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Design and Analysis of Double-side Meshing
and Dual-phase Driving Timing Silent Chain System

Yabing Cheng* — Shuaibing Yin — Xiaopeng Wang — Lichi An — Huan Liu
Jilin University, School of Mechanical Science and Engineering, China

Based on the structure of automotive engines and the layout of their timing system, the timing silent chain system including the overall layout,
the structure of link plate and sprockets, and chain length are designed. The design method of double-side meshing and dual-phase driving
timing silent chain system is presented. A dynamic analysis model is built, and the fluctuation of the tension sprocket, and the vibration of the
system, and the rotation speed stability of exhaust camshaft sprocket, and the transmission error of the intake camshaft sprocket and exhaust
camshaft sprocket, and the contact force between the link plate and other components are analysed. Furthermore, dynamic characteristics of
the system are contrasted with a single-phase timing silent chain system. Analysis results show that the double-side meshing and dual-phase
driving timing silent chain system has a distinct advantage in reducing vibration and enhancing driving stability. The system designed in this
paper can meet the requirements of engine timing system, which further verifies the scientific validity and effectiveness of the design method

of the double-side meshing and dual-phase driving timing silent chain system proposed in this paper.
Keywords: design method, double-side meshing, dual-phase driving, timing silent chain system, dynamic characteristics

Highlights

o Established the geometric model of link plate and sprockets.
*  Presented systematic design method of double-side meshing and dual-phase driving timing silent chain system.
*  Designed a double-side meshing and dual-phase driving timing silent chain system.

e Studied the dynamic characteristics of the system.

*  The double-side meshing and dual-phase driving timing silent chain system have better performance than a single-phase

driving timing silent chain system.

0 INTRODUCTION

The engine timing system is a core component to
ensure normal operation of automotive engines.
Recently, with the rapid development of the auto
industry, timing chains have increasingly been used
in engine-timing systems instead of timing belts or
gear transmissions. However, only a few enterprises,
such as BorgWarner and DID, own most of the key
technologies and patents about new type automobile
engine timing chains. Because of business secrecy,
only a few references are available. Thus, many
enterprises encounter technical barriers in the
production of high-quality timing chains.

Research on the chain-driving system has been
conducted by many scholars and experts. Based on the
link plate-sprocket-hob meshing mechanism, Meng et
al. [1] introduced the choice and calculation method
for the chain, analysed the working condition and the
main loss of effectiveness form of automobile chain,
proposed multi-variant variation design method, and
examined the effects of the testing temperature and
fluctuant speed on the wear resistance of the new
silent chain [2] to [3]. Chintien et al. [4] investigated
the relative motion between the sprocket and a link
plate from the tight span stage to the seated stage. Xu
et al. [5] developed a mathematical model to calculate

the dynamic response of a roller chain drive working
at a constant or variable speed condition. Troedsson
and Vedmar [6], researched the oscillations in a chain
drive under different speeds using dynamic analysis.
Pereira et al. [7], built chain drive automatic multibody
models from a minimal set of data, and aimed to
overcome the difficulty of building manually complex
models of chain drives. Wang et al. [8] designed a
new sprocket tooth profile to reduce the polygonal
action and meshing impact. Zhang [9] analysed the
transverse vibration of an axially moving silent chain
by using multi-body dynamics. Xue et al. [10] to
[11], researched the design and manufacture of the
involute sprocket through CAD software, and studied
the engagement theory of the involute sprocket by
the engagement analysis between the silent chain
and involute sprocket. Pedersen and Hansen et al.
[12] and Pedersen [13] developed a dynamic model
of a roller chain drive including the impact of guide
bars, the inner friction and polygonal action of roller
chains. Cheng et al. [14] proposed a design method
of the dual-phase Hy-Vo silent chain transmission
and studied the polygon effect through mathematical
analysis.

