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The Design Challenge 

• This investigation was carried out to assess the improvements obtained using DOE and to study the effect of 

crush-can geometries on the performance of the crash beam shown in Fig 1a. This performance is measured in 

terms of section-force vs time. 

• The beam is set up to crash into a Thatcham offset rigid barrier with an Inertia of 1000kg to account for the 

mass of the missing vehicle parts and a traslational velocity of 10mph (4.44m/s) in x-direction.  

• The resulting performance is shown in Fig 1b.  

• It was then required that the Section-force of the baseline results be improved especially between 0.0 and 

0.03s of the time interval. 

• A smoother response is also required to fall between 85kN and 106kN (shown in black). 

 

 

 

 

Fig 1a: Crash beam to be investigated 

 

 

Fig 1b: Current performance 
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Design of Experiment 

• Objective: The objective of this DOE study is to understand how the crush can geometries influence the crash 

performance of the whole beam and to see which combination of forming geometries gave the highest section 

force. It is also desired to produce a design which would give a constant response over the time interval. 

 

• Model parameters: These are the different shapes created from morphing the Swages on the Crush cans 

highlighted in fig 1c and 1d. Swage heights, distance between successive Swages and the size of holes 

highlighted below are morphed to create 21 shape variables. 

Swages 

heights 

 

 

Hole 

 

 
D: distance between 

successive swages 

 

 

Hole 

 

 

Fig 1c: Top of Can 

 

 

Fig 1c: Bottom of Can 
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By launching Hyperstudy from inside Hypermesh, the shapes generated from the morphing process  are 

automatically recognised as potential variables. It also allows the shapes to be easily selected and assigned lower 

and upper bounds when adding modal parameters as shown. 

Design of Experiment  

Fig 1e: Variable set-up 
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Force  (V_1) 

Time (V_2) 

     Four responses were defined : (1) Maximum section force, F = max(v_1) 

                                            (2) Energy, Tt = lininterp ({v_2},{integral(v_2,v_1)},t), for t = 0.01s 

                                                (3) Energy,    ,,                       ,,                ,,                ,  ,,  t = 0.02s  

                                          (4) Energy,    ,,                       ,,                ,,                ,  ,,  t = 0.03s  

 

The linear interpolation function estimates the Section force for each time (t) such that the new points lie on 

or near the Maximum section force of the initial performance. 

•   Responses set-up 

Design of Experiment  

Max section force 
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        In this scenario, 128 runs were executed and written by Hyperstudy. The equation below explains how 

Hyperstudy DOE combined the various parameters  

 

Yn= m1S1 + m2S2 + m3S3……………………….+mnSn                  where c1 < mn < c2 

 

Yn = nth run 

Sn = nth shape 

mn = multiplier 

c1 and c2 are the Lower & Upper bounds of the multiplier respectively 

n = number of runs 

Design of Experiment  

Y1=0.01S1 + 0S2 + (-0.133)S3…………………………… 
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Design of Experiment (Approximation) 
• Hammersly DOE Residual Plots – Least Square Regression Method 

• A Least-square regression approximation was created to generate a simplified mathematical expression 

that best represent the responses.  Clearly, this approximation method is not accurate enough due to the 

widespread scatter of points. 

Force_max T_0.01 

T_0.02 T_0.03 
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Design of Experiment 
• Analysis Of Variance (ANOVA) Plots 

• The Anova plots created helped to understand the relative importance of the design variables to the responses. 

Force_max T_0.01 

T_0.02 T_0.03 
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Design of Experiment 

• With the aid of the ANOVA plot, the design variables which had little or no effect on the response were discarded. 

so, another DOE study was then carried out with just 7 of the existing 21 design variables. Now, 128 runs were 

set up. 

 

• In addition, the approximation method was changed from Least-Square Regression to Moving Least-Squares 

method. 

 

• This resulted to better approximation of the responses. (See next slide). 
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Design of Experiment 
• Hammersly DOE Residual Plots – Moving Least-Squares Method 

Force_max T_0.01 

T_0.02 T_0.03 
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Optimisation 

• A Sequential Quadratic Programming optimisation based on the Moving Least-Square approximation was set 

up to see if a better design can be produced.   

 

• The Objective was set to maximize the energy absorbed by the beam between 0 and 0.03s (T_0.03) which is the 

area under graph in that time range. 

 

• Constraints were also set on the remaining responses: 

                            

 

                                    Maximum Force over the whole time range                   85kN ≤ F_max ≤ 106kN 

                                    Energy absorbed between 0 and 0.01s                          T_0.01 ≥ 800J 

                                    Energy absorbed between 0 and 0.02s                          T_0.02 ≥ 1500J 
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Optimisation Results 

Fig 3a: Optimisation Iteration 

History plot 

Fig 3b: Optimisation Iteration 

History table 

T_0.03 

 

 

F_min 

 

 

T_0.01 

 

 

T_0.02 

 

 

F_max 

 

 

Best 

design 
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Optimum design 

Swage height increased 

 

 Swage gone flat 

 

 

Smaller hole 

 

 

Baseline design 

Swage height reduced 

 

 

Swage gone flat 

 

 
Swage height increased 

& moved backwards  in X 

 

 

Optimisation Results 

The shape multipliers generated from the optimisation are then applied to the model to morph the shapes to the 

optimised position. The resulting changes are shown below. 
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Optimisation Results 

Comparison between Baseline and Optimised design 
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Summary 

•  Using the Analysis of Variance (ANOVA) plot, the effects of the Crush-can geometry on the Section-force 

of the Crash beam has been successfully studied and number of design variables reduced to a more 

manageable level for subsequent analyses.  

 

• A Sequential Quadratic Programming (SQP) optimisation based on Moving Least-Square approximation 

has also helped to identify an optimum design solution reducing the average section force to a level that 

is acceptable to the customer. 

 

• This analysis only covers the Thatcham low speed front offset barrier aspect of the full crash 

performance of the vehicle, there are several other legislative requirements that must be met by the 

vehicle and therefore the DOE analysis will be repeated to find the optimum design solution to achieve 

them. 

• Once the beam has been fully optimised for all crash events at component level it is handed over to the 

OEM to assess it’s performance in the full vehicle model. 

 

 


