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A Study on the Speed Calculation and Speed Control Based
on the Induction Motor Terminal Quantities

FHZEE™ - AR A
{(Min-Ho Park-Seung-Ki Sul)

Abstract

The speed control system of induction motor without speed sensor is proposed in this paper.
The speed of induction motor is calculated by motor terminal voltages and currents. The equa-
tions for speed calculation are derived and they are implemented on 16bit micro-processor Mc
68000. The software and hardware for the Mc 68000 is developed.

To prove the validity of the proposed method,

the calculated speed is compared with the me-

asured speed. The maximum speed error is nearly 1% in the overall range.
The proposed speed calculation method is applied to the Current Source Inverter (CSI) fed in-
duction motor drive system. The experimental results show the good dynamics and the resonable

speed control accuracy.

W oole F2 AAA TF

z =
put s L.
%o $E2AL Saod AFoid %ok AelE

14, Fusd, 28 A ARG — o8

PG AR TR ERE TR B2 1
P @ (A B B UERRE T
HESER7 0 1986% 4 H 4 H

‘ =

AHg EgizsE, 5L GTOo wde A

ol 23 & folshAl s, o] & o]&g shy

Fatgubale] G A5 7] Srzyasuo]

BEEe] ghe gl d&sx gl
FEAZ7Y Sxv gHFagol 25 7
5oy o

s

=3 r_?_,
y oW
5 Af
4

1)‘ }.n
i 52
ol

o e
P

X

)

I

o

)

e

i okl

oft N,

N

rir

[op]

=)

N

o

4y
i

<l
(s
A
- }4of| 4] oF 90r. p. m2| £
= HES ZEd dide] e $EAEY] &
ES Aol e e dHFulre A
P Fojavh moh g £x 242 9
Ae £xA8 5 A8e dert Uk oleldl £



AR R L

HAg7)el &=

o] f-of Al o},

71744

AE7

ohd

1E}{Tacho generator)
2o} AlsA At o)

ahslA| F et =9t A5

F3}g-A) o] A (m\’P rter) 2] Ag]7t WolA g}

*571011"‘} 7‘1“'4 £5 2 Ao @xol

e,

O

2

2

-
w2l

I

1

Al Akee &
o} olsh e
o] &sle] #-E 71
g b o e} 0
gtoll eprbe

a2
P e

b

-
A=

A7

145—7]

L

$J]°1(§oftwaxe) i“{ z{a]%lo
I AE7lel A 7el A
Al Eo] 73t AEAE

el

2

o]
AX

2.

V(zs: Rs'Iqs+ PAqs'J"
Vas=Rs lastplas—
Vor=Rlar+pler+
Var=R 1zt prar—

(P8)- Aqq
{(pf) Ags
(pB)+ Aar
(PB ) Agr
o] 714 Azl 4, qv A7
z+zk 3 2} (stato
Ree A= HAAA G

d-axis, q-axis, s,ro
ﬁl A A} (rotor) & eI
= A=A oA A

r),

513

5L

(446)

H10%E 19869 104

c.

a8, dele dgFx
Fig. 1. Arbitrary reference frame.

= g aAbE (flux linkage), 69} g 28 1ol ¥
A9 wsh 2ol g 23 2HA A4EIY A 4
A AR Aol pi s A @it

ntial operator) 2. —at*ol =3

FHFEAENY AE Vo, Vo, =00] B d 5
& AR AAEol YA A]FH 0490" 7} Eu®
ADE ohg7 Fo| el 4 ¢

