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Abstract　Sm all d iesel eng ines, specia lly S195 type diesel eng ines, a re w idely u sed

in ru ra l a reas of Ch ina. A cco rd ing to the resu lts of invest iga t ion and in spect ion of
21000 engines, it is found tha t the w o rk ing condit ion s of the engines in u se are rela2
t ively bad in genera l. T he average specif ic fuel con sum p tion increased by 25. 6 % and

the average pow er decreased by 18. 2 % com pared w ith the ra ted specif ic fuel con2
sum p tion and the ra ted pow er respect ively. A new su itab le techno logy, i. e. , op t i2
m al ad ju stm en t and in spect ing techno logy w as pu t fo rw ard to im p rove the w o rk ing

condit ion s of sm all d iesel eng ines in u se. T he test show ed tha t the average specif ic

fuel con sum p tion decreased 11. 21～ 29. 47 gö(kW ·h ) and the average pow er in2
creased 0. 18～ 0. 97 kW respect ively after the engines w ere in spected and op t im ally

ad ju sted. T h is techno logy has been listed as one of the m ajo r popu larizing p ro jects of

sta te comm ission on science and techno logy of Ch ina. It w as est im ated tha t over
939. 8 thou sand tracto rs in u se have been in spected and op t im ally ad ju sted and 97. 7

thou sand ton s of fuel have been saved and 959 thou sand k ilow at t of pow er have been

rega ined from 1991 to 1994.
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1　 In troduction

To find the reason w hy the w o rk ing condit ion s of sm all d iesel eng ines in u se are so bad,

m o re than 400 engines w ere in spected and the pow er da ta and eigh t techn ica l param eters

w ere ob ta ined. T h rough analysis, the m ain facto rs influencing the w o rk ing condit ion of the

engine w ere found ou t. T hen the op t im al ad ju stm en t techno logy and data fo r the m ain pa2
ram eters w ere pu t fo rw ard th rough theo ret ic ana lysis and tests.

2　Ana lysis of M a in Inf luenc ing Param eters on the Eng ine W ork ing Cond it ion

T h rough in spect ion and invest iga t ion, it w as found tha t the w o rk ing condit ion of the en2
gine in u se is in terrela ted to the techn ica l param eters such as in take and exhau st va lve t im 2
ing, fuel delivering angle, fuel in ject ion p ressu re, cylinder p ressu re and so on. T echn ica l

sta te param eters (fuel2delivering angle, X 1; exhau st2valve2open ing angle, X 2; in take2valve2
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clo sing angle, X 3; id le ro ta t ion speed, X 4; in take2valve2open ing angle, X 5; exhau st2valve2
clo sing angle, X 6; the num ber of flyw heel sw eep ing ju st after the engine ou t of ign it ion, X 7;

in ject ion p ressu re, X 8) and pow er and specif ic fuel con sum p tion (y ) of m o re than 400 diesel

eng ines of S195 type w ere in spected random ly at Zhu ji in Zhejiang P rovince in o rder to find

ou t the in terna l rela t ion sh ip betw een the param eters and the pow er and specif ic fuel con2
sum p tion. Pa th coefficien t ana lysis is u sed to ana lyze the rela t ion sh ip [ 1 ]. W ith the help of

com pu ter, the d irect pa th coefficien ts: w ere ob ta ined as fo llow s P 1y = - 0. 162, P 2y = 0. 506,

P 3y = 0. 414, P 4y = 0. 217, P 5y = 0. 114, P 6y = - 0. 034, P 7y = - 0. 037, P 8y = - 0. 119. Ind i2
rect pa th coefficien ts can a lso be ob ta ined. T he to ta l decision coefficien t d = 0. 807, w h ich

show ed tha t a lm o st a ll influencing facto rs can be covered by the selected eigh t param eters.

Pa th coefficien ts show ed tha t the o rder of influencing the w o rk ing condit ion of the S195 type

diesel eng ine w ill be successively exhau st2valve2open ing angle, in take2valve2clo sing angle, i2
dle ro ta t ion speed, fuel2delivering angle, in ject ion p ressu re, in take2valve open ing angle, the

num ber of flyw heel sw eep ing ju st after the engine ou t of ign it ion and exhau st2valve2clo sing

angle.

