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Closure Deformation

By Opening Equipment
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▣ Closure Deformation

Always Acting
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Deformation ↑

GAP & FLUSH ↑

Appearance Quality ↓

▣ Closure Deformation 3/12



AS - IS

Simulation with optimized values

Develop improvement plan

TO - BE

1. Overview of Technology Development

□ Using inefficient improvement plans

     - Increased part thickness and size → Cost&Weigt increase

      - Excessive M/H due to repetitive work

      - Opening/Closing force is hard to compute

         → Adjust Gas spring position is difficult

□ Improvement through Kinetic System Optimization

❑ Effects
- To derive an improvement plan that minimize cost and weight increase

- Reduce car development time without the need for data transfer between design/simulation part

❑ Purpose

- Development of a technique that minimize deformation while satisfying the opening/closing force of the     

       closures through kinetic system optimization

❑ Content
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Opening

Closing

Convert to 

Kinetic

Model

S

1
S

2

Analyze 

Opening/Closing

Force

SPEC

Simulation&Test 

repetition

OPEN

CLOSE

Gas spring

Optimize

Make 

improvement 

plan

Simulation with

optimized values

Improvement plan

Force S1 S2

-26 -2.0 -1.7

4/12



2. Development Process

Kinetic Model
Conversion

Opening/Closing 
Simulation

Optimization

• Model conversion for 

     Kinetic simulation

• Closure Opening/Closing simulation

• Kinetic model generation of 

     Acting hinge structures

     (Gas spring + Link of Hinge)

• Analyze Opening/Closing Force

Gas spring
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1. Process

• Generate DOE Model

• Optimizing  & Verification

S1
(X/Z)

S2
(X/Z)

Force S1_X S1_Z S2_X S2_Z

368 141 587 -95 513
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1. Process

Development Kinetic System Analysis Automation Tool (S/W : ANSA) 

User manually configure kinetic system and input 

every value in system

→ Overtime & Complex

①

②

③

① Kinetic Model Conversion

② Opening/Closing simulation

③ Optimization

Automate the entire process

using task manager
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2-1. Kinetic Model Conversion

1. Select Part type 2. Set Body/Ground/Link

Conversion ToolDeformation Model Kinetic Model

4. Input Gas spring Position & Force information

2. Development Process

3. Set Joint
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2-2. Opening/Closing Force Analysis

1. Opening/Closing Simulation

Kinetic Model
Analyze 

Opening/Closing 
Force

3. Caclulate Opening/Closing Force

Check whether 
Opening/Closing force

Is satisfied

SPEC

Opening/Closing Simulation

2. Development Process
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2-3. Optimization

Analysis Result Generate DOE Model

1. Set the S1/S2 point within design allwances

S1(mm) S2(mm)

X ± 3 ± 2

Z ± 5 ± 5

MOVE

MOVE

2. Generate DOE model using S1/S2 & Gas spring Force

ADJUST

3. Get Force & Angle value by 
Simulate all DOE models

X : FORCE
Z : ANGLE

2. Development Process

S1
(X/Z)

S2
(X/Z)
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2-3. Optimization

Optimizing Deformation Simulation & Make improvement plan

2. Development Process

2. Verification of improvement through 
deformation simulation

& suggestion of improvement plan 

Move

Reduce

1. Set the Constraints
, Objective

2. Select the doe model closest 
to the spec automatically.

Select case24 automatically

3. Get Optimizing Result
→ Derive the variables with smallest Gas spring force 

While satisfying the Opening/Closing Spec

G/Spring 

Force
S1_X S1_Z S2_X S2_Z

368.96 141.90 587.47 -95.61 513.65

1. Create a simulation model that 
reflects the result of Optimization.

BASE
Improved

Model

0.597
0.509

(-15%)
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2-4. Applicable Case

2. Development Process

Base Model Kinetic Optimization Model

Deformation max : 0.597mm Deformation max : 0.509mm

Improved Deformation by 14.9%(0.598mm → 0.509mm)

→ Kinetic Optimization can improve deformation without increasing parts thickness & size

Changed Amount Compared to the Base Model

G/spring (N) S1_X (mm) S1_Z (mm) S2_X (mm) S2_Z (mm)

-26 -2.0 -2.6 -1.7 -3.8



3. Conclusion & Future Plan

• Develop closure deformation optimizing considering kinetic system

1. Conclusion

2. Future Plan

- Position and Force of Gas spring that satisfies Opening/Closing force and minimize Deformation can be derived

    → Suggest optimal improvement plan

 - Cost and Weight reduction by minimizing part size and thickness increase

    → Improve vehicle performance and profitability
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• Improved Optimization

- Since it is difficult to predict the amount of deformation in model before the deformation simulation

    → current optimized target : Gas spring Force.

- Composition of deformation prediction logic according to position and force of Gas spring using machine learning

    → Upgrade Optimizing tool using the amount of deformation as a target value.



E-mail address : 

sjs101010@hyundai.com

▣ How to contact me
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