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SUMMARY OF EXPERIENCES IN PI:.ANI 

Upon arrival in Delhi on January 1. 1986, my pet"sonal. affairs- an.a 
necessities vere age.in handled expeditiously by all concerned. Arter 
a briefing in the morning o! J'anua.rJ 2nd with Dr. IC". Hussein~. UNDP 
Project Director, I proceeded directly to Pilani. Upon arrival in 
Pilani, numP.rous triefings w·ere held vi th the National. Chief Project 
Co-ordinator, !Jr. Amarjit Singh, the ~I Director Dr. G.N. Acharya, 
~fr. U.~-!. Rao and Mr. R. Verma to acquaint me with progress made on the 
activities at CEERI r~lated to the solid state AC traction motor drive. 
Discussions were alsfl held with Dr. S.K. Lahiri who is Deputy Director. 
During the second veek of my visit, a ~eries of five lectures were 
prepared and pr~sented. They concerned: 

1. A simplified approach to Field Oriented Control. 

2. Significant Research results at the University of ~isconsin 
related to the UfiDP Project. 

In parallel with the lectures, a series of meetings were 'held to 
discuss hov the material presented in the lectures might be incorporated 
in the design of the UNDP project. 

Finally, during the third week, I also attended an extensive meeting 
chail-ed. by Dr. K. Hussein, the UNDP Project Director, :few Delhi. 

Based on these meetings, a number of important developments are 
e--'i'iner .. t. In particular, much of the vagueness of the description of the 
overall task itselr mentioned in my previous report appears to have been 
completely resolved. The project definiti~n, together with the project 
mile3tones, have been given proper attention and I am confident that the 
!l?"OJect is proceeding satisfactorily. ?crhaps my initial concern va.s a 
?~~u:'f. of t.he fact. that I arrived for zr.y first site visit only a month 
or tvo ~!ter the project w-a.s approved by TJ?rDP end insufficient time vas 
available to complete this ~ost important task. 

It is nov clear that t.he ·ie-..ft>lo-yment r:oncerns a. 50 'r.TA prototype 
t:i-14.ction n~rater:t •.1hich e"'{})lorea device and circuit concepts at a. pove1· 
level vhic:h is 8.!1proximately O'le fifth to crie tenth the ultimate goa.l 
for a full sc·al.e, full rated traction drivP. I 9.gree fully, that this 
is s. vorthwhil~ endee.vo-;.n whlcc -.riJ 1 enable resolution of many system 
and device :problems at a :ncre '!l\a?!!\ge~ble pover level, vhile delaying 
SC'llle of the more o;ierous converter circuit problems to a later time. 

It should be fll>t\!d tlle.t the iabore.tory ror testing the cor:pleted 
traction dri·r~ mentio:1ed in .:ry ~i:rst reyort fa ncr.1 essentially completed. 
Test beds mounted on an hc>lat~ sew,:! deadli?ning rile.tfonn should be r.tore 
than adequate for testing bc".:.h the target 50 'fSA syet~ 11s vell as future 
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possible a.rives of higher rating up to 200 KYA. 

Finally, a 68000 microprocessor development system is nov in place 
which vill result in rapid implementation of control concepts in software. 
Finally, a working curren~ measurement end tracking filter circuit vas 
a.emonstrated which will become an important integrfl.l. part of the control 
system. 

During my first visit to Pilani, tvo important and relatively new 
concepts were emp1·asized during my lectures, nam•.!lY the need for current 
sourc.e inverter opt:re.tion (as opposed to voltage source operation J, and 
the necessity of field orientation. Discussions vith personnel at that 
t:Une, evolved a control scheme employing the regulation of the "in phase" 
and "out phase" ccmponents of stator current. This •··:ice-pt vould achieve 
both the advantages of current source operation as vell as field orientation. 
Over the period of the last year, the engineers at Pilani have evolved 
this scheme tc another form which involves the real and reactive components 
of AC volt-amperes. While most of the benefits of the original scheme 
are retained, the added expense d11e to the extra voltage sensors and tne 
increased difficulty of control near zero speed (particul!i.rlY luring 
braking), makes the viability of this option questionable. It is recommended 
that both cr:tions be retained until the control question is examined i.n 
detail when Mr. U.M. P.ao spends his research sabbatical under UNDP 
sponsorship at the University of Wisconsin later this year. 

A.~other subject discussed du.ring this trip vas desirability of 
"cross-coupling" the torque and flux producing channels, so as to eliminate 
the phase shift which normally occurs in pulse width modulated current 
regulators of the type to be employed in this project. 

This subject was one of the nev developments at the University of 
~isconsin discussed in seminar 2 during this latest visit. A copy of 
the most relevant pap~r is attached to this report. Implementation of 
this ~oncept into the softWtLre or h&.rd.vare portions of the controller 
is recommended. 

During my first visit. to Pilani ~ three major problem areas nav? been 
identified for 1etailed study: 

1. Pulse-Width-!.{od:J.lation (PWM} Ale;orit'flms for l"linimizing 
the losses in induction motor drives. 

2. Microprocessor based PW- inverter for :..c DriYes. 

3. Adaptive control of A.C Drives using PWM inverter.!. 

It vas agreed on both sides !:.hat !-!es:srs. Rl!.o, Ver'!na and Perlek.ar 
will travel to Wisconsin at five mr:.nt.h inte?"'ral3 ... so th:t.t personn~l at. 
CEERI can become mor-: ramiliAr with the ~esearch at Wiscor.sin ~d ~xt,end 
this vork C\S well af. originate nev work i:i di,~ection~ more rele·.rant ta 
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the UNDP project. 

The visit of Mr. Perlekar to Wisconsin has nov been completed. 
While at Wisconsin, Mr. Perlekar addressed subject area 1 involving 
PWM algorithms. In particular, his vork at Wisonsin concerned the 
development of what is called a "Delta Modulator". The delta modulator 
is a particularly effective type of controller vhich can be used.to 
perform the current source function described above as desirable. A 
vorking system vas developed at 'Wisconsin by Mr. Perlekar and rill be 
incorporated into the traction drive sy:;tem. A copy of Mr. Perlekar's 
final report is attached. 

RECO.tMElfDATI ONS 

1. It has already been noted that the traction system under 
construction is not a full-scale version but a scaled down prototype. 
In effect, the completed system vill not be capable of its ultimate 
intent, i.e. an electric tracticn system for a rail vehicle. 

