dmax - dmin
With upper and lower deviations.
TD =|ES-El | 3.3
Td=les—ei

Tolerance is always positive. With an increase in tolerance, product quality
deteriorates, and manufacturing costs decrease.

The image on the drawings of parts dimensional tolerance is distorted.
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Therefore, to simplify the size of the tolerance is depicted graphically in the

form of a tolerance field.
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Figure 3.2 Graphic representation of tolerance

With a graphic image, the tolerance field is taken as a scale, for example,

1 mcm =1 mm; 1 mcm =2mm, etc.

In the connection of parts that enter one into the other, there is a covering -
hole and covered - a surface shaft. The terms hole and shaft refer not only to
cylindrical parts of circular cross section, but also to elements of parts of
another shape limited by two parallel planes - a groove, a key. For the main
shaft, the upper deviation is zero - es = 0. At the main hole, the lower
deviation is zero - EI = 0. The tolerances of the dimensions of the female and
male surfaces will be abbreviated as the hole tolerance -TD and the shaft
tolerance -Td.

At present, an indicator caliper is used to determine the surface deviation
(Fig.3.3), lever-toothed, lever, lever-threaded, lever bracket - passameter,
lever bracket for measuring internal diameters - passimeters, indicator, dial

gauges, plane-parallel end measures, gear type indicators.
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Indicator calipers:
NI 10-18-1 GOST 868-2002,
NI 18-50 -1 GOST 868-2002,
NI 100-160 -1 GOST 868-2002
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Pl | V22 a7 7/ 4
O0.01tmm O0-10mm -
a0 -
66 = 20

Depth gauge
Gl - 100 GOST 7661-2000

Indicator thickness gauge
TR —25-60B GOST 11358-2001 Indicator thickness gauge
TN - 10-60 GOST 11358-2001

Indicator thickness gauges for measuring walls of parts.
S -2 GOST 11358-2001 S — 10A GOST 11358-2001

S -25 GOST 11358-2001 S - 10B GOST 11358-2001
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Y WIRELESS

Electronic indicator calipers

Lever-gear indicators
IRB GOST 5584-2000 IRT GOST 5584-2000

Y

-
.
-

Mikrokator:
21GP GOST 6933-2001.

Installation clamp
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Digital Indicator Bore Gauges
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Passameters

Figure 3.3 Devices for determining the deviation of surfaces
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Measurements by these devices are carried out by relative and contact
measurement methods. Using lever tools to determine the maximum
dimensions relative to the nominal. For execution, two types of lever tools
are used:

1. Lever bracket - passameter, passimeters.

2. Lever indicator devices.
Using lever instruments it is not possible to determine the actual size of the
measured surfaces. These instruments determine the accuracy and deviation
of the measured surfaces.
Consider the lever brackets - passameters and passimeters.
Passimeters are used to measure the internal diameters of parts.
Passameter(Fig.3.4 ) is a lever bracket is a device for relatively accurate

measurements of the outer diameter of individual types of parts.

@CD

@)} (9)]
‘\‘\\:iﬁl\\lllﬂ"!ll“”

OF

The passameter consists of the outer bracket body, the main scale is-6,

Figure 3.4 Passameter

the actual deviation limit indicator is -1-3, the arrow is - 4, the movable heel
Is - 7, the adjustable fixed heel is - 8, the safety cover is - 10, the lock nut is -

9, the arrestor button is - 5, and the deviation limit identifier is - 2.
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Passameter works simply. During measurement, a special heel moves. Its
movement drives the measuring arm. There is a gear section on this lever. As
a result of its displacement, the gear is rotated and the arrow fixed on the
axis of this wheel.
A spiral spring is always foreseen, which draws the gear to the desired
section of the lever. As a result, there is no gap between them. A small screw
helps set the instrument to zero. Set this mark using the end block.

It is impossible to start measurements until it is normally set to the zero
mark on the block of end measures. This will require

release the stopper that locks the rigidly fixed heel.
Then take it away from the moving part during the measurement process to a
distance clearly greater than the size of the end-block. Place this block
exactly between the heel ends. When turning the screw, stop when the arrow
reaches the zero position. Fix the usually fixed heel of the passameter again
with the stopper. If the previous operation was not done accurately enough
and the arrow moved, it is worth repeating the adjustment procedure from
the very beginning.

When the zero adjustment is complete, you can start measuring. The
measurement technique is also simple: you need to summarize the size of the
block of end measures and the deviation rate shown by the arrow.

In the first case, the microscrew is twisted until a zero value is reached on
the reference “arrow-scale”. The micrometer reading device helps to
establish what the measured value is. When using it, interpolate the division
fraction by the eye method. The mechanism of the levers and teeth turns out
to be a null indicator, that is, essentially a limiter of the measuring ability.
Then the measured value will have to be determined immediately by two
reading devices. First they figure out what the micrometric part of the device
showed. Then, a countdown on the “arrow-scale” is added to the resulting

figure in an algebraic way. Lever brackets are also sometimes mounted in
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special racks. However, this semblance of a stationary measuring device is
subject to the same methodological measurement errors as a smooth
micrometer.

An adjustable bracket is made and calibrated with Johanson tiles in
accordance with the requirements of GOST 11098-2000.

The tool is used to measure as accurately as possible parts in the form of
bodies of revolution: shafts, various axes, bolts, thickness and length of
various objects.

Allows you to measure the size of objects, blanks in mechanical
metalworking with an error of not more than 1-2 microns. -0.002mm.

The tool is designed to control the entire deviation from the required
tolerances. The cost of passameters is very high, for this reason, and also
because of their narrow specialization, they are used only in serious
industrial enterprises.

Lever indicator instruments include indicator calipers, lever - gear, lever,
lever - threaded indicators, dial gauges, etc.

Lever indicator devices determine the similarity of exact dimensions and the
deviation of the surfaces (Fig.3.5).

From the beginning, it is necessary to determine the nominal size using lever
indicator calipers.

The measuring device in the indicator caliper is an indicator of the sentry
type or heads of the MKM, 1GR3Z type, etc.

The indicator 1 is installed in the tubular body 7 of the device and fixed with
a nut 8. At the other end of the tubular body there is a measuring head. The
design of the measuring head for devices with different measurement limits

is different.
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Figure 3.5 Lever Indicator Bore Gauge

The measuring head has a measuring rod 2 on one side, and a replaceable
measuring insert 5 is fixed on the other with a screw 6. Six pieces of
interchangeable measuring inserts are attached to the nutromera. For
intermediate sizes, there are washers that, if necessary, are worn on a
removable measuring insert, increasing its size by an appropriate amount.
Nutrometers have a centering bridge 4, which serves to align the
measurement line with the diametrical plane of the measured hole using
guides 3.

When measuring a hole, the movement of the measuring rod is transmitted to
the movable rod, which, in turn, transfers the movement to the measuring rod
of the indicator.

During operation, the device should be held by the heat-insulating handle.
The device has the largest measurement depth of 140 mm, the displacements
of the measuring rod from the middle position are = £ 0.5 mm, the
permissible error of readings = + 0.005 mm within any portion of the
movement of the measuring rod equal to = 0.1 mm.

After each change of the measuring insert, increasing by the appropriate size
of its size, the established size is checked by certification rings, extension

blocks, micrometers or digital calipers(Fig.3.6) .
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Figure 3.6 Bore gauges for measuring various diameters

Indicators with a division value of 0.01 mm are used in conventional
calipers, and lever-toothed heads with a division price of 0.001 or 0.002 mm
are used in calipers of increased accuracy.
The measurement limit of the divisions on the main scale of the dial (Fig.3.7)
indicator is 100. The price of each division is 0.01 mm. In indicators of this
type, the movement of the measuring rod causes the movement of a large
arrow on the main scale. Move the small arrow on the small scale.

The small scale is a pointer to the turns, and an integer number of turns of
the big arrow is counted on it. One division of a small scale is one revolution

of a large arrow.

Figure 3.7 Clock indicator
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The measuring device in the indicator caliper is a dial indicator measuring
the deviation of the internal surfaces.

The dial-type indicator caliper mainly (Fig.3.8) consists of an indicator, a
housing with a handle, a measuring rod and a replaceable measuring insert.
To ensure the wear resistance of the measuring rods and interchangeable

measuring inserts are made of hard alloy or alloy steel.

Pesynorar
(Mromraresan
T POEXTODVR NOKEHBIIR BENEO™3)
r

Figure 3.8 Indicator bore gauge

At the moment, we and in neighboring countries mainly use digital indicator
calipers with a division value of 0.001 or 0.002 mm.

Before starting the measurement, the caliper must be set to zero on the block
of tiles having a size equal to the nominal size of the interface. To set up a
block of tiles, install between two

side plates and fix in a special clamp. Insert the nutrometer with its
measuring tips between the protruding rings of the sidewalls. By swaying the
caliper in various planes, ensure that its readings become minimal. In this
case, the measurement line is perpendicular to the working planes of the
sidewalls and by turning the scale the device is set to zero.

The measurement of the inner diameter of the ring is carried out, as for the
rollers, at three points in the middle section of the ring. The arithmetic mean

of the results obtained is considered the actual hole size. It must be
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remembered that the caliper only shows deviations in the size of the hole
from its nominal value, and positive deviations are counted in the
counterclockwise direction.

The symbol of the calipers is indicated:

Nutromer18 - 50 (0,002) GOST 9244-2000.

Here the measurement interval is 18 ... 50 mm, the division accuracy is 0.002
mm.

Work execution order:

1. Make a sketch of the mating parts.

2. In the reference table, write down from GOST 25347-2001 limit
deviations and tolerances for all sizes.

3. Calculate the size limits, size tolerances and results to enter in the
appropriate columns of the report table.

4. Make a selection of lever brackets, lever indicator devices and indicator
caliper for measuring each size.

5. Determine the deviation of the surfaces of all diameters, depths, lengths
and internal surfaces of the measured parts.

6. Measure each size in two positions.

7.After each calculation, determine the dimensional tolerance.

8. Draw the layout of tolerance fields for all sizes as instructed by the teacher
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Task: Dimension Sketch of the measured part
Measurement
Detail Ne
N,
& F o
Y Y
Measurement results, mm
§ Sections perpendicular to the axis > :
§ I I i = %
§ Name Directions > é
1
2
3
4
5
Date of completion Date of delivery of work
Student's signature Teacher Signature

Test questions:

1. Lever tools. Types and application area?

2. Passameter, operating procedure, price of measuring scale?

3. Passimeter and application area?

4. Lever calipers and application area?

5. Indicator calipers and operating procedures?

6. The main scale of the indicator caliper and unit of measurement?
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MOVZU Ne 4
BUCAQLARIN VO KONUSLARIN OLCULORININ XUSUSI
LOVAZIMATLARLA OLCULMOSI
Tapsirq:
1. Birlogsmada istirak edon konusvari sothlordo bucaglarin vo konuslarin
haqiqi dl¢iilorini tayin etmok.
2. Hesabat1 Olgmodon sonra goriilon iso osasan tortib edib geyd etmok.
Isin magsadi:
Konuslarin 6l¢tilmasi(sok.4.1) metodikas1 va vasitalori ilo tanigliq.
Bucagoélgonlordon istifado vo 6l¢monin monimsonilmasi. Birlogsmodo
istirak edon konusvari sathlorin yararliligini toyin etmok.
Isin yerino yetirilmosi ii¢iin lazim olan cihazlar vo lavazimatlar:
Morze alot konuslari,bucagdlgonlor, sablonlar, bucaqliglar, konus kalibrlori,
transportirli bucaqdlgonlor,universal bucaqdlgonlor vo dlgiilon niimunoalor
daxildir.
Isin yerina yetirilmo qaydasi:
1.Bucaqolgonlorin osas ndévlori, istifado saholorini vo onlarin qurulusunu
Oyronmoli.
2.Bucaqolgonlorin noniuslu skala {izro hesabat metodikasini islomali.
3.Bucaqolgonlor vasitosi ilo verilmis konusvari sothlori 6lgmali.
4.0lgmo zaman1 alinmus naticolori codvale yerlosdirmoli
5.Konusvari sathlorin miioyyonlosdirilorok analizi .
Nozari moalumatlar:
Standart 'OCT 7664-2001-o asason miistovi bucagin 6l¢ili vahidi doraco

va radiandir. Doraco va radian arasinda asililiq belodir:

10=% =0,017453 rad;

1" =0,00029088 rad;
1""=0,00000485 rad.
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Sakil 4.1 Konuslarin 6l¢iilmasi
Kigik bucaqlar adoton diizbucaqli tighucagin toraflorinin nisbati ilo yoni bu
bucaqlarin tangesi vo ya sinusu kimi ifado olunur. Tocriibi olaraq bu
nisbotlori radianla igsars olunaraq bucagin 6ziino borabor gobul etmok olar.
Bucaglarin vo konuslarin 6l¢gmo metodlar1 asason ii¢ nova bolundr:

1.Sart birolciilii niitmunavi bucaqol¢anlarlo miigayissli 6l¢cma metodu.

2. Goniometrik 6l¢gmo metodlari.

3. Trigonometrik 6l¢ms metodlari.
Miiqayisoli 6lgmo metodlarini bucaqdlganlor, sablonlar, bucaqliglar, konus
kalibrlorindon istifados ilo yerino yetirmok olar.
Goniometrik 6l¢gma metodlarinda bucagin 6l¢iisiinii birbasa transportirli
bucaqdlgonlor, universal bucaqdlgonlor vo saira vasitosi ilo yerino yetirilir.
Trigonometrik 6lgmo metodlarinda bucagin qiymotini toyin etmok ii¢iin xotti
Ol¢iilorin qiymatini 6lgmok lazimdir.
I'OCT 8908-2001,CT-C5B 1780-2000 standartlarinda konusun diametrinin
miusaidosi(sok.4.2) iki tisulla normallagdirilmisdir. Birinci tisulda asagidaki
cizgidon goriindiiyii kimi uzununa kasildikdo haqiqi konus hadd konuslari
arasinda yerlosir vo eyni zamanda konusluq bucagi vo forma meyillonmolori
do mohdudlasir. Ikinci iisulda iso miisaide yalniz konusun verilmis kosiyinda
miuoyyanlogdirilir vo bu zaman konusluq bucaginin meyillonmasi vo forma

meyillonmoasi mohdudlagmur.
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Sakil 4.2 Konusun diametrinin miisaidasi

Konus birlogmalori {igiin ara boslugu, gorilmo vo kecid oturmalar1 nozordo
tutulmusdur. Silindrik birlosmolordon forqli olaraq burada is zamani ox boyu
qiivvanin tasirilo burucu moments uygun gorilmonin qiymstini doyismak
mumkundur.

I'OCT 25307 — 2002 torofindon miixtolif ndvdo oturmalar yaratmaq ti¢iin
xarici konuslara d, e, f, g, h, js, k, m, n, p, 1, s, t, u, X, z vo daxili konuslara
iso H, Js, N osas meyillonmolori miioyyon olunmusdur. Bu osas
meyillonmolor 4+12 — ci kvalitetlorin miisaidolori ilo birlikdo miisaido
saholorini yaradirlar.

Konuslarin gqiymatlorinin sayini tonzimlomok tictin CT-C2B 1780-2000-ds
lic corgo normal konuslar nozordo tutulmusdur. Bunlardan basqa xiisusi
konuslar da standartlagdirilmisdir. ©On genis yayilmis konuslar 0;1;2;3;4;5 vo

6 nomrolori ilo isars edilmis Morze alot(sok.4.3) konuslaridir.

Sakil 4.3 Morze alat konuslari

Sokildon goriindiiyii kimi biitiin konuslar eyni parametrlorls isaralonir.
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Molum oldugu kimi konuslar (sok.4.4) boylk - D va ki¢ik - d diametrlori,
konusluq bucagi - a, maillik bucagi - o/2 va uzunlugu - L ilo xarakterizo

olunurlar. Bunlar arasinda asagidaki slagalari géstormok olar

Sakil 4.4 Konuslar

(0,5D - 0,5d)/L =tga/2
Burada

(D - d)/L = 2tga/2 = C, 4.1

Haradaki 2tga/2 = C  konsulluq adlanir.
C/2 =tga/2  iso maillik - i adlanir.
I'OCT 8908-2001 - o osason bucaqlarin miisaidslori tliglin 17 doqiqlik
soviyyolori miioyyanlosdirilmigdir: 1, 2, 3, ........ 17. Verilmis doqiqlik
soviyyesindo bucagin miisaidesini gostormok tigiin AT-yo (ingilisco bucagin
miisaidosi sozlorinin bas horfloridir) uygun doqiqlik soviyyosinin ndémrasi
olavo olunur. Masalon: AT1, AT2, AT3, ...... , AT17. Bucaglarin miisaidosi
bir doqiqlik saviyyasindon o birino kegarkon ortaq vurgu ¢ = 1,6 olan
hondoasi silsilo kimi doyisir. Hor bir doqiglik saviyyasi {i¢iin ayrica bucagin
AT, , ATp vo ATy miisaidalori gobul olunmusdur.
ATh = AT, -L-102 formulu ilo tapilir. Burada ATy, —mkm-la; AT, —mkrad-la;
L-mm-lodir.
Konuslugu 1:3-don kigik konuslar iigiin ATp = ATh (forq 2%-don cox
olmur). 1:3-don boyiik konuslar ii¢iin ATp = ATy /cosa/2 formulu ilo
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tayin olunur. Haradaki « konusun nominal bucagidir.

Bu onunla izah olunur ki, sothin baza uzunlugu azaldigca detalin dozgaha
baglanma doqiqliyi artir. Naticado hissonin ( detalin) konus sathinin emali
zamani emal xotas1 azalir.

Konuslarin 6l¢iilmasinda istifado edilon 6l¢ii cihazlar1 vo vasitolori birbasa
(nisbi) vo ya dolay1 6lgmo metodlarina aid edilir.

Dozgaha baglanan torofinin  sothinin  baza uzunlugunun boyiimosi ilo
bucaq miisaidosinin doqiqlik doracosi bir hodd azalmasi1 6z oksini

Cadval-4.1-do tapmusdir.

Bucaq miisaidasinin daqiqlik doracalari Cadval-4.1
Uzunlug Daqiqlik doracalori
Intervallari, AT S AT 6
mm AT AT AT AT AT AT
mkrad | rogs | mkm | mkrad | rogs mkm
10 Kimi 315 1 (32..4 | 500 140 5
10-16 250 50 [25..4| 400 120 4..6.3
16-25 160 40 |3.2..5| 315 1 5..8
25-40 160 22 | 4..6.3| 250 50 6.3...10
40-63 125 26 |5..6 200 40 7..12.5
63-100 100 20 [6.3..10| 160 32 10 ... 16
100-150 80 16 |6..125] 125 26 125...20
160-250 63 12 110..12| 100 20 16 ... 25
125-400 50 10 |125.20| 80 16 20...22
400-600 40 8 |16..25| 63 12 25 ... 40
600-1000 315 6 120..32| 50 10 32...50
1000-1600 25 5 125..40| 40 8 40 ... 63
1600-2500 20 4 132..50| 315 6 50...80

Hal-hazirda morze alat konuslari, sinus xatkeslori, bucaqdlganlor, sablonlar,
bucaqliqlar, konus kalibrlori, transportirli bucaqdlgonlor, universal

bucaqgolgonlordon (sok.4.5) istifado edilir.
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Sinus xatkeslori

SR

RUITOOL

Profillor 5, 10, 20 diiymlik Sinus xatkeslari
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T - tipli 160mm-lik xatkes Kvadrat bucaqliq sablon

Sinus xatkeslori Miistavi bucaqolconlor
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Universal mexaniki vo monitorlu bucaqdél¢conlor

Loy »;-'}j)ﬂ,ﬁln‘flz."ﬂ ¢

N

Transportirli bucaqol¢onlor
I'OCT 5378-2000
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Bucaqolconlor -2 ym(2)Tip 1 (0...1)
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Saattipli sferblath bucaqél¢onlor — KRIN 0 - 360°
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Lingli bucaqoél¢anlor
Sakil 4.5 Miixtalif nov bucaqol¢onlor

Masinqayirmada hissalori toxunma metodu ilo 6lgmak iicun miivafiq
noniuslar1 olan standartlasdirilmis bucaqdl¢onlordon istifade olunur.
Laboratoriya zamani bucaqlarin vo konuslarin 6lgiilmasi tigtin iKi tip
bucagolconlordon istifado edocoyik:

1. Transportirli bucaqoél¢conlar.

2.Universal bucaqolconlor.
Transportirli bucaqol¢anlari istifado etmozdon ovval onun hissalorini  vo
hor bir hissonin funksiyasini nozordon kegirib dyronak.
Transportirli bucaqdlgonlor(sok.4.6) iizorinds 120° qovs olan asas skaladan
— 1, nonius skalasindan - 2, barkidici vintdon — 3, xotkesdon — 4,

bucaqgligdan — 6, tonzimloyici dayandirict vintdon - 5 ibarotdir.
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Sakil 4.6 Transportirli bucaqol¢anlor

Transportirli bucaqdélg¢an tizarindo 120° q6évsii  olan 0-dan 180° -ya qoador
bucaqlarin 6lgiilmosi tigiin istifado edilon transportir formali osas
skaladan ibarotdir. Skalanin hor bir bolgiisii 1°-dir. Osas skalanin
lizorino sort surotdo osas xotkes birlosdirilmisdir. Horokot edon xotkes
nonius skalas1 ilo birlikds firlanir. Miioyyan bir bucagi doqiq 6l¢mok {igiin
vint barkidilir va vintin vasitosilo xotkes noniusla birlikdos tolob olunan
voziyyato gotirilir. Borkidici  vint xotkesi borkitmok {i¢lin istifado
edilir. 0-dan 90°-ya kimi olan bucaglar1 6lgmok tigiin iso xotkesin iizoring
bucaqliq taxilir. 90°-don 180°-ya godor olan bucaqlar1 6lgorkon iso
bucaqligdan istifado edilmir yoni ¢ixarilir.

Universal bucaqol¢on(sok.4.7) lizorinds asas doraca skalasi gostorilmis
seqmentdon - 2 va lizorino borkidilmis nonius — 1 sektordan ibaratdir.

Sektor seqmentin {izorindo horokot edo bilor. Tutqac - 4 vasitasilo sektorun
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tizorindo bucaqligi — 3 borkitmok olar. Onun da iizoring ¢ixarilib-taxilan
xotkesi — 6 borkidilir. Osas noniusu ilo onun xotkesi sort borkidilir.
Bucaqélgonin asas skalas1 130° qovs lizorindadir. Bucaqdlgonin hissalorini

mixtolif kombinasiyalarda qurmaqla 0°-320° arasinda olan bucaqlar1 da

Olgmok miimkUndr.

Sakil 4.7 Universal bucaqoél¢con

Bucagqligin vo xotkesin kombinasiyasi zamani1 xarici bucaqlarin
Olgiilmasina 0°-don 50°-ya kimi imkan verir. Bu halda, bucaqdlgonin dlgon
toroflori  xotkesin - 6 qabirgasi vo 16vhociyin sothlori vasitosi ilo olur.
Homin bucaqlar1 xotkesin ¢ixarilmis voziyyatindo do 6lgmok olar. Bu halda
iso bucaqligin yerini elo doyismok lazimdir ki, onun qisa qabirgasi sag torofo
yonalsin. Sifir voziyyoti miitloq xotlo qeyd olunub gostorilmalidir.

Ancaq tok xotkes vo ya onunovozino bucaqliq da taxila bilor . Bu

zaman xarici bucaqglar 50°-140° haddinds 06lgiilo bilor. Hesablama ii¢iin
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baslangic voziyyat 50°-don baslayir vo xotlo geyd olunaraq gostarilir.
Bucaqligin qisa torafi  vo 16vhaciyin kombinasiyasi ilo 140°-don 180°-ya
godor xarici kiit vo 180°-don 230°-ya godar daxili bucaqlar 6lgmok
mimkindir. Olgma zaman baslangic vaziyyst miitloq xotlo  geyd
olunub gostorilmalidir. Bucaqdlgonin {izorindon bucaqliq vo  xotkes
cixarildigda  ancaq 230°-320° haddinds yaxud, alavo kimi 360°-ya qodor,
130°-don 40°-yo kimi daxili bucaglarin 6l¢iilmasi miimkiindiir.

Beloliklo geyd etmok olar ki, kombinasiyalarin 0°-180° hoddinds xarici
bucaqlar1 6l¢gmoys, 180°-320° haddindo vo yaxud, alava kimi 360° godor,
40°-don 180°-yo kimi daxili bucaglar1 6lgmoays imkan yaradilir.

Isin yerina yetirilmo ardicilhig:

1.Verilmis konus sothi olan birlosmodo istirak edon hissalorin eskizini
tortib etmoali.

2.Hecabat codvolino konus sothi olan hissolorin is¢i cizgisinin tizorindo
biitiin 6l¢iilorini yazmall.

3.Cadvolin xiisusi qrafasina hesablama noticosindo alinmis konuslulug vo
maillilik Slgiilorini geyd etmoli.

4. Hor bir 6l¢linii 6lgmok iiglin bucaqdlgon 6lgii alotini segmoli.
5.Secilmis Ol¢li  alotlori wvasitosilo biitliin  Slgiilorin  diametr,dorinlik ,
uzunluglarin vo konus sathlorinin haqiqi 6l¢iilorini toyin etmali.

6.Hor bir Olgiilon Ol¢ilinii alotin hissonin konus sothino nozaran istonilon
istigamotdo vo se¢ilmis kombinasiyaya osason aparmaq lazimdir.

7.Hor bir bucaq Ol¢lsiniin hesab1 hesablamalardan sonra oldo olunan
olciinin  konuslug vo ya maillik oldugu miioyyalosdirilir. Olgiilorinin
naticolorini  miigayiso edorarak hissalorin bucaglarinin xotast
miloyyonlosdirilir. Analoju olaraq biitiin Slgiilor ii¢lin aparmaq lazimdir.
8.Miallimin tapsirigina asasan bitiin bucaq ve konuslarin xata 6lgiilorinin

sxemi ¢okilir.
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Tapsiriq:0Olciilori 6lgmok Olgiilon hissolorin (detalin) eskizi
Bucaglarin vo konuslarin 6l¢iilmosi

Hissa Ne
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Ol¢monin vo hesablamanin naticolori
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Os

o7

Os
Islomo tarixi Isin tohvil tarixi
Tolobonin imzasi Miiollimin imzasi1

Yoxlama suallari:
1.Bucaqdlgonlorin  novlori vo totbiqi saholori?
2.9sas hissalori,is prinsipi, 0I¢l vo noniuslu skalas1?
3.Konuslar vo onlarin miisaido sahalori?

4.Bucaglar vo onlarin miisaids sahalori?

5.Universal bucagol¢on vo onun iistiinliiklori?

6.Trasportir bucaqdlgon vo onun istiinliiklori?

165




TEMA Ne4.
N3MEPEHHUE PASMEPOB YIJIOB U KOHYCOB
CHEIIUAJBHBIMU U3MEPAEMbIMU CPEJACTBAMMN.
3anauva:
1.Onpenenutb EUCTBUTEIBHBIX Pa3MEpPOB YIJIOBBIX M KOHYCHBIX
MMOBEPXHOCTEN COMpsIraeMbIX JieTaleH .

2.CocTaBUTh pacyeT mociie NPOAECIaHHONW pPaOOTHI.
eab padoThI:

O3HakoMJIEHHE METOJMKOW M  CpEICTBAaMH H3MEPEHUM  KOHYCHBIX
noBepxHocteii(puc.4.1).OcBocHue U3MEpEeHUM u MCIIOJIb30BAHUE
yrioMmepamu.  OnpejaeneHue TOJIHOCTH KOHYCHBIX TOBEPXHOCTEU
CONpPSAraeMbIX JE€TANICH.

CpencrBa usMepeHusi M u3MepsieMble O0OBEKTbI JISl  BbINOJHEHUS
padoThI:

VYrioBbie Mephbl, 1a0J0HbI, YTOJbHUKH, KOHYCHBIE KaTuOpHI , yriioMep
TPaHCIIOPTUPHBIN, YTIIOMEpP YHUBEPCAIBHBIN U H3MEpPSEMBbIE JETaJu.
IIpaBusia BbINOJTHEHHUSA PA0OTHI:

1.M3yyeHne OCHOBHBIX  BHJOB, OTCUYETHBIX  YCTPOMCTB U 00JACTh
IPUMEHEHHS YTIIOMEPOB.

2.Pa3paboTaTh METOJUKY OTCUETAa HOHUYCHOM IIKAJIbI YTIIOMEPOB.

3. MI3MepeHust KOHYCHBIX IOBEPXHOCTEN JIeTalIed yIrIIOMEpaMH.

4.CocTaBuTh TAaONUIly MO JaHHBIM PE3yJIbTaTaM H3MEPEHHUS.

5.AHanu3 pe3ynbTaTOB KOHYCHBIX TOBEPXHOCTEM.

TeopeTuveckue cBeJIeHUS:

I[Io TOCT -y 7664-2001 egununieid u3MepeHus MIOCKOTO yria SBISIOTCS
rpanyc u paauaH.CoOOTHOIIEHUE MEXIY TpaayCcoM U paJuaHOM
clenymrlee:

10= 326—’; = 0,017453 pa;

1" =0,00029088 pax;
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1"=0,00000485 pan.

0
I pan=""- =57°17'44,8"=3437'45"=206264"

Pucynok 4.1 HN3mepenue KOHYCOB

Mauible yIJibl 4acTO BBIPAXKAIOT OTHOIIEHUEM CTOPOH MPSMOYTOJILHOTO
TPEyroJibHUKa - TAHT€HCOM WJIM CUHYCOM 3TUX yrioB. [IpuHumas
BEJIMUUHY 3TUX OTHOIICHUU MPAKTUYECKON paBHOW BEIWYUHE yIJia,
BBIPAXKEHHON B paJIMaHHOM MeEpeE.
CymiecTBYIOT CpaBHUTEIbHBINA U TPUTOHOMETPUUECKUN METOIbI KOHTPOJIS
yria0B. MeTo bl U3MEPEHHH YTIIOB U KOHYCOB MOTYT OBITh pa30UTHl Ha TPH
OCHOBHBIE TPYIIIBI:

1.MeToabl m3MepeHUsi CPABHEHHEM € KECTKMMH OJHOMEPHBIMH

00pa3uo0BbIMHU YIJIOBBIMH MEpPaMHU.

2.I'oHnoMeTpuYeCKHEe METOAbl U3MEPEHUIL.

3. TpuronomeTpuyecKue MeTOIAbl H3MEPEHMH.
[Ipu u3mMepeHus CpaBHEHUEM C JKECTKHUMH OJIHOMEPHBIMHU 00pasiam
OTHOCSITCSL YTJIOBBIC MEPHI, MAOIOHBI, YTOJIbHUKHA, KOHYCHBIE KAIHOPHI.
['oHnomMerpruueckre METObl U3MEPEHHUM 3TO BEJIMYHHBI yIia
HEMOCPEACTBEHHO B YIIIOBOU Mepe. M3mMepenne npoBoauTcs
HEMOCPEACTBEHHO TPAaHCIIOPTUPHBIMU, YHUBEPCAIBHBIMU U JIPYTUMH
YIIIOMEPAMU.
TpUrOHOMETPUUECKHUE METOAbI U3MEPEHUS JIMHEUHBIX BEIIMYHUH CIYKUT

AJIA OonpCaAcCiICHUA HCO6XOI[I/IMI>IX YIJIOB.

167



B ocHOBY nepBOro MeTo/1a Moja0KeHO CpaBHEHUE KOHTPOJIUPYEMBIX YIJIOB C
YTJIOBBIMU MEpPaMU, YTOJIbHUKAMU U YTI0BbIMU 1a0jaoHamMu. C MOMOIIbIO
YTJIOBBIX MEP ONPEETSAIOT HAUOOJBIIHNI TPOCBET MEXKIY CTOPOHAMU
A3MEPSAEMOTO YIila U CaMOM MEPHI.

JI71s1 u3MepeHust yrioB ¢ TOYHOCTHIO 710 2' U rpy0ee MPUMEHSIOT YIJIOMED C
HOHUYCOM, YHUBEPCAIbHBIN U ONITUYECKUMN yrioMepsl. s npoBepku
LEHTPAJIBHBIX YIJIOB (YIJI0B, 0Opa30BaHHBIX IBYMsI paJInyCaMHM), a TAKKE
JUTSL TOUHBIX YTJIOBBIX JI€JICHUM MPU 00pabOTKe JAeTalIe UCTIOIb3YIOT
ONTHUYECKHE JACIMTEIbHBIC TOJOBKH C IIeHOM aeyenus 5, 10 u 60". Yrasl
MEXTy IBYMS TPAHIMU U3MEPSIOT TOHUOMETPAMHU, a MaJible YIJIOBbIC
OTKJIOHEHUS OT TOPU3OHTAJIM U BEPTUKAIU - YPOBHSIMHU.

['mankue koHMYECKue aeTaiu ¢ gomyckamu quameTpoB oT 1T4 no I1T12,
CTEMEHSIMHU TOYHOCTHU JIOMYCKOB YIJIOB KOHYCOB OT 4 710 9 1 KOHYCHOCTBIO OT
1:3 no 1: 50 korTpOIMPYIOT KOHYCHBIMU KanuOpamu ['OCT 24932-2001 u
CT C3B 2013-2000.

KoHyCHOCTH sIBISI€TCS OCHOBHBIM MapaMeTPOM KOHUYECKOTO COCTMHEHUS U
Ha YepTekax 0003HAYAETCsl 3HAKOM, KOTOPBIN CTaBUTCS OCTPHIM KOHIIOM I10
HaIlpaBJIEHUIO K BepIiInHe KoHyca. Hampumep, o6o3nauenne C = 1:30
TOBOPUT O TOM, YTO pa3HOCTh auameTpoB D u d paBHa 1 MM Ha JHHE

30 mMm.

ITo ctangapram ['OCT 8908-2001, CT C5B 1780-2000 ycranaBinuBaeT aBa
crocoba HopMUpOBaHUs Aomycka (puc.4.2) nuamerpa koHyca. [1lo mepBomy
croco0y yCTaHaBIUBAIOT JOMYCK AUAMETPa, OJUHAKOBBIM B JII0OOM
MONEPEYHOM CEUEHUU KOHYCA U ONPEAESIONINNA J1Ba MPEIeIbHBIX KOHYCA,
MEKly KOTOPBIMHU JIOJ>KHBI HAXOJAUTHCS BCE TOUKU MTOBEPXHOCTH
JNEUCTBUTENILHOTO KOHYCA. [J[onycKk OrpaHUyYMBaeT Tak:Ke OTKJIOHEHUS yria
KOHyCa M OTKJIOHEHHS (hOPMBI KOHYCA, €CITH ITH OTKJIOHEHUS HE
OTrpaHUYEHbI MEHBIIUMU JonyckaMu. [Ipu BTOpoM criocobe HOpMUpPOBaHUs

YCTaHaBJIIMBAIOT OOIIYCK TOJIBKO B 3a/JaHHOM CCUCHHH KOHYCA. OTOT
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JIOTYCK HE OTPAHUYMBAET OTKJIOHEHUS yriia U (hOpPMBI KOHYCA.
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Pucynok 4.2 Jomyck nuameTpa KOHyca

JIJIsl KOHWYECKUX COSAMHEHUH YCTaHOBJICHBI TIOCAJKH C 3a30POM, HATATOM M
nepexoaabie. COSIMHEHNUST C HATSITOM MOTYT OBITh IOJYYEHBI IyTEM
MPWIOKCHUS OCEBOH  CHJIBI, CO3JAIOIICH COOTBETCTBYIOIIMH  HATAT,
HEO0OXOIMMBIN TIPH TIepeiaue KPYTAIIIETO MOMEHTA.

KoHnycHbIe coequHeHUS 00ecIieuynBaroT 00JIee JIETKYO 10 CPAaBHEHHUIO C
MWIHHAPUICCKUMH COSIUHECHUSIMHU Pa300pPKy, MO3BOJISIOT PETYIUPOBAThH
HATAT B Tporiecce padoTel. [ momydeHus pasnudHbix nocagok mo 'OCT
25307 - 2002 ycTaHOBIIEHBI ClIeIyIOIINe OCHOBHBIC oTKIoHeHus: d, e, f, g, h,
js, k, m,n, p, r, s, t, U, X, Z (I HapykHBIX KOHYcOB U H, JS, N - mst
BHYTPEHHUX. DTH OCHOBHBIC OTKJIOHCHHS B COUETAHHUHM C JIOITYCKaMH
KBAJIUTETOB 4 - 12 00pa3yroT moJist 10MmycKoB. JIJisi peryJMpoBaHus YUCE
konycoB o CT C3B 1780-2000 npeaycMOTpeHO TpH psAI0B HOPMATIbHBIX
KOHYycOB. KpoMe 3THX crenmaibHbIe KOHYCBhI CTaHIapTH3UPOBaHBI. boiee
pacrpoCTpOHEHbHBIE HHCTPYMEHTaIbHbIE KOHYChI Mop3e (puc.4.3) non

nomepemu 0;1;2;3;4;5 u 6.

Pucynok 4.3 HNucTpyMeHTAIBHBIE KOHYCHI Mop3e
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Konyc (puc.4.4) HapyXHbIi, BHYTPEHHHI XapaKTEepHU3yeTCs
AMaMeTpoM OOJBIIOr0 OCHOBaHUS - D, muameTpom Manoro OCHOBaHHUS
- d, yriom koHyca - 0, YIJIoM yKJIOHa o/2, IIMHON KoHyca L. Yron
yKJIOHa o/2, cBs3aH ¢ pasmepamu D, d u L cooTHomeHneM
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Pucynok 4.4 Konycsl

(0,5D - 0,5d)/L = tga/2
17001 (D- d)/L=2tga/2 =C, 4.1
I7Ie¢ Ha3bIBACTCS 2tg 0/2 = C - KOHYCHOCT;

C/2 =tg a/2 - ykioH .
I'OCT 8908-2001 ycranaBnuBaet 17 creneHe TOUHOCTH JOMYCKOB
yrioB: 1, 2, 3, ..., 17. Ilpu o603HaueHnH JI0ITyCKa yriia 3aJjaHHON TOY-
HOCTH K 0003HaueHuto gomycka yrina AT (ot aunra. Angle Toleranse —
JIOTYCK yTJia) 100aBISIOT HOMEP COOTBETCTBYIOUIEH CTETICHH
touHocTu: ATI, AT2, AT3 ..., AT17. Jlonyck yria 3TO pa3HOCTb
MEXIy HauOOJBIITUM U HAUMEHBIITUM TIPEICTbHBIMY YIJIAMH TIPU
Mepexo/ie OT OJHOW CTENEHU K IPYrod U3MEHSAETCs 0
reOMETPUUECKOM MPOrpeccuu co 3HameHaresneM ¢ = 1,6. [{ns kaxaoi
crerneHu yctaHoBieHbl: AT, , ATp u ATh,
Homyck ATy Ha3HauYaloT Ha KOHYCHI , UMEIOIINE KOHYCHOCTh Oosiee 1 : 3 B
3aBUCUMOCTHU OT JUIMHBI L. 3HaueHnue nonycka ATh onpeaensior no
bopmyne

ATh= AT, -L-103
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raie  ATh - B Mkm; AT, - BMKkpan; L - B Mm.

J17151 KOHYCOB € KOHYCHOCTRIO He 6oniee 1 : 3 mpunumator ATp = AThu
Ha3zHayaroT nonycku AT, (pa3HOCTh HE TpeBbIaeT 2 %).

J17151 KOHYCOB € KOHYCHOCTBIO O0oJiee 1: 3 3Hauenue nomycka ATp
onpenenstoT o ¢popmyne: ATp = ATy /cosa/2,

IJ€ ¢ — HOMUHAJIbHBIN YTOJ KOHYyCA.

[Tpy TOBBIIICHUH JTMHBI 0A30BOM IMOBEPXHOCTH YBEIMYHBACTCS TOYHOCTD
3aKpeIUICHUH JeTalied Ha cTaHkKaX. M B 3aKIIOYCHUHM  YMCHBIIACTCS
MOTPEITHOCTh 00PAa0OTKM KOHYCHBIX TOBEPXHOCTEH JETaISIX.

[Ipy M3MEepeHHH KOHYCHBIX IMOBEPXHOCTSIX HCIIOJIB3YETCS U3MEPUTEITbHBIC
npuOOpPBl  OMPEICIIAIONIUECS  pa3Mephl  MPSIMBIMA WM KOCBEHHBIMHU
METOJIAMH.

B  Ttabmuume 4.1 naHo OTHOIIEHWE JUIMHBI 3akKpervisieMoi  6a30BoM

IMOBCPXHOCTH OT CTCIICHNU TOYHOCTH OOITYCKa yIJIa.

CreneHb TOYHOCTH JOIYCKA yrja Taoauna 4.1
CreneHb TOYHOCTH
HNuTepBan
ATb5 AT 6
JUTVH,
MM AT AT AT AT AT AT
MKpaj | TaH MKM MKpaj TaH MKM
mo 10 315 1 3.2..4 | 500 140 5
10-16 250 50 | 25...4 ] 400 120 4..6.3
16-25 160 40 | 3.2..5| 315 1 5..8
25-40 160 22 |1 4..63] 250 50 6.3...10
40-63 125 26 |5..6 200 40 7..12.5
63-100 100 20 16.3..10| 160 32 10 ...16
100-150 80 16 |6..125] 125 26 12.5..20
160-250 63 12 |10...12| 100 20 16 ... 25
125-400 50 10 |12.5..20 80 16 20 ... 22
400-600 40 8 16 ... 25 63 12 25...40
600-1000 31.5 6 20...32 50 10 32...50
1000-1600 25 5 25 ... 40 40 8 40 ... 63
1600-2500 20 4 32..50| 315 6 50...80
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B nanHBII MOMEHT JI11 UI3MEPEHUS YIJTIOB U KOHYCHBIX MOBEPXHOCTEMN
ucnonbzyetcs cpeactBa(puc.4.5) u3MepeHust - HHCTPYMEHTAIbHbBIC KOHYCBI
Mop3e, CUHYCHbIE JIMHEHKH, YIJIOBbIE MEPbI, IA0JIOHbI, YTOIBHUKH,

KOHYCHbBIE KaJIUOPBI, YTIIOMEP TPAaHCHOPTUPHBIN, YTIOMEpP YHUBEPCAIbHBIN

u JIp.

CuHyCHBIE JIMHEHKHU

SR

RUITOOL

Ipodpuasa 5, 10, 20 awiiMoBbIe CuHycHbIE JIMHEHKH
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Jluneiika THna-T —160MM  YrjoBoil KBaaApaTHbIH 1MIA0J0H

CuHyCcHBbIE JIHHEHKH YpoBeHbMepbl IUIOCKHE
173



YrioMmepsl yHUBepcaJdbHble MeXaHUYECKHE M
¢ HU(PPOBHIM YCTAHOBKON MOHUTOPHbIE

.’:".n;f}}.')"l})un.: g

YrioMepsl TPaHCHIOPTHPHBbIE
I'OCT 5378-2000
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Yraomeps -2 ym(2)Tip 1 (0...1)
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Yriomeps! nugepoaarusie yacosoro Tuna — KPUH 0 - 360°
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@ RuStan.ru

YFJIOMepr CrienuaJIbHbIC

Pucynoxk 4.5 Yriaomepsl pa3HOro BUIa

CranpapTU30BaHbl ABa TUIIA YIIIOMEPOB JIJIsl U3MEPEHUN YTIIOB JIeTalen
MAIIMHOCTPOECHUS KOHTAKTHBIM METOJOM C OTCUETOM IO YIIIOBOMY
HOHUYCY.
B Tedenwuit nabopatopHOi 3aHATHM IS U3MEPEHUH YTJIOB U KOHYCOB
OyJeT WCMOJb30BaHO IBAa THIA YTIOMEPOB.

1.Yriomep ¢ HOHNYCOM TPAHCTIOPTHUPHBIN

2.YrjioMep ¢ HOHMYCOM YHUBEPCAJIbHBIH
Bennyuna orcueTa mo HOHUYCY 000UX yIIIOMEpOB - 2', IieHa JACICHUS
IIKajbl OCHOBaHUS - 1°.J[0 Wcmonb30BaHMs YTIIOMEPOB HAJZIO PACCMOTPETH
M3 KaKuX 4YacTeld OHA COCTOMT M (YHKIIHMS YacTeH.

Yriaomep TpancnopTupHbIid (prc.4.6) cocTOUT U3 OCHOBaHUS- 1, HA
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KOTOPOM HaHECeHa OCHOBHas mIkaja Ha ayre 120°, HOHMYCHO#M IIKajbl — 2,
CTOMOPHOTO BHUHTA — 3,MTOJIBYKHON JIMHEHKH — 4, yTONBHUK - 6 U

MUKpPOMETPUYECKOTO BUHTA - O .

Pucynok 4.6 Yriomep TpaHCIOPTHPHBIH

Ha ocHoBaHMM B KOTOpOM HaHeceHa Iikaja Ha nyre 120° xecTko
3aKpeIUIeHa JUHEWKa OCHOBaHus. [loaBMKHAs IMHENKA BpaILaeTCsl BMECTE C
HOHHUYCOM. JlJIsI TOUHOM YCTAaHOBKHM HA ONPEAECIEHHBINA YIOJI BUHT
cronoputcs. [lpu moMonm MUKpOMETPUUECKOTO BUHTA JIMHEIIKa BMECTE C
HOHHYCOM TIPUBOJUTCS B TpeOyemoe mosioxeHue. CTOmop CIy X uT s
3aKperuieHus TuHenku. [ns nsmepenuit yrinos ot 0 1o 90° Ha nuHEHKY
HaJIEBAIOT JEPKABKY CO Ch€MHBIM YTOJBHUKOM W BHHTOM 3axuma. J{is
TJIABHOCTH TTOJ[BO/IA K HY)KHOMY TOJIOKEHHUIO YriIoMep CHaOKeH

MHKPOMETPUUECKOU Mo1aueil. ECu Hy»KHO U3MEPUTh HAPYKHBIA YTOJ B
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npenenax ot 90° no 180°, To 0cBOOOAUB 3a:KUM, CHUMAIOT YTOJIbHUK.
N3mepenue yraos ot 90 1o 180° nmpouszBoautcs 0e3 yrojabHUKA.

Yrjiomep yHuBepcaJdbHbIii (puc.4.7) COCTOUT U3 OCHOBAaHUS - 2, Ha
KOTOPOM HAHECEHA OCHOBHASI TPaJlyCHas KA, U CEKTOpA C
3aKpEIVIEHHBIM Ha HEM HOHHYCOM - 1. CeKTOp MOXKET IepeMeIarbest o
OoCHOBaHUIO. C MOMONIBIO JEPKABKHU - 4 Ha CEKTOPE MOYKHO 3aKPEIUIATH
YTOJBHUK - 3, HA KOTOPOM, B CBOKO OUYEPEb, 3AKPEIIAETCA CheMHAas
JIMHelNKa - 6. JInHelika OCHOBaHHUS >KECTKO COSIWHEHA C OCHOBAHHUEM.
OcHoBHas 1mikana yriaomepa HaHeceHa Ha ayre 130°. Ilyrem pa3nuuHbIxX
KOMOMHAITMH B YCTAHOBKE U3MEPUTEIBHBIX JIETAJICH yriioMepa JTOCTUTAETCs

BO3MOKHOCTh MCIIOJIb30BaHUS yriiomepa B nuamnazone 0 - 320°.

Pucynok 4.7 Yriiomep yHuBepcaJIbHbIN

KoMOunHanus yronpHIKa W JIMHEWKH TO3BOJISIONIAS TPOU3BOIUTH
M3MEpPEHUE HAPYXKHBIX yrioB B npeaenax 0° - 50°. 3mepurtenbHbIMU

CTOpPOHAMHU YTJIOMEpPa B TOM CIIydae SBISIOTCS peOpo JHUHEHKH U
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IJIOCKOCTh MJIACTUHKU. VI3MEpeHre 3TUX K€ YIJI0B MOYKHO MPOU3BOIUTH
npu cHATON nuHelke. [lepecTaBuB yroibHUK TakuM 00pa3oM, 4TOOBI
€ro KopoTkoe peOpo ObLIO HampaBieHO B MpaBylo cTopoHy. Hynesoe
MOJIOKEHHE 0053aTeNbHO yKa3bpiBaeTcs. I[lpu mM3mMepeHun BMECTO JTHMHEHKH
MOKET OBbITh MOCTABJIEH TAKXKE U YTrOJIbHUK. B 3TOM citydae Taxxe
U3MEPSIOTCS HapyKHbIE YTIIbl, HO B nipenenax 50° - 140°. HavanbHOe
noJsioxkeHue 1y orcuera 50° ormeuaercs. CoueTaHuEM KOPOTKOW CTOPOHBI
YyroJIbHUKa M TUIOCKOCTH MJIACTUHKH U3MEPSIOTCA HAPYKHBIE TYTIbIE YTJIbl
ot 140° no 180° m BHyTpeHHHue Tymnble yriabl oT 180° no 230° nnm  kax
nonojHeHue g0 360°, ot 180° mo 130°.
[Ipu CHATBIX YroJIbHUKE, JIMHEWKEe M 000iMe MPOU3BOAUTCS U3MEPEHUE
TOJIbKO BHYTPEHHHUX YTIi0B B npeaenax 230° - 320° unu kak JOMOJHEHUE
1o 360°, ot 130° mo 40°.
Takum 006pa3oM, KOMOMHAIIMK TIO3BOJISIIOT MMPOU3BOAUTH H3MEPEHUE
HapY>XHBIX yrioB B npeaenax 0° - 180° u komOuHauu u3MepeHue
BHYTPEHHUX yTJIOB B nipeaenax 180° - 320° wnu kak aomnosiHeHUe 110 360°,
ot 40° mo 180°.
[IpuMeHsisi KOHILIEBbIE MEPHI IJIMHBI, MOKHO OJJTHOBPEMEHHO YHHUBEPCAIbHBIM
YTJIOMEPOM U3MEPUTH BLICOTY. B mpeaenax g0 115 mm u yrosn. IIpaBuna
OTCYE€Ta BEJIMYMH YIJI0B aHAJOTUYHBI IPaBUJIaM OTCUYETA JJIsl IMHEUHBIX
HOHMYCOB.[loBepKka MOrpenIHoCTH MOKa3aHUM yriioMepa ¢ HOHHYCOM.
[ToBepKy NOrpeIHOCTH NOKa3aHUK YIIIOMEPOB IMPOU3BOIAT IO YIJIOBBIM
MepaM HE MEHEE YeM B IISITH - CEMH TOYKaX, PACIOJI0KEHHBIX PABHOMEPHO
10 OCHOBHOM IIIKaJI€ U IIKaJIe HOHUYCA, IIPU OTKPEIUIEHHOM M 3aKPEIUICHHOM
CTOIOPHOM BHHTE. [I0rpemHOCTH YIIIOBBIX MEP, TPUMEHAEMBIX JUIS
MOBEPKHU MOTPEIIHOCTU MTOKAa3aHUI YIJIIOMEpPOB, HE JOHKHBI TPEBBIILIATH
+30”(2-i knacc TouHoctu Mep). [loBepky yriomMepoB Npou3BOASAT MO
O10kaM yriaoBeIxX Mep ¢ yrimamu 15°10°, 30°20°, 45°30°, 60° 40°, 75° 50’ u
134° 30”.

