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Process Analysis and Design in Forming of
Bearing Rings by the FEM(II)
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* Dept. Aerospace Eng. Pusan National Univ.
*x* Korea Institute of Machinery & Metals

Abstract

The analysis had been already completed to detect forming defects for the forming
processes of C/R bearing rings. But some unpredicted problems were found through the
experiments. So expert redesigned new forming processes to prevent the problems and new
analysis was .began according to the new processes to find faults for the processes. The
forming processes consist of 1 for the outer ring, 6 inner ring. The thickness of metal
sheet used is changed to 1.5mm from 1.6mm. Elasto-plastic finite element method is applied
to involve the effect of spring back. The most representative alteration is forming of two
predents to assist later forming. Thinning and distribution of high residual stress are
derived from the results of simulations. It is confirmed that the industry expert agree the
possibility of defects derived from the new FEM results.

1. A&

TEBAE LR olojEdRlo]l THAE o]8do AUY L RUstY e A4 L F
o2 Y= TAS BT T J1Fold REY ol ZyA Hel YE2YAHL o]Ldd
FEFTA A3 B4T0 9%, 4F, FY 5 SHAHE FWANAH AYHEY L Bose T
Hoz2[1-4] o8¢ FHEL 49U H FFF Zdx L FYe| e g FELEEE WA
o, FPo] 8FEE AFal L AARE 49 S Bolila] #go] Fosel su Y=
FAoltt. dAFeME B3l A LE A gy §&3d J)oF, ZAF, FoAS
o FEEL A4S 3, IEIIAG R AujLsE D] Yo Ede Hae) B
F Y, 14z 994 7k 3L 487 9% A2 (net shape EE near net
shape) /el =9, 34 253, o} Y39 rezgSd g Q77 Fus AYPyn
AT 2 DRV AFLA, FRAA, 28 AA, 24, 28 =2 7)) So 847
€°] ZHE Aoz oY JigEo LEZ FY WA =37} o)Fojd W = A THE A
F9 A Ado] JHEEA EY. o)F FHAA 2L B AA J)ee ATe Qs A=
g & HlE& A3, ole] LA Sy e AaEE AAA, AHEQ waMe A
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FEFAE 7)1F 4 lon, A ojM FHSF] Fa Tl g3 AF YAEIE EFe A
o] 7}5atA 5]l 22y ERe ZHA AYFAHY dAc 53849 F¥EA AR L A
@, A 2d sy oz JAFH AEHNA T nFHe] 87 H Utk AFAHO
2 254, qnd A3, L AAUT 2L dXupge] ALEo gtout B FAe
H43t L S E AUVt LY Ho] erw fFoo Ayl Fgo] AxFH AL 3l
oH6-11]

C/R(clutch release) W]olZ@e Fate] FH AL LR FejXd FAHe FFL2
EAS RAE AA2 9 mex AYFAHe YAH XY, 9 F(outer ring)® W& (inner
ring), B(bal) 2 FAEL o]F UL A oA d54%E A Y=, AL5TH
b AA7) ASHA AQNYL 9 Hu2 FRAAAN AgRe w4 sMedel o EF
C/R Wolge Z8a dAge Wge u Z8Fo] 7t 5A40] onz ol @A
23 AT AL A== AT 2P FFolth o)Ed BF FIF8A HHLS FHAA
o 9ag AR nd ATFoEA AT/Ndd wE =JANY AFY AAEE FYAZ
F AL o}

B A4 ol FRAA AZIH & 1xE AAY FHAECd g AY¥AHE SIS
u itk 2y QA QA 2 AFE AL o AEFHAM FARl 2AYHAS.
28%te 2 BEARNEL ngstd 232 AAE IRz mE 44 Fdss 7Y
MARCE o] g3t A A EdolHe F3stA AU o =& nigoz ddA 44 43%
RE Aol WYY /A WS BY A5 ¥ 5L 1IN or|dA 24 The
3 ZAANL g2 Q2 3AEY Tjld ©E e JHeAT MRS 2ARAT

