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CeMb NpoOCTEIX METOI0B

[Ipyunnno- JluarpaMma no3golseT B NpocToil B JocTyIHO dopme
N CIIEACTECHHAS CHCTEMATH3IHPOBATE BCE NOTEHUHANLHEIE NPHYHHE]
JHATpAMMA (IHarpaMMa [ paccMaTpHBAEMBIX MPOOIEM, BHIIETHTE CAMBIE CYIIECTREHHbIE
Humkagsn) H MPOBECTH NOYPOBHEBLI NOHCK NEPEONPHYHHE

Dro GymaxHeIi DIaHK, HA KOTOPOM YKA3aHEI KOHTPOIHPYEMBIE
noxazartend. [IpeHazHaueH KOHTPOIBHLIH THCTOK 18 cbopa 1
VOOPAIOUHBAHHA NEPEHHMHBIX JaHHEIX. JIHCTOK no3sonaeT
cobpaTs JaHHElE 33 GONBIIOH NEpHOI BPEMEHH

— KDHTPE}J’IBHEIE JTHCTEH -

1 I'ncrorpamma ™ nozeonser orobpazuts HHpopManHio B rpadHIEcKOM BHIE

[lozponseT BRIABHTE 3aBHCHMOCTh MERTY IBYMA OJJHHAKOBBIMH

T
] HarpaMmel pazipoca
Auarp pasbpoce TAHHEIMH

1o ocobas hopMa BepTHKAIBHOTO cTONOHKOBOTO rpaduka,

KOTOpaA NOMOraeT pacnpeielHTh YCHIHA I8 pa3pelleHHs

BOIHHKAIOUIHX [IPoB/IeM H BEIABHTE OCHOBHEIE TIPHYHHEL, C
KOTOPEIX HY3HO Ha4aThb JeiicTBOBATE

|| Juarpamma [lapero  [™]

[lo3ponAeT BRIABHTE 3AKOHOMEPHOCTE B MACCHES JaHHBIX 34
CHET HX NENCHHA

— CrpaTndmkannsg

OaHH H3 TAKHX HHCTPYMEHTOR, KOTOPEIil MOZBOIAET
rpaudeckH (B BHAE TOYEK HIH rpadHka oTodpaInTh
OTKJIOHEHHS CTATHCTHHECKHX JaHHBIX (pabounx
L KontponeHsie kapTer [ XAPAKTEPHCTHK ), MOIYHEHHEIX B X0J€ TEXHOIOTHHECKoTo
npouecca B MOPAAKEe HX NOCTYIUIEHHS BO BpeMeHH, H
NpOaHATH3IHPOBATE HX CTATHCTHYECKYH0 CTA0HIBHOCTE HITH
OTEJIOHEHHS 0T HOMHHAIBHOTO

t dMzHAE S cOISC OV K OtOCIsj ted Mis JAQ sOdzJf decfs'fn ST By

] tcORRC Or Isjttedd 1 dOm dazuzily yc O fMisfh kg
ddmstecz 3] dzlstseo Ctsdzlstesdzv COyj Mlso ©e, Mmicj HC
mMeowerL j2, HitjotsoadHBBOY HJOGCLOBRBBO, dBOIsted yc
ftioddaw Isdw tjhjded2 d [2BOtcdyO ftoedtedlsj Istse

[ dzv O0dzOdzdL © € OyJ fMmils oadodzm I tadafdgz j ddlsvre ,Is  ClsGEES:

)l Z dzC yd s-z@dzd dgfp MG d2 OdzOdzd L

1 dz¢ yd s-gB e dgsmisdzts 2 OdzOdzd L

T OdzOodzdL ftedyddz d fFsNhEEY dz@dEpid)? [Sls$ OL

1 M COljetsted d B ssH B ) Ctsi3f dzj ¢ M
HiWlisj dz' desfyisd d§ ©juy fflsefssiso/O28d.d 1[5 SO HT 2
SlsH j dz0 detsilsd, 1OSCY ] dBsyjls HOI! §tsdzsy dls

==

==
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L teOo dzj dzd J CoOyj mMso s dzO-Is § F BB tzis ¢ d -
fsHelssoaCd (sul) fHtsdLosHmMIsa O dLHJ dd?2
Csif dzj € Mdetsc s f SHAa@®dP] i3 o DY 3 & BB dzdzw
1 0detsdz hlze 1 WWjSIsdodesmis! HJj B3cdzmistedtelzs |
ftejHEftcj Y HOI! HJWJCIsr dzO MISOHJd ftetsi CIs
Odz0OdzdL O, Ctslstster 2 BBAZOHOJjIs or MsC 2 tedc
d Hd&zY Isjrdsdzseduyd MEs?2 BHGEBIstse & JFMEAY ©
OdzOdzdpL o sdzv jIs o' wWodzwis! ftslsjdzgydOdz dgr j s
sme j dzdesmisw &3, kOSBRI S OC Ctdzyj dzZlstcOls st
Misd dzesC . 1 tcd Is] rn ddsafsig JRNEA sRictf pHGiEG + W W
tedmMCtse HJWjCltssBtoOL s Odgdw, o ¢ dz¥ yow dzj
fsLotsdzY jIs MY stcd3d tctso Ols f4td yd dz Cted |
fsmdzj Hze h jes € tsdzlstctsdzv .

dlsObdMmisdyud MSdd &BIbsH" ki DO Uzj daf gt LC
tcj etcj MMd tsdadzr 2 0dzOdzd L , fcsCOLT 9 Ot ls 56
ftod B3 ded BsMmils! Hdzwv BfldBdL Oydd § OO ste
fOOR) steORI fHtesyjmMmo d COyj NbOtgnIsd v
f tcOo dzj dzd v (§ SeRsQ) 4 (@ Gxe3dz. StatistEtsbistcP?
L WWJiCIlsde jdz dzO 1 1IsOf j Mdtcd?2 dzse s ftotsd
Yd dzj dzOf tcOo dzj dzdets dzOMistcOdo Ols! if s y jf fitsfg 6 dz
ftiocsdLotHMIsa O detsos?2 HtotsHEZC yd dH jdidsdpdatsd teftp
o dHJ f eifdgdridgdise j dzdz’ § MoewiL d (HJOGCELORHE R

so0ddg) btedud Mcdj ddIstsH’, o ¢ dz¢ YOW
sftejHjdzjdd] ojMmMtseras Ci1 WWdyd,j dzlstse, H J
sty BlzY ftode dzj ud dzdWd 1§l ceisloEf bd TilindesEO d
sdzd B My JjydooOrls MmMdMmilsj dgdzr 2 ftsSHAtH &
dlssdd@sMmisdats? OdzOdzd L , Isj M d@=xizGiddgla jtscegzizfei o] Asd
ftod B3 ded Bsmils! ¥ HdzW yjdSd 1 ¢ sdsdzdud fisfed -
d sfilsddddL Oydd bydtsmisd dLEBIsse dzj dgdw
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litmf J SIsdoadzr d&3d wWo dzw ¥ Ismw  d dzls § ¢ tQdaiiys o (
Function Deployment(QFD) (t OL o Jtels' 8 Odzed J Wed¢ ydd ¢
Istc j B 59 Odzd 2 LOCOLYde o o Is § = ded yRebigh dfgr
Manufacturability DFM)/Design for Assembly OFA) (1 tetsj S Isdteiso O
dLetslstsodzj dzdv/ MeBsteC d) HAZYW Hdzso toj d3j dzdatsc
Clsd d3j stsHT sBiJMfjydoeOetls MCotLdts] ftotsy
COYyJmMlso® dzO oaMmjn~ 1 IO On.

{MeBetsy LdOyjddy dJdoijtl djlssH Ol
Hj Bsdmistedtekzs h dj Byj dz o' MisC £ s dzftf sty -G stz
Isj rdesdzse d yd ME B2 f tsH g 8l J5o@Ydtc df diz®tdf,d Qs H B &
fsLodzv jIs ftescdzsL Jteso Ols? fsodHJdd] tof
Mme Otedz" n dzd dzd ? , Isj ted3f L0HS P2 Is Ot izd ozd L&
Sa dzOY H j dzd W, O MtkzClskztdz 2 @ OdzOdzd L HOJ |
NdMsSCtsMmMls:y dLHJjdzdw HEt dL ¢ tlso daiEz ) dzdtl)Es
L OC dz¥ YO, Ismw 9 otsL BB dztsmIs d o dtelslzOdz o
f OtcOd3 e =gz M julds 0 § dzdzets MisC e O O Is € tsdzd yd
1 CMYf jtedd3d dzlstso .

10 thdse Oddd omjcets orh jfjtej ydmdzi dad
fMdzj HMIse j dgdzz® HJOGCLORAHE . R NPULEADOY GO
Slsdetsh j ded v Is dife@ L 2265 WREEO [
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3nemue MaTtepuan

TomumHa cTeHOK E \ TexydecTs
CrnomHOCTE A \ MexaHHYeCKHE CBOMCTBa
» -
pa3bpena \ MIPH TTHTbE
OdoprreHne A

pebep KeCTKOCTH ’\ « TepmocToiikocTs

ClI0XKHEIE
KOHCTPYKTHBHBIE B.TC:\leHTbI\ TlokasaTemn

> Ka4uecTEa

OTIHEKH

VcHIHe CMBIKAHHA

>
Z PerymHpoBaHHE TeMIIEPaTyph
max JaBJIcHHE N TIO 30HAM Ha IITHEKE

" KoHCTpyKImsa cHeTeME
N OXTTAXICHHA

KoHeTpyKIHA cHCTEMEI

>
TEMHC]JHTY]JH BIIPEICKA ../ / noaJBoga pacIliaga

>
[IHaMeTp MaTEpPHAIBHOTO
CxopocTh BIIPBICKA / ! P PHe

] OHIHHIpA

ObopynosaHIe IIpecc-hopma

KecTrocTs

[ diiz des § to 8] U igatigsh MBW § @zezeiigit Oo !

vjndsdsedyujMSd] §0LOdkjster fosyj Mo
f OOk scOdkd, GftjHjdvshddkd §sS0L 0] dz
bfcOodvs hdj §OLOdijlste’ , sy ds HEsOE AL H §

1.03 ¢/ RY 118 JuvlrvduvlrB, J[7J1RsOIZRM
1t R RUMISARIVLVIS [T RuU?T

l sdev Isd § ¢ dzj M sits Ishelz) disHiAsdy jddgle® dz! dzO W ¢ ol
BB dzj HY dBJ dels© SOy mbseO (ufs), 64 6 dzOd3]
ZOyd sdzOdz! dz" d3d MisOdzH Otcls O dzq . v sydetsy ff tsd
Wstcdsdtolze Is tsMmdesolz + WW jCIsdodesets d3j dzj H Y d3j
[ des SfdpHY dgestcdzOlIsdo dz" = HEBSC R dZsO- d Ml

[ I HE®ROteSHdZ 2 MSOdzH Ols | SO 9001 Mt
dzl Mstslse jIsmiseaed?2 (. 10.2 ¢1JdMmMtslse jIlsMmisac
| SO 31000 wsfdmreOjls EkftctOso dzj dzdgls jtalzyigOQid
dzj Mstslse j Ismise 2 .
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1 d Metslse jIsmiddandjsz®OyEdffs SCBEHO ftosHESC IS,
slseo j yOs Is ZMmlsOdztso dzj dzdz” d3 Istcj B ts9 Oded W d3.
sBtcOL 5d3:

1. 1 d Msslse jIsMmiseadj ftesHEZSC ydd: CsSGHO
L OV o dzj BROGIs FtedMisdC Ods ddzd Istcj B Odzed W o
fMowL Odzets ) HWjCkOB], dzjfteOodd dzs?2 k4 O
BJ LB OMdesmis(d .

2 . 1 d Msslse jIsMmilse d 4 ftosyj Mitse : CtSGH
o' fsdzdz” jIsw o kzMiOWzs g Hzfylzezd fsd M tesyj HIzZte OcC
By dls ftedejMmisd ¢ Mmdedxy jdeds SCOYJMmsoa O fiot

3. 1 d Msslse jIsMmilse d 4 HSCEZd3d de2sOydd:
ddemistcz S yd d, MlsOdzH OtclsT LOYdMmd) dai Mist
ftesHEZCISOR, yYyssdlsy §bdsbtstzz ¢ Oyj Mise O.

4.1 jmsslse jIsMmilse dj s d HOEZ W @3 tftdag H EHAsls o
PHso dzj sostewe s sy dHOdzedwW 3 d § tslstej B dzslsw C

l Oy desimls: EZfwcOodzj dedV dzgj Mstslse jIsMmise W o
ftede dMmisd ¢ Mmdedy j ded® EHESo dzlg b g tietf 3| gzdzts fls
dMmyf teOo dzj dzd j sh dB ¢ d bkrabkuhjdzds tcj f 21
dzj Mtstslse j Isfiflse ddipfds d® Ldz ¥ Isfqw  tOL dzd ydz' j d3]
COC:

A 0dzOdzdL ftedydde d tfsimdzjHmlsad?2 ( RCA)
dzj Msslse jIsMmilse 2 ;

ACtsttej CIsdtelzs h dj d ftjHEftejyHOsNd
2O 0o dzj dzdz" J Zz0 EmMlstcOdzj ded j ftod yddz daj
fsolststej dad v ;

A dsdedlssteddze d tyj dz$ 0 fsyj Mmtse : o]
HdzWw o' Wodzj dgdWw tsIsC dztsdzj dzd 2 .

WWiSlksdodedzj dzf f e @] Misslse jIsfmlse dw dzd W o d
Hlzw fGBSHHjteyOdzdw o' MsS et EZtesodw S Oy Ml
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Rdzy J € yd tsdadets j dzd Is* | ftej HiNlsOo dzv j Is g)
ftesyj MM, ~nOtcOCIsjtcdL e h d2Mmw dGds@dsd DE dts
BidYHEZ fOLOR) OB syl Mmoo d SOujmbect
slsdzd o € On dzj Mstslso jlsMlsadw sy dets Mmdfmlsj d3C
COjetstcdwdz, IstcjBlzs hddz Sdf dzj S Mdese s ff S+

1 0deBsdzj § tWOMY tots M OEFH dz v dzdzw dgds M j Wi WIg € e
d Gjtsdgj stcd d, 9 ¢ dzg yow CtotsB dzj dzd | (C
dzj tOo desd3j tedets?2 BEZMOHGCd) , EmMOHSCE (slsC dztsd
dzi Mftoj MMso € ( zsC Odz! dzr §j kY dzslsdzj dzgdw dBO
dzd dzd B’ ShQded W [V, RBBT 1§ B dad d L 2OYd B Bd v
HiWjClkr MstezCIlskztor : f stor d fkzfmlstisr (G
sMlsOlstsydz j O oWy J ded W , fmdzd 3 O b d § ftots
tcOMYytej Hj dzj dad v dzOff sSdzdzd Is j dzv[29e) SHsRdE L] IsHiz
MCOL" 908 Isfqw dgj Ibtsdzr ¢t dz2O COyjMmlse j o dzj
ftedoj Misd ¢ bErEHhMhjdds + CMf dzEOIsOyYd tsdzdz" A
Fdzsj dz' h j ded® MetsC O MdzeyBr dJLHJjdzdYw, ylst +
OClkkzQ@dzfdettsB dzj dzs?2 © dzOMlsswh jj otcj dgv .

stsdemlstezCIsdodz | Mt j dzdetsMmisd HJ IsOdzj 2
B nOdzd Ud MEdBd d Ibjnrndsasedud Mcddd Mo ts:
ltesydesmisdzr § d Ibsydshlsds | ~OOCIsjtedmisd
LOsdMWiIsdzigsbtcfCIs§ sdzse s W Stecd3dzy dzd v .

glzh jmMlsokzjls ddesy jMmMlsoats fsfrsss ¢ dzOMmMm
f ZOMmMlszOMMseo " = dL HJ dzd 2, ftosweodzwe h dn mw
zOdBtsdz! hj i o dzd 3O dzd 4 ZHj dzv jlsmw 9 dzd W dzo
f OcOd3j stetso  toj Y Jid®@Iskkiad'ls ' of H Bgdgjfdedy o tcOL
Wistodyr |, Me stetsMmis d offtor MG O, d dzls § dzfd o dzts f
tej sdzsedyj MSdr Moaws2MmMlse &GO tcd OdzO. 1 s
ftedrtsHdlmw dMms Ols! 9 dzj MB OdzO dzff q tc 8 o5 dizdiziB
dzj tcOyYydsdzOdz! dets Mftesj CIsdtetso Odadets?2 dzdIs! j o
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By jls SCOLOI! MW twOLHjdzjdd] ftedydds atsL C
C sdzMmis oz Slogjdrodd dgs e d ud MS[AYY d M 6! jor j
[ By des oT" Hjdzdls! fdzjHkehdj R OtOS IsTj:tcds
1. 1JHBdZJde or Oy Ojlsmw 9 dzj f sdzdzsdz K
ftedyddes?2 wodzwjlsmw dzgj HsMISOIESE d30Is te dLGazC
dzedL S 52 Isj BB jtcOlkzter Wtsttd3d™ ddzd twOmf dzOe O
tcOMmYf dzOe O, O IOSCHejj dafis Wz b def efso s Oftsd tc
[ Odedz" 2 ©odH HJWjiClkO wodwjlsfqw dzgj Htsf EzMls
dzj H sdzd @ O dzj sB R tsH d d3ts f SHSB OIS st lsd
ddzy j§ S yd sdzadets ¢ ts dzd Is! w . I 7§ tsdzded Is - IsO¢ ts
MftcsedesL qtotsle Oladzj HEdedi g @  d3tsy dets  BAE-OdAQdas| d
sjrdtszsedyj MStsets ftesyj MMO dLElstso dzj dad »
2 . 1 Jtoj dzd o 9orL"90jls ®BtOL 859 Odzd J G
otsLddCOjls fted dzj ftcOo ddz dets?2 tOBBIS] HTBL (
d dzdls! jots2cis®lessyddzazHzmddzdd mMd" ¢ Odedw W
3. glsr Csof pdHEBO Ctcdo OW dzd dzd W My Ow
RimOdduj MS OV fesydshls: tjLst Mmddyj O
sBtcOL 8o Odzdw Mmils" Ctsorn hotse WwWodzwe Isfhgw:
Wisted3" , dzj ZH OydzOw Q@ dzm lYf ticke © tpaiw h WO tc g™ tigR Bz
fslssStso ©OMY ZOo 0O HB dsdj dlsO dn fdzdw ded
Mo Otcd o Odzd W ) O OGS | dg HsMIsOIyYdesj [+
sOCtsets HJWjCIsO o9 Blsdzdoa¢d dLHjdzdw daj H
fted dmMf s AEppDsEddE Hdzv ddgy J dzgj tedese 5 OdzO &
4. JLHELdY d&O e jterndesMmisd d kL' ted
fted ftsorhjddsd MsHE Y Od distemsike” yd » Y 2y
ftso jterndesMmisdzgzs §dzj deC 2 fted §fjtejcectejoj tC
HisiezSC ydj2 d L dzOydlsjdzi dz@ &3 e OL ts9 " H j dzj dac
sOCyj Htod dgj HsMisOlsydesds S dzZOYHjdedd dL
Hdzv B J MY Jjujddwy COyj mlse jdedets? tslsdzdoe € (.
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5. IsLHEhMdijsBtk®alsdOdzd] kLM tc! Ctso ok
LD dzdzj dzd v ff swastE)dg'd @ &) fnfigO rtsd3 0 sSL dzd § dats o j «
CtodemlstezC ydd nWjtustodd .[d viRlsish sded o L dad € C
YdMlsCtsmlsd, . j. o & MsOR cdkkzrdr, ¢cdkzs
SBKOL o Oded® Isj @AsSGelz) §Wisrjdr (feejdmyy J ud dad"
dzj sBrtsHdBs Ctsdzstetsdzdtetso Ols! sSBtcOL ts9 Odzd
50 o] dzgd dedz" §  CAROgEOjd]'L O ftsLotsdzv 6 Is odL
oL B desMisd tsBtcOL tso OdzgdwWw oBLHENMNd 7 dztse L

6. uvVMOHByYdeij daOQYtsg dixzgzdzf v z de@lz ff ko j to - d
otsLdzdC O ls oMmdzjHMmisad,) ftsorh jdzadats?2 EMOHC (
fsMlskzf dzj dzgdd t©WOMYf &zOe © ( Mmdad y j dets [k H j dz' dzts
of zmMC dzr = COOzs 9 ) . RAdzSGHO f 50 j ton dats
dzj tc © 9o dzts B3P Mg flzs i3 jtelzj dzd d s di3f J Ol kzte’ 9 Wi
o jdasddzv ydd.

