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Study on the Deformation of a Sheet Metal Structure due to
Stamping Residual Stresses

Kwon Hee Kim and Hee Sang Kwon
Industrial Design Laboratory

Abstract

Rectangular frames of thin sheet metals are press formed during their manufacture. The
multistage process includes blanking, stamping, bending, and trimming. After stamping the
sheet is subjected to warping and twisting due to residual stresses. The twist is not
desirable since it affects the subsequent assembly processes. Study has been performed to
predict. the twist.
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TEUYRE T2 FYse ARHE 4 4 frame blanking, stamping, bending, trimming
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4 % frame & 4% ¥ HWEYo] Q& o|AHA ASolm Anas a9 2 9 B A3 o)
2ol Wl dizte AAsE AEYA dd ol HNEYe Yy TRAZA Ao LA} =
TS 4% oz AZGEY. HEYY YAL B 9Yatd Hg a9 1 o BQ
RAAY 4 2 frame & FH=v(left member), ‘&% ¥ (upper member), %W (lower
member), §-5 ¥ (right member) o] 4 ¥¥ o2 Yo Hztarz wu. Aq4714 $&gu g
Adstne Yoz 3 REL Y4 fAGS ¢ 4 Yo = 7 BE S o] oz bead
E EWHIL glon Aol WPl edge bending RAES Xz gt 4 2} frame A<
springback & ©|&3}7]) 9t HE AW, Arun 378 2] bead stamping I edge
bending ©] springback ol 1" JEL "X =7tE Adeluslz o
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2% 3 & 4 7 frame 4E WY 29 FFLY YHE E4Hoz HYet 2 gt} Bead
stamping & 1% punch stroke FFe|M punch 2wz} A% bead WH 9 AE bead
o ALY (y-3%) o2 AF (Soy, elongation, €,>0) =3 bead Zo] W& (x-ug
2R £381% e A% RA €9 289 bead W AAE blank holder ¢} F¥odj
At F&5o] 3 stamping punch | YA Wo| YOTZ bead 9 x-wg 2
SASA Bt olo] Wl bead WRolE x-Wgoz o AFEY (0, > 0 )o] SA3A



513 bead Yol e Wgoz 4F HFRETH (0, < 0 ) o LA gt Bead & %
Boue] ZAG|A frame W3 WFoz X$H A7) W& bead ¥ x-¥Y £FS 19
4(a) o) B AP x-y HAWlA e H(in-plane bending)< gk oo AV v2A
gk 7ol in-plane bending o &3t 2¥ 4ol B AANY ¥ FA B -8F)

<
HoleW & (warping)°) wAsA doh

o

a9 3.4 Z frame AR AW Zo] UF FF Y

1% 4. Edge bending & 31X @< 4 Z frame 59 €A} 2 9] (springback).
(a) ¥HW ¥ (in-plane bending, ¥ &div]-&=20)
(b) BHolg W3 (warping, WA ¥ £=10)

Aol ZANMS o] bead stamping ©lF ) edge bending & F7+8til trimming & AHA
4 7 frame & A 3% o}Fol springback & A7IF Y 5 o HR) A3 o]l in-plane
bending ® warping © W% ZAx&A Bt

219 5. Edge bending ¢ in-plane bending # warping % EFRCERds e E9)
(a) HHY F¥(in-plane bending, W & ciu]-&=20)
(b) Holg W8l (warping, W TdHE&=10)

Edge bending ol¥ole 1% 49 dAs] 429 Bolg F ¥ (off-plane bending)ell gt

QH2ARRE [= f 22dA7} W& Z718t7) W E edge bending & A ¥ ZF ol Hl

#to] warping © A @AY ¥ 4(a)st 1Y 5(a)E vl2s 2H edge bending o &%
I, 9 Z7t= bead %l 9% buckling & A WY FY(in-plane bending) = &
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ojdel Y FAE FHARY e ¢ FES AL F Utk = 4 2 frame 9 =
WA E AT A5Wy, BRG], LY E bead stamping FA oA WA= BB L9
®¥22 springback ol ¢ FHW FY(in-plane bending)® HWolg & (warping) & I

2714 Eth 4 & frame o Hej7t RE A dAANE DS W warpinge AR wu o s
Aeh AFEE Zolok dtm wEtd 29 26 B AT e e vuAe HEYS FPu
W & ¥ (n-plane bending)ol ¥ RYL ¢ & Atk & AR Ay, H2y] sEows v e
frame 4HL2 HuAdte FFo] oy $59us} o] JASEE 4749 WH RS} 7
2ol Aol gl d¥ uEY (twisting) & #5atn FAL o)LgsA I 4 Z frame o
=EE AASY) Astds YA FY(n-plane bending) & JAFAY HA s uor
golol gt
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2.2 MAN
Sl AFE vkt 2ol 4 2} frame o HEYL Yol7] Yt = HHEY F3 (in-plane
bending) & AA3= ol Wasth 4 2 frame 9 in-plane bending & $ZAWE A A 8
Red v srauel $5 Afdo) VI Az Y2HEE AT 3 Axe w)
g $ g (a¥ 6 F=x).
I8 6. +59U8E AAY 4 & frame 9 in-plane bending.
39 79 B HHRDe FY(3Y), £P3 3, W (stamping, bending)Sh T2 (R Y

3) 2 789 I FEE @44 shell element £ FAHYEY 1 € 2 A7) 489 &
4o H2E Yetdia .