A follow-on project with additional. financing vould be required 
to realize a full-scale traction drive. The immediate output of this 
project is only a "scale model" which has negative connotations. Fer 
the benefit of all concerned it vould be very useful if another appli~ation 
be found to demonstrate the immediate importance of this project without 
regari to traction. In principle, control co,,.figurations suitable for 
traction can be easily modified to serve numerous useful fllllctio~s 
including fast response servomotors, dynamometer~, spindle drives and 
machine tool drives to name a !'ev. The 50 KVA rating of the prototype 
system is ideal for such applications. 

2. The work of Mr. Perlekar at the University of 'Wisconsin is the 
first of a series of three ~tudies to be carri~d out here by Cl!.'ERI 
personnel. While at Wisconsin, Mt-. Perlekar did ext~nsive simulation of 
the inner "current loop". Tl'is Slltl•l.s.tion vork vill be continued by 
Mr. Verma .sr..1. Mr. 1'a.o. 

TJnfort\alately, at the present time, the simulation models developed 
by Mr. Perleltar cannot be utilized at CEERI since it does not possess 
suitable ~imulation softwa~e for use on their computers. The purchase of 
such a progr8.'ll for internal use at CEERI is s-trongly recamnended. In 
particular, thr: simulation progr'Jr.l named ACSL has been used at Wisconsin 
vith great st'.ccess. '!'be program is available for use on many computers 
includir.g IEI~, DEC, Hl'\:rris and Apollo computers. The minimtun cc st 
con!"igura~ion is a $2 ,000 ACSL package for use on an IBM AT personal 
com:putf'!r. 

3. r-:. is recommended that the "cross-coupling" de!'tc ribed in a 
paper bv F.owan and Kerkman be included in the inner current loop control 
in or~er to improve high frequ~ncy respon~~. 

4. It is re~OllDlle~ded that the final decision on the control 
algorithm to oe used, be deferred until Mr. ~ao completes his studies 
at Wisconsin. 
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1. Static PWM inverters are used in variable speed a.c. drive~ 
and uninterruptible power supplies. In an induction motor drive 
the PWM inverter is required to provide: 

(l} Variable frequency output so that the induction 
motor can operate at desired slip frequency 
over a vide range of motor speed values. 

(2} Constant (v/f} ratio to maintain constant air 
gap flux. 

Requirements (ll and (21 have been met rith a variety of voltage 
end current cont::.-ol techniques. The most popular is sine wave PWM, 
wbich allows 64~ utilisation of the avaiJable voltage at D.C.bus. 
the practical. solution of this problem is gradual from PWM to SQUARE 
wave which results in discontinuit;ies in inverter output voltage 
and also increases the control complexities. 

The Delta !-todulator first proposed by P.D. ZIOGAS provides a 
sim~le but effective way of generating a pwm switching sequence with 
smooth transition from pwm to square vave. In this method, a reference 
sine wave is compared with an error modulated integrated output of 
the pwm pattern (generated by coparator} to control ·~he inverter 
switching sequence. In the proposed technique the integrated output 
is replaced by the actual motor current and is then modulated by 
error command, thea compared with reference current to obtain pwm 
sequence. Also the work is extended for three phase operation. The 
system is simulated on an Applied Dynamics Hybrid Computer AD-256 at 
the University of Wisconsin. 

2. The DELTA MODULATOR proposed by P.O. Ziogas, is shown in Fig. 1. It 
consists of three operational amplifiers configured with Al as comparator, 
A2. an an integrator, and A3 as a modulator. Figure 2b shows the 
comparator output. Figure 2a indicates the reference sine wave and 
error command. '!'he main feature· of this method is that whenever the 
internal feedback voltage Vf exceeds the upper or lover limit reference 
waveform (which limit is set by the F{2/R3 ratio J the comparator 
reverses the polarity of the delta modulated voltage Vl at the input 
of the integra.tor, this a.ct ion reverses the slope of the Vf waveform, 
at the integrator output, thus forcing Vf to osillate around the 
reference vaveform Vr. 

' 
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The component values of the delta modulation control logic 
can be easily computed using the folloving equations. The integration 
time constant (Rl*C) is given by 

Rl*C = (4*Vs}/(Pl*Vr*Wrb) •••••.•• (1) 

vhere 

Vs •••••••• Amplitude of comparator voltage 

Vr Maximum ref. signal amplitude 

Wrb •.••••• "base frequency" in radians 

The ratio R2/R3 is computed by 

R2/R3 = l/(2*Rl*C*Ncml ..••••.• (2J 

where 

Ncm •••••••• Maximum no. of commutations per sec. 

Using equations (l}, (2) the circuit components vere calculated. 
Based on these "alues the circuit is s~mulateci on analog computer 
(Fig.3). Three such circuits are simulated to obtain three phase 
output. 

The results obtained vith sireulation are indicated in Fig.4 vhich 
indicates line start vith step load Figs. 6,7 ,8 indicates •:ariable 
frequency operation of motor/inverter system with ,;elta modulation 
logic from 6 Hz to 60 Hz. 

3. MODIFIED DELTA MOOOLATOR 

Figure 9 indicates that the motor phase current and the integrator 
output are in phase. This is because motor actually acts as an 
integrator because of R-L ~ature. Renee it was proposed to use motor 
current to replace integrator output or replace integrator by the 
actual motor. 

The modified delta modulator is shown in Fig. 10. The actual 
motor current is modulated with error command(DT) derived frorr. 
conparator (Al} to generate the pwm sequence. It has all the 
advantages of delta modulator listed 

(1) Constant volts/hertz 

(21 Smooth transition from pwm t~ square wave mode 

(J) The switching frequency is limitE'd by error command 

The input to the motor is a SYitching pattern with sudden changes 
from zero tu Ede. The motor transient time cons~ant detennines the 
slope of actual motor current. The tran~ient time cons~ant is 
calculated usin1; equation 3. 



where 

,. - ·: 

~a= (~s + (Ilr.*T2)/(~+L2)) /Ps .....•.. (3) 

~!otor electrical transient tb:e constant 

Ls ••••••.• Stator leakage inductance 

Im 'fagnesting inductances 

I2 • • • . • • • • Stator referreC. rotor leal:age inductance 

':'b.is time constant is replace~ by the integrator time constant 
of the delta modulated inverter Tdth all other permr.eters "':;'.-:e sa-r.e. 

':'he modified delta !'.'.oC.ulator is sir.mlatcd on an analog COT?:?uter 
the results obtained are given in figure 11, J.2, 13. '.::le :1a!T.l.onic 
anal:rsis of the current w~.vefo!'!!l at various freq_uencies are gi•r~m 
in table from 1 to '?. ':'he listing of har!!'.onic ar.al:rsis is given in 
Appendix 2. 

