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Hapanne: Mapt 2007 saMenseT J-STD-003A derpanes 2003r.

OfneAMHEHHEIA OTPACNEROA CTAHAAPT
HCnBITaHHE HA NAAEMOCTE NEYATHEIX AT

. Obfwas uHopmanyua

1.1. Cdepa npumenenus. B naHHoM cTaHIapTe OIMCHIBAIOTCH
METO/IEI HCTIBITAHHA, ofHapyxeHus  gedeKTos,
TPHROAATCA TIPHMEPBE OLEHKH NageMOCTH
MOBEPXHOCTHRIX TIPOBOJIOR, KOHTAKTHLIX IUIOMAZOK H
CKBO3HBIX META/UTH3HPOBAHHBIX OTBepcTuH. [JlaHHBLIHA
CTAHAAPT  NpelHA3HAuYeH A8  [PUMEHEeHMA  Kak
[OJIb30BATENEM 1 IIOCTABLIMKOM.

1.2. Hasnauenre. OnpefeneHue nagseMOCTH BbINIOJIHAETC AJ1A
NPOBEPKH TOFO, YTO B I[pOLEcce NPOM3BOACTBA H
XpaHeHHA [e4aTHOM 1mathl He OBUI0 yXYIIUEHHSA
NafseMOCTH TeX YYacTKOB MeYaTHOH IUTATHI, KOTOPHIC
npeqHa3HaYanuch A maiiky. [Ipoeepka 3akmovaercs B
oueHke yactd o0paslla NJaTh, Npoleillere TecT Ha
MaseMoOCTb, HNH MPEACTABHTENBHOTO 00pasna, KOTOpbIH
Obl1 obpaboTaH Kak uacTh NedaTHodl TnaTel  And
MPOXOMISHUA TECTA BRIOPAHHBIM METO/IOM,

1.3. llens. Leneto ucribiTaHHA HAa NafeMOCTh, OMHECAHHOTO B
TMAHHOM CTaHAApTE, ABJCTCS ONpeleieHHe crocoOHOCTH
[OBEPXHOCTHBIX BBIBOJAOB, KOHTAKTHHIX [LIOWIAJIOK M
CKBO3IHLIX METANNH3HPOBAHHBIX OTBEPCTHH obecneunBaTh
7erKoe  [pWIMIAHKWE  [PUIOS W BbLAEPKUBATH
BO3IeliCTBUA Ha IUTaTy Ipy ee cOopxe.

1.3.1. JHomxern win  cneayer. CnoBo  «IO/DKEH»

HCTIONB3YETCA B TeKeTe JaHHOTO IOKYMEHTa, eClH K

MaTepHaIaM, NO/ArOTOBKE, YTIPaBJIEHHIO

TEXIPOLECCOM WM MPHEMKE TAgHHOrO COSTHHEHHA

HIIM METOZA MCNBITaHuii ectk Tpefopanue. CioOEO

«CAETyeT» OTPAXKAET PEKOMEHAALMH H HCIIONE3YETCA

mpu oOpaimieHHM K ODLIENPUHATHM [PAKTHKAM H

METOIHKAM B LIeJAX PYKOBOACTBA.

Crpykrypa IHoxyMmenTa. B cnoydae koHQIHKTa

TIPUMEHAETCS  CIIEOYIOIHH  YOBIBAIOIWE MOPAOOK

MPHOPHTETHOCTH JOKYMEHTALHH!

1. ¥YciooBHA NMOCTABKM, COTJJACOBAHHBIE MEKIY
NOJI30BATENCM K IOCTABLLAKOM.

2. TlompoOnuli  JTanoHHBIH  YEPTEK  WIH
JTAROHHBIN cOOpOYHBIR HEPTEX,
oTpaxalomui  moApodunle  TpeSoraHMA
TNOJIb30BATENS.

3. JHandnlff JOoKyMeHT, B clyyae CChUIKW Ha

HEero 3&Ka3HHKOM MIH  YNOMUHAHUY B
KOHTpPAaKTe.
4. Jpyrasa NOKYMeHTalus B obbeMe,

ONpeAeAAeMOM 3aKa3UHKOM.

[.4. Knaccudukanns no XapakTepuUCTHKAM. BbIIeTeHO TpH
OCHOBHRIX Knacca, OTPAKAIOLIHX CIKHOCTh,
(YHKUHOHANBHBIE XAPAKTEPHCTUKM H UACTOTY MPOBEPOK.
Heobxoaumo npH3Hath, 4TC KaTeropHH o00pya0BaHHSA
MOTYT OZHOBPEMEHHO OTHOCHTBCA K pa3HbIM Kiaccam.
Tlonb3osarens HeceT OTBETCTBEHHOCT 32 OTIpeAeNeHHE B
KOHTPAKTe MM 38KA3e HA [OKYNKY KIAcca NPOAYKIHU W
AOGKEH yKa3aTh MCKIOUEHHS M0 MapaMeTpaM, eclH
HEQOXOIUMO.

Knacc 1 — O6bIuHBIE 3NEKTPOHHBIE H3ALTHA

[lnatel A TOBApOB INMPOKOTO MNOTPeONEHHA, HEKOTOPBIX
KOMIBIOTEPOB W BHEIIHHX YCTPOHCTB, B KOTOPbIX HE BaXKHBI
BHEWIHHE HEJOCTAaTKH, a CCHOBHBIM TpeGoBaHMeM ABNAETCA
$YHKITHOHUPOBaHHH COOPAaHHON NIATHI.

Knacc 2 — CnenpanpHeIe IEKTPOHHBIE H3ACNMA

[Tnater pnst 0O0OpyAOBaHHA CBA3M, CHOKHBIX CUETHBIX MALIHH

Annd pPeMmeHHA  3KOHOMHYCCKHX / KOMMEPYECKHX 3aJad,
HHCTPYMCHTOB C BBICOKOH NMPOH3BOJAUTCIILHOCTBHY i |
NPOLOIKUTETBHEIM  CPOKOM  CTYROBI, IS KOTODBIX

GecriepeboiiHOCTE (PYHKUMOHMPOBAHHMSA HKenaTeslbHa, HO HE
obszatensHa. Takke OOMYCKalOTCA HEKOTOPBIE HEJOCTAaTKH
BHELIHErO BHIA.

Kiacc 3 — BeICOKOHAAEKHBIE AIEKTPOHHBIE HIASTHA

[Inatel 4718 BEICOKOHANEXHOrO 000pPYA0BaHMA H H3AE/IMH, iLid

KOTOpPBIX OTJIMYHBIE pabdoyde XapaKTepUCTHUKH ABIRIOTCS

obs3arensHeIM yenoBHeM. IlpocToit Takoro ofopyinoBaHusa B

pe3yNeTATE  HEHCNpaBHOCTH He  gomyckaetea. Cdepa

TIPUMEHEHHA: B CHCTEMax XH3HeoOecledueHHs WIH CHCTEMax

ynpaBleHus moieToM. [ledaTHple INIaTel 3TOro  Kiracca

HPHMEHSIOTCA, eclii TpedyeTcs BLICOKUA YPOBEHb HaJekKHOCTH

TIpH 3KCIUTYaTaLMM.

1.5. Knaccugukanua Metogos. B janHoM  crampapte
OTIMCHIBAIOTCS METOABl MPOBEISHWA HCIBITAHWA Ha
HafeMOCTh TMOBEPXHOCTHBIX BBIBOAOB (M KOHTAKTHEIX
TUTOIIEAA0K) H METATM3HPOBAaHHBIX CKBO3HBIX OTBEPCTHH.
Henwitanus A, B, C, D, E otHocaTcs k naiike oXoBSHHO-
CBHUHIOBRIM Markum npumoem. Menetanus Al, Bl, Cl,
D1, El oTHocATes K naiike GeCCBMHLOBLIM MPHIOEM, €CNH
HE OTOBApHBAETCA HHAYE MOCTABIIAKOM M TIONL3OBATENEM.
Henprranna A, C (malika ONOBAHHO-CBMHIIOBBIM MATKHM
apunoeM) U ucnbsitanud Al, Cl (naiixa OecCBUHUOBEIM
APHTIOEM } IPUMEHSIOTCH IPH HEMPOXOKASHHH HCMLITAHAA
Ha AaAeMOCTh.

BhIlliey OMAHYTRIE YCIOBHA JIOMKHLI RHITIONHATHCA TIPH
M3rOTOBJIGHWH, TPHEMKE TIMaT TONE30BATENEM MU
HellocpeIcTBeHHO  nmepea  cOopkodft W nafikof.
[Tonp3oBaTENE M MOCTABIIMK AO/KHBI COINIACOBATE METO/
COOTHECEHHA.

B nanHoM cTaHzmapTe AJIA HEKOTOPBIX  METOMIOB
OIpEAeHEeHO THNMYHOE BpeMsa noaorpesa. Pasnnunme
XapaKTCPHCTHK TEIUIOEMKOCTH TICYATHBIX TUIAT MOWMKET
YBEHMYUTh JIMTENBHOCTh nojgorpesa (cm 6.2). Jloboe
H3MEHEHME [UIMTEILHOCTH TMOAOrPEBA JIOMKHO ObITh
COJTACOBAHO NMOJMb3OBATENEM M [IOCTABHIHKOM.

1.5.1. Kpurepuu npobeeHHs BU3yaAbHOH NPHEMKH.

CBUHLOBBIE TIPHITOH

Tect A — OnpepeneHue yraa KpoMKi. [IpoBoadTcs TONBKO A7

NOBEPXHOCTHLIX BLIBOJOB M KOHTAKTHLIX Momaxok (cm 4.2.1)

Teer B — Onpenenenue yrna epallicHns. [IpoBOANTCA TONBKO

i MeTalNu3upOBaHHBIX CKBO3HBIX OTBEPCTHIA,

NIOBEPXHOCTHBIX BBIBOJOB M KOHTAKTHBIX TMIOIIAIOK, A

CTOpOHL punod (cm 4.2.2.)
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Tect C — Mcneitanue npunos Ha Tekyuects. [IposoanTes
IUTd MeTAJUTH3UPOBAHHKIX  CKBO3HBIX  OTBEPCTHI,
AOBEPXHOCTHBIX BBIBOJOB M KOHTAKTHBIX NAOLUANOK, OJ1s
CTOpPOHBI NpHNos (cM 4.2.3.)
Tect D — Tect Ha nailky Bonnol npunod. [IpoeonuTcs
JUIs  METAJUTH3UPOBAHHBIX ~ CKBO3HBIX  OTBEPCTHI,
TIOBEPXHOCTHBIX BBEIBOJIOB M KOHTAKTHRIX MIOIIAJIOK, 14
CTOpOHBI punos (cm 4.2.4.)
Tect E — HMmHTauMoHHaZ @pORCPKA MOHTaKAa Ha
MOBEPXHOCTB.  [IpOBOAMTCA  JUIA  TIOBEPXHOCTHBIX
BBIBOOR H KOHTAKTHBIX MoIanok (cm 4.2.5)
Becesunnopsiii npunoii
Tecr A 1— Onpeaenenve yrna kpomku. [lposoawrcs
TOABKO JNA MOBEPXHOCTHERIX BBIBOAOB M KOHTaKTHBIX
ILIOLIAI0K {cM 4.2.6)
Tecr B 1 — Onpenenenue yrna spaieHus. [Iposoaurcsa
I8 METAUTMMPOBAHHBIX  CKBO3HBIX  OTBCPCTHH,
TMOBEPXHOCTHRIX BEIBOJIOB M KOHTAKTHBIX MJIOLIAN0K, AL
cTopone! npunos {cm 4.2.7)
Tectr C 1 — Hcnbitanue npunog Ha TeKy4ecTb.
[popoauTes A METAUTM3HPOBAHHBIX  CKBO3HBIX
OTBECPCTHH, TOBEPXHOCTHBIX BbIBOJOB W KOHTAKTHBIX
TUTOLIAJIOK, JUts CTOPOHL! iputos (cM 4.2.8.)
Tect D | — Tect Ha naiiky BonnoH mpumnos. IIpopoaurcs
U4 METAJUIM3MPOBAHHBIX  CKBO3HBIX  OTBCPCTHIA,
MOBEPXHOCTHBIX BBIBOJOB M KOHTAKTHBIX MJTOLUALOK, AT
CTOpPOHHB] OpHMod (cM 4.2.9.)
Tect E 1 — PMHTaUMOHHAd [IPOBEPKE MOHTLKA HA
noBepxHocTs.  [IpoBOAWTCA [N TIOBEPXHOCTHBIX
BLIBOJIOB ¥ KOHTAKTHLIX IUTowiaaok (em 4.2.10)
1.5.2. Kpurepun wHcnblTaHuii 1o  3aMmepy
BO3ACHCTBHA
OnoBAHHO-CBHHLOBbIE IPUIION
Tect F - ucnipitanue Ha npwiunanyde. |Iporogwred nns
METALTUIHPOBAHHBIX CKBO3HBIX OTBEPCTHIA,
NOBEPXHOCTHEIX BRIBOJIOB H KOHTAKTHEIX TUTOMIANIOK {CM.
43.1)
beccBHHITOBRIC MPHIIONW
Tect F 1 — ucnurtanne va npunnnanue. [lpopogates mid
METATUTH3HPOBAHHBIX CKBO3HBIX OTBEpCTHIA,
NMOBEPXHOCTHBIX BbIBOJOB M KOHTAKTHBIX MIOLIEAOK (CM.
43.2)
Henprranug F u F1 He wenonssytotea ans npuemku /
oTOpakoBkM Ge3 corflacua MONb30BATENs M NOCTABLIMKA.
HanpaBbre BCE OaHHbLIC HCIBITAHMH, NPOBEAEHHBIX C
HCIONB30BAHHEM  JaHHBIX ~ METOAOB, a4  TaKKe
HH(popMalMio o Tyune anatkl (Tun 2 uam 12- croifHas,
L 3), pa3Mepax TecTHpyeMmoro  obpasua M
npeABapuTeibHOi 00paboTke Ha agpec:

CHITEI

PC

Attn. J-STD-003 Staff Liaison
3000 Lakeside Drive, Suite 3098
Bannockburn, IL 60015

1.5.3. Meroael  MCIBITAHHE  noAnagayO{e  MOA
MEPECMOT KOMHTETA

Komurer J-STD-003 COCTaBHII, [IpeACTaBHA

XapaKTePUCTHKH H nepecMoTpe [IPUMEHEHHE

meTogonorud  SERA  (Sequential  Electromechanical
Reduction Analysis) npy npoBeneHHH HCIEBITAHHHA Ha
nageMocTb. B HacToswee BpeMsa HO3MLMS KOMHTETA
TakoRa, 4YTO METOA MpopeneHus ueneitaHud SERA
[OIKeH NMPUMEHATHCY B paMmkax pykoroactsa [PC-TM-
650 noka He Oyaer cofpaHa [JOMOTHHUTEIBHAA
HHGOPMALMA IO KCHIBITAHHAM Ha NaseMocTs. HampaBsbsTe
BCC [AHHBLIE HCNLITAHUHA HA PACCMOTPEHHE KOMHTETa TIO
aapecy:

IPC

Attn. J-STD-003 Staff Liaison

3000 Lakeside Drive, Suite 3098

Bannockburn, IL 60015

1.6 Broibop MeToga mnpoBefeHMA HCNBITaHWA. Jns
NpaBUILHOTC BEIOOpa METOAA CM. IYHKT 1.5 u Tabnuup
I-1 u 1-2. Broifop MeToma [J0MKeH YYHTHIBATh
33KIIOYHTEBHBIA 3Tall [Ipolecca NadKkH, ¢ TeM, 4YToOBI
PE3YIBTATH HCTIBITAHRE XOPOLIO OTpaskalH [poLiecc.

1.7 TpeGopanus k obpasiy ansg ueneitanmil, Obpasell
JUIR  MCIIBITAHMH JOJDKEH OBITh  PENpe3eHTaTHBHBIM
oBpasuoM, TO €CTh YACTRIO TaseMOd NMeYaTHOH TUTATHI
HITH LIeJIMKOM TTeYaTHOR TUIATOH, ecliy oHa He 6oapliad u
MOKHO TIPOBECTH ONpeAcIcHHe riyOHHLL NOrpyXeHus
HHAMBUAYanbHO. OO6pasel 11 HCMBITAHWHA  JIOJDKEH
NpeAcTagiaTs Tecrupyemyro mapruaio. Korma ator
HCOBITATENLHBIH 00pasen WCIoib3yerca /IS NPHEMKH
marepMaia, TO KOTHYECTBO TaKHX o0pa3lioB HOIDKHO
COIIACOBBIBATHECS T10JIB30BATENEM H TIOCTABIIIKOM.

O6pazilbl AMA  MCNLITAHWH, KOTOpble MOTYT OBITH
WCNOMB30BAHEL  JUTA  MUCIIBITAHME  HA  TAAEMOCTh
MOBEPXHOCTH M CKBO3HBLIX OTBEPCTHEA , 1104pobHO

OTHCHIBAIOTCA B pazlenax, MOCBHLIEHHLIX OTAETLHLIM
MetoaaM ucnbitannid. MensiTatenpHple o0pasiusl MOryT
MCNONL3OBATECA TPU  YCIAOBHH, YTO OHH  HMMEIOT
aHAJIOIHYHBIE CXEMY TUIATHI, PACMONOKCHHAC OTBSPCTHH U
CTPYKTYpY, H obOpabaTbiBalduchk BMECTe ¢ TECTHPYEMO#
TaTOH.

Tabmuua 1-1 Beibop MeTosna TpoBeAeHMA MCTIBITAHMH —
CM B OpHIyHaje Ha cTp 2.
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Tabnuna 1-2 TpeGopanua k 0oOpaboTKe ¥ NMPOBEASHHIO
UCTBITAHUIH — CM B OpUrHHAJE Ha cTp 3.

Ecmu He OTIpesieNIeHO HHaue, TUI0IIAMKA,
COOTBETCTRYIOWAS  METAJUIM3HPOBAHHOMY  CKBOZHOMY
OTBEPCTHIO, IOIKHA CUHTATHCA YACTBRO 3TOTO CKBOZHOTO
METATNIM3UPOBAHHOTO OTBEpCTH, eclu OHa
HCTIONB3YETCH M CTBIKOBKHM jAeraneil. B 3ToM ciyuae
MPOBOMIAT HMCIIBITAHHA Ha IaAeMOcTh OTBepcTHA. Ecmu
MIoIaAKa HCNONB3YeTcs A CTHBIKOBKH JeTaned Ha
NOBEPXHOCTH, TO  TaKas  [IOI@AKa  JAO/DKHA
HCIIBITHIBATBCS HA N1aS€MOCTh H OTBEPCTHA W IUIOLIAIKH.
1.8 Ilpounoctes mnokpeiTHA. B 3akase Ha MNOKYIOKY
TIOTB30BATEND JAOIKEH 3a/1aTh MOCTABIIUKY
HEOOXOAMMYIO NPOYHOCTE TIOKPRITHA. Hinke nipusoasTes
pPEeKOMEHIALKH 13 OTpeaeneHHa HeoOX0aUMOro YpoBHS
MPOYHOCTH MOKPBITHS (He OyTaTh ¢ kiaccudukanueh
MPOIYKIIHH B COOTBETCTBHH C XapaKTEPHCTHKAMH).
ObpaboTka M HCMBITAHHA HA MageMOCTh  JIOJAKHBI
MPOBOAMThCR B cooTaeTcTBUU ¢ Tabnuueit 1-2.
Kareropus 1 — MuHMMalbHa8 NpOoYHOCTh MOKPHITHA,
IlpumenseTcs ansa INaT, KOTOpbie OyoyT mnasTeci B
TeucHde 30 fmHeH ¢ MOMEHTa WM3TOTOBIEHHs, H cKopee
BCETO, He OvayT NO/BEPTaThea CHITBHEIM
TEMIEPATY PHLIM BO3ACHCTBHUAM.

Kareropus 2 — CpenHsas Npo4YHOCTb NOKPBITHA.
lpumMenseTcs OAA NI4T, KOTOPbIE, CKOpee BCero, OymyT
XPaHUTECA 0 6 MecdAlleB ¢ MOMEHTAa H3TOTOBJICHHA, U
OyOyT  TMOABEpraTbes — CpPeHHM  TeMIlepaTypHbIM
HArpy3KaM IIpH Ia#ke.

Kareropus 3 — MakcumanibHas NMpOYHOCTE NOKPBITHA
IMpumensiercs and mwiar, KOTOpPLIE MPEIHAZHAYAIOTCS JUIH
JUTUTENBHOTO XpaHeHHus (Ooriee 6 MecflleB) ¢ MOMEHTa
H3rOTOBJICHMA, OYAYT NOJBEPTATECS CHIIBHBEIM TEIUIOBBIM
BOZNCHCTEHAM M CHIILHBIM BO3AEHCTBUAM IpH mnaiike H
npoy. HeobXoauMo yuuTBIBATB, YTO NNAThl C TaKUM
[OKPBITUEM MOLYT CTCHTb IOPOXKE W TOCTABIATBECA ©
3a/IeKKOH.

1.9. Orpanmyenus. Janusiii craniapr He NpeAcTaBiseT
coboH pYKOBOJICTBO MO MalKe WIM JIYKEHHIO [JId
MOJATQTOBKH W U3ITOTOBNECHHSA TMEYATHBIX TI1aT  WIH
cObopok.

2. [IpumeHHMad JOKYMEHTALMA

Hwxe npuBeseHHas AoKyMeHTaUMsi JSHCTBYIOIIETO B
HacTodllee BpeMs M3JAHHA SBIIETCA YACTHIO JIAHHOTO
cTaHaapTa B 06beMe, Onpe/ieneHHOM HUKe.

2.1. IlpombllUsIeHHBIE CTaHOAPTEI

2.1.1.1PC

IPC-T-50 TepMudOnOrHa M onpeaeieHus

IPC-TM-650 MeToAR! TipOBENIeHHS UCTIRITAHHH

J-STD-005 rpefoBaHuA K [1a/IbHBIM [IACTAM
J-STD-006 TpeGoBaHHA 11O NPUITOAM, TBEPABIM MPHIICAM
¢ pnrocoM u Oe3, HCNONAB3YEMBIM B 3EKTPOHHKE
3. TpebGoanus
3.1. TepmuHonorus u onpene;leHHs. TepMHHONOTHA
BOMKHA COOTBETCTBOBATH IPC-T-50.
Tepmunonorus, s3sras us [PC-T-50 ormeuena
3BE3IOUKOH (*).
*KonTakTHblid  yron, naika. Yrom, oOpasyeMslil
NpUIIOEM, MEXKAY IUIOCKOCTBIO, CMEKHOH ¢
MOBEPXHOCTBIO MPHMNOHR / MOANOKKA H MIOCKOCTHIO,
CMEXHOMW €O CThIKOM npuno# / eozayx (cM puc 3-1 B
OpHIHHATE Ha cTp 3).
3.2. Marepuanel
32.1. llpuno#. [ing wucheITaHMA CO CBHHIIOBO-
ONOBAHHBIM TIPUIOEM COCTAB MPHMNOA COrfTacHo J-
STD-006 nomken 6uiTe Sn60/Pb40, Sn62/Ph36/2Ag,
Sn63/Pb37. CocTaB npunoa ¢ Y4eTOM 3arpa3HeHHH
NOJoKEH OBITB OMpElCiCH BO BpeMsA WCHBITZHUMA
COIJIacHO ITyHKTa 3.5.2.
CocTas TasMBHOH CBHHIIOBO-OIOBSHHOH  IIACTHI,
npuMeHseMoi ana ucneitanus E  gomken OniTh
cornacuo J-STD-005 Sn60/Pb40, Sn63/Pb37, pasmep
sueiikd cuta -325/+500, tean ¢umoca ROLI.
[MagneHas  macTa  JAOKHA ~ COOTBETCTBOBATH
TpeOOBAHMAM IO XPAHEHHIO M JIOJTOBEYHOCTH TIPH
XpaHEHHH,  OMpeNeNeHHbIM B  CHelHhUKaIdH
HU3rOTOBHTEI.
[Ipa McneITaHHsX OECCBMHUOBBIM MpPHITOEM, COCTAB
npunos  jomkeH OGeith  cornacno  J-STD-006
Sn96.5Ag3.0Cu0.5 (SAC305). llpunou apyroro
COCTAaBa MOFYT HCNO/AB30BATLCA MO  COMMALISHHIO
MEX]Y MOJIb30BATENeM H MOCTABLLIHKOM.
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Cocrar OecCBMHLUOBOH NOasjbHOH MNMacThl, KOTOpas AO/KHA
HCITONb30BATLCA B MCIBITAHWM S1, JomkeH ObITH coriacHo J-
STD-005 Sn96.5Ag3.0Cu0.5 (SAC305), pasMep A4eHKy cuTa -
325/4500, tin dmoca COrNacoBLIBACTCA NOMbL3IOBATENEM H
TMOCTABIIHKOM. [MaanpHas macta OOMKHA COOTBETCTBOBAThH
TpBﬁOBaHHHM Mo XpaHCHHID H JONTOBEYHOCTH I"Iplrl XPaHCHHH,
Onpe/eIeHHBIM B cTIEIUPUKALIMK H3rOTOBUTENS.
BEeCCBMHIIOBBIC NAANbHBIE NACTHl APYFOCO COCTABAa MOTYT
MCTIONB3OBATECH 10 COMTAWIGHHK) MEXIy [OJBI0OBaTeleM H
[OCTABIUUKOM.

322, ®moc. Pdmoc, NOpdMeHAeMblli M1 MCIBITAHMH Ha
asieMOCTs ¢ ONOBAHHO-CBUHIIOBBIM  TIPHIIOEM  AOIDKEH
NpeJcTaBIaATs coboil cTaRAapTHLINM (IIOC H3 aKTHBUPOBAHHOM
kaHuGomn Nel ¢ coctaBoM 23%+0.5% kanudoan u
0.15%+0.01% musTunammonuii ruapoxiopuaa (CAS 660-68-
4) B 74.85%+0.5% m3omponunororo craupra (e tabauuy 3-1 8
OpHruHane Ha ctp 4).

Dmoc, NpUMeHseMBlit NS HCHOBITAHHE Ha NageMocTh ¢
OSCCBHMHIIOBEIM  IPUNIOEM  NOJDKEH [PEACTABIATL  cOOOH
cTaHmapTHeIH ¢moc u3 akrusupoBanHod kauudomu Ne2 ¢
coctaBoM  25%=0.5%  wkanmdonn u  0.39%+0.01%
AMITHIAMMOHHI  rHapoxnopuaa (CAS  660-68-4) B
74.61%+0.5% wzomponunoRroro cnupra (cM Tabnmuy 3-1 B
opurnHane Ha ctp 4).

3.2.2.1 Conpepxanne ¢uroca. CrangapTHeie  IIIock M3
AKTHBHPOBAaHHOH KaHHudoau Nel v No2 JOJKHBI XpaHHTLCH B
SaKpblTOir'I TapE, €CJH HE HUCIIOIL3YKITCA H CIIUCBIBATLCA MOCTIE
8 wacoB MM eciM  WIOTHOCTH diuroca ofecrieduBaeTcs Ha
ypoere 0.843+0.005 npu temnepartype 25+£2°C (7743.6°F), 10
ero CIHCHIBAOT 4EPe3 HEIEIO HCTIONB3OBaHHA.

3.2.3. VYnanenwe dumoca. Marepuan, ucrnonbiyembli  ans
OYMCTKHM TNEYaTHBIX [UIAT TIOCHE IIPOBEJCHHMA MCHBITAHMI Ha
MageMoCcTe H 00 MPOBEOCHHAA CLEHKH HAACMOCTH [OJAKEH
BEIJIEPKUBATh YIATSHHEe BUAHMOT0 ocTaTKa duroca.

3.3. Obopynosanye. CieAyrowiue KPHTEPHH NPUMEHAIOTCA 1UTA
Bcex meTonoB M ob0opyaosanms (cM [lpwiomenue C -
IlepeueHs opraHu3auMi, NpeOoCTaBAANOILEX OOOpYyIOBRaHHE).
CrenuansHoe 000OpYLOBAHKE, NPHMEHASMOE [UIA UCIBITAHHIT
Ha [IaAeMOCTb, ONUCHIBAETCHA BMECTE C METOJAOM IIPOBEIEHMUA
TAKOT( HCTIBITAHHA,

33.1. ObopynosaHue A npeaBapUTebHOH 00paboTku.
OGopynopanne 1INd TpeaBapHTeNbHOH 00paboTkd HOMKHO
NOAIEPKUBATL TEMIEPATYPHBIE W BAAXKHOCTHBIE MTAPAMETPBI,
onpefeNneHHsle B NyHkTe 3.4.2. KouTpoawHsle o&pasiibl
JMODKHEL OBITh MOABEIIEHRl Tak, 9TODLI HH Kakad dacThb
obpasua we Obina Onmke wem B 40mm (1,57m0iM) OT CTEHOK
HCITBITATENbHOH KaMEephI, Hemetannuueckue ACPKATCITH
JIOTAKHBE TIO/UIep*HBaTh 00pasitel noa yrnom ot 90 mo 45°
IpagycoB BO BpeMs NMOATOTOBKH. Heo0X04MMO IPUHITE MEpHI,
qTo0R  HE  itpeBblCHT  00beM  o0opyaoBaHMs  UlA
npedsapuTensHol obpaboTki. YUpesaMepHas HIH HeIPaBMIbHAA
3arpy3ka IoBeleT 3a co0oll BhIMageHue KOHAeHcaTa Ha
TIOBEPXHOCTY HCMBITATEIBLHBIX 06PA3LOB,

3.3.2. EMKocTh / BaHHa ¢ npunoeM. TepMocTaTupyeMas BaHHa
€ NpHNoEM JOQIMHA ObiTh COOTBETCTBEHHOTO pasMepa, YyTOOLI B
HEll MOKHO OBUTO PAa3sMECTHTh HCHBITATENBHBIE 00pasubL
Banna ¢ nopunoeM JOMKHA - COAEpAKaTh  JOCTATOMHOE
KOIHMYECTBO [pUNos, 9ToOhl MOXKHO OBIO NOJLISPHKHBATH
TeMnepaTypy [pPH MpPOBEJEHHH HCMBITAHHA B YKa3aHHOM
nuamasode (3.5.1) #H u30eKaTL NPEBBIIEHHS JIOMYCTHMbIX
ypoBHeil sarpa3nenus (3.5.2). JlnanazoH TeMNepatyp éMKOCTH

I8 IafiKK BOJTHOH TIPHIIOA TIPH UCTIBITAHUAX 10 MeToay [ Win
Dl OO/DKEH  ONpEeAeNaThcs  COrTAlleHHeM — MEXIy
[ONB30BATENEM M MOCTABITHKOM. HeolXoanMo IPUHATE Mephl
[PEeAOCTOPMKHOCTH, YTOOB  TIPENOTBPAaTHTE TOBPEXICHHA
BAHHEL / EMKOCTH B pPe3yNbTaTe IPO3HH NPU HCIONBIOBAHHM
0eCCBMHUOBBIX TIPHITOEB.