2. B4R £ frgss wdY

C/R AESL 2 19 ¥R A4zd dehd bish go] Wgd 9Fo2 FA4so 3leH
W3k A SR JANE FROR Bo] Eojyke REe X4E i1 IMHE AA &
A adas 2AE So| WxFHojok sin, A T2 Yo A LAl FAZ
A 2 27} AA(olding)d 2L AT A 7MsAo) ®ernz AP 2L LAFE BG
Aol golsitty AAHE GuAPAE Ak Aol #asith ojn dAFd 1A AN}
zo) AAE 22 FAEN W AN AMEE Rdy 2AL olfst A

2.1 14 A4

27] AAE Aoz o]F0A 16mmel FAES ZE FAL VAE AMSSAT HBF
& 293 Ygoluz 122 AddARez AUstd 239 & (axisymmetric) 71'H-E& AHE
fQon, $/4L wAolnZ oS BASAY £F w3 B(spring back)®] FFE FA
3 AAN fPasges MGG A FTeAYAN AS-E AL Ael F43)
2 AAIPEL oln] @ AP Yoo 2[12] AFIT. tholh 4 Atole] whE EHAA wh

FHame 018 AeHgon], 249 #ESE-AWE BAE o - 1173 & (kg/mm?)
2 AMgET

2.2 23 #4
23 B A NME 44 M712Q MARCE AHgtgen 24 2715247 1.5mme] @478
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ARt Aol @R QAFE BEEY] st gy FEeages 23 FR=CA o
AL sPaPTt. oL FASALH vt A9 FASH-HYE BA £ HYA X
e AolAAL 13k M}t FL3A HEsA

3. 12 3AER olof BE C/R wolF AxES] 4433 A

C/R Woa A=§S 12 TR B A¥FHL O3 2o 452 4¥FAdMe =
29 Y (drawing)FHL A F A FIHE AFo] 4261mme] ¥Fo = EP) (blanking)
a1, 7Z|1AE 3R A8 FAL AX SA9d WEY AYFHAME 1A 23 2209
FAL AXN 2952 3oz ByAsy, Wolygd (burring)@d AL P (cwling)FH, 71A7E,
gxz AL AXN S FesrdfYdE LAe 2718 vl YA UAdn
ZARsn dxg 3R AT AFL 194, WEL 4SAZ Yo dHe £y &
AAFNNE 242 FA7HA(thinning), B3R (folding)5el A2 A 7HsAdxt ol EHel
A ZH A AYFHol By F ANYA BHSH 23 AFe HF A W MEAHE
Q&8 4 ANev[13] ol 2F 204 RoAT AT

a2y AR dFeA A¥ L FYRS O UE AP oixEt FAHY ALY FAHAA H
MATGG= g2A 27 FolAA g 4ol 2AHARIE 3). ol ALY He A=
SAHE 249 FEFo] Ao 3 qEFrvr Yol 1 B9 T UM, £F
olittol o] MAol Aoz AF WAHE A FYAlole mEAFHe] F/Hr] YEoE A
5 oA, a2 EF olHF EAFEL MAsy] st 4Ae FAE 15mmE £oli, @
A3 Eel Agr ustd FAUFES AZAsA 2o FAR 23k FHLAEN w2}
8o AYFA Avdl dd S44 FEesHNE A FysA HUS

4. 22 3Ax] W& C/R wWolgd A= 4333

&2 HYFTRH(AY 4-a)2 ANEHAL T3 4ATAI} grotFdl 3 2AHE EA
Aol B FE-L FUAY 23 FHAATAN B FAUSFEC] WAE g H4ITA
Aate e 2 1A 2E20Y2(d-b) AA 22 220 FAHAA 4A0 LF FHAg =
ol (coining) AFSIA(2Y 4-c), FAIM Zmm WEE FAE dY¥ez AT
(trimming). EAF(flanging) FRA(2F 4-d)2 A &AE AF 435mme] ¥z £47
Fud F 1, 23 W9 FARL FRFHIY 4-¢). AT R W7ol Smme] HAE AHE-3HH
ALY L P 2Y 4D VAT 2 448 3L A 49T oy 13} Y
dAde ug £EE0GY ZHEHAY Ed® 2 BYR IS oY AHAME FREA @
& #83gen, old N TAHE FE ¥ 2 WY E £ ¥ T /Psd #HY
ol sioto] Tdstil, 1 YFE WEE Ao QFHER I FHe AAE Qe A=
At 222 W AYcME 1, 23 220, TRF, 1, 23 W9, ALF TR
671 FRL Aoz HAL FPAct T 23 =20 FHANAME Adle V2= 4A
9] 4¥e FEF7] Astd, Ale AR FAE Fold HYAIAX clu|dE(pre-dent) & 7HF
o, Wiy = ALY He 292 A= fFAdHe A §52 AT € APsto o] F
BEANMY ABE SojsiAl AT 1A FA Mol AR RH FAZA GFHe WA
RO 2. (0 FAR)E ALY A¥se Fx 2& FHAA N QR0 =4A Wgolt
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5. 9% A49FAd U |8 L AEHNA

