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개  요 

  Door Frame Springback Simulation : ָࢿ˕ �

� ̛ɾ : 2020ϗ 21࣯ ࡖ3 ~ 3࣯ ࡖ (3࣯ɾ) *ʺ۰ࢶ ॳˈ 

� ܹଭ̛˗ : ࢇٱଔৼࢇ෴ 

� оۘ : ࢕Ѱ८ Door Frame Model 

 Ҭհ Springback ٗ۱ (1case) ߾Bending ,ࠆଜࡈࢇ ࡶDoor Frame : ࢶּ �

          ঴ɼଥ۱ : R200, R500, R1000߾ оଞ Bending ݤۢ؈ ɽ Modelۢ؈ ߾ଜЕ Springback ٗ۱ (3Case) 

� ΰ1 : ࡈ Я˃ : CAD Data ܹ࢏ ؿࢽ۽י ؀  

           2 Я˃ : Analysis Scheme ؀ Model Яܻ୘ (Mid Surface ࢖߶) 

           3 Я˃ : FE Modeling & Assembly 

           4 Я˃ : Analysis 

           5 Я˃ : ফࣗ іࢇਫ਼ ٗ۱ ؀ ʼ˕۽࢖ ۰ˈؿ 

� ֻљր S/W : CATIA V5 

� ଥ۱ࡈ S/W : ABAQUS 



 ୉ض ࡶԻ ୉ۘࡳ஦˺ ࢶߏʈ ߾Dies ,ֲੁݤBending ࡶѰ८ Door Frame࢕��

 ߆ળ ۽੼ଥ Springback ઞ ࡶ۱ٗ ˬٸ ˕૽ࢿࠬ ࢿݨ ؀ ࢽ্ ࡶଜЕ Springbackۢ؈ ୉ ୯ض  

프로젝트의 목적 

��ɼࢇҖ߾ Ҭհ Bending ଥ۱ ʼ˕ ૽ࢿࠬ ؀ ֻљ˕ ٸˬଞ Springback ʼ˕ Ѧষ 

 оଞ Springback ˁଯ ߾Rʅ ࠆଜˬٸ Bending ଥ۱ ʼ˕ձ ࢂ������5�����5�����5

해석 결과물 

프로젝트 일정 

 ࢊD+18 ࢊ࢖ݤ

ʼ˕۰ˈؿ CAD ֻљ ܹࢻ/  
ֻљր ܹࢽ 

Analysis 

D+3ࢊ 

Kick off 

D+5ࢊ 

Mesh ۢ۽/ 
Quality Check 

D+21ࢊ 

ʼ˕ٗ۱ 

Project Plan 



Bending Analysis Strategy (Springback) 

Door Frame & Guide (1Case) 

Door Frame & Material Properties (Ѱࢢ˓߶෴)  

Analysis Scheme & Model Simplification 

Radius Model (3Case) 

Door Frame FE Modeling 

Radius Modeling 
�5�����5�����5������ę&DVH��Ě 

Finite Element Modeling 
�*XLGH�0RGHO��ę&DVH��Ě 

Boundary Condition Boundary Condition 

Standard General (Explicit) Standard General (Implicit) 

ଥ۱ʼ˕ ٗ۱ 

Analysis Flow 



Door Frame Springback Analysis 
- Case #1 - 



 Door Frame Springback Analysis - Case #1 - 

Door Frame Model Check 

� Door Frame Model ؀ Dies Design Model ୙ؿ  

� Bending Analysisձ ࡢଥ ֻљ Яܻ୘ (Mid-Surface) 

Mid-Surface Model 
Door Frame 2 Model 
(Initial & Bending) Initial Model (1t) 

Initial Model (1t) 

Bending Model 



Dies Design Change & Assembly 

� Dies Design Model ܹࢽ (Inside Part Ѧষ) 

