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A Study on the Structural Design of a Marine
Controllable Pitch Propeller System

Ki-In Kim

Department of Marine System Engineering
Graduate School
Korea Maritime University

Abstract

The thesis is focused on the structural design of main propulsion
shafting, hub assembly and oil distribution(OD) box for a marine controllable
pitch propeller(CPP) system. For the proper design of the CPP system
satisfying the requirements of customers, especially of naval vessel including
battle warship, structural analysis and calculation are performed in
accordance with classification society requirements and the U.S. Military
Specification MIL-STD 2189(SH) along with the drawing of NAVSHIPS
803-2145807.

The designing items of CPP shafting include propeller diameter, hub
diameter, size of OD box mounted on the shaft or gearbox, diameter of the
propeller and intermediate shafts, thickness of coupling flanges and size of
coupling bolts.

In the structural design of hub assembly, the strength and mass of each
component of the hub mechanism are important factors to determine the
accuracy and speed of blade pitch as well as durability of the CPP system.
The strengths of propeller hub, connection pipes and oil distribution device

are evaluated by using the finite element method in connection with
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structural mechanics. The stiffness and strength of their detailed part of
complicated shapes are checked by the same method. Linked mechanical
parts from blade flange to control valve of oil distribution device should be
maintained as short as possible by changing the size of CPP system.

To improve the performance of control system, the stiffness of its
components of complicated shapes should be simulated in various positions.
The contact conditions and elastic displacements of the propeller hub
components(i.e.,, piston, cross head, cross head rod, cross head bearing, end
plate, end plate bearing, collar bearings, sliding shoes, crank pins, crank pin
rings and blade flanges) should be checked.

In addition to the above items, numerical correlations of the blade loads,
the pressure of the collar bearings including crank pin rings, sliding shoes,
and the strengths of cross head lips should also be evaluated.

The elastic displacement toward circumference direction is estimated to
provide the hub shape in which the stiffness of the collar bearing is the best
distributed. The shape of actuating piston 1is also considered in association
with the correlation of cone angle and stiffness under the different
operational pressures.

To improve structural responses of sliding blocks on the cross head, the
height of sliding shoe is increased about 20% compared to original shoe and
it is analyzed with ANSYS program.

The results show as follows; The equivalent stress is reduced to 6% in
average, the contact pressure is reduced to 14% in average, and the
displacement is reduced to 23~29% over the shoe length.

The structural properties of the OD box ring, bearings and pipe
connections are simulated with the finite element program, ANSYS. The
strength of the twin tubes and details of the OD box are also simulated with
the above program. The strength and vibration of the twin tubes are also

evaluated to define the behavior of oil distribution box.
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The variation of OD box ring and bearing material is checked to evaluate
the properties with small gap which is based on steel for OD box ring and
babbitt or polyamide for bearings. The variation of the modulus elasticity is
in the range about 10% ~ 25% of difference for babbitt materials. The
modulus elasticity of polyamide is about four times higher than that of
babbitt materials. The difference between the deformative displacements of
babbitt materials and the maximum stresses of each material are estimated
for cyclic load of the bearing. The result of structural responses can be used
to estimate the fatigue properties of the bearing body and it can be also
used to estimate the babbitt metal bonded to steel of the OD box ring which
is under the oil pressure of 55 MPa and 11 MPa at full ahead condition.
For the above mentioned conditions, the structural properties of the bearing
and pipe connection are balanced along with deformative displacements,
contact pressure and friction stress values. To improve OD box ring
performance, three different methods can be adapted to minimize the leakage.
One is to use the modulus elasticity of the babbitt materials, another one is
to use the geometrical characteristics of the OD box ring with bearing, and
the last one is to change the bearing materials from babbitt to polyamide.
Mutual combination of the material properties and geometrical characteristics
makes a promise to minimize operational gap between high and low pressure
lines through the bearing and stub shaft, thereby improving the accuracy of
CPP control system.

As a result, the presented structural analysis makes it possible to identify
the precise position on which the highest stress and deformation are exerted
under the operational loads, thereby not only increasing the durability of the
parts in CPP system, but also improving the accuracy of pitch fixation.
Moreover, the advanced structural design method presented in the thesis will

be a successful standard paradigm for designing a high quality CPP system.

