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TexHonornsa npou3BoacTBa camonietoB W BeptonetoB. CHOpPOYHO-
MOHTa)XHbI€ U UCNbITaTeNbHbIE PpaboTbl B CaMOSIETO- U BEPTONETOCTPOE-
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2003.— 331 c.
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HOMOMMS NPOU3BOACTBA CaMOSIETOB M BEPTONETOBY», CBA3aHHbLIE C Onuca-
HMEM MPOLECCOB TEXHOMOMMYeCcKon MnoaroToBkM COHOPOYHO-MOHTAXKHbIX
LMKIOB NPOM3BOACTBA aBUATEXHUKN, aHANN30M U ONTUMaribHbIM BbIOOPOM
CXEM YJIEHEHMHA KOHCTPYKUUK CaMOJSIETOB WU BEPTONETOB, NMPOEKTUPOBAHMK-
eM cxeM cOopku n obecneyeHneM B3aMMO3aMeEHAEMOCTN 0OBbEKTOB COOp-
Kn, 06OCHOBaHMEM pauUMOHarnbHbIX NapameTpoB ux cbopku. MpuBeneHsbl
TUNOBbIE CTPYKTYPbl TEXHONOrMYECKNX NPOLECCOB Npu COOPKE, MOHTaXe U
NCNbITaHMAX COOPHbIX y3roB, NaHenen, OTCEKOB, arperatoB camosrieToB U
BepToneToB. OnuncaHbl OCHOBHble pPabOTbl NMPM OKOHYaATENbHOW COOpKe
9TUX NeTaTesibHbIX annapaTtoB U UX HAa3eMHbIX U NETHbIX UCMbITaHUSAX.

Ons ctypneHtoB cneuunansHocten 7.100101 «CamoneTbl 1 BepTOne-
Tol», 7.090259 «TexHonornss camoneTo-BepToNeTOCTPOEHNAY.

KoHcneKkT npeacraBfieH B pycCKOM U nNepeBOgHON NOEHTUYHOW aHInm-
ckon Bepcusix. MoxeT ObITb NOME3HbIM AN CrneunannctoB aBMaLUoHHON
NPOMBbILLUIEHHOCTN.

Nn. 134. Tabn. 6. bubnuorp.: 16 Ha3B..

PeueH3eHTbl: KaHA. TeXH. HayK, aou. B.I'. Yncrtak,
rn. TexHonor XIAMM| C.A. TpeTbsakoB
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and testing operations in airplane and helicopter production / Bukin Yu.M.,
Vorobyov Yu.A.: Synopses of lections in British and Russian. — Kharkov:
National aerospace University «Kharkov aircraft institute», 2003. — 331 p.

The main topics of the educational syllabus, connected with description
of technological preparation processes of production assembling and
mounting cycles, with analysis and optimum choice of the airplanes and
helicopters designs partition diagrams, with designing of the assembly ob-
jects interchangeability ensuring diagrams, with ground of the assembly ra-
tional methods are elucidated.

Sample structures of technological processes at assembly, mounting
and testing of the airplanes and helicopters assembling units, panel con-
structions, compartments, aggregates, as well content of main work at final
assembly of the flying machines and at them ground and flight tests are
described. Numbers of topics and lections kept according to index their in
the educational syllabus for training of foreign students in general course
«Technology of airplanes and helicopters production».

The translated English version of the synopses adapted to manners of
a text interpretation in the Russian version.

For students of specialities 7.100101 «Airplanes and helicopters» and
7.090259 «Technology of airplanes and productiony.

lllustrations 134. Tables. 6. Bibliography: 17 titles.

Reviewers: Master of technical science, reader VI.G. Chistyak,
chief engineer KhNAF| S.A. Tretyakov

© N.E. Gukovsky National aerospace University «Kharkov aircraft
institute», 2003.



[Mpeauncnosue

CoBpeMeHHble TEXHONOrMM NPon3BoACTBa CaMONeTOB U BEPTONETOB
OCHOBaHbl Ha OBLWMPHOM, NMOCTOSIHHO OOHOBRAKLWENCS Gase Hay4YHbIX U
WHXEHEPHbIX 3HaHUM B pPasfiMyHbIX OTpacnax MalWHOCTPOEHUs, meTarn-
nyprum meTtannoB, mMaTtepuanoBefeHUsA, KOMMO3UUMOHHbLIX MaTepuanos,
9NIEKTPOHUKN N KOMMBIOTEPHOW TEXHUKU, XUMUU, OU3BUKU, MaATEMATUKN U
9KOHOMUKM.

OcobeHHO NpucTanbHOEe BHUMaHWE crneumanuctoB B obnactn asua-
CTPOEHMUS yaeneHo COBEepLUEHCTBOBAHMIO MPOU3BOACTBEHHbIX TEXHOMOM-
YECKMUX LMKIOB COOPOYHO-MOHTaXHbIX U KOHTPOSIbHO-UCMbITATENbHbIX pa-
BOT Ha aTanax y3rnoBOW, arperaTtHOM U OKOHYaTerbHON COOPKM CamMoneToB
N BEPTOSIETOB, a Takke Npu Ha3eMHOW U NETHOW OTpaboTke UX CUCTEM U
arperatoB. /IMEHHO Ha 3TUX 3Tanax TeXHOSIOrmMn NPOn3BOACTBa JieTaTeslb-
HbIX annapaToB 3akNnagblBalOTCA OCHOBHblE NMapaMeTpbl KadecTBa U 3KC-
nnyataunoHHOM HaLeXHOCTU aTUX usgenuin. TexHonorns cHopoYHo-
MOHTa)XXHOro MPOU3BOACTBA BO MHOIMOM oOnpegenser pecypc, Tpydoem-
KOCTb, C€6EeCTOMMOCTb, SKOHOMUYECKYIO 3(P(PEKTUBHOCTb, CTaBUNBHOCTL U
KynbTypy NpovM3BOACTBa CaMOSIETOB 1 BEPTOSETOB.

B HacTosiLemM KOHCneKTe nekumn U3noxeH matepunan, NoCBsLLEHHbIN
TEeXHOSorMm cbopoYHO-MOHTaXXHOIO NMPOM3BOACTBA NleTaTesbHbIX annapa-
TOB, KOTOPbIA MHOrME roabl opMmnpoBanu 1 oGHOBASANN BeayLLMe Nnpeno-
aasarenun kadpegpbl TEXHONMOMMU NPOU3BOACTBA JieTaTeNbHbIX annapaToB
HaunmoHanbHOro aapoKoCcMM4eCcKoro yHMBepcuTtetTa Ha OCHOBE TEXHOSOorun-
YeCKUX OOCTMXKEHUN NpennpuAaTUA N HayYHbIX MHCTUTYTOB aBMaLMOHHOIO
npocunnga nepeoBbIX NPOMBbILLIIEHHbIX FOCY4apCTB.

B ocHoBy nekuun nosfioXeHbl AeUCTBYlOWME y4ebHblE MporpaMmmbl
ONCUUNINHBI « TexHOMorma nNpon3BoacTBa CaMosieTOB WU BEPTONETOB» MO
pa3geny «COopoYHO-MOHTaXHbIE N UCTbITaTENbHbIE PaboThl B camoneTo-
N BEPTONETOCTPOEHMUM», KOTOpPble MOAroTOBMEHblI ANl 00y4YeHnsa CTyaeH-
TOB B Hallen CTpaHe W Opyrux rocygapcrBax, rae msyyarT PYCCKUN UNnu
aHIMUNCKNI A3blK. B KOHCNEKTe nekuuin ocBelleHbl obuime 3akOHOMEPHO-
CTNU TeOPEeTMYECKON TEXHOSIOrMN aBMaCTPOEHUS U MpPUKIagHble BOMPOCHI
arperatHo-c6opo4YHOro NpomM3BoACTBa. YAeneHo BHUMaHue obLen CTpyk-
Type COBPEMEHHON TEXHOMOMMYeCcKon NogroTOBKM CEPUNHOINO NPOU3BOLCT-
Ba caMosieToB M BepToneTtoB. [NpuM HanucaHun nekumn y4yteH coBpemeH-
HbIN YpOBEHb NOArOTOBKW CTyAEHTOB B 0bOnactu obLien TexHomnormm ma-
LLUMHOCTPOEHMNSA, 3aroTOBUTESIbHbIX TEXHOSIOMMM, MNPOM3BOACTBA TUMOBBLIX
CaMOJSIETHbIX AeTasrien N KOHTPOSIS UX KavyecTBa, KOHCTPYKLMOHHbLIX MaTe-
puarnoB, UCMNOfb30BaHNA KOMMNbIOTEPHON TEXHMKN U MPUKITaLHbIX METOL0B
aBTOMaTM3auUuM TEXHOSIOMMYECKMX Orepauun, a TakKkKe YpPOBEHb 3HaHUN
obLLero ycTpomcTea U COBPEMEHHbIX KOHCTPYKLMI CaMorieToB 1 BepTore-
TOB.

[MpuBeaeHHbIN MaTepmnan MOEHTUYEH MO CoAepPXaHU N dopme ns-
NOXEHNSA B PYCCKOW U aHITIMNCKON BepCcUaX. TemMbl Ha PyCCKOM U aHrnum-
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CKOM f3blkax pacnosioXeHbl B KHUre rnocriegoBaTesibHO, YTO MO3BOSISET
CTyOEeHTaM Jerko ocBauBaTtb Y4ebHbIM MaTepuan npu pasHOM YPOBHE
3HaHMS PYCCKOrO W aHrMIMACKOrO $3bIKOB. JTO OCOOEHHO MOSIE3HO MHO-
CTPaHHbIM CTyOEeHTaM, XOPOLUO BIiafeloWmnM aHrIMACKUM SA3bIKOM U He-
OOCTaTOYHO 3HaKLWKUM pyccknn. OQHOBPEMEHHO KOHCMEKT feKuun nomo-
XeT CTyeHTaM, U3y4yaroLmm aHrMNCKUA A3blK, YCBOUTb TEPMUHOMOMNIO B
pamMKax TeMaTUKWN, CBA3aHHOW C TEXHOJSIOMMEN NPON3BOACTBA feTaTelbHbIX
annaparTos.

B nepeBogHOM aHrnumckon Bepcun OOMyLleHa HekoTopaa ajanTta-
LUMA MPUMEHUTENBHO K M3JIOXKEHUIO TEKCTa M CMbICNTIOBOMY HaroSTHEHUIO
TEXHUYECKNX (Ppas, CBOMCTBEHHbBIX PYCCKOMY A3bIKYy, @ MCMNOfb30BaHHbLIN
UNNICTPATMBHBIN 1 TabnnyHbIn MaTepuan NofHOCTbIO AyONMpPoBaH B aHr-
NMUNCKOM BapuaHTe.

Homepa TeM 1 nekumin coxpaHeHbl CornacHo ux Hymepauummn B y4eo-
HOW nporpamme And O06y4YeHUs MHOCTPAHHbIX CTYAEHTOB NO Kypcy «Tex-
HOMNOrMsa NPON3BOACTBA CaMOSIETOB N BEPTOSIETOBY.

ABTOpbI BGnarogapsT cneunanucta-bubnunorpada XK.IN. bykuHy n ac-
nupaHToB A.A. PygHoro n E.M. PyaHyto 3a nomoLlb B nepeBoe TEKCTOB
Ha aHIMMUNUCKNUKA A3bIK U NOLTOTOBKE PYKOMUCKU K U3LAHUIO.



CNNCoK yCNOBHbIX COKpaLLeHUM

BO — 6a3oBbIf 9TANOH,

PO — ©BasoBo-duKkcupytollee oTBepcTue,

BO — 6a30Bble OTBEPCTUS,

By — B3J1I€THO-NOCaA04Hble YCTPOUCTBA,

[T — TPYynNnNoBOM TEXHOSIOrMYECKUIM npoLiecc,
OTMm — [OVpPEeKTUBHbIE TEXHOSIOMMYECcKne marepuarnsil,
nNC — MHCTPYMEHTarbHbIN CTEHS,

KNC — KOHTPOJSIbHO-UCNbITaTENIbHAsA CTaHLUKS,
KM — KOMMO3ULUWOHHbIE MaTepuansl,

KT — KOHCTPYKTWBHbIW Mnas,

KP — KOHCTPYKTUBHbIN pasbem,

KY — KOHCTPYKTOPCKUMN YepTex,

KM —  KOHTPOJSIbHO-U3MEPUTENbHbIE MALUUHBbI,
KoO — KOOpAMHATHO-(UKCUPYIOLLME OTBEPCTUS,
KLM — KOOpAWHaATHO-UMGPOBON METOS,

KLLIM — KOOpAWHATHO-WAabNoOHHbLIN MeToA,
KWULCE — KOHTpwabnoH ceyeHnsa 6GonBaHkKu,

K3 — KOHTpP3TasioH,

NnA — neTtaTenbHbIM annapar,

NIUNC  — nasepHo-UeHTpupyoLwas nsmepuTerbHaa cuctema,
MBY — MeToAa 6ecnnasoBon YBA3KH,

MKAY — MeToA4 KOOpAMHATHO-aHanUTU4YEeCKON YBA3KM,
MM — MaTtemMmaTuyeckasa Mogenb,

MI — MakKeT NoBEepPXHOCTH,

MOY — MeTo4 00bEMHOMN YBSA3KM,

MOOG — MeXxaHuyeckoe obopynoBaHue,

MCP — MexaHoCcbopo4Hble paboThl,

M3 — MOHTaXHbIN 3TanoH,

HO — HanpasenswoLwne oTBEPCTUS,

orT — OTAen rnaBHOro TeXHormora,

ornl — 0bTArMBatoLLNn NyaHCOH,

OK — 0TNeYaToK KOHTPOJSIbHbIN,

OYyK — OTbeMHasqa 4YacTb Kpbina,

OCBb — OTBEpPCTUSA CTbIKOBLIX OONTOB,

OTK — OTAes1 TEXHUYECKOro KOHTPOn4,

OKBb —  OMbITHO-KOHCTPYKTOpPCKOe 6topo,

ornl — 00ObeMHbIV Nnas,

MK — Nnas-KoOHAYKTop,

NCK — MecKOoCnernok,

MM — nna3oBoO-WAabnoHHbIM MeToa,

Mny3 — MO3ULNOHHO-YYBCTBUTESBbHbLIN LIeNeBOn 3HaK,
PT — pa3beMbl TEXHOIOMMYECKNE,

CAMNP TM — cuctema aBTOMaTUYECKOro MNPOEKTUPOBAHUS TEXHOMOru-
YeCKMX NpoLeccos,
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CO.Ep.
C3A
C3Yy
CO
CMP
CAK
C. unB.
cYy
CUK
cunry
TO
TTMN
THMN
T
TKM
Td

TK

TY (TT)
T3r
YO
LIOC
LUK
LLUKK
Lur
P
LMo
P
LLIBK
LM
LUrP
LLIOK
9P
AWM
3PCO
aC
Y

cbopoyHblie eanHNLbI,
CBEpPSIUNbHO-3EeHKOBArbHbIN arperar,
CBEpPNNIIbHO-3EHKOBaribHasa yCTaHOBKa,
cbopoyHbIie OTBEPCTUS,
cH6OpPOYHO-MOHTaXHble PaboThl,

cucTema aBTOMaTU4EeCKOro KOHTpOons,
caMorneT 1 BEPTONeET,

cunoBas yCTaHOBKa,

CpeaHssa 4YacTb Kpbina,

CTaHOK C YNCMOBbIM NPOrpaMMHbIM YNpasrieHNEM,
TMNoBas onepauus,

TUNOBOW TEXHONOIMYECKNI npoLiecc,
TexHonormyeckas NoaroToBka Npon3BoACTBa,
TEXHOSIOMMYECKni npoLecc,
TexHonormyeckas KoopanHatHas niocKoCTb,
TEeopeTNYEeCKUmn YepTex,
TEXHOSTOrMYHOCTb KOHCTPYKLNN,
TEeXHonornyeckne ycrnosus n TpebosaHus,
TEXHUKO-3KOHOMUYECKNE noKasaTenu,
YyCTaHOBOYHO-(PMKCUPYIOLLINE OTBEPCTUS,
LileX OKOHYaTenNbHOM COOpPKM,

LWAaBbIoH KOHTYpa,

LWABOH KOHTPOSIbHO-KOHTYPHbIN,

LwabnoH rnoku,

LWabnoH pasBepTkM AeTanu,

LWabIOH MOHTaXXHO-GOUKCUPYHOLLLUIA,
LWwabnoH dpe3epoBaHus,

LWabfioH BHYTPEHHEro KOHTYpAa,

lWwabnoH npmcnocobnenus,

LWabfioH rpynnoBOro packpos,

LWabrnoH obpeskn KoHTYpa,
SKCnyaTauMoHHbIE pa3beMbl,
9TanoHHO-WabMNoHHbIN MeTOoA,

aneKkTpo-, pagmo-, ceeToobopyagoBaHue,
SNEeKTPONpPOBOAHAA CUCTEMA,

9TanoH y3na.



AU
A and H
ADS TP

AH

AMW

BH

BS

CPED

CFH

CDM
CDP

CP
CTS

CTE
CS
CL
CTM
CMM

DTM

DTC

DCU

List of conditional abbreviations

assembly unit

aircraft and helicopter
automatic-design sys-
tem of technological
processes

assembly holes
adjusting fixing holes

assembly and mounting
works

base holes

base fixing holes

base standard

break technological
composite materials
chief process engineer
department
coordinate-fixing holes

coordinate-digital method
command-dispatching
point

control print
control-testing station

construction technologi-
cal effectiveness
counterstandard
constructive loft
coordinate-template
method

control measuring ma-
chines

directive technological
materials

directing holes

drawing theoretical
department of technical
control

drilling and counter sink-
ing unit

cbopoyHas eanHuua,

camorneT 1 BepToseT,

cucTeMa aBTOMaTMYecKoro
NPOEKTUPOBAHNSA TEXHONOINYe-
CKMX NpOLECCoB,

cbopoyHble OTBEPCTUS,
YCTaHOBOYHO-(PUKCHpYIOLLINE
OTBEPCTUS,
cH6OPOYHO-MOHTaXHbIEe pPaboThl,

©a3oBble OTBEPCTUS,
6asoBo-durKcHpyoLLme
cTua,

©a30BbIN 3TANOH,
pa3beMbl TEXHOOrM4YecKkme,
KOMMNO3ULIMOHHbIE MaTepuansl,
OTAEenN rMaBHOro TexXHomnora,

oTBep-

KOOpAMHATHO-OMKCUpyoLme
OTBEPCTUS,
KOOpAVHaTHO-LUNJPOBOM MeTOA,
KOMaHOHO-ANCNEeTYEPCKUm
MYHKT,

KOHTPOSbHbIA OTNEYaTOoK,
KOHTPOSbHO-UCMbITaTENIbHAaS
cTaHums,

TEXHOMNOMMYHOCTb KOHCTPYKLINN,

KOHTP3TaroH,
KOHCTPYKTMBHbIN Mnas,
KOOpAWHATHO-LWaBMOHHbIN
meTo[,
KOHTPONbHO-N3MEpPUTENbHbIE
MaLUVHbI,

ONPEKTUBHbIE TEXHOSOMMYECKNe
maTepuansl,

HanpaensLwue oTBEPCTUS,
YepTexX TEOPETUYECKUN.

oTAen TeXHNYECKOro KOHTPOss,

CBEpPNUIbHO-3EHKOBAambHbI
arperar,


Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка
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ECE

EDB

ES
FAS
FM
FP
GTP

JBH
LG
LTM

LCMS

MWP
MUS
MS
MVS

MM
MB
MAW

ME
NPC

OWP
PP
PSSM

Sand R

SO
SM
SAC

STM

electrical equipment

experimental design bu-
reau

electrical system

final assembly shop
flying machine
forming punch

group technological
process

joint bolts holes
landing gear
loft-template method
loft-conductor
laser-centering measur-
ing system

mid-wing part
mock-up of surface
mounting standard
method of volumetric
coordination
mathematical model
maintenance breaks
mechano-assembly
works

mechanical equipment
numerically pro-
grammed controlled
(machine tool)

outer wing panel
power plant
position-sensing special
mark

specifications (and re-
quirements)

structural break
standard technological
process

standard operation
sand mould

system of automatic
control

standard template
method

3NeKTpo-, paamo-, cBeToobopy-
[OBaHue,
ONbITHO-KOHCTPYKTOPCKOE 61opo,

3MeKTponpoBoAHas cMctema,
LEeX OKOHYaTenbHOM cbopKu,
netatenbHbIWM annapar,
OOTSAXKHOM NyaHCOH,

rPynnoBOMN TEXHOSOrMYECKNI
npouecc,

OTBEPCTUS CTbIKOBbIX 6OMTOB,
B311€THO-NOCaa04HOE YCTPOMCTBO,
nia3oBo-WabnoHHbIN MeToA,
nfas-KoHAYKTOop,
nasepHo-LeHTpupyoLas name-
puTenbHaa cuctema,

CpeaHss YacTb Kpbina,

MaKeT MOBEPXHOCTH,
MOHTa)XHbI 3TasIOH,

MeTog 06 beMHON YBA3KN,

mMaTemMaTtunyeckas MOAenb,
SKcnryaTauMOHHbIE pa3beMb.
MeXaHOCOOpOUHble paboThl,

MexaHun4yeckoe obopyaoBaHue,
(cTaHoK) € YncnoBbIM NpPo-
rPaMMHbIM ynpaBreHNEM,

OTbEMHasi YacCTb KpbINa,
cunoBasi yCTaHOBKa,
NO3ULIMOHHO-YYBCTBUTENbHbIN
LleneBoun 3Hak,

TEXHUYECKNE YCNoBUS 1
TpeboBaHu4,

KOHCTPYKTUBHbIA pasbem,
TUNOBON TEXHOMNOMMYECKUN
npoLecc,

TMnoBas onepauus,
NeCcKOCenox,

cucTema aBToMaTU4eCKoro
KOHTpONS,
3TaNoHHO-LWAabNoHHbIN MeToA,


Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка


TEI
TPP
TP
TCO
TC
TB
TDP
TIC

TCC

TGC

Us
UCM

VL

technical-and-economic
indexes

technological prepara-
tion of production
technological process
template control outline
template of contour
template of bending
template of develop-
ment of part

template of internal con-
tour

template of cutting of
contour

template of millin

template of group cut-
ting out

units standards
unloft-coordination
method

volumetric loft
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TEXHNKO-9KOHOMUYECKME NOoKa-
3atenu,

TexXHomnornyeckasa noaroTtoBka
Nnpou3BOACTBA,
TEXHOSIOrMYEeCKni npoLecc,
LLIABMOH KOHTPOSbHO-KOHTYPHBbIN,
LWwabnoH KoHTypa,

LwabnoH rmodku,

WwabnoH pasBepTkM AeTanu,

LabnoH BHYTPEHHEIO KOHTYpPa,

LwabnoH obpeskn KOHTYpa,

LwabrnoH

LWaOJ10H rpynnoBoro packpos,

3TarnoHbl Y3rioB,
meToz GecnnasoBoi YBA3KY,

00BbeMHbIN nnas.


Sveta
Подсветка

Sveta
Подсветка

Sveta
Подсветка
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Tema 24
Obwasn xapaktepuctmka cOOpPOYHO-MOHTaXHbIX paboT npwu
NPOM3BOACTBE CaMOSIETOB U BEPTONETOB

Jexuua 1. Obuwaa xapakrepuctmka cOOpOYHO-MOHTaXHbIX paboT
Npyu NpoM3BOACTBE CaMOSIETOB M BEPTOSIETOB. XapaKTepHble
0COBEHHOCTU COOPOYHO—MOHTaXHbLIX paboT B caMoneTto- W
BepToneTocTpoeHun. CHopoyHble MNpouecchl M paunmoHanbHoe
YfieHeHne camorneTa un BepToneTa

[MpoekTbl Mo co3gaHuio HOBbIX camornetoB n Beptonetos (C. n B.)
peanuayloTca B creyuanbHbIX KOHCTPYKTOPCKUX BOpO M Ha CEPUNHLIX 3a-
BOJax, COCTaBNAWLWMX Creunann3mpoBaHHy0 OTpacilb aBWUaLMOHHOIO
Npon3BOACTBA — CAMOJSIETO- U BEPTONETOCTPOEHME.

[MpoeKkTMpoBaHNEM M N3FOTOBIIEHNEM ABUraTenen, npnbopos, GOPTOBO-
ro obopygosaHus C. un B. 3aHMmatoTca gpyrme cneumanmnanpoBaHHble oTpac-
nn — gBuraTenecTpoeHune, NpubopoCTpoeHNe, SNEKTPOHHAA TEXHUKA U T.1.

CamMoneTocTpoeEHNE W BEPTONETOCTPOEHUE HABNSAKTCSA OCHOBHbIM
3BEHOM, CBSA3blBAKOLMM Mexay cobon 3Tu pasfnmMyHble oTpacnv aBunaum-
OHHOrO NPOM3BOACTBA, TaK Kak Ha camMOfeTo- N BEPTONETOCTPOUTESbHbIX
3aBodax Hapsioy C M3roToBreHWeM M CcOopKor NraHepoB M3OEenui Bbinos-
HAIOT MOHTaX U NPOBEPKY B AENCTBMM ABUraTenen, cneymanbHbix npnbo-
poB, obopyaoBaHus 1 npoymx arperatos C. u B.

CnoxHble netaTtenbHble annapartbl, B TOM 4/iCne camorieTbl U Bep-
TONEeTbl, pacCMaTPUBAIOT KaK CIOXHble OONbLUNE TEXHUYECKNE CUCTEMBI,
COCTOsILLME N3 OTAENbHLIX CTPYKTYPHbIX 3NIEMEHTOB CTPOro (yHKLMO-
HaNbHOro Ha3Ha4YeHUsa N UMEIOLLMX MeXay cobon CnoXHble CBA3W U 3aBU-
cumocTn. Takas cuctema B obLiem criyyae BkntovaeT B cebs cnegyrowime
noAcCUCTEMbI: MJlaHep; e3J/iemHo-rnocadoyHble ycmpolcmea (BI1Y);
cunoebie ycmaHoeku (CY), cucmembl ynpaesieHusi, obcrnyxmneawoume
nnaHep, ABUraTenn N Waccu, MexaHu3mMbl U azpe2ambl, obecrneymsato-
LLMe BbINOMNHEHWE cneumanbHbiX MYHKUNIA; cneyuanbHoe obopydoeaHue
u cpedcmea cesi3u. B coctaB nogcmMcTem BXoOAaT OTAENbHbIE NUX YacTh U
9NEMEHTLI: agpeaambl, OMCeKU, CeKyuu, naHesnu, y3Jsibl, nooy3sibl v
demarnu.

[MosiBNeHne KOHKPETHOro psida NoACUCTEM U MUX YacTeN Bbi3blBAETCS
npoueccom ysieHeHusi C. n B. Ha oTtaenbHble c60POYHbIe eOUHUUbI
(C6.EQ.) ¢ nomoLbld KOHCMPYKMUBHbLIX, MEXHOJ/I02UYECKUX N 3KC-
niayamayuoHHbIX pa3bemos. Ha puc. 1.1 nokasaH npumep pa3dbumBku Ha
YyacTu, UNn YneHeHne camorieTa, YtTo obecneymBaeT paclumpeHne poHTa
cbopoyHbIX paboT, pasgeneHne Tpyda npu NPOEKTUPOBAHUN U NMPON3BOA-
CTBE, NOBbILLAET KAa4eCTBO N3OENNIN, NO3BONAET MEXaHN3NPOBaTb TEXHOSO-
Mo NPON3BOACTBA, YNYYLUUTb YCIOBUS Tpyda U ero Npon3BOANTENBHOCTb.

MonyyeHHble Npu yneHeHun C. n B. nogcuctembl N X 4YacTu sBNS-
toTcs oObekTaMn CO6OPOYHO-MOHMAXHbBLIX W KOHMPOJIbHO-UCMbIMa-
mesibHbIX pabom.
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Puc. 1.1. YUneHeHne camonerTa:

1 — obTekaTenb aHTEHHbI; 2 — NepeaHsast U cpeaHsasa Jyactu drosensxa; 3 —
KpbIno; 4 — cunoBas yCTaHOBKa; 5 — kunb; 6, 16 — HOCOK KUNs 1 ctabunu-
3artopa; 7, 14, 33, 35 — keccoHbl kunsa, ctabunmnsatopa, OYK n ueHTpo-
nnaHa; 8 — obtekatenb crabunuaartopa; 9 — ctabunusatop; 10, 18 — Kok
ctabunusartopa u crozensxa; 11, 17, 30 — Tpummepsbl; 12 — pynb BbICOThI;
13, 32 — 3aKkoHUoBKK cTabunusatopa n OYK; 15 — pynb HanpasneHus; 19
— XBOCTOBasd YacTb hrozensaxa; 20 — rmgponogbemMHuk Tpana; 21 — roHgo-
na gBuratens; 22 — cTBoOpKa roHgonbl; 23 — BO34yxX03abOpHUK aBUraTens;
24,43 — Tpanobl; 25, 26, 42 — aBepwu; 27 — NHTepuenTop; 28 — 3akpbiriku; 29
— XBOCTOBas 4acTb UeHTponnaHa; 31 — anepoH; 34, 36 — HOCOK U npea-
kKpbinok OYK n uenTtponnana; 37, 39, 45 — wutkn waccu; 38, 40, 44 —
laceu; 41 — noJKeccoHHasa naHesnb

Taknm obpasom, nogcuctembl C. n B., a Takke arperaTbl, OTCEKM,
CekumMn, naHenu, ysnbl U NOAy3nbl ABASAKTCA COOPOYHLIMU eauHULaMK,
KOTOpble MoflyyeHbl B pesynbTaTe onepaunin cOopkn n3 otaenbHbIX geTa-
nen koHcTpykumm C. n B. O deKkTMBHOCTL COOPOYHbBIX MPOLECCOB BO MHO-
rOM 3aBMCUT OT paUMOHANbHOCTU YNEHEHUs, YPOBHSA pa3BUTUS METOO0B
NpoOn3BOACTBA, TEXHUYECKMX XapaKTEPUCTUK TEXHOMOrM4yeckoro obopyno-
BaHWA 1 OCHallleHus, ygobcTs noaxoaa npu cbopke n yryyleHUs KadecT-
Ba C6.Eq., a Takke OT TEXHMKO-OKOHOMUYECKMX MOKasaTenen cbopoyHoro
npounssogcTea. OyeHb BonbLas MOHOMUTHOCTb KOHCTPyKuun C. n B. nnn
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OYeHb MESKOe YrieHeHne nnaHepa MoryT ObiTb OAMHAKOBO HEBbLIFOAHbI Kak
C TEXHOJSIOMMYECKOM, TaK N C OpraHM3auMOHHOM TouYeKk 3peHust. [loaTtomy
YneHeHne AO0MKHO ObiTb ONTMMAanbHbIM AS1S1 KOHKPETHbIX YCcroBuin cbo-
POYHOIro NPon3BOACTBA.

[Hagum xapaktepHble onpegeneHnst TUNoBbIM COOPOYHBIM €OUNHMK-
Lam, nonyyeHHbIM B pesyrnbTaTe yYneHeHus nnaHepa C. v B.

Azpez2am — Hanbornee KpynHasa 4YacTb nnaHepa, 3aKkOHYEHHAsA B KOHCT-
PYKTUBHOM M TEXHONOMMYECKOM OTHOLLEHUWN, COCTOSALWAN U3 NaHENEN, y3nos,
OTCEKOB, Cekuun u getanen KoHCTpykuum C. n B. ArperaTbl — 3TO KpblISo,
doro3ensik, anepoH, ctabunusaTop, XBoctoBas 6anka BepToniera u T.n.

Omcek — kpynHass CO6.En. arperata, obpasoBaHHasi B pesynbTaTte
CeyvyeHus arperata nioCKOCTb, NePNEeHANKYNAPHOM (MM NoA4 YriioM) K Oc-
HOBHbLIM KOHCTPYKTMBHbIM 6a30BbIM OCsIM arperata, U umetowasi B none-
PEYHOM CEYEHUN 3aMKHYTbIN aspoanHaMndeckmn KOoHTyp. OTcekn — aTo
HOocoBas 4acTb qoto3ensika, cpefHsaa 4YacTtb Kpbuia (CYK), ueHTponnaH,
YyacTb flonacTu BepToneTta u T.n.

Cekyusi — 4YacTb OTCeka unum arperaTta, obpasoBaHHass CEKyLMMMU
NSIOCKOCTAMM, NPOAOSNbHBIMUA UM MONEPEYHBIMU MO OTHOLLUEHUIO K KOHCT-
PYKTOPCKMM 6a30BbIM NIMHMSAM, U HE MMEIOLWas 3aMKHYTOro aspoanHamu-
4YecKoro KoHTypa. Hanpumep, HocoBasi n XBOCTOBAsA CEKUUU Kpblia, MeX-
NOHXEPOHHAas YacTb Kpblfa, HU3MHKa doro3enska.

lNMaHenb — YacTb arperaTa, OTCeKa UM cekuuu, cocrtosiasa 13 yya-
CTKa OOLUIMBKM, NOAKPEMNSIEHHON pa3pe3HbiMU 3fIEMEHTAMU CUSTOBOrO Ha-
bopa, kapkaca. Hanpumep, naHenu cpegHen 4actn drosensika, naHemnm
oTbeMHoM YacTu Kpbina (OYK), naHenn moToroHAoONbLI ABUraTens.

Y3en — 310 otAaenbHaa C6.Ea., Bxogsuwas B coctaB arperarta, oTce-
Ka, cekumn nnaHepa C. un B. nnn yacte 60pTOBON CUCTEMBI, CUNOBON YCTa-
HoBkM unn BI1Y, cobpaHHasa 13 gByx n bonee getanen. Hanpumep, wnaH-
royT, HEpPBIOPA, NIOHXEPOH, TAra yrnpasBneHusd, LWTypBanbHaa KOJIOHKa Mu-
noTa, Kamepa cropaHust agpuratens, NoAKOC CTOMKM Lwaccu U T.n.

lMody3en — Hebonbluas cbopoyHass eguHuua, BXoasllas B COCTaB
KpyrnHbIX y3roB camosieta. Hanpumep, cTeHka wnaHroyTta, cobpaHHada co
CTOMKaMWN M OKaHTOBKaMW; MOSIC JIOHXepoHa, cobpaHHbIN C yCTaHOBIEH-
HbIMN PUTUHIFaMN.

Jdemanb — 3neMeHT KOHCTPYKUMK, HeAENUMbIA NMpn COOPOYHOM MNpPo-
Lecce unu arnemMeHTapHasl YyacTb camoneTa, U3rotTosrieHHas U3 ogHou 3a-
rotToBku. [letanb — 9TO NEpPBUYHLIN dNeMeHT cbopku (obLumnBka, Npousb,
Tpy0Oa, KPOHLWITENH U T.M.).

Mpn cbopke y3nos, NaHenNemn, CEKUnM, OTCEKOB N arperaTtoB geTann u
C6.Ea. coeguHsaoT mexay cobon B onpeaenieHHOM MOMOXeHUU U nocre-
[0BaTENbHOCTU, KOTOPbIE YKa3blBalOT B YepTexax, TEXHUYECKUX YCITOBUAX
N B TEXHOMNOINMYECKUX npoueccax cbopovYHO-MOHMaXHbix pabom. Ha
puc. 1.2 cxemaTU4yHO MnoKasaHa nocregoBaTeNnlbHOCTb U3rOTOBIIEHUS ca-
MoseTa, YCNOBHO pa3butas Ha LWeCTb OCHOBHbIX 3TaroB:

1. M320moeneHue demaseli C NMOMOLLUbIO pPa3NUYHbIX METOOOB:
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MexaHudyeckon obpaboTkn, NIMCTOBOM M OOBEMHOM LUTAMMOBKWU, NUTbS,
ANEKTPOXMMUYECKUX, INeKTpodmanyecknx metogoB m ap. OCHOBHbIMU
rpynnamu geTtanen camorieta unm BepTofieTa SBMAATCA HapyXHble 06-
LUMBKN, oBeYankn, CTPUHrepbl, AeTann HepBIOp, LUMNAHroyToOB, FIOHXEpPO-
HOB, MOHOSUTHLIE MAaHENU, (PUTUHIM N CTbIKOBOYHbIE 3MIEMEHTbI, AeTanu
TpybonpoBOaOB, LWACCK, CUCTEM ynpaBneHus 1 ap.

2. C6opka y3/108 u naHesied: LUNAHIOYTOB, HEPBIOP, NOHXXEPOHOB U
T.N. OCHOBHbIMW METOJaMW COeOVHEHUN aeTanen B Y3nbl ABMSKTCS
KJiernka, ceapka, cksieueaHue, natika, 60os1mbi, 6UHMBbI.

3. Cbopka cekyuli, omcekoe, azpe2amos. 3ensKen, LeHTpo-
nnaHoB, KpbibeB (OYK n CUK), crabunusatopoB, KUNEWN, 3aKPbISIKOB,
9M1EPOHOB, MOTOrOHAOM, FOHOON LWaccu, flonacTten HeCyLlero BUHTa Bep-
TOoneTa u T.4. Y3nbl U naHenu cobupatotcsa B arperaTbl C MOMOLLbIO KIen-
KN, cBapkn, OONTOBLIX cOeaMHEHUN. 10 KOHCTPYKUMN COEOUHEHUST MOryT
OblTb Hepa3beMHbIMU VW Pa3beMHbIMU, HEerNOOBUXHbLIMU N MOO8UX-
HbIMU OTHOCUTESTbHO OpYr Apyra.

4. Obwas cbopka nnaHepa u3 agpezamos. Yactu KpbinbeB, OTce-
Kn prozensa, XBOCTOBOE OrMepeHne, XBOCToBad MU KoHueBasa 6anku sep-
TOneTa CoeAnHSAIOT rfaBHbiM 06pa3oM C NOMOLLLIO BONTOB.

5. MoHmaxHble U cMbIKOBOYHbIE pabomsbl, K KOTOPbIM OTHOCAT
yCTaHOBKy Asurateneu, BI1Y, opraHoB yrnpaBneHusa, MOHTaXx rugpo-, NHeB-
MO-, ras3oBblX CWUCTEM, 3NEKTPO- U pPaguoCUCTEM, HaBUTaUMOHHOIO U
apyroro obopynoBaHud, annapartypbl 1 npubopos.

MoHTaxHble paboTbl BeOyTCs He TOSMbKO MNOCMEe OKOHYaTerbHOM
cbopku nnaHepa, HO N Ha 3Tanax arperaTHOM, CEKLUMOHHOW, NaHesTbHOM n
Oaxe y3rnoBou COOpKW. OTU paboTbl XapakTepusyrTca OONbLMM pasHo-
obpasmem TeXHONOrMYecKnx NPoLEeCccoB: 34eCb BbINOSTHAT MHOMo 60MnTOo-
BbIX COEOMHEHUN (HaBecka ABuraTenen, waccu, pynem v ap.), NPUMMeHsItoT
namky, cBapKy; 3aMeTHblM OOBbEM 3aHMMalT crnecapHble paboTbl (npo-
Knagka aneKkTpoXrytoB, TpybonpoBoaoB, yCcTaHOBKa obopyaoBaHus, npu-
6opos 1 T.M.).

6. McnbimaHus ABNAKTCA 3aKMOYNTENBbHBIM 3TanoM N3roTOBMEHUS
C. n B. KoHTponb n ucnbimaHue Ha yHKUUOHUpOB8aHUe pPa3sluYHbIX
cucmeM BbINOSTHAT Ha KOHTPOSIbHO-UCMbITATENbHbIX CTEHA4AX, a’poapo-
Max (Ha3eMHble ucrbimaHusl), JIemHble UCNbIMaHus SABNSAKTCA KOM-
NMEKCHbIMN N 3aBepLLAIOLLMMMU.

Ha npoTskeHun TexHonorndeckoro umkrna uarotosnenma C. n B. B
cbOpOYHbIX Lexax BbIMOMHAKT yKa3aHHble Bbllle COOPOYHbIE, MOHTaXHbIE
N KOHTPOSbHO-UCMbITaTENbHbIE PaboThI.

[dagum aTum onepauunsim XxapakTepHble onpeaesieHust.

TexHonoz2u4yeckue onepayuu c60pKU — 3TO COBOKYMHOCTb OEWNCT-
BUW, BbIMNOSIHAEMbIX paboynmMn unm aBTomatamm MNo nocriegoBaTenbHOM
ycTtaHoBke C6.Ef. B npocTpaHCcTBe, UX dhmKcaumm n COeaANHEHUIO COrfacHo
YepTexXy UNKU YCNoBUSM TEXHUYECKON OJOKYMEHTaLNN.

TexHoso2u4yeckuli npoyecc MOHMa)Xa — 3TO COBOKYMHOCTb Aen-
CTBUI NO yCTaHOBKe unn pasmewieHnto Ha C6.Eq. (naHenu, yane, oTceke,



16

@

Wsrorosnenune neraneu

JIucroBas Mexanndueckast O0bpeMHas 1 DNEKTPOXUMHYIEC-
HAThE
[ITAMITOBKA obOpaboTka [ITAMIIOBKA Kas 00paboTka
Heranu u3 MonomutHbIE He- 3arotoBku MononutHbIE neTa-
JIUCTOB, MPO- TaId U3 IITaMIIO- MOHOJIUTHBIX JIY U3 MIPECCOBAH-
¢uneit u TpyO | [BOK, HOKOBOK, JINThS JieTanein HBIX 3arOTOBOK
| | |
1
@ C6opka y3710B
|
| | | | | |
Pe3nboBoE . KieecBapraoe
Knenka Caapxka ITatika CkIleuBaHue P
COEIMHEHHE COEJIMHEHHE

|
[IImaHroyThl, HEPBIOPBI, JIOHKEPOHBIL, TAHEIH, PYJIH,
TPUMMEDBI, [IUTKHU, 3JIEPOHBI, IPEAKPBLIKU U JIp.

|
®

COopka arperaros
[ |

]
BonrtoBeie
COEIUHEHUS

Otceku (ro3ensika, KpbUIbs, YaCTH
KpPBUIbEB, ONIEPEHUE U JIP.

Kienka Caapka

I
O6m1as coopka

BbontoBble coenuHeHNs

HJ'IaHep caMoOJICTa

@ MosTaxkHbIe pabOThI
YcTaHOBKa IBUTATEIICH, IIACCH, PYJIEH, JIEPOHOB, IIUTKOB, MOHTAX
TpyOOIIPOBOOB, SHEPTOY3JIOB, IIMEKTPOPATUOCUCTEM U JIp.

Camoiter

®

Hcnberranus

CTeHI0BEIE
HUCIBITAaHUS

AdpoapOMHbBIE Ha3EM-
HbIE UCTIBITaHUs

JleTHEBIE
HUCTIBITAHUS

T'oToBBIH K OKCILTyaTalun CaMoJICT

Puc. 1.2. lNocnegnoBaTtenibHOCTbL U3rOTOBIIEHNA camoreTa (BepToneTa)
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arperate) nnaHepa C. un B. npegmeTtoB obopynoBaHus, npudopos, CY,

BI1Y, npoBogok ynpasneHusi, kKommyHukaumm SPCO, rmgporasoBbiX CUC-

TEM, CUCTEM KOHTPONS M ApYrMx (PyHKUMOHAaNbHO aBTOHOMHbIX GIOKOB C

AanbHenLwen nx pukcaumen K arieMeHTamMm CMNoBON CXeMbl NriaHepa.

Peaynupoeka — npouecc npMBeaeHust oTAenbHbIX BbIXOAHbLIX Napa-
METPOB CUCTEM B COOTBETCTBME C TEXHMYECKMMM TpeboBaHusMU B pe-
3ynbTate N3MEHEHUs NapamMeTpoOB BXOASALIMNX B CUCTEMY 3BEHbEB. Hanpu-
Mep, perynmpoBKa YrroBbIX NapamMeTpoB pyfien camoneTa.

UcnbimaHue — xomnnekc paboT no npuBeaeHUo camoneTa Wunu
BepToneTa, UX afieMeHToB, 6OPTOBLIX CUCTEM B paboyee COCTOsIHME B Le-
nax onpenenenust nx kadectesa. Hanpumep, ncnbitaHna Ha repMeTUYHOCTb
KabuHbI NUOTOB.

Kornmpousb — komnnekc paboT N0 U3MEPEHMIO, OLIEHKE U pernctpaumm
napameTpoB Ka4yecTBa nnaHepa unm 60pToBbIX CUCTEM, CaMOSeTa B LIENIOM.
Hanpumep, KOHTpOnb B3NeTHO-NOCaA04HbIX XapaktepucTuk C. u B.

O6beM cOOPOYHO-MOHTaXHbIX PaboT 3aBMCUT OT KONMYECTBA U KOH-
CTPYKUMN BXOOALWMX B NnaHep n 6opToBble cuctemMbl getanen n C6. Ea.,
MexaHu3MoB, Npubopos, annapaTypbl, AAWHbI KOMMYHUKaLWUR; cnocobos
X coeanHeHnsa mexay cobon; onTMManbHOCTU CXEMbl KOHCMPYKMUBHO-
mexHoJsio2u4yecko2o 4neHeHus1 C. n B.; npuHaTbix Memodoe obecne-
4YeHUsli 83auMo3aMeHsieMocmu Bxoasuwmx B KoHcTpykuuto C6. Ea.; per-
NAMEHTOB TEXHUYECKUX YCMOBUA HA Ka4yecTBO COOPKM M MOHTaxa Ha AaH-
HOM n3genuu.

[[MaBHbLIMWU OCOBEHHOCTAMM COOPOYHO-MOHTaXHbIX paboT (CMP) aB-
nqawTCs cneayroume:

— Bonblwoe pa3Hoobpa3ve TakMx onepauunm uU MX pacnpegeneHuve no
CNOXHOCTU N KBanudukaumm NCnosiHUTenen;

— BbIcOKasi TpyaoemkocTb onepaunn CMP, pocturarowas 60% obuien
TpyaoemkocTtn narotoeneHmna C. u B. (yanosas cbopka Ao 25%; arpe-
raTHasi coopka 0o 20%; oban cbopka n ucnoitaHns o 15%);

— onpegensitowiee BnusHMe CMP Ha BbiIxogHble napamMeTpbl KayecTBa
BCEro netatenbHOro annapaTa, OTCioda MNOBbILWEHHble TpeboBaHUA K
TEXHOMNOrMsIM KOHTpPONs U ucnbitaHuin obvektoB CMP Ha Bcex ctagmsax
nsrotoenexHusa C. n B.;

— 3HauuTenbHbIM 0ObEM PYyYHbLIX OMepauui, YTO B CBOK o4vepedb NpuBO-
ONT K YBENTUYEHMIO YNCTIEHHOCTU paboumx u yanmHeHno umknos CMP.
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Topic 24
General characteristic of assembly and installation work
in aircraft and helicopters production

Lecture 1. Characteristic features of assembly and installation work
in aircraft and helicopter manufacturing. Assembly processes and
rational aircraft partition

The projects of creation of new aircraft and helicopters (A and H) are
realized at special design bureaus and serial plants, being a specialized
branch of the aviation industry aircraft and helicopter manufacture.

Other specialized branches deal with designing and manufacturing
the A and H engines, instruments, airborne equipment, such as engine
manufacture, instrument making, electronics, etc.

Aircraft and helicopter manufacture is the main link connecting these
different branches of aviation production, because at the A and H plants
simultaneously with manufacturing and assembling the airframe items,
there are performed the installation and operational testing the engines
special instruments, equipment and other units of the A and H.

Complex flying machines (FM) including the A and H are considered
as complex large technical systems consisting of separate structural ele-
ments of a functional strict assignment and having complicated connec-
tions with each other and dependence.

Such a system includes the following sub-systems: airframe; land-
ing gear (LG); power plants (PP); control system operating the airframe
engines, devices and units providing special functions; special equipment
and communication means.

The sub—systems include their separate parts and elements: aggre-
gates, compartments, sections, panels, units, sub-units and parts.

The appearance of the concrete number of sub-systems and their
parts is connected with partition process of the A and H into separate as-
sembly units (AU) by means of structural, technological and operating
breaks.

The aircraft partition is given in fig. 1.1.

The partition provides the expansion of assembling work front; divi-
sion of manpower, when designing and producing improves items quality,
make it possible to mechanize the manufacture procedure, to improve la-
bour conditions and labour productivity.

The sub-systems and their parts accepted during the partition of the
A and H are the objects of the assembly-mounting and control-testing
work.

Thus, the sub-systems of the A and H and also aggregates, com-
partments, sections, panels, units and sub-assemblies are assembly units,
which are obtained as a result of assembly of separate parts of the A and
H structure.
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Fig 1.1. Division of the aircraft:

1 — radome; 2 — fuselage nose and center sections; 3 — wing; 4 — power
plant; 5 — vertical stabilizer; 6, 16 — vertical stabilizer leading edge (section)
and horizontal and horizontal stabilizer leading edge (section); 7, 14, 33,
35 — vertical stabilizer torsion box, horizontal stabilizer torsion box, outer
wing (panel) torsion box and wing center section torsion box; 8 — stabilizer
fairing; 9 — horizontal stabilizer; 10, 18 — horizontal stabilizer and fuselage
cone; 11, 17, 30 — trim (ming) tabs; 12 — elevator; 13, 32 — horizontal stabi-
lizer tip and outer wing (panel) tip; 15 — rudder; 19 — fuselage tail section;
20 — hydraulic jack of ramp; 21 — engine nacelle; 22 — nacelle door; 23 —
engine air intake; 24, 43 — airstairs; 25, 26, 42 — doors; 27 — spoiler; 28 —
flaps; 29 — tail section of wing center section; 31 — aileron; 34, 36 — nose
and slat of outer wing (panel) (OWP) and wing center section; 37, 39, 45 —
landing gear doors; 38, 40, 44 — landing gear; 41 — bottom panel of torsion
box

The assembly procedure effectiveness depends on the rational parti-
tion the level of production methods development, technical characteristics
of technological equipment and rigging, accessibility to the assembly zone,
the improvement of assembly units quality and the technical-and-economic
indexes of the assembly production as well.

The great structural monolithic of the A and H or very small division
of the airframe into parts may be equally no profitable both from techno-
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logical and organizational point of view. Therefore the partition shall be op-
timal for specific conditions of assembling production.

Let us give characteristic definitions for typical structure assembly
units obtained as a result of the A and H partition.

Aggregate is the most large component of airframe completed in
structural and technological relation consisting of panels, units, compart-
ments, sections and parts of the A and H structure. Aggregates are: wing,
fuselage, aileron, stabilizer, tail boom of the helicopter, etc.

Compartment — the major AU of aggregate formed by the aggregate
section normal (or at some angles) to main structural base axis of the ag-
gregate and having a closed aerodynamic contour in cross section. Com-
partments are a nose part of fuselage, intermediate section (MUWP), wing
center section, part of the helicopter blade, etc.

Section — is the part of compartment or aggregate formed by cross
section or longitudinal planes relatively to structural base lines and not
having the closed aerodynamic contour. For example, the nose and tail
section of the wing, lower part of the fuselage, inter-spar part of the wing.

Panel — is a part of the aggregate, compartment or section consisting
of a skin part, by supported with split elements of the primary structural
numbers framework. For example, the panels of the fuselage center sec-
tion, the panels of the outer wing (OWRP), the panels of the engine nacelle.

Unit — is a separate assembly unit being a member of the aggregate,
compartment, section of the A and H airframe or the airborne system part
(or power plant part; or LG part), assembled of two and more parts. For
example, the frame, rib, spar, rod control, control column of the pilot, com-
bustion chamber of the engine, strut of landing gear, etc.

Sub-assembly — is a small assembly unit being a member of large
assemblies of the aircraft. For example, the web frame assembled of the
struts and endings; the spar boom assembled of the fittings attachment.

Part — is a structural element indivisible in the assembly process or
an elementary aircraft part made of a single blank. The part is a primary
element of assembly (skin, profile, tube, bracket, etc.).

When assembling the units, panels, sections, compartments and ag-
gregates the parts and AU are joined to each other in a specific position
and in consecutive order shown in drawings, specifications and techno-
logical processes of assembly—mounting work. The sequence of the air-
craft manufacture diagram is shown in fig. 1.2.

The sequence is broken down into six main stages:

1. The manufacturing of the parts by different methods: machining;
sheet forming and die forging, casting; electrochemical and electrophysical
methods, etc. The main groups of the A and H parts are: outer
skins; shells; stringers; ribs, frames and longerons parts; monolithic pan-
els; attachment fittings and joining elements; parts of pipelines, landing
gear, control systems, etc.
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Sheet—‘metal Machining Die forging Casting Electrochgmlcal
stamping machining
I I I I I
Parts from Monolithic parts . c1
Monolithic parts Monolithic parts
sheets, profiles | | from pressed bland, p
and pipes forging, gasting blanks from pressed blanks
| | |
|
@ Assembly of units
I
| | | | | I
Rivetting Thread§d Welding || Soldering Glueing Glug-welded
connection joint

Flames, ribs, spars, panels, control surfaces, trims, flaps,

ailerons, slats, etc.

®

Assembly of aggregates

Rivetting

Welding

Bolted joints

Fuselage compartments, wings, parts of
wings, tail unit, etc.

®

Common assembly

Bolted joints

Airframe

®

Mounting works

Installation of engines, landing gear, ailerons, flaps, mounting of
pipe-lines, electric knots, electroradiosystems, etc.

Aircraft

®

Testing

Stand tests

Airfield ground test

Flight tests

Aircraft ready for service

Fig. 1.2. Sequence of the aircraft (helicopter) producing
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2. The assembly of units and panels: frames, ribs, spar, etc. The
main method is a jointed parts into units, are: riveting, welding, gluing sol-
dering, bolted and screwed joints.

3. The assembly of section, compartments, aggregates: fuselages,
center wings sections, wings OWP and the inner wing (MWP), vertical sta-
bilizers, horizontal stabilizers flaps, ailerons, nacelles, landing gear fairing,
blades of main rotor helicopter, etc. The units and panels are joined into
aggregates with rivet and bolt connections, weldable. Structurally the joints
can be one piece and detachable, fixed and mobile relatively one another.

4. General assembling of the airframe of aggregates. Wings compo-
nents, fuselage compartments, tail empennage, tail boom and tail rotor py-
lon of the helicopter are connected mainly with bolts.

5. The mounting and mating work which include: the installation of
engines, LG, controls, mounting hydropneumatic systems, electrical
equipment (ESE); navigational and other equipment, apparatus and in-
struments. The mounting work are carried out not only after the final air-
frame assembly, but on the stages of aggregates, sections, panels and
units assembly. These operations are characterized by a large variety of
technological processes: many bolted joints are performed in this case (the
engines, the LG, the elevators hinge fitting, etc.); soldering and welding
are applied with that the large volume of the fitters work (the routing of
electric cable; routing of pipeline, installation of equipment, instruments,
etc.) is performed.

6. The tests are the final stage of manufacturing the A and H. The
control and the test on the functioning various systems are carried out on
the check test beds; on the aerodromes (ground tests). The flight tests are
integrated and final tests.

During the technological cycle of manufacturing the A and H in
assembling shops these are fulfilled assembling, mounting and testing
work mounted above. Let us give characteristic definitions to these
operations. Technological operations of assembly are a set of procedures
being performed by a worker or automatically on the successive
installation of AU in space their locking and connecting to each other
according to the drawing or the technical conditions of the production in-
structidhe technological process of installation is a combination of proce-
dures on installing or arranging on the AU (on the panel, unit, compart-
ment, aggregate) of the A and H airframe the objects of equipment, in-
struments, power plants (PP), LG, control linkages electrical equipment
communications (ESE), hydropneumatic systems, control systems and
other functionally autonomous blocks with their following fixing to the ele-
ments of the load-carrying scheme of the airframe.

Adjustment is the process of reduction of separate output parame-
ters of systems to the correspondence with the technical requirements due
to changing input parameters of the system members. For example, the
adjustment of angular parameters of the aircraft elevators.
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Test — is a complex of operations on the reduction of the aircraft or
helicopter, their elements, airborne systems to operating condition in order
to define their quality. For example, the airtightness test of the cockpit.

Control — is a complex of operations on the measurement, estima-
tion and the registration of the airframe quality parameters or airborne sys-
tems, the aircraft as a whole. For example, the control of takeoff and land-
ing characteristics of the A and H.

The volume of assembly-mounting work depends: on the number
and construction of systems included in the airframe and airborne systems
of the parts and AU, mechanisms, instruments, apparatus, communication
length; on the way they are connected; on the optimally of structurally-
technological partition of the A and H scheme; on the accepted methods of
providing interchangeability included in the structural AU; on the time-limits
specifications on the quality of assembly and installation for the given item.
The main peculiarities of assembly-mounting work (AMW) are:

— the great variety of such operations and their complexity as to the quali-
fication of executors;

— high labour input of the AMW operations, which reaches 60% of the
general manpower of the A and H manufacturing (units’ assembly —
about 25%; aggregates’ assembly — about 20%); final assembly and
tests — about 15%;

— great influence of the AMW on the output quality parameters of the
whole flying machine (FM). This defines increased requirements to con-
trol and testing technologies of the AMW objects at all stages of the A
and H production;

— the great volume of hand operations resulting in increased numbers of
workers and extended AMW cycles.
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Jekuusa 2 (mepBas uacth). [|E€HOEHUMM pasBUTUA CcOOPOYHO—
MOHTa)HbIX paboT, BblTEKalOLME N3 OCODEHHOCTEN camoneTa u
BepToneTa kak 06beKkToB NpoOM3BOACTBA

[maBHble ocobeHHocT CMP BbiTekatloT n3 ocobeHHocten C. un B. kak
00BEKTOB NPOU3BOACTBA, a TakkKe U3 XapakTepHbIX OCOOEHHOCTEN CaMONEeTO-
N BEPTONETOCTPOUTENBHOrO NponssoacTea. Cpeaun Apyrmx n3genun MallmnHo-
ctpoeHus C. u B. obnagatoT psgom cneumdmyeckmx 0CobeHHOCTEN:

1. bonbwas HOMeHKIamypa u MHo2o0emasibHOCMb IJlaHepa u
6opmoebix cucmem C. u B.

KonnyectBo getanen B KOHCTPYKUMW NraHepa KpynHoOro camorsneta
(6es kpenexa) pocturaet 100 Thicay eauHul; nNpubopbl U MeXaHU3Mbl,
cneynanbHoe n 6bIToBoe 060pyaoBaHME UCUYUCTIAKOTCA COTHAMU €OUHWULL.
OTO 06CTOATENLCTBO BrieveT 3a cobon HeobXoaMMOCTb NPUMEHSATb MHO-
FOUNCNEHHbIE U pa3HOObpa3Hbie TEXHOMNOMMYECKMEe MPOLECCHl, LUMPOKYHO
HOMEHKIaTypy OCHacCTKK1, 0bopyaoBaHUsS N MHCTpyMeHTa. Npu 3TOM O4eHb
Benukn obwasa TpygoeMkocTtb n cebectommocte CMP, 1 o6bem HesaBep-
lWeHHoro npowussoactBa. Tpypoemkoctb CMP coctasngetr 50-60% ot
BCEX 3aTpaTt Npu U3roToBMEHUN U3OENNN.

3HaunTenbHble TpyaHoctn npu CMP npeacraBnseTt wupokasi Ho-
MeHKnaTypa 1 60Mbloe KONIMYeCcTBO UCMNOMb30BaHHOIO B KOHCTpyKumn C.
n B. pasnnuyHOro KpenexHoro KoMnrnekra — 3aknenok, 6onTos, raek, BUH-
TOB M NPOYMX BUOOB AeTanen kpenexa. VX Konny4ectBo COCTaBMsIET COTHU
TbiCAY WTYK. B KOHCTpyKUMKn camoneTta bouHr B-747 4nucno 3aknenok goc-
TUraeT 2 MITH. WTYK, U3 HUX 84% — antomMuHmeBble, a 16% — TUTAHOBbIE.

TeHOeHUMS K YNyyWeHU0 TEXHUKO-3KOHOMUYECKUX MoKasaTenen
CMP cocTouT B LULMPOKOM MCMNOSfb30BaHUM B KOHCTpYKUmnax C. n B. MoHo-
JIUMHBbIX y3/108, naHesneu (NVUTbIX, LUTaMNOBaHHbIX, MPECCOBaHHbIX) B3a-
MeH cOOpHbIX, yBENnMYeHne yaenbHOro Beca MexaHmyeckom obpaboTkun Ha
ctaHkax ¢ Ul1Y, 4To 3Ha4YNTENbHO CHWXaeT TPYAOEMKOCTb MU3roTOBMEHUS
C.unB.

OTON uUenu CRyXuT U COoKpaleHMe HOMEHKNaTypbl BCEX AeTanewu,
Y31N0OB M 3rieMeHToB B0OpTOBbIX CUCTEM, YTO AOCTUraeTca munusayueu w
cmaHOapmu3ayuell 3NeMEHTOB KOHCTPYKUMN 1 0COBEeHHO aeTanen Kpe-
nexa. CywecTtByeT TeHOEHUMS K yeeslu4eHuro yoesibHO20 eeca Ma-
WUHHOU U aemomMamu4ecKkol K/1ernkKu Hepa3beMHbIXx coeQuHeHUull ae-
Tanen kapkaca n oblmnBoK. 3aMeTHa TEHAEHUMUSI K paclUMPEHNO NCMOSb-
30BaHNSA BMECTO OObIYHbIX 3aKEenoK cneumanbHbiX UX TUMOB (CTEPXHEN,
nonyctepxHen, 3YK), obecneumBatomx nyylyo repmetmsaumo n bonee
OJNIUTESNbHbLIA PECYPC KOHCTPYKLNN.

TpyooemkocTb paboT ¢ 60MTOBbIMM COEQMHEHUSIMU COCTaBMsAEeT A0
10%. NMo3aToMy coBpeMeHHasi TEHOEHUMS — LUMPOKO MCMNOSib30BaTb MEXaHU-
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3MPOBaHHbIA MHCTPYMEHT B TEXHOSOMMN UX YCTAHOBKM, yny4dwaTb TEXHOSIO-
MMYHOCTb KOHCTPYKTMBHbBIX 3fIEMEHTOB OONTOBOrO Kpenexa, nosblliatb pe-
cypc 60NTOBbIX COEANHEHMIA NPU ycmaHOo8Ke 60/1moe ¢ Hamsi2oM.

Kpome ykasaHHbIX Bbllle BMOOB Kpenexa npu BoinonHeHun CMP B
COBPEMEHHOM aBMaCTPOEHUN 8ce wupe ucrnosnb3yrom ceapky. Ha ca-
MOneTax NOSABNSAKTCS ThICAYM CBAPHbIX TOYEK BMECTO 3aKnenok, KoMbu-
HupoeaHHbIe coeOuUHeHUsl (KneeknenaHble, KneecBapHble), 4To TpebyeT
NPUMEHEHUS] COBPEMEHHBIX BbICOKOMPOU3BOAUTENBHbBIX CBAPOYHbLIX aBTO-
MaToOB M OpPYrMx BMOOB 000pyAoBaHMSA, CHXKAKOLWNX TPYOOEMKOCTb paboT
N ynyyLalLwmx nx kKa4yecTso.

MoHTaxHble paboTbl Ha C. un B. Bkno4vatoT B cebs Takke Gonbuioe
KONMMYECTBO AeTarnen, y3noB, arperaTos, y3ri0B KOMMYHUKaAUUN U pasnny-
HbIX TEXHONOrMYEeCKUX MNPOLIECCOB C MPUMEHEHMEM cCriecapHbix pabor,
CBapKu, namku, cKnemBaHus, yCTaHOBKM 60nToB, BUHTOB. CroXHOCTb 60p-
TOBbIX CcUCTEM ObycrnaBnuBaeT TPYAOEMKOCTb U UCKMOYNTENBbHYKO OTBET-
CTBEHHOCTb MpPWU NPOBEAEHUM MOHTa)XHbIX paboT, 00beM KOTOpPbLIX MO TPy-
OO0EMKOCTU 3a nocnegHue roabl yesenuuuncsa 0o 20% v npogosmkaeT BO3-
pactaTb. B cBA3M C 3TUM nepepn KOHCTPYKTOpamMu N TEXHONOraMm ctaBaTCA
3agayv no 6osee payuoHasibHOU KOMMOHO8Ke 8HYMpPeHHUX MOHMa-
)Xell, ux naHenupoeaHuro W 6J1I04HOCMU KOHCMPYKUul 60pmoebix
cucmemM, yHUGbUKayuu, a TakkKe paccpeoTOMEHMNI0O MOHTaXHbIX paboT no
Lexam arperatHon 1 y3rnoBown cOopKu.

2. bonbwasi HOMeHKNIamypa Uucrosib3yeMbIX Mamepuasioe 8
koHcmpykyusix C. u B.