Recently, with the increase of individualized
needs, the research on timing silent chains has been
varied, including meshing mechanism variation,
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shape variation, and parameter variation. Meshing
mechanism variation includes outer meshing, inner-
outer compound meshing, and outer meshing with
inner-outer compound meshing. Shape variation
includes pinhole shape variation, shape variation of
the pin cross section, and guide plate shape variation.
Parameter variation includes the variation of
positioning offset angle, the apothem, the plate tooth
profile angle, and sprocket pressure angle. However,
all the silent chains researched in the above papers are
single-side meshing chains based on a single-phase
chain driving system. In this paper, a double-side
meshing and dual-phase driving timing silent chain
system are designed, the system is established, and the
design method of the system is put forward. Through
dynamic simulation, the rationality and scientific
validity of the design method of the double-side
meshing and dual-phase driving timing silent chain
system are verified, and the advantages of the system
are revealed.

1 ESTABLISHMENT OF THE TIMING
SILENT CHAIN SYSTEM STRUCTURE

As shown in Fig. 1, the timing silent chain system
designed in this paper is composed of a crankshaft
sprocket, intake camshaft sprocket, exhaust camshaft
sprocket, sprocket tension group, idle gear group A,
idle gear group B, and timing chains. The crankshaft
sprocket, intake camshaft sprocket, and exhaust
camshaft sprocket are dual-phase sprockets.

Idle gear
Exhaust camshaft group A

sprocket

Intake camshaft
sprocket

Tension
sprocket

group

Crankshaft
sprocket

Fig. 1. The structure of timing silent chain system

The structure of the dual-phase sprocket is shown
in Fig. 2. It is composed of two connected identical
sprockets, and the two sprockets have a phase
difference of 7/z, where z is the tooth number of the
sprocket. The tension sprocket group, idle gear group
A, and idle gear group B have the same structure,

and they all consist of a pair of coaxial single-phase
sprockets, which can rotate without interference. The
structure of the single-phase sprocket is shown in
Fig. 3, and the assembly diagram of the idle sprocket
groups is shown in Fig. 4. The crankshaft sprocket
is the driving wheel, and has 19 teeth. The intake
camshaft sprocket and the exhaust camshaft sprocket
are driven wheels, and it has 38 teeth. There are two
timing chains with the same length in the system, and
each chain meshes with one sprocket of the sprocket
groups. This design ensures that the sprocket tension
group and idle gear groups can work more efficiently
and minimize the vibration of the system.

Fig. 2. Schematic diagram of the dual-phase sprocket; a) Front
view, b) side view

Fig. 3. Schematic diagram of the single-phase sprocket

The coordinate system is established as shown
in Fig. 1. The crankshaft sprocket centre is regarded
as the coordinate origin, and the horizontal direction
is regarded as the X-axis, and the vertical direction is
regarded as the Y-axis. The intake camshaft sprocket
and exhaust camshaft sprocket are symmetrical about
the Y-axis. The coordinate of the exhaust camshaft
sprocket centre is (=75,160), and the coordinate of
intake camshaft sprocket centre is (75,160). To ensure
the stability of the driving, the centre distance between
the driving sprocket and driven sprocket is usually 30
to 50 times that of the chain pitch. In order to reduce
engine vibration and noise, sprocket tension group is
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installed on the loose side, and idle gear group B is
installed on the tight side.

Single-phase
Idle shaft \F sprocket 1

LT I T e T T L
(L T L TN T

Single-phase
sprocket 2

Fig. 4. Assembly diagram of sprocket tension group and idle
sprocket groups

2 GEOMETRIC MODEL ESTABLISHMENT
OF THE DOUBLE-SIDE MESHING AND
DUAL-PHASE DRIVING TIMING SILENT CHAIN SYSTEM

2.1 Geometric Model Establishment of the Link Plate

Fig. 5 shows the structure of the link plate. The link
plate is an inner and outer compound mechanism that
can further reduce the fluctuation of the system [15].
Supposing that 4 is the hole pitch of the link plate, f
is the benchmark apothem between the circle centre
O and link plate outside linear profile, 2a is the
tooth profile angle of the link plate, # is the distance
between the centreline and the crotch of the link
plate, r is the curvature radius of inner tooth profile,

and O (x;,y;) is the central coordinate of it. When the
chain is straightened, the medial profile overhang of
the link plate is 6.

