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Protection of Exhaust Valve from Burning
and Long-term Operation without Overhauling

of Fuel Nozzle on Marine Diesel Engine

Abstract

1. Protection of Exhaust Valve from Burning

Experimental studies were made on the effects of cylinder oil, fuel
temperature and figure of valve seat on the exhaust valve of marine die-
sel engine to use residual fuel by use of a single-cylinder two-stroke
engine in order to find out methods of protecting the exhaust valve from
burning.

The burning process can be divided into two stages: channeling and
burning. The main causes of channeling are the uneven deposition of
combustion residue and dents on the valve and seat faces. The effective
ways of preventing channeling are (1) to use low total base number cylin-
der oil, (2) to overlay hard material on the valve and seat faces and (3)
to increase the angle of the valve face. Burning begins after the tem-
perature of the valve face rises above a certain degree due to channeling
and deposit. Therefore, the valve life can be prolonged by keeping its
temperature low, even if a channeling is formed. From this viewpoint,
water cooling of the valve seat is very effective for the protection of
exhaust valves from burning.

The experimental results above mentioned are applied with acceptable

performance on large-sized MITUBISHI UE diesel engine for commercial use.

2. Long-term Operation without OVERHAULING of 0il Cooled Fuel Nozzle

The matter of the endurance of fuel injection valve is one of the



most important ones toward the unmanned engine room and long-term non-
overhauling of main diesel engine for marine use. Various tests and
investigations wére carried out on three ships for about one year re-
spectively, in order that we might establish the measures to reduce the
aging of fuel injection valves as well as to grasp the actual condition
which had not been made clear so far, thus obtain the design and main-
tenance procedures suitable for trend of long-term non-overhauling of
main engines.

As a result, it was found that slight deterioration in injection
performance, for instance, decrease of injection pressure due to increase
in diameter of nozzle holes and drop of valve opening pressure due to
wear of some components was not so important, but the question lay in

" the corrosion of atomizer and in the sticking of fuel injection valves
and cylinder cover.

Effective countermeasures were found and the record of non-over-

hauling of approximately 6,000 hours were achieved.

3. Long-term Operation without Overhauling of Water Cooled Fuel Nozzle

In order to postpone of free maintenance of fuel nozzle on marine
diesel engine, we have been promoted the various test regarding the cor-
rosion of the cooling jacket, gas leakage and early impairment of the
atomization.

By introducing the bore cooling design, the shrunk-on jacket is
eliminated and the gas leaking from the shrink tip part is completely
avoided. The cooling is ensured with the drilled passages. The thicker
wall make it possible to prevent the condensation of the salfuric acid
on the nozzle surface.

The improvement of the needle tip angle and material not only pre-
vents early impairment but also makes it possible to prolong its service

life for one year dock to dock with no overhaul.
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Operational factor Design factor
(Puel, Cylinder oil, Temperature, etc.) (Shape, Stiffness, Material, ete.)
4 3 ( 1
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Flaking Corrosion Wear Dent Off souare sesting Hair erack of
L (- rJ\_ | overlay
|
Y, '
Channel formation Isproper seating !
E I
- J
Gan lIlkag‘
Burning

Fig.2.1 Factors leading to valve burning
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Table 2.1 Test engine performances

o Uniflow scavenging
Engine type :
crosshead type engine

Bore X Stroke 190mmnx 300 mm

Output X Speed| 935PS X 550rpm

Pmi 111 kg cnt

Exhaust gas
temperature at 400°T

cover outlet

Test engine
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Hardness (Hv Kg/mi)

Table 2.2 Materials for valve and seat

Vickers Composition
hardness
at room temp{ Co | Cr © w Ni Si Fe Mn Mo
14 035 alia 1| 1.5 .
SUH31 250 ~ 16 [~045 2~3|13~15] " 25 Bal. <\O,f)‘-
18 |03 1.0 o
! GWV 240 ~ 20|~ o4 [1~2[ 8~10{ 10, <25
aren :
. 09 013 015 06 015
i ol e A o ~12|~018 ~035 ~0.85|~030
3 02 015 0.3
$20C 120-150 T 2035 [Be1- |06
RNY45 200 <25 |<0.08 >20 075 |Bal.|<25 |
|
ST-6 440 Bal.| 28| 10 1 <3
Overlay| ST-12 480 Bal. 29 1.35 8 <25
S il 1 580 Bal. 30 25 12 <3
ST-20 650 Bal. 33 2.5 18

700 T T T
—e®— with non-cooled seat
—O0= with water-cogled seat
)
Bt
600 >
o5,
-~ 7
5 ~0f
2%y
e oA 71°
3 -4
X 3 é 0)
B / A/ O
- | : H i = = @ dm < 4 .f - —
300f -~k TS & ,o/ @;././ @
P ® t mea ed hardness
z“ " ® : measur ne | /.@ G’
; o iy e T 200 @ @ : Valve face
A3 @ : Seat face
@g,o’o
Jﬂ O'OO.
Ty—eot ‘
300 400 500
, R R R | e R Exhaust gas temperatuse_
o1 : ' =2 at the cover outlet (°C)

o P20 ¢ 400 600 200

Temperature (°C)

. Fig. 27 Temperatures of valve and seat
Fig. 26 Hardness of materials used

in the test
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HEIFFE R OFFEE b THRE DR $& < T665T, ff=— 2~ WAFH600C, HFEA4I10CTEETH 2,
Thai, FEEKGHTLE, FETHISOC, FREZTO¥FOTSTEENRT L, FEOKSHEIEOEE
BETETICIBOTANLZFR THS Tiribd b, ZOREREE?C &Ml L EBOBEICOVWTEHAIL
B BEFHEICHY ¢ S 2XZQRBDON %D 5 o

LgoERICERT 288X~ ) > 2% % LT, Th¥h Table 233X 0 Table 2.4 T3,

Table 2.3 Fuel tested

Name F1 F2
Specifiec Weight 15T 0943~0952 0843
Flashing Point € 97~110 107

RW1,50C(c¢St,100F) 280~450 (34)
Viscosity

RW1,80C(cSt,210F) 95~120 (13)
Residual Carbon % wt 87 ~ 96 <001
Sulphur % wt 25~28 069
Vanadium ppm 10~80 0
Sodium ppm 10~20 0

F1: Heavy fuel
F2. Light fuel

Table 2.4 Cylinder o0il tested

Name L1 L2 L3 L4
Base Stock Para. | Naph.| Naph.| Naph.
Total Base Number | KOHmg g 0 0 40 60
Specific Weight 15 0889 | 0906 | 0940 | 0945
Flashing Point L& 220 210 232 228
Pour Point T =125 =175 ]| =200 | =225

378TC eSt 2229 | 2375 | 2030 | 2580
Viscosity

989T eSt 179 165 144 169
Viscosity Index 95 58 68 70

2.3 RBHMICLDIKRET

EZBEICL B NE T2 LOTTable 2.510TR7T, RROLEE D, BHREE Fig. 21013 A EF
NTORFEEAET LTS, Test 1~33d, HRFOBEHICERETHRBL IV ) A FHOERELZ LUK
BHOEEABTHNICERL 23 D TH 5, Test 6 LUETH, Test 1 ~5 ORI LERINLAZHILE
OFHBBOBBPLREL L L3IC, TOMBICOWTHE L %, Table 2.5 OESBIL, BM46 FEFHH
BRI A8 FEFEC DT THT - 2 & DT, FOM OEESBEY OFEEEF ] (1450 00 h IC3E | 7,



2.3 1 REHMBHIAOLGHAEFE (Test 1)

—HOKRICETH, CEMETBNAOO ) » At ¥ CEEL, #50h T ECHKL TERRBRE A
F o FEABOBRRTLE B~/

FORRAH % OV REEM (1000h BE) OMESRER L ThH0TREZ VS EWVOILEPOFARICK L. HL
FEBEWKL100 h EHA 6MEkID 2560, 200 h BE CHEHRT A2 &dbd o7, Fig. 2.8 (T227 h kg OFF »
LR, EORL 7« —20—-FAMLLOWCEHR L T+h, FE7 : — A CRLEICMBERREL TWE,
LT, FLEBEHMICES LR RS ORBERE WO Wbk 5 OHTE I h 2 Wk o7l 3 8
OMEHE%E > TEME LY 2 LA EEL2C—BL, KETHIKEWELORF7 - — 22BHL T2
TEEHB Lo ¥, 7 2BWAT L2 CORPEAR, EROERPAKT + —ErBRETORR L
FEREIC I (U T

IoT, FEBRBMTFEATLE BB ICERE OSER T AT KT « — €2 BBICE ~8F A OBEHRA
BEEBTE2BLTH 2, HECHEELRDE (ZWE€ P RNY4SHERE LAADICT = — = M
ER LI L VBRI BTHENOERMICHERL 2—HL Bbh 0, MRELEEENESE OEBI « FHE7 =
-2 RCIBOLNLHRT, £+ RNYASH 2@ LA L RBREROHET 8T b2 LR ZLEW
LE: D, 27, A HOHATHEORBRRICIA LA EENLZ Do T LR, BRI XETHEH, thEhE
HORE D AMHOF « FEFRBFICHAA CEEEThITHEORBATELZLETRRL Ty D, ROBHOE
BEfLE 22T, LBOEBRAEEI (EIT T2 5B LER.

Zi, BRERER, Fig. 280L%b, v ) #Fh - —hLBOBRBRFAGF LUCNEBBICE (HEL T
2o KESHOEHET, T TRIOKEBETEWE CAESmBEIGEL, BANICHEELLL I H52ED 5
h, fFHERIE150~200h TEHREIC L b, LIEEEE BR $MOBEZHRET I OITHL, Ak
BERE AT « FFHE7 - —2ACIHHLTF D, &P ORBRRD b h SO KM HFAFORERICK & (R
LTWw5Z & EEERW %W

BREBEAF 7 - — 2 ORKT OHEFTE L SICHRAICEH & b, BEHROER L L ICSBICER Lo
L L, BREDLEBEAE(XZLEWRY, HARED 5F « FE7 = — 2 OHBRUCHE T 5 C & HRE
ZIHSTHA,

2.3.2 BBRLUYY S AOKE (Test 2~5)

%OTest 1 ( CEMX TBN40) il L T, EEBEAHINF I HBIICERMOME TRAT L LT H
B L7, FBFICHBERREICHR LA PERBEIBRARICKE (EBT L6 LT Edbh sk L2 L,
Wi LU ICERICRIETRES L0 ) Y MO BERBE L HTLZV, Test 2~50BMEZ OMBALC B2,
¥, CCTRIAORBOFTNEN2 MICKSHFES LU ESHDAELHAIFBKSHOBHRILCONTSE
B,at 45,