(l} Figures 11, 12, 13 reveal that ~otor ~hase current follows 
the current reference. ~-e current vavefor.?: indicates a S?r.all 
asymmetry which results in the nresence of even tarr.:onics in the 
motor current. Tr.is a:::yr.metry becomes serious near '!base freq_uencyn 
of the ~achine, but can be minimised by controlling t~e error cor.1!'.and 
to !:laintain consta..11t svi tching frequency. ~is a~!-·roach w"ill also 
helu to maximise inverter utilisation. :n the !-resent case t~e 
s· . .ri tching frequency select er. is 1 !CEz. ~:igher s-.ri. teeing not o!'lly 
reduces the asym.'!letr/ but also rec'uces the ~ of in di vi dual har!'.:onics. 

2. ::o. 

1 
2 ., _, 
)~ 

5 
6 
..., 

(2) The number of !lulses !)er c~rcle are given in table 9 

OIJera.ting 
Frequency 

24 
30 
36 
42 
It 8 
54 

:;o. o:· ?ulses 
~er c:rcle 

23 
17 
12 

c 
•) 

4 
b 
2 



The harmonics present near the pulse number are relatively 
large which support the concept of increasing the switching frequencJ 
to reduce the harmonic magnitude. 

5. CONCWSION 

The application of a delta modulator for current regulated 
I'm{ inverter has been studied and implem~nted on an anal.cg computer. 
The results indicate that this technique can be implemented using 
higher svitching frequency to obtain reduced TED in the inverter 
output current and voltage to b1prove the inverter performance. 
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SPECTRU" OF CURRENT WAVEFORH - 20 -

N A<N> B<N> C<N> P<N> 
------------------------------------------------------1 -8.6987158E-03 0.1001712 0.1005482 . 100.000• 
-c 2 1.1767861£-03 -2.8318195£-03 3.~665987E-03 3.04988: 
... c 

.R RPE~ 
;: • \8 "z. 

SPECTRU" OF CURRENT WAVEFORM 

N A<N) B<N> C<N> P<N> 
---------------------------------------·---------------! -1.1634945£-02 0.1022752 

2 2.1636316E-OJ -2.1357536E-04 
3 1.5195308£-03 2.9815666E-OJ 
4 3.~056650E-OJ 9.0094650£-04 
5 1.4044496£-03 1.1490700£-0J 
6 1.0442125£-03 -1.9037551£-03 
7 -1.5669371£-03 !.2778892E-04 
8 -3.2178231£-03 2.9683776£-03 
9 -2.131l059E-O~ 5.2403397£-04 

10 3.3838162£-03 -7.6944571£-06 
11 1.4726432£-03 2.1903743E-OJ 
12 4eJ230779E-03 -2.0564995E-OJ 
13 2.0J36956E-03 1o400238JE-03 
14 3.1577583£-04 -7.1921252£-04 
15 -3.l~99111E-04 J.9512585E-OJ 
16 4.3260894£-04 -8.J093799E-04 
17 2.8471800E-03 -4.5419219£-03 
18 -J.8742896E-03 -3.7268368£-03 
19 -4.099l534E-03 8.3171115E-05 
20 1.2549533E-Ol -2.b992937E-03 
21 2.2707498£-0J 2.6727444£-03 
22 -1.5293706£-0J 1.J474l57E-03 
23 -1.234463JE-03 -2.206182JE-OJ 
24 -1.2559464£-03 -J.4187003E-03 
25 -2.5277506£-04 2.t306135E-03 
26 -8.5341395£-04 -3.52l9926E-03 
27 6.3160324£-04 -2.8707301£-0J 
28 -2.5872248£-03 -2.9166328£-04 
29 5.3757019£-03 3.5126728£-03 
JO -3.9587948E-03 1.J210J63E-03 
31 -1.5327911£-03 S.7693087£-03 

0.1029349 
~.1741472E-OJ 
3.J464481E-03 
J.4262408£-03 
1.8146186E-03 
2.1713276£-03 
1.5721393E-03 
4.J10681.5E-03 
2.19458'17E-03 
3.3838248E-03 
2.639Z973E-03 
4.7872951£-03 
2.4691264£-03 
7.8548142£-04 
J.9736899E-OJ 
9.3680760£-04 
5.3605493£-03 
5.J758193E-OJ 
4.09~9972E-03 
2.9767591£-0J 
3.5071168£-03 
2.0382600E-OJ 
2.S2~0477E-03 
3.6421029E-03 
2.6427303E-03 
J.6258569£-0J 
2.9393903£-03 
2 • 603cU28E-03 
6.4216075E-03 
4.1733910£-03 
S.9694536£-0J 

••••••••••••••••••••••••••••••••••••••••••••••• 

100.0001 
2.11215· 
J.25103: 
3.32855 
1.76288• 
2.109411 
1.52731· 
4.18777· 
2.1J201· 
J.28734· 
2.56414: 
4.650791 
2.398721 

o. 763085: 
3.86039• 

0.910091 
s.20110· 
S.22254: 
3.98309" 
2.89188: 
J.40712 
1.98014! 
2.45693' 
3.538251 
2.56738• 
3.52247: 
2.85558: 
2.529371 
o.23es1: 
4.054391 
s.79925 . 



SPECTRUM OF CURRENT W~VEFOR" 

----------------------------
N A<N> B<N> C<N1 P<N> 

~e----------------------------------------------------
--c 

.R RPER 

SPEC'fRUtt OF CURREKT WAVEFORM 

----------------------~-----
N A<N> B<N> C<N> P<N> 

------------------------------------------------------
1 -8.490SOS6E-03 9.8726459£-0~ 9.9090882£-02 
2 1.6992~04E-03 -1.4889134£-03 2.2592356£-03 
3 -S.3789787E-05 3.5077743~-03 3.S081869E-03 

~c 4 2.8119318£-03 -1.2S23538E-03 J.0782057£-03 
~r. 

