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Design Method of Strength for the Walls
around the Combustion Chambers of'Marine

Diesel Engines

Abstracts

For the marine diesel engines, much imporﬁanée has been placed
in recent years especially on their'reliability aﬁd durability. And
the durability of the walls around the combustion chamber is the
first problem. As for the strength of the above parts, it is neces-
sary to take into consideration the therhal fatigue strength due to
the thermal stress, which is generated by the temperafure gradient
of the wall of tﬁenéombustion chambef, beiﬁg repeated by stopping
the operation of the engine, as well as the fatigue strength dﬁe to
the mechanical stress caused by rebetition of the gas pressure.
Heretofofe, for these two kinds of stresses, the results of the
fatigue tests on the materials under the fixed mean stresé were
employed to determine the safety to each stress, but it was found
inadequate to rely on this problem by the above usual method alone,
Therefore, at the SR 100 Committee of +this Association (in 1966),
for the stress of the walls surrounding combustion chambers, we
noticed it rational to determine the safety and life of the each
parts with the use of the fatigue strength under superimposed stress
wave of the materials, by introducing the idea which regards it as
the fatigue strength under superimposed stress waves that makes

the thermal fatigue to low cycle fatigue on which letting the high



cycle stress by gas pressure be compositely repeated. Thereafter,
this problem has been continﬁously taken up as a theme for re- .
search of this Association, and technicians of the companies con-
cerned have cooperated in tackling this research. In this way,

we could establish a more remarkably advanced estimation method
fhan inrthe past, for the strength of the walls around the com-
bustion chamber which had been treated as the most difficult.
problem before, but not it is possible to give the reasonable guide

applicable fo the design.

This report is composed of five chapters in all. Chépter 2
deals with the research on-the fatigue strength under superimposed
stress wave in the case of various conditions changed regardiﬁg
to the materials; Chapter 3, the research on the thermal fatigue
strength and high temperature strength of the materieals; Chépter L,
the research on the corrosion fatigue; and Chapter 5, the applica-
tion to the étrength design for the construction of combustion
chambers of diesel engines. These were collected compositel& in
this report from the results acﬁieved during the three yearé of

1972 to 197k.



(1) Summary ¢ Research on the Fatigue Strength

under BSuperimposed Stress Waves

The stress state of wall materials ¢f the combustion chambers
of diesel engines varies with the operating condition of the ships,
and it is impossible to carry out the fafigue test under the condi-
tion corresponding to the all cases of actual ship operating condi-
tions. Therefore, we classified the stress states into a number of
patterns and carried out the fatigue test of their modelled tybical
stress patterns, and established a fatigue strength estimation
method having more universality capable to explain that test re-
sults. And, this method was applied to the strength estimation of
the actual engine in various stress states. Namely, as for the
repeat wave, three kinds of superimposed stress waves combined the
sine wave on sine wave, the sine wave on the rectangular wave, and
the sine wave on the triangular wave, were adopted as the basic
stress patterns. Further, eight kinds of stress patterns with
addition of the stress varied, such as for the load variation due
to the start and stop in ports and oceangoing, and during turbo-
charger cleaning for the actual engines were established, and

thereby the fatigue tests were carried out.

On the other hand, experiments were done under the repeated
load of tension and compression and of plane bending for the

materials of + Mo cast steel, Cr-Mo cast steel, ordinary cast steel



and cast iron on the temperature conditions of four kinds, at the

normal temperature, 300°C, L00°C and 500°C.

To estimate the fatigue life with the use of the above fatigue
test results of the superimposed stress waves, we applied an ap-
propriate counting method of the stress hysterisis on service load
and the estimation method for the mean stress, .and adjusted the
test results by adopting the modified Minor's low. As a result,
it was confirmed that the estimated life and the life by tests
have a good <zorrelation éach other, keeping a good applicability
as the life estimation method. It is a new idea for estimation of
the fatigue life by the use of the results of the fatigue test under
superimposed stress waves, and it is epochal, as compared with
the existing method, in the point that the thermal fatigue strength

and high cycle fatigue strength can be considered at the same time,

(2) Summary of Research on the Thermal Fatigue

and the High Temperature Strength

In studying the strength of the combustion chamber walls of
diesel engines, the high temperature strength becomes a problem,

Among the problems, this Chapter deals with the following items:



1 Study of the thermal fatigue strength estimation method
by thermal fatigue strength coefficient and of the practi-
cal use of the perlitic spheroidal graphite cast iron for

the cylinder cover

2 Effect of the creep on the thermal fatigue strength

(FCDLS, Cr Mo cast steel)

3 . High temperature characteristics of SCM3 material for

the piston crown.

4  Effect of the heat transmission condition on the burned

off damage of exhaust valves.,

As for the estimation method of the thermal fatigue strength
of cast iron materials, the adequate method has not been establish-
ed yet. Especially, the cast iron materials (FC25, FCD45, FCD55
and FCD70) are complicated in their nature, and when they are used
for the actual engines, the strength is sometimes different from
the strength of the thermal fatigue test by test pieces. There-
fore, we introduced the "thermal fatigue strength coefficient Lth"
by taking into consideration the heat transmission rate, Young's
modulus, heat expansion coefficient and other physical constant,
in addition to the thermal fatigue strength of materials. From
the results of the low cycle fatigue test and gas heating type
thermal fatigue test by the use of the above coefficient, we con-

firmed the above-mentioned proposal is correct as a method to



estimate the quality of the materials. Based on this method, it

was found that the perlitic spheroidal graphite cast iron has higher
strength than the coqventional ferrite spheroidal graphite cast

iron as the material of.a cylinder cover, and having strength not
inferior to the ordinary cast steel. On the basis of these results,
cylinder covers for the actual engines were manufactured for the
tésts with the perlitic spheroidal graphite cast iron which had

not been used before, and the tests on the actual ship were carried
out. As a result, it was proved that the above material can be
utilized as more practical material from the viewpoints of cost
reduction due to higher strength.

In general, under such high temperature environment, it is
necessary to take into consideration the effect of the creep in
addition to the estimation of the fatigue life with the idea of
the fatigué strength under superimposed stress wave. For such
reason, we carried out various tests of the fatigue in high tem-
perature, the creep tests in steady and variable conditions, and
also the tests of relaxation. As a result, we could obtain the
data contributing to estimate the strength for the heated>§urface
of the walls of the combustion chambers of diesel engines‘ upder

the same condition of the actual running.

As regards the effect of the condition of heat transmission

on the burn off damage of exhaust valves, the blowout of the



exhaust valves have a grave effect on the period extension of the
overhaul inspect;on of diesel engines. For this problem, it is
necessary to make a thermal study of the characteristics of heat
transmission in the process of the combusfion'gas blowing off on
the surface of the exhaust valve seat, and occurring and advancing
of the burn off damage. For this purpose, with the use of a
single cylindrical experimental engine, we carried out the actual
measurement of temperatures of the exhaust valves with a groove,
the calculation of the mean temperature variation and the instan-
taneous temperature variation, the calculation of heat transmission
with gas flow through a narrow clearance, and the observation of
the flow with use of interferometer. As a result, we proposed a
method to estimate the temperature rise by the blowoff of gas

through exhaust valves of engines in general.

It can be said that a further technological advancement has
been achieved for prevention of the burn off damage of the exhaust
valves, together with the results from the tests of the engine with
blowout exhaust valves which were carried out by the SR 137 Re-

search Committee.



(3) Summary of Research on the Corrosion Fatigue

Strength

From the actual trouble of engine parts in the past and the
results of researches hitherto carried out, it has gradually become
clear that in studying the strength estimation method for the wails
of the combustion chambers of diesel engines, the corrosion fatigue
of the fresh water cooling surface should also be taken into con-
sideration in-addition to the creep, thermal fatigue and fétigue
strength under superimposed stress waves which have been studied
ever. However, the research on the corrosion fatigue strength of
the heated Wails éccompanied with boiling or the walls contacted
with the high temperéture water have scarcely been carried out,
so that the Bfactical data available for the strength estimation
of wall parts of the combustion chambers have been almost nothing

until now.

Therefore, in 1973 and 1974, the Research Committee
carried out the corrosion fatigue test by modelling the corfosion
environment of the fresh water cooling surface. Namely, with the
use of the typical cast steel SCL2 materials for the walls of
combustion chambers, %-Mo cast steel, Cr-Mo cast steel-and cast
iron, we carried out the boiling corrosion fatigue tests and also
the corrosion fatigue testswetted with the hot water of 73°-90°C,
and further investigated the effect of the corrosion fatigue pre-
vention in the case of corrosion by adding the emulsive oily or

nitrous acid inhibitors in the water, As a result of the above



experiments, a number of useful knowledge were acquired on the
strength estimation of the wall materials of a combustion chamber,

as listed below:

1 The decrease of the fatigue strength due to the boiling
corrosion is considerably remarkable, and at that time

considerably many corrosion pits are found.

e The corrosion fatigue strength with the hot water is
affected greatly by the repeated speed of alternate stress,
and is decreased to about a half of the strength of 107
repeated in the atmosphere at the number of revelutions

equal to the actual engine.

3 If the nitrous acid inhibitor with a proper quantity is
added, it is effective for prevention of the corrosion
fatigue, and in such fatigue test, it shows the fatigue
strength with an almost equal value to that in the atmos-

phere.

However, as regards the corrosion fatigue of the fresh water
cooling surface of the walls of combustion chambers, there are still
many unknown factors, with many problems remaining yet for the
future to elucidate the strength in the complicated corrosion
environment of the actual engines. For example, as for the esti-
mation of the corrosion fatigue strength in the case of the fatigue

under superimposed stress waves, and for the establishment of



the preventing technology for the corrosion fatigue by use of in-
hibitors, it was necessary to continue these researches and studies,
and these researches were taken over at the SR 164 Research

Committee.

(4) Summary of Research on the Design of the Wall

Strength of Combustion Chambers of Diesel Engines

In the preceding chapters, we have described the results of
researches carried out by the SR 136 Research Committee. The
ultimate object is to utilize these fesults when we actually design
the walls of the combustion chambers of diesel engines, as well as
when we estimate the durability of the already designed engines.

In this Chapter, therefore, we explained the métters to be of use

as the guide, including some examples.

In the first place, we showed the general process in which
the idea of the fatigue strength under superimposed stress waves
was applied relating to the strength design for the walls of the
combustion chambers of a diesel engines, and explained about the
valuation of the research conducted by the SR 136 Research -
Committee of this time and also about the problem in the future.
Especially, we made it clear that the research on the corrosion

fatigue is an urgent problem in future. Further, we presented

- 10 -



a number of data regarding the coincidence of the strength by the

test pieces and the strength of the parts in the actual engines.

Secondly, we stated the matters relating to the exhaust
valve which was dealt with at the SR 136 Research Committee
regarding the estimation of the temperature distribution, as well
as the analysis of the working stress, both of which will become
the problem at first in designing the walls of the combustion
chambers of diesel engines. Furthermore, as the relative matters
which were already undertaken by the SR 100 and SR 113 Research
Committee, the temperature and stress measurement relating to
the piston, cylinder liner and cylinder cover, and also their
analytical studies are listed up here for reference., Thus, it
has become possible to carry out the analysis of the thermal
stress and also of th e mechanical stress in the walls of the
combustion chambers of diesel engines which are very complicated
in form. Based on such analysis, the calculation of the fatigue
life on the basis of the fatigue strength under superimposed stress
waves has become possible, so that it can be said that a great
progress has been made in achieving the design technology for the

safety securance of reliability and durability on the engine parts.

The wall materials of the combustion chambers are in the

three dimensional stress condition in general, however, in many

cases, the fatigue test is carried out in single dimentional stress

- 11 -



condition. Therefore, when the data are used, the three dimentional
stress should be converted into the equivalent single dimensional

stress. In this report, the conversion method was stated at first.

On the other hand, the stress value working‘On the materials
is obtained from the stress measurement by the strain gauge as the
case may be, but in general, the elastic analysis by the FEM is

-used to be done. Whereas, the thermal stress by the results of

the above analysis is considerably high, and when the stress con-
centration rate due to the casting defects is taken into account,
the maximum stress exceeds the yield point locally in some cases.
Therefore, for the more rational estimation of the fatigue life,

it is necessary to use the results of the fatigue test by convert-
ing into the stress condition considered the effect of the plastic
flow. In this report, we adopted the metth to estimate the stress
condition considering the plastic flow from the elastic stress

calculated by the use of the Neuber's approximate formula.

We explained in detail the estimation method for the fatigue
l1ife based on the knowledge of the fatigue strength under super-
imposed stress waves obtained in Chapter 2, and analyzed the ex-
amples of the cracks occurred in the actual engines, and then
estimated their fétigue life.. As a result, we have confirmed the
usefulness of the fatigue life estimation method being proposec in

this composite report of the SR 136 Research Committee,.

