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Study on Input/Output Characteristics Calculation Method of Bell Crank Type Suspension
by Three Dimensional Kinematics of Mechanism Theory

Kazunori MORI*!

Abstract

The spring and shock absorber of automotive suspension systems play a key role in vehicle maneuverability,
stability and riding comfort. Using the double wishbone type front suspension with bell crank and pushrod as a model,
this paper introduces a calculation method for clarifying the relativity of the spring characteristic in vertical direction on
the tire contact patch and the suspension coil spring characteristics using expressions derived directly from a three-
dimensional kinematics of mechanism theory that considers suspension/steering link geometry. Next, this paper reports
findings from calculations of spring characteristics using a newly created three-dimensional model and compares them
to results obtained from a previously developed two-dimensional simplified model based on data that measures
individual link pivot coordinates of the suspension/steering geometry of a small on-the -market racing car. Results verify
the accuracy of the three-dimensional model and indicate areas in need of correction in the two-dimensional model.

Key Words : Racing Car, Suspension, Link Geometry, Bell Crank, Pushrod, Spring, Shock Absorber, Mechanism,
Vehicle Dynamics
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Ay * rear pivot of lower arm B. © ball joint of lower arm C. : front pivot of lower arm
Ay : rear pivot of upper arm By © ball joint of upper arm Cy : front pivot of upper arm
K : knuckle arm ball joint Sg ¢ inner ball joint of tie rod

W : wheel center W’ @ cross point of king pin axis and spindle axis

R road contact point of tire
7. * initial swing angle of suspension lower arm 6. : swing angle of suspension lower arm

7, ° total swing angle of suspension lower arm 7y, =7, +46,

fuv : swing angle of suspension upper arm 6r  rotational angle around king pin axis

A, * installation position (body side) of bell crank rotational axis
Cy © installation position (bell crank side) of bell crank rotational axis
dy * length of bell crank rotational axis, distance from C, to A,

Bs

E. ' installation position (lower arm side) of push rod L,. * push rod length

* installation position (bell crank side) of push rod

B:. © installation position (bell crank side) of shock absorber and spring
Eyv @ installation position (body side) of shock absorber and spring

L * installation length of suspension shock absorber and spring, distance from By, to Ey
By ¢ installation position (bell crank side) of stabilizer rod

7, * initial swing angle of bell crank 6, : swing angle of bell crank
7,  total swing angle of bell crank 7, =7,+6,

F,, : force in vertical direction on road contact point of tire
F,="T0 0 Ful : force vector on road contact point of tire
F, ="[fix fir fiz) : force vector on ball joint of lower arm
F,="[fix fo fuz) : force vector on ball joint of upper arm
Fy ="[fix fir firl : force vector on knuckle arm ball joint

Fo =" fux fur fuz : force vector on front pivot of lower arm
F,.="[ fux fur fuzl :force vector on rear pivot of lower arm

F, : force vector indirection of push rod F» : force indirection of push rod

F. : force vector of suspension coil spring F¢ * force of suspension coil spring
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kw @ spring coefficient in vertical direction on road contact point of tire
ke © spring coefficient of suspension coil spring
Alyw, Sc @ variations in installation length of suspension coil spring

AZw, Ow - variations in wheel stroke

£+ equivalent f-function of link lever ratio
g © equivalent g-function of link lever ratio
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Suspension spring
7 Bell crank
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/ Pitching damper .
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Fig. 1 Double wishbone type front suspension with bell crank mechanism
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Fig. 2 Sign of each pivot necessary for calculation of suspension/steering geometry
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Fig. 3 Sign of each pivot, length and angle on bell crank, stabilizer and pitching damper
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Fig. 4 Reactive force vector at each pivot and direction vectors
on suspension arms, upright and steering link
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Fig. 5 Reactive force vector at each pivot and direction vectors on suspension lower arm and push rod
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Fig. 6 Reactive force vector at each pivot and direction vectors on bell crank mechanism
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Table 1 Surveyed data of front suspension, steering and tire for calculation

System Part Pivot Index in MATLAB Coordinate value
program
Front suspension [Lower arm |rear XAL YAL ZAL 180 255 -76
& Steering ball joint XBLO YBLO ZBLO 710 3 -74
front XCL YCL ZCL 160  -143 -84
Upper arm [rear XAU YAU ZAU 244 242 114
ball joint XBUO YBUO ZBUO 693 23 124
front XCU YCU ZCU 209 -108 106
Spindle length [mm] SW 105
Initial toe in [mm] TOEINO 0
Initial camber angle [deg] CAMB10 -25
Cros.s point‘of kingpin axis XWd0 YWdO ZWd0 705 0 -5
- spindle axis
Knucle arm ball joint =~ |k vKo zKo 700 -82 116
(tie rod side)
*Quter joint pivot
arbiturary point of drive shaft
XQ0 YQO0 ZQO0
Tierod [ball joint XSBO YSBO ZSBO 200 -185 106
(rack side)
Bell crank rotation axis XCb YCb ZCb 182 230 226
Arbiturary point Iy b yAp ZAb 156.08 228.62 17658
on bell crank rotation axis
Push rod lower arm side |[XELO YELO ZELO 666 -3 -54
bell crank side |XBb10 YBb10 ZBb10 168 190 234
Shock bell crank side |XBb20 YBb20 ZBb20 103 180 266
absorber |body side XEU YEU ZEU 103 488 296
Stablizer rod|bell crank side |[XBb30 YBb30 ZBb30 144 165 251
Zj:°”bar“ayx3To YSTO ZSTO 65 90 236
Rotation axis|stay side XTO YTO ZTO 0 ~90 236
center of
torsion bar |body side XTb YTb ZTb 0 -75 194
Inclination angle
of torsion bar [deg] atb 20
steering wheel angle [deg] |* 90
rack stroke [mm] * 16
Tire Tire diameter [mm] DT 570
Tire effcient radius [mm] RT 285
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Fig. 7 Change of toe angle to wheel stroke Fig. 8 Change of camber angle to wheel stroke
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Fig. 9 Displacement of spring to wheel stroke Fig. 10 Relativity of I/0 force and wheel stroke
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