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ABSTRACT

This thesis proposes load emulator for motor test which uses dc motor to generate the
required load torque. DC motor is controlled under 4-quadrant operation by using personal
computer for receiving the require load torque value and rotation direction via keyboard and then
sends the signal to MCS-51 Microcontroller for generating reference signal compared with actual
current from current sensor by using PI controller. In this thesis, drive and power circuit module
are controlled by bipolar switching method. Moreover, full bridge dc-dc converter with switching
component called IGBT and current sensor circuit with sends actual current value back to PI

control circuit are used for dc motor drive and feedback control part, respectively.
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anuinlgegnall 128 ludge (80H - FFH )luiiufideunuiuegssnianisany
$1005 § oS TRy (SFR — Special Function Register) 20 §H 14

upRASE 00H — 1FH  §1uu 32 ludezgaldaulugmess mans 1Fnuim luus

o R A 1 o A 9/ 9/ 3 & o 4 a gy a
ponidu 4 nguiSenduued sxdenldnuldnies 1 el Swau s lud dndudqeziins
Y
Wemlunues 0 winiu
o L4 [] a 9 1Y d A a

uoAese 20H —2FH $1uau 16 lud  iiludauimusselFouludnuus ludnsSeda
I¥Yy 4 a P a 9 Y A
nld Aolla 00 ( LSB o 20H) §is 7FH (MSB ¥94 2FH) 123 128 fin ms l¥msdedauy
Q o o 2 é va :;
davzilimeihousiadiiu sulluguauiaveslulasaoulnsames Mcs-51 figesn
puwWe MsauaIuau Tnsmwe

° & a
uoeAsd 30H - 7FH $1uau 80 lud ewnsaldauduluddeyalddas:

[ g a ' o9 o a
msdanunvearieaNu doyauannegili 3.3
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FFFFH
nidaadwhidoya
mauon
FFH
= External Data Memory
Soainos
i (RAM)
. oW
7FH . &
1 mdssanuii
1 doygamelu
004

v 3
U733 masaiuntrenuideyaved 8051

(3). veaNudIveyanIBuen

09/

MUITOABNUNUIEAIY ‘ﬂﬁlﬂilﬁﬂ'lﬂuﬂﬂ"lf?l‘ 64 ﬁIﬁnL‘Uﬁ "dl;ﬁ!,‘i'l ADNUIANU

U

A a4 Py A A 4 9 P o o
mﬂut)ﬂmumm‘smmmﬂ%wu‘niumimuGUE)y,aﬁluﬂlmzﬂﬂmﬂmm\ﬂumu’mum
o . y s o b 2 $oaty
ﬂTLL?’TNQ‘U@\?NNﬂg'Elg‘Vl 0000H- FFFFH Gl‘l«lﬂ'lﬁ1%\71”&51’5’”“73ﬂLLU\?ﬁ?HWNQQ}@QﬁNWWU’JE}

o 9 k4 Ia A 4 d gy
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Byte
Bit Address Address Bit Address
o4
General rolrre]Fs|F4]R3[EafFi]ro
Putpase
RAM
£ eﬂm}m]ulmlmim]m
IENTEDICIBIA|79178 Do D'}]o%mln.:lm{ml - lt)o
77|76|75[74 |73 17271 |70
seleolsckakalooles) ool [T bokslAadu|
67]6665 6463 }62]61 |60
SFSE[SDISCISBEA[S9[s8 B0 avlas{esIaa[m}mIm
s7ls61ssisals3{s2}s11s0
srlselDlac)iBlialas)es 3 A,1 ; l ; }\C{AB}\MM;
47146145 |44 }43 |42 |41 Jao
IFPENDPBCHBPRAIIYI38 AD Ajk\blmi/‘dlmlmhl ACh
37)36{3s34[33}32[31 |30
2FREPDRCRBRA|29]28 9] NotBit Address
< frriaslashaalasfaziai o 98 {orjsefonfoclonoaloofos
NFENDICIIBA]19]18
17}1sfisfralsfizfitf10 % ”]”T”]“]”'”l“ %
oroejpjociospalos(os
o7[os{os o403 joz ot foo en|  MotBit Address
$C Not Bit Address
8A Not Bit Address
89 Not B Address
i NG e EREE
87 Not Bit Address
BANK 1 & ﬁot Bﬁ Address
: 82 Not Bit Address-
Default Register 8l Not Bit Address
Bank for RO-R? %0 87}35]85184183]32]31]90 '
RAM Special Function Registers

ACC

PSW

)

P

P3

163

P2

SBUFE
SCON

Pl

THI
THO

TMOD

TCON

PCON

DPH

DPL

sP

J o [ ] o :/‘ o a
3173 4 Aumisvemiganudimiwuy luduazuuuia
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3.1.3 ?ﬁmﬂa%’mmz( Special Function Register )
-d' o ~ L] 1] o ) 1 o q’/’ v 3
ndjui%ﬁmai’wmwﬁmmm:ama agiumtmuaﬂmwmﬂmmmmtm 80H ‘U‘HVL‘}J

) ' o a g a Y o
sresnondsdumisldlasass uazinedransadeddoyaunuialadegil 3.5

*ACC Accumulator EOH
B B Register FOH
*PSW . Program Status Word DOH
sp Stack Pointer 81H
DPTR Data Pointer
DPL Low Byte 82H
DPH High Byte 83H
PO - Port 0 80H
1 *P1 Port 1 '9OH :
1*p2 Port 2 AOH
*P3 Port 3 BOH
P Interrupt Priority Contro! B8H
*E Interrupt Enable: A8BH
TMOD Tumer/Counter Mode Control 89H
| *TCON: | Timer/Counter Control 88H
*+T2CON Timer/Counter 2Control 1 C8H
1 THO Timer/Counter O High Byte 8CH
1TLO “Timer/Counter O Low Byte 8AH
TH1 . | Tumer/Counter 1 High Byte 8DH
1T “Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 2 High Byte CDH
+TL2 Timer/Counter 2 Low Byte. CCH
+RCAPZ2H T/C Capture Register High Byre CBH
+RCAP2L T/C Capture Register Low Byte CAH
*SCON Serial Control 98H
SBUF Serial Data Buffer 99H
PCON Power Control 87H

* = gwnsadodumdodoyauvudala
+ = Dawrdu 8052 uax 8032 iy

M1519N3.1 S9mADsMWI SFR
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)

B Aiay : Ll
symmosnihnmwiznFlulassnuiddyde
[~7 A o a 9o o % dyo 1 4
DTPR - Data Pointer WuSaiansaua 16 Dalddmsududddumisveaniiog
o A o ' /a i A <Y arty
ANuIIMIsUNNI oA wrtsreglnsaisunmeinai lulnsnouInsanesAoensando
9/ 9 aa I3 a @ A A Y [ a
a7t Uszneunesiamesyua 8 Ua 2 Aafe DPH wag DPL wenms isauludnyue 8 U
2 @3 50 16 10 162014
o [ 4 LY [ 1 o
SBUF - Serial Buffer fmSumsfioansoynsy fusiviessu-dedoyalimanes
NOYNTY
TMOD - Timer Mode Control {ju53anaesvuia 8 dndwmsudenInuamsiauve
SNITUV/AVNAL2
PSW- Program Status Word (1159 auaesvina 8 davimihnuaasaniuemsyinanu
A a U a 1 Y a:’
voa Tsunsunsessaiuvan dadregaelupsw iludsil

A15190 3.2 PSW

Soda AN AMUNIY
CY PSW.7 Carry Flag
AC PSW.6 Auxiliary Carry Flag
FO PSW.5 Zero Flag
RSI PSW4 | 1a 1 dwSuienSiamesuued
RSO PSW.3 | Oa 0 dmSuiiensd anosiued
oV PSW.2 Overflow Flag
- PSW.1 =
P PSW.0 | Parity Flag

3.1.4 2995HD/AUIM ( Timer / Counter )
=% a o v A 1 o 1 g Aada J a 9
FUUIR 16 TA U 2 @3 A TO wag T1 udazdntadusi smesvunn 8 da'la

1 o o é o 1 =Y
WA THO , TLO wag THI,TL1 ewdwy deansmillidendeddase Tasninguls

Y

[ a v W v d 5] 2y
Hudggrauminnielu wie dudygiunadonaeuenila msaiuquezlsil awmes 2

£y

v Y v v )
7fis TMOD u1ag TCON 3yiauveesstivagmuavunnitimuas vdulisesqsuna

a o ' a aAa d [
1q9gatess samesuds  miniuaeldeziiams Overflow SSamesezaduluidiu o way

3.

