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Studies on the Strength of Marine Diesel Crankshaft
by Stress Freezing Photo-elasticity

Abstract

The demand of power up of marine diesel engines in recent years has resulted the
engine speed, mean effective pressure and maximum gas pressure higher. The form of
crankshafts has also changed. In regard to the change of crankshaft form, increase of
pin (journal)—cylinder diameter ratio, web breadth—thickness ratio and overlap of pin
and journal as well as the special form of recessed groove at pin and journal fillets are
specially noted.

The marine diesel crankshafts are hitherto designed in accordance with the require-
ments of classification rules. But, these rules only formulate the required shaft diameter
and web proportion on the basis of long service experience of low speed engines and
do not regulate the detailes as mentioned above. .

Many papers have reported the strength of crankshafts for non-marine engines such
as automobile and aircraft engines but they are not fully applicable for marine engine,
because the form of crankshaft is considerably different.

The research committee, therefore, has chosen the following items to make studies
on the strength of marine diesel crankshafts.

(1) A study on stress concentration factors of crankshaft having various forms

using stress freezing photo-elasticity.

(2) Material testing on full scale crankshaft.

(3) The statical and dynamical stress measurement of MITSUBISHI 6 UEV 30/40

engine crankshaft.

(4) The rotating bending fatigue test of scale model crankshafts.

(5) The torsional fatigue test of scale model crankshafts.

Summery of the test results is as follows.

1. A study on stress concentration factors of crankshafts
using stress freezing photo-elasticity (Photo. 2-1)

15 model crankshafts used for the tests have been classified into following two groups:
the in-line type and high speed V- or W-type. The former is represented by the crank-
shaft having dimensions in accordance with the rule requirements, and the latter by
that of new MITSUBISHI UEV 30/40 (V-type) diesel engine.

The models having 28 mm in pin diameter were made of epoxy resin. Pin length,
web thickness, web breadth, fillet radius, overlap and depth of recessed groove at fillets
are different in each model as shown in Table 2-1. Stress flinges appearing in several
sliced pieces are represented in Photo. 2 to 14, from which stress concentration factors



and stress gradients at fillets have been evaluated.
Bending stress concentration factors: The stress concentration factor ax at pin and
journal fillets: under the uniform bending moment is given by the following formula:

ax="F- f1{l)- foll) - f3(D) - f1(#) - f5(S) f(0)

Where, k as well as fi— fs and their applicable conditions are shown in Fig. 2-2, clasify-
ing two groups of crankshafts. The standard deviations of the stress concentration
factor calculated by the above formula may be within 10%. Stress gradients at fillet
parts: The stress gradients in subsurface of the fillets of several specimens are investi-
gated, results obtained being as shown in Fig. 2-3. As the results, it seems that the
diameter of the equivalent plain specimen having the same stress gradients as that at
the fillets of the model crankshafts is to be 1/20 to 1/30 pin diameter. Although the
general relation could not be clearly observed between the stress gradients and the
stress concentration factor, (Fig. 2-4), there may be a certain relation between the stress
gradient and R/D (Fig. 2-5). The effect of the loading condition: Additional tests
changing the load conditions as shown in Table 2-4 were carried out. The results
(Table 2-5) show that when the stress concentration factor is defined as the ratio of the
maximum stress on fillet to the nominal stress calculated by dividing the bending mo-
ment at the center of web thickness by the section modulus of crankpin, the stress con-
centration factors at the fillets obtained under the concentrating load are nearly equal
to that under the uniform bending moment, except in the case of in-line type shafts, in
which a little difference caused probably by the compressive stress in crankweb is ob-
served. It is also noted that under the axial load at the center of journal, the stress
at the crankpin fillet is 2 to 3 times the stress at journal fillet.

2. Testing of materials

A test block was taken from an additional crank throw forged integral to the top
side of the ingot (ingot was made of vacuum casting), and test specimens were taken
from various parts and directions (Fig. 3-1 and 3-2). The distribution of segregation
(Photo. 3-1), chemical compositions (Table 3-3), mechanical properties (Table 3-4), and
fatigue strength (Table 3-5) were investigated. In spite of the presence of slight sulphur
segregation band, no distinct difference is observed in the mechanical properties and the
fatigue strength at this band.

3. The statical stress measurement of MITSUBISHI 6 UEV 30/40
diesel engine crankshaft (Photo. 3-2)

The crankshaft was installed in the actual engine and the statical stresses on various
parts (Fig. 3-4) were measured under the oil pressure in cylinder which is equalized to
the gas pressure in operation (Table 3-6). The results are represented in Fig. 3-6 ta
3-11. The maximum stresses were observed on the crank fillet at the positions of about

— i -



+30 degree from the crank plane. Stresses were measured to be 8.3 kg/mm and 10.4
kg/mm at the pin and journal fillets respectively.

4. The dynamical stress measurement of MITSUBISHI 6 UEV 30/40
diesel engine crankshaft (Photo. 3-3)

The stresses were measured by wire strain gauges in running conditions. The lead
wires of the strain gauges were taken out through hollow centers of the pin and journal
and lead to the slip ring fitted at the shaft end (Fig. 3-13). The measuring points and
results are as shown in Fig. 3-12 and Fig. 3-14 to 3-17. In Fig. 3-14 and 15, the stress
obtained by statical stress measurement are also shown. The dynamical stress amplitude
(peak to peak) at pin and journal fillets in crank plane are 7.3 kg/mm? and 6.0 kg/mm?.
These values are 1.22 times and 1.30 times the stress at the same points in static tests
respectively. It is estimated, accordingly, that the maximum stresses on fillets at the
position of about +30 degree to the crank plane in full load running condition may be
10.1 kg/mm? and 13.5 kg/mm? at pin and journal fillets.

5. The rotating bending fatigue test on scale model crankshafts

Scale model crankshafts having pin diameter of 80 mm (Fig. 4-1) were made from
the ingot having the same compositions as that of the actual crankshaft. Before the
fatigue test, the statical stresses at pin and journal fillets were measured under uniform
bending and concentrating load (Fig. 4-2) by wire strain gauges. The results are shown
in Fig. 4-3 and 4-4 in terms of concentration factors. The maximum stresses were
measured at the positions of :i-15 degree from crank plane, concentration factors being 62
and 58 at crankpin and journal respectively. S-N curve obtained by fatigue tests car-
ried out by the 2-f-m rotating fatigue testing machine are as shown in Fig. 4-6. The
fatigue limit of +23.5kg/mm? of maximum stress amplitude at pin fillet (+ 3.8 kg/mm?
of nominal stress amplitude at pin plain part), coincides with that obtained in 10 mm
specimens (+23.2 kg/mm? as shown in Fig. 4-7) taken from the web of model crank
shaft perpendicularly to the metal flow.