B coBpeMeHHbIX KOHCTpyKUumax C. n B. NPUMEHSIOT OECATKM Hanme-
HOBaHUM pasnuyHbIX MaTepuanos. [MpumepHo 70% obuwiero konunyecTsa
aetanen n3rotaBnmMBalroT U3 NIErKMX CNiaBoB pasfnyHbIiX Mapok: [16, B95,
AMI-6, AJl-4, All-5, BAJlT1, MJ15, MJ110, MJ112, AK6, AK8 n ap.; 20-25%
getanem — un3 nermpoBaHHbIX cTtanenm u cnnaBoB TuTaHa: 30X CA,
30XI'CHA, X18H10T, BT5, BT6, BT22 n gp.; octanbHasa 4yactb getanenm —
N3 KOMNO3ULUMOHHbLIX MaTepuanos, ninacrtMacc, pes3uHbl, TKaHen, Kepamu-
YEeCKMX M MeTannokepaMmyecknx martepuanoB, gepeBa. HomeHknatypa
KOHCTPYKLMOHHbIX MaTepunanoB 6yaeT v B JanbHenwem Bo3pacTaTb C Of-
HOBPEMEHHbLIM MOBbLILEHUEM MX MPOYHOCTU, XKECTKOCTWU, YTO NMPUBOOMUT K
yoopoxaHnio CMP v yBenn4eHUto nx TpyaoemMKocTu. Tak, ecrii CTOUMOCTb
KOHCTPYKUMM 13 cnnaea [16 NpuHATL 3a eguHULy, TO CTOMMOCTb bonee
MNPOYHbIX antoOMUHUEBBLIX crnaBoB ByaeT cocTtaBnATb 2—2,5, U3 BbLICOKO-
NPOYHbIX cTanen — 3—5, a U3 TUTaHoBbIX cnnaBoB — 4—8. [lpumeHeHne He-
KOTOPbIX KOMMO3ULUMOHHLIX MaTepuanoB (KM) MoXeT NoBbICUTb CTOMMOCTb
KOHCTpyKumn B 10 pas.

TengeHuma passutus CMP npegycmatpmBaeT pa3paboTKy HOBbIX
TEXHOMNOMMN U MHCTPYMEHTOB Ana obpaboTkm TpyaHooedopMmnpyembix
mMatepuanoB. Pas3BuTMe HOBbIX TEXHOSMOMMK MOSyYEeHNA MOHOMUTHbBIX W
CITOUCTbIX KOHCTPYKUMA N3 KM MOXET NpUBECTU K COKpaLLEHNIO HOMEHKNa-
TYpbl UCMNOMb30BaHHbLIX MaTepuaroB, NOBLILLEHUO MOHOSIMTHOCTU KOHCT-
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pykumn C6. Ef. camoneToB 1 BEPTONETOB N B KOHEYHOM CHETE CHUXKEHUIO
TpyaoemkocTtu n cebectonmoctn CMP.

3. CnoxxHocmb koHcmpykyuu C. u B., Manasi ux xecmkocmb U
CJI0XXKHOCMb nNpocmpaHcmeeHHbIx hopm azpe2amoe C. u B.

CnoxHocTb KOHCTpykumn C. n B. cBA3aHa C BbICOKMMN TpeboBaHUS-
MU K UX NETHbIM XapakTepucTukam, HageXXHOCTU N pecypcy 3TUX annapa-
TOB. MexaHusauusi Kpblfia COBpPEeMEHHOro camorieta (LWUTKKW, 3aKpbiSiky,
NPeaKpbLINKU, aNepoHbl, UHTepuenTopbl) 3aHuMatroT 0o 50% ero nnowaaw.
[MosiBneHne 3TUX NOABWMXKHbLIX YacTen npespaTuUrio nraHep B CrOXHbIN Me-
xaHn3m. OgHoBpeMeHHO HabngaeTcsa Bce bonblee HacbiweHne C. n B.
BoOpTOBLIMW CUCTEMaMM Pa3fIMYHONO Has3Ha4YeHus!, paclmnpaeTcs aBToMa-
TM3auna OEeNCTBUSA 3TUX CUCTEM A1 COKPALLLEHNSA YNCITEHHOCTM 3KMNaxa.

Kpome TOro, 3HauutenbHble rabaputHble pasMepbl U Manad M3-3a
OrPaHMYEHUs MacChbl XXECTKOCTb OONbLUMHCTBA 3fIEMEHTOB KOHCTPYKUUM
nnaHepa NpMBOAAT K HeobxoammocTn pa3paboTkm crneumanbHbIX npoLec-
COB MX U3roToBMNeHns n cOopkn. [ns aToro NCnosnb3ytoT MHOMOYUCIIEHHbIE
OYEeHb CNOXHble U goporocTosimne cbopoyHble npucnocobnenuns. Manas
XXECTKOCTb 3fIEMEHTOB 3aTpyAHSIET NosflydeHne TOYHbIX pasmepoB U obec-
neyeHne BbICOKOro YPOBHS B3aMMO3aMEHAEMOCTH Npu cbopke.

B koHcTpykumax C. n B. Gonbline 30HbI BHELIHUX MOBEPXHOCTEWN
NMET OBONHYIO KPUBWU3HY: (bOpMa KPbIfibEB U OMNEPEHUA CTAHOBUTCS He-
NMHen4yaTon, cevyeHne ro3enska U3 Kpyrrnoro B psige criyyaes npespa-
LiaeTcsa B 3nnuUNTUYeckoe, NpsSMOYroribHoe, mncyesalT UMNUHOpUYecKmne
OTCEKM.

[nsa peweHns Bonpocos KavyecTBa cobpaHHbix C. 1 B. Heobxogmmo B
obbeme CMP Bce 6orblle BHUMaHUS yoenaTb KOHMPOJI0 W ucrnbima-
HUSIM Ha BCeX aTanax cbopoYHO-MOHTaXXHOro npouecca. B cBA3n ¢ atnm
BCce Gonbluee pa3BuUTUE NOSyvatoT KOHTPOSIbHO-UCTbITaTENbHbIE TEXHOSO-
MM Ha dTanax BXOLAHOro KOHTPOSIS, Y3NMOBOW, CEKLMOHHOW, NaHesrbHOW U
arperaTtHon cBOOpKW; UCMbITAHUSA Ha FEPMETMYHOCTb M MPOYHOCTb TPyOO-
NPOBOAOB, KOHTPOSb ANIEKTPOXIYTOB, UCMNbITaHWE U OTpaboTka KMHEMaTK-
YECKUX CUCTEM, aBTOHOMHbIE UCMbITAHUSA Ha (PYHKLMOHMPOBAHNE OTAENb-
HbIX DOPTOBbLIX CUCTEM.

TeHgeHUnen pasBUTUS UCMbITaTeNbHbIX PaboT SABMSETCA MCMNONb30-
BaHWe B HaseMHbIX ucnbiTaHuax C. n B. KOHTPOSIbHO-UCMbITATENbHbIX
ctaHuun (KMC), koTopble nony4atrT LUMPOKOE pacnpocTpaHeHue B Mpo-
Lilecce aspogpOMHON oTpaboTKkn cobpaHHbIX U3OENUN.

YunTbiBag MHOMOYUCAEHHOCTb oTAenbHbiX CO. EA. M CNOXHOCTb MX
dopM, ANa CHUXeHna 3atpaTt npu BbinosiHeHn CMP Bce yaule ucnorsb-
3yl0T NepeHanaxunsaemMyto 1 cneunanmanpoBaHHy0 COOPOYHYIO OCHACTKY,
BHEAPSIIOT KOOPAMHATHO-OMNTUYECKNE N Na3epHble TEXHOOrMu npu npose-
AEeHUN COOPOYHBIX U KOHTPOSbHbBIX PaboT.

4. bonbwas mpydoeMKocmb MOHMAaXHO-CO60POYHbIX, pe2ysiu-
POBOYHbLIX U UcrnbimameJsibHbIX pabom.

TpynoemkocTb cbopkm oTgenbHbix C. n B. gocturaeTt 4ecaTkoB Tbl-
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csY vyen.-yac. YaenbHasa ctTommMmocTb narotoeneHust C. n B. nmena tenaex-
LU0 K YBENMYEHUIO, HANpUMepP, AN naccaxmnpckux camonetoB B 50-x ro-
aax oHa coctasnsana 40 gon./kr; B 70-x rogax Bo3pocna go 120 gon./kr; a
B HacTosiLLee BpeMa coctaBndeT He MeHee 200 gon./Kr.

K ocobeHHocTaM CMP crnegyeT OTHECTU NPUMEHEHME B KOHCTPYKLM-
ax C. n B. bonbloro yicna pasHoobpasHbIX Hepa3beMHbIX COeAUHEHUN,
AOJ151 BbIMOSIHEHUSA KOTOPbIX UCMOSb3YIOT MHOIO CneumanbHOro UHCTPYMEH-
Ta N cneumanuanpoBaHHoe obopyaoBaHue. Bce aTO 3HaAYUTENBHO YBENU-
ynBaeT TpyaoemkocTb n cebectommocte CMP. YaopoxaHne CMP Takxke
CBSI3aHO C TeHAeHUMen nosbliweHns TpeboBaHMin K TOYHOCTM COOPKM U Ka-
4YecTBY OTAeNkM nosepxHocten CO. Ea. n usgenuin B uenom.

OCcoBeHHOCTU MOHTaXXHO-PErySIMPOBOYHBIX M KOHTPOJSIbHO-UCMbITa-
TenbHbIX NpoueccoB, 0bycnoBneHHble Hannymnem Ha C. n B. pasHoobpas-
HbIX CUCTEM W XXECTKMMU TPEOOBAHNAMU K UX HAAEXHOCTU N Be30TKa3HOMY
JYHKUNOHMPOBAHUIO, MPUBOAAT K BO3paCTaHMIO TEHAEHUUN K YBESTUYEHUIO
TpynoemkocTtu n ctommoctn CMP.

5. Bbicokue mpeboeaHusi k kadecmey C. u B. 8 yesiom u e2o
omaoesibHbIM Yacmsim.

KauectBo C. 1 B. kak 00beKkToB Npon3BoACTBa nNpeactaBnseT cobon
KOMMMEKC MX TaKTUKO-TEXHUYECKUX XapaKTepuUCTUK U napamMeTpoB, orpe-
Aenawwmx HadexHocmb, 00/1208€4YHOCMb, PEMOHMONMPU200HOCMb
KOHCTPYKLMA, a Takke nokasaTenen mexHosio2u4Hocmu, Kyna BXOOAT
nokasaTenn mMoOYHOCMU U e3auMo3aMeHsieMocmu, 3P20HOMUYecKue
nokasaTenu, nokasaTenu mexHU4Yeckolu acmemuku, YHugukayuu,
cmaHOapmu3ayuu, nameHmMHoU Yucmomal.

[MokaszaTenn kadectBa MOryT ObiTb YaCmMHbIMU, KOMIMJIEKCHbIMU
UNn uHmeezpasibHbIMu. YacTHbIMX MokasaTensMm no TEXHOSTOMMYHOCTU
ABNAOTCA yodesibHasi mpyodoeMKocmb, yoesibHasi cebecmoumMmocms, a
KOMMJSIEKCHbIMU — YPOBEHb MEeXHOJ/I02UYHOCMU KOHCMPYKUUU, Ko3gh-
¢uyueHm cnoxHocmu. Ytobbl yooBneTBopuTb TpeboBaHUAM, NpeabsB-
nsembim K C. 1 B., HeobxoanMbl HE TONbKO pauMOHarbHbIE UX MPOEKTHLIE
KOHCTPYKLMN, HO U BO3MOXHOCTb peann3oBaTb Takue KOHCTPYKLUMU B Mpo-
N3BOLCTBE, B YACTHOCTHU, B npouecce BbinonHeHna CMP.

MoBblweHne adpdpekTneHocT CMP anst yaoBneTBOpeHUs BbICOKUX
TpeboBaHun Kk kadyecTBy C. n B. BygeT Bcerga OCHOBbLIBATbCA Ha ynydlle-
HAN MeXHO/102U4YHOCMU KOHCMPYKUUU 061HEeKTOB NPON3BOACTBA.
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Lecture 2 (first part). Tendencies of the AMW development, follow-
ing from peculiarities of the A and H as objects of the production

The main peculiarities of the AMW follow from the peculiarities of the
A and H as objects of the production, as well as from characteristic fea-
tures of aircraft and helicopter manufacturing.

The A and H unlike the rest products of the machine-building pos-
sess by row the specific features:

1. The big nomenclature and multidetaility of the airframe and
airborne systems of the A and H.

Quantity of the parts into structure of the large plane airframe runs
into 100 of thousand units (without fasteners); special instruments and
mechanisms, special and furnishing equipment are calculated in hundreds
units. This circumstance attracts the need to apply the numerous and vari-
ous technological processes, wide nomenclature of the rigging, equipment
and tools. Besides is very great the general labour input and cost of the
AMW, as well as the big scope of the unfinished production. The labour in-
put of the AMW amount to 50...60% of the all expenses when manufactur-
ing the products.

The big nomenclature and the large quantity used in the A and H
structure of various fasteners (rivets, bolts, nuts, screws and other kinds of
fasteners) presents the considerable difficulties for producing of the AMW.
The quantity of various fasteners amounts to hundreds of thousand pieces.
For example, in the aircraft “Boeing B-747" the number of rivets is more
than 2 000 000 pieces; of them 84 % are aluminium rivets, and 16% are
titanium rivets.

The tendency to improvement of the technical-and-economic indices
(TEI) of the AMW demands the wide use in the A and H design of the
monolithic units and panels (casted, stamped, pressed) in exchange for
assembly the ones as well as increase of specific gravity of the machining
on the numerically programmed controlled machine tools (NPCM). This re-
duces greatly the labour input of the A and H manufacturing.

With the purpose of the cutting of all parts, units and airborne sys-
tems elements nomenclature is made typification and standardization of
design elements and fasteners especially.

There is a tendency to increase of specific gravity of the machine
and automatic riveting for permanent joints of the carcass parts and skins.

Also exists tendency to increase of the employment of special rivets
(rivet-shank; rivet-semishank; high resource-rivet with compensators) in
exchange for common soft-colar rivets.

The special rivets ensure the better pressurization and the greater
resource of a structure.
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The labour input of the bolted joints work amount to 10% of all scope
of the AMW, therefore is the modern tendency to wide use in technology of
bolted joints of the mechanized tool. At the same time improve the proces-
sibility of the constructive elements of bolted fasteners and make use of
the setting of bolts by interference, that increases the resource of the
bolted joints.

Besides above-mentioned of the fasteners kinds, in the modern air-
craft manufacturing at fulfilment of the AMW widely is used a welding.
Thus, thousands welded points and combined joints (glue-rivetted, glue
welded joints) are appeared on the aircraft instead of rivets. This one de-
mands of use the modern highly productive welded automatic and another
equipment, reducing the manpower and improving the work quality.

The mounting work on the A and H include in one’s also the big
quantity of the parts, units, aggregates, service lines units and various
technological processes (with employment of fitting operation, welding, sol-
dering, glueing together, bolted joints, screwed joints). The complexity of
the airborne systems predetermines the complexity and exceptional re-
sponsibility when conducting of the mounting work. The scope of these
work on manpower, during the past years, has been increased by 20% and
it continues increase. In this connection in front of designers and technolo-
gists are set the following tasks:

— the most rational arrangement of the inside mountings;

— division of the airborne systems constructions into the panels and
blocks;

— the unification of the airborne systems;

— the extension of mounting work into shops of the aggregates and
units assembly.

2. The large nomenclature of structural materials used in the A
and H constructions.

Dozens of various materials names are used in modern construc-
tions of the A and H. In their structure are:

— approximately 70% of common parts number are made of light al-
loys of various brands: D16, B95, AMG-6, AL-4, BAL-1, ML-5, ML-10, ML-
12, AKG6, AKS, etc;

— 20...25% of all parts are made of alloyed steel and titanium alloys:
30HGCA, 30HGCNA, H18N10T, BT5, BT6, BT22, etc;

— the rest of parts is made of composite materials, plastic materials,
rubber, clothes, ceramics and cermet materials, of wood.

The nomenclature of structural materials will be to increase and in
the future with simultaneous rise their structural strength and stiffness. This
result in increase in cost of the AMW and increase their labour input. For
instance, if cost of the design of alloy D16 take as one unit, then cost more
strong aluminium alloys will make 2...2,5 units, of high-quality steel it
makes 3...5 units, and of titanium alloys will make 4...8 units. Employment
of some composite materials (CM) can raise cost of the design ten times
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as much.

The tendency in development of the AMW stipulates the working out
of the new technologies and tools for processing of the hardly-deformed
materials.

The development of new technologies for production of the mono-
lithic and flaky designs of CM will yield, to a certain extent, a cutting of the
used materials nomenclature, as well as will raise the monolithic character
of the AU constructions of the A and H. In the end this will reduce the la-
bour input and cost of the AMW.

3. Complexity of the A and H construction, low its stiffness and
complexity of spatial forms of the A and H aggregates.

The complexity of the A and H constructions is connected with high
requirements: to their combat performance, for the reliability and service
life of the aircraft and rotorcraft.

The wing high-lift devices of the modern airplane (flaps, slats, ailer-
ons and spoilers), pivoting wings and capsular cabins take up by 50% of
the airplane construction. The appearance of all these travelling parts has
converted the airframe in a complex mechanism. At the same time is in-
creased the satiation of the A and H by the various function airborne sys-
tems and is extended the automation of these systems operation that re-
duces the crew size.

Besides, considerable overall dimensions and small stiffness of the
majority elements of the airframe design (because of limitation its mass)
lead to a necessity work out of the special processes its manufacture and
assembly, using for this large very complex and dear assembly devices.
The small stiffness makes difficult for the reception of accurate dimensions
and ensuring of a high level interchangeability at the assembling.

The large zones of the A and H constructions external surfaces have
the double curvature:

— the shape of wings and tail-unit is being became a double-curved
surface;

— the shape of fuselage section is changed from round into the ellip-
tical or into rectangular shape in some cases;

— a number of the cylindrical compartments is reduced.

For decision of the quality problems of the assembled A and H it is
necessary to give more and more attention to the checkout and tests on
all stages of the AMW. In this connection the control-testing technologies
on stages: of an entry control; of the units’, sections’, panels’ and aggre-
gates’ assembly; of leakage tests and strength tests of pipe-lines; of the
electric cables control; of the tests and development of kinematic systems;
of the autonomic operation tests of the separate airborne systems receive
more and more development efforts.

Development of the testing work tends to employment for ground
tests of the A and H of the control-testing stations (CTS) which receive ex-
tensive application in the process of aerodrome final adjustment of the as-
sembled products.
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Taking into account the large number of the separate AU and the in-
tricacy of their form, for reduction of expenses at fulfilment of the AMW is
expanded the practice of using of the converted and specialized assembly
rigging as well as inculcate of the coordinate-optical and laser technologies
for concluding of the assembling and checking operations.

4. Large labour input of the assembly-mounting work and test-
ing operations.

The assembly labour input of the separate A and H reaches to doz-
ens of thousands working hours. Specific cost of the A and H production
tends to increase. For example, the specific cost of a passenger airplane
production in the years 1950...58 made 40 dollars/kg; in the years 70-eth
the specific cost has been increased by 120 dollars/kg; at present it makes
not the less 200 dollars/kg.

The peculiarity of the AMW consists in employment of large number
the diverse permanent joints for fulfilment which use much of special tool
and specialized equipment. This all increases of the AMW labour input and
prime cost to a great extent. The increase in cost of the AMW also is con-
nected with tendency to rise of requirements to the assembly accuracy and
quality of the AU surfaces finishing, as well as to quality of the product on
the whole.

The peculiarities of the mounting—adjusting and control-testing proc-
esses, conditioned by availability on the A and H of various systems and
by strict requirements to their reliability and no-failure operation, also in-
crease the tendency to rise of the AMW labour input and cost.

5. High requirements to quality of the A and H on the whole and
to its separate parts.

The quality of the A and H, as objects of production, represents a
complex of their tactical-and-technical characteristics and indicators which
describe the reliability, longevity, maintainability of the objects. In here
include the indexes of technological effectiveness, accuracy and inter-
changeability, ergonomic indexes, technical aesthetics indexes, unifi-
cation and standardization indexes, patentability indexes.

The quality indicators can be individual, composite or integrated
ones. Specific labour input and specific cost are the individual indica-
tors of technological effectiveness. The composite indicators are — the
level of the construction technological effectiveness and the complex-
ity factor.

So as to answer to demands that are made to the A and H it is nec-
essary to have theirs rational construction in the design and be able to re-
alize the construction into practice, specifically in process of the AMW ful-
filment.

Improvement of the AMW effectiveness in the direction of the satis-
faction of increased demands to the A and H quality, always will be based
on improvement of the construction technological effectiveness of the pro-
duction objects. In this consists the general tendency at the series-
produced of aviation engineering.
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Tema 25
Ob6ecneyeHne TEXHONOMMYHOCTU KOHCTPYKUuK (TK)
cBbOpPOYHbIX eanHnL,

Jexmus 2 (Bropas uacte). Buabl TK. Buabl oueHok TK. Ceonctea
n3genua kak paktop oueHok TK. KadectBeHHbIe nokasaTenu TK

Camonetr wunu BepTONneT OueHMBAT KakK MO YPOBHIO JETHO-
TaKTUYECKUX XapaKTEPUCTUK, TaK M MO YPOBHIO MPOU3BOACTBEHHbLIX MOKa-
3atenen. llocnegHue 3aBUCAT OT TEXHONMOMMYECKOro COBEpPLUEHCTBA OC-
HOBHOrO NPOM3BOACTBA CEPUMHOrO 3aBOJa U MEXHOJSI02UYHOCMU KOH-
cmpykyuu o6bekma npouseodcmea. [1ns noBbileHnss 3pPEKTUBHOCTH
Npon3BOACTBa pellalollee 3Ha4YeHne UMeET TEeXHONOMMYHOCTb KOHCTPYK-
LMW,

TexHOMo2u4YHOCMb KOHCMPYKUUU 06 beKmoe — 3TO COBOKYMHOCTb
CBOWMCTB U XapaKTepPUCTUK KOHCTPYKLMN, KOTOPble NPOSBASOTCSA NPU BO3-
MOXHOCTW ONTUMM3AUMM 3aTpaT Tpyda, CpencTB, MaTepuanoB U CPOKOB
Npu TEXHMYECKOM MNOArOTOBKE MPOW3BOACTBA, WU3rOoTOBMNEHMW, 3KCnnyarta-
UMM U peMOHTE n3genusi, obecnedeHnn 3agaHHOro Kavyectsa U NPUHATLIX
yCroBuM Npon3BOACTBaA U1 KCNyaTaunu.

TK — 3anoxeHHOe npu NPOEKTUPOBaHUN CBOMCTBO KOHCTPYKLMK, NO-
3BonsALLEE NOMYYUTb U3genne 3agaHHOro KayecTBa U C BbICOKUMWU TEXHU-
KO-3KOHOMMWYECKNMM NoKasaTensaMmn npon3BoacTBa.

TK B cooTBeTcTBMM C 06MacTblo €e NposiBNeHUss MOXHO noapasge-
NTb Ha OBa BMAA: MPOU380OCMEEHHYI N 3KCcIJlyamauyuoHHyro. [Npo-
n3poacteeHHaa TK nposiBnseTca B COKpalleHuM 3atpaT BpPeEMEHU U
CpeacTB Ha TEXHMYECKYIO MOAroTOBKY MPOWM3BOACTBA M 3aTpaT Ha Npowus-
BOOCTBO, KOHTPOSb U uUcnbiTauma C. n B. OkcnnyaTaumMoHHas TEXHOMNOrnY-
HOCTb — B COKpaLWleHUM 3aTpaT BPEMEHU U CPEACTB HA TEXHWUYEcKoe 00-
CNYy>XVUBaHNE U PEMOHT.

OcCHOBHbIMK (hakTOpamu, onpeaenstowmmm TpeboBaHns K TEXHOMO-
MYHOCTWN KOHCTPYKLNK, SBASAIOTCA:

— eud u3ldenus: getanb, y3en, arperaT, NnaHep, OCHOBHblE PYHKLMO-
HasnbHblE rpynnbl 6OPTOBLIX CUCTEM, CAMOSIET B LIENOM;

— ob6bem ebinycka u mun npouszeodcmea (€ANHUYHOE, CEepUNHoe,
MaccoBOe).

CtpykTypa coctasnsawowmx TK nzobpaxeHa Ha puc. 2.1.

TpeboBaHMs K TEXHOMOrMYHOCTW AeTanen, y3nos, arperatos C. n B. moryT
pasnunyaTtbCs B 3aBUCMMOCTU OT NPUMEHSIEMbIX NonygadbpnkaTtoB U MeTO-
AoB 06paboTkm geTanen, a Takke OT BUAOB COeAMHEHUS Y3IOB W arpera-
TOB 1 Ap. Becbma pesko MoryT pasnuyatbcsa TpeboBaHUs K TEXHOTOMMYHO-
CTW KOHCTPYKUMIA N30ENNIN, N3roTaBnmBaeMbiX MacCoOBbIM UNN e AUHUYHBIM
obpasom. MaccoBoe Npon3BoACTBO C TEXHONIOMMYECKOM TOUKN 3pEHUS
AOIMKHO ObITb OTpaboTaHo bonee TwartenbHO. TEXHONOIMYHOCTb
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MOXHO OLIEHUTb Kak Ka4eCTBEHHbIM, TaK U KOFIMYeCTBEHHbIM CrocoboMm.
KauyecTBeHHasa oOLEHKa HOCUT HECKOSbKO O6LmMi xapaktep («XOpoLlo»,
«M0X0»), OOHAKO ONbIT aBUACTPOUTENBHOW MPOMBILLFIEHHOCTM LaeT BO3-
MOXHOCTb CchopMynupoBaTb psia TpeboBaHMM K KOHCTPYKUMW, KOTOpble
TPYAHO BbIpa3nTb KOSNMMYECTBEHHO; Kak MpaBuIio, 3TO CpaBHUTENbHAs OLEH-
ka. [pyn NpoeKkTMpoOBaHUN HOBOIO U3LENNUS HAXOAAT NPOTOTUIM, U3rOTOBIIEHNE
KOTOPOro YyXe BbIIBUIIO (pakTopbl, He cornacyrwuecs ¢ TpeboBaHUAMMU
Npou3BOACTBA U NpuBOAsLMe K DonblMM 3aTpatam Tpyda v BpemeHu. Ha
OCHOBE OrblTa MPOM3BOACTBA OTAEfNbHblIE BapuaHTbl KOHCTPYKUUN MOXHO
NCKIMIOYUTL U3 ODCYXKOEHUA KaK Henpuemrnemble, OpyrMe BapyaHTbl MOXHO
NpuHATL 6€e3 MpPOBEPKM, @ B HEKOTOPbLIX Cryvasix HeOOXOOUMO BbIMOMHUTL
KONMYEeCTBEHHbIE pacyeTbl NokasaTenen TEXHONOMMYHOCTH.
PaccmoTpum npumepbl kayecmeeHHbIX nokazamerseu TK:

1. lMlpocmoma ¢popm nosepxHocmeu azpezamoe C. u B.

[MnaHep n ero arperatbl, 06pa3oBaHHbIE NMHENYATBIMU MOBEPXHOCTS-

Komyc [t ap Konyc MM, GesycnoBHO, npoule B
\ N3roTOBMEHUN, YeM NnaHep,

\\ Yy KOTOPOro to3ensix, Kpbl-
nbsi, onepeHne obpasoBaHbl

bonee CNoXHbIMW HENUHEN-

/f\ Ceuenne YyaTbIMU MOBEPXHOCTAMM
[ .\ TO THIIOBOMY BTOporo  nopsgka. Euwe
k / LITTAHTOY TY nyyuie, Korga rosensx co-
- BpaH 13 OTCEKOB, UMEHOLLIMX
a cbopmy Ten BpaLleHua 1 ya-
o NAHEHHYIO LIMINMHOPUYECKYHO
[ToBepXHOCTH IBOWHOU yacTb (puc. 2.2).
e KPUBH3HBI Kpyrnble  umMnuHapu-
Yyeckme M KOoHuMYeckue no-
m LJ mj:D BEPXHOCTU obecneynsaioT
NPOCTOTY pacyepynBaHus
CeueHme NnasoB, COCTaBrneHne Ma-
110 THITOBOMY TemMaTMYeckux  Moaenen
[ITAHTOY TY copM ¥ pasmepos, yBenu-
UMBAIOT YHUPUKALIMIO KOH-
6 CTPYKUMM MO AeTanbHOMY

Puc. 2.2. Apxutektypa arperatoB qro3ens-
Xa: a — arperartbl, UMeloLWMe UnUnnHapu4de-
CKYI0 N KOHMYECKYID (DOpMbl TEN BpaLLEeHuS.
KoHCTpyKumna TexHonorunyHa; 6 — arperarsbl,
nmerwne opmMmy OBONHOW KPUBU3HbLI. KOH-
CTPYKLUMA HETEXHOMOMMYHA

KOMIMMEKTY.
2. PauyuoHanbHoe
4Yr/ileHeHuUe KOHCMmpyKuyuu
C.uB.
LlenecoobpasHoe
YfieHEeHne nnaHepa u arpe-
raToB CYLLECTBEHHO BNMSET

Ha TPYAOEMKOCTb U cebeCcToMMOCTb npou3BoncTBa. PaumoHanbHoe une-
HeHne OOMKHO obycrosnmBaTb MUHMManbHbIM LUMkn CMP, manyio Tpygo-
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€MKOCTb paboT, MMHMMarbHOE KONNMYECTBO paboyumx n Npon3BOACTBEHHbIX
nnowagen. OnNTUMM3aumnsa 4YreHeHUs No 3TUM napameTpaMm ABfsieTcH
CNOXHOW 3agayen, Tak Kak npu 3TOM Hago yunTbiBaTb 06beM M TN Npo-
N3BOLCTBA, a TakKe NPUHATbIE MeToAbl COOPKN N YBA3KM OCHACTKU. Bblbun-
pasi CXeMy YreHeHusl, Hago YyuuTbiBaTb, UYTO doraHueBble CTbIKM Oonee
TEXHOMOMYHbI, YeM rpebeH4vaTble, YLWKOBbIE, JIEHTOYHbIE; CTbIK, pacnosio-
XEHHbIM B OOHOM MNOCKOCTU, NepPNeHANKYNAPHOM OCK arperaTta, npeanoy-
TUTENbHEE CTYNeH4YaToro nm KOcoro CTbika.

PaunoHanbHoe 4YneHeHne arperaTtoB M OTCEKOB Ha naHenu obecne-
YMBaeT «PacKpbITUE» KOHCTPYKUWUM, ynydlwiawllee OOCTYN K MecTaMm Co-
edVNHEHNUA N MOHTaXka, a Takke BO3MOXHOCTb MexaHum3auum u aBToMaTu-
3auum onepaunn CMP.

O606wWeHHbIM NokasaTenemMm 3(pdHEKTUBHOCTU paLMOHaNbHON CXEMbI
YNeHeHus aBnseTcs yoesnbHass mpyo0oeMKoCmb, Yer.y/Kr

o 2T,
G
roe Ty— cymmapHas Tpy4oeMKOCTb U3rOTOBMEHWS;
G - macca nsgenvs.

Uem HuMxke koapduumeHT G, Tem Gonee TEXHOMOMMYHOW SABMAETCS
BblbpaHHaa cxema YSieHeHUs.

3. MakcumanbHOe ucrnosib30eaHUe 8 KOHCMPYKuuu Mamepua-
J108 C 8bICOKUMU mMmexHoJIo2UuYecKUMU ceolucmeamMu (ceapuesae-
Mocmb, o6pabambigeaeMocmb pe3aHuUeM, wmamryemocms u Ap.).

[laHHOe OOCTOATENLCTBO 3HAYUTENBHO CHWXAET TPYLOEMKOCTb 00-
paboTkn n gedopmmpoBaHus getanen, a takke npu CMP. Npu obpa3osa-
HAW COEOMHEHUN KIEMKOW, cBapkon, GonTamn MoOBbILWIAETCA MPoOu3BOaAU-
TenbHOCTb TpyAa.

Pasnnune B obpabaTbiBaeMoCT MaTepuanoB Npu MexaHU4eCcKown
obpaboTke konebnerca B LUMPOKUX MNpedenax: Hanpumep, ecnn obpaba-
TbIBAEMOCTb pe3aHnem cmasiu 30XI'CA npuHsaTb 3a egumHuly, To obpaba-
TbIBAEMOCTb Ma2Huee8bIX Ccrjiagoe COCTaBuT 7,5; aslroMuHues8bIX crina-
eoe — 7,0; xpomoHukeneeou cmanu 1X18HIT — 0,7, mumaHoe8bIx
cnnasoe — 0,2...0,4.

K nerko obpabatbiBaemMbiM MaTepuanam TpaguLMOHHO OTHOCAT anto-
MUHKMeBble cnnasbl (16, AK4-1, AMI-2, [119), xopowo gedopmupyeTtcs u
cBapuBaeTcsa TuTaHoBblM crnnae OT4-1, xyxe pedopmupyetca BT-22. llo
yAenbHOM MPOYHOCTU XOPOLLO 3apekomeHaoBann cebss mumaHoesble crina-
8bl, HO TeXHONormst 0bpaboTKM MHOMMX U3 HUX CIOXHA U TPyLOEMKa. JTO Xe
MOXHO CKa3aTb U O KOMMO3UYUOHHbLIX Mamepuarsiax, KOTopble B HacTosiLLee
BPEMS eLLle JOPOroCToALLM, HO HAMEYaeTCa TEHOEHUMS K UX YOEeLLEBNEHNIO.

4. YHuchukauyusi aileMeHmoe KOHCMpyKuuu U o2paHu4YeHUe Ko-
Jludecmea npuMeHsieMbIX MapoOK Mamepuarsios.

YHudpukayusi — 370 pauyuoHarnbHOe COKpallleHMe HOMEHKaTypbl
aeTtanen vnu matepuanoB OOMHAKOBOro (PyHKUMOHANbHOMO HasHaYeHus.
OHa crnocobcTByeT cokpalweHuto noTpebHOM OCHACTKW, WUHCTPYMEHTOB,
obopyaoBaHMs, NO3BONSET pPaclMPUTb CEPUMHOCTb MU3FOTOBMEHUS, CHU-
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31UTb 3aTpaTbl HA NMPON3BOACTBO. YMEHbLUEHNE HOMEHKNATYypbl KOHCTPYK-
LMOHHbBIX MaTepuanoB CHMXaeT o0bem paboT No opraHU3auMOHHOM Moa-
rOTOBKE MPOM3BOACTBA, COCTABMEHUIO OMEpPaLMOHHbIX TEXHOMOrMM, onpe-
OENEHNI0 pauMoHanbHbIX PEXUMOB M OCBOEHWUIO MpoLEeccoB 00paboTkuy,
cBapku, cbopku.

YHupukauma ssngetca 6ason gna ctaHgapTM3aumm COCTaBHbIX Yac-
TeN KOHCTPYKLUMN N3aenus.

5. Bo3MO)XHO 60s1ee wWupoKoe npuMeHeHuUe & KOHCMPYKuyuu
cmaHOapmHbIX y351068 U demaiiedl.

O6bI4HO NapameTpbl CTaHA4APTHLIX AeTaneun v y3nos TwaTenbHOo OT-
paboTaHbl, a UX N3roTOBfIEHME OpraHn3oBaHO Hambornee NPOrpecCUBHbLIM
METOAOM Ha chneuManuavpoBaHHbIX ydacTkax. JTO onpeaensieT BbICOKoe
Ka4eCTBO N HU3KYD CeDEeCTOMMOCTb TakuMX MU3Aennin U BaXKHO C MO3nuuin
aKcnnyaTauMOHHOM TEXHOMNOMMYHOCTU. NS KOHCTPYKTOpa y4eT 3Toro Tpe-
boBaHuA sBNAETCA OOHWUM W3 rMaBHbIX, HA 3TO AOSMKEeH obpawartb npu-
cTarlbHOE BHUMaHME W TEXHONOr npu aHanms3e KOHCTPYKTOPCKOW
AOKYMEHTaUUM Ha TEXHONOMMYHOCTb.

OcobeHHO BaXXHO MCNONb30BaHME AeTanen cTaH4apTHOro psaa Kpe-
nexa n HOMeHKnaTypbl getanen 6optoBbix cuctem C. n B., Ana koTopbix
paspabaTbiBaloT crneunanbHble HopMarsu.

6. BO3MOXHO 60s1blasi KOHCMPYKMU8Hasi IPeeMcmeeHHOCMb.

Mcnonb3oBaHue B ogHoM mnsgenuu getanen n Co.Ea., npumeHeHHbIX
B APYrMX, OCBOEHHbIX NPON3BOLACTBOM M3genuax nogobHoro tuna, no3Bo-
naeT 3HaYMTENbHO COKpaTUTb 3aTpaTbl HA BCEX aTanax TEXHMYECKOW noa-
rotToBkW. [JaHHbIn bakTop NPUBOAUT K 3HAYUTENBHOMY COKPAaLLEHUK Cpo-
KOB OCBOEHWUS HOBOIO CEPUMHOIO M3AEeNusd, MOBbLILEHUID BCEX TEXHUKO-
9KOHOMUYeckmx nokasatenen CMP.

[MpeeMCTBEHHOCTb MOXET 3HAYUTESNBbHO PaCLUMPUTL SKOHOMUYECKUE
CBSI31 B CUCTEME KOooMepaumn 1 cneumanmsauum otTaenbHbIX 3aBOAOB.

7. Omcymcmeue 4Ype3MepHO 8bICOKUX mpeboeaHuli K MOYHO-
cmu pa3mepoe u yucmome obpabomku noeepxHocmel 3JIeMEHMO8
KOHCMpyKyuu.

PacueT pa3mepHbIx yeneu onpegender HeobXxooMmytd TOYHOCTb
narotosnenus getanen n CO6.EQ., a Takke TOYHOCTb MOHTaxa WU perynm-
POBKW CUCTEM, B TOM YMCIIE€ U HNBESNTMPOBOYHbIE NapamMeTpsbl nnaHepa C. u
B. NcxogHble nepBuYyHbIE OOMYCKN 3a4al0T B TEXHUYECKOM AOKYMEHTaLUn
Ha n3genue. TexHonornyeckme pasmepHbie Lenu paccunTbiBaeT TEXHOSOT,
YTO JaeT BO3MOXHOCTb ONMTMMU3NPOBaTb BblbpaHHble MeToAdbl COOpPKW,
mMeToabl usrotosneHna getanen n C6.Ea., a Takke metoabl obecneyeHns
B3aMMO3aMEHSEMOCTM, KOTOPbIE B CBOK o4yepenb BnusoT Ha TK.

Taknm obpas3om, TOYHOCTb pasMepoB MPU U3rOTOBAEHUN U cOopke
MOXHO WU3MEHNATb, AOCTUrass TeM He MeHee 3aaHHOro KayectBa oObekTa.
CHWKasi TOYHOCTb, YMEHbLUAEM TPYAOEMKOCTb paboT, MOCKOMbKY CHMKEHUE
Ha OAMH KBanuTeT TOYHOCTM YMEHbLUAET ed8oe 3aTpaTthl Ha 06paboTky.

3aTpaTtbl npomnsBoacTBa npu obpaboTke Kracca LIepoxoBaToCTU Mo-
BEPXHOCTU JeTarnen 3aBucAT oT obecnednBaemMon YMCTOTbl MOBEPXHOCTU U
cnocoba obpaboTtku. ToyeHune, wnudgosaHne, NonMpoBaHne, pa3BepTbiBa-



37

HWe, OOPHOBaHWE, XOHUHroBaHWe, obpaboTka Apobblo 1 apyrve onepaumm
OOJSDKHbI ObITb ONTMMAarIbHO HOPMUPOBaHbLI TEXHUYECKOW JOKYMEHTaUVeN.

8. Hanuyue docmamo4HbIX NoOxo0008 K MecmaM cOeOuUHeHUl,
obecneyusarouwjux yoobcmeo ux ebINOJIHeHUsI U NpUMeHeHUe KOM-
neHcamopos.

970 TpeboBaHne TK npoBepsAloT Npu TLaTENbHOM N3YYEHUN KOHCT-
PYKTOPCKOM OOKYMEHTauMM 1 npu HavanbHon cbopke rorioBHOro uagenus
cepuun. Ero HapylweHne npnBoauT K yXyAOLWEHUIO KadecTBa U3genuns N CHu-
XXEHUID TEXHMKO-I9KOHOMWYECKMX MoKasaTenen npousBoactea. [Ons ynyd-
lWweHna goctynHoctn 3o0H CMP cnenyeT nepecMOTpeTb CXEMY YneHeHUsd
NN BBECTU KOHCTPYKTUBHbIE 4OPaBOTKM.

[ns cHkeHna TpeboBaHMN TOYHOCTU YBA3KU COMNPSAraeMblX 3f1EMEH-
TOB KOHCTPYKUMM M obecrneyeHns BO3MOXHOCTU OCYLLEeCTBNeHuUs cOopKu
no mecty 6e3 NoaroHkM HasHa4yalwT KOHCMPYKMuUeHbIeé U mexHoJs102u-
Yyeckue KomrieHcamopsbl. Takon npuvemM no3BonsdeT MpPoCTbiM CMOCOOOM
CHM3UTb Tpygoemkocte CMP un nosbicutsb TK.

Kpome npuBeaeHHbIX BbllLe KAa4eCTBEHHbIX NokasaTenemn npu aHanu-
3e TK cywecTBytoT u gpyrmne. Hanpumep:

1. MNMpoektnpysa C6.E4., KOHCTPYKTOP OOMKEH npucnocabnmneaTb €e K
BblbpaHHOMY MeToay cOOpKW; Anst BO3MOXHOCTM BecTn cbopky rno KOO
arperatbl U otcekn C. n B., umerolme 3aMKHYTYHO KOHCTPYKLMIO, HYXHO
pacuYNieHNTb Ha «OMKPbIMbI€» NAHENW W Y3MNbl, MPUYEM LUMAHIOYThI
OOJTKHbI UMETb CTbIKM, COBMajatolmne co CTblkamu naHenen, a Mexay oT-
AenbHbIMU CErMeHTaMU LUNAHroyTOB AOSMKHbI ObiTb NPeayCMOTPEHbl KOM-
neHcupyrowmne 3asopbl. B mectax pacnonoxeHuss KOO B MOHONUTHbLIX Na-
Hensix 1 yanax crnegyet npegycMaTpuBaTh YCUMNEHUS.

2. PexkomeHayeTcs CTpUHrepbl UWIIMHOPUYECKUX arperaToB pacno-
naraTb napannesibHoO ((hro3ensXKHble OTCEKN) NI NO MPOLEHTHBIM JIMHUSM
Ha OTCeKax KpblfibEB M OMNEepeHus, UM B NMOCKOCTAX, NPOXOASALMX Yepes
OCb arperaTtoB KOHWYeCKOW POpPMbI UK arperaTtos ABONHOM KPUBUSHBDI.

3. PekomeHayeTcsl, 4TOObI LWarm CTPUHIepOB M LUMAHIOYTOB Obinn
YHUPULMPOBAHDI.

4. B repMeTUYHbIX OTCEKax XenaTenbHo npegycMmaTpuBatb MWHM-
ManbHYK OfWHY 3aKNenoyHblX LWBOB; 30eCb pauMOHaribHO MPUMEHEHMEe
MOHOJSIUTHbIX NaHeNen n CoeauHEeHUn NyTem CBapKu.

5. [Ina obneryeHna MOHTaXHbIX paboT M paccpenoTOYEeHUss UX Mo
arperaTHbIM Lexam Heobxoaumo:

—  9NIEMEHTbl CUCTEM MOHTMPOBATb Ha OTAENbHbIX MNaHensx, nnaTax,
nynbTax v T.n.;

—  Anga Npoknagku KOMMYHUKaUMA (3NeKTpOoXryToB, TpybonpoBoaoB) He-
obxoanmo npegycmaTpuBaTh cneumarnbHble HALWKN Unn xenoba;

—  OTAEenbHbIE CUCTEMbI XenaTenbHO pacnonaratb B OTCEKax Unn arpe-
raTax ¢ BO3MOXXHOW 3aKOHYEHHOCTbIO.

6. ECnu B KOHCTPYKUMSAX MPUMEHSIOT MOHOMNUTHbIE MaHenu, TO He
peKkoMeHayeTCsa UX UCNOoSb30BaTh B BOMbLUMX OTCEKax ABONHOM KPUBUSHDI.
B npotnBHOM crnyyae cOopoyHble paboTbl YCNOXHSATCS.
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Topic 25
Ensuring of technological effectiveness
of the assembly units construction

Lecture 2 (second part). Forms of the construction technological effec-
tiveness (CTE). Kinds of the CTE marks. Characteristics of the prod-
uct as a factor of the CTE marks. Qualitative indicators of the CTE

The aircraft or helicopter appraise both by the performance level and
by the production indices level. The latter depends on both the technologi-
cal perfection of main production at the serial plant and the CTE of a pro-
duction object.

For the increase of production effectiveness decisive importance has
the CTE. The CTE of the objects — this is the totality of properties and de-
scriptions of the construction which give a possibility to optimize of the la-
bour and material expences, as well as means and terms during technical
production preparation, manufacture, exploitation and at repairs of a prod-
uct with ensuring prearranged quality and for the given production and ex-
ploitation conditions.

The CTE - this is the property of the construction which is formed at
designing and allowing to receive a product under given quality with high
technical-and—economic indicators of the production.

The CTE, in conformity with field of manifestation of influence its, can
be divided into two kind: the production CTE and the operating CTE.
The production CTE is displayed in cutting of time and means expences
for technical production preparation and expenses for manufacture, check
and tests of the A and H. The operating CTE is displayed in cutting of time
and means expenses for the technical service and repairs of the A and H.

The requirements to the CTE are determined by the following main
factors:

— the type of product. a part, an unit, an aggregate, an airframe, the
main functional groups of airborne system, airplane on the whole;

— the volume of products output and the type of production (indi-
vidual, series, mass production).

The structure of the CTE components is given in fig. 2.1.

The requirements to the processibility of the A and H parts, units, aggre-
gates can differ depending on used semi—finished products and applicable
processing methods of parts, as well as depending on joint kind of the
units and aggregates. The requirements to the CTE of the products which
are made at the mass or individual production can differ to a great extent.
The mass production must be developed in technological respect more
thoroughly. An appreciation of the processibility can be realized by both
the qualitative and quantitative ways. The qualitative appreciation has
slightly general nature (“good” or “badly”), but practical experience of
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aircraft manufacturing gives a chance to formulate a number of demands
to the construction, which are hard to express quantifiable. In that case, as
a rule, is used the comparative appreciation. At designing of new product
discover the prototype. Its manufacture formerly had revealed the factors
which are unco-ordinated with the production requirements and cause
great expenses of labour and time. The production experience allows to
exclude from discussion the separate versions of the design as unaccept-
able and the next versions you may accept without inspection.
In some cases a designer fulfils the quantitative calculations of the
processibility indices.
Now, let us consider examples of the quantitative indices of the CTE.
1. Simplicity of the surfaces form of the A and H aggregates.
The airframe and its
Cone Cylinder Cone aggregates formed with

5 ruled surfaces, of course,
@W W are more simple at manu-
facturing than the air-

frame which has the fuse-

1 Cross-section lage, wings and tail unit

\ by typical frame formed with more com-
/ plex double-curved sur-

a faces of the second or-

der. The best of all, when

Double curvature surface the fuselage consists

/ from aggregates having

the shape of revolution
WT LW bodies and the long cy-
lindrical part (fig. 2.2).

The round cylindri-

’ Cross-section cal and conical surfaces
by typical frame ensure the  simplicity
drawing of the lofts, mak-

b ing of the mathematical
models of the shapes and

Fig. 2.2. Architecture of the fuselage aggre- dimensions, as well as
gates: a — aggregates have cylindrical and extend the.unlflcanon. of
conical shape of rotation bodies. The @ Structure in the detailed

construction is adaptability one; b - Set ] _
aggregates have double curvature shape. 4 Rational parti-
The construction is not adaptability one tion of the A and H con-

struction on units.

The rational partition of the airframe and aggregates influences es-
sentially on the labour input and cost of production. The rational partition
must provide for the AMW the minimum cycle, the small labour input of
work, minimum productive area and a number of workers. Optimization of
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the partition on all these parameters is a complicated problem. For this it is
necessary to take into consideration the scope and type of production, as
well as to above the accepted methods of assembly and coordination of
the rigging. When accepting the scheme of partition it is necessary to take
into consideration that the flanged joints are more technologicity compared
with attachment fitting, forked or splice strip joint. The joint, situated in one
plane which is perpendicular to aggregate axis, is preferable then the
stepped or slanting joints.

The rational partiotion of the aggregates and compartments on the
panels ensures “the opening” of a construction, improving the access to
places of the joining and mounting, as well as ensures the possibility of
automation and mechanization of the AMW operations.

The specific manpower @ is by a generalized indicator of the rational
scheme of partition efficiency, norm-hour/kg:

o_>u.
G

where T, — the total manpower of a manufacture; G — the mass of a product.

The selected scheme of partition is more technologicity the one if
factor @ is lower.

3. Maximum use in a construction of materials with good techno-
logical properties (weldability, light machinability, stampability, etc.).

The present circumstance reduces greatly the manpower of ma-
chining and deforming of the parts and at the assembly work. In this case
the labour productivity at formation of the rivetted, welded and bolted joints
is increased.

The workability level of the materials is changed at the machining
process in the broad limits. For example, if the workability with cutting of
steel 30XGSA take as an unit then the workability of magnesian alloys
makes 7,5; of aluminium alloys the one makes 7,0; of the chromium
steel 1X18HIT the one makes 0,7; of titanium alloys the one makes
0,2...0,4. The aluminium alloys (D16; AK4-1; AMG-2; D19) are attributed
traditionally to light-machined materials. The titanium alloy OT-4-1 is de-
formed and is welded well; the alloy BT-22 is deformed worse. The tita-
nium alloys made a good showig in specific strength; but the machining
technology of some of them is complicated and labour—intensive.

The such one may say about composite materials, which are dear
still at present, but is a tendency to reduce of their price.

4. Unification of the construction elements and restriction of
quantity of used materials marks.

The unification — this is rational reduction of nomenclature of the
same functional purpose parts or materials. It contributes to the reduction
of necessary rigging, tools, equipments; allows to increase the serial pro-
duction, to reduce the production expenses. The reduction of the structural


Sveta
Подсветка
трудоёмкость?!


42

materials nomenclature reduces the scope of work: on organization pro-
duction preparation, on making of the operation technological processes,
on definition of the rational regimes of operations and on mastering the use
of machining, welding, assembly processes.

The unification is the basis for standardization of components of the
product construction.

5. Probably wider application in construction of the standard
units and parts.

Usually parameters of the standard parts and units are developed
thoroughly, and their manufacture is performed on the specialized work-
places with the most progressive methods. This one determines the high
quality and low cost of that kind products. It is important also from the point
of view of the operating processibility. The given demand is for a designer
by one of main and a technologist must turn close attention to that when
analysing the structural documentation on technological effectiveness.

It is particularly important to use the standard fastening parts and
nomenclature of the standard parts of the A and H airborne systems. For
these parts are developed the special standards.

6. Probably large eligibility of the units construction of the
plane. The employment into one product of the parts and AU, earlier mas-
tered in serial production of the similar type products, allows importance to
reduce the costs on all stages of a technical preparation. The given factor
importance reduces terms of the creating new series product, raises all the
technical-and—economic indices of the AMW.

The succession can importance extend the economic connections
into systems of the co—operation and specialization of the individual plants.

7. Absence of the extensively high requirements to accuracy of
the sizes and the cleanliness of surfaces of a construction elements.

The calculation of dimensions chains defines the necessary accuracy
of the parts and AU manufacturing, as well as the accuracy of the systems
installation and adjustment, including and the leveling parameters of the A
and H airframe. The initial primary tolerances are given in the technical
documentation on the product. The technological dimensions chains calcu-
lates the technologist that enables to optimize the chosen methods of as-
sembly, the methods of a support of interchangeability, which in one’s turn
have an influence on the CTE.

Thus, the dimensions accuracy at manufacturing and assembling
one may change, reaching nevertheless of the prearranged object quality.
When reducing the accuracy of the dimensions, is reduced the labour input
of the work: the reduction by one degree of accuracy decreases by two the
expenses on a processing.

The expenses of production at processing the grade of roughness of
the details surface depends on the provided cleanliness of a surface and
processing way. The turning, grinding, polishing, reaming, mandrelling,
honing, shot-blasting and other operations should be optimal set norms
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with the technical documentation.

8. Presence of the sufficient approaches to the butt—joints
places providing the comfort for their fulfilling and using of the com-
pensators.

This requirement of the CTE is controlled at careful study of the
structural documentation and at initial assembly of the head series product.
Its breach leads to aggravation of the product quality and to reducing of the
production technical-and-economic indices. For improvement of the ap-
proach to zones of the AMW it should be revised the scheme of partition or
introduce the constructive modifications.

For reducing of the requirements to accuracy of coordination of the
construction conjugating elements and for ensuring a possibility to realize
the assembly “to suit job” without fitting, specify the constructive and
technological compensators. The such method allows with a simple way
to reduce the labour input of the AMW and to raise the CTE.

When analysing the CTE, except above-mentioned qualitative indi-
ces, use and other indices, for example:

1. A designer, designing the AU, must adapt it's to the chosen
method of assembly. The aggregates and compartments of A and H hav-
ing the “closed” construction, for possibility to fulfill the assembly by CFH,
it is necessary to divide into “open” panels and units, thus the frames must
have the joints coinciding with the joints of panels and between the sepa-
rate segments of the frames must be compensating clearances. Thus, in
places of the CFH disposition into monolithic panels and units it is neces-
sary to foresee the strengthenings.

2. The stringers of cylindrical aggregates is recommended to ar-
rangement in parallel (the compartments of fuselage) or in the percentage
lines on the compartments of wings and empennage, or in the planes
passing through the axis of conic form aggregates and double curvature
aggregates.

3. It is recommended so that the stringers and frames pitches were
unified.

4. For pressurized compartments it is desirable to have the mini-
mum length of the riveting seams; here rationally the use of monolithic
panels and welded joints.

5. For simplification of mounting work and dispersion their on the
assembly shops it is necessary the following:

— the elements of the airborne system to install on the separate panels,
mounting plates, control panels, etc.

— for laying of the communications (electric cables; pipe—lines) it is nec-
essary to foresee the special niches or chutes;

— the separate systems it is desirable to place into compartments or ag-
gregates with possible extent of the completion.

6. If in constructions are used the monolithic panels, then it is not
recommended to use their on the large compartments of the double curva-
ture. Otherwise the assembling work become complicated.
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Tema 25
Jdexmus 3. [NokazaTenn konnyectBeHHoU oueHkn TK (OCHOBHbIE M
aononHuTeneHble).  PeweHne 3agjay  TeXHOMOMMYHOCTUM  Ha
pasHblX cTagmsax npoekTupoBaHns. OTHOCUTENbLHOCTb MOHATUS
TK. TexHonormyHocTb — nMpeanochinika KadectBa wu3genua wu
9P EeKTUBHOCTN NPON3BOLCTBA

KonnyecTBeHHble Moka3aTenu TEXHOSMOMMYHOCTM B COOTBETCTBUU C
[EVCTBYIOLMMMN CTaHaapTaMu NoapasaensioTca Ha ABe rpynnbl. OCHO6-
Hble W donosiHumensHblie. OHN HEoBXoOUMbI ONA KOMMYECTBEHHOrO
cpaBHeHus BapuaHToB TK, a Takke ONS NNaHMPOBaHUSA MOBbILLEHUS TEX-
HOMOMMYHOCTU BO BPEMEHMW.

K ocHOBHbIM nokasaTensm TK OTHoOcATCS aBConoTHble 3HAYeHus
mpydoemkocmu T, v mexHonozauyeckoli ce6ecmoumocmu Cp, , n3ro-
TOBMEHWS U3[eNns 1 nokasaTenu ypoeHel mexHoI02u4YHOCmU:

—  no tpyanoemkoctv Kp,=T,/T, 6;
— no TexHonorndeckon cebectoumoct Kem=Cm../Cm.s:;

roe Tu n Tu.6 — OXungaemasa TpyaoeMKOCTb U3roTOBJIEHNA MPOEKTUPYEMO-
ro n 6a3oBoro nokasartenen;

Cm.u v Cm.6 — 0Xnpaemas TexHomnornyeckas ceb6ecToMMocTb MPoekK-
TMpyemoro nsgenus n cebectommocTe 6a30BOro nokasartens.
K ponornHuTenbHbIM MokasaTensM TeXHONOrMYHOCTU OTHOCUTCS Le-
NbIN PO YaCMHbIX U KOMIJIEKCHbIX, abCONMOTHBLIX U OTHOCUTENbHbIX MO-
kasaTeneun, C NOMOLLbIO KOTOPbIX MOXHO OLIEHUTb KOHCTPYKLMIO KaK C 9KO-
HOMWYECKON, TaK U C TEXHUYECKON CTOPOHbI. [JONONHUTENbHBIMU NMPOU3-
BOACTBEHHbLIMW MoOKa3aTensaMm no TPyA0EMKOCTU ABNSAKOTCA:
—  yOdenbHasa mpydoemkocms uszomoeseHust usdenus: t,=T,/G, roe

G - macca usgenus; Takum obpasom, t, BolpaxkaeT TpyaoBble 3aTpaThl Ha
eaVHULY Maccbl KOHCTPYKLMK, Y/KT;
— OomHocumesnibHasi mpydoeMKoCmb 3a2o0moeumesibHbix pabom:

t:0=2Tsp/Ty, toe 2T;p — Cymma TpyAOEMKOCTEN NPOLIECCOB M3rOTOBME-

HUSA BCEX 3aroTOBOK;

— omHocumeJsibHasi mpyo0oeMKocmb euda MexHOs1I02U4eCKUX Mpo-

yeccoes: (MexaHudeckass obpaboTka, wWTaMnoBKa, CBapka W T.M.):

tem=Tem/Ty, tne Tem — TPYOOEMKOCTb [OaHHOTMO Buaa Texnpouecca

(cOopkn, ncnblTaHUM U T.4.). DTOT NoKasaTeslb XapakTepusyeT OO0SfIeBOe

yyacTue pasnnyHbix Bngos pabot B nsrotoenenum C. n B.
[ononHUTENbHLIMA NPOU3BOACTBEHHBbIMM MOKa3aTenamu no cebe-

CTOMMOCTM SABMAOTCA:

— yOenbHasa ce6ecmoumocms: Cy5=C,/G, rone G — macca usgenus;

Cyo — cTtoumocTb usrotoBneHus eauHuubl Maccel; Cy — nonHas ceGe-
CTOMMOCTb U3rOTOBMEHUSA U3OENns;
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— yOenbHas mexHonozau4eckass ce6ecmoumocmsb: Cm yy6=Cm../G,
roe Cm.uya — TEXHOMNOMMYECKasi cebeCTOMMOCTb eAuHULbI Macchl KOHCT-

PYKLMMW.

Uem Huxe 3T KoapPULNEHTbI, TEM YPOBEHb TEXHOSOMMYHOCTU KOH-
CTPYKUUU BblILLE.

Ncnonbaytor B CMP 1 gpyrve yacTHble AOMNONHUTENbHbIE NoKa3aTe-
nn TK:

—  KoaghgbuuueHms! yHUGhukauyuu u cmaHéapmu3sayuu c60pPOYHbIX
eduHuy: Ky =Ny o/N¢; Kc.c=Nc.o/Nc, roe Ny.c v N — konnyectBo yHu-
1umpoBaHHbIX U cTaHaapTHbIX C6.Ea. cootBetcTtBeHHO; N — 06Lee Ko-
NMYecTBO COOPOYHBIX EANHULL;

—  KoagbgbuuueHm npuMeHeHUs1 MuroebIX MexHOJSI02UYEeCKUX Mpo-
ueccos: Kmn=Nm.n/Nn, toe Nm.n — 4Mcrno TUnoBbIX TEXHOMOrMYecKux
npoueccoB, N,; — o6LLee YiCcno TeXHONOrMYecKMX NPoLLEeCCOoB;

—  KoaghgpuyueHm ucnonb3oeaHuss mamepuana: K, ,=mJ,J>m;, roe
my — macca n3genus; 2m; — cymMa Macc 3aroToBOK;

—  koagppuyuenm nanenupoearusi: Knay=2Fn/Fnn, roe 2F, — cymma
nrowanen naHenen, sbiaeneHHblx B otaensHole C6.Ea; Fn, — nnowaab
NMOBEPXHOCTU MnaHepa;

—  koagppuyuenm npeccoeolii knenku: K, = N« /No, rne N, — xo-
NMYEeCTBO 3aKmnenok, packnenbiBaeMblx Ha npeccax u astomatax; N, —
obLLiee KONMYEeCTBO 3aKnenoK Ha U3aenuu;

—  ko3aggpuyueHm npeeMcmeeHHocmMu KOHCMpYyKUuUu:

Knp.x=Gs.57/2Gi, roe Gs.an — Macca 3aMMCTBOBaHHbIX 3MEMEHTOB 13 OCBO-

eHHbIX KOHCTPYKUuMin; . Gj— obLuas macca KOHCTPYKLMM HOBOIO U3aenus.
BaxHa pornb oTpaboTkn Ha TEXHONOIMYHOCTb 6opTOBLIX cucTem C. n

B. 3aecb npMMeHAOT crneayowme nokasaTenu:

— KoaghgbuuueHm naHenupoeaHuss 6opmoebix cucmem: K .=

N..o/N., roe N,c — uncno 6rnokos v arperatos, npeasapuTEnbHO MOHTU-

pyembix Ha naHensax; N. — obliee uncno 6rnokosB 1 arperatoB GOPTOBbLIX
CUCTEM.
1. KoaghgpuyueHm MOHMaxa KOMMYHUKauyuu e azpe2amax:

Kyy=Nu../Ny, roe Ny — 4icrno KOMMyHMKaLMIA, UMEIOLLIMX KOHCTPYKTUBHbIE

pa3bembl Mo cThikam arperatos; Ny — obliee YnMcno KOMMyHUKaLUWiA Ha ar-
perarTe.

Mpun aHanu3e TK pasnuyHbIX BapuaHTOB MU3Aenus UCMonb3yloT ABa
meToaa:

1. B KauyecTBe KpuUTEepus onNnTUMMU3aLUN NPUMEHSIOT OAUH Haubornee
Ba)HbI ANS AaHHbIX YCMNOBWUIA MokasaTenb TEXHOMOMMYHOCTW; OnA oc-
TanbHbIX MokasaTenen ycraHaBnMBalOT OrpaHWdeHuss; npearnoyTeHme oT-
[aloT BapuaHTy C Hauny4lwmnm 3Ha4eHNEM OCHOBHOIO KpUTEpUS.
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2. [Ins OUEHKN TEXHONOMMYHOCTU UCMONb3YHT KOMMSIEKCHbBIA MNOKa3a-
Tenb K, yuntbiBatowwmin pag gononHutensHbix nokasatenen: K, Kz, K3 v 1.4.
B KOMMNMEKCHOM KpUTEPUW NMOMyYaeT oTpaXkeHne pasnuyHas 3Ha4YnMmocTb OT-

nenbHbix gornonHutensHbix nokasatenen: K=K;-Ki,+ Ko-Kos+...+ K, Ko,

roe Kis, K2s, ..., Kns — K0adpdumUmeHTbl yaensHoro BNvMsSHUA AOMNONHUTENb-
HbIX NOKa3aTenen. Ix cymma paBHa eguHuue. 3T KoadpdpuumeHTol onpeae-
nAT NMBO IKCNepTHO, NMMOO Ha OCHOBE CTATUCTUKMW.

HecmoTpsi Ha OTHOCUTENbBbHYH CTPOMHOCTb CUCTEMbI MOKasaTeneu
TK, onpegeneHne nx KonMYecTBEHHbIX 3HavyeHun ana C. n B. npencras-
naeT onpepgenieHHole TpyaHocTU. OCHOBHbIE abCOMTHbLIE MNOKa3aTenu
TEXHOMNOMMYHOCTN — TPYOOEMKOCTb M TexHosormyeckas cebectoumoctb —
MMEKT LIEHHOCTb TOMIbKO B OMHOCUMEsSIbHOM 8biIpakeHuu rno cpaBHe-
HUtO ¢ aHanoramu C. n B., TpygoemkocTb U cebeCToMMoCTb OTAENbHbIX
YacTeN KOTOPbIX UMM MOSTHYIO UX TPYAOEMKOCTb U cebecToMMOCTb NPUHK-
MaloT B pacyeTax kak 6asoBble nokasartenu. Npu Bbibope Ga3oBbIX Noka-
3artenen crnegyeT yuntbiBaTb COCTOSIHUE U Pa3BUTUE TEXHUKK, O6bEM Bbl-
nycka uagenun n tmn npoussoacTsa. [Ans HekoTopbix obpasuos C. n B.,
co3gaBaeMblX BHOBb, TPYAHO HAWUTK aHanor.