� Door Frame Partition ۢ؀ ۽ ଥ۱ࢽ۴ ࠇࠒ 

Dies Model 

Original Dies Part 

Door Frame Model 

Door Frame Initial Part 

Dies Inside Part 

Local coordinate  

150mm  
Partition 

50mm  
Partition 

50mm  
Partition 
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Material Properties 

� Referenceձ ୛ࡈଞ Al 5052-H32 ࢢՎࡈࢶ ۽י (*ॳˈחଲ) 

� Dies ؀ Rollers ࢢՎ۽י RigidԻ ˱۽ 

* Door Frame Material 

Al 5052-H32 ࢢՎʠѰ (ॳˈחଲ) 

Fatigue Strength Evaluation of Self-Piercing Riveted 
Al 5052-H32 Joints under Mixed Mode Loading Conditions 

*ॳˈחଲ : 

List Grade Density Poisson`s  
Ratio 

Elastic  
Modulus 

Door Frame Al 5052 ė H32 2.68 g/cc 0.33 70.3 GPa 

Ř�:H�XVHG�$O����ėH32 materials from required parts to apply the Door frame 
Ř�7KH�PDWHULDO�LQIRUPDWLRQ�DUH�3DSHU�� 

Plastic Strain 0 0.05 0.1 0.2 0.3 0.1 

Yield Stress 170 200 205 210 215 234.4 
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FE-Model에 대한 Element Type Check (Basic FE Model Quality Criteria) 

Aspect Ratio 

Warpage 

Skewness 

Max. Quad Angle 

Min. Quad Angle 

Max. Tria Angle 

Min. Tria Angle 

Jacobian 

Elements 검토 범위 

 (ࡢإ ঴ঊ) Ѧࢽ ΟЕ߭ا ۰߾ɽ୉یࢽ��

  ,5:1 ࡢٕ ؆ࢊ ,2:1 ࡢٕ ԯ खࣸࡻ -  
    ঵ࡻԯ ࡢٕ ۢ؈Е ؿЬ ਼ ʅѦ ରࡈ 

 ࡢإ ɽѦ ࢂܕࡁɽی��

  ࡢإ ɽѦ ࢂܕࡁɽ۔��

��1RGHɼ ۰Ի ̒ࢻଟ ˁࡉ, NodeҚ۰ ࢇԻ ࠒଯࡶ  
  ࣯ʯ Ѹֲ, ࢇԜଞ ˁࡉNodeҚ۰ ࡵԻ ٸѧվࢉࢶ  
  ۘ੓Ի Singularity Error ۢ؈ 

  ऐܹ ࢿݨ ࢂ۰߾Ի, Nodeࡳۘୃ ҋડս ࢂܕࡁ �
  Vectorࠪ Ьծʯ Ѹ߭ Error ۢ؈  
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FE-Model Generation 

� FE-Modeling ؀ Analysis Constraints ۴ࢽ 

� Mesh ʦੵ ࡢإ փ࣐ ୙ࢉ, ˱࣏ଥ۱ݤ ଥ۱ ܹԲ۽ ऎɼ ؀ ʼ˕ ࠝ८ࡢإ ʃܕ 

Door Frame Analysis Model 

Twist & Bending 

Dies Part 

Door Frame Part 

R3D4 Element 

S4 Element 

- Number of elements : 15,455 

- Analysis errors:  0 (0%) 

- Analysis warnings:  0 (0%) 

- Number of elements :  10,486    

- Analysis errors:  0 (0%)  

- Analysis warnings:  0 (0%) 

Aspect Ratio 

Warpage 

Skewness 

Max. Quad Angle 

Min. Quad Angle 

Max. Tria Angle 

Min. Tria Angle 

Jacobian 

*Mesh 검토 범위 
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Boundary Conditions (Analysis Constraints) 

� Door Frame Model ࢷ/୯ִ 50mm6 ߾ࠇࠒ D.O.F(Degrees Of Freedom) All Fix ࡈࢶ 
 

�  ࠹ࢿ ࡢإ୯ ଥ۱ ࢽPartition ۴ ࠇࠒ Е ঴ɼ 100mm߾ִࢷ
 

� Tension, Bending, Springback ଥ۱ܹଭ (Total : 2Step) 