7. sbtesBdzjdzgd] Ctlssoar-EOdL ez ud B | drsdzdzi
odgzlsted dLHjdzdw, SBlzMmdzise dzj dgdz" = B ESdz! h 52
Yyofmlswrn Wt , O OCYJ { toudH jodzdHs fds Odgds iy 'ds
slsyjcets tsdegs dLodzj COjIsfpw dgj HsMIsOlstsydaets X |

stetsBdzj dzgdj dadzd HJWBStEedRBOYdwY HjIOdd (f
ftotsd Ma BHA[ de @fLLdzd ydzts?2 EMOHSECd di3OIsj tcd OdzO o
Stedd dsoydw, k{ dufydzjgidsi] ted Goatiz®y Hf jteds y J .
zO dzj HslZlf dztslsdzj degdes d3 EZyOfMmisC j HJjIlsOdzd d dzd
SHddR dOftOodjddd. Clstsls HjWjSls dzgj oMy
] cCstetsB dzj dzgdzOW H JIsOdzr 3sy j Is j o ez 4 Jslsio T
Motsdm  SMYf ZEOOYydsdzde" = W EZSEyYyd?2. vyvistse'!
HisMis Ols sy dzts N MmMsC iz H J Is Ozt iz ¢ (dag jda[ts @ )Y
B ded ZdL Jtetso Ols! tOL dzdydwy o EMOHSC] d&BOIsj t
[ OCMd 3O dz! dg@0 & jsdedswy dzj dzdv o L O9 d ooty fighssc
cOL BB 6O destedBdtolzj sy  BEtc OMmiddg & r oz tts @:daH ©
CAEEmMdMmiIsj d3 @iy dets ftesOdzOdzdL dqetso Ols! d M t
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slsdzd e € d, O OS] dO2Isd Mmool iRy das
C stetsB dzj dad W .

8. wuvtjhdder BBtOLEZ® Ismw ofmdzj HMilsoad] L d
dLHjddd, O LOCY] ftd jet ftwdddf Oddd ¢

9. t dm¢d, Yoot d dzr Mm¢ tsdz zO0 ftso
dzj MY tcOo detsdz MisMis s W iz of § tesWlEsdlsa™ & § (5 @ 3"
sBtwOh jddd M cetslssoa disd dL HJ dzd W d3d .

10. c¢fitdatmte , @ d2Of sd3ddzOs M dj L dd3dzs ¥ to
{ Mdzso dzOV § tod ud ded s OHPEM G dzjpdaP6 d o W iste
mMhCj cteOdazdzvIsO d HjWjCItse o o jdalsddzv yc

11, ( OmMmds) dzdi d&OmMskzyfOjls ftd ftsor h j
BOIsjtedOdzy d Hted d&OEZJydd Ble jteHjoh dnan dz
BOIsjted Odztsdz. [ Mdzd Blsdzsj dedj or" tcOy j dets o
MidtjBtodMmlssmils! & .

12. t OL dzSls dziHadaf B I s OW f so J ten dats Mg dzO
Bl WidzW jIsfqw  dzj HisMisOlstsydes tsHd dzZOC s o3 5¢
dqu 0 jets bjtdddud MEs2 dzj Mlss2CsMmMisd ddzd o

13. t OL o3]itasiis Qdztmdigj@id § tsls  dats dzd dzO dz! dz" -
ZfMmls O©dzts ®2dzj wiasla| &z i € ; dzOB dz6 HOJj Isfpw  Jted Yo L
CsdemistezC ydd dzdls! jots?2 W isted3r3? JkdifisoHdate e
HsfEmStse d fJtejHjdz dz" § IS dzsdzj dedwW H dzw
1 dzj d3j delstse H jIsOdzj 2 dL  dEofidsjdedokd frH tsdzts3ddc
HjlOdzj 2 dL f &zOfMisdsOMM Hisdzy dzr fftod d3j dgv Is! i
2O HtsfkmScd d {§ MO H % dshiitagdddfeRj3dkdz & ds
Hsf sdzdzd Isj dz' dzr | ftsdzv Hf kM 034 .k Mls@dda@o:
BOC O Wodzw jlIlsfqw dzj H 51 & ISz, & Istg Hoodd COAE; O d;
OdzOYegtay dets M tesc desL qotso Ols!  fftetsyj dzls EZMOFH
oL dBsy desfyls! Ctstotcj CIsdtesoCd Isjrmdesdztsedyy f
COyjMmlse jdedesets dL HJdzdWw.



32

Isd hddgmlsoats HjWjShktses hddotS &y dts
fsdigsh 1 8 Mt didsOQdd dscts BsH | dd s O da
Mo toj d3j dzdz" CAE-teig] flpusjHIS 59 .

10 tdmibdhtg) HINls Oo dzj 2O fMn j BAE-M M Hds' L
sftejHjdjddd GiflsdkOd d@- f0LOKjsttso
COyj Mlse j dedes? wlsdzdo S (.

BapHaHT HCIOMHEHAR KOHCTPYVEITHE 2-f mEKn
npecc-HopMEL -
Tabmna gedexTor —
4
1-F mEKI
TexHoIOrHIeCKHE PEHMEL THIET | -+
TexHOTOTHIECKHE I
TpedOEaHHT K MI0KaaTeTaM
Ed9eCTE] H3ETHA KoneuHo-31eMeHTHAT
HMHTANHOHHAS MOIETE IpoIecca
THTHA

KoHe4HO-3N1eMeETHEIR aHATHE H
KEATHMETPHIECKAT OLEHKA
[IOKa3aTenel KagecIea

KpuTHYHEIE
medeKTs

He cOOTEETCTEVIOT

Hegmkaropu

o KAYECTEA

TexHEHIECKOe 33TaHHE Ha MPOeKT mpecc-hopMEel B
TEXHOTOTHIECKHE PEEHMEL

i diikz dés & L3O d M ts GAEO HzD Gzdpd ©
ftcd tjhjddd LOHOYd tOdzdzj 2 HJC

CAEOdzOdzdL HOY s CtdhistelzS ststcOdg tsd dafdppzs:
fsLotsdz"W disHj dzdtetse Ols' tOL dzd ydz' § , iy ydsfizd
L Ob'ed®® OIS j tf G&@dzj H GdsCHzfnEjse OB 8ECE. v O
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fsRBscOjls BlsMmjdo Ols! dzj f sHRHWM dj Ctsdayy
ftoesj Clsdtetseo Odzd v, [ fnlsizg Oydzusvis o ] tsinisdeyq ¢ © dz@de O]
LOfEMC O toj Odz' desects ftoesdL oasHMIse O.

g4 (ooiRcdditlskzOd dsets  diteHsiydedndmee Oz 1 d3ts |
ddzy j dzj 67 My smMtsedzr s jtcOIsdodets sYyJ dzd o Ols
dzd st 8ls 6 J sdgd b dzd v -V ds tefigtads f) f) dzts dzts 6t jJudj dd&tE &
MC Oy kzlsmw 2O s&PYyPntgod d HisBOER?2 ftosdL ot
bolssBOIsdelzf ptsf Bsj SIsdtetso Odzedjy ( CAE) tOMmh (
Gz tsi s HftesOdzOdzdL Jtetso Ols odzdwdedy teOLd
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YJ dzlstcOdz! dz" dzd € tsd3tf L @ qaff s Qo ts § Gz® Bzt Is
f ZOdzOdizd dzO dzOIs d,defiCBACRN Is ¢ @3 to Of IsietRdz® iz @ dz@ i3
Mz Md ® BOCY ] Mfjydodz d& d&3d G esyj HzZtcOdd
ftseo jton desfylsw i f( dsleli€ Asddrwyjjdedsodsd EZydIlsr poOj o
HictsB dz' 2 iWaGHEtd Misets Md3j h Ocdgdz’ 7 W W jClstse
R dzls j toj fdats, Ylsts dgdetse dhjdzdd L f RIS d R s Iz Us B s
COBddzj sse di3jdzgj HYy Jtetse d OdzOdzdlsdS O, Vv O
ftcdB" d&zd o BdL dzj M)J , Z§twOo dzj dedw W d dzO dzft

Bdescdn Hekzedrn (ME. , @Ofeddkjt, ©OBGlE
[B' ydets dz0O8 @ez0 ddzd MlsOdesS, dMfsd L
fsLotdY jls ©fjtcOsstOd dqLdjdvls! ©OL ddu

fosdLoBHdBEEE fetHESO. SOy jtoddj dalsr 1
fesdLotHMlse s, bkdazyh Ol! &OMistes?2 ¢ § OKBOE G
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o dzsmw Ils dzOd B sdzj 4 90O)dgr 2 9Cd&OH o COyJf
JqdeW stcd3Oydd f§soLeotsdwjls EdzEzyh dls: dzOMmis tc ts 2
COyJ Mlse O.

[ By des of Hj dzdIls! tsBh d2 YHSHARAtSH tojh jdedw

110 fjtosds 0 j dmf sdztc s O lizd jtctsB OF
L S Jtedd3j dzlstse Emlss2ydor 2 € Hj2MIsady
otsL dzd € dzlz Is ¢ Zz0 1 Is0f j ftesdL oasHMlseo © d dzo
ftesjClsdtetso Odzdw MsLHOs IsMw fMslsded  Isr mw
Codif ! ¥ Isd tedz'His,0 Olsq iyt dgk d = dMmlsj &3 M VRS
CodemistczCIsd o dzr - f OtcOd3j Istets o sBi jCIsO
smizh j Msodzw jIsw RBjIstsHdRz BtsetsW OCIstcdzsa
zOB st Ols stcdzr j dmmdzj Hso Odzedw ddzd Jd3dlIlsOY
oL sy R'siste © Clstste’ | otLddlOsls dzO 1 IsC
dL HJjdzd 2, Clsster § Istclz H dzts dzj o 5L d3ts Y dats
ftesdLoatHMisa O d S dz2OlOyYydd. Clsts dzO(d
sBtsMdetso Odzgdz" 2 Y tsHRtsH € flsdddrHQuad , § tf ted
dzj oL dedCOjIs dzj sBrtsHdBsMIsd HEsY tsdzded Is j dz
Isj n desdzs e d 2 zO 1 Is0fj dr fttsd3" h dzj dzdzts G &
LdZOydlsj dz2 des MBSO Oj sy Mies¢ t©OL OB s
fsmMistesj @iiMsatscty 9" f 2MC O 4R . o 1 j tisHsGI S EB@E ARz
MY smMsBtses bkdzjdz "dls! o 0OtdOBj dz' desfls: ff tets
WOCltster ). ltoddeyudf s d3sfj@deh Oo u ®OEZH jdzj 1. 5

21 0 olststotsimiis o Aetftg ] M sdzdzlz® L Oo d Y Exts 1s
Ld&Z2Oyddir » W OCIssteso . rdzv 1 lssets dMmf sdz' L &z
tOLHJd] 1.5.2

310 bjls' jd&i3 1 s0fj HfwsdmMatsHdls §tsdmes
tejh jdedw 1 Its?2 @GP lsdH d ffezdzsiclis o tsfa sy H
tcOL H1j.dBj. 3
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1.5.1 [ruvYg uvoqu

[ JIsBHT sflsddiiddL Oydd fHtesj Cilsdtctso Odad W
tcOL tcOBSUsdaf Offli sMdztso Ols j dz2 tcsB OMisdets &y f
fteddsj dzdoh ddz + WWJSCiIsdode" U fMfSedfjs daBHIsas " fHsc
MsOBddz! dzgsisd Ijrdtsdzcedud MSdnes sy Mt
oL By dsMIsj 2. [d2 ftejHEZSyJdZ tesOCIsdo dzr :
d ftesyj Mhtse , s fdats 0 O dzdz"” 2 dzO dL d3j tcj da
ftosWd dzOS BEOH dzg dzdeO 2 2O o9 MstcOdo Odedd ¢ Oy,
O dzj d2O dr Ctdzstetsdz .

[Jtej H]dzj dzd J s lsd 30 dz' dz' = tetso dzj 2 ¢
o jdzdyd dzgdwv tetsBOMmMlsdzsMmisd d f§smdzi Hiz¥ MY G &
o Cdzt yojls Mmdzjukzehdy +10fr :

1. l " Btc 5 Ote@lyj Istetetso j HJ dzdw + S MY J ted
fdMmisd &3 M yjd' s Edjd! " jddy oddwddw dI
slso jlIs dzO otsL BBzh O h 0§ oLHJ]2MIsodw d
FftcOo BWHOCE tstctso .

] Otc OBy Ister HSdzy dzf  {f aiety fp tfindstOp Ldpy tsH J diies ftsde
dzf 6 ¢ 5 dL i3 edd3r d WedzWlis! MW dfdewwily ogikd ffgidgi b 9
Kjdzj o Ow WlkdS ydw (Blsdetsh j ded 4, d P de dz0 do L
~nOtcOCIsjtedmisded COydmseaO®. [HtojH]dwe Ishmw
WOCIstster h 2 30. t sBOMIsdztsMmlis ftosHizSydd
dmtfr lsOdzd 2 ) Emzso @ Ot I€ SisfskMis o dnjc d2@@L dzd y
stslsdztsh jdzdd ¢cMdedzOdz/ "zdzé Htsdzy dets BT Is!
o Cdz6 yodzts dzj Istsdzr €5 MtejHdzd?2 ktetseo jdz2 slIs!
o OtedOyds omMdzjHMmlsoady HJ2Mlsadw W O CdHEsS takidsoy
B' Is! ftsolststcj dz dzj M sdz’ € tcOL H dzw |
Metslseo jIsMmisekze h dr §to] HAdzOd3] tej dzdets T =Bld].H O dzdzt

2 . ] " Btste ttlstse tsdzOdz dats 2 BOIsted yr F
[ lstse sdzOdz! dz" § BOIsted yr f L otsdzw ¥ Is L daotayy

fOLO®R) stese fd &dded 3Odz' desdz ydmadzy &My
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BOIsted yr ftoj HMlsOo dzj dg dL 2y @&joafr¢ jOodzt @& s tsth
Ftctsodzj 2 WOCItSO H O4fdztsc sz MY s dzyj) @zls © te
dzs Bts?2 Ot jMsBGEHABdEdEO W LZttsosdzj?2 WOCISE
ydmdzs twOL, . j. oMmj WOSCIkster tHJAEOSCts
9" BStcO® fBSHAtSHWH j2? Gl sdzOd dats?2 BOIsted
MmMosBESH ' .

vydimdzs Milsj §f jizdRBts Migptsa ts® il dag B ls f Otc@@3 Is tc
Cslstster j] HBIEMCOjIsMw o Otc! dqteso Ols! HdAdzW ¢

J Stelstse sdzOdz! dets?2 d3Osted yd , dzj sB - tsHJ 3
H s dzy dzts, CO¢ d3d dzd d3lz of3, Mslse jIsMisea so Ols
WOClstecbgctf g j Hdzj 6 5.

1 sfmdzj o' Bt tlstse sdzOdz! dats 2 BOIsted yr
COYHBEB dqL dda o' ydmdzw jilsmw d L O dmr o O
3. ¢dzOdzdL dzOBOz¥E H j dzd 2, (dzzyg dzdz" » o

]l SAtHJ] 0OdzOdANOR (affptggstoftatband) ( Higzjr = 94 € MY j to
SftejHjdvjlsmw BN jJ MejHdj L dzOyj ded
fsmMisdz C2 oM Etesodzd SCOY3HBets dL WOSCIs
MsetsC Y dztsfls d 1 MY jted d3d dzlstse . [ dzw C Ot
o ydmdzw jIsmw, COYAPHE C e Bn Ztetso dgv . CWWijLlsts
SlsC dzsdzjtells jseh je s MicjHdzj s L dzOyJ dzdwv m.
Bisdzl hd2 (tdsydlsjd drf 2 +W¥WJCIls dzO4dmic] u @f
sBtcOL ts50d3, Odz0dzdL Mtej Hdzedr d MY tsdz' G tzdgasHndzO -
ofMmMjm OBLHJjJ2Mokzehdrn WOCIktteso.

