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Ceweuriige wrmurlh, Cewwdiu@n 2 Carssde o 66T Gamaer, sHOlweTer
GLpered gpu@L  wroprseT GCureatpeubmred 2 miiLseller 6T seland FHm)
orur®  srelu@n. 25 BB, e peTer @@ 2 (Henerenwid senlubCung,
g sflwre 25 WS Qmsang; shms sFmbHsorsGer, GempeursGeur G)mHea@Lb.
@B e wIMUTh Wb Slswrs  QEBHSTER,  (petety ST lg ULl
@earl9e Hasd gHuUEHLD.

% 5Cal,  Qaeamlidey gpHUBHD  LIHDEISMETS  HHSHD  CETam(Hid,
Qummlseailar Quéss Comeusmerd &HHSHe GETA@THL @EIETE]  6T6y
LTHDEISEET  SeSHurfser. Curmsss Csrerard  siquw @B LLIHDSMS
Curmdl (Tolerance) erenm Famieur.

@ onller srses Hiemwls@gn GCurg oiFear jeTey WImLMHSET
Car@ssiiulL  Curpd oletoysCapu  SLHUUMNLIGEH 2 dTeTameul  eTeilians
oethg FAurfliug WOSe|d jeudlubrer @eaTmm@Ld.

Car_&ss sreomsald @@ omplomus OFug Wgss Ung igamen
OEMhG  UTTLULTTSET.  jeteydsear  sLOUUIL (&G  QmbaTed  gnmis
Qareteuriser. Qeomabweammrd  GCamauildme  eeamm  @asSletllHeuriser.
CewdiulL @@ 2nly easstiun Curg oignE GCsemeuliul L o Gorsl,
Qurilsefler Goyw, wenflwrerfleanr Corb erermy erewerCL eSaumdpg; OQFaweyser
& [HHDG; Qerud GamnHmg.

o plienus  Cewldlerm  QLpd, oersSlemm @QLapd  CoumGoupns
Qmuuste @ns Qe CswaseErs@n bHele o@m Guflu Qe Ceuafl
Qmbsg. Geliweny Fflufldame eremm SETULIGIT FamieuTy. eTHS (Penm
sflllveney erem Gy venflwrery smmeury. @bs Geondamn Cursdlerme
amGs  gsoum Crifng eeaumss samLdubd B waphE 2 miiLs6T
clemrmeug QST_fhHgl OETeuTiq (hHd@LD.



Qbss @GmpuUTLald Gonds, B&S goHULL (PSD  (pwhHEsmer
Yerefluwed srssl(Huur@ (Statistical Quality Control) ererug. @Qbg  (pamuiled
o pilisefler jeme] LIYUIHSMTS  samaTanILCHTH, ency S (HLum e
Boeush@d waarCr e pusdeow Hnsd, sflutar smarsmngss samLPHg
@apsemer Bad gfl Qeuigiei (piguid.

8bs paprlgd eguysdr Cslg PubsHnG. Fo usd dOSal
(Sampling) oemHg. sSeaTSSHLD, SLEUUILHSGET 2 6TeTET  6Temm  HevTLHll
Cauanr(hid. @pss st @enlCeuealluiler 2 HUSHWLTGL 2 mliseT elauTeusnd@
aumrliser 2 eterer. 9 &5Ceal,  Waed Ceuswrs 2 pusH  GElwliu@n
QUL EEHSE Yeraflulwe® gré sL(Uur® (pan gHmSee.

Qerm 2 nlsERsEE CHTHssLLBL  Curndl oemeyser Ws ELULTS
awsCrrSlry, prCem BLLy eamy @GoppddHsdng. Coaid o HuSH
Camplopl Lgdd Gu@mb WwropmseT ghULligmadlemer. sl dd Cumhaer
(Lathe), gipaued erpdlpmiger (Milling Machine), gmenenr erpdlpmger (Grinding
machines) Gurem grgmrenrs  GQumilsefles CQewwdinl’ L CQurlser Qe
erammeufls  sL(huurl () erhdlrmsatad (Numerical Control Machines) senfle
aufl 2 pusd wermsaflgid (Computer aided Manufacturing) Qewiwlin@lerer.

grgmyent ehHrmsaies Oeleiens oL Wss geoadlwwrs @Qbs beler
2 pusH papseaid Csww b, Coeid Qng pansaled L SHssorear
UG GURIGENGETUD GlaFw (LplguLD.

@@ Cdurmener mELULWLIS OeleuGsrlh umll  (pubg SNHeuddame.
OIFOE FHWLTEHEYLD, FHOSILLTSQD eThg UMTSSH STrsens 2md Cewliwed
Couarr(Hd. e Cummenard Gawidlern Gurdsefler goalwsens ol smen
Olehg  FAUMTEGL  (pepsaie Foalub Lsg WLLEGSE GCbd Qs
Ceuair(hd ereiigy Qurg a9, o 5Ceu, Qetm HEsorar eliqel EOLLSET
Qarenr  GQurmLgener &S — geoelwors  eTé@L  smalser  LOSeyd
CaanculiLi(hdlemmer.

@@ Curmener Was Geusrseyd, goelwwrseyd CFwnwCurg, GFwub
wpapuiled @ Aflw soum Crinbareid, WssE Gapbs s Qe Ceuafluild Lie
Qumplaer oSemmdleli(hd. op&aGeu, @@ OCur@meear Cslg DG HeTHI
urflueng  ed, g Qurdluiey o (maur@w CurGs  ojaThg  samsTeantSa),
ComausGapLr  LIHPEIGMET oL adGLer OFlg GMDHMETS SMETEUGILD,

sywrer Curmlsemer Gelcugld Hpbs WPapwrs Qerm smHsLLOEDE.

Qurmer 2 puSHuUTGD Curg SiFard CFTLITDMD, e Fleadlwnns
Slemall(houg) etliLig? jemey LIMUTHSERSEE ehu durdlenws sl HUUBSS e
creeurm? @& Quigon?

Qssms GCsatelaErs@ ollenLwng @erm Lo peiar ars@h Gl
BLLURISE cubdlmadHlamnar. eupme Cesy ojerencuuilgyd (Laser metrology).
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UMf&GL  erpdrmiserd (Machine vision) oL mi@b. @&smsw  (PaDS6TaTTe
Ber, somsmenud, LUrlber Guerenwewud, Carenr jemeysamenuyd, el L g
sanansameariyd Cr Crrsde CurmLsmersd GETLTLO jenhg 6SlL_eumLb.

1.3 9oTey 6N GT OUGHESET

Carfharenasartie 2 (HEUM@HLD 2 mili&&eflen S{6TGFHENGIT
Sl wnssd Carar(h jeupenn Spsarr(Hereriig Lflégem.

0 Cwi ojemeyser (Linear Measurement)
@ Gamenwr jereyser (Angular Measurement)
Q) eugen jemeyser (Geometrical Measurement)

1.3.1 CBi 9JaT6YFH6T GTGRTLIGHG:

() BeTb, y&eD, 2 WD, LoD
@ e _L1b, =y ribd
QA Qrair(h YeraflgeraCar, gianara@EnrsCar GenLuleomen L

1.3.2 GH 1wt 9|aTa % 6T GTGRILIGHG:

N Qrer(® UTLIUsEhsE Qe uleomer Camemrid
@ emie] / gfley

1.3.3 augau 9JaTa 6T

Gugel  leToyder  erenency Gy womd  Caremr  ieToysafien
GQenenriun@L. eulgel  jaTeysaner CBriguins oeréEs  (Wpiguirg. GBI WwHmLD
Gamremr O{GTCLSEEIT SaTH ) SIFETELPEILD SHETSSI_LILIL Gouenr(hlLb.
aHsEssT LTS, CrisCan’ (s seatamwerw @ GOUALL g Qe Geuaflule
Carenrseng ojemhal SO HBHE sarflss Couam(HiD.

1 CrrsGar_(hg sereno (Straightness)

(

@) sl g gemeno (Flatness)

&) el L g geameno (Roundness)

@) 2 mevers Hemeno (Cylindricity)
(5) Carmenggemeno (Sphericity)

©6) Oemigsas semeno (Squareness)
@ Qeaanssereno (Parallism)

(

8) urligg semeno (Surface finish)

QounGorh LdsssTsdHen Ldeuge enolilbd (Gear profile), &lmarenfluder
el (Screw thread profile) wHmid STHNWES Guigen enwlLsEHD (Aero
foil profile) @do ojLmiE@LD.



1.4 9ard @D &(Hailser

DT UMEHEREE GOHL  THGSWL  HHellsamer  SpssarmHeTereumm
UMSLILI(HSSEOMLD.

Cri erellser Canewr erelaer

oereyCare (Scale) Caranromenfl (Bevel protracter)

Qeugaiwy jereyGared (Vernier Caliper) | emgmw wi b (Spirit level)

paraerelser (Micrometer) sfleyorefl (Clino meter)

eliuerelser (Comparators) engen UL b (Sin bar)

ey oereiser (Dial gauges) s1Qendly gaflorefl (Auto collimeter)
o wy oetelsear (Height gauges) Ganenr elinered (Angle dekker)
< erelilser (Depth gauges) QsreneGrred (Alignment telescope)
Bpeyd sigenaser (Slip gauges) Carans seamsser (Angle gauges)

pers Garevser (Length bars)

R(EHmahs oers@GL il (Co-ordinate measuring machine), Cpr,
Carenr,  augel  ETEUS®ET  THS UL, Qb GTHE TR SET
safllburdlseflen giewewrwne®d — QuUBGeusted  eteysaner  erliLCsHT(H
Sjeupenpll Udley Gewlg Couriguwins cuenyULBsemeT b 6lET(HEseUaMmaL.

1.5 9arall®b 9jemioLiL]

SerdsLLpD  Curmer, jeTeillHd SHed, eT&H@GD LRTIWTET, DeTHEHLWD
G erarCarh Oepsyd (Standard) ety @mBbg Fmsaersd CsremLgigmen
S{eTeN(HLD D{ENLOLIL] Y (GLD.




SETEGL HHedl

:Q: Indicating unit
- %D
Qumad ]
STEGD (e Amplifier Liewilumeriy
Stylus —¢
Qebsird Gummair
Standard Specimen

% waenar/ Platen

L d-1.1 ojerellHb  ojenLoLi]

1.6 G\FBsILD

em oereyGare  (Scale) eamugdCorbd. g sflutes  QmsHpsT
Tratuens erlilly samOligliug? soLs@&d Ogeam 1 HCGor Cumrmer qertenm
aumGHCorbd. g sflurs om HCor Qmsdvst ererg erliulg  Gsfluyb?
SOV FMLSEMT LLTLHSHD T &5 fluns q@m SHCargrer eremLieng
erlitig 2 mIFIL(SSeug?

soLsaMriler  aoldsdme Filuriss  Fflwrer  eTepLujeTerdl  eTem)
BlepAsslILL L. Q@@ e TdLEshena meusd HmSHL UMFSgeNmDd. oibHs
BlepNssiul L Tl s50Ce CFbHsTomE@LD.

Cepgrmgaien  goallwsmswd LweUTlenlwnd  QuThSE — Bjenay,
SpsaamBerer auamasuie Nflssliin@Sermen.

=

1 waee Gensrmser (Primary standards)

2 @rermd Hlenew Gebgrmiser (Secondary standards)
3) epeomd Hlenew Cepsrmser (Tertiary standards)

4) vwerur () Gebsrmser (Working standards)

=

(
(
(
(

Lepm(® B @b, ueptli@h Csgub (s CFpSImESEHSE
aHSEIGSTL(Hasamm@d. @QBs (ot Cepsrmsamer CurwGe BaOS6T
swumfldsliul () uew @Liseailed emeuss LWETUHSSUILOL. Qe Grewrmd
Hlenew Qaparmsd o @L. Qe HeueuiCurg (paerann  CabsrmsCert(
UYLLUL(H urgsTésULbILD.

Wwaeenn CabsrmsEsn, @ramlmd Haew CFhsrmiseEsh eULChTaEs
Lweu@d  seveowml  Cebgrmsd o @b.  Qeuben  Camhheranesatigib,
UWIeYs Fml Eseld LWeTUOSS Wgwng. o &Ca omblsaond LwaLhSS
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ggleuns 2 (heursslul L. CepgrmaGer epemmrd Hlenew Cabsrmiser o @L0.
Qe @rewrLmd Hlanew Clebgrmsafler o amawwrer Haa&e6T o @Lb.

1.6.1 upsestevip O\FbImI%e6T

Qepar OCegb eerug 1 F&HT RGO, 38 mGo Berpbd Glememr
Qaumised FULb o Gb. @ 36 om@Gon eww Qe Geualuld 72 b
SPWWL. Y2 omge Nl gpd  Oaraw  gleneruldy  Cumer  (peaneTaer
CemaluligmE@n. wpeanarsafler Cuopurly Oaumsws seamger o FSe
(Nuetral axis) QH&@LD. HWT(H GUMETHSTEID DOwE seamger CoHuUrlLied
Ths LS  goUlLmd g Cumer  (peversenem  Unlaarg.  Clumen
wenargaflenr  Copurly  Wseb  Cwerenbwrssiul(h — seTGLe  eperm)
Carhadr GmsEE ourligeid, Qe OpHsHn  Cur il g (HE@Gn. @b
Cagmd  eretug Qe Gumer  (peversaflen  Cogieter  BHECHTHEEHES
@er_auerar  FIOTE  eueTLUMISSILEGL. @bs sar®  eflurs 207 QeuliL
Blevouwiler, Qe 2 (HeneTd@ G cUEETWITSEUTD HEUSSLILIL g (HEHELD.

<2, TG Gem) QoL f& O6T6Y wpanpCGw LIT6UGTSL
vwetu(BSsLILGSHDE. Qb @@ WBLLT craugster QFpsr oemeaum@n. @a)
Werm_igemd @hHiqwd sovemel 2 Carsassted parg. @Qsar GmEGs CammmLd
UL b-122-60  smlguwerarengls Gume X algelled @Qm&GL. Qs BEHULGSEH
Cuerenwrssliul ()  Qrewr( mLuworer  Carhser Curiliuliq@mé@h. Qbs
Qe Canhaers@ BhHeld o der CQsraaGes @ Cebsy WBLLT eremiuELb.
@65 sar® 0° C Qaliufeeuld meussiLL g HE@Lh

Iq—_._._iﬁ'llifl’

Neutral axis |
D M

%

uLib-1.2.1 Gleggy Clagd



Qns Opsrmsmer ULGTUHSHIE eTarlg  eleuerey  eraflgmer
srflwoee. Qe slu  CQealiufleoesCapu  LIMEFIgLg. QST  BHEHD
Cepgrmgedr CoubpmiGn Qdme. Qg @eadgd bHm  6TeyCETLSMETLLD,
smedlsamer]d @UlHegId &b H&Ca, Qns Geopurhsamer GCuTEs:
e et Qepsrnd gpu@sSsLLLLg. @ 1 BLLy ererug Hfllmer 86

(Neutral axis)

*%' 44-L UL 16h-1.2.2 QepsaBL i
b

isotopedd @mpBE Lrejbd galular Coussenss Osramr(h euerwumnéds ULs
QamereriiL L g. @&y, @@ WLLF ererug @@ Oeupdllgdd 1/299792458
apmguiey  gefl Qaoeud gmb HBEW. Qsomer mOwb-Hurer  Cosamrs
Qarawt(®) ereflsms  ojeThg  eI_(pud. @ geowelud 100 @ LkS.
ogreug Lolwler L geng 1 LS. govellwusded oemds (Wb, Qseme L6

BETENLOEHET 2 aoT(h. MG,

v CeuliugLl L Hlene&eTmed LTmmg).

@) Qg QfiLsdd eudg LTESTEH5 Camaeuuidene.

) Qdler g o2 Camswb Qaorssrd, CslwrerGor,  oyfiiGur
OGEELE

@) aps  QLsHad  geodlwors  Cepsrsams  gpu@sd LwauhSS
(Pl WLd.

1.6.2 vwetUTL (B C\FbSTEI%HGT
Sjaord  Aemibsreosailand  uie)d  smLmsealQd LWL
smelasmer  emailh)  CQewCeur, Csemeulul Lt  Corgwns  eTluSnHE

LweaTU(RSsCalr  ggeuTs 2 (heumdslul L eeugner  Lwerurl () Cebgrmiser
HEWL.  Qaes  (psoblane  Cebgrmsmer gl wrss  Camem(h)
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2 (HUTESULIL L anel. Hesarssnans snm elameGanhs 2 Carsssmed o earana.
LWTUTL(N&@ JHeUTs GeneuwLb,

M
@)

aufl Qebsrmser (Line standards) eremmid,
wene Glabgrmaer (End standards) erenmmid euensLiLi(hiLbd.

afl Qepsrmseiles Qrewrlh ocuflaersE (CarthseErsE Qe uleyerar

Qarenaey OEBsT SeTeun@. pemme (panear Cabgsrmiseildy e  Semriqen
Qram( (penarsErs@ Qe Wiaeter Csrenavey CEhsT ojemeum@Lb.

Qe eaflsEpsE Qaluwlorar Gsreeenal UL HL  umfliuamgedl

Qe (WpeasErs@ Qe uleorer Ggreaene UG urflugid, ojereli(h
Qelieugd erafllgm@d. 100 WOLS. jeTeyd@er B(peyd sligamsserd (Slip gauge)
<50E&Cwe Bers sam@Bsend (Length bars) Qepgrhsearmal LweL(Serme.

1.6.3 aufl OFHSImEIETNGT BETOLOSH@HLD, &6 D@L

M

®ITE

o)

Ceuslons, eraflans, SHeseaions oerCeuhEsalb, Baml 6TeySHEREELD
TODS).

uoGoum jeTeysafley HenLsHmg,.

auflaar  glovellwiors Syl mbsran, euflsefler sabaml  eTanou
LTSl & @& Lb.

Slers@EwGurg  @uory  Csroplibewpuferme (Parallax error) @enm
gou(hLd.

Cepgrader  AELuD GopaursGe (Accuracy) @QmE@L.  Cogid
Qs urfiugH@L  Qumed  Pusear  (Magnifying  glass)
GaeneuliLi(pLd.

(p e 68T O\FbS IEIS NG [BGSTELOS: @BLD, &GEHDH@HLD

Genau sed FEOIWLLTETEEL.

Waes  Godwu  Curpdlsemers CsremL  mLluwter  Cur@BLsamer
SETULSHEGD, QY UWleys gl miseflgid, UL ensailabd LwemLbhSSe|0
TS UTETENEL.

wear  Gepsrmgmer @aGCor®  @eamrs  Qaarsg  Ceusmrig
DETENGU DETEHS (LPlgULD.

opeme) @ Crrsdle om jarancu LLHCL 6T&Es (LplguLb.
wanarser CoWihg goallwb Cs@Hb eurili] SsLD.

SferliLgn@ CrrmEL.

@Lwomy Comppllfeny ghuLTg.

Qs o emfency @eudF SeTULST® jetefléd  rpur®  eouLd
eumLiLy 2 awr(h.



1.6.5 GFpsIBISE®ar 3eTai® GC\FIIHe

SOTLLD LWaTURHSSHD SHelsamer, ULLen GFbsrmsmers Glarer(
olerei( Geliwemd. Ll ep Qepsrmsamer, U (H OCebsrmsamerd O&mem(®
jeral() Qewwerd. @ubl(h Qepsrmsamer pamid B OFbhSImEmeTs
Qarer(® oerelih Oewwemd. @ity Ligliugwrs CoGon Cureamd  pseblane
Cepgrmsamer ojemeilh OFwiw Ceuearigw Hlenewsd@ eurerbd. igemer gefudlwe
SlglinenLulled sren oemeli(h GFwiw (piguid.

pafla@nas (H (Lighting interference) peanpuiled erdlQrmelld@n SeTenTmig
BaHLCLTE  pallfardsms oaTéEs (WPWD. ST FHAWTS eTéueuaTey  FMILD
SETenITly.  BETHSHHEHDG eTailens Samadll(h od  (plgud. Semewrmy el
Cebsr5Csm(h QamenssliLl g Bhsred, HamTCarsdl fpebd oig BaTHE (HESEGLD
Csreneemes  oemhgedierd. Qe  @ramerLuwjd  @UUEILHL  UTTSg
Cepsrsms oerailh OFwiwerLd.

BGCsCumed @ (Wevem CFbBEISmSWD Dmeber QFHESrEmsds s ()
ojerai(h GewiweoL.

aufl Qepgrmsedr oemeilp OQewwliu’ () N Lre eupeonsd Qarer(
P& QFBSIBISEMETLD, (PEMETS SHlgeSHeeTUd ferei(n GFlw (Lpig L.

e Qepgrmsmer Coriquing emeber Cebsrmsameard Gamam(Hi,
euiuaTelser QaramHb ojerei(h ClFwu (pigujb.

1.7 9jerdG LD (P M FHET

Setedhd 2 mulissefler  geolwsSemngud, FFELLUSMSWD, DeTeneuDd
Curpsg jeredllhb (permaHer CoumLi(HLd.

1)  Cwug gpewm (Direct method)
R SjareyCane epold Barsms aTHS®, @@ &fley Camenr
Sarallepad Caremrsens oardse Curarneney Chrly eTHHD  (PeHD
GTeTLILI(HILD.

2) weamps (pewm (Indirect method)
R0 @LLSH@ BIawT 2 WISMSWD, BT HaTSSWD  DI6THE
Sgen  eped L LSmss  saflliLg, Hodlw o (menerser  Glamea(h
Caramsangs saflliug Cureammency LEDILPE (LPenm eTerliLi(HLd.

B) sl gl (wpiupi (pem (Absolute method)
@@ Curmefler Barsans wwewwrs @Cr Crrade o6z
(PPend (LPedm  GrerLiLi(HLD.
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(C))

©))

()

@)

®

®

(10)

spuuerey (pedm (Comparative method)

oM Ourmefler Barsens Corgwns oerésmoed, ey Csflbs
Caullprm Qurmeper UL, Helmbgl eTeucueTe] WIMILIL g (HEHmg
TeTLeNg Sl Mbg, Berdens Siomeaflliug @ULeTey (Wpenm eramliLi(pLD.

@L_wrpmi pem (Transposition method)

@@ Curmeiler ereLenw, eenl  apaeT  CsTanr(h  (PHeSldy
Semhg eI, Yenery, Cummer QmHs QLSHD  eTelenwiud, ereni
QmBs QLsder Qurmeameryd eeudg BamrHb oETHHL G rHo)
(P& eremiL(hlLb.

garlliLy (pem (Coincidence method)
em Qurmeilar Badms oasEs sHCLOL @@  aTeyCamed

MOUSF DETHFHD @ETDILIL| (PeD eTeTILI(HILD.

aflovsas (pemm (Deflection method)

@@ Cumrmeiler eTerLeniw @@ NOSITE (P ETHSL  6(MH
waliyoreiller  wer  Newsssmsds Carar@, Curmeflar Hersans
SerH50 Curempency elev&Es (penn eTerliLi(HLb.

BloLiy (pe»m (Complementary method)

@m Ourmefler  Osrereratency, ems  Bfles  wWsd, s
QauelCGupmd  Bfler  ojeteneud Qaran( oeTsse Gurapeney By
(penm  eremiu(hlL.

FHSL® (pep (Substitution method)

CeuliuBleneowned, @@ GLT(HET LIHDBRIGET HETHSTED, DIF 6THS
CoutiuBleneuied, 2iCx IHPL gHUHEHDG craTUMSE CHTarT(H 6THH6E
FHsBH (Ppem ereriu(hLb.

5;357 (pem (Null measurement method)
em OQurmeiler Wergenenw (Electrical resistance) 6L CL e
Wergom epetd, WerCermLid &fluirs QmEGLIn GFlg TS50, @

synélen  (peT O-cTewd STL(HMM Tl danseneT Gurl(y gwer Cauwig
Sers50 Curempeney HWO(PeHm eTemiLi(HiLb.
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an

(12)

@sT® (Lpemm (Contact method)

em Ourmeier Betdms @ OCeufafluy oeteyCamed  epeld
Cam @ oeriug Gureameel GaT®H (WD erariLHLD.

@& (pemm (Contactless or non contact method)

R @al&EEDM6 fpod HODFH B(WPS55S5 STHmlepDd Cummefler
S|ETEUFHEMET eTEHSH, CSTLT (P eTemiL(hiLD.

&I NGTTEH 6T :

—

© o N o o A~ D

—_
- O

SIETENEUUILIE) GTETDTE) GTEIEH?
SleTe|Helle eUMBHET WTened?

Crr jeTeys6T Wreneu?

Cament ieTeyseT Wreneu?

QUGe DETGYSHGT WITen6U?

Sjerall(hd jenlIler 2 mILIL|S6T WTeneu?
Qapgrmsefes Camel eremen?
Oapgrmseflesr euemEHET oTeren?

WP CFHSTEISET WTaeU?

- uwerurh CebasrmiseT wreaneu?

. SETHEGD (PENDSHET GTEI6T?

OB® AlesTTEHaT

1.
2.

2 HuSH enwlitle, Qerenpu jeTencuuiiwedler Camaelamw efleuflése.
OIETHGL UMEBHETLLD, PPN GHS CHemaulIL(HLD 6THGLD
smellgEeneTd T(HSFHIGSHT Iy NeTsHEs.
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LBTL(H CFbsImse wrmel? jeuper el Camael, Lwen(
Lpd eNers @ s.

. afl QEpsImISERE@GL, (e CEbsImsEhsEL 2 6rer Coumur® ererer?
SlUDMIET BHETELOSMETLD GHDUTHSMETUD T(HSSHE Fnmis.
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UmL_ip: 2

aral B o160 FevaSlwptd FiflmIL Li(pLd

(PRECISION AND ACCURACY IN MEASUREMENT SYSTEM)

2.1 grevaSlwib, FHBIL LILD GTGSTD TV 6T6HT6H?

AR oratug  Fumafl 6T, 2 GRTENLWTET  Dj6TedH@E —6TeUEI6TE
Sjarenouiley Qm&Hng eTeTLMSS GHIS@GD. Y ETMD FOWID ETETLG GO
SleTeys@Epd  @amstararny  Ceamurlh  Qdomod  QHSHDST  TATLMSE
GDsGWL. ahsgsaTiLrs, —guursd  &Eb  Cumliguied  @@meuf  ereeor

sfurany godluotary  goduoners Hulime godubome ST (HSEETULD, gflwimu ®

QL gdHle AEAEEE o
crauengll  QurmsCs  jeur
Goupm CumSpr.

LRI erlitig Gluieveurd
GLEF(HD eTemlengll uLLd 21

sTL(Hdng. (PsHULL  eHeUT

t Sés | ereerd @emhsamenud  slwrs

| | phegded Qeausdulmsd.

Egiu;{lm /‘\ngm wmjm Snaf '\F!mrﬁ B(heUL_L_LD& 60T 2_6U0T GOLOWITGHT
. ST oerey  eTey S 6Ty GTGITMITEV, ojeUy
uLib-2.1 grdeSugpi sfg ugpb FRlwrseyLd, ST & e, LD

Gamhsmers CesHGmsEHpTy oremm Qur@mer. GrewrLnd UL S erdeuns
Ganhs@sd @Cr GLsde Cegssiu b Gnsdns: pamed pHau L SIDE-
o arenlowiTer  SfeTels@-  Waeyb  setalulmedng.  sCeu  @Qsmans
FodlWboreng eremoreyd SRR LTS  eTery CaTeTer  (PlqWTgl.  epeTmTLDd
LLgdle Gamhaser Qasdler croer UGHsaflad Cessiulh  QmsSma.
TaCol @g FHlLMEGID 2166; FHOIWDTETFHID V6.

QremLid  QesE olalule  oemergGurd  g@meuf  gleeSlwiriis
Gamhsmers OFass (WPl Cbemprd, oeurmed  sflwrs  BHeULLSFISE6T
Ceeds Wigwrsr? (pigud. saun &Huefler GHlumfs@n Crrédd QmeseLd.
guursduler oewltd Qmssond; sthn Cousupb sl @Garger Sasamu
orplel_erd. o sCa  Seundinsrar Sl S STTETSMSS ST Hibhg)
Mg BeHI LT@®, eurmed Fflurg BHLLSHEGET 6Tedeor &6 (H&HEmETULD
Ce@iss (Pigud.

2 pusH Cewwlu@n @  CQurmefler sflpL UL, Feewpd @
2 puSH oewllber smpserter  CQurdlser, &&sml  CQUTHLSET,  UewlwmTeTy,
Gblene, Cebsrbd erer  Leeuppred UTSHassliLdanar. QCsGumed @
Qummener  lemelll () sflurfludler  geveSlwpd,  FfEL LWL,  eTeli(HD
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Seliune® Urddsiu@m. #fl BLUSmsWD, SHOlWwsamswbd 6rlililg emlilig?
Qamszs OCsflbg Osmarerd o yearefludwed oglitamgemers Uflbg Csrereug,
LIULIGDIGTETSMTU  <B{enLOW|LD.

2.2 o yeraNuilwed 19 1L1enL_SeT

@Cr  wrdflurer Qe QurBLsmersd GlFlcug WS  SHlgerb.
SaupdpdeoCw  fy  Coumurh Qmssssrar  Cewlwyw. Q& Qubas,
gGasamawns Csie] Oswuwiulc 10 Gufler swrsams oieThg UTTSSMD
foof 2 wrorsed, Sof @GeTerorseyd, Uy Frafl 2 wrsdaid G mUUTTSer.
Qanasls Curaleu @@ u@lbd 2der wreameufseiley Hof Ws Hswrer
wHlCuaTsmetd, Hof WBes Gophs LIHIGLETSMmeTUD, Lef  Fyraf
wHUCQUaTEmaTd  QupddLLTsdr. @@  Csrdbsremeuie 50 LS.
ML perer  samBsemers  sanLwbGurg, emeysaild  Ho  Fmled,  Se
Gampeunsa|bd, U Frrafl erellad Qmé@. 49 WS, oetelld  crdsamaen
QurLaer, 50 WS, oerelled erggemen GQummLaer, 51 WS, oleTelld) erdHeman
Qum@Lser eremn SaTsSHLBH MG @@ GUATLLLML GUTHSTD F @
wanfleows Cured arld gmw. 2odd Qupeanswmi perL Cumid erderd
QewdsEps@hd Q& Curmbgid. P sCas Qsmear Quideuenyuitd (Normal
Curve) eremm &nmieur.

wearery gl guursdls s&Hb Cumliguier wigesamer @UiLlg Quicd
GUENITLIL_MBIS T UMTHSTE eTULIqUA(mHS@GLD eTEITLIG) UL b-2.1-60
ST LU (heTerg).

Wsd uLgdHed Fgrafl eTe|bd, Fflwurer emeyd @anresCol QMEHDnG.
pamed  @reLmd ULgde synafl  emey  Ffluner  erelelimHg  FHM)
dedllmsdng. Qbs Qrew@h vLmsalqd GarhHasd gns@Eopu @Gy
QL sHe Caaudsiii’iqmsSammen. epemord UL S Fgrafl, o amend eTalss
Coug mdd Qm&dng. oliLigCuemmre, (PG UL (P EPETDID  LIL (LD
Cr wrdflwrer (Pumeasstear srl(dameareur? Qdme ererLg UMSSTCe
HoliuG&mg. wWsed LSS erder  LeTalls@Ehd GBHSSOTL  Denbbhs)
goadlwsams ThHdgs ST _(HEng. e epemmmd LS LeTteaflaer ereieid
‘s fgfl @Qmsdapar.  gamed  @QueeamruLgdar  6iFs  EeLD
(enfludler eurl @sd) (WPad LLSmgel Wsa|b flswml @)maHng.

B5Col  FOSlUSms oETEE  IEH  BSOPWD,  BHET  LOMIGUIGEUTET
Cepgreflevsspd (Standard Deviation) LwerL(BEaner. @Bs eHNevsshd Gmnws
GdDWS Feodlwd o wmdng ererm Cummer. gOearamred @@l Qwed eueny
LGS0 2 eem 99.97% jemeys@hd £3 6 6ida erevanad@er eN(WhHE (HEHESLD.

canCeu e Oewener o rmubCurg g6 srrafl LL(HL  Cursrg).
Qapgr alwsswpb CaeeulilBbd. @@ P odld srrefumi 2 o Samatisre
R sOaramgmé&dng ey Hige OCasflurg Qe &SL&S (PUEOSHTLTF.
opodler  pHeled 20 g oL UeTeTd  @QHESS s,  eNesspLd
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Csfibsradsrer urgsriumnl QmsEn. QCs Cured ualssiiguier Gue Hlerm
Carer( Cp@mUuenus smeouled &Hopg Osrarqmsdn emeur &rmafl  Geuliu
Blevouiled &soml QmESHDMT 6Tem Fom(LplgWTSHECUT?

(M Camfhareneulley 2 HUSHWTEGLD CumLaser FflLmsa]L,
goadlwwrseyd OQelwlu@deamercur  eretueng  erliLly  Csflbg  OemeTeug?
QanhE sanstalily euamyuLmser Guflgd LwerLhdlermmen.

2.3 S TeSstILIL] QUIGHTLIL 1% GT

Bwe sewmsrenflilin erdana

Pl

Fé L —

Gmyib

wmsgeumaruier Crmumaflaer &L igedld
@M lel  Ogmds  CsmargmluamsLl
LTSS mHUSTSET. WHSHeUT allEQETm (e
TN GO Gen_Gleuaflufed
Cpmwreflufenr  Gouliufleney, Qrss (WSSLD
Curempaupany  aThg  SFd  GNISHE
QarenrgpUUTf. gt olugd  CQewdpry  uLb-2.2 sevsrenfiiy e b
Qs ifluyor?

Fn el sperayser

B1p seiwsrenfliiy erédena

Comwrefluferr  Ceuli  Hlenew &yres  Qmadost, Gopdpst, gndos,
creeuemey Gandmgl, ehg Coussdd Gampdng craumss Osafleumnis Ggflbg
Qarerer  QeueueyuLd  LweuGEDg.  Lglinguwnid  Geopbg  Careur®
Quiourer  QeuliuBleoesgs Hmbydpg eramre  Curwrell  @aroentSpmT
eretyl  Cummer. LigliLigwmt 2wihg GasrerG Curermed  Corwrefl  oumuis
slLgmg Opmads Ostamgmadony orearm Curmer. oL Cer wWwmSgeurser
LIHn  WwHSSHeUD GQFusgrs  Couam@b. Qaamobwemrd  Corwumel  Qnés
CpAlBId.

QengliGutewCoy 2 pusHun@d Curmlser B Hanewulew, sroraTsmL
Qmadlearpar, Fgrafl eToyd, g@alwpb Flwml G meHleatmeareur eSS
saEmETalUsH@GL  UweTUBL  euenguLmsGer  Sewsrenflli  eueTLLBISET
(Control Chart) erarliLi(pib.

Curdlgenemud, el  Qur@BLsameryd  LwetURSHL  Uenflwmeriser
Qummlseer 2 pusH Celfpriser. Q& cmsmoug Gop  goHuUL LT
Cummetler  jeToysaflgud wIHOML  egHUL(H  ad{HLD. T(HSSHSSTLLMLI,  e(h
soLge® Cumdluier @@ 2 maeTtanws smleugmis CsmerCound. S eusm@L
vwetuw  2eflufler sy WPEIS WLPES, 2 maearuler el Lpbd  LBlGSwrdls
CaramCLullme@n.  Queould  Crordfl  Qmbsran — grrafl  ojemey
CoaCrrésd o wihg OetanrC Gureuamssd stamerbd. (LMD-2.2) @somer - X-
GUETLIL LD GT6dM| o MIGU.

Sl Hleveufles  (Setup) wrHPd  eTged  @everoed,  Cumdude
s (HLrarsHaid, QusssHand wropd egpulLred Curduier gdoelwn sl (),
Qewugd  Qumlseien oifa oo fsfsgs  NHWL. QCoumum en
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eancuggll Gurd sflwmi Qunkidls OaramgmEHDST eTarlms erafdle
senTLHwerd. Gseer R- cuengu(BLd 6remm Fnmieur.

@QriE  arrefl  eraug  FABLUS®SWLD, 61§ TOME 6L
FHOIWSMSWLD DeTES LWeTUHLD  STrenflaerr@Ld.

@@  Jurmener  eThE  Seneped  CFLRLpEDEWS
samsrallliLgn@ (X, wHmbw  (R)  euenyuULBGr UweU(Eemen.
amed  Garfnerenesafles  erlCumipgid  CuTmLgamer  eaTHF)
Umiggs Oaremigmuudloame. GO-NO-GO earaim aUFbLS SHlgEHSmeTd
(Limit gauges) Qarenr(®) UG (& sflund Qmsdpst Geoamewrn ererm L (HD
eub@eriser. olGur P- cuengu@bd C-euenruL(pbd LweTL(HLD.

P-auenguL b ereiiLgy  ergsenan  oll(wEsT(H (%) Gevmweter  GummLseT
o dTemen  GTaTLeNGS  SHHL(HE  @Geonaer  WOaToe  sersrenilliLgn@L
Lwetu@d.  pemed  @Cr  Qum@mefled Lo  @GeomsaT QHEsS L. @
Wdeuenmiqguiled, jveg @@ OgmTamassri sl Culiguied ue @Gonsdr Gor
aumidigenr®. @@  durmefled  THsmer  G@DEET 2 6TeTe  TRILMSE
samsranilés C- cuepguLLd LwetUBE D).

2.4 g1evawib, FABIL LD ©)& () @S 1) TGS T TGESTIEIS GiT

@@ ereillhb el erarug GlFhsTb, jerelil Gouamiqur o myli,
Seellhd  &@mell,  ereliHd  uenflwmer,  emell(Hd GO  eTeTLeUDENMS
Carar_g. @bs emblys sFmosdr  erliuigCuedeond  FflpLl LGamsuL,
FOAWsmsWd CFHESS F(Hbd eraTumsl UL T (HEDng.

e &(mal
(wﬂ; pli‘m} (Instrument)

sl b
{Accuracy)
sisballund
(Precision)
Gl Heusir
ETgeRTih

{En%gnmenﬂ

UL tb-2.3 #fim uwb, godaflud QsBarsDsrer &uyemsser
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2.4.1 GFpsyw (Standard)

Qepgrmisdr smelsmer arallh OCelcugnE vweaLBSemmer. oemei(
QewdGurg  Ceuliufleney  cuenrumissiLL L. HowsE oms HFmbOsorsGeur,
GdpaursGaur  @)(HHSTE, Capsrmseiler  jeTeyd Fhm) LOTMILI(HILD.
TRSGGST LTS, 10 OS.  oereydter  Bpe] Sgamsmwsd CQstam® e
paramaradenw (Micrometer), ojereli(n (Calibration) Qewieugrss OQamerGeu.
SLQurpg  QeuiuBlaouise  Coupur® Q@b  oBHGaspu  Cabsrsder
jarad  Caumupbd. »s5Ceu,  seunter  Csbhsrssrewr  miemeanTereiluller
SleTeH@EHD SeunmaGol @)(mHa@LD.

TBHSSIFHHTL LTS,

sLOUUBSsILC L 20°C  Geflfuserd  @Gwayeer I TRVTOY: 2N -3 1a
SereSlen & Qeligl  E, emlussaer  30°C  Qeuliufleneulayeer
QamlhamL e ersELCUTE Qssmaw Napaer GBmLD.

QGsCurer  ampdlen  ssd (Pressure), sthpliuserd  (Humidity)
eramuemeud jereil & Gls{H&@LD.

Baamereflenwd Qsram® @h CummeneT eTHoTed g 10 WL eremd
srligermed, Gum@meflenr o amenwrer  aTe] sl Fm(HsersCeur,

GdnaursGeur  @)(HEHELD.

sleLwren  Upliyeter  Qeparsmss Osmem(® oerei® OQewgell @,
2 (HewTenLwinesr @Qummener oerd@LGung), Gsr@blaouie Coumpur® & mlusme
NenpgeTr FhUL. euMILIL| 2 6TeTg).

QFHSTEIGEHD  BrETUL  BIETUL.  SeT(HD B ghUBHeUSTER, ST
SeTe|sdr  Hlowrs QMo wrhlé  QETETGHBGSL.  DSSMSW
CebsrmsEpD Wy UL STramordng).

Qepsrmisaien o Carasmsl QUTMSH s Cpdpserenn (Elasticity)
LIHUEL. HFemmed eupeanpll LweTuhSHCUTg eraflfled euenemud, B@emLbd,
ety D, HsCeu  QFpFImsd @SS HSGLD  Hleneujd  sal
(PSSWLDMEGLD.

Cepsrmsedr ogliLen,  SeTeyder eraugme @dHed  goumb  Hmy
Wenpwd  ojeralilh  Celcudle  CQsrmdl, oers@h ey  QsrLfhg
QararCLulms@n. o6Ca  Oapgrmseier  jareeus s (HULM (H&E@eT
mousgs Garerer Gouaniqig QETHILENOWITS QETDHTELD.
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2.4.2 gyarssLiu@w 2 iy (Work piece)

G,  Opfpsaembud  depsrsenst urdliuest CureGeu
SlemHSULGL 2 plieouud  Umdlé@h.  eulger  jenoly,  H@med, 2 milienus
Qarhblere o fwenes Henp GFHULE STTERTONS  HendW|D.  e(H LIl
CasrhBlemews@n, @@ yeralls OarhBlees@nd  Coampurlh ar@h. Qbs
Coumur e Genp eruL_eumLD.

@@ urlferGoe ugubd grFwler s@ID Fl. gDSGMDW 5 eL&TT6N
SeTeYS@ QHEGD. (P&5G. eramGanil UL e, shserd (Greese) o dlwame
LG hSmbaTe eupdler sard dm(d. @@ Curmer 2 pusSsH Clewwiul
21 Car  opanGoed e  pdmev( LLeb  ghul®h  eNHb. 506
QaeiCweoerd  ereller  Genp  gHULE p—
ST ERTLOT G DI Sferell(hLd 2 My W .-
gniemwwns Qmss Couam(Hd eremligl LWGeyD
Caemauuner gemmm@LD.

G LIy G LIGITGITTRIG GIT
BeopbsstaCGer,  srOWrLtes  Q@mbsTGer SN e W e
SITEGD HMHellsaflen o ey LFLLSeT FHWns I |
Qummefler Goed Ligwngl. Hemmed ojemelley — ueib-2.4 Go@usierdissr Hepps Ly
Menp ehuBb. (LLLb-2.4)

@@ Ourmer Cwsbseam Qmbsted, Smeduller o ey  (PEETHET
B  uELCUTE  SMs  SWSEH GonhS  SeteneuCu  ST(HLb.
ThHSHSSTLLIS  @(IH JULUT 2mlenl &

s ) . =0 . . o
Bamenrereillenws  CETar(  ETHIHTL  eTeren STEGID (pen e

DG eTarUamng UL eleTéd@Eng). (L 1b-2.5) "'@Tgi

5Ca, QFsMa  FUMISHET  FHLILTLOE \u/
QmEs sHlwrer &G (Pamenwiud  Fiflwimenr
smalasamerd Cainlshss GeueamT(hib.

2.4.3 9yarF@Lb FHHai /_(W\

STEGL  HHeled  ojeTEnel TR UL Ib-2.5 eTEGD (pereTTed

ooy G urer

enard,  jemened  QUBES@GL  jenoLiL, SWSHOILIED G LT
QumSESw <S|6TENE STL_(HILd LoD
QGG

Curgieurs ey (pever GQurmeners  CsrHLGLUTE  S@sE  FHM)
S(WSFID BS WHSD @Cr ereurs LIPTLL @QHEs CouarHibd. Qbs
S(WpSsd rPlemed jerelld enp erHUHLD.
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@@ eredhb  smewiled 2dtemr  eTenalll  CUBHESGL  enLoliLy
crhSreflwed, wWenailwe, eefluiwe Curetn gLl smeTE  FTTHS (HSGLD.
arpdlreiwe oemwlifer o pgrie| (Friction) e miiyser eraflsns psiomss
sh&@w. Wearaf® (Backlash) @mbsre wpearGear Ba@mLOLITE @@ eTaeuwyLD,
Ll eirermmey SmywGurg @M  eTENEUULD STL_(HLD. erhSredledley
2 enpenouflenméd  (Inertia) o emrggeneno  (Sensitivity) @Genpwd. e SHedluied
2 a6 2 MUILGSET eread @SHmang Quiidamagre sflurar  ojeTamoud
STL(HLD. HTHEGLD (PS5SSBT) BeudPled eThS eulqel WTHMPLD THLIL S&n L TF;
GUEETWS  Fnl Mgl QUL 6Ihs WLIHPD GOULLTEID g oemeller  &H
uGSenwCuir,  wpperwrECeur 2 amTrp W  Nenp  gOHULS  STTETLONS
|ENLOWLD.

Weraflwe gLt uleowennbs Smeilsaian ojete| &fle| (Drift) eremug
Yenp gHULS STFEUTOM@GLD. BjeTe|seiley WwrHmbd eHUL Tl Lred, &medluier
oferey MG GartamGLul®msEL aaumsGu oetey Ffle| erardGmmd.

@m smedller o eamigenens  (Sensitivity)  ereugl  jeTeil(Heudled
CQu@pLUBIEG  UGSHDF. 2 a@Isaend  Tarlg — ojarelld  odter Ay
Cougum’eoLuyd  Ceuellliu@sgid — Spemm@d. aTOHSHSSTLIS 2 W(HD
Ceutiuflenevenws 2 L eid@Ler lemhg &Sl Geuenr(Hid. Geuliufleaney 2 wimHbd
Caussgise MO Qsrhss Ceamm@b. QeuliBae 50°c Hawei oL bsme,
ameduyd 50°c jeteneus sl CeuamHib. @oamaGueanrd sme) Qgeurs
2 anrihgl 45°c jereneuCui ST (HIb.

@@ smailluiler ethlauhis@d ereflenoud e gHUL.  STTERTONGLD.
BL&EGS Coameuwner emaalCu smell sl Geueamr@b. Colm eThg Henewrs
Frgams@Ehd CoHenculiL & &l g oeg el Goum @ srreniluns
adH5E HSMBHE sasHLH BLEGHS Csmeuwrar jeTency  GLUMIDLIGUITS
QmEss Flrg. Cob e ahs@Gwéurgy @urms  Compplifentp
(Parallax error) gouLe|b euriliL) 2 (.

@@ etellhn Hmedluier oeme|Camd BFHEGL eTeNHD BIFHSGLD
G Gouafll  @QEpsTed Famaid N  gHUBL.  THSHSSTLLIS, 6
Ceueflwy ojere|Gamelley oar&@GLGLTE, aTa|Camd o&F&H&@EW, Cummetler
SFFGGL Qe Geuall  @@EUUSTD, BHHL  (Ppes@E  FHH (PSSLD
Carhgare, GCrrme Geeroed FhHm Fmierds Q(mHbE, GonhE erameiCw
ST (HLD.
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FMiihg (Lpenest

T !
\ \‘}li Crorew wpener @o L Gaseh
d / Qumrpaier 955

UL 1b-2.6 s 9ys aflewsasLs el

Qsmenr oS s Qe Gouall Genp (Abbe’s offset error) erenm
spelf. @psl Ve ghuLmod @& Sete|Catd  FHD,  jemeil(Hibd
OFED  @amrs Q@més Caar@hn  eratug oS Casmlumim@b (Abbe’s
principle).

2.4.4 yang @b Licwilwmer

oetedpd  uemflwmery  SEmEGL el @@ psHwiorer
omisrEw. sflwrer smellews CasibOshHlug, omss sflurst LwaTLUh S
sflwng ojerenel erHliLg ereilSled seum UL LT Smed Fflurs QmbsTeiid,
bHmenel  ereerd  Fflwrs  Q@mbsreln  Wepul  ggleur@h. o566
uenflwrenis@ps@E  sflwmer  LWlHS WBlslls  oeudluwr@n. Geuun  uemtlule
mHuTOL, Fflwrseyd, geoalwbrselbd oemds CouamThHid — eTein 2 EwTTeyLD,
Spebud SeumEE Qmés GCeuam(b. Qanel GanhEme aTejsate Ll
FHLIL_GULD.

d
Qg rHLilenLp T-_ [
. l cose L
. ..L__ - |
h Gamenser evip D =LcosO —dsin6

2.7.1 Qgr® e

D!

2.7.2 smiipg jerayGsme 2.7.3 Emins Qumaer

UL 16-2.7 Jerd@GLd LenLpHar
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2.4.5 95 @b Gipev (Environment)

SHOILDE GLID N ghuULs sTramorEGl. CFpSIms@n, jerell
Ceuemrigw 2 mid,  s@medlluyd  ger  uamflwurermn sl QBSE  @GLeomed
urdlssliupsnriser. Ceuliu  Haeouie) gHUBLD LINSOSET, STHM H(PSSLD.
STHMIL LUFETD  eremlencud, LBlGTLe, jemiLjeld, &DoILiILnsSedl(mhg e
oFie] mesd, gflurer Oeuelldsbd Qetemn  eTaiuemey  GTEMD  2jeTedle
Yenp erduL_& aarrcrmrrréJasaTrr@Lb.

er.&m.  @Qwler Ceuliu  Couiwps
aleys srrenfl = Mium/m’c

Quopaptiy & # \Q ogmeugl 1 BLLf  Bereperer

opar srtace aeagere 20 Qoby  ere|Cand 7 ¢
\ A/ Qurger Qeutiufleney wTHOGSTE Mlum  Berid
SIS BLOMGLD.

/ // 1 QautiuBleney THDSHTED 100
// 2 17 . .

B85, Ber Bpeyd sigens 11um Hemd

uL1b-2.8 @ wrm CxrHpmLiieyp 8'6)_®LD

Qautiufleney wIHOLL HSHFLTETR Nenpujd HFSLME@GD. Lanflumery e
o pliewus  eswle 946816 Oatamg@mbsted, ef 2L QeuuBeneuler
(36°0) smrawors ey 5¢ ey Qaliuflae e wmb. @psGel Wanpulen
Sjarayd WEL. Qssmsu Wawpawsd s$OSEL Gurml@® uanflwumery adswen
olatbg erss Couam(Heug jeuSwbrdng.

2.5 e puller aienssssaer
SeTHGLD  ewllgeTer LCan HESESEHL Lo LNenpsedr gnuL &
STyenTons QmeSaTner eremUmss SeamGLb. Qbsl Lapsama,
) Hlenew lenwpaer (Static error)

@) QumriE flenew Gevwpser (Dynamic error) eremy fl&semid.

@@ smell Quiistod Haewrs Qmé@EnCurg gpuBid Wapser Hlana
Nenpaser eramiu(b. jenay,

=

1 Sjere| rhs@w Weanpser (Reading error)
2 @uieoy enpaer (Characteristic error)

3) G&e Yenpser (Environment error)

4) sz Yenpser (Loading error)

=

(
(
(
(
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2{6Ta T(H&&LGUTE) ST CaTaI&ELD, S{eTeSHML_(HLD
penans@h  (Pointer) @QenlGeuafll Q@mbamed jeTey erhlieuf GBITs
Bletm LTfEs Ceauam(hHibd. @@ USSHLIS umissted unisen Cstamsdns
JHU etey STLHL (penar Soupmer jemaneuiCw ST (H. Qsener G Lomm
Caromls enwp (Parallax error) eremm somieur.

Coorasls umrgsme (penem A eramm HerGeur(h Gur@mbd ST(Heusrass
Coremmid. pemmed e LSSLIS Hern LMFssre B ez C sjere|sCerr(h
wener  QurdEBSHGNGLLms' Curteg Corargd. Qns Yenpenws 56956
eraysCorr(h (penerr CaTHHMEGLIM euigeuennds GouaTHbd. & (peneruiler
Quissgsangl Cuflgid sH&GEWL. Y sCau QramHaed 2 6er Qe Ceuaflanuis
GmpsFH meussrbd. CLId @@ samarmgau Sete|sCar@rsd Fom ECW
udlsgieilLred Qbsl NWenperwd &bHSgeN .

Sere] sTLEL  waer ere|Garefles oder  @rew®  CasrhsEnsE
Genwley Qpared Fflwrs oeTey erHliug &ywbd. CaTIMULTSSSTET HewTlHs
Queid. Qsermed gHUGL e Qe seanflliy enyp (Interpolation error)
eTEM| S MIGU.

@@ smalller Quasbd Qards&siupL e daflHd@ gnu CrrsCar’(Hs
senenowen_wsts (Linearity) Qmaés Ceuamr(®d. e Ho smelsaisd Qns
Quissw Coflor Cari(hs sarebweLwsrs @ ms@h (Non linearity). Qgemme
goubd Werwerw Quido] ey (Characteristic error) erenm &mmieuf. @uieL
Yenp, Slmbus Smbu @Cr emancusst_(hid Fmer (Repeatability), sw&sss
samewtl  (Hysteresis), u@jere) (Resolution), Gumssiilenyp (Gain error)
S Slweubmreid eHUhHILD.

SHOULDE  @Gpeome gouBd  WepseEsd Hleane  Nanpsate  LmiE@GHD
Goas slHluBsdamd @bs Neapsameryd s HUUOSS (PG,

smedudler eTE@L  (pararuiler S(PSSHITR gHU(L  LNenLpsET  Hano
SlWpss Yenyp (Loading error) eremini(pid. (LL1D-2.5)

@m smell  QumigbCurg OB QusssdHer  cflemereured Sl
LOTHOBIG@HLD,  LIHDESGT  LAapsEhd gou@Bd. Crrb  #mipg GUibanpenw
Qumig Nenyp (Dynamic error) erermm Famicur.

Yenpsatlen serenenwd &mpg senel sLOUUBSSS Falgl  LNenLpser
(Controllable error) g epmi@ Wenpwrer Senpger (Systematic errors)
eramid, semeflFanswmer Menpser (Random error) erermid Lfl&sLiLHLD.

foo  Yevpser ereerd sflurs  emellld  FmlqWgts @ HLULSTE
Sjeupeps sLHUUOSS (Wb, erei(h  Nenpsdr, @G  Lapser, (peaner
S(ss Wenpaar, Uaflwrery Gaiwb Wenpser ereamLme Qe L mbiGLb.
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pame  genaflFangs s erlCumipg gHUBHL, TH@TED  GgHLEHLD
cTeUeUeTe| DB ETaTlmSs: Santlss @QUieng. Hpammed fereli(hHbd  &meluded
2 6rem  epl(h  @evemrlseildd  gHUBHL Qwiss wrom, urly e gmiclermed
goUBD  wroob,  uUedlwrerfler  eTewTemr  LIHOEIGET o Slenel  HeralEms
NenpsEH&SEHE STTEUTLONS H{EnLOWGOMLD.

sananéans  enpsaer  ETES (PTGl Yemd  Leertludluie
SlgliuenLenws  Qaream@p saflés Quaibd. saraldmals apsd QLSS
FsorsCear () @aparsCear @masarnd. o &sCa Qs  NSenwsartler
semenent @uiey euenyuLgSler (Normal curve) gienemrumed SmemreomL.

em Y ghuLdsmiqu  emileu  Qud  euenrUL g mbHa
sanr(hOsmerereomd. grraflun (Average) Oapsy efletdsupd (Standard deviation)
Wenpger ety LFell  Q@&HSTDaT  aTETLMSWD DS SeTEULD
saT(HOlETETeT LweTU(HLD.

2.6 saraidansLl L6 psHanard: & e H)L 60

saraigens  Uewpaer  bIPSCsTarCLUHE@GL.  SmE®  LImid
Yenpseaner e Fmafl Camlel qliueLuwnss Garar®h sam@h  Nigsserd.
@ng grrafl Car@  eerugisrer Sl eumlilieter  epews  GDHSELD.
Qasmars  samOligsEE  Goonhs  @@mulg  epe  (Least square)  SFgleud
vwetLGEng. Qb SS5HeUSH6T Ly, THS eTeneud &Tihg rmibd Nenpserfien
GQmug  ped  Gapeurs QmadnGst, oCas ofls  eurliyeter L GenLp
2 GLD.

ol eumiligerer Menp X eremmme, X1, X2, X3, etc., eremuency X-&
FMihg LMD Nenpsatler jeTe| 6TeTmTe,

wroid Yenpseier ere| = (X-Xn)

GPDHS QBUY pod sigesdey. abs X- Smmeas smibg (X
Xn)’ ereiugl Geopeurer etaurs QmeAnCser, o5Gas s  eumiiliyerar
Nenp eremliLi(hid.

2.7 19695 aMeST Fnl L6V

R SemHGL  enwlide @Cr euems Yenpser WL(HWL  GHULTS.
Uoalenall Leps@Epld HUBLD. er(hSSHISSTL LTS,

LE = Cry Cam_(pl Menyp X (Linear error)

RE = Sferey Ugs@b Yenyp (Reading error)

CE = @uieoy enp (Characteristic error)

EE = Gpe Yenyp erermmed (Environmental error)
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@psl Genpseflenr @i L@ = (LE; +LEy+......)°> + RE4+CE+EE™+.......

&M NGTTF 6T

goadlwb - sflplub Ceumur erere?

1.

2. glalwsens Tl 6Tl ?

3. Qudeueny LLgSler Liwier eremen?

4. X,R— cuerJULM&E eTeh@E UweTLHEemmen.

5 2 aUTISHEHTENLD GTETMITE) GTEIT60?

6. @Lwomy Ceroplilbleny eremmme ereme?

7. oulier oiFs Qe Geuall Wenp eremmred eremen?

8. Wenpuller euenssHeT eresmen?

9. eTEHGWD NenpseT Wimened?

10. semaflFans Nenpenut senfllig erliiig.?

OB®H aesTTS ST

1 ojarssadler glevaslwbd- sflm b o Sweundlenr Csaneueni allems s s.

2. gleoadlwb-sflELI LD CaheuSHSTET STTEITRISENET SHTTETSIFIL LIL LD ePeLDd
NeT& G .

3. Yevpsaflen  euansser wmeneu?  eupenpliupdl  oflu  ULmigEhLen
NeTESaLD.

4. DIeTSH@GLD GLpeomed 9jemeil(Hibd (eI N e 2 MILIL|&6T Tl

urdlssliuhdeammer — eatUamsWD, e  ghUBlD  Nenpsaerud
T(HSEIEST (NS EHL6T 6Nl6Td @ 5.
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LImL_ip : 3

QRoNSHGNISHSHL_ 0 CHTL_LITBILD 9B G6T LIWIGHTS @ LD

(INTERFERENCE PRINCIPLE AND ITS APPLICATIONS)

3.1 RANSNISSE® TRIDTG cTeTaHT?

@dfl @@ WasMHg @seTTall LFe|dng Tl Semearel(fd bHs
@erm LILD-1). @Hé e Bemd, e iFs, ofieuatm ereamuamey gefluien
sanuTh&ser o @b. ealufear Gadley Geueflgsd (Intensity) eremgl e
eS6fler @ sE Cri Nfssdd Qmadng 1 o A’

Granh  geflumasdT  @@EDIG  @Em @
wawrs  (Inphase) CambCurg, dHoLss eaflufen
Smoaiss  (AtB)y@b. 866 GeueflFsd
@afldCedey) WgdHurdpg. @Cs gallumeger
wripsors (out of phase) CembCUTE omaveiFs:

(A-B) 0. (LLb-3.2.2) T(HSSSHSTLL S

QUaTLmoug M (PSD  DDVEES, 180°
wropsors  sCeam@p Carpsre  omoeiss =

Lt th-3.1 Hafl sjency

A-B.
. A
VAVA AV VALV Vi
\I/\J SNae” \../\‘\.»’ \s_/\"-
B R-A-B=0
| ur1b-3.2.2 Grew(® el yjewsar 180°
uLih-3.2.1 @uew(® el gyeraser Cpiupswrs wIDipHns &BaGer aleara)
s (PaumHer allaaray

Qde Awywd By @Cr oemeurs Qmpstd, HoLs@h CeueflEsnd
A-B=0 ograug QmLb oog smenw (Darkness)

5Ca,  S@maBeripd, e  &IFHD  aprs  oder e
gafllwmager @aCorh qam Casmwbw Curg, e @@ (PsLIS QenaTdnsT
<eg  180°  wrpswors @aardnst  aetumsl  Qurmss  Gureley
(Brightness) ojoveg smeow gpuBL. Qsmer el  @msEnH  (Interference)
e Fmiey. @bs @alls @GN&ELHE Carlur® srer SMMHmS ETULSHSTET

Sl LILIenL.
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3.2 ol GMISFHL 1961 allenaray

Qe eNersGadr, @Cr ojmoBerpd, e eiFad 2w giflwe
gaflsadlfsamer 2 OIpeusTas GamarGeaunt.
SHpPDG  TEits @G saramgd
ST MmousSITL DHS Qrewr®h efls
&3 &H(@HLD &GuT GouT Tlg USl6D CleucuGeumy
@Lrseafler CeucuGeuny elgwrs FbHHlé@LD.
THSHSETLTS, — (PpFed  Ner&ESHedl(HhHg

Glaerenem’ LI ent_

SmULUL Ll e

yoliu®p  gallssdly  sameamgew 0

GTGTM QL s Q@amHib SMTPLD,
GrerL_mb clleTa&led(mbH gy Yolu(ib

edalssdlr savamgenw 0 eremm oG
Grgdld  Czrhn g eabpeard
QareamrLmed  @rewmt(h qafldasdlfaesd 0 eeam @QLsded @Cr slLworss
spEH@D. Y aCa, mCs gafl Carearmd. @sne@ wmrs 0, eean QL gl
FHHSHTR GTeiTerm BHLG@GHLD?

