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Ansys助力电池行业加速创新
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全球95%以上的汽车主机厂使用LS-DYNA

20+Mio. finite elements

Complex constitutive models

Sophisticated connection modelling

15,000 simulation runs per model

[Porsche AG]
[Honda NA]

LS-DYNA市场覆盖率

全球动力电池Top10前9家使用LS-DYNA

[BWM AG] [Volvo]

国内动力电池Top10前6家使用LS-DYNA
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电池相关材料模型
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胶的失效（内聚力模型）

单元大小的影响（有实际项目是用的2mm）

标定案例参考论文

技术支持经验分享:
1. 单元公式：
两侧都是SOLID，选ELFORM19;
两侧都是SHELL，选ELFORM20；
一侧是SHELL，另一侧是SOLID选ELFORM20
2. Tie接触：
Cohesive To shell:*CONTACT_TIED_SHELL_EDGE_TO_SURFACE_CONSTRAINED_OFFSET_ID_MPP
Cohesive To solid:*CONTACT_TIED_SHELL_EDGE_TO_SOLID_MPP
3. 实体单元方向：
必须为厚度方向
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电芯材料模型

Modeling the Mechanical Behavior of a Li-Ion Pouch Cell under Three-Point Bending，13th European LS-DYNA Conference 2021, Ulm, Germany

活性材料（石墨与NMC） *MAT_CRUSHABLE_FOAM

铜箔、铝箔 *MAT_PIECEWISE_LINEAR_PLASTICITY

隔膜separator (porous polyolefin) *MAT_ANISOTROPIC_VISCOPLASTIC （* MAT_103）
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电芯均质化材料模型

Simplified modeling of pouch cells under different loadings，13th European LS-DYNA Conference 2021, Ulm, Germany

尺寸100mm*65mm*7mm  网格5mm*5mm*1.75mm

三种均质化材料模型比较

*MAT_CRUSHABLE_FOAM *MAT_CSCM  (DPC) *MAT_MODIFIED_HONEYCOMB （推荐）

仿真
实验
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GISSMO材料本构 | 应用
失效应变的应力三轴度相关、非线性路径相关损伤累计、网格无关性

铝材冲压成型模拟
Falkinger, Georg, Nikolay Sotirov, and Peter Simon. "An investigation of 
modeling approaches for material instability of aluminum sheet metal using 
the GISSMO-model." 10th European LS-DYNA Conference, Wurzburg. 2015.

挤压铝型材冲压模拟

F. Andrade, M. Feucht – Oct 2018 – Failure prediction in crash simulations with the GISSMO model
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宝钢LS-DYNA Gissmo应用

视频回看链接 https://v.ansys.com.cn/live/e04a5b5e7d9747abb53f5e2160d8d053



11 ©2025 ANSYS, Inc. 

LS-DYNA缠绕复合材料失效模拟
德国亚琛汽车研究有限公司

• 可考虑复材的剪切非线性
*MAT_LAMINATED_FRACTURE_DAIMLER_ CAMANHO (*MAT_262) 

Modelling of thick UD composites for Type IV pressure vessels，10th European LS-DYNA Conference 2015, Würzburg, Germany
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电池相关先进模拟方法
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等几何建模Revision of IGA Element Erosion (R15)

General scheme applicable to (un)structured shells and solids.

courtesy of General Motors

courtesy of Ford Motor Company

Hybrid assemblies 



14 ©2025 ANSYS, Inc. 

IGA挤压铝案例

变形形态对比

挤压力对比
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Research on front anti-collision system using IGA method

Customer Goals

Solution

• LS-DYNA IGA is based on the description of B-spline curve, which is 
consistent with the description method adopted in CAD.

• IGA can be mixed with FEA model, simplifying the modeling process and 
improving the modeling efficiency and computing efficiency.

• It is highly compatible with FEA models, and can build hybrid models of 
FEA and IGA rapidly.

Outcome

• Good feedback from the customer: 

- Computing speed increased by about 40% (64 cores, from 5H to 3H),

- No need to take effort on meshing works to save labor costs in the research project.

• Ansys got real IGA experience on practical customer project, strengthen 
relationship with CATL.

Ansys Technology LS-DYNA

Impact customers CAERI (C-IASI)

Advantage Fast modelling, more accuracy, speed up computation, 
no other software has the feature.

Competition Pamcrash

Account Mgr. Tao Lin

ACE Eng. Daniel Wang

• Reduce labor costs by reducing modeling workload of crash safety.
• Find a method with higher accuracy than traditional finite element 

methods to reduce the number of experiments and accelerate research 
and development progress.

