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A Study on the Design of Hydraulically
Pressed Coupling

Jong-Seok Hwang

Department of Marine System Engineering
Graduate School

Korea Maritime University

Abstract

The Lame equation and finite element analyzing program,
"ANSYS” for the designing of the hydraulically pressed couplings
are applied to calculate and analyze their axial, torsion and bending
loads. These are considered as mechanical and geometrical
particularities of hydraulically pressed coupling properties to improve
their technical performances. The finite element analyzing program
"ANSYS” is used to confirm local structural properties instead of
Lame equations. The correlations for geometrical and mechanical
properties are estimated for sleeve and flange types of hydraulically
pressed couplings under consideration. The correlations for hydraulic
and metal properties of the hydraulically pressed coupling are defined
for dimensional range from shaft diameter 100 mm to 300 mm. The
factors for considering of hydraulically pressed coupling properties
are classified into three groups : the first is focused on to define

designing, machining and assembling of the outer and inner sleeve,

= viii -



the second is focused on the defining of hydraulically pressed joints
of the interference fit and the third is focused on specific contact
pressure on the conjugated surfaces and axis pressing forces for
driving up outer sleeve of the coupling. The simplified static test
procedures of hydraulically pressed coupling is suggested for the
quality assurance of the classification society to get the type
approval. There are some suggested modifications to improve
properties of hydraulically pressed coupling which includes an
eccentric insert in the shaft connections to reduce coupling diameter.
The large outer sleeve with short sleeve length is used to reduce
stress concentrations for marine large diameter shafts(larger than
1,000 mm) and the oil detergent of sleeve inside is used to increase
transferring torque. Moreover, the advanced structural design method
presented in the thesis would be a successful standard paradigm for

designing a high quality hydraulically pressed couplings.
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Table 2.1 Specification of materials for coupling
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SCM440

GCD 60

KS D 3711

KS D 3517| STKM19A

KS D 4302

sz
=

VA TECH GmbH(Z4Y) Al

(%)

14

23

(kgt/mi)

75

50 - 64.2

61.2

IAH HA
1
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Table 2.2 Test results of materials based on prototype couplings

ZIAA AA(EH HTgh)
Tq -
MR wg e | mmw | gr@a o) | 35| 97 (4] 99
M e | Aw | RS
(MPa)| MPa)| " | (%)
No.l | 774-2549-03 El\i‘;t;q) 0.45C-0.49Cr-0.82Ni | 535.8 | 7718 | 289 | 65.7
Outer .
No.2 | 774-2549-01 0.44C-0.52Cr-0.81Ni | 627.5 | 8368 | 249 | 56.8
Sleeve
No.3 | 774-2550-03 | Shaft |0.42C-0.52Cr-0.81Ni | 535.1 | 772.1 | 29.2 | 66.0
Nod | 774-2550-02 | ™7 | 0 44G0.52Cr-0.80Ni | 602.3 | 869.1 | 25.0 | 587
Sleeve
(2) AR B2
AlEFF Chemical composition (wt.%)
. Ml
gaga| C Si p S Mn | Cr Ni | Mo
No.1 045 | 027 [ 001 | 002 | 069 | 049 | 082 | 0.04
No.2 044 | 027 | 001 | 002 | 069 | 052 | 081 | 0.04
No.3 042 | 027 | 001 | 002 | 068 | 052 | 080 | 0.04
No.4 044 | 027 | 001 | 002 | 069 | 052 | 080 | 0.04

Table 2.3 Chemical compositions of alternative materials
for coupling [SCM 440 (SCM 4) ]

SCM 440
(SCM 4)

b 3
C Si Mn P S Cu Ni Cr Mo
0.38~10.15~ [0.60~ 0.90~10.15~
043 | 035 | 085 <0.030| <0.030 | <0.30| <0.25 120 | 030




Table 2.4 Physical properties & heat treatment
of alternative materials, SCM 440 (SCM 4)

2A=(C) 1A 44
scM | 29 | 29 |w2a|=g | gng | T 9N R aan ] g
. I~ = -
440 2 5= ' |TEE 2
oy (N) | () | Q| (D) (N/mm) | oo o) | oy | /em) | (HB)
330~ 830~ 520~
4) of ~
330 830 830 | 620 | =834 | =980.7 |=12| =40 | =49 285
© vy |9 > 352
o ¥ | =54
Table 2.5 Specification of shaft materials (SF 590 A/B)
(SI+$] :© SF 590 A/B)
N o 512 4] €] /2 3 s AFEY FA4A
—‘; %’—/\]l‘i— 14% AT E 3% }\]61;]_\—‘13
Tlane| AsEA | gua |agre U8 A
TR =T |(Wam) | (Vmm’)| 3 (HB)

T awgae] ne BB AN AEES |84 | BA
= “TE © ‘j— uyak | upak | wbak | ek SO
= mm
=
SF | ¢

295 18 | 14 | 35 | 26 | 167

520 E%E B o) 2060 Gl o1ar | o1 | o2 | o2 -

100 1] B 360 19 | 15 | 43 | 34 49(5.0)| 34(3.5)
SF | e o) | o7 | ol | o1 % o | ol
500 |22 100 ©]% 335 500~ 740 19 | 14 | 40 | 32 | 167 |49(5.0)|34(3.5)
B 250 TRk | o ol | o7 | ol ol | ol | ol | ol

250 o] % 325 18 | 14 | 38 | 30 39(4.0)|29(3.0)

400 MR | o4 ol | o1 | ol | o1 ol | ol

* 3  annealing, =% : normalizing, © % & : quenching

SawitE e sheha 44
(KS D 00289 &AA ol w& Z2})
st & (%)
C Si Mn p S

0.60 °o]&t | 0.15~0.50 | 0.30~1.20 | 0.030 °]&} | 0.035 ©]s}t




Table 2.6 Safety factor for application loads'®’

A FEREke F R
THe] I M 1
a4 g §at HE FARS T 453
A" H= J2E FJ=
ZY A
FZF7 2% I2E HJx=
=29 WX
TEHYY 7 7 o] g AL7) = vl
= A
o) = =R A == =
RS FEANA L e
W uk7) Packeting 7] 7
7] =E, g1 2.00 ~ 2.50 2.25 ~ 2.50 250 ~ 2.75
7 E =gzl 2.25 ~ 250 250 ~ 275 275 ~ 3.00
@47lE H2Edz 275 ~ 3.00 3.00 ~ 325 3.25 ~ 4.00

s 2 ZelBgn FdAP] o) gH T gom, A7
2.1

1 = E=2
75><1000<X60<SHP
T, = 5V [kgf - mm)] (2.1)

o]7]A4, SHP : =vt¥ [PS], y:=9 &9 34 [rpm] ot}

(2) +dA+E ndg AFY FAH Q%4 TFF @ Aol HFFUH
Py = Cop X /Py + P3 [kgf/mm?] (2.2)

o 7] A,

Cor : Table2.6 91X Fo]A = SHAAF

Py EA AYS 9t dad HEHeHE



Py 38 AdS et Bad HE¢y
27,
Pu = ppr [ket/mm’] (2.3)
F
P22 N /f"7T52L [kgf/mmz] (24)
T, 2 QDoAA FolAes AN Ay E2
pooocEpEA S
Frogge A @2hH=E Folxe Zgdy 3¢
_ 75X60X60xEHP j
Fr="1gsa v (1 - ¢, et il (2.5)

EHP: fravte [PS], Vi duke] &2 [knotl], ¢: 39 ZAaAF

1+££1T 1+[ﬂif
P, D D
523: _ZEdZX d: ) + d; 5 + CR [mm] (26)
1—|—= 1—| =2
(Dlj ( 3]

(@) A7) W) by 7t 958 B4 @9 WA d, 4@ 97 Dt FAaA
fo] 2WE w 939 Sdn DI 9377 24 9 d2gde ey p

.