Y9 7.4 Z frame ¢ A¥HY 7y
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847 34 9 Axg €13 E  HYPERMESH, PAM_GENERIS
Y | HEaN duE : PAM_STAMP

software| A 2 Y A2 E : PAM_STAMP, NIKE3D

Fxa dx8g : PAM_VIEW

Bagzy ¢8 : 05 MPa(stamping), 1.0 MPa(edge bending)
HiAmE

bead stamping punch : 1m/sec

edge bending punch : 9m/sec

fqzd

HArd 2PaEd 1594, & 16,058 712l 4-node shell elements

bk A ) 0 SUS430, 0.3t, isotropic elasto-plastic material
23, 9, E93E&d . rigid material

Y 8 4 & frame A A9 €-¥3 & FAM(true stress - true strain)

WY AAE SUSA0 olF ARANWEH oS wlg Fe

por)

oz wiAct 29 8 & ¢
BAAe] $B-We &(stress-strain) FAE Yehla gk 2@ 9 £ M9 diide] He 4
Z} frame 9 AEX4E dgFFyoz wolxm vk, 1Y 10 & stamping - edge bending -
trimming - springback 2 ©A¥ X A& Jehlz Uk

a3 9.4 Z frame & AF X

In-plane bending AT & #9137 18t 28 10(c) A= $5AHE trimming 3t A A
st 19 10(d)= springback ©]¥ ¢ in-plane bending 3} warping$ R F 3 3tk 1¥
10(d) S1EQ MM ARy 082 &7 35dw Q&% T THAA( S predictea )7t &

057mm Z o=®th AAle ATo] ztE ¢2wvjel vBlEYZH(twisting angle) @ uenes (2



232 o 5° =2 24HAUT. $EUN Y FEZN o 150 mm olme &
Hell i $E5due] vEYe st FRUY LR B3 suuy o B =AY
(0)7F 443 F&H2 a3 2 A7 Yydn

6= K1— cosa) (1)

a =cos "Y1 — /1) (2)

KA [ = 150mm ¥ &pepiced = 0.57 mm & WLsw

@ predicteds = c0s (1 — 0.57/150 ) = 5.0° (3)
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@ predicted = @ gbserved 4)

HEAZO Y SN d3Ae F3E YASE §V22 HNBHY APHE gHHO
2 HelFm gln

29 10 HYTAY S HN A
(a) bead stamping (W $)&hu]&=1) (b) edge bending (¥ ¢ #u)&=1)
(c) trimming (8¢ & iu)8=1) (d) springback (‘8] & tin]-&=10)
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oA =¥ RAY L frame ©] HEFE AL bead stamping ¥ 34 QA=
&8l 710} Bead stamping ©1%¢| edge bending & in-plane bending 3} warping
BEE ZAANNE AR dou 4 7} frame ¢ HEYL TRHo D AAsedE 25
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welAl 4 2 frame @ HEYL A7) A= bead o Aol FHAAE FHANIIE %
gto] glojof BT}t B AFolME g 2L 27kA 9 FAAN WA ALTh

2%y 11 & 7129 4 2z frame ¥ HZWW o] double bead & EF3HE 4 & frame & §
zou2 AASAL W doiAE in-plane bending o L& wladtd veha ok ol
AFe el o] bead ¥ 9T springback FAAM Aolggor FEFIFmAse FIFl 3l
T o] WEo] bead & E¥eE AR dy, 3w, HEFW¥ot in-plane bending®l deitk
A 9o, 9o} o]= 2zt ww el in-plane bending ol ¥ FHHEE Ateld] £ 71E bead 9
drolwrge] ® 3ol bead & A AW 2 49 bead £ A7 FHW WHFAN 52
Z 5% in-plane bending ©} ZASA €t 4 & frame o & F4 FolX FFA et
BuwEs Zo] 022 double bead & 837 oiydth webd A& WH 7L double bead &
2835 ES 3= o] @AHQ Wte] k. 1Y 11 & /1€ AFF F#E5 ol double bead
7} 849 AT thste in-plane bending & ¥l@# Roln Anh. HEFAHe double bead
2 28%02M frame AAMAQ in-plane bending & ZA #4¥ F Y&EE Bolx )t
1Y 12 = double bead ol 93t warping £ ZA /MAHE A& Eoln 9l .

