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Estimation of Maximum Damping Force and Bending Stress of 
Suspension Components Using the AutoDyn7 Program 

Wan-Suk Yoo*, Myung-Gyu Kim**, Jeong-Woo Lee**, Kwang-Suk Kim*** 
and Sang-Yoon Shin** ** 

(Received October 7, 1998) 

In this paper, stresses at the suspension components are calculated using the joint reaction 

forces obtained from computer simulation. The Shear Force Diagram, Bending Moment 
Diagram, and the stress distribution of the damper strut are also calculated. The AutoDyn7 
program is used for the computer simulation, which is a vehicle dynamics program developed 
in G7 project. 
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1. Introduction 

For the vehicle dynamic analysis, DADS and 
ADAMS programs are widely used in Korean 
industries. Since these programs are well devel- 
oped as a general purpose multibody dynamics 
program, it is very useful in the sense of dynamic 
analysis of  automobiles. The users, however, are 
confined to modify some parts of the program for 

their own purpose. 
Progressing toward one of major car manuthc- 

turers, the Korean automobile industry needs to 
develop its own technologies. Among these tech- 
nologies, an original vehicle dynamic code 
appeared as one of  key technologies. The indus- 
tries require not only an original program to 
modify easily for their individual purpose, but 
also advanced modules and facilities tbr conve- 
nient simulation. The AutoDyn7 program, a 
research product supported by the Korean auto- 
mobile industries, has several useful user-friendly 
subroutines. Futhermore, it has an input transla- 
tor to convert the DADS input or ADAMS input 
to an AutoDyn7 input(Kim et al., 1995). 
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In this paper, the general structure and main 
algorithm of the AutoDyn7 program are briefly 
explained. Using the suspension module, road 
module, roll stabilizer module, and tire module of 
the AutoDyn7 program, a multibody model of a 
passenger car is generated. From the computer 
simulation using the AutoDyn7 program, the 
reaction forces at the suspension components are 
calculated. Furthermore, the Shear Force Dia- 
gram, Bending Moment Diagram, and the stress 
distribution of the damper strut are calculated. 

2. Vehicle Modeling Using 
AutoDyn7 Program 

2.1 AutoDyn7 program 
2.1.1 General structure(Kim et al., 1995) 
AutoDyn7 program is composed of (1) Pre- 

Processor (2) IP(Intermediate Processor) (3) 
Main Program (4)Post-Processor. In the pre- 
processor, data input and graphic representation 
of the system is contained. The IP is used to 
combine finite element programs for the flexible 
structure analysis. The main routine assembles the 
system, generates the equations of motion, and 
provides the solution. The post-processor gener- 
ates the graphic output and animation. It also 
includes the PSD (Power Spectral Density) calcu- 
lation for a frequency analysis of" the dynamic 
output. 
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2.1.2 Equations of Motion 
The equations of motion of the AuloDyn7 

program are derived using a velocity transforma- 

tion technique(Jcrkovsky, 1978; Kim and Van- 

derploeg, 1984; Lee et al., 1993). The velocity 

transtbrmation combines Ihe generality of  the 

Cartesian coordinates and the efficiency of the 

joint  coordinates. The constraint equations gener- 

ated by a cut joint  are derived in the Cartesian 

coordinates, and transformed to a joint  space. 

The Jacobian matrix of the constraint equation is 

also derived in the Cartesian space and then 

translbrmed to the joint  space. The final equa- 

tions of motion of the system are written as; 

where M=B'~'MI? is a generalized mass matrix, 

B is a velocity transformation matrix, g~=B'~'[f 
-Mf~d-~/IBd] is a generalized force vector, 

and ,~ is a Lagrange multiplier vector. 

Since the Eq. (1) is a DAE(Differential  Alge- 

braic Equation),  a coordinate par t i t ioning 

scheme(Wehage and tlaug, 1982) or a constraint 

stabilization scheme(Baumgarte, 1989) is em- 

ployed to solve it. 