_10_



(2.7

(5) A71W e g

(2.8)

3 o},
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A %4 ol ¥ A
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<
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X

L,
ol

oF

(2.9)

l, = (51 + 8, )TT [mm]

A

o

3
i

Gl

o

M

o

l

__i_l
A
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T

\/
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—
[\
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o
g
g
~
fr
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=
i
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5
Q<
N—
™
I
3
g

(2.11)

P+ Py [kgf/me]

P =

ol
ToH

)

(2.12)

+ ,UDUP) [kgf]

1
2rp

Foup = wdlm(

11



(10) 2ol &8+ 48 Popre

4 Fppp 2
Pppp = —————5— [kef /mm ~] (2.13)
P (D — Do)
1) 258 ou @9 o474 BFF 4y 83} 2ol
e
dg = d12 [mm] (2.14)
s3]}
D,
(12) MEd A4 7(k)+=
167 v
k) =kXx n kef 2.15
oA 7|A, k=d, D, dy, Dy, ds, D;0]| T},
13) Zzae 320 @ S o
4F 9
= kgf 2.16
OrH W(Df—dﬁ) [g/mm] ( )
Oy = Org (2.17)
(14) w7 2 HAHeH
2t ppol dold WA WAL e e 2t
(i) W73 59 o, [kef /mm?]
o, (D) =0, o,(d) = —P | 0,(Dy) = — P
o,(dy)=—-P,, o0,(Dy)=—-P, |, o,(dy)=0 (2.18)

= 7 (2)9 A (2.2)°] v

o] 714, Py 7] (8)e] 4] (211)o]al, Py &
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(2.19)

Oy (dz )

S 3 [kef /mm?]

ze)

4

(15)

)

o

ury
1o

71 (14)9]

(2.20)

+ 7 (k)

O (k)_UTH

2 27
,‘(k)}+{0,-(k)01(k)}} (2.21)

{o1 (k) =0y (k) P+ {on (k) — 0

O:] 7] }‘1, k= d1; Dl; d2; D27 ds; Ds O]J—i,

Uv(k)

olH, (+)

e

A1, 2% ()9 ¥
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=
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AZIM, Aot i = 44 T gAY HAFEE 7

(17) w3 &go] WAst= Fitol dofAH AHFAFES +o,, HFHESE —0,
2 Fe sty
O'y = 0b+ Oy (223)

e, $4eEe w5 A (22003 4 (221) 3 2

_14_



S|

SR

3
=

7

| I

Hol %

BEP 38"

a

Aol AEdde=
¢| Fig. 3.13 2t

o

i

e

o

A 3 A

3.1 DSKS-100 A
DSKS-100

Iy =
2] zo b 5o NEER 0T
) W T G
v o T Ry om o R W g
o ST ) o -
OL ME o _.rl (=4
@ B T o o T M
— A o
3%} /I\ o m.x OEH. A Ot IXMO H_Al ﬂ
2 , = T T o BT )
D! do g XWX
\ N 7o Wo g B o b
& g2 ° Hool w9 o
m g — . ~ 3 ~ mmo op
= 5 S o A <A
m _z.ru M ‘;L ‘IO,I_I wm ﬂA_.o ~
, T X £l
s R )
< S T oy M ooom T
, ¥ M EE Oge G ,_lm‘._ A:c ,wAro
S L BE T s % o
0 ° "™
i o < 0wy T o))
| = BT T o
i ﬂ _— oo W W
o % o * .
% T ) Lo
7N & =X e P I
T AN SE o NN R
LA & T S HL =)
\_ ; M T ol o H_m X
m
o EXT o Mo Moo
Bk~ 80w A
/L\/ ok 5 o
R 2R \r

_15_



a7

}od

9

x%%

e

et 2.88 &

-9

o QA ol
)

DSKS-100 #A &4 9

-

R

7200 N
9t
Fig. 3.4

[¢]

0.123 GPa ©]

e o2 A

o 29

]

A
0.120 ~ 0.125 GPa ©|t}.

)

=
o

Ny

o)
B
ol
N
o

ox

™
N

el

oo
To

ol

B
22!

SR

o] 322 e

-
R

Al 2.88

4

S
Tl

}

o
jA

3

o,= 0.769 GPa W% WA Fig. 3.5, Fig.

s
a-

SHA AEE=A 9000 Nm o tof

23 9

=

o)

3.6+ B nlel 2o

o

oo

N

el

R

el
N

oy

)

—_
o

do
i~

|
o
N
ﬂmH_

=
B
i

a

A

Fig.3.7 ¢ Fig. 3.8

H)

=
=0
sl

T

oo

</

X

o
4

el
froint
M

ul

oo

NI
|

A
3
o

)

)

Fig. 3.9 % Fig. 3.10 ol A H+= nH}9} o] YZ

Kot

il

™

)
K

oy
o
il
o
il

ol

=
=

o A

1L
E

A 2 of
=R

it

sHAl =, A A H

)

B2op 4A
A]

i=]
x

SRS
o Yol 9

v

H
Fig. 312 ¢] W} &¢l8 wpzt

2]
s
o] o}

gl A

Ny

~
;00

B osoiA =

_16_



ELAMENT JJLUTIODN

s = L]
U]

TIFE=11. TR
g LR AT
[ 8- 09
s Ll

IR = 11 §E=IY

Thaz i 13T sl
LR AR TR LT HINE=O
SEFEE 155 LISEMVLE STRRE

T

Fig. 3.2 Equivalent stress of the coupling connecting shafts

BLENTENT SCTLry] os

FarE-dL. R

e LRSS g )
AEWE =
L e N0

e o=, S0
W = .alOEsDE

Fig. 3.3 YZ shear stress of coupling connecting shafts

_17_



BOOAL BORUTLON AN
ITEE®]

=1}

TIHME= 10
CaHTIRES AV
RFfaul

el =, RlAR-04
ol B T2
BB =, lLEEELN

= AHAETTE B T
. TRIRHT - N
B 100 ASOEMSLED STRRE

—_—

= H - -3 A= RN
lodmei 0 LT WA L] P BT

Fig. 34 Contact pressure on the both pairs

of the contact surfaces

ELEHINT §CCUTLON AN I
BTEP=L

sy =4

TIHE= e

EUT CHURRS
HE =, 33 LE-04
B = TR
il =, LT

LATARETE

ST T - T1% EIs ~THNT+E4
AESE-01E AARaNE B 2] 1 18R TR |
PEES 100 AASIMBLED STATE

Fig. 3.5 Equivalent stress in inner element layer

of the outer sleeve

_18_




BIFI1
FIEE=L
g =13
FIME=LDD (EirTTE|
ERTH ELOT 1188 I . ; 5
WODLl=i5as |
Fo2=ibgh
AITIRIEG L. 11908 - - - -+ “Fs 15 - S
i 18K | 1 ] i
1.131 }
L1307 ___V____,i"\-—.__
L.1x3 f 1
1are | | ! |
i gas
1.061 ' 1
i.0¥7 i ' b
11 -
L] [ b4 oBe 1=8
AL (L1 r i 05 47
CIET

IGKS 100 ASSEMBLED STATE

Fig. 3.6 Equivalent stress on inner surface of the outer sleeve

LLTIT WoLarTLon
ML =L 11154
& 7 Al
iLimald B TETE T I W Tm Biami T
- k=12 - PI5waET « §37Re0 T EEe=17 LEm=fg
QRS 100 Mol daMs

Fig. 3.7 YZ shear stress of element attached

to inner surface of the outer sleeve

_19_



BOSTL
ETEPw
SUD =1k
TIME=10D bt
BATH FLOT LS
HODI #1585
MoLE=15685
AUTEHY o]
OUTSHIE
(TR
] .08
i
L
=] RETE]
=
=
B 1942
E
B Lin®®
=
=
i 1.05%
ENLL R
L7
Lora
o el LT +LEm &l 201
uxzy Uk - L0% 487 dup
LEKCTE
ks L0 ASSEMDLED STATE

Fig. 3.8 YZ shear stress on inner surface of the outer sleeve

AN

BLEMERT EoLUTI0N

THN == FIRESOR
R = AR

Y
Z x
FEEEHE Vit Eir=n T ——TrEmE
. - by 5
" - idEm - E13mes T D s AN

CRC L0 WOl Eika

Fig. 39 YZ shear stress on the inner sleeve

_20_



ECATR
ATEE=1
L
TIME=31.TEL riprsmy
FATH PLOT L. 937
HODL=ZEZES
HECD=1FTET Po
IR
2
7L
o
@
=
5 .z
I
b a1
i
5 "
& 1
u
L L, L
Li16d
£
1,368

