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　　　ノ磯bstracオーSo　far重he　s之udies　o鍛もhe　dy鍛amic　charac£αis毛ic　of　in重ernal　co組bus重io鍛e簸gi簸es　have　been

rnainly　carried　out　on　the　governor　system　and　have　led　to　developinent　of　moye　efficieRt　mathematical　model

for　simulation　and　contrel　purpose．　But，　there　are　sti11　uncertain　dyRamic　behaviors　of　the　efigine．

　　　In　the　present　study，　in　order　to　make　clear　the　respeRse　of　engine　speed　to　the　change　of　break　load　aRd

the　excessive　exhaust　smoke　under　load　cut－off　operations，　the　authors　carried　out　some　experimeHts．　The

results　obtained　ai－e　summarized　as　follows：

（1）　The　change　of　engine　speed　in　the　first　half　of　acceierating　period　corresponds　nearly　to　the　characteristic

　　　of　l　st　ofder　lag　element　and　its　time　constant　depends　mainly　on　the　characters　of　indicated　torque，

　　　frictienal　torque　and　the　inertia　momeRt　of　revolviRg　part　in　engine．

（2）　The　excessive　exhaust　smoke　deRsity　uRder　load　cut－off　operations　increases　neafly　in　pfoportion　to　the

　　　mea鍛accelera重ing　engine　speed　so癒a重i重depe…｝ds　o鍛重he　ini重まal　co鍛di重ions　of　e鍛g短e　speed，　f玉ow　rate　of

　　　injectiRg　fuel，　intake　air　capaci£y　and　temperature　of　combustion　chamber　wall　etc．

1．　INTRODUCTION
　　　There　are　various　ruRning　modes　of　an　intemal　coiiRbustion　engine　and　a　coltsiderable　perceRtage　of　them

are　occupied　by　transient　operatioRs　in　which　the　eRgine　speed　afld　brake　load　fluctuate．　Even　in　such　traR－

sient　ruitniRg　as　above，　it　is　desirable　to　improve　the　ou£put　performance　altd　exhaust　gas　composition，　to

reduce　the　engine　noise，to　make　the　speed　response　better，　etc．

　　　The　transieRt　characteristics　of　alt　intemal　comb“stion　engine　have　beeR　so　far　studied　mainiy　by　a

method　of　ana1ysing，　linearly　as　well　as　Roniinearly，　the　dynainic　stability　of　a　closed　loop　iRcludiRg　the

governor　system（i）N（3）．

　　　The　speed　of　e鍛gi鍛e　is　orighlaUy　gove韻ed　on£he　bas圭s◎f　a簸i簸terac重io鍛be重wee鍛i£s　g◎vemi簸g　sys重em　and

the　e鍛g魚e．　For癒is　reason，　a　more　s掘。宅analysis　caR　be　o鍛玉y　realized　by　means　ut丑iz孟簸g　the　deta煮ed　data

obtained　oB　the　traRsieRt　characteristics　of　the，　ekgiRe　itself．　OR　the　other　hand，　it　is　desirable　to　improve　the

speed　respoRse　of　engines　for　vehicie　aRd　ship　beca“se　these　engines　often　run　iR　accelerating　and　decelerating

modes．　Not　only　in　the　case　ofa　Ron－supercharged　engine　but　also　in　a　supercharged　one，　coltsequently，　aRaly－

ses　have　been　made　with　attention　paid　to　the　speed　respense　of　engine　to　the　change　in　fuel　feed　quantity

or　brake　load（4）（5）．　URder　such　aR　acceleratiAg　or　decelerating　runiting　mode　that　the　eRgiRe　speed　changes

near　a　statioRary　ruiming　state　because　of　comparatively　slight　variatioR　of　the　fuel　feed　quaRtity　or　brake

load，　an　eguatioR　of　motion　for　the　engiRe　rotating　system　is　fofmulated　using　average　values　of　the　torque

and　speed　of　aR　engine　during　its　oRe　cycle　as　variables．　Afld　the　responsiveness　of　engine　speed　has　beeR
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followed　by　means　of　this　equation　iR　combiRation　with　the　engine　torque　and　the　brake　load　characteristics

obtained　from　stationary　operation．　ln　spite　of　its　simplicity，　this　method　makes　it　possible　to　know　such

fundamental　facts　that　the　speed　response　remarkably　depends　ofi　the　characteristics　of　output　and　frictional

torque，　the　inertial　raass　of　the　rotating　system，　etc．

　　　　The負｝el　feed　a鍛d　the　combus£ion　processes　of　an　engi貧e，　accordingly，　the　gen6ration　a磁the　tra貧sfεr

processes　of　its　eflgine　torque　are　intermit£eAtly　repeated　every　one　cyc｝e，　but　Hazell，　P．A．　et　al．（6）（7）　applied

the　so－called　sampled　data　theory（8）　to　the　torque　generation　process　of　a　diesel　engiRe．　MeaRwhile　Bowns，