2.2 Special modules in AutoDyn7 
2.2.1 Road module 
The road module, in AutoDyn7 program, cal- 

culates the spatial road roughness data t, sing the 

PSD data supplied from a user. Furthermore, 

several useful road grades defined by ISO and 

MIRA are already stored as database, which 

enables to generate road profile just specifying 

"ISO grade A" or "ISO grade B". The Belgian 

road profile is also stored in the road module, 

and attached to a vehicle simulation by specifying 
"Belgian". 

2.3.2 Tire module 
The tire module in the AutoDyn7 program has 

several options for users. The Carpet plot option 

is used Io input the experimental data from the 

user. The DADS tire option offers the same func- 

lion as three kinds of DADS tire model(Basic, 

Intermediate, Ful l ) .  The UA tire model in 

AutoDyn7 has the same function as A D A M S  UA 

tire. The STl(Mohamed,  1996) tire model is also 

implemented in the AutoDyn7. 

2.2.3 RSB (roll stabilizer bar) module 
To model a roll stabilizer bar in the suspen- 

sions, the RSB module in the AutoDyn7 program 

offers three modeling options. The simplest mod- 

eling is to install a rotational spring at the 

midpoint  of the bar, which transfers the force 

between the right wheel and left wheel. In the 

rotational spring model, only the deflection due 

to twisting moment is considered to calculate the 

stiffness of the roll bar. The second model of  RSB 

considers deflections due to twisting moment and 

bending moment. The third model uses the finite 

element lechnique to calculate the stiffness of the 
RSB, The second model, which combines the 

twisting and bending moment, is recommended 

due to simplicity and reliability. 

2.3 Vehicle modeling using AutoDyn7 
2.3.1 Suspension modeling 
The suspension templates in the preprocessor of 

the AutoDyn7 program are very useful for a 

suspension modeling. Users are only required to 

specify the locations of joints in the suspension. 

Then, the program calculates the .joint axes and 

path matrices (Jerkovsky, 1978) of the suspension 

system. There is another option for the suspension 

modeling, in which the joint  data arc supplied by 

the user. In this paper, the input data associated 

with joint  types are converted from the DADS 

input. In Figs. I and 2, the fi'ont and the rear 

suspensions are shown. 

2.3.2 Modeling of damper strut 
A damper is one of the most important compo- 

nents of a suspension system that determines 

dynamic response of a vehicle. In this paper, a 

strut typed damper is used. An upper mount of 

the piston rod is connected to a chassis through a 

strut mount. A lower mount of outer tube is 

welded to a knuckle. A coil spring around outer 

tube is attached to chassis. 

2.3.3 Full car modeling 
With prescribed suspension and damper  
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Fig. 2 Rear suspension of the vehicle, 

models, a full vehicle model is constructed. The 

properties of the vehicle components are listed in 

Table 1 and Fig. 4. 15 D.O,  F (degree of free- 

dom) vehicle model is used, and basic tire model 

is employed, Dynamic simulations are carried out 

with the AutoDyn7 program. 

3 .  A u t o D y n 7  S i m u l a t i o n  

3.1 Reaction forces running over a bump 

and pothole 

Joint reaction forces in the AutoDyn7 program 

are calculated from constraint reaction forces of 

the cut jo in ts (Choi  et al., 1998). 

A vehicle at 30km/hr is simulated over bump 

and pothole, shown in Fig. 5, to see variation of 

1503 

d0 " 0'2 " d.  " 01~ ' ol. " ,'.0 " ,7~ 

Damping Veloci ty [ rots ~ ] 

Fig. 4 Characteristics of damping force. 

Table I Vehicle properties. 

Vehicle Mass 1375,9 Kg 

Front Suspension Stiffness 20784.84 N/m 

Rear Suspension Stiffness 191212.7 N/m 

Tire Vertical stiffness 206000 N/m 

Tire Vertical Damping Coefficient 2060 N.s/m 

oh._~ 

Fig. 3 Structure of twin type oil damper. Fig. 5 Bump and pothole. 
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(b) Reaction Force and Torque Magnitude (Front 
Left) 

Fig. 7 Reaction Forces and Torques of Trans- 
lational Joint. 

load acting on damper strut. Length of  bump and 

pothole is 80cm and depth is 15cm. Figure 6 

shows the maximum chassis vertical acceleration, 

which appeares to be about 0.5g. 
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Reaction Forces and Torques of Trans- 
lational Joint. 