6. The torsional fatigue test of scale model crankshafts

6 scale model crank shafts having pin diameter of 70 mm (Fig. 5-1) were made from
the same ingot used for the bending fatigue tests. 3 of specimens have the oil hole on
the crankpin. The statical torsional stresses at pin and journal fillets and the vicinity
of the oil hole were measured by wire strain gauges (Fig. 5-2). The stress concentra-
tion factors in terms of torsional stress of crankpin taken as nominal stress at pin and
journal fillets are 1.98 and 2.08 but no stress rise was observed in the vicinity of the oil
holes (Fig. 5-3 & 5-4). The torsionol fatigue tests were carried out by 6 scale model
crankshafts and 7 mm diameter plain cylindrical specimens taken from the web of the
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crankshafts specimens, using the 1 #-m Schenk torsator and 4 kg/m Schenk fatigue testing
machine. S-N curves are shown in Fig. 5-5 and 5-6. The torsional fatigue limit of the
model crankshafts without oil hole is +16.7 kg/mm? of the stress amplitude at crankpin
fillet (+84kg/mm? of nominal stress amplitude at pin plain part). That the fatigue
limit of scale model crankshafts coincides with that of 7mm diameter specimens (+16.8
kg/mm?) should be noted. The fatigue crack of crank specimens having oil hole always
initiate from the oil hole. The fatigue limit is +7.5kg/mm, which is about 8% lower
than that of crank specimens without oil hole.
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Table 2.1 List of Photoelastic Model Crank Shaft

unit: mm
Model D L d H B . R . S Remarks
No. , ! |
1 28.0 18.0 0 10.0 - 42.0 - 2.0 0
2 " ‘ ” 4 15.5 36.0 1.0 4
3 ” ” ” 4 ” ' 1.5 ”
4 ¢ " ’ v e 2.0 . —16.0
5 ” . ” ” ” ” ‘ ” — 8.0 Straight
6 ” ” ” ” ” ‘ 4 0 Type
7 " " " " v 8.0
8 ” " ” ” ” ” 16.0
9 " ’ ’ / ’ 2.5 0
10 ” ” 11.5 " " 2.0 ”
11 ’ 21.0 0 10.0 42.0 ” 4
12 " " " 15.5 36.0 " v




Modol

No. D L d H B R S Note

28.0 24.0 0 10.0 36.0 2.0 2.0

l] Ji ” ” - r}
15 2.0 1.0 ()
!I ’ |__, 3

18 v 8.0
19 y 0
i0) o " # » " ” api i} V and
1 " " " " . " J 16.0) High
" " 2.5 (0 Speed
7.5 2.0 8.0 'y p
1 ! - 0.4
e " 13.0
H " # 15.5 6.0 0
” / ” v 3.0
[« 11.5 10).0) 12.0) ]
94 " Spare
0 ” Spare

Photo. 2+1 Loading (Uniform Bendng) Photo, 2+2 Stress Pattern of No. 17 Model

Apparatus

Photo. 2.3 Stress Pattern of No. 18 Model Photo. 2+4 Stress Pattern of No.19 Model



Photo. 2+5  Stress Pattern of No.20 Model
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Table 2+2 Stress Concentration Facters and Stress Gradients

' Pin Fillet Journal Fillet

Model Loading Stress Concent- Stress Stress Concent-, Stress Remarks
No. Method ,_ration Factor | Gradient _ ration Factor Gradient emarks
ag gm ' 247 \ gm
No.— 1 Uniform Bend 8.69 | — x10 : 8.86 — %10 Straight Type
— 2 " : 9.49 | =78 9.34 —6.55 ”
— 3 " 4.46 T —4.85 5.01 —2.24 ”
— 4 " 4.48 ' — 5.42 — ”
— 5 " 5.20 — 5.43 — ”
-6 ! % 4.83 Po—1.79 5.20 —u.36 "
-7 % i 4.21 | — 4.92 — "
-8 i ” C3.62 — 3.89 — ”
-9 | " 4.22 : — 4.59 — "
-10 " 5.07 . o—LTs 4.69 —2.63 "
—u ” o8 — 8.6 — ' Goomil e
-1z | ” : 4.21 _ 4.69 - | "
13 , ! 10.09 — 9.27 — | ,
—14 " ! 7.64 — 7.29 — | "
—15 " I11.31 —4.93 12.81 —6.28 "
—16 " j 9.60 —3.88 11.19 —5.46 "
—17 v ) 8.29 —1.44 9.38 —1.69 "
-18 | ” . 954 —1.94 10.73 —1.69 ”
—19 . » © 898 | —3.60 9.72 ' —3.63 ”
—20 " ' 6.1 ~2.60 6.48 | —2.30 "
—21 ’ C 435 —2.50 g.o1 | —2.16 ’
—22 ” : 6.71 —1.01 8.94 | —3.03 "
—23 ” , 8.96 — 8.92 I — ”
—24 ” L 6.07 — 6.09 — ’
—25 ” i 3.84 ; — 4.48 — ”
—2% ” : 3.68 : — 3.97 — "
—27 ’ | 370 — 377 — ”
—28 ” l 9.02 —1.88 8.99 " —3.86 ”

. Max Stress on Fillet
" Bending Moment/Section Modulus of Pin (Journal)

Remarks: ax

Stress Gradient at Fillet Surface
Max Stress at Fillet/Radius of Pin (Journal)
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No.6 Model D=28,L=18 H=155,B=36R=2, 5=0)
10 T T K] T T
Pin Corn]er Journal Corner

8 8 =
, aip=4.8 ’ a =5.2 ]
5/ \\ gn=-179X10 (22 \\ ga=—2.36 410

E 6
- N ‘ N

™~ 4 N

I~

90
0123 4 e 0 1 2 3 4 xip
S— =X - 14D

No 20 Model (D=28, L =24, H=10,B=42, R=2, 5=8,

1.0 1.0
T | I I
8 Pin Corner Journal Com
: — 8

\ ap=6.3 L aj =65
= —26X10 \ -—23x10

6 6
olr- \ 0/0vun \
o4 ;A N,
2 l 2
0.0
0.0
1 2 3 4 x10-2 0 1 2 3 4 )(1 -z
~—— =X = x=XD

Note: X: Depth from the Surface of Fillet
D: Diameter of Pin or Journal
o: Stress at the Depth X
Omax: Maximum Stress on the Fillet

Fig. 2+1 Stress Distribution in the Section of Filler

Table 2¢3 Dimension of Photoelastic Model Crankshaft used for Additional Tests

Model No.