- 12 -
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EEICHL L AMEES BOEME | HEOB®R T Y, ChodERe b 259, g hi-R §
KEbhTWaHHETHL, LMD, BHEOMEL Table 2.1, 2.2 CRT,

Table 2.1 Chemical Composition of Material : (%)
Material C Si Mn P S Cr Mo Mg Al
Cr—Mo
Casfil)steel 028 044 069 | 0009 | 0005 095 026 — -
Cr—Mo
Cast( )steel 023 030 074 0017 0016 109 030 — —
2
Cr—Mo
C'asfZ )steel 017 045 07 3 0016 0008 073 047 — -
3 .
15 Mo
: 010 063 066 0008 0006 - 051 - 0011
Cast steel
Cast steel 019 032 078 0012 0015
(8C42) ' ' ' ' ) |
Nodular
Cast iron 371 240 062 0012 0012 Lo — 0061 -
(FCD45)
Table 2.2 Mechanical Property of Material
Yield Tensile True Reduction
fracture |Elongation
Material strength strength strength “Jof area Remark
oy K¢/ i oB K¢/ ni a1 Kg/ ni é (%) v (%)
Cr—Mo Room
Cast steel 365 679 n Zs5 45 temp.
(1
) 21.6 51.5 — 156 33.6 300¢C
Cr—Mo Room
- 3 0. 1.
Cast steel 367 >6 3 0.0 61.0 temp.
2)
( 3 4.0 520 - 180 6 2.0 300C
Cr-Mo "
Cast steel 37.0 53.4 109 259 673 |Room
(5 : temp.
15 Mo Room
: : 4.
Cast steel 34.6 491 119 3 8.3 7 4.9 temp.
2 8.0 4 8.7 108 288 6 9.6 300C
21.6 398 9 0.7 329 77.8 500C
Cast steel Room
o 5.7 41.3 7 3. 39.8 56.1
(SC42) 167 ! 33 9 temp.
14.4 355 6 0.7 39.6 61.2 400°C
Nod
Lodular 277 449 55.3 233 224 |Room
Cast iron temp.
FCD45
‘ ) 208 334 358 7.4 7.1 400°C
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Table 2.3 Experimental Condition
N | Pattern n Load Terﬁperature Test piece Material
1 30,100 Plane bend.| Room temp. 1) Cr—-Mo
2 30,100 " " (2] Cast steel
- (1)
3 100 " 300C £1)
4 30,100 Axial Room temp. £33
5 100 " 300C (4]
6 108 " " " Cr—-Mo
£A) Cast steel
7 104 Plane bend. " (1) (2)
8 200,668, 4,000 Axial Room temp. (5) 72Mo
! T Cast steel
9 200 ” " ’ Cast steel
10 # " 400T " (8C42)
11 4 4 Room temp. ” Nodular
Cast iron
12 " " 400C " (FCD45)
13 (B " " Room temp. " %Mo
14 » " " y " Cast steel
(c)
Cr—Mo Cast
15 240 ! ! ! steel (3)
16 102,108 Plane bend. " (23 Cr—Mo
17 102 Axial ” (3] Cast steel
(D) (1
18 y: w 300¢C . C4]
Cr—Mo Cast
3
19 10 ” 4 g steel (2)
: H] 3 881 ‘v. -
| ézsgolgz 288,570, , Room temp. 053 Cr-Mo
20 1 CEJ 1576x10% 1.44x10% , Cast steel
8.64 %10 3)
' =180,200
21 (F) ;1;:200 2 " ” "
n=20,60,85,90
22 (G) n—20,22,80,160 " ” ”
ng&=20,60,85,90
n=80,240,10%10* |
—10,20,60
23 (H) 23;80,240,1 03, 10* " " "
ne=10,20,60

n : Number of secondary stress cycles in a primary stress cycle shown in

Fig 2.2
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Fig. 2.1 Experimental Stress Wave
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BRIE T DR AR ORI 9 € & AT E By |
323 # H M H

ARRICHR LA EM &2 OB Table 3.2 1 WRT L OZSBEOMETSH S, Table 3.22 11, 4
aﬁa){tg‘éﬁiﬁ\, BILR%E R L7, SIRRBROFMR (JIS 4 BHA ) & Table 3. 23 KR L%, ¥ #Fig. 3.
2.2 ICHERFM OB EET TR L 7L 7 %+ SR MOBBE T Fig. 3. 23108 LA,

Table 3.21 Tested Materials and Symbols

Syrﬁbols ' Materials
FC Gray Cast Iron
P Pearlitic Nodular Cast Iron
F Ferritic Nodular Cast Iron
PF As Cast Nodular Cast Iron
SC Cast .Steel

Table 3.2.2 Chemical Composition and Heat Treatment

Materials c . Si Mn P S Mg Hea;t" treatment
FC 035 192 067 | 0045 | 0030 — | 540Cx 4Hr A.C
P 365 | 190 068 | 0040 | 0026 | 0068 | J00T% 35??8
F at6 | 267 | o064 | 0023 | 0010 | 0035 [F90C urE-C
PF 370 232 062 |- 0017 | 0012 | 0047 | 550CTx 4Hr A.C
sC 019 036 067 0012 0010 - 900CX 5Hr A.C

|
Table 3.2.3 Results of Tensile Test

Test Tem—| Yield Tensile Elongat- Contract- | Young s
Materials | perature Stress Stress ion ion Modu lus

T Kg,/mi Kg./ mi % % Kg,/ mit

R.T - 195 1.0 : - 9500

300 141 192 1.0 0.7 8800

FC 400 127 171 1.1 08 8650

500 - 151 1.8 - 8200

600 5.8 §7 3.1 0.9 6650

R.T 471 8§22 5.0 4.5 16950

300 365 - 693 4.9 5.4 16100

P 400 372 626 4.2 4.5 15300

500 367 465 132 127 14600

600 143 252 228 21.4 9900

R.T 313 481 219 195 18100

300 249 421 162 183 16000

F 400 232 365 9.0 10.0 14900

500 187 282 294 272 13100

600 - 8.7 151 432 339 10600

— 1 9 -



Test Tem-| Yield Tensile Elongat- | Contract- | Young's
Materials | perature Stress Stress ion ion Modulus

C Ko,/ mi K¢,/ mit % % Kg./ i

R.T 31.7 56.4 123 113 16200

300 241 44.6 111 122 15900

PF 400 229 416 158 143 15000

500 183 291 227 218 13900

600 10.5 173 314 273 10300

R.T 16.9 416 389 |54.1 20200

. 300 14.6 38.1 258 36.9 19350

SC 400 140 346 35.4 497 18300

500 132 250 285 710 16300

600 8.7 158 587 743 13400
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S, AT FLT, #. FIFTERLAG2FEHALT, Fig.3.213% L Table 3.2.5 7T
4 55— wfhE L,

Table 3.2.6 I LMD BMBEFER Lo 41— 7 1 MERICT 27 O ORULIEE LTI, 900T X
AHHF R TIRFFH, BB X b8 — & 4MCH LB ( 1P, 12077 /ma, 760rpm) 3G (C L > T3 1@
ORUKTICE % %o THEI LKA, # <~k & BEMBEOEMEMH1.5 mT, 200 T2 TREIBEHZEL
T b, o TR AIRERE, #230C Hr Thbd, 751 + Fhi—id, BROBIUBIC L - Tnd,
hEPHH S~ EFHH S—d, BAEREG3OmE—Ta 5, PHr<—0REE, HBEOBEKRCTFHLFE—
LU, EBRG I DWCTE, o TREWRER ABB AL VB TE b,
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KB E & L0, Table 3.2 8 WORT &M TXBRE 217 - £ T O, BERAMERS bW %22 - 7,
Table 3.2.4 Specifications of UET45,780D Fngine
ML of Cylinder 6
Cylinder Bore . 450
Stroke m 800
Out put PS 4500
Revolution r pm 230
Mean Effective Pressure Kg,/ ¢t 115
Max. Gas Pressure Kg, et 90
Mean Piston Speed m/ sec 6.13

Table 3.2.5 Test Cylinder Covers which are boarded on Ship
Symbols | Materials Number Treatment
Pearlitic s .
Pa Nodular 1 Embarkation to (A) Ship
PB " 1 Cutting and Material Inspection
PC " 1 Embarkation to (B) Ship
Ferritic - . g .
FA Nodular 1 Embarkation to (A) Ship
Table 3.2.6 Chemical Composition of Tested Cylinder Covers
Symbols C Si Mn P S Mg Heat Treatment
. 900 Cx4Hr A.C.
P 343 225 082 0006 0014 0039 550Cx5Hr F.C.
F 361 263 024 0005 0012 0040 580CX5Hr A.C.
1
Table 3.2.7 Results of Tensile Test of Cylinder Cover
Symbols of Tensile True Tensile | Elongat- | Contract-| Young's
Y Strength Strength 1on ion Modulas
Tested Cover Ke./ nd Ko i % % Kg./ ni
P Cover 76.0 784 3.4 3.0 16500
F Cover 449 55.0 236 222 15800
Table 3.2.8 Specification of 7—ray Defect Inspection
Capacity 5 curie
Exposure Time 4 mn,
Forcus Length 200 mm.
Film Fuji T100
Developed Condition Fujirendole, 20T, 5ma.

,,_22 pu—




RKE =54 b Fo )2 hs— 3 Ao, KERICPB 75— %9H LT, #BRORTLHE L, #HED

ROOUWILIE. BHEREE 4 Fig. 3.2.14C%R Lk,

WiE OLREEE OBR, FPig. 3.2150RT L9, FoxHE 2 oK 7 <, 278n 6 LKt

PRI AE NS R B 6 40,

BWESMELTHAFig. 3.2.16 VC%?“J: AT, 7N AABI TEB LD, SEPRAEBEEGR, HB 207 ~2009

BE T, HEN 5 v RbAE Vv, BRERLE L TAENICFig. 3.216 DB O 0% Fig. 3.2.17 7+,
BERCbHABRY, MBRAMAL — 54 A L% b, BRORMICLRD 7 5 71 AR A Lh 2EBET,

— A2 POKTH S A LR, '_m,:_»; 1 +FR 2. S E L TIEEMER( S~ 1 P H80%) 1

LTwi, Lo LBEASMCTEINL L O, L% ¢ - C, BRI OKRE 5o fAETH,

=5 4

PR, A EFECEET 74 PEIMLTL Twd, L, TOBBEOXETHE, )4 h -0
BERBEEAWEEL LN A, WE@ICE, YT 7. 74 250 1t mBEZD oL, TEAFHIIL
INAHRKEE, #5 e OH T2 20PN 7 « 741 P HSAFT2CHEINSL C Lcn b, BEPILES
LE4HOA TV AROBBHNINERBBHLI N T 425, BEROEI 006 ZRhut, 3 LWRETD5,

MEwrot, KBy —i, ERERE ARLBEAEE 0

dOP A, PC H—2DNT, UIBHFEEL T, SR TEHEM AR O — 1 « 23— 7L HBHE

T, FAELAPB Y <~ LABEOHEHBEL b - (b, 2R F I~ D2nTid, a2 RELER L 0T

YINTAEET > ThaWng, AEOT — A 29— F7ORECIE, 95 %MEO 7 = 24 P FLRLTWwh,

3.2.8 {ftx@tH - DERRAR

FoEE H o~ %, Table 3.2.9 T AR, BHMOFBWICERLC Atz EBET L LA A

#, BiR & b IC, dbPESHLERD T, BFUBEL, REEHE, RICGRTHED TH o T, BEIHKEHENKL W

Fbhha L Tnd,

BT TOENRXBOFHERE, ALCERM494F1IL A14B8IKN . 2 A b L, THBREOBK, el

TR BEEHEOTH LW (36 0585H] )o

% 72 BEME, WRFI494E8 B30H, 24 96 B TEMIRRE 1TV, LEHHICL S TREZRDO TV, 451

b7 4 m— HRET S T CH A,

3229 % & L)

SHEk MK (LR A St ) b R ) o S TR S oz & 8 OB B s S MRS

OELFCONTHRE L s T OBR, KO3 % &R a B

(1) KR CTHWAT BRHEERRLth | dRAETEECHTAHBEORTHEL L CRFEAT RS,
(2) =354 +FRs oL FEHE BRo) xS KHEHAIN TR Y. 71 PR VL SHBEKRE VRE

BN EBHL DR - e,

3) zof®, UET45 /BODHEMMO - Vo & hs—% =54 K/ v 5P TEIEL, UKTNEL

7o ¥R, TEMRKTESRAPIRETD S C & 2L &,

@ BIIEOHME L U o Fn A EIRRS L L OIS R 2 SRR L TEIFEEBT D50

B il~3 6 05 B o MR ¢, BATRE LS T, 5% LERHSCHET T 24,

5) FAREH Y =, s L S N T e i T

o BAEFEILHT ( As Cast Pearlite 5 T i LiFEE

Hifr, 2496

i

{ R

-

24 It
ZABi

&0,

1



uswiaadg jsaj o[ody moq pge -Big

=~ 05/ -
B g 4 0E 19 T 9,
S

R > = N )

- N oo < - S Q

W A | $ N

\
40/

3sa], 41lAaljonpuoy [ewliay] Jo sj[nsey gz¢  J14 .
) 1ajsuei], jeoy Apeaig jo uoiltpuo)y 177°¢ 1

(D.) 2naviadwz) 353/
00, 009 005 00v 00 002 00/

W -

hel

X0
[
i
3
y

NE

2l

Zj~4 =1V m#//%r

whj
ap1 soy

AN

7219 buzyyooy

(2 4y-w/ gooY) A1N139MpPUOY) FD U4/
/

SRYIITIIRNRKRIIIRIJIINR

__.2 4,A
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Table 3.2.9 Specification of Ships on which Test Cylinder

Covers are boaded

Items (A)—Ship (B)—Ship
Engine 6 UET 45.80D 6 UET 45,780D
G/T (ton) 1990 2600
D/W (ton) 2900 3500
Length (m) 96 96
Width (m) 15 15
Height (m) _ .70 78
. . Refrigerated Fish Refrigerated Fish
Type of Ship Carrier Carrier
Japan-North Pacific Japan—North Pacific
Route
Ocean Ocean

Numb f Vo

umbers o oyage .
12 12
(/year)
Numbers of Starting and
Stopping of Engine 15 15
/ voyage) '
Symbols of Tested PA.F . PC

Cylinder Cover

3.3 MAKEEHHM (FCD45,Cr—MosE#H) PHBICRET 2 U — 7D HE
331 3 L & IC > |

Fa—E¥rBEOCR by, ) AN A ORBESRWCZT L IND bW BRI L ABEOS (it
BABHKELRZWEIN TR 00, ToBRAPEZEEE R, Lt THAKELOBREL FORED
L IUBEEESBEOEEE ZHOIO TR L5 PO MICT A LEN D B,

PR DI DBRATIC L 5 &, Sk EOAHIC LB BLARREC 5 0k 3 W FERRRE & ME N AL B & & h Tuado
COBBAREEGRTARNIN, COM, 2V—725WE V527 t—v v HELD, BHEESLE (b LN
FEEFR ) ICXEHIC R b OBRFICHHHE Udo ChOIBBORBICES %o TRESH B, 5 L Ak
AT T HHHEOEBERT T4, EHHABBICID, BRXEHLVAFALH S TR A6+
LEREFRBRTIT O OBEHTD 5o

=X, LELAERBRCO%25BHERNOBBEEHEACHE AREILHOERBEHK LS LI NTWD,
COEHBILNKONWTE, 29— 7db5nd) 52+~ 5 > KL WEARROIGHAMET 50K >h TSR
Mﬁﬁﬁfﬂbﬁ@ﬁﬁ$U5oLkﬁafﬁﬁﬁﬁ¢mﬁmﬁ@&t%Kﬁﬂﬁﬂ@ﬁﬁmmﬁﬁﬁm?%ﬂ
BEtEA D %, COROGREAOER G ZEL AHEC S, BAEHEBOZ )~ 7HL0Y 52 +— o . 0%
o Te L BWEND b,

FETLU L OBRECYT - T, AT —¥rBEOCz L >, v ) XA~ KKFERAINLC r—Mo 855
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RKBRFEED 2 U= 7, V52— 5, REHHODLERAYRR T TOREOT— £ % F o 70
5.3.2 RBBEESLUCRBFE o '

(1) 5k b HE&

5 brBEA—- 777 2AWT, RBEESRT, 200, 350,500,606CVC3&H%9[‘}E§§§, fmer, W
EIRMEE &~ Teo TIRBERHBRBO M L 9 2 RIEE 0.5m minC & 5,

2) 20— 7R

FRBBEO3 + > o) — VHEEEBEBE AR BEES500,550,600C Ky 2HHRH100 20 L
54 0BFH LV O HBNERRIO 2 ) — 7B b L2 ) — VB E RS, 2 V-7 FEE+H10m ( i—‘rﬁu‘z)#
TE20m ) OO MO EHHTRERER b 7> 210 L hETAIL %,

(3) HHAKR

MEFETS b, BIHARAZEVEL2m EEAENROETME Y — ¥ HR OBE YK B+ 2t
WL,Chwlb,%kﬁﬁ%wﬁ%wﬁ%ﬁ%@%&&ﬁ@ﬂﬁ.MUmﬁ@ﬂv47wﬁ%ﬁﬁ&ﬁoio
HEHIEOBE R r— M LA OBP FHIEE I L, WUGIEOS SRR Ok GBI S ) AALFL
CRUBREEBAL, HEOBA2ES I 5> 20a TOB R LR, IUTRBH P RETHOLTAE CH YT
LHyori L, chiflElgEs L.,

HBK OB EHBRH PREOBES AT 5k & % 28 6 m Kl » R BAOBEBE * AIEREIC LY
FAHIC BlE L o BAMORE RS- ABERES00TIC N TRAMNS TTHD, '
BEWiFE S NF 35 RS ERNE EE (BE LT, KBS 2 H50258E) 22l NF oWlicer) 2FEOHIC
ELALEOBRRLEE L,

M V35 27€— v o RB

BMGIRY 72— v »RBRETIRABRME, BELIIREMY 77 +— v v RROETRBRE B 7o
(5) FRH B DAL - BRI HHE « IR TIE

Cr—Mo S#iFHii = H:ENTFH, FCD45 IS TERRTHRU THE, FCDHMIEDODWTE 20 Tz -
THEMEHE L 2O CAERTREROD LKL 7,

{LZF4#RB % Table 3.3.1, HBAIME %+ Table 3.3.2, RERH OFR « % Fig. 3.3.1 KE+,

Table 3.3.1 Chemical Compositions{(wt.%), Heat Treatment

C Si Mn P S Cr Mo Treatment

FCD45 (1) 365 2.80 048 0015 as cast

0.048
(Mg )

Cast—Steel 017 041 071 0009 | 0008 076 0.34

" (m 381 280 033 00181} 0017

1050CX2Hr 0-Q.
690CX6Hr A.C.