- Xix -



W TR Lesle Al BEREel BE B
(=% 9 A

B
=9 low, FAFEd e /EA dAS

2d A dHE FxMHE Fotol AA AAS o 2 A 2 72 F
Aol A vebd FAA Ol et tide A AAHLE ve WE 2ol A7
of wkedste] Adutg rpav A ey FAA L] 524 AARGS THotnA o

nl AR A MIL-STD-2189(SH) ¢ #+# =1 NAVSHIPS 803-2145807¢] A 7 7] &= ol
e FAEA SEHAMND ARA Zedy FIAAEHY] FARE, 5 F317] 47,
B A4, FA53 FA5 A4, FEE9Y A9 19 22 vz A=H
AR D AR AA, FH5 W 05 24 AEE ZAAY FA, AEH BE 2
719 AAA AAL AaAdL LA A gao AAZ 7be skt

2. 7F9 A Z2de FEAAEYY Fx2AA

At d&o] iAol g A dhato] &3 2o
o

) Aol Sn vie waRe $HF7}
o]

A7) fete] Eduddge] dA7 de
Mz g 4 e 71sted 5440 sl
(2) A28 z2AA 9 AF7] LHES ] B2 2By TRAFHS 2o AR
AAARNAN H2E U A e EAH detels UE Ao
MAE FEEEY @ Fojopsy] WEel WAEN Azsds mxel 7)es

- XX -



& Aotk 1y o

sk

HEZL A o]of

& Tojol

g AANA

i

o

3

X

M

e =

Els

=

il

N

o)
ol

o

Nr

il

A

(3) A=AF =9}

5} o

3

70 A

20% z Al

#el

| =

E

o] X ¢RET 20% Eolil AR

=
L

A

ol

B

—~—
o

wmo

A
o
ﬁo
el

ox
—_
o

sho] 23729%¢9] zF

S

H] al

K

mo
o

of

il
=0

ﬂ
gl

3

T

~X

Jo

ozl

X

o
Him
-

jazel

X

ol
G5

—

el

+
ol
ot

il
ﬂl

4

39

[

Hj o] &

14.7% <]
48

L
L

10% = A

bl ot

°

o]

=

H3t(B16 ~ B&9)
W7

o]

&
Q]
=

bat
o?

9

7 go] At 9
o

]
&g 7 5= o]
7]

=

T

3]
e
2

=13
=

OD

wolg Ao o
3 A o} LA A

Wolel FzAA s gel )

=1 7] 9]

7HE 20% =2 A
Zopul = LA el uof

ol A =

A owargl el o

) 771

=
°
Xz

(1) ODH¥F~ 8 9

(2)

3 gzl 2949 FxAA
(3)

&y
i

A

_—

wm

=l

H)

—_—

X
=)
e

do

~

)

wA
)

oo

el
it
4

o

oF

il

)
=0

=

o THREL T

=)
=

=

A

ERPACERY

b o

U

ofp

)

el

¢

&

%!

~

ol

Hin

)

"

- XXi -

1] 228l ol T

A F71

X

N}

hyA

A]



A A

]

i

ke

g, o] 714

1

R

7kel 7]

=

=

=

A
1A A 5744
Z17]

9

=
T

7181
ol o]

]

Al 1%

3

[e]

fu

E

=
155
<

=439
Lo A

3L

T H 7

1.1.1 7b¥ 9 A

1.1

<
g

o

o
50

B
3

i

I

}

0]
“

Mo s ofn

A ol ast gk,

)
9 g e 5

}

k9
“

o2
=

=

DA

gloj=gg 7wy A

A=
=

74 9] A]
=z Al gl =
7hd F] A

v

)

7 2o

I 2o o

9]

)

o
Tz

of
!
o
e

</

X

el
q_mo
=0

</

X

o
N
<

A+

3]

5o} 74 7]o] ol
of A
o] Hr14oz A,

1]

=z
-
=
h

|

ol
=
[¢)

@

Np
oj

o

Ton

)
£

v

T
mo
=

£e

‘A

Al
ok
oy
;i

£

~

AL
OO

o

o

il

o

0

il

—

il
%

-—

1=



ki3

1

=]
=

7K

dEue A ES v

3z

Victor Kaplan)4| 7}

& @ (Mr.
o, o 7

3T
=

7}

EJI-O’] Q/\]-X_J] %EH
A7) o} ¢l

sH)
=

=

A

1.1.2 7}¥ 9] X
7]’%%7]} -‘%4 E1 E1 Eﬂo]

ol

]f 5 B o dt o T

‘._,.A_.ﬁ ~ U 5 14 B% < o = R .

L o o~ M i) T

o WX o m ol _ o = o B

N A =R iz
e~ B = N - _ K o —

Eaﬁ7olﬂ@ré s X VMR E WG e oo

o W R g o X © ~ W X ® B 2T

X B Jo K P o o . M

= o o (S _ & mo X LN o

= B ) o R M o))

OM 1o° Z O#E e ™ i T 4 0 o#a X AT _

o oF ] N N il of my = o %o
= L@ﬂﬁ T = T S ML
TR o C Fo o T e B oy w 7o do TR HR o wr
Wﬂﬂ_ﬁ% s - x Nrﬂﬂﬂb_]ra
TDLRE LR T ik o R
P IR G T of = ¥ o~ W T
TR 3 o IR i TR, S
C %o o) :.L o o o T o ) T = 11_1 ol
% Zoge e <y U, Y wE or L, N — o

po® H] do Bg 2 AN woF o rE Iy
= — ~ = SRR = =
= T ™ 9° T o~ N R T i e =N [0 o X E
o F XX Mo I 1 B el — o T om W
S A o 2R B R
M n = Bo 4 ﬁw_ N <= 1) - ) W Nlo e ny nl oM

