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Abstract: The structure and working principle of a hydraulic buffering valve for a power-shift transmission ZF-4WG308 were
studied comprehensively, and a model of the hydraulic buffering valve was developed with AMESim. A bench test was conducted on
a buffering valve for transmissions (ZF-4WG308) and the test results agree well with the simulated results. Further more, the
influences of the key parameters of the valve on the buffering performance were also studied in details.
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1 Introduction

There has been a clear trend in recent years towards
increasing ride comfort and fuel efficiency [1]. Shifting
quality has great influence on drivers’ ride comfort, drive
safety and components’ service life of a wvehicular
transmission [2], especially for the engineering vehicles
working in harsh conditions and shift frequently. In order
to apply the same type of hydraulic buffering valve with
modified key parameters on different types of
equipments, it is necessary to study the way how
different parameters affect its buffering
performance, i.e., the shifting quality. Transmission for
vehicle should ensure drive safety, good maneuverability
and drivers’ comfort. In recent years, studies on
improving shifting quality have been done from many
aspects. Some of these studies are trying to optimize the
parameters of driving system and clutches [3—7], while
others have been carried out on new strategies to guide
the shift of transmission [8§—12]. It is concluded that the
friction torque variation in shift clutches plays a decisive
role in determining the shifting quality. Besides some
structural parameters, the friction torque mainly depends
on the friction coefficient among the clutch friction
plates and the oil pressure built up in the related shift
clutch cylinder [13]. However, the friction coefficients
and oil pressure both vary and only oil pressure can be
controlled conveniently. On this account, shift valves are

valve

widely applied in power-shift transmissions to control
the hydraulic pressure for the transmission clutches.
There are mainly two kinds of shift valves: electro-
hydraulic proportional valves and hydraulic buffering
valves. Studies on optimizing the electro-hydraulic
proportional valves have already been carried out to
make it more fitable for heavy-duty transmission system
[14-16]. However, the hydraulic buffering valves are
still given priority to engineering vehicles because of the
high cost, and poor ability in resisting oil pollution of an
electro-hydraulic proportional valve. On the other hand,
once the structural parameters of a hydraulic buffering
valve are determined, the output pressure curve is also
determined [17]. Because of this, it is not able to meet
different requirements of various types of engineering
vehicles with the same valve. In order to apply the same
type of hydraulic buffering valve with modified key
parameters on different types of equipments, it is
necessary to study the way how different valve
parameters affect its buffering performance, i.e., the
shifting quality. ZF-4WG308 transmissions have been
widely applied on wheel loaders, grader and many other
types of engineering vehicles. Study on hydraulic
buffering valves used on this type of transmission will
shed light on how the complex structure of the buffering
valve could guarantee the control on the pressure output
of the buffering valve, i.e., the shift quality. In this work,
AMESim model of a hydraulic buffering valve has been
developed and the influences of the key parameters of
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the hydraulic buffering valve on the output pressure
curve have been studied. A bench test has been
conducted and the test results agree well with the
simulated results.

2 Working principle of hydraulic buffering
valve

The schematic of a hydraulic buffering valve is
shown in Fig. 1. The hydraulic buffering valve is a
throttle type valve and it regulates oil pressure by
modulating the opening size.

Fig. 1 A hydraulic buffering valve

The pressure regulating part of the buffering valve
is the crucial part for guaranteeing its performance, and
its structure diagram and hydraulic circuit are is shown in
Figs. 2(a) and (b). As shown in Fig. 2(a), the accumulator
spring is set between the spool of pressure control valve
and the accumulator plunger. With the accumulator
plunger moving, the pre-tightening force of the
accumulator spring is changing, which will apply force
on the spool of pressure control valve and control the
pressure at P,. From an empty clutch when it is not
working to a working clutch with full torque, the
pressure building up process in a clutch cylinder can be
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separated into three stages: 1) the stage of fast filling; 2)
the stage of pressure gradient rising; 3) the stage of
pressure rapid rising.

2.1 Stage of fast filling

When a shifting signal is sent out, oil quickly flows
into an empty clutch, as a result, pressure of P, as shown
in Fig. 2(b) (to the clutch) drops rapidly, and the spool of
the pressure control valve and accumulator plunger do
not move.