180



Ilopsanok BbINOJHeHHsT PadOTHI:

1.CocTaBUTh 3CKM3 JAETAJNEW, Y4YacCTBYIOIIMX B COCAWHEHMM KOHYCHBIX
IIOBEPXHOCTEM.

2. Boinucate B TabiuMIly OTY€Ta BCEX Pa3MEpOB KOHYCHBIX MOBEPXHOCTEH
yKa3aHHBIX Ha paboueM yepTexe JeTallei.

3. 3aHEeCTH B COOTBETCTBYIOLIKE I'padbl TAOIUIIBI OTYETA PE3YIbTATHI
KOHYCHOCTb U YKJIOHA.

4.1Ipon3BecTH BBIOOpP yIiIOMEpa Ul U3MEPEHUS KaXI0r0 pa3Mepa KOHYCHON
MOBEPXHOCTH.

5.0mnpeaenuth ACHCTBUTENBHBIE Pa3MEPhl BCEX TUAMETPOB, IIyOUH, JJIMH U
KOHYCHBIX MOBEPXHOCTEH M3MEPSEMBIX JeTalleld C MOMOIIbI0 BHIOPAaHHBIMU
YTJIIOMEPAMH.

6. 3Mepenune Kaxaoro pazmMepa KOHyCHOW MOBEPXHOCTH MPOU3BOAUTH IO
BBIOpaHHOMY KOMOWHAIIMU HM3MEPUTEIBHOTO UHCTPYMEHTA MO OTHOIIEHUIO
K JeTaju.

7.Ilocne  KaxAoOro pacyera HU3MEpsiEMbIX KOHYCHBIX  IIOBEPXHOCTEM
YTOUHUTh KOHYCHOCTh MWW yKJIOH. [locie cpaBHEHUS ONpENeNINUTh
MOTPEIIHOCTh YIJIOB JeTajeil. AHaJIOTMYHOE 3aKIIOYeHHE CJeNaTh 110
Ka)XZIOMy KOHYCHOMY pa3Mepy.

8.BpruepTuTh CXeMy pacroiokKeHHsI MOrPEIIHOCTEN YyIiI0B U KOHYCOB IIO

YKa3aHUIO TPEnoaaBaTersl.
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3anava: M3MepeHue pasMepoB DCKH3 HU3MEpPSIEMOM JIETAIIH.
N3mepenue yrioB n KOHYCOB
Hetanp Ne
Pe3ynprarsl U3MEPEHUN U BBIYUCICHUN, MM
Brruncnenus [TorpemHocTs o
e C = 2tga/2 A0 = Olgeii~ Ors 5 3
S N3mepenus % Et
<
™M O
o1
02
03
Ol4
Os
)
o7
O
Jata BeImonHeHusT paboTHI Jlata ciauu paboThl
Hoxmuck crynenra IToanuce npenoaaBaTens

KoHTpo/ibHBIE BOIIPOCHI:
1.Yrnomepsl. Buasl 1 o6nacte npumeHeHus?
2.Ilopsimok paboThI, OCHOBHBIC YaCTH, IIeHA JICJICHUSI HOHUYCHOMU
LIKAJIbI?
3. Jlomycku KOHYCHBIX MTOBEPXHOCTEH?
4. Jlomrycku yriaoB?
5. YHUBepCaabHbIE YIIOMEPHl U HUX IpEeuMyllecTBa?

6. TpancnopTupHsie yraoMepsl U HX MPEUMYIIECTBA?
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TOPIC No. 4.

MEASURING ANGLES AND CONES

SPECIAL MEASURED MEASURES
A task:
1. Determine the actual dimensions of the angular and tapered surfaces of the
mating parts.
2. Make a calculation after the work done.
Objective:
Acquaintance with the technique and means of measuring tapered surfaces
(Fig.4.1). Mastering measurements and using goniometers. Determination of
the suitability of the tapered surfaces of mating parts.
Measuring instruments and measured objects for performing work:
Angle measures, templates, squares, tapered gauges, protractor goniometer,
universal goniometer and measured parts.
Work rules:
1. Study of the main types, reading devices and the scope of goniometers.
2. To develop a method of reading the vernier scale of goniometers.
3. Measurements of the tapered surfaces of parts with goniometers.
4. Make a table according to the measurement results.
5.Analysis of the results of tapered surfaces.
Theoretical information:
According to GOST - for 7664-2001, the unit of measure for the plane angle
IS a degree and a radian.

The relationship between degrees and radians is as follows:

19=-2L = 0,017453 rad;
3607

1" =0,00029088 rad;

1"'=0,00000485 rad.
360° 0 ! " ! " "
1 rad=? =57"17'44,8"=3437'45"=206264".
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Figure 4.1 Measuring cones

Small angles are often expressed by the ratio of the sides of a rectangular
a triangle - the tangent or sine of these angles. Taking the value of these
ratios to be practically equal to the value of the angle, expressed in radian
measure.
There are comparative and trigonometric methods for controlling angles.
Methods for measuring angles and tapers can be divided into three main
groups:

1. Methods of measurement by comparison with rigid one-

dimensional exemplary angular measures.

2. Goniometric measurement methods.

3. Trigonometric measurement methods.
When measuring by comparison with rigid one-dimensional samples,
angular standards, templates, squares, tapered gauges are included.
Goniometric measurement methods are the values of the angle directly in the
angular measure. The measurement is carried out directly with protractor,
universal and other protractors.
Trigonometric methods of measuring linear quantities are used to determine
the required angles.
The first method is based on the comparison of controlled angles with

angular measures, squares and angular patterns. Using angular measures, the
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largest clearance between the sides of the measured angle and the measure
itself is determined.

To measure angles with an accuracy of 2 'and coarser, an angle gage with a
vernier, a universal and optical goniometer is used. To check the central
angles (angles formed by two radii), as well as for precise angular divisions
when processing parts, optical dividing heads with a graduation of 5, 10 and
60 "are used. The angles between the two faces are measured with
goniometers, and small angles are deviations from horizontal and vertical -
levels.

Smooth conical parts with diameter tolerances from 1T4 to IT12, degrees of
cone angle tolerance from 4 to 9 and taper from 1: 3 to 1: 50 are controlled
by cone gauges GOST 24932-2001 and

ST SEV 2013-2000.

Taper is the main parameter of a conical connection and is indicated in the
drawings by a sign that is placed with a sharp end towards the top of the
cone. For example, the designation C = 1:30 indicates that the difference
between the diameters D and d is 1 mm over a length of 30 mm.

According to the standards GOST 8908-2001, ST SEV 1780-2000
establishes two methods for standardizing the cone diameter tolerance
(Fig.4.2). According to the first method, a diameter tolerance is established,
which is the same in any cross section of the cone and determines two limit
cones, between which all points of the surface of the actual cone must be
located. The tolerance also limits deviations in the taper angle and deviations
in the shape of the taper, if these deviations are not limited to smaller
tolerances. In the second method of standardization, a tolerance is
established only in a given section of the cone. This tolerance does not limit

deviations in the angle and shape of the cone.
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Figure 4.2 Taper diameter tolerance

For conical connections, clearance, interference and transitional fits are
established.

Interference connections can be obtained by applying an axial force that
creates the appropriate interference necessary to transmit torque.

Tapered joints provide easier disassembly in comparison with cylindrical
joints, allow adjusting the tension during operation.

To obtain various landings in accordance with GOST 25307 - 2002, the
following basic deviations are established: d, e, f, g, h, js, kK, m, n, p, 1, s, t, U,
X, z for the outer cones and H , Js, N - for internal. These basic deviations, in
combination with the tolerances of quality 4-12, form the tolerance fields.
To control the number of cones according to ST SEV 1780-2000, three rows
of normal cones are provided. Besides these special cones are standardized.
More common instrument Morse tapers (Fig.4.3) are numbered 0; 1; 2; 3; 4;
5and 6.

Figure 4.3 Tool tapers Morse
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Cones are indicated by the same parameters.

The outer cone (Fig4.4), the inner cone is characterized by the diameter of
the large base - D, the diameter of the small base - d, the cone angle - a, the
slope angle a / 2, the length of the cone L. The slope angle o/ 2 is related to
the dimensions D, d and L by the ratio

' L\_\ =
Figure 4.4 Cones
Or it was calls (0,5D - 0,5d)/L = tga/2
17001 (D- d)/L=2tga/2 =C, 4.1
I7Ie Ha3bIBACTCS 2tg 0/2 = C - KOHYCHOCT;

C/2 =tg a/2 - ykJoH .
GOST 8908-2001 establishes 17 degrees of accuracy of angle tolerances: 1,
2, 3, ..., 17. When designating an angle tolerance of a given accuracy, a
number of the corresponding degree is added to the designation of the angle
tolerance AT (from the English Angle Toleranse - angle tolerance) accuracy:
ATI, AT2, AT3 ..., AT17. Angle tolerance is the difference between the
largest and the smallest limiting angles in the transition from one degree to
another changes in a geometric progression with the denominator ¢ = 1.6.
For each degree, ATa, ATD and ATh are set.
The ATh tolerance is assigned to cones having a taper of more than 1: 3,
depending on the length L. The ATh tolerance value is determined by the
formula

ATh=ATo L 103

where ATh is in microns; ATa - in mrad; L - in mm.
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For cones with a taper of not more than 1: 3, take ATD = ATh and assign
ATa tolerances (the difference does not exceed 2%).

For cones with a taper of more than 1: 3, the ATD tolerance value is
determined by the formula: ATD = ATh/ cosa /2,

where is the nominal cone angle.

With an increase in the length of the base surface, the accuracy of fixing
parts on machine tools increases. And in conclusion, the error in the
processing of taper surfaces of parts is reduced.

When measuring tapered surfaces, measuring instruments are used that
determine the dimensions by direct or indirect methods.

The table shows the ratio of the length of the fixed base surface to the degree

of accuracy of the angle tolerance.

Accuracy degree of angle tolerance Table 4.1
Length Accuracy degree
interval, AT S AT6
mm AT AT AT AT AT AT
mcrad | dance | mkm | Mcrad | dance mkm
1o 10 315 1 3.2..4 | 500 140 5
10-16 250 50 |25..4| 400 120 | 4..6.3
16-25 160 40 [32..5| 315 1 5..8
25-40 160 22 |4..63| 250 50 6.3...10
40-63 125 26 |5..6 200 40 7..12.5
63-100 100 20 |6.3..10| 160 32 10 ... 16
100-150 80 16 |6..125| 125 26 12.5..20
160-250 63 12 |10..12| 100 20 16 ... 25
125-400 50 10 |125.20| 80 16 20...22
400-600 40 8 [16..25| 63 12 25 ...40
600-1000 315 6 [20..32| 50 10 32...50
1000-1600 25 5 125..40| 40 8 40 ... 63
1600-2500 20 4 132..50| 315 6 50...80
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At the moment, measuring instruments are used to measure angles and taper
surfaces - instrumental Morse tapers, sinus rulers, angular measures,
templates, squares, tapered gauges, protractor goniometer, universal
goniometer, etc.

Sinus rulers

=

Profile 5, 10, 20 inches Sinu-s rulers
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Ruler type-T - 160mm Corner square pattern

Sinus rulers Level measure flat
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Protractor universal mechanical and
with digital installation monitor

Protractors GOST 5378-2000
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Protractors-2um (2") Tip1(0... 1)
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Protractors - Type 3-5, 0 - 36005 *

Dial goniometers - KRIN 0 — 3600
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Special protractors

Figure 4.5 Protractors of different types

Two types of goniometers have been standardized for measuring the angles
of mechanical engineering parts by the contact method with reading along
the angular vernier.
During the course of the lab, two types of protractors will be used to measure
angles and tapers.

1.Angle with vernier protractor

2.An angle meter with vernier universal
The vernier reading of both protractors is 2 ', the base scale is 1 °.
Before using goniometers, it is necessary to consider what parts it consists of
and the function of the parts.

The protractor (Fig.4.6) consists of a base - 1, on which the main scale is
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applied on an arc of 120 °, a vernier scale - 2, a locking screw - 3,

movable ruler - 4, square - 6 and micrometer screw - 5.

0 f l/am/zt

Figure 4.6 Proctators

On the base in which the scale is applied on the 120 ° arc, the base ruler is
rigidly fixed. The movable ruler rotates with the vernier. The screw is locked
for precise setting at a certain angle. With the help of a micrometer screw,
the ruler together with the vernier is brought to the required position. The
stopper is used to secure the ruler. To measure angles from 0to 90 °, a
holder with a removable square and a clamping screw is put on the ruler. For
smooth approach to the desired position, the protractor is equipped with a
micrometric feed. If you need to measure the outer angle in the range from
90 ° to 180 °, then by releasing the clamp, remove the square. Angles from
90 ° to 180 ° are measured without a square.

The universal protractor (Fig.4.7) consists of a base - 2, on which the main
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degree scale is applied, and a sector with a vernier attached to it - 1. The
sector can be moved along the base. With the help of the holder - 4 on the
sector, you can fix the square - 3, on which, in turn, the removable ruler is
fixed - 6. The base ruler is rigidly connected to the base. The main
goniometer scale is marked on an arc of 130 °. By means of various

combinations in the installation of the measuring parts of the goniometer, it

IS possible to use the goniometer in the range of 0 - 320 °.

Figure 4.7. Universal proctators

The combination of a square and a ruler allows measuring external angles
within the range of 0 ° - 50 °. The measuring sides of the goniometer in this
case are the edge of the ruler and the plane of the plate. Measurement of the

same angles can be performed with the ruler removed. By rearranging the
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square so that its short edge is directed to the right side. The zero position
must be indicated.

When measuring, a square can also be supplied instead of a ruler. In this
case, external angles are also measured, but within the range of 50 ° - 140 °.
The starting position for 50 ° readout is marked.

The combination of the short side of the square and the plane of the plate
measures external obtuse angles from 140 ° to 180 ° and internal obtuse
angles from 180 ° to 230 ° or, in addition to 360 °, from 180 ° to 130 °.
With the elbow, ruler and holder removed, only internal angles are
measured in the range of 230 ° - 320 ° or, in addition to 360 °, from 130 ° to
40 °.

Thus, the combinations allow measurement of external angles in the range of
0 ° - 180 ° and combinations of measurement of internal angles in the range
of 180 ° - 320 ° or, in addition to 360 °, from 40 ° to 180 °.

Using gauge blocks, you can simultaneously measure the height with a
universal goniometer.

Up to 115 mm and angle. The counting rules for angles are similar to those
for linear vernier.

Verification of the error of the goniometer readings with the vernier.
Verification of the error in the readings of the goniometers is carried out
according to angular measures at least in five to seven points, located evenly
along the main scale and on the vernier scale, with the locking screw
detached and fixed.

Errors of angular measures used to verify the error of readings of
goniometers should not exceed +30 ’(2nd class of accuracy of measures).
The goniometers are checked using blocks of angular measures with angles
15°10',30° 20, 45°30", 60 °40', 75 °50 'and 134 ° 30 ".
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Work order:

1. Make a sketch of the parts involved in the connection of tapered surfaces.
2. Write down in the report table all the dimensions of the tapered surfaces of
the parts indicated on the working drawing.

3. Enter the taper and slope results in the appropriate columns of the report
table.

4. Make a choice of a protractor to measure each size of the tapered surface.
5. Determine the actual dimensions of all diameters, depths, lengths and
tapered surfaces of the measured parts using the selected protractors.

6. Measure each size of the tapered surface according to the selected
combination of the measuring tool in relation to the part.

7.After each calculation of the measured tapered surfaces, specify the taper
or slope.

After comparison, determine the error of the angles of the parts. Make a
similar conclusion for each taper size.

8. Draw a diagram of the location of the errors of angles and cones as

instructed by the teacher.

djs9®) \
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Task: Measuring dimensions

Sketch of the part to be measured.
Measuring angles and tapers

Detail Ne

Measurement and calculation results, mm

Measurements Calculations
C =2tgo/2

Corners

Error
Aa = Olpeii~ Olism

Conclusi
onon

suitabilit

o1

7]

o3

Ol4

05

Os

o7

Work completion date

Work delivery date

Student’s signature

Teacher signature

Test questions:

1. Anglers. Types and scope of application?

2.Work order, main parts, price of the vernier scale division?

3. Tolerances of tapered surfaces?

4. Angle tolerances?

5. Universal protractors and their advantages?

6. Protractor goniometers and their advantages?
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MOVZU Ne 5

HISSOLORIN OLCULORININ SORT VO TONZIMLONON
KALIBRLORLO YOXLANILMASI
Tapsiriq

1.Hissolorin birlosmods istirak edon sothlorinin hoqiqi 6l¢iilorinin
formalarinin va sathlorinin voziyyaotinin tolob olunan gostaricilorine uygun
goldiyini yoxlamag.

2. Hesabat1 goriilon 1so osason tortib etmok.

Isin mogsadi

Kalibrlordon istifado vo 06l¢gmonin moanimsanilmasi. Texnolji emaldan
sonra birlosmado istirak edon sothlorin yararliligini toyin etmok.

Isin yerina yetirilmosi iiciin lazim olan cihazlar vo lavazimatlar:
Kalibr bond, kalibr tixac, yiv kalibr tixac, yiv kalibr holqo, hodd kalibrlori,
isci kalibrlor, nozarat kalibrlori, sigalli kalibrlor, sigalli nizamlanan kalibr
bandlor, yasti paralel tavaciglar vo 6l¢iilon niimunoalor daxildir.

Isin yerino yetirilmo qaydas::

1.Kalibrlorin asas novlari, onlarin qurulusu va istifads sahalorini dyronmali.
2. Hesablanmis 6lgulora gora miioyyan tavaciqglar yigilir.
3.Nizamlanan kalibr bondlarin dl¢iilorini nizamlamaq. Miiayyan edilmis
interval arasinda tolob edilon 6l¢iido qurmag.

4. Kalibrlor vasitosi ilo verilmis hisso niimunslorini 6lgmali.

5 Miisaida sahalarinin yerlasma sxemini qurub, onlarin tizerinds hadd
meyllorinin qiymoagqlorini gostorin. Alinmis naticalori codvalo yerlogsdirmali.
Noticolorin miioyyonlogdirilorok analizi .

Nazaori moalumatlar:

Masingayirma sanayesindo nominal olgii, haqiqi ol¢ii vo hodd Olgiilari
mofhumlarindan istifade olunur. Mexaniki xassoalori texnoloji hesabatdan
toyin olunmus nominal Slgiilor DUIST-o goro hissonin is¢i  cizgisindo

(sok.5.1) uygun sothdo yuvarlaqlasdurilaraq geyds alinir.
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Sakil 5.1 Hissonin isci cizgisi

Nominal 6lct ideal Ol¢lidur . Masin hissalari sathini nominal lgiiys uygun
miitloq daqiq hazirlamaq geyri-mimkundar.
Hoqiqi 6lgii osil Olgiidon Olgmonin xotast qodor forglonir. Osil Olgiliniin
miitloq daqiq 6l¢iilmasi geyri-miimkiin oldugundan masingayirmada bu 6l¢ii
islonilmir.
Nominal 0l¢liyo uygun masin hissolori sothini miitloq doqiq hazirlamaq
mumkin deyil. Bu sobabdan hissalarin cizgisindo emal olunan sothin 6lgiisii
iki buraxila bilon 6l¢ii(sok.5.2) ilo verilir. Bu 6lgiilors hadd 6l¢iilari deyilir.
Hadd o6lgiilari an boyiik- Dmax, dmax va an kigik — Dmin, dmin Olurlar.
Ogor hisso yararlidirsa, demoali onun sothlorinin haqiqi olgiilori (s0k.5.3)
uygun hadd ol¢iilori daxilinds yerlogsmisdir. Yaxud onlara borabordir.
Ogor yuvanin hoaqiqi 6l¢iisii on kigik hadd 6l¢iisiindon kicikdirss, bu ciir yuva
diizoldils bilon ¢ixdasdir. Ogor yuvanin haqiqi 6l¢iisii on boyiik hadd
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Olciisiindon boylikdiirss, bu diizoldilmasi miimkiin olmayan c¢ixdagdir

(zaydir).

+16MKM

ES=

EI=0

e'! =2 Tnamaa
E
f—1

|
99,973
©9,947
P e ———
@ 10,018
@ 10,028
@ 10
@ 10.016

dmin

dmax
Dmin
Dmax

dmin
dmax

Sakil 5.2 Buraxila bilon olc¢ii

Ogor valin haqiqi Olgilisi on boyiik hodd Olciistindon  boylikdiirss,
diizoldilmosi miimkiin olan, ogor valin hoqiqi Ol¢iisii on kigik hodd
Olciisiindan kicikdirss, diizoldilmasi miimkiin olmayan ¢ixdasdir.
Isci cizgilorindo bir &lciinii iki hodd &lgiisii ilo gostormok oksaor hallarda
cizgido qarmaqarisigliq yaradir. Bu sobabdon hadd 6l¢iilorini nominal 6l¢ii
vo hodd meyillonmalori comliyi kimi gostorilir. Hodd meyillonmasi hadd
Olciisli 1lo nominal 6l¢giinlin cobri forqino borabordir. Yuxari vo asagi hodd
meyillonmolari olur.
Yuxart hodd meyillonmasi, an bdyiik hadd 6lgiisii 1lo nominal 6l¢iiniin, asagi
hodd meyillonmosi iso on kigik hodd Olgiisii ilo nominal Olgiiniin cobri
forqino borabordir. Yuvanin yuxari hadd meyillonmasi- ES, asagr hadd
meyillonmasi — EI, valn yuxari hodd meyillonmosi- es , asagi hodd
meyillonmosi iso — ei ilo isars olunur.
Qeyd etdiklorimizi ifads soklindo asagidaki kimi yazmagq olar:

ES = Dmax - Dn; €S= Omax - n; 5.1

El = Dmin- Dn; ei= dmin- dn .
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Hodd meyillonmoalori miisbat, monfi vo sifra borabor olurlar. DUIST 25347-
2000 standartinda hoadd meyillonmolori mikrometrlorlo gostorilmisdir.
Cizgilor iso mm-lo gostarilir.

Cizgids 06l¢ii xattinin lizorinds avvalco nominal 6l¢ii, daha sonra sag torofdo
motarizods yuxart vao asagl hadd meyillonmolori mm-lo yazilir, sifir hadd

meyillonmasi 159 yazilmir, mosalon:

+0,02 +0,027 -0,027
@25 1 @30 D40 Vo S.
-0,02 -0,063

Sakil 5.3 Sathlorin haqiqi olciilori

On boyliik va an kigik hadd dlgiilari forqine miisaide deyilir vo - T ilo isara
olunur. Yuvanin miisaidasi - TD, valin miisaidasi iso - Td ilo isara olunur.
Yuva va valin miisaidasi agagidaki kimi tayin olunur:
TD = Dmax - Dmin 5.2
Td =dmax - dmin
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Miisaidanin qiymatini hadd meyillonmalarina gors ds tayin etmak olar.
Yuxart hadd meyillonmosi ilo asagi hodd meyillonmosinin cobri forqinin
miitlog giymoti miisaidonin qiymotino borabordir. Yoni

TD = | ES - Ei] £ 3

Td=|es-ei|

Kimidir. Miisaidonin qiymati homiso miisbatdir. Miisaidonin qiymati
boylidiikco mohsulun keyfiyyoti azalir vo doyari (qiymoti) asag diisiir.
Miisaido sahosinin qurulmasi zamani avvalco hodd meyillori vo miisaidolor
liclin hesablama xotti olan vo nominal 6l¢liys uygun golon 0-0 (sifir-sifir)
xotti ¢okilir. Bu xottin sol cinahinda miisbat vo monfi qiitblor geydo alinir.
Sorti olaraq nominal 6l¢iinti yuxariya dogru yonalmis vo sifir-sifir xatting
soykonmis oxun {lizorindo qeydo almir. Miqyas gobul edib (masslon,
Imkm=1mm; Imkm=2mm vo s.) hadd meyillonmolorini miqyasa vo
1sarasing uygun olaraq geydo almaq lazim golir. Alinmis noqtolordon 0-0
(sifir-sifir) xottino paralel xotlor ¢okilir, uygun yerdo doérdbucaqli qurulur.
Dordbucaglinin eni 30-dan 50 mm-dok gotiirtiliir. Alinmis sahs val, yaxud

yuvanin miisaids sahasi(sok.5.4) olur.

/]\4_ ﬁ/ ES=+16mxm
EI=0
O O
\L_ \|/ es—- 1 3mEm
%ﬁ/ ei=-13nEm

/jé/ es=+2 B
- ei=+18nra

Sakil 5.4 Miisaido sahasi
Hal-hazirda Kkalibr - band, kalibr - tixac, yiv kalibr - tixac, yiv kalibr - halqa,
hadd kalibrlari, isci kalibrlor, nozarst kalibrlori, sigalli kalibrlar, sigalli

nizamlanan kalibr - bandlar(sok.5.5) istifads edilir.
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Lazim olan kalibrlor va olcii tavaciglar

- - -
- - .
RO 3-1.5AW R1-8 5 R7- 14508
-
-
-
R1S5-25000 RS--SO RS2-1000M02

Olgii

kiiraklari
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Ol¢ii aloti - ZIQLIN 160 mm T xatkesi
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3D diizbucaq bucaq o6l¢on MK — 500/400-50

5/10 duymlik kontr Kalibr — xatkes

i

.

Profil kalibr 4 diymlik /120
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Sablon Kkalibrlar

SR

RUITOOL

Kontr kalibrlor 5, 10, 20 diymlik

Birtorafli kalibr bandlar
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Kalibr — band

Birtarafli kalibr bandlor

ikitarafli Kalibr — band
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Tonzimlonon Kalibr —band

Hamar Kalibrlor
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Yiv kalibrlori

Yiv kalibr — tixaclar

Yiv kalibr — tixac dosti
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Sigallh  kalibr — tixac

Birtorafli Sigallhh kalibr — tixac
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Birtorafli Hamar kalibr — tixaclar

Sablon kalibr
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Yiv kalibrlorinin dosti

Kiiravi kalibrlor
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MOP3E-3 Konus kalibr

Natamam hamar kalibr —band 100
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AWG -0-36 boyiik ol¢iilii Qaynaq1 6l¢gmoak iiciin Kalibr — xatkes

D5H9 IIP =0 HE =+0 olan Sigalh kalibr — tixac
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Birtarafli kalibr bandlor

840 Marameter va Indikatorlu Kalibr band

Sakil 5.5 Miixtalif nov kalibrlor

Kalibr hissoni 6lgmok ii¢iin yox, onun yararli, yaxud yararsiz olmasini
yoxlamaq {igiin totbiq edilon alotdir. Kullli vo bdyiik seriyali istehsallarda

hamar silindrik sothlorin nozarati kalibrlorlo aparilir. Nozaratin mogsodi
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hissanin haqiqi 6l¢iisiiniin miisaids sahasi hadlarinds alinib-alinmadigini,
haqiqi Ol¢iiniin qiymatini miioyyon etmoklo homg¢inin ¢ixdast miisyysn
etmokdir. Ogor ¢ixdas amals golarsa, bu ¢ixdasin diizoelon vo ya diizolmoyaon
oldugunu aydinlasdirmaqdan ibaratdir.

Sigalli silindrik hissalori yoxlamagq ticiin totbiq edilon hadd kalibrlori
dostinin iki torofi var:

1.Kecan toraf— ITP. Bu kalibrin nominal 6l¢usii valin an boyiik hodd
Olciisling, yaxud yuvanin on ki¢ik hodd 6l¢iisiino borabordir.

2.Kecmoayan toraf —HE. Bu kalibrin nominal 6lgiisii, valin oan kigik hodd
Olciisling,yaxud yuvanin on boylik hadd 6l¢iisiine barabardir.

Hodd 6l¢ii kalibrlori(sok.5.6) vasitasi ilo nozarat edilon hondasi parametrlorin
adadi giymatlari yox, onlarin hissanin cizgisinds verilmis 6lciiys uygun
golib-golmomoasi miioyyon edilir. Hodd kalibrlori vasitosi 1lo hissalorin yararl
olub — olmamasi, yoni nozarat edilon hondasi 6l¢iisiiniin asagi vo yuxari

haddler daxilinds olmas1 miiayan edilir.
o

]
:
nP!
g ]
HE

a ]

Sakil 5.6 Hoadd ol¢ii kalibrlori

Ogor kegon torof 6z agirligi, yaxud toxminan ona barabar qilivva tasiri
altinda yoxlanan hissonin sathindon kecirsa, kegmoyan toraf iso bu sothdon
ke¢cmirso, hissa yararli hesab edilir. Bu halda yoxlanilan hissanin haqiqi
olciisii verilmis 6l¢ii haddlori arasinda olur.Umumiyyatlo, kalibrlor vasitasi
ilo hamar silindrik, konusvari, yivli va disli hissalara va eyni zamanda
hissalorin girinti vo ¢ixint1 sathlorinin dlgiiloring, sathlorin bir-birine nozoran

yerlosmasing va digor hondasi parametrlora nazarst etmok olur.
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Hodd kalibrlorinin layihslondirilmasi prosesinds Teylor prinsipindon istifado
etmok nozordo tutulur. Bu prinsipo osason kegon kalibrlor formaca 6lgtilon
sothin prototipi olmalidir. Belo ki, bazi vallar ii¢iin kalibr holgo formasinda,
yuvalar i¢lin iso val formasinda olmalidir.
Hoadd kalibrlorinin ndvlarins : kalibr — band, kalibr — tixac, yiv kalibr —
tixac, yiv kalibr — band , yiv kalibr — halgo va sairs aiddir.
Toyinatina goro hadd kalibrlori iki yera bolundr:

1. isci kalibrlor

2.Nazarat kalibrlori
Hissonin hazirlanmasi prosesi zamani yoxlamagq ti¢tin I[1P-ke¢on vo HE-
kegmoyon is¢i kalibrlor totbiq edilir.
Isci kalibrlordon mohsul istehsal edon zavod ve miiassisalorin texniki-
nozarot sobosinin  —TNS (OTK) iscilori istifado edirlor. Hissalorin
hazirlanmasi prosesi zamani yoxlamagq iigiin ITP-kecon vo HE-ke¢moyan is¢i
kalibrlor totbiq edilir.
Isci kalibrlor osason toyinatina gora iki ndve boliiniir:

1.Kalibr — tixac

2.Kalibr — band
Bu zaman yuvalar1 yoxlamaq tli¢iin kalibr tixaclar, vallar1 yoxlamagq ti¢ilin is9
kalibr bandlor(sok.5.7) isladilir.
Movcud ctandartlara osason kalibrlor miivafiq olaraq isarslonirlor:
P - ITP — kecon is¢i kalibr;
P - HE — ke¢gmoyon is¢i kalibr;
K - ITIP - kegon is¢i kalibr (yeni) liglin nozarat kalibri ;
K - HE — ke¢mayan is¢i kalibr (yeni) liclin nazarat kalibri ;
K - U1 - is¢i kalibrin kegon torafinin yeyilmasino nozarst edon nozarat kalibri
Bazi hallarda, miisaido sahasi daxilinds gismen yeyilmis ke¢oan kalibrlarden

do 1stifado etmoak olar.
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Sakil 5.7 Isci kalibrlor
Kalibr-tixac, nizamlanan vo nizamlanmayan hamar kalibr-bondlors nozarot
etmak va onlarin yararli olub-olmamasini miisyyan etmak ii¢iin naozarat
kalibrlorindon -NK (K-IIP, K-HE, K- (M - yeyilmis))(sok.5.8) istifado
edilir. Bunlar vasitosi ila istifadods olmus, yeyilib vo dl¢iisiinii itirmis

kalibr-tixac va kalibr-bandlarin istismardan ¢ixarilmasi miiayyan edilir.

58,997 0,002 i5

Sakil 5.8 Nazarat Kkalibrlori
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Bunlar hsalgs formasinda olurlar.

K-IIP vo K-HE nozarat kalibrlori, ITP vo HE islok bandlarin hazirlanmasi
zamani onlarin yoxlanmasinda totbiq olunur. K-HM nozarat kalibrlori
ke¢moyondir. Onlar kegon is¢i bandlorin yeyilmasi naticosindo istismara
yararli va ya yararsiz olmalarini toyin etmok licundiir.

Vallarin, oxlarin nozarati liclin osason kalibr bondlordon istifado olunur.
Kalibr bandlorin osas konstruksiyalar1 I'OCT 18355 - 2000 ... 18368 — 2000
{izro miioyyonlosdirilir. Istehsalatda an ¢ox tatbiq olunan birtorafli iki haddli

(s0k5.9) kalibrlordir.

Sakil 5.9 Birtorafli iki hoddli kalibrlor

Homginin tonzimlonan kalibr bandlordon do istifads olunur. Qeyd etdiyimiz
kimi kalibr bandlor tonzimlonan va toanzimlonmayan olurlar. Bunlardan, asas
etibart ilo val vo ox tipli hissolorin hazirlanmasi prosesindo onlarin xarici
diametrino nozarot etmok iigiin istifado edilir. Qeyd etmok lazimdir ki,
tonzimlonon bandlar sart bandlors nazaran nisbaton asagi daqiqliys malik ol-
dugundan, onlardan 8 vo ya bundan asagi kvalitetlordo hazirlanan hissoloro
nozarat etmok liclin istifado edilir.

Kalibr bandlors 6lgiilori 1 mm-don 180 mn qoador olan birtorafli sort bondlor
daxildir. Stamlanmus kalibr bandlar iso, 6l¢iilori 3 mm-don 500 mm-o kimi

birtorafli, vo 3 mm-don 100 mm-2 kimi olan ikitorafli olur. ©n ¢ox yayilmis
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bandlar — birtorafli ikihoddli bondlordir. Belo bandlor yoxlama vaxtini
qisaldir vo bandin hazirlanmasinda materiala qonaat edilir.
Yuvalarin nozaroti tigiin  I'OCT 14807 - 69...14827 — 69 iizro  kalibr
tixaclardan istifads olunur.
Kalibr tixaclar 50mm-o godar olan dlg¢iilor iigiin ikitorafli S0mm-don yuxari
Olgiilar ticiin 1so birtorafli olur.
Kalibrlora ¢okilon xorclori azaltmaq {i¢iin onlarin yeyilmays davamliligini
artirmaq lazim golir.
Bu noqteyi noazordon kalibrlorin hazirlanmasinda 20; 20X; V7; V8; XBI;
[IIX15 markal1 poladlardan istifado olunur. Kalibrlorin is¢i sothlorindo iso
BK -6, BK — 8 bark xalitodon olan gatlardan da istifads olunur.
Xolitadon istehsal olunmus kalibrlorin yeyilmays davamliligi poladdan
hazilanandan 50... 150 dofs , xromlanmis kalibrlors nozaran iss 25...40 dofs
yiiksokdir.
Kalibrlorin markalanmasi (isaralonmasi)
Kalibrlorin iizorinds isarslorlo markalanma asagidak: ardicillligla aparilir:

1. Momulun nominal 6l¢lst - @70

2. Momulun hadd 6l¢tilorinin sorti isarasi — H 7

3. Momulun hadd meyllomoalorinin giymoti mm-la; (+%%)

4, Kalibrin isaralonmosi - ITP, HE

5. Istehsal¢1 miiossisonin mohsulunun nisani.
Sigalh (hamar) kalibrlarin istehsal musaidalari
Kalibrlorin miisaidolori I'OCT 24853-2001 vo CT C3B 157-2000
standartlarinda qeyd olunmusdur.
Standarta goro miioyyon olunmus miisaidslor (s0k.5.10) ndvbaoti

ardicilligla:
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Vallara va kontrkalibrloro nazarat edon kalibrlorin miisaidsalarinin
qrafiki tasviri

Sokil 5.10 Miisaidalorin qrafiki tasviri

Yeni kalibrlorin hazirlanmasinda istifade olunan 6l¢iilors icragi

Olctlor deyilir. Kalibrlorin icragi1 oOl¢iilori istehsal zamani is¢i cizgisindo
verilmig 6l¢ii tizorindo geyd olunur.

I'OCT 24853-2001 iizro kalibrlorin miisaidolorinin bir hissasi cadvalde
geyd olunub.

Cadval 5.1-ds is¢i kalibrlorin hadd 6l¢iilarini hesablamagq iigiin formullar

gostorilmisdir.
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Cadval Neb.1

Olgiiys uygun kalibrin Momulun nominal 6l¢iisii 180 mm qodor
toroflori kalibr-tixac kalibr-band
g?;lf]‘:)f {nrilfi:a():yuk kegan Drmin + 2 +|; dmax =21 + F;l
Kalibrin on kicik kegon H H
torof i - HPming X Prmin £ 277 Gmax =21~ 71
Kalibrin kegon torafinin Drnin — Y dmax + Y1
yeyilmasi - HPyeyilma
Kalibrin on boyiik o . H g JH
ke¢moyon toraf i - HE max max o min * 5
Kalibrin on kigik b _H 4. _H
ke¢moyon toraf i - HE min max o min 5

Icra 6lciisii kalibr bond ii¢iin minimum hoadd 6l¢iisiiniin miisbot hodd
meyllonmasi ilo va nazarat kalibr tixac iigiin iso maksimum hadd 6l¢iisiiniin
monfi hadd meyllonmasi ilo gotiiriiliir.

6,8...10 doqiqlik kvalitetlorindo kalibr bondin miisaidesi H: kalibr tixacin
misaidasindon H - dan 50 %-don ¢ox olur. Bu sobobdon kalibr bandlorin
istehsali 6z miirokkobliyi ilo izah olunur. Nozarat kalibrlorinin miisaidosi Hp
biitlin novlori iigiin

eynidir.

Nozarot zamani  kegon kalibrlorin yeyilmoyo moruz gqaldigma goro
yeyilmonin miisaidasi nazora alinir. Yeyilmoyos moruz qalmis kalibrin
yeyilmosi naticosindo momulun Ol¢Usiliniin miisaido sahasi sorhaddindon
konara ¢ixma miisaidoasidir.Bu halda kalibr tixac {i¢iin Y kalibr bond {i¢iin
iso Y1 geyd olunur. 9-cu vo daha yiiksok doaqiqlik kvalitetlorindo Y u Y1= 0
gobul olunur. Biitiin kegon kalibrlor tigiin miisaide sahslori H vo Hi momulun
miisaido sahosinin kalibr tixac iiglin Z kalibr bond {i¢iin iso Zi1 qador
yuvanin an kKigik ( Dmin) vo valin an bdyiik hadd 6lgiilorine (dmax) nisbaton

meyl etmosidir.

223



Nominal 6l¢ist 180 mm-don boyiik Olgiilari olan yuva va vallar1 kalibrlo
nazarat zamani buraxilan xatanin avozetmo komiyyati yuva Uglin - o val
liclin 1s9 o1 isars olunur.

Verilmis isi yerino yetirmok(sok.5.11) Ugln bizo odlgiilon niimunalor, yasti
paralel tavaciglar, kalibr bond, kalibr tixac, halge, hodd kalibrlori, isci
kalibrlor, nozarot kalibrlori, sigalli kalibrlor, sigalli nizamlanan kalibr

bandlor va saira.

“
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Sakil 5.11 Verilmis isi yerind yetirmok iiciin alatlor
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Kalibrlorin icra ol¢iilorinin hesabati
Yeni kalibrlorin istehsalinda istifads olunan hadd 6l¢iiloring kalibrlorin icra
ol¢iilori kimi geyd olunur.
Kalibr bandin icra 6l¢iisii an ki¢ik hadd 6l¢iisiiniin miisbat
meyllonmaosi,kalibr tixac vo kontrkalibr {i¢lin iso on boyiik hodd 6l¢iisiiniin
monfi meyllonmosi qulluq edir. Biitiin bunlar1 nozore alaraq cizgidoki
meyllonmoalarini kalibrin 6z « tizarina » geyd olunur,
Kalibrin icra Ol¢iilorinin hesablanmasinin metodikasini nozordon kegiroak.
Mosalon. Olclisii @ 906 olan vala nozarot edon kalibrin hadd vo icra
Olciilarini tayin etmak talob olunur
I'OCT 25347 — 02- don hadd meyllonmalarini toyin
edirik
Valin: es = +25 mkm el =+3 mkm
Valin an boyiik vo on kigik hadd 6l¢tilori:
d max=dx + €5 =90 + 0,025 = 90,025 mm
dmin = dy+ €1 =90 + 0,003 = 90,003 Mmm
I'OCT 24853 — 01-don 6 —c1 doqiqlik kvaliteti vo 6l¢ii intervali 80 ...120
mm kalibrin hesabati {i¢iin verilonlori segirik:
Hi=6mxkm Z;=5mkm Y;=4mxkm H,=25mkm o;=0
Verilonlar asasinda miisaidenin qrafiki tasvirini (sok.5.12) qururug:

kil
L:‘--‘
0

'\IT |

i

k6

H=6

H

Sakil 5.12 @ 90xk6 ol¢iilii vala nozarat edan kalibr va kontrkalibrin

miisaido sahalorinin qrafiki tasviri
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Yeni kegon kalibr bandin an kigik 6lg¢iisii:
[MPmin = dmax - Z1 - Hi/2 = 90,025 - 0,005 - 0,003 =90,017mm
Yeyilmoyos moruz qalmis kecon kalibr bondin on boylik dl¢iisii:

HP yeyi| = d max + Y]_= 90,025 + 0,004 = 90,029 mm
Keg¢moyan kalibr bondin on kigik 6l¢iisii:

HEmin = dmin - Hi/2 = 90,003 - 0,003 = 90,000 mm
Isci cizgido verilmis 6l¢ii lizorindo qeyd olunmasi {igiin icrag1 dlgiilor:
90,017 *0°006: 90,000 *+0°006
Nozarat kalibrlorinin ol¢iilori:

K —ITPnax= dmax - Z1 + H,/2 =90,025 - 0,005 + 0,00125 = 90,02125 mm
K - HEmax = dmin + H,/2 =90,003 + 0,00125 = 90,00425 mm

K - Umax = d max + Y1+ H, /2 =90,025 + 0,004+ 0,00125 = 90,03025 mm
Cizgidos geyd olunmasi tigiin icragt Olgtlor:

@ 90,02125 o025 D 90,00425 o005 D 90,03025_00025
Hesabat1 apardiqdan sonra alds olunan 6l¢iiyo osason kalibr bondi
tonzimlomak olar. Nizamlanan hadli sigalli bandlari tavaciglar vasitasilo
miioyyan interval daxilinds tadab olunan 6l¢lids qurmaq olar. Nizamlanan
bondin nizamlama qovsagi vasitasi il vintin yerini doyismakls dl¢iinii
azaltmaq va ya ¢oxaltmagq olar. Olgiinii artirmaq lazim galdikdo qurgunun
vintlorinin agilmis voziyyatinds baslig1 sixmaqla da kifayotlonmok olar.
[TP-dasti lizra bondin xarici dodaqciqglart qurulur. Bu kalibr liclin kegon
torofdir.
HE-dasti tizra bondin daxili dodaqgciglart qurulur. Bu isa kalibrin kegmayon

torofdir.
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Isin aparilma qaydasi:

1.0l¢iilocok niimunolorin eskizini cokmok.

2.Niimunoanin is¢i cizgisi tizorinds biitiin 6l¢iilorin 'OCT 25347-81-dan
hodd meyllonmaolarini se¢ib yazmaq vo hesabat codvolindo gqeyd etmok.
3.Vala nazarat edon kalibrlorin hadd va icra dlgiilorini toyin etmok.Naticoni
miivafiq olaraq codvoalds geyd etmok.

4. Yast1 paralel tavaciqlar vasitasi ilo hesabatdan alinan dlgiilor yigilir .
5.Miivatfiq 6lciilora gors tonzimlonan kalibr bond hesabatdan alinan dl¢iilora
uygun olaraq sazlanir.

6.Har bir 6lgiinii 6lgma zamani hissonin (A-A,B-B) kosiyi istiqgamatinda
aparilir.

7.Yararl vo yararsiz hissolor miioyyan olunur.

8.Miiollimin gostorisi ilo kalibrlorin talob olunan miisaids sahslorinin grafiki

tosviri ¢okilir.
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Tapsiriq: Nizamlanan kalibrlorin Nizamlanan
miisaida saholorinin yerlosmo sxemini qurmaq | 6lgiilorinin yoxlanmasi

kalibr — band

K-I1P K-HE K-

Bondi nizamlamagq {i¢iin tavaciqlar dostinin 6l¢iisii

Dastin Olcii tavaciglarmin 8l¢iisii, mm

adi 1-ci 2-Ci 3-cl 4-cl 5-ci
I1P
HE
"

Islomo tarixi Isin tohvil tarixi

Talobonin imzasi Miiosllimin imzas1

Yoxlama suallar::

1.Kalibrlor.Novlari vo totbiqi sahoalori?

2. Isin yerina yetirilmo ardicillig1?

3. Ol¢ii nays deyilir vo dl¢iiniin novlari?

4. Haqiqi 6l¢ii naya deyilir vo praktik izahi ?
5.Miisaids nayo deyilir vo neco ifado olunur ?

6.Hodd olclisii noys deyilir vo hodd meyllonmasi nodir?
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TEMA Ne 5
ITPOBEPKA PASMEPOB JIETAJIEM JKECTBKUMHU N
PETYJIUPYEMBIMU KAJIUBPAMU
3anava:
1.KonTpanupoBaTh JAEMCTBUTENBHBIX pa3MepoB (opM U TpedyeMbIX
[I0Ka3aTesIel COIPAraeMbIX I[OBEPXHOCTEW JeTajeH.
2.CocraBUTh pacueTr O MpoJielaHHON padoTe.
eab padoThI:
[IproOpeTeHne HaBBIKOB MOJIb30BaHUA KanuOpamu. OCBOEHHE H3MEPEHHI
kanuOpamu. OmnpejienieHre MOocie TEeXHOJOTHYECKOro Mpolecca ToJHOCTH
JeTajaeH.
CpeacrtBa m3MepeHusi M H3MepsieMble O0BEKTHI JJIS1  BbINOJHEHHUS
padoThI:
Kanmubp-ckoba, kanubp-mpodka, pe3pb00Boi Kanuop-1poodka, pe3b0oBoi
KaTuOp-KOJIbI0, MpEAeNIbHbIE KaTuOphl, paboune KaluOpbl, KOHTPOJIbHBIC
KamuOphl, TTaJKUe KaauOphl, TIaJKUE PEryIupyeMble CKOOBI,
IJIOCKOTIapaJUIETIbHbIE KOHIIEBBIE MEPBl M HU3MEpSEMbIE JETaju.
IIpaBusia BbINOJTHEHUS PadOTHI:
1. OcHoBHBIE BHIBI KanuOpoB. M3yueHue ycTpoiicTBO H3MepeHue 1 001acTh
IPUMEHEHHUS.
2.I1lo nanHOMY pacueTy pa3Mepa HaOUPArOT TIIOCKOMapaIeTbHbIE KOHIICBbIC
MEpBHI.
3. PerynupoBaTh pazmepsl 10 JaAHHOMY MHTEPBAILY TJIAJKUX PETYIUPYEMBIX
CKOO.
4. VIamepenHus pa3muuHbIME TpeieiaMu AeTalleld Kamnopamu.
5. IlocTpouTh cXeMy pacloyiOKEHUs MOJeld TOMYCKOB U yKas3aTh
MpeebHBIX OTKJIOHEHHH pa3MepoB. COCTaBUTh TAONHILY MO JTaHHBIM

pesyibraTaMm u3MmepeHus. [IpoBecTu aHan3 pe3ysibTaToB.
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Teoperuyeckue cBeIeHM:

B MammHOCTpOEHUY B OCHOBHOM TIOJB3YIOTCS HOMUHAJIBHBIM,
JEHCTBUTEIBHBIM U TIPEACILHBIMU Pa3MepaMHu.

HomuHanbHBIN pazMep 3TO pa3Mep, Ha OCHOBAaHWW WHIKECHEPHBIX PACUETOB,
OIIBITa TIPOEKTUPOBAHUS, 00E€CTICUCHUS KOHCTPYKTHBHOTO COBEPIIICHCTBA
W3TOTOBJICHUS JIETAU - U3JIeNUS OKPYTJISIOT OOBIYHO B OOJIBIIIYIO CTOPOHY
u Oymmkaiiiee ero 3HaueHue Beioupaetcs mo 'OCT-y KOTOphIi yKa3bIBAIOT

(puc5.1) Ha yepTexe.

b
A—Aﬂ

v
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i

Pucynok 5.1 Pa6ouuii yepTex aeranu

HomuHanmpHBI pa3Mep - 3TO aOCOMIOTHBIM pa3Mmep. Ero B mpoms3BoiCTBe
MOJYYUTh HEBO3MOXKHO.

JIeWCTBUTENBHBIN pa3MeEP OT CYLIECTBYIOLIErO pa3sMepa OTINYACTCS IO
MOTPEMTHOCT HW3MEPEHMUS.

B MAaIlIMHOCTPOCHHUH HCBO3MOXKHO BBIIIOJIHUTD a0COIIOTHO TOYHO
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TpeOyembie pasmepnl netaneid. I[lodTomy cyliecTByeT TMOHATHE —
necTBUTENbHBIN pa3mep(puc.5.2) aeranu. [Ipu U3roTOBICHNU U U3MEPECHUU
[0l BJIMSHUEM pPA3JIMYHBIX [OTPEIIHOCTEN IMOIY4YaeTCs pacCerBaHUE
pa3mepoB. JleTann, KOTOpbBIE HW3rOTABIMBAIOTCS NPU OJHUX M TEX IKE
TEXHOJIOTUYECKHUX YCIOBUSX MOIYHYAIOTCS HE C OJUHAKOBBIMHU Pa3MEpPaMH.
N3rorosienue aeraineu mo OQHOMY pa3mepy CiioxkHO. Hano yunutsiBaTh
JOMYCTUMYIO HETOYHOCTh M3rOTOBJICHUS. [103TOMY JIeTany N3roTaBiinBaroT

B IBYX MIpcaciyiaX, KOTOPbIC HA3BIBAIOT NPCACIbHBIMU PA3MCPaAMMU.
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Pucynok 5.2 JdonmycTumbie pazMepsbl

IIpeneabHbIil pasMep - 3TO IBa JIOMYCTUMBIX pa3Mepa, MEKI1y KOTOPbIMHU
JIOJIKEH HAXOAUTHCS M1 KOTOPOMY MOMKET ObITh paBEH JEeHCTBUTEIbHBIHN
pasmep.

[MpenenbHbIH pazmep ObIBaeT HAHOOIBITHUM —Dmax , Omax 1 HAUMEHBITUM -
Dmin , dmin. [IpenensHbIe pa3Mepbl XapaKTepu3yoT TOYHOCTH (puc.5.3)
W3TOTOBJICHUS.

Ecnu nelicTBUTENBHBIN pa3Mep OTBEPCTUS MEHBIIE MUHUMAJIBHOIO
MpEeAEIbHOTO pa3Mepa, TAKOM OTBEPCTHE SIBIISAETCS MCIPABUMBIM OpaKoM.
Ecnu peiicTBUTENbHBINA pa3mep O0JbIIE MAKCUMAIIBHOTO MPEIEIbHOTO
pa3mepa OTBEpCTHsI, ITO HEUCTIPABUMBIN Opax.

