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ABSTRACT. The influences of the installations of the camshaft support, and timing system and the heat
release on the valve gap of the gasoline engine were analyzed in the present. The experiments were carried
out on 50 4-cylinder 4-stroke gasoline engines, and the results indicate that to tighten the camshaft support
has a great impact on valve gap, the indicated mean there was an obvious deformation in cylinder head after
the camshaft support was tightened. The timing system also has a significant influence on the valve gap
because it produces a downward force to the camshaft, leading to a smaller valve gap near the timing
system and a bigger valve gap on the other side. It was also found that with the increase of temperature the
valve gap was 0.1mm larger than that in the normal state.

1 Introduction
The inlet and exhaust valves are the important parts of
the engine valve train. Its function is to ensure the engine
can absorb as much inflammable gas as possible during
the intake stroke and to seal the combustion chamber
during the compression power strokes. Curves of torque
curve, brake power and indicator power can be improved
by controlling the valve timing [1-3]. A number of
studies have demonstrated that the variable valve timing
technology can potentially improve engine torque and
power, reduce automotive emissions and fuel
consumption [4,5]. For engines, a small valve lift at a
low engine speed will increase the negative pressure in
cylinder and intake eddy, which helps improve the
fuel-air mixing and fuel economy and increase the torque
at the low speed. A large valve lift at high engine speed
elevates the charging efficiency, which is beneficial for
improving power performance of engines at high speed.
In addition, if a multi-cylinder engine is operated at low
loads, then the valve lift of a few cylinders can be
reduced to zero to realize cylinder deactivation
technology [6]. This approach effectively decreases the
fuel consumption.
During the working processes of the engine, the valve
tappet is inflated by the temperature of the combustion.
In order to ensure that the valve can be sealed reliably in
any cases, the engine needs to reserve a certain amount
of valve gap. The valve gap has significant effects on the
combustion process in the engine and the design of the
inlet valve assemblies [7,8]. The opening and closing
timings of the valves have a huge impact on the engine
cycle efficiency, and the variable valve timing
technology has been utilized to enhance the engine
performance of the engines[9-11]. Although the literature
on valve timing and valve lift is abundant, relatively few
papers have been published on valve gap for gasoline
engine. In [12] a four cylinder diesel engine was

mounted four accelerometers on the cylinder head to test
the tables of feature measurements for the different fault
levels. The valve gap of this engine was induced into
0.15mm, 0.6mm, 0.9mm, 1.2mm and 1.5mm, which
normal valve gap is 0.3mm. The valve gap was also
studied on one cylinder of a four cylinder diesel engine
in [13]. A probabilistic neural network was used to
classify the Wigner-Ville distributions of the vibration
signal. The valve gap was range from 0.06mm to
0.50mm, while the normal valve gap was 0.30mm.The
experimental results show that the diesel trains faults can
be classified accurately by the proposed method. In [14]
a crank shaft angle sensor, two accelerometers and four
in-cylinder pressure sensors was equipped on a four
cylinder diesel engine to analysis the valve gap faults.
The valve gap was induced into 0.25mm and 0.70mm on
the intake valve of one cylinder. The results show that
the two abnormal valve gaps can be distinguished from
the normal state, but no classification accuracy values
were reported. They also proposed a valve fault detection
and diagnosis technique based on empirical mode
decomposition and the instantaneous variations of the
crankshaft’s speed. The valve gap on a similar internal
combustion engine was study in [15] used two acoustic
mission sensors. The normal valve gap was 0.38 mm.
They induced an exhaust valve gap of 0.8mm in one of
the cylinders. The valve gap fault could be obviously
distinguished from a healthy engine by the frequency
domain analysis of the acoustic emission signals.
As so far, the majority articles of the valve gap are
focus on the engine fault diagnosis, there is no published
papers study the valve gap when the engine is wording
and the effects of the other parts on the valve gap during
assembling. The objective of the present study is to
investigate the effect of the installations of the camshaft
support, and timing system and the heat release on the
gasoline engine valve gap. Through the investigation of
the camshaft support and timing system influences, the

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 256, 02011 (2019)
ICMME 2018

https://doi.org/10.1051/matecconf/201925602011

processes in the cylinder on the valve gap. The hot test
lasts 5 min, including 1 min under the idle condition, 2
min at 2000-3000r/min and then 2min under the idle
condition. At last, the cylinder head cover was
dismantled quickly to measure the valve gap in thermal
state.

tappet selection can be corrected by KA to ensure the
valve gap is in the middle of the acceptable range, which
is important to improve the passing rate of the tappet
selection. Meanwhile, the measurement of the valve gap
in thermal and normal states can predict the variation of
the valve gap efficiently; it can make a great contribution
to the design of the valve gap and the quality control in
production. The paper is organized as the following: the
test bed and mathematical model is described in detail in
Section 2. Section 3 presents the influence of the
tightening of the camshaft support, the installation of the
timing system and the temperature on the valve gap,
along with the discussions of the experiment results.
Conclusions are provided in Section 4.

