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Analysis on the Lateral Stiffness of Coil Spring for Railway Vehicle
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Abstract In constructing the multi-body dynamics model to analyze the behavior of the railway vehicle, it is very
important to understand the properties of the suspension elements that constitute the suspension system. Among them,
coil springs, which are mainly used in primary and secondary suspension systems, clearly show the axial stiffness
in the drawings, but the lateral properties of the coil springs are not specified clearly, making it difficult to construct
a dynamic analysis model. Therefore, in this paper, the model for analyzing the lateral stiffness of the coil spring
is examined. A finite element method was applied to analyze the lateral stiffness of the coil spring and numerical
analysis was performed by applying the coil spring lateral stiffness analysis model proposed by Krettek and Sobczak.
And the test to analyze the lateral stiffness of coil spring was conducted. As a result of comparing with the test
results, it was found that the results obtained by applying the lateral stiffness analysis model of Krettek and Sobczak
and correcting the correction coefficient are similar to those of the test results

Keywords : Coil spring, Lateral stiffness, Railway vehicle, Suspension, Test
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Fig. 1. Primary suspension
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Fig. 2. Coil spring
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Table 1. Properties of the coil spring

o 2 g
W6117557ﬂmm
m4%&w.lﬂﬂ.o/o4ma1m
: 5 gl |3

m(m\m\ = e

=l=z]| 2| =]
\m)‘mocs\%)mm.m
HMMEHEE
o © :
.n.m.mmy\Mde
AEEHETHE
MEE IR I N R
Sl<| S| 5| 2|€|S|8|g|l8|e
=|S5|E|E|8|s|8|&| &S|
e B %’
e T F
D,_ﬁu‘w;o‘_ 0?_
;&ﬁmﬂmnﬂr .1_| R
T oy 4 2 =
Eowk.otﬂ_ol 6 =0
i S g0 wjr
"N g o 0
i ® g N 3 o
T o ®F N0 %
or B E T 0 3
M_m_mm#o?_ﬂ__\m = 7o
N0 E T nl NS
W 2o = N
Ao g T
du@M.ﬂ&ﬂM A_ e
S b oI W=
Mo o7 X = ™ A_ﬂ
T cool D
%ﬂwfﬂ o oy
= BB M <
I S

. Ko - 3
IO IS o
T o m

Awapge] 13 Ao A

NEZ Fig. 13} o] 14

2T

T
4

__o._

oF

2-
o

Y Az A W4 9
Table 13 Zom 422 SUPIIA

|3

o
™

KX
=

H o=y

SFoan

]

A

&

Table 29} 2t}

L
L

Al

juze]

A

A

S

Fig. 2+

232 Ansys Workbench
;O

=

251mm=EA

|

178

A
4

Tt

]

3

il

=3¢ AL 327mme]

SEETE

o o

0.793MN/m (80.87kgf/mm)©

85



St=Absl7| &5k = A Al19E A9S, 2018

o o =) -
Do ATE A g Skl Al FAdFeR Table 3. Lateral stiffness according to axle load
St Holah Aeoa] Feko g WM +10mmE 9 Axle load(kN) Lateral stiffness(MN/m)
e, of o 34 wolAe] Pk 44L NG s 033
93\ 1:]_ 14.0 0.65
T3 RE el Az A A4 Al 22 076
28.6 0.77
frictionless rigid contact &2 #2]a}] o ®dle| {3t ol o8l
2249 7% 5mm o]stZ Agsteh 4 mdz} 7
A 2742 Fig. 39 2o} Y~z 1749 vl z 4 y
o} glom 628,978719) w=T9} 426106719 LAS vs
71-‘_‘:_ 3 = 08
S Z o7
=
% 06
w
Table 2. Material property of spring(SUP11A) £ o5
s 04
. Young's L Bulk Shear 2z
(]l)(er/m;}; Modulus P(;ss;m s Modulus Modulus E E : 777777777777777777777777777777777777777777777777777777
o (GPa) ao (GPa) (GPa) Sl
7,700 200 0.285 155 77.8 0.0 T T T
0.0 100 200 30.0 40.0

@

¥}+= Table 37} Fig. 59

ERiaL gl

. o
2} =
.