GO e \ R\ A 5 ¥ 2 X oo KR
ol NP Y e oo % 50 T 0
e — & _ J)) F RS eI~ I S
O N T E L ﬂ#ﬂzﬁuﬂ
EO JIHJ' .ﬁ_v ,lﬂmﬁ " —_— OW . —L..w \w-L ZMO m_x HE _ZT T.ﬂ < ,HAﬂ Et ‘I_/,Al _Ll \w-L

A e o° ™ ‘:O ,DF ~ 1__/I ok ~ \_ﬂo GO X C.__n H;l 1__/I
T v LA = 7 do ® o ow N Ho
(S s o o e ] s U3 o 5 BE
5 W T Hom PR B x° noX oS W o Mo = X

e gﬁxﬂ P G g G ,aﬂmrxu%
J.‘Ul ,DF o 3 Lf ﬂu e = ,.mh OT o :i ,IO_I B X o il ﬂNﬁ ,ﬂw._
W™ X g ™ of- d| = o S WoBE %R Wo® T AR mﬁra
moonr Tz T o~ om o TE o X B W =
o e Al EM do = 4l X o o] X = e ol o @r
lﬂﬂgwﬂ %%ﬂﬂﬂoﬁﬁ il R
M@rﬂﬁALHM4ﬂ%%_d%i ﬂ%%ﬂ@ﬂiﬁo
~ LT " GO = B K o B O ON T
o o N PR Mm_m mo 160 —~— umo o= X [
uzg_gm%ﬁ,wyﬂmﬁaip < R oa N
o ) oy = o n X - = o
BOX) . d o o —
T o0 T ~ N w o pox 6N
~ ™o Mo ‘% I
o K



gk ooluUel 2 A7 o @A A Ao

o

skt

A

g

7ol

R

FA2 et

A ¢

Ll
e AAAAZ

e Aol

AR AL s o]

-

ol

1 d)
=

a

oF
g

I

o

j—

o

il

AAgola, AA AA 7

Els

o] dlo] w]m]

3 71&=

Aol T

b glof =gl

)

s

A

w2}

A% 7]

=
=

A B A

Aot}

=]

o]

K
pE

i
o
Mo

il

74 5|

i

i

)

I,

(e}

al

3

2 A

3|
=

E

Ea

7} =% Ml (Kaplan turbine)o] ¥ 7P Y7l A

M

U, ¢ A FRE wd oF 42920043

Z7Hd 2

o}

o8
2
s
=

)

—_—

X
Y
)

oo
ol

T

~

ol

ot

ol

el

ZFell ek 7}

>~ =
TaT

Yep ko m Al o v Aol o gk

]

Njo

)

o

U

o

!

No

=5 of] A

ZFA a2 )t}

o7 7t

)

2 AEEY. =g AAY oy A

g

Al

—

0

™
)

H

e
=
T
o

R

o

= 2} 7

-
R

S dta Qow, AF7HA

o]
H

A
il

pa—

o)
"
g

i
o

o

g ol .

Zeady Agt

1.1.4 7p8 9 A

ﬁL

EEEI

3T

74 3] )

A ZAA %

zAq o AAHYA TFAR

3L

aea Zpi A



+ Rolls-RoyceAl, Wartsilla LipsAl, VA Tech. Escher WyssAl, MAN B&WAL,
Kawasakirl, KamomeAt @ NPO VintAH(Russia) 5 °] 9t
i A A

s B A A e

T vid 800~1,000 ¥ RS P o

Azdd. vrt, slels dx=a 8ls 2o Al

A Zedds A% dagAd dEdse 3y 74 =

A B vle} o) 38~4%e] BT Ao AZH)

m\l



Table 1.1 Domestic demand for CPP,

Thruster & Industrial purpose”
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Fig. 2.7 Diagram of pressure variation due to tipping moments D,

and D, on the collar bearing in dependent on diameter of
the crank pin ring Dcp
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Fig. 2.8 Diagram of summarized pressure variation p,,;, and

Dsust ON the collar bearing in dependent on diameter
of the crank pin ring Dy
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Fig. 2.10 Diagram of summarized pressure (including pressure
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(c) (d)

Fig. 2.13 (a) Pressure distribution from tipping moment
(b) Pressure distribution from centrifugal force
(c) Pressure distribution from tipping moment and
centrifugal force on the bearing middle diameter
(d) Summarized pressure distribution from tipping moment
and centrifugal force on the bearing middle diameter
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Fig. 2.16 Location of the total maximum summarized radial forces
on the bearing ring in the ahead mode
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Fig. 2.43 Plate coordinates, deflection, curvatures
and twist for end plate
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Fig 320 Equivalent stress along the upper shoe
near contact with pin
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Fig. 4.12 Longitudinal section of the finite element model

of the OD box ring and bearings

i

27

= At

Fig. 4.13 °|A] Ho]

Fig. 4.12 9

A

(=)

oty 3 Myuge

o ()%

Fig. 4.2 o vety 1o, Fig. 4.14 o Yerd 2t

.
°m

3.019 X 10~

o gk

]
=

o

=)

Fat

%

A7} x%

Ll

Holl e o

-
Ria

SR

.