D．E．（9）・pμ・xim・t・d毛h・重・・q・・g・…ati・g　P・・cess　with…i晦・f・・m・f鰍e－width・・d触e一・mpht・d・

pulse　to　aRalyse　the　speed　con£rol．　in　his　aRalysis，　Bowns　changed　periodically　the　rack　of　fuel　iaj　ectioR　pump

and　its　frequeflcy　in　a　wide　range，　constructed　a　Bode　diagrain　on　the　variatioR　width　of　engine　speed　aRd

fnade　clear　iRfiuences　ofthe　variational　frequeRcy　and　apmlitude　of　rack，　the　torque　geRerating　frequency　aRd

gain，　and　the　brake　load　damping　coefficieRt．　On　the　other　haRd，　thei”e　is　also　a　differeftt　exallaple　of　aAalysis，

in　which　the　generation　aRd　traRsfer　processes　of　engine　torqee　are　supposed　to　be　coRtinuous　from　a　macro－

scopic　poiRt　of　view，　and　the　thermal　response　lag　of　the　frictional　torqiie　under　transient　operation，　the

influeflce　caused　by　the　intefmittent　processes　of　fuel　feed　aRd　corribBstion，　etc．　are　collectively　taken　into

consideration　as　primary　response　lag　elernent（5）（iO）．　This　method　is　sifnple　and　convenient　fof　gaining　a

general　iRsight　iRto　the　traksieRt　characteristics　but　it　is　necessary，　for　this　perpose，　to　know　the　value　of

torque　transfer　time　constant．

　　　Therefofe，　in　the　previous　paper（i），　the　authors　examiRed　the　effects　of　operating　conditions　on　the

respenses　of　the　indicated　and　frictional　torques　and　of　the　engine　speed　on　the　step　chaAge　of　£he　fuel　pump’s

rack　and　on　the　excessive　exhattst　smoke．　But，　regardiRg　the　eXhaust　sfnoke　regulatiofl　for　a　vehicle　engiAe

ttnder　transieRt　operatioR’刀C　the　so－called　free　or　coAtrolled　accelerating　operations　are　adop£ed　as　the　sifAple

measuring　methQd（2）（3）．　F6r　two－stroke　cycle　engines，　in　particular，　the　effects　of　operating　conditiens　on

the　engine　performaAce　and　the　smoke　character　are　unclear．　Moreover，　the　engine　applied　for　the　constructioR

or　agricultm’e　is　allways　operating　uflder　the　load　conditions　with　step　or　periodical　change．　Therefore，　£he

authors　carried　out　simllar　experiments　£o　’the　step　change　ofbrake　load　to　examine　the　effects　of　the　opeyat－

iRg　conditions　on　the　speed　response　and　the　excessive　exhaust　sfnoke　density　under　load　cut－off　operatioRs．

2．　EXPERIMENTAL　APPARATUS　AND　METHOD
　　　The　engine　tested　is　a　crankcase　compression　two－stroke　cycle　one　（E－567）　and　its　specification　is　shown

in　Table　1．　The　engine　performance，　as　showR　in　Fig．　1，　has　such　characters　that　the　effective　torque　is　highest

at　ayound　1600　’”’　1800　rpm　aRd　the　engine　speed　become　maximum　at　29eO　’v　3100　rpm，　within　the　range　of

the　present　experimeRt，　owing　to　the　effects　of　pressure　wave　in　the　intake　and　exhaust　pipes．　The　experi－

meRtal　apparatus　was，　as　shown　in　Fig．　2，composed　of（1）　a　reund　nozzle　for　measuring　£he　intake　air　amount

in　stationary　operatioR，　（2）　a　surge　tank，　（3）　a　manometer，　（4）　an　intake　air　heater，　（5）　a　larRiflar－flow　type

instantaReo“s　air　flowmeter，　（6）　and　（19）　manometers　for　measuriRg　the　intake　and　exhaust　presstires，　re－

spectively，　（7）　aRd　（18）　thermorr｝eters，　（8）　a　fuel　fiowmeter，　（9）　a　test　engine，　（10）　a　rack　positioR　indicator

for　fuel　pump，　（11）　an　iRdicatof　for　cylinder　pressure，　（12）　electro－magnetic　cl“tch　to　cut－off　the　brake　load

torque　of　dynamoraeter，　（13）　a　dyRamoineter，　（14）　a　device　to　measure　the　brake　load　torqge，　（15）　and　（16）

engiite　and　dynamometer　speed　iRdicators，　respec“vely，　（17）　a　TDC　maker，　（20，　21）　a　light　absorption　aRd　a

