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Abstract

Modern Alternating-Current-Governor-Technology has been thought as the
momentous technical advancement of the human world in the anaphase of 20™ century.
And great benefit in the society has been coming to being by using it in the electric
drive system.  Now, it’s still maintained as one of the primary research tasks in the
electric drive system. Following on, VVVF is the best one in the Alternating Current
Governor technology. And the research of VVVF includes mainly three kind aspects,
which all based on the idea of the space vector. The three kind aspects are FOC, DTC
and SVPWM. All of them aim to control AC-motor as controlling DC-motor that has
the linear control speciality.

The research goal of the paper is to design the digital system of the Alternating
Current Governor technology for the application engineering. The research step of the
paper is such as follows. In the first, the paper unscrambles the theory of DTC (Direct
Torque Control) in detail. Then, builds a kind of mathematical modeling for the
application engineering basing on the research of DTC-unscrambling. The third, designs
a digital system for the application of DTC, basing on the mathematical modeling. In
the end, runs the VVVF system with the Three-phase Asynchronism-Induction-Motor
(AIM) by the digital system, and does a series of experiments about some aspects such
as the motor performance in low rev, the cycle of controlling-process, the motor
concussion. Both the running of VVVF and the experiments indicate that the digital
system of DTC can control the AC-motor well in the application engineering.

At the same time, the paper optimizes a little theory of DTC on the aspects of the
improving in low-rev, the equalizing of stator-resistance, and the shortening cycle of the
torque controlling. Therefore, the paper validates the optimizing design by a series of
emulating processes. The processes include three parts: the first, the computer emulator
with the AC-motor control system runs to validate the mathematical modeling. And the
second, the emulator of the Power System Blockset in the MATLAB runs for the digital
system of DTC to affirm that the digital system will performance well in the application
engineering. The last but most important part is that, the VVVF of three-phrase AIM
using the digital system runs steadily and gets good performance. Thus, it is obvious

that the optimizing research and design obtain the better control specialty for AC-motor.

Key words: VVVF, DTC, Mathematical Modeling, Digital design, AIM
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Bk FRA~SUABC="111"; _ T
SU anc Else SU arc
FRAE~SUARC="0007;
End if}
ARRHTRS, RPAXBIMBENEAT
If Fmax(Ua,U,UC)<0.9Fg  then
& 4-10 %ty KSS I /5 H~SUABC<= 4-10 #iti~SUARC; KSS & jFii
— Fmax(UA, U UC) B i1 T_——J)
SUABC SUABC
, Else
While(Frmax{Ua,Ug,Uc)>0.9 Fg)
{ Kss %FﬁJHﬂ~SUABC<—$>VH‘~SUABC
wsiaes En i, S = 105XE,
}
End if;
4-11.

4.1.7.3 KSS AN REEATE S W AR

Kss FRERUERYHFBE G

B 4-2 Tk EHsER TR Vo RS, FoRBBHEME G, HEET

USl.
B 4-12.

SU s

‘—wa’

If W="1"Then
JEE R B~ SUApC<=Usn-2;
Else

HekE KRB~ SUapc<=Usn;
End if;

ﬁ‘;ﬁ%‘éﬁﬁ@ SU 4sc

-120° B FERBAVHBIEME B 4-13. KSS MMM SR E SR ERMEH
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AU R R B R B KB BRI (. — AR ALE IR, TEMEERY, R
FETF TR .
BEBEWRE IR T VA TE THE A -60° F1-120° UG 5 Bk KHEBER (. YikhE

WREBNBEIAZELS (A1), B Usp REEIR Usq RE, DUBRHBEIRE, X
FER)IL S 2, WXKE Usq RE. WA 4-12,
KSS B 7 Wi S B P Wi 0 40P P U B B 4R A ] 413,

4.1.8 B=F: FoREE 42 b “WERERT FRRFEE%
LB BB FE (R S R BT R R, (I R A BB Rh e, BT ST Nl
FEBNIE . AH R R A (R T R TR MR T R S A AR R .
4.1.8. 1 R B S (K B R R A Y
RSB RREBENL 45, pf = +vy’). (45
R B EHER) “AMA” F1 “AWR” FEENRE TR IS E R 4-14,

