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Abstract: A Model S195 (8 .8  kW) single cylinder was used in this study to determine the effect of four op- 
erational parameters, i . e .  intake valve close angle, exhaust valve open angle, fuel delivery angle and fuel in- 
jection pressure on noise. Single factor and multi-factor quadratic regressive orthogonal methods were adopted 
in the experiments to find the relationship between the four parameters and noise. By means of optimization 
technique, the optimum operational parameters for two working conditions of the engine were selected and the 
test results showed that optimum adjustment could reduce noise by 2 - 4  dB. 
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INTRODUCTION 

Type S195 diesel engines are widely used in 
rural areas of China. The total number of the en- 
gines used in agriculture is about 8 million sets. 
Our investigations showed that the working con- 
ditions of the engines in use are relatively bad in 
general. The noise level is very high. Tractor 
operators are exposed to noise and vibration that 
are hazardous to human health, due to their 
long-term effects. Optimal Adjustment and In- 
specting Technology (OAIT) (He ,  1995 ; 1996) 
was found useful for improving the working con- 
ditions of S195 diesel engines in use. The objec- 
tive of this experimental research is application 
of OAIT to decrease the noise of type S195 diesel 
engine. 

NOISE ANALYSIS OF DIESEL ENGINE 

There are various studies to clarify the mech- 
anism of noise and vibration in diesel engines 
and to identify and pinpoint various sources of 
noise and their contribution to the total engine 
noise composed mainly of combustion-induced 
noise and mechanically-induced noise. 

1 Combustion-induced noise 

The mechanism of combustion-induced noise 
is triggered by the cylinder pressure acting on the 
engine structure, then causing deflection of the 
structure (Naoya, 1989). The structural imped- 
ance of an engine structure is dependent on en- 
gine stiffness, mass and damping. Combustion 
noise is caused by the direct exciting force of the 
engine (Hiroshi, 1990). The characteristic noise 
of diesel combustion is generally known as diesel 
knock. 

2 Mechanically-induced noise 

Mechanically-induced noises result from in- 
direct forces that are dependent on the direct ex- 
citing force in some linear manner, such as the 
impacting forces produced by pistons, bearings, 
and timing gears. These secondary forces cause 
the mechanically-induced noises (Gerhard ,  
1973). Bad maintenance, wear, as well as mal- 
adjustment cause changes in engine performance 
and noise. So the optimal adjustment of the op- 
erational parameters can decrease the noise. 

MATERIALS AND METHODS 

Used in this study was a Model S195 single 
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cylinder, four-stroke cycle diesel engine with 
rated power 8 . 8  kW,  2000 r" min- 1, and with 
swirl chamber. Noise was measured by means of 
a pressure-sensitive microphone. The noise me- 
tering instrmnents was a Model ND10 that could 
read in the range of 4 3 -  140 dB at frequency 
from 3 1 . 5  Hz to 8 kHz. Noise was measured ac- 
cording to Chinese standard measurement proce- 
dure (GB1859 - 8 0 ) .  

The four parameters under study ( in t ake  
valve close angle a ,  exhaust valve open angle 
/3, fuel delivery angle 0 ,  and fuel injection pre- 
ssure p were measured by a simple device devel- 
oped especially for the engine. The China patent 
number of the device is N o . 8 7 2 0 1 9 1 7 . 9 .  

EXPERIMENT RESULTS AND ANALYSIS 

Tests were designed to provide data on diesel 
engine performance under controlled conditions, 
and aimed to study the changing law between the 
four parameters and noise, and to get the best 
parameter combinations. 

1 .  Single variable t e s t  

(1 )  Exhaust valve open angle 
Adjust intake valve close angle, fuel delivery 
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angle and fuel injection pressure to standard val- 
ue (according to the specification of the en- 
g ine) ,  and keep them constant. Adjust the ex- 
haust valve open angle to 10 ~ , 20 ~ , 30 ~ , 36 ~ , 
43 ~ , 50 ~ , 60 ~ 70~ (Before Bottom Dead Cen- 
ter, BBDC) ,  and measure the noise separately. 
Fig. 1 shows eight exhaust valve opening angles 
at five different ranges of power (0 ,  4 . 4 ,  5 . 9 ,  
7 . 4 ,  8 . 8  kW) at constant rated engine speed of 
2000 r"  min-1 Fig. 1 shows that the engine 
noise increased with increase of load. The noise 
curves dip steeply for exhaust valve opening an- 
gle of 10 ~ to 43 ~ , from which point they rise rap- 
idly to maximum height at about 50 ~ , from where 
they all dip again. 
(2 )  Intake valve close angle 

Adjust exhaust valve opening angle, fuel de- 
livery angle and fuel injection pressure to stan- 
dard values (according to the specification of the 
engine) ,  and keep them constant. Adjust the 
intake valve closing angle to 26 ~ , 31 ~ , 36 ~ , 
40 ~ , 43 ~ , 46 ~ , 51 ~ , 56 ~ , 61 ~ ( B B D C ) ,  and 
measure the noise separately. Fig. 2 shows that 
with the increase of load, the noise increases. 
The noise is the lowest at about 43 ~ , and has no 
considerable change at other angles. 

