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Damping characteristics degrade unavoidably in shock absorber’s useful life. To study the effect of shock absorber
degradation on NVH (Noise, Vibration and Harshness) performance of vehicles served in long term, double-action
durability test was carried out on numerous shock absorbers. Afterwards, indicator diagrams and velocity
characteristics of shock absorbers were obtained; damping coefficients were calculated at the pre-valve and post-
valve opening. Based on the experimental result, a vehicle virtual prototype model was built by ADAMS/Car Ride.

Then, vertical driver seat accelerations were measured, and weighted root-mean-square (RMS) accelerations were
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calculated at driver seat. In addition, influences of individual shock absorber degradation on vehicle high mileage

performance were analyzed. The result shows that damping force degrades after durability test; the reduction rate

Shock absorber, Durability test,
Degradation, NVH performance.

individual one.

of the weighted RMS acceleration is about 4.1%, while the increment rate is more than 7.5% at high mileage; the
front-left shock absorber degradation causes a significantly worse vehicle NVH performance among the 4

1. Introduction

Vehicles under the regular service condition inevitably experience fatigue
damage and aging, resulting in decreasing performance couple with
increasing malfunction. Vehicle NVH performance is one of the most
concerned issues by the full vehicle and part manufacturing enterprises
among the international automobile industry. The vehicle body joint
degradation powertrain mount degradation, and even seat belt retractor
degradation affects vehicle NVH performance [1-3]. Shock absorbers work
as a primary functional component in the suspension to attenuate the
vibration transmitted to the vehicle body, to enhance ride quality and
comfort [4]. Therefore, shock absorber degradation has the most direct
and palpable influences on vehicle NVH performance.

The shock absorbers have been designed and manufactured with energy
absorption and liberation ability to guarantee good NVH performance of
new or low-mileage-in-service vehicles. However, the damping force of the
shock absorber declines with the duration of service [5]. Dong proposed a
robust design method for shock absorbers to provide sufficient damping
force under different temperature as a result of lower sprung mass
acceleration, but the damping force degradation was not considered with
the increasing useful life [6]. A group of scientists researched the effects of
vehicle vibration parameters degradation on thermal load of shock
absorbers, and the result showed that heat flux of the shock absorbers
degraded after a long-term service [7]. Some of researcher investigated
degradation of simultaneous spring force, shock absorber force couple
with tire force on vibration aspect of vehicle comfort, but the influences of
separate shock absorber damping force degradation were neglected [5]. A
researcher presented a finite element model to study vehicle long term
NVH performance degradation caused by high-mileage shock absorber
bushings, but the weighted mean square root of accelerations at the seat
were not measured [8]. Wei obtained defective indicator diagrams of
shock absorbers based on a full vehicle durability test, but variation of the
damping coefficients was not mentioned [9]. A group of researchers also
investigated the effect of shock absorber strut insulators aging on vehicle
noise and found the NVH performance degraded with the rubber
permanent deformation, but the influence of individual strut insulator was
not discussed [10].

In the present paper, durability test was carried out on numerous shock
absorbers. Afterwards, degradation data of damping force were obtained,

based on which ride quality analysis of a full vehicle was achieved to
investigate the effects of the shock absorbers degradation on vehicle NVH
performance.

2. DURABILITY TEST FOR SHOCK ABSORBERS

NVH performance degradation can be estimated by fatigue analysis on the
basis of laboratory test [11]. In this section, durability tests are conducted
with several types of shock absorber samples; subsequently, specific
experimental process and results were represented for the type CV6H-A.

2.1 General test

Although there are a variety of external factors and conditions when the
shock absorber serves as a component of vehicle suspension, most of the
conditions have little effects on the degradation. Therefore, the most
dominant and obvious conditions were considered during the laboratory
durability test. In addition, the durability test was conducted at the
velocity of 0.1, 0.3 and 0.6 (1.2) m/s, respectively, to obtain the velocity
characteristics of the shock absorbers. The test was conducted with
several types of hydraulic shock absorbers served in Chinese passenger
cars. The samples were randomly drawn from qualified products produce
in batches.

