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Abstract: The governing differential equation for bending deformation of a single throttle slice is introduced
first, and based on its solution satisfying required boundary conditions, the formula and coefficient for bending
deformation of a single slice is obtained through equivalency transformation. Then, the formula for equivalent
thickness of the throttle multi-slice, the stress coefficient and the thickness coefficient of slice are defined, the
maximum thickness of multi-slices is studied. Based on these results, a new scheme for designing maximum
thickness of multi-slices according to its nominal thickness is suggested. Followed is a practical example for
design and stress analysis of a multi-slice throttle, together with its numerical simulation by ANSYS, and
damping characteristic test. The compared results show that the design scheme of maximum thickness of
multi-slices is effective and the formulas for equivalent thickness and maximum stress of the throttle multi-slice
are accurate enough. It has practical value for the damper design.
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reduce. At same equivalent thickness and damping

1 INTRODUCTION

The throttle slices in damper is the key part that
affect the damping characteristics. The thickness of
throttle slice and acreage of constant opening
throttle holes have important influence to the
damper damping characteristics[1,2]. Practically,
the throttle slice in damper is not single, but
multi-slices  superposition, for the damping
characteristic of damper, at the same time, for the
manufacture and the stress of throttle slices[3].
However, the throttle slice was single at
designing. If the throttle slice been single as
designed, the stress would go beyond the stress
limit. Therefore, it is the very important that how
to design multi-slice instead of one slice, in
condition of the equivalent thickness of the
throttle multi-slice being equal to design
thickness, the damping characteristic of damper

dos not change, but the stress on the multi-slice

characteristic[4], the advantages of superposition
throttle multi-slice are

(1) The damping characteristic is same to one
throttle slice designed. That is, damper with
multi-slices being the same damping force to
damper with the one throttle slice.

(2) Reduces the stress on the throttle slices,
improves the condition of force, increases
reliability.

(3) The thickness of throttle slice is standard,
so, adapted to batch manufacture, the price
depressed.

So, it is necessary that to study the multi-slice
design, to research the equivalent thickness, stress
of multi-slices, and the maximum thickness of
multi-slices, for to design the damper that satisfied
the practicality request.

2 BENDING DEFORMATION OF
THE THROTTLE SLICE
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2.1 Differential equation of the throttle slice
bending deforamtion

Fig.1 is the mechanics model of elastic throttle-slice.
The boundary conditions of throttle slice are fixation
restriction at the inner radius, and free restriction at
the outside radius. To the throttle slice, The inner
radius is 7, ( fixing dimension is considered ), the
outside radius is ry, the thickness is 4, the pressure is
g, and the bending deformation at radius 7 is f,.

e

T

¥
Fh

Fig. 1 Mechanics model of elastic throttle slice

Building the bipolar coordinates by the throttle
slice circle center. Being symmetrical to the z axis,
the load and the structure, and being small
deformationJthe bending deformation of throttle
slice in damper, according to the -elasticity
mechanics principles[5], the differential equation
of elastic throttle slice deformation is established
as

2 2
ar’ rdr dr* rdr
Where, D= _ER
12(1= 1)
r€[r,,n,]; E is the elasticity material coefficient of

throttle slicel] 4 is the Possion ratio. By formula of
D, the value of D could be calculated.
The solution of the differential equation of

D( )=4q (1

, ris any radius of throttle slice,

elastic throttle slice deformation is
f=CInr+Cr’Inr+C* +C, + £ (2)
Where, C,Inr+C,’Inr+C;*+C, is the odd

general solution of the differential equationl] fr is
the special solution of the differential equation.