PHROBELL L) A MOTA» Vil (TBN) BBRAICH ( Z>Tnb, 2T, 3%, CEMBLET
BNOD A4 TAHY) ¥ > £l eEaL GEEL, ~ ) 2O TBN 2SR FOMANICRIZTZEBEK
SWTRE Lk, Fig. 29 K104 hBEEOHF «HFE 2T T, APR LIUFS KRAKSHFELEAL THa,
B3 tih, REBBEOMNEDR, %£OTBN40Y ) v FHOBEL I IELLICE N, ERTJK TRE
Do TE Y, e FH7:—2RCI2EZDIEFE LTS, FE7 = —RCEZHOLMEDRREE LTS B,
ZTOREAER DL S BBEREOHBEH THO b TWd, TLT, EHO7 = —2CH, BEREOHTH
DHICERELA L HE I 200 O+ L UBROXHBD bh b, T TRESHFEERAOFASEES
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Table 2.5

Test on the test engine

U —

T cylinder o1l | Valves “Seats T = T
Tent Running S Sl
Yo. Fuel TEN Supplj hours Fs | FP I AS j_.iP ] FP AS AP Comments
(7X) | (g/pa.h) (n) - Effect of fuel and cylinder oil om
Heavy Valve: SUH31 + deposite
1 [ fuel o A3 2 Seat 1 S20C + RNY45 X X x
siE m O|x|x|0
b L 0 1.5 295 - x O O x
Light . Throttle
4 fuel 0 1.5 268 X O O valve
)t Water-cooled seat
5 | * | 60| 1.5 309 . _ O:
O b= B 4 O X 1t Non-cooled seat
Clookwise rotating type Rotooap
Heavy Valve: SUH31 + ST-6
[ 40 1.0 507 = 1 With Rotocap
| fuel Ol X | X Seat : SUH31 + ST-6 9. ¥ithout Reteoap
~ 7| Antielockwise rotating type Rotesap
7 = | 40| 1.0 " () + ¥ith Rotocap
O X X O X & Without Rotocap
Effect of face
o : | 1.0 376 Valve: SUH31 + ST-6 (deg.) angle on
4 Seat : SUH31 + ST-6 0=30 | O=45 | G=15 | =0 channeling
—— e e —_— _,"_
| i
9 " 40 1.0 SUH31 |SUH31 [SUH31 | SUH31 SUH31 SUH31 [SUH31 SUK31 Effect of hardness of overlay om
+5T=12| +5T=11+5T- +3T-6 [+5T-6 |+5T-11|+ST-20 channeling
. Effect of contact
width on
. . e s Valve: SUH31 + ST-6 (mm) phsuusling
* Seat : SUH31 + 5T-6 b=1 b=2 be=3 b=4
Effect of off-
square seating
. s <5 ; . (min) on channeling
11 . 58 80==30 |M=30 |AG=0 |OG=1S
I N | | Effect of off-
| square seating
. . . o | Valve: SUE3L + ST-6 I(u) N Eanline
12 4 i 3 Seat : SUH31 om.042 |0=.036 | 0=0 |e=small
Eet ——-
Effect of groove
on burning
- (mm)
13 " 40 | 1.0 181 h=0.05 | h=0 |h=0.1 |n=0.2
| | ! | | Width of groove = 2 ma
! ! ! — - b e o ———— — i — —




Fig. 2.8 Valves and seats after 22

on heavy fuel and TBN 40 cylinder oil

hours of operation



AL
water-cooled

¥ 5
water-cooled

Fig. 2.9 Valves and seats after 104 hours of operation

on heavy fuel and TBN 60 cylinder oil
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fro K, KEHFAEMEBOFF S, EREO 8 L ORIk ORE dES Ao A S LB L 2
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BiEF OFREARE T 52, LRORBRERTH»5 L, HERBLHHTLIPAET  — 28 kdo
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(a) Heavv fuel x TBN O x 295 h

0O X 268 h

Fig. 210 Effect of fuel and eylinder oil on deposit

C Rty fi] o

o) FMOTBND 60 0HE, BA20~30

PuonC # Fig.2ll@zol 7 2 T (& PERLTVAYE, FOREA
S TEAT N TWAOT, TORKT OX] 4T i 0 Th D, F
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Table 26 Composition of deposit

= -—

Cyl.uil| | boui-  “womposiiiun
Fuel | Trun) | S8t [rion oo finzu | cav] 205
T T 5 hes| il os]is
394 4 Ps0|lu.4] 0.9[29.2
1.2]4.1 - |¢1.0|44.9
p | L3 |ben- 5 [ orfez.s|4.5
L4u) couled —1 —1—
4 |1.1] 1,5/ 6|m.0
L4 oo 1 | hy] = |51.9]42.9
\e) cooled 2 H.u] 2.2] 55, 3]4u. 2
o water-| 1 | 2.¢] L.u]42.7(51.7
Aﬂ Y cooled[ o [o 71 2.9[37.1]40.5
5] = 2T AR e B T T S——
) }. g 5 4.J]| V. 9|5.6]5.6
FW‘ g3 g 4 J._J. P 5
Fig. 211 Channeling by deposit i A bl Lo | ol Bt v o] il
Non- | 1 o ;_‘ b.t |50, 8]
Eindl 2 a6 o3| .1
: -1 . 3 vy r— - al 1 u v . Llbs 4
EE B OB OB IC AR T ORT AR Ih Tn 5, 2| @) |dmtert — 1 1 IM ‘
(60) | cooled| u 0 [%.0|vy.y
L, TOH7 - Z A RT TWADOATEEEEE L S I N O N e L
4 | of uvsesfw.s

Tk,

F3C Test 1 ~5 OMBERBER b ([THRE L ABERE L HTL TEO EEBS % Table 2.6 LR, 2% L,
Test 4 DB/ AFBE DB LEL, MM TCELZDSAOTERL Tk, 2+ 294V, 2 +Y o4 Na,
#rvroaCa, MMSHZFThFLhOREBYLZBRILOFBICHRA LA TS CrL (25, BRUNOESH
KL, R — K 23T, EHEONTROEBEAVET A TWH 2L, BEESD 9bOV, Na, SHiE
BEIC,Caftd> ) > ARk LAVOTH L, ROLEFD, BT AHh Y v » 2l O Ao T
HBECa &S ThHh, HEOCHEBHEILLIDIREALEIAWCaSO &L THETHLDLEE DI L, /&
COPERXB~ 1207544 CHBINL, 23 EBMUICKRG 52, BEREOMHER X% OB
T Oohibd Db, vV AHOTBNDEEG ZHXONTHFT LELTE W, T DL 9L PEREONE
VoA OBEER 22 IR FL2HBZEF CHLC LRRARIFHOZNWETATH Y, FHirlLinid
Fif % L\, FNiCld, TE2AKXFETBNOY ) 2l #ERT 50048523 L2, thoBRLOCHEICIE
BRA2D H, SEoCa FIMBICHLEIGRY Y > £ HMOEECHI 8T bh 5,

T, BURMIAP KT « — €A+ BT IR BE &M OFHZ LRAARETCH 2, Ll, &
2 BEBERELGMAE L T, Thididff« FEDO 7 = - 2 (CHBERMT 5025 1L T 2 A FomtA hidm k
T5LEEBbhb, EELLI(HALBA TR AT oF -2 (D—}bxy » 7 ) L7 - ZA[(HKENH
KDL IRMEIMETEF S 20T, FhEhh7 » — 2AFWICRITTEEBE KR ICHRE L 720
@ om—txy , 7OER

B Bk S PP ICRFIICEE I €5 < A7 0 F — 2 ([LAWAIWA L HEIREIN TWE A, o
F¥y o 7HBVECHWOR TG, FRBTHALAe -t + 4 » 7% Fig. 212, FdhoTE

B#% Table 2.7 Itird, Fig. 2120t bo -+ ¥4, 7 L5 FOBKHAHEF - ~rO AN KK L 5

TR AhRD, a— b+, 7RI A2FOEERBEE — %, o 70FTE I E LY, FELEB, %5

M LUCBBEERLZ ST TREZ 50, FdRIESEOBAICE, XEXMICFig.2130% 9 % #)?

ey
B

FThHEnbhTwa, HICHOBREFEICELS Y, BFEtHMEEY ( BEEFER ) O 03T MEICER
KHEEF oKL T, KEE HaE (EEREEY ) ofdBEL 25688+ 2HHATTF- TWhad, T
b, BEREHEOD — b+ 40 7R FE 7 : 2 EBEILLOTHRIFERLEVER IV ELD
hTwd, L, o—+Fr., TRELTZOI SRR DL EThid, dL2VEEEGEFEEKOe - b+
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Table 2.7 Exhaust valve spring

Wire diameter 1 35 mm
Coil mean diameter 56.5mm
Number of active coil 95 turns
Spring constant 1875 kg mn
Initial deflection 9 mm
Valve 1ift 17 mm
Coiling direction Clockwise
P
+ &
G s
- —
~—
©
] >
= —
i S
)
=
- nt1 rlorP ise ! l
ro‘mtln" tv*‘e "é J_ T i > ) ce 70"

/ (a) Anti-clockwise type b) Clockwise type

i Fig. 213 Rotating characteristics of valve with
%O@

Rotocap combined with clockwise wound

. . o valve spring
Section f=i

Fig. 212 Rotocap

v o Z7EEATACEICE ST, BEREDF - FEO7 « — 2B T L5051 TAT E2TE L%
Hi 7\, Table 2.5 D Test 6,.TRI DL O RLWRETLHMTEHKELALRDOTHE, F - R
TNTORHASUH3IT7 - —RCXF51 L 62BRELTHS, BHEICEM, ) > #MIETBN40
THEEIE1.07 PSh Th5b,

T, BEAEF e - b ¥, TOHRICONTEBRL %, Table 25 ©® Test 6 DX 9, AP, F
SiCa —t*x, ., 7%, FP, ASICED LB L 7GBE OF 4 HAA K BHEI&EHS550rpm® & &,
0= bF oy L TRFEHIBTI O L A, EEEBFEIE507 h T, &, HOpEK L THBREY T 72,
#P200hFHA 60 - bE L THFOBESTHANCZ D, 1EEIC] 3% BET5B83Ca Tk, 1
7o, —EBBIEL, LHELGSFHLBUVEIIMT LV 2BO TFREEARR FTCOEBRTE 5 %4, 2L L
URMBEMOBEDL, FeRELICo - bx. . 7O 7 . —2CHLKRED D, LEAHBIZTH—CY
 TRADIHLTo — ¥y, 7ORWHER 7« 2BHAOY Y CEHEBI d-Kko LD L, £&
ELTHBELE, 7 ROPREOCHERIL S XUHBBOBREICEH Y » 5 2EIEN L (, &7 8
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RLED TWa 2 EEERER 0 — b+ + o Z7ICEBBERE OB LS RER EAEBO O LD 5 2,
Fig.214do - b ¥+ 7ORECIAHREEBONFDEHE L L VDO TH 2, BELLZVHFASH