Bosch　type　srr｝oke　meters，　respectively，　（22）　a　microphone，　（23）　a　faR　inotor，　etc．　Determined　preliminar“y

by　the　deceleration　method，　the　inertia－moment　f　of　a　rotating　system　comprising　the　engine　tested　and

dyRamometer　is　also　given　in　Table　’1．　The　absorbed　torque　characteristic　Tl　of　dynamofneter　and　the　fric－

tional　torque　Tf　were　determined　frorri　statioRary　operation　experimeRts．
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Fig．2　Experimental　apparatus
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Fig．1　Engine　performance

　　　An　experiinental　procedure　is　as　follows．

　　　At癒s重，癒e　eng室薮e　was　opαated　fbr　about　15　mi1玉utes　w1主丑e　keepi簸g亡垂1e　give鍛va勧es　of　the　effective

torque，　the　engine　speed　aRd　the　temperature　of　combustion　chamber　wall．　ARd　then　the　fiow　rates　of　intake

air　and　feed　fuel，　the　temperature　aRd　the　press“re　ef　intake　air　and　of　exhaust　gas　and　the　exhaust　smoke

density　were　measured　respectively　aRd　the　cylinder　pressure　was　recorded．　Subsequently，　fixiRg　the　rack　of

fuel　pump，　a　source　of　electric　power　for　the　dynamometer　or　the　clutch　was　cut－off　to　carry　out　the　ffee

accelerating　operations．　The　period　of　cut－off　was　detected　by　aR　electrical　index．　The　chaRge　of　engine　speed

was　determined　from　both　the　output　of　a　small　generator　fixed　to　the　eRgine　shaft　and　TDC　puls，　and　the

effective　heat　release　rate　was　calculated　on　the　basis　of　the　cyliRder　pressufe　recorded　on　a　data　recorder．

The　exhaust　smoke　density　was　ineasured　with　a　PHS　typed　light－absorption　smokemeter　set　at　the　opeR　end

of　the　exhaust　pipe　（its　diameter　de　＝　52．5　inm）．

　　　Above　mentioRed　experiment　was　carfied　out　over　wide　range　of　the　initial　coRditions　before　the　begin一
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Ring　of　load　cut－off　operatiofl，　i．e．，　the　eitgine　speed　No，　the　effective　terque　Teo，　the　intake　air　am　ount　Gao

afld　the　temperatue　ofcombustion　chainber　wall　two．

　　　The　inenia　moment　of　the　revolviRg　part　composed　of　an　engine　and　a　dynamoix｝eter　and　that　of　an

engine　only，　obtained　by　raeans　of　the　deceleration　rriethod（4），　were　equal　to　O．086　and　O．O　l　9　kgfrns2　（O．843

a貧dO．186　kgm2）respective玉y．

3．　EXPERIMENTAL　RESULT＄　AND　CONSIDERA－1’ION
　　　　Supposing　the　cut－off　of　brake　load　as　input　and　the　chaRge　of　engine　speed　as　output，　the　engiAe　speed

response　and　excessive　exhagst　srnoke　ultder　load　cut－eff　operatioRs　aye　experimental　considerated．

　　　　Symbols：

　　　　f　＝　inertia　inement　of　revolving　part

　　　　i」　＝time　or重i1難e　CO　RS毛an重

　　　　丁　＝　torque

　　　　N　＝　engiRe　speed

　　　　G　＝　weight　velocity

　　　　Y＝　position　of・haRdle　for　coAtrolling　absorbing　torque　of　dynamemeter

　　　　Xニrack　position　of　fuel　PU即

Where，　small　letters　n，　T，　g，　y，　x　shew　the　changed　value　from　an　equilibrium　state，　suffix　0　is　the　value　at　an

equ鍍ib　i一沁m　sta之e，　su餓xes　i，ε，　r　and　1癒e　indicated　torque，the　effective　torque，£he　frictional　torclue　and　the

absorbing　torque，　suffixed　f，　a　the　states　of　fuel　and　iRtake　air，　respectively．　Let　us　censider　that　all　variables

N，　T，　Gf，　Y，　」￥　are　equal　to　the　sum　of　all　equllibrated　values　No，　To，　GLfu，　Yo，　Xo　and　all　chaRged　values　n，　T，

9f・ア・x・

3．1　General　Characters　of　indlcated　and　frictional　torques

　　　　Within　the　range　itot　exceediRg　2eOO　rpm，　the　indicated　torque　Ti　obtained　from　the　clyinder　pressure

uRder　load　cut－off　operations　increases　with　the　engine　speed　and　its　value　is　nearly　equal　to　that　of　steady

state　as　showR　in　Fig．　3．　Howeve，r，　Ti　iR　the　latter　half　of　accelerating　period　（N＞2000　rpm）　fiuctuates　violent－

ly　and　then　its　mean　value　coincides　not　always　with　the　steady　state　Ti．　For　exarnple，　the　experimental　value

for　the　initial　speed　No＝1100　rpm　with　the　full　opeRed　valve　is　larger　thaA　that　of　steady　state　operatioRs

