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I. NH|E @OPYBOY KAI KPAAAXMON
Kdnora eniae8o Ooptpou ror rcpcdoopiw (tolcwrboeorv), gofveror 6tr eivor
cvonbgeurtu Fr tr{ €ppoXog6peg p126av6q e\atrw4 trov czrotopcuv peropol/ov ndoe(Dv
otov r6l,rv6po ror to nolrvdpoprrd rrvoripwo pSpq rcu ugiotowor olpowx€,q
ernolpvoeig ror ezrSpo6rlvoeq. Eu26vri or pql6av6g riuitepa trov ompffov, g6powar oe
eXn'gpes rc,roorel6q ror aeprpriAl.owor cz6 el,ogpd xeX0<p1 (1rc lopug peiroo4g
Fopouq), pe onot6l.eogc crnd vs drryeipowor o:16 q bnougyia rqq pq1avr1g. nol?.ri
g:ropow vo, livoov yro vo pernr0or5v or rpaduopoi ror o 06puBog pe rardllrl\
qlop6vcooq Ko1 evlo]:uorl torv geprix zrou reivouv va ro],awiovowor nrproo6repo, o].fu!
to 4op\go l,fvetor rc),,ritepo orqv Tqyrt r(Dv xpc6oolr/w, pe e}aporozroiloq rolv
cvoldrv ztoo o6q1ow oe rufuinn<0o4, ,r€ploprgo rolv erno;6uvoerov, (uyootri0proq tcrtv
reprorpeg6pwrrlv tmpov ylo eloXtotozoho.n golorewprxiov 6uv6peaw. Ta
aahvdpoprxd rwoupwc pteprl brlproup.yoov to 6rrd roug :rpoBl,riporq xo0tbg 6w etvor
arin'ra zurolr.o vo (ulocro0pioouFe rK o6poverc,K6g 6rx6peq roo zporulotwcr. Me
ourag n6 napop6vouoeg o{uyoorc0pirg rur to npop?uiporo jtou fiprouplouv, go
ao1ol,40oupe oe ouwopio otc, aapord,to.
To zeproo6tepa 0epeluir6q 4op?vrlpoto lou ouvmrudpe orov apooto0o6pe vo
prtr{oupe o0opupeq p41ov6q eivor yvoor& s6d) rar noL},€g 6eroedeg, onfui 1 oletrr4
orlpaoio r&row:v on6 awti 61er ulfui{,er pre ta lpovra. Konors Tdoraav 6rr p6vo ro
peye0oq rcov Euv6;r.eow p€rpq€L ,6rutg ny 6tov or ole6uoreg crpopqlcvrbv 6reera. ys.
mila€oov percfii trov wofiar<irv peropol/ov oqv 6gryn rqq pnripa4 nou erporoleftor
un6 o(ulootd,Oproteg ruhv8popofoeg po(eg cz6 q pto peprcr" ror rcov pempokbv orqv
xarcn6vqcrl trov e6pdvox ttov rpoyitv on6 qv ruprorpogri rorv aw$opov. Tc reLsuroio
,(povur, rl a6(qoq tcov crpogriw rox rrvrlqparv, n o6h6n rq6 p^eo4g rpolpotrrqg nl€o-nq
rot !4g ropro6, ror q efuigpwoq tcw gop6rov, 6fo pa.(i teivow vc twioouv rqv
ozou6oroqro q6 oDrfl6rnta{ pe tr1v onoio auBdX.}owor or 6uvripar6 olg Kptor}to
zrapdlowo utoo roOopi(a ro eztizedo 0ogripou xcr rpo6aopiov.
Mr126ovrr6g 6wy6poe4 oe r60e p11avr1 pzopai vo zrpo6Mouv uzr6 c(uyootd0proro
T€prorpsq6pwo pepq zou nporulotv rqv epgeivro4 odpweioxri>v 6wdpealv, ror ort6 rq
Suvdpe4 nou lperc(owor 1o vo erwoluvOoriv r1 ezrppuiuvOorjv ta zo.Lrvdpopodwo
ororlero, 6ro9 ro 6ppolcL Fof$idsg Kr),. iU^14 onpawrrn 1474 rpo6ooprilv etvor or
otpemxeg tolnwrboerg tou orpogolog6pou, olfui e6io 6w 0o eppo0uvoupe zo16 o,
outiq.
'Onoq 6la to peroLllrd o-rorleio rorv pql6ovriw, o orpogclog6pog etvor e),.ooor6q oe
tctiororo pa0p6, 6ror ioore edv rmoorei xdpyq, orp6qnl rl egelxrrp6 yeoo oro 6pro qg
elaonr6qro6 rcr petd. age0ei 0o er@v6X0er oav elnrrlpro ofllv opfrKn rcu
(orrcpop6pgartrl) xa,rriorocrl. @ooxq 6ev 0q orapqrnoet ercei Lolco oipcrvetag, u}fui Oo
ouva,g[oet vc, zcpotrropgdovercr ?WoS filv owtioetrl rrbpo rorarlouvo1, ror grrd ld],t nirror
zpog rrp ou6etepl 0661- H tcfuiworo4 ounl 0a ouvelrorei Tuprr: an6 rrlv oudetepq 06oq,
p61pr 1 ev6plerc rtoo roo 660qre p: tqv ogprrl mpop6pgool vo ora6ootei eweMog pe



our6 rov rp6rro. H oD1v6Tnro F€ inv oTroia pio dnpcrcog tolawioverar petd on6 pro
op2prq {,rorepcq 6qepon, eivu,r lvtootrl o4 rdrooury&rpo c1g otprixrou. Eriv ouppei or
6uvrip:r4 roo ooroirvrsr urt6 ta 6ppola orc orp6guXc vo 61ow i6ra, ou2gv6rqto pe qv
rirooolv6zrlro tou otpogulog6pou, r6re or rmpopopgdreq ror or rpo8a,opoi propei vo
6royrcor0oriv oe t6too po0p6 nou vu, 62goup,e aoro2gio tou perdlJ.ou 161or r6zrooqg.
Euvtl0rog piporc o 06pufug xar o xpo6oop6g oe aepirwoo4 zou zruooupe r6rorc
oq6v6tqta eivot r6oor noo o o6q166 rj o el^eylrov q lenougyio r4q F4r(ovrl€ poOoiver vu
aroga,ryer outo06 roug rpiorpoug oprOporig orpog<bv. Eriw l plfavn ror or pdoe4 6nou
norder eivor apretd pcperi r6te or 6uvriger4 mn6g pzropei va anoppogofwot un6 tqv
roraoreurl (ot vo Frl flvowor ripeoo cwrlqm6g. Eriv 6prrlg xrlnoro orot26eto rrlg tqr(ovng
rj trov e6pdoecbv qg eiva,r o66vo1ro, r6te prrpeg o{uyooto0picg p:ropouv vu, livow
6rnovo owrlqurrfq. Meprrd ozrln rupoSeiypora ztapoxri.no, aftWow rulutepo rr
ewoofp: e66: O tpo266g rou no6qlctou 61er pro prrprl pai$iia 1c ro goforropa 146
oapzp€ll.o6. Eetcvfu4 o xotq,cKsocorrlq gpow(er va e(d"eiryer aurn rn pxpt
u(u1ootoOpic. ()6 czror6:kopo outo6, q gul6rewpoq drivopq aou ovozrniooetor xoto
tqv mptorpogq tou rpolori 6w eivor an6lura ogoropopgl orqv ncprg6pera tou rpo1o6,
o.l^}.o noparqpeirar pio prrprj olr6q rng oto olpeio qq rcpup6pera4 mo ppioxetor r1

Fqlpibq q omirr pdpara rcprorp6grrol F€ r4v zeptotpoqrl tou rpolori. Xe rcrvovrr66
toprrrlreq Kivrlolq tou zro6r1fuirou, q orpri our4 qq guy6rewpqq 66vcpr16 eivar prrpl
rar 6ev yiveror owft1zrn bfor rnq cnpavflxd g.eya}'frepqg pi(o6 rou no64latou rar
tou avopdz4. Edv 6pog lopiooope ovdno6o to rcbrllaro xar aeprotp6ryoupe tov tpo16
F€ psfofn roXurqrq ztoporqpofF€ 6n rdOe gopd nou ztrpvoer q Fuf0i6o u.r6 tnv
crv6tepq 06on rnq 1 oo(qp.eia gol6xewpog 6uvap1 o4rrbver elcgpd tov rpo216, av<b

crwiotorlo tov xorepd(er e?ragpd otov twcl.tala azm to rortinepo <rnp€io rqq q FoXSi6o.
E6v ruler trirpc q oulv6,r4ra zcprotpogrig va oup:rEoer ge qv riooupr6tqto torv
apop,no6p tou ao8rlfuitou (cv 61er), r,&e ptwpei vo napcqpqoo4e oqpawrrrl
tofuiwrooq. Kol"rpro gopd reroreg rrvqoerq napoqpor5war 6tav xord qv errBpcSuvor;
zcpdooupe od rpioEq ourry6qro. Oooxu, plope[ rotd to leipopo qrn6 vo
napurqprloouge dD.Leg o(uyooroOpieq zrou vo aivor orlpcwx6tepeg an6 rqv naponavor
7t( o'rpofti (6wq ozoopweg arrlveg xri'. Euvrl0oq p6pora or c(uyooro0pieg eivor rrolu
rno euro)'o mpatqprlo4e6 orou6 rpo2loug rou crutoxlrpou, oe uryrllig ro2grirqteg
rivqoqg. Xe tetoug nepunriroerq naparqpaitor oqpcrwx66 0opuFoq ong ovoprrloer5 ror
oro oaoi nou p€rog6powor an6 rouq apnp6o0rouq rpolo6g oqv xpapol6po tou
npouo6. A(ulooto0pieg oroug tpoloriq 6lprougyotwror uz6 ;ruqpveg (<iweq,
ovoporopopgo g0oppevo elaonx( 11 e(ogrirporo uzt6 toztr{ oorolio rou eloonrou.
'Ozoq eivar 1vroor6, q (uyoorriOprorl rov rpo1titv ltverar oe erixn plfcrvn
(uyootti0potlg, pe toao06qoq pol,fpdrvng pd(u4, oto ratdllllo olpeio rq€
mpup6peug qg (6wag.
Ot zopannvor aapaqprloeq agopo6ocrv rupirrrq o{uyooto0pieg oro ezirebo aeprorpogrlg.
Xqv npofi uruiplow cq6vd o{uyootc0pieg errog eruridsu zcprotpog{g orc>g q
ooppaiver pe to n:rrifrl0 too aoSqlotou. Edv m zetd.?"ra xar ta orp6gol.a rouq aivor
qr6hlro i6rcr" arrnrry&veror orotrrrl ft.yoor60proq, rpdlpa nou oqpciver 6n ta mrdf,ra
or6r<owcr oe ororn8rjltore 06o11 ro pdloups, wto av zl to wo aet6h eivcn pupwepo, 0o
teiver vo arprorpogei ro oriorqpo xor vo roopporfoet F€ ro Bapwepo rrrcifrr arlv
rcriorepq 06oq tou (monr1 u{uyooro0pia). Or gq6rewpe6 6uvdpe4 pacivouv oto
rmr2gvi6r 6rcrv to ztetdho neprorp6qowor. Or 6uvri4rer6 our6g 6pofv affiwxd zpog tc 6{ro
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6noq gcrivetar oto l26r1po 1.1. To ouv6uoop€vo uzotfl,eopo to:v 615o outiov Ouvdperov,
nou eivor nopdn^I4Le6 peto{p roug xor 6pofv oe owiOeteg rmel06voeq, eivot wo (euyoq
to ozoirc, o"q ,g>ovucn onlp{ nou goiveror oro X,ppq reiva vo ,replorp6\ys1 rnv 6lrt
6uita$1 trprotep6mpoqa oro er0c6o nou zreprilei to orp6galc rcr fl1v 6rpoK?o.

+Simatm of cor.plc

Dyfipa 1.1 Zstl1 StNqEDv xoo &lpoopyotwat an6 m rd,fua ao tm64Mtoo, m oxola &v etplorovtat
mo i&o mindo yc rc afutb npotpogiE r<tv 61wa.

