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PMSM Servo Control Using Linear Hall Effect Sensors and
Parameter Identification

Student: Chien-Chiang Tung  Advisor: Dr. Ying-Yu Tzou

Department of Electrical and Control Engineering
National Chiao Tung University

Abstract

The focus of this thesis is to use linear Hall sensor signal to achieve the purpose of servo
control, and we adopt the structure of that servo control to investigate parameters of PMSM
furthermore. First, we substitute linear Hall sensor signal for general FOC which can directly
produce various phase current commands in three phase stationary frames. Hall sensor signal
can obtain the rotor position by the mechanism of table look-up and then get the rotor speed.
In addition, the work of single-phase-current drives corresponds with servo control can get
parameters of PMSM such as back-EMF constant, inertia, friction constant, resistance, and
inductance. The results of back-EMFE=constant are all consistent and we test the accuracy in
accordance with traditional experimentjand. the.data in specifications. We use least-square
method to estimate inertia and friction constant'and then measure that inertia in different load
status by the method of on-line-parameter-identification. We input different frequency test
signals to obtain inductance of stator.coil by instrument, the condition of motor inductance
changes in different inertia angles is called incremental inductance and the different frequency
can test the changes of inductance due to eddy effect and skin effect. The method of
single-phase-current drives can also receive motor resistance and inductance in order to test
possibility of on-line estimation for inductance and resistance. Finally, we establish a platform
by LabVIEW software to measure parameters of PMSM, back-EMF constant, inertia, and

friction constant.
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Os
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. sL +R, Ky J,s+B, "
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ARBEG RS EF R F R R Ao B 2.2050a4p RBL B SR B R

o ERD Y ITT A 0 RS WAt Ap T e o Fletd =
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P EE(n)fok 2B (G) bt ¥ & ¢ = (2-26) 50 o

19



>
—_ aG
T Vb Ve
P
il
=G
B]2.20 H jpsEie B ELPF T LB
i, =0=i cosd. +i,sing, (2-25)
vaG = Van + an ! vbG = Vbn + an ! ch = vcn + an (2-26)

Srg-b-ci b Bk hT R S aBE L BAET T RN 5 5 (227)F (2-28)F -

1 1
Vg = ﬁ[_v}m +v,]= ﬁ[vcc; V6] (2-27)
2 1 1 2 1 1
va = g[van _Evbn _Evcn] T E[VaG _EvbG _EVCG] (2-28)

4 (2-20)58 B B % (2-29)-(2:82)5% s AR F| 5 3T I g AR T ede 2 AR o

v, ="i,+pl, +0,4, (2-29)
v, =1l + pl, — 04, (2-30)
A, =Lj, (2-31)

Ay =L+, (2-32)

#-(2-31)(2-32) 5 %~ (2-29)5% > T U B B B F](2-33)5 0 F1E € B LS e A
oo ATIUp R R B Rdch L 40(2-34) 57 0 i T S f2 50 32 4 (2-35) 2 (2-36)

Rz e R R (2-37)5 o

. di dL di '
v, =1, +Lq7:+lq(?_:7;)+a)eLdzd to,¥,, (2-33)
/ dL
L, =L, +i,(—5) (2-34)
q
o i :
v, = ki, +L, 7;’+ oL, +o,¥,,, (2-35)
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v, =ri,+L, %—a)eLqiq (2-36)

T, =15P[i¥,,, +(L, —L,)i,i,] (2-37)

q — mag
BTG - b kAR d-g e g R AR g R T 0 Plupeh R S AR 5N 4e(2-38) 50
7 #4(2-35)% (2-36) 5% % » (2-38)4 7 ¥ $](2-39) -

v, =-v,sing, +v,Ccoso, (2-38)

. rdi, . o .
v, =-rising —L —*sing -w,¥, sinb. -o,.lL,,sino, +ri,coso,
dt

e~ mag

y (2-39)
+Ldicose,—a)Li cos o,
dt 14 r—qq r
B339 T EA ARSI Nafp RIS R 0 (2-25) dhdgh R A -
N o ATILBR AT R EpE 0 A BN Ar(2-40) N gt B dEh T oA Bl 5N o pR &
2. el 4o (2-41)58 > WA - B B0 By~ g 25V B~ (2-40) 2 (2-41) 58 F