2
BLEA: %%&K:{G‘ﬂ =1.1087;
K
v + :
S 2 1
Y WP mwa v,y PR F g Vo
) R
Ve EPNET
» Ky 2 v 1 v
> _ &
{ AMA b AWR }

4-14 {EEBE BT “AMA” 1 “AVR” HMEEEBESHHNFIBREIGHT

4.1. 8.2 EEALFHANEBEEERY (B 415

v - s
—MiC)l'/’slz(‘//ﬁA FW s F W e} 2] Q> 4 | V/Ql
! y
Vs & .E té,
s
{ AMA b AR }

B 4-15. BERANBHEHBET “ANA” 0 “AWR” BEEEIRME TSRS NFIBE R
4.1.9 F=F: BIEE 42 L “BERY AEEEEZERH
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EME 00 BFRGIMRE RN AR

LB BT AN AR ST H AR IR B A RLES B NE T BUR SRR OR PR
RIFRHLEE I, AT DURE T AR B R R i AN B B M, R T
PREREERS, MEFEFREH. SRR EFT Y.

4.1.9.1

“ATM” HIBFBEEI (E 4-16)

FIER (4-6): T, =K, v I sin(ly, J) =K, (s, Ty~ -15,); (46)

FEBHT MR, CLK JR7E T B AR WA .

4.1.9.2

__________________________________

B 4-16. HIEWTIRE “ATM” £ RBFBE QI
VB “ATM” BESUIIANT CLK BTEb, RFRMBAVARAFRLN TR, ST

“ATR” WIBFEHEEH (FH4-17)

ATR LIPS MBS R AR A E, — Ml 10, —Math TON, L8 Tei £ %8

Teig (EAZMWHE MEaL. M CLE ETHWRALK, UES ATMETT,

Progess( CLK)

{ Variable T_reg : STD_logic_vector(Q to 11)
If (CLK’EVENT and CLE="0") Then
{ T _reg=Teig+ € m;
If (Teif>=T_reg) Then
TQ="0"; Teig -
End if;
T_reg= Teig- ¢ m;
If (Teif<=T_reg) Then
TQ="1";
End if;

Teif

T_reg=Teig+2* ¢ m;
If (Teif>=T _reg) Then

TON="1’;

End if;
T_reg= Teig-2* ¢ m;
If (Teif<=T _reg) Then

TQN="0";

End if;
If (TQN="1’ and TQ="1") Then

TQN="0;

End if;
1 End if;
} End Process;
4-17. BAERETIIR “ATR” BITEFiBE

CLK

[

9

TON

2
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4.1.9.3 “AXZ” FFRBRMERET & n KEEER B (B 4-18)

BAERIERRT, I Teif BILE Toig LIFRE e o Bea), Bl - DEXK en
EATLUR B H AR RINAERR . SRIET R R B I BRI 381 RS
JIFRMIE, MBEEK e g BE, LD BERBRHIHRE: RZMATRED € g X
HBRIFRIEBIRR .

Ua PI iR 4Y

U Ua U, U i m
Ug Fmax(UA, U, Uc) £ mi
— P
Bl —=> | %

F mal—} A

+ - If  Fmax>0.9Fg Then If ©m™>¢min Then
Fg Pl<=A & ; Em= & mtPL
Else Else
Pl<=-A ¢ ; if P[>0 Then
End if; em= € m*PI
end if;
Fnd if;

4-18. #HEAHHR “AXZ” BE e AP ETHFIZH

§4.2 DTC EI= A4 7E MATLAB BB 5 A S bR B 315 B0 b i B

FUF MATLAB RIS ZRZIHHhE (Power System Blockset) FyBHLER!, ¥
. FFRBIEEEEAE, o] X RS R G OT SR R 07 .

4.2.1 MATLAB M1t SO E T B A

MATLAB /2 Mathworks AF ¥R, A FMANMEEEE RS, MENEZEDRE.
TIAL R T £ FR 3 SIMULINK. SIMULINK 7] ISR E R4 JReddl. s RS
SHITIRAREE ., FEMPF. SIMULINK M. ERIRE RS 4.
I ) s G 2

SIMULINK fHE T REMBERIET TR THETF. B54E50FRBETHEN
LS R MEHE (Power System Blockset). S RAMBEAIEUT AN FHERE
2 Ak

a. HUEHH. GFERBER. SRS, TR REE. ARk Em T

b, EATAEIRE: SR RCL 3. 5 RCL H. FEERCL fi#.
LRMEARIEAE, WAARRSE. TR, WiRRER. BN x Bl S H R B
IRTE A AR,

B E TR SETHLE. BIWE. GTO. MOSFET fiEAEIFI=%,
d. BYUEHE: GEREER. KEMEL RS, BPamil. RBhs

.
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HUE DTC MFRENEL a0 R R

LA KRS,

e. EIEHHE: GIEHAMTPIELSE.

