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Abstract: This study focuses on the design of the tapered joints of a wind power turbine. The main variables
of the tapered joint are the transmitted torque, shaft diameter, contact area of the tapered ring, and tightening
torque of the bolts, which applies a compressive pressure from the hub to the shaft. The stress distribution of
the taper fit was calculated under axisymmetric plane strain conditions because of the small taper angle. The
axial displacement of the clamp can be calculated from the radial elastic deformation and the taper angle.
The stress field of each ring is obtained from the cylinder stress equation. To verify the accuracy of the
calculation, finite element (FE) analysis was performed, and the results of the calculation and FE analysis
were compared. The hoop stress of the tapered surface showed a discrepancy of approximately 10, but the
trends of the stress distributions of each component and the relative movement obtained by FE analysis were
in good agreement with the analytical calculation results.
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Fig. 3 Structural shape of the tapered fit assembly
and simplified shrinkage fit
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Fig. 2 Typical structure of tapered joint Fig. 4 Force diagram on tapered surface

Pitch




<
=
ol
ol
JE
k3
2
N
offt
I
2
iy
oo

P = 1
! 2umrs L, I
T
P = — 2
= e

tanp+ tana

Fo =0y 1—tanptana )
F, = Fytan(a+p) 4)

A71A mPEAT p=tanpol™ wpEZto R R
Hrt

Aol 283t &2 Fig 59 7ol 43
g0} Quba 7pdste] oy FuwEs 27
5

ek

[oe) "0 o ?

Pr?—Pyr i (P,—P;) 1
2

Oy 2 2 2 2 ©)
TS —T; TS —T; r
B PZ-T?—Porg r?rz (P,—P;) 1
Gp — 2 2 2 2 ) (6)
T T To T r
B apaaE WEel 9o sug Anse &
do= Wi ke p7F A&eA 7] vkl 22t
o] &l gk W3kl &= 2 WS oo}t 2ol

T 4 QU
Ringl(Shaft)oll 283l WHAweky 5ako)
S8 e MEgske
2 2
Ty LS
o, = — D ;- (1—=) (7
7‘2—7"1 T

Ring1(Shaft) Ring2(Hub) Ring3 Clamps

Fig. 5 Stress distribution in separate ring

B e orr

FA AAC A AT 1185

2 2
T2 T
-P - (1+—) 8
S T ®
Zid HHHEE A = 9 w
o WaFe 4 (99 2}
—P1r2(1+u) rngr?
= [(1=v)(5—)—V]
7"277"1

Ring 2(Hub) W73} 9|74l 2-83h= gk
HE A (10), A aDg 2ok

P17"§*P27"§+ r%r%(ngpl)L
2

2 2 2 2 (10)
T3 T T3 T r
Plrg_Pﬂ% r%r%(P2—Pl) 1 1
- 2 2 2 2 "2 (11)
T3 T 5T r
Ring 29| W7 WHEwaF HIsFS
rp(1+v) ( r j
——\P|(1-v) +v|—
2P,r2
(1-v)(5—5) (12)
T — T5
917 WA WYPES A (13)¥ 2
T3 2P1(1—1/2)r§
2, 2
ryt+r
— Py (1+v)| (1= v)— i—uj (13)
T3 TS5

Ring 3(Clamp) W7 ¥} £17o #4-&ah= W3k
Wekel g2 2 (14), (15 Zth

Pgrg ri
(1 ) (14)
T4_T3 T
P27"§ ri
5+ ) (15)
Ty T3 T

S9x U W wEge 06T 2o

-I-r:2 j
-tV (16)

2.3 Tapered Joint2| Tt &Ci5S7H2|
Fig. 37} Fig. 4014 EES] Fedf ofsto] go]H
of Wtol AFETE Z7]ol= dHel F Aol
ZHE 913 3t5e] EARte R 7= st
o7 &3 ASsdA eolsdaat %9 A5
A RSt Py, Py7F ZA2F YERA "



o

1186 EE .

Zk el AHgah= WY Py, POl ofske] wbg
o7 39 Adl= U, W97 FHe] WA=
U7t AREH, FHe Hste] Myggow v,
S} U,y Fdateh meba 2 (9)9} A (12)7F 54
oz p, P,stel TRAPE 2 (177 #o] el