F AY3TA A4 T4 15mm, AL 90mms! 948 #AE LAF o] e =2
FA4 g3 42D Q. 2P sdME AMo) A" 27 AR A2 D o] FAE B
F3 Uty #Ae] ol AEwIE= 23mmeold, FAEFY olgtielst Hd= F&UE 1
A= s, 237 Bz T U E MAUee 9 vl FAE-E Hd. a8 6ollME
F AYETR dMe ARYY L FE HPE BXE nolxm gen XQE co H A
2 #ol EXHN AL ¢ 4 At 53 cdME fA $EE JuPL Roly glome
AF I FHAA L AFLHOE AF AYF ¥yo] dAEY. YT Fa Y
o F7 E¥xy a9 74 vely ded, enbze E3x-9 A¥EHE 199 FA7 71
03, co] FAZF 1.21lmm=2 M S 4 4 Atk a8z AEFS AA AMSE 9 &Y
go g Higs ¢& 35l & o] YoM Aol ¢ slsAdo] Stk cRe ol
AYPES AAS7] Y3t o] B HA ZEL ZF A Y T4 7AEFLR A%}
£ A$E dasle Aol FE Rew AAHY JFe AF 339 ¥4 17 89 vE
v Ut

6 W& AE3Ac] T FI8L AEHIA

2 43387 9% FAANMME L 23 22ed X, EHY FH, L 23 93 FF, A
27 A Fol A TFHAAY.

611,28 =229 ¥4

WE AETA Add A8 27 AR Al2" F to] AL a9 94X BYAT 13,
ALFH Al 23 g& Wyo] dAHe 82 AAE 2USHA AT

13 2209 FAAAME 23 =299 FHAA £ 2719 on] WE HF L &l
871 98te] AA AF ARk o 15mm HA =209 stk 2 FoNAg) o] ol gol
o} B3 g nAH slon AAe AT v 9. 38 104X 13 =20
FAHY A Z3 Y4 L FE B%E FEE Holn Atk bsk cF M WAR EL FOl
EEHT glen, Z EHdxe] T2 EXe ofd s} B
| 2-147mm | b-=137mm | c=148mm | d=15mm |

22t 2209 FFAME AAY tolg FAA £AFOR oJFAA EEeYH Yol €
oA FrHe Ju] WEZ AFA. AN A 4 R FE ¥¥E FEE 19 116
AR Pt FAHEA B2R udEE bt cF A H-EHVIR Hl ey ballMe
2oYoz QA% T FAR A7t Goldl A ol A FFer HFHA FUH.
HE UYE 9 S dy] dE XA bt colA Hol BEE Holn Jow HY b
AuIHE A, cE J¥WE BE R27|2 3yt 2 299 FARE: ots 2o
| 2-146mm | b-12%4mm | c=098mm | d=15mm |
22 2209 FAFdE AE 2mmel YFe 2 UL FY3T o TAHY T FA
< 83 "o

tt do [0 R

62 £33 ¥4
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EIY 3HL AAY ez A 249 FHI vEFES HE THoU. WY A=
g 1241 vehd lew, Juigle BEYS {& ¥ H AYE £XI} ue woMM, 2 F
Aol =& AFSEHO] RXHS ¢ £ Ak EF oA eTdo] HARUAN & $H EXE
Bolxw 3t} zk R9le) FAREE oldet gow, o TS vindto rl4Y HIE RAT