Timer Flag UaA9n35ouAns 1Az gnLse

v £ v
FrEsaaemmsiiaula 4 Tvua  Tesasalu TMOD #ail
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Tnun 0 TaesTamesaaniuezgnimualiil 13 Ga Usznoudae TH 8 G uaz TLI 5 e
Tvua 1 meihaumieuiulvua 1 uadaiveziu 16 e
Tnua 2 1955 omes TLI dudniuifissdadon wazile TLLWuswdiu « 1« nuayn
Tafeed M3 maamnnisawmes TH1 Wy TL1 Taeda Tusiauaziinsida
v dy a’/’ v 4 I'd
TFH lu THIS e wsodean 18 Tae dasenfing
ﬂ A o w g s 2 o . “ﬂ a u’;l v o A
Tnua 3 ilumsmudiunaiudaniledn uaszdlusun 8 dansg Taomshiauduq
A 9
WHNBUAD 11iua 0
‘syd 9 2L o =) ' g _ S
Taseauiiins 19 Timer 2 @ailmwizu 8052 w5e 8032 Wirtiu avelu Timer 2 35
Tounesy1In 8 DaNu9IN Timer 0 UAZ Timer 1 0f 2 #2fp RCAP2L Lag RCAP2H 131
fvuamsiemldensTmaes T2coN lugil 35 Teelimsiham 3 Tnuefie Tnuauml
J =3 [ [ L
1993 ( Capture ), TrunalAsInan ( Auto Reload ) wazlulnuaaiswasudedoya (

9 v
Baudrate Generator) @151 Inseauii ¥ ludiuveses 145 Tnanasgiliis.ce

TF2 EXF2 | RCLK | TCLK | EXEN2 TR2 C/2, I“CP/R12

51 3.5 §5 enwod T2CON

1 osc —A8n
o —,'cm‘

\o_.....g/c L2 o
g _ : {@sar) | @a6Rs)
’ Cz=1  JCONTROL
2 P
RELOAD
TR? :
: TRANSITION RCAPZL {acAP2H |- 1P TF2
i OETECTION
; TiMERZ
INTERRUPT
TIEX PIN i oo EXF2
‘Jeonraor .

EXEN2

317 3.6 P3990 Timer 2 1uTnua Auto Reload
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) dy A o ¥ [ Q
mMsmnuluTvuailsieansadenmsvitaula 2 wuy  Teemsdinualude
:s' 1 AAa -4 [ dy
EXEN2 fiegluivames T2CON asil
o a 3 1 - = g
MnMruALia EXEN2 = Odloauean1stiunams 1o1es Iauuenanaz e
uwan TF2 udrdai lminanms nana1luss awos RCAP2L waz RCAP2H lilfwualdnus
a 4 & rA 9 o 3 [
a3 TL2 wag TH2 wesluamusuduvesmstuasede Tl
o a d‘ v @ a o g o A
mInMuuala EXEN2 = 1 iea1veenmsiumams 1e1es iaivusziiaumiou
Y tﬂ' 9/ [ wa cia A a d' =3 9/
nu Tnuah uadlaedn Tulia NWAEAD 3eNUITaAIUAUNYI T2EX Bady  1asms Inanse
gL : : : 2
nsziudedayanuin T2EX waeuen 1110 wezezihlviudan EEx2 grisadie @
v
[~ [ a @ (1
urlan EFX2 fezfludygndosvenissumesade al
a  f§d
3.1.5 M9 WnesUa
) v a v (¢ o v Y]
ansofmualdimsseunse luveuldimsdumnesdadvoudazdyanals lao
yao o v a an o é =1 ;l 4' <KX A @ (& a%:’
1935 msmruasvesiameluiimmes IE - FeliviauuinzydaoumesUalagsiunamue

a @ (d 1 9 G = Yy a [VT4
wazuvudumeslaudazdszinnla  msEadenuistwonliumsoumesUa

v
~

FuaNa i 1nimsdumesUa CPU § 5 anuaeRaased 3.1

00

aeyey e ANUHNY
INT 0 Ty I BUDNINY] P3.2
INT1 ey uAeUeN91NY1 P3.3
[ o
TIMER 0 o Tees Inaves To
[ o d
TIMER 1 e lones [Wives T1
SERIAL PORT | msoumesianamsSu/dedoyasynsu
TIMER 2 FayamTones Inarves T2

Py [ a g a [ EA
A13N13.3 uﬁmﬁmunpmmmmaumasﬂm

o o e o a v (d a [

seduANUdRY(Priority) vesdyanudumesla fie dumesUd nnnwueno , n
wesinuaes 0, dumesUdnouen 1, Inwesinuaes 1, nnnesiudedoyaoynsy
3.1.6 AR I

a o a 9 A Y [ = xé 9 o
revseeadiames meluiinihfiadedyoawnien Flddugmlunsdimua
9 Y v

Farazmsihauesmiledgienue  enaiugundumiedeslumsyiausend

“dfign (State ) “1p8 6 manElu 1 Machine Cycle  UndAninin 12/ anwddyanunsada
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3.1.7 Woinduwn / ewiwn

A o

4 a [ [ A '
I8 wau 4 wosn wesnay 8 da annsaldnuludnvus dygumemionguues

[

4 o 4 [
gaald  vrewesneunsathlylFluauould wu
4 9 v a =1 d [ LY e’(; ) o [ [ [
wosn 0 Iiludadmdndsznin STauwamsaludiueeSadeyadmsumisanus
MeUsN
o 3 s -4 v ar I'd
wosn 2 Idfumueaesaludgesautunesy o

I
Jd ©° [ v L=
wosn 3 annsarh llifundyanuniugueareg dei

1/0Und | aunsaldifiuen | wihii

P3.0 RxD IO YAVBINDT NOYNTY

pL P NAITOYAVDINDS NOYNTY

P32 INTO\ YRURNTyMdUmesUannIeUBn

P3.3 INT I\ YUyt umesananeuen

P3.4 TO doyaunadnouendmsy Timer o

P35 T1 Foyq e dmeusndmsy Timer 1

P3.6 WR\ ”ﬂujmumu?}a!.%m’fmga"lﬂwﬁwmmﬁmwuan
P3.7 RD\ 'c’?tyﬂunmxﬁ@ﬂ'm%@yasﬁewmﬂmm%wmau@ﬂ

o f =
AT 3.4 VTWOSNDOUNN /101¥HA

3.2 msvilnuvealysunsu

A a ¢ @ ' e B iy g v

HesnnmMInumuguuIIlaveNBmes Iz dnuiuaeuimes udadidoyald

Y v
lulasneulnsames  Wumsaruguusediaues DC Motor datiuTusunsuildlumsaiu
a 1 A
AU 2 daufD
d‘ =~ a 4 4'1 Yo U a a

L Tsunsun@enasluasuiiames e l9suamssdanazian1ensnyuues

vemes Ithnszuease udadunalfegluginszuaduds udrdedoyavosnszuadieds
| ] & d' -~ a

1T lu TasnouInsames Taodumanesaoynsu  Falilsunsuildde Jxawda 6

2. Wsunsuii@oudewdlulasaoulnsames  wwidumssmualdlulns
aou InsamesimihilumsSu-dednszuadieds TaosSumnszuadedennnouiomes

ATy 9

KIUNIINDsAoYNIY (P3.0-RXD) wazaemnszuadnedelllffuaess Pl Controller Aume

Y
=)

J & a v J [
WOTA0 TIWNTNBT LA IUA Iaeail
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3.2.1 suldsunsudinulunsununes
Tudrmvesmsdenunlslunouiomed  wldlisunsidrawdn 6 Hudradrs
é a [ { 4 o (Y]
Tsunsuudauwaadiulnaluana | EXE dauandumesmadeglii 3.7, TWatnda 147
51N 3.8
' a 7 ° Yt v 9 4
masaamdnes  wilumssmualiimsddfeyasenmenesnoynsy comt

9
unglisasmssudedoyanse Baud rate Wiy 9600 Dadedundi lifiwisada Sruauda
9
Yo A

Yoya 8 U woziiadathe 1 da Tasamssaz@eowii op code 1Adel

MsComm.setting = “9600,n,8,1 ”

w Forml

517 3.7 uaasdrudumesimatudldau
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Bugu )

l Setawisfitaaseneg

gg,

SUNFAMIIAISUYULRY /

/’ Aseiia : /
7%

wlavAnsefiauasnaniviagu
sUATIUEA0AY

2 \
» A 4

NO
OK 2
YES
goanssuasedsidululasaau
Insawradsitunasaaynsu COM 1
/K NO
/ nA \/ 8
END/
YES

-

aannnTdsunsuy

517 3.8 TWadmsaveslisunsumsdununouianes
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3.22 swldsunsunilewdlulnsneulnsames

v 9y
TsunsuiflowdluTnsaeuInsames  41Usunsumuuoasuuad ( Assembly )

[] 1 1 [ 1 { o a a
Iﬂﬂﬁ?ﬂ?ﬁﬂllﬂﬂ‘lalﬂu 2 ﬁﬂuﬁﬁ)ﬂ’)uiﬂilmﬁﬂﬁﬁﬂ uazmuﬁzﬂuiﬂmmnmms@ume

3.2.2.1 auli)sunsuvian ( Main Program )