LERS 100 AESEMELE STARTE

Fig. 3.10 YZ shear stress on the outer surface

of the inner sleeve

ELTHINT SIEUTTCR

FrErwl

U =N
TIHE-11.TEL
BREZY T
B =, TR0
BME = J4TESDT

BN =, 120EO®

LTl T 4 1eE=Cd]
+IS5EFEE SAISREEIE
one 180 mool. sl

~LECE=GT mIE-Lr]

T ]
BETEehE

s TIREFiH L Ree

Fig. 3.11 Equivalent stress of inner sleeve and nut



rosTE AN
TTER=L
Hip =8 LD Ty
TOIE=%1_781 Nt
PATH LT fir
MO 1=E0I05
WO LETET Wy
ThHESR
& 101
&35
o
B
3
B aan
"
&
’ &i265
-4
£
3 BEE]
X
- =9
o
ey i
5905
1 I a9 T az 1T
as 3 s 1an #L
LEMITH
O56E 100 RESIEMNLE STATE

Fig. 3.12 Equivalent stress on the outer surface

of the inner sleeve

_22_



1 4]

S

E__ﬂ' =
¢] Fig. 3.13 % 2t}

(o]

=

o)
q &

=

Aol M A

e

o

R

DSKF-100
SHORA 19 XHEE T

3.2 DSKF-100 A

g0 & oX woa 2
~ = ~ il
2 w5 < w W2 TS
p -
A 2T = 2 ww = _u
N S 1& ol o > ;
ST T =
- o : ~
S A S
- <_IA A n‘mo o M_M ! :.L _ﬂo
GEdg " <3 N m _ o W ol
| P _ < s 2ENMT T
% \ Q Z W ¥ g p
| N7 7% S s -~ ) T o P
_ & S o o o W o |
| N8 N O e )
T R 3 mo» 7w s u
il o = ~
| \ 5 SR I S §
i J T N
=shl P | N & > n_AEM MO i m T N W ,mwl
_ = o B ol
N S E o BB E s
NY 4 4 £ 7B g S
_ 2 T ook R o Y o
“ i N D
i N
ERRIT N Y ® Tog I Mo = Mﬂ Lom
| o3 RO TR C R
e i o N oz o "
0gT 3 i -
H _ .Wb iy ~ _:T n ,DF () ﬂ_LH
g - R SR R R
| RS JE ooy T T
_ ®° mﬂ M © |
/\l\\\/ Ot B I_ML ~ EH wr iy
Oru .ZTd Ot ° g O \mVJu QE
T ! o iy
» S h &
E w0 o N

A Wl A Fig. 317, Fig. 3.18 14 H<+=
— 23 —

H
=

GPa



l

A
o~

|
o
R

9,000 Nmell tj

%

™
N

el

J)

fite}

)
o
il
A

)
e
o~

o}
ol

AJn
-

o}
_Lmo
=0

Fig. 3.19 ¢t Fig. 3.20 & YZ

v
o]

)

</

X
o

)
!
ey
o
,ao
]

N

el
TR

uhsl o] YZ

1
R

Fig. 3.21, Fig. 3.22 |4 X

Zo] ol HAeHA "

7] 18

L,
N

Ny

o)
K
!
=]

W
oo
To

o

=

H] X

FHo

Fig. 324 ° W% &9rB n7g

Hgol AL 2A5

PN
a

Fig. 3.14 Equivalent stress of the coupling connecting shafts

_24_



i X

OZKF 100- ASSEMELED STRTE

Fig. 3.15 YZ shear stress of coupling connecting shafts

AN
L LT
ELZERT FO0OLTTON i R
ATRP=]1 (ETT LIRS
e =18
TIHE=1S0
COMTSERL  INCRMG]
kSyE=D
LM = B1sE- L4
A =L b iAErcd

Z x

| Roiiario g
a L PAZERDT ETETIH W EETTE LFTBERAT
i Fa ] JedR=aT LGIEEDT AARER7 SRR
KT 100 B2 1_FiHe

Fig. 316 Contact pressure on the both pairs

of the contact surfaces

_25_



EEBMITE SSLUTECH
uCt 18 3CaE

ETER1 T

HUE =13

FHHE=]00

BEQY IRTEE

e =44

o = ATAEREE

S = 101EHEE

o B & T
EEITITT] LETFERE - E25ERaE CLOZE=OR FEIT T
SAIEEan LT TEsn - SR B e T ~1ILEeEy
ORC. 100 o) BiNe

Fig. 3.17 Equivalent stress in inner element layer

of the outer sleeve

AN

PaETL

OCT 18 005
ey L3141
B =1
TIHE=1
FATH FLOT
RapI=gE
X [EaLLERT]

EAD2=052
SE 4. 623
4. 1R
3.098
"
i) 3,234
i
.E 2,72
n
I i
=
E 2. 050
b
¥ 1 3EE
=
L EE4
162
n
S - 058 Lel ] 104 125
RISE] Lo LMEE ILE] SR
LERGTH

Ly 100 ASSEELED STATE

Fig. 3.18 Equivalent stress on inner surface of the outer sleeve

_26_



ELEMERT F0LIT144

-TEIHER AL = : 53
SALERER -.:B\Il_klll L] ~ALAE=iE JAAREE
TH0C, 150 MeCr]l BiMo

Fig. 3.19 YZ shear stress of element attached

to inner surface of the outer sleeve

Pl AN
oCT 19 FG0E
ATEEwL 19:21:1%
20E =1
TIpE=1
PRIN ELGT
NoDI=22 sag
NODE=562 iy
i 1,857
1,714
1,674
&
& 1,234
@
& CE]
& k
=
B 754
E 514
§ 274
034
208
- aiE

DSEF 100 ASSEBLED STATE

Fig. 3.20 YZ shear stress on inner surface of the outer sleeve

_27_



0T ia Zuod
FTGEEY VEeAS TN
T
TIME=10d
] THOATE Y

ELCHMINT JCLUTION

EEvEen
T =, i1dE=0¢
B =- . 224EH02
R = 2234C08

Z x

LESABERE + SERTERT +EATERER VAT +ETRRASY
JATEESD STIAREEE -SuEEE AzIEEE -TAEHER
= e e T ]

Fig. 3.21 YZ shear stress on the inner sleeve

POSTL M
eoT 1§ 2005
HUEbel 183257283
sup =i
TIME=L
FATH PLOT
AODI=EE .
HODZ=8EZ teansey
R B867 - 7 _i._ = _= —_—
2483 !
FR-T ]

ROUTIVALERT. STRRESES
-
B
=
=

FE8
457
158
-1t
A48
n nze L] Lol ind 123
41z Dag LlEE 0% 7
LETGTH

DSKF 100 ASEEBLED STATE

Fig. 3.22 YZ shear stress on the outer surface

of the inner sleeve

_28_




AN

P oSOLTELE

ELTHENE SOLTTIE 1R Bk
atTep=l 1410y
Pl =18

IR =1 08

PE TR
EEya=0

e = eR4B-T
T = SOEAE
B =, DR

A

i x

DERF 108 ASIPMBLIED ATATE

Fig. 323 FEquivalent stress

AN

#OET
aeT L8 EORS
stepe=l 1851751
SUR =1
SIME=1
PATIL PLOT
NBOL=Z1 | e
HOD2=5 5600 b
e 3,567
3005
733
& 2 iEs
&
=1
£ 2199
&=
= 1932
é 1. RES
=
1
z 1388
i.131
LBt
597
8 JBEE (958 o7 ] (125
FLEE Jn3m 0 ALER V13T
LENGTH

OSKEF 100 ASSEELED STATE

Fig. 3.24 Equivalent stress on the outer surface

of the inner sleeve

_29_

of inner sleeve and nut




1o eEolt).

A
-

3T

o] %

L

pun

i 350 4
!