2.2 Stage of pressure gradient rising

Once the clutch is full of oil, pressure at P, rises
rapidly and increases to a certain value which will push
the spool of the pressure control valve toward the right
side. At the same time, the oil opens the bleeder valve
and flows to the right side of the accumulator plunger,
namely the side B. At the beginning, the bleeding hole on
the spool of the pressure control valve has not been
closed, and the oil at the side B will flow back to the tank
through the hole and the reset valve. With the spool of
the pressure control valve moving toward the right side,
the bleeding hole will be closed and the pressure at the
side B begins to increase. Since the buffer hole is very
small, the pressure at the side B increases more slowly
than that of the side A, and the spool of the pressure
control valve keeps moving toward the right side, nearly
closing the valve port between P, and P finally. As a
result, pressure at P, stops increasing, and the pressure at
the side B increases until it is equal to the pressure at the
side A. Since the area of side B is bigger than that of side
A, oil will push the accumulator plunger and the spool of
the pressure control valve toward the left side, which will
opens the valve port between P, and P again. Then the
pressure at P, increases and the pressure at the side B
increases more slowly than that of the side A because of
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Fig. 2 Structure (a) and hydraulic circuit (b) of hydraulic buffering valve (1—Spool of pressure control valve; 2—Inlet orifice;

3—Bleeding hole; 4—Accumulator spring; 5—Accumulator plunger; 6—Buffer orifice; 7—Spool of bleeder valve; 8—Bleeder

valve spring; 9—Reset valve spring; 10—Spool of reset valve; 11—Clutch)
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the buffer hole. As a result, the spool of the pressure
control valve is pushed to the right side again and nearly
closes the valve port between P, and P. Again and again,
the hydraulic buffering valve works in this way, and the
pressure at P, increases gradually, until it is high enough
to open the reset valve. Once the reset valve is opened,
pressure oil flows into the space between the spool of the
pressure control valve and the accumulator plunger, and
under the pressure of the oil and the back force of the
accumulator spring, the spool of the pressure control
valve is pushed to the left most position and the
accumulator plunger is pushed to the right most position.

2.3 Stage of pressure rapid rising

As the spool of the pressure control valve moves to
the left most position and the accumulator plunger moves
to the right most position, the valve port between P and
P, opens totally and pressure at P, rises to the maximum
value immediately.

3 Modeling and analysis

The starting pressure of buffering, the ending
pressure of buffering and the gradient rising time affect
the performance of the buffering valve directly. And they
are calculated based on the structure diagram, as shown
in Fig. 2(a). In the calculation, the friction force, inertia
force and fluid power are neglected.

The buffering process begins when the spool of the
pressure control valve is pushed towards the right side
and nearly closed the valve port between P, and P. And
the equilibrium equation for the spool of the pressure
control valve is shown as Egs. (1) and (2).
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where Pyis the starting pressure of buffering, MPa; d,is
the diameter of the spool of the pressure control valve,
mm; Kj is the spring coefficient of the accumulator
spring, N/mm; A is the precompression magnitude of the
accumulator spring, mm; /, is the relative displacement
between the spool of the pressure control valve and the
accumulator plunger at the beginning of the stage when
pressure gradient rising starts, m.

The buffering process ends when the spool of the
pressure reset valve opens. And the equilibrium equation
for the spool of the pressure reset valve is shown as
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where P;is the ending pressure of buffering, MPa; d is
the diameter of the spool of the pressure reset valve, mm,;
K, is the spring coefficient of the reset valve spring,
N/mm; #, is the precompression magnitude of the reset
valve spring, mm; /; is the original opening of the
pressure reset valve port.

The bleeding valve is used to accelerate the
accumulator’s resetting and it has minor influence on the
buffering process. Because of this, the bleeding valve is
neglected in the calculation, the pressure gradient rising
time can be calculated as Eq. (5) [18]:
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where fyis the sectional area of the spool of the pressure
control valve, f, = ndg /4, m?; f11s the sectional area of
the accumulator plunger, f, = ndlz /4, m% f is the
sectional area of the buffering orifice, f, = nd22 /4, m?;
d, is the diameter of the buffering orifice, m; L is the
maximum relative displacement between the spool of the
pressure control valve and the accumulator plunger, m;
P, is the pressure in the space between the spool of the
pressure control valve and the accumulator plunger, MPa;
Cyis the flow coefficient, 0.82 [19]; p is the oil density,
kg/m’.

