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X H : Door Frame Springback Simulation
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718141 - R200, R500, R10000]| CH3t Bending 244 A| ZH ModelOf 24l

LHE :1 CHA : CAD Data 3! 2 HE Q=
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Bending Analysis Strategy (Springback)
Door Frame & Material Properties (&A|& & &)
Radius Model (3Case)

Door Frame & Guide (1Case)
Analysis Scheme & Model Simplification

Door Frame FE Modeling
Radius Modeling

(R200, R500, R1000) “Case#2"

Finite Element Modeling
(Guide Model) “Case#1”
Boundary Condition Boundary Condition
Standard General (Explicit) Standard General (Implicit)
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Door Frame Springback Analysis
- Case #1 -



Do

Door Frame Model Check

« Door Frame Model 8! Dies Design Model 2t

« Bending Analysis& 2[5 2 Ct=3} (Mid-Surface)

Initial Model (1) @& 2 """ .

Bending Model

L.

L.

z

L.

Door Frame 2 Model
(Initial & Bending)

Initial Model (1t)

Mid-Surface Model
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+ Dies Design Model =7 (Inside Part = &)
EL-ERLE:

e Door Frame Partition 2444

Dies Model
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=x

Dies Inside Part

Door Frame Initial Part

Door Frame Model
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E 3238 - S M2 nes
* Reference = = o'—l- Al 5052-H32 XHEE © 1o ( = "-_"—_?—) *ANE23 : Fatigue Strength Evaluation of Self-Piercing Riveted
Al 5052-H32 Joints under Mixed Mode Loading Conditions

o
« Dies &l Rollers ;2 =/ Rigid2 74

300 —————r—— 77—
[ * Door Frame Material
B : Plastic Strain 0 005 01 0.2 0.3 0.1
200 - {(b{fé__‘\n% ]
[ \ ] Yield Stress 170 200 205 210 215 234 .4
g 150 -
@ i Tensile test ] Densit Poisson’s Elastic
i gﬁgﬁ;fgf” 4 y Ratio Modulus
X UTS = 215.5 MPa i
¥ rairsnilil: Door Frame Al 5052-H32 2,68 g/cc 0.33 70.3 GPa
—A—Tninmg

| IR TN N T TS U

0 002 004 006 008 01 012 014 - We used AI5052-H32 materials from required parts to apply the Door frame
e - The material information are Paper

Al 5052-H32 M 2AH= (&

0
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DoorsEramegspringback¥AnalysisEGasey18=
|

FE-Model0j| Clji'et Element Type Check (Basic FE Model Quality Criteria)

- HALZSH Ol HOLbs HE (EH ) . 249| 5/E8 HAOZ, NodeO| Mo AX| 47|
- 8% TUB 29 21, Lk 29 5L, —_| Vectorgt HHEA| £|of Error &2
£33 Wi 2ol wrt 2 %E 518 ® Aspect Ratio
4 Warp =7
arp = —
LI Warpage P=3
b b
Skewness o |
a \ s = spo
* NodeZ7t M2 28 Y 8% NodeE0| ME g2
Max. Quad Angle Z7| 5|0, 0|2/t ASNodeS 2 M2 H| =20l

Min. Quad Angle

Max. Tria Angle

Min. Tria Angle

\

| —
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Jacobian

Elements ZE H2Q|

AEf 2 Singularity Error 254

Skew = a

o UXHEA (XY2) < SEEAC( 6)
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FE-Model Generation

« FE-Modeling 8! Analysis Constraints M7

= L

*Mesh ZE H2

Aspect Ratio - Number of elements : 15,455

- 1 . 0,
Warpage Analysis errors: 0 (0%)
- Analysis warnings: 0 (0%)

Skewness

Max. Quad Angle

Min. Quad Angle

Twist & Bending
Max. Tria Angle - Number of elements : 10,486
- | . 0,
Min. Tria Angle Analysis errors: 0 (0%)
- Analysis warnings: 0 (0%
Jacobian y 9 (0%)

_OWEMMAAETY
R3D4 Element

Door Frame Analysis Mgiel
D o[
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* Door Frame Model /2™ 50mmY <G| 6 D.O.F(Degrees Of Freedom) All Fix & &

- MOO|= 27} 100mm Y'Y Partition M = A HQ X Q|

+ Tension, Bending, Springback &l{4]==3i (Total : 2Step) ,/*\
- 1Step : Tension Analysis (9,800N)
Bending&Twist Analysis (Dies Guide &)