Vq Rs'Ids+P/\as

Vas=Rs-lastplas

p/\qr=+wm'/\qrARr'Iq'r (2]

p/\drz—a)m')\dr_R'r'Id

AN wal HAAALFI DAA A AT
g Azl w3 ]-5’:” Rez Ag7iel 71AA

ztE g olth, =
auzel TAY ot 4
dF e 7& yeb 79

Agr=1|A:| siny
Aar=—1] | cosy

2ol saAe A% 4,5

7 I AE 1241}*4*491 sl A el o % 3o
2 y9) Aol WE wlA wgabel Qlvks)i:
"o A&, o, oM-.

Z %tZ: w‘o]E+_

aF & A Adtse] 21AAelL AB,C 4
o sl b wly o abelelan AhE sk, Vi,
Vas las, Last oF2lf 9} Alol Abdqb A2 g4



FEAE/ abdeh WHel o4
d
5, A
B,
I
A,
7
8. A
C,
C,
a2, AR x5l dgi
Fig. 2. Stator fixed reference frame.
2 4 o
\/vd_g: VAs
1\, 4
‘/—- AS \/—
Id.s'i'":leS
3 -
Ly= Y31, v,
A2l A sl H{e
Idrz er '(7p/\dr'— wm"\07>
Loyr= er *(-=pAgrt wn Aar) (5]
2 FAEH
Ag7tel wbl sl #E (Torque) &
T_}f) (/\qr Idrf/\dr'lqr) (6)

of Hla o{7]4 P A% 718 F(pole) Folrh 4

515 Aol st A

= (B R (Rt K= w1 (Rt K]

+pAgr* Agr— Agr DPAgr! {(7)
o)L
A7 we 8 AEEolth F
w = w~ wn®lTh
A 30l A B Al Mjamabdre) @), | Alvh A4
3 ek by s
ilﬂA- A7) Al 2 L=
dt "'Oo] E]—D«i '1&7)0” -1(3)’5 “]"rOP‘ﬁ

S5 Aloje] 33} 7 — 23—

:(%>/Rr C()z'(Azqr‘}‘Azdr) (8)
o] &}
Auapg2 2k dAle AdHuizs =& A5
of “ls ojeialz o] EAHeh
Ags Lss Lew 0 0 Los
Aer| | LarLer 000 | 1, o)
Aas 0 0 Lss I—'-S‘T ]ds o
Agr 0 0 Lg Leil 1o
oy 71A Lo Lo 2070 204 2h, 2idd b2l 2hal

glule] A (self inductance)olil L, 249} g
Hapzkel Abz ol tlEl A (Mutual inductance) ©] o},
AG1o0A Aee ¥ Aas T FEked A6l ] sk

T=(%j:)-(%)(-—Idsmq,ﬂqs-,\d,) 1w

2 3 Ec
4}\1 )’% /‘](8 Oﬂ CHOJ o]—.x_ wzoﬂ o}-O:‘ 743] }u:]

:< > rT i /\qr —/\dr'lqs)/(ﬁqr+ A:iir)‘
(1
o] v}
AoE o ghaie
Los  Les Loy 0 0 T Aes
Iqr - Ler Lyr O 0 Agr 12)
Las 0 0 Lss Ls»r Aas
Idr 0 0 Lsr L-rr /\dr
b gleh A el opde Azkel Hel o)l
plos pIds% T3
Lyr Ler -
plqs Ls.s-'er LfsrpAqsv Lserr_Usr pAqr
L L {t3)
plas= Lss'L::*Hsr pAgs— Lser;T‘Lzsr pAar
o] X}

0399 pAen pAars 1AL 7HE Vi, Ve,
o= Zb7 AHosla A2)E o] &3l p/\qsg’]' p/lds
-Ea_ —/‘:7‘1 o}.D‘j p/{qrv p/\dré V«;rvvér’\%‘ 0}'3}]'9‘]' 7{—}01
F A H

o= T Was= R Tas—plas (Lo Lo L1
/LTT;
’ Lr'r 2
Vqr: Lsr'ivqszs'Iqs"pIqs' (Lss'er_Ls'r)
/Lt (14

