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CMUCOK NPUHATbLIX COKPALLEHUIA

BO — ©6a3oBoe oTBEpPCTUE

| — jpeTanb

OTM — [AWNPEKTUBHbIE TEXHOSIOMMYECKMEe MmaTepuans.l
ECKO - EaguHasa cmctema KOHCTPYKTOPCKOW OOKYMEHTauMn
Nb — un3MepuTernbHas 6asa

nNC — WHCTPYMEHTasnbHbIN CTEeHA

KB — KOHCTpyKTOpCcKasa 6asa
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KI1 — KOHCTPYKTMBHbIN Nrnas3s

KPC — Kapkac paboumx ceveHumn

KTl — KapTa TeXHONorm4yeckoro npotecca

K®O — KOOpAWHaTHO-(UKCHpYOLLIEE OTBEPCTME

KY — KOHCTPYKTOPCKUW YepTex

KYO — KOHCTPYKTOPCKMI YepTeX OCHACTKU

KLLIM — KOOPAWHATHO-WAabMOHHLIN MeToA

K3 — KOHTP3TanoH

A — netaTenbHbIM annapart

NMUNC - nasepHas ueHTpupyloLwas nsmeputenoHasa cuctema
MMI1 - martematndeckast Mogerib NOBEPXHOCTU

MO — MOHTaXHoe OTBeEpCTUE

M3 — MOHTaXHbIN 3TanoH

HO — HanpasnsLlee oTBepcTme

OK — 0TneYaToK KOHTPOSbHbIN

OMC - onTuko-mexaHudeckasi cuctema

OCb - oTBepcTme CTbIKOBOro bonra

M — MPOU3BOLCTBEHHAs NHCTPYKUUSA

MK — MNas-KoHOYKTOop

Mp — nporpamma

MpUM  — nporpamMMHO-MHCTPYMEHTalbHbIA METOL YBA3KN
MCK — necKocnernok

MWLM  — nnasoBo-wabnoHHbIN MeTo

CE — cbopoyHasa eguHmua

CM — CBepnunbHaga MalunHa

CMP  — cbopOo4HO-MOHTa)Hble paboThl

CO — cbopoyHoe oTBEPCTUE

Ccn — cbopoyHoe npucnocobneHne

CTUlyY — cTaHOK C 4YnCroBbIM NPOrpaMMHbIM ynpaBneHnem
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BBEOEHUE

MHoroobpasve KOHCTPYKLMIA COBPEMEHHLIX feTaTeflbHbIX annapaToB
00yCnoBneHo pasfnyHbiM UX HasHayeHnem n obnacTtbio NpuMeHeHusa. [pu
9TOM Kaxabl coBpeMeHHbIN JIA kak 06beKT NnpoM3BoaCcTBa MMEET HECKOSbKO
XapakTepHbIx ans nwbdoro JIA ocobeHHOCTEN, KOTOpble CO34alnT cneumduky
aBMaUMOHHOIO npou3BoacTBa. Hanpumep, MHorogeTanbHOCTb MNfiaHepa U
LUMPOKasi HOMEHKIaTypa WMCMNoSib3yeMbIX MaTepuanoB MPMBOOUT K HaNMyuio
bonbworo obbema COOPOYHO-MOHTaXHbIX pPaboT, TPYAOEMKOCTb KOTOpPbIX
coctaBnsieT oo 70 % ot obwen TpyaoOEMKOCTM M3rOTOBIEHUS camorieTa
(BepToneTta). Hannume HexXecTkux U npu 3TOM KpynHorabapuTHbIX AeTanen
TpebyeT Mcnonb3oBaHUs cneumanbHbIX NpucnocodbneHnn npu coopke, a us-3a
BbICOKMX  TpeboBaHMM K TOYHOCTM reomeTpum JIA  npuMeHsaTCS
cneundunyeckme MeTogbl YBA3KWM. 3TO, B CBOKW oYepedb, MpMBOAMT K
HEeoOXOANMOCTN CHOXHOW N ANUTENIbHOW MNOArOTOBKM COOPOYHO-MOHTAXKHOMO
npounssoactBa JIA, uenbto KoTopon gaBnsieTca obecneyeHne BO3MOXHOCTU
NpOn3BOAUTL JleTaTesbHbIM annapaTt ¢ 3afaHHbIM Ka4eCTBOM, B HEO6X04MMOM
KONM4YeCTBE M B YCTAHOBIIEHHbIE CPOKM.

B uwnkne nabopaTopHbiXx paboT, npeacTaBfeHHbIX B 3TOM Yy4yebHOM
nocobuu, paccMmaTpuBaloTCs BCE  acnekThl cH6OpPOYHO-MOHTaXKHOro
Npou3BOACTBA, B NEPBYO o4epedb, TexHonormsa cbopku y3nos u arperatoB J1A:
cywecTsyowmne Mmetoabl cbopkm, MeToamka nx Bblbopa, NOpsiAoK paspadboTku
COOPOYHBIX TEXHOMOMMYEeCKNX MpoLeccoB M HeobxoauMown OOKyMeHTauuun. B
OTAEenbHbIN pas3genn BblaeneHa MnoAroToBka oOcHaleHMsa and cbopodHoro
NPON3BOACTBA — MOHTaX NPUCNOCOBMEHU NPU PasnUYHbLIX MEeTodax YBS3KW.
Oco60 BblgeneHbl coBpeMeHHble DECKOHTAKTHbIE MeTOAbl COOPKM KOHCTPYKLINK
M MOHTaxa npucrnocobneHnn. 3aknuuTenbHas 4YacTb — obpasoBaHue
coegunHeHun. PaccmoTpeHbl MeTodbl U cpeactBa obpasoBaHust Havbonee
LLIMPOKO PacnpoOCTPaHEHHbIX B aBUaLnm CoeaNHEHNN — 3aKNenoYHbIX.

BeinonHeHne nabopaTopHbix paboT HanpaBneHo Ha opMupoBaHue y
ByayLINX MHXKEHEPOB MPAKTUYECKMX HABLIKOB MO pa3paboTKe TEXHONOMMYEeCKNX
npoueccoB CO0PKN 1 0POPMIIEHMNIO HEODXOAMMOW AOKYMEHTaLMK, No BbIOOPY
CpeacTB TEXHOMNOMMYECKOro OCHAaLLEeHUst Ansa  OCYLWECTBMEHUS COOPOYHbIX
paboT.

MaTtepuanbl nocobusi gaHbl Ha pPYCCKOM W  aHIMIMACKOM  SA3blKax.
AHIMMMNCKNA TEKCT npefHasHayeH, B MepByK o4vyepenb, OANS MHOCTPAHHbIX
CTYOEHTOB, HO MOXeT ObITb MONe3eH W PYCCKOA3bIYHbIM CTyAeHTam Aans
N3y4eHNs1 TEPMUHOSOMNN.

ABTOpblI Nocobusi BbipaxaloT rnyboKyld MPU3HATENbLHOCTL CTapLliemMmy
npenogasartento Kadeapbl TexHosrornm nponssoactea J1A NaBneHko Anekcero
AHaTOMbEBUYY 3a MOCTOSAHHYKO NMOMOLLb U MHAOPMALMOHHYIO MOAOEPXKKY Mpu
NOArOTOBKE aHIMMNCKOro TeKcTa HacTosiLwero nocobusi.
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1. OBLUWHUE NMPUHUUINbI BEOEHUA CBOPOYHbLIX PABOT
BasupoBaHue npu c6opke U meToabl COOPKU

TepMUHbl U onpedenieHns OCHOBHLIX MOHATUM 6asupoBaHus n 6a3
nanoxeHbl B FOCT 21495-76 n [1ICTY 2232-93.

basupoeaHue — npugaHue 3arotoBke wunM wusgenuio Tpebyemoro
NOJSIOXKEHUS OTHOCUTENBHO BblIBPaHHON CUCTEMbI KOOPAMHAT.

basza — nNoOBEpPXHOCTb, OCb, TOYKa, MNpuUHagMexawme 3aroToBKE WK
N3genuio n ncnoneayowmecs ans 6asmposaHus.

lNpoekmHasi 6asza — 6asa, BblOpaHHasi B npouecce MNPOEKTUPOBAHUS
N3nenus, TEXHONOMMYEeCcKoro npouecca U3roToBEHUA UK peMOHTa OaHHOro
nagenus.

CornacHo TeopeTn4ecKkon MexaHuKe HY>XHOro NosioXKeHus TBepaoro Tena
OTHOCUTESbHO BbIBPaHHOM CUCTEMbI KOOPAWHAT MOXHO A0BUTLCSA HANOXEHNEM
reomMeTpUYeCcKnx CBA3EN.

Teno, OorpaHuyeHHoe peanbHbIMM NOBEPXHOCTSAMM, MOXeT
KOHTaKTUpOBaTb C Teramu, KOTopble OnpeaesnisoT ero nonoxeHue, B odlem
cnyyae nNub OTAENbHbIMU 3fIEMEHTAPHbIMU MNNoLWaaKamMmu, KOTopble YCIOBHO
CUMTaKOTCS TOYKaMM KOHTaKTa.

LecTb cBA3en, nuwiatomnxX TENO NepemMeLLeHin B LLECTUN HaNpaBneHnsX,
MOryT ObITb CO34aHbl KOHTAKTOM TEST B LWIECTU Toykax. B cnyvyae nageanbHom
dopMbl MOBEPXHOCTEN CUUTAIOT, YTO HEOOXOAMMbLIE CBA3N HANOXEHbl NMyTEM
KOHTaKTa Ten NOBEPXHOCTSMMU, a Hannume pearnbHbIX CBA3EN CUMBOMN3NPYETCA
OMOPHbIMM TOYKaAMM, KOTOPLIE MMEIOT TEOPETUYECKMIN XapaKTep.

OropHasi moyka — TO4Ka, KOTopasd CUMBOSIM3MPYET OAHY U3 CBA3EN
3aroTOBKM U U34enumsa ¢ BbIDpaHHOM CUCTEMOW KOOpAMHAT.

Cxema b6a3uposaHusi — CXemMa pacnosfioXKeHus1 ONopHbIX TOYEK Ha Dasax.
KonnyectBo npoekuun 3aroToBKM WM msgenust Ha cxeme 6asnmpoBaHus
AOIMKHO ObITb AOCTATOYHbLIM ANS YEeTKOro npeacTtaBneHuMs O pasMeLleHumn
OMOPHbIX TOYEK.

HanoxeHnss OBYCTOPOHHUX FEeOMETPUYECKUX CBSA3EN MOXHO [06UTbCSA
COMPUKOCHOBEHNEM MMOBEPXHOCTEN Tena C MNOBEPXHOCTAMM OpYyrnx Ten, K
KOTOPbIM OHO MNPUCOEOUHSETCHA, U MNPUNOXEHWEM CWUIT UAM Nap cun ans
obecrneyeHns KOHTaKTa Mexay HUMM.

3akperineHue — NPUNOXEHNE CUMT U Nap CUN K 3aroTOBKE WU U3OENnIo
Anst obecnevyeHnsa YCTOMYMBOCTM MOSMOXEHUS, KOTOpOoe OHM npuobpenu B
npouecce 6asnpoBaHus.

YcmaHoeka — 6a3npoBaHne 1 3akpensnieHme 3aroToBKM UKW U34enus.

B ocHoBy knaccudukaumm 6a3 nonoxeHol crnegyrolmne coodbpakeHus.

Bcé pasHoobpasune noBepxHOCTEN AgeTanen u3genvin MallnMHOCTPOEHUS
MOXXHO CBECTU K YeTbIpeM BUOAM:



- UICNOMHUTESbHbIE MOBEPXHOCTU — MOBEPXHOCTU, C MOMOLLbID KOTOPbIX
AeTanb BbINOSTHAET CBOE CryXebHoe HazHa4vyeHue;

- OCHOBHble 6a3bl — NOBEPXHOCTU, C MOMOLLbLI KOTOPbIX Onpeaensercs
NonoXeHne gaHHOW AeTanu B N3aernuu;

- BCNoMoraTenbHble ©0a3bl — MNOBEPXHOCTN, C MNOMOLLBIO KOTOPbIX
ornpenensieTca nonoxeHne npucoegnHAeMblx getanen OTHOCUTENbHO LaHHOM
petanu;

- cB0OOOAHbIE NOBEPXHOCTU — NMOBEPXHOCTU, KOTOPLIE HE COMPUKacarTCs
C NOBEPXHOCTAMM OPYrnX aeTanemn.

BasupoBaHne HeobxooMmo AOnS BCEX CTaauW CO34aHUs U3nenunm —
KOHCTPYMPOBAHUS, WU3rOTOBMNEHUSA, U3MEPEHUSA, a Takke MNpU pacCMOTPEHUU
nspgenuna B uenom. OTcioga cnenyet knaccudwukaumsa 6a3 rno HasHaqyeHUuio:
KOHCTPYKTOPCKNE, TEXHONOrMYyeckne n nameputenbHole (puc. 1.1).

Mo Ha3HayeHuIo

KoHCTpyKTOpCKMeE Mo orpaHNyeHuIo
OCHOBHble ————— cTeneHen cBo6oabl
BCnoMoraTtesibHble —
Mo xapakTepy
TexHonornyeckmne —j NposiBNeHus
VameputentHeie YCcTaHOBOYHbIE
Hanpasnstowwne
—— OnopHble
[1BOVHbIE
HanpasnawoLwme
[1BONHbIE
OMNOpHbIE ABHbIE
CKpbITblE

Puc. 1.1. Knaccundukaums 6a3

KoHcmpykmopckasi 6a3a (ycT. cbopoyHasi 6a3a) — 6asa, ucnonb3lyemas
ANs onpeaeneHnst NonoXeHus getanu unmn cbopovHon eguHnLbl B N3gennu.

OcHosHasi 6a3a — KOHCTpYKTOpcKasi 6asa gaHHoW getanu nnm cbopoyHom
eaunHNLbI, Ucnonb3yemMas ans onpeaeneHns ee noroXeHnsa B n3genun.

BcriomozamernbHas 6a3a — KOHCTpPyKTOpckaa 6asa gaHHoW AeTtann unm
cbopoyHON eanHNLbIl, UCnonb3yemas Onsa onpeaeneHust NonoXeHus n3genus,
NPUCOEANHAEMOrO K HAM.

KoHCTpyKTOpCKMNE 6a3bl noapasgenstoT Ha OCHOBHblE n
BCNoOMOraTenbHble, YTO NMPUMEHSIETCA Kak Npu pa3paboTke yepTexa nsgenus,

9



Tak U BO BpeMsA ero msrotosrieHnsi. HeobxoammocTb Takom knaccudukaumm
cnegyet M3 HeOOMHAKOBOCTM PONlEM OCHOBHbLIX W BCNoOMoOraTesbHbIX 6a3s u
Ba)XHOCTM Yy4yeTa 9TOro Kak npu MpoeKkTupoBaHun wu3genua (Bblbope
KOHCTPYKTUBHbIX (pOpM MOBEPXHOCTEN AeTanen, 3afaHumM UX OTHOCUTENBbHOro
NOSIOXKEHMS, NPOCTAaHOBKE pa3MepoB, pa3paboTke HOPM TOYHOCTM U T.M.), TaK U
Npwn pa3paboTKe N OCyLLECTBEHNUN TEXHONOIMYECKNX NPOLLECCOB.

TexHonoau4deckass 6asza (ycT. ycmaHosouyHasi 6a3za) — 6asa,
ncnonb3yemasi Ansa onpeaerieHnst MONoXEHUs1 3aroTOBKM UMW u3genusa B
npoLecce U3roToBNeEHNSA UM PEMOHTA.

UsmepumenbHas 6a3a (ycT. KoHmpornbHas 6asa) — 6a3a, ncnonb3lyemas
ana onpegeneHns OTHOCUTESNbHOMO MOSIOXKEHUS 3aroTOBKM WU M3genus u
CpenCTB U3MEPEHUS.

3aKkoHbl 0a3npoBaHMA ABNSAKOTCA OOWMMM AN BCeX CTaaun co3gaHus
n3genus, No3ToMy, He3aBMCMMO OT HasHayeHud, 6asbl MOryT pasnuMyaTbCs
TONbKO KOSIMYECTBOM CTeneHen cBOOOAbl, KOTOPbIX OHM NULIAKT 3aroTOBKY,
aetanb Unu cOOPOYHYIO eanHuLy, U XapakTepom nposiBneHusa. CyuiectByeT
AOnNonHUTENbHasa Knaccugukaumsa 6a3: no orpaHNYEHU0 cteneHen ceodoabl 1
No XxapakTepy nposireHuns (cm. puc. 1.1).

Hetanu J1A nmetroT, Kak NpaBurio, CroXHYy0 reomeTpuydeckyto popmy. Ha
aetansix, OQHaKO, MOXHO BblAENUTb XapaKTEPHbIE reoMeTpuveckme
MOBEPXHOCTN — NIIOCKNE, LMNNHOPUYECKNE HAPYXKHbIE N BHYTPEHHME U T.4.

Komnnekt ©0a3 npu3amatuyeckon pOeTanuM COCTaBnsloT YyCTaHOBOYHad,
Hanpasngawowas n onopHasa 6asbl.

YcmaHosouHasi 6asa — 6asa, ucnonb3yemasd Afs HanoXeHus Ha
3aroTOBKM UMW M3OENUs CBA3EN, NULLAKLLNX UX Tpex cTeneHenm csoboabl —
nepemMeleHnsa BOOSMb OOHOM KOOPAWMHATHOM OCUM W MOBOPOTOB BOKPYr ABYX
ApYyrux ocemn.

Hanpasnswowas 6a3a — ©6asa, ucnonb3yemass ANs HanoXeHust Ha
3aroTOBKM UMW U3Qennsa CBA3EW, NuUwarmMx Ux OByX cTeneHen csobogbl —
nepemMelleHna BOOSNb OAHOM KOOPAWMHATHOWM OCWM M MOBOpPOTa BOKPYr ApYrowm
ocu.

OrniopHasi 6a3a — basa, ncrnonb3yemasi g HanoXeHns Ha 3aroToBKU UIn
n3genusa CeBdA3en, NulialWwmMx UX OAHOM CTeneHu cBoboabl — nepemMeLleHus
BOOSb OQHOW KOOPAMHATHOW OCK Ui NOBOPOTA BOKPYT OCH.

Ona 6asupoBaHuss Agetanem no OTBEPCTUAM MNPUMEHSAIOT ABOMHbIE
HanpasndaloLWMe U ABOWHbIE ONOPHbIe Ba3bl.

LeotiHas Hanpasenswwas 6aza — 6asa, ucnonb3dyemasl ansa HanoxeHus
Ha 3aroTOBKM WNU U3AeNna CBA3EN, JNUWAKLWNX UX YeTblipex CTeneHen
cBoboabl — nepemelleHnt BOOSMb ABYX KOOPAWHATHbIX OCen M MOBOPOTOB
BOKPYI 3TUX OCEWN.

LeotiHass oropHass 6a3za — 6asa, mucnonb3yemasi Ond HanoXeHUa Ha
3aroTOBKM UMW U3Qenus CBs3er, NullarwmMx Ux OBYyX cTeneHewm cBobogbl —
nepemeLLeHnin BOosb ABYX KOOPAUHATHbIX OCEN.

Ckpbimasi 6asa — ba3a B BUae MbICNIEHHOW NSTOCKOCTW, OCU UM TOYKMN.
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SleHasi 6a3a — 6a3a B Buae peanbHOM NOBEPXHOCTU, PAa3METOYHON PUCKU
NIN TOYKN NepecevyeHns pucok.

Ha nepBbix cTagusx MPOEKTUPOBAHUA TEXHONOMMYECKMX MpOLEeCcCoB
cbopkn paccmaTpuBalOT BO3MOXHble BapuaHTbl KOMMIEKToB 6a3, 3aTtem
oopMnAT cxemy 6asvMpoBaHUa B BWOE 3CKM3a M3OeNuUsi C HaHECEeHHOM
COBOKYIMHOCTbLIO (KOMMMEKTOM) BblOpaHHbIX TEXHONOrnyecknx 6as (NpumMeHsoT
3HaK V).

Mpuembl N cpencrTea peanusauum cxembl 6a3nMpoBaHus, T. €. YCTaHOBKM
aetanen B 3afjaHHOe MNoOSioXeHne, HasblBaloT mMemodom cbopku. o npusHaky
6asnpoBaHMs MOXHO BblAENUTbL ABa Kracca metoaoB cbopku (puc. 1.2).

MeToabl c6opkm
no Npu3Haky 6asmpoBaHus

Cb6opka no 6asam, npuHagnexalinm C6opka no 6asam, NnpuHagnexawmm
OAHOW 13 getanen cOopoYHON eanHNLbI CcpeacTBYy TEXHOMOMMYECKOro OCHaLeHUs

C6opKa B NpUcnocoBGneHnm C6opka B 6€CKOHTaKTHOWM Cb6opka ¢ nomoLLbIo
KOOpAUHATHOM cucTeme obopyaoBaHus

Puc. 1.2. Knaccudukauuna metogos cOopkm no npusHaky 6asmpoBaHnd

CbHopoyHble NpoLeccbl MHOrOBapuUaHTHbI, NOTOMY YTO OBbLIYHO u3genue
MOXHO cobpaTb B COOTBETCTBUMM C 4YepTexXoM U TY, Monb3yAcCb pasHbiMU
MeTodamMun COOpPKM UK UX KoMOBuHaumsmn. Bbibvpas KOHKPETHbIA BapuaHT,
NcxogaT u3 ycnosus obecnevyeHna HeobXoAMMOro KayecTBa MU34enun C
HaMMEHbLUMMW 3aTpaTaMn Ha NOLrOTOBKY U BeAeHne NpoM3BOACTBA.

Cbopka — 31O ycTaHoBKa (T.e. 6asmpoBaHue n ukcauma) u coeanHeHne
COCTaBHbIX YacCTen, a Takke BCcromoraTenbHble onepauuun. Taknm obpasom,

Il .4 =Ichm +Hcoe0+H0p’

raoe I1.; — norpewHocTe cbopkn usdenus no sapgaHHomy napametpy; 11,
Il — norpewHoCT! yCTaHOBKM W coeauHenus; II,, — norpewHocTy
BCMOMOraTenbHbIX Onepaumin, a Takke MnorpewHocTn, obycrnoBreHHble
YCTaHOBKOWM W CcoeAuHeHWeM (Hanpumep, OT BHYTPEHHUX HarpshKeHun),
KOTOpble NPOSABMAAITCS CO BPEMEHEM.
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MpuHUMNbI 6a3MpoBaHKA Npu c6opke

1. lpuHuyun eduHcmea 6a3 3akn4aeTcs B HE06X0OMMOCTM COBMELLATb
NpoeKTHble Ba3bl C TEXHOMNOrMYecknmmn. NMockonbKy NpoekTHble Ba3bl BBOOATCSA
B PacCMOTPEHUE paHblle, YeM TEexXHOnormdeckme, To 3TO O3Ha4aeT, 4YTo B
KayecTBe TexHonornyecknx 6as cnegyet opatb 6a3bl MPOEKTHbLIE.

HecobniogeHne 3Toro npuHUMna npuMBOAUT K MOSIBIIEHUIO pa3mepa
MeXOy NMPOEKTHOM U TexHorornmvyeckon 6asamu, Tak HasbiBaemMoro 6asnmcHoro
pasmMmepa, ¢ HeEn3beXHOW ero NorpeLLHOCTLIO.

2. lNpuHyun cosmeuweHuss 6a3 TpebyeT COBMELLEHUS TEXHOMOrMYECKNX
6a3 C KOHCTPYKTOPCKMMU. [1OCKOMbKY KOHCTPYKTOpPCKME 6a3bl BBOAATCS B
pacCMOTpeHMe  paHblle, YemM TexHonormyeckme, TO B  KadecTBe
TexHonornyecknx 6as criegyet OpaTb KOHCTPYKTOPCKNE 6asbl.

HecobniogeHne aTOro npuHUuna npuMBOoAMT K MOSIBIEHUIO pa3mepa
MeXOy TEXHOMOrMYecKkom W KOHCTPYKTOpCkoM Oasamum (Ha AaHHOM 3JTane
cbopkmn). ATOT pasmep Takke aABnseTcs 6asnuCHbIM.

3. lNpuHyun nocmosiHcmea 6a3 3aknw4daeTcd B Heob6XoaMMOCTU
coBMellaTb TexHomnorunyeckne ©Oasbl Ha JaHHOM 9dTane cbopkn C
TexHonornyeckumm 6azamm Ha nocneayrLwmx 1 NpeabiayLwmx atanax cbopku un
06paboTkn. NocKonNbKy NPoeKkTMpoBaHMe BeeTCs "OT Lernoro K YyactTHomy", T.e.
CHayana BBOASATCA B pacCMOTpeHue TexHonorndeckme 6asbl ons cbopku
nsgenus B UenomMm (nnaHepa camoneTa), a 3aTeM arperatoB U COOPOYHbIX
eanHuL Bonee HU3KNUX YPOBHEN BXOXAEHUSA B U3genune, To 3To 03Ha4aeT, YTo B
KayecTBe TexHomnornyecknx 6a3 noacbopok wn getanen crnegyet 6paTb
TexHonornyeckne 6a3bl COCTaBHbIX 4YacTen ©Oonee BbICOKMX YPOBHEMN
BXOXOeHua B nsgenue. inu tak: oguH pas BbiOpaHHbIe TEXHOMNOrM4Yeckne 6asbl
HeobXxoaMMO COXpaHsTb Ha BCcex aTanax obpaboTkn n cOOpKM.

HecobntogeHne 3TOro npuHUMNA Takke nNpuBOAUT K  MOSIBNEHUIO
6a3ncHoro pasmepa n ero NOrpeLlHoOCTH.

Pa3paboTka TexXxHONorn4eckoro npouecca coopku

NcxogHyto nHgopmaumio ana pa3paboTku TEXHONOrMYEeCKUX MpoLeccoB
noapasgensioT Ha 6a30ByH0, PYKOBOASILLYIO U CMIPABOYHYIHO.

basoeasi uHghbopmayusi — 3To cBegeHust 06 nsgenum (M3 KOHCTPYKTOPCKOM
AOKYyMeHTauumn), nporpaMmme n obbeme BbiMycka.

PykoeoOsiwas uHgpopmayusi oaHa B cTaHgapTax, TEXHUYECKNX YCITOBUSX,
TEXHOMNOMMYECKNX U NPOM3BOACTBEHHbIX MHCTPYKLUMAX, AMPEKTUBHBIX TEXHOMO-
rMYeCcKNUX OOKYMEeHTax (MaTepuanax), HopmaTMBax pacxodoB (Hanpumep, Bpe-
MEHW, MaTepuanoB), HOpMax OXpaHbl Tpyda, KOHCTPYKTOPCKUX M TEXHOSO-
MYecknx KnaccudgmkaTopax, TUNOBbIX TEXHOMOIMMYECKMX NpoLeccax u T.4.

CripagoyHyt0 UHGhopmauu coaepxaTt TexXHONorndeckas AoKyMeHTauus
ONbITHOMO MPOM3BOACTBA U OEWCTBYHOLLME TexXnpoLueccCbl-aHanory, onncaHus
onblTa TEXHUYECKNX peLleHu, METOOAMKN, KaTanoru, cnpaBOYHUKKU, anbboMbl
CpeacTB OCHaLWEHNs U T.4.
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B OupekmueHbix mexHorocudeckux Mamepuarnax ykasaHbl NPUHLMNGLI
BeAeHus pabot no cbopke. VX cocTaB He perriameHTUpoBaH, HO NepPBbIMU
0ObI4YHO BbINOMHATCA CXema YrieHeHuUs (pacyneHeHne n3gennsa Ha coctaBHble
yacTn) n cxema cbopku (nocnenoBaTesibHOCTb YCTAHOBKM COCTaBHbIX YacTeu
npn cbopke C YykasaHWem [JOMOMHUTENbHOM WHQoOpMauunm O cpeacTBax
OCHaLLEeHNA 1 npuemMax BeeHusi COopkn).

Ha cxeme u4neHeHusi B MNPOM3BOSIbHOM aKCOHOMETpUM un3obpaxatoTt
n3genve Kn ero CoctaBHble 4acTu (COopoyHble eanHuubl W AeTtanun) c
yKazaHMEM MX B3aMMHOIO pacrosioXXeHus.

Cxemy cbopkn odopmnsoT B Buae 6GroK-Cxembl MocregoBaTenlbHOCTU
cbopkn, roe OGnokamn SABMATCA AeTanu, COOPOYHble eAuHULbl, FOTOBOE
nagenune n cbopoUHble NPUCNocodeHus.

Paanuyatot Tpy Buga cxem cOOopKMu:

- nocregoBaTtesibHas (3aMKkHyTas);

- NapannenbHas (ouddepeHunpoBaHHas);

- napannenbHo-nocregoBartefnibHasa (KOMOMHMPOBaHHas).

PaspaboTka cepMnHOro TeXHONOrM4eckoro npowecca cbopkun BKOYaET B
cebs KoMnsiekc B3anMoCBA3aHHbIX paboT:

1) aHann3 WCXOAHbIX [AaHHbIX W HeobxoaMMOCTM OOMNOSTHUTENbHOWN
NHopMauuK, onpeaeneHme KnaccuunkaumMoHHOro Tmna nsgenus;

2) NOUCK TWMOBOro, rPynnoBOro WNU €AUHUYHOIO TEXHONOMMYEecKoro
npouecca-aHarnora;

3) yTOYHEHME (aopaboTka)  TMMNOBOrO nnm BbIOOp HOBOro
TEXHOSIOrMyeckoro mapupyrta cbopku (T.e. cxembl COOPKM) B HECKOMNbKUX
BapuaHTax;

4) Bblbop Oas, T.e. MeToaa COOpKM, N OLLeHKa TOYHOCTU COOpPKY;

5) onpenenenve npeaBapuTenbHbiX TY Ha noctaBky noacbopok w
aetanen (3aroToBOK);

6) NPOEKTMPOBaAHME TEXHOMOMMYECKNX onepauum C MCnorb30BaHUEM
TUMNOBLIX NEepexoaoB, BbIOOP CpPeacTB  TEXHONOMMYECKOro  OCHaLeHUs
(o6opynoBaHnA, OCHACTKN, UHCTPYMEHTA);

7) pacyeT (BbIOOpP) pPEXMMOB N HOPMUPOBAHME Onepaunn, onpeaeneHne
paspsiga paboT 1 npodeccuin CNONHUTENEN;

8) onpeneneHue TpeboBaHUM TEXHMKN BE30MACHOCTMU;

9) obocHOBaHMEe  TEXHUYECKOW,  IKOHOMWYECKOW U coumanbHOW
3PP EKTUBHOCTHU BapMaHTOB  TEXHONOrnM4Yeckmnx NnpoLLeccoB, BbIGOp
ONTUMasIbHOro BapuaHTa;

10) odhopmreHne TEXHONOMMYECKNX JOKYMEHTOB.

B 3aBucMmocTm  OT  HasHa4yeHWs  TEXHOMOrMYecKne  OOKYMEHTbI
noapasgenstoT Ha OCHOBHbIE W BCIOMOraTesibHble.

OCHOBHble  OOKyMEHMmMbI MOMHOCTLID UM OAHO3HAYHO  onpenensiT
TEXHOSTOrMYeCKMin NPOLIECC N coaepXXaT CBOAHYH MHOpMaLnio, He0BXoaUMYHO
Ana  peweHns  UHXEHEPHO-TEXHUYECKUX,  MNaHOBO-3KOHOMUYECKUX W
OpraHn3aumnoHHbIX 3aau.
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B 3aBucumocTm OT BuMaa M TuNa NPOU3BOACTBA U MPUMEHSEMbIX
TEXHOSTOrMYeCKmnx MeTo40B N3roToBMEHMS OCHOBHbI€ AOKYMEHTbI
noapasnensinT Ha OOKYMEHTbl oOLwero (TUTYNbHbIM JIUCT, KapTa 3CKM30B,
TEeXHonornyeckasa WMHCTPYKUMSA) M crneumanbHoro (MapLuipyTHasa kKapTa, KapTa
TEXHOJSTIOrMYecKoro npolecca, ornepaunmoHHas KapTta, KapTa KOMMMEeKToBaHuS,
KapTa Hanagkun, Be4oMOCTb 00paboTKn n3genus 1 T.n.) HasHa4YeHus.

BcriomoecamersibHble doKyMeHmbI (MPOU3BOAHbIE) pa3pabaTbiBatoTCca Ha
6a3e OCHOBHbIX M MMEKT OpraHM3auMOHHO-TEXHUYECKUMIN XapakTep (kapTa
3aKkasa W TexXHWYEeCKMe YCNoBUS Ha MPOEKTUpPOBaHWE TEXHONOrMYECKOM
OCHACTKW, aKT BHEAPEHUs TEXHOSIOrMYecKoro npouecca, TEeXHONOrMYecKui
nacnopT, UWKIOBOM rpaduk cOOpKM, TEXHUYECKMe YCIoBUS Ha MNOCTaBKYy
aetanen n T.4a.).

TeKkCT TexHONornyeckoro npolecca CepunHOro npoms3BoACTBa [aloT B
onepauMoHHOM OMUCaHUK, T.e. OH UMEEeT TaKyl CTPYKTYpy MO coAepXaHWuro
onepauui.

1) kno4YeBoe CrOBO — ONUCaHMEe OENCTBUA (onepaumn, nepexoga) no
obpaboTke unu cbopke, 3anMcaHHOe rnarofioM B HeonpegerieHHon dopme
("ycTtaHoBuTb", "3akpennTh”, "pasameTuTh", "cBepnuTh”, "kKnenate" 1 1.4.);

2) vHopmauma o konumyectBe UM Buae obpabaTbiBaeMbiX 311IEMEHTOB
noBepxHocTen (Hanpumep, "cBepnnTb 3 OTBEPCTMS") UMM COCTaBHbIX YacTeu
nagenuvs (Hanpumep, "krnenatb 3 3aknenkn");

3) nHdopmauus o pasmepax obpabarbiBaeMbIX 3[IEMEHTOB NOBEPXHOCTH
("oTBEpcTUA D4,5") nnu TMNopasmMepbl COCTaBHbIX YacTen usgenus ("3aknenku
4-10 OCT 1.34043-85");

4) ponosiHUTenbHas MH@opMaumsa, Hanpumep: "no pasmetke”, "no HO",
"no CO", "no K®QO", "no wabnony", "no ynopam", "cornacHo ackuay, yepTtexy",
"no mecty", "obecneumBas npuneraHme".

[onyckatoTcs nonHasi M CcokpalleHHass ¢oopMbl 3anucu onepaummn U
nepexoga (N0 YCMOTPEHUIO paspaboTymka AoKyMeHTa). Hanpumep, nOnHON
3anucu "Ceepnntb 21 otBepctmne 4,05, cobnogas pasmepbl 1 n 2" oteevaet
COKpaLleHHasa 3annck "CBepsiuTb OTBEPCTUSA COrfacHoO YepTexy".

B 3anucax MOXHO NPUMEHATb COKpaLleHUsl CrOB M CIIOBOCOYETaHUN B
COOTBETCTBUM CO CTaHgapTamu. Hanpumep, CywecTBYWOT Takume MNoSiHbie U
COKpaLLeHHble HanMeHOBaHNA NpeaMeTOB NPOM3BOACTBA U X KOHCTPYKTUBHbIX
3rIEMEHTOB: aeTtanb — AeT., u3genve — usg., 3arotToBka — 3aroT., OTBepcTune —
OTB., KOHTYpP — K-P.

B TexHOonornyeckon gOKymMeHTaumm ynoTpebnsatoT COKpaLlLeHns cornacHo
ECKL, Hanpumep: NOHXEPOH — I-H, CTPUHrep — CTP., LMAHroyT — Wn-T,
HepBlopa — H-pa, a Takke oTpacnesble, HaNpUMepP: TEXHoNorn4yecknn 6ont —
T/6, cbopoyvHoe, Hanpasndawowee, KOOpAUHATHO-(PUKCUPYOLWEE OTBEPCTUS —
CO, HO, KdO cooTBETCTBEHHO.

Ecnn onepaunda, nepexog vnu MX 4YacTb MOSHOCTbLIO COOTBETCTBYIOT
TUNOBOMY TexHonorndyeckomy npoueccy (TTM) wnnm  NpPoM3BOACTBEHHOM
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nHctpykumn (M), TO 3anncb OarT B COKpaLLeHHOW (opMe C yKasaHuem
HOMEpPOB 3TUX JOKYMEHTOB.

CornacHo cTaHgapTam B OnNpedeneHHblX CTpokax wu  rpadax
ornepaunoHHON KapTbl UK KapTbl TexHonornyeckoro npouecca (KTM) npusogaT
cnepywouwue ceBefeHus: TpeboBaHus K 6esonacHoctM  Tpyaa  (Homep
WHCTPYKUMK), cCpeacrtBa TexHONormdeckoro ocHauweHusa (obopynosaHue,
OCHACcTKa, WHCTPYMEHT W WX TuUMbl, WW@PbI, CTaHAapTbl), pas3psg pabor,
npodeccnn UCnonHUTENeNn, HOPMbl BPEMEHM.

Hapsigy ¢ kapTtamu TexHOMNormyeckux npoLeccoB COOpPKM TexXHONor-
pa3paboTymk oPopMIISET NPOM3BOAHYH TEXHONOMMYECKYH AOKYMEHTALMIO:

a) TEXHMYEeCKMe YCnoBus (CBeOeHUs, KapTbl) Ha MOCTaBKy AeTanen u
noacbopok, nogaBaemMblx Ha cbopky (Tabn. 1.1);

0) kKapTy 3akaza Ha nNpPOeKTMpoBaHME COOPOYHOrO OCHAaLWlEeHUs Afis
OCYLLECTBMEHNS JaHHOro Texnpouecca C TEXHUYECKMMU YCIIOBUSAMK (MpumMmep
npuBeaeH B Tabn. 1.2).

Tabnuya 1.1
TexHunyeckne ycnosus Ha NOCTaBKy AeTanen n noacbopok
ansa coopku wnaHroyTta Ne 42

Hammero- E Hanuune
Bane Homep $ Hanmne OTBEPCTUN: MpumeyvaHve
netanu, yepTexa = npunycka HO. CO. K®O
noacbopkm S ’ ’
3CO CobpaHa
HusunHka 0312.10CB |1 | 2 MM NO CTbIKY 3 ch(’) os5Hg | CornacHo cxeme
cbopkum
bokoBunHa | 0372... -
nesas 1 |2mMMnocTbiky | 2 KOO I5H9
Mosic 0342... 1 - 48 HO -
DOUTUHT 0342... 1| 2mmnoOCBE |12 HO -
Kectkoctb | 0342. 1 - 14 HO, 2 CO -

Mpumeyanue. OtBepctua HO n CO umetrot &2,6H12 (unn &2,7H12), a KOO — I8HI9 (unu
& 5H9, P6H9) ¢ yyeTOoM pasmepoB nsgenus.

B atux pokymeHTax ykasbiBalOT CBOWCTBA (MPU3HAKW, SMNEeMEHTHI,
napamMeTpbl), KOTopble UMEKT npeameTbl (getanu n noacbopku, Bxogswme B
cOOpOoYHbIN  KOMNIIEKT) U cpeacTBa (cbopoyvHoe npucnocobneHne w gpyrme
cpedcTBa  TEXHOMOrMYECKOro  OCHalleHusl)  Tpyda, Heobxogumble — aAngd
OCYLLIECTBIIEHMS Onepauum TeXHONOrm4eckoro npolecca. Hanpumep, onepauus
"YCTaHOBUTb HU3MHKY B npucrnocobneHne no KOO" TpebyeT Hanuums yBsa3aHHbIX
koopauHaTHo-coukeupyrowmx otsepctun  (KOO) B HM3MHKE U doukcaTopax
npucnocobnennsa, onepaunsa "YCTaHOBUTb XECTKOCTb Ha HM3MHKYy no CO"
TpebyeT, YTOObI XECTKOCTb U HU3MHKA UMENN YBSA3aHHble COOPOYHbLIE OTBEPCTUA
(CO).
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Tabnuuya 1.2

TexHn4eckne ycrnoBmsa Ha NPOEKTUPOBaHME NPUCNOCOBEHMS
ansa coopku wnaHroyTta Ne 42

HasHauyeHue ycTponctea

Onsa npegBaputensHon cbopkm wnaHroyta Ne 42
(c nocnepytouwen repmeTusaumen n NPeccoBom
Knenkowm)

OuepeaHocTb OcHaweHne nepBon oyepean, paspabaTbiBaeTcs
BrnepBble
[MepeyeHb getanen u HusnHka, OoKkoBMHBbI (nieBad, npaBas), Mosca,

noacbopok OUTUHIK, KECTKOCTU, OKAHTOBKW, CTOVIKN, ...
CocTtosHue noctaBkn Ha |C npunyckamm M TEXHONOrMYECKMMU OTBEPCTUAMM
cbopKy COrNacHO TEXHMYECKMM YCITOBMSIM Ha NOCTaBKY
NocnepgoBaTenbHOCTb YcTaHoBKa HU3UHKN, BOKOBWH, dukcaums T/6,...
cbopkm

Cxema 6asnpoBaHus nnu
nepe4veHb 6as

HusnHka n 6okoBuHbl — No KOO, nosica — no obsoay,
PUTUHTN — NO OTBEPCTUAM NMOA CTbIKOBble OOMThI
(OCB),...

CpenctBa BeaeHus
c60opOYHbIX paboT

Py4HON MexaHN3npOBaHHbLIN MHEBMOUHCTPYMEHT

CpeqncTtea usBneveHus Bpy4yHyto

n3genuns

TexHuyeckne a) NoONoXeHne n3genusa — BepTukanbHoe, Kak BO
TpeboBaHuA K BpeMsi NoneTa;

KOHCTPYKLUN 6) MexaHn3aunsa yCTPONCTBA — HE HYXHa;
npucnocobneHus B) CpeAcTBa MOHTaxa (YBA3KM) — 3TaroH LnaHroyTa

Ne 42;
r) opyrme TpeboBaHus: NpeaycMoTpeTb CbEMHbIN
KOHAYKTOP, NoMocT Ha BbicoTe 1200 mm oT nona

2. Y3JIOBAA CBOPKA B CAMOJIETOCTPOEHUU

Y3nbl — 9TO HauMMeHbLUME COCTaBHble 4acTu usgenus (camonera,
BepToneTa), KOTOpble KOHCTPYKTMBHO W TEXHOSIOrMYEeCKN 3aKOoH4YeHbl (Ha
KaXxabl y3en, Kak NpaBuno, BbiNycKaloT OTAENbHbIN COOPOYHbLIN YepTex):

- NSIOCKMEe KapKacHble y3anbl, BbIxogswme nmbo He BbIxogswme Ha
TeopeTnyeckne oOBOAbI arperatoB (NOHXEPOHbl, HEepPBIOPbI, LUMNAHIOYThI,
6ankn);

- MNPOCTPAHCTBEHHbIE KapKacHble Y3nbl nraHepa
Kapkacbl obopyaoBaHus, ooHapy KabuH NuoTa, WTypmMaHa);

- NaHenu nnaHepa — feTanu Kapkaca, coeAuHeHHble C OBLLUMBKOW, T.€.
00LLMBKKN, NOLKPENMEHHbIE CUIOBBIM HAOOPOM;

- KOHCTpYKUMM (COOpOYHbIE eanHWUUbl) TMNa ABEPEN, KPbILLEK JIHOKOB,
LLUMTKOB, obTekaTenemn, KaHanos.;

- y3nbl W naHenu OOpPTOBbIX cucTeEM U BopToBOro ob6opyaoBaHUS
(NynNbTbl, KOSNEKTOpbl, Kpecna, MexaHu3Mbl); Ux COOpKy OObIMHO HasbiBaloT
MexaHoCcHopKon.

("naykn" Kpbina,
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B KOHCTPYKUMSAX Y310B MOXHO BblOeNATb COCTaBHble YacTu (NoacOopKM,
cbopoyHble Trpynnbl), KOoTOopble cobupaloT OTAEeNnbHO C Nocneayrwmm
coeauHEeHMEM UMX B y3ern. TakMe 4acTu HasblBaloTCs Nody3namMn, U Ha HUX He
BbIMYCKalOT OTAESTbHbIX COOPOYHLIX YEPTEXKEMN.

Takum obpasom, obbekTamu y3roBOW COOPKM ABNAKOTCA Y3nbl (B TOM
yucne naHenu) n NoAayanbl NnaHepa n 60pToOBbIX CUCTEM CaMoseTa.

JNlabopartopHasn pab6ota Ne 1

CBOPKA U KOHTPOIJ1b NNMOCKUX TEXHOJTIOMMMYECKUX Y310B
(CBOPKA INO CO U B NEPEHANTAXUBAEMOM NPUCIMOCOBIEHUMN)

Llenb pabombl — 03HAaKOMUTLCA C CYyTbto MeTogoB cbopkm no CO u B
NpUCNocobneHnn, MOHTaXOM MepeHanaxmBaemblx npucnocodbneHnn ans
cOOpKM M KOHTPONS MIOCKUX TEXHONOMMYECKMX Y3NOoB, MOPSAKOM pa3paboTku
TEXHOMOormMm cOOpPKM N KOHTPOIS, MeTogaMn onpeaeneHnst TOMHOCTU KOHTYpPOB
y3510B, cobpaHHbIX B npucnocobneHum n no CO.

OcHoBHbIe cBeaeHust

B cepuiHOM NpoM3BOACTBE TEXHOSOrMYECKUE y3Mbl SBMASKOTCA CaMOWn
MHOFOYMCIIEHHOM TPYNMNon cpeaun BCeX COOPOYHBLIX €OUHUL, KOHCTPYKLMK
nnaHepa camoneta. OcoBeHHO 3TO XapakTepHO ANt COOpKM COBPEMEHHbLIX
LUMPOKOMPHOIESSPKHBIX CaMOSETOoB, Koraa KofIMYecTBO Takmx COOPOYHbIX eAnHWLL,
KaKk CEKUMM W OTCEeKM, YMEHbLUMIIOCb, a B [faBHbI cTanefnb COOPKM BCEro
arperata (Kpbina, gtosenspka) nocTynaroT OTAerNbHbIE Y3ribl, NaHenu, getanu.

BONbWNHCTBO TEXHOMOrMYECKMNX y3noB (COOpHbIE HEPBIOPLI, LWNAHIOYThI,
NOHXEPOHbI, 6ankn) mn3-za HeboNbLON TOMWUHBLI  UMEKT  "NOCKy"
KOHCTpYKUMto. OCHOBHble MeToAbl Ux cbopkm — no CO mn B npmucnocobrieHnax
(puc. 2.1).

ba3zoeaa oemans Jlpyzue oemanu y3na

MK il ST

X e w3 X3
Hepegropa Cmenka Cmoiika Ilosaca
HO _c1 Ly

(€02 m—T n ===
] & . HO

;’f\fo NN :KI;“O_@}? -

==z

Jlonxcepon Cmenka Iloaca

Puc. 2.1. basnpoBaHue 1 cCoCTosiIHME NOCTaBkM aeTanen npu cbopke ysna
no CO u B npmucnocobneHum
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Mpn cbopke y3na no CO pgetann ysna YycTaHaBNMBAKT NyTEM
coBmelleHnss CO M BpEeMEHHO CKpensisitoT TEXHONOrMYECKUMU  LITbIPEBLIMU
doukcaTtopamu, B TOM yucrie bontamu. Bcnegcrene aToro norpelwiHocTe COOpKM
B NSIOCKOCTU coegnHeHuns (puc. 2.2) onpenenseTcs norpeHOCTAMM:

- pasmeweHua CO Ha 6asoson getanu Iy, «co);

- pasmeweHnsa CO Ha apyrux getansx y3rna OTHOCUTENbHO UX KOHTYPOB

Hex (konm-C0);

- cpukcaumnn getanen no CO Il «co);

- coeauHeHus (cunosble 1 TemnepaTtypHble Bo3aencTteus) I, .y,

- ApYrMMu MOrpeLHoCTAMM, CBA3AHHBbIMU C KPUBU3HOW WU >KECTKOCTbHO

netanew, konuyectsom CO u ux pacnonoxexunem, I1,,.

B 6x (koum-CO)

ex (konm-CO) d
cO

H 4 (co) dy

Puc. 2.2. Cxema BO3HUKHOBEHUS norpeluHocTen npu cbopke no CO

Takum o6pasoM, MO>XHO 3alfnuncaTtb
Hc6(C0) = H6a3(C0) +11 éx(konm—CO) +Hd)(C0) +1 509 + HOp'

MpoaHanuManpyem npuYnHbl BO3HUKHOBEHUS NOTPELLHOCTEN U CNocoObl X
onpeneneHus.

1. [Ans nosbiweHna To4HOCTM yBA3kn CO 6a3oBon 1 BXoaswen geTtanen
y3fia BblOensaT camMocTosiTenbHble cucTteMbl CO, yvacTBylwme B peLleHnn
OTAEenNbHbIX (PYHKUMOHAanNbHbIX 3adad. Tak, ans Hepslopbl (CM. puc. 2.1),
COCTOSLLIEN U3 CTEHKN, MOSACOB U CTOeK, 6asoBas geTtanb (CTeHKa) HeceT ABe
cuctembl CO — ans NoAcoB 1 ond CTOeK (MO X KONUYECTBY).

CO HasHa4aloT B MecTax yCTaHOBKM 3aknenok unu 6onTtos, T.e. Tam, rae
HY)XXHbl KOHCTPYKTUBHbIE OTBEPCTUA. [Ns nasHblX, KAEEeBbIX W CBapHbIX
coeanHeHmn CO HasHavawT ocobo. CO cBepnaT B getansax cC
ncnonb3oBaHmem unu wabnoHos (WK, WP, WCA, WOK), nnn koHayKkTopos
(cneuymwanbHbIX MK yHmBepcanbHblx). NHorgaa CO npobuBaldoT C MOMOLBHO
LUTaMMOB.

¥YBasky CO cHa4vana ocywecTBrsaT Ha KOHCTPYKTUBHbBIX Masax, a 3atemM
C TMNOMOLLBID MNMOCKMX W O0ObeMHbIX HocuTenen (LwabnoHOB, OCHACTKW).
Bo3MOXHbIN BapuaHT MepeHoca M corfacoBaHWs pa3MepoB nNpeacTaBuM B
BUOE CTPYKTYPHOW CXEMbI
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WK — WCL — cTeHka (CO) ~_

— KM - — WK — LWOK — co) —— JIOHXXEPOH
TN - KM - OK \ nosic (CO) (c6opka o CO),
WK — WWOK — cTtorika (CO)

roe T — teopetnyeckun nnas; Kl — KOHCTpyKTMBHBIM nna3; OK — oTnevaTok
KOHTPOSbHbIN.

Mpn NporpamMMHO-UHCTPYMEHTANbHOM MeTo4e YBSA3KM BMECTO Ma3oB
MCNONb3YT MaTemMaTndeckyro mogernb nosepxHocTn (MMI1) U 9NeKTPOHHYHO
mogenb umsgenua (OMW), a wabnoHbl n3rotaBnuBalT Ha cTaHkax ¢ YTy
(CTUny).

2. MorpewHoctn  pasmeweHna CO  pgetanen y3na  (Nosicos)
OTHOCUTESTbHO MUX KOHTYPOB (HapY>XHbIX NOBEPXHOCTEN MOMOK) BO3HUKAIOT Mpu
YCTaHOBKE M CBeprieHun pertanen no koHaykropam unu wabnoHam (LLOK,
WICA). Takum obpasom, Il weum-co) TAKKE MOXHO paccyuTaTb MO Cxeme
nepeHoca pa3mMeposB.