(a) Without Rotocap (b) With Rotocap (¢) With Rotocap
Fig. 214 Effect of Rotocap on deposit on exhaust valve

af ter 507 hours of operation
FEEE OGHEHOBRY GBS O B8 Y : 9THD, LoL, kT2 L2EAPOL 9 ICREG
OBBEL LB ICH(BO LN 22, FFSOISRLLBOLh 2 b, LAICEIE 7 = — =2 ICI[FHE
BEORKET WA TE Tk, 8 — b 4 » 7HOBE CRIRT OMBEDIE >3 b L WO, FEEICHKIK
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Fig. 215dMBEOFLE ThEREV L AFEHBL 23O TH5H, Fig. 2.15 3 I0 &% OBIMESE
2b, 7z 2AOBERBEMEDEe — b *x o THOED DT HLLCLENI ST, ¥ DECKRD 5,
COHMBFHFICHE? - —~2CEFENTHD 9T 7, TORDBIE, v — + %4 . 7HFOHH— B %D
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WAR I EBEQABE-2@IELEICbE > TERL Tha, o — M4+ o 7% LOBEIC L H{LULE O
B350, HANICERABSA I IHBICY S Tni,

ZOLH5E, BEEEEO —F %y, 70RO L7 = — A FDEBETHEMA2BO N O
ORI L AR R EBARDT D oo LAcis T, ElEMERKCLS, BEHERICLAE - b+
v 2 77 2 — AN EDOBREH EMET LI LRERLZL 9TH 5, 1K, L{vbhTwilHilH
*OEIHHZ L, FOBRBICEUMA ®, b2xF ., t OREEZBAL, T4, F2FLBOEE LI
FTHETEZLDLAVHRODL CLEHOLEEL S,

b) F-FE7 - 2BOER

BRAFO 7 2 — 2, FHBETEIS OHRE 554, KEBRHETHICHFEHRI TS 5, + b ICH
PIHAELZER L T L L BN A A, T T, BBHEAEL CEBRIC, 7: - 2MLBRFOHA DD
MFEICOVWTHET 35, Table 25 ©Test BICRT & D, 7 - —2MAEFAFN0° 157,307, 45°
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i e —— i

After overhéuling

After acid cleaning

Without Rotocap With Rotocap

Fig. 2.15 Effect of Rotocap on valve and seat face deposit
after 442 hours of operation

After overhauling After acid cleaning

Fig.2.16 Effect of face angle on deposit after 376

hours of operation
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D4 O « FFHETRIE L THBFICHA 208G L 7o, & ORI 376 h T35,

0=0°% XU 45° OBPA OFF « FE ORMBIEES L BFEEORT 4 L& L T Fig. 2.16 (O, Bk
DERICR OB e D, 0=45°OFfHE7 = —2BEEAEHFHE DL 2hnwTdsd, 0=0D
BEA—BICHKBEOREREINE L T2 b, Chod LT, st Thb, 7 - - 2 OHMSHR
Dk, MREONBRLD IEREBeA—EHY ; 9TH2, 0=0° OBEEAMK LA23 CHATELE
bh@ns, RENTLHELABEBALBED TV, 2, BRAEE LB, 0=15"2 LT 30°DFHF .
FREAKELZ(, RERBOMBERRI=0°L45°OPHIBET 24 +SICHEMTE 2 L HUNI h i

LoT, PREREONEDICILGBRHIENRELT, 7 - 2A4ILBEAE (T 20094 L5

T35, 7 x ~2AAPKE ZBCONTHBEEBEOR « FEO 7 « — 2MICHHY TNV B (% b,
ZFOTXOVR Lo TRNEMIBREIN LD THEVS LEL 2, O, BECHEFAOHKR R\
KL T»206EH ¢ &5,

FE T X AWk

KT, I+ HEOMBIC L BZRETICONTEL S, Test 1 ~3ORRALHE LA LS D, MR Y
Bl O BRICHA L TRELE (, dHEMEAERICEL2EICRY, SWiICE 7 - — = 28 - TRIKD 8
T 5o
MEOREBEICOVWTE, K WHANAMRIN TEAA, XBRRICL - T, MR BES BN B
DY & 5 BRAR I B OERT 35 & EDEHI N TD, ) C ORMREINF5 & Fig. 21705 4
bT, EHOEKA (ad) LEBFHNW (kg) #IUWRO 7Y % o BEHR (kg /nd ) & OMFEEAEDOE X
& EEBIRICKA THL T E 2,

A=15W,/HB (21)

KBOB DI THBIC 2 2 ER/ DL, FEEROTHRNL bidt LAHFEE 3 TICIEM 74 PR # = [F 1)
THLLBbhL, ZZTFig. 2180 9T 1A% EL DL L, FefFB7 . 2 CEFAFHORKBER
dmax (m) E XA CRI N D,

dmax « \fﬂpﬂD { 2:25)

B cos O
20 r ‘{
= :
15
1 Y/
- ..l ;
- ‘3 &
£ 0 ; .
3 i ¥
] "t ||
g ,ﬁ/ | Depos‘:t
- v I Py
5 ;}“ ?
g - ! $ X
A ¥ : Bxerted force : TT
4 Hy: Brinell hardness i Fimar. i
3 L b :
0 5 10 15
WHy (ma?)

Fig. 2.17 Dents by brinelling of Fig. 218 Model of brinelling of deposit

deposit in between valve and seat faces
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%L, HB (kg/mna) (35« FEE> 2O 7 ) F o GEEE, Dmax (ke wa ) IR AES #2180, D (mn

¢ max y
b = dmax * cos 7 @ ,./EH__ cos ® D 2.3

bbb, [ -FBROF s FETHIE, BRREENOHINICONT 7«  2OBWETHTLLBEODZ

b b, KIC, Zh DA THET 2B TH - 7 - AOBERFY EORLE LT HHAA

W L, T ER 2R O AN ICEGE 3 REE I D\ ThRES + 5

@)

e FFHE7 » — ZBRG MIE
5 YO QAR A Table 25 @ Test YWl bbb THL, Fig. 226 660 %4
b, 72— Z2OWETAP, FS, FP, ASOIETAS i—&v, ch2TLE LYo CEb CHEHE
B A L 2456, BEE1500 haifds Lz, BEEKE, BEWLAF-FEO7 . - 2T H# LT Fig. 2.
19K, RO L VBEOERIFBEORHHED ¢ 5T, SUHSII1FBICHHEE®RZRELT, -7

FECEEHOUBET 54 L —BICHEH? I 2 > Thwd, DT, ST-6BEOIF « FEICLHEMRATET

(5¢ ‘;0}1:—’

Fig. 2.19 Effect of hardness of overlay on dent
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(325h 591h

After overhauling After acid cleaning
Fig. 2.20 Effect of contact width on channeling
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#REREMIE 368h €, B THOR AR L, MERH 100h B2 TRRLOKENf« FET . — =
OX4hICbTFrICHBHBO W ABETHY » 9 2T d%d 57 L2rL, 150h 8% 290 &
EE IO OB 08B bh AL 9k e #LT, 24 e=0042mOFH2282h T Fig. 2210 L% b
BRL, BV Te=0036mOFFIC 3 297h T SE L & 9 A EOBED t5E 5 72, TOBRESOKEE, <
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ROOBEE368hMkEtEd K EL (ILICHEATIRE LHE I W A0 THRE P IE L, AT, 8K,
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2.3.4 BBEFOHE  Test 13)
B CRERD G 2 H0ICEMIAT 27 L T T A 6%, L L, TNTOWKT 2eBERICHR + 4 -

BERLZV, 2T, K7 2 CHKA 2mTEIh 2 Table 2.5 @ Test 13

3 EF b, h=0, 005,
0.1, 0.2mOMa A LAVCH Tl L, #WHLVRITRMEM~ 7/, Sy, T 9B HLYEON
BEXODWTEF 136 AREE T, £ . BROMTI2 LFEM 2RI 2T bR TH b, FEEZX®O AL (O
LTk b&E 25T E59-TW5,

Wl ORSRIE, GRS TR A LO TRICK LT, &L S, 50 h 2 COWMBICHRA SO OK |
bALhZdiof, LL, TOK, 2Fh=0.2mOfEOBICHIL LR 7 = - 208EH L, SWTHEo
WD BE L7, CO85h Mt DO « FFEEA Fig. 222103, COHATh=0.1mOF S L TV
i, 2K, FROBBEABREINTWES A, £F, h=005mOFFEX 181 h # Tilz L 55 & s bFp
BE OWICREERE Of B A Th, Bl & LVRBRO OB 2 Ch - A0 THBR eI L2, B
W FRE L7285, FREOMICEIZMTEDR - T b, 7« FEL L (BRBOEME LD - 72,

Valve Seat
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distribution of valve and seat (100% load)
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Table 2.8 Combinations of valve and seat tested
on MITSUBISHI 9UEC65-135 type diesel engine

Cylinder No. | Position i Sy nf e
Valve Seat cooled seat
E GWV+ST-12 | SUH31+ST-6 A
7 A ” SUH31+ST-12 A
F ” SUH31+ST-6 B
E ” GWV +ST-6 A
8 A ” GWV+ST-12 A
F " GWV+ST-6 B
E " SCM21 +ST-6 A
9 A " SCM21+ST-12 A
F ” SCM21+ST-6 B

co koK, EEMOREOKERTIED A%, LEINAKINELZC, Fig.223 % I0Fig.2.240R
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b) KBHAEOBECKEITHHAOER
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GWV + ST-12 WV + S5T-12

GWV + ST-12

o]

Fig. 2.34 Valves and seats after 1,130 hours of

operation on field
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Fig. 235 Sulphur attack on inner—surface

of water—cooling seat
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Fig.236 Effect of valve face angle on

engine performance
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Face angle 30 deg. Face angle 45 deg.