The crankshaft sprocket, tension sprockets,
and idle gears have the same number of teeth. The
basic pitch of the double-side meshing chain is
p=8 mm, the gap between the pinhole and the pin
is A=0.04dmm, A=p-A=7.96 mm, 6=0.217mm,
a=30°, r=13.37mm, A=1.4mm. When the link plate
is a broad waist link plate, /=0.40, p=3.2 mm.

The coordinate of the inside tooth profile
curvature centre is calculated as:

X, = ﬂsin(l +60°)
cos 1
s : (M
y; = ———cos(A+60°)
cos
where A = arctan (x;/y;)—60°=10°.

According to Eq. (1), x;=9.513mm,
y1=3.463 mm can be obtained.

At the onset of the meshing, the inside convex
flank of the link plate contacts the sprocket first. With
the relative rotation of the link plate with the adjacent
link plate, the engagement point transfers from the

inside flank of the link plate to the outside flank of
the adjacent link plate, and the inner-outer compound
meshing is completed. Because of the symmetry
of the link plate, the meshing process is exactly the
same when the two sides of the link plate mesh with
the sprockets. This meshing mechanism reduces the
meshing impact between link plates and sprockets,
relieves vibration, and improves the wear resistance of
the system.

Fig. 5. The structure of the double-side meshing link plate

2.2 Establishment of the Geometric Model of the Sprockets

Fig. 6 shows the meshing diagram of link plates with
a dual-phase sprocket. Involute tooth sprockets are
designed to reduce the impact between the link plates
and sprockets. Moreover, it will lead to a lower impact
velocity and a higher wear resistance of the sprockets.
Supposing p, is the initial pitch of the silent chain, f,
is the initial apothem. p, is the normal pitch of hob,
and normal tooth form angle of the hob is a, which is
equal to a. o is the phase difference of the sprocket,
d; is the pitch circle diameter of the sprocket, and d
is the reference diameter of the sprocket. x is the
modification coefficient of the hob, straight line k—k
is the reference line of the hob before modification,
and straight line e—e is the reference line of the hob
after modification. Therefore, x is a minus, and the
distance between e—e and k—k is —xm,. As shown in
the diagram, dotted lines stand for one phase of the
system, while full lines stand for another phase. dR is
the diameter of the gauge pin.

2.2.1 The Parameters of Crankshaft Sprocket
The tooth number of the crankshaft sprocket is z=19.

When the tooth number of the sprocket is too small, a
slight pressure angle of the sprocket will make the
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Fig. 6. The design system of the double-side meshing and dual-phase driving silent link plate- sprocket-hob

tooth root fragile. Thus, the sprocket pressure angle is
set as 36°. The normal pitch of the hob is
P2=po=7.455mm, and the normal tooth form angle of
the hob is a,=a=30°. The pitch of the crankshaft
sprocket is p;=(p, cosa,)/cosa; =7.98 mm. The pitch
increment is Ap =p—py=0.545mm. When a=30°, the
side-heart distance increment is
Af =[ cot(m/ z) /3 |Ap/4=0.581 mm . The initia-
lized side-heart distance is fo=/—Af=2.619 mm. Thus,
the modification coefficient of the hob is calculated
as:

pofotn z o m  mh (g
4 2 5an® Pasina,
z
The measured distance is calculated as:
Po 4
M, = cos—+d,, 3
R . (r 2, K )

where dj is 5 mm.

According to Egs. (2) and (3), x=-0.938,
Mzr=50.138 mm, can be obtained.

The phase difference of the sprocket is
o=r/z=9.474°. Since the tooth number of the tension
sprockets and the tooth number of the idle sprockets
are equal to the tooth number of the crankshaft
sprocket, their parameters are equal to those of the
crankshaft sprocket.

