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(Implementation of the Digital Current Control System for
an Induction Motor Using FPGA)
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Abstract

In this paper, a digital current control system using a FPGA(Field Programmable Gate Array)
was implemented, and the system was applied to an induction motor widely used as an industrial
driving machine. The FPGA designed by VHDL(VHSIC Hardware Description Language) consists
of a PWM(Pulse Width Modulation) generation block, a PWM protection block, a speed measuring
block, a watch dog timer block, an interrupt control block, a decoder logic block, a wait control block
and digital input and output blocks respectively. Dedicated clock inputs on the FPGA were used for
high-speed execution, and an up-down counter and a latch block were designed in parallel, in order
that the triangle wave could be operated at 40 MHz clock. When triangle wave is compared with
many registers respectively, gate delay occurs from excessive fan-outs. To reduce the delay, two
triangle wave registers were implemented in parallel. Amplitude and frequency of the triangle wave,
and dead time of PWM could be changed by software. This FPGA was synthesized by pASIC 2
SpDE and Synplify-Lite synthesis tool of Quick Logic company. The final simulation for worst
cases was successfully performed under a Verilog HDL simulation environment. And the FPGA
programmed for an 84 pin PLCC package was applied to digital current control system for 3-phase
induction motor. The digital current control system of the 3 phase induction motor was configured
using the DSP(TMS320C31-40 MHz), FPGA, A/D converter and Hall CT etc., and experimental
results showed the effectiveness of the digital current control system.
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Table 1. Speed measurement error table using
FPGA.

ENCA % | 7 34 | 249 34 | 24 234
ENC_B 4% [rpm] 2 % [rpm] [%]

500 Hz 30 29.99991 0.00030
5 KHz 300 299.99956 0.00015
50 KHz 3000 2999.99057 0.00031
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Fig. 12. Experimental result of 3 phase PWM
waves.
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Fig. 14. Write waves of wait controls.
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