NN

o] Fig. 3.25

o

=4

3.3 DSKSR-280 #A
o}

Hoow T T el g "o o
2y . KT S 5% 1
o) oWl e N = M wr MCM mw & m I TW MM )
Yy RO s oo XK TS - N
ek TN 5 T E w7 Sy T ow
PN S %M Mo o _
O ®o oWk .2
S 3] | —_— ‘ul ‘._m_rL
Q X o , ™o o M S
I N m o) o - 70 _ o oR 2
= D_u &~ ol Hn N om o = -
= -~

\ Poeg mexzf T2 2 2w -

— %o 1 o ~ R
Ngt st 39 afsgy

ey S 5 A of | 3=
S O e < - o o ™
L N5 o < oowom P I
5 e R N v o w ©
m & HE o I A A T &
N FPEYL T AT & oy T o
5 T RE PRI R g T
N 2 of do »m T Hpy g o QN g
= T ™~ o) S & N %
on  wr L S do ~ &
g 2 S i SIS

S Gl S o S R L AR N
90 = L2y Twaw I
/ | WIS gy 2RSS Ty
Q — Y AN
) % o M R % ,DF BN 22 mb T oM
32) = o, </ i A i oF HT el o#o ™
k Y SLIE LTEEzils
L < 100 o] —_ (LS
s ﬂ X A %o T Q oA o} S — Wéﬂ R
Row N D om QMg T T g
= N = DT W oy £ 0D
fw ol oy = & o N Z o ™M
OE G M ,_.eru o Fl | AE HH “ E_n S
A oaﬁw £ oo WE

M o« o W w oo S &N o

_30_



‘mmo
]

oo

NI
|

At
3|
o

B
</
o

Ag 1199 1.21e AZFH 9

N

el
ToH
M

ul

whel 2ol YZ

1
R

Fig. 3.33 ¢ Fig. 3.34 oI~ H

_g]

il

213.4 kNm) 9]

T,q—E]— l‘:_llz—_v‘c—_)—_ ﬁ%Eﬂ(ﬂnme =

1=

Z] o

B

A
o~

=

)l

oy

o
il
o
il
Hr

A
~K

oy

Ny

]},

6

Fig. 3.35 ¢} Fig. 3.36 ¢ i

ojn

Th

ol
3K

= SCM 440 9] &

ol A A ' o] ]

A% A

s

A

s

0

o [e]
AsHS

ol

S

!

~
;00

F,1, .
DET 18 3005
CEREANTT]

H

FEE L Ea LUy

e dabiGE

L=y

L L4

MRaa et

FEMBLED

STATE

]

DERE HD A

Fig. 3.26 Equivalent stress of the coupling connecting shafts

_31_



¥ L
SET 1R FE0S

a1 1RibeadE

fin =15

TIME=1R0

HOZRL ERLUTISN

[P inwah
RAYAND

T = BORT0E
M we  BEERADE
EHR =, SIFEHIE

S EEIEDE ERFEIT L ATERATT THLE=Tn FH R
SFLAE L) “ATEE=IY 235Eal SARYEN G

= ESEac
DA 13l ASSEMBLER SPATH

Fig. 3.27 YZ shear stress of coupling connecting shafts

AN

.

Z x

s NG ASSTHOLEND STATE

Fig. 328 Contact pressure on the both pairs

of the contact surfaces

_32_



WEERL L IFF1CE Ji
Loy R 8 B ]
ETr=1 EEES S HE D
SRR Laabai g T SEr LA EE =T
INEEHIT ikie-ly 14IEMn el T¥E iR1TEEN
ESKT 10 ASTERMRLAD STATE 9

Fig. 3.29 Equivalent stress in inner element layer

of the outer sleeve

 pesT AN
OCT 10 2605
STER1L bl Eped Rr )
208 =1
TINE=100 [elG=~d)
PRI PLOT 4L ERE
HoD1=8%215%
NODZ=RE5E
SEGV C
Z,598
L b
l
[
i 257
g
a
= 2,409
g 2o 46T
5
=3
i CRER Y
3,903
2:371
2,33

Fig. 3.30 Equivalent stress on inner surface

of the outer sleeve

_33_



DAL FOLUTEON

O wn 101IE*00
B = _ LiOLE+0A

ORI T T

- T ST
DSEE 220 ASSEMELED STATE

T m—— g

ST

AN

== ] il
b L

1BERe =

Fig 3.31 YZ shear stress of element attached

to inner surface of the outer sleeve

POETL

FTEP=1
sUB =1
TIHE=100
PATH PLOT

[LLD*~B}
1aed

¥OD1=5127
HODZ=ETLE
3¥5 1.17%
1.156
1137
1.118

1.088

1080

EQUIVALENT STRESSES

1.061

104z

1.023

1,004

AN

OCE 18 2005
20732730

Fig. 3.32 YZ shear stress on inner surface

— :311 —

of the outer sleeve



AN
5 o

HEDEL FoLUTTCH G0t TR 300N
ATER=1 Shitdida
s =15
TIHE~109
=z (501
E2EE=)
BT =, 0925493
BV = AEBEHR
AT = p AR R DR

4 x

ST = ZFAERIR . = ATERTGT L RARR=im FFL T

= 1z5=e b
ID:’—IQS 290 RESSEMBLED STATE

Fig. 3.33 YZ shear stress on the inner sleeve

BOET] AN
GOT 1E 2005
sTEF=1 2044558
SUE =1 \
TIME=10d LRLOM Y
BATH BLOT ]
HOD =B85
HEDE=0440 )
aye 225
= 075
oy =/dTe
i
I
bl
g =a6T
=
i
B =. 978
=
]
"
-3 -31.278
=
-3
% =-1.580
-1.881
<EoLA2
<g.483
] i) 44 (ELE GHA B35
LCEE =258 -4z - 602 el |
LENGTH '

Fig. 3.34 YZ shear stress on the outer surface

of the inner sleeve

_35_




7 x

| DEER 0 AREEMULERD. 4TATE

Fig. 3.35 Equivalent stress of inner sleeve and nut

AN

BRETL

ETER=1
SR =1
TIME=LI0
FATH PLIT
HeDi=g745
NeDE=0440
SEQY

SHUIVALENT STRESSES

aCT- 187 2005
E0id5: 48

[RAOA*E)

1.237

aE
LERGTH

Fig. 3.36 Equivalent stress on the outer surface

of the inner sleeve

_36_




=
=

34 DSKS-300 A

o <o W [e
my
v o TR

— o

08

BSP 3/4

200

3
200Ee

BSP 3/4Y

4
-

R

713

L3] O0ge

Y

25

DN

SXGIEN

730

L4
%mm €e

Fig. 3.37 Assembly drawing of DSKS-300

2134 kNm,

_%‘Q_i/\‘], qﬂﬁ QWEEL ﬂnaxE =

=13
=1

FEl el 27

al

X

T
oo
To

ol

S [e]
2 A,

)

=
LN

P, = 3248 kNS A& (7% 100%7]

(Fig. 3.38)% YZ%3% A&89 (Fig. 3.39)2

F

]

] &

&

=

H]

—_
o

beact.

fol AA s

2625 483

T
oI
M
A
=)

Nro

™
et
Nd

ul

A

DSKS-300 7 =3¢ -9

KN
R

Fig. 3.40

o ® A 0.126 GPa ©]

N

0.12 ~ 0.127 GPa o]t}

1
R

7ol

2]

vpol ol M EA T,.p

1
.