Contact

R Coupliﬁg Constraint
L’ (Kinematic)

- 2Step : Springback Analysis(Stress Mapping)

« Zt StepHZE S| S +HSIH, MEEH9| Tension : 9,800N

Springback

(Stepl)
i i i " (Step3)
Yield Stress 9 UTS(Ultimate Tensile Strength) Al i 6 DO 5\ p Bending & Twist
stol gl 2 5l (Dies Part) (Stepl)
All Fix : 6 D.OF
SENIAF)
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Analysis Result (1Step - Stress)

* Door FrameS DiesOf| & A|Z7]|7] &3, Bending 3l Twist SffAd =24
- Z[0ISH2 UTSO|&o| |-IE HOILIX| fon, a=2SHEL} 64.6MPal0| =2 +=X|& 2 ¢
- =T DHEAE Q| A0 FZHM HEEE EY

n

0.000e+00
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wg: 75%,; wg: fo]
2284840 ¥2.284es
18%eet
Tigaver
+1.698e+02
+1 +02
T131er
Thisen
i pEFEA
17548es
.| 1 + +01
+3.] 1 +3.774e+01 +3.774e+01
s Tigares Tiaeer
i 100006+ T8 60es
z z z
.L‘ I—b X 1—; Y
% Y

Door Frame Analysis Result (Movie) = SEZAF)
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Analysis Result (1Step - Stress)

« Door FrameZ& 9,800N2| Tension &Ej 2 FX|StH, Bending & Twist Analysis A1} &4
Max. Stress= M| & SIEHRO|AM CHEE LA, HER D 20| Feks M2 Ea

£
=
d9d J|=o 2 22610 & [, ©®226.4MPa, @176.8MPa, ®213.4MPal 2 H|E&1 g8 X7

Door Frame Analysis Model (Movie) Door Frame Analysis Model (Picture)
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Analysis Result (1Step - Displacement)

+ Max. Displacement= 529.8mmO|H, X7|HE S|t A|-IK| BEHO|A st

e SME E), £7| Fix X|™H0|| A RF(Reaction Force) == (19,120N)

n

U,

=
o

Hé
ORDEmRNLOLARND

U, M

d , Magnitude e
+5.298e+02 +5.298e+ -+
+4.857+02 +4.857e+ +4.857e+
+4.415+02 +4.415e+02 ¥4.415e+
+3.974e+02 +3.974e+ +3.974e+
+3.532e+ +3.532e+02 +3.532e+
+3.001e+ +3.001e+ +3.091e+
+! e+0; +2.649e+ +: e+02
+ e+ +2.208e+ + e+
+ 6e-+0. +1.766+ + e+02
+1.325e+ +1.325e+ +1.325e+
+8.831e+ +8.831e+ +8.831e+
+4.415e+ +4.415e+ +4.415e+
+0.000e+ +0.000e+ +0.000e+
z z z

J"‘ L X L Y
X Y

Door Frame Analysis Result (Movie)
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IHX|Z Free State 2 Step20f|A{ I

L
+ Springback 3142 Bendingdt Twist Et2ko| HICH Higko 2 HHMSIH, £[CHEH | 13.7mm Springback 29l

« Tension, Bending, Twist sjA 2t7 &, IHME X 2lst
H

ssssss U, Magnitude

ISO View (Stress) ISO View (Displacement)

+5.124e+02

SNEG, (fractiol 1.0)
(Avg: 75%) +4.697e+02
A gt
JEw i 7 +3416e+02
+1.308 . H .
435 All Fix : 6 D.O.F All Fix : 6 D.O.F

Springback

Springback 1
X Y

Springback Analysis Result (Movie)
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Analysis Result (2Step — Displacement)

« ZtZ0] [}ZE Max. Displacement(Springback)= X&(12.8mm), YZ(9.0mm), ZZ(13.7mm) 2 Hy FAt=tol

X-Axis ISO View Y-Axis ISO View Z-Axis ISO View

, UL U, u3
-1 -7.334e+01 -4.886
-1 -6.700e+01 -4.480
-1 -6.066e+01 -4.073
-1 -5.433e+01 -3.665
-1 -4.799e+01 -3.257
X -4.165e+01 28508
8! -3.532e+01 2,442
6. -2.898e+01 2.034e
5. -2.265e+01 1,627
-3 -1.631e+01 1219
2. -9.973e+00 8.114e+i
-3, -3.636e+00 4,037
+5. +2.700e+00 3,920

e B A

Door Frame Springback Analysis Result (Movie)
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« Z-Axis 7|&=2 2 SprigbackZE =t0I8t1, FToHY