［see　Fig．　3（a）］，　whereas　the　value　under　the　throttling　air　is　slightly　smaller　thaR　that　of　the　latter　［see　Fig．　3

（b）］．　gt　will　differ　depend　on　the　effects　of　the　throttiing　air　on　the　terflperature　of　combustioR　chamber　wall，

the　intake　air　amount，　the　mixture　formation，　the　ignition　process　etc．　uftder　i－espective　operatiofls．　The

change　of　frictional　torque　Ty，　which　involves　the　pumpiRg　loss　in　crankcase，　under　load　cut－off　opevatioRs

can　be　determined　from　the　equation　of　motioR　for　the　engine　revolving　part，　ln’　＝　Ti　一　Tr　一　Tl　with　the　meas－

ured　value　Ti，　the　product　，1fi　afld　the　operating　condition　71＝O．　The　rearraRged　value　Tr　instead　of　ri，　as

showa　iR　Fig．　3　with　do£ted　line，　hardly　coincides　with　the　value，solid　line，　under　steady　operations　obtained

from　the　subtraction　of　Te　from　Ti．　Though　the　p“mping　loss　in　crankcase　is　closely　related　to　the　delivery

ratio（8），　the　intake　air　amounts　obtained　with　a　larr1ininar　type　instalttaneous　fiowmeter（9）　under　both　opera一

£io且s　were　nearly　equal　to　each　o重her．　As　s“ggested　from　the　fact（10）癒a賛he　frictio難al　torque鎗癒e　same

engine　depends　mainly　on　the　cylinder　pressure，　the　engine　speed　and　the　temperature　of　lubricating　oll

aRd　from　the　report（ii）　on　the　terRperature　of　a　gasoline　eRgine　under　transieRt　operations，　it　seems　that　the

response　lag　of　the　frictioRal　torque　is　due　to　the　therrrial　lags　of　the　cylinder　wall，　the　lubricating　oil　etc．

Although　it　is　difficult　to　estimate　an　accurate　value　of　the　respone　of　frictioRal　torque　to　the　step　change　of

fuel　feed　a’mount　lig　because　its　behavior　is　complex，　a　rough　estimate　is　about　3　to　le　seconds（i）　for　the

tested　engiRe．
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Fig．　3　Behavior　of　Ti　and　Tr　under　load　cut－off

3．2　Response　of　engine　speed

3．2コ　　General　character　ofめad　cじt－off　acceleration

　　　The　change　of　e！lgine　speed　n〆t／in　the　first　half　of　accelerating　period　corresponds　nearly，　as　shown　in

Fig。3，　to£he　character　of　ls毛order　lag　element，　but　nrt／in　the　la£ter　half　is　largely　affec重ed　by　the　initial

coRditions，　A（o，　Teo，　two　altd　Gae，　and　consequently　the　so－called　two　steps　acceleration　such　as　C　curve　in

Fig．　3（b）　and　4（b）　and　the　two　slopes　acceleration　such　as　3　curve　in　Fig．　4（b）　are　observed．　To　make　clear

the　cause，　n（t／in　the　models　of　i熱dicated　torqueτゴas　showr【in　Fig．4（a）is　calc磁ated倉orn　the　e（1uatio餓of
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motion　for　the　engine　revolving　part　with　the　value　of　Tr　and　the　results　are　showR　in　Fig．　4（b）．　lt　can　be

seen　from　the　figure　that　nkY　depends　oR　not　only　1　and　Tr　but　also　7i　and　the　formation　of　two　steps　accelera－

tion（C　curve）is　due　to　the　su蕪ken　character　of　Tf　in　the　latter　half　of　accelefating　Period，whereas　nrtノ鎗the

fust　half　is　due　to　Ti　in　the　low　revolution　fange．　Moreover，　since　the　maximum　speed　chaAge　nrt7　is　nearly

constant　within　the　experimental　range，　it　seems　that　the　speed　time　coRstant　tn　defined　with　the　interval

time　from　n（tノ＝Oto　nrt7／ηrt．。ノ＝O．63，depends　mairgy　on　the　charac£er　of　Ti　in　th．e　low　revolution　range，　i。e．，

the　iRitial　coRditiofis　A［o，　Teo，　twe　and　Gao・

3．2．2　Effect　of　operating　conditions　on　engine　speed　response

　　　To　make　clear　the　behavior　of　engine　speed　uRdef　load　cut－off　operations，　the　following　notatioRs　are　used，

　　　tn　：　the　time　coRstant，　ta，　tb，　tc　：　the　times　as　shown　in　Fig．　5（a）．

And　the　authors　examifled　effec£s　of　the　initial　coAditions　on　them．

（1）　IRitial　engine　speed　No

　　　The　experiineRtal　values　in　the　case　that　the　i”3ck　of　fuel　pump　is　always　fixed　at　a　specified　position｛　for

exaiRple，　at　A（o　＝　1100　rpm，　Teo　一ww　O．43　kgfrn　（4．22　」）　and　Gjz7　＝6．3　mgf／c　（O．e62　N／c）｝　are　shown　with　marks