GPa 9 WA Fig 341, Fig. 3.42 oA X

213.4 kNm | tj

gpsens o

)
2
iz

%

™
N

el
S

|

.
o

_37_



Fig. 343 ° Fig. 344+« YZ W39 9% &
829 AVSY BT} 22 woljFw gov, -3 A
aotel of@ e $EAFAS 1259 12+ %
Ago] WEFL wolFeh,

Fig. 345 Y} Fig. 3.46 oA Hnkel Zo] YZ Wk Adg=H2 Wise
2ol ZAols met ¥e AQEA(T, = 213443 Nm)9] JFo 2 IFHREo]

A S 2 55 SAS Zev 29 iy 92 57 =
Yetuds A2 5o edadge] 71908 Aotk &3 DSKS-3009 &3 &E*
+ DSKS-100#+= =2# DSKS-3002 T&5°o® 4% 9la DSKS-100
< T Fo2 FAE Y] Wl vEA yEhd Aot

Fig. 348 o] W& SdlB vz g A= @AY £ 339 A=
HolFa glon, ojnE FASH2 HHAF AEolM AWEHAA= SCM
4409 A5} FEA = 71U Aotk

ELEHITT EGLUT IS

cr - B

B =)

Tird—1 50

=R EHORED
mes =, S2IE-03
= = LTTE+08
B 2 20D

w1 TTE=RA » TRBGHA » LRRET .:r-'m-“u ek
SARIEADE s 11alsgE S i Prarig g Erabiig b
DEKE M0 ASYEMALEN STATE

Fig. 3.38 Equivalent stress of the coupling connecting shafts

_38_



ELEHINT SOLIFTION

FTEEL

FPR =L

TIHE=L 40

ETE XKD}
ESTERd

DL r. ANFE=DT
SHE -, 3152406
SHE u. 31AR4DE

11
= 5
g s
ST - TMEEHIR EpCEE T TTR Bl =
L) - L] « DT LERSmadi + Frdmadi

CEXE- 1) RESEMELED ETATE

Fig. 3.39 YZ shear stress of coupling connecting shafts

ELEMEET JCLUTTOH

FTCE=1
PEE =1
TIME=154
CORTRRER INCANG
ESY 5ol

e =, Y2 I-01
S8 = 13eR=a9

b4
i

] AREEH) EETn JHEET BYELT
LTI daags=ail STODE+SH JORAREDE JizER=NE

DERE 300 RESENEZLED ETATE

Fig. 3.40 Contact pressure on the both pairs

of the contact surfaces

_39_



ELTMENT BOLUTICH
ETEP=1
BUE =1

E=]5

z x

amcEHI B 1k w3 A B rh-
mIREI0R ~TASTHDY TStneLl k-] 2RI
DSKE 300 ASSEMPLED -ETHTE

Fig. 3.41 Equivalent stress in inner element layer

of the outer sleeve

PUST1
ETE[=]
8UR =1
TIME=1530 e 1 et b
ERTH BLOT = 208
KoD1=4260
Ko =H B2 -
FECV E.2E1
Z.851
W% 2. 921
s
e
o 2791
[ =]
7=
e
(53 E.TEL
i
o 2731
£
;\-? E.701
2671
Z.8d1
£l
BR =) e -342 kL Bk ] « b
1an =l a2 [2:3 Tz
LENGTE
DSKS 300 RSSEMELED STRETE

Fig. 3.42 FEquivalent stress on inner surface of the outer sleeve
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Fig. 3.43 YZ shear stress of element attached

to inner surface of the outer sleeve
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Fig. 3.44 YZ shear stress on inner surface of the outer sleeve
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Fig. 3.46 YZ shear stress on the outer surface

of the inner sleeve
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Table 4.1 Machining tolerance based on shaft diameter®

A wiew [ mielars oo ba g 5 ®
(& , m) | (e]F~o°l3h) | (m) (m) a, a, a, a,
25~30 0~21 3 5 0.10 0.38 0.6 x10°3 1.0 x10 73
25~30 - 125 18 0.15 0.41 0.8 2.0
30~50 0~25 - 7 0.20 0.45 0.9 4.0
50~80 0~30 15 13 0.25 0.48 1.1 6.0
80~120 0~35 175 15 0.30 0.49 1.3 9.0
120~ 180 0~40 20 18 0.35 0.51 15 13.0
180~ 250 0~46 23 20 0.40 0.54 1.7 18.0
250~315 0~52 26 23 0.45 0.58 1.9 24.0
315~400 0~57 28.5 25 0.50 0.62 2.1 31.0
400~500 0~63 315 27 0.55 0.67 2.3 40.0
500~630 0~70 35 29
630~ 800 0~80 40 32
800~ 1000 0~90 45 35
d, + & 974
G, P FEE WA SR8 97
d. : T3=F 244 £d2 WA
5 wAA 97 4ok 8% DA Aol Bl
R wnA 40 02 A% 29 245
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Table 4.2 QOil specifications for coupling mounting

[5~6]

against ambient temperature

AWH 32

AWH 46

AWH 68

AWH 100

AWH 150
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3) A A A9 (static test)
(1) An AMY (Fig. 4.2 #x)
* zkal 0 AH] AR DSKS-100 %+ DSKF-1009] Alg Aln]
AR
- Jack force : 5,000 kgf
- 1Y &% : 1,700 rpm
- Load mass : 1kg
1 1,800 kgt/ecm” (1T), 500 kgf/cm’(1tH)

(] )
- F

o
&l

L
|
S
!
T
.
| : ¢ o o
AHE
3 é ™ Shaoft Support
Fulley @ * b *
Load Suppaort L
Load shoft & & e $~\ Coupling
¢[ille
aad & & & 4}

Fig. 4.2 Test equipment for dynamic performance
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(2) A1g A=t
@ Load Beam®] A3z Ao FAA(A)S A
(L=1,025 mm ZEAF)

@ B2 % o bE A (F) "ol zAe]l AlF Adu Ve

o

.

D : Bore Diameter [m]

Ap : Area of hydraulic Jack-up [m°]

L : Distance of side lever(from shaft center to jack-up center)
Jr : Force of jack-up [N]

T : Torque [Nm]

P Necessary oil pressure [N/mQ]
D = 0.058 m
A, = % = 2642 < 10 °m?’
L =1.025m
Jr = pAp
= JpL = 26 kNm
o= 2000 9 600.7 kN/m?

ApL 0.002642 X< 1.025

Table 4.3 Pressure requirement based on torque

Qil pressure [bar] Torque [Nm]
80 21,665
81 (85%) 22,100
90 24,373
96 (100%) 26,000
100 277,081
110 29,789
120 32,498
130 35,206
140 37,914
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W4 b4 @l ds) AAE Fasidtd, 2 949 93 e 2
[A] DSKF-100 EWAY A=
[B] DSKS-100 =98y A&
[C] DSKSR-280 : WAAE o] §8 F3% <90y 71254
[D] DSKS-300 HAA gl T35 €428 A&

W7 el de s 2 EAR AL

[1] Initial data
[2] Interference deformation calculations
[3] Stress calculation

(3.1) Outer sleeve

(3.2) Inner sleeve

(3.3) Shaft

W =3 37 7 A

o

’CH

o

W

rr

e} 2

» Nomenclature for [1] initial data

(1.1) csprusy

(1.2) dyozs1
(1.3) d; morr
(1.4) dizg

(1.5) dinur
(1.6) d;osr
(1.7) d;psz

. Inside diameter of the inner sleeve [ml],

: Gap between shaft and inner sleeve [m]
: Average outside diameter of the inner sleeve [m]

. Inside diameter of hollow shaft [m]

di ISL — doHSFT

. Inside diameter of the nut [m]
. Inside diameter of the outer sleeve [m]

. Inside diameter of the reinforcement sleeve [m]
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(1.8) djgpr

(1.9) d,gsrr
(1.10) d,npr
(1.11) d,psz
(1.12) dypsz
(1.13) d,spr
(1.14) dgpr
(1.15) Ejg

(1.16) Eopg
(1.17) Egrg
(1.18) Egpr
(1.19) frup
(1.20) leon

(1.21) Npgop
(1.22) Ppyg
(1.23) Ppgop
(1.24) Gprop

(1.25) 8

(126) ]ZnaXC
<127) TmaxE
(1.28) trsrw

(1.29) v

. Safety coefficient, 7

. Inside shaft diameter [m]

: Outside diameter of hollow shaft [m]

: Outside diameter of the nut [m]

: Outside diameter of outer sleeve [m]

: Outside diameter of the reinforcement sleeve [m]
: Outer shaft diameter [m]

: Shaft diameter [m]

. Elasticity modulus of inner sleeve [GPal

. Elasticity modulus of outer sleeve [GPal

. Elasticity modulus of reinforcement sleeve [GPal
. Elasticity modulus of shaft [GPal

