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Research and Development on Medium-high Voltage
Three-level Frequency Conversion Control System in

Beam-pumping Unit

LIU Jing (Control Theory and Control Engineering)

Directed by Professor ZHANG Jia-sheng
Abstract

At present, more and more medium-high voltage AC motors are widely
used as driving equipments in beam-pumping units. But owing to the
influence of some factors, including the insufficiency of the underground oil
and the instability of motor loads and so on, the driving motor is usually in an
ineffective status, which leads to an obvious fall of work efficiency and
power factor. Additionally, from the perspective of energy saving, this
phenomenon badly increases production cost and wastes energy sources.
Basically speaking, the purpose of the task is to use the medium-high voltage
inverter to the beam-pumping unit in order to improve power factor,
economize energy, reduce consumption and decrease production cost.

On the basis of analyzing and comparing several typic topologies of
medium-high  voltage  inverters, the  medium-high  voltage
neutral-point-clamped (NPC) three-level digital inverter is given, with the
beam-pumping unit as its controlled object and the high performance
single-chip microprocessor 87C196MC as its core control chip. The inverter

is composed of AC controlling convertor unit, detection and protection
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controlling unit, single-chip microprocessor controlling system, running
status display unit, driving unit and so on. The PWM control technique and
strategy for the medium-high voltage NPC three-level inverter are studied
according to the working condition and load characteristic of the
beam-pumping unit. Unbalanced DC-voltage affects the reliability of the
NPC three-level inverter and its electric drive system. This paper also
analyzes the unbalanced causation and presents a novel voitage-frequency
conversion balancing method, which is testified by simulations.

The experimental results not only show that the inverter runs safely,
steadily and reliablely in the laboratory, but also prove that the control
scheme and design method are correct and feasible.

Keywords : Beam-pumping unit, medium-high voltage three-level,

neutral-point-clamped (NPC), PWM, single-chip microprocessor
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HERitEER, MEAAC BERESTRIPHERFRNEL
FHEBER. ATHLAMRGRIEEALAMNIR, AT EEHET
i, REEZBEEA, BEXERRASS, WNEHmEER—EL
i, RIEERYANIR, BNSz—RAPEXER, & &R %
HiFFiE.

BEASROVAER: BTRATTRALABKIFTE, XM oHz
B 55Hz AT 17 B B—BARRXM N —MEA SN0 53] 16 5),
B BRPREBRNHET ZROEXSH. flm: 0 SEANNE
— BRI RATL B T IR (M 5. OHz | 5. 6Hz, R& 0. 1Hz TB—IK),
Mo 0 SEARRILE 7 MR ETL. BEASHFEETERRNE
FAXRMIEZEUREHIRR . AE—mEIERNER: HTES
PSHEI P AR B RN E, ERTMEEN, FE
FIN M EREH B EE. SHENBEHHER RAEE V/F LHEE
$l. EEEMEZE, BHIMABERENSHE (BVEE) B4
HXFR. BdOiemEn, A ACERERFEE. BEHERER

-57-



FEAMAY CER) BLRX F4 BHANTERESAERARERITRLIRGR

[ ﬁ%ﬁi%*ﬁ]

Y N
Y

EP260K%1 BEPR260O40

| |
Y

BEZE. AR E. ARPAREPHEH RS

Y N
Y

EPs6Ob1 Er660%0

I |
'

BERE. BSRREHE: BT ALETERTRY
.

<&HH%%®»
Y N
Y

BEP670%1 BEr670O040

I |
Y

BIEZE. ARREHYE: RRTREEVYEEHFEF

0

-58-



PERBAE CER) LY B4 BHdTREERAARRER S RERER

4, CP

U. V. WM

fREHENIE
ZERKE

Y N

BHEE
BEERESRH
HREFRE

t '
'

g

f -3 ERREBPEHRSEFHER

e P BN ST RIRERE, BRAXERRGERRE, &
RRAIFEROBRRE. BFALTEZXEM NOC HER, KP
NC XM, MC N BEHE, F—WHELRL —EMLETHEFZ
EEMEER, AR AR, WARMR. $ERESRTRR
SEFNEENE 4-3 fin. FERERERTHZE, KKH U,
V. W SHLTHARA (E. ), RERESE 3 BRI, EEE
%A B ch R e 5 UV W S AR PUM SR R B = A8 T, 4 Bl P2. 6,
P6.6 1 P6.7 =4 1/0 O/ 4%; BEFKHE. BEWEXERARE
it HRAMERYE, BETEHMEE. ARE. AETKG
6, #TsmR, BEREEML, ERREZMINGE.