3. lMorpewHocTb ukcauumn petanen no CO aABnseTca pesynbTaTom
HecooTBeTCcTBUA aAnameTpoB CO wun dwumkcatopoB. B uensx yHudumkaumnm
3fIEMEHTOB OcCHacTku (wabnoHoB, koHaykTopoB) AuameTtp CO Heobxoammo
BblGupaTb M3 pekoMeHayemMoro pasmepHoro psga [14]: 2,6 MM — ans Menkmx
noacbopok, 8 Mmm — anga 6onbwunx. MNMNpumeHeHne apyrmx anameTpoB (0ObIYHO 4,
5 unn 6 Mm) oMmKHO BbITb 06O0CHOBAHHbLIM, TakK Kak, BO-nepsbiX, AgnameTp CO
He OOSHKEeH MpeBbllaTb TOT, KOTOPbIA HYXEH AN KpenéxHou gertanu, T.e.
3aknenkun, 6onta: deo < Uome. saxn Goam)- HaNpUMep, oBbluHbIE 3aKNENKN MOXHO
BcTaBuTb B CO cpasy nocre CHATUA TEXHOMNOMYECKUX (PUKCATOPOB C TakUM Xe
AnameTpom, a onga 6onToB OTBEPCTUS TPeOyT AONOMHUTENBHOW pasMepHOn
00paboTkn co cHATMEM Npunycka. Bo-BTopbIX, AnameTp COOPOYHbIX OTBEPCTUM
AofmKeH ObITb  gocTaTouHO  60nblwnM, 4YTOObI  YCTAHOBMEHHBIN B HUX
TexHosnornyeckmn  cukcatop obecrneymBan COBMELLEHME  conpsiraemblX
NOBEPXHOCTEN CUMOBLIM 3aMblkaHneM. [loaTomy guameTtp 2,6 MM He criegyet
npumeHate ana CO B ToncTbix naketax. Ouametp CO 06blMHO uMeeT
nonoXxutenbHbin gonyck +0,1 MM, a gnameTtp rnagkon vactu dukcatopa CO
MOXET MMETb HE3HaYMTENbHOE OTpULATESNIbHOE OTKNOHEHME OT HOMMUHANbHOMO
3HayeHnsa gnameTtpa CO. OTOT rapaHTUPOBAHHLIN 3a30p MeXay dukcaTopamu
n CO nosBonsieT KOMMNEHCUpOBaTb MOrPELLUHOCTb PACCTOAHUA MeXOy OCAMMU
CO, Ho cospaét norpewwHocTb Iy o) = 44z (cm. puc. 2.2).

4. TexHonornyeckme ycunma B rnpouecce obpasoBaHUs COEOUMHEHUS
BbI3bIBAOT BHYTPEHHNE HaMPsHKEHUS, KOTOpble SABAATCS MPUYMHON HEKOTOPOWN

nedopmauuun II.,,,, 0COBEHHO B MakeTax C MaNOXECTKMMW AeTansMu npu
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6onbwom ware CO. Ota pgedopmaums mana B MNAOCKOCTU COEOAUHEHUS W
MOXET ObITb 3HAYNTENBHOW B NEPNEHOMKYISPHbBIX MIIOCKOCTSX.

5. KonmyectBo CO, ux war u yganeHue OT Kpad AeTanu 3aBuUCAT OT
KOHCTPYKTMBHbLIX MapameTpoB JdeTanem u cOopoyYHOM eguHuubl, Buaa
NPUMEHSIEMOrO COEAWMHEHNA U 3a0aHHOM0 B TEXHUYECKUX  YCIOBUSIX
orpaHN4yeHnsi Ha BenuuMHy 3a3opa B nakete. [lpu 6Gonbwom ware CO
TpebyeTca gononHuTenebHoe cxaTtue naketa mexagy CO B 30He cBeprieHns U
Knenkn; BO3MOXHO Takke HaberaHne matepuana mexay CO ot gedopmauni
TOHKOW AeTanu B npouecce knenkn. MuHumansHoe konuvectso CO: oguH —
Ana kpyra (B ero ueHtpe), ABa — [AOn8 APYrMxX cnyvaeB. YBenuyeHue
konuyectsa CO 3aTpygHsieT Ux yBA3KY.

Ecnun B3atb aa CO, TO M3-3a CyLECTBYIOLWMX 3a30p0B Npu domkcauum
MOXET NPOM30NTU B3aMMHbIA MOBOPOT AeTanen — yrinoBoe cmelleHne. B aTom
cnyyae TOYHOCTb COOpKM [OeTanenm B MNIOCKOCTM WX COBMELLEHWs Oyaer
3aBuceTb OT paccTtosHua mexay CO u Touykamu, onpenendowmMmmn pasmep,
KOTOPbIN HY>XHO BblAEpP>XMBaTb.

C6opky no CO npumeHsItoT Anst NpPocTbiX COOPOYUHbIX eaunHuy, (y3nos,
naHenemn) ¢ HeBbICOKMMU TpeboBaHUAMMU K ToMHOCTU — £(0,5...1,5) MMm.

Mpenmywiectso cbopkmn no CO 3akntoyaeTca B TOM, YTO OHa He TpebyeTt
cneunanbHoro c6opoYHOro OCHalleHusi, cOopka BeaeTcs Ha yHMBepcarnbHbIX
pabounx MecTax — CcTonax, CTaHKaXx WM C MNOMOLWbI MNPOCTENLLMX
nogaepXXuBarLmx YCTPONCTB. OTO 00yCNoBNMBaEeT MMHMMarbHbIE 3aTpaThl Ha
cbopoyHOEe ocHalleHue n Hebornbline 3aTtpaThbl Tpyaa, BPEMEHN U CPEaCTB Ha
cbopky. Ho cyuwiectByeT ” HeOocTatok — yBENUYEHME TPYOOEMKOCTU
n3rotoeneHns getanen (13-3a ceepnenns CO) 1 NoAroTOBKM 3aroTOBUTENbHO-
LUTAaMMNOBOYHOIO NPOM3BOACTBa (M3-3a NOTPEBGHOCTM B YBSA3aHHbIX LIabrioHax
nnn koHayktopax). CebectommocTb COOpPKM 3aBUCUT OT oOObema BblinNycka
n3genun.

Cbopka B npucnocobrneHnn obecnevnsaeT 6onee BbICOKYHO (B CpaBHEHUN
co cbopkon no CO) TOYHOCTb wu3genuss OGnarogaps KOMMEeHcauun
NorpeLwHoCcTen pa3MepoB AeTanen npu coBMmelleHmn mx 6as ¢ dukcatopamm
npucnocobrieHnd, KoTopble U onpeaensanT Heobxoanmble KOHeYHble (OPMbI U
pasmepbl y3na. C6opoyHOoe npucnocobneHme no3BOMsSIeT YyCTaHaBNMBaTb
AeTanu cornacHo 4YepTexy, npuaaBaTb UM XXECTKOCTb U yaepXmnBaTb BO BpeMs
coeauHEHNS.

MorpelwHocTs cbopkn B npucnocobnenun Il ., onpeaenserca
HaKonneHnem Takmx  MOrpeLuHoCTeNn: HocuTens pa3MepoB, T.€.
npucnocobnenus, I1,,; 6asnposanus netanei Il;,,; coeauHenns I1.,.y; Apyrux

norpewiHocrtew 11,,.
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MorpewHocts IT,, 3aBMCAT OT NPUEMOB U CPEACTB M3rOTOBMEHMUS
npucnocobnexns. [Ons paccmaTtpuBaemMoro Tuna Y3rOB CXemMa nepeHoca
pa3mepa MOXeT ObITb crieayoLLei:

TN — KM — OK — WM — comkcaTops! CI1
nnn
MMI1 — SMU — Mp — CTUIY — WM — cdoumkcatopsl CI1,

roe Np — nporpamma obpabotkm Ha CTUITY, LI — wabnoH npucnocobneHus.
[MosiCHEHMS MO TEXHOSOrMM MOHTaXxa npucnocobneHnsa 6yayT AaHbl HUXKE
B 9TOM nabopatopHon paboTe.
[ns norpewHocTn 6a3npoBaHNA MOXHO 3anucaTb

I 5,; = Hye Oem—npKep:

roe 0<ky <1, Il pemnp — NOTPELLUHOCTb YyBA3KM Mosca (T.e. Gasmpyemon
aeTanu) u npucnocobneHuns, Hanpumep, No Takon CXeme:

— LM — domkcartopsl CI1

TN -Kn-0oK ™ WK — WOK — nosic

nnn

_—Mp = Cturny — WM - dpukcatopsl

MMIMT - SMN—_ Mp — CTUMY — wabnoHbl — nosic.

Takum obpasom,
Il .4 (np) — an + Hye.dem—npk¢ + 1 o9 + Hdp-

OcHoBHOE npeumyLlecTBO MeToga cbopks B npucrnocobneHmn —
obecneyeHne MAEHTUYHOCTU 1 B3aUMO3aMeHSIEMOCTN NOACOOPOK.

HepocTtaTtok mMeTtoga cOOpku B nNpucrnocobneHnm — BbICOKasi CTOMMOCTb
cbOpOYHOro  OcCHalleHuss.  3HaumTenbHble  3aTpaTbl Ha  OCHALUlEHue
OOBACHATCA TEM, UYTO KaXObl M3 TEXHONOMMYECKUX Y3r0B MHOMBUAOYANEH, U
ero cbopky Cc HeobxoauMMOM TOYHOCTbID MOXHO OCYLIECTBUTb TOSMbKO B
cneumanbHoM npucnocobneHnn. CneunanbHble npucnocobneHns B nepuoa
CEPUMHOIO BbIMyCKa CaMoSfieTOB MMEKT CPeAHUN NO 3HAYEHUIO KO(PPUUMEHT
MCMNOSNb30BaHNA NO BpeMeHn (koadpdomumneHT 3arpyskun) — 0,3...0,5, a koraa oHu
N3HALLMBAKOTCA MMM MU3MEHSIETCS KOHCTPYKUMS camoneTta (4TO MMeeT MEeCTO
Kaxable 3—5 neT), ux cnucebiBatoT.

MpuMeHeHne nepeHanaxmBaembix COOPOYHbLIX NPUCNOCOBNEHnn — oanH
N3 NyTEN CHWXKEHUS usgepxek. B kaxgom TakoMm npucrnocodbneHmn MOXKHO
N3roTOBUTb TPYNMNy OAHOTUMHbLIX Y3noB. KOHCTPYKTUBHO OHO COOEPXUT
YHUBEpCcarbHYH OCHOBY, HA KOTOPOW NO MSOCKOMY LWabmoHy npmucnocodbneHns
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(LLUM) ycTtaHoBneHbl ¢ukcaTopbl. [locrne cOOpkM MapTuM Yy3noB C OOHUM
HanMeHoBaHMeEM duKcaTopbl nNepeycTaHaBnMBalT (MepeHanaxumearT) Mo
apyrum LM ana cbopku apyroro yana rpynnbl. Bce anemMeHTbl KOHCTPYKLMK
nepeHanaxmeaemMoro rnpucnocobsieHna  yHuBepcasnbHbl W MOryT  OblTb
cTaHgapTM3MpoBaHbl. Mcnonb3oBaHne nepeHanaxmBaembixX npucnocobneHum
LeriecoobpasHo He TONbKO AN cOOPKN, HO N ONA KOHTPOsIS, Hanpumep, y3ros,
cobpaHHbIx no CO.

TexHonorma MoHTa)Xa Takux MpucnocodbneHnn [ocTaTodHO npocTa.
CHa4ana Ha oOcHOBe-nNnuMTe npenBapuUTENbHO YCTaHABNUBAKOT penepHble
CTOMKMN CO WTbIpAMM no 6asoBbiM oTBepcTusMn (BO), Ha koTopble kpenat LUM
(no BO wabnoHa), 1 BbICTaBMAT CTOMKM OKOHYaTESIbHO. 3aTteM noaBoaAT
domkcaTopbl Tak, YTObBbl COBMECTUNUCHL onpeaerieHHble MecTa Ha (hukcaTope u
LLM. B aToM nonoxeHun omkcaTopbl KpensaT K nnimMte-ocHoBe 6ontamu. MNocne
aToro cHumatoT UM — n npucnocobneHne rotoBo K paborTe.

Cbopky B nepeHanaxmBaemMom npucnocobneHmm Beayt B OObIYHOM
nopsgke. Oetanu ycrtaHaBnueailT B COOPOYHOE MOMOXEHWe Mo ynopam U
dukcaTopamM  MNpUCnocobneHusi, 3ateM BPEMEHHO COEeAUHAIT  nakeT
cobupaemblx  geTanend  TEXHOMNOTMMYECKUM  KpenexoMm  (Mpvkumamm)
npucnocobneHna. Cneayowme onepayum NoAroToBKN K COEANHEHUIO 1 CaMOro
coeauHeHns aeTarnen cornacHo YepTexy BbINOHAKT B NpMcnocobneHunn.

[Ans ynpoweHnss KOHCTPYKUMK MpUCNoCcOoBIieHns MOXHO WCMonb30BaTh
penepHble cTorkn ¢ BO (Mnu co wrtbipamm no BO) kak TexHonornveckme 6asbl
Ans cTeHkn cobupaemoro yana (JIoOHXepoHa).

Ecnu y3en HeceT Ha cebe pgetanu CTbIKOB, TO B MNpucrnocodbneHum
AOJTKHbI OblTb COOTBETCTBEHHbIE (PUKCATOPLI, YBA3aHHbIE Mexay cobon u C
dukcatopamm obsogoB. B aTtom crnydae npucnocobneHne MOHTUPYIOT Mo
€ONHOMY >KEeCTKOMY HOCUTento OoOBOAOB M CTbIKOB — 3TarnoHy (MakeTy)
TEXHOJSIOrM4YecKoro ysna, Kotopbli npegcrasnset codon UMM ¢ 3akpennéHHbIMU
Ha HEM 3TaNOHHbIMUK AeTansMn CTbIKOB (Kannbpamm CTbIKOB).

B nobom BapvaHTe Ha MOHTaX MOJAKT MOSIHOCTLIO 3aKOHYEHHble
domkcaTopbl 0OBOAOB U CTbLIKOB, YNOpbl, @ CPeACTBO MOHTa)xa (WwabnoH wnu
3TarioH) BbICTABMAT Ha penepHbIX cTonkax. KoHTponbHble npucnocobneHns
0ObI4YHO UMEKT NHOMKATOPHbIE U3MepPUTENbHbIE YCTPONCTBA, HACTPOEHHbIE MO
TEeM >Xe cpeactBaM MoHTaxa. [lorpelHoOCTb y3na HaxoOAaT Kak pasHOCTb
nokasaHun nHgukatopos ans WM v yana. N3 nsnoxeHHoOro o4eBUAHO, 4TO ASS
MOHTaXa nepeHanaxmBaemoro npucnocobneHnss He TpebyeTcs ero yepTex,
AOCTaTOYHO MMEeTb cxemy GasnpoBaHna cobmpaemMoro Unn KOHTPOSIMPYyeMOro
y3na (KkapTy Hanagkm w3 KOMMSeKTa [LOKYMEHTOB Ha TeXHOSTIorMyeckum
npouecc) C ykasaHuMeMm Wwudpa COOTBETCTBYHOLLMX CTaHOAPTHbLIX 3IIEMEHTOB
npucnocobrieHns.
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Komnnekrauusa nabopatopHou paboTbl

1. YepTexu NoHXepoHa.

2. KomnnekTtbl geTanewn
npucnocobreHnn.

3. KomnnekT getanemn n y3nos nepeHanaxmsaemoro npucrnocobnenuns ans
cOOpPKMN N KOHTPONS MIOCKMX Y3r10B.

4. lWabnoHbl npucnocodbnenus (LUMT).

5. TexHonorndeckmin Kpenéex (CTpybumHbl, TEXHOMNornyeckne 6onThbl).

6. Habop wynoB nnacTnHYaThiX Uun LWyn KINMHOBOW.

nowxepoHa pana cbopkm no CO wn B

NMocnepoBaTenbHOCTL BbIMNOJIHEHUA paGOTbI

1. OTBETUTb Ha KOHTPOSIbHbIE BONPOCHI.
2. O3HAKOMUTBLCS C YEPTEXKOM FIOHXEPOHA.
3. HapucoBaTtb 3CKku3 fIOHXepoHa U BO3MOXHble BapuaHTbl 6asmpoBaHus
aeTanen noHxepoHa npu céopke.
4. PaspaboTaTb TeEXHOMNOrM4Yecknm npouecc cbopkm nonxepoHa no CO.
5.PaspaboTtaTb TEXHOMOIMYECKMA Npouecc COOpPKM JIOHXEepoHa B
npucnocobneHnn.
6. PaspaboTtaTb TeXHUYECKME YCIOBMS Ha NOCTaBKy AeTanen ansi coopku
nonxepoHa rno CO u B npucnocobneHunu.
7. CMoHTMpoBaTb no LUIT:
a) cbopoyHoe npucnocobneHne (No BEpXHEMY NOSICY);
0) KOHTPOSIbHOE NpUcnocobrieHne (Mo HMKHEMY MOACY).
8. BbicTaBuTb B npucnocobneHnm nameputensHble npubopsbl (MHOUKaTOpPbI)
no UMM n 3aHecTn nokasaHus nHgmkaTopos B Tabn. 2.1.

Tabnuuya 2.1
Pe3ynbTaTbl namepeHum
OTknoHeHwne ot LUMM
Homep [MokasaHus
y C6opka B npucrnocobneHnn
KOHTPOSbHOM nHamnkKaTopa pTp—— pr——— C BV Cb6opka
TOYKM ansa Wi P P ABYy no CO
npyXxknmamm | NpwkUMamm | npwxknuMmamm
1
2
3
4
CpenHee OTKNOHEHne
(cpegHee apudmeTndeckoe)

9. CobpaTtb BEpXHUI NMOSIC NTOHXepPOHa co cTeHkon rno CO.
10. CobpaTb HMXHUIKA MOSAC JIOHXEPOHa CO CTEHKOW B MNpucnocobneHunu,
6asnpys cteHky no bO.
11. Onpepenntb N0 WHOMKATOpPaM OTKIIOHEHME KOHTypa JOHXepoHa
(HWKHMI nosic) oT KoHTypa LU, gaHHble 3aHecTn B Tabn. 2.1.
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12. YMEHbLUNTb KONMMYECTBO MNPWXKMMOB MpuUcnocobrieHnss ans KoHTypa
(cornacHo AaHHbIM Tabnuubl), 3HAYEHUS OTKIIOHEHUN KOHTypa FOHXepoHa
3aHecTu B Tabn. 2.1.

13. Onpegenntb NO MHAMKATOPaAM OTKIIOHEHUSA KOHTypa JOHXEpPOoHa,
cobpaHHoro no CO (no BepxHeMy MOACY), OT KOHTypa wabnoHa, AaHHble
3aHecTu B Tabn. 2.1.

14. ChopmMynmpoBaTth BbIBOAbI OTHOCUTENBHO TOYHOCTM cOopkm no CO n B
NPMCNOCOGNEHNN U O BIIMSIHUM KONMYecTBa (hmMkcaTopoB NpucrnocobnenHns Ha
TOYHOCTb COOpPKMU.

KoHTponbHbIe BONpOCHI

1. Kakne gpakTopbl BMSOT HAa TOYHOCTb cOopkm no CO?

2. Kakne thaktopbl BANAIOT HA TOYHOCTb COOPKN B NPUCNOCOBNEHNN?

3. HasoBuTe npeumyliectsa n HegoctaTkm cbopkmn no CO, B cneymnanbHbIX
N rpynnoBbIX (NepeHanaxmuBaeMblX) NPUCNOCOBNEHNSX.

4. YKaxXute TexHOnornyeckme, KOHCTPYKTOpPCKUe 1 uaMmeputenbHble 6asbl
NOHXXEepPOoHa.

JNTabopatopHasn pabota Ne 2

HABECKA CTbIKOBbIX Y3/10OB HA JIOXKEPOH
B NPUCIMNOCOBIJIEHUN

Llenb pabombl — 03HAKOMUTBLCSA C OCOBEHHOCTSIMU TEXHOMOMMU HaBECKU
CTbIKOBbIX Y3MOB, MeTOAMKON Bblbopa TexHonormyecknx 6a3 u TUNOBbIX
onepauuin ycTaHOBKWU KNacCHbIX 6ONTOB.

OcHOBHbIe cBeaeHus

30Hbl coeauHeHMa  OoTAenbHbIX 3aKOHYEHHbIX YacTerd camoreTa
Ha3bIBaOTCA CTbiKaMu. 10 KOHCTPYKTUBHOMY OCGOOPMITEHUIO PasnnyatoT CTbIKU
nnockue (dnaHuesble), BUNOYHbIE, TENECKONUYECKNE, NEHTOYHbIE U Ap.

HeTanun, obpasyolimne BUNOYHbINA CTbIK, HAa3blBalOTCHA CTbIKOBbIMUM y31aMu,
nnu ysnamu ctblka. OHW Bcerga MMeKT OTBEPCTUS MOA CTblKoBble OONThI
(OCB). 3OTnM ya3nbl sBRSATCA geTandamu, U WX He cnegyetr nytaTb C
TEXHOSTIOrMYECKUMUN y3naMn, T.e. 3aKOHYEHHbIMU COOPOYHBIMM eanHULaMN —
NOHXepoHaMmK, wnaHroytamm u Ap. CTblKOBble Y3MNbl — O4YEeHb BaXHble
3NIEMEHTbl KOHCTPYKUUM COOPOYHOM eauHULbI, MOCKOSbKY B 3HAYUMTENbHOW
Mepe onpeaensanT PYHKUMOHANbHOE Ka4yeCTBO BCEro camosieta — NpOYHOCTb U
pecypc, aspoauHamuyeckne qOpPMbl, KMHEMATWUKy pPyreBbIX W B3METHO-
nocafoyHbIx opraHoB. [MoaTomy Ha aTane cbopkM K CTblikaM NpeabsBSITCS
BbICOKMe TpeboBaHNSA NO UX reOMEeTPUYECKON B3aMMO3aMEHAEMOCTU N YBA3KE
(cornacoBaHuio) Mexay cobon n ¢ obBogamu arperatos camMoneTa.
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B uenax peweHus 3Ton 3agavn yCTaHOBKY (HaBECKY) CTbIKOBbIX Y31OB
BblAENAT Kak 0cobyt 4YacTb COOPOYHOro npouecca U OCyLeCTBAST B
XECTKMX U TOYHbIX MPUCNOCOBIEHNSX, NMEeoLWKnX YyBsA3aHHble Mexay cobow
dukcaTopbl 06BOOOB U CTHIKOB.

OOblMHO  CTbIKOBble  y3rbl  HaBewuvBalOT Ha  JTane  cbopku
TEXHOMOrnM4yeckMx Yysnos (maHenen), a 3aTteM WX WUCMOMb3YKT  Kak
TexHonornyeckme 6asbl Npu cbopke OTCEKOB M arperaToB. Ha 3akno4MTensHOM
atane cbopkM — aTane CTbIKOBKM arperatoB — WX WCNOMb3YOT Kak
KOHCTpPYKTOpCKME 6asbl.

B aton nabopatopHon paboTe npeacrtaBfieH NOHXEPOH LUeHTponsaHa,
NMEIOLLUIN TPU rpynibl CTLIKOBLIX Y3MO0B: ANA COeANHEHUSI C KOHCOMSAMU KpbIna;
ANA coeVHEeHUs C pro3ensxeMm; AnA HaBecku waccu. [letanu CTbIKOBbIX Y3r10B
KpenaT K NOHXepoHy Bontamu c onpefeneHHbIMW nocagkamu, 4to Tpebyet
creuvanbHOM MOArOTOBKW  (pas3denkud) OTBepCcTun, Kotopas obecrneyut
HeobXxoAMMYI0 TOYHOCTb U LLIEPOXOBATOCTb NOBEPXHOCTH.

Oco6eHHOCTN HaBeCKU CTbIKOBbIX Y3I10B

Cxema KpenneHusi yana CTblka C ro3ensikemM K MOACY JOHXepoHa
nokasaHa Ha puc. 2.3, rae KOHCTPYKTOpCKMe 6asbl NOHXEepoHa U CTbIKOBOrO
y3na obo3HayeHbl kKak Kb, n Kb,
TexHosiornyeckne 6asbl NOHXEepPOo-
Ha, CTbIKOBOrO y3ra u npucnocob-
newvwa — Thb,, Tb,, Th,,. BugHo,
YTO MSIOCKOCTb COMPSPKEHUS AeTanm
(yanma) cCTblka W JIOHXepoHa
obpasyet yron ~90° co CTEeHKOM
NOHXXEpPOHa, B MIOCKOCTU KOTOPOW
3agaH CcbOopoyHbIn  pasmep H
(koopanHata OCB  CTbIKOBOrO
y3rna OTHOCUTESIbHO  OCHOBHOMW
NpoekTHOM 0asbl — MNNIOCKOCTH
xopa). W3 pucyHka BMOHO, 4TO
pasavmep H pomkeH OblTb paBeH
CyMMe pa3MepoB JoHXepoHa Hi,
CTblkOBOro y3na H, n paamepa
H,, PaccroaHve H,, wmexay
coeanHseEMbIMU MNNOCKOCTAMM
00Obl4HO 3aJaeTcHa paBHbIM HYIIHO,
daKTNYECKM Xe OHO MOXET UMETb 19,1
OTKITOHEHUSA OT HOMMHana. Qr‘

MorpewHocTs Iy, pasmepa Puc. 2.3. Cxema ons Bbibopa TOMLWMHbI
H,, — 3TO NOrpewWHOCTb Ilksk5;, KommeHCUPYIOLLEN NPOKNaaKu: 1 — NOHXe-
B3aMMHOIo pacrnosfioxXeHnAa KOHCT- POH; 2 — y3en CTbIKa; 3 - d)VIKcaTOp
pykTOpckux 6a3 nowxepoHa Kb 1 obBoaa; 4 — dukcaTop CTblka
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y3na cTblka Kb, KoTOpasi NosiBNAeTCs BCNEACTBME HAKOMMEHUs norpeLHoc-
Ten B3aMMHOro pacnonoxeHuna (cMm. puc. 2.3):

- 6a3 noHxepoHa Th:, (Th,= Kb:) v npucnocobnenunsa Tb,, (npu
YyCTaHOBKE M (bUKCauMn JIOHXEepOoHa B NPUCNOCOBMEeHun AONfsi HaBeCKU Y3roB

- 6a3 npucnocobnenns Th,,; w Thb,,, (NpU MOHTaxe UKCaATOPOB

NPUCNocoBneHVs Ans HaBeCKM Y3NOoB): I ;4
np

- 6a3 npucnocobnenna Tb,,, n y3na crtoika Th, (Npu dukcaumm ysna
CTbIKa B NNpucnocobneHum): HTBnpz—TBz =13,

1—TBnp2 = HZ !

- 6a3 y3na ctbika Th, n Kb, (Npn W3rOTOBNEHUM Yy3na CTblKa):
g, g5, =1 4.
Taknum obpasom, MOXHO 3anucaTb

g, kg, = HI(‘El—TB,,pl +HTEnp1—TEnp2 +HTEnp2 15, T 15, _KB) >

nnn KpaTtko Han ZHl +H2 +H3 +H4-

MpoaHanuanpyem CocTaBnsioLMe 3TOr0 YpaBHEHUS:
1. 1y :HKBl_TBnpl — norpewHocTb 0asnpoBaHusi (yCTaHOBKM W

domkcauumn) NoHXepoHa B MNPUCIOCOBNEHNN HaBECKUM Y3SI0B CTblKa, KOTOPYH
MOXHO 3anucatb B Buae cooTHowenus Il = II,,Ky, roe 11, — NorpeLHocTb
YBA3KM TEXHOMOrMYyecknx 6as noHxepoHa M nNpucrnocobrneHnsa HaBecKn y3roB
cTblka, 0 < Kgp < 1 — KO3(pPULUMEHT prKcaumw.

MoxHO  npuHATb, 4TOo I, ABNSETCA  MOTPELHOCTbIO  YBA3KU
TexHosnornyecknx ©as aByx npucrnocobneHnn (anss cbopku JOHXepoHa WU
HaBECKW Y3MOB CTblKa) COrnacHO cxeme

npucnocobneHve ans c6opku NOHXepoHa

OTanoH NoHXepoHa
T npucnocobneHne s HaBecKkn y3nos.

KoacpdpuumeHt Ky  ydunuTbiBaeT BO3MOXHbIE  CMeleHuss obsoaa
NIOHXEPOHa npu ukcauum npwxMMamm npucrnocodbneHns Ans HaBeCKU
CTbIKOBbIX Y3IIOB W 3aBUCUT OT XECTKOCTU ukcupyemon noacbopku, Liara

cbukcatopos, ycunus npwxatus. Mpn aToM Ky = 0, ecnm NpKNMbI NONTHOCTbIO
YCTPaHSAKT HecornacoBaHHOCTbL 6a3 Th un Th,p;, T.€. COBMELLAIOT UX, U Ky = 1,
ecnu  NpPWXMMmbl  (PUKCUPYIOT  NOHXEpPOH 6e3 N3MEeHeHUss  B3aUMHOrO
pacnonoxenna 6as Th, v Th,,. 3Ha4eHne Ky ANA KOHKPETHbIX Cry4aes
onpeaensatT OMbITHbIM nyTeM. B 3TOM npuvmepe MOXHO BOCMOSIb30BaTLCS
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Takmmn gaHHeiMn  [3]: npu KonudectBe cukcatopoB 2, 3, 4, 5, 7, 8
Koa(pdMLMEHT K cooTBETCTBEHHO paseH 0,85; 0,60; 0,50; 0,25; 0,20; 0,10.

2. =
HZ HTEnpl_TEan
00BOJOB W CTHIKOB MPW MOHTaXe MNPUCMOCOBMEHNs, Hanpumep, Mo TaKoii

CXeMe:

— NOrpelHoCTb B3aMMHOM YCTaHOBKA C*)I/IKCaTOpOB

dukcaTopbl 06BOAOB NTIOHXEPOHA
OTanoH noHxepoHa <
dmkcaTopbl CTbIKOB NPUCNOCOBNEHMS.

3. I3 =Igg NOrpeLwHoCcTb  ukcaumMm y3na CTblika B

np2—Th2
npucnocobneHnn no OCB. O6biMHO OCB BLINONHAKT MO 7-9-My KBanuTeTy
TOYHOCTU N (PUKCUPYIOT UX B cTanene WTbIpsMU C nocagkamn, Anst KOTopbIX
3Ha4yeHwue IT; MOXHO B3ATb U3 Tabnuy, npmBeaeHHbIX B [15].

4. I, =T g, _gp, — NOTPELLHOCTL U3rOTOBMNEHNSA AeTanu "y3en CTbika".

O6bl4HO cHavana obpabaTbiBaloT MNOCKOCTb NoAowsbl (6asa Kb,), a 3aTeM C
nomoubio KoHayktopa ceepnat OCB (6asa T5h,), T.e. Il, — 3TO NOrPELLUHOCTb
pasmelleHna OCB nocne onepaumn cBeprneHus no OTBEPCTUSIM KOHOYKTOPa,
4YTO COOTBETCTBYET TAKOM CXEMe nepeHoca pasmepa:

KY —— KYO ——= KoHaykTtop ——— getanb (OCB),

roe K4 — koHcTpykTopckun yeptex getann, KO — KOHCTPYKTOPCKUI YepTex
OCHacTKM (KoHaykTopa). Ha aTux yepTexax ykasaH OAWHaKOBbIA pasmep H,,
T.e. nepegaya wmHpopmaumm ot KY k KHO He cBsizaHa C MOrpeLHoCTAMW.
Cnepgyetr otmetutb, 4to OCB nocne cBepneHuss obpabaTtbiBatoT
(pasBepTbIBaHMEM, NPOTArMBaAHUEM), HO Npu 3TOM nonoxeHne ueHtpa OCH He
N3MEHSIeTCS, T.€. 3Ta onepaunsa He cBa3aHa C MOrpeLHOCTAMU, N NO3TOMY €€
He OTpaXkaloT Ha CXeEMeE.

Bce a9Tm norpewHoCT MOryT WMMETb KakK MOMOXUTENbHble, TakK U
oTpuuaTenbHble 3HA4YeHusl, T.e. B pe3ynbTaTte nOpu cbopke MOXeT
obpasoBartbcda NMBo HaT4r, NMbo 3a3op.

B cnyyae HaTtdara ysen CTblka MOXHO YCTaHOBUTb WM 3adoMKCMpoOBaTb
TOMNbKO MOCHe NPUNUIMBaHMA MNOAOLWIBbLI, @ 3TO CrOXHas WU TpyAoeMKas
onepauus. [loatomy cnegyetr nMpuHATL  Mepbl  NO  obecneyeHuto
rapaHTMpPOBaHHOINO 3a3opa: YMEHbLUNTb HOMUHANbLHOE 3HAaYeHUe PacCTOSAHUSA
H, ot nogowBbl y3na cTbika 4o OCB Ha BenuuuHy, npeBbilwakoLyo Hanbonee
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BEPOATHbIN HaTar. Torga pasMepHyl KOMMNeHcauuto npu cOopke MOXKHO
peanusoBaTtb NyTém nogbopa npoknagok onpeneneHHon TONWMHBbI.

Taknm obpasom, AnNs HOpManbHOM HaBECKM CTbIKOBbIX Y3/0B B
KOHCTPYKUMW JIOHXepoHa HeobxoaMmo npefycMoTpeTb rapaHTUPOBaHHbLIN
3a30p M OONOMHUTENbHO nNodaTb Ha cbopky Habop  MpoKnagok.
[MpenBapuTenbHO HeO6XOANMO pPeLLnTb crieayowme 3agadn:

a) onpedenutb Haubonee BepoOATHbIN HATAr Kak MNOSOXUTernbHoe
OTKIMOHeHMe NorpeLHoCcTy coBmelleHns 6as Iy,

6) NpuHATb 3Ha4yeHne rapaHTMpoOBaHHOIoO 3as3opa paBHbIM
HOMWHaNbLHOMY 3Ha4YeHUIo TOMLLUMHBLI Npoknagkn H,, n y4ecTb ero Ha veprexe
y3na cTbika B pa3mepe Ho;

B) HAaUTW BepOATHble npefenbl U3MEHEeHUs BeNUYUHbLI 3as3opa  (Mnu
TONLLUMHBI NPOKNaakn) H,, Kak rpaHnLibl UI3MEHEHUSA NMOrpeLLHOCTU COBMELLEHNS
6as3 Iy,

[Ansa cymmupoBaHus nosieM paccesHuss 0Oonee Tpex He3aBUCUMbIX
CNnyYaunHbIX MOrpeLHOCTEN pekoMeHAYyeTCs NPUMEHATb BEPOATHOCTHLIM MeToA
(c™m. npun. 2).

Mpn aTOM npegnonaraeTcd, YTO NOMSA paccesiHus norpelwHocTten I1;
NOOYMHAIOTCA HOpMarnbHOMY 3aKOHY pacnpefeneHud. Takoe COOTHoLeHue
onvcblBaeT Hanbonee BepOATHbIE rpaHnLbl NOrpeLuHocT Iy, ,.

BepoaTHOCTb HeBaronpusaTHOro codeTaHus BXogsawmx norpewwHocten I1;
(MO MaKCUMyMY MU MUHMMYMY) Mana, No3ToOMy MeTo4 MakCcuMyma-MuHUMyMa
(CcM. npun. 2) He UCNOMb3YHOT.

[Mpn HaBecke Ha NOHXEPOH LEeHTponfaHa y3roB CTblka C KOHCONAMM
Kpbifla MOrpeLHoCT B3auMMHOWM  YCTaHOBKM Takke HeusbexHbl. Ux
KOMNEeHCUpyeT NPOCTOM B3aWMHbIW CABWI, MOCKOSIbKY cobniofgaetcs pasmep,
nexawumn B NNOCKOCTU coeamHeHusi. Ho npu 3TOM KnacCHble OTBEPCTUS Nofg
bonTbl Haoo obpabaTbiBaTb COBMECTHO B [eTansX CTblka U JIOHXEPOHe yxe
nocre yCTaHOBKM U (puKcaLmm nakeTa TexHonorndyecknmm 6ontamu.

CBepneHve OTBepCTMM C nNpegBapuTernbHbIM  OMaMeTpoM  nof
TexHosiornyeckme 60nTbl MOXXHO OCYLLECTBNATL NO-pPa3HOMY:

1. OTtgenbHO B geTansax CTbika M JIOHXEPOHe A0 nogavnm ux Ha cOOpKy.
OunameTtp d TakMx oTBepCTUii AOMKEH ObiTb MeHblle HomuHanbHoro d, Ha
BENIMYMHY, PaBHYHD CYMME MWHMManbHOro npunycka Ha obpabotky P un
yABOEHHOW norpewHocTn 6asmpoBaHna (coBmelieHnst) a. OQHOBPEMEHHO OH
[0KeH BbITb 6ornblie BbIbBpaHHOro anameTtpa TexHonormveckoro 6onra d, g Ha
BENNYNHY BO3MOXXHOIO CMeLLeHna a. Taknum obpasom,

dT/ﬁ +a<d SdH—Za—P.
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MuHuManbHbIi Npunyck (Ha anameTp) P Ha obpaboTky oTBepcTus
onpenensieTcs BWOOM WHCTPYMEHTa (3eHKep-pasBepTKa, MNpPOTsKKa), ero
BENUYMHY  BblOMpaOT NO  TUMNOBbIM  pekoMeHgaumsm.  [lorpeLluHocTb
GasvpoBaHMs a onpedensieTca TOYHOCTbIO YBA3KM npucnocobneHnin ans
cObOpKN NOHXEepoHa W HaBECKM CTbIKOBbIX Y3M0OB MO NPUBELEHHOWN Bbile
CTPYKTYPHOM Cxeme.

2. Mo Hanpaenswowmm oteepctnam (HO) yana cTbika nocrne ycTaHOBKM
NOHXEpPOoHa, HE NMEIOLLIErO OTBEPCTUI, B NpmucnocobrieHme.

3. C nomMowpbio CbEMHOr0 KOHAYKTOpa, KOTopbiM (ukcupyeTca B
npucnocobneHnn wrtblipamm no OCB. [lNpu 3TOoM cBepnaT oOTBEPCTUS B
NOHXEepoHe, a AeTanu CTblka, NogaBaeMble Ha COOpPKY, yXKe UMEIT OTBEepCTUA
C TaKNM XXe ANaMeTPOM, YTO U OTBEPCTUS KOHOYKTOPA.

Komnnekrauusa nabopaTtopHou paboTbl

UepTexun NoHxXepoHa LieHTponsaHa.

CobpaHHbIN NOHXEPOH LeHTponiaHa n AeTann CTbiKOBbIX Y310B.
[MpucnocobneHne ans HaBeCku CTbIKOBbIX Y3I10B.
N3mepuTenbHbIA MHCTPYMEHT (LLyn).

CHOpHUK TMMOBbLIX Onepaunin y3noBon c6opKu.

ok wbdhpRE

NocnepoBaTenbHOCTL BbINOSIHEHUA PaboOTbI

1. OTBETUTb Ha KOHTPOJSIbHLIE BOMPOCHI.

2. O3HaKOMUTBLCS C YepTexaMmn U OCHalleHneM padboThl.

3. lNpuBeCTn CXxeMy-3CKN3 HaBeLUNBaHMSA CTbIKOBbIX Y3/10B Ha FTOHXXEPOH C
yKazaHMEM KOHCTPYKTOPCKUX U TEXHOSTOrn4yeckumx bas.

4. PaccuntaTb  MNOrpeWHOCTM COBMELEHUS  CTbIKOBbIX  y3r0B C
NOHXXEPOHOM N HeobxoaMMble TOMLLMHBI MPOKNAAOoK U 3HAYEHUSI MPUMYCKOB.

5. Paspabotatb n 0dOpMUTbL TEXHOMOIMMYECKUA MPOLECC HaBECKU
CTbIKOBbIX Y3J10B Ha JTOHXXEPOH.

KoHTpoOnbHbIe BONpoOCHI

1. Cchopmynupynte npuvHUUN coBmelleHus 06as. [pueseante npumepsl
ero peanusawum.

2. Novemy HexernartersieH HaTAr NPy HaBecKe Y3MnoB CTbiKa?

3. Kak obecneunTb rapaHTMpPOBaHHLIA 3a30p MEXAY JOHXEPOHOM U
y3I10M CTblIKa?

4. 3a4eM npegycmaTpmuBaloT NpUNYycK Ha gnameTp OTBEPCTUIN?
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3. CBOPKA ArPErATOB, OTCEKOB U CEKLUN

Aepecamamu Ha3blBalOT HanbonbLUMe 4YacTu camosieTa, 3aKOHYEHHbIE B
KOHCTPYKTUBHOM U TEXHOSIOrMYECKOM OTHOLUEHUM W CNOCOOHbIE BbINOJTHATH
onpeaeneHHyo (QYHKUMIO B U3OENUM UAN CaMOCTOATENbHO, — (ro3ensx,
Kpblno, ctabunusatop un 1.4. [13].

Cekuyuu u omceku — 3TO Hanbornee KpynHble YacTu arperaTtoB, KOTOpble
BbIOENSAT Kak camocTosaTeNbHble cbopoyHble eauHuubl (CE), nonydeHHble
nepeceyeHMemM arperata OAHOW WU HECKONbKUMM MAOCKOCTSIMU MUCXOOA W3
KOHCTPYKTMBHbIX, TEXHONOrMYECKUX WM 3IKCNyaTaunoHHbIX COOBpaXKeHU.
OTM YaCTU MOTryT MMETb 3aMKHYTbIM KOHTYpP CedeHus (Hanpumep, omcek
dro3ensika), U Torga ux cbopka Oyget mano oTnuyaTbCsa OT arperaTHOW, unu
HEe3aMKHYTbIN KOHTYp ceyeHus (Hanpumep, 6okoBasi cekuyus drosenska), u
Torga ux cbopka byget mMano oTnMyaTbCs OT NaHesnbHON.

TexHonormm arperatHon c6opkn nNpucyLa MHOrOBapMaHTHOCTb, MOCKOSbKY
nobon arperat MOXeT ObITb NpeacTaBreH Kak pasHble COBOKYNMHOCTUM TeX UNu
ApYyrnx cOOPOYHbIX eauHUL, N AeTanen, nocrneaoBaTenbHOCTb COOPKM KOTOPbIX
HeodHO3HayHa. Bonpoc o cTeneHn u4neHeHus wn nopsgke (dtanax) cHopku
peLLatoT npu NPoeKTMpoBaHMM camMorieTa, YTO U OTODpaxatloT Ha vyepTexax u B
AMPEKTUBHbBIX TEXHOMOMMYeCcKNXx martepuanax (B BMOE CXeMbl KOHCTPYKTUBHO-
TEXHONOMNMYeCKoro YrieHeHNs U cxembl COOPKKU arperara).

Ha cxeme KOHCTPYKTMBHO-TEXHOSTOrMYECKOro YneHeHnsi B NPON3BOSIbHON
akcoHoMeTpun nsobpaxaloT arperaT u ero noacbopku, getanu, obpasyome
cb60pPOYHbIU KOMIIeKM.

B 3aBMCMMOCTM OT Xapaktepa 1 CTENeHU YrieHeHUs pasnuyatoT:

- arperartbl HenaHenMPoOBaHHOW KOHCTPYKLUMKN, COCTOALLMNE U3 OeTanen u
HebOonbLIOro KofmyecTsa yaros;

- arperatbl NAHENMPOBAHHOM KOHCTPYKLMN, COCTOSALLNE U3 OTCEKOB UMK
CEKUMIN, NaHenen n y3rnoBs, a Takke He3Ha4YMTeNbHOro KoOnnyecTsa OTAENbHbIX
ageranemn.

BblaeneHne B CTPYKTYPHOM COCTaBe KOHCTPYKUWMW arperata nogcbopok,
ocobeHHO naHeneun, obecneyunBaeT psag NPENMYLLECTB:

a) pacwupeHue poHTa paboT n, Takum obpasom, CoKpalleHue uukna
(MPOAOIIKNTENBHOCTN) COOPKYU;

0) ynyyweHne noaxonoB K 30He COOPKU W, Kak creacTBme, BO3MOXHOCTb
NPUMEHEHNA CpeacTB MexaHusauum paboT UM OOBbEKTMBHOrO KOHTPOMA
cbopoyHoro npouecca, ocobeHHO npn obpaszoBaHNUM COEANHEHUI, YTO, B CBOLO
oyepenb, cnocobcTByeT  MOBbLIWEHUIO  MPOM3BOAUTESNBLHOCTU  TpyAaa,
YMEHbLUEHUIO TPYAOEMKOCTM, COKpalleHWo uukna cbopkn, MNOoBbILLEHUIO
KayecTBa nsgenus;

B) YMEHbLUEHNE KonuyectBa W YMPOLLEHWEe KOHCTPYKUMK cTanenen
obwen cbopkuy;

) ynydweHue ycrioBui st NpoOBEAEHUS MOHTaXHbIX paboT.
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B TO ke BpemMsi xapakTep U CTerneHb YNeHeHusi arperata AOSKHbl ObITb
OoNnTUMarnbHbIMM ONS KOHKPETHbIX YCIOBU MPOU3BOACTBA, Npexae BCero Ans
AaHHoro obbema BbiNycka WM3Oenuin U rogoBon nporpamMmbl. BblaeneHue
CaMOCTOATENbHBIMM NOACOOPOK CBA3AHO C HEOOXOOAMMOCTbI) WM3rOTOBMNEHUS
COOTBETCTBYHOLUMX COOPOYHBLIX MNPUCMIOCOBNEHNN, KOTOPbIE AOSMKHbI ObITb
yBsi3aHbl Mexay cobom m co cranenem cbopku arperata. HemanoBakHbIM
ABMSETCA U TOT doakTop, 4TO npucnocobrnexHns gna noacbopok TpebyroT
AOMNOSTHUTENbHbLIX NPOM3BOACTBEHHbLIX NoLagen.

Cbopka HenaHenupoBaHHLIX arperaTtoB NPU MUHMMAarbHOM KONUYEecTBe
cOOPOYHOrO OCHAlWlEHMsI XapakKTepHa AOns  OMbITHOTO W eOVMHUYHOro
nponseoactea. C yBennyeHnem obbema Bbinycka M3gennin CTeneHb YneHeHus
arperatoB yBeNnuynBaeTcs.

Cxema cbopku arperata siIBNAETCS CNeayoLwmM 3TanomM pa3paboTkm AMpek-
TUBHbIX TEXHONOMMYECKNX MaTepuarnoB W MOKa3biBaeT HE TOMbKO CTPYKTYPHbIN
cocTaB arperata no Bugam noacbopok arperaTta, HO U NOCNeAoBaTENbHOCTb
BEeAEHNA BCEro npouecca cOopku — OT AeTanen K arperarty, a Takke sBnsieTcs
HarnNsgHbIM OTpPaXXeHMeM notTpebHocTen B COOPOYHOM OCHALLIEHWMN.

Pasnuyatot cnegyrowme Buabl cxem cbopku (puc. 3.1): nocnegosartesib-
Has (3aMKHyTasd) — Ha cOOpKy nogatoT geTann n He 6onee ogHoM CHOPOYHON
eaVHNUbI; napannenbHo-nocnegoBartensHas (anddepeHunpoBaHHas) — Ha
cbopky nogatoT getanu u cbopoyHble eguHULbI; NapannenbHas — Ha cOopKy
noaarT cOOPOYHbIE €ANHNLBI U COEAVHUTENbHbIE AeTarnu.

CE CE
| |
I | | | I I I I |
CE il n il CE CE il CE il
alltallno aitla afltallao afltallao
a §)

Puc. 3.1. Cxembl cbopku: a — nocnegoBaTenbHas;
6 — napannenbHo-NocneaoBaTenbHas

Cxemy cOOpKkM WUCMONb3yT Kak MH(OPMAaLMOHHYIO OCHOBY, Korga
paspabaTtbiBaloT paboune (BpeMeHHble W CepurHble) TEeXHOSornyeckmne
npoueccbl cOopkn. BpemeHHble TexHorormyeckne npoueccbl AencTBYOT
TOMNbKO B Nepuos BbiMycka rofloBHbIX CEPUN CamMOIIeTOB.

MeToguka pa3paboTkm CEPUNHBIX TEXMPOLECCOB COOPKM NPaKTUYECKN He
3aBMCUT OT TMNa cbopodHon eanHuubl. Npu arperatHon cbopke, B OTNMYME OT
Yy3NOBOW, peanuayoTcsa npucywune en cxembl 6asmpoBaHna n Metoabl cOopKu:
cbopka B npucrnocobneHun "ot obwmBkM", "OT BHYTPEHHEN MOBEPXHOCTU
obwmekKn", "oT Kapkaca", cbopka Mo nasepHbIM fy4yam, a Takke coyeTaHue
pasfinyHbIX METOAO0B COOPKM.

31



JNlabopatopHasn pab6ota Ne 3

CBOPKA BOKOBOW CEKLUN ®HO3ENAXA B MPUCMOCOBJIEHUN
C BASUPOBAHUEM NO KOOPOANHATHO-®PUKCUPYIOLLIUM
OTBEPCTUAM

Llenb pabombl — 03HAaKOMUTbCA C CyTbto MeToga cbopkm no KO,
cogepXxaHmem npouecca COOpPKM TUMOBOW KOHCTPYKUMKW, OCOBEHHOCTAMM
KOHCTPYKUMN COOPOYHOrO OCHALLEHUS; BbISBUTb (QakTopbl, BMSOLWME Ha
TOYHOCTb COOPKM cCekuMn doro3ensika.

OcHOBHble cBeaeHus

[N KOHCTPYKUMK, CBSA3AHHbIX C TEOpeTUYeCcKnM obBoagom, Npu coopke B
npucnocobneHnn  BO3MOXHbI ~ ABE  MPUHUUNWANBbHO  pasHble  CXEMbI
6asnpoBaHua: no obsogam; no ApyrMM (NMpPon3BOSibHbIM) MOBEPXHOCTAM. B
obounx cny4asx npucnocobrieHne BLINOMHAET pPOfib KECTKOr0 HOCUTENS
ncxogHblx ©a3, Cc  KOTOpbiIMM B npouecce cOOpKM COBMELLAOTCS
TexHonornyeckne 6asbl getanen cobnpaemoro nsgenus.

Mpn GasvpoBaHMn nNo obBogam cOOpoYHOE NPUCNOcCOobBrieHne AOIMKHO
nMmeTb 06BOAOOGpasyoWMnE ANIEMEHTbI, K KOTOPbIM MPWXMMalOT cobupaemble
agetann. Takoe pelweHne npuemnemMo, ecnu BO3MOXHA KOMMEeHcauus
MOrpeLLHOCTEN WU3roTOBMNEHUS AeTanen nytem ux ynpyron gedopmauuu npu
yCTaHOBKe B cOOpo4yHOe nonoxeHue. Ecnn XECTKOCTb AeTanen BbiCOKa, TO
Takas KOMMeHcauusi HEeBO3MOXHa W OasupoBaHne pfetanen no obsogam
HeuenecoobpasHo. XXEcTtkne getann MoxHo 6asmpoBaTb B NpUCNOCoOBneHnn

bonee NPOCTbIM crnocobom,
3 Hanpumep, no cneynanbHbIM
— OTBEPCTUAM B AeTanax. dukcaTopsbl
1/ N OTBEPCTUA  KOHCTPYKTMBHO  npoLue,
- \Q\ yeM (pukcaTopbl 06BOOOB, M MOryT
N 4 ObITb CTaHOapPTU3MPOBaHbI.
) KoHcTpyKuus Bcero  cOOpPOYHOro
\ npucrnocobneHns npwu 3TOM
2\ \ \ 5 3HauYUTENbHO ynpoLiaeTcs, 4yTOo
N \ ynydwaeT nogxonbl K 30HaM COOpPKM
3 (puc. 3.2).
6 Cbopka B npucnocodbneHnn c
6asMpoBaHMEM MO TaKMM OTBEPCTUSAM
Puc. 3.2. basnpoBaHue no KOO npn  HasbiBaeTcs "cbopka no
cbopke cekummn: 1 — BUNKa; 2 — Kapkac; TEeXHOSTOrM4YeCKUM YyCTaHOBOYHO-
3 — KOO ans BepxHen naHenu; dukcupyrowmm oteepctusam  (YPO)".
4 — KOO ana HMXKHEN naHenw; Ecnn 3TM oTBEPCTMSA BbLINOMHEHLI B
5 — TeopeTnYeCcKnn KOHTYp; MNOCKOCTAX OCHOBHbIX CEYEeHUN U
6 — WabnoH SKBUANCTAHTHbIN 3ajaHbl B CUCTEME  OCHOBHBbIX
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NpoekTHbIX 6a3 camoneta (OCb CUMMETPUMU, CTPOUTENbHAA TOPU3OHTalb,
cTpouTernibHas MNMIOCKOCTb) Ha PacCCTOSHUSX, KpaTHbIX Lary yHuBepcasibHOro
KoopAMHATHOro cteHaa (nnas-koHaykropa), T.e. 50x50 MM, TO UX HasblBalOT
koopauHaTHo-dukenpyrowmmm (KOO).