. Taper factor for conic surfaces

. Contact length inside cylindrical surface

of the outer sleeve [m]

. Propeller shaft speed [rpm]
: Engine power per shaft [kW]
. Propeller power per shaft [kW]

. Propeller thrust [N]

9= ]—Inax C

max £

© Maximum torque transmitting to each coupling [N m]
: Maximum engine torque [N m]

: Thickness of the inner sleeve wall in the middle [m]

T — dao[SL — doHSFT
ISLW 2

. Poisson ratio for steel
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(1.30) g
(1.31) w

. Friction coefficient

: Angular velocity [rad/s]

. 27TNPRO
Y= 760

P Nomenclature for [2] interference deformation calculations

(21> Peont

(22> Peon2

(23) Peons

(2.4) Prry

(25> Cis, Cog

(2.6) Cipgs Cops

(2.7) ¢

(2.8) 6z

(29) Iy

(210) 7,
(2.11) Pup
(2.12) e,q0sz

. Contact pressure on outside surface of the inner sleeve

to transfer 7).y [Pal
. Contact pressure on the shaft surface to transfer

torque [Pal

. Contact pressure on outer surface of inner sleeve

to delete gap between sleeve and shaft [Pal
. Summary pressure on outside surface of inner sleeve
. Size coefficient for sleeve type coupling

(sleeves and shafts, respectively)

Size coefficient for flange type coupling

(sleeves and shafts, respectively)
: Summary interference fit under pressure to transfer
torque for sleeve type coupling [m]

: Summary interference fit under pressure to transfer
torque for flange type coupling [m]

: Drive up length for flange type coupling [m]

: Drive up length for sleeve type coupling [m]
. Drive up force [N]
. Drive up pressure [Pa]

. Outside diameter expansion of the outer sleeve
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» Nomenclature for [3] stress calculation

[ Stress calculation for outer sleeve ]

(3.1) ois0sz . Circumference stresses on the inside surface

of outer sleeve

(3.2) 045081 . Circumference stresses on the outside surface

of outer sleeve surface

(3.3) Tisosr, . Shear stresses on inner surface of outer sleeve

from torque

[ Stress calculation for inner sleeve |

(3.4) 0,551 . Circumference stresses on outer surface of inner sleeve
(3.5) Orosrsr . Radial stresses on the outer surface of the inner sleeve
(3.6) T,ssr . Shear stresses on outer surface of inner sleeve

from torque

(3.7) Oegoszs + Equivalent stresses on inner surface of inner sleeve

(3.8) Oigssr . Circumference stresses on inner surface of inner sleeve

[ Stress calculation for shaft ]

(39) o,.577 : Circumference stresses on the outside surface of the shaft
(3.10) 0,597 : Circumference stresses on the inside surface of the shaft
(3.11) 0,0.ssr7 : Radial stresses on the shaft outer surface

(3.12) T,sspr : Shear stresses on the shaft outer surface

because of torque transferring

(3.13) opysrr : Shaft stresses from thrust

(3.14) Ogossrr * Equivalent stresses of outside surface of the shaft
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B71 4 AEFo dd AA ANAE o 2o

[A] "DSKF-100" Type ( 98X 3 AE)

A.1 Initial data

(A11) cermg, = 35.0 um

(A1.2) dupse = 0.1180m

(A13) digspr = 0.0m

(A14) dig = 0.1000m  (d;z5; = dopspr)
(A15) diyyr = 0.1155m

(A.I.G) diOSL = 0.1180 m
(A.1.7) diRSL (nil)
(A.1.8) diSFT (I’lﬂ)

(A19) dygser = 0.1000 m
(A110) dyypr = 0.1500m
(A111) d,pg = 0.1650 m
(A1.12) d,ps (nil)
(A1.13) d,gpr (nil)
(A1.14) dger = 0.1000 m
(A1.15) Epy = 205.0GPa
(A1.16) Epg = 205.0GPa
(A.117) Epg (nil)
(A118) Egp = 205.0GPa
(A119) frp = 0.0125
(A1.20) L, = 0.1200 m
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(A.1.21)
(A.1.22)
(A.1.23)
(A.1.24)

(A.1.25)

(A.1.26)
(A.1.27)

(A.1.28)

(A.1.29)
(A.1.30)
(A.1.31)

Npro (nil)
Ppye (nil)
Ppro (nil)
Qprro = 127625N

= _ ]ZnaxC
S ) 2.889 (_ jjlnaxE )
ﬂnaxC = 26 000 Nm
TmaxE = 9000 Nm

dyorsr — Aops

trsrw = 9.00 mm ( — _aolSL 5 poFTj
v = 0.3
Hs = 0.14

w (nil)

A.2 Interference deformation calculation

(A2.1)

(A.2.2)

(A.2.3)

(A.2.4)

2 TmaxC’
T lcan dio[SL

70.76 MPa

Peon1 -

2T,

max C'

Peon2 - 2
T g lcon doHSFT

98.52 MPa

_ 2 EISL CSrrISL tISL w

Peons d2
oHSFT

12.91 MPa

Prrr = Peont + DPecons
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(A.2.5)

(A.2.6)

(A.2.7)

Cis

Caog

di OSLF

do OSLF

Cirs

Cars

J

83.67 MPa

1+ ( dz’HSFT )2
di OSL

1 ( dinsrr )2
iOSL

d;
0.700

d- 2
1+( 1OSL)
doOSL

1— ( diost )2
doOSL

3.394

0.1210 m
0.2200 m

2.167

Cis Cas
= ( + )X Peon2 doHSFT

E OSL

0.20 mm

E SFT
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_ | C1Fs Cors
(A28) 6F - (EOSL + ESFT) chonQ doHSFT

= 0.14 mm

= 0.156,+ 0.855

(o9
3
|

0.16 mm

1

(A29) g (0 + Corsr) X%

12.92 mm

(A210) £, = mdiggp Prrpleon X (‘/?T% + 00365}

159.1 kN

AF
(A211) p, = e

s (dzNUT & diNUT )

22.13 MPa

(A.2.12) 2011 gy

0dOSL ~ d 2
Eosrd,osy < [1 - (%j J

®

= 0.14 mm

A.3 Stress calculation

[ Stress calculation for outer sleeve ]
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1+(3¢0§L)2
(A3.1) oO0sr = %XPTTL
1_[ iOSLj

do OSL

258.90 MPa

2
(A32) Ou0sr = p—TTQL
(doOSL) -1
dao[SL

175.20 MPa

5.093 TmaxC diOSL
dy0sz — digsy

24.37 MPa

(A.3.3) Tisost

[ Stress calculation for inner sleeve |

T ( dao[SL )2

00SL

(A34) 0uysr = T X Prrr
1— ( ao[SL)
dOOSL
= 258.90 MPa

(A.35) Orpsusz = Prrr
83.67 MPa

_ 05.093 TmaxC dao]SL
diOSL - diHSF T

24.37 MPa

(A.3.6) Tuersr

2 2
(AB?) Ueqos[SL = \/GTOSISL + O0s1SL — OrosISLO0sISL + 37-205[5L
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= 232.70 MPa

e
(A38) Ois18, = % chrm2
1 _( iISL )

do OSL

= 212.90 MPa

[ Stress calculation for shaft |

d; 2
1 + (dzHSFT)
(A39) O osSFT dOHSFT 2 X Peon2
13 ( iHSFTj
doHSFT
= 98.52 MPa
2
(A.3.10) O,sSFT Zcon? P
» N ( iHSFT)
doHSFT
= 197.00 MPa
(Agll) Peon2 = 98.52 MPa

OrosSFT = DPeon2

5.093 Tmax CdoHSFT
d(%HSFT - diQHSFT

= 132.40 MPa

(A3.12) Toesrr =

Qrrop
(A3.13) o = -
HHSEE ™ (dgHSFT - d?HSFT)

= 0.41 MPa
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_ 2 2
(A314) chosSFT - \/0-7’035FT + O0sSFT — OrosSFTO0sSFT + 37—2055FT

= 249.60 MPa

[B] "DSKS-100" Type ( €28l|238 AE9)