Fig. 237 Valves and seats after 2153h of operation
on MITSUBISHI B8UET45/780D type engine
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WL L, BESTORAERD L2 Ed5 D, 2 ARARFEEOBR A2 540, BHMASELLATEL b
> TEBREBZ SO KEHRAR, BEZ1T- %40

322 B B 5 &
3.2.1 EXREAORBTLORRKIPEAR
(1) EMABREH
B30 L Table 3.1 {CRFT SHIP AT3%7%, #OREC dk->TRROESZHETE3 0 - L,
1) BohZHCEHOT 2 21T o720, 108MU OB LML #88Ttd s &)
2) ABPBMBCARDO Z N Lo
3) HE LAAK, LriBmARTEMIhTWEZ L,
4) BRI TEERCRETLC L,
5) ANFOIEBUELAEU LB LB TDLZ &
6) ZORBRICEMEE %5 L) 2P BECRERL ThaNT &

Table 3.1 Particulars of the test engines

— T T T -4
Particulaps—dP Tame | gypy SHIP B SHIP C
Kind of ship Tanker Bulk carrier Bulk carrier
Dead weight 164,600 ton 76,200 ton 112,800 ton
Sea route Japan-Persia | Japan-Australia Japan-Australia
Pitch of voyage 40 days 20 days 20 days
Type of main engine(HITACHI B&W) 12KB4EF 884-VT2BF-180 9KBLEF
Cylinder bore 840 mm | 840 mm 840 mm
Stroke 1,800 rm | 1,800 mm 1,800 mm
! Number of cylinder 12 8 ! 9
| Indicated output at M.C.R. 33,600 PS 20,200 PS | 25,200 PS
| Actual output at M.C.R. 20,900 Ps | 18,400 Ps 23,200 PS
| Revolution at M.C.R. 114 rpm 1 114 rpm 114 rpm
| Indicated mean pressure at M.C.R.| 11.1 kg/cm? I 10,0 kg/cmt 11.1 kg/cmt

ABAHBFAFig. 31 GRT3MOIDT, BEESBRTHERINTVILOTH 3, EBEOHE,
BEERC VA4 VRRMEM 75, VEOXE Y FARTRBTAM, @ox=»rBoxvy FArdEd



ETRME 75, E-2—2a=rOTr=4¥F., 7EFhFTh NG TLEHL LU'654 TR,
TheA4¥%, , 7EARETEM E@a=FrF, FEREMTEL,

(D Spindle

@ Spindle guide
@ Atomizer cap
@ Atomizer tip
® Union nut

Une-piece Two-piece
coniecal type conical type

Fig. 3.1 Three kinds of fuel injection valve

ABEFOBEFNFNI18E(FS, 75 PE1F~18F, 1¥-2a=s1F1C1~18C1, 2 ¥
—2a3=hr1C2~18C2) Tdh, ROBHETHIAB~OHA L5 L UHERFE A2 OME 297 - 7o

1) FppAER, 3HEI2AOML LY )~ #ICHA L,

2) 1 kAR, 3MAE3IMEOFTMEBLL XMHEAOCRKEE T2, 205 LT3 43 EOF%HUA T,

3) 2QAURHE, ARBHUAAK O LD 3% 3D ol L 2 KMEHOEK L+ 2, TOdLC3

% 3 fAOFE At

4) 3 RAHUVBUERF, ARBHUAA KRS bo3MA Moot L3 kA oK &+ 2,

5) 6 WAUBER, 2BOFEME TS,

Z OFE, ARBFHAA S O 6 AEAOREIC, 1 KAUBBERHAA 7 b ol 5 R Ao B,
2 AT EEERHLAA 72 % O 4 RAEROEBIC % %,

(2 # EAE

SRR BHITN, £ ) 2O EHB L#A L. AEABEFRASF 1 F D8 + 12 ( FEASBED b
n2E16kgem), ¥R, B, #—F %%k FONRPEE, Muoo3h, 2 Pazxsy o, 2, N
Rin, BHRED, MinzEOWSHT X b LURBMREICE T 42— K&EHHIEE (#UEd OBMEMEET — 2 )
OBERETHE,

TO5YL, HRAE BHT X MCIoTT F=AYF, 78HRA 2 €Y AT 2 2 UM A
ERINALOUATARER LI N2 DT BEMGE 7~ s KRB A 2T hEXBEHRIT LA T4
b, T2 VL TAABFENHETLTY, 220-id8k, MBO ENIE THHREOBRERIE
HEREZWEHBL 7o

(3) BELBEE
@ #EBE
it LK oWTE LCTT h=4YF, 78H, Th=14¥%. ., 70KR, BOFEEY - 2 (H

E1/7100m)ICLt3 ), RELFAYZ b, RELYFALAEY MAAA PO/, =€y FAFEHD

SR 4



RIEZ E % HMICHAA L% Fig. 3.2 7 =2 A EFOFERBEBA T,
b) it dk TS
WOBERBIED 1 HEL LT—E~> F(H1m) LhKEHEIL, RO YOMELHEL, Th
I VROEEORE 23H813 2 & & il LER L NEL 2 (Fig. 3.3)75, HEMROXLDOEAKEC,
BHiER ZWAD, HREHEL .
) MHHR
R L 7 9 O S OFRMEZ (L 2 i0IB T 2 2 OEMH - [ LEkE, Wik, BFENTYY ¢, WE
R ETBEEERBECL Y E LA, Avar57 KL VRPEN, )7+ £EAILA.
ARBABRCHTE > FEY T IZRHHER L OB ETIDO L HRIO—DOTH %

Lens

Dry
battery

Small lamp

Fig.32 Tool for investi~—

gation of seat

— W

Fig.33 Water flow measurement for checking

nozzle holes wear

Oscillogravh

Fig.34 Injection test

apparatus
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HEBRER OB % Fig. 3.4 ICT 3o #2WEBHHOE— 2—CdFH=— 42— (870 rpm,75kw) & i
AL, thpbVr bCI-T2EBRELT, EPor oM (1) 445 ) %114 rpm CEEERDHI &
Bo €0 LBICH LCIE A 7% K & ) LBBRE BICRR ST 5 AW 7 41C T b BB B0 MAAH
L7 b LHICE D B S RBOBAE LEAMT, RYBEFE—REICT 270, 3EOREERL T2
ORD1EXZAEME L TRE TR L UBICHT T TS,

R, EE OB LEERICERAL T2 AR T, 48X 7ICX h#3 ~4 kg /ol ICEN £ 820 Thkbo
BEREEIFT> T\ K> 7<=—21C.S.0.48%036& L, BFENGMEMRREOMEICHE L 2o

@ A
M oRO OB, AEEROLE(L, BEH BAZ E-FMICHEE T 440, YL, BEORE +17
> o
(e) fE BT
i COER LRl RERGEN oS, R, KE, 5 kRAF IURBE T MTHEE L4
3.22 HEREHCLDIMAKE LR
(1) ZREHFOMER
AIROERIDBRRBRICEATE, 775 MY, 2R a=harfPIVF]l E-—Ra3 = 1EOIRXOH
THRBR %17 - 22, RBROBR1YE-XI=IABRBHHRHIE (#2400h TT b =4 ¥ F , 7HERTEE
bhokll, —HETHL2AOBERAABMICEZARELZS > T b, HRENRZNWEE L, A
oXoERAR LY, Fig.31GRT 75, MER LU 2 -2 0= 102 N EEH L. RELA
RRRPD~B TS 2. Table 3.2 KELASHIAMFESOEXFOFRE7 75 MEE, 2CH2Y—x
a=Hrt o
@) 7 h=A¥F, THEANHLHRERK L OMR

T h=A¥F, 7EEBIERRE LT, M, BREES IURELAER T - o HHOMBANERDJ
IS SKD11#icms T, BECEALAMIMOLWE— LA MGH# ( FUHES Table 3.3 ), 1 -
23 =pAIFCHER LARIM(JIS SACM1# ) D3#TH%, Table 3.2 TFMG, 2CMGCR,
2CMGNICR% I 0r2 CMGOKLAXZ#— v AMG#, FSKD, 2CSKD# X2 CMSKD@SKD
11#, ¥ A FSACMER1tMz zh T hEf Lo

ERZEERFEDPO Fig.a OL HCF» THBRBBROERER 2 EROMR I b FERICEEL, &
HMICLA2RHDREMLAIOL, Th<A¥ %y » 7ORNMEORRELFEF Fig. b 0L S CEE
L, BHZRELMF oL LAbOD2HETHY, MEXRARALIICHRAL, BEX 1 (2CMSKD)
ICEM L %o

RANBRE /-0t %, =y 714 % +20— 44 %, PIVHARAREOREOIMEER
L, B##Hide Tx— v MGH#IT 35,

sa—ni, %, v— Yz MWK THEL LA BEEHv 1,000 BEOZ(HBEDO 20—/ % BT
b, B2 0.2mTd5b, AFE2CMGCRDO Fig.clCA » *WBHE T T =01t Fld=0 7
rE oy 2 OFTHRAEVNBENTHWIRER =, rrETHE I L« BEHv300BEO O T, M&2C
MGNICRIKTHRTIPRF » 7ICE 20— 4, ¥FOTHELT=2 214 3 %2HL, =21 ¢208
-~ LDBOEIFFNFN005~0.1, 0.02~0.05mTd 5,

it A SR AR TEKMNOOKLAX TDI150LHENL DT, vasi—f, X4 v b ROMES



fETd b, HAREFFEHL000T, HaeMiCIBEnLeH T,

RZVv—T2[EF b, EAMk4s= G 2K

B, FoE600COBIIFFTI hMBER LA AOTEF2CMGOKLAX TEZEFig. e CEELME %

T _ro
Table 3.2 Kinds of valves to which the countermeasures were
taken to prevent the corrosion of atomizer
Ne. FNo of | Material of Shape medificatien uu:l
Type MFRS | atemizerti surface treatment
BOHLER MG
no Flat I8 ey |
|
FSKD . " | SEDi1
Fig. a

FSACHM " " | SACM1

This medificatien is applied to all
2CSKD e Bow * |si11 kinds ef atemizers.
2CMSKD . " " ! i

| K Fig.b
--1]3 | 4;!—-
Thickness of Cr-plating is abeut 0.Z2mm.
J
BOHLER MG
2CMGCR " 4 | steel
') Cr
Fig.C
Thickness of plating,
Fi : 0,05-0,1mm .
Cr : 0.02-0.05nm

2CMGNICR " " "
2CMGOKLAX " ] "

=g




Table 3.3 Particulars of material for atomizer tip
' BOHLER MG STEEL'

1 Chenical analysis Cc 1..05 Si. 0.2
Hn 1 .O. Ly A '»“
g A ——— 1 —— e . . . it B s
O« Mechanicsl aralysis Herdneor 10 JRC &= .7
Hardenirg: 7T8C- S0 (,

quetch 1+ o1l

Ternpering: 100- 200

(b) % &0 = A o B £eBl 1k X1 & 6 L 7 Fr O F K
HEAE R E O AR X RE LT, BREH, RELETITS 0o BREER A RO 2CMSKD )b,
BEHMZEOREE T 3mE h4.5miTif LA, REAMBIMARD 2 0 -2 2, %, =, 514, 35 LUBE
BEOIMETDY, 70— as,¥BqF, 7ERUER, =0 rA L, %@3F, 7EE@REY, 70— 22
> 2 EDOHARLTWE VW, BHELBEILCTIIS SKS#H T4,
() 75 FIEFOFER~ 72 bBF ILX K% 5 L 7o fr OFE
77 5 VEROFEET b= A¥F., 7OLETSY, 5. 7OMBLELTHRO L 9WCSKDI1IH(F
SKD), #—vaMGH# (FMG) # X U8t#(FSACM) D3 Hix M\, #E, RmosE (24060 1m)
LR OFR 6 & OBIRER D 7o
T, 2E—RI =L OHRBICE WTHER LREBORHGOMGRS RO 2,
d) 4kt LR, b RO
ChETORBRTEBES L ) v 2 h - LOREHORELX A L, BIEKEEFT bhTWs 0T
REEREZ Z VN, Lictis TEHFR FRWTFh2O0FEARE T35, F1220RBELEOBHESOEFHE »
A= RO OMI TR L > TREAICHEN4E LAz BICRBE L PN OIS OTH 5 40
L[EBMAROERE LT, BEOETRCERZ EHD D, HWHE TE »-<— B2 b FHoH MR ICZ
>TWniEbD55, ZOLOREENEFLLTABNZIOTE Y, BERLFTL2CLXH#THS, LA
Do THAMAETHEH, LA A2WhL, BFELTLESTGIEHKDTHLO20R e EL 70
¥, FEEICEATAEROEY 73— bicxilL, Fig. 35K RTHA=Y 7FEKBO=FJPG~
-2 b, BRILFETIHRKEBO Ko o 27 v—%FH L7k =FE)PG~—2 PRtk Y) 757>, K=
YR Tv-dBBEZERDEL, WTFNI400TCOHRICH 2L 5BRFE L TERTNE DT D A,
CZhoxBAL, d LAXBhE L TREFE Vo Fh—liICh—FK - PEHDET T TND+F
VRS FMIC S5 OFOMEICKRT S L O Lk, Fig.36 R+ 27 v—@HoREERT,
RO a2=4>% b ONEABERICL/90DF — %D, FHEM{ LA, CONFETBERCE
WTHRAF L H - OEBENRE L TRABEDT - 2 20 A BRBICEF (I OTH D, ¢Dax=F >+,
M C R ATRO & MR % & AL 7o



