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by G Lustgarten’ snd K. Stoffe!””

.R! CENT YEARS the tour-stroke diese

engitie Nee consodatt s 1 DOSEOR 3L the
mare el Beude 1t apnhcanon i
aunilhi@’s peact penerabos IF rowr-siroke
engInG 1y 4r Imeresing alternatne i the
twinsirnke crosshea. dewse where hmied
space i availabie 107 tne propultion unii, 107
exampie i 1oh-0n 0l ShID.. Dassenger
vessels and ferrie  Sulzer has sveematicain
worked 1o ofter @n engi. pProgramme u
meet el demand
The power range between 620 kW and
1% 900 kW 11 covered by INTee engine types
.
® Aenpgmes for outputs up to 3 600 kW
4 B¢ b
@ Z-engines fOor outpuls up 1o Q60 kW
(11 0% bhpt
® 64765 engine for outputs up 10 21 850 kW
(12 &x) php)

© et 0 GeeemGOmEN! 90N DARGT 10U SI108 8 SNOTES

*C maan) (F Oeesorenent 18e1 Dens

Suizer's four-stroke high-and medium-
speed engine range

Tne firet twe Sulzergesigned 1vne. have
now feaNce, 2 aorvan.e. slapt wimt wigr
SETL AL AN, tevDeE. eADRSTITN. T failgt Ove”
the Past ten vedr - Tue 8% A5 enginc= a ynr!
gevelopmer: o Suzer and MA N ~—nac
compicied ar mignsive deveiopmen: Pro-
gramme by the eng o 1977

The AS25/30 and AL20/24

engines
Tne AS 24730 gesign 1 built in sin. eight and
IV cvbnaer in-hine anc 1210 and IRV
versions, Figs. |, 2 and 3 The main features
of the engine are a sympie and robus design,
£00d accessiMiity 10 the paris subject 1o wear
and easy manienance

‘The ongmnal cvlinder output of the two-
valve A 29730 engine was 135 kW /oyl
(184 bhp/evl) During subsequent deveiop-
ment stage., however. the AS 25/30 engine
was provided with four vahves anc the
cviinger outpu! increased . 200 kW el
(270 bhp/evlr. In the course of aeveloping
thiy ongmally Sulzer-designed engine. the
AS 25730 was incorporated inio the common

engine programme with NMOA N whAKD b
v laker ur w nrogulte bxtencive
cnGuUran. ¢ tesis 3: oot kW v bare
s ® piready DES: Catred O Wilh @ view I
fertiie’ uptatinge By the midde 00 1977 oner
P 1S A2 Wand A 2f Yo engine: were in
service and the maumum runmng hours had
evceeae) 17 NN howr.

When first introduced, the A 2573 engine
wa  use! mamiy 100 aunibary  nower
generavon  Due 1o the increase i oulpul 2
well av the subseguen! asvelopment ©° '
larger V.cvhinder units, the AS 25/3¢ ranue
hat also gragually mage i< mark a a
prropulsion engine. The smalier Al 2 24
engine (Fig. 4). based on a simuar desigr. 1»
bemng manutactured in six- and exgni-cvhinger
in-hine  versions for auxhary power
generanon, the propuision of small shis
and for power packages (as illustrated by 1ie
0 kW contamner unisin Fig. $).

The Z 40/4B engine

The Z &)/4% engine 1s ofiered in six- a2
eighi-cviinder in-bne form and 10, 12, i~
16 and 18 cviinger Veoversions (Fig. 6. 7 and

THE NEW RANGE OF SULZER MARINE ENGINES 62
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Fig 1| Cross-secoon of the ASL 25 J0engine
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Fig 2 Cross-secvon of me AZV 25/ 30 engwne

Fig 4 Cross-sec
vonoftne AL 0 M
engine

& Thi: engine, which is the man repre
seniative O our medium speed engine pro-
gramme, was initally nrroduced as 4 two
siroke verswon with 330 kW sev)
(450 bop/evil As a four-stroxe design, it
now ha' @ maumum cviinder outpu! of
S50 kW oevl at 560 rev mun (For swauonary
appucanons oniv. Wie manmum nomina)
speed 1 NE rev MmN )

[2esign has been concentraied on solulions
Lo meet the requirements of high relabiiity in
neavy fuel service Special measures have
peen agopied 10 reduce Lhermal suresses and
Achieve Jow wear rale: as well as extremely
low lubncating 01l CORSUMPLON. the rowaling
PIston i ine most outstanding feature of the
Z &)/ 48 enpune

The number of engnes in service by the
end of 1977 amounted 10 some 180 wath
maximum runaning periods of 52 000 howrs
1Or the two-stroxe versions and 24 000 hours
tor the four-suok e models

The 65/65 engine

Tne thorough developmen! wsts with the
I2-cylinder protorype 65/65 (Fig. 10) by
Sulzer i Wmerthu: as well as with a

Fig 3 A lbcywnoer ASV 2530 engme

Tabie |: The Sulzer medium speed engine mage.