Z-Axis ISO View

Node : 11,808

Node : 11,890 @

Node : 11,024 (1)—
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Analysis Result (2Step — Displacement)

« Z-Axis(U3)0f| LSt Door FrameQ| Z0|2tato 2 PathE X|™HSI0, 4742| NodeE M™H = 7| 27| ALt
« Graph?| 7| 27| 4|O|E& Bending2tz A|ZO0f| A SpringbackO| Al

- 2ot HO|Els HAMY|S7|2 B8 Z2=@©) &E

200
0

100
200
300
400
500 /

600

Z-Axis(mm)

400 600 800 1000 1200 1400
— X-Axis(mm)

= Initial Step
—— Step2(Bending)
—— Stepl(Bending)

7t w0 ot 7|27

\ramla SpPringbackeAnalySisEGase 1=
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+ Path NodeOj| CHot Z-Axis(U3) O|O|E{ 2 37tX|2] 7| 27| HH

- 37bX|9] 7|&7| & €8otY, 1

= =20

Aloz Bl 92
+ Springbacke H2[0] H|H8IH, DS 7|ECZ QO Z Q|

712710 gt 4= =
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>0
w s

=
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*U30j Cist Springback Data

(@) Springback : 13.7mm / 0.75°
(@) springback : 11.3mm / 0.65°

(3) Springback : 7.3mm / 0.48°

@ Springback : 0.01mm / 0.26°

5 s X5 (F)
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Door Frame Springback Analysis
- Case #2 -



mm:-) SPringbacksANalySiSERGase s 28=

Degree0j| [[}= Door Frame Bending & Springback Analysis Scheme

Original Model

Analysis Model

z

L.

Door Frame Model2 R200, R500, R1000 Bendingst0f Springback <9l

7|&E Door Frame ModelOf|A] L& 2F 425mm2| ZO|Z =H35}0{, Bendingdli Al &
Total Step 27} X| 2 Bending 5! Springback sjjA4 =I2H
Radius 37}X| Roller & 49| CAD Modeling 8! FE-Modeling =

AL
(=)
2

R1,000

L ? I L L

—— 42639mm —|

R500

R200

Analysis Roller Model = s 2A(X)
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e e,

C3D8R Element

_________________ —

Roller Model :
(R200) -

O mma SPriNgLAckIANalySISERGase R 28=

== ~426.39mm

=

7=
1
o

I O 7 T

1]
=

H
2]
i,

@

5T

77

77

S o 1 Y
A O (]

<2

o

Door Frame R200 Model
(FE-Model)

Door Frame Part

J S4R Element

*Door Frame Part

- Elements Number : 4,675

- Analysis errors: 0 (0%)
- Analysis warnings: 0 (0%)

*Roller Model

- Elements Number : 832
- Analysis errors: 0 (0%)

- Analysis warnings: 0 (0%)
—
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Analysis Result (1Step-Bending)

« Z-Axis(U3) 7|=2 2 1Step — Bending Analysis =215} 0], Displacement 20l

R200 ISO View R500 ISO View R1000 ISO View

uU,u3 u,u3 u,u3
-2.763e+02 -1.302e+02 -t
2/533e+02 -1194e+02 S5t
-2.302e+02 -1.085e+02 5.194e+01
-2.072e+02 -9.767e+01 675e+01
-1.842e+02 -8.681e+01 4.155e+01
-1.612e+02 -7.596e+01 3.636e+01
-1.381e+02 -6.511e+01 3.116e+01
-1.151e+02 -5.425e+01 2.597e+01
-9.209e+01 -4.340e+01 77e+0
-6.906e+01 -3.255e+01 1.558e+01
4.6042+01 -2.170e+01 10386401
-2.301e+01 -1.084e+01 51866400
+1.647e-02 +9.245e-03 +5.110e-03

z z z

RZ}0f| [}E Door Frame Bending Analysis Result (Movie)

—
WU

U DONGJAE INDUSTRIAL CO.,LTD



Analysis Result (1Step-Bending)

