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HAIIPY)KEHUH CTAH B OCEPEJIKY JE®OPMAIIII JIMCTOBOI
3ATOTOBKH I YAC POTAIIMHOI BUTSI’KKA OCECUMETPUYHUX
JETAJEHA

Buxonano docniosicennss Hanpysiceno2o cmamny 8 ocepeoky oegopmayii nio uac pomayiuHoi sUmsiICKu
ocecumempudHux demanell i3 AUCMOBOT 3a20MOBKU. YCMAHOBNIEHO 3AKOHOMIPHOCIE PO3NOOINY NOKAZHUKIE
HAnpyJsiCcenoeo Cmamy 6 o0cepedky Oeopmayii ma GUHAYEHO BEIUYUHY BUKOPUCIIAHO20 pecypcy
NIACTMUYHOCTHE 3ANENHCHO B8I0 2EOMEMPUUHUX XAPAKMEPUCTIUK DOIUKA, MOBWUHU TUCHOBOT 3A20MO6KU i
MEXAHIUHUX XAPAKMEPUCIUK MAMEPIATY 3020MOBKU.

Knwuoei cnosa: pomayitina umsicka, HAnpydlceHHs, ocepedox deghopmayii, NOKAZHUKU HANPYHCEHO2O0
cmawy, KoHiuHa 0emaib.

VY piBHEX rany3six MamMHOOYQyBaHHS 3HAaWIUIM UIMPOKE BUKOPUCTAHHS OCECHUMETPUYHI
TOHKOCTIHHI BHpPOOU, JO0 SKOCTI Ta EKCIUIyaTallliHMX BJIACTUBOCTEH SKHUX BHUCYBAlOTh BHUCOKI
BUMOTH. {711 BUTOTOBJIEHHS TaKUX BUPOOIB HIMPOKO 3aCTOCOBYIOTH METOJM POTALIHHOT BUTSIKKH.
Cporo/iHi 1i1a HU3Ka poOIT MPUCBAYEHA EKCIIEPUMEHTATILHUM JIOCHIIPKEHHSM IIPOLiecy pOTaliitHOT
BUTSDKKH [1 — 3], ane npakTU4yHO BIICYTHI METOU OLIIHKHM CXEMH HANPYXEHOTO CTaHy Ta BETUYUHU
BUKOPHUCTAHOTO PEeCypcy IJIACTHYHOCTI B ocepeiky Aedopmariii Ta iX BIUIMBY Ha SKICTh TOTOBHUX
BUpPOOIB.

HeoOxinHo 3a3HauuTH, 110 OCOOJMBICTH MPOLECY POTALIMHOI BUTSKKH OCECUMETPUYHUX
neraneil 13 JMCTOBMX 3aroTOBOK IMOJSrae B TOMY, LI0 IUIaCTUYHA JeopMaliis MpOTIKae B
JIOKaJIbHOMY 00’€M1 KOHTAKTYy IHCTPYMEHTa 1 3aroToBkH. Cxema HampyXeHOro CTaHy B LIbOMY
00’eMi 3a51exKuTh Bl GOPMH 1 pO3MIpIB 3arOTOBKU Ta IHCTPYMEHTY, B3a€EMHOTO X pO3MILIEHHS U
peXUMIB 0OpPOOKH.

Mera 1i€i pobOTH moNAra€e 'y BHU3HAYCHHI 3aKOHOMIPHOCTEW pO3MOJALLY IOKAa3HUKIB
HaIPYKEHOI'0 CTaHy Ta BEJIMYMHU BUKOPUCTAHOTO PECYpCy IIACTUYHOCTI B OCEpelKy AedopMartii
3aJIe)KHO Bl HapaMeTpiB MPOIECY POTAIIMHOT BUTSKKH.