LLth-3.3 pallgnsEp

wse gaflssdly A0, eratn Ggreneweeud, @rewrLmd eefldasdly B0,
erarm Gareneeeub sLGGW. aaGou Hps Qream® allssdisersen (A0-
B0,) eratin Csrenavey Geumpiur® Qma@n. @bs GCoumun(®  @benpLiLien WwWrer
DIDT DN BETRIGENETS (7‘/2) Qarar_grs  @Qmpasted 0, eramm QL g
Qramp @ellEsdisEpn adifpsnns  FHHSEGWL. TarGes  HEEG SHHEWS
Coremmid, Qeepid  sHm G, @rew(®  @efldsdlfsEpnd  Lwend  Cewdiub
Csrenevey Ceupgur® oidsflsgs @Cr (psawrs shdlsEnéung eafl Comermib.

DGO, Gamanmysd SHenguiled GleuaTenemiiulenlud, SHULLILL L WLD
wrdorhg Cararmd. erarCeol @bt ey e Her WLIHDSHDGSL @b
UlenL erenr omdl wrdls Cgremmid.

@afl  GmsEL0S seaemwerwl LwaLRSE, Bermiseer  Fflunidse,
SeTHS®, LTLIGen sLenl_ggenenoenl FFLMTSS® o Huleubannd GEuwiwed.

@dfl GnES_HS seaewwds@ @Cr @maberipd, @Cr oimableueTamibd
Qaram_  geafl Waad euflub @b Qsamear Qrar® olNeTEGHET  epaLD
Cumeugy Wsed sgerbd. eaGou, @GCr olletsHell(mBg eumL  gaflanw
@QreamLrasls  Wflsg  LweauBhsgeuGs  Spbs  Wpevpwr@bd. @l  eeflanw
QrewLral Nflss geallssl (haer (Optical Flats) uwerui@dlermen.
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3.3 L1967 S LG G eTenoe W FHLITIS %6

@l sl (sar GIUELL sarsde, Coussipd, SPUSSHIPLD Genarns
&g @luamel. @5l @@ LSSD @afl SLSFHD STLULE@ID, @@ LISSD
@dfl sLggauCastp, adrmeld@d searewwLaibd QMmEEGD. eaarGol BsearCLoe
R qdls Shm Nwhamw, g edldsial sLbg Cedqid. oG5 Cor.
pallgsiqer S LSS (BHE erdArmaflEsan Oewwb. qealsliqardy, FHm
smieuns @ qofl  rddrmeflé@n  urlienn  aeusstd, efls s edlmHal
sLSsLLPL  qafl,  edrmefla@n  urille  edlpbhg. omE eddrmeflsa,
e alsl H&Cs cubg, igamed sLbg CFoab b 3.4)

@afl gligear Goadlmbg LMTSSTD, s SPUssSHO MBS TdHCrmelss
eall&omid, urliellmps erdHrmafiiss afldpmd Csflyb. Qe QreamHb
@Cr omabearpb, e cTaRTamID OlETETL 6y

LLgdled srliguilmluensiGume, qeaflssl (B urliear Gue s#hm Friieurs
QmLusTss GErarGeunt.

@dlddnm a oam QLI sLGGWL, Curg, omE addrmefldsead
Qe sLsGL ealsdnn b aam @Lsded LriGaGue L@ adrmelsa,
C aTalip QL EMSS SLbg, Samams@G Lelu@b. a aeam GLsin@n b erem
L sHneh 2 der QL Geual gafl ome BersdHer aroLEGS (%) GTGTDITED,

abc Wenr Herd = %X2=%

= 9T Djene HErLD.

aaGes, a eram QLsde 4 5 ) e“""’"'@
arHArrefa@n  @aldpmid, € eremm
QLsded  sLGSILEL  eelEHmID - r
e20)) SO NG Hwras e, 2 Tyt 1 #@9}”&’
saaniled  @eTm  Fm(HEUSTR, ODIEIG u » I @f“;{;@y
smenld Carermibd: gafl Cgflwrg). / @iﬂ,&
@aflgsL (6, LS erGuoe
Fmlieuns G mLLST, N _
Qram(He@En  eder @l Ceuerfl /gﬂﬁ‘s‘ﬁ_@
ENESE A EAEAAES v (T e eaiLd.
S| BETME, d-ereiim G gHe Lb-34 gaifzluamd gpufid sply Cadama ulemised

Qe Qauall ¥4 A (&sred  jmepend) @QoLULSTES QareatGourd.  omE

aHArrefia@n Qram(® geafsSpmseier elsHwursd 172 meBerd. erarCou
omE WBar@dw smawCu Gararmid: eqefl Qeflurg. opeme Qreambhs@id
pOHeller n QLida @y mabler QaGeal QMmaGL. mE Qran
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aHArrefa@n  @alsdhnsd @M o Ber NSHUTESHL  @HLPSLTSS
Fa(Hb. erenCGou, Mm@ qafl Carermid.

@i, smenowd, ey  obHsshss  Csrard, s@miy  Ceusteaner
Ul enLsaerliCLTe saramisEHs CsfluL.

Lty @Cr swgerors  Fyms  Qmpare, smUY  GColaTeneT LI enL&(@hLd
2Cr &rma, @Cr Qe GeualCur® sremrliL@b. opermed urly &Ims @eeamoe,
Cu® udrermiser Qmpsome, S@mLLGeu6Tamer UL mL&@HD &rms @Q)(mSsng.

i V. LOERe
| I
Base frin ges
[ . y ¢

b
.- \ = —
LepemiSlelT Lo

h
N

A i
z T Wl A
Quingpeier LD it i o < wenemullell LML ES
Benemunaab Benemuns Edeomnoe CuavLsaons o wipHmsdps
Errsad a.eraTsl Sgubad sbHGSSpD

b= 35 Gurengens’ QuUrgpsg wiph sy Gesrenar LI an

@aflss H&@w, urlys@n  Q@ertull Garewrd,  oflsorerme,
pndewier alladpn CFeam eu@mbd D oy ameber cramanilEans
Caugur® ussssler LsssH0 Hapb. eaarCel &SmUL Geustaner UL el ullen
DBV GODEUTEAD eTeTenllEend HHOTSE|D &) (HEHELD.

8CsCurer, Carewtd  @GeoPHSTO, Qrewt() Ul enLsafler SO
SEBLMGD cTamanllEms GMDEUTSoYLD @)(H@LD.

slanLwren urli9enCGuoe Cpumenm s@mLLY GleuaTeneTll LI &@HD, 6(m

ubgGurern urliGer Coe eeudsred el L orer smHLUL CleusTaneT LI enL&@hHLD
Camemmbd.
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L 1h-3.6.1
upPerGoad smiy Caermarut L
(9556 pEio GEsebturg)

yBuw Gisr® #H G ypsSerred

RO D

oS5 B
optical flat

e th=-3.6.2

uRarGuwd smiy Garermeru’ e
(9efigs enr_ smirdi@bGLng)

8Gs Cumed, g eulLrer @ruier Goe euamerhs SHHLL GleusTaner

Ul enL a6t Coremmid. (UL LD-3.7)

wafl GnsELBH waonuild, gealsl(Bemer @ Gurmaiea G ameusg

ogar  urly  sflurs  QpsEpsT eSS P
STETQILD. <}, GG, Gy Corigwrs ' J‘IB 9))))))))
gaflgslaL  GQurmeflearGwe  emeus@LGLITE, 22y
gt Heelur e (Position) s (HUuUBSS l
(PlqUITS). Ans GemanuL] Curés ORI ARY

o (haurdsLLL L gigrer NPL slel  @m&éSl(

wrefl (NPL Flatness Interferometer)

9@ SpriildrGond s@iy Gadr erard L ene

3.4. sl @mIs&%L (Hwmefl (Flatness Interferometer)

T urgsys pief dlerss
A

f
i

/ \\  _Gepey sy

Vi
li."
]

!! T Y T
=Bl pen argiener

dﬁ"‘iE E ",' M@s ﬂﬂ@lﬂ"ﬂigﬂa

& S e T L.
: I \ Feonem gelloyg
| gefis B
FhlunidsGaredug u Guimmwer
wenew~ S

UL th-3.8 51" e GIEEL G wred)

G se s (HoTansensg LG8l
STEWTELD. O LTSy YKo
dflers@lBhg M @l @@m  Cabley
Oblg GUPIWITS LIS GUEITENT GUlq.HL I el
S|MLHg). 2rF(penaT FHleneT eUPIWITS 6(H
L& er&Qymef&@LwD & GHOT GUTIT L ULITGD
sLESUUL(H., Qevant  gafl o iqeanul
(Collimating lens) enLdlpg. B mHHI
GQenemeell  SHOOWTS @ Q@RNGHL 16
aufluns, @m UGS esdrmeflassiin@dng.
wHEPTH UGH &sLSSLIULEH  Cummertler
Cogyiid, N M6USSLILIL g (H&EGLD
weneruiler Guoaid edlwpdpg. Curmetien
Ly, weenller urlyw  erdolrmefl&e@L
setenld  CBTeRTLaeuwrgeme, mdlmba)
aHQrrefssiin’ @, WBar@h eelglan
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SdLdpg. QUCurwpg. eeflslgell@mbg agnsarCol erdrmalss eflyer
Qe gy Qavewt qafl g afluns LGS eadlmallE@nd ST
SDLHI. SBE erShrmeatisslnl (), samantle al(pdHns.

Cur@mefler  Cwallmpg rHrmailss  gaflyd, weveuier  Gwelmbs)
rdllrmeflligs qaflyb, @elds qalmba addrmels@n gl EpmsCearm®h &l

LY CleueTeneT LI DL SeeT 2 (HeUTdHE@LD.

wenemiler  Copurliyn, Gurmeier Cuourlyb  Gevawrns  QmBHSTE,
waarfer  Guweée Coremmd sl  GeweTener  LLlenlwjd, Gurmefler G
Coremmid wlenLwjd @Gy wrdlfl, Ul seErsE bhHetle @Cr  wrdflwrer
GQenL_GeualGur® srerrliLEw. @LiLiguleemod, UL gHe &SrlguareransliGure
Qreamhas@n  GCoumur®  @mpsrd, CAurmefler Guourt FpmETwersGeur,
GUHCsT QMmEHng ererm CLm(meT.

Y Y
/=..\
4 ‘\\\\}: '_'l £ ""‘3.-_ N /@\
™ F;__ ABi Tpm—
\ Q O = ﬂ
VY .
A N\ g v

‘\E'/

LTI DL DTS, S eFTe ugtifier Guwed g L e g
WpRONES gpew 8pé allpiSesRps E‘fi..mﬁ @owmnd
S a4Rps LeTengl. 5 PR

cY586Rns

u_ib-3.9 g pujsiver LIy SeT

V¥ GNSE(H Lomesfludley, QafsL(H (M LAY
ameuSSLILL g MHULSTED, g6 Caremsang b Sansullgid gFlblgun  (piguLd.
Cogid  jgeamer  F&FHOWL  aamswiled  enwsdslULl g mLUUSTeD,  Gummetlen
Cueallpd &@LUy — OeuaTener  ULenL&emer  sflwmer  Slenguiler  SlpLdl
ST (LPIg U|LD.

25 B ojareysEE @epeurear Bpeyds sgamsasafler G, S urliysarfer
Genent Fetenwewd sTamelbd, LFLber W Gampasamerd Srameyd Q& metlumed
Plg .

QpaTTe), BPeys Slqenssailar ojate 25 WS-5@ iHswrEgbGurg,
oig6ar Gwd sramlu@d s@mUY Ceusdtenem Ll gener L (HGWL  STewT(Lplg L.
wenemuilen Ce Comermid LIl Smerd Srewt Guieomg.

oBpChrmsefldy, 25 WS L (hé@ Cbd ojeTaemer BHpeyd Slqamssama,

wenarufer G eneusgl, semr G Csmermd &@LU GleusTaner LI enLg&enerT
cramrantls Gamemer Ceuer(HLd.
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Yo@, weaaemw 180° &M, Bar@ sy Oeudmener UL enL_sener
cramrantl GG amerer Ceouer(HLD.

Qs Qrew®h Heoesalan  @Cr  aarailmsuieonear L6
Gmbsre, Bpeys sigamsuller UTlLseT Qaenrirs SQMSSHnE ey GuTmer
Qamabweapred, Bpeyssiqmasafler LILLsET Qaemurs @  eranmn
QummeT. rHSHGST LTS,

B(peysds slgensuier pse Haneuied 10
Ul L &@hd, 180°  Hleveuded 18 LIl &(@hLd
QmuLsTs GgmerGaurLb.

LLgdled s liuligmluamsts  Gume,

RalsL_(H&ELD, B(LD6& Blg NG &HGHLD {r -psafleh 7 1-IBID'] gy e 11

GenL L ENph) (PSD Hleneoullicy

dy eremd, @reawrLnd Hleveouded d,  erammid LLA-5.10 _ o
QararGeurtd. Gufu pupabsymasmand aflung s

e dy = 10 x%
2
d2 =18 X E

oo Camemromppw = dy - d, = 8 X%

SLETMED, Loanemend S&HmieusTe, e Qe Lol BSTEGLD.

dp—dy A _ 8
—“—=Xx>-= =X
2 2 2

2
4 X =
2

Sipame Nenp

eaflufien oemeBerd 0.5UMm erammre,
x5
Yenp = 4 X = lum

DB, Bpeys Slqansuien Qenamarl Wanp 1 erwsCrmbliiy oy @ib.
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3.5 B(pays H19d% GMISSL B wredl (Gauge block interferometer)

Bpes sigamasaien LTy  sflurs,  Qanewturs  Q@EHADST TS
sflummiiuenss  Cume, e aTelser FHlwms QHEHSTDEToUT  GTETLMSWLD
sflurfss  Ceuam(BL.  SIBHETS 2 (HauTGSLILLL G  STaT  BPeYs  Slgans
Gn&E_(Hwref (Gauge block interferometer)

Qoaw gefl o

COLLIMATING LENS QFley o1 . .
GQs5@ sl @ep
CONDENSING LENS
: F gl gieer PLATE A\
— N 7
o S e - dersg
i ] _ ——s S | e
= SR reNg@ID (pLILIL L &evwewrmy

(ul L&)

Moriocromatic light source
Bleve wrPpmLs L L sib . GDISGS Hb1f @evip
Constant deviation prism

\\ . . ’ —— ol —t b
sppI Syse

tu t=9
' 3(:\
oS5 6 FIELD OF VIEW
T Optical flat urieases Qs fyb
| T —— yyerssCaicngu sy Heow
B
IR

1D &1

uL1b-3.11 B(Ip@y S5y s GmISSL B wref

Qaameluile, @m @Cr me Berd CararL clerédelmbs Lmliul (K
UL qafl, @ 2aflpaear geer eaflurs, Qaearm el oiqen SeLdlng.
sardl(penerr @Qanent gl oy iquien GellenwSSD eSS g (HEELD.

Qanemr  gafl o quieSmpa Qeveanr &STE @, @@ Heve LIHMILD
UL sgdlem (constant deviation prism) eufluns qefls slen enLSmg. mIG
@dfl  @m uGd edarraflldsiulHb, wLHCPTEH LGH SLSSLILLHWL, @
wenarufer Coaid iger Ce eeusslLl (heTem Bpels Slgasuier Coeibd
Nps eslrmaiisg Sl Qe  gafl  oguilar @6l enwwgSle
ancusslLl(Reter  (pLUULL S — Semenmgwre®  Sapluiul (),  eSwimigenu
S &ng.
omE Ozflyd  smUYy  GeusTaner

SefiSsL 0

UL eoL_&SenarLl LIS &Hled STERTGUITLD.
h @i gdle LoanesTuSlesr Cuogyieirer
H vl el sefler  oB0SMIULL,  HDd  @H
] UL OL_& @ LD, B(Lpe & Slg &6 GLo6y
ibem @ FLATER (REFERENCE Camemmid (I LI OL_&@LD 2 66
f l ]_+,_,[r Bent_Qeueflenwiuyid SETHS) Q&merer
gt Gouer (HILb.
W - l I"?'[ ;m&zﬂ:gfw QUCuT(pg, HleneolorHmid
uLb-3.12 pupeyé syesulaGiosn spily ulLssmssd gpm Smlltermme, Ceubpmm
Glarer ener LI enL_&eir

slmaBer qafl Corermid. GeuCeurafludie,
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gaflulmLgallar Camhpd oL s@w. QbHlaoulld, uleseaiar QL Geuefl
ofeTeysmer eT(h&dds Gouer(HLb.

QGsGumed gaflormn Wl amL & seamanmgew  Goeid gom S,
@afl Ul gaflar Camhmsmssd sar®, uvlenlseafler eTesemer  T(HHS
Couarm L.

Qs jeTelsaladBhgl BH(Pe|ssqmasailer ojeTencud FLMTLLG 6rlilig?

3.6 Bp T F19 5% FHNGT AT TGS (LPeOD

LLgdled  srliguimluensliCure,  wwenetufer  Goe  geflulanLser
Coranmiegnas CarerGeund. g6 Qe Geuafl b erarCGumib.

QUCur(ps b3S eneTani % DTG 2 WIsSHeme, UL enL&6r b
SleTeyd@  Ba@HL.  GQerblerm(m % DTeyd@ e wisdeame, QeaCeamm b
SjeTeIEG BEGD. FEFEHD 2Wnd G, BSHEG FHM (G@DEUTS
Qudsre, LLeL b jateysE BSITDLD, GampeursGel BH&(HLD.

QUCUT(pg). Weaeatenl 2 WFSSTO0 HSHTCLD [ BHPeYd SHlgaseanil
MEUSSHTE), ST 2 WD, eeramll 2 Wisgeusn@ Fow sréer.

Qbs 2 WrsHe rSSemar S <Slerejser B)(H&@LD?

sflurs p eTarailsmsuien QmbaTd, wanauillarGeaeer LI enl & (@mHLD,
Bpe|s sgmsuiler Cgierer LILenL &@hd QeneanrhbSH(HEH@LD. e, %, n
W erararfsmslian [ ugdHursed Qmbsrad, Beys sigamsuie Goaierer
Car(® Qeemrwnoe, ghm Serell QmE@EL. Qbs eTaney, a ererm ClsTeTLTe,

. a A A
SIbs Sferey= X = f X
aTaCeu, BPes Sigansudler 2 uwirLd

A aA
=nX-+--
2 b2

A
=@+
@il Bpeys sSgmsliler 2 wrsms, pein siame Hemisealld erhdsre,

slgmsWiler o WD = };—1(n1 + 1)

=2 (ns +£3)
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Qng gweaurhaeie,  eerig eeren erem Osflujbd. pemméd n  jeTEySET
Caflurgl. olitgQueTpTéd, Bpeys Sgamsuler ojeTeancud sanTadl(Heugl erlilig?

Rm Byeyd  sigmswler  sfluter  ete]  ger  CCaCw
GO LU 9@, e GhldslUlL.  jetey  rardlCnmbd. b
Saredler, @ GO emeper  geflufer % GTEUGUGETGY TGN  SHEmT&HEIL
Plg D

GOSsLIULL o6Te)] = % Ny +Fp)
A
=2 (N + F)
A
=2 (N3 + F3)

@@ N = wpu eramanisamasuierer % SETELD

F = ugd erameanilsamasulevmer % DfeTeD Y GD. @BF FweTUT(Hserte,

s a.- A . . . .
@@ GOludL S Dreise N eresameanun, F o ojemeseemud crefldley
sarsSIl(H edlerd. QUOLT(PE. BHeys Slqamsuilen 2 GRTENLOITET BeT6SHELD,
GO [HeTter jerays@ 2 erem Ceumin(h Menp eremliL(HiD.

oo Wenp = @OHUNLL jeTe] - 2 e eTey
e A
@G GHudlL ~aEs.

Gegp = 3 [(0=N) + (F-F)]
_h

= [(n; =Ny + (f; = Fy)]

=2 [(n, = Np) + (f, — Fy)]
=2 [(; = N3) + (f3 — Fy)]

@Qns  gwearurhsaie, (f—F) oemeyser  Qgfluybd.  pemed,  (n—N)
Sjere|s6r ClgFlwrg,.

RMm BWwes sguiar Yenyp Wswless GepeursGer QMm@ eTemm
pLULLGEDE.  eerCou, (n—N) erawenfldeans, 1, 2, 3 eTeim  GODHS
crarHemmaCol @(HEELD.

aGeu, CuhsaL  FoeauTHseald, @oberamprs Qbhg eTeTsmaTL

UGss. bs Hleneulle, eperm aFwemurhsebbd @Cr oaremels s (HdEpGsr,
9215166 Bpeys sgmsuien Weny ererms GlemeTerliL(HLd.
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TBSSHISHHTL (B:

3 LS. jete] Bpeyssiqmsmwd sfluniss, Seliy, LFms, oamsT o S
e @l aarammsaie, f1, f2, fz e SeTaysmer GT(HESHLILIL LG,

jeney, f1= 023
f,= 033
f; = 071

3 08 oerelldd samsdin L F; F, F3 olemeyser eugmomms:

F; = 094 A = 0.643 - Sleuly Hiw

F, = 044 A, =0.508 - LuFens HpLd

F; = 052 A3 = 0467 - oargm Hipid
crarCGau,

Qenp = 222 [(n—N) + (0.23 — 0.94)]

- [(n; — N) + (0.33 — 0.44)]

= [(ns — N3) + (0.71 — 0.52)]

SGepip = 0-243 [(n; —Ny) + (0.29)].| Py = 0.23 - 0.94 =-0.71
=1-0.71
=0.29
=222 [(n; = N) + (0.89)]
0.467

= [(n3 —N3) + (0.19)]

T2

n; — Ny, n; =Ny, n3 — N3 erenuenes (pp eramraer. CaId jeeu  WOEFSHw
cramger. eranGou, Qeaupdn@, 1, 2, 3 e cTawmsmerd GCETHSIH, SaSHEL
Ceuawr(d. ehs  Hlanewudled ey Hemefarmisaflan, @Cr  jerey  Menw
aumEDCaT, 98106 B ssgamauiler Aenpuim@Ld.
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QBB THSSISHTL 196,

(n; =Ny + (f; —Fyp) Wlenip

0.643 0.643

— 1 + 029 129 x=22 0414
2+ 029 229
3 + 029 3.9 1.057
@ 1 + 089 189 x"'iﬁ 0.480
2 + 089 289
3 + 089  3.89 0.988
# 1 + 0.19 1.19 x@ 0277
2 + 019 2.19 0.534

3 - 0.19  3.19

G, 0.736, 0.734, 0.744 craLeEl GDSHGMDU  FOWLISG  BHULSTE,
SlmaiCu Yenp erems GlameTeriiL(HLD.

Qg spm Crrollgs@b (pep eTarusTe®, Qsamer eaflgnss Bpeyb
oemayCard erm QFHars o (HeursslLL (HeTaTg).

Qerenpw seflLurdlsmer LweLOSHUDL, QbS SeTe samer  orafldle
sTSEL_(H& GameTeTeumb.

Qns ahsgsat g, N — N eretug GCpi  eramrsemmasCeu  (+ve number)
ThssuLlLer. yeamed Ho Crrmseailsd Qaeu erdlf eramsemmaeyb, (-ve number)
QmsGw. eaarCo Cpy eTamsErs@ oo oL ssctlldene erammrd, ey
GTaTS @hS G, Qeer seamslL L Ceue(HLbd.

3.7 @afl@mIsSL(H gLt uiled G\GTEM I aTd s

@Cr =&l @Qrawr(h eflued getenw OsravL @all&sHar o @ rHELW
clers@aanear @QmCGoum LeTaflaaildy meugg 2&H56aHCr Hapent eneusbsme,
Qramrh  @eaflgsdisern  spHEGL  WenwWld  CQurtele] CsratneusTHs
QamarGourtd. @UIALMLG @@ efeardamas WL HL T o BarsdbEs seref
MmousETO, SHevguilery SmesGaremmid. @UiLig @@ olatdansd WL (H Clgers,
o7 mabersdnE paisHsE OQararCL Cureamd, @aCleur Berime
BorgsHh@n  Heoguier GQurelleyd, s@Henwowd wrdlworls Caremibd. erdgment
Ul enLser Camemhlen eTemn SamGELLITD, ST epd 6laTHE —eTeUeI6T6)]
Osreveey BSIHH(HSSHDE eraiueng erallgnas samhHllgdgel b,  Qser
SgliumLuwled  grer  ewdsRFar el @mssl(H  wrafl  (Michelson
interferometer) &SI L g).
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@@ ailerd @ @n
Gp yerefufled 2 areresr
i, U W e sl
aflerdia 2 g RF RGP
aflersg; 1 aflaré@ 2, M2 gjaray
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. A) 7 / v
L \/ N \/\'\_l \'\<I ﬁﬁjﬁ@@&'ﬁpﬂ

aflens@ 2
UL 1b-3.13 pE@d aflersRerred gpu@nD aflaeray

DS FGIT GNSE(H Peow seremyg.-1
wraflller  aSlersdlelmbg  LoUu@LD
RafEsST UGS =3[ @ o INTHE: _

X . . . o A
&> 600T 6T0T ITlg- @JL-QU—IH-‘SS& QEGO@)-'LD@L”T@ i Beam splitter

Qremi sl OAESLILESDS. @M s : /L e
pallésdi  Qemessrsl s 7 N

-(’/
saurantmy.  1-0  ULH  erSllymafigg

Smwl e,  LOGPTH @eal&ESIT [ ]
_LD:D:CTI_

Corras Ogearm sewenrig 2-60 UL (h R yp—

<<
Ll
<

Hmwl g@alluglys  sameTmguier
auplwrs  eumbCUTg  Ceki@Gssras
Hmuuiul @ $Cp e, mCs UL ib-3.14 ebdsdssr GISEL B Sjered
Qramph @eallsssrsEEhd  FHSELD.
@yt pafl&sdTs @m0 LIWLIGHTLD Qewis Osrenevey Coumuim(y
QrlenLLiuenLwimer  ojeny  eeberons  @mpated  Gureleyd,  igGeu
ehapliumLild Qmbsted smenwwd GCarermd. QUCLITIPE Sareanmy FHm)
BHHLOUTE  Gurelled s@menwd wrdl  wrdl  CeusTeneT SEHULL UL L &6iT
BaHeuansll Gurew Coreammbd. @B LlmLseer erauani, SeTasll(h &eurenrlg.

B5iHs OsTanencald seanflsgelleumb.

@nss smeller fpener CobUBSS LMETE el Wer edlaTeEd@U
vders  Cosi LwaL@sSsiulLg.  Cosf, @Cr  imeBerpd  giflud
seatenowd  Har  CQstenees@E  CFoQid P Hped Caramgl.  BS3
sTFMIenT L en eTElImg&@ms@l Ldlons searipane ilq&er(Cube corner mirror)
OIODF LMTEEET TRTULHL  LigSmse LweU(hSsUUlLar. Qe @aflaw
GQenamrns  ordlrefls@n Fetend GErarTLene  epetmTeusSTs GLmelle] &(mHenLo
Ul enLser gaflldler o amjelilsermed (opto electrical sensors) gieveSlwions  eresrewtl
Werenamis  s@medlsermed  GCarenewe| SanilsasllLg. seamanry LOl&Geaswns
BSIHSTYLD L, Csrenevenes @semeped FFlung samsdl (plguiLb.

3.8 @ 2P i6eue Cvai GmisSL B wmes)

wetay GOILALL ew&sage el GnsSl(H jeTell @me 2 ursms
SlGliLeLWrsEs Garamlgl. @6l e sthiled Lwewd CewuynGurg iser
SFTCeuanT  LIPTLHHSTQID,  STOPleT  H(WPSs5L, Geuliflene, FFlLSLD
O dweuneanl Qurnsg iger qefleflossd (Refractive index) wrmieusmad el
Cous(pd  OTMILD. HJEMTD  Hene 2 WFIpd  Wrmid. < &Cel  Bjened 2 Wirbd
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T TR Grevr(h @aflueevser
shdsGLeurg  Goudtanerd  &mHLLL

cratGor  @Bsds  Gopewl  CuUTES
2187 GleuesT (frequency)
Slglemtlorer GnsSLHE el
LweaTUhSsLLGEDg. @ @revr(h sHCn wrmuLL STCeuamadr ClsmewT
Qm Cosr galssdlisear gamrs Lwatls@n Curg @@ GOUNLL e
crarenilEenss@rs@E WnG ool Gnsdh bpoLOundng. @&, @ Sgatrsda
Cougons @B Cuflwrer, Gwogeurs @O FAdw werener weanflaCsmm werm
Qs (& Caoeuamsls GuUTETDE).

L enL_&aT Osefleuras Caflwrg,. r’ S e K7 A N

uL_th-3.15 9B itleuets GmI%S@

aHsma SiteuarsersEl Ung Qbs GnEEH B Cumb ererLms
Qran(® smesailar BersHer eped erefided seamsHl(H  eIembd. ererCe,
OIMVGHET GTeUleTey G Lwewd CewuSmadleampmear eramuaswbd Sear(Hlig &3
cilL_eumLb.

ThSHGSTL LTS  mellwb  Bwrer  Cevasd SXIOM@{@’)GDQ@_I@:OT@H&@D
LsSLTE Qrewt(h wImUlL  Sebearasamer 2 HLGH OCFwidpg. wrmLLL
Blenewger  (Polarisation) — Garmew @By Qe  Seebleuems@hs s
Qaen_Cuueter wrmur@ 2MHzZ oy @b, 56, Qhs Qramh SMasEHEEL0
o arer Cor Geumum® (Time shift) Wsed @GanCel. @& (Wetary @GO L g
Cure e wawrs QameamubCurg eellaédnn o arrdng.

@& CGuranCp  125x10° SMSEESGS DG (0.25x10° sec) @rawr(d
SldsErsE Qe uwlorar  Cur  Capur®  smigsCatamCL  eubg ey
Siemaber LIMUT L 2 @ Té&GHng. <966, Qh@ Qramh @& EHD
TETWPSHLIG FHISH SMHENLML 2 ewTLTHGHS D).

UG 2MHz Gousgdle gaflsdpmsedar Careamls GaramGLudmsé@Lb.
@6 gl uie srer @mime Geosf wrefl QumiGdng. (LILLD-3.16)

Covay srsensdalmpa yoiiu@n i, eeam Qran@® oefl @
S|EME 9l Nepws S|emL_Slemmen. AT f1-b 2-16 R
aHarrellssliuBeuCsr  Cormas  Ogarny  @nsSH  wwraflawud L dng.
oG Rul@w selwrsl Afssiul @ addrmelssiiu@dng. g Cormas
Qeann Hleveowner searpened sSeraumgaul mLbg War® eumdng. 2Cs
Corsde fI Cormss Qgemm BS@HLD SEEPENE SETERTTIGEMW e B WBewr(HLd
apg 260 Qmandpg. sarpmad STy SEFLMDD Haowrs G (mbSTo,
aHQrrafiag fl-d ehs WwIHPWL Hspeudlame. oL emed g BEFHSTE
paHD CaussdnE gy ojemebeuan 1 Lmlery (Dofler shift) efenereurer (f1 +
A 1) erey wropwerdpg. (3.3MHz/M.sec.) oaCe, Qbs e FH®oA
apg GnsSLH wrallled 26 Geaamud Curg wearerr GO amsl
Curer qafl @n&EO gpu@dng. Qsar Ceusd 0.5 wse 3.5MHz o @wb.
2,5Ca, @Bs gallurmsuie oerer gafl Wer 2ariell Coaussdng emu 0.5

39



wge 3.5MHzZ mableiarr Gsram, wWer masmer gHLOSSHEDS. QbHs
Wetr  ojenew UL msTel  QumEssLul(, @@  sarsSHn  smHelss
S@UULLREDEG.  STpEOE  SETawTTy  BEITLL  @mBsTed Qg O-emeud
STL(HD. YD F  BEIHSTR Wl  DsameTs SaTsdl(h. BETHS
Frsms  Godlwonss  SMllgelHb. aTHSIHSSTLLITE, —STELPEDS STy
lem/Sec ereim Goussded @@n Namg BsiHST® (lem. FMrbd) 33 FigliLsener
@5 SO, @s6r HL LD 3X10 ' o GLb.

D FRTCPEDX
e AR ﬂ&ﬂ"ﬁﬂ'ﬂ'l?

e ? f; B @BLD SR

d q
fi=A Cube-corner

B o
Swrer G

X
f,&f,

f,&f, /(f, & f£A 1))
ﬂdmrﬁ ?aﬁ 2 el 0.5TO 3.5 MHz
otodetectors
Doppler signal
£ (fyA 1)
Guoed
SUIL B evFars L~ a0
Reference signal Qu@sR
-ty
s, ap

1 cm/sec for 1 sec gives 33 counts. g
Therefore the resolution = 3x107 m

uLb-3.16 @) Syweraw Cosi wiaf

8ibs Qo swe @il GnéSE wraf,

1 smhdler  pssDd.  Ceuliuflene, mIlLSD o Slueuppred)  HFlsD
urdlasii(heudlane.

2. dlansCGousld, gy o dueuperns FiweSlborss ST (HLbd.

3. Caoay grsansdellmbg edevdl Q@@mUugtd, g Gosf Ceuliugsmed
urdlasluBeudlvency.

4. gafl  ewlLysmer  wIOMN, @BS wlUTD  GITWL, FOSETD
CrraGarlLanoliy  apeedl L b g dueuhannsd geaSluwrs (20005
BersAnG) aréhs 1pigub.

5. L® FHSENQD 6TSHGLD.

&Ml NGTTEH 6T :

1. qafl GnEEH eremred eremen?
@l GN&EH BL&s jgliuam. CoHenel ereimen?

QalssL () erarnred eremen? iFear CHeneu eremen?

A W™

urlQen sl enLggemenoawl sflumfé@n GCamum® ereren?
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9.

urliGler semenod@ U S@HLLY CleueTeneT LILeL 6l LOmmID?
@@ o mameLwiler Gwed geflulenl erlitig ComermLb?

@M Gomuiar Coad GCsrerpid eeflulenl erliLiquil(H&@LD?

@afl GnEELH weonwild @ @Geil urlienuwb, @WLrlienuubd
Coumiu(sd umfliug) eriuig?

&S GNGSL(H wreflulear ojigliLen, ereer?

10. @@ e erawr Covsf GmsS.(H wreluller oiiqliLeL eTeme?

OB® AfesTTEHaT

1.

eaflensd® Carlur® eraeuiwedled LweL@HL (Wpenpenw 2 flu

UL BIS@HL6T 646Ts@s.

sl @n&S. (O wrelufer QEwourienl UL cuearbhg 65aréEEs.
fle LOCaimy Ganpwerer Gurmersailem Gwe Csflybd geaflulaLsamer
UL eueihgl Sr(hs.

Qarereemer emliLgnE LweauBn eal@nssSl (Hiorel Casmur@
oreer? @ng Carliumenl. qgliLenlwnssd CEmeant(h o (Hourdslil L
Gn&S.H wralller Cdewour e eaTéEs. e Hleom, Gemmaer
GTGOTGOT?

Qm omeeranr Codi @msSluraiuier Carlurh eramen? g

Ceweu@b (Wwernerw UL euarbhg ceTH@s. DH6 HETenDS6T GTeiTe?
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LmL_tb-4
Cp w6 9)aT6%6T I6TS5 5560
(LINEAR MEASUREMENT)
4.1 Cpiwed gyeral B> H(pallsar (Linear Measuring Instrument)

Bemd, @D, Wb, o, Sger, e L o Sueudann eTEEHD
smallsaer Cpflued oemellb smeilser ererdGnrb. jeneulTee:

=

<jare|Game  (Scale)

(

©) Qeurelwy ojereyCamed (Vernier caliper)
3) Eierenrerell (Micrometer)

@ o wiyonef (Height gauge)

®) wpsuywreil (Dial gauge)

©) B(pals slqems (Slip gauge)

@ pors sampBaer (Length bars)

4.2 9jarayGsmed

2eTe|CaTed BMD @I Berdens aTéEs LWETLOSEHID &(HeSwm@Lb.
Qg 150 WS BarsHedlmbg 1000 OB Bemd  eueny  @mHE@LD.
QuepbureTeLWrsl LweURL areyGardser 300 WS, Bearb Carerg.

|]||||]|[|||”|I|”|]|”!l”H]”H{HHI”"WI||H|||i:'||“|||iiiH\|||}F|||}'I||"I”['!l\;"“\‘i|U}ll\\!i”l!”“]lH!J”t||”!1||\|||m1|\!H”|||lt||m|”“||”|||\“l”["llill”UH\I”HHHF]l”!|Hti||”.|||1‘.|||\‘..|H|||UI||\l||“?|!“|||Lil||f.||”Elm:!||ti|||?i!:[5l|!f|||il||..h.‘
I"H) 20 30 40 50 60 70 80 %0 |00 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 ziu 280 29 300
" THFR o T VLR L L A bl P it e 8 T i g

! bl R P o Ittt

ur_tb-4.1 eroo@ YyerajGasmed (The Steel Rule)

Qser geadlwd 1 Wb, ewg 05 WS QmEEh. Csrbaramasafe
LWETUOD  eTeyCaTadEeT SH(H&GSHMs 6T odarme (Stainless steel) GlaFwwiLl L eneu
G, @sar  goalwbd Wsebd @Gmme| erearUgTed CHITMULTET  H6Te|SH6T
ahlusnE wLHGL Qam eteyGarasear Cgmfipereauild LweaTLHSene.

4.3 Geugesilwi 9jerayGsTed

W& 6D BT
Setayset  aT(hds  Couamrig
Camaamw  Heopay Q&
erayCaralley @@  GeuFeiwy

oferalleni GenenTd g &
Qewwdiu’L_gme @emau
QeuFeilwiy leme|Gsme
ereLi(hLD.
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@@ Wpoatan ereyCaraller 2 der 9 U@Gdasmer 10 LGSsermals KNfga
Ceugeflwy sl gdled Gambhiser GuIL LU g (HEHESLD.

Waeend ere]Gsmadley 1 LGS
Ceurailwy ojereduiler 1 L@

1 WOLS. eremmmey,
9/10=0.9 Wl.6.

5 QramBaeh 2erer Coumur® 10 - 09 = 01 LS.

6 01 02 03 04 05 06 07 OB .
l l ) } | I ‘ [ ] Main scale

Datum mark

(waeen eteyGsne

0 01 02 03 or 05 06 07 08 09 10 11 1
T T O O O O %J

1 ‘ | ‘ 1 Varnier scale
[ 1 2 3 4 5 6 7] 8 9 10 | Qauraiuy ereCard

uLtd- 4.3 GeuFaflwy oemeyCamd ojgliuen
(Principle of Vernier scale)

SBTalg, Wsatewn  ereyCsrellear  gsmeug @@ Camlgedlmbal
Qeugailwy  oereflufer  0-Carlh 01 WS, sereflulibamed  CeuFeiwr
jerelllligeter  (PpsLCaHTH  (pseand  eTeyCarellan @ Carl(hsE Chrms
Qmsew. QaslCuraGe 2-oyb Gar@ CurmBHu@bare 02 WS, sererf
Qmsdng  erenmid, epaprd  Carlh  QuI@mBSGGBHSTR 03 WOLWB.  serefl
Qm&Eng eretmid GLITHAET.

THSSIFHHTL LTS,

Cougaflwfler 0-Car® (paerend  emeliCamalles 02 Carl(Bé@w, 03
Carlps@n Qauwiaid Cegaiwfler 2o ez Carh paerand ere|Caraer
04 CarCGLr® CurmbSHuyd QmsSng erermme,

Sere] = 02 + 001 X2
=02 + 002
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= 022 Wb

@@ Oeureflwfler fbmerey (least count)

1-09 _ 0.1
= =— = 001 .6
10 10

QansiCurewCeu, (a6t ere|Caralley 49 ugdser (1 LGS
Ceugeflwfles 50 LGHsemmall WAdssLLL g (HBHSTED,

50-49 1
50

Ceugaflwifler &omerey =
R wsaamw ereCarellar 1 ugd 05 WL eremmme,

Qeugeflwflenr fpmere] = 5—10 X 05 = 001 B, oy @Lb.

o - 002 LS. <o @D

= 1 1.8)

UMD, @ SereyGaradlld 05 WS oereyerer CarBaser CuUTBeuID,

CurL  (PYbHsTID SjeuheDLl  Lilg LILIGILD
fyob Y Gb.  HsCeu,  Ceujeiwy
jare|Garasafler  fpmere] (least count)
Qurgieures 002 OB, eraursGou

Qmeen. Quaurg o Weraran)
srgamIGmer  Qaeangg 0001 L.
Sbmeray FlallwigSled &(HedseT
Cewwiup Slemmer.

Qeureiwy ereyCamevaefle
Ceuefllin  jeToydenem L (HLDETS
2 LM S{6TEHENGTLLD T(H&S
Cupymsdle Grer(h L3N ESo
QummSSLILIL g (HSGLD. LS MNDE

srewroyld QEHQ cugd o aur(h.

(I L0 Cleurestlur
(e CHTMOUID  DSHET  LILINGTILD
UL S&H) SHTemTeurLd.

4.4 mevsgewrarall (Micrometer)

(I B GuT emT G el GTGITLIZ)
e yuretlu e g uentulled
OMWHS  DETEGSLD  H(HENWUTELD.
@@ werwuraiuller yflullenL g gy
(pitch) 1 0B, erammed, g @
werier @ sHmSE 1 WLy

Bpoys SmE
(Ratchet)

UL _th-4.5 peiwesmarail (Micrometer)
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bSO, @@ a&hap Cuaid 100 ugdsemmasl Aflssmed, @eubeurmm L@GSub
1100=0.01 0.5, ojeTeneud GM&@GL. 2p&Ceu, 001 WS, Abmereilh@ gleaSlwuiors
OleTEs  Hlamamereilser LwemUhSlemner. e Eemanraredluiler S (HLoTeTsamsLl
UL SS6) SHTemTeumLD.

@@ T algeileorer @QmbLE FULSdHer QL g wpenearuildy e Hlene
uenenr (anvil) QH&@L. gl (paemuiled FpaId Wwepgwteanill @@  wanruid
QumrmssLL g (BEGWL. wepgwuraniufer @  wenamlde  GurmsLLL (HeTer
Gl Ceufalwy jereyser Qm&@L. wangwtarll &OHOIOCLITE @Geid &DHHISH
CaramCL ojere|CamellaTGLoe B mLb.

waamn  eteyGaneller fpperey 05 WS eremmd  Ceufellwfler e
&hm 50 Wfleysemmaeyd QmBbaTd, Eamamereiluler fpmerey (least count)

L 0.01 WS
50
TBHSFISHHTL (B

SeTey = (PpFeTand leTey + CeuFefiwy ieTey
GRe s sarayCamelles 9 WLSEGL 95 WSsEL Qeruler G mBHE.
Qaufeflwy jemell 35 erammed
Sjerey = 9.00 + 35 X 0.01
= 935 LALS.

G 95 WBLLmé@n 1000 WSLL»BSGL Qaruild G mbsre
QeuFailwur jemey 35 ereimmed

Sjerey = 950 + 35 x 0.01
= 950 + 035
= 9.8510.18

peenrereilgeflen LenemraseT e o miler Lplemus QETL(H  eTd@Lb.
B&amelaer wenywrenilufer ojgliienuled eBSHHLULSTED, LeFwTalenuis
Hmas Smes g 2plient WSS Wenpwrenr ojemeneus &Sm(hd. erenGeu
Qs HGD D(PS5S5S5M5 RCr Fyms meus@b Curml®. memararelsefler
g (poarulld @m Bweys SHme@& — Ratchet) enwliy Q@mE@L. FPQID
SE&H o mlienus CsTiLgid @bs BWweysd SmE siewlile Hals eean g
Cal@gw. Qbs geomsltlarn cramaflsms Qramh odog dpam ererm Cr
SleTeurd  meudgs Oararrd, 2 mlber Ce CFsslubHbd HWPSSD @
e @) MmSELD.
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4.4.1 & mieswemaraisar (Indicating Micrometer)

@M@ opllbler  ojeTe e

Fflwrs, @SOS L (Herer
Quirm & @6 ONOEEIED
TALUMSS SO Qecuansd
&0 Bl GtoT 6T 6T Gl 6T

LweuhSlemmer. @&l 2 eTer eum
FLL S (pasLLomer] Qe
GurmssiLLBh  Qméen. Qs
+30um euenraT(H. @@ 2 nililer
sflwrer oaTenel @f CFHSrémss
Qaramr(h Lmewsaflen (H6ueigafen
Bheler emeusg paliwrefuied 0-
SlTEE!  DMSFHSG  ClETETETELD.
£20pum  CQurmdl  eTemmed D BeEiT
TOMEHMETS  ST(HeUSM@GL  (PLGET 2 6TETE.  HMSUD  HENDSHIS
Csretereomd. Nn@ wHememareluler sear@h sOmems Lligelld o milienu
Sars@h Curg uenenr (Anvil oisnCsdU BSIHE eTancus STL(HLD. j6Te]
sflurs Qmsdpst Gaoemown erauamg eraflfler e[ GlEmeTemeumib.

emL_ L 58l BRI -
WsLLTENenwLs 7!! /5
AurEsgiausne  Lgld. e u —

ueerude Crrigwns of |
ey  wrefleow  (Dial  (§
gauge) QummSSHuLd
Darhs  (Plyd.  BBHG
s EiemenTeredl eremm)
@uuwr (Dial micrometer).

menTenreTedlgefled
&Q@]Lb D|FNT &QGOITLDQ) uLb-4.7 gpsiiwrefluL et g edwemeral
Ullg  eussed @
LB enwssUILL g (HESDI.

miarenreneilaer Qurgieurs 0-25 LS. erliLgraCol QHEEGD. 6D
25 OB L (h&@ Fswrs eTalsmer jerés 25-50 WL, 50-75 Wb, 75-100
W, 100-125 WS, 125-150 WS, ereyseflaid, osH@& CLIb  oieTds
BlaTanTeTeNE6T Q(HES e

Curgleaurs memameralsamer Oelalllyp Hemamerelser eTermid, 2L Ljm
BamenTeTeilEeT  eTammid  cuevsLIL(hSFeomd.  Fleo o LLm  EieTeTeredlEenerL

UL S&e) SHTemTeurLd.
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UL 1D-4.8 2.1 1) [BIRTeRTATA 56T

4.4.2 9y1p pivwewrarail (Depth micrometer)

@@ 2nbld 2 6Ter LeTaTsSler o wsmss sranr Qanel LweTLHE emmer.

UL b-4.9.1 ylp fiswewaral

UL 1h-4.9.2 ylpmiSaemerall LwSTLIT®
4.4.3 G e pvemarallgser (Pitch micrometer)

@m Smsreniluiler Lflelil b (Pitch diameter)
SeTlUsHGL LweUhElermen.

s

un_ab-4.1 qd!aﬁ.-:l_n’) Hidwesmaral]

UL 16-4.10.1 yRe' L b pievwererai)
(Pitch diameter micrometer)
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4.5 Gaugeshwi 2 wywwmesf) (Vernier

height gauge)
QeuFeflwiy 9jareyCameney
Ol LILIHL LTSS Q& merr(H 2 LTSMS

SemlugnE vweatUBL  s@meN  GleuFesiwg
o wywrefl @b,  Curgeurs 002 WL
govellwpd, 0-500 8B, eueny  eTHGD
Soeyd  Qamerencl.  (PSHILLOTETSEHLD,
WO\t ear gl &S GBI (GTHLD QumrmsSlenmed
@da 0001 OB oETeyEEL  USHEG
Cogild Fal FHEOOWIDIS eTEHS (LplglLLD.

Q@(H SEUTLOMGIT OGUILGSSUNGD 1 tb-4.11 Geousedug 2 wmomad) (Vernier height gauge)
SEENLD lemeyCaTeILD, SISHE)L_6IT
Ceureiwy jeteyCargd  GUmmSSLILIL LG (HSEGLD.
Couefiwy  oieteyCamadlen enwlLL 6T @ L
gL QUIBSSIULIgHSGWL. L FLLSHO @b
sarfleni  QenarsEend. 2afld@ uSlors  @m
waliyoreilewwd  (Dial  gauge) Qeaardgis
OsmeTereuLd.

@revsr(H) LA AL Gen_Guiwyerrer
2 wrgengw, Sl g Q@ 2 mitnSe
2 wWrdengGwm SIETLILISH S 2 WyLomesi]
vweru(dng.  Coaibd @@ omller e
ussSnG Fflwner 2 wrsded @@ Letaflenws /
Carlel euempweyd && uvweru@b. 300 LS. i
o wrsSHeSlmpHg 1000 WS o wpb ey oerds Heb-t12gsuywraiy e Qajaiug
e 2wmomed) (Vernier height-gauge with dial guauge)

4.6 (psLiywref (Dial gauge)

QamnaTe 6Tt LIeGUEH S LwIeTUT(H&(@H &S WpaLwresilser
LweTU(H S STmer. ojema,

Yl BIG DG D{ETSHSH)
@ Qe 2miyseiler ojeToysamer el Crrésea
) Curhlsetieh 2 mIiL|BeneT HLOSTHED
4) UL SnFUD, CHTETHMSUD {6TEHS

wpalywraflulilée  o6mer  oersEGL  samb  Coaid S BaHLELTS
215CampH CUTBSSUILLIG(HEGSLD @@ LULFSETD &Omb. Qbhg LoFss756HM(0
Cogidb L UbEssTs Csrigsamer (Gear train) @Qemeansg @@ fnl HaTaeULD
CQumsdlas  (Magnify)  Oamdrereomd.  @QmSllgiarer  LbsssISH0 Q@
SeTayasT (B (wperenem  CumT@mSHeA LT, g uUwen &OHfl gdelwors
sar(h  eTeUeUeTey BHIHSE eTaTLenSd SMilgell(Hbd. eulLomer ¢ (WPaLYS
Sliged oemeyser @GNSSLLLH QmUusTed, @Qsemer (psliLjwrefll ererdlGomib.
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walioraismerd Oarewr(® 0-5 WL, wsea 0-50 WS euengud 001 Wb
e 0001 OB, cuey HOIWLTG DETSSOMD. eTeucleTe] eTds Geuer(HLd.
hs gFodlwssler erss Ceauamm(bd eralansll GUTHEE. (PSLLLTENS6T 6
SL_(Homerd rmiLi(hlLb.

wslyworaisellédy @m BsmL SaTHHEG USHors, DaTE@GHL UGHUD @@
OpwysGare  (lever) oenwlenul  GuTBSEH Hnl  WLIDPERIFHET TS
LweTU(HSSHOMLD.

SjereySsL(H
OGS
Bezel clamp = - - &DHOID SeTe|S5L(H

SHOD ETEwT G@MILD
(G

Pe—— SPDDEHIFIGU LianemT
(penem
uLb-4.13 @psliwore

4.6.1 G\pby (psLiywmefl (Dial Test Indicator)

@y paslywreilufer o ariepaear @@ CBLECWIH &P  abws S
GenamsslLl g madng. GBELIAGET WLHIPEHET @@ &HP® FaTiger  Siguied
QummgslLl (HeTerg. o ajlpeer (perepd Nerend pa@mbGurg  GbA
Cogid Wb pEIHg Fped Sawerl. FHPDMIFDG. Fpe FTGCLIE 6o s (Hd
(WP6T Qenam sl g (HLLSTED, BiF (PSLLSSL I SO leTencud ST (hSlmay.
Couanrigs  gloallwssn@ gou  &pd Sl @@ UOFsEsT  enliCur(
Qameanrgg CLmsssans (Magnification) flsliLBhisHs GameTemeuL.

Slansomm ) 5(9@'-0 sy e
—— (Revefslng lever & Rolatapls -
ezel and dial ) Pivot
anfl
whHsH — oL b Stylus —
gpeflllen emsey o
% (S\vlus movemant) il bLD |

. ) Lever —-— ——— e &HeT

LA Gipiy gpstigere UL 1b-4.142 QpbLpsiLwreiuis Ceudu® wpenn
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GQamer @@ wroraille carmL  (PoaTsE udors  LwetLhSS
LTS 2 WIRISMET DieTdHal LW6TL(HSSeLD.

i Vernier height gauge
Reading Hy Reading Hz

o,
)
i ) HZJ

uLb-4.15 Qpbdy sliywreiuyy_ear Geuefwir
o wironesflufe LwieTset

Dial test
indicator

Parallel packing
Hy=Hz-H,
Hg=Hy—H, -

4.7 BpUpays H1gsser (Slip gauges)

Crflwed eré&@L Smelsamer ojerei( OFleughH@EL LWeTLHL  (pena
Qebarbd  BLPes SgMsseT Y GWL.  Qael  @eo@ sl 2 Cersgme
Qeuwdiul Lenel. LweTLRSHWL urliyser Wseb eupeupliung, &ms, SLLLOTS
B)(H&@LD.

Qaeeu 9 S o@ewpd 30 WS Barpb Osram. OFaicus eulgeusdle
Coeneuwimen  jeTa)&H@ Slgbemms @QmaE@GL. Qeupdler wrly  eupeUpLiLInG
Qmuusre, gearmler Ce qaen @ausSs @ paaulellmbg o rélearmed,
Slmer Bpell LpMNE CareTEnd. @B BpeysSsaranullame @smen By
SlgnsH6T erendlCmmLd.

LL1b-416 B(pe|55q.ns
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Qeveu 1001 B oerellel(BHg LOCan eTeyseid, 100 WS  eueny
Bm&@EWD. Lgeuersll LWemUHD Bpeysd Slqandseflen HeTeysHeT eu(HLOT):

QUILDLY Lilg. cTeTewildend
1.001 - 1.009 0.001 9
1.01 - 149 0.01 49
0.55 - 9.50 05 19
10.0 - 90.00 10.0 9
1.005 - 1
Qwrésb 87

45 wpmid M2 cramentlasuiloner HPe s SlqaSHHEHLD 2 GT6TeT.
4.7.1 B(pas FH19@FHFHeNGT STLILITEG

1. oerelilh) srb @ Beyd sigamssamer et GFweush@l LwemuHib
(Calibration grade) ~ &l (Calibration grade) UL (HSSTLD

2. syb - 00 e)s smimsaie LweaLbBss. srb I smb 11
Uns BPe|s Slganssamer earai(h GFlieugsn@L
LweTU(heugl.

3. gpw : 0 smHellsamer jareli(h OQFwieusnH@ LweaL(heug.

4. gyw 1 : HOIITES HETLILSD@GLD, e FLLmISMETL

LwetUh s, Caransms earssd0 Gumetn
Uenfla@he@n LiwemU(hEDg.

5 gy 11 : Uenfloenaratley, Hm FTHTTET  LIGWTSHEHs S
LweTU(heug
IS: 2984 - 1966 erarm @BpHu  OQFbarbd, Beyd sgamssefler gL,

cuensliLth undl eNeuflésSmg.
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BUD@Y S FH19e0SHFHeNGT STLILITE

Bpeys Slgms Qurpd : 1 @@ = 001 ewsCrmbly
Sleray
DAES | BjaTey SereiR Fd &b - 0 sy - 1 gy - II
Godo Buf | vy P|ows6 |00 -|F |P |[L |F|P|L |F|P|L
. e SyLd

- 20 5 |+ 25 +5 |10 |10 +£10 |15 |20 | +20 |25 | 35 | +50
-15 -25

20 60 8 |+ 25 +8 |10 |10 +15 |15 |20 | +30 |25 | 35| +80
-20 -50

60 80 10 |+ 50 + 12 (10 |15 + 20 |15 |25 | +60 |25 | 35| +120
-25 -75

80 100 10 | £ 50 + 15 (10 |15 +£25 [ 15125 +60 |25 |35 | +140
-30 -100

F = Flatness (s_Lib) P = Parallelism (@eewrgeiienn) L = Length (Bemb)

4.7.2 BUpays HydHsdNG C5ib0)5H S5

LweTUTL(H &GS

5&HSTOCLTD,  Cameuwrer  6T6e|%HE,

slganssamnas Csrboshdgl, eeadmarsgll LwaLbhss Couam@Ld.

B (D6

TSNS, 38657 AL ereiim ojemeyerem B(peysd Slgand Csr@Henw

erlug Cainbshliug:

1 psedler sen_dl LSlend (FFD) eTamansGs CHMEUTET BH(LHeYsH

slaamsamld Caimb0sHesCeuemHILD.
oigl 1007 ..
QUGurpg Caeneuwimer eay

38.657
- 1.007

37.650

2. @uGurpg Caemeuwrner 2-eug udao (Ggw) oere| = 0.05

BsHE FHp ete) = 1.25 H.S.
188 Cxena

37.65
- 1.25
6.4

w
)

3. @uQurpgl Casameuwner (pge LSern (&) erey = 0.4

QsHE ghp erey = 1.4 8.8
B8  Cgenau

= 36.40
—1.40

O8]

5.0

]
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4. @uQunpgl Gsenou 35 WIS eray.
Qspeflu pessgams 30 WS wHmb 5 WS, o ELb.

30 +5=35.00 8.8

Qps Bpeysaflar Grss ojerey
3045+ 1.4+ 1.25 + 1.007 = 38.657 L0158

Bpes sgsailer  oes@L  urleu & CuraTpenel  FHLILTDED
LUTEISTH, HI(H GFOULMDOD &S5FHLOTE eneusSl(has Geuant(hibd. LwWeaTLhSHLCLTE),
urliyseer  erammbleanml  N&&@., H(WP&HG Qoarned &SSULOSS LwWeTUbhSS
Couarm L.

Bays slgmasamer CBrigmsea|bd, jeTe]sem 6r(H&s  LIWETL(HSSLD.
QshEes Comeuwner geen s@mellser (Slip gange Accessories) 2 6Tere.
Slauperpl  LwaL(RSS, B s 2wy L RISEMET  ETESHEMD.  FGT
FLL RIS LWeTLHSS, Camamsams eTHEHaLD.

DTS GID H T L &%GT

Slip gauges

Slip gauges

BDOYSH19.69 5 6T
o aralll b gyen55e

B(LD@ 5519 a0 & HGiT

Qarefalil Lib Ijersse

2|15 @ % Tew L ullest I J

Sferaysa 125
J-td0 o b— 305 ——of

'y
Size of 50 5
measuring ¥ T LTReA9s 4575 5 °F

jaw 5 qr:j_'_'
=

2 wyth Sje5 56 2 E /::

i lLs

QUPSGSLILITLILY

" <<

T LD (LpeneT W LILGT) (Lp & 6o

T/ e

UL 1b-4.17 BUpQSHHIgM S ISR & (5@l %5 @HLD )56 LIWGTLITBLD
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4.8 bars s1geanssar (Length bars)

SIORILILTET HeTEYHEHSGL DjeTai(hEeT QFWusH@GD BHLHeYs SlgnssHeT
LweTuhemper  areUmSs  SamCLID. e  greteysdE Goaull  Her
SleTeyH@EhEG Qeunerplt  LwetL(BSS  Querg.  oissmswu  Crrmsatie
LweTU(hSS — FEHEUTE 2 (HaUMGSLIULL meUsTe  BeTdslqamsser.  @euheanm
Bor&CHTOEHET CTEmID EMLPSSHELD.

@eeu 25 WS BersHellmmpba 600 WS Berd euewy HevL&@HWL. 2 (Hener
ageusda 22 OIS I LsHd Qe sl ee.dlame CFEwwliul L e
@eneud oemei( grb  (Calibration grade) Cergenenggiyb (Inspectoion grade)
uentloenans gy (Worshop grade) erenim Lewgrmisaileny SenLsdlemmer.

25 8B, Bears  suamsaws sy, wHn  Sgmssaiar  (paarsafld,
RMHUSEHD  OTUL T FHleneTsdeT QHSGW. LHEDT®m LssD SHmareantl @)(mHa@Ld.
QapapsCaran® aaCorh qdmn  HmH Cmeuwner  eTe|sEHsSE
Qeamendgs ClsmeTeTerLD.

Qurgleuns, GamnsrTamaseie) 2 (Heursslu@Bn 80 ell(p&sn®. CummeTser
50 OB oemeNCalu  @me@n.  aaGes, Berdsgmssdr  oflgraCou
LwerL(BSsLLH Slemmer.

UL 1b-4.18 Berd &H1qen&HS6r

&I aesTTdF5 6T

1. Cpflwe ojerelihb smelser wraneu?

Ceugetiwr ojereyCamadllen ojiqliLienl eTeme?
BlaTeneralluied o 6Tem BH(peyd SHmEler L6 ereiren?
BlaTenTemeludel BETENLOSET GTeTen?

&L (h mlewremrereudlem LG eTeier?

2 ' Lm meTenTeTeNs6T Wreneu?

N o~ W

Qoeureilwy o wirreflulles LWweT erere?
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8.
9.

Walwreiuiler L6 ereen?

B(PeYS Slg&HeT THM@ LweLi(h&lemmen ?