29 11, =9uo] LY double bead 9] in-plane bending A &3}
A gdnlg = 10
(@) 71&€ AF

(b) =9 o] double bead 7} A E AF

% 12 71& 4 2% frame ¥ #ZWvld] double bead & ¥ A F | warping ¥R
HA gl & = 10
(a) 71& AF

(b) =9 o] double bead 7} A E AF

Frame & SE5dL g3tsi7] % = e WL #5Wu o] FYH-H (bending edge) o

ZguAL o)X edge bending Al in-plane bending & EA3E Wl ayg 13 € 7



&9 4 & frame # FHZ9vlo) curved edge & Z= 4 Z} frame o $E9HE AAFQL

@ @I in-plane bending & FE& wlwsted Yelym 9o}, 71&9 4 Z frame 9 7
Ht in-plane bending ©] A ZAHE R E 2 9o

o
5

3% 14 £ curved edge & a1 71& AT 813t warping BA ZA AAHE RS
Heolx o}

249 13. Curved edge 9 in-plane bending & A & =}
M 2dulg = 10
(a) 71& AF
(b) #ZFWH o curved edge 7} HA Y AE

19 14. 71¥ 4 & frame 3} F=9vlo curved edge € Z& AF 9 warping 8T
U el g = 10
(a) 7]1& AE

(b) &% o] curved edge 7} HAY A=

4.4 &

Stainless steel 2r#o 2 A zEEs FLuty 4 7 frame & Z#2 ¥ olF springback o
A%t AEAA HIY 2 #F=2). ENZH FEYES bead R o] W= TFEH 9
@ Aol WA Bead 99 17832 springback FANA frame ©| 259, J2q
H, 8598l in-plane bending ¥ warping & WA HEYY AFHQA Qe
in-plane bending < fA&ol FAHUL. Frame o HEYL WAs7] 9sto in-plane
bending 3 warping & AstE 2 7} welo] AU Double Bead #<¢t3 Curved
Edge ¥<tol A=A Z 4ol fEA fE2s HHE Tid YzE Aeta 2
7HA AL ARAMY HeHe nese Hugoz MEY 4 e Hoz 7|
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(a) W 3% (in—plane bending, ™9 &clul&=20)

(b) ®uoiolg & (warping, ¥ 9l &y £=10)

13 4. Edge bending 2 stXl &2 4 2t frame A el EHM 5 3 (springback).



(@) "ol 2 #(in-plane bending, 9| &t cju] g8=20)

(b) ®oio| gt ' & (warping, W Solv] 8=10)

18 5. Edge bending 2| in-plane bending =} warping A & IH(AbS o 4 o 4%)
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a8 6. SEYHE HAHE 4 2 frame 2 in—plane bending.
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BEAD STAMPING PUNCH

EDGE BENDING PUNCH

a8 7.4 2 frame & MHAM oA



True Stress [MPa]

700 ~

600 -
500 |-
400 |-
300
E=210 GPa
Yield Stress=330 MPa
200
100 =
0 | | | | | ]
0.00 0.05 0.10 0.15 -0.20 0.25 0.30
True Strain

¥ 8. 4 2 frame &1 9 SH-HUBE FM(true stress - true strain)



(a) bead stamping

=S

S S B p———
e s ?“‘*‘g‘\\\\s“\“‘\—\\'\'{r\t«
< "( = . S ‘ =

(b) edge bending

ag 10, MEoAHY |FEeLHN 2T &y 2=1)
(a) bead stamping (b) edge bending
(c) trimming (d) springback



(c) trimming (% f &ty u| 2=1)

(d) springback (9] &tcjju| 2=10)

IH 10. YUY SL84y a1 (A%)
(a) bead stamping (b) edge bending
(c) trimming (d) springback
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(b) =ZHu{oll double bead 7t &

ag 11, =H&Yu{o]l E3E double bead 2l in—plane bending oA &2t

He &toful 2 = 10



(b) =&Y uol double bead 7} SME

A8 12, 71 = 4 Z frame B} =& oo double bead € &= H X9 warping
Holgdiuig = 10
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(a) 2I1& HA

hy

0=hy— h;=0.115 mm

(b) =&H{oll curved edge 7t &

a2 13. Curved edge 2 in-plane bending S X &3}

HolsdiulE = 10
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(b) ZH&ZAUsoll curved edge 7} HA S AE

a8 14. 71F 4 2 frame o HZAUHol curved edge €& 2= A E 2| warping
Helgdulg = 10



