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Hybrid Transverse Flux Magnetic
Motors — How to Measure Parameters

Donald Labriola, PE

These versatile, low-cost and high-torque motors may be
used open loop or as full servos —and several levels in be-
tween. The motor stator laminate designs divide these motors
into those optimized for full stepping, and those optimized
for micro stepping and servo operation. These differences
can be easily measured with basic meters and oscilloscopes.
Motor to motor variations can also be easily measured, and
motor inductance at nominal speed and current can also be
determined.

There are two distinct designs of the stator for common
two- phase 1.8 degree per step motors, each with its own ad-
vantages and disadvantages. Full stepping laminates and mi-
cro-stepping laminates (of which there are many variants).
The full stepping laminates have the rotor and stator teeth
on the same pitch. For a 1.8 degree motor, another name is
50:50 laminate: 50 teeth on each pole cap, and stator teeth on
the same 50 tooth spacing (Fig. 1). Full stepping motors typi-
cally have a higher holding torque and a higher unpowered
detent torque. The increased holding torque (for full step po-
sitions) is due to the detent torque aiding the torque at the
full step positions. The detent torque is generated by having
many of the rotor and stator teeth all align simultaneously,
producing significantly lower reluctance path for the mag-
net in these motors when at the full step positions. The figure
is from US5309051. This detent torque, is present even when
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power is removed from the windings, and may be used ad-
vantageously in applications such as continuous paper print-
ers in that the platen has holding torque to resist motion even
when powered down. This keeps the paper from unwinding
on the floor when power goes out, without the need for me-
chanical brakes.

When the rotor of a permanent magnet motor is spun, the
windings on the stator produce voltages due to the magnetic
fields from the permanent magnet in the rotor being gated
through the teeth of the rotor and stator, and producing time
varying flux through the coils present in the stator. The volt-
ages from the two windings can be viewed both versus time,
and also as one winding versus the other, preferably while
keeping a constant rotation speed. This is easily accom-
plished by spinning the shaft with a small electric drill motor.
A large flywheel can also be attached to the shaft and hand
spun with the output from one of the windings recorded over
a several second time interval using a digital storage scope.
(A USB scope which uses the memory of the PC gives good
sampling rates over the long intervals). We will cover each of
these techniques.

Full-Step versus Micro-Step Optimized Motors
The oscilloscope channels of a 2-channel digital scope are
connected to the motor and the motor is spun with a small
power drill. The full step stepping motor produces a trap-
ezoidal back-EMF when spun (Fig. 2). The phase lane chart
is almost square with rounded corners (Fig. 3). The radius of
the back-EMF pattern at a given angle represents the torque
constant for that motor at that angle. The fact that the radius
varies significantly with angle indicates significant variations

Figure 1  50:50 full step laminate.
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Figure2 Back-EMF of full step stepping motor.
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Figure 3 Back-EMF full step in phase plane.

in torque when this motor is excited sinusoidally — either mi-
crostepping or closed loop.

If the oscilloscope has the capability, or an offline calcula-
tion is used, a chart of the harmonic content can be obtained
(Fig. 4). The backEMF of a full stepping motor shows large
3rd and 5th harmonic content, resulting from the squaring of
the waveforms due to the design of the rotor and stator teeth.
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Figure4 Harmonic content— full-step motor.

Visualizing Detent Torque
Detent torque—both magnitude and harmonic con-
tent— can be easily viewed by attaching a large flywheel
(Fig.5) to the motor being tested. One of the windings is con-
nected to a storage scope, i.e.—a digital scope with deep
memory —including USB oscilloscopes shown here —work
well. The motor body is secured, and the flywheel is spun up
by hand and allowed to slow down on its own. For the full
stepping motor shown, a blip about 25% from the peak speed

Figure 5 Motor with large flywheel.
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Figure 6 Waveform with blip.