Since a suspension is designed to support verti- 

cal and lateral forces, lateral force may act on a 

damper strut during driving the vehicle. Thus, 

resultant shear force causes damper strut to be 

bent and deformed. Reaction forces of the trans- 

lational joint  connecting a knuckle and a damper 

strut are shown in Fig. 7. 

Front  right wheel is passed over bump, and 
front left wheel goes over pothole. Figure 7(a) 

shows that maximum reaction force and torque 

on right damper strut passing over bump are 

3160N, and 1733N-m respectively. Figure 7(b) 

shows that maximum reaction force and torque 

on the left damper strut passing over pothole is 

2400N and 1536N-m, respectively. 

3.2 Reaction forces running over a Belgian 
road 

A Belgian road is widely used to test durabil i ty 
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Fig. 10 Equivalent Forces of Torque. 
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Design Factor of Piston Rod 

of vehicle components. The belgian road data for 

the simulation is generated in the road module of 

the AutoDyn7 program. Figure 8 shows that 

maximum vertical acceleration of a vehicle is 

1.03g moving on the Belgian road at 30kin/hr. 

Reaction forces running over a belgian road is 

shown in Fig, 9, The maximum reaction force was 
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Fig. 12 Design Factor of Cylinder Tube 
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Fig. 13 Total Deflection Line 

2532N and torque was 1318N m. The reaction 

forces are relatively small compared with those in 

the bump & pothole simulation. So it can be 

concluded that the bump & pothole simulation 

offers severer load condition than the belgian 

road simulation. 

4.  D e s i g n  o f  a D a m p e r  S t r u t  

4.1 Calculation procedure of BMD(bending 
moment diagram) and bending stress 

1) The reaction force R F  and reaction torque 

RM are replaced with a force F2 at the rod guide 

and a force F I  at the center position of a piston 

rod as shown in Fig. 10. 

2) With forces F1 and F2, applied forces on 

each part of strut damper (piston rod, cylinder 

tube, outer tube) are calculated via static analysis 

(Kim et al., 1998). 

3) Assuming the piston rod and the cylinder 

tube as simply supported beams and outer tube as 
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a cantilevered beam, bending moment, stress, and 
deflections of piston rod, cylinder tube, and outer 
tube are calculated. 

4.2 Results of SFD, BMD, and deflection of 
damper strut 

1) Piston rod 

Figure l l (a) shows the maximum bending 
moment applied to the rod guide. Figures 11 (b) 
and (c) show bending stress and deflection line of 
the piston rod, respectively. We can see that 
severer deflection is occurred when strut damper 
is in tension, 

2) Cylinder tube 

Figures 12(a) (b). show the maximam bending 
moment and bending stress applied to overlaped 
part of the piston rod and cylinder tube. The 
maximum bending moment and the maximum 
bending stress are - 175.9 (N-m), and - 161.96 (N/ 
mmZ), respectirely. 

3) Deflected Shape of the Damper 
Figure t3 shows the total deflation line of the 

piston rod, cylinder tube, and outer tube. Deflec- 
tion of the cylinder tube and outer tube is expres- 
sed relative to dash--dotted line connected each 
component edge Io see overall deformation under 
assembly condilion. The cylinder tube and outer 
tube have smaller deformation compared with the 
piston rod. 

5. Conclusion 

In this paper, a general procedure to get design 
data from dynamic simulation is introduced with 
a suspension damper. The maximum bending 
stress and deflection lines of damper strut of a 
vehicle are calculated with vehicle dynamic analy- 
sis program, AutoDyn7. 

The piston rod is the most deformed among 
three components of a slrut damper. It is shown 
that stress concentration is occurred at the piston 
rod guide position. These results can be very 
useful for design of dampers. 
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