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T}f PKENESS (r IEOIIICIL TEVEL(ffiIT It CUfiNEilT DIESILS

INTRffI'CT I ON

Die6e1 engines have been g.e€tIy improved since the '1960s,

giving greater fuel economy as compared to other prime oovers.

During this period, l , le experienced two oi l-crises which
resulted in drastic increases in the price of fuel; most ship owners in
the {orld have been seriously concetned sbout this l ise in fuel cost6.

In response to the request Lo reduce opeDating cdsts most
diesel manufacturers in Japsn have given top priori ty to the develop-
ment of extlemely economical engine6 or systehs ihcluding ]esa fuel
consumption, ssvings in mBn powef, snd lower mgintenance costs.

Msjor efforts, in the neentime, have been concentrated on:

- the improvement of the engine itself €nd slso viagte heot
recovery systens including exhaust gases and cooling-N,eter,

- the development of unmanned control equipment or systema
for engines or power plants,

- the improvement of engine or system dursbil i ty.

For ships, on the other hsnd, the new developments in ship
building technology, including ship design itself,  and propulsion

systens combined with propellers and rudders, have been succesafuL.

Thi6 paper is vf l t ten prim8rj. ly as a suomary of the technical
development in high powered diesels.

The futule scope of engines csn be seen in the last p€ge.
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CURREIT DIESELS:

In any pa!ticular engine, the calculation of output can be
done uajng the folloking fomule:

PS = rD2/4 x pme x s x Z x fy60 x j/ i  x 1/j5

.XxPmexCm

=KxPr

l{here, PS = output
D = dismeter of cyl inder, (cm)
S = stroke, (m)

Z = number of cyl inder
N  =  revo lu t i on ,  R .p .M.
i = cycle index, 2 for 4 cycle engine

1 for 2 cycls 9ngi6s
Pme = brake mesn effect, press. in Kg/cm2
Cm = piston speed, SN,/10 (m/€)
pr : power fector, (pme x Or)

FinoUy, the ol i tput of the engine j.s proport ionat to br6ke
fl|ean effective pressure Pme, and piston speed On.

Fig, '1, Tables ' l  and 2 showa the increaee of pme, Cm and also
the potrer fsctor of current dieaels - low speed, medium speed, €nd high
apeed engines nsnufactuted in Jspan. In the csae of medium speed
enginea, fo. instance, the output of curtent diesela is over 6,6 t ines
higheD than thst of ones m€nufsctured 40 yesrs sgo.

Fig. 2 shows the phased increa€e of br6ke mean effective
paessufe of current diesels.
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Table '1. Pme, Cm and Power-factor of current diesel engines (for ex.)

Tab]e 2. Pme, Cm and Power-factor of forner diesel engines (for ex.)

(ind of engine Pre (Xg/trn2 ) Gn (n/s) PIE x On

Low speed engine ' t 8 .8  -  19 .5 t . u 1JO -  132

Med. speed engine 20.o  -  22 .5 9 .3  - 171 - 141

High speed engine 18 .8  -  21 ,8 11 .1  -  10 ,6 209 " 234

Kind of engine Pre (Kst/h2 ) cD (n/s) Pne x &n

Low speed engine 5 ,O  -  5 .5 5.0  "  5 .4 25.0  -  28 .A

Med. speed engine 5 .5  - 28.0  -  10 .8

H.igh speed engine 5 ,1  -  5 ,7 6 .6  -  8 .O t7 .4  -  41 .O



?
I
I
I
I

I

D--r

I

ri

L-- 1&.

&-----
gg

8t
?Y

, l l i i ! !
s P! i  &*"-  -  e
Fr g $ €
r *-E 2 3
* "Y iE

4 ,
E : : ; 6
j g F F e

cn

raoo
I

I

? c v

I



- 6 -

hlhst ha8 mo8t €ffected the
ospeci8fly in teD|h6 of hj.gh output,
durabil i ty.

inprovenent of cunent dieaela
less fuel consu,nption, snd high

Tho fol lowing are nqjor sspects of technical improvement.

1) The application of an "Exhaust-ga6 turbo-charging Bystenf
including Inter-cooling of tho compresaod air.

Soon after the end of l , /orld l{ar II ,  in the year 1945, the
application of the turbo-chsrging system to die66ls progrss6ed repidly'
and in the yeet 195t, the f ir6t practic8l engine, incrosaed in power by
l0%, camo into service in Japan for marine us6.

Further offorts llere al6o |nade in €tudyinq tulbo-charger€
themEelves, part iculaly, the use of new n8terialo or part6, auch 6sl

- high heat resistent steel for tu.bine blades,

- highly eff icient b8ll  bearings for rotora,

This contl ibuted grestly to the development of highly
ef f icient turbo-cha.gers.