Ecnu peiicTBuTenbHbIN pa3mep Baja 00Jibllle MAaKCUMAIbHOTO MIPEAEIbHOTO
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pa3Mepa, 3TO SIBJISCTCS UCTIpaBUMOM OpakoM. Eciu nelicTBUTEIbHBIN
pasMep BaJia MEHbIIIE MUHUMAIBHOTO MPEAEIBHOTO pa3Mepa, 3TO
HEUCTIPAaBUMBIN Opak.

[IpocranoBka Ha yepTekax NMPEAEIbHBIX Pa3MEPOB OUEHD YCIIOKHAET
yeprex.lloaToMy npenenbHble pa3MePhl 3aMEHSAIOT MPEACITbHBIMA
OTKJIOHEHUSIMH.

[IpenenpHOE OTKIIOHEHHE - ATO PA3HOCTh MEXKAY HOMUHAIBHBIM W
npeaebHBIMU pazMepamMu. [IpenenbHbie OTKIOHEHUS OBIBAIOT BEPXHUE U
HUKHUE.

Bepxuee oTkiioHeHUe - 3T0 anredpanyeckas pa3HOCTb MEX]Y
HauOOJIBIIMMU TIPEACTHPHBIMU 1 HOMHUHAJIBHBIMU Pa3MepaMHu.

Hwxuee oTkiIoHEeHHE - 9TO anredpanyeckas pa3HOCTb MEX]y
HAaUMEHBIINMU NPEACITBHBIMA U HOMWUHAIBHBIMHU Pa3MEpPaMH.
[IpenenpHBIE OTKIOHEHUST 0003HAYAIOTCS - BEPXHEE OTKIOHCHUE
oTBepcTHs - ES, HIKHee oTKoHeHHe oTBepcTHsi— El, BepxHee oTkIoHEeHME
BaJja - €S, HIKHEee OTKJIOHEHHE Basia— el .

YuureiBas TCOPETHYCCKOC 3HAYCHHC .

ES = Dmax - Dn ; es= dmax - dn ; 51
Ei = Dmin - Dn ; ei: dmin - dn .

[IpenenbHOE OTKIIOHEHUE MOXKET OBITh MOJIOKUTEIBHBIM, OTPUIIATEITIBHBIM U
paBubiM Hym10. [To TOCT-y 25347-2000 B Tabnuiie cTaHAapTOB
OTKJIOHEHUS YKa3bIBAIOT B MKM-aX a Ha 4epuexax B MM-ax. Ha ueptexax
OTKJIOHEHHUE TIOKA3bIBAIOT CJIeBa OT HOMUHAILHOTO pa3Mepa 00jee MeKo,
MOJIOKUTEIIHOE OTKJIOHEHUE CBEPXY, & OTPUIATENBHOE - CHU3Y. OTKIIOHEHHE,
paBHOE HYITIO HA YepTexaxX He MOoKa3biBaloT. Eciiu BepXHue W HUKHHE

OTKJIOHCHHA OAMHAKOBEI I10 BEJIMYHWHC U PA3JIMYHEI 110 3HAKY, TO UX
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Pucynok 5.3 JeiicTBUTEILHBIN pa3Mep NoOBepHoOCTEN

Jlotyck pa3MepoB - 3TO pa3HOCTb MEKy HaWOOJBIIUM U HAUMEHBITUM
npeaenbHbIMU pazmepamu. Jlomyck o0o3HavatoT 6ykBo# - T

(ot dp. «tolerancey). Jomyck obOo3HavaeTcs it OTBepCTHs - 1D, qomyck
Baa — Td. OTHOCUTEIBHO BBIIIECKA3aHHOTO:

TD = Dmax - Dmin 5.2

Td =dmax - dmin
Wnwm xe anreOpandeckasi pa3HOCTh MEXKY BEPXHUM U HIDKHUM
OTKIIOHCHUSIMMU.

Jonyck Bcerga mnonoxkurtesieH. C yBeIMUYEHUEM JOMYCKa KadeCTBO
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MNPOAYKIMHU YXYyAIIACTCA, @ CTOUMOCTD U3IOTOBJICHUA CHUHXKACTCA.

TD = | ES - Ei| 5 3

Td=|es-ell
N300paxkeHre Ha yepTexax JieTajei 10ImycKa K pa3Mepam sSBIIsSIeTCS
MCKQKEHHBIM,T. K. pa3Mep JIeTaldl U JOMYCK CUJIBHO OTIMYAIOTCS JPYT OT
apyra.llosTomy /Uit yIpollieHus T0ImycKa pa3mMepa 1eaecooopasHo
n300paxkaTh rpaduuecku B BUE MO JOIMYCKa.
[lone nomycka - 3TO MPSAMOYTOJILHUK, BEPXHSISI CTOPOHA KOTOPOIO
COOTBETCTBYET BEPXHEMY IIPEIEIbHOMY OTKJIIOHEHUIO, & HUKHSSI CTOPOHA —
HIKHEMY TpesielibHOMY oTkIIoHeHuto. [llupuHa npsimoyronbHuka 6epercs B
npeaenax ot 30 7o 50mMM. /{15 mocTpoeHHs TPsIMOYTOJIbHUKA IPUHUMAETCS
omnpeaencHHbIi Maciitad (Hampumep, IMkm=1mm; IMKM=2MM H.T.1.),
BMECTO HOMHHAJIBHOTO pa3Mepa ctaBuTcs HyieBas muHus 0-0 (Homb-HOIB),
T. €. HyJIeBasl JINHUS 3aMEHsIeT HOMUHAJbHBIN pa3Mep U SIBJIIETCS HauaJIoM
(puc.5.4) orcuera oTknoHeHul. [lon0XKUTENBbHBIE OTKIOHEHUS BCETa
Pacnonararot BBepx OT HyJI€BOW JMHHUU, a OTPULIATEIbHBIC - BHU3.

OTKJIOHEHUS, paBHbIE HYJIIO, COBIIAJIAIOT C HYJICBOM JIMHUEH.
+ ﬁ/ ES=+16mEm
o] Ei=0 o
es=-13mMrmm
ﬁ ei=-13mEm
/I}K/ es=+28&mmm
+

/|\ ei=+18nmem

1

Pucynok 5.4 IHose nomycka
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B naHHBII MOMEHT HCIIONB3YETCs CpeacTBa u3Mepenus(puc.5.5) kamuop-
cko0a, kauOp-npoOKa, pe3b00Bol KanmuOp-mpoOKa, pe3b0oBOi Kanmuop-
KOJIbIIO, TpeAesibHbIC KaTuOphl, paboune KaluOpbl, KOHTPOJbHbBIC

KaJIMOpBI, TTIAJKUE KaauOpbl, TVIAJIKUE PEryIupyeMble CKOOBI U Jp.

KanuOpsl U miockonapaseibHble KOHIEBbIE
Mepbl HMCHOJb30BAHHbIE HA 3aHATUH

RO 3-1.50M R1.6 5 R7-14.5MM

R15-25MM R2S5-S0M RS2-1000M

I/I3MepI/ITeJIBHLle IIyIbI
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HN3mepuTebHbII HHCTPYMEHT 160 mm T JIMHeHKA
ZIQLINT
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MK - 500/400-50

5/10 nroitmoBbIli KOHTYpHBbIH KanuOp — nuHeiika

Ipopuns kamuOp 4 aroiima /120

238



IIla610HHBIE KAJIHOPBI

R

RUITOOL

Kontypubiii kaaudpsr 5, 10, 20 groiimoBbie

oS
ﬁ

Kanu0p cko0a omxHocTOpoHHAast
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Kaauop-ckoba

Kann6p-ckob6a ogHOCTOPOHHSS

Kaau0p-ckoda  aBYXCTOPOHHSAS
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Kaaulp — ckob6a peryaupyemasi

I'naagkue KaauoOpbI
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Pe3n00BbIe KaJIHOPBI

Pe3b00B0ii KaaMOp-npodOKka

KoMmiuiekT pe3b00BBIX KaJaulOp — MpodoK
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OaHOCTOPOHHAA TUIaAKM KaJuop - mpodka

243



T N—

OIHOCTOPOHHAA TIaJAKHe KaJIu0p - MpodKu

Hla0a0oHHBIH KaJdUOP
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IlapoBoi kaauop
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Kanu6p — Tonmune auneiika I'opsiuas — 0 — 36 kpynubiiik AWG
s CBapo4YHOro KOHTPOJIA

KanuOp npodka rinagkas DSH9 IIP =0 HE =+0
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OnHOCTOPOHHAA KAJINOp-cKo0a

840MapameTtep U NupukaTopHblili kaaudp-ckoda
Pucyunok 5.5 Pa3nbie BUABI KaJIuOpoOB

Kanubpamu Ha3pIBalOTCS HHCTPYMEHTHI JUIsl KOHTPOJIS U3AENUi, He
u3Mepstone nu3aenus. KanmuOpamu ycTaHaBIMBAIOT HMX TOJAHOCTH WU
HETOAHOCTh — Opak u3nenus. bpak wu3genust ObBaeT B JBYX BHJAX.
HcnpaBumble Opaku W HEUCHpaBUMBbIE Opaku H3IEUS.

YCTaHaBHI/IBaIOH_II/IC COOTBCTCTBHEC HNJIM HCCOOTBCTCTBHC I[efICTBPITeHBHBIX
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OTKJIOHEHUH pa3Mepa Ha3HAYEHHBIN ITPEIEIbHBIM OTKIOHEHUSAM. [ 'OHOCTD
neTtaned, 0COOCHHO MPU MACCOBOM M KPYMTHOCEPUIHOM MTPOU3BO/ICTBAX,
HauOoJIee YacTo MPOBEPSIOT MpeaAeibHBIMU KanOpamu. KoMruiek
npeaeabHBIX KamuopoB (puc.5.6) st KOHTPOJIS Pa3MEpPOB TJIaTKUX

MUINHAPHYICCKUX ﬂeTaneﬁ COCTOHUT U3 JBYX CTOPOH.

1.Ilpoxonnas cropona kanauOpa - [IP, HOMUHaNBHBIN pa3zmep KOTOPOTO
paBeH HauOoJbIIEMY MPEJEIbHOMY pa3Mepy BaJla UM HAUMEHbIIEMY
MIPEAEIBHOMY pa3Mepy OTBEPCTHS;

2.Henpoxoanasi cropona kanubpa - HE, HoMuHabHBIN pazmep
KOTOPOT'0 paBEH HAMMEHBIIEMY MPEACIBHOMY pa3Mepy Bajia WIH
HauOOJbIIEMY NPEACIBbHOMY pa3MePy OTBEPCTHS.

JleTasib cuuTaeTCs TOJHOM, €Clid MPOXO/IHAsI CTOPOHA KauOpa Moy
JeicTBUEM COOCTBEHHOT'O Beca WIIM YCUIINS, MPUMEPHO PABHOTO EMY,
IPOXOJUT a €ro - MPOXOJHAsi CTOPOHA KajauOpa He MPOXOIUT IO
KOHTPOJIMPYEMOU MOBEPXHOCTH JIETAIIH.

B »Tol citydae neliCTBUTENBHBIN pa3Mep KOHTPOIUPYEMOU AETAIIH
HaXOJUTCS MEXKY 3aJJaHHBIMU IIPEACIbHBIMU Pa3MEpaMHU.

Ecnu npoxomHol kanuOp HEe MPOXOJNUT, TO KOHTPOJIUpYEMast IeTaIb
SABIIETCS HCTIPABUMBIM OpakoM. A eclii HEMPOXOIHOM Kaaudp MPOXOIHUT,
TO JIeTajb SIBJISETCS HEUCIIPABUMBIM OpakoM, T.K. pa3Mep Takoro Baja
MEHBIIIE HAaUMEHBIIIETO JOMYCTUMOTO0, a pa3Mep TOJILKO OTBEPCTHsI OOIbIIe

HanOOJBIIETO JOMYCTUMOTO.

S

=
T

s

D-u-
1
i
I'IF':
g ]
HE

L\\-ﬂ

a [

PucyHnok 5.6 Ipenenbnbie KanuoOpsl
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Takum oOpa3zoM, npeenbHble KaIUOPHI - 3TO Oe31IKaTbHBIC
U3MEPUTENbHBIE HHCTPYMEHTBI, MPETHa3HAYEHHBIE HE VISl OTPEICIICHHS
YHCJIOBOTO 3HAUYCHUS U3MEPSIEMBIX MAPAMETPOB, a JJIs ONPECICHUS UX

TOOHOCTH.

HpCI[eJ'IBHBIe KaJ'II/I6pr INPUMCHAIOTCA OJIA USMCPCHUA MUIMHAPHUICCKHUX,

KOHYCHBIX, pe3b6OBBIX U NIIHUIOEBBIX HOBerHOCTeﬁ.

[Ipu KOHCTPYHUPOBAHUM MPEAETbHBIX KaTUOPOB TOJKEH BBITOJIHATHCS
npunuun Tedsiopa, cornacHo KOTOPOMY IPOXOIHON KaauoOp ABISETCS
IPOTOTHUIIOM CONPATAaEMOM JETaIN U KOHTPOJIMPYET pa3Mep IO BCEU IJIMHE

COEJIMHEHHUS C YYE€TOM MOTPEIIHOCTEN (HOPMBI.

Henpoxonno#t kanubp 10J5KeH KOHTPOIUPOBATH TOJIBKO COOCTBEHHO pa3Mep
JIeTaIu ¥ TI0O3TOMY UMEET MATYIO JUIMHY JUJIsl YCTPAHEHUS BIUSHUS

HOTpemHocTeN HOPMBI.

Bunpl ipesenbHbIX KaTuopoB: Kaauop-ckoba, kammop-mipoOka, pe3p00oBoit
Kamuop-mpoOKa, pe3b00BOI KaaTuOp-KOIBIO U T. II.
[lo TexHOMOrMYECKOMY Ha3HAYEHUIO TIPE/IeTbHbIE KAMUOPhI NEIATCA Ha JBa
BUJA !
1. PaGouue xkaauodpbI
2. KoHTpoJibHbIe KAJTHOPBI
Pa6oune kanmubpsl ( IIP ; HE) npeana3znadeHs! Juisi IPOBEPKU U3IETUI B
MPOILIECCe UX M3TOTOBJICHUS. DTUMHU KaIMOpaMu TOJIb3YIOTCS padodne u
koHTpoJiepbl OTK 3aBojia - U3roTOBUTENIS.
PaGoune kanmuOpsl 110 BUAY HA3HAYEHUS JETUTHCS Ha JBa BUA:
1. KanuOp npodka
2. KaauoOp cxoba
Kamubp (puc.5.7) npoOka npemaHa3HaueHa Il KOHTPOJIS OTBEPCTHH a

KauOp ckoOa npegHa3HayeHa MAJisi KOHTPOJIS BaJoB.
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Kaan6p ckoba

Pucynok 5.7 Pa6ounii Kanuop

CornacHo JAEUCTBYIOIIMM CTaHAApPTaM KaJduOpbl HMMEIOT CJEIYIOUIUe
0003HAYEHHUS:

P - TIP - npoxoaHoii pabouuii kKanuop;

P - HE - HenpoxoHo#t pabounii kanuop;

K - IIP - KOHTpONBHBIN KamuOp aiisgi MPOXOAHOTO pabodero (HOBOTO)
Kanmuopa;

K - HE - xOHTpONBbHBIA KauOp I HEMPOXOMHOTro paboyero (HOBOTO)
Kammopa;

K - ! - KoHTpOJIbHBIN KanuOp JUisi KOHTPOJISL U3HOCA MPOXOJHOM CTOPOHBI

pabodero kamuopa.
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Kontponbubie kamuopsl (K-IIP, K-HE, K-U (U - u3HomeHHbIN)) (puc.5.8)
npeIHA3HAYCHBI I KOHTPOJIS WIH PETYJIMPOBKH pa3MepOB pabounX

KaJIMOpOB.

58, 887-0 002

Pucynok 5.8 KouTposbHbie KATHOPBI

Onu umerot popmy maii6. Kontponsusie kambpsl K-T11P u K-HE ucnons3yror
COOTBETCTBEHHO Jis npoBepku padounx ckod I1P; HE nmpu ux uzrotosnenuu.
KonTtponsusie kanuOpsl K-U sBisitoTcs HEMPOXOAHBIMU U CITY>KaT IS
U3BATHS U3 DKCIUTyaTalluu BCJIEACTBUE M3HOCA MTPOXOJAHON paboyeit ckoObI.
J1J1st KOHTPOJISE BaJIOB UCIOJIb3YIOT TJIaBHBIM 00pa3oM ckoObl. OCHOBHBIE
KOHCTPYKIMH KamuOpoB ckoO ycranosieHbl o I'OCT 18355 - 00...18368-00.

Hawubonee pacnpoctpaneHsl ogqHocTopoHHue(puc.5.9)1ByX npesienbHbie CKOOBI.

Pucynok 5.9 OnHocTOpOHHME IBYX NMpeaebHbIe CKOObI

[IpuMeHSIOT TaKkKe perylnupyeMble CKOOBI, KOTOpPblEe MOXKHO HAcTpamBaTh

Ha Pa3JIM4HbIC Pa3MCPEhI.
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Perynupyembie CKOOBI UMEIOT MEHBIIIYIO TOYHOCTh U HAJIE)KHOCTb, TIOITOMY
WX IPUMEHSIOT JJIsl KOHTPOJIA U3eiuil 8 - ro u rpyoee KBaJIUTETOB.

IIpu pasmepax ot Imm g0 180 MM nmprMeHsieTCS OAHOCTOPOHHSSA LIEJIBbHAS
kamOp ckoba. [{ns pasmepoB oT 3MMm g0 S500MM OJHOCTOPOHHSISL a MpHU
pasmepax ot 3mMm 1o 100MM IPUMEHSIIOTCS ABYXCTOPOHHBIE IITATIOBOHHBIE
KaymOp ckooa.

JIsi KOHTPOJIE OTBEPCTUM MPUMEHSIOT KaauOphl - MPOOKU KOHCTPYKIIUH,
koTopbix yctanoBiensl o ['OCTy 14807 - 00...14827 - 00. Kanubpsr -
npoOKH MOTYT OBITh JBYXCTOPOHHMMH JUIsi pa3mepoB 10 50 MM u
OJIHOCTOPOHHUMHU JIJIs1 pa3MepoB cBhiiie 50 MMm.

JIns  cHWXKEHUs 3arpaT Ha KaJuOpbl CTPEMSTCA  YBEIMYHUTh  HX
U3HOCOCTONKOCTb.

J171s1 u3roToBNICHUsT KAIIMOPOB UCTIONB3YyIOTCS cTay Mapok 20; 20X; V7; V8;
XBI'; MIX15; Jas pabounx TMOBEPXHOCTEH KaaUOPOB HCIIOIB3YIOTCS
IJIACTUHKH U3 TBepbIx cruiaBoB BK -6, BK - 8.

Kanubpsl, ocHaieHHble — CIUIaBaMHU HUMEIOT HW3HOcOocToMKocTh B 50...
150,xpomupoBannsbie 25...40 pa3 BbIllIe, YeM CTaJbHEIE.

MapkupoBKa KaJuOpoB

Ha xanuOpax HaHOCST CIEIYIONIYI0 MApKHUPOBKY:

1. HomuHanbeHe1i pazmep maenust - @70

2. YcimoBHOE 0003HAUCHUE MTPEISIbHBIX OTKIOHeHUH n3nenus — H 7
3.BenuuuHbI Npe/ebHbIX OTKIOHEeHHUH u3aenus B Mu; (+00%)
4.0603nauenue kanubpa - [P, HE

5. ToBapHbIii 3HaK 3aBOJA - UBTOTOBUTEIIS.

Jlonycku Ha U3roTOBJIEHHE IVIAJKUX KAJINOpPOB

Jlomycky Ha M3TOTOBIICHHE TIAKUX KAIUOPOB ¥ KOHTPKAITUOPOB
pernamentupoBanbl 1o ['OCTy 24853 - 00, koTOpHIif IpeaycMaTpruBaeT

cnenytomiue(puc.5.10) momycku:
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Cxema pacnosioxkeHus MoJjiei J0myCKoB KaTUuOPOB 1JIsi KOHTPOJIS
BAJIOB 1 KOHTPKAJUOPOB
Pucynok 5.10 Cxema pacnoJio:keHus 1MoJieH J0IMyCKOB
Homycku xanubpoB nanel B ctanmaprax ['OCT 24853-2001 u CT COB
157-2000.
HcnonmHuTEeTRHBIME pa3MePOM KalTMOPOB HA3BIBACTCS pa3Mep Kaimopa,
MIPOCTABJIEHHOTO HA €r0 YepTEeXkKe JJIsl U3TOTOBICHUSI.

[To TOCTy 24853-2001 yacTs m0MIycKOB KanuOpOB gaHbl B Tabimire No
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Taoauna Nel

Croponsl kanuOpa Homunanshbelii pazmep uzaenus 10180 mm
COOTBETCTBYIOLIHUE IO Kanmubp npobxa Kanub6p ckoba
pasmepam

i H H
HaI/I6OJIBH_EI/II/I pasmep o +z+ D Aoy — 2, + 11
IIPOXOOHOM CTOPOHBI 2
KaJII/I6pa - TTP max

i H H
HaI/IMeHBI_HUI/II/I pasMep D +Z- Ay — 2, — 11
MMPOXOJHON CTOPOHBI 2 2
kanopa - [IPmin
N3HOC mpoxoaHOM Drin — Y dmax +Y1
CTOpPOHBI Kanuopa -

ITPusnoc
HauGonbimmit pazmep d H,

o Dmax + - min ¥
HEIMPOXOAHON CTOPOHBI 2 2
kamnopa - HEmax
Haumenbimmii pazmep H q Hy

o Drmax =~ min —
HEMPOXOAHOU CTOPOHBI 2 2
kamuopa - HEmin

B kadecTBe HCTIOMHUTENBHBIMU pa3Mepa AJisg CKOObI OepeTcst ee HauMEHBIIH
NpeeTbHBIN pa3Mep € MOJIOKUTEIbHBIMU OTKJIIOHEHUSAMH, a JJIsl IPOOKU U
KOHTPOJIBHOTO KanuOpa UX HauOOJbIINNA pa3Mep C OTPUIIATEIbHBIMU
OTKJIOHECHUSIMHU.
B kBamuterax 6,8 ..10 momyckm Hi mms cko6 Ha 50 % Gomble 10mMycKOB
H nis npoGok, 4to 0OBsICHsAETCS OONBIICH CIIOKHOCTHIO H3TOTOBJICHHS
ck00. Jlomycku njist BcexX THUIMOB KOHTPOJIBHBIX KanuOpoB Hp 01MHAKOBBI.
J171s1 TpOXOAHBIX KATUOPOB, KOTOPHIE U3HALIMBAIOTCA B MPOIIECCE KOHTPOJI,
NpEeNyCMOTPEH JONMYyCK Ha u3HOC. JlomyCcTuMBI BBIXOJ  pa3mepa
W3HOILIEHHOTO  Kanubpa 3a  TrpaHULy [OJsA  JONyCKa  HU3AENUsS
perIaMeHTUPYEeTCS BeMUINHOW Y I POOOK M BETMYMHON Y1 /Ut cKoO. B
kBasteTax 9-om u rpyoee Y u Y1= 0.
Jlnst Bcex mpoxoAHbiX kanuoOpos noist gonyckoB H u Hi ciBUHYTBI BHYTpB
MoJIsl TOMycKa M3Jeiusi Ha BeNWYuHy Z 1 OpoOOK W BeNUyuHy Zi AJis

CKOO.
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[Ipu HOMUHaNBHBIX pazMepax Ooznee 180 MM moJjie JOMyCcKa HEMPOXOJIHOTO
KanuOpa u rpanuna uzHoca [IP kamuOpa Takxke caBUraeTcsi BHYTPb MOJI
JOTyCKa JAeTalau Ha BETUYUHY ¢ JJIs1 TPOOOK U BEIUYUHY 0Ol1 JJISI CKOO .

Jnst BBIIOJTHEHUS J1abopaTtopHOo paboTei(puc.S.11) HaM moHaTO0UTCS
U3MepsAeMble JeTalld, IUIOCKONapayiebHble KOHIIEBbIE MEphI, Kanuop-
cko0a, kanuOp-npoOKa, KOJbIO, MpeAesibHbIE KaTuopbl, padoune KaauOpsl,

IJIaJIKUe PeryiupyemMbie CKOOBI U JIp.

pam—
B R R N . BN NN . .

BN FEE SN U N NS TR NS NN N e .

LALEL L A

i

Pucynok 5.10 Hcnonb3yeMbie cpeAcTBA H3MEPEHUs ISl
BBINOJIHEHUHM [TAHHBIX padoT

PacyeT HCHOJIHUTEILHBIX PA3MEPOB KAJTHOPOB
HcnonHuTeIbHBIM Ha3bIBAIOT MPEIEIbHBINA pa3Mep Kaauopa, 1o KOTOPOMY

M3TOTOBJISIIOT HOBBIM Kaiauop.
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HcnioTHUTENBHBIM pa3MepOM CKOOBI CIYKUT €€ HaMMEHBIIUH MpeebHbINA

pa3Mep ¢ MOJOKUTEIbHBIM OTKIOHEHUEM, JJIsl MPOOKU U KOHTpKanuOpa - ux

HanOOJBIINI NpeaeabHbI pa3Mep ¢ OTPULIATEIBHBIM OTKJIOHEHUEM. Takum

o0pa3oM, Ha YepTekKe OTKIIOHEHUE MPOCTABIISIOT B «TeJI0» Kainopa.

PaccMmoTpuM npuMep pacuera UCIIOJHUTEIBHBIX Pa3MepoB Kaauopa.

Ipumep. OnpenenuTs NpeneabHble U UCIIOJHUTENBHBIE Pa3Mephl KaTMOPOB

TUIsL
KOHTpOJIs Bana & 90k6.

[To TOCTy 25347 - 02 nHaxoaum mpeaebHbIC
OTKJIOHEHUS

BaJIa! eS =+25 MkM el = +3 MKM
HauGonpuii 1 HauMeHbIINN TIpeieNbHbIE pa3Mephbl
BaJIa:

d max=dy + €5 =90 + 0,025 = 90,025 mm

dmin = dy+ €1=90 + 0,003 = 90,003 MM

ITo T'OCTy 24853 - 01 nns xkBanuTeTra 6 U HHTEpBasa pazmepon 80 ...

MM HaXOJ¥UM JaHHBIE JUIS pacyera pa3MepoB KaJnOpOB:
H=6mMxkm Z;=5mxkm  Y=4mMxm Hp=2,5Mkm o1 =0

Crpoum cxemy (puc.5.12) pacmoiokeHus moJiei J0myCKOB:

~F
n

L:‘--‘
|

21:5

i

k6

H=6

H

Pucynok 5.12 Cxema pacnoJio:keHHs MOJeH JOMyCKOB KAJIUOPOB U
KOHTPKAJINOPOB Al KOHTPOoJIsi Baja & 90Kk6.
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Haumenbuii pazmep nNpoxoJHOro HOBOTO Kajauopa - CKOOBI:
[MPmin = d max - Z1 - H1/2 = 90,025 - 0,005 - 0,003 = 90,017
Hau6onpmuii pa3mep U3HOIIEHHOTO TPOXOAHOr0 Kanuopa - CKOOBI:

[MPyssom = d max + Y1= 90,025 + 0,004 = 90,029 MM

Haumenbiuii pazmep HEMPOXOJHOTO Kaauopa - CKOOBI:
HEmin = dmin - H1/2 = 90,003 - 0,003 = 90,000 Mmm
HcnionHuTENbHBIE pa3Mephl sl IPOCTAHOBKH Ha YEPTEXKeE:
90,017 *©°0%; 90,000 *0~006
PazMepsl KOHTPOIBHBIX KaTHOPOB:

K — IMPmax= dmax - Z1 + Hp /2 = 90,025 - 0,005 + 0,00125 = 90,02125 mm

K - HEmax = dmin + H, /2 = 90,003 + 0,00125 = 90,00425 mm

K - Umax = d max + Y1+ Hp /2 = 90,025 + 0,004+ 0,00125 = 90,03025 mm

HcnonHurenbHble pa3Mephl AJIs MPOCTAHOBKHU Ha YEPTEXKeE:

@ 90,02125 o0025s @ 90,00425 go025 D 90,03025.90025
[locne pacdera MOXKHO OTPETYJIUPOBATh TIAJAKUE PETYIUPYEMbIE CKOOBI.
[Ipy momomM MIOCKOMApPAUIETbHBIX KOHIIEBBIX MEpP YCTaHaBIMBAETCS

paccUMTaHHbBIE pa3MeEPbl U PETyIUpyeTcs ckooa.

Ilopsinok BbIMOJHEHUsI PaGOTHI:

1.BBINOJIHUTH 3CKU3 UBMEPSIEMBIX JIETAJICH.

2.B tabmumy orcuera Beimucath 3 ['OCTa 25347-2001 npenenbHbIe

OTKJIOHCHUS Ha paboveM YepTeKe JIeTalIN IS BCEX Pa3MepOB.

3. OnpenenuTh npeeabHbIC U UCITOTHUTEIBHBIC Pa3Mephl KaTMOPOB IS
KOHTpPOJISI Bajla. Pe3ynbTaThl 3aHECTH B COOTBETCTBYIONTHE rpadbl TaOIUIIBI

OTYeTa.

4. IIpy TIOMOIIM IUIOCKOIAPAJIICIBHBIX KOHIICBBIX MEP YCTaHABIMBACTCS

paccUuTaHHBIE Pa3MephI.
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5. OTperynupoBaTh TIaJKHE PETYIUPYEMbIE CKOOBI.

6.M3Mepenne Kaxioro pazMepa mpou3BOAUTh B ABYX ceueHusx (A-A,B-B)
MHCTPYMEHTA [0 OTHOIICHUIO K JI€TaNH.

7.01npenenuTh TOJHbIX W HETOJHBIX JeTalel.

8.BbluepTuTh CXeMy pacroioXeHus ToJied JOMyCKOB KajauOpoB IO

YKa3aHUIO MPernoiaBaTelis.

Mucey ’1 "' Faberait supmoc- ymo Nowwgamaperi ewyvenm
! A g 0000 Ol L NN ORI L gt Gl
" I el WOKRODMNALE 1 49 WETABOANIND W RV

(OCT 113680

_ZE 5. £F I .
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3agayva: [locTpouTh CXEMY PACTIONOKEHHUS ITpoBepka
JOTMyCKa PETYJIUPYEMBIX KalruOpOB pEryJIMPYEMBIX pa3MEpPOB

Kanmubp cxoba

K-ITP K-HE K-"

PaSMepBI IIIOCKOIIApAJIJICIIBHBIX KOHICBLIX MCP IJIA YCTAHOBKHU

HazBan Pazmepsl miockonapanieabHbIX KOHIUEBBIX MEP, MM
ue 1-ci 2-Ci 3-cu 4-cl 5-ci
I1P
HE
n
JlaTa BBITIOJTHEHUST PaOOTHI JlaTa cnauu paboThI
[lonnucek crynenra [loanuck ipenogoBaTes

KoHTpoJ/ibHBIE BONIPOCHI:

1.Kanu6psl. Buast u o6macte mpuMeHEHHS?
2. Ilopsinok paGoThI?
3.Uto Takoe pa3Mepsl U BHJIBI pa3MEPOB?
4. UTo Ha3BIBAIOT ICUCTBUTEILHBIN pa3mep?
5. Uto Ha3bIBAIOT JOMYCKOM?

6. UTo Ha3bIBAIOT MIPEAEIbHBIE pa3MeEPhl U TIPEIETbHBIC OTKIOHCHHS ?
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TOPIC No 5
CHECKING THE PARTS SIZE RIGID AND ADJUSTABLE
CALIBRATION
Task:
1. To control the actual dimensions of the shapes and the required indicators of
the mating surfaces of the parts.
2. Make a calculation of the work done.
Objective:
Acquiring skills in using calibers. Mastering measurements with calibers.
Determination after the technological process of the suitability of parts.
Measuring instruments and measured objects for performing work:
Clamp gauge, plug gauge, threaded plug gauge, threaded ring gauge, limit
gauges, working gauges, control gauges, smooth gauges, smooth adjustable
clamps, plane-parallel gage blocks and parts to be measured.
Work rules:
1. The main types of calibers. Study device measurement and scope.
2.According to this calculation of the size, plane-parallel end measures are
taken.
3. Adjust the dimensions to the given interval of smooth adjustable brackets.
4. Measurements of different limits of parts with calibers.
5. Build a diagram of the location of the tolerance fields and indicate the
maximum size deviations. Draw up a table based on these measurement results.
Analyze the results.
Theoretical information:
In mechanical engineering, they mainly use nominal, valid and limiting
dimensions.

Nominal size is the size based on engineering calculations, experience
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design, ensuring constructive manufacturing excellence details - products are
usually rounded up and the nearest the value is selected according to GOST,

which is indicated on the drawing (Fig5.1).
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Figure 5.1 Working drawing of the part

The nominal dimension is the absolute dimension. It is impossible to get it in
production. Actual size differs from existing size in measurement error.

In mechanical engineering, it is impossible to perform absolutely exactly the
required dimensions of parts. Therefore, there is a concept - the actual size of
the part (Fig5.2). During manufacture and measurement, under the influence of
various errors, dimensional scattering is obtained. Parts that are manufactured

under the
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same technological conditions are not obtained with the same dimensions.
Making parts in one size is difficult. It is necessary to consider
acceptable manufacturing inaccuracy. Therefore, parts are made within two

limits, which are called limiting dimensions.

=
F
=
L=}
= 7
5 < EI=0
il Il ¥
- L
[}
T 4 | .
[+s] oo -
— 88 T+——1 < &
fae] ~ =} =] - —
- & @ 5 - o] o]
ai| a ]
@ @

c *
£ 3 - 5 §
£ £ s £

Figure 5.2 Available sizes

The size limit is the two allowable sizes between which the to be located and to
which the actual size can be equal.
The maximum size is the largest -Dmax, dmax and the smallest -Dmin, dmin. The
limiting dimensions characterize the manufacturing accuracy (Fig.5.3).

If the actual hole size is less than the minimum size limit, such a hole is a
recoverable marriage. If the actual size is greater than the maximum hole size
limit, this is an irreparable defect.

If the actual shaft size is greater than the maximum size limit, this is a
recoverable marriage. If the actual size of the shaft is less than the minimum
limit size, this is an irreparable marriage.

Setting limits on the drawings greatly complicates the drawing.

Therefore, the limiting dimensions are replaced by limiting deviations.
263



Limit deviation is the difference between nominal and limiting dimensions.

Limit deviations are upper and lower.

Figure 5.3 Actual size of surfaces

Upper deviation is the algebraic difference between the largest limiting and
nominal sizes.
The lower deviation is the algebraic difference between the smallest limiting
and nominal sizes.
Limit deviations are indicated by - upper hole deviation - ES, lower hole
deviation - EI, upper shaft deviation - es, lower shaft deflection - ei.
Given the theoretical value:

ES = Dmax - Dn; €s = dmax - dn; 51

Ei = Dnmin - Dn; €i = dmin - dn.

The limit deviation can be positive, negative and equal zero. According to
GOST-u 25347-2000 in the table of standards, deviations are indicated in um-ah
and on drawings in mm-ah. In the drawings, the deviation is shown on the left
smaller than nominal size, positive deviation from above, and negative - from

below. A deviation of zero is not shown in the drawings.
264



If the upper and lower deviations are the same in magnitude and different in

sign, then they are shown. For instance:

+0,02 +0,027 —-0,027
@25( 002); @30[ j;®40( j and. etc.

—0,063

Dimensional tolerance is the difference between the largest and smallest
limiting dimensions. Tolerance is denoted by the letter - T (from French

"tolerance™).

Tolerance is indicated for the hole - TD, shaft tolerance - Td. Relatively

of the above:

TD = Dmax - Dmin 5.2
Td = dmax - dmin

Or the algebraic difference between the upper and lower deviations.
TD=|ES-EI| 5.3
Td=|es-ei]

The tolerance is always positive. With increasing tolerance, product quality
deteriorates and the manufacturing cost decreases.

The image in the drawings of parts of the tolerance to dimensions is
distorted, i.e. because the part size and tolerance are very different from each
other.

Therefore, to simplify the size tolerance, it is advisable to depict graphically
as a tolerance field.

Tolerance is a rectangle whose top side corresponds to the upper limit

deviation, and the lower side - the lower limit deviation. The width of the
rectangle is taken from 30 up to 50mm. To construct a rectangle, a certain
scale (for example, Imkm = 1mm; 1mkm = 2mm, etc.), instead of the
nominal size is set to a zero line 0-0 (zero-zero), that is, the zero line replaces

the nominal size is the starting point (Fig.5.4) for deviations.
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Positive deviations always point upwards from the zero line, and negative -

down. Zero deviations are the same as zero line.

+ ﬁ/ ES=+16msm
o] Ei=0 o
L_ es=-13ME11
//fd/ ei=-13mem
W es=+28mEm
+

ei=+18mEm
T 0

Figure 5.4 Tolerance field

At the moment, measuring instruments (Fig.5.5) are used: caliber-staple, gauge-
plug, threaded gauge-plug, threaded gauge-ring, limit gauges, working gauges,

control gauges, smooth gauges, smooth adjustable staples, etc.

Gauges and plane-parallel gauge blocks used in the lesson
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RO 3-1.5AW R1.6.5M0 R7-14.500

R15-250MM R25-500m RS2-100004

Measuring Probes

Sinus rulers LS-1 100x60, 300x90.
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Measuring tool — ZIQLINT 160 mm T Ruler

a4

3D square measurement angle MK —500/400-50
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5/10 inch contour gauge - ruler

Template gauges
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Contour gauges 5, 10, 20 inch

Caliber clamp one-sided
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Caliber clip

Caliber-clamp, double-sided
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Caliber - adjustable bracket

Smooth gauges
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Thread plug gauge

Set of thread gauges — plugs
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Smooth gauge - plugs

One Sided Smooth Gauge — Cork
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Threaded gauge set
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Ball gauge
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Caliber - plug smooth incomplete 100

Gauge - Thickness Ruler Hot - 0 - 36 Coarse AWG for welding control
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Single-sided caliber clip

840 Parameter and Indicator gauge-clip

Figure 5.5 Different kinds of calibers
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Calibers are tools for product control that do not measure products. Calibers
establish their suitability or unsuitability - a product defect. There are two types
of defective products. Correctable defects and irreparable defects of the product.
Establishing the conformity or non-conformity of the actual size deviations
assigned to the maximum deviations. The suitability of parts, especially in mass
and large-scale production, is most often checked by limiting calibers. A set of
limit gauges for controlling the dimensions (Fig.5.6) of smooth cylindrical parts
consists of two sides:

1. Passage side of the gauge - PR, the nominal size of which is equal to the
largest limiting shaft size or the smallest limiting hole size;

2. The non-penetrating side of the gauge - NE, the nominal size of which is
equal to the smallest limiting shaft size or the largest limiting hole size.

A part is considered suitable if the passing side of the gauge, under the
influence of its own weight or a force approximately equal to it, passes, but the
passing side of the gauge does not pass along the controlled
surface of the part. In this case, the actual size of the controlled part is between
the specified limit dimensions.
If the pass gauge does not pass, then the controlled part is fixable marriage. And
if the no-pass gauge passes, then the part is an incorrigible marriage, because
the size of such a shaft is smaller the smallest allowable, and the size of only the

hole is larger than the largest permissible.
o

Figure 5.6 Limit Gauges
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Thus, the limiting calibers are scaleless measuringtools not designed to
determine a numerical value measured parameters, and to determine their
suitability.
Limit gauges are used to measure cylindrical, tapered, threaded and spline
surfaces.
When designing limit gauges, the Taylor principle should be followed,
according to which the bore gauge is a prototype of the mating part and controls
the size along the entire length of the joint, taking into account form errors.
A no-go gauge should only control the actual size of the part and therefore has a
short length to eliminate the influence of form errors.
Types of limit gauges: clamp gauge, plug gauge, threaded plug gauge, threaded
ring gauge, etc.
For technological purposes, the limit calibers are divided into two types:

1. Working gauges

2. Control calibers
Working gauges (PR; NE) are designed to check products during their
manufacture.
These calibers are used by workers and inspectors of the quality control
department of the manufacturer.
Working calibers (Fig.5.7) are divided into two types according to the type of
purpose:

1. Gauge plug
2. Gauge staple

Gauge plug is designed to inspect holes and gauge clamp is designed to inspect shafts.
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Figure 5.7 Working Caliber

According to current standards, calibers have the following designations:
P - PR - continuous working gauge;
P - NE - non-passable working gauge;
K - PR - control gauge for the through working (new) gauge;
K - NE - control gauge for non-passable working (new) gauge;
K - | - control gauge for monitoring the wear of the working gauge through
passage.Control gauges (K-PR, K-NE, K-I (I - worn out)) (Fig.5.8) designed
to control or adjust the size of working calibers.
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58,9897-0.002 15

Figure 5.8 Control calibers

They are in the form of washers. Control calibers K-PR and K-NE use
respectively for checking the working brackets PR; NE in their manufacture.
Control gauges K-1 are non-passable and are used for removal from
operation due to wear of the pass-through working bracket.

Clamps are mainly used to control the shafts. Basic designs of calibers -
staples are installed in accordance with GOST 18355 - 73 ... 18368 - 73. One-

sided two limit staples (Fig.5.9) are the most common.

Figure 5.9 One sided two limit brackets

Adjustable brackets are also used, which can be adjusted to different sizes.
Adjustable brackets have less accuracy and reliability, therefore they are used to

control products of the 8th and rougher quality.
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For sizes from 1mm to 180mm, a one-sided one-piece caliber staple is used.
For sizes from 3mm to 500mm, one-sided and for sizes from 3mm to 100mm,
double-sided shtapovonny caliber staples are used.

To control the holes, gauges are used - design plugs, which are installed in
accordance with GOST 14807 - 00 ... 14827 - 00.

Gauges - plugs can be double-sided for sizes up to 50 mm and one-sided for
sizes over 50 mm.

To reduce the cost of calibers, they seek to increase their wear resistance.

For the manufacture of calibers, steel grades 20 are used; 20X; U7; U8; CVH;
SHX15; For the working surfaces of the calibers, plates from hard alloys VK-6,
VK-8 are used.

Calibers equipped with alloys have wear resistance 50 ... 150, chrome plated 25

... 40 times higher than steel.

Caliber marking
The calibers are marked with the following markings:
1.Nominal product size - @70
2. Conventional designation of maximum deviations of the product - H 7
3. The values of the maximum deviations of the product in mm; (+0.03)

4. Caliber designation - PR, NE

5. Trademark of the manufacturer.

Smooth gauge manufacturing tolerances
Tolerances for the manufacture of smooth gauges and counter gauges are
regulated by GOST 24853 - 01, which provides for the following (Fig.5.10)

tolerances:
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Figure 5.10 Arrangement of tolerance fields

Layout of tolerance fields for gauges for checking shafts and counter gauges
Caliber tolerances are given in the standards GOST 24853-2001 and ST SEV
157-2000.

The executive size of the calibers is the size of the caliber indicated on its

drawing for manufacturing.
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According to GOST 24853-2001, part of the caliber tolerances are given in the

table
Table Nel
Sides of caliber Nominal product size up to 180 mm
corresponding in size Gauge plug Caliber staple
The largest size of the D 7 H N LM
. 2 2
passage side of the gauge
= PRmaX
The smallest size of the H H
Dpin +Z - — dmax — Z; ——
. 2 2
passage side of the gauge
- PRmin
Gauge lead-through wear Dpin — Y dnax + Y
Pwear
The largest dimension of H H
9 Dmax + ; din + ?1
the no-passage side of the
gauge - HEmax
Smallest no-pass side of 5 H g H,
max _; min _7
the gauge - HEmin

The smallest bracket is taken as an executive size limiting size with positive
deviations, and for cork and control gauge their largest size with negative
deviations.
In qualifications 6.8 ... 10, the Hi tolerances for staples are 50% more than the
H tolerances for plugs, which is explained by the greater complexity of the
manufacture of staples. The tolerances for all types of reference gauges HP are
the same.

For bore calibers that wear out during the inspection process, a wear tolerance
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Is provided. The permissible output of the size of the worn gauge outside the
product tolerance field is regulated by the Y value for plugs and the Y1 value for
staples. In the 9th and coarser grades Y and Y1 = 0.
For all pass-through calibers, the H and H1 tolerance fields are shifted inside the
product tolerance field by the Z value for plugs and the Z: value for staples.
With nominal dimensions more than 180 mm, the tolerance field of the non-
passable gauge and the wear limit of the PR gauge also shifts inside the
tolerance field of the part by the value o for plugs and the value a. for staples.
To perform laboratory (Fig5.11) work, we need the parts to be measured,
plane-parallel gauge blocks, clamp gauge, plug gauge, ring, limit gauges,

working gauges, smooth adjustable clamps, etc.

S DS NS DN T RN N e e

R E R R B R R R N 8 B

LLLEL AL DN

Image 5.10 Measuring instruments used for laboratory work

Calculation of the executive dimensions
The executive is called the limiting size of the caliber by which a new caliber

IS made.
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The operating size of the bracket is its smallest limiting size with a positive
deviation, for a plug and counter gauge - their largest limiting size with a
negative deviation. Thus, in the drawing, the deviation is applied to the “body”
of the caliber.
Let's consider an example of calculating the size of a caliber.
Example. Determine the limiting and working dimensions of calibers for
shaft control @ 90k®6.
According to GOST 25347 - 82 we find the maximum deviations
shaft: es = +25 microns ei = +3 microns The largest and smallest limiting
shaft dimensions:
d max = dn + €5 =90 + 0.025 = 90.025 mm
dmin=dn + €i =90 + 0.003 = 90.003 mm
According to GOST 24853 - 81 for quality 6 and a size range of 80 ... 120
mm we find the data for calculating the sizes of calibers:
Hi=6mcmZ;=5memY;=4mecmHy=25mcma; =0
We build the layout of the tolerance (Fig.5.12) fields:

~F
n

L:a

21:5

|

i

k6

H=6

H

Figure 5.12 Arrangement of tolerance fields for calibers and counter
calibers for shaft inspection @ 90k6.
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Layout of tolerance fields for calibers and counter calibers for control of
shaft @ 90k®6.
The smallest size of the new pass-through caliber - staples:
ITPmin = d max - Z1 - H1 /2 =90.025 - 0.005 - 0.003 = 90.017
The largest size of the worn through passage gauge - staples:
Wear = d max + Y1 =90.025 + 0.004 = 90.029 mm
Smallest no-go gauge - staples:
HEmin = dmin- H1 /2 =90.003 - 0.003 = 90.000 mm
Executive dimensions for placement on the drawing:
90.017 + 0'006; 90,000 + 0'006
Sizes of control gauges:
K - ITPmax = dmax - Z1 + Hp /2 =90.025 - 0.005 + 0.00125 = 90.02125 mm
K - HEmax = dmin+ Hp/ 2 = 90.003 + 0.00125 = 90.00425 mm
K - Umax = d max + Y1+ H, /2 =90.025 + 0.004+ 0.00125 = 90.03025 mm
Executive dimensions for placement on the drawing:
@ 90.02125 90025 D 90.00425 90025 G 90.03025.00025
After calculation, the smooth adjustable braces can be adjusted. Using

plane-parallel gauge blocks, the calculated dimensions are established and
the bracket is adjusted.

Work order:

1. Make a sketch of the parts to be measured.
2. Inthe reference table, write out the maximum deviations in the working
drawing of the part for all sizes from GOST 25347-2001.

3. Determine the limiting and working dimensions of calibers for

shaft control. Enter the results in the appropriate columns of the
report table.

288



4. Using plane-parallel gauge blocks, the calculated dimensions are established.
5. Adjust the smooth adjustable brackets.
6.Measure each dimension in two sections (A-A, B-B) tool in relation
to the part.
7. Determine good and bad parts.

8.Draw the layout of the gauge tolerance fields as instructed by the teacher.
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Task: Build a diagram of the location of the
tolerance of adjustable calibers

Checking adjustable sizes

Caliber staple

K-PR K-NE K-1
Dimensions of Plane Gauge Blocks for Installation
Name Dimensions of plane-parallel end, measures, mm
1st 2nd 3th 4th 5th
PR
NE

Work completion date

Completion date

Student's signature

Teacher signature

Control questions:

1.Calibers. Types and scope of application?

2. How to work?

3.What are the sizes and kinds of sizes?

4. \What is the actual size called?

5. What is called a tolerance?

6. What are the limiting sizes and maximum deviations?
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MOVZU Ne 6
DOZGAH OMOLIYYATLARI UCUN TEXNIKI
VAXT NORMALARININ TOYINi
Tapsiriq
1.Texnoloji amaliyyatin qurulusunu va rasional istiqgamatinin 6yronilmasi.
2.Texniki vaxt normasinin elementlorinin dyranilmasi.
3.Analitik hesablama va xronometrik tisullarla dozgah omaliyyati ii¢ilin
vaxtin texniki normalasdirilmasinin monimsanilmasi.
Isin magsadi
Dazgah omoliyyatlari iiciin texniki vaxt normalarinin metodikasinin
Oyranilmasi va tacriibi yeniliklorin monimsonilmasi.

Isin yerino yetirilmosi ii¢iin lazim olan cihazlar vo lavazimatlar:

Movcud soraitds olan dozgah, tortibat, kasici alatlor,saniyadlgon,
stangenpargar, hamar mikrometrlor, emal olunacaq va 6lgiilon hissalorin
niimunslori daxildir.

Isin yerina yetirilmo qaydasi:

1.Hissonin pastahinin va is¢i cizgisini tortib etmoali .

2.Verilmis texnoloji omoaliyyatlarla tanis olmall.

3. Hissoni dozgahda yerlosdirmoni,baglamani, agmani, alotin
yerlosdirilmasini, kegidlari va gedislorin sayini toyin etmoklo dozgah
ompoliyyatinin qurulmasini tortib etmali.

4.Tortib edilmis dozgah omoliyyatlarini yerina yetirildiyi ardicillig
saniyadlconlo geyd edorak codvolds yerlosdirmali.

5. Texnoloji amoliyyatlarin eskizini tortib etmali.

6.9moliyyat ligiin elementar gqayda ilo diferensial {isulla texniki vaxt
normasini hesablamali - osas,komokei, hazirlama- tamamlama,is yerino
xidmot va tonoffiiz vaxti.

7.Verilmis omaliyyatin xronometrajini tortib etmoli.
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Nozori moalumatlar:

Texniki cohotdon asaslandirilmis vaxt normasi texnoloji amaliyyatin(sok.6.1)
miloyyan texniki-togkilati soraitinds yering yetirilmasi tigiin sorf olunan vaxta
deyilir.

Texniki osaslandirilmis vaxt normasina osason maya doyori mohsulun
qiymoti hesablanir, avadanligin mohsuldarlig1 to’yin edilir vo toqvim plani
tortib olunur. Texniki istehsal normasi vaxt normasinin oks gostaricisidir.
Vaxt normasinin toyin olunmasinin U¢ Usulu movcuddur:

1.Vaxt normasin1t mévcud normativlor iizro hesablamaq

2.Vaxt normasini sorf olunan is¢i vaxta nozarot etmoklo hesablamaq

3. Miigayiso iisulu vo timumilogdirilmis tipik normalar iizro hesablamaq
Texniki osaslandirilmis vaxt normasi vo texniki istehsal normasi hor bir
omoliyyat li¢ilin ($0k.6.2) toyin edilir.