  - 1Step : Tension Analysis (9,800N) 

              Bending&Twist Analysis (Dies Guide ॳˈ) 

  - 2Step : Springback Analysis(Stress Mapping) 
 

� ɽ StepطԻ ଥ۱ࡶ ܹଭଜֲ, ࢢՎࢂ۽י 

   Yield Stress ؀ UTS(Ultimate Tensile Strength) 

   ୙۱ٗ ؀ ࢉ ܹଭ 
All Fix : 6 D.O.F 

(Dies Part) 

All Fix : 6 D.O.F 

Contact 

Bending & Twist 
(Step1) 

Coupling Constraint 
(Kinematic) 

Tension : 9,800N 
(Step1) Springback 

(Step3) 
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Side View  ISO View 

Analysis Result (1Step - Stress) 

� Door Frameࡶ Diesࡢ ̛ੁݤ࢏ە ߾ଥ, Bending ؀ Twist ଥ۱ ܹଭ 

� ফоࡻԯࡵ  UTSࡢإ ࢂۘࢇձ ߭اΟए ֲࡳ߉, ତࡻـԯؿЬ 64.6MPaࢇ ϩࡵ ܹ৔ձ ࢎؿ 

   - ତࢺـ˕ ળЯࢇی ࢂࢺݤ ˱ɾ۰߾ ʠѰࢎؿ ࡶ۽   

 Front View 

Door Frame Analysis Result (Movie) 
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Door Frame Analysis Model (Picture) 

Analysis Result (1Step - Stress) 

� Door Frame9,800 ࡶNࢂ Tension ۘ੓Ի ࡪएଜֲ, Bending & Twist Analysis ʼ˕ ٗ۱ 

 - ˱ɾط Max. StressЕ ૽ࢿ ଜЯٕ۰߾ оٕٗ ۢ؈ଜٸ ,ֲࡳࠑડս˕ ɽѦࠒ ࢂଯࡶ քࡸ؇ ࡵ 

    ਾ ࢇଯࠒ Ьؿ৔ɼ ɽѦࡢ ડս˕ ˺஦ٸ ԻࡳҶ, £226.4MPa, ¤176.8MPa, ¥213.4MPa ك ࠆԻ ٗչଜࡳࣱ̛ طࠇࠒ   

1 

3 

2 

Door Frame Analysis Model (Movie) 

Twist & Bending 영향이 높은 영역 
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Analysis Result (1Step - Displacement) 

� Max. DisplacementЕ 529.8mmֲࢇ, ট̛ٕਫ਼ ଥ۱ࠬՎ ̧ࢺݤए ΖЯۢ؈ ۰߾ଡ 

� ଥ۱ࡶ ੼ଥ, ট̛ Fix ए۰߾ࢺ RF(Reaction Force) Ѧষ (19,120N) 

Side View  Front View  ISO View 

Door Frame Analysis Result (Movie) 
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Analysis Result (2Step – Stress & Displacement) 

� Tension, Bending, Twist ଥ۱ ࠬՎ ୯, ˈ࠹ࢿ ࡶࢺࢽଞ Ο֞एձ Free StateԻ Step2۰߾ ऑଭ 

� Springback ୃۘࡵ  Bending˕ Twist ؏ଯࢂ ؆о ؏ଯࡳԻ ۢ؈ଜֲ, ফо13.7 ࡢضmm Springback ୙ࢉ 

 ISO View (Stress)  ISO View (Displacement) 

Springback 
Springback 

All Fix : 6 D.O.F All Fix : 6 D.O.F 

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

� ɽ঵߾ Ҭհ Max. Displacement(Springback)Е X঵(12.8mm), Y঵(9.0mm), Z঵(13.7mm) Ի ض୉ ۘߦ୙ࢉ 

Door Frame Springback Analysis Result (Movie) 