2) Developmeht of ner.i besling metals for the crank ahaft,
jounals and pin6.

l{ i th the incregse of f ir ing pr66eure (maximun preesure)
of thp ergine, a higher bearing porfornance $46 neceasaly, and d6velop-
nent of "fr i-n€tals" - thih steel back, rrKelnet" hiddle 6nd Bpecial
6oft Elloy plated €urface - contributed greatly to the development of
current high powered dieaela.

In addit ion, gtr ict lubricating oi l  contfol systems
including tho Epplication of fin6 filters, aauoed an increase in
bearino o€rformance.



J) New materials and ne}r heat treatment technology for pa.ts.

As the output increases, major parts of the engine have to
be resistsnt to hiqh mechanlcaf stresses and tho high temperatures of
combustion gases.

The following sre the major engine parts 6nd the nel,!
materials of heat treatments adopted.
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- Crank sh8ft I  high quali ty steel with structur€l con-
fo rm i t y ,  and  the  app l i ca t l on  o f r rRRr rs tamp
forging.

- Cylinder-
f iner

: antiwear specisl cast iron, euch ae hiqh
phoephorous ca6t iron, "tufftr idingrr for
the inner surface of the cy.I inder - l iner to
get a good runn-ing-in abil i ty, and hybrld
compo6ite6 - a quite new matel ia. l  current-
. ly under development.

special cast iron, for example, rrductife

cast ironrr for pistons, the buil t-up
piston with a stee.I clowh and trducti le

c6st irohrr or aluminum body, lnduction-
hardened or . laser-hardened p-iston ! ing
grooves, and specia] cast iron for r ings,
including oi. l  l ing€.

epecial caat iron, foa example, 'rvermi-

cufar cast ironrr.

hlgh heat resistant special al loys with

"steI. l i te" we.lded se;t, end the applica-
t ion of valve rotators fo! exhaust valves.

Piston and
!rngs

Cy.l.inder-
cove!

- Valves, for :
Air and Ex.
geses

4) Improved design.

Jo ensure further improvement of fue.l burning in the
conbustion chamber of the engine, the app.l ication of a longer stroke,
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part iculary for low speed engines, is a great change in the des.ign of

high po*ered engines, aesult ing in remarkably low fuel consumption.

0n the other hand, lr i th the aid of electronics and compu-
ters, measurement snd analysis of mechanical-strdss of thermal-stress
in najor parts can be done effectively, snd therefoae, aigid and
optimum desiqn for parts can be assured.

The "strong-back' '  dosign applied to cyl inder covets, for
examp.Ie, i6 a major change in the deslgn of curlent high powered
enoines.

5) High pressufe fuel injection.

Ne|{ application of extremely precise and high pressure

fuel injection pumps has f i6de fuel atomiz6tion optima.I for burning
fuels in conbu€tion ch€mbers, 6nd '1,500 Kg/cn2 of fuel injection
pressure, for instance, has affected reduction of fuel conelmption
tremendouE.ly ae $eII as ethission control.

6) Cooling systems, by water and lubrj.cating oj.I .

r^ r6oi.+ hi-h-- +hermal stress on parts, . in the combus-
t ion chamber, piston, l iner, cyl inder-covea €nd va1ve6, propet cooling
is very ihportsnt.

Piston cooling by Iubricstlng oiI,  and bore coo.I ing by
wate. in the upper part, of the cyl inder Jine. has been effsctj .vely
adopted in nodeln high poweled diesels,

7) Technicol developments jn producl- ion,

Applicsti ln of exact mechining technoiogy for nejor p6rts,
bed pIBtes, crank 6haft6, cyl inder covers, cyl inder-11ners, pistons,
connecting-rods, and gear-traines, has had s considerable effect on the
deve.Iopment of high porered diesels,

The insta.l.lation of computeris€d controls for .lsrqe rype
mechineay has made major perts mach.ining fsr more exact.



- 9  -

In addition, new heat trostment technology' inc.Iuding
induction-haldeningr lsser-headening and electro-bonding o! surfscing
vrith special alloys has been widely spplied to major parts' thereby
contributing greatly to the development of high pororod diesels.

0n thB other hand, the new development of marine-geala and
flexible-couplings he6 a6su.ed the genoral use of nodiun apeed sngii66
for marine propulsion.

8) Control systems, €quipnent.

i l i .th the aid of electronics, €nd computelar now control
ayatems for engine8 and ongine oquipment have been nide.ly introduced
into the onglne roon or control room of the ship, ond easy oper€tion
and high fidelity of tho engine can therefore be assuled,

ifll nnDs!

1) l{a8te heat recovery 6ystens.

To uae energy nore effici€ntly and reduce fuel coat6, co-
geneaation systema heve become widely used for vaaious power planta,
End by the use of exhaust gos boilers together with heat exchgngera,
for exenple, over 40% energy recovery con be 6ssufed.