B . T T A i R B R

g MRS SESGFRMNE., IS EME . Him 5.
FIgmAEE i a5, [0 ik R 0% Bl = AR

=

4.2.2 FEALEVMNHEETFE DIC REMEHIA R
4.2.2.1 ZARFEEHLE DTC #34I R 45 MATLAB 45!

0

vy

-m AN -
M g ] < s s BN 3 4
speed tof it _abe
IR vellof py-Bevecine vhb B
m i we -1 et
1dq

k4

o Relayt Ha vexls
|
Te

0

faisiat Rtlv!“ﬂ clable Trh
mf AIM AIM s

Measuremenl|
Siep D mux

1 isabe Lag
tdr 00 1o D0 WG |4 who

veror g

14t 002 b
| (]

XY Graph

B 4-20. BHERBEHNBRZEAFIBREEH (AIN) DTC EMNRS

Hir, ciuDQ #56H T 58 7RI 32 8FRA8H:, M UD. UQ MiitE.,
BN ENBEEANBRER DQ M08, Fdq2 M fais BT IMBEEEAIME, Bk
MEES BRI IR . BE R RGRHIERF A R L B ' R B T A .

HAEELGEME 03, AT S5 RBHBEMELE, T XhERBRH—AHA;
RS R E R, MRS WA SR DQ 4B £ DQ2 (it
HHWRBEFKE, AR RENR=N &M, HEFLRIEXES, #T
gtﬂﬁﬂyiﬂ’a%%, BEMEA pwvm IR, EHTAILE, MR EEHEMREHE

R ctable TETARR MM AT KB RRERIEN . Fdq &5 FRERETT
DQ #i bfsr&, FH fdq 7T LU TR TR TR, tao, fai 475144k
WAL R B A BN LY., REXZAMAE, FIA MATLAB f
FUNCTION HJIP] SE3 R B iR

F4-3. BEHRAGHN P BHEEFRSE

L

R B AT=0.5

BT B3 Ap =0.05

BRI R E w=0.5
W LA &4 Kp_speed=3
WM 25 Ki_speed=2

52.



SBME. DTC M REMEIN LA AR RN
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4.2.2.2 MATLAB HS R ABRINE T IS5 = 4T

P 4-20 FERY R L ab 2 H K 4-3 FioR.

{ERPIE T, SRR 4-23; & FRESETE BN A B R A AN A T
T E 4-21; F THEEERYGET AR R 4-22; L
I B BRI T Un ] 4-24.

B YUFER, EE ST Sorad/s, HHLZE), FFEEME. FEXL 0.013 BT
WA BRI, TS, 70 0.02 BHZIZEM 6 AU A A MR, WBIE LTATLLE
HAPLR B R kR, MR ITRRY, SRS, WIERREL 6

Mgk, TR TR F 80rad/s, PRBASY EFSE. FAESY, B TREEER
BE¥E, LABEBE od AR, &q AP, WEmR—ALL o AR, LLo3 A
FierlE, Wk 4-22 fis.
4.2.2.3 FEHS RYEBERF &

) i g S ] PP
R — : pagl R

T I:,I:U'I.I. g s P : U.l.-_a__‘- o L

SRl

N

4
Eos = |
il il
| ] E
I

-

& -~
0554 *rmﬁ. 051

é;£4“éMEﬁﬁ&%ﬁEMﬁﬁﬁﬁ
PRSI A O ST BIAR 5 FR—BL IET DTC MRS
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SME. DTC {FREMEEALE A RIKRIT

WILHtE, KiEH DIC HFRGAT RV E TRRNGMIE. HRFEER
B2, ERRREEERT, FEa TR RIE RS SORMN, B R
R ) LR TR G M, RS B DR R 98 R r B R R I
Ht, HBITAYL DIC HFRAMERAITLRED, BFBEFMEE ALK
g