Ana kBanudpuumpoBaHHoro Bblbopa 6asoBbix nokasatenen TK wmc-
NOSIb3YIOT CTATUCTUKY MO paHee BbiNyCKaeMblM U3OeNMaAM aBuaLMOHHOM
TeXHUKN. [1ns pacyeta TPyLOEMKOCTEN U TEXHOSormyeckon cebectonmo-
CTU BHOBb MNPOEKTUPYEMOM MaLUMHbl OOSKHbI OblTb MCMNOSb30BaHbl U3-
BECTHblE 3MMUPUYECKNE pacyHeTHble (POPMYrbl, B KOTOPbIX YYTEHbI pas-
NNYHbIE YKPYMHEHHblEe NnokKasaTenu rno yaenbHbIM TPYAOEMKOCTSAM U cebe-
CTOMMOCTSIM OTAeNbHbIX 06beKTOB KOHCTPYKumn C. n B.

[ocTumxkeHne pasnnyHoro ypoBHA TK Ha pasHbiXx CTagnax OCBOEHUS
C. n B. B nponsBoacTBe Takke cBMAETENbCTBYET 06 OTHOCUTENBHOCTM NO-
HATUA TK. C yBenNn4YeHNeM CepUMHOCTN NMPON3BOLCTBA MOBbILLAETCH YPO-
BeHb TK. KoHKkpeTHble ycnosusi npomssoactea C. n B. 3HaunTeneHO BAnS-
0T Ha YPOBEHb TEXHOMOMMYHOCTU M3genuin. PaboTbl N0 NpMAAHUIO KOHCT-
pykuusm C. n B. nprusHakoB TEXHOSTOMMYHOCTU MPOBOAAT HA BCEX CTagunaAx
NPoeKTUpoBaHNA nsgenuin. Ecnn agpekTMBHOCTE OTPabOoTKM Ha TEXHOSO-
MYHOCTb NpuHATL 3a 100%, TO, Kak BUOHO U3 pUCYHKa, Hambonee Beco-
Mble pelwieHnsa no TK peanusyloTcs Ha cmaduu mexHU4YeCcKo20 U 3CKU3-
HO20 npoekmupoeaHuUsi, Korga onpenensT NPUHUUNUANbHYK U KOHCT-
PYKTUBHYIO CXEMbl WU3OeNivg, OKasblBaloLMe CYLEeCTBEHHOE BfNAHME Ha
TK. Ha ctagum pa3paboTkn mexHu4Yecko20 3adaHusi U3y4arT TEXHU4Ye-
CKME XapaKTEPUCTUKM MNPOEKTUPYEMOro WU3gesius U COonocTaBnsalT MX C
aHanoramu, aHanuaumpyloT HOBENLUME OOCTMXKEHUSA, KOTOPblIE MOXHO WUC-
Nofb30BaTb B MPOEKTUPYEMOM U3AeNnn, onpenenstoT coctaB 6a3oBbixX
nokasatenen n paccuUnTbIBaOT X BESNTUYUHBI.

Ha ctagum mexHu4Yecko20 npeosioKeHUs1 NosyvatT HECKOSbKO
CXEM HOBOro M3genud, NpoBoAAT CpaBHUTENbHbIM aHanu3 TK aTux Bapu-
aHTOB ONA BbINOSIHEHNSA PaLNOHANIbHOIO YSIEHEHNSA, NCMNOMb30BaHNSA CTaH-
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OapTHbIX U YHUDULMPOBAHHbLIX YacTelr 13nenus, TUNOBbIX TEeXHOMNornye-
CKUX NPOLIECCOB.
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B LIEJIOM Co0.En.

PacnpeneneHne apdektmBHocTn oTpaboTkm TK

B acku3HOM npoekme npuHMMalT NPUHUUNNANbHbIE KOHCTPYKTOP-
CKMe pelleHus ansa peanusaumm obwmnx sngos nsgenuvs. MNpu atom paspa-
GaTbiBalOT QupeKkmueHble mexHosio2u4yeckue Mamepuaribi C pa3paboT-
KO cxeM 4YsieHeHusi, 06ocHosaHueM ebibopa Mamepuasnos, yKpynHeH-
HbIX cxeM cbopku. 34eckb npegycMaTpmBalroT U BO3MOXHbIN ypoBeHb TK ¢
y4eToM apxumeKkmypHbIx ¢hopM u3desiusi, OCHOBHbIX eudoe coeduHe-
HUU arperaTtoB U OTCEKOB, 2abapumHbix pa3mMepo8 omoesibHbIX 4Yac-
medu. OnpenensitoT OCHOBHblE Memodbl c60pKU W Yy4nTbIBalOT Mpous-
eodcmeeHHbIe ycrioeusi c60povYHO20 3a800a.

[Mpouecc oTpaboTKM KOHCTPYKUMM Ha TEXHOSNOrMYHOCTb OTPaXeH B
TEXHOMNOMMYeCKOM KOHTPOSIe KOHCTPYKTOPCKOW AOKYMeHTauumn n oueHke TK
MO OCHOBHbLIM 1 BCMOMOraTesSlbHbIM MoKa3aTensam.

TexHu4YecKul npoekm CoaepXnT OKOHYaTENbHbIE KOHCTPYKTOPCKME
peLLeHnd, gatowme NonHoe npeacTaBrneHne 0 KOHCTPYKUUN n3aenust:

— obocHoBbIBalOT BbI6Op COHOPOUHBIX Ba3 npuM KOHCTPYMPOBAHUN YacTen
C.nB.;

— YCTaHaBMBalOT pa3mMepbl 1 B4 OCHOBHbLIX 3aroToBOK I'a6apl/ITHbIX arne-
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9NIEMEHTOB KOHCTPYKLNW;

— BblbupatoT metogbl obecneveHns: B3aMmMo3amMeHAEMOCTMU;

— YyCTaHaBnMBalT MecTa AN KOHCTPYKTUBHLIX U TEXHOMOMMYECKNX KOM-
NeHcaTopoB B U3genuu,

— BeOyT pacyeT Ha TOYHOCTb Pa3MepHbIX Lienen, ycTaHaBnNmMBatoT LOMYCKK;

— TMOJIHOCTbLIO OMNpefensatoT BCHO HOMEHKIAaTypy KOHCTPYKUWOHHbIX MaTe-
pnanos 1 BUAOB COEANHEHUIN BCEX INEMEHTOB KOHCTPYKLNN.

Ha aTtom aTane TwaTenbHOMY TEXHOSIOMMYECKOMY KOHTPOSIO U KOpP-
PEKTUPOBKE MOABEPrarT YepTexun oblumx BMAOB, KOMMOHOBKM YacTen n3-
aenua c ydeTtoMm pasmelleHns 6optoBoro obopynoBaHus, a Takke cbo-
POYHbIE YepTeXN YacTen usgenusi. BeINONHAKT KONMUYECTBEHHYIO OLLEHKY
TK no Gonbwemy, 4em npu 3CKU3HOM MNPOEKTUPOBAHUMU, KOSIMYECTBY OC-
HOBHbIX N BCMIOMOraTesibHbIX NnokasaTenemn.

Ha ctagum paspaboTkm paboyeli KOHCMPYKMOPCKOU OOKYyMeH-
mayuu BbINONHAKT pabodne vepTexm BCEX Y3NOB U AeTanen KpyrHbIX
yacTten nsgenus ¢ y4etom tpeboBaHuin NPON3BOLACTBA U yKa3bIBaKOT YyCNo-
BUA AN aPdPEKTUBHOIO NPOBeAEeHUs OTAENbHbIX onepaunun TEXHOMOoru,
Aans vyero wupoko nucnone3ytoT PTM n TTT. Ha atom atane gna obecneye-
HUS TK BbINOMAHAKT TEXHOMNOMMYECKUA KOHTPOSb N KOPPEKTUPOBKY BCEW
paboyen TeXHUYeCKOM [OOKYMeHTauuMm C y4eTom TpeboBaHuh U ONTU-
ManbHOCTW nokasaTenen TeXHONOrMYHocTU nsgenud. MNpu aTom aHanuau-
PYIOT NPOLIECC N3rOTOBSIEHUS OMbITHONO caMosieTa U BHOCAT U3MEHEHUS B
€ro KOHCTPYKLMIO.

OTtpaboTky Ha TK npogosmkatoT U Ha CTaguu OMbITHOrO NPOU3BOACT-
Ba C. u B., 1 Ha BCeEM MPOTSKEHUN UX CEPUMHOIO NPOU3BOACTBA, rae Co-
BEPLUEHCTBYETCSA KOHCTPYKUMA U YNyyLLaoTCs nokasaTtenn TEXHOSTOrNYHO-
CTW B pe3yribTaTte UCMNOSIb30BaHNA TEXHUYECKMX peLLleHnin B obnactu Tex-
HOSTOrnun.

[OCTUTHYTBbIN YPOBEHb TEXHOMOMMYHOCTU SABNSIETCA NPEAnoChINKON
BbICOKOIO KayecTBa nsgenuu n aeKTMBHOCTN NPON3BOLCTBA.

B uenom eocydapcmeeHHasi a¢hgpekmusHocmb C. n B. onpenens-
eTca OTHoLleHneM obbema obLliecTBeHHo-nonesHon pabotbl (W), Bbinon-
Haemon C. n B. 3a Becb nepvoa akcrnnyartauum, Ko Bcem Buaam 3atpar (S)

npv ux nsrotosnexunn: =W/S, roe 3 — adhdektmBHOCTL Npon3BoacTBea.
[MonesHasa paboTa rpy3oBbIX M NACCaXXMPCKUX CaMOSIETOB U BEPTO-
neToB MOXeT ObITb NpeacTaBneHa Kak 00 beM BbIMNONMHEHHbBIX NEPEBO30OK (B
TOHHO-KMNMOMETpax) 3a BeCb CPOK UX Cryxbbl. 3aTpaTtbl onpeaenstoT no
dopmyne
S§=S,+S,+S;,
roe S, — 3aTpaThl Ha pa3paboTKy KOHCTPYKLMM, OTHECEHHbIE K YMCny ce-
PUMHO BbINYLLEHHbIX MaLUWH;
S, — cpenHuve 3aTpaThl Ha MPOM3BOACTBO OAHON CEPUMHON MaLLUUHBI;
S, — akcnnyartauuoHHble 3aTpaThl Ha OHY MaLLUUHY 33 CPOK CIyXObl.
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3artpatbl S; 1 S, xapakTepusyloT NPOM3BOACTBEHHYIO U 3KCMyaTa-
LIMOHHYIO TEXHOMOIMYHOCTbL. [1Nsi BApnaHTOB KOHCTPYKUMW, PaBHOLEHHbIX
MO CBOMM TaKTMKO-TeXHU4Yeckum xapaktepuctukam, W moxeT ocrtaBaTtbcs
MOCTOSIHHOW, W MOBbIWEHNE TEXHOMOIMMYHOCTU O3Ha4aeT MOBbIWeHne ad-
dekTnBHocTM. OgHako B GONMbLUMHCTBE CrlydaeB Anisi nonydeHus Gonee
BbICOKMX NEeTHbIX xapaktepuctuk C. n B., T.e. Anga yBenuyeHns 3Ha4yeHnn
W, npuxooutca npuMeHsTb HOBble BbICOKOMPOYHblE U TPyaAHoAedopMU-
pyemble maTepuanbl 1 bonee TpyooemMkue TEXHOMOrMYeckme npoLECCHI.
Bce 37O npuBOAUT K POCTY MPOM3BOACTBEHHLIX 3atpaTt S, a, cnenosa-
TENbHO, K CHWKEHUIO NMPOM3BOACTBEHHOW TeXHonorm4yHoctu. Mo mepe yc-
NOXXHEHUST KOHCTPYKUMM pacTyT U pacxoAbl, CBA3aHHbIE C 3KCMnyaTaumnemn
n3genus. Ho cosgaBasi HOBYKO KOHCTPYKLMIO, HEOGXOAMMO MWUHUMWU3NPO-
BaTb HeunsbexHoe yBenuyeHue pacxodos S. lNpu cpaBHEHWM BapuaHTOB

MaLLWH Hago BbIGUpaTh TOT, rae aPdPeKTUBHOCTL I Bbille, AaXe B cryyae
HEKOTOPOro yxyALeHNa TEXHONOrMYHOCTU. TeM He MmeHee, 6opbba 3a Bbl-
COKUN ypoBeHb TK NpMBOOMT K CHUXXEHMIO NPOU3BOACTBEHHbIX U 3KCMnya-
TAUMOHHbIX 3aTpaTt, YTO MpY NPOYMX PaBHbIX YCIOBUAX OOycroBnvBaeT
POCT MPOU3BOACTBEHHOW W, B LENOM, rOCYyAapCTBEHHOW 3(P(PEKTMBHOCTM
(koMmMmepyeckol aghghekmueHocmu).
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Topic 25
Lecture 3. Indices of the quantitative evaluation of the CTE (main
and additional ones). Solution of the processibility tasks at differ-
ent stages of the designing. Relative nature of the CTE concept.
The processibility — as the prerequisite of product quality and ef-
fectiveness of the production

The quantitative indices of the processibility in accordance with ac-
tive standards are divided into two groups: main and additional indices.
They are necessary for quantitative comparison of the CTE variants, as
well as for planning of the processibility increase in due course.

The main indices of the CTE include the absolute values of the la-

bour input — T, and the technological cost — C;, of the product manu-
facturing, as well as indices of the processibility levels:

— on labour input:
T/
K;="Y ,
T TU.B

C

where T, and T, p — are accordingly the expected labour input of the de-

signed product and the basic product labour input of manufacture;
C,py and C;p — are accordingly the expected technological cost of the

designed product and the cost of the basic product.

The additional indices of the processibility include a whole row of the
special and complex, absolute and relative indices appreciating the
construction both in the economic and technical aspects. The additional
production indices in the labour input include:

1. The specific labour input of the product manufacture:

Ty

ty =—,
e

— on technological cost:

where G - the mass of product; thus, 7, expresses the labour expenditure

, : norm.— hour
per unit of construction mass ( ).

kg
2. The relative labour input of storing work:

ZTZ.P

tzp= ,
Z.p TU
where Y T, p —is the sum of working hours of the processes of all blanks
manufacturing.
3. The relative labour input of the technological processes
given kind (machining, stamping, welding, etc.):
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t — TB.T
B.T TU ’
where Ty ; — is the working hours of the given technological process kind

(assembly, test, etc.).

This index defines the quota of participation in the A and H manufac-
turing of the different kinds of work.

The additional production indices on the cost are:

1. The specific cost:

CU
yd — G

where G — is the mass of product; Ch— is the cost of manufacturing of

unit of mass; Cy; — is the total cost of product manufacturing.
2. The specific technological cost:

CT.U
Cru.ya = ¢

where Cr.,, — is the technological cost of unit of construction mass;

C; , —is the technological cost of product.

The lower these coefficients the higher a level of construction proc-
essibility.

At the AMW are used and other special additional indices of the CTE:

1. The coefficients of unification and standardization of the AU:

N N
K =Af’c and K, =—<<,

y.c
c c

where N, . and N, —is accordingly the quantity of unified and standard AU;

N, — the general quantity of AU.

2. The coefficient of application of typical technological proc-
esses:

where N, p» —a number of STP;, N, —the general number of TP,
3. The coefficient of using of a material:
Ky, =
UM — ZMZ )
where M, —the mass of product; ZMZ — the sum of blanks mass.
4. The coefficient of division into the panels:

S F,

pan
F,

where 3\ F,

«n — the sum of panels areas selected into the separate AU,
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F ]~ the area of airframe surface.

P
5. The coefficient of press riveting:
NP K
Kpg=—3">
No

where N, — the quantity of rivets upseted on the presses and automat-
ics; N, — the general quantity of rivets on the product.
6. The coefficient of succession of the construction:
Knpx = stéf ’
where G, — the mass of adopted elements from mastered construc-
tions; ) G; — the general mass of a new product construction.

The meaning of development on technological effectiveness of the A
and H airborne systems it is very important. Here the following indices are
used:

1. The coefficient of division into the blocks of the airborne sys-
tems:

Nb.s

pb.s = ZN )

i.b
where N, — the quantity of blocks and aggregates beforehand mounted
on the panels; > N;, — the sum of blocks and aggregates of airborne

K

systems.
2. The coefficient of communication mounting in aggregates:
KM — NM.K :
NK

where N, x — the quantity of communications having the constructive
connectors on joints of the aggregates; Ny — the general quantity of

communications in the aggregate.

At analysing of CTE of the product different variants two methods are
used: 1) one the most important for given conditions index of processi-
bility use in the capacity of optimization criterion; for the rest of indices
are set the limitations; the preference give to the variant with the best value
of the main criterion; 2) for appraising of the processibility are used the
complex index K, taking into consideration the row of additional indices:

K1, K, K3, ..., etc. The different significance of the individual additional
indices receives the reflection in the complex criterion:

K=K1X K1e+K2X K29+...+ KnX Kne;
where K1e; Kae; ...; Kne — the coefficients of specific influence of the addi-

tional indices.
The sum of their equal to the unit. These coefficients define or by ex-
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periment or on the basis of statistics.

In spite of relative the harmony of the indices system of the CTE, the
definition of their quantitative values for the A and H represent the certain
difficulties. The main absolute indices of processibility (the labour input and
technological cost price) have the value only in a relative expression as
compared with the A and H analogues. The labour input and cost price of
the individual parts of the A and H or a full their labour input and cost are
accepted into calculations as the basic indices. The choice of the basic in-
dices should take into account: the condition and progress of technology,
the volume of output of the products and the production type. But the ana-
logue find for the some new created models of the A and H it is difficult.
Thus, the statistics on early produced items of aviation technology is used
for qualified choice of the CTE basic indices. The known empirical design
formulas, which take into account the different integrated indices on the
specific labour input and cost price of the individual objects of the A and H
construction, should be used for calculation of the labour input and techno-
logical cost of a new designing machine.

The achievement of a different level of the CTE on the various
stages of the A and H mastering in production also testifies about relativity
of the CTE concept.

A level of the CTE is raised with the increase of production series.
The concrete conditions of the A and H production greatly influence on a
level of the product processibility.

The work on giving the A and H construction of the processibility in-
dications are conducted on all stages of the products designing. If the ef-
fectiveness of development on the processibility take for 100% then (as
shown in figure) the most weighable decisions on the CTE are realized
during of technical and conceptual designing. Here are defined the prin-
ciple and constructively schemes of the product exercising essential influ-
ence on the CTE.

The technical characteristics of designed product study at the stage
of development of the technical task. Here these characteristics compare
with the analogues; the latest achievements are analysed, which are pos-
sible to use in designed product; define the composition of basic indica-
tions and calculate their values.

At the stage of technical proposal a few schemes of the new prod-
uct receive and conduct a comparative analysis on the CTE of these alter-
native schemes taking account of rational partition, the use of standard
and unified product parts, as well possibility of standard technological proc-
esses using.

The principle structural decisions for the realization of general views
on drawings of the product are conducted in conceptual design. At that
time work out the directive technological materials with elaboration of
the partition schemes and integrated assembly scheme, as well with
substation of the materials choice. At conceptual designing is deter-
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mined a possible level of the CTE with the account of the architectural
product forms, the basic kinds of aggregates and compartments joints,
as well of the separate parts overall dimensions. Here are defined the
main assembly methods and take into account the industrial conditions
of assembling plant.
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Distribution of the effectiveness of CTE development

The process of construction development on technological effective-
ness is expressed in technological checking of the structural documenta-
tion and appreciating of the CTE on the main and additional indices.

The technical design contain the final structural decisions giving the
full idea about product construction; here:

1) the choice of assembly bases at designing of the A and H parts is
substantiated;

2) the sizes and kind of main blanks of the construction overall ele-
ments are set;

3) the methods of a support of interchangeability are chosen;

4) the places for constructive and technological compensators in the
product are set;

5) the calculation on accuracy of the dimension chains is conducted
and the tolerances are established;
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6) the whole nomenclature of structural materials and types of the
joints of all construction elements is determined.

At this stage the general views drawings, the drawings of arrange-
ment of the product parts (with consideration of the placement of airborne
equipment), as well the assembly drawings of the product parts are sub-
jected to the careful technological control and correction. Here is fulfilled
the quantitative valuing of the CTE by greater quantity of the main and ad-
ditional indices that at conceptual designing.

The development of working drawings of all units and members of
the large product parts is fulfilled at the stage of elaboration of the working
structural documentation with account of the production demands. For
this are indicated the conditions for effective conducting of the separate
technological operations with extensive employment of the JTM and TTP.

For providing of the CTE at this stage is conducted the technological
control and correction of all working technical documentation with the ac-
count of demands to optimality of the products processibility indices. For
this the process of experimental aeroplane manufacturing is analysed and
introduce the changes into construction.

The development on the CTE is continued and at the stage of ex-
perimental production of the A and H and during their of the series produc-
tion, when the construction is perfected and are improved the processibility
indices at the expense of technical decisions into field of the technology.

The reached level of the processibility is a reason of the products
high quality and of the production effectiveness.

On the whole the state effectiveness of the A and H is determined

by the ratio of scope of the A and H socially useful work (“W"), fulfilled

by them during of all service period, to all the forms of expenses (“S”)
made for creation of the A and H:

="
S
where E — the effectiveness of production.

For the cargo and transport airplanes and helicopters the useful work
can be presents as the scope of fulfilled air transportations (a ton-
kilometers) during of all service period. The expenses are determined by
formula:

S =S§p+ Sy + S
where Sy — the expenses on development of the construction attributed to
the number of serial produced machines; Sy — the average expenses on

production of one serial machine; Sg — the operating expenses for one
machine during of the service time.

The expenses Sy and Sg define the production and service proces-

sibility. The value W for equal in their operating characteristics construc-
tion versions can remain by the constant and increase of the processibility
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here signifies the increase of the effectiveness. However, in the most
cases for obtaining higher performance of the airplane or helicopter (that is
to say for increase of a value W) it is necessary to use the new high-strong
and difficult-deformed materials, as well more labour-consuming techno-
logical processes. All this leads to increase of the industrial expenses —
Sn, and hence, to the decrease of industrial processibility. The expenses
on operation of the product are increased as become complicated the con-
struction. When creating the new construction it is necessary to minimize
the inevitable increase of the expenses — S. At comparison of the ma-

chines versions it is necessary to choose that, when the effectiveness — E
is higher, even in case of a some deterioration of the processibility.

Nevertheless, the drive for a high level of the CTE leads to the de-
crease of the industrial and service expenses, what, at other equal condi-
tions, leads to the increase of production and the state effectiveness
(commercial effectiveness) on the whole.
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Tema 26
MeToabl cOOpKU

Jexkuuss 4. CXeMbl 4neHeHUss U cxembl COOpKM camonerta u
BepToneTta. TunoBble CXeMbl COOPKU, NX TEXHUKO-3KOHOMUYECKUIA
aHanus. [lNoHaTne o meTtogax cOOpKM, MX Knaccudpukaums no
npuHUuny 6asmpoBaHMda U B3anMo3aMeHAeMOCTN Nogcbopok

TexHonorns cOOpkn N MOHTaxa aBMALMOHHBLIX KOHCTPYKUWIA, BKIIO-
Yyasi BbIOOp MeToaga cbopku, cxem COOpPKU, mexHosio2u4yeckou nocneqo-
BaTeNbHOCTU BbINOMHEHUST onepauunn, coctaBa cbopoYHOn ocHacTkK, 0bo-
PyAOBaHUA U UHCTPYMEHTA B 3HAYUTENTbHOW MEpe 3aBUCUT OT KOHCMPYK-
yuu C. n B. 1 cmeneHu 4neHeHusi niaHepa Ha KOHCMPYKMUBHO-
mexHosio2u4ecKue camocmosimesibHble yacmu. HeobxoaumocTb yne-
HeHusi nnaHepa C. un B. Ha geTanwu, y3nbl, NaHenu, cekumn, oTceku, arpe-
raTbl NPOAVKTOBaHbI TPeOOBaAHMSAMKN NMPON3BOACTBA M SKCNyaTauum UMeTb
KOHCMpPYKMuUB8HbIe, mexHoJsio2u4YecKue N 3KcrjyamayuoHHbI

PaunoHanbHoe uneHeHue u3genua Ha C6. Ea. yctaHaBnuealoT B
KOHCTPYKUMM Ha 3Tane 3CKU3HOro MpPOEeKTUpOBaHUA, Korga BblbupatoT
NPUHLUMNNANBHYIO CXeMy YneHeHus. Npu 3TOM KpoMe XapaKTepHbIX OCO-
BeHHocTen KoHCTpykumn C. n B., npyHUMalOT BO BHMMaHWE TEXHUKO-
9KOHOMMUYECKME MNOoKasaTenu OXuaaemoro npounsBoacTBa. 3HaAYMTENbHOE
BNUSHME Ha XapakTep U rnyobuHy YneHeHUs KOHCTPYKLUUM Ha YacTn OKasbl-
BaeT mun rnpou3zeodcmea NPUMEHNTENBHO K JaHHOMY U3AENMIO.

C yBenun4yeHnem cepumHocTn Beinycka C. n B. uneHeHne ctaHOBUTCS
bonee rnybokum, ¢ BblaeneHnem b6onbwero ymucna C6. EA., 4To conpoBo-
Xpaetca nosasneHnemM 6ornbLlero Yncna pasbLemMoB M CTbIKOB. Ha puc. 4.1
n3obpaxkeHa TMNOBasd CXema UYfieHeHUd camosieTa C BblOeneHnem oTce-
KOB, MaHesren 1 y3nos C NOMOLLbI Ha3HAYEHHbIX Pa3beMOB.

BbibpaHHas KOHKpeTHas cxema YNeHeHusi ¢ y4eToM 3afaHHbIX Kpu-
Tepunes NO3BOSISET OnpenenuTb YPOBEHb TEXHUKO-9KOHOMUYECKNX NOKa3a-
Tenen, HomeHknatypy C6. Eg. n noctpouTtb cxemy

— KoHcmpyKmueHbIx (KP) — Bbi3BaHHbIX pasfiMyHbIM OYHKUMOHASb-
HbIM Ha3Ha4YeHWEM OTAENbHbIX YacTen mM3aenusl, HeobxoauMOCTbO Mpu-
MEHEHUNS PasfNYHbIX KOHCTPYKLUMOHHbIX MaTepuanoB unu tpeboBaHnamu
NOABMXHOCTU (NepemeLLeHns) BblAeNeHHbIX YacTen KOHCTPYKLUMN; Hanpu-
mep, KP B Kpblfie Bbl3BaHbl HEOOXOAMMOCTLIO MPUCOEANHEHUS K HEMY
NOABWKHbBIX 3aKPbINIKOB U 3NEPOHOB;

— mexHosoaudeckux (TP) — Bbi3BaHHbIX TpeboBaHMSAMM MPON3BOACT-
Ba (6onbwumn rabaputammn arperaToB, TPYQHOCTAMKU noaxoda K mMecTtam
coeanHeHnn npu BbinosiHeHMn CMP, nameHeHnem CpoKOB BbINOSIHEHUSA
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3TMX paboT NpuM U3MEHEHUU MpOorpamMmbl Bbifycka MU3Oenuin, YCroBUAMM
KOHTPOMA U UCMbITAHUM OTAENbHbIX CUCTEM U T.M.); HanNpumep, Ha puc. 4.1
nokasaHbl TP kpbina n grosensika Ha oTceku: ueHtponnaH, CHK, O4K, Ho-
COBOM, XBOCTOBOM U CpedHun oTceku prosensika, KoTopble B CBOK O4e-
pefb TEXHONOMMYECKN pacusieHeHbl Ha psg naHenewu;

— 9KcrutyamayuoHHbIX (OP) — Bbi3BaHHbLIX TpeboBaHUAMU IKChnya-
Taunun usgennd, ocMoTpa, perysiupoBaHuUs UnNn 3amMeHbl OTAeNbHbIX Yac-
Ten unn 6optosbix cuctem C. n B.; B HekoTopbix criydasx QP HasHavaloT
Ncxoas u3 orpaHvyeHus rabapuTHbIX pasmMepoB arperatoB Mo YCrOBUSIM
NepeBO3KU NUNU XpaHEeHUS!.

Puc. 4.1. Cxema KOHCTPYKTUBHO-TEXHOJTOMMYECKMUX Pa3beMOB
camoneta Ty-134 A

Bo Bcex BO3MOXHbIX cnyyaax dyHkumm KP, TP n 3P Heobxogumo co-
BMeLLaTb, YMEHbLUAss 3TUM KOSIMYECTBO COEAMHEHUA KOHCTPYKLUMN N30ENnN,
YTO NPUBOAUT K CHMXKEHUIO MACChl, MOBbILLEHNIO pecypca U HagexxHocTn C. n
B. 310 cBA3aHO ¢ Tem, 4TO Ha3Ha4vyaeMmble npu npoekTnposaHum KP 1 3P Bbi-
NOSMHSAIOT KaK pa3beMHble COeOUHEHUs (3TO OTHOCUTCH U K KOMMYHUKaLW-
AM, U MarncTpansm 6OpTOBbLIX CUCTEM), YTO YTSHKENAET KOHCTPYKLMIO U NpuU-
BOAUT K MOBbILLEHUIO KOHLEHTPaUUM Hanps>KeHN B CTbikax. TP BbINOMAHAT
Hernod8WXHbIMU (HEPA3bLEMHbLIMU N Pa3beMHbBIMUN) COEANHEHNSIMU U CXeMa
3TUX Pa3beEMOB MEHSIETCA B 3aBMCUMOCTU OT MPOU3BOACTBEHHbBIX DaKTOPOB
n cnocoba coeanHeHUs getanen npm coopke.
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OnTumarnbHbI BapuMaHT CXeMbl YfieHeHUs BblOnpaloT C NOMOLLbHO
OmHocumesibHbIX MEeXHUKO-39KOHOMUYeCcKux koagppuyueHmos (TIK).
PaccMoTpum HEKOTOpbIE N3 HUX:

1) OTHOCUTENBHLIN KO3ghhUUUEeHM CHUXXeHUSI mpydoeMKocmu:

T
_Tpex _
p= %H’

2) OTHOCUTESbHbIN KO3ghhuyueHm cokpauwjeHuUs1 yukna CMP:.

=l

3) oTHOCUTENbHLIN KO3ghghuyueHm usmMeHeHus1 paboyux mecm npu

ebinosiHeHuu CMP:
_My .
H Aﬂ p.cx ’

4) OoTHOCUTENbHbLIN KO3ghghuyueHm uaMeHeHUs1 NPou3eo00cmeeHHoU

naow,aou:
@ = F% ;
p.cx

5) oTHOCUTENBHBLIN KO3ghhuyueHm usmeHeHuUsi cebecmoumocmu CMP:

C
g="H ;
YCpen

roe Ty, Uy, My; Fy; C, — cOOTBETCTBEHHO TPYAOEMKOCTb, LMK, YUCHO
paboynx MecT, NPON3BOACTBEHHAs nnowaab U cebecToMMocTb paboT npu
3marsioHHOU cxeMe 4YJIeHeHUsl, 3a KOTOPYH NMPUHNMAKT BapuaHT CXeMbl,
korga B uucne C6. EQ. HeT oTaenbHbIX NaHenew;

To.cx; Up.cxi Mp.cx; Fp.cx; Cp.cx — COOTBETCTBEHHO TPYAOEMKOCT,
LUMKM, Yncno paboumx MecT, NMpou3BOACTBEHHas nrowanb u cebecTtou-
mMocTb CMP npu BbiGpaHHOM BapuaHTe YNeHEeHUs KOHCTPYKLUUK C YYeTOM
ee naHenupoBaHus. B aTtom cnyyae kpumepuli Hanu4vyuss naHesnel vc-
MOnb3YT Kak OCHOBHOW AN YNyudlleHUs NPON3BOACTBEHHbIX NoKasaTenen
npw BbiNnonHeHun CMP.

C nomouwbio Taknx KO3IPPULNEHTOB U CYLLECTBYHOLLNX 3KCNEPUMEH-
TanbHbIX rpacukoB 3asucumocten: f=f(m); A=f(m); u=f(m); w=f(m);
0=Ff(m), roe M — HasHauyeHHOEe YMCNO NaHenemn npu YneHeHWn arperara,
MOXHO e€llle Ha CTaauMn MNPOEKTUPOBAHUS KOHCTPYKUUM BbIGpaTb ONTuU-
MarbHY CXEMY YNEHEeHUs AN pelleHus [aHHOW NpOoV3BOACTBEHHON 3a-
oauu:

— COKpaLleHUsi NPON3BOACTBEHHOIO LIMKNA;
— MUHMMM3aLMM NPOU3BOACTBEHHbIX NoLLaae;
— CHWXEHUS TPYJ0eMKOCTU Unn cebecTouMocTy;
— YMeHbLLUEHUs Yymcna paboumx.
CnegnyeT OTMETUTb, YTO BCE COBPEMEHHbIE CXEMbl YNIeHeHUs, npea-
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Ha3HayeHHble Onsa cepuinHoro npowussoncTea C. u B., npegycmartpusatoT
NaHenMpoBaHME KOHCTPYKLUMI, TaK Kak 3TO PE3KO CHUXaeT BCe TEXHOSOrn-
Yyeckme 3artpaTbl U CNOCOBCTBYET paclUMPEHU0 MexaHu3auuu u aemo-
Mamu3ayuu c60poYHbIX onepayudl.

PaspaboTaB CxemMy YfneHeHUs KOHCTPYKUMWU, MOXHO MpuUCTynaTtb K
cocTaBrieHU0 cxeM cbopku otaenbHblx C6. EA. TexHonoau4yeckasi cxe-
Ma cb6opku-mMmoHmMaxa obbekTa, u3obpaxeHHas rpaduyeckm B Buae
CTPYKTYPHOM CXeMbl COOpPOYHOro coctaBa U3Oenvsa U3 OTAESbHbIX ane-
MEHTapHbIX aeTanen n nx obvegmHeHnn (C6. EQ.), pacnonoxeHHbIX B On-
peLeneHHoOM nopsaake, HarnsgHo nokasbiBaeT:

— 13 Kakux camoctosaTenbHblx C6. EA. n getanen cobupatoT nsgenue;
— KakoBa nocnegoBaTenbHOCTb HacrnoeHus CO6. Ea. n getanen B npo-

Lecce cOopku;

— KaKMM TEXHOJSTIOMMYECKMM OCHaLLeHMeM (COOpPOYHON OCHACTKOM) Hago
obecneynTb NPON3BOACTBO Npu BbIbpaHHOM MeToae COOPKN.

Kpome Toro, cxema cbopku cogepxut ycnosust noctaekm C6. Ea. u
aeTanen, a Takke TexHmyeckne tpeboBaHmnsa Ha 3TK anemeHTbl CMP.

Takum obpasom, pacrnonarasi cxeMmom cOopkM NU3Oenusi, MOXHO pas-
pabaTtbiBaTb pabouyto TexHonornto CMP, npoekTupoBaTb OCHACTKY, CTPO-
ro pernameHTMpoBaTb TEXHMYECKNEe TpeboBaHNsA Ha Bcex atanax cbopku B
Lensax obecneyeHns 3agaHHOro kayecTtsa, 0CO6EeHHO B OTHOLLEHUN TOYHO-
CTW BOCMNpou3BeaeHus aspoamHammyeckmnx od6sogos C. n B. n goctmxkeHus
3aaHHOM NPOYHOCTU Y3I10B U arperaTos.

PaunoHanbHaa nocnegoBaTenbHOCTb COOPKM M MOHTaxa, npen-
cTaBfieHHasa B cxeme cbopku, C yH4ETOM KOHCTPYKTUBHO-TEXHONOMMYECKNX U
OpraHn3auMOHHbIX PakTOPOB MOXET OKasaTb pellaloliee BMSHUE Ha UC-
Nofib30BaHME pecypcoB npousBoacTea. OnTumManbHas ans JaHHOW KOHCT-
PYKUMN W3OENUS U OaHHOrO Tuna npou3BOLCTBa MNOCMeAoBaTENbHOCTb
cbopkuM 3aBUCUT OT 3aaHHbIX TEXHMKO-OKOHOMUYECKMX NapamMeTpoB, B TOM
yncne ot yukna CMP v nx mpydoeMKocmu Ha 3Tanax YMcTon cOOpKu U
aTanax MOHTaXHbIX paboT.

B 3aBMCMMOCTM OT CTENEHN YnNeHeHNsa nnaHepa n 6GopTOBbIX CUCTEM
C. n B. Ha C6. Eg. n ctenenn gudpgepeHumnaumm c6opoyHbIX, MOHTaXHbIX
N CTbIKOBbIX paboT Ha obbekTe unkri CMP MOXHO BbINONHATL MO Mpem
munoebiM cxemam cO6Opku: nocredoeamesibHOU, napasnesnibHouU u
naparsnnesnibHo-rnocsiedogamesibHoOU. PacCMOTpMM 3TN TUMOBLIE CXEMbI U
BbIMOSTHAM UX TEXHUKO-9KOHOMUYECKUA aHanmna.

1. lNocnedoeamenbHass cxema cbopku. MNpumeHsoT ana cbopku
KOHCTpyKUmM arperatoB C. 1 B. B yCnoBusiXx MefKOCEPUNHOIO N €aUHUYHO-
ro NPoM3BOACTBA, KOrda B CXEMe YfeHeHUs He BblAeNneHbl NaHenn; getanu
n menkme CO6. EO. nocnegoBaTtenibHO 6asnpytoT Ha ©a3oByo0 geTanb unu
6a3oBbIN y3en. 3aTeM nocrnegoBaTenbHO cCOGUpatoT cekuumn, OTCeKn, arpe-
raTbl, KOTOPblE CTbLIKYIOT B €dMHbIN NNaHep, a 3aTeM Ha HeM nocnegoBa-
TENbHO BbIMOSTHAT BCE MOHTaXW, CTbIKYIOT UX U B 3aKIOYEHUE NPOBOAAT
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nx oTpaboTKy 1 UcnbiTaHna (puc. 4.2).

MoHTaxn [—»

CamonerT €—— MoHTaxwu

7 NTT—

ArperaTt 1 Arperart 2 ArperaTt 3 Arperat 4

'\/'

OTceku

T

CeKLl,VIVIVVI y3-bl

T

\/'

OTceku

T

CeKLI,VIVIVVI y3nbl

T

HeTtanu, menkne c60poYHbIE Y3nbl

Puc. 4.2. Cxema nocnegosaTternibHONM COOpKM camoneTa

[ns Takon cxembl umknorpamma CMP ¢ yyeTomM napameTpoB UMKNa
N TPYOOEMKOCTU cOopkM n3obpaxkeHa Ha puc. 4.3.

3necb Tu.c6; Tum — TPYOOEMKOCTM COOPOYHBLIX paboT, He pacune-
HeHHbIX Ha C6. Ef. arperatoB, 1 Tpy4OEMKOCTU CTbIKOBKM NfiaHepa 1 MOH-

Ta)Xen Ha HEM COOTBETCTBEHHO.

Mo aTon cxeme cBopkn pa-
OOTbl BbINOSIHAT B CTec-
HEeHHbIX Onsa cbopluunka yc-
nosusix, rge TpyaHo npume-
HATb  NPOU3BOAUTENbLHYHO
MexaHusauuto ans obpaso-
BaHUA COEOVHEHUN, Y30K
POHT paboT, 4YTO 3Ha4u-
TENbHO pacTarmBaeT UMK
CMP: LIH=LIH.CG+LIH.M n
yBeNM4MBaeT TPYAOEMKOCTb
Takon He pacyneHeHHOM Ha

naHesnu KOHCTPYKUMNWN:
TH=TH.C6+ TH.M- nOCHGHOBa'

Puc. 4.3. LUuknorpamma CMP

TENbHY0 CXemy COOpPKM NpW CEPUIAHOM MPOM3BOACTBE YaCTO MPUMEHSIIOT
ans cOopkn HebOomMbLUMX TEXHONOMMYECKMX Y3IOB: HEPBIOP, LUMAHIOyTOB,
NOHXXEPOHOB, COCTOSILLMX U3 HECKOSbKUX AeTarnen C HeCrnoXHbIM MOHTa-
)KOM y4aCTKOB KOMMYHMKALMA N Marmctpanein 6opToBbIX CUCTEM U3ae-

nns.
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2. MapannenbHasi cxema c6opku. Vicnonb3yoT ans cbopku ar-
peratoB n otcekoB C. 1 B., pacuneHeHHbIX Ha naHenu, y3/bl N demarnu.
C6opky oTaenbHbIX NaHenem v ysnoB BbINOSHAKT He3aBUCMMO OpPYr OT
apyra — napansienbHo BO BpeMeHu obLiero umkna cbopku otceka unu ar-
perata B CBOMX COOPOYHbIX NpucnocodbneHunsax. MoHTaxHble paboTbl non-
HOCTbIO WM YACTUYHO BbIHECEHblI Ha MNaHeNnu unM CcOOPOYHbLIE Y3Mbl
(puc. 4.4). INMpn aTom Ha cbopKy naHenen unm ysnos B 3agaHHOM nocrneno-
BaTefIbHOCTU C y4eTOM cXeMbl 6a3MpoBaHus nogarT geTtann v nogyaneol,

NX CKpennsawT Me-
Camoner «— MoHTaxn -

xny cobon, a 3a-
f TEM HYXHbl€ MOH-
Arperarthl TaXu ycTaHaBnu-
i nnaHepa ) M BalOT M UCMbITbIBA-
0 IOT Ha KOHTPOIlb-

1 H HbIX CTEHAaX.
=¥»| OTceku, cekunmn [&—— . 3atem  Cob-
T a paHHble napan-
MaHenun, y3nbl |[&— ” nenbHO naHenun wu
f " y3Nnbl CTbIKYlOT B
NeTanu OTCEeKW uUnu arpera-
Tbl, N3 KOTOPbIX CO-
. OupaloT Becb nna-
Puc. 4.4. Cxema napannenbHon cOopku Hep C. n B. Ha
aTanax nocne CcTbl-
KOBKM B OTCeKax,
~— T, <—T_—* arperatax v Ha co-
BpaHHOM nnaHepe
MaHenb 1 l:] n3genus  BbIMNON-
T HAIOT  ocTarnbHble
Matens 2 M MOHTaXHblE, pery-
MaHens 3 n-M - U, "l nupoBouHblE U WC-
nbiTaTenbHble pa-

naHenb 1 OOThl.

U Manens 2 Linknorpam-
vma CMP npu na-
MaHenb 3 pannenbHon cxe-

Me cbopkn no na-

< T/ L > paMeTpam uhkna u
p? Mg TPYAOEMKOCTM

300paxeHa a

Puc. 4.5. Lluknorpamma CMP ;I/IC. ng " "

3pecb Thcs;

Tr.m; Tem — COOTBETCTBEHHO TPYAOEMKOCTU COOPOYHLIX PpaboT Ha oTaenb-
HbIX MaHensx; TPYAOEMKOCTU MOHTaXHbIX paboT Ha naHensax; Tpyaoewm-
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KOCTb CTbIKOBOYHbIX paGoT naHenewn B otceku; Unce; Unm; Uem — cooT-
BETCTBEHHO LUMKIbl paboT no cOopke OTAeSbHbIX NaHenen, nposeaeHuto
MOHTaXeW Ha NaHensix 1 LMK CTbIKOBOYHbIX paboT.

Mpn napannenbHon cxeme cOOpKM pes3Ko yBenndmBaeTca POHT
CMP, cOopKy KrnenaHbIX M CBapHbIX NaHenen BeayT BbICOKOMNPOWU3BOAM-
TenbHbIMW MexaHu3MamMuM M aBTomMaTamu (NpeccoBad Knenka, aBToMaTtu-
Yyeckas cBapka), ynydwalrTcs yCroBusa Tpyda M KadyecTBo paboTt. B aTom
cny4yae 3HauynTenbHO cokpauiatTces u Tpygoemkocts CMP (T'p), n obLwmnn

umkn c6opkun (L p). dcbdekTBHOCTL COOPKU MO 3TON CXEME Takke 3aBU-
CUT OT yAENbHOro 06 beMa MOHTaXHbIX paboT, BbINONHAEMbIX HA NaHensax.

3. MNapannenbHo-nocnedoeamesibHasi cxema cbopku. OHa cooT-
BeTCTByeT cOOpKe OTCEKOB U arperaToB, PacyfeHEHHbIX Ha NaHenu, KoTo-
pble cobupaloT napannensHO BO BPEMEHW, 3aTEM CTbIKYIOT B OTCeK (arpe-
rart), nocrnegoBaTenbHO NogaBasi Ha CTbIKOBKY HEKOTOPLIE Y3Ibl Kapkaca, a
MOHTaXHble paboTbl MPOBOAAT B OKOHYATENbHO cobpaHHOM arperate. [Npu
Takon Cxeme npeumMyllecTBa naHenmMpoBaHWA MCMNOSb3YKT TOMbKO AfS
cbopkn naHenen, a GOMbLIMHCTBO MOHTaXEN BbINOSHAKT B CTECHEHHbIX
ycnosusax cobpaHHoro arperata (puc. 4.6).

J1oHXXepoH < MoHTaxu

A

C6opo4vHoe npucnocobrneHne
A A \ A A
o< o (2
82 22 = ©
% s 2w T © =35 %X
o s X s X x 5 ©
c S a S o I o 3 e
3 T3 8 238 o X o}
< 50 X O O 0o =35 =
g5 |58 S8
2E|l |TE -
A A y y A
) )
A (S IR B o
a |
= o) [ o) S 8 )
s 3 = 3 = = T
Bl aol|l8|| o Sl ||l o
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Puc. 4.6. Cxema napannesnbHo-nocrnegoBaTenbHON COopku
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OTa cxema no CpaBHEHUIO C nocrnegoBaTesibHON MMEET npenmylle-
CTBO NO cymmapHou Tpygoemkocti CMP n gnntenbHOCTM UX LMKIA, HO
CYLLECTBEHHO YyCTynaeT naparnnenbHon cxeme. Bapbumpysa cxemy uneHe-
HUS U NocneaoBaTeNbHOCTb onepaumn COOPKN U MOHTaXa, MOXHO 3Ha4n-
TeNbHO COoKpallaTb TPYAOEMKOCTb U NPOM3BOACTBEHHbIN Uumkn CMP. Tex-
HOMOrn4yeckne cxembl COOpPKM M3Oenun npegonpeaensatT TEeXHOMOrno
cbopku, HO Ana ee peanusaummn B BMae pabodero Texnporecca Heobxo-
AnMo BblbpaTb cxeMy 6asmpoBaHusa aetanen n C6. Ef., 4To cBA3aHO C Ha-
3Ha4YeHMeM mMemodoe c60pPKU AN KAXOAOro KOHKPETHOro criydyast chopku
obbekTa. Ha ocHoBe meTonoB cbopkm 3agatoT, kakmm obpasom C6. Epa.
OAHO3HAYHO yCTaHaBNMBaOT U (DUKCUPYIOT B 3ag4aHHOM TEXHMYECKOW O0-
KyMeHTaumen nosioXkeHmn B NpocTpaHCcTBe OTHocuTenbHO Aapyrux C6. Ef.
OTUM onpeaensaeTcs Xxapakrep YCTaHOBOYHbIX U (PUKCUPYIOLLNX onepaLlmm
CMP, Tak kak cbopka npeactaBnset cobon COBOKYMHOCTb TEXHOSOormye-
CKMX onepauun no yctaHoske getanen n C6. Eg. B cbopoyHoe nonoxe-
HWe, pukcauum nx n CoOeaNHEHNIO ANIEMEHTOB B Y35bl, MAHENN, OTCEKN, ar-
peraTbl 1 nnaHep C. un B. B uenom.

MeToabl c6OpKM MOXHO pasgenntb U KnaccuuumpoBaTb No ABYM
OCHOBHbIM NpPU3HaKaM:

1) Mo npuHyuny 6a3supoeaHusi C6. EQ.:
— cbopka no 6aszoBoun AeTanun Unn pasmeTke;
— cbopka ¢ 6asmpoBaHMEM MO TEXHONOIMYECKUM OTBEPCTUSAM;
— cbopka ¢ basnpoBaHMeM Mo mkcaTopam cneumasnbHOro XecTkoro
npucnocobneHuns;
— cbopka no BM3yanbHO-ONTMYECKUM Basam.
2) B 3asucumMocmu om cmerneHu e3auMo3aMeHsieMocmu coedu-

HsieMbix C6. EQ.:

— MeToa cOopKM C NONHOM B3aMMO3aMEHAEMOCTbIO;

— MeToa cbopKM C OrpaHNYEeHHON B3aMMO3aMEHSEMOCTbIO;

— MEeTO[, C rpynnoBon B3aMMO3aMeHSEMOCTbIO (CeriekTuBHas cbop-

Ka);

— cbopka no meToay NOArOHKM.

[MpuMeHeHWe Toro nnm MHoro metoda cOOpKN 3aBUCUT OT Xapakme-
pa KOHcmpykyuu u3denusi, e2o 2abapumoe u xecmkocmu, 3aaHHbIX
mexHu4yeckux ycnoeuili Ha C6. EO. n oXugaemblX mMexHUKO-
3KOHOMU4YecKux rnokalzameseu CMP.
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Topic 26
Assembly methods

Lecture 4. Scheme of partition and scheme of the A and H assembly.
Standard schemes of assembly; their technical-and-economic
analysis. Concept about the assembly methods, their classification
by basing principle and interchangeability of sub-assemblies

The technology of aviation constructions assembly and mounting, in-
cluding the choice of the assembly method, the assembly schemes, the
technological procedure of operations fulfilling, the assembly rigging com-
position, equipment and tools greatly depends on the A and H construction
and on a degree of partition of the airframe into the constructively-
technological independent parts. The necessity of partition of the A and
H airframe into the parts, units, panels, sections, compartments and ag-
gregates is dictated by the requirements of production and maintenance to
have the structural, technological and operationa

The rational partition of a product into the AU Is performed into the
structure on the stage of the conceptual designing, when the principle par-
tition scheme is accepted. Thus, except of the characteristic features of the
A and H construction, the technical and economic indices of expected pro-
duction are taken into consideration. A production type of the given prod-
uct exercises a considerable influence on a character and depth of the
construction partition into the parts. The partition is becoming deeper with
separation of the greater number of the AU, if serial production of the A
and H is increased. This is accompanied by appearance of a large number
of breaks and joints. The standard scheme of the aircraft partition with a
separation of the compartments, panels and units by means of the fixing
breaks is given in fig. 4.1.

The chosen specific scheme of partition defines, by the accounting of
the prearranged criterions, a level of technical-and-economic indices, the
range of AU and

materials or requirements of the mobility (the translation) of the allocated
structure parts. For example, SB into wing are caused by the need under
connection of active flaps and ailerons to it;

-joint places when performing the AMW:, by
the change of execution of these work terms when the products putting out
program is changed; by the conditions of the inspection and tests of the
individual systems, etc. For example, the TB of wing and fuselage on the
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compartments: the wing center section, MWP, OWP, the fuselage nose,
tail and center sections, which are in their turn dismembered into a number
of the technological panels, are given in fig. 4.1;

Fig 4.1. Diagram of the constructively-technological breaks
of TU-134 A aircraft

BFhey are caused by the require-
e product using, examination, adjustment or replacement of the

ments o
individual parts or the A and H airborne systems; in some cases the MB
are set proceeding from the limitation of overall dimensions of the aggre-
gates by conditions of the transportation and keeping.

It is necessary to combine the functions of the SB, TB and MB. This
fact diminishes the joints number in the products structure in all possible
cases. This leads to reduction of the mass, to the rise of the A and H ser-
vice life and reliability. It is connected that the SB and MB appointed at de-
signing are done as th his is related to the airborne
systems communications and lines t00), that makes the structure heavier

and leads to a rise of the stress concentration on the joints. The TB are
scheme is changed depending on production factors an e way of the
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connection of the parts when assembling.

The optimum variant of partition scheme is elected with the help of
relative technical and economic coefficients. Let us consider some of
them:

1) the relative coefficient of lowering of labour input:

T
_ "p.ch .
p= %H’

2) the relative coefficient of reduction of the AMW cycle:

U
A="H ;
/’p.ch

3) the relative coefficient of change of workplaces number when

making the AMW:
_My .
H /V’ p-ch ’

4) the relative coefficient of change of the productive area:

_Fy .
®= %p.ch’

5) the relative coefficient of change of the AMW costs:

C
g="H ,
/Cp.ch

where Ty ; Uy My ; Fy; Cy — are correspondingly the labour input;

cycle; number of working places; productive area; cost price for the stan-
dard partition scheme when there are not separate panels in a number of
the AU,

Tp.ch; Up_ch; Mp_ch; Fp_ch; Cp.ch— are correspondingly the la-

bour input; cycle; number of working places; productive area; cost price of
the AMW at the elected variant of structure partition taking into account
how it is dismembered on the panels. In this case the criterion of the
panels availability is used as the basic one for improvement of the pro-
duction indices when making the AMW.

With the help of such factors and the existing experimental graphs of
the relations: pg=Ff(m);, A=f(m); u=Ff(m), w=Ffm);
@ =f(m); where m — fixed number of panels at the partition of aggre-

gate, it is possible to choose the optimum scheme of the partition for the
given production task (the reduction of production cycle; the minimization
of productive areas; the lowering of the labour input or cost price; the de-
crease of a workers number) still at the stage of construction designing.

It is necessary to note that all the modern schemes of partition in-
tended for the A and H series production stipulate the structures dismem-
bered on panels. It sharply reduces all technological expenses and pro-
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motes to expansion of the mechanization and automation of the assem-
bly operations.

After the elaboration of the structure partition scheme it is possible to
proceed to make out the assembly schemes of the separate AU. The
technological scheme of assembly—-montage of the object, repre-
sented in the form of structural scheme of the product (its assembly com-
position) consisting of a separate elementary parts and their combinations
(AU), disposed in the determined order, clearly shows:

a) from what the independent AU and parts the product is assembled;

b) what is the sequence of setting of the AU and parts in the assembly
process;

c) with which technological rigging (assembly devices) it is necessary to
provide the production at the chosen assembly method.

Besides, the assembly scheme contains specifications of the AU and
parts delivery and also technical requirements on these elements of the
AMW.

Thus, when the assembly scheme of the product is available, it is
possible to develop the AMW operating technology, design the rigging,
strictly regulate the technical requirements at all stages of the assembly
with purpose of ensuring the prearranged quality (especially concerning
accuracy of reproduction of A and H aerodynamic outlines and achieve-
ment of specified strength of units and aggregates).

The rational sequence of the assembly and mounting represented
into assembly scheme in view of constructively-technological and organi-
zation factors can exert decisive influence on the employment of produc-
tion resources. The optimum sequence of the assembly for the given struc-
ture of the product and for the given production type depends on prear-
ranged technical and economic parameters (including their labour input
and the AMW cycle at the stages of assembly and mounting work).

Depending on a degree of partition of the A and H airframe and air-
borne systems on the AU and a degree of differentiation of the assembly,
mounting and attachment work on the object, the AMW cycle can be ful-
filled at three typical schemes of assembly: the sequential scheme;
the parallel scheme; the parallel-sequential scheme. Let us consider
them and give the technical-and-economic analysis of these typical
schemes comparing with each other.

1. The sequential scheme of assembly. This scheme is used for
constructions of the A and H aggregates in conditions of the small series
or individual production, when the partition scheme doesn’t distinguish the
panels; the parts and small AU are based sequentially on the basic part or
on the basic unit. After that the sections, compartments, aggregates are
assembled in a sequence which are joined into united airframe. Then the
all mountings are made in a sequence on the airframe, they are attached
and, in conclusion, their development and tests are made (fig. 4.2).
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Mountings > Aircraft |« Mountings
// \\
Aggregate Nel Aggregate No2 Aggregate Ne3 Aggregate Ned
Compartments Compartments
K X
Sections and units Sections and units

™~ /

Parts, small assembly units

Fig. 4.2. The scheme of aircraft sequential assembly

The AMW cyclorama for this scheme with the account of the cycle
parameters and labour input of assembly looks as follows (fig. 4.3). Here:
Th.as, Th.m — accordingly, the labour input of the assembly work for aggre-
gates without panels, and the labour input of airframe attachment and
mountings into it.

The work are done in

. D E— Tn.as — %
cramped conditions for as-
sembler in this assembly assembly,
scheme; it is difficult to ap- <«— Ty
ply the productive mecha-
nization for execution of attachment
the joints; the front of work [« Chas — mounting
is narrow, that greatly pro- «C, >
longs the AMW cycle: | C.: T, >

Cn=Cr.as*Cnm and in-

creases the labour input of  gig 4 3 The AMW cyclogram for the

the such construction with-  gchame of aircraft sequential assembly
out panels: Tp=Tn.as*Th.m.

The sequential scheme of assembly at series production often is ap-
plied for the assembly of small technological units: ribs, frames, spars,
consisting of few parts with simple mounting of the service lines sections or
manifolds of the product airborne systems.

2. The parallel scheme of assembly. |t is used for the A and H ag-
gregates and compartments dismembered on the panels, units and parts.
The assembly of the separate panels and units is made independently of
each other — that is parallel in time of a general cycle of the assembly of
compartment or aggregate in their assembling devices. The mounting work
are completely or partly carried out on the panels or assembly units (fig. 4.4).
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>

Aircraft < Mountings
A
Framework aggregates |«
A
Compartments, sections [« Mountings

A

Panels, units

A

Parts

Fig. 4.4. The scheme of parallel assembly

Here the parts and subassemblies are given for assembling of the
panels or units according to prearranged sequence and taking in view of
the scheme of basing; then they are fastened among themselves, and then
the necessary mountings are arranged and they are tested on the test

benches.

Then parallel assembled panels and units are attached in compart-
ments or aggregates from which the whole A and H airframe is assem-
bled. After the attachment the rest of mounting, controlling and testing op-
erations are done into compartments, aggregates and on the assembled
airframe of the product.

The cyclogram of the AMW on parameters of the cycle and labour input

< Tat >

Panel 1
Panel 2 \\je— Tpm —>
Panel 3 Cpm
Panel 1
D Cp.as — > Panel 2
Panel 3
Tp, Cp

\ 4

Fig. 4.5. The parallel assembly cyclorama

of these work for parallel

scheme of the assembly

has a such form (fig. 4.5).
Where Tp.as ;Tp.m ,

T, — are accordingly, the
labour input of assembly
work on the separate pan-
els; the labour input of
mounting work on the
panels; the labour input of
attachment work of panels
in compartments;

Cp.as :Cp.m s Cat -
are accordingly, the cycles
of the assembly work on
the separate panels; the
cycle of the mounting work
on the panels; the cycle of
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the attachment work.

At the parallel scheme of assembly the front of the AMW is sharply
increased; the assembly of riveted and welded panels are made by the
high-productivity mechanisms and automatic machines (impact riveting,
automatic welding); the conditions of labour and the quality of work are im-

proved. In this case the labour input of the AMW (Tp) and a general cycle

of the assembly (Cp) are greatly reduced.
The effectiveness of the scheme assembly depends also on the spe-
cific volume of mounting work being performed on the panels.

1. The parallel-sequential scheme of assembly. It corresponds to
the assembly of compartments and aggregates dismembered on the panels
which are assembled parallel during time, and then they are attached in the
compartment (the aggregate), sequentially giving on the attachment some
units of a carcass. The mounting work are made out in the finally assembled
aggregate. At the such scheme the preferences of division into the panels are
used only for the panels assembly, but the most mountings are fulfilled in
cramped conditions inside of the assembled aggregate (fig. 4.6).

This scheme in comparison with the sequential one has a preference
on the total labour input of the AMW and the duration of their cycle, but this
scheme yields to the parallel scheme appreciably. Varying the scheme of
partition and the sequence of the assembly and mounting, it is possible
greatly to shorten the labour input and production cycle of the AMW.

The technological schemes of the products assembly predetermine
the assembly technology, but for realization of the assembly technology in
the form of operating TP, it is necessary to choose the scheme of basing
of the parts and AU, that connected with fixing of the assembly methods
for each concrete case of the object assembly.

The assembly methods define how the AU is set and is fixed in the
prearranged (by the technical documentation) position into space relatively
the others AU. It defines the character of setting and fixing operations of
the AMW, as the assembly represents the total set of the technological
operations: on the installation of the parts and AU in the assembling posi-
tion, their fixing and joining of the parts in units, panels, compartments, ag-
gregates and airframe of the A and H as the whole.

It is possible to divide and classify the methods of assembly at two
major properties:

1. On principle of basing of the AU:

— the assembly on the basic part or on the marking;

— the assembly with basing on the technological holes;

— the assembly with basing on the fixtures of the special stiff device;
— the methods of assembly on the visually-optical bases.

2. Depending on a degree of interchangeability of the connect-
ing AU:

— the assembly method with a full interchangeability;


Sveta
Подсветка


72

— the assembly method with a limited interchangeability;
— the method with a common interchangeability (selected assembly);
— the assembly according to the method of the fitting.

Spar < Mounting
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Assembly device
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Fig. 4.6. The scheme of spar parallel-sequential assembly

The use of this or that method of assembly depends on the charac-
ter of the product construction, its overall dimensions and stiffness,
the prearranged specifications for the AU and on the expected techni-
cal-and-economic indices of the AMW.
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Jdexnus 5. COOpKa KOHCTpyKUuMmM ¢ 6asmpoBaHMEM MO TEXHOSOrn-
YyeCKMM oOTBepcTuaM, Mo OasoBonM pJeTann, N0 pasMeTKe.
Pa3HoBMAOHOCTM MeTo40B cOOpKM B NpMCrnocobrieHnm

5.1. Coopka ¢ 6asnpoBaHMeM No TeXHOSIOrM4YeCKMM OTBEpPCTUAM

Cbopka ¢ 6a3mpoBaHMEM MO TEXHOMOrMYECKUM OTBEPCTUSIM 3aKto-
YyaeTcsa B yctaHoBke CO6. Ef. B npaBunbHOE B3aMMOMOMOXEHME NYyTEM CO-
BMELLEHUS cneumanbHbiX TexHonorndecknx oteepctuin (CO, KOO, BPO,
Y®O) Ha 6a30BbIx getansx, yanax, cekumsax unm oumkcatopax cbopoyHbIX
npucnocobneHnin ¢ NocneayoLwmnM XKeCTKUM CKPeNNEeHMEM MUX TEXHOMNOM-
YECKMM KPENeXXoM.

Mcnonb3oBaHne oTBepCTUM B KadecTBe cOOpoYHbIX Ba3 TpebyeT He
TONbKO MPaBWUITLHOIO MOSIOXEHUA 6a3-0TBEPCTUM B MPOCTPAHCTBE, HO U
onpeaeneHHoro Nx rnosfioXKeHUst Mo OTHOLLEHWUIO K KOHTypam getanen. Ho-
cutenamMu 6as-oTBepCTUin MOryT BbITb Kak camu getanu, Bxogswue B c6o-
POYHbLIN KOMMSIEKT, TaKk U 6a30BO-hUKCUPYIOLLNE SNIEMEHTBLI NpMUcnocobne-
HUW. B 3aBMCMMOCTM OT 3TOr0 BO3MOXHbI ABE MPUHUMNMASTIbHBLIE CXEMbI
cbopku:

1. Cbopka no 6a3amM-OTBEPCTUAM, PACMOSIOKEHHbIM Ha OeTansax WUnu
y3nax, NpMHUMaeMbIX 3a OMOpPHbIE, HA KOTOpblE yCTaHABNUBAKOT BCE are-
MEHTbI KOHCTPYKUNN COBMELLEHMEM OTBETHbLIX OTBepCcTUM (cbopka no CO
n 6d0O);

2. Cbopka no 6azamM-OTBEPCTUAM, PACMOMOXKEHHbIM Ha cneumarnbHbIX
6a30BO-(hUKCMPYIOLLNX YCTPOMCTBaxX COOPOYHOro npucnocobneHus, cny-
Xawux Ons ycTaHoBKM U domkcaumm cobupaemblx getanen (cbopka no
K®O).

[MockonbKy BCe Ga3oBble OTBEPCTUS CryXaT Afsi NpaBUibHON yCTa-
HOBKM 1 pukcaumm C6. EQ. B 3agaHHOM NONOXEHUN, TO NPUHAT 0606LLeH-
HbI TEPMUH LN BCEX KaTeropum TakoBbIX OTBEPCTUA — yCMaHOBOYHO-
¢ukcupyrowue omeepcmusi (YPO).

Ha puc. 5.1 nokasaHa knaccudukaumst metogos cbopkm no YOO.

C6opka no c6opoyHbiM omeepcmusim (CO) nonyyuna LIMPOKOE
pacrnpocTpaHeHe Npu U3roTOBMEHUM Y3OB N NaHenen niockux opm m
HEeCNOXHOW KpMBU3HbI. B gaHHOM meTode B3aMMHOE MorioxeHue cobu-
paemMbix AeTanen onpegenserca CoBMeweHMeM cornacoBaHHbix CO, 3a-
paHee BbINOMHEHHbLIX MO YyBS3aHHbIM LwWabnoHam. basuposaHue no CO
BO3MOXHO Npwu cbopke kapkaca C. n B. n obwmnBoYHbIX geTanen, a takke
npeaMeToB BHYTPEHHEro obopyaoBaHus usgenus, korga tpebyemas Tou-
HOCTb cbopku He npeBblwaeT +1,5 mm. MNpouecc coopkn no CO NOHATEH
n3 puc. 5.2.



