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Automated Generation of Physical Surrogate 

Vehicle Models for Crash Optimization 

Abstract 

A challenge in the design and optimization of vehicle structures is the high computational costs 

required for crash analysis. In this paper an automated model generation for simplified vehicle 

crash models is presented. The considered crash load cases are the US NCAP (100 %, 56 km/h), 

the Euro NCAP (40 %, 64 km/h) and the IIHS Small Overlap (25 %, 64 km/h). The generation of 

the physical surrogate vehicle models is based on different sub-steps which were automated using 

a process chain. With this process chain it is possible to evaluate very efficiently the influence of 

structural modifications on the global crash behavior. During the model generation the crash 

behavior of the surrogate model is directly compared with the full vehicle model to enable a direct 

assessment of the model quality. Since the interface, where the model is cut, is an important factor 

for the obtained correlation, different interface positions were analysed. With obtained solutions it 

is possible to identify the interface position, which fulfils the required correlation by a given 

computational time. Additionally, the interface discretisation is analyzed to identify the model 

configuration with the highest correlation. This investigation was performed for three different 

vehicle models. 
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Introduction 

Vehicles body structures have to be lightweight with high crash safety to protect 

occupants and pedestrians. The development of a light and crash safe body 

structure is currently supported by simulations and structural optimizations. Due 

to the increased application of virtual methods the product development process 

for a new vehicle has been more than halved leading to shorter product life cycles 

[7], [15]. However, due to the high computational costs required for crash 

simulations, structural optimizations cannot be carried out with a full vehicle 

model. Especially since various crash load cases have to be considered for the 

development of a body structure. The influence of the crash load cases on the 

computational costs are described in [16]. In the case of a full vehicle 

optimization, the time required to obtain the optimization results can quickly 

increase to several weeks [7]. To counteract this problem, various 
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countermeasures are described, such as increasing the number of CPUs or 

selecting a better optimization algorithm. Another option for reducing the 

computational time is through the use of surrogate models [29]. 

According to [6], physical surrogate models can be subdivided into eight 

modelling approaches. The simplification methods for vehicle crash models 

important for the developed modelling approach are the hybrid nonlinear FE-rigid 

approach, the sub-structure modelling approach and the multi-body system 

approach. In the hybrid nonlinear FE-rigid approach a part of the full model is set 

rigid. [27] Therefore, the elastic deformation and possible structural failure of the 

rigidified parts are neglected, which significantly reduces the computational costs. 

In the hybrid nonlinear FE-elastic approach the complex material behavior are 

replaced by a purely elastic material description. [6] 

In [1], [9] and [31] computational time reduction is obtained by applying special 

interface conditions in the sub-structure modelling approach e.g. applying guided 

deformation histories to the interface nodes of a sub-model or by removing 

structural parts of the vehicle model (e.g. in case of a front crash the whole rear 

structure of the vehicle). The responses of such simplified models are relatively 

correct as long as the deformation behavior of the sub-structure changes only 

slightly. [6] 

The multi-body system approach represents a very simple but effective 

simplification technique; hereby, the structural behavior of all structural parts are 

represented by simplified mass-spring-damper systems, e.g. [12], [9], [13], [5], 

[17], [11], [22], [18] and [8]. This modelling method is particularly well suited for 

parametric studies during the conceptual design phase in the early product 

development process. The structural properties have to be determined 

experimentally or adjusted iteratively in order to reproduce the required structural 

behavior. However, the identification of structural parts with the required 

deformation characteristics can be a significant challenge. Still, the multi-body 

system approach can be used to estimate the loads on the vehicle passengers in the 

early development process [4], [21]. 

Another modeling approach is the FE beam model, as described in [24], [14] and 

[23]. Individual parts are represented as kinetic and kinematic descriptions. In this 

description the deformation characteristics of entire structures are replaced by 

macro elements. The required characteristics can be determined by means of 
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experiments [2], detailed simulations [25] or analytical correlations [8]. The 

disadvantage of this approach is the fact that the identification of structural design 

concepts from obtained stiffness values is challenging. 

By combining two or more simplification approaches from [6] a new approach is 

obtained. Hereby the combination of sub-structure modelling- and multi-body 

system approach is often used. This approach is characterized by cutting the 

vehicle structure and replacing the removed parts by lumped masses connected 

via rigid, elastic or nonlinear spring-damper elements or beam systems. 