3.3.3 Onrmuueckoe ofopygopaHue A 1poBepok. Bcee
obopyaopaHue A BU3IYAIBHOM IPOBEPKH AOILKHE! 1aBaTh 10-
KpaTHOE YBeHUeHHE ¥ JOIDKHO HMETh OKYAAPHYIO TKany IS
TIPOBEACHAA M3Mepenui. [IpHMep WKanel MPUBOOHTCA Ha PHC.
3-2. Jing KadecTBEHHCOH TIpOBEPKH IJOMKHO TPHMEHATECA
GecTeHEeROE OCRELIEHHE.

334 Obopynoranue s norpyxenus. OdopynoBaHue Ans
NOTPY)KEHHA B MNPUIOH MOIKHO OBITh MeXaHHYECKHM /
JNIEKTPOMEXAHHHMECKUM M AQIKHO ofecneyuBaTh KOHTPOIb
CKOPOCTH TOTPYXKEHHS /[ BBIEMKM, BpPEMEHHM BLIAEPKKA U
rnyOMHBI IOTPY)KEHUA COTNMACHO MyHkTaM 4.2 —4.3.

3.3.5. Annapatypa /[nd XpoHOMeTpaka. AnNmapaTypa Aas
XPOHOMETpaXKa [ObKHA ObITh ABTOMATHMECKO! M TOUHOH,
4ToObI COOTBETCTBOBATh OTPAHHUEHHAM JaHHOTO CTAHAAPTA.
3.4. IToAroTORKA K HCTTLITAHMAM.

34.1. [Moproroska HCTIBITATEIbHBIX obpasLoB il
NIpe/ABAPHTENRHAS obpaboTka nepes MCILITAHHUAMH.
Heoﬁxonumo MRPHHATE MEPI:I o MNpeaCTBPAIlCHURD

3arpa3HeHds {CMA30MHBIMHM BEILECTBAME, [OTOM H IIPOd.)
HCIIBITEIBAEMOA nOBepXHOCTU. Eciin MexTy NOnb3oBaTeNeM K
MOCTABIIMKOM COTJIACOBAHO, TO KOHTPOIBHBIE 06pa3lEl MOTYT
TpoiiTH MpeaBapuTeNbHYI0 00paboTKy B BUne 00eKHPHBAHHUA,
OYHCTKN BOJOH, CUMCIKH / TOIMPOBKH MEMH W TPHIIOA,
NpPOrpesa.

[Tporoaumas  mpempapurenbpas — o0pafoTka  jomxHa
BOCTIPOM3BOAUTE peanbHyR 00paboTKy IevaTHRIX IUIAT [0
MoMeHTa naiiku  cbopku {cMm  6.3). Ecir npopomurtcs
npenBapUTelibHas 00paboTKa, TO OJ0TPEB He HYKEH.

342, llpeasapurenpHas obpaboTka mnmg  yayUIIEHEA
H3HOCOYCTOAUHBOCTH. Bcee KOHTPOJIBHEIE o0pazisl,
Mo ANEwALMe obpabotxe it} MOBBIIEHAA

U3HOCOYCTOHUMBOCTH, JOJKHEI IIPOHTH Takyio IIOAMOTOBKY A0
[poBeleHHA MCOBITAaHHA Ha [ANEMOCTh, A 3aTeM TNpoHTH
NOAOIpeB COrMacHo nyHkry 3.4.3. Vcnosus NpOBEASHHA

WUCIBITAHHA  Ha  JOITOBEYHOCTL  TAKOBBI: 72°C+5°C
[162°F£9°F] u oTHOCHTENHHAaS BIAKHOCTE  §5%+3%.
HcnbiTeiBaemble  00pa3libl  OOMGKHBI  HCOBITBIBATBCS — Ha

JONTOBEYHOCTL B TeHEeHHEe ROCEMH HacoB £ [5 MHUHYT.

3.4.3 IMonorpes. Cpa3sy Nocie NpoBelEHHS TIPEABAPHTENLHOR
00paloTKH M flepe MCMLITAHHEM HA NaseMOCTh BCE TUIATHI
NOKHBI mogorpesarses npu 105+£5°C [221+9°F] B TeueHHe
I+1/-04 nna ypameHua BJIArM € TIOBEPXHOCTH M OPYTHX
Aetyumux BewecTB. HcmeitaTeneHele o0pazibl HeoOX0AWMO
OCTY/HTL 10 KOMHATHOH TeMIepaTypsl Ao 00paboTku dmrocom
H [IPOBEACHHAA HCTILITAHHH.
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Pucynox 3-2 [lpumep okyaspHO#t mkanbl Ans NpoBeAcHUA
U3MepenHii — CM B OpUIHHAJIE Ha TP 5

3.5. TpeboBaHUs K EMKOCTY C IPHIIOEM.

3.5.1. Temmneparypa nmpunogd. MenblTAHHA Ha TAREMOCTh C
UCMONB30BAHHEM  QIIOBAHHO-CBHHLOBOTO TIPHIIOA  JOJDKHO
MPOBOAUTECA NP TeMIeparype npumos 235+5°C [435+9°F].
HeneitTanus, IpoBoaMMble ¢ DeCCBHHUOBLIM NIPUNOEM JIOMKHEI
NPOBOAUTLCA TIPH TEMTepaType npunod 255+5°C [4914+9°F].
3.5.2. Kontpone 3arpazHenys npunos. [Ipunol B eMKkecTax,
MCTIONL3YeMbIH M8 MPOBEACHHA HCMBITAHMHE Ha [a3EMOCTH
AODKEH NPOXOAHTh XMMMHECKMH MIH COeKTpoTpadH4yecKHi
AHANM3 WIH 3aMeHAThLCH Kakable 30

pabounx aHeH. Y pOBHH 3arps3HeHUs U CONAEPKAHHA OJIOBa
AODKHEI COOTBETCTBOBATh NpUBEAeHHHIM B Tabnune 3-2.
AHanU3  MOXET NPOROAMTRCA ueped Oonee  JUTHHHLIE
NMPOMEXYTKH  BPEeMEHM, eCIM  pe3yabTaThl  MCTILITAHHH
MOKa3blBAlOT, UTO JOMYCTHMBIH YpPOBEHb 3arpA3HeHUd He
npesbiiieH.  CocTae  OecCBUHLIOBOTO  MPHUINOA,  YPOBHH
3arpA3HeHMA HeoOXOIUMO NOLNEPKHBATL INIPH HCIBITAHHAX
cornacHo rabnuue 3-2, Ilpu 3TOM HeOOXOAMMO CAeAMThL 33
YpOBHEM cofepikaHus cepebpa M menu, utodel obecneunTh
cobnmopenye TpeGOBAHMIT K NPHITOFD.

[IpuMeuanue: Pabounii geHe npencTaBiger coboif moboit
BOCBMHMACOBOH IPOMEXKXYTOK BPEMEHH, UIH moboil nepro u3
3TOTG NPOMEXKYTKA BpeMEHH BO BpeMA KOTOPOTO MpPHTIOH
HAXOJHUTCHA B KWAKOM COCTOSHHH H UCMONB3YeTC.

Ecnn 3arpA3HEHHE TIpeBLILAET YpPOBEHb, IPHBEIEHHLIH B
tabiuue  3-2, TO  HEoOXOAHMMO 3AMEHHTH TpUIIOH, &
TPOMEXKYTKH  MeKIy TIPOBENEHHEM aHaiH3a YKOPOTHTS.
HeobxomnMo pazpaboTaTh, TPHMEHATH M JIOKYMEHTAIBHO
odopmurs Ilnan BIOOPOMHOrG KOHTPONA, B KOTOpOM OyaneT
OTpaXKeH MpPOLIECC KOHTPOJIA 3arpA3HEHNA PUIIOA.

Tabnuua 3-2 MakcHMalbHBIE YPOBHM 3arpA3HEHHS eMKOCTH ¢
TIpUITOEM — CM B OPHTHHAJIE Ha cTp 5.



4 MeToAHKa MCTILITAHHH.

4,1 OrpaHuueHus NpM HOPOBEASHUM MCOBLITAHAH, MeTOauKH
HCTIBITAHUI, TPHMEHIEMble COMNACHO JAaHHOH cneuudHKaniy,
MOTYT fIPUMEHSAThCS /N4 OONLINHMHCTRA THITUYHBIX TEYATHRIX
nnat. IlpuzHaeTcs, 4TO TOACTHIE NEYATHBIE [UIATH BEMYT cebs
No-APYroMy, B OTAHYHE OT TOHKHMX MNAT H3-3a YBENHYESHHA
TEMNOBOM Macchl, (OPMATHOTO COOTHOIIEHHA, KONHYeCTRBa
«3eMJIAHBIX» CIOER H Beca CTONOHKA NMPUTIOA B OTBEPCTHH. JTH
(aKTOpPhl 3HAHUTENLHO YMEHBIIAIOT BEPOATHOCTE TOTQ, HTO
BCe OTBepcTHA OyAyT HMeTh XOpOIlee NPWIKMNAHUE Ha
W30THYTHEX YYACTKAX H QHUKCHPYIOLLYIO [IIATIKY M3 IIPHIICA Ha
BEPXHEH CTOPOHE.

Heobxonumo crnenoBaTh METOAMKAM HCTBITAHHM MO JaHHOH
creiUKraud. ECM Moab30BaTeNb M TIOCTABHIMK PEINaT, 4To
Heo0OXOAHMO BHECTH W3IMEHEHHS BBUIY HANMUHA HEKOTOPBIX
(PU3MYECKHX XaPaKTEPHCTUK HCHbITaTesIbHOIO 00pa3zua, a He
nageMOCTH MOREPXHOCTH HCMEITATENRHOTO 06pa3ia,

TO HeOOX0AUMO NOKYMEHTATBHO O(OPMUTE HOBYIO METOAHKY
¥ HCMONL30BATE TONBKO i1 00pa3sloB NaHHOTO THna. B
M3IMEHEHUAX B METOAUKE [POBENEHMA HCILITAHMI H DNpH
3ameHe uoca {(cM 3.2.2) HODKHBI YUMTHIBATHCA BpeMs
NpHIMDAHKA W ACHEeKThl, Kacatouldecs ¢loca COTNTACHO
MyHKTa 6.6 1 6.7.

4.1.1 IlpumeHeHue d¢moca. HenpiTaTensHble  obpa3Lbl
HeoDX0OMMO NOIPpy#KaTh BO (IOC HA [IO/IHYIO [NYDHHY, YyTODk
obecrneuuTs naiiky B Tedenue 5-10cex. Coctap doca gomkeH
NOANEPKUBATECA B COOTBETCTBAH C IyHKTOoM 3.2.2. Tlocne
duoca  UCOBITATENBHBIN 00palell JOMKEH BBHICYLIMTCA B
BEPTHRAIILHOM  [MOJIIOXKEHHH MAKCHMYM 60cex. M3nuumixy
dmoca HeoOxoauMo yOpaTh MyTeM REITHPAHHUA TecTHpyeMoil
TIOBEPXHOCTH  KyCkoM  a0OcopOupylomero  O4HLIAKLIETO
Matepuana. McnwiTaHue HA DaseMOCTb JOJKHO TIPOBOIHTHCA
HE [I030HCE, YEM YCPe3 MHHYTY H HE [T03JHEC, YEM YEpPE3 1IATh
MMHYT [0C/IE NPOTHPKH.
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4.2 McnblTaHHA C© YCTaHOBICHHBIMM KPHTEPUAMH JOITycKa /
Opaka

421 Tectr A - OnpeneneHHe YIMa KPOMKH, OIOBAHHO —
CBHHUOBLIf Npunoi. IIpeBOANTCA TONBKO [UIA IOBEPXHOCTHEIX
BBIBOJOB M KOHTAKTHRIX [IQIIAA0K,

4.2.1.1 QbopynoBaHae

4.2.1.1.1 Bauna ¢ npunoem. JIOMKHA HCHIONB3OBATECH EMKOCTh
C IpHrnoeM, oTBedarollas TpedoBaHuaM myHkrta 3.3.2. Ipunoii
JO/DKeH oTBevarh TpeboBaHmAM nyHkTa 3.2.1. TemmepaTypsl
BAHHBI ¢ TIPHIIOEM W 3arpiasHEHME MpONos  JTOMKHBI
KOHTPOJIMPOBATLCH B COOTBETCTBHH € MyHKTamu 3.5.1. u 3.5.2.
42.1.1.2 OOCopyioBanne JUId TIOTPYXKEHHA.  JIOMKHO
HCIIONB30BATECA 00OPYIORARME, TTOKA3aRHOe HAa PHCYHKe 4-1.
MoskeT HCHONB3OBATECA aHaNOIMYHOEe O00OpYyHOBaHHe, INpH
YCIOBMM, 4TO OHO O0ECMevHBAaeT. CKOPOCTh MNOTPYXKEHHH,
BPEMs BBIASPKKH H CKOPOCTE BBIEMKH, COOTBETCTBYIOIIHE
YCIIOBHAM NpOoBEASHUS HCIIbLITAHHI, KOHTPOAB
NepreHAUKYIAPHOCTH  [1aThl M TOBCPXHOCTH  TIPHIION;
KayaHue, HCKIOYEHHE BHOpPaLMM M IPYTMX TOCTOPOHHHX
JNBHIKEHHH.

42.12 ‘Tecrupyemsii obpazen. TecTHpyemutii oBpazen
AOMKEH MApeacTaBidaTs co0OH 4acTh IUTATBI HAH LENHKOM
IJIATY, B 33BHCHMOCTH OT TOTO, YTO MEHbLIE, M HE IpeBbILIAET
50x30mm [1.97 x 1.97 moiiMa], umu obpazen fomken o6nanath
ceoficTBaMK cTaHgapTHoli rwiatel. Ha pucynkax 4-2 n 4-1
NpeACTABNEHI BAPHAHTE! 0OPa3LOB.

IMoaretozka oGpasUOB AONAHA TPOBOUTECA B COOTRETCTBHH C
IyHKTOM 3 .4.

Mpimeyanne: Yto kacaeTca pHcyHka 4-3, TO HAaCTOATENLHO
PEKOMEHAYETCS BLIBECTH KOHLBI METANNH3AUMM K Kpawo
TecTHpyeMoro ofpasua, ¢ TeM, 4YTOOBl rapaHTHPOBATH
HAJEXKHOCTE W TOYHOCTE pe3YNBTATOB WCTILITAHWH, 3JTO
JOCTHTaeTcA MyTeM coxdaHud Gonee kpymHoro obpasua A
MHOTOKDAaTHRIX UWCIIBITAHHH, COCTOAINEr0 W3 HECKONBKHX
obpas3lioB [Ns TECTHPOBAaHMA, @ He eNUHHYHOro obpaiua |,
NpeaHa3HauyeHHOTO Al OJHOTO MCIBITAHHA. B npouecce
YNAnenus OTIebHBIX 00pa3sLoB ¢ MHOTOOKOHHOH NaHeNu
MapiipyT pazBOAKH NpOXOIUT depes DoiblliepazMepHoe
MEIHOE OKHO, YTO TapaHTHpYET HAMHYKE MEAM Ha Kpaw
TeCTHpyEMoro obpasua. brarogaps oTHOCHTENEHOH MATKOCTH
Me/IM HEPORHEINA Kpait Bo3MOKHO notpebyercd noaningosaTe
HaxkAayHOW  Oymaroi ¢ 3epiom  600. B xadectse
allbTEpHATHBHOIO METOAA [ NOATREPKICHHA TOTO, YTO Melb
UMeeTcd Ha Kpak TecTHpyeMoro o0pasua MOXeT OblThb
npeBapHTeNbHas MaplipyTh3auds oOpa3la M KpaeBoi
naHead. 3T0T BapuadT Oo/ee AOPOTOCTOAMMI M MOXMET He
NOAAEKHUBATLCA H3POTOBUTENIAMH NEeYaTHBIX IUIAT.

4.2.13 Meroguka. OcTaTkl (UEoca M OKAIMHA MOJGKHBI
MOTHOCThIO YAQTATECA € TOBCPXHOCTH  PacIUIaBJIEHHOTO
npunos o norpyxenws. llocne dumrocoBanns M cYMKH
COMNIACHO TYHKTA 4.1 HcIBITaTENRHEIH o0pazel] NOMmkeH ObITh
TIOrPYAEH B PACIUIABICHALIA TIPHIOH Mo MIHpPHHE Ha TNyOHHY
25£2mM [0.984=0.08 mrofima]

Pucynox 4-1. OmnpegeneHue yria kpoMmku. Mcnwitanwe Ha
NaseMOeCTk — CMOTPH B OPHTHHATIE Ha ¢Tp 7.



[IPC J-STD-003B] [NNe sl ooV

Pucynok 4-2 Ilpemnaraemslit obpaszen Ind HCIBITAaHHA ©O
CKBO3HBIMH OTBEPCTHAME — CMOTPH B OPHTHHAIIE Ha ¢Tp 8

Pucynox 4-3 Ilpepnaraemerfi ofpaien, Ansd HCMOBITAHHA C
NOBEPXHOCTHBIM MOHTAXKOM — CMOTPH B OPHMIHHAME Ha ¢Tp.8
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BpeMsa Bblaepkkd B PacrnnaBleHHOM NPHIOE HONAKHO OBITH
3.0+0.5cex. CxopocTh [MOTPYXEHH M BbLACPKKH ACIKHO
cocTanath 25¢2mm [0.984=0.08mofiMa] B cexyrny. Ilocne
BBIEMKH HYMKHO [OJOXOATh, 4YTOOB OpHIOH  3acThLI,
OXJaXK7afch HA BO3AYXe, TpPHYeM Tinata f[OMKHa OBITe
YCTAHOBACHA B BEPTHRKATLHOM NONOKEHMH. [0 ocMoTpa co
BCEX MCILITATENBHBIX 0BPazLIOR AODKEH ObITh CMBIT IAIHOC NTPU
MOMOILH MOIOIIETO CPEACTREA B COOTBETCTBHH ¢ ITYHKTOM 3.2.3.
4.2.1.4 Ouenka

4.2.1.4.1 Yeenuuenue. McneiTaTensabie o0pasipl HeoOXOAHMO
NpOBEPATh {IPH ASCATHKPATHOM YBEIHUYEHHM € HOMOUIBIO
obopy IOBaHMA, YKA3aHHOTO B NyHKTe 3.3.3.

4.2.14.2 OuecHra TOBEPXHOCTH — KpUTepHil aonyck / Gpak.
Munnmym 95% kamacH TecTHpyeMoll NobepxHOCTH (KaKoi
[OIAAKH) AOKHO odecreduBaTe xopomee npuiunanne. Ha
MOBEPXHOCTH  MOrYT OBTh  HeDONBLIHE HAKOMBI, He
NPIWIKIAIOUINE 30Hbl H HEPORHOCTH, NIPA YCIOBHH, YTO OHU HE
KOHUEHTPUPYIOTCA B ONHON 30He. A MeHee KDHTHYHBIX
CIy4yaeB TMOCTABIIMK K [OJb30BATENE MOTYT COIVIACOBATH
YMEHBIIEHHHH  [OpOLEHT [OBepXHoCTH. B mpegenax
OLEHMBAEMOH 00AACTH He NOJDKHO ObITh HEIIPHIWNAHHA HIH
BLICTYTIAION[EH HAPYKY DOLIO#KKH. 30Ha [MHpHHOHA 3.2MM
[0.126 moliMa]l ¢ HKHErD Kpas TecTHpyeMoro ofpazua He
JAOKHA OLCHMBATECH. 3JOHBI C KPEIUIGHHAMH HE JTOMKHBI
OLIEHHBATHCS.

422 Henmranue B - OmpegeneHue yrna BpalleHHA.
OnossigHC — CBHHLOBHEIA NpHNo#. IlpoBoauTes TONLKO A4
MeTaNIM3APORAHHBIX CKBO3HBIX OTBEPCTHI, INOBEPXHOCTHBIX
BBIROJIOB M KOHTAKTHBIX ILIOLIAICK.

4221 O06opynopaHue. Heobxonumo HCTIONE30BAThH
NpPHCNOCODIEHUE AN NEPEMEILEHIS HCIIBITEIBaSMOro odpasiia
MO KpyroBoit TPACKTOPUH C TeM, 9TO0BI IOCKAs MOBEPXHOCTh
06pa3sua KOHTAKTHPOBAJIA C© TIPHIICEM Ha TIOCTOAHHOH CKOPOCTH
Ge3 ocTaHORKH. PaccTosHue MeXIy LEHTpOM BpalleHus M
ueHTpoM obpazla OOMKHO ObTh MuHmMyM 100Mm [3.937
moiima). Ilpumep nepxarena /A ofpasna MokasaH Ha
pucyHke 4-4, Te wacT Zepkatens, B TOM YKCJE CTOTOpHAsA
fpyKuHa (ECIM €CTh), KOTOPEIE KOHTAKTHPYIOT ¢ 00pasloMm u
ApANOEM  OOJKHB  HMETH  HHM3KYKD  TEIUIOEMKOCTh M
IEKTPOTIPOBOAHOCTE.  Bpema  kontakta /ool Todukn
MOBEPXHOCTH WCNbLITHIBAEMOTO 00pasla W pacTulaBleHHOro
npunos  onpenensetca  Taiimepom.  Tafimep  domxen
3aMyCKAaThCd B MOMEHT, KOMA MOBEPXHOCTH  oOpaslia
pacnojaraeTca NapanienhHO IOBEPXHOCTH mpmmos. Hepen
NpPOBENCHUEM [IMKIA MCHOBITAHME H TorpyxkeHHem oOpasua
nofocka B 50mM [1.97m0itM] U3 TedioHa WIM aHATOTHYHOTO
MaTepuana Jo/bkHa ObITh HCNONB30BaHA ¢ LENLK yIalcHHS
OKHCJIOB WIH 0caJKa QIoca ¢ MOBEPXHOCTH [PHIION.

4.2.2.2 WcnpitaTenbHblil o0pazen, McenwiTaTenbHelil oOpazert
JOJUKEH COOTBETCTBOBATHL MyHKTy 1.7. HcuwmarensHeli
obpazell Jc/KeH ObITh IUATOH, MM YACTRIC [NATHL, WIH
HEMOCPEICTBEHHO MCTIBITATENbHBIM 00pasuom (cM puc.4-2 1 4-
3). Hcnprarensusiif ofpazer] gomskeH ObITh TAKOH [UIHHBL,
urodsl obecnieunsate 13MMm [0.512m0iimMa) 3a30p OT CTEHOK
EMKOCTH € T[PHIIoEM. MUHHMAnLHOE HWCIO  BBIBOJOB
{MeTaNNM3UPOBAHHEIX CKBRO3HBIX OTBEPCTHH WIH KOHTAKTHBIX
UIOLIAA0K) [UTA ONHOIO UCHBITAHNA JOKHO COCTABNATE WECTh
ITYK.

PucyHox 4-4 Onpenenerue yrna pallieHms — ¢M B OpUTHHANE
Hactp 9.

Ecnu HeodxonuMo TECTHPOBATE CKBO3HBIE
METALTHIMPORAHHLIE OTREPCTHA, TO MMHHMAILHOE KOJHYECTBO
OTBEPCTHIl NiA TecTa AOMAKHO OBITE 30 HAa KOHTPOIUPYEMYIO
1aprTi. 310 MoTpedyeT MUHEMYM MATH HCTBITATENBHBIX
obpazuos (6 orBepcTuii Ha ofpasue, 30 oTBepcTHit BCero).
Henpitatensnblit ofpasell fomkeH ObITh MpeAcTaBHTENBHBIM
obpasuos wigenuns. OTKPHTad ATHHA MOBEPXHOCTH oDpasua B
HanpaBiAeHHWH IIePEMELICHHA JAOKHA COCTaBIATE 25+5MM
[0.984+0.20nt0iima]. [ToaroToBka HcmbITaTEABRHOTO 0O0pasua
JOJKHA POBOIHTLCA B COOTBETCTBHH © TIYHKTOM 3.4

4.2.2.3 Metoauka. OxanuHa W ocalok (Qmoca JomkeH OBITE
TIOTHOCTBIO YOPaH ¢ MOBEPXHOCTH PacTUTaBICHHOTO IPHOOA
HEMOCPEeACTBEHHO Nieped norpyxerunem. [locne durocopanus 1
CYmMKH , corjnacHo nyHkTa 4.1 yeTaHOBHTH oOpaseil B
Jepxareb. OTperynTHpoBaTh UCHHITATENRHOE 00OpYIOBaHUE
Tak, 4TOOBI lOrpy;enue obpailla B BaHHY C NPHIOEM
OCYHIECTBIAIOCH MUHMMYM Ha S0%Tonmunel obpasila, eclii
mHaue He orosopedo. [locne Toro, kak ofpasell BRIHYT M3
BaHHBI € [IPHNOEM, T[IO3BOJIBTE MIPHIIOI0 3ACTHIHYTE B
MOJIOKEHNY, B KOTOPOM YCTPOHCTBO OCTAHOBHIKCH, TIPEXIe,
YeM BLIHYThL €ro U3 gepxartens. HeoOxoauMo NpHHATE MepHl,
yToObl TpUOOR He 00pa3oBbIBAN HAIUTHIBOB Ha BepXHel
MOBepXHOCTH ©o0pa3la. IT0 MOWMeT HEraTHBHO NMOBNHATL Ha
IMpHHY TecTHpyemoro ofpasna. Bpema Beimepxkd Ha
MakCHMaTLHON rAybuHe A0MxHO cocTaBaath 3.0+0.5cek.
Ilepea npoBepxoff cO BceX HCTBITbIBAEMBIX 00pa3sloB
HeoBX0oIMMO  yHauTh GNIOC ¢ TOMOIIBI0  QYHINAIOLIETO
CpeAcTRa B COOTBETCTBHH ¢ 3.2.3.

4.2.2.4 Onenka

42.2.4.1 Yeenuuenue. HenbltaTenbHole o0pasibl He0OX0AMMO
HPOBEPATE TIPH  JICCATHKPATHOM YBEJIMYEHUH C IIOMOLUBIO
000pY I0BAHMS, YKA3AHHOIO B ITyHKTe 3.3.3.
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4.2.2.4.2 OueHka MOBEPXHOCTH — KPHTEPHH KpATepUil AOMyck /
Opak. 3oHa mmpuHOoi 3.00 mwm [0.118m0liMa] or 3azHeH
KpOMKH Kaxkaore ofpasla He OLEHHBaeTcd. 30HM ¢
KpelNieHHAMR  Takke He OUcHMBalOTCA. MUHHMYM 95%
KaXAoH TeCTUPYEMOR MOBEPXHOCTH (KaKAOH IUNOWAIKH)
AOKHO — oDecnedMBaTh  XOpomIee — Npunumanue.  Ha
MOBEPXHOCTH  MOrYT ORTh  HeOONBIIME  HAKONBl, He
NPWIHIIAIOIHE 30HL H HEPOBHOCTH, TIPH YCIOBUH, YTO OHH He
KOHLEHTPHPYIOTCA B ONHOH 30He. JIna MeHee KpHTHYHEIX
CIly4acB [MOCTABILMK H NONB30BATENL MOIYT COMACOBATE
YMEHbLUEHHBIH  npoueHT  noBepxHocTH. B npexenax
OLICHHBAEMO# 00ACTH He MO/UKHO ObITh HEeNpHIMIAHHA MIH
BBICTYNAKILEH HAPYKY NOATOXKKH.

42.24.3 OueHka cKBO3HBIX METATIH3HPOBAHHBIX OTBEPCTHIA.
OlieHKe MOATEkAT TONBKO CKBO3HBIE MeTARNH3HPOBAHHBIE
OTBEPCTHA, KOTOPHIE  HAXOAATCH  MUHMUMYM B 5.0mm
[0.197mofiMa) oT mo060H NOBEPXHOCTH WIH 3aKperIsioiei
KOHCTPYKLMH, NOAJePKHBaIONIeH UCTIRITATENRHELT 00paell Bo
BpeMs HcnblTaHMiA. JoHa minpuHoii 3.00 mm [0.118moitMa) oT
3adHel KpOMKH kaxzaoro obpasua He OueHMBAeTCH. 30HBL C
KPEMIEHMAMH TAKKE HE OLEHHBAIOTCA.

Kpurepun aomyck / Opax:
- Magenna wmacca 1 v 2 — npHOo# JOMKEH MOIHOCTBIO

NMpUAHNAaTh K CTEHKaM CKBO3SHBIX  METAUIM3HPOBAHHEBIX
OTBEPCTHIE M 3aONHATE  OTBEPCTHA  MeHee  1.5MM
[0.0591moitma]l B AvaMeTpe (TIOIHOE 3alOJHEHUE HE

o0A3aTEMBHO).