B.1 Initial data

(B.1.1) cgpsy = 35.4pm
(B.1.2) durer = 0.1180m

(B.1.3) digspr = 00m

(B.1.4) dig = 0.1000 m  (d, 5 = domspr)
(B.15) diyyr = 0.1160 m

(B.1.6) dz‘OSL = 0.1180 m
(B.1.7) diRSL (nil)
(B.1.8) d;grr (nil)

(B.19) d,gspr = 0.1000 m
(B.1.10) d,npr = 0.1500 m
(B.1.11) d,psz = 0.1700 m
(B.1.12) d,rsy (nil)
(B.1.13) d,gpr (nil)
(B.1.14) dgpr = 0.1000 m
(B.1.15) Eig = 205.0 GPa
(B.1.16) FEpg, = 205.0 GPa
(B.1.17) Egpg (nil)
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(B.1.18)
(B.1.19)
(B.1.20)
(B.1.21)
(B.1.22)
(B.1.23)
(B.1.24)

(B.1.25)

(B.1.26)
(B.1.27)

(B.1.28)

(B.1.29)
(B.1.30)
(B.1.31)

= 2.889 (I

= 9.00 mm (:

= 205.0 GPa
= 0.0125
= 0.1200 m

(nil)
(nil)
(nil)

= 127625 N

TmaxC
1

max £

= 26 000 Nm
= 9000 Nm

dao[SL - dnHSF T

%,
= 0.14

(nil)

B.2 Interference deformation calculation

(B.2.1)

(B.2.2)

Peont

Peon2

2 TmaxC

2
T l(:(m dao[SL

70.76 MPa

2TmaxC

2
T g lcon doHSFT

98.52 MPa
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(B.2.3)

(B.2.4)

(B.2.5)

(B.2.6)

(B.2.7)

(B.2.8)

(B.2.9)

Peons

Prrr

Cis

Cog

_ 2 EISL CSrrisL tISL w

2
doHSFT

= 13.06 MPa

= Peont + Peons

= 83.82 MPa

1+ (diHSFT )2

di OSL

1 ( dinsrr )2
diost

= 0.700

o dOOSL +

v

1— ( diOSL )2
doOSL

- nil -

= 3.160
Cis Cas
= +
( Eog Egpr
= 0.16 mm

- nil -

up

= (0 + cormsp) X 30

= 15.00 mm

)X P11 donser

1
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(B.2.10) F,, = mdiosy Prrrleon X (fTi + 0‘0365j

2
= 159.4 kN
4 F
(B.2.11) p,, = =
! m (d?)NUT - d?NUT )
= 22.17 MPa
2p oy A
(B212) eodOSL = 111 /OSLd‘ B}
Eosrd,osp < |:1 - (ﬂ) }
0OSL
= 0.13mm
B.3 Stress calculation
[ Stress calculation for outer sleeve ]
1 + ( ;iiOSL )2
(Bgl) 0,508 = % ><pTTL
1— ( 1OSL )
daOSL
= 239.70 MPa
2
(B.3.2) Ou,s0SL = p—TY;L
(doOSL) -1
d(m[SL
= 155.90 MPa

5.093 71111&)( C diOSL
d?)OSL - d?ISL

= 21.25 MPa

(B.3.3) TisoSL =
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[ Stress calculation for inner sleeve ]

14+ ( dao[SL )2
00SL

(B.34) 0,51 = T X Prrr
1— ( an[SL)
daOSL
= 239.70 MPa

(B.35) Orosisz = Prre
83.82 MPa

_ 5.093 ]—vmaxC dao[SL

4 4
doOSL - doHSF T

21.25 MPa

(B.3.6) T,srsr

5 2 2
(B37> O-eqo.s’[SL o \/O-’!‘OSISL 5 O0s1SL — O10sISLO 0sISL + 37-205[5L

= 213.90 MPa

1 _|_( di[SL )2

00SL

= )5 X Peon2
1 _( dizst )2
doOSL

(B.3.8) 0is1

202.80 MPa

[ Stress calculation for shaft |

1+ ( diHSFT )2

d
(B39) O-osSFT oHSFT 2 X pccm?
1— ( diHSFT )
doHSFT
= 98.52 MPa
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2 Peon2

(B.3.10) 0Ouspr = d 3
1— ( iHSFT)
doHSFT
= 197.00 MPa
(Bgll) Peon2 = 9852 MPa

OrosSFT = DPeon2

5.093 iTmax CdOHSFT

(B312) TosSFT =
dEHSFT - d?HSFT
= 132.40 MPa
QPI?OP
(B.3.13) O rgsrr = :
0 (d?)HSFT 1 dz‘QHSFT)
= 0.41 MPa

<B314) O-eq()sSFT 51 \/UEOSSFT o O%SSFT T O0400sSETO 0sSFT + 3T255FT
= 249.60 MPa

[C] "DSKSR-280" Type

(RFZAE o83 T&5 <8H2F

NE%)

C.1 Initial data

(C.1.1) Cepris, = 104.0 pm

(C12) dao[SL = 0.2971m
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(C.1.3)
(C.1.4)
(C.1.5)
(C.1.6)
(C.1.7)
(C.1.8)
(C.1.9)
(C.1.10)
(C.1.11)
(C.1.12)
(C.1.13)
(C.1.14)
(C.1.15)
(C.1.16)
(C.1.17)
(C.1.18)
(C.1.19)
(C.1.20)
(C.1.21)
(C.1.22)
(C.1.23)
(C.1.24)

(C.1.25)

(C.1.26)

0.0950 m
0.2800m  (d;z5; = dyppsrr)
0.3100 m
0.2971 m
0.0950 m
0.9500 m
0.2800 m
0.3950 m
0.4500 m
0.1400 m
0.2800 m
(nil)

205.0 GPa
205.0 GPa
205.0 GPa
205.0 GPa
0.0125
0.2800 m
289.7 rpm

6 472 kW
6213 kW
3247625N

o ﬂnaxC’
2.675 (— Tij

max £

571 000 Nm
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(C1.27) Thaxr 213 443 Nm

d —d,
(C.1.28) trgw = 853mm (: aolSL ”HSFTJ

2
(C129) v = 0.3
(C.1.30) g = 0.14
(C.1.31) w = 30.34 rad/s

C.2.0 Interference deformation calculation

(C.2.0.1) Value of the reinforcement sleeve interference fit

dpsy = 0.21 mm

(C.2.0.2) Geometrical coefficient for reinforcement sleeve

e ( diRSL )2

doRS’L

Clrsz = = 53 N2
S ( diRSL )2
doRSL

“

2.407

1 +( dorsi )2
c _ donsrr +
2RSL d 2
1_ ( oRSL )

doHSFT

14

1.967

(C.2.0.3) Contact pressure on reinforcing sleeve due to interference

_ O st
Peonrsr =
d >, (011&% + C2RSL)
oRSL
Egpr Era

= 69.84 MPa
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C.2 Interference deformation calculation for inner sleeve

2 TmaxC

2
T l(:(m, dao[SL

105.10 MPa

(CZI) Peont =

2 Jlnax C

2
T g lcon d(}HSFT

= 118.30 MPa

(C.2.2) Peon2 =

2F,.; ¢ t
(C2.3)  Puonz = 151 CsrrIsL tispw

2
doHSFT

= 4.64 MPa

(C24) Prrr = Peont + Peon3
109.7 MPa

d. vaPuple
1+£ CleSFT)
(C25) ¢g = O /- —y

1— ( diHSFT)
diOSL
0.928
1 + ( ;liiOSL )2
Cog _ 00OSL - +
d.
1 _ ( ’LOSL)
dOOSL

2.845

v

(C.2.6) - nil -
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_ Cis Cos
(C27) 5 - (EOSL + ESFT)X Pcon2 doHSFT

= 0.57 mm
(C.2.8) - blank -
1
(C29 Ip = (0 + Copprsr ) X R0
= 53.55 mm

(C210) F,, = ndips Prap X (21, +0.1) X (fTi + 0.014)

2
= 136.9 kN
4 F
(C.2.11) py, = up
' us (dgNUT - diQNUT )
= 29.07 MPa
2 d2
(C2.12) eyos = Prrp ZOSLd‘ :
st~ 2] |
= 0.37 mm