Fig. 3.5 Agents for reducing difficulty

(2)

Mo lybdenum bisulfide Boron

¢

in pulling out valve body 4

Fig. 36 Valve body coated with

Boron

e T

#5433 Table 3.1+ SHIP B,CT&4%, SHIP CICiEFMG,FSKD, 2CMGCR, 2CMGN
ICR¥XU2CMGOKLAX D5 W OF 2#AH», THhETNOHBEOFO3,6,9,12 fim#ER ORE %
B, HFEEOEMFIZE) - bEFXa 2T v -—D2@EBYHERHL, 7 -ff= oA FIZFMG ©

FICTER L 7o
27, i | RBEOFELY F = » 7 3T5720C, HRFFEET DR LBELT
SHIP B ICIZFSACM, 2CSKD#XU2CMSKD D 3 MSOf %A%, SHIP C & [@ROFHK %1720

#AEOBEAFTEVa—F, =FEVPEGR—XR I LIUFFor 27 v-O3FHETHFHI| ft =
4%, NAFSACMOSFICHR L7 it LIRE $ SHIP C &ERICTT > 7o

73, ERRAE—FERICES L TE b, 1 #HLH500h, BEFHEMIIZ12H#ETE6000h &7 37
Bik+5 o ICHBEEXTHAE I HEELEARACEWT, SE*—HELEEL, S#H3HEE 14, 51644

(FSKD9, 2CMGCR2, 2CMGNICR2, FSACM7, 2CSKDY9, 2CMSKD6 ) © % D% ABRIER

L, mEfE

#8000 h & Lo

(a) 8
35 LO0O0O~1,500 h ¢ Eiimig A B # | £l
LA EZITHT, A ! [ is T D HE k= 3 £ $
FBRML, & 7 LT { F 2 f 7 i =
Ba 2 AEZE 1T oKD L &, i L
%\ PRSI | rob: (@ oll 7 & ¥1 £ 1. T I £ - i
- ] J ] & .

NSHIP AICHT A 4845h FHOERIT L b £ 1
TS §iEsE 7 - & A i v A ¥ #SHIP BT wTiX 3%



TH, HEIL TWA IXDOHFORHL LD S 65 Artkil LEAM L %2 - 7o 20, thofd Mk OEBME2H b,
RBGTICFREER LAk D, 2REHET T LS %,

COBES L b EHE A —BEE L, PoHE TS LBELY L WIHRIC Y3 ~4 Ko F et Lk
HTLHCEC L b L, COMETEIEEE L 2RELZBEILEOR LRI TEL TH - 285, HRA
iz 0k 9 ABECEZCTEAK. Lichis T, £ (ERKTHFRALARIKSHIP Clict Tl
E84# (4000h) DY DIEKTH - 70

i LAaFIcd AR ECrT2AERABE, 3.2.1Q@QBL [ERICTT- %,

b) B LB

3.2 1Q3)ALEEE, FEEHETIT- A 2K URHERARICENTE, AFEHITRIE (HHE+< > 7= -2
36, Bl 114rpm) & X CERMITRE (WHEFA > 7<—- 2 18, A&EHE4Orpm) DER & L+
bEMREITE > FEY TR LAREBERE OB ETT O BRI DI, MEBICT > FH> 7k
L RIEL L BT AR & CUHEER TR L &%, ~y VR 7AMBLELT 5 2+ £
13mm, =2+ o —233mm, TRAEHKII8ADL DT seclCH 1 BOEH %175 72,

(3) #REFTVESH IR BE Ot Bl
T b= AFF , 7OBER, GEHMZAEOMEOERLE LT, BT ORESLD HE D SWHIEFICK
EnLEL bbb,
FELPBECEWTT LA, 2o i BBHICE b 2F % Fig. 3.7 ,38WKnr3, Fig. 3.7
9K98FFH#M, Fig.3.8(21084 VT2BF 180/l DOTH b, = h+ %Ll & FRE
FOMELEBILA, L Lads, ThbBetABRETS ), RERE L CCREE &7 T o200

Joo -
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| | Mo, 3
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2 Mo

Temperature T
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noJ \D\\g )

Cooling oil outlet

f

.20 Cooling oil quantity

%) 2504/h Cooling oil inlet
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F.O. . A oil 700 /8 200 240

Cooling oil quantity £.h
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Fig. 3.7 Temperatures of two—piece type valve for 9YK98FF type
at engine running
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BEXTHTS b, BETHICLTHREOHETRTENICII L, MEHICLER TS 7o 22 TAB
RICENTHE, BEFOMNBTL2MOME LK ZFIAL T, TOEIOE THOHIC, T OMHOHM
BE*XHEETLHHERCIABEHAZE A 7o

HBIL 2R Fig. 3.1 OREO~B( R Fa, AEXFAHA N, Th=A¥*+ .7, Th=4
YF, 7RIPa=4rF 5 b )Tdh, TOMHBECD > TR, LAOBMNEET S LERFIC, AXO
BEEZX 22 DENIOT AT LICEREI >k THDD, BEANYE, L L LK (HRICLIEEE
FTOBEADD) »IVER2ZEBICLB 2B, BELZ LD, LICEALZMRLREX 2T hid%Z 5% W
BEHOBRT V=4 ¥F, 7, ¥+ 7, AEXFARIVPREY Fai4 FCEERNMENOG S S 2 #,
a=grs, MCRJIJIS SCM21 EBEREER LA,
az=ArF, \CBEMALERALAOE, BELIRFEEZRZIL2ADTDH, LA TEALETOMED
2OBEFHATAZ LIC L

Table 3.4 K HEH OILERS F IUEBRONGEFEER T RYOVY 7 ¥ o Bl A—-27F+1 +5
MABTDh, BEFLZHEL L LHEHEBL ADOMET D,

3/, 100C THER L &£ L%1T-2e0R, EBEORNETEFCHE) S50, TOMBERINELOD
Tdh, LedsT, 100CUT COREHBAFAET D2, FMRICT b <1 YOREEDHTH + » 7%
100CIKmMBM LAZEIRLED*y , 7O100CUTFTORBEHBATE 2\n,

ZOXS LT LARBR 2EBORGICHERL, HEEUNTL, BRICILZEBROBEEETOLAL
BIEEL, 260 L0888 LMo, MR IVERLASESL L LEKR (Fig. 3.9 ) tEEB L TREHFORES
AL BE L7 SHREBARISHOTEOBE F, AR OEMKRUABM L FAHBBIBON LD - 12,
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Table 3.4 Particulars of materials used for measurement of
temperature of fuel valve operation
Spindle, Spindle guide

Atomizer tip, Atomizer cap

Union nut

Material GSS2 Material SCM21
C 085~1.0, Si 0.2~04 B 0.13~0.18, Si 015~035
Mn 11~13, P 003 Mn 060~085, P 003
S 003, Cr 04~06 S 003, Cr 090~1.2
W 0.6 Mo 0.15~030
Manufacturing procedure
Machining 1. Machining
2. Hardening 2. Case hardening
820TC, quench in oil 930TC, hold for 6 hours
3. Sub—Zero treatment 3. Normalizing
Hold —78TC for 1 hour, 30 Hold 700C for 1 hour, cool in
minutes after hardening. air.
4. Tempering Machining of thread
Hold 100T for 2 hours, cool in Follow items 2 to 5 of left
air. column.
Grinding
Shrinkage fitting of atomizer
tip and cap
Heat the cap to 100TC, quench
the tip down to —78T.
Table 3.5 CRT7TK6 2EFE#M%ERA %,
HOLD FOR
T O #E ST K84 EF , 84— -
[@)H858 O BEL i EF 4-VT2BF 30 MINUTES
18088 & E—TR, TE(ROFHOI R A
5)THh, BABLAEZNC LAbY, B . \
FEROMAE+HMTA A LEL b, ey
>
BB O EERIM.C.0. ICTfF 5 285, 0 T AN
g P
MBS DRE (C D7 - Ti, WBORMEETE - 800 P .
~
M, MEEEEEN & ARG OFE O £ LE o e
) N eing i el z HOLD |FOR N
M EoBFET ERE Lo tbb, ig.3. — ABOUT| 6000 H'OURS\\‘ ’
FTL O, 2Bk Lo L L TREBO .- 490 <<
~
AT T 58 LATEER ORAT RN N
e LU—EORES & LERE (RAR) ICTRE
THRMALETH L, AFE—EREL ELBE 0 200 200 500

Th, —FERHME%BEL I TOREMORERL L
ICHEE B L{ETT28ELd > TWa b,
MERMAE L W EERAZFEDED 2\,

TEMPERING TEMPERATURE (°C)

Fig. 39 Hardening/ tempering
hardness curves



Table 3.5

of temperature of the atomizer

Particulars of test engine for measurement

Type of engine (HITACHI B&W)

Cylinder bore

S troke

Number of cylinder

Indicated output at M.C.R.

Actual output at M.C.R.

Revolution at M.C.R.

Indicated mean pressure at M.C.R.

Max. pressure at M.C.R

Comp. pressure at M.C.R

Temperature of exhaust gas at M.C.R.

Temperature of scavenging air at M.C.R

Pressure ” "

Temperature of fuel oil

Temperature of cooling oil for valve

tinlet)

A ” (outlet)

Pump index at M.C.R.

