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Brushless DC Motor Model

(8) A model of a three-phase synchronous motor is —_—

dig dig dic , .

Ldt '-M—E_Md_t = U4 — Rig 4+ Kwsin(f)

dia . dig , dic . ‘ .
—M-Et- Ldt -M i vg — Rip + Kwsin(6 — 120 )

diA ChB dzc A . o
—ME_M—CF-*-LE = vc—ch+Kws1n(9—240)

d
J_:i% = —Kiasin(f) — Kigsin(f — 120°) — Kicsin(f — 240°) — 7

If the phases were perfectly coupled, one would have M = L.
(b) The three-phase to two-phase transformation

g = ia-iip—ii
) A - A 23 2 C
Bo= BT gt

transforms the original model into a two-phase model

di 4
(L+M)ZE = vy Rig +§Kwsin(0)
(L+ M)%% = wvp — Rig — %Kw cos(f)
Ji—u;' = —KiAI sin(9) + KiB' cos(a) —TL

The equivalent inductance Le; = L + M is approximately %L.

(c) The three-phase DQ transformation
tqg = cos(8) iq + cos(6 —120°) ip + cos(f — 240°) ic
ig = —sin(§) is —sin(d — 120°) ip — sin(d — 240°)ic
i = ig+ig+ic

is the cascade of the three-phase to two-phase transformation, together with i, =i4+ig+ic,
and a 2-phase DQ transformation from i4 and ip to 44 and i,, leaving i, unchanged. The
inverse of the DQ transformation is

( ia ) 9 ( cos(6) — sin(f) % ) ( iq )
iz | =3 | cos(9—120) —sin(o-120 1|1+
ic cos(8 — 240°) —sin(6—240°) 1 ) \ in
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and one can show that
. . . 2, . , 1 CQ
Vats 1+ UplE + votc = § (‘Ud‘ld + ‘thq) + =vpty

3 —
—

The model in the DQ coordinates is

di , .
Leq-(—i{l = vU4— Rig+wleig

di 3
Lygt = vg— Rig—wleis — SKw

dw i

with an independent equation for the homopolar current
dip ,
L-d—t = vy — Rip,

The power converted is Kwi,. For a motor with Np pole pairs, replace 8 by Npf in the
original model, and wLgy by NpwLeg in the DQ model.
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Brushless DC Motor Model

(a) A model of a three-phase synchronous motor is

dis digy diss _ . .
L prai M 5 Md—t = vg; — Ris1 + Kwsin(6) f—‘/
dig digy digs . ) 2w
B Vit ST Sl LI V et LA _ g_ "
M o + L o It . Vg9 R252 + Kw s1n( 3 )
dig digy digs . . 4
M5 ag2tS2 258 - g — ——
M dt M di L dt Vg3 R’Ls:; + KUJSID( 3 )
dw 2 4
JE = —Kig sin(f) — Kigysin(f — —;r—)—Kis3sin(9— %)-—TL

If the phases were perfectly coupled, one would have M = %L.
(b) The three-phase to two-phase transformation

ig ] 5[ 1 -2 -1/2 | [ia
[ib 2.1 0 VB2 —v3)/2 m]
o] V31V INVE 1UVE | s
Vg | 5 1 =172 -1/2 1 [ vs
v |24/ 0 VB/2 —V3)2 m]
o | SL1v2 1v2 Ve | | vss

transforms the original model into the equivalent model

(L+ M)% — vy Rig+ \/gmusin(e)
(L+ M)%ltg = v — Rip— \/ng cos(6)
(L - 2M)%t9 - %vo - —\%Rz’o
7% = ——\/’gKia’sin(B) + \@Ki,, cos(8) — 71

For a balanced three-phase system in which vy = vg; +vga+vg3 =0, ig = 151 + 259 + 153 = 0,
one obtains the two-phase equivalent model given by

di
Leqﬁ = Vg — Ris + Keqw SIn(a)
di
Leqﬁ = Up — Riy — Keqw COS(B)
JE = —Kegiasin(f) + Kegip cos(0) — 11



where the equivalent inductance L., = L + M is approximately %L and K., = \/g K is the
equivalent torque/back-emf constant.
(c) The DQ transformation :

(g | [ cos(@) sin(6) 1o bi’
ig | | —sin(6) cos(6) n
One can show that

Us1ls1 + Vsalse + Vsalss = Valq + Vgl

The model in the DQ coordinates is

di . ,
Leqd—td = Yq— R’Ld + LdLquq
di
Leqf = v, — Rig — wheqiag — Keqw
dw )
Jd_t = Keq’Lq - TL

The electrical power converted to mechanical power is K ,wi, For a motor with np pole
pairs, replace 6 by npf in the original model, and w L., by nywL., in the DQ model.
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