- Uzpenus wnacca 3 — [Madika Ha wcnsiTatensHoM o0pasue
CIHTAETCA XOPOLETo KadecTBa, ©CMH [IpHﬂOﬁ TIOAHHMAeTCA
HATO BCEMH CKBO3HBIMH METANTM3HPOBAHHEIMH OTBEPCTHAMH.
fIpunol  A0oMXeH [OAHOCTBEY IIPHIIANATE K CTEHKaM
orsepcTHi. B npenenax oueHusaemoidl 0051acTH HE JOJIKHO
OLITE HENPUITHTIAHMA WIH BEICTYNAIOLIEH HAPYKY MOMIOKKH.
Kpurepuu pormyck / Gpak, NpHMEHSEMble K TOMILHHE CTCHOK
<3.0MM [<0.1[8moiiMa), AOTXHBI COOTBETCTBOBATH MyHKTY 5.2
H pHCYHKY 4-5 1 4-6. [lpumiolf ZOMXeH NepenuBaThCA Hepes
Kpail OTBepPCTHA M HaIUIBIBATH HA IVIOLIAAKY B BEpXHel uacta
OTBEPCTUSA, KPOME TIIAT, TOMMIHHA KOTOPSIX MpeRkiuaet 3.0MM
[0.118molimal.

Ha Toxcteix nnatax, T.e Tomue 3.0MMm [0.118moiimal
KanMJUIAPHBIC CHIIBI B PEIYJILTATE IMOBCPXHOCTHOIO HATAKCHHA
MOIYT EbITE HE AOCTATOYHO CHJIIBHBI, yTo0BI ynepx{am BEC
OpHNOA, HeoOXOAUMOrO Ui 2antoNHEHHS OTBEPCTHA.

Pucynox 4-5 — KadecTBo NpWIHMNAHUA NPHOOA B CKBO3HEIX
METaJUIM3HPOBAHHBIX OTBepeTHAX — Kmace 3. — cMoTpu B
opurHHane Ha ctp 10

Pucynox 4-6 JlpuMep npuUmHNaAMs TIPHNOA B CKBOZHBIX
METALNM3NpoBaHHLIX OTBepcTHAX — Knace 3 - cmotpw B
opHruHane Ha ctp 10
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DT0 MONKET NPUBECTH K TOMY, 4TO DPHIOH HE 3arnoiHUT
CKBO3IHOE METAJUTHZHPOBAHHOE OTBEPCTHE, A NPHIIMIHET MO
Kpako OTBEPCTHS KM CBEPXY HA KOHTAKTHOH [UIOWANKE.

423 Henwranue C - Henwrranue npunos Ha TeKYHeCTh.
CBHHNOBO-ONOBAHHBIN TPHIIOH. [poBomuTes JuAs
METAILTH3MPOBAHHEIX CKRO3HBLIX OTBEPCTHI, TIOBEPXHOCTHBIX
BLIBOJIOB H KOHTAKTHEIX TTOIIEAOK,

4.2.3.1 ObopynoBanne

423.1.1 Banna ¢ npunoeM. BanHa ¢ INpHIOEM [OMKHA
orpevaTs TpefoBanmAM  myHkta 3.3.2.  Kpome Toro
NOBEPXHOCTHAA ©00nacTe BaHHBI OOJKHA OBITH AOCTATOYHO
BeTHKa, YToOH 00pazel] MOXHO OBLIO MOTPY3HUTEH HE KacaAch
Kpaes.

4.2.3.1.2 MUHCTpyMeHT A1 MaHUMOyIHpoBaHUs obpaszuoM. Jns
MaHHITyTHPOBAHHS 00pazloM HEeOOXOLMMO  MCIOJB30BATH
IHMOLBL W3 HEPXKABEIOWEHR CTald HIH HEOE CHeLMaNbHO
paspaboTaHHoe mnpUCTocofNIeHWe M3 HepKaBeloHIeH crany,
npunepxueas obpasell 3a Kpad.

4232 Hcnourrarensnnii obpasen. HMcowitarensHelii obpazen
OOJDKEH  COOTBETCTBORATE  Iynkry 1.7. OH  nomxed
npeicrasnaTs cobod aubo 4acTe nevaTHol aTel He (onee
50x50mMm [1.97x1.97 moiima), nudo cneumansHsiii oOpaszen,
nabo Uenyle MJaTy, B clydae, ©C/IH OHA MEHbIUE YKA3AHHOIO
pasMepa. MUHMMaNBHOE KOAHYECTBO OTBEPCTHH, TOIIEKAIIMX
TecTuporauuie — 30 Ha mapTiro. Echim B HCIBITaTeNnBEHOM
obpasue Her xora 6b 30 oTBepcTud, TO HeoOXOZHMO
IIPOTECTHPOBATE  JONONHUTENRHEIE  00pailsl, ToKa He
Habeperca muniuMym 30 orsepcruit (e pue. 4-2 obpazen s
HCOBITAHMA co CKBO3IHBIMH METAJUTH3UPOBAHHEIMH
oreepcTusimMH). [loaroToBka  HCHOBLITATENBLHEIX — O6pa3LIoB
JOJDKHA OCYLUECTBIATLCA B COOTBETCTBHH € ITYHKTOM 3.4,
4.2.3.3 Meroauka. OxaluHa H ocafok ¢uiroca JOKeH OBITh
MONHOCTBH YOpaH € MOBEPXHOCTH DAacIUIaBICHHOTC IPHIIOA
HEMOCPeICTBEHHO nepea norpyxenueM. [Tocne dnrocoranus u
CyiiKM, cornacHo TyHkta 4.1 onyctHTe ofpazen B
PACIIABICHHBIH MpHIOOH, TIAE ©OH JOIDKEH HAXOAMTHCH
MAaKCHMyM 5 cexyHa (mmasas Ha nosepxHoctH). [lorpyxenue
obpaslia B BaHHY ¢ [PHIOEM MOXET OCYLICCTBIATHCH
MakcHMyM Ha 50% TommuHBl oOpazta, IOcIe TOro, Kak OH
NoMasan Ha npunoe (cienyer odparuTh 0cod0e BHUMAHHE HA
nnatel ToHbwe 0.8mm [0.031 modimal). BriyTe obpazen u3
BAHHLI ¢ NPUMOEM YEpes YKasaHHBIH NPOMEXYTOK BPEMCHH,
OcrapbTe oOpaslle B  HEMOABIKHOM  FOPH3OHTAIBHOM
MOIOKEHHY M [103BOJILTE  [PHIIOK  3aCThHYTh. lepen
MpOBEPKOil CO BCEX HCHBITHIBAEMBIX OOpa3LOB HEOOXOIUMO
YIANTE (UIIOC C  MOMONIBIO  OYHIIAIIIErD cpejcTBa B
COOTBETCTBMM ¢ 3.2.3.

4.2.3.4 Quenka

4.2.3.4.1 ¥Yrenuuenue. MenbitaTensHbie obpastbl HeoGXxoauMo
NPOBEPATL [PH  ASCATUKPATHOM YBEJIWUSHMM C TIOMOMIBH)
ofopyIoBaHHs, YKa3aHHOrO B MyHKTE 3.3.3.

4.2.3.4.2 OueHka NOBEpXHOCTH — KPUTEPHHM Kpurepuil nonycx /
Gpak. 3ona mmpuHoit 3.00 MM [0.118moitva] o1 3aaHeH
KPOMKM  Kamaoro ofpasua He OleHUBagTes. 30HBl  ©
KpemieHHAMH TakKke He oLeHMBawoTcs. MuHumym 95%
KamI0H TecTHpyemoll NMOBEpPXHOCTH (KKAOH nnomaaxu)
JOMKHO  obecrieuMBaTh  XOpollee  [puaunaHue.  Ha
MOBEPXHOCTH  MOTYT OBITh  HEDOJBIIME  HAKOMLl, He
NPHIHTIAIOUINE 30HbI H HEPOBHOCTH, NMpPH YCIOBUH, 4TO OHH HE
KOHLUEHTpHpYIOTCA B OAHOH 30He. /Ing MeHee KPHTHYHbIX
cnyvyaeB MOCTABUIMK W MOJBL3OBATE]b MOTYT COTNIAacoBaTh

YMEMBIUEHHEIA  [IPOLEHT

NOBEpXHOCTH. B
OUEHMBACMOH 00J7aCTH HE HOKHO OBITh HETPUITHTIAHHA HITH
BBICTYHAKIEH HAPYKY NOMLICHKH.

4.2.3.4.3 OueHKa CKBO3ZHBIX METAUIM3HPOBAHHEIX OTBEPCTHH.
OIIEHKB noamexaT TONBKO CKBO3HBIE METALTNIHPOBAHHBIC

npeaenax

OTBEPCTHA, KOTOPble HAaxoAsTcA MHUHHMYM B 3.0Mm
[0.118molima] or moboH MOBEPXHOCTH WIH 3aKperustomen
KOHCTPYKUHH, NOLISPKHBACIIEH HCNLITATeNbHEI 00pa3el Bo
BpPEMSA HCIIBITAHMH.

Kpurepus jomnyck / dpax:

- Wzaenna knacca 1 W 2 - NpUOOH OOMKEH [IOJHOCTBIY
OPHINANAT K CTEHKaM CKBO3HBIX METAILTH3HPOBAHHBIX
OTBEpCTHH W 3arMOfHATE  OTBEPCTHA  MeHee  1.5MM
[0.0591molima] B aAuaMeTpe (MONHOE 3alONHEHHE He
0DBA3ATEIILHO).

- Mapenua wiacca 3 — Ilafika Ha HCHBITATedbHOM O0Qpasue
CYUTAETCH XOPOIIEro KadecTBa, €CNH NpHIoH NoAHMMAaeTcs
HAJ0 BCEMH CKBO3HBIMH META/UTM3MPOBAHHBIMU OTBEPCTHAMH.
Ipunoii nOMKeH [OMHOETHIO HPUIMNAT K  CTEHKaM
oTBepcTH. B mpenenax ounenuBaeMoil o0JlacTH He HOJDKHO
OBITH HENPWITHIAHWA WM BBICTYNAKONIEH HAPYHY MOMONKKY,
Kpurepuu pomyck / Opak, NPUMEHSEMBIE K TOJILMHE CTEHOK
<3.0mm [<0.118r0fiMa], NOIKHBI COOTBETCTBOBATD IIYHKTY 5.2
U pHCYHKY 4-5 u 4-6. [Ipumoii gomxeH nepelHBaTeCd depes3
Kpaif OTBEPCTHA W HAIUIBIBAThH HA IUIOWIAAKY B BepxHell dacTH
OTBEPCTHA, KPOME IINAT, TONMIKHHA KOTOPLIX NpeBblmasT 3.0MM
[0.118rotiMal).

Ha 7toncrerx mmatax, 1.6 Ttoimie 3.0mMm  [0.118mwiima)
KaIIHJUISPHBIEC CHIIB! B pe3yARTATE MOBEPXHOCTHOIO HATHKEHHA
MOTYT OBITE He AOCTATOYHO CHIBHEI, 4TOOLI yAepkKaTh Bec
npunod, HeoOXOANMOro INA 3alONHEHWA OTBEPCTHA. JTO
MOKET IIPHBECTH K TOMY, UTO MPHIIOH He 3aMOJHUT CKBO3HOE
METAUTH3HPOBAHHOE OTBEPCTHE, a IMPWIMMHET TI0 Kpai
OTBEPCTHA M CEEPXY HA KOHTaKTHOMH IIIoINa/Ke.

424 Henpmiranwe D - Tect wa malfiky BomHOH mpHMos.
CBHHIIOBO-0NOBIHHBIH TIPHTIOH, Tposonurcs JUIs
METAIUTM3HPOBAHHEIX CKRO3HBIX OTREPCTHI, MOBEPXHOCTHBIX
BBIBOJOB H KOHTAKTHBIX MMIOWAACK, INA CTOPOHEI IIPHION
4.2.4.1 Obopynosanre. CucreMa Ans Ak BOJHON TIpHITOA,
OTNKEHHAA 1714 co0NI0IeHN TapaMeTpoB MyHKTa 4.2.4.3.
4242 HemprratensHpIH obpazelr. CnenyanbHbIH
HCIBITATENBHbIH obpazern JIOIKEH YIOBJIETROPATD
TpeboBaHuAM IyHKTa 1.7 U COOTBETCTBOBATH pUCYHKAM 4-2 K
4-3.  TlogroroBka HcHblTaTenabHOTO — 00paszla JIONKHA
OCYLUECTRIATRCA B COCTBETCTBUH C IIYHKTOM 3.4.

4243 Meroauka. HeneltatensHbie 00pa3lbl I0/DKHEL OBITH
3aKpeNNeHsl Tak, 4To0Bl NpeAcTaBiATE coDOH peanbHYHO
cObopky 0e3 yCTAaHOBJIEHHBIX WIeMeHTOB. MamuHa i
tocoBanua TOJKHA OBITh AMOMHEHA CTEIMAThHBIM (3.2.2)
dmocoM Wi (UIIOCOM, COCTAB KOTOPOTO AOTIONHHTENLHO
cornacorad. Eciy B mammHe ang (IOcOBaHWUA 3aMUT HHOM
dunroc, TO ee chegyerT BBIKIWOYUTE M (UIIOCOBATH
MCIIBITATENBHEIH 0OpA3LEl IUIAT OTACIBHO, @ IOTOM IIOMECTHTD
Ha KoHBefep cornacHo myHkTa 4.1 Heobx0oaMMO YCTAHOBHTE K
KOHTPONHPOBATh CACOYIOIIHE MapaMeTphl: KpeIUIeHHE IUIAThI
(ecnu HeoOXOIHMO), CKOpOCTH KOHBEiiepa, MONOTpeBATENb,
MaltyHa AnA Naiku ¢ uiu €3 cMEeIHBaHKUA Macia,
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ynpaBicHHe NasnbHOM MAIIAHOM, HAKNOH, TeMIeparypa
FAOAOTPEBA MAaThl W Temneparypa npunof [lpuno# momkeH
oTBevaTh TpeOOBaHMAM 00OPYIOBAHHA, MPHMEHAEMOro Ias
HalKM BONHOM mpunos, ocobeHHO, uTO KacaeTcd C[IyOMHBI
KOHTAKTa, Yria KOHTakTa W MPORO/DKHTENBHOCTY KOHTAKTA.
Temneparypa npunos aoinkHa Obite 235+5°C [455£9°F], ecnu
MOIB30BATENb M MOCTABIIMK He NOTOROpMNMCH 0 npyroi. Mo
OCMOTpa BCE HCTIbITATENbHLIE 0DOpasusl  HOMKHBL - OBITh
OUMIIEHBl OT ¢Ji0Ca € MOMOLUBIO MOIOIIETe CcpeicTBa B
COOTBETCTBUA C MYHKTOM 3.2.3.

4.2.4.4. Ouenka

42442 YBenudenue. Hcnerratenbhbie 00pazibl
HEeODXOMHUMO TIPOBEPATH NPH JECATUKDATHOM YBENHYEHWM C
NOMOLIEK 000pY/I0BAHNSA, YKA3aHHOTO B NyHKTe 3.3.3.
4.2.4.4.2. OueHKa MOBEPXHOCTH — KPUTEPHH KPHTEPUH AOIMYCK
/ Opax. 3oHa mmpuHOil 3.00 mm [0.118moiimal ot sapneii
KpOMKH KaxJoro ofpasma He oOLeHMBacTcd. 30HBI ¢
KpeIUICHHAMH Takke He oUeHuBatoTcA. MuHumym 95%
Kaxgofi TecTHpyeMol TOBEpXHOCTH (KAKAOH IUIOWIAIKK)
JAolkHO — obecneuwBaTh — Xopomee — mpuidnaHue.  Ha
MOBEPXHOCTH  MOryT OwTh HeOONBLIIHE  HAKONBI, He
TPHAMNAIOIIHE 30HE H HEPOBHOCTH, TIPH YCIOBHH, HTO OHM He
KOHLCHTPUPYIOTCA B OAHON 30He. [JInd MeHee KpPUTHUHRIX
Cly4daeB [IOCTABIUMK M TNOJNB3OBATENb MOTI'YT COLNIACOBATH
YMEHbUIEHHBIH  NpPOUEHT TOBepXxHOoCcTH. B mpenenax
OLieHMBAeMOH 00RacTH He JO/LKHO OBITH HENPWIMOAHHS HIH
BBICTYNAOILIEH HAPYXKY [IOLTONKKH.

4.2.4.4.3 OueHKa CKBO3HBIX METAUTH3UPOBAHHLIX OTBEPCTHIL.
OugHKe MOIIEXAT TOILKO CKBO3HBIE METATTHIHPOBAHHLIC
OTBEPCTHA, KOTOpbIE HAXOQATCA MHHHUMYM B 5.0MM
[0.118mofiMa] or mobod NOBEPXHOCTH WM 3aKpeILTAKIIEH
KOHCTPYKUHH, NOAACPKHUBAKILCH HCIIBITATEILHLIA 06pasel] BO
BpeMs UCIIBITAHKHA.

Kpurepuu nonyck / Opak:

- Manemus knacca | W 2 — OpHnofl JoMKEH MNOMHOCTHIO

NpUIHGaTh K CTEHKAM CKBO3HBIX  METALIM3MPOBAHHBIX
OTBEPCTHH W 3aNOAHATL  OTBEpCTHA  MeHee  1.5MM
[0.0591ar0iima] B amameTpe (NONHOE 3aMoONHEHHe  He

00534 TCABHO).

- Hsnenns wnacca 3 — [lalika na ucneiTatensHoMm obpazue
CUMTAETCA XOPOIIero KauyecTRa, €C/AH MNPHIOH NOAHMMAaeTcs
HA/I0 BCEMH CKBO3HBIMH METAJAH3HPOBAHHBIMH OTBEPCTHAMH.
Mpuno#t  momkeH TMOMHOCTHIC TPWIKNATE K CTEHKaM
orBepcTHit. B mnpeaenax ougHuBaemoii 0bIacTH He JOMKHO
OBITE HEMPUIIMITAHKA WM BRICTYHAFOLIEH HAPYKY MOITOKKH.
Kputepuu nomyck / Gpak, IpUMEHAEMbIE K [UIATAM TONLIHHON
<3.0mmM [<0.]1 | 8 mrofiMa), NOIDKHEI COOTBETCTBOBATE MYHKTY 5.2
H pHCYHKY 4-5 1 4-6. TIpMIIoif TOIGKEH NepenuBaTeCi uepes
Kpait OTBepCTHA U HAIUTBIBATL HA NMIOULAAKY B BEPXHEH YacTH
OTBEPCTHSA, KPOME TL1AT, TOJIIHHA KOTOPBIX IpeBrimaeTt 3.0MM
[0.118 aroiimal.

Ha roncteix mnatax, T.e Ttoame 3.0mMMm  [0.118mioliMal
KamW/LIPHBIE CHIIBI B Pe3yIIbTaTe NOBEPXHOCTHOrO HATAKEHHA
MOTyT OBITb HE JOCTATOUHO CHIIBHBEI, YTOOBI yAepXKark BeC
OpHNOS, HeoOXONHMOFO MANA 3aloNHEHHA OTBepcTHa. DJTo
MOKET TPHBECTH K TOMY, 9TO NpHAMNOH Ae 3alOIHNT CKBO3HOE
METAIUIM3HPOBAHHOE OTBEPCTHE, & TIPHIHMIHET [0  Kpaw
OTBEPCTHA U CBEPXY Ha KOHTaKTHOMN MolIajKe.

4.2.5. Hcoerranue E - HMuTanmoHHas npoBepka MOHTZKA Ha
NOBepXHOCTE. ONOBIHHO-CBHHLIOBHIH TpHnioil. B 1maAHoM
HCIILITAHWH UMATHPYETCA MOHTAX Ha MOBEPXHOCTH NEYATHOH
IUTATE] IIPH NMaHKe OTUTABIEHHEM.

4.2.5.1 ObopyaoBaHue

4.2.5.1.1 labnon / 3xpan. JomxeH HCHONL30BAThHCA mMAabIOH
Win JKpaH c reoMeTpHIECKHMHU OTBEPCTUAMH,
COOTBETCTBYIOLIUMH KOHTAKTHBIM IWIonaaKaM noa
HCTIBITATENLHBIA oOpazel. HoMudanehaa TOJIIHHA mabmoHa
JOJKHA COOTBETCTBOBATL Tabmuue 4-1 {(¢M tabmuuy 4-1 B
Opur#Hane Ha ctp 12) , eclid uHAaYe HE OrOBOPEHO
HNOCTABIIMKOM W IONL3OBATENIEM.

4.2.5.1.2 HHCTpyMEHT I8 HAHECEHMA NaUIBHON IMAcThl.
Pe3snHOBHME MIM MeTajuiMuecKUi pakesib JO0JDKEH OBITB
HCTIONB30BAH 1A paclpele/ieHHA MacThl no wabaoHy /
3KpaHy.

4.2.52 Hcnwetatensyuiii obpazen. HcmbiratensHell obpazen
JOJUKEH COOTBETCTEOBaTh MyHKTY 1.7. HcenbitatennHuiit
obpazel HeoOX0IMMO IIPOTECTHPOBATE B YCIIOBHAX, B KOTOPBIX
peakRO  NpoHCXoAWT  malika  cOopku.  TIoRepXHOCTH
UCIEITATENsHOrO  00pa3sla, MOJUIeKAIIHE TeCTHPOBAHHIO,
JIOJIZCHE! OBITL He3arpA3HEHHBIMH, H B TO e BPeMS MX Hellb3f
OpOTHPATE,  OYHMIIATE, Lapanats Win  obOpabaThiBaTh
adpa3HBHBIM HHCTPYMEHTOM.

4.2.53 O6opynopanne LA NaliKH omlaBneHHeM. [lomkHa
ucnons3osaThed MK / KOBBEKIMOHHAS NMEYb AT OTUIABIEHUA,
CHCTEMa OIUIaR/eHHA ¢ Ta20Boil $azoll WIH aKKyMyTHPYIOTIAs
neyb, cnocoOHas o0eCHEUMBATE TEMIIEPATYPY OITABIEHHS
nactel.  Temneparypel, yxasaHHele B Tafuune  4-2
COOTBETCTBYK)T  TeMmeparypaMm [/  TIPOAOIKHTENHROCTH
BO3JEHCTBHA AIA [ASAIBHOH MACTRL JIOMONHUTENBHOE BpeMs
MmokeT norpeboBaTeca A Toro, 4yrobw cam obpasen mor
JOCTHYDL TEMNEPATYD, YKA3AHHEIX B Tabume 4-2.

Tabmuna 4-2 — cM B opHrHHane Ha ¢1p 12
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Ecnu unaue se OIr0BOPCHO IMOCTABIIHKOM H MMQJIB30BATECIIEM,
napaMeTpbl NAHKH OIJABRJICHHMEM JIOJIXKHEI COOTBETCTBOBATH
Tabnuue 4-2.

4254 Meroguka. Pasmectuts wabnoH / 3KpaH Ha
KOHTaKTHOH TIOBEPXHOCTH, HAaHECTH NAAIbLHYI0 nacty (cm
nyukt 3.2.1) wa wabaoH / 2KpaH H cIenath OTNEHATOK 10
uabnoHy Ha MO/UIOAKKE, BTHPAs IACTy ¢ NMOMOLLBK) PE3HHOBOH
{ MeTannuueckol pakend. AKkypaTHo yOparth wabioH, 4To0sl
He cMmasare oTnedatok. [lomecTHTtn NMOAJIONEKY, Ha KOTOpOI\f’l
MPOBOAMTCA HCIILITAHHE, B MAIUIHHY /1714 naitky oIaB/ieHHEM H
BeIMOAHATE  nafiky. [locne 3TOro  akkypaTHO  CHATh
TeCTHpYeMBIH  o0pazelt ¥ OCTYIHTH J0  KOMHATHOM
Temnepatypel. Ilepen ocMOTpoM Bce MCTbITaTeRbHEIE 00pa3ib
J0MKHBL OBITH OYHILEHBI OT GUIHOCA ¢ NOMOLLBH MOIOLIETO
CPEACTRA B ¢ COOTBETCTBUY ¢ IIYHKTOM 3.2.3.

4.2.5.5 OueHka

4.2.5.5.1 ¥Yeeauuenue. HenpiTaTenbHble obpaznst He0OX0MHMO
NpPOBEPATh NPH [ECATUKPATHOM YBEIMYEHWM C HOMOILBIO
ofopyA0oBaHUA, yKA3AHHOTO B IyHKTE 3.3.3.

4.2.5.5.2 OueHka NOBSPXHOCTH — KPUTEPHH KPHTEPHi paomyck /
Opak. MuHuMyM 95% KamaoH TecTHpyeMoH TOBEPXHOCTH
(kaxcnoll TNOWAAKM) AOMKHO  o0ecrieddBaTh  XOpOLIee
npununanue. Ha nosepxsHoctd MoryT OGbITh  HeGoabime
HaKONBI, He TIPWINMAOHINE 30HBl U HEPOBHOCTH, ITPH YCIOBHH,
4YTO OHH HEe KOHLEHTPHUPYIOTCA B oAHoi 3one. Jlna menee
KPUTHYHBIX CIy4aeR MOCTABIIMK W NOJAR3OBATEN: MOTYT
COrTacoBaTh YMEHLIUGHHEIR TPOLESHT TIOBEPXHOCTH. B
mpejenax  OLEHHBaeMOH obmacTd He JOIDKHO OHITE
HENIPIIMIIAHHA WIH BBICTYNAOMIEH HAPYAY N0UIOKKH.



4.2.6 Tect Al - OnpenencHue yrna KpoMxd. beccBUHUIOBBIH
npunoit. [IpoBOAUTCSA TONLKO ANA MOBEPXHOCTHBIX BHIBOJOB H
KOHTAKTHBIX TIIOIIA/IOK,

42.6.1 ObopynoraHue

42.6.1.1 Banmna c¢ npunoeM. BaWHa ¢ npunoeM JOMKHA
oTBevath TpeboBaHuwaM myHkta 3.3.2. Tlpumoit pomxeH
COOTRETCTBOBATL TpeGoBannaM mnyHkra 3.2.1. KoHrponas
TEMACpaTyp B EMKOCTH, a TaKXe KOHTPOIbL 3arpsa3HeHHA
MPUNOA HEOOXOIHMO MPOBOAHT: B COOTBETCTBHH € MYHKTOM
3511352,

42.,6.1.2 WHCTpyMeHT A9 MaHWNyJTUpOBaHufa  ofpasiuoMm.
Huctpyment nokasadn Ha puc. 4-1. MoXHO HCHONB30BaTH
AHATOTHYHBLIH HHCTPYMEHT, NPH YCIOBHH, 9TO COOMIONANOTCA
CKOPOCTE  TOTPYXKEHHSA, BpeMS  BBIACPKKH, CKOPOCTE
U3BJIEUEHHN, YCTAHOBACHB TIEPUEHAHKYNSPHOCTH TUIATHI M
TIOBEPXHOCTH MPHIIOA; YCTpAaHEHB! ApoXKaHWe, BUOpauud H
JpYTHE IOCTOPOHHUE JIBWXEHHA.

4.2.6.2 Hcnerratenenpiit obpasen. HcemeiTaTensHeld o0pazen
A0MkeH OBITh YacThid TUMATRI, HOM TUTATOH UETMKOM, B
3aBUCHMOCTH OT TOTO, YTO MEeHBIIe, W HE MPEeRLINaTh paiMep
S50x50mm [1,97x1,97moliMal. Mnu ucnerratensueiii obpasen
JOJKeH TepeaaBaTh cBoictBa rwiatel. Ha puc, 4-2 n 4-3
npeAcTaBleHBl cTHIKR oOpasnos.  [loarotoska o6pasuos
JIOJKHA IPOBORHTECA B COOTBETCTBHY ¢ TIYHKTOM 3.4

42.63 Meroanka. OkanHHa W ocalok QUIOca JOJKEH ObITEH
TOJHOCTEID YOpaH ¢ MNOBEPXHOCTH PaclIABJIEHHOTO NPHNOA
HeTNoCpeICTBEHHO NMepeld norpyxeHueM. [locne darocopanus H
CyllKY, cormacHo nyHxra 4.1 morpysute oOpaszen B
PAcTUIABJAEHHLIA NpUNoH Ne WHpHHE Ha rybuay 25+2MM
[0.984+0.08moiima). Bpems BBIASP)KH B pacllIaBIeHHOM
npunoe coctarideT 3.0 + 0.5c. Cxopocrs nOrpy:KeHHs M
H3BJICUEHNA go/nkHa Opite 25+ 0.5mm [0.984+0.08mwoiima] B
cekyHay. Ilocne M3BIeHCHMA NO3BOJIETE MPHIIOK 3aCTHITH HA
BO3IYXE 3A)HKCHPOBAB TUIATY B BEPTHKATRHOM TONOKEHHA.
[lepen mnpoBepkold <O BceX HCOBIThIBaEMbIX 00pasLOB
HEQOXOAUMO  yIanMTh GIIOC € TIOMOWRIO  OYHIIAMLIETO
CpeNcTRa B COOTBETCTBHU ¢ 3.2.3,

42.6.4. Ouenka

42.64.1. YsenuueHue. HcnbiTarenbHbie obpasitsl
Heo0X0UMO TIPOBEPATh TIPH AECATAKPATHOM YBENMMEHUH ¢
MOMOIIEI0 000pYA0OBaHIA, YKA3aHHOTO B IMyHKTE 3.3.3.

4.26.4.2 OneHka MOBEPXHOCTH — KPHTEPHR JAOMyck / Opak.
MunuMyM 95% kaxnmol TecTHpYeMOH NOBEPXHOCTH (KaiaoH
MIOMEAAKH) JOKHO ofecleduBaTh Xopoliee Tpununanne. Ha
NOBEPXHOCTA  MOryT OblTb  HeDONBIIME  HAKOILI, HE
NPWIHIAKOLIKE 30Hbl H HEpPOBHOCTH, IIPH YCJIOBHH, YTO OHH HE
KOHUIEHTPHPYIOTCA B OJHOH 30He. [IA MeHee KPHTHUHBIX
CIydacB IIOCTABIIHK H II0NB30BATEIb MOTYT COTAACOBATH
YMeHBIIEHHBIH  TIPOIIEHT  MOBEpXHOCTH. B mpenemax
oueHHBacMOH 00JacTH He MOJBKHO OBITh HEMPHITHIAHWA HIH
BRICTYNIAIOLIEH HAPYXKY NOMIOKKH. 30H& [MUpHHOH 3.2MM
[0.126m0fiMa]  OoT HIDKHETO Kpasg KakIore TECTHPYEMOro
o0pa3la He OLEHHBACTCA. 30HB! KPEIICHNA HE OLIEHUBAIOTCA.