[ a-=1410mm [ b=129mm | c=1369mm | d=1070mm | e=15mm |
o] 3F u¥ 1A A AME a-b T FALE o Imm=2 veht FARA7 EAA
22 Yo (ag 2-c IAxR) 2a M E of FhdM B FALE FALEE Holn
At ol 2& MM E B FHE AY A4 vig FYNA F9k7) Wil 4A4HE
2 23 Mo AL A A%l v 2L Ao HgEAn ¥l Ed &4e &4 W
RS AE Hmme] 4oz £ d}u U AL £ Hoh

631,234 49 ¥4 2 AL T4

134 Y 3P & I 233 @ HHE VA2 EeH ¢F dold ol THe=
22 WY FAE LoldtA sr19E FrkE Tl 4ol Y ¥ AT 29 134 W
Eht o, A4 o3 HYEHE ef P WYE £XIF S/, <HWE BaAe I
5ol A velvn A F8 R FALEE ofde Zo
[a =138 mm| b=13mm [c=1368mmd=1205mm|e=15% mm| f=15mm |
A FollAM vebd 2 99 Tl £XE WY THFTY B vind By, Wd4¥He
T3 GuidE Bel S F7MPoU, oFRHZ codAe FARIZE Wt fle Re= &
QA ol WPl o3 FE 44 fFol GHIWUE Bl d F4H I HH9 F
AE HEAIL, GE FRoRE FAHRA G%SE guid. ol HH|WE Bl o3 Wd
Yol gol3tAl APAATE AL v

22t iY RS 132 WY A3E FAE AT 87HE A4 £ ¥Fez A 9
§ FAolth o] FHAAME WY Fxrt 2A @7 Wi A4AHaP 14¥x)AM 2 8
37t Rtk BF FHol B F ol tholE AAREEH RYARAL W 2Ad @45 Eo
HeldS &4 F AU 2y 2 gol FokA o] ALY FAHL S EAE 2
1A @tk

ALY TAHL AMFY AF THLR 1A FAEN ©wE FF ABAA JFo] A% F
oz, duIdE AZ F4HL= 44 ©d e FEFE Fole TG 2¥ 154 dehd
A5 2gdME JdNYE BAA tFddFoR A /MY & fE AYEFe] EEHT A
o, JHFE AdM & FHARE 7ML ¢ & Ao &4 99 FA EX= okl

o, 28 169 £EE7 vehd Uk

la =139 mm|b = 1.373 mm|[c = 1.419 mm|d = 1.266 mm| e = 162 mm | f = 15 mm |
FA 28 & T viud 2d, A 73 ZA ¥ FACE FUMEHASE € £ A o
2 A& 12 3R Ae AFdM 2R JAJAFYL UebA gtk AL A¥HE 7Y
o] FAZ} FrkRoy O el A i W, JuEUE Ae Tt 493 TG ole
ALY THLZ Q3 fEd 24 FF0] AUHE A9 FAE FVHASE vt =3
e A7t FAFY YBAFE weoz AW A} 2o, o2 AT 27}
duidE B2 A= o 2 FAS HEAVE O olLHYG. AAHAe2E quEE
ARSlel FA7E AUA ez g Uslgm, &40 /5L FE, =x AEEE 7% JMAn
RNeeg £ A¥sed 8L =S FUUL A4dd. g AF 334 J4e 19
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179] vehd i
7. @484

C/R Wiolg SAE2] AL ol 7] 9o, A 3 Festelr] d4aY FPF_ALYS
olg-do] @A Mg 23dH 3dez Yo ST WEH JELS T2 H¥LE A
A 7|AZ] B AF YL o83t WMAILEF B (deformable body)Z 4tob AALE
Yeorn Be wyHA g Bi(igid body)2 7HAstAT W& o A8 oY
& AZEF 0T 2440NS 7Hslion, 9§ stgid g HE wEe JFEFo A &
THFoz YUY A=ES 29 %7 A& AF 2Fd) & FaHA 25 & AHS
e, 239 HMAME U3 ez, 3aRldME B 120 AAse zZtEQ] 127 &
AojAHoz Ao} Mg £Pstaen, 7] AL 2 189 ey Uk M Fe] A=
2% 199 2040 2 UEhY glen, AxEe] ggudes A& HAEHZe 265 = dztEY
t} olE Bo] AXEoTRY oy daAAEe 4 o AR F X oz, Aol
Qe AZToz oAt 239 WA AY FE S WERY Yo ¥ BEE e
o, 23 FHZss BYM A & 3 QY 84 998 AL EY dHFolg € 9