Fig.  2 
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( 3 )  Fuel delivery angle 
Adjust intake valve closing angle, exhaust 

valve opening angle and fuel injection pressure to 
standard values (according to the specification of 
the engine ) ,  and keep them constant. Adjust 
the fuel delivery angle to 2 ~ , 6 ~ , 9 ~ , 12 ~ , 15 ~ , 
17 ~ 20 ~ 23 ~ 35 ~ ( Before Top Dead Center, 
BTDC) ,  and measure the noise separately. Fig. 
3 shows that with the increase of load, the noise 

increases. The curves dip from 0 ~ to 17 ~ after 
which do not change much. 
(4 )  Fuel injection pressure 

Adjust intake valve closing angle, exhaust 
valve opening angle and fuel delivery angle to 
standard values (according to the specification of 
the eng ine) ,  and keep them constant. Adjust 
the fuel injection pressure to 5.  886,  7.  848,  
9 . 8 1 0 ,  1 1 . 7 7 2 ,  13. 734,  15. 696, 17. 658 



194 HE Yong, BAO Yidan 

MPa, and measure the noise separately. Fig. 4 
shows that with the increase of load, the noise 

Fig.  3 
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increases. The change of noise level with differ- 
ent fuel injection pressure is not significant. 
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The above results show that the main factors 
influencing noise are exhaust valve opening angle 
and fuel delivery angle. 

2. The quadratic regressive orthogonal test 

The quadratic regressive orthogonal design 
method was adopted to get the main adjustable 
working parameters influencing the noise and 
find the optimal parameter combinations for min- 
imizing the noise. Four parameters were ar- 

ranged in the tests (Table 1 ) .  After each test 
was over, the working parameters were readjust- 
ed according to the test arrangement. After sig- 
nificance tests to obtain the regression coeffi- 
cients and regression formula, the equations of 
the four working parameters' relation to noise 
under two working conditions can be written as 
follows : 

Table  l The design level o f  the four variables 

Variables 

X 

Changing 
interval 

Design level of the variables ( mo = 2, r = 1. 483) 

Aj - /" - 1  0 +1 + r  

X1 (intake valve closing angle) 

X2 (exhaust valve opening angle) 

X3 (fuel delivery angle) 

)(4 ( fuel injection pressure) 

6.743 33 36.257 43 49.743 53 

6.743 33 36.257 43 49.743 53 

2.697 14 15.303 18 20.697 22 

1.32 10.30 10.94 12.26 13.59 14.22 

working condition 1 (idling condition: 0 kW, 
2000 r" min- 1 , F~ > F0.01 ) : 
Y = 95 .  696 - 0 .  289X1 - 0 .  289X2 - 

0 .  l 19X2X3 - 1 . 2 1 3 X 3 X 4  - 24.211X42 ( 1 )  

working condition 2 ( 8 . 8 2  kW, 2000 r" rain- 1, 
F~ > F0.10) : 

Y = 1 0 0 . 5 2 -  0 . 2 7 7 X  1 - 0 . 4 1 9 X 2  - 

0 .  363 Xt X2 + 2 . 6 8 1  X3 X4 + 0 .  373 Xi 2 + 

0 .  327X~ + 0 .  828X~ + 38 .  759X] ( 2 )  

The variable analysis and regression equation 

show clearly that the exhaust valve opening angle 

and fuel delivery angle are the most important 
among the four working parameters influencing 
the noise. 

OPTIMUM WORKING PARAMETERS 

The regression equations of the two working 
conditions are taken as objective functions re- 
spectively, and the test range of each working 
parameter is taken as constraint condition, in the 
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nonlinear programming mathematical models be-  
low. Working condition 1 ( idl ing condition: 0 
kW,  2000 r" min- 1 ) ." 

Objective function : 
rain Y = 95. 696 - 0.  289X1 - 0.  289X2 - 

O. ll9XzX3 - 1 .213XsX4 - 2 4 . 2 1 1 X 2 X 4  (3 )  

Constraint conditions : 
{Xi - 1 . 4 8 3 < 0  

X ~ - l . 4 ~ < 0  ( i = 1 , 2 , 3 , 4 )  ( 4 )  

With the help of a computer, the optimal 
combinations of the four working parameters un- 
der the two working conditions were worked out 
by using the nonlinear programming, punishment 
function method ( Changkong, 1983 ; Gan, et 
a l . ,  1990 ) to obtain the optimum parameter 
combinations. The results are shown below: 
working condition 1: Ymin = 95.  58 dB,  X1 = 
0 . 2 2 3 (  a = 4 4 . 5 2 ~  X2 = 0. 223 (/3 = 4 4 . 5 2 ~  

X3 = 0 . 0 2 ( 0  = 1 8 . 0 5 ~  X4 = - 0 . 0 0 1 ( P  = 

12 .26  MPa) : 
working condition 2: Ymln = 100. 19 dB, a = 

4 9 . 2 5  ~ /3 = 5 0 . 8 2  ~ , 0 =  1 7 . 9 9  ~ , P =  1 2 . 2 6  
MPa. 

TEST VERIFICATION OF THE OPTIMAL COM- 

BINATION 

The objective of field tests was to inspect and 
measure the four parameters according to the ac- 
tual condition, to readjust the parameters ac- 
cording to the optimal combination , and to make 
comparison before and after optimal adjustment. 
Comparison of 6 Type S195 diesel engines in Ji- 
made City of Zhejiang Province showed that after 
optimal adjustment, the noise was reduced by 2 
- 4  dB,  and that the power could be increased 

by 0 . 7 -  2 . 5  kW. 

CONCLUSIONS 

Tests showed that exhaust valve opening an- 
gle and fuel delivery angle were the main factors 
influencing noise level of Type S195 diesel en- 
gine in use.  

Optimal combination of four parameters has 
been worked out. After optimal adjustment ac- 
cording to the optimal combinations, the noise of 
the engine in use can be reduced by 2 -  4 dB. 

Noise in general increased from light to 
heavy load of engine. 
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