C6opka y3roB, NaHernen, CeKUMn u
arperaTtoB C MCMNonb30BaHNEM OTBEpC-
CTUIA KaKk OCHOBHbIX COOPOYHbIX 6a3

Cb6opka no

OTBEPCTUAM

YCTaHOBOYHO-(PUKCHPYHOLLIM

YOO

C6opka no oTBepCTUsIM B
AeTansix nyTeM HernocpeacT-
BEHHOMO HACNOEHUS X
Ha 6a3oByto AeTanb

C6opka y3rnoB u arperaTtoB no

OTBEPCTUAM B y3rax

cBOpPOYHBIX NPUCNOCOBNEHN

C6opka y3noB v arperatos no
OTBEPCTUSAM C YCTaHOBKOM
©a30BOro y3na B npucrocobne-
Hue nobbiM crnocobom

C6opka no
CcOOpPOYHBLIM OTBEPCTUAM

K®O

C6opka no
KOOpAMHATHO-(PMKCHPYIO-
LM OTBEPCTUAM

K®O

C6opka no
6a30B0O-OUKCUPYHOLLLM
OTBEPCTHSAM

B®O

Cxema
c6opku

Cxema
c6opKHM

Cxema
c6opkmn

Puc. 5.1. Knaccudukaumnsa metogos cbopkm no YOO

Puc. 5.2. Cbopka no CO: 1 — obLmBKa;
2 — CTpUHrep; 3 - WNaHroyT

C6opka no kKoopdu-
HamHo-ghukcupyrowum
omeepcmusim (K®O).
MpeanoyTuTenbHad
obnacte NpUMeHeHus
3TOro Metoga coopku —
n3genusi, B KOHCTPYK-
LN KOTOPbIX WCMOJIb-
30BaHbl XecTkue geta-
nn kapkaca (HepBtopbl,
LLUNAHroyTbl, JOHXEpPO-
Hbl), OTBEPCTUSA B KOTO-
pbIX MPUHATLI B Kaye-
ctBe 6asoBbix. Takue
KOO BbINONHAKT 3a-
paHee B XECTKUX OeTa-
nax n Ha dukcaTopax

I'IpVICI'IOCO6J'IeHVIl7I, d 3aTeM yCTaHaBIIMBakOT U CbMKCVIpYPOT aetann Kapkaca,
coBMmewasa atm KOO c NOMOLLBIO TEXHOMOMMYECKUX KIacCHbIX LUTpreVI

(puc. 5.3).

K®O pacnonoxeHbl Ha MNIIOCKMX MOBEPXHOCTSIX M MOryT ObiTb 3a-
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JaHbl B MMOCKOM cUCTeMe 1
koopaunHaTt.  KoopguHatbl

KPO, pacnonoxeHHbIX Ha

domkcaTtopax  npucnocob- e
NEHUN, Nerko CTPOAT C Bbl- g v
COKOM TOYHOCTbIO C MOMO- - e
Wb Nnas-koHOyKTopa W - CO
WHCTPYMEHTArNbHOrO CTeH-
aa, a koopguHatbl KOO Ha
getansax Kapkaca BbINos-
HAKOT C MOMOLLbIO LWabno- 27 SR
HOB WMNN KOHOYKTOPOB AnNs /
cBEpneHus. To4yHOCTb :
cbopkn no KOO B 0OCHOB- .
HOM 3aBUCUT OT TOYHOCTWU - @ 3
MX HaHeceHnsa Ha peTtansx Ocu KOO

n pukcaTtopax npucrnocob-
NEHNs, a Takke OT CTeneHu
X cornacosaHusi npu 6a-
31MpPOBaHMUMN.

Mocne 6a3npoBaHua xecTkoro kapkaca no KOO cbopoyHoro npucno-
cobrneHna nocnegoBaTenibHO yCTaHaBMMBaKT, (OUKCUPYIOT U COEAVHAT ae-
Tanu NpogosibHOro Habopa 1 OBLLMBKMN.

MpenmyectBo coopkm Nno KOO — 3HaunTeNbHOE ynpoLleHne KOHCT-
PYKUMK COOPOYHOro NpMcnocodbneHmns, cHmxkeHne cebectomMmocTn cOopKu.

Cb6opka no 6a3zoeo-¢pukcupyrouum omeepcmusim (B®O). NMpn
NCNonb30BaHMM 3TOMO MeToda OAMH UMM HECKONbKO Hambonee XecTKuX
Y3NOB KOHCTPYKLMM CEKUMN Unn arperaTta (oTceka) NpUHMMatoT B Ka4ecTBe
6a30BOro M ycraHaBnuMBalT B 3agaHHOE MONoXxeHne B COOPOYHOM Mpu-
cnocobneHnn. YcTaHoBKY Ha 0a30BbIv y3en BXOASALWMX Y3rOB U AeTanen
ocyuwectenaT no bAO 6a3oBoro yana ¢ coBMmelleHneM oTBeTHbIX BPO B
yCTaHaBnmMBaeMbIX y3anax u getansax (puc. 5.4).

B®O pacnonaratoT B Nnockoctax n obsogax coeauHsiembix C6. EO.
Ha puc. 5.4 nokasaH npumep cbopkm keccoHa kpbina no b®O, rae B kade-
CTBE OCHOBHbIX 6a30BbIX Y310B BbliOpaHbl IOHXEPOHbI, B CTONKaX KOTOPbIX
npoceeprieHbl bAO nop Hepstopbl. MaHenn Takke 6GasupyoT no BPO.
OueBuaHO, YTO MOrpeLHoOCT 0BBOAOB M KOHTYPOB HepBlop OyayT 3aBu-
ceTb OT norpewHocTen 6a3MpoBaHUS NOHXEPOHOB B NPUCNOCOBNEHUN U
norpewuHocTen 6asnmpoBaHus HepBlop 1 naHenen no bPO.

Cb6opka no B®O obecneunBaeT cHuxxeHue cebecmoumocmu cbo-
POYHbLIX onepayull N BO3MOXHOCTb UCMOMb30BaHUS yrpoOW,eHHbIX KOH-
cmpykyuu cmanersneu.

Puc. 5.3. Cbopka no KO®O: 1 — naHenb;
2 — geTanu kapkaca; 3 — cbopoyHoe
npucnocobnexHne
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Puc. 5.4. Cxema b®O n KOO B cekuunm kpbina: 1 — naHenb;
2 - NOHXEPOH; 3 - HepBIOpa

5.2. Coopka no 6asoBou getanu n no pasmeTke

[ IREEN

2-a rpynna

A
3] 4] 5 e

1-a rpynna

6

Puc. 5.5. Cbopka KOHCTPYKLMN CUNOBOrO
umnuuapa: 1-9 — petanu n cbopoyHbIe

eQuHULbI LnuHapa

Memod c6opku no 6a-
30800 nosepxHocmu Oe-
masiu NPUMEHSIIT, eCcnn Cco-
Gupaemble getann  MMeKT
OOnbLUYK XXEeCTKOCTb, a Tou-
HOCTb pa3mMepoB rOTOBOMO M3-
penus obecneymBaeTcsa cuUc-
TEMOM [OMYyCKOB W MOCafok.
bazamu Takux pertanem Ha-
3Ha4yalT MNOBEPXHOCTU, OTHO-
CUTENbHO KOTOPLIX onpeae-
naetca  OONbLUMHCTBO  OC-
TanbHbIX MOBEPXHOCTEN BXO-
adawmx B ysen getanen. [lpu
cbopke HenocpeacTBEHHO Mo
Yyepme)xy BXogsline B mnsge-

nue geTanu pasgensitoT Ha HECKONbKO COOPOYHbLIX FPynm, Kaxayt U3 Ko-
TOpbIX cobupatoT no ceBoen 6a3oBoM AeTanu, a 3aTeM BCEe MONyYEHHble
noacbopKn HacnamearT Ha OCHOBHYHO 6a3oByto aeTanb. Ha puc. 5.5 noka-
3aH npumep cOOPKM KECTKON KOHCTPYKLMM CUNOBOIrO LIMNUHAPA.

[Mpn BbICOKOM Ka4yeCcTBe U3roTOBMEHUS AeTanen uunuHap codupatoT
GbICTpO, 6e3 cneunanbHbIX NMPUCNOCOONEHNIA N MOATOHKMN.
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[ns GonbLWKWHCTBA CaMOMETHLIX KOHCTPYKUUIA, HE UMEKLLNX OOoCTa-
TOYHOW XXECTKOCTW, cbopKa Mo YepTexy 3aTpyaHuTenbHa, Tak kak 6e3 noa-
FOHKW 3[eCb HeNb3s OOCTUrHYTb 3aJ4aHHOW TOYHOCTU M B3aMMO3aMeHse-
MOCTW N3genun.

MemoOd c6opku no pasmMemoY4HbIM 6a308bIM JIUHUSIM 3aKNOYaETCs
B BblOENEeHMM B COCTaBe
C6. En. ocHoBHOM peTtanu,
Ha MNOBEPXHOCTU KOTOPOM
MOXHO HaHEeCTU  JUHUK
pasmMeTkn nog cobupae-
Mble C HEW Opyrve getasnu.
Ha Takyto petanb (kak
npaswuIo, OOLLMBOYHYIO
UM  NINCTOBYKD) HAHOCAT
pasMemky  criecapHbIM
usiu ghoMOKOHMaKMHbLIM

crocobom (puc. 5.6). Puc. 5.6. MpuHUMnuansHas cxema pasmeTku
KavectBo COOPKN MO ny cGopke naHenu: 1 — kapkac; 2 — OBLUMBKA;
pasmeTke BCeLeNo 3aBu- 3 — CTPUHIE: 4 - LWINAHIoYT

CUT OT KBanudukauuu

cboplumka, noaTomy [do-

OUTbCS B3aMMO3aMeHSIEMOCTHU CroXHO. MeToa xapakTepusyeTcs BbICOKOM
TPYAOEMKOCTbIO paboT M ANUTENbHLIM LIMKIOM, YTO AenaeT ero npuemMne-
MbIM MPU MENKOCEPUIAHOM M OMNbITHOM NPOU3BOACTBAX.

5.3. PasaHOBMAHOCTU MeTOA0B COOPKU B NpUCnocooneHun

Mpn cbopke n3genui B npucnocobneHusx 6asoBble MOBEPXHOCTU
C6. Ea. coBmewakoT ¢ ONOPHbIMU MOBEPXHOCTAMU (PUKCATOPOB XKECTKOMO
npucnocobneHuns, yem obecneumsatoT dukcaumo atTnx C6. Ea. B Tpedye-
MOM MONOXEHUN, NPUAAHME HYXXHOM POpPMbI AeTansamM U y3nam U nosmu-
LiIMOHMpOBaHMe obpabaTbiBaOLLEro MHCTPYMEHTA.

[MpmMeHeHne 3TOoro MeToda UMeeT creayloLmne npemmyLecTsa:

— [OCTUraeTcsl BbICOKU YPOBEHb B3aUMO3aMEHSEMOCTUN HEXECTKMX

n3genun npu cobopke;

— WCKINIYaeTca CyllecTBEHHass pa3MeTka 1 NpuroHka getanen npu

cbopke;

— yckopsieTca n obnerdyaetcsa npouecc COOpKU;

— BO3MOXHa MexaHu3auus npolecca COOpKM.

OTUM 0ObACHAETCSA LUMPOKOE MPUMEHEHME COOPOYHLIX NPUCNOCO6-
nenun npu cepuinHon céopke C. n B. Hegoctatkammn aTtoro metoga cbopku
ABNAOTCA 60sibWuUe 3ampambl Ha u32omoeJsieHue CO0pPOYHbIX NPUCHO-
cobrneHun, ux croxHocmb 1 TpeboBaHNSA 8bICOKOU MOYHOCMU NpPU U3-
roToBfeHMM U MoHTaxe ukcaTopoB. CyLecTBYHOT cregylolmne pasHo-
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eudHocmu memodoe c60pKu e npucrnocobsieHuU:

1. C6opka e npucnocobrnieHuu ¢ 6asuposaHueM o eHeuwHel
nosepxHocmu u3denus, BbIXOASLWEN Ha TeopeTudeckmi koHTyp C. n B.
(cbopka OoT HapyXHOM MOBEPXHOCTN OOLLMBKN).

B aToM cnyyae obwmBka (MNn naHesnb) NPWXNMMaeTcs BHELWHUM 00-
BOJOM C MOMOLLBI0 (PMKCATOPOB K ONOPHbLIM NOBEPXHOCTSAM npucnocobne-
HUS Ha nepuog coednHeHUs ee C kapkacoM. Ha puc. 5.7 nokasaHbl pas-
NNYHble BapuaHTbl Takoro Metoga 6asnpoBaHus.

9
1 \-&& .
N/ 4
AH. -
X [ | x
- X
1 de
d
: ﬁ
j Lt
H <«
« X > P H|'| -
a o B

Puc. 5.7. Cxema 6asnpoBaHnsa No BHELIHEN NOBEPXHOCTU OBLLMBKM:
1 — KOHTYpPHbIN omKcaTop; 2 — KOMMNeHcaTop; 3 — LWNaHroyT (KecTKOCTb
HepBtopbl); 4 — NaHenb (obwueka); 5 — anemMeHTbl KpenneHus (bonT, 3a-
knenka, knen); Hy — BHELLHW KOHTYP; H, — KOHTYp dukcaTtopa; AH, — no-
rPELUHOCTb NO KOHTYpPY

34ecb naHenb unu oblivBka npwxumaeTcs cunamum Q Kk obsogam
PYOUNBLHUKOB npucnocobrieHnst, Konupysa ux oopmy, 1 B 3TOM MNOSTOXEHUN
netanun C6. EQ. coeanHsaoT mexay cobon. B aToM cnyvyae TOYHOCTL cbop-
KN B OCHOBHOM 3aBUCUT OT NOrpeLiHocTen hukcaTopoB NpUcnocobneHns
N TOYHOCTU YBA3KN DOPMbI OBLLMBKM C (POPMOIM ONOPHON YacTn pybusbHu-
ka. Hanbonee To4YHble 06BOALI MOXHO NOMYYNTb B CrydYae TOHKMX OOLIK-
BOK M Npu ux cukcaumm B NpucrnocobrneHnn paBHOMEPHO pacnpeaeneH-
HOW Harpyskom q (CMm. puc. 5.7, B).
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2. C6opka e npucnocobneHuu c¢ 6asuposaHueM Mo Hym-
peHHel noeepxHocmu obwueku. [Mpn atom cnocobe obLumBka Unun na-
Henb NPMXNUMaloTCs BHYTPEHHEN MOBEPXHOCTbIO K 06BOAAM OMOPHbLIX py-
OMNBHUKOB MUNK K XXECTKMM MakeTam (HEPBIOP UIN LUNAHroyToB) Ha Nepuoa
NocTaHOBKKW 3akrnenok. Ha puc. 5.8 naobpaxeHbl cCOOpaHHbIE JTOHXEPOHbI
1 n 5, KoTopble ycTaHaBnMeaT Ha YOO B KpoHLWTENHAX 6.

3aTtem Mexay NoHXepoHamu pasmellaroT MakeTHble Hepstopbl (MH)
7, 6asnpys nx no CO nowxepoHoB 1 npodunen 9. Mexagy MH pacnona-
raloT camorneTHble HepBlopbl 4 ¢ 6a3on no CO, coeanHsas Nx ¢ NOHXepo-
Hamu. Ha cobpaHHbIn Takum 06pa3omM Kapkac ycTaHaBnmMBatoT NaHenu 2 ¢
KoMneHcaTtopamun 3, Nnpmxmmasi ux neHton 8. B Takom NonoXXeHun naHenm
cBepnAT, a 3atem knenatoT. [Nocne aTtoro cHumaroT MH 1 rotoBbI KECCOH
BbIHUMAIOT M3 NPUCNOCOBEHNS.

MorpelwwHocTb cbopkn ByaeT onpenenaTbCa NOrpPeLHOCTbI0 KOHTYpa
MH n To4yHOCTBLIO MX Das3npoBaHUA Ha NOHXEPOH. [pn gaHHOM cnocobe
cbopKn MOXKET ynpoLaTbCa KOHCTPYKLMA cTanensa n cam npouecc cOopKu.
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Puc. 5.8. Cxema cbopkm No BHYTPEHHEN NOBEPXHOCTU OBLLUNBKM

3. C6opka e npucriocobsieHuu ¢ 6azuposaHueM o no8epxHo-
cmu Kapkaca (c6opka om kapkaca) (puc. 5.9).

[Mpn aTom cnocobe cbopkn naHenn unu obLWMBOYHLIM HAabop oTceka
(cekuumn) GasupytoTcs No npeaBapuUTenbHO cobpaHHOMY B npucnocobne-
HUK KapKacy. OnemMeHTbl kKapkaca 6asvpytoT no obsogy no paboymm KoH-
Typam cbopoyHoro npucnocodbneHns. ToYHOCTb COOPKM OT Kapkaca 3aBu-
CUT OT TOYHOCTM KOHTYPOB COBpaHHOro Kapkaca, XeCTKOCTU €ro KOHCTPYK-
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U1K 1 TOYHOCTM BasnpoBaHus 06LIMBOK MO Kapkacy. BonHUCTOCTb Kapkaca
npn 6asnpoBaHnUM OBLUMBKM KOMMPYETCA Ha BHELUHWA 00BOA. YpPOBEHb
ycunun N npywxmnma oblwmMBOK Npu X UKCaunn He BNUSET Ha TOYHOCTb
00BOAOB, TaK Kak gedopMUpPYIOT Kapkac B npeaenax ynpyrux gedgopma-
umMn. B pspe cnyyaeB npenycMoTpeHbl OOBOOOYHbLIE Onepaunn npaBku

reoMmeTpummn Kapkaca.

3 24

Puc. 5.9. Cxema 6asnpoBaHnsa No NnoBEPXHOCTU KapKaca:
1 — obwwmBKka (NaHenb) OO YCTaAHOBKM Ha Kapkac; 2 — oblmBka (NaHenb),
yCTaHOBJSIEHHAsa Ha Kapkac; 3 — Kapkac; 4 — arieMeHTbl COOPOYHOro npu-
crnocobnenunsa, npwxumarLwme obLIMBKY K Kapkacy (CTperikamu rnokasaHo
HanpasfeHve npwxkuma); 5 — dukcauma kapkaca B c6opodHOM npucno-
cobneHumn

4. C6opka e npucnocobrseHuu c¢ 6asupoeaHuemM o omeep-
cmusiMm o0 cmbiko804YHbIe 6on1mbi (OCB) (puc. 5.10).

Q10T cnocob cbopkn B npmucnocobreHnn ncnonb3yrT npu 6asmpo-
BaHWWN CTbIKOBLIX Y3510B U Y3M0B KpenneHna obopyaoBaHMs K afieMeHTam
nnaHepa C. n B. lNpu atom OCB XecTkux aertanen cTblka COBMELLAKOT
KNacCHbIMM WTLIPpSAMU C 6a30BbIMM MOBEPXHOCTSAMU COOPOYHOro npucno-
cobneHusi, KoTopble ¢ BONbLLLION TOYHOCTBLIO ONPeaenslT B3aMMHOE NoJio-
xeHne OCB Bcex CTbIKOBbIX afieMeHTOB y3na unu arperata C. u B. lMpun
HeobX0aMMOCTU AN OrpaHUYeHus Opyrnx cteneHen cBoboabl ANIEMEHTOB
KOHCTPYKUMN CcOOpoYHOEe npucnocobneHne AOnOnHAKT HeobxoanMbiMu
YCTaHOBOYHbIMMK (brKcaTOpaMu.
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Puc. 5.10. basnposaHue no OCB:
1 — cTblKOBOW y3en; 2 — obwuBka; 3 — CTpuUHrep (Mosic NOHXepoHa); 4 —
dukcaTop cbopoyHoro npucnocobneHus; 5 — cbopoyHoe npucnocobne-
Hue; W pn; L, Rn; a°; B° — NUHENHbIE U YIIoBble NapameTpbl

Mocne dmkcauum no OCHB CTbIKOBbIE Y3ribl OKOHYATENbHO KpensaT K
KOHCTPYKUUKN KNACCHbIMKU KpenexHbiMn 6ontamu. lNMocne cbopku n Bolema
C6. Ean. us npucnocobrnexns nuHenHole (W,) n yrnossle (a,) pa3mepbl by-
OyT UMETb NOrpeLLHOCTH, 3aBUCALLIME OT TOYHOCTU H6a30BbIX MOBEPXHOCTEN
NpUCNocobneHns 1 BO3MOXHbLIX YNpyrnx gedopmauumi nocne pacdukca-
uum cobpaHHoro yana.
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Topic 26

Lecture 5. Assembly of a structure with basing on reference holes,
on base part, on the marking. The varieties of assembly methods
into device

5.1. The assembly with basing on the reference holes

The assembly with basing on the reference holes is contained in ful-
filment setting of the AU in correct relative position by means of registration
of the special reference holes (AH, CFH, BFH, AFH) on the basic parts,
units, sections or on the assembly devices fixtures with following their stiff
connection by the dummy fasteners.

The employment of the holes as assembling bases demands no only
of the basic holes correct position into space, but and their specific position
as regards to the parts contours. The parts including into assembling com-
plete as well as the devices base-fixing elements can be by the carriers of
the reference holes.

Depending on this two principle assembly schemes are possible:

1. The assembly by base-holes, situated on the parts or units, which
assume as the bearing ones and on them are installed all structure ele-
ments registering the proper holes (the assembly by AH and by BFH).

2. The assembly by base-holes, situated on the special base-fixing
units of the assembly device. Such base-fixing units serve for setting and
fixing of the assembling parts (the assembly by CFH).

The generalized term — adjusting-fixing holes (AFH) is accepted for
all categories of above-mentioned holes, as all reference holes are intented
for right setting and fixing of the AU in given position.

The classification of assembly methods by AFH is shown in fig. 5.1.

The assembly by assembling holes (AH) received the widespread
for manufacture of the flat form and simple curvature units and panels. In
this method mutual position of the assembled parts is determined by coin-
cidence of the coordinated AH, which in advance are done with the help of
the coordinated templates. The basing on the AH is possible at assembly
of the A and H framework and skin parts as well as of the product inner
equipment objects, when a demanded accuracy of the assembly not ex-
ceeds by +1,5 mm. The assembly process by AH is pictured in fig. 5.2.

The assembly by AH does not need of the special assembling de-
vices and provides a low technological cost of the AMW.

The assembly by coordinate-fixing holes (CFH). The preferable
field of application this method of assembly — are products, in the structure
of which there are the stiff parts of framework (ribs, frames, spars) with
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holes which are accepted as basic holes. These CFH are done into stiff
parts and on the fixtures beforehand and then install and fix of the frame-
work parts coinciding the CFH with the help of technological class pins
(see fig. 5.3). The CFH are disposed on the flat surfaces and can be given.

The assembly
method

Units, panels, sections and
aggregates assembling with
using of hples as main assembly

Assembling by
The kind adjusting-fixing holes AFH
of assembly
Assembling by holes in Assembling units and Assembling unitsandaggregates
the parts by way of direct aggregates by holes in the by holes with setting of the basic
stratifying their on the basic part units of assembling devices unitintodevice byanyway

Assembling by
assembling holes

AH

Assembling by
coordinate-fixing holes

Assembling by
base-fixing holes

CFH BFH

The assembly The assembly The assembly
scheme scheme scheme

Fig. 5.1. Classification of the assembly by AFH methods

The assembly by coor-
dinate-fixing holes (CFH). The
preferable field of application
this method of assembly — are
products, in the structure of
which there are the stiff parts of
framework (ribs, frames, spars)
with holes which are accepted
as basic holes. These CFH are
done into stiff parts and on the
fixtures beforehand and then in-
stall and fix of the framework
parts coinciding the CFH with
the help of technological class

Fig 5.2. Assembling by AH: 1 — skin;
2 — stringer; 3 — frame
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1 pins (see fig. 5.3). The CFH are
disposed on the flat surfaces
A and can be given into planimet-
ric system of the coordinates.
- The coordinates of the CFH
which are disposed on the fix-

AH . .
tures easily are constructed with
high accuracy with the help of
the loft-jig and tool-rig. The
CFH coordinates on the frame-
work parts are done with the
< help of templates or drill jigs.
3 The accuracy of assembly by
CFH axes I CFH depends in the main from
the accuracy of their tracing on

Fig. 5.3. Assembling of the section by  the parts and on the fixtures as

CFH: 1 — panels; 2 — carcass parts; well as from a degree coordina-
3 — assembling device tion of the CFH at basing of the

parts.

The parts of longitudinal set and skins install, fix and join consecu-
tively after basing of the stiff frameworks by CFH. The preference of as-
sembly by CFH — this is considerable simplification of the assembling de-
vice structure and reducing of the assembling cost.

The assembly by base-fixing holes (BFH). At this assembly method
one or a few of the most stiff units of section (aggregate or compartment)
structure are accepted as basic ones and they are installed in the prear-
ranged position into the assembling device. The installation on the basic units
of supplied units and parts fulfil by BFH of the base unit, coinciding the corre-
sponding BFH on the installed units and parts (see fig. 5.4). The BFH are
placed on planes and outlines of the connected AU. On the fig. 5.4 a wing
torsion box is assembled by BFH; here the longerons, into struts of which
drilled the BFH for ribs, were chosen as the main base units. The panels
are based by BFH too. The errors of outlines and the ribs contours will de-
pend on the errors of the longerons basing into device and the errors of the
ribs and panels basing by BFH.

The assembly by BFH ensures the reduction of an assembly cost
and the possibility to use the jigs of simplified structures.

N\
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Fig. 5.4. The scheme of BFH and CFH into wing section: 1 — panel;
2 — longeron; 3 - ribs

5.2. The assembly on the basic part and on the marking

The assembly method on the part basic surface is used when the as-
sembled parts have the big stiffness and sizes of the finished product are
provided by the system of fits and tolerances. The surface of such parts,

relatively of which is appointed a
majority of others surfaces of
parts included into the unit, are
fixed as the basic surfaces. In
this case the assembly are done
directly by the drawing and the
parts included into the product
divide into a few assembling
groups each of which is assem-
bled by its basic part. Then the
all are being received sub-
assemblies are installed on the
main base part. The example is
given on the fig. 5.5, where is
shown the assembly of a power
cylinder stiff structure. The cyl-

1-st group

3-rd group

Fig. 5.5. The scheme of a power cylinder
assembling: 1 — 9 — parts of a power
cylinder
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inder is assembled quickly at high quality manufacturing of the parts with-
out use of the special devices and without a reworking. The assembly by
the drawing for most aircraft construction not having the sufficient stiffness
is made difficult, as here the prearranged accuracy and interchangeability
of a product can be achieved only with the reworking.

The assembly method on the marking out basic lines demands of
the formation into AU structure
of the basic part on which sur-
face it is possible to draw the
lines of marking — out for other
parts, which are assembled
with the basic one. The mark-
ing — out on the such part is
traced (as a rule on a skin or
on a sheet part) by fitting or
photo-contacting  methods
(see fig. 5.6). The assembly
quality by the marking — out
entirely depends on the as-
sembler qualification; here it is
difficult to obtain of an inter-
changeability; there is the high labour input and prolonged assembly cycle,
what does this method acceptable one for the small series and experimen-
tal production.

Fig. 5.6. The basic scheme of marking out
during assembly of a panel: 1 — carcass;
2 — skin; 3 — stringer; 4 - frame

5.3. The varieties of assembly methods in the device

During assembly of the products in the devices the AU basic sur-
faces are coincided with the supporting surfaces of the stiff device fixtures
than is provided fixing of this AU in the demanded position and also giving
to the parts and units of the necessary form and right position of the ma-
chining tools. This method have the following advantages:

— the high level of interchangeability of the non-stiff products is

obtained at assembly;

— the essential marking and fitting of the parts is excluded at

assembly;

— the assembly process is accelerated and is facilitated,

— the mechanization of the assembly process is possible.

This merits explain the fact of wide use of the assembling devices at
the A and H series assembly. But, the great expenses on manufacturing
of the assembling devices, their complexity and demands of the high
accuracy at manufacturing and mounting of the device fixtures are by defi-
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ciencies of this assembly method.

The following varieties of assembly methods in the device are:

1. The assembly in the device with basing on the external product
surface which is by the theoretical contour of the A and H aggregate (the
assembly “from external skin surface’ or the assembly “from skin”). In this
case the skin (or panel) is pressed by the external contour with the help fix-
tures to the device bearing surface during the connection its with a frame-
work. The different versions of such basing method are shown in fig. 5.7.

\ AN .
i 4

Fig. 5.7. The scheme of basing by the external surface: 1 — panel; 2 —
compensator; 3 — carcass; 4 — device; 5 — DH; 6 — stringer

Here the panel or skin is pressed by the forces “Q” to the device fix-
ing arms contours and copy their form; in this position the AU parts are
joined with each other. The assembly accuracy in the main depends on the
errors of device fixtures and the accuracy of coordination of the skin form
and form of the fixing arm bearing part. The most exact contours it is pos-
sible to receive in the case of thin skins using and at their fixing in the de-
vice by the uniformly distributed load “Q” (see fig. 5.7, variant “c”).

2. The assembly in the device with basing on the inner skin sur-
face. In this case the skin or panel is pressed by the inner surface to the
bearing fixing arms contours or to the stiff dummies of ribs or frames dur-
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ing the setting of rivets. On the fig. 5.8 assembled spars 1 and 5 are fixed
by AFH in the brackets 6. After the dummy ribs 7 install between the spars
basing their by AH of the spars and profiles 9. The aircraft ribs 4 being ref-
erenced by AH are located between dummy ribs, and then theirs connect
with the spars. The panels 2 with the compensators 3 install on the assem-
bled this way framework and theirs press by the band 8. The panels are
drilled and then riveting is executed in a such position. The dummy ribs
take off after riveting and the finished wing box take off from the device.
Here the errors of the assembly will be determined by the errors of the
dummy ribs contours and the accuracy theirs basing on the spar. At this
way the assembly process and the jig structure can be get simplified.

E N | !
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Fig. 5.8. The scheme of assembly by internal surface

3. The assembly in the device with basing on the framework
surface (“assembly from framework”). At this way the panels or the skins
set of a compartment (a section) are based by the framework, which first is
assembled in the device. The framework components are based by the ex-
ternal surface to working contours of the assembling device. Accuracy of
the “assembly from framework” depends: on accuracy of the assembled
framework contours, on stiffness its structure and the accuracy of the skins
basing by the framework. The framework buckles is copied on the external
surface of the skin when it is based by framework. A level of the skins
pressing efforts “N” at theirs fixing have not an influence on the accuracy of
external surfaces, as these efforts deform the framework in limits of the
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elastic deformations. In some cases the finishing operations for dressing
of the framework configuration are used. The assembly scheme with the
basing “from framework” is shown in fig. 5.9.

Fig. 5.9. The scheme of basing by carcass surface:
1 — skin (panel) before installation on the carcass; 2 — skin (panel) installed
on the carcass; 3 — carcass; 4 — assembly device elements pressing a skin
to the carcass (direction of the clamps is shown by arrows); 5 — fixing of the
carcass into assembly device

4. The assembly with basing by holes under joint bolts (JBH).
This way of assembly in the device is used when basing the joint units
and attachment fitting of the equipment to the A and H airframe compo-
nents. For this the JBH on stiff parts of the detachable connection coincide
by the class pins with the basic surfaces of the assembling device which
with a big accuracy determine the relative position of the JBH on all joint
elements of the A and H unit or aggregate. In case of necessity the as-
sembling device is supplemented by the necessary fixtures for limitation of
other degrees of freedom of structure elements. The variants of basing by
JBH is shown in fig. 5.10. The joint units finally are attached to the struc-
ture by class fastening bolts after fixing on the JBH.
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Fig. 5.10. Basing by JBH: 1 —joint unit; 2, 3 — construction parts; 4, 5 — as-
sembling device; W,, L,, R, a°, B° — linear and angular parameters

The linear (W,) and corner (L,) dimensions will have the errors after
the assembly and removal of the AU out of device. The errors will depend
on: the accuracy of the device basic surfaces and the possible elastic de-
formations after unfixing of the assembled unit.
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Tema 26

Jdexmusa 6. Metog cbopku no Bu3yarnbHO-ONTUYECKMM 6Hasawm.
CpaBHUTENbLHbIN aHann3 n BbIbop MeToaoB COOPKN. DKOHOMUYE-
CKasi oueHKka MeTooB COOPKM MO YKPYMNHEHHbBIM MoKasaTesisim

C cosgaHneM LLIMPOKOMIO3ENSKHBIX M CBEPX3BYKOBbIX CaMOSIeTOB U
KPYMHbIX BEPTOSIETOB MOBbLICUNINCL TPeDbOBaHUS K TOYHOCTM M Ka4yecTBy
cbopku, nNosABUNMUCb NpobnemMsbl, CBsA3aHHble C MPUMEHEHMEM TpaauLMOH-
HbIX MeToA40B COOpPKKN rabapuTHLIX OTCEKOB W arperaTtoB 3TUX usgenuin. B
CBA3M C 3TMM MOMyYUnM pacnpocTpaHeHne BapuaHTbl cOOpKM no eusy-
asflbHO-onmMu4Yyeckum 6a3amM C MCMNoSfib30BaHMEM OMNTUYECKMX NpUBOpPOB
BU3UPHOro Tuna (HMBENMpoB, TEOAONNTOB, aBTOKONNMMAaTOPOB, Npnbopos
Tuna MMNC-11 n ap.) u Ha 6a3e onopHbIX 8UOUMBbIX J1a3epPHbIX J1y4Yell C
NPUMEHEHNEM  Na3epHbiX LEHTPUPYIOLWNX  U3MEPUTESNbHBLIX  CUCTEM
(JIUNC). BTM meToabl NO3BOMSAKT KOOPAMHMPOBATL B MPOCTPAHCTBE OT-
OenbHble XapaKTepHble TOYKN, NMHUKM 1 nnockoctn C6. Ex., Bu3nposatb nx
¢ 6onbLuon ToyHocTblo (8o 0,01 MM) U BeCTK COOPKY M MOHTaX, peannsys
NPUHLMN eOMHCTBA KOHCTPYKTOPCKNX U TEXHOMorndeckux 6as. YcraHasnu-
Bas B KOOPAMHATHOMW CUCTEME OMTUYECKYl TpyOy npubopa Ha 3adaHHbIn
npeamMeT KOHCTPYKUMK (OeTanb unuv y3en), Nofb3yTca ueneBbiMn 3Haka-
MU UNKU Teneckonuveckon mapkon. Ons pabotbl ¢ cuctemon JILUNC uc-
Nnonb3ylT ghomope3ucmopHbie Mo3UyUOHHO-4Yyecmeumersib-Hble ye-
neeble 3Haku ([NMYL3), KoTopble NO3BOMSAIOT CYMTLIBATb NOKa3aHUS KOOp-
OnHaT no npubopam. Takum obpasom, cbopka BU3yarbHO—OMNTUYECKUM
METOAOM MO3BONSET, HE YCIOXHAA COOPOYHYO OCHACTKY, NOBLICUTb TOY-
HOCTb COopkn rabaputHbix C6. Eg. nytem coyetaHusa cbopkm no KOO c
BbasnpoBaHMeM getanen M ysnoB Ha CUCTEMY ONTUYECKUX WS OMOPHbIX
nasepHblx nyyen. Npun aTom obecneunBaeTcs KoopanHaUUSA U U3MEPEHMNE
Ha OMCTaHUUM B HECKONbKO OecATkoB mMeTpoB. OnopHas KoopauHaTHas
cUCTEMA NydYen CHWXaeT A0 MUHUMYMa BIIMSIHWE Ha TOYHOCTb COOpPKM Ma-
N0 XXEeCTKOCTU KapKacoB OCHACTKW, Aedopmauunm ctanenem oT MacCbl U3-
aennsa n cOopLUMKOB; BNUSHME TeMnepaTtypHbiX AedopmMaunini OCHaCcTKN 1
camux C6. Eg. JIUMC moxeT 6bITb NpuMeHeHa AN KOOpANHATHON COopKM
no CO un K®O yanos, otcekoB u arperatoB C. u B., 4ns ycraHOBKW, CTbl-
KOBKM N HUBenunpoBku C. n B. ¢ KOHTponem NpsAMOSIMHENHOCTU, MIOCKOCT-
HOCTW, COOCHOCTM U NEepneHauKynsapHOCTU KOHCTPYKTUBHbLIX 3fIEMEHTOB
n3genun.

B kayecTtBe npumepa paccmoTpumMm COOPKY No TakoMy MeToay cpea-
Hen Yyactn drozensxa (puc. 6.1) 3 Tpex BEPXHUX CeKUMn Ha 6ase HUXKHEN
cekuum.

Ctanenb He NMEET BHELUHUX U BHYTPEHHUX PYyOUIbHMKOB N9 BEPX-
HUX CeKUunn. TOYHOCTM YCTaHOBKM TpeX BEpPXHWX MaHernen SOCTUrakoT ro-
CpeaCcTBOM ny4yen nasepa, 3abasmpoBaHHbIX MO pasbeMam qro3esnisxa n
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K®O wnaHroytoB. BblpaBHMBaHWE MaHenen BbINOSTHAM peryrnmpoBaHnemM
nogaepXXuBarLmx ycTponcTB. [Ans cOOpKkM OTCEKa HWXKHIOW cekuuto 8
npeaBaputenbHo cobupatoT ¢ bankamu nona 10, a B obogax LnaHroyTos

N naHensx AofmkHbl 66T KPO. CTbIKOBKY MaHenem HWXHEN cekuumn npo-
BoaAaT no KOO B oboaax LWNaHroyTos.

12

—
Pa3bém 1
Pasbém 2

Puc. 6.1. Cxema cbopkn cpeaHen Yactu prozensika ¢ npumeHeHmem J1ILNC:
1, 2 — omMKcaTopbl pasbeMOB oo3ensKa; 3 — BEpXHAda naHenb; 4, 5 — 60o-
KOBble naHenu; 6 — npucnocobrneHne BHyTPEHHEN hukcaunu; 7 — gepxa-
Tenb; 8 — HMKHAA cekuma dotosensxka; 9 — TexHonorndeckas Haknagka;
10 — 6anka nona; 11 — ueneBou 3Hak; 12 — NasepHbIN Nyv;
13 — ropn3oHT-CcKaHaTop
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TexHonornyeckuin npowecc cOopku BKIIOYAET B cebs Takme onepauuu:
— ©6asnposky JILLAC no TexHOnorm4yecknm KOOpAWHATHLIM MnuTam,
YCTaHOBJIEHHbIM MO pa3mMepam ABYX CEKLUN;

— YCTaHOBKY BepXxHeWn naHenu 3 Ha npucnocobrneHne 6 ¢ dukcaum-

en pepxatenamu 7 no KOO,
— pasmelleHue naHenu 3 O MOSHOMo COBMELLEHUS LLeHTPOB Lene-
BbIX 3HaKOB 11 ¢ niasepHbIMUM fiydamun 12 ¢ NOMOLLbIO NPUCNOCo6-
NneHus 6;

— yCTaHOBKY npaBon 4 u neson 5 naHenen n 3akpenseHne no KOO
aepxatenamum 7 C OpuUeHTauMen rno flasepHoOMY Ny4vy U HUKHEN
cekuum 8;

— MpPOBEPKY COBMELLEHNS OCU flyya C LeneBbiIM1 3HaKamu;

— CTbIKOBKY BEPXHUX MAHENen Mexay cobon U C HUXKHEN CEeKLIMEN.

AHanua Texnpouecca cbopkn Ha HGase onopHbIX nyyen ceuaeTenb-
CTBYET O TOM, YTO 3a CHET COKpaLleHUs BPEMEHWN Ha YCTAHOBKY U domKca-
unio C6. En. B cObopoyHOE NOSMOXKEHUE, a TakKe 3a CYET Pe3Koro Cokpa-
LLIEHNa BCroMoraTenbHOro BpPeEMEHW MNPOU3BOAUTENBHOCTL Tpyda npwu
cbopke MOXHO MOBbLICUTb B TPWU pasa; 3HAUYMTENbHO COKpaLLAKTCA LUK U
3aTpaTtbl HAa NOArOTOBKY MPOM3BOACTBA; 3HAYMTENbHO YNPOLLAETCA KOHCT-
PYKUMSA cTanenen.

PaccmoTpeB Bo3MOXHble MeToabl cbopkn kKoHCTpykumn C. n B., oa-
OUM CpaBHUTENbHbIA aHanu3 npu Bblbope meToda cOopkn. Bo3MOXHOCTb
N UenecoobpasHOCTb NPUMEHEHUSA KOHKpeTHOro metoga cbopkm n cbo-
poyHon Ga3sbl onpegensieTcs xapaktepom mpeboeaHuli K moYHocmu
2eomempuyeckux ¢popmMm u pasmepos, TpebyembiM ypoeHeM e3aumMo-
3aMeHsieMocmu OTAefNbHbIX YacTen nnaHepa; o6bLeMoM Mpomn3BOACTBA,
KOTOpbI onpeaensieT 3KOHOMUYECKME 3aTpaThbl Ha OcHalleHne cOOPOYHbIX
paboT; mexHuU4YecKuUM ypoeHeM rnpouszeodcmea.

1. Tpu cbopke CNOXHbIX MO KOHGUrypauum obBoLOB KOHCTPYKLMN
Marion >XEeCTKOCTU U C 8bICOKUMU mpeboeaHusiMu K mOYHOCMU a3po-
ONHaMM4Yecknx opm crnegyet npuMeHaTb cOOpKy B npucnocobrneHnn c
6a3npoBaHMeM MO BHELLHEN NOBEPXHOCTU obwmBkn. OCoBEHHO 3TO Kaca-
eTcs cOOpPKM KPbINTbEB M UX YacTen, Korga nonepedHbin Habop coegmHseT-
Csl C OOLUMBKOWN Yepe3d KOMMEHCATOPb! M KPbIflo pacyfeHeHo Ha naHenwu.

2. COopky B npucnocobrieHnn no noBepxHOCTU KapKaca NpUMEHSIOT
OS5 U3roTOBMNEHUs KOHCTPYKUmMn nnaHepa C. u B., roe eHympeHHuUl Ha-
6op omnu4vyaemcsi 3Ha4umesibHolU co6CMeEeHHOU XecmKoCmbH Mo
CpaBHEHMO ¢ 0OLwKMBKOW. TOYHOCTbL COBpaHHOro U3genus B OCHOBHOM Or-
pefnenseTcs nNpu 3TOM TOYHOCTbIO COOPKU Kapkaca. ATOT MeTon OTfimya-
eTcs 60nbWnM 06bEMOM pyYHOro Tpyaa, Yem npeablayLmn.

3. Cbopka B npucnocobneHumn ¢ 6asnmpoBaHNEM MO BHYTPEHHEN MNO-
BEPXHOCTN obecnevnmBaeT MOHWXKEHHYHO MO CPaBHEHWUIO C npeablayLymMm
MeTo4amMuM TOYHOCTb 0OBOAOB M3AENVA, HO Mpu 3TOM YMeHbwaemcs
mexHoJsioa2u4yeckasi cebecmoumocmb c6opku U npou3zeodcmeeHHas
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naowadb onsa paboT. 30ecb Ha TOYHOCTb BHELWHUX 06BOOOB BIMSIET MO-
rPELHOCTb NO ToMLWMHaAM OBLLNBOK.

4. Cbopka no CO 3HaunTenbHO ycmyrnaem no mo4YyHocmu ¢hopm
u pasMmepoe npeabiaywnMmMm MeTogam, HO MpU YCrOBUM KayeCTBEHHOM
YyBA3KN paboyen 3arotoBUTENbHON OCHACTKM Ans HaHeceHuss CO Ha cobu-
paemMble fetanu, B ocobeHHocTn npu obbemMHon yBsaske Bcex LLOK, Takyto
cOOpPKYy MOXHO NMPUMEHATb KakK ONsl M/I0CKUX y3Js108 (Tuna JIOHXEepPOHOB,
LLNAHIrOYTOB, HEPBIOP), TaK U ANA OOBEMHbIX KapKacHbIX Y3r0B U NaHenemn
OOMHaPHOW KPMBU3HbI. OTOT MeToa cOOopkM Mo3BONsieT CHU3UmMb cebe-
cmoumocmb u mpydoemkocmb CMP, oTkasaTbCsl OT NPUCIOCOBNEHNN.
MeTopg Cc ycnexom npuMeHnm Ans nobbiX TMNOB NPOn3BOACTBA.

5. Cbopka no KOO npumeHnma ons cekyuii oOuUHapHoU Kpueu3-
Hbl N G80OUHOU OOHO3HAYHOW U 3HAKOMEPEMEHHOW KPMBU3HLI, a Takxke
omcekoe, 06pa3oBaHHbIX YUSTUHOPUYECKUMU, 3JITUNMUYeCKUMU N KO-
HUYeCcKUMU NoBEPXHOCTAMU. Takass cOopka ynpowaeT KOHCTPYKUMIO cTa-
nenen n CywecTBEHHO ynydwaeT 9KoHomu4yeckme nokasatenn CMP, Ho
MOXeT ObITb MCNoNb3oBaHa AfS W3rOTOBMEHWSA arperatoB C 3agaHHOW
TOYHOCTbIO No 0OBoAaM He Huxe 1,8...2,5 mm.

6. Cbopka no bPO npumeHnma gnsa nponsBoacTBa omceKkoe n aa-
pezamoe muna ¢pro3esisixka, 20HO0s1 dgu2amerisi U Waccu; B HEKOTO-
pbIX cny4vyasix Ona c6OpKuU Kpblibee, UeHmpOorlaHo8, Xeocmoeo20
ornepeHusi. [lpn 3aToM MeTode AocTuraemasi TOYHOCTb MO KOHTypam Co-
ctaenset 1,5...1,8 MM, HO NpK YCNOBUM XOPOLLEN XKECTKOCTM 6a30BOWN KOH-
cTpykumnmn C6. Ea.

B uenom BHeapeHue cbopkm no YOO nossonsieT B CpaBHEHUM CO
cbopkon «OT OBLUMBKM» M «OT Kapkaca» CHU3UmMb mpyGoeMKoCMmb U3-
2omoersieHusi ocHacmku Ha 30...50%; ymeHbWUumb MemarsisioeM-
Kocmb c60poYHOU ocHacmku Ha 40...80%; cHuU3umb mpyodoemMKocmb
CMP Ha 18...20%.

[Mpn cbopke ogHOro obbekTa KOHCTPyKuumn onga yctaHoskm C6. Ea. B
3aZlaHHOE MOoroXeHe MOXHO NPUMEHATb pasfiyHble MeToabl. Hanpumep,
npu cbopke Kpbina NOHXEPOHbI YycTaHaBnueaoT no YbO, makeTHble U ca-
MoneTHble HepBlopbl — No CO, a naHenn — no BHYTPEHHEN MOBEPXHOCTU
obwumBkn. Bo Bcex criyvasix Mcnonb3oBaHUS HECKOSbKMX COOPOUHbIX 6a3
npu cbopke OAHOro M3gennss OCHOBHbIM MemodoM 6a3upoeaHusi Cyu-
TaloT TOT, NP KOTOPOM hopmMmpyeTca eHewHuUl 06800 azpezama.

B cooTtBeTCcTBUM C TpebOBaHMSAMU TOYHOCTM BHELIHUX 06BoaoB C. U
B. n HaMnyywmmm TEXHUKO-OKOHOMWUYECKMMM MoKasaTensmu B cdepax
NoAroTOBKM NPOM3BOACTBA M OCHOBHOIO MPOM3BOACTBA BbliOMpaloT onTu-
ManbHbIM BapuaHT meTofa cbopku. [pu 3TOM B Ka4yecTBe OpPUEHTUPOBOY-
HbIX MOXHO NMONb30BaTbCA AaHHbIMU Tabnnubl 6.1.

Bornee TOYHblE KONMUYECTBEHHbLIE MOKa3aTeNM MOXHO MONYyYUTb
TONbKO [N KOHKPETHOro u3genust npu paspaboTaHHOM Texnpouecce
cbopku.
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Tabnuua 6.1

TexHNKO-9KOHOMMYEecKkMe nokasatenu, %, npu cbopke n3genun
pasnuyHbIMM MeTogamu 6a3mpoBaHus

Tou- B ciepe oc-
B cdepe noarotoBku pep
HOCTb HOBHOrO Mpo-
nponsBoacTBa
BHeLL- N3BOACTBA
Ne MeTopn coopku
n/n (6asnpoBaHus) Hero
06Bo-

'qa GOCH TOCH CT OCH NOt'.)H CT E L||

MM

Mo HapyxHOM no-

+0,7 | 100 | 100 | 100 | 100 | 100 | 100 | 100
BEPXHOCTN OOLLMBKM

Mo NOBEPXHOCTY

+1,51 95 [ 95| 90 | 90 | 115 | 95 | 120
Kapkaca

[0 BHYTpeHHen no-
BEPXHOCTN OOLUMBKM
(3aMKHyTass Maket-
Hasi HepBIopa)

20| 50 | 55 | 40 | 70 | 65 | 70 | 90

Mo cbopoyHbIM OT-

BepcTusm (CO) 25|50 | 45| 40 | 60 | 70 | 65 | 80

Mo  koopauMHaTHO—
5. | pukcupyrowmm  otr-| +22 | 50 | 70 | 60 | 65 | 60 | 80 | 85
BepcTuam (KPO)

O603Ha4veHns B Tabnumue: Gocy — pacxoq maTepuana Ha c6OpoUHyO OCHa-
CTKY; Tocw — TPYAOEMKOCTb U3rOTOBMEHUS OCHACTKU; C; ocv — CebecTou-
MOCTb M3roToBneHnst ocHacTku; Nocy — KONMYECTBO COOPOYHON OCHACTKMU;
C.; — TexHonorn4yeckasa cebectoumocTtb cbopku; E — nnowags cbopoyHom
ocHacTku; U — umkn cbopkn nsgenus.

YpoeeHb e3aumo3ameHsieMocmu COOpaHHbIX M3OENUn Takke BO
MHOIoM onpegensieTtcsa metogom cbopkn. Hanbonee npeanoyTUTENbHBIM
AABNSIETCA METOA NOSIHOM B3aMMO3aMeHSIeMOCTU, koraa cbopky BeayT 6e3
nonbopa n noaroHkn Bxogdawmnx Co6. Ea. Ero peanuaytoT npu cbopke xecT-
KNX getanen, UCrnonb3yst HOpMUpyeMble OOMYCKM U Nocagku npu metoae
cbopku no yepTexy. Heobxoanmyro TOYHOCTbL NAapamMeTPOB KOHTPOMNPYIOT
HOopManbHbIMKM Kanubpamu (cOOpka wWwaccu, MexaHU3MOB YnpaBfeHus,
rMmopounnMHAPOB, peayKTOpoB BepToseTa 1 T.M.). ATOT MEeTOA oTnn4yaeTcs
8bICOKUM Ka4ecmeoM cOobpaHHbIX u3desiuli u MasibiMu ripou3zeoocm-
8EHHbIMU 3ampamamu.

C6opky no memody HernosiHOU (o2paHu4YeHHOUl) e3aumMo3ame-
HsieMocmu NPUMEHSIIOT MPU HanM4yMm HEKOTOpPbIX omepauul no oornois-
HumenbHoU Oopabomke Oemanel npun cbopke (CBepneHue nakera no
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H.O., pasgenka oTBepcTU MNog KraccHble 60MTbl, MCMNOMNb30BaHME KOM-
neHcaTopoB N4 perynupoBaHust napametpoB C6. Ea. u 1.n.). Takas co-
BMecTHasa npu cbopke popaboTka HEKOTOPLIX MapamMeTpoB yrpouw,aem
mexHoJs102uro U c60pPOYHbIX, U 3a2o0moeumersibHbIX paboT npu obecne-
YeHUM 3aaHHOro KayecTBa u3genua. IToT MeToq peanunaytoT npu cbopke
B npucnocobnenusx, no CO, OCBE n YOO ansa cnaboXXecTKMX KOHCTPYKLUUIA
C.nB.

C6opky no memody 2pynnoeol e3auMo3aMeHsieMOCmu VCMnosb-
3yl0T Npu BO3MOXHOCTK copTupoBkn C6. Ea. nepen nx cbopkon Ha epyn-
nbl ¢ 3a0aHHOU eeJIU4UHOU noz2pewHocmu (BHYTpW obLiero gonycka Ha
napametp). Npn atom coeamHaT CO. EO. (aeTann) TONbKO aHanorMyHbIx
rpynn rno noso NOrpeLHoCTn. OTOT METoL NPUMEHUM NPU KPYNHOCEPUN-
HOM NPOU3BOACTBE.

C6opky no Mmemody rnod20HKU BbINOMNHAKT MHANBMAOYaANbHON Noa-
FOHKOM pasMepoB COeAMHAEMbIX OeTanen ¢ NoMOLbH MPUNUIoBKKU, 06-
peskn, npuwadpuBaHnsa KpomMok unm nosepxHocten C6. Ea. BennumHy
NpUNyckoB Ha AgeTtansax Heobxoammo 0b6oCHOBbLIBaTb. B HEKOTOPLIX cry4va-
AX QeTanu B npouecce cbopkn noanexaT gedopmmupoaHnio dopMbl ANs
OOCTMKEHNA TOYHOCTU COOpkn. MoaroHo4YHble paboTbl XapakTepHbl Npu
pasfnn4YHbIX TMNax MPOU3BOACTBA: B KPYMHOCEPUMHOM MPOU3BOLCTBE OHU
coctaBnaoT 8...10%; B MEnKkoCepMmHoOM W eOVHUYHOM [OOCTUrarT
25...30% Bcero o6bema cbopoyHbIX paboT. HO BO Bcex cny4vasax no mepe
ocBoeHust npomnssoacTea C. n B. noaroHoyHble paboTbl crieqyeT yMeHb-
watb. Mpunyckn HeobxooMmbl B TOM criydae, ecnv Memoobl yesi3KU He
obecneyusarom 3a0aHHYHO MOYHOCMb VNN €€ IKOHOMUYECKU 8bI200-
HO nony4yaTb NyTeM NPUrOHKN nNpu cbopke.

lMpu 3KkOHOMu4YecKoM aHanu3ze memodoe cbopku Heobxoanmmo
paccynTbiBaTb 3KOHOMUYECKUe rnoKa3zameJsiu, nosfb3ysCb KOHKPETHbIMMU
TEXHUYECKUMN TpebOoBaHUAMK, C YHETOM YCNOBUI MPON3BOACTBA. OTU MO-
KazaTenn 3KoHOMMYEeCKoN 3(EKTUBHOCTU pas3gensoT Ha Tpu rpynnbl:
OCHOBHbIe xo3pacyemHbie nokazameJsiu, obujue rnokasamesnu 3KOHO-
Mu4deckoz20 a¢hghekma; 4acmHbie rnokKalamesiu 3KOHOMUYeCKO20 3¢h-
¢gekma.

B coctaB nepBou rpynnbl BXOAAT pocm npubbisiu u ypoeeHb PeH-
mabenibHOCMU; B COCTaB BTOPON — CHUXeHue cebecmoumocmu u3de-
Jul; 3KOHOMUSI npueedeHHbIX 3ampam, CPOK OKyrnaemMocmu Kanu-
marsibHbIX 8J10)XKeHudl.

YacTHble nokasaTenn BKNHYalT B Ce0S CHUMXEHME TPyAoeMKOCTU
CMP; BbicBoboOXaeHMe paboyunx; NOBbILEHME MPOU3BOAUTENBHOCTU TPY-
Oa; CHmKeHne noTpebHoCTn B 0O6OpPYyAOBaHMM M OCHALLEHWUU; CHUXEHME
pacxo4oB 3HEPrun; SKOHOMUSI OCHOBHbBIX M BCMOMOraTesfibHbiX MaTepua-
NOB; YMEHbLLUEHNE NPOM3BOACTBEHHbIX MNOLWAAen; COKpalleHne CpPOKOB
nogroToBkn npoussoactea M uukna CMP; ynydweHue ycnosun Tpyda
cObopLLMKOB.
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YacTHble nokasaTenu XapakTepusylT BapuaHTbl TEXMPOLIECCOB U
peanusyemMblx MeTogoB coopku. [na cpaBHeHNA MeTogoB COOPKM MCNOSb-
3yl0T 1 obLme nokasatenn aKoHoMuyeckoro agpdpekra. Obobuatrowmnm no-
KasaTenem sIBNSIeTCS 3KOHOMUSI npueedeHHbIX 3ampam (np), BKIHO-
yawwaa B cebsa akoHOMUIO MO cebecToMMocTU u3genum N NU3MeHeHue
pasmMepa KanutasbHbIX BOXEHWUMN.
[MprBeAeHHbIE 3aTpaThl ONpeaensoT No opmyne

3n=Cn+EH'K,
roe 3, — npueeaeHHble 3atpatbl; C, — nonHaa cebecToMMoCcTb rofoBoW

npoaykuum; K — kanutanbHble Brnoxenus; E, — HopmaTuBHbIN KoadduLm-
€HT 9KOHOMUYECKON 3PFEKTUBHOCTU KanuTanbHbIX BIIOXKEHUMN.

Torga akoOHOMUS MpuUBELEHHbIX 3aTpaT Npu CpaBHEHUU OBYX MeTO-
40B COOpPKM

3 =3",-3%,=(C"+E,, K') ((C*,+E,. K?),
roe C1n n Czn — nonHas cebeCcToMMOCTb rogOBOro BbiNycka NpoayKuum no

1 2
nepsomy 1 BTopoMy metogam coopku; K n K° — kanutanesHble BNoxeHus
Nno BapuaHTaM ABYX METOOOB.

3 =(C'n — C?) —E(K*-K),

roe C1n — C2,1 — 3KOHOMMSA NO cebecTonMOCTHU; K- K' — JOMNONHUTENb-
Hble KanuTarnoBfOXEHUS B HOBbI METO COOPKN.

OKOHOMWYECKYHO OLIEHKY METOAOB COOPKM MOXHO Takke NPOBOAUTb
No YKPYMHEHHbIM nokKa3aTensm: yoesbHolu mpydoemkocmu CMP

(Tys =T/G) nnn ydenbHoli ce6ecmoumocmu pabom (Cyo =C/G), roe
Tc v Cp, — TexHomornyeckasa TPyooOEMKOCTb COOPKM M TexHomornyeckas
cebectoumocTtb cbopku; G — macca C6. Eg.
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Topic 26

Lecture 6. A method of assembly on visual-optical bases. The com-
parative analysis and selection of methods of assembly. An eco-
nomic estimation of methods of assembly by the integrated indices

The requirements to accuracy and quality of assembly are increased
for wide-body and supersonic aircrafts and large helicopters; the problems
have appeared at application of conventional methods of assembly of
large-dimensional compartments and aggregates of these products. In this
connexion versions of assembly on visual-optical bases with use of opti-
cal devices of a sight type (levels, theodolite, autocollimators, devices such
as PPS-11, etc.) and on the basis of supporting visible laser beams
with use of laser centering measuring systems (LCMS) have received dis-
tribution. These methods allow to coordinate in space separate character-
istic points, lines and planes of the AU, to sight at them with large accu-
racy (up to 0,01 mm) and to conduct assembly and mounting, realizing a
principle of unity of design and technological bases. An optical pipe of the
device is set in a coordinate system at the given subject of a design (on a
part or a unit), with the help of special marks or telescopic mark. Photore-
sistive position-sensing special marks (PSSM) are used for work with
LCMS system, which allow to read out the indications of coordinates on
devices. Thus, the assembly by a visual-optical method allows to increase
accuracy of assembly of the large-dimensional AU by a combination of as-
sembly by CFH with basing of parts and units at a system of optical or
supporting laser beams, not complicating an assembly equipment. Thus,
the coordination and measurement on a distance in some tens meters is
provided. The supporting coordinate system of beams reduces up to a
minimum influence on accuracy of the assembly: of small rigidity frame-
works of an equipment; the deformations of jigs for account of weight of a
product and assembly workers; influence of a temperature strains of the
equipment and the AU. The LCMS can be applied for coordinate assembly
by AH and CFH of units, compartments and aggregates of A and H, for
the mounting, mating and levelling of the A and H with the control of
straightness, flatness, coaxiality and perpendicularity of structural mem-
bers of products.

As an example we consider assembly by such method of a center
section of a fuselage (fig. 6.1) of three upper sections on the basis of the
lower section.

The jig has no external and internal fixing-arms for upper sections.
The accuracy of the setting of three upper panels is reached by means of
the laser beams, based on breaks of the fuselage and CFH of frames. The
equation of panels is conducted by regulation of supporting devices. For
assembly of a compartment the lower section 8 previously is assembled
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with beams of a floor 10, and CFH should be in rims of the frames and

panels. A mating of panels of the lower section is made by CFH in the rims
of frames.

—_—
Brea k 1

_ L L I/]

Fig. 6.1. The assembly scheme of fuselage center section with using of the
LCMS: 1, 2 — fixtures of fuselage breaks; 3 — upper panel; 4, 5 — lateral
panels; 6 — internal fixing device; 7 — holder; 8 — fuselage bottom section; 9
— technological plate; 10 — floor beam; 11 — target mark; 12 — laser beam;
13 — horizon-scanner

Technological process of assembly includes such operations:

1. Basing of LCMS on technological coordinate plates established
on the sizes of two sections.
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2. Mounting of the upper panel 3 on the device 6 with fixation by the
holdfasts 7 by CFH.

3. Mounting of the panel 3 till full coincidence of centers of special
marks 11 with laser beams 12 with the help of device 6.

4. Mounting of right 4 and left 5 panels and fastening on CFH by the
holdfasts 7 with orientation on a laser beam and lower section 8. Check of
coincidence of an axis of the beam with special marks.

5. Mating of the upper panels among themselves and with the lower
section.

The analysis of technological process of assembly on the basis of
supporting beams reveals, that at the expense of reduction of time on the
mounting and fixation of the AU in an assembly position and also at the
expense of sharp reduction of auxiliary time, the productivity of work at as-
sembly can be increased in 3 times; the cycle and costs of preparation of
manufacture is considerably reduced; a design of jigs considerably be-
comes simpler.

After above-stated consideration of possible methods of assembly of
designs of the A and H, we give the comparative analysis at selection of a
method of assembly. The capability and expediency of application of a par-
ticular method of assembly and assembly base are determined: by charac-
ter of the requirements to accuracy of the geometrical forms and
sizes, by required level of interchangeability of separate parts of an air-
frame; by a volume of manufacture, which connects economic costs for
equipment of assembly works; by a technological level of manufacture.

1. The assembly in a device with basing on an external surface of a
skin should be applied at assembly of a design with complex configuration
of outlines, the small rigidity and with the high requirements to accuracy
of the aerodynamic forms. Especially it concerns assembly of wings and
their parts, when the transversal framework is joined with a skin through
compensators and the wing is dismembered into the panels.

2. The assembly in a device on a surface of a framework is applied
for designs of the A and H airframe, when the internal framework differs
by significant own rigidity in comparison with a skin. The accuracy of the
assembled product basically is determined by accuracy of assembly of a
framework. There is the greater volume of manual work in this method,
than in the previous method.

3. The assembly in a device with basing on an internal surface pro-
vides the reduced accuracy of products outlines in comparison with the
previous methods, but it reduces the technological cost price of as-
sembly and production area for works. Here the accuracy of external
outlines is determined also by an error of thickness of skins.

4. The assembly by AH considerably concedes by accuracy of the
forms and sizes to the previous methods, but on the assumption of quali-
tative coordination of a working storing rigging for copying of AH on as-
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sembled parts, in particular at volumetric coordination of the templates for
drilling (TCC), it can be applied as to flat units (such as spars, frames,
ribs), so and for volumetric frame units and panels of unary curvature. This
method of assembly allows to lower the cost price and labour input of
the AMW, to refuse from devices. The method is applied with success for
any types of manufacture.

5. The assembly by CFH is applied for sections of unary curvature
and of double unique and reversed curvature and also for compartments
formed by cylindrical, elliptical and conical surfaces. Such assembly
simplifies a design of jigs and essentially improves the economic indexes
of the AMW, but it can be used for aggregates with the prearranged accu-
racy on outlines not below 1,8...2,5 mm.

6. The assembly by BFH is applied for compartments and aggre-
gates such as a fuselage, engine and landing gear nacelles; in some
cases for assembly of wings, wing center sections and ftail unit.
Achievable accuracy on contours 1,5...1,8 mm at this method, but on the
assumption of good rigidity of a base design of the AU.

As a whole, introduction of assembly by AFH allows to lower labour
input of manufacturing equipment on 30 ... 50 %; to reduce specific
quantity of metal of an assembly equipment on 40 ... 80 %, to save
labor input of the AMW on 18 ... 20 %, in comparison with assembly
"from a skin" and "from a framework".