3 Results and discussion
3.1 Influence of the tightening of the camshaft
support
Engine camshaft support mainly provides camshaft
installation position for the engine cylinder head. Two
camshaft supports were used to fix the camshaft in the
experimental engines, i.e., the upper and lower camshaft
supports. During the assembly process, the upper
camshaft support should be taken down first, followed by
tightening the camshaft. In order to investigate the
impact of tightening force on the valve gap, the valve gap
was measured three times in the present work. First,
measure the valve gap after the camshaft support was
tightened to the fitted state (9 N∙ m). Then tighten the
camshaft support to the final moment 22 N∙ m, and the
valve gap was measured at this time. To ensure the
cylinder head deformation was not affected by the
camshaft support, the valve gap was measured for the
third time after the cylinder head bolts were tightened.

2 Experimental setup
In the present work, the valve gap was measured in the
MARPOSS tappet selection machine. Shown in Figure 1
was the mathematical model employed in the present
study. The model was originally developed for SOHC,
in-line 4-cylinder engines. In this type of engine, when
the nose of one cam is upward (i.e. in the position for
measuring the gap), there are usually several other cams
which correspond to the opening valves.

9 Nm-inlet
22 Nm-inlet
Cylinder head tightened-inlet

Valve gap/0.01mm
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Fig. 1. The mathematical model.
0

Subsequently, the tappet thickness was derived from
the following formula. The KA in the formula is the
empirical correction factor.
T=A1+A2-B1-Gap+KA
(1)
At the start of the experiments, 50 engines, which
were of 4-cylinder 16-valve DOHC structure, including
intake VVT system, were selected to measure the valve
gap. According to the design requirements, the inlet
valve gap in the normal state was 0.17±0.04mm, while
the exhaust was 0.28±0.04mm. The valve gap of the test
engine was assembled according to this condition. Then
the valve gap was measured after the timing system was
installed. The valve gap in the front end of the engine
was affected by the downward force from the timing
system. After those engines were assembled, the hot test
was done to investigate the effect of the temperature
increase due to the heat release from the combustion
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Fig. 2. Average changes of the inlet valve gap when tightening
the camshaft support.

Shown in Figure 2 is the inlet valve gap before and
after the camshaft support was tightened. The inlet valve
gap is 0.01-0.02mm smaller after the camshaft support
was tightened, and continues to decrease by 0.01mm
after the cylinder head was tightened. The result shows
that the camshaft support and the cylinder head are
deformed by the tightening processes, but the tightened
influence can be corrected by KA in the above formula.
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3.2 Influence of the installation of the timing
system
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To derive the effect of engine temperature, the gaps
of the inlet and exhaust valves in the thermal state with
the machine oil of 338K were measured, respectively,
and the result is shown in Figure 4. As a result of the heat
expansion, the valve gap in the thermal state was
generally 0.05mm larger than that in the normal state.
Then, the valve gap was measured again after the engine
cooled down into the room temperature of 298K, and it is
observed that the gap was generally consistent with that
before. The detailed result is shown in Figure 5. That is
to say, when the engine was working, the effect of the
rising temperature on the valve gap disappears when the
engine cools down, and the valve gap was mainly
influenced by the heat release in the cylinder.
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Fig. 4. Comparisons of the valve gap between the thermal and
normal states.
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In this paper the timing system in the test engine consists
of the timing chain, the fixed guide, the crankshaft timing
chain wheel, etc. During the installation processes of the
timing system, the timing chain will produce a downward
pressure on one side of the engine, resulting in a smaller
valve gap near the timing system and a larger valve gap
on the other side. Variations of the inlet and exhaust
valve gaps before and after the timing system was
installed are shown in Figure 3. As shown in the figure,
the gaps of inlet valves 1 and 2 and exhaust valves 1 and
2 were 0.01mm smaller than the values before, while the
gaps on the other side were 0.01mm larger than those
before. The middle valves were not affected by the
installation of the timing system, and therefore there
were no obvious changes in the valve gap before and
after the timing system was installed.
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Fig. 3. Comparisons of the valve gap between before and after
the installation of the timing system.

3.3 Influence of the temperature
Combustion is a very complicated physical and chemical
process, and the heat energy released from the fuel
combustion is delivered to the valve, leading to its
thermal expansion. The valve gap is assembled in normal
state, which is not measured during the engine operating
processes before. To investigate the valve gap in thermal
state, the experiment was taken to explore the valve gap
when the engine was working.
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Fig. 5. Comparisons of valve gap between before and after the
hot test.

4 Conclusions
Valve gap of inlet and exhaust on diesel engine were
experimental studyed by using MAPOSS tappet selection
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machine. The tightening of the camshaft support leads to
a 0.01-0.02mm smaller in valve gap, which would
continue to decrease by 0.01mm after the cylinder head
was tightened. The influence of the installation of the
timing system was also presented in this paper, the
results show that the valve gaps on both side were
influenced by 0.01mm, while the middle valves were not
affected by the installation of the timing system.
However, the effects of the camshaft support tightened
and the timing system installation can be corrected by
compensation, which can guarantee the valve gap in the
normal range under normal temperature. On this basis, an
experimental study considered the influence of the
temperature was also taken in this paper. The valve gap
of inlet and exhaust were both 0.05mm larger than the
normal state at the machine oil was 338K. Compared to
the tightened of the camshaft support and the timing
system installation, the increase of temperature has
strong effects on the valve gap of the gasoline engine. At
last, according to the variations of the valve gap with the
temperature effect, the valve gap should take into
account the temperature of the engine working state to
ensure the intake of the engine at the design phase.
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