Birinci iki {isul seriyali vo kiillii istehsalda, li¢linciisii iso xirda seriyali vo

fordi istehsalda totbiq olunur.

|

-
-

=1 - 3 HHHH=

Sakil 6.1 Texnoloji amaliyyat

9dad vaxti - texniki omoaliyyat tsiklinin yerino yetirilmosing sorf olunan
vaxtin homin vaxt arzinds emal va ya tomir olunan hissalorin sayina

nisbating va ya toqvim iizra yigma omsliyyatina sorf olunan vaxta deyilir.
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Soakil 6.2 Miixtalif texnoloji amoliyyatlar

9dad vaxti :
1. Tamamlama vaxti - hazirliq - tamamlama vaxti is¢inin 6zliniin vo is
yerinin miioyyan bir texnoloji omaliyyatin aparilmasi ii¢iin hazirlanmasina
va is ndovbosi qurtardigdan sonra y1gisdirilmasina sorf olunan vaxta deyilir.
2. Osas texnoloji vaxt - istehsal olunan mohsulun mexaniki emalina
(s9k.6.3) va ya y1gma prosesing sarf olunan vaxtlar1 vo sonraki nazarat
vaxtlarini nozords tutur.
3. Komoakgei vaxt - emal olunan pastahin yerlogdirilmasina, baglanmasina vo
acilmasina, dozgahin idaro olunmasina, 6lgmoya vo i.a. horokatlora sorf
olunan vaxt daxildir.
4. Operativ vaxt - osas vaxtla kdmokgi vaxtin comino operativ vaxt
deyilir.

Top =Tas + Tkom 6.1
Operativ vaxt texniki vaxt normasinin osas hissosini togkil edir.
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5. Is yerina qulluq vaxti - toskilati qulluq vaxti - operativ vaxtin dozgah
emalinda 0,6-7,1%, cilingar y1gma omaliyyatlarinda isa 2-8% qador
goturilir . Isci yerin hazirlanmasini is ndvbesinin sonunda is yerinin
yigisdirilmasina, is vaxt: dozgaha edilon qulluga va.s goriilon islora sorf
olunan vaxtlarin comina deyilir.
6. Soxsi tolabata sorf olunan vaxt — tabii tolobatlar1 yerino yetirmo vo
tonoffiis vaxtina deyilir.
xarakterizo olunur.

Tod = Th.tam + Tos + Tkom + Txid + Tton 6.2
Th.tam - is yerini hazirlama vo tamamlama vaxti, dag.;
Tas - osas texnoloji vaxt, doq;
Tkoém - komokei vaxt, doq.;
Txid - is yerino xidmot vaxti, dog.;

Ttan - tonoffilis vaxti, soxsi tolobat vaxtidir, dog.

Sakil 6.3 Mbohsulun mexaniki emah
Avtomatlasdirilms istehsalda odod vaxt1 asagidaki vaxtlar comi kimi
toyin edilir:
Tod = tk + Ttoskq T+ ttexng + 6.3
burada t,q - asas texnoloji vaxt; tk - kOmangi vaxt; tegkq - toskilatin qullug
vaxtl; teexng - texniki qulluq vaxti; tf - 1s zamani fasilo vaxtidir.

Emal dozgahda aparilirsa asas texnoloji vaxt asagidani diisturla hesablanir:
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L-i
t = Sdoq dog 6.4

Burada
L - hesabi emal uzunlugu, mm hesabi uzunlug, emal uzunlugu ils kasici
alotin olavo getdiyi giris vo ¢ixisin comindon alinir
I - hesablanan ke¢iddo gedislorin say1
Sdaq - alatin bir doqgiqadaki verigidir, mm.
Emalin hesabi uzunlugu alsti ol ilo yaxinlasdirdiqda asagidaki kimi toyin
olunur:
L =1+lgir Hlex 6.5
l - alotin asas emal yolu
Lgir - alotin emala giris yolu
lax - alotin emaldan ¢ixis yolu
Is vaxtinin normallasdirilmasinin dyronmosinin iki tsulu méveuddur:
1.Xronometraj
2. s giiniiniin fotoqrafiyasi

Xronometrajdan tez-tez tokrar olunan ol vo ya masinla yerino yetirilon
omoliyyata sorf olunan vaxt1 osasinda normalar sonoadi hazirlamaq lazim
oldugda istifads olunur.
Is giiniiniin fotoqrafiyas1 névbo orzinds biitiin goriilon islore sorf olunan
vaxtin comi demokdir.
Miioyyon bir mahsulun istehsalinda totbiq olunan texnoloji prosesin yerino
yetirilmosinag sorf olunan

1. 9moak insan-saat miqdari

2. 9mak tutumu

3. Dazgah-saat migdan hesablanir.
Texniki vaxt normasi U¢ usulla toyin edils bilor:

1.Normativlora gora hesablama

2.1s vaxt1 sorfini miisahido
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3.Movcud tipik normalarla miigayiso
Hal-hazirda movcud soraitds olan dozgah , tortibat, kasici

alotlor,saniyadl¢on, stangenpargar, hamar mikrometrlor, emal olunacaq vo

Olgiilon hissalorin (sok.6.4)niimunalori istifads edilir.

— | .

Sakil 6.4 Hissalorin niimunslari
Verilmis isi yerino yetirmok {i¢iin hissonin pastahinin vo hom¢inin onun is¢i

cizgisini(sak.6.5) tartib etmok lazimdir.

[
l [
ka ] _ piu] _ s 1
&t @ = =
7
. 25 L 130 _
- 54 -

&0

Sakil 6.5 Hissonin pastahinin vo onun is¢i cizgisi
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Emal Ggln verilmis texnoloji amoliyyatlarla tanis olduqdan sonra goriilocok
isin ardicilligini tortib etmak lazimdir.

Ovvalco hazirlama-tamamlama vaxtint - Tiam saniyadlcon vasitosilo 6l¢iib
cadvalds geyd etmali.

Ardicil olaraq komokei vaxtlart — Tksm hissoni dozgahda tigyumrucuqlu
patronda yerlogsdirma,baglama, agma omoliyyatini, alotin yerlosdirilmasi,
barkidilmasi vo dozgahin kasmo rejimlorine uygun sazlanmasi. Kegidlori vo
gedislorin saymi toyin etmoklo dozgah amoliyyatlarinin(sok.6.6) qurulmasini
tortib etmok lazimdir.

Texnoloji amaliyyatlarin emal texnologiyasinin eskiz xaritosini tortib etmali.

Sokil 6.6 Dozgah omoliyyatlar:
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Tortib edilmis dozgah omoliyyatlarini yoani sothlorin emalini(sok.6.7) yerino
yetirildiyi ardicilligi - Tasas  vaxti saniyadlgonlo geyd edoarak codvaldo

yerlosdirmali.

Sakil 6.7 Sathlorin emah
Ompliyyatlar ii¢lin elementar qayda ilo xronoloji ardicilligi homginin
Ol¢iilon qiymatlori geyd etmok vo tocriiba soraiti liglin normativi gobul etmok
lazimdir. Sonra diisturdan istifado edorok texniki vaxt normasini yoni -
osas,komokci, hazirlama - tamamlama, is yerino xidmat vo tonoffiiz vaxtini
hesablamali.Verilmis omoliyyatin yerino yetirilmo xronometrajini tortib
etmok lazimdir.

Isin yerins yetirilmo ardicilhgn:
1.Hissonin cizgizisini miqyas ¢okmoli vo amoliyyatlarla tanis olmali.
2.Dazgahin ad1 vo ndviini miioyyonlosdirmoak.Dozgah omaliyyatinin
qurulmasini tortib edilmasindon irali golon yerlosdirmani, kecidi vo
gedislorin saymn1 toyin etmok vo hazirlama- tamamlama vaxtini 6lgmok.
3. Omoliyyat marsrut xaritosinin islonmasi. Texnoloji omoliyyatin eskiz
Xoritosini tortib etmali.
4. Moévcud saraitds asas,komokei, hazirlama- tamamlama,is yerino xidmat va
tonoffiiz vaxtlarini 6lgiib cadvalds geyd etmok.
5. Texniki vaxt normasini movcud formuldan istifads edarak hesablamag.

6. Xronometraj xoritosini tortib etmali .
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Tapsiriq: Texnoloji Olgiilon hissolorin (detalin) vo omoliyyatin
vaxt normalar1 eskizi

_—

\

¥

Olgmonin noaticasi, dog

ke . Saniyadl¢nin gostorisi s
< Texnoloji B
< . S
L omoliyyatlar S

Ttam | Tkom | Tosas Txid | Tton | Toa >£<>
1
2
3
4
5
6
7
8
Islomo tarixi Isin tohvil tarixi
Tolobonin imzasi Miiollimin imzasi1

Yoxlama suallar:

1.Texnoloji vaxt normasi noys deyilir?

2.K6mokgei vaxt, hazirlama-tamamlama vaxti , texniki vo toskilati xidmaot
vaxtlarma hansi iglor daxildir?

3.Vaxtin texniki normalasdirmaya nozoron {istiinliiyii nodadir?

4. Xronometraja va Is giiciiniin fotoqrafiyas1 noya deyilir ?
5.Xronometrajin vozifosi nodon ibaratdir,onun yerina yetirilmosi tisiin hansi
vacib hazirliglar aparilir?

6. ©dad vaxt1 noys deyilir vo ifadasi?
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TEMA Ne 6

OHNPEJAEJEHUE TEXHUYECKUX HOPM BPEMEHHU
BBINIOJTHEHUSI CTAHOYHBIX OIEPAIIUIA

3anauva:

1. M3yuuTth CTPYKTYPY U pallMOHAIBHYIO KOPPEKTUPOBKY TEXHOJIOTUUECKOM
orepanuu.

2. V3yueHue »1eMeHTOB TEXHUYECKON HOPMbI BPEMEHH.

3.0cBoeHNE TEXHUYECKOTO HOPMUPOBAHUS BpEMEHHU pabOThl MAIlIUH
AQHAJTUTUYECKUM PACUETOM U XPOHOMETPUUECKUMH METOJaMHU.

eab pabdoThI:

N3ydenne METONMKY 1 TPUOOPETECHUE TPAKTUUECKUX HAaBBIKOB
OTpeieSICHUs] TEXHUUYECKUX HOPM BPEMEHM BBIMOJHEHUS CTAHOUHBIX
OIepALUA.

CpencrBa m3MepeHusi M H3MepsieMble O0BEKTHI JJIS1  BbINOJHEHHUS
padoThI:

CraHku J1000TO MAapKd HMEIOIIUNACS B JTAHHBIX YCIOBUSX,
IPUCTIOCOOJIEHUE, PEXYIITUE HHCTPYMEHTHI, CEKYHIOMED, IITAHT€HIIUPKYJIb,
TJIaJIKHe MUKPOMETPBI, 00padaThIiBaeMbIe M U3MEPSIEMbIC I€TATH.

IIpaBusia BbINOJIHEHHUS PAdOTHI:

1.CoctaBuTh pabOuUMii UEPTEK ACTAIH M 3aTOTOBKH.

2. O3HaKOMUTCS TIOCIIEIOBATEIIBHOCTA TEXHOJIOTUYECKUMH OTEPAIUSIMHU.

3. YcTaHOBUTH J€Tallb HA CTAHKE, 3aKPEMUTh, OTKPHITh, 3aKPETHThH
PEXKYILIETr0 UHCTPYMEHTA, ONMPEACIUTh U COCTABUTh KOJIMYECTBO MEPEXOI0B
1 XOJIOB.

4. C moMoUIbI0 CEKyHIOMEpPa OTMETHUTh BPEMsI IOCIIE€I0BATEILHOCTH
CTAHOYHBIX ONEpaluil U MOMECTUTh B TAOJIUIIE.

5. CocTaBUTh 3CKHU3 TEXHOJOTHYECKUX OTIEPaIIHil.

6. PaccunTtaTh TEXHUUYECKYIO HOPMY BPEMEHH 10 3JICMEHTAPHBIM MPABHIIAM

u nudpepeHranbHbBIM METOJIOM - OCHOBHOE, BCIIOMOTaTeNIbHOE,
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MMOATOTOBUTCIIbHO-3aBCPIIAIOIICC, YXOA CJIY)K€6HOFO MCCTO U BpCMs1
OTAbIXA.

7. CocTaBUTh XPOHOMETPAXK JIAHHOU OMEpalIvu.

TeopeTnyeckue cBeAeHUA:

HopMupoBaHre He0OX0MMOE TSI BBITOTHEHUS KAKOW-THOO0 ONEpaIiuyl I
IIEJIOr0 TEXHOJIOTHYeCcKOoro npoiecca (puc.6.1) B HOpMalIbHBIX
MIPOU3BOJICTBCHHBIX YCIOBUAX Ha3biBatoT HopMoii BpeMeHm.

Hcxons W3 TEXHUYECKH HOPMBI BPEMEHHM PACCUMTHIBACTCS CTOMMOCTD
MIPOJIYKTA, OMPEACIISICTCS] IPOU3BOIUTEILHOCTh 000OPYTIOBAHMS U
COCTaBJISICTCS KaJICHIAPHBIN IJ1aH.

HopMma TeXHUYeCcKOTOo IPOU3BOACTBA TMPOTUBOIIOI0KHA HOPMBI BPEMCHH.
OmnpeneneHre HOPMbI BpEMEHH CYIIECTBYET TPEMs CITIOCOOaMM:

1. PacueT HOpMBI BpEMEHH TI0 CYIIECTBYIOIIIMM HOPMaM.

2. PacueT HOpMBI BpeMEHHM KOHTPOJHUPYS 3aTPau€HHOTO paboyeit
BpPEMEHH.

3. PaccuuTaTh 10 MeTOAY CpaBHEHUS U 0OOOIIEHHBIM TUIIOBBIM HOPMaM.
TexHuuecku HOPMBI BPEMEHH W HOpPMa TEXHHUYECKOTO MPOU3BOJICTBA
paccuuThIBaeTCs I Kaxkao (puc.6.2) onepanuu.

ITepBrIit 1Ba cioco0a MPUMEHSIETCS B CEPUIHBIX 1 MaCCOBBIX

IIPOU3BOJICTBAX A TPETUM B MEIKOCEPUMHBIX U IITYYHBIX IPOU3BOJICTBAX.

-'-nmmg

- " " " P "0

-
- » »

Pucynok 6.1 TexHosoru4eckui npouecc

IITy4HOoe BpeMs - 3TO OTHOIIIEHUE BPEMEHH, 3aTPAYCHHOTO Ha LUK
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00CIy’KUBaHHUSI, K KOJIMYECTBY AeTajiei, 00paOOTaHHbIX WU

OTPEMOHTUPOBAHHBIX 32 3TO BPEMSI, WJIM BPEMbSl 3aTPAYCHHOE Ha ONEpPaLUIo

cOOpKH 10 KaJeHAapIo.

Sakil 6.2 Pa3Hble TeXHOJIOrMYECKHE ONepPaALNU

IITyyHnoe Bpemsa:

1. IloAroTOBUTEIBbHO-3aAKIIOUYNTEIBbHOE BPEeMs - 3aTPaThl BPEMEHU
WCIIOJTHUTENEM Ha MOATOTOBKY CPEJICTB TEXHOJIOTMUYECKOTO OCHAILICHUS K
BBITIOJIHEHUIO TEXHOJIOTHYECKOHN ONepaly U MIPUBEICHUE MOCIEIHUX B
MOPSIAOK MOCJIE OKOHYAHHSI CMEHBI.

2.0CHOBHOE TEXHOJIOTHYECKOe BpeMsl - 5TO BpeMsl, 3aTpauynBaeMoe Ha
MEXaHUYECKYI0 00paboTKy (puc.6.3)mmm cOOpKy MpoayKTa U

YUUTHIBAIOLIHE MOCIEIYIONIUX KOHTPOJIBHBIX BPEMEH.

3. BcnomorartesibHOe BpeMsi - 3TO BpeMs, 3aTpadyWBaeMoe Ha JEHCTBUA,
MOATOTOBKY 00OpyJIoBaHWS K paboTe HACTpOWKa ¥  yIpaBIICHHE

000pyI0BaHHEM, OPHEHTUPOBAHWE W YCTAHOBKA W CHSITHE 3aroTOBOK

TCXHOJOIHYCCKHX IICPCXOAbl K AP.
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4. OnepaTtuBHOe BpeMsl - CYMMY OCHOBHOTO U BCIIOMOTaTEIbHOTO
BPEMEHHU Ha3bIBAIOT ONEPATUBHBIM BPEMEHEM:

Tom=Toc + TBc 6.1
OnepatuBHOE BpEMsI COCTABIISIET OCHOBHOM YaCTH TEXHUYECKOW HOPMBI
BPEMEHU.
5. Bpems o6cay:xuBaHusi Tosc pabouero mecra - 4acTh IITYYHOTO
BPEMEHH, 3aTpauyrBaeMas HCHOJHUTEIEM Ha MOIJAEPKAHHE CPEICTB TEX-
HOJIOTMYECKOI'0 OCHALIEHUSI B pa00OTOCIIOCOOHOM COCTOSIHUM U YXOJ 32 HUMH
u pabounm MectoMm. Bpemst obcityxuBaHusi paboyero Mecra noapasaensercs
Ha BpEeMS TEXHHMYECKOr0 U BpeMs OPraHM3alMOHHOIO OOCTY>XKHBAHUS.
Bpewms o6cyxuBanust padbodero mecta yuntbiBaetcst 0,6-7,1% B cTaHOYHBIX

a B ciecapHbIX 2-8% omnepanusax onepaTuBHOTO BPEMEHHU.

6. Bpems Ha JmuHbIe MOTPeOHOCTH Tory - 3TO YAaCTh MITYYHOTO BPEMEHH,
3aTpayriBaeMas 4eJOBEKOM Ha JIMYHbIE MOTPEOHOCTH U MPU YTOMHUTEIIBHBIX
paboTax Ha TOTIOTHUTEIBHBIA OT/ABIX.

XapaKTepU3yeTcs.
Tt = Tog + Toe + TBe + Tobe + Torxa 6.2

Tna - MOArOTOBUTEIIBHO-3aKIIFOYMTEIIBHOE BPEMS, MUH. ;
Toc - OCHOBHOE TEXHOJIOTHYECKOE BpEMsI, MUH;

TBC - BcrioMorareiibHOE BpeMsi, MUH. ;

Tobc - BpeMs oOcmykuBaHHs pabodyero MecTa, MUH. |

TOTH - BpEM:A OTAbIXAa U HA JIMYHBIC HOTp€6HOCTI/I, MUH.

Pucynok 6.3 Mexannuyeckasi 00pado0TKa MPOAYKTA
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B ABTOMaTH3HPOBAHHOM NPOU3BOACTBE IITYYHOE BPEMEHU ONPEICISIOT
KaK CyMMY CJIEAYIOIIHUX BPEMEHU:
Turr = Toe + Top.oe + trex.ooe T torn 6.3
rae

Tur - OCHOBHOE TEXHOJIOTUYECKOE BPEMH,;

lsc - BCIIOMOTaTEIBHOE BpEMH,

top.o6c - BpEMSI OPraHU3aIlIMOHHOTO 00CITY )KHUBaHU;

trex.o6c - BpEMSI TEXHUUECKOTO OOCITY>KUBAHMUS,

tors - BpEMS OT/IBIXA U HA JIMYHBIE TOTPEOHOCTH.
Ecnu 06paboTka mporu3BOAUTHECS HA CTAHKE TO OCHOBHOE

TEXHOJIOTUUYECKOE BpPEMsl PACCUUTHIBAETCS IO Cienyromen popmyiie:

t = Lt ;' MHH. 6.4

SMHUH

I'ne
L - pacuetHas nimuHa oOpabOTKH, MM pacyeTHasl JJIMHA COCTOUT OT JIJTMHBI
00paboOTKM M OT 3aX0J]a ¥ BBIXO/Ia PEXKYIIEro MHCTPYMEHTA,
| - KOJIMYECTBO XOJIOB B PACUCTHOM IMEPEXO/IEL;
Swvun. — TIOJIaYA pe31a 3a OJIHY MUHYTY , MM.
[Tpu npubIMKEHUH PEXKYIEro MHCTPYMEHTA BPYUHYIO pacueTHAasl JIHHA
00padoOTKHU ONpeeseTcs CICIYIOMUM 00pa3oMm:
L =1 +lax Hlewx 6.5
l - ocHOBHOE yThOOPAOOTKH pe3iia
Lax - 3aX0[1 ITyTH 00pabOTKH pe3rna
lenix - BBIXOJ MyTH 00pabOTKH pe3ia
CyiiecTByeT ABa cnmocoda HopMaau3aldu padodero BpeMeHH:
1. XponomeTtpaxk
2. ®otorpadusi paboyero qHA
XpOHOMETPAK UCTIOIB3YETCS MPH MOATOTOBKE TOKYMEHTOB HOPMHUPOBAHUE

4aCTO IPUMCHACMBIX PYYHBIX M MAIlIMHHBIX BPCMCH.
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dotorpacdus padouero qHsl 3TO COBOKYITHOCTb BCEX padOT 3a OJHY
CMEHBI.
Hcnonb3yemMoro npu npou3BOACTBE NPOAYKTa Ha peaanu3aliiio
TEXHOJOTUYECKOro Mpoliecca
1. Tpyn 4esi0BeK-KOJIMYECTBO YAChI
2. TpynoeMkocTh
3.CTaHOK - KOJIMY€eCTBO YacChl
paccuuTHIBACTCS.
TexHu4eCKyt0 HOPMbI BpEMEHH ONPUICIISIOT TPeMsl CIIoCo0aMu :
1. Pacuer nmo HopMaTuBam
2. Co0Jo1eHNI0 pacxonga padouero BpeMeHu
3. CpaBHeHHeE C CYyIIeCTBYIOIIUMH TUIIOBHIMH HOPMaMU
B naHHBII MOMEHT KCIIONB3YETCSl CTAHKU JIF0OOT0 MapKH HMEIOIIUIiCs
B JIQHHBIX YCJIOBHSX, IPUCIIOCOOJICHHE, PEXKYIITUE NHCTPYMEHTHI,
CEKyH/I0Mep, IITaHT€HIIUPKYJIb, TTAAKNE MUKPOMETPHI, 00pabaTbhiBaeMble U

usMepsiembie (prc.6.4) neranu.

Pucynok 6.4 OopadaTbiBaeMble U U3MepsieMble 1eTAJIU

Jist mpoBeIeHNsI TaHHBIX pab0T HEOOXOJUMO COCTABUTH PAOOUMii YepTexK

(puc.6.5) 3aroTOBKH U JIETaJIH.
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Pucynok 6.5 Pa6ouuii yepTek 3aroTOBKH U AeTAJH

O3HaKOMHUBIIIMCH C TEXHOJOTHYSCKUMH OTIEPAIUSIMHU 110 00paboTKe,

H€O6XO,HI/IMO COCTAaBUTH ITOCIICA0OBATCIBHOCTD BBITTIOJTHACMBIX pa60T.

C Hayano u3MepHB IPU MOMOILHU CEKyHAOMEpPa T I - HOJATOTOBUTEIBHO-
3aKJTIOYMTENIBHOE BPEMSI 3aMChIBAEM B TaOJHILY.

[TocnenoBaTenbHO U3MEPSIEM BCIIOMOTaTENbHOE BPEMS — [ e KOTOPBIIA
BKJIIOYAET B ce0sl YCTaHOBKA JIETAJy HA CTAHKE B TPEX KYJIAUKOBOM
MaTpoHe, 3aKperieHue, OCBOOOXKIEHUE IETalli, pa3MEIIeHUE U 3aKPEIUICHHE
PEXKYILEro UHCTPYMEHTA U

PEryJIMpPOBKY CTAaHKA MO PEKUMaM pe3aHusl.

C omnpeneneHueM KOJMYECTBO MEPEXO/IOB U XOA0B HAJ0 COCTaBUTh

HACTPOWKY CTaHOYHBIX oreparuii (puc.6.6).
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3a TeM COCTaBUTh ACKU3HYIO KAPTY TEXHOJIOIMYECKUX ONepauii 00paboTKu.

Pucynok 6.6 CraHouHbIe onepanuii

[Tpu moMorm cexyHmoMepa M3MEPUThH OCHOBHOE BPEMS — [ oc TIO
MOCIIEI0BATEIIBHOCTH 00padaThIBaeMbIX MOBEPXHOCTIM (prc.6.7) CTaHOUHBIX

orcpanuvu 1 IOMCCTUTD B Ta6J'H/II_IC.
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Pucynok 6.7 OopadaTbiBacMble NIOBEPXHOCTH
Jlist oniepanuii ¢ 3JeMEHTapHbIM MOPSIKOM Ha/l0 COCTABUTH
XPOHOJIOTUUECKYIO MOCIEeI0BATENbHOCTh. B JaHHBIX YCIOBUSAX HA/I0
NPUHUMATh HOPMATHUBBI.
[locnenoBaTenbHO UCTIONB3YS (HOPMYJIIBI PACCUUTATH TEXHUUECKOTO HOPMBI
BPEMEHU — OCHOBHOE, BCIIOMOTaTEIbHOE, OITOTOBUTEIBHO-
3aKJIIOYUTENIBHOE, 00CITy)KHBaHUs pabo4yero Mecta U BpeMsl OTAbIXa.
CocTaBUTh XpOHOMETPAXK BBIIIOJHEHHUE JAHHOM Ollepaluy.

Ilopsinox BbINOJIHEHHS PadOTHI:

1. HauepTuTh yepTex JeTanu N0 MacuTady U 03HOKOMHUTHCS TAHHBIX
olepanuu.

2. Onpenenuts MOJIEIb U Ha3BaHUE CTAHKA.

3. BbINOIHUTH YCTAaHOBKY Ha CTaHKE BO3HMKIIIME B PE3yJIbTaTe ONEPalny,
OIPEJENNUTh YUCIIO XOJI0B U NIEPEXO/I0B U 3aMEPUTh MOATOTOBUTEIBHO-
3aKJIIOYUTENIBHOE BPEMEHMU.

4. Pa3paboTtaTh MapuIpyTHYIO KapTy onepaunu. COCTaBUTh 3CKU3HYIO KapTy
TE€XHOJOTUYECKHE ONEPALUH.

5. I3MepuTh B JTaHHBIX YCIOBHUSIX OCHOBHOE, BCIIOMOI'aTEJIbHOE,
MOJIFOTOBUTENbHO-3aKII0UUTEIbHOE, O0CTYKHBaHHsI pabodyero Mecra u
BpeMsl OT/bIXA U 3alHUChIBaTh B TAONHUILY.

6. PaccuntaTh TEXHUYECKMX HOPM BpPEMEHHU.

/. CocTaBUTh KapTy XpPOHOMEHTAKa W yKa3aTh 3JEMEHThI ONIEPALINH.
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3anauda: TexHonornueckue OCKU3 U3MEPAEMON JETAIH U
HOPMBI BpPEMEHHU onepauuu

Pe3ynbrarsl n3mMepeHuid, MUH.

4

2 :
g [Toka3zarenu cexkyHaomepa &
3 TexHomornuec 2
| Kue omepanuu %
é Tnou TBC Toc Toﬁc Tom TmT ;>%‘
1

2

3

4

5

6

7

8

JlaTa BBITIOJTHEHUST PaOOTHI JlaTa cmauu paboThI
HO,Z[I'II/ICL CTYACHTA Iloanuce npenoaaBaTens

KoHTpoabHBbIE BONPOCHI:
1.Yto Takoe TEXHUYECKUX HOPM BPEMEHU ?
2. UTo BXOJIUT B COCTaB BPEMEH BCIIOMOTATEIHHOE, MTOATOTOBUTEIIHHO-
3aKJTIOYUTENIbHOE, 00CTYKUBaHMs pabodero mecra ?
3. Kakoe mpeunmyIiecTBo UMeET BpeMs OT TEXHUYECKOTO HOPMHUPOBAHUS ?
4. Uto Takoe xpoHOMeTpax u ¢otorpadus padodero aas ?
5. [Ins1 BBIMIOTHEHUST XPOHOMETPAXK KaKHe BaKHBIC TMTOATOTOBKH HAJO
MPOU3BECTH?

6. Uto Takoe mTyyHOE Bpems U popmyia?
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TOPIC No 6
DEFINITION OF TECHNICAL STANDARDS OF TIME

PERFORMANCE OF MACHINING OPERATIONS
A task:
1. To study the structure and rational adjustment of the technological
operation.
2. Study of the elements of the technical standard of time.
3. Mastering the technical regulation of the operating time of machines by
analytical calculation and chronometric methods.
Objective:
The study of the methodology and the acquisition of practical skills for
determining the technical standards for the execution time of machine-tool
operations.
Measuring instruments and measured objects for performing work:
Machine tools of any brand available in the laboratory, fixtures, cutting
tools, stopwatch, vernier calipers, smooth micrometers, workpieces and parts
to be measured.
Work rules:
1. Make a working drawing of the part and the blank.
2. Get acquainted with the sequence of technological operations.
3. Install the part on the machine, fix, open, fix the cutting tool, determine
and compose the number of transitions and strokes.
4. Using a stopwatch, mark the time of the sequence of machine operations
and place it in the table.
5. Make a sketch of technological operations.
6. Calculate the technical standard of time according to elementary rules and
the differential method - the main, auxiliary, preparatory-final, leaving the
office and rest time.

7. Draw up the timing of this operation.
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Theoretical information:
The rationing required to perform any operation or a whole technological
process (Fig.6.1) in normal production conditions is called the Time Norm.
Based on the technical standard of time, the cost of the product is calculated,
the performance of the equipment is determined and a schedule is drawn up.
The rate of technical production is the opposite of the rate of time.
There are three ways to determine the time norm:
1. Calculation of the norms of time according to the existing norms.
2. Calculation of the time norm while controlling the spent working time.
3. Calculate using the comparison method and generalized standard
standards.
Technically, time rates and technical production rates are calculated for each
operation (Fig.6.2).
The first two methods are used in batch and mass production, and the third in

small batch and piece production.

2% I I OB N AR

Figure 6.1 Technological process

Piece time is the ratio of the time taken for a service cycle to the number of
parts processed or repaired during that time, or the time spent in a calendar

assembly operation.
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Figure 6.2 Different technological opearation

Piece time:
1. Preparatory and final time - the time spent by the contractor on the
preparation of technological equipment for the performance of technological
operations and bringing the latter in order after the end of the shift.
2. Main processing time - is the time spent on machining or assembly
(Fig.6.3) of the product and taking into account subsequent control times.
3. Ancillary time - is the time spent on actions, preparation of equipment for
operation, adjustment and control of equipment, orientation and installation
and removal of workpieces technological transitions and etc.
4. Operational time - the sum of the main and auxiliary time is called
operational time:

Top=Tos + Tvs 6.1

Operational time is the main part of the technical time standard.
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5. Time of maintenance of the Togs of the workplace - part of the piece
time spent by the contractor to maintain the means of technological
equipment in working condition and care for them and the workplace.
Workplace service time is subdivided into technical service time and
organizational service time. Workplace maintenance time is taken into
account 0.6-7.1% in machine tools and in locksmith operations 2-8% of
operational time.
6. Time for personal needs Totp s a part of the piece time spent by a
person on personal needs and during tedious work for additional rest.
characterized.

Tpc=Tpd+ Tc+ Tvs + Ths + Totd 6.2
Tpd - preparatory and final time, min;
Tos - main technological time, min;
Tvs - auxiliary time, min;
Tobs - time of service of the workplace, min.;

Totd - rest time and for personal needs, min.

Figure 6.3 Mechanical processing of the product

In Automated Manufacturing, piece time is defined as the sum of the
following times:

Tsht = tus + tor.obs + tiech.obs + Totd 6.3
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Where
toc Is the main technological time;
tve - auxiliary time;
top.obs - Organizational service time;
tiech.obs - Maintenance time;
tota - time for rest and for personal needs.
If processing is carried out on a machine, then the main technological time is

calculated using the following formula:

t = =L min. 6.4

Smin

Where

L - estimated length of processing, mm
the calculated length consists of the machining length and the entry and exit
of the cutting tool

I - the number of moves in the calculated transition

Smin. - cutter feed in one minute, mm.
When approaching the cutting tool manually, the calculated machining

length is determined as follows:

L =1+lent Hout 6.5
Where
1 - the main way of cutting the cutter
lent - cutter path approach
Lout - cutter path exit
There are two ways to normalize working hours:
1. Timing
2. Photo of the working day
Timing is used in the preparation of documents rationing of frequently used

manual and machine times.
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A photo of a working day is a collection of all jobs in one shift.
Used in the manufacture of the product for the implementation of the
technological process
1. Labor man-number of hours
2. Labor intensity
3.Machine - number of hours
calculated.
Technical time norms are defined in three ways:
1. Calculation according to standards
2. Compliance with the consumption of working time
3. Comparison with existing standard codes
At the moment, we use machines of any brand available in laboratory

conditions, a device, cutting tools, a stopwatch, a vernier caliper, smooth

micrometers, machined and measured parts (Fig.6.4).

Figure 6.4 Workpieces to be processed and measured

For the experiments carried out, it is necessary to prepare the working
drawing of the workpiece (Figure 6.5) and the part.
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Figure 6.5 Working drawing of stock and part

Having familiarized yourself with the technological processing operations, it
IS necessary to draw up a sequence of work performed.

From the beginning, having measured Tpg Using a stopwatch, we write the
preparatory and final time into the table.

We consistently measure the auxiliary time - Tvs, which includes the
installation of the part on the machine in a three jaw chuck, fastening,
releasing the part, placing and fastening the cutting tool and

adjustment of the machine for cutting modes.

With the determination of the number of transitions and strokes, it is
necessary to make a setting for machine operations.

Then draw up a sketch map of technological processing operations.
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Figure 6.6 Machine operations

Using a stopwatch, measure the main time - Tos according to the sequence
of machined surfaces of machine operations (Fig.6.7) and place it in the

table.
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Figure 6.7 Surfaces to be treated

For operations with elementary order, a chronological sequence must be
drawn up. In laboratory conditions, standards must be adopted.

Consistently using formulas to calculate the technical norms of time - main,
auxiliary, preparatory and final, maintenance of the workplace and rest time.
Draw up the timing of this operation.

Work order:

1. Draw a drawing of the part to scale and familiarize yourself with the
operation data.

2. Determine the model and name of the machine.

3. Perform the installation on the machine resulting from the operation,
determine the number of moves and transitions and measure the preparatory
and final time.

4. Develop a route map of the operation. Draw up a sketch map of
technological operations.

5. Measure in laboratory conditions the main, auxiliary, preparatory and
final, maintenance of the workplace and the time of rest and record in the
table.

6. Calculate technical norms of time.

7. Draw up a timeline map and indicate the elements of the operation.
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Task: Technological Sketch of the measured part and operation

norms of time

Measurement results, min.

é Technological Inticators of stopwatch g
gloperations T T T T Towe | T |
1

2

3

4

5

Work completion date Work delivery date
Student's signature Teacher’s signature

Test questions:

1.What is the technical time standard?

2. What is included in the composition of the auxiliary, preparatory and final,
maintenance of the workplace?

3. What is the advantage of time from technical rationing?

4. What is timing and photography of the working day?

5. What are the important preparations for timing?

6. What is unit time and formula?
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MOVZU Ne7
KOSiCi ALOTIN OLCU YEYIiLMOSI

VO ONUN K9SMO YOLUNDAN ASILILIGININ TOYINI
Tapsiriq
1. Kasici alatin(sok.7.1) 6lgii yeyilmasinin kasmo yolundan asililiginin
eksperimecntal tocriibi yolla toyini.
2. Kaskinin 6l¢ii yeyilmosinin hesablanmasinin emprik asililigini qurmag.
Isin magsadi
Kasici alatlordan istifads bacariglarina yiyslonma. Kasici alatin yeyilmasini
monimsomak. Hissolorin forma meyllonmasina vo 6l¢ii xotasina sobob olan
mexaniki emal doqiqliyine birbasa tosirini toyin etmali.
Isin yerino yetirilmosi ii¢iin lazim olan cihazlar vo lavazimatlar:
Dozgah, xiisusi tortibatlar, kransteyn, indikator , saat tipli indikator, mikron
indikator, kasici alatlor — kaski, frez, burgu, kalibrlor, mikrometrlar, 6l¢i
tavaciglari, emal olunan pastahlar daxildir.
Isin yerins yetirilmo qaydasi:
1.Metalkosan alatlorin (sok.7.3) asas novlari, indikator, saat tipli indikator,
mikron indikator.indikatorlarin qurulusu va istifade sahslorini dyranmali.
2.Indikatorun dlcii skalasi iizro hesabat metodikasini islomoli.
3.Kaskinin yeyilmis sothini 6lgmoazdon avval otraf miihitin temperaturuna
uygun tabii vo ya siini yolla nail olmaq lazimdir.
4. Kransteynds mikron indikatoru elo barkitmok lazimdir ki onun 6l¢ii
uclugu koskinin ucluguna (torasing) toxunmus olsun. Indikatorun gorilmosi
0,1 mm-dir.
5.Kaskinin bu vaziyyatinds indikatorun gdstaricisini sifra qoyub koskini
cixarmaq lazimdir.
6.Verilmis ifadoyo asason biitiin vaxt intervallarina gors gedilon yolu
hesablamaq lazimdir. Sxematik formasi tortib edilmoli vo alinmis noticolori

cadvalo yerlosdirmali.
321



7. Naticalorin miioyyanloagdirilorak analizi .
Nozori moalumatlar:
Kasma nazariyyasinds kasici alotin yeyilmasing asas diqqgat yetirilir.
Yeyilmoanin qiymatindon asili olaraq kasici alatin iqtisadi dayanigligi
miioyyan olunur.
Kasici alatin yeyilmasinin bir ne¢a noviinii geyd etmok olar:

1. Arxa iiz iizro yeyilmo

2. Qabagq iz tizro yeyilmo

3.Eyni vaxtda hom qabaq hom do arxa iiz lizro yeyilmo
Tacriibi olaraq emal daqiqliyinin hesabatlarinda on vacib maraq doguran

masalolordon biri metalkason alatlorin dlgiilorinin yeyilmosidir.

Sakil 7.1 Kasici alot

Kasici alotin yeyilmasinin miimkiin godor birbasa vo dolayis1 yolu ilo 6lgmo
metodlart mécuddur.Daha daqiq birbasa 6lgmo metodudur. Birbasa 6lgmo
metodunda kosici alotin ucundan(topasindon) baza sothino qadar olan on
kicik mosafo gotiiriiliir vo 6lgiiliir. Bu 6l¢ma prosesini alot

mikroskoplarinda(sok.7.2) vo ya doqiq 6lgmso cihazlarinda aparilir.

Sokil 7.2 Alot mikroskopu
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Kaski va frez ilo emal

Pardaq dairalori ilo emal
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Burgu alatlori ilo emal

Sakil 7.3 Metalkasan alatlor

Kasici alatin yeyilmasi birbagsa mexaniki emalin doqiqliyine yoni emal
olunan hissonin forma vo 6lgiilorinin xotasinin yaranmasina sobab olur. Bu
yeyilmo masingayirma texnologiyasinda kasici alotin 6l¢ii yeyilmasi adlanir.
Olcii yeyilmasi kosici alotin ucundan(topesindon)(sok.7.4) emal olunan sotho

normal istiqgamotindo 6l¢iiliir.

YI1is

Sakil 7.4 Kasici alatin ucu (topasi)
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Kaskinin hodd yeyilmosi(sak.7.5) onun tam kiitlogorak miitloq doyisilmosing
gotirib ¢ixarir.
Miioyyan sayda hissolorin emalindan sonra dozgahlarin sazlanmasi bir gayda

olaraq alatlardas olc¢ii yeyilmasinin omolo golmosing sobab olur.

Sakil 7.5 Kaskinin hadd yeyilmosi

Masingayirma texnologiyasinda mexaniki emal zamani hesablama
doqiqliyini sadolosdirmok ti¢iin 6l¢ii yeyilmosi alotin koson tilinin metal
tizorindo getdiyi yoldan asili olaraq miioyyan olunur. Ona kaskinin getdiyi
yol deyilir vo L km-lo isaralonir. Kosma yolunun - L veriss - S hasili emal
olunacaq sothin sahasini - F tapmaga imkan verir. Kosmo omoliyyati zamani
alotin 0l¢ii yeyilmosi todricon geyri barabar omolo golir.
Kasici alatin yeyilmasini (sok.7.6) asason ii¢ dovra boliirlor:

1.1lkin yeyilmo 2.Normal yeyilms 3.Intensiv yeyilms - dagilma.
Kosma zamani ilk morhoalods - Likilkin yiiksok yeyilmo yaranir - Ujk. Daha
sonra normal morhalodo YOl - Lyop normal xatti yeyilmo ilo -Uxep xarakterizo
olunur.Ugiincii yeyilma morhoalosinds yeyilmo daha siiratl intensiv gedir va

sonu dagilma ilo naticolonir.
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Sakil 7.6 Kasici alatin yeyilmasini

[lkin yeyilmo morholosi vo dlgiisii alotin koson tilinin itilonmasinin vo
catdirma amoliyyatinin keyfiyyatindon asilidir. Keyfiyyatli itilonma vo
catdirma omoliyyat1 aparildigda ilkin yeyilmo oksoron olmur. Bu halda 6lgi
yeyilmasi intensiv yeyilmo morholosinoe ¢atana qodor biitiin emal yolu boyu
barabar olacaq. Yeyilmonin intensivliyi yeyilmo xattinin absis oxu ilo amalo
gotirdiyi bucagin qiymati ilo xarakterizo olunur.

Demok olar ki 6l¢ii yeyilmasi alotin materialindan, emal olunan hissonin
materialindan, kosmo rejimlorindon, kosici alotin hondosi dlgiilorindon vo
SYM(COX ) asilidir.

Xotti asililiq u= f(L) 7.1
texnoloji omoliyyatlarin konkret parametrlorinds intensiv yeyilmoni
xarakterizo etmoyo imkan yaradir.

Nisbi yeyilmo kasici alatin normal marhoalodo 1 km gedilon yolda mkm-Ia

ol¢ii yeyilmosidir:

=" =tga—~+, 7.2

Harada
Uo— nisbi yeyilmo mkm / mm;
Unop - Normal yeyilmo sahasindo 6l¢ii yeyilmoasi  mkm;
Luop - normal yeyilmo sahoasindo gedilon yol m;
My - 6l¢li yeyilmasinin miqyasi mkm/mm;
M —emal yolunun migyast  mkm/mm.
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Nisbi yeyilmonin qiymati miiayyon konkret soraitdo kasici alotin Olcti

yeyilmasinin dayaniqliligini xarakterizs edir.
Kassici alatin nisbi 6l¢ii yeyilmoasi Uo, emal olunacaq sothin sahosi — F vo
veris - S molum oldugda emalin xatasin1 toyin etmak olar.
Emal sathini yenidan itilonmis alatlo emal etdikde emal daqigliyinin
hesablamasinda onu nozars almaq ¢atin olur.
A.P.Sokolovskiy hesabatlarda ilkin yeyilmaya «alava yol» alava etmoyi
toklif etmisdir . Hans1 ki onun qiymati alatin kasan tilinin itilonmasinin vo
catdirma omoaliyyatinin keyfiyyatindon asilidir.
Ona asasan Ol¢ii yeyilmoasinin qiymati ifads ilo toyin olunur:

U=Uo (L +La), 7.3
harada L-emal yolu m;

L, - olavo emal yolu m.
Kasici alotin 6l¢ii yeyilmosini homginin bu ifads ilo toyin etmok olar:
U = Uik + Uol, 7.4
harada
Uik — ordinat 6lgusd.
Ol¢ii yeyilmosininin ayrilorinin forma vo meyllonmosi emal olunan hissonin
materialindan, kosici alotin materialindan, kosmo rejimlorindon, kasici alotin
handasi 6lciilorindon vo SYM(COX ) asili olaraq doyiss bilor.
Hal hazirda istifads olunan koson hissasi bark xslitodon olan kasici alotlorin
tomiz emal zamani 6l¢li yeyilmoasi dyronilir- todqiq edilir. Tadqiqi olaraq
Ol¢ii yeyilmoasininin doyisikliklorini kasici alotin ucundan(topasindon)
se¢ilmis bazaya qodor olan masafs kimi toyin etmok olar. Koskinin 6l¢gmo
zamani temperaturunu daimi sabit saxlamaq lazimdir. Hor 6l¢gmadon ovval
kaskini sabit temperaturlu su vannasinda saxlayib istifado edirlor. Todqigat
Olgmolori noticasindo kosmo yolundan asili(sok.7.7) olaragq novbati qrafik
alinir:
u= f(L)
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Sakil 7.7 Olgii yeyilmasinin - u kosmo yolundan - L asihhq qrafiki

Funksiyanin grafikini normal yeyilmo {i¢iin toxmini(approksimasiya) olaraq
xotti u= f(L) gotirsak A, vo A1 omsallarinin toyini
U=A,+ A1 L 7.5

izra olar.
Todqigat molumatlar1 kigik kvadratlar meodundan istifads edorok islodilir.
Bu halda grafikdoki ilkin yeyilmo ndqtosi nozors alinmur.
[fadodon biitiin lazim olan molumatlar1 toyin edarok aldo etmok olar.
u = Ai-dan

La= Ao/ A1 7.6
Hal hazirda ¢oxlu név vo miixtolif toyinath kasici alotlor(sak.7.8)

maovcuddur.
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Motbax kasici alatlori
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Bagban kasici alatlori
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Carrahiyys kasici alatlori
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Taxta iiciin kasici alatlori
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Diiz kasici xatkes
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Almaz kasici alatlori

Metal iizra Borfrez PFERD
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Burgulama kasici alatlori
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Frezloma kasici alatlori

Miiasir kasici alatlori
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Metalkasan alatlor

Sakil 7.8 Miixtalif toyinath kasici alotlor

Kaskilarin(sak.7.9) 6l¢ii yeyilmasini dyronacayik.Bu amoliyyat tomiz emal

zamani kosmo rejimlorindon istifads edorok yerino yetirilir.

Tutqac

Koason

hisso

Sakil 7.9 Koaski
336



Kaski asason iki hissadan ibaratdir:
1.Kasan hissa
2. Tutgac —( tiys- govda)
Kasan hissa gabaq soth -5, osas arxa soth-1, kdmokg¢i arxa soth -2, osas
kosan til-6, komokgi kasan til--4, ucluq(topa)-3 hissalorindon ibaratdir.
Torna kaskilori forqlonir:
1.Kecon — xarici silindrik vo konus sothlori emal etmok {ic¢iin
2.Yonus —kecon vo dayag— tam vo yarimgig(kor) yuvalari emal etmok {igiin
3.Dograma — pastahlar1 dogramagq iiciin
4.Yiv — daxili va xarici yivlorin emali ti¢lin
5.Fasonlu — fasonlu sathlori emal etmak {igiin
6.Kason — dairovi ganovcuglarin emal: ti¢iin
7.Qaltelli— vallarin pillalorarasi kegidlorini radius ilizra emal etmoak {igiin

Torna kaskilori emalin xarakterindon asili olaraq forqlonir:

1.Kobud emal tgiin
2.Yarimtamiz emal Ggln
3. Tamiz emal Gcln

Torna kaskilori emal zamani verisin istigamatindan asili olaraq forqlonir:

1.Sag
2.Sol
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Torna kaskilori konstruksiyalarindan(sok.7.10) asili olaraq forqlonir:

1.Butov

2.Qaynaq vo ya parcimlonmis lovhacikli

Sokil 7.10 Miixtalif konstruksiyah kaskilar

Hal hazirda kosici alotin 6l¢ili yeyilmosini toyin etmok ii¢iin miioyyon
soraitindo olan dozgah, xiisusi tortibatlar, kransteyn, indikator , saat tipli
indikator, mikron indikator, kasici alotlor — kaski, frez, burgu, kalibrlor,
mikrometrlor, 6l¢ii tavaciglari, emal olunan pastahlar istifads edilir.
Isi yerino yetirmok ii¢iin pastah1 Torna dozgahinda yerlosdirib barkitmok
lazimdir. Emal amoliyyatinindan sonra kaskini ¢ixarib su ils dolu vannada 5
daqiqga saxlayib dlgiisiinii 6lgmok ii¢ilin xiisusi tortibatda yerlosdiririk.
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Kaskini xiisusi tortibatda (sok.7.11) elo yerlosdirmok lazimdir ki, kaskinin
tutgacinin (tiyasinin-gdvdasinin) sothi tortibatin yerlosdirma sothino tam

otursun.

.bA
e
o

Sokil 7.11  Kasici alatin 6l¢ii yeyilmasini toyin etmak ii¢iin tortibat:

1—govda , 2 —Kkaski, 3—dayaglar, 4 —situn, 5 —indakator.

Kransteynin tortibatinda mikron indakatoru(sok.7.12) yerlosdirib barkidirik.
Indikatorun 6lgon uclugu elo yerlosdirilmoalidir ki, o koskinin

ucluguna(topasine) toxunsun. Indikatorun gorilmosi 0,1 mm-dir.

Sokil 7.12 Mikron indakatoru

Kaskinin bu vaziyyatinds indikatorun(sak.7.13) gostaricisini sifra qoyub
kaskini ¢ixarmaq lazimdir.

Boylik siferblatin lizorindoki bolgiilorin say1 100-o barabardir. Hor bolgiiniin

qiymati 0,01 mm-dir. Balaca siferblatin gostaricisi boyiik siferblatin
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aqgrabinin harakati ilo yaranan dovrlor saymi gostorir. Yoni boytlik aqrab bir

tam dovr etdikds kicik aqrab bir bolgii godar harakot edir.

Sokil 7.13 Indakator

Yeyilmis sothin 6l¢iilmasi tigiin indikatordan istifads olunur.

Mexanizm pazlhi 6tiirmo vo hesablayici indikatordan ibarotdir. Yeyilmoni
Ol¢on zaman O6l¢ii xotti ilo koskinin uclugunun bir-birinin {izorino diismosini
tomin etmok {i¢ilin tortibat morkozlogdirici korpliciiklo tohciz edilmisdir.
Koskini koskitutanda elo yerlosdirmok lazimdir ki, onun uzununa oxu
dozgahin oxuna perpendikulyar olsun.

Ardicil olaraq dozgahi verilmis rejimo sazlamaq lazimdir. Dozgahi igo saliriq.
Iso basladigdan 2 doqiqo sonra koskini postahdan konara c¢okib dozgahi
sondardrdk.

Sonra kaskini dozgahdaki alot tortibatindan ¢ixarib, soyudub va sonra xiisusi
tortibatda yerlosdirib borkidirik.Ardicil olaraq koskinin koson tilinin 6l¢iisiinii
indikatorla 6l¢iib avvalki gostoricisi ilo miigayiso edirik.