(0]

m

-5

1.174 <10

Aol =

& AHAE, WP

)

1.845 % 107°

- 189 -



- AN
sep o
SUB =1 N— it
TIME=1 tAlGrT=
PATH PLOT -3.01%
NOD1=32412
MOD2=32413 3,167
Ux
-3.314
B
= -3.461
]
=
a 3.608
! -3,
3
o
2 -3.755
=
) -3.902
]
4
~4.040
2
-4.196
-4.343
-4.430 LR
] .48 .96 1.44 1.9z S
.24 .72 1.8 1.68 2.16
LENGTH

Fig. 4.13 Axial

displacement(m ) at inside surface of the middle bearing

posTL AN
Sct iy
SUB =1 Seras BN
TINE=1 (%o
PATH PLOT -1.734
NOD1=32412
HOD2=32413  _» 026
Ux
-z.320
E -2.614
§ -2.908
:
Z -3.202
-
I
=] -3.496
5
%
-3.730
-4.084
-4.378
-4,672 (RI0TNZZY
o .48 .96 1.44 1.92 2.4
.24 .12 1.z 1.68 Z.18
LENGTH

Fig. 4.14 Axial displacement(m ) at inside surface of
the middle part of OD box ring

- 160 -



Fig. 4.15, 4.16 oA ‘}E}

)

CERGER

3

H &

ot} e

9o Hu Auge 4.37x10 °m

Rl

H e

~

Bl
o)

Fig. 4.2 °| Yty 1o, Fig. 4.16 o debd 2o o

B =

o)
NA

XM

o
7
o

1o
g

r
)
of

4.372x 10 °m o]t}

0.002 < 107° o]

-
L

o Aol

3

&

Av, W

7}

S
=

1
s

9/]

)

(

ki3

i3

d =

%?‘5

,ao

ol

AN

FOSTL

0OCT 14 2006
16:33:42

1
1

3TEF
SUB

(x10%%-5]

=1

TIME

Bl
|
“
£
=3
3
E

.36

-4. 087

FATH PLOT

=2354
2156

NOD1

-4.118

NOD2
ux

-4.146

-4.174
4.202
-4.230
4.258
4. 286

IHNEMEDYTIRTd T¥IXY X

-4.314

-4.342

-4.370

LG54

.28

LENGTH

Fig. 4.15 Axial deformative displacement(m )

at inside surface of the right bearing

- 161 -



SEra s
SUE =1 i s
TINE=1 Gl =8l
PATH PLOT -4.100
NOD1=2354
NODZ=2156 Al
Uz
-4,156
-4.183
g
E -4.210
[}
é -4,237
[z
[m]
3 -4.264
I
<
b4 -4.291
-4.318
-4.345
_g4.372 (x10%%-2]
i 56 1.12 1.68 2.24 2.8
.28 .84 1.4 1.96 2.52
LENGTH
1i0oDR

Fig. 4.16 Axial displacement(m ) at inside surface
of the right part of the OD box ring

% e Wyl $AsH0 ko] AMHoT RAE s
gol A kAsh wolee] wul kAo Aol 9o} 7

WA A R 55 MPa o PRl A, B3k wee WFPEW mAE F7
BEE Fig 4.17°] BoF1 3lom Fig 41894 = &
of Vet SheeE g melFa g

I
=z
2
o,
=
Jz

|
(L
=
22
o
ol
ol
s
o
=
ol
N
N
oo
B
flo
al
o
—_
=
)—U
)
3
i
b
~
J
°
)

- 162 -



AN

POST1
o e
SUE =1 S, IR
TINE=1 b !