TexHonornyeckummn 6aszamum NpyM UCNONb30BaHUN 3TOro MeToda cOOpKM

asnsTca ocn KOO n nnockoctn pukcatopoB KOO. C HUMKU JOMKHbI BbITh
coBMmewleHbl KOO wn nnockoctn pgetanen kapkaca. [lpy 9TOM HensbexHo
BO3HUKHET 6a3nCHbIN pasmep Mmexay ocbio KOO n npoektHon 6ason nsgenus.

MorpewHocTb cbopku OokoBOWM cekuumn rosenska (cMm. puc. 3.2) u3
naHenen, 6Gasupyowmxca no KOO, ¢ ydetom obuiero ypaBHEHUA
norpeLwHocTen cOOPKN MOXHO NpeacTaBuUTb B TAKOM BMAE:

cekuy _ 7 KDPO naH—NnaH
Hcg = an +1 y66— KO + quulcc + Hcoed :

®ukcatopbl KOO (B BUAE yLWeEK) MOHTUPYIOT B Kapkace npucrnocobneHns

C MOMOLLBK MHCTPYMEHTAmNbHOro creHga, norpewHocTb Ilgqgpo cocTaBnsier
10,1 mMm. B ctanensax cbopkn arperatoB 4yacTb dpukcatopos KOO BhbiCTaBnsAoT
no K®O nepsbIx NOACOOPOK, HAMPUMEP FNOHXEPOHOB Kpblsia.

MorpewHocts 11,5, kpo COCTOUT M3 AOMycka Ha TONWMHY OOLUMBKK
(+0,2 mm) w©n norpewHocT obBoga wnaHroyta oTHocuTtenbHo KOO no
CPaBHEHUKD C MEepPBUYHbIMM HOCUTENAMM WX B3aUMHOMO pasMeLleHnsa —
KOHCTPYKTMBHbIM nria3oM (KI) n otnevatkoMm KOHTposibHbIM (OK). O6BogHYyt0
AeTtanb WwnaHroyta — obog — wWTamnylT pe3nHon Ha dopmbnoke (npu
narotosneHun obog 6asunpyoT no KPO).

CTpykTypHas cxemMa nepeHoca pasMepoB MNpU  MCNOSIb30BaHUM
KOOpAWHAaTHO-WabnoHHOro MeToa yBA3KU UMeeT BU[,

KM — OK — WK — LWWBK — oopmbnok — 06oa wnaHroyTa.

MockonbKky pgetanb uMeeT z-obpasHoe ceyvyeHne, TO AN Heé
narotaBnueatoT eauHbin wabnoH LWK-LUBK. lNorpewHocTn atanoB nepeHoca
pa3mMepoB npueeaeHbl B npun. 3.

CoBmelleHne KOO ocywecTBnsAlT  KNacCHbIMU - TEXHOMNOMMYECKUMN
6ontamu (no h6 wnn h7), a camu oTBepcTUs 06bIMHO UMeT anameTpbl SH9,

6H9 unn 8H9. Takum obpasom, norpewHocTb Ilpuxe 3aBUCUT OT MNOCaAKU
KnaccHbIX OONTOB.

HakoHeu, norpewiHocTb [7/0¢"4" 3aBUMCUT OT BuOA COEAUHEHUA U

KOHCTPYKTUBHbIX NapamMeTpoB noacoopkn. [ns cOopoyHbIX eanHuL Hanogobue
paccMaTpUBaeMOW KOHCTPYKLMKN NPWY coeauHEHNN KNEMKON B 30HE COeaUHEHUS

06bIuHO BepyT T/ 0 """ =(0,2...0,4 ) 5.
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[MpoBeaeHHbIN aHann3 MorpeLHoCTen NO3BONSET caenatb BbiBOA: Npu
cbopke no KOO B oTHOWEHMM OOBOOOB HapyLlalTCA NPUHUUMNLI €OUMHCTBA
NPOEKTHOM N TexHonormyeckon 6a3 (NMuHuM TK M ocn KPO) n coBnageHus
TEXHOMNOMMYECKNX W  KOHCTPYKTOPCKMX 6a3: TexHomnorndeckmmn 0Gasamu
aBnaTca KOO, KOHCTPYKTOPCKMMU — MOBEPXHOCTU COEOQMHAEMbIX NaHEenen u
CTbIKOBOYHOW neHTbl. [lpn Takom "kocBeHHOM" ©GasvpoBaHMM NoAcOoOpoOK B
npucnocobrneHnn (No cpaBHEHMIO C "MpsSMbIM" — HEeNnocpeacTBEHHO MO
obBoaam) Ha TOYHOCTb 0OBOAOB BNUSET psaf AOMNONMHUTENBbHbIX (0AKTOPOB, YTO,
B CBOK o4vepeb, CyLEeCTBEHHO BMUSIET HA TOYHOCTb WU3roTOBMEHUS OeTarnen.
Ecnu 6asmMpoBaHne Begetcs no obsBogam, TO TOYHOCTb AeTanen MoXeT ObiTb
HMXe TOYHOCTU cOopoyHon eauHuubl. Bo Bpemsa xe 6asupoBanHua no KOO
TOYHOCTb AeTanen OofmkHa 6biTb Bbille Heo6XoaMMOM TOYHOCTM COOPOYHOWN
eanHULbI.

[ns KOHTpona TOYMHOCTM 0OBOAOB KOHCTPYKUMK, cobpaHHon no KOO, B
cbopoyHoe npucnocobneHne BCTPaMBaKT KOHTPOSbHbIE 3KBUAWCTAHTHLIE
LWABMOoHbI, Pabounn KOHTYP KOTOPbIX paBHOYAANEH OT TEOPETUYECKOro KOHTYpa
arperata. YBA3KY MOHTaXHbIX OTBEPCTUA LWAaBMOHOB C WX KOHTYPOM WU
COOTBETCTBYKLLUMMWN BUIKaMM COOPOYHOro YCTPOMUCTBA OCYLLECTBASAKT C
NOMOLLIbIO Ma3-KOHAYKTOpa U MHCTPYMEHTANbHOro cTeHaa.

Mpn cbopke OokoBon cekuumn rozensika 6GasmposaHMe no KOO
npuemnemMo TOSbKO ANs naHenen. [ns ycTaHOBKU COeQUMHUTENbHbIX AeTanen,
Hanpumep CTbIKOBOYHOM MEeHTbl W Haknagok, 6onee pauuoHarnbHbIM
(BCrneacTBMe HEBBICOKMX TpeboBaHMM K TOYHOCTU) SABNSIETCA APYron MeToA
cbopkn — nNo pasmeTke, T. €. B NPUCNOCOBNEHNN HE HYXHbl oMKCaTOopbl AN
3TUX JeTarnen, YTo No3BosseT YyNPOCTUTb KOHCTPYKUUIO Npucnocobnenus elle
bonbuie.

Ha cogepxaHue Texnpovrecca cOopkn BNUSET TUM CTbika NaHenen mMexay
cobon (no obwmBkam, LNaHroytam, cTpuHrepam). Hanbonee TeXHOMOrMYHbIM
ABNAETCA coeauHeHne ¢ KomneHcaumen — BHaxrnect. CoegnHeHne BCTbIK "Ha
HOSMb" MNU C OYeHb ManbiM 3a30poM 0b6sA3aTenbHO TPebyeT NOArOHKM MYTEM
CHATUA NpUNycka no KPOMKe OOLIMBKM OAHOW M3 MNaHenen B npouecce eé
YCTaHOBKM.

Komnnekrauua nabopaTtopHou padoThl

1. YepTexun 6okoBOMN cekummn drosensika.

2. YepTexun npucnocobneHna ans coopku no KOO.

3. KomnnekT getanen n noacbopok 6OKOBOWM CEKLUMN.

4. MNpucnocobneHne ¢ 3KBUAUCTAHTHbIMM WwabnoHamn [na  cbopku
cekumn.

5. WabnoH WK-LWBK oboga wnaHroyta.
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6. I3mepuTenbHble Npubopbl: CTPENOYHbIA MHAUKATOP AN U3MEepeHus
norpewwHocTn obsoga LwwnaHroyta otHocuTenbHO KPO; wTaHreHUMpKynb Ans
N3MEPEHUST  MOrPelHOCTN  BHEWHero obeoga CeKkuMM  OTHOCUTENbHO
9KBMONCTAHTHOrO WabnoHa.

7. MopoepxusBatowee npucnocobneHme gnsa  cbopkM naHenu o
cbopoyHbiMu oTBepcTuammu (CO).

8. CbopHUK "Tunosble onepaunm cOOPOYHbIX NPOLLECCOB".

NMocnepoBaTtenbHOCTb BbIMNOMHEHUA paGOTbI

1. O3HaKOMUTBCA C 4YepTexXom CcoBMpaeMon CekKuMn, YEepTEXOM
c60opOYHOro NPUCNOCoBeHNs U OCHaLLeHneM nadbopaTopHon padboThl.

2. OTBETUTb Ha KOHTPOSbHbIE BONPOCHI.

3. Paspabotatb TexHonornyeckun npouecc cbopku 6GOKOBOW CeKuumu
dtosensika ¢ 6asmposaHnem no KOO,

4. PazpabotaTb TEXHMYECKME YCIIOBUSA HaA NMOCTaBKYy AeTanen no dopme
(cm. Tabn. 1.1).

5. PaspabotaTtb TexHMYecKMe yCrioBusi Ha NMPOEKTMpoBaHME COOPOYHOro
npucnocobrneHna (cm. Tabn. 1.2).

6. BbinonHMTb ackua-cxemy 6a3vpoBaHMs nNaHenem wn petanenm npu
cbopke GOKOBOM CEKUUN C yKa3aHMEM TEXHONOMMYECKUX, KOHCTPYKTOPCKUX U
N3MepuUTENbHbIX Bas.

7. BbinonHuTb cO6OPKY cekummn B NpUcnocobneHnu.

8. YCTaHOBUTb 9KBMAUCTAHTHblIE WAabMOHbI Ha BUKax YCTPOWCTBA
(HOMUHaNbHOE pacCTOAHNE OT TEOPETUYECKOrO KOHTYpa paBHO 13 MM).

9. NamepuTb dhakTnyecknn 3asop mexgy obsonom M wabnoHOM B Tpex

TOYKax, pesynbTatbl 3aHectm B Tabn. 3.1. Hantu Hgg“" KaKk pasHOCTb

HOMWHaNbHOW U U3MEPEHHOW BENUYNH 3a30pa.
10. HapucoBaTb 9CKuU3-CXeMy 3TUX NU3MEPEHNN.

Tabnuuya 3.1
Pe3ynbTaThl U3MepeHns
al| ac s MorpeluHocTs rorpeturocts PacueTHas
Q| 228 | B3asop | cbopkucekummno | VIroTOBNEHMA MOrPeLLHOCT
23| £ 2 |noobsony | eaony preru eyt 6a3u 11
@ = e T posanus I,
= 006-K®O
1
1 2
3
1
2 2
3

11. Ncnonbaysa wabnoH LWK-LWBK, cneunanbHoe npucnocobneHne u
MHOMKATOPHOE YCTPOMCTBO, U3MEpUTb B Tpex Toykax norpelHocTb obsoaa
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wnaHroyta oTHocutenbHo K®O, T.e. Il,;,.kp0- ONs aTOro 3adukcmpoBaTtb
petans n WK-WWBK coBmectHO no KP®O u unameputb OTKIOHEHME obBoaa
AeTtanun oTHocuTeNbHO obBoaa wabnoHa. PesynbTaTtel 3aHecTn B Tabn. 3.1.

12. icnonb3yss npuBedeHHyito B pabote opmyny, BbIMUCIUTL
CYMMapHY0 NOrpeLlHocTb 6asmpoBaHna NaHenu

_ 7 K®O __ yyCeKuy nan—nan
Ig,; = an + H(])ukc —Heo T I 56— k0 = coeo ’

Cnegyet y4ecCTb, YTO pPe3ynbTUPYHOLLEE OTKIIOHEHME MOXET WUMETb
nroodon 3HaK.
13. CoenaTb BbIBOAbl OTHOCUTENBHO TOYHOCTU MeToda cOopKu.

KoHTponbHbIe BONpPOCHI

1.MpuBegnute npumepbl COBMOAEHMS UM HapyWeEHWs  NPUHLMNOB
6asunpoBaHus npu coopke cekunm no KOO.

2.Kak ocyuwectBngetca yeaszka KOO pgetanem u cbOpOYHOro
npucnocobneHna?

3. B yemM npeumyuiecTBa U HegocTaTkm metoga coopkmn no KOO?

4. 3a4eM NMPUMEHSIIOT IKBUANCTAHTHbIE LLIABNOHbI?

5. Kakne metoabl COOPKM MPUMEHSIIOTCA NPU U3rOTOBIIEHUM CEKLMN?

6. KakoBbl TpeboBaHMs K CTblIkaM 06LLMBOK cobupaeMblx naHenen?

7.Kak CcOOTHOCATCA TOYHOCTb COOpPOYHOM €AUHULBI W  TOYHOCTb
obBoaoobpasyowmnx getanen, nogasaembix Ha cbopky, ecnn cbopky BeadyT B
npucnocobrneHnn no TakuMm MeTogam 6HasmpoBaHus: No  06BOAHbLIMMU
nosepxHocTsamu; no KeO?

8. Kak BnndaeT Ha ToOYHOCTb cbopkn 6asmpoaHme no KOO?

9. HasoBUTE KOHCTPYKTOPCKUE, TEXHOMOrmyeckme u usaMepuTenbHble
6a3bl, MCNosb3yeMble B Npouecce COOPKN U KOHTPOMSA CEeKLUM.

JTabopaTopHas pa6oTa Ne 4
CBOPKA KAPKACA CTABUJTU3ATOPA B NPUCIMNOCOBITIEHUA

Llenb pabombl — 03HAaKOMWUTbCA C OCOBEHHOCTAMW COOPKM Kapkaca
HenaHenMpoBaHHOrO arperaTa; npuobpecTn HaBblkM pa3paboTKM TEXHOSOor-
N4YeCKON AOKyMeHTauum no cbopke; n3yuntb NPUMeEpbI peannsauum NpUHLUNOB
6asnpoBaHus npu coopke.

OcHOBHbIe cBegeHust

ArperaTtbl XBOCTOBOrO  onepeHusas —  crabunmsaTtop, Kunb —
Xapaktepuayotca  Hebonblon  TOMWMHOM  OBWMBKM U HEBbLICOKMMMU
TpeboBaHMAMM K TOYHOCTM u3roToBreHns. OB6bIMHO WX WU3roTaBnNUBaKOT
cnegyoowmnmMm obpasomM: cHayana m3 oTaenbHbIX AeTanen U HEeKOTOPbIX Y3NoB
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COCTaBIAOT Kapkac, a 3aTeM Ha Hero "HaelumBaloT" obLWMBKY cpasy nocne
cbopkM Kapkaca B TOM e CcaMOM MNPUCNOCOBMEHUN, TONMbKO 3aMEHSIoT
dukcaTopbl 00BOAOB  (PYOMMBHUKM) C  Y4€TOM  TOMWMHbI  OOLLMBKM,
cnepoBaTtenbHO,  UCMOMb3YyeTCs  MUHUMArbHbIA ~ KOMMMEKT  cOOpOYHOro
ocHaweHua. lNpu aTtom peanusyetca meton cbopku B npucrnocodbneHnn c
6a3npoBaHMeM No 06BOAHBLIM MNOBEPXHOCTSAM Kapkaca («OT Kapkacay).

HepoctaTtkom mMetoga COOpPKM «OT Kapkaca» sBRASeTcsa BOJIHUCTOCTb
BHELUHEeN a’poAnHaMUYecKon MOBEPXHOCTU arperaTta, T. K. TOHKad oblumBka
MOBTOPSIET MOrPELUHOCTN Kapkaca, a Takke npuobpeTaeT OONOMHUTESNbHbIE
NOBOAKN (YTSXKMHbI) BCEACTBME COEANHEHNS 3aKnenkamu.

Texnpouecc cbopkm Kapkaca ctabunusatopa, Kak u nobon cbopoUHbIn
npouecc, BKNoYaeT B cebs cneayrowimne onepaumu:

- KOMNMekTauma getanen m noacbopok, Heobxoaumbix AN CcOopKu,
BXOLHOW KOHTPOSb, NOArOTOBKA COOPOYHOro npmucrnocobneHna k paborte (MoXeT
notpeboBatbCs, T. €. BbINOMNHATLCS, OAMH pa3 3a LMK CO0opKN n3genus);

- yCTaHOBKa M BpeMeHHas cukcauma getanem m noacbopok B HY>XHOM
NOSNTIOXKEHWUN;

- NOArOTOBKA K COeANHEHWNIO;

COeMHEHME COrnacHoO YepTexy;

CHSITUE BPEMEHHbIX (TEXHOSTOrMYECKNX) NPUKMUMOB;
3aKn4YmTENbHbBIE ONepauuy;

KOHTPOSb KadyecTBa COOpPKN.

Komnnekrauua nabopatopHoun padoTbl

1. YepTexu ctabmnusaTopa u kapkaca ctabunmnsaropa.

2. Cxema cbopku ctabunusatopa (BapuaHT).

3. KomnnekT getanen n noacbopok kapkaca ctabunmsatopa.

4. MpucnocobneHne ans cbopku ctabunusartopa.

5. TexHonorn4yecknin Kpenéx (CTpybumHbl, TEXHOMNOrM4Yeckne 6onThl).
6. CoopHUK «Tnosble onepauun arperaTHoOn cOopKn».

NMocnepoBaTenbHOCTb BbIMNOMHEHUA paGOTbI

1. O3HaKOMUTBLCA C OCHaLleHneM nadbopatopHom paboThbl.

2. MpoaHannanpoBaTb NpPennoXeHHYI M BO3MOXHbIE CXeMbl COOpPKM
ctabunmnsatopa, HapucoBaTb BbIOpaHHbIA BapMaHT CXEMBbI.

3. PaspaboTtatb Texnpouecc CcOOpkM Kapkaca cTabunmsatopa C
NCMNONb30BaHMEM TUMOBbLIX OnepaLnii.

4.Pa3paboTaTb TEXHWYECKME YCNOBMSI Ha MOCTaBKy AeTanen u
nogcbopok (cm. Tabn. 1.1).

5. PaspaboTaTb TEXHUYECKME YCNOBUS HA NPOEKTMPOBaHME COOPOYHOro

npucnocobrneHnsa (cm. Tabn. 1.2).
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6. MNpeactaBuTb ackn3 6asmpoBaHusa getanen n noacbopok kapkaca.
7. O3HAKOMUTBLCS C KOHCTPYKUMENn cOOPOYHOro NprucnocodbneHus.
8. OTBETUTb Ha KOHTPONbHbLIE BOMPOCHI.

KoHTponbHble BONpocCkI

1. KakoB nopsigok paspaboTku cepumnHoOn TEXHONOrMmM cOopKkn?

2. YKaXnTe WUCXOOHYH [LOKYMEHTauuo Ond NPOEKTUPOBAHUA CepUrnHON
TEXHOMNOrNMW.

3. HasoBute paktopbl, onpenenstolime xapakrep U cteneHb YneHeHus
arperara.

4.[lanTe cpaBHUTENbHYIO XapaKTEPUCTUKY CXeM COOpKM naHennpoBaH-
HbIX U HEMaHENNUPOBaHHbIX arperaTos.

5.HasoBute MeTogbl COOPKM HenaHenMpoOBaHHbIX KOHCTPYKUWUKW, WX
HeLoCTaTKu.

6. HazoBnTe TEXHOMOrMYECKNE U KOHCTPYKTOPCKME 6a3bl, NCNOSb3yeMble
npy cbopke Kapkaca ctabunumsartopa.

7.MpuBeaute npumep cobnwogeHns npuHUMNOB ©GasnpoBaHna npu
cbopke kapkaca ctabunmsaTopa.

4. U3rOTOBJIEHUE CBEOPOYHbIX MPUCMNOCOBIEHUNA

OgHa n3 ocobeHHOCTEN NPOU3BOACTBA CaMOSIETOB — MOTPEOHOCTL B
BbonbloM KonuyectBe cbopoyHbix npucnocodbneHmn (CI1). 3to obycnoBneHo
cneundunkon camosneTta Kak obbekta cOopkM (Manonm XeCTKOCTbIo AeTanewn,
CINOXHOCTbIO (POpM, BbICOKOM Heobxoaumon ToYHOCTbo magenun). OTtcroga
cnepyet OCHOBHoe HasHadeHue CI1: 6asupoBaHue petanen n noacbopok B
NONOXEHUN, 3aJaHHOM COOPOYHbLIM YEPTEXKOM, C HEOBXOOMMOW TOYHOCTbLIO;
npuaaHne MM >XECTKOCTWU; doMKcauma Ha nepuod COeOUMHEHUs C Opyrumu
geTansmu.

KoHcTpykumna CI1 pgomkHa ObiTb pauyuoHanbHOW, 4YTO BMeCTe C €eé
NPOCTOTOM, BO3MOXHOCTbIO  CTaHAapTM3auuu,  TEXHOSNIOMMYHOCTbIO B
N3roToBNeHun, obCnyXkuBaHMM N  PEMOHTE  O3Ha4yaeT peanusauuio
AOMONHUTENBHONO Ha3Ha4yeHnsi COOPOYHOro MNPUCNOCOBMEHUs: MNOBbILLEHME
Npon3BoaUTENbHOCTU Tpyada; obecneyveHne ypnobctBa u GesonacHocTM Mpu
cbopke; HanpaBfneHNne NHCTPYMEHTA OTHOCUTENBbHO N3OENUS.

KoHcTpykuum CI1 pasHooOpasHbl M 3aBuUCAT OT rabaputoB M Buaa
cbopoyHom eanHULbI, €e  KOHCTPYKTMBHbIX  OCOBGeHHOCTen, BMaa
npeobnagaroLwlero coeguHeHusi, BblbpaHHOM cxeMbl 0asnpoBaHMA W BuAaa
noacbopok, nporpammbl U obbema BbiNycka U3gennun n Apyrmx akTopos.
CnegyeT OTMEeTUTb, 4YTO COOPOYHbIE MNPUCNOCOBNEHUS YCMOBHO MOXHO
nogpasgenutbe (MO CTENEHU MMOKOCTM) Ha TakMe MeXOTpacneBble CUCTEMBbI
TEXHOSOMMYECKOM OCHACTKN: Hepa3bopHbIe cneunanbHble, COOPHO-pa3dopHbIe,
crneunanmsanpoBaHHble MepeHanaxmnBaemble, YHUBEPCanbHO-HENEepeHanaxm-
BaemMble, YHMBEpPCcanbHO-COopHbIE.
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To4yHOCTb COOPOYHOro NPMUCNOCObNeHNsa NpPU AOCTaTOYHOM XKECTKOCTUN €ro
Kapkaca onpegensieTcsl TOYHOCTbIO M3roTOBIEHUSA OTAENbHbIX PUKCATOPOB U
TOYHOCTBO WX B3aMMHOW YCTAHOBKM (MO3MUMOHUPOBAHUS) MNPU  MOHTaxe
ctanens (MoHmax — 31o cbopka nsgennsa Ha MecTe ero NPUMeEHeHUs).

B 3aBucumoctn oT TpeboBaHMiA K TOYHOCTU m3genun no obsogam WU
CTblkaMm, a Takke OT rabaputoB u copm cOOPOUHON €AnHULbI, NPOrpaMmbl,
obbema BbliNycka pauMoHanbHbiMWU MOryT OblTb T€ WM MHble MeTonbl,
cpeacTsa, NpueMbl U3roToBeHNA COOPOYHbIX MPUCIOCOBIEHNI.

Mo ABYM CyLLECTBEHHbIM NPU3HaKaMm (Hanuumio crneumanbHbIX CPeacTB —
MaKeToB, T.€. XECTKMX HocuTenen ¢opmM U pasmMepoB WU3LAENUS; HanU4uio
KOHTaKTa Mexay cpeacTBaMm M obbekTaMy MOHTaxa) BCe MpueMbl MOHTaXa
MOXHO pas3fennTb Ha YeTbipe rpynnbl: MAakeTHble KOHTaKTHble, Ge3MakeTHble
KOHTaKTHble; 6e3MakeTHble BECKOHTaKTHbIE; MaKeTHble BECKOHTaKTHbIE.

MeToabl W3roToBrieHNA COOPOYHBLIX NPUCMOCODNEHUN pasnnyarTcs
KONMMYEeCTBOM, BMAOM W CTOMMOCTbIO CPEeACTB, ONpedensitowmx TOYHOCTb
YCTaHOBKN puKcaTopoB cTanensa. OTW CPeacTBa, HasblBaeMble OCHacmkou
8mopo2o ropsidka, NO CyTU HABMNSAKTCA OCHACTKOM [ONA  U3rOTOBMNEHUS
cbopoyHom ocHacTkn. OHM MoryT ObITb cneumarnbHbIMU (MakeTHbIMU) — 3TO
wabnoHbl LW, kannbpbl CTLIKOB, MOHTaXHble 3TanoHbl, U YHUBEpPCAaNbHbIMN —
KoOpAWHaTHble CTeHAbl, onTudeckne npuodopbl. M3rotoBneHne cneuuansbHOM
OCHACTKMW BTOPOro nopsifka yBenuuuBaeT 3aTpaTbl BCEX pecypcoB (Tpyaa,
MaTtepuanoB, AeHer, BPpEMEHWN, SHEPINN) Ha NOATrOTOBKY NPOU3BOLCTBA HOBOIO
camornera.

Bbibop KOHKpEeTHOro MmeToAa NM3roToBreHnst CbopoYHOro NpUcnocobneHus
cnegyet 06BOCHOBbIBATb, paccyuTbiBasg TOYHOCTb cbopkn. B cnydae
HECKONMbKMUX MNPUEMIIEMbIX MO TOYHOCTM METOAOB MOHTaXa Heobxoanumo
NPOBECTU NUX CPABHUTESbHbLIN SKOHOMUYECKNA aHanus.

JNlabopaTopHasa pabota Ne 5

N3roToBJIEHUE CBOPOYHOIO NPUCIMNOCOBIEHUA
NMPU 3TANTIOHHO-WABJIOHHOM METOOE YBA3K OCHACTKH

Llenb pabombl — 03HAKOMUTBLCSI C CYTbiO 3TarNoHHO-LAabNoHHOro MeToaa
YBA3KM  OCHacTKM U  U3Yy4UTb  OCOOEHHOCTM  MOHTaxa COOPOYHbIX
NpMCNocobneHnii N0 MOHTaXXHOMY 3TaroHY.

OCHOBHbIe cBegeHusi

CepunHoe npon3BoacTBo TpebyeT Gonbuworo konuyectsa COHOPOYHOrO
OCHALLIEHNS, MPUYEM MOYMTU BCE OHO [AOMMKHO ObiTb Ay6nMpoBaHHbIM AS
pacwmpeHna opoHTa paboT. [Jns camoneToB Nerkoro knacca uenecoobpasHo
n3rotaenmeaTtb paboyytd OCHACTKy HEe HenocpeAcTBEHHbIM MOCTPOEHMEM, a
METOAOM KONMpoBaHUSA (hopM 1 pasmepoB nsgennsa co cneumanbHbiX TBEPAbIX
HocuTenen — o6beMHbIX 3TarioHOB (MakeToB, kanubpos). TpeboBaHua K
3aTanoHam Ans U3roTOBMEHUS 3aroTOBUTESTbHO-LUITaMMNOBOYHOM U COOpPOYHOM
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OCHaCTKN, UCXOOA U3 UX HasHa4yeHus, pasnunyHbl. B nepBom criyyae aTanoHbl
AOSTKHbI MMETb CrSOLHYH0 MOBEPXHOCTb, BO BTOPOM — UM AOCTaTOYHO HECTU
00BOAbI NULWb B TEX CEYEHUSIX, TOe HY)KHO BbICTaBUTb PYOUNBHUKK, KpOME TOro,
OHM [OOMKHbl MMeTb 0as30Bble TOYKM Ha CTblKax AN YCTaHOBKU (MOHTaXa)
COOTBETCTBYKOLUMX  (pukcatopoB cOHOPOYHOro  npucnocobneHnsa. ITum
00bACHAIOTCA HasBaHUS "amarsioH (Makem) rogepxHocmu arperata" wu
"MOHMaXHbIU 3MarioH (Makem) arperata". OTW 3TaroHbl OOMMKHbI UMETb
NaeHTUYHble 00BOAbI ©a30BbIX CeYEeHUn, YTO obecneymBaeTcs cneyuanbHOn
OCHACTKOW, KOTOpas MO CYTU SBMSIETCA NPOMEXYTOYHOM 0oBpaTHOM Konmen u
HasblBaeTCs "KOHMpamarsioH agpe2ama’.

COBOKYMHOCTb  9TUX OOBLEMHbIX OTariloOHOB  COCTaBNseT  OCHOBY
CaMOCTOATENbHOrO MeToga obecneyeHUs B3aMMO3aMEHSEMOCTU W YBA3KU
OCHAaCTK/ — 3TanoHHo-WabnoHHoro metoaa (ALWM).

OTanoH nosepxHoctu (Al1) nsrotraBnusatoT, HaNnpMmep, No Takon Cxeme.
[MTo ocsm cunoBoro Habopa (B OCHOBHbIX CEYEHUSX) WHCTPYMEHTarbHbIM
cnocobom BbICTaBMAT 06BoAHbIE WABMNOHbI, 3aTEM UX CKPEMNSAIOT KapKacoM.
K kapkacy npukpennawT o6nuuoBkM M3 ApeBecuHbl U obpabaTbiBaloT Ha
NNaBHOCTL  Mexay wabnoHamu. 3aTteM Ha  MNOBEPXHOCTb  HAHOCAT
NakoKpaco4yHoe TOKpbITME U pa3MedalT OCU  CUSIOBbIX  3JIEMEHTOB
(NOHXEPOHOB, HEPBIOP, LMAHITOYTOB, CTPUHIepoB), KOHTYPbl JHOKOB, JIMHUU
CTblika OBOWMBOK M T.O. OTanoH MNOBEPXHOCTU CTbIKOBLIX Yy3roB Ha cebe He
HECET (OHM TOMbKO pa3MeYeHb!).

BcrnomoraTenbHbiMn  35ieMeHTaMM  3TarioHa  MNOBEPXHOCTU  ABMNAKTCHA
TakenaxHble Yy3nbl (455 TPaHCNOPTUPOBKM) M pernepHble nnowaaki (ang
6asnMpoBaHMs Npu YCTAaHOBKE B KapKace KOHTPAaTasrioHa).

KoHTpaTanoH (K3J) sBngetca yCTpOMCTBOM AS1I  M3rOTOBMEHUA U
nepnoguyeckon rMpoBEepPKU MOHTaXHOro 3dTafiloHa arperata U ero vacren —
3TarioHOB Y3N0B (HEPBIOP, LUMAHIOYTOB, FTIOHXXEPOHOB).

KOHCTPYKTUBHO KOHTPATaNoH Mano oTnmMyaeTca oT cbopoyHOro cranens,
TONbKO MMeeT Boriee BbICOKYHD TOYHOCTb. [N ero U3roToBrieHUA B Kapkace
yCTaHaBnMBalT N (PUKCUPYIOT MO penepHbIM TOYKaM 3TanoH noBepxHocTu. Ha
6a30BbIX CeYeHUAX BbICTABASAKT Kopnyca pyobuIIbHUKOB KOHTp3TanoHa C
3azopoMm okono 10 mMm. B 3atomM nonoxeHnmnm wunx UKCUPYIOT Ha Kapkace
KOHTP3TanioHa C MOMOLLbIO BUSOK, XBOCTOBUKM KOTOPbIX 3aBOAST B CTaKaHbI
Kapkaca, W 3a30p 3amnofiHAT ObICTpoTBEpAEOWEN LEMEHTHON MacCou
HUAAT-MU, wumetowen xopowyro agres3vio K MeTannam. 3Ta onepauumd
HasbiBaeTca "sanueka Bunok". CeonctBa uemeHta HWAT-ML, onucaHbl B
npun. 1.

3aTtem m3rotaBnmnBatroT pabouyyro NOBEPXHOCTb PYOUITbHMKOB — 3anmnBatoT
KapOUHOMBbHLIM LEMEHTOM WNU 3MNOKCUAHO-LEeMEHTHOW Maccon (cMm. npun. 1)
3a30p Mexay KopnycoM pybunbHMKa W 3TanoHoM noBepxHocTu. [locne
HEKOTOPOW BbILEPXKKM (OKOMO CYTOK) 3TanoH MNOBEPXHOCTU OEeMOHTUPYIOT,
npenBaputenbHo pacdukcnpoBaB. [lorpewHoOCTb  KonupoBaHust 06BOAOB
MeToaom crienka coctasnsget 0,1 mm.
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MoHTaxHbIn 3TanoH (M3) MoxeT umeTb COOpHbIA WU LEeNbHbIN
(cBapHOM, NUTOM) Kapkac, HO B fntoOOM crnydyae ero o6BOAHbIE MOBEPXHOCTU
oOpa3syloT crnenkoMm c pybunbHUKOB KOHTPaTarioHa nocre ycTtaHoBkn MO ¢
6asvpoBaHMeM NO penepHbIM nrowagkam (3asop mMexagy pyourbHUKOM
KOHTp3TarioHa M COOTBETCTBYIOLUM JIeKariloM MOHTaXHOro aTafiloHa OKOJo
10 MM 3anofHAT KapObUMHOMNbHLIM LEMEHTOM). 3aTeM MOHTaXXHbIA 3TasioH
BbIHAMAKOT W3 KOHTP3ITarioHa M Ha HEM WHCTPYMEHTasbHbIM Crnocobom
cornacHo 4eptexy ¢ TovHocTbio £(0,3...0,5) MM unn C nNoMoLLbO Kannubpos
CTbIKOB BbICTaBNSAKT 3TaNoOHHblE AeTann CTblIKoB. BaxHO OTMeTuTb, 4TO
MOHTa)XHbl€ 3TaslOHbl CTbIKyEMbIX arperaTtoB M OTCEKOB, XOTS U BbIMOSHAKTCS
no obBogamu B OTAESbHbIX KOHTPAaTarnoHax, B MeCTax CTblka LOJIKHbI NPOUTH
COBMECTHyt0 00paboTky — omcmebikogky. CocTaBHble 4acTu cHopHoro
MOHTa)XXHOro 3TasioHa HasbIBaTCH amasioHaMu y3/108 N SBIISIOTCA OCHACTKOW
ANS MOHTaxa cbopoyHbIX npucnocobrieHnn y3nos (puc. 4.1).

B cBa3u ¢ Tem, 4To paboyne pasmepbl MOHTaXXHOrO 3TanoHa MoryT ObiTb
HapyLleHbl B npoLecce 3Kcnfyatauuu, ero nepuoguyeckm KOHTPONUPYHT B
KOHTp3TarnoHe, An9 4Yero no M3roToBfIEHHOMY (M npollewemMy OTCTbIKOBKY)
MOHT@XHOMY 3TanoHy cpasy Xe BbICTaBNAT uKcaTopbl CTblka B
KOHTpaTanoHe (basnpoBaHue — No penepHbIM nroLlagkam).

MHorga npuMmeHsoT apyryto nocrneaoBaTenbHOCTb COrfacoBaHUSA CTbIKOB.
BHayane B KOHTpaTanoHe OObIMHBIM WHCTPYMEHTalNbHbIM METOAOM WU C
MOMOLLLID KanmMbpoB CTLIKOB BbICTaBMASAKT (iMKCATOPbl CTbLIKOB, 3aTeM Mo
penepHbIM ToYKaM (OUKCUPYIOT Kapkac MOHTa)XHOro 3TanoHa U Co34aloT Ha HEM
o6Boabl U CTbiKW. [Ns coeauHAeMbIX OTCEKOB arperata CTblKA BbICTaBMSOT B
npouecce HeNnocpeaCcTBEHHON OTCTLIKOBKM MOHTaXHbIX 3TafIOHOB.

MpucnocobneHne pns cbopku 4vacten arperata (OTCEKOB, NaHenewn,
y3noB) yaobHee MOHTUpOBaTb MO OTHLEMHbLIM YACTAM MOHTaXHOro 3TasioHa —
3TarloHaM OTCEKOB W Yy3noB. Yalle MOHTaXHbI 3TarioH MMeeT LEeNbHYH
KOHCTPYKLMIO, TOr4a 3TarioHbl Y3r10B U OTCEKOB SBMISIOTCS CAMOCTOATESbHOM
OCHAaCTKOW, N3roTOBIIEHHOM B TOM Xe KOHTpaTanoHe. B atom cny4ae paboty no
N3roTOBMEHUIO KOMMMeKkTa CbopOYHON OCHACTKN MOXHO BECTM NapannenbHo.

N3rotoBneHne cOOpoYHOro npucrnocobrneHnss — 3TO  KOMMJIEKC
pa3HoobpasHbiX paboT. 3 HUX camon BaKHOW W onpenensitoen ABnseTcs
M3roTOBfIEHME U yCTaHOBKa  (MOHTaX)  (PUKCUPYKOLLUMX  SFIEMEHTOB
npucnocobneHna. [nss 9TOro MOHTaXHbIA 3TanoH arperata C MOMOLLbIO
NPOCTENLLMX BCNOMOraTesSibHbIX CPeACTB M YHMBEpPCASibHbIX U3MEPUTENbHbIX
YCTPOWCTB BbICTaBIAOT B kKapkace c60poYHOro npmcnocobneHus.

MpenBapunTtenbHO 3aUKCMPOBAB MOHTaXHbIM 3TariOH B 3aaHHOM Ha
yepTexe cTanens NonoXeHun, K ero penepHolM nnowagkam (Burkam) Kpensr
penepHble MNNowaakn (BUIKW) cTanens, 3a3op MeXay HUMW U KapKacom
ctanens (06bl4HO okono 10 mm) 3anonHswT uemeHtom HUAT-MU. TNocne
CXBaTblBaHNA LIEMEHTa BCMOMOraTesfibHyl0 (uUKcauuo MOHTaXHOro 3TarioHa
CHMUMaOT, U Tenepb OH MOSIHOCTLID M OAHO3HA4YHO HasupyeTca Mo penepHbIM
nnowiagkam.
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[lanee BO3MOXHbl OBE CXeMbl TEXMPOLECCOB M3rOTOBMEHUS cTanens,
pasnuyaroLmecs nopsakoM cosgaHus o0BoaoB pyounbHNKOB (puc. 4.2).

Mo nepBoun cxeme pybunbHUKKM 6, He nmerowme ob6BoaOB, BbICTABIIAT C
3azopoMm 10...15 MM OTHOCUTESIbHO MOHTAXHOro 3TafiloHa W BPEMEHHO
NPUKPENNSAIT K JNekarnam MOHTaXHOro artanoHa 1 BcrnomoraTesibHbIMU
cpeacrteBamMu Tuna CTpyoOumMH. XBOCTOBUKM BUSTOK 7 3aBOAAT B CTakaHbl HGanok
nnu pambl 8 ctanens, wibipsamMm 10 N0 MOHTaXHbLIM OTBEPCTUSAM B 3aKOHLIOBKaX
PYOUNBHUKOB BUITKM  (OUKCUPYIOT U 3anvBalOT MX XBOCTOBUKU LIEMEHTOM
11 mapkn HWUAT-ML. Tlocne ero cxeBaTblBaHUs pPyounbHUKKM  6yayT
yAEPXMBaATbCA BUNKaMKU, N CTPYOUMHbI CHUMaoT. OcTaétcsa 3anofnHUTbL 3a30p
mMexay pyounbHMKOM © OBGBOAOM MOHTAXHOro 3TanoHa KapbWHOMbHLIM
uemeHtoMm 12, [ng  orpaHW4eHWs  30Hbl  3aNMBKM  MOSb3YHOTCH
TEXHoMormyeckMmmn nnactmHammn 13, npwxkaTblMM K Topuam pyburbHUKOB,
LEeMEHT B 3a30p BBOAAT LUNPULEM.

~__7A4 5

Puc. 4.2. lsrotoBneHune ctanensa no MOHTaXHOMY 3TanoHy: 1 — MOHTaXHbIn
aTarioH; 2 — Kapkac crtanens; 3 — penepHble nnowagnku; 4 — pukcatop
MSIOCKOro CThIKa (CTanesnibHas nnuta); 5 — goukcaTop BUIOYHOIO CThIKa;

6 — oukcaTop obBofa (PyOurbHUK); 7 — BUIKa; 8 — CTakaH; 9 — KPOHLUTEWH;

10 — wtbIpb;11 — cTtakaH ¢ uemeHtom HHAAT-MLL; 12 — kapObUHOMbHbIE LLEMEHT;
13 — TexHonormyeckne nnacTuHel; 14 — pacnpenenureribHbI Matepuan

Mo BTOpOM CXxemMe Ha MOHTaX CcTanensa nocTynawT PYOUNbHUKN C
rotoBbiM paboynm KOHTypoM. Ero npegBapuTenbHO MOMYyYUNU CIIENKOM C
MOHTaXXHOro aTanioHa Unu dTarnoHa ys3na (pexe — C 3TanoHa NOBEPXHOCTM).
[Mprembl KonnpoBaHna 06BOOOB TakMe Xe, Kak M onucaHHble Bbiwe. Cpasy
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nocrne 3anuBkMm 0OBOAOB Ha Topuax PYyOMNbHMKA HAHOCAT PUCKM MO OCAM
CUNOBbLIX 3NIEMEHTOB arperata CorflacHO pasMeTke MOHTaXHOro aTtarnioHa. B
npouecce MOHTaxa crtanenst pyounbHUKN COEOUHSAIOT C MOHTaXHbIM 3TarioHOM
no mmerowmmca obsogamm n puckam (MHorga Anst 6onee TOYHOW YBSA3KU
PYOVNBHUKOB cTanensi C MOHTaXXHbIM 3TarloOHOM UM 3TaflOHOM MOBEPXHOCTYU B
nx obsog BBOOAT BTYyNkKM € 6asoBbiMM  OTBEpCTMSMM). BpemeHHo
3amKcMpoBaB  pPYOUNbHMKM  Ha nekanax MOHTaXHOro 3TarnoHa, WX
NPUKPENNAT K Kapkacy cTtanena C MNOMOLLbI0 LUTbIPEN, BUIIOK U LEeMeHTa
mapkn HAAT-ML.

Mocne ycTtaHOBKM (pukcaTopoB 06BOAOB (PYOUNBbHUKOB) Nepexogst K
MOHTaXy pMKCaTOpOB CTbIKOB. ECnu CTbiKk — NNocknn (ornaHueBbin), TO TakuMm
doMkcaTopoM SBRFeTCs cTanenbHad nnuta. E€ BbicTaBnawT no 6as3oBbiM
OTBEPCTUAM Ha chneuunanbHbIX Nrowagkax MOHTaXHOro aTanoHa (MHorga Ha
MOHTa)XHOM 3TarloHe BbLIMOMHAKT OTBEPCTUA MNoA CTblIKOBble GONTLI, TOraa
cTanenbHy NnUTy (OUKCUPYIOT N0 HMM). 3aTeM CTanesibHy MAUTY Kpenart K
Kapkacy Tak Xe, Kak U pybunbHUKN: HaBelmnBatoT BUSTKU (MNN KPOHLLTENHbI) U
3anmBaloT ux B cTakaHax 6anok uementom HAAT-ML.

dukcaTopsl CTbIKOB TMNa "yxo — Bunka" HaBeLUMBaloT Ha
COOTBETCTBYHKOLUME ITANOHHbIE AEeTanu CTbIKOB MOHTAaXHOro 3TarloHa, 3aTeMm
KpPensiT K Kapkacy cTtanens, 3a30opbl 3annBatoT LLlEMEHTOM, KOTOPbIA CRYXUT U
pa3MepHbIM KOMMNEHCATOPOM, U KPEMNEXHBIM MaTepuarnom.

OueBngHo, 4TO ANa obecnevyeHusi TpedboBaHUM K TOYHOCTM COOPOYHOWN
eavHNUbl cTanenb OOMKEH UMMeTb 6oree BbICOKYHD TOYHOCTb 6Ha3oBbIX
NOBEPXHOCTEN MO CPaABHEHUIO C TOYHOCTBIO COOPOYHON enHULbl (0BLIYHO Ha
1-3 kBanuTeTa). OTO 4ABNSeTcA ornpegenswwmm npu Bbibope MeToaoB WU
CpeacTtB And U3rotoBneHms cOopoyHbIX npucnocobneHmn. Heobxoammo
OLIEHUTb OXNOaeMyto MOrpeLLlHOCTb CTanens U CpaBHUTb €€ C 4ONYyCTUMOWN.

[MpOeKTUPOBOYHBIN pacyE€T TOYHOCTM BeAyT NO CTaH4APTHbIM MeTOoAuKam
C MCMONb30BaHMEM CTaTUCTUYECKMX AaHHbIX O MOrpeLHOCTN 3TanoB NepeHoca
pasmepoB (cMm. npun. 3).

Takum obpasom, OnNa pacyéta OXugaeMon MnorpeLwHoCcTn cranens
HeoOXoAMMO 3HaTb KONIMYECTBO 3TanoB NepeHoca pasmepa u napameTpbl Nons
paccesHUa MNOrpeLlHOCTM Ha Kaxaom aTane. [Npu 3aToM BaxXHO onpenenunTb
NnepBUYHbIN  HOCUTENb pasMepHon UHOPMAaUUKW, KOTOPbIM  SBNSETCA
Ha4anbHbIM 3BEHOM NepeHoca pasmepa, OTHOCUTENBHO KOTOPOro 1 OLEeHMBAIOT
MOrpELLHOCTb cTanens.

Ona o6BogoOB TakMM MNEPBOUCTOMHUKOM UHdOpMaunn  sBnsdeTcd
TEOpPEeTUYECKUIA Nas, Ha KOTOPOM KOHTYpbl Ga30BbIX CEYEHUN pa3MeYeHbl C
BbICOKOW TOYHOCTbLHO B HaTypasibHY BENNYNHY.

OcHoBHas nocnegoBaTenbHOCTb pacyeTa TOYHOCTMU:

- MO CTPYKTYPHOW CXemMe 3TarOHHO-WabnoHHOro MeToda  YBS3KM
ocHacTKu [3] BbIIBUTb Te 3Tanbl NepeHoca pasmepa, KOTopbiIMU onpeaendeTca
TOYHOCTb CTanensa no obsogam, CTbikaMm UM MHLIM 3afaHHbIM NapamMeTpam;

44



- N3 CnpaBoYHbIX Tabnuy (cM. npun. 3) B3sTb 3HAYEHUSA MOrPELLUHOCTEN
Ang 3TUX 9Tanos;

- M0 pacyeTHbIM COOTHOLUEHUAM (CM. MpwuSl. 2) HaUTU OXngaemyr
NOrpeLHOCTb, CPaBHUTL €€ C 3alaHHOM LOMYyCTUMOW MOrpeLHoCTbo cTanens
UNn arperarta n cgenaTtb COOTBETCTBYHOLLME BbIBOAbI.

Komnnekrauusa nabopatopHou paboTbl

1. MakeTbl:
- 9TanoHa NoBepPXHOCTU KPbINa;
KOHTp3TarnoHa Kpbina;
MOHTa)XXHOMo 3TanoHa Kpbina;
- Kapkaca ctanens Kpbina, pyounbHMKOB N (PUKCaTOPOB CTbIKOB, BUIOK,
LUTbIPEN, pENEPHbIX MMOLLLaa0K.
2. BcnomoraTtensHoe obopynoBaHue (MpYXUMBI, CTPYOLUMHbI),
N3MepUTENbHANA NIMHENKA, raeyHble Ko4vu, 60NThI, ranku.

NMocnepoBaTtenbHOCTb BbIMNOMTHEHUA paGOTbI

1. O3HaKoMUTbLCS C OCHaLeHnemM nadopaTopHon paboThl.
2. BbinonHnte MoHTax CI1T N0 MOHTaXXHOMY 3TarloHy.
3. Paccuutatb norpewHoctb CI1 (cm. npun. 2).
4. OhopMUTb OTYET O BbINOSTHEHUN PabOThl, B KOTOPOM NpeacTaBuUTb:
- 9CKU3-cxemy cbopoyHoro npmucnocobsieHnsi ¢ yCTaHOBNEHHbIM B HEM
M3, ykasaB UX OCHOBHbIE 3f1IEMEHTbI 1 Ba3bl;
- CTPYKTYPHYIO CXEMY MepeHoca pa3sMepoB OT TeopeTUYecKoro nnasa K
cTanento u 3Ha4yeHUs NOrpeLLHOCTen Ha aTanax;
- pacyeTHble (hopMynbl U pe3ynbTaTbl pacyeTa NOrpewHOCTM MOHTaxa
cbopoyHOro npucnocobneHus;
- Texnpouecc MoHTaxa cbopoyHoro npucnocobnenus no M.
5. OTBETUTb Ha KOHTPOSbHbIE BOMPOCHI.

KOHTpO.ﬂ bHbI€ BOMNPOCHI

1. HasoBuTe npu4nHbl, NpuBOAdAlWME K HeobXoAUMOCTM OBBLEMHOrO
9TanoHMPOBaHWS arperaTos.

2. OnnwmnTe ocobeHHOoCTM ABYX cxeM uarotosrieHns CI no M3.

3. KakoBo HasHayeHue penepHbIX NnoLwanok?

4. Yewm onpepensetca Bblbop METOAOB M CPEACTB MOHTaXa cranensa?

5. B yem npeumyuiecTtsa n Hegoctatkm SLLUM?

6. Kaknm obpasom obecnevmBaeTcs yBa3Ka OCHACTKM MO CTbikamM?

7. Mepeyncnnte OCHOBHbIE 3NEMEHTbI KOHCTpyKuumn CrT.

8. Hasosute TEXHONorn4yeckme CBOWNCTBA GbICTpOTBEPAEIOLLNX
KOMMO3MLNIA, MPUMEHSAEMbIX B KOHCTPYKLMNAX 3TanoHoB u Cl1.

9. Kakoe HaszHayeHne MMeeT KOHTPITaroH?

10. B yem npenmyLiectsa COOPHOM KOHCTPYKLMN MOHTaXXHOrO aTanoHa?
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JNlabopatopHasn pab6ota Ne 6

N3roToBJIEHUE CBOPOYHOI'O NMPUCIMNOCOBIEHUA
NMPU KOOPOAUHATHO-WABJIOHHOM METOAE YBA3KU OCHACTKU

Llenb pabombl — O3HAaKOMWUTbLCA C CYTblO KOOPAWHATHO-LIABGIOHHOro
MeToAda YBA3KM OCHACTKKW; NpnobpecTtn npakTu4eckne HaBblkn paboTbl C nnas-
KOHOYKTOPOM, WHCTPYMEHTasNbHbIM CTEHAOM M OMNTUYECKMMU CpeacTBamMu
MOHTa)ka COOPOYHON OCHACTKM.