3　Optima l Adjustm en t of Techn ica l Sta te Param eters

In genera l, the ad ju st ing data of m ain techn ica l sta te param eters w ere p rovided fo r each

new engine. A dju stm en t of new engine acco rd ing to tho se da ta can m ake the engine reach the

best w o rk condit ion. T he w ear of engine parts w ill increase w ith the t im e. If the param eters

of an engine w ere st ill ad ju sted by the o rig ina l da ta, the engine w ou ld no t be in the best tech2
n ica l sta te. Op t im al ad ju stm en t techno logy w as an aim ed adju stm en t acco rd ing to d ifferen t

w ear condit ion s.

3. 1　Pr inc iples and M ethod of Optima l Adjustm en t of Va lve Tim ing

It is im po rtan t to select a su itab le va lve t im ing angle in o rder to m ake the t im e2sect ion of

va lve open ing larger and im p rove the a ir exchange effect. T he valve t im ing has fou r angles,

tha t is, in take2valve2open ing angle, in take2valve2clo sing angle, exhau st2valve2open ing angle

and exhau st2valve2clo sing angle. A s fo r a defin ite type of engines, on ly tw o angles of the

fou r can be adju sted becau se the shape and po sit ion of cam shaft a re fixed. T he valve t im ing

of engine in u se w ill be changed w ith the w ear and the varia t ion of the va lve clearance, w h ich

m ake techn ica l sta te of an engine bad. If the engines w ere ad ju sted u sing trad it iona l m eth2
ods, tha t is to ad ju st the va lve clearances by the da ta of specif ica t ion of m anufactu re, the

techn ica l sta te of the engines w ill be im p roved lit t le and even m ade w o rse. T hat is becau se

the cam , tappet and o ther va lve m echan ism parts have been w o rn, if they are st ill ad ju sted

acco rd ing to the va lve clearance standard data, the va lve t im ing can no t be kep t co rrect. T he

rela t ion sh ip betw een valve t im ing and valve clearances w ere show n in F ig 1. W hen the va lve

clearance is co rrect, oh 1 stands fo r cam lif t heigh t fo r elim ina t ing the clearance of va lve.

W hen the cam ro ta tes to t1, the va lve clearance is ju st elim ina ted and valve begin to open.

T he m o re the cam ro ta tes, the la rger the va lve open s. T he m ax im um effect ive lif t heigh t of

the cam is H 1. T he valve w ill be clo sed w hen the cam ro ta tes to t1’. If the va lve clearance is

increased to h 2, the lif t heigh t of the cam tha t elim ina tes the va lve clearance is oh 2, the va lve

begin s to open w hen the cam ro ta tes to t2. O n th is condit ion, the m ax im um effect ive lif t

heigh t of the cam is H 12∆. T he valve w as clo sed w hen the cam ro ta tes to t2’. So, the in2
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F ig. 1　T he relat ionsh ip betw een the valve

clearance and valve t im ing

crease of va lve clearance w ill m ake the va lve open

la te and clo se early and the effect ive lif t heigh t of

the cam w ill decrease. Fo r the sam e reason, the

decrease of va lve clearance w ill m ake the va lve

open early and clo se la te and the effect ive lif t

heigh t of the cam w ill be increased. If the va lve

clearance is st ill ad ju sted to standard data by spec2
if ica t ion w hen the cam has been w o rn, the va lve

t im ing can no t be kep t co rrect. T he lif t heigh t of

the cam tha t elim ina tes the va lve clearance w as

oh 1 befo re the cam w as w o rn, as show n in F ig. 1. A fter the cam w as w o rn, if the va lve clear2
ance keep s unchanged, the va lve open s w hen the cam ro ta tes to t3 and clo ses w hen the cam
ro ta tes to t3’and the m ax im um effect ive lif t heigh t is H 1- ∆1. T ha t m ean s tha t the va lve w as

opened la te and clo sed early and the effect ive lif t heigh t of the cam w ill be decreased w hen