427 Henpitanwe Bl - Onpepenene yria  BpalleHHR.
BeccBUHIOBRII ApHNOH. IpoBonnTca aby i
METAUTH3HPOBAHHLIX CKBO3ZHBIX OTBEPCTHH, TOREPXHOCTHBIX
BBIBOJIOB B KOHT2KTHBIX [UTOIIAT0K.

4271 OGopynoBaHue. Hecbxooumo HCTIONb30RATh
o0opyA0oBaHKHE, KOTOpoe OyIeT MepeIBHraTh MCNBITATEbHbII
obpazen, Mo Kpyry, 4Tobsl IUIOCKas IOBEPXHOCTH obpasia
Kacanach MPUIOA Ha MOCTOAHHON CKOPOCTH (€3 OCTAHOBKH.
PaccTogHnHe MexXay LEHTPOM BPAIEHHs W LEHTPOM
HCMBITaTeAbHOTO OOpa3sua AODKHO ObiTh MHHUMYM 100MM
[3.937moiima). Tlpamep aepskartesa MCObITaTEIBHOTO 00pasia
[oKasan Ha pucyske 4-4. Te yacTH UCOHWTATENLHOTO 00pa3la,
B TOM HHCHE CTONOPHAs IpPY:KWHA (€caM ecTh), KOTOpbIE
KOHTAKTHPYIOT C HCTBITATENRHBIM 00pasiioM W/HITK NIPHIIOEM,
JOJDKHBI MMETh HU3KYID TEIMOEMKOCTh W TEMAONPOBOAHOCT.
Bpems koHTakTa Mexnay m000H TOYKOH HCIBITATENLHOM
TIOBEPXHOCTH 00paslia W pacIUIaBNeHABIM NPHIIOEM IOKHO
OTpenenATecs No TaliMepy. Talimep HeoOXomHMO 3aIyckaTh
KOT/a TOREPXHOCTR o0pasla mnapa;iieNbHa IMOBEPXHOCTH
npunos. 50-mm [1.97molimMa] Tednonoras mosocka (MIH M3
ARAIOTHYHOTO  MATepHana)  IOMDKHA  [PEMIECTBORATH
HCTIITATENABHOMY 00pa3ily B HCTBITATENLHOM UHKIE, YTOOBI
CHATbL OKCHZABI HIIA OcagoK ¢UIIoca ¢ NOBEPXHOCTH I[IPHIONA
HENOCPELCTBEHHO TIepe ] MOMEeLLCHHEM B Hero o0pasua.

4.2.7.2 HcumrarensHuiit obpaseu. Hensrratensueiii obpaser
JOJKEH COOTBeTCTBOBAarTh IYHKTY 1.7. HcenwsltaTenbHsiid
obpasenl momkeH OblTh IUTaToH, MMM 4YacTBIO ILTATHl, HIH
HENoCpeACTBEHHO HCObITaTeAbHBIM 00pasuoM (cM puc.4-2 u 4-
3). Hcnwitatenbasiil obpazer] I0WKEH OBITH TAKOH LIMPHHEI,
y1oObl obecneunBatk 13mm [0.512mwoiiMa) 3a3op OT CTEHOK
€MKOCTH € TpHNOEM. MUHMMAIRHOE YUCIO  BLIBOJAOB
{MeTanIM3UPOBAHHLIX CKBO3HBIX OTBEPCTHH MMM KOHTAKTHBIX
MIoWanoK) Ha ofpasle AOMKHO COCTABIATH IIECTH INTYK.
Ecnn HeodX0auMo TECTHPOBATE CKBO3HBIC
METALTH3HPOBAHHBIE OTBEPCTHS, TO MHHHAMANBHOE KOJITHYECTBO
OTBEPCTHH A5 TecTa HOJKHO ObITh 30 Ha KOHTpOMHpYEMYIO
napruww. [JInga  3Toro  motpeGyeTci  MUHHUMYM  [ATh
HCIBITATENBHEIX o0painoe (6 oTeepctuii Ha obpasne, 30
oTBepcTHH Beero). HMcenmitatenbHoiil o0pazel, aomxeH ObITh
MpefcTaBATeNbHBIM  OfpaziuoM m3genus. OTKpeITaf [JIMHA
MOBEPXHOCTH 00pa3ua B HANpaBICHHH NEpeMelleHHs JOKHa
cocTaraaTh  25+3mm  [0.98410.20mofima].  [HomrotoBka
UCTIRITATENRHOTO  o0pa3la  JOMKHA  MpOBOIUTECA B
COOTBETCTBHH ¢ NyHKTOM 3.4,

4.2.7.3. Meronuka. OkanuHa W 0cafiok ¢aoca aomkeH ORITh
MIOTTHOCTBIO YOpaH ¢ MOBEPXHOCTH pPacIUIaBJIeHHOro IMpHIIos
HeTloCcpeAcTReHHO nepen norpyxenuem. [ocne durocosanus u
€yWKH, cornacho nynkra 4.1 ycraHoBuTh o0O0paseu B
Aepxkaress. OTPery/JHpoBaTh HCHBLITATEABHOE 00OPYIOBAHHE
TaKk, 4T00Bl mOrpyxeHHe o0pa3lua B BaHHY € [PHIIOEM
OCYIIECTRIANOCE MMHMMYM Ha 30%Ttonmunel obpasua, eciu
WHaye He  OTOROPEHO.  3alyCcTHTE  HCHLITATENLHOE
obopynoeanue, uToOE o0pasel norpysuncsa B npunoii. [locne
TOro, kak 00pa3el BHIHYT W3 BAHHLI C NPHIOEM, [03BOILTE
TIPUIMOK 34CTRITE B TIOJNOKEHHH, B KOTOPOM YCTPOHCTBO
OCTAaHOBWIUCL, HPEXAE, 4YeM BBIHYTH €ro H3 JepKarens.
Heobxomumo npaHATL Mephi, 4Tobbl MpUNONA He obpa3oRbIBAT
HaIUILIBOB HA BEpXHel noeepxHocTH ofpazna. 2DTo MoxkeT
HETATHBHO TOBIMATL HA IMHPHHY TecTUpyeMoro o0pasna.
Bpems  BRIIepAKKH HAa  MakcHMansHOH TaydHHE  A0KHO
cocTaBnATh 3.0+0.5¢cek.
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IMepen mnpoBepkodl co BceX HCIHbLITBIBAEMBIX  0Opas3LOB
HEOOXOIUMO yaanuTh ¢Gmoc ¢ [OMOLLBK  OMHIMAKILIETO
CPEACTBA B COOTRETCTBHH ¢ 3.2.3.

4.2.7.4 Ouenka

4.2.7.4.] Yeenudenue. HcnrITaTenbHble 00pasue!l HeobxoauMo
NpOBEPATh OPH JECATHKPATHOM YRCJIWUCHHH ¢ TOMOIIBIO
000pYyIOBaHHA, YKa3aHHOTO B IyHKTe 3.3.3.

4.2.74.2 OueHra NOBEPXHOCTH — KPHTEPUH Aonyck / Opak.
3ona mmpunoi 3.00 mm [0.118aroliMa) or 3azHell KpOMKH
kaxaoro ofpaina He OUEHHBAcTCA. 30HEI ¢ KpeIUICHUAMH
TaKxKe He olleHHBatoTcA. MUHHMYM 95% kaykaoi TecTHpyeMoii
TIOBEPXHOCTH (KakDoH MIOWAgKH) OOMKHO OOECIeuHBATD
xopowee npwiunanve. Ha noBepxHocTH MOTyT  OBITH
HeOOBIIAE HAKONBI, HE MPHIHIIAIOLINE 30HBI M HEPOBHOCTH,
NPH YCIOBHMH, YTO OHH HE KOHHEHTPHPYIOTCA B OAHOH 30He.
JIs MeHee KpHTHHHBIX CNTydaeB MOCTABIIMK W MOJIB30BATENE
MOIYT COTJIACOBATh YMEHbUIEHHBI MPOUEHT MOREPXHOCTH. B
npeienax oOLeHMBaeMoH  olnacTd  He AOMKHO  OBITE
HeMpPUJIANAHUA W BRICTYNAIOMIEH HAPYXKY MOANOKKM.
4.2.7.43 OueHKa CKBO3HBIX METANNHU3MPOBAHHBIX OTBEPCTHH.
OncHKe TOANEXKAT TONBKO CKBO3HBIC META/UIN3MPOBAHHEIE
OTBEPCTHH, KOTOpPLIE HAXOAATCA MHHUMYM B 5.0MM
[0.197mofiMa] oT mwOoll MOBEPXHOCTH MAHM 3aKpEAiOLIEi
KOHCTPYKIMH, TIONAepKHBAlOIIel HCMBITATENbHbIH 00pazew Bo
BpeMS ucHbITaHuiA. 3oHa wHpHHOH 3.00 MM [0.118moliMa] or
sagHel KpoMKM kaxoro ofpa3na He oueHMBAaeTCA. 30HBI ©
KPEIUIEHHAMH TaKKe HE OLEHUBAKOTCA.

Kputepuu nonyck / 6pax:

- Hzpenmus kmacca | W 2 — OpUNOA OOMKEH IMOJHOCTBIO
NPUNUNATE K CT€HKaM CKBO3HBIX  METAJUIH3UPOBAHHBIX
OTBEPCTAH M 3aloJHATE  OTBEPCTHA  MeHee  |.5MM
[0.0591moliMa) B amameTpe (MOJIHOE 3amoHeHHEe HE
00g3aTeNBHO).

- M3penus knacca 3 — [laiika Ha HcnbITaTelbHOM oOpasue
CUHTAETCHA XOPOIIEro KAYECTBA, €CNTH TpHUNOH noiHMMAacTes
Ha/10 BCEMH CKBO3HBIMH METAIM3MPOBAHHLIMU OTBEPCTUEMH.
IMpunoit gomxkeH MOMHOCTRIY OPMAUNATE K  CTEHKAaM
oTBEpcTHil. B npeienax oleHHBaeMOil o0macTH He IOJDKHO
ObITh HETIPIAMNAHKA WIH BRICTYNAOIEH HAPYIKY MOAMOKKH.
Kpurepumn nomyck / Gpax, MpUMEHAEMBIE K M1ATaM TOALLMHOM
<3.0mM [<0.1 18 moitma], NOMKHB COOTBETCTRBOBATE IYHKTY 5.2
W PUCYHKY 4-5 u 4-6. [IpHnoil 1omkeH NepenuBaThed Hepes
Kpaif OTBEPCTHA W HaIUILIBaTh HA [UIOLIANKY B BEepXHel yacTH
OTBEPCTHS, KPOME [IJIaT, TOJUIHHA KOTOPLIX NMpekblinaeT 3.0Mm
[0.118 wrofima].

Ha Toncteix mnarax, T.e Tonuwe 3.0mm [0.118uoiima]
KalMHANAPHBIE CHIbI B Pe3VJILTATE MOBEPXHOCTHOTO HATKEHHAR
MOryT OBITH HE NOCTATOUHO CHIBHBL, 4TOOLI yAEpXaTbh Bee
NpHIoA, HEOOXOAMMOro AJNs 3aMONHEHUA OTBEpCTHA. JTO
MOKET TPHMBECTH K TOMY, UTO NPHUIIOH He 3aMOAHHT CKBOIHOE
METAIUIM3MPOBAHHOE OTBEpCTHE, @ [pWIMMHET 00 Kpa
OTBEPCTHSA M CBEPXY Ha KOHTAKTHOMH Tnolazxe.

4.2.8 Hcnviranue Cl - HenbiTaHue npuitos Ha TeKy4YecTh.
BeccBHHLUOBHI NPHIIOH. [TpoBopuTes ns
MeTJUIH3UPOBAHHBIX CKBORHBIX OTBEPCTHH, MOBEPXHOCTHLIX
BBIBOJOB H KOHTAKTHBIX [IOLIAJ0K.

4.2.8.1 ObopyaoBanwe

428.1.1 Banna c mpunoem. Banna ¢ mpunoeM fAonxHa
otBeuaTh TpeboanmsaM nyHkta 3.3.2. Kpome TOTO
NOBEPXHOCTHas ©oONacTs BaHHBI AOMKHA ObITH JOCTATOYHO
BeNuKa, YToOb 0Opa3zeil MOKHO OBUIO MOTPY3UTH HE KAcaich
Kpaee.

4.2.8.1.2 UnctpyMeHT ans maHunynupoeanis obpasuoM. s
MAHHMYJHPOBAaHHA 00pa3suoM HeolXONMMO  HCIONB3OBATh
WANLB M3 HEpIKaBewollel cTamM WM HHOE CNELHATIBHO
pazpafoTanHoe TpHcrocodIeHHe M3 Hepkarewoweh cranu,
npHAepAKHBas o0pasel] 3a Kpas.

4.2.8.2 HcnwrratensHbiil obpazen. McmeitatensHblii oOpasely
JOAKEH CcOOTBETCTBOBATE MyHKTY 1.7. HcopiTaTenbHbii
obpazey pmomxkeH OwITH YacTeio IDIAaTHl He Oonee 50x50MM
[1.97x]1 97 moiimal, HEMOCPEACTBEHHO HCITBITATEITEHBIM
o0pasuoM WK [IHATOW  LENHKOM, ecld OHa  MEeHhiNe
ykazaHHOro pasMepa. MHHHMAaIBHOE KONWYECTBO OTBepCTHH
lus tecta TOKHO ObITh 30 Ha KOHTPOMHPYEMYH MapTHEO.
Ecnu Ha McOpITaTeNbHOM 00pasie HeT HabupaeTci MHHMMYM
30 OTBEpCTHIA, TO HeOOXOaUMO HCTIONIB30BATE
JOMONHUTeNbHBle oOpazfnel, 49rtebnl  nportectupoBars 30
oteepctuii (M puc  4-2). TloAroToBKa HCHOBITATENBHOTD
o0pasLa J0/DKHA IPOBOJHTEC B COOTBETCTBHH ¢ MyHKTOM 3.4,
42.8.3 Meroanka. OxkanvHa H ocagok umoca LOMKeH ObITh
IONTHOCTBEI0 YOpaH ¢ MOBEPXHOCTH PAcIVIaBIEHHOTO MPHIIOS
HETIOCPEACTBEHHO nepen norpyxenueM. [locne durocosanus 1
CYIIKH, corjacHe TyHKTa 4.1 oOmycTuth obpasen, B
pacIUIaBieHHBIA [OpHMNO#, r4e OH AOIGKEH HAaXOJHThC
MaKcuMYM 5 cekynn (nnamas Ha nosepxHoctd). Ilorpyxerue
ofpailila B BaHHY ¢ TIPHIIOEM MOKET OCYLUECTBIATHCA
MakcUMyM Ha 50% TONIOHHEI ofpaiua, OOCAE TOTO, KakK OH
TIOTUIABAN HA NMPHNOe (CAeayeT oBpaTHTe 0c000e BHUMAaHHE Ha
mnatel ToHbile 0.8mm [0.031 moiimal). Beinyts ofpazent u3
BAHHEBI C [PHIIOEM Uepe3 YKa3aHHKIH MPOMEKYTOK BPEMEHU.
OctaBeTe 00pazell B  HENOABHKHOM  TIOPHIOHTAIEHOM
TIONOXKEHWH H  TIO3BONLTE MPHIOK  3acTHHYTh. [lepel
MPOBEPKOH CO BCEX MCHBITHIBaEMbIX 00pa3UOR HEOGXOIHMO
yaauTh GIOC ¢ NOMOWBK OUYMINACIIEre CPEeIcTBA B
COOTBETCTBHM ¢ 3.2.3.

4.2.8.4 OueHka

4.2.8.4.1 VYeenuuerue. MctniTaTensHble 00pa3usl HeoOX0aMMO
[IPOBEPATh INIPH HECATHKPATHOM YBEIWYEHHH € TOMOUIBH
000pyIOBAHMA, YKA3aHHOTO B MyHKTe 3.3.3.

42842 OueHka NOBEPXHOCTH — KPHMTEPUH JONYcK / Opak.
3oHa wiupuHod 3.00 mm [0.118m0iima) oT 3anHed KPOMEKH
KaXAOTC 00paila He OLEHHBAeTCA. 30HHE ¢ KPemveHHAMH
TaKKE HE oueHUBaKOTCA. MHHIMYM 95% KamAoil TecTHpyeMoit
MNOBEPXHOCTH (KaXA0H MNOMIAAKH) A0MKHO OOECNeUnBAaTh
xopomee npwiunangme. Ha mnosepxuoct moryt  OwbITh
HeQOUBIIHE HAKONE], HE MPHIMNAIGIINHE 30HBI ¥ HEPOBHOCTH,
NP4 YCIOBHH, UYTO OHH HE KOHHEHTPHPYIOTCS B OOHON 30HE.
Jns MeHee KpUTHIHEIX CHYYAERB [OCTABLUIMK M MOJL30BATENb
MOTYT COIJIACOBATH YMEHBIIEHHBIH MPOLEHT NOBEPXHOCTH. B
npeneiax  OncHWBaeMol  00mTacTH  He  QOMWHO  ObITh
HCONPUIHIIAHKA JIH BRICTYTIAKOIIEH HAPYKY MOIOKKH,
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4.2.84.3 OueHKa CKBOZHBIX METAUIM3HPOBAHHLIX OTBEPCTHI.
OlieHKEe MOATENKAT TONEKC CKBOZHBIE METAIM3HPOBAHHEIE
OTBEPCTHA, KOTOpbie HaxoasaTrcs MUHHMYM B 3.0MM [0.118
modmal ot mobol  NOBEPXHOCTH WM 3aKperumoleH
KOHCTPYKIUHH, MOJAepKUBa0ILEH HCNbITATeABHBIH obpaiel Bo
BpeMs HCIIBITAHHIA.

Kpurepus aonyck / dpak:

- Hapnenua knmacca 1 u 2 — mnpunolt JomKeH MOONMHOCTHIO

NpHUIHNATE K CTEHKaM CKBO3HBIX  METAIITH3IHPOBAHHBIX
OTBEPCTHIE W 3amOJHATL  OTBEpCcTHd  MeHee  1.5MM
[0.0591 moitma] B  puamMeTpe  (ONHOE  3amQJHEHHE  He

003aTENBHO).

- HUzpenusn xnacca 3 — Ilafixa Ha McnbrTaTensHoM obpasue
CUHTAETCA XOPOIIEro KaviecTBa, ECIHM MpHNOH MoaHHMaeTcs
Ha/I0 BCEMH CKBO3HBIMH METATH3MPOBAHHEIMH OTBEPCTHAMM.
Ipunmoit fJoKeH TONHOCTBIO TNPUIMNATE K CTEHKaM
oTBepcTHii. B npenenax oueHuBaemol oOnacTH HE HOMDKHO
OBbITh HENIPIAMNAHAA WM BEICTYTIAIOMEH HApYXKY MOTONKKH.
Kputepun nomyck / 6pax, IpHMEHAEMBIE K IUIATaAM TOMIIKHOH
<3.0Mm [<0.118moiiMa], TOMKHB COOTBETCTBOBATH MYHKTY 5.2
W pUCYHKY 4-5 W 4-6. [Ipunofi NoypkeH NepelHBATECT HEpes
Kpaf OTBEpCTHA M HAIUIBIBATE HA TUIOWIAAKY B BEpXHCH 4acTd
OTBEpCTHSA, KPOME IUIAT, TOMHNHA KOTOPLIX mpeBbimaet 3.0MM
[0.118mofmal.

Ha Ttomcteix mmarax, T. Tomme 3.0MM [0.118mo0iimal
KallWIMAPHEIE CHIIB B PE3YIILTATE MIOBEPXHOCTHOTO HATAKCHHA
MOryT OBITh HE [IOCTaTOYHO CHIIbHBIL, 4TOObI YAEPHkKAaTh BeC
Npuros, HeoOXOJHMOTO ANd 3aMoNHeHHs OTBEpPCTHH. JTO
MOXEeT NPHBECTH K TOMY, YTO NPHUNOH He 3aMOJHUT CKRO3HOE
METAINIM3NPOBAHHOE OTBEPCTHE, a TIPUIHITHET TI0 Kpaio
OTBEPCTHA U CBEpPXY HA KOHTAKTHOH NMOINANKeE.

4.2.9. Hcmbitane D1 - TecT Ha mafiky BONHOH NpPHIIOA.
beccBHHIOBRIH TIPHIIOH. [lporoamrTes JillE:
METAJUIM3NPOBAHHBIX CKBO3ZHBIX OTBEPCTHH, NMOBEPXHOCTHHIX
BBIBOJIOB Y KOHTAKTHEIX TOIIAMNOK, [UTA CTOPOHBI MPHION.
4.2.9.1 Obopynosanue. CucTeMa AN MaHKd BOJHOM mpHmos,
OTRAKEHHAs N7 coOMIOIeHNs mapaMeTpoB NyHkTa 4.2.4.3.
4292 HcnpiTaTeneHeli obpazer. CrieHansHb1i
WCITBITATeTBHBII obpazen JOJKEH YLOBJIETBOPSATH
TpeGoBaHWAM TyHKTa 1.7 ¥ COOTBETCTBOBATh PHUCYHKaM 4-2 U
4-3. TloaroToBka WCHEITaTeNnbHOTO  ofpaslla  FOMKHA
OCYHIECTBIATECH B COOTBETCTRBHH € MyHKTOM 3.4,

42.9.3. Meroauka. Ucnerrarensisie obpasisl JOKHEL ObITh
3aKpeIUICHbl TakK, YTo0Bl NOpeACTaBIATH co0OH peanbHYW)
cbopky ©Oe3 YCTAHOBNEHHBIX 3JIeMEHTOB. MaluuHa 1uis
durocoBaHMA N0JUKHA ObITh 3aMOJHEHA crieldaibHbiM (3.2.2)
duocoM WiH QUIIOCOM, COCTAB KOTOPOTO IOMONHHTENEHO
cornacopadH. Ecnu B MamuHe A ¢UIFOCOBAHMA 2aluT HHOH
dmroc, TO ee chOemyeT  BBIKTKYUTL U (UIIOCOBATH
HCOBITATE/IBHEIH 00pasip! TIIAT OTACABHO, a TIOTOM TIOMECTHTE
Ha KOHBeHep comtacHo nyHkra 4.1 HeoGxoaumMo yCTaHOBHTE H
KOHTPOIHMPOBATh CIEAYIOUIHE MapaMeTpsl: KperuieHHe IUTaThi
(e HeOOXOOHMO), CKOpOCTh KOHBelepa, NOIOTpeBaTelib,
MallMHa And [afiky ¢ wid  06e3 cMelHBaHUA Macha,
VOpaBieHHE MaaIbHOH MAaIIMHON, HAKJIOH, TeMIepaTypa
HOAOFpeRa INAThl W TeMneparypa npunod. [Ipumoil nomxeH
oTsedars TpeGoBaHHAM 00OpPYAOBaHMS, APUMEHAEMOIO M7
naiflkH BOTHON NpHUIIOA, OCODEHHO, YTO KACAETCA I[IYDOHHBI
KOHTaKTa, YIJa KOHTAKTa M TPOAOMKHTENIbHOCTH KOHTAKTA.
Temneparypa nprnost 4omkHa O6ITk 233+5°C [455+9°F], ecrm
NoAbL30BATEND W NOCTABILMK HE AOrOBOPHIUCH O Apyrod. o

OBITH
OUYMHIEHE! OT (UmIoca ¢ NOMOUIBI0 MOKIIET CpPeAcTBa B
COOTBETCTBHH € NYHKTOM 3.2.3.

4.2.9.4 Onenka

OCMOTpa BCE  HMCTILITATE/IbHEIC 06pa3m,1 OOIIKHB]

4.294.1. YBeauueHHe. HcnpiTaTensHele o0pa3ibi
HEoOXOAUMO MPOBEPATH NpH AECATHKPATHOM YBENHYEHUH C
MoMOLIEI0 060pYAOBAHHUA, YKA3aHHOTO B IIyHKTe 3.3.3.
4.2.9.4.2. OugHka NOBepXHOCTH — KPUTEPHH KpHTepHHl JOMycK
/ Opax, 3oua mwupunoii 3.00 mm [0.118moiiMa) ot 3ajnHeii
KpOMKM Kaaoro ofpasua He oOueHHBaeTca. 30HB ¢
KPEIUVIEHHAMH TaKKe He OLeHUBaOTCA. MuHuMyMm 95%
KakOoH TecTupyeMol NOBEPXHOCTH (KakACH MIIOLRIAAKM)
ZomkHo  oDecnevmparh — xopowee  npHavnanue.  Ha
[IOBEPXHOCTH MOryT OBTE  HeboNblOEe  HAKONLI, He
TIPAITHHAIGIIME 30HBI ¥ HEPOBHOCTH, TIPH YCJIOBHH, 9TO OHH HE
KOHLUEHTPHPYIOTCA B OAHON 30He. I MeHee KpUTHIHBIX
CTy4acB IIOCTABINMK H [MOJNL30BATENIE MOTYT COTNIacOBaTh
YMEHBIIEHHEIH  TPOLGHT TNoBepXHOcTH. B mpememax
OlleHHBaeMoil 00NMacTH He NOMKHO OBITh HEMpPIIHMAHHA HIH
BRICTYTAIONIEH HAPYXKY NOATOKKH,

4.2.4.3 OueHka CKBO3HBIX METAJNM3HPOBAHHEIX OTBEPCTHH.
OueHKE TIOUIEKAT TONBKO CKBO3HBIE MECTAJUTH3HPOBAHHEBIE
OTBEPCTHA, KOTOpHIE  HAXOJATCA MHHMMYM B 5.0Mwm
[0.118m0fiMa] or OGO NOBEPXHOCTH WM 3AKPEIUIAOWESH
KOHCTPYKLMH, MOANEPKNBAIOLLEH UCMbITaTENEHBIA 00pasel BO
BpeMA HCTILITAHUA.

Kpurtepun nomyck / 6pak:

- Mznenma xnacca | M 2 — npunoil monkeH MONHOCTBEY
NpHAMNATE K CTGHKAM CKBO3HBIX  METAIM3NPOBAHHBIX
OTBEPCTHH W 3AMOJHATE  OTBEPCTHA  MeHee  |1.5MM
[0.0591moiimMa]l B aguamerpe (NONHOS  3AMOJHEHME HE
OBAIATENEHO).

- HMzpenun xnacca 3 - Tladika Ha ucnsiTaTenbHOM ofpasie
CUHTASTCA XOpPOLIETO KaueCTBa, CCNH NPHMNOH IMoxHHMaeTcs
HaJ0 BCEMH CKBO3HBIMM METAJUIH3HPOBAHHBIMH OTBEPCTHAMM.
Ilpuno#i pomKeH TONTHOCTBIC NPHIHIATE K  CTSHKaM
orBepcTri. B mpenenax oueHuBaemoil ofnacTd He JOMKHO
ObITh HEMTPHIMNAHASA WM BBICTYMAIOLIEH HAPYXKY TO/IOKKH.
Kputepru nonyck / Opak, NpAMEHSIEMbIE K MUIaTaM TOMMAHOH
<3.0mMm [<0.1[8or0fiMa], ZOMKHEI COOTBETCTBOBATE NMYHKTY 5.2
W pucyBky 4-3 1 4-6. [lpunoi poipkeH nepenuBarThes yepes
Kpaii OTBEPCTUA H HATVIBIBATE HA [NOWAAKY B BEPXHEH 4acTH
OTBEpPCTHA, KpOME TI71aT, TOJNIIMHA KOTOPBIX npeBblinaeT 3.0MM
[0.118motima).

Ha Ttoncteix mmatax, T.e Tomme 3.0Mm [0.118aroitma]
KaMMWUBPHBIE CIUIBL B pe3yJIbTaTe MOBEPXHOCTHOTO HATAAKEHHA
MOryT OBITH HE JOCTaTOYHO CHIBHBIL, UTOOBI yaAep*kaTh BeC
NpHNoA, HeOOXOOWMOro JNS 3arloNHEHHA OTBepeTHd. 3TO
MOXKET MPHBECTH K TOMY, YTO {IPUIOH HE 3ANOIHHT CKBO3IHOS
METATNU3NPOBEHHOE OTREPCTHE, @ TNPWIHIHET [0 Kpaw
OTBEPCTHS M CREPXY HA KOHTAKTHOM TWOManke.

4.2.10 HMcrmbitanne E | - UMHTaUMOHAAA [POBEPKA MOHTaKa
Ha TIOBEpXHOCTh. beccBHHUCBRI mpunoidl. B naHHOM
HCIIBITAHWH HMHTHPYETCA MOHT@X Ha IIOBEPXHOCTL f1e4aTHOM
ILUTATh] [P NAHKE OTUIABNEHUEM.
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4.2.10.1 Obopy aoBanue

4.2.10.1.1. labnon / s3kpaH. HomKeH UCTIONBIOBAThCA WAGIOH
TTH JKpaH c PEOMETPHIECKUMH OTBEPCTHAMH,
COOTBETCTBYIOIIHMY KOHTAKTHBIM MO KaM nox
HCTEITaTeNbHBIH oOpazen. HoMuBanbHas TomuuHA wadaoHa
IO/DKHA COOTBETCTBOBATH Tabnuue 4-3 (cm tabnuiuy 4-3 B
opuTHHaTe Ha c¢Tp |7), ecn¥ nHakue HE OroBOPEHO
MOCTABTIMKOM H MOABI0OBATEIIEM.