C.3 Stress calculation

[ Stress calculation for outer sleeve ]
d; 2

1_|_( ZOSL)
anSL

p) > X Drrr
1 . ( 1OSL )
daOSL

(C.3.1) OisosL =

279.22 MPa
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2
(C.3.2) Ou0s1 = p—TI;L
(dOOSL) -1
dao[SL

169.49 MPa

5.093 71111&)( C diOSL
ngSL - d;lISL

= 24718 MPa

(C33) Tisosr =

[ Stress calculation for inner sleeve ]

1 + ( dao[SL jQ

00SL

(C34) Oopsz = ——— <3 X Prap
T ( duo[SLj
doOSL
= 279.22 MPa
(C.35) Oroszs = Praw
= 109.72 MPa

5.093 711113.)( C d(),()]SL
A 4
dOOSL - doHSFT

24.78 MPa

(C.3.6) Toesr

3 3
(C3.7)  Oegostsr = \/ O2osist + OosiSt = OrostSrOosiss + 3 Tasisr

= 247.40 MPa

1+(jf¢)g
(C38) Ojpgy = ———20L7

X p(:(mZ
1— ( dilSL J2
doOSL

267.73 MPa
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[ Stress calculation for shaft ]

1+ ( diHSFT )2

doHSF T

(C39) O s SFT d 2 X pcon2
1 ( iHSFT)
doHSFT
= 149.06 MPa
2 n
(C.3.10) O,sSFT ZC)ZCO 2 5
1 — ( iHSFT)
doHSFT
= 267.34 MPa
(C.311)  Peon2 = 118.28 MPa

Or0sSFT = Peon2

1 5.093 Tmax C’doHSFT
dzHSFT 7 d?HSFT

134.25 MPa

(C.3.12) TosSFT

(C.3.13) Oryspr = @rror

™ (dzgaHSFT - d?HSFT)

1.49 MPa

2 2
(C314> O-eqosSFT = \/arosSFT+ O0sSFT — OrosSFTO 0sSFT + 37—(2).9SFT

= 269.54 MPa
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[D] ”"DSKS-300" Type

(RFZA7 = T&5 <42% A=)

D.1 Initial data

(D.1.1)  cspmsy = 54.0 um
(D.1.2) dusz = 0.3206m
(D.1.3)  digser = 0.0950 m
(D.14) dig = 0.3000m  (dizs;, = dopsrr)
(D.15) diypr = 0.3190m

(D.1.6) diogL = 0.3259 m
(D.1.7) d7:125L (l’lil)
(D.I.S) diSFT (nil)

(D.19) dyyspr = 0.3000 m
(D.1.10) dyyyr = 0.3950 m
(D.1.11)  dyps, = 0.4800 m
(D.1.12) dypg (nil)
(D.1.13)  dyspr (nil)
(D.1.14) dgpy = 0.3000 m
(D.1.15) Erg = 205.0 GPa
(D.1.16) Epg, = 205.0 GPa
(D.117) Erg (nil)
(D.1.18) Egpr = 205.0GPa
(D.119) frap = 0.0125
(D.1.20)  len = 0.3000 m
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(D.1.21) Npro = 289.7 rpm
(D.122) Ppye = 6472kW
(D.1.23) Ppro = 6213kW
(D.124) Qpro = 3247625N

m

T,
(D125) S = 3.2889 (: Ticj
ax F

(D.126) Thaxe = 702000 Nm
(D.1.27)  Thap = 213443 Nm

-
(D1.28) trgw = 10.30 mm (: wolSL OHSFTJ

2
(D.1.29) v = @
(D.1.30) g = 0.14
(D.1.31) w (nil)

D.2 Interference deformation calculation

2 TmaxC

2
T lcon dao[SL

103.53 MPa

(D.2.1) Peont =

2T
(D22) Deons _ max2€
T g lcon doHSFT

118.23 MPa

2F,5 c trar o
(D.2.3)  DPeons = 151, CsPriss UisLn

2
d(}HSF T

2.53 MPa

(D24) Prrr = DPeont + Peons
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= 106.06 MPa

14+ ( diHSFT )2

d.
(D.25) ¢y = d’OSL =
1_( iHSFT)
d;0s1
= 0.886
1+ ( d;os1 )2
d,
Cag = % +v
1_( iOSL)
doOSL
= 3.010
(D.26) - nil -
i, Ci1s Cag
(D27) 5 3 (EOSL = ESFT)X Peon2 doHSFT
= 0.67 mm
(D.2.8) - nil -
B 1
(D29> l’up - (6 + CSFT[SL) X %
= 58.20 mm
(D.2.10) F,, = 27 dos; Pryr Leon X (fT% + 0009}
= 993.44 kKN
4 F
(D.2.11) p,, = -

m (d?;NUT - d?NUT )

_82_



= 23.31 MPa

2 d?
(D.2.12) €05z = Prrr %iost

2
Eospd,os X< l:l - (Mj }
dyos1

0.43 mm

D.3 Stress calculation

[ Stress calculation for outer sleeve ]

00SL

(D.3.1) 005z = —d_gxpTTL
1_( iOSL)

do OSL

287.37 MPa

2p 17y
( dy0s1 T Qal
dao[SL

= 170.84 MPa

(D.3.2) 008z =

_ 0.093 ]ZnaxCdiOSL
diOSL - d?[SL

25.90 MPa

(D.3.3) Tisosr

[ Stress calculation for inner sleeve ]

1 + ( d(m[SL jQ

B 0OSL
OosISL = BT X Prrr
1— ( aoISL)

do OSL

(D.3.4)
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(D.3.5)

(D.3.6)

(D.3.7)

(D.3.8)

O r0sISL

TosISL

27.69 MPa

= PrrL

O-eqos[SL =

OisISL

106.06 MPa

5.093 ﬂnax C daO[SL
daosz — damsrr

25.48 MPa

2 2
\/ OrosiSL + Tosist = OrosisrOosisr T 37‘?;5151

245.97 MPa

1 +[ di[SL )2

do OSL

"~ B ¥ & Peon2
. _ ( dizsp jZ
doOSL

269.81 MPa

[ Stress calculation for shaft |

(D39) O s SFT

(D.3.10)

OisSFT

d, 2
1 + (dzHSFTj

dOHSFT 2 X pcon?
1— ( iHSFTj

d(}HSFT
144.58 MPa

2pcon2

1— ( diHSFT jQ

doHSFT
262.81 MPa
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(D.3.11)  Peon2 118.23 MPa

OrosSFT = DPeon2

5.093 ]-’max C doHSFT
dzHSFT - dzzHSFT

133.76 MPa

(D.3.12) TosSFT

&prop
(D.3.13) o =
e ™ (d?)HSFT - d?HSFT)

127.66 MPa

_ 2 L
(D314) UeqosSFT - \/arosSFT =l O0sSFT — OrosSFTO0sSFT + 37—§SSFT

= 267.33 MPa

_85_



	제1장  서 론
	1.1 연구의 배경 및 필요성
	1.2 연구의 목표
	1.3 연구 추진방법

	제2장 커플링의 소재분석 및 설계
	2.1 유압 죄임식 커플링용 소재 분석 및 개발
	2.2 유압 죄임식 커플링 설계

	제3장 유한요소법에 의한 커플링 응력해석
	3.1 DSKS-100 커플링 응력해석
	3.2 DSKF-100 커플링 응력해석
	3.3 DSKSR-280 커플링 응력해석
	3.4 DSKS-300 커플링 응력해석

	제4장 커플링의 제작 및 성능분석
	4.1 유압 죄임식 커플링의 제작 방법 및 절차
	4.2 유압 죄임식 커플링의 성능분석
	4.2.1 성능분석을 위한 요구사양
	4.2.2 유압 죄임식 커플링의 성능시험



	제5장 결 론
	참고문헌
	부    록
	[A] "DSKF-100" Type (플랜지형 커플링)
	[B] "DSKS-100" Type (슬리브형 커플링)
	(보강재를 이용한 중공축 슬리브형 커플링)
	[D] "DSKS-300" Type (보강재가 없는 중공축 슬리브형 커플링)




