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Abstract

To address the problem that variations in stator resistance, inductance, and permanent magnet flux
linkage caused by temperature rise, magnetic saturation, and operating conditions may reduce the
accuracy of minimum-loss control for permanent magnet synchronous motors, a minimum-loss con-
trol method based on online parameter identification is proposed. First, a mathematical model of the
permanent magnet synchronous motor considering copper loss and iron loss is established in the
dq reference frame. With the minimization of total loss as the objective, the optimal current alloca-
tion problem is transformed into an extremum problem under the torque constraint, and the solution
condition for the optimal d-axis current is derived. Then, an optimal current calculation method com-
bining candidate solution solving, feasible region screening, and loss evaluation is designed to obtain
the d- and g-axis current references under different operating conditions. To reduce the influence
of parameter variations on the accuracy of the loss model, the recursive least squares method is
introduced to identify the stator resistance, d/q-axis inductances, and permanent magnet flux link-
age online. In addition, voltage excitation injection and dead-time voltage compensation are used
as auxiliary processing measures in the identification process. Simulation results show that the pro-
posed method can update the optimal current references according to the identified parameters in
real time, improve the consistency between the loss model and the actual operating state of the mo-
tor, and provide a feasible approach for high-efficiency control of permanent magnet synchronous
motors.
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Figure 1. Equivalent circuit diagram of PMSM considering iron loss and copper loss in the dq coordinate system

& 1. dq 47 F T E BEARFEIA PMSM S35 BE &

DOI: 10.12677/met.2026.154045 473 WU TR 5


https://doi.org/10.12677/met.2026.154045

MR 1 BB dq FlSE R, W AR AR 2D LA LR T R -

4
U, =Ri,~oL,, +L, %

; O]
U,=Ri,+oL;i, +L, d—‘;t+ oy,
BRI
T :% », [l,, S+ (L —Lq)id,iq,] )
FKHEIR A AR 3 75 FE N -
do, . .
J? = Te TL BCOI, (3)
A, J RN R, T, R mALEEE: B R BRI B R AL
fE dq AEbR RV T, ARSI B2 R B R kR, Rk T
P, =R (i +i;):R[(idl i)+ (i +ige )2] (4)
BRAGAT A R URR
2
Pfe = Rfe (ljfe +lq2fe) :;)_e[(l'qiqt )2 +(Ldidt +l//f )2:| (5)

fe
HRAE 2 SLERAE AL, FNLERAE S % R AE R RE AL SR 25 VD AE G [ 7] [8 ] FE /K WL A5 FAML dq ALbr &R,
dv q BhAEE VT T RAE WGBS, AR S A el i R A 5 R A R S i B R (B U E L. B
AT, BRFE AT LI TR B M 5 el 1) i A BT AT I AR AR, A RO T3] 5 Ak 1) it
o RO IRRAE LRI R L, & T st iR ig, A SCR A I N e S5 R AL
P, =k, a)ez -(l//j +1//5) (6)

ik, AYAESRRE o, NHAERE, v, v, 2300 do q HIREEE . %R A RE R B 201 HE 5 Bl
1 P ok PS5 R, EAAIE 0 — S0 £ O G, T 356 PR B84 5 G I T e 52
R WRR[7], AT O3 P T 1E 2 S e AR AR 1 R 9]

LI/ HRRE R ) 1 I B — A4 R R, 22 00 B A 1 A9 B 2 1 4R A RSN 1O
BB, 1 TAF . G A BRI, HEbR TR SR LR A S50, 6 AR BbLis
77 R R DRI RE i, AR5 R R TE A R R 5 BB, BRI T et 5 00 P S, kit el
B ORI FEL P K /N i o 2 B SR IRV RE 2 5 T L M NI S, (L 22 5 WU ORE 72 A R £
BB, DRI A SR AP A A5 «

i, ASCHT A R FERS A KA

P =P, + P, =R (if+i) )+k, -0 -(w]+v}) @)

3. &RMRBEEH THRMERSE S Z
3.1. ETRRERBNSRMEREHES

MR /K A0 ML FE B AR A B2 A, LR FTom a(7), BRI /MR 1 1] LRI AT LA
A NTEDE 2 N Q) M2 AF T SR 2 (T) AR 17

DOI: 10.12677/met.2026.154045 474 WU TR SR


https://doi.org/10.12677/met.2026.154045

Sl FRR G, R

3
K,=Epn, AL=L,~L, ®)
#5525
T, =K, (v, +ALi, )i, ©)
LA
T
. S— (10)
! (y/f +ALid)
FE X
A=y, +ALi, an
i
T
j = 12
lq KtA ( )
ok, W75 ke, kR
N3 (., T . T’
Plasx (Zd ) = ERV (15 +1(1‘2—A]+k/ewe |:(Ldld +l/// ) +L2 Kt A2i| (13)
I X
Cl ZERS
2
C, =k ! (14)
T@Z
B= 2
il
. . . 2 B
Plass(ld):qlazf +C, (Ldld ‘H//_/) +(C1 +C2Lf; )7 (15)
KSR i, KT
dP B
id =2Cji, +2C,L, (Lyi; +y, ) - 2AL(C1+C2L§)T (16)
A(16):RET 0, HIE.
. . B
Ci, +CoL, (L, +y, )~ AL(C, +C2Lfl)?:0 (17)

XA e i i, B, @R R, 5, i THRRA2)RFE 2.
3.2. RBERRBEXIEITSSEH

FERTIRAE S i, fe /NSRBI ) B DL et R T 4, AR AR BB SR AR 170 /[ 7] 2 3X(16) 2R,
It —DBEARAT). AT)AREH TR, FLEFRIE, El 2Rl e A2k, BAe

