15 2 Vol 15 No 2
116 1999 6 T ransactions of the CSA E Jun 1999

Study on the Technology of ImprovingW orking
Condition of Snall D iesel Engine

ChenJun He Yong
(zhejiang U niversity, H angzhou, 310029)

Abstract Small diesel engines, specially S195 type diesel engines, arew idely used
in rural areas of China A cocording to the results of investigation and ingection of
21000 engines, it isfound that theworking conditionsof the engines in use are rela-
tively bad in general The average ecific fuel consumption increased by 25 6 % and
the average pow er decreased by 18 2 % compared w ith the rated gecific fuel con-
sumption and the rated pow er regectively. A new suitable technology, i e , opti-
mal adjustment and ingecting technology w as put foward to improve theworking
conditions of gnall diesel engines in use The test showed that the average ecific
fuel consumption decreased 11 21 29 47 g/(KW - h) and the average power in-
creased O 18 Q 97 KW regectively after the enginesw ere ingected and optimally
adjusted T his technology has been listed asoneof themajor popularizing projectsof
state commission on science and technology of China It was estimated that over
939 8 thousand tractors in use have been ingected and optimally adjusted and 97 7
thousand tonsof fuel have been saved and 959 thousand kilow att of pow er have been
regained from 1991 to 1994
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1 Introduction

To find the reanw hy theworking conditionsof snall diesel engines in use are 9 bad,
more than 400 enginesw ere ingected and the power data and eight technical parameters
w ere obtained Through analysis, themain factors influencing theworking condition of the
enginew ere found out Then the optimal adjustment technology and data for the main pa-
rametersw ere put forw ard through theoretic analysis and tests

2 Analysisof M ain Influencing Parameter son the EngineW orking Condition

Through ingection and investigation, itw asfound that theworking condition of the en-
gine in use is interrelated to the technical paraneters such as intake and exhaust valve tim-
ing, fuel delivering angle, fuel injection pressure, cylinder pressure and 0 on T echnical
state parameters (fuel-delivering angle, X 1; exhaust-valve-opening angle, X z; intake-valve-
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closing angle, X s idle rotation gpeed, X4 intake-valve-opening angle, X s, exhaust-valve-
closing angle, X the number of flyw heel sveeping just after the engineout of ignition, X 7
injection pressure, X s) and pow er and ecific fuel consumption (y) of more than 400 diesel
engines of S195 typew ere ingected random ly at Zhuji in Zhejiang Province in order to find
out the internal relationship between the parameters and the power and gecific fuel con-
sumption Path coefficient analysis is used to analyze the relationship'™. W ith the help of
computer, the direct path coefficients wereobtained asfollowsPy= - Q 162, P2= Q 506,
Ps= Q 414, P4= Q 217, P5= Q 114, Pe= - Q 034, P»= - Q 037, Pg= - Q 119 Indi-
rect path coefficients can also be obtained The total decision coefficient d= Q 807, w hich
show ed that aimost all influencing factors can be covered by the selected eight paraneters
Path coefficients show ed that the order of influencing theworking condition of the S195 type
diesel enginew ill be successively exhaust-valve-opening angle, intake-valve-closing angle, i-
dle rotation gpeed, fuel-delivering angle, injection pressure, intake-valve opening angle, the
num ber of flyw heel sveeping just after the engine out of ignition and exhaust-valve-closing
angle

3 Optmal Adjustment of Technical State Parameter s

In general, the adjusting data of main technical state param etersw ere provided for each
nev engine A djustment of nawv engine according to those data can make the engine reach the
best work condition Thew ear of engine partsw ill increasew ith the time If the paraneters
of an enginew ere still adjusted by theoriginal data, the enginewould not be in the best tech-
nical state Optimal adjustment technology was an amed adjustment according to different
w ear conditions
3 1 PrinciplesandM ethod of Optmal Adjusiment of Valve Tim ing