According to the experimental data, the velocity characteristics were
obtained for individual type of hydraulic shock absorber, as shown in
Figure 1. It displays that the damping property degrades to some degree
after numerous durability test cycles.
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v 0 indicator diagram is shown in Figure 4. The experimental data
500 before and after the durability test were shown in Table 1 and 2.
-1000 ‘ ‘ ‘
-15 -10 -05 0.0 15
v/ms'l iggg: ::;gg :ﬁ Before durability iggg +\\:§§§ m;: 100,000 cycles
1000} 1000
2500r _, Zz 5000 z 500
2000 —e— 1E5 cycles e ol T 0
1500] SC6362N -500 -500
1000
= 002 0 0 10 20 %0 0002 10 0 10 20 %
£ 500
0 s/mm s/mm
500 2000¢ :Egg:ﬁ 500,000 cycles
- so0t V3
0008 06 04 02 00 02 04 06 08 1000
Zz 5000
vims™® T ol .
Figure 1: Velocity characteristic 500}
~1000, e
0 20 -10 0 10 20 30
2.2 Testand results for CV6H-A smm
Double-action durability tests were carried out on the CV6H-A shock 2000 o . 2000 }
~ . v=0.6 m/s Before durability v=06m/s 100,000 cycles
absorbers. The experimental apparatus contained shock absorber 1500} i V203mis 1500} i V203mes
indicator instrument and a double- action test-rig. Here, a vertically 1000} 1000
mechanical double-action test-rig was employed to simulate work z 500f z 500
condition of the shock absorber during a vehicle driving on a real road. The oor Lo
double-action test-rig consists of a rack, an upper motion mechanism -500 -500
which could be utilizing to simulate the vibration of vehicle body, a lower 20000 0 10 20 30 0020 10 0 10 2 30
motion mechanism which was able to simulate the vibration of the wheels, s/mm s/mm
a lateral force loading mechanism, an automatic cooling system, an 2000 —reosms 500,000 cycles
. . . —a—v=0.3m/s
electronic control system, etc. The maximum amplitude of the upper and 15001 —a—v=01mis
lower motion mechanism was 70 and 28 mm, respectively. The vibration 1000r
frequency ranged from 0 to 5 Hz for the upper motion mechanism, while g sog»
1-15 Hz for the lower motion mechanism. The 4 shock absorber samples 00l
are shown in Figure 2, and the double-action durability test is shown in 1000 ) ) ) ) ) )
Figure 2. 0 20 -10 0 10 20 30
s/mm
2000 :\vlfgg:ﬁ Before durability 2000 +‘ﬁ8§ mg 100,000 cycles
1500 o v 1500t Z2Tv03
1000} 1000
=z 5000 =z 500
T o )
-500} -500
-1000, e ~1000, T
0 20 -10 0 10 20 30 30 20 -0 0 10 20 30
s/mm s/mm
2000¢ ——v=06mis 500,000 cycles
T R
1000}
=z 5000
T ol
-500|-
-1000, e
0 20 -10 0 10 20 30
s/mm
2000 v ms Before durabiliy 2000 s 100,000 cycles
15001 2" v 15001 2" v
1000 1000
=z 500 =z 500
. ; o T T o
Figure 2: Double-action durability test
-500 -500
. . -1000, 1000 e
The specific test process is shown as follow: 30 -2 -0 0 10 20 30 30 -20 -0 0 10 20 30

1. Test of the indicator diagram was carried out on individual shock
absorber with the indicator instrument, recording the experimental
data and defective indicator diagram for each sample.
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Table 1: Damping force after100,000 cycles

Velocity Before durability/N After 100,000 cycles/N

Travel

/ms-1 1 2 3 4 1 2 3 4

0.1 661 659 668 774 581 589 581 698
Rebound 0.3 1131 1074 1128 1205 999 981 1006 1079

0.6 1588 1517 1582 1595 1426 1411 1450 1469

0.1 -191 -179 -190 -187 -141 -199 -164 -142
Compression 0.3 -352 -347 -386 -372 -322 -350 -366 -331

0.6 -479 -472 -552 -534 -443 -501 -547 -493

It could be noticed from Figure 3 that all the indicator diagrams are
defective. The oil seal of sample-3 cracked after 100,000-cycle durability
test, with a little oil leakage. There was too much oil loss, about 100 g;
furthermore, the damping force dropped near to zero after 500,000 cycles.
Therefore, sample-3 lost efficacy. Similarly, sample-1 lost efficacy after
500,000 cycles, without any damping force. Generally, the damping force
increases with the increase of the testing velocity. The maximum damping
forces in the compression and rebound stoke at each velocity of the
samples are shown in Table 1 and 2.

There is information of only sample-2 and -4 in Table 2, as the other two
samples were in failure after 500,000 cycles. The velocity characteristics
of sample-2 and -4 could be obtained from Table land 2, as shown in
Figure 1. It shows that the damping forces in both rebound and
compression stoke degraded a little after 100,000 cycles, while
remarkably after 500,000 cycles. Moreover, the damping force of sample-
2 degraded obviously in the rebound stoke while less visibly in the
compression stoke; however, the damping force of sample-4 degraded in
an opposite result.