[t sdzOdz' dzOwY MlstckzCIsktcO® 1 C MY j tod dzd dzl
BSHjdz2 HAzY OMyjloO tlsCddtO HAEY dsBts2 ¢t
OHHdIsdo dets?2 d3tsH J dzd , MseotsClzfdzr 2 +WWJClIs
fsdzzyj dz fklsj &3 Mezddtetseo Odzdv lIs§ dzsdzj dzd 2
WOCltste®, d BBh jets fMtejHAzj 615.

456 dZOMdes HdMY jemMddzdzesdBz OdzOdzdL 2 ( AN
Silsdatsh § daed v ¢ MdcdzOdz/ h zdzé weo dzw j Isfyw Mz &3d
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HdMY jemdd ©thdeffisd ANQUsAY d HdzW teOMYJ Is!
WOCIststcO. rdzv YBsHHJtey Oddw GCOyYydmlsoO ¢ te
Hsdzy dzr Mbstetsets Ctsdzstetsdzdtotse Olst MW . ANOVAStS B
cOL sBtcOdZO © ®©WOLHjd&z] 1.5. 4.

4. 1 iwdWdScOydodzdz 2 1 €@ J 6 d3d dgl dz! dzts B
tcOL dzdydzr = W OCIktstese fHtososHdIlsmMw o jtedWde
tcOMmyd Isdz" n d f sdzkz yJ dedz" - ) el L zdz sOIsj
Mtse dzOMtso Odg sts flsdBOdz dz j L dzOyJ ded v
OHHJIsd o dzOVv ddgsjHIg fig  dgjtcfigfeamistsw s j dz! dets?2 d H
LOoadMmMddiismis! dBiyHE WOCIststtOdd;

5. 10d dgj2h0Ovw wsflsddiddL Oydw m §tsdsh ! s
ftesosHdir » § sydzj Ethfsdiz' « Gestsmw HJME toj Is dz
dmé dz yOJls oL d3tsy Bastizlsh j  isde@ y g dze 2 f 560
cidcec dzOdz/ h zdzelzd eld® FOERIP EIssydesdz Ektotso dzj
o' BtoOdzdzr dzd Holctso dgisdsB ™ [ C s j dzlMJtetso Ols
1My jteddzj dzls M or Btstesdz detser n ktotse dzj 2
S tcd Hp dzlp dzds Odzj J - ({ Mdzd dzOYOdz! dzr 2 Hd Of C
BOC M BOdz! degs h dqtetsE, Ists OS] dlsjtwwOydd
Slsdesh j dzdw ¢ Mdce dzOdz/ M z dze .

ltetsj SIsdtetso Odzd § Hsf 2Mmisd d3r = tsls € dzts dzj d
d3j dot " jdedw kWL o d B3Rffdsh dif to SiHOA Ususfedts o6, HIgO
dzd 4 . e Himlsasdy  tod d3j daj dzd v 2 dziz Y § ¢
HSY Sdzdzd Is§ dz! dg" = 1 dzj d3d dzlstso 4bdzw € ts dzls te ts dzW

]

1.5.2 tritrear 1138 61 ¢J R
[Hdzd dfL M tsfipts B Ezw sftejH] dzj ded W s Isd d3
ddzy j Sydodedesets dzdls' v MtejHd ftoesotsHdd A
OdzOdtdjLc tc § MM s dzddRegressvdz@makfsisi dz3ts H j dz! MisOlIsd f
ftoscdetsL qtetso Odad v, CosbsteOw tsfidmr o 0] s
fJtoj d3j dzdets?2 ( dzOL " 8 O] d3ts 2deper@eny & dzsR | & ) tog
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dej MS sd € R ai3d ¢ j o d3j dzdz" 3 ( dzOL " & O B B¢
independentariables).

Il 8 9naftSH A Odzd@ilzE2O0 L O dfd OV § j o]
dzj L Oo d Mjdid3rdgj difdzr =, Ctslstster j dBsekzls o dzdwlis!
Hsdzydzr@ B'"Is! dLdBBjtwddzr 5 ddelsj tco Odzt dg" o3
Jmdzd © OdRO&zdL dzj sBrBHJ®BE o¢ dz¢ ydls: f stc
mMse dzOmMdw M tWHBAd o M GO AHR2, "o @iizite)d,d
ftcjHo OtcdIsj dz des tsydWtttse Ols! (M f sdish 1 s
o ddzlsjtceo Odz dz" j ) .

s1 WWdydj dalsr odzdwdzdw fYCOLT 908 ls, ¢
podzdw e s dzO0 L Owjddpdiodslezsy dIsj dz! des, O € BOG H J
COCa O Mmilsj(j dz L Istsegts o dzdw daed W . ) i tots fn
Btsdzr hd2 0, ModHjlsjdz Msoalzjls t {ftdzsydls
fjtoj d3j dedets?2 dzO L Qo dMmddzze 1 @ QstisitefWydousd] jdxizl:

4 fodsh s toj Gtoj Mnd ts dpdittsc s d3tsta tg G de jsdedd
CsdisB dd2Oydd dzj L O d M s B dztf |y tEie H3g AEZOK S ¢ dz
fedBils o {tIlsdm MazEYyO¥~ L OodMmdBOow {jte] d3J

[Mdzsodzr &3 ftoj ddzzh j Mlsosds HOdzdzsets 3§ Ist
My smMsesdz" » d2OdBBdzj §J Md dz' QO Is§) @iz OIg ks szdz® CId
dlstsej i s dzlz y O Ldgi3 j odigsL fleg e yfd@sddsds | Istets o ¢
Fdzzyh dls! mMdzodWy o, S BRSOz lzn ZHh O s 1

1.5.3 frudr stovesf1d JLdemfrrr1R
I s d®dzscdrn MizzyOvw s §j e &Gy OO ey d At
Haw fdmlsj dsf ©COBUS' s1Q R lsQdz Wscts s lsd
yj & dhmhmdfyttgkidy sCtjfsdshls! &flddkc
d 1CdsBduyjmMSd 1 %¥%¥jCldodbky fByjHbl
O BHdBhE BOECEflsd®EzEO, It ©B' Yyds §5d&C
gL Bj dzj dzgd™w f jtojdsjdedzr 7 (BsHjd fjocts
diisddedzz § o jtcn desiyls: .



49

[ il CtobbtscfosdswPdifsmd] Hse Olsj dz
fzlsd Cwkzlstset oMAHEQREOs dzjlslay d §j IO B 5 d
slsC dzd € O. { Mdzd dzgj sBrtSHdBO dJddBdL Oydw,
Ctoczlstsets MfkzzM¢ O.

 sMissddzMlso © BB ssHO Ctolklstsets oatsMrnBYHJ

1) or MsCOw ftsd3j mntsL O dh j dzdetslss ( f s5d3d
sy dzd @ Odzd W B) s frpldd@Hdgw j & dizlsO : d mMdzd o GtcOH
MeMmisOes dasrtyhj@ad o ©Oj Isfmpw  dzdh v s Hokdz ssYy<e o
IAG, Cclktste’" 2 9 BIBSH] SCtwklstsets atsMmMma Y HJ
CsL WWdydd dzls tsyj ded OB sMOBY s ofmjd3 N = 2

2) ormMsCoOw 1 WWjCIlsdoe datsfyls o Mmd3r mdzj
MeOo dzj dzd ¢ M d3j BIsH Jsar’ | ©dz®) D N YYde] Oc IQH d
s MtOo dzd dzd® M L Otc Mg Jsdzisdg Cogzf yJ ded ¥  § oisB
tcOBtsYyj d3 h O¢ g tc§ z OEHA figs|(§ d5;

3) ftotsB dz" | sfrisr, or f sdzdzw § 3" J B3 Is
ddW sted3Oyds HEsWYY dyPFddstses ftod oL OgtdgisH
nOtcOCIsjtedL z8 h dn Ctedo dL dzlz f 5o j ton ezt fitplsldz
2 d3j dz' " jipd fudats -~ Ot OS Isj tedl 24 It lf s apleiaifls j dzd

4) 1 AGC M fteddsj dzgj ded J &3 f Otc Odzdzj dz! dz" = T
shizh j mMiseo dzw Is+  dzOH j y dzz MIsOIsdMmisd yd MSze

5) & IstsH d&Odetsdzj j +WWJjCIlsdejdz dL oMy
slsC dzd € O.

1JHEBMISOBEC tc @3y fisdstedPtin L dzdis €ts B Sdz! N OW
B sBHOR, Mty dshis! § &zOoddtess Odzdw  tetsB dz
9 Otc! dqteso OdzdwV MwOLEZ oMmjr WOCkbtese ftsisd
s jteOldo detsls! s MeOodzj ded® M Md Y 'dzd & M
Bl jCIsse .
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1. 3R [T 8RL11 3B OANQGWA

Agdze HdMY j tochd tsdedsts gisAnalysisCaizyariadck [A6A KD V
wodw jlsfpw ftese jteC O L dzOyd dismis 6 z tfictfdO ddxff QL o
ctezf  OF M fsish! ¥ McOodzgj dzdWw HI MY j tefd 2
ZO dzj MEtsdzr S8 dMmMssydzd S s (MowL Odgdz" = M
Mtc©o dzd Is Hd MY J tefmd ¥ , 9" L o Odadzlz ¥ tcOL dzd Y
07" L 9o 0dedets? easdplisl@tc dfd taddg fildfu d o sls & .

ltoso jtoW j dBOW SdislsjL O MsMmistsdls o Istsds,
dMmlsddzdesmisd degzdzj ots?2 cdfwslsjL", By dEO H
dL d3j dzydoetsmils! 8, HtsdydzO B' Is! BdzdL CB2 jG
dztsy deS g Bef d dZts SIsC dzsdzgv Is* v .

Il yddzsds HdMm jtemdtsdeder 2 OdzOdzdL d3tsy 4 Is

! sHdsBj todz" 2 @ (sSHdEO L Ooadmd BOW f jtcj dzgd
LOodMmdd3" » 4 to] d3j dzdz" ) ;

! sHdsW OCIststedz” 2 @ (BSHAZO ctkzff dqtokzys h Ow
(ded MSsdz! C8h gBEZPH dptglds] dedz" =) M oL sy dz' d
WOCItste Od3] ;

T M fesmis™ &3d dL Bj e ddwdkd (L Osdmddiov
tOL) d M Yooltsteds &3d (L OoadMmdBOY § jtej d3jcC

fdlssH HdMY jtemMdsdzdzse 5 OdzOdzd L G5 BIQ L duidsias
220 Bl jCIs (ctwkzffkz dmfrkzjdk =) eoddw,jl
o dzd v dzd J MG zOHT 9 O Isfyw s s sBh Iz8 H ¢
TOEOCjtedL sy B jSI (cdtkzffkz dmfr sl
HdMY JtemMd?2, otLddCOsR#fiBodtcl OFdzcEBIsflisa j
sSOC Y] BBEMdzise dzj dade" 7 Mz yO22 dz" &5 o dzd W dzd v
Hd MY J, cthefR2 ) dzts o dzj dzdz" ~ odzdwdzdJ &3 tOL dzd ydz
(sMisOlstsydzats 2 ) Hd MY j cipd § 2 fsLoasdzv jls sy
¥WOoClstetdsts j Misy Byj ddls! HBMistse j edetsls: 4
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RdzSGHO HdMY jmdtsdzde 2 OdzeOdzd L f ted d3j dzv
dzj MSCsdz Cdrn Motz detsMmisj 2. ¢ d d3j dzdzts:
SHddOSse" (6 fwjrHfodsyjdds) d jMmdad I
Bsy des MydlsOls! , yYbts Mo C ki doMmisd HddSt
Bl jHddzdIs! © BHdE d Ijd&E MOB i3 Ef tesMmisd Lk
ddzt stedzOyde, BtsdzjJ dzOHY )y dz@ §J o7 9afSHT' .

1.6 1tRrRIfr1r1RC frufrd{l JIuR[IRYTOARR

) sMCsdr Sk QigdsdsQimf  df tsH HOo dzj dzd j &
fiosdLotHmise j dzgdgr 8 ftetsyj Mipsds, © COyj Mk
GOk jted Odzs o | ¢ & ddistsd’S yddf ff Gtg @)dyj s tets o
sl BOd dscts dGZOwBi® j I PO & s mig artss B L O
sflsd BOMDEDE] s sy MMO dday j € yd s dedats @
ddey j dzj 67 yYOfMmilss HBd dz@r § sdzOcOIs! Mw dzO M
B3 ssH ftesB d BhdetsS ddzd tded dMmff sdz L z8 s
Bdesc s ot d3j dzd, § sME sdgdy deddf 59 €Y § gy d33d
BjlsH vOckyd o Mmbkhjfmlsoaksh j2 ddlsjttOlski
fdcdzOdz/ h s ( Sd NS O dacfizy te tf a5 dils 6D B g9 tizts elz” B to
I Y Ofnls\asTHIlg GhenWS[48 dmisd L 5o Odd it
Taguchi Ly (3% ftoed dzdls' j f tSH HOo dzj degd j &3 H dz
f OtcOd3j steseo fftesyj MmO, GH] BGMmdatse dz" d3d W
Méistesmis! oftr MO, i &Y Jfiselficis Geds&éXudgid d
Bl jHddd d&zd &) lstsH v OE&jyd?: dits iy & SE sazjsls @ &
o dzd BOded W  d ) Aodr@rwals Odetbt¢F0d J § ese §j dzd L S M
EmisOdetse € § f OtcOd3j Istcts o ftesyj MmO M dMy
L EMf jteddgy dzlsO d W ssHBsdzsedd o jten dtsile
5B dzOtclz Y yflsias{ , d3j IsSsH sdzts @ W ftso jton detsfyls d
ftojddizzh jMso O f jtejH dBjlssHsd uvOckzyd 5l ¢
gmMfsdz! Lso Odzd + EMY Jted d3d dzlsT hM stlstcttsdzO
Slsdzatsh j dgd W Md e dzOdz/ " z a3, Hd MY j eid sdady 2 d
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tcjetej MMdtsdedzr | BsHjdzd (fEdSIls 1. 5. AlanM dzv
[52] ftosojdz 1 CMY Jjtodd3j dalsT M dmfsde L seo Oda
OdzOdzdL O, HrilsoOwms bkd3d dz' " dls' EheyKd XidzY [F3}e d
dmf sdz! L v (ocesiclipojdaazsidatzddy Mol dfl ow d d3j Is
HOo dzj dzd § O3, ftoso jdzd + CMYf jtoddzj dzlsT fs
HOo dzj ded § d3. | MmstNgeyalsfid o didny figdzt sz dzd d
ANOVA o MmMetj?2 offrisCj tflsddidL dpdzd g ¢
Is ts ¢ ts ktem ¥55] dmf sdz L s Odz f tcts G tc ©Odzdzdats | |
1M jted 3y dzelsOdBd v Ockzyd d ANOVA HA&v it
ftosyd MMO dzdls! w. | AtH] HOG&Y dzfd Y sz’ Bt
s OGkzydd mHndkyj Htseo Odedw oL OddiisMmow L j2 dIYHLE
¢ stetsBYdz] dzcH § sdtsodzr d©3d § OO stcOBd B " Az
offter MC O, HOo dzj dzd 4 f OCs9Cd, o tcj d3w f O
tcjLiEzd sOIsr OSSR 1S jtod i3] s ds dzs Qc B 1543
O dzj s lsd d30dz' dz" j f OtcOd3] Iste" ftesyj MMO.
dzj Motslse jIsmiseakze hdj] Cd@3BddZOyYydd ff OtcOd3j Istet
ftesHEZGCISO, WwWodzjded® dzgj MIsOBJdz! desfylsd f sy

Shi et al. [57] ftoddsj dzd dzd HSeFOHEPEBdE] Mo
BsH | dzd tetse Odzed W ) Cobstetsds 1+ S MY j tod d3j dal
dmf sdz? L soOded j B3 dzj 2tetsdedets? Mjlsd B OIsdatsc
Gjdej sdud MCdd3sd OdzestedlsBOdd (GA) . -t s5H& .
Is | B | te@dsfiptficd@Oo ©, otcj v offter MC O d HOo dzj d
CodzZstetsdzy dzn » W OCIsstetso o It otj B3W COC
Cdzt yjoss2 rOLOCIsjtcedMmils 382Is @Y Mfsts jOH ) IR OB
BjlstsH sfldBdL Ooydd, Mmedg)s&YisdBdb ONN Jd Is
f OtcOd3j stetso f zO0Mmisd ¢ so ts2 Cter nCd dzO tsMmc
CtoL ozl to]d d3J dzd dzd H tesctc OB Mol df | ow
I'fsmdzj Himbsadd ¢S¢®MLzODY Odzdy ORsEd dU @FJzE
os otej 3 sy MMO ddis! w  &zOMisdzOmMMm f sH
Chen et al. [6]] ftod ®flsddiddL Oydd f§OttOdR] stetso
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1 CMf jteddzj dzgls© ( DOE), BBjlstsHtsdzsedt f§tso j tor
BsH | zdtetseo Odedd CAE thejc] dzded s of O dzcfidy M dezof gelz
tcjekzdzdtecze hdrn WOSCIkktesea, d WOCIsdyd MEOw ¢t

