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Abstract : This paper presents a reduced order model of a multi-axle suspension system for medical purpose vehicles

concerning unbalanced distribution of the axle loads during various road driving conditions. A twin-rear axle suspension as
the load balancing system for limiting the occurring overloads is presented in this study. The modeled twin rear axle
suspension has leaf-springs whose center are fixed to the body of vehicle, and each rigid axle is connected to both sides of the
spring. The reduced-order model for the target vehicle is developed by combining the conventional bounce model with beam

elements. The model is consequently verified by comparing the actual vehicle driving data with the model simulation results.
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Fig. 2 Schematics of reduced-order model for a vehicle with
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‘When motion occurs in model

L Since edges of the two elements are coupled,
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Deformation of the bar element is
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than that of the beam element
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)

As a result, behavior of the elements is very
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(b) Schematics of link motion through the coupled beam and
bar elements

Fig. 5 Method of describing linkage motion using beam
elements
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Table 1 Connection point and position information for bar
element application to entire stiffness and damper

matrix
Connection point Position information
FR suspension point on body & 1&5
FR wheel
FL nsion point on
suspe SF(L iﬁe etl on body & 2 &6
RR suspension point on body & 1& 11
Center of right leaf spring
" oot et g de21
Front edge of right leaf spring & 7827
Right edge of first rear rigid axle
Rear edge of right leaf spring & 15 & 33
Right edge of second rear rigid axle
Front edge of left leaf spring & 17&31
Left edge of first rear rigid axle
R« f left 1 rin;
L':-:fte Zfi;:g()ef(s)eczizdel*ifa;rsiigij :(Ie 2 &37
EX: position information = 2 & 5
Applying Bar element matrix = [ % ¥
an [ | ann [an | | an aty et [ann | [ ann | ant
wr | [ [ e | s [ s o [ 2 s [ e [ 2] e
a3l | a32 | a33 | a3 | a35 | al6 a3l | a32 | 233 | a34 | a35 | ad6
wr | a2 [ s [ase | ass [ e s |22 s [ase [ 298] e
a1 | as2 | ass | ase | ass | wss a1 | a6z | ass | ass | ass | ass

Fig. 6 Method of applying bar element to entire matrix
according to position information
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Fig. 7 Flow chart of dynamic analysis in the model
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Table 2 Maximum load of wheel when rear tires goes over
the bump on road

Type of test bump road | Type of rear suspension | Maximum load
Symmetric Individual 1,636 kef
Symmetric Interconnected 785 kgt

Asymmetric Individual 2,394 kef
Asymmetric Interconnected 1,152 kgf

RL center
suspension
point on body & RL1wheel o

RR1 wheel

RR center
suspension
oint on body
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Appendix

Table 3 Vehicle parameters applied to the developed model

Nomenclature Unit Value
m_body: mass of body kg 5,775
h: height of mass of body m 0.25
L _r: distance from body center to right suspension point on body m 1.18
L _I: distance from body center to left suspension point on body m 1.18
L _f: distance from body center to front suspension point on body m 13
L r: distance from body center to rear suspension point on body m 5.152
K_fs: stiffness of front suspension spring N/m 313,078.5
Coeff Kbs: coefficient of stiffness matrix | parameters for matrix generation
of lea; spring for rear suspension dl: 0.358 m N 53437

number of elements: 4
CoeffbeS: coefficient of mass matrix of | (1a55 and stiffness matrix for beam element ke 0.0147
leaf spring for rear suspension generation'?)
Coeff Kra: coefficient of stiffness matrix | parameters for matrix generation N 566.080
of rear rigid axle dl: 1.18 m ’
number of elements: 2

Coeff._].\/lra: coefficient of mass mafrix of (mass and stiffness matrix for beam element kg 0.1654
rear rigid axle generation’z))
C_fs: damping coefficient of front suspension N/(m/s) 3,600
C_rs: damping coefficient of rear suspension N/(m/s) 2,500
m_fw: mass of front wheel kg 100
m_tire: mass of tire kg 85
K_tire: stiffness of tire N/m 200,000
K_jt: stiffness of joint N/m 700,000,000
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