2.2 Bending deformation coefficient of
throttle slice

Ci, C,, G5 and C4 can defined by the boundary
conditions. Analyzed the solution of the differential
equation, it is found that the each item in the

solution has the common factor of ¢/#’ . Therefore,
equivalency transformation of the solution made, the
formula about the ¢/h’ can be got, the other

remainder factors, for example, the material
elasticity coefficient E , the inner radius r, , the
outside radius r,, and the radius r at where the
bending deformation was computed of throttle slice,
turned into an coefficient G,. The bending
deformation accurate analytic formula of throttle
slice at any radius » was written briefly as[6]

f,=G,k 3)

G, is an inherent characteristic coefficient of
throttle slice bending deformation, reflecting the
throttle slice’s capability of bending deformation.
Related with inner radius r,, outside radius 7y, and
the material elasticity coefficient E of throttle slice,
but not related with the pressure on the throttle slice
and thickness of throttle slice. The unit of G, is

6N\T-1
m’N

The G, is the function of radius ». The curve of
G, vs. radius 7 as shown in Fig.2
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Fig.2 The curve of G, vs. radius r

2.3 Deformation at any radius r
With the same method, the coefficients G, and the
bending deformations those at any radius » of
throttle slice can be calculated by the computation
programme, the bending deformation at any radius »
is £.=G,q/I.

At any radius r of throttle slice , the values of

bending deformation are shown in the table 1.

Table 1 The value of bending deformation at radius » of
throttle slice

r /10°m 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

£ 10°m 0.00 0426 150 297 467 647 830 10.1

The curve of bending deformation vs. radius r
is shown in Fig.3.
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Fig3. The curve of deformation fr Vs. r

3 MULTI-SLICES EQUIVALENT
THICKNESS

The structure sketch of damper throttle was shown
in Fig.4.
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Superposition throttle slice of unequal
thickness could be taken as the springs paralleled
that have the equal length, but unequal elasticity
coefficient. So, the deformations of multi-slices
are equal, the forces on multi-slices are unequal.
The composition of forces on multi-slices is equal
to the total force. According to the bending
deformation formula of throttle slice (3) , it can be
obtained as

G,,%:G,Z—E: ..... :GrZ—g=Gr% @)
¢ +q+tq, _q
B+h+..+8 k)

For ¢, +q, +...+¢q, =¢,So, the equivalent

thickness is written as
h, =3k +h +..+h (5)

It is known that relations of the thickness of

multi-slices with the equivalent thickness is

That is

(1) The three power of the equivalent
thickness is the sum of three power of each
superposition slice thickness.

(2)The equivalent thickness of unequal
thickness multi-slice is larger than the maximum
thickness, i.e. /4, > max[A,]

(3) The equivalent thickness is smaller the sum
of all superposition throttle slice.

(4HIf the maximum thickness of one
superposition throttle slice is much larger the other
superposition slice, the equivalent thickness of
total superposition slice is close to the maximum
thickness of maximum throttle slice, the
equivalent thickness could be instead of with the
maximum thickness of superposition throttle slice.

4 STRESS ON MULTI-SLICES
4.1 Stress on single slice

The stress on single slice can be written as[7]
2 2

2
=A 0, =A 0 =B, L (6)

8 > O 7
h’ h’

r

Where, A; is the maximum stress coefficient at
radius 7 orientation, Ag at axis z, By at circle 4.

4.2 Stress on multi-slices
The thickness of each superposition throttle slices is
h,hy,hy,......h, . Because the deformations of

multi-slices are equal, according formula (4), it can
be written as follows

9 _ 9D 9, _ 4
h_f:h_j_ ...... :h—jzﬁ (7)
Where
h (i€[l,2,..n]) is the thickness of each
superposition slices, and 4, <h
It is known that the pressure ¢; on the
superposition slice #; is proportion with the three
power of the thickness 4. By the formula of
maximum stress, the stress on the superposition slice
h; may be written as follows
n'hq
p¥E ®)
The thickness coefficient of superposition slice
h; is defined as k, , ie. k, =h/h , h is the

thickness of single slice designed. So, the formula
(8) can be written as

2
T 4
_ b
O-imax - A7 khh 2
The maximum stress on single slice designed is
O, » therefore, the maximum on superposition slice

7’ rh
o-imax :A7 L zqi :A7 . ;ql
h. h.