10. Bpeys sganssamer CaibOsHLLG 6rlillg?

1.

BeTé HlgMSHET GTGIMTE) GTEITG?

OB®H aesTTd ST

1.

Ceugellwy  ojemeyCaraller  sL(Horardeng UL  eaafbhg 6deT&EsaLwb.
OB B, GH®DEFET CTTE? DH6T LIWIGTSHET WTened?

BlanranreTedl CFWOUEHL (permenw LIL LD eueIhgl oNeTd@s. iHem Henm
SDOMSHET TGN ? ST LIUETUT(HSET GTemmen?

wslyoreiler  Cewaour’el  NaT&EES. ST  CUMSBHET  GT6T6?
Sleupdlen Lwensaner elleTsdl, oigem Hlenn Gnasamer 6rhsaHsHM_(HS.
Bpas sgmsuller Lwersamer o flu LLBSEHLe elleTd@s. 66.435 LOLLS.
SjeTe)5@ Corssl LWeTUBHD BIPes SHlqansseT TeTe?

I Bl Flen 6T &(HeSser CTEHMHGL LwerU(h Elestmen.
T(HSEIEST (NS EHL6T 6Nl6Td & 5.
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LITL_LD-5

@L’luamﬂasdr
(COMPARATORS)

5.1 @Liuerall eTaTHTE 61T ?

@@ Qurmefler Berb erélcueTe] FL crelelaTe], CaHTaud GTEUCUETE)]
craty  CsfipgQarerer  Goufeflwy ojemell, mewrameral, Carewroref Gumem
smellsmear LwearLOSHHACDHMD. gy ame Csminam mseaflsey Berb ereucueTay
Qmsdng eaums N, g QMmEs Ceuamgw BarsHell(pHE  eTeueUETEY
G@PBIMmEADE SO0k fsors Qnsdng adaumss Csflbg CardaCs
Caemeuwner Qamdlebwng @amrs QHSEGW. issmaw Cormusaia Crss
pargenswb ojemhg  Oeramgmluams N, @ns Cegurier  oeriuGs
Cougloneyr, ereflw, Hops (WpenmUIM@GLD.

@@ Gurmetler oemelled gHuBL Ceapur@sda Ws wWass Gapeuns
MWSITET  DjeTaseldy  QMHGGL. QbS @WLETTET  ETEUSHMETE  FTSHTTEwT
SeTHEGL  HMmollsamers  Garam®h  eTliLg  (plgngl. gOameamme  <eummler
BLLD Gopaurs QhHS@0. eupilen ELLGms CbUBSSED (LPlgmg.

THSHSSTULITS @ Oeufeflwy oereflufer mLrub 002 WS,
pamenrereduien mL LD 001 WS Qeumerpd Garearr@ 0001 WS Ceumm e
&S (LPlgUITG).

@@m smeller Cwrss oetey obsflsds obsflss, o6  HLULD
Gonhg CsrearCL  cumwb. HLUSMs Hsflss ofsflsés Corss oiemey
@aphgl NHb. &G, L LWL CUIHLSmeT STSITE &MHEINFHETT 6aTEHS
wigurg.  CsCuré®  mLLLIET  SMHedSETTR  jemeyseT  HSlELpeTer
QUTBLSEMET Di6THS (LPlqLIMF).

Qismaw @Q&sl1g0lmHHs NHUL 2 (heursslul L smelgrer eliliered
cratugl. @@ OensrsCasth  Curmener @UAL(H, CapgurieL s srl(heusme
Gsmar gliLereldl (Comparator) eresrdGmmibd.

@@am@;mna‘ﬂ

Qunad

5.2 @uuerallulleT gmissar:

@M  @uuetell  eTetLg  Slgloene
(Table), oemry @eer (Stylus), o ewr@mwb
(peneoudles W& s &ODHS MEF®HEN, V/me’@mm@tyl“s)
<ofsors  Gumssaie Gumss  (Amplifier),

IaTeneus  STL_(HL  Lome Meter GTeum
R(HEISneRTHS ° urrasr&a;m@‘r(um, : @g % 2 h—=weson
Qebarsensd Csram g o @Ww. (L - 51

(emsr Quimmeir

UL Lb- 5.1 glivemeSiudiar gnmidser
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Slgmaniear G Cebsrsans Qnésworsls Gurmssd iger Coe
uGdHeow o arjpaer QT (Hé Caramg (ha@GLnrnmeuss eTa|wraiuiléd 0-
2arey @osewry sfldsiu Caar@o. Upe Csbsrsms ah5a60L0 b
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OlgliLeLwrss Csram(® QUB@GasTEL. @@ Il sl ume s&nlld B s
SIBIGET 8 (H@LD.

pren@ — Wergen  (Resistance) eevg  Wergnemi e  (Inductance)
66 & (GTHLD

RI_ Re
R2  R3

erem  gwerr  CQFwwliul g dpsre, sroelGeart wreflulle  WlerGermL b
Bm&arg. Hpamed QHss FoeTUT el WLIHOILD cumsUld S @ STSSler
WesenL_Guim, WengnerL_Geor  Lomhlenmed, ibs LIHMSSHESH gHu WerGermLLb
B)(H&@LD.

QuOurpg @m Wer o arjeiuier oiFasE Coad Supb o drer
Qrawr(®  Wearanmser (coils) eIl&CLmenr Lt  &pdler Qrar(h) SIRSETTSHS
QaremrLmed, @rewmh FONSEHESGSD QenLufed oeter  yFs  Cagid  Spbd
BaHLOUTE, Weranmsefles wrHOD  egHuEL. Qbs WGl &S
BATGG pETEISE TDL GHSEGLD.
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Wesrabhm)

& Xy i L
<)— =

& & Y . o ey
RIR3=R2 R4 Warapy 2 Lt Beband

Qum(meir

AR XK

u_ib-5.15.1 af" &GL_rest Lirevid UL h-5.15.2 ifleiesiue riLieral)

Qssmaw Wertallwed gliereilseafler GLmasn 50000 WLAISTS &)(HEELD.
oipamed 0.001 @LETTET DETEHGD dnl QSN FOGIIDIS Dj6THS (LPlglLLb.
D Qs elemellsd 10 awarmer Crss et sEE WLHCWL HeTsss
Fo.lq LIGNGL.

Weraflwe elieTellser @reamr(h cuamssaiey Hanlsdngl. (pHoeuams, @G
Qumsasn Csrar glieTelger. @rearLmbd cuend gliLamalsalsd CameusCamL
Qumsssms LIHHIG ClETETeTEMLD.

5.6 1larewray) spLiLiorailser (Electronic comparator)

Sensor

Modulation Amplification Demodulation
.Qﬂ L6] 0 . . -m . Q . . % 4 lﬂd’m"ﬁﬂ
o_eurit eineHmid &1 QU & &L Wleir @p&ab— Meter
(1= (BF: W)
UL 1b-5.16.1 iflGirergmy eLivierallufler oyig.iLenL
Recorder

Gett) 2 anrjedlsailgd Wletren el waslgid
goulerer  (peatCarhpmisemed  Was  FeveSlwions
SeTssaube  Wetaran @UiLeTellser  eubgl 6N L e
Qoupdler CQUmEsHpD L% Esm@Ld.

Qéicuemns Wetaram gUiLeTellgefld  Werengans

WerCerhmLd (modulation) Qewwtiu ¢ Wletr
UeSsL L misefle Lig UILIlg WIm& AWIGEL
2 wWigsliuGSng. WGereri wWeralingsn (Demodulation)
Qe ), Westomesiludiey S{GTCYSGIT

sTLLUuGdeaner. Qsmear @ WeTuSLSudled
(Recorder) Qegusduyn dHg0sTeTeTemLD.

UL h-5.16.2
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Qouauans  @liueTellsefles o eamrfell  eretug  WeE  Adlw  ojemelled
QmUUSTID, g Seaflwrs @ Warasbll  epobd  CUmESE@ESLD a6
Qanenrssl UL @@UUSTEID, L 2 amfeilgeneaT @Gr GQUmSEGL el
Qamentds  (PlgLDd.  eTds  Geuantigw  QummeT  eTeleueme|  Glgmenevelley
Qmpsran, @Cr Crrsded L ojereysamerd sAlUTTES (WPlglLb.

THSFHGSTLLTSE, epeatn eI Lmsmers Oamaml @ Gurmener Gy
Crrsdledr Fflumssemd.

5Cau, @ Curmer 2 puSHurELCUTCs s ahg FHUTTSS)
samsranilEs @Qssmaw eliLarellser LweTLIH S eTmen.

|
‘Uil ) 2 [ 1w

=3 e, e S

UL 1b-5.17 1b)eiregmy) e LiLieTaflulleT Liwest

L

GuILETEN

Cairayl Quiiyg

Yy

[FGITGRLDE GV -

2 Wihg GUmSSLD

1.

2. @Cr Cpradled L eTe ST BieTHS (LPlg D

3. Wgeyd mILLorerg (0.001 enodymem)

3 LweTL(BSgeusH@ eraflenwimerg

5. MSWLSSHLMETE), Slwug.

6. o aurfeduyd, @liueTellybd LssSHe QMHéss Camauulldvme. isaTme
CBTEm@ZTT aTe|H@hsE@ THDI).

G DFHET: -

1. Werempdand  wond  Wearemete]  Coumur(&EhD.,  eTe|SaerL]
LTSl & Lb.

2. Wergnmisailey gouiL CeuliLsHTed ieTeysem SrammaGel MM g (HLb.

3. Qarenegny Lwetur qertGurg, BewrL g edams (signal) Liwewtid

Cawieuge, oigem dper Gaow eumilier (.
4. wHnelams elLeTellgemer ol allene SlsLb.
5. SETHGD ciFa WOFeDd GH@Dey.

5.7 auafluflwed griLieral (Pneumatic comparator)

(PSS STHm) ) IR 60T Gyl 6N GIT cu s
QegussliubCurg  gpuBhbd WSS Coumun( OGS ET
UL g dlueunern jiqlienlwnsgsd  Garar  glueTellsamer ()
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Neempss euens euafludwed elieTedlger (Back pressure pneumatic
comparator) eremmid, ) L L Cous elefluflwe eliLeteliger (Flow velocity
pneumatic comparator) erermid LIflGEemd.

5.7.1 Hererupss oes epLiierall (Back pressure type pneumatic
comparator)

- Y-3) ST Iq U|eTemTengL Curesrm /S
Gremr(H D|EMSHEIT Ol mersL_ @& Lomulev,
smpseer  Wflg@n  sOULE  seufled e P [/
mewr  generuyd  (orifice) (01) Gouafllgaaufle 10 PB
@ Heargemerun (02) o aTerg).
QUCumpg Ps eremm (PS5BS 2 6T o MO R R

STHEM PS5 SmDuiled CeadHema,
QrartLd  enpuilell (PSSO  ETEICIGTETS
BMEGL? QIETLID enn (P(PUGILTS HDEsL LUl igBHSTe®, (PsSsb 0-
aaCp QmEGL. gOamamnréd Pssh eraug Ceuefldasmpdler  @Gpame Ll
SeTSSLILHGUG. SLILIGUIOGTDE  (LPLPEUGIOTS Pl UIHBSTD, HSET B(PSSLD
CegusslihL  i(WssLrs QMmeEGL srag Granh smpseiad @Gy
2(PssCL  QmE@WL? eame Geeflggeufles o 6Ter mHETFHMET (LPHEUGIOTS
Sobgl S MoEID. (P(PEIBIOTS Eplq el TO@ID g@reTe| SnHABHSTED Gyem b
Sjanpuilerr oypssd Pp erans GamearCeurtp.

UL 1b-5.18 Liereripss eLiLieral

Qulurupg Geuafllliyn marTgenetuiler eutenwt Glbgeurs epgermed P
TGN (WSS S EFSg Ps erermn Hlancven el b eN(HLD.

Qeuafluyn meamgiaeruienr UMl HHOSFHSEG GHL  H(PSSD 6Ly
LIMUGEDG eTaTUmg LLSSHE® STemteuLbd.

0, eremm mewr geverulenmr eumll  eplgUIAmHSGL 1
Curg (o8Teug s jeme] 0 ererm &) HEH@&SLEUTE)
QreorLmd  epuller  Wemampssd Ps-&@  Fwowons
@muugrée Pp/Ps erem oldlgd 1 erewd Csmeremliiib.
Wng 0, meargeerler ouml &pnds Hnds g Ps
Qugieurs @Gopbg GeranGL  cu@mb. QbS5 (PSS

Coumur® @ Coflors Carirs @ mHe@ELd. 03
o1
Q@J@ﬂ'—“—lm @JGW @JGF)QTUS]GN eumeniL G’TI—IULQ- UL b-5.19 Neren(pss L

epheugl g Splug?

@M 5OUY SLoLamws Camarh Her ganeruler eumenl eplg 6dL_ewmLb.
Yerenry g Oogieuns BajsdHemea Cbwade  Gode o deal®msgn sy
CeuafiCumid. @ &L 555@& C6 (PPeUgIons: HmargeneT SnbHs Haneeanu
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Sfenujd. H&Ceu meaT FGeTsGw, SOUY L &G0 Qe uld 2 drer
grseansll QuThsg HeTHmeTue UMl oj6me| @HEH@SLD.

,5Ca, Yenampsssams sferliulen eped, SHLUY Ll 2 éTer
FMTSMS S{ETESHEMLD.

@&Car_un’eL gl wsts  Oarar® GCarbeods (solex) eram
Wgrere BrL(h Hoeuetd @@ @luearellen 2 (HeursSug. oiHem enlienLill
UL SFe) SHTemTeurLbd.

SNH5s FmHop aThHSHE Cedgid @wrler @ Hamar Hmarer @
Carliguie eppdlulmsen. Qg 2Ll degssliubhn  sthdlear  (PSSS5MS
orprwed @Cr &me ameusHSCsTETeT 2 Fabd. (PPEG GPMIaT Ol (LPEHETEHESLD,
B7 wlLsgsGwerer Qe CeualiCu  CQequds oiPsSsLISS CamereriiLD.
Carlguie em wWwsswrat  (monometer) Cur@mSsSLILL(H — GLOTULL 6T
GenenTssILIL (HeTerg).

O]
H )
PHE G —» ' e
| T AP Lm
F-od FE--- gUUT GLpmil
[ el FoT I
Lo oot Tt— =t J=h
o =|9= g~
\F= 3@ ===
BiGsm g —?17:7 Z —: 2 rjafl (0,)
By - Qurmer

5 I7, L] wee
UL h-5.20 Lferenpss cens STPYI GLILIGTRN

WG GUTUSEW, (Wwsswreall Qearssiul L QL s5&EG0L  bHeN®
@@ Hawgeer odmearg. (0)) smpsGLMU_ET @@ FUUT  (@GLTU  epeld
OETHGL  HIETHMET 26Tem @ 2eawryedl  (sensor), @eeanrssLUL (HeTerg).
Qasmar @@ earsEL waneatuier G CurmsHs CarerareLd.

SETEGD  FIM6T (PPeUGILTS SmpdlHa@GLoLNg (pssomeaiuile o 6Ter
B L, Qerliguie oerer Bl ggisE Fowrs QEGL. QUGurps
SaH@GL e  goasg S0 (0)) @@ Cuimear  ®eSSTR  iF6
Qe CeuellEGapu  Wetarpssd iUl @, siwsswreiuler Biwlid  SCp
Qoudl QmHs@L. creucueTey Qnmdl G MEHng cTaTLMS @@ DaTe]| CHmedler
epeLD fahgl ClEmeTemeumLD.

Qs euueTellenw LWETUHSHUSDE (P B(PEH SlgeHSHM6Ts
Qarenr(® emei(® (calibration) Gswig elpHeuriser. op&Geu,  QLITHEHHEGLD.
BIETEH®eTH@GD Qentuled 2 ecrer grsams CHIiGUITs ETEHSEILD.
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@Ans euuetelenw LweTURSHDLCUTE  (pFedled
@m Osbsrsansg (Standard) wenerufer Gwéd  @eudg) \
Beam  generwller 2 wrsems, eteyCarans@  BHHedle
Qma@wrn sfdswg GararorGeuamt(Hibd. QbE ieTanoy
O-erettyy  &flQgwig  Osretereomd.  Wn@ Cebsrsams | ]
aHSHI(H, etey umisEs  Ceuawrigqws  Gummener
MEUSSHTE, S|(pssoretudien Brwl LD N oY (W;‘,’,;,‘Zfa,)‘t I
Cagn' (&@ ahu FHm goibd SO QDHIGLD.

Guimger —
Qésmaw  guuamalsailar  WslCuflu  mereno ‘ l
ereraGleueTm e, o_ewryeudl e GUlg-Gl S|enLOLIEnL

LTHNIEUSET (PO Lideuend GLTHLSEHEGL QsamenL
LweTU(BSSMD.  THSHSHTLLIE @  SHleneruller
AL geng FfluMisEs @@ o (meetuilldy mewr giaeraar CuIL( UWeTUHSSLD.
glenerull e FGUT & (615 (FLD Qe wgyiaer

@enL_Geeflenw @6ucuenas o T el er

(ULb-5.22)

7
goelwons srligeld@b.  2arjell  gamerss )
phele gflures Qmss Ceuar(d — 6rarUgibd %////// /

Saudludleme. gharamré®  Qmasmal gl ()
Gen_GleuaflanwGul ST (HLD. @I L&D
GenLCeuall Gappared LHLSSD GGl dsflsEn. i Qe Gouefl
sflwrasGou &) (HEH@LD.

LT
UL tb-5.21 gjeral® Gz

2 (HENETS BlGMEHSHGLD (Plug  gauge)

MW
NN

\\

UL 1D-5.22 Q(BSIeHoTeU I oTS556

Qe FGmeTHEhsEG LS 120° Caramrsse
% epetn  gleverasear GuIl(h LweatLBSSHearmed  generudler
/ QUL Semenel emhgledleomd. (LL1b-5.25)

@ QCzsCure LOCaum jeTe|semer FALMTGS GQHS

/ euLeted LwWeaTL(helms LGS STarreurLd.
UL 1h-5.23 giemeruileT aul’ L5 R  FHMETEGL, ST G LITESGIS G (LPETeT
SETDLOGI o155 Cem@sgs Catamsms DeTH@GL (PeDew L Lb-

524-6) GTemTeLMLD.

@umper / / ;

_4__/

N P

LL15-5.24 QFBIGS51% UL 1b-5.25 ¢ QLT e e
Caxremrgens FALITTSS SIS DS TGS
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em Ourmeflar s (Depth) sramib yepolienu LD 5.25-6)
sramTed. @Qbg eliuertelleow 0-eraim  eTeydh@ (Pl Fflbguig Glemermm
Wng Qurmefler jemeneud sflumiss CeuammBid. o emed @& W& BTG
smell eratugTe®  Fflwng 0-ojeTeyd@ Ffllslicug eremLg FOMS SHlgemomeL]
uenflwm@d. Geibd 2 6T Gouefl miem generseflenr jemey LIOLUTHLL eTLLISED
Yenpeniwt gHLBSHID. eTarCel, @dsamawl Gamsaer CUTES o (HeurssluL L
smailCw  Ceupur () wpss eluereldl  (Differential pressure comparator)
GTETLILI(HILD.

5.7.2 Caupiur’_ (B (PS5 LILIGTA])

Qs euuerelluild sthms@ELML Qrarh SHoersarmal N,  etn
eULCHTEE sarsEh.  boprearm 2 amels@n  Cedqdng. (PSSD
DTEGD  emejorall  @raw@h  Gemisemerd  Qearsdng. < 5Ce
o aurjedlenit  (Paed CeparsSlen ouamer sigensuller gGmemule meuss DG,
ULCHTSE sarwild oemer SHm@ wergeow fl0sg ojeTajwreaf O-erem
sTL(hwrm Cauwig Csmereremb.

Qaalng Curmeer eTd@ELCLTE, o8 OFbsrsdar oemeledl(HHgl
erédeuerey Caumiul () Qmédng eraruens Corgwins ojaThg CSTeETeTemD.

26T HERTGIeneT

a H [ Guy Coree
( BT (Jet)
e C - 9pSswraf
r Glurrsrgsﬁ
L4
~— v/ /Al
- = /|
o & @:}'m”gﬂmm I/Z/_I ///_z__swrirsfﬂ
VAN
ut_1h-5.26 Caumunt @ upss rirenal) QUG [miant gienar
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5.7.3 smpmIGas auews eaLivierai (Flow velocity type comparator)

@@ opuiled 2 eETem  BPSSULLL.  STHM  @(H RSTHEET  eULPLITS
CeueflCumbCurgid, jempuiler 2 au@EHuGed ogem Geousd LIMUEHLD. FGener
Quflsrs QmbsTed Hs Cousupd, Hdwsrs QmbBSTe Gapourar Geuspd
Qma@w. @bs smbear Coaussms oemludler epepd, Curmeie ojemameu
RUALH arssend. aarCol Qsmarsd sthnCels cuams gliterell erardlGomibd.

UL Sl o26Tem ¢ Sldl elqeud Samanmly  @GOTuller  jiqulley
Spsslul L smom  Cessiiulh  Copypd  euplwrs  Ceerm  eTHELWD
BIGTEHIGETENL L FMFL. FolDLIGUG6US SHeTenwTqd GLPTUN6T 2 GTUSSONSG  6(h
sipad Wgeneu (float) eeussls L (HeTerg).

2jere|Caned

Ooolool b

71

SPp&sLUULL f
SMHO) @ms@m

HIeRT glenar

UL 1b-5.27 srppIGas arana erivenadl // /77

DTG mamglener eplquilmE@d  Curgl, Wisameu  @Lpmudlen  <jiquiley
sRENmSELD. Heamgemer HobdHmesGnéursg, smn Ceswrs CeualCumeuste,
9185 Wsmaimw CooCrprsdl Oeaisgib. Wsmeal ereualetey b  GGe
Ceeamd(mEHnG eTaiiensd @ HaTeCHTE® (ped DjeThE ClSMETeTeMLD.

Wsdler @ CFhsTsmss Oaramp wWgmeamw oare]Gareler BheNd
Qma@orn  mHew  geoetaw  Floslg  GCastam  Wng, b QLSO
QurmeneT emeudsTe, CUT(HEHSEGW, CFHsTsgGEL 2 der Qe Couallse L,
Wsemeuuier = wgb wrPlumEGn. Qanss Garar®d Yenpenw eralsrs GsfHs)

QEreTETEMLD.

aafuflwed sriLieTalsefeT beTen 1056

1. <{GCTESENGET oL (Hdlesr), aUlg 6l Coumiur(HsenemLd @\germe

T &S (LPIgUL|LD.
2. o 'L, Ceuaflliyp oeTeys@meTd |6TSSHEMLD.
3. Qe geateno  (parallelism), Oem@sss Satenw  (sqareness),

Caramgsemend, el L G emend o &lieudennud FHUTTSSTLD.
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@de  smpn UwSUHSSLILHSTER, o@D Sl  Cummaners
Casrheudevene. eranGou, @ CUMmHaneTs GHTLMDOOD 6TdHsGEeueTiq U
Cameud@ Cuflgib LwetufL.

sthdlen  WPSSWWD Wseyd @Gapey. erarGou Glemanwwmer  Csme,
guug, Uermevigd Gumern Gumlsameryd ereflgns ojerédsauLd.

Werr  guuetelsmerliCure, @Cr  Corsdle Lo  eTejseer
D|GTHHELD.

SETHEGL  HMeNEE@E LMD 2 ewT(HLD  HETFHeneT  STenFeniLl
LUWGTU(HSSMLD.

@ger Gumasn X 50,000 wLASTE QHLUUSTER HOSILLTE OiaTEs
UGG

Qeueuens gliuaralsailar aiFs (Range) Gevmay.

@ser 2 aiGeusupd (sensitivity), Geapey.

smhn B Gml  euflwrs  CeeussbGurg, g GLmuiCaCw
SIWP&SULEL eumiiy Q@@UusTe, oj(psswraflufer ojerey Wenpwrs
B m&s eumiiLer (.

B7 UL msmer @@ oereCarellar eped oerd@&nLGUTg Bl LLb
Blavoowrs Qoorssrain, Qaearsyl Menyp (Parallax error)ufemmayid
Semliugled Genp LD

B Qsmigquie eemer B OQeuelCw SHgd somls ynses mrLIsS

L.

5.8 pflwed eprivierall (Fluidic comparator)

o®  Usdisde  eder B epGp
QLDOAUWIHSTID, iF @@ He GPTL  cuunss
CeoabGurg oifls 2ursgs&GE Osdgibd. @ger
SfigLenLuSle S|GNLDMH S ST 60T Qns Bilwed
eliLeTe.

@@ OweaLen epyu Bré@Oameuuden Gue
@@ Heamanilu SeneTL 6T Fnlgll SeRTenTTqd GO
QurmssILL(HeTarg). G wddHler  jiqulled ¢
oFHGFaTH  QuTmSSLILL(HeTerg. &S  sar(H
snCm EMIE) Crrad BETHSTEILD, |8
&hamcuieyerer Beoy CoOCHTEHEF CFaisgibd. g
Blarenil @Gl euPlwurs  CFassiLBeusted  5s
2 LISSISHE JOw.  GLTUSEGL  USsSESHL @
oere|GCameney  neusgl, b Bflar 2 wrsens
D|GT&HSHELD.

TTT
bt

LTy GO

Moo ondon Tl

AR

/77T
UL 1b-5.28 Bilwed LiLierad

75



Qs s euUaTlsellar 2 armn Ceusbd Wsebd @Gapey. Bifler

SPSSLLEL  samenowndd  Fewr  @muie B g  eTed  G@neurs
BmEGL. same Wanpu@bd eumiliLar(.

Qbss srramBsaTTe) @Qss5msW @lilaTellsdT Q6 Lpssssd Gldame.

&I NGTTEH 6T :

eUiLeTell ereaTmmed eTeiTen?

1.

2. guuerelluliler GCgHencu ereie?

3. @uueTeiluileln FnmiseT wmeneu?

4. guiueTellen GUMESHET eTaen? 6Ihg gl uiled e
cuanalIL(hSsILH S ermen?

5. erpdlredwe eUueTelsem wrameu?

6. walywrefa@b, Wwsly eliueraills@n 2 eter CoumLin(hser ererer?

7. Carsergen enwsCrmGslLry elinerelludler ojqliLian ererer?

8. Caraargenr awsCrmGslLy gluearaluier Hlean@enm ererer?

9. Gwerssl (H elieTeluller ojiqliLienl GTeTen?

10. &lsom ety euiLerellufer SpliLser eremen?

1. erpdlredwe guuetelisafler Heom, Gapseer L igwel(Hs.

12. gafluillwe glierellufler ojiqliLienL eTeme?

13. Oguien gpaflorafludier Bemenose erere?

4. Wenaflwe eliuerelseaflen ojgliLienL cremen?

15. Weneflwe eliuereluiler BHeTeLDS6T WTeneu?

16. Wetermem eLiLiemelluNe jiqLlILienL 6Temen?

17. auafllwed gliiemailudler ojqlilien eTemen?

18. auaflllwe gliLierellsaflen euensseT creme?

19. Coumiur(h elierelluilen BHeTenLD GTemen?

20. auatlufwey gliLieTelSate LieTs6T Wreneu?

21 Bflwed eliLemeNufen Germaer eremen?

OB®H AeTTSHSET :

1. Carsergen enwsCrmCalLy by euueareluiler s (hremsengli LILLD
aueIhg NeTEGs. fd CUmHSHSHMS LTHMID (PED GTETE?

2. Sswr el euuetelluiler sl (HLransend LD euanibhgl 6ders@s.
DSET HETENLOSET UITeNEU?

3. @afllllwed  guueteilgear  wremel? euddled @@ @luerteflufer  LILLD
cuerhg CFweour el aSerd@s.

4. Weremlwe eliLarells@, Weraram gliuamalls@d 2 6rer Coumuim(h

craren? Llemeflwed gplitiemeuiler CFweur el aSaTéd@s. s

[BGITENLOSHGT GTEIT6?
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. eueflulwe glitieTellser wreneu? eTam(pss euend eLliLiemelludlen
sL(Hwrensend UL euanibhgl eleTés@$s. SH6T HETeNSET WTeneu?

. smnCous glietellufen Geweurliel UL cuenihgl eSeaTE@GHs. IS6
SpliseT ereen?

cueflullwe  gluerellgeflen  LOGeumy LweTUTl el UL  cueIhgl
cleTS G .
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LITL_LD: 6

CaTewsish s 615 %5
(ANGLE MEASUREMENT)
6.1 Gaxmewr 9jaraiser:

Garfparemosais Gelwlu@n  Cdurmeaseaier Casremgeans  sflwns
olerss  Couamigu! gL  (PSSWLMGLD. @@ Faldl eugeud S, @ Fald
augous  geanarwied  Fflwres  Curmps  Couam(®Oweapre, Qbg Qe
Qummergaflen gL Camamrpd @aEDISe, Fflwumsebd @QHEs GeueadT(hib.

Qream®h Carhser e Yeraflwiled shHa@wrammed, odd @@  GCsr),
wHprm CarCLr@h ereualerey FfHSHHeEDG cramudlen emGeu Gsmemrom@Ld.
@CzsCurey  @rawr(® uwrlysear @ Carligd FHHSGLIEMD, @@ Ly
QanQermm LyliCur® ereleuerey b mEHDE cramuer ojeTe b Carauromn@Ld.

Qarpsramosaien, Catamsams oerés Udeiens Caorenr  erellser
LweTUH S ST, ojene:

1 FfaCxsrenr gjaralsar (Bevel Protractors)
(a) Geugeflwy Caremr ojeme? (Vernier Bevel Protractor)
(b) el Camewr oemedl (Optical Bevel Protractor)
()  wwew Caremr yemedl (Universal Bevel Protractor)
2 NFGT FL_L_LD
(a) eger gL b (Sine bar)
(b)  engem emwwid (Sine centers)
(¢ angen gerd (Sine table)
3 Frgmw oL L_td (Spirit Level)
4 Fiauaral) (Clinometers)
5 G&rewr & F19e93 (Angle gauges)
6 Srastlenewt paflomast (Autocollimator)
7 Camewriomest) (Angle dekker)
8 Criu®s g 05Tl HTs5E (Alignment Telescope)
9 smallwrery mievrCesrrs:® (Tool makers microscope)
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10  angar Bliped Hr1g (Profile Projector)
11  govaSlw 2 (hesTenL_&@pLd, 2 (henars@pd (Precision Balls and Rollers)

QureTaatien  eme), euqeud, Henalim@ (Position) o Sweuhenml
Qummggid, oeés  Ceaamgw HLULUSHSL  QUIBSFHL, QdsmHelsamens
Carpls®sail LwaubhsHs CarerareumLd.

ThsgIssTL LTS, HAPw, Ffleuter uSsmsmeTs Casrewrl @@ GuTmener
@@ Carenr ojerellenwsd GaTam® ojeThgeleLd.

Qpame, FMleuTs QHSGL @@ Censgd saTsms aTES, @ &FMrmu
bl smaGur, g sralmear gafl  raleowCur grer  UwWaTUBHSS
Geuatr(HLd.

6.2 Fiflay Gamewr gjarailsaer (Bevel Protractors)

LeTaflgafley GUlg G SenflgLD o
aElysale Catamsems cuamreusm@LD, [

QEwe upaner
(Working edge)

S|eTLILISMESLD SOTEULL. O
e P @?EG_W | edlsmens ST &y Soitarems Qo emiu
LIWIGSTL UST&er. (Pmret)
! %55 s i mms
LD GG T aalo s
GUL_L_ ST 6T & WGl i aymuntic}

FLLib
Y Srocky

SOOI sl @@ el Lg SLel Ll
Ounos. =86 oo  Oujelus
SereyGareme 2emsgeIl LT, @hs e seaie
UL SSLH, ereleueey Caramsgisa
sHNIES) TRTLMSS FHOOWILOTSHS
ST&SIL_(HeSl_eumLd.

! LG‘I;W&) (Lpan T
8 1 ath (Body) {Working edge)

UL th-6.1.1 #iflay Sament gyeralil (Bevel Protractor)

#fley  Caramoereiuier oqlLmssded @@ FlLdng Heneowmsl
QurmSHI_[H, HHOD 'L d Sligd @ Bar FlLgmg CQuTmSHeS L me,
@&a L b SHMILD Curgy DIBHGLD
|G EFF L FHEGL Qi odter Caramtdamng
craflans ojeThgl el

Qe ogliumlwled  amwsslul L Cg
#fle; Caranr jerellser o) @L0.

) sflay Camemr Slerefluleo
S@LL®UULD, 56T 2 nlilsmennd UL S
STETQLD.

Qg sfle] Caremr oemell @ GO
Carenrs8nH& L (HLd SHmILD cuenaufed
SIMWLSSLILL g (HHSTR, Fenear Geufailwy  gifle]
Garenr ojaredl eremmid, 360° CamamsSaid SHMILD
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sl  wssLLLIGHHSTO, Dgamar (WP Ffleys  Catam  ojemedl
(Universal Bevel Protractor) eremmid &wmmieur.

waerew Casrangsl (b, Goufaflwuy Coremssl (Hbd @  SHETenTTiq WTe
SmwssliuligmuuGs  geafl  sfleys Caremrjerefwm@d.  (Optical  Bevel
Protractor)

sfloys  CaramojerellgenerLl LweTU(h S Careamrdansd  eTHEGLD
PEDSMET LILGSHle) STEreorL.

Q

-~

Wi
S A—

GorGsransms s

W(PESULILL (penansafe . fd
GCatamseng Dien5H60 V-aigausang sargse

UL 1h-6.2 FflaysQarent ojerafullest LIwesTa6T

6.3 anger FL_L_1o (Sine bar)

Catamsens oaTdsll ULaTUOL @@ &@medl egen gFULLTGWL. &g
Qmblerer  OFcdeus FlLwLIGL. ogar S GOUELL Qe Ceuefluded
sflwurer  @Cr  jemeyeTer
Qrent(h 2 (HENGTEHENETS
Q& menTiq (Hé @ LD.

@mbys sl b

2 Gever

O

>l

Qe 2 (Henersafler
MLWSENS ©) 60 6mT & (& Ld
Carlh, QY sl gdler
Copypsdpe  Qomamurs

NGLICHINI . ,
ATEEEL- G560 P;/é&\/ wlLg gend : P
QI_IIT@J@_I If:3 @D’GO‘OT@ UL 1b-6.3 Fer FLLID

2 (HeaT&H@EHEGL QenLyerer grrd 100 LS, 20008 <@g 300 WS s
B)(H&@LD.

@@ FLLLL Fas5HL QBg enger FLLSMG @eussre, igem CmLmd
LULSZEE Qamwins QHEGD. HPamed @ Fmletar UL Gdlear G
mousaTe, FULgdHer  Ced wLL@pL  sniersCel QHEGL.  GTeUeETEY
Carenrsdled MBS (HEHME TETLENS GTLLILG HETLILIE?
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QanE FTUHHMEGSDL USsSHL o amer o mavetant CCe  gré@omm,
s Sp  Ho  Be SgmssameT  @eamer  Gd  @emrs, UL g
srligueterensll Cured engern sl e GLHLDD FLOWTS QUHL eueny i(h&S
Qamerer Geuemr(HLD.

angenr  FUL GHer CLOUSSD FLOLISE 2 EGTeTST  GTeTlengd @ ST

L gdlen eporsCelr oj@eg (PSUL I@ILLG6T Flgll ¢ 2wy Ceufefwy
wreflenwGumr LweTUHSSeTLD.

crarCau, N6 gL Gdlen Q( (pene o° Cament 5516
SNS&LLL I (H&GLD.

QuQumpg Bpes sgmasaier 2 wrb h eearé QarerGeurt.

araiCou ABC et p&Camentddlen

o h
SIHQ—L o’,,g’ %h

JONLTCG) L = Qrar(h 2 (penerasaflen enbwmis@hs@ Qe il L gy
h = pes symssefler = wirb
QdNmpg D erarn Carangensg eraflder samsdl(h eleomb.
6.3.1 eaFer ewowip (Sine centres)

MNIF6T FL_L_MRIGET eLPEULD ; ) murth
Adlw, Quflw Gscueus  gwger
uglierer  Qumpetseflen  Fmlicys
Camentdensd {eTSHHILD.

SLEITE, SalDL| 2 (HEDETEENET
@ger  Ced  eeilg — SHgab.

BN, Far  enbwmiser  (Sine
centres) LweL(h&lermer. (LD 6.4)

O BUpojSdges
.

WasLCluflw Ly LL_1b-6.4 enFerenpuh
Qarareupdlen FTm6 26T
mger Guoagser (Sine table) LweTL(HlLbd.

6.3.2 "B et CoerF

Qe mearsgCn @Cr Sasulldr o drer smiamer ojerss  LHCW
LWeTURD. < emed, @ Serd Qrean(h daasailen smibSHmbpame jeuhanm
&l (h engar Guagsenerls (Compound Sine table) uvwetuBHSSH ieTdHEMD.
Qda Cupup seTdms X,y e Qe Homssaileid o wissemd.
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mgen FULMmGT A-euens (0.0lmm/m) g B-euens (0.02mm/m) ere
aesLILI(HSSLILIL(heTerT 6.

@@ Ourmer Sflwstes QEHaTeR, smer aFear  FlLgSar G
amousgd, Cuflsres @Qmbard, Curmeiler G e LS @eUSFID

anleys CaTemTdensd {eT&HHLD.

gne)s Catamsens oemliusn@ LLHLOOMG, @@ Gurdluid, @
Qurmener  sflwrenr  gmieys Careamsdled CUTHEHUSHGD nFeT FLL BIGET
LweTu(H & erment.

THSEHGSTLLITS, @@ &meys Gurduier (Milling Machine) Gssueus
Qmbys slLgHear Copupsens Fnlecurs 0Fgss Ceuatr(Bd GTEIDHTE, nF6T
FLLSMSL LWeTL(HSSTMLD.

6.4 Frgmw w_1_1o (Spirit Level)

RM eumeThF GTuiey gmpmud oappliul( @@ OFeieus FULGH
QurmSs ULllg(HS@GWL. FLL ST gUmEd WBsa|bd Slenlwns V-SiglLei
Qms@w. slLsms spCp snieurmear seTsH0 MmauSsTo, GWPTUID BHESLD
@Wip (Bubble) maihg emiwrend ereuelate] erenm  &MllgeN(Hb. @6
geoawd 02 mm/m erenm GNSSLILHL. sTeug @@ WBLLF Ber wpliler
grlorard ojeg fle) 002 VLB erammrd, GUD @ Carh BSHD. 2 (Haner
auigel Far(hsefemr FTULTAISMS TEGL UMD DF6T glITsD V-
QUGeUSHD Q(HSGLD.

II||III||E—‘_—j;|IIH|I1II u|‘m|||m|<u_4;1\||||

{ L_srrr,rrruu:n;l_u.b

FLOFETHH
Gilp pHN 2 erergys

Ui th-6.5.1 Fsrgmwiol’ 1 b
SMITUILOLL_MBISETTE) W& (&ENDEUTET
CaramsamzCw  oieTéds  (PlgWbd  eTarUSTD, S)g
wlLD urfliugnGs  Cu@mburgbd  Lwer(hEng.
urtiysefler Cpis Gam' (g sSemeno (straightness),
Sl SHEENLD (flatness) <}, Slwieudenm

SETlLSHGL Qevel LweTLRFermen.
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6.5 #miiawmresf) (Clino meter)

LG EIG Semmisef e Carardams SIS O{CTSHS
CaramojeralCwr, ampmu wL L Cor  uwetuLrg. gareammd Caramoiaralss,
Caramgeang eTd@nL Qe urlysdar Gseeu. gmymu wl L Guor  @Gampeurer
CaramsamzC eTéseitng. Qa@Gmneaw Curss Camemromeaflenwiw|bd, Fmrmw
UL gD Qaandg @@ Uil smed 2 (heurdslul L g. Qsng@ smnieyore
(Clino meter) ereimm GlLwig.

R FOM FLLSIHO en smymu UL QurlSSILL g (HSEGWw. LLLb-6.6.1)
Q@@ FOSMHH0D aussll LLlgme@Gneurg, smmu L gder @GWD BHele
Qmes@h. pamed Qg @@ FTle|  sasdld  meausELEUTg  GLID
RMUSSLTSE BafhIelHw. QUuouripg smmubl L sms, WD sflurs bHeND
Qmseomm  Hell  sfllsusréed  ogear  Waemuied  GQUTBSSLUILIL g (HS@GLD
Ceufefllw@mbd — eulLomer  yemey FLLFGHO BaiHg  sflwmer  eTeneud
&L 1g e9(HILD.

Gaurew syerayGard

# o= 180 - (8 + ¢)

FTTTUoL Lt

FeiraTed udsssgb
(opening) Gear) L. Carem melremaral
emgmuoL L b (micrometer)
i (pimit level) Fmgruwinl L
e
= — . ,
I Base |
UL ib-6.6.2 (p&Ly Fmiblajwmed UL 1h-6.6.3 m@vemerall Fmiiajwrad

FOFAHMS  SgliuemLwnss  Catawh  Qssmelsdr  Caremdans
Sjarsdlemmer. opsCel  sTTULLLSSDE Udld @@ oomsee  (Pendulum)
QurmsHuyd Careamdeang eTsSOID. QeHE omsd Frleonei eremm  Guwg.
snleyorefiuiler WwHD eumsFHeneT LIL S STemTeuLd.

6.6. Gaxremr 19 F 56T (Angle gauges)

Cor  oeToysEnds@ Cabsrons Beysd sgmsser Qmluamsts Cumd,
Canmenr ojemeysh@ OQensrons QU srer Caram Sqmaser o GLb.
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GQeneud, OFclaus eugausdd, ue Carenr eteysefles GElwin L
SOLIL| GToodlemme) o emenel @G, QE6T HHeTHGL LTLLS@E@HD  GULPEILPLILITS,
pamper G @eteny  meusF  BEFSHEER, UDDE GEmETEnL  euamsule
B)(H&@LD.

& remt &19.6005% 66T ) aTa 5 6T:

umeng (Degree) urend Opmg (minutes) | urens w0 Opmg / eflermig
1° I 0,05=3"
3° 3! 0,1=6"
9’ 9" 0.3=18"
27° 27" 0.5=30"
5 4 4 13

Carenrs slgamasar oLsdw Culiguiley Crgsn 13 sigmsser GomulL
Sl Lamaril®y  @hHsseutny QHs@EL. sjeuperp CameusCapL Qe sa
LwetU(BSSHS CsmeTemeumLd.

Qng symssaiear fpliy ecaarbleleamme, Qram( SHgmassameT Qameansg)
Sl @b (PGUD, SLPGH|D (PlgULd.

T(HSSI% HTL_ L1,

27" Geraw  sumssawn, 90 Geraw  sSh@mssmenyb LSS
s igwerereurn Gevamdsne GQrssLd 27°49°=36" AaLé@b. sgmssalen
weanarliler ey Sengulles Camemrd 2 widpg eratumss ST < eTennn
GO Cur il ymesn. glearamred, 1° 3° Gurem Hflw ojerey Gsrawms
slgmsaaflar GCaramdangean FarLHleoid S, el OFaasd elgeunrsGel

G5 fluyd.

FiA

Qs Camemib = 27°+9°-36" . Quwrss Gasrewd = 27 - 9°-18"
opamed Q8o geaten Hmid amasstd 27°-9°=18° daLsEw. 2L sGa
0° wso 90° ey 3 Utms alamgsd gousHa Gésqmesmars
Carggl LwWeTU(HSSLD.
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90° &G  CsmeuriLL LT, ggIrs  slenll  (Square block)

LWETU(HSSHEOMLD.
/
O_0O

O O O B :i?rftl(ick O O
O O

UL 1b-6.8 510551 B
90° + 27° = 117°

TBSSHISHTL B 1:

Garam symssear Csrar@, 47°-33"-12" Caramsams Hmese erliig?
47°-33-12"= 41°+9°-3%+27'+9'-3+18"-6"

TBSSHIHHTL B 2:
114°-6'-36"=90°+27°-3"+9'-3'+30"+6'

@@ 90° crairLg FHTSSL () G LD.

6.7 graflanent spafiomesf) (Autocollimator)

afllllwedle, @@ Qamearrwrer ooy o (Haurd@GL @@ Qe
lgs@  (Collimating lens)  erdlfléd, qp sameammiqenws  (Mirror) @mni&sns,
CemGss1s @SS, DIGSTaNTy b Qameamuner qefldsdeny oliLigGu
Qananr  opi9&@ SHHUY  ardlrmais@w. eranGeu, erdlrmafl @Qenamr oy iqudler
@ewls yereflulew (focal point) Wew@®Hid Qeewruyd. ops Gewls ydraflufe
@@ CurmeT @eussULLIgHBSTO, oiHem Hlipe eaugeuipd 2(Cs Letaflufe
aubgl BTG af(LpLd.

@emrepafl 9419 (collimating lens)
&aflemwwib (focal point) L -
QT eT/Bliped \ SewressTria (Mirror)
/
St

wae»ewr (base)

UL b 6.9 sevenTTy O\FmEIGS5 5T @) (HbST, BlLped ail(pld @)L 1b

85



DT, SaTammgel LGS asriguwern sHCn smisg emeussme,
Curpefler Blped euigeud, Gewll Yerefl gearsdled, Cummer QmsEL QLS55
ghm $Cp afpLbd.

samentTiquiler FTuie] W@GSHwmEGLw FUIbS) & @LD Senrammly.
Curg, @ns Qe Ceeflluyd  Wi@LW. o Do :
QuTBHEBSEL. HpwsEl 26 Qbhs @Qu%:%g’fm gAY
Qe Gouaflleows  jempsre, Caramsans r< A“”T

OfeThHE SLeTd eeveur! XI (é/L/

JOLATC:) UL1b-610 Sewantiy smMieuns @)mbSTed @L;m o
fooo= uWler @eflwgnd
X = QuUTHEREGWL. Hpas@Eh Qe uld 2 6rer emey
0 = sarentmiquiler Fmiie|sCaTenTLd

crapmed, @ = Wseyd Gneaurs &) HeH@&GLEUTE

X=2f0
. @ x
N = T
1
- kx, k==
2f

K ereiiug @@ smeillsEE Haeo erawreanns &)(mEELD.

@@ samay O-Caramsde smipsTo, g6 orHrmafl 2 @ oemeiled
Qma@n g @aluilwd  HurGL.  se@mOSTEr 2 FLETUTL ig6D
QL bOUDMIETETE).

'@ggggmgmgu LWeTU(HSE 2 (heunssliul L g sren Freflenent eaflome
2B

Qde, samanmg @  wweerllear  Gwd  QUTHSSLILL G (HEHEGLD.
Olgoemenier  Berd  GQumgieurs 10008, QHSGL. Qs5DE HSLISGLD
S mLLg e (.

Ars oigwamer 0 FTiieTS Dmpsted, sarammqub @ &b, erarGeu
samenmguiler grled Caramsms eTHSTD, g gomanuie Csrammsans
SETULISNG&HE FOLMEGL. QF6T epevd, Samanrmiquien ojqoameamuile @ (Lpene
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GTGUGUGTGY 2 WIHS(H&Sma) NV STOHS(HEH DS GTETLIG G ULD
ST &SI (HeSl_eumLd.

Qps samamiy SgomamU baisdl. paisd g pa®L Hmauie @
CrrsGanliger 2 eter G UeTemmismeT eThg, CrisCsm(hs semenanuiCuwim
(Straightness) uriys serenwenwCwim (flatness) jeT&EsHaTLD.

6.7.1 sraflenent safiomefuileT &1 Hiomerid

sraflmargeafiorall  @reav® salssall o plilsmers OErarrlgl. et
Gaenreaflls ugd (Collimating unit) wHGpreny eHCrTaflGEGL  HevTenTmig L
u@d (Mirror unit)

Qe SIS LSO STETemLD.

Qenent  @allluGHGD @ Sdlw  WaelasE @ me@EL. QS mHal
aumd  @alssdly  @m  Oadley yuufer  (Condenser) eufluns LGS

Bposbl @ep | @& sl @ep

[ To—
yams (| ) A

<= Geflay oy i/2z afleamry g b
= T

Qpmrg(1/2 Qprig HILLID)

uEH ageTaiEn 56 Beds sl eop -
s Gemnd &)
o I 1 erB G gran
4 2 SR TIY
Qeoss

D &T

Li_ib-6.11 graflenes gefwrad

adlrrefla@  sarammquier epod  addrmaissiul(  Qamansssli il
(Collimating lens)é@, o GellbLWSHD @EUSSLILLHGTET @I {ETHEGLD
Genpaser Caram_ seameanrty eudlwns GCeemmenl b, omEmbg el Qanenrs
sSrme ), adHarreaflé@d samanmgamu SeLbg, mdmbE rSHbrmef&@Lb.
Bar@w HHwA aumd gaflésdli, Qaanssdy opguie euung oerel@Hin
saemTigenl!  enLbg,  eIPwrgdE  eu@wb.  elPlwmguild  eubl®
SETILSDETE  GMEE Qepsdr  QuTBSSILLL  samanTed  Hanrenuid
STERTQLD.

LGS eadrmafla@n  seamenmg. QUGLnipg eaflaw  adrmeaflssmoe
SL_GFILD. (PSSl er&lCymefls@ELwD & GUT GUOT ML WL IT G LD, Yn@ SL_SFID
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sarantmigwrseld  QEUuUsSTCaoCw  Qsmer u@d adHdrmella@n  seamenTmg
(Semi Reflector) erenn&lGmmib.

STHEGL  saenmies  Hangenwt  Coaid  Supd  BHISS  Glevedlwions
STHESD @(H Haanreredl QUTHSSUILL G (HE@GL. QS Sammantmiqd Sanrenil,
CaaauaCanu 90° Hmiuhd meisg jeTssmd. @pma@ramered, 05 el
FONWSHD DeTES UM

ey Fmdlwg  Cumed, g iquier el ewwsdd eeussULIL (HeTer
Gnse Qopseiar  Hlpd  sarenmguier  Coéd  ul@, Bew@od, @
anwWsFHECs aubg Ca(mib.

samTemiTly,  @afl  F&S@  (optical axis) @mssrs,  CQFREGSSTS,
gmicildvemosdd @QmbaTed, samaniyd Sapuild o eemr GmEGHS Camhsater
Cuwed sflwrg Hlogid eubg Ligu|Lb.

AT, Samentrly.  (ParssoTs, sHCY FTUBSBHSTO, GMEEH Qps
Carpaefler By Haguier oeter  GMEESCathasersE &0 uLsHo
s iqujerereurn a9 (LPHS|(mHa@LD.

QuOur(pg meawamerellanwd Caram®  sawentmied  Hagerwds 6
Ba75S., Sanguiler 2 6tem GnIEGHS Carha@End, Hlips Car@s@Epnd CummbEHILLTD)
#fllsww  Ceauawrhbd. BEIHS Qo Geselleow  mamemrerauied — jenhg
Qs eTeTeomLd.

SSECEEY

e

saverrmy. Cpors @BES T FHETCTATLY. (IpSTLSSLID FTUES T SR, UVLILIEHLOTS
FTilpSmeD

Li_th-6.12 @mid@s Car@seiar Carpmd
6.7.2 srafenent eafioresfuilet FnLiILIS FnmIsaiT

sratlenemr  gatloratuilenr el  oyFsbd,  (Optical  Axis) gy lq&er
QurpssILL g HEGL  @Gwrlear oFab (Mechanical Axis) @Cr Gamrlige
Qma@rn sl (Horerd Cewwlinl g (Hé@L.

Qaamed, @m Ess5 samal @Cr Camlged HmbeEs TFHeUTH, HLPED
a9 gridlaaner (Bush Bearing) Cr CrisCanliqd ojmnss eraflsns @) (ma@L.

Gaar gafll uEHow pse srmEUld  uTBSHIH. HSSHSS
smadlsafler rdCrmeflg@n samammgewts Qurmss fl GlFliwevri.
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GQeveu 10 umens  OpmgseT  eupbyd, 05 wrens  ollewmg  HILLIWPWD
Careamr_aney.

Qser  gpeod 30 Sy Beraperer  Quipetsaiian  Caranrdans,
CrrsCar (hs semenneaml 6T&Hs (LPlglLLb.

6.7.3 @) 6T LIWGH TS 6T

1. Quflw snley Cuentsgeflar GCaramgaswb, Fflameuud, Cris GCarl(hsd
semenoenwid  (Straighness) slel g gatemwerwwd, (flatness) CemiGsgs
sameneww]d  (Squareness) leTHFeD. LSS Wrb-11 CrrsGar(hs
SO, FHLOLSSHGTOD 6TSHH)

6.8 Gamrewromest! (Angle Dekker)

sraflenemr  g@eflomailufenr  qlinenLuiley 2 (HeurdsLLLL & Smen
Caremorefll o @b. @, Qevamr opiquilen GellanbwWSHD, B GMSGS
sb9s@ udeors, @ dereyGsre LSl igmEGSL. Q& eals sHCITE
Ceery erdldmeflg@n urltiler Gwe L@, eNflwmgquier (eye piece) LmFeneu
serddler  eneussLILL(Herer  @QenGenmmh  ojeme] Coredler  Goé  CFRIGSSTS
Npd. Qs Qrem(h ojeTe| CamasEpnd eTeleury GenardlaTnear  eTerLmSL]
Qurnsgl, Camamsams 6THHLD.

Ceri@ssrs Qbg eTey FlLmsem Qamamaugrew, Curmeflear Csmewdde
o atem  Wenpenw Qe  Slensseailgid  eTssmd.  Qnhs  s@meuled,  qm
Qummetler Carenmrdeans FFLMTES, (PSSl DT jeToyeter CHMmemt &lqeEHSET
SO enger FLLID o dweuneans Cstam®d = (heursdl, smeiluder Laneruiled
QurmsdHs Garerer CouemT(HiLb.

Yeany  smellenwt, Cgleurs paisd. osan el o&s  CQummErssE
Cemiessts Qmsern sflosug Garerer Couamr(hibd. HLCUTps Qe
SleTe| FLLBISEHL, @aren Cwrearny pHeld GCoullys OCaramgmsEh Ulg
B)(H&@LD.

QuQurpg. weamenuid o der QEbsr el BEEEILH. B
QLsder Caramgens sflunfss Ceuenniqws  Qur@mener  eneuds  Ceuarr(HLbd.
@QUCurpg. Qurmefler Caramgdler WNenpuldenaClenred, jeTe &L L BGeT
Qaarmd  STLAND  eHF LIMISWIL QHESTH. e e  QmHsme,
e SassCasnu,  eteyCasr(h  BETHS(HSGW. eTeucleTe] BaITHS(HSEDG
TGS DeThHl. Lenpentid SHeurL_HluieoLd.
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yarayCaraller Blipe

Baveowrer gerey
Caired

@) ewemgyg ullesr @ ailen s He
2 GireT HTEHTIYS Beny
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UL 1b-6.15 Cureraiomed) UL tb-6.16 @ewentuyib oferajGarssafler Csrppib

6.9 CriL®s 5 Gsrenev Crrs&E (Alignment telescope)

Qravr() oG  BHG

4

Cuopu Cum(meTEener xCr

aflonswiles @Cr oFdld, QamsE |:| % / ;

Q6 S\(BLOUITLOE, O|FFSG, Ij [ \& U H
; t‘ 3 5 6

CamissHMs BlmieuLt LweTU(HILD
s(mHedCw Crrubhsg s meney

Cpradl @b Qg HNFEES UL 1h-6.17 CBiu@5sald Hsse

Cogid Supd  gHUGL  BSTeneULLD

(displacement) |F&&H@E OCFRISSHTS

2 &Tem HaTHSHS(HHE eTeualeTey S(HLEUNMES DG cremm Catamdmswd o6THs
CUEIGLF.

ThsgIssT LTS, @Cr oFdfled om Hne Ceuamriqw @@ &HPO HFHF
(spindle) spe srmdlsatles (Bearings) Hlmeu Couamm(hOwermred jeupidlen oi&s
epwd @Cr CrisCsmiged Qmss Couamhin. Goeaib jeubidler (WalLS
SATPL, EFEG  Oem@ssts Qmés  CeuamBd. e LSSl
s lul (Heter  aT(SHS  sTlg,  @Quamirteug  gmmad om0
BaIBHHSSDG. epeoreug smE QLLLSSLIE FTUBE(HSSDG. BreTSTELS
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smadl  Copypors BaIHSMHSSDng.  @mpsteug  sTRE  eueLLSSLTS
smupSHm&Eng. aarCou, @Bs Neanpsamers sar_dbg FHOsUSTO Hre, &6
<oiFms  gflures  Cummss  wpigwd.  @snE Criubdsg  GetaeChred
vwerU(Eng.

. Garelleir GETDDLE By sjerayGsrallsr G, i
smirag Sy GaraalsreaR SBp
SoE s sl 3)en

15 telescope cross-wires
1o %

Al IR

e TF?
e

o
H_‘_*""_“‘—“-—-... .
angsl g - ll” ;J.;i'a; SjarayGama
Femeen .‘u.q. HalemwurgSea { displacement graticule
2 arer smilay sperayGamrsd ﬁ}”“ﬂ‘i
collimating lens

veti-6.18 GRiL@ss Casreanlpris
Coiubhsg OsranaCrrad Qream®h U@GSHsmars Oatamig. Wsd UGH
Qananr  gaflsadly LGE  (collimating unit) oy @b. wHPEH CsTEdCHTESS
smelwr@w (Telescoping unit).

GQenewt  @allssdly uGHWe, oNleradlellmba  @aflEsdll,  ougsLiguler
aPwrs  gafl  opgeu el pF  HBHG  eTsfled  eneussliLl(heTer
Slera|Garhser LUl (heter sSamanqd SHeanguien euplwng Cgern Genewr
plqenwl (collimating lens) jenL_dlmg). sameanmqs Seny, Qanewt o iquilen el
abWSSHD  eussll(eterg.  @avent o iquielimhgl. el QeneanTwine
paflsanapwrs  Ceodgid. Qe o gs@ ordlfl majeneu  (displacement)
STHGD. et Camhamerd GETaRTL  samanmiad Sy eneusSLILL (HeTerg).
oper  euflwrs  Csoqid  gafls  spenp,  CstaeCrprédawn  oeLdng.
QzrenaCrraduier @nisE@ &b Qeapsdr (cross wire) @ HEESLD.

CareraCrrsdaw  floslg, Bpasiey oamald GCaTHGMET  SHTEELD.
QarenaCrradlenw eurblbleor Hlenas@ (Infinity) sfldswisrd, Qenanr <o) iquilen
GallenwsSaierer Fmie] Hlaew oeTey CHMHSMETES SHTERTEMLD.

ararCoy, @Bs Qram® Hewsald oere] Camhaer SO eTael

meugg, @ - Ourmer  CrprsGsml(), — oFflmhE 0 BSIHSmHSSEDST,
FTUBSHSSDST THTLMSS SHerrL_HILIGTLD.

BaFeneuDd, FTlemeld Wfsgl unfss, smley ojeTeCasrhsamerd &l
ol el Garhiser Cuml Ul ig(Hé@LD.

QzranCrreduiler odter @Gm&E &L Qanpsaer  @UELEH., Baie]
SlereyCarhs@Epd, Fmie) ere| CarhsEpd erliulg CsFlub ereatUamgLls Ll Lb-
6.18-60 smemTEMLD.
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6.10 smallwrery mesaGenmrns:% (Tool makers microscope)

Has  Sdlw  Qurmersefler  ereneuwnd, Catamsengwjd  Corguwins
SleTlILIg jeleuerey ereflgmer QFwd . TSt LTs 1 W65 generuder
AL gms orlulg  eTling?  sagmer @ aflltlar  Coremseng  erliulg
S{eTLILIG)"?

7 1. gdserd (Base)
6 2. sawremmy. Guens (Glass table)
8 9 34. memremeradlser (Micrometer)
5. Qumper afldanew (Objective lens)
D 10 6. Gm&GS &I (Cross wire)
7. Y eNedenew
8. OpHrms
9. gnewr
1 10. OBEEE®S 2 WISZID ey
: N gafl DFene sTLGEL e

3 / 4 :ﬁ%_ 12. et efeméd@ Syenwoliy

e b 77

: ey T/ 12

| & :
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>

uL1D-6.20 smeflwnery HerCeamnéd
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Camenwt  oema|seemd eTLILSNE@E UwWeTUBL @@ el srer  smeSlwimery
BlemGeantrédl o @Ld.