The various methods can be applied for the setting of the AU in the
prearranged position at assembly of one object of a design. For example,
the spars are set on AFH, mock-up and aircraft ribs are set on AH, and
panels are set on an internal surface of a skin at assembly of a wing. The
main method of basing is considered that one, by which the external
outline of the aggregate is formed, in all cases of application of several
assembly bases at assembly of one product.

Optimum version of a method of assembly is chosen pursuant to the
requirements of accuracy of external outlines of the A and H and best
technical and economic indexes in spheres of preparation of manufacture
and main manufacture. Thus, it is possible to use the data of the table 6.1
as approximate one.

More exact quantitative indexes can be received only for a particular
product at developed technological process of assembly.

The level of interchangeability of the assembled products also in
many respects is determined by a method of assembly. Most preferable is
the method of complete interchangeability, when assembly is conducted
without selection and adjustment of the entering AU. It is realized at as-
sembly of rigid parts, using normalized tolerances and fits, at a method of
assembly by the drawing. The necessary accuracy of parameters is super-
vised by normal gauges (assembly of a landing gear, gears of control, hy-
draulic cylinders, reduction gearboxes of the helicopter, etc.). This method
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differs by high efficiency of quality of the assembled products and
small industrial costs.

The table 6.1
Technical and economic indices (%) at assembly of products by various
methods of assembly (basing)

>,(—t,§ In field of preparation | In field of main
O C :
No Method of assembly §§ = of production manufacture
- i X C
(basmg) <(Eo') ...G_J % C':‘main Tmain Ct main Nmain Ct E S
© 0o
1.|Byanexternalsur-— |2 1400 100 | 100 | 100 | 100 | 100 | 100
face of a skin
.| Dy aframework s | 45 | 95 | 95 | 90 | 90 |115| 95 | 120
By an internal sur-
3. | face of a skin +2,0 | 50 | 55 | 40 70 | 65 | 70 | 90
(closed mock-up rib)
By assembly apper-
4. tures (AH) +2,5 | 50 | 45 | 40 60 | 70 | 65 | 80
By coordinate-fixing
5. appertures (CFH) +2,2 | 50 | 70 | 60 65 | 60 | 80 | 85

Designations in the table: Gmain - the consumption of a material on as-
sembly rigging; Tmain — the labour input of manufacturing of rigging; Ct main
- the cost price of manufacturing of rigging; Nmain — the quantity of assem-

bly rigging; C¢ - the technological cost price of assembly; E — the area of an
assembly rigging; S - a cycle of assembly of a product.

The assembly by a method of incomplete (limited) interchange-
ability is applied at presence of some operations of additional finishing
of parts at assembly (drilling of a packet on DH; preparation of apertures
for class bolts; at use of compensators for regulation of the AU parame-
ters, etc.). Such joint finishing of some parameters simplifies technology of
assembling and procuring works at ensuring of the given quality of a prod-
uct at assembly. This method is realized at assembly in the devices, on
AH, JBH and AFH for faintly rigid designs of the A and H.

The assembly by the method of group interchangeability is used
at a capability of AU sorting before their assembly in groups with pre-
scribed value of an error (inside the general tolerance of parameter). At
assembly the AU (parts) only of similar groups of a field of an error are
connected. This method is applied by large-series manufacture.

The assembly by a method of adjustment is executed by individ-
ual adjustment of the sizes of connected parts by sawing, clipping, scrap-
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ing of edges or surfaces of the AU. The value of tolerances of the parts
should be proved. In some cases the parts are subjected to deformation of
the form in the process of assembly for achievement of accuracy of the
assembly. Fitting works are characteristic at various types of manufacture:
in large-series manufacture they make 8...10 %; in small-series and single
ones reach 25...30 % of all volume of assembly works. But in all cases the
fitting works should be reduced in process of mastering of manufacture of
the A and H. The allowances are necessary in the event when the meth-
ods of coordination do not provide the given accuracy or it is eco-
nomically expedient to receive by way of adjustment at assembly.

The economic analysis of methods of assembly requires to cal-
culate economic indexes by the particular technical requirements and con-
ditions of manufacture. These indexes of an economic efficiency are di-
vided into three groups: 1) main self-supporting indexes; 2) general in-
dexes of economic result, 3) individual indexes of economic result.

The first group includes: increase of the profit; a level of profitabil-
ity; the second group includes: decrease of the cost price of products;
economy of adduced costs; term of pay-back of a capital invest-
ments.

The individual indexes include: decrease of labour input of the AMW;
liberation of the workers; increase of productivity of work; decrease of re-
quirement in the equipment and rigging; decrease of the consumptions of
energy; economies of the main and auxiliary materials; reduction of the in-
dustrial areas; reduction of terms of preparation of manufacture; reduction
of a cycle of the AMW; improvement of working conditions of the assembly
workers.

The individual indexes characterize versions of technological proc-
esses and executed methods of assembly. General indexes of economic
benefit are also used for comparison of methods of assembly. A general-
ized index is the economy of normalized costs (Eporm), including the
economy by the cost price of products and change of the size of a capital
investments.

The normalized costs are determined by the formula:

Zp=Cp+En‘K,
where Zp— normalized costs; Cp— the full cost price of annual production;

K - capital investments; E,, — a normative factor of an economic efficiency
of a capital investments.

Then the economy of normalized costs at comparison of two meth-
ods of assembly is:

Enorm =Z1p'zzp=(c1p+En 'K1)'(C2p+En 'Kz),
where C1p and Czp — the full cost price of the product annual output at the

first and second methods of assembly; K" and K? - capital investments on
versions of two methods.
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Enorm=( C1p'C2p)' n(KZ'K1),
where (C1p-C2p) - economy by the cost price; (K>-K') — additional capital
investments for a new assembly method.

The economic estimation of methods of assembly can also be con-
ducted by the integrated indexes: specific labour input of the AMW:.

or specific cost price of works
Cua=C./G,

where T¢ and Cg¢ — technological labour input of assembly and techno-
logical cost price of assembly; G — weight of AU.
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Tema 27
MeToabl 1 cpencrtea obecrnevyeHna TOYHOCTU, B3aMO3aMeHse-
MocCTU 1 yBA3ku CO. Ep.

Jdexmua 7. CTeneHn B3anmMo3aMeHsieMocTn npu cbopke aBmauu-
OHHbIX KOHCTPYKUMW. Tpn npuHumMna yBA3KN (CBS3aHHbIN, HECBS-
3aHHbIN, C KOMNeHcaumen). Nnasoso-wabnoHHbIn MeTog, (MWM)
YBAA3KM 3aroToBUTENBHON M COOPOYHOM OCHACTKM U ero pasHo-
BUOHOCTU. HoOMeHKknaTtypa OCHOBHbIX W MNPOU3BOACTBEHHbIX

lwaodnoHos MNWLM. YBA3ka geTanbHOro Komnnekra wabnoHoB npu
MM

B camoneto- U BepTONeToCTPOEHUN B3aMMO3aMEHSEMOCTb U TOY-
HOCTb SBMSAOTCA BaXHEWLMMW nokasaTensaMu kadectsa usgenvin. Touy-
HOCMbIO KaKoro-To pasmMepa HasblBaeTCA CTeMNeHb COOTBETCTBUSA €ero
AEeNCTBUTENBbHOIO pasMmepa 3HayeHuto, 3agaHHOMY B YepTexe. TOYHOCTb
cbopkM BNMSET Ha NETHble XapakTePUCTUKN, OQHAKO MOBbILEHNE TOYHO-
CTN U3Jenna MoXeT NPUBOAUTL K POCTY TPYAOEMKOCTU €ro N3roToBMNEHUS.
Pa3HOCTb OeNCTBUTESbHBLIX U 3aaHHbIX BENUYMH pPa3sMepoB XapakTepu-
3yeT KONMMYeCTBEHHOE 3HayeHMe TOYHOCTU U HasbiBaeTcs nmpou3eodcm-
8€HHOU No2pewHoOCMbHo.

B3anmo3zameHsieMOCTb — 3TO CBOMCTBO KOHCTpyKumn C6. En. obec-
neynBaTb BO3MOXHOCTb €€ NpMMEHEHNA BMeCTO apyron Takom e C6. En.
6e3 pgononHuTenbHon obpaboTkM C coxpaHeHWeM 3a[aHHOro KavecTtsa
Bcero msgenus. HekoTopbir 3fIiEMEHT KOHCTPYKLUMN ABMSIETCA B3aMMOo3a-
MeHAeMbIM, eCrnn ero reomeTpuyeckue n PyHKUMOHasbHble napameTpbl
nexart B npefenax JonycKoB, COrfacoBaHHbIX C A0NyCcKamMu B3anMocobun-
paembix C6. Ea. OT0 cornacoBaHne HOPMUPYETCH TEXHUYECKON OOKYMEH-
Taumen Ha ocHoBe pacyeToB. BaammosameHsemocTb ObiBaeT 2eomem-
puyeckoll, ¢husudeckol v obwiel (unu yHkyuoHasnbHoU). [eomeTpu-
Yyeckad B3anmo3ameHaeMocTb ([.B3.) xapaktepusyeT Ka4eCcTBO NPOEKTHO-
KOHCTPYKTOPCKMUX W TEXHONOrMYecknx peweHun. Ee BbICOKMM ypoBEHb
3HaYMTENbHO CHWXaeT TpyaoeMkocTb CMP. B 3aBMCMMOCTU OT Hanuiug
WM OTCYTCTBUA MOOTOHOYHbLIX PaboT npu cbopke pasnuyaloT MOJTHYHO
WU HernoJIHyr e3aumMo3amMeHsieMocmb. [locnegHAa ABNAETCA BbIHYX-
AEeHHOWN B NPOU3BOACTBE aBMALMOHHbBIX KOHCTPYKLUMA BCNeacTBMe UX Ma-
nou xectkocTtu. lMpouseodcmeeHHasi .B3. (BHympeHHsIs1 1 8HEWHSIST)
pacnpocTpaHseTcs Ha Bce aTanbl nponssoactea C. n B. Akcnnyamayu-
OHHasi 83auMoO3aMeHsIeMOoCMmb [EWCTBYET Ha BCeX 3aTanax 3dKcnryaTa-
umm C. n B.

YpoBeHb [.B3. xapakTepusyetcs koaghgpuyueHmamu npou3eoo-
CcmeeHHOU e83auMo3aMeHsieMocmu:.

1. Kn.e=To/Ts, rne To — TpynoemkocTs cbopku getanein npu non-
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Hol ux .B3.; Tg — TpyaoemkocTb cOopkM Npu gaHHOM ypoBHe .B3. Yem
Brnvxke 3TOT KO3(PPULMEHT K eanHuLEe, TEM Bbllle YpoBeHb [.B3.

2. Kne=Toem/Tn, toe Toem — TPYOOEMKOCTb M3rOTOBMEHUS OeTa-

nen; T, — obuwas TPydoOEeMKOCTb W3roToBMNeHUs Bcero uaaenvsa. Yem
MeHbLUe TpygoemkocTb CMP, Tem Bbile 3TOT KOIULUNEHT, TEM Bbille
ypoBeHb [.B3.

1
1

— = Ans KayecTBa

Y | CMP BaxHoe 3Ha4yeHue

E:‘ AT nMeeT yesizka pasme-

poB 1 (popM 3nemMeHTOB

%:v | B KOHCTPYKUWKN, YTO [JOC-

S g o TUraeTcs corfnacoBaHu-

sl / emM conpsiraeMblx npw

A - c6opke pa3MepoB Mex-

ay cobon. ToOYHOCTb

B3aUMHOW YBA3KN ABYX

Puc. 7.1. Cxema yBs3kn pasmepos A 1 B pasmepos A n B (puc.

7.1) xapaktepusyetcd

CTeneHbld  COOTBETCTBMS  Pa3HOCTM  UX  UCTUHHBLIX  pa3MepoB
(A,-Bj) pasHocTn aTnx pasmepos, 3aaaHHbIX B NPOeKTe (Any-Bnp).

Moaynb pa3HOCTM 3TUX BENUYUH OnpeaenseT no2pewHocms yesi3Kku

VABz/(Ad'Bd)' (Anp'Bnp) /
To4yHOCTb YBA3KU onpegendeTcd He TOYHOCTbIO KaXaoro pasmMmepa, a

Pa3HOCTbIO 3TUX pa3mepoB: Vag= /AA-AB / :

CnepoBaTenbHO, yBsA3Ka XapakTepusyeT coeslacoeaHHOCmb Oeli-
cmeumesibHO MoJly4eHHbIX 8 npou3zeodcmee pa3Mepos, 4YTO N onpe-
AensieT cmeneHb 63aumMo3ameHsiemMmocmu npu cb6opke. OTcoga U
npegnoyTeHne npu cébopke C. n B. ToOYHOCTM yBA3KM pa3mepoB U hopMm
nepen TOYHOCTbO CaMWX pas3MepoB, TaK Kak BaXKHOE 3HadYeHue umeet
NMaBHOCTb adpogMHaMmn4eckmx bopm arperaTtoB M nnaHepa camorieTa B
Lernom.

O6pasoBaHune nocne cOOPKM U3OENUS KOHEYHbIX pa3MepoB 1 opm
ero SABMSIeTCS CMOXHbIM MHOroaTanHbIM NPOLIECCOM: OT Hayana 3agaHus
KOHCTPYKTOPOM reoMeTpuyeckux napameTpos B yepTexax (KY), nepeHoca
3TOMN MHOPMaUMM Ha MPOMEXYTOYHbIX 3Tanax B BUAE MexHosio2uye-
CKUX pa3Mepoe Ha MepuTesnbHble NHCTPYMEHTbI M OCHACTKy OO BOCMNPO-
n3BeneHnst B rotoeoM msgenun. OT CTPYKTYpbl TAKOro npouecca 3aBuUcuT
XapakTep YBSA3KM U mpu ee npuHyunuasbHble CXeMbl. C853aHHO20
(3aBucmmoro) obpasoBaHWA pasMepoB; He3aeucumMo20 06pa3oBaHUS
pa3MepoB U yBs3Ka Ha OCHOBE MPUHUUMNa KoMrneHcayuu.

1. Cxema cesi3aHHO20 obpa3oeaHusi pa3mMepoe u ¢hopM nokasa-
Ha Ha puc. 7.2.

P

l—>

.

«
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Ans nonyvyeHnsi HOMUHANbHO pPaBHbIX ocyaapCTBEHHbIN
pasmepoB A n B cxema nmeet obwue (ces- aTanoH meTpa
3aHHble) 3Tanbl NepeHoca pa3mMepoB, YMCIIO '
KOTOpbIX P, U uHOueudyasibHble (HECBA3aH-

Hble) aTanbl B Konuyectee q (on4a pasmepa A) E:S
n r (onsa pasmepa B). lNona norpewHocTen ©
Ka)xgoro pasmepa obpasylTcs CymMMUpoBa- o

HMEM MOrpeLLuHOCTEN BCEX OOLMX U UHOUBU-
AyanbHbIX ONS KaXZoro pasMepa a3Tanos, a
NOrpeLlHoCTb yBA3KM pa3mepoB A 1 B onpe-
AENUTCA CYyMMMPOBAHMEM MOSier MNOrpeLLHo-

CTEN Ha HeCBA3aHHbIX aTanax qgur.

p q p r
5A=z5i+z5j; 5B=z5i+z5k;
i=1 j=1 i=1 k=1

q r
5AB = Z5j+25k.
Jj=1 k=1

N3 aTtux ypaBHeHMVI Haxoaum ycroBuA,
NpPnU KOTOPbIX TOYHOCTb YBA3KUN MNMPEBLICUT TOY-
HOCTb KaXXaoro n3 3Tux pasMepoB.

r p
OAB <04, €CIU 25’( < 25' ;
k=1 i=1

k [4
oaB £ 0B, ecandi < 25';

j=1 i=1
T.€., YTObbI 06ecrneynTb 60SbLIYID TOYHOCTb YBA3KW, HAOO0 BCe aTarbl, Xa-
pakTepuayowmecss HambonbWmMMM NOrpeLlHOCTAMU B WHAMBUAYANbHbIX
BETBAX, MEepPeHeCcTn Ha CBA3aHHble 3Tanbl. B 9TOM criydae norpewHocTb
yBA3KM ByaeT MeHblle norpeLHocTen Bcex pasmepoB. [JOCTOMHCTBO AaH-
HOM CXeMbl YBSI3KM COCTOMT B TOM, 4YTO obecneuymBaeTcsa B3aMmo3ame-
HAEeMOCTb U3OeNMn Marom XXecTKOCTU, CNOXHON hopMbl 1 BonbLLnX radba-
putoB. IMEHHO NpUHUMN CBA3aHHOro obpasoBaHMA (opM N pasmepos
SIBNSAETCA OCHOBOW rnsiazoeo-wabsioHHo20 memoda yesizku ([1LLUM) 3a-
roToBUTESTIbHOW U COOPOYHOM OCHACTOK.

2. YBA3Kka Ha OCHOBe nMpuHUUNa He3aeucumo20 06pa3oBaHus
pa3mepoB (puc. 7.3) He codepxxum obuw,ux amarnoe rnepeHoca Kaxao-
20 U3 HOMUHaJslbHO pasHbiIx paamepos A u B. B atom cnyyae pasmepsbl
NepeHOCAT OTAeNIbHO ApYr OT Apyra npu pasHoOM 4Yucre MHANBUAYanbHbIX
aTanos. [lofie norpewHoCcT yBA3KM pasmepoB A n B 3anvwem B Buge

q aTanos
r aTanos

e

\ 4
B

Puc. 7.2. Cxema cBs-
3aHHOro obpasoBaHus
pa3mepoB
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['ocyaapCTBEHHLIN m n
STanoH metpa OAB =Z§j+25k. OOwmm 3BEHOM Tex-
j=1 k=1
HOSTOrMYeCcKnx pasMepHbIX Lenen TyT aBnseT-
CAa Nub nepeu4HbIl pasmep Ha KY, koto-
pbl OTKNaAbIBalOT Ha U3MEPUTENBbHOM MHCT-
PYMEHTE N C KOTOPOro Ha4MHatT nocrnenosa-
TeNbHO 3Tanbl M 1 N €ro NepeHoca Ha usge-
nne. Hesasucumoe obpasoBaHuMe pasMepoB
conpsaraemblx getanen  obecnevmBaeTcs
€4VHOWN CUCTeMOon OOMyCcKoB M nocagok. lNpo-
N3BOACTBO, NpeaycMmaTpuBas NOrpeLHoCcTy B
npegenax OOonyckoB, AaeT BO3MOXHOCTb W3-
rotTaBnuBaTb pa3fenibHO AeTanu ¢ conpsrae-
A B MbIMW pa3MepamMu Ha pasHbIX pabouymx mec-
Tax 0e3 [JonofnHUTENbHOro CorfacoBaHuUs
pa3mepos.

3. YBA3Kka Ha OCHOBE npuHyuUnNa Kom-
rneHcayuu COCTOUT U3 OOHOro atana nepeHo-
ca pas3mepa c ogHoro obbekta Ha gpyron (co
cbopoyHoro npucnocobnexHnsa Ha C6. EA.), NO3TOMY MOrpeLIHOCTb YBA3KU
NO TakoOMy MPUHLMMY oOnpedensieTcs MOrpeLHoCTbI0 OOHOro aTtana

OaB=Aa=Ap. MNpaKkTnyeckn yBA3Ky Npu KOMMEHCALMMN OCYLLECTBNSIOT UMK
CVNOBbIM 3aMblkaHMEM (3a cyeT gedopmaumm getanen), unn 3anofnHeHu-
eM 3a3opa Mexagy cobupaembiMn dneMeHTamMu cneumanbHbiM KOMMAEHCa-
TopoMm. MeTog komneHcauumn obecneymBaeT HaMbONbLLYO TOYHOCTb YBSA3-
KN. HavMeHbLUyo TOYHOCTb MO CPaBHEHUIO C ABYMS APYrMMU MeTodamu
MMeeT cxema YBA3KM MO MPUHLMMIY He3aBMCUMOro obpasoBaHus pasme-
pOB.

OTnuuntensHon ocobeHHOCTLIO npoussoacTBa C. n B. sasnsetcsa
MCNONb30BaHME MPU U3roTOBIIEHUN MHOMMX fetanen n ob6bekToB cOOopKu
TMLIM no npuvHUuny 3asBucMmoro obpasoBaHusi pasMepoB U opm nyTem
nepeHoca MUx Ha 3TarloHHY OCHACTKY, 3aTeM Ha pabo4yyo OCHACTKy U Aa-
fiee Ha u3genus pasnuyHbiMn cnocobamm KONMPOBaHUS, T.€. UCMOMb3YIT
onpeaeneHHyl cucmemMy Xecmkux Hocumesel ¢popM u pa3mepos
conpsiraemMblX 3f1IEMEHTOB KOHCTPYKLMK ONs UX YBA3KU. B 3aBUCMMOCTH OT
BMAA CPEACTB YBSA3KW BbIAENAIOT mpu MPpUHyuUnuasbHble pa3HOB8UOHO-
cmu cxeM NpoLeccoB YBA3KU:

— OCHOBaHHble Ha MCMNOSIb30BaHUN B Ka4yeCTBEe OCHOBHbIX CPeAcCTB
MNOCKUX CreumanbHbIX XEeCTKUX HOCUTENen — wabrsioHo8, N3roTOBMEH-
HbIX MO Meopemu4YecKuM U KOHCMPYKMOPCKUM rsia3am,

— MOCTPOEHHbIE Ha MWCMOMb30BaHUM creyuasibHbIX 06 beMHbIX HO-
cumersneu ¢hopM U pa3mepoes — 3TarloHOB, KOHTP-3TarlOHOB, MaKETOB U KOHTP-
MaKeTOB, U3roTOBSIEHHBLIX METOLOM MOCTPOEHMS U CNOcoBOM Crenka;

m 3TarioB
<
n 3Tanos

Puc. 7.3. Cxema He3a-
BUCUMOro obpasoBaHus
pa3mepoB
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— OCHOBaHHble Ha npuMeHeHun atanoHHbix C6. Ef. n TexHonoru-
YeCKOM MalUWHbI B LIENIOM, NOMyYEeHHbIE B pe3yfibTaTe KOHTPOSbHbIX COO-
POK M YBSI30YHOM OTPaABOTKM Y3MNOBbIX KOMMIEKTOB AeTanen. 3Tn cxembl
MOXHO Mcrnonb3oBaTb NPUMEHUTESNBHO K KOHCTPYKTUBHO-
TEXHOSIOrMYeCckNM OCOBEHHOCTSIM OOBLEKTOB COOPKM U YCHOBUSIM MPOU3-
BoactBa. OcHoOBHOe TpeboBaHMe Mpu NPOEKTUPOBaAHUN CXEMbI YBA3KU SIB-
nsetca obecneveHne .B3. mo konmypam, o6e8o0am n cmbikaM B3au-
mMocobupaembix C6. Ea.

[Mpn peanusauum MWLM B kadecTtBe aTanoHa ¢oOpMbl U pasMepoB
npuHUMaoT meopemu4deckut nna3s (TI1), npeactasnsowmn cobon yep-
Tex arperata C. u B. B HaTyparnbHy0 BENUYUHY, BbLINOMHEHHbLIA B TPEX
NPOEKUMSX Ha XXeCTKOW OCHOBe: ruia3 60koeol npoekyuu, rniaHosas
npoekyusi, nna3 coeMeweHHbIx cedeHuu. Mo Tl narotaBnueBawT oc-
HOBHble WabJIoOHbI, KOTOPblE HECyT BCIO Heobxoaumyk WHopmaumto
ANS BbINOMHEHNA MpPou3e00CMeEeHHbIX wabsioHoe, a N0 HAM co3aatoT
npucnocobneHna onsa N3rotToBneHus getanen (3arotoBuTenbHaa ocHacCT-
ka) n cbopkn C6. Ea. (cbopoyHas ocHacTka). Ha puc. 7.4 nokasaHa npuH-
uunuaneHas cxema yBaskuy rpu [NLWM.

TeopeTnyecknn
nnas arperarta

y
[MepBUMYHbLIE OCHOB-
Hble WabrnoHbl

v v
BTOpUYHbIE NPOM3BOACTBEHHbIE BTOp1UHbIE NPOM3BOACTBEHHbIE
LaBMoHbI 419 M3rOTOBMEHUS MPUC- LWabroHbl 418 N3TrOTOBMEHUS
NocobneHui, KOHTpons AeTaneil cBOPOYHbBIX NPUCMOCOBMNEHMI

y y

O6BogoobpasyoLme areMEHTbI

Mpucnocobnenns y
nau 3FF)OT OBIEHWS NETANEI cbOpOYHbIX NpMcNocobneHmn
A A (py OMNbHUKK, NOXKEMEHTbI)
v :
fetanu COBopoyHbIe
npucnocoobneHns
Arperat <

Puc. 7.4. MNpuHuunuansHaga cxema MMM yBA3ku
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YBA3KY TEXHONIOrMYECKON OCHACTKMU, HEOBX0OMMOW ONst U3roTOBNEHUS
aetanen, BXogsilMxX B pasMepHble ceyeHust arperarta, obecneunBatoT CO3-
AaHNEM KOMIJleKma e3aumMoyesi3aHHbIx wabsioHoe Ha arperaT. Yano-
eoli Komrsiekm wabsioHoe MNO3BOMSIET CMOHTMPOBATL M yBA3aTb MeXay
cobon cbopoyHble npucrnocobneHnsa ans yanos. B demanbHbIl KoMiiekm
BXOOAT LWAabnoHbl, HeobxoaMmble ONA M3roTOBMEHUS OTAENbHbIX AeTanemn.
YBA3Ka MO MexarperatHbiM CTblkam obecneymBaeTca Kasubpamu pasbe-
Ma, KOTopble BOCMPOMN3BOAAT KOHCTPYKLMIO CTbIKa U KPENEXHbIX 311EMEHTOB
Ha HEM B >XX€CTKOM HaTyparibHOM UCMONHEeHUU. [nsa 3Toro Ucnosb3yT vep-
TEX CTblka M HEKOoTopble LabnoHbl, cHATbIe ¢ nnas3a. Kanubpbl pasbema
ABYX arperatoB omcmbIKO8bIi8arom Mexay cobon.

K ocHoeHbIM wabsioHaM OTHOCAT LWAabfIOH KOHTPOMbHO-KOHTYPHbIN
(LUKK); oTneyaTok KOHTpOnbHbIN (OK) n KoHCTpYKTUBHbIN nna3s (KIT). LLab-
noHbl LWKK npeaHasHayeHbl And reoMeTpudeckon yBA3KW aeTanen, pac-
NMOSIOXXEHHbIX B MSIOCKOCTU OAHOrO yana, AN U3roTOBMEHUS U YBA3KU
y3/108020 KoMmsiekma LwabnoHoB Ons getanen ysna v wabrnoHoB
cbopouHbix  npucnocobneHnn. WX  yBA3KYy  BbINOSHAKT  NyTeM
BblYepYMBAHUS B HaTypalnbHYH BeENMYUHY CeYeHUn BcexX AeTanen,
BXOAALMX B NSIOCKOCTb JAHHOIO y3na.

KoHcTpykTnBHbin nna3s (KIM) n WKK mn3rotasnmueatot no TI1, Tabnu-
uam koopauHat n KY arperarta. LUKK konvupytoT Ha MeTannyeckum fncr,
a KI1 BbivepyumBatloT Ha npospadvyHomMm nnactuke. lNpumeHeHne KIT npepy-
npexagaet npexaeBpemMeHHbl nsHoc LWKK npu narotoBneHnn wabnoHoB
N nx KoHTposne. OK — ectb konusa KI1 n narotaBnuBaeTca MeToaomMm (poTo-
konuposaHnsa. OK npeaHasHayeH AONs yBA3KM M KOHTPONS KOMMMekTa
lwabnoHoB, kak n LKK HeceT nHdopmMauuto o BCEX reOMeTpUYECKMX na-
pameTpax gertanen, BXogAWwmx B JaHHOE CeYeHUe: KOHCTPYKTUBHbIE OCH,
KOHTYpbI, pacrnonoXeHue gertarnen, Hanmmyme TEXHONOMMYeCcKMX U KOHCT-
PYKTUBHbBIX OTBEPCTUN.

lMpou3zeodcmeeHHble wabsioHbI NpegHa3HadYeHbl ANa U3roToBrie-
HUA getanen, npucnocobrneHnn, ocHacTkn. VX nsrotasnmBaloT METOLOM
npsamoro konuvposaHusa no LWKK vwnn OK. HomeHknaTypa n HasHadeHue
NPOM3BOACTBEHHbIX LWAGNOHOB NpmMBeaeHbl B Tabnuue.

B coctaB atux wabnoHoB Bxoaut 6onee 10 HammeHoBanun: LUK,
LWBK, WPA, W3, Wo, WKC, Wr, WOK, Wi, WP, KWCB, KPC u T1.4. Uc-
nosib3yemMblin B paboTte KOMMNEeKT wabnoHOB Ha3HayalT B 3aBUCMMOCTU
OT 0COBEHHOCTEN KOHCTPYKLUMWN geTanu unv yana.

Cxema yBA3KM [JeTanbHOro Komnnekta wabnoHoB MokasaHa
Ha puc. 7.5.

30ecb xe n3obpaxeHbl pa3amepbl CEYEHUN KOHTYPOB LLIABIOHOB AfiS
N3roTOBMNEHMs HOCKa HEPBIOPbI, MOKa3aHO Kak X 06pasyloT 1 yBA3bIBAKOT
mexay cobon. KoHTypbl WabnoHOB 3KBUOUCTAHTHBI.

[ns CHWXeHus TPyAOEeMKOCTU NpU pacydepynmBaHn U U3roTOBIIEHUN
naasoB 1 WabnoHOB NCMONb3YT MaTeMaTUYeCKne MoaenNu reomeTpuye-

KpaTkas xapakTepucTka HEKOTOPbIX NPON3BOACTBEHHbIX LWAGMIOHOB
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Ob603Ha-

HaseaHune HasHa4yeHue
yeHue
NarotoBneHne wu yesaska LWKK, WP/,
LUK LLlabnoH koHTypa | WOK, WBK w»n npucnocobneHnn ans
KOHTpoNa getanemn
WPp LLlabroH pa3sepT- | N3rotoenexne LU u LUMP, BbIpyOHbIX 1
Kn getanu BbIPE3HbIX LUTAMMOB
UK | Wabmon sy | STOT0mnee Bopegocce, mieiee
Hero KoHTypa
BbIKONOTKM
LLlaBnoH obpe3kn | Obpeska, cBepneHne, KOHTPONb OopPMbI
LOK | n KOHOYKTOP O | CNOXHbIX  JIMCTOBbLIX U NPOGUNbHbBIX
cBepneHus aetanemn
ke LIa6roH KoHTYPa N3roToBneHne u KOHTpONb AeTanewn,
CeueHNs paCoHHbIX OMNpaBOK AN OBTSKKM U
LUTAMMNOBKW, ANSA rMncoMoaenu
LM LLIabnoH MoHTax- | MI3roToBneHne 3nemMeHTOB M MOHTaxX

HO-CPUKCUPYIOLLNIA

cbopOYHbIX NpMCNocobneHumn
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Puc. 7.5. Cxema yBsA3KM KOMMNIeKkTa LwabnoHoB, HeobxoanMbIX Ans U3ro-
TOBMEHUSA AeTanu Tuna Hocok Hepsopbil (ls- pa3mep pasorHyToro 6opra)

CKMX pOpM, NPUKNagHble NporpaMmbl OIS X peanv3auun Ha aBToMaTtu-
YeCKMxX koopauHaTorpadgax, COBPEMEHHbIE KOMMPYHOLME N CKaHMpyowme
YyCTPOWCTBA. M3rotaBnuBalT cTanbHble LWAabMnoHbl HA CTaHKax C 4Yucho-
BbIM MPOrpaMMHbIM YCTPOWCTBOM MO pa3paboTaHHbIM YNpaBnsoLwmMm
nporpaMmMam, 4YTO MOBLILWAET MOYHOCMb 0bpabaTbiBaeMbIX KOHTYPOB U
CYLLLECTBEHHO CHWXaeT mpydoeMKocmb pabom.




112
Topic 27
Methods and means for providing of accuracy, interchangeability
and coordination of AU

Lecture 7. Interchangeability degrees at aircraft designs assembly.
Three coordination principles (connected one, inconnected one
and one with compensation). Loft-template method (LTM) of stor-
ing and assembling rigging coordination and its varieties. The
nomenclature of the basic and industrial templates of LTM. A co-
ordination of detail complete set of templates at LTM

In aircraft and helicopter manufacturing the interchangeability and
accuracy are major indexes of products quality. Accuracy of any size is
the degree of conformity of its real size to value given in the drawing. The
assembly accuracy influences at the flight characteristics, however the
accuracy increase of a product may result in labour input increase of its
manufacturing. The difference of the sizes real and prescribed values
characterizes quantitative value of the accuracy and is called an indus-
trial error.

The interchangeability is a property of a design of AU to provide a
capability of its application instead of the same another AU without addi-
tional processing with preservation of the given quality of the all product.
Some design element is interchangeable, if its geometrical and functional
parameters lie within the tolerances limits which were matched to the mu-
tually assembling AU tolerances. This coordination is standardized by the
technical documentation on the basis of calculations. The interchangeabil-
ity is: geometrical one, physical one and general one (or functional
one). Geometrical interchangeability (Gl) characterizes quality of the de-
sign and technological solutions. A high level of GI considerably reduces
the AMW labour input. Depending on absence or are presence of fitting
works, the complete or incomplete interchangeability are distinguished
at assembly. The last one is compelled at aviation constructions manufac-
ture, taking into account their small rigidity. The industrial Gl (internal
and external) is distributed to all stages of the A and H production. The
operational interchangeability acts on all A and H operation stages.

The GI level is characterized by coefficients of industrial inter-
changeability:

1. Kov=To/Tq, where Ty - labour input of parts assembly at their

complete GI; T4 - labour input of assembly at the G/ given level. Than
closer this factor to unit, than higher the G/ level.

2. Kov=Tget/ Tp, where Tqet — labour input of manufacturing of parts;
T, - general labour input of all product manufacturing.
Than less the AMW labour input, than higher this factor, than higher
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the Gl level.
The coordination of the sizes and shapes of design elements is im-
portant for the AMW _
quality, that is reached —_ -
by the concordance of
the sizes, interfaced at
assembly, among
themselves. The accu-
racy of mutual coordi-
nation of two sizes A

and B (see fig. 7.1) is
characterized by a de-
gree of conformity of a
difference of their true
sizes (Aq - By), to dif-
ference of these sizes given in the project (Apr = Bpr).

The module of these values difference determines a coordination
error:

"
N

|
o

Fig. 7.1. The scheme of coordination of the A
and B dimensions

Vas=/(As-Ba) - (Apr-Bor) /.

The accuracy of coordination is determined not by accuracy of each
size, but by difference of these sizes:

VAB=/AA -AB/-

Therefore, the coordination shows the sizes harmony, really re-
ceived in manufacture, that and determines a degree of interchange-
ability at assembly. Hence it follows that preference at A and H assem-
bly of coordination of the sizes and forms accuracy to the sizes accuracy,
since the aerodynamic forms smoothness of the aggregates and airframe
as a whole has the important value.

The formation after a product assembly of the final sizes and its
forms is complex multi-stage process: from assignment by the designer of
geometrical parameters in the drawings (CD), carrying of this informa-
tion at intermediate stages as the technological sizes on measuring tools
and rigging before reproduction in finished product. The character of coor-
dination and its three principal diagrams depends on structure of such
process: connected (dependent) formation of the sizes; independent
formation of the sizes and coordination on the basis of a compensation
principle.

1. The scheme of connected formation of the sizes and forms is
shown in fig. 7.2.
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State standard
of metre

State standard

C/ f met
<5 o metre

B
Fig. 7.2. The scheme of connected Fig. 7.3. The scheme of independ-
formation of the dimensions ent formation of the dimensions

p stages

m stages
n stages

q stages
r stages

A

Here is shown, that for obtaining of the nominally equal sizes A and
B the scheme has general (connected) stages of the sizes carrying,
which number is "p", and individual (inconnected) stages in quantity "q"
(for the size A) and "r" (for the size B). The errors fields of each size are
formed by errors summation of all general and personal stages for each
size, and coordination error of the sizes A and B will be determined by

summation of errors fields at connected stages “q and r”:

0, = 26+26 26+26k, 28+28
i=1 j=1 i=1 k=1 j=1 k=1
From these equations we find conditions, when the accuracy of co-
ordination will exceed each of these sizes accuracy'

p
6AB—ﬁA if 25 26 6AB_6B |fZ5 251,
=1 i=1 j=1 i=1

i.e. that to ensure Iarge coordination accuracy, it is necessary to transfer
all stages giving greatest errors in the scheme individual branches on con-
nected stages of the scheme. In this case error of coordination will be less
errors of all sizes. The advantage of the given coordination scheme is
that the interchangeability of products of small rigidity, complex form and
large overall dimensions is provided. The principle of connected formation
of the forms and sizes is the basis of a loft-template method of
coordination (LTM) of storing and assembly rigging.
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2. The coordination on the basis of an independent formation of the
sizes principle (fig. 7.3) does not contain general carrying stages of
each of nominally equal sizes of A and B. In this case carrying of the
sizes implements separately from each other at different number of indi-
vidual stages. Here an error field of the A and B sizes coordination will be
recorded as:

m n
6AB:.Z 8j+ >0, -
j=1 k=1

A general link of technological dimensional circuits here is only primary
size on CD, which is carried on the measuring tool with which stages «m and
n» of its carrying on a product are consistently begun. The independent sizes
formation of conjugated parts is provided with a unified system of tolerances
and fits. The manufacture, supposing errors within the limits of the tolerances,
can separately produce the parts with the conjugated sizes on different work-
places without the additional coordination of the sizes.

3. The coordination on the basis of a compensation principle con-
sists of one stage of the size carrying from one object to another (from an
assembly device on AU), therefore the coordination error by this principle
is determined by an error of one stage:

0,,=A =A,.

Practically the coordination at compensation implements or by force
closure (at the expense of parts deformation), or filling of a clearance be-
tween collected elements by a special compensator. The compensation
method provides the greatest coordination accuracy. The coordination of
the sizes by an independent formation principle has least accuracy in
comparison with two others.

Distinctive feature of the A and H manufacture is the LTM use at
manufacturing of many parts and objects of assembly by a way of de-
pendent the sizes and forms formation by carrying them on a standard rig-
ging, then on a working rigging and further on products by the various
ways of copying, i.e. use a certain system of rigid carriers of the forms
and sizes of conjugated elements of a design for their coordination. De-
pending on a kind of coordination means three principal varieties of the
schemes of coordination processes are allocated:

1) the schemes using flat special rigid carriers as basic means —
templates received by theoretical and constructive lofts;

2) the schemes constructed on use of special volumetric carriers of
the forms and sizes — of standards, of counter-standards, of mock-ups and
counter-mock-ups made by a construction method or a mould way;

3) the schemes based on application of standard AU and techno-
logical machine as a whole, received as a result of monitoring assemblies
and coordination development of nodal complete sets of parts. These
schemes can be used with reference to structurally-technological features
of assembly objects and to manufacture conditions. The basic require-
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ment at designing of the coordination scheme is providing of the GI on
contours, outlines and joints of mutually assembling AU.

At LTM realization as the form and sizes standard take theoretical loft
(TL), representing full-scale drawing of the A and H aggregate, made in
three projections on the rigid basis: the lateral projection loft, the plane
projection, the combined cross-sections loft. On TL the basic templates
are made, which bear all necessary information for industrial templates
manufacturing, and on their basis devices for parts manufacturing (the stor-
ing rigging) and AU assembling (the assembly rigging) are made. on a fig.
7.4 the principal diagram of coordination at LTM is shown.

The coordination of technological rigging, necessary for manufactur-
ing of parts, included in dimensional cross-sections of the aggregate, is
decided by creation of a complete set of mutually coordinated tem-
plates on the aggregate. The nodal complete set of templates allows to
make and to coordinate among themselves assembly devices for units.
The templates necessary for manufacturing of separate parts are included
in a detail complete set. The coordination o

a design of the joint
natural performance. For this purpose
the drawing of the joint and some templates, which are copied from loft,
are used.

o the basic templates concern: a checking-contour template (TCO);
a control print (CP) and constructive loft (CL). The TCO templates are in-
tended for geometrical coordination of parts located in a plane of one unit,
for manufacturing and coordination of the nodal complete set of tem-
plates for parts of the unit and for templates of assembling devices. Their
coordination is executed by drawing on full-scale of cross-sections of all
parts which are included in a plane of the given unit.

The constructive loft (CL) and TCO are made by TL, coordinates ta-
bles and constructive drawing (CD) of the aggregate. TCO is copied on a
metal sheet, and CL is drawn on a transparent plastic. The CL application
prevents premature wear of TCO at templates manufacturing and ensures
their control. CP - is a CL copy, made by a method of photocopying and
intended also for coordination and control of a complete set of templates.
CP, as well as TCO, bears the information on all geometrical parameters
of parts which are included in given cross-section: design axes, contours,
parts arrangement, presence of technological and design apertures.

The production templates are intended for parts, devices and rig-
ging manufacturing. They are made by a method of direct copying on TCO
or CP. The production templates nomenclature and assignment is shown
in the table.
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Theoretical loft
of aggregate

12

Primary basic
templates

\

v

Secondary production templates

for control of the parts

for manufacturing of the devices,

Secondary production templates
for manufacturing of the
assembling devices

v v
Devices Contour-farming elements
\ of the assembly devices
for manufacturing of the parts .
(fixing arms, supports)
v v
Parts Assembllng
devices

Y

Aggregates

A

Fig. 7.4. The principal scheme of LTM

The brief characteri

stic of some production templates

A tem-
q plgte The template A template assignment
esigna- name
tion
A contour tem- Manufacturing and coordination of
TC late TCO, TDP, TCC, TIC templates and
P devices for the control of details
A part develop- Manufacturing of TM and TGC tem-
TDP : .
ment template plates and blanking dies
An internal con- Manufacturing of formblocks, punches
TIC tour and formers for a moulding, bending
template and tapping
ICC A cutting template Cutting, drilling, the form control of
and drilling conductor| complex sheet and profile parts
A cross-section Manufacturing and control of parts,
TCS formers for covering and punching, for
contour template
a plaster model
A mounting-fixing | Elements manufacturing and mounting
TMF :
template of assembly devices
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More than 10 names are included in their structure: TC, TIC, TDP,
TBL, TM, TCS, TB, TCC, TD, TDP, CTSB, TCS, etc. Used in work com-
plete set of templates is assigned depending on a design features of a
part or unit. The coordination scheme of a detailed complete set of tem-
plates is shown on fig. 7.5.

lh,ff_ s M e In -
s e :
oo e
| ?*%\,“
/ I <\_\ \\
¢ . o i ',
/ S
d s s WM S & W TCO
AV M R T N CL
o M A TC
il 7777 W AR TIC
AT IIIIIAT? | vz TDP
TR ] | P ™
5,5 min t 1| 5,5mm

Fig. 7.5. The coordination scheme of a complete set of the templates nec-

essary for the detail manufacturing of a nose rib type (lp - the size of an
unbent side)

On the scheme the sizes of templates contours cross-sections for
manufacturing of a nose rib are shown, as they are formed and coordi-
nated among themselves. The templates contours are equidistant.

Mathematical models of the geometrical forms, applied programs for
their realization on automatic coordinatographs, modern copying and
scanners are used for reduction of labour input at lofts and templates
drawing and manufacturing. Steel templates manufacturing is conducted
on machine tools with the numerical program device by the developed
control programs, what increases the accuracy of processed contours and
essentially reduces the labour input of works.
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Tema 27

Jlexuus 8. [NpnHUMnmanbHble cxemsbl [NLLUM v ero pasHoBugHoCTEN.
[MpoekTnpoBaHne cxem cOOpPKMN 1 YBA3KN 3aroToBUTESNTbHON 1 cbo-
poYyHOW ocHacTok npw MM

8.1. NMpuHuunuanbHble cxembl MWLM u ero pasHoBuaHocTen

[ns TOYHOM YBA3KM reoMeTprUYEeCKnUX pasmepoB YacTen CaMosieToB U
BepToneToB cxembl LM npegnonaratoT NOCTPOEHME €ONHOr0 3MmaJsioH-
HO20 UCTOYHMKA POPM W pasMepoB, C KOTOPOro MeTo4oM KOnuMpoBaHUA
3Ta reoMeTpus NepeHoCnTCa Ha OCHacCTKy, a 3ateM Ha getanu u C6. Ea.
Mpw nponssoactee C. n B. To4yHOM B3aMMHOM yBA3Ke noanexart creayto-
Lne epynnbl 2eo0MempuYecKuUx napamMmempos:

1) KOHMypbI omoOesibHbIX M/IOCKUX ce4YeHull NOBEPXHOCTEN arpe-
raToB; MOrPELUHOCTM B3aMMHOM YBA3KM 3TUX KOHTYPOB HapyLlakT nnas-
HOCTb a3poMHaMMYeCKon NOBEPXHOCTU arperara;

2) reomeTpuyeckne napamempsl demasnel U y3/108, BXOOSLINX B
COCTaB Kaxk0020 IJIOCKO20 Ce4YeHUsl azpez2ama; yBsA3Ka 3TUX napameT-
poOB Heobxoanma Ans TOYHOro COMNPSPKEHNS BCEX 3NTIEMEHTOB KOHCTPYKL MK
COOPOYHLIX eanHnL;

3) reomeTpuyeckune napamMeTpbl MEXCEKUUOHHbIX U MexXazpe-
2amHbIX pa3bemMo8; HapyLUeHMe YBA3KM MO CTbIKOBbIM MOBEPXHOCTAM
cbopoYHbIX ©a3 NPUBOAUT K UCKAXKEHUKO B3aMMHOIO pacrofioXXeHUsl Cek-
WX N arperaTtos, HapyLueHuto popm nriaHepa C. n B;

4) pa3mepHble NapameTpbl, onpegendawowme e3auMHoOe pacrosio-
JXeHue omoesibHbIX MJIOCKUX CeYeHUU KaXaoro arperata B NPOCTPaHCT-
BE; NOrpPELUHOCTN YBA3KN 3TUX pa3MepoB MPUBOAAT K UCKaXKEHWo opm
arperara.

[ns TO4YHOM YyBA3KM M BOCMPOMU3BELAEHUA B HaTypalibHbIX pa3Mepax
BCEX NapameTpoB reOMETPUN B KaXKOOWN U3 NPUBELEHHbIX FPynn N3rotToBns-
0T eQuHble creyuasibHbleé 3MmaJsioHbl (hOpM U pa3mMepos: AN NepBOK
rpynnbl — meopemuyeckull nna3 coBMmeLleHHbIX cedeHun (TI1); ona BTo-
pon — ocHoeHOU wabnoH LUKK; ans TpeTben — KOMM/IeKm e3auMHoOoOm-
CMbIKOBaHHbIX Kasiubpoe u KOoHmpkKanubpoe pa3bema; Ans YeTBepTon
rpynnbl — MOHMa)XHbIU 3marsioH azpe2ama (M3), KOTOPbIN B HEKOTOPbLIX
cnyyasix Takke siBAseTcs Kanubpom pasbema. C npuBedeHHbIX 3TarioHOB
Crnocob6omM npsiMbix U 06pamHbIX Konul NepeHocAaT opMbl U pasmepbl
napamMeTpoB, BXOOAWMX B AAHHYK rpynny, Ha OO6beKTbl TEXHOOrMYEeCKom
OCHaCTKW anga cepumnHoro npounssogcrea C6. Ef.

B 3aBucmmocTu OT BUAa CpeacTB YBA3KM pasmMepoB U dOpM Bblae-
NalT mpu npuHyunuasbHble pa3HOBUOHOCMU CXeM rpoyeccoe
Y8SI3KU:

— CXema, B KOTOpPOM B Ka4yeCTBE€ OCHOBHbIX CPeACTB MPUMEHSIT
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nnockue cneyuasnbHble HOcumenu — wabsioHbl, NonyyeHHble no TI1
v KI1;

— CXema, NOCTPOEeHHasi Ha UCMOoNb30BaHUN cneyuasbHbiX 06bLeM-
HbIX HOcumeJsiel ¢popM U pa3Mepoe8 — 3MmMasioHO8, KOHMP3MaJsiOHO8,
MaKemoe, U3roToBIEHHbIX MHCTPYMEHTarnbHbIM CNocobomM mnum cnocobom
cnenka;

— CXema, OCHOBaHHasi Ha NMPUMEHEHUN amasiOHHbIX demarnel, y3-
noB wunu cekumn. [lMpumepbl peanu3aumm 3TUX CXEM TMoKas3aHbl Ha
puc. 8.1 — 8.3, nx ncnonb3oBaHNE 3aBUCUT OT KOHCTPYKUNKN obbekTa coop-
Ku, TpeboBaHNM TOYHOCTN YBA3KN U NPOM3BOACTBEHHbIX YCIOBUNA.

T4
[
TI1
I
KII
[

[TKK

|
K I [TKC
I | I

HIP/I| [INBK OIl | |BbonBanka HIIIOK
I I [

OIT | |deramu| |TICK
I I
Heranu OOUIKMBKH

Puc. 8.1. Cxema YBA3KN C NCMNOJ1Ib30BaAHUNEM TMJTOCKUX LwabnoHoB

Ha npuBegeHHbIX cxemMax yBA3KY YKa3aHHbIX Ha TeopeTU4YecKOM
yepTexe (TY) pasmepoB nnockux y3nos n naHeneun npu MNMWM ocyuiects-
NAT C NOMOLLBID KoMMnekTa wabnoHos, cHATLIX ¢ KI1. Hocutenem Teo-
peTuyeckoro KoHTypa gasnsetca LKK, no KOTOpOMY BbIMOMHAKT MPous-
BoAcTBeHHble WK, LI, WKC, WPA, LWWOK ona n3rotoBrneHUsa getaneun.
WK v LI cnyxaT Ons u3rotoBneHMsa KOHTYpoobpasylolen OCHacTKu,
LUBK — onst n3rotoBrneHMs LWTaMnoBOYHOW OCHACTKM — dOpM6OIOKOB U on-
pasok (Of), PO — ona nonyyeHus 3aroTOBOK AeTarnen.

Ans narotoBneHnss oBLLIMBOK C KPUBU3HON HEOBXOOMM OBTSXKHOW ny-
aHCOH n3 neckokreeson macchol (MCK), KOTopbIv NOsy4alT CHATUEM chen-
Ka c gepeBsiHHOW GonBaHKW, B CBOKO oYepedb M3roTOBIEHHYO Mo wabno-
Ham koHTypa ceyveHus (LLKC). o nyaHCOHY U3rotaBnmBatoT WabfoHbl Ans
obpe3kn OBLIMBOK U cBeprieHns B HUX oTBepcTun (LLOK).

Ansa o6bekToB COOPKM CO CROXHLIMWU MPOCTPAHCTBEHHBLIMU MOBEPX-
HOCTAMWU Mpu ucnosb3oBaHuu MWLM npumeHsoT AoNoNHUTENbHbIE NPO-
CTPaHCTBEHHbIE UCTOYHUKN — 3mMaJsiOHbl I MaKembl, KOTOPblE€ HECYT rpa-
dudeckyto MHPOpPMaUUIO O pasMeLleHUM 3NIEMEHTOB  KOHCTPYKLUW,
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Puc. 8.2. Cxema YBA3KN C NCMNOJ1Ib30OBaAHNEM MaKeTa NOBEPXHOCTU
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KOH(Urypaumm 1 pacrnornioXeHUn CTbIKOB, pPa3beMOB U TEXHONOMMYeCKUX
otBepctuin: CO, PO, HO v fp. MNpumepom paboyen cxembl YBA3KM MO-
XET CNyXuTb Cxema YBSA3KM KOHCTPYKUUW raHesniu 08OUHOU KpueU3Hb
(puc. 8.4). BO3MOXHbIM BapnaHTOM CXEMbl YBA3KM OOBbEKTOB NPOCTPAHCT-
BEHHOW KOH(Urypaumm sBNseTca cxema C¢ npuMeHeHnem Oo6beMHbIX UC-
TOYHUKOB YBSI3KM B BUOE 3MaJIOHHbIX demasiell, NoNyYeHHbIX NPWU KOH-
TponbHon cbopke (cMm. puc. 8.3) B cbopoyHOM npucnocobrieHnu.
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Crpunreps! | | LlInanroyrst
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Puc. 8.4. Cxema yBA3kn popm 1 pasMmepoB naHenen 4BoONHON KPUBUSHDI

3agadva noBbIWEHUS TOYHOCTU U CHUXXEHUSA TPYOO0EMKOCTU Npu yBA3-
ke COOpOYHbLIX MpucnocobrieHn n koopauvHaumm ux ukcaTopos Obina
peweHa B cucteme MM 6narogaps NCNOMb30BaHUIO cheunarbHbIX M0~
CKUX W npocmpaHCMeEEeHHbIX KOOPOUHamHbIX CcmeHdo8. mnas-
koHAykmopoe (1K) n uHcmpymeHmanbHbIx cmeHdoe (UC), koTopble
ABMAKOTCA YHMBEpPCalbHbIMU CpeacTBaMn st TOYHOrO MNOCTPOEHUST KOOp-
ONHAT pasMepoB NPU MOHTaxe COOPOYHLIX NpucnocobreHnin. Tak BO3HUK
KoopaAMHaTHO-WabnoHHbIn MeToq yBaAskn (KLLUM), doparmMeHT KoTopon no-
Ka3aH Ha puc. 8.5.

[ns noBbIlWEHNA TOYHOCTM YBA3KU NPU NPOM3BOACTBE CBEPX3BYKO-
BbIX CMOXHbIX MO KOHuUrypaumm camornetoB Ha ocHoBe [MLLUM noasunca u
cTan WUPOKO MPUMEHATBCA 3TanoHHO-WabnoHHbIn MeToq (ALUM). CyTb
9TOro MeToda YBS3KM — UCMOSIb30BaHME OObEMHbIX amasioHO8 nosepx-
Hocmu (3f1), koHmpamasnoHo8 arperaToB nnaHepa camoneta (K3) wu
MOHMa)kKHbIX amasioHoe (M3); oHn ABNATCA €AWHBIMU MUCTOYHUKaMU
ONSA U3roTOBMEHUSA U YBA3KNM 3a2omoesumersibHOU o6e80doobpa3yrowel
n c60poYyHOU ocHacmku. Takasa cxema yBsA3kM n3obpaxeHa Ha puc. 8.6.
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Puc. 8.5. Cxema yBsasku no KLLIM
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Puc. 8.6. Cxema yBasku no SLWLUM

YunTbiBad CNOXHOCTb U TPYLOEMKOCTb MOHTaXHbIX paboT Ha C. n B.
(8o 50% ot obwero obbema CMP), B3anMo3amMeHAEeMOCTb MPU YCTaHOBKE
B6opToBoro obopyaoBaHUS W NPOKMagke KOMMYHuKauui obecneymsBaloT
npumMmeHeHnemM memoda ob6beMHOU yesizku ocHacTknm (MOY), koTopbii
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pacwmpsieT o0bbl4HbIN MM vcnonb3oBaHUEM OOMOSTHUTENBHOIO cocTaBa
KOHTPONbHON OCHacTKn: 6a3oeo20 amasioHa (b3), o6bLemMHO20 nna3sa
(OIl) n obpa3yoebix 3MasioHO8 3NEMEHTOB KOHCTPyKUuu. [pn 3TOM
peannayoT NpUHUMN 06 bEMHON YBA3KU NPU MHCTPYMEHTANbHOM MOCTPOe-
Hun OFT n ncnonb3oBaHn B3I Kak NCTOYHMKA YBA3KM OBBOAHbLIX NOBEPX-
HOocTen arperaTta. [eomeTpuyeckne pasmepbl TEXHONOMMYECKON OCHACTKU
n K4 koppektupytoT nocne atanoHupoBaHus. Ha puc. 8.7 mnsobpaxeHa
cxema yBaskn no MOY.
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NPOMEXYT. Kapkaca
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Puc. 8.7. Cxema yBa3kn no MOY

8.2. NpoekTpoBaHue cxem COO0PKU N YBA3KU 3aroTOBUTESNTbHOU U
cbopoyHon ocHacTku npu MM

Ana gocTmkeHns 3agaHHbIX TOYHOCTHBLIX M 9KOHOMMUYECKUX noKasaTe-
nen npn CMP Ha aBMaUWOHHLIX M3OENUAX 0ObIMHO MPOEKTUPYHOT 06beaun-
HEHHble cxeMbl cO6OpKU U yesi3ku. B coctaB Takmx cxem BxoguT Onok
CTPYKTYpbl NocrneaoBaTenbHOCTN COOPKN arperatoB camorieTa u BeproneTa
N3 ANIEMEHTOB MPUHATOrO YieHeHns1 obbekTa 1 BroK CTPYKTYpPbl MO reomeT-
pU4ecKon yBAske ITUX arnemeHToB. Ha puc. 8.8 nokasaHa cxema cOopku
LUNaHroyTa, a Ha puc. 8.9 — Takasa cxema cOopKK oTceka ro3ensika.
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Puc. 8.8. Cxema yBA3kn npu cbopke LWnaHroyTa

CTpykTypHble cxeMmbl yBA3kn CO6. EA. cogepaT pasnuuyHbIn cocTaB
KOHMpOJIbHOU, 3a2omoeumersibHOlU N c60poyHol ocHacmku. OHu Xxa-
paKkTepu3yOTCA pasHbIM HanpasfieHWeM M YMCIIOM 3TaroB nepeHoca pas-
MEepPOB OT MEepPBOUCTOYHUKA M3roToBneHus (M) vnn OoT NepBOMCTOYHMKA
yBaA3kn (MMY) Kk anemeHTam KOHCTpyKuun. O6bembl paboT n NUTEeNbHOCTb
LUMKna noaroToBkM MNPOM3BOACTBA, Ce0ecToMMOCTb paboT 3aBUCAT OT
CTPYKTYpPbl TaKMX CXEM YBSA3KW, U MOITOMY UX NPOEKTUPOBaHUE ABNSAETCS
BapuvauuoHHOW 3agadven, B KOTOPOW B 3aBMCUMOCTU OT 3aJaHHbIX KpuTe-
pveB BbIOMpPalOT ONTUMaribHbIN BApUaHT CXEMbI.

N306paxeHHble Ha puc. 8.8 1 8.9 cxemMbl UMEKOT pa3HOe YMCIIO 3Ta-
NOB NepeHoca pa3MepoB, ce8si3aHHbIX U UHOUBUOGyasibHbIX, B KOHKpPET-
HblX obbekTax. [na paunoHanbHOro NPOEKTUPOBAHUS CXEMbl YBS3KM Ha
nepBoM aTane cnefyeT HasHauuTb MU n 1Y v 3aTem paccumTaTb KO-
¢uyueHm yssa3ku (cessu)

_ P _ P

(p+q)+(p+r) N;+N,
rae P — 4YnCro CBA3aHHbIX 3TanoB; U ¥ — nHauBuayanbeHble 3Tanbl nepe-
Hoca pa3mepoB. Yem Gorblue 3HaveHne Kyg, TEM Bbillie TOUHOCTb YBSI3KY,

ye
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Hanpumep, ana demanei 1 u 2, nsobpaxkeHHbIX Ha cxeme (CM. puc. 8.8):
1
K, = =0,09;
(1+5)+(1+4)
ONS naHesnu n cmanesisi c6opku omceka ro3ensika, NokasaHHbIX Ha CXeme
(cm. puc. 8.9):

1
K, = =0,125.
(1+3)+(1+3)
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Puc. 8.9. Cxema yBaA3KM npu cbopke oTceka drosensika

Taknum 06pasoM, BO BTOPOM CJly4ae pa3mMepbl corrnacoBaHbl bonee

TouHo. MNpu BbIGOpe BapuaHTa cxembl yBA3ku ¢ nomowbio Kye nonyyatot
KayecmeeHHYr XxapakmepucmuKy 3TOro BapuaHTa U oyeHuearom ero.
Ha cnenyowem atane NpoekTUPOBaHUS CXeMbl YBA3KM oyeHuearom co-
cmae OCHacmKuU, ee CrOoXHOCTb U TPYAOEMKOCTb U3rOTOBMNEHUS!, a Takke
MOYHOCMHY XapakmepucmuKy rnozpewHocmel Ha 3Tanax rnepeHoca
pa3mMepoB. o cocTaBy OCHACTKM OLIEHMBAOT MEeXHUKO-3KOHOMUYeCcKue
rnokasamesu BapyaHTa CXeMbl, a8 KOJIUYECMEEHHYIO XapaKmepucmuKy
BO3MOXHbIX MOrpeLIHOCTEN MpU yBSA3KE — MO METOAMKaM pacyYema Ha
MOYHOCMb MEXHOJI02UYEeCKUX pa3MepHbIX yenel, NpUMeHsas crnocob
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meopemuKo-8eposIMHOCMHbLIU VNN €rnocob MakcuMymMa-MUHUMYMa.
3a4aHHyI0 B TEXHUYECKUX YCITOBUAX TOYHOCTb Ha cOopKy obbekTa cpas-
HUBAOT C AOCTUIHYTOW Npu pacyeTe BbIBpaHHOM CXEMbI YBA3KHU.

Hapo nmeTtb B BUOY, YTO NpU NMPOEKTUPOBAHUN CXEM YBA3KU npeay-
CMOTPEH npeaBapuUTenbHbIN 3Tan, CBA3aHHbLIM C BbIbOpoOM cxem Gasunpo-
BaHMSA Npu cOopKe, YTO Takke MOANEXUT aHanuay nNpu 3agaHHbIX YCNoBU-
AX NpPoOM3BOACTBA.
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Topic 27

Lecture 8. The principal diagrams of LTM and its versions. Design-
ing of the assembly schemes and schemes of coordination of a
procuring and assembling rigging at LTM

8.1. Principal diagrams of LTM and its versions

For exact coordination of the geometrical sizes of airplanes and heli-
copters parts the LTM schemes suppose construction of an unified forms
and sizes sample source, from which by a copying method this geometry
is transferred on rigging, and then on parts and assembly units. At manu-
facture of airplanes and helicopters the following groups of geometrical pa-
rameters are subjected to exact mutual coordination:

1) contours of separate flat cross-sections of aggregates sur-
faces; the mutual coordination errors of these contours upset the smooth-
ness of airfoil of the aggregate;

2) geometrical parameters of parts and units which are included in
a structure of each flat cross-section of the aggregate; the coordination
of these parameters is necessary for exact conjugacy of all design ele-
ments of assembly units;

3) geometrical parameters of intersectional and intermodular
connectors; the coordination violation on jointing surfaces of assembly
bases results in distortion of sections or aggregates mutual arrangement,
violation of the airframe forms of airplanes and helicopters;

4) dimensional parameters determining the mutual arrangement of
separate flat cross-sections of each aggregate in space; the coordina-
tion errors of these sizes result in distortion of the aggregate forms.

For exact coordination and the reproduction in the natural sizes of all
geometry parameters in each of adduced groups, the unified special
standards of the forms and sizes are produced: for the 1 group - theo-
retical loft of the combined cross-sections (TL); for the 2™ group - basic
template TCC; for the 3™ group - complete set of the mutually un-
docked connector calibres and counter-calibres: for the 4™ group - the
aggregate mounting standard (MS), which in some cases also is the
connector calibre. From the adduced standards by the way of direct and
return copies transfer the parameters forms and sizes which are included
in the given group on objects of technological rigging for assembly units
series production.

Depending on a kind of coordination means of the sizes and forms
three fundamental versions of coordination processes schemes are al-
located: 1) the scheme using as the main means flat special carriers -
templates, received on TL or CL; 2) the scheme constructed on use of spe-
cial volumetric carriers of the forms and the sizes — of the standards, of
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counter-standards, of mock-ups made by a tool way or a mould way; 3)
the scheme based on application of reference details, units or sections. The
examples of realization of these schemes are adduced in fig. 8.1, 8.2 and
8.3, and their use depends on a design of assembly object, accuracy re-
quirements of coordination and industrial conditions.

[ I |
| TC| [ TB | [TCS]

[
| TDP | | TIC | |F|P|| Block H TCC]|
I [
| FP | [ Parts | [ SM |

Fig. 8.1. The coordination scheme with use of flat templates

D

TCO

|
TC TB | [TCS
[ [
TDP || TIC FP TCC —MUS
| |

FP | | Parts | Technological
I SM
Parts
SM
- Parts of
Skins carcass

Fig. 8.2. The coordination scheme with use of surface mock-up

On the adduced schemes the coordination of the sizes of flat units
and panels at LTM specified on the theoretical drawing (TD) is imple-
mented with the help of a complete set of templates which are removed
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from CL. The theoretical contour carrier is TCO, on which industrial tem-
plates TC, TB, TCS, TDP, TCC for parts manufacturing are made. TC and
TB serve for manufacturing of counter-generating rigging. TIC serve for
manufacturing of forming equipment - punches and mandrels (FP). TDP is
used for obtaining of details blanks. For skins with curvature manufacturing
is necessary a forming punch from sand-glue paste (SM), which is re-
ceived by taking a mould from wooden billet, made by templates of a
cross-section contour (TCS). By a punch templates for skins cutting and
apertures drilling (TCC) are made.