Kaskini yerlosdirmozdon avval vo koski sixarildigdan sonra indikatorun

Olcon uclugu dityms ilo geri qaytarilmalidir.
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Biitiin zaman intervallarindan asili olaraq kasmo yolunu ifadodon istifads
edorok hesablamali:

L =vT/1000 1.7

Harada v- kosmo siirati  m/daq;

T- kosici alotin ig vaxti — emal vaxtt  daq .
Qrafikdo L, Ui koordinatlarint qurmaq. Todqiqat zamani aldo olunmus
bltin gostaricilorin hesabatini aparmaq. Sonunda aparilmig 6lgmalori,
hesabatlar1 cadvalds qeyd etmok.
Isin yerina yetirilmo ardicilhig:
1. Pastahi Torna dozgahinda yerlosdirmali va barkitmali.
2. Krangteyn tortibatinda mikron indikatoru barkitmali. Koskinin bu
voziyyotindo indikatorun gostoricisini sifra qoyub koskini ¢ixarmaq
lazimdir.
3.Dozgahi verilmis rejimo sazlamali vo iso salmall.
S$=0,1+ 0,2 mm/daq; t = 0,2+ 0,5 mm; v = 50+ 100 m/daq.
4. Dozgah iso basladigdan 2 doqigo sonra koskini postahdan konara ¢okib
dozgah1 sondiiriiriik.Sonra koskini dozgahdaki alot tortibatindan ¢ixaririq.
Emal omoaliyyatinindan sonra koskini ¢ixarib su ilo dolu vannada 5 doqigo
saxlayib soyudurug.
5. Kaskini tortibatda yerlosdirib koskinin koson tilinin 6l¢iisiinii indikatorla
olciib qeyd edirik. Indikatorun avvelki gdstoricisi ilo miiqayiso edirik
6. Biitlin vaxt intervallar1 {iglin kosmo yolunu hesablayiriq.
T-2,5,10,20,30,40 doq .
7. Qrafikdo L, ui koordinatlarini qurmaq. Todqiqat zamani aldo olunmus
biitlin gostoricilori geyd etmok.

8.Hesabati tortib edib cadvalds qeyd etmok.
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Tapsiriq: Yeyilmonin Olgiilocok kaskinin eskizi

Hissa Ne

Olciilmasi

i

i
¥

Ol¢monin noticesi , mkm

Kaskinin tacriibonin avvalindon
1s vaxti,
él_' Adi T doq
& 0 5 | 10 | 20 | 30 | 40
Kasma yolunun
1 [uzunlugu L, m
Koaskinin ol¢ii
2 | yeyilmasiUg, MKkM
Islomo tarixi Isin tohvil tarixi
Toalobonin imzasi Miisllimin imzas1

Yoxlama suallar::
1. Kosici alatlor. Novlori vo totbiqi sahoalori?
2.Mikrometrik indikator is prinsipi, bolgusu, 6l¢ti skalas1?
3. BAM -boyiik alot mikroskopu vo totbiqi sahalori?
4. Koskilor, ndvlori va totbiqi sahoalori?
5. Kosici alotin 6l¢li yeyilmosi vo onun kasma yolundan asililigi1?

6. Indikatorun osas skalas1 vo 6l¢ii vahidi?
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TEMA Ne 7/
PASMEPHBIA M3HOC PEXYUIEI'O UHCTPYMEHTA U

ONPEJAEJIEHUE EI'O 3BABUCUMOCTHU OT IIYTHU PE3AHUSA
3anauva:
1.OKcriepuMEHTAIBHO UCCIAE0BATh 3aBUCUMOCTH Pa3MEPHOTO U3HOCA
pexyiero uHCTpymenTa (puc.7.1) oT myTu pe3aHusi.
2. ITocTpouTh SMOUPUUECKYIO 3aBUCUMOCTb JJIsl pacueTa BETUYUHBI
pa3MEPHOro U3HOCA pe3la.
eab padoThI:
[IpuoOpereHre HABBIKOB TMOJB30BAHUS PEXKYIIUMH HWHCTPYMEHTAMH.
OcBoeHME U3HOCA PEXYIIEro MHCTpyMeHTa. OnpeaennTb HENOCPEICTBEHHO
BIUSHUE HA TOYHOCTh MEXaHWUYECKOW O0O0paOOTKM KOTOPBIM MNPUBOAUT K
NOTPEIIHOCTIM (HOPMBI U pazMepa o0pabaTbIBa€MbIX JeTanei.
CpeacTBa usMepeHusi U u3MepsieMble 00beKThI VISl BbINOJHEHHUS
padoThI:
CraHOK, crienMagbHble MPUCITOCOOICHUS, KPOHILITEHH, HHIUKATOP,
UHIMKATOP YaCOBOTO TUIIA, MUKPOHHBIN UHIUKATOP, METAJIOPEKYIIUE
UHCTPYMEHTHI - pe3Iibl, Gpe3bl, CBepia, KAIMOPbl, MUKPOMETPHI,
TUIOCKOTIapalyieIbHbIe KOHIIEBBIE MEphI, 00padaThIBaeMbI€ 3aTOTOBKH.
IIpaBuia BbINOJTHEHHUS PadOThI:
1.OcHOBHBIE BUIBI METALIOPSKYIIHX HHCTPYMEHTOB (puc.7.3),
WHJMKAaTOPOB, HHIMKATOP YaCOBOI'O0 THIIA, MUKPOHHBIN MHIUKATOP.
N3yyenue oTcYeTHBIE YCTPOUCTBO HHANKATOPOB U 00JIACTh TPUMEHEHUSI.
2.Pa3paboTaTh METOIUKY OTCYETa OCHOBHOM IIKAJIBI HMHIAMKATOPOB.
3. [lepen m3mepenuem pesia He0OXOIMMO AaTh €My BpeMsl Ha OCTHIBAHHE
WJIU TTPOU3BOJIUTHh HCKYCCTBEHHOE €0 OXJIAXKJIECHUE JI0 TEMIIEPATypPhl
OKPY’KAIOIIEH CpEBbI.
4. Ha xpoHIITEITHE MPUCTIOCOOJICHUS 3aKPEMUTh MUKPOHHBIN UHIUKATOP TaK

KaK U3MCPHUTCIIbHAA IIOBECPXHOCTD INIOCKOT'O HAKOHCYHMKA MHAHUKAaTOPa
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JOJKHA KacaTbesl BepIIMHBI pe3na. Hatar naaukartopa 0,1 Mm.
5.IIpu TakOM NOJIOKEHUHU pe3la HUHAUKATOP MOCTABUTh, HA HYJIb U CHSAT
peser.
6. [loncunTtarh MyTh pe3aHus i1 BCEX HHTEPBaAJIOB BpemeHu 1o ¢popmyiie. [1o
JTAHHBIM pE3yJIbTaTaM COCTABUTh CXEMAaTHYECKYIO TaOJIUIly U3MEPECHUS.
7.0npenenuTh aHalu3 Pe3yJIbTaTOB.
TeopeTnyeckue cBeIeHUA:
B Teopuu pezanus yaenseTcss BHUMAaHUE U3HOCY PEXKYIIEro HHCTpyMeHTa. C
€ro BEJIMUYMHOW ONPEAENSIETCS NEPUO] SIKOHOMUYECKON CTOMKOCTH
WHCTPYMEHTA.
MO>KHO BBIJICJIUTH HECKOJIBKO BUJIOB U3HOCA!

1. ITo 3aiHE# TOBEPXHOCTH

2.I1o nepenHe MOBEPXHOCTH

3.I1o 3apHe#n u nepeaHel MOBEPXHOCTIM OJHOBPEMEHHO.
[IpakTryeckuii pa3MepHbI U3HOC METATUIOPEKYIINX HHCTPYMEHTOB

mpeaAcCTaBJICT HHTCPEC TOJBKO IIPpU paCdCTaX TOUYHOCTH 06pa6OTKH.

Pucynok 7.1 Pexkymumii HHCTPYMEHT

CymiecTByeT JOCTaTOYHOE KOJIMYECTBO MPSAMBIX U KOCBEHHBIX METOJIOB
M3MEPEHUS Pa3MEPHOro U3HOCA UHCTpyMeHTa. Hanbosnee TouHbIMU
SBJISIIOTCS IPSIMbIE METO/AbI U3MepeHus. [IpsiMbie MeTOABI H3MEPEHUS
YMEHBILICHUS pa3Mepa OT BEPUIUHBI PEKYIIETO JIe3BUS HHCTPYMEHTA J10

onpeiesIeHHON 0a30BOM MOBEPXHOCTH WM TOYKU HA HHCTPYMEHTE.
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Hanpumep, Ha onpaske pe3na. Takoe n3amMepeHrne MOXKHO TPOBOAUTH
100 C MOMOIIBI0 MUKPOCKOIIOB (prc.7.2), TMO0 TOYHBIMU U3MEPHUTEIbLHBIMU

npudopamu.

-~
O i

-

Pucynox 7.2 HNHcTpyMeHTAIBHBI MUKPOCKOII

Oo0padorka pesuamu M ppesoit
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O0paboTka CcBepJIMIHBIMM HHCTPYMEHTAMH

Pucynox 7.3 MeTtajuiopeskyie HHCTPYMEHThI
346



N3HOC pexxyliero MHCTpYMEHTa HEMOCPEICTBEHHO BIMSET Ha TOYHOCTH
MEXaHU4eCKO 00pabOTKH, TPUBOIS K OTPEMIHOCTAM (DOPMBI U pazMepa
oOpabaTbIBaeMbIX JeTajeH.

DTOT U3HOC B TEXHOJIOTMH MAIIMHOCTPOEHUS Ha3BaH pa3MepPHbIM U3HOCOM
PEXYLIEro HHCTpYMEHTa. Pa3MepHBIM H3HOCOM H3MEPSIETCS Ha BEPIINHE

(puc.7.4) MHCTpYMEHTA B HANIPABICHUH, HOPMAILHOM K 00pabaThiBacMOM

MTOBEPXHOCTH.
j a ! 6 }% B r
Pucynok 7.4 Bepmmna uHCTpymMeHTa

[Mpenenbubiit u3HOC (puc.7.5)3TO MOAHOE 3aTyIJICHHE, TPUBOIUT K
HE0OXOIUMOCTH ero 3ameHbl. [lepuonnyueckre moJHaCTPOUKU CTAHKOB TIPH
00paboTKe mapTuil AeTane, Kak MpaBHUIIO, BBI3IBAIOTCS Pa3MepPHBIM
HU3HOCOM MHCTPYMEHTA.

L

Pucynok 7.5 IIpenenbHbIN H3HOC MHCTPYMEHTA

JIJist ynpoIieHus: pacueToB TOYHOCTH MEXaHMYECKO 00pabOTKH B
TEXHOJIOTUH MAITMHOCTPOCHUS Pa3MEPHBIA U3HOC U3YYaEeTCsl B 3aBUCUMOCTH
OT IIyTH, POMJICHHOTO JIE3BUEM HHCTPYMEHTA B METaJlIe - MyTh pe3aHus L

B KM.
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YMHOXas myTh pe3anusa —L Ha mogady -S, MOKHO JIETKO OJTYYHTh
mwiomaab-F o6padoTanHoi moBepxHocTU.Pa3mepHbIil H3HOC MHCTPYMEHTA B
IIPOLIECCE PE3aHMS TPOTEKAET HEPABHOMEPHO.

PaznuuaroT Tpu 30HBI U3HOCca (puc.7.6) HHCTpyMeEHTA:

1. HagyanpHOro nznoca nucrpymenta 2.HopManbHOro usHoca
uHctpymenTta3.Katactpoduueckoro n3noca UHCTpyMeHTa. B HauanbHbIN
nepuoj] pe3aHusl Lyaq MPOMCXOIUT MOBBIIIEHHBIA HAYAIbHBIA U3HOC Unax.
Jlanee HactymaeT HanOoJiee MPOAOIKUTEIbHBIN MeprUoa - MyTh Luop
HOPMAaJIBHOT'O U3HOCA Unop, XAPAKTEPU3YIOLIUNCS JIMHEWHOW 3aBUCUMOCTBIO
pa3MEPHOro M3HOCA OT MyTH pe3aHud. [leprol NHTEHCUBHOTO
KaTtacTpo(puueckoro u3Hoca MPUBOIUT K Pa3pylICHUIO PEXKYILETo JIe3BUS

UHCTPYMEHTA.

- _*__.__r““
L] _‘/"’
-

& f+*~fr

== pbpaioTEH=HEe {OTC

=i umht s SEpalares DOTC

o 0000 100000 130030 o000 30000 300000 350005

Pucynok 7.6 30HBI H3HOCA MHCTPYMEHTA

[lepron HaYaIbHOTO M3HOCA U €r0 BETMYMHA 3aBUCST B OCHOBHOM OT
Ka4yecTBa 3aTOYKHU U JOBOJKU UHCTpyMeHTa. [Ipu xopoiieii 3aTouke u
JIOBOJIKE TIEPUOJI HAYAIBHOTO TMOBBIIIEHHOTO H3HOCA MOYKET COBEPIICHHO
OTCYTCTBOBaTh. B 3TOM cirydae pasMepHbIil H3HOC Ha BCEM MyTH PE3aHUS J10
nepuojia KaracTpoPpuIeckoro n3Hoca OyJaeT paBHOMEPHBIM.
NHTEeHCHBHOCTD M3HOCA XapaKTEPU3yeTCs YIIIOM HAKJIOHA JIMHUMA U3HOCA K
ocu abcnuce. Torga pasMepHbIN U3HOC 3aBUCHT OT MaTepuaia
WHCTPYMEHTa, 00pabaThiBa€MOTro MaTepuaia, peKuMa pe3aHus, TeOMETPUN
pexymero uncrpymenta u COX.

JluneitHas 3aBUCUMOCTD u= f(L) 7.1
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JAeT XapaKTepU30BaTh MHTEHCUBHOCTh U3HOCA MPU KOHKPETHBIX
IapaMeTpax TEXHOJIOTMYECKOTO IPOIECCa.

OTHOCUTENBHBIM H3HOCOM HA3bIBAECTCS PAa3MEPHBIM M3HOC PEXKYIIErO
MHCTPYMEHTa B MKM Ha IIyTH pe3aHusi B 1KM B 30HE HOPMAJILHOTO

HN3HOCA:

u, = ‘i ~tga l\'\ﬂ , 7.2

Hop L
I'e Uo— OTHOCHUTEIIBbHBIM U3HOC B MKM/MM;
Ukop - Pa3MEPHBIN U3HOC HA YYaCTKE HOPMAJIBLHOTO U3HOCA B MKM;

Luop - IIyTh pe€3aHUs HA Y4acCTKE HOPMAJIbHOTO U3HOCA B M;

M, - Macitab pa3MEepHOTO U3HOCA B MKM/MM,;
M\ -macmTab myTy pe3aHusi B MKM/MM.
BenuunHa OTHOCHUTENBHOTO U3HOCA XapaKTEepU3yeT pa3MEepPHYIO
MU3HOCOCTOMKOCTD PEXYIIEr0 MHCTPYMEHTA MPU KOHKPETHBIX YCIOBUSIX
00paboTKH. 3Hasi OTHOCUTENBHBIN Pa3MEPHBIN U3HOC PEXKYILETO
UHCTpyMEHTa Uo , IUTOIIAIb 00pabaThiBaeMoii MOBEpXHOCTH F u momauy S
MO>KHO OTPEEIUTH MOTPEIIHOCTh 00PabOTKH.

CoXHO YIUTBHIBACTCS B pacdyeTax TOYHOCTH 00pabOTKH Korja oopadboTka
MOBEPXHOCTH HAYNHAETCS BHOBb 3aTOUYEHHBIM HHCTPYMEHTOM.
A.T1.CokonOBCKHI NPENIOKUI MPU pacyeTax yYUThIBaTh HaYaIbHBIN U3HOC
MyTeM MPUOABICHUS «IOMOJHUTEILHOTO MyTH». BenmnunHa KOTOpPOTo
3aBUCUT OT KauecTBa 3aTOYKH U IOBOJKH PEXKYIIEr0 UHCTPYMEHTA.

[Tpu 5TOM BenmurHA pa3MEPHOTO U3HOCA OMpeIETsseTcs o popMyIie
U=Uo (L + Lon), 7.3
rae L- myTh pe3aHus B KM;

Lxon - AOTIOTHUTENBHBIN MTYTh B KM.

Pa3MepHbIil U3HOC PEXYIIEr0 MHCTPYMEHTA MOKHO TaK)Ke OMPEENsATh U 10
dbopmyre:
U = Unau + Uol, 7.4
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TA€ Uyayw — BEJIMYMHA OPJAVHATEI.

@opma 1 HAKJIOH KPUBBIX PAa3MEPHOIO0 HM3HOCA MOT'YT 3HAYUTEIBHO
M3MEHSTHCS B 3aBUCUMOCTH OT 00pabaTbiBaeMOro Marepuaia, Marepuania
PEXKYILIEr0 MHCTPYMEHTA, PEXKUMA PE3AHUS, TEOMETPUH  PEXKYILETO
uHctpymenta, COX.

B nacTostimieit pabote u n3yuyaercs pasMepHbIi U3HOC PE3I0B, OCHAIIIEHHBIX
MJIACTUHKAMU TBEPJOTO CILJIaBa, IPU PEKUMAaX pEe3aHUs] YUCTOBOU
00paboTKH.

OKCIEpUMEHTAIIBHO PAa3MEPHBIA M3HOC MOYKHO OINPEAETUTh U3MEHEHUEM
OT BEpUIMHBI pe3lia 10 BIOpaHHOW n3MepuTtenbHol 6a3el. Heooxoanmo
BBIJICPKMBATh IMOCTOSHCTBO TEMIIEPATYpPhI pe3lia MPU €r0 U3MEPECHUSIX.
KaxnapiM u3mMepenueM pesell BhIAECPKUBAIOT B BAHHE C BOJIOM MOCTOSIHHOM
Temiepatypsl. B pesyibTare npoBeneHus 3KcrepumenTa (puc.7.7) Oymet

noJiydeH Tpaduk

u= f(L)

Pucynok 7.7 I'pa¢guk 3aBMCMMOCTH pa3MepHOro U3Hoca- U
OT myTH pe3anmus — L
O6paboTka Tpaduka CBOAUTCS K JMHEWHOH anmpoKCUMAaIuu QyHKIUU U =

f(L) ma HOpMaJIBHOTO M3HOCA, T.€. K ONPEACIICHUIO KOOPPUITUCHTOB A, U
A1 B ypaBHEHUHU

U=Ao+ A1 L 7.5
OO6paboTKM IKCIEPUMEHTATBHBIX JAaHHBIX MPOU3BOIUTCS METOJI0OM
HanMeEHbINX KBaapaToB. [Ipuy o0paboTke HE MPUHUMAIOTCS BO BHHMaHHUE

TOYKH Fpa(l)I/IKa, JCXKaIMe Ha Ha4dYaJlbHOI'O M3HOCA.
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W3 ypaBHEHHUsI ONpeAeNstoTCs BCE JaHHbIE, HEOOXOIUMBIE [T pacdera
MOTPEIIHOCTH 00pabOTKH OT Pa3MEPHOr0 HM3HOCA PEXKYIIETO
MHCTPYMEHTA, TaK Kak U = Au;

Lon= Ao/ A1 7.6
B HacTositiee Bpemsi CyIIeCTBYET MHOTO BHJIOB PEXYIIUX HHCTPYMEHTOB

(puc.7.8) pa3HOro Ha3HAYCHUSI.

o . SUNATWT —
ML ADAME A MR TUOON AN e R by~

OCHOBBI IIUTHhS1 MSATKHX UTPYILIEK - Pe:KylHe HHCTPYMEHThI
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Xupypruueckue peskyunige WHCTPYMEHTbI
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Pexxymiuii HMHCTPYMEHT IO JepeBy
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bypoBoii HHCTPYMEHT ISl CKBAKUH

IOBeiupHble WHCTPYMEHTHI

JIunelika npsiMoii pe3Kku
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bopdpesst o merasty PFERD
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CaepJniibHbIE peKylIe WHCTPYMEHTHI
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dpe3epHble pexxylIie HHCTPYMEHTbI

CoBpemMeHHBbIC pesKylIie WHCTPYMEHTbI
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MeTajuiope:kyniue MHCTPYMEHTBI

Pucynok 7.8 Pexxymime MHCTPYMEHThI PA3HOI0 HA3ZHAYEHUS

B Hacrosiieit paboTe nzydaeTcst pa3MepHbIi n3HOC pe3ioB (puc.7.9). I1o

BBIIIOJIHAIOT ITIPHU PCIKUMAX PC3aHUA YHCTOBOM O6pa6OTKI/I.

Hepxcabka

Pexcywas
qyacme

Pucynok 7.9 Pe3sen
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Peserr B OCHOBHOM COCTOUT M3 ABYX YacTe:

1.Pe:xymasi yactb

2. lep:xxaBka
Pexy1as 9acTe COCTOUT W3 MEPENHAS MOBEPXHOCTD-S, TJIaBHAS 3aIHSA
MMOBEPXHOCTh- 1, BCIIOMOTaTeIbHas 3a/THSS TTIOBEPXHOCTh-2, TJIaBHAS
pexyIas KpoMKa-6, BCloMorareiabHas pexymias KpoMka-4,
BEpIIIMHA pe3la-3.
Pa3iu4yaT ToKapHble pe3lbl:
1.IIpoxoaHbie — 1 00TaYMBAHUS HAPYKHBIX ITUITHHAPUICCKUX U
KOHUYECKHX TTOBEPXHOCTEH
2.PacTouHbIe — IPOXOJIHBIC M YITOPHBIC — JIJIS PaCTaYMBAHUS TIYXUX U
CKBO3HBIX OTBEPCTHUI
3.0Tpe3Hble — I OTPE3aHUs 3aTOTOBOK
4.Pe3b00Bble — JIJ151 HAPE3aHUs HAPYKHBIX U BHYTPEHHUX PE3b0
5.®aconnble — 111 00paboTKU (h)aCOHHBIX TTOBEPXHOCTEH
6.I1pope3Hble — /17151 TPOTAYMBAHUS KOJIBIIEBBIX KAHABOK
7.'anTesibHBIE — U1 O0TAYMBAHUS TIEPEXOAHBIX IIOBEPXHOCTEH MEXKTY
CTYTICHSMH BaJIOB I10 PAJIAYCY.

Kaaccupukanus TokapHbIX pe3loB 110 XapakTepy 00paboTKu:

1.YepHoBbIe

2.1TonyuncroBbie

3.YucroBble
Kuaccudpukanusi TOKapHbIX Pe310B M0 HANPABJIEHUIO JIBHKCHUS
HONERL

1.IlpaBbie

2.JIeBbIE



http://www.mtomd.info/archives/2133
http://www.mtomd.info/archives/2133

Knaccudukanusi TOKApHbIX pe31oB no KoHcTpykuuu (puc.7.10) :

1.IleabHbIC

Pucynox 7.10 Pe3ubl pa3zHbIX KOHCTPYKIUH

B naHHBIIT MOMEHT ISl ONIpEACIICHUS U3HOCA PEXKYITUX HHCTPYMEHTOB
UCIIOJIB3YETCSl CTAHOK, CIICIUAIBLHBIE MPUCIIOCOOTIEHUS, KPOHIITEHH,
WHIUKATOP, MHIUKATOP YaCOBOTO THIIA, MUKPOHHBIN UHANKATOP,
METaJUIOPEKYIINEe HHCTPYMEHTHI, PE3Iibl, Ppe3bl, CBepa, KaTHOpPhI,
MHUKPOMETPHI, TUIOCKOTIapaIeIbHbIE KOHIIEBBIC MEPhI, 00padaThIBacMbIC
3arOTOBKH.

Jlist mpoBeieHnst pabOThI 3aTOTOBKY HAJ/I0 YCTAHOBHUTH M 3aKPEMUTH Ha
TokapHOM ctaHke. [lociie 00paboTKu AeTany CHUMaeM pesel] ’

OMYyCKaeM B BaHHY C BOJOM uTO OBl OXJIAXK/IATh €r0 B TE€YEHUE 5 MUH.
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YcranaBnuBaeM pesell B mpucrocodiaeHuu (puc.7.11) Ttak, 4roObI 0a30BbIC
IUTOCKOCTH JICPYKaBKH pe3lia IUIOTHO MPHJIETalid K YCTAHOBOYHBIM

MOBEPXHOCTSIM MPHUCIIOCOOJICHHUS.
1 Z. 3
A as
?FEKK \\ + 1= g
—
A ;

(& AL

Pucynok 7.11  Ilpucnoco6.ienue aJisi uBMEePeHUsI Pa3MepPHOro
H3HOCA pe:Kyllero MHCTpyMeHTa:
1 — kopmyc, 2 — pe3en, 3 — onoOpbI, 4 — CTOIKA, 5 — MHIUKATOP

3akperiieM Ha KpOHIITEHHE MPUCIIOCOOIECHUS MUKPOHHBIM UHIUKATOP
(puc.7.12) . I3smepuTenbHasi MOBEPXHOCTD IJIOCKOTO HAKOHCUHHKA
WUHIUKATOpa JOJDKHA KacaThCs BEPLIMHBI pe3la. B OCHOBHOM HaTAT

unaukaropa 0,1 mm.

Pucynok 7.12 MuKpOHHBIH HHAUKATOP

[Tpu TakoM moJI0XKeHUH pe3iia nHauKatop (puc.7.13) mocraBuTh, HA HYJIb U
CHSAT pe3ell.

[Ipenen n3mepeHuit AeNEHNU MO OCHOBHOM LIKajie y uHAMKaTopa paseH 100.
Iena xaxxgoro nenenus pasex 0,01 mm. B maamkaropax 3Toro tuma

NEPEMCIICHUEC N3MCPUTCIIbHOI'O CTCPIKHSA BBI3BIBACT IICPCMCIICHUC 0O0BIION
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CTpPEJIKH N0 OCHOBHOW mmikaie. I[lepemenieHne Manol CTPENKU IO Majoi
IKane.

MarneHbkasi IIKajga SBJISIETCS yKa3zaTeJleM I[OBOPOTOB W MO HeH
OTCUUTHIBAETCS 1I€JI0€ YUCIO0 000pOTOB OO0JbLION cTpenku. OAHO AeneHue

MaJICHbKOM IIKaJIbl 3TO OAUH 000POT OOJIBIION CTPEIIKH.

Pucynok 7.13 NuaukaTtop

N3mepuTenbHbIM yCTPOWCTBOM CIIYKUT UHIMKATOP U3MEPSIONINN U3HOC
nopepxHocter. MTHaAuKaTop B OCHOBHOM COCTOMT M3 KOPIyCa C PYKOSTKOM,
MU3MEPUTENBHOTO CTEPKHS U CMEHHOTO U3MEPUTENbHBIN BCTaBKU. J[is
obecrieueHus] N3HOCOCTOMKOCTH U3MEPUTEIIBHOM CTEPIKHEH U CMEHHOM
W3MEPUTEIIbHOM BCTABOK M3TOTABJIMBAIOT U3 TBEPAOrO CIUIaBa WU
JIETUPYIOLIEN CTaju.

Hano ycraHOBUTH M 3aKkpenmuTh pe3el] B pe3leAeprkaresie Tak, YTOObI €ro
MPOJI0JIbHAS OCh OblIa MEepPHEHAMKYJISpHAa Ocu cTaHka. [lociemoBarenbHO
HAaJI0 HACTPOWTH CTAaHOK Ha 3aJaHHBIM peXuM pe3aHus. [lyCTUTh CTaHOK.
Yepes 2 muH mocie Hadajga pabOThl OTBECTH pe3ell OT 3aroTOBKU M
BBIKJIFOYUTh CTaHOK. CHSATh CO CTaHKa, OXJAJAUTh, YCTAaHOBUTb B
MPUCIIOCOOJICHHE U MU3MEPUTh BEIIMUYUHY PAa3MEPHOTO M3HOCA KaK Pa3HOCTh

JIBYX MOKAa3aHUW UHIUKATOPA.
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Ilepen ycTaHOBKOM M CHSATMEM pPE3LA HM3MEPUTEIbHBIA HAKOHEYHHK
MHIUKATOpPa JOJIKEH OBITh OTBEAEH 32 YT OBKY.

[ToacunTaTh MyTh pe3aHus AJIsI BCEX UHTEPBAJIOB BPEMEHH 10 popMyrie

L =vT/1000 7.7

['me V- ckopocTh pe3aHHsi B M/MHH;

T- Bpemst pabOTHI pe3iia OT Havajaa padOThl B MUH..
Hanectu Touku ¢ koopaunaramu L, Ui Ha rpaduk u o6paboTath
pe3yabTaThl PKCIIEPUMEHTOB TaK, KaK yKa3aHO BBIIIE, TPOBE/IS BCE
HEO0OXOAMUMBIE PACUETHI.
U B KOHIIE COCTaBUTh OTYET U 3aMUCATh B TAOJIHILY.
IMopsinok BbINMOTHEHUS] PabOOTHI:
1. YcTaHOBUTH U 3aKpEeNUTh HA TOKAPHOM CTaHKE 3arOTOBKY.
2. 3aKkpenuTh Ha KPOHIITEHHE MPHUCIIOCOOICHIUSI MUKPOHHBIA MHIIUKATOP.
[Tpu TakoM MOJOKEHUHU pe3lia MHIUKATOP MMOCTaBUTh, HAa HYJIb U CHST pe3ell.

3. HaCTpOI/ITL CTaHOK Ha Ba,Z[aHHBIﬁ PCXKUM pPC3aHUA U TYCTUTDb CTAHOK.

S=0,1+ 0,2 mm/muH; t = 0,2+ 0,5 mm; v =50+ 100 m/MuH.

4. Yepes 2 MUH TIOCTIE Hadana pabOThI OTBECTH Pe3ell OT 3aTOTOBKH H
BBIKTIOYUTH CTaHOK. CHATH co cTanka. OnmyCTUTH pe3el] B BaHHY C BOJOM U
OXJIAKJIaTh €r0 B TEYCHUE 5 MUH.

5.YcTaHOBUTH B IPUCTIOCOOJICHUE W U3MEPUTH BEIMYUHY PA3MEPHOTO
M3HOCA KaK Pa3HOCTh JIBYX NMOKAa3aHWUN WHIAUKATOPA.

6. [ToncunTtaTh MyTh pe3aHMsl IS BCEX MHTEPBAIOB BPEMEHU
T-2,5,10,20,30,40muH. .

7. Hanectu Touku ¢ koopaunatamu L, Ui Ha rpaduk u o6paboTaTh
PE3YNIBTATHI IKCIIEPUMEHTOB.

8.CocTaBHTh OTYET M 3aIIMCATh B TAOJIHITY.
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3anava: M3mepenue DCKH3 H3MEPSIEMOro pe3ia
M3HOCa

Jletanp Ne

PesynbTaTel n3amMepeHnii, MKM

Bpewms paboTsl pe3nia oT Hauana
ol
% onsita, T MuH
=
g| Haumenosanue
Q
é’ 0 5 10 20 30 40
JlnvHa mytn
1 | pezanus L, m
Pa3mepHsIil n3HOC
5 pesna Uo, MKM
JlaTa BBIOTHEHHST pabOThHI JlaTta cnauu paboThI
[Toamuce crynenra [Toamnuce npenogaBaTens

KoHTpoabHbIE BONIPOCHI
1.Pexxymme nacTpyMeHThI. Buabl 1 00nacTh npumeHeHus?
2.MUKpOMETPHBIA UHIUKATOP, TOPSAIOK PaOOTHI, IIeHA JeICHUS
M3MEPUTENBHON IIKAJIbI?
3.bIM — Oonpmiod WHCTPYMEHTANBHBIA MHUKPOCKOT U o0nacTh
MIPUMEHEHHUS ?
4. Pe3iipl, BUABI U 00JaCTh NMPUMEHEHUS?
5.M3HO0C pexylero HHCTpYMEHTa U €ro 3aBUCUMOCTH OT MYTH pe3aHusi?

6. OcHOBHAas ITKaJla UHANKATOPA U SIUHUIIA U3MEPCHUS ?
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TOPIC Ne 7
DIMENSIONAL WEAR OF THE CUTTING TOOL AND
DETERMINATION OF ITS DEPENDENCE ON THE CUTTING
WAY

A task:
1. To experimentally study the dependence of the dimensional wear of the
utting tool (Fig.7.1) on the cutting path.
2. Construct an empirical relationship to calculate the size of the cutter's
dimensional wear.
Objective:
Acquisition of skills in using cutting tools. Mastering cutting tool wear.
Determine directly the effect on the accuracy of machining, which leads to
errors in the shape and size of the processed parts.
Measuring instruments and measured objects for performing work:
Machine tool, special devices, bracket, indicator, dial gauge, micron
indicator, metal-cutting tools - cutters, cutters, drills, gauges, micrometers,
plane-parallel end blocks, workpieces to be processed.
Work rules:
1.Main types of metal-cutting (Fig.7.3), tools, indicators, dial indicator,
micron indicator. Study of the reading device of indicators and the scope of
application.
2. To develop a method of reading the main scale of indicators.
3. Before measuring the cutter, it is necessary to give it time to cool down or
artificially cool it to ambient temperature.
4. On the bracket of the fixture, fix the micron indicator so that the
measuring surface of the flat tip of the indicator should touch the tip of the
cutter. The indicator tension is 0.1 mm.
5. With this position of the cutter, set the indicator to zero and remove the

cutter.
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6. Calculate the cutting path for all time intervals using the formula. Based
on the results, draw up a schematic measurement table.
7. Determine the analysis of the results.
Theoretical information:
In cutting theory, attention is paid to the wear of the cutting tool. Its value
determines the period of economic durability of the instrument.
Several types of wear can be distinguished:
1. On the back surface
2.At the front surface
3. On the back and front surfaces simultaneously.
Practical dimensional wear of metal-cutting tools is of interest only when

calculating machining accuracy.

Figure 7.1 Cutting tool

There are a sufficient number of direct and indirect methods for measuring
the dimensional wear of the tool. Direct measurement methods are the most
accurate. Direct methods for measuring the reduction in size from the tip of
the cutting blade of a tool to a specific reference surface or point on the tool.
For example, on a tool holder. This measurement can be carried out either

using microscopes (Fig.7.2), or precise measuring instruments.
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Figure 7.2 Instrumental microscope

Processing with cutters and milling cutters
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Processing with boring tools

Figure 7.3 Metal cutting tools
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Cutting tool wear directly affects machining accuracy, leading to shape and
size errors in workpieces.

This wear in mechanical engineering technology is called dimensional wear
of the cutting tool. Dimensional wear is measured (Fig.7.4) at the tip of the

tool in the direction normal to the work surface.

Figure 7.4 Tool top
Limiting wear is complete bluntness, leading to the need to replace it.
Periodic adjustments of machine tools when processing batches of parts are

usually caused by dimensional wear of the tool.

Figure 7.5 Tool wear limit

To simplify the calculations of the accuracy of machining in mechanical
engineering technology, dimensional wear is studied depending on the path
traveled by the tool blade in the metal - the cutting path L in km.

By multiplying the cutting path -L by the feed -S, you can easily get the
area-F of the machined surface. The tool wear is uneven during the cutting

process. There are three zones (Fig.7.6) of tool wear:
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1. Initial wear of the tool 2. Normal wear of the tool 3. Catastrophic wear
of the tool.

Then comes the longest period - the path Lnor of normal wear unor,

characterized by a linear dependence of dimensional wear on the cutting

path. A period of intense catastrophic wear leads to the destruction of the

cutting edge of the tool.

= om m o e
0h ik

hip, wEw
O, A e e [l e BB

Figure 7.6 Tool wear zones

The period of initial wear and its magnitude depend mainly on the quality of
sharpening and finishing of the tool. With good sharpening and finishing, the
period of initial increased wear may be completely absent. In this case,
dimensional wear along the entire cutting path until the period of
catastrophic wear will be uniform.

The wear rate is characterized by the angle of inclination of the wear line to
the abscissa axis. Then dimensional wear depends on the material of the tool,
the material being processed, the cutting mode, the geometry of the cutting
tool and the coolant.

Linear dependence u="~f(L) 7.1
gives to characterize the intensity of wear at specific parameters of the
technological process.

The relative wear is the dimensional wear of the cutting tool in microns

along the cutting path of 1 mkm in the normal wear zone:

u
Uy = % — tg 7.2
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Where
Uo - IS the relative wear in pm / mm;
Usor - dimensional wear in the area of normal wear in microns;
Lnor - cutting path in the area of normal wear in m;
Mi is the scale of dimensional wear in pm / mm;
M. is the scale of the cutting path in um / mm.
The value of relative wear characterizes the dimensional wear resistance of
the cutting tool under specific processing conditions. Knowing the relative
dimensional wear of the cutting tool u,, the area of the machined surface F
and the feed S, it is possible to determine the machining error.
Difficult to take into account in machining accuracy calculations when
surface machining starts with a new sharpened tool.
A.P. Sokolovsky suggested taking into account the initial wear by adding an
"additional path" in the calculations. The value of which depends on the
quality of sharpening and finishing of the cutting tool.
In this case, the size of dimensional wear is determined by the formula
U=Uo (L + Ladd), 7.3
where L is the cutting path in km;
Ladd - additional path in km.
The dimensional wear of the cutting tool can also be determined by
formula:
U = Upeg + Uol, 7.4
where Upeg IS the value of the ordinate.
The shape and slope of dimensional wear curves can vary significantly
depending on the material being processed, the material of the cutting tool,
the cutting mode, the geometry of the cutting tool, and the coolant.
In this work, the dimensional wear of cutters equipped with carbide plates is
studied in the cutting conditions of finishing.

Dimensional wear can be determined experimentally by changing from the
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tip of the cutter to the selected measuring base. It is necessary to maintain a
constant temperature of the cutter during its measurements. For each

measurement, the cutter is kept in a constant temperature water bath. As a

result of the experiment (Fig.7.7), a graph will be obtained
u="f(L)

Figure 7.7 The graph of the dependence of dimensional wear - u
on the cutting path — L
Processing the graph is reduced to a linear approximation of the function u =
f (L) for normal wear, i.e. to the determination of the coefficients A, and Ax
in the equation
u=Ao+AiL 7.5

The experimental data are processed by the least squares method. The
machining does not take into account the points on the graph that lie on the
initial wear.
From the equation, all the data necessary for calculating the machining error
from dimensional wear of the cutting tool are determined,
since u = Ay,

Ldop = Ao/ A1 7.6

Currently, there are many types of cutting tools for different purposes.
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Garden Cutting Tools
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Surgical cutting instruments
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Wood cutting tool
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Straight cutting ruler
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Rotary burrs for metal PFERD
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Drilling cutting tools
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Milling Cutting Tools
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Modern cutting tools
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Metal cutting tools

Figure 7.8 Cutting tools for various purposes

In this work, the dimensional wear of the cutters is studied (Fig.7.9). This is

done with finishing cutting conditions.

HOLDER

Figure 7.9 Cutter
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The cutter basically consists of two parts:

1.Cutting part

2. Holder

The cutting part consists of the front surface-5, the main rear surface-1, the
auxiliary rear surface-2, the main cutting edge-6, the auxiliary cutting edge-
4, the top of the cutter-3.

There are turning tools:

1. Pass-through - for turning the outer cylindrical and conical surfaces
2.Bore - bore and thrust - for boring blind and through holes

3.Cut-off - for cutting off workpieces

4.Threaded - for cutting external and internal threads

5.Shaped - for processing shaped surfaces

6.Slotted - for turning circular grooves

7. Galley - for turning transition surfaces between the steps of the shafts
along the radius.

Classification of turning tools by the nature of processing:
1.Roughing

2.Semi-finished

3.Cleaning

Classification of turning tools in the direction of feed movement:
1.Right

2.Left
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Classification of turning tools by design (Fig.7.10):
1.Whole

2.With welded or soldered plate

Lo

3.With replaceable plates

Figure 7.10 Cutters of different designs

At the moment, to determine the wear of cutting tools, a machine, special
devices, a bracket, an indicator, a dial indicator, a micron indicator, metal-
cutting tools, cutters, cutters, drills, gauges, micrometers, plane-parallel end
blocks, workpieces are used.

For laboratory work, the workpiece must be installed and fixed on a lathe.
After processing the part, remove the cutter and

immersed in a bath of water to cool it for 5 minutes.
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We install the cutter in the fixture so that the base planes of the cutter holder

fit snugly against the mounting surfaces of the fixture (Fig.7.11).
] ‘2 3
= r/_ // /—
}EKK \\ ,{Z oo
s

l

N

Figure 7.11 Tool for measuring the dimensional wear of the cutting
tool:
1—body, 2 — cutter, 3 —supports, 4 —stand, 5 — indicator

We fix the micron indicator (Fig.7.12) on the bracket of the fixture. The
measuring surface of the indicator flat tip should touch the tip of the cutter.

Basically, the indicator tension is 0.1 mm.

Figure 7.12 Micron indicator

With this position of the cutter, set the indicator (Fig.7.13) to zero and
remove the cutter.

The measurement range of divisions on the main scale of the indicator is
100. The price of each division is 0.01 mm. In indicators of this type,

movement of the measuring rod causes the movement of the large arrow on
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the main scale. Move the small arrow on the small scale.
The small scale is the direction indicator and the whole number of

revolutions of the large hand is counted from it. One division of the small

scale is one revolution of the large hand.

Figure 7.13 Indicator

The measuring device is an indicator that measures the wear of surfaces. The
indicator mainly consists of a housing with a handle, a measuring rod and a
replaceable measuring insert. To ensure wear resistance of measuring rods
and replaceable measuring inserts are made of hard alloy or alloy steel.

It is necessary to install and fix the tool in the tool holder so that its
longitudinal axis is perpendicular to the axis of the machine. Consistently it
IS necessary

adjust the machine to the specified cutting mode. Start up the machine. 2
minutes after starting work, move the tool away from the workpiece and turn
off the machine. Remove from the machine, cool, install in the device and
measure the amount of dimensional wear as the difference between the two

indicator readings.
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Before installing and removing the cutter, the measuring tip of the indicator
must be retracted by the button.

Calculate the cutting path for all time intervals using the formula

L =-vT /1000 1.7
Where v is the cutting speed in m / min;
T- time of work of the cutter from the beginning of work in minutes.
Plot points with coordinates L, u; on the graph and process the experimental
results as indicated above, after carrying out all the necessary calculations.
And at the end, draw up a report and write it down in a table.
Work order:
1. Place and fix the workpiece on the lathe.
2. Fasten the micron indicator to the bracket of the fixture. With this position
of the cutter, set the indicator to zero and remove the cutter.
3. Adjust the machine to the specified cutting mode and start up the
machine.
S=0.1+02mm/min;t=0.2+ 0.5 mm; v=50+ 100 m/ min.
4. After 2 minutes after starting work, move the tool away from the
workpiece and turn off the machine. Remove from the machine. Immerse the
cutter in a bath of water and cool it for 5 minutes.
5. Install in the fixture and measure the amount of dimensional wear as the
difference between the two indicator readings.
6. Calculate the cutting path for all time intervals
T-2,5,10,20,30,40min. ...
7. Plot points with coordinates L, u; on the graph and process the results of
experiments.

8. Make a report and write it down in the table.
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Task: Measurement of
wear

Sketch of the cutter to be measured

Detail Ne

Measurement results, mcm

o

Name

Cutter working time from start
experience, T min

Sequences

0 5 10 20

30

40

Cutting path length
1(L,m

Dimensional cutter

2 wear Ug, MKM

Work completion date

Work delivery date

Student’s signature

Teacher’s signature

Test questions:

1.Cutting tools. Types and scope of application?

2.Micrometer indicator, operating procedure, division price measuring scale?

3. BIM - large instrumental microscope and scope?

4. Cutters, types and scope?

5.Cutting tool wear and its dependence on the cutting path?

6. Is the main indicator scale and unit of measure?
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MOVZU Ne 8

SOTHIN KOLO® KOTURLUYUNUN TOYINI
Tapsiriq:
1.Hissalorin sathlorinin kalo kotiirliiklorini toyin etmok.
2.Gortiilon 10 asason hesabati tortib etmok.
Isin maqsadi:
Sothin kolo koturluyunun 6lgilmasinin yeniliklori. Kolo kotiirliiyiin
Ol¢lilmosinin monimsonilmasi. Sothlorin yararliligini texnoloji emaldan
sonra tayin etmok.
Isin yerino yetirilmosi ii¢iin lazzim olan cihazlar vo lavazimatlar:
Mikroskop, lupa, elektron kala kétiirliik 6l¢on —TP 200, profilograf,
profilometr,MIS-11, mikrointerferometr, mikrometr, dayaq, kalo kétiirliiyiin
numunalori, miixtalif formada vo sayda emaldan sonra 6l¢iilon niimunalor
daxildir.
Isin yerina yetirilmo qaydasi:
1.Mikroskoplarin osas ndévlori, onlarin qurulusu vo istifado saholorini
Oyronmoli.
2.Mikroskoplarin hesabat metodikasini islomali.
3. Elektron kolo koétiirliik 6lgonlorin asas novlori- TP 200, onlarin qurulusu
va istifado saholorini dyronmali.
4 Miixtalif 6l¢l vasitalori ilo verilmis hissa niimunslarinin sathlorinin kala
kotdrltydnld  6lgmali.
5.Alinmis naticolori codvals yerlosdirmoali vo sxematik formasini tortib
edilmoli.
6.Noticolorin miioyyanlosdirilorok analizi .
Nazari molumatlar:
Hor texnoloji amoliyyatdan sonra emal olunmus sathlordo nahamarliqlar

(sok.8.1) alinir.
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Sakil 8.1 Nahamarhgqlar

Pastahlarin emal olunmus sothlorindo alinan nahamarliglar (sok.8.2) bir sira
saboblordon: emal rejimi, kasici alotin soyutma vo yaglama sortlorindon,
emal olunan materialin kimyavi torkibi vo mikrostrukturundan,
konstruksiyasindan, alotin kasma gabiliyyati vo handasi qurulusundan,

avadanligin novii vo voziyyatindon, kdmokgi alot vo tortibatlardan asilidir .

1

—t e —}

Sakil 8.2 Sathlords alinan nahamarhgqlar

Nahamarliglarda nazari sothdon {i¢ meyllonma miisahida olunur:

1.Makrohondasi meyllonmo

2.Dalgavarilik

3. Mikrohandasi meyllonma
Makrohondasi meyllonma - osas hondoasi formadan ovalliliq, konusluluq va
saira meyllolonmolorlo xarakterizo olunur. Bu meyllonmo sathdan forma
meyllonmasi adlanir.

1000mkm < S/H 8.1

ilo ifads olunur.
Dalgavarilik - texniki sistemin titromosi vo kosma ilo emal prosesinds qgeyri

barabarliklorin naticasidir.
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50 mkm < S/H <1000 mkm 8.2
ilo ifado olunur.
Mikrohandasi meyllanma - kasmo prosesi zamani emal olunan sathda
materialin plastik deformasiyasi va alatin kasici tilinin tasiri naticasindo
yaranir. Bu sothin kala kotiirliiyiidir.
S/H < 50mkm 8.3
ilo i1fads olunur.
Harada S-nahamarliqlarin addimi
H- nahamarliqlarin a hiindiirliiyt.
Nahamarlhqglarin xarakteri vo istigamati asas emalin va verisin horokot

istiqgamotindon asilidir.

Nahamarhqlarin miixtalif nov istigamati Cadval 8.1
Kolo- Sxematik sakli Isarosi Koala- Sxematik sakli Isarasi
kotirliyiin kotiirliiytin
istiqamati istiqamati
paralel \/; ixtiyari \ iM
erpendikulyar dairovi ﬁﬁﬁ\ \
perp y z i il &g > : (
A C KK KK égiz ?_%3
qupaz | KIS | \ /x| madial N \/ R
SRR | v

Masin hissalorinin sothlorinin keyfiyyati {iz qatinin sothlorinin kolo
kotiirlilyli vo mexaniki xassalorinin fizikasi ilo toyin olunur.

Real soth (s0k.8.3) emal metodundan asili olmayaraq miixtolif addimli - S
gabariqliq va ¢okokliklorin birlosmasindon ibarotdir.

Sothin relyefini omoalo gotiron, L(1) - baza uzunlugunda baxilan, ki¢ik

addiml1 nahamarliglarin mocmusuna kolos kotiirlikk deyilir.
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Sakil 8.3 Real soth
Saothin kolo kotiirliiyiinii emal olunmus sothds koskinin asas horokati ilo
verisinin izi kimi nazordon kegirmok olar.
Sothin kala kétiirlilyiiniin parametrlori molumdir:
1. Profilin orta hesabi(arifmetik) meyllonmosi - Ra
2. On noqta {lizra profilin nahamarliglarmin hindarliyd - R,
Ra = 400...0,008 mkm;
R; = 1600...0,025 mkm;
S —nahamarliglarin orta addimi
S$=12,5...0,002 mm.
Profilin orta hesabi(arifmetik) meyllonmasi - R, profilin
meyillonmolorinin - yi, y2, ..., yn miitlog qiymetlorinin orta arifmetik

qiymatidir.
1 1Q
R, :zjy(x)dXz—Z‘yi‘ 8.4
0 niz

Profilin meyillonmasi “yi”- profilin ndqtosindon ke¢on orta xatto perpen-

dikulyar olan xatt iizro Ol¢iilmiis homin ndqto ilo orta xottin arasindaki

maosafadir. n- 6l¢lilmiis homin ndqtalorin sayi.

Sothin kolo-kétiirliiyiinii 6yronmok ti¢iin se¢ilon sahonin uzunluguna baza

uzunlugu deyilir- L(l). Nahamarligin addimi1 vo hiindiirliiyii azaldigca baza

uzunlugu azalir. Baza uzunlugunun qiymatlorini asagidaki siradan secirlor:

0,01; 0,03; 0,08; 0,25; 0,80; 2,5; 8; 25 mm.

On noqta tizra profilin kalo-koturliylnin hinddrliyi(sak.8.4) - Rz baza
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uzunlugunda yerloson bes an yiiksok ¢ixintinin hiindiirliiklarinin va bes an
alcaq ¢cokoyin dorinliklorinin orta xotto paralel olaraq gotiiriilon arasindaki
masafasinin orta qiymati ilo xarakterizo olunur.

R;= [(hiths+...+ ho)] + [(h2+hs+...+h10)] / 5 8.5
harada hi,hs,...+ hg- on yiliksok ¢ixintinin hiindiirliiklorinin orta xotto paralel
xatta gadar; hy,hs,...hio- on algaq ¢okoyin dorinliklorinin orta xotto paralel

xotto godor olan mosafs.

| —

| H max

e

H; min}

Hemin |

[PUILE

SIS B3

>
<
|
%
|

Sokil 8.4 Kala-koturliytnian handurlayd

5
ZHimax
R — i=1

’ 3)

Profilin kolo kétiirliiytliniin hiindiirliiyli baza uzunlugunda yerlogon on yiiksok

5

ZHim'n

i=1

—+

8.6

cixitimin hiindiirliiklorinin vo on algaq ¢okoyin dorinliklorinin miitloq
qiymatlorinin orta qiymatidir. TOCT 25142-2002-a 9sason miioyyon baza
uzunlugunda sothin xarakterindon asili olaraq nahamarliqlarin mecmusuna
sothin kolo kétiirliiyii deyilir.

