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ABSTRACT

The mathematical model of the gear reductioner which consists of the geared rotor-bearing system
containing case is developed, assuming as the lumped parameter system. Constraints for vibration
suppresion as well as strength of gear teeth, and shaft and kinematic conditions in gear pairs are
considered. To find the design parameters satisfing the proposed constraints, a direct search method
modified by the technique of Taguchi’s experimental scheduling is used. One and two stepped gear

reductioners are designed so that the critical speeds due to the gear transmission error are moved out
of the operating speed range.
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29 AA 4.2x107%(m)
29| 7o) 2.8%107! (m) Table 6 Mount specifications of 1-step gear reductioner
29| B A4 2.1 x 10" (N/m?) A 4 | Mount #1 | Mount #2 | Mount #3 | Mount #4
wjojel o] ukdubel 7}A 9.7 x 108 (N/m) Lx(m) | 0.1269 0.0331 | —0.25 —0.25
wlojel o] 3 Antek A 1.0 X 108(N/m) Ly(m)| 0213 -0.23 0.1879 | —0.1743
Lz(m) 0.1264 —0.1264 —0.25 —0.25
Table 5 Case specifications of 1-step gear reductioner 6 0 0 0 0
A A4 A4 2 E(N-m-S) 0 0 0 0 0
m(kg) Inx Ixx Izz Ixy Iyz Izx 7e 0.1 0.1 0.1 0.1
77 1.5 1.5 1.9 0 0 0 7s 0.1 0.1 0.1 0.1
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Fig. 13 Objective function convergency for 1-step gear
reductioner

Table 7 Tooth strength of the gear pair of the 1-step
gear reductioner

Iteration Actu'al Allow'able Asl::;:iczle
number transmitted bending pressure
force(kg) | strength(kg) strength (kg)
1 228.2 264.8 543.5
2 211.9 253.3 551.5
3 200.3 256.0 557.3
4 184.1 258.3 562.2
5 162.76 260.9 568.0
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Table 8 Design variable and final value of 1-step gear reductioner

AAM s 2 ¥ | AR 25
JUd slg(H) 20 12 28 28

E §(mm) 05x10t | 0.1x10'| 0.12x10%| 0.397x10'

A Z(mm) 0.42x10% | 0.25x10% | 0.84x107| 05744x10°
QA2 (mm) | 042x10° | 025%10° | 0.84x10° | 0.4134x10?
2927 (mm) | 042x10%| 025107 | 0.84x10% | 0.2769x 10
29 Zo)(mm) | 028x10°| 0.12x10° | 0.32x10°|  0.32x10°
oleEgrE Al | 0.700x107 | 0.7x10°| 0.7x10° | 0.6409%107

(N/m)

opEEAMTAA2 | 0.700x107 ) 0.7x10°| 0.7x10°| 0.1510x10°
(N/m)

up$-EQkE A 0.35x10% | 0.35%107| 0.35%10° 0.35x 108
(N/m)

Table 9 Gear, pinion specifications of 2-steps gear reductioner

A4 7N 4l | AU #l | vl 2 | AUl
49 7 20(deg) 20(deg) 20(deg) 20(deg)
z 0.1(m) 0.1(m) 0.156 (m) 0.156 (m)
¥ E 5(mm) 5(mm) 8(mm) 8(mm)
A2 F7HA 110" (N/m){L X 105 (N/m) L x 10 (N/m) L X 10% (N/m)
Qg 4 T2(4) 18(7H) 6(0) 190H)

Table 10 Shaft, bearing specifications of 2-steps gear

reductioner

A4 49 #%
slei o] A7 1.95x 10! (m)
Z7k29 27 1.15x 107! (m)
2529 A 1.75x 107 (m)
Z9] 7o) 3.75x 107 (m)
20 BFAS 2.1x 10" (N/m?)
wolale] wlAubek 74A 3555139 (N/m)
woled o} sl dubar A 17064 (N/m)

Table 11 Case specifications of 2-steps gear reductioner

F A A4 #A4 249 (N-m-S)
m(kg) Ixx Iyy Izz Ixy Iyz Lzx
903 63.11 | 63.11 | 90.32 0 0 0
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Fig. 14 Cambell diagram of 2-steps gear reductioner
before design
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Table 12(a) Tooth strength of the gear pair #1 of the

2-steps gear reductioner
All bl
. Actual Allowable owable
Iteration . ) surface
transmitted bending
number force(kg) | strength(kg) pressure
= & & strength (kg)
1 179.9 5455 814.3
2 176.4 546.7 816.8
3 182.0 544.0 812.7

Table 12(b) Tooth strength of the gear pair #2 of the

2-steps gear

reductioner

Iteration
number

Actual
transmitted
force (kg)

Allowable
bending
strength (kg)

Allowable
surface
pressure
strength (kg)

165.5

815.7

1286.4

165.5

780.0

1261.6

183.8

857.5

1281.1
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Fig. 16 Objective function convergency for 2-steps gear
reductioner
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Table 13 Design variable and final value of 2-steps gear reductioner

AAESE | z20g |8 |(4eqn| 323
A4 () 18 12 26 18

% E(mm) 05x10" | 02x10' | 0.Ix10?| 0.4938x 10"

A %(mm) 0.1x10° | 05x102| 0.2x10° 0.Ix10°
HHE5AA (mm) | 0.95%x10% | 05x10°| 02x10°| 0.1325%10°
77 (mm) | 0115x10°]  0.7x10°| 023%10° | 0.1216x10°
9247 (mm) | 0175x10%| 0Ix10°| 0.3x10°| 0.1663%10°
%9 Zol(mm) | 0.375%10°| 0.2x10° | 0.45x10°| 0.3696x10°
Aol (H) 19 12 30 19

2 &(mm) 08x10' | 0.4x10" | 0.15x10°| 0.4893x 10!

A & (mm) 0.196X10° | 0.8x10* | 0.28x10° | 0.1579x10°
ol #29] BEo] 39% EAUL v wisirp A
et
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