'Otav to otpogclo 6p0oov oqv 06cq rou goiverol oa6 t4 6urreroppveg lpcppfg to
(euyoq tetver va aeprorphffl qv 6\ 6rdtcft 6a$6orpo9o (rmd aq gopri rolv 6errrrov
tou poloyroO). M6vo ro xarca<6puqo ea{ze6o gaivetor ot4v ouyrerp4rwq an€1l(6vt6rl,

Twd orvr6 eivor to eniff6o 6ftou ,upaqpotv?ar tc mo epgcv{ cnoteXfolrata r4q
6p6oqg tov a{uyoorcOpr/ov ouriDv oe 6vo no6q)cro TroD fuoup€ avoorpA\ysr Kor

TDp(oop€ ".e rEN(^rE roD, c fui qoorKd, ro (evyog 6wdpcrov ra.wvce 6pd oto,
zcprotpeg6pevq eri:c6o zoo rcpr61er ro orp6gclo rct rqv ritpcrcto rrov Letoli6v. Au(6
ro n€prorpsgopevo (21oE 0o Fropofoe vo €rroTel pio no)to rdloftepl rtvqcrl oe eva
els60epo orrlpqpevo zo6{Xoto tou onoiou ra rfr& rD. anotsldw wo p.epog. Auc6
Frtopei va en6afei aiv otlpi{oupe to (cppiotrro) m6{X.oto crr6 rqv opr(6vao p:tdpc
roD, biDooop€ ota rerrb),an trno, on6rop4 60qo4 ror ta up{ooup: e}.e60epo" ft' mrt6 to
zcipcpo 6prrrg eivcr xclurepo wo zo6rjloto ,tl0'flwb cimav pe ota0epd roptX.sploFf,vo
rc ypavd(r rou r!i(o rpor(o6, d)ore lofo 

"ng 
zp6o0ea1g o6poveu6 roo r(oro rpo1o6 vo

rpar40oriv oe el:6€ep1 mprorpogrl Tw opKsfll iopc to aetri0"ro. To ouyrerprp6vo
(euyoq dwdpeax 0o Frrcporioe vo {rooppozrl0ei pe radA}qi,o crwipopd" oi\.}ui ewryiog
6ev paa(etor vo )'490ow z6oo zoMnXoxo p,erpa. oe wo uro6{}mo, pati cXfurbg 0c
anpare vo cwrotaOpiooupe Kq,t rK po{eg tcov zo6u'ov tou ro6qfuinq nou
weporctepoivouv pa{i pe ru" zial,(^w. tuvrlOos I e(rooppozqoq zrtprcrpeq6pevox
gc(iov pzopei vo awql€ro]rErorEi tr€ €nmryr.o xor to ftIx6 ottotil'eapn 0a e(apdtor
pwo ozo rov po0p6 oKptpflo{ zou prnpei vo zt}4p<boer o rctcoreuconlq, ro0tbg xa,r
oa6 ta znOcvd zpophipcra zoo 0o irlproupyonioe I npoo04rn erudteov FeralJ"txiov
pa(6v orn Ddzaft. Tc znl,wdpopouwo ororleia 6w eivct arinrto eDxolo vo
efrooppozrorlwo,r, rdraitepc orcv 1 rivrloq e),hyyewt oa6 oupBoord orp6goXtr rcn



6raroo]peq. H eLagpiog ovdrpol,rl rivqorl rcu r;lrnyerat on6 tetoroug pqlcrvropo6g 626er

e(etootei oto KegdAano 2, od}n 0o rltcrv ralo ezrioqE vo avolvrrrpioer rccve( on 11

rircrooq oqv ozoia or 6uvdpeig o{uyooto0piog livowor awrllzm6g art6 wov aopon1pryn,
tlnopsi vo e{op,tdror crd to ntilg edpo(ercr o pq26cvrop66. Aw eivcr oouvri0rmo va
lrqorponorofwor pdoe4 p11ovd:v nou vo nepr626ouv or6pq rcr 8 m3 orop66epq pc qv
oroppoqorl adpcveraxiov Euvripeov u{uyoorc0pioE ztou 6qprouploiwrat c:r6
povor6?,,rv6pouq nerpoporrrorig rrvrldpeg. To vo rp6per rave( rq 6lv6perg pr orn6 tov
tp6ao 6ev orlpotver p6pora 6n n4 e(agov(er rar xaOcbg or Suvdpeig peruqripowor prEoar

tarv edpdvorv tou otpogoJrog6poo, paopei oord vo 661owor evc.X.aoo6peveq goprioeq
no?ui peyalftepeq oa6 cur6g nou npoxuloirwor ano trg u\fnl€q msosq ro:v oepir:v oro
€ppoln. Or Euv6F€q Trou rpo6p26owar on6 tahv6popofoeg pu(eg 6pofv xotri gqxog rrlg
TpotrlrKrlq tpoffi rivlol1g orlt6v rorv pu(cov ror s€oprd)wol an6 rq 6uvdpei6 zou

lpeio(owar 1w vo ezntol5vow 11 vo ezrBpo6rivow rl€ po.(eg evrir or neprotpeg6F€vrq
pd{eg etvat q16g gul6rewpcuv 6w61.r:orv rou 6poov orrwrxd Trpog ro 6(ro a:r6 to
r6wpo neprorpogrlg.
Etiv 0a ftp67r€1 vo ercrp{ooupa rq 6wdpei6 rou rrrerc6p76owor orrlv eimd26uvorl 1
erfp66uvcq evo6 e(ap{poroq rqg p1tcrvRg roo ro.}ivdpop€i (nf 6u0olo), r6te 0a
rpatel vo prr:pi(oupr tr1 gi{o tou e(apnlporog ror to peye0og qg erwdr6uvolg orce va
rporcfryer q oipcvewr{ 66vop1 o4 to pv6pevo oorov rtov 66o. Aev npoa06p:0o vc
rrrrro6l0oupe oe €?rur)€ov opr0pqrx66 Leiaopepeug, ogof au(6 qvol0ovrut oe dllo
Keqdlano rorv Zqpeui:oerov. Or rmoloyropoi duuxo?"rivowor qro to ratollll,o
6urlptippato ror 6vo oer a4ubv eraroSlvoeorv ztou ppioretot <ro llapdprqpo.

2. KINHMATIKH TOY EMBOAOY
The mechanism shown in Fig. 2.1 and known as a Scotch crank, represents a slotted
connecting rod driven by a rotating crank. This particular form of connecting rod was
favoured for some simple steam engines because it allowed th€ steam pressure to be used

on each side ofthe piston in turn without the added weight and height penalty involved
when using crossheads and articulated connecting rods. An important feature of the
slotted connecting rod is that it imparts simple harmonic motion to the piston. With this
motion the reciprocating parts always have acceleration directed towards the mean
position and proportional to the distance from that position. This rather wordy description
is probably best illustrated by considering the case of two pistons driven by slotted
coffrecting rods which engage crankpins set at l80o to one another; in such an
arrangemenl the forces needed to ac.celerate or retard the upgoing piston are exactly equal

to those needed for the downgoing piston but acting in the opposite direction. In such a
simple layout there are very few problems of balance but unfornrnately the slotted
connecting rod is not suitable for the high-speed engines considered in this book.
Figsre 2.2 has been drawn up to represent the acceleration (and to some suitable scale,
the force) which is applied to a piston when driven by a slotted connecting rod in
engagement with a crank which is rotating at a uniform speed. There is no great mystery
about assessing these accelerations; it could be done laboriously by plotting the piston
travel for a series of crank movements and from these movements making an estimate of
the piston acceleration between successive crank positions. It is better and more accurate
to use calculus to derive a formula for acceleration and from this to obtain values of
acceleration for a selection of crank movements measured from that giving the piston top



dead centre (t.d.c.) position. In the event it can be shown that the only variable on which
acceleration and force depend is the crank angle and a graphical record can be traced by
using the value of cosine for each ofthe crank angles chosen. To obtain great accuracy
and a smooth curve the cosines ofa large number ofangles have to be plotted.

ot tdc

ot bdc

$antcd
rod

Fig.2.l Piston controlkd by crank and slotted connecting rod, an arrangement which gives the
piston Simple Earmonic Motion

Compared with the case of the slotted connecting rod the task of plotting values for the
piston movements with a link-type connecting rod as in Fig. 2.3, and calculating the
accelerations involved, is much more complicated. It could be done graphically but the
effort would be time consuming and the results even then would only be approdmate.
Once more the task can be simplified, although to a lesser extent than for the slotted rod,

by the use of mathematics. Whilst the acceleration with a slotted link is provided by a
formula with a single term, the number of terms used in the case of the link connecting
rod is only limited by the degree of accuracy required. Each successive term in the
formula has less and less value so that for many practical solutions it is quite normal to
ignore all except the first two terms. The first term is that used for a slotted rod and gives

what are known as the primary forces whilst the second gives the secondary forces. These

secondary forces are shown by the dotted curve on Fig. 2.2. lt is worth noting at this point
that the secondary force curve has twice as many undulations as the primary force curve
for any given rotation of the crankshaft. Since the secondary force curve has the same

shape as the primary force curve it is sometimes considered to represent the forces set up
by a piston driven by a slotted rod and a smaller crank rotating at twice the speed of the
main crank. As this line of reasoning may not be easy to understand it is not propos€d to
follow it up but it will be convenient at times to consider primary and secondary forces as

if they existed separately although this is not strictly true. As the inertia forces applied to
the engine are the sum of the primary and secondary forces, the curve shown in Fig. 2.4
has been derived by adding together the primary and secondary forces shown inFig.2.2,
taking account of the fact that these forces sometimes act in the same direction and
sometimes in opposition to each other. It is important to note that the secondary forces act
upwards at crank angles ofzero and 180o and downwards at 9o" and 270".



Fig2.2 Cuwes showing primary and seandary forces reqtired to move a piston whilst the sank rotales
once

Piston qt

top deod

iq rod
dlstorce

Fig.2.3 Link type connecting rod

This odd behaviour of the secondary forces means that the curve representing primary
and secondary forces taken together is somewhat distorted compared with the smooth
symmetrical simple harmonic curve for primary forces alone. Slotted connecting rods
spread piston acceleration and retardation over 90o either side ofthe dead centre positions,

consequently the forces involved in moving a downgoing piston and slotted rod can be
countertalanced by the forces required for an upgoing piston and rod. In the more
complicated movement produced by a crank and link-type connecting rod the
acceleratioq worked out for tle case in which the connecting rod length is 3.5 times the
crank throw, takes place as the crank tums through about 75o and the retardation is spread
over 105". As a rezult, piston inertia forces are higher in movements to and from the top
dead centre (t.d.c.) position tban in movements to and from bottom dead centre (b.d.c).
This means that the forces involved in moving a piston to and from TDC cannot be
exactly balanced by those concerned with another piston moving to and from BDC.
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Fig.2.4 Curw showing combined pfimary and secondary forces to m! 'e a pigon y,hilst the crank rotates
once

If a shorter connecting rod is used so as to reduc€ the height of the engine, the
acceleration will take place in a smaller angle as the crank turns from the t.d.c. position
and the piston acceleration will be increased. In movements towards b.d.c. retardation is
spread over a larger angle compared with that shown in Eig. 2.4 so that the shorter
connecting rod results in a bigger difference between the inertia forc€s at t.d.c. and b.d.c.
Even when an engine crankshaft is turning at a perfectly steady speed, each piston has to
be brought to rest and acc€lerated again twice in every revolution. In quite an ordinary
engine this may involve about 5000 reversals per minute and there may be 12000 or more
in high performance engines. The tum round at the dead centres is a hurried process
involving heavy forces unless the reciprocating parts are relatively light.
The magnitude ofthe forces arising from the piston motion depends on the weight ofthe
pistons, the distance moved during each stroke, and how fast the crankshaft is tuming.
This, perhaps, is a statement of the obvious but it serves to indicate some of the things
that can be done to keep the forces within bounds, like making sure that by careful design
pistons carry no more metal than is required for the necessary strength and the capacity to
transfer heat from the crown to the skirt and hence to the cylinder walls. Reducing the
stroke can also be beneficial although there must be an increase in piston diameter to
retain the same swept volume. This means that there is a bit more weight to contend with
but, fortunately, the weight increase is not enough to offset the benefits that come from
using a shorter stroke. The engine can be run at higher speeds within the same inertia
force limits and so pack in more power strokes per minute and thus generate more power.
Figure 2.5 compares two engines of equal swept volume; the one on the left has a stroke
that is longer than the bore and is referred to as a long stroke engine, whilst that on the



right has
engine.

a bore which is greater than the stroke and which is called an 'over- square'

(ol tbl
Fig. 2.5 Comparison of long stroke mgine (a) and short shoke errgine O) giing sone swept volume

In between these types there a!'e 'square' engines in which the bore is equal to the stroke.
In addition to its ability to run faster without exceeding safe inertia loads the oversquare
engine has more room for valves of adequate size and this in turn makes it easier for the
fresh charge to ent€r the cylinders. The engine is not as tall as its long-stroke rivals and is
therefore easier to fit under motor-car bonnets which are uzually as low as possible to
avoid obstructing the driver's line of vision.