42.10.1.2 WucTpyMeHT II8 HAHCCEHHMA TMAasNBHOH MacThl.
Pe3sHHOBBIE HAM MeETAUIMYECKHH pakenb Jo/mkeH OwlTh
HCTIONB30BAH  JUIS  pachpeleNneHus nacTel Mo aluoHy /
JKpaHy.

4.2.10.2 HcnwrratensHsiii o0pazerl. UcneitarenbHsblii odpasew
JIOJKEH COOTBETCTBOBATE MyHkTy 1.7, HenblratensHeii
obpasel] HeOOXOAUMO NIPOTECTHPOBATL B YCIOBHAX, B KOTOPHIX
peanbHO  MOpodcxoadT  maiika  cbopku.  TloBepxmocTH
HCTIBITATENIBHOrO  00pasid, MOMIEXAINME  TeCTUPOBAHHIO,
JOTKHB! OBITh HE3aTPA3SHEHHBIMH, H B TO K€ BPeMs HX HENb3A
NpoTHpaTh, OWMIIATh, Lapamare Wi o0pabaTeIBaTh
a0pazVBHBIM HHCTPYMEHTOM.

4.2.10.3. ObopyzroBande angd maiku omnaBneHeM. JlomkHa
uenons3osaTthe MK / KOHREKUHMOHHAA MeYb A OIUIaBIICHHS,
cUcTeMa ONNABNEHUs ¢ ra3oBoi azol win aKKyMyIUpyIOmas
neus, cnocoGHan o0eCHEYHBATh TEMIIEPATYPY OINABRIEHHA
nacTel.  TeMnepaTypsl, yKajaHHele B Tabmuue 4-4
COOTBCTICTBYIOT  TeMmeparypam /  NpOJOIKHTE/IBHOCTH
BO3JEHCTBHA ANA MAANBLHOH HacThl. JIOTIONHUTENbHOE BpeMs
MOokeT notpeboBarecs AnA Tore, 4ToObl caM obpasel] MOT
JOCTHYBb TeMIIEpaTyp, YKa3aHHeIX B TAOmHIE 4-2.

Ecan nWHade He OTOBOPEHO MOCTABINMKOM H [ONB3OBATEIEM,
napaMeTphl TAHKH OIUIABACHMEM AOLKHBI COOTBETCTBOBATH
Tabnute 4-4.

4.2.10.4 Metonuka, Pasmecturs wabnod / 3KpaH Ha
KOHTAKTHOH TOBEPXHOCTH, HAHECTH INALNBHYIO MacTy (cM
nyHKT 3.2.1) Ha madnoH / 3KpaH W cAenaTh OTNEYATOK IO
maboHy Ha IIO/UI0MKKe, BTHpas 1acTy ¢ MOMOLkI0 pe3HHoBod
/ MeTannuueckoil pakeaH. AkKypaTHO yOparh wwabnoH, 4Tobbl
He cMa3ark OTTevarck. IloMecTHTs NOLIOXKY, Ha KOTODOH
MIPOBCAHTCA UCIIBITAHWE, B MAILIVHY A/IA naiKy OIUIABJIEHHEM H
BRINOJHMTL  nafiky. llocne 3Toro  akkyparHo  CHATE
TeCTUPYeMbI  obpazell H  OCTYAMTL /10  KOMHAaTHOMN
TeMiepaTypsl. Ilepexn ocMOTPOM Bee MCTIRITATENBHBIE 00pa3IIbl
JOTDKHED OBITE OUHUIEHBL OT (TIOCA ¢ [OMOLUIBI MOKOLIETO
CpecTBA B ¢ COOTBETCTBHH C MyHKTOM 3.2.3.

4.2.10.5 Ouenka

4.2.10.5.1 Yrenudenne. HensirarensHeie ofpazisl
HEOOXOAMMO TIPOBEPATE NPH ACCATHKPATHOM YBEIMICHHH C
TIOMOIIBE0 0D0PYNOBAHNA, YKA3AHHOIO B ITYHKTE 3.3.3.
4.2,10.5.2 OueHka NOBEPXHOCTH — KPAUTEPHH KpHTEpPHil fomyck
/ Opak. MuanMyM 95% xax[Io#f TeCcTHpyeMON MOBEPXHOCTH
(kakmoll mNNOMAZKM) AOMKHO oDecneyMBaTh  XOpOIIEE
npununiadiue. Ha moBepxHOocTM MOTYT OBITE HeGONBINHE
HaKOJbl, HE MPHUIHINAKOIIHE 30HE H HEPOBHOCTH, [IPH YCIOBHH,
YTO0 OHHW HE KOHLEHTPHpPYIOTCS B OfHOI 30He. A MeHee
KPUTHYHBIX CIIYYae€R MNOCTABIIHK H TIONAL30BATC)IE MOLYT
COrIIACOBATE  YMEHBINCHHBIH  OPOLEHT NOBEPXHOCTH. B
mpefenax  OUCHMBacMOH ofnmacTH  He  JOMWKHC  OBITh
HETIPHITHMITAHNA KW BBICTYNIAIOINEH HApYKY MOUTOMKH.
Tabnuua 4-4 TpeGoBaHus K mapaMeTpaM MaifkW ONaBieHHEM
— cM B OpUrHHane Ha cTp 17.
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43 Henwitanue F - ucneltanpe HA  NpUIHTIAHUE:
OnoeBssHHO-CBMHLCBBIe  npunod. [lpoBoaurca  ans
METANTH3HPOBRAHHbIX CKBOZHBIX OTBEPCTHH,
MOBEPXHOCTHRIX BBIBOIOB H KOHTAKTHBIX [II0LIAI0K.

43.1.1 Obopyaoeanne. HeobXonuMo HMcnoIb20BaTh
YCTPOICTBO 1A U3MEPEHHMs CHIIbI NPHINITAHNS [IPHIIOA,

KOTOpOE BKIIOYAcT B ce0s TepMOCTATHPYEMYID €MKOCTE

c npumoeM cormacHo nynkra  3.2.1., kotopas
KOHTpONHpyeTca corjlacHo MmyHkta 3.5.1 wu 3.5.2.
OfopynoBaHHe JOMKHO HMMETb  YCTPOHCTBO s
perucTpalM  CHMABl MO BPEMEHH,  HaTpHMep

3NMCKTPHUECKHWH caMONUcel, PerMcTpaTop LAHHBIX HIH
KOMIIBIOTED.

4.3.1.1.1 UHCTpYMEHT U1 MAHHILY THPOBaHHA 00pasLoM.
Heobxoaumo  Hcrione3oBaTh  MexaHudeckul i
IEKTPOMEXAHHYECKHH HHCTPYMEHT [l [OFPYyKeHUs
obpa3ua, koTopbiii 00beaWHEH € YCTpOHCTBOM JUIst
W3MEepeHHs CHIbl UPWIMIAHHA [pUIOA. YCTpoHcTBO
J0JpKHO ofecneunBaTh IpeJBAPUTEILHO YCTAHOBIEHHYIO
CKOPOCTB MOrpY>KEeHHs W M3BjaedeHHd obpa3ua coriacHo
nyukta 4.3.1.3. Bpems BbIOSPKKH HCIBITATENBHOTO
obpasua koHTpOnHpyerca coriacHo myHkTa 4.3.1.3. (cMm
puc 4-7).

4.3.1.2. HcneitaTenbhslilt  obpazell. MenwiTaTenbHbii
ofpasell AODKEH  COOTBETCTBOBATH  MyHKTY 1.7
HenwitTatensHelit obpazeny nomxeH ObiTh nubo mnaroi
LeMMKOM, MO0 4acTbio Iwiarel, Jub0 CcnelHaibHBIM
o0pa3uoM, Kak ToKazaHo Ha puc. 4-8. [lomroroeka

HCHBITATEIBHOIO 06]3«'131],& AOJEKHA MPOBOAHTHLCA
COTJIaCHO NMyHKTA 3.4.

43.1.3. Meroanka. [locne HaHeceHMs dawoca H
HACTHYHOTI'C BEICBEIXaHHA cornacHe MIYHKTa 4.1

UCTIBITATENBHBIA OBpasel, Aom#eH ObITH YCTAHOBJIEH B
HeIbITaTeNpHoe ofopyaoBande. [IPOMOKHYB HITHIIKH
tmoca ¢ HeneltaTensHore  ofpasiia UHCTRIM
abcopOHpYIOIIMM  MaTepHaloM, MOBECHTE €ro Ha
obopyaoeaHue Tak, 4TOObl ero HWKHHMA KpaH Obin
10+1mM [0.394£0.0390r0iiMa] HaA EMKOCTBIO € [IPHIIOEM,
grobel OH mporpenicas B TeueHue 20+lc. HMenbitamue
MOKHO ~ HadWHaTh [OCAE OYMCTKH  MOBEPXHOCTH
pacruiaBiIeHHOro IPUIIo OT LIaKa H NepHo/ia O0KH/IaHNA
5+5¢ B TeueHHe KOTOPOrO IIPHIIOH YCTAHOBHTCH B BaHHE.
IloBepxHOCTh, MNOKpbITYO  (UmEOCOM,  HeoDXoMMO
NOrPY3UTh B PACHUIABJICHHBIH MPHIOH TONBKO OMH Pas3
Ha royduny 0.2040.1mm [0.0078740.0039ar0iima]. Vron
MOTPYKeHHS IoMkeH Ot 20-40°,

Pucynox 4-7 — ycrpoHcTBO A8 H3MEPEHHS CHIIBI
MPH/IMIIAHKA. — CMOTPH B OpUrHHae Ha cTp 18.

Pucynox 4-8 — IlpegnaracMmble A8 MCIIBITAHKS Ha
MPHITHIIAHKE TpUIos odpasubl U rnyGHHA NOrpyYKeHHI—
CMOTPH B OpHIrHasne Ha ctp 18.
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VYron norpyxxesns 90° MOXHO NPHMEHATH TONBKO, €CIIH
3TO COTNIACOBAHO MEXTY [OL30BaTENeM "
noctapuMkoM. CKOpocTh HOrpYsKeHus [/ M3BJICHEHUA
nomkHa Obite 1MM-3mm [(.039]. mofima — (.20mi0fMa] B
cexyHnay, a Bpemsa Beulepxku 5.0 + 0/-0.5¢c. Tlepex
npoBepkoll €O BCeX  HCHEBITATENIGHBEIX  00pa3loB
HeobxoaUMo yoanuTh QUIFOC ¢ MOMOILBIY CMBLIBOUHOTO
PACTBOPE B COOTBETCTBUY ¢ HYHKTOM 3.2.3 (CM puc 4-9),

4.3.1.4. Onenka. 3T0 HCNBITAHHE MPOBOAHMTCA TOJBKO C
UesibI0 OLUEHKH (cM NYHKT 1.3)

43.1.3.1 Veenuuenwe. HcnbiTatenbHble  0oOpasipl
Heobxoaumo MPOBEPATE npu JIECATHKPATHOM
VBCJHUCHHN ¢ MOMOIIBI0 000pyA0BaHHA, YKA3aHHOTC B
nyHkre 3.3.3.

43.1.42. llpeanaraeMele Kputepud. Kpurepun s
OLEHKM [afeMOCTH npuBefeHs B Tabmmue 4-5. Ha
pucyHkax 4-10 m 4-11 npHMBeAeHB HIIIOCTpalHH K
tabnuue 4-5. Kpome Toro, 30Ha co CBEKHWM NPHIHITIIHM
NpUIOeM Ha HCIBITATENBHOM o00pasie JOmKHa OwITh
007B11E 30HB], KOTOpad MOTPYKANAchk B BARHY C IPHIIOEM
(To ecTk nevaTHas nnara JO/MKHA JEMOHCTPUPOBATH

XOpoHlee  MpUIMNAHME  TNPUOOA 332 [peaenaMu
TOTPY>KeHus ).

4.3.1.5 [Ilpotokon  KanMOpPOBKHM  H3MEPHTENBHOIO
npubopa. B Tlpunoxenwn D npuBogutcs  ¢dopma

[IpoTokona kanuOpOBKM M3MepHUTENsHOTO Ipubopa,
KOTOPYIO MOTYT [IPHMEHATh NOCTABIUIMK W NONb30BATENh
/U TapaHTHH TOTO, 4TO 00OpYHOBaHWE IS TNPOBEPKH
CWJIbI [IPHIIMIIAHHS NIPaBIILHO HACTPOEHO.

Pucynok 4-9. Ilorpyxenue B Npunod npu npoBe/cHHH
HCITBITAHHA HA TPWIHIAHHE. — CMOTPH B OpPUTHHANE Ha

ctp 19

Tabnuua 4-5 TlapaMeTpbl U KPUTEPHM OLEHKHM CHIIBI
TIPHITHNAHNAS — CMOTPH B OpHTHHANE Ha cTp 19.

20
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Pucynok 4-10 Kpusas npununanus — Kpurepum ana
BapHaHTa A (KeCTKHE OTpaHHYEHHMA) - CMOTpPH B
opuruHane Ha ctp 20

Pucynok 4-11 — Kpupasa npwvmanna — Kpurepan ans
papHaHTa B - cMoTpu B opurusane Ha ctp 20

mapt, 2007
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432 Hembrtaune F1 - ucnbiTaHMe Ha TMpUIHNAHHE:
BeccBunuopble MTPHIIOH. [lpoeoauTca ans
MeTalnu3uPOBRAHHEIX CKRORHEIX OTBEPCTHH,
MOBEPXHOCTHBIX BBIBO/IOB M KOHTAKTHHIX TAQINAACK,
43.2.1 Obopynoeanne. HeobxoouMo HCIONb3OBaTDL
YCTPOHCTBO /1 U3MEPEHUs CWIHI NPHITHIIAHKA TIPATIOA,
KOTOpOE BKJIIOUAET B cebf TepMOCTATHPYEMYIO €MKOCTh
¢ npunoem cornacHo myHkra 3.2.1.,  koTopad
KOHTpOJIpYeTca corjlacHe myHkta 3.5.1 u 3.5.2.
OGopynoBanue  [JOJKHO HMeThb  yCTpolicTBo s
pETHCTpariid  CHABL MO  BPEMEHH,  HampuMep
SMEKTPUHECKHH CAMOIIMCEL, PEruCTpParop HNAHHBIX HIM
KOMIIBIOTEP.

4.3.2.1.1 UuctpyMeHT Ans MaHAITyTHpOBaAHKA 00pasIioM.
HecOxoauMo  ucronk3oBaTh  MEXaHWYECKHH  HIH
3MCKTPOMEXAHNYECKHI HHCTPYMEHT IS OTPYXKEHUS
obpasuia, KOTOpeIH oOOBEAMHEH ¢ YCTpOHCTBOM [And
M3MEpEHUI CHIbl MPUIMIIAHHA TpUNod. YCTpoHCTBO
JlomxkHO obecneyuBaTh NpeJBaApHTENILHO YCTAHOBIEHHYIO
CKOpPOCTE TIOTPYKEHMA U M3BReueHHs o0pasia cornacHo
nyHkra 4.3.1.3. BpeMsa BBLUICPIKKM MCIBITATENLHOTO
obpazua KoHTpONHpyeTcs cornmacHo myHKTa 4.3.1.3. (cm
puc 4-7).

4.3.2.2 Hcnbitatenpsiii  obpazen.  MceneitatensHsiid
ofpazey JOmKeH COOTBETCTBOBATH MyHKTY 1.7
HenwratensHeiii obpaszell jomkeH OwiTe aHb0 mnaToi
Ue/MHKoM, Jub0 4YacTelo IIatel, AHO0 CHEUMANLHLIM
obpaziiom, kak mokazaHo Ha puc. 4-8. [loaroroeka
HCNBITATELHOO  of0pasua  AODKHA — TIPOBOAMTHECA
COrNTacHO MNMyHKTa 3.4,

4323 Meronuka. Ilocne HaHecenus dmoca U
YaCTHYHOTO  BBICBIXaHMA  COrJlacHO  nyHkta 4.1
HCIIBITATENBHEIH 06pasel] AonkeH OwiTh YCTaHOBJIEH B
UcTbiTaTeNbHOe o0opymoeanue. [IpOMOKHYB M3IHILKH
dumroca ¢ McnbitarensHoro  ofpazna  UHCTBIM
abcopOupylOIiMM  MaTepHaioM, IOBecbTe €ro  Ha
oGopyaoRanue Tak, uYToOBRI ero MIDKHUH Kpailt 6bin
10+1mm [0.394+0.039m0fiMa] HaT eMKOCTRIO © MpHIOEM,
ytobbl OH mnporpencs B TeweHde 20£1c. McnbiTanue
MOXXHO  HAaUMHATE TIOCAE  OUYMCTKHM  [OBEPXHOCTH
pacIiaBleHHOTO TIPUMOA OT IUIAaKa H TIEPHOJIA (KU IRHHS
5+5¢ B TgUeHUE KOTOPOTO NPUIOH YCTAaHORHUTCH B BAHHE.

HEOOXOOHMO

dunrocom,
MOTPY34Th B PACIUIABICHHBIA IIPUIION TONLKO OAMH pa3

Ha rnyOuny 0.20+0.1mm [0.00787+0.0039mrofima). Yron
norpy:;xenua aomked vt 20-40°. Yron norpyxenus 90°

ITopepxHoCTb,  MOKPBITYIO

MOJKHO TPHMEHATE TOIBKO, €CIH 3TO COTJIacoBaHO
MEKIAY TonbzoBaTeneM U nocrasmykoM.  Cropocts
HNOCPY:KeHua / u3BlIedeHus A0mKHA ObITE  1MM-5MM
[0.039].moiima — 0.20molima] B cexyHTy, a Bpems
BhIepkH 5.0 + 0/-0.5¢c. Tlepea npoBepkoH co Beex
HCTIBITATENBHBIX 00pa3sLoB HeOOXO0AUMO YAAUIMTE (IIIoC ¢
MOMOIIBK) CMBIBOYHOIO pPacTBOpPa B COOTBETCTBHH ©
myHkToM 3.2.3 {cM puc 4-9).

4.3.2.4, Ouenka. 3TO HCHBITAHUE NPOBOIHTCS TOILKO €
LeNTBI0 OUeHKH (cM TIyHKT 1.3).

43241 VeemwueHue. HcnwrtaTenbHele — obpasiisi
HEOOXOAUMO MPOBEPATH pu JeCATUKPATHOM
YBEIAMYEHHHA C MOMOIIBIO 0OOPYAOBAHHS, YKA3aHHOTO B
myHkTe 3.3.3.

43242 TIlpennaraeMele kputepud. Kpurepuu ans
OLIGHKM MasgeMOCTH IIpHBeAcHb B TtaGamue 4-6. Ha
pucyHkax 4-10 u 4-11 npuBeaeHsl HWUTIOCTpaLIHH K
tabmue 4-6. Kpome Toro, 30Ha co cBeXHMM NPUIATIINAM
TIPHMIOEM HAa MCHBITATENBHOM oOOpasle MomkHa OBITh
Gonblie 30HbI, KOTOPAd NOIPYHANACE B BAHHY € NIPHIICEM
(To ecTb mne4aTHad naaTta JAOMKHA JeMOHCTPHPOBATH

XOpollce  NPWIHNAHME  TPHNOS 33  TIPEACiamu
MOrpy:KEeHH).

4325 Tlporokon  KanuOpOBKH  H3MEpPHTENIBHOTO
npudopa. B [lpunoxkenun D npusBoaurca dopma

[lpoTokona kanuGpoBKH H3MepHTENBHOrO Tpubopa,
KOTOPYIO MOI'YT IIPHMEHATH NOCTABLIMK W NOJb30BATEND
U4 T2paHTHH TOTO, UTO 00OpYy/0BaHHE ANs APOBEPKH
CHJIBI IIPWIMNAHHA [TPABH/IBHO HACTPOEHO.

Tabnuia 4-6 Tlapamerpsl ¥ KpUTEpHH OIEHKH CHITBI
NPUITRIIAHUS — CMOTPH B OpUrHHATe Ha cTp 20.
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5 CpeacTra onpenelleHHs KauecTBa
5.1 Cpenctsa orpe/eiieHUs KadeCTRA — NOBCPXHOCTD.
JaHHOe  cpeAcTBO  MCMONB3YeTcss  [UIE  OLIGHKH
pe3ynBETaToB HCTBITaHuWi (cM puc 5-1), B OCHOBHOM AJ1A
onpenesieHHs Buaa ACGEKTOB, a HE I OMpejelleHns
MPOLEHTA NOKPBITHA NOBEPXHOCTH.
5.2 Cpeacra onpeaeneHns KauecTBa — AN OPOXYKLIMH
Kacca 3 €O CKBO3HBIMH  METALUIH3HPOBAHHBIMH
oTBepcTAMU.  Buawl  cOoky  cyllecTBYOIIHX  /
NIpHEMIIEMBIX YCJIOBUH Tpe/cTaBNeHEl Ha pHc 4-5. Hinxe
[epedcienbl NpHeMIeMble IS HEKOTOPBIX CIy4Yaes
YCIIOBUA:
- TonbzoBarens ¥ NOCTABIIMK NOJDKHEI COTJIACORATL
TIPHEMIIEMYIO TTASEMOCTh CKBOZHBIX METAJUIM3MPOBAHHEBIX
OTBEPCTHH, HMEIOLIHX koadibuiHeHT
MIPONOPLHOHANBHOCTH 5:1 (TONIIMHA TIMaThl: AUAMETP
OTBEpPCTHS).

- CnmoweHHBll OOpTHK Y  OTBepcTHil  sABIgeTcH
NpHeMJIeMBIM TIPH  CHIEIYIOMEM YCIOBHH: NpHIOH B
YAaCTHYHO-3AMOJHEHHBIX OTBEPCTHAX JO/DKEH HMETh
KOHTAaKTHBIH yrom meHee 90° x cTeHke oTBepcTHA (CM
puc 4-5 1 4-6)

- Bee otseperus ¢ auamerpom menee 1,5mm [0.0591
AIOHMa) [OO/DKHBI MMeTh NpoOKy H3 IIpHIOA Iocie
3arsepaeranna. Oteepctug OSonbwe  1,5mm  [0.059]
J10HMa) He oTOpaKOBBIBAIOTCA, €CIAH MMEHT N0J00HYIO
1pobKy, IpH YCIOBHH, UTO BO BCEM 0OBEME OTBEPCTHS H
MOBEPXHOCTH  KOHTAKTHOH  MIOLaiKK  00eCreyeHo
[pwinnaHue npunos (cM puc 4-5 i 4-6).

PucyHok 5-1 Harngasele cpeacTsa OLEHKH Ka4eCTBa.
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6 Ilpvmeuanue

6.1.Tlompaska Ha  cTatwdeckoe  jAasneHue. [lpu
obecrneMeHHH TIPWIMIAHHA M [OMYYeHHd CHi,
KOTOpPHIE YPaBHOBENIHBAIOT IPYT Opyra, HeoOXommMmo
BHECTH TOTIPARKY Ha pasmvuud B pazmepax obpasuos,
ocoDeHHO JTO XacaeTcs LIMPHHBI M TOJMLIMHBL 3TO
JenaeTca IyTeM KoppekuuH ofbemMa oOpasua,
norpyaaeMoro B npunoil. Hmxe npuBoaurcs
dopMyNia, KOTOPYK® MOXKHO HCOONB3OBATE NS
pacueTd H KOppPeKLUUH BhITANKUBAOLIeH CHNBL:

Fy=pgV

'ze:

p = mnoTHocTs npunos Sné0/Phdd npu 235°C (8.12r/cM)

p = mnoTHOCTH npunos SAC305 npu 255°C (7.41r/cMm)

g = yckopenHe cuisl ToxkecTH (98 1em/c?)

V = norpyxeHHblit 06beM HCIILITATEILHOTO 06pastia (cM’)

= WIMPHHA X TOMIIHHA X FTyOUHA IOrpykeHUs, HATPUMED.

Korza BeITankMBaljomias cWa paccydTaHa, TO ITY
BEJTHYMHY HYXHO NPUMEHMTh [ Koppexkuuu ock. Taxas
koppekumsa Tpebyerca ans obecnedeHds NPaBHIBHOCTH
U3MEpEHHN BPEMEHH TpPUIMIAHKA, a Takke CHil
MpUIUNaHAA, Bee H3MEpeHUs BPEMEHH NPHIHIIAHMS U CUIT
NPUITHITAHWA ~ A0NKHBl  [IPOBOAHTAECA  OTHOCHTENIBHO
OTKOPPEKTMPOBAHHO#K HyseBol ocu. Ecmu rpadmk umer
BEPTHKAILHO BBEPX, TO HOBasf OTKOPPEKTHPOBAHHAA
HyneBas och JOMKHA ObITH NOA HyAeBOH OCHIO npubopa,
6.2. llpeapaputenbiblil  Harpee. EcaM  HCOBITATEABHBIN
06]')33811 M1aThi HE MPOUEN CTAHAAPTHOE KWCIIBITAHHE
Ha [a9eMOCTh, TO [NA BTOPOro 00pasua MOMHO
KCMONB30BaTh IITAaTHOE Hpe/BAPHTENBHOE
HarpesaHue, ¢ LENeO  ONPEAC/ICHHA HAacKONBKO
KOHCTPYKUMA BIHAET HA MasgeMOCTh {TO eCTh, TONCTAs
IJ1aTa ¢ MACCHBHBIM BHYTPEHHHM 3EMIISHBIM CIOEM).
Ecnu ofpa3ubl MpoXoaaT nonobHOe HCMbITAHHE, TO
HeoOX0MMO BBIOPATE HCIBITAHHE C MOOOTPEBOM B
KaYecTEE MeTOda TeCTMpOBaHUsf 00pa3sLoB JaHHOM
KOHCTPYKUHH.

6.3. O0xur. Hammive my3BIpbKOB a3a, KOTOPhlE MOTYT
ApHBECTH K 0Opa3oBaHHIO MYCTOT, U3IbA3BICHHI,
TY3bIpEd UM pACCHOeHUs, MOKHO CHH3NTH ITYTEM
o0KHra MeYaTHRIX TMRAT A0 mailku, Takke monyTtHo
YJANSIOTCH Bara W pacTBOpUTens. Jlpyrue (akTophr,
TAKHE KaK

CkopocTs  KoHBeliepa (mpu  nalike BondHol  npunos),
TEMIIEPATYpa [PHION, COAepaHHe 3IarpA3HeHHd W mpou.,
TaKKe MOTYT NIPHUBECTH Kk 00pazoBaHHio AedeKTOB, H, OITOMY,
JOKHBI  OBITh  TIIATENLHO  PACCMOTPEHLI B Cliyuae
BO3HMKHOBeHUA TpobneMbl. HenbiTatensHele o6pasiibl HYKHO
00KeYb B COOTBETCTBYIOLEH MeYM ANS YAAlNeHUs BAAIH.
Temnepatrypa ¥ Bpems oKura orpegenserca INIA KaKI0ro
KOHKPETHOrO CIyuas OTAENBHO.

Bpems Mexay OOKHIOM W NPOBEACHHEM MCIBITAHWA Ha
TIAAEMOCTE JOKHO OblTh MUHHMATbHBIM (He Donee 244) ¢
UEIBK  NPENOTBPALLEHMS [1IOBTOPHOTO BIIMTHIEAHMS TapoB

CIIOHUCTOH CTPYKTYpOH. PealbHO BpeMs 3afIepKKH 3aBHCHT OT
TeMIEpaTypPhl OKPYXAIOMIEH CPe/lbl M YPOBHA BAAXKHOCTH.

6.4. Tlpensaputenshas  tepmoobpabortka.  [leuaTHble
TNatel  HYXKHO  MOJABEPrath  NpeABapHTeILHOH
tepMoobpaloTke TOIBKC €CIM  3Ta  Hpoleldypa
SIBIAETCA YACTBIO IITaTHOH TEXHOIOTAH
M3TOTOBNEHNS. Bpema o0xura JomxHo OBITH
MHHHMATBHEIM,  COOTBETCTBYIONIMM  TEXHOJOTHH
M3TOTOBNEHNA, 4TOOM NpeAoTRPaTHTh YPE3MEPHOE
okucieHue H 00pa3joBaHMe HHTEPMETALTHYECKUX
COEMHEHHH.

6.5. Tlamatka no texuuke Oezomacuocti. He pomycxarts
BOBHUKHOBEHMS WCKp MIH OTKPHITOrO OrHA [IpH
HCMONB30BAHUH u XpaHeHHH
TIerKOBOCIIIAME HAOIMX CA pacTROpHTeNeH.
[MogpobHocTH  ¢MOTPH B COOTBETCTBYHOLUMX
Mmarepyanax 1o  0e30MacHOMY — HCMONL30OBAHHIO
pacteopuTeneit  (Material Safety Data  Shit).
Obpaiarbes ¢O BCEMH XUMHKATaAMH B COOTBETCTBMH C
HHCTPYKUHEH, YTHIM3alHA IODKHA HPOBOIHMTBCA B
COOTBETCTBHH C MECTHRIMM HOPMAaTUBHBIMH aKTaAMMU.

6.6. Hcnonp3opalve HeakTHBHpoBaHHoro ¢moca. B
JaHHOM CTaHZapTe paccMarpuBaeTcA (GMIOC  Ha
KaHiGONH ¢ 1oHaBICHHEM aKTHEHPYIOIINX OPHCAIOK.
Heo6xooMMoCTs  HCIOJNB3OBAHHA — AKTHBHPYIOLIHX
MPHCA/IOK 33KIFOYaETCd B TOM, UTOGB] YMEHBIIHTE
pa3bpoc B pe3yipTaTax HCTBITaHHNA, KOTOPBIHA
Habmogasics Ipd TIPHMEHEHHHW 1THcToro (umoca Ha
cMone, olecneddTh IalfiKy He CONEpXKAIIUWX OIOBA
BBIBOAOB, O0ECIEUHTE: peanbHBIH 3amac NPOYHOCTH,
NOJASpPKHBAA CONCPXKAHHE IIPHCAJA0K HA OJHOM
ropasno MeHBIIEM YPOBHE, UeM HCMONBIYETcH TIPH
nafke Ha TPOH3BO/ICTRE, INpermyIIecTBO
HMCHOIB30BAHHUA CIEeNHAIBHBIM obpazoM
aKTUBHpOBaHHOrO (yIoca [Ng  HCHBITAHMH Ha
naaeMocTh AoKazaHo OONBIIHM 00BeMOM HCTRITAHH,
O u4eM TOBOPHTLCS B pPa?BACHUTENLHOM ITHCEME J-
STD-002/003 Komurera no [Taiike.