It isimportant to select a suitable valve timing angle in order to make the tim e-section of
valve opening larger and mprove the air exchange effect The valve tming has four angles,
that is, intake-valve-opening angle, intake-valve-closing angle, exhaust-valve-opening angle
and exhaust-valve-closing angle A s for a definite type of engines, only two angles of the
four can be adjusted because the shape and position of can shaft are fixed The valve timing
of engine in usew ill be changedw ith thew ear and the variation of the valve clearance, w hich
make technical state of an engine bad If the enginesw ere adjusted using traditional meth-
ods, that is to adjust the valve clearances by the data of gecification of manufacture, the
technical state of the enginesw ill be mproved little and even madeworse That is because
the can, tappet and other valve mechanisn parts have beenworn, if they are still adjusted
according to the valve clearance standard data, the valve timing can not be kept correct The
relationship betw een valve timing and valve clearancesw ere shown in Fig 1 W hen the valve
clearance is correct, ohi stands for can lift height for eliminating the clearance of valve
W hen the can rotates to t1, the valve clearance is just eliminated and valve begin to open
Themore the can rotates, the larger the valve opens Themaximum effective lift height of
the cam isH 1+ Thevalvew ill be closedw hen the can rotatesto t.’. If the valve clearance is
increased to hz, the lift height of the can that elim inates the valve clearance is oh2, the valve
begins to open when the can rotates to t= On this condition, the maximum effective lift
height of the cam isH 1-d The valvew as closed w hen the cam rotates to t.’. So, the in-
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crease of valve clearancew ill make the valve open
late and close early and the effective lift height of
the can will decrease For the sane rean, the after wear
decrease of valve clearance will make the valve
open early and close late and the effective lift
height of the cam will be increased If the valve
clearance is still adjusted to standard data by gec-
ification w hen the cam has been worn, the valve
timing can not be kept correct The lift height of
the can that elminates the valve clearance was
oh: before the can wasworn, asshown in Fig 1 A fter the cam wasworn, if the valve clear-
ance keeps unchanged, the valve opensw hen the cam rotates to tz and closesw hen the cam
rotates to ts° and themaximum effective lift height isH 1- & Thatmeans that the valvew as
opened late and closed early and the effective lift height of the cam w ill be decreased w hen
the can has beenworn If the valve clearance is reduced suitably to make the lift height of
the can that elim inates the valve clearance decrease to oh, that is, the valvew ill be opened
w hen the can rotates to t (1) and closesw hen the can rotates to t." and the effective lift
height of can isH 1- &+ & That means that the suitable decrease of valve clearance can
make the valve open early and close late and the effective lift height of the cam will be in-
creased Therefore, suitable decrease of valve clearance can make up thew ear of the cam. It
is known from above path coefficient analysis and theoretic analysis that the exhaust-valve-
opening angle and intake-closing angle are themain factors influencing theworking condition
of the engine So, when adjusting the valve clearance is changed to keep the exhaust-valve-
opening angle and intake-valve-closing angle correct, and the valve clearancemust bemore
than @ 02mm for heat expansion Thismethod can not completely make up thew ear of the
cam, but it canmake up thew ear partly and is effective for engine in use
3 2 Optimal Adjustment of Fuel Delivering Angle

The resultsof ingecting the 227 diesel enginesof S195 type show ed that only 27 % fuel
delivering anglesof the enginesfit standard value and onesof most engines are too late The
reaon for causing fuel delivering angle late are as follow s a) w ear of parts of fuel pump,
b) the ingecting and adjusting method are not correct There are many methods to ingect
the angle, but different ingectingmethodsw ill obtain different results A lot of experments
have been done and the relationship was gained anong different ingecting methods'”. A's
usual, overflow -fuel'method iswidely used On the basis of our experments, the optimal
fuel delivering angle of S195 type diesel engine is 18°+ 5°
3 3 Optimal Adjusment of Fuel Injection Pressure

The fuel injection pressure ismuch higher formost engines in use T he effect of fuel in-
jection pressure on theworking condition of engine isnot as sensitive as that of valve timing
and fuel delivering angle If the seal of fuel pump is good, the fuel injection pressure needs
to be adjusted to 12 25 13 23M Pa If the seal of fuel pump is not good because of w ear,
the fuel injection pressure needs to be adjusted to 10 29 11 76M Pa
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Fig 1 The relationship betw een the valve
clearance and valve timing