2 glem, sk Py, Pyo] WA A (18)F 2
U, 4E(T2—T2)
Ap= 22 2 (17)
2ryr5 (1—07)
U,oE@r5—r3)
P, =P, 10 3 I (18)

27‘2r§(1—u2)

e Adel W Fus) HelHue] &EAL
v 2t BaAel Zgae Wt Py, Pyl olelA v
Akl ofal Y
He kel B 949
dEFS olgste] A
upet IS A He

o] 7V 7)¢

ﬂd
I
tio
__>‘~I_l‘l
my
2

do o
[0

rHoox

SEAYE A

)

(20)7+
U, = Upso + Ug + AC/2
§ = U, /tand

2.4 Tapered Joint2| A A
Hou AZA%A] o] AAl= T v] ol AdE=
5 Aot 8w AgEIE AYE & 5 3l

o Aol A AAG 54E ool AL

¢
r

H o2
o

2
=2
=

-

Input
Transmit Torque, Dimension

Calculation of the pressure on
Shaft (P,) and Tapered Hub (P,)

Modify
Hub length(/)
]

Calculation of relative sliding
distance

Calculation of bolt tension
Selection of bolt size and number

Analysis of stress distribution

Yes

Fig. 6 Design procedure of tapered joint

End of Design
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Table 1 Dimensions of tapered joint

Description Value
Sym. -
Taper 1:10 | L:5 | Unit
T Transmit torque 60 kNm
d, Shaft inner diameter 20 mm
d, Shaft outer diameter 130 mm
d3; | Taper small end diameter | 145.6 | 141 | mm
d3y | Taper large end diameter | 154.6 | 159 | mm
d3 | Taper average diameter 150 mm
dy | Clamp ring outer diameter 230 mm
Q@ Taper angle 0.049810.0987| rad
L Contact length 90 mm
AC Assembly clearance 0.079 mm
My | Shaft friction coefficient 0.15
to | Taper friction coefficient 0.08
v Possion's ratio 0.3
Young's modulus 210 GPa
L
Clamp
]
- Hub
N 2
i)
shatt A—-—- 58 583
A A
T
S
=

Fig. 7 Dimension of tapered joint
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Table 2 Calculated design value of tapered joint

HEdr] FHdes H

Sym. Description Value :

Taper 1:10 1:5 | Unit
P, Pressure on shaft 167.4 | 167.4) MPa
P, Pressure on taper 183.3 | 183.3] MPa
AP Pressure loss 15.9 15.9| MPa

F, | Axial Force for assembly | 1,014 | 1,402| kN

U,3; | Clamp inside deformation | 0.173 | 0.173| mm

U.20| Hub outside deformation | -0.065 | -0.065| mm

6 |Relative sliding movement| 5.57 2.81| mm
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(b) Radial Stress

(c) Hoop Stress
Fig. 8 Stress distribution of 1/10 tapered joint

Locational Stress Distribution
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Fig. 9 Locational and averaged stress distribution of
1/10 tapered joint
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Fig. 10 Stress distribution comparison of analytic
method and FEA
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Table 3 Pressure and force comparison of analytic
method and FEA of 1/10 tapered joint

Location Analysis | FEA | Gap
[MPa] | [MPa] | [MPa]

0.10(r=7,)| Shaft outer | -167.4| -164.8| 2.6
0g10(r=r7y)| Shaft outer | -175.5| -179.5| 4.0
0.9i(r=ry) | Hub inner | -167.4| -165.1| 23
Ogoi(r=7,) | Hub inner | -295.0| -319.2| 242
0,00(r=r3)| Hub outer | -183.3| -190.3| 7.0
0920(r=73)| Hub outer | -279.2| -312.1| 329
0.4;(r=ry) | Clamp inner | -183.3| -186.9| 3.6

) | Clamp inner | 454.6| 4653| 10.7

Symbol

Table 4 Stress Comparison of analytic method and
FEA of 1/10 tapered joint

Sym- 5 Analysis | FEA | Gap
bol Desaigion [MPa] | [MPa] | [MPa]

P, | Pressure on shaft 1674 | 167.8 0.4
P, | Pressure on taper 183.3 | 184.9 1.6

AP Pressure loss 15.9 17.1 1.2
F, Axial force[mm] 1,014 | 1,021 7.0
T Torque [kNm] 60 60.1 0.1
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