.R RPt::R 
H= 3831 

SPECTRU" OF CURRENT WAVEFOR" 
------------------·----------

ii AOI> B<N> C<~> P<N> 

-21-

100.0000 
2.279963 
3.540373 
3.106447 

------------------------------------------------------
1 -1.11191~0£-02 0.1005604 
2 8.2686299E-04 2.717786SE-03 
3 -1.282~064E-03 2.80672SOE-03 
4 -9.9547766E-04 -6.1478:7 2E-04 
S -2.4277223£-03 1.84J4888E-03 
6 -1.?431142E-03 1.0686611E-03 
7 t.0471S65E-03 6o0484494E-04 
8 -2.9441556~-0J -1.6992763E-03 
9 -2.7092689£-04 -1.20132JOE-03 

10 -1.1841161E-03 7.0847588E-04 
1t J.8S65928E-04 -J.4703626E-03 
12 -1.1238814E-03 -5.8?28986E-04 
13 -6.7278469£-04 -t.73J6551E-OJ 
14 1.209224JE-03 t.9316371£-0~ 
1~ -3.9980761E-04 -5.9144725£-03 
16 4.J718070E-03 -8.3751~11E-C3 
17 9.6710800E-Q4 -2.909S728E-OJ 
18 -4.5231213£-03 S.752369BE-04 
19 s.2SOCQ85F--04 e.4643404E-04 
20 -9.4060111£-04 -6.SSJ2755E-vJ 
21 -7.4118981E-OJ -1.260704~£-0J 
22 -4.7865724£-03 -2.6991132£-0J 
23 3.2140121£-03 -2.9810474£-03 
24 -2.S0436S:E-03 -6.877464SE-04 
25 S.Q263149E-03 1.8104JB9E-03 
26 -2.96S0771E-03 6.837169~E-04 
21 2.9093560£-03 -2.7834103£-03 
28 2.2?29748E-04 -S,294162SE-04 
29 8o9280488E-04 6o0044241E-03 
30 6.6366169£-04 -1.489SCi04E-03 
31 1.ZS82013E-03 4.0~93766£-03 

0.1011733 
2.8407862E-03 
3.0858~94E-03 
1.1700144E-03 
J.043J2:i2E-03 
2.04462JJE-03 
1.2092866£-03 
J.J993S18E-03 
1.2314944£-03 
1.J798801E-03 
J.4917260E-03 
1.2680768E-03 
1.SS962JSE-CJ 
1.2245S53E-03 
S.9279031E-03 
1.4475318E-OJ 
J.0660906E-03 
4.559:>532E-OJ 
9.9603040£-04 
6.917522JE-e:S 
7 .. 5183S1;o:sE-03 
5 • •9~42SU::-oJ 
4.3836oSOE-OJ 
2.5970864E-03 
5.3424276£-63 
3.04~aSSJE-03 
4.0264204~-03 
s.1614734E-o4 
6.0'1063S3E-03 
1.6306619£-03 
4.271.0844£-03 

•••••w••••••••••••••••••••••••••••••••••••••~•• 

100.0000 
2.867&43 
3.0SOC74 
1.150446 
3.012975 
2.020913 
1.19:5263 
3.3:59931 
1.217213 
1.3638?9 
J.451234 
1.2,3372 
1.eJBOStJ 
1.21G=!S5 
3.B,9160 
9.337973 
J,030~3S 
4.S06678 

0.994-.799 
6.831303 
?.4l:Uo5 
:S.431700 
4.J328:'.9 
2.!560969 
s.~eo474 
3.007598 
J.9797:?8 

o.ts6•4•~u 
6.0002%7 
1.4117'~2 

· '4.2215SS 

f 
I 
I 

I 



R RPER 
M• 3064 

SPECTRU" OF CURRENT WAVEFOR" -------------------·---------
N A<N> B<N> C<N> P<N> 

ae---------------------------------------------------~ ... c 

.R RPER 

SPECTRUM OF CURREMT WAVEFORM 
----------------------------

B<N> C<N> P<N> 
------------------------------------------------------

1 -1.0482918E-02 9.9074572£-02 
2 -2.2690368£-03 4.7111092E-04 
J -2.6551327E-OJ 2.1693509£-04 
4 -2.6935185£-03 -J.5268825£-04 
5 6.859517JE-04 4.0445658t-03 
6 -1.7414845E-OJ -1.004026JE-OJ 
7 -5.1446434£-04 -5.6218076£-04 
8 -J.2341788E-OJ 1.3574844£-03 
9 2.7508314E-OJ -J.2125935E-03 

10 -1.01J1472E-03 7.1860766E-OJ 
11 7.5920619£-04 7.64~7560E-OJ 
12 2.J9871J7E-OJ 6.J756346E-OJ 
13 -7.J305271E-OJ J.5156948E-OJ 
14 -1.2509052E-OJ 6.0981628E-03 
15 -4.5056973E-04 -2.6144604E-OJ 
16 -2.J220999E-04 5.9924298E-OJ 
17 2.4612942£-0J 9.8832296E-OJ 
18 1.0873459E-03 1.565395JE-Ol 
19 1.5924908E-OJ 6.0452305E-05 
20 -3.0536214E-03 -J.6030496£-03 
21 5.0607943E-OJ -1.2668475£-0J 
22 -3.0659812E-OJ -1.4583829£-03 
23 -8.4996200E-04 -5.2244342£-03 
24 -2.4771744E··03 -2.4625282E-OJ 
25 4.0J871~3E-OJ 7.2822911E-OJ 
26 1.0566504£-03 9.8124205£-04 
27 1.4934149£-04 -2.204t621E-03 
28 1. 7245049E-C3 -2. 0337526E··OJ 
29 -7 ( 7 (45.S54f'-C4 7. 921J10oE-04 
JO -4.~9S6846E-04 -2.46304~4E-04 
31 1-$0694~3£-03 -2.5338~07E-03 

9.9627621£-02 
2.317428-iE-Ol 
2.6639802E-03 
2.71i15108E-03 
4.1023218£-03 
2.0101834£-03 
7.6205039£-04 
J.5075170£-03 
4.2294008E-03 
7.2571458£-03 
7.6813670£-03 
6.8119415E-03 
8.12?9907E-03 
6.2251J89E-03 
2.6530016E-03 
5.9969276E-03 
1.0185097E-02 
1.9059862E-03 
1.5936379£-03 
4.7229836£-03 
s.2169478E-o3 
J.3951616E-03 
5.2931230£-03 
J.4929127£-03 
8.3272438£-0J 
1. 'Ml 9939£-03 
2.2092157E-03 
2.6664708E-03 
1.1078152E-03 
S.OJ87147E-04 
2.S9822981!-03 

•••••••Rs•c••--••>•wn••11••••••••m.••••••:ii:•••••:aM•• 

SPECTRUM Dr CURffEHT WAVEFOR" 
-~--------~-----------~-----H AOO lt<N> C<N> 

100.0000 
2.326090 
2.673937 
2.726664 
4.117655 
2.017697 

o.7648987 
J.520627 
4.245209 
7.284271 
7.710077 
6.837402 
8.160378 
6.248406 
2.662918 
6.019342 
10.22317 
1.913110 
1.599594 
4.740637 
5.236441 
3.407852 
5.312907 
J.5059~8 
8.3SS:S69 
1.~4'iJ84 
2.217473 
2.676437 
1.111956 