No. 6 ; No. 20

! 18 ' 24

i 28¢ 28 ¢
0 0

Internal Dia. of Journal 0 ! 0

Crank Pin Length L
D
dp !
dj
Width of Crank Web B | 36 42
" H
R
S

Crank Pin Diameter
Internal Dia. of Crank Pin

Thickness of Crank Web 15.5 : 10

Fillet Radius ' ‘ 2R ' 2R
Over Lap ' 0 8
. » ) B . ' . o k—‘V and ngh
Remarks Straight Type Speed Type
H—L— W 3
—1—“\_,__.2_‘ —

()
i
I
jik
[}
N
/]
sl
|
1!
141
|
|
|
Ll
1




Table 2¢4 Loading Methods and Shapes of List Models (Additional Test)

Model Loading method : Remarks

- . ‘ B

No.6 —1 Concentric load (1) N Not rolate
-2 ’ (2 - : )
3| Adalload (3 |(2) 4

No.20—1 Concentric load (1) free rotate

P
-2 ¥ {2) Pa—— T ;
(3} (4)
-3 Excentric:load (4) 4 - p
—4 [ Axial load [ [ 7 777
-9 Uniform bend dp=115¢ dj=7¢ no oil hole
~10 I . oil hole 2 ¢
-11 Concentric load " no oil hole
-12 » ’ oil hole 2 ¢
-13 Uniform bend shoulder cul
Z
- A =05
—-14 ’ under cut R
—15 ’ R 10
16 ' A 'S
-17 ’ r 20
-18 Uniform bend d,=0 .
diagonal slice

-19 " dp=115¢)

7 WK OIS 1 7576 % b EISE L7,
2.2:2 HEHER

Photo. 2:7 13 No. 6 HERE IZOWTENHET Y v — F AT RICHBEOBEZ 2 LERE S HE
L7e8# (i5(1), Photo. 28 13 UTARDMBRAIC DV TP v — F A RUCHETS B OB & [z
LxE LA (WiEHH2), Photo. 2:9 1% No. 6 KB IC DWW TOMBMTMERR (WEHHEG)
D ONHERBIERRZ T, Photo. 2:10, 2:11, 2-12, 2:13 X% hh No. 20 HEA IOV
T, #ATEQ), BINFEE), MOMWEGS XU TEG)D MR E IR, $£72, Photo
2.14 13, No. 20 HBEE O VB XU J v — FAITNLRERIT L E & iz, BhOIR 2
TR ONFRMRRIE R T

HRRIT IOV T ORBREE R A~ HRO A & FRRICARIRR E LT Table 2:5 1257,

FEITBWTIRER o B X am BENFROED (244), (25) RIKTEFELTWS,
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Stress Concentration

Photo Stress Pattern of No. 20-4 Model
I'able 2.5
[,Iljlfhll_'.'
Model Pin Fillet
Method
g Tmn
2 ) [Tniform Bend 1.8 1.8
(Concentric Load (1 2.15 3.65
2) 2.03 3.09
\xial Load (3) 1.78 9.56
£90— 0 Uniform Bend 6.0 6.0
1 Concentric Load (1) .49 5.49
4 (2) 2.40 5
e 9.53 5.28
Excentric Load (4 .89 5 51
| Axial Load (3) 7.56 15.12
0 [Tniform Load i 6
10) 1.91 1.91
11 Concentriec Load (2) 1. 30) 5
12 2.22 y. 10
13 Uniform Bend 6.3 6.33
14 —
15 1454 7.54
16 O .20 0. 20
7.69 7.69
18 - =
I'
(
19 1
f: Angle between Centre Plane and Sliced Plane

Maximum Stress on Fillet

s

I’}]lr-‘li_ 2+14

Stress Pattern of No

Uniform Bending

y  Test Results of Additional Tests

Factor

Joarnal Fillet

ik fmn
5 5.2
2.15 3.65
2.17 3.30
1.66 3.32
7.4 7.4
2.96 .80
3.15 7.30
3.65 7-62
2.61 7.62

7 7.46
h.63 5. 6!

=6 3.86
1.50 .46
1.32 3.06
6.52 6.52
7.34 7.34
7.79 7519
8.61 8.61
8.81 8].81
Hh.74 Hh.74
5.50 5.580
1.90 4.90
5.05 H.0o
6H.86 H.86
7.76 7.76

Bending Moment/Section Modulus of Pin (Journal)

Maximum Stress on Fillet

Remarks

|1F) 1]--:

o

Noo Ol
2
No Oil

20

Shoulder Cut

Under Cut

o

=0

0=15" dp
=730

7=0

=15 dp
=230

Bending Moment at the ,\_IEH](‘ of Web Thikness/Section Modulus of Pin

4

Jourt

20-9 Model

Hole
(il Hole
Hole
Oil Hole

0.5

na
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a) Effect of pin length
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o y  h(0=202-155¢ | " ‘4
N6<£=L/0<09 .
<3 . T o= () =064+042 1~
= \ N 06</=L/p<09
8 \\ -8 i
5 7 N 578 9
. \\ 2=L/D #=L/D

\

b} Effect of web thickness

A
N

\ |
1.8] ~ 12X |
i iy (h; =3.30~4.20 Ny | B (h)=180-227h
1§ 03<h=H/D<06 | 10 NJ03<h=HD<06 |
=14 = 8 N

3“ \\ ?gf N
N

10 X 4 X
\ \

. 5 b 3. 5 b
h HD heH D

¢) Effect of web width

0 i, (0) =1.50-0 38 P
e T 12<b=g0<16 -
Sl } 210 —
= I~ - fi(b - 1.75-050
9 G I } n -
= T -
8t
12 13 14 15 1o 12 13 14 15 16 17
b=8 D b=B8.D0
Straight type enginz . V and fugh speed type engine

Fig. 2.2a Effect of Stress Concentration Factor by Various Dimensional Factors
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Table 3+1 Chemical Compositions of Crank Shaft

C l Si i Mn { P&S %

()3.3~O 43 ’ 0.15~0.35 <0.9 ‘ <0.035 | <0.10

Heat Treatment: 850°Cx 7.5 hr. Normalize, 570~80°C x 10 hr. "Temper
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Table 3.2 Mechanical Properties of Crank Shalt

