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  Abstract 
With the comprehensive development of diesel locomotive and the improvement 
of running speed, the design of locomotive cooling system get more attention, the 
basic is to ensure that the strength of the structure in order to make locomotive's 
operation safe and reliable. This paper establish cooling steel structure finite ele-
ment model with parametric method, and gets static strength results of the struc-
ture under different conditions. In order to make the structure satisfy the standard 
of intensity and shorten the design cycle, putting the design parameters and the 
extract command of equivalent stress into the export file of Hyper Mesh, using 
Workbench Design Explorer modules with experimental design method, based on 
Monte-Carlo method simulating sampling points, and fitting for response surface 
between the Design parameters and target parameters. Setting structure’s optimi-
zation algorithm and then the program automatically calculates the candidate de-
sign points. After those design points are determined, it needs to calculate again, 
steel structure meets the design requirements of strength criteria in locomotive 
running. 
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Introduction 

The cooling device is an important part of diesel locomotive. The working condition of the cooling device directly 
affects the power play, working efficiency and service life of the diesel engine and transmission device. It is of great 
significance to ensure the normal operation of the locomotive and extend the service life of the parts. The steel structure 
of the locomotive cooling room should ensure sufficient strength and stiffness to ensure the safe and reliable operation 
of the cooling system and timely heat dissipation of the diesel engine, so as to make the locomotive run normally. For 
the design of structure, it is essential to ensure that the structure has sufficient strength and stiffness so as to meet the 
requirements of bearing capacity [1-2]. The upper heat sink of the steel structure in the cooling room, the side end is 
connected with the expansion water tank and the respective pipeline connecting components. The central connecting 
plate is suspended with the cooling fan and the cooling fan motor. The lower part is supported by the column and lon-
gitudinal beam. 

The Design Explorer module in AWE environment provides a good scheme for the optimization of the Design. The 
design variables that need to be improved in the CAD model can be transferred to the AWE environment, and after the 
design objectives are set under the Design Explorer environment, the optimization design can be realized in a high de-
gree of automation and the relevant charts can be updated in real time. By changing parametric design variables related 
to structural performance, the performance of the structure can reach the maximum expected value [3]. This paper takes 
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the steel structure of the locomotive cooling room as the analysis object, uses HyperMesh to establish the finite element 
model and determines the boundary conditions combined with the overall actual structure of the locomotive. In order to 
avoid the waste of time engineering caused by secondary modeling, based on Workbench optimization module Design 
Explorer, The corresponding relationship between design variables and target parameters can be visually displayed. 

1. Design Explorer Introduction 
The multi-objective optimization module Design Explorer, an optimization tool based on experimental design tech-

niques, is used in the Workbench. Experimental design method is also known as DOE method. Design Explorer tech-
nology is combined with the kernel of finite element analysis program to change elements such as stiffness matrix and 
mass matrix into functions of design variables, so as to functionalize the optimization process, and the calculation re-
sults are also functional expressions of design variables. According to the number of input parameters, Monte Carlo 
sampling technique [4-5] was used to extract sample points of design parameters. After the sample points are extracted, 
the response result of each sample continuous variable point should be calculated, and the response surface or response 
curve of the design space should be constructed by using the quadratic interpolation function. Then, the upper limit 
value of the objective function should be set according to the constraint conditions and the importance of the analysis 
process. Finally, the program will calculate the three groups of design variables and objective function values that meet 
the requirements most. DOE method can obtain the design space represented by 2D curve or 3D surface through the 
advanced and fast sampling technology and less scheme calculation. The design space is realized by the response sur-
face, which can intuitively and clearly express the relationship between the design variable and the objective function. 
DOE method can perform parameter sensitivity analysis, feasibility analysis, 6σ design, and realize seamless docking 
with parametric 3D model. 