Status - Finished

Local comparison on final deformation

Skateboard chassis front anti-collision system 
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连续冲击后进行随机振动疲劳

F1.Sicematic diagram of workflow
F2.Final damage with impact and 

random vibration
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LS-OPT PACK边框挤压铝厚度优化
三个变量：零件的厚度变化
约束:截面力最大值≥800000
目标：质量最小

每个case用1个核，计算2分钟，
整个优化工程使用8个核，共花费2个小时
最终减重约2kg
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焊缝案例(Mig weld)

Emphasis on Heat Affected Zone (HAZ) Modeling Around MIG Welded Joints in Crash CAE Virtual Predictive Full Vehicle Models, 13th European LS-DYNA conference 2021

热影响区的实际尺寸3~5mm(可用3mm网格)
硬度（Hardness）与材料强度相关
使用壳单元对母材和热影响区进行模拟
一般需要测热影响区的硬度和母材的硬度，通过对母材的gissmo进行相应的缩放得到热影
响区的强度

BM:Base Metal
WM:Weld Metal
HAZ:Heat Affected Zone

梁单元建模 实体单元建模
（适合局部分析）

壳单元建模
（适合模组或整包分析）
Weld metal设置为两倍的BM厚度

TS: Tensile strength
YS: Yield strength
H: Hardness
n: strain hardening exponent

硬度与拉伸强度、屈服强度的经验公式

黑点代表硬度测试点

E.g.DP800,下降到70%
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焊缝案例(Mig weld)

*MAT_24 + *MAT_ADD_EROSION(Gissmo)

使用与硬度测试一致的下降比例对应力应变曲线（*MAT_24），失效应变曲线和失稳曲线(Gissmo)进行缩放

Emphasis on Heat Affected Zone (HAZ) Modeling Around MIG Welded Joints in Crash CAE Virtual Predictive Full Vehicle Models, 13th European LS-DYNA conference 2021

部件级验证

Pusher的速度25.4mm/min

整车级验证（IIHS small overlap）

材料参数缩放
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ISPG for Adhesive Fluid Dispensing and Dispersing

• 点胶技术广泛应用于汽车、电子、高科技、生物医药等行业。

• R16 full-implicit high-viscous non-Newtonian ISPG fluid can be used to model this process  
- R16中一种新的自适应细化方案来处理流体变薄效应。
-  包括化学试剂、生物流体和工业粘合剂流体，如环氧树脂、硅树脂、锡膏和密封剂。

Dispensing for
 droplet deposition 

车身结构胶
Structural adhesive on car body 

Henkel.com

Adhesive dispensing examples 

电子用导热胶
Preeflow.com

Collaboration with 
Ansys Pre-Sale (Ayush Kumar)

Cell side and wall bonding for EV battery packaging  

AtlasCopco.com

Collaboration with ACE (Daniel Wang )

https://catalog.ansys.com/product/66e3395bdb0b6971719cb286/adaptive-ispg-act    Training material of ISPG ACT 

https://catalog.ansys.com/product/66e3395bdb0b6971719cb286/adaptive-ispg-act
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胶的流动的模拟方法开发

Customer Goals

Solution

• LS-DYNA implemented the incompressible smoothed particle Galerkin 
method ISPG as a fluid solver,ISPG is a completely implicit calculation 
method,effectively solve free surface flow problems involving strong 
surface tension, which can accurately maintain the fluid volume.

• It could be used to solve adhesive flow well.
• Three-weekly meeting with Gotion and developer to keep closely touch 

with each other.

Outcome

• Gotion has conducted simulation of dispensing and compressing 
process,and has big willing to keep making the method mature with us.

• Enhance relevant features from develops’ side.
• Ansys got real adhesive simulation experience on practical customer 

project, strengthen relationship with Gotion.

Ansys Technology LS-DYNA

Impact customers

Account Mgr. Yawei He

ACE Eng. Daniel Wang 

Developer Xiaofei Pan, Jingxiao Xu

• Save money on the use of adhesive, since the amount of adhesive used is 
relatively large and expensive.

• Find a method with higher accuracy to reduce the number of experiments 
and accelerate research and development progress.

• By combining simulation technology, formulate a reasonable gluing 
process.

Status - Ongoing

dispensing test vs simulation

Picture from:https://www.emobility-engineering.com/battery-sealing/
compressing



22 ©2025 ANSYS, Inc. 

ISPG Keyword

❑ Contents in fluid.k

The following keywords should be defined in fluid.k

✓ *ELEMENT, defines all the fluid elements ( tetrahedrons )

✓ *NODE, define all the fluid nodes

✓ *PART, define fluid part

✓ *SECTION_ISPG, defines ISPG section

✓ *ISPG_MAT, defines fluid material

✓ *ISPG_CONTROL_ADAPTIVITY, defines adaptivity parameters for ISPG

✓ *ISPG_CONTROL_IMPLICIT, defines implicit parameters for ISPG

✓ *ISPG_BOUNDARY_SUMMETRY, for pseudo 2D (2.5D) ISPG simulation. If 3D 
simulation is deployed, no need to define this keyword
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电芯间泡棉初始应力

*INITIAL_FOAM_REFERENCE_GEOMETRY
   NID , X,Y,Z

*MAT_LOW_DENSITY_FOAM -> REF=1



24 ©2025 ANSYS, Inc. 