O，　A　in　Fig．　5．　And　the　values　iA　the　case　that　Teo　is　always　kept　at　O．43　kgfm　（4．22　J）　are　shown　with　marks

＠，　ss　in　same　figure．　IR　this　figure，　the　value　of　tn　becomes　shorter　with　an　increasing　No　because　of　an　incfease

in　th．e　supPlied　heat　energy　per　unit　time　and　of　a　decrease　i鍛the　accelerating　ra鍛ge　nrtノ．　In重he　same／VO，the

larger　Teo　is　and　the　smager　／　is，　the　shorter　tn　becomes　（compare　o　with　A）．　ln　genera1，　the　behavior　of　eRgine

speed　n（t／shows　a　two－s重eps　acceleration　and　the　required　times　ta，tb　and　tc　become　shor重er　wi癒an　increas－

ing／VO．　But，　in　the　ra勲ge　of　NO＞1500　rpm　except癒e　case癒atτθO　is　sma11，（tb－ta）becomes　shorter　and

consequently　a　two－slopes　acceleration　can　be　observed．
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（2）　lnitial　effective　terque　Teo

　　　Since　tke　larger　Teo　is，　£he　larger　Tio，　i．e．，　Ti　becomes　and　the　acce｝eration　it　iRcreases　as　seen　from　the

equation　of　rnotion　for　the　engine　revoluting　part，　tn　becomes　shorter　（see　Fig．　6）．　Moreover，？Va，7Vb　and　Nc

shift　to　high　speed　side，　whereas　ta，　tb　and　tc　become　rather　shorter．　And　coRsequeRtly　the　two　steps　accelera－

tion　becomes　almost　extiRct　in　Teo　＞O．58　kgfrn　（5．69　」）　aiid　then　ta，　tb，　tc　coincide　with　each　other　at　Teo　：

1．i5　kgfm　（11．28　J）　so　that　an　acceleration　corresponding　to　the　so－called　l　st　order　lag　element　caR　be　ob－

served．　Further，　the　mean　acceleration　O．63・nrtノ／玩increases　i茎1　proport韮on宅。　TeO。

（3）　lnitial　temperatRre　of　combustion　chamber　wall　two

　　　Increasing　tivo，　the　wall　temperature　uRder　free　accelerating　opei“ations　also　increases　and　conseqt｝eRtly

promotes　the　evaporation　of　fuel　and　the　ignition　lag　becorries　shorter．　So　it　is　possible　to　expect　an　iRcreasiRg

of　Ti　and　a　decreasing　of　Ti，　as　caR　be　coiljectured　fi’om　Fig．　7．　Accordingly，　tn　becames　shorter　with　an

increasiRg　two　as　showll　with　marks　A　and　O，　but　with　Teo　＝e．43　kgfm　（4．22　」）　kept，　the　effect　of　two　is　com－

paratively　sma｝1　（A，　＠　marks）．　Although　Na，　Nb　and　Nc　are　hardly　altered　by　an　increasing　of　two，　the　required

times　ta，　tb，　tc　become　shoi“ter　and　the　behavioi”　of　nrt7　approaches　the　state　of　l　st　order　lag　element．　lt　seems

tl｝at　such　a　result　is　caused　by　not　only　Teo　increasing　with　two，　but　also　the　therrrial　response　lag　and　the

concavity　of　Ti　curve　decreasiAg　in　the　high　speed　range　as　showfi　in　Fig．　3．

（4）　lnitial　ii＃ake　air　amount　Gao

　　　When　the　rack　of　fuel　pump　is　fixed　at　a　specified　position　correspoAding　to　the　liglit　load　（large　Gao／