3 . ZW ODTA@MITH MONOKYAINAPON
KINHTHPQN: ANTIBAPA ETPOOAAOOOPOY
There is no easy way of obtaining complete balance in a single-cylinder engine without
impairing its basic simplicity. Various compromises can be made by adding such
complications that the engine becomes more ofan exercise in mechanical ingenuity than
anything else but single-cylinder engines are only attractive because they are simple, and
no one is likely to give up simplicity for perfect balance except in engines required for
particular applications. Although complete balance of the single-cylinder engine is not
usually a commercial proposition some compromise is normally made by forming
counterweights on the crankshaft as shown in Fig. 3.1. These counterweights have two
functions - the first is to balance the centrifugal forces arising from the rotalion of the
crankpin and that part of the connecting rod whose motion is mainly rotalional; the
second is to counteract to some extent the inertia forces associated with the piston motion.
Without these counterweights the whole of the centrifugal force and the inertia force
would be passed on to the crankshaft main bearings and the crankshaft itself would be
zubjected to heavy bending moments. The amount of counterweighting is necessarily
something of a compromise, lying between none at all, where the need to save weight is
paramount, and the other extreme where the counterweight dimensions are such that the
centrifugal force set up completely balances both the centrifugal



Fig. 3.1 Single throw crankshaf with integal counterweights

force from the crankpin and connecting rod big end and the force required to accelerate
and retard the piston along the line of stroke. Howwer, reference to Fig. 3.2 shows that
there will tlrcn be out-of-balance forces of the original size acting at right angles to the
line of stroke when the piston has reached its maximum speed and is not giving rise to
inertia forces. It is seldom of any advantage to move the line of action o? the out-of-
balance forces so completely and the counterweights are uzually chosen to given some
reduction in the force along the line of stroke d the cost of introducing new out-of-
balance in a plane at right angles to the line of stroke. In the days of steam locomotives,
with the cylinders mounted horizontally, the out-of-balance forces acting along the lines
of-stroke corrld impart uncomfortable swaying together with variations in draw-bar pull
unless the forces were reduced by means of counterweights. These counterweights were
usually formed in the wheels and care had to be taken that at maximum speed the vertical
forces set up did not result in excessive variations in the forces applied by the wheels to
the rails.

oriing fran rololin
of crarkph ond
port of ccrnecting
rod

of counlorwaights

Fig. 3.2 Wen the piston sPeed is at or near to its maximum the piston inertia force is zero or very small
and the counterweights may produce an out-of-botane centrifugaiforce



An extreme case of what had to be done to balance the single cylinder engine of a roac
roller to make sure that the inherent unbalanced state ofthe single cylinder engine did not
produce waves on the road surface is shown in Fig. 3 3. In the position shown at (a) the
forces set up by the two balancer counterweights cancel one another and the fully
counterweighted crankshaft deals with both the inertia force of the piston and the
centrifugal force of the crankpin and that paxt ofthe connecting rod whose motion can be
regarded as rotational. In the position of the crank that is illustrated at (b) there is no
primary inertia force to counterbalance so that the crankshaft counterweights exert an un-
balanced vertical component as shown. The two balancer counterweights have in the
meantime moved into the position in which the centrifugal forces associated with them
act together to oppose the unbalanced centrifugal force of the crankshaft counterweights.
At best this iurangement can only give primary balance which is something of a
compromise as the secondary forces increase the inertia load at t.d.c. and decrease it at
b.d.c. whereas the crankshaft counterweights produce forces of the same size at the two
dead centre positions.
An alternative arrangement is shown in Fig. 3-4 with the balancer moved into the line of
stroke. In this €se the crankshaft is given only sufficient counterweighting to balance the
crank-pin and connecting rod big-end. The contra-rotating counierweights are
proportioned to cancel the primary inertia load at the dead centres and the ciankshaft
counterweights to balance the centrifugal force ofthe crankpin and big-end. It is possible
that this arrangement uses less metal than the first one described but bearine loads
throughout the system have to be carefully assessed at the design stage. The-second
arrangement has been success- fully applied to several high-speed single-cylinder and
vertical twin-cylinder motorcycle engines. The arrangement shown in Fig. 3.5 for an
opposed piston engine gives complete balance since the two pistons have exactly the
same acceleration and retardation at all times.
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Fig. 3.4 Piston inertid force (nrnterbalanced by bob weights

Fig 3.5 Opposed piston 'single' with petect balance

Although it is literally a single-cylinder layout the complication of two pistons, two
@nnecting rods, two crankshafts, and the gearing to join them is considerable and the
engine is of awkward proportions for most installations. Nevertheless the lavout has been
successfully employed in several multi-cylinder engines in which balance could not have

!ee1 a major concern anyway, as there were usually six cylinders and zuch engines can
be laid out so as to give excellent balance. It is possible that the main attraction of the
layout is realized when the two-stroke cycle is in use, with one piston controlling the inlet
ports and the other the exhaust ports so as to minimize the mixing of ingoing and
outgoing charges.
A practical example of the opposed piston engine was introduced by the German Junkers
firm in their Jumo aircraft engine which was also made under iicence as the Napier
culverin. Its development was intemrpted by the re-armament prograrnme prior to world
war II and was never restarted in face of the progress made in the interval by the much

lnore powerful yet relatively light gas turbine. Subsequently the Napier beltic was
developed_ as_ a high-speed lightweight diesel engine for use in motor torpedo boars. The
engine, which is shown in Fig. 3.6, is a two-stroke diesel with three iylinder blocks
arranged in a trianglg each containing two opposed pistons. Each piston is coupled to one
ofthe three crankshafts and the crankshafts are geared togeth€r and to a common output
shaft. The forces on the two pistons in each cylinder are in balance consequently an
engine consisting of several rows like that shown in Fig. 3.6 has inherently good balance.
It will be realized from the examples described that good balance can only be obtained in
single-cylinder engines at the oeense of added complications. The simplest way to
improve balance is to add more cylinders-a method which also has the merit of giving a
smoother power flow for the same output.



Fig- 3-6 Deltic opposed piston engrne

4. IIAPAAAHAOI AIKYAINAPOI KINHTHPE'
The parallel twin-cylinder engine shown in Fig. 4.1 may be considered as a pair ofsingle=
cylinder engines assembled back to back with the cranksha.fts geared to run in oppo-site
directions, a configuration which gives evenly spaced firing impulses when thi'four-
stroke cycle is used. In the position shown at (a) it is possible to proportion the crankshaft
counterweights so that the piston inertia forces and the vertical forces set uo bv
centrifugal action on the crankpins and big ends are completely balanced. The inertia
forces are smaller when the pistons are at b.d.c. so that compleie balance at both dead
centres is not possible and the

tbllol
Fig. 4.I (a) Position ofmaximum piston inertia load (b) position ofzeroprimary load

counterweights have to be a compromise so as to share the out-of-balance forces between
TDC and BDC. Primary balance has been achieved at the dead centres, the out-of-
balance is caused by the secondary forces. with the pistons at mid-stroke as shown at (b)
there are no primary forces but there are secondary forces acting downwards which have



to go unbalanced in this assembly. The centrifugal forces set up by the rotating parts act
horizontally and balance one another.
Compared with a single-cylinder engine of the same swept volume, this twin has the
advantages ofone power impulse per revolution and there are no out-of-balance primary
forces. The crankshaft gears, however, have to transmit maximum power tkough the
same pairs of gear teeth at each power stroke--a running condition likety to cause
unequal wear and possibly fatigue. This is much more exacting than the situation that
exists where shaft speeds are not equal and the same pairs ofteeth do not mesh each time
round. In the layout shown in Fig. 4.2 the pistons are connected to a two-throw crankshaft
whose crankpins are at 180" to each other and in the same plane as the main jouma.
bearings. With this arrangement one piston moves down whilst the other moves up, an
arrangement which might appear at first glance to give balanced inertia forces. It is true
for the primary forces but not for the secondaries both of which are acting upwards for
both dead centre positions and downward at mid-stroke. The odd effect of these
secondary forces can be shown by bringing together in one diagram the forces for two
pistons connected to crankpins which are at l80o to each other. This has been done in
Fig. 4.3 using force values taken from the Appendix and plotting the forces for the
downgoing piston as a full line whilst representing those for the upgoing piston with a
dotted line. The piston which is moving to and from mc exerts tension in the connecting
rod and this has been plotted arbitrarily as positive and the compression applied to the
connecting rods as the pistons move to and from BDC is treated as negative. During the
first 45" of crankshaft rotation the positive forces are greater than the negative forces
giving a positive resultant force. Beyond 45" the negative forces are dominant and the
curve of resultant forces passes to the underside of the axis. Between 75" and l05o all
forces are negative but after that the positive forces increase and the negative forces
decrease. It will be seen that the resultant out-of-balance forces act upwards at t.d.c. and
b.d.c. and downwards when the pistons are approaching and leaving the position of
maximum speed (75' for the downgoing piston and 285o for the upgoing piston). This
behaviour is exactly that attributed to the secondary forces shown inFig.2.2. Because the
secondary forces act in this way the resultant secondary forces for both pistons taken
together add up to twice that ofa single piston.
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Fig. 4-3 Inertiaforces on two pistons linked to cratrks at t80o to each other by cormecting rods 312 times
the crank throw

The muples which are s€t up when the inertia forces are in opposition tend to rock the
engine about an a<is at right angles to the plane that contains the cylinders and
crankshaft. In addition to these couples caused by the inertia forces there is a rotating
couple set up by the motion of the crankpins and that part of the connecting rods . which
have mainly rotational motion. When the crankshaft is in the position shown in Fig 4.2
this rotating couple acts along with the one caused by rhe piston motion to rock the
engine about some axis at riglrt angles to the plane ofthe cylinders and crankshaft. At all
other times the axis of the rotating couple is at right angles to the moving plane that
contains the crankpins. Since this couple arises from rotational motion it is possible to
balance it by means of zuitably proportioned counterv/eights added to the cheeks ofthe
crankshaft as shown in Fig 3. I . Sometimes the counterweights are omitted if weight
saving is paramount but in such cases the main bearings would have to be of adequate
size to deal with the centrifugal loads and probably more expensive bearing alloys would
be needed. The extent to which the out-of-balance forces and couples make themselves
felt depends on such things as the weight ofthe engine (as this daermines the capacity to
absorb the blows), and whether the engine is carried on rigid foundations or by a structure
which is prone to vibrate under the influence of forces and couples.
This engine layout is very suitable for use with the two-stroke cycle as the 180o crank
angle gives even firing intervals. Nevertheless some motorcycle engines of Japanese
make use the 180" crank with the fcur-stroke cycle apparently preferring good balance
and freedom from vibration to even firing intervals. As tlese engines run at very high
speeds and are well silenced it is almost impossible to detect the uneven beat. In the
majority of vertical twins the pistons rise and fall together to give equal firing intervals.
The state ofbalance is no b€tter than that ofa single-cylinder engine with a piston whose
weight is equal to that of the two pistons of the twin with which comparison is made.



5. OPIZONTIOI ANTIKPY'TOI . V.AIKYAINAPOI
VEE-TWIN ENCINES

Before leaving the subject of twin-cylinder engines it is fitting to mention the once
popular V-twin now represented by only a few Continental makes and by the impressive
Harley Davidsons used by the American police. There are, however, indications that the
type is gaining favour and re-appearing on the motorcycle market. Dimensionally the V-
twin is well suited to getting an engine of considerable swept volume into the confines of
a motorcycle frame and during the three-wheeler era these engines fitted very
conveniently forward of the front axle where they were well placed in the cooling air
stream and accessible for attention when required. At the height of their popularity the
somewhat lusty performance of these engines gave an impression of power that had
considerable appeal. The actual power could not be regarded as high by modern standards
but the low compression ratios then in use resulted in a flexible performance with little
fuss. Indeed the ability to deliver power at very low rotational speed was such that some
of these engines were used on motorcycles with no transmission other than a belt
connecting engine and back wheel. As trafiic hold-ups were rare in that era the number of
times it was necessary to dismount and re-start by running alongside did not deter the
hardy enthusiasts who rode these machines. In typical V-twin engines the connecting
rods are linked to a single crankpin as shown in Fig. 5.1-an arangement that gives a
short stiff crankshaft without torsional troubles and negligible couples even if there are
out-of-balance forces. Fashions seemed to change regarding the angle between the
cylinder centre lines-sometimes it was the minimum needed for the cylinder flanges to
clear one another but on the other hand it might be anything up to 9Oo. Questions of
balance and firing intervals have to be taken into account in making the choice of
cylinder angles. When the angle between the cylinders is small the engine behaves very
much like a vertical twin in which both connecting rods share a cotlmon crankpin; that
is, the balance is not particularly good but the firing intervals are not too uneven. When
the angle between the cylinders is 90" balance can be very good as shown in the next
paragraph but the firing intervals become much more uneven-two power strokes at
intervals of 270" followed by a gap of 450o before the nex one. Experience with these
engines showed that the uneven power intervals were not noticeable except at very low
speeds when the uneven beat ofthe exhaust could be distinguished. The state of balance
in the 90" twin may be investigated by considering the crankshaft to be fully
counterweighted for the primary inertia force on one piston and the centrifugal force
arising from the rotation of the crankpins and big-ends. As already stated, a piston may
be completely balanced along the line of stroke in this way at the expense of an equally
great out-of-balance force which appears in a plane at right angles to the line of stroke.
With the moving parts positioned as in Fig. 5.2 the primary inertia force acting on the
right-hand piston is completely balanced by the centrifugal force set up by the
counterweights and the left-hand piston is in the mid-stroke position in which there is
only "the secondary inertia force acting on it. When the crank has tumed tluough 90"
from the position shown the left-hand piston is at BDC and setting up a maximum
primary force which is counterbalanced by the weight system on the crankshaft. The
right-hand piston is at mid-stroke with only the secondary inertia force acting on it but it
is not easy to do anything about this force as it occurs at twice the frequency of the
primary forces. With this arrangement of cylinders it is possible to g€t complete primary



balance because in addition to the primary forces being in balance as shown, primary
couples may be avoided by using one plain and one forked connecting rod so that the
cylinders are in the same plane. It is usual, however, to have two identical plain
connecting rods side by side as the couple which results from having the cylinders
slightly offset is not very large.