4 Period and Effect Analysisof Optimal Adjustment

In order to survey the changing rulesof main technical state parametersw hen the engine
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wasoptimally adjusted and to decide the period of optimal adjustment, 14 diesel engines of
S195 type fixed onw alking tractorsw ere selected random ly to test for oneyear. For the first
time, all the 14 enginesw ere optmally adjusted, and then every month pow er and gecific
fuel consumption and 8 technical state param etersw ere ingected and not readjusted The re-
sultswere shown in Fig 2 Fig & Supposing a S195 type diesel engine consumes 1000 kg
fuel in one year. Half ayear later, the average pow er of engine has been decreased by 12 %
and the average ecific fuel consumption has been increased by 12 %. Of all the 8 technical

state paraneters, valve tming and fuel delivering angle are changed most quick ly.
0 s

»®
™~ N
= \.\‘\ 20
2 10 — B e
2 i —
- . ¢ 2315
° SRRt .
z 90 b - e
E g g0 -
550 | $ % 7~
S 5acg 5 ./
2 g9 Rt
g 10 N N N N N N N — 0 c—t 2 N
0 80 160 240 320 400 480 960 0 80 160 240 320 400 480 560
Fuel consumption/kg Fuel consumption/ kg
Fig 2 Curveof engine’ spow er changing Fig 3 Curveof engine’ s ecific fuel
ratew ith fuel consumption consumption changing ratew ith fuel consumption
i b
—_ -
PRLE L = 50
2N .\o\ g - —a=Tntake valve
s 10 . w40 :
°z \.\ 2\3 30 === FExhaust valve ‘/
BN . S5 =
2z AN 2L Vi
Z ) T )
£ z :
;E A I 1 1 1 1 } ; 0 “=?ﬁ’.
= 0 B0 160 240 320 400 180 560 = 0 80 160 240 320 400 480 560
Fuel cousumption/ku ) Fuel consumption/ kg
Fig 4 Curveof engine s fuel-delivering Fig 5 Curveof engine s clearance
angle changing ratew ith fuel consumption changing ratew ith fuel consumption

A verage value of valve timing w as changed about 5° after 500 kg fuel was consumed by
an engine So the valve timing should be ingected and optimally adjusted after the engine
runs 3 6months A verage fuel delivering angle decreased 1 5° after 250 kg fuel w as con-
sumed by an engine So the fuel delivering angle should be ingected and adjusted after 3
months The engine pow er w ill be affected greatly by the cylinder compression pressure at
the end of stroke Experiment show s that w hen the pressure decreases by 10 % the gecific
fuel consumptionw ill rise evidently. So every half a year it should be ingpected In order to
verify the optimal adjustment effects, 10 diesel enginesof S195 typew ere selected random ly
in Jiangshan in Zhejiang Province First they w ere adjusted according to the dataof the ec-
ifications of the engine and the pow er and the gecific fuel consumptionw eremeasured, then
they w ere readjusted according to the data and method of theoptimal adjustment T he tested
results of effectsof optimal adjustmentw ere showed in Fig 6 and Fig 7 Through statisti-
cal analysis’'!, itwas showed that the power increased by Q 18 Q 97 KW and the secific
fuel consumption decreased by 11 12 29 47 g/(KW - h) after optimal adjustment The
confidence level of the estimationwas 99 %. Themethod and principle of optimal adjustment

can alo be used on nev diesel engine to compensate the manufacture tolerance of the can.
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5 Conclusion

The ingpected data of 400 engines of S195 typew ere analyzed by using path coefficient
analysismethod 0 that themain factors that cause theworking condition of the engine in use
to be badw ere found out T hey are exhaust-valve-opening angle, intake-valve-closing angle,
idle rotating eed, fuel delivering angle and fuel injection pressure

Optimal adjustment is that the engine is adjusted according to the practical state of the
engine to obtain the best working condition, w hich ismuch more effective for the engine in
use compared w ith traditional adjustment method according to the tests and theoretic analy-
sis The principle and method of main influencing paraneters-valve timing, fuel delivering
angle and fuel injection pressure w ere analyzed and worked out Experiments showed that
the technical conditionsof the enginew ere mproved greatly after the enginesw ereoptimally
adjusted and the ingecting and adjusting period of the main technical state parameters of
S195 type diesel enginew ere detem ined
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