Table 2: Damping force after500,000 cycles

Before After 500,000 Rate of
. o N o
Travel ye,:;:ty durability/N cycles/N difference/%
2 4 2 4 2 4
0.1 659 774 113 694 -82.8 -10.3
Rebound 0.3 1074 1205 382 1059 -64.4 -12.1
0.6 1517 1595 894 1430 -41.0 -10.3
0.1 -179 -187 -183 -125 2.2 -33.1
Compression 0.3 -347 -372 -326 -227 -6.0 -38.9
0.6 -472 -534 -532 -414 -12.7 -22.5

The damping coefficient before the pre-valve opening in the rebound stoke
is given as (Zhou and Meng, 2008)

Cqp = @ (1)
\

where Faa and Vii are the damping force and velocity at the pre-valve
opening in the rebound stoke, respectively; ki is the slope of the velocity
characteristic curve before the pre-valve opening in the rebound stoke.
The damping coefficient after the pre-valve opening varies with the
velocity, which yields

Fov Faa+ke (V _Vkl)
Cop ==

\Y \Y

(2

where V is the arbitrary velocity after the pre-valve opening in the
rebound stoke; Favis the damping force at the velocity V; k2 is the slope of
the velocity characteristic curve after the pre-valve opening in the
rebound stoke.

According to Eq. (2), The damping coefficient at the post-valve opening is
given as

_Fae _ Faa+ ko (Ve = Vi) @)

Vk 2 Vk 2

Cak2

Where Vi is the velocity at the post-valve opening in the rebound stoke;
Faizy is the damping force at Vie.

Similarly, the damping coefficient before and after the pre-valve opening,

couple with the damping coefficient at the post-valve opening in the
compression stoke is individually given as

dely
Ca1y = (4)
Vkly
_ Fay _ Faay +Kay (Vy *Vkly) (5)
Ty, v,
Cdkzy _ dezy _ dely + k2y (Vka _Vkly) (6)
Vk2y Vka

According to Eq. (1)-(6), the damping coefficients could be calculated, as
shown in Table 3. After the durability test, the damping coefficients of
sample-4 were decreased; and those of sample-2 were decreased in the
rebound stoke as well, while increased in the compression stoke.

Table 3: Damping coefficients (Nsm-)

Sample-2 Sample-4
Test Rebound Compression Rebound Compression
Ca1 Caiz Cary Caizy Car Caiz Cany Caizy
Before durability 6590 2528 1790 787 7740 2658 1870 890
100,000 cycles 5890 2352 1990 835 6980 2448 1420 822
500,000 cycles 1130 1490 1830 887 6940 2383 1250 690

3. SIMULATION
3.1 Ride quality evaluation

The weighted root-mean-square (RMS) acceleration is a basic method to
evaluate the effect of a vibration on comfort and health of human body.
The weighted acceleration time history aw(t) can be obtained by the filter
network of the corresponding frequency weighting function for the

recorded acceleration time history a(t) . The weighted RMS acceleration
is defined as

1
1,7 2
aw :[?L a (t)dt} )

where Tis the time of vibration analysis.

The weighted RMS acceleration is determined for each axis (x, y and z) of
translational vibration on the seat surface. The assessment of the vibration
is made with respect to the highest frequency-weighted acceleration
determined in any axis on the seat pan. When tri-axis translational
vibrations at the seat surface along x-, y- and z-axis are considered
simultaneously, the total weighted RMS acceleration along the three axes
is given as below [12].

a, = [(1.4am ) +(L4a ) +a2 F (8)

3.2 Vehicle model

To investigate the effects of the shock absorbers degradation on vehicle
NVH performance, a vehicle model originated from a Chinese passenger
car which the CV6H-A shock absorber served on was built by ADAMS/Car,
as shown in Figure 5. This model consisted of the front and rear
suspension, steering system, body system, braking system, tires and
powertrain. The main configuration parameters are shown in Table 4. The
same type of shock absorbers was adopted in the vehicle suspension.

Figure 5: Vehicle virtual prototype model

Cite the article: Hong-Yu Shu, Shuang Luo, Mao-Ju Yang (2017). Influence Of Shock Absorber Degradation On Vehicle Nvh Performance ,
Topics in Intelligent Computing and Industry Design, 1(2) :52-56.