Temperature of engine room

TK62EF
620 mm
1,400 mm
7
10200 PS
9400 PS
144 rpm
108 kg/on
72 "
60
380°C
35 C
094 kg/en
19-C

35T
36 C
47

17C

WE OWRBEE MO CHMAMTEE IC 30, BAMTEEC30mTEL, 4, 54 L LM LEEO

BIFAIRTETETH IR 10mbhid+ A T A bbb ek b, —EHED & LEEF ICIRRT 28

E LT, BBEERD Ot TORMZ 90m & |7,

| ENGINE LOAD
e MCOp----- g ==
g " |
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=l = s |
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2L ,” | THERMAL, LOAD
2.3 |/ |
u o 4 : !
05 1.0
o RUNNING | HOURS
Q |
Y I
= \
o
a
< .
T :

TEMPERING HOURS

Fig.3.10 Time program for measurement

of temperature of atomizer
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Table 3.6 Analysis of an example of fuel and cooling oil used in tests
SHIP A SHIP B | SHIP C _
fuel oil |cooling oil | fuel oil | cooling o0il| fuel oil | cooling oil
Composition(%)
Residnal C. 3.36 1.88 715 4.23 Felid 0.62
Ash 0.04 0,006 0.033 0.02 0.923 0.003
Sulpher 3.03 1.6 8 2.4 2.03 2.65 1.32
Water 0.02 0.01 0,01 trace trace trace
Gravity(15/4°C) 0.935 0.363 0oty 2.893 1.901 1,001
Viscosity p . 2 - =
(Re¥aii0.1,50°0) 630 7.9 431 o2 00541 =7.05
Flash point(°C) 110 3 123 3545 120 29.5
nigher cal. . n Iha 55 2 o le
('(Cal;"kg) 19,422 10,763 10,47 11,026 10,743 13,576
Lower cal.{ » ) 9,307 10,042 9,311 4,302 2,673 9,391
Tamperatare 100 45/56 120 50/60 110 52/61
Pressure 5.5 2ed 4.5 2.5 L.5 1.3

HHEEICHE > THHE AR AR OWTHEART LT - 2BEd RO L+ b T B 5,
1) BAFENET Ok
BHFFEENET OREE Fig. 3.14 DL D T30kg /ed BEMT L T $ SLIEAEIC BB bh % 5o
7o
2) ~ny PR FRLLEHT X MER
BECTIT AT X IRERICEIBELETRIFTH - A0
3) Th=4a9F., 7OBER
1= 2T =H Al TRIKECLRIML VBB A, $2400h CHEARBE A7 (Hl1m
#8 ) o Fig. 3.15CF D1 fl %R 7T, thOHMBOFICONWTLKICHTNICRDOLNARBRE T - /o
4) T =4 %% 4 » 7H L0l E—Xa=HABDOREx Fr 4 FHEHEEWFEO KL
Fig. 3161 CRT L b2 TROEEMANCRAEL, 1 €—23 = A BKEWTIEH 2400 h CTHEZE
IdM1L2m, 75, MEPLIUZ2E-R 3= WAL EWTRERM0.TmTHo 2, &34 IKHBFERT
BETHo %
5) Thr=4¥F, 70H—F %
Chidzefici@Bo ohis, 2ENICRTI E—2a=2rngdd i<,
HAfehieeE\n, Fig. 31TCHEZIDER T, R X FAFEL VRO 2 TOEFMOMBRIER TS

755 ME, 29— xa3=

bDLEEL b,
6) =& r FARERORE
BMICREBEZAWY, 75, PEOT =440, Bo=prozxcs FABIKH]l mOBTNTRLES
BEOHS — Dk,
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(1) E=BMHBREER
e L b8 1 FOXBYMD, ARDLVWAEAR M5 12 IHZRBBHA L - 200, KRB HER D
CEITTR 2, Bt Y &\ 5WBRIE, MWDK LEHE S, BT840 EOFIC L - THih 2
nf, FEBYIKFGTON, A, FECOREZLCBRERRDIWECx b BRZ L ICE T, TA
FEABINTHEBPILCES AV ODRELAD o AL NI L TR D, M 1% LUK FICHT A4 B
EORRICL 2BRRHFORFLE(LOL B % Table 3.7 KREL, ZOROEE (O A @) EH% Table
3.8 IR L7,

Table 3.8 Meaning of marks in Table 3.7,39,310,311 and 312
Mark Admissible
Phenomenon - O A o Value
Corrosion of atomizer No Under Over 1
tip 0.5 mm 0.5 mm mm
Corrosion of atomizer No T ™ >
cap e
Wear o. noz:le hole No Under i Over 0.03 mm
0.03 mm 0.03 mm (B/W)
Increase of clearance Undds | Over
between spindle and No N | s
s 0.002 mm 0.002 mm
0il leakage from No at over , at under -
nozzle hole 200 kg/cm | 200 kg/cm'
(1) ' (1)
|
Increase of spindle Under . Over
z
1ift e 0.1 mm 0.1 mm e, oo
g : Under Over ’ .
Drop of opening press, No 15 kg/cnf 15 kg/cnf
Difficulty in pulling Pulled out | Pulled out | Pulled out
out valve body by hand by lever, by special =
only. jack (a).
Others No * YES *
Remark
(1) Test pressure
(2) Case of pulling out by screw jack : (® )
Case of pulling out by hydraulic ram : (@)
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@ 7bhF=A¥7, 7HRRERR XA OBHE

Table 3.9 (L& MMEHICEH I A2BARERR 7 To FEEBICSHIP A €310 55 kI OB R
CRMEHETR L 7o TOBHRBR TS IS5CHERILBATS D, B vHL2Y HiC, &A DEHR
DHEEZSORI 0 —Lf o *ph U=, rAa+20 -0, % LAbDL HXKLELSKDIIHTH
» TAROHREEE LALDOTHE, FTH 4, % LA bORL (BRI LA THE L, TOMITREE
HERBED UL OBARRLE 25 o HAHAMIFOKLAX OBHIES (R A ¢, BH¥ —L L MG 48
(FMG) OBHARN LR BE TS - £, RILMLFARE TSV RILOBHRSL 2\, 2CMSKDRRFSKD
T2CSKDLFMHTT » 7ORROE LT H 555, HHMEHREESF » 7EHRICH L TR b
HRETE L%

SKD11#®OFSKD, 2 CSKD OB #8E Tid % o5, RMICH~IERICA %<, 6000hLLED
RUERACHAMA OGNS DT 520, MIKLEBNRELS - Thai2D, MTHDOLWE—L ~MG
MEBHIC7a -2/, % LEH2BERb L%  THR, BHEHTH 2,

Table 3.9 Circumstances of corrosion occured at the atomizer tip of
flat and two—piece conical type

Running hours 800 1,600 2400 3,200 4000 4800
(4. JIS SKD 11 | 505 | 400 | asaa | 000 | 0040
dotted line in N 000 a0C ik 0000 o000
Fig.a.Table 32 | Y OC O - O
Running hours 1,500 3000 4500 6,000
(B)- JIS SKD 11 XN Vi ™ I~ \ —~
Fig.a in Table 32| OOOCO00 | 444000 | OOO00O LS
(C). ” " ” s i )
( A A A
Fig.b in Table 3.2 D A a () ® .
(D). MG STEEL Jinan- PP A
Fig.a inTable 32 O o L A ® a0
(E). » ” -
chromium O O O O
plated
(F). » y _ )
Cr-Ni O O @)
plated
(G). "
resin - - ® O
coating
(H). JIS SACM 1 A OO A O
Fig.a inTable 32| O OO ~00 °.. oo

=5 —



Table 3.10 Circumstances of corrosion occured at the outer surface of
cooling chamber of flat and two—piece conical type
Running hours 800 1600 2400 3,200 4000 4800
(A). Dotted line AL A 000 0000 .. A P
in Fig.b,Table 32 B = A aa
used on SHIP A 91010 P Wws F WY - A s F N W N
Running hours 1,500 3000 4500 6,000
(B), (D), (H) N
Dotted line D000 | asss | 0004 | 00aa
in Fig.b,Table 32 ONONON®) a O0OC A A A A A A A A

4 ;‘fldp O O00O0 OO0O0O0 aaLaa
(C). Fig.b in Table 32 000 000 OO0 a0
(E).Chromium plated @) O O O
(F).Nickel plated - FN a -
(G).Resin coating O o - -

b) 7Tht=A4%*+ ., 7TEAOCHEERR LGB OHE

Table 3.10lC7 b =AY F o, 7OBEHMEAUAWERERI LR L 20FEICE SHIP A OFR
TR L CORARRMBERTS 2, 2AHROWKREORERNIASHIP A DL OICH N2k hRE
Wi, 4500 hBETETKRATE R Lt XROHRIBELZ IOEH 20— 22, % LbDL, %
MEMRELEB LEFERES LAV OTD2, T 20— 2t Lz b7, 7HHELARCRE
REETDo oo BEXFE(LALIDL6,000h THLBEDRELARET, 27 hOREHICH L L
A23DEEL2LNDLD, Fo, 7R TCRETONRIELE Dok, = A4+, OKLA XS
Db ORE {RRA % Do o
FRBOME, 7, 7BBAL S+ » THAL TRBICABETAL0LLT, 20— 24, xOHROKE
W & Lo

() =ErMrfERORYRBERT L&R ORR

775 MEFCPWTHREER, @ULELZ EOHARIT, FTO%RLHNT 5D Table 3.110L
S ICHERO* X OKE, WHY 2+ -2 BEOREHLUMO LV OMb N ORIEL S 2 H8 LA, &H
EAKREDOZVWRERICK D, AERCHEELLZ2E - 2R3 = A to®TR, 77, MERLTKES
Z LA, SHIP A D4 LERBEHR I LI/

LaL, ZORBLENTENE s THEBOBRERECRBRECEERIRT 2\, £, TZT
ELLneRELTEEOE, BFEEF I HAF, T =1 vREAEOBAALC S $ RO+ R4k
(Table 3.7 ) 2L OBRHLERL, 2—2a3=preRITLCE 5

(@) #=i LEHBRERR &P L RO%RE

it LB ORAERTE Table 3121078 b, +OREEDERO133M OF L LEIED 5B 30
F,226%Thoto ChidT7 B THITAKBMNEEZ IO I TH ), BHRARTHWABROD
EWLDDRERIT B3I D THo ko HENMTEOEREBERAR A2 Y+ o ¥ TH5%, BHOVDEVI ORI
Fig.321RRT L 9AMES 22 HMA Lo COMES 4 %A LA2DOEL TSHIP BCHWTTho70



Table 311 Circumstances of abnormality oceured at the
spindle valve seat
Running hours 1.500 3000 1.500 6.0 01 l
Scratch 00 000 ‘
Flat type _I”-__ : i ° I °
njection sour
MG STEEL) |- ™ ‘
. ERSS PR B § 1 _ L ]
Oil tightness -l oA N i |
LEs e R AT SR S SN B — |
Scratch X X ] 000
l"l l{ll l_'.'i]-.' l Ty _._ it _. ] T .
njection sound (
(JIS SKD 11 windy it Eearnde il o
Oil tightpness - L a A A | a ~
——— —— - | =
Scrateh [ ] 00 o0
Flat type . N PO B 1
_ i Injection sound ® o0 [ ] :
(JI1S SACM 1) . | _. i
Oil tightness I | a
— . 1 . ! ] [ = S |
}  ee ee® oo
Scrateh | [ .
Two-piece ’ o0 ®
conical type Injection .v.mmr!: l
(JIS SACM 1) a
| - |
Oil tightness ‘ ) ( [
| | |
Table 3.12 Occurrences of the difficulty in
pulling out fuel injection valve
Number of Occurrence of the
Kind of agent pul ling dif ficulty |
out Number Circumstance
Mo lycoat 14 0
" . Ao a
with tapered 26 6
” a e
union nut
Molybdenum Py “s s A
p . 32 11
bisulfide
m ”n
with tapered 12 3 ,- A L
union nut |-
' A A Ak
Boron 11 L
| s®0®
with tapered 8 2 - X
union nut {
Total Total |
133 P30 r