DOI: 10.12677/met.2026.154045 475 WU TR SR


https://doi.org/10.12677/met.2026.154045

Mt 4%

AR Fel SRR T AT REATAE Z AN SRR (2], AN BE A S 2 — MR B A 0 S DA

PR FT R AL 2 2 FEALSERRISAT AR, ARSCRA MR - AT - BUREPFIT - B
PRRILERE” WO IEAT AL i S HIRA AR . B eRIE R 7RG ITH i, REf; R Rya5E
LRSS L 5 RS G R IEAE IR F S BR AN AT AT s e B rTAT AR S BTAR R0 2, R E e /N )
— A R R

C " )
v

v FEL LI fEL20 TR i 2k
gfﬁ)'j)\ T.. We. Rsé:ﬂ‘é

\ 4

v THEARF G R

Plass‘ P/'e‘ Pcu
5 K. AL ’

A

¥ MR P BN A

FE R 7P =0

v

A 4 iﬁﬂj ld\* iq*

SRAIFARE Lak
v A\ 4
HRRLVRIE S gk SR
Figure 2. Optimal current solution algorithm flowchart
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Figure 3. Stator resistance R, identification waveform diagram
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W RE LRI RAE T, BB ST T N IR RS i, M) o i ERIRE, R/
a5 BE S IR L S BB A T BE F it 0 e, A PRI AR RO W] RERIE SE PR DMRFE AL, RGEA L
Kl 7.

5.2. HALGRSSH

ONYSAIESE TR 28 S BOPAR N i MBFERE B 5 R AT Rtk ASSCAE Matlab/Simulink H% i 7k B[R] 20 e
WURE S 07 B, FE RN ALSE i, =0 $iil [ € S 80w/ MRFER I AN T AR RS HOHR I e D BiiE
PEIEAT X LE B e =Rl 5 R AR R (K LS B, B4 08  SUBORFA RUAMZ I S B, Ho,
It & Z Bt/ DR AR B A0 2R ] LI S B0 SR Bt AR R RLS AR HHRAS 2 1 24k
IS FH T B R 1 AT B DE HEL SR A

Table 2. Simulation parameters of PMSM
2. KHEIERINTESH

S Bl

P % P, 4
SEFHBH R /Q 0.958
d Hh L L, /H 5.25¢-3
q A L /H 12¢-3
IR HESE v, /Wb 0.1827
BAEEM Ak, 0.02

PIAFAFREM T . BHLEREZS E N 1000 r/min, FEFEFE )Y 2 Nom, BYWIRSELE 2. AR
HNLSEPRIS AT R i T FEV AR KR A R B S o S B2, A 0.2 s Ja W B LS HOT IR AL,
AAUFFEEIF (A 1 s o, &7 HBHAE R 10%, d B, q Bl sBBOMUK REAR TR BE 70 73] T % 10%. 1% T
DUREWS S R (8] 5 2 M e MR RIS I AE S BRI A AT T T RE L DL SR LU W 22 . 7 L3 (7 AR A A5
Ffas Rk 3 fos.

Table 3. Comparison of loss results of different methods

3. PRIGENIRFEL R

iy /A iy /A P,/W P, /W P, /W
i, =0 (ZHCONHELE) 0 2613 120.59 9.81 130.40
NS EI(SHON K S E) —2.44 237 104.00 16.60 120.60
i, =0 (ZHEA)E) 0 2.865 98.24 12.98 111.21
MRS HI(SH D AR AR TR —2.44 2.37 87.44 29.80 117.24
LS BRI FERE ] -1.94 2.73 87.70 17.70 105.40
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%2 3 T, (ESHORA, X i, =0 BOFil Sems, S MR R it i, =0« 1, =2.613A
BN, =244 AL i, =237 A, BERFEH 130.40 W BRI 120.60 W, FEAIRL) 7.52%. H AP EkFEHT 120.59
W R 104.00 W, 50 B S5/ MITFERR i RE AT 5 AN d il LI U S5 A5 A0AE , AT AR BRI S L i
WFE T R

HERNSHEAELG, &R/ FEE G SBORRE K BT, VPR R E AL i &, WS BREN
117.24 W, HMLSERWIFT i, = 0 5 RTTIINL 5.42%, Ui SHURRL 2 S EBURAR FR4> Ui S 24 5
S B/ MRFE 5 RAHER S HOIRRE , Pl a b AR 2 Hi, = 244 A0, =237 A %N, =-1.94 A .
i, =2T3A, MBUERFIRE 10540 Wo 5SHCR BN S/ MAFERERIALL, SBHERIRL) 10.10%; 55
BAALIE M i, =0 FERIAEL, S BFERRLT 5.22%.

6. &t

ASCER NS KT 20 ALIZ AT IR vh S 5 A T B MSRRR IR L N BRI R R, SR T — R S A
LB BRI B/ NSRRI D715 . B SN 1 25 FE AR B A K R 20 ra AL dq Bl R, LS
FER/N A EAMES TR0 dv q BRI EE SR AT . AEOEIERN b, WTE T RIE AR WIAT IR AR AE VT
ARG B UL PSR A TT 120 BERTE T HLPEL PRI KR WA B I T DA A 7= AR SRR B, 5] N
/N AT R S HRN, IRl i S R E AN RISEIX I AME AT R B AL P 7 B RARY], P
ETTERENS A RURER ML RS B AL, JFIRIEHRR A R SERHB IE S A Bt 2 72, AN e 4R B AR Y 1)
AEGVEA IR C S B, R KRG R 20 LI e NSRBI 3R L 1 — R AT %
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