« Z-Axis(U3) 7|=2 2 1Step — Bending Analysis =215} 0], Displacement 20l

R200 Side View R500 Side View R1000 Side View

U, U3 U, U3 U, U3
-2.763e+02 -1.302e+02 -6.233e+01
-2.533e+02 -1.194e+02 -5.713e+01
2.302e+02 -1.085e+02 21046401
-2.072e+02 -9.767e+01 -4.675e+01
-1.842e+02 -8.681e+01 -4.155e+01
-1.612e+02 -7.596e+01 -3.636e+01
-1.381e+02 -6.511e+01 -3.116e+01
-1.151e+02 -5.425e+01 -2.597e+01
-9.209e+01 -4.340e+01 -2.077e+01
6.906e+01 3.255e+01 1.558e+01
-4.604e+01 2.170e+01 -1.038e+01
-2.301e+01 -1.084e+01 -5.186e+00
+1.647e-02 +9.245e-03 +9.110e-03
z z z

L. L. L.

RZ}0]| I}E Door Frame Springback Analysis Result (Movie)

=) 5 s X5 (F)

0 GJAE INDUSTRIAL CO..LTD



Analysis Result (2Step-Springback)

« Z-Axis(U3) 7|=2 2 2Step — Springback Analysis =245} 0], Displacement 5! Degree =}Ql

R200 Side View R500 Side View R1000 Side View

u,u3 U, Uz U, U3
2.719e+02 0420401
2.492e+02 6206401
2.266e+02 4.202e+01
20392402 3.782e+01
18122402 313616401
1.586e+02 2.941e+01
13590402 55510401
1.133e+02 2.101e+01
9.062e+01 1.680e+01
£.7960+01 15600401
4.530e+01 §.3006+00
-2.264e+01 43970400
+1.553e-02 k0003
z z

RZ}0]| I}E Door Frame Springback Analysis Result (Movie)

DONGJAE INDUSTRIAL CO.,LTD



« Zt RgtO|| 2 Bending 8H41=, Door Frame Springback $4&2 EEF Node(No.1514)0{| M =0l
=

- @ R200 Springback, @ R500 Springback, ® R1000 Springback

R200 ISO View R500 ISO View R1000 ISO View

u,u3 u,u3 u,u3
-2.763e+02 -1.302e+02 -6.233e+01
-2.533e+02 -1 194e+02 -5.713e+01
-2.302e+02 -1.08! -5.194e+01
-2.072e+02 ~9‘767 01 -4.675e+01
-1.842e+02 -8.681e+01 -4.155e+01
-1.612e+02 -7.596e+01 -3.636e+01
-1.381e+02 -6.5 -3.116e+01
-1.151e+02 -5.42 2.597e+01
-9.209e+01 -4.340e+01 -2.077e+01
-6.906e+01 -3.255e+01 -1.558e+01
-4.604e+01 -2.170e+01 -1.038e+01
-2.301e+01 -1.084e+01 -5.186e+00
+1.647e-02 +9.245e-03 +9.110e-03

Springback &7 2|X| Springback &8 ¢|X|

.—L ' Springback =3 {| K| ,_L

ML)
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Do

Analysis Result (2Step-Springback)

= oAE 2

- Path Node0j| CH3F Z-Axis(U3) T|O|E{ 2 37}X|2] 7|S7| MM
2t s

onf #Helet Bl 5

- Main Door Frame Model1} = 3}A|
Fage] 3V

1

+ Springback &2 R0 MS+E

*U30j c st Springback Data

@ R200 Model Springback : 443mm / 1.13°

@ R500 Model Springback : 9.83mm / 1.41°

(3) R1000 Model Springback : 11.92mm / 1.61°

712710 cHet 2= =F

D EUBYE)
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Conclusions

RLor Frame 3 PringbackiAnalysisERGase 2

Springback2 Displacement0f| H|2{|5tH, RQ| Zf|(B AN e} HHH|g| &2
Twist2} Bending0j CHet Springback®F2 TwistZt 2 4= SpringBack® = F7}5t= o

ALS HoOol
2|5t DAl 8= DiesE T

O

o

0= 7| 2|5l A=, DiesQ| RZf1t Door FrameQ| Twistgf D55 12{5l0] A ZEQ
Z} StepE £ Bending 3 Twist2| Cliot St&, L], Moment DataE M- E9lCHH,
S 2NNCZ M 7tse A2

Dieso| RZ}0]| [}E Springback ZF

= =2
=

Dies Model
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