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In general, the torque and speed monitoring system used in electrical machine testing, requires
expensive torque and speed sensors, which is hard to install and cannot be coupled with a general-purpose three-
phase induction motor.

To overcome these problems, a novel torque and speed monitoring system for electrical
machine testing is developed and presented in this thesis. The proposed system, which is based on the torque
and speed sensorless induction motor control theory, detects the input voltage and current of the induction
motor, and uses them to calculate the torque and speed by a digital signal processor instead of using the torque
and speed sensors. In addition, the effects of the core loss and mechanical loss are compensated to improve the
accuracy of the calculated torque and speed. It is verified by experimental results that the developed system is
capable of measuring or controlling both the torque and speed accurately within the errors of *10% and £1%

of their rated values, respectively.
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Start

Initialize all Variables

12

Initialize System Registers

and Interrupt

v

Start Timer Interupt

Timer Interrupt?

Yes

v

Part 1

Get Voltage,Current Inputs

Start

Initialize all Variables

v

Initialize System Registers

and Interrupt

v

Start Timer Interupt

No <=

Timer Interrupt?

Yes

v

and Axis Trin sformation

Part2

Rotor Equation

Speed, Torque Calculation
(Part 1-6)

v

v

Part 3
U, U Calculation

Part 7(1)
Speed Controller

v

v

Part 4

Gain b Calculation

Part 8
PWM Voltage Generation

v

Part5

Speed Estimation

v

Part 6

Torque Calculation

Display Speed,
Torque

(M3zuudausdnLazAIInLgg

Display Speed,
Torque

(1)32LUUAILANAINNED

Start

Initialize all Variables

v

Initialize System Registers

and Interrupt

v

Start Timer Interupt

Timer Interrupt?

Yes

v

Speed, Torque Calculation
(Part 1-6)

v

Part 7(2)

Torque Controller

v

Part 8
PWM Voltage Generation

Display Speed,
Torque

(A)F=UUALANLINDA
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A o s o
5‘].]1/] .1 LLWHﬂTWﬂ"ﬁ“ﬂ1\‘1']141@853%“]]@\1‘35@1/\'@“35

U

1 o 1 ' ' Yo
’ﬁ’)‘ui18'@3!5ﬂﬂﬂlﬂﬁﬂ'liﬂ'l\?'lusluﬁﬂuﬂflEJG]'N‘”] (Part 1-8) ﬁ'lll'liﬂllﬁﬂ\iblﬂﬂﬂlmuﬂ'lw

msinulugin n2-n.10

Get Ed(n) from

A/D Chan.7 Start A/D Part

Get Vx(n) from
A/D Chan.6 Switch Channel

Get Vy(n) from
A/D Chan.5

v

Get Ix(n) from
A/D Chan.4

v

Get Ly(n) from

Get Value from A/D

Start Conversion

Conversion

Complete?

A/D Chan.3 Yes
Get Data
W(n-l)lmNo1 from A/D
\/ [w(n-1)]=3.15
Y Scaling Data

%‘—‘ & Store Data

Ge(n)=(Geh/jw(n-1))+Gee
Ke(n)=1+Rs.Ge(n)
Kcinv(n)=1/Kc(n)
Rsdk(n)=Rs/Kc(n)

|

1Ix(n)=Kc(n).Ix(n)-Ge(n). Vx(n)
Ily(n)=Kc(n).Iy(n)-Gc(n).Iy(n)

v

Id(n)=I1x(n).cos+Ily(n).sin

Iq(n)=-11x(n).sin+Ily(n).cos

End Part 1




31U 1.2 uwummmsiiauvesdiugesi 1 (Part 1)

Start Part 2

No
Yes
v
Index=Flux(n-1)/16
To(n)=0 & Get Io(n-1) from Table

Flux(n)=0.14

|

Ir(n-1)=Io(n-1)-Id(n-1)

Flux(n)=Flux(n-1)-RrTs.Ir(n-1)

*

NOL

Flux(n)=0.14
To(n)=0.07

|

ws(n)=Rr.Iq(n)/Flux(n)

[ws(n)|>628?

i

Yes
l i
v
ws(n)=628 ws(n)=-628

@
End Part 2
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71U 1.3 uwummmsiauvesdIugesi 2 (Part 2)

( Start Part 3

A

dId(n)=K1.dId(n-1)+K2(Id(n)-Id(n-1))
dIg(n)=K1.dIq(n-1)+K2(Ig(n)-Iq(n-1))
*K1=Tou/(Tou+Ts),K2=1/(Tou+Ts)