In [10] the number of elements in a FE vehicle model is reduced by removing the 

rear structure of the vehicle behind the B-pillar and replacing the masses and 

inertial properties of the removed components with a rigid body. The rigid body is 

connected using the vehicle’s load-bearing structures. In this way, the crash 

kinematics of the full vehicle are modelled; however, direct application of the 

masses and inertial properties of the crash model to the rigid body description is 

not possible, as a different deformation behavior of the body structure is obtained. 

Correct deformation behavior is only obtained after adapting the mass and the 

inertial properties of the rigid body [10]. For the structural optimization of a crash 

box, in [28] and [30] the full vehicle crash model is reduced by replacing all 

crash-irrelevant components (e.g. rear structure of body-in-white, doors and 

interior) with rigid bodies with corresponding mass and inertial properties. 

Subsequent optimization of the masses and inertial properties was also necessary 

to model the deformation behavior, as the initial deviation of the internal energy 

in the crash box was ~25 % between the full car and the surrogate model. After 

calibrating the rigid body properties in [28], a ~90 % computational time 

reduction could be achieved with a deviation of 5.4 %. The approach in [26] uses 

global deformation characteristics of structures which are obtained from the 

global crash model. For the simplification of the vehicle crash model, structural 

regions which sustain only elastic deformations during the frontal crash are 

replaced by kinematic numerical representations which describe both stiffness and 

load paths at the interface of the substituted structures. Within a four step 

approach, the characteristics to model the global deformation behavior are 

determined which are required to generate a physical surrogate description of the 

vehicle crash model. These characteristics include the mass, center of gravity of 

the structure to be replaced, the force pulse distribution in the interface and the 
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stiffness of the replaced body structure in the longitudinal direction. One 

particular feature in positioning the spring-damper elements arises from the 

vectorial orientation of these elements in space. Due to that complex spring-

damper element positioning process it is challenging to automate. 

In this paper a slight modified approach is presented, which allows in comparison 

to [26] an automated generation of physical surrogate models. Due to the high 

grade of automation, it is possible to investigate different interface positions and 

interface configurations, which is necessary to identify the interface definitions 

with the required correlation and calculation time. 

Automated generation of simplified vehicle models 

The physical background of the surrogate model generation is described in detail 

in [26]. Therefore, only a short overview is given in this paper. To generate a 

simplified description of the vehicle crash model the global deformation 

characteristics has to be determined. These characteristics include the mass, center 

of gravity of the structure to be replaced, the force pulse distribution in the 

interface and the stiffness of the replaced body structure in the longitudinal 

direction. 

For the automation the model generation, as described in [26], had to be slightly 

adapted. The main difference is the orientation of the spring-damper-elements, 

representing the stiffness distribution of the replaced structure. In [26] those 

elements were oriented according to the orientation of the replaced body parts. 

The orientations of all elements were aligned according to the longitudinal 

direction of the vehicle. The main difference between these two models can be 

seen in the orientation of the spring/beam elements representing the stiffness of 

the A-pillar. In the left model in Fig. 1 the spring elements are oriented according 

to the orientation of the body parts in the cut section and the beam element in the 

right model in Fig. 1 are only oriented in x-direction. Hence, only the force in 

longitudinal direction is considered for the determination of the force pulse 

distribution in the interface. The effect of the applied simplification can be seen in 

the difference of the obtained force pulse distributions, as shown in Figure 1.  

The good correlation between these two models directly indicates that the 

obtained crash results will be very similar. This support the assumption, that this 

approach is acceptable for a simplified automation process. As in [26] the main 
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advantage of this modelling approach is the reduction in computational time for 

performing a crash simulation due to the significantly reduced number of 

elements. 

 

Fig. 1: Crash load distributions for resultant - and simplified longitudinal - element orientations 

[Yaris vehicle model - cross section position x=-1600 mm - US NCAP (100 %, 56 km/h)] 

 

For a further reduction of computational time, an automated four-step approach 

for the generation of a simplified vehicle model was developed. For the 

automation the generation of a simplified vehicle model is structured in four 

modules. The different modules and the used tools for the development are shown 

in Figure 2. Eventually the modules are linked to build up the final automation 

process. 