X-Axis ISO View Y-Axis ISO View Z-Axis ISO View 
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Analysis Result (2Step – Displacement) 

� Z-Axis ࣱ̛ࡳԻ Sprigbackձ ୙ࢉଜˈ, ࣯ضࡁ୉ ࡢ৔߾ оଞ 4Pointձ ۴ࢽଜض ࠆ୉ۢ؈ ୙ࢉ  

Z-Axis ISO View 

1 

3 

2 

4 

Springback Model Initial Model 

Node : 11,808 

Node :  11,890 

Node : 11,850 

Node : 11,924 
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0 

100 
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500 
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200 400 600 800 1000 1200 1400 

Z-Axis(mm) 

X-Axis(mm) 

Step1(Bending) 

Step2(Bending) 

Initial Step 

Springback Path Node 

Analysis Result (2Step – Displacement) 

� Z-Axis(U3)߾ оଞ Door Frameࢇ̟ ࢂ؏ଯࡳԻ Pathձ एࢽଜ4 ,ࠆʎࢂ Nodeձ ۴ࢽ ୯ ̛ۏ˃ ̛ࡌ 

� Graph̛ࡌ̛ ࢂ іࢇਫ਼Е BendingࠬՎ ۰߾ࢺݤ Springbackۢ؈ ࢇଞ ࡶߦ ੼ଥ ୙ؿଡ 

  - ୙ؿଞ іࢇਫ਼Е ̛ࡌ۴̛ࢻձ ੼ଥ ɽѦ(Ɔ) ୙ؿ 

각 노드에 대한 기울기 

1 

3 

2 

4 

ȡ11.3 =ࡢض�mm 

ȡ13.7 =ࡢض�mm 

ȡ7.3 =ࡢض�mm 

ȡ0.01 =ࡢض�mm 
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Analysis Result (2Step – Displacement) 

� Path Node߾ оଞ Z-Axis(U3) іࢇਫ਼Ի 3ɼए۽ۢ ̛ࡌ̛ ࢂ 

  - 3ɼए̛ࡌ̛ ࢂձ ୛ࡈଜࠆ, ˬ८ࡳݪࣸ ࡶࢺԻ ଜЕ ࡶࡕ ੼ଥ Radian ʅ Ѧষ 

� Springbackٸ ߾ࡢض ࡵԷଜֲ, £ࡳࣱ̛ ࡶԻ ࡳु߇Ի ࡢض, Springbackࡵ ʃܕଜЕ ୉ۘࢎؿ ࡶ 

기울기에 대한 각도 도출 

Ȅࡕ�୎ ˓ݥ :  

Springback : 13.7mm / 0.75� 

Springback : 11.3mm / 0.65�  

Springback : 7.3mm / 0.48�  

Springback : 0.01mm / 0.26�  

*U3에 대한 Springback Data 
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Door Frame Springback Analysis 
- Case #2 - 



Degree에 따른 Door Frame Bending & Springback Analysis Scheme 

� Door Frame Modelࡶ R200, R500, R1000 Bendingଜࠆ Springback ୙ࢉ 

� ̛࣑ Door Frame Model425 ߟ ٕࢊ ۰߾mmࢇ̟ ࢂԻ ܹࢽଜࠆ, Bendingଥ۱ ܹଭ 

� Total Step 2ɼएԻ Bending ؀ Springback ଥ۱ ऑଭ 

� Radius 3ɼए Roller ୉ۘࢂ CAD Modeling ؀ FE-Modeling ܹଭ 

426.39mm 

Original Model 

Analysis Model 

Analysis Roller Model 

R200 

R500 

R1,000 
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Door Frame Model 

� Door Frame Model 426.39mmࢇ̟ ࢂЕ R200 Model߾ Bending ଥ۱ݤ ফо ̟ࢇձ ࣱ̛ࡳԻ ۴ࢽ 

� R200, R500, R10003 ࢂModelࡵ DoorFrameࢇ Bending୯ Roller߾ ֻѿ ࢻঠଞ ࣱ̛ۏ˃ ࡶଜࠆ ଥ۱ 

 