4 Simulation studies with AMESim

Imagine company of French launched AMESim
(Advance Modeling Environment for Simulation of
engineering systems) in 1995, which is used for
multidisciplinary complex system simulation, and widely
used in aerospace, aviation, ship building, weapons,
vehicles, engineering vehicles, petroleum and
petrochemical industries. In AMESim, users can focus on
the physical system itself instead of tedious mathematical
models, and develop models easily [20].

4.1 Modeling with AMESim

A model for the hydraulic buffering valve is
developed in AMESim, as shown in Fig. 3, where the
pump flow rate is 110 L/min, the system maximum
pressure is 1.6 MPa, and the temperature is 80 °C.
Besides, parameters of the model are shown in Table 2.

4.2 Simulated results
It is assumed that the following factors are
negligible: 1) the compressibility and the leakage of the
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Fig. 3 Model for hydraulic buffering valve

Table 2 Parameters of hydraulic buffering valve model

Parameter Mass/g Diameter/ Valve Displacement/ Spring coeffl}cient/ Pre-tightening ~ Cracking
mm port/mm mm (N'mm ) force/N pressure/MPa
Spool of pressure control 138 20 ) 0-4 o -
valve

Spool of reset valve 19.2 15 -2 0-6 — —
Spool of bleeder valve 12.4 15 -6 0-9 — —

Check valve — — — 0.015
Accumulator plunger 272 26 —23-0 — — —
Accumulator spring — — — — 18 45 —
Reset valve spring — — — — 14 182 —
Bleeder valve spring — — 1.4 28 —
Inlet orifice — 3 — —
Buffer orifice — 0.80 — —

oil; 2)The friction between the spool and the valve body 4.3 Bench test

and the hose and tube losses. The simulated pressure
curve in the clutch cylinder is shown in Fig. 4.
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Fig. 4 Simulated pressure curve

An engineering vehicle transmission and torque
convertor test-station is designed and manufactured by
Sichuan  Chengbang Measurement and Control
Technology Co., Ltd, China. Experimental items that can
be conducted on this test-station include transmission
efficiency, shifting quality test, torque convertor property,
etc. And parameters that can be measured on this test-
station include rotate speed, torque, power, efficiency, oil
pressure, oil flow rate, oil temperature, etc.

A bench test has been conducted based on a
transmission which is controlled by the shift valve
studied, as shown in Fig. 5.

In this test, the input rotate speed is 1800 r/min, the
input torque is 135 N-m, and no load torque is appplied.
By shifting from neutral gear to reverse gear and
measuring the oil pressure of P, in the hydraulic circuit
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when connected to the reverse clutch, tested pressure
curve is obtained, as shown in Fig. 6. Besides, the
simulated pressure curve and the tested pressure curve
are compared in Table 3.

Fig. 5 Bench test
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Fig. 6 Tested pressure curve

Table 3 shows that the simulated fast filling time
and the gradient rising time are a little shorter than the
tested results. Besides, the values at point A, point B,
point C and point D of the simulated pressure curve are
very close to those of the tested pressure curve. It shows
that the simulated results agree well with the tested

results, which indicates that the modeling process is
correct and the model can be used to study the way how
different parameters  affectits
performance, i.e., the shifting quality.

valve buffering

5 Studies on key parameters of valve

In order to apply the similar types of hydraulic
buffering valves on different types of equipments with
varied working conditions, it is essential to study the way
how different valve parameters affect its buffering
performance, i.e., the shifting quality.

5.1 Studies on pre-tightening forces of accumulator
spring

Figure 7 shows the pressure curves with 5 different
pre-tightening forces of the accumulator spring.

It shows that the pre-tightening force of the
accumulator spring affects the pressure at point B, the
length of the fast filling time and the gradient rising time.
When the pre-tightening force of the accumulator spring
increases, the pressure at point B increases accordingly,
the fast filling time and the gradient rising time will be
shortened.