OcHOBHbIe cBegeHust

KoopauHaTHO-wabnoHHbin Metoa (KLIM) yBA3kum ocHacTku daBnaeTcd
AanbHENLUMM YCOBEPLUEHCTBOBAHMEM Mna3oBo-wabnoHHoro metoga. KLIM
6b1N1 BHEAPEH B NPON3BOACTBO C MOSIBIIEHNEM CaMOMETOB 60SbLIOr0 TOHHaXa.
MpmeHeHne  gpyrmx  MeToaoB  obecnedeHns  B3aMMO3aMEHAEMOCTHU
COOpPOYUHbIX efuHWUy, Ona NPOM3BOACTBA TakMX CaMOSeToB OKasanocb
HE3(PEKTUBHBLIM.

OcobeHHocTb KLIM coctout B TOM, YTO B €r0 OCHOBY [MOSMOXEHO
MCMONb30BaHME KOOpPAWHATHbLIX CpeacTB (NNas-KoHOyKTopa W UHCTPYMEH-
TanbHOro CcTeHaa), nossondawwmux obecrneunTb YBA3KY KpynHorabapuTHOM
cbopoYHOM OCHACTKM No 06BOAaM U CTbIKaM.

Ha gByx npumepax nosichum wmgeto KLWM. lMycte cbopoyHoe npwucro-
cobneHune (CI1) umeeT kapkac B Buge pambl. ECnin OTHOCUTENBHO pamMbl TOYHO
BbICTaBUTb (3aKOOPANHUPOBATL) BUMKU C MOHTaXHbIMK oTBepcTuamn (MO) onsa
PYOVNBHUKOB M cTanenbHbIX MAUT, a B PyOUnbHUKAxX M cTanefbHbIX NauTax
TOYHO BbIMOMNHUTE (3aKoopamHUpoBaTb) cooTBeTcTBylOWMe MO, TO MOHTax
cTanens ceedétcs K NPOCTOM YCTaHOBKe (HaBecke) pyburbHUMKOB U cTanenb-
HbIX NIIUT C PUKCaALMEN UX HA KapKace WTbIpAMM Mo corriacoBaHHbiM MO.

Peanunszauua aToM cxemMbl MOHTaxa TpebyeT Hanuuma MrocKoro
KoOpAWHaTHOro cteHaa (nnas-koHaykropa) Ans yBssku o6BoaoB pyObUNbHUKOB
n oreepctun nopf ctbikoBble 60nTbl (OCB) crtanenbHbiX NAMT ¢ Mx MO n
NPOCTPaHCTBEHHOIO KOOPANHATHOIO cTeHda (MHCTPYMEHTarnbHOro ctenga) ans
YCTaHOBKM Ha pame ctanens sunok ¢ MO gnsa pybunbHMKoB, Kannbpos CTbIKOB
N cTanenbHbIX NSnT.

Ecnn Xe kapkac COCTOMT M3 KOMOHH M 6anok, TO Cxema MOHTaxa
YCIOXHAETCH (puc. 4.3). N3roToBrneHHble Ha NPOCTPaHCTBEHHOM
KOOPOWHATHOM CTeHAEe BEPXHIOK U HWXHIW 6ankm Heobxoammo npexae
B3aMMHO NpPaBUIbHO BbICTaBUTb, T. €. 06ecnevYnTb NpaBuUnbHY0 KOOPAMHALNIO
nx Bunok ¢ MO B 0asoBbiX CeYeHusix, rge pasmeweHbl PyounbHUKU U
cTanenbHble MNUTbl. JTO MNO3BOMSET cAenaTtb crneuuanbHas oOcCHacTka —
MOHTa)Hble MMNTbI, KOTOpble XECTKO cornacoBbiBatoT MO 6anok cranens B
KOHKPETHOM ceyeHuun. [na npaBuUnbHOM YCTAHOBKM 6ariok MOHTaXHble MinTbI
OOJTKHbI UMETb BMOSIHE onpeferieHHOe MofoXeHue B NPoCTpaHCTBE — 0ObIYHO
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BepTuKanoHoe.  KoHTponb
BbIMOSTHAKOT C  MOMOLLbIO
ONTUYeckMx npmnboposB (3TO
cpencrtea  NOCTPOEHUs, a
He n3MepeHns).

[Ona ycTtaHoBKM uk-
catopa MIIOCKOro CTblKa
(cTanenbHOM NAUTbLI) Ha
MOHTaXXHOW NnMTe HeobXo-
AMMO npefycMoTpeTb Oa-
3oBble otBepctusa (BO), no
KOTOpbIM 1 BydeT BbiCTaB-
neHa cranenbHasg nnuTa.
[MoHATHO, 4YTO BO MOHTax- -
HOW nNNUTbl Heobxoanmo
yBasbiBaTh ¢ €€ MO, a bO
cTanenbHOW MnnTbl — C eé
OCB.

HakoHeu, ons ycta-
HOBKM rpynnbl pukcaTopoB
BUSTIOYHOIO CThblka Ha pas-
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NNYHBIX ANeMeHTax kapkaca Puc. 4.3. Cxema moHTaxa CI1 no KLUM:
— bankax, KonoHHax - 1 — BepxHsaaA 6anka; 2 — HUXKHAS barnka,
OyneT  HyXeH  efuHbIi 3 — MOHTaXHas nnuTa

Kanubp CTblka, KOTOPbIN
npeacraBnseT cobon depmMmy ¢ aTanoHHbIMKM AeTanammn cTbika, OCB koTopbix
BbICTaBNEHbl C BbICOKOM TOYHOCTbKO OTHOCUTENbHO MO Tak Ha3blBaeMbiX
penepHbIX BUIOK ctanend. CooTBETCTBYHOLLUME penepHble BUIKM HEOBX0OMMO
BbICTaBUTb Ha O4HOM 13 Hanok ¢ NMOMOLLLI MHCTPYMeHTanbHoro ctenga (UC).

B npuBedeHHbIX nNpuMepax pPacCMOTPEHbl MPUHLMMAbI  MOHTaxa
cbopoyHbIx npucnocobnennn cpegctesamun KLLIM. Cytb meToaa 3akntovaeTcd B
TOM, YTO NPUMEHEHMNE NPOCTPAHCTBEHHbIX N MMOCKMX KOOPAMHATHLIX CTEHOOB
NO3BONSAET NOCTPOUTb pa3MepHbie Lenu Ans oTaenbHbIX OCHOBHbIX 31IEMEHTOB
ctanensa. llocTpoeHne nonHoW uenn 0as3oBblX pa3MepoB cTanenss 0bbl4HO
OCYLLECTBMSAETCA B NPOLLECCE MOHTaXa C MOMOLLbI CrneunanbHOM OCHACTKM
BTOPOro nopsioka — MOHTaXHbIX MAUT, W3rOTOBIIEHHbIX Ha Tex Xe
KOOPAMHATHbIX CTEHAAX U CBA3bIBAKOLINX TONMBbKO TEXHOSOrMYECKME OTBEPCTUS
(MO wn BO), u kKanubpoB CTblka, CBA3bIBAKOLWMNX KOHCTPYKTOPCKME U
TexHonornyeckne oteepctua (OCbB mn MO), a Takke C NOMOLbIO
YHUBEpPCarbHOro0 OCHaLLLEHUs1 — ONTUYECKMX NPUOOPOB B KOMMIEKTE C ApYyrMmu
cpeacTBamMm NOCTPOEHUS.

C y4eTom 3TOro BbINoOfHeEHME nabopaTopHom paboTkl pa3buto Ha Tpu YacTu:

- N3roTOBfIEHME PYOUNBHUKOB C MOMOLLBIO MSIOCKOr0 KOOPAWMHATHOro
CTeHAa (nnas-KoHAyKTopa);
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- N3rotoBneHne 6Ganok cranenst Ha NPOCTPAHCTBEHHOM KOOPAMHATHOM
cTeHge (MHCTpyMeHTanbHOM CTeHAe);
- MOHTaX CTanersi C NOMOLLbI0 MOHTaXHbIX MAIUT M ONTUYECKUX NPUBOpPOB.

N32omoeneHue py6UJ1bHUKOB C nNomMmouwbro nnas-KOdeKmopa

Mnas-koHayktop (MK) npeactaBnsetr cobor NMOCKMA KOOPAWHATHLIN
cteHa (puc. 4.4). OH cocTouT 13 cTtona 1 B BUAE YYryHHOM NANUTbI, MMEIOLLEN
LWabpeHHY0 MOBEPXHOCTb, W CUCTEMbI KOOPAMHATHbLIX JMHEEK (OBYX
HenoABWMXKHbIX NPOAOSbHbLIX 3 MO KpasMm cTona u Habopa CbEMHbIX NONEPEeYHbIX
2). B nuHenkax BbINonHeHbl oTBepcTus anametpom 18H9 c warom 50 Mm u
TOYHOCTbIO Mexay ueHTpamm oteepctun  +0,01 mm.  [lepemelueHnem
nonepeyYHbIX NIMHEeEK BAOMb NPOAOSIbHLIX HA MAOCKOCTM NNUTbI (CTOMa) MOXHO
nonyyatb UMKCMpPOBaHHbIE TOYKM C KOopAMHATaMu, KpaTHbiMKM 50 MM.
[TonoxeHne nonepeyHbIX JMHEeeK UKCUPYeTCa KIacCHbIMU WTbIpaMu. [Ons
HYXXO NPOM3BOACTBA MNa3-KoOHAYKTOPbl 3a4acTyld OCHAWAKT CBEPNUNbHbLIMU
rosIoOBKaMu 1 ycTponcTBaMn MexaHusaumu.

\\'

N
D

e

Puc. 4.4. lNna3s-koHaykTop: 1 — cTON; 2 — NNHErKa nonepeyHas; 3 — NMHenka
npoaosibHast; 4 — CTaHOK CBEPJSIUSbHbIN
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Ha nnas-koHAyKTope MOXHO BbINOSHATL cnegyowmne paboThbl:

- pasmeyaTb (pacdepumBaTb) KOOPOMHATHbIE CETKU U KOHCTPYKTOPCKME
OCW Ha naHensx nnasa;

- cBepnuTb 6asoBble oTBepcTUs (BO) B naHensx nnasos 1 B WwabrnoHax;

- cBepnuTb BO n MmoHTaxHble otBepcTua (MO) nnu BbICTaBNATb BTYNKA C
3TUMN OTBEPCTUSMWN B MacTep-NnuTax, ctanesnbHbIX 1 MOHTaXHbIX MAUTax;

- cBepnutb MO B pybunbHMKax;

- 3anuBaTb ueMeHToM BTYnkn ¢ MO B pybusibHuKax.

KoHTYp pyOunbHMKa MOXHO NONy4nTb cneayowmm obpasom:

- 06paboTKOM Ha TOKAPHOM CTaHKe (eCnn OH ABNSAETCS YacTblo Kpyra), Ha
KOMMpoBanbHO-(pe3epHOM CTaHKe MO KOnupy-wabrioHy npucnocobneHuns, Ha
dope3epHOM CTaHKe C NPOorpaMMHbIM yrpaBlieHUEM;

- CNEenkoM C MakeTa CeyeHus!, ¢ aTanioHa NOBEPXHOCTU, C 3TaroHa y3na;

- cnecapHon obpaboTtkon no LUT.

3areM B 3aKOHLOBKax koprnyca pyburnbHWKa no pasmMepam 4epTrexa
npucnocobneHna ceepndat oTBepcTus AnameTpom, Ha 8...10 mm Gonblumm
BHelwHero pguameTtpa BTynkm ¢ MO (ecnn pyOWMNbHUK W3rOTOBIIEH U3
HEN3HOCOCTOMKOro maTepuana).

Mocne aTtoro pybusnbHUKN BbICTaABASAOT Ha NOMNEpeYHbIX NMHENKax nnas-
koHAykTopa no LM, kKoTopbin NpeaBapUTeSibHO Takke Oblf BbICTABEH HA 3TUX
nnHenkax v 3adpukcuposaH no O (puc. 4.5).

Bepxuasa nuneuxa

He nokaszana 9 10 5
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Puc. 4.5. 3anueka BTynok ¢ MO B pybunbHukax Ha nnas-koHaykrope: 1 — cTon
MK; 2 — nuHenka npogonbHas; 3 — NMHenKa nonepeyvHas; 4, 5 — WTbIpy;
6 — BTynka nepexogHas; 7 — LUM; 8 — pybuneHuk; 9 — puckn; 10 — npmxum;
11 — stynka ¢ MO; 12 — uemeHt HAAT-MU
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C nomouwbio OpyrMx MonepeydHblX JIMHEEK W LUTbIPEN B OTBEPCTUSAX
pyOunbHMKOB BbICTaBnAT BTYNKM ¢ MO B COOTBETCTBMM C pasMepamu,
nokasaHHbIMM Ha 4epTexe, oTHocuTenbHO BbO wabnoHa. 3asop mexay
pyobunbHUKOM 1 BTYNKowm 3anonHsawT uemeHtom HUAT-MLU. OkoHuyaTenbHas
TOYHOCTb YCTa@HOBKW BTYNOK B pybunbHukax coctaesnseTt 0,1 MMm. PyOunbHukm
MOXHO CHMMaTb C MJia3-KoHAyKTopa 4epe3 7-12 MWHYT, BblgepXka Ao
YCTaHOBKM B cTanesib — BOE CYTOK.

Takum obpasom, cnoxHad 3agada no koopauHupoBaHuto MO
pyOunbHMKa OTHOCUTENBbHO ero paboyero KoHTypa ¢ nomowibto WM n nnas-
KOHOYKTOpa cBeAeHa K ABYM NPOCTbIM:

- COBMelleHNEe KOHTypa M pPUCOK pybunbHuka u LI, npueaska Tem
cambIM KOHTYpa pybunbHuka Kk O wabnoHa;

- koopanHuposaHne ocenn MO pybunbHuka oTHocuTenbHo BO wabnoHa
npucnocobneHnsa (pasmepsl B, C, D, E).

[MocnegHee B 3aBMCMMOCTU OT KOHCTPYKLUMU PYOUIbHUKA MOXHO OcyLlec-
TBUTb HE TONbKO 3anmnBkoun BTYSoK ¢ MO, HO n nNpsimbiM cBeprieHnem atux MO B
pyOUnbHUKE Yyepe3 OTBEPCTUS KOHOYKTOPHbLIX NIMHEEK UMW YCTAaHOBKOM 3aKOHLLO-
BOK ¢ MO Ha pybunbHUK C nocreaylowmm ckpenneHnem 6ontamum no MecTy.
[Mockonbky pasmelleHne MO npsiMmo He cBsidaHO ¢ 6a30BbIMW MOBEPXHOCTAMM
arperarta, TO NpW NPOEKTUPOBaHUM CTanens ux HasHayawT B ceTke, yaoOHOM
AN15 peanuaaumm Ha nrnas-koHAaykTope, T. €. 50x50 mMm. Pa3smepbl, BbINOMHEHHbIE
C MOMOLLIbIO MNas-KoHAYKTopa, Ha YepTexax obo3HavaoT 3B€3404KON.

Komnnekrauus nabopaTtopHou paboTbl

1. lNMna3-KoHOYKTOP C OCHACTKOW (MakeT).

2. Cxema Hanagkv nnas-KoHgyKkTopa.

3. PybunbHuku ¢ rotoBbiM 06Bo40M M BTYIKkM ¢ MO (MakeThl).
4. lHabnoH npucnocobneHuns (Maker).

NMocnepoBaTenbHOCTb BbIMOMHEHUA pa60Tb|

1. O3HaKOMUTBLCSH CO CXEMOW Hanagku nNnas-koHaykTopa n nabopaTtopHbIM
OCHaLLeHneM.
2. C nomoLubto nnas-koHagykropa u LI BbicTaBuUTb B pyOGUNbHMKaXxX BTYIKM
¢ MO.
3. OhbopMUTb OTHET O BbINOMHEHNN PabOTbI, B KOTOPOM MNPEACTaBUTb:
- OTBETbl HA KOHTPOSbHbIE BOMNPOCHI;
- 9CKM3-CXEMY N TEXMPOLIECC KOOPAMHUPOBAHUA U 3anuBku BTyrok ¢ MO
B pyounbHukax Ha lMK.

UN32o0moeneHue 6asok Ha UHCMpPyMeHmMmaJibHOM cmeHOe

MHCTpyMeHTanbHbIM CTeHA nNpeactaBnsieT cobon YCTPOMCTBO C NPOCTPaH-
CTBEHHOM CUCTEMOW KOOpAWHAT, YTO MO3BOMSET B npedenax ero rabaputoB
domKcMpoBaTb NOOYI0 TOUKY B 9TON CUCTEME C TOYHOCTLIO He Hke £0,1 MMm.
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PaccmoTtpum  yctpom-
CTBO W paboTy cTeHga Tuna
NC-6 (puc. 4.6). OcHosown
WHCTPYMEHTanNbHOro  creHaa
ABMSETCA nNuTas  JdyryHHas
CTaHMHa C napannenbHbIMU
HanpaenswLWMMKM, MO KOTO-
pbiM nepemelaeTcss  CTOS
annHon 8200 mMm ana ycta-
HOBKM Ha HEM OTAenbHbIX
anemeHToB (6anok) unu pamol
Kapkaca cOopoYHOro npucno-
cobnenunda. Cucrtema koopau-
HaTHbIX FIMHEEK CTEHOA COCTO-
UT N3 O0OgHOW NPOAOSbHOM
NNHENKN, YKPEMMNEHHOM Ha
OGOKOBON MOBEPXHOCTWU CTONA,
ABYX BepTMKambHbIX JNHEEK,

CMOHTUPOBAaHHbIX Ha CTOMKax Puc. 4.6. IHCTpymeHTanbHbIA CTEHA:
nopTtana, U ABYX nonepeyvHbiX 1 — BepTuUKasribHble JIMHENKN; 2 — nonepeyHas
NMHeeK, nepenBuraroLLmMxca c NHenka; 3 — NPoAosSibHas NIMHENKA;
rpy3aMu-npoTMBOBECAMW BLOSb 4 — cTon; 5 — nopTan; 6 — cTaHWHa

ctoek noprtana. Ha Bcex

KOOpAMHATHbIX NMHENKAX eCTb

otBepctna anametpom 10H7 mnn 12H7 ¢ warom 200 MM M TOYHOCTBLIO MEXAyY
nx ueHtpamm £0,01 mm.

[ns nocTpoeHnsa pasmepoB (OMCTaHUMIN) BAOSb BCEX IMHEEK MPUMEHSIOT
AVNCTaHUMOHHbLIE Kannodpbl, NOCTOAHHLIE NN MUKPOMETPUYECKUE.

Komnnekt m3 11 NOCTOSIHHbLIX AUCTAHUMOHHBIX KanmbpoB MO3BONSET
OTCYMTbIBaTb pasMepbl Yepes 1 mm.

MukpomeTpuyecknin kanmbp no3sonsieT oTknagbiBaTb Ntobon pasmep C
ToYHOCTbIO 0,05 mMMm.

AncTaHuMoHHble Kanmbpbl 8 (puc. 4.7) UKCUMPYOT wWTbIpSMKU 9 Ha
nuHenkax 3, 5, 6 cteHga No ABYyM OTBEPCTUSM, Pa3HECEHHBLIM Ha PacCTOsIHME
200 mm. OTcyeT M oTKNagblBaHMEe pa3MepoB BeAyT MO OTBEPCTUSIM BTOPOro
psga. C nomowbl AUCTAHUMOHHBIX KanubpoB BbICTaABMSAT. OTHOCUTENbHO
BEpTMKarnbHbIX JIMHEEK 5 — nonepedHble JUHENKN 3; OTHOCUTENbLHO
nornepeyYHbIX NIMHeeK 3 — nepexogHble MUTUHIM 4 ONs BbICTaBIEHNA BUNOK 12;
OTHOCUTENBLHO NPOAOSIbHbLIX NIMHEEK 6 — ANCTAHUNOHHLIE (PUTUHIK 7.
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BoicTaBnB 1 3admkcupoBaB Ha NPOAOSIbHOM JfIMHEWKE CcTona nepBbin
AVCTAHUMOHHBLIM  (DUTUHI, OT €ero OTBEepCTUA BeayT OTCYET pa3MepoB U
BbICTaBNAKT C MOMOLLbLIO OUCTAHLUMOHHbBIX KanubpoB ApyrMe AUCTaHUWOHHbIE
PUTUHIN Ha pacCTOSHUAX, 3aflaHHbIX Ha YepTexe OocHAcTKWU. [uCTaHUMOHHbIE
PUTHHIM KpenaT K cTtony 2 Gontamuy M CTON NocrnefoBaTeNlbHO BBOAAT B
paboune nofoXeHns no AucTaHumaM, QUKCUPYA ero LWTbipemM 4epes
AVUCTAHUMOHHbLIA  (OUTUHT U OUCTAHUMOHHBIN  KpOHWTEeNH 10 cTaHuHbl 1.
OTMeTuM, 4YTO Ha npakTUKe Takas dukcauus cTtona 3aTtpygHeHa u3-3a ero
bonbwunx rabaputoB. [103TOMY K AWUCTAHUWMOHHOMY KPOHLUTENHY KpenaT
MHONKATOPHOE YCTPOMCTBO, HACTPOEHHOE "Ha HOJb" MO ynopy AUCTaHUNOHHOIO
duTUHra, Korga ToT 3a(PUKCMPOBAH LUTbIPEM K OAUCTAHUNOHHOMY KPOHLUTENHY.
[Mpn ycTaHoOBKe paboyumx MOMNoOXeHUN CcTora cnegsar 3a  nokasaHusAMU
nugukatopa (oeneHne ero wkanbl paBHo 0,01 mm). O6blMHaAsi TOYHOCTb
YCTaHOBKM cTOfla C uHaukatopoMm — *0,1 MM, 3TO 3HayeHne npuemremo
NpaKkTUYeCcKn Ona BCeX BUAOB OCHACTKN.

Ha wWHCTpymeHTanbHOM CTeHOEe MOXHO C  BbICOKOM TOYHOCTbIO
KOOpOMHUPOBATL CUCTEMY OTBEPCTUM B  BWUIIKAx, KOTopble SBMAAKOTCA
MOHTXXHbIMU UM (PUKCUPYIOLLMMUK dfIEMEHTaMM COOPOYHbIX NprcnocobrieHnm
N OCHACTKM BTOPOro nopsifka — Kannbpos CTbIKa, MOHTaXHbIX paM U T.4.

Bbliagepkka 6anku ¢ Bunkamm nocne cHAtusa co ctona VIC oo yctaHoBKK B
cranernb — JBOE CYTOK.

Kak oTMeyanocb Bbllle, BWIIKWM, YCTaHOBIEeHHble B 6ankax Ha
WHCTPYMEHTanNbHOM CcTeHae, MoryT ObITb NpedHasHadYeHbl ans pyouribHUKOB,
cTanenbHbIX NAUT, MOHTaXHbIX NAUT WU KanubpoB cTbika. B cooTtBeTCcTBUM C
9TUM UMX pasMeLleHne OOHO3Ha4YHO onpenenseTcsd WM KOHCTPYKTUBHbBIMU
pasMmepamun arperarta (Llar HepBlp WS LUMAHrOyTOB, pa3MeLleHne MnIIoCKMX
NN BUITOYHLIX CTbIKOB), WM OTBEPCTUAMM BWIIOK ONA AAHHOrO 3remMeHTa
cranena (pybunbHUKa, cTanenbHOW MNIUTbl) UKW OCHACTKM BTOPOro nopsiaka
(MOHTaXHbIX NAUT, KANUBPOB CThIKA).

Pa3mepsbl, BbINOMHEHHbIE C MOMOLLBI MHCTPYMEHTaNbHOro cTeHaa, Ha
YepTexax OCHACTKM BbiAensaT (06o3HaYaloT NX 3BE3404KOM U BepyT B pamky).

Komnnekrauusa nabopatopHou paboTbl

1. YepTexn 6anku ctanens.
2. IHCTpyMeHTarnbHbIM CTeH C OCHalleHnem (MakeT cteHga MC-6).
3. 3aroToBka 6anku (Maker).

NMocnepoBaTenbHOCTb BbIMNONMHEHUA pa6OTbI

1. O3HaKoMUTbCA C YepTexom H6ankm 1 nabopaTopHbIM OCHALLEHNEM.
2. C NOMOLLIbIO MHCTPYMEHTaNbHOro CTEHAA BbICTABUTbL BUITKW B Oarke.
3. OdhopMuUTb OTHET O BbINONIHEHWUM PAbOThbI, B KOTOPOM NPEeACTaBUTb:
- 3CKN3-CXEMY KOOPOMHUPOBaHMSA BWNOK B Oanke Ha WHCTPYMEH-
TanbHOM CTEHAE;
- TEXNPOLLECC KOOPAMHUPOBaHMSA U 3anmnBku Bunok B C.
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MoHmaxx cmanesnsi c TOMOWbI0 MOHMAXHbIX Maum
u onmuy4eckux npuéopoe

MoHTax kpynHorabapuTHoro ctanens (puc. 4.8) Ha4MHaeTCcsa C YCTaHOBKM
Ha PyHOAMEHT OCHOB, FOPU30HTANbHOCTb KOTOPbLIX MPOBEPSAIOT ypoBHEM. Ha
OCHOBax W3 CTaHOapTHbIX OMOKOB COCTaBASAT KOSIOHHbI, BEPTUKaNbHOCTb
KOTOPbIX (C TOYHOCTbIO 40 5 MM) npoBepsaT oTBecoM. K KOnoHHam cornacHo
YepTexy KpensaT KPOHLWTENHbI A9 YCTaHOBKK Barok.

Cambli OTBETCTBEHHbLIN 3dTanm — MOHTaX 6anok cranensd, NoToMy 4To
NONIOXKEHME UX BUMOK onpegensdeT TOYHOCTb YCTaHOBKM oMKCaTOpoB 0OBOAOB
N CTbIKOB, T. €. TOMHOCTb 06BOOB 1 CTbIKOB COBMpaemoro arperaTa.
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Puc. 4.8. OcHoBHble anemeHTbl Cl1 (Ha cTagnn MoHTaxa): 1 — oCHoBaHue;

2 — KomnoHHa (6nok); 3 — 6anka; 4 — KPOHLUTENH; 5 — BUHT perynmpoBOYHbI

(BOMKpaTHbIN); 6 — 3anonHuTeNb (Npoknagka, uemeHt HUAT-MU); 7 — 6onT

CTSXKHOM; 8 — nnuTa MOoHTa)xHasa; 9 — nnuTta ctanenbHas; 10 — 6onTt no BO;

11 — 6onT no MO; 12 — nonysunka (ywko); 13 — pyounbHWK; 14 — WTbIpb NO
MO; 15 — Bunka; 16 — pukcaTop BUNOYHOIO CTbIKa
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CHa4yana BbICTaBNSAKT BEPXHIO Ganky kak 6a3oByto perynmpoBOYHbIMU
BMHTAMMW B 3afaHHOE 4YepTeXXOM MOSfioXKeHUe, MNoSib3ysCb HUBENMPOM U
N3MepPUTENbHBLIMU BbICOTHLIMU NIMHENKamMU. 3a30pbl, 0Opas3oBaBLUIMECH MeXay
Gankon M KapkacoMm (KpoHWTenHamu), 3anonHswT uemeHtom HUAT-ML u
nocrnie BblOEPXKKM B TedyeHue 7-12 MuHyT 6anky 3akpennsioT 6ontamu.
Hepeako ona kpenneHns 6anok NpUMEHSIIOT penepHble BUSKKU (YLUKN).

3ateM Ha COOTBETCTBYWOLUME MOMNYBUIKM (YLWIKM) 6Ganku HaBelumBaroT
(ycTaHaBnmMBalT) MOHTaXHbI€ NSUTbI U, NOMNb3YyACh ONTUYECKUMWN CpeacTBaMMU,
BbICTaBNAKT UX BepTUKanbHO (puc. 4.9). B Takom nonoxeHnn nx ukcupyroTt
BCNoMoOraTenbHbIMK cpefcTBamMu (CTpybLUMHAMKM N pacrnopkaMmn) K KOFIOHHaM.
Mocne 9aTtoro K cBOGOAHLIM  yWIKAM  MOHT@XHbIX MNAMT  NOABOAAT
COOTBETCTBYKOLUME YLIKM Apyron Gankm u dukeupyrot nx 6ontamm no MO.
3aszop mexay Oankon M KapkacoM, Kak U B MEepBOM Cchfydae, 3anvBaroT
LemeHToM, Banky Kpenat bontamu.

Taknm obpasom, CHavana C MOMOLLbI MOHTAaXHbIX MAUT BbICTaBMAAT
6ankn BO B3aMMHO MpaBUSibHOE MONOXeHWe. 3aTeM MOHTUPYIOT cTanesnbHble
NNUTBI. Kaxayo U3 HUX CKPennsatoT C COOTBETCTBYIOLEN MOHTaXXHOW NIIUTON NO
BO u 06a3oBbIM MOBEPXHOCTSM, 3aTeM WX YLIKM 3aKkpennsawT LEeMeHTOM B
COOTBETCTBYIKOLUMX CTakaHax Oanok, a Ha MOABWXKHYK CTanenbHyl MnanTy
AOMNOSTHUTENBHO YCTaHaBNMBalT Yanbl, obecrneymBalolMe BO3MOXHOCTb €€
nepemelleHns. Yepes CyTkM Ha BWUMKM 6Ganok HaBeLMBaKT pPYyOUIBbHUKN.
Bnarogapsa cornacoBaHuMio pasmMepoB Ha MNas-KOHAYKTOpe W MHCTPYMEH-
TanbHOM cTeHae doukcaumns pyounNbHUKOB LWITLIPAMKU OOMMKHa ObITb cBOBGOAHOM
(oT pykn). [locrne CooTBETCTBYIOLLEN BbILEPKKU (OBOE-TPOE CYTOK) MOHTaXHble
NNUTbl 4EMOHTUPYIOT, CTanenb NPakTUYeCKN roTos.

IIhuma naxnonena

IIhuma ne naxnonena

Puc. 4.9. Cxema KOHTPOssi BEPTMKANbHOCTU NIIUT: @ — HUBENNPOM
(1 — cTonka c mapkon, 2 — neHTanpuama, 3 — HUBENUP);
6 — aBTOKONNUMaTopom (1 — 3epkano, 2 — aBTOKONIMMaTop)
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B npouecce akcnnyatauum TOYHOCTb CTanens NpoBepsitoT NpOBeAEHNEM
Taknx ke paboT M C NMOMOLLUBbK TeX e CPeacTB, YTO M MPU €ro MOHTaxe.
MoHTaxHaa nnuMTa B 9TOM Cny4vae $BMsieTCA CBOEOOpasHbiM  3TaNIOHOM
MOHTa)XHbIX pasmMepoB.

Komnnekrauua nabopatopHou paboThl

1. YepTtexn ctanensa ons cOopku LieHTpornaHa.

2. KoMnnekT rotoBbIX 35IeMEHTOB cTanens (MakeThl).

3. Cpeactea MOHTaXa — MOHTaXHble MNNUTblI (MakeTbl), HUBENUP,
NMMHENKN, a TakKe CTPYOUUHBI, 6OMThI, LWTLIPK.

NocnepoBaTenNbHOCTL BbINOSIHEHUA PaboOTbI

1. O3HaKOMUTBLCS C YepPTEXOM cTanens u nabopaTopHbIM OCHALLEHUEM.
2. CMoHTMpoBaThb cTtanenb COOopKM.
3. OhopmuTb OTYET O BbINOSIHEHMM PabOThI, B KOTOPOM NPeAcTaBuTb:

- OTBETbl Ha KOHTPOJsIbHblE BOMNPOCHI;

- 9CKU3-CXEMY MOHTaxa 1 KOHTponda ctanens cpeacrtsamu KLLM;

- TeXnpoLecc MOHTaxa cranens.

KoHTponbHble BONpockl

1. B 4yem 3aknioyaeTcs CcyTb KOOpPAMHATHO-LWABGMOHHOrO MeToaa YBS3KU
OCHacCTKN?

2. HasoBute npeumyuiectBa KOOpAnNHaATHO-WABNOHHOMO MeToAa.

3. Kakue Buabl paboT BbINOSHAKT Ha NNa3-KoHAyKTope?

4. Ina 4ero npefHasHayeH nnas3-KOHOYKTOP MNpU  U3rOTOBIIEHUM
pyounbHNKOB?

5. HUem pyKkoBOACTBYHOTCA nNpu HasHadeHun nonoxeHna MO B
pyounbHukax?

6. Kakvne Buabl paboT BbINOSTHAT HA MHCTPYMEHTAalIbHOM CTeHae?

7. KakoBO CTpoeHMe ANCTaHUMOHHbBIX KannbpoB 1 B YEM 3aKMOYaETCs UX
Ha3Ha4YeHne?

8. KakoBo HasHayeHue nepexoaHblX (UTUHIOB WHCTPYMEHTanbHOro
cTenga?

9. OnuwuTe NOpsiAOK BbINOSTHEHUS OTCYETA MO OCSM WHCTPYMeEHTanb-
HOro cTeHaa.

10.MNpuBeagnte nNpumMepbl NPUMEHEHNS ObICTPOTBEPAEIOWMNX LEMEHTOB
NPV N3roTOBMIEHUM 3NIEMEHTOB CTanensi U ero MOHTaxe.

11.Kakyro To4HOCTb obecneymBaeT KOOPANHATHLIN CTEHA?

12.Kakne oTBEPCTUS BbIMOMHAKT B CTaNeSbHbIX U MOHTaXHbIX NAUTax?

JTabopaTopHasa paboTta Ne 7

MOHTAX U KOHTPOJIb CEOPOYHOWU OCHACTKM
C UCNOJIb3OBAHMUEM ONTUKO-MEXAHUYECKUX CUCTEM

Llenb pabombl — 03HAKOMUTBLCS C CYTblO MeToda MOHTaxa COopoYHOro

OCHalleHnda ¢ nppumeHeHnem onTn4eCknx 1 Nna3epHbIX I'IpM60pOB.
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OcHOBHble cBeaeHus

YBenunyeHne rabapuToB aBMAUMOHHBLIX W3OENUA MNPU MOBLILLEHUM WX
MOHOSIMTHOCTU CNOCOBCTBYET YNpoLEeHU0 COOpPOYHbIX CTanenen, NocKOMbKy
YMEHbLIAETCS KOSIMYECTBO (OUKCUPYHOLLMX WU MOAOEPXKMBAOLNX SNEMEHTOB.
OTO OBCTOATESNILCTBO YCMOXHAET MOHTaX OCHACTKM BCreaCTBUE WUCKITHOYEHUS
N3 Kapkaca cTtanens CrnsoWHbIX NPOoAoSibHbIX drneMeHToB (banok cranens) u
nepexoda K Kapkacy B Buae OTAENbHbIX CTOeK unu 6nokoB. WM3-3a 3T0ro
WHCTPYMEHTalbHbIN CTeH, MPU W3rOTOBMEHUW CTanesis He Bcerga MOXHO
NPUMEHNTb.

CoxpaHeHve npuHUMna 3agaHnsa KOHCTPYKTMBHbLIX pa3MepoB cTanesnis B
CUCTEME KOOpAMHATHbIX Ocen u3genuss u cuctemax ©0as0BbIX OTBEPCTUMN,
KOTOpble pacnonararoTcsl, Kak NpaBuno, B pasHbliX CEYEHUSIX Ha OLHOW OCw,
napannenbHon nNpoLoNibHOM OCW  arperaTta, nos3sondeTr 3PEPEKTUBHO
MCNonb30BaTh AN MOHTa)Xa onTUYeckMe cpencTaa.

Mcnonb3yst onTuyeckne cpencrsa — BU3MPHYIO TPYOKY M LieneBon 3Hak,
KOHCTPYKTMBHbIE OCK CTanens 3aMeHsIlT JIMHMENW BU3NPOBaHUS, KOTopas
coBnagaeTr C OMNTUYECKOW OCbi0 BU3MPHOW TPYyOKM (HMBenupa, TeononuTa,
cneumanbHbix npudopos MMC-7, MNMC-11).

[Ansa coxpaHeHusi YCTOMYMBOCTU MOJSIOXKEHUS JfMHUM BU3UPOBAHUA W
BO3MOXHOCTM OTCYeTa KoopauHatbl BOOMb 3TOM  JIMHUM  UCMOSb3YIOT
MHCTPYMEHTalbHble KOOPAWHATHbIE JIMHENKU, KOTOPble YCTaHaBMBAKOT B 30HE
MOHTaXa ctanena n MNpUMEHSOT BMecTe C onTudeckumn npubopamun Ongd
BGECKOHTaKTHbIX NMOCTPOEHNA N U3MEPEHUN.

O6pasoBaBLiasica  ONTMKO-MexaHuyeckass cuctema (OMC) wumeet
BbICOKYH0 TOYHOCTb M MOOMUMBHOCTb, YTO MO3BONSAET BECTU MOHTaX cranens
HenocpeacTBEHHO B COOPOYHOM Lexe. B 3aBMCUMMOCTU OT KOHCTPYKTUBHbLIX
ocobeHHOCTEN CcTanenst OMNTUKO-MeXaHUvyeckne u KoopauHaTHble CUCTEMb
MOryT BKMo4aTb B cebs  pasnuyHble KOMOMHaUMM  3fEMEHTOB YU
COOTBETCTBEHHO MMeKT pasHoe cTpoeHne. OMC moryT ObiTb NGO BCTPOEHLI B
Kapkac cTanens, nmMbo pacnonoXeHbl pPSAOM CO cTanenem — ONTUKO-
MEeXaHNYeCKNN CTeHN.

MexaHn4ecKkyto YacTb Takoro cteHaa obpasytoT (puc. 4.10):

1) ONCTaHUMOHHbIE JIMHENKM 1, YCTaAHOBMNEHHble TFOPU3OHTAarbHO MNoj,
NPSAMbIM  YIIIOM  ApYyr K Apyry; OHM obecneyvBaloT OTCYeT AUCTaHUUA B
FOPU3OHTANbHOM MNITIOCKOCTU B MPSIMOYrOfibHOW cucTemMe KoopauHat 6narogaps
WHCTPYMEHTasnbHbIM OTBEPCTUAM U ANCTAHLUMOHHBLIM Kannbpam 2;

2) BbiCOTHas nuHenka 3, obecnevnBatoLLLas OTCHET MO BEPTUKANBHON OCU
KoopAuHaT 3afaHHOM BbICOTbl H OTHOCUTENLHO rOPU3OHTaNbHOW MIOCKOCTY;
oTCYeT npom3BOaUTCA NO HOHWUycy (no3. 3.1) BbLICOTHOW JMHEWKU nocne
COBMeLLeHUs LieneBoro 3Haka (nos. 3.2) ¢ nepekpecTtuemMm BU3NPHON TPyoKu;
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3) kateTomeTp 11, KOTOPbLIN NpeacTaBnsieT cobon BepTUKAIbHY CTOMKY
C MEpPHOWN JNIMHENKON U NepeaBWMKHbIM KPOHLUTEMHOM, Ha KOTOPOM 3akperneH
Teneckon (BM3MpHas TpyOKa); HasHadeHue KaTeToMeTpa aHanormyHo
Ha3HaA4YeHM0 BbICOTHOW NUHENKUN 3.

OrieMeHTbl ONTUYECKOW YacTu cTeHaa:

1) BM3NpHbIEe TPYybKkM 4 HuBenupa HT, 3akpensieHHOro Ha nepexogHoMm
KPOHLUITENHE NINHENKN 1;

2) cMcteMa UeneBbiX 3HAKOB: LeneBoM 3HaK 6 3agaeT nonoxeHue
KOHCTPYKTUBHbIX OCen ctanens, 5 — nonoXXeHne NCXOAHbIX OCEN KOOPANHATHbLIX
NHeek, 8 — NonoXeHne NIIOCKOCTU PYOUbHUKOB (YrnoBble LiESNiEBbIE 3HAKM);
3.2 aBnsaeTcs ueneBbiM 3HAaKOM Ha BbICOTHOM NIMHENKE;

3) NOBOPOTHbIE NeHTanpu3mMbl 9 B Kopnyce;

4) Bn3npHas Tpybka katetomeTpa B-B-630A.

KaTteTtomeTp npenHasHayeH AN U3MEPEHUA BepTUKalnbHbIX KoopAauHat
N3OEeNU, PacnosioKeHHbIX B MeCTax, HeAOCTYMNHbIX AN HEeNoCcpenCTBEHHOIO
namepeHma B ycnosusx uexa. [lorpewHocTs u3MepeHus He rnpeBbiaeT
+(10+L/100) MKM Ha gucTtaHumm L, Mm.

KatetomeTp (puc. 4.11) nosBonsiet M3MepuTb pasmep a-6 WU3genun c
MOMOLLIbIO LWKanbl, BMOHTUPOBaAHHOW B npubop, nyteMm nocrnenoBaTesibHOro
BM3NPOBAHNS BU3NPHOW TPYOKOW Ha Hayarno a U KOHEeL, 6 OTpe3Ka usgenusi.

KaTteTtomeTp COCTOUT M3 Crneaylowmnx OCHOBHbIX YacTen: BU3UPHOE
YCTPOMUCTBO — BU3MpHasa TpybOka 4, KoTopas nepemMellaeTcs MO Hanpas-
NALWAM 6 LMINHOPUYECKON UMK NMPSMOYroNbHON (PopMbl; YCTPONUCTBO 3 ANS
YCTAQHOBKN BU3UPHOW TPYOKNM B TrOPU3OHTaNbHOE MOSoXeHNe (ypoBeHb C
LUNUHOPUYECKOM aMMysion); WKana 2; oTCHeTHoe YCTPONCTBO 5 (MUKPOCKON).

BHegpeHve B Npou3BOACTBO NasepHbiX METOAOB MOHTaXa OCHACTKU
NO3BOSIAET CHU3UTb TPYAOEMKOCTb MOHTaXHbIX paboT, cokpaTtuTb B 2-3 pasa
LMK N3roTOBMEHUs cTanenen, NoBblCUTb TOYHOCTb UX YBA3KM.

CocTtaB nasepHou UeHTpupyowen uameputenoHon cuctemsl (JILNC)
AN MOHTa)a KpynHorabapuTHbIX cTaneneun nokasaH Ha puc. 4.12.

MonoxeHne nwboro ysna crTanens B MPOCTPaHCTBE OOHO3HAYHO
onpegendeTca ABYMS NasepHbIMU NydamMu N NITIOCKOCTbIO, NepneHauKyspHON
K HuM, obpasyllenca pasBopoToOM Jfla3epHOro Jfyy4a C  MNOMOLLbBIO
neHTanpuamMbl. Takum obpa3omM KOHTPONMPYHOT WECTb CTeneHen ceoboabl y3na
cranens.

TexHonorndyeckme koopauHatHble nriockoctn (TKI) BbINONHAWT B BUae
ABYX WAEHTUYHBIX MANT C CUCTEMOWN KOOPANHATHLIX OTBEPCTUA, 06paboTaHHbIX
Ha KOOPAMHATHO-PACTOMHbIX CTaHkax. [na MOHTaxa cranensid BbICTaBnAlT
cuctemy koopauHaT n3 TKI n gnCTaHUMOHHLIX NHeeKk. basnpysi nasepHble
ny4n no oreepctuamn TKI1, o6pasyoT cMcteMy OnopHbIX NasepHbIX nyyden ans
YBSA3KM MOSOXEHUS B NPOCTPAHCTBE Y310B COOPOYHBIX MPUCNOCOBIEHUN.

TKI moryT ObITb pa3MeLLeHbl aBTOHOMHO Ha cneumasibHbIX CTOMKaxX Unu
BMOHTUPOBaHbI B CTanesb (Torga OHU BbIMOMHAKT (PYHKLMN MOHTaXHbIX MINT).
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Puc. 4.11. lNpuHumnuanbHas cxema katetomeTpa: 1 — usgenuve;
2 — Wkana; 3 — ypoBeHb 419 NPOBEPKN FOPU3OHTaNbHOCTU; 4 — BU3MpPHas
TpybKa; 5 — OTCHETHOE YCTPONCTBO; 6 — HanpasnsoLwme

Komnnektauua nabopatopHon paboTbl

1.Ctanenb pans cbopku naHenem (cMm. deptexm K nab. pabote),
npeacraBnsaAwoWUM  cobon CUCTEMY OMOPHbIX CTOeK C pybunbHukamun. B
pyoOunbHMKax BbINONHEHO no ABa 6a3oBbix otBepcTusa (bO) anametpom 18H7,
onpegensarLwmx BCcroMoraTernbHble KOHCTPYKTOPCKME OCW cTanend, v no ABa
MOHTaXHbIX oTBepcTus (MO) anga 3akpenneHust pybunbHUKOB Ha CTOMKax (B
cucteme "Bunka — ctakaH").

2. Komnnekt OMC (cm. puc. 4.10).

3. YepTexu obuiero Bnaa cranens.

4. [MoHwxXaroLWwmn TpaHcgopmaTop A9 namn NoaCBETKM.

5. JlazepHbin Bu3np J1B-5M.

6. JlazepHbIN ypOBEHb HA MarHUTHOM NOAOLLBE.

7. IlazepHas Tpydka npubopa lMNrcC-7 c nepexogHnkom gnametpom 18H7.

8. YrnoBble NOBOPOTHbIE MPU3MBbI.
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Puc. 4.12. JlazepHas ueHTpupyowasa nameputenoHasa cuctema (JIUMC) ans
MOHTaxa KpynHorabaputHbix ctanenen: 1 — dgpyHaameHTHble 6510KN KONOHH
cranens; 2 — uernesble 3HaKK; 3 — nany4arens fasepa; 4 — nutol TKIT,

5 — cTonku; 6 — NMHENKN; 7 — NpoaonbHaAa KoopaAnHaTHasa NUHENKa,

8 — neHTanpuama; 9 — nasepHbln garbHOMEP C ONOPHbLIM Sy4OM

NMocnepoBaTtenbHOCTb BbIMNOMHEHUA paGOTbI

1.03HaKOMUTLCSA C MEXAHMYECKMMU U ONTUYECKUMU IfIEMEHTaMu
OMC, oco3HaTb HasHayeHne U1 npaBuna nonb30BaHUS OMTUYECKUMU U
nasepHbiMu Npubopamu.

2. BbInONHUTBL TMNOBbLIE ONepauun.

HpoeepKa ycmaHO8KU OuCcmMaHUUOHHbIX JTUHEEK

Mopsgok BbINOSTHEHUA:

a) ANs KOHTPONS FOPU3OHTASNIbHOCTU KaXOoW KOOPAWMHATHOW JIMHEWKU
YCTAHOBUTb Ha OOWH KOHEL, NIMHENKU OMOPHbIA LieneBon 3HaK 5 Ha CTouke 7
(c™m. puc. 4.10);

6) yCTaHOBUTb BU3MPHYKO TPYOKY HMBENUpPA B HanpasfieHun LIENEBOro
3Haka, NpPoBEPUB E€ro NosIoXKeHUe C NOMOLLLIO NY3bIPbLKOBOro LNANHAPUYECKOro
YPOBHS;

B) COBMECTUTb MNepeKkpecTue BU3UPHOM TPYOKM C UeneBbiM 3HAKOM,
nepemeLlas ueneson 3HaK no BbICOTE CTONKU;
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r) NnepeMecTuTb HUBENUP MO JfMHEWKe OO0 LENeBOoro 3Haka, HO He
6nmxe, yem Ha 1,2 m (coBnageHne nepekpecTun CETKN HUBEeNnupa 1 LeneBoro
3Haka, YCTOMYMBOE MONOXEHMEe My3blpbka UWIIMHOPUYECKOrO YPOBHS OyayT
CBMOETENbCTBOBATbL O FOPU3OHTASNIbHOCTU JIMHENKK), 3aXaTb CTOMOPHbLIN BUHT
Ha Kopnyce HMBenupa;

) ANs NpoBEPKN NepneHANKYNAPHOCTU IMHEEK NEPEMECTUTbL HUBENUP
Ha KOHeL, JIMHENKN U YCTaHOBUTb Ha HUBESNP NeHTanpuamy;

€) nepemeLiatb HUBENUP MO NIMHENKE, NOKa B Nosie 3peHnsa He nonaget
LeneBon 3HaK S5 Ha BTOPOM KOOPAWMHATHOW nUHENKe (coBnageHwe JMHUI
NepekpecTuin LEeneBoro 3Haka U BU3MPHOW TPybKM unm mnx napannenibHOCTb

ByayT cBMOETENLCTBOBATL O B3aMMHOM NEPNEHANKYNAPHOCTU INHEEK).

lMpumeyaHue 1. [Ons yMeHblleHMS KONM4YecTBa ornepaun  JNMHENKN MOXHO
ycTaHaBnmBaTb C "MepekpbiTMeM", YTO MO3BONSET WUCMONb30BaTb MOBOPOTHYO BU3UPHYIO
TpybKy 6€3 neHTanpuambl 4Ns1 KOHTPONA NePNeHANKYNSPHOCTU NINHEEK.

lMpumeyaHue 2. TpPOCTPaAHCTBO, OrpaHMYEHHOE OfIMHOW NMHEEK M paboyvert BbICOTOM
KaTeTomeTpa (MM Opyroro U3MepuUTENbHOrO cpeacTtsa), obpasyetr paboyee (MOHTaXHOE)
NPOCTPAHCTBO A4S MOHTaxa (MpoBepkun) ctanens. [AMCKpeTHOCTb NPOCTpaHCTBa onpeaenseTcs
LEeHOW OeneHnst OTCYETHbIX NMHeEK (AMCTaHLMOHHBIX M BbICOTHOW NIMHEEK, KaTeTomeTpa). B aTo
NPOCTPAHCTBO AO0SMKEH BMUCHLIBATLCHA KOHTPOMMPYEMbIA UITM MOHTUPYEMBIN CTanerb.

lMposepka coocHocmu omeepcmuti 8 pybunbHUKax MpsiMbIM 8U3UPO8aHUEeM
uernesbIx 3HaKos

MonoxeHne nboro pydunbHMKa B NPOCTpPaHCTBE onpeaernieHo (3agaHo),
ecnu ero 6asoBble oTBepcTua n BO B nepBoM pybunbHMKE COOCHLI. [N
obecnevyeHnsa COOCHOCTU BbIMOMHUTL crieayloLLee:

a) yCTaHOBUTb B HeobXooMmoe MOSoXKeHne BU3UPHYD Tpybky no
ANCTaHUMN U 3adnKCMpoBaTb €e C MOMOLLbK AUCTaHUMOHHOIO Kanubpa Ha
NMNHENKE;

6) ycTaHOBUTL LeneBble 3HakM B 6as3oBble OTBEPCTUA PYOUNBHUKOB,
NPOBEPUTb COBMaZEeHUe MNepeKkpecTuin LeneBbiX 3HAKOB WM CETKU Tpybkw,
npocMmaTpusas rnocrefoBaTesibHO LereBble 3Haku; onpenennTb NorpeLlHocTb
YCTaHOBKM MO LUKane Luenesoro 3Haka;

B) YCTAHOBUTb BU3NPHYIO TPpYOKy npmnbopa lMNIMNC-7 B BepxHee 6Ga3oBoe
oTBepcTne pybunbHuKa;

r) NOBTOPUTL Oonepawlymn, Ha4duHas ¢ . 6.

