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Frequency Response Characteristics of Two-Staged Gear Reduction Servo
System According to the Backlash Contribution Ratio Variation of Each
Gear Reduction Stage
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ABSTRACT

The paper investigates the change of frequency response characteristics on two-stage gear reduction servo system
according to the variation of backlash amount of each gear reduction stage, under the condition that the backlash of total
system is constant. It is shown that the frequency response characteristics of the system heavily depend on the
contribution ratio which is defined as a ratio of the first backlash amount to the total backlash. It is also found that there
is an optimal backlash combination to maximize the bandwidth of two-stage gear reduction servo system when the
allowable total backlash is determined.
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Table 1. Specifications for two-staged gear reduction
Servo system

Parameter Value

Motor Inductance, L (H) 8.50E-4
Motor Resistance, R _(Q) 4.10
Back-emf Const., &

. s/rad ) b 0.034
Torque Sensitivity, £,

(N-m/A) 0.035
Moment of Inertia of Motor,
J. (kg-m*) 8.60E-6
Reduction Ratio 1, N, 5.94
Static Friction Torque of 0014
Motor, T, (N-m) ’
Torsional Stiffness, &,

Nomirad) " 3.40E4
Moment of Inertia of Gear 1,
7 he-m?) 2.30E-5
Torsional Stiffness of
Shaft, k. (N-m/rad) 366.0
Moment of Inertia of Shaft,
J ., (kg-m*) 8.30E-8
Moment of lnertla of Pinion 2, 2 20E-7

g,y (kg-m®)

Reduction Ratio, N, 10.5
Equivalent Torsional
Stiffness, &, (N-m/rad) 7.74E4
Moment of Inertia of Load,
7. (he-m’) 0.029
Static Friction Torque of
Load, T,, (N-m) 0.007
Tachometer Sensitivity, k.,

(V-s/rad) A 0.086
Total Backlash, biai(Degree) 0.066
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Fig. 4 Bode diagrams of two-staged gear reduction servo
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Table 3. Anti-resonance & resonance

Case Contribution |Anti-resonance Resonance
Ratio of b, (%) (dB / Hz) (dB/Hz)
1 0 -42/73 -12/135
2 25 -42/76 -13/138
3 50 -46 /90 -12/ 160
4 75 -43/79 -9/170
5 100 -44 /77 -19/148
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