(447)



w3k A3)E Al 7ol dHEl w|Este] AR A F
PAer=-F widan PAer= — wAea ©l-F3HH
Aar=+Vor/ an
* Agr=—Va/ o {15
+ ek ALE Alahe] el shd
(5 )R (VgL + Vi Lo/ (VA VD
(16)
% derh AEY FAAEEE
wn= wy(1- 2o m 2 Aige olgeled HE
71 sldE=E AT 4 drh
AE719 £55 AAste FAold A5 79w
A FAE-e Aol
Lsr . , .
T:<L”- >'<%)(Ids d7+Ias'Vq7)/ah (17
U Zro| o-lo%x] 2 9\)]\_?_ A% 7] o) or}e_ix‘ia%
pm Idsvds+1qs qs :18‘}
2 Fojxrh
ol g3} ol AEF7)e] AL E 7 4 9dn
Fodez Agr] P48 HARE L 7€ 4
oAt
3. &5 &3 ¥4 HOE 23 Hardware
T4
A A=Al hardware+ 28 3o et 9l 4

7Nl 8bit A/D Converter& %3} "Lﬂ(’t} Vis,
Vis, AT Lis, Las S A3 Al4), 14, 16,17,
182 AlA]7H(real time) AlAFs}7] 01'04 16bit =}
oz Z 2 A MH8000 ] AHE= itk M68000
9] clock F2F+ 8MHzol £x 24 9 o] &

xzg a2 dkword®] EPROMel ##ks|glc

Power —J,;,

Y
Source——1 ;? \@
Lo arle
Convenevﬁ ; Invenevﬁ Va Vg
Gating dc | Gating
4x8 bit
L Mc 68701 System A/D

Veul

3x8
em DA

Siip
Key
ESplayrQ Mc 68000 Syst —:T
I"!f

223 AAH Fedlel Ay s
Fig. 3. Hardware block diagram.

ERBGRGE H35% HI05% 19865F 104

Aatel gt W ololz 2 22 442 STA
CK memory® 2Zkword2l RAMe] Al&5ln A
AbE AAE ehdza FAE7] Hated 309 8
bit D/AEwole] 5 dAsige AAAg] Ao)=d
B2 1670 key & Eatod s AAdz) =
AAe = 8 7he 14segment LED Display & %
sto} EAl®oh Al AFel Sampling A] 7+ 260
usecoli, AAE &£ ¥ o3l gowy IHys)
o, 2 HEAE LxAe] W O/A Convertera ¥
ghato] ool FA|shzdl ARE e
&salofole] 448 HFAolu]

ul
A

[e]

A

FEAL

ol A&, SEAIAe HFEHql 8o
ElAlo]A] B4 o 7Ztsgdo g glsie] dal sol:
slip-driveWH4-& o] &-3leivt? w el slip-drive
WA o] MeojsizelA HE7Y JHEE wa, 7t B}
olag LR Ao 3 AAbgte x| =it A
o]g 71\d = (Control Block-diagram) = L& 4 of

vebdd el AE 3 (single chip) 73] Mc 68
701 0] 2lw{olH, Fuofe 9| HIO]E‘(Gatmg) /{]E“L
AL Hsked AHgE oA 2, A F ol vlolE o A

o= AZA A FHE HellA olToiwr M. bsoooﬂr
M 687014}ololl+= 24bite] Parallel Communication
bus 7} gl=d], M:68000 ol 4] doj Al alufo]
el Fald AR 7)FAFAEL MOS0l of
Aelr) sl ALERh

ol

/“

Mator

Source

Vas Ve
laslg

Calculator for
sl1p B Speed

Speed

wm

Wm

» 2 :u..l

Mc 68000

a4, Alolg
Fig. 4. Control block diagram.

s

4. = ZX9 HOE 95t Software
-4
A4 o S Aol softwared] FTERE
a8 50l et ek AAAe A/D Eujele 7} 7t



A RS Aol odh SRAA W A5 dojol ek o7 s

speed control
every 34 msec.