&nd | .' ,- ‘ =2 < - 4
Yield Tensile Elong-Reduc- Test | Impact  Brinell Chemical LK’:S;,;’;;M of Ladle
Position Point Strength ation K?;; ILi?de (Charpy) Hardness =

kgmm* kgmm* | 9% = 9% Radiuskgm/em* BHN C  Si Mn P | 8 1'%

16 |
ox | 2rps | wos | <an | G 0.33 0.15 | _pnq < <
Rule <28 55~65 <25 <40 Good ~0).43 ~0.35 <().-9 0.035 0.035 <0.10
T 1  34.4 H7.8 30.5 55.6 ” 8.4 170
0ap {
) 2 137.4 57.5  30.0 56.8| 8.1 174
' . 0.35  0.21 | 0.54 0.0 0.006 ] 0.06
36.4"' H7.8 | 30:0 56:8 L4 3.6 170
Bottom =
2 1/86:1 | 57.5 [:31.5(( 530 | 7.7 167 ;
Caank X |'36.4 | '56.5 27.H| 55.8 ” TT 163 Bend Test: 25R x90°
'Y | 36.1 56.8 28.0 50.1 6.5 159 ”
Block | 5 |35.7 | 67.2 | 30.6|56.8| # 8.1 159 Y
Photo. 3«1 Sulphar Print on Longitudinal Section of Crank Shialt
Table 3+3 Chemical Compositions of Check Analysis
Chemical Composition (%)
Position —— ——
L& Si Mn P ] A ~ Cu
Core o 0.38 0.28 0.57 | 0.015 0.008 0.07 | 0.19
Pin Ghost 0.40 0.25 0.58 0.016 0.009 0.07 0.20
. Rim o 0.36 .23 0.59 0.017 0.012 0.07 | 0.19
Core 0.3 023 | 057 | 0016 | 0.000 007 | 0.18
Journal Ghost 0.42 0.23 | 0.58 . 0.015 i 0.008 0.07 0.19
Rim 0.38 0.25 0.59 0.015 |

0.008 | 0.07 0.19

JIS iz X - C IS A EMA AL L7, AR, CROMEMBROMBREIIVTILL
0.1%EAFTHhhH, ORI TORRO.2~0.3% 2, 274 DiFkaiisic g T %
i) REEEZA 5 X OCH S RS A
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Table 34 Mechanical Properties of Test Pieces

e e —
L | Yield | Tensile |Elongation| Reduction | 17Pact Value Bend Test
Part Direction {Specimen kg?fg;’ Sktﬁigh o of :ﬁrea Specimen! Charpy |Specimen Ins!d(:l s
| /0 /0 No. ]kg-m/cm2 No. Angle.: 90°
. A—Ti 34.3 556 | 32.0 5722 1A si ) 7.4
Axial . —T2 32.2 , 55.1 30.8 56.0 Ss, 7.1
_ —Ts 356 | 55.9 30.4 55.8 Ss | 7.9 |
al T — - = - - s
Journal | Tang. | —T7] 356 | 562 | 2.0 | 47.0 Sv, 4.4 |
. emtial | —Ts . 35.1 | 56.7 27.2 47.9 Ss ! 5.1
® I —Toe | 34.9 | 56.7 25.8 40.5 Se i 3.8
i Radial I —Tw| 34.0 ‘ 56.1 25.6 4 S 5.7 Bi ) Good
1 | —Tuj| 34.0 | 555 25.0 4 Su| 6.7 B ”
| Sec B—2 33.7 55.7 + 29.2 ! 50.1 B 3 8.3 | Bs | ”
B — 4 | 34.3 | 56.4 29.6 42.7 ! 5 8.5
| —6 ! 30.9 | 55.8 29.6 . 56.8 7 8.1 |
. . - _ i .
| Sec | —10 | 32.6 | 55.5 30.0 54.8 11 8.1 |
| —I12 | 34.3 | 56.2 30.0 42.7 13 8.4 |
Pin and —14 | 32.1 | 56.0 32.4 52.2
Sec —17 | 32.7 | 55.8 32.4 55.9 18 7.5
Journal 3 —19 | 33.0 | 55.8 29.4 49.0 20 7.5
Fillet — '
Sec —23 | 31.7 | s6.1 32.0 56.8 24 7.4
® 4 —25 | 33.8 | 56.4 30.8 44.8
R IR I Co R
Sec —27 | 35.2 | 56.5 28.8 49.1 28 7.9
5 —29 | 35.2 | 57.8 29.2 48.9 30 7.4
—31 | 35.9 | 57.2 29.2 53.0
Sec —32 | 32.3 | 55.6 32.0 55.9 31 8.3
6 —34 | 32.3 | 56.3 34.8 55.8
— T i ' -
Thicknees C—T1 1 33.7 © 557 26.0 8.5 'C Si1. 7.4
Phickness ™ 1 540+ 266 © 320 | 576 | S1, 8.1
Web . - L !
) S —Ts | 317 [ 55.4 . 32.0 56.8 | S3| 5.4
(¥ Radial © — T4 319 | 56.5 25.2 48.1 St 5.7
—Ts5 | 34.6 | 57.7 28.0 48.0 Ss | 6.0
' —Ts | 33.4 | 56.3 20.0 31.6 | Ss 4.8
 D—Ti! 36.4 56.6 31.6 57.2 'D Si: 8.3
) Axial —T2 33.4 56.3 31.6 57.3 . S, 7.2
Pin —Ts | 34.5 58.0 30.0 ! 545 i Sz, 7.5
o) Tang. —T+' 337 36.3 | 30.0 47.1 Si i 6.7
| entisl —Xs| 353  56.0 | 28.8 49.1 . Ss. 6.0
—Ts ' 33.6 55.6 , 26.0 40.7 ' Ss 4.8
. — : e :
E—T1 | 35.1 1| 55.6 | 31.6 49.4 E Si1| 6.9 !
—Ts2 | 35.3  55.9 27.6 ' 337 - Spi 5.9
—Ts3 | 32.7  55.5 29.6 | 49.6 Ss ' 5.7
o —Te| 355 5.0 | 29.2 43.9 Se . 5.9
- Width | —T; | St 6.0
Web . —Ts  34.5  56.0 22.2 | 29.2 Ss| 7.2
—Tu 35.5 56.5 30.8 45.0 Su- 7.2
® —Tiz 34.7 56.5 31.8 , 54.1 S1iz: 6.3
—Tis 36.1 - 57.0 26.0 35.5 S| 7.4
_ " =Ty 346 - 54.8 ' 31.6 42.1 Si' 8.5
Thickness —Ts  34.7 55.7 - 32.0 47.0 Ss ' 8.7
—Ts . 34.8 54.8 , 32.8 48.7 Se | 7.5
S+ 10.0