Qfer e saramg Cuoemswlar G ojerds  Geuenrigws  Cummer
MeaussULLIGBHEGL.  sHE S0  @alulbd  obNatsE  jenwlily
QuImmSSILIL g (HEHELD.

samenmy GoessE CuGo om RearCGanrsd (Microscope) jenoliy
QurmssluligmeGL. Qbs  EBarGarsd  epowd  Goeguller  Goed
MeUSSLILIL g (HEGWD. Cummetlen Hlpe) eug.eneus HIIOTSHS STETEITLD.

samanry  Guenl 360" SOOI emsleid, OBHSSTED, GNESTHELD
BHHL  cumsWaid  ewssULL(, SeuDeDn  SeTES  gleedlurer
BlarenTenellger ClLm(hESLILIL g (H&@LD.

sauentry.  Gen  somid  Casremsams ojardseyd, Ceufeflwy Caomenr
SleTelE6T @)(HEELD.

aarCe, @sen epod BHer SGomsmer L (Hderg, Caremrgamsud
O{ETES  (LPlgUyLD.
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Qd  @wLESLIULIGMGEGL HaTGarrsd 10 wpge 30 LEIEG
2 HLUGLHSSD CFlw e

perCanradl  oewlilld, Qe  GCarhsEpb, GnEGS  CarBsEnLd
Cararr_  seamanqd Sagenw eNflwimquilédy smemreomd (eye piece). QseniL e
RULLGL, 6Tebem oj6meys@hLd femT&HELILIHILD.

6.10.1 LUGH UL LSS YTFS 26T S
smedlwmery HewrGamrsdluilen CenLuled @@ UGSl Lsms meusg,
g Hpd algeney elplwmquiler givallwions sfFug CarererGeouamm(HLd.
QUurpg, uLgdléd srguwjeetengll CUT®, GMSEGS SbLGMmET BETSHS.
M, Mz jemeysenemyd, X, Xo leToysenemuyd eT(hHgis CarearerCoueamt(hHibd. @Qbs

SleTeysaflellmbg Brewr o wgd h, praw Herd L ojereeuyd semmsSl (s
Qs meTeTeomd.

(PSSO Dj6T6y

UL 1D-6.21 press Bemid, 2 wyLh JerSHM

prewr o wyd (chord heighty h = M; — M,
prewr Berd (chord length) L=x—x;

ageus saflss Carliger.,

: rhasi D yghonsd,
e e — b ngnen ol a circle
R? = (L/Z) + (R — h)? //,>th "\\(/ 'gfra'v Berid
R? = (L/Z)2 +R?+ h? —2Rh A 4B / \
2 /"/ \\\\ l/z 1/2 Y 3 \’\‘
2Rh = (L))" + n? / \
1>  h // / \
R=g%*3 | W \
o/

0
UL 15-6.22 Q5 2|15 56T 1 LILIGHL

8B GsSSrsms LwaUBhSS. Y TS5ms5S SamsSl(H edlemb.
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6.10.2 FaibL] 2 (he®THNGT ML L G5, CHTewmISeans 2|15 %560

sanranrty.  Coenufer G, &by (poerser Osrewr e (HSer
Qum@mssILL L. @@ ebWSmSULD GUTHSHSE ClemaTeTemLb.

8)s e eLPGULD, UL SEHe &MLl Weereng1GLime 2 (Henaergalfle
Caramgangud, eI LFmsud orafllgns emhg ellLeomb.

2 (pevar , 3
component . . .
’ P Blenew 160 Gamemrd = M;
/ &
/ #® . .
e 2-0 Garewrdb = M.
C@@’ﬁmml ﬁ 4
N Bevw 2 Camewrd 6 = M, — My
\
\

—_— /
/ \

UL 16-6.23 2 (hevensaflar Cxrenisans 3(6Tss5e

;A

I pogig;

II position

Xi- eTetn @L s ML = yi-y2

\I’oint of intersection of . . .
I posttion cross wire X- T QL GHed LD = ya-y;
xale—> l %2
L

UL 1h-6.24 2 (hemarsafler ol L 565 I)arss5e0

6.11 Bled angand i (Profile projector)

— &emr ey &Eany

Hped g euLd

erglArmefle @i

56T GIET Mg

UL 1b-6.25 Bliped angand smig
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smedlwrery memCanrsSuiey, e@m Cummeilenr eugeausms HeaTCGanmmedl
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@geeped, Cri ojereysamerud, CaTamdamsd, CUGeUSMSWD DI6ETSSHIMLD.

&I NGTTEH 6T :

Caremrdensd oemésl LWL SHelser wreneu?

1.
2. aflays Gamenr jereflwe @nmCasran oenwlilear Caamel creme?
3. angen FLL G ojqliLienl GTeTen?
4. engen enwwsdHer CHeneu eTeren?
5 &l () evsarGeLullesT LW 6rere?
6. amrmu UL ST LWGTSET GT6Te?
7. gnle wrefluller Hpliy ereen?
8. &miey railseler eumssHer wWreneu?
9. Gameamtd HlGd GTIDTE) GTEITN?
10. @@ Culiguile 2 eter CaETamd FgeNESHET THSME? eN6l WLITEHEU?
1. Caremssgmssamars Garam®, 47°, 33' 12! Carewsanss swmilliug
GTLILIG?
12. 8ZHITSSL 16 LILIGT GTemen?
13. grafllever gefloraiufer ojqliLen ereme?
14. grafllever gefloraiufer HApliser eremer?
15. Canewroned GTamDIE) GTEe? ST LILIGTHET WTeneu?
16. Criupsg CsraneGrradlufen LWL eremen?
17. smellwmery mewrGenrradlulien LIWeT eTeme?
18. Hlpdd euigeuld SMiiqguien LWLETSET wreneu?
OB® AlesTTSHET

Caremsans oerssGaiamqwidler Comeaiamw a(HSHS Fms. DSHG
LU &(mHedlEeT wmeneu?

@m FfleCasream  oereilliler  sl(hwrensdler  eleurSamns, s
LweTUhSHD cuansant 2 fll UL BISEHL 6T al6ms@s.
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agen L S sL(Horardams eNaflseabd. ST LLUGSET  WTened?
nger gl L Sder Hneer 2wiss Cuphlsreareriiul g (hé@ WIHOBIGET
wmeneu?

. gmpmubl L SSler  LwetLmhisener o fl UL BISEELET  eNaT&EGS.  DiHei
Blenm@enmaer eremen?

Fmie|oref GTETMTE) GTTET? DIHET CUENSHET WTeHel. ¢ Frlieyoreiudle
sl (wrensens oleufldg, DSeT  LWETUT(HEHMETWD,  HETELOSEETILLD
T(H585 Foms.

. sraflenanr  @afloraflllar sl (uragas oflu uLsgilear  ebeuflésab.
OB LIWETHET Wreneu? s el SpLLS6T eTene?

. Garemrorefuilen sl (wrenseang = flu ULBSERL6T elleuflésHeb. iHen
LIWIGT&HGT WmTeneu’?

Coiubmsg OoraaChrsduler GCsamel oreen? 56T  SL(HOTEATSMS
o flu uLRsEELeT efleuflEsHab.

. @@ smedlwurery  HewCenmmsduller Csweuriel ol UL BISEHL6T
MNTEGHSH. T LIWETHET WTeHe? DSETDOOD  @(F UGH el L Gdlen

AL Gmg oemiug erliig?

. Bpe  eugeud  srliguien GFweurlien o flu LLRSEELT  eNeTEs.
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QUILDL|S 519 6T
(LIMIT GAUGES)

7.1 (upergmicn T

LG IwImerTj &eit Camfharenaaartie Curmaenerubd &(mHedlEenerbd
vwetu(BsS  Curmlsener 2 pusSEH  Cswufprisedar. @QBss  @Gwelled  eHuBHD
sallrssailwers Ho stramserted Gurmerseafler ojemeyse FHm LIMLD. &
sflurs @@ Ourmeer o pusd Csleug oflg erausTd QB  QreTey
LIHDSMSL CUTNSHE Careararsarer Geuarhibd. @Hs ieTey LLIOLIML L LI
Curmdl (Tolerance) erendlGomd. Gum@metlen jeme], LweTur®, 2 HUSS (PO
S Fweundng enull Gurmigl GCeumuipib.

100 BB L peter  gawriger  eme 001 WS sm(gersGeur,
@ampeursGeaur  @Hasend eremmmed g 100 £ 001 BB erermy @GHESLLEHLD.
Qriel CQurnHuiler ojerey 002 WS o @b. gar® 10001 OB (BES
Wamogid, 9999 WBLL (&GS Gepwioaid & mésCouantHd. @ri@ 100.01
OB, ererg  Gudeuriby  eremmid, 9999 WS  ereLg  Speuridy  ereTmiD
FamUU(WD. (L 7.1

0.01:6.18 Q’;Zﬂ? - Qurm g
« T r—J:_ L2z T Tolerance ?
s & g
z 3 ) __ _ez3ad, I
HE p2222% 3
5l g 5 ( o
8 oy - @un@,@ Towsoce Baslczize
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Qumy%
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—E A
SgliueL seray

7.1.3 @@uss Qurmi® (Bilateral Tolerance)

sawrige  oemey 100 WS eretmy  QUWIETEEG&HE  QFTETEIMID ST
o amenowitenr  jerey FHCm  wrpLEWL. P &Gau 100 WS ererug  CUwiTeTey
(Nominal Dimension) eresii(pLd.

7.2 @esaerayid, LTSS (LpLb

Qurgleurs, 2 PUSHLTGL THs @@ CQuUTHEHL Saflwrs Quiri@Geudoeamev.
omal  GCoumy  CQurplsCerm®  QaenpCs  Cewou@damer.  ililig
QenenrudCurg oeupdpdleoCw ghu@d 2mpey Cummgsn (Fit) eremiu@ib.
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SaupdipdlerCw Adw Qer_Geuell QmEsCouammBd. Qsn@& Serili QuTmHSSHLD
(Loose fit) ereity QuUwf. HLLIqUADOMDD HLPQID HFSHD FEETEMNS Hlaneowns,
2 s Qeanss Couam(Boenréd eupdipdeaCw GentGCeuafl @ (mHéss
gl rg. Coab &5s75dlem Faneruiler ojeme] H&FSfleT eTemelell g FHMS
G@pauts  Qmas  Couam(®bd @Qspel Qnsst Qurmssd  erermy  Cuwd
(Interference  fit). @ps G et () QUIT(HSShI&(EHEHEHLD GenL i L
QurmsssHnE Qe Qurmssn (Transision fit) eremm GLw.

2 5Ce Caenauwnar GQUImMESSSMP LD, HEHECEDL F&aTS5S6m Flaner
SemeneuCGur, F&a785  FersGapL  FSlar  eTencuCwr  FpmiG  Fnl L Geur

@misaeb

W/ Y v

% : // 0
% / ga% gm;}zll// g;;:@

Slar [Hole

Sarg QUIT®SS b (Losse fit) QussL QUIBSSLD @@L Hlawl QuIEss

(Interference fit) (Transition fit)

uLb-7.2 QUITH5S s se6r

&n&5Gaur Ceuam(®d. GuwrereNellmbg GO L Geventiiy] CUT(hESSSamsL

CQup ®mmors Qesbg CFLwbd @BHs etey wLIHPL Qageuetey (Allowance)
ereTLILI(pILD.

%o, G1p aflgussd (Lower deviation)
|/ ep, L
% T ¥
/ ) e aflewssstb (Upper deviation)
// / / o, {
% ‘ B2 Hole (gievem)
éﬂ, § E = t \E _!'_ . -CEHr® /=1flsCan®
g 7 SASSSASIAS. N T 5 B2 s
33 | L 8 3 Syiusens sjerey
5‘ a EL. T G]urrgfg 5 & ; Basic size
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® i
/////////// S iueL alewssh -geun et G ailwssn

= gyaneruiler E1p aflews;sib
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7.3 aflwdsib, @aFalara, GLITNIS YFwainMler G\

@m Ourmeilar ety erbaus  Siorallludd  GamFeuareneuwd
smHer Oararer CeuanrHbd. Qurmid, Qendeiere] QUTHSSL, 6T6| GUFLDL
Spdweupapud g Qemgursl Lwerubhd  Ceumr  SHe glems
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Quwreteleli(pbg  Goed  eupbyb,  SPeurbybd  eTeUeUeTe|  GIILD
Nod\msdng aaLms olowssd @HUAGHDg. Qurmeiar GeaeurbL&EELD,
Quuireteyd@b Qe wlgiarerens — Cdellwdsd — erermbd,  Speurbys@Ld
QuuyetelpEd Qe wlaydmarens & 6NwSSD  eTemId  Fameuf.  SarTiq e
Cooaiwsasmswn, gamearuler & cHNdsssmsud DiglLMLWLTE  Heudg)
wpanCu  eupdler  Curmd  Hiemulssiu@n. P sCal QaHE gl
ewdsd ererm GlLw.

Coamouwner QuTmESsSMS Gup Qrewt(h GurBLsellad Ganseuamaneud
Qar@luuensei, seaman_Cur gianeterwiGur o srrwres Catar( Qanseiare,
Qarhuug  fobs (PODWTGD. SaTenl. U STILreEsE  Carar®d  generuie
Qmsaieme] SHHTH BHGS SATH SGliLeL (PeoDn GTEmLd,  SleneTenwl
S BMLI&ES Qe seamgd Gameaare] SHSTO DSHGHS D6 igLliLianL
wep' eremd GQuwr.

oo @O Curmersefley, sriu@ssiulL  gridear (GeaneTudl(Hd)
o aflgenersd Gareanrh genemrGUrheugted, gimersalsd jere] wrmUT(H GlFuicug)
slgend.  ereGel, eraTUSTILD  Curgeurss  genem  jiglitien (WpeanpGuw
urelersl  LwemUhSsUUBEng. pamd o Hp0  FSSs6TN0  CUTHSSL
L Gauanmigw ‘sliGser (Bush) obss spe oiFassaian oereysCsmu LOTHMLD
Cewwdiu@b. @rEs sam® gluml (WPan LWeTUHILD.

CQuwy  emewer  glitenLwnss  Csrewr@® — elewdsd  Hlifenrulssl
LPeusmed Quwy oereysCar® 'sWsGar®’ (zero line) eramid oie@&sLILGHLD.

9L L uament 1 - gjarey QBTGS LI LILg.&6T

G&ily - e® Gurmeafler oamey Csred earbld Gmbsred srbsms. &b
Car@HeowGu D — samsdl er(hSgs0sm6Ter Gouamr(hibd.

1-3 3-6 6-10 10-18 18-30 | 30-50 | 50-80 | 80-120 | 120-180

eram Quwrered = 30 OB
Sera)s Ggr@d 18/30
D =+/18 x 30 =23.2 LH\.L5.
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9L L auanent 2- QUTmIS SILILITEH

0.453vVD +0.001 D
D = V (Geometric mean of Dia step)
Qumss gyrafl

— .

IT ITO |IT1 |IT2 [IT3 |IT4 |IT5 |IT6 |IT7 |IT8 |ITY9 |IT10 |IT11 |IT12
01

71 101 | 161 | 251 |401 | 641 | 1001 | 1601

IT 13 IT 14 IT 14 IT 15

2501 400 1 640 1 1000 i

CQuwy  ememer gLt wnss  Csrew@®  elewdsd  Hliferruissl
ubSlemmer. QasH@E GgHeuts,  CAummlseier oeTeysemer S (G PSSHETTSHL
Wfgas srl LBSHGNmsSHpTIser (@ Leaemen 1) QCsCumed o pHuSHLMEGLD.
Qurmlseflenr gradng eoull Qurmdlud QUTESSWPL  WLWIMLUHL. Ganeuwd
sruu@ssiiLl(Petarer (@ Leuement 2, 3 Qe Qumrmlufer  jemey
TaTsemTd,  ellEsd o mEIde  er(WpsHssaTTId  GDESL LB EleTmen.
gprdleol Gufw eripdg giemeruiler gl ele&sssamsud Sblw 6r(pss)
samgen ojglilenL clesssamaud @GhHssanar. sarhiad G ellesspbd
ganers@s S alewssupd jgliLeml NeESREISETTELD.
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9L L_auenewr 3

500 WS eueny yemeyerem SETHSE 2 fu gl NVGSEIGET

Guwev qugibLy (Upper deviation (es)

&1p aumgibry (Lower devaiton (ei)

EXLC) ewsgret (D ST & gmest (D
16). 81" L_flev) 16). 81 L_flav)
a J5t0j8 No formula
=-(265+1.3D)
for D <120
and=-3.5D k4 to k8 =+0.6%d
for D> 120
b =-(140+0.85 D) k for grade <3 and>8 | =0
for D <160
=-18D
for D> 160
c =-(52D" m = +(IT7-IT6)
for D <40
=-(9.5+0.8 D) n =5D"**
for D > 40
d =- 16D p =HT7+0t0 5
r = geometric mean of
values el for p and s
e =-11D" s =IT8+1 to 4
for D <50
=+IT7 to + 0.4D
for D > 50
f =-55D"" t =IT7+0.63D
g =-55D"" u =+1T7+D
h =0 v =+1T7+125D
X =+[T7+1.6D
y =+IT7+2D
z =+1T7+25D
za =+IT8 +3+3.15D
zb =+I1T9+4D
zc =+IT10+5D
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I lIuenL 3jara)

32 QuFIbL Jfer@y

(Zeroline

2515118 cremmugy  18-30  ojemeys UL 1b-7.5.1 grewaruiler @enFararan Gy Sujb

Casr@Hulled o érerg.

24,5661 D =+/18x30 = 23.2 LA.L5

g 2:- oqlinell Qummd 1- e wHlmus sramGeuer(HLd.

i = 0.45x3/D + 0.001 D

=0.45x3/23.2 + 0.001x 23.2

= 1.308
=1.3 u (evws&ymem

g 3 :- gleneruilenr @engeueToyd, Qummduynd srewr GeueT(HiLbd.

(1) H - gewenlen oqlinem eewssnd = 0 (L eaiemenr 3-eSl(hHbg)

(1) giemerlenr QUIMSS b

IT8 =251 (o Leuement 2-eSl(HHg)
ereGeu, IT8 =25x1.3
= 32.5u = 33 enw&yrer.
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g 4 :- geemuler eme| GUILDLSET 0033 — T

5
glowarGer & eurby = 25000 + 0.000 25000 | 25033
= 25.000 WL ¢ _¢
gienemuilen Geveurby = 25.000 + 0.033 LAl
= 25033 A5
ug 5 :- SGE  QeFeuerey, ) ) 115G
CQummdlenwis srenrGeuenT(HLd. Sy icien wluib -
(Upper deviation) [,
. Qurys
(1) dgeoariear ogqliLen %/ ITolera?cje
cflevdaib ’
=-16D 044 ﬁglglrigfq Gmd:a?nayllbq
=-16x(23.2)"*
=-65 um.

UL th-7.5.2 g &1 @) evsaiarayib, GlLimmySuyb

(i) seamger Qurmé sy = IT9
IT9 =401
=40x 1.3
=62 pm.

oo Sawrigen Qurmd 0.062 LOLE.

+ 25.00

Lg 6 :- SETIq6T D66 GUFLDL|SEET L.002 T T 777
saniq e GLeeULDL= 25-0.065 0062 T 24.935
= 24.935 W8 t
FeTiq e SPGUTLDL| = 24.935 - 0.062 24873
= 24.873 0.6,

7.5.4 BIw1p, BIWPWTS: F1Q.a0H 6T

Qur@Llseer 2 pusd Gelwyd Curg 6T ojeTe| FFWNG eTeleaTE)]
Qmadng eam  smellgamers  OEmart(h  eThF  UTTLULE  @H(PED.
Qurmlseer 2 meurd@ Curg Cuwrerellelimbg erecuetey LINLIHHDG
crarm Qaflbg Csram® osHCGshus Cewudwapeanws s (HUUBSHD Curg
Giwpenn LwWETLI(HILD.

gparme  Gummeurflurst  Qurmlsener 2 puss  Celun  Gurg,
@oullauremenpuld eThg UMFSEHS Garamgmiug GComeuulldonsg. Gorwb
Th&ssE siqwigl. 2nuSEH Coussamss s5HESE siqwg. 9 &Ca QU safen
SIETEYSHET QUIDLGEG6T 2 aTerareur erarm LmfssTCon GumgLd.

Qg orligd Cawlieug?
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@@ gaarler el L sflwrs QmsSoat oaaums Cs ojemallevmen
samenrL (Plug gauge) eweusgs sflumissend. Qs CurewGeu @  FemTiqer
SleTen6l @(H cuameTwWHmES Camean(h Fflurjssend. (Ring gauge)

opammed g 100 WO cuemerwsamss Qaramp 100 WS seman§
sflurféen  CGurg, =g 100 WVBLLBmsEL @Gopeurs Qmpbsred Wl [HGW
cuenemud 2 6TGer  HIEHPWD. FHMIG Fn(Bsrs QEHSTaID 2 6TGar HENLPWITS).
Coaid @@ CurmEssE Qrar® oeTe| eupbLsem 2 ear®. 100 WS seiriger
Qurmd-1 WS erenmpred, seaw® 100 WBBLL (&G dsorarogid, 99
BB (B&E Geopwmoad @ mésCaam@n. opsCa 100 WS, cuenemwid gCrr
@@ Hevoowrer emency 100 WBLL (@ dslblloanod QmsHnst ereaLims
LLHCL  sflumfssl  vwew@EL. 99 WBLL (p&E @Gopwnoe QmsSHnsT
cramuemg &fl Lnfsarg. Q&fssmols Curss @@ ememusSnEl udd, Sp
QUTLU&SGE FLLIT @ elanerwd, G eUFbLSH@GHE FLLTET @(F  GUEETWLD
eTarr @QranT(h) EUEETURIGEETL! LILIGTLI(HSSEMLD.

Tolerance Zone Max. Limit Tolerance Max
| ) BieoIp H19@% zone Limit
i /1"///// 6o l NOGo
=

I no BIaLp i '\}i )
50 o 3

B 2/

? 7 /77 Y BIOIpWIT H19.695%

uL1b-7.6 Cuad&p augbLseer FALITGSS5®

sanrigen, G eUIbLS@GHE FWwrem cuameTsdle Fewr( menpwl Couar(HLd.
SUCuT(pgIsTen o151 Cd eurbLsEGeT Qmadng ererm  Gummer. o 5Ca
Qurmefler Cé eurby sflwrs Qmbsred Qbs euanemwd 2 6TGer  HIENLWLD.
56 @sHE mep eumemwsd sgams (Go — Gauge) eremmy  Guwy. &
QUTDL&H@E LI  GUENETUILD HIENPWS Fal MF. Ly HIOWHSTL F S
TDL&GL  Gapeuts Qmadng ererm Cur@mer. < sCeu Qsener  miepLpWIT
(No-Go) jdevg HPWSHFH LTS eUeneTLs SHlgand eratn FmmndlGorbd. @eunenn
UGS &HlqENGHET eTeM| SoMIGUT.

QGsCuted @@ gemerulen G GUIDLEEGE FWOWLTET GUILDELI HIENLPWITS
sa(h GUiqeus HlgnEWD, S GUIDLIEEGHE FLOLMET eUTeNL Blen) Ser(H 6ulgel
sgmsUd sflumfsdlamer. Qbss shmssmer (Paars sigamsser (Plug gauges)
eTEM SoMIGUT.

7.5 QUILDL|S; 55196055 GT GUGHEGT

QUIDLG BlgenSSaTel UENSGS@METL LILWD - 7.760 STEWTEND. HIeeTHMeTE
FHLMTSS (P6TS Slga&EEH6aT LIWETLOE@TDET. enel SWTETeUSNE 6T SHIeUTs,

@m  aslfiguiled  CdurmssiuligpmeGn. @@  oslbiquild  @m  mawps
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siganaCur, Hepwrs SgaasCur LG  CUTmSSULL G HHSTOD S (b
(PNTESHlq NG GTETMID, HIENPSG Slgad @H (Penamuigd HIEHLPUITS &Hiqend oM
waarllgd  QuTMSSL UL HBHETO S QHPONE  Slgmsd  GTaTebd
Fo MG

BENPS  SlgSWLD, HENPUITS Sgasld erelld Se  enwsyrensGer
LINUGL. &G Sjeubdle) eTg MM SHlgand, eTH HIEPWTES SHqs eTeTn)
utisg  sam@lligliugl  Sgerd. Qbs Sssamels Curéds QUTGEUTE BN
SlgnSHSH6ET BETOMGeYD, HEWWITE Slgamsser GLaLwrsab Qmée@h. Caib
BIDWTE Slqanss@hd@& e Seuiys Carhn Cum il iqmaELb.

@auleur sgamasuiler Coab oig fl uMfE@EL Guwretey, QamaealeTay,
Qurmidl srb P Hw Gollyser QUIHESILL G HEEGLD

Qurpersaflenr  jemeyser  (1-50 W) Q@HsEL0UTE QM aars
slgenssamerl  Lweahdgleug ereflg: elenreurengl. opemme jareyser 50
BB L (pEGL dswon@hd Curg sigamaseie eaeaLwb Hsword elHeusnd
egwrateug SigeanondlelBn. 9 sCa  aswrEaTeugsnNE@ UFSLTE  QHLPHETS
BlMSSHET LWETURHSSILHW. (UL b-7.7b)

A
74 :-':':'-I-I;-:-:.-.:—. —
— b Tl —Toas -
<2 0255 1 —— . —
|'l|‘l'l‘5'j
I

™

T _f_ AVaVa¥avi

| | ; 3
Pr S 65HT Go as _,,,__Woﬁesnhﬁf Not Go ——}-
. RS .[

i:—L'4' 2 b tabeis

3

i (c) 2. memer pevers sy

i

I zze=] @ 1=
L

k h l; a'

(D) eema wpoars syos (€) amiby apeners Higes

UL b-7.7 giwersemard sfLnis@ib (pemend %i1gens
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Sarajsar  Cgid  Slaswr@blurg @@  (PNaTd  SlgansHeneT
MEBWTETEUGILD Slgamordlel(Hb. sHEGS Sgmssailen eTenLenld GmDés @
aulgeusensGwm S| G LIS SMBIS 6T Ceul it 2 (menerenwGuim
LweTU(hSSHerd. (LLLb-7.7¢)

@M QurmErs@l Lo sShamssdr CsameuliuhibCurg &SqenssemeT b
aaslifliquier  Brbsrors Qeansgeilimoed  CameuumHuCurg  Camdl
LweTU(RSSD  euanauiley 2 (Heumdsll UL lg(HE@GD. eupan OFmE@E SHlgaEser
(Insert gauge) ereim Fmmieuy. (UL Lb-7.7d)

sa( eugelll Gum L generd

Ffluny&s QUENEITUIS BHlg MSSHET : Fed Coour
Lwau(BSsl ubdlerper.  @mi@L J_

O{GCTEYSEIT oflsorgnCurg ;

QUGS &g &S ENETL -f’—- N\

LweaU(BSGeusHE — UH®  SHeue s

HlgM&HSET (Snap Gauges)  (2) arwersigens (Ring gavge)

LwerL(BSsLLIH Sleme. (M

o Coorag FlLgSlen @@ panetuiled

BHlq N EHHET SMESLILIL g (H GLD.

(ULb-7.8)

Qrem(  eurbysenerd, @G
@DU-,&)QGU EDC]LIWU&'@!'D e (BDGU)GN (©) @EupdeT H6IQ Hyas () @@aiby e sigms
55@_|@_|<5 54@55@1’ LTeUeumsL (Single and Snap gauge) (Snap gauge)
Lwem(hSsU L Separ.  QHD 1y 4 7.8 STTH ST FNLITTSGID 5196055 6T
curbbygsener  mpdl  enLILIGID
eraflgl. (b 8d)

ger - sa(h eugemsamers Sedly Qran(h oeg sHE CpulL
FlneTa@hsE Qe lorar Cstanewe] o Suepan FHUMTSGSD Slqn&sEHLD
2 arerent. @eaupdn@ QL& miliys sigamsser (Position Gauges) eremdlCmmib.

Sm@ waepuien euqeud, eulL. yrd Cumerny Gur@Lsailen eulqeumiseT
FUMTS@LD  SlanasameT allgald Sgamaser (Contour gauges) orem  Fnmieur.
FlDLF FINETHMET DOG STenl & FHUMTEGL slgamsseneT WPeanpGu &bl
(PEOETE Slgend GTETMID, FnlbL| GUENETUIS &lgend GTETMILD FomIeU.

7.6 QUIIDLYS F519GHFFH T G16UGHLDS S0
QuTBLEERs@GL  CurmiSlujd, @enseueteyd  cupmsliLBeuamsl  Gume
QUTLDLIS SHlganas@Ehs@EL GUTmSn, QengeueTalb eupmisliLL ColarT(Hb. euUFLbL|S

slaamaaaier Qummd =g sflumfseL Curmmetler CQumpduier 10-0 @@ LIS
erarg  Gumgeuren Gametens. GL@ID HEPWD SlgassHeT iq&HdHlg HPDHS)
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QauafiliLeugre) eneu elereliler CauweusnE eumiliLser oiSla. o sC6u
BenPUD Slgamss@EhsE Cslbrarsag mh GCelw GCsuiwrear @eanseuerey (Wear
allowance) sriuBdng. Qbs Qamgeuerey OGurmefler Curmdufer 10-60 g
LB @b, Gurmeflar GQurmdl 0087 WS &g Guwe Qméen Curg
L HCw Cswiorer oere| srULHEHDI.

SYMEHEHSGS SruubL  Curpd  Cdurmefler 6T  GuILLSG@METS
sMmHev Careanrh (pigey GFwws Geuemr(HLd.

7.6.1 13 @&saneT QUTMIS STLILITE

@M Ourmeer emencud  FALTTSGL — Sl4massE@hsGS — SrUUELL
CurpSuienr Blevooliml) eperm  (Pepsaied sriLBdEng. Qe Sobs wen

erg)?
e W@ HL; =
TS S
;’;‘ g / : Gauge 58 /
h E‘ / toleronce G /
E;;.‘S / g 3 /
: / 1 5 /
G 1 / G;l l Cargamer &19aa
L ud@@ﬂﬂﬂ%ﬁww i /ﬂ NS =5
uesiigpaen &igens SN
(a) gz pom (b) @oeiw_mb apenp
Biespum Quybry .
Gi 7 BB noco - mony awmivy JPARTT
@ / T
e / a / B
3 sy QUInS )
G / Gauge 5 / sy &CUIYS
.E / tolerance G
3 H
97 : iV
LL i B augibyy " L //' 7 COR—
?::ara' f ' M ;
() apeirpmb pevp T

uL_tb- 7.9 sy esseher Gurm® (Gauge Tolerance)

Wse  eaumswier  generuller  EPeuTLL  OjeTey  FHMIE  (GEOHDEUTS
QmbsTan,  opsll  Qurmer  FflwatCy  m@WsGens  ghms  CsTeTEsLD.
Spemed epeTord euensuiey QuTmd SrLulL. HeW Sgms gaearuler erey
sflurs Qms@e  Curgid  sflulldame  eratm  @HSHNOL e  Qbs
aumslile Wasssflurer gsrwrer CQumm@mlsGer  ghslUBHL. HEOWT 6L S
FYMHHEHEG (PSD  (penpuied  Gurms sruulLTé®  grorer  Cummlser
SlenL_a@Lb.

Qs ogliueule srer Gwef ereruer,
1 HEPUD eUrbLs Sligasd HMPUSDES HeS5 Sl UL enibd,
2. BENWT  QUIDLEG  Slgensd  HOPeUSNE — ggleumsejb  Qurmdlser

CarhssiiuL. Gaar ereamm clfsemerd gndlery.
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I TSI TSI ?
ﬁ ? }‘.n_‘ st DD SGDE
/| ©opis sswn A sy8s -
,/!" :: 35D ol i —
7 Yeopis pers ?: . '
AP | cimers goer
3|5'5 perio

UL 1D-7.10 HI®PpSHIgs qTO®T Yy@bLiLs@aryh FLITiHsCacs@ib

5Ca. @b epemmrd WapCu Ureersl Uweahssuubdng. Qbs
Wenplitly ewsslitpl Gurmd Bleeliur® LLsdHd sri il (Hererg.

@@ Faarler gHrb ger L Smg WLLHL CUIHESSOM. DiF6
PP, eulgaupd, Crisemanbd &l GeTHienWNg s miseTT@Ld. (L Lb-7.10)
aarGal @@ HPULD slgmd  Tearlg  gleeruler el gams L (Hb
FFUMTESTO0 DF6T eTnd dmmsamerd @GCr Corsde gfluriss Ceuamm(Hd
eraitugl QLwleoflenr ol oy @ L.

pam&sE CopulL  eTeysameard Caram @ GCUTHaneT HELWITS
sigans  epod  Filumis@h Curg ereer eTeysEhd  sFflwurs QmbBE. @
oemey LLHL FuDTs QMHBITYID BS Curmer gnmis Csmeareriiul (HeSlHLd.
a(HSES STLLTs, ULD-710-0 sTlL vl (heter OFcuaissd geneatarw @Cr b
BOWWLTE  sgmsamwds Caran® sflumsegn  Curg, HSerb wl@EL  sflwurs
Qb sb flsors  ogreug CLOILUSGL Fswrs @ (mHHSTEID
slgans  Hepurg. eerCel g  sRCwerm  ghms  Csmererlul (B ef(HLD.
pama HaTSENG RM HDPWTE Sh@mamub EOSIDG @ HIE@PWTS
sgmsamud LweaLhsgn  GCurg s  odsors  Qmsdng  ererug)

Cs b g eN(HILD.
- \
s |
w‘—/

Subij ange siges GFdias syas s A

Qury®

T T N

perb

uLb-1.11 sy mssafer aiemsser

95Ca  gaubeur SeTasEGL  Seallgsallurar  HEWLWIS  Slgmaser
Lweru®ssl UL Cealamr(Bb eramugid Gweflen aldl o) @L.

feo Crrmseiled eTg HENPU|D GUILDL|, 6T& HENPWIT GUILDL| 6TeTn @GLPLILILD
JHULMD. s BoGausn@& Spsstand alf LweaLGSHDG.
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'Benpasigns CQurmer W@HS eurbeuwbd, HEWWLTS &gmd  GQummer
GPHS eurbenUD FFluMTé@ELD"

THSEHGSTLTS, @ samiged Cdeurbliled Cummer WGBS (HEELD,
Epeurblie  QuITmeT G@PHSHSGSD. e @ gameruiey Cd  eurLbLiled
QurmeT GeopbHMS@L. S eurblid CQummer WGHEH(HEGWL (LILb-7.1)

sand@ 20 25H8d9  erem  @MSsULligBEGL  FGaner  Far(h - GenemTen
sflUMTEss CHencUTET GUILDLIG SlqenSHENeT GUlqeUMDSS &(HS.

ey : QEEs GOUEOLLUEL  gmer - gar® S SueudmEETET  eTay
aurbLUser gnsarGol Hams@ -0 samsdLLl UL igheSlaner. iseiilg (PsHedle
CurLlsaflen cupbyseamers steam Gouar(d. (Lig 1 wWpFed 6 cueny)

g 7:- iarevwd FRHLTIS G %19695SHaNGT QUILDLFH 6T %TewT Couesr(HLb.

(1) seoenuler Qummyd 0033 .8
&G, gimaranwd sHUMTSGL sigamasafler QUM

110 x 0.033 818

0.0033 8.8

0.003 8.8

(1) gewemulenr GQummd 0.087
OBs@L Gonans
@muugrée Cguiome o | B o0
Gengaiare] = 0 .

LLLLLL D

(ii1)) < sCeu meMPWITE Hgansuier 2505
cugbyser  (@ummeT  GenmHS

. . Hapur &% By 5485
euwL) (L 9C)

S eupby = 25,033 LS P
Cwé eupbL= 25033 + 0.003
= 25036 w6
(1Iv) menps sigemsuler eurbuser (@urmer W@EHS eurbL)
SpeuribLy 25000 1818
Ceveurribyy 25003 188

LI1g 8: ST FFILITISHGLD H19.60FHFHGT G GUILD LIS GT & 16551 S6 6557 (h)LD

(1) seamger Qumrmd : 0.062 WS

0.062 B8
0

0.5062 T

006 .5

(1) seamger GCurmd 0087 WSs&GL @Gopeurs @@ELusted  Csuiwrer
Gengaiare] = 0

aTeCal slgamasater Cummd

(ii1)) < sCeu mePWITS Sgamauiler euFDLS6T
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Gued euybLy = 24.873
S eurLbLy = 24,873-0.006
= 24.867
8.8 S
~
(iv)  mepeys lqenauSlain /T// LAATIY. 77T T
@JU’LDLIB;QT e 24,929 24,935 L8373 aer o
Cueveurby = 24935 W5
Speurbyy = 24.935 -
0.006 w8 [ poes Po————
= 24929 .5

H19. %S @dGL1 LIWGTLIRLD 2 GevmssLd
BlaEHEHHEG S LwetuTl(hg Cameuser 2 am(. jeneu

Bewr Brlser 2 anpds Gouadr(Hid.

SIS GUTLDBTET ieTa|sHeT Mo Hlaowrs Qm&s Coueammhib.
CoWiorernd @ mésd gl mg|.

CouliLgsme ojeme| rmUTH QHESS Tl Tg.

ofllenug sHEs Coua(Hib.

craflgns o (heurds (plgw Ceuer(HLd.

N

8FCasmeusamer  HapGoaunmd emaswiley o Carsmsamears Gsie| OGauww
Ceuar(Hd. ypemmed gl @ 2Corsb e liug oflg. gCearsmme
Cauirargamssd 5HEGD 2 Carsd cuaTenOWTsd @)(HEHE@HLD. CUETENLOWITS B)(HEHELD
2 Coraseng oraflldled o Hwromd CFwiw (puwrg. cblae @Gampetear 2 Garsd
BT BIL&6T 2 anpssTg).

craray, VYT Caeneusamer L (HLd S(HSTLO, Hlq-MSILITE)
sflurfssliu@Gb  Qurmer eahy 2 Corsgsted g, Tdsamen GUTHLSET
sflumfsasls ULel(hedlemmer, eTeueleTe] ST Sgand Lweru LIGUTEng erem
cleurmigenemyd smHIHL umisg 2 Carssamss Csie| G GeueadT(hib.

qHSESET LIS,  Wemmevigd QUL smerd  FHAUMTEGSL  SlgndsE
cuamenowinar 2 Carsd Camauiaame. QCsCumd®  eramarlensuiley @&ampeurer
@m deo Cdurmlseer wLUEHWL sflumfss  CouaT(HOLETDIILD — GUETENLOWITET
2 Garad  Ggeneuuwildvene, ghm  Getenwrer  allene  GeOonHs  eTaildle
2 (RLMHOD CFwiws gmigu 2 CorsC Cumgb.

Epsaranid o Conmsrisdr CUTgeTs SqmasHErdd@ UweUBElermerr.
Owetr 6ros@ (Mild Steel)
W@ sflw eroe@ (High Carbon Steel)

sl 6Too@ (Alloy Steel)
seawrenrmly. (Glass)

M N
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Blg &l 6oo@  Slgamss@hs@l  ureuens  UwetU(hSsuubBE DI

gOerempred  jeupedn  HGHS Geulin  pLEes (Heat Treatment) epeold
CwerenowirssGeur,  auaTeLWTESGeuUT  (pigud. 2 HLrHpL  Cewegibd  ereflg:
afleneud GeDULD.

&I NGTTEH 6T :

1.

Qurpdl eremmmed ereiien? et Coeneu ereme?

2. @ eTenel FfluMiss Qreawnr(h sganaser ger CgHeneuliLHE e
3. Newdsd ETEIMMT GTEmen?
4. QUTHSSD CTETHTR GTTET? HET CUMBHET WTENEU?
5. auIbL& Slgend GTaTNe) eTenan? FGolamey Greimen?
6. sigmasafilen LWETUTL(HE CHMmouSET cresmen?
7. CauoneT GenFeueTe| GTEITmIE) T6me?
GB®H AeTTSHSET :
1 CQurmé), Qengeuerey oy duwieupdlen Ceumum el cilaTéEs.
2. glewemr - gl Curmssl ULSMS b Cutmd, QaseeTay,
ellw&asbd, eurbl] Y Flweupenms GOILISHS.
3. aurbLs Slgenssem eTllly euansliLbhiSsl Lihdlerner?
4. eurbld slgens erllly eUlgeuesslLbhEng eTamiens o6 Es.
5. aurbys  slgenauilen  eugeuemlls@flu  GLweflear  cblflaamerd g
NeT&H G .
6. abLs slgmss@E@hsE oflw  epary  Qurpdl  Hleveliurhsamer UL LD
cuarha elaTEGE. eupidlen Been Samwsamer Oseflleurssd Fnms.
7. urbys SlgssHEhs@GL  LweU(h 2 Carsmise orerem? oenel ThH
Slgliuentwier Caipbs®ssiLbhSearner?
LD G &ew15 @ 6T

1.

50H7d8 eremm @OGsLLBL gGever - sah 2 milidsefler oeTosmard

sflunfsass Caeownen curbLE Ssailen leTaismerd Hamss[Hs.

111



2. 20D8g9 erem @GOGSLLGLD GeweT - STl 2 mLLESmeTE  FFLUTTESS
CoHemneuTaT  GUIDLSG  SlgnsSeeT  QUlqUMDSGSS S(Hd. @QbHS 6UrDLE
slgamssar 10,000 2 plissemers sflumisss CgaculiLBdng. Csameuwmenr
wHn Nermsmars &mSs Caran®h Ogafleurss @GOLNHS.

3 @m 50 x 30 WS Oscueussd giemeterwd sflumisss CHeeuwnear eurbdL s
SlgENESENET GUIGCUMDSFIS S(THS.

4. 2 mGEHSEG oPpsorar @ COsmlhs gtamouie) ehs euend GUILDLE

Slan&SHET ThiG Lweatu(hdeamer eretn eleurmisamersd Caaflgas &H@ms.
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LImL_ip: 8

5BGLT o550

SCREW THREAD MEASUREMENT

8.1 upewrgyiany:

Sme yflsar werpwrantseafleyn (Bolts), wenrsefleyn (Nuts) sremrliui(Ld.
enruTenfl&@hn, Wwarsesn @rawm® Cummlsamer @anenliLgng GlLmLUTED
vweruhdlermmer. Qeneu Curduiwed Frsamser LaeunOled LLeTLIHLD.

U Gumilseflgind, smelseaflgibd, @@  Cum@mener  BaidgHeusnH@D
wenywrenfledr LweuGdamer. @@ gmeyl Gurdlufer G, @@ SenLae
Qumdlliler 2afl o dwemeal @@ waTwrariuier epaC  QuisslL(Sermen.
Cogid mewranreredl Curetn emdGL  SHedsafleaund geoelw weanywrenilser
vwerL(H &l emme.

@@ wearwuramiulled o dmer wermwll Yigsgs0sraT®h, weruremileanwud
&HndCurg Ba@WL. wartwr® @ CwaLaw QamarsgeilLréd Gl b
[H& (THLD.

@@ waraw waruralCur® Qearsg vwaLbhss Couamm(HLomaTTe
@Qreamrw sflwrs Qurmpbs QEs CouawT(Bb. THSHSSTL LTS, Wweanrwireniluder
Cumei b, wenguilenr GumellL(pd sflwrs Qmss Ceuatr(Hbd. wenyuiler
QumelLd Cuflsrs @Qmbsre, g wanrwuailsEdr Caaaong.

QasiCurewCon  Lfllleng (pitch) gmb  sflwurgs  Qdene  eretmTaLd
enFenil eTwtenlls@er Ceass (Plgwrg).

Smeyfleaw soLsd  QurduiCer, wHm GurdselCar o (Feur&ELw
Curgl, eupdled Genpser eouL. eumilLser 2 arlh. < &Ca, HbHg LAenpger
CormeuaenTd  Seranan ILgH@EL, BEGHuUSHGWL Dleupern aThg FfluTFlLg)
Gelwenowing C&Fwem@Lb. SjeUDHenm D6 @GLD (PEDSET ONLATC
ellersasLiL(hE e

8.2 @Yyl semadoFTHsar (Screw thread terminology)

yfdileor.  ydudsib (flank)

(pitch) i Gesi (Root)
T yiiedB (crest)
&

# AL A A
AR VAN VAR VANN
SRR PN
........................................................ '\'J Q% g cﬁ g
qiss o2
B AN it
P iAo Ao linls . e oW

ur1b-8,1 D@y fuler ugSssr
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1. Sw@ yf (Screw thread)
SmeUfl aeugl @@ el 2 (heeT g Fabller CGaGum
S|DG @ glenerull e 2 erCerGuim V- Gulg-ciled
Cur iUl 4 (h&@GWD  F(HENGTWTET LIGTETLOMGLD.

2. ue QTS558 F W@ yf (Multiple start thread):
go Qe Geuallufley @rent g  epetm  Smener  Lyflser
GQenewrwiras  Curliul g ma@w. Hme yilwker euellaw CeLToed
Causons  WWH&GUSHES Q% LWETLOL. @0 HFONGE TSHnE
Qar_ssb QmasSnCsr, s oerey Causrs 2 6tCer CadeaiL.

3. yi 2@ (Crest):
yfllerr @rewr(h smieirer LGsRISmET Qenanrs@Gh Gmui@s

4. yifl Geug (Root):
yflullelr @remr(h smieuren LSSHIGSMmT Qaams@d SpULIGS.

5. yfl'ussip (Flank):
yfler usseurl(h& sfleyls LGS

6. yRullewr (Pitch):
@@ Yiwber usseumiqd o&asE@ Qenamwrear @@ Camliigd e
Yeraflulellmpg oibhsst yfluler =oGs Cumenn yeTatleueny o eter
Qe L Qgrenevay.

7. wparGaimy GBrenevey (Lead):
R FHNIGE LT g enFwrent perGearmbd (Lperblaaeayid)
CsTenevey.

8. yf! 9up1b (Depth of thread):
gflwler o&8 e Cauf ouey &F&GGE CemEGsHsns o drer
Carevevey, @& QuEmEILLGHDGWL, fAn N LsHn@n Qen i
QBTENaE] < GLD.

9. yi Gsmewrd (Thread angle):
yflulelr @remr(® smieuren LSSRISEHSEE QenL L Csmewrid.

10. usss Gasmewmd (Flank angle):
Uil @mussd oE&Hs5E Cem@Gssts sTlhSme@Gn Gsmenrb.

11. @perGaspy Gamewrd (Lead angle):
SHmelenr oFasE Oem@ssts Ufl sfpdmsen Caranrib.
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12. smewewr Gasmemd (Helix angle):
OEFSHE SHmHanan gHU(BSSD CHmenrLd

13. Qu@pad b (Major diameter):
Cevefliyw  yflsefler o &flaamer  oeveg 2L yol  yflsefler
Coufsenersd GamTOL @@ SHUMmTTET 2 (Henemuller 6Nl L om@Lb.
8 GQeuellliym 68 L eremmid FnmpliLpLd.

14. Pmyaii L 1b/ Geugad’ b (Minor diameter/root diameter):
Covefiliyp  yflseflesr  Ceufsener  eg =Ll yn  yflsefler
2 Félganears GsTHL @@ sHUmeTWTe 2 (HhaneTullenm 6L L Lom@LD.

15. vweyimy e’ Lib / yiulles afi__1b (Effective diameter or pitch diameter) :
e yflubler 2 Carsl LGHub, siBsgerer Qe Geuafl LGS
gors  Qma@rn Gl (b @@  SHUmETTET 2 (Heneruiler
AL Lom@Lb.

16. Qwuilsy  vweymr ol ib/Gewe  afliid  (Virtual - effective
diameter/functional diameter)
o &Sy, Ceumd sHm wprstulL  Hlaouie o eter el LG
Cuuwilsr Lweyn eIlLd g Cawed el L b eramiuhL.

Gy yflsefled LGeum) Qorsss &enpum(hsefl e
cllemereysener  Lwenm 9L FCHTH  Fmligemd CFwed el LD
HlenL_&@LD.

8.3 (@ LMuiler LenLpssar

Curgieurs,  SHmEUFlseT @@ eDenpaasbEtar, w2 aflulermme
Qe s u@dempear. @ns oeller oo’ (H Ceusbsrer Lfluler yflufent g
MG FmLHD g GaPs@GL. @ HACLIH Qs Yep wigeudaame.
paleurm yilWeud @ns  Wep Ost@mn.  %sCa  @m @I
cranrenilEanguiener Lflaers@er gpubn Qbs Nanpanw sl (HLSenp erameomd
(Cumulative pitch error). erhsgissrirs, Lyfllers gmbd 1 WS Geow
crampmed, (s yfluled 01 WS Wenpuyd, s @rewrh yflsefles 02 Wb
Fl (B Geopwd, woe eparn Lflsefld 03 OB sl (Bl Nenpud 2 e m@L.
@uug Csriihg Weow &migsd GQarerGL Curermé, 10 yflseafler 1 BB Hevwp
goul®, 10 yflasepsal udeors 9 yflasCerm odeg 11 yflasCemm QmsELd.
Ggeer euermbd Yflulen i Mlenp (progressive pitch error) ereu.

8.3.1 Gyl iewip (Periodic error)

yflwleo g Qemfhg Slswrarod, oeueuiCurg Sma@  Lfluilead
em GO L Qe Geelluler W EWL sme &M @Hb. Qsamer Crrl Wenwp
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(periodic error) eranuy. 2 aflullen 2er () Geusld &rme @evemoe MM &aGsTe(H
Qouugrd @by dowp ghubd. Qb Gow wsdld  spm iFswréls
QaraGL Cuml YnE Geopws CsTimi@n. Qbs &HPed el Lbd COsTjhg
CararCL Qms@w. Qseamed, @ GOUYLL aaraismautlionar Uflserss
Qe erer  Qsreneve| gflureaGeur, Fom  F@BsorsGeur, g  FHo)
@apaursCour Qm&s eumil 2 ar@h. peme @@ GO L Qe Geuefufed
goubb Q@bs e SHmbuabd s Qe Ceuelulidr ghu@b. Lfl BerssissLb,
LU Ueowseh QeLruleorer 2pme| @@ o eamer Gasrlen i (Sine
wave) Guredl(m&@Lb.

8.3.2 gyaauyib e / G19smaLl ety (Drunken thread)

Crrl Wevwperws CurerCn Qgeybd Smbus SHmbL eu@mD LNenpwn@Ld.
pamed geubleurm s&HMlad @ns Wenw eu@mbd. Qbs Weop egoubd Lflsafler
HflWeng s sflursaCes Qme@h. pemmed Lflasedr gflwner  s@menemmins
Qe uligmEatg. @@ 2 @maerwiler Gweé s&oHolLliGHE@0D SL9  erem)
Yflsener  er(hggis  Caramind, ssblblew  GOflsenCurg  Qbs e
Holu@d.  &mevenr  ereilig e Fflwrer  Smeyfluiles  Corme  @ms@Lb.
UMD Devwfd benp / @lgstrl Wenpujeter Lfluld ecuaneThgl @)(HEESLD.
Qssmau  Hapsmers  saTOEiGlILGD  SqaTon@h.  Qserme  gHUBLD
clleneTaydHEmd Slab urdliugleenc.

8.3.3 s®wmrmmLI 1enip (Erratic or irregular error)

foeuflder fasded o6 eumsdnsed sEommb Sop Gg. @
SMETESMSSH  Sar_Hleugild &Sgemnd @b, Qurdlseilsdy gpUBHL  SanpsEhLd,
yflser CeulLliupd 2 Carssdld epuBb wroprisesn, Gurdlsefler <jenoli
Blenesafled HUHD LLIHOEISETTILD QSSmail NenPSHET EFHLIL LD

8.3.4 yiuilenL groLi Lewpwred L@ aflenarajsear (Effect of Pitch Errors)

yflWen g WB@wGurg g yflselleoCw @mnisd e (Interference)
ghuBssSng. yfller gmb  @eopuybGurg g yilselleCw o erer
G Gouafllerws @eopsdmg. em yfles gl e WGESHUTs 2 6mer e
wery HilWer i Yenp Qeoers @ SHmstaniluder CQurmbabCUTg. =i
Gran®  Uflser  spdsed  BLEHS  o(wiss®s  gpUBsS.  s@sme
o L THGIHDG. Qaame Hmarafly, HmEw wearun Fflurst QurmbsToe
85560 JHUBLD; Ny (P(LPENLDWITS GFDTE.

Cogd YflulenL s Menp Wgdwn@gn Curgl, oiger Lwepm AL pwb
(Eff.dia) Wgw. g OCwublsr vweym 69 b (virtual effdia) ereriuHid.
Gsame Qran® Lflaepseh Qe Cu o rensdd owpssbd gnubb Qgeb
Yflseflenr CQgweour’iun@ @nssn ellenerellsELb.

e o HuAlL yflsallear Qe Cuw o dter ydlawrer Meap ‘e’ eremm
QarerLné, =g Yflsar QeaemuybCurg oiger @ndluier Lreils SHLsELw.
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.‘? 9
n
p ‘?} o‘g

A
-_l% -_I___
a /L _h 1 mng;iizng;y

./Q_sz Q@Qﬁul'rgr_gf.
e

L LD

np +5p
uLh-8.2 yfulen 5 guﬂdwgpllmi! gpu@n afearay

%56 ‘@’ eramy yetatluley Cor CeuarGoemmmed, g ‘ac’

SaTeyd@ By GCeuamr@®id. abe eraty (p&CaTanTSHeS (BB,
ab

— =tan0
ac
ecot O
ac = ab.cot @ =
. . . ecotB
<,5C6u, IYID Lwenim 69l L Ld = — X2
= ecot @

GG

ureuens  Lfleefled cot 0 =2 eranm @QmE@WL. H5Ceu, LIMIL  Liwenm

L, yflWlen g glengll Menpuller QHLOLBISTS &)(HEESLD.

8.3.5 yflullesr L1858CxmenTl Lewpwred aumd ailewaraysaer (Effect of Flank

angle error)

yiluer w&sss Caramssdler gpuEL Wepuwmed Liwem Sl LId rmid.
ULD-83-60 &flums odemr g waguild  Gurmssiiul(Herer  Fflulldens

LSESMSS CsranT @ Smarean srlL vl (HeTerg.

oSGl oL g salliss oBafis Cadngu
wengureniiuller afl b

ey

) @._.b/

ﬁﬁJMm Q& mesmid
f—hia';a; Carenr 1Aentp

uL1h-8.2 yflusas Carem Napuirsd gpu@h afmaray
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C- cray QLHIHD GUEEH FgHUllgHSHDG TATLGID, ST HeITdHS
Hmdlen AL sngs Gmnssrs Couam( eramugd Ggealaurss GsfEng.

Hmder Lweym L Ganss Ceouamigw eme| = h cosec 2. 5@
Qder h = yflulesr oy Lpld
80 = usss Carerl Nenp

Sme yiluller @ usssded WLLHWL Wawpuilmhsre Lwenm el L Lb
crelelama] rmid eraLg QSeSlmphg sansdl(h  oliemd. Yfluler Qe
usss5 CaramsSHad Neapullmbard, Qbs ere Qrear( OLBISTE@LD.

<2p&Cau b Lweytm e L = h cosec 2¢ (66, + 60,)

8.4. yflevw eI GLD (LpeHMFHGT
0 H066 yila srsmss samplub Curdl® g LG

F ST eTdH Gouam(Hd. jen6y,

Cum el b (Major diameter)

Sy oL 1db (Minor diameter)
Lwem 8L b (Effective diameter)
yflleoLg gmrd (Pitch)

yfl usss Garewrd (Flankangle)
yflufenr euqeud (Thread form)

SR O e

8.5. Qp ML L S JaTsG LD (LpeODFGT :

@@ Oeallyn SHme yflwler o &flgamer g oL uyn SHma@ Lflufen
Coufgeners GgmOL @@  spuUmenwrer o Haer AL  CurmellliLw
ararlu@b. @ SHmder ofsorer ALLLD Qgsrer. Qsmand  SpSTEmID
uoGoum (penpsafle jeTEseaMLD.
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8.5.1 myevsrewrarailuilett epevid 9aTS5 S5

Bamameraflenwd Carent(h @@ 2 (HeveTenwt jerling Gumw, @@ HHE
yflwler GQumellLgmswynd  GCorgwrs eThg  elemd. @Qger  epebd
CQumeilLgder  Yenpenw 2 arenowiner  eTelladlBHg UGG searTHiw
Couarr(hd. Cumeurflwrs Hm@EL yflsmer oemé@GLEUTg 2 aTenwTeT 6Tey
aarug U Crrmsefld samadl(h  bluiur. Ceuarmiqwl  jeTe| o @GLD.
CQumeurflwrs  Hme yYflsamer eré@wCurg o amanowrer  GumeSllLLb
Qaremr o menemuilen N LSCHTH @UOLH W Plulin@n.  Qbs
wpapuiled  wWpsadler @  Cabsr o meeruiar L Sng (Pl  eTHE
QameterGauar(Hd. 9@ SmE Yflwler GumeillLSams erds Couam(Hib.

F

_ (17

QFBST 2 (e eT—

BicweEmaTal) Lich e —1

F
UL 1b-8.4 meswesmaraiufled GlLimmaill’ L b 9jerss e

oLQurpg Qumedird = s + (dy —dy)
@QrE S = Ogpsr 2 (Heneruler jeTe]
d; = Qepgr 2 mearieanr Ce eSS eTey

d; = dme yfller Cod aBss ieey
8.5.2 Cuwaens mievresstarall (Bench micrometer)

mearanreredl  GQaream(®  CumeILLSms
Sets@L Curg  mewewmereiluidy  FDm
SWssd  Carhss  Ceuenriquig  Wlsed
Sjaudlwuw. gerearnre, Hm@Eyfler = FfHufe
Yerafls GamhenasGus &) @Lb.

HlenTenTeTelleaniis anauiled
Yy dg1s0smeammp ojerelihged Fhm SyoLomer
Cewer@ld. eglearammred @ @suie Sms
yfleow Cigsgs Csram®. Qerblermm ensuied
Beamerareillew  Yigsg  oenss  Ceuenr(hLd.
@.ﬂj.@ éﬂlj’LDg.';mg)I;I Curéa @JGUOTGUOTQT@S]US]Q) uL_16-8.5 Guens pievsrenraral
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o wroprismerd Gelg LweaTLOHSHSDTTSET. Qe HeamanTaredl @ HeTdsHled
BMSSULL G (HEBGLD. DFET D6T6e| FHEG SHeoLwns HmE Yflsmears srmi@Ld
wpevanser (centres) @m&@L. (LLD-85). QB (Wpears@rds@ Bheld &HmHe
yflenw  Bleveowns  GQurmsHel(, mewranrerelleow  ereflgmsl  LwetU(hSE
QumAILL g ojeThHg CsmeaTeTauLD.

HmE Uflew enauied Ngs58 sems@l erafl Coens Fewmeameress@hLd
Hp&a5S5le) 2 cTere.

F

Jatz

| I |
)

d;
QFBsT 2 (Hever —
A\

—
Il

Bimemeral Lichewr 1=

F
uLtb-8.6 Cuens pesmesmenralwned GLimaill L tb ojerssed

8.5.3 2L ym F @& yuler Qu@wmail L sams 9jarsse (Measurement of minor
diameter)

o l'yn SHme yflWer Cu@medlLw eretug @@  wanguiled, Lflufer
Coufgeners Cami(hsd OGaram® Csogid soumer o (HaeTuiler eIl Lbm@Ld.
Qeuefliyw Hm@eyfleowt Guréd Ceoufsamer j6cueleTey eraflsns CsTLl() 6TEsS
wiywrg. QsnE Hmeyiter Geaufsamears GQamHLb oemey HAdw  Gem(HEamer
R0 WssGEL ety HHeACLTH QamenTsSs eTESELD.

8.6 Myl L Sens aTdHG LD (LpeD

Cuoens mamametedeows vwaTLBHSS, Qrewr(  smldy gl Sl
wanarsamers  Smeyflller  Ceaufseflds eocugg. Sy NlLgams oethHs
Leombd. @Qrigerd wgelled @@ SneulL sHnE aflurer b Lid Clemewr
2 manamwiled Gwa jemayser (s Ceaamr(Hb. YWnE Hme yfller Coed
ofeTeyseT T(hds CouanT(hLd.
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il

==
L

d, Bl |93
GlFBsT 2 (Her —

— Bivweraerall Licnenr \ h 4

uLb-8.7 Guens pewemaralwned Fayail’ L 1b ojersse

Smeufler dm oW L= s + (d3 —d,)

JOLIATG S = 2 menerulenr eilLL LD

dy = Hmeuillear Coe a®hés HeTamerelulen
ey

d; = o meoearlear Goéd hss memeameraNuie
SeTey

Smeufller Geufsdr wWaad smprs  QEBHSTE®, Faldl (PESTHENET
MeUSF el  eTaflge. HUOUTE g6 Hipd  eugeusans  Senguied
psd igmen ojeThgl OQETETaTaLD.

8.6.1 2.1 1w F @ LNulesT Pmiall’ L S5 ) aT550

Smeuiltler ol upsSaieter o Fdlgemer  Csri@p  HnellLgms
SadsGoianr(H. @QenE Qe  FULmseT  uweau(@demer. @enewur
slLmigallenn  Geuaflliypy u@dsear  eLCumpgnd  QaemwrsGer  QHSESLD.
UMD FLLBIGMET BETSS DFem 2 wWrdeng IHME Csrararemd. @eanamr
slLmsmer il  Hmeyfler oemCor  Cesd, oigear  GoueflliypL
uGdser yflWer o dflsmers Osrhwrm sflurs BsisHE  CamererCeua(HLb.
QUOumps @@ HeaTameTallanwis  CETeT(H ST S UTSMS  SETHI
Camerereomd. Q&Ge Fmed L orELb.
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govadlrer S 2 (HenaTEHeETLD B(Peys SlgamEsameTn LeTU(HiSSwD
Snielll L geng ojerdsend. 20 WBLL (Hé&@ Cwed HAmedl b Qarar Hma
Ufle@péd Sa CUTHBSID.