1 s1 lssdsz o dzdzts 6 sy d mdzj dzdz" =~ dmmdzj His9 O
1 CMY j ted d3gj dzls fs dzdls: ¥ f8H HOodzj dd j d3 +
dBdzts ¢ ts Cdtefdis jdigs 2 s lsddi3ddL Oydd Hdzv fetsyd MmC
Chen et al. [62] fsmistetsddzd MdMmlsy Bz B lsddizdL Oyd
O dzO dzdldflow, d3j Is s HANODG BPYN, GAd d3j IstsH T A dzjdlsiusidc
i1 Okt @A . (s kzlsOOdz6F Kida ¢ Qe R8xfd GA H dzv
f sdzz y4 ded W sflsd 3O0dz' dzr n f OlcOd3j stetso ¢ st
dmtf sdzz AGVAdGgzYy tdMCO BBdjj 90)dr -~ WOC
RSMJGAHAY fdMEO flsddOdz d@f =  OtcOdddls tc
sl j H JDRE &RSM o &3 MANOVA d  ud Mdzj dedz’ o3 dBisSH § dz
ftcso jJHJddY +CMfJjtedd3d dzstse § 5 5 §Skntdgld[650  «
dimf sdz’ L 50 Odzd §tets6 tcOd3d3dzts | ofs BMSMY] JRENHAGE )
Yylsse" dzO2Isd sSfilksdd®dOd d" § § OtOd3J Ister dzd Is
Zhao et al. [66] ftoj HdztYy ddzd BsHJ dz Bl Mstetsegts C
sfilsd di3d L Pyl RO HFIP ,( CSlstcOW 1L WWJClIlsdoe dz
t5n dzOXY H jtelfd W s sfd3 X § Yrs@d dzjj dgdas etSatf [67] ftetse
dimimdzj His9 Odzd J§ BzesctsCtodlsjtcd Odzt dets?2 G lsdd
f OtcOd3j steso v Oekzyd d dzj 2tetsdadz § MJ BSPH gy c
st Hjdzi dzdVY SHIsddZOdzr dz = Emdzsoed?2 sy f

1.7 JfrYJtrRACYRC t[Z[1RE

stsdzmistezCIsstelr d Isjrmrdzsdzscz ftedr 5H JIsMmV
gqdzd ddzr = bjrdtsdztedy Mcdr §OtcORj stetsa o
WOCIktsteses oBLHJj2MIsoadwy d&zO tslsdzde Oj d3tsj d

sy’ olspl detisdege d yj S difj tof Ot Ol detoushs dzdz
Wl dzS ydw 3 j d&zOlsj dz desfyls d .
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1. B 3srfcArR11®BO[ R
(GREY RELATI ONAL ANALYSI S OF QUALI T

cujter dse EZftwOodzj dzyd MSdd3z OdzOzd L tsd3 dzO
Pdztse d¥ n daj SY 6] HY dyjQidgtdh) Is@(dzO dfdsL’ Sudglz sy J dzd
dzJ sftej Hj dzj dzadzgOwW JdaeW stcdzOydw MtsmlsOo dzv j Is
dJdW stedzsOydd. wuvjteddddz ¢Mmjter je eBEkzMmdzse dzj dz
SHds?2 Mststttsd Mlssdls Ijtedddde ¢Bj dz' je' | i
dzO Hiclkz G ts52 fMls s tets dzj Mistsdls Isjtedsddz ¢y
dzj sftcj Hj dzj dedetsfls! ). [IsMeE HO Isjtedzddz ¢ Mmj teC
d dzW stc 30y d ts dzdzlz © mMdlskzoOyds fn) yomlsdydats?
dzj stftcj Hj dzj dedetsfls! 5 . 1 51 Is tsufjizfi Ssdj 2e d90 ddO dz ] &
fted yYyOmilsd ydzats? sftcj HJdzj dzdztsfisd Bk tcOo dzj «
OdzOdzdL &€ f ted d3j dzv & BB 69 tQjdedPvdaffditsjdedztudy tdr 2 to ]
[69] dmfsdz L zjls ddaW¥ st d sdledzdzB H i dz'H -~  Hal
mdlszofd d |

vd stedw M’ -~ MdMmisi 3 8" dzO Defde[irF dztsy gz
dMmMmdzj Hise Oded ™ MdMisj &g M dzj HsMSOBBYdE |
ZzOL T 9 0OjIsmw sOCOWY MmdMmlsj BBO, CslststcOW  yYOfr
dzj § sdzdz" o SFIMOdedlg iy thi ' ~ MdMisj i3 MJter 2
b dzOo dzd 9 Oj Is tslsdetsh jdzdw BBy HE G dzOodzr d3 W C
WOCIsste Odzd ) dimmdzj HIzj d3ts 2 mMdmilsj dzj . J
fsfmdzj His9 Ols j dz! daetsfls Moslsdatsmd s mw Mt ik
ColtasCjOLf 9 Ot ls dzj SBlststckzy Milsj §fjdz MntsHM
sBtcOL tsd3, ftejH]Jdvjlsmw dzyh ow dL dd~.

Grey rel atiid@pnlatty OdaOdizdte j dzdw o Isj stod ¢
Clstster 2 OdzOdzdL ez jIs Mmlsj  J dz (degree)
f OtcOdRBjdete schr HH d MG tcj Isdes?2 f sMdzj His9 Ols j dz! dzts

RMMrtsHdz § +CMf jtedd3d dzlsOdz! dz" § HOdzdzr §
0 H 1 o Mtsslse jIsMmise fdilz @h i éc d wlazy § ds i3z dzd
LOoadMmddismisd (1. 1) :
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x, = % (1.1)

_maxj y, - miny

GHY=maxy 7 dzOdBtsdzj J dzj cOlsdoe dzOvY R OwOSIs| tod
Ldz2OyYyj dzedw s € OY H B dB3=1..10cAgEy ds@ldety d offxg jos o=
ddzy j S yd sdzdzts 6 ts dzd s w . 1 Od dziz yh d 2 dzts to d3d
L dz2Oyd dzed & 1.

Greyrelational¢ 54 ¥ W d ¥ § &lslstster 2 tOMMuyudls" 9 O
Mssilsdash j dzdw By HE dHJ Odz' dazlBO dp 820 & of tej I
Bsy JIs Brilsy o" Oy jdz COC:

_min, min; |- x | + max max §° ¥- |
IX'- % | +max max K x|

(1.2)

GHYTLIsts dHjOd dz@ 2 tjLbkdy OIs (5. j. dzizyh
i -ROtOCIsj ted mlis - o ripCiO(digtiriglsshimy)¢ s41 W W d yd j dals
yjdzi s CtslststesSets Vo dzW j kW S ZOB tre ez tsd2h
Mzdh Csd3 Btsdz "ddz d, Mdzy His9 Ols j dz!' dzts, o
rel ational Ce1 WWdydjdaelsO. |1 BhM jd3, JjGts
f OtcOd3j ster Ftesyd MMO ddsj e ls tOadzr 2 o j M.

1 smdzj f soereigiozd st v W dyfHd@egg i sd! L
odJMmMser a CL WWdydJ dzlstse  H dzv  d dzlgrgyeredadiang d
CLl WWdydd delsse Hdzvw  COYHBE L CMY jted d3d dzl
sy dzf Iz . [BhOW yjdz¢ O ddetsy § Mise j dzdz" = A
qdzlsj ctedtetso Odzdzts?2 toj dzWw yd sdadats? tsyJ dz& j, €t

N
‘gj = a ml if(’ (13)

cHljztese j dp L cHON dUBEGYs j tdMisdSd € Oyj Mmise
Yjd& orhj Jqdzlsj ctedtetso OdzdzOW  toj dzvv yd ts dzd
L MY §J tod d3J dzls O, sjd3 tsdz Bdzdy 4 & dHJ Odz' dzts
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1.7.2 AL SARC rrf v ?1fHuUuR

rdzv  tejh jdedvw dBesetsCtodlsjtedOdz dgr = L OH
ftesyd MMO ddJd Cydesddtsets dzdls! w) dmtf sdz' L
sBtsBN j dgdlzse s fupjCdd) L OHsqeflals , d f cdfOdB BdZj j] EZHTS
sB BN j dzdzOW Wz dzC yd 8 mpjede@lsizie dz'sdiz®mls ¢ dzg0. o ts1
&ZzOB dz¢ Hjdzd2 L O toj Odz! dz@ &3 tej " jdzedw dlzgd + &
fsdzj L dz" &3 Mo ts2 Miso OB dz& B & dedzfs fts IS o datizfd) k

l1tcj Hd&ZOG O BOWY dBiIssHdC O Mo dzj degdv tcOL
(od)XO thMdtse ] yjdtst dr IkirdduydimMédres "0
N d 2OIs § dz' detsmis di facQ eitidsdd sty de@® dzj C slstster §
sBh jffsH A SHO €  tetsB dzj d3g syjdcd +W¥WJClIls
tcOLtcOB OIS 9 O d3F = o ¢ MOdits G ts tcOL dzd Yy dzts G ts
o SL d3tsy dets s ¢ sflsddizdL Oydd ¢co¢ mModid - d3.
tcOL tcOB BISC dztso ' n oo . l &3 Mists tf toofsfiids jtsd
fdtedmMudlsr e 08 sw o ydmdzse ™ j L dzOyd ded"v,
sBhjets Ci WWdquydy dzsO Mmdmilsg d3r .

Is 1 sdd3 St W Wdydj delsOd3 teOL dzd ydz" 4 Mmd
ydmlssds adHje.

[ O] BOBduiMEd?2 OffOLOls {Jtej fyjdsLdsdft
ydmaztse r j L dz2Oyd dzd v SO dzj ftesmls. 1 0O €
WEdeG yd?2 (. sikbaDedk@uicdsGaaBOY ¢ SCtedo OV Yy 4
i d=exg-exp-Y)]isftojHjdzvjls WEdSyds ) HolkdgO
dy1) d dzddzj 2dg" (@& DDEHY

CsO WEkdS ydw B 2O 9" 9jHJdO 1 & dtwydy
ZzOL " 9 O] Ismw h € Odzts 2 Y OMmlsider R ¢ Ofgts@ O L ¥ Jsdz@ds
ltesdgd Y lss¢ + WW JjSIsdoade = L dzOyd dad 2,480 h € C

ZSCOdzO »y j dzOIls j dz'odz@ifigflOdf OH jsdizfjlsfiipls 0 HEts 1
[0;02]i ¢ sy de' f§ dzsmBelf dzsRBise2; DPOBRBE9 dzPls 6Bt (
[063; 08]T ¢~ stesh se, T (BYPdz? 1itstesh se. s ts dz$
MtOo dzd® O B" = dmisd &3 tOMY tej HJ dyls dstipwh ]
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ftej Hl WodzWw jd3r d3 & dzdd3s Istej Bso Odzd W d3, dzO 1 t
Yyofmlsdzr = fsCOLOIjdzj?2. 10kjd3 Mtslse jIsMmise
Slsd3jIsCd dzO h COdzj xj dzOlsj dz’ digsmbids Y ©&OJ
fjteifmMudisr o Off sz @disgdylsg tBEBN jdadzr 2 Cisd ¥
D. Jdz o" ydfmdzvj sy ApesX§ SBe@®IE dzj cnHij ud ) dzt
dmMfsdz' LEzjdi3r 7 fsCOLOIjdzj?2 (OteORfIstchdasd iy
ydmdzs {1 Isdr fsCOLOIjdzj?2 dBsyjls Brils! Cdsj
fsLotsdv jls MtOodzdo Ols! tBEBh jdedg' j Stsi W
Yyomls: §OttOd3jlstctso McOo dzi dzgdw £k tOL dzdnpdz
Mmisj ¢ J dzd cmMedzOy doe O Iseé oL dzgd C O M tsils ¢
fsLotdv]ls sy dzd o Olsts § to jimd gl jdegzts 2 ( inlsJ 7
¢ BOIlsj BOIsdud MEde.

1.8 1TzNfrafoélr 1

1 O s dziczal B dzth @ lddBta dstacts Mtso o i) dedesc s Mis
COyjmlsa® dzdlsr 7 dLHjdzd?2 dL { t€dzdflaigjsticdzCads
sjrdtsdzsedy MSts?2 sHEBltsaCd ftotsdL o tsHMIse

1. 1 8C0OLOIjdzd SOYjMmlsaO® dzdls™ 7 dL Hj dzd 2
11s0f ] sy CIsdteso Oded™Y dLHJjdzdw, O dd3j dzdat
9" BiSte RO j tcdOEOPfitctsg € IsdlL e sIstso dzj dzd J
Hstese oMW h dd3 CodRf sdzj dalstsdz  -Ezr dats dztOd ¢
f cHetslIsse € d wog dzw jtistiwis S pdz@dy dizfsj2, L OH Oy
HgOGdsMIsd SO fswodzdzdWw Y tslsjdzydOdz! dz = sl

2. [lSdztsdzj dzdw, Ctltster j of AtsHWI L O t
ftesHEZSCydd, fHftodotsHwls ¢ fwodz dzd® zdetsa s
Colstste’ 7 sy des tsftejHJdzdls! M d Mt &AFDA2O oA d
JteOdzdyr 1 Isdrn S agdpdd ccoddfhHstsHBBEydd
ftoj HdZOL.dzOYJ dad W

3. 1 dzw COud Mise j dz@elds & M 1O da®@'dzd LHAs dzy dz' 1
d &3d Is Oy d ts dzdzts j BsH j dzd tetseo Odzd j ftesyj MMO
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sBtstczHso OdzdwW (otsL @Iy desMmis! Cdalstesdzy Mt

of6r MS O, C s dzf) IsWetzt€ gy .4t egjj i ud o O h Ow
sj B j cOsktck ©OMf 0o O d s8OS HOd j) .
4. tjLbkd 8O OCdE d&dksOydsdds &«

teOMmtY tcj Hj dzj dzdzlz & fts Bl jdi3dz COtlsddzz (€O
shdzOMmis ¢ d, dzts ¢ @aif? dz' & I§ s tc t3iB. 8y, Cdetslzd wWaimls
~nOtcOCIsjtedMmMisdd taj "oj difftsd dy sfftcd stedisj sy Isj n
Cdmistelz C WWfBedftcjmdgy ©B8JMYJjudddy <O0yjmk
sBtOL 53, btejBlzjlsMw CoOdddjlstedyj M oOw (
fteddawiIsdw tojh jdad 2.

5. CAHEdMmiIsj d3r fsLotsdzwesls ftotseo jMmisd od
s tcj HJ dzj dzd W sB dzOMlis tcOydtsdzOdz' dz' = Is j
OdzetstedIlsds Hdz?w BtOBISSCd tjLizd IsOtss 1 ¢
tctsB OMisdzts G 5 f dzOdzd tc ts 0 'Odlas{@'ts 1 4G Sinftf 1fj _jtotef ofizig jozlzls
sMsB j dedets Mis j 2C AfHpdf fdgls falfz .dzd W

6. 1 JIcOL tcOB Sk ¢ 2 i3 jvdelsdfytdsyj Hizter f to
ddzy j dzj tedzsets OdzgOdzd L @y iy tc § e ts 2tpdiScasQEEg)i3
ddzls j ctceOydd o MmMdMmlsj Bz IsjrdtsdztOs d yj M s2

bydlsr o Ow orh jdL dztsy j dedats j YJ dzv o dzwhHjds
fsorhjdedj SCOyjmbsoaO dqLHjdd?2 dL f tsdzd d3j toc
HOoadzjdzd j 3 L O fMydl MmMtse jteh j demise s Odedw d
o Cdzs yos h jets 110 ydifwtofetsty j @D ddzftdsts ov(
fsCOLOjdzj?2 COyijmkseaO wlsdzdeast¢ dO ydWts
OdzOdzdL O ftslstejBdlsjdzz MSdr btejBtso Odzd?2 & ¢

[ dzv HBMisdy j ddvY §MmMisOe dzj dzdets?2 vy j dzd dzj

1. ltwsoejMmlsd bitsttibduimMéd?2 0O0dOddL Mk
COyj Mo O dLHjdzd?2, dLetslstsodzj dzgdz" = d3j IstsH t

2 . t OL tcOB BIsOIs B IssHs QFD tOdey dt
fslstejBdljd MSdn §8COL OIS dj?2 € 0Oy.shylyend
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VstedissBtcOL so Odzdw Hted dd3dlsOydsdedztsd3 B H
ftedd3jtey dqLHJjdd2 CtrhCO IkOtr d hjMmlsj tcda®
3. it OLtOBBISOIs! B3 ssHdC Iz ftesedzsL O
CoOdzd 3 sted yj ME 52 syJd dzf nOtcOCIsjtcd Mmisd
d Bdusds dzdats 3 35 H § dzd tetse Odzd d  d dzy § Fru@ftas@iZdis)ctds
COyjmso O WstodiicsBtcOL 5o Odzgdw dzO ftedd3j toj C
4. (1 0OLEOBBkKOI! &jiksHSE bkftwOo dj dzdW
dMfsdz' L so Odedj &8  ZzOdzdtetse Oded ™ d &3¢ )@ dot
BsHj dzdtcseo Odzgd W mn PO § Gy jCERE@ Lo {tosyj MMO
fted ddeyd Sydtsdzdesdz dzdls! j L O Muydls or BBts(
tcOydsdzOdz! dets?2 € stttz € (dndf M e 3B § SH o BH
S dzOY H J dzd W9 ) deQ Hfjtedddj Cter P C O IsOtr d " jM

5. it OLtcOBBIsOIs! tcj GdzOd3j dzls Y BBHGEBIss C
ydWtcsosets dBsHj zdtetseo Odzdw sy MMO dzd Is!
ydqWteser o dd&3dlsOydtsdedzr = &BsHJ dzv 7, sBj MY j
f tsdzd o3 to@etizg 2 H J IS
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2101101 b rmrol 1ol sROr [ v Ll RIS
1o Cuveslinevtosuvftoga [ LAarRYyruwsds 1L
Vidry b frevle [rRugm RYTCSJRE RY P JJRICIN

¢ dzO dzd L ftiesyj Mmse -sj Cwzzirse 4 §ls §EIBQ
ftesdL 9 sH MiIso Qf Istfj keI Bdzdz ? ~ OtcOCIs] to. ) 1
ftesdLOBHMISa O fsdzdd3j tede" = dzdils'™ = @8 fgdd 2y
orfkm¢ fwsHlkzCydd, MmMlse jlsMmlsoakzs h j2 L OHC
fsmdzj HizE M d A 1 sOf tso ftesyd MO dedds2ts H fif ¢5 )
ftejHr HEM dBd d fifg Uindfjshisrjoides? d 3d 1+ sOf O3
CRlststcOW Wtstedddtelz j Isfqw o -Idf jtetsdgty drgdng) d uS td sl t
dmf sdz LkzjIsmw Hdzv Wtcdzkdtotseo Odzdw B OL " L da
fes Ssdesos @irEdaafidegd = dJLHJ dzd2 dL § sdzd &3
L Issd3 MdMmis] B3O o dzzlstej dzdzd» MoweiL j2 d3j yHE
ftotsj CSIsdtetso Odzedwy fHBLOoBAYjIs dzj Istsdzt €5 H
(Is0CdJ, COC MmMdedy Jdedd S Oyd Misb®s )d,L H gatizd "
5§ tc) H dzkdls - sHd dfy fz] ded v d ddCdziE Odets dso dzisOl ¢
Ccocdy fsmdzj Hize M dj Cstetej CIsdtetso € i st
R dzW ste &3Oy ( ts dadzts | s H j dzd tots 9 Odzd § dzO ts
oLOddisMow L Odader = S sdi3thdzy [pj tf deH & ts Bsties | dzPh M
[8].