Table 3-5 Bending Fatigue Test Results

T

‘ 1
Position of Specimen Spf\c['gnen : Rgx'eersssal ‘ Wﬁight }\{I?L::}r)zarl Remarks
‘ + kg/mm? | € X 10
! : B 8 ! 24.0 ; ) 17.15 . 7.38 : Broken
! 15 20.0 | 14.3 ' 208.61 | Not Broken
Pin i 21 21.0 5 15.0 . 150.51 i "
b and ! 26 21.5 : 15.37 | 103.8 P
Journal ! 38 22.0 : 15.4 43.31 , Broken
Pt e l 39 28.0 199 p.?§>_~J "
i B9 240  17.15 | w857 | #
Journal ; 1620 15.7 151.73 :IVot Broken
, 35 26.0 18.7 4.68 , Broken
! % . 22.5 6.1 483
} | F 1 | 22.0 j 15.7 57.08 | Not Broken
' Sound DF 15 | 24.0 ' 17.15 36.41  Broken
i py | PE 9 ? 2.0, 167 2.3 4
i DF 14 ; 22.5 ‘ 16.1 100.53 Not Broken
I DF 10 | 26.0 ‘ 18.6 5.23 Broken
Pin : DF 13 . 20 | 157 107.55  Not Broken
i F 6 24.0 17.15 57.12 i Broken
| Ghost F 5 23.0 ; 16.45 100.91 Not Broken
Part DF 12 23.5 I 6.7 | 1250
- DF 11 26.0 ; 18.6 ’ 7.83 Broken
'F 4 28.0 i 19.9 ’ 197 | o

(=) SR
EHHRBAEERDO X DI VR XY v —F AT AR E, © il hio = — 2 e
JET—A MR D WAL, /BRI D) R (12 gmm) % il L7z, #54% Table 3+5
a7
Lt O#FEMHREZENTNIERDOEE D TH S,
1) o= A MEPRENA X ICER - ORI % U, MR & 5 KB 34 < 3

DAL,
i) FESHRE S-SRI CISHE LSV MBI TH 5,
i) AHOPEEN, M, Ky, ERELSCEFEEEES NS 5 WIIEIZ X 5 TH4A8

FOoWIPl Db 7o h, eI SL D EH—TH 5,
32 % E A B
3.2.1 EBMCLIBETERR
FHRIBERBRIEIERICE 57 7 VMG 255Ul »IZ L, 7D, 420 vEDOH AL
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Table 3-6 Specification of Test Engine

Cylinder Dia mm 300

Stroke mimn 400
Rev./min. r.p.m 600
Mean Effective Pressure  kg/hm® ‘ 9.495
Number of Cylinder : 6
Maximum Rated Power PS ; 2,250
Weight ton 14

Total Length mm 2,775

Number of

Measuring .

Point Test No. Measuring Points
Pin Fillet 1~16 16
Journal Fillet 17~24 8
Crank Web io25~36 12

Total : — 36

Fig. 3+3 Arrangement of Cylinder

7
N .
]

1 5 e S il e e e = [ £ —
Fig. 3-4 Strain Measuring Points (Statical Load Test)



Table 3.6 Test Condition

" Crank Xngl.e o

Test No. (frorE 51?;1(; 1_) ‘ Order of Loadi{ngg/carﬁ;i Test Pressure- Rir_n_arks -

1 0° : 1L (90) E *

2 ' 15° 3R (12)—1L (90)—1R (10) )

3 ’ 45° [ 3R(5)=1L(30)>2L(3)—1R (41) ,

4 ! 60° 1R (90) ‘ *

5 75° 1L (12)—1R (90)—2 L (10)

6—1 | 77°10° | 1L (30) ( *

6 —2 " 1L (30) o

7 105° 1L(5)—1R (80)—=2R (3)—2 L (41) |

8 —1 135° 1R (12)—2L (90)—2R (10)

8 —2 % 2L (90)—1R (12)—2R (10) ,

8 —3 " 1R (12)—2R (10)—2 L (90) 5

9 165° TR(5)—2L (B30)—=3L(3)—2R (41)

10 180° 2R (90) *

11 195 2L (12)—-2R (90)—3 L (10)

12 225° 2L(5)>2R(30)—3R(3)—3L(41) |

13 240° 3L(90) F

14 —1 255° 2R (12)—3L (80)—3R (10)

M—2 ” | 3L (90)—>2R (12) 3R (10)

14 —3 " ' 2R (12)—3R (10)—3 L (90)

15 —1 257°10° ¢ 2R (30) o

15 —2 | ” F2R(30) *

16 1 285° ] 2R(5)=3L(30)=1L(3)-3R(41)

17 300° | 3R(90) P

18 315° . 3L (12)—3R (90)—1L (10)

19 ‘ 345° | 3L(5)=3R(30)—1R(3)—1L(41) |

2 15° 3R (12)—1L (90)—1R (10) ‘

10/ ) 180° 2R (90) | *

10 | ’ 2R (10) P

g—1 135° 1R (12)—2 L (90)—2R (10) !

8 —2 " 2L (90)—1R (12)—2R (10) ’

8 —3 ” 1R (12)—2R (10)>2R (90) |

L R Ol i, messured
1w 195° ' 2L(12)~2R (90)~3L (10) e g ey iop messured ot 21
21 ’ | 2R (0. 10. 20:90. 100) *

21/ ” ! ” Y 2 stroke * Torque and Crank Web Deflection

7 measured
22 180° ‘ 2R (0. 10. 20290. 100) 2 stroke *

Note: * Represents a Special Load Condition
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Table 3.7 Running Condition

Test No. Marine Load % :Turni(ng Number Pme (kg/em?)

A (r.p.m.) o
1 2 ' 205 ' 7.74
2 40 : 308 i 7.74
3 53 j 411 ! 7.74
4 66 514 7.74
5 ! 53 l 514 6.19
6 40 514 4.64
7 26 ; 514 3.09
8 17 3 514 1 2.00
9

80 ; 557 8.62
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Table 4.1 Chemical Compositions, Mechanical Properties and Heat Treatment

Tensile hlongatxon Reduction Brinell I Bent Test Heat
' Strength of Area Hardness

kg/mm? % % BHN 168, 180° Treatment
o = : -
. ' : 870°C
X |
: 5Y.8 28.5 40.5 | 156 Goud Furnacc
) I
‘! ! Cool
I I AR R S R
Bl T R DR Yl a Table 4-2 12533,

Table 4.2 Results of Bending Fatigue Tests
Specimen %Z:]griial ! Stress of Stress of Stress of Imtlatxon No. of Cycle
Momengt | Journal Pin Fillet Journal Fillet of Crack Remarks
No. Tk kg/mm? kg/mm? kg/mm? X 1076 X 10"

: +kg-m > o v 0T .
A—7 222 | 4.44 28.3 275 | 2.78 5.13 Broken
A—8 207 414 | 2.4 25.7 3.96 | 7.6 Broken
A—9 185 3.69 ¢ 23.5 22.9 10.27 — No Crack
A—10 200 4.00 25.5 4.28 9.00 Broken