UL h-8.8 @aewmel L miser apad 2 Cyp Fprelll b yargsd

8.7 tweIM L LS5 965560

gflwer o Gorsll u@Hud, sigmer (HSg6Ter QentGeuaflll LGSHud
s  QMmE@Grn el hb @@ shumer 2 (Hanemufler 64 L G Lwenim)
ML b  eramiu@bd. GumeillLs CarhseErs@n. SnetllLs CarhsEnsE0n
pHG @Qbg Lweyn WLs Casrh Osogid. @Qbs Carlen Courgwrs
fmiefLibd, QumedliLb o Sweunenm SemliLensl CuT jeTéds  (PlqUMg).
LOEND(LPHLOTHSSTE HHeT&HS  (LPlg.ULD.

LED(PSLONSG BeTHGSL  (perpuiled FDm ereflgrengd, CHTFTWLOTETGILOMET
wenp Hm@EUfl meamarerallenwits LweTUhSE emLILSTGLD.

Lweim) oL LLb GTGITLIZ) Gamymwiors Cumel LS m@Lb,
Al L sSDen BOHGCH Q@D aumss  sarGLmn. o sCa  SmeE
Hflullerr Ged Lsassdaerer 2 &fld@n, S LSsSH6EET Coums@n Qe il
gL Lwen N Lorss sHSULGL. Qas eTd@h Hewranraredlufer  6hH
STEGL  (peverm V- GUlgel  SMigULenild, MI(LPENeT Faflsd Faldl| 6UlqeusSHed
QmEGL. V- augel smg Hfluler o fepwd albl eulgen Fafpenet Lyfludler
Cauenguyd Qar @’ Qaramgmé@orm Qurmss sfCslig Lwen L sms

D|GTHHETLD.
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uLb-8.9.1 vwgg B b yergsed

8.7.1 gvallw 2aFlsemaruyLb, &I HSH®GTU LD LIWGTLHSS) JaT5%560
(Measurement using precision pins and balls)

Sm@&UFudler QenL_Glauafludley Flevadluiomes 2 (HenergHenerGu,
GamHsmetGwr  eeaudsgd LW@m MLLSMS ETHSID. T(HSIHESTL LTS,
gl o meneruller enowid eLwam il s Carliged @QUusTs creamrenils
Qarerereomd. (LLLb-811) uCurgy,

ey el = o (menersaflar Ce T($F jemey - 2 (Henerudler
L Lb

(M —d)

e, @Qng (penmuldied
o hanemwilenr  enowid  Fflwns gioeflw 2 weer
Lwenim) ML & Camlige
QmaHpsT  T@UmE  Grlillg
o mifl Oalg Osrereug. &g
Slywwrer, (WPgwrg Cswen@L.

@ei?aa@eu, JENEY Qscuh@mmfés@ / A\ /B
FHLenLUI (penm S|ETN). T

<O}, GG FleadlwiLomes

5
SI6TEYETET NG, 2 (THenerr o \%7/ M
D) Ge(h Lfluller
usssde Qe (hsd  Care( D

=]
| —

ﬁGGTQ)ITGI) SiSe .GDLD.U'ILD um@"@] uL-8.10 o (peverser QErew® Lwem L ib IJers 5
ML & Carl(has o
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CuGaGuwr, SanpCuir Garymwons @m&éEL erarug Ggflujb. (L b-8.10)

2 Geeruilen S Thss ferey M erempd
o menemuferr 9L b d eremid QHHSTO,
Hoeufllea Ll sgmn p erenmib
yfl Carawrd 6 eremd GamerGeourd.

oo Lwepmed L E = M+ 2x

UL LD-8.10-60 2 6TerLlg,
AB eraiLg) wanmiell L& Gar( ererLgme,

1 L
AB= - yfllersgmrd = 1, p
dcosecg

2

DC = dcosecg —d/2 _ d (coecg -1)
2 2

_ 5_p 9
DP = PB cot = /4 cot -

OD =

g X = Pc = DP — DC
__peot®, d (coecg -1)
T 4 2 ]
oo 2X = gcot 9/2 — d(cosec P 1)

oo LwemiedL L LD = M+ 2x
- M+2cot2—g (cosec e_ 1)
2 2 2

@ns gwoaurlell vwauGsS, vwam Nl gms eraflgns
ellL_comLb.

SETHEIL_(H)

Qs wenpewl uuau@ss Lwem HlLb  sarhllgs@n  Curg
goadlw 2 maarsCert, @GeamhaGermt  yflwler ussmsefldr Lwem L&
CamlieoL  Oarihs Oasran®h Osogorn GCsie] Oeleg ojeudlworELb.
OSFmEW 2 (Heneruller AL LD eretemeurs QHSGLD erarUanswd Ll CamenTid,

e gimd < Slweupenm eneus g SamBHliqsg el emLd.
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UL 1h-8.11 gavaSlw 2 peveruller el L_tb oymlsev

UL 1b-8.11-60 ST 1quwLIg,
AOAB WNe&Sl(mbg
AB =P/4
OA=d/2

p/4

T4 Svvd aj2 = cos8/2

_ _p/2 _
d= Yy =p/2sec (0/2)
@ps Fwaurlean Ll LwaURSEH el o (HaeT OE (&6 (HE6rm e
AL geng Cgrey Ceulg elerd. @bHs Haesamer CFDMLWTET 2 (HEn6TH6T
(Best Rollers/wires) eremim gomiour.

Sme yflleuerer Lfl Caoremgdle, o (menerger/ osaflaear sflwurs Ll
anqliled oCr gasdad st (s Caramgmasrg. Qseame gHuUBL  Lapeani
BssGer LsseuT () SHmssbd (Rank correction) Caaneu i Hma.

peamamerallenwsd  Gatam®  aTs@GLOUTE,  eTEGL  edlenguwimed
(measuring pressure) Hm@ Yl gpm opdsd gHUREDG. Qs Bés
SAYsas  HAmssd  Comau(épg.  QbHss  Hmssmsmar  samsdl
goaUT(Hs6r 2 drerar. Seupapll Lweaubhissd QUifepsamer Bad efleomb.

Quwenpuiey Lweym L gms  eTLugsn@G  Queam®  (PemSer
LweTU(H S @Tmer. ojemna,

1 @m 2memer peap (Two wire method)
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2. eperm o (Hener (Ppenm (Three wire method)

-

—XB O
= Becuyl iy
ewemaral Lrensew weremarall Lien e

L th-8.12.1 G)owin B SO cpel 2 Henerser Glaren® Lugn oL sjenssed

UL b-8.12.3
aflvspar erpevid LIwgym oIl L 1b 9)6TS5 %6

Qm o meer (papuild @rearr(h 2 (HeneTHemeT LSSSIHNG  QReTms
yflWerr  srgsafles  eeudsy arsEs  Ceuam(®d. @Qbs  (wperpuled, Qe
2 (HENETSHEHLD el @ Qenewt  ellensenwt gHUBhSS Hearemeredl Gumenn
STEGL  HmHellsaflen (panensem ppL eumliliy @mUUSTER  FHlms  aeuss)
Serliugled FHm SFoSeng 2 eRTLTEH@GLD.

Qs dssmols  Curés  epeim 2 @eer Py  LweLhidng.
Queenuiler @@ usSssHD Qrar(h 2 (HETHMETWLD LN LsSSHL @b
2 (HEETWLD  MeUSF) AL  erssLLUBFDG.  DOTEGSWL  H(Hedsarlen
enanaet Wppb eumiliy @&léd @eene.

Sm@&UFudler S|6T6)] LRI -2 OIGEICINENLES 2 (HENETSHET
vwetuhdlerper. AP Hm@Ulsamer oemliugn@ govelw saflser (Precision
pins) vweTL(dermen.

Sm@UFudler ML miseneT S{ETILSDS craflgns Cuans
BlanranrerellgE@mn, Hm@ESUfl ellLd oers@n durhlaErn LwetLhE e
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8.8 yfluilevL_g FHT1% % |65 %60

SEFFHSE Qaeamwrer  Camligd o yfller uwssl  yerafluledmbg.
2BQssl yfluiler Qenewtwimenr LSS LeTetl cuenguileorer gnmb Lflufleng gmrd
arlupn.  oHS5sHEs  Uflsdaflar o dSlaersE 0 ooeg  CouisEnss
Qe Weoorer  gmrpwd YAl s  giIrsamss  GNSGL. oyt @Qensud
Corguirs oeméEs  (Plgwngl. gharammmed, oiF&sH@E Qamamwrar  GCamhsamer

ermiGa, erlitg Gurhioug?
r' yen s g ——
.

o
N

UL 1p-8.13 yfuleyL_g STILb

<4,5Cau, O JCNT T 931 AF: 320 (€1 saflwrs Q(H Clum
o (haurdsLLL Hetarg. Qg Uil s Fmrsens oerds@n  Curd  eremmy
sapely. @@ goaluwrear Garhwearenw Wwselled Lfluler smgquie Fflwns
BpHeler eneusSg, EHAMBHE MG OS5 Ufl SMgsE FFEEG GenewTiment
Carliyed paiss, yilwkleors gmses oeriuCs @Uuurduier Camlum mEo
(LL1b-815) gevallw Garhpamerenw sflwrg phHeld emeuliLgn@ QUGurdludle
@@ arefCata/@h 2 drerg. GQgrhweer Fflwres phHeld Qmbsrd Carelle
GO WSS GHEGLD.

QarRpeeanub, s@IL el 2 der ereCared GOl ({H enwlLb ¢
Wgemauier Curmssiiul (. o HeamarerelCur® Qenamdsl L ig(Ha@GLb.
pearaaralenw Quis@wGurg Cst@weaer Lfluiler Gweé Ba@m. Gsm@H/wpener
@@ 550 elvedley GQummEsl ULl ig@muugte Lfluler o&ssE CFm@Gssrseld
Baihg.  yfwer Goéd gl QprEb.  oulumips  wpeeruflear  Goe
Qequssiupd  alevs  @EOULE  ewblou Quwsd @ liypwreGeur,
cueliLporsGeur geT@Ehb. (panatuiler Qream( LSSWPL &owrs eland &) mbsme
srar GHSLG per pHEND QmESLD.

Carenerent Lwenm el L& GCariel g CsmhHiorm ORg HSDGS
oM Carwrny Csiey Cswiw Geuenm@®w. QsnCasnu LLCeum  eTey6TeT
CasrO(penanseT SrLLIL i (HEHELD.
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Smeyfleow  Gurduiler &7 ewbwhseErsE BHGH Curmssedl(.
Casrwpener GaTsssdaierer @ Lflwler &mquied Qma@wrn  Fflbguig,,
Blamameraluiley ojemeeuds @GNSHE Carerer Ceuamr(bd. Gm@ HiewTanTeTedlanw
Quisd, by &MysEGE CsThreearanw BSISEH DeTenal  6T(H&SCouaT(HLd.
QUL Cw  galer@m sMngs@L  CAsTHpaarew BbsisSH oemey aTHS5SHIS
QarererCouaim(hd. @bs jereysaiad®mbg Lflulenl g gmrb sflurs QmsSHpst
eremm LMLiugL e, o1& erliLly Coumuihdlmgl eretlengud SHevrLHlieumLb.

QBTH (Lpenest

/) )
ANTANVNT -

/ \/ P

L _1b-8.14
yuilent_g g1o1b 9yand@Ld % (el
(Pitch Measuring Mechine)

yfluflenL_g ioib

el yn Ame yflseflar 4k amrses eTliLgn@E QUGUTHuieD
R Qaarli o dmarg. @bhs Qenanliled @ samBHb g6 (pevaruie st
e Q@m&@L. wnipaear areyCare GOUL®H ewlCurh QummSSL
Ul lgm&@L.  Carhpeanar  Cogibd &b pa@w  Curg., oisnHGspu  sam(.
OpwyCatd  ougliuemL e omabg, are|Csmed  @hlaw QuEEGL. Qa6
epod eraflfler o L im SHm@yflseilear ylulen s gmmsens ojemdseLd.

%@j Ecig%mm
T, L

-
GUENGT &l

&6u6
‘
A

UL 1h-8.15 2.1 1y yfluflewL_ S1b IyensHD
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8.9 yifl LF5s CaHTenisansd 9|ars5e® (Flank angle measurement)

gflwlesr oereyser Wad Hdgres  @Qlusre, Caramdms  DETHEGLD
Qurgieutesr  smellgamears  Caram®h  oeTds  (PLWrg. Qgomer  Fevedlw
2 (HEETSHET G@T(HSET LTRSS DeTHEHeMLD.

S
VAN
4

UL 1b-8.16 2 (hevarsemend; ClaTa® Corenidensd | aTshs e

QznE Yfler smquiléd @@ HAdw o (HameTen HOME Gl eudg)
oerey  T(HSFHS OararerCouamr(d. @B et M; erety  CararGeud.
Yerery #om Cuflu o mevetenw encudg jetey r(hHsgs6aTeTer  Couam(HLb.
Ons oerewed M, eremy CamerGeub.

LLgdled  sriLll ulig@luenst Gure, Sdlu o @meeruier  enowlpld
Quiflw o meneruller epWI(PD @ CrIECHT G DenBHS([HEELD.

Qg AB = (M, —d,/2) — (My —d:/2)

dy,d, eraug) wperpCw Alw, Quiflw o (earseie 69 L BisaTTELD.

Ac=2_%
2 2
AABC, é Sing =4
BC
d, d,
27

(=)= (m -3)

Qbss FoeaUT g6 epebd oralsrs Caransmss samsSl () edLeumb.
8.10 Blped auguBISTL BHIb &(HaT YOG F(HANWTTH 5657w TS5
(Tool Makers Microscope) cLpevid 9ars %60

Hme yflsar Wass Alstes Qpsraid, o@og  Wsl  CQuflgrs
QmbsTId CHrgwns oigem Fmmsamer eTlug Srbom@b. HLuGurg Hlipe
cugeaumisT(Hb  H@meldl  (Profile Projector) ojevevg smmellwrery mewrGenrms sl
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(Tool makers microscope) Gumerrp smelseer vweaL(BSSH — Sm@yludler
FMIFHENET DeTHF GYL_eurLD.

Aw  vgdsmer QuilgLBsHs &L  gliumruwie Q&smelser
Qurigdeamer. Qssmalsailey o der FersHd Hm@E Yflsamer eeudg bl LT
oper  CumaH  Hiped  eugeud  SHeoguild  Cafluyb.  Qésmeisaisn o drer
Sanrsailed HTEGL euFSlaEpnd  GFLWlLlIGHEGD.  Heubpernsd  Clarea(h
Smeyiller LoCaln Fmmsmer aThE LMD, HETE@GW (PEDSHET LILBISET
aumileors eferdsls UL g (HESHemmer.

L_1b-8.17 Bliped auigarid F(mad

8.10.1 Qu@paIL L1, Fim@L’ L b 9aTsHe0
Seogiler o ater GMEGS SIS Carhser Lfluler m Lss o Fdlsamers
Qarhwrny Hm@ yflow gflslg GarearerGeuemr(hib.

HmeUf eudsll UG HS@GLD FSTSHL QenanrdgieTer  HewrenTeredluied
Wa oemey Thdgs CsmarerCousm(HLd.

- s BAW
Position 1

l " %
..........................................

Pop.:plztion 2

cre_sbh—8,18.1 e oflelelr Gluimmaile ¢ wh oyers s

cre_ih-8.18. 2 g5y flalelr Sgpraiic « b ojerdsed
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Qs Qramh ojeTeysHEra@GL 2 6rer GCeumpurGL GumeilLLorEL.

QumedLd = M, —M; @Cs wepenwl LweaL(hss HmiedlL gHen
SjeTeneuend 6T(H&SeLD.

@@J@S]l_l_LD = M4_ - M3

Position 4

..........................................

Position 3

Position 2

uL_1h-8.18.3 B @y Mufler Qu@pail b Fmiafl’ L ib

QumellLgmswn, el smswynd CojegHd eThg GEmeTemeuLb.
QshE wse ugwrs sbAE  GCarhsdar @@ uss Ufller o Fflsmers
Carwry Celig oere] arhHés Gouart(Hid. (My erems)

2I0s5g, sbls Garhsamer Lfluller Coufseamers CasrHomm Cewlig oieTey
T (hds Geuemr(hd. (M, erens)

sbl9s  Garhsemer Coaib Barsd yflulear wmuss Ceufseners
Qsrhiwrn Cewlig oeme] a(hsgHs Oarerer CouamHb. M; crers.

Qudurs sbls Carhsamer Lfluler wbm LsEs o &flsmears GsmHm)
Qawig) oletey aT(hHdEHE Carerer CGouent(hd. M, crems.

@QuUGumpg, QUi = My, — M,
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8.10.2 nwgyIm Al 1L_Ge»s 96Ts5 60

yfluSler @ L&&
2 8@  bEUsSs  CeumHEGLL
@oLwle  oder  ODgTenevena
SETHFL  Lwen N L SmsLl
Cupeomd ererm (e HerCL L.
opammed Sm@ Lfludenr o &F&lub,
Coumd  igaT  QUEsSMSE
sMmHev Gamarh sHm fswrs
QauL i LlgmEGL. 566
ans (Penm Camymuwors
sMmSULMHL. parmed  Lflufler UL 15-8.19 LwgymIeiL L tb 9J6Ts 5
LssmGmeTs Csm (s  Carem ()
Ceogyd  @Qrev®h QaanrCarhsersE QoL od06r  FUHms HEHSHS
Cem@ssrs DeTHITL g Lwen oL deans Filurs sTLHWL  eraLms
uLgHellmpg Osfibg Osrereremd. @sear ojgliuemluled Lwam oI L Sms
Hlpd algeusel(mHg eraflsns ojeThg CsmerareumLb.

——
o -

pPitch diameter
el B

[

wsdler Cueousssdaarer Lflufler @@ UssSmSS G (HE Glamemr(h
Qmseor sblis Carlar sfloslg oere| rhdgs0smerer Couamr(Hib.

Yenery, mewmemarellenws BaisHE LboUSsSSHQeTer  Lfluller  LssSE0
Qari(hs Csremgms@rm Cewg CsmererCousr(HLd.

Qs Qramh oeTeysERs@GL 2 6rer CoumurCL Lwenn 69 L bm@Lb.
Lweym el = My —M,, @me M; = duflu yerey
M; = 8w yaray
8.10.3 yiullenL_g SMTIS®S 2|aT55

Hme yfler oFasE Qeoarwurs  Lflller LssSHD 2 6Ter  6(m
YerafluNellmpg  oihds yflWler uLsssHeueter Letafl  euengulleomesr gy
WL g g ererliuBhin. @sn@ swlls Camial (pgelled yfluller L&ssSH6
Carhwry #fl6guig mHemeamaraiuiley oemey aHSEE CsmarerCousmm(Hd. LNereny
Bamamerafleow Quwsd, swlls Carler oibhss Ufllear LES55HE5E BSTHS
olere]  rhdgs0smerar Couanr(Hd. Qbs Qrewt(h eTeysEHsGL  Genuded
2 eem CoumurGL yflullen_& gyom@Lb.
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II-dillI-.:.:I-idluIilluIi-::-I\:..:luI-----I-i h‘ - .i'\.\x -I--,'\‘l-l----.
__Ilf___al:-___f},{__.":ni._ ,E _.r}?.-*---\k;:-; _..L_‘:.._};___'l
o i R e e T . LR
TH 3 m? e 5 G j
R
i Y & Gl N e et
™ _|. Son i gt o _....'i-.._:"". i ..,_-.._ 1:.\ .__."'f_ Mo _{_""__'\.K_.
.-'I_ﬂ\\;; N Kx_:a’ T LT Loy 11 £ Y RPN II...
Lre_th-8.20 yilofen Zrrdens Sergsd
8.10.4 4y angeuds CHTewIS®S 2|15 %5
&9 Camlen  Lflulen _ &
UsESMSS Qe (s  Qamear() = &
QFOQIDOTY  SEOTE  FETEMTGEDUL  wooperemrwesnie S, e
&m@ Em@&u;l@] 5L‘D|ﬁ]$ @5“‘"_'46‘6‘[ .....-....l.-...-.-.....-b'__-g-l-...‘..... - - - §
FTIGYS Caramgams O L i ekt s
QamererGauamr(Hw. Wererry SHevyd
samemmgeow  Gogud  &oO. L
LyfluSleor ergly LEES®SS LN LN L N A
Qar(d  Qaram®h  OFOEILTM . s
;%izug @%ﬁmgz"i;“;g? S -8.31 b anpard Curerienp Spmind

Qe Caramr ereys@EhsGh 6o GCeapurGe Lfl usss Careanrbom@L.
LLb-82) He smaailed smelleows &someusH@ wLIOTs, Caraoreiamwill
LweaTUhSS Carardams leTé@omm GeiwliLl g (HE@GLb.

Blpd eugeumsT (Hd smeluiler swb9sE Carhasamer LweLBSS Lflufer
uaGan Fmmsemer  ETUILSHE — LOTDTS,

@m aoriurggrefles  (Tracing  sheet) il sy
OOG SETERTTIGUIND DDV  FHETEwTTIG S
grefled  eueopwiul L Fflurer UL BiseerT

Blppu_misGerr(H RUYLEH LT SGILD ?ﬂﬁp:mﬁg
B i srbms Sonalss oo \""“”"'"WW
Blpd  eugeumsTl(Hb  S@meShwrery
NIV S(mHewred it Gemrds &l Flipdd gand
<} SlweuhenmL LwerU(hSgInGuTg, I
smeans GCaramsdn@ gou el oFms ‘I‘““?
afl Cawg OEmeTeug Wsebd jeudlunn@L.
OGS smedlsafley cuadlser HH - geltalpg
Qewwiu’ (Hérere. : : ;
UL th-B.28 gafl yydms wrppisd
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&I NGTTEH 6T :

—

© © N o o >~ P

—
(@}

SmeUflamer ger ojamsEs GCeuemT(hHid?

LOGsT &5 Hmayfluier Csencu erermen?

Hm@UflWler ehg Fmmiener eTds Couar(HLd?
SmEeyfluild gpuBbd Wenpser wrened?

Foeuflean u®milLSms SeTEGD (PaDSEr Wrameu?
2L SpGUIW6 oeTa smar iy HeT&SDTTS6T?
Lwenmiedl L LD 6TeTmred eTemen?

LWemell L Sng HeTH@GD (PEODIEHET WITencu?

gfllen gnob erliulg cuerrumissLin(hSng?

. yfiCamenrd ety leTdslLBhEng?

OB® AesTTdiHaT

1.

@ HmeyUilea LLSms b, DS FSmaFagmmaamer @GO (H

cuanrwenn Gewls. Hm@yfluier epsemeTuibd, e ehLhiD
enerajsenemd 6SleTsEs.

Smeufller (U@l LSng SETEGL (PDSHEET H&H& LILIBI%HEHL 6T
Mo 5.

Smeyflier SneillLsms oemsEL (papasaer 2 flul LIL MBS EHL 6T
Mo 5.

Luen e LSs HTEGWD (PenmEHeeT 2 Fll LI MIg(@EHL 6T

Nl &&a]b.

WL ST emd@h (pernHene 2l UL misEHL 6 elleuflssab.
e Camentdend {eTdH@D DGLILIHL GTETET? DHET 6TSHEGLWD
wpeanpen elleuflGseLb.

HlEe cugeumST (Hd H[Hel gl smHelwrery memCanmédl epeld
HmGUAWNET 6T e DETH@GD (PeHDEHENET cN6TsHEs.
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UTL_LD: 9

LIGOFSSHTID | OSSN
GEAR MEASUREMENT
9.1 upesreidT

Uegssrl  Quilg  (Gear box)  Cumerm g pmere  CEeuSFid
SlbliLseailgid, @@ ahrsdear  CoeaLew BSISIHL  ebULS6TgD
UOFSSIEISGET  LIWGUHHSTDET. HFPQID @ F&HS Samiqadlmbg  wHenmm
sa(hé@ oppnae  CeasHnCUTg. g ealgrsed,  FImsebd, g
Geomogd Qukis Ceuar®. QCsGuméd g Curduie o drer 2 aflanwGu,
ComrewCGur, golwors BEFSHUSHGL ULsFssrmsdr  Filurs Qs
Couammigwig jeuflwwr@b. psliyworeil Guremm ue eTeliHb  smellseflain
Uegsasrmaer LwerUhdeamer. osCe UFsasImseT  goadlwons Gl
UL g (HSSTneeur eTeiiiensd emhgl FRumiiLg jeudlwnrdng.

9.2 LIGV&FS:&IEIS 66T LIGOGIL @ILD

LFelensll  LUWeTUHL  URFSSIRSEIET  6ugeumiseT &H@mer odifl  cueny
(Involute) eremmid, eueneraiped eueny (Cycloidal) erermid euensLILIHID. SH(mHeT a9l
cueny TGl @ euenaTwsdlen Ce e CBr FULWb Gesmoed ps@mLOUTE),
Cpi slLsdled 2eTem g UeTall epHUOSIHLD eUqeILTGHD. @@ 2 (HaneTuiler
Cwé  appliul@Berer  sWlbenpls  Wfls@wGurg, suDpdaleter @@  LeTefl
JHUBHSSHID euigaupd &@eT adlifl eueny eremlibd. (LWL b-1.1

Fmer allifle_any

AB aulLgmmbd = A,B

sulm)

GO UERETLILD

uL_tb-9.1.1 spar aflfeueny (Involute) oyig Litient_
(sulpespir 1906 @ Curg @wLeTen ahLBSSIb

angaub) Ly 912 aenar spaeaany (Cyclodal) =g e

lawenamuid sHmBGUTE, gm yedtal ghu@sab aigaub)
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FLLSEN@E LTS @ euenemwd, LHEDTH cuamarwdSler G &HolerTe
PFD  cuameTWSSaeTer @ Ldtatl  gHUBSHD GUGEID  GUMET  HLPAOGUET
(Cycloidal) eresiu(pid. (LiL1b-9.1.2)

Qs Qrav(h s LLFSST elgeumiseaid &mer odifl eueny (Involute)
augeuGl  LTeuerseyd,  gdadlwwrer — ULESsImsH  OFlweld  Germ
LweTUhngl. ghlaremmre,

) Qégssrmsmer GFloug eraflg

@ Qeueuens LogssTEsd oD  Qoar  CeussCarlh L Hmene
Ceeydgib (Uniform velocity ratio)

Q) @Qbs s LdFssTmGeT QUBIEGLOEUTE @as er(pLLng

@ ve slLmseafled (Rack) 2 drer upser CorraGou &)mHEH@SLD.

6 @bs euwms Lpsssrhsde opss Catamd 207 @b 1415 GTEOTM)
BBSED.

9.3 LIM)FSImIS6TGT CUGHSSGT

) Gpy upsssyL (Spur gears)
sl upsssyw (Helical gears)

[ EE\®]

&(meT LUnFsasyd (Spiral gear)

~

g bl upgsasrb (Bevel gears)

(
(
(
(
G yfl upsssynd  (Worm & Wheel Gear Pair)

)
)
)
5)

9.4 UDFSETS S I|BI% BISGT :
9.4.1 9ygeur’ 1 1o (Base circle)

Alifl &@meT ey ageusms FHUHSHUSDEG DiglLenLwins @HE@GLD
GULLLD. @& LIoTsg, Hlenewrerg,.
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; ; ®
L6  lgLDemT 6@19

OUTSIDE ADDENDUM
CIRCLE

e

PITCH CIRCLE
SEFSQILLID 32
5
BasE gReLE. <~

D|lg QUL L LD

kp PITCH

ROO”{ CIRCL€ y WRAD’US

Caur eul_L1b
_| (o)

(,L(FRESSURE ANGLE
5 |
-1
|

T!P CIRGLE -
/

UL-92 unssarsder LGSaer
9.4.2 gyFaauLl L 1b () udalew e’ tb (Pitch circle)

LIeV &m&&@&@é@u LWeTU(RID  SHUEHSTIITET  6(hH  GUL_LLD. @ur@@mas
upsefler 2 wrsams egnsGanw @uarirsl GOfs@n el D @ <y emmed
Wpigedlder U Fs  eUlLmsmer (Pps5s Carammaeenrds@ ognu Gum
Plg .

voadlen eult. oAl (Pitch Circle Diameter) upsssyb  eoUBSSHID
9|05 sphilaw gHUOSIHID @ Foarsdler e LLb.

9.4.3 uaaiL Lo (Module)

@0 LoasGilu udellar el Berd odeg Lol 9L SHHELD,
upsailer crammenilEamas@Gn 2 6rem NS0,

Lev el b, M = D/N
@@, D = 9|F&H AL LLD
N = unsefler ecramaniléams

9.4.4 a1 11 uevalewr grob (Diameter Pitch)

upsefler  cramanflldmsds@nd Ldedlenl el L GHAD@GWD, 2 eTer
NdsCL L1 Leellen gipbd oeeg edlL Ll L eremliu(pLb.
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olz
n

AL ie = Qwrgs Lphser =
Levedll L b Levedl L LD

9.4.5 aul' L uealewr grow (Circular Pitch)

Ldellen UL SSH, @ Uddler USSS5HGGSWD, ASNSHS5S Lievadler
2iCg wrHflwurer LSSSHEGHD QevLwlaierer aSled GyLd.

Z|o

oL ueedlen g @ =—=7mM, M = udeillLid =

9.4.6 ymip (Addendum)

Leadllen eU L $ZI&GW, Udallenr GupLm SeTsgs@Gn Qe il L. oyr
gmrCw (Radial distance) Cupupd jeveg LD ereriLi(piD.
9.4.7 @anr_Gleual (Clearance)

Qranr(h ubDFssIRIGT QATCHTH etm  Fwors  @aneanrybGLITg),  e(m
Levadler  (pevans@d,  WwHm  Uedellen  SjgsEGL Qe uleeter  opr  gnrCo
Qe _Geuafl eremin@w. @& 0.157M ereiiny cuengwenm Gl HeTearg.

9.4.8 9y&1> (Dedundum)

Loellen L FHEGL, LOdleT DgHGL el D,  &D
ereTILI(pILD.

Yo + QenGeuerfl
M+ 0.157M
1.157M.

D|&HLD

9.4.9 aul"_® &f__1b (Blank Diameter)

R(H LOFSSTSNS 2 HUGH CFww Lwemu®n eullger el L Lb.

cul(h el b = Levellewg gy el L + 2 X LmLd
= MxN+2M = M(N +2)
9.4.10 uav s1g1oest (Tooth thickness)

voedlel g gy el L efeflbifed @ Lellem @ USSSHO(HHE S
2I0Ss LESESSSGL Qe uleieTer eul L gLb.
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Qurgl udsgoe = 12 el Lddlenlg gIyb

= - xnM

QAT LDFSEIESERSEG QoL uled  ygar  GarGeammLgdnans
(Backlash) &hm Qe Geuafl e LL@L.  pevswmed, L®  FiqoeT  FHm
GdnarsGel @HSGLD.

9.4.11 uevupsib (Face of tooth)

Ledlenl g ST el L ggiHE CoHUDPETeT LGS L (PHD erariu(bLd.
9.4.12 newevemenr (Flank of the Tooth)

Loedlel g &Ny el Lggid@ SPULDIpETeT Lelle USSL L6 enT
ereTILI(pILD.

9.4.13 GFweCsr@w (Line of the Action) 9j(1ps$55 Casrewrpd (Pressure angle)

IMAGNADY RACK
TGNTH

@\resr(pH Lied FSHTHIGHET &LOLOMS
GQanenrudCurg oeupdlen oig UL L migaefler
Qurgy Qarl Gewe Car@ erariumHib. b

Carliger eupwrasgsrer opvmnCGear, @uissCom X ; -.i::)

O &aLILIHILD. Cumg) QsrHCaT(H&@E LW,
Cewer Car (pé&Ew Qe uwlaemer  GCarewrd : |
S(pss Carembd erarliub. Qs Comenrd e [

0 0 , v [ [~
1427 g 200 9 GLb. | 7
I
. . ;‘f
UL S&lev, . /
OA Rb Db
—=CoS Y =—=— |
OB Rp D
oo Sl L sdlem UL b = Leellenl FMr f

LD X COSY
9.4.14 919 uallenr o> (Base pitch)

Ledlell gl LS, @ uddear GETLssl  LeTalls@h, (HSS
vdedler GFT_&s LeTafls@Gwn Qe Ll L g,
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9lg UL L &HDHMET6Y
upsefler ecrameniléans

Ofigll LbadlenLg gD =

_ MX Ojg el LLd
N
X Dcosy
N

=M cosy

9.4.15 smar alf! eueny FmiLy (Involute Function)

samsdulloons, &merellfloueany Fmiy

6 =tanyp—1y, O eeing smeeufl euenruile &miL eramLI(HLD.
Y = opszsCamend

9.5 LIVFSHEHTSHMS 3|6THS

Qrem® UDFEETESET Qaanhgl  Hpad CUTEH @@ FEETSSlET L
GQarQemm FssrsHear LD Qe Geualluiler L@Ebg s QusEHnag. Qe
LpEEHD @Cr ojeteurs Qma@Gh Curg Qussnd FIms QMESGL. MO @b
L, wOHLPTH udme el FHm CQuflwsreCeur, HAdwsrsGeur @mBHgIEN L Te,
SULOUTPE  BS FEETRIGMETS SMEISHEG CatargmeEh  SamhsEhss
GerLCuuyeter  pssb  CaupuBd. e  Quissd  CAs@b.  erarCe,
UdssasImisaiey  26temr  Upser  sflwurs @Q@més  GeuenTiqwg  Wseyd
S{USIWILDTGLD.

@@  uodler alqeud wrmd  Curgid, BT Slgloer  rOLEUTFID,
Sveg Qramh uUDsEhsEG Qe wlaiemer @enlGleuafl  wrmbGUTGWD  fdse
goupb. &Gl  Qeuparn  ethg  FUMFsF  samartanilug  WOlseybd
SjeuSWILDTGLD.

LDFSETRISEN0 oemss Couamiqll Fnmiser

M weeller sigoer (Tooth thickness)
@ veelleng gy (Pitch)
Q) ueeller eugeid (Profiles)

9.6 LIGVGS)GT H19 LOGHGST 3 GTS 56V

UDEFSSTRIGENL 266  Leellem  cugoud  jquilledlmpbg  Eiefleuans
CursliCurs  LrN&CsTaTCLUWBEGL. @allaurm QLISHD @M  eTey
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BmaEw. sCeu Ldelle Figoamer BeTEs,  arhs Ceouamiqul QLSS
Wsdled (plge| Cauig OGamater CouammHbd. SHCHHL  HTEGL  (PEODSHET
LMY,  TEGL  QLamsts QuUImSE, Semer Spsstamid (Pansefla
D|6T&HSHELD.

M vl g T UL LGS DeTHSH6

@ flenev mrawr (Constant Chord) QL g8 jeTdHen

Q) oy CsrOCam_( wpapuilsd erszsd (Base tangent method)
(

4) gl o (HaeTasmerd CETaRT(H {6TSHSH60.

Guwpensamerts LHM Gefl clifleurasd sremGuL.

9.6.1 LML ML L SFH IaTSSH60

<

LicoaSlenL_ QUL L gSle A, B cem

Letels@reE @l ufaerer  gmCo  Udedler
Al

sigoe  aalupbh.  Qbs  FTH®S  HaThI)
i nmd  sigwer  Csflbg  aNHWL. permed, Al
uollen el  eTauCs @@ SHUMETS |
Carpsrer. Corigwns Sams@hd@GL  LeULLTE).
&Ca, ps Yereflaeflar QL samg  psedea
st (HLlig&s Gouamr(HiLb. SIBDS LIcveSles
Befulembg. AB erery LeTaflsamer Qaneamrs@Ld
Careueny e eter 2wpd Qsflu Couatr(Hd. @ams
upsssrsder  gliner  Garlurligedmbg
&1 (hH L Nig SSE0MLD.

5 0
o
A R 4

sl o s o Qg e

LIL_S&le,
Leedlermr glgoer = AB=2AD
o wiybh = QE - 0D -

UL ib-9.8 udeleL sg1y i’ L SD Sigwer
@fi, O =O0C +CE

OC = ueelen &Y L/ 2

OC = R=NM/2

CE =CQGuwpypl ue = M
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OAD cretip (p&CamenTsSley

oD
cosf =—
OA
OD = OAcos®, OA=R="129=32_2
2 4XN N
o _ MM (2
Do - ()

eTestGeu, 2wy h = OE — 0D

e ) (e (2)

b= NM [1 4 2 (90)}
- 2 N Cos N

2 LFSamss SasSlL n@ AB eretn eraflgefler @b CsfibgeN@Ld.
OB  QLSED  BGOMET  DETESHOMD. Y emed HJlgloen FHWTE 2 6TensT
Tatueng erlilly Ogflhg Oameteug? isn@ s Sigbenemyd sarsSl(hé
Qamerer Geuemr(HLD.

AOD eremp (p&Camanmsdley

360 _ 90

0 = = — N = upsefler cramrenilaeama
4N N
. AD
Sin 6 = 20
.o ) NM
AO = ueellen eul L gler < Tid = -

AD = AO sin 6

NM . (90)
= — Sin\—
2 N

ararCGau, Flgwer =W = 2x AD

2xNxM .. 90
= Sin (—)
2 N
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W=NxMxSi 20
=NX X sSin W

udedler  Sigoewer  @ns  (pepuile  sflwrs eTlugn@  Fflwns
2 ULITHEMBE ST Hleugid, s QLS Fflurs sigoaer SeTlLgD WaHws
Cameuwndlpg. &rgment eTéd@GL  SMmedsmers Osremr(h Qasd Geww
Wigwrg. @snbsas seaflure o (aurssiulL oaméEEGL  sHeICw UOFsST
Qeurefwy ojereyCamed oy @Lw.

Qg Qrav(® OGeufalluy ojerey Camosamer
RaTm&6sT6TD) OEIAGE TN OGEICT
2 HeurssLLIL (heTerg). Cemi@ssns o drer  GleuFetiwiy
oemayCatalley @@ 550 QaaTsslLL g (HEEGLD.
olg Seorwrs QmeGh Ceufeilwy jereyCareder
SATEGL  HTLEEREG QoG Coeid  Supd
Ba@mD. P &G  Czameuwrner 2wrsde  CCe
Bai5E.  Heveowrs Lllg elemd. ser Lng
S lga  ogliumsd Ul  Cod s
Cari(hsé  Osrewmigms@Lrm  ameudgsd  Carem(,
oo  Ceuraflwfler mas@mbL — srenenw  LieveSlem
LOUSSSMSS  Csm (s  Oaramgms@orn &l
Cawlig Ledle Slgloenem {ET&HSEMLD.

TBSSHIFHHTL (B

18 UDsE@EHL, 5 L lLpd Oatarl LUDFSEsrsHlen L  Slqloaer,
vddlen  NLLGHO  ersEss  Camenar 2 WFSmSWD  SlglOEn@TLD
STHE (HS.
Siay :
@riE unseailar eramafsans N =18

Lew ol M=5

o,&Cau, 2.wrid
b= [5+5-cos(F)]
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18x5
2

2 90
+5- Cos(ﬁ)
— 92_°+§— Cos(5) = 45+0.11-0.996
= 5.175 0.5

L Hlgoer W = NxMxSin‘L—0
= 18x5xSin —
18
= 18x5xSin(5)
= 18x5x0.087=7.83 8.8

Qbg  Wperpuiled LIeleT Figloenem eTHE  @eubleun(h UDFSSTEHEISELD,
upsssrhisefler  cramanlldans, L@ellL < SueudnisE gL 2 WL,
SlqOELd  LOTMILD. 985G geaubeurm  (peppwld  LSBSTE 2 LrSaSub,
L@l Lgmaud  sardsdlph unsFssy  Ceufellwuy  jeTeyseflen Sl
o wrseng wrpp  Celam(d. CeucuCeumy uUbhseafler crananfléamss Clememr
upssEImsmer 2 nuss Oewuyb OsrPbsrmosdailes Qbs wan SArodams
FHLHSHID.

RaCor(h @6ty Q@arhg FPQID LDFSSTEISEND 2 6Tem  UbhSerer
cramTanilsend Lomdlemmayd, jeubilen L6 LD @emprasste Qma@0n. sGea
2 LTSS, Slgloanand SersSHnGUrg, Uil L Sms WL(HL SHanrsdle
CameT@Epd (pen QbSTD DDWenn eraflabLTasTs QHS@GW. HSHMHW
craflenowne g (PG Hlena BIar LpeDm <y @LD.

9.6.2 Blewev mmewer (pemm (Constant Chord Method)

R(H  UDFSETEMS SHGSOWL  oigliuentwrenr  uagsl L gCsrhH  (Rack)
QurmsSenmey, Lpsaien eramanilldons ergours @MHBSTID, g @ Hlaewrer
QL sdovgrear Qer (Hs Osramgme@n. @ns QLCw Haepreanr eramiuLd.

A7

h
L B
PITCH LINE @
CF RACK -
uds L gGer
vadlleors Gs

udfler el tb
—= PITCH CIRCLE

uLib-9.5 Hlevevpres @)t $5)6 LIS S1q peir
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LIL_S&led S Ig WeTeTengLiGLimey, LeFL L gSlem ueaSlenL_&Cam(b),
upgssrmsailen LSl UL GMsH G (hé Careamiqmé@. Lal L gslen
vl Camliige, L SigloeT eremlgl, Unssasrssler udmelen Ul L gdle
2 6Tem 6l LOSigoand@E Fons QHS@GWL. FOlamemmrd L &L Llb eremig),
ungssrsens Curms HOFSHUSHE @UUTETSMELD.

LIL_Gdled
FD = FD=EF caam e6iéd jerey
1 .o . . .
S Ly LIGeSlenLg b
1 mxD
==X
4 N
1 .
=ZXT[XM D = uevellen a9l L b

N = upseflen erareniléams
AF eretiugy Qewed Gar@ ererugned, AFE erann (p&Gamentsslen
ZAFE =1 = o1ps55 Camenrid

oo AFD etatip  (p&Careanmmsdled

AF = FD Cosy
™

FD = —
4

AF = EMCOSI/)

FAC craim (p&Cameantssled
= Ac
Cosy = o
AC = AFCos vy

G M cos ) cosy

= %Mcoszlp

Hlenevrmmesor W= 2AC = Z Mcos? ) g

Cogyib,
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: FC
sin y = e

FC = AFsiny

M .
= nT cosy siny

2 WTEMSHS STHEIL
owipb h=HF-FC (@m@ HF earug Cupum o wgd = M)

so 2 WD h = M—% Mcosy siny

th[l—%cosd) sinlp] 4

3. 4 oy sweurhsellds LoellLd M oHmL PSS Csmenrid
LLHCL  odrerg  eretugd,  LUbsafler  ecramanfléans  @dene  GrETLIGILD
Copress5s555. ULEsEy Oeufeflwuy oerejwraluildy 2 wWisms @@ (P
meusg  edlLme, uOGoumy L® eTamailsmas CSTETL.  LHFSSIMEISEHSEGHLD
SIF®ET LTHOMOE® eSS ClemeTeremLd.

TBSSHIHHTL B :
FHEWS S, :

18 LUDsE@EHL, 5 UL (pb Osrarr L® F&EEISdHlen L  Slgloene
Hleneprenfles ojemelil_g Caeneuinem 2 WFGmsW|Dd, SlqloEneTd S ss([Hs.

Biay :
QrE upseilar cramallsans N = 18
LievellL_L_LD M= 5
S(W555 Caraurd P = 20
<2,5Cel 2wy h =M —% Mcosy siny Cos 20 =0.9396
= 5[1—2 Mcos(20) sin(20)| Sin20=03420

=5 [1 - # x 0.9397 x 0.3420] =3.73 8.

Blenprenléy Lied Flgloen = gM Cos?

=§x 5x Cos? 20

3.14

==X 5x0.883 =6.9315 .5

146



o Wrsemss  sansdlL Wpg Oegellwy  oereyCarelldy salen
<25nCapu Cwle paiss Hoowrs whadHel Couam@b. Wn@ uwdeder
Copuypsder ssleLts QUTHSS, ST ETHE, DHS eTmoud Hauflss
oerGaurh) UL (R sflurfsgis Gamerer Gouam(HLd.

9.6.3. uP&FssT LiLieral (Gear Tooth Comparator)

upsssrsen  Cooyp  seTsSSBHS

UDESETSSlen  Slglogid,  eliqeupld el apaLywred
. . DIAL INDICATOR
widng craumg Ffluter @@ LUDEssrsCst( I WL ® ey
eUALH sflurfiushEel uweatu@b  &@med ﬁ?’
. . . . TEW
LDESST elilemall i GLb. = Psrad
HU
GQde odrer @ FLLGHET  jguiley MH;MTM
Qrewt(h) BH@HL ST ST QUTHSSILL(H @ HWEGL (pREEE
Hme worturlh Qemardsls UL ig(HSGLD. uL_b-9.6 upssFy Griveral

Sm@e  wegew  sHpmb  Curg  STeLser
o " LyporsGeur, GeueflliypwraCeur Bs@mb. Qra(h FTanLs@hsE bhHedd @b
waliuareullenr oiFas samlb Bambhd CameanTiq (Hé@Ld.

Qrarh  BEHL  STOLSEESEG < @QeoLCu e sflwrer  GQEnsr
UDEEETSmE mausCam, oag bpeys FLLBsmer meusCsr Hlaaliihss
sl wrafulled jere] 0- Qmésrn & Gelig el eumb.

Y@ b5 QLsde sflurfss Ceuamquwl LDFSSTSS6n Lidame Henpss)
walyorailulled ojere] aThisgs Csreratemd. LapuldemeillLme, 0-ojemeile
LOTHOLOI(HSSHTE).

9.7 91905THCHTL B (Lpedm (Base Tangent Method)

SlgalLgdler Gwe &OHoULLL ¢
sWilhenpls  LNflsELGUTg oiHed 2 dter g
YeTefl 2 (heurd@d culgeuG  &mer elifl cueny
(Involute) GTEoTM) (pereny cUETWEnD
Qeuwi’rg.  HsCe,  suipdle 2 drer
SbsL  yatallsEh. gelLsSld i
Qsm_(Hs& Q& eI (F & (& LD Yerefld @
Qanufédy  2dtem MWL, gl LGS
2 6Tem Gl FITIPL QRETHTE @) (H@LD.

sWherpll IflLugn@ wpetey B ereitn
Yeirerfl Slgall L Gngs AT GE:
Careiq (HéSna) GTEIT ) CarerGeutd. 0
sHanmE shm| 1955 )D B GGy U197 Qg6 Can pepur sy iumL
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Yerafl el sHellmpa oflewdl By eretn QLSms el ujd. G@ibd, g
Cedgid urengeniw @GNSSTD 218 Bi, By, Bs erain  &@mer  elifleuenyuim@Ld.
QUGumpg A et LjeTell jiqeul L samss Casm (s Csremi maELD.

5Ga, AB eetm eulLgmbd, A; By eretm  CrpiCsrli(hs sy
RETDTGLD

<smalg, A B =A;B
@@5@ul‘l’6:0, A2 AlB = A2 B,

R UDFSSTSHD Sl UDsERsE Qalwder gmsams Csrh Csmiiger
QUOIWLITE  SETHETD, DG OHS LDsaT CstLmE jgellLgder el
CaTeneeys@ FWWrs G (HE@LD.

LLg&leb Ag By By eraimig) ojigall L g8l cilegLd.

watenCr &Lligs STliquiLlg,

AoBo = AOBZ + BZBO

AoB, = A;B,

BZBO — BZCZ uLib-9,8 o GsrE Carlned udsy e
A,B,C, = A,C, erarp Gpi Osmenevey = AgB,B1B, eranim 6ldd Cgmenevey

@engGume,
A182C3 = A3B1C1 = AOBO GTGEFTID @S]Gb Qg”m@)@.l

,5Ce @ravr() LNSHERSEE QL Cu 26er GITHmd T g GTemg)
obg Upseafler Sigloamer DiFeT Digall L GHle eTLSHE @LILTELD.

foo  upseailen  Sigloet gl L gHo Fflurs QmHSHnST  CTATLMSE
FHUMT&S  Slgloenear (Pl  samsdlerss satlsgs Garerer  GCouam(HLb.
ULSHe  eperm  LUDSEREG Qe ulayeter  slgoewt  ereig  ABC  erenm)
CsmemrL_med

ABC = 3 LeellenLggmd - 1/2
= 21/, vaaeLsgmd
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As@w, Ciaabn Qarwigierer Caramrd

-1z

gOereammmed @ UadloLs FrsSnsren
Camemrid = 360/N =2n/N

AC @ G giarar Gamamrd UL ib-9,9.1 syen’ 1§86 Udsywer s

= (3-1/2) ;—“+ 2(tany — ¥)
AC = [(3— 1/2) 2+ 2(tan1/)—1/))] X RB,
RB =qeul L b

Ry =R, Cos Y

<4, GTM6V

<1,5Ca, AC:[ (3-1/2) T\I—n+ 2(tany — L|J)] X Rp cosy
R, ereimug) vevallen eul L gSleir gD = MN/2

<,5C6u, AC= [(3—1/2) T\I—ﬂ+ 2(tanl|J—L|J)] X% cos

QuE  patny LUDSEESE Qe ulerer
QerhCasm (s s  erssLUGSDS.  Ds0G
udoors, S ecramenfldansuiles 2 eTer  LDSEHES
Qe CGuwrer g eTssLILGEDE  erem)
Qurgieurss CsmenTLmed,

W= =X cosyp [(s— 1/2) 2+ 2(tan¢—¢)]

I

S
W = MN Cosy [ﬁ— o~

+ (tany — )]

uL1b-9.9.2 upsErs@ @ ulorer Garesd

QrE S = oETsEL gsHa o der Lnseiler ereaurenisma

149



Qs wepuier upsailen eamarilldans L®ILD, WSS Csmewtld
S Fwees Csfiparew, eeallgte S eaaranisamauionar  LbHsEsssan Guiwmer
sgloamar SarsdL(H ederd. igear WnEg @ Ceaufellwy oereyCamameand
CaramrCL Figloener jaThg FFUMTSSIE GlETeTemeuLb.

S eretLg) oETEGL LDSEESE Qe uled 2 drer @enCleuafl eresrmmen,

W = MN Cosys [=2 = =+ (tany — )]
YemrCenmiL.  (Backlash) ojemeysenr  OGam@ssliulimd obns eTamel
Cop@eillblL sweturigell(Bhg sW65 ALevmb.

9.7.1 uP&FsHT pevwrenTarad (Gear Micrometer)

Slg el QarOCsri® wperpuied Flgloenet
SETUILSDE LUDSFSEST HlewTanTaTellH@hDd 2 6TaTe.
@8  Ourgerst  wweuHL — Feraeredluied (W
O{ETSHEGHLD (panerudled QUL SL_(D&seT
QummSSLILIL g (HSGLD.

9.7.2 GLaill 19yeyer 919 C\5TRCHT®H epriiearai (David Brown Base Tangent
Comparator)

Qéeameilller @@ BaL sewrgen (penenuidy @ BHiewTaered  [HHIHLD
srenLCGuirl) GenemsslLlig(HSGWL. bnpoaie Q@arss JHieTE @
QLS SO, YPUWSS aTeyd GWTLUSEHL QHEGSLD. fayraueniNta;
FTMLGGW, ol L S (HEGD Qe uiled

BpREFHYDEET CETIE
Biwrailis apyay
Hoouaer
PP r ————I Fixed anvil
Micrometer | L @b aieeruib

;@i

. - g’ b QzrECsTER
BE@ID LIhew : ¥ d = ‘s - Tangent to base circle

Moving anvil . - ygaur’Lib (Base circle)

uL1b-9.10.1 Gaflélr ifyajer oy QsrECaT® gLiLeral
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saflss ibsth Csmn@s smsdpGsapu Ppeilu pwes sarhsmdr @ass).
Caeneuimen ojeTeys&HE GLPMUSMET aULILSESESSHL CuTmsss CsrerearemLb.

Gameansd Gararp g CsTOCET_(HS FMTEsms FFUMTSHSE GaTeTareumLD.
Seralley gHuBHL fn CeupurBsener HiawTentaTell P HeTHE 6oL

9.8 vl 2 (HdarHars: O\FTET(H TS %560

IMAGNARY RAECH
TONTH

Srewr(H Flovadlw N1 oY &F:02 /1
2 (HeveTHenel UL gdle  srigujearetensll  Cumed
Qream® UDSEREG Qe il  o2dTer  SHmiguiley
meusg,  @Qramhas@hn 0 Qe LUl FITsas o
oemliugen  eped, ubseflen smguiled  epuUL(HeTer
9|66y LOMHDEBISENGTULD, LieaSlenL QUL /
AL SmaWd jehg 6SlLeomb. /

BsnE 2 (HeneTaeflan WD Lieedenl eul L /
AL 055 Qsm_(Hs& Qe (Hé@ELro) I

2 meversaflen AL gamg Carbbshsss Csmereug ,
DS, ULI-0.11 2 Gersmers Qarei® SyerEsd

LLGSHD @ ULl LHe @ Lo, @I UDFssISSHer Qe
UDSEhsE QeLwiaerer sriguied  CummbSlujeramar. LDFSSTSS6m  LiDSHET
o  AB  earp  @QLmigefler  Casrli(s  Osramgmsdng.  QUCLmpg
2 (evetullenr ewwid uddle el L eleflibenud Cari(hsd Olareariy HUUSTES
QamatGourd.  HUCUMLPg  uds Lgdear smquies AB  eratn QL Risefled
2 menemd Csm(H& ClemenTiq (H&ELD.

GiHlenauiler, OAB eratm (p&Caramsdler, OA erarg 2 (Henemuilen <oy rLd
S GLD.
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OB = et uaellen. = —
2
Garawrb OAB = 90°
Carenrb AOB = oypds Gsrenrd = P

<4,5Cau, OA = OB Cosy
= % Cosy

2 menemuwiler efL L Lb = 2x0A
= 2x ™= Cosy

= % Cos

LD&ehsE QeLwgeaer  smguied, udellor el gmzs CQsri(hé
Carairgme@n  enwiperer 2 (Henerullesr eIl L b @Feur@d. Leell L (pLb,
(PS5 CaTamr(pd LIPIF TOMT LUDFSSIEISEHEGD Qg CUTHBSILD.

Qrientls  uweL  uUpsmaTs  QEmarL  UdgssIERGlaT  SMgSefled

QurmSEL 2 (HenersEhsElenLullevrer FMyLd.

= uoedlen LD + 2 (Henemuller efLLLb
= MxN+ % Cosy
= T
=M [N +3 Cosd;]
@bherpll UL  ubseers  Csrew  upgssTRseld 2 (Henerullen

Qe Werer FMIEHms eTULSHEG UHOTs, @@ Srguied L HL o HaeTentil
Curl(® < rseams Semhg UL (HWL sflurnysgs Cererered.

9.9 UDFESILI LIOGIG LD FRLITTSS

RaH UDFSETESSe  lgeul L gdler Cweéd q@m Coy FLLSMS ousg)
B(peUTDe) &Dmlemed, HHS FLUL Sl 26mer e Ldal gnubhsgbd eliqeuC
&meredlfl  cueny  erermy  petrerCy  sewrGLML. @Bs  euenrwenrenw
SlgliLeLwrss Qaram@, Loelle ougeusens gflumfssend. Qen@ Fumiss
CouanTig Wl LIDFSSTSHGIL 6T, HH6T DlGoUl L SHHG FLOLMRT @ UL Lorer L (H
Qdmn Qamansgds Oarerer Geuatr(HLD.
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QUlurips eulLs  sSliger
Cwé @m FLLIMS MeUSF, IS { ~
waalilédy @  wasly wreflewd s, o
Qurmss.  ser  Ess  san( UL 1b-9.12.1 udanganb sUTISS e syig iLieL
uodler  ogliurssamnss sl (Hs

Osrenrqma@orn  sflswg L @==“

STRAIGHT EDGE __
——

LIDE

RIWGH FLLSns, 15(LPEUMLDED l Gpie L ib
. STRAIGHT
D&ngﬁmn@’ @{58}@@7@” Hywigh gpaw GEAR:‘ZZ:HED c”"".a";.“ .dh;." i.rw
: g . T R aic e e G
LI 6UIq 61 S Sl 6iT G Cgleurs ee ’ CRELE DMETER ) ir gL Geirar
. . - oisc usESID

B (THLD. D|FFH(LPENGIT @mm@g ‘ wLL$sL @
cueweny CFWIgLIG @ &(mHeT el - : "
cuangenwl  Qerupmid.  QUGLImLpE
vdedler  eligeud  FFlwrs @ mHSTeD sLaL sppi> sE0

. . N — 1 OPERATING ROD
sl wreflller jeTe]  WLIDTF. — '\———" .
Beévenablwstmmed, WaLiwrertuiled e
@m%pmlués BSITI'_Lq_6)9®L'D. @Q}GN QIPG‘OL'D uLb-9.12.2 udanganb FALTISS

U6 euigeudensd FHlumfsg edleumb.
9.10 LD IDL S SIS I aT556 (Measurement of Pitch)

Ldelleng FIrbd ererlg Loadlenld ST Ul LSS, @@ Levadlem ¢
L&s  Letalla@d, 0S5 Udaler LeTalla@d Qe uleerer  FMD < @L0.
o&Ceu @Qomar @ramp (sl wraflgmeard CaraT(H eTsseaLD.

QonE wWseller LHFssTSMS @ HmULs Sliger (Indexing Plate) Glod
Qurmsd (@, sl wrealseiler (Wanarewll Leellenl el L LeTailganers
saL g omE Casri(hs Csreamgmsorm (urmss, s oemeysamar 0-
eram &flCew Ceuewr(Hd. (paliywreafsaflen jereliHb (panearse @ Sadled
QURIGeSTD, OibHS (PaaTsmer, LUDFssrsder Lranguladlmbg erafldld L &8
demd. <&Cal (penarsaer L& N (. HmUys sien FHWTE e
uoedler Caremr  oemelsE (P S  (PpsULreller  jemey  O-erardl(HEHELLTM)
Smiu Ceuarr(hid. @QUCLIT(pg Qe md sl wreiluler ojemeyd 0 eremmmed,
uoelleng gmssle Wenp Qoena eremm  Gummer.  epuBHST®,  HBS
SleTenel @rentL b (sl refl &rligd (srhisgeSHLD.
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@@ uddler GCasment ojeTeyds@Gd Fflwns
UL ggeurs @reanr(h (pslLraiser Qi@
vwetuhSlemper.  Fflwrs LDFEETSMS (T
Camemr O{CTOYS &S S(mLiLLb &(He& 6T
(Indexing Units) @Qmbsre. «Cr m wsly
wreflenws  GatarCL Ul  FSans

FfluMiSg edl_eumib.

uL1b-9.13 udleL ST HTEFH

QUL L] LeeSlenL_g FTEMHE
sflumTliLsH@ eoHm SHeSlyn 2 (.

Qde  Qream( ETHGL SRS  2arlh. @@ ST Hlevewns
Qma@ron,  wHEDTEH  SIL @@  WPsuyworelear  oFss  samGLm()
QurBSHWLD 2 6Teng). sTRGmET AHSSHSS LUDSaT® CUTHSSHuUSHEHHL 6 (H
eflév (Spring) a&HIL QmHuied &) (H&@LD.

LpEGETEDS @@ HBULUS  Slige o
Qurr@g,gc,?@%_@, 5@@9@@) 2 66T aaU.raJaaf;rﬂ@.rr I !
(PGS 6T LcbadlenL QUL gSleb KC o= /'/ ’

. . . : N Y /
Qma@ron sflswg Csrerer GoueamT(Hibd. i N e
EPRING. B
r g . .
QUurpg smellew, UDFESTSS 6 e

LteslelBhg befSH. LDFssTsms @ P
veellenr Camanr ojemeys@s HmUw Wns, ,/)/ = s %
smellwilenr  SIBmGET LSl LSSBISMETS /_\
QsrRwry BarGb psfss Cauam@Lb. ’
ULib-9.14 udeleL gt Syers@id el

Leallenlg  Fmrsdedr Nenp Qe
erammed, (paliwrefuier ojemey wrproe O0-eratCpn QMEGL. W QmbITe,
9% jemeel (paLiwrefl Sl eSi(HLb.

9.11 UDHFG S IEISANGT ol HLI LGOS HGT I aTS S
(Measurement of Composite Error of Gear)

RH LDFSSTSSHD, L) Slgoe, 6ulgeud, Ledlenlg Gy, enwl 6levésid
ety hF UGHWe e  ghuUlLTQID, UDSEHSE Qe ulaeTer
Sig Uy e O{CTENE ENE L 3G S| G &N GLD.
Qaama  @aGprh gy  QuimpE  LDFsETL @M HWSSSCHTH
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FoaIbCUTg, @@ ubgssrd 2 aCrreadCwr, CeuelCrredCur psmL. QB
Baredlen erCou LNF&STSSH T Fnl (N Llenpuilen eTeum@LD.

gl (U Wewpew eTiugn@. @@ gloalwwrer CFbsr LpsssrsGCsm
58 Cauaimgw LpEsasrsmsd sflwrsls Gurmsd som Couamm(d. QasnCGsmL
QUGGUMESILIL L. eThITD, &Spaid uhgssy erhSrd  (Rolling Gear tester)
ereTLI(hLD.

