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The Change of the Influence of Backlash Ratio according to the
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This paper investigated the influence of the backlash ratio on frequency response characteristic in servo systems with two-
stage gear reducer, according to the change of magnitude of motor input voltage. The backlash ratio is defined as the ratio
of the first gear stage backlash magnitude in relation to total backlash magnitude. This paper presents that the maximum
anti-resonance and resonance frequency of the system can take place at the maximum backlash ratio if the motor input
voltage of the system is large. On the other hand, if the motor input voltage is small, the maximum anti-resonance and
resonance frequency of the system will occur at an arbitrary backlash ratio. In order to develop the geared servo system
with fast response, it is effective to increase the maximum allowable motor input voltage and to reduce the magnitude of
backlash on the second gear reduction stage.
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NOMENCLATURE k= Back emf constant of motor (V-s/rad)
k= Torsion stiffness between pinion i and gear i (N-m/rad) (i=1, 2)

B, = Viscous damping coefficient of motor (N-m/(rad/sec)) ky;=Torsion stiffness of shaft i (N-m/rad) (i=1, 2)
b= Angular backlash to be measured at the gear i(°) (i=1, 2) k,= Torque sensitivity of motor (N-m/A)
b;= Total backlash to be measured at the output stage (°) k;s= Tachometer sensitivity (V-m/rad)
fir= Anti-Resonance Frequency (Hz) L,= Inductance of motor (H)
fz = Resonance Frequency (Hz) N;= Gear ratio of pinion 7 and gear i (i=1, 2)
G(s) = Transfer function of tachometer filter N,=Revolution gear ratio between pinion 2 and gear 2
i, = Motor current (4) R,, = Resistance of motor (£2)
a1, I, Iy Js1, Jp=Moment of inertia of gear 1, load, motor, Ty1, Ty = Static friction torque of load and motor (N-m1)

shaft 1, and pinion 2 (kg-m?) T, = Transmitted torque of gear 1 (NV-m)
ko= Equivalent torsion stiffness between gear 2 and shaft (N-m/rad) T, Tr=Motor and load torque (N-m)
k, = Gain of motor amplifier V; = Input voltage of motor amplifier (V)
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V,»= Input voltage of motor (V)
V,= Output voltage of tachometer (V)
= Output voltage of tachometer filter
;= Half the value of angular backlash to be measured at the
side of gear i (rad) (i=1,2)
6= Angular transmission error of iy, stage (rad) (i=1, 2)
i, O, By, 65, 6;=Rotation angle of gear 1, load, motor,
pinion 2, and shaft 1 (rad)

sign(-) : Sign of value in the parenthesis
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Table 1 Specifications for considered systems

Parameter Unit ADSS EDSS
N, - 5.94 6.41
ko (N-mirad) 3.40E4 4.74E4
el (kg-m?) 2.34E-5 3.69E-5
ky (N-mirad) 22.8 1.54E2
Ji (kgm?) 8.30E-8 2.04E-7
I (kgm?) 2.21E-7 4.84E-7

N, N, - 10.5 7.75
ks (N-mirad) 2.59E3 2.54E5
Jy (kg'm?) 2.46E-2 1.44E-2
Ty (N-m) 7.0E-3 7.1E-3
b, (Degree) 0.066 0.276
L. (H) 8.50E-4
Ry (€e)] 4.1
ky (Vs/rad) 3.44E-2
k, (N-m/A) 3.49E-2
T (kgm?) 8.60E-6
Trm (N'm) 1.40E-2
k, - 4.11
ks (V-s/rad) 8.60E-2
B, (N-m/(rad/s)) 1.6E-4
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s +1710s+723439
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reducer®
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Fig. 10 The change of anti-resonance & resonance frequency of EDSS according to the backlash ratio when the input voltage V; is between
4.36 Vyeand 12.17 Vy
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Fig. 11 The change of anti-resonance & resonance frequency EDSS
according to the backlash ratio when the input voltage V; is
between 0.97 Vyrand 12.17 Vi
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