2.2.2 The Parameters of Intake Camshaft Sprocket and
Exhaust Camshaft Sprocket

The parameters of the intake camshaft and exhaust
camshaft are equal. Tooth number is z=38, the
sprocket pressure angle is a;=31.5°, the normal pitch
of hob is p,=py=7.876mm, and the normal tooth
form angle of the hob is a,=a=30°. The pitch of
camshaft sprocket is p;=(p,-cosa,)/cosa;=8mm.
The pitch increment is Ap =0.124mm. When a=30°
the side-heart distance increment is

Af =[ cot(x /)3 |Ap/ 4=0.320 mm, £,=2.520 mm,
x=-0.703, Mp=100293 mm, o=r/z=4.737°.

2.3 Position Calculation of Tension Sprocket Group and
Idle Gear Groups

As shown in Fig. 7, the loose side concave distance
C, is (), and the tight side concave distance C, is
C,. When the centre distance between the sprockets
is small, and the transmission is horizontal or
approximately horizontal, C1=(5%t08%)a,
C,=(2%t05%)a is. When the centre distance between
the sprockets is large, and the transmission is vertical
or nearly vertical, C;=(8%to 12 %)a, C,=(5%t08 %)
a[1].

O(x,y) is the centre of the crankshaft sprocket,
O (x1,y) is the centre of the tension sprocket group,
O, (x5,1,) is the centre of the idle sprocket group
B, Os(x3,y3) is the centre of the exhaust camshaft
sprocket, O,(x4,v4) is the centre of the intake
camshaft sprocket, and Os(xs,ys) is the centre of
the idle sprocket group A. Pitch circle radiuses of
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the sprockets are r, ry, ry, 3, 4, I's respectively, and
r=ri=r,=rs=24.438mm, r; =r,=48.438 mm.
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Fig. 7. The design diagram of the system layout

2.3.1 Position Calculation of Tension Sprocket Group

As shown in Fig. 7, the coordinate of O is (0,0), and
the coordinate of O, is (—75, 160). It can be ascertained
that the centre distance between the crankshaft
sprocket and the exhaust camshaft sprocket is

al :\/(XS_x)2+(J/3_y)2 :1767061'1111]’ and
Ci=(8%t012%)a,.

According to Fig. 7, an equation set can be
obtained:

by :\/(xl —x)2 +(y1 _y)2
d, z\/(x3 _xl)z +(J’3 —y1)2

sin, =3—"
& . (4)
C%ﬁ22a3+qz—42
2a,b,
By=B,= /33 -B

C, =n-b;sin B,+r

According to Eq. (4), 0O,(-75,50) and
C;=17.538 mm can be obtained to satisfy the equation
set.

2.3.2 Position Calculation of Idle Sprocket Group B
As shown in Fig. 7, the coordinate of O is (0,0), and

the coordinate of O, is (75,160). It can be ascertained
that the centre distance between crankshaft sprocket

and intake camshaft sprocket is

a, :\/(x4—x)2 +(y4—y)2 =176.706 mm , and
C2 = (5 %1to8 %)az.

According to Fig. 7, an equation set can be
obtained:

b :\/()c2 —x)2 +(y2 —y)2

d, :\/(x4—x2)2 +()’4 —y2)2

sin g =4
a . 5)
2,32 32
cos B, = a,” +b," —d,
2a,b,
By = PB7 = Bs = PBs

C, =r,-b, sin Bg+r

According to Eq. (5), 0,(75,50) and
C, =12.880 mm C,=12.880mm can be obtained to
satisfy the equation set 29.45°.

2.3.3 Position Calculation of Idle Sprocket Group A

As shown in Fig. 7, the centre distance between the
exhaust camshaft sprocket and intake camshaft

sprocket is a; = \/(x4 X )2 +(ys- s )2 =150 mm .
Owing to the effect of gravity, the chain between the
exhaust camshaft sprocket and intake camshaft
sprocket hangs down badly. Therefore, C; should be
large enough. The coordinate of point Os can be set as
(0,195), and C3=37.74mm can be obtained.