rdzv ssimfjujddy COyjmbseO dL Hj dtpR, dzp
J Mis! MsLHOdd] fdzdes? Isjrdetsdzsedyy MEs?2
ftesdLosHMiso © dLHJdd?, dzOyd dzOwd L Hsjsdzd & ¢
sflsddizdL Oydd, ftetso jteCd dLHJ Y dO Isj q dat
1 Cif zOIsOyYyqdj?2 d ksddzdLr Oydj?2 dLHJddw
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2.1 "wvzruvluvdzoe 1itodbsuvrsd viItolfr1RrRC
s{f1evuvsv tweMi ] {1 rRYras s V1 ri1fuvfl;
VidRrRYydfravl ¢ JrRuzm RAITT[RE RIQUILJIRRYI (T

4S5 toj d3j dzdzOW ftcOCIsd¢ O 4§ tcOo dzj dad-w
Isj mndesdzse dyj M¢ 2 fsHEIsse € d ftotsdL o 5H M
BOIsj ted Odztse R CrdzdCjlshjIdeoddajzai tsdgfy OlIs € Odzd, ¢ ist
Eyd d&O 11s0fj f§tes] € Isd tcts olz@ dARsociation sfcG@andzt
Engineers (VDI 2221, 2023) , BsdzjJ 60 %
Ld&2Odzdv dizgd s Isj-rdesdzse dd ddzy j C ydtsdadets ¢ s
CsdzmistezC yd2, Isjrmrdzsdzsedyud MEd MmMdzsy dz" = ¢
Clsts fvcjskfpwz o dzj Sflsd 3Odz! dgr = Istsdzh d d&zOr fls
d C(ttetsBdzj dzdWw , SlsmizlsmMiseadd dzj s - e f d3'd
fndzd ¥ Of sy dzs M isit 40%z[07] 25 0 1OC Y] o dedetstedt
3" COdedw Wtstedd" , yYlsts EkOmdkdE qd e IS 0fmis tsd d3t

1 jtoj atSHW ¢ Isj mndesdzse d yd MS ts2 f SHG SISt
1cOCIsdC O ftotsj SIsdeso Odzgd W  dzd Is Internatidnal Makelts d
Manufacturers Association (I MMA, 2022)
mMdMmisj dg Wwdledsd Sftetsj CIsdtesoh S s dMmf sdz! L |
OHOf IsOydd & SCBdCtej sdesdzse BBOIj ted Oz d dL
f sdzde" 2 OdzOadzdL Isj yj dedwvw t€OmMf dzOGo © H dzv Md
mMdMmisj d3 tsn dzOY H j ded W ftcdosHdIls t€dzr izj tHfHsOAS
o j dzd w4 ded © otcj a3 tzd 5 %.d € OB 5O d&Bls j to d O dzl
smih jMmsedzw j sqpw 2O thdtsej fotsh detsets s
dgdmfr sOdzd?2, ¢C0O0¢C Y8COLOdts dMmMmdzj Hise Odzdj F

g dMmilsj 3O EftcOo dzj dzgd Vv s OYQuj filsa B gls sdz@ d
mMizh j Mise j dzadzr j dzj HsMIsOIsC d. ¢ dzO dzd L Ame
H] idsdzmistedtelz j Is, Yylsts bisdzr s 40% ftoj HYt
CsdzhstczEpBugzsc d yd M 52 fsHetsIstse € (, f t
ftocso sHdIsMw BWittc dfOdijdegtst, iz M j e ts o dzj Hicj ded W
RiMMdzj Hso ©dzdj McKinsey Digital (2023)
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MdMmisj 3O d HtwsdL o sHMiIse j dzdzr d3d H Odzdz" dzd
fedesHdl ¢ §sbjtty ddisedOoydd {§aQdad |
dzj o sL sy desmls dimf sdz L ts9 Oded W ftcsdL ® BH
ftosj CIsdteseo Odzd v .

10 MmMjesHd"hded?2 HJ dz ftcOCIsdC O ki tOs
s rndesdzse dyd MEs?2 YoHGEeBIssaCd fHftesdL 9 BHMIs ¢
(tcdmM2 dz6sfftsfflssdls dL MdzjHkzehdr 1 sO0f o :

1.10 fjtotsds {Is0Ofj ftosdmntsHJIs tcOL
SHdsEdzy L HtlasRB A3 o i®)dzd | bklse jy HOJ Isw f tots
f tc j-Wnthte &30 . 1 Otc O dzdzj dz' dzts ftcsatsH (s ftosyj
toj ) s ddo) B B dzdz@ 8O o' f sdzdzw j sy M|
shdzseo Odzd d destedzOIsdo dzr » HBCEAJ dzZlsse, dzd y
Isj rdesdzse dyd Mm< dn ftotsyd Mo . 1 O J teh j dzd 4
LMy Jteddd dals d 4 sdzzyd dzd J s 8Y 3 Ju 426 &6 Grdf tizef &z
Slsdzd o GzPzd 19 CPRFHHEMBH B3] dzj ded j &3 § 5C OL
SfteJ HJ &V jJ 3" » d2O Mdseaj " SO OB TIST 1
Ldz2Oyjded?2 ftsCOLOIjdzj?2 COyjmlseO IIstejBEZj @S
ZO ColtE I tctstc OBVtsdcldy . f 6 isfipfiiy Yy d ¢ dzi Wizt
dzj MCsdzr s tOL (HB dBsdzj dzelsO f tsdzlzyj dad w
Elso jtey HOJIsMmw ¢ s5dzfnls iastoyzf v, EifisIskisdetOd titelziz iy f
ftesy CIsdetso OdzdwY d dL ¢tslistsoi2] dfdis fdfiyrtc d 2 dzts 2
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Harvpeeii sECOepHMERT

VrEepEaane HaMeHsHNH EOHCTPYENHEE Opece-Jopus: B
TEXHONOTHTACENE PEEHMOE

}

[ PaspaboTEa OposKTHOR SOEYMEHTATHE ]

tdmzdes & 22 j hlsoze M OV dBjISSHIC O Isj A dats dzt
ftesdLosHMiseo O dqLHjdzd?2 L f sdzdddt

2. 1 Oolssgdsd®tf | ftesdmMrsHdIs t©OL OB BISCO
i tc j-Wnthtc d3" ZzO e | f sdzizyd dzdzr = njfLr Hsd® dis
SH A5G dzy L H dESB e o3 1t Mimts iy dzj dL Gsilstso dz} deth ¢3'
ftesdLotHdIsMW StcOBBISSO Isjrndtdztcedyd MEd
1 sOf ByJdits?2 COyjmsed tdkzyd dd' -~ tslsdz
dmf sdz' L 2§ d3" - ZzO olkbtetEisdiy sPE] , o bzis H 2|
SHdzsGdzy L H-izB B RO i Bz yOr s Is EMmdztse d-2
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Run 1:Banka_125.mfe/PP_CaltexPPMS60_1 mtr/Banka_125_2 pro
Rng: 19.9~236 Avg: 153 oC,Ep=1,756,207 Ec=512 Em=0 (FasiCoof) <Mixed>
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Warpage_Total Displacement

— Moldex D
Run 1:Banka_125 mfe/PP_CaltexPPMS60_1 mtr/Banka_125_2 pro
Rng: 0.215~1.08 Avg: 0.631 mm (Scale:0.00,Total, 1.00),Ep=1,756,207 Ec=512 Em=0 (FastCool) <Mixed=
New run for virtual molding tria)
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Warpage_Total Displacement
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{_— Y gg5 Rng: 0~1.42 Avg: 0.683 mm (Scale:0.00,Total, 1.00),Ep=1,756,207 Ec=177 Em=0 (FastCool) <Mixed>
200 Newrunforvirtual molding tria!
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fzdeSIsy 1.2) Brdz fted8) dad dz ftcddzydt v OG Iz

[ Ols j tod Odz i BEE#YIBTREX Vectrex90HMF4 0 o' B d tg O dzfiyv
HOdzdzr 7 titdsedymMédrs d d&jrOddyj mMsdn
Mos2Mlso Oy dBZOtS ] dBOLjtedOdkzO, dL Ctbttorc
(tod Mgt ¢

Description Description
Folymer PEEK

Grade Mame Victrex 90HMF40
Producer VICTREX
Commen t 40%CF ,D=1.45 gicc
Last modified date 2018/10/22
Process condition Process condition
Melt temperature (minimum}) 360 oC

Melt temperature (normal) 380 oC

Melt temperature (maximum) 385 oC

Mold temperature (minimum) 190 oC

Mold temperature (normal) 200 oC

Mold temperature (maximum) 220 oC

Ejection temperature 287 oC

Freeze temperature 318 oC

t Mz diBIC) GHe O 3§ Iste’ 30 Is PERKDAREXOMxDr ek 80 MIF40,
dmMf sdzt Lizj dgr 2 Hdzw o dtelskzOdz dzetsct
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) Ot OB [ te Bis § dzO s Oezdh Sls@®EP,] o ' B tc O Mvldex L
3Dd foddkshlks' ¥ hoslke jlsfsokéls §O0LOd] st
fesdLotHdls! v  wfikedsfy O Q) dedhts 28 izt 1© jo Eyghth 5 H 1S
ddoy j Cyddedzgse s dzdls! W ) Ote d3d,te kzff t& dftriay j dRdtsaC

[ o .

4 1 wfwewvolf iR 1) 010 GsualpiRrRI[

1 tod or wo dzj datfdfB ¢ OK JsW € Is © ftcd ftotsd
ftecsosHdlMY OdzOdzdL ftesBdzj BB . 1 & tojtedzulzf ds
odzdqwe hdn dzO §tswodzj dzd J 1l Issets HJWJClO.
otsL sy dets bkMistcOdzd Is! M fsdshi s Ctstetej C Is
stcj Bzt Ils HBY dzddlsj d' d - L OlstcOls. s O0CdJ
CcdzEe s et OdzOdzdL O.

[ dzv OdzOdzdL O rB tsffdag dj y fiplzts ySdas Isster j Istcj B Iz
ftoestcOB IS d, MsmMlsOea dzv s Is  j toj yJ dz CtedIsd
dzj f sftej Hlso j dedetsy o dzdWdedy dz© sy M d

V ftesdLoBHMIsSe jdede" = Hesyj MmMtse Mmizh j Mis
Mty lsoOEdg@tcr € sy J Is f slstcj B9 Ols Btsdz h
BOIsj tcd Odz! dz" A Mtcj HMIse . [ dzw i tetsh j ded W
dmyf sdz’ L s9 Ols B3j ssH v Ockzyd. I mMsB § dzdzts M Is
1 CMyf jteddgj dels© wodzv jIsipw dMmf sdz Oz Alzd | ZOE
Cslstster n oLOdABsHj2Mlsolze Is teOL HJ dzj dzdz" §
HiMsOBddzdL Jtckzs h dj 4BPBRj ster  ( sOB dzd yO

v OB A4 OftcOQodzv Jd&3" §J d HiMIsOBddzdL dqtelzs h d |

L tets 9 dzd
1 2
v BB JcOlsztc® o ftcr f 380 400
U j B j tcOls Mtds@c of tc j( iy 180 220
[ Qo dzi dzdj ot ter MC O 180 220

- ) OO Ister

[EEN
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l otsHtsdzy j dad
Qo dzj dzd § Y BHY ) MM 54 176

l otsWddz2 HOo dzj dzd W 1 2
ltoj &3 L Off tsdzdzj dzd v 0,03 0,05
ltojd3w or" HJjtyCd s 2 4
stsdzd yj mlsets Istsyg & 1 2

ooNoO O A~

ltesWddzd HOo dzj dzd Wtc f fiplg dténs Q4datrj dz'©O Hd2@zd v
ZO 100% otcj d3dj ded H totsyj dzls dzOw Mzl @g def HFO(
HtS 95 %, HdzW THde@s W ifftds i3joxiRlsC ] otcj d3j ded s
LOHOo Odzsm! o HtjHj dzOr wlIs 85 Hizd &GO dz®of'
T 75%.

rdzv COYHBEts f OtcOd3jIstce® B dzd tOMMydls
Hj dz'tlsj'L.zdzt sOIsT ttOMmMyjlsO ftoj HMisOo dzj dz@r o

Type: [Injection Pressure (%) vs Time (%) +| SectionMa- 2 [= Type: [Injection Pressure (%) vs Time (%) +| Section No- 1 [=
Profile type Profile type
100.00 @ Stepwise 100.00 © Stepwise
90.00 Palyline 80.00 Palyline
g 80.00 g 80.00
o 70.00 ® 7000
2 g 6o
£ soo0 £ 500
g S 4000
3 7
o ]
5 E
10.00
0.00 0.00
0.00 10.00 2000 3000 40.00 5000 60.00 70.00 80.00 90.00 100.00 0.00
Time i Y
) ‘ Capture... ‘ Time [54) | Capture_ ‘
Section Section-1 | Section-2 Section Section-1
et ’ [ o Time (9 ! o
Injection Pressure (%) ~ [884444 884444 742222 Gonecl Injection Pressure (%) 928889 0238380 [ Cancel |
Max. pressure = 250.00 MPa Max. pressure = 250.00 MPa

Q) B )
t dMEz4dB’C) etsW d dzd H@GH@H @G OO IStetso
BsHj dzd etseo Odzd W
(O tesW ddzr HOo i dzgW dz2 e OB 0lzj dzd W ¢
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L dzOy 4 dedozy J i€ Qe ddgdistetise  dzd Is

cOMYf ZzOs O

: , HtoJHdz) J L :
] OtcOdBy Iste ddzy J €y f 010 Is r 4 dz s0
U] B jtcOlsztc©O o ff to! 390 10
v J B j tcOls RVtdsQe dff tc j | 200 20
[ O dzj dzdJ o e’ ME ¢ 200 20
[ Qo dzj dzdd tsHtc] 115 61
) esW ddzd w0 @ dsczfnded 1,5 0,5
ltoj 3 o" HjtySd 0,04 0,01
ltoj &3 yd¢ dzO 3 1
stsdzd yJ mMlso ts Is 51 15 05

] kOBikZdyftejHMisOo dzj dz ff @z oSSR joteld o3 jodz

WOCIststetso .

U OB dA[QN O dzOdz + S MY J tod d3] siAstEsL dz@ y S dBfHWSD " A

AOCIs] 1] 2 3] 45 6] 7] 8

1 11 (111111

2 111112272

3 11222111

4 1|2 (1|2 2 1] 2] 2

5 1|2 2122 1] 2

6 1|2 2] 212271

7 2 | 1|2 2 1] 1] 2] 2

8 2 |1 |2 12221

9 2 1 (122212

10 2 2 (21111 2

11 2 | 2 |1 2] 1] 2] 1] 1

12 2 | 2 |1 1] 2] 1] 2] 1
RN sdz L v &Owdyk ' SMYjtddj dlso,
oy j Syddedes e s dzdls! v MsfMlsOo dzv j Isfyw

Is OB dzby J

fnte ]
{ &zO
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s OB A Osdzz yj dedz” 2 f dzOdz 1+ Sy j ted d3j dzls s 9 :

< o g o = &) O RP=]
i g 8 N P —b B e - ot T g ~ o
-g « K% 2 = N=) = EG
I O g ISR =t
;._ %) o s -g -H g -B . ® _B = — L

5 o 8 — 2 —b o | T8 o =] g’
og O T 9 B Oz | =" %o o | TR
= < = Egg ® 0| pge B s 8=z
S — —b s 7 o
— 9 2 = - —_
71 1 | 380 | 180 | 180 | 54 1 0’05’00 2 1
1] 2 | 380 | 180 | 180 | 54 1 0’00500 4 2
8| 3 | 380 | 180 | 220 | 176 | 2 0’00300 2 1
2| 4 | 380 | 220 | 180 | 176 | 2 0’00300 4 2
3| 5 | 380 | 220 | 220 | 54 | 2 0’00500 2 2
o | 6 | 380 | 220 | 220 | 176 | 1 0’00500 4 1
4| 7 | 400 | 180 | 220 | 176 | 1 0’05’00 4 2
10| 8 | 400 | 180 | 220 | 54 2 0’00500 4 1
5| o | 400 | 180 | 180 | 176 | 2 0’00500 2 2
6 | 10 | 400 | 220 | 220 | s4 1 0’00300 2 2
11| 11 | 400 | 220 | 180 | 176 | 1 0’00500 2 1
12| 12 | 400 | 220 | 180 | 54 | 2 0’05’00 4 1

4.2 trryvfPuvovz RIRuUGARSVVILLL fdrcfrEL
R sARS VI LS T RrRU?C

[ sftejHjdjdd" sflsdkOod d 5 §O0kOdk]

czjMmlspodayr &z fesojHjds 12 LSy jtoddj dak

BsHj Zdese OdedY ) M sd L 5o GOAEBOIIN. ts s & & O ¢
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[ dzv tsyjde¢d C0OyjmbsoO §fodzzyj dzder = o o,
BsH | dzdtctseo Odzd W tslsdzd o €  diiind tds@izs jL Idst®r O digftd® o df
1) sdzdetsj tojL kzdz sdtci &9 QL Mmaz)d ) I§ dag gzd dzlz
3 " j dedv (Ezudlsr 90 lsmw ofj +A¥WVJCIlr)
sn dzZOY HOJ Ismw HE CBd3dzOls dzts 2 Isj BB J cOlskzter
tcOMMmydls' o Odzfip® y jet2d IZ0F tslsdesmdlsj dz4.d2Ow, {lds
syjdzdo OdzOMm! twOL desls L dzOyjded?2 o HJOd3
fsHoBHO tgdijf dg@ass®@ s dz" = sls sy ¢ @J B g the
sy €, o SCtbtster a ftotse sy WO fipde® G4lz®y j, tc | Ozd
ftocso sHddzhy OdzOdzdL cSdMmMistscteOdRRAZ. [ dzv 5B
CdMssEctcORBBO Hsdy 2O B'Is! BdZJLSO € G dzOH'
dH] dsdWdydtckze Is dzd e Oo dzsd3j tedets yls + b telOhy @zy d
cdMiOExFe § tetse SHJ dzs !  dmB sep Ldite] @ dadig' ds
dBJlsOydsddetsets di3sHJ dzd td twaf @atzdf W A tof jrpApO@dady |
f Otc Od3f s jorOMIs Oo dzj gzt .60 1 PO dz§ifptdzk j MG O dl dzj dzts
cdMmMssctcOdRds f OO ste©® MBAIMif.cstz' L 59 Oded j 3