PATH PLOT  S008.372
NOD1=81939
NOD2=81940  4542.073
SEQV
4075.772
3609. 471
% 3143.170
= 2676. 869
=
é 2210. 568
4
=
§. 1744, 267
1277. 966
811.665
345,364 {xl0z2=2
i .48 .96 1.44 l.92 2.4
.24 .72 1.z 1.88 2.16
LENGTH
55

Fig. 4.17 Egquivalent stresses(Pa)

of the middle bearing

on inside surface

PO3T1

3TEP=1

SUB =1
TIME=1
PATH PLOT
NOD1=81943
NODz=51944
SEQV

EQUIVALENT STREZZER

(x10%%3)
5699.554

5Z62.2138

4524. 584

4386.950

3949.316

3511.632

3074.043

Z636.414

2198.780

1761.146

1323.512

OCT 17 2006

AN

14:13:54

[#10%%-2)

.54
.63 L1.05

LENGTH

2.1

Fig. 4.18 Equivalent stresses(Pa) on inside surface

of the right bearing

- 163 -




=4
[€]

R E

S

< 7M. Fig. 4.19 °] A7}l

T

il

29

ERS

Hj o]

o

=
of

)l

B

Aol whe Ao H

o

Al 247

3]
=4

o

Nl
]
o

iy

p—

)
e

N

o

Ho

Z ol

bes s ool @

)

R

AN

OCT 17 2006

NODAL 3OLUTION

1
1
1

STEP
SUB

17:08:57

TINE=.
HEQV
DHMX
=3 i 108

SME

g2
=0
=
oW
or-
=
'R

7
a
T
=
m
bl
0
u

-419E+07 . 559E+07

.280E+07

. 140E+07

7775

.210E+07 - 350E+07 -489E+07 -6Z9E+07

705495

53

Fig. 4.19 Plotting of the equivalent stresses(Pa)

in the body of the right bearing

=l e}
EREE

FA & Aol A nvld Aol Fig 4.200014 H

S

Ea
P

ZER

o

o)
AN

P
T

e

=
o

¢ Wl 11 MPa 714

56

b

of Hlojg ] st s
< 9741 10° o]x woj o] 2 2% Lo A

¥y

1o ey Ao

I
“

s
N

- 164 -



[4 (]
>

flo
K=
i
P
o[o
)
Iy
HN
flo
_O‘ll‘
oo
Mo
=

AN

QCT 17 z006

SUB =1 13:16:36

TIME=1
PATH PLOT 9741.913
HOD1=51939
HODZ=51540  ggog. 309
SEQV

{x10%#3)

7874.702

6941.095

&007. 453

5073.881

4140.274

EQUIVALENT 2TREZIES

3206.667

2273.060

1339.453

(x10%%-2)

405,546

24 T2 1.2 1.68 2.16
LENGTH

110

Fig. 4.20 Equivalent stresses(Pa) at inside
surface of the middle bearing

o]
BN
il
p)

4.3 wEEM7] Ld¥FHE T
4.3.1 w427l FdEHe 74

Fig. 4.21 o|A Hol=nkel o] OD¥F2 7ol We] OD¥ H3 9, &7
Abole] AZAZAA = wiw AASE FAEHJY. ODEr A F o) A (1) wja
(3), THIAAN2)e} Aol A4S Foto] Aol wjA((B)el dZA ¥, ODRF2~
Fe ARG J= GZE(TE Foto] Aoyl o Axe]gl

Fig. 422 = d4w#(e] AX(2) 28 043 &Y 31x AL 74

stal OD¥F A ol ddd FHE RojFiu vk

- 165 -



L

TENSSASSSNRARNRR

. hinge for OD box ring
. intermediate hinge
pipes

. hinge for OD box case
. pipe connector

. swivel

. feedback shaft

PSS NS, BN U R

1. pipe connector
2. hinge chamber

3. seal ring

Fig. 4.22 Connection to OD box ring with hinge seal

- 166 -



OD®r 2 H(Fig. 4.22) B Aol AZAE i (Fig. 4.24)2 AZA¥(1), O
@, A BNR)E 2F F0 AAM(Fig 429% AR WD (Fig. 421, (3)e
ool AgAT. Aolx A7 T (Fig 420 AA F¥(1), 0% A(©2) 217
o Aol MRS THAG 0% A Fig 422 5 2ol AAN4Fud =
Fig. 423 S|4 2ol fguneosn wsod & o} B4HL
Wel 08¢ Abg e o] v

1. pipe connector
2. seal ring

3. hinge chamber

Fig. 4.23 Intermediate connection pipe with hinge seals

1. hinge chamber
2. seal ring

3. pipe connector
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B2 (Appendix)

Ky = 0217 K, =005

Ko = 0.0029 Kyse = —0.000245
Rypp = 1.12 P, =112

p = 1000 kg/m* py = 7640 kg/m°

A2 2239389 EA(Propeller Properties)

D = 28m N = 289.7 rpm
z, = 0.029 m y = 0.609 m
2z, = —0.0015m n =4

W =504kg (ST ©¢] A) [ = 504 kgf (FFAA FHF) ]

A.3 8B o] EA(Hub Properties)

0.2115m lep

ler 0.3185m

Ter = 0.183m 25° [= 0.4363323 rad]
WCR = 121.186 kgf DCR = 0473 m

>
S
Il

DB}? = 0428 m DP = 05 m
Dpp = 0.17m p, = 0.0Pa
p. = 56MPa @ =015
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T = 84490 Q = -53330
Qo = 2.2724 X 10" Qo= —10.72 X 10°
A5 EHols BES AYPA Ho| d ALY