0.50575 .. 8 
2.909062 

..,. ____ _, ____ . ____ ·-----.. ----------------------··-------------
1 -1.081-492fJE-02 o.tCU799 o.1(117563 
2 -3.~SS?290E-03 -2.0001044E-OZ 3.'l338426E-03 
3 -S.3~12~01E-03 -~.726~936£-0S 1.3920774£-03 

100.0000 
3.671363 
~.299011 

' 



.R RPER -23-

SPECTRUH OF CURRENT WAVEFOR" 
----------------------------

N A<N> B<N> C<N> P<N> 
------------------------------------------------------

1 -1.1251SS9E-02 0.1016232 
2 -2.9837282£-03 -1.0194159£-03 
3 -6.0042799E-OJ J.2362874£-04 
4 -8.3754736£-04 -9.92J8462E-04 
5 2.9772012£-0J J.6629089E-03 
6 -2.5874795£-03 t.5594177E-03 
7 4.3396498£-03 -9.3365670£-05 
8 -5.3327653£-04 -2.440!664E-03 
9 -1.2338572£-Q~ -J.4100024E-03 

10 -1.6294083£-03 -2.2434539£-03 
11 -4.4764644£-03 J.7095477E-03 
12 -3.0880845E-03 -4.3171677£-03 
13 2.4578299E-OJ 6.7482931£-03 
14 -J.4979736£-03 1.5889310E-03 
15 2.0S39002E-03 -1.6596549£-03 
16 -1.2489295E-03 -J.97J004JE-04 
17 -S.2577942E-03 2.5170459£-04 
te l.1B93184E-03 2.1298109£-03 
19 4.7025364£-03 -4.0185796£-03 
20 le2961189E-OJ -1.0522145£-03 
21 -1.2022645£-03 2.7674134£-03 
22 1.2231006£-03 -3.3921388£-04 
~J 4.1228724E-03 2.0027974£-04 
24 ~.8519440E-04 -1.9293450£-04 
2S -J.2590046£-03 -9.2754548£-04 
26 7.9436647E-04 -1.4534589E-03 
21 2 .0721391£-05 3. 414654"1E--04 
28 t.9971469£-os e.1793644£-04 
29 6.31~4~55£-04 -1.6894201£-05 
30 -6.596S942E-05 -1.2272825£-03 
31 -1.1B28747E-03 -1.3734287E-04 

0.1022441 
3.1530689£-03 
6.0129953E-03 
1.2985811E-03 
4.6578096£-03 
3.02106:$1£-03 
4.3406542E-03 
2.4977583E-03 
3.6263647£-03 
2.7727347E-OJ 
S.8137318£-03 
5.J079380E-03 
7.1819490£-03 
3.8419424E-03 
2.6406364£-03 
1.3106002£-03 
5.2638156E-03 
2.4393797E-03 
6.1856960E-OJ 
1.06945501:-03 
J.0172863E-03 
1.2692680E-OJ 
4.1277343£-03 
9.0597622£-04 
3.3884293£-03 
1.6563699E-03 
J.4209364E-04 
e.te1eo21£-04 
6.3177146E-04 
l.2290541E-03 
1.1908214E-03 

---~···········~······=···=·····==··=·======= 

100.0000 
3.083863 
5.881017 
1.270079' 
4.555576 
2.9~4756 
4.245382 
2.442935 
3.546770 
2.711876 
5.686127 
~.191434 
7.024313 
3.757616 
2.582677 
1.281834 
5.148281 
2.385838 
6.049927 
1.632812 
2.951060 
1.241409 
4.037135 

o.8860911 
3,314057 
1.\20014 

0.3345950 
0.80:>2222 
o.6179048 

1.202078 
1.164684 

, 
I 

' 



.R REIR -24-
H2 2182 

SPECTRUft OF CURRENT WA~EFORH 

N A<N> B<N> C<N> P<N> 
------------------------------------------------------

1 -3.5615951E-02 7.8726918£-02 &.6408466E-02 99.99999 
"C 2 7.B22~193E-03 -6.7J25011E-03 1.0320547E-02 11.94391 
.. c 

.R RPER 
M~ 2182 

EPECT~U" OF CURRENT WAVEFOR" 

N A<N> B<N> COi> POI> 

1 -3.5427235E-02 7.9254165£-02 6.6811937E-02 
2 7.B515159E-03 -6.3820682£-0J 1.0118157E-02 

.. C 3 3.B805970E-OJ 2,1919736E-Ol 4.4568805£-03 

.. c 

.P. RPER 
,.. 2178 

,. ... -. 
SPECTRU" OF CURRENT WAVEFORH 

99,99999 
11.65526 
s.133949 

N A<N> B<N> C<N> P<N> 

1 -J,6245845£-02 7.a617647E-02 
2 7.5464784E-03 -6.2S17363E-03 
3 3.9633936£-0J 2.0280846E-Ol 
4 -t.4790243£-03 1.7853347E-OJ 
5 -7.5651?80E-OJ -2.3010431£-0J 
6 -7.9J63J41E-05 5.6765281E-'4 
7 5.192869JE-03 -1.8029280E-03 
8 ~,1 .38:.?2408E-03 2. 7828196E-OJ 
9 4ei0834SOF.-05 -2,3328S13E-OJ 

10 ~.6784518£-0J -1.1435875£-03 
11 7.0976871£-0J -~.8431016E-?4 
12 -~.~18S452E-04 -J.13~3440E-OJ 
13 l.OS93928E-OJ -4~4119492E-03 
14 2.0479290E··04 5.7936478E-03 
15 -8.0678862E-04 -7.240~6:5SE-04 
16 1.,89S95SE-03 -1.2303626£-03 
17 2e6S4S217E-03 -2.2168411£-03 
18 -2.tJ49146E-03 -2,973S60SE-03 
19 -2.7890131E-04 -1.4649176£-03 
20 2~120007~E-03 3.1030441£-03 
21 s.:4,2927E-04 -2.~26as1JF.-04 
22 le0401787E-O~ -2.7093128£-04 
~3 leS2S3402E-04 -J.926718:5£-04 
~4 -2.0196489£-0J -6.0932J03E-04 
25 2.603SSSSE-05 6.782JS92E-04 
26 8.6S16253E-04 4.6272608£-04 
27 1.4437354£-o~ -S.2808056E-04 
29 S.4554129£-04 1.3868256£-04 
29 le11209&8E-04 8oS302272E-06 
JO -1.S039454E-04 -1.2542629£-04 
31 4.703~934E-04 7.J2?1268E-04 