Sathin kolo kotiirliiyiiniin isarolonmasi (sok.8.5)zamani emal isulu molum

olmayan sothlor ii¢iin — a igarasi qeyd olunur.Sothin kolo kotiirlityii metal

v

emal zamani, moasalon

yonma, burgulama, frezloma, pardaglama va sair omaliyyatlarda — 6 isarasi

geyd olunur. Emal tolob olunmayan sothlor zamani, mosalon tokmo,

391



stamplama va sair sathlords cizgi lizerinds - B isarasi geyd olunur.
Cadval 8.2

Baza uzunlugundan asih olaraq kalo kotiirliiklorin parametrlari

Profilin orta Kalo Baza
hesabi(arifmetik) koétarldyandn uzunlugu,
Tamizlik | meyllanmasi - handurltyd, L().mm
sinfi Ramkm Rz mkm
on boyiik
1 80 320
2 40 160 8
3 20 80
4 10 40
5 5 20 2,5
6 2,5 10
7 1,25 6,3 0,8
8 0,63 3,2
9 0,32 1,6
10 0,16 0,8
11 0,08 0,4 0,25
12 0,04 0,2
13 0,02 0,1
14 0,01 0,05 0,08
Masalon:
2
‘ !
¥ o R 2 R &
\4 s o & Vivh
s BB, . o =
a) 6)
Sakil 8.5 Sathin kals kotiirliiyiiniin isaralonmosi

Miiasir magin istehsalinin tokmillosdirilmasi, istehsalin
intensivlosdirilmasindo, golirliliyinin artirilmasinda vo moahsullarin

keyfiyyatinin yaxsilasdirilmasinda texnologiyanin rolu boyiikdiir. Mahsulun
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keyfiyyati, mohsulun toyinatina uygun olaraq miioyyon ehtiyaclart 6domaya
uygunlugunu tayin edon xiisusiyyatlorinin macmusu kimi basa diisiiliir.
Moahsulun keyfiyyati dord gostarici ilo xarakterize olunur:
1.Texniki - texnoloji
2.Istismar
3.iqtisadi
4. Estetik
[stismar gostariciloring etibarliliq, davamliliq, dinamiki keyfiyyat va
s.daxildir.
Masinqayirma sanayesinin mohsullarini diinya bazarina ugurla toqdim
etmok ti¢lin beynalxalq standartlara uygun olaraq K0-9001 standartina va
ISO-nun taloblorine cavab vermasi lazimdir.
ISO sisteminds daqiqlik siniflori avazing, kvalitet - doqiqlik deracesindon
istifado olunur. Kvalitet istehsal olunan mohsulun miisaidesinin qiymatini
toyin edir. Kvalitetin yiliksok qiymotindo miisaidesinin qiymoti kicik olur.
[SO sistemindo 19 kvalitet var. Onlar isarolonir:
01,0,1,2,3,4,56,7,8,9,10, 11, 12, 13, 14, 15, 16, 17 .
0,1-ci kvalitet on doqiq, 17-ci kvalitet on kobud doqiqlik kvalitetidir. Masin

istehsalinda an ¢ox 5donl5-0 doqiqlik kvalitetlorindon istifads olunur.

Cadval 8.3
Musal Etalon Kalibr Birlosmaoda istirak edon sathlor ol g e
dalor lar ici lor g Sarbast dl¢iilar ticiin
ar igin | .. =, tglin
tgln

Miisaido clololoalalolo
vahidinin slfQ|f|d|g|gr|Ig|E S|
miqdart
Kvallitet 01(0/1/2|3/4/5/6[7| 8|9 |10|11|12 |13 |14 |15 |16 |17

or

Onlardan 5-12 birlagsmadas istirak edan sathlar ii¢iin , 13-15 sarbast Ol¢iilor

ticiin istifada olunur.
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Nominal diametri 500 mm-o godor olan yuvalar vo vallarda miixtolif

névda oturtmalar yaratmagq iigiin iSO sistemindo Beynolxalq 6lkalorin

standartlarinda 28 variantda asas meyillonmalor (50k.8.6) qabul

olunmusdur.

Yuvalar {igiin asas meyillonmalar latin slifbasinin boyiik, vallar {igiin iso

kigik horflari ilo isaroe olunur. ISO sisteminda yuva vo val i¢iin 21 asas

meyillonmas aiddir.

Sokil 8.6

Isas meyillonmolor

Bundan slavs 3 araliq meyillonmo - cd, ef, fg; CD, EF, FG ara bosluglu

oturtma ti¢iin, 3 araliq meyillonmos - za, zb, zc; ZA, ZB, ZC gorilmali

oturtmalar ti¢iin var. Bu araliq meyillonmoalor doqiq mexanika vo saat

istehsalatinda 10 mm-os gadoar olan 6lgiilors totbiq olunur.

Yuvalar | AB,C,CDDEEFFFGG | H |JJKM, | PRSTUVXY,ZZAZB,ZC
N
Vallar a,b,c,cd,d,eef,f,fg,g h |jjs,k,mn P,r,st,u,v,x,y,z,za,zb,zc
Oturtmal | Ara bosluglu oturtma | ©sas | Kecid | Gorilms ilo oturtma
arin yuva i :
grupu «— ara bosluqlunun | vo oturtma — gorilmonin artmasi
artmasi asas S1
val
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Yuxarida geyd etdiklorimiz cizgids g0storilmisdir:

—ﬁr’

| |
| | |
@40  F7
@ao h7
@40 Fi/h7
+0 025
@40 +0.025
@40+0.050
+0.025
( y > +0.025
+0.025 40~
@ 40F7 +0.025 0.05
@40h7 +0.05

+0.025

+0.025
(3 40F 7'h7- .05

Gostorilmis cizgida:
@40 - birlosmado istirak edan sathlorin nominal 6l¢iisii;
F7 —istinad edir: F —ara bosluqlu yuva, 7 - ci daqiqlik sinfi;
h7 - istinad edir: h - asas val, 7 - ci doaqiqlik sinfi;
7 - ci kvalitet doqiqlik sinfinin miisaidasi verilonlora gora 16 mkm.
Sothin kolo kotiirliiyii iki 9sas metodla qiymotlondirilir:

1. Keyfiyyat iizro

2. Komiyyat iizrs
Keyfiyyot iizro qiymotlondirmo metodu emal olunmus sathin etalonla
,¢1lpaq gozlo vo ya mikroskop altinda, ol, barmaq, ovuc, dirnaqla
toxundurmagla oyani miigayisasing asaslanir. Oyani miiqayiss li¢iin istifado
olunan etalonlar1 miigayiso olunacaq hisss ilo eyni materialdan, eyni
formada, eyni emal metodu ilo emal olunmus sothds hazirlayirlar. Daha
doqiq miiqayise etmok li¢lin mikroskop va ya lupadan istifado edorok bes vo
ya daha ¢ox dofo boylitmoakls yerino yetirmak olar.
Komiyyat metodu iizro nahamarliqlarin 6lgiilmosi bazi avadanliqlarla:
profilograf, profilometr,MIS-11, mikrointerferometr vo sairs ilo aparilir.
Istehsalatda texnoloji amaliyyatdan avval va sonra (s0k.8.7) alda olunan

hissalari nazardan kegirok:
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Qumlama — qumla tazyiq altinda tamizlama amaliyyati

AC CBEPABOTKH NOCNE OGPABOTKM

Frezloms amaliyyatindan avval vo sonra
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Elektromexaniki emal
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Lazer sortlosdirma

Pxasan aerans (10 o5paboTin) Herans nocne VpCl-Corrverter

f‘;,_*-/f L

O6pasewu: getanun, inThe. Marepman: natyHb

Latun emah

Yuvalarin cilalanmasi vo almaz si@allama
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1o ouncTKn MNocne ouncTin FE DI

Tomizloma

Kimyavi asindirma ils
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Mocne cuucTen

Tomizloma

MarvpoBatite anioMHMeBbIX feTaneit

Qumlama — qumla tazyiq altinda tamizloma amoliyyati
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Tutqunlasdirma — matlasdirma

2 e 125 4
FrrGepnessinnge a1 D e ORI
R 0!
N N
s \ugflrw‘nuu‘

AN ST T

63, 16

JTinn e it Asoanava FleTelanape xenee

Mxtalif emal novlari

Sakil 8.7 Istehsalatda texnoloji amaliyyatdan avval va
sonra olds olunan hissalar
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Hal hazirda movcud soraitds olan 6l¢ii alotlorinden mikroskop, lupa,
elektron kolo kétiirliik 6lgon —TP 200, profilograf, profilometr, ikigat
mikroskop MIS-11, mikrointerferometr, mikrometr, dayaq, kolo kotiirliiyiin
numunoalori, miixtolif formada vo sayda emaldan sonra 6lgiilon
niimunalordon istifads olunur.

Istehsalat soraitinda 6lsii aloti kimi kalo kétiirlilyiin numunalarindon

(s9k.8.8) do istifado olunur.

P Al BT T 1 UL gt)

Kals kotiirlityiin numunalori
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PACTOHKA

Miixtalif texnoloji omoliyyatlardan sonra
Kalo kotiirlityiin numunalori

f § VERTGAL | oo
anisEs GRNDNG feriid VERIEA. \[ TURNING

REAMING N3 MLLNG MLUNG

| gz | 501 32 | 16 |80 ]a0]2s

Miixtoalif daqiqlikli etalonlar

Sakil 8.8 Kals kétiirlityiiln numunalari
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Emal olunmus sothi etalonla ,¢ilpaq gézlo vo ya mikroskop altinda, al,
barmagq, ovuc, dirnaqla toxundurmaqla ayani miiqayisasini edirik. Oyani

miiqayisa ilo sothin kols kotiirlilyiinii daha doqiq toyin etmok miimkiindiir.

Ob6pa3z3usl
wepoxoBarTocTm

=3

neranb//
Oyani miiqayisa li¢iin istifado olunan niimunolori miiqayiso olunacaq hisso
ilo eyni materialdan, eyni formada, eyni emal metodu ilo hazirlayirlar.
Mimkdin soraitds etalonlardan alave 6lgmok ti¢iin 6lgii aloti kimi lupalardan
da istifado olunur. Emal olunmus sothi lupa(sok.8.9) vasitasi ilo daha

keyfiyyatli ,bes vo daha artiq boyiitmok yolu ilo aldo etmok olar.

Lupa - bayiidiicii siisa - bir vo ya daha ¢ox linzadan ibarot olan vo uzaq

mosafods yerloson kigik obyektlori boyiitmok vo miisahido etmak iigiin
nozords tutulmus optik sistemdir.

Biologiya, tibb, arxeologiya, bankg¢iliq vo zargorlik, mohkomso elmi,
saatlarin, elektron avadanliglarin tomirindo, eloco do filateliya, numizmatika

va bonistika kimi bir ¢ox insan foaliyyati olan sahalords istifads olunur.
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Miisahida olunan hissa, lupanin fokus masafasindan bir godar az masafoda
yerlosdirilir. Bu sortlords lupa agyanin birbasa boytdiilmiis vo xoyali
goriintiislinii veracokdir. Tosvirdon golon siialar, cismin 6ziindon golon
stialardan daha boyiik bucaq altinda gozo daxil olur.Lupanin bdyiitmo
qabiliyyati bununla izah olunur.

Movcud saraitde niimuns -etalonlardan va lupalardan slava 6lgmoak {igiin
mikroskoplardan(sok.8.10) da 6l¢ii aloti kimi istifado olunur. Tomiz emaldan
sonra alds olunan sathlori mikroskop vasitasi ilo daha yiiksok doqiqlikla
6lgmok miimkiindiir.Istifado olunan mikroskoplar emal olunmus sathinvizual

mugayisosino osaslanir.

Sokil 8.10 Mikroskop - MiS-11

Osasan MIS-11 mikroskopundan istifads olunur. Ikigat mikroskop MIS-11
hissolorin emal olunmus xarici sathlorinin keyfiyyatini yoxlamaq {i¢iin
nozords tutulmusdur . Mikroskop xarici sothlorinin keyfiyyotini akademik
B.P.Linnik metodu ilo nahamarliqlarin mikroprofilini 0,8 — 40mkm
haddinds olgmoak tigiin totbiq olunur. Mikroskop otaq temperaturu

+10°don +40°C —i vo nomliyi 80% qapali normal soraitdo islomalidir.
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Ikigat mikroskop, obyektivin hodaf ndqtaleri birlosdirimis iki mikroskopun

sistemindan ibarat.

Mikroskoplarin oxlarinin 6z aralarindaki bucaq 90° vo bu bucagin

boliinmasi isa Ol¢llon sathin normali ilo Ust-iisto disiir.

a)
Mikroskoplardan biri proyeksiya ¢okon o birisi iso miisahidogi vazifosini
yerina yetirir. Nahamarliqlarin hiindiirliiyiinii 6l¢mok ticiin mikroskopda

okulyar mikrometr yerlosdirilmisdir.

Ikigat mikroskop, todqiq edilmis hiindiirliiyii 0,9.. 60 mkm olan

nahamarliglarin sathini ¢gakmaya imkan verir.
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Hiindirliiyti 0,1...6 mkm olan nahamarliglarin 400,500dofo boyiitmoklo

Olciilmasi ticiin interferens xotli mikrointerferometrdon istifads olunur.

Bozi hallarda rogomsal mikroskoplardan(sok.8.11) da istifads olunur.

= 55 = g
=S a /
- ' N T i / /2
\ !

Sokil 8.11 Ragoamsal Mikroskop
Mimkdin soraitde niimuna -etalonlardan , lupalardan vo mikroskoplardan
olavo 6lgmok tigiin Olgii aloti kimi elektron kolo kotiirliik 6l¢on —TP 200,
profilograf, profilometr, mikrointerferometrlordon istifado olunur.

Sothin nahamarliginin profilograf, profilometr, mikrointerferometrlo vo sairo

Olcti alotlori ilo Slgiilmasina(sok.8.12) komiyyat metodu deyilir.

Profilometr AURA —M
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E[=] &

=

TRI0O Serface Rosghoess Tester

=1 =

Profilometr TR 110

Sathin kals kétiirliik 6lcon— TR 200 markah

Profilometr - profilograf
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Profilograf — kontrograf

Sokil 8.12 Sathin nahamarhginmin kamiyyat metodu ilo olciilmasi

Kontakt profilometr cihazi sothin nahamarliqlarini1 6lgmok {igiin toyin
olunmusdur. Oksoar hallarda sathin nahamarligin1 qiymatlondirmok ii¢iin

xiisusi gostaricidon — sathin kals kétiirliiylindon istifads olunur.
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Tipik profilometrdoki xiisusi bolgii skalasi sothin koalo kotiirlityliniin

gostaricisini hesablayir.

Texnikada profilometrlor masingayirma, cithazqayirma vo basga
miiossisolordo laborator vo sex soraitindo mohsulun sothinin  kalo
kotdrltyinQ- hansi ki 6l¢ii miistovisinda kasiyi diiz xatt - 6l¢gma zamani

istifada etmok nozorda tutulub..

Sathin kalo kotiirlityiiniin parametrlorinin 6lgiilmasi orta xatt sistemi iizra
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I'OCT 2789-2003-da nazards tutulan uygun nomenklatur vo diapazonda
aparilir.

o
\3)

V.M .Kiselevun konstruksiyasina asason profilometrin is prinsipi  iynosinin
harakati zamani toxunmalar1 noticasinde gorginlik dalgalanmalarinin
hoayacanini yaradir.

Profilometrin 12 mkm radiusu olan almaz ucluqlu iynosi prujindon
astlmigdir. Asagi ucluq hissonin sathinin nahamarliglarina toxunaraq

horokat edib kalo kotlrluyu 6lgir.

Isin yerins yetirilmo ardicilign:
1.Dozgahda morkozlorarasi pastahi vo supportda kaski tortibatinda koskini
yerlosdirmali.
2. Kosmo rejimini toyin etmoli:
veris S = 0,1 mm/dovr;
kosmo dorinliyi t=0,2 + 0,5 mm.
kosmo siirati v =5, 10, 20, 40, 80, 120 vo 160 m/dagq.
3. Emaldan sonra pastahi dozgahdan agmali vo hissonin bltiin emal olunmus
sothlorinin nahamarlhiqlariin hiindiirlilyiinii 6l¢ii cihazi vasitasi ilo 6lgmali.
4.0l¢ii cihazlarinin 6lgmo vo hesablama metodikasini &yronmoli.
5.Hissonin sothinin kalo kotiirliiylinii miixtalif cihazlar vasitasi ilo 6lgmali.
6.Nahamarliglarin hiindiirlitylinii R; etalon niimuno metodu ilo toyin etmali.
7.Noticolor osasinda cadvali doldurmali.

8.Noticolorin analizi vo grafikin tortibi.
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Tapsiriq: Sathin kalo Olgiilon hissonin eskizi

koturliytini 6lgmali

Hissa Ne

Ol¢iilorin noicalori,mkm

Koaskinin siirati
tocriibanin avvalindon,

Adi v m/ doq

Sira.Ne-

5 10 | 20| 40| 80120 160

Nahamarligin
hundurlayd
H, mkm

Nahamarligin

2 addim1 S, mm

Islomo tarixi Isin tohvil tarixi

Talabanin imzasi Muallimin imzasi

Yoxlama suallari:
1. Kalo kétiirliik Hissonin hans1 xiisusiyyatloring tosir edir?
2. Ra ,Rz— hansi1 parametrlordir?
3.Kvalitet noys deyilir vo neca isaralonir?
4. 9sas meyllonmo noya deyilir vo neco isaralonir?
5.0l¢ii cihazlarinin ndvii va 6lgmo prosesi?

6. Sothin kolo kotiirlityii hansi parametrlordon asilidir?
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TEMA Ne 8

ONPEJAEJIEHUE HIEPOXOBATOCTH HNOBEPXHOCTH
3agaua:
1.Onpenenenrie pa3MepoB HIEPOXOBATOCTH MOBEPXHOCTHU J€Tajlei.
2.CocTaBUTh pacueTr O MIpoJielaHHON padoTe.
eab padoThI:
[IproGpeTeHne HaBBIKOB IIPH OMPEACICHUH Pa3MEpPOB IIEPOXOBATOCTU
noBepxHocTH Jietajneil. OcBoenue uzmepeHuil. OnpeneneHne roJHOCTH
JieTalIel 1Mocjie TEXHOJOTHYECKOro Ipoliecca.
CpencrBa u3MepeHusi U u3MepsieMble 00BEKTHI 1JIsl BHINMOJHEHHSA
padoThI:
Mukpockor, Jiyna, 3JIeKTpOHHbIe u3mepurenu Mapku - 1 P200,
npodunorpad, npodunomerp, MUC-11, mukpountepdepomerp,
MUKPOMETP, JAepKaTeib, 00pa3iibl, MHOTO KOJIUYECTBO U pa3HbIe
U3MepsieMble JIETaU Mociie 00pabOTKH.
IIpaBuia BbINOJHeHUsI Pa0OThI:
1. OcHOBHBIE BHIBI MUKPOCKOTIOB, H3YUYE€HHUE OTCUETHBIE YCTPOMCTBO U
00J1acTh MPUMEHEHUS.
2.Pa3paboTraTh METOIUKY OTCUYETa MUKPOCKOTIA.
3.Buabl 2eKTpOHHBIE U3MEPUTEINH IEPOXOBATOCTH MOBEPXHOCTA MAPKH -
TP200, oTcuetHbie yCTpOWCTBO U 00JACTh TPUMEHEHHUS.
4.M3MepeHus MIepoX0OBaTOCTH MOBEPXHOCTH JI€Talel pa3IMyHbIMU
npubopamu.
5.CocTaBuTh TaONMIly IO JaHHBIM pe3yJbTaTaM H3MEpPEHUs.
6.AHann3 pe3ynbTaToB.
TeopeTnveckue cBeeHHUs:
[Tocne Kaxxa0TO TEXHOJIOTHIECKOTO OTepalnii Ha 00pabOTaHHBIX

MOBEPXHOCTSX MOYYaroTcsl HepoBHOCTEH (puc.8.1) .
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Pucynok 8.1 HepoBHocTei

HepoBHocTeii Ha TOBepXHOCTSX 00padaTbiBaeMbIX (prc.8.2) 3aroToBOK
3aBHCAT OT Psijia MPUUKH: PeKUMa 00pabOTKH, YCIOBUN OXJIAXKIACHHS U
CMa3KH PEKYILEr0 HHCTPYMEHTA, XMMHYECKOI'O COCTaBa U MUKPOCTPYKTYPBI
o0OpabaTbiBaeMOro MaTepuaia, KOHCTPYKIUH, TEOMETPUU U PEXKYILEH
CMOCOOHOCTH MHCTPYMEHTA, TUIIA U COCTOSIHUSL 000PYI0BaHUs,

BCIIOMOI'aTCJIBbHOTO UHCTPYMCHTA U HpPICl'IOCO6J'ICHPIﬁ.

I

1
By * gy
|

Pucynok 8.2  HepoBHocTeii o0padaTbiBaeMbIX NOBEPXHOCTIX

Pa3nnuaror caepyromuye TPH OTKJIOHEHHS OT TEOPETUYECKON
IIOBEPXHOCTH:

1.MaxkporeoMeTpruyecKue OTKJIOHEHHA

2.BOoJIHMCTOCTH NOBEPXHOCTE

3.MuKporeomMeTpu4ecKkne OTKJIOHEHHUS
Makpo reoMeTpuyecKHe OTKJIOHEHHS - XapaKTEPU3YIOT OBAIBHOCTb,
KOHYCOOOPa3HOCTh U IPYTUe OTKJIOHEHHUS OT MPaBIWIBHON T€OMETPUUYECKON
¢dbopmbl. IT0 GOPMBI OTKIIOHEHUS TIOBEPXHOCTEH.

1000 Mmxkm < S/H 8.1

BosiHuCTOCTH OBEPXHOCTEH - SBJISETCS CIEICTBHEM BUOpaluu

TEXHOJIOTUYECKOU CUCTEMBI, a TAKKE HEPABHOMEPHOCTH IMPOIECca pe3aHusl.
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50 mkm < S/H < 1000 mxm 8.2
MuxporeoMeTpuiecKkue OTKJIOHEHUS - 00pa3yloTCs B pe3yJbTaTe
BO3JICHCTBUS pEXYILEH KPOMKUA HHCTPYMEHTA Ha 00padaThIBaEMy0
MOBEPXHOCTh, a TAK)KE BCIEICTBUM IUIACTUYECKON AepopManuu
00pabaTeIBaEMOro MaTepuaa B IPOLECCE pe3aHus. DTO IIEPOXOBATOCTh
IIOBEPXHOCTEM.

S/H < 50mkm 8.3
['ne S-mar MUKpOHEpPOBHOCTEM
H- BricOTa MUKPOHEPOBHOCTEH.
Xapaxkrep U pacnoyIOKEHUE MUKPOHEPOBHOCTEN 3aBUCAT OT HAIPABJICHUS

TJIaBHOT'O ABUKCHUS PC3aHUS U HAIIPABJICHUS ABMXKXCHUA IMOOAYN.

Pa3HOBMAHOCTH HATIPABJICHUI HEPOBHOCTEH Tabauna 8.1
"o T Warpoane - Cromamme- O ’E Ten narpasre- | Copvamise- O
P R oo Pl oy P MO CADE VOO ek
" S N “Wore o =i 404 AT
CTeh e CTesh Cpasite
04 a4

1 | Fapanneissos - 4 | Ngoeories
-’

on e
TRpNes e s | aS (&
y Earooleeamon
e 1 7/ v
16
X I
L§ Ao
”,

KauectBO IIOBCPXHOCTH I[eTaneﬁ MallluH OIPCACIIACTCA IMMCPOXOBATOCTBIO

o

Dleparprups
SPUECCS

~

u (U3NKa MEXaHWYECKHUMH CBOMCTBAMHU HMX IMOBEPXHOCTHOTO CJIOS.
PeanpHas moBepxHocTh (puc.8.3) HE3aBHCHMO OT MeEToAa e¢ 00padoTKH
MPEACTaBIACT COOOM COUETAaHWE BBHICTYIIOB W BMAJUH C Pa3TUYHBIMU
maramu - S . COBOKYITHOCTh HEPOBHOCTEH C OTHOCHTEIHLHO MAJIbIMU
maramu, o0pasyomux penbed MOBEPXHOCTH, paccMaTpuBaeMasi B
npenenax 06a3oBoi juuHBI- L(1), Ha3pIBaeTCs 1MIEPOXOBATOCTHIO

MOBEPXHOCTH.
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Pucynok 8.3 PeanbHasi mMOBEPXHOCTH
[IlepoxoBaTOCTh MOXHO paccMaTpHBaTh Kak clie]] HHCTpyMEHTa Ha
00paboTaHHON TOBEPXHOCTH, OOYCIIOBICHHBIM COYETAHWEM TJIAaBHOTO
JIBUKCHUSI W JIBMDKCHHS TIOJIa4H.
YcTaHOBIEHBI ClIeyIONME MapaMeTPhbl IEPOX0OBATOCTH:
1. Cpennee apudmeruueckoe oTKIOHEHHE TPoPusi- Ra
2. BoicoTta HepoBHOCTEM npoduiis 1o aeciaTu Toukam - R;
Ra =400...0,008 mkM™;
Rz;=1600...0,025 MxwM;
S - cpeHUI 1Iar HEPOBHOCTEH
S=12,5...0,002 mm
Cpennee apudpmeTnueckoe oTKJIoOHeHHe npoduis - Ra ecTs cpennee
3HAYCHHUE PACCTOSIHUN - Y1, P2, ey Yn TOUEK MPODUIIS IO €TI0 CPEIHEH

JIMHUHA
1t 1g
R, :zjy(x)dXzH;|yi| 8.4

/I yi - a0COMIOTHBIC -0€3 ydeTa anreOpandecKkoro 3Haka pacCTOSHUS 10
CpEIHEH JIMHUU; N- YHACJIO U3MEPEHHBIX OTKIOHCHUH.

JlmuHa yyacTka MOBEpXHOCTH, BbIOMpaeMas JJisl U3MEPEHUs IIIEPOXOBATOCTH,
Ha3bIBaeTCs 60a3oBo mmrHOM- L(l). UncmoBbie 3HaYCHUS 0a30BOM JITTUHBI
BeIOMparot u3 psaga 0,01; 0,03; 0,08; 0,25; 0,80; 2,5; 8; 25 MM.

Bricora HepoBHOcTel (puc.8.4) - R; XxapakTepusyeT cpeHee pacCTOsHUE

MCIKAY HAXOJAIIMMHUCS B IIPCACIIax 0a3oBou JJINHBI ITIATBIO BBICIIINMUA
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TOYKaMHU BBICTYIIOB U ITISITbIO HU3UMIMMHU TOYKAMH BIIa/IMH, K3BMCPCHHOC OT

JIMHWHM, NTapaJIICIbHONU CpEeNHEN JIMHUMU.
Rz= [(hiths+...+ he)] + [(h2+hs+...+h10)] / 5 8.5

rie hy,hs,...+ ho- paccTosHUA OT BBICIIMX TOYECK BBICTYIIOB JI0 JTUHHH,
napayuIeJIbHOM cpeHelt TMHUM; No,Na,...N10- pacCTOSHUSA OT HUBIIMX TOYECK

BIIaJWH OO0 JIUHUH, HapaHHeHBHOﬁ CpCI[HCﬁ JIMHUH.

-

-

H, max |

| H, max
fe—r
3w

| H, max

=

Hy min|

el
H,min

|

Pucynok 8.4 Bricora HepoBHOCTEH

8.6

[IIepoxoBatocThio moBepxHOCTH coryiacHo 'OCT 25142-2002 Ha3biBaroT
COBOKYITHOCTH HEPOBHOCTEH PACCTOSTHUEM MEXIY BEPIIMHAMH XapaKTePHBIX
HEPOBHOCTEN M3MEPEHHOTO MPOduUIs, 00pa3yIoMIUX pesibed MOBEPXHOCTH U
paccMaTpUBaEeMBIX B MpejieNiax yyacTKa, JUTMHA KOTOPOTo BBIOMpaeTCs B
3aBUCHUMOCTH OT XapaKTepa MOBEPXHOCTH U paBHa 0a30BOM JJTHHE.

Jliist 0003HaYCHHS MIEPOXOBATOCTH MoBepxHOCcTel (prc.8.5), Bum 00paboTku

KOTOPBIX HE YCTAHOBJIEH, IIPUMEHSETCS 3HaK - a. [llepoxoBaTtocTh

4

ITOBEPXHOCTH,

o0pa3zyemoii yJjaJeHUuEeM CJIosl MeTalljia, HallpuMep TOUCHUEM, CBEPIICHUEM,
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dbpesepoBanreM, NUIMPOBAHUEM, TPABIICHUEM U TIP., 0003HAYAIOT 3HAKOM —
0 , a EepoXOBAaTOCTh MOBEPXHOCTH, 00pa3zyeMolt 6e3 yaaneHus Caos
MeTajlia, HallpuMep JIUThEM, IIITAMITOBKOW | TIp., a TAK)KE HE

o0OpabaTbiBaeMOM 1O TAHHOMY YE€PTEKY 3HAKOM — B.

CooTHolIeHNE 3HAYCHUH TAPAMETPOB Taboauuna 8.2
IEPOX0BATOCTH U 0230B0M JJIUHBI

Cpennee

apudmMeTnyeckoe Beicora baszoBas
Kuaacc OTKJIOHEHHE IEPOX0BATOCTH, | AJIHHA,
YHCTOTHI | Ipoduis, Rz, Mmkm L(@).,mm

Ra, Mkm

HauboJsb1ee
1 80 320
2 40 160 8
3 20 80
4 10 40
5 5 20 2,5
6 2,5 10
7 1,25 6,3 0,8
8 0,63 3,2
9 0,32 1,6
10 0,16 0,8
11 0,08 0,4 0,25
12 0,04 0,2
13 0,02 0,1
14 0,01 0,05 0,08
Hanpuwmep:
o %(-'4 X RV

a) 6)
PucyHok 8.5 O003Ha4YeHUs LIEPOXOBATOCTH MOBEPXHOCTEM
CoBepllIeHCTBOBAaHHUE COBPEMEHHOTO MTPOU3BOJICTBA MAIIIMH BEJIUKA POJIb

TCXHOJIOTHH B I/IHTCHCI/I(l)I/IKaI_II/II/I IMPOMU3BOACTBA, ITIOBBIMICHHUHN €TO
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pEHTa0EIbHOCTH, YIYUYllIEHUH KayecTBa BblyckaeMoil npoaykiuu. [lox

Ka4CCTBOM IIPOAYKIHHU ITOHNMAIOT COBOKYITHOCTDH €€ CBOfICTB,

ONpCACIIAIOMUX TPUTOAHOCTD IMTPOAYKIIMU YAOBJICTBOPATH OIIPCACIICHHBIM

HOTpe6HOCTSIM B COOTBETCTBHH C €€ Ha3HaueHueM. KauecTBo N30SI

XapaKTepU3yeTcs YeTbIpeMsl 4rpynnamMu MOKa3aTesen:

1. Texnuka — TexHooruueckas 2. KCIyaTaliOHHbIE

3.OkoHOMHYECKOE 4.DCTETUUECKOE

9KCHJIyaTaLII/IOHHBIC MOKAa3aTeJIM BKIIOYAIOT B ceOs HaJACKHOCTH,

JOJT'OBCYHOCTh, AMHAMHNYCCKOC Ka4CCTBO U T.A. I[JIH yYCIICIHOT O

MMPOABUIKCHHUA MaHJI/IHOCTpOI/ITeJIBHOﬁ NpOAYKIIUN Ha MHpOBOfI PBIHOK

HEO0OXOJIMMO €€ COOTBETCTBUE MEKIyHApOAHbIM cTanaapTam u 1SO, B

ICPBYIO OYUCPCD, ﬂeﬁCTByIOHIGﬁ Ha IpCApuATUA CUCTEME Ka4YCCTBA 110

craugaptam K0-9001. B cucteme ISO BMecTO Ki1acCOB TOUHOCTHU

IMPUMCHAIOTCA KBAJIMTCTHI - CTCIICHb TOYHOCTH. Kpanuter OIIpCACIIACT

BCIIMYNHY OOITYCKA Ha U3IOTOBJICHUC - YCM BBIIIC KBAJIUTCT, TCM MCHBIIC

nonyck usrorosienus. B cucreme 1SO ecth 19 kBanuteToB. OHU

0003HAYarTCA:

01,01,2,3/4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17

YV KBaJIUTETOB TOYHOCTHU O, IxauecTBO caMas TOYHas a KBaJUTETa TOYHOCTH

17 xauecTBO camas rpy0as. B nmpou3BoicTBe MalIuH YaIe BCEero

HCTOJIB3YIOTCS KBAJUTETOB TOYHOCTH OT S5 1015, M3 Hux 5 — 12 nis

Jomycku

HnaDran | Jnaxan | Jlng conpukacaeMbIX IOBEPXHOCTEN JLi%t CBOGOJIHBIX PA3MEPOB
OHOB 1OpoB COCAMHCHUS
Yucio
I sleln|e|zgl8|8/8/8/2/8]|8
JOITYCKO AR A I B B I I A I S R A R I
B
Keamre | 0,10/ 1/ 2|3/4/5/6|7|8 |9 |10(11|12 |13 |14 |15 |16 |17
ThI

COMPSITAeMBIX MOBEPXHOCTAX a 0T 13 — 15 B CBOOOAHBIX MOBEPXHOCTSIX.
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Jist o6pa3oBaHus MOCA0K ¢ HOMUHAJIBHBIMU JuaMerpamu a0 500 mm-a
pa3IuYHBIMU 3a30paMHu U Hatsramu B cucteme 1ISO u COB
MPEIyCMOTPEHO M0 28 BapHaHTOB OCHOBHBIX OTKJIOHeHHUH (prc.8.6).
OCHOBHOE OTKJIOHEHHE—ATO OJIHO M3 IBYX OTKIOHEHUH, HCIIOJIb3yEeMbIX
JUISL OTIPEJICIICHNS TIOJIOKEHUS TOIyCKa OTHOCUTENBHO HYJICBOW JTMHHUH. DTO
OTKJIOHEHUSI, KOTOPBIC PACTIONOKEHBI OJIMKE K HyJICBOW JIMHUU.
B cucreme 1SO umeercs 21 nosne aomycka A BaJIOB U OTBEPCTUH.
Bansl 0003Ha4arOTCS CTPOYHBIMU, @ OTBEPCTHUS - 3arJIaBHBIMHU OyKBaMU
natuHCKoro andasura. Ha3zBanus mocajaok, MpuMeHseMbIe B HAIIMOHATBHBIX
CUCTEeMax, He TPUMEHSIOTCSA, T. K. HE BCET/1a COOTBETCTBYIOT

HeﬁCTBHTeHLHOMy XApaKTCPy COIPSAKCHUA.

T .

Pucynok 8.6 OCHOBHOE OTKJIOHEHHE

Kpome 3THX ecTh elne 3 mpoMeKyTOUYHBIX 10JIs Jonycka - ¢d, ef, fg; CD, EF,
FG nmns mocasok ¢ 3a30poM U 3 MPOMEKYTOUHBIX OIS AOIycKa - Za, Zb, zC;
ZA, ZB, ZC) nns mocagok ¢ HaTATOM. DTH MPOMEKYTOUYHBIC TTOJIS
MPUMEHSIOTCS B TOYHON MEXaHMKE U YaCOBOW MPOMBIIIJICHHOCTH JIJIst

pazmepoB 110 10 mm.

Orsepcrust | A,B,C,CD,D,E EF,F,FG,G | H JJS,KM,N | P,R,STUV,X)Y,ZZA ZB,ZC
Baiet a,b,c,cd,d,e,ef,f,fg,g h J.Js.k,m,n P,rs,tu,v,xy,z,za,zb,zc

I'pynma [Tocagku ¢ 3a30pom Oci. | [Tepexonunas | [Tocaaku ¢ HaTArOM

HOCAKN | «yRenMUeHHUE 3a30pa %T:I;_H mocajika —YyBEJIMYCHNUE HATATA

Ball




Bce BBINICYKA3aHHBIC OTMCUYCHBI Ha YCPTCKAX:

—j%

@40 F7

@40 h7

@40 F7/h7

+0 025
@40 +0.025

@40+0.050

+0.025

( ) & +0.025
+0.025 A0

@ 40F7 +0.025 0.05
@A0h7 +0.05

+0.025

+0.025
) 40F 7'h7- .05

B ykazanHoMm uepTexe :
?40 - HOMUHAJIBHBIA pa3Mep CONPSITraeMbIX TTOBEPXHOCTEH;
F7 — otHocurcs: F — oTBepcTuii ¢ 3a30pom, 7 —T0 Kjacca TOYHOCTH |
h7 - orHocutcsi: h —Bana ¢ 3a30poMm, 7 —TO Ki1acca TOYHOCTH ;
[/ —TO KBajquTeTa KJjlacca TOYHOCTH IO JaHHBIM JOIYCK 16 MKM.
[ITepoxoBaTOCTh MOBEPXHOCTH OLICHUBAIOT ABYMSI OCHOBHBIMU METOJAMMU:
1. KauecTBeHHBIM
2. Kosin4ecTBeHHBIM
KauyecTBeHHBIN METO]T OLIEHKM OCHOBAH Ha BU3YyaJIbHOM CONOCTABIEHUU
00paboTaHHOI MOBEPXHOCTH C 3TAJJOHOM, HEBOOPYKEHHBIM TJ1a30M WIIH MO/
MHKPOCKOTIOM, OIIYIIEHUSM NPH OUIYIbIBAHUH PYKOH, MaJbLEM, JIAJOHBIO,
HOT'TEM. DTaJIOHbI [IJIsl OLEHKH IIEPOXOBATOCTU MOBEPXHOCTH BU3YyaJIbHBIM
CIIoco0OM, M3TOTOBJICHBI U3 TEX )K€ MATEPUAJIOB, C TAKOH ke hopMOoi
MTOBEPXHOCTH U TEM K€ METOAOM, UTO U JeTaib. KauecTBeHHYIO OLIEHKY
00pabOTaHHBIX TIOBEPXHOCTEN CIIEAYET MPOU3BOIUTH C IIOMOIIBIO
MHUKPOCKOTIA WJIH JTYTTBI C IATUKPATHBIM U OOJBIIAM YBEITUYCHUEM.
Kosin4yecTBeHHBIM METO]I OLICHKH 3aKJII0YAETCA B U3MEPEHUU
MUKPOHEPOBHOCTEH MOBEPXHOCTH C MOMOIIbIO TPUOOPOB: npoduiiorpada,

npouIoMeTpa, IBOMHOTO MUKPOCKONa 1 MUKPOUHTEPPEpPOMETpA.
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B mpou3BoacTBaxX 10 U MOCiE TEXHOJIOTHUECKHX orneparuu (puc.8.7)

IOJIy4ya€MbIC NCTAJIH .

ITeckocTpyiiHass omepauus

AC CEPABOTKH NOCHE OGPABOTKM

o n nmocie ®pe3epHoii 00padoTKH
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‘I—.LA ol i Bal

JJIeKTpoMexaHu4veckass 00padoTka
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JlazepHoe ynpoyHeHHe

Pxasan aerans (10 o5paboTin) Herans nocne VpCl-Corrverter

O6pasewu: getann, inTehe. MarTepmnan: natyHb

HakaTtHoe IMOJHPOBAHME U AJIMA3HOC BbITVIA’KUBAHHNEC
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MNocne ouncTin FE DI

Ouucrtka

MarupoBaunue

XuMmusa s TPpaBJICHUA
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Oo cuvcTer Mocne cyucTen

OuyucTkKa

IleckocTpyiiHass o0padoTka
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OO0padorka pasHBIX Oonepauuu

Pucynok 8.7 Jlerayiu 10 U mocJie TEXHOJIOTHYECKUX ONepaluu
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B naHHBIIT MOMEHT HCTIONIB3YETCS CPEICTBA U3MEPEHUS U3 HUX KOTOPHIE
CYIIECTBYET B JAHHBIX YCIOBUSIX MUKPOCKOTI, JTyTia, YIEKTPOHHBIE
M3MEPUTEIH IIEPOXOBATOCTH TOBepXHOCTH Mapku - T P200, mpodunorpad,
npoduiiometp, 1BoiHOM Mukpockon - MUC-11, mukpountepdepomerp,
MUKPOMETD, IePKaTeNb, 00pa3Ilbl MEPOXOBATOCTH MOBEPXHOCTH, MHOTO
KOJIMYECTBO U pa3Hble (POPMBI H3MEPSIEMBIE JI€TaIH MOCIe

TEXHOJIOTHYECKOU 00paboTku.B MaHHBIX yCIOBUSAX UCIIOJIB3YETCS CPEICTBA

U3MepEeHHs 00pasIibl IIepoXoBaToCcTH (puc.8.8)moBepXHOCTH.

P

e
o’ st

O0pa3ubl HIEPOXOBATOCTH MOBEPXHOCTEM
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Rub6,3 BlE

OO0pa3upl HIepOX0BATOCTH OBEPXHOCTEH
nocJje pa3HbIX TEXHOJOTMYECKHUX onepaunui

RATLAPPNG | o | RUBERT NTAL -;Hu:m’;
REAMING il A RE MLLING MLUNG

ITaJI0HbI Pa3HBIX TOYHOCTEN

Pucynok 8.8 OO0pa3ubl LIEPOXOBATOCTH MOBEPXHOCTH
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Ha Bu3yanbHOM conocTaBieHUH 00paOOTaHHON MOBEPXHOCTH C 3TaJOHOM
00pa3IioM MOBEPXHOCTH HEBOOPYKEHHBIM IJ1a30M ,a TAKXKE MO OIIYIEHUSIM
MIPU OIIYIIBIBAHUU PYKOM, MAJIbIIEM, JTaJ0HbIO, HOI'TeM. Bu3yanbHbIM
CII0COOOM MOYKHO JIOCTATOYHO TOYHO ONPENENATh IEPOXOBATOCTh

MOBEPXHOCTH.

Ob6pazusl
wepoxoBarTocTm

peranb//
OO0pa31el, MPUMEHsEMBbIE IS OIEHKH MEPOXOBATOCTH MTOBEPXHOCTH
BU3YaJIbHBIM CIIOCOOOM, JTOJKHBI ObITh H3TOTOBJICHBI U3 TEX KE MaTCPHUAJIOB,
C TaKkoi ke (popMoii MOBEPXHOCTH U TEM K€ METOJIOM, UTO U JIETalb.

B naHHBIX yCIOBUAX KpOME ITAJIOHOB UCIOJIB3YETCS CPEACTBA U3MEPEHUS -
aymsl (puc.8.9). KauecTBeHHYIO OlIEHKY BeCbMa TOHKO 00pabOTaHHBIX
MOBEPXHOCTEH ClieTyeT MPOU3BOIUTE C TTIOMOIIBIO JTYTIBI C IITUKPATHBIM U

0O0IBIINM YBCIMYCHUCM.

PucyHok 8.9 Jlyna

.JIyna - YBCIMYUTEC/IIBHOC CTEKJIO0 - OIITUYCCKAsA CUCTEMA, COCTOAIIAA U3
OI[HOﬁ u 0oJiee NTUH3 U npcaHasHa4dYCHHAaA AJId YBCIMYCHUSA U Ha6J'IIOI[eHI/IH

MCJIKHX IIPEAMETOB, PACIIOJIOKCHHBIX HA KOHCYHOM pPaCCTOAHNH.
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https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BD%D0%B7%D0%B0

Hcnonws3yeTcs BO MHOTHX 001aCTSAX YEJIOBEUYECKOMN JAeSATeTbHOCTH, B TOM
yucje B OMOJIOTUH, MEIUIIMHE, apXEOJIOruu, OaHKOBCKOM U IOBEIUPHOM
nene, KpUMAHAIUCTUKE, ITPU PEMOHTE YacOB, PaIMO3JICKTPOHHON TEXHUKH,

a Takke B puIaTeINU, HyMU3MaTUKEe U OOHUCTHKE.

3

<

HaGmonaemblii mpeAMET MOMENAIOT OT JIYIbl HA PACCTOSIHUM, HEMHOTO
MeHblIeM €€ (POKYCHOro paccTosiHus. B aTUX ycnoBusix Jiyna aact npsiMoe
YBEJIMUEHHOE U MHUMOE M300paxkeHue npeamera. Jlyan ot uzoopaxkeHus
MOTA/IAl0T B IJ1a3 MO/ YTIIOM, OOJBIINUM, YEM JIYYH OT CAMOTO IIPEIMETA .
OTuUM U 00BACHSETCS YBEIMYMBAIOIIEe JEHCTBUE JTYIIBI.

B naHHBIX yCIOBUAX KpOME 3TATIOHOB-00PA31I0B U JIYIbI UCTIOIb3YETCs
cpezactBa uamepenus mukpockonsi(puc.8.10). Becbma ToHKO
00paboTaHHBIX MOBEPXHOCTEH CIIEYET MPOU3BOJIUTD C TOMOIIBIO
MUKPOCKOTA C MATUKPATHBIM U OOJIBIIUM yBenrueHueM. Vcnonb3zyembie
MHUKPOCKOIIBI OCHOBAaHbI Ha BHU3yaJIbHOM COMOCTaBIECHUU 00pabOTaHHOMN

IIOBEPXHOCTH.

Pucynoxk 8.10 Muxkpockon MUC-11
B ocnoBHoMm ucnonb3yercs MUC-11. JBoitHoit mukpockon MUC-11

npeaHa3HavyaeTcs AJisl IPOBEPKHU KauecTBa 00pabOTKU HAPYKHBIX
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https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%85%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BD%D0%BA
https://ru.wikipedia.org/wiki/%D0%AE%D0%B2%D0%B5%D0%BB%D0%B8%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%8B
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D0%B0%D1%82%D0%B5%D0%BB%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BC%D0%B8%D0%B7%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BD%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D0%BA%D1%83%D1%81%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D1%81%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5

MOBEPXHOCTEH eTanell myTeM U3MEPEHHsI 10 METOLY aKaJeMHuKa
Bb.Il.JlunHuKka BBICOTHI HEPOBHOCTEHM MUKpornpoduis B npenenax 0,8 -
40MKkM. MUKpOCKON HOPMAJIBHO pabOTaeT B MOMEIIEHUH C TEMIIEPATypOil
ot +10° no +40°C u oTHOCHUTENIBbHOM BiIaXxHOCTH He 6osee 80%. JBoitHoi

MHKPOCKOI MPEICTABISAET CUCTEMY JIBYX

MHUKPOCKOIIOB, IPEIMETHBIC TOUKH 0ObEKTHBOB KOTOPHIX COBMEIIEeHbI. Ocu
MUKPOCKOIOB COCTaBIISIIOT MEX1y c000it yron 90°, mpuuem 6uccekTpuca

9TOTO yrijia COBIIAAacT C HOpMAJIbIO K HSMepﬂeMOﬁ ITOBCPXHOCTH.

a) 0)
OnuH U3 MUKPOCKOIIOB SIBJISIETCS] IPOESKTUPYIOIIUM, & BTOPO
HaOMoAaTeNnbHbIM. 711 U3MEPEHH BBICOTHI HEPOBHOCTEH B MUKPOCKOTIE

YCTaHOBJIEH OKYJIAPHBIM MUKPOMETD.

432



JIBOMHON MMKPOCKOI MO3BOJSIET Takxke (ororpadupoBaTh HCCIEAYEMYIO
ITOBEPXHOCTH C BBICOTOM HepoBHOCTEH 0,9... 60 MKM.

J{ns u3mepenuss MUKpOHEpOBHOCTEN BbicOTOM 0,1...6 MKM C yBEIMUEHUEM B
400.500 pa3 TPUMEHSIOT MUKPOUHTEPHEPOMETP HHTEPPEPEHIIMOHHBIMU
M0JIOCAMH, COOTBETCTBYIOIIMMHU MPO(PHUII0 HCCIETyeMOW IMOBEPXHOCTU B
JAHHOM CEYEHUHU.

B HekoTOphIX ciiydasx ucrnonb3yercs 1udposbie(puc.8.11) MUKPOCKOTIBI.

vy

Ly
\‘“\'l\

J
/

Y st , B
Pucynoxk 8.11 Mudposoit Mukpockon
B naHHBIX YCIOBUSAX KPOME 3TaJOHOB-00PA3I0B, YTl I MUKPOCKOTIOB
HCIIOJIb3YETCS CPEJICTBA UBMEPEHUS DIEKTPOHHBIC U3MEPUTETU
mepoxoBaroctu nosepxuoctu mapku — T P 200, mpodumnorpad,
npoduomerp, MUKpOUHTEPHEPOMETP U T.JA.
N3mepenrnn MUKpOHEPOBHOCTEH MOBEPXHOCTHU € TTOMOIIBIO0 TPUOOPOB:
npodunorpada,npodpunomerpa, 1 MUKpOUHTEPHEPOMETPa HAZBIBACTCS

(s0k.8.12) KONMMYECTBEHHBIM METOOM.

DJIeKTPOHHBIE H3MEPUTEIH IEPOXOBATOCTH MOBEPXHOCTH
mapku — TP 200
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AURA —M mnpodunometp

TR0 Serface Rowghoess Tester

=1 =

H3mepuTesn 1epoxoBaTocTH NoBepxHocTu Mapku — TR 200
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IIpopuaorpa¢ — kourporpadg
Pucynok 8.11 H3mepeHUM MUKPOHEPOBHOCTEH MOBEPXHOCTH

¢ NOMOIILI0 KOJIHYECTBEHHbIM MeETOJA0M
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KonrakTHblii npoguiioMerp - npudop, MpeTHa3HAYCHHBIN IS
MU3MEPEHUS HEPOBHOCTEW MOBEPXHOCTHU. [[7151 OLIEHKM HEPOBHOCTH
ITOBEPXHOCTH YACTO UCIOJIB3YIOT CIIEMAIBHBIN ITOKA3aTeNb -

IEPOXOBATOCTh MOBEPXHOCTU. TUMIUUHBIN MPOGUITIOMETP
COZIEPKUT MIKAJLY, Ha KOTOPOM M OTCUNUTHIBAKOTCS 3HAYEHUS ITOKA3aTeNs

MEPOXOBATOCTHU ITOBEPXHOCTH.

B texHuke npodusomMeTpsl B OCHOBHOM IPEAHA3HAYCHBI JJI1 U3MEPEHUH B
71a00paTOPHBIX U IIEXOBBIX YCIOBUSAX MAIIMHOCTPOUTEIBHBIX,
npuOOPOCTPOUTETBHBIX U APYTUX MPEANPUITHIA, a TAK)KE B IMOJIEBBIX
YCIIOBUSX, IIEPOXOBATOCTH MOBEPXHOCTEN U3/IeNINM, ceueHHue KOTOPhIX B

MJIOCKOCTH U3MEPEHHUSI MPECTABISIET NPAMYIO JTHHHUIO.
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https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D1%80%D0%BE%D1%85%D0%BE%D0%B2%D0%B0%D1%82%D0%BE%D1%81%D1%82%D1%8C_%D0%BF%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%A8%D0%BA%D0%B0%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%B0%D1%8F_%D0%BB%D0%B8%D0%BD%D0%B8%D1%8F

N3mepenue nmapaMeTpoB MIEPOXOBATOCTH MOBEPXHOCTU MPOUZBOAUTCS TIO
CUCTEME cpejJHell JIMHUM B COOTBETCTBUHU C HOMEHKJIATYpPOUl U AMana30HaMu

3HaueHud, npeaycmorpenubiMu 'OCT 2789-2003.