24.8
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Table 541

Results of Measurement of Statical Stress in Torsion, showed by

Mean of Stress Concentration Factor

Pin Corner Jé)(;lrrnn;l Surround of Oil Hole Crank Web
T T W, , @ Ty 7 T o @ S
aKp i axy ; AKH | CKH akw oKW aKw aRW
e S S A S I ) ——
P-1 - J-1 1.21 H-1| 0.74 0.71 |W- 1] 0.40 |[W-11] 0.83 W-1 0.34 |W—'ll 0.79
P-2° 1.63 J-2 1.66 H- 2] 0.98 0.91 tW-2 0.52 |W-120 0.83 W- Z 0.49 lW-lZ 0.79
P-3 1.95 J-3 1.82 H-3 1.21 1.10 {W- 3 0.61 Iw-13| 0.88 'W- 3 0.57 }W-13{ 0.73
P-4 1.98 J-4 1.88 ‘H- 4| 0.89 0.82 |W- 4/ 0.86 |[W-14| 0.75 W-4 0.78 W—14; 0.69
P-5 1.94° J-S‘ 2.08 H- 5| 0.93 0.85 |W-5 0.69 [W-15 0.82 W-5 0.64 W-15 0.78
P6 1.37 J-6 1.93 .H— 6| 0.98 0.90 |W-6| 0.73 [W-16] 0.79 W- 6 0.67 iW—lG 0.78
P-7 1.86 J-7 1.88 H-70.79 0.87 |W- 7 0.78 [W-17) 0.87 W- 7: 0.72 iW-17 0.75
P-8 1.51 J—S‘ 1.64 H-8 0.85 | 0.94 (W-8 0.75 |W-18 0.78 W-8 0.71 EVV-18 0.73
‘H-9 0.88 | 0.97 {W- 9 0.95 [W-19] 0.72 W-9 0.89 W-19 0.66
H-10; 0.85 0.94 W-10, 0.48 |W-20] 0.76 W-10 0.43 1W—ZO 0.71
H-11] 0.94 1.02 i
H-127 1.24 1.29 !
H-13] 1.67 1.70 |
(1) In Fig. 5.4, the Journal gide is 7twi_ste'd—Clch/kvwirs; B o
(2) In Fig. 5+4, the Journal Side is twisted Anticlockwise
' LRI 4 0-— Quf
W (P2 L (P8) 11 i i
N\ B TR > Tl wos] || i . II
A ) ' 0il hole :
<J81\9?§5 D | \\iﬁfgy " w5 e ; {Hl A2 R3
164 19 $ ) &5 ] f d
. \\\_//\ - 1.01 "r:f-i{ i ?_//—"i‘/ .
- \qﬁ? ol %;) 80 5- . ! \ ! '
=iz Sooal 1 e b l
Journl it P tiilel - Ry e m\iﬂwH“ Hi2
Fig. 5.3 Distribution of Shearing Stress Fig. 5.4 Distribution of Shearing Stress

Concentration Factor

Concentration Factor surround

the Oil Hole



485 % Table 5.1 B X U° Fig. 53, 54 WiRT, 77 V/EVBLIRY + —F AT HAHOD
SN fE Fig. 523 O X5 5N I NIERKOFRTE RS AR L - 72 ORETH D, 7
vy e VDT RREIGNSmIE PAT bbb Y VTS 30° AT BFIPRE &R D akr=
1.98%mT, LPLEVYETEIUV60® OEFMNLTNLN1.94,1.95THH, WFNLEAEE LT
BHEDNLELL, AU DOEE, EVETOTAAMAL DISTILE v Fib 45° fREDIS I I
NTHYNEL LB ERRICHSENTND, LIrL, K73 v/ X St —~-35, 785
KEREETZZOHEAPHBIZS ShNAEVELON L5 Thb, WISHITH LV TL O 30°~
60° DFREITREICHERRHZ Z LEHLPTH D, BROEH SHURAENSTNEZIAH LT3,
EFREVTARET P6, P7, P8 oI HBIo P2, P3, P4 oFAiXy dERDISHSH
LIS TWVDHD, il 7 v 7 ok U DT SMiFERopE L2 515,

T —FATHATEME LTE VAR E R E AL RBEQSNIELZRLTHWSED, ¥y —
F LAIRRD J5 OEPRIARERLD arsr=2.08 HlE S,

MABRIMERD © vEEGN5%E Fig. 54 WRT, RUDVOF R L VBIEED £ /s 5 @
1, RUDVICHES 7 7 v 7MoiFERORE L Bbh s, RICEE LSO, 5 v e
vihZgih e UTEI LIS IE L D EMTRL, UL dIRRIGERM < it - TR T 5m
ZhbH, ThIE VERCEMRRBFEETSZ LI LD, LA T — AT T ST
DIABEDIST DRSNS 7D TH S 5, ROYIIIT X DIEHRAZER LT B OV RICHE < ILHE
L7e7 — AR R L OCRORNFIEIT & 2 SN D5, MiEERBOTLTHRAERE» -, K
ORI ICEE - 727 — 2D H13 13 axa=1.7 2 L L7225, THIBEZEOTLXER X Licd oD
THY, DEBRECREERENLEINTHEIDEEX D,

7 7 VI BREREISIER T NIT X DBER D 2320 5 EMHEE 2T B0 X 0 810%E< kb, B
I OIS DIEIHEE € v 3 ARSI OF) 60% BETH 5, BOHIEERD S bR -7 7 —
T WINE axw=0.95 THREFICHETLTVSY, IORSOGIRBEELOBECEELCLEDLS
L0 LBbh5,

54 hUOEFER

54:1 H B A &%

FROBER 7 5 v/ OWT, BARE £1,000 m-kg OAFQ L D IFEHREEE Torsator 3000
X DU DEFRBREER U, HBREOEE LEEESH 2,000 BT, 75 v 7 BidEic b
b T RAHR THRROFMELZ 5 X . RBRICHITRACYE— 2V ey 7 v o EVETGRED S
kb7 € v ORFRAL D EAMISTETS Hb Lz, RBIT/NEKORBRAIC X D S-N gz 7 ha,
ESIRERHETHAHRC X o7, F0888 7 5 v 7 8IDB LR SN ETIC/INERER B 2 5K
L, dm-kg = v 7 U DEHRBREEC X 085 2,800 @ Ch U Y EFREZ kD,

5:4-2 HBHERSLUER

EVRECHABARZE T 5308, HREZHIRLDOD 2RIIORKBRBTRbhiz, HEBRER
D—% % Table 5.2 it %7 S-N g4 Fig. 55 i0R T, S-N g I 2SS E S LR & %