Dbc = 035
dshank = 0.04 dbore: 0.00
n =6 k =3
96 96
132.5 132.5
O— 169] , 180,00 o=myg g 169
76| " w Al 276
312.5 312.5
349 349

=1 o
D = 0.048 n = 314.961
L, = 0.057 F = 97.47 %10
2) 2Ae 2A 54
DO EE
S, = 1.034 % 10 S, = 1.276 < 10°
E, = 206.8 < 10° v, = 0.29,
eb = 12
@ =23 &

S = 0.7929 %< 10° S = 0.9653 < 10°

yc
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s

. = 206.8 < 10° v.= 03
e, =15

A7 Ad ol g e A A

1) Moy Pl s 54

D, = 0.52 D, = 0435
t = 0.045 r = 0.0025
luc - O

2) Holg 7 AA9 E37 54

S, = 0.2413<10° 5, = 0.5861 % 10°

u

E =110.3x10° v = 0.349

e =15

3) ol P FAHAASE A a b, AT A9

_ L, =0.26
a = 5 a=0.
b= D © b =0.2175

2
r =1b r =0.2175

[

A8 8B 3 Z EE HAAY

D #n 2o sesta 54
0.546 5
hT T Ty
ty = 0.022 oy = 5ldeg
ty = 0.05 dy = 0.025

- 193 -



d, = 0.021 t, =0023(=a,—b,)

R, = 0.2615 tom = 0.022
R, = 0.2615 a, = 0.2684225
by = Ry~ = 02545775

N =30 D =0.016

n = 562 L =008

P =0013 E = 1.793 < 10"
v =032 S, =6.205 X 10°
S, = 8.963 < 10° e =20

A9 Z A=FdolE Y HAAY

1) 2 A=ZdolE9 | FGAEA
t = 0.058 t, = 008
D, = 0.569 D, =017
I =013 G = 0.001
G = 0.001 W= 0.02
dy. = 0.025

Syt = 0.2413 % 10° S, = 0.5861 x 10”

up
E, =110.3x 10’ v, =0.349
epl =15

A0 2389 W JEE A
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1) s2€9 7)skeA 54
a = 0.250 b —0.073
tb =0.08 ta =0.04

2) S 2E 249 BIA 54

S, = 0.5861 < 10° S, =0.7239 < 10°
E = 206.8 <10’ v =03
e =15

3) Hd Wy 48

4) I =& 3

All €09 EZI A33 A AAANY

D &doly 22 9 292 Ao g 54

d =0.088 L =0.057
¢, = 0.005 Z =4
2) £eolq 22 249 BgH 54
S, =0.293 < 10° S, = 5.861 x 10°
E, =120.7 < 10’ v, = 0.349

eb - 10

A.12 A2 23 =9 AAAY
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D AssA 54

t = 0.0725 ho= 0.054
¢, = 0.003 w = 0.1465
Z, =4 r = 0.0025
R, = 0281 D, = 0.17
D, = 0.058 n = 250
L, =005 I =013

¢ = 0.323 r, = 0.007
t, = 0.04 D, = 0.133
n, = 690 v =11

2) Ar2= AA g3 BH =4
S, =0.5171 x 10°
S,. = 0.6895 < 10°
E, = 206.8 %< 10°
v,=0.3
e, =18

x

3) UE 2Ad dg 2874 54
S, = 0.6205 x< 10°

S = 0.6895 < 10’

un

E, = 206.8 x 10°

A7l HEr AEA e AA Ase] g
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Table B.1 Mechanical properties of shafting and sleeve materials'

341]