2.4 The Length Calculation of the Silent Chain

As shown in Fig. 8, the length of the silent chain is
composed of the lengths of six arcs and the lengths of
six straight lines. According to Fig. 8, an equation set
can be obtained:

fi=b2 = (r+r)

fa= d12 —(’”1 +”3)2

Bs = Bro—Bi1 — Bz
b +d?—a’
Bio = arccos[¥j. 6
2b,d, ©)

}"+I"1
B,, = arccos| —
b

!
By, = arccos| ———
d,
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Fig. 8. The diagram of chain length calculation

According to Eq. (6), f9=23.88°, f{=70.98 mm,
f>=82.67mm, can be obtained. Similarly, the values
of f3, f4, f5, [, f13- [145 /155 f165 f17 Can be obtained. Since
r=r;=ry=rs, r3=r,, it can be ascertained that the
length of the chain can be calculated as:

S=(By+ B3+ Pia+ Pi7)xr+(Pis + Pig)xr +
+H S+ Lttt S5+ To) @)

Moreover, the link number is calculated as:
L=S/P. 8)

According to Egs. (7) and (8), L = 96.1 can be
obtained. Considering the gaps between adjacent
links, L should be larger than the exact value and
be an even number. By adjusting the position of the
sprocket tension group and the initial phase of all the
sprockets, it can be ascertained that the link number of
the system is L=98.

3 DYNAMIC SIMULATION
OF THE TIMING SILENT CHAIN SYSTEM

As shown in Fig. 9, based on the design parameters
above, a dynamic model is established based on
RecurDyn dynamic simulation software in which
the decoupling algorithm of implicit numerical
integration is used. In the system, a rigid body contact
model is used, and all the components in the system
are rigid bodies whose stiffness is close to infinity.
The dynamic model is simplified in this paper, taking
no account of the chain moving along the sprocket
axial direction and the friction of the system. The
timing silent chain is simplified to 1x1 form, and the
pin length is more than 2 times the thickness of the
link plate.

As for a 4-cylinder and 4-stroke engine, the
load torque on the exhaust camshaft sprocket is a
sine function of the rotation angle of the camshaft
sprocket, and it goes through four cycles while the
exhaust camshaft sprocket takes a turn. According
to the principles of the engine valve system, intake
camshaft sprocket is also a sine function only with a
phase difference about exhaust camshaft sprocket, and
the phase difference is 1/4 of the period 7. Therefore.
the functions between load torque, and the rotation
angle of camshaft sprockets can be established. It
can be ascertained that the period of the load torque
is T=2n/4=nr/2, the frequency is w=2n/T=4, the
phase difference between exhaust camshaft sprocket
and exhaust camshaft sprocket is ¢=7/4=n/8.
Moreover, for the convenience of research,
amplitude 4 and initial torque B can be valued as
A=10 and B=2. Therefore, it can be obtained that
the load torque exerted on the exhaust camshaft
sprocket is M;=(10xsin(40 +x/8)+2), and the load
torque exerted on the intake camshaft sprocket is
M,=(10%sin(46)+2). As shown in Fig. 10, curve 1
represents M, and curve 2 represents M,, where 0 is
the rotation angle of the camshaft sprocket.

Idle gear
Exhaust camshaft group A

sprocket Intake camshaft
pRY sprocket

The timing

Tension sprocket ™

group Idle gear

group B

Crankshaft y
sprocket

Fig. 9. The simulation model of double-side meshing and dual-
phase driving timing silent chain system

After simulation, the result can be obtained
through Plot Result in RecurDyn. The fluctuation of
tension sprocket, the vibration of the chain system, the
rotation speed stability of exhaust camshaft sprocket,
the transmission ratio of the intake camshaft sprocket
and exhaust camshaft sprocket, and contact force
between link plate and other components are analysed
when the crankshaft sprocket rotation speed is
n=20001/min. As shown in Fig. 11, the input driving
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on the crankshaft sprocket is step (time, 0, 0, 0.05,
—66.7%7). Furthermore, the simulation results of the
dual-phase silent chain system and single-phase silent
chain system are compared.