4

Uds(n)=Kcinv(n).Vd(n)+w(n-1)bLs.Iq(n)-bLs.dId(n)-Rsdk(n).Id(n)
Ugs(n)=Kcinv(n).Vq(n)-w(n-1)bLs.Id(n)-bLs.dIq(n)-Rsdk.Ig(n)

4

Udr(n)=-Rr.Ir(n-1)
Ugr(n)=p.wm(n-1)Flux(n)+Rr.Iq(n)

4

eUd(n)=Uds(n)-Udt(n)
eUq(n)=Ugs(n)-Ugr(n)

A 4

End Part 3 )

71N n.4 upumMuMIMUVeIdIUGsN 3 (Part 3)
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Yes

v

kMax=Ci|ws(n)|

ACC=sign(w(n-1))+sgn(ws(n))-1
*sgn(x)=0if x>=0 ;=1 if x<0

No kMax=Co

v

kMax=Co

‘W'

Yes No
k=kMax k=lwm(n-1)|

|

|

b=k.a.Lr/Rr

No

47

Yes b=-b

End Part 4

e
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17 7.5 uHUNWATRINUVRIAIUE

3

Start Part 5

i

92

087 4 (Part 4)

err(n)=Ugs(n)-b.eUd(n)-(1-a).eUq(n)

v

wi(n)=err(n)/Flux(n)

[w(n)|>628?

i

Yes

y

o

Yes
J No N\
v
w(n)=628 w(n)=-628

;

wm(n)=[w(n)-ws(n)]/p

ik

i<
)
7

Yes

{

l No N
v
wm(n)=314 wm(n)=-314

%

Roll(n)=Roll(n-1)+Ts.w(n)
Roll'(n)=Roll(n)+0.5Ts.w(n)

v

Find sin,cos for Roll(n)

sin',cos' for Roll'(n)

End Part 5

I
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317 1.6 uwumuMuYesdIuges 5 (Part 5)

A

Tq(n)=p.Flux(n).Iq(n)

N

Pm(n)=Pmk!1.w(n)"2-+KPmk2.w(n)+Pmo

Nol

lwm(n)[=3.15

Yes

%,_

Tqe(n)=Pm(n)/jwm(n)|

!

Tqe(n)=-Tqc(n)

Yes

{><_

Tq(n)=Tq(n)-Tqc(n)

A

7U9 0.7 A IMMsIiNuveaIugesi 6 (Part 6)



Start Part 7(1)

94

eWm(n)=Wmecmd(n)-wm(n)

A

Get Igemd(n) from
PI(eWm(n))

A
eld(n)=Idcmd(n)-Id(n)

elq(n)=Igcmd(n)-Iq(n)

A

Get udemd(n) from
PI(eld(n))

A

Get ugemd(n) from
PlI(elq(n))

PI(e) Part

Start PI Part

temp4=Kp.e(n)

No

|

area(n)=KiTs.e(n)+area(n-1)

cmd(n)=Kp.e(n)+area(n)

temp4=cmd(n)

cmd(n)=-Limit cmd(n)=Limit

N

fd(n)=Kc(Rr(Id(n-1)-Imr(n-1))-w(n)bLslq(n))
fq(n)=Kc(w(n)bLsId(n)+w(n)Flux(n))

N

Vd(n)=udcmd(n)+fd(n)
Vq(n)=ugecmd(n)+fq(n)

area(n)=cmd(n)-Kp.e(n)-KiTs.e(n)
ol

End PI Part

|emd(n)[>Limit?

A

Vx(n)=Vd(n)cos'-Vq(n)sin'
Vy(n)=Vd(n)sin'+Vq(n)cos'

A
( End Part 7(1) )
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31U 0.8 uwumumsiauvesdudesn 7(1) (Part 7(1))

Start Part 7(2)

wm(n)>1700RPM?

Yes

No
v

Igemd(n)=Tq(n)/(p.Flux(n))

!

eTq(n)=Tqemd(n)-Tq(n) Iqemd(n)=0

Get Iqemd'(n) from PI(eTq(n))

v

Igemd(n)=Iqgcmd(n)+Igcmd'(n)

%

eld(n)=Idemd(n)-Id(n)

elq(n)=Igemd(n)-Iq(n)

|

Get udemd(n) from
Pi(eld(n))

!