6.7. Konraxt npunos. Ilpanoi#t, HanocHMBIi BO Bpems
HCILITAHUA Ha NaseMOCTh JOMKEH BXONTE B KOHTAKT
¢ Jeramply, uroDel 3Ty Ietank MOXKHO ObUIO
paccMaTpuBaTh NpH HPOBEIEHHH OLUEHKH. MaleHbKue
ASTATH, OKPYXEHHBIE TOICTHIM TpadapeToM juld
HAHECEHHA IIPHNOA, MOI'YT He 00eCTeYHTs NOIDKHOIC
KOHTaKTa TPHIIOos,
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IPC J-STD-003B

Solderability Tests for Printed Boards

1 GENERAL

1.1 Scope This standard prescribes test methods. defect
definitions and illustrations for assessing the solderability
of printed board surface conductors, attachment lands. and
plated-through holes. This standard is intended for use by
both vendor and user.

1.2 Purpose The solderability determination is made to
verify that the printed board fabrication processes and sub-
sequent storage have had no adverse effect on the solder-
ability of those portions of the printed board intended to be
soldered. This is determined by evaluation of the solder-
ability test specimen portion of a board or representative
test specimen which has been processed as part of the
panel of boards and subsequently removed for testing per
the method selected.

1.3 Objective The objective of the solderability test
methods described in this standard is to determine the abil-
ity of printed board surface conductors, attachment lands,
and plated-through holes to wet easily with solder and to
withstand the rigors of the printed board assembly pro-
cesses.

1.3.1 Shall or Should The word “‘shall” is used in the
text of this document wherever there is a requirement for
materials, preparation, process control or acceptance of a
soldered connection or a test method. The word “should”
reflects recommendations and is used to reflect general
industry practices and procedures for guidance only.

1.3.2 Document Hierarchy In the event of conflict, the
following descending order of precedence applies:

1. Procurement as agreed between user and supplier.

2. Master drawing or master assembly drawing reflecting
the user’s detailed requirements.

3. When invoked by the customer or per contractual agree-
ment, this document, J-STD-003.

4. Other documents to extent specified by the customer.

1.4 Performance Classes Three general classes have
been established to reflect progressive increases in sophis-
tication, functional performance requirements and testing/
inspection frequency. It should be recognized that there
may be an overlap of equipment categories in different
classes. The user has the responsibility to specify in the
contract or purchase order the performance class required
for each product and shall indicate any exceptions to spe-
cific parameters, where appropriate,

Class 1 - General Efectronic Products

Includes consumer products, some computer and computer
peripherals suitable for applications where cosmetic imper-
fections are not important and the major requirement is
function of the completed printed board.

Class 2 - Dedicated Service Electronic Products

Includes communications equipment. sophisticated busi-
ness machines, instruments where high performance and
extended life is required and for which uninterrupted ser-
vice is desired but not critical. Certain cosmetic imperfec-
tions are allowed.

Class 3 - High Performance Electronic Products

Includes the equipment and products where continued per-
formance or performance on demand is critical. Equipment
downtime cannot be tolerated and must function when
required such as in life support items or flight control sys-
tems. Printed boards in this class are suitable for applica-
tions where high levels of assurance are required and ser-
vice is essential,

1.5 Method Classification This standard describes test
methods by which both the surface conductors (and attach-
ment lands) and plated-through holes may be evaluated for
solderability. Test A, Test B, Test C. Test D and Test E for
tinflead solder processes and Test Al, Test BI, Test C1,
Test D1 and Test El for lead-free solder processes, unless
otherwise agreed upon between vendor and user. Test A
and Test C for tin/lead solder processes, Test Al and Test
C1 for lead-free solder processes are to be used as a default
solderability tests.

Provisions are made for this determination to be performed
at the time of manufacture, at the receipt of the boards by
the user, or just prior to assembly and soldering. User and
vendor shall agree to the appropriate method to be used
and their correlation.

Standard dwell times are defined in some of the methods
called out in this standard. Variations in board heat capac-
ity may necessitate the use of longer solder dwell times
(see 6.2). Any change in solder dwell shall be agreed upon
by user and vendor.

1.5.1 Visual Acceptance Criteria Tests
Tin Lead Solder Alloy

Test A — Edge Dip Test For surface conductors and
attachment lands only (see 4.2.1)

Test B — Rotary Dip Test For plated-through holes, sur-
face conductors and attachment lands, solder source side
(see 4.2.2)
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Test C - Solder Float Test For plated-through holes, sar-
face conductors and attachment lands. solder source side
(see 4.2.3)

Test D — Wave Solder Test For plated-through holes.
surface conductors and attachment lands. solder source side
(see 4.2.4)

Test E — Surface Mount Simulation Test For surface
conductors and attachment lands (see 4.2.5)

Lead Free Solder Alloy

Test Al — Edge Dip Test For surface conductors and
attachment lands only (see 4.2.6)

Test Bl - Rotary Dip Test For plated-through holes,
surface conductors and attachment lands, solder source side
(see 4.2.7)

Test C1 — Solder Float Test For plated-through holes,
surface conductors and attachment lands, solder source side
{see 4.2.8)

Test DI — Wave Solder Test For plated-through holes.
surface conductors and attachment lands, solder source side
{see 4.2.9)

Test E1 — Surface Mount Simulation Test For surface
conductors and attachment lands (see 4.2.10)

1.5.2 Force Measurement Criteria Tests

Tin Lead Solder Alloy

Test F — Wetting Balance Test For plated-through holes,
surface conductors and attachment lands (see 4.3.1)

Lead Free Solder Alloy

Test F1 — Wetting Balance Test For plated-through
holes, surface conductors and attachment lands (see 4.3.2)

Tests F and FI shall not be used for acceptance/rejection
without user and vendor agreement. Please forward all test
data generated using these test methods, including type of
board tested (such as Type 2 or 12 layer, Type 3). dimen-
sions of test specimen tested. and any pretreatment, to:

PC

Attn. J-STD-003 Staff Liaison
3000 Lakeside Drive. Suite 3098
Bannockburn. IL 60015

1.5.3 Test(s) Methodologies Under Committee Review
The J-STD-003 committee has undertaken. characterized.
and reviewed the use of the Sequential Electrochemical
Reduction Analysis (SERA® methodology for solderability
iesting. The committee’s current position is that the
SERA® test method should reside within the TPC-TM-650
manual until additional solderability test information is
generated. Please forward all test data for committee
review to:

IPC

Attn. J-STD-003 Staff Liaison
3000 lakeside Drive, Suite 3098
Bannockburn. IL 60015

1.6 Test Method Selection [For appropriate test selection
refer 1o 1.5 and Tables 1-1 and 1-2. The test selection
should consider the final soldering process so that the
results of the test will best represent that process.

1.7 Test Specimen Requirements The test specimen
shall be a representative test specimen, a portion of the
printed board being testad, or a whole board if within size
limits, such that an immersion depth defined in the indi-
vidual method is possible. The test specimen shall be rep-
resentative of the Jot being tested. When this test specimen
i1s t0 be used as a criterion for material acceptance. the
number of test specimens shall be defined by agreement
between the user and vendor.

Test specimens that may be used for rigid board surface
solderability and plated-through hole solderability are
detailed in the paragraph sections under the individual test
methods. Similar test specimens may be used provided
they reflect the board circuitry, hole. and construction, and
have heen processed in conjunction with the printed board
being evaluated.

Table 1-1 Test Method Selection

Test Method L Applies to Surface Features Plated-Through Holes
Tests with Visual Assessment Criteria
A - Edge Dip Test N/A
A1 — Edge Dip Test
B - Rotary Dip Test )
B1 — Rotary Dip Test X {Solder Source Side Only) X
C - Solder Float Test .
C1 — Solder Float Test X (Salder Source Side Only) X
D - Wave Solder Test .
D1 — Wave Solder Test X (Solder Source Side Only) X
E - Surface Mount Simuilation Test X N/A
E1 - Surface Mount Simulation Test
Tests with Force Measurement Criteria
F - Wetting Balance Test X X
F1 — Wetting Balance Test
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Table 1-2 Conditioning and Test Requirements
Durability of Coating Rating®
1 2 3
Pretest Conditioning Flux Surface Holes Surface Holes Surface Holes

8 Hours Conditioning {3.4.2} See 322 X

None See 3.2.2 X X X X

None Type®
2. See 1.8.

b. Default Coating Rating.
¢. Flux preduct used in the printed assembly process.

Unless otherwise specified, the land associated with a
plated-through hole shall be considered part of the plated-
through hole if it is wsed for through-hole attachment. In
this case, only tests for hole solderability apply. If the land
is used for surface attachment of parts, then such lands
shall be tested for both hole and surface solderability.

1.8 Coating Durability The user shall specify to the ven-
dor, as part of the purchase or ordering agreement, the
required coating durability. The following are guidelines
for determining the needed level of coating durability (not
product performance classes). Conditioning and solderabil-
ity testing shall be performed per Table 1-2.

Category 1 — Minimum Coating Durability

Intended for boards which will be soldered within 30 days
from the time of manufacture and are likely to experience
minimum thermal exposures.

Category 2 — Average Coating Durability

Intended for boards likely to experience storage up to six
months from the time of manufacture and moderate ther-
mal or solder exposures,

Category 3 — Maximum Coating Durability
Intended for boards likely to experience long storage (over
six months) from the time of manufacture, severe thermal
or solder processing steps, etc. It should be recognized that
there may be a cost premium or delivery delay associated
with boards ordered to this durability level.

1.9 Limitation This standard shall not be construed as a
production soldering or tinning procedure for preparing or
soldering of printed boards or assemblies.

2 APPLICABLE DOCUMENTS

The following documents of the issue currently in effect
form a part of this standard to the extent specified herein.

2.1 Industry
2.1.1 1IPC
IPC-T-50 Terms and Definitions

IPC-TM-650 Test Methods Manual

1. www.ipc.org

J-STD-005 Requirements for Soldering Pastes

J-STD-006 Requirements for Electronic Grade Solder
Alloys and Fluxed and Non-Fluxed Solid Solders for Elec-
tronic Soldering Applications

3 REQUIREMENTS

3.1 Terms and Definitions The definition of terms shall
be in accordance with IPC-T-50. Terms that have been
repeated from IPC-T-50 for convenience are indicated by
an asterisk (*).

*Contact Angle, Soldering The angle of a solder fillet
that is enclosed between a plane that is tangent to the
solder/ basis-metal surface and a plane that is tangent to the
solder/ air interface (see Figure 3-1).

SOLDER
S N
| SMALL oo.NTACT-'_g
Ly, ANGLE ;

e

-.,_%

LARGE CONTACY
ANGLE

IPC-003b-3-1

Figure 3-1 Contact Angle

3.2 Materials

3.2.1 Solder For tinflead testing, the solder composition
shall be Sno0/Pb40, Sn62/Pb36/2Ag or Sn63/Ph37 per
J-STD-006. The composition of the solder, including con-
tamination levels. shall be maintained during testing per
352

The composition of the tin/lead solder paste to be used in
Test E shall be Sn60/Pb40 or Snb3/Pb37 for Sn/Pb per
J-STD-005, mesh size of -325/+500, flux type ROLI. The
solder paste shall mect the storage and shelf life require-
ments of the manufacturer’s specification.

For lead-free testing, the solder composition shall be
Sn96.5A¢3.0Cu0.5 (SAC305) per J-STD-006. Other lead-
free solder alloys may be used upon agreement between
user and vendor.
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The composition of the lead-free solder paste to be used in
Test S1 shall be Sn96.5Ag3.0Cu).5 (SAC305) per I-STD-
005. mesh size of -325/+500. flux type 1o be agreed upon
between user and vendor. The solder paste shall meet the
storage and shelf life requirements of the manufacturers’
specification. Other lead-free solder pastes may be used
upon agreement between user and vendor

3.2.2 Flux The flux for tinflead solderability tests shall
be a standard activated rosin flux #1 having a composition
of 25% + 0.5% by weight of colophony and 0.15% +
0.01% by weight diethylammonium hydrochloride (CAS
600-68-4), in 74.85% + (0.5% by weight of isopropyl alco-
hol (see Table 3-1).

The flux for lead-free solderability tests shall be standard
activated rosin flux #2 having a composition of 25% =+
0.5% by weight of colophony and 0.39% + 0.01% by
weight diethylammonium hydrochloride (CAS 660-68-4),
in 74.61% = 0.5% by weight of isopropyl alcohol (see
Table 3-1).

Table 3-1 Flux Composition

Composition by
Weight Percent

Constituent Flux #1 Flux #2
Colophony 25+05 25+ Q5
Diethylammonium hydrechloride | 0.15 + 0.01 | 0.39 = 0.04
Isopropyl Alcohol (1PA) Balance Balance
Weight of Chiorine as % of solids 0.2 0.5

Note: APPENDIX C: Informattive Annex contams a listing of industry test
flux product sources.

3.2.2.1 Flux Maintenance Standard activated rosin
fluxes #1 and #2 shall be covered when not in use and dis-
carded after eight hours or the flux shall be maintained to
a specific gravity of 0.843 £ 0,005 at 25+ 2 °C [77 £ 3.6
°F] and discarded after one week of use.

3.2.3 Flux Removal Material used for cleaning printed
hoards after solderability testing and prior to solderability
evaluations shall be capable of removing visible flux resi-
dues,

3.3 Equipment The following criteria applies to all
methods and equipment (see APPENDIX C for a list of
equipment sources). Equipment that is specific to any of
the solderability test methods is described within the
method details.

3.3.1 Conditioning Equipment The conditioning equip-
ment shall be capable of maintaining the temperature and
bumidity parameters specified in 3.4.2. The test specimens
shall be suspended so that no portion of the test specimen
is within 40 mm [1.57 in] of the test chamber walls. The
nonmetallic holders shall support the test specimens
between vertical to 45 © angle during exposure. Care shall

be taken to not exceed the capacity of the conditioning
equipment. Excessive or improper loading will cause con-
densation of humidity on the surface of the test specimens.

3.3.2 Solder Pot/Bath A thermostatically controlled
static solder bath shall be used of adequate dimensions to
accommodate the test specimens. The solder bath shall
contain enough solder to maintain the temperature during
testing within the specified temperature limits (3.5.1) and
1o prevent exceeding the contamination levels (3.5.2). The
wave solder pot temperature limits utilized for Test Method
I} or Test Method D1 shall be defined by agreement
between the user and vendor. Precautions should be taken
to avoid solder pot/bath damage due to metal erosion when
using Lead-free solder alloys.

3.3.3 Optical Inspection Equipment All test methods
requiring visual inspection shall be capable of 10X magni-
fication (see individual test methods). and may be equipped
with reticles, or equivalent. for measurement. when appli-
cable. An example of a reticle is shown in Figure 3-2.
Shadowless lighting shall be used for proper inspection.

3.3.4 Dipping Equipment Solder dipping devices shall
be mechanical/electromechanical and capable of control-
ling the mmmersion/emersion rates dwell time and immer-
sion depth as specified in 4.2 to 4.3.

3.3.5 Timing Equipment Timing equipment shall be
automated and accurate to the limits of the test method.

3.4 Preparation for Testing

3.4.1 Test Specimen Preparation and Conditioning for
Test Care shall be exercised to prevent contamination
{by grease, perspiration, etc.) of the surface to be tested.
When agreed upon between user and vendor, the test speci-
men to be tested may undergo other types of pretreatments
such as degreasing, aqueous cleaning, copper and solder
brightening, or baking.

The prescribed pretreatments should reproduce actual pro-
cessing of the printed boards up to the time of assembly
soldering (see 6.3). If conditioning is performed, prebaking
1s not recommended.

3.4.2 Durability Conditioning All test specimens identi-
fied as requiring durability conditioning shall be subjected
to condilioning prior to solderability testing immediately
followed by a bake per 3.4.3. The durability test conditions
shall be 72 °C+ 5 °C [162 °F = 9 °F] and 85%= 3% Rela-
tive Humidity [RH]. The test specimens shall be exposed
for a test duration of eight hours £ 15 minutes.

3.4.3 Baking Immediately after conditioning and prior to
solderability testing, all boards shall be baked at 105 £+ 5
°C [221 + 9 °F] for 1 +1/-0 hours to remove surface mois-
ture and other volatiles. Test specimens shall be cooled to
room temperature prior to fluxing and testing.
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operating days. The levels of contamination and Sn content
must be within those shown in Table 3-2. The intervals
between analysis may be lengthened if the test results indi-

cate that the contamination limits are not being
approached. The composition of the lead-free solder.
: 0 including contamination levels, shall be maintained during
B testing per Table 3-2 with the silver and copper element
; 5 levels adjusted for alloy requirements.
NOTE: An operating day consists of any eight-hour
10 period. or any portion thereof, during which the solder is
‘ ; liquefied and used.
j l ' ' 15 If contamination exceeds the limits specified in Table 3-2.
C ; L then the solder shall be changed and the intervals between
: ‘ 20 analyses shall be shortened. A sampling plan shall be
- developed. implemented. and documented, demonstrating
solder contamination process control.
s ] 25 Table 3-2 Maximum Limits of Solder Bath Contaminant
’ i 1 Maximum
: 30 Maximum Contamination
I ‘ Contaminant Weight Weight
s ] Percentage Limit Percentage Limit
‘ 35 Contaminant | Sn Pb Alloys®® | Pb Free Alloys *°
1 Copper 0.300 0.800
1= 40 Gold 0.200 0.200
I \ Cadmium 0.005 0.005
I N Zinc 0.005 0.005
: 1 45 Aluminum 0.006 0.006
s : | Antimony 0.500 0.500
- 50 Iron 0.020 0.020
Arsenic 0.030 0.030
PO-0030-3-2 Bismuth 0.250 0.250
Figure 3-2 Example Reticle Silver 0.100 4.000
3.5 Solder Bath Requirements Nicket 0.010 0.010
Lead N/A 0.100
Notes:

3.5.1 Solder Temperatures Tin/lead solderability testing
shall be done at a solder temperature of 235 £ 5 °C [455 =
9 °F]. Lead-free solderability testing shall be done at a sol-
der temperature of 255 £ 5 °C [491 = 9 °F].

3.5.2 Solder Contamination Control The sclder in
solder baths used for solderability testing shall be chemi-
cally or spectrographically analyzed or replaced each 30

a. The tin content of the sclder shall be maintained within = 1% of the
nominal alloy being used. Tin content shall be tested at the same
frequency as testing for copper/gold contamination. The balance of the
bath shall be fead andfor the items listed above.

b. The total of copper, gold, cadmium, zinc, and aluminum contaminants
shall not exceed 0.4%. Not applicable to'lead-free alloys.

c. These Maximum Contammnation Weight Percemage Limits apply for
solderability testing using the SAC305 solder alioy. The use of other
lead-free solder alloys/maximum contamination weight percentage hmits
may be usad upon agreement between user and vendor.

30



{PC J-STD-003B

March 2007

4 TEST PROCEDURES

4.1 Test Procedure Limitations The test procedures of
this specification are applicable to most printed board con-
structions typical of the industry. It is recognized that thick
printed boards will not act the same as thin printed boards
due to their increased thermal mass, aspect ratie, number of
ground planes and weight of the solder column within the
hole. These factors greatly reduce the likelihood that all
holes will display completely wetted knees with top side
caps.

The test procedures of this specification shall be followed.
If determined by an agreement between the user and ven-
dor that changes are necessary due to the physical charac-
teristics of a test specimen and not the solderability of the

test specimen surface, a new procedure shall be docu-
mented and used only for the applicable test spectmen.
Changes in test procedures and fAux (sce 3.2.2) shall ake
into account the wetting time and flux issues per 6.6 and
6.7.

4.1.1 Application of Flux The test specimens are (0 be
dipped in the flux to the full depth to be soldered for 5-10
seconds. The flux shall be maintained at the prescribed
composition defined in 3.2.2. After withdrawal from the
flux. the test specimen shall be allowed to drain vertically
for a maximum of 60 seconds. Excess flux shall be
removed by blotting the surface to be tested with a piece of
absorbent, ciean material. The solderability test shall then
be performed in not less than one minute. and not more
than five minutes, after blotting.
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4.2 Tests with Established Accept/Reject Criteria

4.2.1 Test A - Edge Dip Test Tin/Lead Solder This test
is for edge dip testing of surface conductors and attachment
lands.

4.2.1.1 Apparatus

4.2.1.1.1 Solder Pot/Bath A solder vessel that meets the
requirements of 3.3.2 shall be used. The solder shall meet
the requirements of 3.2.1. Solder bath temperatures and
solder contamination control shall be in accordance with
3.5.1 and 3.5.2.

4.2.1.1.2 Dipping Device A dipping device as shown in
Figui'e 4-1 shall be used. A simiiar device may be used
providing: the rate of immersion, dwell time, and rate of
withdrawal are within the test limits: perpendicuiarity of
board and solder surface are maintained: wobble, vibration,
and other extraneous movements are eliminated.

4.2.1.2 Test Specimen The test specimen shall be a rep-
resentative portion of the board, or a full board, whichever
is smaller. not to exceed 50 x 50 mm [1.97 x 1.97 in], or a
test specimen thal is representative of the common board
features. Figures 4-2 and 4-3 are suggested test specimen

styles. Test specimen preparation shall be in accordance
with 3.4.

Note: Relative to Figure 4-3, it is imperative that the met-
allization exlends to the edge of the test specimen, in order
to guarantee a repeatable and accurate test. This is achieved
by imaging the test specimen larger in the multi-test speci-
men pasel format than as it would otherwise have been
done as an individual test specimen. The singulation pro-
cess (removing the individual test specimens from the
multi-image panel) will have the scoring or routing path
pass through the oversize copper image, thus insuring that
the copper is fully present to the edge of the test specimen.
Due to the relative softness of the copper, the rough edge
may need to be ‘dressed’ using 600 grit sandpaper. An
alternate method to ensure that the copper is fully to the
edge of the test coupon is to preroute the Lest specimen and
edge plate. This latter alternative is generally more costly
and may not be available from all printed circuit board
fabricators.

4.2.1.3 Procedure Dross and burned/residual flux shall
be completely removed from the surface of the molien sol-
der immediately prior to dipping. After fluxing and drain-
ing per 4.1, the test specimen shall be immersed into the
molten solder edgewise to a depth of 25 + 2 mm [0.984 +

Initial Step

insert Withdraw
Specimen  Specimen

i g

Flux
Station

Process Flow

Final Step
Insert Withdraw
Specimen  Specimen

N

Solder
Station

IPC-003b-4-1

Figure 4-1 Edge Dip Soiderability Test
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LLayer 1 Only 27.5mm
Appropriate < (1.081in}] p
Specimen
¢ 22.5 mm 9 Spaces @ 2.5 mm —ﬂ
Number [0.8858 in] [0.0984 in]
3.0 mm
[0.118 in] ™ “‘ —»  4—20mm
[0.0787 in]
25mm[0.0984in] | Sii 0 a am A A A A o A
OO e- @Y
7 S O W 7 W O e G
7.5 mm [0.295 in) RS N PN 2
2N o 2 N N N
‘ S22/ AT/ B G B/ S RS A
&6 6660600
2.5 mm [0.0984 in] R & WY A

40 Plated Through-Holes
0.8 + 0.0125 mm [0.031 + 0.0004921 in)

Land Size 1.5 mm [0.0591 in]
IPC-0030-4-2

Figure 4-2 Suggested Test Specimen for Plated-Through Holes

COMPONENT SIDE VIEW
Test Coupon size = 25 mm x 15 mm [0.984 in x 0.591 in]

2.54 mm0.1000 in] —— -

hd

o ® ® 0 @ ———

~— 0.94 mm [0.0370 in}

. Pad Size (dia.) = 1.9 mm [0.0748 in]
Pad to pad pitch = 4.0 mm [0.157 in}
PTH size = 1.15 mm [0.0453 in] finished
. Mask clearance = 2.31 mm [0.0909% in]
} Both sides \

!1 SMD Pad Size = 3.18 mm x 4.52 mm {0.1250 in x 0.1780 inﬂ
Pads are extended 0.51 mm [0.020 in] beyond the edge

Pad to pad pitch = 4.0 mm [0.157 in]

| Mask clearance = 3.58 mm x 4.94 mm [0.1410 in x 0.1945 m]
‘! Both sides

IPC-D030-4-3

Figure 4-3 Suggested Test Specimen for Surface Mount Features
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0.08 in]. The dwell time in the molten solder shall be 3.0
+ (0.5 seconds. Immersion and emersion rates shall be 25 +
2 mm [0.984 = (L08 in] per second. Afier withdrawal. the
solder shall be allowed to solidify by air cooling while the
board is maintained in a vertical position. Prior to exami-
naton, all test specimens shall have the flux removed using
a cleaning agent in accordance with 3.2.3,

4.2.1.4 Evaluation

4.2,1.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specificd i 3.3.3.

4.2.1.4.2 Surface Evaluation - Accept/Reject Criteria
A minimum of 95% of each of the surfaces (i.e., each pad)
being tested shall exhibit good wetting. The balance of the
surface may contain only small pin holes, dewetted areas,
and rough spots provided such defects are not concentrated
in one area. For less critical applications, a smaller percent
coverage may be determined between vendor and user.
There shall be no nonwetting or exposed base metal within
the evaluaied area. An area of 3.2 mm [0.126 in] width
from the bottom edge of each test specimen shall not
be evaluated. Areas contacted by fixtures shall not be
evaluated.

4.2.2 Test B - Rotary Dip Test Tin/Lead Solder This
test is for rotary dip testing of plated-through holes, surface
conductors and attachment lands.

4.2.2.1 Apparatus A device shall be used to move the
test specimen in a circular path so that the flat surface of
the test specimen will contact the solder at a constant speed
without stopping. The distance between the center of rota-
tion and the center of the test specimen shall be 100 mm
[3.937 in] minimum. An example of a test specimen holder
is shown in Figure 4-4. Those parts of the holder including
the retaining spring (if fitted) which come into contact with
the test specimen and/or the solder should have low ther-
mal capacity and conductivity. The time of contact between
any point of the test face of the test specimen and the mol-
ten solder shall be determined by a timer, The timer shall
start when the face of the test piece is parallel to the solder
surface. A strip of 50 mm [1.97 in] wide polytetrafluoroet-
hylene (PTFE) or equivalent shall precede the test speci-
men in the test cycle in order to remove oxide or flux resi-
due from the solder surface immediately before the test
specimen is introduced.

4.2.2.2 Test Specimen The test specimen shall be in
accordance with 1.7. The test specimen shall cither be a
full board, a section of a board. or a suggested test speci-
men (see Figures 4-2 'and 4-3). The test specimen shall be
of such a width as to allow 13 mm [0.512 in] ¢learance
from the solder pot sides. The minimum number of termi-

Solder

1) Dwell timer set at 3.0 + 0.5 seconds

2) Adjustable speed control on 100.0 mm
[3.9370 in] radius on solder station

3) Dwell at end of 100.0 mm [3.9370 in]
radius swing to allow solder to solidify
IPC-0030-4-4

Figure 4-4 Rotary Dip Test

nations (plated-through holes or attachment lands) per test
specimen shall be six. If plated-through holes are to be
tested. then the minimum number of holes to be tested is
30 per test lot. This would require a minimum of five test
specimens (six holes per test specimen, 3{) holes total). The
test specimen shall be representative of the product. The
exposed length of test specimen test face in the direction of
travel shall be 25 = 5 myn [0.984 + 0.20 in]. Test specimen
preparation shall be in accordance with 3.4,

4.2.2.3 Procedure Dross and burned/residual flux shall
be completely removed from the surface of the molten sol-
der immediately prior to dipping. After fluxing and drain-
ing. per 4.1. mount the test spccimen to be tested in the test
equipment test specimen holder. Adjust the test equipment
to immerse the test specimen into the solder bath to a
maximum of 50% of the test specimen thickness uniess
otherwise specified. Activate the test equipment to expose
the test specimen to solder. After the test specimen has
cleared the solder bath, allow all the solder to solidify in
the position in which the machine stops before removing
from the test specimen holder. Care must be taken so
that sclder does not flow over the upper face of the test
specimen. This may be impacted by the width of the test
specimen. Dwell ume at the maximum depth shall be 3.0
+ 0.5 seconds. Prior to examination, all test specimens
shall have the flux removed using a cleaning ageni in
accordance with 3.2.3.

4.2.2.4 Evaluation

4.2,2.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.
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4.2.2.4.2 Surface Evaluation - Accept/Reject Criteria
An area of 3.0 mm [0.118 in] width from the trailing edge
of each test specimen shall not be evaluated. Areas con-

tacted by fixtures shall not be evaluated. A minimum of

95% of each of the surfaces (i.e.. each pad) being tested
shall exhibit good wetting. The balance of the surface may
contain only small pin holes, deweited areas, and rough
spots provided such defects are not concentrated in one
area. For less critical applications, a smaller percent cover-
age may be determined between vendor and user. There-
shall be no nonwetting or exposed base metal within the
evaluated area.

4.2.2.4.3 Plated-Through Hole Evaluation Only plated-
through holes that are at least 5.0 mm [0.197 in] from any
surface or fixturing structure supporiing the test specimen
during the test will be evaluated. An area of 3.0 mm [0.118
in] width from the trailing edge of each test specimen shall
not be evaluated. Areas contacted by fixtures shall not be
evaluated.

Accept/Reject Criteria:

* Class 1 and 2 Product — Solder shall fully wet the wall
area of the plated-through holes, and plug holes less than
1.5 mm [0.0591 in] diameter (complete filling is not
necessary).