[Mpunuun nevictBus npodunomerpa koHcTpykiuu B. M. Kucenesa
3aKJII0YaeTCsl B BO3OYXKJICHUN KOJIEOaHUM HANIPSIKEHUS B pe3yJIbTaTe
ABUKeHUI omynbiBalomei uriabl. Urna npodunomerpa ¢ anmasHbIM
HAKOHEUHUKOM, PAJNYC 3aKpYTJICHUS KOTOporo 12 MkM, mojBelieHa Ha
npykuHax . HkHUi KOHell ee OllynbIBaeT HEPOBHOCTHU MOBEPXHOCTH
JIETaIIH.

Ilopsanok BbINOJHEeHHS PadOTHI:

1.YcTaHOBUTH B IIEHTpaxX CTaHKa 3arOTOBKY M B pesliefiepiKkaresne
CYIIOpTa pe3ell.

2. YcTraHOBUTH pEeXuUM pesanus: nomada S = 0,1 MM/00;riryOuHa pezanus
t=10,2 + 0,5 mM;ckopocTh peszanus V =35, 10, 20, 40, 80, 120 u 160m/MuH.
3. CHATH 3aTOTOBKY CO CTaHKa M U3MEPHUTHh BBICOTY HEPOBHOCTEMN
00paboTaHHON MOBEPXHOCTH Ha BCEX YYACTKaxX JETald C MOMOIIBIO
HM3MEPUTEIHLHOTO TIPUOOpa.

4. VI3y4uTh OTCUETHBIC YCTPOMCTBO U pa3paboOTaTh METOJUKY OTCUETA
MU3MEPUTENBHBIX PUOOPOB.

5.M3MepeHnst mepoXoBaTOCTH MOBEPXHOCTHU JA€Tajel pa3iTuyHbIMU
npubopamu.

6.0mnpenenuth BLICOTHI HEPOBHOCTEN R; METO/I0M CpaBHEHUS C 3TAJIOHAMU
IEPOXOBATOCTH.

7.CocTaBUTh TaOMUIY IO JAHHBIM Pe3yJbTaTaM H3MEpPEHHUS.
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8.AHanu3 pe3yJbTaToOB U COCTABUTH I'pauK .

3anaua: M3mepenue DCKHU3 U3MEPSAEMON IeTAIN
HIEPOXOBATOCTH OBEPXHOCTH

I[eITaJIL Ne

PesynbTaTel n3amMepeHnii, MKM

CxopocTh pe3na oT Hayasia

S
% ompITa, V. M/ MUH
=
2| Haumenosanue
Q
é’ 5 10 20| 40| 80 |120 160

BricoTta
1 HEPOBHOCTEM

H, Mmxm
[ITar HepoBHOCTEN

2 S, MM

JlaTa BBITIOJTHEHUST PaOOTHI JlaTa cmauu paboTh

[lonpnucek crynenra [Toanuce mpenomaBaTens

KoHTpoabHBIE BONIPOCHI:
1.Ha kakue cBOMCTBa JieTajieil OKa3bIBaET BIMSHUE IIIEPOXOBATOCTH?
2. Uto Takoe mapameTpbl Ra ,Rz?
3. UTo Takoe KBAIMTETHI U KaK 0003HAYAIOTCS ?
4.YT1o Takoe OCHOBHBIC OTKJIOHEHHUS M KaK 0003HAYArOTCS ?
5.Buner n3mepuTenbHBIX TPUOOPOB U U3MEPEHHE?

6. OT KaKuX MapamMeTPOB 3aBUCUT IIEPOXOBATOCTH MOBEPXHOCTH ?
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TOPIC Ne 8
DETERMINATION OF SURFACE ROUGHNESS

A task:

1. Determination of the dimensions of the surface roughness of parts.

2. Make a calculation of the work done.

Objective:

Acquisition of skills in determining the dimensions of the surface roughness
of parts. Mastering measurements. Determination of the suitability of parts
after the technological process.

Measuring instruments and measured objects for performing work:
Microscope, magnifying glass, electronic meters of the brand - TP200,
profilograph, profilometer, MIS-11, microinterferometer, micrometer,
holder, samples, many quantities and various parts to be measured after
processing.

Work rules:

1. The main types of microscopes, the study of the reading device and the
field of application.

2. To develop a technique for counting a microscope.

3. Kinds of electronic surface roughness gauges - TP200, reading device and
scope.

4. Measurement of surface roughness of parts with various devices.

5. Make a table according to the measurement results.

6. Analysis of results.

Theoretical information:

After each technological operation on the treated surfaces

irregularities are obtained (Fig.8.1).
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Figure 8.1 Roughness

Irregularities on the surfaces of workpieces (Fig.8.2) to be processed
dependon a number of reasons: the processing mode, cooling and lubrication
conditions of the cutting tool, the chemical composition and microstructure
of the processed material, the design, geometry and cutting ability of the

tool, the type and condition of equipment, auxiliary tools and devices.

1

1
]
I
Figure 8.2 Irregularities on the surfaces
The following three deviations from the theoretical surface are
distinguished:
1.Macrogeometric deviations
2.Waviness of surfaces
3.Microgeometric deviations
Macro geometric deviations - characterize ovality, taper and other
deviations from the correct geometric shape. These are forms of surface
deflection.
1000 mecm <S/H 8.1

Waviness of surfaces is a consequence of vibration of the technological

system, as well as the unevenness of the cutting process.
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50 mem <S/ H <1000 mcm 8.2
Microgeometric deviations - are formed as a result of the impact of the
cutting edge of the tool on the workpiece surface, as well as due to plastic
deformation of the workpiece material during the cutting process. This is the
roughness of the surfaces.

S/ H <50 mcm 8.3
Where is the S-step of microroughness
H- microroughness height.
The nature and location of microroughnesses depend on the direction of the

main cutting movement and the direction of the feed movement.

Varieties of directions of irregularities Table 8.1
Kolo- Sxematik sakli Isarosi Koalo- Sxematik sakli Isarasi
koétirliyin koétirliyin
istiqamati istiqamati
paralel \/; ixtiyari . fM
erpendikulyar dairavi ﬁ;% )
— Vi ©) |k
OO 0 0.0 0 9. 999
e INE R - NG
CHRRRRRRRKK] | 77

The surface quality (Fig.8.3) of machine parts is determined by the
roughness and physics of the mechanical properties of their surface layer.
The real surface, regardless of the method of its processing, is a
combination of protrusions and depressions with different steps - S. The set
of irregularities with relatively small steps, forming the surface
relief,considered within the base length - L. (), is called the surface

roughness.
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Figure 8.3 Real surface
Roughness can be thought of as a tool mark on a machined surface due to a
combination of main motion and feed motion.
The following roughness parameters have been established:
1. The arithmetic mean deviation of the profile - Ra
2. Height of profile irregularities at ten points - R;
Ra =400 ... 0.008 mcm;
Rz =1600 ... 0.025 mcm;
S - average pitch
S$=125...0.002 mm
The arithmetic mean deviation of the profile - R, is the mean value of the
distances - yi, y2, ..., yn points of the profile to its centerline

1t 1¢
R, = [y(dx="3)y 8.4

where y; - absolute - without taking into account the algebraic sign of the
distance to the center line; n is the number of measured deviations.

The length of the surface area selected for roughness measurement is called
the base length - L (1). The numerical values of the base length are selected
from the range of 0.01; 0.03; 0.08; 0.25; 0.80; 2.5; eight; 25 mm.

The height of the irregularities (Fig.8.4) - R, characterizes the average

distance between the five highest points of the protrusions and the five
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lowest points of the valleys within the base length, measured from a line
parallel to the centerline.

R; = [(h1 + h3 +... + h9)] + [(h2 + h4 +... + h10)] / 5 8.5
where h1, h3, ... + h9 are the distances from the highest points of the
protrusions to a line parallel to the midline; h2, h4,...h10- distances from the

lowest points of the troughs to a line parallel to the midline.

e et

Figure 8.4 The height of the bump
ZHirmx + ZHim'n
Rz _ L= : i=1 8.6

The roughness of the surface according to GOST 25142-2002 is called the
aggregate of irregularities the distance between the tops of the characteristic
irregularities of the measured profile, forming the surface relief and
considered within the area, the length of which is selected depending on the
nature of the surface and is equal to the base length.

To indicate the roughness of surfaces (Fig.8.5), the type of processing of

which not set, sign - a applies. Surface roughness,

a) 8)

N/ Ty V/%/
A

formed by the removal of a metal layer, for example, turning, drilling,

milling, grinding, etching, etc., are denoted by the sign - 6, and the roughness
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of the surface formed without removing the metal layer, for example,

casting, stamping, etc., and also not processed according to this drawing by

the sign - B.
The ratio of the values of the parameters Table 8.2
of roughness and base length
The arithmetic mean Roughness
deviation of the height, Base
Class profile, R, mcm length,
purity Ra, mcm L V).,
More mm
1 80 320
2 40 160 8
3 20 80
4 10 40
5 5 20 2,5
6 2,5 10
7 1,25 6,3 0,8
8 0,63 3,2
9 0,32 1,6
10 0,16 0,8
11 0,08 0,4 0,25
12 0,04 0,2
13 0,02 0,1
14 0,01 0,05 0,08
for instance:
2
T RV/V, | |
\ | L Y v

H l E G

@)

Figure 8.5

G}

Marking of surface roughness

Improvement of modern machine production, the role of technology is great

in intensifying production, increasing its profitability, and improving the

quality of products. Product quality is understood as the totality of its
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properties that determine the suitability of a product to meet certain needs in
accordance with its purpose. The quality of the product is characterized by
four 4 groups of indicators:

1. Technique - technological

2.0perating

3.Economic

4.Aesthetic
Performance indicators include reliability, durability, dynamic quality, etc.
For the successful promotion of engineering products to the world market, it
Is necessary to comply with international standards and 1SO, first of all, the
quality system in force at the enterprise according to K0-9001 standards. In
the 1SO system, instead of accuracy classes, qualifications are used - the
degree of accuracy. Quality determines the size of the manufacturing
tolerance - the higher the quality, the smaller the manufacturing tolerance.
There are 19 qualifications in the 1SO system. They are designated:

01,0,1,2,3,4,56,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17

Accuracy grades 0.1 have the most accurate quality and 17 accuracy grades

the coarsest quality. In the production of machines, accuracy grades

Toleran For For

ces Calipe For mating joint surfaces For free sizes

Etalons s

Number

of o | o
toleranc 83&3%%%%5%5@
e units N
Qualities [ 0,10/ 1/ 23/4/56|7 8|9 1011|1213 |14 15 16|17

from 5 to 15 are most often used. Of these, 5 - 12 for mating surfaces and

from 13 - 15 in free surfaces.
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In order to create different types of seats in slots and shafts with a nominal
diameter of up to 500 mm, the ISO system adopted the main inclinations
(Fig 8.6) in 28 variants in the standards of international countries.
The 1SO system has 21 tolerance ranges for shafts and holes. Valya are
indicated by lowercase letters, and holes - by capital letters of the Latin
alphabet. Landing names used in national systems do not apply, since they

do not always correspond to the actual nature of the pairing.

Figure 8.6 The main trends
In addition to these, there are 3 more intermediate tolerance fields - cd, ef,
fg; CD, EF, FG for clearance fits and 3 intermediate tolerance zones - za, zb,

zc; ZA, ZB, ZC) for interference fits. These intermediate fields are used in

Holes | AB,C,CD,D,E,EF,F,FG,G | H JJsSKM,\N | P,R,S,T,UV,X)Y,ZZA ZB,ZC
Shafts |a,b,c,cd,d,e.eff,fg,g h J,Js.k,m,n P,r;s,tu,v,xy,z,za,zbh,zc
Landing | Clearance fits Main | Transitional | Interference landings
group «— increase clearance otv. landing — increase in tightness

and

Main

shaft

precision mechanics and watchmaking for sizes up to 10 mm.
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All of the above are noted in the drawings:

]

@40 F7

D40 K7

@a0 F7/h7

+0 025
@40 +0.025

©40+0.050

+0.025

+0.025
(+0.025) D40.0.05

7 +0.025

GA0hT +0.05

© 40F

+0.025

+0.025
3 40F 7'h7- 0,05

In said drawing:
@40 - nominal size of mating surfaces;
F7 - refers to: F - holes with a gap, 7th class of accuracy;
h7 - refers to: h - shafts with a clearance, 7th accuracy class;
7th quality class of accuracy according to the tolerance of 16 microns.
Surface roughness is assessed by two main methods:

1. High quality

2. Quantitative
The qualitative assessment method is based on visual comparison of the
treated surface with a reference, with the naked eye or under a microscope,
sensations when feeling with a hand, finger, palm, nail. Standards for the
assessment of surface roughness by visual method, made from the same
materials, with the same surface shape and the same method as the part. A
qualitative assessment of the treated surfaces should be carried out using a
microscope or a magnifying glass with five times and higher magnification.
The quantitative assessment method consists in measuring the surface
microroughness using instruments: a profilograph,profilometer, double
microscope and microinterferometer.In production before and after

technological operations, the resulting parts (Fig.8.7) .
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Sandblasting operation

AC CEPABOTKH NOCHE OGPABOTKMH

Before and after Frezer turning
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Rolled polishing and diamond burnishing
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Handling different operations

Figure 8.7 Parts purchased before and after technological operation in

production
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At the moment, measuring instruments are used, which exist in under the
given conditions, a microscope, a magnifying glass, electronic gauges of the
surface roughness of the brand - TP200, a profilograph, a profilometer, a
double microscope - MIS-11, a microinterferometer, a micrometer, a holder,
samples of surface roughness, a lot and different shapes of the measured
parts after technological processing.

Under the given conditions, means of measuring surface roughness samples
are used (Fig.8.8).

o“-

(o)

o s

Surface Roughness Samples
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Standards of different accuracy
Figure 8.8 Examples of roughness
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By visual comparison of the treated surface with the reference sample of the
surface with the naked eye, as well as according to the sensations when
feeling with the hand, finger, palm, nail. Visually, you can accurately

determine the surface roughness.

roughness samples

S

Detail /

Samples used for visual assessment of surface roughness should be made from
the same materials, with the same surface shape and the same method as the
part.

Under the given conditions, in addition to standards, measuring instruments -
magnifiers are used. A qualitative assessment of very finely processed
surfaces should be made using a magnifying glass with five times and higher
magnification (Fig.8.9).

Fgure 8.9 Lupa

Loupe - a magnifying glass - an optical system consisting of one or more
lenses and designed to magnify and observe small objects located at a finite
distance. It is used in many fields of human activity, including biology,

medicine, archeology, banking and jewelry, forensic science, in the repair of
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watches, electronic equipment, as well as in philately, numismatics and

bonistics.

<d
.'

The observed object is placed from the magnifying glass at a distance
slightly less than its focal length. Under these conditions, the magnifying
glass will give a direct magnified and imaginary image of the object. The
rays from the image enter the eye at an angle greater than the rays from the
object itself, which explains the magnifying effect of the magnifying glass.
Under the given conditions, in addition to reference standards and a
magnifying glass, microscopes (Fig.8.10) measuring instruments are used.
Very finely finished surfaces should be done with a microscope at 5x and
higher magnification. The microscopes used are based on visual comparison

of the treated surface.

Figure 8.10 Microscope MUC-11

MIS-11 is mainly used. Double microscope MIS-11 is designed to check the
quality of processing of the outer surfaces of parts by measuring according to
the method of academician B.P. Linnik of the height of the irregularities of
the micro-profile within 0.8 - 40 microns. The microscope works normally in

a room with a temperature from + 10 ° to + 40 ° C and a relative humidity of
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no more than 80%. The double microscope represents a system of two

£,

microscopes, the objective points of the objectives of which are aligned. The
axes of the microscopes make an angle of 90 ° with each other, and the

bisector of this angle coincides with the normal to the measured surface.

One of the microscopes is a design one, and the other is an observation
one.An eyepiece micrometer is installed in the microscope to measure the

height of irregularities.

The double microscope also allows photographing the investigated surface
with an irregularity height of 0.9 ... 60 microns.
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To measure microroughnesses with a height of 0.1 ... 6 microns with an
increase of 400.500 times, a microinterferometer is used with interference
fringes corresponding to the profile of the investigated surface in a given

section.

In some cases, digital microscopes (Fig.8.11) are used.

Figure 8.11 Digital microscope

Under the given conditions, in addition to reference standards, a magnifying
glass and microscopes, measuring instruments are used: electronic gauges of
the surface roughness of the brand - TP 200, a profilograph, a profilometer, a
microinterferometer, etc.

Measurement of surface microroughness using instruments: profilograph,

profilometer, and microinterferometer is called the quantitative method.

AURA —M prophilometer
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Prophilometer TR 110

Grade Surface Roughness Meters — TR 200

Prophilometer — profilograph
460



Profiler — countergraph

Figure 8.11 Measurement of surface roughness by the social method
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A contact profilometer is a device designed to measure surface irregularities.
To assess surface roughness, a special indicator is often used - surface
roughness. A typical profilometer contains a scale on which the values of the

surface roughness indicator are measured.

In technology, profilometers are mainly intended for measurements in
laboratory and workshop conditions of machine-building, instrument-making
and other enterprises, as well as in field conditions, the surface roughness of
products, the cross-section of which in the measurement plane is a straight

line.
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Surface roughness parameters are measured according to the centerline

system in accordance with the nomenclature and ranges of values provided
for by GOST 2789-2003.

The principle of operation of the profilometer designed by V. M. Kiselev is to
excite voltage fluctuations as a result of the movements of the probing needle.
The needle of the profilometer with a diamond tip, the radius of curvature of

which is 12 microns, is suspended on springs. The lower end of it feels the
unevenness of the surface of the part.

Work order:
1.Install the workpiece in the centers of the machine and in the support tool
holder cutter.
2. Set the cutting mode: feed S = 0.1 mm / rev; cutting depth t = 0.2 + 0.5 mm.
cutting speed v = 5, 10, 20, 40, 80, 120 and 160 m / min.
3.Remove the workpiece from the machine and measure the height of the
irregularities the processed surface in all areas of the part using a measuring

device.

4. To study the reading device and develop a method of reading measuring

devices.

5. Measurement of surface roughness of parts with various devices.

6. Determine the heights of irregularities R; by comparison with roughness
standards.

7. Make a table according to the measurement results.

8. Analyze the results and draw up a schedule.
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Task: Measuring surface Sketch of the part to be measured

roughness
Detail Ne

¢

9
g
o
0
7
93
¢

Measurement results, mcm

Cutter speed from start

z experience, v.m/ min
§ Name
5'; 5 10 | 20| 40| 80 |120 160
Roughness height
1| H, mcm
Irregularity step
2 S, mm
Work completion date Work delivery date
Student’s signature Teacher’s signature

Test questions:

1.What properties of parts are affected by roughness?

2. What are the parameters Ra, Rz?

3. What are qualifications and how are they indicated?

4. What are the main deviations and how are they indicated?
5.Kinds of measuring instruments and measurement?

6. What parameters does the surface roughness depend on?
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MOVZU Ne9

MASIN iISTEHSALINDA BAZA VO BAZLASDIRMA
Tapsiriq:
1. Bazanin novlarini va bazalagdirma nazariyyasinin asaslarini dyronmali.
2.Pastahlarin tortibatda yerlogsdirma bazalarinin cxemini tortib etmoli.
Isin maqsadi:
Bazalar1 miioyyon etmak bacariqlarini alde etmok. Bazalagdirma
sxemlorinin hazirlanmasi. Bazalagdirma sxemlarinin on ¢ox genis yayilmis
novlarinin tatbiqi ilo tanis olmag.
Isin yerino yetirilmosi iiciin lazzm olan cihazlar vo lovazimatlar:
Movcud saraitds olan dozgahlar,iigyumrucuqlu patron - tortibat, xiisusi
tortibatlar, stangenporgarlar, hamar mikrometrlor, mikrometrik
dorinlik6lgonlor , mikrometrik daxilidlgonlor, indikator, ¢ilingar alotlori,
soviyyadlgon vo niimunoalor daxildir.
Isin yerina yetirilmo qaydasi:
1.Emal olunan hissonin dozgahda yerlosdirilmosinin eskizi.Qabul olunmus
bazalarin vo onlarin sorti isarslorinin geyd olunmasi.
2. Dazgahin adi vo novii.
3. Secilmis baza sothlorinin xiisusiyyatlori.
4, Bazlasdirmanin noticolorini codvalo yerlogsdirmoli.
5. Bazlagdirmanin gobul olunmus sxematik formasinin noticolori.
Nozori moalumatlar:
Masinin keyfiyyati layihodon istehsaladok olan biitiin moarhalalorinds tomin
olunur.
Masin istehsal texnologiyasinin nazari asaslarinin on vacib b0lmoslorindon
biri do bazalar haqqinda Syronmokdir.
Bir magimin konstruksiyasini tortib edorkon asas vazifa bir hissonin digorino
nisbatan talob olunan moévqgeyini gostormakdir. Masinin yigilmasi prosesinda

hissalorin bu vaziyyati hayata kecirilir.
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Texnoloji avadanliglarda pastahlart emal edorkon (s0k.9.1), pastah vo kasici
alot geyri-miioyyan nisbi movqe tutursa, tolob olunan doqiqliyi alds etmok
mimkin deyil.Bitin bu mosalalari hall etmok ii¢lin baza nazariyysasindan
istifado olunur.

Masin istehsali texnologiyasinda bazalasdirma dedikdo postaha vo ya
mohsula se¢ilmis koordinat sistemina nisbaton tolob olunan moévqgeyi vermak

nazoarda tutulur.

A

Sokil 9.1 Texnoloji avadanhqlarda poastahlarin emah

Mohsul dedikds tamamils sart cisimlar kimi tomsil olunmalarina imkan
veran hisso, diiyiin, kosici alot vo Olcii alati, tortibat,avadanliqlar basa
dustiliir.

Emal vo ya y1igma omoliyyatlar1 zamani hisss vo ya hissalorin emal olunan
sothlori miioyyon sothloro mosalon noqts, diiz xatt, hisso vo ya diiyilino
nozoron momul yigilir vo ya hisso emal olunur vo bu sothlors (50k.9.2) baza
sothi deyilir.
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Sokil 9.2 Bazalar
Hissonin biitiin sathlorinin bazalar1 qulluq toyinatina gora (sok.9.3) dérd
yera boliiniir:

1.9sas baza

2.Komokci baza

3.icraedici baza

4.Saorbast baza
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Isas bazanin komoyi ilo hissonin momuldaki movqeyi tayin olunur.
Komoke¢i baza hissonin o sothini adlandirirlar ki, birlosmadas istirak edon
biitlin hissalorin movgeyi o sotho nozoron miioyyon olunur.

Icraedici baza konstruksiyada qulluq toyinatini yerino yetiron sothdir.
Icraedici sothlor birlikdo hissonin formasinm konstruksiyast iigiin zoruridir.
Sarbast baza sothlori o sathlora deyilir ki, onlar basqa hissalorin sathlori ilo

birlosmods istirak etmir.

bbbk
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Sakil 9.3 Qullug tayinatina gors Bazalar

Layiho, hissonin hazirlanmasi, magin vo mexanizmlorin 6l¢iilmosi vo
yigilmasi zamani1 xarakter toyinatina goro bazalar (sok.9.4) U yero
bolinur:

1.Konstruktor bazalan

2.Texnoloji bazalar

3.0l¢cii bazalan
Konstruktor bazalar1 asas vo komakgei bazalardan ibarotdir. Layiho
zamani sathlorin formasinin sec¢ilmasi, onlarin nisbi voziyyati, 6l¢giilorin
goyulmasi, doqiglik normasinin iglonmasi vo saironin geydo alinmasi asas
mona kasb edir. 9sas baza hissonin vo ya diiyliniin momuldaki movgeyini

miioyyon edir. Komakgi baza iso verilona nozoron birloson hissolorin vo ya
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diiylinlorin nisbi voziyyatini miioyyanlosdirir. Basqa hissolora nazoron
hissonin movqeyi iki vo ya {i¢ bazadan ibarat komplekt sokildo bir qayda
olaraq toyin olunur.

Texnoloji bazalar hisss vo ya diiyiinlorin hazirlanmasi zamani onlarin
movqgeyini tayin edir.

Olcii bazalar hisso vo ya diiyiinlorin vo 6l¢ii alotlorinin nisbi mévqelorini

toyin edir.

Texnoloji bazalar Konstruktor bazalar

Bazalagdirma sxemlari
157 35T

Sakil 9.4 Xarakter toyinatina gora bazalar

Nozari mexanikadan malumdur Ki, sarbast miitloq bark bir cismi fazada
Oxyz ($9k.9.5) torponmoz bir hala gotirmok tii¢iin onun alt1 sorbastlik
doracasini almaq lazimdir. Onlardan t¢i korordinat oxu Ox, Oy vo Oz {izro
yerdayisma va UgUNnU isa hamin oxlara nozaran firlanma harakatlorini almaq

lazimdir.
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Sakil 9.5 Sarbast miitloq bork cismin fozada

Oxyz koordinat sistemina nazaran movageyi

1, 2,3 birlogsmoalori sarbast miitloq bark cismin {i¢ sarbastlik doracasini, yoni Z
oxu Uzro yerdoyismo, X vo ¥ oxlarina nozoran firlanma harokatlorini
mohrum edir. 4, 5 birlosmolori cismin iki sorbastlik dorocasini, yoni ¥ oxu
Uzro yerdoyismo Vo Z oxuna noazoran firlanma horokotlorini mohrum edir.
6 birlosmosi cismin X oxu Uzro yerdoayismoasini maohrum edir.

Cismin baza sothlori basqa cisimlorin sathlorina toxunaraq ikitorafli alagolori
gapamaq oldo edilir. Lazimi kontakti oldo etmok iigiin iso birlogsmado qiivvo
totbiq etmok lazim golir. Ug oxlu koordinat sistemindo alt1 noqto
prinsipino goro bazalar U¢ yera boliiniir:

1.Yerlosmo bazasi

2.istiqamoatladirici bazas

3.Dayaq bazasi
Yerlasmo bazasi hissoni va ya diiylinii li¢ sarbastlik doracasi lizra, yani bir
koordinat oxu Uzro yerdoyismo vo iki oxa nozoron firlanma harokotlorini
mohrum edir.

Istigamotladirici baza hissoni vo ya diiyiinii iki sorbostlik dorocasi iizra,
yani bir koordinat oxu Uzro yerdoyismo vo 0 biri oxa nozoron firlanma
harakatlorini mohrum edir.

Dayaq bazas1 bir sorbostlik doracasi tizro, yoni bir koordinat oxu dzra
yerdoyismo vo Yya oxa nozoran firlanma harokatlorini mohrum edir.

Bazalagdirmanin sxemi emal olunan pastahin sathinin formasindan asilidir.
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Oksoaran bazalagdirma bir qayda olaraq miistovi, slindrik vo ya konusvari
(s9k.9.6 ) sothlorlo mohdudlasirlar.
Bazalagdirmanin asas sxemlori bels ifads olunur:

1. Prizmatik pastahlar

2. Uzun silindrik pastahlar

3. Qusa silindrik pastahlar
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Sakil 9.6 Bazalasdirmanin asas sxemlori

Hal-hazirda mévcud soraitdos olan vo istifado edilon lovazimatlara miixtolif
nov dazgahlar, Ggyumrucuglu patron - tortibat, xiisusi tortibatlar,
stangenporgarlar, hamar mikrometrlor, mikrometrik dorinlikdlgonlor ,
mikrometrik daxilidlgonlor, indikator, ¢ilingar alotlori, soviyyadl¢on vo
niimunslor daxildir.

Movcud soraitdo olan miixtalif ndv dozgahlarda hissalorin
bazalagdirilmasini, yerlogdirilib baza sxemi iizra barkidilmasinin
bacariglarini 6yranib aldo edirik.

Talob olunan 6l¢giiniin gostarilon doqiqgliyino nail olmaq tigiin baza sxeminin
moagbullugunu qiymotlondirmok {igiin metodologiyaya yiyslono bilorik.
Tapsiriga uygun olaraq sorti isaralori geyd edilmakls iki vo ya {i¢ hissonin

yering yetirilocok emal omoliyyatinin texnoloji eskizlorindo bazalagsdirma
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metodlar1 ($0k.9.7) vo hissolorin barkidilmosinin  sxematik sokildo tosvir
olunmas1 monimsanilir. Qabul olunmus Bazalasdirmanin sxemi tigiin
dayanigl Olgiilorin miisaidalorini nazaratds saxlamaq imkani1 miioyyon
olunur.

Isi yerino yetirmok ii¢iin hissolorin niimunolori, yerlosdirma tortibatlari va

hissalarin cizgilari istifads olunur.

Sakil 9.7 Texnoloji eskizlorin sxematik tasviri
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Isin yerino yetirilmo ardicilhig:

1.Hissolorin eskizini ¢gokmoali.Dayanigli (daimi) dlgiilori vo konstruktor ,
0lgma bazalarimi miioyyonlosdirmali.

2.Dazgahin noviinii vo emal metodunu toyin etmali.

3.Dazgah va tortibatin hansi elementlorina gors verilmis amaliyyati yerino
yetirmok {igiin hissa ne¢o sorbaslik doracasindon (logv) mohrum
edilmolidir.

4. Hissonin tizorindo dayaq noqtolorinin gorti isaralorini, tosir edon qiivvonin,
bazalasan sothlorin adi, dayanigli (daimi) 6lgiilori gostormakls yerlogsmo
sxemini tasvir etmali.

5. Bazalasan sothlori gara ronglo, emal olunan sathlori isa qirmizi ronglo
isarolomoli.

6. Hissoni yerlogdirmali.

7. Qabul olunmus baza sathlorinin hansinin asas, komokei, dayagq,

tonzimlomo sathi oldugunu geyd etmali.

LEa ety I ]
FREATLDDA

o =
e el e
o -
5 [_'“}
Sl B A b -
] ——
-__.-' AT G
5_ ______.__._____...[5_\_\_
’ e
_.l- B e T LT

Tk
Lt |
LD

wd

473



Tapsiriq:Baza sothinin toyini

Baza hissalarinin eskizi

Hissa Ne

i -

Bazalasdirmanin sxemi vo tasnifi

Pastah,tortibat

Sira..No-u

Bazalasdirmani
n sxemi

Bazalasdirm
anin tosnifi

Toyin
atina
gora

Sarbast
lik
doracasi
na gora

Xarakte
rind
gora

Ug miistaviya goro
prizmatik pastahin

1 bazalasdirilmasi
Morkozlor arasinda
2 vo ligyumrucuqlu

patronda
yerlosdirilmis val

Islomo tarixi

Isin tohvil tarixi

Talabanin imzasi

Muallimin imzasi

Yoxlama suallari:

1.Hansi tapsiriglar bazalagsdirma nozoriyyasi vasitosi ilo holl olunur?

2. Bazalagdirma nodir ?

3. Baza nodir ?

4. Bazalagdirmani toyinatina goro neco ayirirlar ?

5. Osas konstruktor bazasi ilo kdmokei bazanin forqi nadadir?

6.Sarboastlik doracolorinin logv etmoklo bazalar1 neco bolmok olar?

7. Baza sxemini miioyyanlagdirmak vazifasi necs hall olunur ?
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TEMA Ne 9

BASUPOBAHHUE U BA3bl B ITPOU3BOJICTBE MAIINH
3agaua:
1.M3y4nTh OCHOBHBIE MOHATHUS TEOPUU OA3MPOBAHUS U KiIaccUPUKALUIO 0a3.
2.CocTaBUTh CXeMbl 0a3UPOBaHUS 3arOTOBOK B YCTAHOBOYHbBIX
MPUCTIOCOOJICHUSAX.
eab pabdoThI:
[TomyunTs HaBBIKH BBISIBIICHUS 0a3. PazpaboTku cxem Oa3upoBaHHs U
3aKpeIUICHH JeTalleld Ha pa3jMuHbIX CcTaHKaX. [l03HaKOMHTBHCS C
peanuzanueil Haubosee pacnpoCTPAHEHHBIX CXeM 0a3upOBaHUS.
CpencrBa u3MepeHusi H u3MepsieMble 00BEKTHI JIs1 BbITIOJTHEHUSI
padoThI:
CTaHKM B JaHHBIX YCJIOBUAX, TPEX KYJAYKOBBIN MaTPOH, CICIIHAIBHBIC
PUCTIOCOOJICHNUS, IITAHTCHIIUPKYJIIH, TJAIKUE MUKPOMETPHI,
MUKPOMETPUUYECKHE TITyOMHOMEDPHI, MUKPOMETPUUECKHE HYTPOMEPHI,
UHAUKATOP, CI€CapHbIe MHCTPYMEHTHI, YDOBEHOMEpP U HU3MEpseMble
JETaIIH.
IIpaBuia BbINOJHeHUsI Pa0OTHI:
1. Ocku3bl oOpabaThiBaeMOW JE€Tald W YCTAHOBKH €€ Ha CTaHKE C
yKa3aHWeM MPUHIATBIX 0003HaYeHUU 0as.
2. HaumeHoBaHME CTaHKa M €TO THII.
3. XapakTepucTiuka BBIOpAaHHBIX Oa3HPYIONUX MMOBEPXHOCTEH.
4.CocTaBuTh TAaONUIly MO JAaHHBIM PE3yJIbTaTaM Oa3MpPOBAHU.
5. BeiBozIbI O MpUHATOW cXeme Oa3upoBaHUA.
TeopeTnveckue cBeIeHHs:
KauecTBo MammHbI 00ecrieunBaeTcsl Ha BCEX 3Talax €e CO3JAaHusl OT Mpo-
EKTUpOBaHUS 10 n3roToBieHus. OMHUM U3 HanboJIee BaKHBIX Pa3JeioB
TEOPETUUYECKUX OCHOB TEXHOJIOTHH IPOW3BOJCTBA MAIIWH SIBIISETCS

yueHue o 0azax. [Ipu pa3zpaboTke KOHCTPYKIIMM MAlIMHBI TJIABHOU 3aaueit
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ABJIAETCS MPUJAHUE TPeOyeMOro MOJI0KEHUs OJHOM JIeTadl OTHOCUTEIbHO
apyroi. B mpouecce cOOpKU MalIMHbI peaIU3yeTCs 3TO MOJIOKEHHUE
netane. [Ipu 06paboTKe 3aroTOBOK Ha TEXHOJIOTMYECKOM 000pYA0BaAHUU
(puc.9.1)HeBO3MOKHO MOTYYUTh TPEOYEMYIO TOUHOCTh, €CJIH 3arOTOBKA U
PEXYLIUN MHCTPYMEHT 3aHUMAIOT HEONPEIEIEHHOE OTHOCUTEIbHOE
noJiokeHue. [[7s pelreHus Bcex 3TUX 3a/1ady IPUMEHSIETCS TeOpust
0asupoBaHuUsl.

[lon 6a3upoBaHKEM B TEXHOJOTUM IMPOU3BOACTBA MAIIMH MOHUMAIOT
MPUIaHKUE 3aTOTOBKE UJTU U3JIEIUI0 TPeOYEMOTO MOJIOKEHHUSI OTHOCUTEIBHO

BBIOPAHHOUM CUCTEMBI KOOPAUHAT.

Pucynok 9.1 O0paGoTka 3aroToBOK Ha TE€XHOJIOTHYECKOM
000opya0BaHUM

[Ton n3nenueM noxpa3zyMeBaroT JI€Talb, COOPOUHYIO €AUHUILY, a TAKKE
PEXYIIUNA U U3MEPUTEIbHBIA HHCTPYMEHT, IIPUCTIOCOOICHUS, TPUOOPHI U
Apyrue o0BEKTHI, JOMYCKAIOUINE UX MPECTaBlIeHNEe KaK a0COOTHO

TBEPJBIX TEIL.
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Ba3oii HaspiBaioT (prc.9.2) moBepXHOCTh, 3aMEHSIONIYIO €€ COBOKYITHOCTh
MOBEPXHOCTEH, OCh, TOUKY, J€TaIU UIN COOPOUHOU €IUHUIIBI, 10
OTHOIIEHUIO K KOTOPBIM OPUEHTUPYIOTCS IPYTHE JIeTalu U3ACIIUs WIH
MMOBEPXHOCTH JeTayIk, 00pabaThiBaeMbIe WU COOMpaeMbIe Ha JaHHOMN

OIepaIum.
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Pucynok 9.2
B 3aBuCHMOCTH OT €JIy:KeOHOT0 HA3HAYEHHsI BCE TMTOBEPXHOCTH JCTAIN

noipaszeisitores Ha (puc.9.3) yeTwbipe 0as:
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1.OcHoBHBIE

2. BcmomorareJibHbIE

3.UcnosHuTEIbHBIE

4.CBoOOIHBIE
C nomomipl0 OCHOBHBIM 0a3 KOTOPBIX OMPEICIAIOT MOJ0KEHUE JaHHOU
JETalld B U3JICIIHNH.
BcenomorareJibHBIMHU Ha3bIBalOT TOBEPXHOCTH JIETAIU, ONIPEACTISIONINE
MOJIOKEHUE BCEX MPUCOCIUHSAEMBIX JIETAIEH OTHOCUTENIBHO JaHHOM.
HNcnonHuTebHbIE TTOBEPXHOCTU- MOBEPXHOCTH, BBITTOJIHSIOIINE
CIyke0HOE Ha3HAYCHUE y KOHCTPYKIUU. VICTIOMHUTEBHOM MOBEPXHOCTEH
MEXIy co00l ¢ 00pa3oBaHWEM COBMECTHO HEOOXOIUMOM JJIsi KOHCTPYKIIMHU
dbopmbI eTanu.
CB000/1HOI1 TOBEPXHOCTHIO HA3BIBAETCSI IOBEPXHOCTH, HE

COoIMpuKacaromaAca ¢ IOBCPXHOCTAMHA APYTUX ﬂeTaHCﬁ.
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Pucynok 9.3 ba3bl cinyxe0HOro Ha3HAYEHHU S

[To xapakTepy CBOETO Ha3HAYeHHUs] HANPUMEpP MPH KOHCTPYHPOBAHUH,
W3TOTOBIICHUU JICTAJICH, U3MEPEHUH B COOPKE MEXaHU3MOB U MAIlINH
(puc.9.4) 6a3wl moapasIeNSIIOTCS Ha TPHU BUJA:

1.KoHcTpyKTOpCKHE

2. Texnonornueckue

3. I3mepuresibHbIE
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B rpynmny KOHCTPYKTOpPCKHMX 0a3 COCTABIISIIOT OCHOBHBIE U
BCIIOMOTaTeIbHbIe 0a3bl. YYeT KOTOPBIX MPU KOHCTPYUPOBAHUU - BEIOOpPE
(hopM MOBEPXHOCTEN, UX OTHOCUTENIBHOTO MOJ0XKEHUS, IPOCTAHOBKHU
pa3MepoB, pa3paboOTKe HOPM TOYHOCTH U T. Il. UMEET CYIIECTBEHHOE
3HaueHue. OcHOBHAas 0aza onpenenser NoJI0KEeHUE caMOM JIeTalu Win
cOOpPOUYHOI eIMHMIIBI B U3/I€TINH, @ BCIIOMOTaTeabHas 0a3a MOJIOKEHHUE
MPUCOETUHAEMON JEeTalld Ui COOPOYHOM €IMHULIBI OTHOCUTENBHO JAHHOM
netanu. Kak mpaBuiio, nojioxkeHue J1eTajal OTHOCUTENBHO JPYTUX JAeTanei
OTPEJENSIOT KOMIUIEKTOM U3 JIBYX UJIU Tpex 0a3.

Texnosoruveckoi 6a30i Ha3bIBAIOT TOBEPXHOCTD, ONPEIEISIONIYIO
MOJIOXKEHHE JIETATN WM COOPOYHON €MHUIIBI B MPOIIECCe UX
U3TOTOBJICHUS.

N3mepuTesbHOIl 623011 HA3BIBAIOT IOBEPXHOCTh,0NPEIEISIONLYIO

OTHOCHUTCIBHOC ITOJIOKCHUC ACTaJIN NN C60p0‘1HOI>i CAVMHHUILBLI U CPCACTB

N3MCPCHU.
Texuoaorugeckne 0a3bl KoHCTpyKTOpCKHE 5a3bi
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Pucynok 9.4 ba3bl mo xapakrepy cBoero Ha3Ha4eHusl
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Kak u3BecTHO 13 TeOpeTHUeCKO MEXaHUKH, TpeOyeMoe MOJIOKEHNE
TBEPJIOTO TeJla OTHOCUTEIbHO cucTeMbl KoopauHat OXyz (puc.9.5), moxer
OBITH 33J]JaHO HAJIOKEHHEM Ha HEro IIECTH IBYCTOPOHHUX CBSI3EH,
JUIIAIOMIMX TEJNO TpeX nepemenienuit Baoap oceit OX, Oy u Oz u tpex

IMOBOPOTOB BOKPYT OCEM.
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Pucynok 9.5 Tpedyemoe nosiokeHne TBEPAOro Tejia OTHOCUTEIbHO

cuctembl koopannat OXyz

Ces3u 1, 2,3 nuiarot Teio TpexX cTeneHei CBOOOIbI: MepeMeIeHus BIOJIb
ocu Z 1 moBOpOTOB BOKpYT oceit X u Y. CBs3u 4, 5 TUIIAIOT TEJIO ABYX
cTernieHeil cBoOOIbI: epeMelIeHuUs BJ0JIb OCH Y U NMOBOPOTa BOKPYT ocu Z.
CBs3b 6 nMIIAET TEJIO EPEMEICHHs BAOIb OCH X.
Hanosxenne 1ByCTOPOHHHX CBSI3€H JOCTUTAETCS CONPUKOCHOBEHUEM
0a3upYOIKUX TOBEPXHOCTEH Tena ¢ 6a3upyIOIMUMHE MTOBEPXHOCTIIMU APYTHUX
Ten uiu Tena. K KoTopeIM Wil K KOTOPOMY OHO TIPUCOETUHSACTCS, U
MIPUJIOKEHUEM CHIJIOBOTO 3aMBIKaHUS 11 00ECTIEYeHHs] HEOOX0IUMOTO
KoHTakTa. [loaTOMy HE3aBHCHMO OT Ha3HAUYCHUS 0a3bl MOTYT Pa3IMYaTHCS
0 YKCTy OTHUMAEMBIX OT 0a3upyeMoil 1eTanu Wik cOOPOYHOMN eTMHUIIBI
CTEereHe cBOOOIbI :

1.YcTraHoBoOYHBII

2.HanpaBasiromei

3. OnopHoi
YcraHoOBOUYHBIH Ha3bIBaeTCs 0a3a, JIUIIAKONIAs AETalb WIH COOPOUYHYIO

€UHUILY TPEX CTETEeHEN CBOOOIbI - IEPEMEILICHUS BJIOJIb OJTHOM
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KOOPJIMHATHOM OCH U TIOBOPOTOB BOKPYT JIBYX JAPYTHUX OCEH .
Hanpagsasiromeii Ha3piBaeTcs 6a3a, UIIArONas 1eTalb UIu COOPOUHYIO
€AMHUILY JBYX CTENEHEN CBOOOIbI MEpEMEILIEHUS BJIOJIb OAHOU
KOOPJAMHATHOM OCH Y IOBOPOTA BOKPYT APYIOM OCH.
OnopHoii Ha3pIBaeTcs 6a3a, TUIIAIONIAs 1eTalb WX COOPOUYHYIO €IUHUILY
OJIHOM CTerneHu cBOOOAbl EPEMEIICHHMS BAOIb OJTHON KOOPAMHATHON OCH
WIM TIOBOPOTA BOKPYT OCH.
Cxembl 0a3upoBaHUs 3aBUCAT OT (POPMBI TOBEPXHOCTEN 00pabaThIBa€MbIX
3aroToBOK. BoJBIIMHCTBO 0a3upOBaHMS KakK MPABUIIO OIPAHUYEHO
TUTOCKMMH, IIWJITUHIPHYSCKUME WM KOHUUECKUMU (puc.9.6)OBEpXHOCTAMMU.
OCHOBHBIMH cXeMaMH 0a3UpPOBAHUS SABIISIIOTCS:

1. Ilpu3MaTHYECKUX 3aT0TOBOK

2. ITMHHBIX HWIHHAPUYECKHUX 3ar0TOBOK

3. KopoTKkux nMJIMHAPUYECKHX 3aT0TOBOK
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Pucynok 9.6 OcHoBHbBIE cXeMbl 0a3UPOBaHUA

B naHHbIii MOMEHT B JJAHHBIX YCIOBUAX HCHOJB3yeTcs cpeacTBa CTaHKU
Pa3IMYHBIX TUIOB, TPEX KYJIAYKOBBIM MaTPOH, CeI[UaIbHbIC
MIPUCIIOCOOJICHMS], IITAHTCHIIUPKYJIH, TJIaJKUEe MUKPOMETPHI,
MUKPOMETPUUECKHUE TITyONHOMEPhI, MUKPOMETPUUYECKHE HYTPOMEPHI,
WHJIUKATOP, CJIECApHbIe HHCTPYMEHTHI, YDOBEHOMEpP U HU3MEpsieMble

JIeTaJIH.
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[IpuoOpeTaeM HEKOTOpbIE HAaBBIKM B pPa3pabOTKe cxeM Oa3upoBaHUS U
3aKpeIJICHUs JeTaleil Ha pa3Iu4HbIX CTaHKaX KOTOPbIE HAXOMASTCS B
1a00paTOPHBIX YCIOBUSAX. MOXKHO OBJIaJIETh METOJIUKON OILIEHKU
MPUEMIIEMOCTH CXEMbl Oa3MpOBAHMS NI JOCTHXKEHUS 3aJaHHOU
TOYHOCTH BBIIEPKUBAEMOro pa3zMepa. B cooTBeTCTBUM C 3aaHUEM
CXEMAaTUYHO HM300pa)XaroTcs TEXHOJIOTHYECKUE ICKU3bI BBINOJHEHUS
3a/IaHHBIX omeparuii 00pabOTKU JBYX-TpeEX JieTalied ¢ HaHECEHUEM
YCIOBHBIX 0003HAYCHHUH, ONPEACIISIONINX METOAbl OasupoBaHus (puc.9.7)
U 3aKperieHus: Aetanen myig o0padoTku. Omnpeaensercs BO3MOXKHOCTh
COOJIOJIEHUsI JIOMyCKa Ha BbIAEPKUBAEMBIH pa3Mep sl MPUHATOM
CXeMbl 0a3upOBaAHMUS.

Jlnst mpoBeaeHUsT paOOTHl UCHOJIB3YIOTCS JKCIOHATHI JIeTajedl |

YCTAaHOBOYHBIC l'IpI/ICHOCO6JICHI/I$I, 4CPpTCIKNU ,Z[CTaJIeﬁ.

Pucynok 9.7 CxemaTnyHoe H300pakeHue

TEXHOJIOTMYECKHUX ICKH30B
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Ilopsanok BbINOJHeHHsT PadOTHI:

1. BInomHUTh 3CKU3 AeTaneil. BoIsIBUTh BbIIEpKUBAEMbIE pa3Mephl U
U3MEPUTEIbHBIE, KOHCTPYKTOPCKHE Oas3bl.

2.0npeaenuth MeToa OOpabOTKM M THUI CTaHKA.

3. CkonbKuX cTeneHerd cBOOOJbI JOJKHA OBITh JIMILIEHA AeTallb
JUISI BBITIOJTHEHUST 3aJJaHHOM omnepanuy U OTHOCHUTENBHO, KaKHX
AJIEMEHTOB CTaHKa UM MPUCIIOCOOJICHHUS.

4.1300pa3uth CXeMy YCTAHOBKHU JETalu C O0003HAYEHHUEM OIOPHBIX
TOYEK, IEUCTBYIOIIUX CHJI, HAMMEHOBAaHUEM Oa3HpYIOMIMX MOBEPXHOCTEH,
yKa3aB BBIJIEP)KMBAEMBbI pa3zmep.

5.bazupyromire MoBepXHOCTH O003HAYUTH YEPHBIM KapaHAAlloM, a
oOpabaTbiBaeMbl€ - KPACHBIM.

6.IlpousBecT yCTaHOBKY JE€TalH.

7.YKka3aTh, Kakie W3 TPUHATHIX YCTAHOBOYHBIX 0a3 SBIISIOTCS

OCHOBHBIMH, BCIIOMOTI'daTCJIbHBIMH, OIIOPHBIMH, HACTPOCYHBIMU.
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3agayva: Onpenenenue

0a30BbIX MOBEPXHOCTEHN

Dcku3 0a30BBIX

JeTajgeu

Cxembl 0a3upoBaHus U Kiaccudukanus 0as3

Knaccudux
3aroToBKa, Cxema 0a3
4| mpucnocobie OazupoBaHus | ], TTo xa-
2l Hue ITo
S Ha3Ha pakTe
= cTerne-
3) YEHUIO py
= HSIM CBO-
Q GO pOsB
= JIEHUS
basupoBanue
1 pU3MaTHYECKON
3aroTOBKH IO TPEM
TUJIOCKOCTSIM
Ban B Tpexky-
9 Ja4KOBOM Ca-
MOIICHTPUPYIOIIEM
naTpoHE U B
LEHTpax

I[aTa BBIITOJIHCHU A pa6OTI>I

JlaTa cnauu paboThI

[Toanuce cryaeHta

HOI[HI/ICB IMpCIioaaBaTeiAd

KoHTposbHBIE BONIPOCHI:

1.Kakue 3a1aun peniaroTcs ¢ IOMOIIbIO TEOpHH 0a3upoBaHUs?

2.Yto Takoe 6azupoBaHue?

3.Yt1o Takoe 6a3a?

4.Kak paznensitorcs 0a3bl M0 HA3HAYCHUIO?

5.B 4yeM cocTouT OTIIMYME OCHOBHBIX KOHCTPYKTOPCKUX 0a3 OT BCIO-

MOTaTEJbHBIX ?

6.Kak paznensitorcst 6a3bl 1O JIMIIAEMBIM CTEIEHSIM CBOOOIbI?

7. Kak pemiaercs 3aj1aya 1o BbISIBICHUIO CXEMbI Oa3UpOBaHUS?
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TOPIC No?9

BASE AND BASE IN MACHINE PRODUCTION
A task:
1. To study the basic concepts of the theory of basing and the classification
of bases.
2. Make up diagrams of basing workpieces in the installation devices.
Objective:
Get the skills to identify bases. Development of schemes for basing and
fixing parts on various machines. Get acquainted with the implementation of
the most common basing schemes.
Measuring instruments and measured objects for performing work:
Available machines, three-jaw chuck, special tools, calipers, smooth
micrometers, depth micrometers, bore micrometers, indicator, locksmith
tools, level gauge and parts to be measured.
Work rules:
1. Sketches of the workpiece and its installation on the machine, indicating
the accepted designations of bases.
2. The name of the machine and its type.
3. Characteristics of the selected reference surfaces.
4. Make a table according to the given basing results.
5. Conclusions on the adopted basing scheme.
Theoretical information:
The quality of the machine is ensured at all stages of its creation from design
to manufacture. One of the most important sections of the theoretical
foundations of the technology of manufacturing machines is the doctrine of
the bases. When developing the design of a machine, the main task is to give
the required position of one part relative to another. In the process of
assembling the machine, this position of the parts is realized. When

processing blanks on technological equipment (Fig. 9.1), it is impossible to
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obtain the required accuracy if the blank and the cutting tool occupy an
indefinite relative position. The basing theory is used to solve all these
problems.

