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THE FLEXIEILITY OF THE HIGH POWEE. COMBETTSTICON
ENGINES

Wavrzyn ec Golehiewski

Wes t-Poreranian Tmives ity of Teclmology in & mezecin, Chatr of Motor Vehicles Operation

Summary. The pupose of the article was to descnbe the Ssability of high poarer combustion engines used n
lorries, wlich can alsabe verywell applied in farm tractors. This pararveter [ fexibility of engine] proved very
inportantbecaise it depended to alatze extent on the tomue of the engine. Engines with torque inloar ;mtahonal
speed scope displaved higher fe:abiliby. This pab lication has been fooased on the fezability of Polish Diesel
engires as well as the engives produced by other comparnes: SCANIA, VOLVO MAN ard DAF.
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[INTRODUCTION

The engine fexibility is a very sigrificant paraweter. It influences taction properties of a
vehicle. In case of the flexibility of the lorny engines thess properties are of particular importance.
Sore of these properties have thelr application as well while considering the farm tractors. The
uphill ditving capacityor ability to accelerate is of significance at farming works. It is also i portant
to achieve possibly constant torgque within the lowest rotational speed range which also affects the
engine flexibility

ENGINE FLEXIBILITY

The enging fexibilify iz an engine’s antomatic capacity to adapt to the waryivg loads. This is
a product of the torque fexbility (e, ) and the Hexibility of rpm (rotational speed) (e ).

g=a, 8. (1)

i n

The forque fex®ilify iz the ratio of the maxiron torgque (3 ) o the torque at the engine
rated power (M)
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The flexibility of the rofational eed frpmy) 1z the ratio of the rated rpea (n,) to the rotational
speed of the maxirnam torque (n,). This is alkematrvely referred to as the extent of the rotational

speed (rpm).

n
g =

L i3

.
The individual parameters of the engine such as rated rpiv, maximum torgque rpm

and the maximum torgque and the torgque at the engine rated power can be taken from the
engine’s external characteristics (Fig. 1.

Hrmim andiscovey ole n 2m

HPsum nd isovmy ole n 207

LHY 2
a0 n
E
5 asd ] ul o n 1
L
a0
s
rg 4
bmbg cr dh de s m mom b o oy Iv | W ohu A oal g oplom s ak W wm uk no
The couniy

Fiz. 1. The exkrnal characterishies of an engine (ch vrirerpn

For the dete rrvanation of the engine flexibilityone veeds to caleulate the walve of the flexihility
coefficient. The engine flexibility coefficient take s walues in cormpliance with [1].

THE HIGH POWER COMBUSTION ENGINES

The article presents 5 types of high power engives: home-produce d engines as well as engines
miade by the compandes like: SCANIE, VOLVO, WA and DAF.

The Polish Diesel Engines
The home-produced engines are those manufactured by the 3 compandes:

= The enginesof PZL-Melec male (SWaEII1, SWaS0MT, SWT11545and SWT11/34501)
- six-in-line engines, liguid cooled, with direct injection to the toroidal combustion
charcber. The engine displacerent for these engines amounts to 11.1 di’, and the power
— depending on the adjustment from 147 upto 192 kW Ayart fror the fivstof the above-
mentioned types, theyare all tnbocharged.

= The engines of WEW Andoriz make, four and s evlinder, ranltiparpose, Heuid cooled.
The majorityof these are engives with the direct irjection, except the engines marked
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az 4290 and 4CTR0, where the Ficardo Comet IMark VB tothulent chataber has heen
applied. The power outprts of these engines are within 51.5 upto 125 KW,

The engines of FSC Sarachowice make, siv-cylinder, lignid cooled and developed bas-
ing on the 359 engine, with direct injection to the toroidal charmber in piston bottor,
the powrer of these engines being within 110 up to 133 KW [J].

The flexibility of these engines has been presented in Table 1 and Fig. 2.

