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The pin identification is to find the definition of each connecting pin of a three-phase brushless motor. The 11 pins of the motor can
be distinguished into three groups by a simple resistance measurement method. An automatic method has two steps. In the first step,
the motor is in an open-circuited mode; and the individual pins of the windings are identified by comparing back electromotive forces.
A special integral is defined and used to match Hall signal pins with the Hall sensors. The polarity of each pair of the Hall signal pins is
determined by the second step of a standstill method. The proposed method is illustrated and verified by an experiment.

Index Terms—Identification, Lyapunov stability, motor characteristics, three-phase dc brushless motor.

1. INTRODUCTION

HREE-PHASE dc brushless motors (DCBM) have been

used broadly in electronic apparatuses. The technicians
often want to test the performance or measure the parameters
of a motor [1]-[3]. Instead of the inconvenient way to search
the data sheets of motors or to ask the motor manufacturers,
most technicians would rather use an inefficient trial-and-error
method to determine the pin assignment themselves. Little liter-
ature investigated such a practical problem. This paper tries to
provide an automatic identification to determine the correct pin
assignment of a DCBM motor, which is desired in industry. The
salient features are the definition of a special integral and the
steady-state determination of a dc current excitation. The spe-
cial integral provides a useful electrical property that only three
cases of signal combinations are not divergent, which is used to
determine the relationship between the pins of Hall sensors and
those of current windings.

II. THREE GROUPS

There are 11 pins in a DCBM, which can be categorized
into three groups: A) three terminal pins of armature windings;
B) two power pins of three Hall sensors; C) six signal pins of
three Hall sensors. The three pins in group A are denoted by pins
of v,, vy, and v,, since they are also used to measure the volt-
ages (vq, vy, and v.) of winding terminals of phases a, b, and ¢
with respect to the ground. The power pins HT and H™ in group
B are, respectively, connected to the positive and negative ter-
minals of a dc supply. There are three pairs in group C, each has
two signal pins of a Hall sensor, e.g., pins of 4" and h are two
signal terminals of Hall sensor H ,. The polarity of the power
pins H* and H~ is not critical. The reverse assignment makes
the polarity of each pair of Hall signal pins reverse only.

Any pin in group A is not connected with pins of groups B
and C, and can be easily picked out by measuring the resistance
between any two pins. It is assumed that three Hall sensors have
the same properties, so that the resistance between two signal
pins of every Hall sensor is almost the same. On the other hand,
the resistance between one signal pin of a Hall sensor and any
one pin of another Hall sensor is little different for different Hall
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TABLE 1
RESISTANCES BETWEEN ANY TWO PINS (IN €2)

Pin 1 2 3 4 5 6 7 8 9 10 11
1 — 243 240 236 240 230 228 109 o« @ ©
2 243 — 332 423 426 416 414 241 o ) ©
3 240 332 — 420 423 413 411 238 o © ©
4 236 423 420 — 328 409 407 235 o ®© ©
5 240 426 423 328 — 420 415 241 © @ ©
6 230 416 413 409 420 — 318 232 o @ ©
7 228 414 411 407 415 318 — 230 o o ©
8 109 241 238 235 241 232 230 @ © ©
9 0 0 w© o @ o @ @ — 39 39
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sensors. This observation allows us to distinguish group B from
group C. Table I shows the resistance between every two pins
of a typical DCBM motor. It is apparent that pins 9—11 belong
to group A, while the others are either in group B or in group C.
The resistances of pin 1 with pins 28 indicate that pins 1 and
8 are the power pins H™ and H™ in group B, since the other six
resistances are almost the same. The resistance of pins 2 and 3 is
different from those of pin 2 with pins 4-7, it can be concluded
that pins 2 and 3 are a pair of signal pins of a Hall sensor, and
so are pins 4 and 5 and pins 6 and 7.

After 11 pins are distinguished into three groups and the po-
larity of the power pins in group B is assigned, the pin identi-
fication turns out to be the determination of individual pins of
Vg, Up, and v., the matching of pairs of pins in group C with the
Hall sensors H,, Hy, and H,., and the polarity determination of
each pair in group C. This paper proposes three ways to solve
these three problems, respectively.

