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In this study, analytical methods for designing a torque arm pin and elastomeric

Received 12 January 2017 bushings of a conventional-type three-point-suspension gearbox of a wind
Revised 16 February 2017 turbine are investigated. The design loads for the torque arm were derived by
Accepted 22 February 2017 considering the effects of the transmitted torque and self-weight of the gearbox.

Based on the design loads, design methods for the torque arm pin and elastomeric
Keywords: . bushings were introduced in the terms of material and size selection. Finally, a
Elastomeric bushing small-scale conventional-type gearbox was designed by applying the derived
Gearbox ‘ 4 design methods. This study is an elementary and analytical study for the design
Three point suspension of the torque arm pin and elastomeric bushings. It is necessary to verify and
Torque arm supplement the results further through extensive experimentation.
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Fig. 2 Feature of torque arm of gearbox housing

2.2 7|0{4fA

L)L 719 71919 E5, s 2 FUEA AL
& o5 5ol wet o] Fejo] 725 7RIt oY 7)9] f87]0]
£ ARgSto e AP FRIAM we FEAY &9 e F
Ag71o1de] tiF-Ee] Zjofaka oA A8H a1 Qlrk 11 F il
A'd Ef(conventional type) 7|08k A7|te] HE A 85 5
3 A TEREA FEHEA7A 7 de] AREa Qe

A2 B 719 7 749 7o shte] ey
% 7lojgo s A F5& Tl dEHE e AL
7101 (low speed planetary gearset, LSPG)2] +4 7]
2 Y489
HSPG)S AA 3= 7]1oH(parallel shaft gearset, PSG)2] I
Yds B3l 58S S8 A By 7ok 2=
Fig. 33} 2o,

B AFoME 33 AR 7|ojdkag AHulAE Bljlo] 285+
7355 HsItE G B 7okl e /7)of oA
7} 3194 HEhS slo g BT Fig. 49} 2o A& fA37]0g
o] g7]o] 97| dAgoz Az,

A=

T

=pLo
ZHke

B A=
= —1

& f371o1Hhigh speed planetary gearset,



Journal of the Korean Society of Manufacturing Technology Engineers 26:2 (2017) 199~204

Power output

B>

Power
input

PSG

Sun gear E Planet gear I]]]IlRing gear .“’heel .Pinjon

Fig. 3 Gear train of the conventional type gearbox

Fig. 4 Location of torque arm in the conventional type gearbox
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Fig. 7 Cross section of pin and elastomeric bushing assembly
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Table 1 Specifications of the target gearbox

Items Values

Power from main shaft (P), kW 35.25
Rotational speed of main shaft (N), rpm 15.25
Number of teeth of LSPG sun gear (Ns) 25
Number of teeth of LSPG ring gear (Ng) 87
Straight-line distance between torque arms (D), m 0.55
Self-weight of the gearbox (W), kg 500

Table 2 Magnitude of torque arm load related parameters

Items Values
Torque of planet carrier (7¢), Nm 22,072.96
Torque of sun gear (7s), Nm 4,927
Torque of ring gear (7z), Nm 17,145.96
Gear ratio (u) 448
Torque arm load from the ring gear torque (Pg), N| 31,174.48
Torque arm load from the self-weight of the gearbox
2,452.5
(Po), N
Torque arm design load (Pr), N 67,253.96
Table 3 Design parameters of torque arm pin
Items Values
Shear stress acting on torque arm pin (7p), MPa 34.95
Minimum required tensile strength of torque
. 69.90
arm pin (o7), MPa

Table 4 Design parameter of elastomeric bushing

Items Values

Minimum required attachment length

. .20
of elastomeric bushing (L), m 0
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