The four modules are the analysis of the full vehicle model -, the analysis of the 

replaceable vehicle structure -, the modeling of the simplified vehicle structure - 

and the post processing module. The process chain is realized using different 

tools. Python is used to operate the complete process chain and for some 

evaluation e.g. the extraction of cross section data or the calculation of the force 

distributions. The post processing module is entirely written in python to generate 

the comparative plots between the surrogate model and the complete crash model. 

With this plots the correlation quality of the simplified crash model is obtained 

directly. All simulations were performed using LS-DYNA version 7.1.2. 

Before initiating the model generation, certain input is required as the position of 

the interface, the discretization of the interface (number of elements) and the part 

IDs for which the post processing should be applied on (correlation assessment). 
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Before initiation also a node set has to be defined for the subsequent application 

of boundary condition in the analysis of the replaceable vehicle structure module. 

In the following the individual modules are described in more detail. 

 

Fig. 2: Process chain of the surrogate model generation 

Module 1: Analysis Full Vehicle Model 

Module 1 is the analysis module of the full vehicle model. A full vehicle crash 

simulation is performed with a defined number of cross sections at the defined 

interface position. The number of cross section corresponds to the interface 

discretization configuration. In Figure 3 the generated sections for the interface 

are shown. In this model the interface was discretized with three elements in 

horizontal - and three elements in vertical direction [3x3 model]. For these 

sections the longitudinal-force-time characteristic curves are extracted as an 

output result from the global crash analysis. The impulse-time characteristic 

curves are obtained by integration of the x-force–time characteristic curves (all 

coordinate systems are located at the middle of the front axle), which is used for 

the quantification of the load-path distribution [26]. Figure 4 shows the load-path 

distributions for the US NCAP (100 %, 56 km/h) crash load cases. The results 

show, that the most significant loads are obtained in section 1 to 3 which 

corresponds to the tunnel (30.7 %) and door sill structures (21.5 % and 22.6 %). 
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Fig. 3: Generated cross sections for an interface 

discretization with three elements in horizontal 

direction and three elements in vertical direction 

(interface at x=-1600 mm) 

Fig. 4: Load distribution in the interface (x = -

1600 mm) at US NCAP crash load case 

(100 %, rigid wall, 56 km/h impact speed) 

 

The obtained load-path distribution is required in module 3 for the subsequent 

generation of the simplified vehicle model, since the global longitudinal stiffness 

of the vehicle, calculated in module 2 is split according to the obtained 

distribution. Additionally the total mass of the vehicle is calculated to obtain the 

identical model mass for the surrogate model in module 3. 

Module 2: Analysis of Replaceable Vehicle Structure 

In module 2 the cumulative center of gravity (CoG) of the replaceable structure 

and the center of the connecting points (rear axle to car body) is determined. In 

the performed simulation the influence of joints, rubber bearings as well as 

interior parts, which also contribute slightly to the global stiffness, are taken into 

account. In Figure 5 the connecting points of the rear axle and the rigid body 

element at the interface, used for load introduction, are shown. At the interface a 

force of 1 000 N in longitudinal direction (Fig. 5 red arrow) is applied with a 

rigid-body element and an explicit structural simulation is performed. The force 

was selected to have an elastic deformation of the car. On the other hand the force 

is large enough to reduce the influence of nonlinearities obtained by local joint 

deformations. Since the stiffness is obtained by a quasi-static explicit simulation, 

no additional implicit vehicle model is required for the automated model 

generation. 
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The obtained displacement behavior of the car body is finally saved as output. For 

the investigated vehicle model and the defined interface position an elastic 

longitudinal stiffness of 24 676.7 N/mm is obtained. 

 

 

 

  

  

  

  

Fig. 5: FE-model to determine the longitudinal 

stiffness of the replaced vehicle structure 

  

Module 3: Modeling of the Surrogate Vehicle Model 

All the previous determined parameters (load-path distribution, cumulative CoG, 

longitudinal stiffness, the center of the rear axle and total mass of the vehicle) are 

finally used in module 3 to generate the surrogate vehicle model. First the vehicle 

is trimmed at the defined interface position and the elements for the kinematic 

description are applied as shown in Figure 6. Therefore the nodes of these beam 

elements are located in the center of gravity of each section, as shown in Figure 6. 

Additional one nodal rigid body is created at the interface position with its origin 

at the center of gravity of the corresponding interface. Eventually, this center of 

gravity is used for one element between the interface and the center of the rear 

axle. This additional element prevents rotational distortion of the vehicle structure 

during crash. 