LR B 6 RS CBEtR % { R4EF %0 LOOOh THEATH O dhid, SHIP ClC+HnTIHIBE

4$000h EEAMOB8ADHLT7A, SHIP BIEHWTIEHHBIEAS5 00 h B D 9 A4 T A% ¢ it 7

Ens roxpld Bi,

Fig. 3.22d 4k LE 850

(H ORJ|F) 25, i LEBERE TR L L 9 #8041 L Twhe

FRbb, QETRICLA A AMAHEE LHBEOREFETS2, Lt THEROZLI BHED L 51c

A &, M EEEIITWRE TR TATETH S,

PA=Mh, B LTkt £ Aoy | = &fiit b, E
ADEDLDIDXTBEMRLAZDTEHLDTH S0, d Table 3.12 T3 6 METH5,
COF#EL LDHM L, AR TELTWADE Koz 7L Chh, i LB DT # -
*FTHETe ®Va—F, =FFIPGR—X MEMES 2 bR A LEZVWE VL %4 L, &~

Foffa=trF o, b OHRIBFD 2 5 TREDS 2o
Fig.3.23, 3.2ddfhEfh=sYa—+F, Ko 27 v—%28MLTHEH LE#ELE %o 260 %5342,
BERTYHELLZIONNC =) a— 1 BAOIOREUROHELAZ(, T V- lETFTolCELTEE-T

Wio ¥BY 27 V-0 DOEETDOE 2K T b, KEFHM OB IEICS EI - Tz,

Fig. 3.22 Condition of seat surface
of sticked valve body

Fig. 321 Pulling out of sticked valves

with a hydraulic ram

o -
i

Fig.3.23 Valve coated with molycoat, Fig. 3.24 Valve coated with Boron,
heavily rusted after 1,456 little rusted after 2,390
hours’ use hours’ use
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(2)

bk AN OFEEZ{EIE Table 3.7 WW/RLAGE D TH 5 %5, EHOCRREREIFICE AR L (L 5 Y

DHENIOTD 5 I,

RS R

AL FTE > FHE 7R LARPRB O R T Table 3.7 OMAMEEEICEL 7z, T4 L WEAIIC
PHLETHEEOH LT L LTHBO X v, BOREDLWARY v 2 F 1 F T~ V> 7ICTITHH TS
TEDBN, ZOBEHLTIhE EROBROPIRBFAF LUK IN L 00L %2 (ki Lo L, &0
RTHRZOTAHF% L HBHIT Lo FHIXSHIP A KFI5EMLL, REOEL HICEKRD L W L HIIT
Lz Tdh, ZERERCETHRHEROHMICLAFRFEEMAL T, B WM CRIT TS
REEALBODON R ok TREXF YBERICE L THIRBEBNR SN AL e LB LRSS, Thi
TORBICENTL T 2R THARL L 225 2B, BAR, Thi#BEACHTLIMTRETH 2, T
bbb, ~rFEX7IEY, BELEANWTARS 40 QERE ORAFEE TEALZRSE, PEL2LT5H
ENWSMIETS 5,

Fl22PR ok FHARBTCHBANTOBRKFTAHBRICH WTLAARFLER 23D EICKEDN LA
T Edbtoteti, BHER2TAOEG T2 WAHEE TORBIE TE 22 £, ARBOER LF1 2207
BEobOLFLTH52, 4ENLEEEEEICHT2EHBILAIC E — 2 L a0 B F 25 A LTI
BETORELHBT S LIC LA, ThICMA ~> FE > 7KL 2MHRRE SHTIL, chb3EOHE
KN TEBRORT, BHOD D HiREH L
() »> FH» 7T LHFHES

Fig.3.25 > F &> 7IC L 2BMHEBRHFOE N, Fig. 3.26, 3.27 X181,/ 90( sec D5
EER%YTRT, Fig.3.2 THRAHRKRO2 -2 3= 1 THEH> .+ 1§, WEBLAFZLOTDH D,
EhEFLEhWwA /7 aXx YRERLTWA, Fig.3.26 DEEELERL ZEMPORFER LTV #
e Fefe [ENH) L F—AFORRZDEHETD 5,

5001 1O SEC No injection

&1 INJECTION sound

1 PRESSURE

S,

g /\—/\_lw
SPINDLE LIFT

0 S

500-"'—EC- Jo0d iniection
&'E‘ INJECTION sound

o1 PRESSURE
2t
SPINDLE LIFT] 1 | Ly m

Fig. 3.25 Injection pressure and spindle lift
at hand pump test
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New atomizer with good injection sound

Fig.3.26 Atomization at hand pump test
(L1200 sec. per a frame )
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M FSACMSY9 used 5714 hours with no—injection sound

Fig. 3.27 Atomization at hand pump

test

1/1.2”{-‘ sec. per a frame )
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(1).Nozzle giving no inmjection sound
at hand punmp test.
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(2).Nozzle giving good injection sound at H.P.test

Fig.3.28 Injection pressure and spindle lift
at injection test
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New atomizer rev. 1195 v/ m , pump index 3¢

Fig. 3.29 Atomization at injection test

11200 sec. per a frame

==



New atomizer rev. 384 r/m , pump index 18

Fig. 3.30 Atomization at injection test

11200 sec per a frame )
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No. FSACM9 used 5,714 hours re v 119 r/m , pump ndex 36

Fig. 3.31 Atomization at injection test



No. FSACM9 used 5714 hours rev. 389 r/m , pump index 18

Fig. 3.32 Atomization at injection test

1,1,200 sec. per a frame
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Hardness of atomizer after 5000~6,000

Hardness of atomizer and spindle guide

after 5000~6,000 hours’ use
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Table 4.1 Particulars of test ships
MName of ship 3
Itoms A B c D E F G H I
Bulk Chip Bulk Lumber Bulk Bulk Bulk Bulk LPG Ore
Kind of vessel Carrier | Carrier| Carrier |Carrier | Carrier | Carrier | Carrier| Carrier | Carrier| Carrier
D.VW.T. 32,875 57,600 | 51,091 24,500 32,967 22,536 19,400 22,000 32,707 45,132
if 1 }
Route JAustralial Australig i;‘;:};u L;::?m Australial Australij ;;::,:m lAustralia g‘i{gim i::f_;’”
Main port in Japan [Yokohama | Shimizu Eiﬁ::zﬁ?a g:i::a% Yokohama r}?ggiﬁhe Tokchama | Niigata ;:kr:-isu Chiba
Duration of one round| 3q days 40 60 45 30 30 30 30 40 60
Yoy (_abt,
Engine type TRNDGS | TRNDTE BRDT6 6RNDER TRNRES 6RNDE8 TRNDES 6RAND6S TRD76 TRDT76
Cylinder bore 680™® 760 760 680 680 680 680 680 760 760
Stroke 1,250™ | 1,550 1,550 1,250 1,250 1,250 1,250 1,250 1,550 1,550
@
=
B| wos. of cyl. 7 7 8 6 7 6 7 6 7 7
]
i Output at McR, | 10,50075( 14,000 | 12,800 9,900 10,500 9,900 10,900 9,900 11,200 | 11,200
Rev. at MCR. 1377 122 122 150 137 150 147 150 122 122
K, écm
BMEP, at MCR. 10.'5 10,50 8.39 10,90 10,85 10,90 10,50 10,90 8.39 8.39
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s |
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o Mater= Y . oS
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" C -
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£
¢ b S
W &l |RrND6B 135° X 10 X 0. 7257
o r |lNozzle “
G, 3

SPeCe I RND 76 125°X 10 x 0, 825

tyre | RND 68,76| sSR-N1 | SE N2 | sp N3 | sR-N4 | SR—N5| SR-Ne

- - |(SR—N24)
e Bl VI | L SRR R S
nozzle| RD 76 SR-N1 |(SR-N2A)| SR -N2B| SR- N2C | SR-N2D | SR--N2E

g

Feature

2

stance of rooling jacket

For increasing corrosion

- Weld L S pray - Spra)
N (Flating)l | welding | welding
g - | sys 3o | Ste 1itei(ﬁ c oo h <@ Colmoncy |y
“ | Mater| RNDE8,76 (hg;§ ¥} Chronic 6 Meteco 16¢ COLTONCY liastelloy
E ial i \- ’ " — ] 2 e
RD 76 SUS 32 [(Kanigen) [Chronic 6 |Meteco 164 Colponoyliasmmoy
Ng .5 "~
o | "% | ranes, 76 S L
€ 2 |nozzle g (Welded type) (Bore cooled type)
L {
g_ g B I g
o
s
g 9
S 8 Feature
g o
t
b &
J " "r}", 1
5 S_ i Weldins | o
S = 2 Nickel Chromium Molybdenum Steel
5 Nozzle NS
E P {J:]‘.,F\-‘S) B
2 ¢ |Mater~
ot | NS Needle High Speed Tool Steel (SKi2)
[ Y = 1ai s S —
. Plating on
£ Ward “Niekel
e ‘animen Tungsten-Nickel

Fig. 42 Kind of test nozzles
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Fig.45 Oscillogram of indicator at full load of 6RND76 engine

with test nozzle
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‘30 — ) Total Nos.of
test nozzle

2 = Nos, of normal atomization

(]l = Nos. of poor atomization

02

(8)

“nz. type RND

Tyose of

aszzle

HR—N2Z | SR—N3 | SR—N4 | SR—N5| SR—N&

o mmal 1334 1857 | 2009 |1475 | 1622 -
atoniz,

Poor 1133 1237 - 1577 | 1195 [ 1270
atomiz,

Ave . work.

hour

Fig. 46 Summary of injection test results by hand pump
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(A) Needle seat £, i B) Needle seat

Poor contact
fa0e  ——

(C) Needle guide § S— (D) Load bearing face .

of needle tip
Poor o ntact SR-N3
face : ;

Heavy contact
face \

E) Load bearing face ' _ Weod 1 aks
of needle tip ; _ SR-N4

SR-N4 dgfué‘ ~ 32

Crack on seat shoulder
due to over hardening ‘

Fig. 47 Appearance of needle seat and load bearing face

of needle tip with poor atomization
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Table 4.2

Specimens for sulfuric acid test

Svm- Chemical components &
o Material e g ¢é
bol C | Si (Mn S| Ni [Cr |Mo | Co| W |Fe | X®]a®
A SUS 27 008> 1> |2 > 003> [8-11]8-24 ’ 1
——— - - _.ﬂ,_ S ——
B SUS 32 008> 1>(2 > 003>10-14)6-18 2-3 , |
c 2 NO. ' 3
STELLITE NO. 6 1 28 Bal.| & .o ] |
D | STELLITE No. 1 [ 2.5 30 Bal.[12 | J I
L Max .
F HASTELLOY C Bal.}6.5| 17 4.5| 5 |
e | 1 =
G | METECO 16C 0.5 & 67| 16| 3 | lo.5 (003 g
H COLMONOY NO. 6  [0.65|3.75 77.331.5( | | l.25/B:2.4 B
—— —_— WSS T— ,:__ — __I;___ -
1 CERAMIC ; EYPY Y |
—— e i— - > - —— - —
J DICHRONE Mai i |
B Bl ] . ~ . . . ___|corgoreny
K CHRONIC 5 50 | 50 |
L CHRONIC 6 40 | 60 } ' 1
_ | ; s S
M STELLITE N0. 250 [0.080.75]0.75 28 Bal. 21.5 [
= ! e
N PENETRONE 35| 2010 | % L] ¥
1 | | |
- 30 30
s £ a 115 —r—
S5 1 e L O AN
‘!.; & l 'n'qurv H ¥ C 32—‘ i 30 of
b : ] P = == =
%5 weldng - EESEL] g15e y Ponatrgt rpo — -1'1[ ’
el L " ~ 30 —
e L v s hise
(mm) ® ' SR—-N1 X : SR—N4
20 - O : SR—N2 ®: SR N5
P 1 ® : SR-N3 O: SR-K6
B L]
| &
2
o 3
—
| W
[-]
| L
T
0 1 5 f i 1 ]
0 4000 hre.