[ |
L TC| [ TB] TCS

— — — — —

\ 4
| Block HTCC]

| Skin I—

ITIICI | FIP [€———

—— FP Parts of

carcass
Parts

|

|

|

|

I

| device
| |
|

|

I

I

|

|

Control
assembly

I
I
I
I
I
i
Assembly I
I
I
I
I
I
[

I

I I

Standard Standard parts || Standard
parts of carcass skin

Fig. 8.3. The scheme of coordination by standard parts

For assembly objects with complex spatial surfaces, LTM uses addi-
tional spatial sources - standards and mock-ups, which bear the graphic
information about arrangement of design elements, configuration and ar-
rangement of joints, connectors and technological apertures: AH, BFH, DH
and others. The example of the working coordination scheme is the coor-
dination scheme for a coordination of the double curvature panel con-
struction (fig. 8.4). A possible version of the coordination scheme for ob-
jects of a spatial configuration is the scheme with application of volumetric
sources of coordination as standard parts received at control assembly
(fig. 8.3) in assembly device.
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Theoretical drawing
TD
v
Theoretical loft
TL
v
Constructive loft
CL
v
Control-out-line

template TCO

Template of section
contours TCS

Y
Model of surfaces
MUS
Y
2 v
Template of contour Sand mould | | Technological sand
cutting TCC SM ) mould
Skin Stringers Frames

Fig. 8.4. The coordination scheme of the double curvature panels forms
and sizes

The task of accuracy increase and labour input reduction at assem-
bly devices coordination and coordination of their clampers was solved in
LTM system by its addition by special flat and spatial coordinate
benches: the loft-conductors (LC) and instrumental stands (IS), which
are universal means for exact construction of the sizes coordinates at
mounting assembly devices. So coordinate-template method of coordina-

tion (CTM) was originated, of which fragment is shown on fig. 8.5.
f supersonic
airplanes of which configuraton is complex, standard-template method of

aking into account complexity and labour input of mstallatlon works
on airplanes and helicopters (up to 50 % from total amount of the AMW),
the provision of interchangeability at the installation of an airborne equip-
ment and service lines is conducted with application of the method of
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e N L
e
Instrumental Master |4 Loft-
stand plate § conductor
plate ;:L v

o Assembly jig
of a wing

y

Wing

Fig. 8.5. The coordination scheme at CTM
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Fig. 8.6. The coordination scheme at STM
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volumetric coordination of rigging (MVC), which supplements usual LTM
by use of an additional composition of monitoring rigging: of the base
standard (BS), of the volumetric loft (VL) and exemplary standards of
the design elements. Thus, the volumetric coordination principle is realized
at tool construction of VL and use of BS as source of aggregate contour-
forming surfaces coordination. The geometrical sizes of technological rig-
ging and CD are corrected after calibration. The coordination scheme at
MVC is shown on fig. 8.7.

R | TCO .| Production
D > TL (CL) templates
| | |
Blanks of Rigging for
/ carcass carcass !
Blanks of parts parts Base oo
systems Blanks Covered standard standard
elements of skins puncheons /
y
: “Volumetric Assembling L3 | Aggregate
i 7 |oft” device :
I3
Standards Exemplary Exemplary 4
of airbomne parts of okins
systems carcass
elements
¥ A 4
systems rigging for riggir]g
clements carcass parts for skins
Elements of 5 / - \
routes and arts o :
intermediate| | carcass Skins
parts

Fig. 8.7. The coordination scheme at MVC

8.2. Designing of the assembly and coordination schemes
of a storing and assembly rigging at LTM

For achievement of given accuracy and economic indexes at the
AMW on aircraft products, usually the joint assembly and coordination
schemes are projected. Such schemes consist of the structure block of
succession of the airplane and helicopter aggregate assembly from ele-
ments of adopted object partitioning and the structure block of these ele-
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ments geometrical coordination. In fig. 8.8 such scheme for a frame as-
sembly is shown, and in fig. 8.9 such fuselage compartment assembly
scheme is shown.

Theoretical
loft
v
TCO (CL)
e S Ry s |
| TC, I TIC, 11| TDP, |
| v v II ¥ |
| [ TPy | | |Formblock|;j| TM, |
| x Stam;'ng of ! Y ? |
| || e >
I ™, ™| parts Ne1 ||| Milling li device \ TD :
| '’ P2 | ¥ R |
|| Milling | Lisf CONrol | i1\ par Noot | I | Assembly | 2" |
| . device | || | |
eveloped view|| 1 |
I of part Ne1 Part Ne1 [ | | Frame :
| I
| I
| I
| I
| I

Fig. 8.8. The coordination scheme at a frame assembly

The structural schemes of units assembly and coordination contain a
various structure of monitoring, storing and assembly rigging; they are
characterized by a different direction and stages number of the sizes carry
from the primary source of manufacturing (PS) or from the primary source
of coordination (PC) to the design elements. The scopes of work and a cy-
cle duration at manufacture preparation, cost price of work depend on
such coordination schemes structure, and consequently their designing
represents a variational task, where depending on the given criteria the op-
timum version of the scheme gets out.

Adduced on a fig. 8.8 and 8.9 schemes have different number of
stages of the sizes carrying, connected and personal, for particular ob-
jects. For the coordination scheme rational designing it is necessary on the
first stage to nominate PS and PC and then make calculation of a coordi-
nation (connection) factor:
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(p+q)+(p+r) N;+N,
where p - number of connected stages; q and r - personal stages of the
sizes carrying. When the value Kyg is higher, the coordination accuracy is

higher too. For example, for the scheme in fig. 8.8 Kyg for parts 1 and 2
will be:

YB

1
KYB1=
(1+5)+(1+4)

For the scheme on fig. 8.9 for the panel and fuselage compartment
assembly jig:

=0,09.

1
Ky, = =0,125.
(1+3)+(1+3)
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Fig. 8.9. The scheme of coordination during assembly of the fuselage
compartment

Thus, in the second case the sizes are matched more exactly. At se-
lection of the coordination scheme version, Kyg gives the qualitative char-
acteristic and estimation to this version. On a following design stage of the
coordination scheme the rigging structure, its complexity and labour in-
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put of manufacturing is estimated and also the accuracy characteristic
of errors at stages of the sizes carrying is selected. By the rigging struc-
ture technical and economic indexes of the scheme version is esti-
mated, and quantitative characteristic of the possible errors at coordina-
tion - by calculation methods on accuracy of technological dimen-
sional circuits, applying the theoretic-probabilistic way or the maxi-
mum-minimum way. The accuracy, given in technical specifications to
object assembly, is compared with achieved at calculation of the chosen
coordination scheme.

It is necessary to mean, that the designing of the coordination
schemes provides a preliminary stage at the choice of the basing schemes
at the assembly, that also is subject to the analysis under the given condi-
tions of manufacture.
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Jdexuus 9. KOHCTPYKUMS, HAa3HA4YeEHME N U3rOTOBNEHNE OO BbEMHOMN,
KOHTPOJIbHO-3TaNOHHOM OocHAcTKu. NpumeHeHne ctaHkoB ¢ YlY
ONs N3roToBMeHUst O6BLEMHOM OCHACTKU. XapaKTepucTuka
NPUMEHSAEMbIX NpU yBA3KE COOPOYHON OCHACTKM KOOPAMHATHbIX
CTEeHO0B M ONTUYECKMX NPnbopos

9.1. KOHCTpPYKUMA, Ha3Ha4YeHue N U3rotoBrieHne o6 bLEeMHON,
KOHTPOJIbHO-3TafIOHHOM OCHAaCTKU

K 06beMHOM KOHTPOMbHO-3TanoHHon ocHacTtke (OK3) oTHocAT aTa-
NOHbI (MakeTbl) nosepxHocTen (A1), KOHTpATanoHbl (K3), MOHTaXHbIV
atanoH (M3) unsgenus, atanoHbl y3nos (JY), 6asosbin aTanoH (b3), 06b-
eMHbIn nnas (Ol1), aTanoHHbIe NPOCTPaHCTBEHHbIE AeTanun U Y3ribl KOHCT-
pykumn (3[1). Takyto OCHaACTKy U3roTaBnmMBalT C TOYHOCTLIO Boree BbICO-
KOW, YeM paboyyto TEXHOSOMMYECKYH OCHACTKY, M 3TOT Npouecc ee npous-
BOACTBA BBOASAT B COCTaB 0OLLMX 3TArNoB CXeMbl MEpeHOCa pa3smMepoB, YeM
obecneyvnBaeTcs BbICOKas TOYHOCTb YBS3KM conpsiraeMblX nNpu coopke ae-
Tanen, Yto n aenaetca ocHoBHon 3aaadven OKO.

Il cTpoaAT Ansa uyesio20 azpe2ama, e20 omceka wWin ans otaenb-
HbIX rEOMETPUYECKN CJTOXKHbIX Ofisi y8sI3KU 30H noeepxHocmeu nnaHe-
pa C. n B. KoHCTpykTMBHO AFT COCTOUT M3 XKECTKOro kapkaca Habopa LUKC,
KOTOpbIM 0B6NMLOBaH AepeBoM UMK nriactmaccon. locne okoH4YyaTenbHOM
NHCTPYMEHTanbHoOM 06paboTku MO HapyXHbIM ob6BOAAM U3OENUs Ha Mo-
BEPXHOCTM 3TaroHa pasMeyvaloT JIMHUU CTbika OOLLUMBOK, KOHTYPbI JTHOKOB,
OCW LUMAHroyToB, JIOHXXEPOHOB, CTPUHrepoB u T.n. (puc. 9.1). NotoBbin 31
MMeeT TakkKe pasMeTKy CTbIKOBbIX Y3/10B MO pa3bemMam arperarta unm oT-
ceka 1 ero UCcnonb3yrT Ans AanbHenwen yBa3kn paboyven ocHaCTKM Cno-
coboM HenocpeaCTBEHHOIO KOMUPOBAHMUS HY>XHOW 30HbI NOBEPXHOCTU. 1o
AI1 ¢ NOMOLLbIO TMMCOBbLIX U NECKOKMNEEBbLIX C/I€MKO8 N KOHTPCIENKOB U3-
FOTOBNSAIOT MyaHCOHbI Onsi 06bmskku obwueok, a Takke K3, koTopble
npegHasHadeHbl 4N N3roTOBEHUS N nepuognyeckon nposepkn M3 n JY.
K3 no KOHCTpyKuMM npeacTaBnsioT cobon xecmkyro OUCKPemHyro
koHmpkonuro 31 (cm. puc. 9.1). Kapkac K3 COCTOUT M3 KOMOHH U Npo-
OOSbHbIX HWKHUX N BEpPXHUX 6anok, K KOTOpbiIM No 6a30BbiIM CeYeEHUAM
noaseLleHbl 06BOAHbIE PYOUNbHUKM — Napa PyOuIibHUKOB MOSTHOCTLIO KO-
nupyem e 3ad0aHHOM ce4YyeHuu noBepxHocTb Af1. Ha kapkac KO MOHTU-
pYOT No pasmeTke Ha A kannbpbl y3r0B CThbIKa.

Mo K3 narotaenuBaloT MeTodoM crienka M3 arperata n JY, a 3atem
TakuM >xe obpa3oM Nepuoamyeckm KOHTPONMPYKOT TOYHOCTb UX paboumx
nosepxHocten. MJ arperata unu ysna (HepBHOPbI, LLMNAHIoyTa, NoHXepo-
Ha) npencrtaBnsgeT cobon XECTKMA KapKac, CODOpaHHbIN MO 4YepTexy u
nmerowmin cBoboaHble NOBEPXHOCTM B 6A30BbIX CEYEHUAX U Kanubpbl CTbl-
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KOBbIX Yy3noB. [lo-
cne U3roToBMEHUS
M3 Bcex arperatoB
nnaHepa omcmbl-
Koeblearom Mexay
cobon, a 3arem
CHOBa YyCTaHaBIu-
BaloT B cBon K3 un
aopabaTbiBalOT  Ka-
nMbpbl  CTbIKOBbIX
y3/10B N0 pasbemMam
B camoM K3. Takum
obpasom, MO -
€CTb HaTypHbIN Ka-
nnbp arperata unu
y3fia C MakeTamu
BCEX pPa3beMoB, HO
He NMELLNN
Puc. 9.1. YHusepcanbHbin KO oTceka rosenska:  CNIOLWHOW NoBepX-
1 — )ecTKkui Kapkac K3, 2 — dpukcatopbl pybunb-  HOCTM Mexay Gaso-
HukoB K3, 3 — pybunbHuk K3, 4 — aTanoH nosepx- BbIMWU  CEYEHUAMM.

HOCTU, 5 — MOBOPOTHbIN yron dukcauum I HasHaueHne M3 -
MCronb3oBaTh M

MOHTaxa cO6opoYHON ocHACTKU. [N OAHO3HAYHOCTU KOMMPOBAHUA U KOH-
Tpons Ha 31, K3, M3, a Takke Ha c60pPOYHbIX npucrnocobrieHusix ycta-
HaBnuBalT onopHble Gasosble oTBepcTua (BO), crnyxawme ycTaHOBOY-
HbIMK Bazamu.

MoHmakHble amasioHbl MOTyT OblTb pa3bopHbIMKU, COCTOSALNMU U3
HECKOSTbKMX 3TafloHOB Y3S10B, KOTOpble B pa3obpaHHOM COCTOSIHUM WUC-
NONb3YHT AN U3roTOBMEHNA Yy3MOBbIX COOPOYHbLIX NpucnocobneHnin. Mpu
yBsi3ke 6opToBOro 06opya0oBaHMS NPUMEHSIOT MeToL 0O bEMHON YBA3KN, B
COCTaB KOTOPOro BXOAUT OoO6beMHasi NpocTpaHCTBEHHasaA ocHacTka OfT n
B3. B3 CcTpoAT NoO YyepTexamMm MHCTPYMeEHTarbHbIM CNOCOOOM B HaTyparb-
Hyt0 Benn4umHy (puc. 9.2, a). OH, kak n 31, nMeeT XecTknin kapkac 1, Ha
KOTOPbIN HAHOCAT OBSIMLIOBOYHYIO MOBEPXHOCTL 2, BbIMOMHEHHYIO MO BHYT-
pPEeHHeMY KOHTypy obwwuBku 3. Ha obpaboTaHHOM MOBEPXHOCTU HAHOCAT
KOHCTPYKTMBHbIE 3rieMeHTbl 1 6a3oBble OCK, a 3aTeM yCTaHaBNUBAKT Ka-
NMBPbLI CTBIKOBLIX Y3I10B MO pasbemMaM A4S BO3MOXXHOCTU UCMONb30BaHNSA
B3 npu MOHTaxe cTanenbHOW OCHAcTKW. B noBepxHOCTb 3TanoHa 3aje-
neiBatoT BTYNKNM BO 5 no ocam 4 nepecedeHnda NpoaosibHOro 1 rnonepey-
HOro HabopoB Kapkaca camoneTa. Takue Xe BTYfKM yCTaHaBnNMBaloT B
mectax 6yaywmux CO, 4To pacwmpaeT BO3MOXHOCTM MeToda cOopku Mo
CO v noBblIWAET NpY 3TOM TOYHOCTb YBSA3KM U COOPKKM MO 3TOMY MeToaY.

B3 cnyxut He TONbKO AN MOHTaxa crtanenen. Ha Hem yesi3biea-
oM norfy4yeHHyr0 METOLOM crienka ¢ nosepxHoctn b3 3azomoesumernb-
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HYK OCHacmky, a 3aTeM OKOHYaTeNbHO coa2Jsi1acoebiearom obpa3yoesie
demaJsiu obwusku.

Puc. 9.2. ba3oBbin 3TanoH n o6beMHbIN Nnas

O6bemHbIt nna3 (Ol) ecTb NPOCTPAHCTBEHHbIN KOHTP3TaNOH arpe-
rata; 970 cnenok Bcen NOBEepXHOCTH arperata no KoHTypy WK (puc. 9.2, 6)
B BUAE CUIOWHOU 060/104KU 2, CHApYXV NOAKPENNEHHON XECTKUM Kap-
kacom 1. BHyTpn 060n0o4kM 3 BbINOMHSAOT YCTAaHOBKY BCero obopyaoBaHus
camorieta U KOMMyHUKaLUMin CUCTEM AN UX 3amaJsioHuUpoeaHuUsi 8 Hamy-
pasibHyr0 8eJIUYUHY.

AmarsnoHHbIe unu obpa3yoebie demarsu NpeacTaBnsaOT cobon Tou-
Hbl€ KOMUW CEPUMHBLIX OeTanen U3genus; B HUX NpocBeprieHbl COOpPOYHbIE,
Ba3oBble U HanpasnALWMe OTBEPCTUS. ITaNOHHbIE AeTanu, NPUrHaHHbIe No
KOHTYpaM U CTblKaM, UCNOSIb3YIOT Kak CBOEro pofa NpOCTPaHCTBEHHbIE Llab-
NOHbI MPU KOPPEKTUPOBKE M U3rOTOBMEHUM 3arOTOBUTENBHOM OCHACTKM.
AmarsioHbl KOMMYHUKayul Co30aloT NyTeM MPOKNagKn Tpacc NEeKTPOoXry-
TOB, TPyOONPOBOAOB, @ Takke CUCTEM YNpaBrieHUs1 B BUOE HaTypPHbIX Make-
TOB, BbIMOSIHEHHBIX MO 4YepTexaMm C HeobXoOUMbIMU pas3beMamu, BHYTPU
obonouyku Ofl.

YBA3KY BCeX 9TaNoOHHbIX [eTanen kKapkaca M OOpTOBbIX CUCTEM
BbINOMHAKT NP UX COBMECTHOM pasmelleHum un oukcaumm B OF1 ¢ yyeTom
TEXHMYECKNX TpeboBaHUM K AaHHOMY uagenuio. Npu Takon yBdA3Ke ycTpa-
HAT OBHapy)XeHHble paccornacoBaHus pasmepoB U opm. CobpaHHbIn
N3 yBA3aHHbIX Mexay coboun aTanoHOB AeTanen kapkaca (a uHorga n ob-
LLMBOYHOro Habopa), makeToB 06opyaoBaHuA, annapaTtypbl 1 06pa3LOBbIX
MOHTa)en y4yaCTKoB KOMMYHUKaumn 6opToBbix cuctem OFl npeacrasnset
cobon nosnHbIlU pa360pHbLIU amanioH u3denusi ¢ PUKCMPOBAHHLIMWN YC-
TaHOBOYHbIMM Basamu Ha XecTkon oboriovke KoOHcTpykumn OIFl. 1o cos-
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OaHHbIM 3TanioHaM 3fIEMEHTOB KOHCTPYKUMW camoneTa gopabaTtbiBatoT
BECb KOMMMNEKT paboyen TEXHONOrMYEecKom OCHACTKM AN AarbHenwero
N3roTOBSIEHUST XOPOLLUO YBSI3aHHbIX Mexay cobon aeTtanen u y3nos npu nx
CEepUNHOM MpPonU3BOACTBE.

9.2. NMpnmeHeHune ctaHkoB ¢ YIY ansa nsrotoBneHnst o6 LeMHoun
OCHaCTKU

Bonbwon o6bem NpomsBoacTBa CrOXHOM U KpynHorabapuTHoOM ocHa-
CTKM ODBOAHOrO Xapakrtepa npuBOLUT K YBENTMYEHUIO CPOKOB MOOrOTOBKM
NPOn3BOACTBA U MOBbLILLEHMNIO €r0 CTOMMOCTU. YTOBLI cokpamumb CpPOKU
OCB0€EHUSI HOB8bIX u30esiuli U MNoebIiICUMb MOYHOCMbL [0JIyYeHUs
CJ/I0XKHbIX 06 bEeMHbIX nosepxHocmel Ha 06e00006pa3yroweli ocHacT-
Ke, LUMPOKO WMCMOMb3YKT pasfinyHble cmaHKU C 4YUCJ1I08bIM Mpo2pamMm-
HbIM ynpassneHuem (YI1Y). 3To ctano BO3MOXHbIM 6narogaps pacnpo-
CTPaHEHUIO aHalumu4YeckKux Memoooe 3adaHusi 0680008 CJIOXHbIX
nosepxHocmedu, CO30aHNI0 MameMamu4yecKkux modesiell Taknx NoBepx-
HOCTEN n pa3paboTKe MPuUKIadHbIX yrpassissrouux rnpoapamMm.

O6pasoBaHne B3anMocCBsi3aHHbIX pabounx KOHTYpoOB 1 06BOAOB TEX-
HOSTOrMYECKOM OCHaCTKM obecrneymBaeTcsl TOYHbIM U3rOTOBSIEHMEM €€ Ha
cTaHkax ¢ YI1Yy. Npun aTom meToae Npon3BoACTBa TOYHOCTb YBA3KN CONpSi-
raemMblX 3N1EMEHTOB KOHCTPYKLMW HaxoauTca B MPAMOM 3aBMCUMMOCTU OT
TOYHOCTM UX MU3roToBrieHna. [lnanasoHbl UI3MEHEHUS BENMYMH 3TUX napa-
METPOB NP pasfMyHbIX MeTo4ax yBA3KN NpuBeaeHbl B Tabnuue.

[Mepexon Ha M3roTOBMEHWE OCHACTKM HENOCPEeACTBEHHO Ha CTaHKax
c UITY pe3ko cokpaliaeT HOMEHKNATYpy YBA30YHOM OCHACTKWU, YMEHbLUAET
NOrpeLLIHOCTM cobrupaemoro U3genus U LMKN NogroToBKM NPOM3BOACTBA.

[MoBepxXHOCT 06BEMHOU OCHacmku, a Takke KOHmypoe wabno-
Hoe (rge KOHTYpP 9KBUOUCTAHTHbIN TEOPETUYECKOMY), MIOCKOU MaJlKo-
8aHHOU U HeMaJZIkoeaHHOU OCHacmku ob6pabaTbiBalOT Ha CTaHKax C
4qr1y tvina ori-7, or-11, or-14, or-17, or-27, or-37 v gp. CeepnexHue
cucteM otBepcTun B ocHactke (BO, KOO, CO, BPO) pekomeHayeTcs Bbl-
NOMHATb HA CTaHKax C No3vuyuoHHon cuctemon YIY, Hanpumep, Ha Koop-
AVHATHO-pAcTO4YHbIX cTaHkax Tvna OCI1-10. Ha ctanke ®l1-10 ¢ naTtbio
KoopaMHaTaMn MOXHO obpabaTtbiBaTtb OOBLEMHYK OCHACTKy pasMepom
2250x1000x630 mMmMm. Ynpaenswowne nporpaMmmbl 3anucbiBaloT C JIMHUN
KT, ncnonb3ysa OBYXKOOPAMHATHYI YCTAHOBKY Ans ux 3anucu. Npun 6ec-
nna3oeou yesizke (MBY) cneumnanbHble cpeacTtBa YBSA3KM 3aroTOBUTESb-
HOW 1 COOPOYHOM OCHACTOK 3aMeHsIlOT koopAuHamoezpaghamMu v CTaHKa-
M ¢ YI1lY B codetaHun c koopguHaTtHeimMun (IIK u UC) n onmuko-
MexaHu4YecKumMu cpedcmeamMu MOHMa)Xa u KOHmpOoJisi CTanenbHON OcC-
HacTkn. OOpasoBaHMe B3auMMOYBS3aHHbIX paboymx 0OBOAOB OCHACTKU
obecneunBaloT TOYHbIMU KOOPAMHATHLIMW MNNOCKMMKU (G8yxKOoOopOuUHam-
HbIMU) W NPOCTPaAHCTBEHHbIMU (Mpex- u 6osiee KOOpOUHaMHbIMU) CUC-
Temamun ctaHkoB ¢ YITY. 310 no3BonseT ucnosnb3oBatb nNpu obpaboTke
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OCHaACTKM Ha cTaHkax ¢ YIY ctaHgapTHyto KoopauHaTtHyto ceTky (50x50
MM) 6a30BbIX OTBEPCTUN, KOTOpble obecneynBaloT B3aMMHYO YBSA3KY KOH-
TYPOB OCHAcCTKW. OTU Xe OTBEpPCTUS, NEepPeHEeCEHHble Ha aeTanu, cryxaT
TexHosornyeckummn 6asamm npu cOopke y3noB 1 arperaTtoB MO KoopauHaT-
HbIM METo4aM.

nOFpeLLIHOCTM N3roToBJ1IEHNA N YBASKHU HOBerHOCTeVI TUNOBOW
O6B0ﬂ,006pa3yPOLLl,el7l OCHAacCTKM Npwn pa3syin4yHbIX MeTodax YBA3KU

[MorpewHOCTb, MM
HanmeHoBaHue lna3oso- OTanoHHo- MeTon
LwabnoHHo- - .
OCHAaCTKU - LIabnoHHbI | becnna3oBou
KOOpAWHAaTHbIN
MeToA YBSI3KM
MeToA
dopmbnok 0,5...0,8 0,8 0,26...0,80
[MyaHCcOH 1,0...2,0 2,2 0,26...0,80
Py6unbHuK 1,0...3,1 2,0..24 0,7...1,30
dopmOBNOK-nyaHCOH 1,0 1,2 0,4..1,2
PopmMOOK-pYyOUNBHNK 1,0 1,0...1,4 04..1,2
[TyaHCOH-pYyBUNBHUK 1,2...4,3 0,6...1,0 0,9...1,7

[ns aBTOMaTU3MPOBaAHHOIO KOHMPOJIsi NNIOCKON U 06BEMHOM OCHa-
CTKW, N3rOTOBIEHHbIX C NpUMeHeHneM ctaHkoB ¢ UMY, ncnonb3yot cne-
Lnanm3npoBaHHbleE KOHMPOJIbHO-usMepumersbHble MawuHbl (KUM) n
yCTaHoBKN, Hanpumep, Anbta — EG n [lenbta — 3D (UTanus).

9.3 XapakTepucTuka NnpuMeHsieMbIX Npu yBsi3ke COOPOYHON OCHACTKMN
KOOPAWHATHbIX CTEHAOB U ONTUYECKUX NpMbopoB

[Ans yBA3KM U MOHTaxa cOOpPOYHOM OCHACTKM NPUMEHSAIT Koopou-
HamHble cmeHObI, KOTOpbIe ABMNATCS KOHMPOJIbHOU OCHacmkou (oc-
HacmkoUu emopoz20o nopsioka). Takme CTeHObl ABNATCA rnepeHasiaxu-
eaeMbIMU Ha pasnuyHble radbaputbl M3roTaBiIMBAEMOM OCHACTKU W
obecrniequgarom 8bICOKyr0 moyHocmb (po 0,01 mMM) MoHmaxa
cranenem U ya3noBblIX COOpPOYHbIX npucrnocobrneHnn. K Takum
KOOpPAMHATHLIM CTeHAAM OTHOCAT UHCMpYyMeHmarsbHbIl cmeHd (UC) v
nna3-koHAykmop (I1K). UC — 310 TpexkoopaMHaTHaa NPOCTPaHCTBEHHAdA
cucTeMa, ucnonb3dyemas ans KoopauHauum n ukcauum B NpPOCTPaHCTBE
Da3oBbIX OTBEPCTUM Ha dwmKkcaTopax COOPOYHLIX NPUCMOCODNEHUN.
MmaBHbIMM yacTamu MC  aBNAIOTCH  KOOPAWHATHbIE  JIMHENKU C
kannbpoBaHHbIMKM oTBepcTuaMM J18H6 n warom 200 MM; TOYHOCTb

Mexaying mexmaanasHiHot paHeree M8 meeT Tpu KoopaMHATHbIE NNHEN-
kn no ocam X, Y, Z: no ocn X Ha cTorne 4 cTeHaa 3akpensieHa npoaosibHas
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KoopAuHaTHas nuHenka 71; no ocn Z — BepTuKanbHas nMHerka 2; no ocun Y
— nonepeYvHas nuHenka 3. 3agaHHbIM pa3Mep OT Havana koopauHaTt O no
ocn X obpasyetcsa nepe-
MelleHnem ctona UC; no
2 ¢Z ocn Z — napannenbHbiM
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X Y Henkn 3. PuKcupyroLwmin
3N1IEMEHT NpMCcnocobrieHuns
no 6a3oBOMYy OTBEPCTUIO C
NOMOLLbIO  cneumarnbHOro
nepexogHoro putuHra 3a-
KpennsawT KMacCHbIM
LUTbIPEM B 3a[aHHOMN TOu-
Ke, OTCYETbl KOTOpOM Be-
OyT No WHTepBanam co-
cegHUX OTBEpPCTUM Ha KO-

5 OPANHATHBIX NIMHENKaX.
Puc. 9.3. IHCcTpyMeHTanbHbIN cTena: 1 — Pasmepbl MOHTMpYe-

npoaonbHas koopavHaTHasA NuHenka, 2—  yuix va UC npucrocobe-
BEpTVKanbHasa nuHenka, 3 — NoNepeYHas Ly unu Mx Yyacren perna-
nuHenka, 4 — cTon crteHaa, 5 — KOrnoHHbI MEHTUpYIOTCS rabapuTamu

cTeHaa Uc.

B koHcTpykummn TIK,
KOTOpPbIA ABNSIETCS NMOCKMM KOOPAMHATHLIM CTEHOOM, MMEKTCA OBE KOOp-
ANHATHbIE JIMHEWKWN, U3rOTOBIIEHHbIE C BLICOKOW TOYHOCTLIO (puc. 9.4) u pac-
NOSIOXKEHHbIe No ocam X 1 Y, nexawumm B ropu3oHTanbHOM nriockoctn 71, 3.

LLlar otBepctuin B nnHenkax 4 paseH 50+0,01 mm. Ha ctone K 2 B
koopanHaTax X n Y MOXHO TOYHO onpeaensTb NnosioXeHue LeHTpoB 6aso-
BbIX OTBEPCTUIM B NSIOCKMX 3fieMeHTax COOPOYHON OCHACTKM UNK paccBep-
nueaTb BO ¢ noMoLWb0 pagnanbHO-CBEPNNUITbHbIX CTAaHKOB 5. [ns TOYHOM
YBA3KN paboumnmx KOHTYpOB (pukcaTtopoB B COHOPOYHLIX MPUCNOCOBNeHnsax
(pybunbHuKax, noxemeHTtax) ¢ 6a3oBbiMM OTBEPCTUAMU Npu paboTe Ha MK
ncnonb3yoT WwabnoHel (LWM®, LWK). C nomowbto 1K Takke narotasnvea-
0T cmanesibHble NAuUmMbi, UICNOnb3ys nNpyu 9TOM Macmep-rnaumy.

[Mpn MOHTaxe KpymHbIX COOPOYHBIX MPUCIOCOBNEHNA UCMONb3YIOT
MOHTaXHbI€ NANTbI U oNTUYecKMe NpUbopbl: NPeUmM3noHHble HuBenupbl (HA-
1, HA-3); TeogornuTtel (T5; T2); aBTOKONNIMMATOPLI C OTPaXaroLmM 3epKasioMm
(AK-0,5); kBagpaHTbl C 3epKanom, neHTanpusmebl, Lienesble 3Haku. [Npumepsbl
CXeM MCMNoNb30BaHMS ONTUYECKNX NPUBOPOB NokasaHbl Ha puc. 9.5.

3 _ [ | nepemMelleHnemM nonepey-
SEXIC XX / ! o o
i"’% | HOW NUHENKN MO KOJSIOHHaM
A 47
5 7 Ig% 4 > 5; no ocn Y — BOoonb nu-
/ _15/
in’ b /

A
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Puc. 9.4. MNnas-koHgykTop: 1 — nonepeyHble nNuHenkn ctona lMK, 2 —
cton MK, 3 — npogoneHble nuHenkn ctona K, 4 — koopanHaTHbIE OTBEp-
CTNA B NPOAOSIbHBIX NIMHENKaXx, 5 — paguanbHO-cBepsinfbHble cTaHku MK

CoocHo HecoocHo

Puc. 9.5. Bo3aMOXHble cXeMbl KOHTPOSMSA C MOMOLLLIO OMTUYECKUX
npubopos: 1, 2, 3, 4 — onTudeckme npudops.l
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C nomouwbio 3TUX NpPUOOPOB, peanuayst HY>KHYI CXeMy U3MepeHuin
No MeTody BM3NPOBAHUA, KONTIMMALMOHHOMY, aBTOKOMNUMALMOHHOMY UITU
COBOKYMHOMY MeTOoAY, MOXHO C BbICOKOW TOYHOCTbLIO MPOBEPATbL FOPU30OH-
TanbHOE MOSOXeHne, NepneHanKynNAaApHOCTb UK napannenbHOCTb B3anuM-
HOro pacnosioXeHUsa yanoB ukcaumm Ha cOOpOYHOM npucnocobreHuu,
obecneynBaTtb COOCHOCTb 0©a3s0BbLIX OTBEPCTUN NUOO Apyrux OUKCUPYLO-
LLINX 31IEMEHTOB OCHACTKM, PacnofioXKeHHbIX o4 NobbIM yriom.
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Lecture 9. A construction, purpose and manufacturing of volumet-
ric, control-standard rigging. Application of machine tools with
NPC for volumetric rigging manufacturing. The characteristic of
coordinate benches and optical devices used at assembly rigging
coordination

9.1. A construction, purpose and manufacturing of volumetric,
control-standard rigging

The surfaces standards (mock-ups) (SS), counterstandards (CS),
mounting standard (MS) of a product, units standards (US), base standard
(BS), volumetric loft (VL), standard spatial parts and construction units
concern to a volumetric control-standard rigging (CSR). Such rigging is
made with higher accuracy, than the working technological rigging, and its
manufacturing includes in a structure of general stages of the sizes carry-
ing scheme; it provides the high coordination accuracy of parts conjugated
at assembly, that is involved in the basic CSR task.

The SS are built for the whole aggregate, its compartment or for
separate A and H airframe surfaces zones geometrically complex for
coordination.

Ing of the surface on product outside outlines, the skins joint lines,
hatches contours, frames axes, spars axes, stringers axes, etc. are
marked on it (fig. 9.1). Finished SS (4) also has marking of the joint units
on connectors of the a

also the CS,
which is intended for manufacturing and periodic check of MS and US, are
produced on SS with the help of plaster and sand-glue moulds and
counter-moulds. The CS, in view of construction, represent

and then In
faces accuracy.

manufacturing of all airframe aggregates they are unmated among
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themselves, and then
again they are set in
their CS and the joint
units calibres are fin-
ished on connectors in
CS. Thus, MS is an ag-
gregate or unit full-scale
calibre with mock-ups
of all connectors, but
without solid surface
between base sections.

or unambiguity
of copying and control

Fig. 9.1. Universal counter-standard of the fuse- ©N SS, CS, MS, alsc_) on
lage compartment assembly devices
supporting base holes

(BH) are set, acting as adjusting bases.

The mounting standards can be knock-down, consisting of the
several units standards, which in the disassembled condition are used for
manufacturing of unit assembly devices. The volumetric coordination
method, in which structure there is VL and BS as the volumetric spatial
rigging is used at coordination of an airborne equipment. BS are build by
the drawings by an instrumental way in natural size (fig. 9.2, a). It has a
rigid framework (7), as well as SS, on which is put a facing surface (2)
made on an internal skin contour (3). The structural elements and base
axes are put on the processed surface of BS, and then joint units calibres
are set on connectors for possibility of BS using for jig rigging mounting. In
the standard surface BH bushes (5) are closed up on axes (4) of intercep-
tion longitudinal and transversal set of an airplane framework. The same
bushes are set in places of future AH, that expands capabilities of the as-
sembly method on AH and thus increases the coordination and assembly
accuracy of this method.

BS serves not only for mounting jigs. The storing rigging received
by the mould method from a BS surface also is coordinated on it, and
then finally the skin exemplary parts are coordinated. Volumetric loft (VL)
- is a spatial counter-standard of the aggregate; it is a mould of all the ag-
gregate surface on a TC contour (fig. 9.2, b) as a solid shell (2), rein-
forced from outside with rigid framework (7). Inside of this shell (3) the
mounting of all airplane equipment and systems of service lines is made
for their full-scale standardization

The standard or exemplary parts represent exact copies of product
serial parts; the assembly, base and directing apertures are drilled in them.
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The standard parts, fitted on contours and joints, are used as some kind of
spatial templates at adjustment and manufacturing of storing rigging. The
service lines standards are created by way of laying electrobundles,
pipelines, control systems as full-scale mock-ups made by the drawings
with necessary connectors, inside the VL shell.

A-A B-B

Fig. 9.2. The base standard and volumetric loft

The coordination of all framework standard parts and onboard sys-
tems is conducted at their joint arrangement and fixation in the VL in view
of the technical requirements for the given product. At such coordination
the found out misalignments of the sizes and forms are eliminated. The
VL, assembled from the coordinated among themselves framework parts
standards (and sometimes of a skin set), the equipment and apparatus
mock-ups, exemplary mountings of the service lines segments of onboard
systems, represents the full knock-down standard of a product with the
fixed adjusting bases on a rigid shell of the VL construction. All complete
set of a working technological rigging is finished by the created standards
of airplane design elements, for the further manufacturing of the well coor-
dinated among themselves parts and units at their series production.

9.2. The machine tools with NPC application for volumetric rigging
manufacturing

The large volume of manufacture of complex and large-size outline
character rigging extends terms and increases the cost of manufacture
preparation. Various machine tools with numerical program control (NPC)
are widely used to reduce the terms of new products mastering and to
increase the accuracy of complex volumetric surfaces obtaining on
outline-formative rigging. |1t became possible due to distribution of ana-
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lytical methods of an assignment of complex surfaces outlines, crea-
tion of mathematical models of such surfaces and applied control pro-
grams development.

The formation of the interconnected working contours and outlines of
a technological rigging is provided with its exact manufacturing on machine
tools with NPC. At this manufacturing method the coordination accuracy of
design conjugated elements is in a linear depending on accuracy of their
manufacturing. In the table the values of errors of manufacturing and coor-
dination of conjugated contours and surfaces of the sample outline-
formative rigging are adduced at various coordination methods.

Errors of manufacturing and coordination of the sample outline-formative
rigging surfaces at various coordination methods

An errors, mm
The loft-
The rigging name template- The stan- The Igftlgss
: dard-template | coordination
coordinate
method method
method
A formblock 0,5...0,8 0,8 0,26 ... 0,80
A puncheon 1,0...2,0 2,2 0,26 ... 0,80
A fixing-arm 1,0 ... 3,1 20...24 0,7...1,30
A formblock-puncheon 1,0 1,2 04...1,2
A formblock-fixing-arm 1,0 1,0...14 04..1,2
A puncheon-fixing-arm 1,2..4,3 0,6...1,0 0,9..1,7

The transition to manufacturing of rigging directly on machine tools
with NPC sharply reduces the nomenclature of coordination rigging, re-
duces the errors of a collected product and the cycle of manufacture
preparation.

Processing of volumetric rigging surfaces, and also templates
contours (where a contour is equidistant to theoretical one), flat bevelled
and not bevelled rigging make on machine tools with NPC such as FP-7,
FP-11, FP-14, FP-17, FP-27, FP-37, etc. Drilling of apertures systems in
the rigging (BH, CFH, AH, BFH) is recommended to make on machine
tools with position system of NPC, for example, on coordinate-bore ma-
chine tools such as OSP-10. On the machine tool FP-10 with 5 coordinates
it is possible to process the volumetric rigging by the size: 2250x1000x630
mm. The record of control programs is conducted from a CL line with use
of the two-coordinate plant for a programs record. At unloft coordination
(UCM) special coordination means of a storing and assembly rigging are
replaced with coordinatographs and machine tools with NPC in a combi-
nation with coordinate means (LC and IS) and optical-mechanical means
of jig rigging mounting and control. The formation of mutually-
coordinated working outlines of the rigging is provided by exact coordinate
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flat (fwo-coordinate) and spatial (three and more coordinate) systems of
machine tools with NPC. It allows to use at rigging processing on machine
tools with NPC the standard coordinate grid (50x50 mm) of base aper-
tures, which provide mutual coordination of rigging contours. The same
apertures, transferred on parts, serve technological bases at units and ag-
gregates assembly by coordinate methods.

The specialized control measuring machines (CMM) and plants
are applied for an automatic control of a flat and volumetric rigging made
with application of machine tools with NPC. For example, Alpha - EG and
Delta - 3D (ltaly).

9.3. The characteristic of coordinate benches and optical devices
used at coordination of assembly rigging

For coordination and mounting of an assembly rigging coordinate
benches are applied, which are monitoring rigging (2nd order rigging).
Such benches are adjustable to various overall dimensions of produced
rigging and provide the high accuracy (up to 0,01 mm) of mounting of
jigs and unit assembly devices. There are concerned to such coordinate
benches following: an . 0
instrumental stand
(1S) and loft-
conductor (LC). IS is
a three-coordinate
spatial system used :
for coordination and Wi
fixation in space of
base apertures on
clampers of assembly 4
devices. IS main parts
are the coordinate
rules with the cali-
brated apertures
@18H6 with a step of
200 mm; accuracy be-
tween their centers is
+0,01 mm (fig. 9.3).
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For mounting in Fig. 9.3. The instrumental stand (IS):
space IS has three 1 —longitudinal coordinate rule; 2 — vertical rule;
coordinate rules on 3 —transverse rule;
axes X, Y, Z. on X 4 — IS table; 5 — IS columns

axis on a bench table

the longitudinal coordinate rule is fixed; on Y axis — transverse rule; on Z
axis — a vertical rule. The given size from the point of origin O on an X axis
is formed by movement of the IS table; on Z axis — by parallel movement
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on columns of a transversal rule; on an Y axis - along a transversal rule.
The device fixing element on a base aperture with the help of a special
transitional fitting is fixed by a class pin in the given point, which readings
are conducted on intervals of the next apertures on coordinate rules.

The sizes of mounted on IS devices or their parts are regulated by
the IS overall dimensions.

In the LC design, which is a flat coordinate bench, there are two-
coordinate rules made with high accuracy (fig. 9.4) and located on axes X
and Y, lying in a horizontal plane. The rules apertures step is equal
500,01 mm. On the LC in X and Y coordinates it is possible to precisely
determine a position of the base apertures centers in flat elements of an
assembly rigging or to drill out the BH with the help of radial-drilling ma-
chine tools. The (TMF, TC) templates are used for exact coordination of
the clampers working contours of assembly devices (fixing-arms, support
assemblies) and base apertures at work on LC. The jig plates are also
made with the help of LC, thus using a master-plate.

The mounting plates and optical devices are used at large assembly
devices mounting: precise levels (NA-1, NA-3); theodolites (T5; T2); auto-
collimators with a reflecting mirror (AC-0,5); quadrants with a mirror, pen-
taprisms, target marks. The examples of the optical devices use schemes
are adduced on fig. 9.5.

il

QL

Fig. 9.4. The loft-conductor (LC): 1 — transverse rule; 2 — LC table; 3, 4 —
longitudinal rules; 5 — radially-drilling machines

With the help of these devices, realizing the wanted scheme of
measurements by the sighting method, collimation, autocollimation method
or combined method, it is possible with high accuracy to check up the hori-
zontal position, the perpendicularity or parallelism of mutual arrangement
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of the fixation units on an assembly device, or to provide the coaxiality of
base apertures, or other rigging fixing elements located at any angle.

Coaxially  Uncoaxially

C

Fig. 9.5. Control with the help of optical instruments: 1, 2, 3, 4 — optical
instruments
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Tema 27
Jdexuus 10. KoopaguHaTtHo-umdposon metoa (KUM), nnu meton
koopauHaTHo-aHanutTndeckon ysaskn (MKAY). lNMpuHumnmnansHas
cxeMma metoaa. CyuwHocTb 6ecnnasoBon yBA3KN. DPPEKTUBHOCTb
N NepcrnekTuBbl MeToda He3aBMCUMMOro npou3BoacTBa Ha Oase
ctaHkoB ¢ Yl'Y n koopamMHaTHbBIX CUCTEM

10.1. KoopauHaTtHo-uudposon metoa (KLM), unu metop
KoopAuHaTHo-aHanuTu4yeckon yBasku (MKAY). NMpuHuunmnanoHas
cxema metoaa. CywHOCTb 6ecnna3soBou YBA3KU

Kaxxgomy w3 npuBefeHHbIX Bbllle METOAOB YBA3KM pasMepoB W
dopm (MWLM, SWM, KWLM, MOY) n nx kombmHauusam npucyim Henoc-
TaTKW, SBASOWMECS CMEeACTBUEM 3a8UCUMO20 XapakTepa nepeHoca
pa3mepoB U OPM, 3adaHHbIX YEPTEXKOM Unn Apyrum crnocodbom. K Takmm
HegocTaTkaM MOXHO OTHecTu: 1) dsiumenbHOCMb UYuK/la u32omoeJsie-
HUs1 OCHacmku, 2) He803MO)XXHOCMb UCIMOJ/Ib308aHUsI mexHoJsio2u4e-
CKOU, KOHMpoJsibHOU u paboyeli ocHacmku npu nepexode K u320-
moesieHUr Hoeo20 u3desiusi; 3) BO3MOXHOCTb MpPEBLILEHUS B psge
cnyyaeB 3anpedesibHbIX 3Ha4YeHuUll CyMMapHOW eesludUHOU rnozpew-
HOCmMu Ha BCeW Lernoyke nepeHoca pasmepoB rpu u32omoesieHuu oc-
Hacmku;, 4) oepaHU4YeHHOCMb UCMOJIb308aHUsA YyKa3aHHbIX MeETOLOB
YBA3KM € yYemom 2abapumoe caMONneTHbIX KOHCTPYKUMIA; 5) yMeHbuwe-
Hue 803MO)XXHOCMeU NPUMEHEHNA CpeAcTB asmomMamu3ayuu mexHo-
Jlo2u4ecKux npoueccoe nod20moeku u nepepabomku ucxoOHoOU
UH¢hopmMauyuu, rnosiy4eHUs1 NepPe8oOUCMOYHUKO8 Y8sI3KU U u32omoerie-
HUS1 OCHacmku.

Bnarogaps MHTEHCUMBHOMY pPa3BUTUIO MPUKIaOHOU 2eomMempuu v
eblqucsiumesibHoll MexHUKU MNOSABUINCE M UCMNOSb3YTCA pasfinyHble
BapunaHTbl He3aeucUMOU y8sI3KU OCHACTKN U OOBbEKTOB KOHCTpyKumn. Ha
coyeTaHun npuHUuna KoopoOuHuUpo8aHHOU yesi3ku c60poYHbIx 6a3 az-
pezamoe ¢ aHanumu4Yyeckumu crocobamMu pac4yéma CIrI0XHbIX a3po-
OQuHaMu4YecKux roeepxHocmeli OCHOBaH Memod KOOpPOUHamHo-
aHanumud4eckou yssasku (MKAY, vnn KUM). lNpumeHeHne npu gaHHOM
meToae cuctemol KPO obecneunBaeT eanHble TeXHoONornyeckne 6asbl Ha
BCeX 3Tanax NpouM3BOACTBA: ycmaHOoB804YHbIe 6a3bl npu obpaboTke ae-
Tanen Ha ctaHkax c YlY; c6opoyvHbIie 6a3bl npu cbopke y3nos; usme-
pumernbHbie 6a3bl Npy NPOKNagke KOMMYHUKALMA U MOHTaXe BOpPTOBOro
obopyaoBaHusi; cmbIKOB8OYHbIe 6a3bl Npu CTbikoBKe arperatoB. MKAY
NO3BONSIET UCKMIOYNTb M3rOTOBIIEHNE 3TAflOHOB MOBEPXHOCTEN N OpPYrom
00bEMHON oOcHacTku. [MpumMeHeHne KOOpAMHATHO-PACTOYHbIX CTaHKOB,
UC, K 6e3 nnasosbix WabGMOHOB MNO3BOMSET CYLIECTBEHHO MOBbLICUTH
TOYHOCTb NpU pacwmpeHnn ppoHTa paboTt. BMmecTte ¢ TeM gaHHbIN METOA
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He MCKIloYaeT UCMNoSib30BaHME HEKOTOPOM MNa3oBO-abnoOHHON OCHAacCT-
kn. OgHoBpemMeHHO 6narogapsa NPUMEHEHUIO aHaNUTUYECKOro onucaHung
noBepxHoOCTeENn obecrneyeHo LWMPOKOe UCNOoNb3oBaHME cmaHkoe ¢ YIly
Anst obpaboTkm ocHacTkm u getanen. Takum obpa3om, co3gaHne matema-
Tnyeckux mogenen (MM) obbekToB M npoueccoB MPOU3BOACTBA C UC-
nonb3oBaHnem OBM oTKpblBaeT BO3MOXHOCTU LUMPOKOro NPUMEHEHUS B
aBNaCTPOEHUN He3aeucuMbix (6ecna3oebix) Memodoe yesi3Ku npu
N3roTOBMEHMMN 0BBHLEKTOB MpaKTU4eCcKn ndon cnoxHoctn gopm. Pag ma-
LUNHHBLIX METOAO0B KOHCTPYMPOBAHUS CIOXHbIX MOBEPXHOCTEN MO3BONSET
onucaTtb MOBEPXHOCTU pro3enisika, MOTOroHAOMbl, HENMMHENYaTbIX U Nn-
HenyaTbIX KPbISTIbEB, KAHANMOBbLIE MOBEPXHOCTN.

CywHocmb memoOda 6ecnna3oeol yes3ku (MBY) coctont B TOM,
YTO 3NIEMEHTbI 3aroTOBUTENBLHON 1 COOPOYHON OCHACTKM, COOTBETCTBYHO-
LMe 3fieMeHTaM KOHCTPYKUMI uagenus (KoHTypam, obsBogam, noBepxHo-
CTAM pPa3bEeMOB M CTbIKOB, CUCTEMAM TEXHOSIOrMYECKUX OTBEPCTUN), Bbl-
NonHAKTCA Ha obopygosaHun ¢ YIY, npoepamma pabombl KOTOPbIX
noflydeHa Ha  OCHOBE  aHa/lumuyecku  3a0aHHbiX  OaHHbIX.
[TepBOMCTOYHUKOM YBA3KM 3SIEMEHTOB OCHACTKM W AeTarnen camorneTa
asnattTca MM noBepxHOCTU U CTbikOB usgenusd. daHHble MM 3aHocAaT B
namsate OBM, ¢ nomoLiblo KOTOPOW M COCTaBnsAKT nporpamMmbl paboThbl
obopynoBaHua c Uly.

Metoa KLUM no3BonsieT oTkasaTbCs He TOMbKO OT YBA30YHbIX LIab-
NoHoB, HO K oT TI1. B kayecTBe cpeacTBa YBA3KN BHYTPEHHUX 3/1IEMEHTOB
KOHCTpYKUMKN mncnonb3ytoT KI1, no KoTopoMmy BeayT NOAroTOBKY MporpamMmm
NyTEM CHUTbLIBAHUS U 3anNnUCU UCXOQHOW MHAOpMaLINN.

[MpuHuMnnanebHas cxema yBA3KM pa3mepoB rno metoay MKAY wso-
GpaxeHa Ha puc. 10.1. UcxoOHOU uHghopmayuel Npn NUCMNONb30BaHUU
KLM cnyxaTt aHanumu4ecku 3a0aHHble napamempbl KOHcmpykyuu C.
n B. 1 BbINOMHEHHbIE HA X OCHOBE KOHCMpYKmMopckue Yepmexu (K4).
OcHoBOWM cxeMbl ABNSieTCA KOPPEKTHO paspaboTtaHHas MM aspoanHamu-
YeCKOW MOBEPXHOCTU 4YacTen nnaHepa U CTblKOB. HepocTawwme napa-
METpPbI, XapaKTepHble TONbKO AN AaHHOW KOHCTpyKuumn C. n B., BBOaaT B
BUae AONOMHUTENbHBIX NapamMeTpoB, yToyHsowmnx MM, KoTopyto C no-
MOLLIbIO YHUBEpPCanbHbIX nporpamm BBoAsAT B OBM. [logrotoBneHHble C
nomoLbto ABM npozpamMmbl BOCNpon3BeaeHNS dOpM N pasmMepoB Chy-
XaT nepeoucmoYHUKaMu He3aBUCUMOrO U3rOTOBMEHUA N YBA3KUM OCHa-
cTkn n getanen C. n B. lNpn 3TOM C NOMOLLbIO yNpaBnsOLWNX NporpamMmm
Ha cTaHkax ¢ YlTY obpabaTbiBalOT NOBEPXHOCTM M KOHTYPbI AeTanen, 3a-
rOTOBUTESTIbHOW OCHACTKK, PYBOUIbHUKOB COOPOYHbBIX MPMCNOCOBEeHI.

Ha ocHoBe ucnons3oBaHnda npuHumMnuansHon cxemsl (cm. puc. 10.1)
npegycMoTpeH BapuaHT cosganusa KI1, koTopbln B 9TOM Crlyyae rnpume-
HAIT ONS B3aMMHOW YBA3KW AeTanen BHYTPeHHero Habopa ¢ getansmu
NOBEPXHOCTN, 3ajaBaeMon aHaNIUTUYECKMN.

Cam KIT moxeT 6biTb NOCTPOEH C NOMOLLbLID KoopOuHamoezpagha ¢
Urly. HenocpeacteeHHo ¢ Kl nonyyatoT ynpasnstowme nporpaMmmbl O
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ctaHkoB ¢ UlY Ha Te geTtanu, KOTopble HEMOCPEACTBEHHO He 0bpasyloT
aspoaguvHaMmnyecKne KOHTYpbl nnaHepa, U Ux u3rotaBnuealoT HE3aBUCUMO
(Ons peTaneun kapkaca nnaHepa u TEXHONOrMYeCKON OCHACTKM).

L5 [AKIT—] 3 [MM]

| 6[5BM 22] KTl
[ [ | | | | |
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Puc. 10.1. MNpuHumMnuanbHas cxema yBA3KM (PopM M pasmMepoB
npu HE3aBUCUMOM M3rOTOBMEHUM OeTanen N ocHacTkn: 1 — KOH-
CTpyKkTOpCcKMr YyepTex (KY); 2 — aHanuTuyeckn 3agaHHbIn YepTex
(A34); 3 — matematndeckass Mmoaenb MOBEPXHOCTM camoneTa

(MM); 4 — pononHuTenbHble TeXHOMNOrn4Yeckue napamMeTpbl
(A4Tr); 5 - pononHUTENbHbIE KOHCTPYKTOPCKME napamMeTpbl
(OKT); 6 — 3nekTpOHHO-BblYUCAUTENbHAA MawwunHa (3BM);

7 — nutepnonsatop (MH); 8 — nporpammel (IMp); 9 — obopynosa-
Hue ¢ YIy (OcUly); 10 — obTskHoM nyaHcoH (Or1); 11 — dop-
Mmook (®b); 12 — getanb nnockasa (A1); 13 — geTanb, o6bemMHas
(40); 14 — petanb nnocko-ob6vemHas (AM0O); 15 — peTanb pasb-
emHas (OP); 16 — anemeHTbl cbopoyHon ocHacTkm (OCO); 17 —
cbopoyHas ocHacTtka (CBO); 18 — WHCTpyMeHTasrbHbIM CTeHA
(NC); 19 —  onTuko-mexaHuyeckaas  cuctema (OMC);
20 — rotoBoe wusgenue ('N); 21 — koopguHaTorpac c Uy
(KIeHrty); 22 — koHctpyktopckumn nnas (Kr); 23 — obopygosaHue
3anucu (cuntbiBaHus) nporpamm (O3I1p)

AHann3 BO3MOXHbIX NPUHLUUNUANbHbLIX CXeM, MOCTPOEHHbIX No KM,
NoKasblBaeT, YTO OCHOBHbLIMM 3TanamMu TEXHOSIOrMYeCcKoro npotecca, BHO-
CAWMMWN ro2pewHocmu nepeHoca UCXOAHON MHopMauun O pasmepax
n3nenun, sSIBNSTCS criegylowme: nodeomoeka uHghopmayuu ans odo-
pyaoBaHus ¢ YUlY; narotosneHne ocHacTkuM n geTtanen Ha ctaHkax c Ylly,
BasnpoBaHue geTtanen npu M3roToBreHUn n cbopke, KOHTPOSb rOTOBbLIX
C6. EOQ. Kaxabin aTan nepeHoca umHdopmauum o pasmepax n dopmax,
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3aaHHbIX aHanumu4ecku wnn epaguydecku (vepes KI), Ha gpyrme Ho-
CUTENN 3TON MHopMaLMKN (NporpamMmMbl, OCHACTKa) XapakTepusyeTcs Bbl-
nofiHeHMeM onpegerneHHoro odbbema paboT B BUAE onepaumn u nepexo-
A0B TEXHONOMMYECKOro npotecca.

10.2. 3¢pheKTUBHOCTb U NepCneKTUBbI MeToAa He3aBUMCUMOIO
npousBoacTBa Ha 6a3se ctaHkoB ¢ YIY n koopanHaTHbLIX CUCTEM

dppekmueHocmb HE3aBUCUMMOIO MNPOU3BOACTBA CBA3bLIBAKOT C
PEe3KUM coOKpauwjeHueM ye8sI304HOU OCHacmku, WUpOKUM UCMOJIb30-
eaHueM cpedcme MexaHu3ayuu u aemomMamu3ayuu B OCHOBHOM WU
BCMOMOraTefibHOM MNpoOu3BOACTBE, 3HaYumesibHbIM 08bIWEHUEM
MOYHOCMU u320MoOeJiIeHUs1 U yesi3ku. B psage cnyyaeB cpoku nodzo-
moeku npou3zeodcmea no MKAY cokpawaromcsi 8 Yyembipe pas3a;
mpyodoemMkocmb 06paboTkn OOBLEKTOB OCHacmku yMeHbwaemcsi 60-
Jlee yem 8 decsimb pa3; HOMEHKNaTypa crneunanbHbIX CPeACTB OCHACTKU
no cpasHeHuto ¢ MM cokpawiaeTca B ABa pasa.

B pesynbTtaTe aHanmsa BO3MOXHbIX HanpasneHun aghghekmueHo-
cmu MKAY no mo4yHocmu y8si3Ku yCTaHOBJSIEHbI CrieayoLlme NCTOYHUKN
norpeLwHocTen: 1) HETOUYHOCTU annpoKcuMayuu aHanUTUYECKUM ypaB-
HeHnem noBepxHocTn — 0,01 MM; 2) NOrpelwHOCT UHMepnosiuposaHus
KOHTypa — 0,02 mmMm; 3) NorpewHoCcTn 3annucu Ha nporpaMMOHOCUTESNb —
0,02 mm; 4) norpellHocTb AybnmpoBaHus 3anucn nporpammsl — 0,02 Mm;
5) norpeLwwHoCcTN cunTbiBaHUA UHdopmauumn ¢ KI — 0,3 mm; 6) norpeLuHo-
cT BbldepunBaHunsa nuHun K ¢ nomolubto koopauHatorpadga ¢ Yy — 0,3
MM; 7) MOrpelHOCTN CYMTbIBAHUA MHOPMaUUM C MarHUTHOW FNEHTbl Ha
obopygoBaHun ¢ Yly — 0,02 Mm; NOrpewwHoCTM wWwara Xo4oBOro BMHTA
ctaHka — 0,01 mm; 8) norpelwHocTn 6asnpoBaHus 3arotoBkn — 0,07 mm; 9)
norpewHocTn nHctpymeHta — 0,1 mm; 10) norpewwHocTn gedopmauunm
ctaHka c Yly — 0,02 mm.

Bonblwyo pornb B obecnevyeHnn Haanexawiero kadecrtsa msgenus
no KUM yBsa3ku urpatoT omnepayuu ycmaHoeku (6asupoeaHusi) 3a20-
moeku B paboyern 30He 0b6opyaoBaHUs, a Takke nozpewHocmu pabo-
mbi o60pydoeaHusi.

PacueTbl OXmgaemom TOYHOCTU M3rOTOBIIEHUSI TEXHONOMMYECKOn
OCHacCTKn (onpaBok, OpMOIOKOB, JIOXKEMEHTOB, PYOUNBLHMKOB) Ha CTaH-
kax ¢ YIlTY nokasanu, 4TO Npu aHaslUMuU4YeCcKOM 3aJaHUN reoMeTpuye-
CKMUX pa3MepoB TOYHOCTb BbIMNOSIHEHUA KOHTYPOB ocHacTkm — 0,2...0,3 mMm;
a npv ncnonb3oBaHuM 8 kayecmee nepsoucmoyHuka Kl TO4HOCTb Bbl-
NOSTHEHNSA KOHTYpOB OcHacTku coctaenseT 0,5...0,6 mm, ecnun KI1 Bblyep-
4yeH koopamHaTorpadgom. B cnydae BoinonHenust KM epyyHyro no metony
MWM oxnpgaemas TodHocTb coctasuT 0,6...0,9 mm. Xygwve pesynbraThl
NPUMEHUTENBHO K TOYHOCTU BbINOSHEHUS KOHTYpOB ocHacTku (4o 1,0 mm)
nony4yarTca nNpu rpapuyeckom 3agaHnun TeopeTndecknx KoHTypoB Ha TT1
n panee Ha KIr1. Jlydwwne pesynbtaTthl (0,2...0,3 MM) gocTuratoTcs npu uc-
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NONb30BaHUW METoda aHajlumu4ecko20 3alaHuNs KOHTYpoB U Ux obpa-
6oTkn Ha ABM v uHmepnosissmopax.

Ha npumepe yBA3kM pa3mepoB ABYX AeTarnen: obLlWnBKU N HEPBIOPbI
cpaBHUM nokasaTenu TouyHocTu (puc. 10.2 n 10.3).

OTtanoH MM
KOHTYpa TIOBEPXHOCTH
| [
v v
1a6oHbI 17151 [1aG10HBI 17151 | Iporpamma | | porpamma |
M3rOTOBJICHUS W3TOTOBJICHHUS

A

y \
ITyaHCOHa hopmbTokoB | [Tyancon | CDopM6J10K|
y

Y Y \ \

Hya@ @@IOK [HITtammoBka [IITamnoBka
/ OOIIUBKU HEPBIOPHI

[IITamnoBKa [IITamMmnoBka ] 1

OOIIIUBKH HCPBIOPBI | OOmuBKa | | Hepsiopa |
Y Y
| OO0OmuBKa | | Hepsropa |

Puc. 10.2. 3tanbl obpasoBaHus Puc. 10.3. Cxema nsrotoBneHuns ob-
pa3mepoB OBLUNBKN U HEPBIOPbLI  LLUMBKM U HEPBIOP C NpuMmeHeHnem MM

[Mp  cess3aHHOM  u320moeJsieHUU conpsiraembix  aeTanen
(cMm. puc. 10.2) norpelwHOCTb YBA3KM OnpeaenseTca Ha UHOMBUAYanbHbIX
aTanax norpeLHoCTAMN n3rotosrieHns wabnoHos (8,=+0,2 MM), nyaHco-
Ha (8,=10,3 MMm), popmbrioka (54=-0,2 MM); NMOrpeLUHOCTbIO LUTAMMOBKA
00OLWMBKUN (Sosw=10,4 MM) 1 Hepstopbl (6,=-0,4 mm). OTCloga cymmapHas
norpewwHocTb 234=+0,2+0,3+0,4-(-0,4-0,2-0,2) =1,7 mm.

Cxema ¢ npumeHeHnem MM noBepxXHOCTU ANSA U3roToBNeHnsa obLumns-
KN 1 HepBlopbl NokasaHa Ha puc. 10.3. B atom cnyyae getanu us2omas-
Jluearom no Heszasucumomy memoody. 30eCb MOrpeLlHOCTb U3roToBIe-
HWS NyaHCcoHa Ha cTaHke ¢ YllY §,=+0,1 MM; norpeLlHOCTbL NPON3BOACTBaA
dopmbrioka Ha ctaHke ¢ YIMY 54=-0,1 MM; NorpeLHocTb WTaMnoBku 0b-
LUMBKN o =10,4 MM; MNOrpeLHoOCTb LWTaMnoBku Hepstopbl §,=-0,4 MM;
CyMMapHasi MorpeLLHoCTb yBA3KN Xo,=+0,1+0,4-(-0,1-0,4) =1,0 mm.

Taknm obpasom, npymeHeHMe Modenu noBepxHocTn n obopyanosa-
HUA ¢ YI1Y npuMBOANT K YMEHbLLUEHWNIO MOrpeLIHOCTM cobupaemoro msge-
nnsa. B uenom npaktuka nokasbiBaeT, 4to npu MKAY MOXHO MOBbICUTb
TOYHOCTb OCHacTKu u getanen B 1,5...2 pasa. CrnegyeT umeTb B BUAY, YTO
oXmagaemasa TOYHOCTb COBpaHHbIX M3genuin He ByaeT NoBbIWATbLCA B Ta-
KMX Xe COOTHOLUEHUsIX, TaK Kak 6asmpoBaHutio n cukcaummn C6. Eg. npu
cbopke XapaKTepHbl 3HaAYUTENbHbIE MOrPELIHOCTN, KOTOpble He 3aBUCAT
OT MNPUHATBIX METOAOB M3rOTOBMEHUA AeTanen M ocHacTku. Ha moy-
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Hocmb 6a3upoeaHusi N ¢pukcayuu eniaeHbIM 0b6pa3oM OKa3bieaem
eJlusiHUe rnpuHsimbili Memood c60pKu.