(2-42) % (2-43)5% » & 3 AR5 OB R X F AR 2T RAP B e 4250 (2-44) % (2-45) 7 o

]

_ 7 2-40
y siné,” s cosé, (2-40)
dé ' dp
sy oo TP 2-41
¢ N o (&-41)
di
dp _ _1 i_a),_coser (2-42)
dt sin@. dt sing.
ﬁ: 1 ﬂJra),sme,g (2-43)
dt cosé. dt  cosé.
di, dp .
—L =-3sinb, +w,pcosl 2-44
dt dt PP ' (2-44)
iy _ 98 0050 v £5in0), (2-45)
dt dt

#(2-40)(2-44)(2-45) % » (2-39) 3% " & 1 LR vyt p R o M b £ A2 0 T
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r - mag
+récos’ @ +L,cos0,.[-w,Esin G, + %cos 0.]- oL, psino, coso,

(2-46)
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®3.12
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®3.15
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42 BEF T 5 RR

421 g 5 T B LR

§MFﬁ?@#J’—&@ﬁm%gwﬁMﬁﬁ’ﬁ%gﬁﬁgﬁﬁﬁw%mo
load test) » & F A5 T RF L EFRRIZ[23] 0 202 H A1 - B PIREHE L B
RBZINEFTEER > ERBIRT Ry, NPT REEZ FRIELDELERE - (4-])
Nl g DR | avabﬁeu\/_xfﬁxé @R B EhE D BB e o 3% 2 i
BN FE - BARARERITBENAPIREE > UEFRG VAR A SR
wﬁiﬁ%ﬁofﬂi&ﬁmﬂ%ﬁﬂﬁwmﬁﬁ@ﬁ%#$pqﬁ 5 H P hhn

PENBEHIEE R EH B FERA DRI BERFFEE TR SN

B TE G ST R P R S S NI ST I

v, =V, —V, =4 cosd —1 cos(d, — 2%) =31 sin(0,. - %) (4-1)

42.1 £ f fF TR E R

PR R PRBENIRFALTERFF RS PREEF DL Tk
POt 5 PR 0 B BRI F T B R G M AUEL o {8 AR i ek B o
_*jl'l“"jléyﬁ#ﬁg_‘/np%ﬂ_’/z‘Eﬁﬁ"%éév;ﬂgf fﬁu,hﬁwp’j‘g-/,%'j‘mlm ‘;—EE.%@

WEL W B

EAT e T R 52T Bl 2B 28 ki #EsER
BRiaiy=-l.=10> TP alpRNBRXF Tl BLTEREST VEE L (4-2)-(4-4)
Ao B @GN FrapiRF R TREFEF AT EFR LY BT RG M  F
(4-3)2 G- NT R BERE TILERIe L F o #(4-3)F (4-4)4p 4o {4 82 (4-2) 5% (TRPLE

38



T E R Ae@-5)7 0 T E I PR By, EERTER A PR o Flyv, s i
B B (44 i e G S R s T I T(4-6)50 o X H(4-6) A F A 0 T

B3 he(4-7) 07 g Vo 38 D (4-8) N P-Yorndr g e B D F T e W o

v, =v, +v, =10 cos(6,)+v, (4-2)

v, = Ri, + Li, + Mi, + 2@, cos(6, —%ﬂ)+v§ (4-3)

v, =—Ri, — Li, — Mi, + @, cos(, + %7[) +v, (4-4)

v, = 2‘}”_—;}1’_% = Ao, cos(6.) (4-5)

v, dt = A, cos(6.)d8, (4-6)

() = jvwdt = ?/1 cos(0,)d0, = A, sin(6.(1)) + ¥, (4-7)
0 o,

Y(1) -, = 4, sin(6, (1) (4-83)

~

B R R B GERERII22] - sy a3t A E g
Bl425 @ k&7 > ERSELENZERE  SFTREBEGEESEILEL HEZ B
BE % ho(4-2) 58

BT @ EEGE LR ENFITRERGRET A R A SRR

o B RNT & 5 (4-3):0

Bolf B BEPTH R T A LA
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1 |
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1 1 1