Gfu）　and　Gao　is　thi’ottled　by　the　valve，　the　torque　（Teo　or　Tio）　at　initial　condition　iBcreases　slightly　in　the　low

speed　raRge，　whereas　it　decreases　comsiderably　ki　the　high　speed　range．　Moreover，　the　indicated　torque　Ti
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under　free　accelerating　opeyatioRs　is　smaller　than　that　ttnder　steady　operatioRs　in　the　high　speed　raRge　as

poi簸ted　o磁i鍛F歪9．3a餓d癒まs　teHde1玉cy　beco拠es　remarkable　wi癒adecreasi1｝9（］aO．　Co鍛seque撹1y，　i1｝癒e　load

cut－off　experimeRt　under　the　light　load，　the　behavior　of　n（t／　due　to　Gae　is　mainly　infiuenced　by　the　iRcreased

Tio　aRd　the　decreased　Ti　in　the　lattef　half　of　acceierating　perlod．　Since　the　effect　of　the　fomer　becomes　srr｝allef

with　an　increasing　1，　tn　for　the　large　」，　marked　with　＆　in　Fig．　8，is　hardly　changed　with　an　exception　of　Gao　＝

49卸sin　spi重e　of　the　i簸creme鑑◎f　TeO．　Th重s纈de鍛cy　can　be　see簸also　fbr錫，ハ「b，　ta　a鍛d　tb．0鏡he　o亡her

hand，　the　beh．avior　of　nrt／for癒e　sma盤ノ，　marked　with　O，　is　ea認y　affec総d　by癒e　ch鍵actepf乃s◎tha£tn

becomes　shorter　with　a　decreeasing　Gjv．　With　Teo　＝O．43　kgfm　（4．22　」，　＆　and　tw　rr｝arkes）　kept，　however，　Gfv

decreases　with　GaO　so　that　Ti　decreases　gradually　with　an　increasing　n（t／under　accelerating　operatioRs　a難d

consequently　tn，らa簸d　tb　are　hardly　changed．　As　me煎五〇鍛ed　above，癒e　behavior　of　n〆t／depends　oR．Aり，

Teo，　two　and　Gao，　afid　these　factors　affect　the　exliaust　smoke　density．

（5）C◎卿arison　between　experimental　and　calcu玉a重ed　values

　　　Fig．　9　shows　the　experiraental　aRd　calculated　values　of　tn　for　the　initial　coRdi£ioR，　．No　＝2100　rpm　（two　＝

1500C），　which　can　be　approxirr｝ated　as　ti　一一raTi／a！V7．o・n　frofn　Ti　curve　in　Fig．　3．　ln　other　wofds，　using　（aTi／

∂一く1／xO　etc．　for　each　initia1　condition　which　is　determined　from　the　performance　curves　under　steady　operations

aRd　the　re＄ponse　lags　trg，　tig，　estimated　at　suitable　value，　the　values　of　tn　calculated　from　Eqs．　（8）　to　（10）　iR

the　previous　paper（i）　are　shown　in　Fig．　9　with　dotted　afid　solid　lines　respectively．　According　to　the　figure，

the　expeyimental　values　coincide　quaRtatively　with　the　calculated　oites　in　consideratioR　of　tng　and　tig．　There－

foye，　the　effects　of　each　transfer　element　on　the　speed　response　uRder　load　cut－off　operatioRs　can　be　obtained

by　calculating　Eqs．（8）　to　（IO）　in　the　previbus　paper．
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3．3．1

HoRI，　SAwA　：An　Experimeneal　Study　on　the　Behaviors　of　Engine　Torque，Speed　RespoRse
　　　　　　　　　　　and　Excessive　Exhaust　Smoke　Density　iR　Two　一一Stroke　Cycle　Diesel　EngiRe
　　　　　　　　　　　under　Load　Cut－off　eperations

Exhaust　srrioke　character　under　load　cut－off　eperations

　Ei×cesslve　exhaし韮st　smoke

lel

　　　Since　the　smoke　forrnatiofl　in　diesel　engines　depeltds　on　not　only　the　raacroscopic　ones，　iR　particular，　the

exliaust　smoke　character　uRder　load　cut－off　operatioiis　has　many　unknowR　poiRts．　The　cylindef　pressure　at

every　400　cycles　aAd　the　exhaust　smoke　density　at　every　20e　cycles　arnong　the　centinuously　recorded　experi－

raental　results　are　shewR　in　Fig．　1　e．　ln　the　figure，　the　maximum　light－absorptioR　ratio　ALm／L　increases　from

vicinity　of　80th　cycle，　reaches　a　peak　at　120　to　130　th　cycle　and　after　that　ALm／L　decreases　gradualiy　to　the

steady　state　after　about　2eO　cycles．
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Fig．　1　e Behavior　of　2e　and　AL／L　under　load　cut－

off　operation

　　　　Though　the　rack　position　is　fixed，　such　an　excessive　sinoke　foymation　as　this　is　observed．　On　the　o£her

hand，　the　maxiiRurn　effective　heat　release　rate　obtaiRed　from　the　cyliAder　pressure　iRcreases　largely　frorr｝