KoHmpornb coocHocmu omeepcmud 8 ,Oy6LIJ'IbHLIKaX rpAMbIM su3upoeaHuem
C rNIoMowbro rnneHmMaripu3msbi U yeiio8020 omparKameJsid

[NocnepgoBaTenbHOCTbL AENCTBUMN:
a) ycTaHOBUTb LieneBon 3Hak B BepxHee 6asoBoe oTBepctmne (BO)
NepBoro pyounbHKKa;
6) ycTaHOBUTbL YrrOBOM OTpaXkaTenb B BepxHee 6a3oBoOe oTBepcTue U
neHTanpuamMy B HWKHee 6a3oBoe OTBEPCTME NOCNEAHEro pyOunbHUKa;
B) HABECTU  HMBENUpP, Bpalwlas neHTanpmsmy (UnuM  yrnoBow
oTpakaTesb) A0 NnonagaHnsa B NITOCKOCTb BU3NPOBaHWS LIENIEBOrO 3Haka.
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[lposepka pacronoxeHusi pyburibHUKO8 o oucmaHyuu
u naparinesibHocmu ux rniockocmeu

[MopsaaoK BbIMNONMHEHNSA:

a) NpUHAB 3a Hayano oTcyeTa MNIOCKOCTb MNepBOro pPyounbHUKA,
YCTaHOBUTb Ha JIMHENKe W 3auKcMpoBaTb HUBENUP C MNEHTanpuMsMon C
NOMOLLbIH ANCTaHUMOHHOro Kanubpa (cm. puc. 4.10);

6) yctaHoBuTb B 5O pybunbHUKa yrioBble LefneBble 3HaKu;

B) NOBOpavnBasi neHtanpuamy, npoBepUTb COBMageHNE NepekpecTui
LieneBbIX 3HAKOB U CETKY;

r) nepeMectTutb N0  AUCTAHUMOHHOW  JfIMHEWKE  HUBENUP C
neHranpuamMon un 3adukcmpoBaTb WTbIPSMM Ha 3a4aHHON  YepTexom
ANCTaHLUMKN C NOMOLLbIO AUCTaHLMOHHOIO Kannuobpa;

A4) NOBTOpPUTbL onepaumm nn. 6 u 8, nNpPoBepUB TeM CaMbIM
napannenbHOCTb pPYyOUNbHUKOB, B Crnydyae HeCOBNafdeHust nepekpecTun
HUBENMPA M HUXKHENO LienieBoro 3Haka nogobpaTtb AUCTAHUWOHHBLIN Kanubp u
paccunTaTb (PaKTUYECKY0 OUCTaHLUMIO PYOUNbHUKOB.

OnpederneHue rnoroxeHusi 3aeMeHmo8 cmariesisi
8He OCHOBHOU /TUHUU 8U3UpPO8aHUSsI

Bo BpemMa KOHTPONA COOCHOCTU OTBEPCTUM MOXET OKasaTbCsl, 4TO
3aflaHHble 3NeMeHTbI pacnonaratoTCa BHE NIMHUM UITN NNOCKOCTU BU3NPOBaHUS.
Hanpumep, B paccmatpMBaemMoM YCTPOMCTBE (CM. 4YepTexu obuiero Buaa
cranensa) bO pybunbHMKOB MO LWNaHroytaMm 7-9 MO BepTMKanu CMeLUEHbI
OTHOCMUTENBHO OTBEPCTUN B pybUrbHUKax no wnadroytam 10 n 12.

Ecnn BepTukanbHOCTb NSIOCKOCTU, Npoxoasuwen Yyepes ueHTpbl aTux bO,
MOXHO MPOBEPUTHL C MOMOLLbI MeHTanpu3Mbl, To pasMmeweHme bO Ha BbicoTe
TpebyeT nepemMeLLeHns ocM BM3NPOBaAHUA MO BepTUKanu. locnegHee MOXHO
OCYLLECTBUTb C MOMOLLbIO KaTeToMeTpa WUSIM BbICOTHOM JNIMHEMKN N HUBenupa
(ecnu kKaTeToMeTp OTCYTCTBYET UM MMEET HeOCTaTOUHbIA pabounii xon):

a) ycTaHoBuUTb B KOHTponupyemoe bO Ha pybubHMKE BbICOTHYHO NIMHENKY;

6) nepemMecTnuTb HOHMYC C MapKoOW BOOSb JIMHENKM OO COBMELLEHUS C
NEepEKPECTMEM CETKM BU3UPHON TPYOKM HUBENUPA UM KAaTETOMETPA;

B) 3adpukcupoBaTb B3aMMHOE [peBbILLIEHNE MNOCKOCTeEN (ocen) no
LLIKasne BbICOTHOM JIUHEWNKN.

3.MMpmBecTn cxembl, UNAIOCTPUPYIOLLME KOHTPOSb YCTAHOBKU FIMHEEK,
COOCHOCTW  OTBEPCTMW, AUCTaHUMK, nNapannefibHOCTU ABYX CMEXHbIX
pPYOVNbHUKOB, BepTUKanNbHOro cmelleHns 6O B pybnnbHuKax.

4.0OTBETUTb Ha KOHTPOSbHbLIE BONPOCHI.

KoHTponbHbIe BONpoOCHI

1. Kakue anemeHTbl BKNo4vaeT B cedbsa OMC?
2.Ha kakom npuHUMnNe OCHOBaH METOA4 MOHTaXka cTtanensi ¢ NOMOLLbHO
ONTUYECKMUX NpnbopoB?
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3. Kak ocyweCTBUTb KOHTPOSTb COOCHOCTU OTBEPCTUN?

4.Kak oOCcywecCcTBUTb  KOHTPONb  MNapannenbHoCTU  pyOUNbHUKOB,
ctanenbHbIX NANT? YTo aBnseTtcsa obwen 6a3on B aToM cnyyae?

5.Yem onpepgensetca paboyee MoHTaxHoe npoctpaHctBo OMC u ero
ANCKPETHOCTbL?

6. Kakne npeumywiectBa WMEKT JasepHble CUCTEMbl MOHTaXa W
KOHTPOMSA NO CPaBHEHMIO C ONTUYECKUMMN?

5. O6GPA30OBAHUE COEOAVUHEHWN NPU CBEOPKE CAMOIJETA.
METOAbI KNEMNKUA, OBOPYOOBAHUE N UHCTPYMEHT

B KOHCTpYKUMSIX cCaMONeToB M BEPTOSNIETOB UCMOSMb3YOTCA pas3beMHbIE U
HepasbeMHble coeanHeHnd. K HepasbeMHbIM npuHaanexar CoeguHEHUS,
KOTOpPbIE BbIMOSTHAOTCA KIENKOW, CBApPKOW, CKIemBaHMeMm, obxatnem wunm
COYETaHMEM CKMEeUBaHMUSA CO CBapKoOM M Krenkon. PasbeMHble coeguHeHus
BbIMOSHAT C NOMOLLBbIO BUHTOB, pe3bbOBbLIX Map, 3aMKOB, ManbLeB, OCEN C
COOTBETCTBYOLLUMWN NOCagKaMM.

Cpean Bcex BMOOB COEOMHEHUN 3aKnernodHble SABnAKTCA Hambonee
pacnpocTpaHeHHbIMU. KOonMyecTBO 3akfenoK B KOHCTPYKUMSAX COBPEMEHHbIX
camMmorneToB cpeaHero krnacca goxogut o 400—600 TbIC. WT., @ B KOHCTPYKUMAX
TSDKEnNbIX U CBEPXTSXKENbIX camoneTtoB — Ao 1,5-2,0 MfH WT., YTO cOoCTaBnseT
75...90 % o1 obuwero KonuMyecTBa KPENEXHbIX To4Yek, a TPYLOEMKOCTb
KnenanbHo-cbopoyHbIX paboT coctaenseT 30...35 % oT obLien TpyaoEMKOCTH
N3roToBNEHUs NnaHepa.

Takoe wWKMpokoe NMpuMMeHeHue KNEnkn obbAcHSeTCs B NepByl oyvepeab
OCOBEHHOCTAMM TEXHOSMOMMN COOPKM CaMONETOB W BEPTONETOB, LUMPOKOM
HOMEHKNaTypou aetanen M martepuanos, pasHoobpasnem un cneumdukomn
KOHCTPYKTUBHbIX 3FIEMEHTOB MilaHepa, BbICOKMMU TpeboBaHUSMU K TOYHOCTHU
reomeTpuyecknx copmMm y3rioB M arperatoB, K nokasaTendm HageXHOCTU U
AOMroBEeYHOCTU  coeauHeHun,  GonbwmMmu  rabaputaMm  KOHCTPYKLUMNA,
OrPaHMYEHHbIM KONIMYECTBOM KOHCTPYKTUBHbBIX U TEXHOSTOrMYECKNX Pa3bEMOB.
Cnenyetr Takke OTMETUTb, 4YTO TEXHonormyeckasd cebeCTOMMOCTb KMEMKK
KOHCTPYKUMA 13  artOMUHUEBBIX CMNfiaBOB  4ABMNSAETCA HaMMEHbLUEW Mo
CpaBHEHMIO C ApyrMMu Bugamu obpasoBaHUs HEpPa3beMHbIX COeAUHEHWN, a
3aKnenoyHble CoeaANHEHNS MMEIOT NyYLLYH0 KOHTPOMNENpUrogHoCTb.

OpfHako Knéenka no cpaBHEHUIO C APYrMMK rpoueccamm (CBapKown, namkom,
CKnemBaHMeM) MMEET criegyloLlme HegoCTaTKu:

- HU3Kasi NPON3BOANTENbHOCTD;

- YBENIMYEHNE MacCCbl KOHCTPYKUMM M3-3a BbICTYMAKLWMX 3aknagHbiX W
3aMblKaloLLMX FONTOBOK 3aKNEenok;

- ocnabneHne ceyYeHUn KOHCTPYKTMBHbIX 3fIEMEHTOB MW3-3a Hanuyus
OTBEPCTUM NOL 3aKMenkKu;
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- He06X0ANUMOCTb npoBeAeHus OOMNOSTHUTENBHbIX paboT no
repMeTMsauum no pasHbIM CXEMaM M KOHTPOSbHbIX Onepauuin Mo OueHkKe
repMeTUYHOCTY;

- 3HauMTenNbHble  gedopMauumM M BHYTPEHHWE  HaNpPsPKEHUA B
KOHCTPYKLMN;

- BpegHble pakTopbl B npoueccax CBepSieHUs OTBEPCTUA U yaapHOW
KNénkn (Lwym, Bubpauuun, nepeoxnaxgeHme pyk pabodero).

HecMoTpss Ha yKasaHHble HedocTaTKuM, MpouecC KMEMNKM  LUMPOKO
NPUMEHSAETCA B CaMOMETO- W BEPTONETOCTPOEHUMM WU, NO NPOrHo3am
OTE€YECTBEHHbIX U WHOCTPAHHbIX CneumMannucToB, OyaeT OCHOBHbLIM MPOLLECCOM
Ha nepuog go 2050 roga.

JTabopaTopHas paboTta Ne 8

TEXHOJOIrnd n oboOrPyYaOBAHUE
CBEPIIUJIbHO-KINENAJIbHbIX PABOT

Llenb pabombl — 03HAKOMWUTLCS C TUMOBBLIMUA  TEXHOOMMYECKUMU
npoueccamu MOArOTOBKM M 0OpasoBaHMsi  3aKNEMNOYHbIX  COeOQUHEHUN,
npuMeHsieMbiM  0OOpyAOBaHMEM M UHCTPYMEHTOM,  TEXHONOMMYeCcKUMMm
mMeTodaMuM U cnocobamy MOBbLIWEHUS KayecTBa COEOUHEHWUI; npuobpecTu
NpaKkTUYeckne HaBbIKN BbINOMHEHUS 3aKNENOYHbIX COEANHEHWIA.

OcHOBHbIe cBeaeHus

Mpouecc KNENkM OObIMHBIMK  3aKnénkamu npeacraBnseTr cobomn
coeguHeHue getanen nyteMm  OedOpPMUPOBAHUA  CTEPXKHEW  3aKNEenok,
YCTAHOBIIEHHbIX B  OTBEPCTUSX, NpeaBapuTenbHO  00pa3oBaHHbIX B
coeguHsaeMblx getansax. [NpMMeHsieTcss B OTKPbITbIX MecTaX, e BO3MOXEH
ABYCTOPOHHUIM NoAxon K 30He Knénku. CTepXXHeBble 3aKnenkn n3rotaBnueatoT
Ha BblCaO4YHbIX aBTOMaTax 13 NPOBOSIOKN M NPYTKa 13 antoMUHNEBBLIX CrM1aBoOB
B65, AMr5I, 0181, A1, AMu, ctanen 10, 15, 202, 12X18H9T, nmetowmx
ocobble ycrnoBua nocTtaBku. 3aknagHble rofloBKM 3TUX 3aKMENOK MOryT ObITb
BbICTynawowmMmMm U notanHbiMnu. B CBOKO ovepedb, BbICTynawlmne 3aknagHble
rofioBkM MoryT 6b1Tb nnockumu (3I1), nonykpyrnbiMn (3K) 1 NNOCKO-BbIMYKNbIMK
(3B), a noTtanHble — ¢ yrnom koHyca 90 n 120°. B KOHCTPYKUUSX COBPEMEHHbIX
camoneTtoB 60...70 % 3aknenok MMerT NoTarHble 3aknagHble rorioBkn. Yaie
NPUMEHSIOTCA 3aknenkn na cnnaesa B65, ykaszaHHble B OCT 1.34040-79 (c
ronoskamn 31, 3K un 3B), OCT 1.34087-80 (c yrnom koHyca 90°),
OCT 1.34098-80 (c yrnom koHyca 120°).

Mpouecc coeanHeHna peTanen OOblY4HbIMW MOTAMHBLIMK - 3aKnNenkamm
BKNtoYaeT B ceba nATb TUNOBLIX onepaunn (puc. 5.1).

TexHOoNnorm4eckn npoLEeCC KIEMNKU 3aBepLUuaeTCcsl KOHTPONieM KadecTBa
coeuHeHus (KOMMNNeKc orpaHMYMBaloWMX napameTpoB 3a4aeTCs Ha YepTexe,
B TEXHUYECKUX YCNOBUSX, MNPOU3BOACTBEHHbLIX WHCTPYKUMAX U OPYrux
PYKOBOASALMX OJOKYMEHTaX).
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Puc. 5.1. Onepauumn npouecca Knénku: a — obpasoBaHne OTBEPCTUS;

0 — 3eHKOBaHWe rHes3qa; B — yCTaHOBKa 3aKNENKW; r — KNenka (npu cxxatom
nakeTte); 4 — pesepoBaHMe NOTanHOW rofioBkn 3aknenkn (1, 2 — coegnHsemble
petanu; 3 — 3aknénka; 4 — 6oék; 5 — nogaepxka; 6 — 3aknagHas ronoBka
3aKnenku; 7 — 3aMblKkatoLLas rofloBka 3aknenku; 8 — gopesa)

Ob6paszosaHue omeepcmutl Moo 3aKnernku

Hanbonee pacnpocTpaHEHHbIM cnocobomMm obpa3oBaHUsi OTBEPCTUM
SIBNSIETCA WX CBEprieHne, MNOCKOMbKy npobuBKa OTBEPCTMM LWITaMnamum He
obecnevnBaeT BbICOKOrO YPOBHS MPOYHOCTUM W pecypca coeaunHeHusi. B
3aBMCUMOCTU OT KOHCTPYKUMW U TOSWMHbI KrenaeMoro naketa OTBEepCTUs
CBEpnAT 3a O4MH UNKU ABa nepexona.

OnameTp oTtBepctM d, nop O6blYHbIE CTEPXHEBbLIE 3aKMNENKU [OSMKEH
ObITb GonbWe HoOMWHanNbLHOro Aauametpa d 3aknénkum Ha 0,05...0,20 mm angd
yAoOHOM 1 NPON3BOAUTENBHON YCTAHOBKM.

[Onsa obpasoBaHMsi OTBEPCTUM  UCMNOSMbL3YIOT  YHUBEpPCAlibHble U
crneunarnbHble CTaHKW, CTauMOHapHble YCTaHOBKM, OCHAaLLEHHble CBEPSIUIbHO-
3eHkoBanbHbiMM arperatamm (CA-02, C3A-02, C3A-02, C3Y-d1), a Takke
pasHoObpa3Hble py4yHble NHEBMATUMYECKME CBEepnuSibHble  MalUMHbl  —
nHeBmogpenu (CM11-180, CM11-35, CM21-140, CM21-25, CM41-12,
YCM12-6-30, CMY21-6-5 n gp.).

B 3aBMCMMOCTM OT KOHCTPYKTMBHOIO WCMOSIHEHUA, TPYyMMnbl MOLLHOCTW,
YacTOTbl BpaLleHWA BbIXOQHOrO Bana peaykTopa MHEBMOAPENN UMEKT
cooTBeTCTBYOLME OYKBEHHO-UMAPOBLIE 00603HayYeHus, Hanpumep: AN
ceepnvnbHon MawmHel CM11-180 nepsas uudpa (1) o3HavaeT rpynny
MOLLHOCTK, BTOpasa (1) — KOHCTPYKTMBHOE MWCMNOSIHEHWEe, fanee rpynna uigp
(180) — makcMmanbHyl 4acToTy BpalleHus WNNMHOENSA Ha XOroCTOM Xody
(18 000 06/MuH). TexHUYecKkne xapakTepPUCTUKN MHEBMATUYECKUX Apenen,
NMEIOLLNX LUIMPOKOE MPUMEHEHWE B OTpacnu ANt CBEPFIEHUs U 3eHKOBaHUA
oTBepcTUn, NnpusegeHbl B y4yebHom nocobum [9].
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B cBepnunbHoM o06opydoBaHUM  OOMKHbl  OblTb  NPegyCMOTPEHbI
npucnocobneHna ans BblpaBHMBaHUS W NoggepXuBaHus cobupaemon
KOHCTPYKUMM  unn  XXe camo obopyaoBaHMe [OOMMKHO —nepemeLaTbes
OTHOCUTENbHO Hee. B 30He cBeprieHnsa OTBEPCTUS NakeT AoMKeH ObITb NNOTHO
ckKaTbiM  ONS  UCKMAYEHUA MonadaHus CTPYXXKKWM  Mexay getanamu U
npepoTBpaweHns obpas3oBaHUA 3ayceHueB BHyTpu naketa. KadecTtBo
NPOCBEPSIEHHbIX OTBEPCTUMA  KOHTPOMUPYKOT BU3YarlbHO U C  MOMOLLbIO
npeaenbHbIX KanMbpoB-NPoOOK.

3eHkosaHue 2He30 oo rnomauHble 20/108KU 3aKI1EMNMOK

KoHnyeckne rHé3ga nog 3aknénku nonydatT 3eHKOBaHMEM UMK
wrtamnoBkon. [HE34a nog noTawHble T[ONIOBKM  3aKMNEMNOK  BbIMOMHAT
3€HKOBKaMM C HanpasnswowWuMn Wtndtamm, OnaMmeTp KOTOpbIX paBeH
HOMWHaNbHOMY OMaMeTpy cBepna Afs nocnefHero nepexoda C KBanmuTeToMm
fO nnnm e€9. B uensax noBbIWEHUS MPOU3BOAUTENBHOCTM AOnd 3eHKOBaHMUS
peKkoMeHayeTCAa MCNonb30oBaTb KOMOWMHUPOBAHHbLIA WHCTPYMEHT — CBEpJSIO-
3€HKOBKY. 3€HKOBaHME MPUMEHAETCH B crnyyasix, Korga TofilmMHa oOLWMBKU &
OonblUe, YemM BbiCOTa 3akflagHOM rofioBKU 3aknénkn h. B TOHKMX naketax v B
naketax ¢ TOMNWWHOMN OOLUMBKM MEHbLUE BbICOTbl 3akfagHOW rOroBKU
KOHMYEeCKMe rHe3da BbIMONHAT wTamnoskon. Cnocobbl obpasoBaHUs rHes3q
nozA ronoBKM OBbIYHBIX MOTANHLIX 3aKNEeNnoK n3odpaxeHbl Ha puc. 5.2.

T ATY T . |
\NNNAN S N\NAN %t .
1 d.~08d, 2 . 3 Y, ~d,

Y ¥

1 " |d.=08d, 2 6
NN NN
A A
1 de=d, 2 B

Puc. 5.2. Cnocobbl o6pazoBaHns rHE3A NOA rofOBKM NOTaAMHbIX 3aKMNEMNOK:
a — WwrtamnoBka B obeunx getansx; 6 — 3eHkoBaHWe B Kapkace 1 LiTamnoBKa B
obLwimBKe; B — 3eHKOBaHMe B obwwimBke (1 — cBeprneHne oTBepCcTun,

2 — 3eHKOBaHue rHesga; 3 — paccseprnnBaHnue OTBEPCTUN)

Ecnu TonwmHa naketa S<d un d; < h, TO rHe3gO WTAMNYOT OTAENBHO B
KaXxOJon [eTanu UM COBMECTHO B [eTansxX naketa C MNOMOLLbI MyaHCOHa u
MaTpuubl C LEHTPUPOBAHWEM UX MO paHee MPOCBEPSIEHHbIM OTBEPCTUSAM
anametpom (0,8...0,9)d, nocne 4yero OTBEpPCTME paccBepsMBalOT O
Heobxoaumoro gmnametpa d,. Ecnn TonwmHa obwmBkM 6; < 1 MM, a TOMLMHA
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, aneMeHTa Kapkaca d,<h, TO
1t rHé3ga nog rONnoBKM  3aKMEnok
+ 3E€HKYIOT B Kapkace, a rHesgo B
0 5 obLlumMBKe nonyyaroT LWTaMMnOBKOW B
10 WTamMnax uni faBreHem ronosku
camon 3aknénku. [nybuHy rHésn
& noa noTauHble TFONOBKM 3aKNENoK
KOHTPONUPYOT c NOMOLLbHO
Kannbpa-3aknenku u wuHagukatopa
. YacoBoro Tvna (puc. 5.3).
1 3anageHne noTanHbIX [oso-
BOK 3aKnenok - siBNeHne
HeraTMBHOE, MOCKOSIbKY MpU 3TOM

He obecneuymBaeTca HeobXxoanMbIN
l ‘H YpOBEHb KayecTBa COEAUHEHUsI Mo
> KpUTEPUSIM MPOYHOCTU N repMeTnY-
% . HocTu. [1ns npegoTBpaLleHust 3TOro
/ | /A SIBNEHUS Ha rnybuHy 3eHKOBaHWSA

N

h,, ycTaHoBneH ponyck Ah,,,

\ BENNYMHY KOTOPOro HasHayalT B

3 = COOTBETCTBUM C [JOMYCKOM Ha

2 BbICOTY [MOTaMHOMW 3aMblKaloLLEN

Puc. 5.3. KoHTponb rybuHbl THe3aa:  ronogku h, pasHbii +01 MM, K
1 — HOMKaTOp YacoBOro TUNA; 0,0

Aornyckamm Ha BbICTynaHue notau-
HbIX TOJIOBOK 3aKr€nok OTHOCK-
TENbHO MOBEPXHOCTM OBLIMBKN Ah,
paBHbIMU A4h' = 0,0...0,15 MM AN NepBON 30HbI OBTEKaeMbIX NOBEPXHOCTEN M
Ah" =0,0..02 MM — gna BTopon. Takum 06pasoMm, OOMYyCK Ha rmy6uHy

3€HKOBaHNA AOJ14 nepBom 30Hbl 0bTEeKkaemMbIX I'IOBerHOCTeI/I Ah' 3 = %'%5 MM

2 — Kanubp-3aknénka;
3, 4 — coegnHsiemMmble aeTtanu

ANsi BTOPOW — gpM = %91 MM-

Cxamue nakema

[na obecnevyeHns kayecTBa 3aKNEMNOYHLIX COEQUHEHUA U UX Haubonee
adbdekTmBHOn paboTbl Ha cpe3 HeobxoaMmoO NNOTHOE npureraHve
NOBEPXHOCTEN coeAuHAEeMbIX  OeTanewn. QTOro  gocTturalT  NyTEM
npeaBapuTernbHOro cxaTtus naketa ¢ cunom Q (cm. puc 5.1) ¢ nomoulbio
BCTPOEHHbIX B LUTAMM 3NEMEHTOB (NpwW KNErke npeccamMmu) unm cnewumansHom
HacaKN-HaTSHXKKM (NpU KNEnke MosioTKamm).

Knénka (¢gbopmuposaHue 3ambikaroujelt 205108KU)

O6pas3oBaHue 3aMblKaloLMX FONOBOK 3aKIENOK NPOUCXOAUT BCreacTeue
nnacTuyeckoro AeopMmnpoBaHus (BbiCaZKu) CTEPXKHA nof AeACTBMEM yaapoB
OOXMMKM MHEBMAaTUYECKUX MOSMOTKOB UMW NOALEPXKW, AaBMNEeHWs nyaHcoHa
npecca unu nokanbHoro gaenexHuns (puc. 5.4).
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lMpeccosasi Knérnka xapakTepudyeTcs TeM, YTO 3aMblkaroLlas roroBka
3aKkrnénku popmmpyeTcs npy OTHOCUTESTbHO PABHOMEPHOM CXaTUU CTEPXXHS B
nakete. [lpM eouvHW4HOM KNénke 3a oAuMH Xo4 nondyHa (0GXUMKK)
pacKNénbIBalOT OAHY 3aKrenky, a npu rpynnoBOn — HECKOJTbKO.

Knenka
1
1
1
1 1 1 1 1
MHoroyaapHas
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Puc. 5.4. Cnocobbl Knénku

MpeccoBas knénka obecne4ymBaeT:

- BbICOKYIO M CTabunbHYHO MPOYHOCTb coeanHeHust 6narogapsa 6onee
paBHOMEPHOMY (MO CPaBHEHWUIO C MHOrOyAapHOW KMEMKOW) HaTAry no BbICOTE
CTEPXKHS 3aKIENKW;

- BbICOKOE Ka4yeCTBO COEANHEHNSA MO reOMETPUYECKMM NapaMeTpam;

- BbICOKYHO MpPOM3BOAMTENBHOCTL W MUHUMAnbHYIO  TPYAOEMKOCTb
BbINOJSTHEHUS COEANHEHUI;

- HU3KUIN YPOBEHb NMPOM3BOACTBEHHOIO LWyMa U OTCYyTCTBUE BUBpaumm;

- BO3MOXHOCTb rpynnoBomu KNEnKM B Lensx NOBbILLEHMS
NPOM3BOANTENBHOCTMW.

Kpome TOro, nmpeccoByk Knenky rerko aBTomMaTu3npoBaTb, NPUYEM B
ogHOM 000pyaoBaHUM MOXHO COBMECTUTb BbIMOMIHEHNE CBEPNUSIbHBIX U
KnenasnbHbIX paboT.

YOapHas Kknérnka ¢ NOMOLLbIO NMHEBMATUYECKUX KrenanbHbIX MOSIOTKOB B
3aBMCUMOCTM OT MeCTa MNPUNOXeHNA akTUBHOIMO CUSIOBOro BO34ENCTBUS
nogpasgensieTcs Ha npsMylo M obpaTtHy. B npouecce npsamon ygapHown
KNénkn obXuMka MNHEBMOMOSOTKA [AENCTBYET Ha CTepXeHb 3aKnenkw,
doopmMuMpysa 3amMblKaroLLy0 FOSIOBKY, 8 MacCuUBHas noagepXxka siBnsaeTca ornopown
ANg Knenaemoro naketa u npmkMmaeTcs K NOBEPXHOCTU AeTann u 3aknagHown
ronoBke 3aknenku. B npouecce obpaTHOM KNENKN yaapbl O6KMMKON HAHOCATCS
MO 3aKragHoOW rofioBke N Yyepes Heé — No NakeTy, a MeEHee MaccuBHas (4eM BO
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BpeMs MPAMON KINEMNKW) nognepxka pacnonaraetca CO CTOPOHbI 3aMblKatoLLEN
ronoskn. OTcloga BMOMHE MOHATHO, YTO oObpaTHas kKnénka sBnseTcs
NPUHUMNMAanNbHO BO3MOXHOW TOMbKO AN NMaKeTOB C ONpefeni€éHHON CTENeHbio
nooaTtnuMeBoCTX, T.€. [And OTHOCUTENNbHO TOHKMX nakeTtoB. (OCHOBHbLIM
NpPenMyLLeCTBOM YOAPHOW KIEMKM MO CPaBHEHWUIO C MPECCOBOM W KNEMNKOW
packaTKOWN SABSETCA BO3MOXHOCTb €€ NMpUMEeHEHUs aNns 3aMKHYTbIX KOHTYPOB U
B TPYAHOLOCTYMHbIX MecTax. [Ona obpaTHoW KNENKM HyXHa nogaepxka co
3HaYUTESIbHO MEHbLLEN MaCcCoN.

Knénka packamkol B nocnegHue rodbl nonyyaet Bce 6Gonbluee
pacnpocTpaHeHMe B CBA3W C CO34aHUEM KOHCTPYKUWW M3 KOMMO3ULIMOHHbIX
MaTtepuanoB, [MPUMEHEHMEM  MHOFOCIIOMHbIX W  CMELaHHbIX MaKeToB.
Heobxogumble copMy © pasmepbl 3amblKalowen ronoBKWM  Mosfyyator,
NPUMEHs cneumanbHble 06KMMKKW, KOTOPbIM NpnaatT BpaweHne MexaHu3mbl
C HeoOXoANMBIM KPYTALMM MOMEHTOM.

Mo cpaBHEHUIO C yOgapHOM M MNPEeCcCOBOW KIEMKOW KMEnka packaTKoun
NMeeT psa NPEUMYLLECTB:

- OCeBOE€ [ aBrieHMe UHCTPYMEHTA B OECATKN pa3 MEHbLLUE;

- B NpoLuecce KMEnkM OTCYTCTBYIOT yaapbl No nakeTy u sBubpaunu;

- paguanbHble gedopMaumn CTEPXKHA 3aKIEMNKU B MakeTe NpakTUYecKn
OTCYTCTBYIOT, YTO MMeeT Oofblloe 3Ha4YeHMe Mpu KEenke HemeTanmyeckux
MaTepuanosB 1 BbICOKONPOYHbIX KOMMO3UTOB.

Knénka packaTkon npumMmeHsieTca ans obpasoBaHusi COeauHEHUA B
KNMMHOBMOHbLIX MakeTax C YraoM KnuHoBmgHoctM no 15°, a Takke B
KOHCTPYKUMAX, coaepXawmux COTbl, KOMMO3ULUMOHHbIE U HeMeTannuyeckune
MaTtepmanbl. dopma 3amblKaloWEen TONOBKM MOXET OblTb MoTanHOW
(FTOCT 14798-75), nonykpyrnon (TOCT 14797—-75) n NNocKoMn.

KayecTBO  3aKNME€no4yHoro coeauMHeHns B 3HA4YUTENbHOM  Mepe
onpegenseTrca pasmepoMm U GOPMOM 3aMblKaloLWEN TrOMOBKM 3aKNENKu.
3amblkalowasi rofioBka UunNuHApuYeckon d¢OpMbl € MAOCKAM  TOPLIOM
xapaktepuayetcsa anametpom D n BeicoTomn h:

D=¢5+0,1d, h=¢5+0,14,
a Ansa 3amMblKaloLWmMX rosIoBOK NOMYKPYrnon goopmbl

D=¢6+01d,h=06+014.

Mcxoga mn3 atoro, a Takke yduTbiBad pasgady OTBEPCTUSA CTEepXXHEM
ocCaXXJaemoun 3akNEnkn M MCMnosib3yst 3aKOH MOCTOAHCTBA ob6bema, MOXHO
onpeaenuTb ASIMHY CTEPXHSA 3aKnenkn Ans naketoB ¢ HeEGOSbLION TOMNWMUHON
S =(1,0...2,5) d:

L=S+¢2.14 1.
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Ob6opydoeaHue u UHcmpymeHm O5s KNénku

[MpeccoBas Krénka OCYLLEeCTBIISIETCA Ha cneumanmsanpoBaHHbIX Npeccax
unn  KnenanbHbiX aBTomMatax. Knénka Ha npeccax TpedbyeT uyneHeHus
KOHCTPYKUMN Ha ©onee npocTble aneMeHTbl (Y3nbl, NaHenun), 4To No3BoSseT
NPUMEHSTb TOT UM MHOW TUM npecca n obecneymBaTtb AOCTYM K MECTY KNEMNKMU.

KnenanbHble Npeccbl No aKCniyaTaumoHHOMY MPU3HaKy noapa3aenstoTcs
Ha CTauuoHapHble W nepeHocHble. Bbibop TuMna npecca 3aBUCUT OT
BO3MOXXHOCTU NoAxo4da K MeCTy KIENKW, TMnopasMmepa U martepuarna 3aKknerok,
pa3sMepoB KOHCTPYKUMW y3ra WM NaHenu, ApYyrnx KOHCTPYKTUBHLIX W
TexHonornyecknx dakrtopos. Mo BMAY aHeprum n cnocobam eé ncnonb3oBaHNA
KnenasibHble NPecchl NoAPasaensoTCs Ha NHEBMOpPbIYaXKHbIe, MTMAPOPbIYaXKHbIE,
NHEBMATMYECKME, rmapaBnnyeckne n NnHeEBMorngpaBnmnyeckue.

MpuHuMn paboTbl MHEBMO- U MMOPOPbIYAXKHbLIX MPECCOB 3aKM4aeTcsa B
TOM, YTO AaBfieHWE BO3dyxXa WM XUOKOCTU Ha MOPLUEHb CUMNOBOMW FOSTOBKU
nepegaeTtca Ha OOXWMKY 4Yepe3 CUCTEMY pbl4aroB, 4YTO MNO3BOSISIET NpwU
HeBOoNbLUNX pa3mMepax CUIOBbIX FOSIOBOK NosydyaTb 66nbWKMe, No CpaBHEHUIO C
MHEBMATMYECKMMU N MHEBMOrMApaBinvyeckuMm npeccamun, YCUnus Ha
obxumke. [MpuHuMn paboTbl MHEBMATUYECKMX TMPECCOB OCHOBaH Ha
HenocpeaCTBEHHOM BO34ENCTBMN OaBNEHNS CXKaToro Bo3ayxa Yepes NopLUeHb
Ha ob6xunmKy. PaboTa rugpaBnnyeckux M MNHEBMOrMApPaBiINYECKUX MPECCOB
OCHOBaHa Ha npeobpa3oBaHUM CPaBHUTESNIbHO HU3KOrO AaBMEHUSI XUOKOCTU
MM Bo3ayxa, NocTynaroLwero B MynbTUNIMKATOP, B BbICOKOE rmapaBfinvyeckoe
AasneHve, nepegaBaeMoe  OT  MyNbTUNNIMKaATOpa  4vepe3  MOpLUEHb
rmgpoumnuHapa Ha ob6xuMMmKy. OCHOBHblIE TEXHUYECKME XapaKTEePUCTUKK
Hanbonee pacnpoCTpaHEHHbIX OTEYECTBEHHbIX CTaLUMOHAPHbLIX N NEePEHOCHbIX
KnenanbHbIX Npeccos npusegeHsl B [9]. Tak, npecc KIM-204M nmeeT ycunune oo
49 kH (5 1), MNMHIM-5,5 — 0o 54 kH (5,5 7).

Cpean cTaumoHapHOro ceepnurbHo-KnenaneHoro obopygosaHna ocoboe
MECTO 3aHMMalT KrenasibHble aBTOMaTbl OTEYECTBEHHOIO M 3apyOexXHOoro
NPOM3BOACTBA, MO3BONAKOLLIME KOMMSIEKCHO pewaTb 3agaydyM no Cco3gaHuko
3aKnenoYHbIX COeaUHEHNN.

[Mpw KNénke Ha aBTOMAaTax OCYLLECTBNAETCS criegyoLlee:

- BblpaBHUBaHME NOBEPXHOCTH nsgenus OTHOCUTESbHO ocu
NHCTPYMEHTA;

- CcXKaTue nakera;
obpasoBaHMe OTBEPCTUS M rHe34a NoA 3aKnenky;
yCTaHOBKa 3aKI1ENKN B OTBEPCTUE;
oOpa3oBaHue 3aMblKatoLLEN FOSTOBKMU;

OTBOA WHCTPYMEHTA B UCXOAHOE MOSOXEHNE;

- NepeMeLleHne n3genma nnu asToMmarta Ha Lar Knenku.

HecmoTpa Ha LWMPOKOE MNPUMEHEHME CTaLMOHAPHbIX UM MNEPEHOCHbIX
NPeccoB, 3HA4YMTENbHbIN OOBLEM 3aKMEMNOYHbIX COEAUHEHUM BbIMOMHAETCS
yOapHOM KNenkon C MOMOLLbI0 MHEBMATUYECKMX MHOrOyAapHbIX KrenasibHbIX
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MonoTkoB (Tabsn. 5.1). MonoTkM MCNOMb3YKTCA NP KNEnke HenocpeacTBEHHO B
cOOpOYHbLIX NPUCNOCOBNEHNAX WM MPU CTLIKOBKE OTCEKOB W arperatoB Ha
y4acTkax BHecTanenbHon coopku. OTnMYaoTCs OHN MOLLHOCTbIO, rabapuUTHLIMU
pasmepamu 1 oopmMon pyKkoAaTku. NMHeBMOMOSOTOK BbIGMpatoT no paboTte ogHOro
yaapa, KoTopas 3aBuUCUT OT AuMameTpa M maTepuana 3aknénku. [lpuHumn
AENCTBUA MOMOTKOB 3aKnNiyaeTcs B TOM, YTO Nof AEeNCTBMEM CXaToro BO3gyxa
MOpLUEHb MOSIOTKa COBepLlaeT BO3BPATHO-MOCTyNaTerlbHOE [OBWXEHUE W
HaHOCUT yaapbl N0 0OXMMKe, BCNEACTBME Yero packrénbiBaeTCcs 3aknenka.

Tabnuya 5.1
OCHOBHbIe TEXHUYECKNe XapaKTepUCTnKn
nHeBMaTU4YeCKMX KrienaJibHbiX MOJTIOTKOB
Mapka monoTka
MapameTp
KMI1-13 KMI1-23 KMIM-31 KviH41
HdwvameTp 3aknénok ns B65, mm 3,5 40 6,0 8,0
KonnyecTtBo yaapoB B MUHYTY 1800 1500 1300 1200
Bpemsi packnénbiBaHMst 0gHOM 1.2 15 15 2.0
3aKnenku, c
Pacxop Bosayxa, M/ MUH 0,1 0,2 0,25 0,35
MwuHuManbHOe paccTosHue oT
OCW MOMOTKa A0 CTEHKMU 20,0 25,0 20,0 25,0
n3genuvsi, Mm
dopma pyKOATKM MNMuctonetHaa |[MuctonetHasa |[ucTonetHas 3amKHyTas
abapuTHble pasmepbl, MM 136x140x40 |[165x150x55 |[210x155x52 |355x140x68
Macca, kr 1,1 1,3 1,95 2,8

Knénka nHeBMOMOSIOTKAMM  OCYLLECTBMISETCA C  UCMNOfb30BaHUEM
NnoaaepKKMN onpeaesiEHHON Macchl B 3aBUCMMOCTM OT AMaMeTpa 3aknenkn n eé
Martepuana, a Takke OT Metoaa Knéenku (Npsamoro unun odpaTtHoro). C NOMOLLbHO
pac4eToB U U3 MNPOM3BOACTBEHHOrO OMbiTa onpegeneHbl OnTUMarbHbIe
COOTHOLLEHNA MeXOy MaccouM MOoJAepXKM Mm,, Kr, U ONaMETPOM CTEPXKHS
3aknenku d, MM, B 3aBMCMMOCTM OT MaTepuana 3aknenkm n Metoaa Knenku.
npsimasi Knenka, nerkme cnnasbl —m, = 1,5 d;
npsimasi Knénka, cranbHble 3aKknenkn —m, = 3 d;
obpaTHas knénka, nérkne cnnasbl —m, = 0,5 d;
obpaTHas Knénka, ctanbHble 3aknénkm —m,, = d.

HecmoTp4a Ha wnpokoe NpuMeHeHne yaapHOW KNenkKn nHEBMOMOSIOTKaMK,
crnegyeTt OTMETUTb CYLLIECTBEHHbIE He4OCTaTKM MeToha: He4oCTaTOMHO BbICOKOE
KayeCTBO COeANHEHUI, BbICOKUA YPOBEHD LLYMa, Hann4me Bubpaumin, 4To MOXeT
NpuBECTM K 3aboneBaHUsIM KnénanbWUKoB, MNOTPEOHOCTb B  BbICOKOW
KBanudukaumm pabovmx, BblCOKas TPYLOEMKOCTb KNEMKN U3-3a HE0BX0aUMOCTH
ydyactTmss B npouecce [nOBYX WucnonHutenen. [loatoMy B nocrnegHue ropbl
pacrnpocTpaHseTcsl MNPUMEHEHNE  BbICOKO3HEPreTUYECKMX METOAOB  OOHO-
yOAAPHOM KNEMKN MMNYNbCHLIMWU KrenanbHbIMXU MOSIOTKaMMU N YCTPOMUCTBaMKU C
NHEBMATUYECKUMMN, MHEBMOrMApPaBinNyYeCcKUMN, SNEKTPOMArHUTHbIMU, 3NEKTPO-
rmapaBnUYecKnMmn U pyrumm npuBogamu.
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TpebosaHusi mexHUKU 6e3onacHocmu nNpu CBEPSIUIIbHO-KNenasbHbIX
paboTax npuBeaeHbl B MUHCTPYKUMKN K nabopaTopHom paboTe.

KoHmpornb ka4yecmea coedOuHeHUs

3aBeplualoLLen onepaumen npowuecca Knenku Bceraa siBnsieTcsl KOHTPOsb
KayecTBa coeauHeHus. KoHTponupyemble napameTpbl U cpeacTBa KOHTPONs
3aKMNENOYHbIX  COEOMHEHUW,  BbIMNOMHEHHbIX  OObIYHBIMU  CTEPXKHEBbLIMU
3aknénkamu, npmBeaeHsl B Tabn. 5.2.

Komnnekrauusa nabopatopHou paboTbl

1. CeBepnunbHaa mawmHa CM21-25 ¢ KOMMNMEKTOM HacagoK pexyLiero
MHCTPYMEHTA.

2. KnenanbHble nHeBMomMonoTkn KMIM-13, KMI1-23 u gp.

3. KnenanbHble npeccol KIM-204 v MHI-5,5 ¢ komnnektamu nogaepxek u
0BXXNMOK.

4. A3mepuTenbHbin  MHCTPYMEHT W Kanubpbl AnNs OUEHKM KayecTBa
OTBEPCTUN N 3aKNEMNOYHbIX COEeQMHEHUN (LUTAHrEeHUUPKYb, Kanudpbl-npobku,
LWabMoHLI, Wynbl, UHAUKATOPbI, KOHTPOSbHbIE 3aKMENKN U T.4.).

5. O6pasubl U3 NMUCTOBLIX MaTepUanoB U 3aknenku.

Tabnuuya 5.2
KoHTponb KayecTBa 3akfEenoYHbIX COeaUHEHUN
KoHTponunpyemble napameTpbl CpenacTea KOHTpoOns
HdnameTp oTBEpPCTUI MpenenbHble Kannbpbl-Npobku
My6buHa 3eHKoBaHUS WHankaTop YyacoBsoro Tuna u

KOHTPOJIbHAA 3aKnernka

BbicoTa 1 agnameTp 3aMblkatoLen ronosku 3aknénkn |CneumanbHble WabnoHbl

BbinyymBaHnst 0OLUINBKK, BMATUHbI JlnHenka, wyn

O6Boab! y3roB 1 naHeneun LLabnoHbl unn pybunbHUKK cTanenen,
wyn

KauecTBO KNénkun B 3aKpbITbiX MecTax u Tpybax OnTuyeckme ycTpomncTea

[MNOTHOCTL NpuneraHns rofoBokK, OTCYTCTBUE BusyanbHo, nynbl

MeXaHN4YeCKnX I'IOBpG)K,EI,GHMVI, TpewunH Ha
3aMbIKalOLWKMX roJyioBKax

6. [NnaHweTbl C obpasuamm nu cxemamm Knenku.
7. VIHCTpYKUMA NO TexHuKe 6e30nacHOCTM Npu CBEPNUIIbHO-KNenanbHbIX
paboTax.

NocnegoBaTenbHOCTbL BbINOSIHEHUA PAGOTDI

1. O3HaKOMUTBLCSA C MHCTPYKLUMEN NO TEXHUKE 6e30nacHOCTH.
2. O3HaKOMUTbLCSA C onucaHnem nabopaTtopHon paboTbl, €€ OCHALLEHNEM,
caenartb KpaTKue 3anucu no cxeme oT4yéeTa.

73




3.Mpn 3agaHHbIX BenNUYMHaxX TOSLWKWHBI MakeTa U OnameTpa CTEPXHS
3aKNENKM 3afaHHOro Tuna onpenenuTb AnameTp OTBEPCTUSl Mo 3aKnerky,
ANVHY CTEPXHA M pasMepbl 3aMblkalowen rosioBKA, Maccy MNOJAepXKu Ons
pasnnYHbIX METOA0B YAApPHOW KITEMKN.

4.YCcTaHOBUTb NakeT B TUCKW, BCTaBUTb 3akMEnNKM U 3aknenatb Mo
3-4 3aKnénkn NpamMbiM 1 obpaTHbIM cnocobamm NMHEBMOMOSOTKOM, UCMONb3Ys
nogobpaHHble NoaaepPKKu.

5.0ueHnTb  KayecTBO  3aKNEMOYHbIX  COEAUHEHWUN, NCNonNb3ys
N3MepUTENbHLIN MHCTPYMEHT.

6. Hactpoutb npecc KI1-204 wnwn IMHI-5,5 Ha HyXHbIK X040 OGXUMKU U
knenatb 3-4 3aknénkn. OUueHNTb Ka4eCTBO KIEMKN.

7. 0dbopMUTL OTYET O BbINONHEHNM NabopaTopHOn paboTbl U OTBETUTb
Ha KOHTPONbHbIE BOMPOCHI.

KoHTpoOnbHbIe BONpOCHI

1. B yem cocTOUT HasHa4YeHne 3aKNEMNOYHbIX COEANHEHUI B KOHCTPYKLMAX
camoreToB? Kakoe MeCTo OHM 3aHMMAKOT Cpean CoOeaANHEHN pasnnUYHbIX TUMOB?

2. HasoBuTe npenmylecTBa n HeJOCTaTKN YOAAPHOW KMNEMKMW.

3. HazoBuTe npemmyLiecTsa n He4oCTaTKM NPECCOBOM KMNEMKMW.

4. Onuwmnte metoabl obpa3oBaHMs OTBEPCTMA M THE3Q NoA 3aknénku, a
Takke npumMeHsieMble 060pyaoBaHNE U UHCTPYMEHT.

5.Kakne  obopygoBaHue n MEXaHNU3NPOBaHHbIN NHCTPYMEHT
NPUMEHSIOTCA AN KNENKN?

6. Kak pasnu4yaloTcs 3aknénku no martepuanam, Kakme TuMbl 3aKrenok
NPUMEHATCA?

7. Kaknmum moryT 6bITb AedekTbl KNEnkn?

8.C nomoLpbo Kakmx Cpeacts M MeTodooB OMNpenensT KadecTBO
3aKMEenoYHbIX coeauHeHnn"?

JNTabopatopHasn pab6ota Ne 9

METO[bl NOBbLILLEHNA KAYECTBA 3AKIENOYHbIX COEAUHEHUN
U MHTEHCU®UKALUA NMPOLIECCA KITEMNKK

Llenb pabombi — 03HAaKOMUTbCSI C TEXHONOrMYECKUMM MeToAaMU
NOBbLILLIEHNS KadYecTBa 3aKMenoYHbIX COeAVHEHUIA, BUOAMU TEXHOIOMMYECKOro
obopynoBaHus 7 MEeXaHM3MPOBAHHOIO NHCTPYMEHTA, crnocobamu

VIHTeHCI/ICbI/IKaLI,MM npouecca KNEnKw; I'IpVI06peCTM NnpakTn4eckne HaBbIKN
OLUEHMBaHUA Ka4yecTBa COeANHEHNN MO BESNIMUYMHE HaTAra.

OcHOBHbIe cBeaeHus

3aknénoyHble coeanNHEeHNA B KOHCTPYKUNAX CaMOorneToB U3 almtoMMHNEBDLIX

CNMaBOB SABNAIOTCSA Hambornee MHOroYUCIEHHbIMU. J3Tn coegunHeEHNA TaKxe

LLUMPOKO NMPUMEHAKTCA B KOHCTPYKUUNAX, U3rOTOBJTIEHHbIX U3 cTanemn, TMTaHOBbIX
crjlaBoB, KOMMO3NLUMOHHbIX MaTepunaros.
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Cratuctnyeckme gaHHble MokasbiBaloT, YTO abconoTHOe OOrnbLUMHCTBO
YCTaroCTHbIX pa3pyLLUEeHNn Ha4YMHaeTCsa B 30He coeamHeHun. OTcloga o4eBmaHo,
HACKONbKO BaXXHO BbISIBUTb (QaKTOPbl, ONpeaensitowme pecypc 3aknEnodHbIX
COEOVMHEHUN, U Ha OCHOBE WX aHanusa paspabotaTtb MeponpuaTus Mo
obecrneyeHnio HeobxooMMOro pecypca 3TuUX Hauboriee pacnpocTpaHeHHbIX
coeanHeHnn. Pecypc KOHCTpyKUMM, NOA4 KOTOPbIM MOHMMalT HapaboTKy
obbekTa OT Hayana aKchfyaTaumm OO0 HacTynneHus npegenbHO 4oMyCTUMOro
COCTOSIHUA, 3aKnagblBaeTCA BO BPEMS €€ MPOEKTUPOBAHWA U peanuayeTcs B
BMAOE KOHKPETHbIX TEXHOMOMMYECKMX PELLEHUI NMPU €€ U3roToBneHnun. PakTopsl,
onpeaensowme pecypc 3aknénoyHbIX COEANHEHUN, MOXHO pas3genvTb Ha Tpu
rPYNMbl: KOHCTPYKTUBHbIE, TEXHONOMMYECKNE N 3KCMNyaTaUUOHHbIE.

K TexHonormyecknm gpaktopam MOXXHO OTHECTMU:

- TOYHOCTb BbIMOMHEHUS OTBEPCTUIN;

KayecTBO NOBEPXHOCTHOMO CrOsi OTBEPCTUMN;

BENUYNHBI OCEBbIX W paauarnbHbIX HATSAroB B NakeTe;

COCTOSIHME KOHTaKTHbIX MOBEPXHOCTEMN;

pacnpeneneHne n ypoBeHb gedopmMaunm B 3aKnenke N nakeTe;
CTPYyKTypa MaTepuanoB 3aknénkm u naketra nocrne obpasoBaHus
COeIHEHUN.

TexHonormyeckne ¢akTopbl 3a4acTylo SABASKTCA onpeaensiowmMmm B
obecneyeHnn pecypca CoeAMHEHNN N KOHCTPYKLNN.

CoeduHeHue 3aknénkamu c KoMrieHcamopamu

OQHUM 13 NyTen NOBbIWEHUA pecypca U repMeTUYHOCTU COeANHEHUN
ABMSETCA NMPUMEHeHMe 3aknenok ¢ komneHcatopom tuna 3YK n nx moamndm-
kaumn 3YKM, 3YKC, 31K, 3BYK, 3YKK. N3BecTHO, 4TO AnameTp CTep)KHS
OObIYHbIX 3aKMNENOK MPU KIENKe YBENNYMBAETCA HEPABHOMEPHO MO TOSLUMHE
naketa. CTepxeHb B OTBEPCTUM npuobpeTaeT KOHYCHOCTb 2...5 %, BeplumHa
KOHyCa NoBEepHyTa B CTOPOHY 3aknagHoW ronoBku. M3-3a npon3BOACTBEHHbLIX
NOrpeLLUHOCTEN N3rOTOBIIEHUS 3aKITEMNOK M 3€HKOBaHWSA THE3Q No4 MNoTauHble
3aKkrnagHble rornoBkM He obecneymBaeTcsl MAOTHOE MNpureraHne 3aknagHou
ronoBkn K rHesgy. CneacrtBMemM 3TOro ABNSETCA HeyOoBIieTBOpPUTESNbHas
repMeTUYHOCTb N HEBbLICOKUW PECYPC 3aKNENOYHOr0 COEANHEHUS.