1 1 1

1 1 1

1 1 1

Acceleration | I Constant |
Speed |1 I Speed 1

1 1 1

Rl4.2 B k4 SF
432 % B T2 RRlER G E 2 Bk

F¥ e GRIBERE > 2 FF IR SRR N RTEH o o B T2 2
[10] 0 2482 4250 (4117 10 2 B 40T 7R Beds T iy = -ip =i » “T B AT 10D
A@-12)5N cd HApF A ET > RRBRRERET RMEI GO TR T L ER
Pt o BB A1) #(4-12)3 (413)E £ T LR FI(E-14)F 0 FIE T L a
HETREREENE SR PR E o

SO RREEGREE % EFIERREEN R TR EEE N F 2R
Plepig * PR AT R BT A R BPE R B @ > s v TR -

P .. i i NE o) 2J . 2B,
716:3/1,[(10 —é’—;)cos@r+7(zb—lc)s1n0r]=?a)r+Ta)r+TL (4-11)
T, = \/_P (9)—— + 28 o +T, (4-12)
Y() =Y, = 4,sin(6,(2)) (4-13)

\/_P

T =

e

i(Y()-Y,) (4-14)

B AfI#* B T 2 2 (Least-square method) %17 5 g dff £ 1 2 Bsiiig 2
¢kl T3 A dr(@-15)Ny=Ax > yeR™ » AeR™ » xeR™ > m>n > BE S A2
FAMERE o P B TS E A 0 T USR] - BT L foko] hfE 0 REL R
L0 AR AT 3FAVE B E @ 1)N BVl Ah 2 F » @5 5] T 3L
25 (4198 en% o 4o(4-10)5 12 B Eh 5> 28K TS~ B, 5 B R g o B T
FEaat o d (4-20)58 T @R AN 0 BN (4-16)5 KRB T 2L afax

¥ l‘:. [LN: 1iﬁfﬁf¢ﬂ o @_? |‘4;§3;
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y:Ax (4-15)

E(f) = y(t)— Ax(t) (4-16)
V=S (k)=ce (4-17)
dv/dx=0 (4-18)
=A"A) "4y (4-19)
2 (0,() - w(0)) 20,(T) |
| D) | ﬁp 2 y 2 f}
T.QT) _F(wx T;faKTD wﬁ)T)
T,(37) 2 (0,(37) - w(27)) 20,37) |-,
y=| e |=| P T P B}:Ax (4-20)
M) | 2 (0, (MT)— (M =1)T)  20,(MT)
P T P

433 B T3 ke B plE

—

Fl* o) T2 k2Tt WERI S R B ERLE R T R

;4
VBRIl R A GEB30] AR AMBEEL TN S Al R RSk
i

T

Boo W SO ke P LRRAER TN B Y 2

BV A R B A PR A B e o F R YOS E A g o ¥

PR RS o) T2 2 0 FRPEME S LT Aok s E RULE
TP G R Y o RS B T3 e o RN hdc ) T3 2
ST G GEFT DR B R - B - REEFPE T #55

SUciE m TP RCL T S YR E he(4-21)-(424) 0 TEAL T BEEREFA Y X

W

SRR R TS R PLEE B s x(b) S S B L2 B e R

@ o ¥ ()_—5_ t#g—g gg %@/fﬁ:fwggﬂ TRCHRE R L E T s AT IR AL BT Y
EAH B do] Tk R o BT kinlidbed Y o T UM TpEG R
Bl B 5 B GEC 4 SR PEER R R e A -
x(k+1)=x(k)+ y (KT (k +1) - A(k +1)x(k)] (4-21)
1
k)= P(k)A' (k+1 4-22
z(k) 1+ Ak +1)P(k) A" (k +1) B4 (e +D) 422
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P(k+1)=[I - y(k)A(k +1)]E(k) (4-23)

7, (k)
=" (4-24)

2) |:72(k):|
A(k):[w’"(k +2t_“’m(k) a)m(k+l)} (4-25)
| Bi(k) B, (k) 426
B(k){fa(k) Pzzac)} 0
x(h) = [ ; ((k,f)} (4-27)

