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Tracking Error Control Strategy for Servo Feed System
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Abstract. Series axis of multi-axis CNC machine tool introduces low-order modes to result in a
difficultly controlled tracking error. A comprehensive control strategy of modal filter and notch
filter is proposed. Establishing a dynamic model of the ball-screw servo feed system with a series
of shafts, the mechanical modes introduced by the series of shafts are analyzed. A combination
scheme of notch filter controller with modal filter controller is designed to suppress the high-order
modes of the ball-screw feed system and the low-order modes introduced by the series axis. The
influence of each combination scheme on servo bandwidth and tracking error is discussed. It is
concluded that for a ball-screw servo feed system with a series axis, the low-order modes caused
by the series axis are the key modes that limit the increase in the bandwidth of the position loop;
the notch filter commonly used in engineering suppresses high-order modes, such as the first-
order and second-order torsional vibration of the screw, which cannot increase the bandwidth of

the position loop of the ball-screw servo feed system with serial axis, and cannot effectively
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control the tracking error. For the ball-screw servo feed system with serial axis, the tracking

error control strategy ought to choose as speed feedforward controller+low-order modal filter+

high-order modal notch filter.

Keywords: series axis; modal filter; notch filter; tracking error; CNC machine tool
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Fig. 1 X-axis of a three-axis vertical CNC milling machine
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Fig. 2 Schematic diagram of the structure of the ball-screw

feed system with tandem axis
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Fig. 3 Equivalent dynamic model
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Table 1 Parameters of dynamic model
Ji/(kg » m*) 0.005 8
J./(kg « m*) 0.001 9
Js/(kg « m*) 0.003 3
J./ (kg « m*) 14.0
m,/kg 700
K,/(10'Nem b 2.5
K,/(10' N+m™) 2.95
K,/(10° N+ m ") 3. 66
K.,/(0"Nem b 1.8
C,/(Nesem ) 0.01
C,/(Nesem ) 0. 06
C./(Nessm™) §X10*
C,/(Nesem!) 210"
Cy/(Nesem ) 0.12
Ci/(Nesem™) 0.08
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Fig. 5 Top view, side view and mode shape diagrams of

each order of the ball-screw feed system

k2 X i 48 E A 5 8 IR A S

Table 2 Related mechanical and servo parameters of X-axis
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calculation results
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Fig. 8 Distribution of poles and zeros of mechanical system
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