8.6570755E-02 
9.S188361E-OJ 
4.4S21475E-OJ 
2.J183902E-OJ 
7.9074027£-03 
S.7317381E-04 
5e4969485E-03 
J.107197JE-03 
2.3332131£-0J 
2.9123696£-03 
7.1143280E-03 
J.1840776£-0J 
4.SJ72597E-Ol 
:;.7972660£-03 
1.0840440E-03 
2.0101259£-0J 
3e4S84492E-03 
3.9730137E-03 
1.4912308£-03 
3o7581450E-03 
S.9:SS8958E-04 
1.0748840E-03 
4•212648SE-04 
2.1095632£··03 
6.78738 .. 6£-04 
9.9883112£-04 
9.1266702£-0., 
:5.6289264£-04 
1.11S36SSE-04 
1.9583225£-04 
8.7085564E-04 

••••••••••••••••••••••••••••••••••••••••••••••• 

100.000Q 
11.34198 
S.14278:5 
2.078029 
9.134034 

0.6620971 
6.349660 
3.589200 
2.69S152 
3.364150 
e.217935 
3.676006 
5.2'41100 
6.696S64 
1.2:52206 
2.321946 
3.994940 
4.58932S 
1.122557 
4.341125 

(i.6879801 
1.241625 

0.4866134 
2.436808 

o.1e40214 
t.1S3774 
1.054244 

o.6so2111 
0.1288386 
0.2262106 

1.005947 



- 25 -

.R RPER 
tt• 1905 

SPECTRU" OF CURRENT WAVEFORM 

N A<N> B<N> C<N> PCN> 
-~----------------------------------------------------

-c 
"C 

1 -4.0286720E-02 5·6455195E-02 6.9355674E-02 
2 6.1448985£-03 2.579417SE-03 6.6643208E-03 
3 -9.4711540E-05 5.0S15337E-OJ 5.0524217E-OJ 

.R RPE~ 
1904 F"-- 4VM~ 

SPECTRlP.t OF CURRENT WAVEFORM 

·100.0000 
9.6\>890S 
7.284800 

N A<N> B<N> C<N> P<N> 
------------------------------------------------------1 -4.0031269£-02 S.656879BE-02 

2 6.0069491£-03 2.7184037E-03 
3 -S.0109542E-OS 5.1595867E-03 
4 -1.8946037£-0J 1.5618391£-03 
5 -J.4845790£-03 -S.0595375E-OJ 
6 -2.8978387E-04 1.4181739E-03 
7 -6.BS89603E-03 4-9666939E-03 
B 3.7869844E-03 -3.3562570£-03 
9 -1.1182741E-OJ 1.~f96961E-03 

10 -2.2320931E-Ol -2.S881142E-OJ 
11 1.2037186E-OJ -8c0677141E-OJ 
12 -4.1853669£-03 2.0973591E-04 
13 -4.831999SE-04 -1.JJ4S480E-03 
14 9.1367221£-04 6.J690087E-03 
15 -6,328940SE-04 S.2S51448E-04 
16 3.666863BE-04 4.6059478£-04 
17 1.5500562£-03 1.29JOS32E-04 
18 1.4841183£-03 -2.7452079£-0J 
19 -1.S11779SE-OJ -7.2186039£-04 
20 -1.4658574E-OJ -6.9961941E-04 
21 -9.9605869£-04 -i.8360242£-04 
22 1.3170058E-J4--8.8055769E-04 
23 6.8745372£-04 S.2220299£-04 
24 -2.859973SE-04 8.J408377E-04 
25 1.3924392E-03 1.6195094E-OS 
26 -o.5543340£-04 6.0294761£-04 
27 6.7306263£-04 -6.8424~08E-04 
28 4.7730071E-OS 4.2469462£-04 
29 -1.8654900E-04 -6.0233939£-04 
30 2.6380402£-04 -9.9134899£-04 
31 -7.3165377£-04 -9.7419434E-O~ 

o.9300301E-O:! 
6.5934178£-03 
5.1598297E-03 
2.455J747E-OJ 
6.1433879E-OJ 
1.4474778E-03 
8.4683755E-03 
5.0602090E-OJ 
1.7915597£-03 
J.4176856E-03 
8.1570186E-03 
4.1906186£-03 
1.4193311E-03 
6.4342110E-OJ 
8.226J019E-04 
5.887J295E-04 
1.5554401£-03 
3.1207008E-OJ 
1.6752790£-0J 
1.6242553£-03 
1.0128390E-OJ 
8.9910900E-04 
8.6330099E-04 
B.8175409E-04 
1.3925334£-03 
8.9058338E-04 
9.:5979410E-04 
4.2736833E-04 
6.3056586E-04 
1.0258487£-03 
7.3811092£-04 

·········································-····· 

100.0000 
9.514271 
7.445610 
J.543094 
e.864880 
2.088703 
12.21983 
7.301957 
2.565212 
4.931704 
11.770S4 
6.047042 
2.048088 
9.2945:,;5 
1.187051 

o.8495388 
2.244493 
4.503156 
2.417419 
2.343793 
1.461522 
1.297410 
1.245739 
1.272367 
2.009419 
1.2ss101 
1.38 .. 978 

o.6166904 
o.9099035 

1.48029S 
1.065091 



,. 

- 2b -

SPECTRUK OF CORRENTl'AVEFORn 
-~--------------------------N A<N> C!N> _____ _... ______________________ .,, ______________ _. __________ _ 

1 ... -4.01~025!5E-02 5.1298~89E-02 6.5142915£-1\:? 
2 e.9906~66£-03 -2.7351379E-03 9c3974~~7E-OZ 

~c 3 -8.1488490E-04 l.599S208E•03 1.7951336£-03 
.. c 

.~ RPER 

SPECTRU" OF CURRENT WAVEFORM 

H A<N> B<N> c<ro P<N> 

10?.0000 
14.42596 
2.755685 

--------------·----------------------------------------
1 -4.0170707£-02 5.1260829E-02 
2 9.0203350E-03 -2.8377343£-03 
3 -9.2781248£-04 1.6687559£-03 
4 -4.2184428£-03 -2.r827282E-03 
5 -1.573792~£-04 -1.7920906£-02 
6 -1.9624743£-03 1.1418074E-03 
7 -7.5261854E-03 1.83427J3E-OJ 
8 2.1~91124E-OJ 2.1!16417E-03 
9 -S.t847~04E-O~ 4.3276697£-05 

