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Analysis on Spring and Damper Characteristics of Suspension
with Bell Crank Mechanism

Kazunori MORI*!

Abstract

The spring and damper characteristics of suspension systems have the key role for the maneuverability and
stability as well as the riding comfort performance of a vehicle. Using a double wishbone type suspension with bell crank
and pushrod as a model, this paper introduces a method for calculating suspension spring, shock absorber, anti-roll bar
and pitting damper geometries using expressions derived directly from the kinematics of mechanism theory. Next, the
authors derive expressions such as link lever ratio, spring constant converted into wheel center location, and roll
stiffness by using the linear approximation functions obtained based on these calculation results and the balance
equations of power derived from a dynamic model that simplifies bell crank surroundings. Finally, the authors clarify the

relativity of these suspension characteristics and the geometries.

Key Words : Racing Car, Suspension, Link Geometry, Bell Crank, Pushrod, Spring, Shock Absorber, Mechanism,

Vehicle Dynamics

1. ¥20&

PARY T aryoiFhtyay s 77y =N, EIEEEERICKE 2B r LTI 2 A T2 BERETH LY.
F—=TVRA=N I TOL—=2 0 T H =D TN T4y aR—=VAS AR ayTlE, Ehedavyr 7T
V=N E e BARICE L CEAIRPURR 2 [N 72012, NV S5t Tyanay REHVLEENLH ST
59 FEEIEYY - ARy g Iz a Y R ¥ A4 TORHSEEZ TWwb,

XNV ForE ARV arourT—4 (F23u7y)ry) EESNE Ty a0y N I3 Yavy
TTIV=NBLUTAY S APFEDOF AP MT SN TBY, Ny T2 7 EEEI T2 2 s Bl o U s
OB ARV v a VRIS ET L 2 Lk b,

TEE, BTN 4y v a RV AP AR a Y EREGPARAT T Y EHICHY EFTC, ARV 3
SATTI T - VF A NI L THEIEFOERP S UARIETEZR LY. L, N9 v 72 AT
BHANRY Y aryDTF A M)ICHT LB LR ALEELR L2 OREI RS0 ) TH S,

NVrFroeTyrvaay FeEfWwlky Ty sy vaR—rX70s b - ARV a v ERGPAATTY ¥
7 BRI DT R TR & ERIEAE & OB IO W TR R D TV A DS, RIEIRE e LT, EFER
M EOTERE LI ARy Y avidh, Yav s T 7 V=N, AFESAFBIPEYyF U7 - FoX (=K%
Y%) OV A DMVIZOWT, B OB LM R AW CEREE T 2 BT R

WIZ, "A—= VA a—2biFh, Yavy s 77— EDL () s - LN=LEIER) SO WTHliS %
MET VARG CEERAEL L, Yoy - LN=JESARY Y g VOB EE Y E5ET 5.

AR TR
FR264E11H 6 H 8



— 12— RVT Ty R ET L ARY Y g v olFia - ¥ v O

2. E&ESDEHHA
TR & R
Ay ' rear pivot of lower arm B, : ball joint of lower arm C. : front pivot of lower arm

Ay ¢ arbitrary point on bell crank rotational axis
Cy © installation position (body side) of bell crank rotational axis
Cy : installation position (bell crank side) of bell crank rotational axis

B.: ¢ installation position (bell crank side) of push rod
E. ' installation position (lower arm 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

By ¢ installation position (bell crank side) of stabilizer rod
St © stabilizer rod pivot (torsion bar stay side)

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

4. : swing angle of suspension lower arm

T : rotational axis center of torsion bar for stabilizer (stay side)
T, : rotational axis center of torsion bar for stabilizer (body side)
a, - 1nitial inclination angle of torsion bar

04 * inclination swing angle of torsion bar

ay, - total inclination angle of torsion bar  @j =aw+ 0,

s : torsion angle of torsion bar for stabilizer

Ps : installation position (torsion bar stay side) of pitching damper
Py @ installation position (body side) of pitching damper

dy * length of bell crank rotational axis, distance from C, to A,
L,. : push rod length

L * installation length of suspension shock absorber and spring, distance from By, to Ey

Lsr © length of stabilizer rod, distance from Sr to Bis
Ips * installation length of pitting damper, distance from Ps to Py
L,  half length of stabilizer stay, distance from T to Sr

L © stabilizer length, distance from Ty to T
ers Yy coordinate of Ps dps * zy coordinate of Ps
7w - swing radius of By 7w - swing radius of By, 7w - swing radius of By

0, - angle between segment C,'—B.; and segment C,'—By:
6  angle between segment C, —B.; and segment C,'—Bs
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Fig. 1 Double wishbone type front suspension with bell crank mechanism
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Fig 2 Installation relation of each parts around bell crank (Plan view)
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Fig. 3 Explanation of sign that shows pivot, length and angle
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Fig. 4 Transformation of coordinate systems for bell crank
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Fig. 5 Transformation of coordinate systems for stabilizer
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Fig. 6 Simplified calculation model to analyze structure around bell crank
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Fig. 7 Suspension mechanism using torsion bar springs and rotary dampers
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