aboBt　80th　cycle　to　120th　cycle　and　its　value　is　higher　than　that　under　steady　operatioRs．　The　eRgine　speed　at

about　120th　cycle　is　about　2000　rpm，　which　correspoi｝ds　to　such　engine　speed　that　the　indicated　torqt｝e　aRd

the　exhaust　smoke　deAsity　undey　steady　operations　are　maximum　and　also　the　differeRce　betweeR　2〈XLm／L

under　the　load　cut－off　operatioRs　and　steady　oRes　becomes　maximum．　Therefore，　although　the　excessive

srnoke　forination　is　affected　by　the　smoke　foi”mation　character　of　tested　engine　under　steady　operatioRs，　it

seems　that　its　formatioA　depends　rnainiy　on　the　temperature　response　lag　of　the　combustioR　chamber　wall，

which　invites　a　large　igRition　lag，　a　yapid　combustioR，　a　local　lack　of　air，　a　cycle－by－cycle　variation　of　coinbus－

tion　and　consequently　and　excessive　smoke　formation．　The　amplitude　and　the　formation　period　of　such　aR

excessive　smoke　are　so　closely　associated　with　the　acceleration　n　that　it　is　iRfluenced　by　the　initial　coRditiofis

Nn，　twn　and　GnA．

3．3．2　Effect　of　operating　condltions　on　excessive　smoke　density

　　　　To　investigate　quantitatively　the　excessive　smoke　density，　the　authoys　used　AL　max／ALs　and　Aa／As．

Where　AinLmax／ALs　is　the　ratio　of　the　maximuin　value　ALmax／L　in　AL　m／L　curve　as．　shown　in　Fig．　11（a）　to

もhe　initial　value△乙sO／乙and／4a／As　is毛he　ratio　of　time－area／ls　of△Lm／Z　curve　i鍛重h6　accelerati鍛9　Period　to

the　tirne－area　As　uRder　cofresponding　steady　operatioR．

（1）　IRitial　eikgi！）e　speed　No

　　　　Since　the　acceleration　ri　increases　with　an　increasing　No，　£he　formation　period　of　excessive　smoke　density
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becomes　early　［see　Fig．　11（a）］　and　the　passing　time　in　the　speed　raflge　giving　the　highest　exhattst　smoke　den－

sity　uRder　steady　operations　becomes　shorter．　On　the　contrary，　the　temperature　response　lag　of　the　combustion

chamber　wall　etc．　increases，　aRd　consequently　wl11　affec£　the　excessive　srnoke　character　Aa／As．　AccordiRg

to　the　experimental　results　for　each　Ne　（see　Fig．　11），　becomes　the　highest　at　a　specified　No　altd　the　smaller

and　the　larger　the　acceleration，　the　higher　Aa／As　becornes．　ln　this　case，　since　the　engine　speed　at　ALmtpc／

AL，o　shifts　to　the　lower　side，　there　is　Ro　iinear　relatioR　between　ALmax／AuLso　and　Aa／As．

（2）　lnitial　effective　torque　Teo

　　　With　an　increasing　Tee，　G／v　increases　aRd　Gao／Gjz］　becomes　recher　as　showR　in　Fig．　6．　Thus　the　exhaust

smoke　density　under　steady　operations，　i．e．，　As　iAcreases　and　the　Aa　under　load　cut－off　operations　increases

because　of　aR　increase　in　acceleration　［see　Fig．　6（a）］．　But，　the　value　of　Aa／As　increases　only　a　little．　ln　this

case，　when　Teo　is　larger，　the　engine　speed　at　the　maximum　value　of　ALm／L　becomes　．lower　and　the　period　of

excessive　smoke　formation　becomes　shortef．
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Fig．11　AL　max／ALILso，　Aa／As　VS　No

（3）　lnitial　temperature　of　combustion　chamber　wall　two

　　　If　the　rack　of　fuel　pufnp　is　1〈ept　at　a　specified　position　（Xo　：const．），　Teo　increases　with　twe　withiA　the

raRge　of　the　present　experiment　as　showfl　in　Fig．　7，　and　conseguently　the　acceleratioR　of　engine　and　the　time

ratio　of　the　excessive　smoke　formation　period　to　all　the　accelerating　period　increases　so　that　Aa／As　teitds　to

increase　with　two　（see　Fig．　12）．　OA　the　other　haitd，　with　an　increasiRg　two，　the　therrrial　response　lag　becomes

shorter　and　the　coRtrol　effect　oR　the　excessive　smoke　increases．　ConsequeRtiy，　a　value　of　two　giving　the

rnaxiinum　value　of　Aa／As　exists，　for　example，　two　＝1750C．　ln　this　case，　the　relation　betweeR　ALmex／ALso

