JAPANESE AUTOMOBILE STANDARD JASO C617:2002

Automotive parts — Stabilizer bar

1. Scope

This standard applies to stabilizer bars for automobile suspension devices. Subject bars are made of
continuous solid material or hollow material and are formed by integral molding with the torsion and arm
areas connected for mounting. Matters specified in this Standard include; materials, design and
calculation equations, spring characteristics and tolerance, cautionary instructions for manufacturing,

inspection and test methods.

2. Normative references
The following publications form a part of this Standard to the extent specified herein. The latest
edition of all publications (including amendments) shall apply.
JIS B 0004 Technical drawings - Representation of springs
JIS B 0103 Springs vocabulary
JIS G 3445 Carbon steel tubes for machine structural purposes
JIS G 4051 Carbon steel for machine structural use
JIS G 4801 Spring steels
JIS Z 2243 Brinell hardness test - Test method
JIS Z 2244 Vickers hardness test - Test method
JIS Z 2245 Rockwell hardness test - Test method

3. Definitions
Definitions of the primary terms used in this standard shall be in accordance with JIS B 0103. Names

for each part are shown in Figure 1.
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Figure 1 Stabilizer bar part nomenclature
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4. Materials
Materials to be used are shown in Table 1. Use of other materials shall be determined by the parties

concerned.
Table 1 Stabilizer bar materials
Material Standard No. Symbols Steel type

Solid JIS G 4051 S45C, §48C Carbon steel (machine structure use)
material JIS G 4801 SUP9, SUP9A, SUP11A, SUP13 Spring steel

JIS G 3445 STKM13A, STKM15A Carbon steel tubes (machine structure
Hollow use)
material SAE J404 4130 Chromium-molybdenum steel

JIS G 4801 SUP9, SUP9A Spring steel

5. Design and calculation equations
5.1 Notations
Requirements are as specified in Table 2.

Table 2 Design and calculation notations

Notation Meaning Unit
d Solid material diameter mm
a’1 Hollow material inner diameter mm
d2 Hollow material outer diameter mm
t, Hollow material thickness mm
E Modulus of longitudinal elasticity N/mm?
G Modulus of traverse elasticity N/mm?
I Geometric moment of inertia mm?*
IP Polar geometric moment of inertia mm?
V4 Section modulus mm?3
Zz—’ Section modulus of shear mm?
P Force acting on load point N
R Center radius of bending area mm
K Spring constant of stabilizer bar N/mm
o Bending stress N/mm?
O max Maximum bending radius N/mm?
T Shearing stress N/mm?
T nax Maximum shearing stress N/mm?
o, Main stress N/mm?
| max Maximum main stress N/mm?
S Weight reduction ratio for converting from solid to %

v hollow

K Bending degree -

0] Flattening degree %

A Deformation degree -

Remarks: 1 N/mm? = 1 MPa
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5.2 Equations
5.2.1 Basic calculation equations for solid stabilizer bars
Stabilizer bars are available in various shapes as shown in Figure 2. The following calculation

equations are applicable to the basic shapes shown in Figure 3.

Figure 2 Stabilizer bar shapes (Examples)

Iy

il

Figure 3 Basic shape of solid stabilizer bar calculation

¢:tan’l([4/]5) I, = /152+/4z 7Rta11(¢/2) I, =1, — 1, - R tan (¢/2) ......... (1)
a =tan ' (R/I,) € =tan '(-%,/R) A =tan '(R/1)
a) Spring constant
1/K=2x
1, 121, R |1} 1. - R? i
X = 3 I; — GH[H,, +E ZL(¢+?Sln2¢)+IORsm ¢+ 5 (¢-2—51n2¢]
+ Glip %—(Qb *é—sinZ(bJ + lnR(cosd) — 1)2 + RE(S—(p - 2sing¢ +§-—sin 2¢) e (2)
+M{ fox Roan ¢_] +(Iz"‘[3)x /s+Rlamﬂ—!-(lz_l})2 +(l\_l3)2l3
El 2 : 3 3 T
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b) Stress
1) Maximum bending stress ( 0 ., )

Either 45 — Vi + R° p (curve aread = ¢ — B )or 4 _ h-1 p (support point C, C"), whichever is
Z Z

larger, shall be used.

2) Maximum shear stress (T .,.)

(6 =0)
me=i 1§+2R2+2Rw ......... (3)
Zo N/

> i S By =d— ’ B 5
However, when¢ = £, either S 7P (R N m) (B=¢—RB) or r = 71 (]1 _ 73)‘ _ max

L p L p

(support point), whichever is larger, shall be used.

