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Application of Simulation Technology for Automotive 
Wire Harness Development

Yuki Noguchi,1 Takayuki Hosoi,1 Takeshi Yoshioka,1 Keiichi Yoshinaga,1 and Koji Sakiyama1

We have developed an efficient simulation technology for automotive wire harness design. 
Our technology consists of a layout design simulation and a bending simulation for wire 
harness. In addition, we have developed an efficient method for wire harness manufacturing 
design by the use of 3D CAD. These CAE technologies conclusively lead to front-loading of 
automotive development which is required by automaker.

1. Introduction
Recently, simulation methods using computer have 

been indispensable for automotive development 1). 

Various simulation technologies applied to developing 
wire harnesses include deformation analysis in crimp-
ing terminals to wires, structural analysis of clips and 
temperature distribution analysis of junction boxes. 
However, since a wire harness, an assembly of wires 
and other components, is flexible and unstable in 
shape, it was difficult to reproduce its path in a vehicle 
and behavior in a bending area by a computer. There 
were also problems that divergence of results oc-
curred and an immense amount of time was needed to 
simulate the path and the behavior in bends.

We have developed a new efficient simulation tech-
nology using a simple wire harness analysis model for 
simulating the path and the bends. This method have 
the advantages of faster computing and not requiring 
expensive analysis tools which have high processing 
power over a typical finite element method. 

This report describes the new simulation method in 
detail and introduces an efficient method for manufac-
turing design of wire harnesses using 3D CAD. 

2. Simulation of wire harness path
The path of a wire harness arranged in a vehicle 

body is often designed based on the designer’s sense 
and experience. However, there are cases where phys-
ically fabricated wire harnesses cannot be assembled 
to a vehicle along the path as designed or come into 
contact with other components. To avoid these prob-
lems, there is a growing need for analyzing the path of 
a wire harness in a computer simulation.

Figure 1 shows a conventional analysis model and 
simplified analysis model. Conventionally, load defor-
mation characteristics have been calculated using a fi-
nite element method after entering into the system 
physical property value of each precisely described 

wire of a 3D wire harness model. These deformation 
characteristic values are then entered onto the desig-
nated parts of the 3D model to analyze the wire har-
ness path. However, this method has problems that it 
takes a lot of time to calculate because large amounts 
of data have to be analyzed and that the analysis re-
sults can diverge. Therefore, the use of this method is 
limited to small or local path simulation.

On the other hand, for our new method to analyze a 
harness path, the deformation of a beam supported at 
both ends is calculated using a cylindrical model rep-
resenting a harness. The calculation time has been 
shortened by using this model. The analysis tools are 
the same as those to analyze load deformation charac-
teristics of stainless steel pipes and rubber hoses.

2.1  Estimate of stiffness of wire bundle
In beam deformation calculation using a simple 

analysis model, it is necessary to impart the stiffness of 
the wire bundle as calculation conditions. The position 
of each electrical wire however, is variable, and the 
wire type combinations are numerous. For these rea-
sons, the amount of data becomes enormous when a 
value of bundle stiffness is calculated using Young’s 
modulus of each wire, which takes time to calculate. 
Consequently, we estimated the bundle stiffness by 

Conventional analysis Simple analysis model  

Fig. 1. Analysis model of the wire harness.
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experiment. We used the data for the calculation of de-
formation of a beam.

The stiffness of a wire bundle obtained by a three-
point bending method is shown in Fig. 2. We plotted 
the bundle stiffness of different types of wires random-
ly tied in a bundle. The bundle stiffness roughly de-
pended on the diameter of the wire bundle. If the wire 
is bundled by tape, a bundle stiffness is about 2 times 
higher than that without tape. In addition, we have per-
formed tests and accumulated various data of the bun-
dle stiffness of harnesses with shield wires and har-
nesses covered with a corrugated tube, a vinyl tube 
and so on.

2.2  Results of path simulation
In analyzing wire harness path by computer, bundle 

stiffness obtained by a test is assigned as calculation 
conditions to a 3D model image rendered on a 2D 
screen. The path is analyzed after moving a wire har-
ness onto the model to align the fixing points of the 
harness with designated fixing points of the vehicle. 
Figure 3 shows analyzed stress distribution of a wire 
harness. Showing concentration of stress spot can 

eliminate the necessity for trial manufacture. We can 
discuss a practical wire harness path based on these 
analysis results.

Figure 4 shows a comparison of the wire harness 
path between an analyzed path and an actual path (3D 
scanned). As for Section 1 of the simulated wire, the 
path we suggested was close to that of the actual one. 
Figure 5 shows the average of difference in distance 
from the actual wire harness path and it decreased to 
less than half.

Our next challenge is to determine the influence of 
the curl of the actual wire harness, and the tempera-
ture dependence of bundle stiffness and so on.

3. Bending simulation
Wires of the harness arranged between the car body 

and the door can break as a result of accumulated fa-
tigue in bends from repeated opening and closing of 
the door. Wire harnesses in bends are normally cov-
ered with a rubber grommet. Since the grommet and 
the wire bundle act differently, the analysis model be-
comes complicated, and that makes the simulation of 
the whole model difficult. To solve this problem, we 
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Fig. 2. Stiffness of wire harness  measured by three-point 
bending test.