H L ¥ 2341
o) e ZEHA ey SE AR Ry o
- AT £ AT ¢ 0 lim
A7 A}k (Material Spec.) g/cm® TZ TZ 0 max 7 (F7%)
kgf/cm kgf/cm kgf/cm?®
(Ib/in) | ity (1b/in?) kef/cm® L, kef/cm’
(1b/in?) L
class 1 7.861 2.07 x10°¢ 0.83 x10° 6.68 x10° 5.27 x10% | 3.34 x10°
MIL-S-23284 (0.284) {(29.5 x10%) |(11.75«10%) [(95.0 x10%) [(75.0 x10?) |(47.5 x10?)
class 2 7.861 2.07 0.83 5.62 3.87 2.81
MIL-S-23284 (0.284) (29.5) (11.75) (80.0) (55.0) (40.0)
Steel, class 3 7.861 2.07 0.83 5.27 3.16 2.39
Forged MIL-S-23284 (0.284) (29.5) (11.75) (75.0) (45.0) (34.0)
class 4 7.861 2.07 0.83 4.22 2.46 1.90
MIL-S-23284 (0.284) (29.5) (11.75) (60.0) (35.0) (27.0)
class 5 7.861 2.07 0.83 7.38 5.27 3.34
MIL-S-23284 (0.284) (29.5) (11.75) (105.0) (75.0) (47.5)
K Monel, Forged 8.442 1.83 0.67 9.84 7.03 3.52
QQ=N-286(UNS N05500) (0.305) (26.0) (9.50) (140.0) | (100.0) ® | (50.0)
g;‘;?:dAmmmum Bronze, 7.584 1.20 0.45 5.62 2.81 1.83
ASTM B150 alloy C63000 (0.274) (17.0) (6.40) (80.0) (40.00 @ | (26.0)
Cast(9AF2): | 8.442 1.89 0.74 4.92 2.81 1.41
Ni-Cr-Mo-N| MIL-C-24615 | (0.305) (26.9) (10.50) (70.0) (40.0) ® | (20.0) ®
b
alloy 625 Forsed 8.442 e 0.81 8.44 4.22 3.59
g (0.305) | (30.0) (11.50) (120.0) | (60.0) ® | (51.0) ®
Welded inlay MIL-E-22200
and 8.442 1.76 0.67 7.73 4.22 1.76
MIL-E-22200/3 type MIL-IN12 | (0.305) (25.0) (9.60) (110.0) (60.0) | (25.0) ®
MIL-E-21562 type MIL-EN625
Copper-Nickel(70-30), Cast 8.941 1.55 0.60 4.22 2.25 0.91
ASTM B 369 alloy C96400 (0.323) (22.0) (8.50) (60.0) (32.00 @ | (13.0)
o 0.858
CPP oil, 2190 T ©.031) 0 0 0 0 0
1.772
Sand (0.060) 0 0 0 0 0
D +0.10% @ 10® cycle ® £0.20%
@ B32EA +050% G ANEY B = ® st 37 F
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Table B.2 Supersession shafting materials(MIL-S-23284A(SH),15 June 1990)""

Grade HY80

MIL-S-23284A MIL-S-23284 MIL-S-24093 MIL-S-890 MIL-S-23009 MIL-S-20137A
********** class A Alloy No.1 == ————=
********** class B Alloy No.2 === -
********** class D Alloy No.3 Grade HY80 ————=
********** class C Alloy No.4 Grade HY100 ————=
class 1 class 1 class D class HG |  -——— | = -——-
class 2 class 2 class F class An |  -——— | ===
class 2 class 2 class F class Ac |  -————— | ===
class 3 class 3 class G class B-C |  -———- class B-S
class 4 class 4 class H classB |  -——— | ===
class 4 class 4 class H class¢c | - | -———=

5
6

Grade HY100

Table B.3 Chemical composition(weight %)2,@ %

A& Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
Carbon(¥+4~) 0.28 0.26 0.35 0.30 0.27 0.30
Manganese(*83F) 0.15-0.45 0.15-0.45 0.60-0.90 0.60-0.90 0.20-0.45 0.20-0.45
Phosphorus(¢) @ 0.020 0.020 0.020 0.020 0.015 0.015
Sulphur(+3) © 0.015 0.015 0.015 0.015 0.015 0.015
Silicon(7t-42) @ 0.35 0.35 0.35 0.35 0.35 0.35
Nickel(H#) 2.75-3.50 2.75-3.25 2.75-3.90 2.75-3.90
Cromium(=L3&) 0.50 0.50 1.50-2.00 1.50-2.00
Molybdenum(&2] 2.¢l) 0.25-0.60 0.25-0.60 0.40-0.60 0.40-0.60
Vanadium(Wh) 0.08 0.05 0.03 0.03
Copper(-2]) 0.25 0.25
Tin(54]) 0.030 0.030
Arsenic(H]42) 0.025 0.025
Titanium(E] E}) 0.02 0.02
Antimony(QFE] ) 0.025 0.025
Boron(%5-4) 0.01 0.01
Bismuth(] 2=%-22) ® 0.003 0.003
Cadmium(Z}I=%) ® 0.003 0.003
Lead(d) ® 0.003 0.003
Zinc(e}dd) ® 0.003 0.003

ol 0.03%% z=3atA =5 ot

2
of
[e]
o
=
o
e}
5
o
@
3
A,
a
o
=
o
5
o
>
-
op
ol

&7] Tabled| A A=A 7} Xéo A
Basjof ot

X (heat analysis)< 2% 2 (MIL Spec. 4.4.2.1 3%).
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Table B.4 Mechanical properties for shafting materials
(MIL-S-23284A(SH), 15 June 1990)"*

