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Comparison of modeling methods for a leaf spring with
gradually changing stiffness
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(a. The State Key Laboratory of Mechanical Transmission; b.College of Automotive Engineering,
Chongqing University, Chongqging 400044, P.R.China)

Abstract: According to GB/T 19844—2005, the Chinese national standard of leaf spring, a certain type of
leaf spring with gradually changing stiffness was chosen as the research object to compare the superiority of
the present modeling and calculation methods of the stiffness of leaf springs. The finite element model and
the discrete beam model of the research object were established by using the finite element software
Hypermesh and the multi-body dynamics software Adams, respectively. Then, the stiffness of the leaf
spring was obtained through simulation. At the same time, the traditional methods of calculating the
stiffness of leaf springs through common curvature and concentrated load were also used to calculate the
stiffness of the research object, respectively. We compared the simulation stiffness and the calculated
stiffness with the test stiffness, and found the stiffness of the discrete beam model is closer to the test
stiffness for this leaf spring.
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Fig.1 Leaf spring stiffness test Fig.2 Leaf spring fixed method
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Table 1 Material parameters of leaf spring Table 2 Structural parameters of leaf spring

B A B/ B/ WRERS KA/ mm P&/ mm JELRE /mm
; NI

MPa (kg * mm *) 1 580 60 8

2 535 60 8

2.1X10° 7.9X10° 0.280 3 450 60 7

4 305 60 8

150 60 9
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Fig.3 Contact setting of leaf spring
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Fig.4 FEM model of leaf spring
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Fig.6  Stiffness-displacement curve of leaf spring
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Fig.5 Load-displacement curve of leaf spring
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Table 3 Coordinates and thickness of hard Table 4 Coordinates and thickness of hard point on
point on main spring auxiliary spring

fiff i X /mm Y/mm Z/mm H/mm i 55 X /mm Y/mm Z/mm H/mm
! 080,000 =508.500 =212 8.000 1 —580.000 —508.500 —2.112 8.000

2 —524.814 —508.500 —8.048 10.000
3 —490.592 —508.500 —13.939  11.100 2 ToZL8LA TO08.500 8048 8.000
4 —420.599 —508.500 —16.616 11.100 3 —490.592 —508.500 —13.939 10.700

5 —350.606 —508.500 —16.873 11.100
4 —420.599 —508.500 —16.616 10.700

6 256.617 —508.500 —14.167 11.100
7 —189.782 —508.500 —11.588 11.100 5 —350.606 —508.500 —16.873 10.700

8 —78.847 —508.500 —6.311 11.100
6 256.617 —508.500 —14.167 10.700

9 0 —508.500 0 11.100
10 100.393 —508.500  11.435  11.100 7 —189.782 —508.500 —11.588  10.700
11 174.052 —508.500 18.734 11.100 3 —78.847 —508.500 —6.311 8.000

12 267.260 —508.500 30.895 11.100
9 484.065 —508.500 70.092 8.000

13 336.503 —508.500 41.157 11.100
14 405.586 —508.500 52.446 11.100 10 580.000 —508.500 82.631 8.000

15 484.065 —508.500 70.092 10.000

16 580.000 —508.500 82.631 8.000

AR 5 T S S B AR AR AU B B R R B A R L IR S TR
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Table 5 Coordinates of join points

B i L 3 X /mm Y/mm Z/mm
I HE R 40 5% 4 i 3098.600 —508.500 —92.640
JEEH R EE N 4235.170 —508.500 —14.590
Ja mE AR ER N 4214.190 —508.500 44.490

1t Adams/Chassis B 580 5 5 g 13w H 2E A7 B BOIL T3 . AR Adams/Car H 43 3] 1 H9 A 55 3 B
B NE 7 R

47 PR s X 3 OB R R AT I BE S AT i 2R A 0 ey — 07 B i 4R 5 W - RS B R &l 8~ 9 TR,
S B AR T AR B0 | I 43 A v D N R R A I - F2 SN 43.83 N/mm, B A NIEE
65.92 N/mm,
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Fig.7 Beam element model of leaf spring
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Fig.8 Load-displacement curve of leaf spring
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Fig.9 Stiffness-displacement curve of leaf spring
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Fig.10 Simplified FEM model of leaf spring
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Table 6 Comparison of stiffness of leaf spring

AR 3 5 LW MR/ AR 3 5 SAEWE/ xR/
RIS H%E (Nemm 1) % W B2 5T 05 1 (N+mm™") %
RIGME 46.80 — R 68.60 —
Fe [7) ity 2R 3% 41.31 11.17 Fe [5] ify 2 32 63.35 7.64
£ Hh B A 1 43.25 7.59 B v 2 iy 1 60.27 12.14
A BRITik 43.45 7.16 ARt 63.42 7.55
A W 7 Ak 12 43.10 7.91 A IR T Ak 62.62 8.72
B Rk 43.83 6.35 BIBOR L 65.92 3.91

A g S AR 5 S8 T R 2 A A% e T E 8 D7 0 1 S [ty 3k 7 R AR b e 1 AR TR R R ORI X
S B AR AR R 52 T e A R A R 2 S s HUBOR A% I R 22 18] 14 4 fih T AR AU BRLRE X 3
45 R 5 R E A BORBR 22 19 B PR s A BROGE ™BE 80 © J00 A9 A 5 A9 R 1 o BB S DL B A i i 4% I R 22 1) Y
T fu P P o A5 TR 2 DAy S o fIEL R TR i A S 5% I 2 T 18 2 DR 285 0B 458 DR 002 o I 8 AR M 7 2 S )5 B R
TR BRI ORS B2 5 P S R v A ) R ORI A T /N BRSO AT S L AR RO 2 N B 2 U RS R R
SRR B SRR A IR i
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