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On the Abnormal Wear of Cylinder Liners and Piston Rings of the

Marine Diesel Engine

by
Tae Choon Chung

Abstract

Since the fuel oil of the bunker C grade, which is commonly burnt in the large marine diesei
engine, causes the corrosive wear of cylinder liners and piston rings, a cylinder oil of high
alkality is frequently used to prevent the wear. This practice, however, brings us an
another problem to cause the abnormal wear.

In this study the author made an investigation of the mechanism of the abnormal wear by
the experiments surveying the influences of the alkality of a cylinder oil and the temperature.
of cylinder wall on the wear. The major results obtained from this study are as follows;

A cylinder oil of low alkality is clearly effective for the preventation of the abnormal wear.
Therefore, it is recommended that, prio to using a cylinder oil of high alkality, a cylinder oil
of low alkality should be used until bringing an end to the initial wear.

It is also observed that the abnormal wear depends largely on the temperature of the cylinder:

wall, that is, the higher the temperature goes up the severer the wear grows.
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Table 1. Particulaus of the Test Engine

Engine type NDT 19/35, Single cylinder 2 cycle,Crosshead type
Cylinder diameter | D=190 mm
Max. r.p.m. N=510 r.p.m.
Max. output L=110 PS
Mean effective pressure Pr.=10kg/cm?
Mean piston speed ¢= 6 m/sec
Scavenging air pressure P=1.0kg/cm®(gage)
Max. cylinder pressure ( Prax=100 kg/cm?(gage)
Stroke S=350 mm
Scavenging method l uniflow, 4 exhaust valve

1 steam generator, 2 fuel tank, 3 fuel oil transfer

pump, 4 fuel oil heating tank, 5 purifier, 6 seitling

tank, 7 steam, 8 service tank, 9 fuel oil transfer.

pump. 10 fuel oil, 11 fuel oil measuring instrument,

12 booster pump 13 fuel heater 14 light oil, 15 cylin-

der oil squirt, 16 lubricating oil cooler, 17 lubricating

oil pump, 18 lubricating oil tank, 19 muffler, 20 silen-

cer, 21 cooling liquid, 22 cooler, 23 cooling liquid

tank, 24 cooling liguid pump, 25 No.2 surge tank,

Fig. 1 General Arrangement of the Test 26 No.1 surge tank, 27 air cooler, 28 roots blower,
Stand. 29 air inlet.

PEHRE A & Table 29 22 S 2+ Mitsubishi Colinder pressurs wgr .
=S AN S, MREHIRETS Fig. 14 2ol & ulof
7ol &figel ZAX ERE MBAAL o2 BEME 80~
85°C 2 55t b

8-> cylinder i} system L vrel TH &Y
#AE cylinder oil & i e Table 33 3}, e -

% T roots blower & BEJE& LHAA FhEv, B T “Coani "”;/e“(;"-f-’)o e
Jiol LR w BEEES LATL2G0~60°C). o] Fig. 2 Indicator Diagramof the Test Enginr
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Table 2 Characteristics of the Fuel Oil Table 3 Characteristics of the Lubricating Oil
Fuel od grade [IbunkerCl diesel Oil No. [ 40-5B ’40—60B
Specific gravity, 15/4 °C | 0.942 0.838 Lubricating oil type parafin | parafin
Flashing point, °C ‘) 120 101 T.B.N. grade 5 60
Viscosity, cst 50°C 116 SAE No. 40 40
cst 30°C 4.1 Specific gravity, 15/4°C 0.8926] 0.9280

Pour peint, °C +5 —15 Flashing point 270 252
Carbon residue, wt. % 8.60 0.01 Viscosity, cst. 37.8°C 166.9] 153.9
Water, wt. % 0.05 ‘ Nil 98.9°C 15.04] 14.86
Ash, wt. % 0.013 Nil Diesel index (JIS K2284-69) 98 104
Sulfer, wt. % 2.86 0.69 T.B.N. KOH, mg/g 5.2 59
Heat value, kcal/kg 10350, 10600 T.A.V. KOH, mg/g 1.1 3.3

Carbon residue, wt. % 0.65) 6.56

2 rhel A KAHAA 15~20°C 2 %Fo Tk = REE 7] Bkl 2K surge tank & REL

cylinder Bg9) #ytpol = KMol WES Amzs) 248 7 dAF Ehes e 2= 1104 diamond &
A, €8 oil & AHAIF HBste] 512 radiator 9 fan & REN 2 43M619) test run of A1 TEBREEHE

= on-off #iillel #akalct.

2-2 MRFE
HE JEfTEFBI-e Table 40 FRaebel ol LR, cylinder oil 9 cylinder #:e] el ¥t 6
& Bl
Table 4. The Schedule of the Test Runs

Test run No.r Fuel oil* Cyhnder 011** Temp of Cylmder wall
1 k diesel oil low alkality (145° at 4/4 load)
2 diesel oil high alkality (215° at 4/4 load)
3 % bunker C low alkality 160°C
4 | bunker C low alkality 180°C
5 k bunker C high alkality 160°C
6 | bunker C high alkality 180°C

Note; *Refer to Table 2
*¥Low alkality; 40-5B, High alkality; 40-60B, Refer to Table 3

ERREEY RGBS MHe Basy] Bk test run No.1& EWEEHE, test run No. 2& REER
(1) (22, 1/4, 2/4, 3/4, 4/4load A &% 4~6.5 4 EMAZ =, test run No.3,4,5,6 & cylinder ol
o alkalif: % cylinder BES] I %9 BT/t BEEH 97 dd& FE71E AL Bt 4/4 load
A &% 4FFRY EHEA