1 1

:A7

hi can be written as follows
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GA — o-max
I max
kh
The stress coefficient of superposition slice 4; is
defined as k_ , so, it can be written as

ko’, :kh,. (9)
It can be known that the stress coefficient of

superposition slice is equal to the thickness
coefficient, i.e. k, =k, >1.

Therefore, the stress on the each superposition
slice can written in the form

— O-max o — o-max — o-max (10)

O, = = e s O =
Imax ] >~ 2max ] > >~ nmax ]
h h ’ h,
| 7] n

Through the analysis above, it can be known that
the stress on the each superposition slice is related
with the thickness of superposition slices. The stress
on the thick slice is larger than the thin slice’s.

When the stress on the single throttle slice 4
designed, the throttle slice must be designed to
thickness of
superposition slices can be written as follows
_h _hlo] (11)

max k o_

o max

S DESIGNING EXAMPLE OF
MAXIMUM THICKNESS OF
MULTI-SLICES

For example, the throttle slice in a damper, the

multi-slices. The maximum

outside radius 7, , the inner radius 7, , the ratio of 7,
to r, is r,/r,, the elasticity coefficient of throttle
slice material is ECJthe stress limit is [o], the press

of valve opening is g. With the machine design
handbook, the maximum stress coefficient A; at
radial orientation can be gotten.

5.1 Maximum stress on Single throttle slice

designed

According the maximum stress formal, the

maximum stress o,, on the single throttle slice

designed is

nq

hZ
It is known that the maximum stress o, on

the single throttle slice designed is larger than the

[o]. So, the throttle slice must be designed into

O-max = A7 > [O-]

multi-slices, according the superposition throttle
slices equal thickness rule.

5.2 Maximum thickness of multi-slices

According to the maximum stress limit, the stress
coefficient can be calculated, so the maximum
thickness of multi-slices is

p N _hlo]
o Gmax
Chosen the maximum thickness #A; of

superposition slices, according the request of
h<h,

5.3 Number of
multi-slices
According the equivalent thickness formula of same

maximum thickness

thickness superposition slice and the maximum
thickness chosen above. The number of maximum
thickness multi-slices can be computed as

bk

TR K
Get the integral n; by the value calculated by
above formula.
5.4 The thickness and number of other
superposition throttle slices
The thickness and the number of other superposition
throttle slices can be computed according to the
equivalent thickness rule and formula. The other
superposition throttle slices are hy, ns; h3, ns; ha, ny.
5.5 Equivalent thickness of superposition

throttle slices
According to the equivalent thickness formula. The
equivalent thickness of superposition throttle slices

is hy =3fnh +nh +nhl +nh}
The error of equivalent thickness to the design
thicknessis A, =h—h,
It is known that the equivalent thickness is very

approach the design thickness, the error of
equivalent thickness to the design thickness is
very much less, by the appropriate thickness and
number of superposition throttle slices.
6 COMPUTATION AND
SIMULATION OF DEFORMATION
AND STRESS
6.1 Deformation computation
For the damping characteristic of damper being
affected by the bending deformation at valve mouth
radius ry, so, the bending deformation of single slice
and multi-slices was computed.
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With the method of the bending deformation
coefficient G,, the bending deformation of single
throttle slice at valve mouth radius 7; is

fo=G qlk

By the same way, the bending deformation of
multi-slices is f, =G, q/h,

Where, 4 is the thickness of single throttle slice, 4, is
the equivalent thickness of multi-slices.

The bending deformation curves of the single
slice and multi-slices are shown in Fig.5
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Fig.5 The bending deformation curves of multi-slices and
single slice
It is known that when the equivalent thickness
of multi-slices is close to the thickness of single
slice, the bending deformation of superposition
slices is quite close to the deformation of single
slice. This shown that the damping characteristics
of the damper with multi-slices are same as the
damper with single slice.
6.2 Maximum stress computation on the

multi-slices

The maximum stress on the multi-slices could be
calculated with the coefficient of stress or thickness.
The thickness coefficients of superposition slices are
k, .k, .k, and k, , therefore the maximum stress

on the every superposition slice are
Glmax = O-max /khl H O-Zmax = O-max /kh2

O-3max =0

max

/kh3 > O4max = Omax /kh4

For k, .k, .k, and k, being not less 1, so, the

maximum stress on each superposition slices is less
than the stress on the single slice designed, and
within the stress limit of throttle slice.