电芯分布式等效电路

» Solid Elements
» All layers are meshed as 

solid elements. 
» Same mesh used for Mech 

, EM and Thermal

» Composite Thick Shell
» All layers are meshed as 

solid elements. 
» Same mesh used for Mech , 

EM and Thermal

» Macro-model (BatMac)
» One (or a few) solid 

elements through thickness 
for mechanics, EM and 
thermal 

» 2 fields at each node 
(positive and negative 
current collectors)

» Meshless 
» One single 

equivalent 
circuit for the 
whole cell 
(lumped 
model)

四种建模方法
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热失控实验
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短路自定义
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热失控自定义
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微观模型验证

Battery short

Correctly predicted the thermal 
runaway timing. Lack of combustion 
modelling and thermal BCs could 
explain the difference in slope.

battery explodes in experiment

Hard to capture thermal BCs

Runtime- 11hrs 50 minutes (224CPUs)

COMET-Project

Single component Full cell

Structural only
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多物理场挤压国外其他案例
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多物理场挤压国外其他案例

电芯部分：150万单元
仿真时间：80ms  
使用96cores用时10hours
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并行计算

LS-DYNA AWS Cluster Benchmarking

• 柱碰 56 kph
• Open-Source Vehicle model from NHTSA
• Battery integration made by Ansys 
• 计算时间 – 5 hours (224 CPUs)
• 物理时间: 6秒
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刮底

https://www.auto-testing.net/news/show-114952.html

C-NAP2024
半球形障碍物
直径：150mm，45号钢
重叠量：30mm
前进：30km/h
后退：5km/h

1. 液冷板不向内破裂
2. 电芯不变形 或 变形量小于某个值
3. 箱体的密封面完好

测试介绍 仿真评价标准

整车静态平衡仿真
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电池包仿真中的接触经验
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使用挤压力作为终止计算条件
Crush_contact_force_as_termination.k
对接触力进行光滑过滤处理

定义接触力检测

接触力大于1.5开始切换

定义光滑或过滤
如将0.001时间段内

的数据做平均

需要定义一个接触力
传感器
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电池包仿真中的部分接触调试经验

• *PART_CONTACT->SFT=0.95

• TIE接触与Automatic Single Surface 
（接触定义不重复或改成有个0.1mm的间隙）

• 对于软材料，Tie推荐用constrained_offset_MPP

• VDC=20

• Automatic_single_surface ->soft=2 depth=5 sbopt=3

图片来源：新能源汽车动力电池的发展趋势_搜狐汽车_搜狐网

https://roll.sohu.com/a/738563180_121609575
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接触节点力前处理输出设置

适用的接触类型：
• Surface to surface
• Node to surface
• Single surface
• General
• Tied
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接触节点力后处理过程
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热接触功能增强(R16)

• Single surface接触定义可用于简化定义步骤

- 可用于电池包热失控

- 1 个Single surface接触就足够了，而不是 ~100 个Surface to 
Surface接触

• 支持热的边接触

- 可用于Single surface接触

- 可用于电池包的接触
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总结：LS-DYNA锂电池应用

优势

可以应用在

• LS-DYNA使用一个模型可以同时求解结构-热-电磁（EM）等多方
面的多物理场问题，可以应用在锂电池的挤压、针刺、球击、
遇水短路等工况，可一次性得到结构变形信息、热信息、电流
电压及SOC剩余载荷等信息；

• 开放接触电阻、短路机制、热失控机制等接口，用户在模型中
使用C语言方便自定义模型；

• 电芯\模组\电池包级别的冲击、跌落、挤压等大变形工况
• 多次冲击、多次跌落损伤累计
• 橡胶大变形、胶粘大变形
• 多物理场挤压、针刺、水中短路
• 冲击后的残余应力和损伤对随机振动的影响
• 卷绕分析

• 完善的断裂仿真方案：材料应变率效应、gissmo断裂损伤模型、断裂参数优化方法、
SPG高精度不删网格的伽辽金断裂模拟方法；

• 集成短纤维材料映射到碰撞模型；
• 具有EFG算法可以模拟橡胶等柔性物体的极度大变形，易于收敛；
• 锂电池行业LS-DYNA用户众多，便于经验交流。

跌落分析 挤压分析

内短路电流云图 外短路温度云图 挤压多物理场分析 球击电流密度云图

针刺电流密度云图 水中短路SOC变化

冲击分析
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