Qg epdrsded o Cuaiuwlear God Hlenewrear g Csarpbd, BHE(HLD
@@ CaenTpd eussLILL g (HEELD.

Corgaer QFuiiuGaraaiyw LIOFSESHTID
Qeisy uSsSsgh (Ge under test)
(Master gear) QElsr Lbsssy,
74 (Spindles) (Dlal gauge adjustment screw)

~

{: ///\ - /’{ \ — = ;;\ (Dial gauge)

e / /|>( )( —t—l_—rl =

(l].i:,dlz \ \+/ /\ / _'—Lgu—aasésa'sgnb
e

Qiflel b

(Guides) L = i \ afled é’(igﬁgw A Qsdiuyb B (5@
(Spring Ioading adjusting screw)

. Ga'.uvu': i SjerayBsmed
(Fixed adjustable carriage) (Scale and vernier to set centre distance)

L1 15-9.15 SpeIb LIDSESY THB LD

Ba@MHD Cgewd eremugl @@ OFcueus gl Quiiguier G selpss
ameussliLl L pGprm  Guly Curearn  oenwlur@gb. @da  Cuoe o eTer
Quig & Cuiguier Guwe giwelwors Wsameuanws Curd QuIks cubEF.
Coenaulit Lty Qeng SpUCuiqCGuir® sliigls Gurieyd wpguw|bd. Coed Coe
Quig SPUEULKCUIH @ oléd epod Qaarssls UligmEGn. G
Quiiguien Cwe @@ FHS SamBHd QUImHSSL UL G (HSELD.

EpuCuligenw Coerufer Ged g QLSHSGSD BSTSIHD cuensuia
Hm@ warCur® Fmigw mad FESID Q)(HEHELD.

Qs ehirsde LpFssrmsmer FHUTTES OFww Ceuammgwl WSS
venflser :

M wpoedle sflumréss Ceuamiqw UDFsSTSSe LN L GHEGE JHn Fvedlw
Cepar ubhssasrsmss CaiblsbOsas Csmearer GeusmT(HLd.
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2 YmE eundler LGl o rmsmars samsHl Coue(Hib.
MxN
2

Leballenl <y Tid =

Q@) Hlevew Coamgdler QUIBHSSILL(HeTeT  HFHS SERTIqeT Y TSMSUILD,
B Coamgdledy 26memr  HEHS FaTigeT Y TSMIUD  Fleadlwions
SeThg GDSHE Csmearer Ceuar(HLbd,

yéu x- FsEGanE
Qurss Sanpaer

10 ° —
5 P

—&— Cumulative Error

(e ‘\ e e e —a— Error from st.line
_51234567\A1 12M 16 97 6 1)

Error

CrraCan e enpsar

-15 »

> upsefllar erenranlléma
Position
uL1d-916 enpaaliar auenyLL LD

@) Qe uDFsSTEIGET eupbdlen Udellen Ul LGSl &pe Ceuent(Hd
cramigl olg. o 5Ceu Hlenewmear oi&&S Samiqen WSHDHGLD, BHE(HLD
Coanr F&S5 g6 enLWSIHSGD 2 6rer Qe Geuafl

MN; | MN, ’
2 2
Ni= goallu Qebsr LHFSEETSHL 2 6Tem LG creamreanidams,

A:

No= oerés Cauanmgw Lph F&ars5dem L cranmenildams

aam QmEGLIL BHHL Ciarsms BaTSH CouatT(Hd. QbHlaneuie
OlgliulgCuir  Cuwed  GQuily slrluligmss Cear@on. Q.
Qrar(h oFHS sSaTHSEHEG Qe ulgieTar FTSmsEF FPIWTE eTlILIF
wiguirg. earCeol @Qrenr() oiFss samBsaier Lsseur(h Qe GCeueflenw
sasE(Hé Garerer Geuar(hib.

L&s euml_(h gL,
B = A-(RitRy). R,R; eraiiueney oiéas sambseilan .

B usseUTL(h FMTSMSSH samllss DG SHS HTeUHEG B(HEYS HlqSHMET
(Slip gauges) Gsiss Qmansgs Osrdarer CouaTHL. s Qe
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saT(hHaEHHGL Qe uiled igs5gs Oarar®h pamn Csamsas Gbgeurs

Bsi6s  Coiam@®. sflwrs Bsiss  (PusSSID. BWes  Shassme
szl Geuemr(HLd.

Yne pai Ceangeng Hoowrsls gl HNL®, UDFSSTHRISMET
SlunpdDGAw &as samb ety Curmss CoueHib.

Qrem(® LhFsSImSEEsE Qe Cuumer o|(pssb. Uil Lggis@E U
wroid.  sflwrer PS5 aTemeus Cainshidg. LLlenl el  epeld
AETOF:: CouamT(Hid. GsHaETe SjenoLiL T ETSH S 6
SMWSSILL G (HEGL. H(WPS555Mm55 Carhss W@, Cuwe Guligew
g Gauig efemrbd. @UuCumipg GCoabully SpGuliguier Cod
WOshg Garamh QmsELd.

CoamsdlenGe Gluliquiler u&ss ourlige® @@ (Waliywret (dial gauge)
QUTBSSL UL ig(HEB@GL. ST &&H weve SPLCuigerws Qsm(His
Carenrigmlusre  GCoablully BsMLOUTE g 6TaleleTe| BaTHng
reUeng (WauLwreil srily ad@HL.

Waelled  @rewt(h UDFSSTEIGETED o 6Tem  LD&H@EHD  Fwwrs,  Crrms
QurmbHuNmE@LID sCsug Oarark (@, wsaliywreailuler oieTeney
O-eretimy @ (ma@rn Fflbgwiw Geuemm@HLd.

(10 QUG ojerss Couarmiqwl LDFsarsens Ffluns e Loadler Csremr

an

SleTeyd&S SHmuu Couar®d. Qon@ Camanr  oerallsamerCuwr, Hmliys
sl (hssmarCur  eeg oaflpaar  GdlasmligeowCur LweTubh S5 E
@& meTemeumLb.

@nhleneuiey  wasliyorailuilédy  odter  jeTey  LUDFSETSHET  HS
Loas@iw Wenpur@. Qgmers @NsgHs Csrerer CoueamT(Hib.

(12 QCsCumed, eéds Ceuammigwl UDEEETSHNS HWHM  geubleurm  Licadler

Nenpenwld  emhg @Ghsss Carerer Ceuewt(d. 6Thg LIGSID jeTe)]
Car_mistiu’L Car 05 uddlasrear ojeme] (WPGGCealamm(Hib. eTHELWD
weon  Fflurs  @Qmpsred  soLdl jete] O-araiCn @Qmé&s  Ceuadr(Hid.
UMD FNTES (LPIGWITS STTEUTEISETTED @QHhS eTey LOTMILD.

13 Qbs WenpseneT @ eueTLLSH® euaIbHg UTTSSTO Nenpser erliiilg

wrmUBh DG ererug Ogafleurs eilemmi@Lb.
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(14 oersGL (papsalles ghuBHL fo HlfsEs Quers STraThGaTTe, Qmis

olemey O-eraiin @everoed Gouml jeTencud STL(HD. @QbS ieTenel LHM
UDsEhs@L LRl Fwer Gl Geusamm(Hib.

Qon@ wWsd ydaflewwbd, sold yeTaflenwwd Qe g
CarmCurl®, @&Carier ydu x-oiFas Carimss Qamar@, LHw
UL cuanywl Couerr(HLd.

15 @bs LSO  ufls  leTaEGD. ' s
@mﬂ)ﬂjg) @{GTG)_]BS@LD © GITeT @@J@JLHTI_(B CENTRICITY} ——-—u—)“%

oemCou  UDFGHTSSeT Sl (Bl enLp SGmEDY |
GTeoTLl |_|®|_b, @wwiliphs LOSESTD

fangp Z
@Dg) Gr'njé]u'g)é]@ ST - AN AY AAAAAA -
LUDFSSTSHNSE SOMIGUSDS Ldleons, . } _
. . . . . . . — uRCGasrenr g,
OlerGorl Ly eped QuisdHud, wWaliy gd}ud;anﬁmm;g@ -
wrafléE uslors  m  Wer o ewriedl
peld  DeThE, @@  Wler  uSindulle ‘I
USSHD Sl (U enpenus eTEHSeLD. J

HSSMSL el ThdrtiseT usd GuEEE
Lp&asdled o dTerar. Sl Lieuams ,ﬁgsuuwmw
Nenpsenemyld euenyuLLorals GumeoLb. i St

s udaller oy BsuL siflwip &.L@d&agp

uLb-9.17 fenpsefer aiegLL_ib

&Ml NGTTEH 6T :

Noo o

LOFSEHIRISEMET T 26mHHGouenT(HiLb.

smeradifleuany (Involute), eueneraipereuany (Cycloidal) Qeupdlparen
CoumiLim())  GTETen? BHETELDSET GTETE?

L6l L b eTermmed ererrent? (Pressure Angle)

S|(P&55 CarenTld eremmed eTemen?

QaweGanh eremmre eremes?

a&mer elfleueny gnjliy (Involute function) eretpméd eresmen?

L6 S&SEIEIGEMET SETHGHD FnmISGeT Wmened?
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8. LOSIGLOENET HETEHGWD (LPEHMSET WITeneU?

9. ©glsr®h GCar(® weanpuiler ojiqliLienl eTeTen?
10. LSlenLg FNTSMNS HTEHGLD (PEDEHET GT6ITE?
N ue ageldand TS figliLienl 6Temen?

12. LvgssT Fml (U NenpseneT emlLS6n jiqlilienl . GTemen?

GB®H AeTTSHSET :

1 Q@@ ULFSSISH6 LGHsmeT cuaIhdl, 6T Fmmsener GO

cuenrwenm GlFlis.

2. LB LmE LoDl el L etliLgn@ Caeneuwner iemeyderlem
FemUT L STl Hluld eul(peanDnaamers ST (D&, BETHGLD (LPEHM

GTEITGUT?

3. Leglgloener [Hleneprempenpuiled emiLsN@GS CHeneuiimen  FoeTLIM el

s Pld cufl(penseTsd ST (hd. DIH6 HETENDSET GTCITE?

4. udglgoamer iqbsrh Carl( (WPeapuilld ETILFDSTET FOGTLTL enl
saL b  aPperpsamerd  STLHE. BT  DeTHGLD  SHeNSET

wrenel? @ns (penuile HETeNDSET GTeTeN?

5. LGS FNMTSMS DETHGLD (PEDSET Wmeneu? o flul LI MigEhHL 6t

cleTS G .

6. LdagEIGMNT DeTHGWL HHedlufer ClFwOUT g6 g LILienL nUILLD,

S (HLTaTSMSUILD NeTESaLD.
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7. LegssTSSHlen s (HUNenpenit  emH@GL  H@meluier  GlFwduman
Nearg@s. gamer LwWeaL(HSS L (Ulenp erlulg  SersslubhEng
GTaTLIeNg @ T(HSSHSHT_(H euTULSIHIL 6T 6T @S
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um_io: 10

LTI esT FieoLo eTs %6V
(SURFACE FINISH MEASUREMENT)
10.1 (perrgyiany

Camflh gtoeseaild o (HaursslUBHL Curmlsd =2 f o mliserTe
aanel. 28 2 pllsmers seafls seaflumis Gsug Qaars@gn Curg,
Sjeupdler  ereser (Dimension), eugeud (Shape) wl(HYwerdll  LFliSler
&genowd (Surface finish) CQumpl sefller Quisss sSemeneanLD, EUTLDBHTEETILLD
urdls@w. uriygs  Efenwwler Cseeusemert Uflbg Osreteugid, eT&HELD
peopsemers  Csflbg  Oamdreugid, uUrliy bW  SETULGID,  eThH
sanrsTenfliLgID QemlwuennuTsSm@GLD.

10.2 ugliys Fgeoio eTLiLIg ui(H5S5 CouedTBHLb?

Qur@lseflen  Cupurliy searavmgenwis CUT®  eupeuPLILIMG  Q[HES
Ceuanr(hor  jevevg) srOWrLmig Ggry Gerriurnd Qmss Couamrhior ererug
QBT Lwerurleol . Qurmdg  wmmd.  Gurmlsefler  Compoll  Gurelleney
Cobu@sst upli Goerenwowrid Fmi Qmss CeuarpHibd. @  Cummefler
owrie|d ueamywn (Fatigue property) sflsgse uwewrd  (Corrossion Property)
urlyé  Sfenwenws QuUTpdg epowbd. Srmer  uplLerer  Gum(BLGer  Heri
Sfeys Hpnilews smEL: sAsSs06E Hmar sl HEs0Tl QHEEGLD;
gQemamprey  CQur@plsefler owiey 6IpFSud, sfsse Spsdlud  Ere,
BeT@WpEeT o Sueupdle srar  CstLmigdamer. o sCeu gl QoG
FpHd  peop  UER QuEi@h  sewblleld, sflsseisE  eumdliyerTer
Gublamauiaid Geupu@b CQurmladr Frmi GQmssColam®d; @@ 2 6rbler]
Qurdulesr (IC Engine) Qenewriig sawmGin@ (Connecting rod) o pgimener
(Piston) enw wrl(HenEL LweTu@w o hermanfl (Gudgeon pin) ufenm Ly WS
e Cwerenwwml Qmées Couatr(HLb.

Srrem  gewmgdd  Sped  FHaID  WOGHuml  @lssrgr et
CerpQarliuner samge &F&a7D Speid Curg WEHs Qendsd cllanereugl e
QarrCarriiurer LFliy @ Frenens soeell Gumd OFwoul (HiF FssTsHSle
urlienud &renies CaBHSgeNHn; o grieyb Hasorl G)mEELD.

pame g sraflwmd eajsuiearer Cousd senufer (Brake) o erer
uleL e Cerpblamriiunl Q@mBaTed Sren, Sl D(PSSLIG|L 6T  GUeTly
oL Car  Hh@w. QeaeurCn Geuliwmpdlseiler oeter  @Gmisefler Ll
aupeupliuml  @@liuens g spmE Gery  Cerplumi  QmBSTed,  Sjeneu
Qauiugens BermTls SLSFID. &G, Curmlseier pujamer BigdseyLb,
QWie|s soLawwd, &flisd sSoLeowubd HsflEsen,  COsT_dss5560
gou@w Cousrer GCHULTETSMSS GH®DESHEID, 2 TS GHMDESEID, HEE
Camppls  Qurellemer FgouBHSsed gHp euamsuley urller &feow BHeToML
SfenowGeuamrHd; g emmed e LTl 2 we| eramCenl euldlnCHmmoe
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G maseyd, oL angurnig seo (Break) Guml() euatrgenw Hlimsseybd, Bermmi
Qeuliugmssd sLgseyd urly, spmé CerrGemriuny Qmas Ceuar(HLd.

10.3 ugln9er e erLiLg S G&HF DS ?

QM  apdrsde Cummer o (haurssliup  Curg oBF  THSTSS
gHuBb odfesemme 2 aflsafllar Gursdle wrHPL gHulBHL urlfer EFenw
Camdwg; Curmlad OFuwl vweu@n o Cars, ahy cuens, eHIHTD -
oafl - Beveowynd - Curmer ereamm el  Hlavawsserano, o eaflsatler
aend, algeld, 2 Garsb, &mfew, Oel(h Ceuswbd, Geul(n oo’ id (Feed),
Qau(h <o (Depth of cut) ererm Geul(h Hlevevser, @aflzedliy umlingglen
(Coolant) euens erety U smranilgEpd  Ffow  CEOSHEGS  STrERTOTL
SDWE  Fn(hLD.

10.4 aIgeus GemFHeT

2 pusHUTGEL  Curplseiles ghUBHL — 6lgeuds  G@DEHEET  BIETS
auensWmLs Gfl&&eomib.

10.4.1 (psa® Blevavd; & enms6r
BTGS2 6Tem  Gapurhiser  srrewTonll  gHUBHL  SIL(HSS6TELD

(Roughness) s Hlenewerwd GamLbd.

- oaflsdr Geogd uUtemngew pHml UbhSSHD euflser  (Guideways)
Caramreons @)(Hése,

- oaflgefler  oyssssTd  Cum@mefles gHUBL  cueere]  GuTeTler
T Wied eHUBL eUENETE, 2 (FLOMHDHLD eTeTlienel @Sl L BIGLD.

10.4.2 @)pewsrL_mib Blenevs; & e M6

apdrd - 26fl @ewldd giupd  oFfeysermd, goubBL STl
saend  @rawrLmbd  Hlevew  @Gepunliigedd LG, Qurmlseier  Lplifed

ghuBb pH&ss @Mser (Chatter marks) @sn@E rhHdgs SMLLM@Lb.

10.4.3 ep@TIDTLD w6V & e LIT(HSHGT
THHImSE oFfe| ergiejb Qdorod Fflurl Quiidamed, eubhiler

Qewpur (g  seatewwCw  (dynamic) srl(hs  seateowenw  FHUOSHID;
2 eflsaflleme ghu@L o't & @daer (feed marks) @ oLmi@Lb.
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10.4.4 BAGISHTID BleO6VF &M LIT(HSHGT

Qurplsemer Qe (HbCurg, feae  Hbysdar  WsHs  CQsmewr(
Meusmer gpuBL fny fAn  GmHenews  GdlaeT BramsTd Hevew  ESILHS
FeTenLoUled L mIGLD.

(a) &gmewr upiiy

it by

(b) 0@ @por_nar ugliy

™

() Yywa ywrer yeaned Eymet LILIL

P ]

(d) 80" @8 seewuyid PG Fe5Tam ouyLd
Ceip@a@Ld Ly

UL 1b-10.1 LOIEE LITLIL|EHET

Qe Yarailed GemLITBSHaT

1 arlhs st oag (WPaoeums Carasserenn (Texture) eremmid
(LLw 1.b)

2. omassaren (Waviness) ojdog Qrewiid  ams  Caredsenend
cramd LAflGsemd (UL 1 c)

10.4.5 &L 5 Heirevio (I]) (pSDU®FH CF M6V % 6T LD

Nesdplu  emoperd Oerare Gl uUdemhse &il(h$  Serenn
UMEWE FT(HD; 2 eflsaflen e, eqeud, 2o’ Ceusld oy Huieudmreyid,
o gmey, Gauiorend, &fsse0 o dueudoraid sIi(Hd Semend 2 @ TEng):
DM 2 WTSHEGLD, o BHarsHEGL 2 dter Ndsn 50-&@b GampaursGeu
B)(H&@LD.
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10.4.6 9jvavg gatenio (Waviness) (3]) @)uesrLmib auewsd GHTevsS6Tem LD

Nens smeberd Oaerar,  ChHudeTmsdr omassememn ()
QrewrLmd  fHlevew Catwdserend  cuenGenwd  Fm(HD.  eThArmseiley o 6ter
SONUILRSEHL  euflwembliysete oerer  CaulbTETIpL, HFemmed  eHLHLD
Caraméy  geenow|d, Cum@mlsamers srmduilme@n  ewwrse (Centers in a
lathe) elewdllimSsad, Opefhg  Ogoqd o't ewlbd, el
S(W55HFMD  CQUTHLSET  cUaETHEID, 2 (HLTHDIPL, FTebd  LQsHEGE
STIETRGETTGW. (WpHoHlevew, @rerrLmd Hlenew @GeopurHser Q& L EIEGLD;
@ e 2wrsHnHEL, e basdhEh Qo g 50-&@ELW
G Qms@ELb.

%56 sTL(HSsemend, enadsserand S QramhiGn  germearCLd
eam ughg Uritlear Carassearennamwu gnUbhSHEnG.

10.5 ugliys Fienwuilest Famiser (Elements of Surface finish)

(b) X x QAL P55 ypargay

uLb-10.2 urliyE Srenwullel samiser

Cupuriy (Surface) ; NG Cummerl e QUG CUS NS S ST (HLD
QUTLDL|SEETU|ENL U LGS
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QwiGpurtiy
(Actual Surface)

Quwrere| GCuHurliy
(Nominal Surface)

LiDevigey
(Profile)

(a)

Sy, Sr Sy Sn

(b)
uL-10.3 (a) 5@ 2wy
(b) sr’ @ sys@b
SIS Seianio
(Roughness)

FSI(h 2w
(Roughness height)

FSI(H S
(Roughness width)

STL(HS SHETMD DETHHD BFHLD

(Roughness width cut off)

DNV SHSETENLD
(Waviness)

2 HUGS (PENDSHETTE) 2 (HeUT&&SL LI
2 amenwrer Urliy, Fflumnd @mses GeuenTig
LrUNeSl(mbE FHM OTMILIL G (HEGLD.

2 amenowner  CuopurtiGer  Cu@m  UeTeTRISmeT
o areTL & armafl Ly,

urlles  gmed  HenFsEGS  GMISSTU RIS
Couligermapid, imi@ Carermid LUsSS CsTHHLD

XX eratm  @LsHo  @mesnl  Ceuligermed
Lmeulge| LIL LD (2b)-lev  sTliguilELULmSL
Cure @(mEELD.

1-n
(51 + Sy + 53+ ..... Sn)

1
Sm= —251':
n n

i=n

urtiGer Cwed Garempd We  mewrentlie G
LeTemmhiseT &SIl (hd Semenld eTeLILI(hLD.
urliGlesr Gue Coremmb Gu@udTemmisaier Ln

algedlldd @M  WsLOEGWL., LTS HSEHW0
@eL Ll L 2wy, (WLb-10.3 a)

2085085 Qranh  YsbsEEEE Swg)
LeTemmaIg@hd@ @entliul’ L gryw. b 10.3b)

Blevel i S
DHFEDS5H 5
| HELD
OB

ST (HSSTNLOENIL
S&EID. Qps
G®DEUTUS SrL(h
GBS TD L (HGw
SrL(h 2wy
DETSSLILI(HILD.

uptifenr  Ged  Camemmid  jened  jeneowimen
CamhmLd.
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urligs Cameud

aup (Flaw)

grougl b (Lay)

GUTLDL

ug Herd (Sampling length) :

@@ urliter Cue epdrsder o af (peremwme
(Surface Texture) gpuBb CarHser (Fmev

sLmisen)  ahdrsdenr  sarerwsGasnu @
GHUILL Gare ewlienus  ClaTeTiq (Ha@Lw;

g ], T2 Cameold crem&lComib.
STL(HSSTMD, NS  HETeND,  FTESL LD,
QU(LD& &G GTGITLIGHT Camev S|enLIenL
(WPlge]ClFwwLb.

upiiGlesr  Cued  gpu@d  Eréd,  glaersar,
Yereyser,  Leogser  CUTemmened  GULPSHSHET
GTeTLILI(HILD.

o afllfier  (pever Gegd Hasuler gHUHL
Leerd Gamhiaser  g1e sLb  erarlu(bd, ©s)
ThSImEET  CFWHUTOSHEESE L eNLOWLD.

LrL e euUIbLS@Eh&EE Qenemmumis FTé SLLD.
&M algeuenoliy erhdly Ceueneuley, (Shaping)
FTOSLLD GUILLLSGE QenentimSmg.

UrLi9er  eUbLS@EHSGE CFRIGSSTL  HenbHS
M6 GL_LD.

UTLISeT eUIbLSEH&@GE STIeUT HeNDHS &6
SLLD

@M GOHUELL  Sles  ererdleoerod L
Sevgsefleud ewBSmiug, eram  CHuily,
QLo (mEL_a, ENlalens Cauitiy (lapping,
superfinishing, honing)

QUL LOMGT &MeL &L LD

Y TE Hresmer CUTD enohs &me FLLD

urlnGer  Efevoenit eTESL  LWeTUHWD  Berb,

S|eTSSLILI(HLD (T, ] G®DUTHSET,
Cuhudramhser oy Sweipennll QUINISH 3
LIOILD; 6The BarsHled 2 atem  C(HUETETRISET,

urliQer  EFenoenws 2 awrenowns  r(hSgS

s _(HCwr, ops BerCo Lg Berwoml ahHsgs
CamererLs LILD; LGoumy ]y T
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saTaSEhsEE ol @&  uflbgienrsslLmiD;
Qurgieutesr Lg Herd 008, 0.25, 08, 25, WS

GO ug  Berd @Il eSéene
GTGTDTE olg 08 Wb, erew THSg&
Q@a&memerliLi(pHLD.

ymeugeler grmafl pH&CHTEH: @GOG L LsBaTSHL 2 der  Lpeugelle
aps Carl(DsE Coaib SUpb 66T 2 Wrs
Carphsefler  @Qmuigsailear  &mLBHS  OCsrans
Gpeums 2 arerGar  HGam(H Lmeuig- et
gnrafl BH&CHTH eremin(. (LLLb-10.4)

ie Y y%i is minimum

UL b :10.4 ypangaflar awwsECsr®

4w eulgeller enowisGaEm(p ; GOUICL ughersdler o drem Lm Gulg6lle
eibg (Centre line of Profile) Caml(h&s
Gugyerer  wpld,  &uperer  uFlLb
gowrl 2 6merGsr &CaThH  LmeuilgeSler
aLWwsGsM(H ereTLLI(hLD; ESNE
BH&CHTHL  awwsGasTHL  CLmLUTEID
eamrsGol @m&@L. (LLLb-10.4)

(al + a3 + a5) = (a2 + a4)
10.6 UFLILF Fiene W JaTsGLD FnDeTayHar (parameters)

upligg  Efemenw  eraTEmTeTeneUWTS ST Lo cuUl&6T 2 aiTemen.
Slaupidled (PEELLDTETEE.:

1. Gu@m-uerer 2wyd (Peak to valley height)
2. agrafl sr_(hd semeno (Average Roughness)
3. eaugeud smpewfl (Form Factor) (o) smi@ urliysCar( (Bearing curve)
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10.6.1 Guw® - uerer 2 wytb (Ry)

GOILA L ugBersder  oemer o wgwtenr  GLLOEGSWL. Y LpLOTET
LeTerdgs@n Qe liu L cwrhseild  erg  oflswrer o wgGor g
Guduerer o wph eremiu(w. (UL b.10-3)

UL gdleyeter Rtl, Rt2, Rt3, Rt4, Rt5 orem wmpbg 2 wrhsefles Rt3 gmer
Bl@Swrer 2 wrd. <o 5Ceu Rt3-Gu Cu@ueTer 2wy erarliu(hib.

uLb-10.5a-60  sMllgujemer  LUFLLWD, WL 5Sb -0 STLlquyeTeT  LIFLILLD
CamulLael; pemme @QramBa@nd oCr Ry ojareysrer &b isreug)
Qrewr(h wrmulL G enwlienud Garam urlysE @Cr Cu@m-ueTer
2 WFSamss STL(HL Geonurlh Q& o6merg: 56 Ry ojemenel L (Hd
mousgs Garam® Lrier gearenwerw WHIGNL (LpiguiTg).

8s @eopeowl Curss Col-uder 2 wrsamg CHIgWTl ETSSMD6,
BHECHI_H&E Qeawrwm Gl (HL
uGdHsemer Geuligd CFoeiomm @b
CamHi, LIGITGITRI&HEn 6T Ceullg&
Cedguomm @@ GCasrhb  cuenrhg,
SlaupmisSlen, Guiwimer o WL
OeT&SULHW. (LLLD-5)

Gl o Flamer  Ceul(HD

BarLb, LgBeTSSe0 5% OGEES
Couam@Lb.

(18) py+p2+p3+py,=005X%L

weer Geufsener Geul_(Hd Berid,
ugbBersde 10% @ HésCouam(HiLb.

(g V1+V24+V3+V4=010x
L

b
Qi wepuiled C@uETeThiGeT (b)
Hebs LILLEGD i8ls Ry sjerayld, P, +P,+ P,+P,+P, = 005x L
Co@udemsdr  @Gepaurl  QHEELD V,+V,+V +V, =010 x L
DILHeG  G@porar - Ry  Samol uLib - 10.5 Ry syereisir geopLin®
ST (HLD; LrLiLserten BETELOEW

@same eraflfled CaupuBSES ST L.

10.6.2 Fgnsf] S (955660

Cu@uerer 2 wgb WLHWL @@ urliber sr(hd Semenbenil (WP(LPEnLOUITl
ThEss s Queng; &G Heraflufwe Carur@samer gl WM&
Caremr(® epemm (pevpaatledy Frmafl srl(hs semend eTEHSLILHSDI. Sjenew:
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l. eowws Cariph& gymafl wenp (Centre line average method) CLA
2. auiss gymafl epeod (Root mean square-RMS)
3. g Cum-udrer 2 pmisaier Fmafl-Rz

10.6.3 awwsBsTL B Forsfl (peom: (LD 4)

awds GCamigeldmbg sersstiLbhn 2 wrsGasrhsaflear grmeflCuw awws
CGarl (& gymafl eremiL(pLd.

aLWECHTL(HE &rmafl 2 wirb

_ Yi+tYo+tysta..tyn X yi

n n

_ AtHAFA3+. Ay

- L

Qe  Al, A2 eeaug  owbws  Carl(Bé@ Coaubd &b o drer
UL SeneTd  &MlS@ELD.

10.6.4 Fgr&Ff) cuiss ewpevtb = RMS

Qg ewws Carligadmbg oems&slLbL 2 wrsCarhsafler @mulgsaflen
(Square) sgrafludlen GUT&S ePLD Y GLD.

JO12+y22+ y32+..y%n
n

gynafl eUFsSEpD =

10.6.5 2pg C@uerer 2 wymsaefer Fymefl - Rz

@0 usbersdd eT(HSS mba Gl uerer e wpmseaiear srmeflGu Qg

Rt1 + Rt2 + Rt3 + Rt4 + Rt5
Rz = z

o wionenr gBg 2 &80 yetaflsafler srrefl 2 wrggis@n. < pwrer mhg)
uererl Yereflseflerr grmafl o wrsgsen Coaupurlh erateyd @& Fmplu(Lbd.

(o4g) Rz = 1/5[R1+ R2 + R3 + R4 + R5) — (R6 + R7 + R8 + R9 + R10)]

R1,R2,R3,R4,R5 @arug @@ gluesd Gsrligelmbg 2§80
Yeertsefler o wird

R6,R7,R8,R9, R10 ereiiigy) weTerll Ljaatlaartien <oy L.
10.6.6 @igeus; smryewfl (Form factor)
Cu@pudremsedr Qoers Wasad &rmer ¢m urliGer Cue @emblermmm

mrewr  uplyeter sl emeudsmey  @Qram(Has@n @l uwle  erpsbeurm
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Qe Cevefliyd  Qaflurg; e
Copueremisear  Hephs  Urlia

Goev MEUSHTE DS
Culuugdser  wLLHL  FmmEs
Qs mevr(H G mULSTE LIGTGTLOTEBT

uGdsailes Qe Geuall  Qsfluywd.
(UL1b-10.6.2)

Ons Qe Ceueaflluler ojeTeney
MEUSGHILD L Slest EFenio
S|eTEHSLILI(HILD.

bL1b-10.7-6v

sTLLUL (hetersansll  Cumed  gm
St s GCarligelmbg euenub
AL ) 2 aTer 2 GaoraLl
u@HGer  uglyw,  CFcleussdlen
Qorssts uFlysE@EL 26mer  eNFHd
Qg GG Sy (Form  factor)
ereTLILI(pILD.

| |l

uL b :10.6.1 Someswr Lgi9er Goed @euSSLILIL L FymaT LigliLy

.

|
AN

uL_b: 10.6.2 Fo® @pomew Ligiier Goe

dUGFILIL L Fgnes LigLiLy

STHmI

Q_Gmmmb/
// // . L

uLH-10.7 Qsdiusg@ed Coramib @e Garel

OF6ueusg e LT = A=LXW

2 Goorals L@dHuler Ll = B

oo GUigaIGSTTew!l K = B/A
OFeuaussHer o drer Ceupdsder ojemey = A-B
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10.6.7 srmSL 1919 5@ L6 9jarey

Ermewr Gu@uetearhser Qoors @ urllear Guwed, @@ frmear sleal
MoUSFTO, Crss LFLLL Danssd smidsd Careaiqmé@w. (LLb-10.8)

L N
| T AAMAAA

100% Quongs i LFLILLDd 6 A 288 waaasdr
SNEISG QS neEaty (%G Ld w1 SESE CEneTy hée LD

v - 10,8 srEIG ugdueTey

&5Cau urlfer EFenwenw Qrgsl urlibe esgiener of(wp&EsTH (%)
STRIGL Lriutl Qmsdngl eremn eTa|b rhdgHs ST(HD; Qsmansd Smi@GLD

urliuene| erenm JomiSlComibd.

srOwrLter g urlifer Coaidrer CuL@U uGdHsmers Csliss BHés
bss @Qbs sSMEGL Lrluere] el LIMEDg eaumss Caram@, LrlGe

seenoenl MHg CareTeTemLd.

UL b-109-6 arlL Uil Heter @peanr(h LFLLSEHSGSL STLi(hs Semenioudien

emey @araCol @)(HE&Eam (HID;
e @rewh  UFLLSE@EHD
CeucuCoum  semend  ClEmeRTLaney
craiig  Ogefleurls  Csfldmg.
Qurdluiiwey aulgauenoLiLsefled
Waelled ST L (heTer UL
fppssnis smsuLGSDg. Qs
Cued BpamL QerCerm@m Ly

GleirenLowimu 2 Tmiie)]
SIHFHLOOETLOG, CaWiomeLd
9| HLO MO GWIkIGLD.

M  @QrewtLmd Ul 2erd]

/ NI Ry
Wi //

Ry

A

u b -10.9 @Gy RY yarayéirer womgiul L upgliyser

weersenert Curew @@uusre, 2 eafleowt Cure Cswoul (s Csuibrearsams
2i5flEE0; Cogud oigen sTE Spaid Gope)
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25 17

‘72

T

>
=

L ib : 10,10 SM8IG LIULS SereninsGan®

5Ce  sIL(HE semenullen eteyser WL (L urlller Qssamail
sarenwasmer GQeualllLBssra; Qdsmsw Counurhsmerd SarLdws SmI@GLD
urlinerey, Gl ugdsemer e, OGeulL erlulg wWIMFDE eraTLMSS
Carer(h serLOwiu@dpg; @Qbs wrHpsmss ST (b Carlh smmE urliys

sarenwsGar(h (Bearing curve) erarliLi(pid.

(LUL_LD-10.10)

uLb-10.11 (a) @b sl @Herer e wrlller srl(g  Herenouiler
algaugdlen, CulBHl u@dHsmers OCsri(hs Caramgme@n GCard, o Ceorsl
uGdenw Geul Lmod Cadng.

oo DB6T Qeul () Bemd = 0

i sy [
.
z G m

{br+b2 +bx)

€< +Ca+%3)

2
!

i ib: 10.11

uglIys seteanns CEr®

@Qoa@a® wrimul L UFOLS@EETET TG
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pamey W o psdled Cgwqid Carh wso Coli(hu ugdew al ererm
BorgdHepd, @rawrmd Gl (Uu@dHew a2 eram Barsdeaibd, eperprd Gl (HiL
uGSenw a3 eretm BersHeid Ceuligd CQFdma.

coQTEs GQeu (H Herd = al+a2+a3.

O EM A

X- o088, Qs Gau @ Harb = bl+b2+b3
V-0 9885, Guonss Gon@ famb = CI

Z- o088 Guonss Qo' @ fard =L

ugbersder LGHLUNL @QBs SeTeysmer eaphste Gupli@Bn CarGL
SMRGL UTlLgsarennd Car®h <@b. @rear® wrmul . s7(hd Serenuerer
urlisEhsE Qbs Carh rliLgulEsSEGL eamumsll LILSSle) STeamreum.

10.7 ugliys Fieowews GOILILIHLD (LpeoD

. 25usB e
e Li% hemib

aB@gL e * ST HL b

Qures®

UL ib-10.12 uglysd Biewaws GOINI@L @pap

urliyé  Feowl updl odldams Gerhs@gn Curg ofe  Spssramid
sHeURGeT @ (MHES Couanr(HLbd.

1 wpdlfer &gl (®% sarevwweray: ©@)g Ra eretm  enw&ITe  eTelley
GP&sLLbL. @Cr e@m Ra eme LUODL  SIUULGGBDHSTO, SbHS
SaTeyds@ EC oder  oerejder  LFLLSET  gHOISCETETETS  FnlguieH
e GummeT;  liiguileanosd @Gapbhs Ra etencuw|bd, =ifls Ra
SfETMAULLD GDSHS,

8.0 .
Ra — aranCpr,
Ra 8.0 — 16.0 arasrCpr @hlsaslL(pLD.
2. ugBer 9Jeray: LsHET a1y LIS GNSEGET SMLLIUL g (HEH@GLD.

er.&m. Ra 8.0 (2.5)
@m@ Ra wdly 8.0 enwsyrer ugherd 25 L.
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3.

Frev sLib : ugller Came ewlys@ gou  asdanawilery  srl(hsd
SEEND ETHSLILLL g eTatlansd @GO Couamr(Hib.

(er.am) Ra 8.0 lay parallel

gt sLGHear  Hewg  @OLUELL UL eleemebueTprd, g
rL@QUmGID FTOSLSSDGE Cemi@s5sTa0e (GNIEETS) G ([HESEGLD.
GFwaedapeadm (Process): CT @@ OFwe (WPemeowls LwemuBSHI Lrliy
2 Heumrssl ULllgmbsre obs Cewawpanpanwis @GOHbl GeueTiquigbd
SjeuUFLILDMGLD.

10.7.1 ugliyg FFenoew @Il IoSS5e0:

IS 696-e1 Lig, & GQuUImeer eulgeuambE@GLEUTg, LFliyE Famweamud

Spsaanm(Hererig (EpliGweoLsemmed) @Hlés Gouam(HLbd.

1.

2.
3.

4.
5.

a1 (H& seieno, Ra oj6ma], en&rmeia

ahSrE Gewawpeann GummI

ugBerd (@) urlys Ffeowew aEGL  s@mewler Ceul(m  Berb,
LSS Lflev.

BT (pep/ 2 HUSS (e

sl sdar Hang, @duLrs (11,1, X, M, C, R)

eram):  gmeul Curduled o meurdsiulL g ugly 12 Wb,

QurmSuyd, 63 ewsrrer (@w.S) Ra ereyd ugherd 25 WS, &t LD
Qeamurseyd QBT Dmss Spsarl GOl igeag Carhés Geuam(Hib.

1S3973 - L.

cuenrliLigeuiigefles urlig Fenw fAn (p&Caramhisermed @&MHlsLLIHILD.

GG Ra ey enwo.b.
- - above 25
Y - 8-25
A% - 1.6-8
\A'AY - 0.25-1.6
YAAAY% - 0.025
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wereyflenoujenut Ra  oerteysermis &Eps  sar@erer  eranmsailedmba)
Caimb0s[H &SI (HILD:

0.025, 0.05,0.1,0.2,0.4,0.8,1.6,3.2, 6.3, 12.5, 25

Rz jemeyser

0.05,0.1,0.2,0.4, 0.8, 1.6, 3.2, 6.3, 12.5, 25, 50, 100.

10.8 UFLILG FHenIoe I DTS GLD (Lpa» DI 6T
LrliE EFenwenl aTEGWL (penmEem Qe cuansLILI(Hb. a6

1 Uy Cpréadl oerssed
2. Corgwmisds sHmelluiler eLpeLd 6Tss5e

i) euy CrrsRw geray 1peom:

Qi weopw¥led e urller Ffewerw wHEADTE wriGear EFeanwCwm®
eUEALH wdiG @b @wpapuier urliyg Erenwenwd Csrymuwmnis e
LHIGNL (Plgu|d; eTamsemmed euanrwmsgHd Fflwmis GOUL (plgwrg; Srewt(h
urligasesnd  @Cr  wriflurnws  Corardleme  e@ly  Cprésiuubhn  urllle
@hsslul(Herer  SeTalsener, QU UFULSGL D&MD, emme Qe (b
urligsesd  @Cr 2pusd  wepuwiledr GEuuwl uligmss  Ceuamr(Hb: UL
Cpré@oudled FpmiIs Geann GFHUL LTI (Plga|HeT Seupmdl all(HLb.

QLI CBTSE (P DSHATTAIGH:

i) UMi$g @ULe - @rewr() LrlySemeTud sSamserme Lmisg eUb®
Qawigen.

ii) Qs euiLd - @rew@h urlysenerd msserre Csri(hl Lmfsg
eUSH CQewuise

i)  Cswly Cergener (penm

iv) meanCannsdls Cersenen (Wpenm

v) o urly Bippue e

vi)  mew gdlls @hsdlh e

vii)  aumeev Lpliy eflengs smedl (penm

viii)  erdQrrells@n galls Qede) e

10.8.1 GsuiLiy (Lpedm

Cerenowiren mwid, Yermevigd Cumern Cum@mlsemmed Urlienud Cauigs
SHD gHuL Srevsemer meugg LEHLITH CFulige.
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10.8.2 mievrQemina:&) (Lpewm

G weopwlld urleu @@ HearCammsduild amousgls CGuflgubssil
utisg  LHLIH  Celwend;, meaTCarmsduld (Psaléd srwrer  EFenwulen
ety Csflbs @@ urlenuwb, erés Geuadmiqw UFleuud wrddl  wrHi
oaugg @UILH wHISH Qewwerd; Cebsr urliemuwbd, jered Ceuemigw
urlienud @Cr Crprsdler LMsg @UHL HerCamrsdls@pb o erere.

em urider Guoe s3Hpoers & Lsms @eads LOUSSD 60°
Caramgdler eafleows umisflermme, bpussD, iy FfowsE enu el
S, Qouaurm  sfud  gealeow  HaTCamtsduien  GuUAguESHL  LFliyE

Frenenit jeTliLgid 2 ar(p.
10.8.3 wgliyy BlipHLL_miser

urlienuLy CQuflgiu®sS) LCoumy CeueflFgmisatiey QICETE
CBueTaTmISmeTs STEMTEUITLD; Cell(mbg gaflenui LM &Sleme,
Cu@ueramis@Erd, Srésesd spuyl Ldrafsamss Ggfluyb; sleLwrear LG
Qeueflgsomnis Ggflud.

LSS g geflliumigdlearme, @Genmser OCeueflFswmuywd, sl brer UGS
QmLLmuyd Ggflujwb.

10.8.4 @aN@GMISFL B (pe>m

@Cr  o@aBerpbd o@me cwrwb Cstar.  Qraw®H  qefsSHmiser
spdsELeurg, e @Gy  wewmniE  spdssrer CeuellFFsangu,
LIOIPSLTLE FHHSSTO Gl WD 2 @rLm@h; Qe ojgliienlulld, ¢ m
eflliulenLenuiLl LweTU(hSSIL url9eyerer Co(HLIETETRI & 6TULD
Goputhsmerud  afleaflsermis sramend, @mss Oatar@l  urliSer
EFenwerw WHLSGL_embd.

10.8.5 qumevaw LgLiL] aflenFiomaut)

8g o grieler ojqliteLuled @whs SHANUTGL; STHWPTLIST @(H
urliy oi$ls 2 prlency gHUBSHID ererg GFFluLb.

Ggargliuel e, @Qbs elmswrailuiiey o 6mer @ oamsd ubg UFLSer
Cwer Gari(hs Osramgma@orn eusg oagorl el L@ SrdHprLrer
urtlle 2 pmiey flswonl @muusred oamsh iFls CHID LTS D eTTe
Querenowrer @ uUriled oifls Corb s Ceramgms@n: @ns Cor
Sememalll LWaETUHSHL Lrlifer Fenweu Diem&SHeLD.

10.8.6 e15)QaTaNg G ans GlFHay

sawenmy Curery Waseyd &rmenr Guerenowmer urliGe Ceassliu@Hb
pafl gnaégenu oUugCu ddrmafisslil(h NHWL: Heme®  SFHWPTLTET
urti9enCGuoe el gafl Bromussb fsdlé sflunl edrreflgang.
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5Ceu erdldrmatis@n  gaflulenr Gadley Waab @GapbdmsEn: Qbs
eaflls Cedelen erenar mauggilt Lrlifer Guerenwew WHISH CFliwem.

RUILH wepuledr LrliGen Gwerenwen eTdsl LweaHn UL G
ugliyser  sgrorsGour, Nl wrsCGeur,  culleumer sl 2 Ceomsmgenrme
Cewdiu’ g mé@w; Qsear urly Gwerenwulle  ojemayd  oFd GO L
UL g (h & & LD.

10.8.7 Gwoig &@mad (pewm

L Neor Cogyeer Bl GUT GOLOUITGYT, C(ueTermigena, SIS
Co@pudremaigaiies  oh QDRIEGL STeLWTET @@ FmiTel  euarwranilenwsd
Osrenr(h jersserd; euengwrenfl (Stylus) uplller Gwe pamLOUTE 8
Cogid S gfl QohEh:; Qbs gHm QnéEshisamer Wl amesarmil
GUET LIL LTS, pmid GCHemeuimer dmmeTe|semmea|b CLmeLD.
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(Ly+dy)—(Ly+dy)
2

A01 =

d;—d, / Li+d,—(L+d3)
2

<4,5Cau, tan@/2 =

dy—dq
(Li—Ly)+ (d1—d3)

VG tan@/2 =

QHOmBE O cratn Caramgamssd samsSHl(H eLevmb.

12.12 90° LY 180" a9l Caresparer GUTHL HaNer Caxmenrseans
S REETY

Gbpenmulled @G Gl L_(peiar PG ST (HS6T UL S&le
sTliguaretengls Cumed eeudg BHelD o 6mer Sawrger 2 wrd wHn S
samhsGerm(h UUELLLL(H erdslubhEng. oBps wrsews H o orensd
QamerCeurmd.

ABC erarmp  (p&CamentsSled

AD = H
AD

H
AB D

Cos®/2

Ops G&aSHrsamsl Lweau(hss ANfCarTamsens ST HluiemL.

uL_tb-12.18 aff) s rewitd yerd s
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&M NGTTF 6T

AL D WEHurame erdselldr goUBHL Hes6 eremen?

2. aulLs amguier oL gms ojerliLgl erliuig?

3. CQuflu @museter 26 6N Lgma eTiLg erliLig?

4. 26T NLLMBSZMET HETEHGLD (PEODEHET WITeneU?

5. emdu eumi GhHeoesefler 26 L gmsd ojemiug erliig?

6. V-Carangams oemiug erliig?

7. GnGL goarwller el sme eTliLg erliLlig?

8. ymmeured evwliler (Dovetail) Carenrseng jemliLig) erlillg?

9. @ el L& smguiler oqliLmssSlen aflency eTliLg erliLilg?

10. @@ ubgipeanear Cuemmelley 2 eTer Lbdler eI LSmg Tl eTLiLlg?

1. @m AfCsrangamg jerlig erlilg?

OB®H aesTTd ST

1. Corgwrs oeré@blung gnubld Fssaser erarean? eunerpls Curss
orevrerr Qi GouamT(Hd eraLeng (F THSSHSHTL(HL6T 6llerd@s.

2. allLs anguier lLgms TG jgliuemiemw alardsdl, smaTen
G&SSrsans Hne|s. el L s @ulplseaie el L sms jeTlig erliiig?

3. Quflw @emiseiar el Lgms BersGared Qamamb eTH@GD oiglilien
G&SSrsans Himel, oETsGL (WPapeanw 6laTE@Hs.

4. @by GaTHsmers Oatam( o 6dTell L RSmeT ETHGWL  (PEHDEHENET

Mo 5.
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Godw  aryder  Gheeauseflar eIl Sms TG  (pevnulen
SjiglieLw 6SeTsHES.

. Galbly genaraaten Caramsengud, Sdlw CQuflu eurd L mAisemeTuLd
Mersdl oFa ogliLmL GSHTSms Hnes.

Q@ bl eurbys siensuier (Taper plug gauge) Caramgamswbd, oSS
GBS GUILDL] DETEYFHENETLLD HTHGL (PeDeWwl 6lleTd@s,

@@ el Lsarguler o6 Ffleys Cartangms eTSGL igliLienleni

NeTd 5.
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umL_io: 13

QR(HEIF TS 3|TSGLD TibBTLD
(CO-ORDINATE MEASURING M/C)

13.1: uperigyiamn T

CarfpamLmgafler o (paurssliLHL Curplaeler srseng  sAuMyés
Berd, s, L, Carewbd, elgeubd eram Chi  jeTelsemer WL (HD
Semliugleena. @@ glaeruller enwid eleflbllembg ereleueme] GlETaneaaeiley
Qmadng. @M goets@Gh WLHLDTH gGoeTs@h Qe uilld o emer D
creucuatey eramy  edleurmEIGERL  erssliL(plenear. opemmed Herd, el LLb
Cureiy  Qeupenpy  Crrgurs  oemés  (PYWng. aTHSHSST LTS, Qe
ganargaflen  @LWLRISERSE Qe wllgierar  Catamoeer Coriguing  oyerliLg,
Quiengl, gOlerampréd giamearaailer awwrse mGCasullHEHaTmer raTLmSL
LUMT&S (LPlgUITS).

.
N

|
>§
/

<— 1]~|7 xq/4'f";—>

ULib-13.1 @uaRaeEs oyeTa)ser

% 5Cal,  QFFMEL et seneT  FHUTTES (PPl  Fianersartiein
ML gengwb YWng gemersaier eleaflbysErs@ Qe ulaemer FMmsansub
Ol ClEren(H), QraTenLud Fallly, EOLWBISEHSE Qe ulaieTer FMsans
sasS Ceuar(hLd.

Qenglt Cured L @EHERFmaTHS eTelsamer etds Couamgw CHeneu
Qetn goul(Hererg. Coaib @@ Gurmaid GCr Crradd L ieTeyFHenemud
sflurfss  CeueT(Hd.  LP&ssHler 26Temr  Jemds@n  HHelsmers  Csram(h
oleTlLg Sésrargid, Baml Corb aT(H&ESE FnlgWGIOTELD.
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Cogib Qetenpw  etds  Ceuantiqw  CQur@Llsaflesr EL LD enodFTer
Sfereysafley 2 arerg. &Gl eupern erss Geuaimqll smHellsatien HIL LD
oMl LSF WLLEG Fsors QMas Couam(Hbd ramUgbd GerHiuewrs
Caencuwim@Lb.

Qery  senllLCurduler  gemerCuir® — fsserer Lo GUlgeUBISET
2 (haurdsll LpSlemmer. QbS 6UGOURIGMET HOTEGL (PeOnFeT ibhg GBmn
BLUSSHDEG gou jenowGeueT(hLd.

Borseng oemds @@ s, Caransms eTds @@ H@mHedl - eren
srlwaord GumiellLg. ereer eToysameryd @Cr smeiluiled eTHs
Couanrigws Caeameu Qem 2 (Hourdl 2 eTerg.

O AurGer peEL UiaLd o6 Qs8alnnsl LHCDTI® BLsdne
CagdCurCs  ereor  eamajsamerybd @Cr smeilluiey ojerss  Couerigu
Caemeu @6t 2 (Heurdl 2 6Terg).

Qssmaw Gameusmer Hapey CFlieushsrs o (HaursslLLL  eThETD
Fne  @(rESamanhs oeds@L  orhSrd  (Co-ordinate measuring machine)
ereTLI(hLD.

13.2. hEIFReTbSG 9aTs: @I 6TbS)ImISaN 6T eIl

CTOOT  eTHGWL  SHellseamerL
CureGeur  @EmSamaThs  6THGHLD -—
GTHETSSHILD, Cumrmeners SMMBIGLD l
CoeL, ETE@EL  (penaT,  6T6y
ST s@medl  eTen  figliLienl
{ELOLIL|SGT 2 GTETET. $

*— STEEGL e

Gl &(HRISO SO _
curglillpblileoren  seroner @@ Goen € e
Qma@w. @b Coal  ofiesmends DIEEGLD  (pever

sLHUUBSs — aueeemal, — Ceuliublene //

Gumesrm GLpblene LOTHDEISETITE | //4‘—-—@“”@«sir
UTH&SILLTSMEL, Caliorarseangs
3H&GD U ClETETL g).

je— GuenL

Y- CenL_udler Gwé ' ' -
QumpL_sener MeUS G | FUITLOG LILLD-13.2 @ERS®aHS ATHGSLD 6rHSITLd
Hleneowrs UGS TEEUTS LOENIT
FIDETSHET LIy @)(H@LD.

CoerLulenr Gwed ¢ BEML grawr QUIBSSILLEH QHSESD. ST

Cuwé wevamuiled g CpORms Bl s CQsramgme@n. Had eTd@Hn e
QurmSS UL Ig(HSHGLD.
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QBs as@EL  saw®h COBmhRmsudar  Gd @ -euorseybd,  Sp-
Coarsad BEMHL. OTEGLD saTigen SP @ aTHEGL (pever  (Stylus)
QurmSS UL Ig (HEHGLD.

Qs eTH@GL el g sHsE  GQatam®  CoenLuwler  6Ths
GLSIADGL SETEHGSL  (Panaenil BEFSSOMD. HUGLT(pg Fnewr  Genuller
GN&GETS X-FH BHIHL. OBHEMS QL cUns, Y- HFHQD BEH(HD. ETHGLD
sa® Cuwe Sprs z- §Hd pHHL. QbS BETUSMET STEGL  HHelsH6r
Slaupdled HMLSSILLIGHLULSTL  X,Y,Z eTe) FHSH6N0  (PEneT  eTeeU6TEY
BEIBAMEADS aTamg Sjmer aHSHS SMgelbn. Qaupdlalbhg &GS
Camauunar ojeTe|senerd Samsd(hd CsmereareLd.

THSSISHHTL LTS,

TGS (pever (PpsHesled A eranm Yematlufey @mLusrasd Gamerereui.
SUCUTLPZE BT jeTe e X, Yy, 21 ererm OamerGeurd. Nn@E jemEH@LD
(penerm B ettty LjeTeallG@ BEISIH@D, SLCLTIDS ST DjemeysHer X, Vi, Zo
erarm @mULSTES GlarerCourd. QEed(mHa

X oFflen BETey = Xp. X
Yy SiFflen paje) = Y- Y
Z oF8len BETe| = Zy_ Z)

8CsCurey CoeauliupHid LOCan GUMSWTET  DETEUS®ETWD (T
SN meudg jaThg GClsmeTememb.

13.3 Q(BEIRHTBS (65 GLD TS TS B 6T eHFHH T

ahs @M @RMHESmaThs SETEGSL ThIrsSHer enwlild, GenL,
Coemrwier Cwed odmer BH@HL gremm, e Cummssiul(Herer CpHmens,
SETHGD ST, DTEGL (PET, eTey STL(H HHell eTemenid il liLienL
2 MILILSE6TS O&TEHTIG(FHd @ LD.
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|
- ¥
B .
f 5 o
'\ / e . .
;| 6 . SlgSsamd
<« Ve . gewr

. X-Sleng B

. Z-§leng BH@HL FLULLD

. STHGW  Fewr(h

. SETEGD  (Lpene

. X-dleng ojend@L HHed

. Z-§leng GG S(mHell

. y-dlamswlley oemE@L HHed
. LImeoLd

—_

C
8
NS

. SATEGD HHe

. Qummelr

sl puur@ Cuilig
. senfluGum

=
ﬁw
Ea s

LLLD- B3 @OEE@abs SeTEGD aprsder o plisar
DpETED  eTEGL  Curetlen  LBL@ISE GO Seuddlen 2 (Heb
Caugu@d. 2 (HeausHDCsHL jeudenn Spsem(Herereurn cUaSLILI(HSSLD.

gnewr euens (Column type)
OpmHrms euens (Cantilever type)
ume eauens (Bridge type)
BrHaTe euend (Gantry type)

oo

13.3.1 grevsr auen s yard @b erb% b (Column type)

@m Coaiuie enwsdsiul(herer — grenfle
Cogitd S BHHLD  GUERTEITD  @(H LI
Qummsslul(HeTerg. @S DETEGL SaET(HLD, DiF6n
gD @M AMEGLD  paand  2arh. G
STEGL (et QLeewrsed,  Goa-Sprse)b
wpapGw y, Z oFasafles L HCWL BETS dFnlgUig). LL(b-134 glewT euens abSITLd
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&0, Was Sdlw Qurmlsmer LLOHGCWL eThg FHUMTES GFemme
Wigwd. @@  @uueteleowl Cure Qg Corgenensd gL mgafler L (HGW
LWeTUL & Falgwgl. euemihgiell L Csroml ussred @Qser Lwerurlh Qe
Lralens @dme 6raTGn Fnmeumd.

13.3.2 Gp®BmEIe»s auanss (Cantilever type)

ger  amsd  aThIHrsSHar DHss Sl aerFHCw  COpHhes ems
chSror@w. GCoeruwler GCwd @@ UsSSHD BEML gGramid, greafler Cloe
weramiled GBHEMELD, DEHD DETHGSWL SETHD, ETHGSL (PaaTd @&l
o ar(h, XY, Z GT&D CP6iTn SIFHESETQID BETHI H6TEUSHET STL(HILD.

UL-135 AEGries @ims b

gramid, OBOR®SWD, eTs@Gh Sarhbd Costsed, oGs  Gorwb
UIEITHEID @) (HEBGLD. GLIETIT GTTLD SeoLIL Si@ILbleotw 2 G55
QewliulLenel @b, Coenl. SMHEISH g GUTTLIL GHLOLITED i 6g).

Qg Xy z oFassail® wpeapGu 600 x 400 x 300 WWB cuewy eTEHS
UGG

ureuersl LweuBb Qnhg orhirmseilear ol FHm  G@mDeUTaTg.
gOlerempred  eTaH@L  Feawr(h, OpOHmmster  (peverd@  Bs@L - Curgy,
SIF@@LW  eTenlmed, OpHmes FHm  cueerud  eumlliLeTerg). erarGeu
Flevadlwd  (FEnmULD.

Qszamaw apirmisaia oetey Cumsl CQums Qbs K oeTeyb
Qum@w. erarGou apHm eredldd GQuflw Cummlgemer @He emiLad Fwowbd
gou(hLD.

panme GQps eapsimeaien, gram QmEGL LssS®ES  Fly  LOHD
LSSHBISGET eTend SHobdHme@h. aarGal Curmlsamer CueLuile eomieugid,
Qné@EaugIb eraflgTELD.
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13.3.3 uimev euenss 61 % oib (Bridge type)

OpOhms amauilled g euamethg Llepubheumss shHaGSL cuamsuila,
SF6T (PORIYID @R(H SMEIEG FGreenm Sebsg Ceuwlinl L wperGearmmsdler
LeGar LmTe euend eThETLOMEGLD.

UL ib-13.6 ureaims aES b

Qe Qrem® grawseEpsE Gbéd @ utew  Curerm  FLLD
SDSSILL G (HSGWD. FD eTHGD FTHD, DjeTEIHL (PETLD 2 6TeT).

Qg aums rhirmsaied Xy Z eeamm F&Hssate wpernGui 1000 x 800 x
600 LS. cueny ETHS (WPlgULD.

Hal  ureuersts Lwetu(Bh Qbs s  hSrmsailer  geaSlupLd,
BLUWWL BlGHunELD.

UMD @ram®d USSP Framser QmUugte, (per LssOmHBCST, Ser
LSSB(HBCHT Srer QUTBLSmeT Ghil @nés (Lplgu|Ld.

13.3.4 prmsTe euenss (Gantry type)

Carfham L maafle o (haurssliupn Gu@mbUTerear GCUTHLSE®ET eTdHs
ApHEMS eUms BOwg LT euensd ehilrmadr Curgorarael. e e
Bl Quflu Curmlsener ojerss Gouatrqw Cgeneuwd Qerm GLmE W eTarg).
THSEGSTLLITE @@ &Mmilen ealgaudamsd g bamMLOUTCs oahg Fflumiss

U -

UL h-15.7 prpscd aies ep S ob
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Couanrigw Caemeu 2 aTargy.

@Qgsmsw  WslCuflw Curmlseer oethg FAUTfEs 2 (Heurdslul L
RHES N HS DTEGLD THETSEDEG BTHSMD GUMS ETHGWL THAHTLD eTern)
Quuw.

CpHrens cumswiled @@ Framilbd, UTe cumasuiler @Qrerr(h  Grenrs@hD
Qmiuamss Gurtw, Q& Brean@ gramser QHSEL0D.

@@ UssD  @reaw(h  grewser  enssUULB, eupdler  Goe
Qanenrdgl L b QurmSsL UL ma@w. @Q6s Curd Qeardemmussnd et
gnams@hd eunblen G ¢ Qament FLUL (P HenSSLILIL Iq (HHELD.

Qenewr  FlLmisalle  Ced @@ BSOHL LTOL QIHS@GSL  Utssleo
ans@ GCooulL oemelihib sarhser GUMmSSLILL g (HEELD.

gnamaraseaiad erelBL  samhser CUTHSSILL g HEGL. o 5C6u
2Cr Cpradler CeadlmhEn, LSSUTIqeSl(HHIID HeTHSH (LPlgLb.