VY po06oTi pO3MISIHYTO MPOIEC POTALIAHOI BUTSKKH TOHKOI OOOJOHKHU 13 JIMCTOBOI 3arOTOBKH.
[Ipu mpomy ocepenok aedopmariiii po3outo Ha Tpu avissHku (puc. 1). Jlinsaka 1 mepeOyBae B
yMOBax 00’€MHOTO HANpyXEHOro CTaHy, a Ha AUIAHLI 2 Ma€ Micle miocka aedopmaris. o 30uu 3
BiHECEHO (haHelb, KU 3HAXOJAUTHCS B yMOBaX IJIOCKOT'O HAMPYKEHOTO CTaHy. Y poOoTi [4, 5]
BU3HAUYEHO HANPYKEHUN CTaH JJs AUISIHKY 2 B MOJSPHIA CUCTEMI KOOPAMHAT p, 0 3 MOYATKOM
KOOPJIMHAT Yy LIEHTPl KpUBHU3HU poO0YOi MoBepxH1 poiuka (puc. 2). Y BUIUICHOMY €JIEMEHTI
3arOTOBKH, 0OMEXKEHOMY pajilycamu p; 1 p; Ta Kyramu a=0 1 0.=a,,, NII0Th pajiaJibHI HAMPY>KCHHS
0,, TAHT'€HLIIAJIbHI HAIIPY)KEHHS 0, Ta JOTUYHI HANPYKEHHS T,,. PI3HUIA panlycCiB p; 1 p; JOPIBHIOE
TOBIIMHI JINCTOBOT 3aTOTOBKH O.

PiBHSIHHSA piBHOBAru JIs TUIOCKOT 3aj1a4i B MOJSIPHUX KOOPJMHATAX MalOTh BUTIIALN [4, 5]:

(1)

oa op
YMoOBa mIacTUYHOCTI B 111 3a/1a41 HAOyBa€ BUTIISIY:

o,—-0,=21,. (2)

[licna nudepeHuitoBaHHA mepiioro piBHSAHHA cuctemMu (1) mo o 3 ypaxyBaHHSM YMOBU
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1acTUYHOCTI (2) Ta micas AudepeHIiifoBaHHS APYyroro piBHIHHS cucteMu (1) 1o p 1 BilHIMaHHS Bij
OTPUMAHOTO JPYroro piBHSAHHS MEPIIOr0 OTPUMAHO PIBHSAHHS JUIS BU3HAYEHHS JOTUYHUX
HaIpyxeHsb [4, 5]
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Puc. 1. Cxema fiieHHs ocepenKy Puc. 2. Cxema Hanpy)KeHOro CTaHy Ha JISHII 2
nedopmalii Ha JUTTHKA I 9ac POTamifHOT BUTSKKA

Po3B’s130k piBHSAHHSA (3) OTpUMAaHO 32 TaKUX IPAHUYHUX YMOB. Y 30HI KOHTaKTy 3arOTOBKH Ta
poJIMKa 32 p=p; JOTUYHI HAIPYKEHHsI JOPIBHIOKOTh: T,,= -mT,, A m — (paxkrop Tepts Ilpanansa. Ha
BUIBHIN ITOBEPXHI 3arOTOBKHU 3a p-p, JOTUYHE HANPYXKEHHS 7,,=0. 3a a=0 NOTUYHI HANPYKEHHs
7,,=0, OCKUIBKM L€ll MaiilaHYMK € TOJIOBHUM, a 33 A=, IOTHYHI HANPYKEHHSI NPUIMAIOTh
MaKCUMaJIbHE 3HAYECHHS T,,= -T,. Ilicis po3B’s3aHHs piBHAHHA (3) 3a NPUIHATUX I'PAaHUYHUX YMOB
y po0oTI [5] U1 JOTUYHOTO HAIPYXKEHHS T,, OTPUMAHO TaKUH BUpa3
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Jlns BU3HaueHHs o, 3azada (1) pos3p’sa3ana B [4, 5] 3 BUKOPUCTAHHSAM METOAY PO3JAUICHHS
3MIHHUX MPU OJHOPITHUX IPAHUYHUX YMOBAX:
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HopmanbeHe HanpyXeHHs 0, BU3HAYAIH 13 PIBHAHHS (2).