Fig. 3. Analyzed stress distribution chart of wire harness.
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Fig. 4. Route comparison between simulation result  and 
realistic wire harness.
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Fig. 5. Differential Distance from realistic wire harness.
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analyzed a grommet and a wire bundle in the grommet 
individually. By combining these two results, the max-
imum strain amplitude was calculated, and then the 
breaking cycle of the wire harness was estimated. Fig-
ure 6 shows the schematic flowchart of this method.

3.1  Analysis of grommet deformation
The deformation of the grommet alone at the time of 

opening/closing of a door is analyzed by a finite ele-
ment method as shown in Fig. 7. The bellows are 
checked for crushing and buckling, and the results are 
reflected in grommet design.

3.2  Analysis of the wire bundle path
The calculation method of the beam deformation ex-

plained in Chapter 2 is used to analyze the path of the 
wire bundle only (without the grommet). Next, the 
wire bundle is checked for contacts between the wire 
bundle and the grommet by combining the results of 

the wire bundle analysis and those of grommet analy-
sis.

3.3   Analysis of maximum strain amplitude of wire 
bundle

This section describes how to determine the maxi-
mum strain amplitude on the wire bundle at the time 
of opening/closing of the door. The strain amplitude is 
defined as the difference between the strains on the 
wire bundle at opening and closing of the door. The 
specific method of analyzing the maximum strain am-
plitude is shown in Fig. 8. The wire bundle is divided 
into n equal parts at the bending area. Bending radi-
uses of each part are R10, R11, ..., R1n, when the door is 
opened, and R20, R21, ..., R2n, when the door is closed. k 

Door in opened position Door in closed position

Fig. 7. Deformation analysis of grommet.
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Fig. 6. Wire harness bending analysis method.
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Fig. 8. Maximum strain amplitude analysis of the wire harness.
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is the location where the difference in bending radi-
uses at opening and closing of the door becomes the 
maximum. R*k are the bending radiuses at k. Using the 
bending radius (R1k, R2k), the maximum strain ampli-
tude (emax) of the wire bundle is expressed below 2).

 emax = = -| e1k-e2k |
1
2

d
R1k

d
R2k

    (1)

d : Diameter of the wire bundle

3.4  Prediction of wire break
This section introduces our method for predicting 

the number of bends until a wire breaks by comparing 
the actual bending life of a wire with the maximum 
strain amplitude (emax) obtained by the simulation de-
scribed above. The actual bending life of a wire is de-
termined in advance by using the measurement meth-
od shown in Fig. 9. The correlation between the 
bending radius (R’) and the number of bends until a 
wire breaks is shown in Fig. 10.

Strain amplitude of a wire at bending area (e’) in Fig. 
9 is expressed as below.

 e¢= d
2R¢

    (2)

The equations below leads to the bending radius R’ 
when the maximum strain amplitude(emax) obtained by 
the simulation shown in Fig. 8 and the strain ampli-

tude of a wire (e’) matches.

 e¢= = -1
2

d
R1k

d
R2k

d
2R¢

    (3)

 R¢= -1
R1k

1 -1

R2k
    (4)

Bending radius R’ is obtained from equation (4), and 
the number of bends until a wire breaks can be esti-
mated with reference to Fig. 10.

3.5   Comparison between actual bending test and sim-
ulation

This section describes comparison results of the 
number of bends until a wire breaks between the ac-
tual bending test and the simulation. The results of the 
actual bending test were within the range predicted by 
simulation as shown in Fig. 11. 

To improve the reliability of the simulation, we will 
carry out bending tests using grommets in various 
shapes and various types of wires and reflect the re-
sults in the simulation.

4.  Use of 3D CAD in manufacturing design of 
wire harness 
We prototype harnesses based on drawings provid-

ed by automakers verify them, identify the portions 
that are infeasible from a production view point, and 
suggest some ideas to make manufacturing easier. 
The prototyping process, however, includes many 
time-consuming verification procedures. To reduce 
the time to verify the harness design, we have devel-
oped a system using 3D CAD for manufacturing de-
sign of wire harnesses for automatic verification in a 
prototype stage. Figure 12 shows an efficient method 
that uses 3D CAD for wire harness manufacturing de-
sign. A wire harness manufacturing board is built 
based on data obtained by rendering the 3D image of 
the model on a 2D computer screen. The board and 
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Fig. 9. Measurement method of fatigue breaking characteristics 
of wire.
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Fig. 10. Correlation between bending radius and bending life.
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the automatic verification system allow us a shorter 
work time. This system as shown in Fig. 12 will con-
tribute to reductions in development time and quick 
feedback to automakers. 

5. Conclusions
In this reports, we introduced our proprietary simu-

lation method to enable analysis in a short time in de-
veloping automotive wire harnesses and efficient 
method that uses 3D CAD for manufacturing design. 
The needs for simulation methods related to wire har-
nesses are growing increasingly. Fujikura will contrib-
ute to the advance of the automotive industry by work-
ing on the development of various simulation methods.
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Fig. 12. Efficient method for wire harness manufacturing 
design by use of 3D CAD.