R= Yoax = Yimin, (4.1)
CGHRT OL BOZ L dzOyj dzd?2 4§ OtO®RjIste® tyj dzb d
ydmdzj dedetse s ddzdIsOydsdzdztsc s ditsH j dzd tets 9 O ded »
Ymax] B3OS M BB3Odz! detsj L dz2OyJ dzdj OO Istc©O 51
Ymin T a3 dzd B3O dz* dztsy L dzOyj dzdj § OtcOd3j steO® sy

ad=— (4.2)

GHJ T BBlsdzsmdIsj dzv dzOWw ftsctcj h desfls L 20Oy J o
fsdzzyjdedz' o o tjLbdz sOIj vydimdzj dzgdzse s d e
RitcOL 50F 2L diPQig @atfj stc©® Byj S d COyj Mmlse
ydmdzj dedescts ddzdlsOydesdzdesets di3sH j dzd tets 0 O dzd v
ynd Mtej Hdzaj § L dOYjddj YOOI IO tsyj dzf d
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(9

g

%MJXEQW>~1\‘ 4
e D'?_L';g
t dMz4dBH 7 j BO Istsyj S, o Cwlstster » ftotso SH
f OO stetso
sy deS d € gy Isoy@ysl) o
OB iPY4 26 0 f OtOd3j Iste® ¢ sdzdetsj toj L k2 dz! |
. [ Isdetsmyd Is
| B5d34 6 n -
) OL s setcj h ¢
LS teo { @&~ 1 ( UJ) o] oe
1 0,09 1,7272 0,0031 0,0494
2 0,0861 1,6533 0,0099 0,0654
3 0,081 2,2362 0,0185 0,0604
4 0,077 1,5742 0,0134 0,0645
5 0,084 1,5048 0,0271 0,0524
6 0,084 1,6356 0,0026 0,074
7 0,1215 1,6793 0,0104 0,0137
8 0,1025 1,5259 0,0678 0,0241
9 0,1145 1,3596 0,0736 0,0249
10 0,1135 1,3302 0,0739 0,0355
11 0,1355 1,4814 0,0771 0,0263
12 0,1125 1,4216 0,0642 0,0238
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{ Mk dzBiCu telQoldzj dedJ cdMsscteOdRId3 § Ofc
Cl tsdzdetsj twjLbkd sdelzs h jj Mmdsj " j
n dmf sdz' L 5o Bakflgt d3 d3j IstsH O

21 0CMd BOdz desj L dzOyjdedj GilsOsyd A
[dL Mg &zv BQgdsds ff OtcOdRj Istc® dzj 5B - tSH d d3t
LdzOyjdedj s BlsdzdeaC¢Cj. vyvistsBr B M juydls:
ystse' ROSCHMJ®EOd desj L dzOyjdedj G OttOdj IstsC
dBIlsOydsddetse s di3sH | dzdtetso Odzd 4 . § 64 H fipkhdE @}
ftej HMIsOo dzj Jg&7. o IsOB dzd y

vOB &z yOi [4yj7dzC O fOOdijlkic® ¢f OCHdBEOd d
sjteRddyd MSdn dz2Oftewy ided?2 5 [ dLJjMmEze

L BdBj 6 L Cmi] 1 2 3 4 5 6
[ OCid BOdz dz
_ _ 432,45| 534,36| 549,93| 525,55| 592,75| 577,66
L dzOud ded J
L BdBj 6 L Cmi| 7 8 9 10 11 12

f OCMd &3O dz' dz

_ _ 274,98| 241,93| 284,21| 318,64| 319,72| 383,84
L dzOyd ded J
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C tstots Bjddyleiaej B dztsf: € R dzd Bz Bz, O cdMmtsete
Ctdets?2 d dzj Jd3jls! f dedseh IOE2EE ts dzdzfs § IS Iz daf3t
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B O (OLOdijlstcd c[Bhd2 +WWjCls

dzd 4y @ y4
sB dzj ded § €

N C

| BdJ [ 0S¢ md O d
LimyJjedd L dzO Yy ded J
0,1066
0,1267
0,1055
0,1013
0,1038
0,1025
0,1439
0,1351
0,165
0,148
0,1815
0,1538

i =
NiEg|©ooNo|u| s wN-

4B j @3dzOW T IzZOHE Otc OB Istc EMOHC I dOIsj t
9" Oy OjIsmw o fJtotsyj dzZlsOR) , Colstster 2 ff 5C ¢
ROl jted OzO fted wglgds] whHigOdpdid dedfdlz € j Jdzd d
dqdazd mMblzClskzteds \=J e digsdi dadizdD.w sBi j dzdzOW
dmCtedodzj dzed® d dME O Jdedy Wistodsso Odedz" = H
cOMMUdbBO®OROR LAZAQYW) did Bis(desd s j dA2QwY @ Bl
f ctsolsdm@dlzOdzdL 6 dMmilstsae tcOd3ds.  dzv B j M j yd d
CdMssetcOBBO HtsdzydzO BriIs! BdZdLSO € ¢ d&zOH'
dHj dZsd¥ dydtezs s dzj e O dzts a3 te dzts fiyls EfOHS
d &3d Is Oy d ts dzdets ¢ tzd W3t {6 fze igis @ Odzj dz o 1 tedPdgapy Jl
f Otc Odyfj tdsjtaOmIs Oo dzj J§#9. o IsOB dzd y

5.

s OB dZdUPyYy4 dz9 0 f OtcOBj Istc® ¢ [ BI j BB3dZOWY EZMOH
[Isdzesyd Is j ¢

1Bd.34tG tcOL BBO A

LEmyfdtd fsctej " dats
1 0,5125 0,1874
2 0,1529 0,0516

3 0,501 0,1807
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] totsHtsdzy j dad §

4 0,2395 0,0883
S 0,572 0,1997
6 0,449 0,1555
/ 0,685 0,2695
8 0,643 0,2731
9 0,632 0,2068
10 0,35 0,1222
11 0,7625 0,2345
12 0,2915 0,1005

5. Air Trap i tsBtOL 59 Odzd | oL HENM R fizL
Mftesj Clsd tcts o CdsiatR faBjtd@) s Odzad | oL HENC
Bd dzd BO &z dzr 3. tdLEzd IsOIs d 3d IsOyd tsdzdzts G
lteddztsy jdedd 1 -

4. BRERELATI ONAR[ R

vd stedw My’ -~ MdMmisi 3 8" dzO Defde [irF dztsy gz
dimfimdzj H s Odad W mMdmilsj d3 M dzj H sMIsOls tsydz o3
ZOL " 9 OjIsmw sOCOW MmdMmlsj B30, CslststcOW  yYOfr
dzj f Sdzdz" a3 ST MPdzd J B J Btedds Mjter 4 DL jdc
b dzOo dzd 9 Oj Is slsdetsh jdzdw By HE G dzOodzr d3 W C
WOCIsste Odzd ) dmmdzj Hizj d3ts 2 mMdmlsj dzj . J
fsfmdzj His9 Ols j dz! detsfls Moslsdatsmd s mw mts gk
Coshtster | ¢ OntsrO: figls jdfj Sds'ls MrsHMlsea © fm 1|
sBtcOL tsd3, ftejH]Jdvjlsmw dzyh ow dL dd~.

[ U 9 dH dats, Yylsts wlsdsmdlsj dz dzOw f sctej
fsetej N desfls! B jdi3gdets?2 EMOHSCd d BOCMd BOC
dOf oWy jddf df pMEASdesS il j ed B SOB Hd df
1 smMEsdzr S22 o9 1 Istsd3 Mdzdzg Qf | © 2@ e v O¢ B3 de' ™
~nOttOCIsjtedMmMisds COydmlsea O dgj ftcddgi dzgddz o
dmMf sdz? LsoaOdz grey relati onialllsds &8eed 1L 3G
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sjtstedd Mjts2 (grey) MmMdmsjdk , Csktte’ 2
Slsdzetsh j dzd W ©OL detstetsHdzr » § OtcOd3j stesd® H dzZVv
RMMrtsHdz § +CMf jtedd3d dzlsOdz! dz" §j HOdzdzr §
0 HB 1 oo dids s offjtdsdfirisy dfi itz dg " ¢j g de'd2vj o j dzd U d e
L Oo dMmddag@ymisd (
= y, - min, y, (4.3)

max, y, - min y

W a0 T d20dBBdzij dzj cOIsde dzOY R OtOSCIsjted
LdzOyd dzdv 5 € O H 5 d3kz=1.. f10OusCgEy ds@ldzty d offxg josr d-
ddzay § Sydodzdzsets dzdIs! w. 1 O dzz yh d 2 dzts to d3d
L dz2Oyd ded & 1.

Greyrelational¢ 51 ¥ of dagls SCslstster 2 ttOMMudls" 9 O
Motslsdetsh jdzdw BiYHE dqHJOdz dgr s d W OCIsdyg fr
Bsy jls Brils! ortOyjd COC:

_min; min; |- x | + max max X° ¥ |
- | +max max B x|

GHg -1 Ists dHJjOdz dzf 2 tejLbkd sOIs (1. j. dzkzyh
i -ROOSCIsjtedMmisds dnpe @istndyisten® & s+ W W o yd j dzls
yJ dz' Cslststotsets Wo dzv j Isdnthoh 6agalzO B dzj dzl 6 dzHi C
MsOdzsoa dlsfmw Mdzdh Csds Btsdz? "ddz d, Mmdzj His9 O
greyrelational¢ s+ WW dydJj dzZs©. 1 tBhM jd&3, Jjcets L dzOyy
ofmMi TOLORjIster sy, MMO dqdzdéls tcOoder 2 9 ]

11 ted dztsy J fizg ff H fpls Qeeydrgladipnal ¢ s+ W W J yd 4 dzls T H
1 MY jted dzd dzels © stols ts Gl &0 dz! ldaasi) dzj d3 Gfsttcdflatgnaldzd
CsL WWdydJ dalosn j dmfsdz? L 2] smw d3d Is 5 H o J
dgdzls j ctcOydd ¢ tsdzlz wjegaddatibnal € €20W Y ded @ j dzlstso  H
1 CMY Jtede3d dafdls § cted tetso O dzdzlz & toj dzv y (d ts dzdzlz ¢
RBdztsy j Miseo j dzdzr n ~nOtOSCIsjtedmisd ¢ COyd Misea (
toj dzv ydsdadets?2 tsyjdzCj, SCtlststcOUb)tstcj HY dzvw j

(4.4)

i
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B (4.5)

B
CHO-Ztetso j dz' L Oy dsBs®als j tdMisdSd € Oyj Mmise

tdLrkdz sdtekze hdy ddzsjctcdtetso Odzdz” §J toj dzw
ltod dzsypd. dzdyfd €3 or hj ddzlsj ctedtetso OdzdzOW t6j C
tcjLkzd sOIs 1+ CMY jtoed d3j dzls O, Isi d3 tsdz Bdzdy 4 ¢

I Yteddztsy j dad YV | Slsdesfdlsj dz dzOw  ftscte] !
BOC Md 3O dz! dzts J§ L dzOyd dzd J Isd e 3O dz! dz"inf dt= fij l$n@
Slsdsmdlsj d dzOv s L GzOMEY, SE0§ 6d BOd' dz
stedj dlsOydd otdsC dzO, o L vy ip hoti siztslc23d o & P
fs LOodmMdisimisd (1) YOCIkttr .

1 2Oy ded v e dzV y d stdaddn iy dusy jeddsiEd i f S
slsdzsmdlsj dz dats o j € Is tsigrfQs t5p jOdAS | dz! {dB &0 dgfztis tes t
o, SCtltter 2 fMitlse jlsMisakjls &GOS MHdEOd
LSy jtedd3j dzsOF § OwOd3j steOds S OyYjMmlsoaO.g R
sftejHjd &Of! 5 Wstededj (3.5), (kg
fpd3d M jdedv o 12 @ Kk Mmf ]tz Bf e @Pls6dzv «RBOEC M
LdzOyj ded™ sjtedkduj MSdr t©ilsOls®ude D] f)tzO{a
1 CMY jtoddg) tas O b ( HdzW tolsddii difisjedic j M des s d T
@)Ida qubp HdzZv BOSHMdBOd deséts L dzOyj dedd ) o
ia omnb

fiLkd OLT ©OMUjlsO ddsjctod ds?2 tj
ltoddztsy j dzd d [, Mtc Qo dzj ded 4 ddzls j ¢ tcOdz! alz"
ftcj HMIsOo dzj dets APO) Wed WO MM J AQdzdzr I3 L dzO Y J
BOS Mg BOdz detsj L dzOyjdedy ddzsjcteOdz des2 e
Yo jtwlsYRY j sdBsdze L dzOyj ded W WOCIststetso
Msslse jlsMisokzsls o jClststclz X j dzOIsj dzt detsfilsd 1 C
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0,5
0,4
0,3
0,2
0,1
1 2 3 4 5 6 7 8 9

10 11 12

t Mz d2BCu tlQo dzj ded j] ddalsj ctcOdz! dgr 2 toj dzv

15 tjLizdres@atordg OdzOdzdL © Blsdzde $ O d&zO(d
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Isj ndzsdzsec dyud MEts?2 Y sHEe Sl IS 24 tdadd 1€ afEH fipldce
IIRL9 jMmisdw w1 B FT200%)] 9uR EAD

77 .Beaumont J. P. Runner and Gating |
|l njection Mol ditTegd/ibidni B.h: BdHamment . 20:
78 .1 0CQfzso rR. C C tsdfs=fdALOO I dzdj: EydB. Mt
R. J10O0(PddsonddOdzl d MBOBIdMIsdSO, 2021.
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79.1J4uv EBA67 vl tcOo dzj ded J COyy Msoatsds f tots
v tedzddzr d tsiflteajjHHj.dzjO0ddd.w0. 1. 1980

80.l] OhEOBSoa @FEFO:OL cOBSISCO fotkBgYUds drlsy &
sfdeseo j IstcjBtsoaOdzd?2 d sy dHOded?2 tslstcjBdlsy
C . r 3d sted 4 o, UL T a0 i3 tadfAs ts tRu Wdizd@s.. G tsfip.O, (
2012

81.,0k,dzd. 1 OLtOBBISCO dBisHdSd EftcOo d
Codemstcz-Blg Bz d yd ME 52 fsHeBIstso ¢ d ot
fsdzd 3 edz" » BOLjJOZSY [/ 1. 1. ] Odz§ d dz0,
GsMmikzH OteMmlilse J dzdzts 650 ZGlzdl.a 3-Icdfigd Is O.

82 .Mi chael i W How to Make I njection M
i3j ditMu.ni ch Hansei6#@Bblishers, 2001.
83 .[ 1 dzdztp 2 o . stsdzmistclz d tetso Odzd § f dzOMmls 30O M
HOo dzjdzgd j 3 / t. ¢. [ ijdadzts2 .; ¢t ta.tc O JQizpCH
1. 1. sicitBetso:0.] tetsWijsiifigd y,. 2006 .

84 .cBdzsydad &S sR . lteddsd dzgj dzd iy MdMmlsd d3 o dtels
or Btstej d s ClsdqesoOdzdd § sdzd d3d tedz" n ¢
CBdzsydzd € 59, l.¢0.0. 4. clOBdEa)Cdd, / / RL O ¢
201 3. 5514 . 181b.