«Class 3 Product — The test specimen has soldered
successfully if solder has risen in all plated-through holes.
The solder shall have fully wetted the walls of the hole.
There shall be no nonwetting or exposed base metal on
any plated-through hole.

Accept/reject criteria for boards thickness <3.0 mm
[<0.118 in] shall be in accordance with 5.2 and Figures 4-5
and 4-6. The solder must have wet over the knee of the
hole and out onto the land around the top of the hole,
except for boards whose thickness exceeds 3.0 mm [0.118
in].

On thick boards, i.e., greater than 3.0 mm {0.1]18 in} the
capillary forces due to surface tension may not he large

Target Condition Acceptable Condition

AN

Magnifiea Ve* Magnifiea Vet

A
(,OFCS%%ST%%",T{ﬂ'%”k Nonacceptable Condition

o 2N

Ma \‘r\e‘ﬂ 44& A \2""
gnified gnified G003 5

Figure 4-5 Effectiveness of Solder Weiting of Plated-Through Holes - Class 3

Acceptable Condition

el

Nonacceptable Condition

.

L il -
AN
vzﬁ -

Figure 4-6 Examples of Solder Wetting of Plated-Through Holes - Class 3
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enough to support the weight of the solder needed to fill the
hole. This may prevent solder from filling the plated-
through hole and wetting over the knee of the hole and out
onto the land area around the top of the hole.

4.2.3 Test C - Solder Float Test Tin/Lead Solder This
test is for solder float testing of plated-through holes. sur-
face conductors and attachment lands.

4.2.3.1 Apparatus

4.2,3.1.1 Solder Pot The solder pot shall meer the
requirements of 3.3.2. In addition, the surface area of the
pot shall be great enough to float the test specimen without
1t touching the sides of the pot.

4,2.3.1.2 Test Specimen Handling Tool Stainless steel
forceps, or other specially designed tools of stainless steel,
shall be wsed to handle the test specimen only by the
edges.

4.2,3.2 Test Specimen The test specimen shall be in
accordance with 1.7. The test specimen shall be a portion
of the printed board not greater than 50 x 50 mm [1.97 x
1.97 in], the suggested test specimen. or the complete
board if it is smaller than this size. The minimum number
of holes to be tested is 30 per test Jot. If there are not at
least 30 holes in the test specimen. additional specimens
shall be tested until at least 30 holes have been tested (see
Figure 4-2 Through-Hole Test specimen). Test specimen
preparation shall be in accordance with 3.4.

4.2.3.3 Procedure Dross and burned/residual flux shall
be completely removed from the surface of the molten sol-
der immediately prior to floating. After fluxing and drain-
ing per 4.1, slide the test specimen gently on the molten
solder. Allow test specimen to float on solder for five sec-
onds maximum. The test specimen may be depressed into
the solder bath to a maximum of 50% of the test specimen
thickness after it has been initially floated on the solder
hath {extreme care must be taken with boards that are less
than 0.8 mm [0.031 in] thick). After the elapsed time, slide
the test specimen off molten solder. Hold test specimen still
and horizontal until solder solidifies. Prior to examination,
all test specimens shall have the flux removed using a
cleaning agent in accordance with 3.2.3.

4.2.3.4 Evaluation

4.2.3.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.2.3.4.2 Surface Evaluation - Accept/Reject Criteria
An area of 3.0 mm [0.118 in] width from the trailing edge
of each test specimen shall not be evaluated. Areas con-
tacted by fixtures shall not be evaluated. A minimum of
95% of each of the surfaces (i.e., each pad) being tested
shall exhibit good wetting. The balance of the surface may

contain only small pin holes. dewetted areas, and rough
spots provided such defects are not concentrated in onc
area. For less critical applications. a smailer percent cover-
age may he determined between vendor and user. There
shall be no nonweltling or exposed base metal within the
evaluated arca.

4.2.3.4.3 Plated-Through Hole Evaluation Only plated-
through holes that are at least 3.0 mm [0.118 in] from any
surface or fixturing structure supporting ihe test specimen
during the test will be evaluated.

Accept/Reject Criteria:

* Class 1 and 2 Product — Solder shall fully wet the wall
area of the plated-through holes, and plug holes less than
1.5 mm [(.059] in] diameter (complete filling is not nec-
essary).

* Class 3 Product — The test specimen has soldered suc-
cessfully if solder has risen in all plated-through holes.
The solder shall have tully wetted the walls of the hole.
There shall be no nonwetting or exposed base metal on
any plaied-through hole.

Accept/reject criterion for board thicknesses of <3.0 mm
[<0.118 in) shall be in accordance with 5.2 and Figures 4-5
and 4-6. The solder must have wet over the knee of the
hole and out onto the land around the top of the hole,
exceplt for boards whose thickness exceeds 3.0 mm [0.118
in].

On thick boards. ie., greater than 3.0 mm [0.118 in] the
capillary forces due to surface tension may not be large
enough to support the weight of the solder needed to fill the
hole. This may prevent solder from filling the plated-
through hole and wetting over the knee of the hole and out
onto the land area around the top of the hole.

4.2.4 Test D — Wave Solder Test Tin/Lead Solder This
test is for wave solder testing of plated-through holes. sur-
face conductors, and attachment lands.

4.2.4.1 Apparatus A wave soldering system adjusted to
provide the parameters of 4.2.4.3 shall be used.

4.2.4.2 Test Specimen The suggested test specimen
shall be in accordance with Figures 4-2 and 4-3 and 1.7.
Test specimen preparation shall be in accordance with 3.4,

4.2.4.3 Procedure Test specimens shall be fixtured so as
to be representative of the production setup without com-
ponents inserted. The fluxing unit should be filled with the
specific {(3.2.2) or agreed upon flux. If the unit contains
other than the specified or agreed upon flux then the flux-
ing unit shall be turned off and the board test specimens
fluxed separately prior to placement on the conveyor per
4.1. The following parameters must be established and
noted: board fixturing (if required), conveyor speed, pre-
heater, solder unit with or without oil intermix, machine
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process controls, incline, board preheat temperature and
solder temperature, The application of solder shall meet the
requirements of the applicable wave solder equipment. spe-
cifically for depth of contact. angle of contact, and duration
of contact. Solder temperature shall be 235 + 5 °C [455 =
9 °F] unless another temperature is agreed upon by vendor
and user. Prior to examination, ail test specimens shall
have the fiux removed using a cleaning agent in accordance
with 3.2.3.

4.2.4.4 Evaluation

4.2,4.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.2.4.4.2 Surface Evaluation - Accept/Reject Criteria
An area of 3.0 mm [0.118 in] width from the trailing edge
of each test specimen shall not be evaluated. Areas con-
tacted by fixtures shall not be evaluated. A minimum of
95% of each of the surfaces (i.e., each pad) being tested
shall exhibit good wetting. The balance of the surface may
contain only small pin holes, dewetted areas, and rough
spots provided such defects are not concentrated in one
area. For less critical applications. a smaller percent cover-
age may be determined between vendor and user. There
shall be no nonwetting or exposed base metal within the
evaluated area.

4.2.4.4.3 Plated-Through Hole Evaluation Only plated-
through holes that are at least 5.0 mm [0.197 in] from any
surface or fixturing structure supporting the test specimen
during the test will be evaluated.

Accept/Reject Criteria:

* Class 1 and 2 Product — Solder shall fully wet the wall
area of the plated-through holes. and plug holes less than
1.5 mm [0.0591 in} diameter (complete filling is not nec-
essary).

* Class 3 Proeduct — The test specimen has soldered suc-
cessfully if solder has risen in all plated-through holes.
The solder shall have fully wetted the walls of the hole.
There shall be no nonwetting or exposed base metal on
any plated-through hole.

Accept/reject criteria for board thicknesses of <3.0 mm

[<0.118 in] shall be in accordance with 5.2 and Figures 4-5

and 4-6. The solder must have wetted over the knee of the

hole and out onte the land around the top of the hole,

except for boards whose thickness exceeds 3.0 mm [0.118
mn].

On thick boards. i.e.. greater than 3.0 mm [0.118 in]. the
capillary action forces may not be large enough to over-
come forces exerted on the solder by the weight of the sol-
der. This may prevent solder from filling the plated-through
hole and wetting over the knec of the hole and out onto the
land area around the tap of the hole.

4.2.5 Test E - Surface Mount Process Simulation Test
Tin/Lead Solder This test simulates acrual surface mount
printed board performance in a reflow process.

4.2.5.1 Apparatus

4.2.5.1.1 Stencil/Screen A stencil or screen with pad
geometry openings that are appropriate for the test speci-
men shall be used. Uniess otherwise agreed upon between
vendor and user the nominal stencil thickness shall be per
Table 4-1.

Table 4-1 Stencil Thickness Requirements

Nominal
Stencil Thickness

0.10 mm [0.00394 in]
0.15 mm [0.00591 in]
0.20 mm [0.00787 in]

Pitch
<0.50 mm [<0.0197 in]
0.50-0.65 mm [0.0197-0.0256 in]
>0.65 mm [>0.0256 in]

4.2.5.1.2 Paste Application Tool A rubber or metal
squeegee device shall be used to distribute paste across the
stencil/screen.

4.2.5.2 Test Specimen The test specimen shall be in
accordance with 1.7, The test specimen shall be tested in
the condition that it would normally experience at the time
of assembly soldering. The test specimen surfaces to be
tested shall be handled in such a manner as not to cause
contamination, nor shall the surfaces being tested be
wiped, cleaned. scraped or abraded.

4.2,5.3 Retlow Equipment An [R/convection reflow
oven. vapor phase reflow system. or storage oven capable
of reaching the reflow temperature of the paste shall
beused. The temperatures listed in Table 4-2 correspond to
the temperature/time duration for the solder paste. Addi-
tional time may be required to allow the test specimen
itself Lo reach the temperatures listed in Table 4-2. Unless

Table 4-2 Reflow Parameter Requirements

Reflow Type Temperature

Time

Vapor Phase Reflow

215-219 °C [419-426 °F]

30-680 seconds dwell at reflow

Preheat 150-170 °C [302-338 °F]

50-70 seconds

IR/Convection Reflow

Reflow 215-230 °C [419-446 °F]

50-70 seconds

Cven

215-230 °C [419-446 °F]

2-5 minutes (until reflow is assured)
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otherwisc agreed upon between vendor and user the reflow
parameters shall be per Table 4-2.

4.2.5.4 Procedure Place the stencil/screen on a surface
rermination arca of inlerest. apply solder paste (see 3.2.1)
onto the stencil/screen and print the stencil pattern onto the
test substrate by wiping paste over the stencil/screen in one
smooth motion using a rubber or metal squeegee. Remove
the stencil/screen carefully so as to avoid smearing the
paste print. Place test substrate on applicable reflow equip-
ment and conduct reflow process. After reflow. carefully
remove test specimen and allow to ceol to room tempera-
turc. Prior to examination, all test specimens shall have the
flux removed using a cleaning agent in accordance with
323,

4.2.5.5 Evaluation

4.2.5.5.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.2.5.5.2 Surface Evaluation - Accept/Reject Criteria
A minimum of 95% of each of the surfaces {i.e., each pad)
being tested shall exhibit good wetting. The balance of the
surfacc may contain only small pin holes. dewetted areas.
and rough spots provided such defects are not concentrated
in one area. For less critical applications. a smalier percent
coverage may be determined between vendor and user.
There shall be no nonwetting or exposed base metal within
the evaluated area.
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4.2.6 Test A1 - Edge Dip Test Lead-Free Solder This
test is for edge dip testing of surface conductors and attach-
ment lands.

4.2.6.1 Apparatus

4.2.6.1.1 Solder Pot/Bath A solder vessel that meets the
requirements of 3.3.2 shall be used. The solder shall meet
the requirements of 3.2.1. Solder bath temperatures and
solder contamination control shall be in accordance with
3.5.1 and 3.5.2.

4.2,6.1.2 Dipping Device A dipping device as shown in
Figure 4-] shall be used. A similar device may be used
providing: the rate of immersion. dwell time. and rate of
withdrawal are within the test iimits; perpendicularity of
board and solder surface are maintained; wobble. vibration,
and other extrancous movements are eliminated.

4.2.6.2 Test Specimen The test specimen shall be a rep-
resentative portion of the board. or a full board, whichever
is smaller, not to exceed 50 x 50 mm [1.97 x 1.97 in]. or a
test specimen that is representative ol the common board
features. Figures 4-2 and 4-3 are suggested test specimen
styles. Test specimen preparation shall be in accordance
with 3.4.

4.2.6.3 Procedure Dross and burned/residual flux shall
be completcly removed from the surface of the molten
solder immediately prior to dipping. After fluxing and
draining per 4.1, the test specimen shall be immersed into
the molten solder edgewise 1o a depth of 25 + 2 mm [0.984
+ (.08 in]. The dwell time in the molten solder shall be 3.0
+ 0.5 seconds. Immersion and emersion rates shall be 25 =
2 mm [0.984 + 0.08 in) per second. After withdrawal. the
solder shall be allowed to solidify by air cooling while the
board is maintained in a vertical position. Prior to exami-
nation, all test specimens shall have the flux removed using
a cleaning agent in accordance with 3.2.3.

4.2.6.4 Evaluation

4.2.6.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.2,6.4.2 Surface Evaluation - Accept/Reject Criteria
A minimum of 93% of each of the surfaces (i.e., each pad}
being tested shall exhibit good wetting. The balance of the
surface may contatn only small pin holes. dewetled areas,
and rough spots provided such defects are not concentrated
in one area. For less critical applications, a smaller percent
coverage may be determined between vendor and user.
There shall be no nonwetting or exposed base metal with-
in the evaluated area. An area of 3.2 mm [0.126 in] width
from the bottom edge of each test specimen shall not

be evaluated. Areas contacted by fixtures shali not be
evaluated.

4.2.7 Test B1 - Rotary Dip Test Lead-Free Solder This
test is for rotary dip testing of plated-through holes, surface
conductors and attachment lands.

4.2,7.1 Apparatus A devicce shall be used to move the
test specimen in a circular path so that the flat surface of
the test specimen will contact the solder at a constant speed
without stopping. The distance between the center of rota-
ilon and the center of the test specimen shall be 100 mm
13.937 in] minimum. An example of a test specimen holder
is shown in Figure 4-4. Those parts of the holder including
the retaining spring (if fitted} which come into contact with
the test specimen and/or the solder should have low ther-
mal capacity and conductivity. The time of contact between
any point of the test face of the test specimen and the mol-
ten solder shall be determined by a timer. The timer shall
start when the face of the test piece is parallel to the solder
surface. A strip of 50 mm [1.97 in} wide polytetrafluoroet-
hylene (PTFE) or equivalent shall precede the test spect-
men in the test cycle in order to remove oxide or flux resi-
due from the solder surface immediately betore the test
specimen is introduced.

4.2,7.2 Test Specimen The test specimen shall be in
accordance with 1.7, The test specimen shall either be a
full board. a section of a board, or a suggested test speci-
men (sec Figures 4-2 and 4-3). The test specimen shall be
of such a width as to aliow 13 mm [0.512 in} clearance
from the solder pot sides. The minimum number of termi-
nations (plated-through holes or attachment lands) per test
specimen shall be six. If plated-through holes are to be
tested, then the minimem number of holes to be tested is
30 per test lot. This would require a minimum of five test
specimens (six holes per test specimen, 30 holes total). The
test specimen shall be representative of the product. The
exposed length of test specimen test face in the direction of
travel shall be 25 = 5 mm {0.984 + (.20 in). Test specimen
preparation shall be in accordance with 3.4.

4.,2.7.3 Procedure Dross and burned/residual flux shall
be completely removed from the surface of the molten sol-
der immediately prior to dipping. After fluxing and drain-
ing, per 4.1, mount the test specimen to be tested in the test
equipment test specimen holder. Adjust the test equipment
to immerse the test specimen into the solder bath to a
maximum of 50% of the test specimen thickness unless
otherwise specified. Activate the test equipment to expose
the test specimen to solder. After the test specimen has
cleared the solder bath, allow all the solder to solidify in
the position in which the machine stops before removing
from the test specimen holder. Care must be taken so that
solder does not flow over the upper face of the test speci-
men. This may be impacted by the width of the test speci-
men. Dwell time at the maximum depth shall be 3.0 £ 0.5
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seconds. Prior to examination, all test specimens shall have
the flux removed using a cleaning agent in accordance with
323

4.2.7.4 Evaluation

4.2.7.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.2.7.4.2 Surface Evaluation - Accept/Reject Criteria
An area of 3.0 mum [0.118 in] width from the trailing edge
of each test specimen shall not be evaluated. Areas con-
tacted by fixtures shall not be evaluated. A minimum of
95% of each of the surfaces (i.e.. each pad) being tested
shall exhibit good wetting. The balance of the surface may
contain only small pin holes, dewetted arcas, and rough
spots provided such defects are not concentrated in one
area. For less critical applications, a smaller percent cover-
age may be determined between vendor and user. There
shall be no nonwetting or exposed base metal within the
evaluated area.

4.2.7.4.3 Plated-Through Hole Evaluation Only plated-
through holes that are at least 5.0 mm [0.197 in] [rom any
surface or fixturing structure supporting the test specimen
during the test will be evaluated. An area of 3.0 mm [0.118
in] width from the trailing edge of gach test specimen shall
not be evaluated. Areas contacted by fixtures shall not be
evaluated.

Accept/Reject Criteria:

¢ Class 1 and 2 Product — Solder shall fully wet the wall
area of the plated-through holes. and plug holes less than
1.5 mm {0.0591 in] diameter (complete filling is not nec-
essary).

* Class 3 Product — The test specimen has soldered suc-
cesstully if solder has risen in all plated-through holes.
The solder shall have fully wetted the walls of the hole.
There shall be no nonwetting or exposed base metal on
any plated-through hole.

Accept/reject criteria for boards thickness <3.0 mm
[<0.118 in] shall be in accordance with 5.2 and Figures 4-5
and 4-6. The solder must have wet over the knee of the
hole and out onto the land around the top of the hole,
except for boards whose . thickness exceeds 3.0 mm [(L118
in].

On thick boards, ie., greater than 3.0 mm [0.118 in] the
capillary forces due to surface tension may not be large
enough to support the weight of the solder needed to {ili the
hole. This may prevent solder from filling the plated-
through hole and wetting over the knee of the hole and out
onto the land area around the top of the hole.

4.2.8 Test C1 - Solder Fioat Test Lead-Free Solder
This test is for solder float testing of plated-through holes,
surface conductors and attachment lands.

4.2.8.1 Apparatus

4.2.8.1.1 Solder Pot The solder pot shall meet the
requirements ol 3.3.2. In addition, the surface area of the
pot shall be great enough to float the test specimen without
it touching the sides of the pot.

4.2.8.1.2 Test Specimen Handling Tool Slainless steel
forceps. or other specially designed tools of stainless steel,
shall be used to handle the test specimen only by the
edges.

4.2.8.2 Test Specimen The test specimen shall be in
accordance with 1.7. The test specimen shall be a portion
of the printed board not greater than 50 x 50 mm [1.97 x
1.97 in], the suggested test specimen, or the complete
board if it is smaller than this size. The minimum number
of holes to be tested is 30 per test lot. If there are not at
least 30 holes in the test specimen, additional specimens
shall be tested until at least 30 holes have been tested (see
Figure 4-2 Through-Hole Test specimen). Test specimen
preparation shall be in accordance with 3.4

4.2.8.3 Procedure Dross and burned/residual flux shall
be completely removed from the surface of the molten sol-
der immediately prior to floating. After fluxing and drain-
ing per 4.1, slide the test specimen gently on the molten
solder. Allow test specimen to float on solder for five sec-
onds maximum. The test specimen may be depressed into
the solder bath to 2 maximum of 50% of the test specimen
thickness after it has been initially floated on the solder
bath {extreme care must be taken with boards that are less
than 0.8 mm [(.031 in] thick). After the elapsed time. slide
the test specimen off molten solder. Hold test specimen still
and horizontal until solder solidifies. Prior to examination,
all test specimens shall have the flux removed using a
cleaning agent in accordance with 3.2.3.

4.2.8.4 Evaluation

4,2.8.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.2.8.4.2 Surface Evaluation - Accept/Reject Criteria
An area of 3.0 mm [0.118 in] width from the trailing edge
of each test specimen shall not be evaluated. Areas con-
tacted by fixtures shall not be evaluated, A minimum of
95% of each of the surfaces (i.e., each pad) being tested
shall exhibit good wetting. The balance of the surface may
contain only small pin heles, dewetted areas, and rough
spots provided such defects are not concenirated in one
area. For less critical applications, a smaller percent cover-
age may be determined between vendor and user. There
shall be no nonwetting or exposed base metal within the
evaluated area,
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4.2.8.4.3 Plated-Through Hole Evaluation Only plated-
through holes that are at least 3.0 mm [0.118 in] from any
surface or fixturing structure supporting the test specimen
during the test will be evaluated.

Accept/Reject Criteria:

* Class 1 and 2 Product — Solder shall fully wet the wall
area of the plated-through holes. and plug holes less than
1.5 mm [(L.0591 in] diameter (complete filling is not nec-
essary).

« Class 3 Produet — The test specimen has soldered suc-
cessfully if solder has risen in all plated-through holes.
The solder shall have fully wetted the walls of the hole.
There shali be no nonwetting or exposed base metal on
any plated-through hole.

Accept/reject criterion for board thicknesses of <3.0 mm
[«0.118 in] shall be in accordance with 5.2 and Figures 4-5
and 4-6. The solder must have wet over the knee of the
hole and out onto the land around the top of the hole,
excepl for boards whose thickness exceeds 3.0 mm [0.118
in].

On thick boards, Le., greater than 3.0 mm [0.118 in] the
capillary forces due o surface tension may not be large
enough to support the weight of the solder needed to fill the
hole. This may prevent solder from filling the plated-
through hole and wetting over the knee of the hole and out
onto the land area around the top of the hoic.

4.2.9 Test D1 - Wave Solder Test Lead-Free Solder

This test is for wave solder testing of plated-through holes,
surface conduciors, and attachment lands.

4.2.9.1 Apparatus A wave soldering system adjusted to
provide the parameters of 4.2.4.3 shall be vsed.

4,2.9.2 Test Specimen The suggesied test specimen
shall be in accordance with Figures 4-2 and 4-3 and 1.7.
Test specimen preparation shall be in accordance with 3.4,

4.2.9.3 Procedure Test specimens shall be fixtured so as
to be representative of the production setup without com-
ponents inserted. The fluxing unit should be filled with the
specific (3.2.2) or agreed upon flux. 1t the unit contains
other than the specified or agreed upon flux then the flux-
ing unit shall be turned off and the board test specimens
fluxed separately prior to placement on the conveyor per
4.1. The following parameters must be established and
noted: board fixturing (if required}), conveyor speed, pre-
heater, solder unit with or without oil intermix, machine
process controls, incline, board preheat temperature and
solder temperature. The application of solder shall meet the
requirements of the applicable wave solder equipment, spe-
cifically for depth of contact. angle of contact, and duration
of contact. Solder temperature shall be 255 + 5 °C [455 +

9 °F] unless another temperature is agreed upon by vendor
and user. Prior to examination, all test specimens shall
have the Hux removed using a cleaming agent in accordance
with 3.2.3.

4.2.9.4 Evaluation

4.2.9.4,1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3,

4.2.9.4.2 Surface Evaluation - Accept/Reject Criteria
An area of 3.0 mm [0.118 in] width from the trailing edge
of each test specimen shall not be evaluated. Areas con-
tacted by fixtures shall not be evaluated. A minimum of
95% of each of the surfaces (i.e.. each pad) being tested
shall exhibit good wetting. The balance of the surface may
contain only small pin holes. dewetted areas. and rough
spots provided such defects are not concentrated in one
area. For less critical applications, a smaller percent cover-
age may be determined between vendor and user. There
shall be no nenwetting or exposed base metal within the
evaluated area.

4.2.9.4.3 Plated-Through Hole Evaluation Only plated-
through holes that are at least 5.0 mm [0.197 in] from any
surface or fixturing structure supporting the test specimen
during the test will be evaluated.

Accept/Reject Criteria:

* Class 1 and 2 Product — Solder shall fully wet the wall
area of the plated-through holes. and plug holes less than
1.5 mm [0.0591 in] diameter {(complete filling is not nec-
essary).

» Class 3 Product — The test specimen has soldered suc-
cessfully if solder has risen in all plated-through holes.
The solder shall have fully wetted the walls of the hole.
There shall be no nonwetting or exposed base metal on
any plated-through hole.

Accept/reject criteria for board thicknesses of <3.0 mm
[«0.118 in] shall be in accordance with 5.2 and Figures 4-5
and 4-6. The solder must have wetted over the knee of the
hole and out onto the land around the top of the hole,
except for boards whose thickness exceeds 3.0 mm [(0.118
in}.

On thick boards. i.e., greater than 3.0 mm [0.118 in], the
capillary action forces may not be large enough to over-
come forces exerted on the solder by the weight of the sol-
der. This may prevent solder from filling the plated-through
hole and wetting over the knee of the hole and out onto the
land area around the top of the hole.

4.2.10 Test E1 - Surface Mount Process Simulation
Test Lead-Free Solder This test simulates actual surface
mount printed board performance in a reflow process.
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4.2.10.1 Apparatus

4.2.10.1.1 Stencil/Screen A stencil or screen with pad
geometry openings that are appropriate for the test speci-
men shall be used. Unless otherwise agreed upon between
vendar and user the nominal stencil thickness shall be per
Table 4-3.

Table 4-3 Stencil Thickness Requirements

Nominal
Stencil Thickness

0.10 mm [0.00394 in]
0.15 mm [0.00591 in]
0.20 mm [0.00787 in}

Pitch
<0.50 mm [<0.0197 in]
0.50-0.65 mm [0.0197-0.0256 in]
>0.65 mm [>0.0256 in]

4.2.10.1.2 Paste Application Tool A rubber or metal
squeegee device shall be vused to distribute paste across the
stencil/screen.

4.2.10.2 Test Specimen The test specimen shall be in
accordance with 1.7. The test specimen shall be tested in
the condition that it would normally represent at the time
of assembly soldering. The test specimen surfaces to be
tested shall not be handled in such a manner as not to
cause contamination, nor shall the surfaces being tested be
wiped, cleaned, scraped or abraded.

4,2.10.3 Reflow Equipment An IR/convection reflow
oven. vapor phase reflow system. or storage oven capable
of reaching the reflow temperature of the paste shall be
used. The temperatures listed in Table 4-4 correspond to
the temperatre/time duration for the solder paste. Addi-

tional time may be required to allow the test specimen
itself 1o reach the temperatures listed in Table 4-4. Unless
otherwise agreed upon between vendor and user the reflow
parameters shall be per Table 4-4,

4.2.10.4 Procedure Place the stencil/screen on a surface
termination area of interest, apply solder paste (see
3.2.1)onto the stencil/screen and print the stencil pattern
onto the test substrate by wiping paste over the stencil/
screen in one smooth motion using rubber or metal squece-
gee. Remove the stencil/screen carefully so as to avoid
smearing the paste print. Place test substrate on applicable
reflow equipment and conduct reflow process. After reflow,
carefully remove test specimen and allow to cool to room
temperature. Prior to examination, all test specimens shall
have the flux removed using a cleaning agent in accordance
with 3.2.3.

4.2.10.5 Evaluation

4.2.10.5.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.2.10.5.2 Surface Evaluation - Accept/Reject Criteria
A minimumn of 95% of each of the surfaces (i.e., each pad)
being tested shall exhibit good wetting. The balance of the
surface may contain only small pin holes, dewetted areas,
and rough spots provided such defects are not concentrated
in one area. For less critical applications. a smaller percent
coverage may be determined between vendor and user.
There shall be no nonwetting or exposed base metal within
the evaluated area.

Table 4-4 Lead-Free Reflow Parameter Requirements

Reflow Type Temperature

Time

Vapor Phase Reflow

217-240 °C [423-464 °F]

45-90 seconds dwell at reflow

150-180 °C [302-356 °F] Preheat

60-120 seconds

IR/Convection Reflow

230-250 °C [446-482 °F] Reflow

30-60 seconds

Oven

230-250 °C [446-482 °F}

2-5 minutes (until reflow is assured)
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4.3 Tests with Force Measurement Criteria

4.3.1 Test F - Wetting Balance Test: Tin/Lead Solder
This test is for wetting balance testing of plated-through
holes. surface conductors and attachment lands.

4.3.1.1 Apparatus A solder meniscus force measuring
device (wetting balance) which includes a temperature con-
trolled solder pot containing solder per 3.2.1 and main-
tained per 3.5.1 and 3.5.2 shall be used. The equipment
shall have a means of recording force as a function of time,
such as a chart recorder. data logger. or computer.

4.3.1.1.1 Dipping Device A mechanical or electrome-
chanical dipping device incorporated in the wetling balance
shall be used. The device shall be preset to produce an
immersion and emersion rate as specified in 4.3.1.3
Thetest specimen dwell time is controlled to the time speci-
fied in 4.3.1.3 (see Figure 4-7).

4.3.1.2 Test Specimen The test specimen shall be in
accordance with 1.7. The test specimen shall either be a
full board. a section of a board. or a suggested test speci-
men as illustrated in Figure 4-8. Test specimen preparation
shall be in accordance with 3.4,

4.3.1.3 Procedure Afler application of the flux and par-
tial drying per 4.1, the test specimen shall be mounted on
the test equipment. After blotting away excess flux from
the test specimen with a piece of absorbent clean material.
hang it on the apparatus so that its lower edge is 10 = |
mm [0.394 £ 0.039 in] above the solder bath to preheat it
for 20 = 1 seconds. The test shall be started after clearing
of the surface dross from the molten solder and a waiting
period of 5 = 5 seconds for the bath to setile down.