] dy 1 a 9/ -3 A o 13 J
IIHﬁﬂuﬂl@QIﬂiLLﬂiﬂu %zﬁ]umuﬁ UAUYBINTITN NIUDU Iﬂﬂ‘ﬂ%ﬂ'lﬂﬁﬂ?ﬂl'lﬂﬂ']

a 2t A v 7 o = y v o ° '
WITIEADIA N L‘W’ﬂcl?fvl,uiﬂ'iﬂaui‘lfliﬁmﬂﬁ‘i’l1\371&%1“7]157%@37’113"lﬂLLﬁZ‘Vﬂﬂ'liﬂTH‘L!ﬂﬂ']

a a { & 4 ] [ aa [~ J
nrzurdetusudulin 127 ( Fulorunesulasdugraftaoaiuowaenudrdnssue

Y a =S ] [ a Aa v (I P=1 a 1 Yy a 0 9 a A
DNDNITUAUNINY 0) WINNAMIUMDIUANIE NS I/asunse e 1999 AINISLUTDINBIN

Tdvzgndali1¥iu2995 PI Controller Fiumenesao Tasenusadoudiuinarnia uan

M3 1daegalso

' a d g 9
ﬂ”lﬂclfﬁﬂ']‘W'ﬁ"IﬁJLG]E]i‘l]@\ihliJIﬂiﬂﬂuIVIiﬁmﬂiﬂigﬂE]'lJﬂ'JfJ

v )
® @wiln Timer Benudureesiy lulnues n Auto- Reload ( Tnua 2 )iie

15 fludadmuanidns Band rate Tumssudeyauvveynsy Taosasanead

YA Q ‘:' 9 A a ¥ o =\ &
1%f® 11.0592 MHz 1azda31 Baud rate N1ADIMIAD 9600 a AU H99
9 [ - 1 d' a o [Y] q’/’ 1 zd' us/’ 9w A
ADAVINNUAT Baud rate A MIADNNAADS  AatiUA M INnY THI Ao -3 wag
wws@ TR11¥ Timer 15w la
o o Y a a TP e A =\ v 9 o
mmsmmualiiian1sdumeslaadelinssudoyannnesneynsy
o o 1 Y aa P o 4 o Y
mmsimuamviusTamesinlugumsiheuemesaoynsy Tasfmual
[} =) =Y L7 1 H & o
MmUY UART wila 8 9a oasimsadandsundasld Qnual) Sedmuald

719600 1% AU
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FAANITIAD T AN

1
Y

MMuAAINIZIad19s = 127

Smualal RO = 00H
[y U Y a
FUAINTLLAB19D4

a a 4% 4
nan1soUmesTla
aziinsaldeunlas

ATLUEAD19D4

AIAINTL LD 19D
2DNNN WOSAO

51739 uaasInansamstreuyesduTdsunsunan
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3.2.22 Aauldsunsunsu3 n 130158 uNne S (Intterrupt Service Routine )
Tudawlsunsuusmssumesalad 18T msongndldinsiansdumeilétunn
SERIAL PORT TaeilsoaziBendei
Tsunsumsusnsnmsdunedilidy Serial Port

a @ | [] dy a v (2 a 3 A Yo 9 a ok
'e)umasﬂmiumuufuzLﬂuaummﬂﬁwmmmm@"lmmagamﬂﬂaummmmmq

I3

vsulavszaudyam (RS-232 Receiver ) idhgnesneynsumanesa P 3.0 RXD) doya

Thezgnimuadiumnszuadiededlng

SUAINTTUADIIDII REF
Nserial port P3.0 (RxD) ‘J

)

current = ANNTLUADNDINTLIN !

D

Set RO=01H

RETI

3U93.10 Flowchart Tilsunsuus msdumessualudiuvoa Serial Port



32

P

3.3 msgemsuyvea Ty
4' q’;’ (] 9 A 4 a LY

mIdomsuuUsynIuiuszieen 1dily 2 wuufReMIdemsoynsuLLUFe Tagile
uaznIsiemseyNINLUVBEFe Tnsiia msdemsunds Insiiaeziidyanauiiniiweg
AuMITuLazdedyaudae ﬁaasiwmsdaa’]’auauwc?ﬁTﬂsﬁﬁﬁﬁaﬁﬁm'{mmﬂauﬁama{
mmuﬂuaﬂ“tflumﬂmmammmmwm mumﬂaﬂmu%wzﬂumwawaua muummﬂm
ﬂuzm‘umimuamwmaa“larmaslumswawaamquaﬂwaﬂ 3 Wufie dganaunim, Yoy

uazns A Aagali 3.lzzmﬂﬁwmum"lwm"lﬂamﬂsmmm'iﬁwau"mmumﬂmuﬁ

Lse i i mss i
M0 : Gmg i De2 P Qe | G4 Das | dme i dm7

by (LR W B '@ Pt vt 1o

319 3. 11iﬂuvmmwwwaﬂﬂmmauaaunsn

3.3.1 mséamsi’fagmwuez%ﬂﬂsﬁa

mséami%ummmzfuaTﬂsﬂ'ﬁﬁams?mm%h%m"lﬂluﬁmh&"lsﬁufluﬁ'mﬁ
t’rrgmmmwmi'mﬂwmmuﬂumsﬁwaummumImuﬁ ud ez 1gn1sfvuamdygn
mwmwanmﬁmmwmﬂm‘lwnmmmu s ondyaneninilFlumsfmuainnsy
wazmAdaian onmnsenenendoya e venlsa (baudrate) Svvisaifly Tadasuii ( bir
per second : bps)

invesdeyaiilFlumsSudauwvezdelnsimle noudae 4 drudaeduie

'
a a

9y N 2 a a
L. UAls uAY (Start Bit ) ¥992UyUIA 1 Ua

>

2. iadoyauuveynsuzivue 5,67 nie 8 i

v
3. UAATIVAOUNIIA (Parity Bit) 92 Tu1a 1 16 w5 e laji]
4. findave(Stop Bit) szfivuia 1,1.5 n3e 2 T
P a = = q' y
U4 3.2 uamsgtuuuvesdoyaeynsunuues B Tande Faie lildeyanazeds 0

a a & L= Y 1 T q' 1
DATA wuanuganan “1” 499213 snaaus Hhan g nyase (waiting stage) MIITUAUA
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1T a

a a 1 aQ & a a H Q‘
%Buﬁﬂ&’ﬁﬂmﬂﬂ’]iiﬁ,ﬂﬂ DATA ﬁa’ﬂ%ﬂ “0” ﬁ’mmmm 1 in H99215 ondail mmmé’fuﬂm
9/

U

c?ll a [l A a H v o w ;; 1 é o

vuiindeyawzgnaseenlyl TaeSunniaiihfoddamegarss)rion Fadeyaluludies

' Ao a A a gy y o y a ad 2oy d

dsoeeliiuiuia 56,7 nie g danld snduszmmdiotamsa aeldineasiedeunay

a A a ¢§/ [ a ) ot 1 A a 9/ & 9/ Y

HanmaninavuInMsdereyn  dagamenzdenedallanie deezldunadlianiuzas
9y ' 9y

n «1” Bnndedaszezimediades 1 1a,1.5 9a u3e 2 da elumsuanshaugadoya

y
L7

saut . i daye 'W‘m%ﬁgﬁg‘hyﬂq‘
uqm‘;a“h‘“?-ﬂuo POmr DoOmz i Dma  dad D Oas i dae .ﬁnm‘r‘ anu

mptn

(]
=3

U7 3.12 guluvuedndwhgavesdoynoynsuuuuesFelasiia

QiJnmfﬁmy“?i"lﬁ'%’umiE)aﬂunumf’nﬁ%unﬁ?ma:dai’fay,au,vmz%ﬂmﬁm?ﬂﬂh
Universal Asynchronous Receiver /Transmitter 1138 UART sasanusalumssunazds
JoyavesmsSudedoyauuuezdelasiafo muean Fidoaiiiudaneiuiinleiu
msfuungddoyn woaamaTgLilFdmiunesaeyns Rs-232 18ud 110, 150, 300,
600, 1200,2400, 4800, 9600, Loz 19200 UaApIUN uozdemannnauaumaulad ves
AoURIUADS

msasveum AT ofmualtuuyi (0dd), tugi(even) 150 liliMsAs29
aounsAng msmaﬂaauwﬁ?iﬂummiwﬁauﬁwmusmmaqﬁﬂﬁﬁ‘lma%’ﬂ “17 melu
Foyaiidal 1 ludhdmausaudiunugniened Tasdeswiiansadhlie  Tasly

dy [ v sld' a T A I (2=} qd’la a 9 ~ a
Tﬂiwmuﬂzmwuﬂmmmm"hw 9600 YAABIUIN "luummummzmﬂﬂmammﬂ 11Ua