  

Fig. 6: FE-model of a surrogate vehicle crash model Fig. 7: Complete FE-model of a surrogate vehicle 
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with the numeric representations for the trimmed 

structures 

 

crash model 

The beam elements of the surrogate model (Fig. 6 yellow elements) are oriented 

along the longitudinal orientation of the vehicle. After the generation of the 

element, the substituted mass of the replaced structure is generated in the 

cumulative center of gravity. Finally, the elements for the distribution of the 

stiffness, the additional element to prevent rotational distortion and the substituted 

mass are connected together with a nodal rigid body, as shown in Figure 7. 

Module 4: Post Processing 

Module 4 is an optionally feature for the verification of the generated surrogate 

vehicle model. This module allows a direct comparison of energies and obtained 

deformation between the full vehicle model and the simplified crash model. 

  

Fig. 8: Comparison of total, kinetic and internal 

energy for full and surrogate vehicle model at US 

NCAP crash load case (100 %, rigid wall, 56 km/h 

impact speed, vehicle mass 1263 kg, 5 % mass 

scaling) 

Fig. 9: Comparison of internal energy of crash box 

and firewall for full and surrogate vehicle models 

at US NCAP crash load case (100 %, rigid wall, 

56 km/h impact speed) 

Thus the verification of the model is based on different levels; beside the 

comparison of the global energies (Figure 8), local deformation energies 

(Figure 9) and local deformations (Figure 10) are compared. In addition the 

computational time (Figure 11) is given as output to identify the model 

configuration with the required correlation by acceptable computational costs. As 

it can be seen in Figure 9, the deviation of the local energies between the models 

are low, which is sufficient to perform structural design studies using the 

surrogate vehicle model. 
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In Figure 10 the deformed firewalls of both models are superimposed and the 

error in the firewall intrusion between these models is plotted for each node in the 

contour plot. Since the error between the intrusions is mainly below 4 %, the 

simplified vehicle model can model the intrusion behavior correctly. 

  

Fig. 10: Comparison of the local firewall deformation 

for full and surrogate vehicle model at US NCAP crash 

load case (100 %, rigid wall, 56 km/h impact speed) 

Fig. 11: Reduction of computational time through the 

use of the surrogate vehicle model 
1
 

Results 

With the described automated generation of the surrogate vehicle models it is 

possible to investigate different vehicle models, load cases, interface 

discretization configurations and positions of the interface. To investigate the 

influence of these parameters on the simulation results three vehicle FE crash 

models (Table 1) from the National Crash Analysis Center library and from the 

Centre for Collision Safety and Analysis were used. The results of this 

investigation are presented for the US NCAP (100 %, 56 km/h), Euro NCAP 

(40 %, 64 km/h) and the IIHS Small Overlap (25 %, 64 km/h) load cases. 

The first model is the Toyota Yaris, which contains 1 514 068 elements [19]. This 

crash model was validated by comparing simulation results of acceleration pulses 

and structural deformations with crash tests. The second model is the Toyota 

Camry [3], which contains 2 257 280 elements. The FE model was validated by 

comparing several front and side crash tests with obtained simulation results. The 

third vehicle model is the Chevrolet Silverado. The model contains 963 474 

elements. This model was chosen due to its different global structural design [20]. 

                                                 

1
 CASE2 Cluster - Intel “Ivy Bridge“ 12-core E5-2695v2 – 128 GB 1866MHZ DDR3 @ 2,4 GHz; 

24 CPUs. 
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The Silverado has a framework body-in-white design, which is different to the 

steel monocoque body-in-white design of Yaris or Camry. 

With the Yaris model the influence of the interface position was investigated. The 

position of the interface correlates with the number of elements of the simplified 

vehicle model, which directly affects the quality of the model and the 

computational costs. Furthermore, the influence of the configuration of the 

interface was investigated by identifying the influence of the number of elements. 

Whilst the interface definition can have an influence on the model quality, it does 

not considerably affect the computational costs. 