Engime Bore Stroke Speed b.m.e.p Cyl. owpw
Type (mm) rev/min (bw; ) (kW)
1060 6 200
AS 23/% 2507300 900 1673 s
7% 17m 180
AL 2024 200/ 240 1000 163 23
Se0r 19 %4 B
Z 40/48 400/ 480 $30° 20 0 P
63/65 650/6%0 400 - 1843 - 1323

* Ma ormm engere speed 1 §mon ary aopicevon s m 800 rey | man.
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Fig 6
engine

Fig 7
engine
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LeftiCross sectionof 2L 40 48

(Rignt.  Cross-secoon o 2V 40 48

10 The 12-cviman: VB5/65 engsne on the met bed (upoer left).

Fig. & A l2cvinae: IV 40/48 engine (sbove).

Fig 6 A conmner Stwd out with & wa-cylinder ASL m/xmnmanw”m
liwtr)
THE NEW RANGE OF SULZER MARINE ENG VES =)
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¥ Cruss-secoon o! V85 65 engie

ZVLO/LB . I Engine camng gesgn o' ime Tv &) S and AS\V 25 30 engme
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16 ZVAOD/4AB  Stress amplitudes for: 16 ASV 25/30 Stress amplitudes for :
533 kW/cyl ; 530 rpm 200 kW /eyl ; 1000 r.p.m
{725 BHP/eyl ) ( 270 BHP/cyl )
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The 1oHowing discussion presents some of

‘thie el fe tures O ne Sulzet four-siroke

engiie . SPeCial eiphass will be placed on Measured l:;u armphiuoes n he

the 7 40.4> engine. which s the “‘pack: 3 connecting boits for

pone™ of Uul 10UT-SIOKE PLOgramme €5/65 A526/30 (0ol 2223 N/me’ NOD0TPM)
240048 (Doinst20 Nimen (600 rpm)

Low levelof mechanical stresses e, 65/65 (Domet2é N/mm'i 400rpm)

Tre meorporauon of o BN WM Teserh e
1 Tutute gesclopment aliow < the engine o
enter ProOUUCUIOn dl a teasunabiv sal tevel
Furthermore . the atlwnment of o mehe!
evROde Ondat 1 W course O the el
Qe CIOPMAN! slancs does NOL negaleiv atied?

|
§ e \
0
zions SN\ |
\
|
|

he OPCTANOnG safeny, byt represents onn e
e fu wlisauon o the reliabiit . desiened i 6"‘ | i
10 The eNEINE #1 AN ear slape A fow siress

AS25/30

fevg! 17 IRG MAKOT engine COMPOnenis 1 one
o1 the necessarn requirements <

g

ey
|
N

Engme casngy: Fig 1] snow s tne casings of
tne AS\ 25 30 and 7\ 40 4k engines which
are 10 they basic design. venn simila® The
undersiung  Cranksnaii sliow- the loress
INguced INto the bearmps 10 he transmined
directns (0 the cviinaer nead Tie rods transmy
the norzontal forces of the beanng oads
trom the beanng caps into the frame The
low stress sevel is reflected 1n the maxumym
ommnucu of less than 224 N.mm’
(z2%kpmm ) at full load Even for,
bmep's of 24 ¢ bar (2 5 kp/mm’),
which corresponds 1o a cvhinder wutput of
TICEW (1 i bhap) In the case ©Of the
7 40/4n engmne, the safety factor wili remain
above 2 0 This explains why no mechanical
farlure of the casings were expernienced during
service by a 7 40/4n or AS 25 Juenpine

The stress level in the casing of the 65/6¢
engine 1 &lv0 a1 @ simalarly low level

A new solution was sought {or the connect-
g rod of the 65/65 in order to simphfy
overhau! work. Tnhe shaft is extremelv short,

jowing the dismantiing heght 0! the pision

be reduced 10 8 mumumum_ The big end s
botied 10 the shaft by means ©f eght

Fig 13 Companson of the 65/65 24048 and AS25/ 30 engine connecng rods

' 4 .
AN ) IR
nvdraubcallh tightened bolis, which are valve \' \ ! ! eI
readity accessible \ , W
i -

|

!