10 -S.0364609E-C4 -1.7639803~-0J 
11 2.0~56446£-03 -2.6460050E-OJ 
12 -!.08796SOE-~J -3.279C?57E-04 
13 -1.3922584£-0~ -9.4307627E-04 

·14 t.J840114E-C4 t.S68S1J6E-OJ 
lS -1.6186434E-04 -J.27009~JE-04 
~.6 3.674:5446E-04 -8 ,8945159E-o4 
17 1,0634972E-03 -l.6927091£-04 
18 -J.1608681E-04 -6.6618720£-04 
19 -1~3721?76E-05 -5.430619JE-04 
20 -S.231901JE-04 7.6258794E-04 
2! 1.11eJ527E-04 -2.•10251eE-04 
22 4.7211087E-04 -J.2011510E-04 
23 4.19~1~50E-04 1.1928552£-05 
24 1.6967364E-O~ -5,J48105JE-04 
25 2.~4~s110E-04 -9.eoo4~2eE-os 
26 -S.4SJ3340E-O~ 1~4386962E-04 
27 2.809~916E-04 -~.,~1J~l9~~os 
28 3.J982934E-04 -1.5202902E-05 
29 1.7718451E-04 -S.79~7390~-05 
30 J.6340361E-04 -2.2J91904E-04 
31 7.4859811E-05 7.6124190E-05 

6.~1257!1E-02 
9~4561717E-03 
1.909J408E-03 
5.16o4235E-03 
1.7921597£-02 
2.2704690E-03 
7.7464846£-03 
3.0200658E-03 
6.0003874E-04 
1.8344715E-CJ 
J.J753621E-03 
1.1363002E-03 
1.6815994E-03 
1.S746078E-03 
J.6487711E-04 
9.62365JOE-04 
1.1257830E-03 
7.J737121E-04 
5.4323528£-04 
9.248071&E-04 
2.9600761E-04 
5.7040545£-04 
4.1928224E-04 
5.6108064E-04 
2.J199680E-04 
5.6401140E-04 
2.8176166E-04 
J.4016944E-04 
1.8642267£-04 
4.2790372E-04 
1.0817728E-04 

•••••••••••••••••••••••••u•••••••••••••••••••• 

100.0000 
14.31987 
2.931777 
7.V33001 
27.~184'7 
3.486287 
11.89466 
4.637286 

o.9213546 
2.816816 
5.182841 
1.744780 
2.582082 
2.417798 

o.5602658 
1.477704 
1.729631 
1.132228 

o.&341333 
1.420034 

o.4545173 
o.8758529 
o.6438045 
o.8615348 
o.3562292 
0.8660349 
0.4326427 
o.5223274 
o.2862sos 
o.6570427 
0.1661053 



,...,.. .. .::. : -

SPECTRUK OF CU~RENT WAVEFGRH -------·---------------------
BOO C<N> P<N> ---------------------..... --------·------~----- ------· ·-----

1 -4.00~~661E-02 6.2430896£-02 7.4176505E-02 
2 1 • 2J.l5555E-02 1. J604991E-03 1. ~41 OJS4E-02 

-c 3 -2,,J:Z&90,9E-OJ -6.7S9421C~-OJ 7.1493774E-03 
-c 
.R RPER 

". 1690 

SPECTRU" OF CUR~ENT WAVEFGR" 
----------------------------

N A<N> C< .. > PUO 

1oc;.oooo 
16.73084 
?.638331 

--------.------------_________ r-,,-------:----·---------------
1 -4.0260274E-02 6.J291132E-C2 
2 1.2340455.f;'.-02 1.1857559E-OJ 
3 -2.3312483E-03 -6.44~9~~4E-OJ 
4 t.~052277£-0J 5.312~214E-04 
S -1.0l20S1~E-02 -1.2099984£-02 
6 -2.0J68542E-03 -6~J929526E-03 
7 -3.4467527£-03 6.3640852£-0J 
9 -1.6418964£-04 1.84'17942E-03 
9 3.28i795~E-03 ~:.02216v8E-03 

10 -3.561235SE-OJ t.6~70635E-03 
t1 -1.0751036~-03 -6.0395845£-03 
12 1.6275269£-03 3.3580072£-04 
13 -2.4108987E-03 6.0828892£-04 
14 6 .. 29~3727E-04 1 • 3353386£-03 
15 -1.2923837E-04 -1.6994508£-04 
16 7.6632008£-05 -1.5213887E-OJ 
17 t.0161098E-04 -J.8916292E-04 
18 -4.16SOJ08E-04 -S.6044728£-04 
19 -1.67225~3E-04 2.6859067E-04 
20 -9.2390S7SE-04 8.9711502E-05 
21 1.6868288E-OJ -J.5644337E-04 
22 -3.2415424£-04 6.8256864£-04 
23 -5.6311296£-04 -1.2q68438E-UJ 
24 2.6916232E-04 ~.371~576E-O~ 
2S -3.9119944£-04 -2.S725390E-04 
26 4.J940902E~04 -l.0113701E-05 
27 2.1795508E-04 7.4686884E-04 
28 -1.7181215E-04 -S.J800968E-04 
29 1.7S3~828E-04 -4.2527396E-04 
30 -1.58SS047E-04 -J.01S2SOSE-04 
31 3.2697021E-04 1.S128212E-04 

7.5011045£-02 
t.2397293£-02 
6.8517677E-03 
1.8817775E-03 
1.5903542£-02 
6.4243949E-O~ 
7.23?5196E-03 
1. 8570668E ··OJ 
J.4401~,lE-OJ 
J.9194869E-03 
6.134527?E-03 
t.6618081E-03 
2.4864'52-,E-OJ 
1.4762948E-03 
2.1J50384E-04 
1.5233174E·<>3 
4.022C961E-04 
6.982o6~3E-04 
J.1639426£-04 
9.2825107E-04 
1. 7240775E··OJ 
7.5:562950£-04 
1.4046576£-Jl 
2.6962074E-04 
4.853J600E-04 
4.40AJ970E-04 
7.7~021~~E-04 
S.6~71770£-04 
4.60009:?1E-04 
J.4066936£-04 
3~7680792E-04 