It can be concluded that the pressure at point B, the
fast filling time and the gradient rising time can be
modified by adjusting the pre-tightening force of the
accumulator spring. And related studies have concluded
that rise in the pressure at point B and shortening in the
gradient rising time lead to a decrease in the heat
produced during the shift process and an increase in shift
shock at the same time [21, 22].

5.2 Studies on pre-tightening forces of reset valve
spring

Figure 8 shows pressure curves with 5 different
pre-tightening forces of the reset valve spring.

It shows that the pre-tightening force of the reset
valve spring affects the pressure at point C and the length
of the gradient rising time. When the pre-tightening force
of the reset valve spring increases, the pressure at point C
increases accordingly and the gradient rising time will be
lengthened.

It can be concluded that the pressure at point C and
the gradient rising time can be modified by adjusting the
pre-tightening force of the reset valve spring. And related
studies have concluded that rise in the pressure at point C

Table 3 Comparison between of simulated pressure curve and tested pressure curve

Parameter Fast filling  Gradient rising Whole shifting Pressure at Pressure at Pressure at Pressure at
time (O—A)/s  time (B—C)/s time/s A/MPa B/MPa C/MPa D/MPa
Simulated pressure curve 0.45 0.88 1.36 0.11 0.33 1.16 1.60
Tested pressure curve 0.55 0.95 1.57 0.22 0.48 1.15 1.58
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Fig. 7 Pressure curves with 5 different pre-tightening forces of
accumulator spring (F1=36 N, F,=45 N, F3=54 N, F;=63 N,
F=72N)
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Fig. 8 Pressure curves with 5 different pre-tightening forces of
reset valve spring (F1=168 N, F,=182 N, F3=196 N, F,=210 N,
Fs=224N)

and the enlongation of the gradient rising time lead to an
alleviation in shift shock and an increase in heat
produced during the shift process at the same time [21,
22].

5.3 Studies on different sizes of buffer orifice

Figure 9 shows pressure curves with 5 different
sizes of the buffer orifice.

It shows that the size of the buffer orifice affects the
length of the gradient rising time and the pressure at
point B obviously, besides, it has a little influnce on the
length of the fast filling time. When the size of the buffer
orifice increases, the gradient rising time will be
shortened, the pressure at point B will rise, and the
length of the fast filling time will be shortened slightly.

It can be concluded that the length of the gradient
rising time and the pressure at point B can be modified
by adjusting the size of the buffer orifice. And as
mentioned before, rise in the pressure at point B leads to
a decrease in the heat produced during the shift process
and an increase in shift shock at the same time, while an
enlongation of the gradient rising time leads to an

1.6 :
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Fig. 9 Pressure curves with 5 different sizes of buffer orifice
(D1=0.75 mm, D,=0.80 mm, D;=0.85 mm, D,=0.90 mm,
D5s=0.95 mm)

alleviation in shift shock and an increase in heat
produced during the shift process.

The pressure at point D is the same as the maximum
pressure value in the system, which can be modified by
adjusting the pressure modulating valve in the system.

In conclusions, by adjusting these key parameters of
the hydraulic buffering valve, its output pressure curve
during the shift process can be adjusted to meet different
requirements for various engineering vehicles.

6 Conclusions

AMESim model of a hydraulic buffering valve has
been developed and the influences of the key parameters
of the hydraulic buffering valve on the output pressure
curve have been studied. A bench test has been
conducted and the test results agree well with the
simulated results. The following conclusions can be
drawn from the simulated studies.

1) The pressure at point B, the fast filling time and
the gradient rising time can be modified by adjusting the
pre-tightening force of the accumulator spring, and when
the pre-tightening force of the accumulator spring
increases, the pressure at point B increases, the fast
filling time and the gradient rising time will be
shortened.

2) The pressure at point C and gradient rising time
can be modified by adjusting the pre-tightening force of
the reset valve spring, and when the pre-tightening force
of the reset valve spring increases, the pressure at point C
will increase and the gradient rising time will be
lengthened.

3) The pressure at point B and the gradient rising
time can be modified by adjusting the size of the buffer
orifice, and when the size of the buffer orifice increases,
the pressure at point B will rise, and the gradient rising
time will be shortened.
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