Under the basing in the technology of production of machines is meant

giving the workpiece or product the required position relative to the selected

coordinate system.

Figure 9.1 Processing workpieces at the technological equipment

A product is understood as a part, an assembly unit, as well as cutting and
measuring tools, fixtures, devices and other objects that allow their
representation as absolutely rigid bodies.

The base is called (Fig. 9.2) a surface that replaces its set of surfaces, an axis,
a point, a part or an assembly unit, in relation to which other parts of the
product or the surface of a part that are processed or assembled in this

operation are oriented.
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Figure 9.2 Bases
Depending on the service purpose, all surfaces of the part
are subdivided into (Fig. 9.3) four bases:

1.Main

2. Auxiliary

3.Executive

4.Free
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With the help of the main bases of which the position of this part in the
product is determined.

Auxiliary are the surfaces of the part that determine the position of all
connected parts relative to this one.

Executive surfaces - surfaces that serve a service purpose for the structure.
Executive surfaces between themselves with the formation of a jointly
necessary for the design of the form of the part.

A free surface is a surface that is not in contact with the surfaces of other

parts.
Figure 9.3 Service bases

By the nature of their purpose, for example, in the design, manufacture of
parts, measurement and assembly of mechanisms and machines (Fig. 9.4),
the bases are divided into three types:

1.Design

2. Technological

3. Measuring
The group of design bases includes the main and auxiliary bases. The
consideration of which in the design - the choice of the shapes of surfaces,
their relative position, dimensioning, the development of accuracy standards,
etc. is essential. The main base defines the position of the part itself or an
assembly unit in the product, and the auxiliary base defines the position of

the attached part or assembly unit relative to this part. As a rule, the position
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of a part relative to other parts is determined by a set of two or three bases.
The technological base is the surface that determines the position of the part
or assembly unit in the process of their manufacture.

The measuring base is a surface that determines the relative position of a

part or assembly unit and measuring instruments.

Design bases

Schemsas of basinz

00

Figure 9.4 Bases by the nature of their purpose

As is known from theoretical mechanics, the required position of a rigid
body relative to the Oxyz coordinate system (Fig. 9.5) can be specified by
Imposing six bilateral bonds on it, depriving the body of three displacements

along the Ox, Oy and Oz axes and three rotations around the axes.
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Figure 9.5 The required position of the rigid body relative to
coordinate systems Oxyz

Links 1, 2,3 deprive the body of three degrees of freedom: displacement
along the Z axis and rotations around the X and Y axes. Links 4, 5 deprive
the body of two degrees of freedom: movement along the Y axis and rotation
around the Z axis. Bond 6 deprives the body movement along the X axis.
The imposition of two-way bonds is achieved by contact of the basing
surfaces of the body with the basing surfaces of other bodies or bodies. To
which or to which it is connected, and by the application of a force circuit to
ensure the necessary contact. Therefore, regardless of the purpose, the bases
can differ in the number of degrees of freedom subtracted from the based
part or assembly unit:

1.Installation

2.Guide

3. Reference
The setting is called a base that deprives a part or an assembly unit of three
degrees of freedom - movement along one coordinate axis and rotations
around two other axes.
A guide is called a base that deprives a part or an assembly unit of two
degrees of freedom of movement along one coordinate axis and rotation

around the other axis.
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Support is called a base that deprives a part or assembly unit of one degree
of freedom of movement along one coordinate axis or rotation around an
axis.

The basing patterns depend on the shape of the surfaces of the workpieces
being processed. Most basing is usually limited to flat, cylindrical, or conical
(Fig. 9.6) surfaces. The main basing schemes are:

1. Prismatic blanks

2. Long cylindrical workpieces

3. Short cylindrical blanks
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Figure 9.6 Main schemes of basing

Currently available tools are used. Machine tools of various types, three-jaw
chuck, special devices, calipers, smooth micrometers, micrometric depth
gauges, micrometric inside gauges, indicator, locksmith tools, level gauge
and measured parts.

We acquire some skills in the development of schemes for locating and
fixing parts on various machines that are in laboratory conditions. It is
possible to master the methodology for assessing the acceptability of the
basing scheme to achieve the specified accuracy of the size to be maintained.

In accordance with the assignment, technological sketches are schematically
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depicted for performing the specified operations for processing two or three
parts with the application of symbols that determine the methods of basing
(Fig. 9.7) and fixing the parts for processing. The possibility of observing the
tolerance for the maintained size for the adopted basing scheme is
determined.

Exhibits of parts and mounting devices, drawings of parts are used for the

work.

Figure 9.7 Schematic representation of technological sketches
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Work order:

1. Sketch parts. Determine sustained dimensions and

measuring, design bases.

2. Determine the processing method and type of machine.

3. How many degrees of freedom the part should be deprived of

to perform a given operation and in relation to which elements of the
machine or device.

4. To depict the installation diagram of the part with the designation of the
reference points, the acting forces, the name of the reference surfaces,
indicating the maintained size.

5. Mark the base surfaces with a black pencil, and the processed surfaces
with red.

6. Make the installation of the part.

7. Indicate which of the accepted installation bases are main, auxiliary,

support, tuning.

]

oyt ______.__._____...[5_\_\_
o
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Task: Definition base surfaces Basic parts sketch
Detail Ne
Base schemes and classification of bases
Base
0 classification
(&)
S _ ) By By the
g Workpiece, Basing | appoin | By nature
| fixture scheme tment | degrees of the
of manifes
freedom | tation
Basing a prismatic
1 | workpiece on three
planes
Shaft in three-jaw
2 self-centering
chuck and in
centers
Work completion date Work delivery date
Student’s signature Teacher’s signature

Test questions:

1. What tasks are solved using the basing theory?
2.What is basing?

3. What is a base?

4. How are the bases divided by purpose?

5. What is the difference between the main design bases and auxiliary ones?

6.How are the bases divided according to the degrees of freedom deprived?

7. How is the task to determine the basing scheme?
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MOVZU Ne 10
AVADANLIGIN YIGILMASI VO TEXNOLOJI
YIGIM SXEMININ TORTIBI
Tapsiriq
1. Avadanligi yigilmamisdan 6nco sokulorok ardicilligla ayri-ayri
duydnlora va hissalara bolmoak.
2. SOkmo vo yigma sxemini tortib etmok.
Isin magsadi
Y1gma texnologiyasinin va sxemlorinin tortibinin yronilmasi. SOkma va
yigma texnologiyasini monimsamok. Olgii zoncirinin yigma zaman tatbigi.
Isin yerino yetirilmosi ii¢iin lazim olan cihazlar vo lavazimatlar:
Avadanliq, ¢ilingar alotlori — xiisusi agarlar, kolbatin, tutagaclar, xtsusi
tortibatlar, tomizloyici vo yaglayici maddolor, 6lcl Xotkesi, stangenpargar,
mikrometr va 6l¢ii tavaciglar: daxildir.
Isin yerina yetirilmo qaydasi:
1.Y1g1lan avadanligin cizgisi vo texniki gortlori ilo tanig olmali.
2.0l¢ii zoncirinin elementlorini tapmali.
3.Btdv avadanligin vo bir diiyiinlniin y1gilmasi ii¢iin texnoloji y1§im
sxemini tortib etmali.
4.Texnoloji sxemo goro avadanligr yigmali.
5. Noticoni DUIST 3675-do verilmis normalarla miiqayiso etmali.
6.Hesabat1 tortib etmali.
Nazari moalumatlar:
Bir- birilo qarsiliqli olagads olan, verilmis mosalonin hallinds bilavasito
istirak edon vo gapali kontur togkil edon xotti, yaxud bucaq 6lgiilori
comliyina 6l¢ii zonciri deyilir. Ol¢ii zonciri iki ndv(sok.10.1) olur:
1.Hisso iizra

2.Y1gim iizra
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Sakil 10.1 Olcii zanciri
On miirokkob 6l¢ii zancirlori foza 6l¢ii zoncirloridir. Hor bir foza 6l¢ii zonciri
xotti 6lgli zonciring gotirilo bildiyi tigiin 6l¢li zoncirlorini osas anlayiglarini,
toyinatlarin1 vo asililiglarini xotti paralel 6l¢ii zoncirlori {izorindo nozordon
keciracayik.
Olg¢ii zonciri dedikdo xotti paralel dl¢ii zonciri (sok.10.2) basa diisiiliir. Ol¢ii
zancirinin dlgiisiing ¢ox vaxt band deyilir. Ol¢ii zoncirinin dlgiilori:
1.Qapayici Olgiidon - bonddon
2.Taskiledici olgiilordon ibaratdir.
Qapayict Olgii, Ol¢li zoncirinin elo Olgiisiine deyilir ki, o hissonin emal
zamani, yaxud qovsagin yigilmasi prosesinds axirinci alinmis olsun.
Olgii zoncirinin tok birca gapayici dl¢iisii olur.
Olgii zoncirinin qalan olgiilori toskiledici olgiilordir. Toskiledici dlgiilor
qapayici 6l¢iinlin qiymoting tosir etmosino goro iki yera boliiniirlor:
1.Artirici-toskiledici Olgtilor
2.9skildici — taskiledici Ol¢iilor.

A, Ay AT

A

Sakil 10.2 Xatti paralel ol¢ii zonciri
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Sokildo gostorilon Ol¢li zoncirinde Aa Olgiisii qapayict Olgii, Ajz- 6lglsi
artirict — toskiledici Ol¢ii. Az, As Olciisii 1so askildici — toskiledici dlctidiir.
Olgii zoncirinin hesabat1 zaman1 garsiya iki mosalo ¢1xa bilor:
1.Diiz masalo - qapayict Olgliniin  verilmis nominal 6lgiisii, hadd
meyillonmolori vo miisaidosine nazoran toskiledici dl¢iilorin miisaidslorinin
optimal qiymatlori toyin edilir.
2.9ks masala - toskiledici Olgiilorin nominal 6Olgiilori, hadd meyillonmoalori
vo miisaido saholorino nozoron qgapayict Ol¢liniin nominal Olgiisii, hoadd
meyillonmalori vo miisaids sahasi toyin edilir.
Oks masals yoxlama xarakteri dagiyir.
Hor iki mosalo tam qarsiligli avozolunma soraitinds iki metodla hall edilo
bilor:
1. Maksimum vd minimuma hesablama metodu
2. Nazari — ehtimal metodu.

Yigma texnoloji prosesi istehsal prosesinin son morholosidir. Momulun
torkibino daxil olan hissalorin birlosdirilmasi va yerlosdirilmasi kimi prosesi
yering yetirilir. Yigmanin omok tutumu momulun hazirlanmasina sorf olunan
omoak tutumunun 25 - 35 % -ni toskil edir. Fordi vo az seriyali istehsalda bu
rogom 40-50 %-o ¢ata bilor.
Yi1gma texnoloji proseslorini layiholondirmok tigiin ilkin verilonlor olmalidir:

1.Momulun yigma cizgisi

2. Momulun gobuluna verilon texniki sortlor

3.Istehsal program

4.Texniki sonadlor tortib edilir
Yigim cizgisindo biitiin lazim olan proyeksiyalar, goriintislor vo kosiklor
verilmalidir. Cizgilordo yigma zamani almasi1 Olgiilor, birlosmolordoki
gorilmo vo ara bosluglar, momulun Kitlasi, xiisusi texnoloji gdstoricilori,
momulun elementlarinin siyahisi verilmalidir.

Momulun konstruksiyasi texnolojilik baximindan aragdirilmalidir.
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Texniki toloblorde yigmanin doqiqliyi, birlosmelarin tolob olunan keyfiyysti
va kipliyi, yiv birlosmalarinin barkidilma momentlori vo bu momentlarin yol
verilon meyllonmaloari, birlosmalordaki ara bosluglart vo gorilmalor, firlanan
hissolorin tarazliginin tolob olunan doqigliyi vo s. haqqinda malumat
olmalidir.
Y1gmanin iki togkilat formasi totbiq olunur:

1.Horokatli

2.Hoarokatsiz
Horakatli yigmada momul vo ya masin ardicil olarag bir ne¢o is yerindon -
ompaliyyatindan kecorak tadricon yigilir.
Horakotsiz yigmada masimin biitiin yigilma prosesi bir is yerinds yerina
yetirilir.
Isci yerlorin yiiklonmo omsallar

K =2m 10.1
tP

olur. Burada tym -omoliyyat vaxti
t - buraxilis tempi
P - omoliyyatin eyni zamanda yerino yetirildiyi is¢i yerlorin
sayidir
K =10,9....1.00 gobul etmoys icaza verilir
Asagidaki hallarda horokatsiz yigma totbiq olunur:
1.Maginin ilk sinaq niisxolorini hazirlayanda
2.Masinin yigma prosesini konstruktiv - texnoloji baximdan ayri-ayri
omoliyyatlara blmok miimkiin vo ya olverisli olmayanda
3.Cox boylk vo agir masinlarin yigilmasinda
4.Cox kigik buraxilis migdarinda
Yigma iisulun seg¢ilmosi gapayici bondin tolob olunan daqiqliyindon,
zancirds bondlarin sayindan, konstruksiyanin xiisusiyystindon vo momulun

buraxilis migdarindan asilidir.
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Yigma cizgisi texnoloq torofindon Oyronilmoli, Ol¢li analizi yerina
yetirilmoalidir.

Konstruktor yigma cizgisini tortib edorkon yigma iisulunu da toyin edir.
Texnoloq konstruktorun gobul etdiyi yigma tisulunun mimkiinliyli ve
somarsliliyini bir daha yoxlamali vo tosdiq etmolidir.

Y1gma sxemlori miixtalif olur.

Baza hissoys -y1gma vahidino gors tortib olunan yigma sxemlori daha genis
yayilmisdir.

Baza hissoya goro yigma sxeminin osas {Ustlinlilyli yigma prosesinin
ardicillig1 vo strukturu haqqinda otrafli molumat vera bilmasindadir.

Bu sxemlordo momulun hor bir elementi bir diizbucaq soklindo gostorilir.
Diizbucaqlin yuxar1 hissasinda

elementin adi- Xiisusi sayba,

asagida sag torofdo onun cizgi némrasi - 8,

sol torofdo iso elementin bu birlogsmadoki say1 -24 odod gostarilir.

Xiisusi sayba
8 24

Hal-hazirda movcud soraitds sokmaya vo ham do yigmaga istifadasi
miimkiin olan istonilon avadanliq(sok.10.3) - reduktor, istonilon markali
nasoslar vo saira, ¢ilingor alotlori — x{isusi agarlar, kolbatin, tutaqaclar, xiisusi
tortibatlar, tomizloyici vo yaglayicit maddolor, Ol¢l xotkesi, stangenpargar,

mikrometr vo ol¢ii tavaciglar: daxildir.
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3D tipli yag nasosu
500



Birpillali Reduktor

o

SF=

Coxpillali reduktor
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Yag nasoslari

Ikipilloli reduktor
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RUCEYOK modelli nasos
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Morkazdongacma nasosu

Reduktor
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Plunjerli nasos

Aksial porsenli nasos
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Disli carxh nasos

Sonsuz vint nasosu

IHHC nasosu

Sakil 10.3 Sokmaya vo ham da yigmaga istifadasi
miimkiin olan avadanhgqlar
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Verilon isi yerino yetirilorkon mumkiin soraitdo movcud avadanligdan
istifado edilir. Movcud avadanligi cilingor alotlorindon , tomizloyici va
yaglayict maddolor istifado edilorok ilkin morholods texnoloji ardicilligla

sokullr(sok.10.4).

naboparopus IS
HMNK BHTY

Sakil 10.4 Texnoloji ardicilliqla sokma

Yigilan avadanhigin texniki sortlori ilo tanig olaraq cizgisini tortib etmoli.
Nominal olgiilori xotkes,mikrometr vo ya stangenporgar vasitosi ilo toyin

etmali vo uygun olaraq 6l¢ii zoncirinin (sok.10.5)elementlorini tapmali.
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Sakil 10.5 Olcii zoncirinin elementlori

Qapayici bondin hodd 6lgiilori:
Aomax = 1,75 mm; Aomin= 1,0 mm
Qapayici1 bondin nominal 6lgiisii:
Ao =(101 +50) - (5 +140+5) =1,0 mm
Qapayict bondin nominal Olgiisii on kigik hodd 6l¢iisii ilo tist
bu halda:
Ao =17 vy TAo=0,75mm

— listo diistir vo

Biitiin 6l¢tilorin miisaidesini 'OCT 25347- 2000 codvalindon segirik.

Olgii zoncirinin miisaidosinin orta qiymoti:
aor =750/ 2,17 +1,56 + 0,73 + 0,73 + 2,52= 97

alinir.

10 —cu doqiqlik kvliteti {iclin a = 64, 11 —ci doqiqlik kvliteti {ligiin iso

a=100.

Belo noticoyo golirik ki 6l¢li zoncirinin orta qiymati 11-ci kvaliteto daha

yaxindir.Bu néqteyi nozordon 6l¢ili zoncirinin biitiin yerds qalan qiymatlorini

11-ci doqiqlik kvaliteti iizro segmoliyik.
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Bir 6l¢li zonciri tigiin torpanmaz tonzimlayicinin Olgiilorini hesablamali. .
Hesabatin noticalorine goro lazim olan tenzimlayicilor dostini segmali.
Tonzimloyicilori yerlosdironodok gévde vo qapaq arasinda olan ara
masafasini 6lgmali. Tonzimlayicilorin dastindon lazim olan tonzimlayicini
segmoli vo y1gim prosesini basa catdirmali.Laboratoriya soraitindo istifado
edilon avadanligin yigma cizgisini va analoji olaraq yigma texnologiyasinin
sxemini tortib etmoli Biz niimuno kimi Ug plunjerli nasosun hom cizgisini
vo hom ds texnoloji yigma sxeminin tortibini nozordon kegirok. Avadanligin

hom sokiilmasindo hom do y18ilmasinda xiisusi tortibatlardan istifado olunur.

Biitov Ug plunjerli va bir diiyiiniin yigilmas ii¢iin texnoloji y1gim sxemini
tortib etsok:
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Hava baslig1 bloku

= = = =

& 2 # s

=l ‘B =1 <

2 ] z E .
& B e S |s = = s & 2 &
Hidravlik qutusunun Hidravlik qutu
govdosi yigimi
1 [1 8y
Vurma klapam Sorma klapant Qrundbuksa Plunjer
ly 3 2y 3 10 3 12
Kipkac Yay Kipkac Stok
3 B 4 o Sy 3 13
Vurma klapan Sorma klapan gapaqi Stakan Qayka
gapaqi
5 [3 6 13 1 3 14
Xiisusi oymaq Siyirtmo
7 [1 3y 3
Xlisusi sayba Xiisusi bolt
8 [24 g [24
olacag.

Isin yerins yetirilmo ardiciligi:
1.Laboratoriya soraitindo y1gilan avadanligin cizgisi vo texniki sortlori ilo
tanig olmall.
2.0l¢ii zoncirinin elementlorini tapmali. Bir 8l¢ii zonciri iigiin torponmoz
tonzimloyicinin Olgiilorini hesablamali vo qurmali.
3.Bltov avadanligin va bir diiyliniin y18ilmasi ii¢iin texnoloji y1gim sxemini
tortib etmoli.
4.Texnoloji sxema goro avadanligi yigmali.
5. Noticoni DUIST 3675- 2000 do verilmis normalarla miiqayiso etmoli.
6. Miiollimin tapsirigina osason hesabati tortib etmoli vo codvoldo

yerlosdirmali.

510



Tapsiriq:0lgiilori 6lgmok Olgiilon hissolorin (detalin) eskizi

Hissa Ne

Olcmonin naticesi, mm

Oxa perpendikulyar kosiklor o s

7 Bieen | T I % g
(%s alotin adi Istigamatlor é %

A-A | B-B | A-A B-B | AAA| B-B | =~ <
1
2
3
4
5
Islomo tarixi [sin tohvil tarixi
Toalobonin imzasi Miiollimin imzasi1

Yoxlama suallar:

1.0l¢ii zonciri noyo deyilir.Novlori vo totbiqi saholori?

2.Istifado olunan cilingar vo 6l¢ii alatlori,is prinsipi, 6lci skalas1?
3.Y1gma texnologiyas1 nadir vo onun novlori ?

4.Y1gma texnologiyasinin sxemi vo neca tortib olunur?
5.Birlosmado masafalorin tonzimlonmasi no ti¢lin lazimdir?

6.Avadanligin yigma prosesinin diizgilinliiyiiniin yoxlanilmasi1?
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TEMA Ne 10
COCTABJIEHUE TEXHOJOTMYECKON CBOPKH
U CBOPOYHOUW CXEMBI NU3AEJIUA
3ajgauya:

1. Pazpaenuts 000pyaoBaHMs HA COOPOYHBIE €IUHULIBI U IETaTN A0
cOopKH.

2. CoCcTaBUTh TEXHOJOTHYECKYIO CXEMY pa300pKU U COOPKH U3AEIHUS.
eab pabdoThI:

N3yuyenue coctaBieHus TEXHOJIOTUUECKOH COOpKU M COOPOYHON CXEMBbI
uznenus. [lpuobpereHre HaBBIKOB TEXHOJIOTHYECKON pa300pKu U COOpKU
uznenus. [lpumenenre pa3MepHo# 1ienu B mpolecce cOOpKu.

CpeacrBa m3MepeHHsi M H3MepsieMble O00BEKTBHI /ISl  BbINOJHEHHUS
padoThI:

Wznenus, cinecapHble KUY — CIIEHUAIbHbIE KIIOYH, OTBEPTKH,
IUIOCKOTYOLIbI, IepKaTeN!, CleMalbHble IPUCIIOCOO0IEHHS, CMAa304YHO U
OYUCTHUTEIbHBIE KHUIKOCTH, U3MEPUTEIbHBIE TMHEWKH, IITAHTCHIIUPKYIIH,
IJIaJIKue MUKPOMETPBI, INIOCKONapaljieNIbHbIe KOHIIEBBIE MEphbl U

U3MepsieMbIe JIeTalu.
IIpaBuia BbINOJHeHUsI Pa0OThI:

1. O3HaKoMIICHHE pabOYUM YEPTESIKOM M TEXHHUECKUMHU yCIOBHSIMH
COOPOYHOTO U3JICITHS.

2.01npeaenuTh eJIeMEHThl Pa3MEPHOU IETH .

3. CocTaBUTh TEXHOJIIOTHYECKYIO COOPOUHYIO CXEMY JIJIsi BCEro U3/IeINus ,
COOPOYHBIX EIUHUIL U JICTAJICH.

4. TIpoBecTu COOPKY IO TEXHOJIOTUYECKOW CXEME JIJISi BCETO M3CIHS.

5. CpaBauBath BbIBOIBI TT0 HOpMaTuBaM ['OCT 3675 .

6.CocTaBUTH paccyer.

TeopeTnveckue cBeeHHs:

Pasmepnoii ienbro(pric.10.1) Ha3bIBAIOT COBOKYITHOCTh T€OMETPUUYCCKUX
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Pa3MEPOB, PACIOI0KEHHBIX 10 3aMKHYTOMY KOHTYPY U OIIPEAEIISIOINX
B3aMMHOE PacCIIOI0KEHUE AeTaled U ux nosepxuocre. I1o mecry B
17631 (S 1178

1.JletanbHas - onpeaenseT TOYHOCTh OTHOCUTEIBHOTO TIOJIOKEHHUS
IIOBEPXHOCTEN UJIM OCEU OJTHOU JIETaIH.

2.COopouHas - onpeaesieT TOUHOCTh OTHOCUTEIBLHOTO MOJI0KEHUS

MMOBEPXHOCTEHN WIIM OCEH JeTaliel, BXOAIIUX B COOPOUHYIO SIUHUILY.

Gl L)

=2 TR

Pucynok 10.1 Pa3mepnas unenb

JIro6as pa3mepHas 1enb UMeeT OJHO UCXOHOE - 3aMbIKAIOIee 3BeHO U J[Ba
WM 60Jiee COCTaBIISIONINX 3BeHBbEB. MICXOHBIM Ha3bIBAIOT 3BEHO, KOTOPOE
onpenenseT GyHKIIMOHUPOBaHKUE MexaHu3Ma. Pa3mep 3Toro 3BeHa
YKa3bIBAIOT B CIICIIMAJIPHBIX TEXHUYECKUX TPEOOBAHMUIX HA COOPOUYHBIX
gepTekax. ITO MOHATHE UCIIOJIB3YETCS MPU MPOSKTHOM pacueTe pa3MepHO
uenu. PasmepHas nens uMmeer:

1.3ambIKaroIIEEe 3BEHO

2. CocraBisoliee 3BEHO
B mporiecce 06paboTky miu npu cOOpKe U3ENHs HCXOTHOE 3BEHO
MOJIy4aeTcss OOBIYHO MOCJIEIHUM, 3aMbIKasi pa3MEpHYIO 11eMb. Takoe 3BEeHO
Ha3bIBACTCS 3aMbIKAOIIUM. Ero Benm4mHa 1 JOMYCK 3aBUCAT OT BEJITWYNHBI U
TOYHOCTH BCEX OCTaJIbHBIX 3BeHbEB (pHc.10.2), Ha3pIBaEMBIX
cocTaBisromuMu. COCTaBIISIONINE 3BEHbsI OBIBAIOT:

1. VBeanuuBarommmn

2. YMEHBIIAIOINMHI
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CocraBisronye 3B€Hbsl, IPU YBEIIMYEHUHN KOTOPBIX YBEIUYUBACTCS
3aMBIKAIOIIEe 3BEHO, HA3bIBAIOT yBENMUYUBAOIIMMU. [Ipu yBennuennn

KOTOPLBIX, 3aMBbIKAIOIICC 3BCHO YMCHBINACTCS, HA3BIBACTCA YMCHBIIAIOIIUMHU

A,  As Aa

A |

Pucynox 10.2 CocraBasiomme 3BeHbA
VYka3zaHHOM pucyHke Pa3mepHas 1iernb UMeeT 0OJHO UCXOAHOE Ap
3aMBIKaIOIIIee 3BEHO U JiBa - Az, A3 YMEHBIIAIOMIMMU U A1 yBEIUYUBAIOIINM
COCTABJISIIOIINX 3BEHBEB.
[Tpu pacueTe pa3MepHBIX IeNei MOTYT peniaThbCsl JABE 3a/1a4Uu:
1. Ilpamas 3agaya - OmnpeneneHue AOMyCKa W MPENETbHBIX OTKIOHEHUM
COCTaBIIAIOIIMX Pa3MEpPOB IO 3aJlaHHBIM HOMHUHAIBHBIM pa3MepaM BceX
3B€HbEB 1€MW W  3aJlaHHBIM  TPElNeJbHbIM  pa3MepaM  HCXOJHOTO
3aMBIKAIOIIETO 3BEHA.
2. O0partHas 3apauya - OnpenelieHHe HOMUHAJIBHOTO pa3Mmepa U JOIycKa
3aMBIKAIOIIETO 3BEHA MO 3aJJaHHBIM HOMHUHAJBHBIM pa3MepaM U IpeieTbHbIM
OTKJIOHEHHUSM COCTABJISIONIUX 3BEHBEB.
Bo MHorux cinyyasx oOparHyo 3a7ady Ha3bIBalOT MPOBEPOUYHBIN pacyerT.
JlocTr>KeHus 3aJaHHON TOYHOCTU MCXOJHOTO 3BE€HA PEMICHUSI Pa3MEPHBIX
Lenel Nporu3BOAUTCS IBYMSI METOJAaMHU TOJHOW B3aUMO3aMEHSIEMOCTH :
1.MeToa MakcuMyMa - MUHUMYMa
2. TeopeTHKO-BEPOATHOCTHBINA METO
COopounbIi TEXHOJIOTUYECKU I poI1IecC SIBJISIETCSA KOHEUYHBIM
MPOM3BOICTBEHHOTO Tiporecca. COOpouHbIii mporecc coctaBmseT 25 - 35 %
TPYJIOEMBKOCTH OOBIIEr0 MPOU3BOACTBA. [Ipy MITYYHBIX U MEJIKOCEPUIHBIX
mpou3BoIcTBaxX qocturaeT okoio 40-50 %-oB.

JI71s1 mpoeKTupoBaHus cCOOPOUYHO TEXHOJIOTMYECKOTr0 Mpoliecca A0IKHO ObITh
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NEepBOHAYAJIbHBIC TaHHBIE!

1.CO0pouHBIil UepTex U3AeIus

2.Texnuueckoe TpeOOBaHUE IpUEMA U3IETHUS

3.IIporpamMmma npou3BOJCTBA

4.CocraBiieHHE TEXHUYECKUX JOKYMEHTOB
[Ipu c6opoUHOM UepTe)REe UAENHS JOJIKHO OBITh JTAHO BCE MPOEKIIMH, BUABI
U pa3pesbl . Ha yeprexe N0MKHO OBITh 1TaHO COOPOYHBIE pa3MeEpPbl, 3a30p U
HATAT COEIMHEHUs, Macca U3JIeusi, 0COObIe TEXHOJIOTUUECKHE TTOKA3aTeNu U
CIIUCOK 3JIEMEHTOB U3/IEIHS.
Hano paccMoTpers wu3aenust U3 KOHCTPYKIIMOHHOM CTOpOHBI. O0s3aTenbHO
B TEXHUYECKUX YCIOBMSIX JIOJDKHO OBITh CBEJIEHHS O TOYHOCTU COOpPKH,
KayeCTBO W  TIEePMETHYHOCTh  COCJAMHCHWH, MOMECHTBI,  TOYHOCTH
BpAILIAIOIIMUXCS JETAJIEH.
Knaccuduxanus BU10B COEIMHEHUN T10 TOJABMKHOCTH 00BEKTa COOPKHU:

1 .ITogBmxHOE
2. HemmonBmwxkHoOe (cTarinoHapHas)

[Ipu moaBUXKHOM MpoIecce COOPKU TEXHOJIOTUYECKAasl OTepalus
BBITIOJTHSAETCS MOCJIEI0BATEIBHO C HETPEPHIBHBIM MEPEMEIICHUEM WITH C
NEPUOJUIECKUM TTEPEMEIICHUSIMU.
[Ipy HemoaBMXKHOM TMporiecce COOPKM BCS TEXHOJOTHYECKAs OTeparus
BBITIONIHSAETCS HA OJHOM pabo4yeM MecTeé U B HEKOTOPBIX CIydasx ero
HA3BIBAIOT CTAllMOHAPHAS.

Koadpumment TpynoemkocTn pabodero Mmecra

K = &P 10.1
tP

Oyznet paBHo. ['me tup - omepanmoHHOE BpeMsI
t — Temn BeImycka; P — uncno pabounx mect

K=0,9....1.00 B OCHOBHOM NMPUHUMAIOT.

B NOCICAYIOIUX ITpoHccCax MpUMCHACTCA HCIIOABUKHAA c6opKa:
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1.I1pu ucnbITaHUSIX €IUHUYHBIX YK3EMILISIPOB MAIIIUH

2.Ilpu cOopke He pa3aensieMblX KOHCTPYKTHBHO — TEXHOJOTHYECKUX

Ipoleccax MaliuH

3.I1pu cOopke raGapuTHBIX U MAaCCOBBIX MAIIIMH

4.11py MITYYHBIX U MEIKOCEPUMHBIX BBIITYCKaX
Bre16op MeToa cOOpKM 3aBUCUT OT TOUHOCTH Pa3MEPHOMN IIE€MH, KOJIUYECTBO
3BEHBbEB, KOHCTPYKIIMOHHBIX CHEIU(PUKALIMU U YUCIIO BBITYCKA MPOTYKIIHH.
Yeprex CcOOPOYHON TEXHOJOTHMU JOJKHO AaHAIU3UPOBAH M H3YyUYEH CO
CTOpPOHBI TexHoJora. [Ipu cocraBieHnnr cOOPOUHOTO YepTekKa KOHCTPYKTOP
JOJKEH OMNpeAeNuTh BHUA COOpPKUM. A TEXHOJOr JODKEH MPOBEPUTH U
o0cneaoBaTh BO3MOKHOCTU MPHUHATOTO crnocoba cOOpPKH CO CTOPOHBI
KOHCTpYKTOpa U yTBepAUThH.COOpPOUYHBIE CXEMBI M0 KOHCTPYKLHU pa3HbIE.
bonee pacnpoctpaneHbl cOOpoYHbIE CXEMbl Ha OCHOBE 0a30BOM JleTanu -
coopouHoil enunHuibl. OCHOBHOE MPEUMYIIECTBO CXEMbI COOpkH 0a30BOM
JETaId 3aKII0YaeTCs B TOM, YTO OHAa MOKET MPEAOCTAaBUTh MOJIPOOHYIO
UHGOPMAIIMIO O TOCIEIOBATEILHOCTH M CTPYKType mporecca cOopku. Ha
ITUX CXEMaxX KaXKJIbIM 3JIEMEHT MPOIYKTa IIOKA3aH B BUJAE NPSIMOYIOJIbHHUKA.
B BepxHeil yactu mpsMOYrojbHHUKA :Ha3BaHUE 3jieMeHTa - CneumajabHasi
maiida, B MpaBoM HIKHEM - HOMEp B 4UepTexe - 8, a cieBa — YHCIIO 3TOU

JeTaau B cOOpKe- 24 MmTyK.

CoenunalnipHas maiioa

8 24

B nmaHHBIE MOMEHT KOTOPOE MOYKHO MCIIOJI30BaTh JIFDO0OE 000PYI0BaHHE,
(puc.10.3) st pa3bopku ¥ COOPKHU B JTAHHBIX YCIOBHUSX - PEIYKTOPHI,
HACOCHI JIFOOBIX MapoK U T. 1.. CiiecapHblii HHCTPYMEHT - CIIeHaTIbHbBIC
KITIOYH, OTBEPTKH, ITIOCKOTYOIIBI, JACPKATEIH, CIICIIHATHLHBIC
MIPHUCIIOCOOJICHHUS, YUCTANINEC U CMa309HbIC MaTepUabl, U3MEPHUTEIbHAS
JUHEWKa, MTaHTeHITUPKYJIh, TJIaJKHe MEKPOMETPHI, IJIOCKOAPaIeIbHbIC

KOHIICBBIC MCPHI .
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AKCHAJILHO TOPIIHEBOH Hacoc

VazClub. cogn_:@

MacasiHoii Hacoc Tuma 3D
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OnHocTyneH4aTslil peAyKTOp

,.% B

CKBaKeHHBIN HACOC

MHorocryneH4aTblii peayKTop
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Macasiapie HacoChI

JByXcTyneH4aTblil peAyKTOp
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Hacoc mogeau PYUEMOK
520



Peaykrop
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Q2o

HAznoamesse na
ZALRITRICHS

ILiryHsKepHbIe HACOCHI

AKCHAJIBHO TOPLIHEBOM Hacoc
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Ycrpoiicto llIHekoBOro Hacoca

Hacoc Tuma IMHC

Pucynox 10.3 O0opynoBanue 1Jis1 pa3dOpKU M COOPKH
B IJaHHBIX YCJOBHUSIX
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[Tpu BBINOTHEHUM JAHHBIX pA0OT UCIOIB3YETCS CYIIECCTBYIOIICEIPYTHE
obopynoBanue. CyliecTByoiee 000pyI0BaHUE Ha HAYAIBHOM JTAIle
pa3dupaeTcs 10 TEXHOJIOTWYECKOH IMOCIIEA0BATEIIBHOCTH HCIIOIb30BAHUEM
ciecapHoro uacTpymenrta(puc.10.4), mpu MOMOIIY YHCTAIIUX U CMa30YHBIX

MaTepUaoB.

naboparopus A
MNK BHTY

Pucynok 10.4 Pa30opka mo TeXHOJOTrH4YeCKO# MOCJIeI0BATEIbHOCTH
CocTaBUTh YePTEK OTHOCUTEIBHO TEXHUYECKOT0 TpeOOBaHUS COOPOUHOTO
obopynoBanus. OnpeaenuTe HOMUHAIBHBIC pa3MePhl ¢ IIOMOIIBIO JIMHCHKH,
MUKPOMETPA WX IITAHTEHIIUPKYJISI ¥ COOTBETCTBYIOLIUM 00pa3oM

pacmonoxuTh 3aemMeHThl (prc.10.5) usamepurensHo Hemny.
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Pucynok 10.5 DJIeMEeHThI H3MepHTeJILH0ﬁ nenu

[IpenenpHbIE pa3Mephl 3aMbIKAIONIEH 3BEHO:

Aomax = 1,75 MM; Aomin= 1,0 MM
HomuHanbeHbIN pa3Mep 3aMbIKAIOMIEd 3BEHO:

Ao =(101 + 50 - (5 +140 + 5 = 10 wmm
HomuHanbHbI pa3Mep 3aMBIKAIOIIE 3BEHO COBMNAJAET C HANMEHBUIUM
peAeIbHBIM Pa3MEPOM U B 3TOM CIIyYae:

Ao =19 vo TAo = 0,75 Mmm

Jlommycku Bcex pasMepoB cooTBeTcTBeHHO BhiOMpaeM o I'OCT 25347- 2000
Cpennuii 10MyCK pa3MepHOM IEMH:

=750/2,17 +1,56 + 0,73 + 0,73 + 2,52= 97
MOy YaeM.
[To 10 —my kBanurety TouHOCTH a = 64, Mo 11 — My KBaAJIUTETY TOYHOCTH
a = 100.OTHOCUTENBHO K 3TOMY BBIBOJIMM YTO CPEIHHI JOMYCK pa3MEpHOM
uenu Onmxe 11 — My kBanuteTy TouHOCTH . C TOW TOYKHM 3pEeHMS ISl BCEX
pa3MepoB pa3MEepHOW 1enu NpuHUMaeMm jonyck 11 — My kBanuTeTy
TOYHOCTH.
COopouHbIi MPOIECC OXBATHIBAET MEXaHUUECKYIO COOpKY Jeraneld, cOOpKy

Y MOHTaX UX NAWKOM, HAJIAJIKy U PETYJIHUPOBKY, & TAKKE KOHTPOJIbHBIE
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MIPOBEPOYHBIE oOlepauuu. B JaHHBIX YCIOBUSIX COCTaBUTh COOPOYHBIM
YepTeX M aHAJOTMYHO CXEMYy COOpPOYHOM TEXHOJIOIMH HCIOJIb3YEMOI0
o0opynoBanusi. Kak nmpumepsl Mbl pacCMOTPUM COOPOYHBINA YEPTEXK U CXEMY
cOOpPOYHOIl TEXHOJOTMU TpexX IUIyHX)epHoro Hacoca. [lpu pazbopke u

cOopke 000pyI0BaHUS UCIIONIB3YETCs CHEeIMaIbHbIE TPUCTIOCOOICHUH.

CocTtaBuM COOpPOYHYIO CXEMY JJIsI OOBIIEro W OAHOW COOPOYHON €IMHUIIBI

TpeX ITYH)KePHOT0 Hacoca:
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Hava baslig1 bloku

= = b= k=
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Hidravlik qutusunun Hidravlik qutu
govdosi yigimi
1 [1 8y
Vurma klapam Sorma klapant Qrundbuksa Plunjer
ly 3 2y 3 10 3 12
Kipkac Yay Kipkac Stok
3 B 4 o Sy 3 13
Vurma klapan Sorma klapan gapaqi Stakan Qayka
gapaqi
5 [3 6 13 1 3 14
Xiisusi oymaq Siyirtmo
7 [1 3y 3
Xlisusi sayba Xiisusi bolt
8 [24 g [24
I[MOJIYy4YUM.

Ilopsinok BbINOJTHEHUs] PadOTHI:
1. O3HaKOMUTKCS ¢ KOHCTPYKIIMEH U TEXHUYECKUMH YCIOBHSIMU COOPOYHOTO
o0opyIoBaHUS B JIAOOPATOPHHU.
2. HaiiTu snemMeHThl pa3MepHOU Lienu. PaccuutaTh M yCTaHOBUTH
rabapuTHBIC PETrYJIUPYIONIUE pPa3Mephl Pa3MEpPHOU IICTIH.
3. Pa3zpaboTaTh TEXHOJOTHYECKYIO CXeMY COOPKH ISl COOPKHU BCETO
000pyTI0BaHUS U OJTHOTO Y3JIa.
4. CoOpatb 000pyI0BaHHE IO TEXHOJIOTUYECKOU CXEME.
5. CpaBHUBaTh pe3ysbTaThl ¢ HOpMaTtuBaMu mpuBeaeHHbIMU 110 ['OCT-
y3675-2000.
6. [TonroToBHTE OTYET B COOTBETCTBUH C MHCTPYKITUSIMU YIUTEIS U

MIOMECTHUTE €T0 B TaOJIHUILY.
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3ajaua:u3MepeHue pa3mep Eckus

Pabomamiie \ e O NOWC LTI SDCA I GONIN LT
OO PN WPOT P NCON e DERERTM 1 Spiue Saviels
HEOBECOMNAIS OUE $0 WASRHGAMIMA M KOWITHDOTE

- . | .
: v-,'l_,—_.—-

Pe3ynbTaThl U3MEPEHUN U BBIYUCIEHUM, MM

Pazpe3sr o

0]
Ha3Banue I I Il % .
2 HHC SN
Py Hanpasnenus e 3
MEHTa 5 E
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1
2
3
4

JlaTa BBIIOTHEHHST pabOThHI Jlata cnaum paboTsI

[onnucek cryaenTa

[loanuce mpenogaBaTens

KonTposibHBIE BONIPOCHI:

1. Yto Takoe pa3mepHas 1ens . Buasl u 061acTi npuMeHeHust ?

2. Hcnonb3yemeble cliecapHble U U3MEPUTEIbHBIE HHCTPYMEHTBI, TPUHIUIT
paboThl, U3MEpUTEIbHAS IIKaja?

3. Yto Takoe cOOpOUYHAsI TEXHOJIOTUS U €€ BUbI?

4. Cxema TeXHOJIOTUU COOPKH U €ro COCTaBJICHHE?

5. PerynupoBka pacCTOSHUNA K YEMY CIIYXKHT?

6. IIpoBepka mpaBUIBLHOCTUA COOPKU 00OPYIOBaHMUS?
528



TOPIC No. 10

COMPOSITION OF TECHNOLOGICAL ASSEMBLY
AND ASSEMBLY DIAGRAM OF THE PRODUCT
A task:

1. Divide equipment into assembly units and parts prior to assembly.

2. Draw up a technological scheme for disassembling and assembling the
product.

Objective:

Studying the preparation of the technological assembly and the assembly
diagram of the product. Acquisition of skills in technological disassembly
and assembly of the product. Applying a dimensional chain during assembly.
Measuring instruments and measured objects for performing work:
Products, locksmith wrenches - special wrenches, screwdrivers, pliers,
holders, special tools, lubricating and cleaning fluids, measuring rulers,
vernier calipers, smooth micrometers, plane-parallel gauge blocks and parts
to be measured.

Work rules:

1. Familiarization with the working drawing and technical specifications of
the assembly product.

2. Determine the elements of the dimensional chain.

3. Draw up a technological assembly diagram for the entire product,
assembly units and parts.

4. Carry out the assembly according to the technological scheme for the
entire product.

5. Compare conclusions according to GOST 3675 standards.

6. Make a calculation.

Theoretical information:

A dimensional chain is a set of geometric dimensions located along a closed
contour (Fig.10.1) and determining the relative position of parts and their

surfaces. By place in the product:
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1.Detailed - determines the accuracy of the relative position of surfaces or
axes of one part.
2. Assembly - determines the accuracy of the relative position of surfaces or

axes of parts included in the assembly unit.

el U Ry
Al 4 &l 4 ’t__-_._.___.i
ES = |
Figure 10.1 Measurement chain

Any dimensional chain has one initial - closing link and two or more
constituent links. The link that determines the functioning of the mechanism
is called the initial link. The size of this link is indicated in the special
specifications on the assembly drawings. This concept is used in the design
calculation of the dimensional chain (Fig.10.2). The dimension chain has:
1.Matching link
2. Component link
During processing or when assembling a product, the original link is usually
obtained last, closing the dimensional chain. This link is called the closing
link. Its magnitude and tolerance depend on the magnitude and accuracy of
all other links, called components. The constituent links are:
1. Increasing
2. Reducing
The constituent links, with an increase in which the closing link increases,
are called increasing. With an increase in which, the closing link decreases, it

is called decreasing.
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A,  As As

A

Figure 10.2 Linear parallel measuring chain
In the figure, the dimensional chain has one initial A, closing link and two -
A,, Asdecreasing and A; increasing component links.
When calculating dimensional chains, two tasks can be solved:
1. Direct task - Determination of the tolerance and maximum deviations of
the constituent dimensions according to the given nominal dimensions of all
chain links and the specified maximum dimensions of the original closing
link.
2. Inverse problem - Determination of the nominal size and tolerance of the
closing link according to the given nominal dimensions and maximum
deviations of the constituent links.
In many cases, the inverse problem is called a check calculation.
Achievement of the specified accuracy of the initial link in the solution of
dimensional chains is made by two methods of complete interchangeability:
1.Method of maximum - minimum
2.Probability-theoretic method
The assembly process is the end of the manufacturing process. The assembly
process accounts for 25 - 35% of the total production labor intensity. With
piece and small-scale production, it reaches about 40-50%.
For the design of the assembly technological process, there must be initial
data:
1.Manufacturer drawing
2.Product Acceptance Specification
3.Production program

4. Drafting of technical documents
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In the assembly drawing of the product, all projections, views and sections
should be given. The drawing should contain assembly dimensions, joint
clearance and interference, product weight, special technological parameters
and a list of product elements.

It is necessary to consider products from the structural side. Necessarily in
the technical conditions there must be information about the accuracy of the
assembly, the quality and tightness of the joints, the moments, the accuracy
of the rotating parts.

Classification of connection types by the mobility of the assembly object:

1.Movable
2. Stationary (stationary)

In a mobile assembly process, the technological operation is performed
sequentially with continuous movement or with periodic movements.

With a stationary assembly process, the entire technological operation is
performed at one workplace and in some cases it is called stationary.

Labor intensity factor of the workplace

K = 2P 10.1
tP

will be equal.
Where
t pr - Operating time;
t - release rate;
P - number of jobs.
K =0.9....1.00 is generally accepted.
In subsequent processes, a fixed assembly is used:
1.When testing single copies of machines
2. When assembling machines that cannot be separated by constructive
and technological processes
3.When assembling large and mass machines

4.With piece and small-scale production
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The choice of assembly method depends on the accuracy of the

dimensional chain, the number of links, design specifications and the
number of product releases.

The drawing of the assembly technology must be analyzed and studied
by the technologist.

When drawing up an assembly drawing, the designer must determine the
type of assembly.

And the technologist must check and examine the possibilities of the

accepted assembly method on the part of the designer and approve.

Assembly diagrams are different in design.

More common are assembly diagrams based on a base part - an

assembly unit.

The main advantage of the base part assembly diagram is that it can
provide detailed information about the sequence and structure of the
assembly process.

In these diagrams, each product element is shown as a rectangle.
In the upper part of the rectangle, the name of the element is Special
washer, in the lower right - the number in the drawing - 8, and on the

left - the number of this part in the assembly - 24 pieces.

Special washer

8 24

You can use any device for disassembly and assembly in the current
conditions (Fig.10.3) - gearboxes, pumps of any brands, etc.
Locksmith tools - special keys, screwdrivers, pliers, holders, special
tools, cleaning and lubricants, measuring ruler, vernier caliper,

smooth micrometers, plane-parallel gauge blocks.
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Oil pump 3D model
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Single stage reducer

Borehole pump

Multi-stage gearbox
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Oil pumps

Two stage reducer
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Pump model “Rucheyok”
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Reducer
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Plunger pumps

Axial piston pump
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CHNS type pump

Figure 10.3 Equipment that can be used for both disassembly
and assembly
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When performing laboratory work, existing laboratory equipment is used. At
the initial stage, the existing equipment is disassembled according to the
technological sequence using locksmith tools, using cleaning and lubricants
(Fig.10.4).

—é PCMD'IT)IGI

naboparopus i
MNK BHTY

Figure 10.4 Technological sequence disassembly
Draw up a drawing regarding the technical requirements of the assembly
equipment. Determine the nominal dimensions with a ruler, micrometer or
vernier caliper and position the elements (Fig.10.5) of the measuring chain
accordingly.
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Figure 10.5 Elements of the measurement chain

Limit dimensions of the closing link:

Aomax = 1.75 mm; AOmin=1.0 mm
Closing link nominal size:

Ao = (101 + 50) - (5 +140 + 5) = 1.0 mm
The nominal size of the closing link coincides with the smallest limiting size
and in this case:
Ao=1+0.75va Tao=0.75mm

Tolerances of all sizes are selected according to GOST 25347-2000.
Average tolerance of the dimensional chain:

acr=750/2.17 +1.56 + 0.73 + 0.73 + 2.52= 97
we get.
For the 10th grade of accuracy a = 64, for the 11th grade of accuracy
a = 100.Relatively, we conclude that the average tolerance of the
dimensional chain is closer to the 11th grade of accuracy. From that point of
view, for all sizes of the dimensional chain, we accept a tolerance of the 11th
grade of accuracy.
The assembly process covers the mechanical assembly of parts, assembly

and assembly by soldering, adjustment and adjustment, as well as control
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verification operations. In laboratory conditions, draw up an assembly
drawing and, similarly, a diagram of the assembly technology of the
equipment used. As examples, we will consider an assembly drawing and a
diagram of the assembly technology of a three plunger pump. When

disassembling and assembling the equipment, special devices are used.

Let's draw up an assembly diagram for a bulk and one assembly unit of a
three plunger pump:
543



(V]

« = | 0| Kl Ral Kad Kl

[&]

° - @

= 3 2 =

o o — —_— [@))

o o 8 (=) =

= = © 8 £ S

= =] o

<13 [2ld | 319 [ &N [ 8ld | alR
Hydraulic box Hydraulic box
bodv assembly
1 1 8y |1
Going valve Sucking valve Grundbuksa Plunger
ly 3 2y 3 10 3 12 3
Cap Bow Cap Stock
3 E 4 |6 5y 3 13 3
Going valve Sucking valve Cup nut
cover cover
5 3 6 3 11 3 14 3
Custom Drawer
7 1 3y 3
Special washer Special bolt
8 24 9 |24

we get.
Work order:

1. Get acquainted with the design and specifications of the assembly equipment

in the laboratory.

2. Find the elements of the dimensional chain. Calculate and set the overall

control dimensions of the dimensional chain.

3. Develop an assembly flow chart for assembling all equipment and one unit.

4. Assemble the equipment according to the technological scheme.
5. Compare the results with the standards given in accordance with GOST -
y3675-2000.

6. Prepare the report as instructed by the teacher and place it on the

spreadsheet.
544



Challenge: measuring size

Sketch

Measurement and calculation results, mm

o

Slits

Name of

Direction

Tool

A-A

B-B

A-A

B-B | AA-A| B-B

Conclusion on
suitability

ol A~ w| N P Sequences

6

Work completion date

Work delivery date

Student’s signature

Teacher’s signature

Test questions:

1. What is a dimensional chain. Types and areas of application?

2. Locksmith and measuring tools used, working principle, measuring scale?

3. What is assembly technology and its types?

4. Scheme of assembly technology and its drawing up?

5. What is the purpose of the distance adjustment?

6. Checking the correct assembly of the equipment?
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