—-33 -



Table 3.3.2

Mechanical

Properties

Tempera-| Proof U.T.S. | Young's | Elongat-| Reduction

Materials { ture Stress Modulus| ion in Area B.H.
T Kg, ni K¢/ wi Ko/ mn % %
R.T. 31.0 56.0 18X10* 7.5 6 201
200 26.0 4 35 5

FCD45(1) 350 280 4 6.0 4 4
500 225 28.0 127 11 15
600 11.0 1 3.0 0.7 17 22
R.T. 3 8.0 490 2.1 4 4 197
200 290 485 1.9 9.5 10

FCD45(l) 350 320 460 2.2 5 3.5
500 2 3.0 26.7 1.4 7 13
600 135 144 0.7 125 25
R.T. 37.2 555 2.1 2 3.5 6 0.5

Cr—Mo 200 30.0 47.0 15 180 6 4.0

Cast—

500 250 375 1.3 170 70.0
Steel
600 20.0 230 1.0 220 840
.33 & B & R
(1) 20— 7HMER

ERCILANTVHABKESHOEREECERER £ 24202 ) —~ T HM BT T- /v ABREEGF
CD45 K PNT500CE600CTHYH, Cr-MoEHERCONTIE500,550,600TCTTH5,
H@SEEE O s Y~ 7HEEREL T - 20, HYRROBELHRG T 5L 8 CLBHERHNO2 V— 7

Wik R S E L 2L E0 %<, KO REM 2 )~ 7 Wl aRERES R4 GRHERICAE T 2 C LMK L

P25 LEbhALL THL, HEHRAL Table 3.3.31ad,

Table 3.3.3 Stress—Rupture Properties

Materials Temperature |Rupture Stress| Rupture Life Elongation

T Kg “/nn hrs. %

500 242 0.18 16

2 2.0 1.05 14

19.6 3.52 15

171 6.8 2 20

FCD45(1) 135 5267 12

600 1344 0.17 18

856 3.60 8

7.34 7.42 11

| 3.91 11458 10




[ 500 21.00 25 13

155 4 35.0 17

FCD45(1) 14.07 7 6.6 17

1352 1375 16

600 6.49 21.15 16

500 . 318 54125 11

338 21.41 27

358 591 21

34.3 1285 v 18

Cr-Mo 550 2 3.1 22440 : 8
Cast—

Steel 2 4.8 30.00 10

600 8.95 34840 10

15.0 2408 15

189 4.90 22

20.9 1.40 22

WA OREHRE Larson—Miller 54— 2P (P=T (C+logtr)X10%, T . RBEE K, tr :
MR hr, C . E8 ) 2BV TERTE 5, #££ % Fig. 3.3.2, 3.3. 3R,
FCD45@M, ME3C=20:F22 L0 E- T 2000 2—FOBLCERSITORL T LNTE, P
B3 22 XA & > THHIC I or (Kg/ni ) 2RO L OICKRbT T LT R B,
log r =~1.3946+ 0.4727P~ 0.01908 P? (331)
—%, Cr-Mo$$ICt L TR— RIS HABAAREL INLHC=20TRELODHTEHBTELR N, OB
BC=45L TR0 REISTIFOBECOELTELTE, PRETZ23RAR LIS TOr 5RO & 9 ITE
broerncaz,
log0r =9816242—810651P+ 0.22728P%2—-0.00213P® (332)

Fig. 3.3.4, 3.3.52 V—7E L EWIFHOBEFERT, ThKLLHLFCDHECT-Mo i8I 2 Y
—7E&Mﬁ%ﬁ®&%dmwﬁﬁ,%ﬁﬂU~7ﬁﬁ2mwbkof%ﬁ£6tKQQD%LMEﬁﬁfib
e enTED, -

(2) By

BHPT «—EABEOER b &) & H S~ ORKERY OIE BT IC L hid, BROBRIE HIGEY
P, ThEBLAREOBEVEROBIENY AL TWnb, LAt TEMOZ V- 7% LT LTINS
LS 2 W R DR CREH O NES IRICHICEILT 2, 2O L ZREEHHEBB TRM v 2 <
v+ 210, —ERE O L CERRICRBRMET S ABUGEES L W dMEHHC L 28 BEHAERT
THCECE Bo

@) HESEER

5 80 KT BIESHH RSB O BEE R ERE O BIE N AR AN D L LB A ORRT S 2o
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Table 3.3.4 Load Controlled Fatique Tests of FCD45

. — . . .

Specimen Stress CKg mni ] Ho%d Time(sec] ,I:I}fl‘n,b_e_r Ao_f

Tension | Compres-| Range Equival-| Tension |Compres-} *7% %% *¥
Number ’ sion ent Range sion Failure
ot ¢ ~e Adeq " NF
1-36 | 2535 026 256 470 0.1 1 95
1-66 2535 0.26 256 470 1 1 45
1-26 2535 026 25.6 470 10 1 12
*3- 2 254 0.26 257 470 100 i 2
2— 6 252 25.2 50.4 504 0.1 01 1159
1- 3 252 252 504 504 1 1 59
*1- 5 | 254 254 50.8 508 10 10 34
3-56 222 0 222 36.8 1 1 46
-'*1— 1 224 0.26 227 38.0 100 1 3.5
1- 4 224 218 442 442 1 1 377
2— 5 221 221 442 442 100 100 64
2- 3 178 026 181 267 0.1 1 >32132
4-66 182 0.26 185 273 1 1 12516
4—-46 185 0.26 188 273 10 1 1688
2~-36 183 0.26 186 272 100 1 39
1- 6 182 174 35.6 36.2 0.1 0.1 11738
2—- 1 182 175 35.7 365 1 1 3389 .
2 4 19.7 174 37.1 387 10 10 710
2—- 2 176 185 362 35.5 100 100 71
3—46 18.1 177 358 36.0 100 100 76
*_ 268 268 536 53.6 01 0.1 180
268 26.8 536 536 0.1 | 01 147
174 164 33.8 346 0.1 0.1 2 5253
288 295 583 578 0.1 0.1 20

% 500C, Others 508C

HRIAFCD45 DN TORT > 7o ERBCREREr 54 ZeRhRICHERHAR LT 5L Fig.
3.5.6 K3 L9 Eﬁé)i - 74"&% Ly DTFOWCBEECOEARBRFPRB2S GBI+ 6 Lidk\n,

B2 ) —7 (B3I D ) BIR & OXIS £ B T 5 e DT THR b L5IREL AR b 0T TR RS
P TREEME 0.1, 1, 10, 10 BEL ARBES - Ko | A

%QH‘E Y CH T AL HEEZEIEGoodman B %A W EIE 1 O % NI A OEEiAE 4 IE HIEBICE LT
Adeq ENF LOBFHEFig. 3.3.TIFRT. A0eq tHVTERT LT LICLIVINERY, FiR) TELT & 1R

BEMBIEM—EOFTAER TROT T LB TE L,



Fig. 3.3.8 @7 i MR aIs )& Hilrt © </)y| %A AT B OO LR IS R R N Y & ol g, &
T TR Féﬁéjﬁﬁateq LR 2 U — TR D TR L F @ TF RO SR A B i RLE ) 18 (TR 0 {5

IR L 7o L O AR OIS e b DT B D, MR 2 KOES T Th EIS500, 508 CUCHT 2 5
B2 ) — Z7HEERCH L, @6, BT 0S4 C LM G2 Th Y 2 ) — THEEBGEOEED T HIZ R 2
TERRLTND,

Fig. 3.3.9 M RIHG I L THREL 2 ) — 7 RR £ By ) — TR oM 7, KL 2
- THEBEREROL S LCRBAL, 142 ahOr )= THEER T ave & L, T3 CO%5MiER K L&é
Ne &4 & &, | )

age XNe =1 (3.3.3)
ceT asotnf& —dt (3.3.4)
tr o dtEFHTE S - TWAILHTD 2 ) — 7 kTR
At 1A 2 Aol BEMOI,  F Ao R S04 2B

Ne &SRB T2 OGN AN 2 COMBELENS 4 O OVCHMTES O BT & L HHERE LB NSfo 2 HW-TEY
Loy — THRIEET AEE ORBIC OV THREMBIIE K O L olkKERbaA b,

It N
L Nr
tr Nfo

Ny =1 (335)

ZZTNfo & LT500TCIC &I AIARERMASEEMN, EHEHL S 0.1 e b2 ik Oo7T— 2245
UFig. 3.3.7 DX 9WCEM TS, ThiOH L CAMEHLM 2 AL ndeq THERINAFRBRIUCDONT

HWHRRE OH Nf/Nfo %K, THEHHRED LT 4, —F, Flab O IR 5 MR (o8 8T R 80t

FLcateq X Nf E#BH 2 U — 7HWIEE tr & O Ateq XNF tr 2 V— THEBH &L C W, 2 )~
THEEOCHES R FRb LA 0% Fig. 3.3.10 {@5Rd,

KES CIE 2 ) — 7THEDHROKRE W bbb ( 3.3.5 ) KEB LAV, BT L2 ) 7HED

LN ERE OSIHEOBI LB TH D 9,

©) Ui 5

E R oofih T S BB R R OB 2 SN A S BE LB E OB TS 4, RBRITEL LT
FEAG RSB 4 01, 1, 10,102, 10% B4 54 w54 Rk bR 3 s Cr—Mo Bl & FCDasH o
WTEHBRIRE 500 T T17 - /e,

(i) FCD45

HEFEE A Table 3.3.5, Fig. 3.3.10, 3.3.11 x4,

SR BRI B2 L BBAENA =102 U Cibt 0 Shh »hot, BR LA C a2 g8 s 5
IR VIR R C AL KON THRGOINFEYE L L hh, ToBfe Fig. 3.3 120008, #aimd
O IR I Manson O =5 — AR a— 7L S e v,

RFEEEH O & & QICHFG LT S L0, BU L):Lt%ﬁ%f FCCREF I T i ot |9k WL LEEE
FAEEIL Y RE (X, poExTF v a—-7 4G KE AL HTERDHL OB G, Tab
th, HikDd L SWFCDASHD Y 52 +— o4 4R Cr—Mo S8 L& S L <720, i\ LARERYE 50
BB MR B C r — Mo 85480 FAIE 7 020 % L2t L 2V L CDAs Ml 70% LSt 3 0 0 TFC
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Table 3.3.5

Strain Controlled Fatigue Tests of FCD 45

Case| Strain [Stress |Tensile S:f‘:’ir 0 Ho(l(le"ii}r'u“ Stl?)”r]ng()hg]()tzl;;: :i‘;‘n""x”l' Ijt"lr?lz'(cll
Num-[ Range Range | Stress | Stress T~ | Stress es to
ber e ~a ot oe Tension| Comp '“;;\‘}f’“ ";;"F’ Orol. r “I'\]l}m
1 [17x10% | 637 325 312 0.1 01 I 150 36
2 1.16 629 29.1 33.8 0.1 0.1 1 100 137
3 0.61 4 6.5 229 236 0.1 (;l i_ | 50 B 905
4 0.34 11.8 18.7 231 0.1 0.1 1 35 9558
5 1.4 4 5 5.0 257 299 111000 1 100 -170 58
6 0.7 4 535 288 247 111000 1 75~ -14.0 133
7 0.57 14.2 250 19.2 111000 I 50 -83 400
8 1.34 59.3 28.(5 30.7 1000 [1000 50 50 {169,169 59
9 0.2 3 30.8 158 150 0.1 0.1 15 15 91,944
10 0.40 52.5 26.0 265 0.1 0.1 30 30 740
11 0.79 572 30.1 27.1 0.1 0.1 40 410 321
12 0.96 571 281 290 0.1 0.1 50 50 145
13 0.55 399 221 178 111000 1 40 —9.0 425
14 0.36 335 192 143 111000 1 35 - 8.0 297
15 0.57 36.2 182 13.0 111000 1 35 -8.3 287
16 097 54.8 26.8 2176 1000 {1000 35 35 |[156,-156 114
17 0.27 380 221 159 1 L0 L 35 -15 2859
18 090 535 26.2 27.3 1 10 1 75 —-72 237
19 0.19 2 8.6 182 10.4 1 10 1 25 26,710
20 0.36 457 247 21.0 1 100 1 50 —-91 526
21 1.27 5 9.7 2 9.0 307 1 100 1 100 =130 87
22 0.47 452 2414 208 1 100 1 50 70 580
23 0.33 37.3 208 16.5 1 100 1 35 = 3.1 1,708
24 0.2 4 333 20.8 125 1 100 1 30 240 3870