and　Aa／14s　is　Ronlinear．　Afld　the　engine　speed　at　which　a　value　of　ALm／L　reaches　the　maximum　poiRt，　which

are葺ea薮y　co盆sねn£regardless　of　twO．
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　　　　　　　　　　　　　　and　Excessive　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Density　iR　Two－Stroke　Cycle　Diesel　Engine　　　　　　　　　　　　　　　　　　　　　　　　　　　Exhaust　Smoke

　　　　　　　　　　　　　　uRder　Load　Cue－off　Operations

（4）　lnitial　intake　air　amount　Gao

　　　The　exhaust　srr｝oke　density　under　steady　operatioRs　depends　inainly　oR　the　air－fuel　ratio　aRd　it　increases

with　thfottling　of　only　G．o．　Similarly，　the　excessive　smoke　density　uRder　load　cut－off　operations　increases

remarkabiy　with　throttliRg　G．o　as　shown　in　Fig．　13．　Since　the　residual　gas　increases　with　throttling　of　G，o，

the　temperature　of　charging　air　rises　and　the　evaporation　of　fuel　is　promoted，　and　consequently　it　is　expected

to　control　the　abltormal　srnoke．　Accordingly，　although　these　effects　are　not　simple，　the　experimeRtal　values

of／Aa／A　s　and△乙max／△乙ε0，　as　showlnn　Fig・13，become　minimum　at　about　Gao　＝9　gfアs．

（5）　Excessive　smoke　density／la／As　and　mean　accelera瓠on　n（tノ／tn

　　　To　clarify　the　effects　of　the　initial　conditions　on　the　excessive　smoke　formation，　the　experiraental　values

Aa／As　under　load　cut－off　operations　ik　the　case　of　small　moment　of　iRertia　（」＝O．19　kgfms2）　and　large　accel－

era嫉ons　are　plo之ted　versus　nrtnノ／tn　i簸Fig．14．　If　a　fixed　rack　of　fUel　pump　is　kept，ノ4a／As　for　each　value　of

two　and　Gao　increases　in　proportion　to　the　mean　acceleration　n（tn7／tn　with　some　exceptions．　But　the　state

under　load　cut－off　operations　is　affected　by　the　initial　coRditions，　No，　Teo，　so　that　the　s｝ope　ofstraiglit　liRe　is

changed　as　shown　in　Fig．　14．　The　respective　relations　among　the　initial　coRditions，　the　engine　torque　character

a且dnrtnノ／玩caR　be　induced　from　Eqs．（8）之。（10）in癒e　previous　paper　wi重h麺the　range　of　the　liRear　character

and　it　is　possible　to　make　clear　qualitatively　the　effects　of　these　factors　on　Aa／As．
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（1）

CONCLUSIONS
The　results　obtained　can　be　summarized　as　follows：

The　speed　time　constaRt　tn　becomes　shorter　with　an　iRcrease　of　the　initial　conditions　No，　Teo，　two　aRd
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　　　wi癒adecτease　ofノ．

（2）　Within　such　a　raRge　that　the　indicated　and　fricticflal　torqtues　have　1iner　character　respectively，　the　speed

　　　time　coRstant　tn　can　be　calculated　frora　Eqs．（8）　to　（IO）　in　the　previous　paper（i）　ilt　ceRsideration　of　the

　　　thermal　respoRse　lag　tig，　trg，　and　the　calculated　value　ceiRcides　with　the　experlmegtal　one．

（3）　Using　the　raito　of　time－area　Aa／As　and　the　ratio　of　the　maximurn　light－absorption　rate　ALmczx／ALso　in

　　　order　to　investiga£e重he　excessive　smoke，　with　an　i盤αeasi簸g　of癒e　i磁al　c◎ndi重io鍛sハ「O，7セO　a鍛dオwO，

　　　Aa／As　increases，　while，　ALmax／ALso　decreases．　Moreover，　botij　Aa／As　and　‘CXLmax／1）xLso　increase　with

　　　throttling　of　Gao．

（4）　lf　the　initia［｛　conditions，　in　pafticular，　the　r　ack　positioR　of　fuel　pump　are　the　same，　Aa／As　increases　iR

　　　proportion　to　n（too7／tn・

　　　0鍛癒eo癒er　ha鍛d，　s鎗ce塩e　effects　of　various　engi難e　factors　on　nrち。〃n　ca難be　calculated　fyom　Eqs・

（8）　to　（10）　in　ihe　previous　paper，　it　is　possible　to　make　clear　the　effects　of　the　various　factors　on　the　abnofmal

s搬oke　under貨ee　accelerating　opera縫。塾s．　But，　th．e　rela宅ion　betwee陰△ゐmczx／△LsO　aRd　n（ちQノ／tn　is　kot　c◎難sis£e撹．
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