Fig. 5.1 Veelwin mgine
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Fig. 5.2 90" Vee-hein

whilst the absence of unbalanced primary forces is one ofthe attractive features of the
90" twin the secondary forces might prove to be a bit troublesome in some cases. In the
position shown, the secondary force on the right-hand piston, acts outwards along the line
of stroke and the secondary force on the left-hand piston acts inwards. The vertical
components of these two s€condary forces cancel one another but the horizontal
components add up to give a resultant force greater than either of the original forces and
acting to the right in the particular case shown in Fig. 5.2. After each subsequent c.ank-
shaft rotation of 90o the secondary forces and their resultants reverse directions. The
maximum value of each secondary resultant is less than half the value of a maximum
primary force. Because of the wide angle between the cylinders the engine is by no
means compact and the induction pipe is long for a single carburettor with some risk of



ice formation in certain atmospheric conditions unless heating is resorted to or the single
carburettor is replaced by one per cylinder. The 90o twin was fairly popular during the
cyclecar era of the late twenties but was driven from the market by the advent of
successful small four-cylinder engines such as the original Austin Seven. The
configuration has remained in use for portable compressors where short length and
freedom from primary forces are atfiactive features. By the mid nineteen-twentieJseveral
motorcycle manufacturers adopted the 90" twin in various installations which gave equal
cooling to both cylinders, either by mounting the engine across the frame or by placing it
with one cylinder pointing forward horizontally and the other pointing vertically
upwards. It will be found convenient at a later stage to regard certain V-six and V-eight
engines as three or four 90" twins driving three- and four-throw crankshafts.

HORIZONTALLY OPPOSED FLAT TWINS
The horizontally opposed flat twin engine shown in Fig. 5.3 employs a crankshaft with
the pins at 1800 and the cylinders so disposed as to face one another from either side of
the crankshaft. With this arrangement the two pistons move towaxds and away from the
crankshaft together so that the forces arising from the motion of the pistons cancel each
other completely, that is, both primary and secondary forces are in balance. Only in one
respect is.the balance not perfect-the forces act along parallel lines and together set up a
couple which tends to pivot the engine to and fro about some vertical axis. Since ihe
pistons do not have to pass each other as in vertical twins their lines of travel need onlv
be far enough apart to allow for big-end width and the thickness of the web which joins
the two crankpins. Sometimes the connecting rods are offset towards one another in an
effort to reduce still further the distance between the cylinder axes.

Fig. 5.3 Horimntally oppyd JIat twin
The_ main objection to this type of engine is that the considerable length from cylinder
head to cylinder head makes tie engine awkward to install and the lengthy induction pipe
may result in icing problems unless there are two carburettors or fuel injection is uied.
when the engine is installed in a motorcycle so that the cylinders are in line with the
frame the rear cylinder is diffrcult to cool and it is not easy to find space for the gearbox.
Setting the engine across the frame as in the BMW gives good cooling and ampie space
for the gearbox but the mounting must be fairly high in the fiame to avoid grounding the
cylinder heads when cornering fast on a solo machine. production of this type of engine
now appears to be limited to the luxury class of high-speed motorcycles and to the utility
class of continental cars in which the choice appears to be dictated by cost. There is no
obvious reason why the flat twin engine should appeal to such widely separated
categories but there ar€ no representatives anywhere between.



i liisi srli* ii iilii iltllgt l* !

ts
a

q)
ct)
.E!,

(9
o
o

.9,

(u

o
o

N

rliiiilt!liilli!i:;!Ev'
i;:e:i;,i; iEit:iiE€isiisi;i
:;E gi: 

i ;i iEait ff ileii; 
':t? 

i
:€Ea:ai ! ;i:iiiE 

'iii 
E=g;iEig

a! i il 
txtZ=1; 

i :i E ; E * e, i i E E i € ;

*

t+i:
:'."f€9$ i-:C€ii=E:S
EEgF;; EEi-s: z!3=a

*iiig zEzzlT+vzt:t=E6: Ei!E:l.eE.g.
E:i€:; Ei;4lziiiE
;iSgE€ *5*Ei;ri,e=2",
;=s5B;;EEg:472;zi
= 

i_{? *q z;.41r3:Ei3 t::!c& aE5:E az77E3sE



r i 3 E *: 3 ; 2

:l+rEHE5-
?lEeEg;g
.^e€- ";+'i E

17FFq- "3
g:E;;;ii
ii'g :,s I 

= 
!i iz'12 s^ z

iiii:',i3
;i;i Fa! F,

.e?s?!
?Z i -r n;

ii 2 a=:
..' L i- Z 

=z 7 E d b-> 6-:;9
=,: r i5
C: = !;N
Ii . i'!z.; E:: ;
a i-. -; tE

z=izz"=zt=!|a>'.-_ E 
= iz i= i=-Z

€!

:!

l

.2

s ;Ee a

E :Es
gEE:? ; -:
5;5$E ; ;
€ 5+€i * -^
=,?t39

T;Eg: i +
! g;:E.*n.
A EE€g :

+.t+ ir!
E Bz : !
izt ta
;'; = ! \
= =2 ::
9?- -:!
< E-.- .= at-=2i S ;-.EE ,?2
EY: T :-

ETii == 
;7

e i;i 1]s ci - >

I€ E- 2.9..=i 
=-=2='|: t i

e-:: r.:!
E.j s. -E:
:-:E; A; I

E
cE
3

€ : -i!

is s

i {;

a ? 1-..

.a a
i,-9 -

l3EF

'-_.-

-:a '.

t E 'ii*i+;i *s3a5'a E # € :=: Fess g
I't !, !-E t .9 

'E:r-= : *l +r z *i': ." €tsq ?z = - :t ;: i 4-=4 9i r1:: f;.^-- : -l ;: i ,it :-o.! ri - I e t J) € ei, - :'aE i: - : s sE * :-iE= E EE',j e2 . _ =t -. * a4=E .4 
=i!z :: t 

= 
-f : -= .e -J- t .1 fi€s- .:

= = 6l .j1 .+ i :=:) , t:4= E

ii- 5;l -*5 '; in e z,2f i s.iii :i, ' "l iE , =;i = "ij4 ,i i: j.g -1 - - -l 'd e ?.i? ";;4=..= " :I*€ ;
E - ' ', i+ .-,| Eejl" _E 3-a !-+= <-E1. vi :; 'iri=E::== 

E;+: i_: Ei s*i eEtzii :;€;:;:

:E

LI

1-=? E=- j'
=:-zi. +:. : I

i y i F= : ja

=:.2 :-21= -?.i v, :- - ;'Ja- =:= t

Zi-za EE=:;t-tii a"'t1") = a a ; =i t =: =< { . i
t-z= =^.i';rit+ : ^'.7= -- i,=- i E4 - z e i

= == - - 1 - : ^ c ='|t;ji:E!:.4;
2i7i-;ii=: =::

.9-

3

E ii.' -E

€ l-- r:

-- r- g

;2_i:zii1 
=!-

jZa=i-.t \:

iiiZ==t 1 : :
:2i2iz= ? * i-:Z't:;=l - 1

=iizE-i,= 
z =. Z,

="2:Eji= i -'2=,,
1l!z2eii i . = 14l!5!;::i 1= E:

:izi=i:t i; i 12

2.JF.i!r
2:'ii t Zi
E *5 -ZE).
:11-,:i 4

= I :9 =-l2 .^7i= 
=i9iEEi2,

:E:€i;i!
? E at'- a'!1i€tlii=.
iE== i= 2i
= i = 

iF::=t c=ii:5=
\ i- 

= 
. P 2 1

ii r !iE:Z

/;

-:

t
l

q

ii

l: l

j-,.i
1:r
t?i

E

'

':6

: l-.-

E t<

',- 5

3- |

: IE;E!' i!= 
=g: al!+si:= : :

#rfi :Z::itil;v f ! E f q" + ;

:€:Egi;i!; .?

i?g:is;FIgi

eh

N

F i= z4 a=i.
=aY+;=1.21it;=;=-c
E '=:.2; Ei ;
c E i^ r t I =o 1:- c> i:

:ii+" =t 
j

: g<i i= =+

3:tilEii
aa=.^-=Z?""=ii!5:1
4'::-'7:Za
: 

= 
_ - = 9.= i

!:-:ata<i
E I = -v ! -
e i= a ";= i
9 

' 
!"2 4 " : I



€# ?i :
E€ E!

g "Eb PiE

F ii, 36$i

E s iiE "Ei ijs;i; :g; f iY 3E

EE!g *€E**. :IE
!r l:El ;;!

':i!

t:e

.c *54 42

Eai
; r.9_
;J E E
3Fi,?i .r- L; E P€
:Fi i
;r, r;
; *3 E

E:
< 6N5

: I iiiiiiii:igiiiiii iEi

9 oc* eE;3'
,9 ,EF
F :!9

16 ^'6 i
I ii-
Z E|t E

.: s^--E
: f\+,93 Es-i

€ a: l€ 6

E ;: *ts i: ibE ;; 
=E,e . !! F€!

= : ll -: !€.E
i':: . dE!
i 7'Z i €sJE '?e ;E€
== -€"r .eH

-+ ;:i :$E*: i.z E 9E.-9 C=i: c)v.A

o

a

O

-

!

;

'=.'2 . 2

e; i /

-2i 
=t:t -.

't>::
J*i - Eii = '-.!= E

:1}-' a

:iltatllltErl:i
i= iEiilgE:E E i=;j5i" =

:.!:-Y9
->=--:

i ::_::
i a:= -- ':a z 

=

': i:-

! -! -, =4.l).=t:"1!z=at=

= i !:--= 
=

-= ati; i4,
E 

= : = : = 
- -i

1r i :.:= _=
2-.: -,2 -::
c-=-:a'r-;t

-i ti:i;i

:j

!

2J\

"' =i="':
.; -=::-
x i: =.:4,, 'a i:=

s., n: ::

N i::<:

"-r

E

n
x-4

:

ai- ^

tl
ll

I



-A:!E B F

3rgdI
5s:: x

i!;f €
egegs

!$i;'
!*;i€E='b:v,i!E:r
ilI!;:
"".ilEE

;E;E , ;;;?FC:s$N

iai*i, EE €iigiEf;i,

;ii#iIEl'iiii!iEI

)LA  
;.FA E
36 33=;
e9'
=- ]
; +€
H; V
FE b

E5F
EJ:- 3g

.!v:
?.e.i:
d-;6

"EEE

t

t

't'v

s

raX

I
a, rl'
t- E€
? &!; E:

=!&

: f E &c<

;!q EE=
E n b 6gv;5:g TE:
--!: €.sEi i *: I I i

ir a! :€fl;- E E E+r-- Elii 4ZE

E;fri "$,:!

;ErE J;F
: f,:i xrE

* 8E 9oii E -slE6 i.e
+E-o ; F9c ".F;

= 
€ E>o -.!!-:o 4'ic-

! c " E"r

i J€E:
-3 e9Ee
= 

.ETZ F
€ !€6Ii :EE2

Q gFl

i>:F^
e:E F<;v;

;{!
tx
*t

gF 2

.5< &E
si t E

:.;::
Y !YY
[[ ll

u? ui
NN

E

EE
9L

;= ! 6
o-6 E -
;€ E:-ri E

3it-uE
e :=E
=cZeE
i'. s -EE F9'
!€ Erzv= !
ir6=;
.9Eg-.9
r-::i5 b
d.i r

aEr€E

+.b
E;5:f;.-!
F'E
trF
g';
'i: ,g
YY

;:igiEEiiE;irsrii,iiEiE'

fi:iii i: , i ,i ii:iilEii *Ea;, iiii, ri,

!;iiig, 
" 

: :, igEEi:irii:i::u''' iiiE€ E€

:;i:rEi;giEitg

iEi:liiiiieiF!
:aif::agEr:;;i

t lf EeE a
3j6=E! -
E::!;s;
;; e+:t*
:€iEisE
E;-ii:E
i?3;jE{
EEEE€^,E

JE:gE?B



E 

i,i 
l:Ei:ii a= 1=1 .itl 

:

it:i 
=1211!: 

1 :=21:l,i :i

z1:1=ZZ1:ttii1:*iil'1=1

= i*€5 i
: -" i€="- =- 

=lI i €Ez: 7 
=l1* iEii,=;li 7 =d:i i 1 :''-:-=: : :::7 i i ',=

'! 
= ==;E = 2 zlzi;:;i?gz2: - z::;; E ;,

E:=t f;i::E;
3 ';l iE??:Eil= *r

Ei==l !:E3:irl:; ''

.l

I r= 
=i

; a T: -a
,{s ia

E == 
Er:zZll1t EZ=t=zzllzzzzi

t 

='r'-1, E Eii;:r=:= 
j1=:zlil,.=l=i

:l 181 
t=:t I llftpt+1 i1=,:1:'!ii==i=a-1

:
)

=>a= !i:,,=.2'a=- 1)

. == =a
2:::4==

i a ?-" 4 E;t

t -- a ' 
=

=" i=;24;
-> i'!=;,"

a :'a ) - a

?

:I

= : a : a .;

-.) ; - -' -

-==+- itt = a !
J.=.' d) - ,.:.:
:: c>:!