B ycnosusx cepunHOro n MesikocepumnHoro Npon3BoACTBa LLUMPOKOe
BHeapeHue cTtaHkoB ¢ YI1Y noseosisem noebicumb ripou3eodumerib-
Hocmb mpyda, yMeHbwumb nompebHocmb 8 pabo4ux-
cmaHo4YHuUKax. TexHonornyeckme BO3MOXXHOCTU cTaHkoB ¢ UYI1Y Bblle,
4yeM y OBblYHbIX, a NpuMeHeHne 3BM npu TexHonormyeckom nporpamMmmu-
pOBaHMN MPUBOOUT K MOBbIWEHUD KO3gh¢huyueHma ucrosib308aHus
ob6opydoeaHusi.

[MepcnekTmBbl Wnpokoro BHegpeHuss MKAY cBdA3aHbl C NOBbILLEHNEM
obLero ypoeHss mexHosioecu4yHocmu u3oesnul, BHegpeHnem 6osee co-
8epuWeHHbIX C NO3NLMIA NPeyu3uUOHHOCMU N MO6GUILHOCMU CTAHKOB C
Yrly; chuxeHuem mpydoemMKkocmu BCEro npouecca rnod2omoekxu npo-
epamMm (ynpaBnsaroLWLnX U KOHTPOSbHbIX).

[Mpouecchbl NporpaMMmMpoBaHNs, KOHTPOSSE NporpaMmM U akcnsyaTa-
LMK CTaHKOB ABNAKOTCA CrOXHbIMU. Hanpumep, Tpy4oeMKOCTb BCEro npo-
Lecca noaroToBKM Mporpamm And M3roToBneHust BadpenbHbIX MaHeneu
coctaBnsieT 380 yen.-u/M%. [Ns CHWXEHWS CTOMMOCTM MpoLecca npo-
rpaMMunpoBaHus crniegyeTt paspabaTbiBaTb MeToAbl asmomamu3auyuu
mexHOoJs102U4eCcKo20 npoz2paMmmuposaHusi (yHMBepcarnbHble U cneuma-
NN3NPOBaHHbLIE) N COBEPLLUEHCTBOBATL annapatypHoe obecneyeHne BCEro
KOoMmnekca no noaroToBKe NporpamMmm.

Ecnu yxe B HacTosiLLee BpeMa 3agady YBA3KM pasMepoB 3SIEMEHTOB
nnaHepa c nomowbio MM pelwaT gOCTaTOYHO YycnewHo, a npobrnema
N3bICKaHUSI HOBbIX Memodoe8 pa3MepHOU y8si3KU asieMeHmoes 6opmo-
8bIX cucmeM C npueriedyeHnemM aHanuTniyecknx metogos n IBM aensaet-
CHA NepCcnekTMBHOM M akTyasribHOW, TO CTaHOBUTCS BCE TpyaHee MeTodamu
3aBMCUMOW YBA3KU (OaXke HaTYpPHOro 3TarioHMPOBAHUS) BLINOMHATL Kade-
CTBEHHYIO YBA3KY MHOrO3/IEMEHTHbIX BOPTOBLIX CUCTEM (HAXOAUTb ONTU-
ManbHYO KOMIMOHOBKY 3TUX 3SIEMEHTOB, pacCYUTbiBaTb COXHbIE MPO-
CTPaHCTBEHHbIE Lienu 1 onpeaensTb pauMoHarbHble JOMYCKU Ha pa3mMepbl
anemeHToB). [NoaTomy ans komnnekcHon peanusaummn MKAY B camoneTo-
N BepTOneTocTpoeHun Tpebyetca adpdekTnBHas paspaboTka pacyeTHO-
aHanUTUYeCKMX MeEeTOAOB reoMeTpPUYECKOM MPOCTPAHCTBEHHOW YBSA3KU
BCEX 3N1IEMEHTOB KOHCTpYyKUmn C. u B.
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Topic 27

Lecture 10. Coordinate-digital method (CDM) or method of coordi-
nate-analytical coordination (MCAC). The principal diagram of
the method. Essence of coordination without lofts. Efficiency and
prospects of a method of independent manufacture on the basis
of machine tools with numerical control (MNPC) and coordinate
systems

10.1. Coordinate-digital method (CDM) or method of coordinate-
analytical coordination (MCAC). The principal diagram of the method.
Essence of coordination without lofts

The lacks being a consequence of dependent character of a carry-
ing of the sizes and the forms, given by the drawing or in another way are
inherent in each of the above-stated methods of coordination of the sizes
and forms - LTM, SPMC, CTM, MVC and their combinations. It is possible
to attribute to such lacks: 1) duration of a cycle of the rigging manufac-
turing; 2) impossibility of use of a technological, monitoring and
working rigging at transition to a new product, 3) the total magnitude
of error on all chain of carrying of the sizes at manufacturing of the rig-
ging (reaches in a number of cases of out-of-line values); 4) limitation
of use of the specified methods of coordination in view of overall di-
mensions of aircraft designs; 5) narrow feasibilities of using of means of
automation of technological processes of preparation and process-
ing of the initial information, obtaining of the primary sources of co-
ordination and rigging manufacturing.

Due to intensive development of applied geometry and the com-
puter facilities the various versions of independent coordination of the
rigging and objects of a design have appeared and are used. The method
of coordinate-analytical coordination (MCAC or CDM) is constructed on
a combination of a principle of the coordinated coordination of assembly
bases of aggregates to analytical ways of calculation of complex
aerodynamic surfaces. CFH system, used at the given method, provide
unified technological bases on all production stages: established bases at
processing of parts on MNPC; assembly bases at assembling of units;
measuring bases at laying of the communications and mounting of an air-
borne equipment; joint bases at mating of aggregates. MCAC allows to
exclude manufacturing of the standards of surfaces and other volumetric
rigging. Used coordinate-boring machine tools, IS, LC without loft templates
allow essentially increase the accuracy at expansion of front of activities. At
the same time the given method does not exclude application of some loft-
template rigging. Simultaneously due to application of the analytical de-
scription of surfaces the broad application of MNPC for processing of the
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rigging and parts is supposed. Thus, creation of mathematical models (MM)
of objects and processes of manufacture with using of a computer opens
capabilities of broad use in aircraft manufacturing independent (without
lofts) methods of coordination for objects practically of any complexity of
the forms. A number of machine methods of designing of complex surfaces
allows to describe surfaces of a fuselage, engine nacelle, inruled and ruled
wings and channel surfaces. The essence of a method of coordination
without lofts (MCL) is that the elements of a procuring and assembly rig-
ging appropriate to elements of designs of a product (to contours, outlines,
surfaces of connectors and joints, system of technological holes), are exe-
cuted on the equipment with NPC, the program of which activity is re-
ceived on the basis of the analytically given data. The primary source of
coordination of elements of the rigging and parts of an airplane is MM of a
surface and joints of a product. The data of MM are record in a computer
memory, with the help of which the programs of activity of the equipment
with NPC are made.

The CDM method allows to refuse not only from templates of coordi-
nation, but also from TL. The CL is used as a means of coordination of the
design internal elements, on which preparation of the programs by reading
and record of the initial information is conducted.

The principal diagram of coordination of the sizes at MCAC method is
adduced on fig. 10.1. The initial information at CDM are the analytically
given parameters about a design of A and H. and design drawings (DD),
made on their basis. The basis of the scheme is correctly developed MM of
the aerodynamic surface of airframe parts and joints. The missing parame-
ters, which are characteristic only for the given design of A and H, are en-
tered as additional parameters which are added to MM, which with the help
of the universal programs are entered in a computer. The programs of re-
production of the forms and sizes prepared with the help of a computer serve
by the primary sources of independent manufacturing both coordination of
the rigging and parts of the A and H. Thus, surfaces and contours of parts,
storing rigging, fixing arms of assembly devices are processed with the help
of control programs on machine tools with NPC.

The principal diagram on fig. 10.1 provides version of creation of CL,
which in this case is used for mutual coordination of parts of an internal
set with parts of a surface which is set analytically.

The CL can be constructed with the help of a coordinatograph with
NPC. Control programs for machine tools with NPC on those parts, which
directly do not form aerodynamic contours of an airframe are received di-
rectly with CL and parts of a framework of an airframe and technological
rigging are made independently.

The analysis of the possible principal diagrams at CDM shows, that
by the main stages of technological process which are bringing the errors
of carriing of the initial information about the sizes of products, are: prepa-
ration of the information for the equipment with NPC; manufacturing of
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rigging and parts on machine tools with NPC; basing of parts at manufac-
turing and assembly; the control of the finished AU. Each stage of carriing
of the information about the sizes and forms given analytically or graphi-
cally (through CL), on other material objects (the programs, rigging) are
characterized by fulfilment of certain scope of work as operations and
transitions of technological process.

[s[ACP—{3]MM]

(6] EC | 22] CL
I
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I I [ |
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Fig. 10.1. The principal diagram of coordination at MCAC:

1 — constructive drawing (CD); 2 — analytical prearranged draw-
ing (APD); 3 — mathematical model of aircraft surface (MM);
4 — additional technological parameters (ATP); 5 — additional
constructive parameters (ACP); 6 — electronic computer (EC);
7 — interpolator (IN); 8 — programs (Pr); 9 — equipment with nu-
merical programmed control (ENPC); 10 — forming punch (FP);
11 — formblock (FB); 12 — part flat (PF); 13 — part volumetric
(PV); 14 — part flat volumetric (PFV); 15 — part detachable (PD);
16 — elements of assembly rigging (EAR); 17 — assembly rigging
(AR); 18 — instrumental stand (IS); 19 — optical-mechanical sys-
tem (OMS); 20 — finished product (FP); 21 — coordinatograph
with numerical programmed control (CNPC); 22 — construction
loft (CL); 23 — equipment for recording programs (ERP)

10.2. Efficiency and prospects of the method of independent
manufacture on the basis of machine tools with NPC and
coordinate systems

The efficiency of independent manufacture is connected with sharp
reduction of coordinated rigging; with broad use of means of mecha-
nization and automation in the main and auxiliary manufacture; with sig-
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significant increase of accuracy of manufacturing and coordination.
In a number of cases the reduction of terms of preparation of manu-
facture at MCAC makes in 4 times; the reduction of labour input of
processing of objects of the rigging makes in more than 10 times; re-
duction of the nomenclature of special means of the rigging - in 2 times in
comparison with LTM.

The analysis of possible directions of efficiency of MCAC on accu-
racy of coordination shows the following sources of errors: 1) errors of
approximation by an analytical equation of a surface - 0,01 mm; 2) errors
of interpolation of a contour - 0,02 mm; 3) errors of a record on a material
object - 0,02 mm; 4) errors of duplication of a record of the program - 0,02
mm; 5) errors of reading of the information from CL - 0,3 mm; 6) errors of
drawing of CL lines with the help of a coordinatograph with NPC - 0,3 mm;
7) errors of reading of the information from magnetic tape on the equip-
ment with NPC - 0,02 mm; errors of a step of a running screw of the ma-
chine tool - 0,01 mm; 8) errors of basing of the blank- 0,07 mm; 9) errors
of the tool - 0,1 mm; 10) error of deformation of the machine tool with NPC
- 0,02 mm.

Operations of the installation (basing) of the blank in a working
zone of the equipment, and also errors of activity of the equipment take
the greater part in maintenance of proper quality of a product at CDM of
coordination.

Calculations of expected accuracy of manufacturing of technological
rigging (mandlers, formblocks, the support assemblies, fixing arms) on ma-
chine tools with NPC have shown, that the accuracy of fulfiment of contours
of the rigging makes 0,2...0,3 mm at an analytical task of the geometrical
sizes; and the accuracy of fulfilment of contours of the rigging makes
0,5...0,6 mm at use CL as the primary source, if CL is drawn by a coordi-
natograph. The expected accuracy will make 0,6...0,9 mm in case of manu-
ally fulfilment of CL at the LTM. We have the worse results on accuracy of
fulfilment of contours of the rigging (up to 1,0 mm) at a graphic task of theo-
retical contours on TL and further on CL. The best results (0,2...0,3 mm)
correspond to a method of an analytical task of contours and their proc-
essing on a computer and interpolators.

Let's put on an example of coordination of the sizes of two parts: a
skin and rib (fig. 10.2 and 10.3) comparative accuracy indexes.

The error of coordination is determined at individual stages at con-
nected manufacturing of conjugated parts (fig. 10.2): by the error of
manufacturing of templates (6; = +0,2 mm); by the error of manufacturing
of a punch (6, = +0,3 mm); by the error of manufacturing of a
formblock (8; = -0,2 mm); by the error of the skin extrusion (65 = + 0,4
mm); by the error of the rib extrusion (6, = -0,4 mm). From here it follows
that total error: £54 = +0,2+0,3+0,4-(-0,4-0,2-0,2)=1,7 mm.
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Standard Mathematical
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Fig. 10.2. Stages of formation of the Fig. 10.3. The scheme of a skin and
skin and rib dimensions ribs manufacturing with using of the

surface mathematical model

The scheme with application of MM of a surface for manufacturing of
the skin and rib is shown on fig. 10.3. In this case parts are made by inde-
pendent method: here the error of manufacturing of a punch on the ma-
chine tool with NPC is equal &, = + 0,1 mm; the error of formblock manufac-
turing on the machine tool with NPC — &; = - 0,1 mm; the error of the skin ex-
trusion — 6s = + 0,4 mm; the error of the rib extrusion — &, = - 0,4 mm; a total
error of coordination: 56, =+ 0,1+ 0,4 - (- 0,1-0,4)=1,0 mm.

Thus, the application of the model of a surface and equipment with
NPC reduces errors of an assembled product. In the whole practice
shows, that it is possible to increase accuracy of the rigging and parts in
1,5 ... 2 times at MCAC. It is necessary to mean, that the expected accu-
racy of the assembled products will not be increased in the same ratios,
since basing and fixation of AU at assembly having significant errors, do
not depend on accepted methods of manufacturing of parts and rigging.
The accepted method of assembly mainly render influence on accu-
racy of basing and the fixation.

The broad introduction of machine tools with NPC increases the
output of work, reduces the requirement in machine-operators in
conditions of the serial and small-branch manufacture. The technological
capabilities of machine tools with NPC are higher, than at usual ones, and
the application of a computer in technological programming increases
utilization factor of the equipment.

The prospects of broad introduction of MCAC are connected with in-
crease of a general level of manufacturability of products; introduction
more perfect machine tools with NPC from the point of view of precision
and mobility; reduction of labour input of all process of preparation of
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the (control and monitoring) programs.

The process of programming, control of the programs and operation
of machine tools is complex. For example, the labour input of all process
of preparation of the programs for wafer panels makes 380 man/hours on
one square meter. It is necessary to develop methods of automation of
technological (universal and specialized) programming and to improve
equipment maintenance of all complex on preparation of the programs for
reduction of the cost of programming.

If the coordination of the sizes of elements of an airframe with the
help of MM is decided successfully enough at present, the problem of re-
search of new methods of dimensional coordination of elements of air-
borne systems with attraction of analytical methods and computer is
perspective and urgent; it becomes more difficult to make qualitative coor-
dination of multi-element onboard systems (to find optimum layout of
these elements, to conduct calculation of complex spatial circuits and
definition of the rational tolerances on the sizes of elements) by methods
of dependent coordination (even full-scale calibration). Therefore complex
realization of MCAC in aircraft and helicopter production needs effective
development of design-analytical methods of geometrical spatial coordina-
tion of all elements of construction of A and H.
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Tema 31
OTanbl COOpKM camorneTa u BepTosneTa

Jexuus 17. Y3noBas n naHesnibHaa cbopka. Knaccndgumkaums yanos
N naHenem no KOHCTPYKTUBHO-TEXHOMOMMYECKMM MpU3HaKam.
Bbibop 1 aHann3 metonoB cbOpKM y3roB 1 NaHenen

17.1. YanoBas u naHenbHas coopka

[MpuHATass cxema KOHCTPYKTUBHO-TEXHOMOMMYECKoro vneHeHuns C. u
B. no3BonsieT pacyneHnTb KOHCTPYKUMIO Ha Y3nbl, NAHEenu, cekuum, oTce-
KW, arperatbl U YCTAHOBUTb NOCeAoBaTeNbHOCTL paboT M Mx o0bem Ha
kaxxgom atane CMP. Ha nepBom aTane 3aroToBUTENLHOro Npou3BoaCcTBa
N3roTaBnNMBalOT U NpmnobpeTaloT BCO HEOOXOAMMYKO HOMEHKNaTypy AeTa-
nen v Hopmanen, yooBneTBOPSOWNX MOCTaBMEHHbIM TEXHUYECKUM Tpe-
boBaHuAM K akcnnyaTauum u cbopke. Ha BTopom aTtane npuctynaroT K y3-
Jsioeou n naHesnbHoU cbopke. lMpuctynas Kk paspaboTke y3noson U na-
HEeNTbHOM TEXHOSTOMNN, BbINOMHAOT TEXHOMNOMMYECKNN aHanu3 KOHCTPYKUUK
00beKTOB, POpMYyNUPYOT mexHu4eckue ycrnoeusi (TY) Ha ux cbopky,
MOHTaX M KOHTPOSb, a 3aTeM paspabaTtbiBalOT cxeMbl COOPKKU y3MnoB 1 Na-
Hernen n onucbiBatoT pabouyto TexHonorno CMP. Y3nbl u naHenun — camast
MHoO204ucsieHHasi kamezopusi C6.EQ. Y3nbi cobupaloT M3 OTAENbHbIX
aeTtanen v noaysnoB, COEOAMHASA UX KMEMNKOW, cBapKon, Bontamu, Kreew,
Mankow. Y3anbl NIOCKOM U NPOCTPAHCTBEHHOW KOHCTPYKUUM Y4acTBYIOT B
cunoson cxeme C. n B. nnu Bxogat B coctas bopTtoBoro obopygosanus. K
HUM OTHOCAT COOpPHbIE NMOHXEPOHbDI, LUMAHrOyTbl, HEPBIOPbLI, Y35bl TPaHC-
MWUCCUM BEPTONETA, Y3Nbl CUCTEM YyNpPaBleHNs CaMOSieToOM U 4p.

lNMarnenu xak C6.EQ. npeacraensaoT cobon coeanHeHUs HECKOSbKUX
aetanen kapkaca c ydactkamm obwmskn C. n B. OTaoenbHble getanu c
nuctamm OOLUMBOK CKPEnnsT KNernkom, CBapKoW, KOMOMHMPOBAHHbLIMU
coeguHeHusaMU. B psige cnyyvyaeB B KOHCTPYKUMSAX arperatoB npegycmar-
puBalOT MOHOMUTHbIE NaHenn. C6opka naHenen MNOo3BOSISET LUMPOKO MUC-
nonb3oBaTb cpedcmea MexaHu3ayuu u aemomMamu3ayuu npu BbINos-
HEeHUM KnenanbHbIX 1 CBapHbIX onepawumn.

[ns y3noeol v naHenbHOU c60pKuU, Kak 1 Ha Opyrnx atanax cbop-
K/, BaXKHOE 3HayYeHue mmeeT 0DOCHOBaHHbIN BbIGOp cxeMm GasnpoBaHus
geTtanen n nogysnos. B aTom cnyyae npu aHanmse obbekta cbopku ycTta-
HaBNMBAKT KOHCMPYKMuUeEHbIe, mexHosio2u4eckue (C60poYHbIe 1 yc-
maHo804YHbIe) N udMepumersibHble 6a3bl, KoTopble ByayT Ucnonb3oBa-
Hbl B cOOpOYHOM npouecce ¢ cobnogeHnem Tpex npuHumnos 6asvpoBa-
HUsA: eduHcmea 6a3, nocmosiHcmea 6a3 n coenadeHusi 6a3. Npu pea-
nusaumm npuHuMna eduHcmea 6a3 B KadecTBe TexHomnormveckom 6asbl
NpUHMMatlOT 6asy KOHCTPYKTMBHYH. OTO MO3BOSISET OTKasaTbca OT cbo-
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POYHOro NpucnocobneHuns, ogHako B psae criydaeB cobpaHHbIn y3en nve-
€T HU3KYH TOYHOCTb.

Mpn ncnonb3oBaHMM NpUHUMNA MocmosiHcmea 6a3 oaHaxdbl Bbl-
OpaHHble Gasbl B npouecce nocreayowmnx atanos CMP He meHsawTCS.
CobnogeHne gaHHoro npuHumna obecnevmBaeT BbICOKYKD TOYHOCTb Mpw
cbopKke OTBETCTBEHHbLIX Yy3M0B U MaHesnier, 0COOEHHO MpU HanMyMmM B UX
KOHCTPYKLMN CTbIKOBbIX Y3S10B Mo pa3bemam arperatos C. u B.

MpuHUnN coenadeHusi 6a3 coCTOMT B TOM, YTO B KayecTBe ycma-
HOB04YHbIX 6a3 wucnonb3ylT 6a3bl cbopoyHbie. CobniogeHne 3Toro
npuHumna npu CMP obecneynBaeT BbICOKYHD TOYHOCTb COMPSKEHUsT Mno-
BEPXHOCTEN COOMpPaEMbIX INIEMEHTOB KOHCTPYKUMM y3na (naHenu), oco-
OeHHO cocTaBnaAlLWNX asapoamHammuyeckuin obeoa C. n B. IMpu atom cbop-
Ky BegyT B crieumnanbHblX cOOpOYHbIX npucnocobnenusix. Beibop 6a3 n co-
OnogeHne ykasaHHbIX NPUHLMMNOB CYyLLECTBEHHO BRNSET Ha BbIOOP MeTo-
Aa cOopKM 1 xapakTep yCTaHOBOYHbIX onepauun npy CMP. Mpn aTtom pe-
KOMEHAOYT cobnogaTth Takyto nocneaoBaTenlbHOCTb YCTaHOBKU KOHCTPYK-
TUBHbIX 3JIEMEHTOB: rnepebIMuU ycTaHaBnuealT aetann n CO.Ex., y koTo-
pbIX COOpPOYHbIE 6a3bl ABMASATCA YCTAHOBOYHLIMWU, 8MOPbLIMU Ha COOPKY
noctynatT C6.E4., NOBEPXHOCTU KOTOPLIX y4acTBYOT B 06pa3oBaHMM as-
poavHaMn4eckmnx o6BOJOB; B mpembro Oovepeb — BCe OCTarbHble feTa-
NN B Nopsiike reoMeTpu4ecKoro HacnoeHmUs ¢ y4eTOM CBOMCTB XXECTKOCTU
N yCrnoBun nogxoaa Assl yCTaHOBKU U COeANHEHNS.

17.2. Knaccudmkaumsa y3noB v naHesrien No KOHCTPYKTUBHO-
TEeXHONOrM4YeCKMM npusHaKkam

MO KOHCTPYKTMBHOMY MNpU3HaKy (Ha3Ha4yeHu) mexHosio2u4yeckue
y3nbl 06bekToB C. 1 B. gendar Ha gBa knacca:

nepebIl Kacc — y3nbl Kapkaca, BXxogsiuimMe B CUIOBYHO CXeMy nna-
Hepa C. n B.

emopol Krnacc — y3nbl BHyTpeHHero obopyaosaHuna C. n B.

Y3nbl NepBOro Knacca nogpasaenstoT Ha cnegyowme:

1. KapkacHble y35nbl eHewlHe20 a3poOduHamMu4ecko2o o6eoda
(HepBIOpbI, LLNAHrOYTbI, JIOHXEPOHbI, CUIIOBbIE MEPErOPOAKN U MUX YacTu U
ap.). K aTum y3nam npegbasnsoT Takue TpeboBaHus: a) cobniogeHue
pa3MepoB MO KOHTYpYy ceuveHunsa cornacHo TY; 6) BblaoepXXMBaHWE BENUYU-
Hbl Manku No BCEMY KOHTYPY B npedenax OOMycKoB; B) B COOpaHHbIX y3nax
He OOMKHO OblTb BHYTPEHHUX HAMNPSKEHWUN, a BXOAsLWME AeTann OOMXKHbI
oTBe4vaTb TpeboBaHNAM a3pOANHAMUKMA N MPOYHOCTM.

2. KapkacHble y3nbl, Hecyujue 3j1eMeHmbl Hernod8UXHO20 CO-
eOuHeHus1 ¢ Opya2uMu y3/1aMu Kapkaca (NOHXEepOHbl M LUNAHroyThbl CO
CTbIKOBbIMW KPOHLUTEMHAMKN, OUTUHIaMu, rpedeHkamm u 1.0n.). K Taknm ys-
nam npeabaBnsAlT cregyroume TpeboBaHus: a) AeTann CTbIKOBbIX Y3r0B
OOJDKHBI NAIOTHO npuneraTb NO BCEW NpuBanovHon noBepxHocTtu; 6) obec-
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neyeHne MIOCKOCTHOCTM MOBEpXHOCTEN (onaHUEBbIX CTbIKOBbIX Y3/10B U
TOYHOM KoopAauHauunm OCB OTHOCUTENBHO OCEN CUMMETPUU U MexXay CO-
6oM; B) CTbIKOBblIE OTBEPCTUS MO AMaMeTpy 1 No NeprneHanKynspHOCTM OCK
K MFIOCKOCTW CThiKa cnefyeT BbINONHATL B Npeaenax 4oMnyCcKOoB.

3. KapkacHble y35bi ¢ asileMeHmamu rnodsuHo20 coeQUHeHUs ¢
dpyaumu y3namu u C6.EQ. (NOHXEPOHbl KUAS C LUapHUPHBIMKU y3riamu
noaBecku pynen; curnosble Ganku c ysnamuv noABeCKU CTOWKWU Llaccu u
T.n.). K 3Tum y3nam npeabsasnsoT TpeboBaHWA: a) TOYHOM KoopaAnHauuu
LUAPHUPHBIX Y3I10B OTHOCUTENbHO KOHCTPYKTOPCKMX ©a3; 6) BbICOKOM TOY-
HOCTM YBSAI3KW MapHbIX LWApPHUPHbIX Y3510B ¢ B3aumocobmnpaembimn C6.E4.;
B) aspoanHamMmnyeckon n obLien B3aMmMo3aMeHAeMOCTN MO BCeM COOpOY-
HbiM 6a3am y3na; r) obecrneyeHns napaMeTpoB B AnanasoHe KNHemaTunye-
CKMX NepeMeLLEeHNn NpU UCNbITaHNAX NOABUMXHbBIX COeOUHEHUN.

4. KapkacHble y351bl eHympeHHeuU cusnoeou koHcmpykuyuu C. u
B., He y4yacmeyrowue 8 ¢hopMupoeaHUU eHewHel a3poduHamu4e-
CKoOlU rnosepxHocmu (KeCTKOCTW, BHYTPEHHUE cunoBble Banku, nepero-
poaku, nonbl kKabuH n T.n.). Takme yanbl B npouecce cOOpkM 1 Nocne Hee
OOSKHbI oTBeYaTb TpeboBaHuAM obLuen B3avMO3aMEHAEMOCTU MO BXO-
AAWNM geTansam, OTBEPCTUSIM U NO Y31y B LIENOM.

Y3nbl BTOPOro Knacca pasgensioT Ha Takue BUAbI:

1. MMpedmembl eHympeHHe20 obopydoeaHussi C. u B. uHeeh-
mapHo20 xapakmepa (Kpecrna, CTOSIMKW, CTPEMSAHKWU, Y3Nbl BHYTPEHHEro
NHTEpbepa n BbiToBOro obopyaoBaHust). K aTuM y3nam npegbsasnsioT Tpe-
boBaHMs 00LWen B3aMMoO3aMeHSIeMOCTU. TPYAHOCTb NPWY 3TOM 3aKntovaeTcs
B YBSI3KE KpENeXHbIX OTBEPCTUN C OTBETHBIMU OTBEPCTUSIMU Kapkaca nnaHe-
pa.

2. MexaHu3mbl ecex podoe Ha 6opmy C. u B. (cunosble UMNNHA-
pbl, KaTanynbTUpyemMble CUAEHbS, MeXaHU3Mbl ANCTAHLMOHHOIO ynpasse-
Hna C. n B., MexaHn3mbl 3arpyskm rpy3oB Ha 6opT 1 T.n.). K Takum y3nam
npeabaBnsalT TpeboBaHMs: a) ToOYHoe (B npegeniax gomnycKoB) pacnosio-
XEeHne nNpucoeanHUTENbHbLIX NOBEPXHOCTEN aeTanen; 6) obecneyeHne xa-
pakTepa MOCafdoK MNOABMXHBIX W HEMNOABWXHbIX 3f1EMEHTOB Y350B; B)
obecnevyeHne AnanasoHa KMHEMaTUYECKUX MNepeMeLLeHUin YyacTen mexa-
HWU3MOB; I) TPebOoBaHMWS K YCOBUSIM UCMbITAHUA N KOHTPOJTHO MEXaHU3MOB.

3. Y3nbI koMmMyHukauyuli Ha 6opmy C. u B. (komnnektbl Tpy6o-
NPOBOAOB; 3NEKTPOXIYTOB C MPUCOEANHUTENbHLIMU 3fIeMEeHTaMun; KOM-
MNEKTbl XXECTKNX TAr U TPOCOBbLIX NPOBOAOK U T.M.). K aTum ob6bektam CMP
npeabaBnalT TpeboBaHua obuwien B3anMmMo3amMeHsieMocTu, cobniogeHuns
TY npu MOHTaXxe K Kapkacy nnaHepa; XXecTkoCcTu KpensneHusi Ha 6opty C. u
B.; 4OCTYNHOCTU NpU UCMbITAHUAX U 3aMeEHe.

[MaHenn camMoneTHbIX KOHCTPYKUMIA KnaccuduuupyroT Mo Takum npu-
3HaKam:

1. NMaHenu eHympeHHe20 Habopa, He cesiz3aHHbIe ¢ o6eodamu C.
u B. (naHenn nona, BHYTPEHHUX MEPEropoaok, baraxxHoOro otaeneHnsa m
T.n.). Ko BCcem nogobHbiM naHenam Hapsgy ¢ obwmMmMM MPOYHOCTHBLIMM
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TpeboBaHMsAMU NpeabaBnsalT obwme TpedboBaHUS B3aMMO3aMEHSIEMOCTU
no pasmepam, opme U Mectam NPUCoOeanHEHUs K Kapkacy;

2. MNMaHenu, exodsiwjue e aapoduHamuyeckuli 06eo0d C. u B. K Ta-
KAM NaHensm npeabasnaioT TpeboBaHna aapoduHamuyeckol v obLuen
B3aMMO3aMEHAEMOCTH, perfnamMeHTMpylLwme TOYHOCTb 06BOAOB M none-
PEYHbIX N MPOAOSIbHbLIX CEYEHUN, a TaKkKe MUHMMAalbHble MeCmHbIe uc-
Ka)XeHUus1 NOBEPXHOCTU MaHenen n reoMeTpun cmbIKO8bIX 3J1IeMEeHMOo8
Mo pa3bemaMm naHersemn.

3. MaHenu ecepmemuy4Hble U HecepMemuYHble. 30eCb TEXHOMNOM-
Yyeckue TpeboBaHWA onpenensalT Kadyecmeo 2epMemusayuu, TEXHOO-
M0 UCMONb30BaHNA FrepMETUKOB, YCINOBUA UCTIbITAHUS TakuUxX NaHesemn.

4. lNMaHennu ombeMHOU U HeoMBbEMHOU KOHCcmMpyKyuu, obpaso-
BaHHbIE MO NIMHUAM Pa3beMHOr0 UM HEPA3bEMHOIO COEAUHEHUS camMuX
naHenen c arperatamu. [pyM 3TOM HEOTHLEMHbIE NaHeNnu BBOAAT UCXOAs U3
TEXHOSTOrM4eckom HeobBXO0aMMOCTM.

5. MaHenu deoliHoll unu oOuUHapPHOU KpUeU3HbI, MNJIOCKUE rNnaHe-
nu. NaHenu OBOMHOW KPUBU3HbI UMEKT MU3O0MHYThI MPOOOSbHbIA U rone-
peyHbIi Habop, a OANHAPHOW KPUBM3HbI M30MHYThl TOSIbKO B OAHOW Mioc-
KOCTW.

6. lMaHenu ¢ NPoOOoJsIbHLIM UsU € MPOAOsIbHLIM U NMonepeYyHbIM
Habopom. [locnegHne TEXHONOrMYeckn Hanbonee CrnoXHbl NPU ABOMHOM
KpBU3HE OBLLUNBKMN.

7. MaHenu MoOHOMUMHbIE (NpeccoeaHHble, WMmMaMnoeaHHbIe,
¢gpesepoeaHHbIe). [JONOMHUTENBHYIO MeXaHMYecKyto obpaboTKy Takux
naHenen obbl4HO BbLINOMHAKT HA cTaHkax ¢ YIMY, a ansa ux cbopku ¢ no-
nepeyvHbiM Habopom arperaToB Ha pebpa naHenen yctaHaBnMBaKT KHU-
Ubl UNIN KOMIIeHcamophbl.

Mo TEXHONOrMYECKNM NMpU3HaKaMm y3nbl U NaHenu pasgenstoT:

— no eudy ucrnosib3yeMbIX 8 KOHCMPYKUUuU coeluHeHul (kne-
MaHHOW, CBApPHOW, KNeeHHOW Uinn 60ATOBOMN KOHCTPYKLNN);

— no eudy npuMeHsieMbIX @ KOHCMpyKuyuu mamepuasioe (13
antOMUHMEBLIX, TUTAHOBbLIX CM1ABOB, KOMMO3ULMOHHbBIX MaTepuanos, He-
MeTannoB, KOMOMHUPOBAHHbLIX MaTEPManoB 1 CryaBoB).

TexHonorns cOOpKM y3MnOB M NaHenen kaxk0o2o0 muna w3 npuse-
OEHHOro knaccudgukaTtopa umeem ceou ocobeHHOCmMu UCXoasa U3 xapak-
Tepa KOHCTPYKLMN N TEXHUYECKNX TpeboBaHUI.

17.3. BbiGop n aHann3 metonoB cCOOPKK Y3N0OB U NaHesen

Pasnuuatotr cneayiouwime mMemooObl c60pKu y3rnoB U NaHenen: no
yepmexxy, no c6opoyHbIM omeepcmusim (CO), e npucnocobreHuu.

C60pKy no yepmexxy BbINOMNHAIOT B Criyvasix, Korga getann umeroT
OOCTaTOYHYIO XXECTKOCTb, MX M3roTaBfMBalOT B COOTBETCTBMM C CUCTEMOM
OOMYyCKOB U nocafok, obecneymsasi NosHy0 B3aMMO3aMEHAEMOCTb cobu-
paemoro y3na. Kpome Toro, c6opky no yepTtexy 6e3 OCHacTKM NPUMEHSIIOT
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B MENKOCEPUMHOM MpPOU3BOACTBE, Koraa TpeboBaHMsA 4epTexa MOXHO
obecneuynTb 6€3 crneunanbHON OCHACTKM.

C6opky no CO npumeHsoT npu ucnons3osaHuu MM B cepuiiHoM
N MaccoBoM npousBoacTBax. [1pn aTom cobupaemble getann narotasnu-
BalOT Mo wabnoHamMm 1 KOHOYKTOpaMm C nocnefylowen ux yCTaHOBKOW ny-
Tem coBmeweHnss CO Ha napHbix getansx. AHanus cbopkn no CO noka-
3blBaET, YTO 3TOT CcNocob MmMeeT IKOHOMUYECKME npenmyuiecTsa N obec-
neymBaeT 3afaHHyK TOYHOCTb. OgHaKO 3TOT MeToq COOpPKM MMeeT Takue
HefoOCTaTKu: TpyaHO obecnevnBaTb 3aaHHYO TOYHOCTbL yBA3kM CO c ge-
TansgaMn; UMeTCA OrpaHUYEHNs MO KECTKOCTU U CTPYKTYpEe KOHCTPYKLNK
Yy3I0B 1 NaHenen; B oTAenbHbIX cny4vasax B kadyectBe CO npuxogutcs Ha-
3HayaTb cneumanbHble TexHonornyeckne orsepctusi. Coopky no CO BbI-
NOSNHAT 6e3 cOOPOYHbLIX NPUCNOCOBMEHNN MNKU B YNPOLLEHHLIX NPUCHO-
cobneHunsx.

C6opky e npucnocobsieHUU NpoOBOAAT B CnyYasx, koraa K y3ny unm
naHenn NpeabsBsOT NOBbIWEHHbIE TpeboBaHNA TOYHOCTM 0OBOOOB, KOH-
TYPOB UNN CTbIKOB, @ Takxke Korga cbopoyHas ocHacTka cnocobCcTByeT 3Ha-
YNTENbHOMY COKpaLEHUIO TPYOOEMKOCTM W LMKNa BbIMyCKa HEXECTKUX
nsgenuin, ocobeHHo Npu cepumnHOM NPON3BOACTBE.

Mpn paspaboTke npouecca cOOpKM y3na wunv naHenu BbliOMpalT
Hanbonee SKOHOMWUYHYKD cxemy cbopku, nNpu KoToponm obecrneymBaeTcs
3aaHHasa TOYHOCTb KOHCTPYKTMBHbIX napameTpoB. [nsa atoro Heobxoau-
MO BblbpaTb COOpoYHyt0 Ba3sy, cocTaBUTb CxeMy COOpKM MO 3afaHHbIM
KpUTepMsM onTumanbHOCTW, pa3paboTtate TY Ha Bxogdlme getanu, on-
penenutb TpeboBaHUS K KOHCTPYKUUM COOPOYHBIX U KOHTPOSMbHLIX Mpu-
cnocobneHnn, nogobpaTtb obOpyAoBaHME W MHCTPYMEHT, ONpenenunTb
TPYAOEMKOCTb Onepauuni.

Paccmompum npumep y3noeoli c6opku wnaHzoyma (puc. 17.1).
CBOpKY MOXHO BbINOMHATL NO ABYM cxeMam: no CO n B npucnocobneHum.
MpocTble ¢ HEOGONbLLUOW TOYHOCTLIO OOBOAOB LUMAHIOYThI, COCTOALLNE M3
NNCTOBbLIX U NpodunbHbIX getanen, cobupatoT no CO. CnoxHble CUNOBbIE
LUNAHroyThl, K KOHTYpamM U (PUKCUPYIOLWNM Yy3aM KOTOPbIX NpeabsBnsoT
BblCOKMe TpeboBaHuda, cobupatloT B COOPOYHbIX Npucnocobnenusix. Ycra-
HaBfMBaeMble B NpucnocobneHne getanu n noaysnbl 3akKpennawT B Puk-
caTtopax npucnocobneHnsa. Bce KOHTYpHble hukcaTopbl npucnocobrieHns
OTKMAbIBAKOT OS5 3aKnagku getanen.

Cxema npouecca cbopkn cnegytowas: 1) KOMMAeKToBka MU OCMOTP
aeTtanen, BXxogswmx B y3en; 2) nocrniegoBaTteribHas ycTaHOBKa geTanen u
Bbankn 9 no dmkcaTopam npucrnocodbneHus; 3) cBeprieHne OTBEPCTUI MO
HO noa KOHTpOnbHble GONTbI UMK 3aKMENKn C MNPUMEHEHUEM Openewu;
4) NoCTaHOBKa KOHTPOJSIbHLIX 3aKfenokK MHEBMOMOJSIOTKOM; 5) ycTaHOBKa
banku 9 B cTanenb n coeguHeHne ee 6ontamu; 6) BbleMKa LUMNaHroyta mu3
npucnocobneHna n cBeprieHne ocTalibHbIX OTBEPCTUM Ha CBEPUIIbHOM
yCTaHOBKe; 7) Krnemnka wnaHroyta Ha npecce; 8) KOHTPOSb COOPKM LUMAHIo-
yTa n gopaboTka ero.
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Becb cunoBown WNaHroyT no gaHHoOW cxeme cobupatoT B Npmucrnocob-
neHumn, kpome Banku 9, koTopyto cobumpatT otaenbHo no CO, YTo cokpa-
laeT umkn obwen cbopkm B npmucrnocodbneHmn. MNpu menkocepunHom npo-
rpammMme NpomM3BOACTBaA BCe AeTanu wnaHroyta cobupatot B npucnocobne-
HUW, NPX 3TOM CBEPEHNE U KNENKY Be4yT PYYHbIM MHEBMOMHCTPYMEHTOM.
BoamoXeH BapmaHT yCTaHOBKWM YronkoB 3 BHe npucnocobnenus no CO u
Knernka nHEBMOMOJSIOTKOM UITX Ha npecce.

Puc. 17.1. WnanroyT: 1, 2, 3, 6, 7, 8 — petanu wnadroyta; 9 — 6anka;
4, 5 — petanu 6ankun; @ — KOHTPOSIbHbIE 3aKNenkn unn 6onTbl;
® — cOopoYHble OTBEPCTUS

Bonbluas YacTb naHeneln cBsidaHa C aspoAMHamMu4eckummn obsoaa-

MU. OTO naHenu ro3ensika, Kpbina, LeHTponnaHa, onepeHnsl, MoToroH-

aoonbl. B 3aBUCUMOCTM OT XapakTepa KOHCTPYKLMKN U TpeBGoBaHUM TOYHOCTY
NPUMEHSIOT ABa MeTola COOPKUN Taknx naHenei:

— mMemod cbopku ¢ 6a3oli om Kapkaca, koraa B c6opo4YHoe npucrno-

cobneHve ycTaHaBnNMBaKT AeTanu Kapkaca no pasnuyHbiM dukcatopam u

COEUNHSAIOT UX COrMacHO YepTexy, a 3aTeM pasMelLalnT UX Ha cobpaHHOM
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Kapkace 1 NpUKpennsitoT K HeMy OBLLINBKMY;

— mMemod cbopku om obwueku, Koraa BHavane B npucnocobnenuve
3aknagbiBatoT OOLIMBKM M (PUKCUPYIOT UX MO 0OBOAY, @ 3aTeM Ha HUX YC-
TaHaBnMBalT [eTann kKapkaca. OTOoT MeToq Hamboree pacnpocTpaHeH
Npun cbopke naHenemn, bnarogaps ero NCMNoNb30BaHUIO MOMYyYaoT BbICOKYHO
TOYHOCTb BHELUHUX 06BOAOB.

Ha puc. 17.2 nokasaHa cxema cOOpKu Takom naHenu.

Puc. 17.2. Cxema cbopkn naHenen: 1, 2, 3 — petanu naHenu; 4, 5, 6 — ys-

nbl NpucnocobneHuns; 7 — KoHgykTopHas nuHenka C3Y-02; 8 — ceepnunb-

HO-3eHKOBarbHbIN arperaT; 9 — nogaepXxmBatoLiee yCTPOMCTBO Krenarb-
HOro npecca

[laHHada naHenb COCTOUT U3 OBWKNBKN 1, CTPUHIEPOB 2, LUNAHroyToB
3. MaHenun nocne cbopkn no CO n noxemeHTam B cnapeHHOM NpuUcnoco6-
neHMn nepegalwT Aans CBEpreHMss W 3eHKOBaHWSA Ha  YCTaHOBKY
C3Y-02. 3aTem ux nogsepratoT rpynnoBoun Knerke Ha npecce. CeeprieHne
N KNenky B TPYAHOAOCTYMHbLIX MecTax MaHenu BbINOSTHAIT Ha OOKMenou-
Hom cTeHae 10.
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Topic 31
Assembly stages of an airplane and helicopter

Lecture 17. Units’ and panels’ assembly. Units and panels classifi-
cation according to structurally - technological attributes.
Selection and analysis of units and panels assembly methods

17.1. Units’ and panels’ assembly

The adopted scheme of A and H structurally-technological partition
allows to dismember a design into the units, panels, sections, compart-
ments, aggregates and to establish sequence and scope of work at each
AMW stage. At the first stage of storing manufacture all necessary nomen-
clature of parts and normals are made and bought satisfying to the put
technical requirements on the part of operation and assembly. At the sec-
ond stage units’ and panels assembly are began. Proceeding to devel-
opment of units and panels’ technology, the technological analysis of the
objects design is conducted, specifications and requirements (S and R)
on their assembly, mounting and control are formulated, and then the as-
sembly schemes of units’ and panels’ are developed and AMW working
technology is described. Units and panels are the most numerous AU
category. The units are assembled from separate parts and subunits,
connecting them by riveting, welding, bolts, glueing and soldering. The
units of a flat and spatial design participate in the A and H load-carrying
scheme or enter in an airborne equipment structure. There are attributed to
them: assembled spars, frames, ribs, units of a helicopter transmission,
units of an airplane control systems, etc.

Panels, as AU, represent connections of several parts of a frame-
work with segments of an A and H skin. The fastening of separate parts
with skins sheets is conducted by riveting, welding and combined connec-
tions. In a number of cases in designs of aggregates the monolithic panels
are provided. The panels assembly allows widely to use mechanization
and automation means at fulfilment of riveting and welding operations.

For units’ and panels’ assembly, as well as at the other assembly
stages, the proved selection of the parts and subunits basing schemes has
the important value. Thus, at the analysis of assembly object the con-
structional, technological (assembly and adjusting bases), measuring
bases are established, which will be used in the assembly process with
maintenance of three basing principles: the bases unity principle; the
bases constancy principle and the bases coincidence principle. At re-
alization of the bases unity principle, the constructional base is assumed
as technological base. It allows to refuse from an assembly device, how-
ever in a number of cases the assembled unit has low accuracy.

When using the bases constancy principle, bases which were once
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chosen during the subsequent AMW stages do not change. The mainte-
nance of the given principle provides high accuracy at important units and
panels assembly, especially at presence in their design of joints on A and
H aggregates breaks.

The bases coincidence principle consist in that assembly bases
use as adjusting bases. The maintenance of this principle at AMW pro-
vides the high accuracy of surfaces conjugacy of collected unit (panel) de-
sign elements, especially composing the A and H aerodynamic outline.
Thus, the assembly is conducted in special assembly devices. The selec-
tion of bases and maintenance of the specified principles essentially influ-
ences selection of an assembly method and character of adjusting opera-
tions at AMW. Thus, it is recommended to observe such installation se-
quence of structural elements: the parts and AU, at which the assembly
bases serve adjusting are set firstly; the AU, which surfaces participate in
formation of aerodynamic outlines, go on assembly secondly; in third turn
all other parts go in geometrical stratification order taking into account
properties of rigidity and conditions of the approach for the installation and
connection.

17.2. The classification of units and panels by structurally-
technological attributes

By a constructional characteristic (assignment) the technological
units of A and H objects are divided into two classes: class one: units of
a framework which are included in the load-carrying scheme of an A and H
airframe. Class two : units of the A and H internal equipment. Units of the
first-class are subdivided into:

1. Framework units of external aerodynamic outline (ribs,
frames, spars, load-carrying partitions and their parts, etc.). The such re-
quirements are made to these units: a) the maintenance of the sizes on a
cross-section contour agreeably to S and R; b) maintenance of bevel value
on all contour within the limits of the tolerances; c) there should not be in-
ternal stresses in the assembled units, and the incoming parts should an-
swer the aerodynamics and strength requirements.

2. Framework units carrying elements of fixed connection with
other framework units (spars and frames with butt brackets, fittings,
rakes, etc.). Following requirements are demanded to such units: a) parts
of joint units should fit closely on all the mating surface; b) flatness mainte-
nance of the flanged joint units surfaces and JBH exact coordination con-
cerning symmetry axes and among themselves; c) butt apertures on di-
ameter and on an axis perpendicularity to joint flat should be executed
within the limits of the tolerances.

3. Framework units with elements of movable connection with
other units and AU (vertical stabilizer spars with articulated joints of the
control surfaces suspension; load-carrying beams with suspension points
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of an undercarriage leg, etc.). There are following requirements to these
units: a) exact coordination of articulated joints concerning constructional
bases; b) high coordination accuracy of pair articulated joints with mutually
assembling AU; c) aerodynamic and general interchangeability on all as-
sembly bases of a unit; d) maintenance of parameters in range of kine-
matic movements at tests of movable connections.

4. Framework units of an A and H internal load-carrying con-
struction, not participating in formation of an external airfoil (rigidity
units, internal load-carrying beams, partitions, cabins floors, etc.). Such
units during assembly and after it should satisfy the requirements of gen-
eral interchangeability on incoming parts, apertures and on a unit as a
whole.

Units of second-class are divided into:

1. Subjects of the A and H internal equipment of inventory
character (seats, little tables, ladders, units of an internal interior and fur-
nishing equipment). The general interchangeability requirements are de-
manded to these units. Thus, the difficulty consists in coordination of fas-
tening apertures to an airframe framework.

2. Gears of all kinds on board of A and H (power cylinders,
ejected seats, gears of A and H remote control, gears of freights loading
aboard, etc.). There are following requirements to such units: a) exact
(within the tolerances limits) arrangement parts conjunctive surfaces; b)
maintenance of fits character of movable and fixed units elements; c)
maintenance of kinematic movements of gears parts range; d) the re-
quirements to test specifications and gears control.

3. The communications units on board of A and H (pipelines
complete sets; electrobundles with conjunctive elements; complete sets of
rigid thrusts and cable runs, etc.). There are following requirements to
these AMW objects: general interchangeability, S and R maintenance at
mounting to an airframe framework; rigidity conditions of attachment on
board of A and H; accessibility conditions at tests and replacement.

The aircraft designs panels are classified to such attributes:

1. Panels of an internal set not connected to A and H outlines
(the floor panels, the internal partitions panels, the baggage compartment
panels, etc). There are general requirements of interchangeability on the
sizes, form and places of connection to a framework to all similar panels
alongside with the general strength requirements;

2. Panels which are included in A and H aerodynamic outline.
There are following requirements to such panels: the requirements of
aerodynamic and general interchangeability regulating the accuracy of
outlines and cross-sectional and longitudinal sections, also the require-
ments of minimal local distortions of a panels surface and geometry of
butt elements on panels connectors.

3. Hermetic and not hermetic panels. Here technological require-
ments determine the quality of hermetic sealing, technology of potting
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sealants use, test conditions of such panels.

4. Panels of detachable and permanent construction formed on
lines of detachable or a permanent joint of the panels to aggregates. The
permanent panels are introduced in proceeding from technological neces-
sity.

5. Panels of double or unary curvature, flat panels. The panels of
double curvature have bent longitudinal and transversal framework, and
unary curvature ones are bent only in one plane.

6. Panels with longitudinal or with longitudinal and transversal
framework; last ones are the most technologically complex at skin double
curvature.

7. Monolithic (pressed, formed, machined) panels. Additional
machining of such panels usually is conducted on machine tools with NPC,
and for their assembly with an aggregate transversal framework on panels
ribs are set gusset plates or compensators.

Units and panels are divided by technological attributes:

1) by the connections kind used in a design (riveted, welded,
glued or bolt design);

2) by the materials kind used in a design (aluminium, titanium al-
loys, composite materials, non-metals, combined materials and alloys).

The technology of units and panels assembly of each type of the
adduced classifier has the own features, proceeding from a design char-
acter and technical requirements.

17.3. Selection and analysis of units and panels assembly methods

The following methods of units and panels assembly are distin-
guished: a) the assembly by the drawing; b) the assembly on assem-
bling holes (AH); c) the assembly in a device.

The assembly by the drawing is conducted in cases, when the
parts have sufficient rigidity, are produced by the fits and tolerances sys-
tem, providing full interchangeability of a collected unit. Besides, the as-
sembly by the drawing without rigging is applied in small-series manufac-
ture, when it is possible to supply the requirements of the drawing without
special rigging.

The assembling on AH is applied at LTM in serial and mass manu-
facture; thus, the collected parts are produced on templates and conduc-
tors with the following installation them on AH on the pair parts. The analy-
sis of assembly on AH shows, that this way has economic advantages and
provides the given accuracy. However, this assembly method has lacks: it
is difficult to provide the given coordination accuracy of AH and parts;
there are limitations on rigidity and structure of units and panels construc-
tions; in separate cases as AH it is necessary to set special technological
apertures. The assembly on AH is executed without assembly devices or
in the simplified devices.
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The assembly in a device is conducted in cases, when to a unit or a
panel are shown increased requirements on outlines, contours or joints ac-
curacy, also when the assembly equipment promotes to the sizable reduc-
tion of labour input and output cycle of not rigid products, especially at se-
ries production.

At development of assembly process of a unit or a panel, the most
economic assembly scheme is chosen ensuring the given accuracy of de-
sign parameters. For this purpose it is necessary: to choose assembly
base; to make the assembly scheme by the given optimality criteria; to de-
velop S and R on entering parts; to determine the requirements to a de-
sign of assembly and monitoring devices; to match the equipment and tool;
to determine the operations labour input.

Let's consider an example of a frame unit assembly (fig. 17.1).
The assembly can be executed by two schemes: on AH and in device. The
simple frames with small outlines accuracy consisting of sheet and profile
parts, are assembled on AH. The complex load-carrying frames, to which
contours and fixing units are demanded high requirements, are collected in
assembly devices. The parts and subunits, which are set in devices, are
fixed on clampers of the device. All contour clampers of the device are
thrown back for a parts laying.

The scheme of assembly process is the following: 1) the gathering
and inspection of parts which are included in a unit; 2) consecutive installa-
tion of parts and beam 9 on clampers of the device; 3) the drilling of aper-
tures on DH for monitoring bolts or rivets with application of drills; 4) the
setting of monitoring rivets by a pneumohammer; 5) the mounting of a
beam 9 in a jig and its connection by bolts; 6) the removing of the frame
from device and drilling of other apertures on the drilling installation; 7) the
riveting of the frame on a press; 8) the assembly control of the frame and
its finishing.

The whole load-carrying frame by the given scheme is assembled in
a device, except a beam 9, which is assembled separately on AH, that re-
duces a general assembly cycle in a device. At the small program all frame
parts are assembled in a device, thus, drilling and riveting are conducted
by the manual pneumotool. The version of a angles 3 mounting is possible
outside of device on AH and riveting by a pneumohammer or on a press.

The most part of panels is connected to aerodynamic outlines: fuse-
lage panels, panels of a wing, of a wing center section, of a tail unit, of an
engine nacelle. Depending on a design character and accuracy require-
ments, two assembly methods of such panels are applied: a) assembly
with base from a framework, when framework parts are set in an assem-
bly device on various clampers and they are connected according to the
drawing, and then skins are set on the assembled framework and the skins
are attached to it; b) an assembly method from a skin, when in the be-
ginning skins are placed in device and fixed on outline, and then frame-
work parts are set and attached on them. The high accuracy of external
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outlines is received by the last method, and it is most widespread at panels
assembly.

Fig. 17.1. The frame: 1, 2, 3, 4, 5, 6, 7, 8 — frame parts;
9 — beam of the frame; @ — control rivets and bolts;
@® - assembly holes

The assembly scheme of the such panel is shown in fig. 17.2.

The given panel consists of a skin 1, stringers 2, frames 3. After
panels assembly in the coupled device on AH and support assemblies,
they are transmitted for drilling and countersinking to the plant SZU-02. Af-
ter drilling the panels are transmitted to group riveting on a press. Drilling
and riveting in the panel hardly accessible places are made on the finish-

riveting bench 10.
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riveting stand

Fig. 17.2. The scheme of panels assembly: 1, 2, 3 — panel parts;
4,5,6, 7—-SZU-02 units; 8 — SZA; 9 — riveting press; 10 — finish
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Nekumusa 18. CekuMoHHaa u arperatHaa cbopka. Knaccudumkaums
CEeKUMM NO  TEeXHOSMOrMYeckKMM  npusHakam, TeXHUYeckue
TpeboBaHus K HUM. [laHenupoBaHue cekumn. Metoabl cHOpKK
cekuun. TunoBble  TexXHoMorMyeckne  npoueccobl  COOPKU
naHennpoBaHHbIX OTcekoB. COopka arperatoB Mpu TUMNOBOM
YfIEHEHUM Ha OTCeku, naHenu. Pasgenka CTbIKOB CeKuun u
arperatoB. KOHTpOMb TOYHOCTN OTCEKOB U arperaToB

18.1. CeKUMOHHaA un arperatHasa coopka

PaunoHanbHoe yneHeHne KoHCTpyKkuuun C. n B. Ha oTaenbHbIe agpe-
2ambl, omceKu, ceKyuu, naHesau v y3sbl NO3BONAET 3HAYUTENBHO YNpo-
CTUTb COOPKY U cHU3UTb TpydoemkocTb CMP. Ha ocHoBe cxembl urieHe-
HWSA COCTaBNAKT BO3MOXHYO cxemy coopku C. n B. (puc. 18.1).

Camonert
/ . (BepTtoner)
A |« > B ArperaTbl

A
DERED oroen
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A | Z& [MaHenn

@lel] 1] @]

A
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Puc. 18.1. BapnaHTbl unieHeHus n cxema cbopku C. n B.

10 KOHCTPYKTUBHO-TEXHOSIONMYECKMM MpPU3HaKaMm az2pe2ambi, om-
CeKU N ceKkyuu MOXHO 06benHNTL B mpu 2pynnbil.

1) oTCcekn, cekumn, arperaTtbl HernaHesupoeaHHOU KOHCTPYKLMN
(otcek Il Ha puc. 18.1), koTopble cobupaloT U3 OTAESNbHbLIX AeTanemn n ys-
nos. Cbopka Taknx nsgenun TpedyeT NPUMEHEHUS CIIOXKHbIX cmanesnel
N AnrumesibHO20 Yyukrna c6opo4yHoO20 npouecca.

2) OTCeKku u arperaTbl naHenuposaHHOU KOHCTPYKUnK (oTcekn | n li
Ha puc. 18.1), cobupaemble 13 naHeneun, y3nos COOPHON U MOHOSUTHOM
KOHCTPYKLUMN N HEKOTOPbIX AeTanen. B aTom cnyyae koHcmpykyuro c6o-
POYHbIX npucnocobsieHull ynpowarom 1 CO34al0T YCroBus Ons pac-
wupeHusi ppoHma pabom v mexaHusayuu cb6opku. Takoe 4neHeHune
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drosenska nokasaHo Ha puc. 18.2, a.

Puc. 18.2. UneHeHne KOHCTPYKUMK arperaTos

3) arperatbl, pac4/ieHeHHble Ha omceKku (UNn KPYMHble OTCEKM,
pacunieHeHHble Ha cekumn). 3aecb OTCEKN U cekunmn cobupatoT n3 getanemn
n ysnos (puc. 18.2, 6). B 60nblWINHCTBE CrnyyYaeB Takne OTCeKU (CeKuun)
NocTynarT Ha cOopKy arperaTta (OTCeKa) C MOJIHOCMbIO 8bIMNOJIHEHHLIMU
Cc60pPOYHBLIMU U MOHMaXHbIMU pabomamu. locne cmbIKOBKU TaKux
yacTen B edNHY0 KOHCTPYKLMIO arperata npoBOAAT PerysiMpoBOYHbIE, UC-
NblTaTenbHbIE N HEKOTOPbIE MOHTaXHble PaboThbl.

CopeprkaHne TEXHOMOrM4ecknx npoueccoB n o6bem paboT, BbINOHsSE-
MbIX Npy COOPKE arperaTtoB, OTCEKOB, CEKLUIN OonpeaensieTca KOoHCmpyKkmue-
HO-mexHOoJ/I02U4YecKUMU napamempamu cobupaembix u3denuil, Mac-
wmabom npoussodcmea, NPUHIMbIM MemodoM obecrie4yeHusi 83auMo-
3amMeHsieMocmu 1 moYyHocmu pasmepoe KoHcTpykumi C. n B. Npo4vHoCTb,
adpoaNHaAMNYECKNE CBOMCTBA U repMETUYHOCTb COBpaHHbIX arperaToB AOK-
Hbl YOOBNETBOPATb 3a0aHHbIM MEeXHU4YeCKUM mpebosaHUsIM.

Ob6bektamn CMP Ha aTane CeKkLMOHHOM 1 arperaTHOM COOpKN ABns-
toTcs drosensk unu kopnyc C. u B., Kpbinbd, ctTabunusaTopsbl, KUNu, pynm
XBOCTOBOrO ONepeHusi, MOTOrOHAOMbI, FOHAO0MbI LWACCKH, 3aKPbISIKK, 3N1epo-
Hbl, XBOCTOBblE U KOHUEBble 6anku BepTONeToB, OTCEKU U CEKLUKU Kpbina
nnu prozensaxa, ueHtponnaxel n 1. 4. (puc. 18.2, B, r).

18.2. Knaccudmkauma cekumm no TeXHOSOrM4eCcKUM npusHakam, Tex-
HU4eckue TpeboBaHuA K HUM. [NaHenNupoBaHue ceKLum

Cekyuu — cnegyowme nocrne naHenen n ysnos C6. Eg. C. n B., ko-
Topble cobupaloT M3 geTtanen, nNaHenem M y3noB Ha OCHOBE MNPUHATON
cxeMbl cOopKU, ABMNAIOTCA COCTAaBHOM HE3aBMCUMOW YacTbio arperata unm
ero otceka. K cekunsam oTHOCAT HOCO8bIe N X80CMO8bIle Yacmu Kpbina,
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cmabusiuzamopoe Vnun Kusiel camosiema; 60Kkoeble N HUXHUEe ceKuuu
¢ro3ersisixka; KeCCOH Kpbina vnn kuns n ap. OCoBeHHOCTbIO CeKkumn siB-
naeTcs He3aMKHymbIlU a3poduHaMu4yecKuli KOHmMyp ce4YyeHusi ee op-
Mbl. BeligeneHue cekummn kak C6. Ea. nos3sonseT BecTn ee cOOpKY, MOHTaX,
KOHTPOSb M NpuUemMKy He3aBucumo oT gpyrux CO. Ea., 4to 3HaumternibHO
pacumpsaeT poHT paboT. Ha puc. 18.2, r nokasaHbl HOCOBasi, XBOCTOBas
N cpenHsst Cekumn Kpbina.

Cekumn no mexHos102Uu4e€CKUM MpPU3HaKaM KnaccuuumnpyoT cne-
AyLwnmMm obpasom:

1. OmbeMHbIe ceKyuu, KoTopble coeanHsaT ¢ gpyrummn C6. Ea. ¢
MOMOLLIbIO pPa3beEMHbIX COeANHEHUN (Hanpumep, HocoBas 4acTb Kpbina
CTaBUTCHA Ha NTOHXEPOH C NMOMOLLIbIO aHKEPHBbIX raek).

2. HeombeMHbie cekyuu, KoTopble coeauHsatoT ¢ gpyrumm C6. Ea.
Hepa3sbeMHbIMW COEeOUHEHNAMM (HanpUMeEpP, HUXKHIOK CEKLUUIo (ro3ensika
MNPOKIenbIBaOT NO CTblKaM C APYIMMU CEKLNAMMN).

3. Cekyuu cO 3Ha4ynUTESNbHbIM KOSIMYECTBOM pPa3beEMOB U CTbIKOB,
BaXHbIX C TOYKN 3peHnsa obecrnieyeHuss moYyHocmu (Hanpumep, KeCCOoH-
Has 4yacTb Kpbina).

4. CeKuyuu pasnnyHbIX rpynn eabapumHbiX pasMepoe u cmpou-
mersibHbIX 8bICOM KOHCMPYKUUU, YTO BNAET He TOSIbKO Ha Tpygoem-
KOCTb M LIMKIT COOPKN, HO 1 Ka4eCTBEHHO MeHseT Texnpouecc CMP.

5. Cekyuu 2epMemuyHblie, KOTOPbIE 3HAYUTESNBLHO YCMOXHSAT TEX-
Honornto CMP no cpaBHEHUIO cO COOPKON HEFEPMETUYHbBIX CEKLUN.

6. Cekyuu ¢ pa3sludHOU cmerneHbr HacbIWEeHHOCMU 8HYMPEH-
HUMU MOHMa)amu, 4TO NPUHUNNNANBHO MOXET MEHATb MeTOAbl YBA3KM
n obecneyeHnsa B3anMo3aMeHSIEMOCTN KOHCTPYKTUBHbBIX 311IEMEHTOB.

Ansa knaccudukaumm cekumim MoryT ObiTb NPUMEHEHbI N apyrne Tex-
HOMNMOTMYECKNE KPUTEPUU: MO 8uldy Kpenexa, no murny KOHCMPYKUYUOH-
HbIX Mamepuasioe N T. J.

Kaxkgon knaccmdukaumoHHOW rpynne npeabsBnsaioT pasfnyHble Tex-
HM4Yeckne TpeboBaHUs C y4eTOM CneumndmrKN KOHCTPYKUMM N HasHadeHus. Ho
BblAENSAOT HEKOTOpPbIE 0OLLME KaTeropun TpeboBaHUM AN NOObLIX CEKLNIA:

1. TpeboeaHusi YKOMIIIEKMOBaHHOCMU CeKUUU co2J/laCHO cxeme
c60opku (B TOM YmMCre aneMeHTaMm y3noB BHYTPeHHero obopyaosanus C. 1 B.).