To] S7hgkel wmt A Ao

g
my o

“.,
ol
-

Fig. 4. Deformed shape of coil
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Fig. 5. Lateral stiffness according to axle load
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Fig. 6. Coil spring model proposed by Krettek and
Sobczak

86




edeg mgany Y44 Ay

K—a F M Suspension components - Helical suspension springs,
Y 2/c- (1+F/Ry)- tan(cL/2)—L steell] ©]A3SATH7]. Fig. 8- BS EN 132989] F~

. Zupk 3 zg AN ES Q3 Al or 3Pz At

SRS Bl Aol A TAFIL Fheke] FWe
Fol 1wje] wejel shss AT

il [‘10

: Young‘s modulus

: shear modulus

BAA T

(1.9619(Z,— L)/ Ly+ 0.6740)

S Qm RS O Sy
. .
=Y
2
e
Xz
o

v E9HEH] Fig. 8. Test method for lateral stiffness according to
axle load of the coil spring of BS EN 13298

2] (1)°l] Table. 19] A& Hgsto] T~
Al gol ek FFAES AAsHE Fig. 73+ 2tk

T T T T T T T T T
| | | | | | | | |
| | | | | | | | | ees?
T T AT T T T T T TT T AT T T T e T
| | | | | ﬁ....u" | |
= | | | | dosoo® | | |
Fo Y ....-ﬂ"i"\ e m = = —
= L yesoske®®® I I I | | |
2 ceooef | | | | | | | |
R e e e i i B ity
= | | | | | | | | |
= | | | | | | | | |
Soab ——l—— A4 - — 4+ —— b - ol — A - — 4 — = — —— —
3 | | | | | | | | |
| | | | | | | | |
ey VI iy
| | | | | | | | |
| | | | | | | | |
| 1 1 1 1 1 1 | |
0 5 10 15 20 25 30 35 40 45 50
Axle load(kN)

Fig. 7. Analysis results of lateral stiffness using Krettek
and Sobczak's model according to axle load

Pz iAo ek s At S A
oAt AAIZY Azl Oigk A3 SRS & Fig. 10& FAAZ FA65l w2 e &%
Asteleh. AU A drkas Izl uie] Algldlo]E] Aikolth. Table 49} Fig. 11 312
A&3+AS9 BS EN 13298 Railway applications - — Z& 374 A4S Uepdr)l 535150 Z713H)

87



Adet71Ee s =g A Aol A9E, 2018

gl

k]

Displacement(mm)

e
.8 2
& 7
«n ccmm, ala|=|v|la|— ©
— 2 = Sl |||~
= © ol —=lwvw|wn
3 AN E N 2
o m( S|lo|o|lo|—]|—
[} = °
= = ¥
en
s =
g p
g > 3
E 2 T B EEHEREE 53
m\% W%Wod Sl 2 _M,/D,A.,?_,O,4, x
3 = T o 8 © M ||| F| .2
t S E “8
o o S o =] °
8 ~ 8 ~ O —= 9
g L g L E B 3 &%
8 8 g =
% Q =19
_ = S|E ~ ©
o 178 B}
Z® 8|S Elel2|g(2|g|”|n
d.l .m.;( (=}
< E %2 °
s @ N [=)
© 8 = ©
= 8 <
= olBEle|s|2|g|g |88 e
(\peo alB gR|A|a|R|7|&|S
)] _nla = (WNIN)ssauyns esle]
i
=
3
H :
i3 ,
o -
o |
o
| |
|
B -
— = = | _
o £z EZ |__.__._ E g
—_— = O = M | | = 10
0 c - = =
B3 i g - : 3
B g ~ g — [ g
. £ § 8 Ao g2
N B "o e~ | | | | o~
Ko X e a | | | | o
e En Hn B -
Moo 1\
Mo o R e
o HL | | | |
I B i |
sl | | | |
AL
m K0 R
o T :
o (N)peo (Npeo (N)peo
G
——
B o

Fig. 11, Test result of the coil spring
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