=:-.r)! ==? - a== a 
=

-:F.2. =-.)..4- - <.
: Zl= -/
j 

= 2 ?- a 
=; - 2= = =

zl
-l5l
=lI

I
:<-l

!

s:

;a <

,:

;:: ^,!!!'i
llr :-,:i {

. . =:r;22
i 'G a'. : :
. 

= =t- 
..i .

.=: z. i: a 2

: - :: - )

{ -.4!= , i
Z.i=t.-., =.2'=4.== z t!

=-al==2 ;az
-ez i] 1li < ti
AZr=.2:-aZ-->

1;z:3r"; i,
9 Z.N-i;,: 11, -:
= 

t a-! = a = ii=:.rr:<:: 
=.i

+Z1t:,=1': 11 . i: ;t, -i
?E;i;="122 t-2 s

1:11i:;;1 i=:;ll+; 1=t1{.= 
'=,=

==z='1i;i:i1 i2-E"ii;r:lii " ;

1=it;;i;ri1,:.ii:islltiii :: . 1



.on^

.E

3

E

4- |t! E

to I'.i a<'l .1" i,"

'. i.!.1 ; i z -".? e F € b 5 + ;

Zi:Ez-t:EEes:rig:

zEz1azii;:E€eiii
:==zEi=ic;:"i=EE.ed
:;zzii: e: E;; € 6: €

t1==i:;;ii!;sE$:
iiEi;i,^ii-xd ; ; e't €=*i=iEi1,*tlrz€EEz
i!:i:5*E;s;EIE;E

li:lillixiitiiigiiigii

I

I

;r E€= E E
E/\:,=--J

r:El!E:i:€# r <- 9eff;?=!
4i::iEz
.=7':,zz
4 34, t e 

=

:aisiri
> 6N d

rd s' 132
E 3.; E F:I
iE:tS; E

:i i, E-,.E4=:Z=: o?
:=;; si a:iEz=r? 

===!- 
i i= r-=-i.trd.-ra!1?=-i+.:===

Ejlii=i|liiiiZ;
t r:? 1i1:+iEti 

=iz . i1 Zl: ! i j = ".i "-;

zi?E=;i:::;liraaidizltjE;?E;zt;i
zzEx;aEtEti:,E ii=
E!="a1iEiEV1":i .,E

\
\
\\

t
:
:
:

9a

,n
il

E

I

6
I
?

.,,/-_\

i+ i
sEt
..- :;;s i;l 9r<

9Qt5 -!x! i6n;:

6
E!
b

*a
;;
;=

?r
f:

:
GF

\-:

1'l'



':

t

-e

.j

I

9

sEiiEii!i:E:ii€i:si
riiiiiii;iE;i6?:ce!:
i

;Eti:€i;E:ii;;;i i;zzi

II
a

5

a3

e

I

f

E

E

3

I

3

ll

I t tEe b E^"
€H 5 6:
€E s s€
P€ € !€3t E:E
eS E 

=:3r;;Et
$! i =6:siE ^j E et=;; -r'S F.eE
F:a , , * F:

;A " - Ag*s

t

e

ttl

3

vt

tt
0)J
E')

(,
o
ct)

N

E: i J:.?r-: F.=-::isol: 
=;iEEi,=^r.?2.=-

El:iE?ie::!i;Eiiiis€Fi;iE ii 
3

€gi Eis+*ff iig:;iiEltii;ii ;i!

il i: € iiii igiii ?ilE l ii iisiigii

e?i;i;;;E€Eiilg;
;itr;?EiE:iu.*=,*

;i:EE€?iiie;:!;i;

: i:iiitigiritiii?i
E

(;
3
.a

= '.2 zia z ,2:-
= ; !;isi:I!;
*i =:1i; i ii ia
] I := +*':"
; a =z i;:k :*

= 
.! ; r:,;

i6

I
*
6

z

t
E

I!
P

@,,

1 *:Ei;;Eg; 35etEt;I t:tE;;€Hs :irEaa=* €E*es!-ErE ;;;ii::
eE?iEiii:-rEesl;;i$ 8E:{;;l::ils:"a;i;

TiiEi;i:i!EEEEEF!;
' Ec!;i€;gig€gE!s;;

e

E

3
F

I

a\

I
T



ET F Fi

3* E

eal
.Hi:
=A iF- ! ,
-Et 5-E
I6v;:=IB
E3: *
-i 5;5Ev!€g c )A
s+:":
" a &sii O,g i:

E

t

ll

626!a
-E F .5 :-g ; E,t
: ;; ; j g

l. Hg E I €

E;, 6-E i i i

EE;3;I il - Esrl r r | 6E ;i
s! ^'.,. X3 N:

F

il
I

zl

E

I

el

; ?E.;:tE€

i ;:!=F;t

:a:s:iaEg-
i e;5EEEg!j
€ F3j € €;;1f
i: +t; ii;t:
H35i€aEg''d;

l

t

t

tr(.\

:i

s E J€ irg.? .i e 39
:E ;;; i
?* :FEI
" g t".s!':> c.Eo€
Ec € i:5
E*,3€?;
I;EEE{T
;r3EH3?u

o

=o&'=
gE
.oz
Eb
IE
tt>

.9 uJ

-o;'!
-a!'

€
N

tiieai;;:€Eit
g 

EeE{€ii;EEiiE

:iIgiEiiiEiiiII

5;j!iEE;E$
E€;ii;t;;.8
aiiitrEiSi:
;i€!J;EEiEE

s;*u r ii: E;gl
S,i€gtEE;3*€eA

AP
g:
E :'^

$;E€; E

':; x -o
-." kr ii _

I € F"g.:
^: !€ F
E =6.:!
.a Er*t

_.E e;ov
=i.E-8 !F -,: ot.ii ,i n 

= 
raeE.;;O

9€?EE
o! of S

; ; f g;
I9d ri* ErEif?g {:;I;Ei ile;t i

g ;qEgi;
!r"o 6 a E

" iES€E!

't ^E -E 's lttlg ,
_ _ g:l..ti-,1
.:, i l, <-1-3<i{f,ldwl ?

8

T
T

I

b
el
!l'

{! il
5

I
9
E

E

l|

!
I
a
E

F NOoOI; ul.lF NO@lnul3l



si!. e
s:s
J !i

! *{^b^g : ' 
t,-!€

g 
=: PEij: l:E:: isF
:: ti:
=: 3\.e+; F*i

!S :. *l,i
:q _ oo \ .\r

dt i

iisi;; iilii Fi E E . i€i!!E; 
iEEi;;i :i;

iilliisiiiii ii i';i i;iiiliriEii!li;lil

b\!,
:A
.s -i
ae.a '!'

*s,i:

.ei

.!i

i> ii =t':*s
G !S

<{:

:e$t

,4---\ .

/\.t\E"=ry)E\ /\/ F',\/v__--,'-f
(t

.flr\
r-\ 

=

eg

f; ix
= (;
d <t

!iHg€!i3
"- a tEni --

,---x/ /t \
F--e l\- \t/

E

.A--, li\Y *'

I

,r1-\ - -/ \,4 E-H<ti\/\./5r,l _-./ . -

E

*

*,t
"{€

; E 31;;1;sa;;Ei ir !; Eiiii !;i ;fii::; , iiiiEiiiE

#isiiiiiiiili;g 
itui; illilriiieliii:lg i iiiiil;EiI'= :- ; g€;:E :;E€e

!a u:-

9t!
?iig-se-E
{<4

's !r"i.Eie =E;P"E e*. T"'E=:"'.FEga; " !;s EEtEt;ir*E3 e

Ee ;;3si5€'*iTE '3

stE:i;E;:;:!ir
\n 8iE'E oo'09" e*5 jslfS:1:aEaa" g

ii iei;iiEgffgs i

EC

ilil E c55 g Hit 5 p
f,< e = 0

H$IEE
(5 <: i t
P i!



;r g
.!xt.g
;!

:*:s
too
t;"i
F!ro:a

:.t

^r!-:gE
.iE!
6ta

,,-j--I\
,LE"{ \ !a

g\ : / P

= \j:/

!g
'i_ i l---/_T "\ ii i *:t-f!tr] 

$>= :=\i-Z -
t

Sq,

.i;

;E
I{E
in
€s*

:ti
i F€
! cS;t i

F.i iE*tlE€9 "'"'Ii €;iEEiEE t' I{: !='E's5g$Er iJ
€s EEif;l€:g
t i; i;i: irE;; : i
FEE ,E!=i;t:E ;i
i€s E3;?*;;;FEei 3E!!.!€!ls

ri€€:;iB ;',EE:Eii:F=ii* =iF

Eliseiii c :;lisff:iite;EE E !i;

*iiri€i' Esiigsil:iEi;iiEig ;E :;E E

ff:;E!iii ;' ffii9;Egiff;gi;! ;= :;: !

E

>E

s

t

3 I
:

6
/-f\tt\-t--+--l{
\1_/

--s

, gi!r*iEi:iu; 
E;:Ei: a:E:;:;l;i:;i

: l siliiriiiiiigi!iiiii!illiiiiiii!is

,ii$sgiiiFiiiiliiii

'igiiiiEiEEi=i"'*il,

;i ;e;Et !i:,
iE :!iiE - EfiE
E*,;i{{E ! ;i:r
r;asiEif i :iEi

iE;iEigi€=i?{ii
€tg!E€Eir I ;rEi

*t
t

>

e,IF

=8.-E!!
ii$E1t It

!$!l

,4---\/,4-f .\-r-.n-



.?

il

i

.so

a

E

a

5o

6
2

-q

E

lc
E

@z
o6

E-o

-a

o
:

-q
.ia
6

c
tr
jz
OE
1;
h-6-

N

o

ffz
<6

cbP-
.9
o

&E &av->-- v>-'
!

=zo9

o-
(E



i

q

3iiiillls lisiiiiiliii

t

38
llll
'-"9

I
t

E
P

EE
"'5 rrr

-r E :'l-E{ rl

et
Eb}E

;.C

: iHH;_;ti:
g :::c E:iE

i gft;!9gE

i:iEa;!ii*

E€gt;A;ffi
*5H:t si;!ee

i

gi;;iigi|3i 
E 

illitlliiiEE;iiE;Ei'r 

-,

:;iii€iia;s; iEi i 
g 

ffliiiileiEgiii i i

!t
ttlc
Itrc
3
!,oIt
o
th

o

o
ci

E E i <it
H F E"e! 3 :5,: E : t:l:l E ; ?:r ;lrl =,!-!-! €E

E z ., ,,' E F il iht E t.,Tul i]i ;E S ; i;E3.,il :lgl 3 i:r, iiE ^.=r". EEE ,! is
i *51*",ss i +Tlj ii i "i€lj ii iE E E it
!i15li9 tc r3S=13$ €e s3=q =lji EE i i I;
! s =.sss :Ers ;3i=. :i, s 3 sss *t i i ;iis' nEflEli=!g! 

€

,Eli',E i,l i'1 E:t l*Ei il ;



-:++e-j.:. 
- _ ! - : ii:. :, :- r:+*:

a

E

E7

'6i

:!

>i

iilillilis
n; * *.E N

? E"=t E

€ eE$s:!
: q .: iq

f 'sfr!Ef e

iIc;5t+;:t:E;i
gtr+g€j
Ei a€s it
!:eE cE s
- <!: d=

!F: isi:

s\q?
6a
\l
ST

:E-3lEE:la;€ ;€

;;eicEEt;;i :i;.9!t 2'" 1-E": ! E=

Ei r s3; E;i r ;.,? l
sEg-ar€t+ i:1::;E:ii,.ira*HiE!tIEg:$EiexHf i€;55s:Eii.€tEllei
;tE;FFtEii;;!g

E

3

a

:
?

E:

i!;u
P,i E-

EE9

c!-=.ti t
PFEN'nd

N

€_

o 
={+P-
'!*

oiF1..i* i
s F{
6 {.3

9

E

t
P

.gI
a
5

E

;5 E E: EE! 'i

:iiF!fti ?
c-o'b6tv E
€3=*9s"fr? F E

i8 E"EE:it F

€€ci*:t; E:

eiEe;;€i=g
€ii€-HH:E:E

:q
i<
i:

.:i

. =.!

; it.; >, :-: i$€=G *

fi€ii;ffisi;EE EEsn

ii!iFiiiiiEEtiaiEgi

EiE3j;gFII#IE:iIi

6

'

iEiiEi:gi aai;:i :iEiiiiB sEiEiii E :sllli

iii:ligii iii:il,siiEilItugiE!iiEj ii:iii
s ;9
x .g-s.i x-i rE* Efs €€5, 'E+

rF €:ii rEiE 9-rt& FiEF EE
!E

^,t E EiE ffF
t'S x i

qJ:'

ll

3



gggi;gg 
Egiii 

ffigliliiii lgi,'ii
rEi=iEieiii+sgF{*ii-;i

i+FFiiii:iiiiFilI

iea*iiiiliiiegsii
Eig+EFiFEEfE:f,-ii

A E E AE UE- FFi;;s
E FrEi:.
E r:,+;i

f,is+E
1r3a€

i:t1F
itflii
iqEqE$

** I *= -
l'l. :9:
ib.: d i

ir=E:
9i -r:'r = E;

! :'.
* ;:3. Ie-5

ii.

l_
t_

o
+
5

7:
a
a

z

-_-_

iiigFiiiiiiiFgii 

il ii' 
iieli #ig 

$ii*' 
si 

siiig 

i;Fiii

lgriiiiiiniris*ii+g*';*i,isgiFiiii

iggiiiiiilil iiliigIgig+gtiFiiEilii $$ i.