4.3.4 Landau’sigi% i3 ip) &

d (4-10)58 4 vk Bid b mmB B B BNl - BRERERT TR 7T
BB A2 0 B0 A R FHRBEET > 2V gd Y B E BRI
B L R AR

T =Ja=J(o,[i]l-wfi—1])/At (4-28)

w,[i]=20,[i=11=o,[i - 2]+ %(Tm[i —1]-T,[i -2]) (4-29)

41 * Landau &t §7 pF ¥ 3£ :% & 3 # %] (Landau’s discrete time-recursive parameter
identification)[31][32] » # = Vi * *EEI Vg & hi B4R £ T S iz AE (R
n it o 3 ¥ Hojrarid R E R EHELT M TdeR 2 R TPEERFT R G

gehdc (e < ol Ak E s B o2 N 4e(4-30)-(4-33)58 > K Rl E S e B AP K ik

wmﬂ
b

b=At/J > #T& TRl E¥ % T 4 b’Tnﬁﬁ—E)@ri‘ﬂ'E’Aa'p/Hﬁ& V&
FEE e FHEERME GRIERFLE UZiEEHE - ot T 7 UEHEFEE

CERE
Pi1= 29[ = 11— y[i — 2]+ bli —1|UTi -1] (4-30)
eli]=yli]-3li] (4-31)
N Ui —1] .
blil=bli-1]+ ﬂ—l AU &li] 432)
Uli-1]=(T,[i-1]-T,[i -2]) (4-33)
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TITR AT AR AR F- B SEAL NSRS
FI* AL E A HTEFEM) R B W B denpid 12 L S¥kce S 32 Y kEEY
SRES[IS] 0 Jfd B AT A GBI 2 E S SRR R R TR R 2

el e RS RERE Gl AT I RBE R FERFE > TV EIE

R R R E T R R e L
FIEE M S

RAF-FBRPEBERBE T FEIEY 0 N2 F 43 5% > Lowther[17]
—fuj’# 4}3 xEl;u%A\*%jégLE'%é?}é : I/E.%‘J'E Z',“é . fk}\@éﬁ}" ¢§%}imﬁi%§30

Demerdash[ 1812 %) 4 i # crBL8: » 4 hA A BB T8 i des 3 hied > £v 5

iR & % R T B (incremental inductance) > H A7 3 #0485 AW T B % 4 iE
o KGRI AR S EE I o s S M ER TR Ak v [19]8 % 8

%% Demerdash =32 3 o I * JF A 2 2453 v U E I il ) e {g < £

WALCPUSR- B & > 5 B3 R & b gk e

¢@*¥—ﬁ*%ﬁ%%’¢Aﬁﬂﬂ*iﬁ@&wiénmmy?wéﬁﬂﬁ

B FAn RS AL o - HF R REETR R P & OR-L-C meter[21]
BRITRME T B2 2 L~ R Jid AT RS Y T RE TindiRig
gt PTEFIAAF FRAOTE R RILE » R A FHNE A SAok s
A SE o R ERIIITENZE TR DSE FFEER - RPN H B S
FREFER TR -BERFESE A8 ST QR 5Pz RE -

440 4 Ak Rl

B TR TGRS AR B RE T H O A T L G AT R
i#/% (locked-rotor test)[18] > 4-B4.3F] 5 & &£ 1T & ol N RE A G gl b o iR
EXRABBORE I BUNELEEF -t F I EHEEF > B EAABB
g FIWL TR EEFALE T A e oR44ET 0 B EE S 2R RSO G
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[15] £ 2325 G EE L+ B0 g3 S840 o A -

A GRS R FIBEBBOAF > U PRE PR M E IR MG
4e(4-34)(4-35)5% > F ¥ FlR B AL AN E R FREFRALS F A BT
o ARV T e B 2 (4-36)50 o It e BRIE EF T B Y S E Apsed 2 0 #c
IAREE Sk B B HAT @3NS F 0 d FASHT T W
(4-38)-(4-40)s38 F » R R I BT R ERIIITRE TGV BT L F I E DT
FEE o 308 % 4ofp 4228 977 e SR 5 iE 2 > 4T BlEdRE LR X ) 0
B FERPIT AT LEN TG A (4-4])-(4-43)58 0 Sd FEE T 00T (4-44)58 o T F