··•••••••••••••••••••••••••••r•••••••••••••••••• 

100.0'lOO 
16.52729 
9.134345 
2.51.>8667 
21.20160 
8.564598 
9.648605 
2.47572~ 
4.:i8621}4 
:s.225213 
a.110166 
~.2!5-418 
3.314782 
1.968103 

o .. 2846299 
2.030791 

o.5362005 
0.9308848 
0.4217969 

1.237466 
2.298431 
1.0073~8 
1.872601 

o.3594414 
0~6'47t'194 
0. ~0~"'16£4 

1.0J720q 
o.75~9261 
').61l2~~J 
C.4~4.lS99 
0.:502:1364 



.Tft2 RPER 
FORTRAN IV Kon 27-Jan-86 06:5G:42 

fORf /LIST:SY:/WARHINGS PER 
..... c 

LINK PF-R•ANLlB1FORLll 
..... c 

·RUN PER 

***" c EDIT Pe:R.FOR 

-··· c c 

0001 
0()<)2 
0003 
0004 
0005 
0006 
0008 
0009 
uC;lO 
'101.1 
OOiJ. 
oon; 
0014 
0015 
0014 
0018 
001f 
0020 

c 
PRQGRAH MAR"ONIC ANALYSIS OF CURRE~i WAVErORH 
DELTA HODULATEP INVEWRTER,25 H.P. ~OTOR AT NO 
H-0 
g1tt£NSIO.~ X<7000>1A<~0>1&<5C>,C<50),PC30) 
FN•TEST<1> 

10 FO-FN 
FN•TEST<l> 
IF <<FO.LT.o>.AHD.<FN.EQ.O~l GO ro 30 
GO.TQ 10 _ 

30 CM.L TiltER C 3' 1 ~S-> 
DO .10 Iml,7000 
f O•FM 
CALL WAIT 
CAlL FADC <l•X<I>> 
H•i1+1 
FN•T£5T<1> 
IF C<FO.LT.O>.AND.<FN.EO.O>> GO TO 45 

40.. - CONTINUE 
45 TYPE ·~ I 

TYP~ *• I 

PicJ,141592654 
TYfE •• ' SPECTRUM OF CURRf.NT WAVEFORK 1 OC'21 

\)0~2 

TYPF. *• ' ----------------··-----------, 
:tN> (•023 

B<N> 

-28-

POI>' 
T'IP'! ll1 ' 0024 

0025 
N A<N> 

f'1PE •• ··------------------------------------------------------' 
f,)026 
0027 
00~8 
0079 
0030 
0031 
'JOJ2 
Ot'l3 
0034 
003:5 
~036 
0037 
~;,,38 
OCJ;)~ . 

HA~ • " - t 
DO SC N•1,;31 
A<H>•O.O 
D<N>•C..O 
r.<Nl•O.O 
;in '?O I•1•"AX 
W1mc2.oiPit<I-t>•N>I" 
w22<2.n•PI•I•N>IH 
A<N>•A<N>+!X<I>•<SIN<W2>-STN<W1>>>1<Ml?!> 
8(N)•B<N>+tXCI>•<COS<W1>-COS<W2>>>1<N•PI> 

70 CONTINUE 
CCN>~SGRT<A<N>•A<N>+B<N>•B<N>> 
P<N>•<100•C<N>>IC<1> 
TYPE •• N•A<N>•B<N>rCCN}rP<N> 

0040 
0041 
0042 

~O L!JN'f INUE TYPE *• , ......... L ........................... 111 ............... , 

004'3 
FORTRAN IV 

STOP 
END 

tn !in~ 0027• Warnin•: Possible iMJdification of index ·~· 
4n line 0043• W•rnin•S Non-standard •~•teaent orderin• 
FOftTRA.~ IV S\ora•e "•~ t~r Pro•r•a Unit .~AIN, 

L.oeal Uariabl••• ,PSECT tDATA• Sizr, • 070274 < 1.i .. JO. ~ord5) 

N••• r~... att••t 
f W R•~ 07~29~ 

NJ•• -Tv~e Ottaet 
FO R•~ 070,12 

Tw11t• Offset 
1*2 07.l2l6 



FORTRAH IV 

c 
c 

0001 

vo2.5-2 

PROGRAM ~O ~LCULATE SWilChIU POINTS P~R 
CYCLE• WITH i>EL TA MODUl.AfED INVERTER 
H•O 
FH-lEST<l> ~2 

0003 
0'>04 

10 Fa-FM 
FH~TEST\1) 

ooos 
0007 
00'>8 

~' 0010 
0011 
0012 
0013 
0014 
0016 
0018 
0019 
4>020 

:so 

***"* E i'ORTRAH lV 

IF <<FO.LT.~>.AHD.<~N.EQ.O>> GO TO 30 
GO TO 10 

f1•TEST<2i 
F1•F2 
F~•TEST<2> 
Fl•T~ST<l> 
F~-F4 
F4•TEST\1> 
tF ~<F3.LT.O>.A~n.<F4.EQ.~>> GO T~ 50 
IF <<Fl.LT.O>.AND.<Fi.EO.O>J N•N+t 
GO TO 30 
TYPE*• 'NO OF SWITCH:HO POlMTS•'•N 
STOF 

Lcc~l V•ri•ble'li• .PSECT $DAT Ar Siz• • 000032 ( 13. 

Maae. T:.,.,a Ot1Ee1. Nus TvP• Otf s•t Naae 

FH R*4 ~00002 FO R*4 0000~6 FJ 

F2 R*4 0000&6 F3 ~-.. 60002:: F4 

H t•2 COOGOO 

-29-

word•> 

Tvta• llf'fset 
R*_. 000012 
~ ... OOC026 

!J»rauti.;l•tit Function•• Stat.a••nt. •nd Proc•••~r-Defin•d Function~: 

Me•• TvN Na•2 -:-.. _.. Na .. TvPe ~ii•• T~Pe Naao T~P• 

TE!iT R:t4 ' 
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APPENDIX I 

I~DOCTION MOTO R SPECIFICATION 
------------------------------
The induction motor se!ected fer study has the followinq 
specifications 

NAME ~LA'l'E SPECS 
----------------Stator line frequancy •••••••.• 60 Hz 
OUtput horse power •••••••••••• 25 HP 
Line to Line voltaqe ••••••.••• 230 Volts (RMS) 
Pole number •• ................... 4 
Machine paraaaeters 
-------------------Stato~ Resistance ••••••••••••••••••••• 0.0788 ohms 
Stator referred rotor restance ••.••••. 0.04~8 ohms 
Stator leakaqe reactance •••••••••••••. 0.3062 ohms 
Stator referred rotor leaKaqe 
rectance ....•............•...•.•...... 0.6692 ohms 
Maqnetizing reactance ••••••••••••....• 5.5395 ohms 