~H, RGETRHFINLELNVPELICHB ST A/ s V- 7HETELL LBON LIV e d 6l b

PR T by

— THIERE AW L ICh Y,

LA T, AEROBHA TSR, V- 7HBRIEHEAHET 2L Ne >0l B TLEW Y
N2 €= v 4 »HREFHICLABGEGMNTVCEE LR T 40 L E s Lh b,

ISR ERENARC R A2 : - THICHAT 20T, BRI LLESEGOR P LRES S L 2
AFRIN A, Fig.33.122006 4 ZOMMEA Shihs, TRERAOKCESEOBITFRICE S,
Cr—-Mo &40

i

HEEER% Table

3.3.6,

Fig. 3.3.13, 3.3.14 {53,

- 38 -—




Table 3.3.6 Strain Controlled Fatigue Tests of Cr—~Mo Cast—-Steel

Case| Strain Stress | Tensile E? ri“‘l)ere -| Ho :ﬁie’l;ii)mu S} ;.::)i:] \%(/)Bdolglﬂgnn l‘]{(;sr:axa v I:flmcjb)?cli
Num-| Range Range | Stress Stress T Stress |€S to
ber Tension Comp.’lensmn Comp- Failure
N aN] ot oc mV. mV. grel. Nf
1 |o60x10?%| 556 24.4 31.2 0.1 0.1 20 20 5762
2 1.18 707 338 369 | 10 10 80 80 [65,-65 135
3 089" 64.0 33.0 31.0 100 100 40 40 |39,-39 843
4 0.35 492 17.2 320 1 100 1 40 -18 > o108
5 0.95 6 0.9 31.2 297 1| 100 1 80 -39 | 1045
6 059 60.0 278 322 1 1 1 80 470
7 1.19 6 2.6 288 338 0.1 01 1 80 714
8 0.88 722 34.3 37.9 111000 1 80 -85 710
9 0.95 6 7.4 30.2 37.2 | 1000 1 80 1 68 767
10 0.74 62.3 30.1 31.7 1 1 1 70 880
11 1.00 6 2.6 30.9 31.7 1| 100 1 70 -52 | 1,270
12 080 621 31.7 30.4 111000 1 70 ~67 | 1010
13 095 5 8.1 280 301 0.1 0.1 1 80 1.045
14 62.6 304 322 0.1 0.1 40 40 1124
15 71.0 33.8 37.2 0.1 0.1 80 80 160
16 58.5 31.0 275 111000 1| 60 ~53 | 1,650
17 | 097 | 629 | 312 317 1 ! 1 90 1120
18 1.33 6 3.4 335 299 1 1 1 110 636
19 1.30 60.2 324 278 0.1 0.1 1 110 619
20 3.6 3 74.6 36.4 382 0.1 01| 130 130 107
21 0.9 4 6 3.3 321 31.2 0.1 0.1 1 990 675
22 1.52 70.2 33.8 3 6.4 0.1 0.1 1 150 100
23 1.7 0 76.1 37.7 384 1] 100 1 150 | —16.3 402
24 3.14 759 3&4 385 0.1 0.1 1 250 ' 223
25 3.47 7174 39.0 384 11000 1 250 | —140 212
26 2.30 70.7 333 374 1000 1] 150 I 122 200
27 314 77.7 368 408 | 1000 1| 250 1 125 134
28 0.46 56.5 2 3.4 331 0.1 0.1 50 3.4 00

FEREW % Y OIS DR A H OWG T A F TRt AL, REFMORFC L - T HFHEBRT LA W
L 9CR A %,

2 ) — 7B LT RS R S Sl L E L CAAED ( 3.3.3 ) ~(3.3.5 ) AW TEE L,
CHIC Y AR 2 ) — 7 WWIEER ] - 0 v o e AR 2 Y - TR CH b STl A g <, 2

) — PIBERR ARG L LT R vy,

— 39_



3 VI3 24w—o o RER
Cr Mo #i#lis LOFCDASHORBEY 72— o > HERE T 7.
V5 s vy OBTICE 2 Y - TERITIGER S h A BRI T MWL 2 LAl T b w'c:://;jkl)ﬁ:
VA SRR 77 &= R S ST 00 R 4K a6 B
¢ Bl Y ' ‘ (3.3.6)
CETC & Y- TERE e 7Y - TRE B,m,p . BECLL-TEEATE
Ak, o OBMMIAAE | BB 2 ) — YREROBRORIC & 52, EWEICHT L L ORI
BT 2 B A8 I T AR B IC G IEOR T A DA EREL T A & KT L
(3.3.6 )ACHTHEEHG 2 ) — 7HRROBR L Fig. 3.34, 3.3 50L90CKDT T LICL . TERD
B EHTE, AR A Fig. 3515, 33,16 R+ '
Y52 k- o OB Y TRig. 3317 DL KERETH A E
er=Boler ¥ A (&37)1

€o =const b

do m_ -p¢ - g
—=—-EBg AL _— &
dt €r 7‘) #0 0,0 X <t
. [l
a0, 1-1) 1+2 m—(1+p : .
fl ’ L dy=-E B g () (3.38)

g bh, BEMGROENCHLTTEOIENo KR 2 TOREt 2 RHLENTE L,

(i) FCD45H ‘

ARERBMIC L S BMABE v OBS OIEER S S0 T OW T AME L Fig. 3.3.18 R4,
BRI 1 B BB ICHREWY T, BT & BRI bR 2 TR ags 2 @A 0AR e 54 oA L, BEES500
TR -2 EFEOH 02T & LAHE2BIBOAF Y 5ARBEO2 BRI DN (- k., AHECHREEKR
ECLL, pORBEES S IRE KT A

W SRR X o TR OF % O HIE TR L AR I 258 MR LERILOB R o l, B2
BFLERY 1 2 L OBICE L < A BT L ShlC & 6 - TR S ICF 50, Ca Fig. 33200008

i Cr-Mo#ss '

BBERES 2 W CHEMI OB S OB RE % 5058 & Tt oW Ti~Nk, #%% Fig. 33190 ¥,

RS N CRE-E 0T 3 RN 451K, EARICTAZTNI2ENE 5 2 7R LT &tk b 3R
1T TR AH N, FRTFig. 3.322CR ¥,

Fig. 3319, 3.322F OEB BRI IC L 2 5 8HE T, BM5IR ) OBE RSN & T ORFLER OF
BOE LWEBIATER VT L~ T 55, EHRBROBE, BE-T01 1 TH2BLEBORELICET
LMERARMIE VOB L VKB D, LELAALFig. 3321 WA Lo CHRELIC X% BHd A
DEF 1 20 F T TEXDEREHMIERNE CREALELLR N,

334 ¥ & &

F g - A B ORUA T OB 35 2 ) — T LU S 2= v s 2 OERLINL AL, BRI
PG FCD45 & Cr ~MoBiIC DL (4 2 ) — 7HITEER, ) 77 v— v 3B, ROCAREICERT
B O» HFEGIE, MUFEFOSEAHABRETITWUT OfR % L 7.

RROKTE M OEF AL D O BT RILE DN, EREFORKIEHO: FH/BINLES -, B L (RIEDE
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HRBINLHE 00 b LT OBEESRRE 7o /o0 BIRICH LTIE )RR 08 AE5T 0 18

KA, BRI )=~ T ORBEEL bR b, TR OB ORI D LB HE L TR L5, 2

Y 57— g QU BA bh b, EROREERIC L)L E4 bR ADT, DY 5/ b

— o MR F MR HLBDH L, BHMRC DWW TORBRER L FIcsE+ 5, ©

(1) FCD45

a) WESISVRITIR b 7508 ORS R, 10 BRI BT B b RIS A b % oy AR BINC R FSH
B4 F R D TRIAR O 2 ) — 745tk UK & R 25 BT L 7 o

b) BRRMATE AR L 7 )~ THBTERIC b B SRR )~ TH 0 TR L L 5 & L s RIICHE
FNEREREE DA Feo

o) RO EHHRORR, BIHICH L TRIBM OB BrBOLH, ) 5 st v o LB EEL
£% 615, | ]

4) EFHI 2 ) — 7 BT R Larson—Miller <5 4= 5 TRRITE, REAK A fro o

) U vy AT DT, W) TOREE L, BFERE - B L b ThE NS - WAEC L
BIERE LIa & ORLAIT LA &R0y 4 R O % 2 555 AT ORI+ & 1088 i FLIEZK
Db b, MAREY A 2 nCIHERE LLLT T2 T bt DAL L % ey

£) ERCERAE B TGN EE & BT 2 5,

(2) Cr—Mo &5 _

a) FEOETBER ORR, IS KA 2 BRSNS B o,

b) MRS OB A, BIEICKIE TR O BERe bh % e, o

) MR 7 U — THMTHBRAER D Larson—Mi ller 57 A— 2 CHIFT &, FEst é{fﬁ;-o‘fto

4) BET BB O 85 LHEOMEET LGRS 225 BIEEY A 5 0 IR BE LT
BTN 2 TUB LA ST 67\,

e) W RHA T HVTIC MR % FHllc & i,
MI8 P=2-5 ©

o
o~ © V
_———:—a
y T/
‘ - N (a)
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5R
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Fig. 3.3.1 Dimensions of Specimens
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Fig. 3.3.6 Bulgy Specimen due to Repecated Compressive Stress
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7 2B S OB AR ICK O L LY 4 /0, (35,6 ) Ko a @i L, RERKEBRE L5,
Qmax =Gmax *Cp e (tg—tw] ( 356 )
Tz CGmax () L bbb 4 b DEfRA O 2 2 0 DB o, SO A Q & Qmax D H qr

o ATR A4 T R BTG R ORI SR, F o A e B A 2 A B L b Qmax v 4 2

A FHfE Qmay ROLTEW LD, IKERT #7290 « FpE~5 2 5 Mg Qhal h 7 (G TR 4 < & 7
Ta L,
Q= qr » Qmax C3.57)
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de‘(—-‘—f( Cmax (Pg. L)+ Cpe{lyg- Twis d¢ (2.5.8)

Lz, C T, O, BRI s B 5 20 Do, Tekt oV o 2P iz be T o s, L et S 9 Al

(57 .~ A HRE, Cpld oty &by O oI EERTE S, Tw & LTA00~T00C B G S5
b, Cpittg OBROMELEEL TLweh (3.58)RE Cw OB THRDT ZLH T3R5,
Qmax=7a+9( Twmax ~ Tw) ( 3.59)

T smm%%mm,u,hwmev10w%ﬁmBk%n
B g Q & FAERCN
W Py, Tg b & OOHsh o SR AREL, RBIREL  BVGERS ORTE
IR TR L DEMREEA L A % [, REE, WSS, RESBEMASOENKE b E hi s (i

T Qmax O Qe B (k2 HE by, BER Tw, A ),

Tdhib, Fig., 3.5 94 L5, Qr

%%ﬁhgtwtm1v47w¢@ﬁxﬁ§,L“m%ﬂmioormzﬂv%% T h OB L S Or e

BogiEL v 0E L Fig. 359000 tg=1000C, Pr=50Ks ai, h=0.1moB &%
Vi D S S, WS OERZEDQKL h iR OO BBEQOULEFEL L LT LM kbR 2N

T 7 % s HHER Fe~ o (CBE DQ I HIBEENERE tw @ K& LT cRb I b,

qzr-a-S(twmax—tw) (3510)

DQ=

(3) MIEBERE LA OSTE
b1 = L%[ﬂ&? DU LB O in)”lfi\ (Dzir DQ V’ir‘ﬁﬂ”‘ﬁ?ﬁi*}ﬁ Lz by ”:}‘ﬁv [Lﬁ&w‘/ﬁ\“ﬁ?j— AhA 4 DQ()
B LOWE 3l A A L MR DQ OFL ke (3,55 ) REIEBR S 5 OB LFF Lw — two 7:DQ
KBl s e 270, (35100 KAy 42 43BroRB6NS lwmax & fw & @255 DQ,ICH BT 2

CFHETRLTWS, DQ X 0 L IFHEEREGEOMICE L %L L AD TN ERIICHE FTLHC LI LY,
Fig. 35100k 9K L THIBEORE tw e RS £37TE b,
3.5.3 s ERE ORERE E(t
KOIRTED & LT H AW B8 IC L bl WELER I v o & s AL 2 618 L e
@) AT AL D E LS BERCDIEELL,
b ANt AR GofREE Qo kkl/ mhEARCRLTIhA D LT 5,
ChTgmax((/)'Cp-(tg(ﬁ)—tW(e))‘%‘r°% 6, < 00, Cae i)
a =0 0<C6 <6, 6, <6<2nm
aafgmxmmmm%%@ﬁéﬁb@ﬂﬁ%ﬁ%/iwméfééoQrv%m Fig.3.5.90RLAL
SEAHREN < BETHE VELRWRD 2 7 7 7 BICHEBRE L 5 WERE L L gmax 5L 07 < EELg
o oo B0 OME LT 12 vEELBRD D, HAOKEAC) HER EEL b

(¢} FRPYROBE AL -kt E LT Do

0t a2t e 0t )
2y — = A b5 T A— +QqQ= :
T T e HET Ao ha=0 (35.12)
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A= dr '-IZ Ver AN Keal / mi'h
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' } (3.518)
B=y X/ CrN m

SRS S LTI A A O BN OB Aot B EE Cmax B L OIS EH OO RSTEITH AL,
(3518 )0 T £— 2D BB HE D BIFNE LN S X 20040 T, o0, Tmax O3 2i8ECF

LHIBBWEAOREFEL NIT L\,

LLEWGR L7 R L b SR 20T, 1 00C, FHAMHED1 0~ 15K ent . MIBHHRMEIREA400~700

C, G A 2 A= 02 ~TX10 T OB TE 1T - 72, Fig. 3.5 11 HHFES O - #4757+, Fig. 3.5.