Tab. 1: Detailed list of the applied FE models 

FE-Model Full Vehicle Model Truncated Vehicle Model Number of Elements 

Toyota Yaris 

(MY 2010) 

[19] 

 
 

Full Model: 

1 514 068 

Surrogate Model: 

471 574 

x=-1600 mm 

Toyota Camry 

(MY 2012) 

[3] 

  

Full Model: 

2 257 280 

Surrogate Model: 

860 746 

x=-1900 mm 

Chevrolet 

Silverado 

(MY 2007) 

[20] 
 

 

Full Model: 

963 482 

Surrogate Model: 

434 414 

x=-2200 mm 

 

Influence of interface position on computational costs and model 

quality 

An important aspect when assessing the crash behavior of a structural concept is 

the local deformation of individual components or assemblies. A simplified 

vehicle model must represent these local deformation behaviors during crash with 

sufficient quality to avoid possible oversizing or even structural failure. If the 

local deformation of the firewall, for example, is not represented exactly in a 

surrogate crash model, an insufficient wall thickness can lead to structural failure 
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when up-scaling the results into a full vehicle crash simulation. This should be 

avoided since the firewall secures the survival space of the passenger during the 

crash. Therefore, the influence of the interface position on the correlation of the 

firewall intrusion was investigated with a surrogate vehicle model of the Yaris 

with a configuration of three elements in horizontal - and three elements in 

vertical direction[3x3 model], as shown in Figure 7. 

The identified dependency of the interface position on the computational costs is 

shown in Figure 12. By moving the interface position from -2500 mm to -

1200 mm in regard to the front of the vehicle, the computational time can be 

reduced by approximately 50 %. The obtained time reduction can play a 

significant role, if structural optimization has to be obtained. 

For the assessment of the correlation quality, the averaged deviation in the 

obtained firewall intrusion into the passenger compartment was used. For each 

surrogate model the normalized correlation of the firewall is directly calculated 

using the following equation. 

𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 = 1 −
(

∑ (𝑖𝑛𝑡𝑟𝑢𝑠𝑖𝑜𝑛𝑖,𝑓𝑢𝑙𝑙 𝑚𝑜𝑑𝑒𝑙−𝑖𝑛𝑡𝑟𝑢𝑠𝑖𝑜𝑛𝑖,𝑠𝑢𝑟𝑟𝑜𝑔𝑎𝑡𝑒)𝑖

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡 𝑛𝑜𝑑𝑒𝑠
)

𝑚𝑎𝑥.𝑖𝑛𝑡𝑟𝑢𝑠𝑖𝑜𝑛𝑓𝑢𝑙𝑙 𝑚𝑜𝑑𝑒𝑙
  

 (i = 1, n (n = number of nodes)) (1-1), 

In Figure 13 to 15 the obtained relation between the computational time and the 

correlation of the simplified model description is shown for the three investigated 

crash load cases - US NCAP (100 %, 56 km/h), Euro NCAP (40 %, 64 km/h) and 

IIHS Small Overlap (25 %, 64 km/h). 

The results show a strong dependency of the model quality in regard to the 

interface position. As expected, the correlation gets better as further the interface 

is away from the deformed structures. On the other hand, an interface position too 

close to highly deformed structures leads to a decline in the correlation since the 

interface additional stiffens regions with high structural deformation. Whilst the 

quality of the model results decreases, the computational time per simulation goes 

down. Hence, based on the obtained solutions the surrogate model definitions can 

be adjusted to fulfill the specific requirements of a given optimization task in 

regard to computational costs and to the required correlation quality. 
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Fig. 12: Computational time reduction and number of 

elements in the dependence of the interface position 

[US NCAP crash load case 
1
 

Fig. 13: Solutions for normalized correlation [firewall 

deformation] and computational time in the 

dependence of the interface position [US NCAP crash 

load case 
1
 

  

Fig. 14: Solutions for normalized correlation [firewall 

deformation] and computational time in the 

dependence of the interface position [EURO NCAP 

crash load case 
1
 

Fig. 15: Solutions for normalized correlation [firewall 

deformation] and computational time in the 

dependence of the interface position [IIHS Small 

Overlap crash load case 
1
 

Investigation of the interface discretization 

Beside the interface position, the discretization of the interface, which 

corresponds to the number of element representations in the interface, is an 

important factor for the surrogate model. To identify the influence of different 

interface discretization sensitivity studies were performed at a constant interface 

position of x=-1600 mm. Four different interface configurations were investigated 

in this study. The first model (reference model) has an interface distribution in 

three elements in horizontal -and three elements in vertical direction. The other 

models correspond to an interface distribution of 1 - , 2x2 - and 4x4 - element 

representations. In figure 16 and 18 the different interface distribution of a model 
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with a 2x2 element - and with the 4x4 element interface is shown. The different 

interface sections were numbered to show the relation between obtained loading 

and interface section of the vehicle. In Figure 17 and 19 the load-path 

distributions are shown for the 2x2 - and the 4x4 surrogate model. With a higher 

number of element representations a more detailed load flow through the car is 

obtained. However, similar loads are obtained, for a section of a model with 

coarse interface discretization and the sum of more sections representing the 

stiffness of the same region (for example section 2 [2x2 model] and the sum of 

section 3, 4, 7, 8 [4x4 model]). 