VY miif poGOTI OTpUMaH1 3HAYEHHS Oy, O, T,, BUKOPUCTAHO IJI aHAJI3Y CXEMH HaIpyXKEHOI'o
CTaHy B 30H1 2 ocepeAKy AegopMaliii Ta JUisi OLIHKY T'PaHUYHO AOMYyCTUMOro Gopmo3miHeHHs. [Ipu
IbOMY TIOKa3HUK HAMPY>KEHOTO CTaHy # po3paxoByBayn 3a Gopmyioro [6, 7]

n=22, ©)

o

u

.; "0, ; — CepEeJIHE HANIPYXKCHHSI, 0, — IHTCHCUBHICT HAIIPYXKCHb.

e o = lo
30
[Tapamerp Hamai-Jloge mopiBHIOE:

26, -0, -0,

“’0‘ = (7)
G, ~G;
["onoBHI HaNIpYXEHHS 0, 0, 03, PO3paX0OBYBau 3a GpopmyIor [6]:
c,+0
aﬁ:Tpi\/(aa+ap)2+4ria. (8)

Y po0oTi OTpUMaHO 3aKOHOMIPHOCTI PO3MOJIUTY MOKa3HUKA HANPYXKEHOTO CTaHy # 1 mapameTp
Hanai-Jlone 1, B ocepenky nmedopmariii 3ai1exHoO Bif pajiyca p 1 KyTa o JJis JUCTOBHX 3arOTOBOK
TOBLIIUHOIW 0=0,8 mm, 0=1,0 mm 1 0=1,2 mm 13 amominito AJ[1 1 crani 10. Po3paxyHKku BUKOHAHO
U1 pafiyciB poOo4oi nmoBepxHi ponuka R,,,=1,5 mm 1 Ry,,=4,0 mm. Kyt onpaBku [ npuiiHATO
TaKuM, 110 JTOPIBHIOE =45 °.
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Puc. 3. Po3mnozin nmoka3Huka Hanpy>X€HOTo CTaHy #
B ocepeKy aedopmalii 3aJIexHO Bix pamiyca p i
KyTa o 33 TOBIUHHU 3aroTOBKU 0=0,8 mm

Puc. 4. Posmonin mapamerpa Hanmai-Jlone u,
B ocepeKy aedopmalii 3aJIexHO Bix paniyca p i
KyTa o 33 TOBIUHHU 3aroTOBKU 0=0,8 mm

PesynpTat po3paxyHKy A pojiMKa 3 pajlycoM poOo4oi NMOBEpxHI R,,,=1,5 mMm 1 pI3HUX
TOBILIMH JIUCTOBOi 3aroTOBKM HaBeA€HO Ha puc. 3 — 8. I3 aHamizy OTpUMaHUX pe3yJbTaTiB
BHUIUIMBAE, IO 3aKOHOMIPHOCTI PO3MOJLTY MOKAa3HUKIB 7 1 i, IO 00’eMy ocepenky nedopmariii He

3anexarhb Bl MaTepialy JJUCTOBOI 3arOTOBKH.