2. Static strength theory and Optimization algorithm 
2.1 Static strength theory 

Strength is the ability of a part to resist damage. According to the requirements of the theory of mechanical strength 
of materials, the yield limit is used to evaluate structural steel because it is a plastic material. According to the fourth 
strength theory, the equivalent stress (Von mises stress) should not exceed the allowable stress of the material under the 
specified static strength load condition, that is. The steel structure material is stainless steel Q345E. The formula is as 
follows [6]:  

[ ]2 2 2
1 2 2 3 3 1

1 ( ) ( ) ( )2eσ σ σ σ σ σ σ σ = − + − + − ≤                   (1) 

[ ]σ = s
s

σ =345／1.32=261.364 MPa 

where (1): σe——Equivalent stress/MPa;  
σi——Main stress (i=1,2,3) /MPa;  
S ——Safety factor, here is 1.32.  

2.2 Design Explorer algorithm 
Optimization design needs to define design variables, constraints and objective functions [7]. Design variable is a set 

of parameters to feel the sensitivity of structural performance. The objective function is a function of design variable, 
and the constraint condition is the restriction on design [8]. The optimization algorithms adopted by Workbench opti-
mization module Design Explorer mainly include sequential quadratic programming, multi-objective genetic algorithm 
and screening algorithm. In this paper, the optimization algorithm of steel structure cooling room adopts screening al-
gorithm. 

The screening algorithm is based on the idea of Hessian matrix algorithm, which adopts sampling strategy to generate 
all sample points. The classical Hessian sampling algorithm is based on the generation of pseudo-random numbers, with 
small differences, and is used in Monte Carlo simulation. The sequence of sample points forms the whole design point 
space. The number of input parameters does not multiply exponentially as the number of design points increases. The 
idea of Hesson's algorithm is as follows: 

Hessian matrix is a square matrix composed of the second partial derivatives of a real valued function whose inde-
pendent variable is a vector. If all the second order functions of the function f(x) exist meaningfully, then the Hessian 
matrix of the function is: 

( ) ( ) ( )i ji jH f x D D f x=                                     (2) 

where, ( )1 2, , , nx x x x=   
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3. Calculation result analysis 
3.1 Finite element model building 

Mesh division is the basis of finite element analysis. The finite element mesh division of the steel structure in the 
cooling room was completed by HyperMesh. The discrete structure was shell element SHELL181, the weight of the 
radiator 2.333t (including the weight of water), and the cooling fan asynchronous motor 1.935t were simulated on the 
corresponding nodes by mass element MASS21 respectively. In the process of locomotive operation, the fan thrust is 
simulated as 1400N by rigid element. After the steel structure is divided by finite element, there are 419404 elements 
and 419485 nodes. 

 
Figure 1. Finite element model of steel structure. 

3.2 Static strength calculation results 
3.2.1 Calculation loads and working condition 

According to TB/T 1335-1996 "Code for Design and Test Identification of Railway Vehicle Strength", the influence 
of acceleration should be considered in the actual operation of locomotive, that is, acceleration should be applied in the 
lateral, longitudinal and vertical directions of steel structure. A rigid RBE3 element is established on the inner wall of 
the cold steel seat of the steel structure and displacement constraints in X, Y and Z directions are applied. The calcu-
lated load and working condition are as follows: 

Table 1. Acceleration loads 

Direction lateral longitudinal vertical 

Value 1g 3g 1.5g 
 
Working condition is as follows: 
(1) longitudinal acceleration +gravity acceleration 
(2) vertical acceleration+gravity acceleration 
(3) lateral acceleration+gravity acceleration 
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3.2.2 Calculation Results Analyse 

   
Figure 2. Von Mises stress contours under                     Figure 3. Von Mises stress contours under 

longitudinal acceleration.                              vertical acceleration. 

 

 
Figure 4. Von Mises stress contours under lateral acceleration. 