. ii :Fig;igri i+iiE: si'$* 
I 

iiiii[s3 i i:'
g
3
.t
&



KE
:F:-::-s !.J6!o
":s

$F $i
6p

3.
6-

iisi$Ffliigi

ge'FiFiaiiE

igiiFF'FF

*
L
{

stisgtgffiil*

(^)

o1

3
o
o
o

6'o
o
o

ct
q)

GI
o

iiiiiilii*iil
i;$i ilq;iE. ol;Fiil gE!qls,.' ii;at E-E:.eiF d'e;iFi E;€:tqr i,3ai9.ges,[q*.29 irI*$6- u*i+"EF q'E

isiF F+[sF?" $a

IA3 t FE:6 siagls i r?3 Fsgii Fgec 5Eixs +;:i *lrFi FFgF $i

;t

il
€

ii iiiiFFiiiisiiiiiiii'i,iii*uiiili'ii*iili

-n=,I,,F P6-

ciqer

cElrq gi + <i
d s +5
$ E.5i
I EU ,$ieFK



iiiiiiiigigligii

+ti€;r,i*.iAg 5 3Eaa; +: F 
= 

+ j x i a sd T o

:Iqi]slEstFi;;]
i StFsP.i; *'! iH:cqEi El: e 5:f'-.5 gP:"*,?,
i;<?g;g==tF5x;;
gFiiiiF! 9asxs"sIi
Eeiir4irg:9i?€l
eei+e g3i€ 1;;T i:
r5:e:sii€;;f;[rl
s;*E +€ +gsfa€ ++E;

F 

iF ii iiiiiiiiFsFiiiii'iiiil#Fi
il ;i*t;giE;:i rr;3ii Eriiisiit

i$ riiiliitqii i+iiip irsiigi;;

o
E
o)

o
=o

fliE''lrlSP + 3q1 EEIgFFEF5Ei. 3 g€ 5i9_4ne E!39 i€;3a+ q +3;s .- E.$i;
g-F a ;F?+ e iF+lgt }, 5'ga E ie;gg* 

= 
p E: = 1*+:! ? I 6: ;ii;

I g "s *1 E;qBt* j * iE gT'e* "s =. 3E "qEi; i ; i*= i+t;* 
^ 

r eS .seEEq 3 E Ea s9!s e il FI s.95

€$ula$$EFiEi$EiFE

B +lFF5i{3rbsi +
1 E*+ls*s'38=!.* 5g ;15ff::irtHB: o'

iiia[*i'FEFfEFi c*s+ i E99.:E =9r: g d"$ F E.

39.r-sq+aI F€ s='s f

k6
*i
;\
*-x
ss
PSbtf,q
6F

sl
x!.
!.F:i 

=.r -'
CE



EgElisi*gl,'g$glg

= 
F ;*i€e i

, 
*iTi;Faaia 

ItFi

eF+;fiiiFgE
; FE5;F;a;

I;iiF$+;ii q Fe +{ae+

'iaiiii*iiiliFiiiii;ifFi

iiFiiF FEgiii iiFfiiFi 

-

Drudsaira

*e ! F
F *+-
is E F
3! li

bh
iF*g;t

J._r.!FEl. x F_tru

l []t [[ I Itl

ilcEegg$gFrg

t;

F

F

F9E 9F
TFET.

FFiEF
i;sqA
- 9: € -

lgFE.q
=; $g
$! f:
: + ai
:5 +F

i .$$
- ;,F
: s-
; .i'E

:s
s
r
R'-i\

F

a*
5

6

4
E

gt
ss

i
*̂!r

E
5
d
3

F
d

I

E.F4a$

iffai
; ?F€g

;t+ql
Ffa=+
I 
=[5]*? f; ?.

3.3

a3

5
3

qq

i6

E



5
e

EiiiiFiii

'iFiiiiii

iEiiiiiii 
; Eliii 

iii EiiiiFtiilsiF

lgiei gsF Fiii FFF i;I5giiFiit*l

iiiiiiFiiii€Figiiiii

iiiiiFi*igFFFi'iiFii

il$FF;gi
tlgfei-i
E3€FR: f

F;;i1i g

33g.95s E

AFi g:s r
$Ii3iE fl

ntltlI
tl
N

d

5

sfiiEi s

iHiaii ;
rB![;l $
{F tF:s ,i

;'l1e I I
g'i +Fri
:+FiFi
e e,F Fg

-,89I
E[.cI

E

b,

x
FE
dz
:ie

cC

3I'oit
_3q

s>
e6
i&
[36 a
3:

$sFs;:

i

tt
-{II
5,!

4

I
{
*

: ii' Ftd:
di-

*>
t.*
ii rl

l;l tltt rx
tut ilil |ll,lllllllllilllllllllNNN
8r'JliEi;.idF;

Tgg. d_
il

t_



E

d

6=

I

*
I
d
z
d

iiiiiiEliiEiEiii$Eii

Et

s

(lt

9Y
C-o

3!.x

F:1
EE:'
;=6

n g?

3 q;;
b D*

I
6

I

P
5

!
I

isl ts
t_F.t t-

i rig eite aF FEtr* fi' :l*rEF lEi* rs+;t g9rsq
t.-F- 4 aA*! 43-A,
15E i i is'E FF i€el:ii r j, F $s'*ilFli s iH e aF '=

515 gii g 'F$:;
+sil g Fi+ { i € "*

sz
3*

z

F

3

l.F

=z
a5

z
o gjtr ,F
r[ I :.

€ 31 
=g'ag r *

6:: Nl

= f; : ljn 
=ai=,.-' a

=i + q'
6-f 53E)'n
xFl3

55

E

eilF:59:3Filsl?i"iir
;ag"igE t: 6
1i 5';. : E 9: .n

ieE6 Ysf ; F

; i:F+1;? 5

i 1:Fgt;e ?

3ifiF l$ EssiF !5 E3;Er ;* ;
^is i': il ;E-+gi' Fl I

oi+\
d>

i

+g

!3-

$$i:!s:s*i
ii€ -

ris:-
r; ^

6i
8C
5,!

rl{l
tltlrlrl

F9l4i5:

!
:

$,Ri'$t;li ra'| o :\\
:;Fifog;, 1 ' r /r 1l
59*-FiFai+ - 3-'F:i-F;
c'r!i?iFi;v-.1 iI ";'1e3;944; a *l':FgG
ai=e !ri: :- 

-= a5 * i.Fs:i5;l+: f ei3iFgltg:gEE 3;r;*.;!idLi.itdc + 'i =-'^i33":r a f a=;=E;l*5" i a 3 ;5 e

llCql 
- i t 3='

i;ifi i

:E3,Ai
-Agao, rl rl

g E;g iq l+ "lii lf i ii;l-li l-''

"" * Fel H'i l-1:r; xi+95 I -

':i 5 a*a ir ir
*]tl^:; *it ' l'xli
l\l 5 J'E r. I l-q

AE; E l-.-iB q B'!ril H i
€E; +

aiz

E z}.
s.B >+tE

L{ -u!
It ztl! islF u'fi
l-s xEtil al
l; 35'

lF *u.al; ++
le F!'t; a'

E;$

l5



zr

'i
3

t:
IE

tr 9,F
I gtl
st- 5 t

=5NI
pl i 3

rr I I : !!
=lzl 

5 i r
- t2 ! -
l?l-rs d 3
lEl^/+ a P
16l l- E\ol|'Jt\='+

6\l | - '!!

l9l +;

lo
fb s e.ntly si it5 . ^ ^13 E F 5';.,-;:

9?^
ca=

A:. "= iT ".e{:l
;r 9.9

€33o5'
-E
n.a
tcl

+E

$gFEiiF i
;llva;g- F

ig?iEFE F+tjli:i €
qa;3;a

ifili;
+5Fi;e

lc ---r-- 5
! N -N\:-.) Ni
> N(\ \Sii-:::::::::: 'a I N F

x*

i-

t

.l
I,l.lii l---i lslo
lozl 3
t.--=/

lz
Ll

I
I

'tl

8zr
o.S

i!q

: !.6
.o.2

z

--i\

z

izr

\?
IN

IF

i.a

8zr
o.S

i!q

rGi-.o.2

,,4

EX

*q:ia

al.

I

:z
'a

P
q
6
i

St

{a
'*t

lglilisglilisEgg; 

lgsisiff ii

b

I

l!o-s-- !'!
* gE'c- '
€3 [ t] ]|

3 .. 
= 

{ xo 3

€Fattli
€+ggtaHa;:; rE.
= vr 

=i:;;
| 9?otl

ol!

F3iisF€i; i il
cfi:;'oi>=5;;c''+ai;"?i 

^ 
3#

-:5'HFzo-g C E"i
sq ;ax:i9F * eN
!.3E€'xI9.3F 6 3€t:* ?E !.P-:^ =Frs,FFalFE E 3==d3Ea3id' s EarEi=*i-FF 6' :-@
E;s o-5 X Ai:-, *i e_6, =:== = g
E;Fr'q 3 e +: !g 

= =+F3 h': = :F - ii -,5 =r.i !! 
=J! E:E -Eip -.d ;qad:a'esEq j ts-oa-!-553e?.

E *?q E 5e*e Fi3*st e ilEF E

N

s
s

Fq
qF

Fl'
t

5€E $aElFF

i;i$giiii

igiF:gg;E
B Y t4qo: sF
slaf*E;Ee
rg€Ffii;.FB

a

;
P

F.d



iggiiEiggegigii;

if,;iFi iiIiilFl+
Eii sSEiF f F+
:SX ?oid;=-

ii'ssEii?rF3+FaH -'i1 $X,E"q< ai ; o -:. Y,Ft -."-it 
=1r+g:.t rrr I I S!5qrir St€ F i=$1+3n 3sl f 3i*:aaF .as.s r *+i1?si S5U .4 : <ri

f o o fi g 8q

il iiliiiEiFiii:liFiF 
F

;i giFggFliEiiiliiii'

iEiEiiii
tei ;r; *

FiFiXFi

'rt

x

{

t- i-|, t-

1g*;+e$
Fg ii; FEi 5 >- 3+FFie.

*F$e s
i 5 AE !
q.E iE?g J I F9

E;395
;iErE

:tstt

.i

+
a

5 F s'.-
s T ll rl tl:- € xrol E[:i+ 6 *g=
-{ f s'i6;
i r i aag'
= l-L"ai q

s ds5a *
Ee'a

gggFgil;iiiiii$

:g

N9

i
,
6

<E
{tgrt

.!

:Jl;^x
Jg- i.
-li g
g il6 ?.- s'lF g'

oe.
qE

IB

Eiisaig; iE+i *+ iiriiF +i

iiiffiiirgiii ;aiEF*tiF

, iiiiiiicigFi i*FiiFiiE

cf
F€
A6f{'
qff

={5{T

;d::



iffiiiigii
3;:E i

aEeFi ;
s'E' :
E:j f;

"F=3 ;F9 
=ir f

3 e-,

18
:TP

F s3I
]| [;^
NN
E': E Rq! E g.

iq aE
I g esI -Eiizz

a ii

r

E

:.

,ii\J"-c4!!trlo xF_oo
Iil I ItJ i ll

5i;;flfsgEfetq
sqSEE=AeA;++i
ifEEa6lf*a€3i.Fir- A" e aeE6 ! d

'E 
"f

o
ct
o

i;sfsiFiFE if irEiilrlFFi

i t isFifiiciii3Fi tFf,i i i i

iliiie+;iiiEiii iii i iiti
rf aii ;e 1Bf FE ;? siii' iif F

,iFiFFa 

ii r iis i iai iE*i i

giiFiiiiisiiilii3Fi

i

x

ii igl gi iiiFi+Fi it i

EEiFiii$EiiFifiIFf

Fi*ciFiF iFrsfiii
E + P.!, 8.
i sli'

==6-li

sg+g

i*, r
ix
FE i3q Fia d
5e B'

Fa 6.

+r d

AU

qN

rItl
x|ntrl

:3 !.

;i'
N I r 7\ t

i5
'o

+
+

V II 

I

8

Fi

I
I

Ir
I



66

)
:
N

t-d

d'
*

x

o
x-
o

o.

)



.18t

illuqcsrano'(Nvqtl'og) totowlasalpgfotg,v nlg
(u!tu/ I ZZI lrlozqare 'Ll7 MIZ 3unsqa1ap41t7

091 qflquaqox 'uc 06 rassawq)rnpnpullt(Z) g 09I/06 ZSX roroupsalq-qrrla$Z

6unla1se6qy 97
llcopre^ 6unrralqnlapel 77

azlrlqcs ndsnV !Z
'ozlrlr.lcslndS 

0Z
6un1ta14n11nlg 61

Jalqnluaqlo) lnl Jqoluaunesod g!
ra6elldolzner; lnl essaidlarulqcs /l

llauaqollelso0 g !
llaualunllalsae g !

lallny{ ttu.t )a\ue6nz ,l
aleldpunlC e!

alle/!\laqrn) z I
oouelsqra/l ! !

uqeqlral9 0l
qnq3sllalg Ur! ldolznel) 6
adurndzludsut3-llotsuel) g

aouelsuoqlo) lnl esqcnqldols 1
o6uelsuaqlo) g
uaqtolsllaqrv g

lcolqrapur;i(7 y
asqcnqtapurllT g

pol'tapwAT 7
ll1uarr4pdsur3-golsueJ) !