Get ugemd(n) from
Pl(elq(n))

l

fd(n)=Kc(Rr(Id(n-1)-Imr(n-1))-w(n)bLsIq(n))
fq(n)=Kc(w(n)bLsId(n)+w(n)Flux(n))

v

Vd(n)=udcmd(n)-+fd(n)
Vq(n)=ugemd(n)+fq(n)

v

Vx(n)=Vd(n)cos'-Vq(n)sin'
Vy(n)=Vd(n)sin'+Vq(n)cos'




31U 0.9 uwumumsiauvesdIudesi 7(2) (Part 7(2))

Start Part 8

Vun=sqrl.Vx
Vvn=sqr2.Vx+sqr3.Vy
Vwn=sqr2.Vx-sqr3.Vy

*sqri=sqrt(2/3),sqr2=-sqri(1/6),

sqr3=sqri(1/2)

!

Tu=sqrl.Ix
Tv=sqr2.Ix+sqr3.ly
Iw=sqr2.Ix-sqr3.1y

No
No Yes
Ke Yes
Yes
Yes
Vno=Vun/2 Vno=Vvn/2 Vno=Vwn/2

Vun=Vun+Vno
Vvn=Vun+Vno

Vwn=Vun+Vno

!

TdEd=T1/Ed
ent1=(T1/2)+TdEd.Vun
cnt2=(T1/2)+TdEd.Vvn
cnt3=(T1/2)+TdEd.Vwn

No

No

Dead Band Compensation

for entl (use Iu)

!

Dead Band Compensation

for ent2 (use Iv)

!

Dead Band Compensation

for ent3 (use Iw)

!

Limit cnt1,2,3

!

CMPR3=cnt1
CMPR2=cnt2
CMPR 1=cnt3

End Part 8
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JUN 1.10 WA IMMINMIAUYRIEINGREN 10 (Part 10)

Dead Band Compensation (for cntx) Part

Start Dead Band \
Compensation for entx Pary

v

Limit (for entx) Part

Start Limit cntx Part

Yes No
cntx=0
Yes
¢ No
entx=T1
\
«— ]

End Limit cntx Part

Tdbce=slpe.l Tdbc=20
*slpe=-2868 ’
i—Yes
Tdbc=-20
—»%,4 No

cntx=cntx+Tdbc

!

End Dead Band
Compensation for cntx Part

7191 n.10(A9) LHUMWMININUVRIAIUGDETN 10 (Part 10)




98

A d
sz I INENTNUS

a a §y o { ™ @ 0o

we AnvouTegas inalo Iun 28 wurou wa. 2521 NTWTangunna dusans
o a a v A a o w J
AnwszaulSygnimnssusnaasiuga awaaanssu I (Wdhdiae) angmasnsal

a v = = Y 9 <K 1 v a o a
yInedeluilmsdnu 2541 waz IddhAnwide lundngasisnssumdasumiuda
a a a a a 4 4
awnennssu Wi szuuFaay) a medyisnssu i anugdmnssumaas guasnsol

a [ 9 =) =
uriIneaslunnauvestnsane 2542

NA11IY

a @ a < s
AAYOU hl')fl’ﬁ:ﬁ?. FEUVIAUTITALAZ AN WVVUT AN U T NN T TALTIHE

o w < o w a a z {
UDNNIANF YU U ANLALNIANTUNINDA. ﬂ’li1J55‘]23J'J‘]ﬂﬂ13‘ﬂ’|\1')ﬁ'3ﬂﬁﬁﬂllwﬂ'l ﬂﬁ\?ﬁ

24, 2544 : 111 393-398.



(v a J
izﬂﬂﬁﬂlﬁxﬂlﬂlmzﬂ'J'INE%;'J!!U‘U‘IJTI?I%'Iﬂ!“lf‘l!!“lfﬂi

NAMITABIHAVRIMAIgaUPUIaNIaZMAaIgaNIana

A Sensorless Torque and Speed Monitoring System

with Core Loss and Mechanical Loss Compensation
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Abstract

In general, the measurement of torque and speed of
induction motor requires expensive sensors, whose installation is also
cumbersome. To overcome these problems, a novel torque and speed
monitoring system is developed and presented in this paper. The
proposed system detects the input voltage and current of motor, and
uses them to calculate the torque and speed instead of using torque and
speed sensors. In addition, the effects of the core loss and mechanical
loss are compensated to improve the accuracy of the calculated torque

and speed.

Keywords: torque and speed monitoring, sensorless, core loss,

mechanical loss.
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