l 1
| |
! 1 :
' I
: |

Calculate average speed
slip, Torque
START i 1 |
| |
:.g ________ _ . - - ———— _..: | Speed controller .
: Find offset of | 1 I '
| each A/D channel Auto 1 { ' o \
i calibration : : Slip limiter |
|
[ S 4 '
Compensate offset | |
! of A/D channel \ ! Calculate stator I
l | ! angular velocity \
I
1 ! !
! : 1 ! I I
; Find galn of ! i Output stator angular |
h
I each A/D channel | | velocity to Mc68701 I
|
' | I |
|
I Adjust gain of 1 ! Find reference current |
1 each A/D channel i ! (Iref) in slip-current |
L__ _ T Tee——— R | t table !
== = = e e e — e o = EPD, N l |
! ] ! '
[ ! Out Iref [
| Read V,, Vv ,1,,1 utput Ire
| A’ "B''a’’B : I to Mc68701 [
| § 1
| ! [ l !
; ! ! Key scannig and Key 1
! Calculate Vds,Vgs, I ] excution program 1
| Ids, Iqs by eq.(4) { 1 1
1 J’ ]
| ' | i
| ! i D/A output : slip, I
Calculate V'dr, ! ! torque, Iref. |
! V'gr by eq.(14) i [ :
! !
f
i 1 | Excute !
| [ ] for 32 times? !
Calculate Wm | |
i by eq.(16) | - s i ----4
| | r '
! every 260 microsec : i ; !
i - A Caiculate average slip 1
| | ! speed, Iref, !
Calculate Torque ! I
i by eq.(17) | 4} l |
! I :
| 1 | Display speed, !
| Calculate | | Iref, slip !
1 for 80 times? ' 1 A !
{ NO | . display every !
\ . Program 1.088 sec. !
| s L |
L _______________ - = e - - O |

85, 422 Ege] 3E%
Fig.5. Software flow-chart.
(449)



26— WS

A offset B ZEF2| #pold 2487l Yl
AT oy ZEZ offset > RASE EZF ey
o hulstel ol abglT, WA AEL shit %
‘3‘:‘0}?0]‘]“{‘; 5odake
cation error & E4rt. "-'.(1‘1\'9] o] &L two-point
difference W4 & ol &slxich @l Fatgel aAF
A7) Yste] A4l F5F g0HEk Mt
]

o} £x A4 2 D/AZH o7 F A5l Display

Alzbdel askE aefste] o1 zvirh g
)gs doh, R} SEAefrlE Bl vAlRt

O
I Controller2| Algorithm-a o]-&3}91

r_‘E. e

FEARY A4S W) Astel B9 81

f
kS
£
2
o
%
X
2
o)
g
o
T

lasioleh. H4% <

< a6 et gl &5
23 gAbg A9 clwolHE Y ok 21Hz o
A eF 19 <zab7b ola 4lHzolME 0.2%9 <

e e

16bits A l8led Trun-

Hz
x
P
sLI - 21 Hz o ¢ CRLCULATED o
FREQ
x @ MEASURED 5
2.5
47 Hz o : CHALCULATED
e . PERSURED
1.5 2
R
1 9
Q
5 <.
o]
X B
S O SN SUU S N T S
© - o~ ™ k4 n w0 r. @ o
TOROUE C Poy)
P 1 A S
a6, Akl £33 s &4

Fig. 6. Calculated slip and measured slip.

FxAelAl g AgARE 23790l vhebut rh
2772 AF71e 238k Torquedl F7H4] 2%
s 2o Frh AFr|H-s Torquert ZF71sh
Hrv 4% grasigntot o4 sEEEE Fol
Zhet. Ag 718l A Torque 94| ¢kzkel Alg&
vepd $ E7kEl H5) Torqueo) #weshe ghe
2 Z7hEdh sl e FE 7ol 9l AF7I

LG Rt BI35 7% BB105% 19869 10H

SPEED
150ORPM ¢2ORPM

TOROUE I 4Py

- --

2 SEC.

2T, Fehres Fo4 SRS 4% pdEe
guhA
Fig. 7. Speed and generated torque responses at

load torque increase.