2) New fuel8.

To aave future crude oiI re8ourcea, snd pgrt icularly, to
cope with emi.ssion control of engines, the developnDnt of netl fuels hsa
bocooe the new technical challenge to industry.

Gaa gngineo burning LNG o! LPG have alroedy cone into
practicsl s6lvice.

Non liquid fuefg, 6uch aB rrMothanol'r, ate unde! laboratory
te8tlng fo! practlcql uae.
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J) Emissj.on controf.

At present, there is serious worldwide concern aborrt the
emission control of engines, and technical development in this eaea is
a top priori ty for industries involved in automobiles, qenerating power
plants, and marine engines.

The IMo (International Marit ine orqsnization)
study-inq the stendards of emission control for msrine engines,
regulations wi.l l  be enforced in the very neer future,

I S

and

For automobiles, on the other hand, sone technical
developnents, includinq the inprovehent of engines thenselvea and the
use of catalysts, are in practical use st ptesent, but are st i l l  not
total ly satisfactory, and further efforts fo. improvement wi]I  be
continued.

DIESELS IN T}IE iEXT CEI{NNY

With the increase of interest . in the develoDment of more
economical and rel iable engine€ for varioua use6, some technical
development work for the future ha6 been gtsrted already in Jepanese
Di.esel Industries.

The ADD (Advanced Diesel Engine Development Coi), for instance
has desiqned a quite new snglhe, expecting 50% output incf,ease and high
durabi- l i ty, being naintenFnce free for six months,

The f irst test engine with three cyl indets, incorporating nee{
sophisticated technologies in hateriala and design, has been tested end
oerforns wel.f as exoected.

The building of a practical engine with six cy.I inders is
expected by the end of M€rch 1994.

New cetanics epplied to pistong, piston-rings, and cyl inder-
l iners can be expected to inprove the l i fe of the6e parts.



In addit ion, to reduce fuel consumption by '19%, computerised
high pressure oiI control valve operating systems, for air, exhaust
gases, and fuel injection, are in the experimental stege.

Looking at the future scope of new technologyr the development
of h.igh f ide.l i ty engines such a6 the AI engine (Art i f icial i ty Intel l i-
gent engine), together with greater fue.l economy and hi.ghe! reLiabil-
i ty, can be expected in the very ne6f future, and toward the hext
century, the words icentle to lhe Eaathrr may have a very importent
posit ion in the evaluation of engines.

There is no end to the possibi l i t ies of technol.ogical deve.Iop-
ment, €nd new challengea for the century h€ve already been started.
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REFERENCE-1

Pe.formence of Mode] 6Hl6L(A)

No. of cyl inder :
Din of cy.I inder !
Stroke :
0utput :
Revolution :

3 5 0

300

?50

1 . 0

o

4 0 0

3 0 0

200

1 0 0

J50 mm,
670 mm.
2,600 p .  s .
280 rpm

@

Pme
Cm
Max. press
Fue] cons.

20,42 kg/cn2
6 .25  n /s
14O kg/cnz
1ti gt/ps/ht

o

. O .

1 6 0

1 4 0

1 2 0

t 0 0

a 0

ooF
I

5 0 L

6
6t

00 
-.

@160 
f15o 
I140l

t 3 0  L

'c
'c5

7
I

1 ,

. t :

2

I

5

4 00 r

300

? o o

1 0 0

0

3gJ  4
4 t o 4

1
2

1
nflfifl

R,P .M
l.lax. pr6as kg/cm2
Boost press kg/cm2
Ex. qa€ temp, Turbo

2?10 2600tPs) stu,

Ex. gas temp. Cover out
Ex. gas temp. Turbo out
Totel fue.I cone. kg/hr
FueI eons gr/ps/hr

650

ay
-:"

'o !
.r 'a!

str[

{^oa t--'-
t K"

@ Bfl  F;F (q/r sh )

i n l e t 'C

|]00 1950



REFERTI{CE-2

Performance of Model 8M x 28

-1 t -

82s ifio 2475 2805 3300 Ps)

Dia ,  o f

Revolution

o*oI
t00f
600|. 6
soof rorii
4001 t40f

120f
r00l
soL

2.0

1.0

o
500;
400t-
*of
20or
'07

0!

t t R.  P .M ,
Max Press.
Boost Press.
Ga6 T6mp, Turbo

Xg/Cn2
Kg/cnz
ih1et, 4

5 : Cae Temp. Turbo outlet 6
6 r Gaa Tetnp. Cover outlet q
7 ! TotaL fuel cohsr-ih..Kg/hD
I ! Fuel cohsum. q/pslhr

|  . - . 1 9
s-j?

luvul#
ffi1eatt
"7-",*g?Y

f f f+ ,HF+(e/Ps.h)