Under 3g longitudinal condition, the stress gradient of the upper part of the steel structure, such as the radiator con-
necting plate, water tank connecting plate and cooling fan suspension device, is very small and uniform, while the stress 
gradient is large at the welding between the two ends of the column and the beam, the corner of the support plate and 
the steel cold steel seat due to the welding quality or stress concentration. The maximum equivalent stress at the corner 
of the support plate is 281.730MPa, as shown in Figure 2. Under the vertical working condition of 1.5g, the maximum 
equivalent stress of 106.362MPa occurs at the welding place between the rib plate of the intermediate fan and the air 
duct. Due to the uniform stress, the stress variation trend of the hanging fan at both ends is the same as that of the in-
termediate fan. The wall thickness of the air duct is thinner and the upper part of the structure is larger. The stress gra-
dient between the edge area of the air duct and the intermediate plate used to connect the lower part and the upper part 
of the structure is larger and has a downward trend. As shown in Figure 4, the maximum Von Mises stress of the struc-
ture under lateral acceleration was 81.077MPa, which occurred at the welding point between the channel steel at the 
bottom of the triangular end frame and the cold steel base, and the stress variation gradient at the corner of the triangu-
lar end frame was also large, and the stress variation trend at the corner of the other triangular frames was roughly the 
same as that at the maximum position. 

4. Design Explorer Design 
After HyperMesh finite element division, it is necessary to program the exported cdb file, that is, to complete the 

compilation of pre-processing commands, parameter definition and automatic solving commands. The APDL module of 
Workbench imports parameterized cdb files to complete the pre-processing and post-processing of parameters. In this 
study, the column and the support plate were used as design variables. The initial thickness of the column was 8mm, the 
upper limit was 10mm, the lower limit was 5mm, the initial thickness of the support plate was 6mm, the upper limit was 
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9mm, the lower limit was 3mm, and the Von Mises stress under longitudinal conditions was used as the objective func-
tion. The 3D response surface between the design variable and the target variable is shown in Figure 5. 

 
Figure 5. 3D Response surface. 

Independent design variables only affect the value of the parameter and the target parameter. In order to intuitively 
represent the response relationship between the column and support plate element thickness and the maximum equiva-
lent stress, the 3D curved surface response is established, as shown in Figure 5. The column and support plate element 
thickness and the maximum equivalent stress increase uniformly in blue to red feasible areas, and the blue feasible area 
is the optimal design area. Set the importance and limit value of structure optimization algorithm, design parameters and 
target parameters. Columns, support plate and equivalent stress of three candidate design point (5.375 mm and 8.280 
mm, 254.860 MPa), (9.175 mm and 7.764 mm, 251.010 MPa), (7.675 mm, 7.061mm, 255.070MPa) meets the structural 
design requirements. Considering the feasibility of steel structure manufacturing and referring to the optimization re-
sults, the optimization parameters are rounded, that is, the column unit thickness is 7.5mm, and the support plate unit 
thickness is 7mm. The optimized structure stress and before are shown in Table 2. 

Table 2. Static strength comparison before and after optimization 

Project Initial structure (MPa) Optimization structure (MPa) 

Longitudinal condition stress 281.730 259.112 

vertical condition stress 106.362 106.363 

lateral condition stress 81.077 81.074 

5. Conclusion 
(1) Considering the influence of the size of structural elements on the static strength of the steel structure in the cool-

ing room, a parametric finite element model was established, and a program command for parameter definition and 
maximum stress extraction was written to extract the maximum stress of the structure, reducing the workload and im-
proving the computational efficiency. 

(2) Using the Design Explorer module of Ansys-Workbench, Monte Carlo sampling simulation analysis was carried 
out based on the experimental design method, and the response surface fitting of design parameters and target parame-
ters was completed. 

(3) After the optimization of the experimental design method, the maximum stress of the structure under longitudinal 
conditions is reduced by 22.618MPa by changing the size of the structural elements. The parametric optimization of the 
structure meets the allowable requirements of the material. 
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