QR A Dy A P EHICET L D A 2 AL BIEEE AT, B e IR Tmax. Tmin OBMR AR,
G A= FAD2X 10 T LT T tmax - tw, AT EREAILET 2, Fig. 3.5 130KA=09%X10 7 &
LT, Rl Lw i B4 ZatEAR TR 4,

B OFBE LN TR E e 275 U T b 7 o~ 2OREZE 2 KOFRCHAT 5,
(1) ~35 4— & A% ETEL QI’%HFig. 3.59 X bksh,
() A= 09x10 7 & LSS oREENGat & LORSEE Umaxe 4 Fig. 35134 5K, 330K

Wity A 3 ANC T B A RO IR D HET T D,

A § A ) I ok
At:m'é:\toy tmax‘—"tw‘FW(LmaXo"‘Lw,/ (3514)
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AR 2 mm, FE S 005,
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(2) BT HEEO RH @B NS , TR TEBERBRTIIE & ML v EE L LR,
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Exhaust gas Exhaust gas
Fig. 3.5.1 Cylinder Cover and Temperature
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Effect of groove width Effect of groove width Effect of groove depth

200 load 100°% v 200 load 75% 200+ load 100%
°c | RI24 valve °c | R-124 valve °¢c :
// /.
i 7 c[ )
is / 9 RI124 valve
M) -
il : :
T 100 % 100 : /,4”’/” 100
b o) / -
3 ///
7 b L
S — Cal. ¢
§ y ©--Exp.correction(a) /W
5 o P (b)
) / [o yom— (C) fo) )
0 "8 __—j 0 l_‘g 0
0 4 8 0 4 8 0 01 - 02
Groove width mm Groove width mm Groove depth mm

Fig. 3514 Comparisons of Mcasured and Calculated Tempcrature
Rise of Artificially Grooved Valve
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4.1 ® E O BH W

f4—f»&@@xgm-%mﬁk%#9mﬁﬁ@iﬁmonfmﬁiéaﬁumbﬁﬁ&%#?fmmgn
2Lonb, B{OWBBERERBRL Tyi, HBEOBRLE LTEL ORFAZL LA TE D, REKDRE
BRrZINTnEZWE, RESZESMOEKSHEA 2B NRETLIHENE, BHKIC L L2EEEB LR
ﬂtmﬁﬁﬁﬁmﬁ%ukﬁﬁﬁ%ﬁ,cna@ﬁﬁexé&E@@—oféé&%éenéwgokoTtb
b, ERORBEBMGRREREE OBBLRET S LT OABOKBEIOCHEORET TS b, BAER 5
ENEIN TV HABEERICHSLE L Tnd, 7y — ¥/ BB OO T 2 BRI S oM B E K >nTid,
ek )V — 7, BEY, PIUVEBEIRERIN Taiy, FREEOBVERERITELHEYT LI, S&F
KRR CONTY, AR EMAD C EALET B,

ChiTHRAREH CHE TARBNEZ IRBERE LD, 0I5B BEKTOBEEH OV TIREBEAE
BEOL (, REZBETHOBEFMICER CELRAT— 22 FRERICEVRE TS 7o & CICHBRE
THERORECERNTLIHFEOREIEL, ELWEBEERT 25 ETEESTRINANTOEREZL AR
BHTHo o T AMABE CHSEK OBEERMGIT 2B TAPICT v e €2~ FHFMT 52 LH—FIK
FONTABE, 1ve CA—CLoRAEHREDRC O TOEMA, KBWARI L CAETHEEAL &
TN TWED > Ko _

FCTHREREMH OB KBRENBEXIE T 5400, EREESORERELRE L1 ) YBREH
HBULFICT3I~90 CEKBREFHB T REL o SRAMARBEREN & L TRFRM% SC 424, LMo 4,
Cr-Mo#E#s LUBHTDE, ILKAMLBRA v b v F— % JOCBEMRRA >~ v € 2— 2 KPIEML 735
BOREFEHVERCOWTIRE 2o FEACALO—FOPRER T T LOAIDOTHE,

4.2 KAV U/ BBEBEFABE

421 [ L &

7y — € B O A S T, BRREEORE BN T ABEK, L(KEEAZMELELGhE 30
€, w42 7 ERIEHREL B B,

TrbL, T4 EABBERREET D VOBAHED, 120CHEO A 2 ABRESEL 30, HEICINE,
BEHETEL TV A0ENENT LB LN THnD, K1) v 7R L RETORREH BEL, LFH
KELLERAY) 75T WRAKPCOREEBE LEBL T, EKTF2RF»HEL LIS,

Wb S & 2B T OB R BT BT — 2 D i VERIhDobh M, K1) ¥ SR
TORERHFARRERATE Ex

CORBAEFRTH, F1Vr 7RETORARIRBR T BV 1 72 EHS LUB Y12 v EHTEEL, B
KPETCOBEREHEELOHELIERL IO LLARDTH S,

4.2.2 HERHMBIUHRRA

KA > 7B 1 2 v EFRBRICHA L AT BMoS#CH D, MAXEBEC + »KEHILLH
Tdb, LFEAOTEERE Table 4.2.11C, SIRABRIERE Table 4.2.21C7F A LAKRAE
Fig. 421 AT LK, NE14md XRE10me OFZERBR Td b,



AN ZEY A ESRBICHER LA BRI 0SS ( SCA42) Ch b, SR BB ) o g (T
HEInLHMETH L, LSO A Table 4. 2.3, SIEERF R4 Table 4.2.4 753, WL

BRI TS,

FABRI L, Fig. 422 R+ L9411 0mn @ o2

Table 4.2.1 Chemical Composition of Tested Materials

(Piston) (%)
C Si Mn P S Mo
019 0.4 4 . 0.7 1 0013 0.012 .44

Table 4.2.2 Results of Tensile Test (Piston)
i

02% off set | Tensile stress| True Breaking| Elongation Contraction
stress
Ko, nit Kg./ mit K¢/ i % %
33.2 54.5 1205 31.8 6 95
33.2 5 6.1 1208 31.6 69.3

Table 4.2.3 Chemical Composition of Tested Materijals (Cylinder Cover)

C Si Mn P S Heat Treatment

0.23 045 0.6 8 0012 0016 900Cx5H F-C

Table 4.2.4 Tensile Propertics and Hardness

Yielding Tensile Elongation Contraction Hardness
Stress Stress
oy (Ko mit) . ok (Kg/nit) é (%) ¢ (%) (HB 10.3,000)
> 21 >42 24 > 35 ~ 118
2940 53.0 33.4 50.3 131
292 5 2.4 32.2 50.3 1 31

4,23 KA Y ITEY A 2T

A 2 18y A 2 TR A L 2 B SRR, ERGmETAY O RERI B B L L L CRBR L
oo Fig. A, 2.3 (CHUEHEF 4R T,

S P R o8 12 2 BUBRIY O L b, AT AN U, BRI — SHEL D BB 3, ok, iR D
BIEEIE NG 1 2 s B 5T - 720 Fig. 424 (CH, &4 ) > ZI8 I 5550k 4 7R+

Hag ORI Flig. 425 (OF L7, cduc Lhug, RERAE PR, 7 — 28 LT (AR, 6)
VIR U CiREE 234 15 THTEE R, & OB QORENT 00C Th 5, @M o« b v—nid, A D -
T{TV, #250C Tha, 2 EHK DEEDN60°C T 5,
%%ﬁ%&Fw'4ZGK%Lﬁ”%%“v§§W.W&q(ﬂmwmi)ﬂﬂWyyﬁ%f%mLﬁja%
HEEEMH10c.p.m Th b,

CHC LS E, BRI, ZEED S AGEAK A K S ol & T D, w4 ) o 2 ERIESREG, § < -
TnhEER bhby, REROL0Y 127 A fiig COESES GEL, WA 57 fil+ ¢ @G 2 L,

S L e BER K O BTECIRIR AL B & KPS ST B (T o e A DL D, R 1) 7 ST R
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B o b ODERRHOBHLWE TH L, Fig. 4 2.7 (CREHIS 23 L <8 ER LA, ChLhid,
WL HR A Y > ZIBREHRBOLON, €. PROBRDBE LS LWE Ldibhbd, 20RO, 10544 7r
RiEE TOBERY A 20, #4) 7IBREHXBCAREIBEORTEELL L AW, BHBELEOK2
ZEEBTH, EHEREOCKTATEINS,

4.2.4 KAV IBHA ILEFRER

ABBE Ston MEREHARMZAGEL, ¥4 ) 7RAT THRRTEL L SKHEL 2o RBEBOME
*Fig. .28 R L%, HOLSKERE L2 v, EMNORBA KEBRAETLC L LS THEA Y > 7
FEIBAEH THFAY) v/ BREEFHBREIT O L0 TEL, HRORAETH, BAIe— 2Ly, Bh
BEmBl CRKREEHABREIT> ko ChOORRME, ZBXE2-Teh, #14) 2 VRBREH L EKRE
B HRBEERFICIT > o TERAE, KTEMRTHBO £ 2 L WIFRL T 5,

HBEHD, Table 4.25(0RL%k, RBTORESFHL Fig. 4 29 0HR LAk, ChCIhE, K4
rBEEFABR L, {BHERED 110CTah, BAKEAEHFRBABEG BEI@IFLC 73 TCTHiET
bhH, BE- v re—rid, &1 ) 7BEEFRBRIE, ABFFABoyr— %« » 72 %#110CTa >~}
8= n Lo BKEBRENRBTE, WBE 2> bo—a Lk, #4)> 7RiR% Fig. 4.2101CF3F, 2hiC
thd, RBREKFHACLTRRLTVLOT, ¥~ VHBIIBEL T2 RAEDHRETE 2, RBH 25
ERAK~OBTEIL, 95000kl "hr T T, TOREBOHKIE F OB, BBELEL TV LEK
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Table 4.2.5 Testing Condition
Boiling Hot—~water
Heating capacity 1,3004A 09V 300 W
Water flow 8 0cC min 8 0CC min
Temperature of g3°C 79 C
water
Tank capacity 500cc 500
Total volume of 170 £ _
water
Table 4.2.6 Quality of Water used to Test
- —— +
pH Cl SO, ca’” Mg‘wr Hardness
(ppm) | (ppm) | (ppm) | (ppm) (ppm)
City water * 6.9 1 8.7 "4 0.3 232 8.3 92
Sea water %% 6.8 2372 349 60 135 705
* Nagasaki city water

%% Sea water in Nagasaki Bay (Y% in Dilution)
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Fig. 4.21 Test Specimen (Low—Cycle Boiling
Corrosion Fatigue Test)
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4.3.2 @HEAMBLIURBREE
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FME - FSBBETH Y, ) > x VL OBEE 2 OIMEK (HE400me, BE20m, #H3
550mm ) OHFE % HAA 72, HEEBHEBMIC 1255 LABICKEEL 2 L (565T X5 h %) 2f7wn
DWW THEED & OH) B RH—BRICAE L L SCHIRD Lcd o0, Fig. 4.3.1 [R3 L 9 2 FmEsiF g
B 8ELL, R ORBME TR 4EY 04 « 4 )~ | TFNEL 7.,

A OILER I Table 4. 3.1 10, HBHMAMHEIE Table 4.3.2 10, 3 APEBMEHEBII Fig. 4.3.2 Ok

?&i"bf{r)/:{)o

Table 4.3.1 Chemical Composition of Specimens (wt . %)
Mark of iron TC GC Si Mn P S Cr’
A 3.06 244 182 073 0035 0107 011

3.08 235 1.78 073 0038 | 0115 | 013

Table 4.3.2 Me chanical Property of Specimens

Mark of . A B
Mech. iron
Property 1 2 3 1 2
T ile str th .
ensite streng 304 305 304 305 305
K¢ ni
Hardness 209 209 212 209 209
Hp

2) EBHE _

HEHRRAKIT « MBFEK D &L 01 > e v 2HRMMBFRKFICEHE VT, 600 5L 1200c pm O K58 E
BT, 200Kgem v« 7Ry SUBMIC & ARR LFE BT X » TRl L o BB D 50 L oBnIL
NAMO-—BFETHE» O, T RRBRIC L 2BNIL NOBIE%T - 70

BREy Rk OF T2 LM o5 mORI 4k RICRE L, 14 > THEHBIEZHELA2MKL 2 £/h
DOEETHER L TT», ABRPOKENOKER 85C+5deg. HREBIEL LA,

AIreegidysarrt 4 aRol Fe<-xB | Thh, MAPIOT 5% FEML 7.
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BRI TRBR DR T A~ b & 2H T LA OB 4 SRH L,

442 R B F &

AL LI TI(A), B) TART2HOERL T LHAIOTH Y, URAMEMCEAEREL EAETRA S T
L, A EE OFER -2 LIS,

FERICHL 2 Cr —Mo#s# (J1S, SCCr 1 BAY) L SCM21 MO MM & L UBMEYEE % Table 4.
4.1, Table 4. 4.2 T,

R HBREIER 10Ky m O BFR BT T 55, EKEREE S RE LT, BASCERME L <EBKE
Bl o REF QEAEA TRAKE » 2 REChliE4 5, BABREEOBRT Fig. 4.4 1R+, KOEK
TN X A BEEALAB <RI, KE OV~ KT 2R L THEIR K AKEK 4G 3 2 Hik 2B L Twnb,
M LAKBKDOIHFERF Table 4.4 3 WRT, 3/ BAMN Y ORERFH L Table 4.4.4 [OR L7

Table 4.4.1 Chemical Compositions of Specimens (wt . %)

C Si Mn P S Cr Mo

Cr—Mo Cast steel 017 045 073 0016 0.008 073 047

A SCM 21 017 0.28 068 0012 | 0012 | 1.01 0.18
B Cr—Mo Cast steel| 016 046 084 0009 | 0007 | 071 0.36




Table 4.4.2 Mechanical Propertics of Specimens

Ty gy I ‘RA o
{Kg wit) { K/ nit ) (%) (%) -’
Cr=Mo Cast steel 370 5 3.4 254 6 7.3 177
A
SCM 21 950 2 4.0 55.0 274
B Cr—Mo Cust steel 390 56.0 290 6 8.0
Table 4.4.3 Compositions of Tap Water
- © Total hardness Cr SO
) . L . . .
B CHTDom) Cppm) (ppm) (ppm)
A 7.37 2155 430 244 30.0
B 7.5 3 180 6 1.5 6.3 1 3.1
f
Table 4.4.4 Experimental Conditions
Pe gt Fri 'n-{ Size of SUE . ) ) .
Test S rraven tze of sped Corrosion environment Temperature
cy Cepm) men Cmm )
110 tap water R.T.
A P81 7
3400 tap water+2000ppm nitrite 90C
: 170 . tap water
B P12X36 90C
700 tap water+4000ppm nitrite

4.4.3 E**mﬁﬁ%aﬁﬁi »
K&H, BEAK s L9 0CHEAD TOCr —Mo B H0 S —N IR O 85 &4 % Fig. 1.4.2, Fig. 4 4.3
VOoped, AP C ORGSR DT iUl R &P L D LI, JO B LB 20 SRS IE FRE Gk a v, 72, K
T O SR AU R R &R SR s, W L DR G B A o O A KR T AR 2 e s
B LRLOE L, AP CHEBE LB IO ¢4 8 - NI EL R L T b, B ARG O L 2 & S A

S Pl 7 Crl, IO LB 29 < g, MRS OB LB IR b r D - MG LT R b, R

b LK EEMOBEAT C o1 0 MISHEE & ISR L EE OMIK Fig. 4.4.4 OEBECTTHEO L & &
DRE I N T D, " BIPIC, AR O HIE#id4 0F 50 L 7co HBEOBINCEL, L 07 Y | s LB % AT

'