3) Maximum main stress (0 4 ,,.x)

e e (ETIEYCR) PRCRETEEPTNCET EE R (4
P >

o, = Z—(ll — I, +4J(,-1)" +l42) (Support point) e (5)
P

Either equation (4) or (5), whichever is larger, shall be used. However, &, should satisfy the following

equation. _ 2p fiZ s R cos *(6 + B) + ([U2 +3R2)cos @+ p)-RY =0

satisfy § = ¢, and should give the maximum of o,. (8 =¢ — &§,)

5.2.2 Basic calculation equations for hollow stabilizer bars
Hollow stabilizer shapes - Type 1 and Type 2 - are shown in Figure 4. Calculation equations are
shown for both types. /, /, and Z, are expressed by equation (6) for both Type 1 and Type 2.

th

Type 1
Type 2

Figure 4 Hollow stabilizer bar calculation for basic shapes (Type 1 and Type 2)

T 4
I=2-(d}-d?
64(Q )

Y S
Ip=§(d§—df) (6)
T
P = 16d2(d24_dl4)
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Calculation equations for spring constant and stress are as follows:

a) Type 1
1/K =2x

_ 3 2 _ 2 2 _ 2
x =2 U = R) + /21 +L 7, — R) +(l,fR)R+7TR + R_jzU, - R) + (I, - R)R
3EI GI , EI 4 ° 4 Gl 4

P

1) Maximum bending stress ( 0 ., )

2 ,.‘J"—i:f . ya i E
(L,-RIF+R [ Fosition of # - - tan m]

o= F
Z,

2) Maximum shear stress (T .,.4)

_ P (6=0,betweenCandCy) e (9)
ZP

3) Maximum main stress (0 ; pay)

7= r (R +24(L, - R)* + R2) (between B and C, between B’ and C') e (10)
»
b) Type 2
1 & /3 127 R (17 1 . o R: -
—_= =2 0 2 EASEY 1 2 IR » R* 1 5
kP {3]” + a1 +El{2(¢+zsm ¢)+ L, Rsin’ ¢ + 5 (¢ Ssin ¢)}
+ ijP {g(¢_ %Sin2¢)+ ](er(l - COS¢)3 + Rz(%¢ *251n¢ +i51n2¢j}:| ......... (11)

1) Maximum bending stress (0 ., )

aF - - . :
w2 A+ BT [ Fosition of a-;b—tm“ﬁ]

311

e s (12)
2) Maximum shear stress (T .,.)
) >, 2R, - R (f = ObetweenCand C') coeeeee (13)
7 =— |l;+ R+ — 22 1°
L NI
3) Maximum main stress (0 ; nmax)
= P - N e
o, = Z(R o JIET RY Rz) (between B and C, between B' and C') (14)
s N /
lO = lf +]22 - R[%} ! ¢ = tan ! lz
2 1

The sectional profile of the hollow stabilizer bar is changed frequently to correspond to the spring
constant of the solid stabilizer bar. Here, the weight reduction ratio for converting the material from solid
to hollow is expressed by S, the diameter of the solid pipe by d, the inner diameter, outer diameter, and
wall thickness of the hollow pipe by d,, d, and { respectively. Then, d,, d, and pipe wall thickness ratio
t,/d, are expressed by the following equation:
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d, = AJCs, - Ss2)20-8,)xd

d, = J@-25,+82)20-8,)xd | = e (15)

1,/d, = [1 ~Jls, -5l -2s, + SOZ)] /2

These relationships are shown in Figure 5. Stress increase of the hollow stabilizer bar with regard to
the solid stabilizer bar is equal to the rate of increase in the outer diameter when converted from solid to

hollow.
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Figure 5 Determination of pipe dimensions

Design calculation for solid stabilizer bars (Example)
For stabilizer bars with shape specifications shown in Figure 3, spring constant and stress are
calculated as follows:

l, =350mm 14 =300mm [5 =100mm R =50mm d =20mm
Load: P = 1961 N, and;
E =2.06 x10° N/mm? G =7.85x10* N/mm?

[Calculation procedures]

@ ltems for equation (1) are calculated as follows:

1,=280 (mm)
2=0.142 (rad)
p=0.177 (rad)
v=61.44°=1.0723 (rad)
¢ =1.249 (rad)
Zp=1.57x10° (mm?3)
I,=1.57x10* (mm*)
/=7.853x104 (mm*)
@ Substituting these values in equation (2) obtains the spring constant
1/K=0.0352 (mm/N)
K=28.34 (N/mm)

Stress calculation is as follows:
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