S4ORS PO
1040RPM _ = $20RPM
SLip
.95, T 1.5y

4SEC.
B8, Yekk g Fobal Hrsh gyl S
Fig. 8. Speed and slip responses at load torque
increase.

SPEED

1040 RPM J 60RPM

4

4 SEC.

B9, 7S nsrhA Hrgsnki A

Fig. 9. Speed response at reference speed change.

Ju_.

- 2 —
379 D/AS Eslo FHAZch R golME
5w o7 staskdeb)t oA EERE Fol
Zhkar ZvbE -‘.— 5} Iorquooﬂ EH -kl SEle] &
ol Fobspodeh aglo = S e PR
S8 nhE Hepf ol X.i%’-?lﬁ ‘*‘:—A%} 60r.p.m
F7HA] el 7ed e s

A HrvE o1&
O
L

spotrh A AQl Hmalole] o

1% o1 gdvh



FEAT 7] sk Aol o7 FEAA W SxAolo] AZ T — 27

z of 2ab% 2a Y, olF FEA
Afol 4&a A3k &2&g a0} Y system
]

AR SRHEAS otk £EA e 4

Aokd & A Ak AgA ol 4] el A
|

ol
ok
2
o
sl
— ot ol
> NN
N
ok
njo
wy
2
i)
to
~
o
3
v
e
nZ o

B
23
i
fo
B
oX,
2
>~
2
«©
2
oM

od oz Juir
o + fe”
2Loso
Ele & o
po I ‘_E =
n £ 7 e

ok

N

A)

[l

i

e

2

fr

;

ol

N

af

2
(¢4
—
£
e
o
A%

bt e o bo o 2

37
>
ofo
i
4 a
3
(o
A
©
oz
52
ey
L

._
i
o
2
>
>
ofo
A
2
o
XN
ox
>

43 5Hp 58 F2AE7I.
R:=0.434 (Q), R,=0.356(0})
L 4s=0,05633 (H), L,,=0.05567 (H)
Lsr=0,0546 (H)
2. Adlell AREE ARy viole] M4
al#d 1 220V, 60Hz, &9 [ 20~220V, 6~60Hz,
A 7482k 5kVA, D. Clink Inductance : 20mH,

Commutation Condencer | 7uF.

N

(451)

D
2)

3)

4)

6

~—

7

8)

i

dogd

el s Fx 77, E9 A}, 1981, pp. 313~320.
P. L. Alger, The nature of induction machines,
1965. pp. 107 ~112.

B. K. Bose, Adjustable Speed AC Drive Sys-
tems, 1981. pp. 1~21.

J. Holtz et al., “Electronic Analog Slip Calcu-
lator for Induction Motor Drives”, IEEE Trans.
Ind. Elec. Contr. Instrum., Vol. IECI-27, 1980.

R. Jotten et al., “Control Methods for Good Dy-
namic Performance Induction Motor Drives
Based on Current and Voltage as Measured
Quantities”, IEEE Trans. Ind. Appl. Vol. IA-19,
pp. 356-363, May / June, 1983.

M. Ishida et al,, “A New Slip Detector of an
Induction Motor Utilizing Rotor Slot Harmo-
nics”, IEEE Ind. Appl. Vol. IA-19, pp. 575~582,
May/June, 1984.

P.C. Krause et al.,, “Simulation of Symmetri-
cal Induction Machinery”, IEEE Trans.Power.
Appr. Syst.Vol. PAS-84, pp. 1038~ 1053, 1965.
M. L. MacDonald et al., “Control Loop Study
of Induction Motor Drives Using dq Model”,
[EEE IAS Annual Meeting Proceeding,pp. 897
~903, 1978.