—= O
Low thermal loading —'l——--

7 /45 wall lemperstures: an engine with
mgh specitic outpul ntended 10 burn oW
quality heavy fueis must be provided with
adequately <ooled combustion chamber walls
in order to avosd thermal cracks and high
temperature corromon, Fig. 14 shoss the
compusnon chamber temperatures of the
Z 4u/4p engwne. The cyvlinder hiner tempei-
stures are kept at an adequate level due 1o the
application of the borecoolirg principle
dgeveloped at Sulzer many vear 2g0

The design principie of the double botiom
has been apphed to the cylinder head and the
thin fNlame plate 15 wiensively cooled. The
mechamcal loads due W gas pressure are
carned by the massive intermediate sup-
poru.ag deck.

7 40/48 weive sent desigun: the exhaust valve
one of the most critical parts of the
head, if not of the entire medmum

speed engine. For reliable performance,
perfect sealing of the seat as well as efficient
cooling are necessary. ln the case of the

Exhaust CEE A |
|

247
- gy
A

172 150
1192 212 20

carried oul in order 10 find the best design
for an engine with & high reliability and
capable of buming heavy fuels up w0

3500 sec. Red. 1 with high sodium and Fig. 4 Measnd tempersivrs "C) in the combuston chamber sree of the 240/48 sngine 8t operting

vanadum contents. congpons of 530 rev/mn, b.m.e.p. 20 bar, 533 kW/ewl). |
Sl _”MWWCIO'WUII MARINE ENCINES ()
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Y tmal e usuadi QesIEn prachice, MCorpuraling

» Al ar eariy uesign slage, !

Valve cages. was MO Wie best solution tor an
sengine ©f the size of tnhe Z 4rdy Tne
oviinger hesd was theretore provigel witn
press-finted vaive seat neerts (Fip 150 a
desien which  ofters the  foliowing
aosaniages
® Ine vahe seat » fulh svmowirgal
Thneretors, under preioading O1 Ras iwdd.
tull symmetry Of delormation v aimesed
® The coolmg ©F the sea! @rcs v ven
efticient. The temperaturs distribghon
around the seat (kig. 1%y ic unptorm and
ieads 10 gOOU SCAUNE PIopeTies.

® The water passing wnrouch the vahve sea’
nserts fiow s qurectis 10 the centre Of ine
fiame platc. ensunng eftedtne coolng of
1nis area

@ Finalin. mghe; pas passage area. are

POSSIDIC I COMPArsSOn wWilh a cvinger

nhead having vals e cages.

The press-fitted valve seat contains an
addiional inne: sieeve 0 orger 10 prevent
sulpnur corrosion of the laieral sea’ surtace
This 15 acmeved by the insulaung arr gap
petween tne onvercoolec region ©! the seal
and the gas passage. Tne rehabiy’y of the
vaive for heavy fuel Operauon wa< con-
sigerably increased bv the apphcaton of a
specialivaeveloped and patenied plasma
coaung for the valve seat. In addmon. the
Z 40/4x engine 15 supplied with specially-
deugned 100l for rapid dismanthng of the
cviinder head dunng reguiar mspections

The apphcauon of the above mentioned
features made It Ppossibic to exiend the
overnaul intervals of the exnaust vahves. On
the basis 0! service expenence gained with
overnaul ntenvals mnally fixed at 6 000
hours. 1t was gecided by the end of 1976 10
extend the recommended vaive overhaul
periods to between 12 000 and 18 000 hours.
Thnis penod 1s also customary tor puliing the
pisions This enminates aitogether basic need
of vaive cages. Subsegueni service experience
with the exhaust valves on the Z 40/4¥
engine has generaliv confirmed the reliabibity
o1 tms gesign. The tew vaive fauures
experienced were expiained by taulls quning
the manufaciuning process Or because non-
approved vah e makes were used, which did
not meet Sulzer requitements

65/65 wall temperatures:

because simuiar principies adopted in the
Z 40/48 were apphed 1o the 65/6% engine,
the maxmum temperatures are remarkably
jow for an engine of this size. Unhke the
7 40/4% design, however, valve cages are
provided on the 65/65 engine 1n order 10
keep the fitung and dismantling ntervals of
the valves acceptabiy low (the weghi of the
cylinder head s considerably higher).

The rotating piston

In view of the large power range covered by

Sulzer medium speea engines, two different

piston designs have been adopied:

® The requirements of the AS 25/30 engine
led 1o the use of a convenuonal light
alioy gudgeon pin pision (Fig. 16, nght),
whereby the piston skirt is lubncated by
splash oil. The lubnicating oil consump-
uon, which ranges between 13 w
2:0g/kWh (10 to 15 g/bhph), is
controlied by the ning package
above the pin.

e 290° 555° 535°
big 'S 2& & enoine ernaus| vave seat temperatures " enginerunmng 8153, rev. mun b m & & e