A G L Y ORI OO I TR VA

T O LR AR L A By Fig . 40405 ¥ 10T IG5 B o Al

B 100~110cpm CORFAT AT 14K o & %0 b, NI O 55 BEEVCIVF LCW A, S |

e/ A WU S| NI B o TN T A A N I I I O

BECEL RSB L0 BAR AR R L L F ()
B2 L T o0 G0 B o T, RS I M R B AR THEME A b b, S L 9
T AR S 77 W L BRI M e 0 N L R e, A0 BBl fe i B s XA i e b s
4.4.4 1 e ESYDERFHHLEHRICONT

JE A 95 R A B A W, K o B e B BRI A 2 &

FEOSdL. EBGORBERY T S Ak I

IR O (T M L (a1 T -

AN

12w SRSt CnWah,, ARE T ARSI v w2, AW~ 1 &4

= EERO0B T LA

85 -



AT/~ VB> e e 2 Thh, MORMICT-Fe203 2 6% HRBUWWEHM L T, Ko 1GEILS
5C&K1arm&¢5&%ienTM53)ﬂn&ﬁmL&Mﬁ@ﬁ@%éKm.&ht%ﬁ@%ﬁi?ct
HHEBINTE D, FERICHAVLA A e £d, BET200ppmblE, 80T T500ppm bl LM hs,
BT LR R AT & R BRI T 5o Lin L, BRI ORI DT 0 DR EE R % <,
EFOBERELHELPAHETH- %o

Fig. 446 XU Fig. 4471, 1> e e FMLASED S-NHBERLALIDOTEL, 1
FORMIC LT, BEREFEEAEL(AELTVS, 90CRKOHE, BE LE 108 BLUF O E
BEKEF L b ETFEN2, 107 Bt »Ifh s ARF LRIBEOBE TR L, WMABRMBIHEL TbL97Td
By EHEE LEBEOEBLIRL LN 2\, ILEHEEKOBECE, S -NE#EsKKQ+F L b ECfE LT
5o

1 vr € 2O RMEL, RRFORESERS IVBNHOBFEHBEEREZCr TR0 L%, Fig. 4
4.8C 90T BKF CHETL ARBRHN ONBERALRT LW, 1> e 2 EPML 2 WHR, Bl O
KEHHEERFCELNA D), FOTREEBOILAVEL WD, 1> e ¥ 2 eRMTAEHALE CRE
2, REBHEFLEBARTZREL Tvwb, BERENAZBIFLRL R, 1> e 20 EPRERFITH- 2
T EDH B,

BEOEBTEMEERICLINE, Fig. 449 CXxOETHATRT L oK, 3AREaMAATLEL T NE
HHRO<2— > Thh, *LUERRAFEROLNREUN L 27, TR 2 — DX ZBEBT ICE - T
P, EHx b5 Ax—va yARON 2V, THIGGLTA v e 22 FMLBEICE, FRRBERMII
BREIRO S g— o BB LhLTAES, 2BERRICEA S 12— v Y HHEL TR Y, RKEAP LM
POBHBHEE LTV, TOLOCT7 32 757 (2bd, HEHERFEA > b € 2 OBERE IR AEE
»ohh, |
4.45 A eEFZORPRMHRICONT

4> € 2OFRMICE - TN=107 BT} 5 H#REL, KEP OMAREBE 2 TRE TS EHHLHC
%ot BEOCHBTHARNOE: THE L TWA28E S, BEHRP T e € 22R[MLAKE O
B, BEOMEL L THKE VL Odbb, & TESCM21 #% By T LAKRICOVWTHE~N S,

90TCEAKFTTD3400cpm OEEEHRBRIC T, BEEELEO WS LU ORRT v €2 LHM
LT, BB ER N AIENE, 225Ke ni, 25K, ni v XU 30Ke, ‘mi 35L& L, T v~
AOFEBIOWT IR Lk, TOKELFig. 44 10K T,

BIENETENThOBELBILKCE AT, FMLEAWES L hELFEHEMT 52, DRNOSE I
BT F ORI NI Z e EIGHEIO 2 25Kg /ma, 25Kg/ md T, #2388 LU Yo CHIN S i WURRE N & [5)6%
ORREL T Lr L, RTHEMLABEOWRABD L Tnd,

446 % & 2]

ANFFR A Y R A T, ENRE LEE £110~3400cpmTEL 7B & OCr— Mo # #i% &
USCM21 OB APREEHEEYNEL, Tk, BRI v 225 ML ABEORREHIEDHRE
B, TORRETLDDL LROBHITH S, _
0)90Cﬁ*¢@%ﬁﬂ%ﬁ§ﬁﬁi*lb#&bﬁ?b,mﬁﬁﬁbﬁﬁ@%%§ké%otﬂ%%®@ﬁﬁ

100~110cpm T, REFBEOF LT55%1CE TET T4,

(2) EMEBEA L 22RMTATECLs TRAEHERERRBICKEIN S, HARIKGT LHEBEK



EEL, EHBRELEEORET ST 2\,
(3) 4 e 2DBAEIERE, WL 2HKRE oF
5’@335 B ih-fto

EEEEs LTS ABEEECE - T

@) 4 e 2OEPRMBBEICT v ~ v ERMEBEMIRTE L, BMLEWES BT 2 BN EmIdHE

INb 2, PHHEIMOBE R E OBHRER SR 2 K,

w. ’@ @

FD

-

1

@

5 |® -
e

Wateyr works

@
2l

' @ Heater B

NNV

© @

@ Thermostat

D Valve

(@ Corrosion. Vessel
(4) Thermostat

@ Level Gauge
© Valve

D Pump

Level Gauge

Pump

@.Mayﬂet Valve
Thermocouple
®@ -
@) Thermometer .
® o
@) Heat Regulator
@3 Stirrer

d’ "

Fig. 4.4.1 Schematic Diagram of Testing Equipment



40
NR,
\\ AN |
. \\O
NE 30 \\x\ \\Q In avr
s \ ~\\ R, 34006}7/11
§§ \ AN
~0 1'71 tap water
@ R, 3400 com
§ \ L
w0
20
. \//z tap weﬁer
, ) 70°C, 3400 cpm
In tap water '_’
90°C, 170 cpm J
10 ‘
10° 10° 107 10%
Number of stress cycles to faiure Nf
Fig. 442 S-N Diagram of Cr—-Mo Cast Steel in TapWater (A)
40
,:E\ 30
S Inair RT 3400 com
i
o —-=—
@ \ In tgp water
[ ] [« ] °
g 20 L i 90°C. 7700 cpm |
«Q \ o
-]
In tap water
70°C . 170 cpm
v 0% 10* 707 70°
Number of stress cycles to failure Nf
t'ig. 4.43 S-N Diagram of Cr—Mo Cast Steel in Tap Water (B)



24 i
r’ R.T.
D 30 A < N=10" T
S N=10* /. S -
3 =" S o0
20 : & -
D ] ( 93] 76 1
w = @
a 10 ] — ; Reference 1) _| " T R°0
® ; Present work, R T. C
o ” ", 90C
0 | | |
10 702 703 104 102 5 103 5
Cycle  fFrequency (cpm) Cycle  frequency (cpm)
Fig. 4.4.4 Fig. 4.4.5 ‘ |
Effect of Stress Cycle Frequency on (Corrosion Effect of Stress Cycle Frequency on (orrosion
|
Fatigue Strength in Tap Water at N=10° Fatigue Strength in Tap Water at N=107

40

/ RT 3400 cpm In inhibited

® \
\\\\ In ar

X %0 AN ”
v < water |
5 N N f RT 3400cpm
N e O \ o ]
~ \ \\\.k\ (o]
Ay -~
o T N
N In inhibited
=, - T i
0 com
20 T
In inhibited water
90°C 710cpm
10

10° 104 107 10°
Number of stress cycles to failure NF

Fig. 4.4.6 Effect of Inhibition by 2000ppm Nitrite on Corrosion
Fatigue in Tap Water (A)

..,8 () —



water

I acr
KT 3400 cpm

nnhibited water
20 900770 .com

LA

|
|
1
‘f
f
3

| | ; |
10°¢ 07 0%

Number of stress cycles to faulure NF

Fipn do A0 B bt ot T o o by 4000 pn- Nt te 6y

Fatvigie sinTap Water (B

L . b

{1 Y A7 N v : : . :
Ty Tap Wates I nhi b dion by 2000y

Fance o Tl rgetnred S pecimen 00T Depim



S 700 ‘ RN HI PRI TSN S5 ¢ SER - SR B TR
wdopsr 3% dorem del 906
UIPodngoel g 18915 388 O—10 30 syderdojori ] Uoijoe]y HOISSIWSUBI]

s Tay N wmdd gy £p uo131giyuy

usiiededoigizg 318 UOITRIGJIUTAYq golp uo1iededosd zw

60 p By

.



45

B
T
[
!
/

A 1o .

In inhibited

Fay

water 90°C

In tap water 90°C

Added at Nt/p

A Added & Nt/p

Stress o (Ay/mm’)
8
T
&

3
T
o
/
/
y
/
4
/
/

20

5

RN

l

} F=3400cpm

10° 10°

107

Numbey of stress cycles to failure Nf

Fig. 4410 Effect of Inhibition During Corrosion Fatigue Test

(8SCcM21, f=

45 F® B O #§F

3400cpm )

70

PIRRERKSHEORMERRBELE L x4 Y > 7 BREFSRECICEKBREHRBR LT T, WEZEA
O KRS RN 7550 % BIE L ko % OFER, BEFEHBECE LETHRA ) 2 VBEROEE, I TERE LEE
DR, HHRFEA e € A OBBREH IR L & PEEBEOBRBER AR EZZOLOHREBL T ENT

&%,

PERBENOBKBEEFCHATLIARAKALBEC OWARE LI Thh, HBOBRMABAREIC T AR

EHBE BA L TR RENCER 75 IWdME COMBELHR L T a2, TOE—F& L TOEAN 2R

BOPICTALTENTEARLEL T,

SRBERBICNVER L BE OB BEHABRE OFME, LU v e €& 2 EC L DBREH LRHT OB

T AEECDODNWTESANCHR LD HLBH D 5 9,



H5 ¥ 7 - o MR BBRGE EOAE R O e ET

51 ® & © B ®

AT cie, 818 6 DRI 7~4 QAR ) TT R L R~ e,

AE T, choORER LR OMRER THEE T, REOF ¢ — v BRI IE O RatC &
OIOWHEATEDEWIBE LSRRI NAMESERBRL £

52 MREFBOMRBRFHBERTLSEORES

F = B ORI RE OREHC Bz 5 T, = = b B LUARERG, BERE LA xPKb R, R
ﬁ,%%ﬁﬁ,m%%ggwﬁ%&5%<@mﬁfé%ﬁiiwLfﬁﬁshﬁwhﬂk6ﬁwo

AL T, FEORTHRE S KR ARE L EL LNAHTETMRE ORI T & L TRE L TkenT, &
OREIT D TR &4 5 ORIBE A 4R~ 5, :

W&K.?1‘ﬁ»%%%ﬁ$%®mﬁ%ﬁﬁﬁﬁﬁ?%tbmh,Fm.521®7nw+¢wrf%mé
hAOHPERTHD,

COR= BT LA ONKNRHBS (SR136 ) CEMLALOTH b, fltid, 5110 0TS (B4 1
~4 343 ), 11 SO (IBFI4 4~4 64EI5 ) TEMIN T 5D, Th 6O BTRME & FHANRE -« &M
B GUCRERT RN ORZIC L - T, BURTE 7  — & v BIEIRGE S BE O 5745 & HEE K B (105 31 1T
WL, BEOESDS, BHIHBBORBICKE ZHBRE L Thbh EEx Lhb,

Ll %250, BFALTOMESHEORIE, KL Lo25b 00, BiLE CICH ML LI Dk Ot
U5 L, IPRERICE BIBEAHBEIN L, SHOBOMELHMET Lo, Fig. 52.11x
Fl%4t L, Table 5 2 1 VOR L AR T HER T HLED D Do

- 9 3 —



Jaqueyn uolysnquwo ) auiduy

ssjdodoy
18o1UY28 ] UOljvIdossy yoaerasay sdiyg
:namw:_

¥} e3P U33q dABY SWaj] 1dYjouy

-aI1umgny
d1eou ul pajed1L3saaul 8q pInOYs swaj] x

"1doday siyg ur jyeAp sdom sWI] )

1sa] ondijey suilduyg 4q spoyy oy
Uoilew!jsy 3yl aN313e U0 UOLJRUWII JUo))

[3sal( }Jo Yylr38uosurg oandirey

126 "84

sarqnoay duidujy Jo sISA[euy

laqueyp
uorysnquwoy jo A1111qei[9y

yjdusuayg uo uoljewil juoy

R

co_amﬁﬂgmm )17 endryey

MEELfo (LE): Q)

S{rIiajep O
uorjenion| Yidusulg
DOUBWIO JId I
498ievydoqang
JO Uvijelol 1339a(]
aply datep Jurjoo)
JO 9[®ag UOI}BINWNIIY
EEERIN
Sulfoo) jo j(orjuoy

gory anbuio g,

s109]9(]

3ulise) Jo uoljonpay U3 Susilg O

duruuny autduz uo
§9s§911G§ JO UOljeRUTWIS]A(]

§1S9J, andtle  UOISOIIO) %

siellajey yidusilg

j¥nbapy 10} poyjsp uo11o93[9g @

$3s39], Qoogoﬂw

suoljipuo)
901aJag sutllduy inoqe

s103jov ] dulisplisuo)

- 94—

sIsAjeuy

s189], ondrjey lewiayy ©

1s9], on3iey ssaulg paxordwopy @«

sisA|euy

wwo.naw 19410
§82131¢Q ou:wmmhﬁm sen

§$9.01§ [BWIAY]

uswiosadg 4£q sisag,
PER:DEFEEN [BlIa) ey

QINSsgald sBhH

uorjnqrialrsiq
sanyeraduwrag,
Jo sisflreuy

SaAlep 1Sneyxq
10} }29Yy) 3IBI jO
uorjudsasig uo mu_@:ammu

JOo jusuwaans ng

danieasdwa],
JO sjuswainseay

dduBWIOfIa g durSuy

Jo s1sd{ruy

sdiys ayj3 puaeogq
Uo pBOTT 221Aa193g
Jo uorjedijsaauyg




Table 5. 2.1 Items of Future Investigation about Combustion
Chamber of Diesel Engine
Items Containts

. Quantitative Studies
on Corrosion Fatigue
of Water Cooling Side

O Long-Time Corrosion Fatigue Tests
O Corrosion Fatigue Tests under Complexed

Stress Patern

O Boiling Corrosion Fatigue

O Performance of Corrosion Inhibiter

O Development of new Method on Preventing
Metal Corrosion

O Development of Oil Cooling Methods

2. Improvement of O Effect of Frequency Ratio of Thermal Stress
and Gas Pressure Stress Cycles
O Effect of Mean Stress

(O Fatigue Tests under Actual Service Load

Fatigue Life
Estimation Accuracy
(Complexed Stress
¥ Stress of Engine on board Ships
O Strength Fluctuation of Materials

Patern Fatigue )

(about especially Repair Welding., Defects)
O Estimation of Actual Loaded Stress

(under Plastic Deformation) '

QO Effect of Torque Rich

O Effect. of Transient Temperature Distribution

3. Investigation of
Aectual Service
Conditions of Engine on Engine Output Variation

on board ships. O Accumulation Scale of Cooling Water Side of
Combustion Chamber .

