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1. Introduction

In response to the rapid advances in automobile func-
tionality, the number of vital circuits for airbags and other
electronic apparatuses used in automobiles has been in-
creasing. Under these circumstances, the automotive
wiring harnesses*1, core products of Sumitomo Wiring Sys-
tems, are required to be more functionally reliable. A
wiring harness is a bundle of electric wires enclosed by a
protective covering (to protect the wires from physical in-
terference with the vehicle body frame). It connects on-
board electric and electronic apparatuses to transmit
information between them and to supply electrical power
to them. An example of wiring harnesses installed in an au-
tomobile body is shown in Photo 1.

Sumitomo Wiring Systems designs and manufactures
wiring harnesses with particular focus on the improvement
of their performance and installability in automobile bod-
ies. The Experiment and Evaluation Dept. (former name:
Research and Evaluation Center) of the company is mainly
responsible for the performance evaluation of existing

products and for enhancing the functional reliability of
new products under development. To further expedite
these tasks, this department is promoting active use of
CAE*2 technology at the initial stage of product design. Al-
though the practical use of CAE technology is currently
limited to bending fatigue (prediction of burn-out life due
to repeated flexion) for wiring harnesses, and vibration
analysis of their components, the department is planning
to further expand the use of this technology. The use of
CAE analysis for rubber grommets, which work as wiring
harness protectors, is now under investigation as an effec-
tive method for evaluating their insertability, pull-out re-
sistance, and water-sealing properties. 

This paper reports on the current status of CAE analy-
sis system development concerning automotive grommets.

2. General Description of Automotive 
Through-Hole Grommets

An automotive grommet is a circular rubber item that
is inserted through a hole bored in an automobile body or
other equipment to protect an electric wire, tube, or hose
from physical abrasion, and to prevent the intrusion of
water through the hole. Various types of grommets are
made by Sumitomo Wiring Systems, as shown in Photo 2.
These grommets are required to provide a low insertion
force and a high pull-out force, in addition to protecting
electric wires, tubes, hoses, etc. from physical damage and
preventing the intrusion of water. For grommet insertion
force and pull-out force, customers specify target values.
For many years, we have repeated prototyping and testing
to select and determine the materials and configurations
most suitable for grommets. However, utilization of CAE
analysis techniques, rather than repetitive prototyping and
testing, is becoming essential to meet the required grom-
met specifications, and for shortening grommet develop-
ment time and cutting costs. 

The following sections describe CAE analysis results
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for insertion and pull-out forces and water-sealing proper-
ties of grommets, in this order.

3. Study of Grommet Insertion Force and Pull-Out
Force Analysis Method

3-1  Outline of insertion force and pull-out force
measurement test
The insertion force and pull-out force measurement

test is schematically illustrated in Fig. 1. A test sample was
prepared by passing a bundle of a predetermined number
of electric wires through a grommet. 

For the insertion force, the load and stroke necessary
for inserting the grommet through a hole bored in a metal-
lic panel (body panel) at a specified velocity were meas-
ured. A metallic panel was prepared so as to be comparable
with an automobile body. For the pull-out force, the load
and stroke necessary to remove the grommet from the
body panel at a specified velocity were measured. The
measured loads and strokes were compared with the CAE
analysis results in order to verify the effectiveness of the
analysis system. In this test, the loads and strokes were de-
fined as shown in Fig. 2. The insertion force was defined
as the load exerted on the bundle of electric wires during
the time period from the initiation of contact of the grom-
met with the body panel until completion of grommet in-
sertion; the insertion stroke was defined as the distance the
bundle of electric wires moved during the above action

(see Fig. 2(a)). The pull-out force was defined as the load
exerted on the bundle of electric wires during the time pe-
riod from the initial state of the grommet until completion
of its removal from the body panel; the pull-out stroke was
defined as the distance the bundle of electric wires moved
during the above action (see Fig. 2(b)).

3-2  Observations on grommet insertion and pull-out
behavior
Before studying the use of CAE for analyzing grom-

mets, we observed how the grommet was deformed when
inserted into and removed from the body panel (see Fig.
3). When inserted, the grommet was deformed due to fric-
tion with the body panel (Fig. 3(b)). When removed, two
sections of the grommet contacted with each other (Fig.
3(c)). Using these observation results, we drew up a cause
and effect diagram (Fig. 4) and established three steps for
CAE analysis system development. Step 1 enables estima-
tion of the insertion/pull-out forces and strokes for a single
grommet body; Step 2 determines the effect of a bundle of
electric wires on the insertion/pull-out forces and strokes;
and Step 3 takes into account the effect of the grommet in-
sertion work environment in automobiles (differences be-
tween workers in the rate of grommet insertion and the
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use of insertion force). The work was performed in the
order of step number. The practical work flow for each step
is shown in Fig. 5. From the grommet deformation obser-
vation results and cause and effect diagram, it was esti-
mated that the stress-strain curve (S-S curve*3), and the
friction of the rubber material would be key factors in the
analysis. In Step 1, basic tests were carried out to determine
these characteristics. The test results were reflected in the
CAE analysis model, and the grommet deformation, inser-
tion/pull-out force, and stroke analysis results were com-
pared with the test results. The comparison results are
discussed in the following sections.
3-3  Basic Test

Considering that a grommet was deformed in both the

tensile and compressive directions, the S-S curve was meas-
ured for both tension and compression. The measurement
results were reflected in the CAE analysis model. In the S-S
curve measurement test, the test sample tension/compres-
sion rates were set at the grommet insertion and pull-out
rates since the S-S curve was estimated to differ depending
on the tension/compression rates. The S-S curve deter-
mined from the test is shown in Fig. 6.