Topics in Intelligent Computing and Industry Design (ICID) 1(2) (2017) 52-56

Table 4: Vehicle configuration parameters

Projects Parameters/mm Projects Parameters

Length 3730 Curb weight 1020 kg

Width 1650 Tire specification 165/60/R14

height 1530 Front suspension Macpherson

Wheel base 2410 Rear suspension Torsion beam

Wheel track (front/rear) 1420/1430 Maximum speed 175 km/h
3.3 Simulation and analysis

Traditionally, acceleration at the driver’s seat is an important index to
evaluate vehicle NVH performance. Here, ADAMS/Car provides a
specialized module to analyze ride quality and ride comfort. The vehicle
runs on a rough concrete road during the simulation. Generally, road
irregularities are the primary input to excite vehicle vibration [12].
Therefore, vibration modes were measured at the frequency range from
0.5 to 25 Hz. It is assumed that the 4 shock absorbers of the vehicle
suspension degraded simultaneously. The shock absorber of the vehicle
model in ADAMS/Car could be defined by the velocity characteristics
obtained from the above-mentioned test. Vertical accelerations at driver’s
seat were measured at a constant speed of 60, 70 and 80 km/h for the
vehicle experiencing at 0-mileage, middle-mileage and high-mileage,
responding to the shock absorber serving in short, middle and long term
respectively [13]. The total weighted RMS acceleration at seat surface is
shown in Figure 6. The frequency spectra of vertical accelerations are
shown in Figure 7.
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Figure 7: Vertical driver seat acceleration at different speed

It can be noticed from Figure 6 that the weighted RMS acceleration at the
seat surface increases with the vehicle velocity, which indicates the driver
will feel more uncomfortable with the increment of the velocity. The
weighted RMS acceleration decreases at the speed of 60 and 70 km/h
while increase at 80 km/h with the useful life. The reduction rate is in the
vicinity of 4.1%, and the increment rate is more than 7.5% at high mileage.
The deceasing damping force doesn’t absolutely suggest a good NVH
performance, and the NVH performance is in relation to vehicle velocity as
well.

The vertical acceleration at 0-mileage is comparable to that at middle
mileage, as shown in Figure 7. However, it is signally different at high
mileage in the vicinity of 3.6 Hz, where there is obvious peak. The
degradation of the shock absorbers results in a vehicle NVH performance
which is worse in the frequency range from 2.2 to 7 Hz while better in that
below 2.2 Hz and above 7 Hz. Furthermore, the worse NVH performance
range falls into the sensitive frequency range the seated driver feels to,
resulting in a degraded ride comfort.

There is the situation where not all the shock absorbers degrade
simultaneously. Here, one or two shock absorbers are assumed to be
degraded in the simulation to investigate the effects of individual shock
absorber degradation modes on the vertical acceleration response at the
driver seat. The degradation modes of the shock absorbers are shown in
Table 6.

Table 6: Different degradation modes

Front left Front right Rear left Rear right
0 0 0 0
H 0 0 0
0 H 0 0
0 0 H 0
0 0 0 H

In this table, O and H denote 0 mileage and high mileage shock absorber
properties, respectively. Here, non-parametric test of two matched-pairs
samples was introduced to study the vertical driver seat acceleration
difference between 0 mileage and high mileage after individual shock
absorber degradation. The test result is shown in table 7. Statistical
analysis shows that the front-left shock absorber degradation causes a
significant difference, a worse NVH performance, comparing to that at 0
mileage; while there is no remarkable degradation after the rear-right
shock absorber degradation (p<0.05, Wilcoxon matched-pairs signed
rank). Whether there is significant difference depends upon the vehicle
velocity after front-right or rear-left shock absorber degradation.

Table 7: p values for different degradation modes

Velocity/km FL-H FR-H RL-H RR-H
60 (All-0) 0.001 0.453 0.016 0.116
70 (All-0) 0.000 0.002 0.149 0.243
80 (All-0) 0.005 0.064 0.035 0.405

4. CONCLUSION

Double-action durability test were achieved on numerous hydraulic shock
absorbers. All the shock absorbers in the stud present a degraded
characteristicc. Damping coefficients decrease after 500,000-cycle
durability test, and especially significant degradation shows in rebound
stoke of sample-2 (p<0.05, Wilcoxon matched-pairs signed rank).

The reduction rate of the weighted RMS acceleration is about 4.1%, while
the increment rate is more than 7.5% at high mileage. The degradation of
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the shock absorbers results in an obvious peak in the vicinity of 3.6 Hz and
causes a vehicle NVH performance which is worse in the frequency range
from 2.2 to 7 Hz while better in that below 2.2 Hz and above 7 Hz. The
front-left shock absorber degradation causes a significantly worse NVH
performance, comparing to that at 0 mileage among the 4 individual shock
absorbers (p<0.05, Wilcoxon matched-pairs signed rank).

This study can help in vehicle design for long term custom satisfaction.
Further research will be carried out on the effect of shock absorber
degradation on wheel bouncing and handling stability.
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