33.2 1AFIUNDIADYN SUUU RS-232
Yo o & oy >
1Ay RS-232 Idfmuagiuuuvesginsalitendedeya ( Data Terminal
Equipment :DTE ) fiu39935§eyai/a1ena (Data Circuit Ter minating : DCE ) 1341 g1zl

DTE szdouiiuginsaifitimslszunanaludusu lulasneu Tnsamesnse lulns
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a ¢ L A 9 a g 9y 1 o o 9
Aou RS Fellanumnise lumsadwiadeyauvueynsy 14 adauglnsal DCE sxvimi
t:‘ ~ =1 v v Y =S v :/, [ [ 7 [ a’u’z’
Aisutludsudeyanadaniain DTE winiu Tasmsiudedoyasznineginsainadodns
NILMWIULIATIIU RS-232

Y ' ' o Pl v & Aa Yo A <
Pouana195E1I1991nsal DTE wazgilnss DCE seenilsiiiiu lddade aoumin
'3 v 9 [~ 4 =t &
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el
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TumeUNITNARDY

1. #92995m1u3U7N 5.4
A v A £ ’q YA v &

2. INNUSIAUNYARIATINAUIW  (V, )yoeusmps MU rils 019921seanm 30 vV
a Y LY : o o 1 A KX ' aw a ¥ a

3. uussauliunateesiuees (v,) Aesqiinsutaiine Tuvaziiu v, iy v,
awlilfie Taeld v, fermdanou
A v 4 o A A 1 &

4. inussiuldvaadwauuues nsossuiialvf udaas iimanils

A 9 g o J C 1 a :/l Aa

5. WanaealWiaznasaudiiaminszuaersinees  uaziuiindusedalunnqasediiing
A v { =3 1
giuvaen T liiuInen (aszuaez lidesnsit Tafivlusdvessinssua Max uag
1 _ 91::; a 1 2
A1 Min 11 13Nusedammile

o < v ay o a
6. u’liﬂ‘w'ﬁE]ﬂﬂ'i"lwﬂ'lﬂ'l"lllﬁuwu‘ﬁkﬁﬁﬂﬂuﬂgﬂﬁguﬂ

Wan1INaavy

1NUIY ﬂi%LLﬁ@?gtiJL%ﬂi‘{Ia LLN‘ﬁﬂ

naon Max Min Torque
| 3.4 2.6 0.73
2 3.8 2.8 1.04
3 42 3.2 1.35
4 4.8 3.6 1.69
5 5.2 4.2 1.99
6 5.6 4.6 2.21
1l 6.2 4.8 2.50
8 6.6 502 2.79
9 6.7 5.8 3.02
10 7.4 6.2 3.24
11 7.4 6.4 3.53
12 8.2 7.0 3.68
13 8.6 72 3.94
14 8.8 7.4 4.12
15 9.2 7.8 434
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15 9.2 7.8 4.34
16 9.6 8.2 4.56
17 9.8 8.4 4.71
18 10 8.4 5.00
19 104 9.0 512

Torque and Current Relation

11 T T T T T
=
2
3
g
L
2 - L 1 L Il 1
0.5 1 4] 2 25 3 35
Torque
---------- ATTUTDINIDS g
nszuaefiueeifga
519 5.5 anudusiussgniausedadunssualumsnaaesi 1
Iinngrinamsnaaed
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X1=3"¥1=0.5
X2=97 Y2=348

3.48—0.5

M= on=—3
=0.445
Y =mX+C
0.5 = 0.445*3+C
C =-0.835

Y =0.445X —0.835
T=0.4451, — 0.835
' a o 3 v P
v lasusaiai 115 luns@ou Tsunsululy Tasaou Tnsames Taosz B usinseuamile
v ' a £ 4 ) ) J=1 Y] a <3 v
Az laausatianilen Woafeed back nszuanavuiszsh lnlSeuieousunseuafisniuan
Yy Y 1 A o e ) ~ A A A Y a o P
13 fawsadiadluldamdosmsszdmsiiunioaanszuaivo v 1 ausabafunseuaaiuf
k)
QDI
5.3 MINAALINTHIINUYRIYATIad1HanlOpen loop
d A qu a 7 ° o Y
gadszaen e ldneunauwmesniugumsinuveseimesnsziaase
=Y o o t:‘ a o
AUNAIH WOIABINIZUTASITNNITONIOIUMUAREUR RS T 14
.

ginsainldlunmsnaaeu
® qnlaswugndinoslvan
® DC Motor Generator
® DC -Link 3 A
® VOM 2 M
® Digital Oscilloscope
® Variac 3 4A
® TvaaviaealW 1007ad 16 a9

e meulvunznasuFouae
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DCLink  Qyasiusa
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unnaann

519 5.6 MmsnadouyAI ALY 11an 11 Openloop
YUABUNIINATOU
1. deninsainsgln 5.6
2. feunssuliunain Field sudeaning
o Y -4 Jd =® " aw 1 a [ o v (]
3. dounsssulFunainoisiees sudeaInte  Aunduyfy 130 TadilousDuty W1u
a 4 Y a{ R [ ‘:{ 9 o 14
mautiuRuiues PC Taalia1 Duty gega 80 % lamuswugeganlsdunewes as
ﬂH‘?lVariac H
@ 4 o A 'o 4 y o a
4. JounsssulunalnFidd veupmesnsudasidndmilsihmihndlunseasuiia 1y
3 v W a a v o
#1 (s taussiia) Woeiina 80 Taad

] g J z
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[ ad
Tughmyuuuuresiise

YA 1aana1 D = 80%

Stopped ¥ 2001/03/21_20:43:48
CHI=5V CHZ=100V :
DC 111 DC 10021

AL
.=.T.r_a=_<;e_s_1__—. _____________ 10:60v Mip  5.600v  :  Rms 9.288V
Avy 9.281v Freq 25.00kHz: Duly 90.0%
—Trace2" Maix 188.0V Min -136.0v Rms 161.6V
_________ AVAS < SO O .F.'.E‘.i____'?”__99'?_'_“.‘.?._._..._'?9.‘_!,.._‘?9:98.__._
+
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.00v Main 10K Mode : AUTO
BW - FULL CH2 : ov Zoom : 1K Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

‘]Jﬁ 39 ﬂi“’LLﬁLLﬁ“’LL’Nﬂu‘Vl‘ﬂ”!‘c’ﬂ‘Viﬂ‘lj‘Uﬂf)ﬁLﬂL‘ﬂﬂiﬂlm“"ﬂUu‘V‘lﬂiniﬂ

2001/03/21_20:42:38

Stopped g
CHI=5V 5 g
DC 11

100us/7div
: (100us/div)
NORM:10MS /5

L

=Tracel= 10; 80V Min 2.800v s Rms g9.848v
Aavyg 9.837Vv Fre 5. anukuz; Duty 99 (15
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : o.oo0v Main : 10K Mode @ AUTO
BW @ FULL CH2 : ov Zgom : 1K Type : EDGE CH1 &
Delay @ 0.0ns
Hold OffF : MINIMUM

IS8

519 5.8 nszuaivildueime vy udlesiisa
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Stopped ¥ 2001/03/21 20:39:02
: CH2=100V £ : : © 100us/div

DC 100:1 T © (100us /div)

: - NORM 10MS /s

................ Avg NAENM L L L

=Trace2= Max 188.0vV Minhr —136.0V
: 116.8v - Freq 5.000kH

Rms 164.5v
Duty 80 0%

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.00Vv Main @ 10K Mode : AUTO
BW - FULL CH2 : oV Zoom : AK Type : EDGE CH1 £
Delay : 0.0ns

Hold Off : MINIMUM

a v A Y] o dad
E‘IJ‘V] 5.9 usmuwma“lwmmmmmgu Wesisa

wnug 133 Tnan

CH1=2V  :  CH2=50V

=Trace2=

3 2000/09/12 23:38:31

IOUus/div

NORM"IWS/S

eq  20.83kHz . puty 4.2x%x
h -92,00V Rms 103.0V
eq_ 5.051kHz : ; :

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : o.02v Main 10K Mode ! AUTO
BW I FULL CH2 : 0.0V Zoom : 2K Type : EDGE CH1 4
Delay : 0.0ns

‘]Jﬁ 5.10 ﬂi“’LLﬁLLﬁ“’LLSGﬂu‘V]mﬂiﬂﬂﬂﬂlﬂ’miLllL‘i]ﬂim'ElﬂﬂJuﬂﬂiniﬂ‘Um“IliJ

lvan

Hold OfF : MINIMUM
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Stopped

CH1=2V
DC 11

2000/09/12 23:37:26
: 100us/div

: (100us/div)

NORM 1 DMS /s

e [t Rl g i
L :
s ¢ :
=Tracel= Masx 3.920v Mifh —2. 540v Rms 276.6mv
............... ‘.‘4“.’:9”.A..1.7.‘.5.-.9'!"."..........'.:.'T3...“.5.,‘.‘.“,9'.‘."?.......4[,’.‘.’.?).’....‘...'.‘.’.‘.......
=Filter= =0Offsel= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.02v Main @ 10K Mode : AUTO
BW : FULL CH2 : 0.0v Zoom @ 2K Type : EDGE CH1 &
Delay : 0.0ns
Hold OFF :  MINIMUM