  

Fig. 16: Generated cross sections for an interface of 

two elements in horizontal direction and two 

elements in vertical direction [2x2 model, x=-

1600 mm] 

Fig. 17: Load path distribution for the 2x2 model at US 

NCAP crash load case [interface x=-1600 mm] 

  

Fig. 18: Generated cross sections for an interface of 

four elements in horizontal direction and four 

elements in vertical direction [4x4 model, x=-

1600 mm] 

Fig. 19: Load path distribution for the 4x4 model at US 

NCAP crash load case  [interface x=-1600 mm] 

The number of elements included for surrogate model generation (like beam- and 

mass elements) has negligible influence on the computational costs since the time 
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step of the elements is significantly higher than the time step of the elements of 

the vehicle. Figure 20 shows the computational time for the three investigated 

load cases for the full vehicle model and the different investigated surrogate 

models. As expected, the different interface discretization only has a negligible 

influence on the computational costs. On the other hand, the discretization of the 

interface affects the structural deformation during crash. The obtained correlations 

in the firewall deformation are shown for the different interface definitions in 

Figure 21. The results show, that the surrogate crash models can show a slightly 

different behavior for different interface definitions. In the study the best 

correlation between the firewall intrusions is obtained with the 3x3 model for the 

US NCAP, 4x4 for the Euro NCAP and 2x2 for the IHSS Small Overlap crash 

load case. In the investigation of the IHSS Small Overlap crash load case the 

Yaris vehicle rotated around the impactor during the crash. For the crash 

kinematics of a vehicle glancing off similar model accuracy can be assumed as 

long as the impactor is not too close to interface position with the rigidified areas.  

In this case the interface position has to be moved further to the rear of the vehicle 

to limit the influence of the rigidified areas. It is interesting that for each crash 

load case a different surrogate model configuration is required for an optimized 

surrogate model. This could be explained by the complexity of the deformation 

process during crash and the different grouping of structural parts into kinematic 

element representations. 

  

Fig. 20: Reduction of computational time for different 

Yaris surrogate models and different crash load cases 

1
 

Fig. 21: Correlation of the firewall deformation for 

different Yaris surrogate models and different crash 

load cases 
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Verification of the surrogate model generation for different vehicle 

models 

Due to the complexity and the uniqueness of the crash behavior of a vehicle, the 

surrogate model generation has been investigated with other vehicle crash models. 

Surrogate models with different interface definitions were also generated from the 

crash models of the Toyota Camry and the Chevrolet Silverado. As for the Yaris 

model the discretization of the interface is negligible for the computational cost 

for the Camry and the Silverado. As shown in Figure 22 and Figure 24, the 

surrogate model is able to significantly reduce the computational time. However, 

as described before, the computational time reduction directly depends on the 

defined interface position. 

  

Fig. 22: Reduction of computational time for different 

Camry surrogate models and different crash load 

cases 
1
 

Fig. 23: Correlation of the firewall deformation for 

different Camry surrogate models and different crash 

load cases 

The comparison of the firewall intrusions shows, that the best correlation of the 

firewall intrusion is also obtained for different interface definitions. The best 

correlation for the US NCAP crash load case is obtained for the Camry model as 

well as for the Silverado having a 4x4 element representation at the interface, 

which differs from to the result obtained for the Yaris [3x3]. In Figure 23 and 

Figure 25 the obtained correlations are shown for surrogate models of the Camry 

and the Silverado. The obtained results confirm that the optimum surrogate model 

configuration is strongly dependent on the deformation behavior of the vehicle 

and the investigated load case. Thus, a fixed recommendation for the interface 

definition cannot be given. Since the obtained correlation is always above 87 %, 

investigations can be performed with a predefined interface configuration. 

However, if the complete potential of this simplified vehicle description should be 
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exploited, the optimum interface description has to be identified for each vehicle 

and each crash load case. The described automated model generation enables this 

identification process. 