Following the S-S curve measurement, the frictional
force was measured in accordance with JIS K 7218. The
frictional forces generated between rubber materials and
between the rubber material and the body panel were
measured. To reflect the measured frictional forces in the
CAE analysis model, both static and dynamic friction coef-
ficients were calculated from the test results. The frictional
forces obtained from the measurement tests are shown in
Fig. 7. It was verified from the test results that the frictional
force between rubber materials is greater than that be-
tween the rubber material and body panel.

The surface characteristic of molded rubber products
differs depending on the surface roughness of the mold
used. Assuming that the magnitude of frictional force be-
tween rubber products would vary depending on their sur-
face condition, we tested the dependence of the frictional
force on the surface roughness of the rubber product (Fig.
8). Four types of test samples were used: Sample A having
a glossy surface; Samples B and C having the same S-S curve
and shape but different surface roughness; and Sample D
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having a rough surface and an S-S curve different from
Samples A to C. The frictional forces between each sample
and a body panel were compared. For Samples B and C,
their insertion forces were also compared (Fig. 9).

Figure 8 shows that frictional force increased as mean
surface roughness, Ra, decreased. Figure 9 shows that in-
sertion force was largely dependent on mean surface
roughness. (In Fig. 8, the force necessary for inserting Sam-
ple B, whose mean surface roughness was 0.7 times that of
Sample C, was 1.5 times that for inserting Sample C.) When
designing grommets, we must therefore pay attention to
both their S-S curve and surface conditions (mold surface
roughness) to provide products with a low insertion force
and large pull-out force.

3-4  Test for a single grommet body and comparison
between test and CAE analysis results (Step 1)
Using the S-S curve and friction coefficients deter-

mined in Section 3-3, we carried out the CAE analysis of
grommets and compared the analysis results with the test
results. Since the objective of Step 1 was to establish an eval-
uation method for a single grommet body, we prepared
test samples with particular care so that their insertion and
pull-out forces would not be affected by the rigidity of the
bundle of electric wires and that the measured values
would be distributed within an acceptable range.

Figure 10 compares the grommet deformation esti-
mated by CAE analysis with the test results, while Fig. 11
compares the load ratio/stroke curve. In Fig. 11, the load
ratio is defined as the ratio of actual insertion or pull-out
force to its target value. For a structure made of such flex-
ible material as rubber to deform largely in response to
physical contact with other objects, it is generally difficult
to check the consistency between the test results and the
CAE analysis results. The reason is that it is difficult to set

SEI TECHNICAL REVIEW  ·  NUMBER 75  ·  OCTOBER 2012  ·  69

(a) Surface roughness

(b) Difference in frictional force 
     (contact between rubber material and body panel)

Sample A

Longitudinal distance [µm]

Su
rfa

ce
 co

nd
itio

n
H

ei
gh

t 
[µ

m
]

Ra

Sample B

0.42 1.50

30

5
0 100 200 300 400 500 600 700

Longitudinal distance [µm]

30

5
0 100 200 300 400 500 600 700

Sample C

Longitudinal distance [µm]

Su
rfa

ce
 co

nd
itio

n
H

ei
gh

t 
[µ

m
]

Ra

Sample D

2.16 2.64

30

5
0 100 200 300 400 500 600 700

Longitudinal distance [µm]

30

5
0 100 200 300 400 500 600 700

Time [sec]

Fr
ic

tio
n 

fo
rc

e 
[N

]

10

0

2

4

6

8
Sample A
Sample B
Sample C
Sample D

Fig. 8. Dependence of frictional force on surface roughness

Load ratio: ratio of actual load to its target value

Stroke [mm]

Lo
ad

 ra
tio

0.0
0 10 20 30 40

0.5

1.0

1.5

Sample C

Sample B

Fig. 9. Insertion force comparison

Insertion

Direction
of force
application

Direction
of force
application

Te
st

CA
E 

an
aly

sis

Pull-out

Fig. 10. Deformation comparison (under peak loads)



a proper strain velocity and select a material model that
can accurately represent the deformation of rubber mate-
rial. Despite this, we could reflect the actual measured S-S
curve and friction coefficients, as well as the behavior of
the test sample in the test, within the analysis model. As a
result, we could obtain CAE analysis results that agreed well
with the test results. The effectiveness of the CAE analysis
was also verified for grommets of different shapes, since
the analysis system also agreed well with the test results for
these other grommets.