(]
I3

59 5.11 pszuaivhlduemesuyusles IS avns 15iii Tvaa

2000/09/12 23:33.08

Stopped |
: CH2=50V -
DC 100:1 : 3

200us /div
: (200us/div)
: NORM: SMS/S

b
2L '
T N e
=Trace2= Max 118.0V Mih =-92;00v
..... Avg _.A.‘_"_“_f'??‘_’.A..__...,.'.:A'T“.q,.‘.5“?’9‘_‘_'_‘?'._2_____._.._
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.02v Main © 10K  Mode : AUTO
BW : FULL CHZ : 0.0v Zoom : 25K  Type : EDGE CH1 &
Delay : 0.0ns
Hold Off :  MINIMUM

517 5.12 userunawliouuosyu forward vz 13i% Tnan
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YUZUDIND 51U IN

JUN 513 MwNIzUALOZUIEUVALILTA

P2 d ) d
IHDUBIADINYHI l?ﬁiﬁt!a&’ﬁiﬁaﬂ

9/
a A

NA1A9A lsiAa D = 25%

Stoppdt 2001/03/27_20:17:20
CH1=SV  : CH2=100V : : : T S0us/div
BCY1 ¥ DC 100:1 : : I (S0us/div)

; : ; : : NORM:20MS /s

: Avg -0 . = - U : ity :
=Trace2= Max 168.0V : Min -—-224.0v : Rms 188.5v
7 i....Avg -9e.7ev .  Freq 5.025kHz: Duly .25:1%
=Filter= =Offset= =Record Length= =Trigger=
8moothing : ON CH1 : o.oov Main : 10K Mode : AUTO
BW :© FULL CH2 : ov Zoom : 1K Type : EDGE CH2 ¢
Delay : 0.0ns

Hold Off : MINIMUM

517 5.14 guluseiunngnszumilonamesvyui neda
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Stoppd 2001/03/27 _20:30:30
CH1=5V : : : T 50us/div
Dc 11 : : : : (50us/div)
NORM:20MS /5

=Tracel= Max 0.000v : Minh =7.400v : Rms 1.828V
P Avg =1. saav 3 Freq 17.54kHz: Duty 98:.2%
=Filter= =Offset= =Record Length= =Trigger=
Smaothing : ON CH1 : 0.00v Main 10K Mode @ AUTO
BW I FULL CH2 : ov Zoom : 1K Type : EDGE CH2 ‘&
Delay : 0.0ns

Hold Off : MINIMUM

ﬂﬁs15ﬂ5“uﬁ&muawmswuuinasﬁ

Y or
vauz i ldde Tnan
Stoppdd 2001/03/27 19:11:05
CH1=2v : CH2=100V : : : : 200us/div
DC 1:1 : DC 100:1 : : : : (200us/div)
: : : : E : : Nom-SMS/s

: : DT Buly e
=Trace2= Maik 152.0v -220.0v - Rms 191.0v
Bt avg ‘..—.‘.?‘.’_.?‘!' ____________ 5000kl Duty 22 0% -
=Filter= =0Offset= =Record Length= =Trigger=

Smoothing : ON CH1 : o.00v Main : 10K Mode : AUTO
BW :© FULL CH2 : ov Zoom : 1K Type . EDGE CH2 ¢

Delay : 0.0ns
Hold Off : MINIMUM

‘lJ‘ﬁS 16 ﬂszumsmmmu%mummsmawuui L’Jﬂiﬁ‘llmw“lUﬂ?)Iﬂﬁﬂ
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U : 9 SAAdA
dgyanamlyiyledin

Stopped 2001/03/24 01:39:43
CHI=S0V :  CH2=5eV | ; : T O50us/div
DC 101 ¢ DC 1001 4 : § :
: : NORM‘.2DN|S/§ ¢
3 2 -
I
+
=Tragel= Mgx 134.0v i Mih -J40.0v :  Rws  136.0v|
Ayg -—84.25v req 5 {000kHzZ
=Tra¢e2= pMax 134.0v i —-j3s.ov Rms 138.2v
........................................................... b e TR e, ., " A K N
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : AUTO
BW @ FULL- CH2 : 0.0v Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns

Hold Off : MINIMUM

Stopped 3 2001/03/24 01:42:25
CHI=S50V @ CH2ES50V : : S0us/div
--DCI0 - (3 o B ) R oo e L (200U £CRV) - -
PN AR ST L T{CE TN A Gt [ LA NOREA2S s [
nn
e 1
CH1=50v :  CH2=50Vv ©20us /div
ATt 13'.ﬁ.lS ....... ....................................................................
14T ° U 9231kHZ o~ o Lt M LN L
T
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main 10K Mode : AUTO
BW © FULL CH2 : o.ov Zoom @ 4K Type : EDGE CH1 4
Delay : 00ns
Hold OFF : MINIMUM
~ c )1 L4
21]1/15.18 LAY 9NN LNy
a d
IANTHHNANIINAADY

4 ) 4' a e’q'; 9 ) dy a P DK
yowesd INHnszuaasuauRaeuRuaeIFeld  uaa1a2f lrRaseimiina

A o P=1 [ o v A o 3
LummﬂmimmmiumswauiﬂiLmsur,mzmm'iﬂﬂauvmwuunamaszmnwnwmu%"lﬂ
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1 [ [ 1 a dy a 9 dad 1a dy a
uA LieuIsandunIayueIna1aaf lsdagegantsamdesise lgaan lmAagegania

Y a s 2 Ay @ A v
AUIIDIE “]NNﬁﬂ']i"V]ﬂa@Q‘Vl"lﬂﬁjuﬂu'l“ﬂ@'l‘ﬂ

MINARDINS.4 NMINARDUNIFINNIUYD AT I Han

o Z. A v o v 9 a 9
Ingiszasn Moassdeunyadines Inaaaunsonsmnszudlinei e

ginsai

1. gadmeslnan

2. uewed ihwmiienh

3. duneswesuuuliuaud
4. Variac

5. VOM

6. Digital Oscilloscope

7. Tachometer

D/A
Converter

P
Controller

Micro
Controler
MCS-51

Filter

Y

| e

. Circuit
N

A
1 LAIDN
A
1 IRATON
A
2 ISIRNIN]
A
2 IATDN
A
1 A9
A
1 a9
PWM ) )
Generator x|) [Begttinie
A
Drive &Power
Circuit
Module
Current
Sensor |

Inverter

A o o
51915.19 msnageumsihauvesuemes I nszudas

VUANBHAIINADBA
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Sl ith

Wwani1neasy

' =1 { {a
AT NS4 ANITTUAUASANULID ﬁﬂ?"lilﬁ@ﬂl'l@iﬁ@g 15Hz

PWudnszuadredadiifugud
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v v
aovames IMfnszuaassflasdtuuemed It unilonia

Uunseau Iihvesvaaiaiad Idaenneg
YSunsedupuuesveauewes IRnszuaaselinng

' a A 3/ a a o
ﬂaumusammmmwaaw‘womm

[ =] 4 o o = a 4 4
ﬂi‘]Jﬂ’J’UJL’i'J'iE]U‘ilﬁ]\iilﬂkﬁﬂﬂﬂﬁ”llﬁﬂﬂ?ﬂ’]Iﬂﬂﬂ"l'il]i'l]ﬂ'l'mﬂ VNDULIBDIADT

ATZUABINDY | NITUARSY | ANWSATBLANT) | nIzuaduIesines
0.0 0.2 435 1.5
1.0 0.9 412 3.3
1.5 15 401 3.8
2.0 1.9 397 4
2.5 24 392 4.5
3.0 3.2 382 4.8
3.5 3.5 377 5
3.6 3.8 370 5.4
4.0 43 366 5.6
4.5 44 363 ST
5.0 4.9 358 6.0
5.5 53 355 6.3
6.0 5.0 352 6.5
6.5 5.6 350 7.3
AITI95.5 ATSNNIELALAYANUE A NA BUNBSIABS 20 Hz
AsTuAs1ede | nszuaese | anwuSaEeuani) | nszuddunesaes
0.0 0.0 570 2.0
1.0 1.0 531 34
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1.5 1.4 530 3.6
2.0 1.9 518 4.1
2:5 24 512 4.5
3.0 2.8 508 5.1
3.5 34 507 53