85.50L0danSdR. JflsdddL Oydw §OcOd3jIstetsa
dL Isj e d&zZOMiIsd ydz" = T sdzddzj eso / 1 - [ .
MO2dBsoady [ Htc. B BJRE &Y+ 419 ] ¢c.02020.3

86.Stepanenko I. S. GTE bl ade injectio
during process approbation / |1 . S. Ste
Materi al sEBgi esgeéilid/pd . 17Art . 1.012009:

87 mO2disddr,. [ydidto COydmloO ddls: v dLH
@O { kOfj ¢ sgnkdEiscdipiifts? ftHcslsts Cd
40 fOd2OdzdL © / ¢. R. MmO2 isseo d y, BBP$ sd© dz8iz
yj dzlste @ 2104Li®u. 217w . -9971



133

88.[ jsdz 1. VftcQoadzj dzdj €Oy Mlseatsdz. { | O
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. stsoaOdz ¢s90O, R. 1. MO2dsoady // RLOJ M
O¢C OH j B]iR Odez.¢ .1 9374 48993
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ViR Jrr1®ky
¢t rr1uvf?vdu3 RIRUOGARS VLV LA TLrcJrRtLIOLRC
Potofcrovt ¢l /v trrvf?2uvRrRtuvdzrr wf(rz[(1R[E

s3] to . . .
191fr]114'4tgc L8OWdui MEs) L douj dd, L dMscEOBBEO § 060
W S ‘Warpage_Total Displacement [mm] : +7
farpage_Total Displacement
%10 -2 mm] 0%  10% 20% 30% 40% 50% &0% TOW  B0%  90% 100%
9.708 0104
9.061 g | 0.030%
; : g | ounies
- 7 : ' | 0.573%
:ﬁ 0 z==2%
0'0?0 ] &%
o.-:m [ 7.8
0-055 [ seen
l )  — K=
0.043
- /] 12.487%
0'035 [ o3
c-m ] s.183%
0'021 [ zs08%
' | o.517%
0.014
gt | 0.028%
) e R
0.000
Moldex ! 7 o L Range=0~0.104385 Avg=0 0368562 S0=2 561=-002
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Warpage_Total Displacement Warpage_Total Displscement [mm] : +7
10,3 [an 0% 10% 20% 0% 40% 0% 60%  TO%  80%  S0%  100%
ey o Jo.ian
1273 0127 I0-
i omg
1.001 | 0.084%
0.105 IO
i 0100 |
0.909 | ozman
0.091
0818 0 1m28%
0.082
0727 [ 5245
i 2018 = soran
.636 .
0.054
[ 11.858%
0.055
) msaien
0.045
— T
0.035
[ 72z
0.027
O 272
0.018
- | 0.838%
L. Moldex ' — R
z 63  Run1:wecTepHa 2 nogsopa mfePEEK_Victrex9OHMF40_1 mtr/2-2_2_1 pro 0.000
h__ x 9 Rng:0~0.136 Avg: 0.0368 mm (Scale:0.00,Total,1.00),Ep=1,096,864 Epi=804,575 Ec=19,104 En
S00  Newrun for virtual moiding tria) Range=0~0. 13634 Avg=0.0367524, 50=3.028=-002
Warpage_Total Displacement ‘Warpage_Total Displacement [mm] : +F
%10 -2 [mm] 0% 0% 20% 30% 40% B0W eD% TOW  ED%  90% 100%

9.365
8.740

8.116

Moldex
Y & 52 Run 1:wecTepHa 2 nopsoaa mfe/PEEK_VictrexS30HMF40_1.mtri2-3_1 pro
S~ X 359 Rng 0~0136 Avg 0.0353 mm (Scale:0.00,Total 1.00),Ep=1,096,884 Epi=804,575 Ec=1¢

0.135

oo
0.127
|o.os1%
0112
| o.0875%
0.109
| 0.185%
0.100
| 0.250%
0.080
| 0.885%
0.081
0073 O 3.842%
= so4an
0.083
i e L
PR
— L=
0.038
 —
0.027
[ 2.018%
0.018
| o.782%
0.008
[m— 25 259%
0.000

Range=0~0.135718 Awg=0.0352444, 50=2 90T=-D02
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Warpage_Total Displacement

%10 -2 [mm]
8.783

8211
7.639

7.068

6.495
5.925~
5.35

4.782

4210

3.638

3.067

Moldex "

YZ 56 Run 1:wecTepHa 2 nogeoaa.mfe/PEEK_Victrex90HMF40_1.mtri2-4_1 pro

‘h__ X 2 Rng:0~0.105 Avg: 0.0345 mm (Scale:0.00,Total, 1.00),Ep=1,096,864 Epi=804,57,
348, New run for virtual moldin tria)

Warpage Total Displacement [mm] : +F

0.105
0.058
0.091
0.084
0.077
0.070
0.083
0.055
0.045
0.042
0.035
0.028
0.021
0.014
0.007
10.0D0

0% 0% 20%  30%  40% B0 808t TO B0 8Dt 1008t

| 0.023%

| 0.088%

| o.238%

[ 1.284%

[ 2.s88%
[ rerew
R
[ ware
— | B3
Y
) e.3a0n
O 3.188%

| 1.102%
|o.z04%

[omm— s 20n

Range=0~0. 104554, Avg=0 0044813, 50=2.82 1002

Warpage_Total Displacement
%10 -1 [mm]
1.091

1.020

0.948

n.sm%‘
0.807 ¥

X Rng: 0~0.14 Avg: 0.0396 mm (Scale:0.00,Total, 1.00),Ep=1,096,684 Epi=804,5.
g%% New run for virtwal moiding tria)

Warpage_Total Displacement [mm] : +P

0,140
0131
(iRl
0.112
0.103
0.063
0.084
0.075
0.065
0.056
0.047
0.03T
0.02&
0.018
0.00
0.000

0% 10% 20% W% 40%  B0W eD% T0%  B0W S0 100%

| ooz

| o.oman

AL S

| ozs0%

| 04245

[ 3.128%

[] s.&7s%
[ s.928%
= 12008
— L EE
Y15
[ 4394%

[ z3m%

| 0115

[em— 2 a7

Range=0-0.138823 Avg=0.0388671 S0=3.22Ta002
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Warpage_Total Displacement \Warpsge_Tota! Displacemant [mm] : +7
%10 -1 mm] 0% 10% 20% 0% 40% 50% 60%  T0% 0% O0% 100%
1.025 o : 0.112
G ‘ e | o023
| 0.081%
0.890 ¢ 0,103
\ | 0.252%
0822 \ 0.095
4 [ #775%
0.755 % 0.087
| " [ =.=85%
0.687 | J
. . S oony L E04%
2220 ' opey [ BE0%
0552 3 : . y 0.056 [ s245%
0.485 ‘ o'm [ 7z8e%
012 o.m [ 75z
| 0348 ! [ 13.589%
| 0.032
o — AT
0.024
[ z2z3%
0.018
| 0.422%
0.008
[em— 55 235
Mold 0.000
oldex . .
¥ 89, U uecTepin 2 roneops ePEEK Vo SOHWFAD_| 28 2000 FangesD~a. 19125 Avgmo RR0TEs Sh=s. T2ae002
Warpage_Total Displacement Warpage_Total Displacement [mm] : +F
x10 -1 [mm] . 0% 10% 20%  30%  40%  50%  80%  TO%  BIW  S0%  100%
1.405
0.140
1.323 | o.050%
) ; o1 | 0.723%
1.242 y 3 R .
0 2e1z%
o112
[ 4.3
0.103
[ szzzse
0,084
] 7132w
0.084
[ =142
0.075
[ sm4ax
0.0858
 — RT3
0.058
—
0.047
[ 7zms%
0.037
[ z.187%
0.028
| EBEDSS
0.018
| 0.008%
0.008
0000 I 31.432%
Moldex :
47 Run 1:MuTHMK wecTepHa_1 nogsog. mfePEEK_Victrex30HMF40_1.mtri1-1_1 pro Range=0~0.140454 Avg=0.0455853 S0=4. 2222002
{e. 356  Pny N0 14 A 0040R ram (Reaia ) 00 Takal 1 00 Fn=1 10R 407 En
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Warpage_Total Displacement

%10 -1 [mm]
1.282

Moldex :

Puin 4 Muroiw manranua 4 nanean méaDEFELW Wickvavanbl

Y

Warpage_Total Displacement [mm] : +P
0% 1% 20 30%  40% B0W 60%  TOW B0 S0%  100%

0.128

| 0.085%
0.120

| 0.818%
0.111

[ zsse%
0.103

[] sorrs
0.094

[ &g
0.085

[ 7.2em:
0.077

[ s.57e%
0.088

[ ssee%
0.060

| A
0.051

[ o7
oo [] 5.285%
0.034

[ 1.385%
0.026

| 0.2385%
0.017

| 0047
0.009

[— a2
0.000

Range=0~0. 12822 Avg=0.0450854 50=1.EB5-002

Warpage_Total Displacement

%10 -1 [mm]
1.562

1.475
1.387
1.300
1.212
1.125
1.037

0.950

0.862

0.775
- 0.687

Moldex "

z X k) Run 1-MuTHak merTeoHa 1 nnarna miePRRK Victrex@NHMFAN 1 mirf -3 1

Warpage_Totsl Displscement [mm] : +7
0% 10% 20% 30% 40% 50% 60% TOR BO0W  80% 100%

0.156

| 0.185%
0.146

[ 1.795%
0.135

[ 4.5z
0.125

[] s185%
0.115

[] so1a%
0.104

[] sann
0.094

[ 7.28e%
0.083

3
0.073

-
0.062

[ 10.158%
oo ] 7817
0.042

[ 1.582%
0.031

| ouozE%
0.021

| 0.000%
0.010
D00y e a1432%

Range=0~0. 156248, Avg=0.067T967, 30=4.5958=-D02




139

10

11

Warpage_Total Displacement

%10 -1[mm]
> 1.546

1.472

1.398

1.323

Moldex

2N 36 Run 1:MuTHMK wecTepHa_1 noasog mie/PEEK_Victrex30HMF40_1.mtri1-4_1 pro
g ggﬂ Rng:0~0.155 Avg: 0.058 mm (Scale:0.00,Total, 1.00),Ep=1,196,497 Epi=857,592 £
L o B et AT s

Warpage Total Displacement [mm] : +°

0% 0% 20%  30% 40%  S0% 60% T0%  B0%  S0%
0.155
| 0.238%
0.144
0O zse%
0.134
[ 58415
0.124
[ &.53r%
0.113

B.T14%
0.103 -

[ 7.o85%
0.083

[ 5.534%
0.082

] g.s05%
0.072

[ =833
0092 g 21
0.052

10.954%
opy
0 zzze%
0.031
| o785
0.021
| o.013%
0.010

[— 02
0.0

Range=0~0.154585, Avg=0.0580012, 50=5.0482-002

100%

| Watpage_Total Displacement

%10 -1 [mm]
1.698

Moldex "

\. Z 64 Run 1:MTHUK wecTepHa_1 nogsos mfe/PEEK_Victrex90HMF40_1 mtrf1-5_1.

‘Warpage_Total Displacement [mm] : +7
[ 10%  20%  30%  40%  BOWM  60%  TOW B0 S0%

0.170

|o.218%
0.158

[ 1.818%
0.147

[ #3728
0.138

[ 5872
0.125

[ s8ees
0.113

[ s.518%
0.102

[ 7430
0.091

3
0.073

[ &%
0.058

] iz
0.07 [ 5.708%
0.045

[ 1412
0.024

| 0.100%
0.023

| 0.000%
0.01

—
0.000

Range=0~0 165795 Avg=0. 062833, 530=5 350002

100%
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Warpage_Total Displacement Warpage_Tots! Displacament [mm] © +7
w41 [mm] 0% 10% 20% 0% 4% 5% &% 0% B0%  S0%  100%
i 1537 ) o1 | 0.024%
Dl 0.142 )
134 0ES | 0.828%
H 1.248 ; 1 p— DDZ:;I?:%
I 1.152 . 0113 |:| '57%%
I 1.055 s 0.102 :I éggm,
o= [ =384
gﬁ [ s.020%
e — A
o —
[ sesan
g:z: [ 1.458%
| 0.444%
g:gf;’ [ 0.055%
Moldex ooy
Y z 62 Run 1:/luTHik wecTepHa_1 nogsoa mfe/PEEK _VictrexS0HMF40_1 mirM-6_1 pro
‘Ml % 385 Rng 00154 Avg:0.0543 mm (Scale.00,Total 1.00),Ep=1,196 497 Epi=857,592 Ec=1 Range=0~D.153711, Avg=D.0543142,50=4.603e-002
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LI O N U O I Y
crrvf?vouv3 RIRUOARIVLV LA TIrrSrRULTIOLVRC VP OTOS [ UL
CfosurI O 210 11oYr1 R Juvdufy1r3Im vt fRY["#SRM 10l TCrirn

1 BB 6 w : : -
. JteoOWdyui mMEtsy L dzOyJ dzd 1] dMlstsctcOBRBBO § Otc ©
L Q tc 9
J d
£ Warpage_Thermal Btress Von-Mises [MP3] @ +F
Warpage_Thermal Stress VYon-Mises i . ¢ 0% 10% 20% 30% 40% E0% B0%:  TO%L 80%  90%.  100%
[MPa] o s PO
432.450 . = . TEEEED | o.000%
404.126 o ToRee | 0.000%
| 375.802 = " N, eareT | 0.000%
347478 _ o \ foea4s | 0.001%
310153 . o PR ﬁg | 0.004%
290.829 > 1 k 455'2“ o017
262.505 oy : 4:34-532 | o.048%
1 - 230181 T A AE woages  10140%
57 ' | 0.245%
302474
| o.740%
252 BBE
[ 1887%
202.318
P 0 4823
g  — T =
U —
oc;m [ ] 48.887%
3 Moldex , Riange=0-T58.685 Aug=51.173,80=8.58324001
i » gzn Iiun1:9»9:1557]152nun}uqa:rpjengK_Vl?(gx%ﬂHMF@ _71.n1!r/2-1717.§7r?7
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Warpage_Thermal Stress Von-Mises Warpage_Thermal Stress Ven-Mises [MPa] : +F
0% 0% 20% 0% 40% B0% 60% TO% B0% 90% 100%
834,931
78229 | 0.000%
?23.301 | 0.000%
m.% | o.000%
) | o.001%
612,283
556.621 B | o.002%
S 556,821
500,958 e W —— | 0.008%
| 445206 \ p m'zm | 0.020%
389.634 : 3 . 3-&9.534 | 0.054%
B 333.9?2 | BALER
’ | 0.404%
278.310
—— | 1025
laalssa [ z.483%
: -
T — o p0s
55,882 .
== Moldex ) T | 532634
62 Run 1: wecTepHa 2 noasoaa mie/PEEK_Victrex30HMF40_1 mtr/2-2_2_1 pro 0.000
y 5 Rng: 0~835 Avg: 59.1 MPa (Scale:0.00,Total, 1.00), Ep=1,096,884 Epi=804
o rewrn forvinuat moiding tia Range=0~834.821 Avg=59.1303, 505 58322001
Warpage_Thermal Stress Yon-Mises Warpage_Themmal Stress Von-Mises [MFPa] © +F
[MPa] 0% 0% 20% 0% 40% 50% 0% TO% BO0%  S0% 100%
549.933
714,158
513.271 - | 0.000%
P Lt
smrass 1000
523'“8 | 0.003%
4?5'133 o012z
: ) | 0.034%
G = 3 428,519 00845
203.208 : - . . | o.183%
256,636 . 235-530 [ 02825
| 219.973 . 233-(:& | DBt
190'453 [ zz57%
142-340 =
) [ 14.515%
95.227
oy |
) [ | 48.175%
v 0.000
oldex i I
v Z 52 Run1:wecTepHa 2 Nogeoaa mie/PEEK_Victrex30HMF40_1 mtr/2-3_1 pro Range=0~T14.159,Avg=50.5072,5D=6.573e+001
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Warpage_Thermal Stress Von-Mises
[MPa]
525,551

490.964.
456.376
421789
387.201
352.614
318.026
283.438
248.851
214.263
179676

Moldex

Z 56 RunTuectepna
Y& X 2 Rngo-~674 A

348
auh Newun forvinual

R13.0(130.1) 11:44:18-10-23-2013

553.230
513.713
474.197

434.681

395.164
355.648
316.131
276.615

| £
X 359

5
man

Moldex

Run 1: wecTepHa 2 nopsoa mie/PEEK_VictrexS0HMFA0_1 mtr/2-5_1 pro
Rng:0~835 Avg: 64.9 MPa (Scale:
New run for virtua! molding tria)

00,Total, 1.00),Ep=1,096,884 Epi=804,57.

Warpage_Thermal Stress Von-Mises [MP3] @ +F
0% 10% 20% 30% 40% 50% B0% TO% 80% 0% 100%
B73.784
] 0.000%
628.885
oot
583.948
ootz
539.027
Jo.002%
494.108
Jooiz
449.189
Jo.oams
404.270
Jo.ozes
359,351
Jo.208%
314.432
| o.418%
269.514
| 0.888%
224.585
[ 27
179.676
=] s.0se%
134.757
[T
89.838
[ essann
44.919
I ] 48.585%
0.000
Range=0-873.784 Avg=57.8765, 50=6.2352+001

Warpage_Thermal Stress Von-Mizes [MP3] @ +F
0% 0% 20% 0% 40%  50% 60%  TO% B0%  90% 100%
834.854
| 0.000%
T79.187
| o.000%
TIZLE4D
| o.000%
667883
| n.001%
612.228
| n.004%
556,569
| ootz
500.912
| .0z
445255
|o.1zan
389.599
| o.302%
313842
| DRI
278.285
[ 1.554%
272628
g O 4s=a0%
| — T
111314
[m— 7. 106%
55857
[ ] 51842%
0.000
Fange=0~834. 854, Avg=54.9465, 50=T.083e:+ D01
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Warpage_Thermal Stress VYon-Mises

[MPa] ‘Wanpage Thermal Stre: on-Misss [MPa] @ +F
577.664 0% 0% 20% 0% 40% EBDW B0W  TO% B0 S0% 100%
530.153 TTo.zie | 0.000%
500.642 TIEETD | 0.000%
62.131 gerz |o.001%
423.620 praime | 0.002%
385.109 g2 | 0.008%
513.479
346.598 g~ |0.027%
1 ' 0.074%
e sorer |
269576 T |o.a73%
jastee e JEDE
— | 1.001%
zaala.sz [] 2.523%
154'0“ = &.120%
102.595 | — P
PO s L
i [ ] 4z.023%
Moldex 0.000
59 Run 1:wecTepHa 2 nogsopa.mfePEEK_Victrex30HMF40_1 mtr/2-6_2 pro =TT =
i X 398 Rng0~770 Avg:66.4MPa (Scale:0.00,Total1.00),Ep=1,096,854 Epi=804,5 EanpesIelI0 S AVISG a2 SR 2a0e
358 iaw suin frr wivkiot mnteline iz
Warngas =
Warpage_Thermal Stress Von-Mises Warpage The - ERS
%10 1 [MPa] xE4 0% 10%  20% 0% 40 BO% 60% TOR  BDW S0 100%
103.117 0103 o oork
96.242 00585 Io
L go3s8 0.088 | 0.000%
|| [o.001%
82.493 0.082
| | oo 10901%
.619 I
I ot 0088 | 0.002%
I 68.744 o'm | 0.004%
! 61.870 0-055 | o.008%
o 5499 0.043 | o.012%
o o4sa21 ’ | 0.0z
0.041
Q 41.247 . Jo.108%
= ’ | o.a18%
B 0.027
: R [ 15305
» 0'014 [ se44n
007 ] 27.080%
o.-:m [ | 82.158%

= Moldex

Z. R Run 1-NuTHuk merTenHa 1 nanran mfe@FFK VictrexANHMEAN 1

Range=0~1021.17 Avg=58. 5248, 50=6.553e+001
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ermal 5 n-Ai MFa] . +P
Warpage_Thermal Stress Yon-Mises )
el D% 0% 20% W% 40% 0% ED% O BD% 0% 100%
906.489 908 489
846.057 248,057 : ;;;;i
| 785.624 785 624 [0.000%%
725.191 T25.191 |-3.-:}IJ‘I'30L
664.759 Sl . 684 758 [ 0.002%
604.326 ’ ~ E04.326 [ 2,004t
543,804 : san8se | o.007%
483461 oy eaaa |o.oias
423028 4 fzaiz |0.041%
362.506 ¥ ﬁﬁ o127
B L
p— [ 1.810%
R = 10.190%
PR e [
L ] 55.810%
Moldex 000
Y 43 Run 1:MuTHWK wecTepHa_1 nogsop mfe/PEEK_Victrex90l Range=0~005 480 Avg=54. 1247 50=5.9752+001
M= v 7 Rno:0~906 Ava:54.1 MPa (Scale:0.00.Total 1.0t
Warpage_Thermal Stress Yon-Mises Wa e_Thermal S [MP3] ; +F
X0 :Ué”;sg] xE4 0%  10% 20% 0% 40% S0% 80% T0%  80% 0% 100%
99.473 -_ -0 g | 0.000%
| 92.368 2 £’ i | 0.000%
85.262 3 OI0ES I 0.000%
¥ o 122
iz , ond 007 o opane
63.947 - 0.084 [ 0.008%
aials ’ 0057 o pram
| 49736 . A 0050 | o.038%
- 42631 x oo | 0.122%
g 0038 o amen
g:i‘: [ 1.580%
0.014 ey
PP —
| | 58.5E0%
0. 00D
Moldex Range=0~1085.78,Avg=62.9957, 5D=7.080=+001

- Y 20 Bun 4 Mt manranua 1 nanean mfaDEEW VictravONHMMEAN 4 wivM 4
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10

Warpage_Thermal Stress Von-Mises
%10 1 [MPa]
119.491

111.525
103.559
95.593
87.627

79.661

71.695
63.729
. 55763
47.796

Moldex

7 S QE.. Run 1:MMTHuk wecTepHa_1 noasos mfe/PEEK_VictrexS0HMF40_1 mtri1-4_1 pro

‘Warpags_Thermal Stre: on-Mises [MPa] : +F
xE4 0% 0% 0% 0% 40%  50%  80%  TO%  80%  S0%  100%
0.18
| 0.000%
0.112
| 0.000%
0.104
| 0.001%
0.05%6
| 0.001%
0.088
| 0.002%
0.080
| 0.004%
0072
| 0.008%
0.064
|o.0n1%
0.056
| 0.023%
0.048
| o073
0.040
| 0.381%
0.032
[ 1.515%
0.024
[ 7z24n
0.016
—
0.008
[ | 62.391%
0.000
Range=0~1154.31 Avg=55.9565,50=7.395=+001

11

Warpage_Thermal 5tress Von-Mises
%10 1 [MPa]
119.895

111.902
103.909
95.916
87.923
79.930
71.937

63.944

Moldex

64 Run 1:MuTHMk wecTepHa_1 nogeog. mfe/PEEK_Victrex30HMF
v 357  Ona a4 920002 Auee 70 8 MDa (Qeaian A0 Taat 4

‘Warpage_Therma

| 0.000%

| 0.000%

| 0.000%

| 0.001%

| 0.003%

| 0.004%

| 0.007%

| 0.018%

| 0.025%

| 0.105%

| o.430%

[ 1.835%
) s
[— 25511
!