Sk BUIHO 13 TPUBEIEHUX HA pUC. 3 — 8 3aJIEKHOCTEH, MMOKA3HUK HAIMPYKEHOT'O CTaHy # 3pOCTaE
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31 30UIBILIEHHSIM pajiyca p 1 3MEHUIYeThCsl 31 30uIblIeHHAM Kyra o. Ilapamerp Hapai-Jlone u,
3MEHILYEThCS 13 POCTOM pajiyca p Ta 3pocTae 31 30UIbllIeHHAM KyTa o. Hanpuxian, 3a 6=0,8 MM
Ry0,=1,5 mm 3a 3MiHU p BiA p=1,5 mm 10 p=2,0 mm TOKA3HUK # 3pocTae Big n=-1,152 no n=0,283
3a 0=60° 1 Big n=0,258 no n=0,755 3a a=30° (puc. 3). [lapamerp Hanai-Jlone u, 3MeHIIyeTHCS 3a
THUX XK€ YMOB Bifl (,=0,939 no u,=-0,239 3a a=60° 1 Big w,=-0,253 no w,=-0,755 3a a=30° (puc. 4).
3a (QikcoBaHOTO 3HAYEHHS pajlyca p, HANPHUKIAA, 3a p=1I1,5 Mm TOKA3HHWK 7] 3MEHIIYETHCS Bif
n=0,258 no n=-1,152 3a 3pocranss o Bix a=30° no a=60° (puc. 3), a mapametrp Hanai-Jlone u, 3a
THX )€ YMOB 3pocTae Bl u,=-0,253 no u,=0,939 (puc. 4). I3 3pocTaHHsIM TOBIIMHU JIUCTOBOL
3aroTOBKHM 3HAYCHHS MOKAa3HUKA # 3MEHIIYIOThCA, a mapamerpa Hanai-JIloae u, 3poctarots (puc. 3 —
8), T00TO, UMM OUIbLIA TOBIIMHA 3arOTOBKU, TUM M’SKIIIAa CXEMa HAIPY)KEHOI'O CTaHy B OCEpPEAKY
nedopmallii 1 THM MEHIIA IHTEHCHUBHICTh HAKOMHWYEHHS TIOIIKO/KEHb 1, BIAMOBIAHO, MEHIIA
BEIMYMHA BUKOPHCTAHOTO PECypCy IUIACTHYHOCTI. Takuil pe3ynpTaT € Ba)KIMBHM, OCKLUIBKH
OTPUMaHy KOHIYHY 3arOTOBKY IUIAHYEMO BHKOPHCTATH B IMOJATBIIOMY JJISI BUTOTOBJICHHS JeTai
OUIBII CKIIAAHOT (POPMHU LUISIXOM OIANbILIOT INIACTUYHOI Aeopmalrtii.
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Puc. 5. Po3mnozin nmoka3Huka Hanpy>k€HOTo CTaHy # Puc. 6. Posnonin napamerpa Hazai-Jlone 4,
B ocepeKy aedopmarii 3aJIexHO Bix paniyca p i B ocepelKy Aeopmallii 3a1exKHO Bij pajiyca p i
KyTa o 3a TOBIIUHH 3arOTOBKH 0=1,0 mm KyTa ¢ 32 TOBLIMHY 3ar0TOBKH 6=1,0 mm

ITin yac BUKOpHCTAHHS AJs POTALIHHOI BUTSKKHU POJIMKA 3 pasilycoM poOoyoi noBepxHi R,,,=4,0
MM XapakTep 3aJeHOCTEH MOKa3HMKa HANpYyXKEHOTO cTaHy # 1 mapamerpa Hamai-Jlome u, Bix
paziyca p 1 KyTa o aHaJoT14H1 IpUBEIeHUM Ha puc. 3 — 8. OqHaK YKMCI0OBI 3HAYECHHS MTOKAa3HUKA /] B
cepenapomy Ha (75 — 80)% OinbImi, a yuciioBi 3Ha4eHHs napamerpa Hanai-Jlone u, Ha (60 — 80)%
MEHIIII 32 YHMCIOB1 3HAUYCHHS X BEJIMYWH, TPUBEICHUX Ha puc. 3 — 8.

AHai3 pe3ynbTaTiB pO3paxyHKIB HAMPYKEHOTO CTaHy MOKAa3ye, 10 HABAaHTAKEHHS B OCEPEIKY
negopmarnii OJaM3bKe 10 MPOCTOro, TOMY BEIMYMHY BUKOPHCTAHOI'O PECYpCy IUIACTUYHOCTI Y/
MOHa BU3HAYUTH 3a Kputepiem I'. A. CmipHoBa-Ansena [8]:

v, 9)
e, 1, )
1ie e, — CTyIIHb JleopMallii, e, — TpaHUYHA JedopMallis AJIs 1i€] CXeMU HalpyKEHOI'O CTaHYy.
3/1aTHICTh MaTepially 3arOTOBKH JI0 IJIaCTUYHOI edopmaliii 63 pylHyBaHHS I 4ac poTalidiHOT
BUTSDKKM TNPUHHATO XapaKTEepU3yBaTH BEIMYMHOIO CTOHILIEHHS, sKa JUIsi MeTaly, 1o
nepopMyeThCs, 3a LIEI0 CXEMOIO HANPYXKEHOrO CTaHy HE IMOBMHHA IEPEBUIIYBATU TPaHUYHOT
nedopmartii e,. 3arajioM BEJIMYMHY CTOHIICHHS BU3HAYAIOTh 3AJIEXKHICTIO [9]:

e,=In—, (10)

ne hy — MoYaTKoBa TOBIIMHA JIMCTOBO1 3arOTOBKH, /I — TOBIMHA CTIHKU JI€Tall MICIA pOTaLIdHO1
BUTSDKKH.

3aJIeKHICTh TUTACTUYHOCTI BiJl CXeMH HAIPYKEHOTO CTaHY OMHUCYBAIN MOBEPXHSIMH TPAHUYHUX
nedopmartii, ki i TOCTIHKYBaHUX MaTeplaliB alpOKCUMYBaIU 3asiekHoCTssMH [10]:
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mutst ctaiti 10
e,(n. 1, )=0.78exp(0.59 - u, —0.71-7), (11)
TSt cTuiaBy anmroMidito AJL1

e, (. 1,)=1,2exp(0.42 - 11, —0.5-7). (12)

Po3paxynku rpanuuHux paedopmauiii e, 3a kputepieM (9) nokasanu, IO MaKCHUMaJIbHO
JOIyCTHMA BEJIMYMHA CTOHIICHHS, 3a sKOi Marepianm He Oyne pyHHYBaTHCh, IS JINCTOBUX
3aroToBoK 13 ctami 10 3a 3agaHux ymoB (OpMO3MIHEHHs He nepesuinye e, < (0,35 3a pauiyca
pobouoi noBepxHi posuka R,,,=1,5 mm 1 e, < 0,26 3a R,,,=4 mm. Jlna 3aroToBOK i3 CIUIaBY
amoMiHll0 A/l MakcUMaJIbHO IOIIYCTHMa BEJIMUYMHA CTOHILEHHS He nepeBuInye e, < 0,60 3a R,,,, =
1,5 mmie, <0,503a R,p,=4 mm.

Jns  mocaDKeHUX TOBIIUH JIMCTOBHX 3aroToBOK o =0,8 mm, o =1,0 mm, 0 =1,2 mm
MaKCHMAJILHO JIOITYCTUMA BEJIMYMHA CTOHIIICHHS MTPAKTUYHO HE 3aJICKUTH BiJ] TOBIIWHU 3arOTOBKH.
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Puc. 7. Po3mopin moka3sHUKa HAIPYXEHOTO CTaHy # Puc. 8. Posmoxin mapamerpa Hanmai-Jlone u,
B ocepeKy aedopmalii 3aJIeXHO Bix pamiyca p i B ocepeKy aedopmarii 3aJIexHO Bix paniyca p i
KyTa o 32 TOBIIUHHU 3arOTOBKU 0=1,2 Mm KyTa o 32 TOBILUHHU 3arOTOBKU 0=1,2 Mm
BucnoBku

YCTaHOBIIEHO, IO T Yac POTAI[IfHOI BHTSIKKH JINCTOBHUX 3arOTOBOK 3 POCTOM TOBIIWHHU
3aroTOBKH MOKAa3HUK # 3MEHIIYEThCs, a mapametp Hanai-Jloae u, 3pocrae. [1pu 30inb1eHH1 paaiyca
po60U0i MOBEPXHI POJIMKA TTOKA3HUK # B OCepenKy Aedopmallii Takox 3pocTae, a mapametp Hanai-
Jloge u, 3MeHITyeThC HE3alneXHO BiM TOBIMHU. HeoOXimHO 3a3HA4YMTH, 10 MaTepiall 3arOTOBKHU
HE BIUIMBAa€E Ha XapakTep pO3MOJUTy NMOKa3HUKIB 7 1 4, B ocepenky nedopmauii. Benumunna
BHKOPHUCTAHOTO PECYpPCy IJIACTHYHOCTI Y B OCEpeaKy Aedopmarlii 3pocTae 31 30UTbIIIEHHSIM pajilyca
po0OUOi MOBEPXHI POIHKA Ry, 1 MAJIO 3aJIE€XKUTh Bl TOBIIUHM 3arOTOBKH 32 IHIIUX TaKUX CAMHX