LJ

9l
8t

zz



'd

N

!t:
9=58

I

.9

j

t

.!l
*
dr

tt

E

5Y

9t

''6

b

I

5Io
3

o

\)

.

-'
2
3

e

.!a

3
3
.9g

€

6

I
cir

6

i

o
!,1

E
]

l

6

zt
lrJ

o
*_-;s
EE

68

o

P
'6

2

I

c

'a

6

3*
9 ul
d.!



e

:

I

o
.9 q)

;E='o

<5

;

a
T

5

.g

r(
S

!i c, 96 9b
==- ii c ::ii;i iF'

B

at,



3

-t

3

E



IIANEIIIETHMIO OEEEAAIAE
TIOAYTEXNIKH ZXOAH

TMHMA MHXANOAOTON MHXANIKON
BIOMHXANIAE

Atug. AW6w - nedov Ap€.tt', 383 34 BOAOZ
TryA.2421O 7/n97, 74053 FAX74@6, Emait: stam@uth.qf

EPTA:THPIO: OEPTIIOAYilAT{IKHI & oEPlIf IKQN ilHxANgIN
Areuouvnlq: Av. Kooqvlr{gA.M. IroFor$tr oq

EnruAAeto:
|-r6pyos K&)vorovf69

r(bpyoq ITpar6rnq
ArnA. Hnxovol6yot lrt4lovrroi

Ynorp{gror Arddrcropeq oro EOOM

BOAO:, TANOYAPIOX 2OO4



2)

Bfuarq yrq rnv exr6Aeon doxrutilv xrvnrrlourv qro eoyoorrioro
,1.E.K.

- n66n6 drvoppeqrdruv.

rou qryeiou xrqrfuro.3)



5)

4) l-upi(oupe oro "ON'ro p4lovrxo xawprr6 drar6nrn rpogodooiog peuporog
rou xrvrlr{pa (roproxaAi naroAo06o, npooogroqr6v4 ornv xAivn rou

rng defopevi€ nerpelaiou.

Opowi(ouge ol 60o pdveg eA6yxou rrv ypappdv rpogodooiog narpeAoiou oro
reAi, vq eivqr ong xcrdM4Ae6 96oerg (xAerorri-ovoryrrf) rirre vq odnyeiroi ro

oro do;eio

6)

b"



8)
e)

flrd(oqre (dvorvps) ro nA4xrpo rpogodooicg rou nerpe/roiou xor ro
ro doleio ern rou (uyo0.

Ki\eivoupe 14 pdvo nsrpsAoiou oro wen6(rro.
&i(a4re an ngilo rov Kuxr\ogopnrri rou afurreprxou xurAi4rorog {ru146

10) Exxrvo0ge rov cvelrror{po rou intercooler (prA6 6ro161149 or4v nepro;ri r4g
- 4Aexrg xdrv draxorrnlv

E,t6VXoWe r4v xAiv4 yrc ruxov f elaop6va qwrxeiuavq.
Aderd(or4re ro xeAi oro ov0primoug.

11)

t2)

xrv4r4pc dittAo orov n/nroer64 evqAAdrrn.

t
tt
e
I
I
t,



14)

13) Avoiyor4re rov 6e{r6 HN rov OoldUou €A6yxoo dorrgoorrpian, xcr orrl
anv6larc Aopnlvoqre ro aplcio DotoAcquisitionTS3.vi rou LabView, rou

Avoiyot4e rov yeur6 6ror6nr4 rou Controller r4g 16649 (ro geyri'lo xouri
ogwreffi ar6 rov 6e{r6 HN tq avoi€qre rporlyougivurg). O 6rar6rr4g
ppioxercr oro niqrr gapog rou Controller, 6atrd rdru 6inlc oro grg
rpogo6ooiag).

15)

6tqx6nrn No. 8 orov rivsro,

16)



€ TO monlt7) tor rou Controller (Texcel 100), 6e{rd ndru on6 rcv H/Y.E=.qll

:t
18) Ero ndveA rou Controller or4v neprol4'Alarm" rr6(oupa ro nAnxrpo

19) Ero ndveA rou Controller or4v neprolri "Ancillory' nt6(oups ro rAtixrpo
"Engirc enoble " (nptiovo) ro onoio 0o np6ner vo ovoger.
1:'-:ii:-r-]-..':-:.

II
t-upi(ou1re ro xAerdi rpog rq detrri ornv ne iroJi 'nncillary" or6re avdper
6vder(4 <Ponel enabler.

Al orm

-

rtl
ThrottlG

vo) ro onoio 0a np6ner vo ovdger.

?o)



2r) ITr6(ou1.re ro nAnxrpo'Open loop" or4v n:pro;4
nAqxrpo or4v neprolf "Dyncmometer". Ani\odn

"Throffle' xar ro owiororlo
{exrvdge pe 6Aay1o ovorxro0

xor orpog6g rou xrv4rfpa.
'I

[]*-i g
i*-:, .

f,{l
22) lAn6evi(oupe rrg evdei{erg rurv perp4r0v crrE neprol6g "Throttle" xqr

"Dymmometer' yuprnirwo6 rou6 awiororloug fi€ptorpogn(o0g 6rox6rrreE.

#r

l--J.



?3) fTr6(oqre ro nA4xrpo "Ergirr START' qrnv neproxn 'Ancillory' rou rdvaA.
H pnXavi exxrvai orr6re ovoper ro nArixrpo 'RUN' ornv i6ro neproxri

A:116 e&it xdr ni,qo,xor ogo0 pepo,unoorr,lt* *,"nri*a 6ouAe0sr xqvouxd
aro peAdwi xar gropei vo n6ger goprio ogo0 rou driroouga yrd(r rol
oufriooqre rrg orpog6g rou ev renir, eipocne 6rotpot vo npoltltp4ooupe xqr vq

nroooupe rc 6rdgopo onueio Aerroupyios rou xrv4rripo nou enr9upo0pe.

l-rq ro oron6 our6, pnopo0pe vo {exrv4oouga ue iAevxo ovotrro0 pp6y1ou.

Aurd o4poivar drr cao0 dtirooupa vxd(r (us0po neptorpogtx6 xoppio neptol4E
"Throttle") xor ovipouv or orpog6g rou xrvnripc n1 ortg 25OO rpm, (0o 116

6rofii(ouge pE pdon ro aprorep6 evderxrrx6 x6xxrwtv LED :'Speed",
apoooxri orn ox6on parddoo4g rou xrporiou, ytori cur6g nou dropri(oupe

eivor or orpogig rou dfovo perd6oo46 or4v n664 - 6(o6og xrpr.uriou 6n,tcdti,

ror lperd(eror perorponri) gnopo0pe vq opxioou$e vo 6ivoups goprio, (0o ro
dropd(ouge oro 6efr6 evdetrrtx6 x6xrtwrv LED: "Lood", D/u errrovpqgio d
ourri rn oeAida) on6re 0o roporqpfiooupe 6rt n6grouv xrinog ot orpop6g xot

o rrv4rripcg 0o rooppon{oet oe 6vo p6vtpo o4reio Aerroupyio6. Eriv 06Aoupa

vo ndpe oe ury4Aorepa6 orpo96€ ri xor u9nAorepo goprio,0a Etirooupe

eflnA6ov yxd(r ror orq orv6yeto 0c ou{olrerdrooqre ro goprio. evdel6gevo pe

6radoyrx66 npooeyyioerg, yta vo grdooupe oro onueio AetroupyioE nou

06Aouue.

Ago0 ernardeuro0ge orov 6Aey1o open loop, pnopo0pe vo pdAoup e nA6ov rov
Controller vo 6ouAe0er yro aprig, sflAdvowa€ ro owiorotlo modes eA6ylou

oroOepti.rv arpoetirv, mqeepi€ porriq, Kqun0Ar6 6p6pou.

Egdoov 61ou1.re e{orreru0e i oro vo nrdvouge ro srngupt1rd o4re ia Aarroupyiog

rou xrvnrtpa, pnopoOpe vo npoywpriooqre ornv erriAeon ouyxexptp6vtrlv

epycorqporrlv ooxriseurv aou ewdooowcr oro npoypoppo 6rdcoxoAicg rou
poOrilrorog: I'IHXANEE EECTEPIKHE KAyEHE

Ancillor y



1 fIEIPAMATIKOE NPOXAIOPIEMOE
TPIBON KINHTHPA - ME@OAOX
XAPAEHE TPAMMHX WILLANS

1.1 EKooNH>H

Ilpoo8ropiote rq o:rcbL.eteg rpprbv rou nv4tqpc DW10 oe ouyrcerprpAvo ofl0p6
orpoqd)v ?,etroopfid4 rou tl€ rlv U€0o6o rng Tpagulg Willans.

1.2 >Konox rHr A'KHTH>

E(orxeirool F€ Inporivnrl oraeepoTrotlorl oqpeioo Leroogl.io4 roo tclvrFrlpo,,
tl€rp1oq tng p-6or1g xotovri4,ooqg xmroipou oe oroOepo oqpeio X^enoupyia4,
rctw61orl rqq pe0o6ol Willans yto rrlv erripqal qg Faorlg fiieoylg rpt$6v.

1.3 oEoPHTTKEx BA:EIr

Q6 poot6v, or olrirl.errg tpr$rilv w6g rtvrlqpo oo(rirvoov pe qv talrl,rqrc
reptorpogrlg rou. H pe6o6oq Willans ot4pt(eror oro leyov6g 6n oe ora0ep6g
orpoqrg n rcrovdlrrroq xorrilrou eivor ovdlolrl rq6 roTloq otov ri(ova (ora0ep6g
Fo0p6g oz66ool€ pqr(ovrl$. H Tpopprl nor lrepypriga mn6 ro v6po (7poppr1
Willans), ?(opdo€ror lre pdoq perp4oeq p6ooo prOpof r<movdArrlorlq rmripou xar
zpoyponr{6 ro2guog oe 8tcqopenrd p6vrpo olyeio }.euoupyiog oe oraOepeg orpog6g
Kwnrnpa, Kor odpoorl rrlg ponrlg 0116 ro pe?'cwt geXpr to rhlpeg gopr(o.

1.4 ExrrzrrrH THt AIKHtHr

l. Axol"oo0cirwc4 ra pqpura roo aocryoTrrot regol,aiol, Lewouffiore tov
Klqr1po pilpr vo npoOeppw0ei (6vorypo Oeppoordq).

2. EX.fy(re n6 Oeppor<poo{eg vepou Vu€qE.
3. Xtc0eponoqore rov rn'4rr1po oe otcOep€q orpog6g lewougyia6 (otpqrovc p^e

ro ap<rrr6roLl,o petpri oeorv).
4. Ko.rclpriyre oro rprot6xoLl,o rr1 Oepporcpoo(a ror olenrfl uypooic rou

xearor) 6ongbv nvqnlpov.
5. MeropdAl"ere ro eoprio roD lflr'nnlpq (oupg@va Fs ro zpor6roLl.o

perpfoeolv)
6. fieprpeva-re triy4 ritpc (-2min) p61pr vo oro0epozorl0oriv or Oepporpooieq oro

v6o olgdo l.ertougyic4
7. Eby(te t6 Oepporpcoieg tou vepou yu(r;6 ror rou ru,uoc.epiou
8. Kozoypdyre qv €v6aft1 rou ll:rrpoltcotl (uyori rcrripou
9. Avd lmin Koroypfiyc qv w6et(r1 rol qlerrporucou (uyof rcldpol

(owokrcd 4 gezprioeg)
10. Metape{re oro er6pevo orlpeio lenoDpyic4 pero$dL1ovtu4 to goprio rou

nv4r{po (orp<polvo pe ro zpor6roLl,o F€rptloeov)

I L Etravdhfne ra f4para 5-10 peyu qv o),orcL4proo4 roo nryaparoE



1.5 ArIorrMHlH ToN METPHTEoN

fio xdOe oqpio Letrougyta4 uzrcl"olicr€ Trlv Korcvdlaroq tol rmripoo <o6 afi6
(F1,. cr6),oo0o omUa)
l. Tom0edote q6 trrerpqoeq oe drfypoptrra 6raolrop6g time - m , (aupmqpetze

ypoppmrl ooo266noq)
2. Xagi(te qv ypopprl rdo4g
3. H x?'tol q6 &0eic4 elvco o tt€oog po0p6q KorwriAroolq xauoipoD 7ro zo

ouyrerprpEvo oqgeio letzoogy{c4 ( 

" = ll = A r)t a, 'l

lE00 RPM - 30 N.m

A9o6 uttol"oyioere toug puOpoug xctcvdloo4g rouotpou yto 6la ro orlp{o
lenougyic6 lapd{re qv Tpagri Willans oe 6uiypcppa 6ruoropd4 bmep - rh ,
ro1 zpoercrelver6 -rqv p:pr ro o4peio pq6anr4q rorwdl"o:oqq.
To o4p.eio roprlq ;re rov ri(ovc x e{vo1I p6oq nieoq rppri>v 1a tqv
ouyrerprp:w1 rcarqra reprorpogrl5

ISOO RPM

1.6 Illplaotta
lxoptgqpa zrapopattriq 6rdm4ng, np<or6xolo pmprloeorv, 6rolpdppora pioot
puOpou roravdfl."crro4g xonoipoo, ypcprl Willans, ozmiprlorl rrov cnorel:opdtrov

39

4.