Rl [%]

Tahle 1. Flexohility of Folish Diesel engives

Lp. |Enzive ehl a1 E
1 SWrenl 1107 157 1,740
2 SRR L2 157 1585
3 SWTLLS 1,227 L5M 1,524
4 IWTILA 1205 L1 1,592
5 4290 1255 1750 4158
3 4CTS0 1,1a0 LA 2015
7 SV L10& Lam Lra
s 4CT107 1xx LE2s 1,538
9 s2107 1171 173 20
0 [&8CTio-2 L= 173 20
11 St 353 1,128 1,555 1,754
12 [ReD 1,114 1,555 1,752
15 [T355E 1,518 1,714 425
14 [ T35500 1158 1,714 2055
Aomiage 1,152 L&l 1,958

DFsums ard imcycing 13l 1n 0
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Fig. 2. Flacibility of Polish Dies el Engines
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SCANIA Engites

The renown Swedish lory marnfictarer applies in the engines chiefly the direct fuel injec-
tior. Generally theyar the in-line engines, liguid cooled, provided with hbocharging and chaging
air cooling. Owing to the modermisation of the fuel and air supply syster, all these engines meet
the standards of the exhaust gas emisdon EURCZ, EURO-3 and EURCH4. The scope of the ef
fective power of these engines arnounts frow 160 (220% up to 390 KW (530 HF). The walues of the
fexthility coefficient for these engines are as stated in Table 2 and Fig. 3 [3].

Tahle 2. Flexhility of 5 C AMI4 engives

Lp. Enzine 2, &, E
1 DSC 14-15 1,177 1,727 2005
2 DSC 14-15 1,172 1,727 2024
3 DSCRl2 1293 1,53 1,509
4 [EC 1179 1263 1,53 1,542
5 DEC a1l 120 1,481 1,522
& DSCR-13 129 1,5% 1,906
7 DSC 12402 1249 1,451 1,525
g DSC 12401 1224 1,451 1,758
9 DC 1203 1352 1,510 2 448
10 Do 16 250 1,171 1,63 1,915
11 D9 172710 1189 1,53 1,545
12 DTL2 12 420 1352 1,727 2,53
13 DC1lid 1278 1,727 2,208
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Fiz. 3. Flexibility of SCANIA engives
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This concern uses for the propulsion of the lorrie s and buses the fomrstroke Diesel engines
which are ligquid cooled. They are six-in-line engines, with the electrordcally cortrolled direct in-
jection, tutbochaged with the charging air cooling syster. The basic for the Vaolvo lomies of FH
series are the engines of the displacerment walues: 5438 den®, 9603 dre®, 12 dee® and 16 dm® [3].
FII2 engines have a different injector constuction (parap-ivj ector). This is actihated by the main
carnshaft, and the injec ion pressure is significanfl yhigher than that enconntered in the corsrentional

mjectors [2].

Further dowr, Table 3 and Fig. 4 show the data related to the VOLVO engines flexibility
These are all twhocharged engines with the chawging air cooling syetern — apart from TD 610GC

engine without charging air cooling.

VOLY O Engities

Table 3. Flexhility of WOLVO engines

Lp. Engzine 2, e e
1 TD&1F 1,135 175 201
2 TD 83E 1,124 1,257 2108
3 TD63ES 1,236 LaG 2053
4 TD 810 122 1473 1,737
5 DH 104 122 1213 2213
L] DH 104-285 1,194 1,579 1549
7 TD 122FH 1,176 1,583 1852
z TD 122FL 1,227 1,02 2058
9 TD1Z25E 1,214 1,583 1522
10 TD 123E3 1,224 1,708 2m1
11 Dl2C 1,152 15345 1,720
12 D1acall 1,175 1200 2115
Soreraze 1,127 1,322
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Fiz. 4. Flexdhility of VOLVO engines
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LAN Engines

This fac tory produce s engines with direct injectior, in fact it raodification known also as I
injection syster (production of cordbuastible mixhore) has been developed and patented by S ie g fried
Dlanrer [Z]. MIAN constuctions airm at the developrment of an engine of the so called “constant
powrer” while they fulfil the requirernents related to exhanst zas parity provided for by the standards
EURO-2, EURC-3, EURCH and EURO-Z, accordingly. Further, in Table 4 and Fig. 5, the flex-
hilityof these engines is press nted.