O Deterioration of Turbo Charger Performance

4. Prevension of Heat
Check

5 Prevension of Casting

Defects

5.3 RE&L OB AR

PRAESRE % b b ORI ERETT OB EIC, BAVICHIEE % 5 0O, B A A OWE T b,
BRAEFAMLABEL LT RRESERISE LA HEN E b Tk o © OHER, Wik % 10 HIAS T8
ARARIC 31T B WP ER A BT LS & > THEC 40T D, LivL, HPEALETHE FRERN 5720 I,
BRAMRICETME T Y, B ATHECRHEOREN B AN b5, ¢ kbR CH, HRERELE
B Lk BESTRE & - Thbo D) 0BT AR 55 W BEAENC L T, s o BEX
POERLT, AHEERAL TR 56 0 Thb, ChbhBMT 2B, HREEORE SMIEIE
B, WROEED 2BBOETEERD L, V2l LUGHAOBEIFREOS H4RE LTEF T4, Vit

EEBEOBRBESE O 2l LGS EADRE AR+ E B L BT L Tnhb,



mﬁWMQﬁEtLTM,m&Lf@:&ﬁﬁﬂ@:&iﬁﬂkiUWW%%MQMT,ﬁxmbiuﬁﬁv
7% EICL 2 KIS, BGN L E BT D HREREO 7 7 5 A h BRI L TWah, Lo LRETD
it B OMBERBEICH, WEPY 7o 2 E TR ATTE £ I CAKEBIE S T 2 5 R E (R -
TEORRECTOEMEHL LR (R b7 e, 2 FREAEKRT 27— Y w27 HR ) 2 CEHEIN T
Voo TORBIC, ZRTNARBRFEICL 2B HLE T L, ZTEAREEE L 510NN, TiEcr
BLVBRABEREL QL kb, ®o T, ZREARBED T n 77 2 5 ME-T, 0 L9 2IEHDLOR
Batoc bnTas, oDkt LR shr bocumgrre’ Y commun’ " son, ¢
DHECHFER )V 7B THER by o 250 2B ELTHBTHE, WBEER b 2500 IR EL
2 LR HHARY 7EEBHR Y 7B BB AR 2 59 KK KO, BEOESHTHlS 45
L OREBNERD CTEHEWEBT T 5, & cbhBR, FREZZSLHBREBOBKGTR ) 7 % o & S 2 H14:
AT HERMOWIPR ) 7 (Co 2ng THIXFRK L3 % LTI T2 T T4, cAbLBM LT, WHs
%%%%Oﬁﬁiﬁbﬁﬂﬁﬁﬁﬂ&D@%ET*@%C&%T%%iﬁK&gko

—HEBNZHEL L TR, BREGICLBESHEPHBMAB S LU R b v A e £~ JEHARER it
BLTWHH, ZCTHERT L, Lo l, BREMVTREHES OM100,113, 136 PHEES TEM 3 h 2 highs:
BORE, LNCHETLEE K& BATOZ oXACHRL b2, ch bt Fig. 53113 &0 TH Lk

DT, WEREN 7,

Fig. 5.3.1 &HMREHS S RMTLES TER L /o BBEEEE O TR

R % m 8 ES i A = | &MmmeE B
SR100 | (1D1,050mERARE (D=t 2493, »<—OBRESM | HEER
_ a4 oiEE N 63 (Hi42)
QIBIER ME M | (280mA, 840mE, 980mE b | N 77 (8 43)
OREETHL, = b2« v~ S5 N97 (HE44)
BE, [CHBAT, AHUHEB
(3) BB 1T 0 AT (8) 840 mAEYWE R, » -~ OBEEHE T
TIREHT, KRR
@) 7 #EEx PO 4)850mE €% b » DILHEEATE, = b L
paY: SRS 4> - — 258, LB
SR113 | WBKIHOR 2RI 5RE | (1) 130mBHSH O = > v B e & *
DOES No115 (AR 45)
QBRAROREZEL | (Q)840mAE = b » DREFH, EMEHR | M 130 (K 46)
i 1 OkES N0 148 (BR47)
SR136 |(DHKIFOR BKTICE | (1) 280mABEIHFORESHH, BEMRN, | I & H
TB (RS MBI N T Bt O3, BizZomyr|  N181 (#48)
Na 197 (BB 49)
Nu218 (BB 50)




54 HEFRARKHOBE
i B EREHC FEF) LTV 2 IE I, BB — S L AISNEE, FEM%M»AIED BTS2 5RO T b,
R CIE D PR TEIRIE Ik » T & & 2% % 5o, BRRIE TOR Y HBRER 2 MV ORFmetize L .
Skt hLs, ZHIENARBOSMICH deq WCEBR L 2Rl % b iy,
*ﬁoﬁ39®£mﬁﬁahamaz(ﬁ&i&EZFV'7577@%ﬁHm%ﬁm,¥¢&ﬁm,@@ﬁ
BIGHEELTEV) EFTHLE TeqRO LI ICELN T L,
e E AT SR
Geq=0r,0(,0; ©H5HLERKEN
S B CiE
Geq=+/(0r—00)° + (0 —02)% + (0,-01)° Y2
G eq BHTE ORROBBEOT B DMK ST Tho Th, [ENAKEEI N5 ICoh Tl & BKARIET 5 ¢
| L OBIENAKEC, L b BEAML &R USRS ARG IETEBE C LR ERELL L, BAITNEEKS
® FEL T e LAh D, —BEICHBETE A £ CERRENICHE S 52 E 2 EL TEhhdE bk,
cw%%mﬁ?éﬁ%tﬁmm&mxéf@%ﬁ,CC?uMmMr@ﬁw%%mactKT%OMTK%@
FHEIC oV TBET B, A ELTOMNE (5 4.1 ) RCEHEMENICERI AL 40 £ Ao
RMIE N M Kt , BRENEPEEET Ko, B FRPERT Ke £ 358 Neuber EEMAE LT
Ktk AT 0D,

(541)

Ki? = Ke +Ko , (5.4.2)
L IS Ko:%@n,K&:W@woan-En&mkfét
gere=(Kton)?/E (543)
BRbhb, T U-EH@&ﬁﬁ&Etﬁ%@mﬁ&Ué,Unﬁﬁﬁﬁﬁ,EH*VV%T@éOKh
On EHHEHE TR ORAENE Chb, 72K LILNBITCHBEBN TN Tns L8k col ) hELRE
FovBAEV,
(54.3)KICEWVT, €ho OBEE LTEDNE, BUHRS T ERLAILNO 23RKE b KICTDHILIC
. DWNWTE~N %4,
BMEEIY o TRE - ZIBHT, BEHEARECIEMARIEN TG R % EOR I 2 E@ LR
Kin % ( Omaxle &F 5,
Fig. 54 L 0RTL 95 (6max)de FOAB LD SADIBNTH L, HHOBKEB L EL L &, BH—
FOMEE OB MG CHL DT, EEOENEB DN omax Kk > T\nh, ©ZCOBHKE € =f(0)
TRTE, omax it (5.4.3)REHWATRKIC L DETH T2 5,
Umax‘f(“max):(ﬂmax)ez/E (5.4.4)
WiC, BN L IC L THIES, A =EEHE S ICBADD (Imax)e £ ICFF 2o — 77 HEIRYICE
FLTALDT, ELTHABLOHNEHCHE L, FMORRILD I ET L, CCTBRATHERLE LTGT
o, Te'lh®r Fig. 5.4.1 0 X9IC AL, BUIENELS (Fmaxde W LAILHTEREEAD AT &L 7, Bt
ﬁﬁ&%iét,BEcmﬁiwéEw&afm%oC@té@mn&al»f%famnkfataﬁn@
omax %R 7 SERRIC L TR TR E 5,

Omin * g(ghlin.): (Umax)i/E (5.4.5)

— g7 -




ZZT BECH#HEL e'=g(d') LTWa,

o— e i TEL feomin HOmin 2Kt - 20T, Kt TEHET & D

Omin = %max = min (54.6)
FEIR 14 (545 )R EMATEREICEE € & 2,
PlEctiigh e 2 2 of e T Lk dd, Fig. 5.4.2 2 HW-CHW 4803 5, @ @R+

LORREDILT) 7 — » 2L TMEFR THONAE % (dth)e & L, 4 2EIEN% 2{0g)e & L T#
IWHEH AELHOBRASQNOL 9T HLEE LM T4 (BT e MWL NATUT L), oL 9 S7% L&
Fig. 541 TO(0max)e & (Gth)e TH 5, (dth)e & ’f’lrt»f?ii*h/[m EL HELIBCRF Y 9 Komax
EOomin OEOILNOENE The —FH, #HXERNKC 2Tl Fig. 5.4.1 OB ECli# F &+ 20T
(545 )X ETANT

20g-8(20g)={2(0g)e )’ /E
L hRE B, 727, 2(0gle 7 (0th)e W LTI NEER, 2050 2(0gle EALLTH Ling

Blbo & SIC=8E SR 2w B oS M ICA B L, @RS E20 0, —ion, S8 L Tns
IS REE % #ﬁsltfg% 77, Fig. 5 4. 11CR3 8 % 16— ORS¢ =f(0) . =g (a) #b -
’Cl/\fh‘iliama\ amm‘ @f'f]é;}‘zb' TEDNTERWN, .

BHIE —E B R, E&m CK¥  OIIHREE T2 525, ST ICEKICR~NS 5EET LR T2 & D5
LD,

BB IC R b W B ik, IS —FOBR LRSS L AEDREL FICR 2 & Fig. 5 4.3 1OR
FABOCOL S w27 ) w2 =70k L, WHEE R ep L R0 OBIR 2 k0 5 &, — R IChstc
T ENTE B,

aep:A-aaa (54.7)
T T A, adHHER

=7, Fig. 5.4 3 DASOHIEOADD L 5 WA b, Zom@Es Fig. 5.4.1 ch}&»r@mn:ﬁ—ﬁz@mo
BT & %,

AROE e EBIORT L OICHIETE ce SPMTep TMAA SDTHY, ep=aep/2 &+,

E:ee+5p:0a/E+A0‘:/2 ®

TZT da kORI THEh L, K2 LI 5,

6:0/E+A0a/2 {54 8)

—J%, Fig. 541 C%}% BECHMEFig. 5. 43 COABO MM EF—D b OTH 5, ABO MO
CAHBMEFTEOKOWTHHR THL L Lo ELHE, BKFT L OO EL BRI E - To'—iTe & e'D
BIMR %3k b, ZOBEFEN Fig. 5410 e =g (o)difir 52 b,

Fig. 5430 nT o'~ BEETOEEE, e=ce+ep Chb, CCT ep=acpy (L d=20,)
LBzdL0T, (54 TR EMANTE L d OEFBRERODL & KPR LA D,

=cetep=0d E+Aalc) 2" (5.4.9)

(5.48) . (549)&ICL-T e=f(0), ¢=g(¢) DENFNOEDEEGERPE LI AD T,
Omax, Omin IRE TE, BUIH CHONAILT 4 &I LT, BRI HREIMNEE T b, pCES O
FHETHECT LR LABEY $ bR THh 5B,

— 98_-



FHBE L dbER by 270 OIRNBHOER, MBEEZ-/OBAORNEOHETEROL S T
%o
BICHE 2 4.3Kg ni
HAEIRIE — 6.8Ke nn
HAEGH OFHE LB 44x10% /7 1##8)
—F, BB L Lo AEBDCEBERBICL D T a—F— A2 OT, BHEFRET 2.5 BEKES (IE
BT T o, BRI E ORI LE 7)o ENEPEELS L |
#E7 (0thle =25%x24.3=60.8 (Ko mi) :

} mrEt

HAEW N 2(0gle=25%X(~-68)=-17.0 (Ko mit)
L b, CH OB LG LIRS RIS A B BE L ADH Fig. 54468 Ade #RER
HBEBRTHLDOT (Omax)e=608 & %bh, i, TOEAL>e2 59 @Cr-MoBHHMTTETEHDH, M
%H@@HE#BﬁﬁLkOTEh—é%%ﬂtLT@,%ﬁwﬁﬁﬁﬂf%&bkﬁEOﬁ%&@wfééo
ERFERIC LhE, (54.8) RICHL T5R4,
€=476X10° 0+ 368x10"'%.07%" (5410
Thoto COXEBHEWCLT( 5.4 9) RITHYEFT LR ERKDD L,
€=476x10 %0+ 368x10 13x2(g )" 2788
—476x10 %0 +359%x10 17 (g )7 (54.11)
(5410, (5411)RDLHEMFRE Fig. 545K FTOBC, BEFOMETH %,
(544), (5410 XK (omax)e = 608Ke, mi % N4 & omax B TKRE 5,
Omax (47 6X10°° omax + 3.68x10 ' omax ) =608%/E
zzt E=21X10* B3
476X107°  Omax+368x10 "+ omax=608%,21x10"
b omax &R 1, B BT 2 0TI E RS D L, Omax =3 5.9Ke ni AT b h b,
At Fig. 5.4.5 OREIGHIREAXBH B 2524 5L BRAKERIh 2 Z SR B, RIEBRERRE LT
Fmin i ( 5.4.5) , (5411 XEYF (Fmax)e=608Kg ni % A5 &
4.76x10° (Fmin)? +3.59%x10"7 (Fmin)**® =608 /21x10*
Ibk#b, omin=54Ke mizsBH0b, Lo Tomin i
omin = 359 — 54 =—18.1
Hit, Fig. 5 4.5 CHEREOILNIRE E A28 -7
AXFELBHAEES ST, LEOHE CEIELCOEMEHEMH S ITE—T 50T, T TEHMEH
&b,
FROLOX L TEMAS L ZEET 5L, Fig. 5.4.4 @R TR 2 - db)0 L O KWERI LS,

DA B =R b ST L TR A i & L AT hid 7 b7\

_._99__



swioried ssaag avyseid pue sryseiy popog -8y , Ga2138 $SA1G alisug oud
Muhmw\ﬁ\r\Q\ Haaipweg ssod1g o 18 wc_ 1194au0) jo uor ::_m_axx PR .ui
) 21152
13- 72773 (D) waped ssais sustyd (§)  wiegvd ssais st ()
' 0 50 19078 240
, 9, U
| corrren | ﬂ MWE - 12079 240 i
¥ s o%\x%.%_u;\ ‘ ﬂ ,
ou ¢_ UMMM T ae |
f boz NP AMAL L
< < < i[*! lﬁ < meSN
VVV 4
doorp siseisdy g yg By Yo uotjeyay | BN,
UIBI15 880115 otweudq pue alise|y jo uolleue(dxy 714G 314
- P 0 5=3
3 ' J
! o
g / - \ 0
w Zexow
» (213507 ) 7o)
~ 5 | 204N 11DIY5 o
p ’ | 552495 DAY k _
- 93 20 [y | : . 174 . 3
RS “
d B ] , o/ 2
237=p 4~)0 i