Tension sprockets move along a straight line, and
the angle between the line and X axis is 36.2°. Thus,
the fluctuation of tension sprockets can be obtained
by measuring the fluctuation along the X axis. Due
to the existence of the assembly gap, the fluctuation
is serious during the initial stage of the running. Take
the period of 0.11 s to 0.18 s to study the fluctuation
when the system is approximately steady, and the
fluctuation curve is shown in Fig. 12.

N
IRVVRVYAVIAY

0 45 90 135 180 225 270 315 360
00°)
Fig. 10. Load torque on the camshaft sprockets

M /[N-m]
]

0 0.09 0.18 0.27 0.36
t[s]
Fig. 11. Input driving on the crankshaft sprocket

3.1 Fluctuation Analysis of Tension Sprocket

As shown in Fig. 12, I is the fluctuation of single-
phase silent chain system, and II is the fluctuation
of the dual-phase silent chain system. The minimum
value and maximum value of curve I is 4(—60.131)
and B(—60.058). The minimum value and maximum
value of curve Il are C (—60.119) and D (-60.072). y 4,
VB, Yo, Vp are respectively the y-direction ordinates of
point 4, B, C, and D. Thus, the maximum fluctuation
quantity can be obtained:

di = (yg—y4)/c0s36.2°=0.090 mm,

d, = (yp—yc)/c0s36.2°=0.058 mm.

-60.04

-60.06

-60.08

X [mm]

-60.10

-60.12

-60.14
0.11 0.12  0.13 0.14 0.15 0.16 0.17 0.18

t[s]
Fig. 12. Tension sprocket fluctuation along X-axis

It can be observed that the fluctuation of the
dual-phase silent chain system is small. Moreover,
the fluctuation of the dual-phase silent chain system
is smaller than that of the single-phase silent chain
system. Furthermore, it is obvious that the fluctuation
of curve I is more drastic than the fluctuation of
curve II. So it can be concluded that the transmission
of double-side meshing and the dual-phase driving
system is steady and credible.

3.2 Link Vibration Analysis

Because of the influence of the chain polygon effect,
the impact between the link plates and the sprockets,
and the gravity of the chain, transverse vibration, and
longitudinal vibration are unavoidable in the process
of transmission. In this paper, the link vibration is
analysed through researching link trajectory and the
rotational speed of a link plate. In Fig. 13, the link
trajectory is shown. In Fig. 14, the rotational speed of
a link plate is shown, where 7} and 7, are two periods
of the running.

-150  -100 -50 0 50 100 150
X [mm]

Fig. 13. The link trajectory

From Fig. 13, it can be seen that the link
trajectory is smooth and steady, and the vibration
amplitude is very small. From Fig. 14, it can be seen
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that at the beginning of the running, the fluctuation
of the rotational speed is bigger and bigger, which
is caused by the assembly gap of the system and
the effect of the sprocket tension group. During link
plate meshing with sprockets, the fluctuation is small,
which indicates, according to [16], that the meshing is
smooth. In summary, double-side meshing and dual-
phase driving timing silent chain system can work
smoothly and has little vibration, which can enhance
reliability and decrease the noise of the system.
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Fig. 14. The link plate rotational speed

3.3 Rotational Speed Analysis of Exhaust Camshaft
Sprocket

Since the rotational speed of the crankshaft sprocket is
constant, the stability of the exhaust camshaft sprocket
becomes an important reliability indicator of a silent
chain system. The theoretical rotational speed of the
exhaust camshaft sprocket is w,=w;/n=104.72rad/s,
where w; is the rotational speed of the crankshaft
sprocket, and # is the transmission ratio of the exhaust
camshaft sprocket and the crankshaft sprocket. As
shown in Fig. 15, I is the rotational speed curve of
the single-phase silent chain system, and II is the
rotational speed curve of a dual-phase silent chain
system, and III is the theoretical rotational speed
curve.