2rC N
222°C
166°C 330°C 250°C 240°C

120°C

a0

Fig 16 The roteting peston oesien of the 240,48 (left! inacabng e remperatures L messured »
coeraong condioons of 530 rev. mn. 533 kWicy! (725 bnp cy! Prston with Quogeon pin ©f e A5 25 3
(ngAT) with temperatures measwed at | 000 rev:mir. 200 kW eyl (27 ohp: cyi

pmal
bar ¢t

6001  Max lood for @

so0 {0

gudgeon pin bearing

400+

300 +

200 ¢

5 ‘

100 +

Gas load Mass forces

533 kW/eyl 600 r.p.m. 0

(725 BHP/eyl ) J— 0°

Fig 17 Specific koad of the sphencel besnng of the 340/ 48 engine.
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Ratchet - ring

Spring

We *

= Angular velocity the piston

Angular wveiolity the rotchet-ring

Fig 18 Rotaong mechamsm of the 24048 peston (left) Bnd & SCReMeDC reoresentadon Showang its very
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== Development

™ The pistons of larger engines are more
prone t0 piston seizure because of the
higher deformations mvolved. The risk of
seizure is aggravated by the customer’s
demand for low lubncating ol consump-
ton and by the requirement 10 burn low
quality heavy fueis.

in order 10 solve these problems and to
satisfy the demands connected with high
specific output and good relabiity, the

197%

1979 Year

~ Production

well-known rowting piston design Was
adopted for the Z 40748 (Fig. 16, lkeft) as
well as for the larger 65/65 enginc. The
advantages of such a design are that local
overheating 15 avoxded, due w0 the rotary
movement. Temperatures are symmetnically
dustributed and thermal deformauons Aare
also symmetrical. Thanks to the spherical
bearing and the symmetrical form of the
skirt, deformations due 10 gas pressure are
symmetrcal ag well. With every stroke, a

tresh Oil-welled part of the spr - lurned
it the loadg-carrving 20nc.  substantal
reducing the gaanger of seizure Furthermore
pIslon  Clearang can ©®  reaguced L 4
mmmimum du*s 10 the symmetnica! shan. 0!
e sk
An imnroved mccr‘.am;ai renaminy s ais
rolauny peion, du 1
the 1ollowing charactenisng
® Tne maumum specif load of the
spherical Deanng under ga
arout W 1o & per cent jower
Caw ! In sMa en. beann,
cunvenuond: gudreon pi. I &
eveniy distniouted (Fag 17)
® The icagme of the rotatung mechan =,
VAL KWW aC eypiained schemailia i\
Fig. 1¥ the osciiatiny monon o the
connecuny rod Shat: impose. an inter
milten! roanon o the ratche. nne Or
the Other pand, 4 penodi. acceierauon
ana geceeraton of tne neayy pision skin
showld e avondod i orger 10 prevent
gamage Of the rotating me nanism aue 1o
high nerua 1orces. For this purnose. the
ntermitient mouon of the raicher nng
transmitted 1o the piston skiri osver a
cwcular spring. The spring asiumuiates
the energy transmutied penodically oy e
rolanng mechamsm  and  delver "
SMOOLNIY 1O the piston skirt. ACCOraing o
Fiz. 1§, the mtermitien: rotanon of the
ratchet ning () s transformed into an
AIMost sieady rotanon movement (yu. ) of
tne piston skirt around ns axis. Dus to the
chmination of unertial force.. tne torges
incuced a! the ralche! nng periphcsy are
ow

mncernorate in th

1 orC \

than i the

Lubncatiog oil consampeon: this condera
non 15 one of the mos! exacung probiems
which have to be solved aunr the
development of a trunk-pision engin. . The
umaue features ¢f the rotaung pisic’ have
permitted a much betier control of wbricating
ol consumpuon because of the tolowing
tactors
@ The absolutely symmetrical conditions of
the piston skirt as well as the small
running clearances resull in & reduced
piston slap, which can be aampene ; with
comparativelv smalier amounts of ol
® The reduced danger of seizure due 10 the
rolaung movement permits a lo+ lub
rcaung oil rate

In additon. the jlubnicating o consump-
von » exactly controlled by a scparate
cylinder lubrication sysiem: the raie
automaucally adjusted, as a funstion of the
engine load. As a resull, the total lubricating
ol consumpuon of the Z 40/4r engne
remains below |3 g/kWh (10 g'hnphy
This performance i fully confirmed by
long-lerm service expenence with the engine.

Testbed results

As aiready mentuoned, a high power resevve
was incorporated in Sulzer engines at the
design mage, & principle which allowed the
engine 10 be introduced at a reasonably safe
output level in order 1o gain experience for
further power increases. At the same ume,
tests with much higher ratings were carried
out on the testbed. Fig. 19 illustrates the
evolution of testbed performance against the
production ratings of the AS 25/30 and
Z 40/48 engines. The even, increased lead
ume basically results in successive improve-