115077

<100~



7r
60.8 A
60F /
50
c
40_
¢’ Omax=359 B
g 30+
\ "/0
£
[ 20'_
T20
60.8
10r
130
0 7 2 4 5 o 7,8
fw £ (x107)
-,0.__
Toin=-18.1 0§€«-54
_20 min=
160
-1
F 0o’
Fig. 545 Dynamic Stress—Strain Relation of Cr—Mo Cast Steel

55 EHFHETE

i BE T VR 3 AR D BIG N & # 2 TIEHOEE LA TRECH L, chbOIEDREE =7 2 1L
LGB CHE O HE I 2 RO BBGHE ICHVAE LDV THE 2 5ICFHR L, REROTL %o

FCCHLN AR TESETER T ABEA LT LB ERD L9 THb,

a) IBHBETHIW bR v o2 e X7 e 3= kR HND,
b)) FHENEEES » M=y REWLWBE OB ERH AL, i BEIEREZ R D5,
¢) EHEEBETEED S — NS % HH 2R LB ORMTE L, B DHAEEY 1 2 v, #2lE

I AREY 4 2 vEHOS - NBREHNnL, %%

S — N B TR L, HHRAERD

¥, Fig. 5.5 1 (GRT L 5CHEHRLT 2 CEMRTER LTEL 5,
d)%ﬁﬁmi&%ﬁﬁﬂbﬁ%ﬁ@ﬁﬁﬁﬁcKﬁoﬁ&é#%%ﬁﬁfé%&%i%o“ﬁKC@ﬁH

L hdRfii b LesbsBEOBTa), CORMAP EORBREOFBEREEZICL THRETI

I

a) ~ d) O8I, ERBGHEEOFETL Hh, LT OF CT - TR OBl 2 i TF & fifa i

(ORI SaNI-

Fig. 5.5 2@)DEN % #— » AWM E 2 ZRT5H LONCGRT L ORIEN 4~ v KERIhfeg TOF

— L OIENRRE AR DO, Fig. 5.4.20)Th b, Blb, LM O 1EE 72 EILNR IR S,

EHIEHO R 2 BES V, BIE7 . V> ORETHE FRERBRAIL NG, 4 & IS IS OG

JiEWES ott, gtg LT B L,

-101—

(28)str&EMLT, Fig. 55 200D2NT



ot =i (L= lom | o)

. ‘ } (551
dtg=adg {1~ omax ~og | Sop)
2T 0a={(Fmax -%min). 2
Om= (Fmax+0min ). 2
=% WHO FE oG, (2.9 )88 LT
Ott =03 +q loml ‘ ,
. } {(55.2)

Gtg=0dg+q |omax~og |
KL CTNEFhOBAILN 2K 2 5. +4DL, Fig. 55 20D IKEZ, @54 L9 % itk b i ik
TECRE N AT Lk A, '
Fig 554 bNCRLAMIEL MW T BRI D 4RO THL &, B2 . 1w ¥,
oh={359-(-181)),2=27.0
Om=—(359-18.1)2 =89
Omax =359, Og=85 ThHHOT,
o4t =270(1-8968) 31.1
otg=85/{1-(359-85).68)=142
WHOHETH, q=03 L LT n 22 HORBRMRI V2 b EVOC0.3 8 LK)
T11=270+0.3X89=297 \
Otg=85+03x(359-85)::16.7
Thb, &%, TZTCr-MoFioMEopgid, 68Kg mit LTz,
CHLEORRELRR L7208, Fig. 5.5.3Tdh, BIE7 - V> oFik & (WO Fid i, HIEDKS O
BEMECKEL VA, H2LRDBNBOFEC L AHHIKE T T,
HHEBORC B, T, Ky 120, BV 42208~ NREETHER (55.3) , ( 554 ) TR
R (e

ajy

Noa = K, ( 5.5.3)
a

Noa = K, (554 )

T 2T Oa 3R bt b
ay , ag, Ky, Ko dEBREH
Fig. 55272, FERN- 5> 010 chdBBO R 1 FIEHS ) % b ofEDE k¢
X% 2,
ai ) as
D=0ttt 7K + nsodtg K,
HATD d)%ﬁiﬁé’ DB LHECI T o Ao & BAWITHEGT DD &ThiE, HEFrin4 Nes & 45 L gt ¢ Rles i
N A
: . . af az .
Nes (ott , K; + n- dtg/Kz )=
2T Chit—#&ikKit1
Ukbiomfhw,%%ﬁ%%ﬁ@ﬁ%%ﬁ#ﬁ%éﬂ%:atﬁ&;MW%%me.553KmLk&
% I TG 406502 LT3 2, '

5.4 BT, FHHFHEH TR LAY 2 b o 2 50 O Hvs, B T, SRS 2 % 00 - T

- 102



Bt EL A KERIL N OBE, ICHERE, FHLNOFMICOWTHAL Tt 4 TOBBREWT, EX
MICLERRR LT ) BREI—EME, ) Er12r, By 12 20MED S-NERTH5, L
2L, 1)) OEFHFR—HRICDODNTED - TWHEWOT, T Tl LaBRE H—RBEX R %
OER =B ONWTOHEBT30cpm OB ERFHBEROS -NBHBANTHEREE L 125, X%
512(553), (554)RICGRTLIKZDOOS ~NBERHGLETHLY, TTTHREREELS TWAEW
OTCHENR—Thoe L TABORLEE DT AT LTS, S-NBEHOKXEIRKXTH 5,

10.51 20
Noa =117x%X10 (556 )

FHYILHOFMEEDL2 BEHL 0T, ThEROBELOWTEHEL b, BIEY » V<> D HEOBPEE,
Fig. 553028 L €

10.51 20 10.51 20
D=311 117X10" +44X10%X14.2 117X10
=417X107° +485x1072

=485x10°%

=2

157 Nes=1/D=1,/485%x10"
THbL, W210E0REA (#BHICH L ) BHESG &% 5,
L MMCEBTIRHI~5AITHR LA ORI &,

EHIEH OFMEL L TLWBEO HEE HnABRICOWTKRICHAEL T4 5%, Fig- 6.5.30)28RL T

D=306  /117x10%° + 44x10°X16.7  /1.17x10%°
=352X10°%+266x10°
=266x10 !
15T Nes=1/D=1/266%x10"' =37
Thbb HABOREIMEESS L 2B,
HEHGLERESFEAUBO FETFELNEFML A LENL (B> TWD, Lol 1) FBILHOFER
KEnT, BRBEEOER TR q=04 Tk, T2 TH q=03&LTWAEZE, 2) BIEZ » F=> O
HiETh, BEREHOEBEROZ L2 +EL L, LAOHETEE LEBROFHETOHEICA > TWa L}
Zi b3z b, 3) BEAMBEMABRE L T8 —BA TR E L LIHERZIZTHED D05 Tn
PEORTELD L, PRATEEBETIIENICHE T NEIDLEEL TLn,
Bk, ZOBEBEGHEERTER - kD, FIPROKBETREL %o ke & ¥, BRBR COFHILOF L,
& IR B R D BB DT IR T~ S 0Bk T2, BEATE S -NERTRAOEBEEEL T,
LEEREETLOV—FHETH5 9,

—103—




Log ¥
Fig. 551 8-N iagram for Fatigue Life Estimation

,

%ﬂ T O;J,,_ _

0 e I T
Jﬁé"__J ¢ Uﬁﬁl___J

@) Orginal patiern (8) Stress pattern after cycle counting

LL

T
il
AL

ﬂcycles

(C) Stress condition after mean
stress evaluation

Fig. 552 Explanation of Cycle Counting and Mean Stress Evaluation

¥ | | :
7
q ﬂ n-44510°
n=44x/0¢ 359
7 (b)  Modified Goodmans method
-18.7 T
(@) Original  stress condition j 77 /;r

no=4.4x10°
(C) Yamada's method

Fig. 5.53 Comparison for Tow Ways of Mean Stress

Evaluation

—104-



56 BRES MK

(1) BissA OMRE &~
A4 2 il S FE T R AL I B SR B 2 & OB R L TR A Gl 2 6 o Cd LTI K

% OMED B D, BEIIEM R A e e 2 TH>TH, RIS DIEMIL & /2 8805k « R+ 28
BEH O R TS5 S W T & B, DRI A BB OLEN B 5 W LB R (B8 BT 4
CHhER LT R LF, BEE THROBHLG LAY ZIN THAWO TERHICHR +4 2L 2B T
By

B EERMO e e 2 LTHME 2 7 o BEAE D EINChi s THd 7 e o DFOOBEH AN %
W, Sl BB & T BBERIE A D 2 DB %A & L LTERRL 7,

WIS E T e v 2DBfREs LT, KOF— 240 Tnh,

%R AR (80~100T) 500 ppm bLLCFAICH BT HE

500 m"mTETFARRE
‘ Bems®s (90C) vooppme
° 2 000 ppm LI 7% & 75 0B AeiTAE

SOOI Fe R ORI R T & 5 4%, A ORI RER L b TR A 5 L LB A 0T, itk
TR A LR AR REE L ) BRI LT (LB 29, F MR 1 > w2l g fe R
B 'F’C’ht;@?é-ﬁ%‘f)[l@f;‘;’;% ib }%Eﬁzzi{iiﬁén Bo EBWTHGEK OHB 2 VBT ICTThh A O T, BETEH
HERACFTO £ 8 I, oo L OLBERRE L VBREICHEML T (2 EnEE L, o TEBGEKRD
HASER A, IR T < &£ $2000ppmlll, TEIE3000ppm B EICHERF T 400RNEB bR b,
AL FA v e e 2 il, BAMBIED LI RERAELT ToBEREKOERE I L X INDLH0T,
AHEBOBE LA ICENEREEE YRR T (HRDEVER CEhd, vl v e 2Td5
5
(2) HBRFEEE & EHEE OTHICHIC DN T
WO L DR AEABIEIC 2T b, SRRl IR L U T A, S0 ORER TRD BB O |

107 [ S 3 I B % i SR L 9 Td b, |

\. AR iy s op (Kead) 0 F % (%)

XK P 28 100
73C 8 K ’ .

SC 42 1300 c¢pm 232 5
i 3 -
1300cpm 208
A 255 100
90C # Kk
, 188 74

CI“NIO'%@M 34()0(‘]_)(}]
90T il A o ( .
110¢pm 14.0

7K 88 T A B R LI o M T, TR DB T VO VBB TR R SR 4

S F T 4o
)y REBBRE O HEE & L TR OB ERE ST b,



8N 4 5 Kgui
IS A 1 45 Kg uib
RS IS D + 8 Kg ui

vz b2 sy, Cr—Mo $58
(& SURE Al L Wh B 20 B )

v A H i Cr~Mo #i5H LENIE h + 5 Kgnd
CERBEBHNETHIOT) SRR + 15 K¢/ i

RN U & RO T B AL, BEOT S b (g &R USRI OfIC, TR OB
EDKECT B EEL G A, B AR R T &, AT L REAK O ES Ot RS bIC
R (B ERARE, WA E ) 3 RBAEBGE 10T, LA EHRL Ttk Eifo
S S TSR DSRRER T HREE L DR LT\ ATHEME 4 # 2 Hh 2

5.7 K B O

74— e P I I N BT 7 R0 P i, FREICE 1 3 6 B (WA 7 i
4 QAENE ) TER A TRIRHRD GRS % 6 410 4 T BIEE 85 WOAF L 70 |
T, EIBICF | — ¢ BB SR O SEE R E 1T 9 B0 BB & 4 & BIE L EPIE BT TR L <
WhHRE, AFARINACOWLHICE AV a=—2 R EMAEE LTOMBEADLEE L LR b,

na, GROMEAOET, RUAEHET DO, BRENRECH T ARACTHL, chCH L TH 1

FIS1EED LHA 164 IRHE T, ML EAWICER L T D,

—~106—



& e X B

m2E
1) FI36WEHSATEERSEE, PHEHN181, (B48-3)
2) " 484EE 7 N197, (BE49-3)
3) ” 49%FE 7 Mm218, (HE50-3)

4) o, HP | BHRFLRIE32-244,(HB41-12), P.1755
5) mwAk, @i, Bk, r  37-296,(B46~4 ), P.658
6) (LH ; BRFSEELTFIOMRRLHME ML (1974-3), P.67
HIE
3.2
1) A. Dearden ; BCIRA., Vol.9, N4, (1961), P. 540
2) W&, L, A8, =FEIHKWM Vol.6. M5, (1969), P. 589
3) S. Yamamo'to, H. Yamanouchi ; " Strength and Structure of Solid of
Materials " ( Japan—U.S. Joint Seminar, Minnow Brook, U.S.A., 1974.11),
P.124
4) B136 AR WL48EEREE, MREMN197, (ME49-3), P. 1
5) H. Moebus ; ISME "73 Tokyo, (1973), 1-6-17, $»I0’D1-6-5
3.3
1) F. K. G. Odqvist, Jan Hult ; Kriechfestigkeit Metallischer Werkstoffe,
Springer—Verlag, 1962,
HEBSBR, 7 V— 7mIOHERK, HRE (1967), P. 203
Hwaw
4.28
1) #lz i,
A ARy S EAENCET L AE RS BE | BRENER S OMETEN, (1972)
2) KA BAH FARSEREGRS T MMM ] M43, (1975) . P.55
3) T. K. Ross 3 J.of British Corrosion Vol. 12, (1967), P. 131
4) B, &)1 B &R, Vol. 23, (1974), P. 183
4. 385
1) E. Piwowarsky ; Hochwertiges Gusseisen, (1951), P. 451
2) " " " P. 44
4.4 #
1) BASHMES ELEI oFFEM D, (1950), P.40
2) A EEVol. 11, M2, (1973), P.85
3) Z# BEH, KH, fb; HAMEEAF MM EaaR, (1974), P. 7
5

5 3%

—107—



CEEMTITE. Vol.6. N5, (1969)

2y 0. C. Zienkiewicz 5 [ The Finite Element Method in Structural and

Continuum Mechanies | Me Grow—Hill, (1967)

-

32 kML, WL TER DR, Vol 7. M5, (1870)
FAE, BIO0RERL S 34 HGL EL RN ST, (HH40 - 3)
5

5.5

1) H~ Neuber;J. Appl. Mech.. 28 . 54411961 )

~108-



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124