Fig. 4.8

Enlargement of

load bearing face of needle tip
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Fig. 49 Results of sulfuric acid test (15% H;SO,)
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Fig. 410 Temperature measurements of shrunk on cooling jacket

of fuel nozzle for RND76 engine



BEHOKRE Fig. 4100R3, BEAORET AMERS OBRERSEKBELH5~10C 0% |
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Fig. 411 Mechanical stress occurred on outer surface

of cooling jacket by shrunk-on



Table 4.3 Results of qualitative emission spectrographic
analysis of carbon deposits on nozzle jacket
Detection Spectrum 1i-| Detection | spectrum 1id Detectirn [ ZSreccsym 15
element ne intensity] element ne intensity] elemen? ne irnteanite
L MS Cr -] in W
Ca MS Mg s Al M
Na MS Si M b 7
Mo 5 -Ms ¥n W Cu o
Fe 5 Co W
Ni S Ti W

2) Chemical reaction = Acid

Remarks; gl) Appearance of sample = flack and rowrh rowder
3) 503 = 33,41 ¢

The expression marks and sifnificances of qualitative ermiscion sre -t -

analysis,
Expression Marks Significances B
Vs Very Strong
Mair Terr-onent
HS Medium ~tronr~
S Strong abt,] = “evera!
Medium 8 D5 %
W Weak " 0N 7
MW Medium Weak " 0,05
VW Very weak Sl e
T Trace
N None

......

Due to the character of Emission Spectrorraphic Analysis, "Fxrrescicn Mar
are only shown Spectrum Line intensity,never shown element concen‘watinn.

However, if explained the relationships between "Expression Mark" and elr=
ments concentration as conmpulsory, it is presumed apprexinately to "Remarks"
eolumn,

(3) EMTOFAUHBAR
HBEARROMRICL LW TREI NS5 FHOR A L@ Mo SUS 321C, $AKKANIGEN
o *EBMLT Eh% Fig. 42 088HAFICERL, EMTHERBRLEBL 70
Fig. 412 BUAFOBERR &2, Bt T2t 2o OMBREAD 5% L L, fE%
D SUS 32 CBNTHEM OHAHINWThIENTVE, BEZ\ LIEEBH LA O (STELLITE M6,
HASTELLOY C, METECO 16C, COLMONOY M 6 )3 & L THEICH th 2RI O & A
EFL 2OMEALLCZ-TVD, BRICLZ2UH FOFEBRBAAMACREBH L Vi U LARAIAA
RICE>TREL D, TNEHEOKYEL L THBT 2L Fig. 4135+ L 0Fig. 414 DL KA b,
#RE LTCHRONIC 6 MR EORBAEL 2 <, 34, BAEEL 01~0.15m%E3X,1,000 h TH
HoPTREL BHF TS S /o

433 =UrF ey FOHRXHHBHILR

(1) ®7 27—V 7rhHROBHDRER
HASNBIEO 7l s LB AR, BEK (SR-G1]) OBE S DSR2 RN LAS O
b, BHHRO[TCAEEL{ WD, £T7«2 - V7B (SR-G2H)Achhrnkd (Bx 2 A, BKIL
B2 THABHTELDLE 5D OBEN VO THELOEB TR LOKBERB 1T - 720
RRIATHEETED - 255, Fig. 4150RT &b D, BILBO» - X O ERBRIGEOMICIE &
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SHIP A 7RND68
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s TE No. 6 3500 Hrs ]

-“EHIP o =
o B-N4 R116-10
TECo 16C 1914 3.

oo SR-N3 R116-22
.f_':: CHRONIC 6 3500_ Hrs«

SHIP A 7RND6®
iy Sk~N6 R116-30 gre
STELLOY ¢ 1307

SHIP B 7RND6 ‘{g
_ SR~N5 R116- P
0iMONoY No. 6 2636 I

Fig. 412 Corrosion of shrunk-on cooling

jacket with different material
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Fig. 413 Statistical examinations on corrosion resistances
of cooling jacket with different material
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' cyl. cover
- Corresion of
cooling jacket
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R w1000 2=
L=l
L
®
" J
1000 2000 3000 A000 Hrs,
Working hour——o=
Fig.4.14 Details of corrosion resistance of cooling jacket

with different material
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Electron beam welded nozzle {SR-G1) used for 940 hrs.

Bore cooled nozzle (SE-G2) used for 2,390 hrs.

Fig.4.16 Carbon deposits and corrosion of monoblocked nozzles

by welding or drilling
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Fig.4.17 Course of onboard test of bore cooled fuel nozzles

B# ( 7TRND76 ) OB &LRE
B8000hICF T A TITE~NL6 > ) » 2 OMEF 2L LBEE L 42728,

(1)

2425h ( 3580 ) T, FO#HIE4000~5000h OEEM HEH L 7.

#7118 B i 2 T OIS fE AR

O], BEAMER V. ZaTICREOBRICER L THIARED LR L 2208EFEHE&E7000~8,000h

OFERIC S 2 boTHBLR, /A1 ABORKE « #2 bh % EICHFIFRAR
Thoto oT, 1 #EUE(I5S2A) L OSRMMICORAFERATIES > 275,
b, " BOLORXOWTHEEN ZBE L2 TR
CELWELLVOELPT (R Ab DA THESLIBICED LD
INLh ML ARER TRBHRAFLL o — b DX

ZhoORBAIEH %
2 ERERE DS %o
7, RREFMLO LT SR TSHY,

(20 D# ( 6 RND68) oXBER

45 3B A1 5382 h (TiF L7275,
BFBEEIE 2> Twb 5, ChdFEEROKELEL <,

* 7,
abOTRIFEMME NS 5,
1590h O S T—B T & CB I h Bl

S IEEFFOFRNEZ EICE b4

HBRAKE, GHOFEHATSR-G2N2EH+ IUFSR-G2ZNIHICHELCPTARLEHE I
e, £0#%

R RL CTFMEAFAN (B« BLWikhED ) icx

BlED- 5, B2 LA

— 90_

BREELT,
LHtEAF L L FRE—T)
Eh\n, 7000~8,000h#A L THEHG

b R4 2 mmiT

5 b,

&2 b TR

RFF0iCCHE

P OICENT TN

fei

‘[1* LTwnk

BiglT®&~ T

LR T35,

A P T
e OHi




L REL 2D > oo
Lal, TMOSLSR-G2ZN3ELME(NGE6 ) [CRAELAHBIBEHLIC » — F lIOREHIHER
EXONADTFEANTL T LR, BB LEITEE & L,
LlEO 2 BB L TR 2 2 AEE538 2h ICE+ 4 2 TR L %5 77y
AR OBER, / X ANEBORESMBICENTOOE LWBINK 34520, CHERER LG b
HKBEHEEMBEL D 20~30CENS0~60C oAb hABEEOLEHN: £5 2,
(3) E#(7RND68) » kB #sF
FTHESI65haABmI N, 22T, L(ICEBINIZOBMEFOHF « » - A, SR-N1HMHY
(60° AU, MEX=30) THLICb10bLT, 5000 hOMHICH L TLE L2438 L,
R e A2 N < BIAFSONBEOL BRI R (RF THo 0T A, BEAFTEED L, WMITEE L L,
442 BirAERRE
ERKBRICL 2E5HT — 2 2 LUIC, B LARKNE b L CKARFORAKIC ST Z5T 2
(1) MBARBH LR E FOH BEHR

1220 r
L]
1100 }
1000 L]
-

900 i

800 +
&
L al
2 700 |
s !
- 600 L
L b
H
e e
i TN
= 2w -

100 F

——Depth from surface (mm) ——e=
o ] f p . N L , 1 N A . PR |

o 01 0.2 0.3 0.40.5 0.6 0.70.8 0.9 1.0 1.1 1.2 1,3 2.0 1.5

e b\

ned
10

T a0 | R
PN SN OO TN
& I \ P
- - d 1]
£ 700 } X .
‘ ’ b “\ ’
— o .
- 600 \ . o .
) i N [ 1t ' \Q;._l-._
: . v .
} o | N s,
L
T o
~
“"""‘-—-.__. - .
360 b “'—--——-:-——!-——___.--..d--—
200 |
1000 I= ——Depth from surface (mm) — o
] A A I A 1 I I A 1 1 o i 1 i ]
0 2.1 0.2 G.30.4 0.5 0.6 0.70.8 0.9 1.0 1.1 1.2 1.3 1.z 1.5

Fig. 418 Hardness distribution of needle and seat face
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Burnt out and abnormal wear down of injection holes

were not observed

Kounded—off inside edge of Keeping normal atomization

injection holes were in order

Fig. 421 Observations on injection holes and atomization of

bore cooled nozzle used for 5365 hrs



370 hrs. aft. 1aat
overhauling
C.W.Temp.=56/59°C

Total work. hour
=5 58? hXQ.

C.W.Temp.(lnlet)

= 50—600{}

(A) ship D 6 RND 68

Fig.4.22 Carbon deposi

cooling water

1,000 hrs.aft.last
overhauling
C.W. Temp.265~68°c

Total.work hour

e.¥. ?emg %

Conventional type
Total work. hour
= 3,000 hrs.

C ’i\r Tem
g)

Totai work hour

3,904 hrs, aft last
overhaullng

C.W.Temp.=65/67.5°C

00 hrs._
(3n$et

Conventional type
Total work.
= 2,944 hrs.

hour

(B) Ship E 7 RND 68

(C) Ship B

TRND 76

¢

s and corrosion of tip part

temperature

de pend on




A far better corrosion resistance
was confirmed at tip part of bore
cooled nozzle

‘Depth of
corrosion

Corroded |
position |

Aft. side (C.W.outlet side)

Fore side (C.W.inlet side)

| > O o & Qhinm T
3 Corrosion of bore cooled nozzle for RND68 engine, Ship D
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