YMOB.
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MACHINE-BUILDING AND TRANSPORT

I. O. Syvak, Dc. Sc. (Eng.), Prof.; S. 1. Sukhorukov, Cand. Sc. (Eng.), Assist. Prof.;
Y. 1. Shevchuk

STRESS STATE IN THE DEFORMATION REGION OF A SHEET BLANK
DURING ROTATIONAL DRAWING OF AXISYMMETRIC PARTS

The paper deals with investigation of the stress state in the deformation region during rotational
drawing of axisymmetric parts made from a sheet blank Regularities in the distribution of stress state
indices have been determined. The value of the used plasticity resource has been estimated depending on the
geometric characteristics of the roller, sheet blank thickness and mechanical characteristics of the blank
material.

Key words: rotational drawing, stress, deformation region, stress state indices, conical part.

Axisymmetric thin-wall products have found wide application in various branches of the machine-
building industry. Strict requirements are set to their quality and operation characteristics. For
manufacturing such products rotational drawing methods are widely used. A considerable number of
current literary sources deal with experimental investigation of the rotational drawing process [1 — 3
]. However, the methods of evaluating the stress state pattern and the used plasticity resource value
in the deformation region and of their influence on the end product quality are practically absent.

It should be noted that a special feature of the process of rotational drawing of axisymmetric
parts, made from sheet blanks, is as follows: plastic deformation occurs in the local volume of the
tool contact with the blank. The stress state pattern in this volume depends on the shape and size of
the blank and the tool, their mutual location and processing modes.

This study aims at determining regularities in the distribution of stress state indices and the used
plasticity resource values in the deformation region depending on the parameters of rotational
drawing process.

The paper considers the process of rotational drawing of a thin shell made from a sheet blank. The
deformation region is divided into three zones (Fig. 1). Zone 1 is under volumetric stress conditions
and zone 2 is in s in the plane strain state. In [4, 5] the stress state is determined for zone 2 in a polar
system of coordinates p, a with the origin in the center of the curvature of the roller working surface
(Fig. 2). In the shaded element of the blank, limited by radii p; and p, and by angles a=0 and a=a,, ,
the action of radial stresses o,, tangential stresses o, and shearing stresses 7, 1s observed. Difference
between radii p, and p, is equal to thickness o of the sheet blank.

The balance equations for 2D-problem in the polar coordinates are given by [4, 5]:

6o, 1 0tr, o,-0,

. +—- . +-—2 =0,
P p oa P
5 3r (1)

o a

“tp-— 420 =0.

oa op P

In this problem plasticity condition takes the form of
o,—-0,=21,. (2)

After differentiation of the first equation of system (1) with respect to a , taking into account the
plasticity condition (2), and after differentiation of the second equation of system (1) with respect to
p and subtraction of the first equation from the obtained second equation we obtain the equation for
determining the shearing stresses [4, 5]:

+3p—2% =, 3)
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Fig. 1. The sheme of the deformation region division into Fig. 2. The pattern of the stress state in zone 2 during

zones rotational drawing process

The solution of equation (3) has been obtained under the following limit conditions. In the zone of
the blank contact with the roller shearing stresses for p = p,are equal to z,,= -mt,, where m — Prandtl
friction factor. On the free surface of the blank shearing stresses for p - p, are equal to 7,,=0. For
a=0 shearing stresses 7,,=0 as this region is the main one, and for a = a,, shearing stresses take
maximal values 7,, = -7,. After solving equation (3) for the adopted limit conditions for shearing

stress t,, the following expression was obtained in [5]:

T Nl-c -sin(m]
(04
Tpa :—TS 1_0ai+ m {p](m_ijsm(wlnﬁl_kpz ism(mlﬂﬁ] . (4)
"ope sin(a)m pz] " “ " ]
o

In [4, 5] for determining o, problem (1) is solved using the method of separation of variables for
homogeneous boundary conditions:

1 sin(wlnpj+w~cos(a)lnpj
Gp=u~ -+ (1,01 2). P Py) DO y
+
“n pr | PETE sin(wlnpzj p2(1+a)2)~sin(a)ln’02j
P P
{ (m]( a ] . (mﬂ
x| m-cos| — | m—— |—=sin| — | |+
aﬂ’l aﬂ’l aﬂ’l
pz(sin(a)lnp]+a)-cos(a)lnpn sin(a)lnpz]+a)-cos(a)lnpzj
n p] p] _ p] p] % (5)
p(1+a)2)-sin(a)ln’02] (1+a)2)-sin(a)ln’02]
P P
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X {ﬂ . cos(ﬂ] + sin(ﬂ]}:l +27 -l-c nr-.
a, a, a, P

Normal stress ca was determined from the equation (2).

In this paper the obtained values of ca, op, tpa are used for analyzing the stress state pattern in
zone 2 of the deformation region and for the evaluation of permissible forming limit. The stress state
index n was calculated by the formula [6, 7]

n=—, (6)

1 ) .
where o = EGI' ; -0, ;— average stress, o, — stress intensity.

The parameter of Nadai-Lode is given by:

26, -0, -0,

“’0‘ = (7)
G, =63
Main stresses o;, g, g; were calculated by the formula [6]:
c,+0
aﬂ:Tpi\/(aa+ap)2+4ria. (8)

min

Regularities in the distribution of stress state index # and parameter of Nadai — Lode y, in the
deformation region have been obtained depending on radius p and angle a for sheet blanks with
thicknesses 0=0,8 mm, 0=1,0 mm and 0=1,2 mm from aluminium A/[1 and steel 10. Calculations
were performed for the radii of the roller working surface R,,,=1,5 mm and R,,;=4,0 mm. Angle 3 of
the arbor is taken f=45°.

0,5 //: \
05
“ 1/ - . — u 0 -\ \ o
—=45 j j -
05 15 17 \i 4
| / e \ 2
-05

Fig. 3. Distribution of the stress state index #
in the deformation region depending on radius p and
angle o for thickness of the blank 6=0,8 mm

Fig. 4. Distribution of the stress state index x,
in the deformation region depending on radius p and
angle o for thickness of the blank 6=0,8 mm

Calculation results for the roller with the working surface radius R,,,=1,5 mm and different
thicknesses of the sheet blank are presented in Fig. 3 — 8. Analysis of the obtained results shows that
regularities in the distribution of indices # and u, throughout the volume of the deformation region
do not depend on the sheet blank material.

From the dependencies, presented in Fig. 3 — 8, it is evident that stress state index # increases
with the increase of angle a. Parameter of Nadai — Lode decreases with the growth of radius p and
increases with increasing angle a. E.g. for 6 = 0,8 mm R,,;= 1,5mm as p changes from p = 1,5mm to
p = 2,0 mm index 7 increases from n = -1,152 to n=0,283 for a=60° and from n = 0,258 to n =
0,755 for a=30° (Fig. 3). Parameter of Nadai — Lode u, decreases under the same conditions from
1~=0,939 to u,=-0,239 for a=60° and from u,=-0,253 to u,=-0,755 for a=30° (Fig. 4). For fixed
value of radius p, e.g. for p=1,5 mm, index 5 decreases from #=0,258 to n=-1,152 as a increases
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from a=30° to a=60° (Fig. 3), and under the same conditions parameter of Nadai — Lode u,
increases from w,=-0,253 to u,=0,939 (Fig. 4). With increased thickness of the sheet blank the value
of index # decreases and the values of the parameter of Nadai — Lode x, are increased (Fig. 3 — 8), 1.
e. the greater the thickness of the blank, the softer the stress state p[attern in the deformation region,
the smaller damage accumulation intensity and, respectively, the smaller the value of the used
plasticity resource will be. Such a result is important since the obtained workpiece is planned to be
used for manufacturing parts with a more complicated shape by means of further plastic deformation.