Qv Xi Y1, Z1 SF&ssald  papCGw 6000 x 4000 x 3000 W5, eueny
S|ETEHS  (LPlgULD.
13.4 9jarallBd & al%er

Xy z du oEsssalar Bseel emellheusn@ L  (Pamaer
answrerl L(p&lerper. jamay,

1. wniCr sdy mLuw (Moire fringe technic)

2. Wlenr gnewre &L mL L (Inductosyn)

3. gafldler @Oy mLub (Optical Encoder)
13.4.1 1womiGy &S B Litb

@@ saentiy FLL sSlenr Ged Gaellw Gem@sgs GCambhamen 6u(migw

Wn@, g Cwd, 2CasGurd ghm smiieurer Car(hseT cuigl @ CFcuas
sy Sl meusg barsdeme, Bereaursder Carambd oelld sHisdr
OFRIGSSTS BHS(MHLD.

W FET

LLb-13.81 wniGr sSFE LD
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Boraur () gefldsdiserdd @eLulL gib 10 WO erameyb SeamenTm
gl gde oeter Qe Carhserd@ pHeld oder gmn 002 WS (@
Wewedl WBlLfled 50 Car@ser eu@mLlLl () o 6Teran erateyd Clararme,
GNUEL(HS ss0 002 VB parpsre, Bearautl () gealssdiy 10 WS BemLb.

Qram@h savewny FULGHO @ Woes WLl 500 Gar(dser euamir
Cur@b  jeteysE OCsMPOEL UL  euemThHHSSDg. e, Qser [ LD
1/500=0.002 ).

Qs mLULSmE Qaraid dHsorss  Ceuar@oremmed, 1 OBl
auBLLUBL Carhsaflan cramarllsamswnd oiHafds wigub.

Qe Qg (puwrs Qewerg. < sCe Wlataman eIGSS0 LD,
BLLUD ofsfssiiL@dng. Qwanuie Bereaurl(h qellds sdiseiar pajeneu
Sss @0 @m @als sosdnE uslors (Photo cell) preng efls somsaner
LEESHD LsH5H0 eudgellLmd, =g Qe Ceuaflanw Bretsrs NWiflsgeN(HLb.
SLQUT(LDG

0.002

@Jl_l_ILD = T= 0.0005 L&LS

orlCr  @alldsdly  oewly Qe euamslLBHL. @t  2erH(Heb
gaflpen (Transmission), wHGwrerm erdCrmefld@d gaflpenm.

uLb-13.82 wMICT &SFepald JeTEGL anLoLiL]

Qs savewty FULmsE Cuen Curetn Barms urllld QuTmSsL
UG (EGWL. GOULE 50, grewr, oes@n samlb Cuream Bs@HL Urlyseld
QurmssLLL I ®HSEL  @bs  urly  bsGLGUTE  GCsremmd — BHereurl ()
palsadlismer q@als somsd CHTLLLILH W mFmssHaneT 2 (HeUTs@LD.
QBs mEFMEHMmET eTarTentl SL(h eTeUcUETey FMILD BETHEHSEDG ereny FHawilsa
cdLembd. Cogd gemse Cooul L qafld somser @ Mma@GLOLTE  6Hs
Werged (psdler galldSnansd srandpg oaLmsd OQarar(, BS@HD
Hevganwid fHg CsreTeremd.
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13.4.2 16)68T GTevTL_ 60 FL L LD

e &b a&ppliulc @@ Sare sl gdar Coed @  Waranm
BamOCUTE ereemr o @Ww. Wer &Hm L gSler Cogyeter &Hmis@ Corrs
umLGUTE ofls WBlatan(Wpsspd Wer &Hm Bbaihg Quamb W6 &HDI%EHsSE
@@ Bheled eumbCUg @Gampeurar WEIET(WSHPL 2 a@TLT@GD. WaT(Hb g
SIhss WerapnsE Cprms  eumbd Curg odls  Waranpsspd  ermuHLbd.
CamLihg Waan(ps5s505 THITH F @M Far eaeerws Gumed

B)(H&@LD.
l ILEIa'l o e el

f.f"_"‘\/'”_"“\.,-"_"‘\ -

l“l’ | T"l‘l‘l‘".‘l‘l‘l‘ ‘.'.T'I".T | T“.‘.‘.’““l‘l‘l‘ T.'.T'
A "l ALARAALLJ ' A AL A "l ALARARZLD ' M.
T T Lt Em gt g T g T T L Ut Rt g T g ol

VAR AT A

uLb-139 e grented FL1bd

&G, gl gdler Coed 2amem BHSSHSS WOeTFHMSEHEHE Qenl L L
gmrd 1 LS. erennd QamewrLmed, @ aFam e 1 WS gmismss GHE@LD.
aaiCal  ome camanildamasamuds Csrewr(h BS@MHL SOOI GTEUGUETEY  FITTLD
BSIHS(HESHng erarLengs Csflbg GEmeTeremb.

13.4.3 epaiflesr @mliy mi” Lib (Optical encoder)

Q@ el Lrer sligen eleflibenusd &pdl e geerser CUIL(®), iHen
Q@@ UsssSle SAdw cetdans emeusg s sHobw Curg wLHLISSSS O\ HHI
UMFSsTe, @eubleur genemybd oleTé@s@ CBrms eumbCUTg @@ eliLeTer
Caremmid.  @bs  @afllydraismer  aawment, SO  THHmeT  FHMISET
OO HSHang cramums erafldled semflggeieumb.

ailard (5 2 amjafl

uLb-1310 geafiflar@f HLUb

227



THSEHGST LTS, el Ls Sligenr olleflblbléy 100 giemerser QHULSTSS
QarerGoumd. eraiGeu LB @@ wern &hlerme 100 geflliyeraflgear Camemmid.
ops sL0 1 WS yfl Qe g (pitch) 2éter @@ HmE wearGum®
Qamarssl  ULlGMBSTR ST @@ FOMIGE LT  oeg  arGwm
QeanraasliulHerer Goen 1 WL BaHLD.

2,56, gafllyaaflsamer samsdll(h Cuoea paiHs SWESMS Sanisg)
GilL_eumLb.

@rE gdllydallgamer  samsetmdd LTMTSE sSansdHeuans 69, @
@aflssdams  (Photo cell) OGaram® sawsdbhoug  eeflsreng, BOUSS
SETENLOU|GTETS).

gOeraorey  sewrsemmd  UMTSgE  sandslHd  Curgiw, sU@B  Ceuswrs
sOMLCUTgILDL Le geflLjeraflsane seumedli(Hbd eumiliL) HE&WD. e b
@afldsb geolwons geaflliaallamen LUTTSE, Deubenm W6 HFMSHETTS
orpd  udley Celg, CooGsrar® CelwCeeamgw saTs&SHasEEs@EGL ULl
UG SHGLD.

@ng eafl Wear@diys smellser

1 OjeTey 2wie] s (Increment)
2. Owrss oemey euens (Absolute)
eTar @ranr(h U SWTELD.

2 Uil aTe] eunsd ShHellser Qe QL RsERsE QerLuled o drar
SeTenaud ST, @Qrevrrteug QL sSSmBg  epamreug QL SHSG
QoL gmsmsssren g SILEWL. ps0  GLsSdlBHE  epamraus)
QL sdnaren gmwsmss sMLrg. HsCal @bs auams smellaed, e@m G
Q@@ (PdD GTeUGIeTe  FITWD BETHEHSEDE erarieng WLLHGWL eTES (LPlGULLD.
ogTeug, @alleurm wpapuyd g O-aaraflsmasullellmpCs  samsdlg
Osm_mi@Lb.

pame  Corss jerey cums SmmellseT (P QL SHONBHI  eTHIS
BSIHSTID (PFed QL SO (HhE Samsdld CSTLmEGD. THSHSSTLIS, (PSS
@Lid 0 erens Garam® Cuwer 10 WS BsiHsT® oeteyser 10 OB ers
s (. omSmbe  Cuear Qaleamm 10 WS psfHsre oeTejser 20
OB eremmy Sm(HLd.

2 Wfe| aTe] cumss SHHelsaild o der slHssald @ auflenguiead
gleneraer WL HCL QmEGL. amme Crss ojare eumss SHmHellseils 2 6Ter
sl(ssalley Lovaflengs generser srewtlLBHWL. T(HSIHS STLLTS @ euflufled
@eamsE GCooulL yereaflser QmE@L.
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HPER
L

uL-131 Cursssiare geaflflai@h HL LD

crarseet  @rlelluenl  ecravranfléans  (penpuild,  BreE

cramgemsll LNflgsre oemeu Spsar@erereury GsremmLd.

O 01O\ L W=

10
11
12
13
14
15

23222120

0001
0010
0011
0100
0111
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

[EVNY:¥:3

o &Cau, Corss etencus STLHL Sliged (WPH eufludled e@m  glener
oL (b

Sobg  LOD  epeTn  FleeTseT  plgUNHEGL. @QrerrLmd s Gl
Qramreig genar WWLHL HAPHSGEGD: WHD FeTseT IGUIBEGLD. Sbs
L@ @@ LUss550 Brarg Wer elleard@s@Ehd, nLssSE0 BrenE eerlbler
SORIGEHL meudssll ULl lgmuugre, s s&ombCurg g erelcuerey &HHIFng
cTaieng Corss ojereurs Csflihg GlEmreTaremid.

@m pdrsHer Guen 1000 WS pafeums @@ ULlLE SLiqame

O|aTES (Pl &G L #5575 CsmLfsmer LweaL(hSS @@ ensprer
DETAYSHGS FHOMWLTS GOTES DETENE! D{ETHSEMLD.
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13.5 9jeors @b (panaisar (Probes)

SETHGLD  (penanseT HMD CuTmenats GFTL(H T jeTencud ST (HLD
WsHwwrer @@  UGSHum@b.  oemeamel 2 ambhd  Searenwaws  Glemen(h
Seupeny () Sawor  penenger (Solid probes) erermid @) leenam  (LPEGTSHET
(Electronic probes) erenmid ifléseumibd.

Werenam  (penerrasenet Hlenew (penerr (Static Probes) eremmmid, @Quikis
wenar (Dynamic Probes) eremmid L9fl&&eomibd.

uLLb-13.12 Gyard @ penansaiar LwearUr(

13.5.1 Slevsr (pemest (Solid Probes)

S (P& GTETLg  SHGHTS, cugyeuren 2 Carsgdlemmeonar  Gldedlw
B g  ogar  eoalled  GCsle] Qaors  srmieu®,  eeurLd
CurameummTed Y ar e LB Caram_ ewlium@L.

Qs (paear SETHEGL Samqem jguie CummSSLILIL g (HE@GLD.

SeTEHGWL  QUT(hefler GulqeDd OHMID TeYsHEHSHE THL Lbder el L Lb
05 BBLLF s 5 WBLLT cueny QHS@LD.

upHer A LSHDG epu  samger L  QHEGL.  rarGeu
Lweturiger Caaeud@ enu Qeunannsd Cainoshsss Cameararemd. <y emme
Sers@n  Curg g FOm eueneTud eurll @l o eTengl.  iHemmed
METTET DETEHSG THGLOUTE D6 Fevaslwbd GlEHLD.

13.5.2 1bleresiaw (ipamasisar (Electronic Probe)

ST (PETHET  UMETHE  DETEGL  Golusmass  CDesHlumSS
SNTLLSHETS 2 (HeUTSSLILIL L GSTeT WO6mememl (LPENETSHET i GLb.

230



uLb-133 Weraray emer

SetH@L  panensafler  CoLns sSeahHl UGHWD @@  Wer S
el QurmSSILL(H 2 dmerg. samph CemEssts @ ma@&Snweurg &snHold
2 6 WlerCermmlL b  &Foors  QHSGL. Qoamebweamre @ &hhle oidHs
WerCemlL(pd,  wHmded  Geopns  WerCemmlL(pdb @ HES@L.  Weramhm
gfleneuiler @mEELGELNg @@ SHdlw Wt elaré@ erflujb. < sCa eT&H@ELD
Curg weaer Qem@ssrs Curmenars CaTl() Fwbleneuiey o 6TaTsT ereTLMS
2 M Cawig OaramL Wb, eteysamer f(hEs Couam(hHib.

(1) Blewev (pewaw (Static Probe):

Waar @@ Boowrar QLsded Qmé@n Curg oemeyse erHULSTE
Qe Hlavapaner (Static probe) erenm enpsHEoLD.

(i) @umig (pewear (Dynamic Probe):

SIETSHGLD (penerudles sofleveamud
#fl0sweug eremugd Fhm Hrowrer GlFuLIETE@LD.
B&@ammenwiL Cursds O{CTSHGHLD (pene
Qummeners Qs  cuemeThg  CFRIGSI
HETELOEWL oLy GurCs O{GCTOYFHMETS
srems ThHsgHE CaTeTEph auamaule) eTsHEL0D
(PENGITUYLD, |66y T(h&@LD |EnLOLIL|LD
REdomarhg OCFUOUEL. T G samenn
Quiki@ pener (Dynamic probe) erem Fmieur.

Qs smwlbe Fflwurer Hlaeuild ojerey
T(H& g6 CsmeTeusme FHUMT &GO Crywb
WFsLTGW. Foalwpb iSlsfla@Lb.

anisE CLOULL  HETHGLD  (PEGITHET
Carar_ gl () 6@ Sam(hsEhd o 6.
(Cluster probes) (MW = MK TA]

LLh-1314 QuriE aréGupaen

LISSHeUTL(h) FOUTHENEITIL|LD, G LILISSHS
SETSHENSL|LD ETEGLD ELPGIT )] (PGS GT
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Carer.  ewlmu ULSH® sramerd. QCzsCumed LOCaln —6ugeURBISGET
QarerL (penarseT jemiugn@L Lweru(hEeamer. (L b-12.15)

L&SUTL(H FoufseneT em&E@GL el Lgsl(h weear (Disc Probe), em
Fmemuilled LWSMS HeTHGW Faldl] 2 (Henem (Penar (Cone pone), 2erélLpenet
(Needle probe), eTarm eTHGWD (PEGTHET LIV GUlqEUBIGETIGID 2 GTETET.

i} (1) &)

4

LULID-13.15 Leeuens SIaTE@ED (paenaer

13.5.3 mewrQesins %) (pamest (Microscope probes)

Na&sdlu  giemerasenembd,  GUI@GeTsmeTud  Sar@h  ETLLSHE
BamGeanradl  (pevender LweaLhssl ubhSlemmer. meamGamraduien  cuflwimsLl
LUTFSS (penamenll e(h LeTels@ SHalors baiss ojemeallleumb.

13.5.4 @pLiufliomest 9yers@ib (pewast (3D Probes)
X,Y,Z GTGD (PN EFHESATQID BSITHS emey T(HEHGWL  wpliiflomer
SETHGL (Pearanll UL S sramend. Qo qeibleurm oFfler BEFeeuDd

Floallwors  eTs@h  Wentanam  smedlasedr o am@h. 56 Corss  emey
GTETLIZ 6Tey SHMLlquled ST eTe + eTHGW (Peerm STL(HD 66
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slored
ditods
X, loX; Ccordinales

YitoYs xzs
ZitoZs B
‘

LLID-1316  puuflorer SeTEGL (paner

[GTEHG LD (Lp G &SI G GIT () U155 1D

Qurgieurs  SEMEGL  samrhiamers @swte®  Yigsgs  Caameuwmen
QL sdnE paiss Ogae Couar®d. e Qerenp SraflumE eT&HESLD
PODSEHEHE Q8 @aleurg. 3 sCal HaTHGL (panarder Ller GomlLmyser
pped Qerm BaISsL LB S emen.

SEAEGL (PeneT BWSsLH

l ]
hEALoaLd WerGLor_Lmir @ e (i
& gpeuLD Ceps  (penm

&I NGTTEH 6T :

1 @MRmeThs eTHGL aThirslear Caamel eremen?
RHEIFDETHS ETHGWL THHTSSH6 iglilienl 2 MILILSET WTened?
RHEIFDENTHS ETEGL THHTSSET CUMSHET WITeneU?

Fnewreuens ThEHTSIET GHMD eTeiTe?

o &~ M

OB ams eahirsdHear Ham, @Gonaer eremen?
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6. LTS GTHIHTSSGT HETELDSET GT6ITEH?

7. BIHESTO U GTHETD Mm@ LiweTL(hdmg?

8. @mdmaiL eTHGL ThIrsdHle LweLBL etelHn HHedlser
wimeneu?

9. emey 2wiey @eflblar@m (WPern&@w, Cbrss ojere] geflusle @l
WPeaps@L 2 6ter GCeumuim(y ereme?

10. Wergnent v gL b ey Cealaned GFmg)?

1. STEGL (PTGl cUMSHET WTeneu?

12. QUBIE (LPene GTETmMe) GTeiTen?

13. Werenam (pevanger erlitig Geueney GlFUdleTmen?

GB®H AeTTSHSGT :

1. RMOESOMTHE DOTEGL  THETD  GTEMTL  GTe? UH6  QeTenDwld
Caancuerw 2 fl rhHSHESTHSHEHL 6T 6NleTd@s.

2. @rEdlanhs oETHGL  hSrmsaier cumssamer o flu UL isefler
gaamyen  eleTédl, jeupdler LwWeTUTL enLwd, Hlevm, GeHmEemerLb,
T(H53ESTL_(HS.

3. briCr &5 BLUSSeT qliLenl eTeen? g Geweu@b  (pamenul
o fllu  ULBSEHLET 6l6TEHEsS.

4. gafllen@dIlL EIL L eTHGSLD (PDHET 2l LIL BISEHL6T 6MleTs@s.
26T Hlennm GHODESET eTeTe?

5. oems@L  (popseaflen  cumssenerd s, @bl  LIWETLUTL enl LD,

Bleon @Gernsaneryd (HSEs Fnmis.
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umL_io : 14

CavFi 9jarenauuilwed
LASER METROLOGY

14.1 gjaremauuilwaled Govsfler Gsemeu

Covar Qe v  gepseallgd uraerst  LweaLBSSLLIGE DS
HomCrTl s @Lmisamer Cogengs Catam( Gurasd @emlubhsaSnriser.
yllsgn  CardiseEpds@n Qe uwlorer  Csteaoemes  Wsd — geeSwiors
STHEDTTHET. Sgaroner, sarorar 2 Corsmisamer el (HeugsH@GL, LIDMMmeUSS
RLHeugn@Lb, geeTliLgh@h LweUhsgHEnTiser. saflsseaflunrs el
puigomird Qgrevevsst & esamassaner (Television signals) @Cr @ GCosy
spaopuiledy  oe@lbimasdnmsedr. @, el  udey OEelwe|d  Ceseny
LweTU(BS S SmriEer. GeueurGp Sferenauuesigd Covay LITGUGTS
LwaTUBhSsLLGEDG. oige Siglitad Gariurp ererar? @b Csereilss
cen_wirs @5 (Her ojenndng.

@@ OQurmener EHLULUWLISE GeluGsrlh  uewil  wpigbhgelhHeudoame
Sder  oethg  FAlurisg  srsens  2md  Oelwed Ceuam®L. @
Qurmeners CFwidlern Gurduiler mLUSeng (Accuracy) 6l Feneam eT&H@GLD
sHeuilenr HILLD UG WLLAEG FSLIansrsaybd, FoOeIDTaISTEaD D(HEs
Ceuair(hd  eramigl  Gurg odld. o aCeu Qe UoeumSUIQID  GlaSwubrs
STEGL HmHelser CoHenculii(hSlemer.

8z wLOHwem, @m Curmeer  WsGusLISaD,  FEOIWILDTHE|D
CewwywGurg), Cewwyd weapuid om Adwu seumy Cribstad, Wss GoDbHS
st Qe Oeselulied Lo Curmerser eiamrdelHn. < sCal @@ GUTBameTs
Cews UYn@ oeriuamg o, g Gumiuie o meurgb CurCs jahg
sanstatsg CsmausGasnpm  wroprsmersd Oeug  srorer  Cum@mLsamer
2 puSSH CFuzCe Sphs (PeDWTELD.

Qurer 2 pusSSwTGL Curg HFmerd CSTLMDD, YT, oINS
Sferell(heug) eTLiLIg ? O{6TaY LIMILT(HS(EHSS GgouL Qurdenwis
sLOUUBSSeuE eTeuaumn? @& Quieiom?

Qssmaw CadaralsErs@ ollawrs Qeam Cosf cubdmsdng. Ceogy
epood  Curmefler  ojemeyser (Dimensions) wpliler Gwereno (Surface finish)
Spdweunarn L (Hwaorg, Curdseiear Qussmsamerund, o aflsafler &y
wsssamsd (Tool wear) NaWN&ES gOEILILLTES DETHSHTLD.

14.2 GevF GTGTLIZG| GTGSTGH?

cdlewgenws sligweyer Werellonds@  erfldng  eretug  BID  HeTpLd
sTamilb @F 2 eawend. QbHlspeie oqliumLemwl Lfibgtaredteug Ceasenr
Ufibg  Oameter  GQuflgid vweru@w.  elleFauwd  Sliguley e LBIGL 6T
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(Tungston) Qe euflwrs Werarpd umidpg. QUCUTE LRisl et Qenpuie
SILBHEmHEGSD Semsser fo QuDle LIMSGOSHEFSSE 2 dreTrdlemer.

@®F olameier 2L smacud &HILl L erdlfleretaser (Electrons) LisvCGoumy
aumearUtengsafley  GCeug Ceusonssd  spartn  eumIASDET  eTerlag  BHID
oMGaurd.  @Qbg  aHidlaraiser o sHaveuadl(h ereueiare] Ggmanaelicy
sipadlammer eTemlgl Sieel  SMSNmHSGL pHmellan  jeTeeul QUM
S@bwd, 2 UlsmaysE Ws  omerss  speib Wl  @enpeurer
pomaewd, Caramaeid alawdls Ceoeid edli Wenallaer iHes o bHmeaneub
QuOHB(HSGLD.

Weramyd umnleugn@ (e Lmislafley 2 6Tem @oubleur(m amie|b e
GO L erey Bevowrnar g pned QuOBBEGSD QbHlamaamu "QuebLHlaea”
(Normal state) ererry Samieuf. Wergmrd UTleUSTD LB 6r Qepuid o 6rer
SjemidEeT Wler g mmenell GLmSlaner. QeueuTHnena TR  HEISHSEHLD
sorell Ldihg Osrateudldme. o  eEmIGH6T HHSLTED, Flo HamsHS6T
Gpansad FiSgs Oarardlamar. o pmerels  Cubn Semissefld 2 erer
adileraisedr s Lapw @uwéy B’ NL® 2wf ophme Hanewimer
(Excited state) 'dlerjey Henewenw' jenLdapear. oigmeug @ns rdi Weraiser
s pearerGr &oMl eps utemswlaleamd ebled Ceum uresuie  &pas
Car_mi@daper. Qsmerds Haje Henewnrs (Excited state) ereim  &mmieud.
QpHlamaullCaCu  Qeaeuanidsdar  Bare Gy @Luddeame.  geubleu(m
Slamie|d  srer  pemi@mpgs  Uenpwl  HlevewenwGur  jenlw  (puigyidletme.
Queurs Hlenewrs Qaoors ohg @@ Qussupbd Quidurer Hadd@ 6uHLD
sEamss aHILTISEE STEAGEES Qupms SBPEE STTETD 'spppalar
Agiog Carun®" (Principle of minimization of energy) <y @w. @serg o wy
<O Hamould QmEGL Samssdr oL Cear War@Hh uepw  Queurer
Blanwenw el dlemmer. oUCUTIps  @F ameldy 2 6Ter  eTdlFLleneser
Smenggild srd  QuODmBE Wans o omene  gefl  Weaflgerms  (Photons)
Qeuellli@dampar. Qeveumppedr  Gevellliumhsrer el Qeeurppd  sdHTeiss
wanpuiler gefls sdlisemms GeuatliLBEDg.

Quidy  HeradE eubgiedl L jamisser Wamhbd oppparels  Gubm)
o wifbleanevenw ojenLdemer. WeamrhHd Quel Hleowd@ds SHmiydamer. @il
wrdl  orl HEEEEHEG  DODD  srLLGSdpeimy Qg CFTLiHS)
B Cuneugted eafl Csrgsfluns Ceueflul(H OlETeTiq (HEELb.

&MEsE Cerdellen o nmenall CGUDD BEMIGSET 2 Wf DD LSS
OLbg Bear@b sog Queuta Hows@ds SHmol  eumbGurg  smb
oFlsrss Csramymbs < nname gatlwrs CeualGuinmdlemmer.

e SamissHEpD @Cr jare] < Hmerell CGumeug Q. erarGe,
el Quie] MHavaws@ss SmbybCurg GeucuCeum  eTajamer o Hmana
QauefllpSlemper. Qb5 < bowellen  etalsE ghu  gafluier  jamaBerpld
(Wave length) jeev eramramitd (Frequency) wmmu@id. eGlemetlen,
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E=hf @Qde,
E = <pmmed
h = Qemmiuidlen Hlenev eremr (Planks constants)
f = e ereur

cranCeu, ifls g mmame GCeueluIlmd oifles me eamand GODHS
e Barupd Csrea gefl GeuaflLHib.

gOarafe, CrIGeausld = e 6Tam X MBHETLD

@afl  omaser smarsSnEn CriCausd Haeowrearg. crarGo, jame
erar 2iFs0weaflldy emoberd Gampdng erenm GLUITHET.

95Cau,  CoucuGouyy  HomGQETar @6l  @e&eT 2 T TousnHEHs
smyentd. o 5Ce1  S@gmssailar L HmE)  WLIHPSSTOD 2 @TLMGD e
CleuarenflppenLig). iFled er(p eUemTenT 66T HEMNESHEHLD L BISUNHSESLD.

2w yomed Hevoouler oeTer  emissar  HTGL  FaTalFMEFLNS
g hnene  CeuelulPeush@ wroTs QB Semsseaiear g e@m GO
SmaBerd Csram_ geaflaw CGuorgs Celgrd, =G5 @meoBerd Carar
gaflanw ojenet Geueflllihib. Camh encu @Cr (Waw Garar_ameiwrs (In
phase) Qm&@wL. @mmerd, @Cr swrs Namh@h @l S@eser  g@flwed
(Coherent) gafl iameaser eramiu@b. Geueurn 2wy < Hmed Haeuled o arer
SEGH®ET  @afl  dewmd e gealleow  Ceelllu@sgid  (poDEE
erp&FSlu, g GQeuefliur® (Stimulated Emission) eretrgy GLiwi.

erp&fly g, Qeuefllum’iger opod e amirghd @Cr ee Berpld
eflue serenoujd Oarar, geflCw Cesr eremiu@. Geosy (Laser) eremug)
(Light Amplification by Stimulated Emission of Radiation) eremugen &(méson@Ld.
1960 b o aimiqed COWIDTET GTemLeUl STem (PS&T (PerDUITE: @QrsSlensanss
(Ruby) Qarear(h Oepfln Cesr gefleow o arLrsdamy. Qsmer o (hourds 10
OB, e Lqpd, 100 OB, Berupd 2 dter 2 (Hener euigefevmar 0.05% @&Crmdlwid
SLBS Qrsslatssd LweTUL L gl 2 (hanemuller @HLPNETSEHLD  FLOWTSE]LD,
RMS6ETan Qamamwrseld QLULg euflwbrGh. @sar @@  wpearuiea
Wz adrrefl&@n seameanmgCwrermd, woeapuie erearey erddrmeaflseEn
SEMETGUID  MeUSSILLIg(HEGL. 2 (HeveTenwid  &ool,  uLb-1411 G
stlLiuligluug Curerm @@ ueatldslpb  @wmielers@ (Flash  Tube)
SMDESLILIL g (HEGLD.
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uEH aPOyrelsgb savammy 0-switch

wup 8GO TTadsgb serawTy Partially transparent control

i mirror @@ T80 melagh ey e
] Mul.:lj:cltgg i [ ] IS B 2 mevear 7¢'wd> derég ®8 aBQpralsEh sawemmy
Rauall Guyib gpalf o
eiresflaseir ‘@}'&%F %&'.\
N MwEscapmg _0_ s -
Photons :

] MV 14s8r

; (laser beam) il
W MV

L
uLi-14.1.1
L_1h-14.1.2

Goml  afardEg (eIl ualFSHLCUTg o maearuild @ HEGLD
G@Crmowd  Sgmssdr Qs @aflwrd 2wf < Hmed Havoauw e dlermen.
G@Crmow  emissaten  Quidfer g WG POHVD Heoowaw b
Samisaet 2L Car & Hlavwsel Curamoed, @ QL UUlL 2w o Hme
Hlevoerw oeLdlanar. @bs Bl HMLUSHEGL ODICUELENISSET QI6TeY
o hnene CQeuellliuBhss Ceuam(®b. Qg eeflurs @Qderod Ceulil o HoNS
QauafiliL () @rsdlens swedlenr Ceuliuflenavens 2 WFSHEDS. 2wWF OO
LLLSEHD QHbS erem SEMSEHEHD @@ S el L orear Qe Hlaaoenw
S@Ldamer oratug GOUILS sEHS @amn@b. WarHh olaré@ erflujb
Curgl Cugid Cuogid SPOLLFHD QHSGSD HaSHT 2WF 3 Hmed
Beoowaw oeorps Yng QolblowsE emdamer. @@ @ sLLGS,
Qrsdarsder o drer eEmissais CumbLUTMaTmer  @enLHleneuied @) (HEELD.
@ps Heowuld WBar@n W eleréE erfluybGurs e @Qmbg  S600A°
<iamaferd (1 A’ = 10" m) o6mer gafl easer  @ErmOwLLD S| HSETTED
FISSLLLEQ ewi ouhméd  Howew ol ddapar (5600 A’ eyeaBarid
Qaram gefl WL (Hbgrer @GCrrllwb amienels Frédl 2wy o nme Hlanawsa
2 WSS eudeg). WnE wf Wbl GHd QEGSD HaEMSHET SenallFmaLnss
Epflenavd@  cumbCurg uems el  amasamer  Gelaflulihdeamer. GHle
6943 Aol w  geaflumeosdt WUEL  2wi  bLLSHd  @mEELD.
Qrsdars sodlar Sassmers S1eH G meBerd OarewrL  geflanw
«@Cr wawrs CeuelliLphSgdlemer.

@Cr maperd Osrar  Qeuerel Lo SHomssalland sraCsreams
sanonsd  Sfibg  Ceramgme@n. pamd o @maarulear pararuie GHEEGLID
g Crrsdld CQedeib geflumasdr opiquild L@ WBerdeamer. @eibeuref
Qe g HE@HRSGL QLG uewan Deong. Coeid Coed Le
o wiflene jamissmers srEd  Goaid yHw geafleow o arrsd @Qnduns
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grate) &L quiler  eafurs  CeellCumdng. earCes  @mSuns
Qeuafliu@Pn  gafldspearn CpmssLTsaD, @Cr @aberpb, HF6euemreamid
@il  satews OsravmLsrsebd, Gy wsab Osrar_grsend (Inphase)
CeuafCumid, @gisren Cegr eeafl.

Geueurn 2 (HeaursslLpL Cosr gaflow s0HCshn Gl elldenaseamart
(Converging lens) Lweru(Bsd @@ HAdw yetailuler @ellwywry Cgulieusre Gevay
spapuiler oILTsHd, Lo WLEEG HsfsHang. grsmren Ceudtener gaflufed
v Hpwsrar LoGeamn e Berd Osrawmrl) qeaflwuemasd QEHUILSTO
el @@ Udraluld @ellauddme. gpamad Cosfld obr om jmeberd
Caranr ¢afl LLHL QELusred @Cr yerafluled @Gelds wWiydng. Qsemeri
Leealanauied LIWeTLI(hSSHemLb.

14.3 Gevap etpevtd GILIT(HEnT eTal L6V

14.3.1 QU efeT TS O TTaNS: @G LD ST JIGLILIGH L WTSHS O\ TeHT(H
9SG

@@ Curmer  sflwrer  oemeurs  @msGL  Gurg  Cesi  goflssdlr
parCGe Ul( erdlpmatsg eaflfler o areiluiler mHeld olpd (HSF-1).
Spammed  yldurmafler  jere;  FmS  smbHsorsaCeur,  @GammeurarsraGeur
Qmbsre erddrmaiis@n Cosf qafldspann pHebe olprod sHm  serefl
auoliLponsGeur (87 2) QLuporsGeur (587 3) e,  enwsSHedlmHs)
crelalane| serafl aN(Wpdmg eramuamsls GUThSH CuTmeier oemey WLIHDSMSS
sl elemd. g WS  oemeléw  500-@b  Cupull  geflbler
o aurjedlaanarl  CQUTHSFHL — SeTeys@Gs  Camhloplun earihdlmasSna.
%5Cau, Was goallwwrs 1 awsyrer  (0.0016.5) ojateys@n  Gammeuran
CoumumhseeTud QDPEHDUIGTTED DIETEHS (LplgULLD.

Qurgefier gjenay f’ Heirengm o ewial
&9 ufl 5SS m Qusi 5D s (1
(2)
\ &85 1

GlLimrweir Fiftwresr J

gyjarailed o crargy
@Lirgeier Jjeray

GOPEE GRS

ue_1b-14.2 Gaed epevtd GQumgpeaner syerail_ e
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14.3.2 @)evewt afsES) clpavth jerailL_ev

ambb Cosy gealssdlaor om Qram®h Qevar oygsefler  euduims
QeasgnCurg, Qream®h opl4s@hsE bhHeld qafls spean 2 (HeursslLHLD.
Spiquiler @@  usssHaieter  Cesy  ewlGellmBg  youubhn  Cesy
eallaadly, @@ Sweid cumbb (Rotating scanner) oyenwlibler  epeld
QeussihnCurg. g pquiler  euPwrs LYHUSSD  meussULL (heTer
Qe Qenemr Hlq&EG CFeamm. g Gell abwsdld ameusslul(herer
em @alblasosdlaCond  alpb. sFpabd olarsg eealCurw, Cosy e
Cuel\mbg Speuany auiasd CatarC QmsEL. oigame, qafldler sosHle
2 6em @euGleur et @eflawl Gupm Weremmsens 2 nusH GlFwu.
Q@ T ERNEE A auflenawns L6y Qe HRISET cuflenawing
MeaussLILL g (HEGW. @ WLl 500 Wasmsmer meuds (WlgLiL.

Quurpg. Qremh W4HE@HHES Bheld @@ CUTmBaer @euss e,
ambb Caosy sdar i@ s5H&GWL. Yhsaflar el samzeill CQuflu ojere]
Qurmener eneussre, Cesy qafl wWewwrss sH&EUIULH HNEHWL. erarGa,
Qaflblel somEE aflan o aryTg).

gperme, Sbw  Curmearsaer  pHeld eeugsmed, Hs Cummerter
erey&GashL, el shsslLpn. BE gl  Wasomsamer  GFeamenL L.
ORIGETeT rHFman eflllarsmser galeowl Gupper assmer Gupeldeame
cramuensll Curmigg), Gurmeflen jereneusd seamsEL(H elLevmb.
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| 2 Wi (LD

ereagy 2 amial
@ aflenw 2 awprgy
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Qm e crar Covsf @masSl(H wraflows Csreamr(, BEHL FITSMS
SETEHOMD  eTamiang gHaHenGel sarCLmD. yemme @GSy, 2 (et Gbailge
AFW Gepsamer arss, BaBL Caramsagwd arésCoiamBb. QsHE
Covar Camenr ojereilser LiweTL(hHE emmer.

@M QM dme eanm Cogr GnESL( wrefluller Haowrs o e6rer e
SETETTqSGWD, BHHL @@ TdHrmafla@n samammys@Gn Qe uild ehu@d
alsasdli LIHDCW, FMH®F eTé&s LWeTLIHSHDE.

QuQurpg Hlane seamanty  enblided, ganaCe qants Qe
SaTenTTq H@HD, erSHrmeflE@n  samany  ewlbGQIb, @anaTGLd  @eTDTs
Qe HETERTTIHE@HD B NDESHILL I (HHSTE® TG Y GLD?

Caxremw er@Gyraiiid
Caurew geral Angular

Angular Reflector
interferometer
f, \

CavsfalmBa fy 4
From fi f f, N\

Laser
f,=Af, fixAf, )

To
Pho_to detec_tor A
geflifler 2 earjailer

UL 1b-14.9 GHrentid 9y6TS SN

aHrmeflg@nd  saantry el BHHLOUTE, (peted  Aereyid
sTlpsTe, &S QmE@GL samarmgawl Qurmsg, CuelHEGL  samenTm
créleuerey FMUbHHSHDE eraiuens Qbg Sl  saflsgelHb. QS b

Carentdengs & arL_HILGTLD.

Carewrd Cgflbard, rHrmeafls@n Seanmeantmy jenwlifer g oenerue

WSO  (penas@ ol HHSS (P  eTelaleTe| 2 WTHS(HSEDG. g
STPHSHEH DG CTETLIENS &HEwT&HSIL_6LD.

Qpss Caragams X,y, 2 aTan THE SHoFlled SarLPlwuend. sDHE
Qe Ceuarigwibgeend, Gosl smeluiler Hlaveuwimer WHMID HHHLD SHeEvT 6wy
iewliysafler Hlenewew Fflurg eeuliLig Fre.

THSSHSET LTS, SamenTy ool  GCBImTs, @eauds  6ThHSMe
@S Nenpenwis  searrdlweord. esCu Usseumiqd emeudsred Gneflge
Yenpenwis  (Yaw) sarLpdlierd. Bs@HD oFGEE CFRGSITE  meuds T
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7. e epaev seamenmiquiler Fpli ereer?

8. @ odileuar Cosf @SS (H jeTeNier igliLienl GTeme?

9. epHrmsefldy gHUBHL BETe| Nanpser erere?

OB B @l erTd & 6T

1. Cosf eTailgl eTane? iSe gl enil eleTSGHS? DH6T BHETENLOSET
GTGOTEOT?

2. Caay epod  Qumrmetseflen oemaysamer  eTULSG g LILienLSenerT
clersdl, jeTH@L (permaaner 2l LILBISEHL 6T cileTsEs.

3. gaflller edArmafls@  sarenwenwd  GETarh  eTeyFHET  eTeleUT)
SjeTSSLIL(HEH T er?

4. @manr @afl&sdT oeTeyseT eTeuaUTm eTdsLILIHETne?

5. Cogl @osSl® jerelluller (pEEWL  smmEsmeTud, iF  FTSTTeRT
GnI&SLH ereuieSlpha ereueurn WIMUKEDS eTaTUmSWD 6S56THEs.

6. @ oHiCeuar Cosy GosSL(H erellulfler CFwur el cflerd@as?
ST HETENLDSET WITEnEU?

7. Caremgens aTEGL Q@ HHfCeuenr Cosi @msSl(H  ojerefuien
Ceweur e eSeTdEs.

8. @ &mLFd eTpITsHen Bajeyl LAmwpsmer Coaf eped ETEHEGLD

(PDSMET Y16 @ 5.
Curmersefler  CrrsCar(hs semamwenw, slenlg Sarewanwt Cedr

SETHGLD (LPenDESEET N6TSHE .
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1. mievrewTarTallenw arai® O\Fiise0
CALIBRATION OF A MICROMETER

1.1GBr&&LD ¢
@@ EeTanTerelleni H(PeYs Slgamsser Garam(® ereih GlFwise

1.2 GHamauwTes &(Hai&ar :

aTewr. | s@Gal Sforay BICLith
1 wiaTanTeTed 0 - 25 W8 | 001 8.8
2. B(Da&EHIG. NS 0 -100 BB |spn - 1
3. plaTamaTes Sd - -

1.3 CasmL_ur® (Theory)

BanTanreTeldl @ HOSIWWLIE eTHGL SMmMell. @& @ Hmsranileaws
CQarar(h o (moursslLl(heterg. earCGes  Smatanfluier egpuBL  Nenpder
Blamamereluilen gioallwsms CsHEELD.

ThSgGSTLLTE @ Smarantluiler Lflenr s g  (Pitch)  sflwrs
Geveuroe, Fflwmer jeTeysE nm FmlCeur, GampeursGeur QmbSTe, &(HETenf]
Ba@mL  Osreneey Geaugumnd. 05 BB QmssCeuamqw Lflullensgnrb, 049
WS ereim @dpare, 10 &pmsE o 5 Wib-§@ udors 49 B wEHCW
BaIHHHSGL. QCsCure, 051 WS erem QmbBsre, 51 WS BeiHSHHSEL.
erliLiguimpsreud 01 WO Wenp gpuBbd. sppseiear ecarafsms oifaflsas
Ssflés, Qbs apub FmBn @ag Gampub. aarCe @smer euemriianp
(Progressive Error) erenndlGmmib.

QCsCGure, dmsrafillien em Lfled gCsr @m QLsdd em Koy
FHULLTOD, same, @elblourm &Hnis@n Qbs W SHmbwusSHmbu  cubg)
CaremGL Qms@n. @m GIUOLL st Gl Geeluld  @uifew
ghu@eusted  Ggemer Cprlleny (Periodic Error) erendlGpmd.  gpaenGou
GOUA eter L. @@ Smasrantuier @gsrrillenpuwd (Drunken Error)
QsH@&HS SMTETLOMGLD.
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GQeveu ey, @@ Hawmamerellufer  UenemtaeT  @atGonr( et
Qe (hsCsramqme@n Gurg, oeme 0 - srliLCeuam(b. Llitiguiledemoe,
CeuGprm jeTencusd &riigeme sigemer 0-Yenp (Zerro Error) erendlComid.
uamemaated  Csley, etey @GETU  sflwrs  CQUT®BSSUILLTDLG  Q([HSSO
S Fenes QsDGE STTEEISETIS DEHLOWLD.

Qssms Wapsmard samLdbg, seuban BHad, @flurear jerancus
sTaTLg Wb (WpeEHwbn@En. Qasn@ @Bs oerei(h LwaLhdHng.

auarflllenpenwd el 25 WO, QenGeueflulgud, Crrlienpenwis
sardw 010 W5 Qe Geuallufed ojemei( Cawiw Geuam(HiLb.

1.4 anflapenm (Procedure)

1 BaanreTeillenl e STREWNL GUT[HSSeLD.

2. O-Yenp @madnsr eratuamg FAUTTSSED. QBHBHSTOL,  6Tey
Gae &flCleliweLb.

3. B(PeYs SlgaeEHemeT &S OlFlg CsmeteareyLb.

4. Wsdled @@ 25 Wb possigamsaw,  Hamenrereluier
Lenem&(@H6@ Bhiedled encusgl, jemencd @GMsss GameTerayL.

5. Blaenerellenws ojerei( Geiugbd Curg, SaTEGL H(WHSSL @Cr
e 8)(m&aCeueanT(HLD. crerCeu (eSS (Hens (Ratchet)
Lwau®hsd,  eparny  Heafls  ges  Cal@bug,  erlGumpgid
(W53 Car(hEs Ceuam(hLbd.

6. SBdg 500 WS, 75 OB, 10 BB eer 25 WS euengwimen
B(DOYEHlGMESETET 6T H@EHSE —DlamameTedudller  oeTe HaeTd
GDSHE CameTerayLb.

7. Bl vt 6w 6T eluS) 661 Crriienpeanis SenTL i, 011 LO1LS.
GenLCeuafluiley  oemoysamatds  @GMsHSE CararerCoauamm(hHbd. QFHHE
Quewmrm 100 WS Bpoyssigmasamer  Caids (PSOIL  6Tey
GN&gs  QararerGouamr(b.  Wm@ 100 BB Bpeyssgamsamw
TSN B, 11 BB peyssgmsaw  Csrsg,  emey
a(H&sCauamr(Hd. @Uitg, 200 W, 21 18, 22 8B erewm 25 LOLS
UENT DfeTeYEenaTd GMSEHIS Camerer GeuenT(HLd.

8. CoameuliulLmed @ps euflperpenws 10 BB s 125 W05
CUATUITE BETEYSHEHEG S(HdLE ClFwiwLeTLD.

9. Qs oeteysmer THSFH Gararl D@, ey LNenLpsaerL,
STOLINMPSEETUD SHemTshSlL_aLb.

10. Qs Kenpsmer @@ eueTLL S0 &HESHaLD.
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T @b aumruLsselmbal.

SEHTL_HIULEOTLD.

1.5 wrSf 9L L cuenesst

1.5.1 euarjiilentp

Qrss  Wewperws (Cumulative Error)

BTG CriyLd:
enpailivBlene (Temp) FrUUSD - %
(Humidity)

2|(Pps&sd (Pressure)
D@Gﬂésaqu_mas 0 |25 |50 75 100 | 125 15.0 175 200 225 250
Sfemey
@JG&O‘I’GO’O‘I’GT@S]uﬂ]Gb 0 |251]5020 | 7520 | 10.03 | 12.520 | 15.003 | 17.510 | 20.010 | 22.520 | 25.010
D{elTey
|j]m|c_/@ (Error) 0.0 | +10 | +20 +20 +30 | +20 +30 +10 +10 +20 +10
1.5.2 GroLiflenip

S CFirgen e
B(pe &SIqens | 2.0 21 2.2 23 24 25
TR OTT )
@JGUBTGUOTGT@S] 2.00 2.10 2.21 2.31 2.40 2.50
TR YT )
Wenp enwo.l5 |0 0 10 10 0 0
@uer_mb Grngenest

h(De &&lgens | 10.0 101 102 103 10.4 105
olera WS
@JGUBTGUOTGT@S] 10.0 101 10.21 10.31 10.40 10.5
©lerey WOLS
Senip 0 0 10 10 0 0
(enLo.LB)
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1.6 1% He915S B
Qurgs Weowp = eeriiileny + Crrlifenwp
marearrereduien 220 OB jemeydH@E

oy = -2 2.2 = 8.8 m
Crrlienyp
02 0l.8-&@ = +10um

jgeame, CrgsiGenyp = 88 +10 = +188 pum

1.7 uemgLIL_ RIS 6T

Graph-1.1Micrometer reading Vs Progressive Error
(2]
c
5
s —&— Progressive Error
5
=
w
position
Graph-1.2(a) Micrometer reading Vs Periodic Error
[}
c
£
w
Position
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Graph-1.2 (b) Micrometer reading Vs Periodic Error

Error-Microns

Position

—— Periodic Error

Graph-1.3 Micrometer reading Vs cumulative Error
25
20
(7]
c
(<) 15
L
s
5 5
0
173 5 7 9 11 13 15 17 19 21 23 25 27 29 3
0 05 1.0 15 2.0 25 30
Position
1.8 p1g @y (Result)

1.9 Gsiflay (Inference)
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2. up&LiIY wreflenw eTai® G\Fiise

CALIBRATION OF A DIAL GAUGE
2.1C0pr&51D:
@@ wasly wreaflew BPessiqmasdr Garam®b oereih ClFliseao.

2.2 Ggemeuw Test (@il 6T

eT6wT | H(H& YT, B LD

1. B(PoSSlq s 1-100 LALLS. sy - 1

2. Waliwret g - -

3. (WpaLiyworef 0-10 L85 0.01 8.8

2.3C8&TLLIT®

wslyworel  eretugl  Feoeslwions  jereil i LweTu@L  S@Hewm@Lb.
aarCal  jaupilern  Caweurlh deo  sréslHUurbHis@er &) mdsGoua(HLb.
Wenpas@Epd @@ GHUELL areysd  GapatsGol @ m&sGouaT(HLd.
Sssamsi e areysem &G ol Loumentuie Garhssliiul(Hererer (IS 209 -

1962)
psLLwreaNulled THSLILIL L 19601 I eTe ST
SILLT®H TSI L 196 ipsaT LIgeuey S(mLbLy
@L_Garal
(apsLiy wresfluiler 9155 GG 2 w@wwCurg) | (dispersim)
(Reverse
UGS Qo155 IjaTa] T 1018 Interval)
(Total Meaning Range) .18
S[AT@f 1 2 3.00 5.00 10.00
TG 1818 | .8 | 1010 | 1818 | 16).18
0.1 18).18
A 5 6 7 10 12 15 +1 3
B 8 11 13 15 20 25 +2 5
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Qi@ ureued (dispersion) ereiig @Cr Crradled. @Cr ety Bpes
slamaaar Garam®, @Cr @Gublamouie, erhisslulL.  ojeTe|sEhddlaLulleomer
Cougiur(®.

TOSSHEET LTS, 5 WS Beyssymsaw Qstam®, arey er(HSSMe,
wpsedler 501 WS eremid, (PSS jeme] 500 eTemd, ePETMID emey 5.02
Tamd  sTligemmed, Qbs aTeysEhsE Qe uleorer Coumurienl g Careamr(h
ureued seursdLLILIHEDG.

(xi—X)2
n—1

Ugedew = £

@riE xi = @HullL erey
X = @MullL ojerteyseflar Frma]

n=ea®hss oena|safler eranTanNdms

LTelaned samsdll, Gonhag 10 jeTeyser 6r(hdsCeue(hHib.

Smwy  @eGeuefl  (Reverse Intervel) eretug, @Cr  jemey
Bpajsslgmasamers Oaram®b. oiFs  SPmbe  CoGe pas@mLCUTE @
Gopyb, s Cudleppg  £Cp  apbGurg  eouepuyd a0
SeTey&HEH&@ Qe ulerear Ceumiim(h <, @Lb.

Quilenpenids sarTLHlue|d, GapbsgH 10 jereyser er(hssliLCouemr (L.

2.4 auflpedm

2.4.1 fevip s plujib autflpenm

1. wslywraiaws srmhduier CurmsseyL.

2. @m 10 OB Bpessigamasamwuub, @ 1 WS BLpe|ssiymasemuib
Carsg, N OB Bpoyssgmsami 2 (heurddd GsmerareyL.

3. Qoeamer  wauwral  srmhadufear  wanemder G  QuTBSSE

Q& maTeraLD.
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4. sraduler o wisgd  enwllbler  eped,  (PpSUL  omestludlesr
SFFUpenET  BPeyd shmsmw Csmi(H., sl wretudld - 0
oty @ms@rn  Ffl0swg  Garetereyb, (psUy  wreflufer
wsiysslieL sgnCp s, Qbs 0-ojemameuds Garam( euFeLD.

5 Upe M B8 pyesshomsau ibs QLsddlmps 05869 0.
ofe 1 08 sgmasaw el (., 11 WS symsemwls Qurmss),
Bewr(Hd wenaruiler Ce eveudg) (psliywreaflufer oiFs Cogeurs
Sgmans GarHwrn GlFlweyLd.

6. walywreiufer et Hlanabupmgid, ieTey GNSEHS GETeTaTaLD.

7. Qs aflpanawuGu  gaGeurm weapwyd 01 WS 2wiss, 10
OB eueny oiemey @HEgs Carererayld.

8. QUOuT(pgl.  BeYssGmsilleT  SeTels@&WL,  (PaL  reflufer
SleTeyd@h Gentulléy 2 eemr Coumum el & @GHGgHE CEmeTerayLb.

Yenlp = + (BPeYSSHlqand jeTe] - (PSLILLTET jeTey)

9. B(PeYEslqanas@ ehU b epew @@ euenrLLgSle
&SMEHELD.

0. Qdo ydsuls Cpileperwyd (Positive error) @GenppsLls
erdlyfenpenwiud (Negative error) sewri_Hluleyid.

1. ofsules  oerellgid,  Geophs UlE  ereilgd 001 WOlLS
Qe Qauafliler, 01 OB euewy BarHbd leTeysmer (RS
&hSHE GaTeTereyLD.

12. Qs eTe] NenpsameTd euenFUL LTS &DI&ESH6|D.

1B QUOunpg SHsULF ETeSGL, GMDHSLLF eTa|SGWD 2 6Ter
Ceapurm’en  sam_dlweyd. @&Ces  slywrafuier  wpp
S|eTe|SSTET LNGnLPWITGLD.

2.4.2 ugaued entp sevrL_mHlw

1. @@ 500 BB pueyssymasamwus CoibosHEseaLD.
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2. Ggmer  weanuileGoe  GuTmsHsLaTaH, (Wsly  reiluler
SFHPONT Dsmas Garhry &f CQswug Gatam® ojeTaeud
&S HCETeTETELD.

3. QUurpg, oiFans CoCe 2wfss. Cgeurs sigamsuiler G
Carhwrn Qewig oere| f(HEgS6STETeToLD.

4. @iz afpopow 10 wop Ceug  Seeysmad  GHlsgs

Q& meTeraLD.

5. Qs oeTesmeTd QETa( LFeUmead SHanTdhdllayLb.

2.4.3 FmibLy @evL_Gauefewd; sevTL_ Pl

1 @m 5 WS peyssigmsaw ahdgsbarar®, waearuiear Goe
CQurmsHE GaTeTeTayLd.

2. QUOuT(pgl. oiFs aertenw Gogeurs SPmbg Gl o wiss
B(pey&sigamnaamlsd CsrHLrm meusgl, ieTe| 6r(hdgis0lsmeTearayLD.

3. WnG. e waoaaw CouGe o wisdsbarank Gogeurs
Coallppg &G Qaédl, symamws Gsrhorm Ceug  ierey
T(HSEIE GETeTeTaLD.

4. Qs aipepaw 10 wepn Csug, ojete) GCoupurhEamers
G&NS&SG CaEmeTeraLb.

5. Qs e Capurhseier grmeflGu  Hmwy Qe Geuerf

GTeTLILI(HILD.
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2.5. 1om%)F) YL L_6uGcHeweT
2.5.1 wr@f) 9y L cuenent Lenip sevrL_plw

BITGT CriLd:
CeutiuBlenev S|(PSBLD: FLILGLD:
Hevgp Bpays
FHIg s
Error Slip
Value
0 14.4
+2 14.5
+3 14.6
+3 14.7
+2 14.8
+3 14.9
+1 15.0
+3 15.1
+3 15.2
+3 15.3
+3 15.4
+2 15.5
+3 15.6
+2 15.7
+1 15.8
+2 15.9
+4 16
+3 16.1
+2 16.2
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16.3 +2
16.4 +3
16.5 +4
16.6 +3
16.7 +4
16.8 +2
16.9 +1
17.0 +3
17.1 +4
17.2 +5
17.3 +6
17.4 +6
17.5 +7
17.6 +8
17.7

2.5.2 wr@f 9y’ L cuenesst (2 wiLl F ojarallev) 2.5.3 wrglf oy L et (G@DHS LILF gjorailer)
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2.5.4 wr%)F 9L L cuenent (LITaIeHeV &evorL_mlwr)

(tpSHLILY 1D TeeH)
Jjaral
Reading
xi 16).18

9558w Cev ey GLimgy

Plunger moving up

5.001
4.999
5.000
5.002
4.998
5.001
5.000
5.000
4.998

5.000

Walywred ojeTe)]

FnLl L e = 99.999
f _99.999
Fong T
= 9.999
X1— X = 10.00 - 9.999
=+0.002

2.5.5 wr@f) 9y 1L_euenent (F(pibL) @evr_Gleuaf) FHewrL )

Coumim®

Difference um

1

2

N N W A

20
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2.6. orB)F &6w515 % L_60
evip HewrdFL

DSl Senp

GDHSULE Senp
SiBame, AenLp

LITGUGY &G8Td P

LITGUG)

S(wpibL] @evL_Gauaf

S|SSLD
Genmey

14pm (euenguLLb 25.2-65(HhHg)
-6 pum (euepyuL b 2.53-aS\(mHaE)

14 + 6 =20 um

Xi—X)2
/u n= 10
n—1

\/Z’E =+V2.77 = £1.66

4 um
1um

20
10 oyereysailen gymafl = o= 2 um

2.7 QUTLIL BI%GT

2.7.1 BUpe&H19>S 3 aTa]-LienLp

pum

fenp (@i.18)

mm

Bpajssiyans gjeray (iH).15)
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2.7.2 2wiul F 9jarailed e

16
14

fegp (ewio.18)
Error p m
IS SR RN =N

5.60 5.61 5.62 5.63 5.64 5.65 5.66 5.67

5.68 5.69
ppassyas gerey (8.18) Slip value-(mm)

2.7.3 @dDHSULF 9eraie LiewLp

Error pm e (ew.18)

Slip value-(mm) pupayssyas gjeray (i).18)

2.8 (pgaoy:
enp = 20 enw.lB
LIT6U6L = + 166 enw.S

Sy QenGeual ggrafl = 20 anw.b

2.9 Osflay:
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3. anuflwed riLerTelew erailh 6)Fii%e

(CALIBRATION OF OPTICAL COMPARATOR)
3.1 Cprésid

Rm @alllud  gluetelleny  Bpeyds Shgmsser Cstam®h  oieTeli(H
Qewise.

3.2 Gaenaswmrest &@maisar

eT6wT FHadl 9Ty By b
1. eaflullwed eglitered | £50 epio.f 1 enw.LB.
2. | Bpeys Sgms 1 - 100 W8 sy - 1
3. | miewrenrered] 0-25 .6, 0.01 1815
4 Quim(me 20 A8, -

3.3 Ga&rlur®

euuetell  ereugl @@ CFpsrsGsr®. @@ Curmener @UUHeusHEL
LweTURHL  S@medllwn@d. Adw ojemened etliLly Qe CumaHs sri(hSlemmen
rauemsll  Cummsg, Qe epdrefwe, @aflulwd, By  eeflufwe,
Wletreutiied, Ll etrenTammiaSiuIe, cuefluglwe, Biflwed eliLeTel S 6T T
auemsLUBhSsULL (heterar.  @bs  euuetedase  updl  odfleurs LML  5-6d
SHTEUTELITLD.

euuamalsefler  Cswddpend BreTUL  BrETUL  @G@Dwsd dmpb.  Lls
B LIS OIETEHGLD Seupenrm SfeuauiGurg) olereli(® Cewieug)
G ETNWELWTSSTGLD.

OneE,  em @alllued  euueteleow  oerei(®  Geleug  upd

gaplul (peterg. @6z  aufperperwis  Gerupdl,  wHp  gliLeTelsamenuh
ojerai(h GewiweoL.
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3.4

arflpem

3.4.1
1.

10.

I arai® C\FiiIZ5e

eUILeTel enLLD, 1H(LD 6L &g 6N & &ENEITULILD (LP(LDENLOWITS FHSSLD
Q&Fuwiwe]wb.

eliLeTelluf e Sleredl(HLd S|FNF L@ SjenlINeSl(mb g
aN(HelGEHaLD.

21 OB, oereys@ oflw 20 + 10B) Beyssymssmars Corsss
Q&meTera]Lb.

BPeys Slgenssaner, gliLamaluiler wenermuienr Coe CuMmSSHeLd.
Wp@. euuetelluler gamaew Gbgers &6 Qnsd. oigen o&a
peveenl  Bpeys  sigemsufer  Ce, gULeTeNluler  gafleuLLb
GODHS eTamel STL(HLMD HSTeUFH AT CaETlET g ILISSS5 56
QmsGworm Fflbguig CsrererayL.

WnE euueteluiler sameenit enaFwmoed Llly el ajb.
@nflaneuied elitieTellufen jeTencud GNSGHE ClEMeTeTaLD.

W@ Bays sgms Qsn@dHuia 1 WS, symsow aBsgeIl @, 101
O sumseow  Coisgs Osmam® weearufer Cue  Cumms,
SeTmeuds GNSSS CsmererayL.

QUG glinereluier  (ppeifas@n, 001 W Qe Ceueflufe
SlTeYFMETE GDIGHIE CSTeTeTaLD.

euueTelluller HILLS®SS SaumssllaLb.

3.4.2 e Qur(heNeT yerenar L1 GC\FiIFM

UL CGauemiqws g Curmefler  Campmw  jeTency, (T
Blamamereflenwsd Camemr(® ojemhgl ClareTere]L.

DBS TS GHU  Bpeys slgamssaer  Caisgis  GamenT(),
weaanldler G GummsdHs ClarererayLd.

WNereny, elieTeillullen eTaH@GLD oiFH (peneanit, Slgendudler Gloe
meuggl, e@lieredl 0-jeTeneud STl (hbuilg &fl ClFuiweb.

QUQUITIpg. Beyssigmamw ahdgell(., obs QLsHd, @lSH
Ceww Ceuarrgw CumreneT @eudgl, @ULETebNL jamemeld &DHSH S
Q&meTera]L.