- 200 -

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
Ni—-Mo Ni-Mo Carbon Carbon |Ni-Cr-Mo| Ni-Cr—-Mo
steel steel steel steel steel steel
yield strength at 0.01%
offset  minium 5.27 x10° 3.87 3.16 2.46 5.27 6.33
’ (75.0 10) | (55.0) (45.0) (35.0) (75.0) (90.0)
kgf/cm® ( lb/inz)
yield strength at 0.2%
offset, minium ® ANdA7A 715)
kgf/cm® ( Ib/in?)
6.68 x10° 5.62 5.27 4.22 7.38 7.73
tensile strength, (95.0 x10°) (80.0) (75.0 ) (60.0) (105.0) (110.0)
kef/em? ( 1b/in?) 7.87 7.03 6.68 5.62 9.14 9.84
(112.0 x10%) (100.0) (95.0) (80.0) (130.0) (140.0)
elongation in 5.08 cm (2
. . . 20 22 22 25 20 18
inches), longitudinal, %
elongation in 5.08 cm (2
inches, transverse, % 17 19 19 22 18 16
)
redu.ctlo_n of area 45 A5 A5 45 45 45
longitudinal, %
reduction of area 30 20 30 40 40 40
transverse, % O
charpy plus B & ¢ A _ _ _
Venoteh | 104/-3 1.1 (30) |~ 11°(30)
impact 1
[kef - om(ft| 308 /-3 ® ® - - 17 (35) | 1.7 (35)
- 1b)] test
plus
temperature 98+ /-3 - - -6.7 (20) | -6.7 (20) - -
C(CF) @
10mm
standard 190 162 152 120 190 228
brinell ball
hardness
3000 ket 261 209 200 165 261 294
load @
O & ALY, g1 9 ole} fARE TY AW H4EE 87T Wf(MIL Spec. 6.2.1 #x).
@ Ak 3¥ o Aol FEE AT 2.
@ TAAE 715 A
@ MIL Spec. 3.7.3 #%
DR EELINER
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wEs agxy B2 AWl @vh B A4 ey A #Peds
4a A5 2TEAS BT F3 530 Q= Fol gate] BE FEwolo}
A 2F FA6 dEdE #Rsdd e AFAS FloxK, 17

421.8kgf /em * (6,000 psi) & Z¥8FA] ¢rolof st} o, Cr-Ni-Mo- Nb &+
625 o tal = HER 843.6kgf /em 2 (12,000 psi) 7FA] 3833 ).

10) Hlof= A A4
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Table B.7 Allowable maximum stress for sleeve material>’

ZE B A ) 31452 kef /em? (psi)
Cu - Ni (70 - 30) 105.5 (1,500)
Ni-Cr-Mo-Nb % (forged) 449.9 (6,400)
e 625 FZ(casting) 186.3 (2,650)
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D, : 5~ =
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Dt ZEA &
B
"o —=ellA 7]
W 7)e] &

171 & 2ol H - 7] AW G)

27 = 1 o]

Ni-Al-Bronze

Alloy C63000

1,687 (24,000)

=z ] [}
A4 Ad Ak o] ] 4 & el 5
kef /ecm ? (psi) kef /em 2 (psi )
class 1 2,004 (28,500) 1,336 (19,000)
Stou class 2 | 1,687 (24,000) 1,125 (16,000)
class 3 1,582 (22,500) 1,055 (15,000)
class 4 1,265 (18,000) 844 (12,000)
Ni-Cu (monel) QQ-N-281 1,898 (27,000) 1,265 (18,000)
Ni-Cu-Al (K-monel) QQ-N-286 2,953 (42,000) 1,968 (28,000)
ASTM BI150

1,125 (16,000

Manganese bronze
half-hard, rolled

ASTM B138

1,371 (19,500)

914 (13,000

Steel, Class C
Type Torll

MIL-5-24093

2,631 (36,000)

1,687 (24,000)
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Table B.9 Allowable shearing stress for key materials'>’

g Ad-gEr,
278 EE T o]
] ] ok q Q.
A4 AN ALY 1719 7]012]‘3} SRS Je] A8
kef /em Si
g/ (p ) kgf/ch(psi)
class 1 791 (11,250) 527 ( 7,500)
class 2 580 ( 8,250) 387 ( 5,500)
Steel MIL-S-23284
class 3 475 ( 6,750) 316 ( 4,500)
class 4 369 ( 5,250) 246 ( 3,500)
Ni-Cu (monel) QQ-N-281 548 ( 7,800) 366 ( 5,200)
Ni-Cu-Al (K-monel) QQ-N-286 1,055 (15,000) 703 (10,000)
] ASTM B150
Ni-Al-Bronze 422 ( 6,000) 281 ( 4,000)
Alloy C63000
Manganese bronze
ASTM B138 369 ( 5,250) 246 ( 3,500)
half-hard, rolled
Steel, Class C
MIL-S-24093 1,055 (15,000) 703 (10,000)
Type Torll

E E(reamer or fitted bolt) ©]ojofF 3= =2 Aot
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Ten=1g (B.40)
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