Table 5-2 Results of Torsional Fatigue Tests

Reversal Reversal No. of Cycles No. of Cycles ! Stress on

Torque Stress to First Crack to Failure | Pin Fillet '
+mkg  +kgmm M . f\fz‘07 L kg/f?nz_ ~ - -
Ad 622 95 2.9x100 4 6.2x10° 18.8 ?Xiirg?étra?éltl}jrzljgh Pin and Web
A2 5720 8.7 Lo | 1.8ix 107‘7 172 V Yithout dotillrclinog]li Weh
A3 558 8.4 | — 20X i 16.6 mtlagékon Hole
Ay | 678 10.3 1.3X105 . 3.1X105 | 20.4 } x]rt;zo‘(ljtrgll(] t}l;rroolzgh Pin and Web
A® P2 ”8.4 ) -“5.3_X ;06_ _l__'ij l_OT— -__7 - zgir;}:e Vggrlacll‘z:ﬁrough;il-l{oler_
wo e e e e — BB e
12

T
'

®--~Without oil hole

\_M3 o--~ With oil hole i

f=3

/
A
/
)
A
V4
1
I
1
&
|

/
[y
-
/
u

©O

il
7
/

/

Reversal torsional stress Ekg/mm’

>

111 1 1.1 1111 1 [ : N
10¢ 10 10
No. of stress reversal

Fig. 5.5 S-N Diagram of the Model Crank Shafts in Terms
of Nominal Shearing Stress for Crank Pin

TEL L7, SRBALLEKBRTO 7 7 v s EEHS LT, TTHER (05~2mm) FFERL
TR DOERE LEDETH D, WA R EZUT X 0 HBREHTHATFREL T 5 R TH B,

EFTMREG LW THEH, A2, A3, A3, Ad PZhiZMY T %, Fig. 55 thod A3 11X
8.4kg/mm? T 2x10" [MFETREAKITL 7o % & HEEZRDUP572b 0T, WEE FT 103
kg/mm? T A3 L LTHRRE LD TH B, SN oI »s &7 5 v 7o edr Lk
WHAORUVESIRER, 75 v 7 EVvoAHRAL D EARIEHT 8.4kg/mm? LHEIXN 5,
KB RIICEHORETIDR 5 VI ¥ VT RRHOE VE THHH 30°~60° OfFBET,
FlEtE EVHETOTAHAMEB I UY + —~+ AL TAHRROE Vilitk & RIGEWEFTICREET 5, I51
I OFRMTIEERIR LB 21050 - T 45° HvhE R, 50k v A~ — 7 R/ hE%
PR TRESTT 5, INLD I HLbOWTFRPAKE GER L TN EZUTL 55, H5TFLL
WYNTHEE U e S WM X BUTIRT 5 LIRS T,

_40_
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Fracture of Model Crank Shafts
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RET HEMN, TbbICNEPEORLTTVCEFETHRRTREMABENKRTH S, LrbR
DT ~ A E ROFITROLEME, HDVIETN L VETRONNCE - 7 EBfT» D ERSHIFE
T 5, THIIRIH LTXhEN 45° FRICKIRCTEAET 543, FRilR» 5 BB OB ERT
HEMPKEBDERZ LDOT, - THRMERS ZOLMETL D,

Fig. 5-5 @ S-N iSOV HE L 0 BEFFEEIET T2 2 &BHLPTHD, Lid
TR DD O EFRFEAEMNIILEOTICT, SREEPLWRIE TOEE LEPEPITE< T - T
%, HEEEFIRER 7.5kg/mm? HHVITETNTTH D, MADURPEPELTELHELT
BEOEDOIAIRZE T AET 5 L5 26N 50, KEEO X 3R B 0 #IcGE VR NE 2 5 FE 4
THDT, HENELIWFLENTD A9, BLARERNS T DI LM b H I PIKEER
TH D,

Bl 7 7 v 7 MOEREEOR O X 0 4F 23mm OET X 9, T LAcFITHME Tmm
D/NEFREMOR C VRS RBE 1778 7228, Fig. 56 OSHTRT SN fhifn b, EHIRE
16.8 kg/mm® LifEEIN D,

ny
~

~

—_
o o

[

—
~

Reversal lorsiona! stress Lkg mm?

o

o
n

i ; s . Ao
108 10¢ 107 104
No.of stress reversal

Fig. 5.6 S-N Diagram of the Small Straight Specimens
(7 ¢ Shaft cutted from the Crank Shaft) and
the Model Crank Shaft in Terms of Pin Fillet
Shearing Stress

MADIENZ 5V 7HE BT, SO E VT HRERORIRGEEK acr EKRRICNEFETHZ &
Xh, FHBEEOC VT RAOEROIGINE KD, hT S-N s iirg 5L Fig. 56 @
XHWiB, ZOPEOEFRET 16.7kg/mm? §ifk LD, KD 7mm /NESIFEORE IR
EFEAE—FT B, JOZ LRFA—MO/NEEEEDOR U DEFEEP DL, BIRGREB MO 7 7 v
7O U VIESEE A HET DRI L TRRTFSPDICRD I EERLTNS, L LitL
DR U FEFHKERE* T X, ZOmEORFIREIDEWEIIZL 22, FRROGEDX Sk
EAEFEE—BIIBLNTWARV, Lh T, /INETFIEEORE T D B KR ORK 5 755 %
HETHHRNEMILT H7200E, k% OHBRICES &, NEFIFH & KIEOIRMOT R, &
ﬁ@m,mﬁ%wﬂgﬁﬁ%,m%ﬁaiﬁﬂwsﬁﬁﬁﬁﬁwﬁgiﬁawx5&%%%3;&?
AL NTXEDLERDS D,

*OKIT, fEA B SRS IR No. 32, 1960—11




5:5 # %

(1) =gz UEV 30/40 ¥ 1 — ¥/ 7 5 v 7o 1/5 HiREROISFHIOSE, 77 v ¥y
TRAFOR T D IREREE 1.98 & 785 7,

@ hUDVHMEZZFL2 7 vrMor 7 vy € v TFT 2RI S bbh b~ OG5
LAY SV IID ESITE Vv ET 4 —FADF—S—F , TEAAKITL S E, AR D Sl <7
Lo Linl, €y Tl EHS 30°~60° 3 o 2o AR SN DIEIE N 23S 5 2 3N TH %,

(3) HEER 7 5 7 EOR U D ENRBOFKE, ©y RIS O v BN, € VTS
30°~60° FENH o 2T AR A & 7R D, RU VENIRER E AR U DEANIGHT 8.4
kg/mm? &7 5, —HiREH T BB R MR L e D, AU DL 7.5kg/mm?
RN

@) JMRDENT FVIECEL, 7 7 v 7 ¥V TRAFROISHTER LR U ENIREE
16.7kg/mm’® 750, [[@7 7 v/ MOME 2SS hE Tmm O/NEFBEIOR L DED
RE&IFEAE—E LT,