5. Qb5 euflpapenit Gampbss 5 wperm SHHbuE GFliweLb.
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6. @UGumpg,
Qurpefler sflwrer ojeTey = BHLPe|SSqms aTe| + eLileared
st grrafl ety Geumur(

3.5.1  1or%f 9L L cuanent (SjarTailh C\FiiIz5e0)

BTG CriyLd:
QautiBlene DA(WPESID: FTLILGLD:
T | B(p@S5&HIY®S | eLiueral | Camum® B Lib
3joray 3joray
1. 21 0
2. 21,01 10 10
3. 21,02 21 Ll
4. 21,03 30 9
5. 21,04 40 10
6. 2105 50 10 o 001 _
10
50 0.001 W8
3.5.2  wrBf 9’1 euewent (RLT® G\FiIFD)
T | BUPNHFHIY®S ey | QUILIGTE) Caugyuir®
ST
1 20 O +5 +0.005
2. +3 +0.003
3. -2 -0.002
4. 0 0.000
5. +2 +0.002
Qomg5Lb 0.008
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3.6 wrF HewTsS

3.6.1 @uiuerauileT B LIS S5 FHewTdh T

gUiLereuier mIL LD = B(DeIS 5lgens  oaTe)

euUamelWe gefleul L Bsins Cam@Hsafler

CTEUTERTHMS

005 WS 2 wieys®, eelenm weapuh eliuereduie gefleu b 50
Carhs6eT BETHSTE,

. . . . 0.05
eliLeredlufler [ LID T 0.001L81.L5.

elitataufer ere Caraler, 100 Carhiaer QmbsTed. HLCLTLHS.
eUiLerelluller eiFs = 0.001 x 100
= 0.1 815

= 100 epwo.BL L
3.6.2 Oummafer Flwrer 9eremeuds &evrdFHL

oT.&IT.

euueredlufler Qwrds oemey Coumuim® + 0.008L.L8. eremmeD,

+0.008
5 wenpulilerr sprafl ojere] Ceumump = p
= +0.0016 L8185
s, durmefler Fflwrer jetey = 20 +0.016 A.5.
= 20.0016 L8.L8.
3.7 Wy
eUiLeredlufler [ LID = 0.001 .18

Qurpefler aflwrer oermey = 20.0016 LA.LE.

3.8 Osfley
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4. Fiflays Cxmewr gjaraiwmed CFHTewTsensd 2JaTd %60
(ANGLE MEASUREMENT USING BEVEL PROTRACTOR)

4.1 Gpr&sw

@m floys Caramr oemellanwsds Csrem®), @@ Ourmeflear Carewdams
DATSSe

4.2 Gzeeuwmres &Hailser

eT6wT FHHail TRy B b

1. | efleys Caremr ojemel 360 5" Qbmig &6t

2. | Qummer - -

4.3 Casrlur®

#floysCament  etell ererug  OurmLlseflenr Careamsens  eTlILSHEL
LweTURHL HLULTe SHelwr@n. @QHe utams @hdssliulL @@ el Lg s (),
@ Slgeanldea Cod CurmSsILLIGMSESW. Slgear BbHedN CeuFeilwr
Semayer Qertlamm® Ul LSS (H QHSGL. Qbs el LSzl gear BHNL @b
glL  Curmssluligme@n. FULb  allsslbrear Gorpg  s#omCurg,
uoCGoum Camenr ojeTeysmerd STL(HWL. Qb FLLID GLONTES GenenTinsg
Bms@nCurg  O-utesewib, Qshigsste  @me@bCurg  90-Litas
Semeaud srl(Hb. aarGel, Gurmefler CatamsdnE eou FLLsengd &L,
2561 CETEMTEMG DETSHHEMLD.

FLLLD, Ogbaasd Qearwrs QmEGLEUTg, mer  QramhsELh
Qe wle @m Qe leuel QmE@EL. Qs Qe Gouell ieTe dES Genmeuet
oeralley QuTmHeTHET QMHBHTR, iFen Caramgams ojemlug Quwerg). erarCeo,
Q&flgsmeos  Curss, @Endw  Qur@lseilar  Catanseng  eTlLSDHSTET
Sl Q&smeluiled o (.

@@ Oummeiler oeTeyd@ ooy, FfleysGaram  emellufen  Hleanevenu

sflurs  eeudg.  emeyser  orhds  GCeuenriguig  Wseyd  (PpSSwbm@GLD.
(clleunmisEh&@E UTLLD-6gy LIMT&&STLD.)
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I\

4.4

anflape

Seme| FLLFMS FOMID Ul LGl igen BheNed GUmhHSHe|b.

erss  Ceauanriqws  GQummener  ojigloenemufenr G eeudseyd. Glummer
Adwsrs Qmpsre, GorCasrar amwlienull LWETLHSSELD.

Setey  FLLsMsS  SHmU,  Gurmefler  Goéd  uUsssng  CsTi(hHs
CarenTiqma@orm il ClFuliwieyLd.

Carearr  ojemelluiley, Oeurafilwy ieToyGaHmed  FGIMEMTUL G,  DjeTeeUd
GDSHE CameTerayLb.

0°, 90°, 180, 270 er@mm ygliLenl  eteisalalBBg  Coumim s

SETL_HIULEOTLD.

4.5 wIFN L 1L cueHewT

BTG Coirib:
CeutiBlenao S|(PSBLD: FrLILIGLD:
eTGuT QLI T | T(HSS TR Coumuim®
1 0’ 20 20"
2. 30" 60" 30°
3.
4.
5.
4.6 (pyaey: Qurper-1 e Gamentid : 20°
QurpeT-2 6t Camemrid : 30°
4.7 Gsifley
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5. FGT FLL b elpavLd CFHTewTsensd 2JaTd %60
(ANGLE MEASUREMENT USING SIN BAR)

5.1 Gpr&sw
@@ durmeier sflojs Caramgamg angem FLLLD (PELD DIETHHE.

5.2 Gaeeuwmres &Hailsaer

GTGuT &(Haji Y] BIL LD
1. | enger glLibd 100 LS. srb - A
2. | sy e 10 LO1LB. 0.01 A8
3. | Beyd sigens | 100 WL, gyb - 1
4. o WIFLore 300 A.L8. 0.01 .8

5.3 Casrlur®

enganr LD ererlg  gGeoedlworer  @rew® o (peersefler  Coed
CQurmssiiulL.  @@bys FlLlon@b. Qramh o (haersEhsE Qe ulerer
g Wsad  geoelwors, 100 Wb, 250 Wb, 350 WS erenr  QHE@LD.
2 (HanaTgaflen enwmiGener Qaars@n Car(w, @by L gder Guhympd
Qanerrirs  QHEGL. TGel, @ FLLSMS @@ FLOHETHID  eudSme,
FlLgdlenr CuHupbd SHE Qenaumuinsg Q(HSELD.

aaGel, @@ sflwrar gasder Catamsans eTds, mFear FLL S
oigar Ce meaudg, oigar Cooypd HeoLwrs Qme@ESLrn @ LsssHans
2 Wisd, eTaleeme| o WFSSLILLL G el eTeeald Oatan®, Coreurd

SleTESILIHEDG.

Qrarr(h 2 (heeTsHErs@E Qe ulerer g = L

o WSS ojeTey = h

. . h
oBame Sin@ = L

@ns o’ aLd Garam® Caremd oETs&SLLGHSDI.
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5.4

Gauge
blocks \

( S\/ i 4

SURFACE PLATE OR TABLE

anflapeom

@@ Fuger GCoamaullear G e FLL SmE MeUsHaD.

CQurmefler fls, Geophs eTalsmer aTHFHHE Oarem®h, jeubdlen
Caupum’ el & sarsdl(Hsé CsmererayLd.

oB5 Coaupur(h)  eTeysE. Bpeysd sumasmers Caisgis Claram(.
mgen FLLGHT @ o maerulear & eeusseyd. QUOLITIPE. g6
FLLLD @@ USESD FTUHSI(HSEGLW.

. @UGurupgl.  Curmener  angenr  FLLGHenr G,  oigen  Gupymbd

QPUeTeYdH@ FgeT G &@E GananTiurs @HS@GLM MeUSSaLD.
Qurmeflenr Cupupd CoeaLd@ Qaewrwns QHSHDST eTaienS, 6@(H
wslywell GurmSSLILLL o wrybrel oe@eg (Wpalywrell srmidawds
Qaranr(h) FflurféseyLd.

. Qur@er  Gooypd  Heorwrs,  CooLsE  Qoaruns QBT

wslyworeiew, Curmeier @ (Waaulellmbg. LHEDTM (POTES
BHISHD CUTEH DSET 6T6Y LDTDTF.
DT, eTe| mhlenmed, ereeuete] Ceumn(h eSS  SenT_HibHa)
DB eTe| BPe|Ss Slgansseien emaneud gl L Cour, GamasGeur
Gouar(hlLb.
GT.&IT.

UG  USS  (paTuiled eTey  Smlqemed,  HBS <66
B(PeY&olqanauilen jemencud Gamnss Ceuemm(hib.

. GQurefler  Copypbd — SHeoLwns  eubeueny  Qbg  eudlpamenuil

LweTU(h &S CouenT(hiLbd.
@PUeTe| FFLMETGID, BHPe|S SHlgamasaien eTenalld, pHLILjTeTudler
Slamemald Carsg, 2 wLrsmss samsdl Couam(hib.

10. Y@ FweturleL Ll LwaU(hss, Careamsmss samssllayLb.
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5.5 wor%)H L L auenevr

BTG : Gmotb :
e Geuliuplee  : S(PSBID : FFILILISGLD :
2 (HGGT GHLOW IS GTGT GTuh = 100 1H).18.
cT6vT B(p@] 55195 (pSLIL IO TGN 2 wyib Fifloy s mewsTd
X 16).18. 1f).18.
S{oTaf SjoTayy X£y

1. 15 +0.5 15-0.5=14.5 8.34°

2.

3.

5.6 orF)f FewsS®

5.7

5.8

=

apigay

= 100 mm
= xty=15-0.5=14.5

. _q (145
= sin™* | —
100

= 8.34°

Qurmefler Gamewrd = 8.34°

Q5 Hlay
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6. V-CaHrenrsens 2JaTs %560
MEASUREMENT OF V- ANGLE

6.1 Gpr&&LD :

oW 2 (Hanarsenersd Carent(h V- Caranmsams ieTsse.

6.2 Gxaemau et (i 6T

GTGuT. FHail TRy FL LD
1. Qougeilwy o wiromef 0-450 LA.LS. 0.02 .8
2. SO 2 (HEnETSHET 6-15 LAL.LS + 03 enw. 8
3. HleTenTemed 0-25 L6l.LS 0.01 1818
4. FLOGETLD 1000 X 630 WL s |
5. V —asler (V—Block) |1000 x 100 x 100 L. -

6.3 CarLur®

@m V snguld  ewm ddlw o @meareowwd, YWn@ @@  Guflu
2 (HnETEOWID eneusdl jeupdlen 2 wrsend ojamhg Csrerer CeueamT(hibd.

M1| MZ

Base

M 2 meneruiler L b = d;
Sl o menemuller o wigd = M,
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Quiflw o meneruiler adllL b= d,
Quiflw o (meveruiler o wrbd = M

GTGITDITEY,

> (dy —dy)
(My — My) — 7 (dy — )

sin® =

eretn STl el Ut Lweatu®hss  V-Cartangmss samsdemd. @niE 6

erarg V-ullesr oeny Carenrid. eranCou,

V-Casnewro = 2 X 6

(FeTUT g6 efemd&asdnE umLLd 13 . & Smenrab)

6.4 auiblpedm

1.

V- sleLwler V- smng 2wrseng Campmuwors ojemhgl Csmereraw.

2. Qb &My 2 WrssHad &M URG 2WLrsmss CQsTHLIN @ gesiw

2 (HEGTENWILD, (PESTO UG 2 Wrdmssd Csrhorm e Seeadlw
2 mevererwd CaibOghsgs CsmeareraLb.

. V- slaLew @@ Foser Coenluile) ameusseyL.

sl APl o meneTeniwt  V-amiguilldd  eeuSg. DG SENFULIMDE

Qma@rn @ C Wglwurd phHeHs CsmererayL.

. @ cwroraflews COsream®h g6 2 wrsamg arhg ClsmererayLd.
Y@, fblw o @meetenit eT(HSHN(H, Quflw 2 (Heaetenw &Tiquildd eneudg,

werery Fmolwemsll CurwGel e 2 LTSms aThg ClEmeTerayL.

. V-gmgWier oy Carangans, 2 flu gwemurent 1 LwemU(BSS)

SETSEL_GLD.

> (d; —dy)
(My — My) — 7 (dy — )

sin® =

. V-CGaramsang  goadlwons  sewrsd, V- smquiler 2 wrsdle  Le

QL Rismers GTHLIN Lo 2 (HanamsaeTl LIWETL(HSSOMD. Lapll FHm)
Caups V- slaLsalear Caransms aTéEs QILPEnn FHmE.
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6.5 oTSf 9L L cuenewt

GI'GO'OT dl dZ Ml MZ 1(d —d ) (MZ _Ml) e 26
B8 [ B8 (B8 [ [2 2t 8.8
8.8
1 25 40 69 915 75 225 30° 60°
2
3
4
5
6.6 TS Hews G
dy = 25 88
d, = 40 A8
1 _ 40-25 15 .
S (dz-d)) =——=7=75 108
M; = 69 9.8
M, = 915 8.8

(M, —M;) = 915 - 69 = 225 .8

1
5 (dy — dy)

My = M) = 7-(dy — )

sin© =

75 75
22.5-7.5  15.0

= 05
Sgeamme O = 30°

V- ariguilen Camewrd = 20 =2X30=60"°
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6.7 (p1gay:

V smnguliesr Gamanrd = 60°

6.8 Gz flay:
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7. S16060\ W 2 (1h6HTeH L& 6T O\HTGHT(H FnlDL| &6 GTEH W
9{MS55

MEASUREMENT OF TAPER BORE USING PRECISION BALLS
7.1 Gpr&siLb:

@M by  geoawWler  Csremsenguyd, el smgud  geveslw

2 (HATENLFNETE QSTET(H eTHH.

7.2 Caaauumest &(Hailser

TG, FHHail TRy By b

1. SO 2 (THEUT EnL_&ET 10- 50 OB |+ 03 enwoid

2. L miaTenrared 0-150 .5 0.01 818
3. Beys sgms Cgred (1 -100 WS | grn 1
4. FalDL| FleneT - -

7.3 CarLumr®

V- angwilenr Garemgeang emiiugn@l wwerul L GeriurGL @sn@L
QurEmBHL. QEIE FOaSl 2 (HETHEHSGL Ldons, Goelul o (HemeL &6
vweru(Bss LB Slermer erarug WL HGW Geumum(.

o

Depth micrometer

\4 B
n L
O recision Ball

A
h2
hl —Slip gauge

Base
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> (dy —dy)
(My — My) — 7 (dy — )

sin® =

erain FaUTLenl Ll LwWaTL(hgs  Camamsams SHanmdslLeumid.

g bl ggieneruilen Sdlw e b = D;- 2 hjtan ©
OQuflw e Lib = D, + 2 h—hy) tan©O

eTetn  FeUThseert LweaL(hSS, Fmbys genpuler Sl wHmbd  Guflw

N L BISMETS HerHdlL_eumLD.

QriE, D, = fdlw o mamenwilemr ew Sersdld Faiblller 6N LD

D, = Quflw o mamreulenr enww garddHed Fnlbiller edlL b
h) = adw o mamre_uler mwwgHer o wirb
h, = Quilw o HamerLulen eWGHen o wiFLd

h= sy gimerier Qurss 2 wid

@b FwaurThseflar clleTéss5HH@E LML - 13 :m& sTaumeb)

7.4

1.

2.

arflpem

G DG GHlemuiel 2 WISenNS eTSHaLD.

sbLsgmarllenr 2 ursdled  stoummss  CThHLrm @@ Sdedlw
2_(IHGOT 6N L_GOUILLD, (PESHTE LGN &S CgrHomm) &(ThH Flevadluw
2 HareLeowd Cainbashsgs CEmearerayL.

FldbLd  gevemwerer  Qum@enem  @H  FwsersHer G  meudgis
C&meTemayLb.

Beys Slgamasamersd Caream®. Gr oemejb, FbLs geeTuler 2 ursams
. oflsrsa|bd o erer @ram( Csr@dHasamer o (heursdld CsrererayL.
L Hamamerellenws  Fbller @@ USSSHID  eeussLILL(HeTer
(e sslgamasaier G meusHs6lEmeTeraD.

Wn@ Hdw 2 mameLenw gaeruiledy Gwgers GuIl(h ode o wrsans
R0 P HaTanrereined jarhgl Glgmereremd. (M)

w2 mameLew rhsgHed (), Cuflu o mamenLeanw giameruiled Gurl (),
2 WTSG feThg Csrererend (My)

galbly glaneruiler CGoe UL 2 LTFSmSWDd P Hiewmarerailme emhg)
Q&meTera]Lb.

soaurhsmert LwWaL(HSSE, Caranrdenguwd, Hdw Guflu 68 L Rigamerubd
SETSEL_GLD.
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10. S bySgenearuiey Liew QL misamears Ggmhiwrm o maerasamarsd GCaib6sHss

B &Gargemarenit HHLUEF GFUIWG|LD.

7.5 DTS L L_6uGcH 6w

etewst. | . |d, |My | M, | hy | h, |h ® | D, |D, D
OB | OB | B8 | OIS | 8.8 | WS

1. 15 20 34 10 85 30 215 | 6.68 | 1510 | 2013 | 13.11 | 20.60

2.

3.

4,

5.

7.6 DTS &6v01d5 S

B(P6|&5Iq en&Saflen 2 LD X =50 9.5

=16 - 75
= 85 0.5

d
Quiflw o (perenLudler w2 WL h2=X—M2—?2

=50—10—22—°
=30 8.8

30 - 85
215 W8

WEISEESE Qe uleorer gryb

zi(dz —dy)
(hz -hy)
1
2(20-15)
(21.5)

SIFSTMED, sin®@ =

2.5
— = 011627
21.5

2o
D
n

6.677°
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D min

D max

7.6 (lpg @ :

7.705Mey :

d; Sec ©
15 Sec 6.677

15 x 1.0068
1510 0.8

d, Sec6

20 Sec 6.677
20 x 1.0068
20.13 A8

D;-2h;tan 6
15.1027 -2 x8.5x0.1170
13.1127

D;+ 2 (h-hy) tan 6
20.13 +2(32-30) tan ©
20.13+2x2x0.1170
20.605 1.5
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8. (B FnlbL]5 FH19EFHEW FJOW 2 (HETHGT 6% TewT(H
S M5 SV
MEASUREMENT OF A TAPER PLUG GAUGE USING PRECISION ROLLERS
8.1 Gpréaib:
@@ sbys sigamsuier (Taper plug gauge) Caramsamsb, iH6m ieTey

CTRMOEEMETLD GO 2 (HENETEMmeTd GETET(H eTSHHM.

8.2 Gz emauwmest &(hailss 6T

TG, FHHail TRy BILLtb
1 SO 2 (THEUTEnL_ ST 20 LBl.L5 + 03 anw.S
2. L miaTenrared 1-100 LALLS sy 1

3. B(pays Slgensd Czr@s 0 -25 L8l.LB 0.01 LA.L8
25-50 1AL

4. SnlDL| GleneT - -

8.3 Cxmrium®

FldDLd slgamailer 2 wrsHe Qren(h QL msafled, el o (HeneTsamerd
Caremr(®), smrsms leThg Garerer Gouamm(HLd.

h; eretip 2 wrgder gy = My
h, erem 2 wrsder g = M,
erenm @) (HbSmed,

_ My—-My
tan O = FMIRD e 1)

GTGTD FLOGTUTL g6l epeld CHTemTSamss HemrHEILcorLD.
GODHS 6Tey eTveme = Dy - 2 hjtan B ..ccceeveeees (2)
9Fs ojeTey eTwme = Dy + (h—hy) tan O ....ccccveeeeee 3)

GTetn  FLGUTHSMETL  LWaTUHSS  Gphs  SeTenculjd  iSls
SleTenallLd SerrLdluierd. (@g LpHu eSeTé&smsEhsEE LML 13-:08 SHrenteb)
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@r@ D, ereiugl hy ewrsder emiby sigamaslen el D, ereug h,

2 WrESHled Falbl] Hlganduler 6Nl L Lb.

M,

Dpax
|l >
Dying
. > PRECISION
ROLLERS
_____ [ / S 4
— A
(12
—|0 [~ | cavce H
BLOCKS
h — —
MICROMETER
B ANVILS
vy 1 ——— 1
—NCA N J— v
|« °s
B M) — R
8.4 auflpedm

1.

FbLS  Slgmsmw o wrarsdld, Hdw  weer ECp QmEGLIn @
gwger GuaLuler G eudSHaLD.

Beys slgamns Car@dullelmbg. &b oemeurar Qe QFm@Ssamer
2 (Heursdls GareTara]w.

@Gy oleteyeter  @rewr(h  glweadlw 2 (hanarsamers  Carn0s(HSSIs
Q&meTeraLb.

Bpays slgns Cat@dsmer &HmbLs sigamauiear Quamp LSSSH D
MUSF, H6TGLM, GO 2 (HENETHEET EEUSHE|LD.

Qram® o (heTHEHSE Qe ulerer  FMIS®S @@  HlarTanTemalens
Qareanr(h ersseyn. (My)

Qrawr®  Bpeys  sgams  CAeredsdiar o wrsams.  @Cr  emeurs
Qma@Lrn oidsnrsdsd Carererea.

SieupMleTGL6d 2 (HeeTHeeT Meusd ojare] T(hdsea|bd (M)

@Qpg euflpenpenwis Wetumd mbLls sgesew 90°, HmUud, oereyser
T(H&S6YLD.

GODHS WLOHNLD HHsULF ML eTe|FHener, Fwearurhiser (3) wHmd (4)
- LweTL(hSS senrhElLoyd
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10.gvedl 2 (Heverseer,  Falbls  sigensller Uil FgersSler

Cuwamasgid Gonnhs L eTencl, DeThHg HETSEL LD

8bs sjere) Ms eramre,
@eobHs LW = M3 - d(1+cotd)

(90 — ©)
2

GrE @ =

8.5 wr%fl L L auenest

BTG Coirb:
CeutifBleney S|(PSSLD: FLILGLD:
cTew | 2 (aar 2 wytb Sferay sfleys | D, | D, |DS, DS, | D
il L 1b Gomammd | 58 | A8 | S48 | O8 | max
hy h; |h M, M, | M; 0 1.8
OB | BB | BB | BB | Wl | Bl
1 10 5 |36 [425] 56 | 75 | 47 254 35 | 5393|2075 | 212 | 6041
2
3.
4.
5.
8.6 TB)) FHews
o (penarsafan e Lt = 10 LS
_ My-My
tan® - 2(h2-h1)
_ 75-56
 2(35-15)
=—2_ = 0.425
2x20
OOO 9 :25140
D, = M; - d(1+sec )
= 5610 (1 +1.107)
= 35105

D, =M, - d(l+sec O)
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= 75-10(1 + 1.107)
=53.93 9.8

@ephs AL b DS;= D; -2h; tan ©

= 35.0 - 2x15x0.475
=20.75 A8

9Fs L Dmax= D; +2 (h-hy) tan

= 5442 (48.5-35) x 0.425
= 60.41 0.8

Genphs AL b DS, = M3 - d(1+Cot ©)
— 4710 (1 + 1.58)

= 21.2 88
8.8 (p1g@y:
Camemrid = 25.4°
2% b D max = 60.41 .15
GomppHs N DS, = 20.75 1818
DS, = 21.20 W18
8.9 OGsiflay:
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9. 2L LI QUKGTR YTSMDS OS5
MEASUREMENT OF INTERNAL RADIUS OF CURVATURE

9.1 CrrsaLb
@@ 2D eumeTellel Y ISms L0 HIGHTERTETeSUITGD eTSHSe60.

9.2 G em e Tet % Hai% 6T

GTGUYT. &(Haj) Y, B LD
1 <o Hlaenrared 0-150 1618 0.01 .8
2 SO 2 (HEnETHET 0-20 1818 + 03 aw.ib
3. 2 LD euenereyeTer GlLm(meT - -
9.3 CamLur®

R UGS el Lgder o rsms SeTlLSH@ BIanT Bempbd, BHrewr o WFpLd
CaflwCeuanr(Hd. CummeErsE Canu, Qbs eTayser a(HHGL (Pen LIHLIHLD.

@R 2L LD euamerellell L IHMS SeTHS, BIEwT 2 WP, BHrewr  Hemipld
R0 WP Hemamerediimed Her&sLULUGEDS. @m CBF FLLD LOMD BHIpe|s
Blgm&EET CSTar(Hb QDD D{ETEHSELD.

prawr Berd | eremmd, e wipd h eremmud Qamemrme,

+ — (1

h 12
2 g8h "

2T =

GTGNM FLOGTLITL I 60T PLAGILD Y THMSEH SHar&SlLcurLbd.
(clleT&BMmIGERSH@E LIMLLD 13-03&% SHTenTayLb)
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Depth micro meter
=Ler |

ﬁ straight edge
. |

sTipQauge

. Precision roller
Precision roller

9.4 auflaperm

1 @@ swger GoeLuwilld aumerajerer Cummener Hlaveoowirs @mE @0
Wiy &G CsmeTereyLd.

2. oy meamarereiuier oyqUTESS6 BeTans OIS SeTHI
C&meTemayLb.

3. @@ geallw 2 maeranwd CaibOshsgd GamererayLb.

4. gl 2 (meneTenl cuaeTelle 2iiqule) neUSHSELD.

5. o mamararalanws, Gum@mefler  cuanereiler LGsEsmers T (D&
QararTiq (HEGLIN  eUSFH, HO 2 (HNETH@GHD, D  HiarTeanrerailudien
SgLTsSEHDEGL Qe uigieTer Casrenceames ojemhg CsmeTeTayL.

lZ

6 e h-n
. euenereler b = =+ —
4 2 8h

Qi |
h

oo Hiameanrearedluden gl Berid.
Blamaerelluiled eT(HSS jeme] + Fevellw 2 (HaneTudler el LLb

@oliy: o parararals@  udlors, e  CBF  FLLSMSUD,  HHeYsS
sgamasamenyd LwerL(Bssend. Cri sl gdler Bembd | oy @b Bpeys
slgamssailen o wrupd, geoalw o heverufenr el pd  Cerpg  h

2 GLD.
9.5 I L L cuenenT
BTG Coirb:
CeutiuBlenev S|(PSSLD: FLILGLD:
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9.5.1 9yIp BicSTERTATA] CLHGILD OS50

GTGUT. 15T GUT 2 (T BicwTesTaTal 3jaTay [BTGRT 2 WJTLD e
Bomip ol L 1b
1618 .18 d m if).18 h=m+d | p_" 1
2 8h
1h). 18
6.8
1. 100 10 36 46 50.17
2.
3.
4.
5.
9.5.2 GpJ FL L b eLpevLd TS SH60
GTGwT. 15T GUT 2 (Hewar BUP@YSF13D% G EYh )
barib ol 1b 2 wyib o wyh
o, L
R= o + —
Bib | 68 .18 hemad 2 * Bh
.18 1b).18
1 80 10 10 20 50
2.
3.
4.
5.
9.6 W% HewsG
9.6.1 9y1p micvTeRTaTA] CLPGVLD I TH S 60
< meamamareiufer oqliugd Berd [ = 100 WS
gloadlw 2 (Henerudlesr edlL L LD d =10 .8
o Hiamameareluie) TS jetey m = 36 LS
h =36+10=46 6.5

291



2D R=

46 (100)2
2 8x46
= 5017 W8
9.7 GBi FL L Lb eLpeVLD TS
Coy sl gdlen Berd | = 80 W8
Bpeydslaams o wrd m = 10 Wl
2 (Henem Gl L LD d = 10 85

h=10+10=20 0.8

h 17

> R= 2+ o

10 4;m
_ 20 g0
2 Ax2

= 10+40

=50 1815

9.8 (pgaey:

LD BIEWTETETEN PLHGILD GUENGTEY < LD
CrislLLd eped GUEETEY < TLd

9.9 G\sMay:

h 12

y —
2 8h

5017 A8
50.00 WL

292



10. GauaflaILl’ LSBT 785D I aTHS M
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eTevT 2aFlgafler Goed Iyarey d(1+CosecO) P coto vweymiai L tb
1b).18. 2 1h).18.
1. 32.7 6 3.031 29.731
2.
3.
4,
5.
14.5.2 Garesid JaTss e
oarfl oA Lib d;  =2.00 L. d; =4.00 5.
GTGuoT M, M, (Mz-Ml) (dz-dl) sin© (S] 20
1. 29.7 | 357 6.0 2 0.5 30 60°
2.
3
4
5.

14.6 1rZ)) HewIdG,
14.6.1 vweIMIAIL L 1D 96TS 560

32 x 3.5 WS Qulifls SHmsreflanw 2 OLWB. 9O L (peter arflenwid
Csrenr(h eThHTe, LwenmieSll L LD 6TeueUeTe?

sarflflerr Goe® aThHss oieTey = 32.7 W8
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Lwem edliLd = M-d [1+cosecO] + g cotO®

M = 32788

d = 2 1AL,

20 = 60°

P = 3508

Uugim efiib E = 32.7-2[l+cosec 30°] + 2 cot 30°
= 32.7-2[142.0] +§x1.732
= 32.7-6+3.031
= 29731 88
gflwrer oarfluler oSl LLd = g sec O

= % x 1.154
= 20208
= 2.000.8.

14.6.2 Garenisens 3|aTs5M

Sin 6 dy;—dq
m =
(my-my) — (dz—dy)
2 2
= — = - =05
6—2 4
0 = 30°

& UfiGasrandb = 20 =2x 30 =60’

14.7 @p1gey

Lwienmiedl L LD = 29731 1918
LfGasmamd = 60°

14.8 Qzfey
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15. LIGY FEHESHTSHS OSSN
MEASUREMENT OF GEARS

15.1 Gpr&&Ld

R(H LOFSHTSSH6 LD Slgomer & LGS, Hlene Brevr
el L SHID TS5

15.2 Ggemauwres &(jais%saer

GTGUMT. & (/&) YT, BILC LD

1. Lvgssy Qeufeilur emed | 0 - 150 OS5 | 0.02 AL

15.3 Carumr®

«— WV —
R L FHETEMNG oiFH Nl LGHQIb, Hleney Hrewr IE
AL gHad  oersse  updw  Csmium@®  umLw  9-& |
cflifleurs eclleTasLLIL (HeTerg). 'lC
- ID
veelleo el L gdled (Pitch Circle) L& slgoener :
Sarss, Uvedlenr Cpurlibellmpg Ll el L5 :
|
2 arer 2 wigd (h) Qeflu Ceuemr(Hlb. |
|
_N 2 cos@° I
h—M [1+N N | I (1) R | R
|
eTain Ferurlenl Ll LwaTL(hds Ceuent(hLd. :
|
e  glgloefley 2 6ter  LAenpewis Sl iHer :
Fflurer LS Laad saTadll(h ol Couar(Hi. :
|
vl el L gdled L@gigoer = W =NM sin (ij_o) ...... (2) ;
0
BCsCume, Hleneprearr (Lpenmudled, |
|
|
h =M[1—=cos ¥sin ¥]........ (3) !
4 |
110
w=§ Mcos?W............. 4)
Qs FaTUThHsmersbls e (), Fflwmes LIS |q LDGHEITE

saESH_(HECSTET(H  eTHS  Uslger  etCour(h  sener UL
WNenpenwis  serr_PluiemLd.
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15.4 auflpevm

1.

RaM U F&EIsSler  sweenyd (W) cwrseswynd (h) &S
AL gdlauid, Hlenev Brewr (penpuilayid, HearsEHL (Hd GlETeTereyLb.
DFHFAL FHD LD Hlgoenear oeTds, L F&5a7 Oeufeilwy ojereiluler
Cphsms s Lgmg (h) 2wrsdnE BsIs5H. PHEHE GEmeTerayL.
OphH&sems slLid ueeller Cooupld CUTHBEILTN MeudH L SlgloeneT
D|GTHHGLD.

GSDDHSH BHF LUDSHEDES Qbs aejsmar ar(hi&s6 .

Blenew  prawr  (pepuild LGS  oarss Q65 (pemenwiL
WleTummeyLD.

15.5 or@)f 9L L cuenewt

15.5.1 9)55 AL L SB60 LIGVS 19 LOGT 26T

BTG CriyLd:
e GCeulifleney SIS FFLILSLD:

L6 &&aTs5dlen L crameniléans N = 18

Ll L_Lb M=5

erawr. | h 9.8 | M XN ) ﬂ SHETHSL L O|THS Wenyp .8
As | SN | we 88 Wy B8 | (We - W)

0.8

1. 5.175 | 90 0.087 7.83 7.8 +0.03

2.

3.

4,

5.
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15.5.2 plenev prewr (pemuileh 9yerdss

eramr. | h ST L s | Genwp LOLLS
Bl | W 8.8 Wy .8 | (W - Wyy) 8.8
1. ]6.261 6.3 6.29 +0.01
2.
3.
4.
5.
15.6 1)) 6w

15.6.1 9)55 UL L $B& LIGO S19.L0GT 3|65

FSETHEL_L W,

eTHS W

oo LYenLp

M =5
N =18
¢h =

NM 2 90
2— [1 +ﬁ_ COS (F)]

18x5

= 517508

NM  Sin 2
N

5X 18 Sin (

90 X 0.087
7.83 W8

7.80 0.8

783 - 780 =

2 90
—2 [1 + M — COS (E)]

90)
18

0.03 0.8
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15.6.2 flewav Baeser (Lpemmuliled LIS 19 DG JaTd:5

M=5
N=18
(W55 Caramrd ¥ = 20°
¢h =M [1+ﬁ cos¥ sin¥ |
=M [1+%c0520 sin 20 ]
= 6.261 W8
SETSE L L6 Slgoer W = % M Cos? ¥

3.14X5
= — Cos? 20

- 3'1‘;"5 x 0.883

= 6.3 0.8

OETHG LI SlgloesT Wy = 6.29 108

ooo @Gb’)@ = 63 L&LS - 629 L&LS

= + 001 B
15.7 (p1g @y
Leadlle aul L gHlev Genp = + 0.03 LS
Blenev prewr wpepuiey enp = + 0.01 OB
15.8 Gz Hley:
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16. LIGVFSS TSP GT LIS 10GHGT I1G UL L &F6V
3556V
MEASUREMENT OF TOOTH THICKNESS AT BASE CIRCLE

16.1. Gprdaid

R  ULFEETESS6T LS @@  Oeufellul  jeTe] LSS
BlarTanreTed]l PO BETHHD DODF qall LSS H6THSH6

16.2. G eauwmest &(Haiser

GT 6T, &HHad e oY) B LD

1. Qeurewy jeradl 0-150 LALLS. 0.02L01.L5.
(=)

LOFSST  Hlewranrered] 25-50 LOL.L5. 0.0161.L5.

16.3. GasmrL_um®

R(H LOFsSsrsHler Uaellar sgaer ojgall L gdd  eriug  LUpblu
Carium® uwrd  9-6  edfleurs  elerdslLl(Heterg. sl GO
UDS@Eh&SE QenLulleomen LievsLqLoe

W MN cos ¥ [%- % + (tany) - 1)

QrE S eraug etd@h @l Geuafluler o drer Lhseflern cramanilsams
2bGLD.
aarCou, @@ GOUNULL UDSEREST FMMSMS QBHF FLOETUTL g6 eLPELD

samsdl(H LB, Y@ emhg,  @ramhs@perer  Geumimleni &
sanrL_Hlweomd. QFCe GenLp e
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PlICHHHh ; o
oF Fefm::ﬂE - D. P == PITCH CIRCLE
— ] {f,ﬂ..-E
U
- PAIC?K(}N
- . BASE
T CIRCLE
16.4. aublpedm:

L. @M  GOUALL  UDS@EHSETeT  FTHend  FOGTLTLIq6T  PeLD
SETL_HlueuLD.

2. 8QCs uDsERsETOT  FITSMS @@  Oeufelwy  jemeilufei
tporsGeal Qg @@ UOFsST Hemamereld epersGour
D|ETEHHELD.

3. Qramhsen  oder  Coapurlialsd  sarldlwen.  @FCe
Sfigail LGSl Lidellen Slgloem LN o GLbd.

4. Qs  uPpepuies  Gonbss 5 0 wen  OeusuGeumy L6

GenLQeualsefley jeme] er(HESHLD.

16.5. 1o7%)f) JL" L GuGcH 6w

IBITGIT: Coiy:
CeutiLblene: S|(PSSLD: FrULSLD
LVESSTLD: L& eremremiléens N = 18

L6 el M =5
SlWwss Cemamrd = = 20

aTHSs jetelled L crammenilEens S = 3
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Gamerawr.  MN  Cosy tany-1 SITHEL L 6Ty TS5 Senp

W 6Ty
1. 90 094 0.364 - 0.348 37.98 38.00 +0.02 A8,
=0.016
2.
3.
4,
5.
16.6: 1% H &6
LA s I1
saTsHL L ey Wi = MN cosy [T "N + (tany - )]
— 5418 20 [ 3.14x3 3.14 n (t
=5x18 cos 6 2:18 an 1 - )
=90x0.94 [0.52-0.087+(0.364 — 0.348]
=90x0.94 [ 0.52 -0.087+0.016]
=37.98 L8165
Th&s oleTey = 38.00 WOLL6.
l_cﬂsml.vo = 38.00-3798 = 0,02 LALLE.
16.7. (pgey
16.8. G\siflay
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17. LIOF55 15 BT Fol_ HLI LGOI e W I 6TSSH60
MEASUREMENT OF COMPOSITE ERROR OF A GEAR

17.1. Gprss1b
R UOFSSTSSlen sl (Hl Lepeul SFp@Id LGFEST eThSrsdler epeld

D|CTH S0,

17.2. G eauuwmest &(Hailser

TG, FHHail e oY BILLtb
1 &PQID LOEEST 6ThHSITLD
(Rolling Gear Tester) 500L81.L6. 0.001 ALLE.
2. BPeys Slgans Csm@s 1-100L9.5. S 11
3. QapsT LOFSSTD LevedllLd 5
umser = 18 -
4. Qeurefwy oyeredl 300 LOWLS. 0,02 8.8,

17.3. Gl ur®

urLd  9-e, ugd 9.11-e0 smLU(Ubey sersse  updlu  Casrlum
clleTasLILIL (HeTerg).

GEAR UNDER TEST

MASTER GEAR DIAL GAUGE ADJUSTMENT
¥ 7 SPINDLES SCREW
/x /’A %@IAL GAUGE
e )V 0
8D NP NF; / =
—— h
SLIDES Y <SPRING LOADING
FIXED ADJUSTABLE SCALE AND VERNIER TO ~ ADJUSTING SCREW
CARRIAGE SET CENTRE DISTANCE

17.4. aufl(pen a6

1. wsdle sflumyss Ceuantiql UDFSSTSS6T LKL L SHEGH JHn FGevedlu
Cepar ubhsssrsmss CaiblsbOsas Csmearer GeusmT(HLd.
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2. Y@ sjeupdler Lieadllen. o Tmigmers SHamsdl Gouemr(hib.

MxN
2

3. Henew Cramrgdler CummSSILL(H6TeT EFHS SMGET Y TSMSWLD,
B Coamgdler o aremr  HERS SAMGET YTSMSULD  FHEOOWIOTS
Sehg GNSHE Oarerer Ceuam(HiD,

Leballenl <y Iid =

4. Qe UDFSEEIEISET eupdlen Ldelen LG Fpe Ceuamm(HLd
cramigl olg. o 5Ce Hlenawner &S samiqen aWSHDHEGLD, BHE(HLD
Coamr oF&5 Samgen enLWSSHSGSWD 2 6rer Qe Gleuefl

_MN;  MN, ’
2 2

A

N = goadlw Qehsr LUpFssrsHe o 6rer L cramaniléms,

No= oerss Couatriqus L) F&SISSH6n L6 erenmentsend

aem QmEGLI BHHL  Camsams BaTss Couam(d. QbHlaneuied
SlgliulgCuir  Cuwed  Guily  slrluligmss Cear@on. Qe
Qe oFHs5 sSETHHEHSEG QenLullgieTer FITSMSE FPWTE eTLILIF
wiguirgl. earCeou @Qrenr() oiFss sambsaier Lsseur(h Qe Geueflenw
sasHL(Hé Garerer Geuar(hib.

L&s Tl (h &M
B = A-(RiRy). R.,R; eraiiueney oiéas sambseilan .

5. LsseUTL(h FMSM5E saflss KNG, obHS DeToUHE H(PeUd SHlgensHSHemerT
(Slip gauges) Gsiss Qameansgs Oarerer GeuarHb. g Qe
saT(hHaEHSGL Qe uled igs5gs Oarar®h pamn Csamsams Gogeurs
Ba755 Couamr(hid. &flwumrs BaFsSSH  (PgSSIID. BPEYS HlgSHEET
aThsgel Geuenr(HLd.

6. Ype Bay Cearseng Hoowrsl ylig HNL®, UDFSSTERISM6T
Slaupdn@iu oFas sarhselle Curmss Couemm@HLd.

7. Qe UpFSSTRISEHESE Qe Guwrer o(pssb. LN LS515E L
orod.  sflwurer WSS aTemeus Caibbshisg. Ulenl efld epelbd
AETOF:: CouamT(Hid. QaHaETe SjenoliL T ETSH S
SMWSSILLIG(HEGSL. H(PS5SS5Ms5s5 Carhss HWnE., Cwe GCuligenw
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10.

1.

12.

13.

14.

g Gauig efemrbd. @UCumipg GCoadbully &pGuliguier Cod
WOshg Garamh QmsELd.

CoamsdHeGoe OGuliguiler uss eumliigd® @@ wsliywred (dial gauge)
QuUTBESL UL IGBSGSLD. DiFen &FeH (panerm SPLGLL IGenwd QBT (Hd
Carenrigmliusre  GCoablully BasMLOUTE g 6TalaleTe| BbaTHng
eUag (WalLwreil srilg al@HL.

Wwselled  @rewt(h LDHFSSIEIGETD o 6Ter  LMS@EHL  Fwwors,  Corms
QurmbHuNma@LIn sCsug Oaram® (@, wsaliywreailuler oieTeney
0-ereirm Qma@wrm FfloFww Couamr(HLd.

QUGumpg oetss Couamgl LUDE&EETSns Ffluns e Udedler Gsmeamr
Sereys@s Hmiu Couamr®. Qan@ Csmewnr oemellsamerCur, HmULS
sl (ssmerCur  eveg — caflpanar  GOSTgenwGur  LweTLhSSS

QETeTeTEMLD.

@nBleoouier  pasliywrefliiies oder  emey  LDFSETSH6T  BS
Legis@flu Geanpwn@b. Qsamens GNsss Csrerer Geouam(hib.

BCsCLT, erss Geuammigw UDHFSHTSMS FPDH eubleurm UeSlen
Yenpenild ojemhgl GMSas Gamerer Ceuamr(hd. 6hg LDIL jemey
Carimsiiul L Gar 2G5 Ldellvgter ojeme] (igwCouam(Hd. eTd@LD
weon  sflurs  @Qmbsred sl dl  are| O-erarCn @més  Couamr(HiLb.
UMD FeTES (PIGUWITS STTETERIGET QbHS f6T6| LOTMID.

Qs Wenpsmer @@ cuamIULSH0 euenThgl UMTSSTER LAapser eTliLilg
LIYUHSHDG ererg Ggeafleurs ellemmi@Ld.

STHEGL  (pnsailer gHURL o FAFES QW  SMTERTRIGETTE,
Ond  oerey O-erety  @everoed  GCeuml  emeeuds  STL(HLD. QB
SleTenal HM LNSHEHS@GSL LUBRSL(H Fwer Galiw Ceoueamr(hHib.

QonE wWsd ydalewwb, saold yeTaflenwud  Qeneanrdg)

CarCurl®, Q&Csmier LHw oiFas Carirss Osram®, ydw

UL cuanywl Couerr(HLd.
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17.5. o7 L 1_cueHewr

[BTGIT Coid
Ceutifleneo S|(PSSLD FLILGLD
LD EFSSFTLD LD &G = 18
L6l L 1D = 5
S(ps5 Caremrd = 20
17.5.1. afled Y555 Cspiay C\Fiw
ueell L tb Module | 0.6-1.6 1.6-3 3-12
alled |(pHSLD 0.25-0.5 &Ger | 0.5-1 fiGeur | 1-1.5 &Ceur

17.5.2. 9jorey 1(H&5

(LpSLIL DTGB &l (BHL1 e ip
0 0

+3 +2.5

+5 +4.0

+8 +6.5

+10 +8.0

+7 +4.5

+5 +2.0

+2 -1.5

-2 -6.0
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+5

+7

+10

+12

+9

17.6. @ue»FLIL_LD

ydu x- oF&&Can@

—= upseflen erenrenflléena
Position

—a— Error from st.line

-6.5

-10.0

-15.5

-4.0

-9.5

-2.0

-0.5

+2.0

+3.5

Qs Senpaser

—&— Cumulative Error

CrraGam g Senpaser
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17.7.1. B(1pay5 519655 O\STGS I Ta| &HERTL H)S560

. e oo . NM _18x5
QeBpar ULESSTSSE Lallen. < rd = > = 45 .6,
18x5
jarall(h LFsESETSSlen Leadlan < Tid = = 45 .6,
QEBET LLESHT DESHS SETIQ6T B TID = 15 1815,
= 12.5 146,

SeTel(HD LLEFSST DIEHS SEMTIQ6T Y ILb
aartCol, oFHS saTHHEHHE Qe uleorer giyb = (45+45) - (15+12.5)
=90-27.5

=62.5 0.6

carenGou, Gerss Ceuatmql Bpeys sgms CQsT@H oere] = 62.5 LS,

17.7.2. ;viphs Llepeoul F1o6T C)\Filge0

a8l o|6mey = +9 enw.b.
9
5-opb LoQsGFw KWenp = B X 5 = 2.5 enw.b.
eranCGeu 5-9b LeOg&EFiw
Weop Hmssd = -2.5 enw.b.
17.8. (ip1gey
17.8. Qs fay
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18. GnidG&mrL (s Se6iTenloaniu FTFTW oL L _Lb CLPGILD
9| TS5 6

MEASUREMENT OF STRAIGHTNESS USING SPIRIT LEVEL

18.1. Gprséaib

@m &0 sassar CprsCsmi(hsd semenenws Frpmul LD epeold
S|TSSED.

18.2. Gseauuimest &(hal%er

GTGUT. &(Hai )Ty BILC LD
1. STl LD 200LA.L8. 0.02 LB/
2. FLOGETD -
SHRGOD) 2 [HSH Y 1000 X 63048, S 1
3. Chy gL b 1000 AL, sIbH A
4. SSE(PENET (LPEOETSHET - -

18.3. GasmrLum®

gmpm UL Gasrew@h CrrsCar(hs semanwenw ers@En Gamum

urL b 11-eb ellerssliul (HeTerg.
% Sprit level

Supporting legs

-
50 or 1
-— —
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18.4. auflpemm

—
—

110008, Qe Qeuafllier  Quewr()  ssHpeve  (peverder  ClsmesT
Slgloenerenl  BHPels SHlgend Fleeamsd  H@mellser  CuLigquilledmbg

2 (Heursdls ClareterayL.
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o156 BHetd® FTrmwu WL LSS MeUSHE|LD.

goger LU0 etdlauhiss Geaamgw om Carlal Csibls®hsss
Qamerereyd. ¢@H 10005, Cpr slLdms FwsarsdHear God meudd,
BT @ UssHns CrisCarinss Csram( eTéEsoMDd g
@m CpisCarlien  eepng Osrean®h oibs Carliger Coe

9610 SSMLD.

Caip0shss Camliger Cuwe 100 WS Qe Cevealluiey Lereflser

M6USFSG CETETaTELD.

gmymu wLLD emeussUULL  gloenatall (P Haouild meusg,

9|eTe] T(HSH@LD.
Ops g o(Hss 100W.8-5@ Basiss o6me] 6r(héseb.

QU Cuw,  galerm 100818 Qe Qeaeld@d  ojgloamarau
2055058 psi5S Corss SMWEHEEL D) aBSss Gsdrerayd.

CrpraCar(hg sarenn LNepaniisd Sarssl L.

18.5. wr%f 9L 1L_cuenesst
BTG Coirib:
CeutiBleney S|(PSSLD: FLILGLD:
Blenaw FTgrwioL L (IpS®D Ciw@(9) OwissCuwh. @rau® CrisCam
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18.6. TS H %ews: @

gmymy UL b HIL LD = 0.02.0.5./ 8.
0.02
100 18115, @en_Geueflufled miL b = —— X100
1000
=0.002 .5
=2 anw.b.
s 8 Hlenewudled Clorss Nenip = +40 eow.b.
Hlenew 500-600.8. Hleneoudleh FLoer
40
Qe GeuanTiqw oj6Te)] " 1o X 6 anw.Lb.
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500-600 Hleneouley Gorss enp = +16 ew.iS.
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18.7. @uem»ILIL LD

flenip arewgLIL b

Gwrgs e

—&— Cumulative

Error
—— Error from st.line

CriaCarl. Lyfihe fenp

18.8. (p1gey

18.9. Qzfay
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19. CrisCsrL (hS SeTevivanw $T0\TPT 6o Lo Tes ) emwds
O T IR 9JaTHS5

MEASUREMENT OF STRAIGHTNESS ERROR USING AUTO COLLIMATOR

19.1. Gprss1d

@@ Fwsersdlar Crr&Car (s semawaw srhardly qefloraflufer epeald
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19.2. G eauwmest &(Hailser
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19.4. aufl(penm a6
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Dedundum
Breadth
Axis
Spindle
Base circle

Base tangent method

Basic size

Fundamental deviation

Base plate
Atomic field
Abbes offset error
Abbes principle
Setup

Fatigue
Frequency
Waviness

Wave length
Drunken thread
Pressure angle
Monometer
Measuring pressure
Calibration
Calibration grade
Pointer
Dimensions

Scale

Graticule
Reading error
Metrology

Depth micrometer
Depth gauge
Guide ways
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Allowance
Transposition method
Parallelax error
Interpolation error

Transition fit
Clearance
Collimating lens

Projectors lens
Parallelism
Attachment
Connecting rod
Dynamic error
Dynamic

Normal curve
Normal state
Characteristic error
Secondary standard
Ruby

Two wire method
Darkness

Bilateral tolerance
Double ended gauge
Interference fit
Substitution method
Humidity

Crest

Body

Sensitivity

Piston

Height

Height gauge
Increment

Friction

Rolling error
Gudgeon pin

Plug gauge
Cylindricity
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Inertia

Pendulum

Needle probe

Feed marks

Feed

Numerical Control Machine
Negative

Electron

Reflected light
Mechanical axis
Mechanical roughness indicator
Machine vision

Machine

Mechanical

Stimulated emission
Comparator
Comparative method

In phase

Co-ordinate measuring machine
Unilateral tolerance
Single ended gauge
Systematic error

Optical axis

Light interference
Optical Bevel Protractor
Intensity

Photocell

Light section microscope
Optical flat

Opto electrical sensor
Optical encoder

Photons

Coincidence method
Co-herant

Controllable error

Block

Lathe

Control chart
Mirror
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Computer Aided Manufacturing

Beam splitter
Greese

Bush

Bush bearing
Roughness
Roughness width cutoff
Corrosion

Tool makers microscope

Chuck

Snap gauge
Cube corner mirror
Pneumatic

Air pressure
Lower limit
Lower deviation
Pitch error
Convex

Focal point
Converging lens
Concave
Interference
Acute angle
Least square

Cluster probe
Compound sine table
Composite error
Cone probe

Bevel gear

Tool wear

Yard

Sketch

Bevel Protractor
Angular measurement
Angle Dekker

Angle gauges
Texture

Sphericity
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Square block
Neutral Axis
Surface plate
Average

Average roughness
Accuracy

Drift

Clinometer
Grinding Machine
Helical gear

Spirit level
Minimum

Minor diameter
Indicating micrometer
Loading error
Helix angle

Spiral gear
Involute

Involute function
Rolling gear tester
Rotating scanner
Null measurement
Zero line

Turret
Environment
Squareness
Standard deviation
Standard

Best rollers /wire
Work piece

Line of action
Insert gauge
Condenser

Saddle

Signal

Sine bar

Sine table

Sine centre
Inspection grade

338



Lrlery elenere]
LN H&TenLD
sHwrool GenLp
BWEHE & enf]
Serbleney

ey CQur(mESLd
senaflgeans Nenp
QAL

BRI LTl
SrenL / Lienewr
sreflenent gaflomeil /

srlendli eaflorefl
Slewr  (Lpene
SIGICHED]

Smous CFwud Hmewr
Seoy

SI[HeUEd GTHEITLD
Flvadl 2 (HemTenL_&6iT
Sl 2 (Hener
Gl 2arélser
Fleadlwid

6T

glener CauisHe0
et

&b

Cawisze0

Caioner Qenselare]
Qs wpem
CarLmpenm

Cs1h (e
CsrenaCrrsdl

Garer sLlen
BEHTFS

B(H&SLD

H(LDeYS Hlgens

B(LESSHlq NG FIENEWT &(F6SIHeT

BTHSTE
Briy e
Hlenev

Blenev slqms

Dofler shift

Flatness

Erratic /irregular error
Hysteresis
Polarization

Loose fit

Random error
Bearing

Bearing curve

Anvil

Auto collimator
Solid probe

Screw thread
Repeatability
Screen

Milling Machine
Precision balls
Precision Roller
Precision pins
Precision

Hole

Honing

column

Distance

Lapping

Wear allowance
Non contact method
Contactless method
Contact method
Telescope

Leather washer
Displacement
Chatter

Slip gauge

Slip gauge accessories
Gantry
Complimentary method
Position

Position gauge
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Constant chord
Static error
Stability

Constant deviation prism

Static probe
Length bar
Length
Micrometer
Microscope
Microscope probe
Orifice

Go-gauge
No-Go-gauge
Elasticity
Cantilever

Dial test indicator
Lever

Yaw error
Positive

Spur gear

Time shift
Straightness
Straight edge
Direct method
Periodic error
Alignment Telescope
Linearity

Linear measurement
Flank angle
Flank
Resolutions

Band

Workshop grade
Sampling length
Specimen
Sampling
Recorder
Working standard
Effective diameter
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Surface finish
Multiple start

Tooth profile

Gear tooth comparator
Gear micrometer

Gear tooth vernier caliper
Gear box

Gear

Rack

Tooth thickness

Tooth face

Tooth flank

Pitch circle

Module

Flash tube

Coolant

Bridge

Back lash

Worm wheel

Thread form

Thread angle

Pitch measuring machine
Pitch diameter
Cumulative pitch error
Pitch

Profile

Statistical Quality Control
Addendum

Cat eye

Nominal dimension
Nominal surface

Gain error

Amplifier

Magnifying glass
Maximum

Mass Production
Major diameter

Fit

Objective lens
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Brightness
Engine

Engrave
Tolerance
Diffuse

Hair spring

Nut

Bolt

Screw

Indirect method
Base

Platen

Moir¢ fringe
Out-of phase
Meter

Float

De modulation
Modulation

Coil

Resistance
Inductance
Electrical field
Armature
Electronic probe
Dial micrometer
Dial gauge
Primary standard
3D probe
Universal Bevel Protractor
Absolute method
Plug

lead

Lead angle

End standard
Three wire method
Tertiary standard
Virtual effective diameter
Actual surface
Super finishing
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Bench micrometer
Peak to valley height
Table

Upper limit

Upper deviation
Centre line average
Pivot

Absolute

Laser

Laser metrology
Roundness
Circular pitch

Disc probe

Blank diameter
Profile projector
Contour gauge
Form factor

Shape

Geometrical measurement

Shaping machine
Root mean square
Limit gauge

Line standard

Skid

Graph

Stylus

Flaw

Ring gauge
Cycloidal

Internal micrometer
Diameter pitch
Diameter

Velocity

Velocity ratio
Deflections method
Deviation

Lens

Chart

Eye piece
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Cougum

Incident - light
Range

Wheatstone bridge
Depth of cut
Temperature
Vernier Bevel Protractor
Vernier caliper
External micrometer
Brake

Speed

Root

Differential
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3D probe

Abbes offset error
Abbes principle
Absolute
Absolute method
Accuracy

Actual surface
Acute angle
Addendum

Air pressure
Alignment Telescope
Allowance
Amplifier

Angle Dekker
Angle gauges
Angular measurement
Anvil

Armature

Atomic field
Attachment

Auto collimator

Average

Average roughness
Axis

Back lash

Band

Base

Base circle

Base plate

Base tangent method
Basic size

Beam splitter
Bearing
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Bearing curve
Bench micrometer
Best rollers /wire
Bevel gear

Bevel Protractor
Bilateral tolerance
Blade

Blank diameter
Block

Body

Bolt

Brake

Breadth

Bridge

Brightness

Bush

Bush bearing
Calibration
Calibration grade
Cantilever

Cat eye

Centre line average
Characteristic error
Chart

Chatter

Chuck

Circular pitch
Clearance
Clinometer
Cluster probe

Coherant

Coil

Coincidence method
Collimating lens
Column

Comparative method
Comparator
Complimentary method
Composite error
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Compound sine table
Computer Aided Manufacturing
Concave

Condenser

Cone probe

Connecting rod

Constant chord

Constant deviation prism
Contact method
Contactless method
Contour gauge

Control chart

Controllable error
Converging lens
Convex

Coolant
Co-ordinate measuring machine
Corrosion

Crest

Cube corner mirror
Cumulative pitch error
Cycloidal
Cylindricity
Darkness

De modulation
Dedundum
Deflections method
Depth gauge

Depth micrometer
Depth of cut
Deviation

Dial gauge

Dial micrometer
Dial test indicator
Diameter

Diameter pitch
Differential
Diffuse
Dimensions
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Direct method

Disc probe
Displacement
Distance

Dofler shift

Double ended gauge
Drift

Drunken thread
Dynamic

Dynamic error
Effective diameter
Elasticity

Electrical field
Electron

Electronic probe
End standard
Engine

Engrave
Environment
Erratic /irregular error
External micrometer
Eye piece

Fatigue

Feed

Feed marks

Fit

Flank

Flank angle

Flash tube

Flatness

Flaw

Float

Focal point

Form factor
Frequency

Friction
Fundamental deviation
Gain error

Gantry

Gear
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Gear box

Gear micrometer
Gear tooth comparator
Gear tooth vernier caliper
Geometrical measurement
Go-gauge

Graph

Graticule

Greese

Grinding Machine
Gudgeon pin

Guide ways

Hair spring

Height

Height gauge

Helical gear

Helix angle

Hole

Honing

Humidity

Hysteresis

In phase

Incident — light
Increment

Indicating micrometer
Indirect method
Inductance

Inertia

Insert gauge
Inspection grade
Intensity

Interference
Interference fit
Internal micrometer
Interpolation error
Involute function
Involute

Lapping

Laser

Laser metrology
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Lathe

Lead

Lead angle

Least square
Leather washer
Length

Length bar

Lens

Lever

Light interference
Light section microscope
Limit gauge

Line of action

Line standard
Linear measurement
Linearity

Loading error
Loose fit

Lower deviation
Lower limit
Machine

Machine vision
Magnifying glass
Major diameter
Mass Production
Maximum
Measuring pressure
Mechanical
Mechanical axis

Mechanical roughness indicator

Meter

Metrology
Micrometer
Microscope
Microscope probe
Milling Machine
Minimum

Minor diameter
Mirror
Modulation
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Module

Moiré fringe
Monometer

Multiple start

Needle probe
Negative

Neutral Axis
No-Go-gauge
Nominal dimension
Nominal surface

Non contact method
Normal curve
Normal state

Null measurement
Numerical Control Machine
Nut

Objective lens
Optical axis

Optical Bevel Protractor
Optical encoder
Optical flat

Opto electrical sensor
Orifice

Out-of phase
Parallelax error
Parallelism

Peak to valley height
Pendulum

Periodic error
Photocell

Photons

Piston

Pitch

Pitch circle

Pitch diameter

Pitch error

Pitch measuring machine
Pivot

Platen

Plug
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Plug gauge

Pneumatic
Pointer
Polarization
Position
Position gauge
Positive
Precision
Precision balls
Precision pins
Precision Roller
Pressure angle
Primary standard
Profile

Profile projector
Projectors lens

Rack
Random error
Range
Reading error
Recorder
Reflected light
Repeatability
Resistance
Resolutions
Ring gauge
Rolling error

Rolling gear tester

Root

Root mean square
Rotating scanner
Roughness

Roughness width cutoff

Roundness
Ruby

Saddle
Sampling
Sampling length
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Scale

Screen

Screw

Screw thread
Secondary standard
Sensitivity

Setup

Shape

Shaping machine
Signal

Sine bar

Sine centre

Sine table

Single ended gauge
Sketch

Skid

Slip gauge

Slip gauge accessories
Snap gauge

Solid probe
Specimen

Speed

Sphericity

Spindle

Spiral gear

Spirit level

Spur gear

Square block
Squareness
Stability

Standard

Standard deviation
Static error

Static probe

Statistical Quality Control

Stimulated emission
Straight edge
Straightness

Stylus
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Substitution method
Super finishing
Surface finish
Surface plate
Systematic error
Table

Telescope
Temperature
Tertiary standard
Texture

Thread angle
Thread form

Three wire method
Time shift
Tolerance

Tool makers microscope
Tool wear

Tooth face

Tooth flank

Tooth profile
Tooth thickness
Transition fit

Transposition method
Turret

Two wire method
Unilateral tolerance
Universal Bevel Protractor
Upper deviation

Upper limit

Velocity

Velocity ratio

Vernier Bevel Protractor
Vernier caliper

Virtual effective diameter
Wave length

Waviness

Wear allowance
Wheatstone bridge

Work piece
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Working standard
Workshop grade
Worm wheel
Yard

Yaw error

Zero line
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