Table 4. Flesdhility of MAN engines

Lp. Enzme o &, E
1 EURO2 220 1,150 2000 2580
2 EURO2 340 1,250 2000 2500
3 EURO2 400 1,56 2000 2472
4 EURC2 450 1,59 2000 2478
5 DE2LFL 10O 1,385 2000 2730
] D524 LFL 0% | e 1,500 1,217
7 D 0524 LFL 09 1,530 1,714 24828
g Diea L4 1,352 1,500 2505
9 Diea LFOG 1,34 1,500 2573
10 Dies LFO2 1,317 1,200 2501
11 D¥a LFO1 130 1,500 2511
12 Di=3a LFL 1,254 1,217 2403
13 D27 LF 1,56 1,727 2.058
14 D0sa LF 1,259 1,500 24453
Avmrage 1,558 1,553 2424
3.
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Fig. 5. Flesrtbility of MAN enzives
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DAF Engines

Cnwing fo PACCAR WIZ 1291 engine, utilising the SCE. DeMNOx technologs; the XFL05
lomies satisfiy the requirerments of EURO-4 and ETRCLS standards as far as exhaust gas emission
is concerned.

LI engine ensures exce lent results and lowr fuel consuraption. The displaceraent of the en-
gine araounts to 12.9 dr® It is available in three versions: XF105 410, XF1035 460 and XF105.510
of power ranging from 410 HP (305 EW) up to 510 HP (320 KW, of trernendons torgque, 2 000
and 2 500 Hre, adecuately. This 1s a six-cylinder Dhesel engine, tothocharged with the charging air
cooling systern, fitted with 24 wabees (dvabees per cylinder) [3].

Table 5 and Fig. & demonstrate the fexibility of the modern engives of this factory (ZFL05
series) as well as their pre decessors of 95EF seties.

These ate six-in-line engines, liguid cooled, tubocharged with the charging air cooling sys-
tere. Fach cylinder is provided with four vabees, the displacerment araoumting to 126 dea® and the
powrer is varied subject to the charging degree, arounting to 280, 315 and 355 KW, respectively
The good corbustion gquality has been achieved through the application of wery high injection
pressure of 125 IvPa [1].

Besides the flexibility of the engines series ZF95 and HF105 the Table 5 shows also the flex-
hility of ZE2E0C engine nsed in the CF 25 380 tuck-tractor,

Table 5. Flesdhility of DAF engines

Lp. Enzme e e e
1 DAF XF 200 1,308 1,818 2578
2 DAF XF 3150 1,262 1,905 240
3 DAF XF 3550 1,008 200 2418
4 DAFXEE 390C 1,192 1,727 2083
5 DAFEEZR0C 1,243 1,287 1,50
& DAFZEFI0S410 1,047 1,500 1,570
7 DAFEFI05480 1,062 1,500 1,555
2 DAFEFI05510 1,047 1,500 1,570
Average 1,172 1,652 1,547
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Fig.6. Fleshility of DAF engines
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COMCLUEIONS

Lecording to [1] the engines of the Polish make as well as those produced by WOLY O and
D&F are low fexibility engines whereas those produced by SCANTE and IIBN belong o e dinn
flexible engines. The average flexibility of the engines discussed in this paper amourdts to 2.066.
The most flexible engines arnongst those presented here are the ones made by WA, Their average
fezihilityis b 17.3% higher than the average for all engines, and in case of the MIAN D E24 TFL
10 engine (E=2.730, en=2) this is az ruch as 32%. The torgue appears within the lower rotational
speeds, rpen (goodwalue ofen). This is a significant acvantage that prormote s the application of these
engines it lomies as well as in agrienlture. This would allow not only for be fer trac ion prope rhies,
but also quicker reaching of the constant torgue, reduction in the fuel consurmption by the tractors,
leas exhanust gas and, in consecuenice, more ecotornical ahd errirorenents Uy frendlie r pe donmatce.
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[rdformation brockores of SCAWLA, WOLVO, MAN and DAF.

ELAITYCZNOZC SILNIKOW SPALINOWYCH DUZE] MOCY

Stresremenie. Celem artydnh bydo przedstawrenie elatremicded sitbubkdar spalincranech duse) moey wirkorme-
straraehow samochodach clesmrosryeh, ktdre = powrcdm=nien moghh v =osta® zastos owrare w mazmkach
rolmezych Paramety ten (elas tyeenodd silrika) okazat sie b amdss istotroynn, porievwas zalesat w duse noermse od
momert chotoarezo. Silmild = momertem chrotoerrm w zakiesie miskich predhkoia chmtosryeh cechoaraly
sie wrigkszy els tromcdely, W pablikac zapresertorrano els temncée sibmbkoar kmjoare) produko) craz Anne
SCANIA WOLVO, MAN i DAF.

Sowa Khuczowe: silmild spalincwe, eletromodd simka, moment chiotoary moc