5.

Y.=ax+P
Rl= 0.978

\ ,=ox+F

l0



2 TTEIPAMATIKOE NPO>AIOPIEMOZ
ENEPTEIAKOY IXOZYTIOY KINHTHPA

2.1 Exooxn>u

flpoodropioc to avepyaor6 roo(rryo tou r*1tr1pc oro re6io latoopyio4 too pe
pooq prprloe4 rcl ernprloay'ozo),opopoog 6zrou peui(eror.

2.2 >Konot rHt AlKHttrt

flpoo6ropop6g porlg ror perorponrbv qg aoepl6perqg w6pyera4 cz6 ro rcriorpo,
prtpqorl q€ OepForpoodrv ror porilv oe 8rigopeg 06oag (p6v4a onF€ic
trctrouffig), eKriploq rar unol,opopoi pr1 prrpoopevotv peye06v.

2.3 gEaPHTtKE> BAtEIT

To evegyaor6 roo(rfulo sv6q Kwnrrlpo Ttveror rdvrme pc opropfrq p6l,rp1
xardorooq l^etroupliogru,r owlorozcn oulv Koralpoqi 6lrrrv zrov noorbv an6,yyas4ra
oroto dreplwmt oa6 ta 6pro ev6g vo4zo$ 6yxoo df11ou roo zeppri'l.i'a rov
Klvnrrlpo. H e{,ep266Fnal ror0lg 6rcv6Fetor cto xcruoaipro, orq and ,fl.eg npog xo
yurm6 p6oo, ong aacilleieg rch)goog Kor oro nopay6gevo oqeiurpo 6pyo.

2.4 EKTEAE'H TH' A'KH'H'

I Arolol0<irvro4 n6 6roSrrooi:g roo sroclovyrKod K€eqlaiou, ],€wougy4ote rov
|(lvndpo Fi)@l vo ?rpoeepu{ftOei lKovcnorqrlKd (6voquo osppoordrrl).
2 il.ty$,e a4 0epporpao[eE vepou Whg
3 Xrooepozorlox€ rov rcwqrnpc oe zpoenLeyfv p6wpo olpeto ?"etroup1ic4
evophg (oDtrrpolvc pe ro npor6rol^?'o Fsrpto€ov)
4 fto oro0ep66 orpoge6,0c peruSdl}tte zo goprb rou r*qo1pc <ilore vo
oupriroere 0-80% qS leyrornq ponnq os pllUora, o6pg<ovo pr ro npcor6xoMo
pffflioe(Dv (?rr( 5 plpora pornlg oe rd0e ap0pb otpog<ilv)
5 Xe rdOe olpeb l,ettoupyic6, 0o reprp6vere ?.ip <i:pq (-2min) lre1pt vc
otaOeponoq0olv or Oeppoxpaoieg oro v6o oqF€io l€rroogfq4
6 Oo eLi'y1ere crq Oeppoxpaoieg rou vepot yir$19 xon rou rcuoo:ptou.
7 @cr rctcygiqete qv w8erft tou qtrerrpwucou $ryoni xouotpou, n4
Oeppoxpcoieg tol veporl y6(qg xor roD Kcuoo€pioD Kor ro 1,61o o€po-xmripou.
I Avri lmin 0a eaovqr.op$dvere ng roraypoq66 rorl Friporog 7 (owo?'rxd 4
perpt'loerg, rboc vo neprop{oooF€ ro oru,rronKd o<pd},porc)
9 Aqoo oloxl.rlpd)oete pio oepd gerprioerov oriptocrlg qoptiol oe
ouyrcerprpeveg crpoqeq, 0o petcpeite otov ez6gro cpr0p6 otpotprbv rou rpopMner
to np<or6xol,i,o xcr 0a petcSti'llete xcr TrdAt ro goprio roD nvnrtlpo(, d)or€ vo
oopd)oere ro 0-80% rlg p6yronlg ponl|g ong mrpcerprplfoeq orpo<p6g oirpgtovc pe ro
zproz6rol,lo perprloeolv. Arogeuyoope ouvrloog tq q6gnon pft,/dttto IOO%o r1q
pfyroqq por4q, r1,4v er6rrrirv zeprir<loeov.
l0 Erovoldpeze rc pqpcrc,5-10 <bore vo ocp6oere ro rs6io lenoupytag rou
nvqrlpo r<cn vo o)'orclqp<iloere ro mipopo oirpg<ovc pe ro np<or6xoll,o

ll



2.5 A[orrMHrH ToN METPHTEoN

ftc rtiOe oqptio ),aroupyic4 orol,ofoc filv KorovdArrld4 rou xouoilrou co6 4rlg (FI.
ox6l.oo0o o2grlpo)

I Toro0eoioc q6 psrprloe4 oe 6uirypoppcl 6raozoft4 time - m, (ropoqpeite

TpotrpKn ouo16nor1)
2 Xapd{'.e rry 1pc14u1 16046
3 H K;,iorl rng eD0eio4 eivor o 

-geooq 
po0poq 

1crwd4..or1g rouotlroD Tra ro

onpcerprp^evo oqpe{o }'enoupy{c6 (" =* =Ur)

1800 RPM - 30 N.m

4 Agor) rrroloyioete roug poopoog xozcvdflrrloqg xcuolpol po,6]'a ra olpeia
dqprouffiore oe popg( 6roypdpporog nito4 ro wepleux6 todiryo po x60e olpeio
L"erzoupfa4

2.6 IIAPAAoTEA

Auirlpcppo po(g av6pyao4 tot nvlnipo, aptoz6xol,o pstp{oerov, rorclpo<p4
ropoSoltbv - unolopoprbv ernprioerov, 6rolpripparo p6ool pu0gou xctovdkooqq
xorripou, roo(iryo ev6plercg, ozodgqorl rov czocl,eopdtrov

E
ot)

Y=ax+P
R2 = 0.978

t2
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Ab.hrmlppc 1994 Vergleich zwischan Einwellen- und Mehrwellen-Gasturbinen 12.1

60 80 % 100 0 20 40 60 80 % 100

Drahzahl der Nutzl.inungsturbine

A Verdicht€r
B Erhitzer(Brcnnkarnmer)
C Turbine
Ct Verdichte rturb ine
C2 Nutzleistungsturbine

D mcchrnische Nutzleistungsabnahme

E optimale Drehzal
F optimale Drehzahl der Nutzleistungstuftine
G Grenz€ des Betriebsbereichs
rft g Brennstoffmassenstrom
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W. Hentschel. G. Oberliinder
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-uftEnraugt€mperatu r

Kennfeld einer Einwellen'G asturb in€

fiir den Betrieb unt€r Normbezugsbedingungen bei Nenndrehzahl.

Umgebungsluftzustrnd: totaler Druck 101,3 kPa (0 m HOhe)

totalc TemPcratur 15 "C

relative Feuchte 60 7o

bezogen auf die mechanische Nutzleistungsabnahme hinter Getriebe.

A Ausl€gungspunkt unter Nombezugsbedingungen

T obere kistungsbegrenzung (,,toPping")

Hdhenkorrektur:

IristunSsabnahtne l,l2 7, entsPr€chend Luftdichte'Abnahflrc je 100 m Hdhc'

Korrekturen fiir Druckve uste (abhingig vom Gasturbinentyp):

t isnrngsverlusr je I kPa Druckverlust

im Luftansaugsystem | 2bts2,5 %
im Abgassystem 0,5 bis 1,5 %

Kennfcld und Korrekturwerte sind den Herstellerangaben zu entnchmen

|4. Hentschel, G. Obqliinder
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Enlrgiol.chnbch.
Atbcitsmrpp. 1994 ZwEiwelleltGasturbine 12.3

9m0

kw

8m0

t!

; 4000

LuftsintrittstempCIatur

Kennfeld einer Zweiwellen-Gesturbine

fiir den Betrieb unter Normbczugbedingungen,

UmgebunCuftzustand: tottl€r Druck

totale Temperatur

relative Feuchte

101,3 kPa (0 m H0hc)

15 "C

60 Vo

bezogen auf die mechanische Nutzleirtungsabnahme hinter Getriebe.

A Auslegungrpunkt untcr Normb€zutsb€dingungen

T ober€ lristungsbegrenzung (,,topping")

H6henkorrektur:

l.eistungrabnahme 1,12 % entsprechend Lxftdicht€-Abnahmc je 100 m Hdhe.

KorektuFn fiir Druckveduste (abhiingig vom Grstuftincntyp):

I-ei$Egsverlust je 1 kPa Druckvcrlust

im lrftansaugrystem 1).bis2,5 %

im Abgssyst€m 0,5 bis 1,5 % ]lt. Hentschel,
G. Obqlnnder

B.geggb,qLl' jz

Kennfeld und Korrekturwcrtc sind den Hcntellerangaben zu entnehmen.
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TECHI{ICAL

MAI{UAL
(For test bench)

DWl(l ATED ENGINE
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Test Technician

04/r2/(t0



SUMMARY

l"/ General characteristics :

2ol Performances characteristics :

3"/ Test condition on test bench :
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9"/ Vacuum diagram :
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GENERAL CHARACTERISTICS

Engine: DWI0ATED/I,4
Model: TurbochargedDiesel with intercooier air /air and 2vaives

per cylinder
Number of cyiinder: 4
Displacement: 1997 cm3

Maxi Speed : 5350 rpm
Mini Speed : 820 rpm

FUEL:

Diesel-fuel with 350 ppm of sulfir
Diesei filter: PSA reference: RP 190159
Fuel supply : maxi pressure 2,5 bar

LUBRICATION:

Lubricating oil : reference:TOTAL Gl1077 grade 5W30
Capacity ; 4,5 lines
Oil filter: PSA reference: I109N2
Maxi temperature : ll0oc

Oil change periodicity: 80 hours( without post-injection)
20 hours( with 100% ofpost-injection)

COOLINGDOWN:

FLIIID: PROCOR 3000 at 50%
Max temperature : 95"C
Max pressure : 1,4 bar

Gearbox model : ML

Made by David PEREZ
Test Technician
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Engine DWI0ATED
Performances

Torouo (N.m) Outout (kw)
Sp€ed Nomlnal Min Max Nominal Min Max
1250 185 175,8 194.3 23,0 25.4
1500 244 231.8 256,2 38.4 36,5 40,3
1750 250 237 .5 262,3 45.8 48.1
2ofi) 250 237.5 262.5 52.4 49.8 55.O
22fi 247 2U.7 259.4 58.2 55.3 61.1
2fi0 241 229.0 253.1 03.1 59.9 66.3
3(x)0 zzo 214.7 237.3 70.1 73.6
3500 210 199.5 220.5 73.2 80.9
4000 192 182.4 201.6 80 76.0 84.0
4500 156 148.2 163.8 7?1 69,4 /o.6

Official Perfiomances
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DWI0ATED/L4 test condition on test bench

Environment:
-Open lock u'ater thermostat , precision weigh.ing of pressure vent radiator cap= I ,4
bar
-C.hl capacity: 4,5 litres
-Air cooling on EGR capsule and turbocharger capsule
-Fuel back flow pressure at 0,7 bar.

Temperatures governing:
-Air intake after intercooler (see table)
-Outlet header tank: 95"C
-Oil gallery: I lO.C
-Inlet fuel pump: 32Cfl"C

Limitation criterion;
-Air temperature after supercharger :130"C max \Mith 25"C air in the bench
-Exhaust gas before the turbocharger : ?50"C max
-Smoke (see table)
-Combustion pressure (see table)
-Exhaust gas pressure after turbocharger : 220 mhr at 4000 rpm firll load

Made by David PERDZ
Test Technician
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RUNNING,IN
en9in6 modsl DW10 ATED/L|

Sequence
number Test Load Speed

Torque
value

in (N.m)
I

engine
Warm-up

N1 .t Enn 10

2
J
4

N1

N2
M

1t4 1500
2000
22ffi

60
60
60

5
o
7
8
o

10

M
N3
M
l.l5
t\|6

N7

1t2 2000
2250
2500
3000
3250
3500

125
125
120
't 10
110
100

11

12
13
14
15
16
't7
18

N3
M
N5
N6
N7
N8
t19

N10

3t4 2250
2500
3000
3250
3500
3750
4000
4200

185
185
170
170
160
150
140
130

Time of each seouence: 30 minutes

SEOIIFNCFS:

from 1 to 18: 2 timss=18h
trom 11 to 18: 3 tim6s=12h

Total runnino-in time: 30 hours

Made by Dsvid PEREZ
Test Technician
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WATERDIAGRAM

Marle by David PEREZ

Test Technician



WATERCIRCUIT

orL cooalR

--\

)
\

(-

varle by Oavid f U*ez
Test Technician

u^u00



FUEL DIAGRAM
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VACIjUM CIRCIjIT DIAGRAM
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