A5 N5.6 AITNATLUALAZANINS MANUD D UNBSIABS 25 Hz

nseuad19ds | nszuaess | anwSaeuanil) | nszuadunesimes
0.0 0.0 735 2.0
1.0 0.9 695 3.5
I3 ; 1.2 682 4.0
2.0 1.8 667 4.5
2.5 2.1 679 4.8
3.0 Hlo 667 5.5
34 2.9 662 5.6
4.0 33 660 6.0

g A {a
AT N5.7 ﬁﬂi']\?ﬂ‘izLLﬁLLﬁ$ﬂ’ﬂﬂJLi’Jﬁﬂ')']Nﬁ@ul’Ji’)g&ﬁﬂg 30 Hz

NIZUADINDY | NIEUARSe | ANNSAGeUANT) | nszuadunesdans
0.0 0.323 869 2.0
1.0 1.022 846 3.5
15 1.404 843 4.0
2.0 1.835 829 4.5
2.5 235 824 5
3.0 2.6 821 53
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_l Cllfw| ) =) @) =]

Ele Edt Wndow Hep

Torque - speed Relation
2 T T T T T T T

081 -

0B a

04 B

02+ (A
0

spaad (mdlssc)

torque (N.m)
T

319 522 aswlanuduRusserdusadauazaNus e UAALAA

a A 1 s A a [ a o ]
N3N VRINIZUAD5 N Inaruvnalne sl imsySuussdadlugae

Stopped — I 2001704 /29 22:39:12
CHI=ZV o Ch2=av T F T As/div
oe )y 9 1 E (1s/div)
= S W\ T, s TGl NORMiTKS/S
i

Y a s g &
NISUARNGY - | s : e el
: ; AISUTTDIY :
‘ : : :
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.00v Main : 10K Mode : AUTO
BW © 20MHz CH2 : o.0o0v Zgom : 1K Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

JUN 523 uaasminszuadsdsidesmsifeuiuainsuens i Inaruaainemuioes



T=1N.m, N=347 rpm

Stopped

68

T=1.5 N.m, N=343 rpm
!

T=pl.m , N=340 rpm

2001/04/29 22:4226

CH1=2V
oC 11

apf i i

APl

=Fiter=

Smoothing : ON  CH1 :
CH2 :

BW © 20MHz

=0Offset= =Record Length= =Trigger=
0.00v Main : 10K Maode : AUTO
0.00v Zoom : 1K Type : EDGE CH1 4
Delay :
Hold Off :

4 a A Y a A 4 1 ay Jd
E‘]Jﬁ 5.24 LlﬁﬂdﬂiZlLﬁg”I\iE)\ﬂme‘iJﬂ‘iJﬂSZ!Lﬁ‘ﬂ'iQﬁN'l‘u‘l]ﬂﬁ’mEﬂlﬂJL‘ﬂﬁ)SLmZW'}uﬂﬁME}S
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a $ o 4 Y 1 a 4
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;*********’k***********************

;  JES.ASM

kR Rk R bk R R
CPU"8051.TBL"
HOF"INTS"
INCL"HEAD5LH"

WMCON: EQU 96H

ORG 0000H

ekdkkkkkkkdkk
;)

LJIMP MAIN
ORG 0040H

MAIN: MOV R2,#127
MOV IE#90H
MOV SCON #50H
MOV TMOD,#20H
MOV TH1,#-3
SETB TR1
MOV P1,#00H
SETB P1.2

LOOP: JNB RI,LOOP
MOV A,SBUF
MOV P0,A
CLRRI
SJMP LOOP

END

Page 1
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Public T As String
Public buff As String

Private Sub cmdExit_Click()
End
End Sub

Private Sub cmdSend Click()
T = txtOutput.Text

buff = Chr(T)
MSComm1.output = buff
End Sub

Private Sub Form_Load()

MSComm1.Settings = "9600,n,8,1"

If Not MSComm1.PortOpen Then
MSComm1.CommPort = 1

MSComm1.PortOpen = True

Else

MsgBox ("Port already Open "), , "ComPort Error"
End If

End Sub

Public Function output(Torque As String)

If optForward = True Then

outputl = ((Val(Torque) +0.835) *1/0.445* 1/ 6+ 2.5) *51
End If



If optReverse = True Then

output1 = (((Val(Torque) + 0.835) *-1/0.445) * 1/ 6 +2.5) * 51
End If

If optStop = True Then outputl = 127

output = Str{CInt(output1))

End Function

Private Sub optForward_Click()
txtTorque.Enabled = True

txtTorque.Text =

End Sub

Private Sub optReverse Click()
txtTorque.Enabled = True

txtTorque.Text =

End Sub

Private Sub optStop_Click()
txtTorque.Enabled = False

txtOutput. Text = Str(output(txtTorque.Text))
End Sub

Private Sub txtTorque Change()
txtOutput. Text = Str(output(txtTorque.Text))
End Sub



A DYNAMIC MECHANICAL LOAD EMULATION TEST FACILITY TO EVALUATE THE PERFORMANCE

OF AC INVERTERS.

- C. R. Hewson, G. M. Asher, M. Sumner

The University of Nottingham, U.K.

INTRODUCTION

It is usual practice in the drives industry to
commission commercial 3-phase induction motor
drives (V-f, sensorless or sensored vector) on site
with the load application in-situ. Converter
parameters are usually set by trial and error and
successful commissioning relies on the experience
of the commissioning engineer. Often drives
maybe operational but their performance may not
be optimised for the application. Commissioning
drives on-site can be time consuming and if the ac
inverter is an integral part of a production process
this downtime can be costly. Some loads are very
difficult to commission; these include periodic
impact loads, high starting torque loads, loads with
vibrational modes, and those that require the drive
to catch spinning loads.

This paper describes the design and development
of a high performance test facility to be used for
the off-site commissioning and performance
evaluation of commercial ac inverters. The test
facility comprises a PC based system simulation
package and a dynamic mechanical loading rig
capable of emulating both linear and non-linear
systems.

In the first instance drive commissioning can be
investigated using software simulation. This offers
the user a flexible design tool without the need for
a hardware rig. However software simulation can
never be completely realistic. Therefore the test
facilty also comprises a hardware based load
emulator which is controlled to produce the
dynamic shaft torque characteristic of a given
mechanical load. In this way the test facility
achieves the maximum practical verification that a
load / drive combination will work that can be
obtained in a laboratory situation.

This paper will outline the design, construction and
operation of the test facility. Its philosophy will
primarily be described with reference to the
hardware based load emulator rig. A discussion of
the global control structure designed to operate
both the hardware and software tools will be
provided. The target mechanical load is a
passenger lift and the paper will outline the
mechanical characteristics of this application.

Finally practical results for the hardware test facility
will show itis now fully operational.
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Figure 1: Block diagram displaying the constituent
elements of the test facility.

Figure 1. shows the test rig that has been
developed to simulate and emulate linear and non-
linear mechanical loads. It highlights the four
standard elements of the test facility. Currently the
hardware rig consists of a Mitsubishi A240e V-f
and sensorless vector inverter connected to a
standard squirrel cage induction machine, both
rated at 7.5kW. This combination is controlled by a
PC housed /O card which is programmed to
behave as a programmable logic controller (PLC).
An /O card was chosen as it was easily
reconfigured to adapt to changes in the rig during
development. The final element of the hardware
test facilty is the load emulator. This is an H-
Bridge controlled dc machine rated at 11kW. This
power rating was chosen as it encompasses a
wide range of commonly encountered mechanical
loads. The combination of H-Bridge chopper and
dc machine was chosen over ac sensored vector
technology due to ease of implementation. The
control structures for the torque and speed of the
dc machine are easy to implement with high
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bandwidths achievable. These control loops form
the basis of the load emulation.

Figurei. illustrates that the global control of the rig
is implemented on a desktop PC running a
supervisory control and data acquisition (SCADA)
package. The primary function of SCADA is to
provide each element of the test rig with the
parameters it requires for its initial and real time
operation. Its secondary function is to monitor the
status of the load emulation so that the effect of
changes in inverter parameters can be observed.

THE LOAD EMULATOR HARDWARE
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Figure 2: The H-Bridge and dynamic braking
chopper controlling the dc machine.

The H-Bridge converter enables operation of the
dc machine in all four quadrants of the torque —
speed plane. The switching elements of the
converter are IGBT devices switching at 10kHz.
The implementation of a unipolar PWM strategy,
described in Mohan et al [1], effectively doubles
the switching frequency of the output voltage
waveform allowing improved frequency response
and less torque ripple. These measures are
sufficient to enable a high bandwidth armature
current controller of approximately 800Hz to be
implemented. A simple brake chopper removes
regenerative energy from the converter. This
operates under hysteresis control with a fixed
frequency output of 2kHz when the dc link voltage
is in range. The converter hardware is protected by
a number of trip circuits these include overcurrent,
overvoltage and a processor watchdog which
causes a trip signal should the processors fail. The
field of the dc machine is supplied by a current
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controlled switch mode power supply. This controls
the field at constant rated current.