BT BB R EFEH Lo EFCHE T B,
6-1 =RITABMHERKER

CHRBAIHO 7 o - E A BRI A S RIALE L IRE M BIACE (VE, WHRILE) ZITABIL, EABREER
Dy 7 ZENIBRNTED LN TV LT AR, JRE SR 7 5 v 7 #iii=% 6 UEV 30/40 &5
« —EAEE, hENRERERIRE L, VR, BOM IS IR, T4HREE, +~-175,
Ty AL RALOREI L ER TN EFNELE /o€ Vg 28mm D= K& BRI O 7 5 v o gl
S0 %MD, THIKDWTIERILEFERBRE{ T, 77 V7 EHROTARE BIRGEER O TR, T7-
NI DIG T DB, TR O E L o TR L,
6-1-1 £ K B #

7 7 v 7RO IE L IRRHORGRIE, B L EENBIC OWTrh o FORA T
fERRDLZENTED,

Y7 vy RN -l E — 2 v FAMERT BN

ax=K: frw- faa - [3wr - o+ faw - fon
ERPBERE D 7 5 v 4 il

K=5.00

Siw =2.02—1.551 0.6<!=L/D<0.9
Sfamy=3.30—4.20 1 0.3<h=H/D<0.6
Sf3wy=1.50—0.38D 1.2<b=B/D<1.6
f4(r)=%%%?~ 0.03<r=R/D<0.10

f5=1.02—0.225—0.47 st —0.6<s=S/D<0.6
JEEFEEER D 7 5 v 2

K=6.6
Sfi1w =0.6440.42 1 0.6<!/=L/D<0.9
Fam=1.80—2.27 h 0.3<h=H|D<0.6
fswry=1.75—0.50b 1.2<b=B/D<1.7
Sfun= (_)”01_86? 0.03<»=R/D<0.10
f59=1.38—1.135—1.19s?+1.61 s —0.6<s=8/D<0.6
S =1.00+0.228 6 0=6=4/R<1.0

g,

D: v5vrsvviE mm

L: 753v/7¢Yv0EE mm



/7 v/ BDKE  mm

X Wom

VA o] mm
T IrRPERE mm
St A—F 57 mm

4: 2 < DABDRE mm
ax:  JIRGEE =0max/0s
Omax: TP ORAISS)  kg/mm?
oo: HiFE— 2 v e v OWiE R
Fam s L2 JEAR R B O I3 910% O BESERIT & {18 5
6:1-2 FTHARIMBOLHBDE
77 VY MOT IR I SRS HROISAARUE, ViU LTl TRIBCH D, K
O TIA 1By, 7 7 v 7T AR ORI OIGTI AR € D 1/20~1/40 DIEREERAT
LINBOMNEEE LS b T, E70, WWHAWRLE, TARERE DN LTI 7 BRI
WAL (Fig. 203), A REE & OIECHB 80 HAL D |
6-1-3 WEHEOEE
U E AL S, BEXohic ki AHiFE— A v R 2 Y v ORTERECCHE 57
ﬁ%@%mﬁu&ot%%%ﬁwm~%ﬁﬁﬁwﬁﬂ%ﬁmﬂmmtﬁo,LU@&M@?7V/M
TREFOE S HH, JFEFEEEO 7 5 v/ DWW TUREEHE L WEZRT T L0k -7
Sy — FADHLICHITRIED N EME s, E v T LREIiEy « —F AT RO 2 ~ 35D
JETIDES o

6:2 Eko 7 o8BI IHR

=3 6UEV 30/40 W2 44 7 A5 4 —EABHO 7 7 v 7diconT, MEHE, &Y v &N
7 i A 2 72 IRAEC 2 5 v 2 dE I B FHE L 7oK RIS TE R ER, B KO O 5
vy SO BIE JTENE R 1T - 72,

6:2.1 & B H B

6 UEV 30/40 BIEIH D 7 5 v 7 dilk BE L7 BBl (BZEh )@E%m,%%&avﬂawuﬁﬂ
G LMo B D, SO onT, RO RIREEE WAL, EMINIE S X OEYRILE
kavtz,

%Mti#&@%%t%mWMMﬁ@%bntﬁ Z DRy O BERUIIMETT 35 X ORI I AR

D LT MERNIEE 570 S BRD I T LR ST,
6-2:2 ERMICLIBTEAR

6 UEV 30/40 BRI D o U v £ 10RO NS DlEZ A, LB 7 7 V7 (Il
F5 77 v AR REE LT,

V7V IMT BRSO KIEINIE v, ¥ —F AL D B0, WTROTHRAIRIZEY
<3, EVTEHEXDE30° ofEicAE L, FhEh +8.3kg/mm? 35 XU —10.4kg/mm? TH 572,
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6 UEV 30/40 B D 7 5 v 7 SRR O TR 2 B, ©vH IOy ¢ —F A OPLREE
LTS E T Y — N, #smo 2y, 7Y v/ o Tk B L, 8IS hBlE 2177 -
726

A IS TR SR EABRO LD LEE—F L, ¥ vTRARTERIEYTERYD, Y5 —7
AT HANE TR D ERRIGE WIS E S s,

Ftm, U T HREBE T ORNARIEX 7.3kg/mm?, ¥y —F 0 TH KEHE E O EHERIEE
6.0kg/mm’ TH T, TRENFRERBED L2 5B X130 B TH B b Hx, BRI
B DHE VB IOY 4 — F AT HRIBOHEAICTIRIE (81 £30° H 7215y DICTT) ahzh 101
kg/mm? ¥ X O 13.5kg/mm? &HESEXN D,

6-3 KEUMER Y S5 o /OB ICHEES L U RERH T B S AR
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FESIRA RO B & &40, BRI 7 5 v X 0EREL7: 10mmeg O/ ER R 2DV T Sl s
PR kDI,

75 v oM SRE, ¥ T AROICIHRIE TS Hivd & £23.5kg/mm? (& v Eho i
JoISHITIE £3.8kg/mm?) TH Y, R L 5 v 7 BOBR D B & EA IR Uzc/ N
ER R ORISR +£23.2kg/mm? & FEF UCETH -7,

64 KBERS S /80BN L VENHESIURL DEFAR

BB ERA L E o oK A—A MBI TE VR T0mm D2 AR —7 5 v 7 HERERZND,
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stz ¥, KEBH Db 3K E VIR EH LRV Ao 3 A KR OHERIZIRO il A m
o T b,

6-4-1 Hh L VENUERER



RO T — DI X BICTEBER, € VvHIUT ¢ —F O T HAEC DT 5 & & ¢
W, THADEERZ T E L7z,

E ORI DR U DG EHEESL Lc € v LU 4 — F AT RAOIIRRENEL, FiuFh
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6-4:2 FHIRO L OEHHAR
Cltm TLART = b= 22, 6RDER S T v /iC oW TRU DESRBEf R & &
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