-50-



FERAEMKY (FFR) BHie 4 EhadPmEERARREREFRITRLREGR

2. HEENBRERFEFRIE

BB R AMEN G S/ REREANRSHIREF ARG
ERfRRE RN TR RER KN . R EH BPMREEFFE
MR ER /738 TL P, E R IR TS ER IR MR R
BB REY . RIRBEZE, AILELREMRRERER
AFIEIER, EA UEF SRR P ERSE. X T T £ITHT
T, HHE0E8 B 0000H 3N E) OFFFFH &, 4B Fusrh iy, T
Bt E RS RIF.

A 4-4 b RGeS PEREHRE, TR RERPE
MAELE TFRE TR F 0, FLELCHEKS TR RPH, AR
FEERERNTE, BREREFANMARETAZIREE, BHEK
EHETER, BHFEHERZESREIEN AN RN
RIBREPAT . WNRKESIRELHT, WHEFEAE: KENER,
HETHELR: THEAR 1 REXMZRNREGE, BATUERRE
HTH . BAERERRLINEITRE, ETLRERAEIE.
THLR 2 PMUTULASFFEREE, TELT—EMERZE
BREEFRENRAHAANREETRERE, & TR A BN
At E (A REEMENREFHEFRENINE), Bl
25, E-ANABNEREEREMNSE, TARELSETERMHAR
FEREME L, N EEEANAERE, REAR: TR
BHRR, METH. BARENSRZE, EAERTHESTHE
HE. SIS RAERNTRAEELINE, BEFFENGRITH. £
HXITE: A/D HBBEFAMRERA. BENKE, BUENE
CERBE R BRI, TUBEBRBARNTHBER), SHEL

-60-



FRAMRKE R BiHEX F4ERITHEETPERAKAE BT RERGR

BT, RE—EREER LRI (EERESFHEFR
B 5REMNASE) FBE aTHRBHFARE, AEMCERZT
AEETEERE, PBEENKD, ME—RRERT SIS RENK

(ﬁ#%ﬁ%*ﬁ)
}

R
BB

FtHH &

fKEREDN

RA R

shERE

HERE, TERES
BT A AR R

l

FRAML, TRk EES
RBETERFTRNRER
2L, FANHFRE

L

B 44 BUERBPEHER

61-



FREBLE (FFO LY B4 ERUNTREESANERERBRITREREGR

B, AL THARIHIHNER, FXEERWELFRFEERT
CABE R R
4.2. 4 BERITHIRE

EEIEFESNBTRERENEE D RBEER, T
TMBAOEE. REHEM HEARRE, EHEEREEFE I,
AFRAFRETARMKBRESAER SR, @AEBTAR LER
K, FERRRBREAS L RARASHE, CUUEKENT
FARRMFRS UK S WENAR, Z82ET LED (Low Emitting
Diode, ZAIRE) HRAL A MC14489 ML & HLEER LI, KA
T AE 5 EA VKRR EO R LI EN IR,

HHRLAAEHNNRERAGIHERNGSREMRN S
B, ABARMEEEENSA. BRERNTL. B, ATHS
ErRUFERSERAPUAREMSHE, LB TEX, B4,
FEBf. ETHEAEESE, KT —h E'PROM 2864 (BT HERRTE
B#) EAREFCELABHOFL.

HB EEMMTARGETHER, RERUEEBHEF. REE
IZE, EMERSMEA—ANTEFELRFYEHAE R 4
S5RApZafhL, BRRERELBEREMER, LAFEIRR
EMRANHENER, MELTESERMEEREGH, EER
BEFEH. BERENDRSETERIEFHRE E'PROM 2864 1£4
WiIZETFHEER, UEERFETFIEL R, ERFH, 84
K2HRENSLRABINERFTH M FEFEE, BESER R
HAGRT K. B—MERETUN TSR, SEREK, EAHEE,
TSR, MIRRR, SRR, BIFAENREMAL. SEER

-62-



dRAMKE CER) SitieY B4 EnmilhREERRERARE R RERER

HAUERZFARBEBITZERIER P OTEEREXN SIS BT
RE, BHTFRAMSFESTRIEERS, ZMBENMEFNET, i
LGS 3 A% S EO TR RIE. ShERRFRMN SRR T LERE
MEEGT, REAGHFERTETHIXESENENR. BERF
AR REZMBE LN EHSRMBUERE. EHEER
g, BRESMREE, #FTREENBERRANSHE, MEHF
PEENEEERE, UBRAARREE. R0AS—Ei%5) ENTER &
f&, BFSHHNNENSHERELLTENZE, FBXEBR
JERHERFN E'PROM 2864 9, T—IRAZEFETHRSEBAE
RERERE. AT, AR RRRBEENIEA e &S
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4.2.5 RRIZHIRRE

SHEM T RREE PITRNERD ) MC14489 MMFEE LED X5
AR, TE8 3 ETAN MC14489 BEMF U R 58 A HLZ RIEEEHAT T
BRMNE, FEEETEARGHETEAAE MC14489 WML EIE
# BT R,
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