2. TpeboesaHusi 2ceomMempu4eckoli mo4YHOCMU U 83aumMo3ame-
Hssemocmu (0bwen n aspogMHaMNYECKON) CEKLUNN N ee YacTeN; Npu 3TOM
oroBapmBaloT AOMYCKM HA pasfnyHble napamMeTpbl.

3. Mpo4yHOCMHbIe U 3KcrIlyamauyuoHHble mpeboeaHusi, obecne-
YnBaeMble OCODEHHOCTAMM TEXHOMOrMM (Hanpumep, napameTpbl repme-
TUYHOCTN).

4. TpeboeaHusi MOYHOCMU pPAacroJ/IOKEHUsT Mecm KperJyieHus
BOpPTOBLIX CUCTEM N Mecm pa3bema, YTO JOCTUraeTcsl NPUHATbIMU CXe-
MaMu YBA3KN U YNEHEHUS.

UTo KacaeTcsa knaccughukayuu omceKkos U xapakmepa mexHu4ve-
ckux mpeboeaHul Kk ux cbopke, TO OHN B OCHOBHOM aHasi02uYHbI Nojg-
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Xo4am Mnpu TEXHONMOMMYECKOM aHanuse CeKkuurm U OTCEKOB, a Takke npu
OLIEHKE X YPOBHHA TEXHONOMMYHOCTHU, rae OYeHb BaXXeH ¢gphakmop naHesu-
poeaHus 3Tnx CO6. EO. BbluneHeHne B KOHCTPYKLMM CEKLMM U OTCeka na-
Hernen aenaeTt COOPKY U MOHTaX BbICOKOMNPOU3BOAUTENBHBIMU U BbICOKO-
Ka4yeCTBEHHbIMM MpoueccamMu B cepunHoM npoussoactee. OgHako naHe-
nupoBaHune crneayeT BbIMNOSHATbL MO ONTUMAaSibHOM CXeMe YfleHEeHUSA Cek-
LUK, KOrga YMCrio OTAerbHbIX MaHernierd OOSHKHO ynydwaTb TEeXHUKO-
9KoHoMMuYeckue nokasateniu CMP 1 He yBenuumBaTb Maccy KOHCTPYKUUU
3a cYeT JONOSTHUTENbHbBIX Pa3beMOB.

18.3. MeToabl cOOpKU ceKUMU. TUNOBbLIE TEXHOSIOrM4Yeckmue npouecchbl
COOpPKU NaHeNNMPoOBaHHbIX OTCEKOB

COopKy cekumn 1 OTCEKOB BeayT B COOPOYHbIX cTanensx ¢ 6asmpo-
BaHWEM MO Memody «om obwWueKU» UNN «OM KapKaca» B 3aBUCUMOCTM
OT XapakTepa KOHCTPYKUUM U TEXHUYECKUX TpeboBaHu. KpblfibeBble Cek-
LN 1N OTCEKK, Kak npaBuno, cobupatot ¢ 6a3oll «om obwueKu», a OTCEKM
N cekunm crozenska — n «OT Kapkaca», U «OT o0OLWKMBKM». TO e OTHOCUTCA
N K XBOCTOBOMY ornepeHuto. Beibop MeToga B KOHKPETHOM criydae 3aBUCUT
OT 3alaHHOW TOYHOCTM 06BOJOB U CTHIKOB.

TexHonornyeckne npowueccbl c60pPKU naHesIuUpo8aHHbIX N HeraHe-
JIUPOBaAHHbIX KOHCMPYKUUU pasnuyalnTcsa No xapakrepy n obbemy pa-
6oT. B nepeom criyyae Ha cO0OpKy cekumm (oTceka) NoCcTyrnaeT MeHbLUee
KONMUYECTBO 3reMeHTapHbIX AeTanen 1 y3nos, Tak Kak YacTb U3 HUX YyXe
cobpaHa B naHenu. lNpn atom cbopka COCTOMT U3 YCTAHOBKM Y3riOB U Na-
Henen no dukcatopam crtanens B c6OpoyHOe MnonoxeHue n coegmHeHne
MX No CTblikaM. Ha naHensix MoryT ObiTb BbINOSTHEHBI HEKOTOPbLIE MOHTaXW.
Bo emopom cnydae Ha cbopKy oTceka MOCTynarT TOSMbKO AeTanu n ys-
nbl. Becb 06bEM MOHTaXHbIX paboT Npn 3TOM BLINOSHAKT NpU cOopKe He-
NMaHenMpPOBaHHOW KOHCTPYKLUMN OTCeKa (Cekumn).

Ha puc. 18.3 nokasaHa cxema HOCOBOro oTceka dgorosernsixa.

Ha cbopky oTceka noctynatoT cobpaHHble naHenu, y3nbl U getanu,
KOTOpble OOMMKHbI COOTBETCTBOBATL TY Ha UX MOCTaBKy Ha AaHHOM 3Tane
cbopkun. CH0pKY BbINOSHAOT B cneayloLwemM nopsigke:

— B npucnocobsieHnn rno 6a3oBbIM MOBEPXHOCTAM YCTaHaBNUBAKOT U
3aKpennsioT WnaHroyTel 8 n 9, a 3aTeM pasmeLlatoT YCUIEHHbIE CTPUHIepb!
10, coeuHANA NX CO LWNaHroytamMmu; 3TMM 3aKkaH4MBaeTca cbopka kapkaca;

— Ha Kapkac Kak Ha yCTaHOBOYHYyK 6asdy ycTaHaBnuBalT raHesu,
CBEPNAT OTBEPCTUSA WU KrenawT MaHenu no CTbIKOBbIM LUBaM, 3aTeM KOH-
TPONNPYIOT;

— yCTaHaBNMBalOT LOMOSHUTENbHbIE Y3Mbl U AeTanu, Kpendar ux, a
3aTeM BbIMOMHAIT HEKOTOPbLIE MOHTaXM Ha BOPTY oTCekKa.
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Yyepes3 KOMMeHcaTopbl.

[Mpn cbopke naHeNMpPOBaHHbLIX U3aenMn ob6beM KrnenanbHbIX paboT B
oOLiecbopoyHOM cTanene yMeHbllaeTca HamHOro Oonbliue, 4Yem npwu
cbopke HenaHenMpoBaHHbIX KOHCTPYKLMI; TaKxKe CHuXaeTca obuias Tpy-
AO0EMKOCTb COOpOYHbIX paboT OTCekoB (Cekumn) n mnx umkn. Hanpumep,
cbopka oTceka HernaHesnuposaHHOU KOHCTPYKUNN ONWUHOW 2 M U AnaMeT-
pom 0,8 m anutca 12 pabounx cmeH, a cbopka ero naHesiupoeaHHO20
BapuaHTa — BCero 6 cmeH. Takoe cokpalleHne uukna JOCTUTHYTO napali-
nenibHOU c6opkKoll NaHenen n y3noe M NpUMEHeEHNeM MexaHu3upoeaH-
Hou knenku. TpyaoeMKkocTb COOpKM oTceka Kpblna maccon 470 kr npu na-
HenupogaHHOU KOHCTpyKuuun coctasnget 200 Hopmo-4acoB, a HernaHe-
nupoeaHHoU — 845 HopMoO-4acos. lNpenmyLlecTBa NaHeNMPOBaHHON KOH-
CTPYKUMN BO MHOIOM 3aBUCAT OT obuiero obbema npon3BoacTea n3genuin.

Mocne cmanenbHOU cbopku OTCEK (Cekuus) nepeparT Ha gopa-
OOTKM N MOHTaxu Ans eHecmanesibHbix CMP, roe yctaHasnuBalT W
MOHTUPYIOT 3NIlEMEHTbI KOHCTPYKLNKN, KOTOPbIM He HY)XHa doMKcaums B cTa-
nene. 3TMM COKpaLLaloT LMK CTanenbHbIX pabor.

A
“f
L

Puc. 18.3. HocoBou oTcek grozensxa:

1 — BokoBbIE NaHenu; 2, 4 — CTBOPKM ftoKa
cToukun waccu; 3, 10 — cTpuHrepsl; 5 — na-
Henb nona; 6 — HOCOBOW KOK; 7 — poHapb Ka-
6uHbIl; 8, 9 — WnaHroyTol; 11 — CTOMKa LWaccu

18.4. Coopka arperaToB Npy TUMOBOM YJZIEHEHUU Ha OTCEKU, NaHenw.
Pasfgenka cTbIKOB ceKuui u arperaTtoB. KOHTPOSb TOYHOCTU OTCEKOB
M arperaToB

Arperatbl — 3TO KPYMnHble KOHCTPYKTUBHbIE YacTu C. un B., 3akoHYeH-
Hble B KOHCTPYKTOPCKOM WU TEXHOJIOrMYEeCKOM OTHOLWEHNAX. ArperaTbl, Kak
N oTcekun, nocne cOOpkM NpeacTtaBnAT coboOn JOCTATOYHO XecTkue (no
CPaBHEHMUIO C CEKUNAMU U MaHESIIMU) KOHCTPYKLMN, UMEIOLINE 3aMKHYTbIN
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nonepeyHbln KOHTYp, Gnarogapsa 4emy HenocpeAcTBEHHO oOnpenenstoT
NeTHO-TEXHMYecKne xapakrepuctnkn C. n B. ArperaTtbl COeAUHAIOT pasb-
€MHbIMW COEQUHEHUSIMU NO YBA3AHHbLIM CThIKaM.

CyuiecTByeT Tpy TEXHOMOrM4Yeckne cxemMmbl COOpKM arperaTos:

1. C6bopka acpecamoe, He pacysleHHbIX Ha OMCeKu, ceKuyuu u
naHesnu. 30ecb Ha COOPKY NoOalT KPyrnHbIe mexHosi02u4yecKue y3sibl 1
demarsiu wupokoli HOMeHKnamypbl. OTa cxeMa TpyLOoeMKa U Xxapakrep-
Ha ansa cbopku HebonbWMX arperaToB (TUNa pynemn, aN1epoHOB, 3aKPbINIKOB
N T.MN.), aTakke B YCNOBUSX eONHUYHOro npounssoactea. C6opky BeayT B
cTanensx.

2. Cbopka acpezamoe, pac4sieHeHHbIX Ha omceku. 3[4ecb Ha
cbopKy nogarT KpynHble 3aKOHYEHHble B TEXHONOrMYECKOM OTHOLUEHUU
omceku (ro3ensika, Kpblina, XBOCTOBOIO OMEpPEHUst), a Takke mexHoJs10-
a2u4eckue y3Jsibl BHympeHHe20 o6opydoeaHuUsi N KOMMMEKTbl HEKOTOPbIX
demauJiel arperarta cornacHo cxeme cbopku n TY Ha NOCTaBKy AeTarnen.

MeToabl coequHEHUs OTCEKOB Npu COOpKe MX B arperaTt BNUSAOT Ha
Texnpouecc cbopOYHO-CTLIKOBOYHbIX paboT. Takme paboTbl BbIMNOMHATCS
Ha yYHUeepcasibHbIX CMbIKOBOYHbLIX cmeHOax. [MpuHuMn paboTbl Takoro
cTeHAa nokasaH Ha puc. 18.4.

CTpOI/ITeJ'IbHaFI ropn3oHTalb
camorieTa

NS

Ocb cummeTpumn T on
camorieTa

Puc. 18.4. MNpuHuun paboTbl CTbIKOBOYHOroO cTeHaa: 1-6 — HUBENUPOBOUY-
Hble ToYkM; 7—9 — ycTaHoBO4YHbIe 6a3oBble oTBepcTus (YBO); 10 — nuHosb
AS151 KOHTPONSA NOSIOXKEHUS HUBENTMPOBOYHOW TOYKM

KOHCprKLI,I/Iﬂ cTeHOoa OomkHa obecnevunTtb YCTAHOBKY CTbIKy€MbIX
OTCeKOB B MnpaBuribHoe B3anMMHOE MoJjioxkeHne n To4Hoe coBMeELleHNE 6a-
30BbIX I'IOBerHOCTeI;I CTbIKOB. CTbIKyeMbIe otcekn V u G pacnosararoT
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BOONb OCU CUMMETPUN U CTPOUTENBHOM ropmsoHTanu camoneta. Otcek V
3aKpennsaT HENOABMXKHO, a oTcek G MMeeT BO3MOXHOCTb NnepemeLLaTbCs.
YCTaHOBKY OTCEKOB MOXHO BbIMNOJSTHATE N0 06BOAAM Ha JTOXXEMEHTaxX CTEH-
aa. B npouecce cTbikoBkM oTcek G noaBoasT K oTceky V no crpenke Z,
NOBOpayMBasi €ro No CTPesikam mo; my; o, 40OMBAsICb NPaBUMBHOIO NOSO-
XEHUS1 HUBENUPOBOYHbIX ToYek 1-6, 3aTem coBmeLLaoT 6a3oBble NOBEPX-
HOCTWN OTCeKoB M BCTaBnsAlT 6onTel B oTBepcTna OCB. B cnyyae TexHono-
FMYECKOro CThiKa BbINOJSTHAOT KMEMKY U CBapKky.

3. Cbopka acpezamoe, pac4y/ieHeHHbIX Ha CeKuuu, naHesnu, y3-
Jibl U omceku. 30ecb Ha cbopky B cTanesnib nogarT Hanbonee XecTkue
OTCEKM U CeKuuu, (PUKCUMpYOT MX, a 3aTeM Nno oOBOAHLIM hukcaTopam
cTanens yCTaHaBnMBalOT NaHenu, peanu3ys meton cbopku «om obwue-
Ku». XapakTep 1 nocrnegoBaTenibHOCTb onepaunn cOopkn 3aBUCUT OT KOH-
CTPYKUMN M BMOa CTbIKOBbIX pa3bemoB. [1py 9TOM cCBeprieHue, Knerky,
cBapky, 6onToBble COeANHEHUS BbIMOSHAKT MEePeHOCHbIM UHCTPYMEHTOM
B cTtanene cbopkn arperata. Hanuune naHenen ynpouwiaet cbOpKy u co-
KpawaeT cbopoyHbIn UMK, B HekoTopbIX cnydasx cOopky naHenuMpoBaH-
HbIX arperaToB ((pto3enska, XBOCTOBOro OrnepeHunsi, 3aKpbIfikoB) NpoOBOAAT
no metoay 6asnpoBaHus «om KapKaca».

[Mocne BbleMKN cobpaHHbIX arperaTtoB M3 crtanens BbINOSHAT e8He-
cmaneJsibHble pabomai.

1) pasgenky CTbIKOBbIX MOBEPXHOCTEW arperata Ha pasfaeriovHbIX
cTeHaax, rae ppesepyroT CTbIKOBbIE MITIOCKOCTU, CHUMAasi pacyeTHbIN npu-
nyck, pasgenbiatot OCB, LeKkyloT NOBEPXHOCTU (TakMe e onepaumn Bbl-
MNOSTHAOT U B OTCEKax arperaTtoB Nocrie BblIeMKN UX N3 COOPOYHbIX NpUcno-
cobneHnin); Takme pasgenoyHble CTeHAbl OCHalalT crneynanbHbIMU Me-
XaHN4YeCcKMMn rosioBkamn Onsa opesepoBaHNA U CBeEprieHnd, a ans npa-
BUSIbHOIO MO3NLUMOHNPOBAHUSA arperaTta (UM otceka) cTeHgbl umeroT ba-
30Bble hmKcaTopbl;

2) MOHMaxXx y3/5108 éHympeHHe20 obopydoeaHusi C. n B.;

3) omOdenky noeepxHocmel azpezama (rTPyHTOBKY, OKpackKy, Ha-
HeceHune TpadapeToB, noctaHoBKy T3W);

4) KOHMpPOJsIbHbIE U UucnbimamesibHble ornepayuu COrfacHoO Tex-
HUYEeCKOM AOKYMEHTauun Ha nsgenune. [Npun KoHTpore TOYHOCTU arperaTtoB
(vnn oTcekoB) nNpexae Bcero onpedesisilom rnoz2pewHocmu ux obeo-
dos. [1pn 3TOM CpaBHMBAIOT NOMYyYEHHbIE Nocre cOOpkM 0BBOAbLI U KOHTY-
pbl CeYeHUN arperaTta (OTceka) ¢ amaJsioHHbIMU. JOTaNOHHbLIM KOHTYPOM
MOXeT BbITb WabnoH, TeopeTuyeckasa Tabnvua koopanHaT NUHUN KOHTYpa
CEeYEeHNs UNn aHanuTudyeckaa oopma aTon NuHUK. [na onpegeneHvs oT-
KNoHeHun obBoaa CyLecTBYET HECKONbKO METOAO0B: 3aMepbl N0 ob6Bogam
pyOuNbHMKOB cTanens UHCTPYMEHTasbHbIM CMOCOBOM, MO 3KBUAUCTAHT-
HbIM KOHTpLUIabrioHamMm B cneuuanbHOM KOHTPOSTIbHOM NpuUcnocobreHnu, no
penepHbIM TOYKaM Npu HUBENMPOBKE. TOYHOCTb U3MEPEHUN TakMMu Cho-
cobamu — go 0,1 mm.

OctanbHble NapameTpbl arperaTtoB KOHTPOMNUPYIOT U U3MEPSIIOT C
MOMOLLIbIO YHMBEPCAnbHbIX N3MepUTENbHbIX NPUOBOPOB M ONTUYECKMX (Na-
3€pPHbIX) CUCTEM.
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Lecture 18. Sections’ and aggregates’ assembly. Classification of
sections in the technological properties; the technical
requirements to the sections. Methods of the sections assembly.
Typical technological processes of the division into the panels
sections assembly. Assembly of aggregates at typical partition into
the compartments and panels. Preparation of the sections and
aggregates joints. Checking of accuracy of the compartments and
aggregates

18.1. Sections’ and aggregates’ assembly

The rational partition of the A and H constructions into the individual
aggregates, compartments, sections, panels and units allows to a
marked degree to simplify the assembly and to decrease the labour input
of the AMW.

The possible scheme of the A and H assembly is made on the basis
accepted scheme partition (fig. 18.1).

Airkraft
(helicopter)

v
o)

A |« Aggregates

A
II ‘\@ Compartments
4

A

y AL o
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Fig. 18.1. Partition variants and the scheme of the A and H assembly

The aggregates, compartments and sections it is possible to unite by
the constructively-technological properties into three groups:

1. The compartments, sections, aggregates undismembered on
panels (on fig. 18.1 — the compartment Ill), which are assembled from the
individual parts and units. The assembly of such products demands of the
complex jigs and the long cycle of products assembly.

2. The compartments and aggregates of panel-construction
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(on fig. 18.1 — the compartments | and Il) assembled from the panels, units
(pre-fabricated and monolithic construction) and the some parts. In this
case the construction of assembly devices being get simplified and
are created the conditions for expansion of the works front and the assem-
bly mechanization. The such partition for the fuselage is pictured
on fig. 18.2, a.

Fig. 18.2. Construction partition

3. The aggregates dismembered on the compartments (or the
large compartments dismembered in the sections). Here the compartments
and sections are assembled from parts and units (on fig. 18.2, b).

In the most cases the such compartments (the sections) come at the
aggregate (compartment) assembly with completely fulfilled the assem-
bling and mounting works. The adjusting, the testing and the some
mounting works are done after attachment of such AU in united whole the
aggregate construction.

The substance of technological processes and the scope of being
performed at assembly of the aggregates, compartments, sections works
are determined:

— by constructively-technological parameters of the assembled
products;

— by the scale of production;

— by the accepted method for ensuring of interchangeability and ac-
curacy of the A and H construction dimensions.

The strength, aerodynamic properties and air-tightness of assembled
aggregates should answer to the prearranged technical demands. The
objects of the AMW on the stages sections’ and aggregates’ assembly are:
the fuselage or body of A and H, wings, control surfaces of tail-unit, engine
nacelle, flaps, ailerons, tail boom pylon of the helicopters, wing’s compart-
ments and sections, fuselage’s compartments, wing’s center sections, etc.
(fig. 18.2, c and d).
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18.2. Classification of the sections in the technological proper-
ties; technical requirements to the sections. Division of the sections
into the panels

The sections — are subsequent after the panels and units the AU
which are assembled from the parts, panels and units on basis of the ac-
cepted assembly scheme. The sections are constituent independent com-
ponents of aggregate or its compartments. The sections comprise: the
nose and tail sections of a wing, stabilizers or fins of the aircraft, the
side and bottom sections of fuselage; the wing torsion box or fin box,
etc. The section feature is its unclosed aerodynamic contour of a shape
profile.

The formation of the section into a separate AU allows to make its
assembly, mounting, control and acceptance independently of other AU,
that greatly extends the front of works. The nose, tail and inner sections of
a wing are shown on fig. 18.2 into version “d”.

The sections in the technological properties classify:

1. The detachable sections which are attached with other AU with
the help of detachable joints (for example, the nose part of a wing is
placed on the spar with the help of anchor nuts).

2. The undetachable sections which are attached with other AU by
means of permanent joints (for example, the bottom section of the fuselage
is rivetted in joints with other sections).

3. The sections having considerable quantity of the important, from
the point of view ensuring accuracy breaks and joints (for example, the
wing torsion box).

4. The sections of different overall dimensions and sizes their
structural depth, that have an influence not only on the labour input and
assembly cycle but and qualitatively changes the AMW technological proc-
ess.

5. The hermetic sections which to a great extent complicate the
AMW technology as compared with assembly of the non-hermetic sec-
tions.

6. The sections with different degree satiation by the internal
mountings that in principle can change the methods of coordination and
provision of the constructive elements interchangeability.

For classification of the sections are used and other technological cri-
terions: the kind of fasteners; the type of structural materials, etc.

The different technical requirements, with the account of the con-
struction specific and its purpose, are made to each of classified group of
the sections. For this the some general categories of the requirements are
distinguished for any sections:

1. The requirements of section complete set according to the
scheme of assembly (including by the elements of units of the A and H
internal equipment).
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2. The requirements of geometrical accuracy and interchange-
ability (general and aerodynamic the one) of the section and its parts; for
this the tolerances for different parameters are specified.

3. The strength and operating requirements which are ensured
by nature of the technology (for example, the parameters of section air-
tightness).

4. The requirements of an accuracy arrangement of the airborne
systems fastening places and break places.

This is obtained with the help of the accepted scheme of coordination
and scheme of partition.

The principles of classification of compartments and character of
the technical requirements at their assembly on the whole are analogous
to approaches at technological analysis of the sections. The criterions
at appraisal of the processibility level of the compartments (when the fac-
tor of division on the panels of the AU is very important) are analogous
to criterions for the sections. The formation into a construction of sections
and compartments of the separate panels makes the assembly and the
mounting them as the high-productive and high-quality processes for se-
ries production. But the division on the panels should be conducted on op-
timum scheme of the section partition, when a number of individual
panels should improve the technical-and-economic indices of the AMW
and no increase the mass of construction at the expences of additional
breaks.

18.3. The assembly methods of the sections. Typical technological
processes of the division into the panels compartments assembly

The assembly of sections and compartments is done in the jigs with
basis on the method “from skin” or “from carcass” depending on a con-
struction character and technical requirements. The wing sections and
compartments are assembled, as a rule, with base “from skin’. The com-
partments and sections of a fuselage are assembled with base “from car-
cass” or “from skin”. Also are assembled the tail unit sections and com-
partments. The choice of a method depends on prearranged accuracy on
the contour and on the joints in every specific case.

The technological assembly processes of dismembered on the
panels and undismembered on the panels constructions sharply are
differed one from the other by the nature and the scope of the works. In
first case at the assembly of a section (compartment) goes a smaller
quantity of the elementary parts and units, as some from them already as-
sembled into panels. Thus, the assembly consists from operations on set-
ting of the units and panels in jig fixtures in the assembly position and on
joining their in the joints. The some mountings can be fulfilled on the pan-
els beforehand.

In second case at the assembly of a compartment are delivered only
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the parts and units. Thus,

all scope of the mounting 10 4 |
works is performed at the 1 £1 1 6 8 @
assembly of the undis- K| n/

3 10

membered on the panels

construction compart- 5 9

ment (section). A i r —;{ \JQIQ 1
The scheme of a '° . \\3 S |
fuselage nose com- 5 /\45 3 @
partment is shown on ' 11

fig. 18.3. Here the as-
sembled panels, units
and parts, which should
meet the S and R for
their delivery on the
given assembly stage,
are delivered on the
nose compartment as-
sembly. Assembling is performed in the following order:

1. The frames 8 and 9 install and are remain fixed in the device on
base surfaces; after that are installed the reinforced stringers 710 and join
their with the frames. The assembly of framework on this is finished.

2. On the framework, as on an installed base, are set the panels, then
drill the holes and rivet the panels in joint seams and conduct a control.

3. The additional units and parts are installed and are remain fixed,
then the some mountings on the board of compartment are fulfilled.

In the next version of the assembly technological process of this
compartment the panels, including the split parts of frames, are based
on outline fixtures of the jig in the first turn, and then the panels rivet in the
joint seams. In this case attachment frame 9 is based on jig plate. If the
frames are unslotted then their connect with the panels (which before-
hand installed on base “from skin”) through the compensators.

When assembling the dismembered on the panels products, the
scope of the riveting work in generally assembly jig is reduced greatly
compared with the assembly of undismembered on the panels construc-
tions. For this also is decreased the general labour input of the assembly
works on compartments (sections) and their cycle. For example, the as-
sembly of the undismembered on the panels structure compartment by
two meters long and by 0,8 meters diameter is continued 12 working shifts,
and the assembly of its dismembered on the panels version is continued
only 6 shifts. The such reduction of the cycle is reached by way of the par-
allel assembly of panels and units and employment of mechanized rivet.
The labour input of the wing compartment assembly by the mass 470 kg
makes at dismembered on the panels structure — 200 norm.-hours, and
in case of undismembered on the panels structure — makes 845 norm.-

L

Fig. 18.3. Fuselage nose compartment: 1 —
panels; 2, 4 — undercarriage doors; 3 — bot-
tom section; 5 — beam; 6 — nose cone; 7 —
canopy; 8, 9 — frames; 10 — reinforced string-
ers; 11 — undercarriage leg
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hours. The advantages of dismembered on the panels structure depend
much on the general scope of products manufacture.

After of jig assembly the compartment (the section) is given on the
finishings and for carrying-out of the mountings on out-of-jig AMW when
install and mount the structure elements for which it's not necessary the
fixation into jig. This reduction the cycle of the jig works.

18.4. Assembly of the aggregates at typical partition into
the compartments, panels. Joints preparation of the sections and
aggregates. Control of the compartments and aggregates accuracy

Aggregates are the large constructive parts of the A and H finished
in constructive and technological respect. The aggregates, as and com-
partments, represent itself after assembly the rather stiff (as compared with
the sections or panels) structures having the closed cross-contour. This di-
rectly determines the A and H flight-technical characteristics.

The aggregates are connected each other by the detachable joints
on the correlated butts.

There are the three technological scheme of aggregates assembly:

1. The assembly of the undismembered on the compartments,
sections and panels aggregates. Here the large technological units
and wide nomenclature of the parts are given at the assembly. This
scheme is very labour-consuming and is used for the assembly of the
small aggregates (control surfaces, ailerons, flaps, etc.), and also in condi-
tions of the single production. The assembling is being fulfilled into the jigs.

2. The assembly of the dismembered on the compartments ag-
gregates. Here the large finished in technological respect compartments
(of the fuselage, of the wing, of the tail unit) and also the technological
units of the aircraft inner equipment and the sets of some aggregates
parts are given for the assembling according to the assembly scheme and
specifications on their delivery.

The methods of connection of the compartments at assembling their
into the aggregate influence on the technological process of the assem-
bling-joint works. The such works are done on the universal-joint stands.
The principle of the stand action is shown on fig. 18.4.

The stand structure should provide the installation of connected com-
partments in right relative position and exactly bring into coincidence the
joints base surface. The connected compartments V and G are arranged
along of symmetry axes and aircraft waterline. The compartment V is
fastened still and the compartment G is in a position to move. The instal-
lation of compartments one may fulfil on the contours in stand supports.
The compartment G lead to the compartment V in process of the joining
according to arrow Z for this turning the G according to arrows o; ®y; o
and achieving of the leveling marks 1-6 right position.

After that, the compartments base surfaces are coincided and insert
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the bolts into holes (JBH). In case, when there is a technological joint, here
riveting or welding is produced.

aircraft
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Fig. 18.4. Principle of work of the joint stand: 1-6 — leveling
marks; 7-9 — adjusting base holes; 10 — poppet sleeve for control
of the leveling mark location

3. The assembly of the dismembered on the section, panels, units
and compartments aggregates. At this point the most stiff compartments
and sections are given in the assembly jig and are fixed; then the panels
install on contour fixtures of the jig, realizing the method of assembly “from
skin”. The character and succession of the assembly operations depends
on a structure and kind of the joint connectors. Thus, the drilling, the rivet-
ing, the welding, the bolted joints are fulfilled by the portable tool in the ag-
gregate assembly jig. The availability of panels simplifies the assembly and
reduces the assembly cycle. In some cases the assembly of dismembered
on the panels aggregates (the fuselage, the tail unit, the flaps) fulfils by
method of basing “from carcass”.

After taking out of the assembled aggregates out of the jig, the such
out-of-jig works are fulfilled:

1. The preparation of aggregate joints surfaces on the fabrica-
tion jigs, when are milled the joint plane removing the calculated allow-
ance, prepare the holes (JBH), spotfacing of the surfaces is done. That
kind of operations are fulfilled and for the aggregates compartments after
taking out them out of the jigs. The such fabrication rigs equip by the spe-
cial mechanical drilling head and milling head. The fabrication rigs have
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the base fixtures for right setting of the aggregate (or compartment).

2. The mounting of the A and H inner equipment units.

3. The finishing of the aggregate surfaces (priming, colouring, sten-
cils coating, heat-and-sound insulation setting ).

4. The check and test operations, according to the technical
documentation on the product. The checking of the aggregates (or com-
partments) accuracy first of all is conducted for determination of the er-
rors them outlines. At this received contours and outlines of the aggre-
gate (compartment) sections after assembly are compared with the stan-
dard ones. The templet, the theoretical table of the section contour line
coordinates or the analytical form of this line can be by the such standard
contour. For determination of the contour deviations a few exist:

— measurements on the contours of jig arms by instrumental way;

— measurement on the equidistant counter-templets into special
control device;

— measurements on the reference marks at levelling.

That kind measurements accuracy makes about 0,1 mm.

The others aggregates parameters are checked and are measured with
the help of the universal measuring instruments and optical (laser) systems.
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Jekuua 19. MexaHocbopoyHble paboTbl B aBMACTPOEHUW.
KOHCTPYKTUBHO-TEXHOMNONMYECKUE  MPU3HAKM  MEXaHU4YeCKoro
obopynoBaHuss camoneTta n Beptoneta. OOwue TpeboBaHMA K
arperataMm MexaHu4yeckoro obopyaoBaHMA C TOYKU  3PEHUS
cbopkn. Knaccuduvkauma coeguHeHun, nNPUMEHAEMbIX MNpU
MexaHOChbopKe N TEXHOMOMMYECKne NPoLECChl X BbIMOSTHEHUS

19.1. MexaHOCOOpOUHbIe paboTbl B aBUACTPOEHUMN.
KOHCTPYKTUBHO-TE@XHONOrM4YecKkue Npu3Hakm MexaHM4ecKkoro
ob6opynoBaHus C. u B.

MexaHocb6opoy4Hblie pabombi (MCP) BkntoyatloT B cebsa cOopky u
UCNblTaHME arperaTtoB M Y3ri0OB MexaHu4Yeckoz2o obopydoeaHusi (MO)
CaMorieToB U BEPTOSIETOB: OpraHoOB B3fieTa M nocagku, CUCTeM ynpasrie-
Hua C. n B. n ux geuratensmu, katanynbTUpyeMblX CUOEHUN, boHapen
KabuH NMNOTOB; MySfbTOB M LWWTKOB YynpaBneHus mexaHnamamu. MO no
KOHCTPYKTUBHO-TEXHOSTOMYECKMM MpPU3HAKaM pasfensitoT Ha YeTblipe oc-
HOBHbIE pynnbl:

1. Cunoesbie 2udpaenu4vecKkue azpezambl U azpe2ambi 2Udpo-
2a308bIX cucmeM:. aMOpPTU3aLMOHHbIE CTOMKM LUACCW; rMapOoLUUINHAPI;
rmgpoaemMndepbl; rMAPONPUBOAbLI; PEAYKUNOHHbIE, MPefOXPaHUTENbHbIE U
pacnpegenuTenbHble KpaHbl; a Takke KpaHbl ynpaBreHus rmapo- 1 rnHeB-
mMoarperatamu. 9Tu arperaTtbl paboTtatoT nNpu 6oNbLINX AaBNEHUSX, C Bbl-
COKOW repMEeTUYHOCTbLIO YMIOTHEHNA B fOOBIX YCNOBUSAX, YCTAaHOBNEHHbIX
TY. Cobupatot arperatbl U3 mexaHoobpabaTbiBaeMbIX BbICOKOTOYHbIX Oe-
Taneun ¢ conpsiraemMbiMn NMOBEPXHOCTSAMU BbICOKOW CTEMEHUN YUCTOThI. [on-
HYl0 B3aMMO3aMeHsieMOCTb obecnevmBaloT CUCTEMOM [OMYCKOB U Moca-
OOK, NMPUHATON MpU N3roToBEHUN XeCTknx aetanen. CO0pKy BbINOMAHAOT
6e3 cneyunanbHbIX COOPOYHBIX NMPUCIOCOBAEHNI NO YepTEXY.

Bce arperatbl nepsou rpynnel nepepn ycraHoskon Ha C. n B. npoxo-
OAT TWaTesibHble UCMbITaHUS Ha KOHTPOSIbHbIX CTEHOAX.

2. Aepecamsbi, npedcmasnsrouue C/I0XHbIe MexaHU3MbI. KaTa-
nynbTUpyemMble cngeHusi, copacbiBaemble boHapu kKabuH; nepegHss u oc-
HOBHbIE OMOPbI LWACCK, YCTaHOBKM cneLobopyaoBaHus 1 T. n.

OTnuuyuTenbHoM X 0COBEeHHOCTLIO ABNSETCA MHOrogeTanbHOCTb U
CNOXHOCTb KOHCTPYKUUK, a Takke TpeboBaHNA BbICOKOM TOYHOCTU COOpKM
N HAOEXHOCTM NX MEXaHM3MOB B peXxume ObICTPpOaEeNCTBUS.

ArperaTtbl 3TON rpynnbl cobuparoT B cneumanbHbIX NpUcnocobrieHunsix,
HeobXxoanM MX TLaTemnbHbIN KOHTPOSb Npu cOopke U B npouecce ucnbiTa-
HURN.

3. MexaHu3mbl cucmem ynpaeneHuss C. u B.. HOXHble neganu,
LUTYpBasibHblE KOSIOHKW, BUHTOBbIE MEXaHU3MbI YMpaBreHns 3akpbliikaMmu,
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LecTepeHyaTble peayKTopbl, TPaHCMUCCUM BEPTONETOB U T. M. K 3TUM KOH-
CTPYKUMAM npeabsaBndaoT TpeboBaHus nnaBHon paboTtbl 6e3 nodToB, Ha-
OEXHOCTU U NPOYHOCTM B 3KCNiyaTauMOHHbIX ycroBusix. B ysnax aTux
MEXaHN3MOB MCMOSb3YIOT LUTAaMMNoOBaHHbIE N NUTbIE KOpMyca, CBapHble y3-
nbl; NOCagoYHble MecTa B HUX obpabaTbiBaloT MexaHu4eckn. Ha Takune ys-
nbl W geTtann pacnpocTpaHsaTcs TpeboBaHMSA NOMHOW B3aMMO3aMeHse-
MOCTM, COBMIOAEHNS MOABMXHbLIX U HEMOABMXHbBIX MOCafoK, a Takke 3a-
OaHHbIX KAHEMATUYECKMX NapameTpoB B npegenax TY.

B psge cnyyaeB B AaHHble MeXaHW3Mbl BBOAAT MOOGBUXHbLIE N He-
noodeuXXHble KoOMrneHcamophbl, 06ecrneymBaLne TOYHOCTb 3aMblKatoLLe-
ro 3BeHa. Passiuyarom 0ea Ksiacca KOMIMeHCamopoe: KOHCMmpPyKmue-
Hble, ABNALWNECH dNeMEeHTaMM KOHCTPYKUUKN, — pe3bboBble CoeAnHEHUS,
Teneckonuyeckue, rmbkme, cdepunyeckme, KOMNEHCaUNOHHbIE YromKu, 3a-
30pbl; NPOKMaAKN; mMexHosio2u4eckue KoMreHcamopbl — TEXHOMOrn4ye-
CKME MPUNYCKX 1 NPOKNagKu.

CyLiecTBEHHbIM ABMAKOTCA TpeboBaHMS B3anMO3aMEHSEMOCTM MO
KOHTaKTHbIM MOBEPXHOCTSAM U KPEMEXHbIM OTBEPCTUSAM TEX Y3NOB Mexa-
HW3MOB, MO KOTOPbLIM MUX ycTaHaBnumeatloT Ha C. n B,

4. Y351bI KOMMYyHUKayuli MexaHU4ecKux cucmem ynpaesieHUus.
KOMMIEKTbI XXECTKUX TAr;, MPOMEXYTOYHbIE Kavarku; CEKTOPbI, KOPOOKN po-
NMKOB ANS TPOCOB M HaNpaBAsOLWMX PONMKOB ANA TAr; KOMMNIEKTbl TPOCOB
C COeAMHUTENBbHbIMM 3NIEMEHTAMU. Y35bl KOMMYHUKaLMIA OOMKHbI obecne-
YnBaTb HaLEXHYK nepegadvy YCUUM OT LEHTpasibHbIX K nepuepuinHbim
opraHam ynpasneHus C. n B., a Takke nx cunoBbIMM yCTaHOBKamMu (ABura-
Tenamu). Ons BbINOSHEHNA 3TUX TpeboBaHUM NPOBOAAT OKOHYaTerbHoe
perynmpoBaHue MOSIHOCTbO CMOHTMPOBAHHbBIX CUCTEM YNpaBfieHUa Heno-
cpenctBeHHO Ha C. n B. ¢ NOMOLLbIO KOMMEHCATOPOB.

B coeOnHeHUsX y3noB CUCTEM YMpPaBMEHUs1 LWMPOKO WCNOMb3YoT
NOALUNMHUKN KadeHns. B TexXHOnormyeckom OTHOLIEHMM cOopKa 3TUX Yy3-
noB xapaktepuayeTcs 60nbwmnmM 06 beMOM criecapHbIX paboT.

Y3nel MO MOXHO Takke KnaccuguumpoBaTb N0 MeTodamMm U cpeacT-
BaM [OCTWXEHUA TOYHOCTU WX B3AaUMHOIO MOJIOXKEHUS U HaAOEXHOCTM
pyHKUNOHUPOBAHUS: MOA60POM; NMPU2OHKOU VNN pea2ysiupoeKkol n om-
nadkodi.

19.2. O6wme TpebGoBaHMA K arperataMm MexaHNn4ecKoro
o6opy0BaHMA C TOUYKM 3pEeHNA COOPKHU

Hapsgy co cneundpudeckmmm tpeboBaHMsaMM B 3aBUCUMOCTU OT KX
dyHKUMOHaNbLHOro HasHaveHunsa Kk arperatam MO npegbapnsaT obuime
TpeboBaHus:

1. ObecneunTb Npu cOOpPKE MOYHOCMb PAacrosIoKeHUs1 rnpucoedu-
HumMesibHbIX 3/1eMeHMOoe8 OTHOCUTENBHO AeTanen KoHCTpykumm C. n B.

2. Pacnonoxutb B npegenax 3agaHHblX LOOMYCKOB rpueasioYHble
noeepxHocmu y3nos MO npu coeguHEHUN UX C OCHOBHOM KOHCTPYKLMEN
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C.nB.

3. Cobntoctn xapakmep nocadoK NOABWXHbLIX WU HEnoaABMXXHbIX
9N1EMEHTOB NUCX0AS M3 YCIOBUN PabOoTbl KOHCTPYKLMMW.

4. BolgepxaTb Ouarna3oHbl Ha3HaYeHHbIX OJIUH x0008, nepeme-
weHul, yarioe nogopoma v Opyrnx KUHeMamu4yeckux mpeboeaHuldl.

5. CobnocTn HasHaYeHHbIE ycusiusi 3amsixeKk 2aek, 60s1moe n nx
KOHMpPOBKU.

6. ObecneunTb BO3MOXHbIN docmyn K COeOUHeHUsIM U azpeaa-
mam MO ans nx obcnyxneaHus.

7. PaamectuTb y3nbl u arperatel B MO mak, ymobbl He Mewamsb
CbemMy OAHOro U3 HUX 6e3 deMOHMaXka OpyruXx.

BonblWMHCTBO 3TUX TpeboBaHUM BLINOMNHAKT 6narogapst TOMHOW 00-
paboTke nogaBaeMbiX Ha COOPKY MexXaHUYEeCKM W3rOTOBIIEHHLIX Y3r0B.
OreMeHTbI Y30B, NoflydaeMblX CBapKoW, NOCTynatT Ha cObopky ¢ obpabo-
TaHHbIMW MPUBANOYHLIMN MOBEPXHOCTSAMU M pas3genaHHbIMM B NPUCHO-
cobneHnsiX OTBEPCTUSMMN.

Ecnu TouHocTb aetanen npu obpaboTtke u cbopke MO HegocTaTou-
Ha, OOMNyCKaeTcs Mpu20oHKa B BWOE onepauui COBMECTHOrO CBEpPeHUs
OTBEPCTUN, CHATUA TEXHONOIMMYECKMX NPUMYCKOB NyTEM NPUMNUITOBKK, LLAb-
POBKW, NPUTUPKN. Tpu20HKYy MOXHO nsbexato modbopom demasel nn
npumeHeHueM KommneHcamopoes. KnHematmyeckme TpeboBaHUsA BbINOI-
HAIOT, perynupys anemMeHTbl KOHCTpyKumm cuctem MO.

Heobxoanmo npegycmatpvBaTtb MakKcuMasibHYIH0 mexHosio2u4e-
CKYr 3aKOH4YeHHocmb Y3508 MO, cHabxast nx HanbosbLnM KOnn4ecT-
BOM KOMMJIEKTYHOLLMX geTanen. Ato obecneynBaet BO3MOXHOCTb MUCMNbITa-
HUW Yy3r0B KaK CaMOCTOATENbHbIX €QuHUL, a Takke cokpauweHne obbema
pabot npu obien coopke C. n B.

OTkasbl NMHEBMATUYECKMX M TMAOPABIINYECKMX arperatoB BO3HUKAOT
n3-3a nonagaHnsa BO BHYTPEHHME MOSIOCTU 3arpsi3HEHWUn, MO3TOMY WX
cbopKy NpPoBOAAT Ha crieumarnbHbIX y4acTKax, M30fMPOBAHHbIX OT OCTalb-
HbIX. [locne cbopkn Takme arperaTbl XpaHAT U TPAHCNOPTUPYIOT B Cneuu-
anbHOW Tape, a TexHosornen cbopkn nNpeayCcMoTpPEHbI NPOMbIBKA N OYUCT-
Ka pabounx NONocTen 3TUX arperaTos.

[Monyynn pacnpocTpaHeHne mMemod 30HaslbHO20 PacrosIOKeHUs
cucmem MO Ha 6opTy C. u B. lNpu 3TOM BbIAENSAOT 30HLI TMAPABIVKM,
9HepreTnyeckoro obopyaoBaHUsl, XXECTKUX UMM TPOCOBLIX CUCTEM YyrnpaB-
NneHnst U T. N. OTO NO3BONSAET LUMPOKO BHEAPATb NapanmnefibHbi MeToq
cbopKkM, MOHTaXa M OTNagknm CUCTEM, UCNOMb3ysl COOPHO-MOHTaXHbIE na-
Henn. Obwue TpeboBaHUA nNpedycMaTpuBalOT BO3MOXHOCTb KOHTPOSS U
ncnboltaums cuctem MO mnm nx y4acTkoB B OTAESNbHbIX OTCEKax U arpera-
Tax C. n B.

Ob6si3amenbHOe uUCnosib308aHuUe NpPuUHYyuUna e3aumMo3aMeHsieMo-
cmu npu npouszeodcmee usdenuu MO npegycmatpmsaeT: 1) pacyeT no-
rpeLHoCcTen nNapameTpoB 4YacTen U3Oenvn, yaoBreTBOPSKLNX Tpeldye-
MOWM TOYHOCTU U3genunsa n cbopkun ero 6e3 oopaboTok No MecTy; 2) NCMOoNb-
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30BaHMe Haubornee paumoHasribHbIX NPOLLECCOB COOPKM U KOHTPOMs C ra-
paHTUen 3agaHHON TOYHOCTU U HAL4EeXHOCTU paboTbl U3genus.

Camu arperatbl 1 yanel MO cneayet yctaHaBnmBaTtb Ha 6opT C. un B.
6e3 nogroHkM MeCT MUX KpenmneHus; Ans 3TOro Ha pasHbIX aTanax cbopku
nnaHepa BbINOSHAT paboTbl N0 NOArOTOBKE MECT KPEensieHUsl KpOHLITEN-
HOB Nof y3nbl u arperatbl MO.

B 3arotoBuTENbHBIX Liexax B CTEHKaX LUNaHroyToB, HepBlop, 6arnok v
anadparMm nofg XecTkne TArm U TPOCOBble MPOBOAKM BbIMOMHAT OTBEp-
CTUs No wabnoHam, a nNpu ganbHenwen cbopke 3TUX y3roOB OTBEPCTUS
BasupyloT no ukcatopam cOOPOYHOro MPUCNOCOBNEHNS OTHOCUTESTbHO
KOHTypoB Yy3roB. OTBepcTUs AN KpenneHust naHueBbiX (UTUHIOB,
KPOHLITENHOB Nog Kadankum un y3nel MO ceepndat B cunioBoM kapkace C. u
B. no koHaykTopam cBOpouYHbLIX npucnocobneHun. Ons ycTaHOBKU KPOH-
LUTENHOB, y3rnoB K arperatoB MO B psge crnyyaeB MCNOSMb3yOT Makemabl
(kanubpbl) amux o6bLekmoe, KoTopble TOYHO 6a3npPyrOT OTHOCUTESBHO
OCHOBHbIX KOHCTpYKTOpCKuX 6a3 C. u B.

YuntbiBad 605bLy0 NAOTHOCTL 060pyaOBaHMS Ha coBpeMeHHbIX C.
n B., npu nx cepumnHOM NPon3BOACTBE BCe cucteMbl BopToBOro obopyno-
BaHWs NoBepralT KOHCMPYKMuU8HO-mexHosio2u4eckoli ompabomke
Ha NMJI0OCKUX U 06beMHbIX nsla3ax, a Takke Ha mexHoslo2u4ecKux ae-
pez2amax unu omcekax C. u B. [lpn atom obecneynBaloT Ux reomeTpu-
YeCKyl YBA3KY, ONTUMAaribHYt0 KOMMOHOBKY B MPOCTPAHCTBE U (PYHKLMO-
HanbHY oTpaboTky cuctem MO. NotoBble usgenua cuctem MO nogsep-
ratoT 100-npoLeHTHOMY BXOAHOMY KOHTPOJSTHO.

19.3. Knaccudmkauma coeagmHeHMU, NPUMEHSEMbIX NpU
MeXxaHOCOOopKe, U TeEXHOSorM4YecKkue npouecchbl UX BbINOSTHEHUSA

Mpn cbopke yanoB u arperatoB MO npuMeHSAOT pasnuyHble BUAbI
COeOVHEHUI: HenoOdeU)XHble Hepa3beMHble (CBapKa, Knenka, nawka,
CKNemBaHune); HernooOB8UXXHble pa3beMHble (LUMNOHOYHble, GONTOBbIE U
BVHTOBbIE); MOOBUXHbIE pa3beMHble (LUapH/pHble coeauHeHus; 6onTo-
Bble, BUHTOBbIE Nepefayu; 3ybyaTble napbl; Banbl U NOAWUMNHUKN; Tere-
CKOMUYeckne coeauHeHust n T. n.). HenogBwxHble Hepa3beMHble U pasb-
eMHble coeiHeHus npu BbinosiHeHn MCP obecnednBaloT HEM3MEHHOE
nosioxeHne cobupaembix geTanen n ys3noB OTHOCUTENbHO Apyr Apyra.
[MoaBwKHbIE COeaMHEHNA OOMYCKAlOT Takne nepemMelleHns. HepasbeMHble
coeguHeHns1 He No3BONSAKT pasobpaTb y3en 6e3 ero noBpexageHus. B
MCP Takon Bug coefuHeHUn peanusytoT C NOMOLLbI pPasfiMyHbIX BUOOB
annekKmpu4yeckKkol N 2a3oeol ceapKu KopnycoB, kapkacos, 6nokos MO
(Hanpumep, cBapka Kapkaca (boHaps nunoTa, npuBapka LTYLEpPOB K rma-
poumnuugpam). HepasbeMHble COEANHEHUSI TaKKe LUMPOKO MNPUMEHSIOT
npu knerke getanen CUCTEMbl ynpasBneHust (Hanpumep, Knenka BTYIOK
HaKOHEYHUKOB B XECTKUX THArax, Krerka KkapkacoB Kpecesi U T. I.).

CBapKy W Knenky BbIMOMHANT NEePEHOCHbIM PYYHbIM UHCTPYMEHTOM
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Unn ctaynoHapHbiM obopygosaHueM. Npyn 3TOM NPUMEHSIOT YHUBEpPCanb-
Hble NpucnocobneHuns.

OcobeHHo wmnpoko npn MCP ncnonb3yoT pasbeMHbIe COeANHEHNS C
nomMoLlbo 60onToB, BUHTOB, wWnunek. Onepayuu 6os1moeoli c60pkKu BO
MHOIOM 3aBUCAT OT xapakmepa nocadku 6osimoe (C 3a30poM, nepexon-
Has, ¢ HaTarom). Takme TEXHONOrMM NPUMEHSIIOT NPaKTUYECKN npu nobon
cbopke mexaHnamMoB 1 arperatoB Bcex rpynn MO. Takke WMPOKO UCNosib-
3yl0T WapHUpPHbIe coeOUHeHUsI B CUCTEMaX ynpaBreHus, npu cbopke y3-
NoB aBTOMaTta nepekoca B BepTonetax. B uenom nodeuxxHbie pa3bem-
Hble coeO0UHeHUs ABMAITCA Hambornee xapakTepHbiMn OJsist ecex 2pynn
mexaHuamoe MO v B TO Xe BpeMs SABNAITCA Hanbornee TpygoeMKUMU
npw nposegeHun MCP.

[Mpn BbIGOpPE BMAA COEQMHEHUS YYUTbLIBAOT KOHCTPYKTUBHbIE, MPOY-
HOCTHbIE, TEXHONOrMYeckne 1 aKcnnyaTaunoHHble TpeboBaHus K HeMy, a
TaKke CBOWCTBA MaTepuanoB, M3 KOTOPbIX W3roTOBMEHbI COeANHSIEMble
9NEMEHTbI KOHCTPYKUMN. KayecTBO cOeAuHEHM BO MHOMOM 3aBWUCUT OT
NPUHATOro TexnpoLlecca cOopKu.

[Mpn paspaboTke TexHonorum MCP crenyet npnHATL 060CHOBAHHbLIN
MeToq cOOpKW, onpenenuTb MeTodbl U cpefcTBa AOCTUXKEHUS TOYHOCTU
napameTpoB M BO3MOXHble BuAbl UCMbITaHMMA y3rnoB K arperatos MO.
Bo3MOXHble BapuaHTbl TakKMX PELUEHUN B 3aBMCUMOCTU OT TEXHOSornde-
CKNX NPU3HaKoB n3obpaxeHbl Ha puc. 19.1.

B kayectBe npumepa pacCMOTPUM mMEXHO/I02UYECKYIO CXeMy
cb6opku cunoesozo yusiuHAdpa (puc. 19.2), KOTOpbIA COCTOUT U3 AeTanen,
N3roTOBMNEHHbIX MeXxaHn4Yeckon obpaboTkon ¢ 3agaHHON TOYHOCTbLHO.

Texnpouecc COCTOUT U3 YKPYMHEHHbIX Onepauun, BbINOMAHAEMbIX B
cneaywouwem nopsake. lNocne ocmoTpa NOCTYNMBLUMX AeTaren nopLueHs 2
HageBaloT Ha LWTOK 3, yCTaHaBnMBaloT wWanby 9, HaBMHYMBAIOT ramky 11,
KoTopas KOHTpUTCA wninHTom 10. 3ateM B NPOTOYKM MOPLUHA 2 yKnagbl-
BalOT yNnoTHUTENbHOE Konbuo 8. KpbilwKky 4 ¢ ynnoTHEHMEM 5 n nNpoknag-
Kon 12 HageBaloT Ha LWITOK 3, B KOTOPbIA NOCHEe 3TOro BBUHYMBAKOT BUSb-
yaTbl OONT C HaxoadaLWencs Ha HeM wanodowm 7.

CoOpaHHbIM nogy3en (LWTOK) CO CTOPOHbI NOPLUHSA 2 NfaBHO BBOAAT
BO BHYTPEHHIOK NOMOCTb UnnnHapa 1, KpbllwKy 4 3aBMHYMBAIOT B €r0 pe3b-
Oy. Ycunvem pyku NpoBepSItOT MNMaBHOCTb Xoda LWToKa B umnuHgpe 1,
nocre 4ero KpbIWKy 4 OKOHYaTenbHO 3aTArmBatoT Krtovom. Lunungp (no-
Aay3en) noctynaeTr Ha cOOpKy C NMPUBAPEHHbIMW OHULLEM U LITYyLEepaMMu.



198

Cnocob cbopku

Mo 6asoBon
getanm

MeToabl 1 cpeacTea
OOCTUXEHUST TOYHOCTU
napameTpoB N HaOexX-
HOCTU PYHKLIMOHUPO-

BaHUS

Buabl nucneiranmn

—>  [lo pasmeTke

> Moo6opom

lNpoyHOCTb U
repMeTUYHOCTb

Mo c6opOYHbIM

NogroHkom unm

J1onroBe4YHOCTb n

> > o
OTBEPCTUAM perynmpoBKOWn HaAEeXHOCTb
C npumeHeHnem o . [MpaBUNbLHOCTL AENCTBUA
> cBOpOYHOro > Tnankou KMHEMaTWNYECKUNX
npucnocobeHns MEXaHM3MOB
Bpems cpabaTtbiBaHuA
> Mo K®O P P

MexXaHn3MoB

TpeHne ynnoTHeHUn
NOPLUHS U
BepxHeun OyKchbl

®yHKUMOHMPOBaHNE

BO3AYLLUHbIX KpAHOB B

cucteme, arperatos
LIaccu U T. A.

Pacxon tonnuea

ObkaTka mexaHu3mMoB

Puc. 19.1. TexHonornyeckune npmnsHaku, conytcreyrowme cbopke MO
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LUMNnHOpP

cnbiTaHne cnnoBoro
uunmMHapa

|
Lnnunap ¢ gHnwem
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|
8 - ynnoTHuTeneHoe

KOnbLO

|
10 - WNAWHT

11 - ranka

9 - wanba

12 - npoknagka

2 - nopweHb 3 - WITOK

4 - KpblLKa S - yNnoTHeHune

6

Puc. 19.2. lNocnegoBaTenbHOCTb COOPKM CUNOBOrO LMNNHAPA: @ — KOHCT-
pyKuMs umnuHapa; 6 — cxema cbopkum

OkoH4yaTenbHO COBpPaHHbLIN CUMOBOW LMMMHAP MNPOBEPAIOT, 3aTeEM
NCNbITbIBAIOT NO ONpeAerieHHoN nporpaMmme Ha cneumasibHOM CTeHe noj
paboyrm JaBneHneM cxaToro Bo3ayxa.
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Topic 31

Lecture 19. Mechanoassembling works in aircraft manufacturing.
Structurally-technological attributes of the mechanical equipment
of an airplane and helicopter. The general requirements to
aggregates of the mechanical equipment from the point of view of
assembly. Classification of connections used at mechanoassembly
and technological processes of their fulfilment.

19.1. Mechanoassembling works in aircraft manufacturing.
Structurally-technological attributes of the A and H mechanical
equipment

Mechanoassembling works (MAW) include assembly and test of ag-
gregates and units of the mechanical equipment (ME) of airplanes and
helicopters: of controls of take-off and landing; of control systems of A and
H and engines; of ejected seats, of pilot cockpit canopy; of control panels
and instrument panels of control by the gears. ME is divided according to
structurally- technological attributes into four basic groups:

1. Power-generating hydraulic aggregates and aggregates of
hydrogas systems: shock-absorber struts of a landing gear; hydraulic cyl-
inders; hydrodampers; hydraulic drives; reducing, safety and selector
valves; control valves by hydro- and pneumatics units. These aggregates
work at large pressure, with high air-tightness of seals in any conditions
established by technical requirements. The aggregates are assembled
from mechanoprocessed high-precision parts with high degree of cleanli-
ness of mating surfaces. The full interchangeability is provided with a sys-
tem of fits and tolerances adopted at manufacture of rigid parts. The as-
sembly is executed by the drawing without special assembly devices.

All aggregates of the first group pass careful tests on monitoring
benches before the mounting on the A and H.

2. Aggregates presenting complex gears of type: ejected seats,
jettisonable canopies of cabins; forward and basic support of a landing
gear; the installations of special equipment, etc. Their distinctive feature is
the multipart and complexity of a design, and also requirements of high ac-
curacy of assembly and reliability of their gears in a mode of speed re-
sponse. The aggregates of this group are assembled in special devices
and require a careful check-up at assembly and during tests.

3. Gears of control systems of A and H: pedals, control columns,
screwjacks of control of flaps; gearings; transmissions of helicopters, etc.
The requirements of smooth runnings without backlashes, of reliability and
strength in operational conditions are made to these designs. Formed and
casted casings, welded units are used in units of these gears; their joint
places are mechanically processed. This kind of units and parts has the
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following technical requirements: full interchangeability, observance of
clearance and interference fits, and given kinematic parameters in limits of
S and R.

In a number of cases mobile and fixed compensators ensuring ac-
curacy of a closing link are introduced in the given gears. Two classes of
compensators exist. 1) constructional compensators which are by
elements of constructon: threaded connections, telescopic connections,
flexible connections, spherical connections; compensatory angle pieces,
backlashes; gaskets; 2) technological compensators - technological al-
lowances and gaskets.

The requirements of interchangeability on contact surfaces and fas-
tening apertures of those units of gears, on which they are set on the A
and H are essential.

4. Units of the service lines of mechanical control systems:
complete sets of rigid thrusts; intermediate bellcranks; sectors, boxes of
rollers for cables; complete sets of directing rollers for thrusts; complete
sets of cables with connecting elements. The units of the service lines
should provide reliable transmission of efforts from central to outlying con-
trols of the A and H, and their power-plants. For fulfilment of these re-
quirements final regulation of the completely mounted control systems are
conducted directly on the A and H with the help of compensators.

Rolling-contact bearings widely are used in connections of units of
control systems. In technological relation the assembly of these units is
characterized by a large volume of fitter's works.

The units of ME can also be classified by methods and means of
achievement of accuracy of their mutual position and reliability of function-
ing: by selection; fitting or adjustment; by tuning-up.

19.2. The general requirements to aggregates of the mechanical
equipment from the point of view of assembly

The requirements of general character are demanded to aggregates ME
along with the specific requirements depending on their functional purpose:

1. Provision of accuracy of arrangement of conjunctive ele-
ments to parts of a design of the A and H at assembly.

2. Observance of arrangement of joint faces surfaces of ME units
at their connection to the basic design of the A and H within the limits of
the given tolerances.

3. Observance of character of fits of mobile and fixed elements,
proceeding from conditions of work of a design.

4. Fulfilment of ranges nominated lengths of travels, movements,
turn angles and other kinematic requirements.

5. Provision of observance of the nominated efforts of tightening
of nuts, bolts and their locking.

6. Provision of possible access to connections and ME aggre-



202

gates for their service.

7. Arrangement of units and ME aggregates should not prevent
removal of one of them without disassembly of other aggregates.

The majority of these requirements is executed owing to exact proc-
essing of mechanically processable units, submitted on assembly. The
elements of units received by welding, submit on assembly with processed
joint faces and apertures by their preparation in devices.

If the accuracy of parts at processing and assembly of the ME is un-
sufficient, the adjustment as operations of joint drilling of apertures, re-
moval of technological allowances by finish sawing, scraping, lapping is
supposed. It is possible to avoid the adjustment by selection of parts or
application of compensators. The geared requirements are executed at
the expense of adjustable elements of the design of ME systems.

It is necessary to provide maximum technological completeness
of ME units, sating them with greatest quantity of accessories. It provides
a capability of tests of units as independent units, and also reduces a
scope of work on general assembly of the A and H.

The failures of pneumatic and hydraulic aggregates arise because
pollution hits in internal cavities, therefore their assembly is conducted on
special sections which are isolated from others. After assembly storage
and the transportation of such aggregates is conducted in special con-
tainer, and technology provides the special operations on washing and
clearing of working cavities of these aggregates.

A method of zone arrangement of systems of ME on airborne of
the A and H has spread. Thus, a zone of hydraulics, zone of the power
equipment, zone of rigid or cable control systems, etc are allocated . It al-
lows to introduce widely a parallel method of assembly, mounting and ad-
justment of systems, using assembling-mounting panels. The general re-
quirements provide possibility of control and tests of systems of the ME or
their segments in separate compartments and aggregates of the A and H.

The requirement of manufacture of products of the ME by a
principle of interchangeability assumes: 1) the calculation of errors of
parameters of parts of products satisfying to required accuracy of a prod-
uct and its assembly without finishing into a place; 2) use of the most ra-
tional processes of assembly and control with the warranty of the given ac-
curacy and reliability of work of a product.

Aggregates and units of the ME should be set on board of the A and
H without adjustment of places of their attachment; for this purpose the
works on preparation of attachment points of brackets under units and ag-
gregates of the ME are executed at different stages of assembly of the air-
frame.

Apertures are executed in walls of frames, ribs, beams and dia-
phragmes under rigid thrusts and cable wiring in procuring shops on tem-
plates, and at the further assembly of the specified units these apertures
are based on fictures of an assembly device concerning of units contours.
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Apertures for attachment of flanged fittings, brackets under bell-
crancks and the units of the ME are drilled in a primary structure of the A
and H on the conductors of assembly devices. The mock-ups (gauges) of
these objects, which are precisely based concerning the basic design
bases of the A and H, are used for the mounting of brackets, units and ag-
gregates of the ME in a number of cases.

Taking into account large density of the equipment on modern A and
H at their series production all systems of an airborne equipment are sub-
jected to structurally-technological development on flat and volumet-
ric lofts, and also on technological aggregates or compartments of
the A and H. Thus, their geometrical coordination, optimum layout in
space and functional development of the ME systems are provided. The
finished items of the ME systems are subjected to 100% incoming control.

19.3. Classification of connections used at mechanoassembling and
technological processes of their fulfilment

At assembly of units and aggregates of the ME various kinds of con-
nections are applied: fixed permanent connections (welding, riveting, sol-
dering, adhesive); fixed detachable connections (keyed, bolted and
screwed); movable detachable connections (hinged connections; bolted,
screw transmissions; gear train; shafts and bearings; telescopic connec-
tions, etc). The fixed permanent and detachable connections provide a con-
stant position of assembled parts and units from each other at fulfilment of
MAW. The movable connections suppose the possibility of movements.
Permanent joints don't allow to disassemble a unit without its damage. In
the MAW such kind of connections is realized through various kinds of elec-
trical and gas welding of bodies, frameworks, units of the ME (for example,
welding of a framework of a cockpit canopy of the pilot, welding of connect-
ing pipes to hydraulic cylinders). The permanent joints widely are applied at
riveting of parts of a control system (for example, riveting of bushes of tips
in rigid thrusts, riveting of frameworks of seats, etc).

Welding and riveting are executed with the help of the portable man-
ual tool or fixed equipment. Thus, universal devices are applied.

Detachable connections with the help of bolts, screws, studs are ap-
plied especially widely at MAW. The operations of bolted assembly in
many respects depend on a character of the fit of bolts (clearance fit,
transition, with interference). Such technologies are used practically at any
assembly of gears and aggregates of all ME groups.

Also hinged connections are used widely in control systems, at as-
sembly of units of a swashplate in helicopters. In the whole movable de-
tachable connections are most typical for all groups of the ME gears and
at the same time they are most labour-consuming at realization of the MAW.

The constructional, strength, technological and operational require-
ments to connections, and also the properties of materials, from which are
made connected structure items are taken into account at selection of a
kind of connection. The quality of connections in many respects depends
on adopted TP of assembly.
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It is necessary to accept th