III. THEORY

Consider a DCBM with three-phase and Y-connected wind-
ings, whose model can be described as [4]

Vas ia Ly -M M7 [iq
Ubs =Ts ib + | —M Ls —M ’é},
Ves 1 -M —-M L, ie
0
de, cos 0,
+ iF A | cos (0, — &%) 1))
cos (0, + 2F)
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where v,s, Vps, and v.g, are the terminal voltages with respect
to the neutral point s, 7., %, and 7. are the currents of phases a,
b, c, respectively, r, is the winding resistance per phase, L, is
the self inductance per phase, M is the mutual inductance per
phase, A, is the maximum flux induced by the rotor magnet,
and 6, is the rotational electrical angle of the rotor. Note that
6, = 0 is the position where the intersection line of the N-S and
the S-N magnet is in alignment with the center line of a tooth of
phase a [5]. Furthermore, the output torque 7, of the motor can
be obtained as [4]

3
T(Zb — 'Lc) sin HT

©))

where P is the number of poles of the magnet. On the other
hand, the dynamics of the DCBM can be described as

y d?6, 2B, db,
P dt? P dt
where J is the inertia, B,, is the damping ratio, and 77, is the

loading torque. For simplicity, it is assumed that 77, = 0 in the
following.

=T. -1t 3

A. Winding Determination by Back Electromotive Forces
(EMFs)

When the motor is in an open-circuited mode, i.e., i, = i =
1. = 0, the voltage between a winding terminal and the neutral
point is the back EMFs of a phase. It can be obtained from (1)
by letting i,(t) = i4(t) = i.(t) = 0 that the back EMFs of
phases a, b, and c are, respectively

a = Vas = Ar a r 4
€a =0 A o cosf @)
dl, 27
€p = Vps = )\TE COS <0T — ?> (5)
do, 2
Ce = Ves = )\TE COS <0T + ?> . (6)

It follows from (4)—(6) that v, s + vps + v.s = 0 in the open-
circuited mode. It is known that v,s + Vps + Ves = Vo + Uy +
ve. — 3vg, Where v, vy, and v, are the terminal voltages with
respect to a common reference (e.g., ground). Thus, v,s = v, —
(va + vp + v.)/3, etc. The back EMFs e, ep, and e, can then
be calculated out using the measured values of v, , vy, and v,.

It is evident from (4)—(6) that e, = 0,¢;, < 0, and e, > 0
when df),. /dt > 0 and 6, = 37 /2 + 2nm for any integer n. This
provides arule to determine the phase of each winding terminal.

B. Hall Sensors

The three Hall sensors are installed to measure the rotor flux
linkage, and the Hall sensor H,, is so arranged [5] that its output
h, (the voltage difference of the positive (h]) and negative
(h;) terminals of the sensor: h, = h] — h ) is proportional to
sin(f,. + 27 /3) = — cos(f, + 7/6). As a result

he = h} —h, = —v,cos (ﬂr + ﬁ)

6
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Fig. 1. Functions of f1(6,) = cos#f,sign[cos(8, — 57/6)], f2(0,.) =
cos 0,.signfcos(8, + 7/2)], f3(0,.) = cos8,sign[cos(d,. — 7/6)].
o4 _ 2r T
hy = hy” — hy = —wv,cos HT_?+E
= v, COS (ﬁr + g) 8)
2r 7
}CE}+—}_:—O 67‘ - _
) v — h vcos< +3+6>
™
v COS( 6 ( )

where v, > 0 is the amplitude.

Comparing (4) with (7)-(9) reveals that e, leads h, and h,
by 57 /6 and 7 /6, respectively, whereas e, lags hy, by 7 /2. This
motivates us to define an integral ¥;; = fot e;(7)sign[h;(T)]d,
where subscripts ¢ and j are a, b, or c. It can be shown [6] that

-6, () =
Woa = A\ / cos f,.sign [cos <0T — ﬂ)] dh,

6.(0) 6
— —00 as t— o0 (10)
0. (t) -
Uop = A cosf,.sign |cos (0. 4+ = )| dF,. (11)
[ st o (343
'er(t)
Uy = Ay / cos f,.sign [cos (HT — K)} dh,.
Jo..(0) 6
— —00 as t — oo. (12)

It should be remarked that the integrands in (10)—(12) are all
periodic functions of 6,., as shown in Fig. 1. ¥, is bounded
and close to zero since it is zero for 6, (t) = 6,.(0) 4+ nw.
On the contrary, ¥,, and ¥, have, respectively, negative and
positive values for the integration over any period, i.e., 8,.(t) =
6,-(0) + m, so that both are either an increasing or a decreasing
function. Similar results can be obtained for the other ¥, ;. Con-
sequently, only W,;, Uy and V., are bounded, the others in-
crease or decrease with time. These integral phenomena allow
us to match each individual Hall sensor with its corresponding
winding without knowing the polarities of the Hall sensors a
priori. For instance, Hall sensor H; can be determined by rec-
ognizing V4.