[Ona nonyyvyeHnss coeguHeHNa ¢ paBHOMEPHbIM N BbICOKMM MO TOSMWMHE
nakeTa HaTArom NPUMEHSIOT 3aKNErnkM ¢ KOMMNeHcaTopoM Ha Topue 3akragHou
ronoBkn. KomneHcatop MOXeT ObiTb BbIMOMHEH B BMAE YCEYEHHOro KOHYyca
(puc. 5.5, a—n), konbuesbIX (puc. 5.5, €) 1 uunuHapudecknx (puc. 5.5, X, 1)
BbICTYNOB. [1pn KNénke ogHOBpPEMEHHO C 06pa3oBaHNEM 3aMblKaloLLLEN TONOBKU
KOMMEHCcaTop yTannuBaeTCs B Teno 3aKfEnkn MOBEPXHOCTbIO KrenanbHOro
WHCTPYMEHTA, BbI3blBas paguanbHoe TeyeHue wmartepuana Kak B 30He
3aKnagHoW rorioBkM, Tak U B 30HEe Mnepexofa CTEePXHA B 3aKrnagHyl rOfoBKY
(puc. 5.6). Ha puc. 5.7 nokasaH xapaktep pacnpeneneHmsa Hatdara no TosinHe
nakeTa Mpyv UCNOSIb30BaHUN CTEPXKHEBBIX 3aKMNENOK OObIYHOMO MCMOMHEHUS Y
3aKMNEnoK ¢ KOMMEHCATOPOM.
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TexHoNnorm4ecknn Npouecc coeamHeHusa 3aknenkamm ¢ KOMNeHcaTopoMm
aHanorn4yeH npoleccy coeanHeHuss 0BbIYHBIMK 3aKrenKamu.
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Puc. 5.5. 3aknénku ¢ komneHcatopamu: a — 3YK (OCT 1.12020-75);
6 — 3YKM (OCT 1.34047-80); B — 3YKC (OCT 1.34043-80); r — 3K
(OCT 1.34040-79); o, — 3BYK (OCT 1.34040-79); e — 3YKK (OCT 1.34052-85);
X — 3MNKM (OCT 1.34040-79); n — 3BYKK (OCT 1.34047-80)
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Puc. 5.6. Cxema a 6
TeHeHuA MeTanna Puc. 5.7. PacnpeneneHue HaTtsra
fpn CoeONHEHNN Mo TOMLUMHE NaKeTa:
SaKnenkou a — oBbluHasA 3aKNenka;
C kKOMneHcaTopoM 6 — 3aKNénka ¢ KOMMNeHCaToOpPOM
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Knénka cmep)xHsamu

MpuMeHeHMe KnenanbHbIX aBTOMATOB  MO3BOMWMIO  MCMNOSMb30BaTb
3akrenku 6e3 3aknagHoOWM rofioBKU — CTepXXHeBble 3aknenku. MNpu aTom cnocobe
KNEMNKM NPpOMCXOAMT OQHOBPEMEHHOE pacKnénbiBaHWe rosioBok ¢ 06enx CTOpPoH
naketa. Takue 3akrnénku obecneymnsaroT NyyLLy0 repMeTUYHOCTb KOHCTPYKLMU
n eé Hambonbwmn pecypc. [Mpn KNEMKe CTEPXKHAMM MOXHO MonyyaTb
COeVHEHUs C OBYMSA BbICTYMNaloOLWMMN rONIOBKaMU NN COEANHEHUS, B KOTOPbIX
ofHa TrofioBka nMoOTavHad, a BTopas — BbICTynawowas (nfockaga wunu
nonykpyrnas). NotaHas 3amMblkalollasa roroBka, Kak npasuio, npencrasnser
cobon gBonHOWN KoHycC ¢ yrnamu 60 n 120°.

MemoOdb! uHmMeHcugbukayuu ripouecca yoapHou Knérnku

OauH 13 nyten WMHTEHCUdMKauuM npouecca WM MNOBbILWEHUS KayecTBa
3aKMNEenoYHbIX COEOVHEHUN — MOBbILEHNE CKOPOCTU AedopMUpPOBaHUA MNpU
Knénke. Ha napameTpbl npouecca yoapHOW KNEMKW BRAUSAKOT criegyloline
OCHOBHbl€ (PaKTOpbl: Macca M CKOPOCTb nepemelieHns 6orka (0BXuMKM),
ycunue u  Bpems 0eopMMpoBaHUA CTEPXKHS  3aKMEnok, MnacTUYHOCTb
Matepuana 3aknenku, macca nognepXku. [1OCKONbKy ycunue KNenku wu
NNacTUYHOCTb MaTepuana 3akfénkn ans onpenernieHHbIX Mapkm maTtepuana u
AvameTpa CTepXHSA 3akneénku, oopmMbl N pasMepoB 3aMblKaloLlen TonoBKu
MOXHO CcyuTaTb YCMOBHO MOCTOAHHLIMW  BENUWYMHAMKU, TO  OPYrUMM
napamMmeTpamu npolecca yaapHOM KMENKNU MOXHO YynpaBnsTb, U3MEHSs Maccy
BoKka 1 CKOPOCTb ero nepemeLleHus.

Mpwn yoapHoun knénke paboTty gedopmMaumm BbINOMAHAET BOEK, NeTawmmn ¢
onpedenéHHon ckopocTbio (cuctema "GOEK — 0BXMMKA"), KMHETUYEeCKas
9Heprus E; KOTOPOro B MOMEHT CTOSIKHOBEHUSI C 3aKNENKoM nepexoguTt B
paboTy gedopmaunu:

KuHeTuyeckasa aHeprusi OoMka, HaKoMmneHHass 3a BPEMS €ro pasroHa,
onpegenseTca N3BeCTHbIM COOTHOLLEHNEM
m5V62
6 = 2 !
roe m; — macca 6omka unum cuctembl "60ék — obxmmka"; V; — HavanbHas
CKOpPOCTb coyaapeHunst bonka 1 3aknenku.
OueBngHoO, 4TO Haubonee 3dPdPEKTUBHBIM CMNOCOOOM MOBbILLEHUS
3HeprMn ygapa nepeHOCHbIX KnenanbHbIX YCTPOUCTB SBMAAETCA NOBbILEHWE

CKOPOCTU nepemMelleHnss borka, 4To OaéT BO3MOXHOCTb Knenatb OOHUM
yaapoM, MCnomnb3ys UMMNyrnbCHOE YCTPOUCTBO. lpouecc ogHoyoapHOW KMEnKu
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MO CpaBHEHMIO C O6bIMHOM  KNEMKOW  MHOroygapHbIMW  MOJSIOTKaMu
obecnevnBaeT nosiydeHMe BbICOKOMNPOYHbIX coeAnHeHun 6narogaps 6onee
paBHOMEPHOM paguanbHon gedopmMmaumm CTEPXKHA 3aknénku, 6onee BbICOKON
MHTEHCMBHOCTU [edopMaumn OTBEPCTUS N YMEHbLUEHUIO BeNUYUHbI 30HbI
ynpyro-nnactnyeckmx gedopmMauunn B CoeguHAEMbIX 3reMeHTax, NoBbILLEHUIO
CTabuNbHOCTM nNapamMeTpoB 3akMEenkuh. YnyywawTca ycnosuss paboThbl
KnénasnbLWKOB BCIEACTBME CHUXEHNS LLUYMa U UCKITIOYEHMS BUDpaunn.

B T1abn. 5.3 npuBegeHbl TEXHUYECKME XapaKTEPUCTUKM MMMYIIbCHbIX
KnenanbHbIX ~ MOJSIOTKOB, pas3paboTaHHbIX Ha Kadegpe  TEXHOormu
npounssoactea JIA (XAW), KoTopble MOXHO MNPUMEHATb ONA  KIEMNKKU
aBMaLMOHHbBIX KOHCTPYKLMA — KaK LeNbHOMETanIM4yecknx, Tak U BbINOSTHEHHbIX
N3 KOMMNO3ULIMOHHbLIX MaTepuanos.

Tabnuua 5.3
TexHU4YeCKne XxapakTepUCTMKN UMIMYSbCHLIX KrenanbHbIX MOJSTOTKOB
[MHeBMOrnapasnmnyeckme MHeBMaTUYeECKME
MapameTpsl MOJNOTKMU MOJNOTKMU
KNM-4 KNM-6 MI1-4 MIM-90M
E)l:(eprml yaapa (MakcumarnbHas), 70 150 80 120
Hanbonbwunin guameTp 3aknénkm 4 6 4 5 6
n3 cnnasa B65, um
LnknuyHocTtb paboTthbl, y4./MUH 16...18 14...16 50...60 50...60
yennme, npukiaasisaemoe K 0..10 0...10 0..5 0..5
pykosiTke, H
Ycunme HaxaTust Ha KHOMKY i i > 10 15.2
(kypok), H
FabapuTHble pasmepbl, MM - - 400x170x100| 420x200x90
Macca monoTtka, Kr 2,3 2,8 2,2..2,8 2,8...3,2
[aBneHune Bosgyxa B cetu, MlNa 0,5 0,5 0,5 0,5
Hasnenue xuakocTy 14..15 14..15 HeT HeT
MynbTUnnukatopa, Mlla

Memoduka onpederneHusi Hamsaa

B uensax wuccnepgoBaHna BnusiHAA  crnocoba  KNénku  (NnpeccoBown,
MHOroygapHoOM NHEBMOMOSIOTKaMK, OAHOYAAPHON MMMYFbCHLIMW MOSIOTKaMM)
Ha paguanbHbIM HaATAr BbINOSMHAETCA crneaywoulee: obpasoBaHne OTBEPCTUM U
CHATUE 3ayCEHLEB; N3MEPEHNE OMAMETPOB OTBEPCTUMN; YCTAHOBKA 3aKMNEMNOK U
KNénka pasnuyHbiMM crnocobamu; paspes3aHMe nakeToB U U3BMeYeHne
3aKMNEénok; N3AMepeHne AMaMmeTpoB CTEPXKHEN 3aKIenoOK Ha HECKOMNbKNX YPOBHAX
nakeTa; BblYUCIEHME 3Ha4yeHun HaTara no copmyne 4 =(d’-d,)/d,, roe d’ —
AVnameTp CTePXHSA 3aknenku (nocne knenku), d, — ouameTp oTBEPCTUS.

O6pasoBaHne oTBepcTUM BKMoYaeT B ceba onepaunm cBeprieHus
AnameTtpom 3,8 MM C nocneaylwmm passepTbiBaHneM o anametpa 4,1H9 B
aBa nepexoga (4,05H9 n 4,1H9) ana obecnevyeHna cTtabunbHOCTU pa3mMepoB
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nonyy4yaemblx oTBepcTUn. B uenax obecnevyeHns nepneHanKynsapHOCTM OCU
OTBEPCTUA K MOBEPXHOCTWU MakeTa CBEprieHNne OTBEPCTMM BLINOSTHAETCA Ha
CTaHke (MM CBEPIUIbHOM MalWHOM C NpUMEHeHMeM yrnopa). Bo3amoXxHOo
obpa3oBaHne OTBEPCTUN 3a OAWNH Nepexos KOMOMHMPOBAHHLIM NHCTPYMEHTOM
— CBEPIIOM-Pa3BEPTKOMN.

[ns nonyyYeHns JOCTOBEPHbIX Pe3yNbTaToB MO KaXXaoMy Crocody Knénku
BbIMOMHAT TPU TOYEYHbIX COeAuHeHus. [uameTpbl OTBEPCTUMA U3MEPSAOT
NHOMKATOPHbIM HYTPOMEPOM Ha HECKONbKMX YPOBHSAX MO TOMWMHE nakeTa.
[Tocrne 3TOro BLIMOMHAKT KMAEMNKY NakeToB Ha npecce, MHEBMOMOSIOTKOM W
OL4HOYAAPHbIM  MMMNYNbCHBIM  MOJSIOTKOM (N0 Tpu  3aknénku). KavectBo
obpasoBaHMsa 3aMblKalOLMX [ONOBOK KOHTPOSIMPYETCS U3MEPEeHuEM Ux
reoMeTpuyecknx napameTpoB  LWITAHreHUUPKYNnem wnu  npeaesibHbIMn
Kannbpamun. 3aknénknm wn3 nakeToB BbIHAMAIOT, paspe3asd WX CcrecapHom
HOXXOBKOW. [lakeT paspesaloT 6e3 noBpexaeHus CTepXkHa 3aknenku. [locne
N3BIEYEHNS 3aKMNENOK ANAMETP CTEPXHA U3MEPSOT Ha HECKOSNbKUX YPOBHSIX
nakeTa ¢ NOMOLLbIO MHAMKATOpa B cneumanbHOM ycTponcTee. 1o nonyvyeHHbIM
N3MEPEHNAM BbIYUCIIAIOT MECTHble U CpedHMe 3Ha4YeHWa Hatara U CTPOoAT
rpadoukm ero pacnpegerneHus (puc. 5.8).
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Puc. 5.8. PacnpegeneHnune Hatdra no TonuwmHe naketa: 1 — npeccoBas Knéenka;
2 — MHOroygapHas knenka; 3 — uMnyrbCHas Knenka

Komnnekrauusa nabopatopHou paboTbl

1. KnenanbHbin npecc KrM-204 (MHI1-5,5).

2. KnenanbHbin nHeBMomMornoTok KMIM-21 (KMI1-23).

3. ImnynbcHbIM kKnenanbHbin MonoTok KUM-4 (MIMN-90M).

4. CepnunbHaa MawuHa CM-21-25 ¢ Hacagkon wnu CBepJSIUNbHbIV
cTtaHok H12.

5. Moonepxkm ons Knenku.
6. O6pasubl naketoB 13 [116T.
7.CBepno 3,8 mm, passépTtkn J4,05H9 n D4,1H9 wnu ceepno-
pasBépTka J4,1H9.
8. HOQuKaTOpHbIN HYyTpOMEp AS19 USMEPEHUA JMaMeTpoB OTBEPCTUN OT 4
0o 9,5 mm.
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9. YCTPOWCTBO C MHOMKATOPOM A5151 UBMEPEHNA ANaMETPOB 3aKMNENOK.

10.lWUTaHreHUMpKkynb 1 npedenbHble  Kanubpbl Ans  U3MepeHus
napamMeTpoB 3aMblKatoLLMX rONOBOK.

11.HoxoBka no meTtanny.

12.Tucku.

13.3aknénkm 3K-4-13, 3K-4-14, 3I1-4-13, 3I1-4-14.

14. TexHonornyeckue 60nThlI.

NMocnepoBaTtenbHOCTb BbIMNOMHEHUA paGOTbI

1. O3HaKOMUTBLCS C MHCTPYKLUMEN NO TEXHNKE 6e30MacHOCTH.

2.03HaKoMUTLCA C coaep)kaHMem paboTbl M BbIMNOMHUTL HEOOXOAUMbIE
3anucu B XXypHane oT4yeToB.

3.0Onpepenntb ONWHY CTEPXHS1 3aKNEnku Ansi KOHKPETHOW TOMLMHBI
nakeTa.

4. CornacHO MeToauKe BbIMOMNMHUTL OTBEPCTUA B MaKeTax U U3MepUTb UX
ANamMeTpbl Ha HECKONbKMX YPOBHSIX; OaHHble 3anuMcaTb B >XypHan COrfacHo
Tadn. 5.4.

Tabnuuya 5.4
PesynbTaTbl namepeHunin
[OuameTp
namet
) Howmep oteepcTtus d,, ﬂ E) Hartar 4, %
Bug knénkn oTBEpCTMSA MM 3aknénku d’, mm
(3aknenkn)
I v i vl i [ v

1

2
MpeccoBas 3

CpegHee

1

2
MHoroynapHas 3

CpenHee

1

2
MmnynbcHas 3

CpegHee

5. MocTponTb rpadukn pacnpegeneHnsa HaTara no ypoBHSM nakeTta gngd
pasfnnYHbIX METOA0B KIEMNKN (CM. puc. 5.7).

6.Mlo rpadmky Ha puc. 5.9 onpeoenntb U3MEHEHME OTHOCUTENbHOM
BbIHOCIIMBOCTU coeamHeHNs N, ANs pasnnuyHbiX cnocoboB KIENKU, NPUHAB 3a
OCHOBY AJ151 CPaBHEHUSA NPECCOBYIO KMNEMNKY (3a CTOMPOLEHTHYH BbIHOC/IMBOCTb
NPUHATO KOMWYECTBO LMKMOB A0 paspyLUeHUsi 3aKNENOYHOro CoeanHeHus,
BbIMOMHEHHOro ¢ HaTtarom 1 %).
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7.Mo pe3ynbTatamMm U3MepeHnii 1 pacdéToB caenaTb BbiBOAbl O BIIUSIHUN
cnocoba KNénku Ha OTHOCUTENbHYH BbIHOCIIMBOCTb COEAUHEHNS.
8. OTBETUTb Ha KOHTPOJSIbHbIE BOMPOCHI.

§ MMH,%

§ 500

=

S 400
3 S
S 5 300 L
38 / oY =136 MITa
S3 200 N
§ : o oN = 73 MIla
§ 3 f=40Iy
SE 0 1 2 3 4 5 6 7 8A%

Puc. 5.9. BnnaHue Hatara Ha OTHOCUTENbHYIO BbIHOCNIMBOCTb
3aKnNEénoYHoro coeanHeHuns (LwBea)

KoHTponbHbIe BONpoOCHI

1. Kakne TexHonorndeckne aktopbl BAUSKOT Ha PeCypC 3aKIIEMNOYHbIX
coegnHeHnn?

2. OnuwnTe MexaHnam MoBLILLEHMS HATAra Npu CoeanHEHNN 3aKnenkamm
C KOMneHcaTopamum.

3. Kakum saBnsieTca pacnpegeneHve Hatara no TOMWMHe nakeTta ans
0ObIYHOWM 3aKMNENKM M 3aKNENKN C KOMMNEHCAaTOPOM?

4.0nnwunte OCOBEHHOCTU  KMNEMKA  CTEPXKHSAMUM U NPUMEHAeMoe
obopynoBaHue.

5. Kak onpegennTb HaTAr B 3aKfE€NOYHOM COeQUHEHNN?

6.B 4yem cyTb M NpeumyLiecTBa UMMYNbCHOW KMEMNKNU MO CPaBHEHUIO C
MHOroyZiapHOM KJ1€rnkov NHeBMOMOJSIOTKaMmn?

7. Kakne dpunsmnyeckue siBrieHns NosioXKeHbl B OCHOBY NpUHUUNAG 4eNCTBUA
MMMYSbCHbIX KNnenanbHbIX MOMOTKOB?
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[MpunoxeHue 1

COCTAB U CBOUCTBA BbICTPOTBEPAEIOLLNX
KOMno3unuun

Lemenm HUAT-ML

CocrtaB (no macce): uemeHT mapkm 500 — (6515) %;
rmnc ctpoutenbHbin — (3515) %;
Boga — 35 % OT cymMmMapHOW Macchbl LleMeHTa W rurca;
xriopuctein sintun  (npucagka — 0,1...0,5 % oT macchbl
LeMeHTa).

Bblaepkka o1 3anusBkn 0o pacukcauum — 7...12 MuH.

Bpemsa 3aTtBepaeBaHna — 2-3 CYTOK.

Kap6uHonbHbIlU ueMmeHm

Coctas (no macce): kapbuHonbHbIn knen — 20...40 %;
uemeHT mapku 500 — ocTanbHoe.

Bpemsa 3atBepaoeBaHunsa — 12...16 u.

[[OTOBYIO CMECb MOXHO UCNOSIb30BaTb B TeyeHne 2-3 u.

AnokcudHo-ueMeHmMHasi Macca
CocTtas (no macce): anokcuagHasa cmona (ceasyouee) — 15 %
(100 Bec. vacrT.);
nonuatuneHnonuamMmmH (oteepautenes) — (1,50+0,02) %
(10-12 Bec. vacrT.);
anoytundpTtanat (nnactudukatop) — 4 %
(25 Bec. vacrt.);
uemeHT mapkm 500 (HanonHUTEenNb) — ocTasnbHOEe
(450-500 Bec. yacrT.).
Bpewms 3atBepgesaHunsa — 5...8 4 npu 20...22 °C.
NmeeT xopollyto agresvio K Metanny n ApeBecuHe, BbICOKYD MeXaHW4ecCKyto
npouHocTb (15...35 kr/MM?), odeHb manyto ycaaky (0,2 %).
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[MpunoxeHne 2

METOOUKA PACYETA TOYHOCTU CBEOPKN U3OENUNA
N MOHTAXA CEOPOYHbIX MPUCMOCOBJIEHUN

Obuwee (CTPyKTypHOE) ypaBHEHWE [Ona onpenenieHns MnorpewHocTy
cbopkn nmeeT Bua

I 5 = yex gase + U cogmpas + Hﬁas.pasm + qu + 1 e +H0p’

roe B MpaBOM 4acTM — MOrpPeLHOCTU McxoaHon ©6asbl, coBMelleHus 6as,
6asncHoro pasmepa, ukcaunmn, COeauHeHus1, Apyrue norpeLlHoCTy.

OCHOBHbIMM MapamMeTpamMm 3TUX MNOrPELLHOCTEN ABNSAKOTCA BeENUYMHa
nons paccesdHna (gonycka) 4 M KoopauvHaTa cepeauHbl Mons paccesiHUs
(oonycka) A,.

CyuwiecTtByeT ABa MeToda pacyéta TOMHOCTU COOpKM (MOHTaxa):

a) meTod MakCMMmymMa-MUHUMYyMa:

m-1 m-1
Oy = _Zl\éi\ﬁi Ay = _21§i Ao
1= 1=

rae Oy u AO;’ Oj v 4p; — napameTpbl MOrPELIHOCTEV 3aMbIKaIOLWETO U
BXOASALUMX 3BEHbEB (COCTaBHbIX YacTen) pasMepHOW LenM COOTBETCTBEHHO,
m — 1 — konnyecTBO cocTaBnAWMX 3BeHbeB, £ — NepedaToYHOe OTHOLLEHNE

COCTaBIAOLLLEro 3BEeHa;
0) BEPOATHOCTHLIN MeToA;:

M2, 2 42 m-t i
6y =] 2 &G ko, Ay =2 fi(AOi T aj ?j
=1 =1
rae Kj — KoadhuUMEHT OTHOCMTENBHOMO PACCEsHWSI MOrPELUHOCTEN, @ —

KO3 (PULMEHT OTHOCUTENBHOWM aCUMMETPUN KPUBOW pPacCeAaHUS.

MpenenbHble OTKNOHEHMS pa3Mepa Bbl4MCASIOT No dhopMynam

1) o
— 2. _ P
rae A, n A, — BEPXHEE N HIKHEE OTKITOHEHWNS Pa3Mepa COOTBETCTBEHHO.

Mpn HopmarnbHoOM 3akoHe pacnpegenenus norpewHoctert Kj =0, aj =0.
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[MpunoxeHne 3

NMOrPEWLHOCTU NEPEHOCA PASMEPOB

OTKNoHeHue
OTKNoHeHune
Texnpouecc nnu MEXX0CEBbIX
Jtan MO KOHTYpY, .
MeTo nepeHoca - pacCTOSHUN,
MM
T — KM (T = WKK) PacuepumBaHue +0,1 +0,05
KM — OK doTonevaTtb +0,1 +0,05
OK — LUK MpununmueaHue +0,15 +0,1
LUK — WWBK -1l - +0,15 10,1
LK — LHOK -1l - +0,2 +0,15
KM — LU -1l - 10,1 1(0,1...0,15)
LUM — pyBunbHUK -1l - 10,2 -
LLIBK — popmbBniok -1l - 10,2 +0,15
LLlabnoHbl — 31 -1l - 0...-0,2 —
AN - K3 0...40,1 +(0,1...0,2)
[MepeHoc cnenkom
MO — ctanenb 0...+0,1
KO — M3 (JY) 0...-0,1
MK — ocHacTKka dukcaLms +0,1 +0,02
NC — ocHacTka LUTBIPSIMU +0,1
dopmbrok — geTans Litamnoska 0...+0,3 —
pes3nHom
LLIOK — petanb CsepneHune - +0,2
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AB
AH
AJ
AMW
AU
BH
CFH
CNC
CNCM
CP
CS
CT™M
CTP
DD
DDT
DL
DM
DTM
FWT
GH
IS
JBH
LC
LCMS
LFH
LTM
MB
MH
Mi
MMS
MS
NMP
OMS

PB
Pr

THE LIST OF ADOPTED ABBREVATIONS

JIA - Aircraft
Kb — Assembly base
CO - Assembly hole
Cl  — Assembly jig
CMP - Assembling and mounting work
CE - Assembly unit
BO - Basic hole
KPO - Coordinate-fixing hole
Ury — Computer numeric control
CtUry — CNC Machine
OK — Control print
KO - Counterstandard
KLLUM - Coordinate-template method
KTl — Chart of technological process
K4 — Design drawing
K4YO - Design drawing of tooling
KM - Design loft
CM - Drilling machine (manual)
OTM — Directive technological materials
KPC - Frame with working templates
HO - Guiding hole
NC - Instrumental Stand
OCB - Joint bolt hole
MK - Loft-conductor
JIUMNC - Laser centric-and-measuring system
YOO - Locating-fixing hole
MM - Loft-template method
MB — Measuring base
MO — Mounting hole
M  — Manufacturing instruction
MMI1 — Mathematical model of surface
M3 - Mounting standard
OMWN — Numerical model of product
OMC - Opto-mechanical system
0 — Part
Tb - Processing base
[Mp — Program
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PRG - KMI1 — Pneumatic riveting gun

PriM — TpUM — Program-instrumental method

SM — [ICK - Sand mold

SS — 3l - Surface standard

STM - JSUWM - Standard-template method

TB — Wr - Template of bending

TC — WK - Template of contour

TCC - WOK - Template of contour cutting and conductor for part
drilling

TCM — WXd — Template of chemical milling

TCO - UWKK - Template of control of outline

TCP — TKINl - Technological coordinate plate

TCS - WKC - Template of cross-section

TD — WCO - Template of drilling

TGC - LUWIP - Template of group cutting

TIC - WBK - Template of inner contour

TJ — Wr - Template of jig

TL — TM - Theoretical loft

™ — Wd - Template of milling

TO — TK - Theoretical outline

TPD - WPAO - Template of part development

TPM — TIN - Technological preparation of manufacturing
(preproduction)

TR — TY - Technical requirements (specification)

TTP — TTI - Typified technological process

USDD - ECK[ — Unite system of design documentation
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INTRODUCTION

The variety of designs of modern aircraft is caused by their various
purposes and ranges of application. Thus each modern aircraft as an object of
production has some typical for any aircraft peculiarities, which create the
specifics of aviation manufacturing. For example, multidetaility of an airframe
and the wide nomenclature of used materials resulted in the large volume of
the assembling and mounting works which Ilabour-intensiveness comes
practically to 70% of the whole labour-intensiveness of the airplane (helicopter)
production. Availability of non-rigid but large-sized parts forces to use special
jigs while assembling, and high requirements to the accuracy of aircraft
geometry — specific methods of coordination. That, in turn, results in necessity
of difficult and long preparation of assembling and mounting facilities for aircraft
production which purpose is the insure the possibility of aircraft manufacturing
with the required quality, in necessary quantity and in the required time.

In the laboratory work cycle presented in this manual, all aspects of
assembling and mounting manufacturing are considered. First of all, technology
of assembling of aircraft units and aggregates: existing assembly methods,
technique of their choice, procedure of assembly technological processes and
other necessary documentation working out. The following issue is about to
manufacturing of tooling for assembly production — jig mounting procedures
while different coordination methods. Modern contactless methods of aircraft
structures assembling and jigs mounting are especially discussed. Final part of
the manual narrates about joining processes. Methods and means of fulfilling of
the most widespread in aviation joints — riveted ones — are considered.

The laboratory classes promote formation of future engineer’s practical
skills of working out the technological processes of assembling and drawing up
of necessary documentation, and of choosing of technological tooling for
assembly works performing.

All the materials are given in Russian and English languages. The English
text is intended, first of all, for foreign students, but can be useful also for
Russian-speaking students for terminology studying.

The authors of this workbook express deep acknowledgement to the
senior lecturer of the department of aircraft manufacturing Pavlenko Alexey
Anatolyevich for the constant help and informational support while preparation
of the English text of this workbook.
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1. GENERAL PRINCIPLES OF ASSEMBLING WORKS
Locating during assembling operations and assembly methods

The principal terms and definitions related to the workpieces locating and
their bases are set out in FTOCT 21495-76 and JCTY 2232-93.

Locating means proper positioning of a blank or the product with respect
to the selected coordinate system.

Base is the surface, axis, or point that belongs to the blank or product and
Is used for purpose of locating.

Project base - base selected during designing, manufacturing or repairing
of the product.

According to the theoretical mechanics correct position of the solid body
relatively to the selected coordinate system can be achieved by imposing of
geometric constraints.

In the general case body bounded with real surfaces may be in contact
with the bodies, which determine its position, only at the individual elementary
areas (spots), conventionally regarded as a point of contact.

Six constrains, depriving the body displacements in six directions, can be
created by six body contact points. In the case of the ideal form of surfaces it is
considered that the necessary constraints are imposed due to the contact of
bodies’ surfaces, and the presence of real constraints is symbolized by the
reference points that are theoretical.

Locating point — a point that represents one of constrains of blank or
product with the selected coordinate system.

Locating chart — the chart of the locating points arrangement on the
bases. Number of blank or product projections in the locating chart should be
sufficient for a clear idea of locating points placing.

Imposing of geometric bilateral relations can be achieved by contact of
the body surfaces with the surfaces of other bodies to which it is attached, and
by the applying of forces or couple of forces to ensure contact between them.

Fixing (or clamping) — the applying of forces to the blank or the product to
stabilize its position, which it acquired during locating.

Positioning — locating and fixing (or clamping) of a product.

The classification of bases is build upon the following considerations.

All the variety of surfaces of parts of the mechanical engineering products
can be reduced to four types:

- Executive surfaces — the surfaces by which blank performs its function
in operation;

- Main bases - the surfaces which determine the position of the
considered part in the product;

- Auxiliary bases — the surfaces which determine the position of the
attached parts with respect to considered part;

- Free surfaces — the surfaces that are not in contact with the surfaces of
other parts.
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Locating is necessary for all the stages of a product making — designing,
manufacturing, measuring, and when considering the product as a whole. This
implies the classification of bases by purpose: assembly, processing, and
measuring (Fig. 1.1).

By Purpose
Assembly Bases By Degrees of Freedom
Main Bases Being Taken
Auxiliary Bases —
Processing Bases — By Nature

Measuring Bases —

Setting Bases

Guiding Bases

Resting Bases

Double
Guiding Bases

Double
Resting Bases

Real Bases

Latent Bases

Fig. 1.1. Classification of Bases

Assembly base — the base used to determine the position of the part or
assembly unit in the product.

Main base — the assembly base of the part or assembly unit used to
determine their position in the product.

Auxiliary base — the base of the part or assembly unit that is used to
determine the position of the product that is attached to them.

Assembly bases are divided into main and auxiliary. This base division is
used for the product drawing development, and during its manufacturing. The
need for such classification is resulted from the roles dissimilarity of the main
and auxiliary bases and the importance of considering this fact during both the
designing of the product (choosing of the part surfaces structural shapes,
specifying of their relative positions, dimensioning, specifying of accuracy
grades, etc.) and the developing and implementing of technological processes.

Processing base — base used to determine the position of the blank or the
product during the manufacturing or repairing.

Measuring base — base used to determine the relative position of the
blank or the product and the measuring tool.

Locating laws are common for all the stages of product creating, and
therefore, regardless of the purpose bases may be differ only in the number of
degrees of freedom, which are taken from the blank, part or assembly unit, and
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in their nature. Therefore, there is an additional bases classification: with
respect to degrees of freedom that are taken and their nature (see Fig. 1.1).

Usually aircraft parts have complex geometry. However, the typical
geometric surface on the parts (flat, cylindrical interior and exterior, etc.) can be
identified.

Set of bases for prismatic parts are setting, guiding and resting bases.

Setting base — base used for applying to the blank or product constrains,
depriving them of three degrees of freedom — possibility to move with respect to
the one of the coordinate axes and rotations about the other two axes.

Guiding base — base used for applying to the blank or product constrains,
depriving them of two degrees of freedom — moving along a coordinate axis
and rotating around other axis.

Resting base — base used for applying to the blank or product constrains,
depriving them of one degree of freedom — moving along a coordinate axis or
rotation around the axis.

Double guiding and double resting bases are used for the parts locating
by the holes.

Double guiding base — base used for applying to the blank or product
constrains, depriving them of four degrees of freedom — movement along two
axes and rotation around these axes.

Double resting base — the base used for applying to the blank or product
constrains, depriving them of two degrees of freedom — movement along two
axes.

Latent base — base in the form of imaginary plane, axis or point.

Real base — base in the form of the real surface, marking lines or the
point of marking lines intersection.

During the early stages of the assembly technological processes
developing the possible sets of bases are considered, and then locating chart is
drawn up in the form of sketch of the product with the set of selected
technological bases that schematically shown on it (sign v is used).

Techniques and means of the locating chart implementing, that is,
positioning parts into required position, are called the assembly methods. On
the grounds of locating, there are two classes of assembly methods (Fig. 1.2).

Assembly processes are multivariant, because usually the product can be
assembled according to drawing and specifications by using of different
assembly methods, or its combinations. To select the particular variant, we
need to decide which of them can provide the required quality of products with
the lowest expenses of the manufacturing and its preparation (preproduction).

Assembling is the positioning (i.e. locating and fixing) and jointing of the
assembly components, and also auxiliary assembly operations. Thus,

Eas = Eloc + Ejoint + Eother.
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where E4 — the error of product assembling as to required parameter; Eq,
Ejoint — errors of locating and joining; Eqiner — errors of auxiliary operations, and

errors caused by locating and joining (due to inner stresses, for instance),
which are revealed in some period of time.

Assembly methods classification
on the grounds of locating

Assembling by bases that belongs to Assembling by bases that belongs to
one of assembly unit parts one of technological tooling elements

Assembling in jig Assembling in contactless Assembling with using of
coordinate system equipment

Fig. 1.2. Assembly methods classification on the grounds of locating

Principles of locating during assembling

1. The bases unity principle is the need to combine project bases with the
processing bases. Since the project bases are considered before the
processing bases, it means that as the processing bases it is necessary to
assume the project bases.

Failure to comply with this principle (no following to it) will be resulted in
mismatch between the project and technological bases, so called basic size
with its own error inevitably.

2. The bases combination principle requires combining of processing
bases with assembly bases. Since the assembly bases are considered before
the processing base, then the assembly bases should be assumed as
processing bases.

Failure to comply with this principle resulted in the mismatch size
appearance between processing and assembly bases (during this stage of the
assembling). This size is also basic.

3. The bases constancy principle is the need to combine the processing
bases during this stage of the assembly process with the processing bases for
the subsequent and previous stages of assembling and processing. Since the
assembly process design procedure is going "from the whole to the particular”,
l.e. at first we consider the processing bases for assembling the product as a
whole (airframe), and then aggregates and assembly units of lower levels of the
product structure, it means that as the processing bases of subassemblies and
parts are necessary to assume the processing bases of the components of
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higher levels of the product structure. In other words, once the chosen
processing bases must be retained at all stages of processing and assembling.

Failure to comply with this principle also resulted in the basic dimension
appearance and its error.

Assembly process design procedure

Initial information for the technological process developing is divided into
basic, guiding and reference.

Basic information — is the information about the product (given in the
design documentation), and the output program and volume (amount).

Guiding information is given in the standards, technical requirements
(specifications), technological and manufacturing instructions, directive
technological documents (materials), costs normals (e.g., as to the time,
materials), standards of labour protection, and technological classifiers, typified
processes, etc.

Reference information are provided in technological documentation for
pilot production and actual technological analogue processes, descriptions of
experience of technical solutions, techniques, catalogues, reference books,
albums of tools and equipment, etc.

In the directive technological materials the principles of the assembly
work are given. Their composition is not regulated, but usually the dismantling
diagrams (partition of the product into its assembly components) and
the assembly diagram (sequence of assembly components positioning during
assembling with additional information about the tooling and techniques of the
assembling) are performed first.

In the dismantling diagram the product and its assembly component
(assemblies and parts) with their mutual positions are represented in any
perspective.

Assembly diagram is made out in the view of block diagram of
assembling, where the blocks are the parts, assemblies, finished product and
the assembly jigs.

There are three types of assembly:

- Sequential (closed);

- Parallel (differentiated);

- Parallel-sequential (combined).

Development of working assembly process (for full-scale production)
includes a complex of interrelated activities:

1) Analysis of the initial data and the needs for additional information, and
assigning of the classification type of product;

2) Searching for the typified, group or individual (particular) technological

process-analogue;
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3) The typified process updating or the developing of the new
technological route of assembling (i.e. assembly sequence) in several variants;

4) Selecting of bases, i.e. assembly methods, and evaluation of the
assembly accuracy;

5) Defining of the technical requirements (demands) for the assembly
components (subassemblies and parts (blanks)) supply;

6) Designing of the technological operations with using typified
technological steps, the choice of technological tooling means (equipment, jigs,
and tools);

7) Calculation (or selecting) of the technological modes and normalizing
of operations time, assigning of the work performers skill category and
professions;

8) Assigning of safety requirements;

9) Evaluation and substantiation of the technical, economic and social
efficiency of the different variants of the assembly process, and selecting of the
optimal one;

10) Forming of the set of technological documents.

Depending on the purpose the technological documents are divided into
the main and auxiliary ones.

Main documents are fully and uniquely define the process and contain
the summary information that is necessary for solving of engineering, planned-
economic and organizational tasks.

Depending on the kind and type of production and the applied methods of
manufacturing (technologies) the main documents are divided into the general
purpose documents (title page, sketch chart, technological instruction) and the
special purpose ones (flow charts, operating chart, parts list, tool layout chart,
etc.).

Auxiliary documents (derivative ones) are developed on the ground
of main ones and have organizational and technical nature (order chart for
the assembly tooling, technical requirements for the assembly tooling
designing, the report of the process implementation, technological certification,
assembly cycle diagram, technical requirements for the parts and
subassemblies supply, etc.).

Text of technological process for the large-scale production is given in the
description of the operational breakdown, i.e. it has such a structure as to the
content of operations:

1) Keyword — description of the action (technological operation, or
technological step) for either processing or assembling, written by verb in the
infinitive form ("locate”, "clump”, "mark", "drill", "rivet", etc.);

2) Information about the amount and type of processed surface elements
(such as "drill 3 holes") of products or assembly components (such as "rivet 3
rivets");
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3) Information about the dimensions of the processed surface elements
("holes with ¥4,5") or with various components of the product ("rivet 4-10 by
OCT 1.34043-85");

4) Additional information, such as "by the making,"” "by GH", "by AH", “by
CFH", "by template", "by stoppers", "according to sketch, to the drawing", "with
providing adjacency".

It is allowed either the full or the short form of operations and steps
recording (definition) depending on the need of the document developer. For
example, to the complete recording "drill 21 holes with ©&4,05, with following
dimensions 1 and 2" corresponds the shorthand "Drill the holes according to the
drawing".

The records can use the words and phrases reduced in accordance with
the standards. For example, there are long and reduced names of items of
production and their structural features: part — pt., product — prod., blank — bl.,
contour — c-r.

Also in technical documentation it is used the shorthands in accordance
with USDD, such as longeron — |-n., stringer — str., frame — fr., as well as so
called “shorthands of industry branch”, for example: technological screw — t/s,
assembly, guiding, coordinate-fixing holes — AH, GH, CFH respectively.

If the technological operation, processing step, or their element fully
in line with either the typified technological process (TTP) or manufacturing
instruction (MI), the record is given in reduced form with indicating of those
documents numbers.

According to the standards in specific rows and columns of the operation
chart (OC) the following data are given: safety requirements (number of
instructions), means of technological tooling (equipment, tooling, tools and their
types, codes, standards), the work performers skill category and professions,
normalized time.

Along with the flow and operation charts for assembling the technologist
which develops the assembly process also creates a derivative technological
documentation:

a) Technical requirements (summary, charts) for parts and
subassemblies supply for assembling (Table 1.1);

b) An order chart for the assembly tooling designing for performing
(realization) of this technological process with technical requirements for this
tooling (example is given in Table 1.2).

In these documents the properties (features, elements, parameters) of the
produced items (parts and subassemblies, which are the assembly components
of assembled item) and means of work (assembly jig and other means of
technological tooling) are indicated for process performing. For example,
operation "Locate Bottom in the assembly jig by CFH" requires coordinated
coordinate-fixing holes (CFH) in Bottom and assembly jig locators; operation
"Locate Stiffener on the Bottom by AH" requires that both the Stiffener and the
Bottom have coordinated assembly holes (AH).
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Table 1.1

Technical requirements for parts and subassemblies supply
for assembling of the frame Ne 42

Nameof | o .o« | E| Availabilit Availability of
Assembly Numbgr g of aIIowané/e holes (GH, AH, Note
Component < JBH, CFH)
2 mm 3 AH, assembled according to
Bottom 0312.10AD ) 1 at the butt 3 CFH @5H9 | the assembly diagram
Left sidewall | 0372... 2 mm -
1 ot the butt 2 CFH @5H9
Boom 0342... 1 - 48 GH -
Fitting 0342... 1| 2mmatJBH |12 GH -
Stiffener 0342... 1 - 14 GH, 2 AH -

Note. Holes GH and AH have ©@2,6H12 (or ©2,7H12) and CFH - &8H9 (or &5H9, J6H9)
depending on the product overall dimensions.

Table 1.2

Technical requirements for the designing of the assembly jig
for assembling of the frame Ne 42

1 | Function For pre-assembling of the frame Ne 42
(with further sealing and press riveting)
2 | Priority Tooling of the first waiting line, developed for

the first time

3 | Assembly Components
List

Bottom, Sidewalls (Left,
Stiffener, Edgings, Struts, ...

Right), Booms, Fittings,

4 | Status of supply

With the allowances for assembling and technological
holes according to the technical requirements for the

supply

5 | Order of assembling

Locating of Bottom and Sidewalls, fixing by t/s, ...

6 | Locating chart
or List of Bases

Bottom and Sidewalls — by CFH, booms — by outline,
fittings — by the joint-bolt holes (JBH ), ...

7 | Tools for assembly work

Hand mechanized pneumatic tools

8 | Tooling for products
removing from the jig

By hand (manually)

9 | Technical requirements to
assembly jig design

a) Item position — vertical, as in flight;

b) The facilities of the jig mechanization — not
required;

¢) Means of mounting (coordination) — standard
(mock-up) of frame Ne 42;

d) Other requirements: to provide a removable
conductor, and platform at height of 1200 mm
from the floor
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2. UNIT ASSEMBLING IN AIRCRAFT MANUFACTURING

Units are the smallest components of a product (aircraft, helicopter) that
Is structurally and technologically completed (for each unit, as a rule, the
individual assembly drawings is issued):

- Flat airframe units that are close or not close to the theoretical outlines
of aggregates (longerons, ribs, frames, beams);

- Spatial airframe units (“spiders” of the wingframe, frames of navigation
and radio equipment, cockpit canopies);

- Airframe panels — the airframe parts joined to the skin, i.e. skins that
reinforced with load-carrying structural elements;

- Structures of door-type (assembly units): hatch cover, and covers of
shields, fairings, channels;

- Units and panels of on-board systems and airborne equipment (control
panels, collectors, chairs, mechanisms); their assembling is commonly called
mechanoassembling.

In the units structure it can be singled out the assembly components
(subassemblies, assembly groups) that are assembled independently and then
joined into the whole unit. Such components are called subunits and for them
the individual assembly drawings aren’t issued.

Thus, the objects of the unit assembling are units (including panel) and
subunits of airframe and onboard aircraft systems.

Laboratory work Ne 1

ASSEMBLING AND CHECKING OF THE FLAT TECHNOLOGICAL UNITS
(ASSEMBLING BY AH AND IN THE READJUSTABLE ASSEMBLY JIG)

The purpose — to get acquainted with the essence of methods of
assembling by AH and in the assembly jig, with the mounting procedure of
readjustable jigs for assembling and checking of flat technological units, with
the sequence of developing of the assembly and checking technologies, with
the methods of the contour accuracy determining for the units assembled in the
jig and by AH.

Basics

In large-scale production the technological units are the most numerous
group among all the assembly units of airframe structures. It is especially
typical for the modern wide-body aircraft assembling, when the amount of such
assembly units as sections and compartments is reduced, and into the main
assembly jig for the aggregate (e.g. wing, fuselage) the individual units, panels,
parts are supplied.

The most of technological units (assembled ribs, frames, spars, beams)
due to their small thickness have a "flat" design. Basic methods of their
assembling — by AH and in the jig (Fig. 2.1).
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During assembling by AH the parts of the unit are located due to aligning
of AH and temporarily fixed by technological fasteners, e.g. bolts. As a result,
the error of assembling in the plane of parts mating is determined (Fig. 2.2) by
the following errors:

- Of AH placement at the basic part — E|o¢ (aH);

- Of AH placement at the other parts incoming into the unit with respect

to their outlines (contours) — Einc (outline-AH);

- Of parts fixing at AH — Egix (an);

- Of parts joining (due to the loads and temperature effects) — Ejpin;

- Other errors resulted from the curvature and stiffness of parts, amount

of AH and their position — Egher-

Unit Basic Part Other Parts of Unit (Incoming parts)
Ny AH AH

e

Rib Web Struts Booms
GH Jig Lgy
anfr==T [l FT
| BH o M ;KBH 4 _' _
E o ; e —
Longeron Web Struts Booms

Fig. 2.1. Locating during unit assembling and conditions of parts supply
for assembling by the AH and in the jig
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Fig. 2.2. Scheme of errors initiation during assembling by AH

Thus, we can write
Eas(AH ) = Eloc(AH ) + Einc (outline- AH ) + E fix( AH ) *+ E joint + Eother -

Let's analyze the causes of errors initiation and methods for their
determination:
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1. To improve accuracy of AH coordination for basic and incoming parts
of the unit the independent AH systems, which involved in solving of specific
functional problems, are allocated. So, in the rib (see Fig. 2.1), that consist of
web, booms and struts, the basic part (web) has two AH systems — for the
booms and struts (according to their amount).

The AH are assigned in the places of rivets or bolts arrangement, i.e. in
places where structural holes are necessary. For brazed, glued and welded
joints AH are assigned in other way. AH are drilled in parts with using either
templates (TC, TPD, TD, and TCC) or conductors (specific or universal).
Sometimes AH are punched in stamps.

The AH coordination are initially performed on the design lofts, and then -
by flat and spatial carriers of dimensions (templates, tooling). Let’'s show the
one of the variants of dimensions transferring and coordination in the form of
block diagram (the dimension transferring diagram):

TC — TD — web (AH) ~_

longeron

TL-DL-CP ——TC-TCC -boom (AH) —— :

\ (AH) (assembling by AH),
TC — TCC — strut (AH)

where TL — theoretical loft; DL — design loft; CP — control print.

Under program-instrumental method the mathematical model of the
surface (MMS) and the electronic model of the product (EMP) are used instead
of lofts, and the templates are produced by CNC machine (CNCM).

2. Errors of AH placement at the incoming parts of the unit with respect to
their outlines (external surfaces of rims) occur during location and drilling of
parts by conductor or templates (TCC, TD). Thus, Einc outline-an) also can be
calculated with using of the dimension transferring diagram.

3. The error of parts fixing at AH is the result of mismatch of the AH and
fixing fasteners diameters. To provide uniformity of tooling items (templates,
conductors) the AH diameter should be chosen from the recommended line of
dimensions [14]: 2,6 mm — for small subassemblies, 8 mm — for large ones.
Using of other diameters (as a rule of 4, 5 or 6 mm) should be grounded,
because on the one hand, the AH diameter must not be bigger than the
fastener, i.e. the rivet, or bolt: day <dnoe riv mol)- For example, bulked rivets
(conventional ones) can be placed in the AH immediately after removing of the
technological fasteners with the same diameter, whereas the holes for the bolts
require additional processing to cut machining allowance. On the other hand,
the diameter of the assembly holes should be large enough to provide force
locking of the attached surfaces. That is why the AH of diameter 2,6 mm should
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not be used for the thick stacks. Diameter of AH usually has a positive
tolerance +0,1 mm and the diameter of the AH fastener smooth shank may
have a little negative deviation from the nominal value of the AH diameter. This
guaranteed clearance between the temporary fasteners and AH allows to
compensate the error of distance between the axes of the AH, but causes the
error Esix (any = 44z (see Fig. 2.2).

4. Technological loads of joining cause internal stresses that are resulted
in some deformation Ejin, especially in the stacks with parts of low stiffness
and with big distance between the AH. This deformation is small at the
attaching plane and may be significant in perpendicular planes.

5. The AH amount, their pitch and relative position with respect to the
part edges depend on the design parameters of parts and the assembly unit,
the used joint type and limits for the clearance between parts of the stack that
given in the technical requirements. When the AH pitch is big the stack needs
additional pressing in the zone where parts are drilled and riveted; it is also
possible the bulge-type material contortion between AH due to thin part
deformation during the riveting process. So, minimum amount of AH: one in the
circle-type part (in the center) and two — in other cases. Increasing of AH
amount complicates their coordination.

If two AH are used for locating and fixing then due to the free fit of
fasteners in the AH the mutual turning of parts is possible — angular
displacement. In this case the accuracy of assembling of the parts in the plane
of their attaching will depend on the distance between the AH and the points
determining the dimension has to be maintained.

Assembling by AH is used for simple assemblies (units, panel) with low
requirements to accuracy: +(0,5...1,5) mm.

The advantage of assembling by AH is that it doesn’t require special
assembly tooling, assembling is performed on the universal workbenches —
tables, machines, or in the simple supporting jigs. This causes the minimum
expenses for assembly tooling and low expenditure of labour, time and money
for assembling. But there is a disadvantage — increasing of the labour input of
parts manufacturing (via drilling AH) and preproduction of sheet stamping
manufacturing (because of the need of templates or conductors with the
coordinated AH). The cost of assembling depends on the volume of production.

Assembling in the assembly jig provides higher product accuracy
(comparing with assembling by AH) due to the possibility of errors
compensation of parts dimensions during attaching of their bases with the jig
locators which determine the required final shapes and dimensions of the unit.
Assembly jig allows locating of parts according to the drawings, provides
stiffness and holding while joining.
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The error of assembling in the jig Es g is determined by the
accumulation of such errors: of dimensions carrier, i.e. the jig, Ejig; of parts
locating Ejqc; of joining Ejeint; of other errors Egper.

The error Eji; depends on technique and tools of assembly jig
manufacturing. For the considered type of units the diagram of dimension
transferring can be given in the follow form:

TL — DL — CP —TJ — locators of AJ
or
MMS — EMP — Pr — CNC Machine — TJ — locators of AJ,

where Pr — a program for processing by CNC Machine, TJ — template of jig.
Explanation as to the mounting procedure of the assembly jig will be
presented later in this laboratory work.
For error of locating can be written

Eloc = Ecoord.part—jig“f ,

where 0 < K¢ < 1; Ecoorg. part-jig — the error of boom (i.e. the located part) and jig
coordination, for example according to the following:

_—TJ — locators of AJ

TL-DL-CP ~—— TC - TCC - boom

or

___—Pr—CNCM —TJ - locators of AJ
MMS —EMP — b, _ cnem - templates — boom.

Thus,
Eas(jig) = Ejig + Ecoord.partjigkf *+ E joint + Eother-

The main advantage of the method of assembling in the jig is the
ensuring of identity and interchangeability of subassemblies.

The shortcoming of the method of assembling in the jig — the high cost of
assembly tooling. Significant expenses for tooling are resulted from the
different designs of the assembled units, so assembling of each individual unit
with the required accuracy can be achieved only in the special (unique) jig. The
special jigs during serial (large-scale) aircraft production have an average
usage factor (by time) equal to 0,3...0,5, and when they are wearied-out or the
aircraft design is changed (which occurs every 3-5 years) they are just put out
of usage.