SEd @EREYUENaPREET AR EE IR E -

()

phase

i it Current

Bl4.3 Apm i EESEM R

Phase
inductance

A

L+ | \ _A_ _ _/\_ -
Lof\ :

\/ \/ \/ Rotor position
I‘0____ —-— e = [ — —

Fld44 TREES ERM G

2 4r
L (@)=L,(0+—)=L (0+— 4-34
aa( ) bb( 3P) cc( 3P) ( )
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2 4
M, (0)=M, (O+=2)=M, (0+—
ab( ) bc( 3P) ac( 3P)

u, =Ri, +L ﬁ

s“abc abc d 1

i, =0=i,=—i =i

c

y 7 7
= +
* +
v, v, V.
s

R4S HE2dp TR RF
b di
u, = Ri+[L,(0)=M,(0)]
dt
: di
u, ==REEIMGO) - Ly ©)]

V=V -V, = 2Rsi+[Laa(e)_2Mab(0)+Lbb(0)]'%

di

mesl(07) =V —2Ri,]-( o

)" =L, (07)=2M ,(0) + L, (6)

diy

s 27
200 +—)=V-2Rji,|
mes2(0" +20) =V =2Ri ]

) =L.(0)-2M,(0)+ L, (0)

mes3(O 45 0) =V ~2R A1 () = 1,,(0)-2M, (0)+ L0
_LM_
'Mab
mesl 1 -2 0 0 0
MKJC
mes2|{={1 0 -2 0 0 1
Lbb
mes3 0 O 0O 1 -2 1
_Mbc
L
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(4-37)

(4-38)
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(3 (11 1]

Sl | | 2 2 4| mest

VM, <=5 5 0 |mes2 (4-45)
Ly, 0 0 1 mes3

L 4 L 2 i

4.5 HfeEk 247

451 Fig i ity

Aghe S IR R BRSPS o BA Rl S
TP ZMRERERE AR FEEIRESVERTRES B A o BEUR 4%
2o £ 413 BHRTE R 0B SHE o

241 AEFH 5 IR LD

3-phase’permanent magnet synchronous motor

Type Y-connection, 12 poles
Rated voltage 12V

Stator resistance 06" Q

Stator inductance 0.202 mH

Back-EMF constant 5.667 mV/(rad/sec)
Rotor inertia 1.057x 10 kg m?
Mech. time constant 0.27 sec

o d b - FRIPEPT D EPIT hE Bipd] 2 > VR R gl
o FPL RS G FRAEET > FERTERSE O B465 5 EHEL0
rpmiE& 32000 rpm @ PRy F] 0 BEor d aAp TR E D ke, g g P A JRIFE N
FogrA o Rnfir i dpRAKRHE > T UFTERERTIE ST &L 5618
mV/(rad/sec) » £ &5 i $% £5.667 mV/(rad/sec)z- ¥ 31T o B4.7 5 B o) g
300 rpm3 1200 rpmf¥ 2 iF chiig - 325 2k enk A f d 5 ¥ B s 5.598 mV/(rad/sec)
FE EI% P > BRI EES TR o T UEP T 33 0 A T

S R L
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B495 f1* B T2 2 Rl kagdf EE > f1* 25 EEE RN kg
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TEHE LR ERE A ELFRT RV &k 2 EE S 0418 mV/ipm=4
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EF @R FFg B #F 54,016 mVi@rad/sec) o H5.15 5 47 ~ 200 Hz g Bk 755 8 #
& T $ 62000 rpm > 7 17 FLE ST $AF 505 4.0 mV/(rad/sec) ¢ 4~ Bl RARAR L £
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B5.18 B i i Talp R 2 B (FF)
534 2 "R T A z
d 5335 @ * Hipsed 5328 K g $o 8 F Bice™ 2 > PWM*r $% pFenzb o f8 ok
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