  

Fig. 24: Reduction of computational time deformation 

for different Silverado surrogate models for US NCAP 

crash load case 
1
 

Fig. 25: Correlation of the firewall deformation for 

different Silverado surrogate models for the US NCAP 

crash load case 

Influence of the vehicle body-in-white design on the 

crash load distribution 

The load distribution during crash and the derived kinematic interface description 

are of significant importance for the quality of the surrogate crash model. If the 

rear of the vehicle is not available in the early conceptual phase, the load 

distribution can be derived from previous vehicle data if available. But if there are 

no previous data available, it can be difficult to set up a surrogate vehicle model. 

To be still able to generate a simplified crash model, the load distributions are 

summarized in Figure 26 for the US NCAP crash load case. The interface 

definition of Yaris [3x3], Camry [3x3] and Silverado [3x3] are identical as shown 

in Figure 3. The investigation shows that the load distribution strongly depends on 

the global body-in-white architecture of the vehicle. 

Similar load distributions are obtained for the Yaris and Camry. This suggests that 

for a vehicle with conventional steel monocoque body-in-white design, in the first 

step a similar load distribution, as obtained for Yaris and Camry, can be assumed. 

However, this assumption cannot be applied on completely different body-in-

white architectures. Comparing the load distribution with the obtained results 

from the Silverado with its framework body-in-white architecture, the load 

distribution has completely changed and has to be adapted. Therefore, the 
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presented surrogate model approach can be applied for the optimization of crash 

structures as soon as the load distribution of a vehicle with similar body-in-white 

design is known. Hence, the presented surrogate modelling approach is applicable 

in the early conceptual design phase as well as for serial development. 

 

Fig. 26: Load path distribution for different vehicle crash models [US NCAP crash load case, 3x3 models, interface 

x= -1600 mm, interface definitions as in figure 3] 

Conclusion 

The high computational costs for crash simulations are a significant challenge in 

the design process of vehicles, since the crash behavior has to be assessed for each 

derivative and equipment variant. Hence, optimization studies are currently 

difficult to perform due the high number of simulations required for the 

identification of the optimized structural design. In this paper, a novel automated 

surrogate modelling approach is presented for full vehicle models applicable for 

all frontal crash load cases. 

With the developed process chain physical surrogate vehicle models can be 

generated to evaluate the crash behavior of different vehicle models and different 

load cases. Additionally, verification plots are generated to directly assess the 

correlation quality of the generated surrogate crash model. In this paper different 

interface positions were investigated to assess the influence of the position, where 

the vehicle is trimmed. With the obtained solutions it is possible to identify the 

surrogate model, which fulfils the given correlation requirements respectively to 

an optimization task. Furthermore, the interface discretization of the interface 

between detailed and simplified structural representation was analyzed to identify 

the interface configuration with the highest correlation in regard to the obtained 

firewall intrusion. This investigation was performed on three different vehicle 
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models. In Table 2 the models with the best correlations are summarized results 

for the Toyota Yaris, the Toyota Camry and the Chevrolet Silverado. The results 

show that the interface definition with the highest correlation can differ between 

vehicles and crash load cases. 

Tab. 2: Detailed list of the surrogate models for the three vehicle models and the load cases 

FE Vehicle Model US NCAP crash 

load case 

Euro NCAP crash 

load case 

IIHS Small Overlap 

crash load case 

Toyota Yaris 3x3 surrogate 

model 

4x4 surrogate 

model 

2x2 surrogate 

model 

Toyota Camry 4x4 surrogate 

model 

4x4 surrogate 

model 

3x3 surrogate 

model 

Chevrolet 

Silverado 

4x4 surrogate 

model 

not examined not examined 

 

Using the presented simplified modelling approach, it is possible to significantly 

reduce the required computational costs for crash simulations. Due to the obtained 

time reduction it is possible to efficiently assess virtually the complex structural 

deformation during a vehicle crash. By applying the process chain for automated 

model generation, the position and the configuration of the interface between 

detailed and simplified modelling can be identified, which fulfils the required 

correlation by a given timeframe per simulation run. This assessment is feasible 

since correlation plots are directly created for each surrogate model. Therefore, 

the achievable computational time with the presented surrogate vehicle modelling 

approach could enables to integrate structural optimization in the design process 

of vehicle crash structures. 
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