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Study on Freewheeling Path in Brushed Motor PWM Drive Circuit
— Analysis of StampFly Motor Driver Circuit —

Kohei Ito*, Non-member, Junichi Akita**, Non-member

In PWM-driven brushed motors, a bypass capacitor is commonly placed across the motor for EMI suppression. This

paper demonstrates, through electromechanical simulation with a two-stage Foster model, that under specific design

conditions such a capacitor can serve as the freewheeling path, allowing the elimination of a separate freewheeling
diode. The model is validated by measured motor current waveforms at PWM duties of 10%, 50%, and 70%. Although
the 100 nF configuration ensures voltage safety, it produces reversed current in the OFF period; the capacitance can be

used as a design variable to suppress this without raising the PWM frequency, which would compromise the microcon-

troller PWM resolution. With the recommended 470 nF-1 uF, simulation predicts a 26 % reduction in rise time and

improved operating-point gain linearity. The StampFly drone motor driver (fpwym = 150 kHz) serves as case study.
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Fig. 1.: Motor driver circuit configurations.
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Fig.2.: Foster type-I two-stage RL ladder model of motor
winding impedance Z;,(s). The series Ry and Lg repre-
sent the DC winding resistance and leakage inductance; the
two parallel Ly||Ry stages capture the frequency-dependent
skin/proximity losses. The MNA simulator stamps these el-
ements directly.

Table 1.: Circuit and motor parameters of StampFly motor

driver.

Parameter Symbol Value
Battery voltage VBAT 3.7V
PWM frequency Sewm 150 kHz
Capacitor (Config A) Cc 100 nF
Foster motor model

Series resistance R 0.593Q
Series inductance L 0.788 uH
Foster R R 0.842Q
Foster L; L 1.967 uH
Foster R R, 1.377Q
Foster L) Ly 0.611 uH

Mechanical and load
BEMF / torque constant K. = K; 5.35x 107*V - s/rad
Viscous friction B 0

Propeller torque coeff.  Cgo 9.72 x 107""' N - m - s2 /rad®

Propeller thrust coeff. Cr 1.004 x 108N - sz/rad2
Total inertia J 5.31 x 103 kg - m?
MOSFET on-resistance  Rgs(on) 0.065 Q
MOSFET Vps rating Vs, max 20V
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Fig.3.: Circuit of current measurement.
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Fig. 4.: Measured (left) and simulated (right) current wave-
forms for PWM duty of (a)10%, (b)50%, and (c)70%.
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Fig.5.: Steady-state comparison of Config A (Cc = 100 nF),
Config B (Schottky), and DC drive (fpwm = 150kHz, 11
duty points). Subplots: I,ys, RPM, thrust vs duty.

Table 3.: Threshold capacitance Cl(nlil(D) for strict CCM
(Config A).
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Fig. 6.: Open-loop w response to PWM duty step (four con-
figurations).

Table 4.: Rise time ¢, [ms] (10 %—90 % of Aw).

Step A100nF A 1uF B150kHz B 600kHz
0.3 - 0.5 241 172 195 162
0.5—-0.7 182 129 136 131
0.5—-0.9 130 107 112 113
0.7 > 0.5 223 163 187 159
0.9 —-0.5 214 159 182 164
Average 198 146 162 146
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Table 5.: Design comparison of four configurations.

A100nF A1uF B150kHz B 600kHz

strict CCM (D > 0.5) No Yes No Yes
frwm [kHz] 150 150 150 600
Duty steps (48 MHz clk) 320 320 320 80
t,- average [ms] 198 146 162 146
g(Dy) variation +14 % +9 % +6 % +2 %
Schottky diode required No No Yes Yes
Hover D (F =9.25¢gf) 0.85 0.60 0.76 0.77
Pj, at hover [mW] 6073 6073 6073 6074
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Fig.7.: Measured thrust vs. PWM duty for Config A with

five capacitance values (Vpat = 3.7V, fpwm = 150kHz).

Thrust increases monotonically with C¢ for all duty points,

supporting the simulation-derived design guideline.
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