§4.3 £ DTC HF ARG L ITRILDEN KRR

4.3.1 EFHMBEEBRIAREE TR P REWH
LIRS R SRR SR U-T AERY, ALt rh s (30 002 SR P 97 ) e R
HEFRRATEH AR, HTHERESR, WEEERRY,
7, = j(j'ldt 4-7>
TS HTE B BRI 2 FAMAE U-1 AR scR . (B 4-25)
AHORAEE ST, DR TEE R, BEFERLT RERE,
(4-8)

U, >>ir,

B 4-25. mHL7E S R A5 R A A0 4 LT d 28
EEBNATIGEN, SEEFLETEREXNREN, SEMERESR
PL¥Sm AR EIFAAE,

Ag, = —-;lrl (4-9)

TERXIPFL T2 T Ag B S aaxtibir, mTFE THRE, BXE8
WILIRE %, U HERUIOIETE S, MERARS AR, BILEEE
W ELH B AL,

D AG, == i, (1-10)

LA B 2SRl T AR E W .

B 4-26 MEEETFTHEREZWEYAEERPER. B4-26 7, YETH
FRMERBEMERGE, WERENERS, FEENERETURES: Y78
FRERZRHERBE, RIMHARREE, FHBiEREuEEEiE.
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X D0 msfdiv Y Zvolvdy | | X 10msAWEY gpolidy 0 -

.a
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- E4-26 BHERLRER, EEAEMEAENREER
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RUAFEAE D 3. St By . PRGNS B0 AN ME AR 49 B s PHIGRE (A, RFA
TR E I A _E R R R R

BB LR T ik DTC REURIE B ML IR II W, 2 ORI 7 X BT 4
U-T BERL: 7 ¥ T Be A0 B BEAR A 7T CL 22 58 7 e SR B, fECER BR MR v 18 B,
FRIERE, SXHERRBEREIA R s HLH B AR H 45

4. 3.2 FER BN ] A B B

EFBIAEREAT, 0 T W b FHPE IR LI, 26 R AR A
M 2SI T e 4 1a), FERRIAIENE % T (i A5Hr b F AR FEo6 45 B dme
R 4B BB - AP RIS 2R L1

P A TEM S S B AT FE 55, ST A AR — SRR WA DO-LLNK L
124 141 56 BT R SR, 37 B B S 2 SR SRR AL 5 RS
(-1 PURIRE, SRMEEIM RE, b iR as ) T, 155

I _
U£=T5gl1(f) (4*11)

Hp,

U, HiRZEHE;

T, FHCIX 22 420 [

se(i) = |24 [sen(i,) + asen(i,) + a* sgn(i, )]

o =exp{ j2m/3);

Iy L RN = HL R

T AR AN
RAREXAEMIEN T, WESTIANTER B, HFTHT 5% B S 761X [ ZE
ARG, FEXBVEME,

ﬁﬁﬁiiiﬁiﬁﬁgémﬁgﬁiﬁz LR R B S ASER 3N . DU 4-27, IR
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FPE D10 MFRGEMEWR TG RIRRAT

BWFEKIEN A 3us, FFHRNAE, SBHEANA 3dus o, RILHIERE, X
R EPIRREEAT, ANHRRBIE T LI S, HiEH AN 80u s i, MYLEITIES,
BHRESHI.

T T e r -
i

Y

i

M
s
Al !
[

!

o #EAEESIRt e B T=800 s, R TR AT
T FEIESHIBTENEIER T=34u s, HEBEFHIES
B 4-27. BEFHEWNEIEREETIENRE

AL I BT U ERFE RS, R B S RRAE M L L RSk
)P EREL . —J5i, FICAEH#GRT )R LR S R B LA L, SRR
RIERIRER AR, PTUERIERAN. 5—F0, B LEEEREN, Mk
T HR 3R 77 3 b T B R R SRR S R A RS R . B R iR,
RAEESRBWED, AR RERE — A5 HIRR.

4.3.3 DIC RGBT ES, BiBHRILE

RLIREE AE 30 (4-12),

E=%pW¢%—vmm) (4-12)

VLML R B [ I A, M EBE AR T M S LA of 2 BEWE R
I, SEEREREMINAE R (4-13)

E:=§Jﬁwgﬂm-wﬁﬁm) (4-13)
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