#34 cylinder liner & o] = ZA ol vanadium SRt (V=0.25%) 24, test run No.l ub& bite {i: L (pitch
—=5mm, depth=0.03mm)s}2 Hfhe] liner = grinder {i: L3R

cylinder liner & BEHIES Fig. 3¢ EREurel 7ol HislEd PE(T.D.C RIEEESY RE(B.D.C)
2oz 2 &7 QEE Aol A cylinder BHET Imm @ #AEBHE 7194 WENS-

cylinder liner ¢ FEHE MEL test run No.1, No.29 A4 HAKHHE 4 EF, MEFHZ 3 @M
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Fig. 4 Piston Ring

(P.Q.R) 7t 127 A (Fig. 3 BIH), test run No.3, 4, 5, 6,9 A% FHEHLOZ 4 HF, HHHHos
4 @R (AB,CD) 3t 16 el 4 f7absledl, P 2iMas Me by oxACMNDK SE-3 7 HEERH
RIMERE BER3te] Vicker's BERE(2)e] ksl MEREBS WEH k. piston ring o HEME S Fig. 49 [Ex
gekol ol 5{EAT(L,2,3,4,5)F B3l BHEXEMRIEEE MEd .
BEDe NES RAA: RBAAE BAS, RESDos BUEER RBEES FIFsd cylinder
HTHME RIete] o] & vlol bl Al WBAA TESF S BESE Tolztoln LBEMBEo = W o
@H, £ test run o] A o HFEMIRMBYE Table 54 FRels wol 7o),

3. KRR % £

3-1 Test run No. 1 No. 2

Fig. 5, Fig. 7-& IE#ME#E(test run No. 1), Fig. 6, Fig. 8 & R FEEFE (test run No. 2)B52) piston ring ¢
fABE LT vebd ZIdY ERERE 220, RMERS 24.5 8 EEK piston ring EEBEMLE
o Zolv rRLBRFHHE RO 0.1 UTFH o E3Bo T3Bueh £ M A8 o).

o L
_ﬁ\i TL
s
Bl“mr\t_n Before runnina
N‘ %LoaJ, 5.5 Hour

% 1oad, EHour

r\\ % Load , 6.5 Hour
% % Lead , 4 Hour

Nermal wear

Fig. 5 Change of the Piston Ring Profile
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NO.| Rins 3

Abnormal wear

Fig. 6 Change of the Piston Ring Profile
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Fig. 7 Change of the Piston Ring Profile Fig. 8 Change of the Piston Ring Profile

o] & L3 BS ring o] MEFEE 2 ring ¥ ¥7] = Folsbm 4 7E . piston ring o FEEHE S &
FAEESE 2ol A ot Fikie edge loading off &M 4] FA3] round 7} A7 = 28 A3 smooth & round ¥
ch(3]. 4/4 HEEHEL H=8p 9l o & il 7 mm o] &3 H/B=1/1000¢] 33l e}, o] 2 & —f¥Y2 % running
in % MM EEE ring o] H/B=1/1000 ©] 2 (1] L4E#e A 9 running ino] 5ETH Qv otz
Fox A4

= Fig. 6& 2 2/4 load o 4] #4H9C 2 scuffing ¢ 7 o] Bol2 ring WE 24 LB ME#Es
Bbd A& 4/4 load W o] vt o}A] ubebdl 4/40) A REEHES BAEAY 2 9o

Table 6 & piston ring ] PEFEE S 3R¥ AU 3Bl TAL cylinder o] BAre}l MHo] %7 =&
ofst A #siet. Fig. 9& EFEEFE, Fig. 10 & RHEHEFNES] piston ring o) MEHES i Zeolv 4/4load
# IEWHERFFS Ra=0.05-0.1p o] A oV} REEERFFE Ra=0.15~0.184 ] 2

Table 6. Piston Ring Wear.

Test run ) No. 1 (Normal wear) 1 No. 2 (Abnormal wear)
Rng 0 wa | owa | s | am | 24 | 34 4/a
No. 1 7.0 11.0 15.0 23.0 3.0 4.8 6.0 442
No. 2 6.4 13.0 19.4 33.0 4.4 4.8 6.4 613
No. 3 6.0 8.4 10.2 11.6 2.8 5.4 7.2 291
No. 4 5.4 8.4 9.3 12.4 1.4 2.6 7.2 95.8
No. 5 4.8 6.8 8.8 10.8 1.8 4.2 5.2 99.2
No. 6 5.4 7.4 10.0 | 14.2 3.0 5.0 6.1 103

Fig. 11, Fig. 12 = cylinder liner & #EEHEEML S KRT Add #HEmEe NWHE MEs Bz M=
A9 #E BRT 4 gich

IHE piston ring o izl HPMEE vebskeh. ol 22 ring o #HEHHME B o cylinder 9] bite pitch
P spolo P<LB<2P <l A7}t glef ring fHEH{TE] tilting motion & oz vhe A modEe

Fig. 13 & EHEEHF:S] cylinder liner o] MEEEE #LS vebdl 2l 3/4 load LIgi(H) EFEEREE)
9lel Al &= stroke FhfEfin et [FEEEY-Tol zch. ohd 4/4 load LAR(EN BEEEFREE LE)AA L stroke o
Lo R TEA A |43 B olek. o)l & alkali#: cylinder i & AR Bl 4ARA R
#E o] cylinder liner ¢ MHHIZE scuffing & Yo7 v Solct At
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Fig. 11 Change of the Cylinder Liner Profile  Fig. 12 Change of the Cylinder Liner Profile.
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