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Development of Constant-torque and Constant-power Controller for Internal
Permanent Magnet Synchronous Motors
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Abstract : This paper develops an internal permanent magnet synchronous motor (IPMSM) controller to
maximize the drive performance under the same energy usage. Maximum torque per ampere (MTPA) control
is used to maximize the torque output below rated speed. Flux-weakening (FW) control is implemented to
maximize the power output beyond rated speed. From the perspective of MTPA, a fixed m-t axis current control is
proposed during the constant torque region at low speed. Conventional MTPA control requires the differentiation
of nonlinear torque equation to obtain corresponding d- and g-axis current, leading to complicated nonlinear
mathematical calculation. Under this effect, conventional MTPA results in considerable controller memory and
calculation time. From the perspective of FW, both feedforward and feedback control methods are compared to
identify a suited FW controller. It is shown that the feedforward FW control results in fast dynamic responses;
however, the parameter sensitivity is the primary control issue.

RAsEER - ARTUKEEY BIE « RAREZES © SSHAZEH
Keywords : [IPMSM, MTPA control, FW control

ot R EREZERE/N - S8R - S RE LR
{BEG [1] - EEEEARI RS E - CF A RHUE 4
R A - SEaEhE b -

il

Al

ot Pk BHES > [ELIATHY £
JESRS ~ ZERBG - BHRBBER - —EHE

SHAEH T 26 LGS - 9% %0 T 2 - 1 AEB SRV REIRIEIRILZ A3 - 2
2\ HEESLE L AGER - IR Vg SOESTRRERET (2] 49 65% HY TSR BT IAEIR
iffi 7k % [ 25 & % (Permanent Magnet Synchronous ERAERE Y b ShEE TR0 R K i 5 2

Motor , PMSM) B2 2 FI[FF % 52 FpRSE Sy H IR o AR EREEANEER  GEE—EH

20195 H 69



BREN X AT H R

FETFHERERE - NMEREHERE DRI
o ERER R FiﬁEaulLLj(U\L@&HEkE'JT EfE -
WAL —EERIRET - S KA FEETh AR
Tt [3,4]

FEE ARG FH BB A . /2 55 o — T e B B R
R > — M S 00 e B B R AR 1= BB E
HEURDL RS  BE AR RS SR AR
EEFERECBERS L ERERA R EAT
WA = 5% BB R T RE RS N e 0 (R
AT EH R DA b BB [ B R (o FH Y S5 RAHZE 4
i [5] » EZERESE— EBRERHIRVE LT » B
S R AT B -

Kimem L T2 B IR R EE RS N R EE
HIESMIR IR [FEHER 775 - FERRREES
A. BEE 45 & m-t fiff MTPA P51 81 —f% MTPA
PR T ALL ST E R [ R 1R EE Y 5 B, LLEH(
BB 2R S I R Ol 45 B S5 WG I U7 VA BV BT B e fg
REZLNE -

MTPA K 55RE2

8 1(a) fiF % 25 MTPA 22 Il 26 FE BA A B 2R
SERARE - 2R (E MTPA FEHIAEE L > B
FEPERI 23 ER > B JJHE 6% 2445 MTPA JEEDL
PERIE » RBAEREH 1, 1, AR ETIEH g

GREE R /ME - ET] MTPA 25169 59 - 18 1(b)
Eﬁﬁ%‘%ﬁﬁ%ﬂﬂ%_@_&%mﬁl B R
S SRR R DRV IR - HERE
7O 3 [ 12 PR B B vy < 1 B B — L 38 A\ G5 RELHE
FIHVEEE  STEBEEGEH /00T id,iq BIE R

Pl =k BA TR 16 2 T T B B e TR Pl 2 Bl 3%

TR A R E DR B B 555
PERIR H A -
1. 7€ 45 & m-t §iff MTPA 2]

ARG SR R 5T S G R ER AU s =k R [E] 25
E#E (IPMSM) » [R5 IPMSM 74 5 7 38 43 41 R IR
P L, < L, 7 EE AR PR LR SR 22 W T ) R
Hoo () = B IEE A T MTPA FE 61 8L
it AR SEAFREE BIRR IR T - $R3]—4H R fE
Y (i 1) 80 & - FBSIFEEHIRESIR K - TRTTH RN

po3
2

g[miq+(Ld—Lq)idiJ M

Hor T, Ryl th 008 ~ iy By d BREEOR iy By q BER
Mt~ Ly Fo d RN ~ Ly By q BERRN ~ A, R 104
HHLEE ~ P Ryt o i — A2 BT MTPA 2]
e (1) FUEAREEMSY > B A HUG—{E 5 EHY
id B2 iq ZHAYARE - FrLAEE Rl 12 o] DAt —

{HS 8 (T d-q BhEE R , BEiE ) Y MTPA A=
we) = -
o n B o 2 ()
= 2(L,-L,) \4(L, —Ld)+

ﬁH (2) 2N FLAE S LB MTPA AR 4R - HFE A
78 d-q i B RN R R gk o] DAURSERE S id, iq 2 FEANRH
B FEHGLEHEHRE FELR > BLEEH MTPA
48 B RS A1EE id BE T HY iq #5120 2()
T
Rt —fE 2 80E MTPA 2 —{EIEH & R
PR ) R HAREE S ERARBIR

Hlgs > A BEFEE BB E T 2 LR IEAT I SEETE - BT EILEINEAR AN S HFEE
M T, Flux- —
o T 7 g i<t weakening i
MTPA 2 - T
- —
®
© ol vV

@

®

[ 1 () BA MTPA Z BREFFERSZEHIRE (b) STRERIFEE

70 A AF 4341




SEUNNS
2R | s Tamss | - 4348 - 10845 B

M Tsa 220 w—5 12 82200

4R ERTHEARLE © https://www.automan.tw/magazine/orderMag.aspx

| #8356 |
1. IFBNE—FR . MEIAA TR  1&S% : 07188562
FEREBERNETNESR  BEHY - £28%
2. ERERICEBREERTH T2 1T(R 017)
1&S% : 203-07-02288-0 B : MEIAATERMHER
3. 5 H FREREHFIEE

RS B E AR REEEE(03)582-2011 - HMERREEMTHNIELRBER -
BREH S T EREE -

4t

FIEE4 1 03-591-9339 1 H :03-582-2011
Hetm TS -EA ML - www.automan.tw - #i T M558 © jmi@itri.org.tw

ﬂ:& 2 {&//U\/HT//%/E

;16— 1 2 = 24 1
$ 2200 /g1F $ 2000 S 3000 mmsason S 4000/ &:7F $3600
7 8 = 5% — 12 2 1'F =
PIRGFBENAR [ 3+3 wa%ﬂgwﬁg%

E1 Ttk A £ USB s0
[0 BT I8 A EUSB (s6) shSR G B EIAL TERMEESL &

B 2simA#Er—

IIEE %*H AR & ‘“ nﬁ;fgs



https://www.automan.tw/magazine/orderMag.aspx
https://www.automan.tw/magazine/order.doc
http://www.automan.tw/
mailto:jmi@itri.org.tw