the cam has been w o rn. If the va lve clearance is reduced su itab ly to m ake the lif t heigh t of

the cam tha t elim ina tes the va lve clearance decrease to oh , tha t is, the va lve w ill be opened

w hen the cam ro ta tes to t ( t1) and clo ses w hen the cam ro ta tes to t1’and the effect ive lif t
heigh t of cam is H 1 - ∆1 + ∆2. T ha t m ean s tha t the su itab le decrease of va lve clearance can

m ake the va lve open early and clo se la te and the effect ive lif t heigh t of the cam w ill be in2
creased. T herefo re, su itab le decrease of va lve clearance can m ake up the w ear of the cam. It

is know n from above path coefficien t ana lysis and theo ret ic ana lysis tha t the exhau st2valve2
open ing angle and in take2clo sing angle are the m ain facto rs influencing the w o rk ing condit ion

of the engine. So , w hen adju st ing the va lve clearance is changed to keep the exhau st2valve2
open ing angle and in take2valve2clo sing angle co rrect, and the va lve clearance m u st be m o re

than 0. 02 mm fo r hea t expan sion. T h is m ethod can no t com p letely m ake up the w ear of the

cam , bu t it can m ake up the w ear part ly and is effect ive fo r engine in u se.

3. 2　Optima l Adjustm en t of Fuel D el iver ing Angle

T he resu lts of in spect ing the 227 diesel eng ines of S195 type show ed tha t on ly 27 % fuel

delivering angles of the engines fit standard value and ones of m o st engines are too la te. T he

reason fo r cau sing fuel delivering angle la te are as fo llow s: a) w ear of parts of fuel pum p ,

b) the in spect ing and adju st ing m ethod are no t co rrect. T here are m any m ethods to in spect

the angle, bu t d ifferen t in spect ing m ethods w ill ob ta in d ifferen t resu lts. A lo t of experim en ts

have been done and the rela t ion sh ip w as gained am ong differen t in spect ing m ethods[ 2 ]. A s
u sua l, overflow 2fuel2m ethod is w idely u sed. O n the basis of ou r experim en ts, the op t im al

fuel delivering angle of S195 type diesel eng ine is 18°±5°.
3. 3　Optima l Adjustm en t of Fuel In jection Pressure

T he fuel in ject ion p ressu re is m uch h igher fo r m o st engines in u se. T he effect of fuel in2
ject ion p ressu re on the w o rk ing condit ion of engine is no t as sen sit ive as tha t of va lve t im ing

and fuel delivering angle. If the sea l of fuel pum p is good, the fuel in ject ion p ressu re needs

to be ad ju sted to 12. 25～ 13. 23 M Pa. If the sea l of fuel pum p is no t good becau se of w ear,

the fuel in ject ion p ressu re needs to be ad ju sted to 10. 29～ 11. 76 M Pa.

4　Per iod and Effect Ana lysis of Optima l Adjustm en t

In o rder to su rvey the changing ru les of m ain techn ica l sta te param eters w hen the engine
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w as op t im ally ad ju sted and to decide the period of op t im al ad ju stm en t, 14 diesel eng ines of

S195 type fixed on w alk ing tracto rs w ere selected random ly to test fo r one year. Fo r the first

t im e, a ll the 14 engines w ere op t im ally ad ju sted, and then every m on th pow er and specif ic

fuel con sum p tion and 8 techn ica l sta te param eters w ere in spected and no t read ju sted. T he re2
su lts w ere show n in F ig. 2～ F ig. 5. Suppo sing a S195 type diesel eng ine con sum es 1000 kg

fuel in one year. H alf a year la ter, the average pow er of engine has been decreased by 12 %

and the average specif ic fuel con sum p tion has been increased by 12 %. O f a ll the 8 techn ica l

sta te param eters, va lve t im ing and fuel delivering angle are changed m o st qu ick ly.