C. Polarity of a Hall Sensor

Examine (7)—(9) again, we find that the output values of three
Hall sensors are fixed for a fixed 6,.. If the motor is held sta-
tionary at §,, = 57 /6 + 2nm, then h, must be greater than zero,
while both Ay and h,. must be less than zero, i.e., h, > 0, hy <
0, and h. < 0. Whenever the measured output of a Hall sensor
is not consistent with this condition, the polarity of the signals
of the Hall sensor should be reversely assigned.

If the windings of phases a and b are connected with a dc
source and the other winding is grounded, then i, = i, = /2
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Fig. 2. Voltage histories (in V) of eg, €10, €11, V2,3 = V2 — V3, V5,4 = U5 —
vy4, and vg,7 = Vg — V7.

and 7. = —i, where ¢+ > 0. Substituting these currents into (2)
yields
3P
T. = “-)isin (& + %) . (13)
Combining (3) and (14) leads to the state equation of
x=f(xi)=| p, (14)

—Bmgy+ 3 )\ zsm(xl +7/6)
where x = [z, 72" is the vector of the state variables x1 = 0,
and 29 = dx1/dt = df,./dt. There are two equilibrium points
X.1 = [67/6,0]" and X.» [-7/6,0] since f(x.1,4) =
f(xc2,7) = 0.1t can be shown by the Lyapunov stability theory
[7] that the equilibrium x.; = [57/6,0]¢ is uniformly asymp-
totically stable for ¢+ > 0 (a similar proof can be found in [5]).
6, = 57 /6 + 2n is then the steady-state for i, = i, = 7/2 and
i. = —1 < 0, at which h, > 0,h; < 0, and h. < 0.

IV. EXPERIMENTAL VERIFICATION

A DCBM used as a spindle motor of a 50x CD-ROM is taken
as an experimental target. Table I already shows the resistances
between any two pins of the motor. Pins 1 and 8 are assigned as
the power pins H and H~, respectively, and are connected to
a dc power supply (5 V). It is known that pins 9—11 are pins in
group A, while pins 2 and 3, pins 4 and 5, and pins 6 and 7 are
three pairs in group C.

A. Step 1

The motor is pushed to rotate by hand and the voltage histo-
ries of pins 2-7 and 9-11 are recorded and shown in Fig. 2,
where v; is the voltage of pin 4,v; ; = v; — vj, and ¢, =
v — (vg +wv10+wv11)/3 for k = 9,10, and 11. Define ¥y ; jy =
fo er(7)sign[v; j(7)] dr. The histories of Wg(; 5y and Wyg(; ;)
are plotted in Fig. 3.

. Assign pin 10 as the pin of v,. It can be seen in Fig. 2
that eg < 0 and e1; > 0 when ey crosses 0 from 0~
to 0% (i.e., 8, = 37/2 + 2n). This implies that pins
9 and 11 are the pins of v, and v,, respectively.

b Since \119(2’3) = \Ilb(g,g) and \1110(6,7) = \Ila,(6,7) are
close to zero (they also go slightly away from O due to
numerical errors), the pair of pins 6 and 7 is that of the
Hall sensor H;, while the pair of pins 2 and 3 is that of
the Hall sensor H... Consequently, the pair of the Hall
sensor H, consists of pins 4 and 5.

B. Step 2

Supply the winding currents as i, = i, = /2 and i, = —i,
where ¢ = 0.5 A. The voltage histories of va3, v54, and vg7 are
recorded and shown in Fig. 4.
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Fig. 4. The Hall sensor outputs (in V) in the standstill mode: i, = ¢, = /2
and i, = —2 with¢ = 0.5 A.

. he = —vsa,hy = wve7, and he = wy3, since
v23 < 0,v54 < 0, and v67 < 0, but we know that
he > 0,hpy < 0,and b, < 0 at the steady-state. There-
fore, pins 2-7 are pins of h}, h_, hl b, b hy,
respectively.

V. CONCLUSION

The proposed automatic method to identify the pin assign-
ment has been experimentally illustrated in Section IV. To verify
the result, we also connected the motor to a CD-ROM driver
chip BA6849 in accordance with the identified pin assignment,
and found that the motor rotated normally.
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