Using of readjustable (reconfigurable) assembly jigs — one of the ways to
reduce expenses. Each of such jigs can be used for producing a group of units
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with similar design. Structurally it consists of the universal basement on which
the locators are placed with using of the flat jig template (TJ). After assembling
of the batch of the same type units the jig locators are repositioned
(reconfigured) by another TJ for assembling of another unit of this group. All the
elements of readjustable jig are universal and can be standardized. Application
of the readjustable jigs is appropriate not only for assembling, but also for
checking of units, for example, for units assembled by AH.

The mounting procedure of such jigs is quite simple. At the first on the
plate-type basement the reference posts with pins for the base holes (BH) are
preliminary located, and after TJ is attached to them (with mating of the BH in
the jig template and pins in the posts) and, so, posts are finally located and
fixed to the basement. Then locators are placed due to the mating of certain
contours of each locator and template. In this position the locators are fixed to
the plate-like basement by bolts. Then TJ is removed — and the jig is ready to
operation.

Assembling in the readjustable jig is performed in the ordinary way. The
parts are located in the assembly position by the stoppers and locators of the
assembly jig and, then stack of parts is temporarily fixed by technological
fasteners (clamps) of the jig. The following operations of preparation to joining
(e.g. drilling) and joining of parts according to the drawings are made in the jig.

To simplify the assembly jig design the reference posts with BH (or with
the pins for BH) can be used as technological bases for the web of the
assembled unit during its assembling (the longeron, in this laboratory work).

If the unit has parts of junctions, then the jig needs the appropriate
locators which are coordinated among themselves and with the contours
locators. In this case the jig is mounted with the using of the single solid carrier
of contours and joints — standard (mock-up) of the technological unit, which is
the TJ with the reference junctions parts (junction calibres) fixed on it.

In any of considered variants for the jig mounting the fully finished
outlines and junction locators and stoppers are supplied and mounting tool
(template or standard) is located by the reference posts. The checking jigs
typically have indicating measuring devices that are set by the same mounting
tool. The error of the assembled unit is found as the difference between the
indicators readings for TJ and for the unit. From the above-stated it is clear that
the mounting procedure of readjustable jig doesn’t require its drawings, since it
iIs enough to have the locating chart of the assembled or checked unit (tool
layout chart from the set of documents for technological process) with
indicating of the codes of jig standard elements.

Laboratory Work Facilities

1. Drawings of the longeron.
2. Kit of the longeron parts for assembling by AH and in the jig.
3. Kit of components of readjustable jig for assembling and checking of flat
units.
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4. Templates of jig (TJ).
5. Technological fasteners (clamps, technological bolts).
6. Set of the plate-like gage probes or wedge-shaped gage probe.

Laboratory Work Performance Procedure

1. Answer the test questions.
2. Get familiarized with the longeron drawings.
3. Draw a sketch of the longeron and the possible locating charts for its
parts locating during assembling.
4. Work out a technological process for the longeron assembling by AH.
5. Work out a technological process for the longeron assembling in jig.
6. Work out technical requirements of parts supply for longeron assembling
by AH and in the jig.
7. Mount with using of TJ:
a) Assembly jig (at the upper boom);
b) Checking jig (at the lower boom).
8. Set the measuring devices (indicators) by TJ and write their readings to
the table. 2.1.

Table 2.1
The measurement results
Number of Indicator DeIV|at.|or.1. from TJ
: Assembling in ji .
reference | reading with four with three withwo | /\Ssembling
point for TJ by AH
clamps clamps clamps
1
2
3
4
The average deviation

9. Assemble the upper boom of the longeron with it web by AH.

10. Assemble the lower boom of the longeron with it web in the jig, locating
web by BH.

11. Identify deviation of longeron contour (lower boom) from the template
contour by indicators and write data to the table. 2.1.

12. Reduce the amount of clamps in the assembly jig (according to the
table); record the values of deviations of the longeron contour to the table. 2.1.

13. Identify deviation of longeron contour (upper boom) assembled by AH
from the template contour by indicators and write data to the table. 2.1.

14. State the conclusions about the accuracy of assembling by AH and in
the jig and as to the influence of jig clamps amount upon the accuracy of the
assembling.
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Test Questions

1. What factors affect upon the accuracy of assembling by AH?

2. What factors affect upon the accuracy of assembling in the jig?

3. What are the advantages and disadvantages of assembling by AH, in
the special jigs and in the group (readjustable) jigs?

4. Name the processing, assembly and measuring bases of the longeron.

Laboratory work Ne 2

HANGING UP OF THE JUNCTION ELEMENTS
ON THE LONGERON IN THE JIG

The purpose — to get acquainted with the peculiarities of junction units
mounting technology, with processing base selection techniques and with the
typical bolts setting operations.

Basics

Zones of attaching and joining of particular finished components of the
aircraft are called junctions. By design there are distinguished the flat junctions
(flange one), fork-like, telescopic, band junctions and others.

The fork junction consists of parts that are called junction units. They
always have holes for joining bolts (JBH). These “units” are the parts and they
should not be mixed up with the technological units, i.e. the finished assemblies
— longerons, ribs and so on. Junction units are the most important elements of
the assembly unit structure, since it is they determine considerably the
functional quality of the aircraft as a whole — strength and resource,
aerodynamic shapes, kinematics of the aircraft control surfaces. Therefore,
during assembly stage the high demands are made to the junctions’
geometrical interchangeability and coordination (matching) between
themselves and with the aircraft aggregates outlines.

To solve this problem the locating (hanging) of junction units is singled
out as a special stage of the assembly process and performed in the stiff and
accurate jigs that have contours and junction locators coordinated between
themselves.

Usually, junction units are hanged during assembling of technological
units (panels), and then are used as the processing bases during the
compartments and aggregates assembling. At the final stage of the assembling
— stage of the aggregates joining — they are used as the assembly bases.

In this laboratory work it is represented the longeron, which has three
groups of the junction units: for joining with outer wings section, for joining with
the fuselage, for hanging of the landing gear. Parts of the junction units are
joined to the longeron by bolts with appropriate fits. That requires a special hole
preparation (finishing treatment), which provides the required accuracy and the
surface roughness.
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Peculiarities of junction units hanging

The scheme of the joining of the longeron boom with the junction unit (for
attaching to the fuselage) is shown in Fig. 2.3. On this scheme are shown: the
assembly bases of longeron and junction unit, designated as AB; n AB,;; the
processing bases of the longeron, the junction unit and the jig — PB;, PB,, PBii,.

It seen that the plane of attaching
PBjg, of the junction unit element and
PB,

the longeron forms the angle ~90°
with the plane of the longeron web
in which assembly size H (the
junction unit JBH coordinate with
respect to the main project base —
the building plane) is given. It is
obvious from the scheme that the
dimension H should be equal to
the sum of dimensions of the
longeron H,, junction unit H, and
the distance Hg,,. This distance
Hyg,, between the attached planes
is considered as equal to zero, but
in fact it could deviates from the
nominal value.

The error Ep,,, of the
dimension Hg,m is the error Eag,
as, Of mutual position of the

Fig. 2.3. The scheme for selecting of the  longeron AB; and the junction unit

compensating shim thickness: AB, assembly bases. This error
1 — longeron; 2 — junction unit; 3 — outline  appears due to the accumulation
locator; 4 — junction locator of errors of mutual position of (see

Fig. 2.3):

- Bases of the longeron PB; (PB; = AB;) and the jig PBii;: (while locating
and fixing of the longeron in the assembly jig for the junctions hanging):

EaB;-PBjig; = E1

- Bases of the jig PB;i;; and PB;ig, (while mounting procedure of locators of
the assembly jig for the junctions hanging): EPBjigl—PBjigz = Ey;

- Bases of the jig PB;i;; and the junction unit PB, (while fixing of the junction
unit in the jig): EF,BJ_igz_pI32 = Ej3;

- Bases the junction unit PB, and AB, (while processing of the junction
unit): Epg,_ag, = E4-

Thus, we can write
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Engi-aB, = EABl—PBjigl + EPBjigl—PBjigz + EPBjigz—PBZ +Epp,-pB,

or, briefly Eyy opim = E1 + E2 + E3 + E4.

Let’s analyze the components of this equation:

1. Eq = EABl—PBjigl — the error of locating and fixing of the longeron in

the assembly jig for the junctions hanging, which can be written as E; = E¢qorgks
where Eqorq — the error of coordination of processing bases of the longeron and
the junction unit, and 0 < Kf < 1 — coefficient of fixation.

It can be assumed that the error E.yorq iS the error of coordination of

processing bases of two jigs (for longeron assembling and for the junction units
hanging) according to the following scheme

assembly jig for longeron

Standard of longeron . , , )
= assembly jig for hanging up of junctions.

Coefficient Kf consider the possible shifts of the longeron outline during
fixation by the clamps of the jig for the junction units hanging and depends on
the stiffness of subassembly that fixed, the distance between clamps (the clamps
pitch), the force of fixing. Thus k;=0 if clamps completely eliminate
inconsistencies of PB; and PB;j bases, i.e. align them, and ks = 1 if jig clamps
fix the longeron without changing the relative position of bases PB; and PBj;.
The value of k¢ for the particular cases are set by researching. In this example
the following data [3] can be used: if the amount of clamps is 2, 3, 4, 5, 7, 8 then
coefficient k¢ respectively equal to 0.85, 0.60, 0.50, 0.25, 0.20, 0 10.

2.Ey= EPBjigl— PBjig the error of mutual positioning of the outline and

junction locators during mounting of the assembly jig, for example, according to
the following scheme:

outline locators for longeron

Standard of longeron _ _ .
= junction locators of jig.

3.E3 = EPBjigZ—PBZ — the error of the junction unit fixing by JBH in the jig.

Usually JBH are performed according to 7-9 accuracy grades, and in the jig they

are fixed by pins with appropriate fits (the values of E3 can be taken from the
tables given in [15]).
4.E4 =Epg,_ag, — the error of manufacturing of part which is called "the

junction unit’. As a rule, at the first the basic flange plane of this part (i.e. underside,
the base AB)) is processed, and then the JBH are drilled by conductor (the base

107



PB,); i.e. E4 — the error of JBH positioning after drilling operation, what
corresponds to such diagram of dimension transferring:

DD ——DDT ——conductor —— part (JBH),

where DD - design drawing of the part, DDT — design drawing of tooling

(conductor). These drawings have the same value of Hj, i.e. information
transferring from DD to the DDT does not give the errors. It should be noted that
after drilling the JBH are processed (by reaming, broaching), but the JBH center
location does not change because of it, so this does not considered as the errors
increasing and it is not reflected in the diagram.

All these errors can have either positive or negative values, so during
assembling it can appear either the interference, or the clearance between the
longeron boom and the junction unit.

In the case of parts interference the junction unit can be located and fixed
only after sawing up of the underside, but it is complex and labour consuming
process. Therefore it should be taken the steps for ensuring of the guaranteed
clearance: by reducing the nominal distance H, from the junction unit underside
to the JBH on the value that exceeds the most probable interference. Then
dimensional compensation during assembling can be performed by selecting the
shims of appropriate thickness.

Thus, for regular hanging of the junction units in longeron design it is
necessary to provide a guaranteed clearance and to supply for assembling an
additional set of compensating shims. Preliminarily it is must be solved the
following problems:

a) Calculating of the most probable interference value as a positive
deviation of the error of bases combining Eyg,..;

b) Assuming of the guaranteed clearance value as being equal to the
nominal value of the compensative shim thickness, and changing of the
dimension H, value on drawing of the junction unit with considering the
clearance value;

c) Calculating of the expected limits of guaranteed clearance value
deviation (or shim thickness) as limits of the deviation of bases combining
error Epg,ip,-

For the summation of dispersion fields of more than three independent
random errors the probabilistic method is recommended (see Appendix 2).

It is assumed that the errors E; dispersion fields are obeyed to the normal
low of distribution. This low describes the most probable limits of the error Eg,, .

The probability of an adverse combination of the incoming errors E; (by
maximum or minimum) is small, since the method of maximum-minimum (see
Appendix 2) does not be applied.

The appearance of the mutual positioning errors while hanging of junction
units for joining to the outer wing on the center wing section longeron is also
inevitable. These errors are compensated just by the parts mutual offset, since
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the dimension being fulfilled lies in the plane of joining. But the high accurate
holes for the joining bolts should be processed in the parts of junction units and
longeron jointly, and only after their locating and fixing by technological bolts.

Drilling of holes with the pre-processed diameters for the technological
bolts can be performed in different ways:

1. Separately, in the junction units parts and the longeron parts before of
their supplying for assembling. Such holes should be smaller in diameter d than
the nominal one d,om. They will be under the nominal diameter with the value
that is equal to the sum of the minimum allowance for processing P and the
doubled error of locating (alignment) a. At the same time such holes should be
bigger in diameter then the selected technological bolt dy;, with the value of the
possible shift a. Thus,

The minimum allowance for hole diameter processing P is determined by
the tool (instrument) type (e.g. countersink-reamer, broach), and its value is
adopted according to typical recommendations. The error of locating a is
determined by accuracy of coordination of the jig for longeron assembling and
the jig for junction units hanging according to the diagram given above.

2. By guiding holes (GH) of the junction unit after locating the longeron,
which has no holes, in the jig.

3. By removable conductor that is fixed in the jig by pins at JBH. In this
case only holes in the longeron are drilled, because parts of the junction unit
already have the holes with the same diameter as the conductor holes.

Laboratory Work Facilities

1. Longeron drawing.

2. Assembled longeron of the center wing section and the parts of the
junction units.

3. Jig for junction units hanging.

4. Measuring tool (probe).

5. Book of typified operations of unit assembling.

Laboratory Work Performance Procedure

1. Answer the test questions.

2. Familiarize with the drawings and laboratory work tooling.

3.Draw the sketch for junction units hanging on the longeron with
indicating of the assembly and processing bases.

4. Estimate the error of junction units combining with the longeron and the
necessary thickness of shim and the allowance values.

5.Work out the technological process of junction units hanging on the
longeron.
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Test Questions

1. Describe the principle of bases combination. Give examples of its
implementation.

2. Why the interference fit during junction units hanging is undesirable?

3. How the guaranteed clearance between the longeron and the junction
unit can be provided?

4. Why allowance for the diameters of joint bolt holes is necessary?

3. ASSEMBLING OF AGGERGATES, COMPARTMENTS
AND SECTIONS

Aggregates are the largest components of the aircraft, finished in terms of
design and technology and performing the individual functions — fuselage, wing,
stabilizer, etc. [13].

Compartments and sections — the largest components of aggregates,
which are the independent assembly units (AU) obtained by cutting of
aggregate by one or more planes under the design, technological or operating
considerations. These components may have closed contour of cross-section
(e.g. fuselage compartments) and their assembling will slightly differ from the
aggregate assembling, or open (unclosed) contour of cross-section (e.g., side
section of the fuselage) and their assembling will be rather similar to the panel
assembling.

Technology of aggregate assembling is characterized by multi-variance,
because any aggregate can be presented as different combinations of either, one or
another assembly units and parts, the jointing sequence of which is ambiguous. The
guestion of dismantling (partition) degree and order (stages, levels) of assembling is
solved during of the airplane designing procedure and then reflected on the drawings
and in the directive technological materials (in the form of diagram of design-and-
technological dismantling (exploded view, breakdown) and aggregate assembly
diagram).

The diagram of design-and-technological dismantling represents the
aggregate, its subassemblies and parts, which form an assembly set, in the
arbitrary axonometric projection.

Depending on the nature and degree of partition it can be considered:

- Aggregates of non-panelled design, assembled from parts and a small
quantity of units;

- Aggregates of panelled design, assembled from compartments or
sections, panels and units, and also a small quantity of individual parts.

The following advantages can be provided due to separation of
subassemblies, especially panels, in the structure of aggregates:

a) The field of operation expansion and, thus, reducing of assembly cycle
(i.e. time of assembling);
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b) Improving of approaches to the assembly zone and, as the result, the
possibility of work mechanization and objective monitoring of the assembly
process, especially during the jointing processes. That, in turn, resulted in
increasing of productivity, reducing of labour-intensiveness and assembly
cycle, improving the quality of the product;

c) Reducing of jigs amount and simplification of design of jigs for final
assembling;

d) Improving of the assembly works conditions.

At the same time the nature and degree of aggregate partition should be
suitable for the particular manufacturing conditions, especially for the
production volume and annual programme. Separation of individual
subassemblies is resulted in the necessity of manufacturing of appropriate
assembly jigs, which must be coordinated to each other and to the aggregate
assembly jig. It is also important that using of the subassemblies jigs require
additional manufacturing facilities.

Assembling of non-panelled aggregates with a minimum amount of
assembly tooling is typical for research and individual production type (so
called, job production). With increasing of production volume the degree of
aggregate partition also increases.

Creating of aggregate assembly diagram is the next stage of the directive
technological materials working out. Such diagram represents not only an
aggregate structural arrangement with pointing out of the subassemblies, but
the sequence of the all assembly process — from parts to aggregate, and also is
a visual presentation of the needs in the assembly tooling.

There are the following types of assembly diagram (Fig. 3.1): sequential
(closed) — the parts and no more than one subassembly are supplied to
assembling; the parallel-sequential (differentiated) — the parts and
subassemblies are supplied to assembling; parallel — only subassemblies and
fasteners are supplied to assembling.

AU AU
| |
I I I | I I I I |
AU P P P AU AU P AU P
PlIIPI]lP PIlP PIlPI]lP PIIPI]lP
a b

Fig. 3.1. Assembly diagrams: a — sequential; b — parallel-sequential
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Assembly diagram is used as an information ground during working out of
the working assembly technological processes (temporary and serial ones).
Temporary technological processes are actual only during the production of
leading series of the aircratft.

Technique of the serial assembly technological processes working out
practically does not depend on the type of assembly unit. During the aggregate
assembling, unlike unit one, its inherent locating techniques and assembly
methods are implemented: assembling in the jig "from skin”, “from inner surface
of skin”, “from framework", assembling by laser beams and also combinations

of different assembly methods.
Laboratory work Ne 3

ASSEMBLING OF THE FUSELAGE SIDE SECTION IN THE ASSEMBLY JIG
WITH LOCATING BY COORDINATE-FIXING HOLES

The purpose of this work is to get familiarized with the essence of
assembling by CFH, with the content of assembly procedure for the typical
structure and with the peculiarities of the assembly tooling; to elicit factors,
which affect on the accuracy of fuselage section assembling.

Basics

There are exist two quite different possible ways of locating during
assembling in assembly jig for the structures, associated with theoretical outline
(contour): by the outlines (contours); by other (arbitrary) surfaces. In both
cases, the assembly jig acts as a stiff carrier of the initial bases to which the
technological bases of parts of assembled item are mated with during the
assembly process.

When locating by the outlines is used, the assembly jig needs to have
outlining (contour-forming) elements, to which parts to be assembled are fixed.
Such a decision would be acceptable if there is possible a compensation of
errors of parts manufacturing by their elastic deformation during locating of
them into the assembly position. If parts are high-rigid, such compensation is
iImpossible and locating of parts by the outlines is ineffective. Rigid parts can be
based at the jig in more simple way, for example, by special holes in parts.
Locators of holes have more simple design than the outlines ones and,
besides, can be standardized. The design of such assembly jig as a whole is
considerably simplified and the approaches to the assembly areas are
improved (Fig. 3.2).

Assembling in the jig with locating by such holes is called “assembling by
adjusting-fixing holes”. If these holes are placed in the planes of basic cross-
sections and positioned in system of main design bases of airplane (axis of
symmetry, building horizontal line, building plane) at the distances that aliquot
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to the step of universal 3
coordinate stand (loft-conductor),
which is 5050 mm, then they
are called coordinate-fixing holes NAN
(CFH). &
For this assembly method
the technological bases are axes P N 5
of CFH and the planes of CFH N AR Y/
locators. To them should be AN \
mated the CFH and the planes of
airframe parts. In so doing basis » 6

dimension inevitably emerge - - —

. Fig. 3.2. Locating by CFH during
betweebr; the .tCFH _aX|ts ?“d section assembling: 1 — fork-shaped
gssc_am y ~unit projec (e. conector; 2 — frame; 3 — CFH of the upper

esign) axis. panel; 4 — CFH of the lower panel; 5 —

Taking Into - account the theoretical outline; 6 — equidistant template
general equation of assembly

errors, the error of assembling of fuselage side section (see Fig. 3.2), if panels
are located by CFH, can be represented as follows:
EeslgCt = E%gFH + Eoutline—-CFH + E fix + Ejrzfirr]]t ban

Locators of CFH (as “eyes”, or else fork-shaped connector) are mounted
at the skeleton of the assembly jig with using the instrumental stand, at that
Ecen error is 0.1 mm. In the assembly jig for aggregates some CFH locators
can be positioned with using of the CFH of first subassemblies, for instance of
the spars (wing longerons) CFH.

Error Equtiine-cen includes tolerance of skin thickness (+0.1 mm) and error
of frame outline relatively frame CFH compared to the original rigid carriers of
their relative positions — design loft (DL) and control print (CP). Outlining
element of the frame — frame rim — is manufactured by rubber stamping on the
forming die (and rim is based by the CFH during this stage of manufacturing).

Block diagram of dimensions transferring, when the coordinate-template
method is used, has the form

DL — CP —TC - TIC — forming die — frame rim.

The frame rim has z-shaped cross-section, so the united template TC-TIC
are made for it. Errors for the stages of the dimensions transferring are given in
the App. 3.

Alignment of the CFH are performed by technological bolts (with h6 or
h7), and CFH usually have diameters of 5H9, 6H9 or 8H9. Thus, the error Ey
depends on the fit of the technological bolts.

Finally, the error Ej%airr‘]; Pan depends on the kind of joint and design

parameters of subassembly. For assembly units of the considered type with the
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riveted joints this error is usually taken as Ej%alrr']t PaN _ (0,2..0,4)E,¢ In the

jointing zone.

The analysis of errors leads to the conclusion: while assembling by the
CFH the principles of unity of design and processing bases (TO lines and the
CFH axes) and the combination of processing and assembly bases are violated
as to the outlines: processing bases are the CFH, assembly bases are the
surfaces to be mated of the panels and strip. Due to such "indirect" locating of
subassemblies in the jig (compared to the "direct" — directly by outlines) some
additional factors affects the accuracy of the outlines; that, in turn, considerably
affects the accuracy of parts manufacturing. If it is the outline is used as the
base during locating, the accuracy of parts manufacturing may be lower than
the accuracy of assembly unit as a whole. During the locating by the CFH the
accuracy of parts must be higher than the required accuracy of assembly unit.

To check the accuracy of outlines of structure assembled by the CFH the
control equidistant templates, which working contour is equidistant to aggregate
theoretical outline, are built-in into the jig. Coordination of mounting holes in
templates with their working contours and appropriate forks of assembly jig is
performed by using of the loft-conductor and instrumental stand.

While assembling of the fuselage side section locating by the CFH is
acceptable only for the panels. For placing of the connecting parts, such as
joining strip and butt plates, another assembly method is more efficient (due to
low requirements to the accuracy) — by marking; so, the jig does not need
locators for these parts, and that allow to simplify the jig design even more.

The content of the assembly technological process depends on the type
of the junction between the panels themselves (at skins, frames, stringers). The
most processabilive one is the junction with compensation — with elements
overlapping. Butting end-to-end "to zero” or with very small gap requires
adjusting by removing the allowance on the skin edge (butt end) of one of the
panels during the process of its location.

Laboratory Work Facilities

Drawings of the fuselage side section.
Drawings of the jig for assembling by CFH.
Kit of parts and subassemblies of the fuselage side section.
The jig with equidistant templates for the section assembling.
Template TC-TIC of the frame rim.
. Measuring devices: pointer indicator for measuring the error of frame
rm relatlvely the CFH; slide gage for measuring of the section outline error
relatively the equidistant template.

7. Supporting jig for assembling of the panel by assembly holes (AH).

8. Book “Typified operations of aggregate assembling”.

@.U"PS-U!\’!—‘
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Laboratory Work Performance Procedure

1. Get familiarized with the drawing of the section being assembled, the
drawing of jig and the tooling of the laboratory work.

2. Answer the test questions.

3. Work out the technological process of the fuselage side sections
assembling by the CFH.

4. Work out the technical requirements for parts and subassembly supply

for assembling, using the typical form (see table 1.1).

5. Work out the technical requirements for the assembly jig designing
(see table 1.2).

6. Draw a sketch of chart of location for panels and parts during
assembling of the fuselage side section with reflecting of the processing,
assembly and measuring bases.

7. Perform the assembly procedure of the fuselage side section in the jig.

8. Mount equidistant templates at the forks of the jig (nominal distance
from the theoretical outline is 13 mm).

9. Measure the actual clearance between the section outline and
template contour at three points; write the results to the table 3.1. Find ESECt as

a difference of nominal and measured values of the clearance.
10. Draw a draft scheme of these measurements.

Table 3.1
The results of measuring
; S §'§H Error of section Error of frame | Calculated error of
aB|e 3 s Clearance | assembling at outline manufacturing locating
g 0 gg a | atoutline £ sect = E
> > £ as outline-CFH loc
1
1 2
3
1
2 2
3

11. Measure the error of frame outline relatively the CFH, i.e. Equtiine-cEH.
at three points using template TC-TIC, a special fixture and an indicator device.
For that fix the part and TC-TIC together by the CFH and measure the
deviation of part outline relatively to the template contour. Write the results to
the table 3.1.

12. Calculate the total error of panel locating using the follow formula:
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CFH sect an—pan
Eloc = Ejig +Efix =Eas  — Eoutline—CFH — Ej%int ban,
Consider that the resulting deviation can be of any sign.
13. Make conclusion regarding the accuracy of this method of
assembling.

Test Questions

1. Give examples of following and violation of the locating principles while
assembling the section by the CFH.

2. How to coordinate the CFH of parts and the CFH of assembly jig?

3. What are the advantages and disadvantages of the assembling by
the CFH?

4. What purpose equidistant templates are used for?

5. Which assembly methods are used during the section production?

6. What are the technical requirements to the skins butts of panels to be
assembled?

7. Compare the accuracy of the assembly unit as a whole and the outline-
forming parts supplied to assembling if assembly process is performed in jig by
the following assembly methods: by outline-forming surfaces; by the CFH?

8. How does locating by the CFH affect the accuracy of assembling?

9. Name the assembly, processing and measuring bases used during
procedure of assembling and checking of the section.

Laboratory work Ne 4
ASSEMBLING OF THE STABILIZER FRAMEWORK IN THE ASSEMBLY JIG

The purpose of this work is to get familiarized with specificity of
assembling of non-panelled aggregate framework; to acquire practical skills of
technological documentation developing for assembling process; to learn the
examples of locating principles realization during assembling.

Basics

The aggregates of tail unit group — stabilizer, fin — have small thickness of
the skin and low requirements to the manufacturing accuracy. They are usually
made as follows: at first, the framework is assembled from individual parts and
some units and then the skin is "hanged up" to the assembled framework in the
same assembly jig, just with other set of the outline locators (fixing arms) for
which the thickness of skin is taken into account; thus, a minimal set of
assembly tooling is used. This is the implementation of assembly method in the
jig with locating by the framework surfaces (“assembling from framework”™).

The disadvantage of the method of assembling "from framework” is a

undulation (wavelike) of external aerodynamic surface of aggregate, due to the
116



thin skin repeats all the errors of framework and also gets extra warpages
(pullings) which resulted from riveting.

The technological process of stabilizer assembling as any assembly
process includes the following operations:

- Gathering a complete set of parts and subassemblies required for
assembling, incoming inspection, preparation of an assembly jig for using (such
preparation is performed once per assembly cycle);

- Locating and temporary fixing (holding) of parts and subassemblies at
the required position;

- Preparation for the jointing procedure;

- Fulfilling of joints according to the drawing;

- Taking off the temporary (technological) fasteners;

- Finishing operations;

- Outgoing inspection of assembly unit quality.

Laboratory Work Facilities

Drawings of the stabilizer and the stabilizer framework.

Stabilizer assembly diagram (one of the possible variants).

The kit of parts and subassemblies of the stabilizer framework.
Assembly jig for the stabilizer assembling.

Technological holders and fasteners (clamps, technological screws).
Book “Typified operations of aggregate assembling”.

o0k wnE

Laboratory Work Performance Procedure

1. Get familiarized with the tooling of the laboratory work.

2. Analyse the proposed and the possible stabilizer assembly diagrams,
draw in report the draft of the chosen one.

3. Work out the technological process of stabilizer framework assembling
with using of typified operations.

4. Work out the technical requirements for parts and subassemblies
supply for assembling (see table 1.1).

5. Work out the technical requirements for the assembly jig designing
(see table 1.2).

6. Work out the locating chart for stabilizer airframe parts and
subassemblies during assembling.

7. Get familiarized with the assembly jig design.

8. Answer the test questions.

Test Questions

1. What is the sequence of the assembly technology working out for full-
scale production?
2. Name the initial documentation for full-scale (serial) production
technology working out.
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3. List the factors which determine the nature and degree of the
aggregate dismantling (partition).

4. Give the comparative description of the assembly diagrams for
panelled and non-panelled structures.

5. List the assembly methods of non-panelled structures, explain their
disadvantages.

6. Name the processing and assembly bases used during assembling of
stabilizer framework.

7. Give an example of following the principles of locating during
assembling of stabilizer framework.

4. MANUFACTURING OF THE ASSEMBLY JIGS

One of the peculiarities of the aircraft manufacturing is the necessity in
big amount of assembly jigs (AJ). This is due to specific of aircraft as the object
of assembling (low stiffness of parts, complexity of its spatial shapes, and high
demands to the accuracy of produced items). This implies the main purpose of
the AJ: locating of parts and subassemblies at the position given in the
assembly drawing with the required accuracy, adding rigidity to them and fixing
during the period of jointing with other parts.

The design of the AJ must be rational, simple, allowing the possibility of
standardization, processable (technologically effective) during the manufac-
turing, servicing and repairing of the jig itself. All these resulted in the additional
purposes of an assembly jig: increasing of labour productivity; ensuring of the
assembly process convenience and safety; tools guiding with respect to the
produced items.

Variants of the AJ design are diverse and depend on sizes and type of
the produced assembly unit, its design features, dominant jointing type,
adopted locating chart and types of subassemblies, program and volume of the
manufacturing and other factors. It should be noted that the assembly jigs can
be conditionally classified in such a way: non-separable special, mountable-
and-dismountable, specialized adjustable, universal non-adjustable and
universal mountable ones.

Accuracy of assembly jig, under condition of its skeleton (framework)
adequate stiffness, depends on the accuracy of producing of individual locators
and the accuracy of their mutual locating (positioning) during the mounting of the
assembly jig (mounting is the product assembling at the place of its application).

Various methods, means (tooling) and technique of assembly jigs
producing may be used depending on the demands to the accuracy of the
produced item outlines and junctions, as well as the overall dimensions and
spatial shapes of the assembly unit, the program and volume of production.

All the variety of mounting techniques can be classified by two
considerable criterions (using of special tooling — mock-ups, which are the hard
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carriers of shapes and dimensions of a product; availability of contact between
the means and the objects of mounting) into four groups: contact with mock-
ups using; contact without mock-ups using; contactless without mock-ups
using; contactless with mock-ups using.

Methods of assembly jigs mounting differ in the amount, type and cost of
the means that determine the accuracy of positioning of the assembly jig
locators. As the matter of fact these means, so called tooling of the second
order, are the tooling for assembly jig mounting. It can be special (of mock-up
type) — templates of AJ, junction gages, mounting standards (models), and
universal — coordinate stands and optical devices. Manufacturing of the special
second-order tooling increases the expenses of resources of all kinds (labour,
materials, money, time, energy) for the new aircraft preproduction.

Choice of a particular method of the assembly jig manufacturing must be
substantiated by calculating of the assembly accuracy. If several methods are
acceptable due to the reasonable assembly accuracy then a comparative
economic analysis must be held.

Laboratory work Ne 5

MANUFACTURING OF ASSEMBLY JIG
BY STANDARD-TEMPLATE METHOD OF TOOLING COORDINATION

The purpose of this work is to get familiarized with the essence of
standard-template method of tooling coordination, to study the peculiarities of
assembly jig mounting procedure with using of mounting standard.

Basics

Large-scale (serial) aircraft production requires a big amount of assembly
tooling, and almost everything of it has to be duplicated for the expansion of the
assembly operations field. For the light aircraft manufacturing it is more rational
to produce the assembly tooling not by direct construction of dimensions, but
by copying of produced item shapes and dimensions from the special solid
carriers - spatial standards (mock-ups, calibres or gages). The demands to
standards which used for the making of tooling for parts producing and for the
making of assembly tooling are different due to their different purpose. In the
first case the standard should have a solid surface, in the second - it will be
quite enough to have carriers of outline shape (templates of cross-section) only
in some planes, where outline locators should be placed; in addition, the
assembly standard must have the base points at places with junctions for the
proper positioning of the joint bolts holes (JBH) locators of assembling jig. This
explains the terms "standard (mock-up) of aggregate surface" and "mounting
standard (mock-up) of aggregate". These standards should have the same
shape of the basic cross-sections, and that is provided by special tooling,
which, in facts, is an intermediate reverse copy of the surface standard -
"counterstandard of aggregate".
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A set of these spatial standards is the groundwork (basis) of a particular
method of the interchangeability and tooling coordination insuring — the
standard-template method (STM).

Surface standard (SS) can be produced, for example, according to the
followings. First of all, the templates of outlines are located with using of the
measuring means and fixed to the stiff frame in the some basic main cross-
sections of the aggregate. After, space between these templates is filled up with
pieces of wood and processed for making smooth surface (i.e. splined). Then
the surface is coated with paint and lacquer and axis of the framework elements
(spars, longerons, ribs, frames, stringer), contours of hatches, lines of skins butts
— so called, layout lines - are marked. Surface standard does not have gages of
structural junctions (their positions are only marked on the SS).

Auxiliary elements of the surface standard are the rigging components
(for transportation) and the reference platforms (for SS positioning during its
locating at the counterstandard frame).

Counterstandard (CS) is a device for manufacturing and periodic
inspection (checking) of mounting standard and its components - standards of
units (ribs, frames, longerons, spars).

Design of counterstandard only a little differs from the assembling jig
design, but the counterstandard has higher accuracy then the assembling jig.
Counterstandard producing is started from the surface standard locating and
fixing at the reference platforms on the CS frame. In the basic cross-sections
the blanks of counterstandard outline (contour) locators should be placed with
the clearance of about 10 mm from the surface of SS. In this position they will
be fixed with using of the fork-shaped connectors (eye-bolts) into the frame
barrels and the gap inside the barrels will be filled up with fast-hardening
cement like HAAT-MU, which has good adhesion to metals. This operation is
called "filling of forks”. Properties of HWAT-MLl cement are given in App. 1.

Then the working surfaces of the fixing arms (contour locators) will be made
by pouring the gap between the contour locator body and the surface of the
surface standard with special carbinol cement or epoxy-cement compound (see
App. 1). After some cure time (about one day) the surface standard will be unfixed
and dismantled from the CS frame. Error of outlines reproducing by the mould-
copying of the surface standard to the counterstandard is approximately 0,1 mm.

Mounting standard (MS) may have either assembled or solid (welded,
cast) framework, but in any case its working surfaces are formed by moulding
from the counterstandard locators after positioning of the MS at the CS
reference platforms (the gap between the counterstandard fixing arm and the
appropriate pattern of the MS, which is about 10 mm, is filled up with the
carbinol cement). Then mounting standard are taken out from the
counterstandard and the standards (i.e. gages) of junction elements are placed
at the mounting standard with using either instrumental (measuring) tools
according to the drawing with accuracy +(0,3...0,5) mm or the special junction
gauges.
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It is should be pointed, that although the outlines of mounting standards
of conjugated (mated) aggregates are produced in different counterstandards,
after these MS have to pass a common processing procedure at the junctions —
detaching. Components of assembled mounting standard are called the unit
standards (US); they are used as the tooling for mounting of the unit assembly
jigs (Fig. 4.1).

Due to the fact that the working dimensions of the mounting standard can
be deteriorated (distorted) during its exploitation, MS needs to be periodically
checked with using of counterstandard; that is why immediately after detaching
of the MS in the counterstandard the junction locators are produced (by the
mounting standard junction gages; MS is located at reference platforms of the
counterstandard during this procedure).

Sometimes another procedure of aggregates junctions coordination is
used. First of all, the locators of junctions are made in the counterstandard with
using conventional instrumental tools or by junction gages, then mounting
standard framework is located and fixed at the reference platforms in the
counterstandard and outline and junction elements of mounting standard are
produced by copying of counterstandard. The junction elements of mounting
standards for aggregate compartments to be conjugated are located and fixed
on their mounting standards immediately during detaching procedure.

As to the assembly jigs for aggregate components (compartments,
panels, units) it is much more convenient to mount such jigs by detachable
mounting standards — the standards of compartments and units. In the most
cases the mounting standard has jointless design; in that case standards of
compartments and units are the independent tooling which manufactured in the
same counterstandard. In that case, the work as to preparing of the set of the
assembly tooling can be performed simultaneously.

Manufacturing of assembly jig is a complex of various works. The most
important and crucial work is the making and mounting of the assembly jig
locators. For providing of it, the aggregate mounting standard is positioned in
the assembly jig frame with using of the simplest auxiliary means and universal
measuring devices.

Then, the mounting standard is preliminary fixed in the position given in
assembly jig drawing. The reference platforms of the assembly jig are located
at the MS reference platforms and fixed to them with bolts. The gaps between
the jig reference platforms and jig frame (about 10 mm) are filled with special
cement HNAT-MU. After freezing the cement the all auxiliary fasteners which
fixing the mounting standard are removed, and from this moment MS is
completely and unequivocally located at its reference platforms. Next, two
variants of assembly jig mounting procedure are possible; they are differ with
the way of the outline locators (“fixing arms”) making (Fig. 4.2).

According to the first variant, the fixing arms 6, which are unfinished on
outline contour, are positioned with a gap of 10-15 mm with respect to the
mounting standard 1 and temporarily fixed to the mounting standard patterns
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with auxiliary fasteners such as clamps. Forks 7 (eye-bolts) are joined with the
ends of fixing arms at the mounting holes (MH) by pins 10. Tails of forks are set
up into frame beam barrels and gaps are poured with cement 11 of type
HWAT-MLU. After cement freezing the fixing arms will be held by forks, so,
clamps can be removed. It remains to fill the gap between the mounting
standard pattern and the outline edge of the fixing arms with carbinol cement
12. Cement is injected with syringe. To limit the zone of the cement pouring the
plate 13, pressed to the fixing arms, are used.
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Fig. 4.2. Mounting of the assembly jig with using of mounting standard:
1 — mounting standard; 2 — assembly jig frame; 3 — the reference platform;
4 — |ocator of the flat junction (jigging plate); 5 — locators of fork-shaped
junctions; 6 — outline (contour) locator (the fixing arm); 7 — fork of the jig
(eye-bolt); 8 — jig barrel; 9 — bracket; 10 — pin; 11 — jig barrel filled with the
cement HAAT-ML]; 12 — carbinol cement; 13 — technological plate;
14 — separation material

According to the second scheme the contour locators (fixing arms) are
supplied to the mounting of assembly jig with the finished working surfaces
(outlines). They are previously produced by moulding from either the aggregate
mounting standards or the unit standard (on rare occasions — from the surface
standard). Technique of contours copying is the same as the described above.
Right away after pouring of cement the hairlines which correspond to the axes
of power elements are marked on sides of fixing arms bodies according to the
marking of the mounting standard. During the assembly jig mounting procedure
the fixing arms are located by the mounting standard working surfaces and by
the MS hairlines (sometimes for more accurate locating of the fixing arms on
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the mounting standard or the unit standard the special bushes with basic holes
are made in the fixing arms working surfaces). Fixing arms are temporarily
fixed to the mounting standard, and then they are jointed to the assembly jig
frame with pins, forks and cement HUAT-MLI.

After mounting of the outline locators (fixing arms) it comes to the junction
locators mounting procedure. For the flat junction the locator is jigging plate. It
Is located by basic holes on special platforms of the mounting standard
(sometimes the mounting standard has joint bolt holes, and then they can be
used for jigging plate locating). Then the jigging plate is joined to the frame as
well as the fixing arms: forks (or brackets) are attached to the plate and after
fixed in the frame barrels with cement HAAT-MLI.

Locators of fork-shaped junctions (like "eye — fork") are located by the
corresponding gages of the mounting standard, and then are fixed to the jig
frame. In this case the cement, which filled into the gaps, is a compensator of
dimensional errors and the fixing material at the same time.

It is obviously, that for insuring the demands to the accuracy of the unit
being assembled, the assembly jig should have higher accuracy of locators
working surfaces than the considered assembly unit (usually, it is from 1 to
3 accuracy grades). This consideration is crucial while choosing of the methods
and means for assembly tooling manufacturing. It is necessary to estimate the
expected error of the assembly jig and to compare it to the allowed one.

Calculation of the accuracy is performed by standardized techniques with
using of statistical data about the errors which occur during the stages of
dimension transferring (see App. 3).

Thus, to calculate the expected error of the assembly jig it is necessary to
know the amount of stages of dimension transferring and the parameters of the
error dispersion field for each stage. And it is very important to determine the
primary carrier of dimensional information (the primary source, or origin, of
coordination), which is the first link in the chain of this dimension transferring
and relatively to which assembly jig error is evaluated.

For outlines such a primary source of information is the theoretical loft
where the contours of the basic cross-sections are drawn in the full-scale with
high accuracy.

The accuracy calculation procedure is:

- Defining of stages of dimension transferring which determine assembly
jig accuracy at outlines, junctions or any other parameters according to the
structural diagram of tooling coordination by standard-template method,;

- Writing out of values of errors for these stages from the reference tables
(see App. 3);

- Finding, according to the technique given in App. 2, of the expected
error of the assembly jig or assembled aggregate and its comparing with the
value of allowed error, then making of appropriate conclusions about accuracy.
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Laboratory Work Facilities

1. Scaled mock-up of:

- Wing surface standard;

- Wing counterstandard;

- Wing mounting standard,

- Wing assembly jig frame, fixing arms and locators of junctions, fork-
shaped connectors (forks), pins, reference platforms.

2. Auxiliary tooling (holders, clamps), measuring instrument (the scale),
wrenches, bolts, nuts.

Laboratory Work Performance Procedure

1. Get familiarized with the tooling of the laboratory work.

2. Perform mounting of the assembly jig with using of mounting standard.

3. Estimate the error of the assembly jig (see App. 2).

4. Make a laboratory work report which includes:

- Sketch of assembly jig with the mounting standard located in it; their
basic elements and bases should be designated;

- Structural diagram of dimension transferring from the theoretical loft to
the assembly jig and values of errors for it stages;

- Computational formulas and results of calculation of the error of the
assembly jig mounting;

- Technological process description of the assembly jig mounting with
using of mounting standard.

5. Answer the test questions.

Test Questions

1. What are the causes of the necessity to use spatial standards of
aggregates?

2. Describe the peculiarities of two ways of the assembly jig mounting
with using of the mounting standard.

3. What is the purpose of the reference platforms?

4. What determines the choice of methods and means for the assembling
jig mounting?

5. What are the advantages and disadvantages of standard-template
method?

6. How to ensure the coordination of assembly tooling at junctions?

7. List the main elements of the assembly jig structure.

8. Name the technological properties of the cements used in the
standards and the assembly jigs structures.

9. What is the purpose of the counterstandard?

10. What are the benefits of the mounting standard of the assembled-type
design?
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Laboratory work Ne 6

MANUFACTURING OF ASSEMBLY JIG BY COORDINATE-TEMPLATE
METHOD OF TOOLING COORDINATION

The purpose of this work is to get familiarized with the essence of
coordinate-template method of tooling coordination, to acquire practical skills of
operating with loft-conductor, instrumental stand and optical devices for
mounting of assembly jig.

Basics

Coordinate-template method (CTM) of tooling coordination is further
improvement of loft-template method. CTM was implemented in manufacturing
with the advent of the large-tonnage aircrafts. Using of other methods of
interchangeability ensuring of assembly units for the production of such aircraft
was turned out ineffective.

Distinctive feature of CTM is using of universal coordinate measuring
means (the loft-conductor and the instrumental stand) which perform to insure
coordinating of large-sized assembly tooling at contours and junctions.

Two examples will explain the idea of CTM. Let the assembly jig (AJ)
skeleton is a jointless frame. If fork-shaped connectors (eye bolts) with
mounting holes (MH) for fixing arms and jigging plates are located with respect
to the frame with high accuracy and the corresponding MH in the fixing arms
and the jigging plates are made (located) precisely, then assembly jig mounting
procedure will be reduced to the simple placing (hanging up) of fixing arms and
jigging plates and their holding by pins at coordinated MH.

The realization of this mounting technique requires the flat coordinating
stand (loft-conductor) for coordination of outline contours of fixing arms and
joint bolt holes (JBH) in the jigging plates with their MH, and the spatial
coordinating tooling (instrumental stand) for locating of forks (connecting
elements) with MH which are intended for the fixing arms, gages of junctions
and jigging plates.

If the skeleton consists of columns and beams then mounting of assembly
jig will be complicated (Fig. 4.3). First of all, the upper and bottom beams,
which made in the spatial coordinating stand, must be mutually located, i.e. the
coordination of their forks mounting holes must be ensured in the basic cross-
sections (where fixing arms and jigging plates are). It can be performed by the
special tooling - mounting plates, which strictly coordinate MH of assembly jig
beams in the particular cross-section. For proper locating of beams the
mounting plates must have totally certain position in space - usually vertical.
The verification of it is performed by optical devices (this means are for
construction, but not for the measuring).
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For mounting of the
flat junction locator (i.e.
jigging plate) the mounting
plate needs to have basic
holes (BH), which will be
used for locating of the
jigging plate. It is quite
clear that BH of the
mounting plate must be
coordinated with its MH, )
and BH of the jigging plate
— with its JBH.

And finally, the united -
junction gage is needed for
locating of each elements
of junction locators group
at different parts of the
assembly jig (beams,
columns). The junction

gage is a space truss with
junction’s master parts Fig. 4.3. Scheme of assembly jig mounting by

which are located by its CTM: 1 — upper beam; 2 — bottom beam;
JBH with respect to the 3 —mounting plate

MH of its so called reference forks with high accuracy. Response reference
forks of the jig must be located on one of the beams with using of instrumental
stand (1S).

In the mentioned examples the principles of assembly jigs mounting by
means of CTM are considered. The essence of this method is that the
dimensional chains for individual basic elements of assembly jig can be
constructed with using of spatial and planar coordinating stands. Constructing
of complete chain of the assembly jig basic dimensions are usually performed
during jig mounting procedure with using of special second-order tooling —
mounting plates, which are made in the same coordinating stands and
coordinate only special technological holes (MH and BH), and junction gages,
which coordinate design and technological holes (JBH and MH) — and with
using of universal tooling — optical devices in combination with other means of
construction.

In the view of this the laboratory work is divided into three stages:

- Making of fixing arms with using of planar coordinating stand (loft-
conductor);

- Making of assembly jig beams in the spatial coordinating stand
(instrumental stand);

- Mounting of assembly jig by the mounting plates and optical devices.
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Making of fixing arms with using of loft-conductor

Loft-conductor (LC) is a planar coordinating stand (Fig. 4.4). It consists of
the table 1, produced from a cast iron plate with scraped upper surface, and the
system of coordinate rulers (the two fixed longitudinal rulers 3 at the edges of
the table and a set of the removable transversal rulers 2). The holes in the
rulers are made with diameter 18H9 and pitch between their centres is equal to
50 mm with accuracy £0,01 mm. The fixed points with coordinates multiple of
50 mm can be get by moving of the transversal rulers along the longitudinal
ones on the plate surface (table). The position of transverse rulers is fixed by
the high accurate pins. At the enterprises the loft-conductors are often
equipped with drilling spindles and mechanized devices.

[

Ll o

= L I ',.
2 g“ —— —
4
| {
—“;:r-——r‘r‘f\ S — 1 3
S5 =
A =

Fig. 4.4. Loft-conductor: 1 — table; 2 — transverse ruler; 3 — longitudinal ruler;
4 — drilling spindle

Following kinds of work can be performed by the loft-conductor:
- Marking (drawing) of coordinate grids and design axis on the loft plates;
- Drilling of basic holes (BH) in the lofts and templates;
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- Drilling of BH and mounting holes (MH) or coordinating of bushes with
these holes in the master-plates, the jigging and mounting plates;

- Drilling of the MH in the fixing arms;

- Casting in cement of bushes with MH in the fixing arms.

Outline of the fixing arm can be obtained by:

- Machining on the lathe (if fixing arm has circular shape), on the profile
milling machine by the master template of jig, or on the CNC milling machine;

- Mould copying of the cross-section mock-up, of the surface standard,
of the unit standard;

- Bench-work by the assembly jig template (JT).

Then, in the ends of fixing arms the holes are drilled with diameter of
according to the dimensions given on the jig drawing 8-10 mm larger than the
outer diameter of bushes with MH (if fixing arms are made of non-wear-proof or
fragile material) according to the dimensions given on the jig drawing.

After this the fixing arms are located on the transversal loft-conductor
rulers by the JT that was previously located on these rulers and fixed by BH
(Fig. 4.5).

Upper Ruler
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Fig. 4.5. Casting in cement of bushes with MH in fixing arms on loft-conductor:
1 —table of LC; 2 — longitudinal ruler; 3 — transversal ruler; 4, 5 — pins;
6 — adapting bush; 7 — JT; 8 — fixing arm; 9 — hairlines; 10 — clamp; 11 — bush
with MH; 12 — cement HUAT-MU

Bushes with MH in the fixing arms tips are located with respect to the BH
of the jig template by other transversal rulers and pins (according to the
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dimensions given on the AJ drawing). Gap between the fixing arm body and the
bush is filled with cement HUAT-MLL. The final accuracy of bush positioning in
the fixing arm is £0,1 mm. Fixing arm can be taken off from loft-conductor in
7-12 minutes, but they need time lag during 2 days before the assembly jig
mounting procedure.

Thus, the challenge of coordinating of the MH of fixing arm with respect to
its working outline is reduced, due to using JT and loft-conductor, to two simple
problems:

- mating of fixing arm and jig template at outline and hairlines, i.e.
positioning of the fixing arm working outline to the BH of jig template;

- coordinating of the MH axis in fixing arms relatively to the BH of jig
template (dimensions B, C, D, E).

Depending on fixing arm design the last operation can be performed not
only by casting bushes with MH in cement, but by direct drilling these MH via
holes of conductor rulers or by attaching of assembled tips with MH to the fixing
arm body with further fastening by bolts. Considering that the positions of MH
are not related directly to the basic surfaces of the aggregates to be
assembled, then during designing procedure of the assembly jig the MH are
placed in the grid which convenient for loft-conductor, with pitch 50x50 mm. On
the drawings the dimensions which performed by loft-conductor should be
indicated with the asterisk.

Laboratory Work Facilities

1. Loft-conductor with tooling (scaled mock-up).

2. Setting-up diagram for loft-conductor.

3. Fixing arms with finished working outlines and bushes with MH (scaled
mock-ups).

4. Assembly jig template (scaled mock-up).

Laboratory Work Performance Procedure

1. Get familiarized with the loft-conductor setting-up diagram and the
tooling of the laboratory work.

2. Locate bushes with MH in the fixing arms, using of loft-conductor and
jig template.

4. Make a laboratory work report which includes:

- Answers to the test questions;

- Sketch and technological process of coordinating (positioning) and
casting in cement of bushes with the MH in fixing arms with using of loft-
conductor.
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Production of assembly jig beams in the instrumental stand

The instrumental stand is a device with a spatial coordinate system that
allows fixing of any point within dimensions of this system with accuracy not
worse than £0,1 mm.