£ AAEZY N7AA ALY 4 Jthe AL F7F ARdHolHeZ FAFTE 3xHY A
HNE B3} Axgo] H2she BYar 2 FFo| wAHUeH, tAH oz 23+ A A
By}l €8 B2¥y) 24 Jegd 233 AE g e4dddd 24 5 e 2d IdFE ¢
g 3122 1482 QoA ol 239 MM dME ZUH Ygolnz Eo] ¥ ©EE I
52 ot (beam)E A EE ubd 33l F(sphere)Z QA H 7] w&olr, 3z A
A%} 68 Aol dga ddEth

8. 22

2 APANE oln] £98 13 A4 R PN Ushd BARS nsr) Astel 3EA
A A o8 2ol AAY CR WMoY AYFA= Bk Tl 15mme) 2A4E o83t
o, @AM ATRAMOE MARCE o143t AHS £4a AT ABdold ARzRE 2
2R TN W I L AW WA AFEAL AZ5T, 14 A4 Ao 4T )
ad Betd

1 215438 33

AFe HMNNE SRR AN AFLY X 1, FAZ gobAe Aol 2AE
on T4 dXy FF 2 AA ASAl6l A WAooz ojofd shEidol Add. ol WA
a7 Qe o 9ol WA REL 2AsI, F& 714 JhFeR AFE wF= Al F
¥ ez YA

2) WE AYTA

14 Addske e ALY FAAA V@] Uehix 2w, A7t n2A 2
ol 3101 48 Au7 B4 vehgch 20 =209 AN AWE T duUES 2A)
#E2 s WY FAT ALY IR A2 golshl a7 A PRS2
UIME Ax 2 299 $A7} AR golEen Qs Ysta Fgoz Aol Ebsil
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9. dEFE Be ¥4 FASAM FAZ FAR 718, o] 242 Fae 249 FYES
F, A 3 715E FAAG. 22y o] FHedAM] FFEHol A FAHA AA =A B
5o dAze T F£F3FANA WYo] QAEHER ol £d & e dF7F ERsE o
HYE Ax ALY AN FEsHe 24 98 FstiM FA7 EA8A o8k, &
A 5L Adde aFE AFAS o2 A& 13 FH=A 9 A¥AA JHF B H
AP ALR TP L F=she 7S FE3 FRsYTtn 4ZEn.

3) g9 :

gl dMe Bo A=Ee] FE43 ko dis Fh 2yt 3F F3A AE
Zte] ke 71E %9 450 o 4 PlAA XIEA, A=EY dgS d4dAvEn vt
A o AFAAsE 23 WA A 2, 3] A¥ 142 A AlFe] AAe] UF
HAu-

Wi
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Fig. 2 Results from the 1st forming process
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(a) desirable shape (b} shape from experiments
Fig. 3 Defect from inner ring by the experiments
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Fig. 4 New processes for forming of rings
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Fig. 5 Initial mesh system and die set-up for outer ring Fig. 6 The final result and distribution of
effective plastic strain for outer ring
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Fig. 7 The distribution of thickness for outer ring Fig. 8 3 dimensional figure of outer ring
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Fig. 9 Initial mesh system and die set-up Fig. 10 The result of 1st drawing process
for inner ri
nne for inner ring
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thickness (inm)
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Fig. 11 The result of 2nd drawing process Fig. 12 The result of flanging process
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Fig. 13 The result of 1st bending  Fig. 14

process

Thickness distribution

The result of 2nd  Fig. 15 The result of curling
bending process process
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Fig. 16 The distribution of thickness for inner ring
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Fig. 18 Initial mesh system for analysis of elastic deformations
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