] 592465

Range=0~1158.95 Avg=T0.7714, ED=T B55=+D01
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12

Warpage_Thermal Stress Von-Mises

-
|
|
|
|
|
|
|
s
|

767.685
712.850
658.015
603.181
548.346
193512
438.677
383.842
320.008

Moldex

QZ,. Run 1: Mtk wecTepHa_1 nopsoa mfePEEK_VictrexS0HMF40_1 mtrf1-6_1 pro

Warpage_Thermal 5 s [MP3] : +P

822 519
TET 685
712,850
858.015
603181
548 345
483.512
438677
383 842
3125 008
2T4173
219338
184 504
1036688
54835
0.000

0% 0% 20% 3% 40% S0% 80 TO0W B0W 30% 100%

| 0.000%

| 0.000%

| 0.000%

| 0.001%

| 0.003%

| o.008%

| o.018%

| 0.042%

| o143

| 0.475%

| 1.101%

[ 3.885%

| — 5
[mm— 25 5235

| ] B1619%

Range=0~822 519 Avg=53 5843 5D=6 598e+001
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Jd C
Warpage_Total Fiber Orientation Effect Displacement ‘Warpage Total Fiber Onientation Effect Displacement [mm] : +7
%10 -1 [mm] - % 10 20% 30% 40% 50 8D TO%: B0 B 100
0.118
| o188
0.110
| 0.583%
0.103
o088 0 z101%
[ st
0.087
[ seams
0.078
[ zrzes
0.071
1 0083 [ 7oeeen
vone | e
[ 15.705%
0.047
0 z.see%
0.038
| 01355
0.032
| 0.000%
0.024
| 0.000%
0.016
| .000%
0.008
) 253
= Moldex | o0
v z 67  Run1:wecTepHa 2 nogsoga.mfePEEK_VictrexSOHMF40_1 mtri2-1_1 prc Range=0-0 118333 Awg=0.0483508 S50=1 TEB=-002
e % 357 Rng:0~0.118 Avg:0.0484 mm (Scale:0.00,Total1.00),Ep=1,0:




149

Warpage_Total Fiber Orientation Effect Dispraceiment

%10 -1 [mm]
1.400

1.307

1214

L. Moldex "
4 65 Run 1:wecTepHa 2 noasopa.mfe/PEEK _Victrex90HMF40_1 mtri2-:
. ".J 359 Rng:0~0.14 Avg:0.0519 mm (Scale:0.00,Total1.00),Ep

Warpage Total Fiber Orientation Effect Displacement [mm] : +7
0% 0% 20% 30 400 B0W e TOW  BOW S0 100%

0.140
| 0.085%
0.121
| 0.432%
0.121
o412 [ 1.715%
[ 5.183%
0.102
[ 74men
0,053
[ 7834
0,084
[ smems
0.075
0,055 ] 7ooe
oose ] 14532%
— T
0.047
[ z5e5%
0037
| 0.000%
0.028
| 0.000%
0.018
| 0.000%
0,00
[mm— 25213
0.0

Range=0-0. 140024, Avg=0 0512418, 50=4. 176002

A

Warpage_Total Fiber Orientation Eff§ m
%10 -1 [mm]

1.244 “

1.176

1.107
1.039
0.971
0.903
0.835
0.767
0.698
0.630
0.562

Moldex 0
z 66 Run 1:wecTepHa 2 nogsoaa.mfePEEK_VictrexS0HMF40_1 mtri2-3_1 pro
L x 0 Rng: 0~0.138 Avg: 0.0474 mm (Scale:0.00,Total, 1.00),Ep=1,096,584 £}

354 = oyl
3.20 New run for virtual moiding tria)

‘Warpage Total Fiber Orientation Effect Displacament [mm] : +7
0% 0% 20% 30 403 B0% 8D TOW  BOW 0% 100%

0.128
| 0.0
0.129
| 0.208%
0.120
| o.228%
0.1
| 0.248%
0.101
0,05 [ =z
[ =35
0.083
[ z4m0%
0.074
0,054 /] 10.385%
ooss ] 15.536%
— XS
0.046 0O
0.027
| 0.688%
0.028
| 0.018%
0.018
| 0.000%
0.009
[E— 25 213%
0.000

Range=0-0. 138202 Avg=0.04T42232 S0=2.T452-002
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‘Warpage Total Fiber Orientation Effect Displacement [mm] : +P
Warpage_Total Fiber Orientation Effect Displacement o 0% Py a0 A% i A% 0% 2% 0% 1007
%10 -1 [mm]
1.028 0.110
Jo.151%
0.985 0.103
| D.880%
0.942 0.056
[ 2.244%
0.899 0.088
- e [ seden
0.814 i [ aamn
0.771 0.088 1 7.200%
0.729 /] 7818%
0.059
0.686 e  — P
0643  —
; oy [ 7e
0.600 0.027 .
| 0.795%
0.023
| 0.008%
0.022
| 0.000%
0.015
e | 0.000%
Moldex 0 ' s [ R
ge Run 1:wecTepHa 2 noasoaa miePEEK _Victrex@OHMF40_1 mtri2-4_1 pro 0.000
Rng:0~0.11 Avg: 0.0435 mm (Scale:0.00,Total 1.00),Ep=1,096,854 Epi=804,575 Ec=19,104 Em:
i R S L e & & i Range=0~0. 1105, Avg=0.043455, 50=3, 4452002
WWatpage_Total Fiber Orientation Effect Displacement ‘Warpage_Total Fiber Orientation Effect Displacement [mm] : +7
®10 T[mm] 0%  10% 2% 30% 40 B0W &0t TONt  BDM S0%  100%

1.164
1.105

1.046

0.987
0.928
0860

04871 0
0.752
0.693
0.634

Moldex " |
55 Run 1:wecTepHa 2 nogeoaa.mfe/PEEK_VictrexS0HMF40_1.mtri2-5_1 pro
X 398 Rng:0~014 Avg:0.0514 mm (Scale:0.00,Total1.00),Ep=1,096

g.ﬁn New run for virtual molding tria)

0.140

| 0.087%
0131
| ozzs%
0122
| 0.282%
011z
0.103 o
0,053 [] 5.025%
] 2501%
0.084
— 1
0.075
i s E
— S
0.058 o
0.047
[| 1.505%
0.037
| o.134%
0.028
| 0.002%
0.3
| 0.000%
0.008
[m— 2 213
0.000

Range=0~0. 140224 Avg=0.0514114, 50=3 975=-002
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\Warpage_TotalFiber Orientation Effect Displacement ‘Warpage_Total Fiber Orientation Effect Displacement [mm] : +F
x10 ;11[1':"!] 0% 1% 20% B0 40% BDW B0 TOW  B0W 80%  100%
1.053 g'::; | 0.151%
o 12
:x [ 228
" [ 5.448%
. [ raeew
g [ 74755
g [ 784
. 1 E Y
e | —
g [ aoms
[ 1.718%
o0z | 0.198%
0.015 [ 0.000%
, 000 — s 21
Moldex " 0.000
= e e Ranga=0~0.114778 A= 0350511, S0=3.2272-002
Fan  Newrun for virtwal molding trial
Warpage_Total Fiber Orientation Effect Displacement ‘Warpage_Total Fiber Orientation Effect Displacement [mm] : +P
%10 -1 [mm] 0% 0% 20% 0% 40% S0 &0%  TO%  B0% 0% 100%

1.442
1.359
1.275
1.191

Moldex "

z Y 56 Run 1:MuTHMK wecTepHa_1 nogeop mfe/PEEK_VictrexSOHMF40_1 mirf1-1_-
L(- ‘!,_ Rng: 0~0.146 Avg: 0.052 mm (Scale:0.00,Total 1.00),Ep=1,196,4

0.148
| 0.055%
0.138
| 0.288%
0.128
[ 1.772%
onr
[] 40z5%
0.107
[] 5241
0.087
[ ramsn
0.087
oprs ) 8.152%
] 1251m%
0.068
 — VR
0.058
[ areen
o048 [ 5248
0.033
| ozEes
0.023
| 0.oze%
0.me
| 0.000%
0.010
[m— i 422
0.000

Range=0~0. 145659, Avg=0 0520252 S0=4 222002
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Warpage_Total Fiber Oriantation EffectDisplacerenty

%10 -1 [mm]
1.361

1.281
1.202
1.122

1.043

0.963
0.884
0.804
0.725
0.645
0.566

Moldex

,z 61 Run 1:MMTHMK wecTepHa_1 nogsoa.mfe/PEEK Victrexd

‘Warpage_Total Fiber Orientation Effect Displacement [mm] : +F
0%  10%  20% 30%  40%  BOW BO0W  TOW  B0% S0%  100%

0.140
| 0.o4d%
0131
| 0.303%
0122
[ 1.473%
o1z
[ =.z24%
0.102
] s=10%
0.094
-
0.084
—E
0.075
— R
0.085
 — R
0.056
[ ses1%
0.047
[ 3484
0.037
| 0.382%
0.028
| 0.053%
0.019
| 0.000%
0.009
ooy | m— e

Range=0-0. 140251 Awg=0.0507ET1,50=4.0722-002

Warpage_Total Fiber Orientation Effect Displacement
%10 -1 [mm]
1.672

1.583
1.494
1.405
1315
1.226
1137
1.048
0.959

0.870
- 0.780

Moldex "
ZaY 39 Run 1:NMuTHWK wecTepHa_1 nopsop mfe/PEEK_Victrex90HMF40_1 miri1-
s 1 Ovrs A A AB?  Diers AAGAA v SO nntnft A Trtal 4 AM Coed 4

‘Warpage_Total Fiber Onientation Effect Displacement [mm] : +P
0 10% 2% 0% 40% B0 B0 TO%  BO% 20%  100%

0.167

| 0.087%
0.156

| 0825
0.145

[0 242z
0.134

[] s.osem
0.123

[ 7.5
o

[ 75145
0.100

—
0.089

[ s.08%
0.078

—E Y
0.087

[ s.0s%
0.056 -
0.045

| 0.055%
0.033

| 0.000%
0022

| o.000%
o.0n
oy | — a2

Range=0-0 167212, Avg=00521217 SD=5.144=2-002
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Warpage_Total Fiber Orientation Effect Displacement
%10 -1[mm]

VVarpage Tetal Fiber Ovientation Effect Displacement [mm] : +P

L 0% 10%  20% 0%  40%  E0%  e0%  TO0%  &0% 0% 100%
1.439 o.re | o12e%
0141
1.365 - [ 1.388%
1.200 - [ 4.3z1%
1215 onn [ 7.340%
i 5,401 [ sras%
- [ 7.zss%
. o.s -
10 0991 0081 | i
0917 ot [ 5.588%
0.842 o8 ] sei0%
:ﬁ [ mezn
’ [ =&z
f.020 | 0.000%
ooe0 | 0.000%
O [— g
4= 0.000
2 m OIq?i)'l(:nﬁ;rnm wecTepHa_1 nogsog mfe/PEEK_Victrex30HMF40_ R,ange=f)v!.’l_151 412,Avg=3.-35]’ﬂBE:5,SD=4.BDB&DE
r 34l Onm AL A ABE Mo AARTA v FOAALAN O TAtal £ AM €
Warpage_Total Fiber Orientation Effect Displacement Warpage_Total Fiber Onentation Effect Displacement [mm] : +7
%10 -1[mm] 0 W 200 30 40% B0 6% TOW  BOW  S0% 100%
1.838 0.184
1734 g | 0.058%
o o5
. o 1 .4.976%
1421 0.135 — ols20
ol o1z ] 7.187%
1213 ome [ sra0%
1 1 1.100 o.os8 — R S
1.005 o.oe2 — R
g.200 ::: =
meseE 0:049 [ +s3m%
i | 0.2z7%
B
B
s R R
Moldex ' o
e S e it
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12

Warpage_Total Fiber Orientation Effect Displacement

%10 -1[mm]
1.572

1.488
1.403
1.318
1.233
1.148
1.064

0.979

0.894

Moldex ‘"

Wz 60 Run 1:MuTHAK wecTepHa 1 noasoa mfe/PEEK VictrexS0HMF40 1.mtr/1-6

‘Warpage_Total Fiber Ornientation Effect Displacement [mm] : +F

LT
0188
0153
0141
0,130
0118
0,108
0.094
0.082
007
0.058
0.047
0.035
0.024
0012
0.000

0% 0% 0% 30 409t B0 B0 TO

| o.032%

| o.188%

[ 1.282%
[ a.ze8%

[ zoe4n

[ 7zmi%
[ rza4s
/3 s7rms
[ 14maen
R
[ soz1%

| o.iz4%
| 0.008%
| 0.000%

[m— 1 a2

Range=0~0. 176665 Avg=0.0613013,50=5 000002

80% 50

100%
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Warpage_Volumetric Shrink!

2730

Moldex D

QB Run 1:wecTepHa 2 nopsoga mie/PEEK_VictrexS0HMF40_1 mtr/2-1_1 pro

‘Warpage Volumetric Shrinkage [%] : +F
0% 0% 20% 0% 40%  50%  B0%  TO%  BO%  S0W  100%
3.845
| o.438%
3.588
| o.512%
3.333
p— | 0.506%
E331%
2.820
— 1
2.564
[ 1.804%
2.307
[ 1.303%
2081
0 r=es%:
1.754
0 z.040%
a2 O s1z3%
1.282
iy [ eam3
4.355%
0.768 -
| 0.000%
0.513
| o.000%
0.256
[E— 5 213%
0.000
Range=0-~3 84528, Avg=1.59857 50=1.2732+000
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Wi Volumetric Shrink
[n;rpa997 SIS S Warpage_Velumetric Shnnkage [%] : +P
2989 0% 0% 20% 30%  40%  B0%L BD%  TO0% 8D S0%  100%
2.928 3517 | Yo
2.867 5282 : 10.052%
2.806 3048 31.375%
2.745 28 [ 2e71%
288 2o | 0.817%
2623 zi’:'; | 1.081%
1 2562 1-8?5 |] 1.521%
2501 1.54] D o IR4%
2441 1'40? D 31555
2.380 1'1?2 [ 7eesnw
) [ sz
0938
0702 | 0.001%
0'@ | 0.000%
0'234 | 0.000%
Moldex = 0000 e 25.213%
z ?5 Run 1:wecTepHa 2 nopsoaa. mfe/PEEK_Victrex30HMF40_ .

- Rng: 0~ 352 Avg: 1.7 % (Scale:0.00,Total, 1.00),£ e ={.7! 5
—.4 %39% e Range=0~3.51859 Avg=1.70435,50=1.37T=+000
213.0{130.1) 22:53:50-02-20-2020
Warpage_Volumetric Shrinkage ‘Warpage_Volumetric Shrinkage [%] : +F
(6] 0% 10%  20%  30%  40%  S0%  B0%:  TO%  B0%  90%  100%

ATET
- Jo212%
3.256 |:| 2.288%
3'005 [ &esemw
2'?55 [ 130m2%
B
2'254 | 0.88%
2'004 | 1.020%
|l753 | 1.217%
1.533 |:| 2.075%
1'252 0 3.380%
llooz  — X v
0.751 [ 7.588%
o'm | 0.000%
Moldex ‘1 0.250 | 0.000%
Zy 52 Run1:wecTepHa 2 nogsoaa miePEEK_VictrexSOHMF40_1 mir/2-3_1 pro = 79.213%
L X [1'2 Rng:0~3.76 Avg: 1.6 % (Scale0.00,Total, 1.00),Ep=1,096,884 Epi=804,575 Ec= 0,000
450 New run for virtual moiding triai
R13.0(130.1) 10:58:41-10-23-2018 Range=0-~3.TE5E9, Avg=1.80421,50=1.202=+000
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