Let's consider the
arrangement and the
operation of instrumental 1?
stand of  type NC-6
(Fig. 4.6). The backbone of
the instrumental stand is
casted iron bed with parallel
guide rails by which the table
of length 8200 mm, intended
for placing on it of individual
assembly jig skeleton
elements (beams) or the
whole frame, is moved. The
system of coordinate rulers
of the stand consists of one
longitudinal ruler, fixed on
the lateral surface of the
table, two vertical rulers,
mounted on the portal

columns, and two

transversal  rulers  that  Fig 4.6, Instrumental stand: 1 — vertical ruler;
moved with balance bobs 2 — transversal ruler; 3 — longitudinal ruler;
along the portal columns. All 4 — table; 5 — portal: 6 — bed

coordinate rulers have holes
with diameters 10H7 or 12H7 placed of 200 mm apart with accuracy between
their centres of £0,01 mm.

For dimensions (distances) constructing along all the rulers, the distance

permanent or micrometric gages are used.

Set of 11 distance permanent gages allows to lay off dimensions in 1 mm.

Micrometric gage allows to lay off any dimensions with accuracy of
+0,01 mm.

Distance gages 8 (Fig. 4.7) are fixed by the pins 9 on the stand rulers 3,
5, 6 at two holes that spaced at a distance of 200 mm. Dimensions are laid off
(constructed) by the holes of the second row. With the using of the distance
gages follows are located: the transversal rulers 3 with respect to the vertical
rulers 5; the adapting fitting 4, intended for locating forks (eye bolts) 12, with
respect to the transversal rulers 3; the distance fittings 7 with respect to the
longitudinal rulers 6.
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The first distance fitting is positioned and fixed on the table longitudinal
ruler 6; from its hole all the dimensions, which given in the assembly tooling
drawing, are reckoned and laid off by the distance gages; thus, other distance
fittings are located. These distance fittings are fixed to the table 2 by bolts and
afterwards the table is successively located into its working positions “along
distance” and fixed in it by the locking pin through the holes in the distance
bracket 10 on the bed 1 and in the appropriate distance fitting. It should be
noted that in actual practice this table fixing technique is complicated due to the
table large sizes. Therefore an indicator device that adjusted "to zero" with
respect to the stopper of distance fitting, when it fixed by pin to the distance
bracket, is held to the distance bracket. Thus, in process of table working
positions locating the indications of this device should be traced (its scale
graduation is +0,01 mm). Common accuracy of table locating by indicator is
10,1 mm, and this value is acceptable for all kinds of tooling.

Instrumental stand allows coordinating with high accuracy of the system
of holes in the forks which are either mounting or locating elements of
assembly jigs and the second-order tooling (junction gauges, mounting plates,
etc.).

Cure time of the beam with forks after replacing it from the table of IS to
mounting it in assembly jig — two days.

As noted above, the forks placed at beams in the instrumental stand may
be intended for the fixing arms, jigging plates, mounting plates and junction
gages. Accordingly, their positions are uniquely determined either by the
dimensions of assembled aggregate (step of the ribs or frames, arrangement of
the flat or fork junctions) or by holes in the forks for the particular element of jig
(fixing arm, jigging plate) or in the forks for the second-order tooling (mounting
plates, junction gages).

Dimensions, which produced by using of the instrumental stand, are
specially marked in the tooling drawings (by marking them with an asterisk or
by framing them).

Laboratory Work Facilities

1. Drawing of the assembly jig beam.

2. Instrumental stand with necessary tooling (scaled mock-up of the
stand of type NC-6).

3. Blank of the beam (scaled mock-up).

Laboratory Work Performance Procedure

1. Get familiarized with the drawing of the assembly jig beam and the
tooling of the laboratory work.

2. Locate forks at the beam by instrumental stand.

3. Make a laboratory work report which includes:

- Sketch diagram of forks coordinating (locating) procedure at the beam
by instrumental stand;

- Technological process of locating and casting in cement of forks by IS.
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Mounting of assembly jig with the mounting plates
and optical devices

Mounting procedure of the big-sized assembly jig (Fig. 4.8) is started with
the setting of basements, which horizontality is checked with the levelling
instrument, at the foundation. On the basements the columns are constructed
from the standardized blocks and its vertical position (with the accuracy up to
5 mm) is tested by plummet. The brackets for placing of the beams are fixed to
the columns according to the assembly jig drawing.

The most important stage of mounting procedure is locating of assembly
jig beams, because it is the positions of their forks determine the accuracy of
outline and junction locators positioning, thus and accuracy of the junctions and
the outline geometry of the assembled aggregate.
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Fig. 4.8. Main elements of the assembly jig (during its mounting procedure):
1 — basements; 2 — column (standardized blocks); 3 — beam; 4 — bracket;
5 — adjusting screw (jacking screw); 6 — gaps filler (layer shim, cement
HWAT-ML); 7 — fixing bolt; 8 — mounting plate; 9 — jigging plate; 10 — bolt at BH;
11 — bolt at MH;12 — half-fork; 13 — fixing arm; 14 — pin at MH; 15 — fork;
16 — junction locator of fork type
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First step is to locate the upper beam, as a basic one, in the position
given in drawing by adjusting screws (jacking screws) with using of the optical
level and vertical measuring rulers. Gaps between the beam and the jig
skeleton elements (brackets) are poured with the cement HAAT-ML], and after
cure time that is equal to 7-12 minutes the beam will be fixed by bolts.
Sometimes for beam fixing special reference forks (eye bolts) are used.

Next step is to hang up the mounting plates at the corresponding half-
forks and to locate plates vertically by optical devices (Figure 4.9). In this
position plates will be clamped to the columns with the auxiliary means (like
jacking clamps and distance bars). Then the forks of other beam will be brought
close to the free forks of mounting plates and joined to them by the bolts at MH.
Gap between the beam and the jig skeleton, as in the first case, is poured with
the cement, and beam is joined with bolts to the jig skeleton.

So, first of all it is the beams are located in correct mutual position by the
mounting plates. Then the jigging plates are mounted. Each of them is joined to
the appropriate mounting plate at the BH and the work surface, and then their
fixing forks are casted in cement in the appropriate beam barrels; and besides
of it the additional components, which provide possibility of the moveable
jigging plate travel, are set to this plate. In a day the fixing arms are hanged up
at the beams forks. Due to the coordination of dimensions, which performed
with using of loft-conductor and instrumental stand, the hanging and fixing of
the fixing arms by high-accurate pins should be easy (by hand). After
appropriate cure time (two-three days) the mounting plates will be dismounted
and assembly jig will be ready for exploitation.

Q
9 - Plate is inclined

&S B

Plate isn't inclined

Beam path
in pentaprism

Fig. 4.9. Plate vertical position checking: a — by level (1 — a prop with mark;
2 — pentaprism; 3 —the level); b — by autocollimator (1 — mirror;
2 — autocollimator)
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During the exploitation period the accuracy of the assembly jig is checked
by holding the same work and with using of the same means as during its
mounting procedure. Mounting plate in this case is the peculiar standard of the
mounting dimensions.

Laboratory Work Facilities

1. Drawing of the assembly jig for assembling of the centerwing section.

2. Kit of the finished components of the assembly jig (scaled mock-up).

3. Means of mounting — mounting plates (scaled mock-ups), the level, the
vertical rulers, clamps, bolts, pins.

Laboratory Work Performance Procedure

1. Get familiarized with the drawing of the assembly jig and the tooling of
the laboratory work.

2. Mount the assembly jig.

3. Make a laboratory work report which includes:

- Answers to the test questions;

- Sketch diagram of assembly jig mounting and checking by CTM means;

- Technological process of the assembly jig mounting procedure.

Test Questions

1. What is the essence of the coordinate-template method of tooling
coordination?

2. List the advantages of the coordinate-template method.

3. What kinds of work are performed by the loft-conductor?

4. What is loft-conductor used for while fixing arms are made?

5. What is directive principle for choosing the positions of the MH in
the fixing arms?

6. What kinds of work are performed by instrumental stand?

7. How the distance gage is structured, and what is its purpose?

8. What is the purpose of the adapting fittings of the instrumental stand?

9. Describe the order of the dimensions laying out along the axis of
the instrumental stand.

10.Give the examples of the fast-hardening cements application during
manufacturing of the components of assembly jig and its mounting procedure.

11. What accuracy the instrumental stand ensures?

12. List the holes names in the jigging and mounting plates.

Laboratory work Ne 7

MOUNTING AND CONTROL OF ASSEMBLY TOOLING
BY OPTOMECHANICAL SYSTEM

The purpose of this work is to get familiarized with the essence of
method of the assembly tooling mounting by the optical and laser devices.

136



Basics

The enlarging of overall dimensions of the items, which aviation industry
produce, while increasing their structural integrity resulted in the simplification
of assembly jig design due to the reducing of the quantity of locating and
supporting elements of jig. This fact complicates the tooling mounting
procedure as a result of exclusion of continuous longitudinal frame elements
(beams) from the assembly jig and using a skeleton that consist of separate
risers or blocks. Thus, the possibility of the instrumental stand applying in the
assembly jig manufacturing is distinctly limited.

Following the principle of dimensioning of the assembly jig in the
coordinate system of the produced item axes and the systems of the basic
holes, which are located usually in different cross-sections along the same axis
parallel to the main (longitudinal) axis of aggregate, allows efficient using of the
optical and likewise means for mounting of the assembly jig.

Due to the using of the optical means, i.e. the sighting tube and the
sighting mark (target), the design axes of assembly jig are replaced with the
line of sight that coincides with the optical axis of the sighting tube (level,
theodolite, special devices like IMMC-7, MMNc-11).

To maintain the constancy of the sight line position and the possibility to
lay off coordinates along this line the instrumental coordinate ruler are used.
They are placed in the mounting zone of the jig to be assembled and used in
combination with the optical devices for contactless constructing and measuring.

The optomechanical system (OMS) that created according to these
principles has high accuracy and mobility; so, it is allows to widen the field of
operations as to the assembly jig mounting in the assembly shop. Depending on
the peculiarities of the assembly jigs design the optomechanical and coordinate
systems may include the various combinations of elements and therefore have a
different structure. OMS can be either mounted into the assembly jig skeleton or
located next to the assembly jig (so called opto-mechanical stand).

The mechanical part of the stand is formed by (Fig. 4.10):

1) Distance rulers 1, located horizontally at right angles to each other;
they provide a laying off the distances in the horizontal plane in a rectangular
coordinate system by its instrumental holes and distance gages 2,

2) Vertical ruler 3, which provides a laying off the given height H relative
to the horizontal plane along the vertical coordinate axis; the laying off of the
dimensions is performed by vernier (pos. 3.1) of vertical ruler after aligning the
sighting mark (pos. 3.2) with the cross hairs of the sighting tube;

3) Cathetometer 11, which is a vertical riser with a measuring ruler and
movable bracket, which holds the telescope (sighting tube); the purpose of the
cathetometer is similar to the ones of the vertical ruler 3.

Elements of the optical part of the stand:

1) Sighting tubes 4 of level HT, which is fixed on the ruler 1 by adapting
bracket;
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Fig. 4.10. Optomechanical stand: 1 — distance ruler; 2 — distance gage; 3 — vertical ruler (3.1 — vernier, 3.2 — sighting

mark); 4 — sighting tube (of the level HT); 5, 6 — sighting marks; 7 — prop; 8 — angle sighting mark; 9 — pentaprism;

10 — mounted object (risers C1, C2, C3 with the fixing arms); 11 — cathetometer B-B-630A



2) The system of sighting marks: sighting mark 6 set the position of the
design axes of assembly jig, 5 — position of origin axes of coordinate rulers,
8 — position of the fixing arms planes (angle sighting marks), 3.2 is a sighting
mark on the vertical ruler;

3) Rotary pentaprism 9 in the body shell;

4) Sighting tube of cathetometr B-B-630A.

Cathetometer is designed for measuring of vertical coordinate of
products, which are placed out of reach for the direct measuring immediately in
the shop. Measurement error by it does not exceed +(10+L/100) microns at a
distance of L, mm.

Cathetometer (Figure 4.11) allows to measure the product dimension a-b
due to the built-in-device scale by successive sighting by the sighting tube at

the beginning a and end b of a product segment.
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Fig. 4.11. Schematic diagram of cathetometer: 1 — product; 2 — scale;
3 — bubble level for the horizontality checking; 4 — sighting tube;
5 — counting device; 6 — guides
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Cathetometr has the following main parts: the finder system — sighting
tube 4, which moves in guides 6 of cylindrical or rectangular shape; device 3 for
aligning a sighting tube in a horizontal position (bubble level with the cylinder
ampoules); scale 2; counting device 5 (microscope).

The implementation of laser-based techniques of mounting of the
assembly tooling in the manufacture allows to reduce the labour-intensiveness
(labour-input) of mounting works, to cut the cycle of jigs manufacturing in
2-3 times, and to improve the accuracy of their coordination.

The structure of laser centring-and-measuring system (LCMS) for
mounting of the large jigs is shown in Fig. 4.12.

The position of any assembly jig element in space is uniquely determined
by two laser beams and the plane that perpendicular to them and created by
turning of the laser beam due to the pentaprism. In such a way the six degrees
of freedom for the each element of the assembly jig can be controlled.

Fig. 4.12. Laser centring-and-measuring system (LCMS) for mounting
of the large assembly jigs: 1 — basement blocks of the jig columns; 2 — sighting
marks; 3 — laser head; 4 — TCP plates; 5 —risers; 6 — rulers; 7 — longitudinal
coordinate ruler; 8 — pentaprism; 9 — laser rangefinder with the reference beam

Technological coordinate planes (TCP) are performed as two identical
plates with a system of coordinate holes which treated by the jig-boring
machine. For mounting of the assembly jig the coordinate system formed by
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TCP and distance coordinate rulers are created. Thus, the system of reference
laser beams for coordinating of spatial position of the assembly jigs elements is
constructed due to the locating of laser beams on the holes of the TCP.

The TCP can be placed independently on the special risers or be built-in
into the jig (in that case they also serve as the mounting plates).

Laboratory Work Facilities

1. Jig for panels assembling (see the drawings to this laboratory work)
which is a system of supporting risers with outline locators (the fixing arms). In
the each fixing arm are made two basic holes (BH) with diameter 18H7, which
determine auxiliary design axes of the jig, and two mounting holes (MH) for
joining the fixing arms to the risers (in the "fork—barrel’ system).

Kit of OMS elements (see Fig. 4.10).

Drawing of the assembly jig general arrangement.

Step-down transformer for the backlights.

Laser viewing device J1B-5M.

Laser level with magnetic base.

Laser tube of the device INIMNC-7 with adapter of diameter 18H7.
Angle rotary prism.

ONOoOOGTAWN

Laboratory Work Performance Procedure

1. Get familiarized with the mechanical and optical elements of the OMS,
get realized the purpose and maintenance technique of the optical and laser
devices.

2. Perform typical operations.

Checking of the distance rulers positioning

The execution order:

a) In order to control the horizontal position of each coordinate ruler set the
reference sighting mark 5 on the prop 7 at one end of the ruler (see Fig. 4.10);

b) Set sighting tube of the level in the direction of the sighting mark and
check position of the level with the cylindrical bubble level,

c) Align the cross hair of sighting tube with a sighting mark by moving the
mark along the prop height;

d) Move the level along the ruler to the sighting mark, but not closer than
1,2 m (coincidence of the level and the sighting mark crosshairs, stable position
of the bubble of cylindrical level indicate the horizontal position of the ruler),
hold down the locking screw on the casing of the level;

e) In order to check the rulers perpendicularity move the level at the end
of ruler and set the pentaprism on the level;

h) Continue the moving of the level along the ruler until the field of view
will get the sighting mark 5 on the other coordinate ruler (the mutual
perpendicularity of rulers is indicated by either coincidence of the level and the
sighting mark cross hairs or their parallelity).
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Note 1. To reduce the amount of operations rulers can be set "with overlapping" that
allows to use the rotary sighting tube without pentaprism for rules perpendicularity checking.

Note 2. Space that limited by the rulers length and cathetometer (or other device)
working height is a working (mounting) space for mounting (checking) of the jig. Discontinuity
of this space is determined by scaling factors of counting rulers (distance and vertical ones,
cathetometer ruler). In this space the jig to be inspected or mounted should be fit.

Verification of holes coaxiality (concentricity) in the fixing arms
by the direct sighting of the sighting marks

The position of any fixing arm in a space is quite determined if its basic
holes and the BH of the first fixing arm are coaxial. To ensure coaxiality do the
following:

a) Set the required position of the sighting tube along the distance ruler
and fix it by distance gage on the ruler;

b) Set the sighting marks in the basic holes of fixing arms, check the
coincidence of the level and the sighting marks cross hairs, sighting
consistently over the sighting marks, and determine the error of locating by the
sighting mark scale;

c) Set the sighting tube of device INMNC-7 at the upper basic hole of the
fixing arm;

d) Repeat all the operations from the item b.

Checking of holes coaxiality (concentricity) in the fixing arms by the direct
sighting with using of pentaprism and angled reflector

Procedure:

a) Set the sighting mark in the upper basic hole (BH) of the first
fixing arm;

b) Set the angled reflector in the upper basic hole and the pentaprism in
the lower basic hole of the last fixing arm;

c) Point the level at the sighting mark, turning the pentaprism (or angled
reflector) while finding the sighting plane of the sighting mark.

Checking of the fixing arms position along the distance
and the parallelism of their planes

The execution:

a) Considering as the origin the first fixing arm plane, set the level with
the pentaprism and fix it on the ruler by the distance gage (see Fig. 4.10);

b) Set the angle sighting marks in the basic holes of the fixing arm;

c) Check the coincidence of the level and the sighting marks cross hairs,
turning pentaprism;

d) Move the level with the pentaprism along the distance ruler and fix it
on the ruler by pins at the distance, which given in the drawing, using the
distance gage;
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e) Repeat the operations of items b and c, thus examining the parallelism
of the fixing arms. In case of non-coincidence of the level and the lower sighting
mark cross hairs it should be selected the appropriate distance gage and
calculated the actual distance between the fixing arms.

Determining of the positions of the jig elements placed outside
the main sighting line

While the holes coaxiality (concentricity) checking procedure it may be
revealed that specified elements are placed outside the line or plane of the
sighting. For example, in the considered jig (see the drawing of the assembly
jig general arrangement) the BH of the fixing arms, which correspond to the
frames 7-9, are vertically shifted with respect to the holes of the fixing arms for
frames 10 and 12.

If the verticality of the plane that passes through the centres of these BH
can be checked with pentaprism, then placing of the BH on some height require
the shifting of the sighting axis along vertical. This can be done with using of
either the cathetometer or vertical ruler and level (if cathetometer is absent or
has insufficient vertical travel):

a) Set the vertical ruler at BH, which to be checked, in the fixing arm;

b) Move the vernier with the sighting mark along the ruler to coincidence
of the cross hairs of the sighting mark and the level or cathetometer;

c) Ascertain the mutual exceeding of planes (axes) by the scale of the
vertical ruler.

3. Draw the sketches that illustrate the checking procedure of rulers
positioning, of holes coaxiality (concentricity), of distances and parallelism
between two adjacent fixing arms, of vertical shift of the BH in fixing arms.

4. Answer the test questions.

Test Questions

1. What elements OMS includes?

2. What is the basic principle of assembly jig mounting method with using
of optical devices?

3. How to check the holes coaxiality (concentricity)?

4. How to check the parallelism of the fixing arms and the jigging plates?
What is the common base in this case?

5. What determines the working mounting space of OMS and its
discontinuity?

6. What are the advantages of laser systems of mounting and checking
In comparison with the optical one?
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5. FULFILLING OF JOINTS DURING AIRPLANE ASSEMBLING.
METHODS, EQUIPMENT AND TOOLS FOR RIVETING

In the aircraft and helicopters structures the permanent and detachable
joints are used. Permanent joints are performed by riveting, welding, gluing,
reduction or by combination of gluing and either riveting or welding. Detachable
joints can be performed with using screws, axial joints (threaded screw pair),
locks, fingers, and axles with appropriate fits.

Among all the types of joints it is the riveted ones are the prevalent.
Amount of rivets in the structure of modern aircraft of medium weight is over
the range 400-600 thousands, in structures of the heavy and super heavy
aircraft — up to 1,5-2,0 million riveted points; that is equal to 75-90% of the total
amount of the joined points. Labour-intensiveness of riveting work is about 30-
35% of the total labour-intensiveness of the airplane manufacturing.

Such widespread using of riveting is the result of specific character of the
aircraft manufacturing technology, of the wide range of assembly components
types and materials are used in aircrafts structure, of airframe design features
diversity and specificity, of high demands to the accuracy of units and
aggregates geometry and to the joints reliability and durability, of large overall
dimensions of assembly components, of limited amount of the structural and
technological breaks (or splits). It should also be noted that the cost of
manufacturing (expenses) of riveted structures made from aluminium alloys is
the lowest in comparison to the other types of permanent joints, and besides it
Is the riveted joints have the best checkability.

However the riveting has the following disadvantages comparatively to
the other joining processes (welding, brazing or soldering, gluing):

- Low productivity;

- Enlarged weight of the structure due to the overhanging of rivets
manufactured and upset heads;

- Strength retrogression of the structural components because of the
holes for rivets;

- The necessity of additional sealing-in works by various techniques and
checking operations for the leakproofness (air-tightness) evaluation;

- Significant deformations and internal stresses of structural elements;

- Harmful phenomena (factors) during the processes of holes drilling and
impact riveting (noise, vibration, hypothermia of worker’s hands).

Despite these drawbacks, riveting process is widely used in airplane and
helicopter manufacturing and considered by domestic and foreign specialists to
be the main process for the period until 2050.
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Laboratory work Ne 8
TECHNOLOGY AND EQUIPMENT FOR DRILLING AND RIVETING WORK

The purpose of this work is to get familiarized with typical technological
processes of riveted joints pre-treating and making, with equipment and tools
which used, with technological methods of the joints quality improving; to
acquire practical skills of riveting.

Basics

Riveting by the ordinary (solid, or bulk) rivets is the process of the parts
joining due to the deformation of rivets shanks, which placed in previously
made holes in the components to be assembled. Such process is used in the
open areas of the structure where two-side approach to the riveting zone is
possible. Solid rivets are made on automatic upsetting machines from blanks of
wire or bar type of the aluminium alloys B65, AMr5I1, 0181, 41, AMu, and
steels 10, 15, 202, 12X18H9T with special supply conditions. The rivet top
head (so called manufactured, or factory one) can be of bulk (overhanged) or
flush head style. In turn, the bulk manufactured head can be of flat (3I1), round
(3K), universal (3B) types, and the flush (countersunked) ones — with a cone
angle of 90° or 120°. In the structures of the modern aircraft it is about
60-70% of rivets have countersunked manufactured heads. There are rivets
made of alloy B65 specified in standards OCT 1.34040-79 (with head type 31,
3K or 3B), OCT 1.34087-80 (with cone angle 90°), OCT 1.34098-80 (with cone
angle 120°) mostly in use.

Process of parts joining by ordinary flush rivets includes five typical
operations (Fig. 5.1).
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Fig. 5.1. Operations of riveting process: a — making of the hole:

b — countersinking of the hole; ¢ — placing of rivet; d — riveting (in the clenched
stack); e — milling of the head of flush rivets (1, 2 — parts to be joined; 3 — rivet;
4 — hammer; 5 — bucking bar; 6 — manufactured rivet head; 7 — upset (shop)
rivet head; 8 — miller)
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Technological process of riveting is completed by quality control of the
joint (the set of limiting parameters specified in the drawings, in technical
requirement, manufacturing instructions and other guiding documents).

Making holes for rivets

The most common way of holes making is drilling, because punching of
holes by stamps does not provide a high degree of strength and resource of the
joint. Depending on the design and thickness of the stack to be riveted the
holes may be drilled in one or two technological step.

Diameter of hole dy, for ordinary solid (bulk) rivet must be larger than the

nominal rivet diameter d of 0,05...0,20 mm for more easy and productive
placing of the rivets into the holes.

For making holes the following equipment is used: universal and special
machines, stationary machines equipped with the drilling-countersunking
aggregates (CA-02, C3A-02, C3A-02, C3Y-d1), and various pneumatic hand
drilling machines — hand drills (CM11-180, CM11-35, CM21-140, CM21-25,
CM41-12, YCM12-6-30, CMY21-6-5, etc.).

Depending on the design, group of power, rotation speed of the reducer
output shaft all the hand drills have corresponding alphanumeric designations,
for example: in designation the of drill machine CM11-180 the first digit (1)
means a group of power, second (1) — design, next group of digits (180) —
maximum rotary speed of spindle while idling (18 000 rpm). Technical
performances of pneumatic hand drills, which have the widest application in the
industry for holes drilling and countersinking, are given in the book [9].

Drilling equipment must be provided with devices for supporting and
levelling the structure to be assembled or the equipment itself should travel
along it. In the drilling area the stack of parts should be tightly compressed for
exclusion of ingress of chips between the parts and prevention of burrs forming
inside the stack. The quality of drilled holes is checked visually and with the
limit plug gages.

Countersinking of tapered holes to receive rivet heads

Tapered holes for receiving the rivets are made by countersinking or
punching. Holes for receiving of countersunked rivet heads are performed by
countersinks, which have guiding pins of diameter equal to the nominal
diameter of the drill for the previous step and tolerance corresponding to f9 or
€9. To increase productivity the using of compound tool — countersink-drill — is
recommended for countersinking. Countersinking is applied when skin
thickness 0, is greater than the height h of manufactured rivet head. In thin
stacks or when skin thickness is less than the height of the of manufactured
rivet head, tapered holes are performed by stamping (dimpling). Methods of
fulfilling of holes for receiving of ordinary countersunked rivets are shown in
Fig. 5.2.
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If the stack thickness is S <d and ¢; < h, then tapered dimple should be
produced separately in every part or jointly in the stack of parts with using a
punch and a die, which located by the center of the previously drilled hole with
diameter (0,8...0,9) d, and after hole should be reamed to the desired diameter
d,. If the skin thickness is ; < 1 mm, and thickness of the airframe element is
0, < h, then the dimples for receiving the rivet heads should be countersunked
in the airframe and dimple in the skin may be get either by punching with the
die or by pressure of the rivet head. The depth of the dimples for receiving the
countersink rivet heads is checked by gage-rivet and indicator device of watch
type (Fig. 5.3).
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Fig. 5.2. Methods of making of holes for receiving countersunked rivets: a — by
punching (dimpling) in both parts; b — by countersinking in the frame and
punching in the skin; ¢ — by countersinking in the skin (1 — hole drilling;

2 — hole countersinking; 3 — hole reaming)

Sinking down of countersink rivet heads is negative phenomenon, since
due to it the necessary quality of the joint (as to the strength and air-tightness)
will not be provided. To prevent this for the depth of countersinking hg the
tolerance 4h. is set. Its value is determined with respect to the tolerance of

countersink rivet upset head height h which equal to +8,3 mm and to the

tolerance of countersink rivet head flaring out the skin surface 4h, which is
equal to 4h" = 0,0...0,15 mm for the outline surfaces in the first streamline zone
and 4h" = 0,0...0,2 mm — for the second one. Thus, the tolerance for the depth
of countersinking in the first zone is equal to AR — %,%5 mm and for the

second — mo— 0.0 mm.
Ah™, 01
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Compression of the stack

To ensure high quality of riveted joints and their best performance under
the shear-type loads, it is necessary to have a firm contact of parts to be joined.
This is achieved by the preliminary loading of stack parts with the force Q (see
Fig. 5.1) with the built-in elements of riveting dies while using a riveting presses
or special stretching heads of riveting guns (hammers).

Riveting (the forming of the upset (bucked) heads)

T T
L
LAY

2

Fig. 5.3. Control of the tapered hole depth:

1 — an indicator device, 2 — gage-riv
3, 4 — parts to be jointed

et;

Forming of the rivet bucked
head is due to plastic deformation
(upsetting) of the rivet shank
under the blows of pneumatic
hammers or bucking bar, the
pressure of a press punch or
under the local pressure (Fig. 5.4).

While press riveting the
bucked (upset) head of rivet is
formed under the relatively
uniform compression of the shank
in a stack. In the single riveting
only one rivet is upset during
travel of the press slider and in the
group riveting — the few ones.

Press riveting provides:

- High and steady strength
of the joint due to the more
uniform (vs. multi-impact riveting)
tightness along the rivet shank
length;

- High quality of joints
geometry;

- High productivity and minimal labour-intensiveness of joining process;

- Low level of industrial noise and no vibration;

- The ability to use group riveting to increase productivity.

And besides, the press riveting can be automated and the equipment will

perform the drilling and riveting works.

148



Riveting
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Fig. 5.4. Methods of riveting

Impact riveting with using pneumatic riveting hammers is divided into the
straight and reverse ones depending on the place of active load application.
While the straight impact riveting the set of riveting gun acts to rivet shank,
forming the bucked head, and the massive bucking bar playing the role of
riveted stack support and is pressed to the part surface and to the rivet
manufactured head. During the reverse riveting the set blows to the rivet
manufactured head and through it — on the stack, and at that time the less
massive (than in straight riveting) bucking bar is placed on upset head side.
Hence it is clear that the reverse riveting is possible in principle only for stack
with a certain degree of compliance, that is, for relatively thin stacks. The main
advantage of impact riveting in comparison with pressing and rolling riveting is
possibility to perform joining of closed contours and in the out-of-the-access
places. Reverse riveting also needs bucking bar of a much lower mass.

Radial (or so called orbital) riveting in recent years is becoming
increasingly common due to the widespreading of structures made of
composite materials, and due to the using of multilayer and mixed stacks.
Required shape and dimensions of the bucked head are obtained by applying
of special swages, rotation of which is provided by mechanisms with the
necessary torque.

Compared with impact and press riveting the riveting by rolling has
following advantages:

- Axial pressure of tools are some tens times lower;

- No impacts and vibration of stack in the process of riveting;
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- Radial deformation of the rivets shank in the stack (swelling) is
practically absent, that is very important for the riveting of non-metallic
materials and high-strength composites.

Riveting by rolling is used to form joints in wedge-shaped stacks with
wedging angle of 15° and in structures containing cell composite and non-
metallic materials. Form of bucked head can be countersink (TOCT 14798-75),
round (TOCT 14797-75) and flat.

Quality of riveted joints is largely determined by the sizes and shape of
the rivets bucked head. Bucked head of cylindrical shape with a flat flank is
characterized by the diameter D and height h:

D=¢5+0,1d, h=¢5+0,14,
and for bucked heads of round shape
D=¢6+01d,h=06+014.

Under consideration of this and also taking into account the hole
expansion due to the upset rivet shank swelling, and using the law of volume
constancy, the length of the shank for rivets in the stacks of the small thickness
S=(1,0...2,5) d can be determine as:

L=S+¢2.14 0.
Equipment and tools for riveting

Press riveting is performed by using of either specialized presses or
riveting automatons. Riveting by presses require partition of the product
structure into more simple elements (units, panels), which allows to use one or
another type of press and provide access to the place of riveting.

Riveting presses on the operational characteristics are divided into
stationary and portable. Choosing of the press type depends on the possibility
to reach the place of riveting, dimensions and material of rivets, overall
dimensions of unit or panel to be riveted and other design and technological
factors. Under the characteristic of energy kind and methods of its using the
riveting presses are divided into pneumo-lever, hydraulic-lever, pneumatic,
pneumohydraulic.

The principle of operation of pneumo- and hydraulic-lever presses is that
the pressure of air or fluid on the piston of power head transmitted to the swage
through leverage, which allows to get greater, compared to the pneumatic and
pneumohydraulic presses, swage force, having even smaller sizes of power
heads. Principle of pneumatic presses is based on the direct pressing of
compressed air through the piston to the swage. Operation of hydraulic and
pneumohydraulic presses is based on the transformation of energy of liquid or
air, supplied to the multiplier under the relatively low pressure, in the high
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hydraulic pressure transmitted from the multiplier through the hydrocylinder
piston to swage. Performances of widespread domestic stationary and portable
riveting presses are described in [9]. So, the press KI1-204M has force up to
49 kN (5 tons), MHIM-5,5 — up to 54 kN (5,5 tons).

Among the stationary drilling-and-riveting equipment the special place is
taken by the riveting automatons of domestic and foreign fabrication, which
allow fully solving of the problems of joining by rivets.

When riveting by the automatons are performed the following:

- Positioning (levelling) of products relative to the tool axis;

- Compressing of the stack;

- Fulfilling of the cylindrical and countersunked holes for receiving the rivet;

- Placing of the rivet into the hole;

- Forming of the bucking head;

- Allocating of tool to its original position;

- Moving (travelling) of either a product or a riveting automaton to riveting
pitch (step).

Despite the widespread use of portable and stationary presses, the
significant amounts of the riveted joints are produced by impact riveting with
using of pneumatic riveting hammers (rivet guns). Hammers are used for
riveting immediately in the assembly jigs and during aggregates joining at the
shop-floors of the out-of-jig assembling. They differ in capacity, dimensions and
shape of the handle. Pneumatic hammer is chosen according to the work of
one impact (blow), which depends on the diameter and material of the rivets.
Principle of the hammers operation is that the under the load of the
compressed air the hammer piston makes reciprocation and blows to the set,
resulting in the upsetting of a rivet. Performances of hammers which are
widespread in airplanebuilding industry are given in the table. 5.1.

Table 5.1
Performances of Pneumatic Riveting Hammers
Hammer Type
Parameter
KMM-13 KMIM-23 KMM-31 Kvi41
Diameter of rivets made of B65, mm 3,5 4,0 6,0 8,0
Blows per minute 1800 1500 1300 1200
Time of one rivet upsetting, sec 1,2 1,5 1,5 2,0
Air consumption, m>/min 0,1 0,2 0,25 0,35
Minimum distance from the axis of 200 250 20,0 250
hammer to the product web, mm
Shape of the handle Gun-type |Gun-type Gun-type Closed
Dimensions, mm 136x140x40|165x150x55 [210x155x52 |355x140x68
Weight, kg 1,1 1,3 1,95 2,8
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Riveting by pneumohammers is carried out with using of bucking bar of a
definite mass, which depends on the diameter of the rivet, its material and
method of riveting (straight or reverse). Under the calculations and from the
manufacturing experience the optimum ratio between weight of the bucking bar
My, in kilograms and diameter of the rivet shank d in millimetres is determined
depending on the material of the rivets and riveting methods:

- Straight riveting, light alloys — my, =1,5d;

- Straight riveting, steel rivets — My, =3 d;

- Reverse riveting, light alloys — my, = 0,5 d;

- Reverse riveting, steel rivets — My, = d.

Despite the widespread using of impact riveting by pneumohammers it
should be mentioned the shortcomings of this method: insufficient quality of
joints, high level of noise, the vibrations that can lead to disease of the riveters,
the need for high qualified fitters, the high labour-intensiveness of the rivets
driving (upsetting) due to the necessity of having the two employees for riveting
process performing. Tat is why in recent years using of high-energy pulse
methods of riveting by one-impact riveting hammers and devices with
pneumatic, pneumohydraulic, electromagnetic, electro- and other driving gears
are continue to spread.

Requirements for the safety of drilling-and-riveting works are given in the
manual for laboratory work.
Checking of joint quality

The final operation of riveting process is always the joint quality checking
procedure. Parameters to be checked and means of checking for riveted joints
with ordinary solid rivets are shown in Table. 5.2.

Table 5.2
Checking of riveted joint quality
Parameters to be checked Means of checking

Diameter of holes Limit plug gages
Depth of countersinking Indicator of watch type and gage-rivet
Height and diameter of the rivets bucking head Special templates
Failing, dents in the skin Ruler , probe
Outlines of units and panel Templates or jig fixing arms, probe
Quality of riveted joints in enclosed spaces and|Optical devices
pipes
Tight-fitting of rivets heads, absence of mechanical|Visually or with magnifying glass
damages and cracks in the bucking heads
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Laboratory Work Facilities

1. Drilling machine CM21-25 with the kit of nozzles for the cutting tools.

2. Rivet guns KMI1-13, KMI1-23 and the others.

3. Riveting presses KI1-204 and lMHIM-5,5 with the kit of bucking bars and
swages.

4. Measuring instruments and gages to check the quality of holes and
riveted joints (slide gage, plug-gauge, templates, probes, indicators, gage-
rivets, etc.).

5. Samples of materials made of sheets and rivets.

6. Mapboards with the examples and schematic diagrams of riveting
procedure.

7. Safety instructions for the drilling-and-riveting work performing.

Laboratory Work Performance Procedure

1. Read the safety instructions.

2. Read the description of the laboratory work, its equipment, makes brief
notes in the report.

3. For given stack thickness and shank diameter of the particular type of
rivet find the diameter of the hole for receiving the rivet, the length of the shank
and the dimensions of the rivet upset head, the weight of the bucking bar for
different methods of impact riveting.

4. Set the stack into the vice, place the rivet, do stretching of the stack
and drive 3-4 rivets by rivet guns using straight and reverse method with the
chosen bucking bar.

5. Evaluate the quality of riveted joint with using of the measuring tools.

6. Adjust the press KI1-204 or HI1-5,5 for the required travel and drive
3-4 rivets. Evaluate the quality of riveted joint.

7. Make a report of laboratory work and answer the test questions.

Test Questions

1. What is the purpose of the riveted joints in aircraft structures? What is
their position among the different types of joints?

2. What are the advantages and disadvantages of impact riveting?

3. What are the advantages and disadvantages of the press riveting?

4. Describe the methods of holes making for bulk and countersink rivets
and the equipment and tools which used.

5. What equipment and mechanized tools are used for riveting?

6. How the rivets differ on materials? Which types of rivets are used?

7. What are the possible defects of riveting?

8. What are the means and methods of the riveted joints quality
checking?
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Laboratory work Ne 9

METHODS OF RIVETED JOINTS QUALITY IMPROVING
AND INTENSIFICATION OF RIVETING PROCEDURES

The purpose is to get familiarized with the technological methods of the
riveted joints quality improving, the types of equipment and mechanized tools,
and with the ways of the riveting intensifying; to acquire practical skills of joints
evaluation by the tightness value.

Basics

Riveted joints in the aircraft structures made of aluminium alloys are the
most widespread. These joints are also widely used in structures made of
steels, titanium alloys and composite materials.

Statistic data shows that the vast majority of fatigue damages begin in the
joining zone. Hence it is obviously important to identify factors which determine
riveted joints resource, and on the ground of their analysis to find the ways of
providing of the demanded resource for these kind of joints. Resource of the
structure, which understood as the operating time of the object exploiting
before the failure, is formed during the structure designing procedure and
resulted in the particular technological solutions during its production. Factors
which determine the riveted joints resource can be divided into three groups:
structural, technological and operational ones.

The technological factors determining the riveted joints resource are the
following:

- Quality of holes making;

- Quality of the holes surface layers;

- Values of the axial and radial tightness in the stack;

- State of contacting surfaces;

- Distribution and values of strain inside the rivet and in the stack;

- Structures of the rivets and stack materials after the joint making.

Technological factors are often crucial in providing of the resource of the
joints and the structure as a whole.

Joining by rivets with compensators

One of the ways of increasing of resources and air-tightness of the joints
Is the using of rivets with compensators of type 3YK and their modifications like
3YKM, 3YKC, 31K, 3BYK, 3YKK. It is known that the diameter of the shank of
the ordinary rivets is increased during riveting in non-uniform way with the stack
thickness. The shank in the hole gets the tapered shape with conicity of 2-5%,
and the peak of the cone facing toward the manufactured head. Because of the
errors of rivets fabrication and the errors of countersunked holes for the flush
rivets heads receiving it is do not provided the firm contact of the rivet head and
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the tapered hole. The result is unsatisfactory air-tightness and low resource of
the riveted joint.

For achieving of the uniform and high-rate distribution of the tightness
with the thickness of the stack it is the special kind of rivets is used — the rivets
with the compensator on the manufactured heads. Compensator can be
designed as a truncated cone (Fig. 5.5, a-e), circular (Fig. 5.5, f) and cylindrical
(Fig. 5.5, g, h) projection. While riveting the compensator is sunk in rivet body
by the surface of the riveting tool simultaneously with the formation of the upset
head, causing a radial flow of material both in the zone of the manufactured
head and in the zone where shank is transformed to the upset head (Fig. 5.6).
Fig. 5.7 shows the character of distribution of the tightness with the stack
thickness while using the ordinary rivets and the rivets with compensators.

Technological process of joining by the rivets with compensator is the
same as the process of joining by the ordinary solid rivets.
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Fig. 5.5. Kinds of rivets with compensators: a — 3YK (OCT 1.12020-75);
b — 3YKM (OCT 1.34047-80); c — 3YKC (OCT 1.34043-80); d — 3I1K
(OCT 1.34040-79); e — 3BYK (OCT 1.34040-79); f — BYKK (OCT 1.34052-85);
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upsetting the rivet with thickness: a — ordinary solid rivet;
compensator b — rivet with compensators

Riveting by rods

Application of riveting automatons allowed the using of the rivets without
manufactured heads — the rod rivets. While riveting with this method the
formation of the rivet heads occurs simultaneously on both sides of the stack.
These rivets provide better sealing of the structure and its maximum resource.
Due to the riveting by rods the joint with two bulk heads can be obtained or the
joints in which one head is of bulk type (either flat or round) and other — of flush
one. Flush upset (bucked) head is usually the double cone with the angles of
60 and 120°.

Methods of impact riveting intensification

One of the ways of riveting process intensification and riveted joints
quality improvement is the increasing of the speed of deformation during the
rivet driving. The following key factors affect on the impact riveting process
parameters: mass and velocity of pane (swage), the force and time of
deformation of rivet shank, plasticity of rivet material, mass of the bucking bar.
Since the riveting force, the plasticity of the rivet material for certain rivet
material, the rivet shank diameter, the shape and dimensions of the
manufactured head can be considered relatively constant values, so the other
parameters of impact riveting process can be controlled by changing the pane
weight and the speed of its travel.

While impact riveting the work of deformation is fulfilled by the pane flying
with some speed (the “pane — swage” system); its kinetic energy E, at the
moment of the collision with the rivet passes in the work of deformation:

EpzAdef-

The kinetic energy of the pane, accumulated during its acceleration,
determined by the ratio
2
e _MpYp
p 2 !
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where m, — mass either pane or the system “pane — swage”; V, — the initial
speed at the moment of pane and rivet impact.

Obviously, the most effective way to increase the impact energy of
portable riveting machines is to increase the speed of the pane travel; that
allows the upsetting of the rivet during one blow of pulse riveting machine.
Method of riveting by one impact in comparison with the ordinary riveting
procedure with using of multi-impact hammers allows obtaining of high-strength
joints with more uniform radial deformation of the rivet shank, higher intensity of
deformation of the hole and reducing of the elastic-plastic deformations zone in
the elements to be joined, and improves the stability of the rivets parameters.
Conditions of the riveter working are improved due to the noise reducing and
vibration exclusion.

Table 5.3 shows the performance of pulse riveting hammers designed in
the department of aircraft manufacturing (KhAl), which can be used for riveting
of aircraft structures — the all-metal ones and made of composite materials.

Table 5.3
Performance of pulse riveting hammers

Pneumohydraulic p .
. neumatic hammers

Options hammers

KUM-4 | KNM-6 MI1-4 MIN-90M

Impact energy (up to), J 70 150 80 120
The largest diameter of the rivet
made of alloy B65, mm 4 6 4 56
Cyclic recurrence of work, bpm 16-18 14-16 50-60 50-60
Effort applied to the handle, N 0-10 0-10 0-5 0-5
Effort of pressing the trigger, N - - 2-10 1,5-2
Overall dimensions, mm - - 400x170x100| 420x200x90
Weight of the hammer, kg 2,3 2,8 2,2-2,8 2,8-3,2
Air pressure in the net, MPa 0,5 0,5 0,5 0,5
Fluid pressure in multiplier, MPa 14-15 14-15 absent absent

Technique of the tightness determining

In order to study the influence of riveting method (pressing, multi-impact
by rivet guns, one-impact by pulse hammers) on the radial tightness is
performed the follows: making of holes and deburring; measuring of the holes
diameters; installation of rivets and upsetting of them with different methods
using; cutting out of the stack and removing the rivets; measuring the diameters
of rivets shanks with the thickness of the stack on several levels; calculation of
the tightness by the formulation 4 = (d'-d,) / di, where d' — diameter of the rivet
shank, d, — diameter of the hole.

The holes making includes drilling of hole of diameter 3,8 mm, with further
reaming up to the diameter 4,1H9 in two technological steps (4,05H9 and
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4,1H9) for ensuring of the dimension’s stability of holes to be obtained. Drilling
of holes is performed on the machine (or drilling hand machine with the using of
pins) to ensure perpendicularity of the axis of the hole to the surface of the
stack. It is possible making of holes during one step by the combined tool —
drill-reamer.

For obtaining of the reliable results in respect of each riveting method
there are three punctual joints are fulfilled. Diameters of holes are measured by
the indicator hole-gauge at several levels with the stack thickness. Then the
riveting procedure is performed with using of the riveting press, the rivet gun,
and the one-impact pulse hammer (three rivets for each of methods). Quality of
the bucking (upset) heads is checked due to their geometrical parameters
measuring by slide-gage or limit gages. Rivets are taken out of stack after its
cutting by the hacksaw. Stack should be cut without damaging the rivet’s
shanks. After removing the rivets from the stack the shank diameter is
measured at several levels with the stack thickness by the special device of
indicator type. The data obtained during measuring are used for calculating of
the local and averages values of the tightness and plotting of the diagram of it
distribution (Fig. 5.8).
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Fig. 5.8. Distribution of tightness with the stack thickness:
1 — press riveting; 2 — multi-impact riveting; 3 — pulse riveting

Laboratory Work Facilities

1. Riveting press KIM1-204 (MHI1-5,5).

2. Rivet gun KMI1-21 (KMI1-23).

3. Pulse riveting hammer KNUM-4 (MIMA-90M).

4. Drilling machine CM-21-25 with the nozzle or drilling machine H12.

5. Bucking bars for riveting.

6. Sample of stacks made of []16T.

7. Drill &3,8 mm, reamers &4,05H9 and <&4,1H9 or drill-reamer &4,1H9.

8. Indicator hole-gauge for measuring of the diameters of holes from 4 to
9,5 mm.
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9. Device of indicator type for measuring of the rivet's shanks diameters.

10. Slide-gage and the limit gages for measuring of the upset heads
parameters.

11.Hacksaw for metal.

12.Vice.

13.Rivets 3K-4-13, 3K-4-14, 3I1-4-13, 3I1-4-14.

14. Technological bolts.

Laboratory Work Performance Procedure

1. Read the safety instructions.

2. Get familiarized with the content of the work and make the necessary
notes in the report.

3. Calculate the length of the rivet shank for the particular stack thickness.

4. According to the technique given above make the holes in the stack
and measure their diameters at some levels; record the obtained data to the
report according to table 5.4.

Table 5.4

The measurement results

Diameter of hole | Diameter of rivet
dp, mm d’, mm

| | v |l v i (I Y

Riveting Number of Tightness 4, %

method hole (rivet)

1
2
3
Average
1
2
3
Average
1
2
3
Average

Press

Multi-impact

Pulse

5. Plot the diagram of the tightness distribution at levels of the stack for
different methods of riveting (see Fig. 5.7).

6. According to the diagram in Fig. 5.9 determine the changing of the joint
relative endurance N, for different methods of riveting, taking the pressing
riveting as a basis for comparison (as hundred percent endurance was taken
the number of cycles to failure of riveted joint performed with tightness of 1 %).
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7.0n the ground of the measurements and calculations results to draw
conclusions about depending of the relative endurance of riveted joint on the
riveting method.

8. Answer the test questions.

N,

rel ’%
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Fig. 5.9. Influence of tightness on the relative endurance of riveted joint
(single riveting)

Test Questions

1. What technological factors affect the resource of riveted joints?

2. Describe the mechanism of tightness increasing during joining by the
rivets with compensators.

3. What is the distribution of tightness with the thickness of the stack for
ordinary rivets and rivets with the compensators?

4. Define the peculiarities of riveting by rods and equipment that used for
this riveting method.

5. How to determine the tightness of the riveted joint?

6. What are the essence and advantages of the pulse riveting in
comparison with riveting by multi-impact rivet gun?

7. What physical phenomena is the ground of operational principle of the
pulse riveting hammers?
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Appendix 1

COMPOSITION AND PROPERTIES OF
FAST-HARDENING BLENDS

Cement HUAT-ML

Formulation (by mass): cement of brand 500 — (65+5) %;
gypsum — (35%5) %;
water — 35 % of the total mass of cement and gypsum;
lithium chloride (additive — 0,1...0,5% of cement
mass).

Setting time (before unclamping) — 7...12 min.

Curing period — 2-3 days.

Carbinol cement

Formulation (by mass): Carbinol glue — 20...40 %;
cement of brand 500 — the rest.

Curing period — 12...16 hours.

Mixture can be used for 2-3 hours.

Epoxy-cement mass
Formulation (by mass): epoxy resin (binder) — 15 % (100 parties by weight);
Polietylenpoliamin  (hardener) -  (1,50+0,02) %
(10-12 parties by weight);
dibutyl phthalate (plasticizing agent) — 4 % (25 parties
by weight);
cement of brande 500 (filler) — the rest
(450-500 parties by weight).
Curing period — 5...8 hours at 20 ... 22 °C.
Has good adhesion to metal and wood, high mechanical strength
(15...35 kg/mm?), very low shrinkage (0,2 %).
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Appendix 2

TECHNIQUE OF ACCURACY CALCULATION OF
THE ASSEMBLED ITEMS AND THE MOUNTED ASSEMBLY JIGS

General (structural) equation for determining of the error of the
assembled items has the form

Eas = Eorig.base + Ecomb base + Ebas.dim + E fix + E joint + Eother-

where in the right side — the errors of the original base, of the bases combining,
of the basic dimension, of fixing, of joining and other errors.

The main parameters of these errors are the values of the width of the
dispersion field (of tolerance) ¢ and the coordinate of the midpoint of the
dispersion field (of tolerance) 4,.

There are two methods of accuracy calculation of assembling (mounting):

a) the method of maximum-minimum:

m-1 m-1
Oy = _Zl\éi\ﬁi Ay = _Zlé”i Ao
1= 1=

where 65 and 4y, , §j and 4y, — parameters of the errors of closing and the

incoming links (components) of the dimensional chain, respectively, m -1 —
amount of the links (components), &; — the gear ratio of the link (component);

b) probabilistic method:

M2, 2 02 m-t Si
6y =] 2 &G ko, Ay = X fi(AOi T aj 7)
i=1 i=1
where K;j — coefficient of the relative dispersion of errors, & — the coefficient
of the relative asymmetry of the dispersion curve.

Limit deviations of the dimension are calculated by the formulas

o o
72? Ajow =Agy, —72’

where Ayp and Ajqy — the upper and lower limits of dimension, respectively.

Under the normal distribution law of errors: kj =0, aj =0.
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Appendix 3

ERRORS OF DIMENSIONS TRANSFERRING

Contours Interaxle
Method or process L :
Step deviation, distances
technology transfer .
mm deviation, mm
TL—-DL (TL-CTC) By drawing +0,1 10,05
DL - CP by photocopying +0,1 10,05
CP-TC by abrasive cutting +0,15 10,1
TC-TIC -1l - 10,15 +0,1
TC-TCC -1 - +0,2 +0,15
DL-TJ -1 - +0,1 +(0,1...0,15)
TJ — fixing arm -1l - 10,2 —
TIC — forming die -1l - 10,2 +0,15
Templates — SS -1l - 0...-0,2 —
SS-CS _ 0..+0,1 +(0,1...0,2)
_ By moulding
MS — assembly jig 0...+0,1
CS - MS (US) 0..-0,1
LC —tooling o _ _ +0,1 +0,02
IS — tooling Fixing with pins 0.1
forming die — part Rubber forming 0...+0,3 —
TCC — part drilling — +0,2
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