6.3 Statics simulation
Builting the model of the throttle slice with the
ANSYS software, the Statics simulation analysis

that the bending deformation and stress simulation
of throttle slice are carried out.

6.3.1 Deformation simulation

The bending deformation simulation results of
single slice and multi-slices’s are uniform ,shown as
in Fig.6.
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Fig.6 The simulation deformation of single and
multi-slices
6.3.2 Maximum stress simulation
The maximum stress simulation results of single
slice and multi-slices’s are same, shown as in Fig.7
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Fig.7 The simulation stress of single and multi-slices

It is known by the results simulated that the
stress on the multi-slices is more less than the
single slice, the result computed is consistent with
the simulated, and the analysis method is exact
and effective.

7 DAMPING CHARACTERISTIC
TESTING

The damping characteristic of the dampers that with
single throttle slice and multi-slices are tested, the
damping characteristic curves are uniform, shown as
in the Fig.8.
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Fig.8 The indicator diagram of damper with single and
multi-slices

It is known that the damping characteristic of
damper with superposition throttle slices is the same
to the single throttle slice.

8 CONCLUSIONS

The design rules and the stress computation method
of the maximum thickness of superposition throttle
slices have very important application value for the
damper design, characteristic analysis, and the
throttle slice maximum stress computation. By the
throttle slice static simulation and damper damping
characteristic test, it is known that.

(1) With the method of bending deformation
coefficient Gr, not only the bending deformation
of throttle slice at any radius r could be calculated,
the thickness of single throttle slice be designed,
the maximum thickness of superposition throttle
multi-slices be also designed, but also the
damping characteristic of damper could analyzed.

(2) When the stress on the single throttle slice
going beyond the limit stress, the single slice
could be
multi-slices.

(3) The coefficients of thickness and stress of
superposition throttle slices are equivalent, so, the

instead with the superposition

maximum thickness of superposition throttle
slices could be designed with the stress
coefficient.

(4) It was shown by the static simulation of the
throttle slice that the stress computation methods
of superposition throttle slices is accurate, the
stress on the multi-slices is more less than the
single slice designed thickness.

(5) It was shown by the damping characteristic
test of damper that the dampers with single slice
designed thickness has the same damping

characteristic to the multi-slices.

References:

[1] LU Zhenhua, Li Shimin. Simulation technology
for nonlinear dynamic characteristic of telescope
hydraulic dampers. Tsinghua Univ(Sic&tech),
Vol.42,No.11,2002, pp. 1532-1536.

[2] CHEN Yong, He Hui, Bai Jinfu. The
deformation analysis of spring chip vale for
hydraulic shock absorber of Xiali car.
Automobile Technology, No.1, 2000, pp. 19-20.

[3] Yu Qiang, Zheng Mugiao. The development of
control technology of motor vehicle suspension.
Automobile Technology, No.9, 1994, pp. 19-20.

[4] Zhou Changcheng, Zhao Lihang, Gu Liang.
Study on superposition throttle-Slices of
damper[J]. Journal of Beijing Institute of
Technology, V0l.26,N0.8,2006,pp. 681-684.

[5] XU Zhilun. Elasticity mechanics. Beijing:
Higher Education Press, 1990.

[6] Zhou Changcheng,Gu Liang, Wang Li. Study on
the bend deformation and coefficient of
throttle-slice[J]. Journal of Beijing Institute of
Technology, Vol.26,No.7, 2006, pp. 581-584.

[71 Zhang Daxian. Machine Design Handbook.
Beijing: Chemistry Industry Press, 1996.