The flux covered surface shall be immersed only once in
the molten solder to a depth of 0.20 + 0.1 mm [0.00787 =
0.0039 in]. The angle of immersion shall be 20 ° - 40 7. An

Signal Chart
A (Trans dlﬁ\ég;g Conditioner Recorder
Relative Clamp
Motion
PWB
Specimen
o —"
[} Solder |
\j ! Bah Heater
Controls
IPC-003b-4-7
Figure 4-7 Wetting Balance Apparatus
~ 0066 [nannInn [a¥aYataYaYa¥a
Ground Plated SM Pads SM Pads
Plane Through-Holes PC-CO30-4-8

Figure 4-8 Suggested Wetting Balance Test Specimens and Soldering Immersion
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angle of 90 ° may be used only upon agreement between
user and vendor on immersion angzle selection. The
mmmerston/emersion ratc shall be 1 mm - 5 mm [0.039 in
- 0.20 in] per second and the dwell time shall be 5.0 +
(/-0.5 seconds, Prior to examination, all test specimens
shall have the flux removed using a cleaning agent in
accordance with 3.2.3 (see Figure 4-9).

4.3.1.4 Evaluation This (est is intended for evaluation
purposes only (see [.3).

4.3.1.4.1 Magnification Test specimens shall he exam-
tned at 10X using the equipiment specified in 3.3.3,

4.3.1.4.2 Suggested Criteria The suggested criteria sets
for solderability evaluation are listed in Table 4-5. Figures
4-10 and 4-11 illustrate the suggested criteria of Table 4-5.
In addition. the area of the test sample with fresh solder
adhesion shall be greater than the area thal was immersed
in the solder bath. (i.e., the printed board shall exhibit
positive solder wetting beyond its immersion depth).

4.3.1.5 Gauge Repeatability and Reproducibility (GR&R)
Protocol Appendix D contains a suggested GR&R proto-
col that may be used by the vendor and user to insure that
the respective wetting balance equipment are correctly cali-
brated.

Test Specimen —ﬁ\ />

D 0.2 + 0.1 mm [0.0079 + 0.0038 in]
Immersion Depth

a=20° to 402

:

IPC-0030-4-2

Figure 4-9 Wetting Balance Test Soldering Immersgion

Table 4-5 Wetting Balance Parameter and Suggested Criteria

Suggested Criteria®
Parameter Description Set A Set B
T, Time to buoyancy corrected zero <1 second =2 second
p . -
Wetting force at two seconds from 250 / > of maximum theoretical Positive value at or before two
F2 start of test wetting force at or before two seconds
s seconds®
F5 Wetting force at five seconds from At or above the value of F2 At or above the value of F2
start of tast
= area calculated using sample
Integrated value of area of the o ;
AA wetting curve from start of test buoyanpy and 59 %o maximum > zero {0)
theoretical force

a. These suggested cnteria have been estabhshed in a two-tier evaluation format with Set A being more sinngent. Components meeting Set A suggested
criteria are applicable 1o a larger soldering process window than components meeting Set B suggested criteria. 1 should be recognized thal tomponents
meeting Set B suggested criteria may be complately acceptable to a larger process window but the user must determine which criteria set best integrates
info their process.

b. See Appendix A for the method of calculating the maximum theoretical force.

c. See Appendix B for the method of calculation. {It is suggested that this method of calculation be programmed into the software used for control of the wetting
balance test equipment}.
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Equilibrium Wetting Force
AA

Force / mm

(N / mm) A

— Time (sec.)
o ,/_!Z_/_/_/,jl _______
Buoyancy Corrected Zero Axis
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Figure 4-10 Set A Wetting Curve

Force / mm
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Buoyancy Corrected Zero Axis

PC-0030-4-11

Figure 4-11 Set B Wetting Curve
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4.3.2 Test F1 - Wetting Balance Test: Lead-Free Sol-
der This test is for wetting balance testing of plated-
through holes. surface conductors and attachment lands.

4.3.2.1 Apparatus A solder meniscus force measuring
device (wetting balance) which includes a temperature
controlled solder pot containing solder per 3.2.1 and main-
tained per 3.5.] and 3.5.2 shall be used. The equipment
shall have a means of recording force as a function of time.
such as a chart recorder. data logger, or computer.

4.3.2.1.1 Dipping Device A mechanical or electrome-
chanical dipping device incorporated in the wetting balance
shall be used. The device shall be preset to produce an
immersion and emersion rate as specified in 4.3.1.3. The
test specimen dwell time is controlled to the time specified
in 4.3.1.3 (see Figure 4-7).

4.3.2.2 Test Specimen The test specimen shall be in
accordance with 1.7. The test specimen shall either be a
full board, a section of a board, or a suggested test speci-
men as illustrated in Figure 4-8. Test specimen preparation
shall be in accordance with 3.4.

4.3.2.3 Procedure After application of the flux and par-
tial drying per 4.1, the test specimen shall be mounted on
the test equipment. After blotting away excess flux from
the test specimen with a piece of absorbent clean material,
hang it on the apparatus so that its lower edge is 10 + |
mm [0.394 + 0.039 in] above the solder bath to preheat it
for 20 + 1 seconds. The test shall be started after clearing

of the surface dross from the molten solder and a waiting
period of 3 + 5 seconds for the bath to seule down.

The flux covered surface shall be immersed only once in
the molten solder to a depth of 0.20 + 0.1 mm [0.00787 +
0.0039 in]. The angle of immersion shall be 20 © - 40 °, An
angle of 90 ° may be used only upon agreement between
user and vendor an immersion angle selection. The
immersion/emersion rate shall be 1 mm - 5 mm [(.039 in
- 0.20 in] per second and the dwell time shall be 5.0 +
0/-0.5 seconds. Prior to examination, all test specimens
shall have the flux removed using a cleaning agent in
accordance with 3.2.3 (see Figure 4-9).

4.3.2.4 Evaluation This test is intended for evalvation
purposes only (see }.3).

4.3.2.4.1 Magnification Test specimens shall be exam-
ined at 10X using the equipment specified in 3.3.3.

4.3.2.4.2 Suggested Criteria The suggoested criteria sets
for solderability evaluation are listed in Table 4-6. Figures
4-10 and 4-11 illustrate the suggested criteria of Table 4-6.
In addition, the area of the test sample with fresh solder
adhesion shall be greater than the area that was immersed
in the selder bath, (i.e., the printed board shall exhibit
positive solder wetting beyond its immersion depth}.

4.3.2.5 Gauge Repeatability and Reproducibility (GR&R)
Protocol Appendix D contains a suggested GR&R proto-
col that may be used by the vendor and user to insure that
the respective wetting balance equipment are correctly
calibrated.

Table 4-6 Wetting Balance Parameter and Suggested Criteria

Suggested Criteriaa
Parameter Description Set A Set B
T, Time to buoyancy corrected zero <1 second <2 second
- , -
Wetting force at two seconds from 250% of maximum theoretical Positive value at or before two
F2 start of test wetting force at or before two seconds
secondsb
Wetting force at five seconds from
F& start of test At or above the value of F2 At or above the value of F2
> agrea calculated using sample
AA wé%?éatiﬂle?ﬁaﬂ St;er? &f ttg‘; buoyancy and 50% maximum > zeroe (0)
g theoretical forcec

a. These suggested cnteria have been established 1n a two-tier evaluatien format with Set A being more sinngent. Compeonents meeting Set A suggested
critena are applicable 1o a larger solderng process window than componenis meetng Sel B suggested criteria. it should be recognized lhat cemponents
meeting Set B suggested criteria may be completely acceptable 1o a larger process window but the user must determine which cntena set best integrates

inta their process.

b. See Appendix A for the method of calculating the maximum theoretical force.

c. See Appendix B for the method of calculation. (It 1s suggested that this method of calculation be programmed into the software used for control of the wetting

balance test equipment.)
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5 EVALUATION AIDS * Depressed fillets in holes are acceptable under the (ollow-

ing conditton: the solder in partially filled holes must
5.1 Evaluation Aids - Surface As an aid to evaluation of exhihit a contact angle less than 90 ° relative to the hole
the test results (see Figure 5-1). This aid is to be used pri- wall (sce Figure 4-5 and 4-6).

marily to illustrate types of defects rather than percentage

of area covered * All holes less than 1.5 mm [0.059] in] diameter shall

retain a solder plug afier solidification. Holes greater than

5.2 Evaluation Aids - For Class 3 Plated-Through 1.5 mm [0.0591 in] shall not be rejected for failure to
Holes Profile views of acceptable conditions are pre- retain a full solder plug provided that the entire barrel of
sented in Figure 4-5 for aid in visualizing all the common the hole and the surface of the top land have been wetted
conditions. The following are also acceptable conditions with solder (see Figures 4-5 and 4-6).

for specific cases:

* Solderability acceptance for plated-through holes with
aspect ratios greater than 5:1 (board thickness: hole diam-
eter) shall be agreed upon by user and vendor.

Preferred Small Amount Complete
Wetting of Dewetting Dewetting Nonwetting
. - .
- I | %
o e /, 5
3 | g '
RSP !
|
1 i
|
i ! 4 - - -

|IPC-003p-5-1

Figure 5-1 Aid to Evaluation
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6 NOTES

6.1 Correction for Buoyancy For the wetting balance to
obtain wetling force values that are comparable with one
another, it is necessary Lo correct for the variability in test
specimen sizes. particularly width and thickness. This is
done by correcting for the volume of the sample immersed
in the solder. The following formula may be used to calcu-
late the buoyant force correction:

Fo=p gV

where:

p = Density ol solder at 235 °C (8.12 g/cm) for Snol/
Pb40 Alloy

p = Density of solder at 255 °C (7.41 g/cm) for SAC305
Alloy

= Acceleration of gravity (98] cm/sec™)
Immersed volume of the test specimen (cm¥)
width x thickness x immersion depth. for example.

)
[

When the buoyancy force is calculaied, it should be used
to correct the zero axis. This correction is required to
obtain both the proper measurement of wetting times. as
well as wetting forces. All measurements of wetting times
and wetting forces must be made from the correcled zero
axis. In the case of an upright curve, the new corrected zero
axis will be below the instrumental zero.

6.2 Preheat If the board test specimen does not pass the
standard solderability test then a uniform preheat of a sec-
ond test specimen may be used to determine if design/
construction has impacted the solderability tesi (i.e., a thick
board with heavy internal ground. planes). If this referee
test specimen passes, then testing with preheat shall be the
method of choice for future testing of test specimens hav-
ing that design/construction.

6.3 Baking The occurrence of outgassing. which may
result in blowholes, measling, blisters or delamination, may
be reduced by baking the printed board prior to soldering
to eliminate moisture or solvents. Other factors, such as

conveyor speed (for wave solder testing). solder tempera-
ture, contamination conlent, ¢lc., may also cause defects
and, therefore. should be analyzed if problems occur. Test
specimens should be baked in a suitable oven to remove
any absorbed moisture. Temperature and time of baking is
to be determined on an individual basis.

The time between baking and solderability testing should
be kept to a minimum (not more than 24 hours) in order to
prevent re-absorplion of water vapor into the laminate
structure. The actual time delay threshold is dependent
upon ambient temperature and humidity levels.

6.4 Prebaking Printed boards should be prebaked only if
prebaking is normally used as a production procedure.
Baking should be kept to a minimum, adhering to the pro-
duction procedure, to prevent excessive oxidation and
intermetallic growth.

6.5 Safety Note Care must be taken in both usage and
storage to keep flammable solvents from sparks or flames.
See the Material Safety Data Sheets (MSDS) for all sol-
vents. All chemicals shall be handled per appropriate data
sheets, and disposed of per local regulations.

6.6 Use of Nonactivated Flux This standard specifies a
rosin-based flux with a very specific quantity of activator.
The intent of requiring the use of a specific quantity of flux
activator is to reduce the variahility of test results that were
seen with pure rosin flux, enable the solderability testing of
nontin component lead metallizations, and provide a realis-
tic solderability testing safety factor by keeping the amount
of activator both fixed and less than that used for produc-
tion soldering. The benefit of using this specified activated
solderability testing flux composition was demonstrated by
extensive testing. as reported in the J-STD-002/003 Acti-
vated Solderability Test Flux Rationale Committee Letter.

6.7 Solder Contact The solder applied during the solder-
ability test must contact a leature in order for that feature
to be considered for evaluation. Small features surrounded
by a thick solder mask may prevent solder contact.
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APPENDIX A
Calculation of Maximum Theoretical
Force for a Rectangular Cross-Section

Maximum theoretical force for the test board with a ground
plane surface is calculated using the procedure of Klein
Wassink.” The maximum force, in units of milliNewtons
(mN). 15 defined as:

Force (Max. Theoretical) = () (P) (cosine B) - (d)(g}(V) =
[0.4P - 0.08V] mN

where:

P = The perimeter of the test specimen in millimeters. i.e.,
the length in millimeters of the solder/printed board or
coupon pad (or holeYair interface as measured at
maximum depth of immersion,

V = The volume in cubic millimeters of the 1est specimen
that resides below the solder/board air interface as
measured at the maximum depth of immersion.

¥ = Surface tension of solder = 0.4 mN/mm
¥ = Surface tension of Pbfree solder = 0.5 mN/mm

o = Immersion angle of the board to the horizontal surface.
le.o=45°

B = Wetting angle of solder to the board under optimal
conditions, ie.. § = 0, Therefore the cosine ff = 1

d = Density of solder at 235 °C, = 8120 kg/m’ for Sn60/
Pb40 Alloy

d = Density of solder at 255 °C = 7410 kg/m" for SAC305
Alloy

g = Gravitational constant = 9.8 x 10° mny/s’

Periphery and volumes Perimeter and volumes are to be
calculated using the nominal values provided by the test
board supplier and the angles and depths of immersion as
described in the specification above. The TOTAL pertmeter
(the length in millimeters of all of the solder/coupon or
coupon/pad (or hole)/air interfaces on the test coupon being
immersed (e.g.. if there are five pads being immersed, then
the sum of the widths of the five pads parallel to the solder
surface) is to be used. For the immersion volume. use the
volume of the portion of the test coupon pushed below the
surface of the solder and NOT the entire volume of the
whole test coupon. is to be used in this calculation. Where:

For Example:

For a tin/lead solder alloy:

Width of coupon = 0.4 mm, Length = 9.2 mm, P = wetting
perimeter = 10 mm, Immersion depth = D = 0.2 mm

Hence for a dip at a 90 ° angle:
V = Total volume immersed = (10 - (2 x 0.4)) mm x
0.2 mm x 0.4 mm = 0.736 mm*

Therefore. the maximum theoretical wertting force is:
Maximum Force = () (P) {cosine b) - (d) {g) (V) =

(0.4 mN/mm x 10 mm x cosine 0) - (8.12 x 10-6 kg/mm"*
x 9.8 x 103 mm/s” x 0.736 mm™} = 3.94 mN

Finally. for a 10 mm perimeter. ideal wetting force per mil-
limeter of perimeter for our sample is 0.394 mN/mm. From
Table 4.5 (or 4.6) the force measured on a test specimen in
the “preferred” class must be close to 0.394 mN/mm. (I
CANNOT be greater than 0.394 mN/mm.)

Theoretical force calculations are difficult for test speci-
mens with other than pads that come to the edge of the
specimen. Theretore, the best way to use the welling bal-
ance test method is to separately set up a control value for
a “Best Possible” sample: and other test pieces will be
compared to this value for establishing either an acceptable
Or a reject criterion.

Second Example:
The calculations for the same sample dipped into the same
solder at a 45 angle

For a tin/lead solder alloy:
Width of coupon = 0.4 mm, Length = 9.2 mm, Immersion
depth = D = 0.2 mm, P = wetling perimeter = 10 mm

Hence for a dip at a 45 ° angle:
VY = Total volume immersed = 0.5 x 9.2 mm x 0.283 mm
x 0.283 mm = 0.368 mm’

(The 0.5 accounts for the fact that you are only dipping at
a 45 © angle). Remember the area of a right angle triangle
is one half times the length of the two sides that are not the
hypotenuse.) Still assuming perfect wetting (wetting angle
=0°) Cosine of 0 ° =1

Therefore. the maximum theoretical wetting force is:
Maximum Force = () (P) (cosine b) - (d) (g) (V) =

(0.4 mN/mm x 10 mm x cosine 0) - (8.12 x 10° k‘g/mm“
x 9.8 x 10° mmy/s? x 0.368 mm’®) = 3.97 mN

Therefore, again for a 10 mm perimeter, ideal wetting force
per millimeter of perimeter for our sample 0.397 mN/mm,
slightly higher than in the previous example because the
buoyancy correction is only half the size.

2. R.J. Klein Wassink, “Soldering in Electronics,” 2nd Edition, Electrochermical Publications, Ayr, Scotland, 1988, pp 308-302
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APPENDIX B
Calculation of Area Under the Wetting Curve
The area is calculated using the maximum theoretical force 2. The test specimen essentially attains the full maximum
(see Figure 4.10 or 4.11). Therelore, the area is given as: theoretical force as it crosses the zero line at two (2)

seconds and helds that value for the duration of the test,

Area = Wetting force x time - Buoyancy x time )
= vancy i.e.. three {3) secoads.

Area = (3.0 sec. x Max. Theoretical Force) -
20sec (pr(g) V V = Total Volume = 0.4 mm*

Area = (3.0 sec. x Max. Theoretical Force) - Maximum Theoretical Force: 3.97 mN
2.0 sec x - (8.12 x 107 kg/mm™ x '

98 x 10° mm/s? x V) Area = (3.0 sec. x 3,97 mN) - (2.0 sec. x 0.08 (kg/mm* x

mm/s?) x 0.4 mm™) = 11.91 mN x seconds - 0.064
The value V is the volume of the test specimen immersed (kgmm/sec)

in the solder bath as calculated in Appendix A. The maxi-
mum theoretical force is calculated as per Appendix A. The
following assumptions are made:

Since F = ma. then mN = kg x mm/sec’ or
kg = mNsec?/mm

- ] 2
1. The maximum buoyancy force holds for the whole two Area = 11.91 mN x seconds - 0.064 (mNsec™/mm) x

(2) seconds contributing a negative arca of: the buoy- (mm/sec)
ancy force times two (2) seconds. Area = 11.91 mN x seconds - (0.064 mN x seconds
Area = 11.85 mN x seconds
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APPENDIX C
Informative Annex

C.1 Test Equipment Sources

The equipment sources described below represent those
currently known to the industry, Users of this document are
urged to submit additional source names as they become
available, so that this list can be kept as current as possible.

C.1.1 Edge Dip Solderability Test Apparatus

GEN3 Systems Limited (Formerly Concoat Systems) Unit
B2, Armstrong Mall, Southwood Business Park. Farnbor-
ough, Hampshire GUI4 ONR England. 011 44 12 5252
1500, www.gen3systems.com

HMP Soldermatics. PO. Box 948, Canon City, CO 81212,
(719 75-1531.

Robotic Process Systems, 23301 E. Mission Ave.. Liberty
Lake, WA 99019, (509) 891-1680.

Solderability Testing and Solutions Inc., 18 Wildrose Dr.,
Edgewood. KY 41017, (859) 331-0598), www.welling-
balance.com

C.1.2 Rotary Dip Test Apparatus

Robotic Process Systems, 23301 E. Mission Ave., Liberty
Lake. WA 99019, (509) 891-1680.

C.1.3 Wetting Balance Test Apparatus

GEN3 Systems Limited (Formerly Concoat Systems) Unit
B2, Armstrong Mall, Southwood Business Park, Farnbor-
ough. Hampshire GUI4 ONR England. 011 44 12 5252
1500, www.gen3systems.com

Malcomtech 26200 Industrial Blvd, Hayward CA 64345,
510-293-0580, www.malcomtech.com

Metronelec, 54. Route de Sartrouville - L.e Montreal 78232
Le PECO Cedax, France (USA Distributor/Solderability
Testing and Solutions Inc., 18 Wildrose Dr., Edgewood,
KY 41017, (859) 331-0598), www.wettingbalance.com

Robotic Process Systems, 23301 E. Mission Ave., Liberty
Lake, WA 99019, (509) 891-1680.

C.2 Consumable Product Sources

C.2.1 Test Flux Product Sources

The Test Flux product sources described below represent
those currently known to the industry. Users of this docu-
ment are urged to submit additional product source names
as they become available. so that this list can be kept as
current as possible.

AIM Solder {www.aimsoldercom]} - Standard Flux #1
Product ID: RMA 202-25

GEN3 Systems Limited {www.gen3systems.com} - Prod-
uct ID's: SMNA - Standard Flux #1: Actiec 2 / - Standard
Flux #2: Actiec 5

Kester {www.kester.com} - Standard Flux #{ Product ID:
182

Qualitek International. Inc. |www.qualitek.com} - Stan-
dard Flux #! Product 1D: 285-25

Solderability Testing and Solutions Inc. { www.wettingbal-
ance.com} - Standard test flux (.2% and Standard test flux
0.5%

C.2.2 Gage R&R Test Coupon Product Sources

The copper coupons required for the Gage R&R testing in
Appendix D shall be acid copper electroplated foil. HTE
grade (conforms to TPC-4562/3 - CU-E3), but they shall
have NO coaversion coatings applied.

(NOTE: The coupons will/should look stained and oxi-
dized))

The copper coupon can be of any of the three following
dimensions, AABUS:

* 10 mm x 10 mm X 35pum thick foil (1 oz nominal}

*5 mm x 10 mm x 35 um thick foil (! oz nominal)
*2mm X 10 mm X 35 pm thick foil (1 oz nominal}

Solderability Testing and Solutions Inc. {www.wettingbal-
ance.com] is one source of these Gage R&R test coupons.
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APPENDIX D
Test Protocol for Wetting Balance Gauge Repeatability
and Reproducibility (GR&R) Using Copper Foil Coupons

. All coupaons for these tests shall be prepared individu-

ally just prior to testing. Do NOT batch clean the
samples.

Copper foil of 35 microns nominal thickness (*'1 o0z™
copper) shall be used for the test.

The copper [oil shall have NG surface treatment and
is expected to have an oxidized appearance upon
recetpt from the supplier. Do not use the copper foil if
it is bright and shinny. This is indicative of surface anti
tarnish treatments being used. Surface treatments/
preservatives can interfere with the ability to make a
consistent “‘known good coupon” necessary for this
test.

. The copper foil coupons shall be die cut to ensure

repeatability of the samples being tested and shall be
of the following width dimensions;

a. 2 mm

b. 5 mm

¢. 10 mm

. Create a file for each foil width and for each individual

person that is involved performing the GR&R.

Test parameters shall be:

a. Solder temperature shall be the as recommended
for the alloy and the specification being used, ie.,
for SnPb and ANSI-J-STD-003 it shall be 235 °C.
for ANSI-J-STD-002 it shall be 245 °C. For SAC
303 it shall be 255 °C, regardless of the specifica-
tion.

. Immersion depth shall be 0.4 mm.

. Immersion speed shall be 2 mm/sec.

. Dwell time in the solder shall be 10 seconds.

c a0 o

Immersion angle shall be 90 degrees incident to the
solder.

f. No preheat shall be used.

. Sample preparation for the “known good coupon’™

shall be as follows:

a. Use a tweezers to immerse a foil sample into a bea-
ker of Acetone and gently agitate for 20 seconds.

b. Remove sample and blot both sides dry with “Kim
wipes” or other suitable lab tissue.

¢. Again using a tweezers. immerse the above sample
into a 20% v/v Nitric acid solution and gently agi-
tate for 20 seconds.

d. Immerse the sample immediately into DI water and
gently agitate for 20 seconds.

e. Blot the sample dry as in step “b" above.

13.

14

18.
19.

20.

21

. Dip sample into the “standard activated flux™ nor-

mally used for solderability testing for 5 seconds.

. Holding the samples vertically, blot to remove excess

flux.

. Place sample into tool holder.
. Run the test.

. Repeat ten times for each foil width and each test per-

son. [t is recommended that three people should be
used for the GR&R study.

For ease of data manipulation it is recommended to
convert the wetting forces obtained into mN/mm of
wettable length. For the 10 mm coupon for example,
the wettable length is 2 times 10 mm plus 2 times
0.035 mm for a total length of 20.07 mm.

For the *‘standard activated” flux of nominal 0.2%
activation, the wetting force used for the calculations
shall be 0.3]1 mN/mm. If a more active flux is being
used, a large sample shall be run (o obtain the mean
value and this used for the calculations.

. Calculate the standard deviation for each of the foil

widths and the people running the test.

. Multiply the standard deviation value by 6 (this repre-

sents the plus - minus 3 standard deviations of a nor-
mal distribution)

. Divide this number by 0.3] and multiply by 100 to

obtain a percentage value.
Tabulate the three values per person,

For an acceptable GR&R, the values obtained should
be below 10%.

There should be excellent R&R results with the 10 mm
coupon the first time this protocol is performed with an
increasing spread test person to lest person when using
the smaller coupons. You may have to repeat the test
or allow the individuals some “practice time™ prior
running the full GR&R.

In addition to testing the individual, this protocol also
tests the machine and will show linearity and any bias
if it exists. Because the wetting forces have been nor-
malized to mN/mm. the readings for each coupon
width should be the same. If they are clearly different
but the standard deviations produced by the individual
test people are below 10%, then there is a problem
with the wetting balance and you should contact the
manufacturer.
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APPENDIX E
J-STD-002/J-STD-003 Activated Solderability
Test Fiux Rationale Committee Letter

The current J-STD-002/]-STD-003 specification includes a
departure in the test flux methodology used in past solder-
ability testing. The table in 3.2.2 Flux is:

Table 3-1 Flux Composition

Composition by
Weight Percent
Constituent Flux #1 Flux #2
Colophony 25+ 05 25=05
%i‘gyé%rg_'ggj;’m hydrochloride | 5 15 4 0.01 | 0.39 + 0.01
isopropyl Alcohol (IPA) Balance Batance
Weight of Chlorine as % of solids 0.2 0.5

The I-STD-002/J-STD-003 commitiees understood that
any proposed change to the use of ROLO (formerty desig-
nated type R} would be heavily scrutinized and would
require test data showing the applicability of using a stan-
dard activated flux composition. The J-STD-002/I-STD-
003 has spent significant resources working this flux
change issue, discussing the chemistry details and conduct-
ing multi-company Design of Experiment investigations.
The J-STD-002 commitiee chairmen. Dave Hillman [Rock-
well Collins], Doug Romm [Texas Instruments]. Mark
Kwoka [Intersil], Jack McCullen [intel], feel that the com-
mittee has compiled a significant data set and held through
topic discussions supporting the proposed flux material
change. The four rationales for proposing/supporting the
flux change are summarized below:

1) A Proactive Solderability Testing Approach To The
Implementation of Non-Tin Finishes
A number of industry studies (1996 NEMI Surface Fin-
ishes Task Group Report, 1997 NCMS Lead-Free Selder
Project. 2000 National Physical Laboratory CMMT (A)
284 Report) have shown that an incompatibility of “R
type” flux with non-tin surface finishes such as palla-
dium, organic solderability preservatives (OSPs), and
immersion gold. The introduction of these various
metallic surface finishes on compoenents and printed wir-
ing boards is no longer the exception but hasfis quickly
becoming the norm. The use of a “R type” flux contain-
ing only naturally occurring activators has resulted in
producing ““false negative” solderability test results
which impact both the component/board fabricator and
the assembler negatively in terms of cost and schedule.

2) Reduced Solderability Test Variability
The J-STD-002/003 solderability committees enlisted
the assistance of Dr. Carol Handwerker and the
resources of the National Institute of Standards & Tech-

3

4

—

—

nology (NIST) to investigate/compare a standard acti-
vated flux composition versus the “R type’ flux compo-
sition. A detailed statistical analysis by Bill Russell,
Raytheon Systems, and NIST statisticians revealed the
use of a standard activated flux composition greatly
reduced the amount of solderability test variation. One
of the major goals of the J-STD-002/003 solderability
committees is to develop test methods and standards
which promote consistency across the industry.

Concerns of A Loss of Solderability Assessment
Safety Margin

The two major historical rationale for using an R
type” flux: 1) colophony or rosin contains only naturally
occurring flux activator constituents and thus is not sub-
jected to the problems/complications of chemistry for-
mulas by the flux supplier: 2) it was an accepted indus-
try acknowledged fact that if a component or printed
wiring board surface was found to have acceptable sol-
derability test results using “R type” flux then the more
active flux formulations used in the assembly process
would produce acceplable selder process results. This
solderability assessment safety margin was a self
imposed, industry consensus decision. The J-STD-002/
003 committees understood the historical relevance
hehind the decision to use “R type” flux and had a
equally strong desire to maintain a solderability assess-
ment safety cushion. However, committees fielded a
number of industry inputs to reassess the solderability
flux composition based on the technology improvements
in surface finishes, improvements in the flux chemistry
formulations from flux suppliers. and the desire to not
have excessive safety margin which would impact cost
and schedule in an non-value added manner. The com-
mittees conducted a number of tests (Wenger, Kwoka,
ACI) demonstrating, using a specific standard level of
activation on real world, industry supplied component
and printed wiring board cases, that the occurrence of a
““false acceptable” solderability test result was
extremely low. There was no case that exhibited a “pass
ROL1 test - fail ROLO test - Fail during board assembly
“sequence. [n fact the use of both ROL1 and ROLO are
mote likely to create a “false reject “dip and look sol-
derability test result when compared to board level sol-
dering performance.

Standardization of Solderability Test Flux Composi-
tion On A Giobal Scale

A second major goal of the J-STD-002/0(3 solderability
committees is to develop test methods and standards
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which promote global standardization for the electronics
industry. The standard acrivated flux composition
selected and tested by the committees has been utilized
in the International Electrotechnical Commission
(IEC) 60068-2-20 Soldering specification. The IEC
specification is successfully utilized for solderability
testing, Having compatibility of flux composition
requirements between the J-STD-002/003 specification
and the IEC specifications is a win-win situation for

electronics assemblers and component/printed wiring
board fabricators.

A number of the major flox chemistry suppliers have
been queried on the clectronics industry ability 1o pur-
chase the standard activated flux composition and a
positive response was received. 1f you have any ques-
tions please contact the IPC Technical Staff 1o obtain
additional answers/clarification.
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