-104.
) I N 111

-104.8 ‘ ‘ \

[rad/s]

-105.0

-105.2
0.15 0.18 021 0.24

0.27 0.30 0.33 0.36
t[s]

Fig. 15. The rotational speed of the exhaust camshaft sprocket

Rotational speed stability index u is always
used to measure the stability of sprocket rotation.
Moreover, u is calculated as:

u=Ao/w,, &)

where Aw is the fluctuation quantity of the rotational
speed. From Fig. 15, it can be seen that the tendencies
of curve I and II are roughly the same. According to
Eq. (9), it can be obtained that the rotational speed
stability index of a single-phase silent chain system
is 0.66%, the rotational speed stability index of a
dual-phase silent chain system is 0.38 %, and both of
them can meet the design requirements of the system,
but the dual-phase silent chain system has better
performance than the single-phase silent chain system.

3.4 Transmission Error Analysis

Because of the influence of the chain polygon effect
and impact load, the transmission error between
exhaust camshaft sprocket and intake camshaft
sprocket is unavoidable. As shown in Fig. 16, I stands
for the transmission ratio of a single-phase silent
chain system, II stands for the transmission ratio of
a dual-phase silent chain system, and III stands for
the theoretical transmission ratio. Since the intake
camshaft sprocket and the exhaust camshaft sprocket
have same tooth number, the theoretical transmission
ratio is a constant one.
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Fig. 16. The transmission ratio of intake camshaft sprocket and
exhaust camshaft sprocket

From Fig. 16 it can be seen that the tendencies
of curve I and curve II fluctuate around straight line
III and they are similar. The transmission error of
single-phase silent chain system is 0.80%, while
the transmission error of the dual-phase silent
chain system is 0.43%. It can be concluded that the
transmission errors of the two systems are small, and
both of them can meet the design requirements of the
system. However, the dual-phase silent chain system
can work more reliably than the single-phase silent
chain system can.
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3.5 Contact Force Analysis

The contact force between link plate and other
components is shown in Fig. 17. Stage | represents
the contact force when the link plate contacts the
crankshaft sprocket. Stagell represents the contact
force when the link plate contacts the sprocket
tension group. Stagelll represents the contact force
when the link plate contacts the exhaust camshaft
sprocket. StagelV represents the contact force
when the link plate contacts the idle gear group A.
Stage V represents the contact force when the link
plate contacts the intake camshaft sprocket. StageVI
represents the contact force when the link plate
contacts the idle gear group B.
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Fig. 17. The link contact force

From Fig. 17, it can be seen that the contact
force between the link plate and other components is
small, which indicates that the double-side meshing
and dual-phase driving timing silent chain system can
reduce action force and friction between link plates
and sprockets and prolong the life of the system. From
Stages I, III and V, it can be seen that the contact
force is large at the beginning and end of the meshing.
This is because that at the beginning of the meshing
between the link plate and sprocket, the majority of
the load is imposed on the link plate. With the progress
of the meshing, the adjacent link plate starts to engage
with the sprocket and undertakes an increasing load.
Thus, the contact force becomes smaller and smaller.
At the end of the meshing, with the former link plate
dropping out of the engagement, an increasing load
will be imposed on the next link plate.

4 CONCLUSIONS
(1) Based on engine structure, a new type of double-

side meshing and dual-phase driving timing
silent chain system is designed. Furthermore,

a systematic design method of the system is
proposed, which lays the theoretical foundation
for the design of the engine timing silent chain
system.

(2) The fluctuation of the tension sprocket, the
vibration of the chain system, the rotation speed
stability of the exhaust camshaft sprocket, the
transmission error of the intake camshaft sprocket
and exhaust camshaft sprocket, and the contact
force between link plate and other components
are analysed. The analysis results show that
the system designed in this paper can meet the
performance requirements of the engine timing
silent chain system. Furthermore, it verifies the
scientific validity and the validity of the design
method proposed in this paper.

(3) By comparing the single-phase timing silent
chain system, the double-side meshing and dual-
phase driving timing silent chain system has less
fluctuation of the tension sprocket, and a steadier
rotation speed of exhaust camshaft sprocket,
and a smaller transmission error of the intake
camshaft sprocket and exhaust camshaft sprocket.
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