The load emulation control algorithm to mimic the
mechanical process dynamics is implemented on a
network of parallel processors. These processors
are used for ease of development as they can be
simply reconfigured to accommodate changes in
the control structure. An incremental position
encoder to measure shaft speed and a Hall effect
transducer monitoring armature current provide
feedback signals for load emulation control. A
torque transducer provides a direct measurement
of shaft torque that is used for calibration and
steady state load emulation verification purposes.
The network of processors also provides the H-
Bridge chopper with PWM. This is fed through
some interfacing electronics and finally supplied to
the individual gate drivers of the IGBTs. Finally a
purpose built digital 1/0 processor supplies the
SCADA package with information about the status
of the load emulation.

LOAD EMULATION CONTROL

A substantial body of work exists about practical
steady state mechanical load emulation for testing
ac machine - ac inverter combinations [2-3].
However the emulation of fast mechanical
dynamics has received very little attention in
research literature. Work that has addressed this
area is restricted mainly to simulation studies [3-8].
It is very often these transient load dynamics that
are the cause of problems encountered in
commissioning ac inverters.

The principle of the control loop for the load
emulator is to control the dc machine to provide a
dynamic torque, T, that is sufficient to mimic the
shaft torque, T, of the desired mechanical load
according to egn. (1):

dw
Tdc =Ta "Jac_[j?—Bacw_Tsh (1

The intuitive solution to this problem is to feed a
measure of the machine shaft speed, o, into an
inverse model of the load dynamics to provide Tac.
This method can achieve satisfactory open-loop
load emulation. However as outlined in [9] using
the inverse load dynamics to calculate T4 where
the load emulation is part of a closed loop system
causes severe degradation of the modeled
mechanical load dynamics. This is obviously not
acceptable if the load emulator is to be a flexible
tool to evaluate a range of commercial ac inverters
in many different modes of operation.



The block diagram shown in figure 3. shows the
control structure for the load emulator.
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Figure 3: The control structure to enable the
emulation of fast mechanical process dynamics on
a dc machine.

In figure 3. the torque on the shaft of the dc
machine Tq, is used to provide a demand speed
o. This is fed into a speed-tracking loop that
ultimately produces, Tq, our desired dc machine
torque. As shown in [9] this structure can produce
exact emulation of the target mechanical load if the
electrically developed torque, Te, or the shaft
torque, Ten, is available. For the general case of a
V-f inverter driving the mechanical load this is not
the case. The output from direct torque
transducers needs to be heavily filtered if it to be
used in a closed loop control structure and this
severely limits the bandwidth of the signal making
emulation of fast dynamics very difficult. Also, in
general, V-f inverters don't provide a dynamic
output of the electrically developed torque. This is
not the case in sensored vector or ac servo drives
and in these instances exact emulation is
achievable.

With no fast measurement of torque the signal has
to be estimated. This estimate is derived from a
measurement of the dc machine armature current
and from feeding the machine speed into the
inverse dynamics of the actual mechanical rig. This
estimate of shaft torque is fed into Gioad(s) the
block that describes the mechanical dynamics of
the load. For a linear load best emulation has been
achieved by discretising the load through pole-zero
mapping. In the case of non-linear loads such as
the passenger lift Gioaq(s) is a set of non-linear
backward difference equations that may include
load disturbances. The output from Gieaq(S) is @
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reference speed that is the desired speed of the
machine if it were driving the real mechanical load.

The problem of controlling the dc machine to
behave as a mechanical load is that the speed
loop and the process of shaft torque estimation
add unwanted dynamic effects which degrade the
accuracy of the modeled Giaq(s). To overcome this
a feedforward gain, 0<K<1, and a compensation
term for the speed loop dynamics is added to the
control structure. In emulations where the torque
needn't be estimated the case K=1 provides exact
emulation of the mechanical load [9] namely that:

[0)
7-— = Glaad(s) (2)

e

However for the general case introduced in this
paper there are limits on the value of K: K<1
otherwise a singularity occurs in the torque
estimation. This means that emulation can never
be exact. For the case of the target passenger lift
load good emulation has been achieved with K=0.

THE ELECTRONIC PROCESS EMULATION RIG
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Figure 4: The electronic process emulation rig (the
four constituent elements of the rig are highlighted
in grey).

Eigure 4. shows the electronic process emulation
rig (E.P.E.R.). The four constituent elements of the
E.P.E.R. when emulating a passenger lift are:

1. AC Machine

2. Application controller — PLC

3. AC Inverter - e.g. Mitsubishi A240E 7.5kW
inverter



4. lLoad emulator — eg. DC dynamometer
emulating a lift load.

Global control of the system is provided by the
SCADA package. Tne primary function of the
SCADA package is to communicate parameter
sets to initialise and provide real time control
signals to the individual elements of the rig. These
sets can be clearly defined for a general target
mechanical load emulation. These parameter sets
are now described and illustrated with reference to
the target mechanical load, the passenger lift.

P, - Initial mechanical process parameters
that remain unchanged during simulation /
emulation. These parameters include fixed
masses, gear ratio’s, dimensions etc. It is accepted
that for some applications such parameters may be
difficult to derive accurately (although most
manufacturers are able to supply masses and
dimensions so that inertial parameters can often be
derived). It is not felt that this detracts from the
benefits of investigating the effects of inverter
parameter changes.

Py - Interactive mechanical process
parameters. This set consists of those that the
load emulator requires during real-time load
emulation. In the case of a lift this is simply the
number of passengers entering or leaving the lift at
a given floor.

Py, — AC Machine ratings. This set defines the
machine being used. For the E.P.E.R., the set is
merely the ratings of the machine and the
machine's equivalent circuit parameters are not
required. It is used only for the purposes of off-line
auto commissioning described below.

P, — Initial AC Inverter parameters. These
parameters set up the ac inverter for operation with
a particular mechanical load. The parameter set for
the inverter is shown in figure 4. as being derived
in one of two ways. The first is the simplest, the
load is known and a set of parameters for the ac
inverter has been obtained through trial and error.
These parameters are simply called up from
memory and downloaded to the inverter for the
given load. Most drive manufacturers have
developed parameter downloading systems so that
parameters do not need to be entered on the
inverter keypad. It is assumed here that this
downloading process is integrated with the SCADA
package.

The second method relies on a purpose-written
software object for each load type. The program
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acts on parameter set Py, and Py, and derives the
set P,. This is termed off-line autocommisioning.
The set P,, is downloaded into the inverter under
SCADA control.

P, — Initial application controller values. For
the E.P.E.R., this merely involves calling up the
appropriate emulation object for the application.
The program will contain a set of default initial
conditions.

Po - Interactive application controller

parameters. This set replaces P; and provides the

real time control signals required to control the ac
inverter. This particular set of parameters can be
further sub-divided into:

(i) Load feedback variables. These are the
variables required by the application
controller for control purposes. In the case
of the lift load this involves communication
of the position of the lift car in the shaft to
the PLC.

(ii) User defined variables. These are input by
the user into SCADA and communicated
via interface software to the application
controller. This is simply the number of
passengers in our example lift load.

(iii) Data monitoring variables. This is a set of
data used purely for monitoring the status
of the emulation and will include
information such as shaft speed, torque
etc.

THE TARGET MECHANICAL LOAD

heBuc Te : feBo TuTutTe WORM GEAR, n
=
AC MACHINE
LIFT
Mc
M.g.r

| e

Figure 5. A generalized block diagram of the
mechanical elements of a passenger lift.
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The block diagram highlights the mechanical
elements of an average passenger lift. The torque
developed by the ac machine, T, is transmitted to
the traction sheave of the lift by an overwormed
gearbox. Ty is the theoretically perfect worm gear
torque developed on the -machine shaft by Te.
Erictional losses inthe gearbox are represented by
a compensation torque T.. This torque is a non-
linear function, its value dependent on the direction
of power flow in the mechanical drive. The lift
contains a single roped drum. This is connected to
a fixed mass counterweight, fixed weight load car
and variable passenger load.

The dynamic equations defining the lift are:

n=f(a) iy )

g''g (3)
dw 1 :
——9 =-—4T, -Mgr-Bo 4
o= {n - Mg o @
dt
J - System inertia referred to machine side: This

includes the inertia of the worm and machine
couplings reflected through the gear, the lumped
inertia of the lift drum and the inertial contribution
of the counterweight masses etc.

B -~ System friction referred to machine side:
This is auxiliary friction due to bearings etc.

M ~ Effective mass of lift

r ~Radius of lift drum

n - Effective torque gear ratio: This accounts for
losses in the gearbox by reflecting the machine
side torque, T., through a non-ideal gear ratio.

PRACTICAL RESULTS FOR THE E.P.E.R.

Figure 6a and 6b show the E.P.E.R. emulating the
mechanical process dynamics of a lift load. In
figure 6a the PLC is controlling the emulated lift
load to go from the ground to the first floor with a
full passenger load. The inverter is operating in V-
mode. This situation realises the worst case
motoring conditions that the ac inverter undergoes
with this particular set of mechanical parameters.
The lift load is rated at 6.5kW.