is visible in the top waveform of Figure 6. Expanding the blip,
itappearsthat the 5thharmonic of the main waveform is pres-
ent. The large flywheel does not significantly change its speed
at the pulse rate of the detent torque, but the motor inertia
and the spring of the shaft form a mechanical resonance that
will resonate when the frequency of the detent torque — or
one of its harmonics — hits the resonance frequency. The
friction in the system gradually slows the flywheel, scanning
the various frequencies. Additional harmonics may be seen if
the detent torque versus angle is very steep. Lower harmon-
ics require higher speeds to resonate. (You may need a string
around the wheel like a pull start lawn mower to reach these
speeds.) This sharp shape of detent may also be detected by
rotating the un-energized motor by hand; the motion feels
like a series of detents.
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The micro-step optimized motor originated as a smootherver- | F : : o :
sion of the 2- phase sinusoidal drive using a split phase capaci- i el
tor for the second phase, as shown in US2982872 in the firstar- | F . : .
ticle in this series. Other variations to optimize smooth motion LTIl = Tt
are shown in multiple patents, involving changes in the pitch, oo - C
position, and width of the stator teeth versus the rotor teeth, e = B - Sl
such as are shown in US7518270. Figure 7 showsatoothcon- | F + =+ § R T
figuration also known as 48:50 tooth spacing with 6 teeth on | FrH[##FH}11-§ IR RURRT: SRR TRAE URNE:
the stator claw (top) spaced at a wider spacing than the rotor - : : x : :
teeth (bottom) such that they do not all come into alignment k. T S -
simultaneously. These styles of motors are preferred for both -
micro-stepping and for closed loop applications. :' """""""""""" ST
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J Figure9 Back-EMF waveforms in phase plane for micro-step.
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The un-energized detent torque is greatly reduced in both
| | | magnitude and in higher harmonic content for the micro-
: Lo ] o i step optimized motors (Fig. 10). The detent reduction comes
: : about avoiding the simultaneous alighment of many rotor
e Y R m_r er 4]—]—[ = and stator teeth. Careful choices on spacing and the width of
[ ’ h & ! the teeth for both the stator and rotor can help to keep the re-
\) ! o ! .l E , luctance path much more constant.
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Figure 7  48:50 micro-step laminate. oo
0.8%
0.6%
The micro-step-optimized motors produce a much more 0.5%
sinusoidal back-EME, as is visible in both the time and phase ——
plane charts. The radius is nearly constant, producing nearly 0.9%
the same torque (when sinusoidally driven) for all angles of .
rotation. This motor shows significantly smaller third and e 2 4 6 8 10
fifth harmonic content in its back-EMF (Figs. 8-9). Harmoric magnitude as a % of the fundamental amplitude
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Figure 10 Harmonic content— micro-step.

The flywheel test of the high quality micro step motor de-
sign shows a very smooth decay (Fig. 11). The backEMF also
appears much more sinusoidal, as expected. The damping
friction of the motor can be easily calculated by determin-
ing the time to decay for one time constant and calculating
the flywheel inertia. This separates the detent torque from
the friction.
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Figure 8 Micro-step back-Emf waveforms.
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High-quality micro-step motor waveforms.

Figure 11

Measuring Motor Parameters

Spinning the motor at constant speed — such as using a hand
drill motor — while measuring the output from the windings
can be used to measure the back EMF constant of the motor.
When the back EMF is divided by the motor speed in radians
per second, the numerical value for Kv is the same as for Kt
in Newton-meters/Amp (assuming a sinusoidal drive). The
cycle RMS value for multiple cycles gives a good repeatable
measurement. The balance of the motor phases can be eas-
ily calculated. Using an oscilloscope with math functions, the
product of the two phases can be determined, and the inte-
gral of the product can be taken. The integral of sin ()*cosine
(#) should equal zero when integrated over full cycles. If the
phases are not 90 degrees apart, then this integral will be
non- zero. This can indicate a dropped motor or mis-manu-
factured motor.
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The inductance of the motor is also readily measured by
adding a resistor across the winding of approximately the
motor winding resistance (Rw) up to about 10x the winding
resistance. The open voltage and frequency (Vo, Fo) are mea-
sured, the resistance (RI) is added across the winding and the
loaded voltage and frequency are measured. The open read-
ings are used to determine the Kv (backEMF constant). The
frequency for the loaded measurements are used to calcu-
late the internal voltage, the internal resistor and inductance
drop the voltage, with the current measured via measuring
the voltage across the load resistor. The voltage across the
internal resistor is readily calculated, and knowing the in-
ductance voltage drop is at 90 degrees to the resistive volt-
age drops, the voltage across the inductor is easily calculated.
Knowing the voltage and current gives the impedance, and
knowing the frequency gives the inductance. A drill motor, a
resistor, a VOM or oscilloscope than can measure RMS volt-
age and frequency, and you can measure the motor induc-
tance under significant current load. This is a measurement
much more reflective of the inductance as the motor will be
operated. The motor windings have significant capacitance
to the stator, which can significantly degrade the measure-
ments of many LCR meters; probing with much lower current
the capacitive shunt currents can cause bad readings. PTE

(Loaded internal backEMF
voltage)
(Current through load)
(In-phase or resistive voltage)

(Solve the right angle triangle for
the voltage across the inductor

(Impedance over electrical
frequency in radians per second)

VI_int=Vo/Fo*Fl

II=Vl/RI
Vr=11* (RI+Rm)

Vinductor=(VI_int"2-Vr\2)A.5

Lm=(Vinductor / 11)/(2*PFFl)
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