F ig. 2　Curve of engine’s pow er changing

rate w ith fuel consump tion

F ig. 3　Curve of engine’s specific fuel

consump tion changing rate w ith fuel consump tion

　　
F ig. 4　Curve of engine’s fuel2delivering

angle changing rate w ith fuel consump tion

F ig. 5　Curve of engine’s clearance

changing rate w ith fuel consump tion

　　A verage value of va lve t im ing w as changed abou t 5°after 500 kg fuel w as con sum ed by

an engine. So the va lve t im ing shou ld be in spected and op t im ally ad ju sted after the engine

run s 3～ 6 m on th s. A verage fuel delivering angle decreased 1. 5°after 250 kg fuel w as con2
sum ed by an engine. So the fuel delivering angle shou ld be in spected and adju sted after 3

m on th s. T he engine pow er w ill be affected grea t ly by the cylinder com p ression p ressu re a t

the end of st roke. Experim en t show s tha t w hen the p ressu re decreases by 10 % the specif ic

fuel con sum p tion w ill rise eviden t ly. So every half a year it shou ld be in spected. In o rder to

verify the op t im al ad ju stm en t effects, 10 diesel eng ines of S195 type w ere selected random ly

in J iangshan in Zhejiang P rovince. F irst they w ere ad ju sted acco rd ing to the da ta of the spec2
if ica t ion s of the engine and the pow er and the specif ic fuel con sum p tion w ere m easu red, then

they w ere read ju sted acco rd ing to the da ta and m ethod of the op t im al ad ju stm en t. T he tested

resu lts of effects of op t im al ad ju stm en t w ere show ed in F ig. 6 and F ig. 7. T h rough sta t ist i2
ca l ana lysis[ 1 ] , it w as show ed tha t the pow er increased by 0. 18～ 0. 97 kW and the specif ic

fuel con sum p tion decreased by 11. 12～ 29. 47 gö(kW ·h ) after op t im al ad ju stm en t. T he

confidence level of the est im at ion w as 99 %. T he m ethod and p rincip le of op t im al ad ju stm en t

can a lso be u sed on new diesel eng ine to com pen sa te the m anufactu re to lerance of the cam.
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F ig. 6　Specific fuel consump tion of engines

befo re and after op tim al adju stm en t

F ig. 7　Pow er of engines befo re and after

op tim al adju stm en t

5　Conclusion

T he in spected data of 400 engines of S195 type w ere ana lyzed by u sing path coefficien t

ana lysis m ethod so tha t the m ain facto rs tha t cau se the w o rk ing condit ion of the engine in u se

to be bad w ere found ou t. T hey are exhau st2valve2open ing angle, in take2valve2clo sing angle,

id le ro ta t ing speed, fuel delivering angle and fuel in ject ion p ressu re.

Op t im al ad ju stm en t is tha t the engine is ad ju sted acco rd ing to the p ract ica l sta te of the

engine to ob ta in the best w o rk ing condit ion, w h ich is m uch m o re effect ive fo r the engine in

u se com pared w ith trad it iona l ad ju stm en t m ethod acco rd ing to the tests and theo ret ic ana ly2
sis. T he p rincip le and m ethod of m ain influencing param eters2valve t im ing, fuel delivering

angle and fuel in ject ion p ressu re w ere ana lyzed and w o rked ou t. Experim en ts show ed tha t

the techn ica l condit ion s of the engine w ere im p roved grea t ly after the engines w ere op t im ally

ad ju sted and the in spect ing and adju st ing period of the m ain techn ica l sta te param eters of

S195 type diesel eng ine w ere determ ined.
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小型柴油机优化调整节能技术的研究
陈　均　何　勇

(浙江大学)

摘　要　针对中国农村广泛使用的小型柴油机技术状态普遍较差这一现状,通过试验研究和主成分分析等

方法找出了影响技术状态的主要因素。通过理论分析和试验研究,确定了各主要技术状态参数在发动机不同

工况和磨损状况下的变化规律和最优调整值及调整周期,提出了柴油机的优化调整节能技术。对柴油机进行

针对性的检测和优化调整后,可提高功率 0. 18～ 0. 97 kW , 降低油耗 11. 21～ 29. 47 gö(kW·h) ,取得了较好

的效果。

关键词　柴油机　工作状况　检测和调整
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