This CAE analysis system has already been transferred
to the Components Group of the company. This analysis sys-
tem can thus be used for examining the insertion and pull-
out forces of grommets at their configuration evaluation
stage, thereby contributing to expeditious finalization of the
design specifications. To date, the system has been used to
design the grommets for several automobile models.
3-5  Effect of a bundle of electric wires (Step 2)

Grommets with various electric wire outlets are de-
signed in accordance with the arrangement of the elec-
tronic apparatuses within a given automobile. Grommets
with typical electric wire outlets are shown in Fig. 12. On
the assumption that the rigidity of a bundle of electric wires
will differ depending on the type and number of electric
wires, and that such difference in rigidity will affect the
grommet insertion force and stroke, the test and CAE
analysis results for the load ratio/stroke curve of grommets
with different wire outlets were compared. The results are
shown in Fig. 13.

Figure 13 shows that both the maximum force and
stroke determined by the CAE analysis agreed well with the
test results, although slight differences were observed after
the insertion force reached the peak value. As a result, it
was confirmed that the CAE analysis system can yield data
almost equal to the test data even when a grommet carries
a bundle of electric wires. 

Our future task is to reflect the grommet-fitting work
environment inside the automobile within the CAE analysis
system (Step 3). Regarding insertion, grommets are re-
quired to be easy to insert into a hole bored into the body
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frame. It is desirable from the ergonomic standpoint that
the worker responsible needs to exert only the minimum
force to install each grommet. The objective of Step 3 is to
find a load/stroke curve that will enable the worker to feel
comfortable in inserting grommets.

4. Study of Water-Sealing Properties 
Analysis Method 

This section discusses the water-sealing properties of
grommets. When an automobile travels in the rain or is
washed, water may enter the body and wet the grommets,
causing the electrical system to malfunction.

To prevent the electrical system from malfunctioning,
the grommets are required to prevent the intrusion of
water. Figure 14 illustrates a water-sealing properties test
for a grommet and a performance analysis model.

In this study, the water intrusion path in an automo-
bile fitted with grommets was first checked. For this pur-
pose, the water-sealing section of a grommet was cut out.
After coating the surface of the sealing section with a paste
that would change color when exposed to water, we
pressed the surface against a transparent panel. Then, we
sprayed water over the water-sealing section at different

pressures. When the water pressure reached a certain level,
a gap appeared between the sealing surface and the trans-
parent panel and water leaked through the gap (Fig. 15).
CAE analysis was also carried out to determine the relation
between sealing surface pressure and the load applied to
the surface by the water pressure. The analysis revealed that
the sealing surface pressure would drop at the point where
water began to leak through (Fig. 16). 

In the future, we will verify the relation between seal-
ing surface pressure and water flow rate/pressure through
testing and CAE analysis.

5. Conclusion

A CAE analysis system concerning the insertion and
pull-out forces of automotive grommets has been devel-
oped. This system can be used for developing new grom-
mets and designing commercial grommets. The Sheathing
Design Dept. of the company is now using this system ef-
fectively. Products designed by using this system have al-
ready been installed in automobiles and are well received
by customers. 

Use of this analysis system at the initial stage of grommet
development enables selection of the grommet material and
determination of the configuration that can meet the re-
quired grommet performance, thereby improving func-
tional reliability, shortening the development period, and
reducing both development and mold fabrication costs.

For grommet insertion and pull-out forces, we will con-
tinue using CAE analysis methods to establish a grommet
insertability indicator while also focusing on the ease of ac-
tual fitting within automobiles by an employee.

Regarding the method for analyzing the water-sealing
properties of grommets, we carried out a test to observe
the water intrusion paths. As a result, it became possible to
check the correlation between the water leakage pressure
and the sealing surface pressure determined by CAE analy-
sis and thereby compare the water-sealing properties of
water-sealing sections of different shapes. One future task
is to reflect the water intrusion path observed in the test
within the CAE analysis system in order to derive the rela-
tion between water-sealing surface pressure and water flow
rate/pressure and increase the number of system verifica-
tion examples.

Technical Terms
*1 Wiring harness: A cable comprising a bundle of electric

wires enclosed by a protective covering. A wiring har-
ness is used for connecting the electronic and electrical
components used in automobiles, copying machines,
printers, and various other types of equipment, to trans-
mit information between these components and to sup-
ply electric power to them. Each electric wire within a
wiring harness has its own role, such as supplying elec-
trical power, transmitting sensor signals, or communi-
cating operational information.
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*2 CAE: Standing for computer-aided engineering, CAE
is a technology that uses computers to assist in solving
engineering problems. In this report, CAE is particu-
larly defined as a computer simulation for checking
whether or not a product has been designed so that it
meets performance requirements (stress, strain,
strength, etc.).

*3 S-S curve: A stress versus strain diagram that is deter-
mined experimentally from tensile and compression
tests on a specific material.
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