1 1
05 B ‘\
.//./ 05 LN
0 . ‘ —
15 1/ 24 -
——30 -
n 05 e 0 : : < s
- —4—60 \ ' —4—60

-05

15 — \
-2 1
p, mm p,mm
Fig. 5. Distribution of the stress state index # Fig. 6. Distribution of the stress state index u,
in the deformation region depending on radius p and  in the deformation region depending on radius p and angle
angle o for thickness 6=1,0 mm of the blank o for thickness 5=1,0 mm of the blank

When a roller with the working surface radius R,,,=4,0 mm is used for rotational drawing,
character of the dependencies of stress state index # and Nadai — Lode parameter u, on radius p and
angle o is analogous to those presented in Fig. 3 — 8. However, numerical values of index # are, on
the average, by 75 — 80 % higher and numerical values of Nadai — Lode parameter u, are, on the
average, by 60 — 80 % lower than those presented in Fig. 3 -8 .

Analysis of the stress state calculation results shows that load in the deformation region is close to
a simple load and, therefore, the used plasticity resource value w could be determined by Smirnov —
Aliayev criterion [8]:

e

S R— 9
PRCN7S ®
where e, — deformation degree, e, — limit deformation for the given stress state pattern.

Ability of the blank material to be plastically formed without damage during rotational drawing is
usually characterized by the value of thinning, which should not exceed limit deformation e, of the
metal being deformed for the given stress state pattern. In a general case the thinning value is given
by the dependence [9]:

h
e, ==, (10)

where A, — the initial thickness of the sheet blank; /# — thickness of the wall of the part after rotational
drawing.

Plasticity dependence on the stress state pattern was described by the surfaces of limit
deformations which, for the materials under study, were approximated by the dependencies [10]:

For steel 10
e (n, =0.78expl0.59-1u_—-0.71-n), 11
L. 1,) p(0.59- 4, n) (11)

For aluminium alloy A/l1

e, (. 1,)=1,2exp(0.42 - 11, —0.5-7). (12)

Calculations of limit deformations e, by criterion (9) have shown that maximally permissible
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thinning value, with which the material will not be damaged, does not exceed e, < 0,35 for sheet
blanks from steel 10 under given conditions of forming for the radius of the roller working surface
R.o =1,5 mm and e, < 0,26 for R,,; =4 mm. For the blanks, made from aluminium alloy AJ[1, the
maximal permissible thinning value does not exceed e, < 0,60 for R,,;, = 1,5 mm and e, < 0,50 for
R,.;=4 mm.

For the investigated thicknesses of sheet blanks 6 =0,8 mm, 0 =1,0 mm, 6 =1,2 mm the maximal
permissible thinning value does not practically depend on he blank thickness.

05 *//—' \
0 / / 05
15 2 /2 \
-05
n ./ / —=o —+—30
1 —m—45 1"\\;\22 —.—45
—A—60 —4—60

-05

‘\0
2 re
2,5 1
p,mm p, mm
Fig. 7. Distribution of the stress state index 7 Fig. 8. Distribution of stress state index u,
in the deformation region depending on radius p and In the deformation region depending on radius p and
angle o for blank thickness 6=1,2 mm angle

o for blank thickness 6=1,2 mm

Conclusions

It has been determined that during rotational drawing of sheet blanks index # decreases and Nadai
— Lode parameter u, increases when thickness of the sheet blank is increased. With the increased
radius of the roller working surface index # also grows in the deformation region and Nadai — Lode
parameter u, decreases irrespective of the thickness. It should be noted that the blank material does
not influence the character of distribution of indices # and u, in the deformation region. The used
plasticity resource value y in the deformation region grows as the radius of the roller working
surface R,,; 1s increased and does not essentially depend on the blank thickness, all other conditions
being equal.
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