The second set of results in figure 6b shows the
emulated load being lowered from the first to the
ground floor. This represents the peak
regenerative power the ac inverter will have to
absorb for this set of mechanical parameters. The
estimated torque and the measured speed shown
in figure 6b are both noisy signals compared to
those in figure 6a.
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Figure 6a: Practical results from the E.P.E.R
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Figure 6b: Practical results from the E.P.E.R.

Top trace — The estimated ac machine shaft torque
Middle trace — The machine shaft speed.

Bottom trace — The position of the lift car in the lift
shaft.

This increase in noise only occurs when the
external brake unit supplied with the V-f drive is in
operation. This noise was found to be a function of
the brake chopper and highlights the practical
benefit of the test rig; namely real inverter



211

sracteristics are being highlighted without the
.| mechanical load.

JNCLUSIONS

nis paper has described a laboratory system for
vestigating the performance of a variable speed
duction motor drive with a particular load
pplication. The system can emulate linear and
ondinear  load dynamics including  load
isturbances. The test facility contains a high
.andwidth armature current controlled dc machine
tynamometer to emulate mechanical loads. The
asults presented show a real-time emulation of a
£t system driven by a worm gear train capable of
;standard overhauling operation. These practical
esults have been achieved at a realistic power
-ating and show the E.P.E.R. is now fully
operational. The system is operating under basic
SCADA  control and the autocommisioning
software is under development.

it is felt the emulation and simulation systems
described provide a useful test bed and training aid
tor the  performance investigation  and
troubleshooting ~ of induction ~ motor drive
applications in an off-line laboratory environment.
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Absolute Maximum Ratings, Tj = 25°C unless otherwise specified
Ratings Symbol PM25RSB120 Units
Power Device Junction Temperature Tj -20 to 150 °c
Storage Temperature Tstg -40to 125 °C
Case Operating Temperature Tc -20 to 100 °Cc
Mounting Torque, M4 Mounting Screws — 0.98 ~ 1.47 N-m
Module Weight (Typical) — 330 Grams
Supply Voltage Protected by OC and SC (Vp = 135 - 16.5V, Inverter Part, Tj = 125°C) VCC(prot.) 800 Volts
Isolation Voltage (Main Terminal to Baseplate, AC 1 min.) Viso 2500 Vrms
Control Sector
Supply Voltage (Applied between Vup1-Vupc, Vvpi-Vvpe, Vwp1-Vwpe, VN1-VNG) Vp 20 Volts
Input Voltage (Applied between Up-Vupc, Vp-Vype, Wp-Vwpe, Uy - VN Wy - B-VNe) Ve 20 Volts
Fault Output Supply Voltage Applied between (Uro-Vupe, Vro-Vvpe, WEo-Vwee, Fo-Vne) VFo 20 Volts
Fault Output Current (Sink Current at Uro, VFo, WEp and Fo Terminal) IFo 20 mA
IGBT Inverter Sector
Collector-Emitter Voltage (Vp = 15V, Vein=15V) VcEs 1200 Volts
Collector Current, (Tc =25°C) Ic 25 Amperes
Peak Collector Current, (Tc = 25°C) lcp 50 Amperes
Supply Voltage (Applied between P - N) Vee 900 Volts
Supply Voltage, Surge (Applied between P - N) VCC(surge) 1000 Volts
Collector Dissipation Pc 132 Watts
Brake Sector
Collector-Emitter Voltage VcEs 1200 Volts
Collector Current, (T, C =25°C) Ic 10 Amperes
Peak Collector Current, (Tc = 25°C) Icp 20 Amperes
Supply Voltage (Applied between P - N) Vee 900 Volts
Supply Voltage, Surge (Applied between P - N) Vcc(surge) 1000 Volts
Collector Dissipation Pc 62 Watts
Diode Forward Current I 10 Amperes
Diode DC Reverse Voltage VR(C) 1200 Volts
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120
FLAT-BASE TYPE
INSULATED PACKAGE
Electrical and Mechanical Characteristics, Tj = 25°C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Control Sector
Over Current Trip Level Inverter Part ocC -20°C < T <125°C, Vp= 15V 32 62 — Amperes
Over Current Trip Level Brake Part 15 30 —  Amperes
Short Circuit Trip Level Inverter Part SC -20°C £ T<125°C, Vp= 15V — 101 — Amperes
Short Circuit Trip Level Brake Part — 41 — Amperes
Over Current Delay Time tofi(0C) Vp =15V — 10 — us
Over Temperature Protection oT Trip Level 111 118 125 °C
OT, Reset Level — 100 = °C
Supply Circuit Under Voltage Protection uv Trip Level 11.5 12.0 12.5 Volts
uv; Reset Level — 12,5 — Volts
Supply Voltage Vp Applied between Vyp1-Vypc, 13% 15 16.5 Volts
Vvp1-Vvpe, Vwp1-Vwec, VN1-VNC
Circuit Current Ip Vp =15V, Vgin = 15V, VN1-Vne — 44 60 mA
Vp =18V, Vgin = 15V, Vxp1-Vxpc — 13 18 mA
Input ON Threshold Voltage Vth(on) Applied between 1.2 1.5 1.8 Volts
Input OFF Threshold Voltage Vih(off) Up-Vupc. Vp-Vvpe, Wp-Vwpe. . % 20 23 Volts
UN - VN - WN - BrVNC
PWM Input Frequency fPwm 3-¢ Sinusoidal — 15 20 kHz
Fault Output Current IFO(H) Vp =15V, Vgg = 15V — — 0.01 mA
IFo) Vp =15V, VEp = 15V — 10 15 mA
Minimum Fault Output Pulse Width tro Vp = 15V 1.0 1.8 — ms
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120
FLAT-BASE TYPE
INSULATED PACKAGE
Electrical and Mechanical Characteristics, Tj = 25°C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
IGBT Inverter Sector
Collector Cutoff Current IcES VcEe = Vces, Tj=25°C — — 1.0 mA
VcE = VcEs. Tj=125°C — — 10 mA
Emitter-Collector Voltage VEC -lc =25A,Vp =15V, Vgin = 5V — 2.5 3.5 Volts
Collector-Emitter Saturation Voltage VCE(sat) Vp =15V, Vgin = 0V, I = 25A — 2.5 35 Volts
Vp =15V, Vgin =0V, Ic = 25A, — 22 3:2 Volts
Tj =125°C
Inductive Load Switching Times ton 0.5 1.0 25 us
ter Vp=15V,Vgin =06 15V —_ 0.15 0.3 us
tc(on) Ve = 600V, Ig =25A — 0.4 1.0 us
toff Tj=125°C — 2.0 3.0 us
tc(off) — 0.7 1.2 us
Brake Sector
Collector-Emitter Saturation Voltage VCE(sat) Vp =15V, Vgin =0V, Ic = 10A, = 2.8 3.8 Volts
Tj=25°C
Vp =15V, Vgin =0V, Ic = 10A, — 2i5 35 Volts
Tj=125°C
Diode Forward Voltage VEM -Ic = 10A, Vp = 18V, VgIN = 5V — 2.5 35 Volts
Collector Cutoff Current IcES Vce = VcEs. Tj=25°C = — 1 mA
VcE = VgEs, Tj = 125°C — — 10 mA
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120
FLAT-BASE TYPE
INSULATED PACKAGE
Thermal Characteristics
Characteristic Symbol Condition Min. Typ. Max. Units
Junction to Case Thermal Resistance Rth(c)a Each Inverter IGBT — — 095  °C/Watt
Rin(j-c)F Each Inverter FWDi — — 2.5 °C/Watt
Rih(c-HQ Each Brake IGBT — — 2.0 °C/Watt
Rih(c-HF Each Brake FWDi — — 25 °C/Watt
Contact Thermal Resistance Rith(c-f) Case to Fin Per Module, — — 0.036 °C/Watt
Thermal Grease Applied
Recommended Conditions for Use
Characteristic Symbol Condition Value Units
Supply Voltage Vce Applied across P-N Terminals 0~800 Volts
Vp Applied between Vyp1-Vypc, 15+1.5 Volts
VN1-VNne: Vvp1-Vvee, Vwp1-Vwec
Input ON Voltage VCIN(on) Applied between 0~08 Volts
Input OFF Voltage "~ VeIN(of) Up, Vp, Wp, UN, VN, WN, By 4.0~Vp \Volts
PWM Input Frequency fepwm Using Application Circuit 5~20 kHz
Minimum Dead Time tdead Input Signal 225 us
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE

Inverter Part
SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION OUTPUT CHARACTERISTICS
CHARACTERISTICS (TYPICAL) VOLTAGE CHARACTERISTICS (TYPICAL) (TYPICAL)
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Inverter Part
CONTROL SUPPLY VOLTAGE TRIP-RESET TRANSIENT THERMAL
FAULT OUTPUT PULSE WIDTH VS. LEVEL TEMPERATURE DEPENDENCY IMPEDANCE CHARACTERISTICS
TEMPERATURE (TYPICAL) (TYPICAL) (Each 1GBT)
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Brake Part
SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION OUTPUT CHARACTERISTICS
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