Door Frame R200 Model 
(FE-Model) 

426.39mm 

 Bending 

Roller Model 
(R200) 

S4R Element 

Door Frame Part 

C3D8R Element 

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) ࣱ̛ࡳԻ 1Step ė Bending Analysis ܹଭଜࠆ, Displacement ୙ࢉ 

R값에 따른 Door Frame Bending Analysis Result (Movie) 

R200 ISO View R500 ISO View R1000 ISO View 
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Analysis Result (1Step-Bending) 

� Z-Axis(U3) ࣱ̛ࡳԻ 1Step ė Bending Analysis ܹଭଜࠆ, Displacement ୙ࢉ 

R값에 따른 Door Frame Springback Analysis Result (Movie) 

R200 Side View R500 Side View R1000 Side View 
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Analysis Result (2Step-Springback) 

� Z-Axis(U3) ࣱ̛ࡳԻ 2Step ė Springback Analysis ܹଭଜࠆ, Displacement ؀ Degree ୙ࢉ 

R값에 따른 Door Frame Springback Analysis Result (Movie) 

R200 Side View R500 Side View R1000 Side View 
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Analysis Result (2Step-Springback) 

� ɽ Rʅ߾ Ҭհ Bending ଥ۱୯, Door Frame Springback ୃۘࡶ ΖЯ Node(No.1514)۰߾ ୙ࢉ 

 - £ R200 Springback, ¤ R500 Springback, ¥ R1000 Springbackࢽ۴ ࡶଜࠆ, ʼ˕ Ѧষ 

R200 ISO View R500 ISO View R1000 ISO View 

1 
3 2 Springback ্ࡢࢽ৔ Springback ্ࡢࢽ৔ Springback ্ࡢࢽ৔ 
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Analysis Result (2Step-Springback) 

� Path Node߾ оଞ Z-Axis(U3) іࢇਫ਼Ի 3ɼए۽ۢ ̛ࡌ̛ ࢂ 

  - Main Door Frame Model˕ Ѱࢊଜʯ ʼ˕ Ѧষ 

� Springback ࡵߦ Rʅܹࡶࢶ ߾Լ, ʃܕଜٸ ࠪࡢض ֲࡳࠑԷଜЕ ˗˃ձ ࢎؿ 

기울기에 대한 각도 도출 

R200 Model Springback : 4.43mm / 1.13� 

R500 Model Springback : 9.83mm / 1.41�  

R1000 Model Springback : 11.92mm / 1.61�  

*U3에 대한 Springback Data 
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Dies Model 

Step1 Step2 

Step3 

Step4 

Step5 

Conclusions 

� Bendingփ ऑଭବࡶ ˁࡉ, Springbackࡵ Displacementٸ ߾Էଜֲ, Rࢂ ʅࢂ(ˁی)߾ ҬԂ ؆ٸԷ ࡵࢶ ʠѰࢎؿ ࡶ 

� Twistࠪ Bending߾ оଞ Springbackࡵߦ Twistɼ ਽ ܹԼ SpringBackߦѦ ऎɼଜЕ ୃۘࢎؿ ࡶ 

�  ࡁଗ ˃۶ ࠆTwistʅ ֻѿձ ˈԮଜ ࢂRʅ˕ Door Frame ࢂଥ۰Е, Diesࡢ ଜЕ Diesձ փҚ̛ ࢕ˈଜࡕ

  - ɽ StepطԻ Bending ؀ Twistࢂ оଞ ଜࣸ, ࡢض, Moment Dataձ ࡈࢶଞЬִ, Diesࢂ Rʅ߾ Ҭհ Springbackԛࡶ 

    шࡊ ୪˕ࡳࢶԻ ʎ۴ ɼМଟ ʨࡳԻ શЯ 

      

 

 Door Frame Springback Analysis - Case #2 - 


