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(1. BARAAREKF P8 S5, - H Hk 712100;
2. HALRMAAEKF 58 TRFR, KB Hx 712100)

FE: £EAN-28 ADETTS8 % haeh A aF ey bk b R — A3 A =48 S st v it T 247
%, %% £vA ADET758 it &% B #4748 4 b 359% 31, vk PRIOCSIRD2 3 F Mtk A R s 22 %5 %
T AR e F A Gk B PC AU R B4R, 53T ADE 7758 & IL3% 0k AT 6 AR AT T 4. A
ARG MR X BT R A E AT T S biE, TR AR AW . B R AE 0.1 ~6.0 A i F
EENF £0.5% ,% )E [ 150.57 ~260.18 V BFml 332 £ F £0.2% , LA & 500 545 5, T A
HREAEN B E R RAR Y G E E @Rk,

KB MAENFTRLAE; SAHREH; BHERSMH; MNERE

RESKE: TM 930.9 XERARIRED: B

M 1880 4FH RERHME A 24 1) — [ Z4F 1], J&
A fERE LWl PR EILE
K, B THOR THEALEOR B9 REUR R, A ) i
2 1 HL T BE SR BOR 1 i R 5 A R A
VEZ2 2w ) L A ] 0 D B A R RE SR L S
R FERTEAZ ADE 7758 Z 3 hE R AR 1
fifi b AR RGBT %, L ADE7758 Jy R
OTTIFREAT R L B T L PROCSIRD2 Fh R HILAE
N AR GEALEAS , BT AR I B B R GE R, JF X ADE
7758 SLBE BT BRI RS T 204 s B R TR v
B X RGN LA T SE R

1 RGERIT TR

1.1 ADE7758 B4

ADE 7758 j&Hi & [E ADI A"l A r=ng—Ffp HA 6
% A/ D RAE#EE, W IRQ By SPI A H T {5 1
KW CF fikompida i 1189 —AH moks BE B X gE I 1

Wi B EA: 2004 -09 -09; 1&[E HHEA: 2005 -01 - 18

XEHS: 1006 —6047(2005)05 -0081 —04

ASH 4 IEC 60687, 1EC 61036, IEC 61268 , IEC 62053
-21,IEC 62053 —22 J% IEC 62053 - 23, =] LA [A] i
b = AR R | F R DLAE AT ST SR AR 2 DL sk
PR M OB R AR A PR e R . & TV,
TA AR (15 0 FLFE RN, 28 A/ D B 4088 58 i Bk
FACAL TR 22 5, WA T 88 %k B0 Ak B A5 5 kAT
A FhFIWT AL FRALE S, TSI FRE”
ADE7758 NHEERR TR Y - AA/D Hhds .
BB e R LR EEAR IS, A D e ILTE
P, R 00 2 R P L O A ST T B A Ak B
43o ADE7758 Sk HERBIT ( A5 /K I 4% ) e 46, g s
FUVEPE I B AH 90°, FE JC T Dy 25 A W5 Ik 4 i
I, ADE 7758 fA% R 56 4 2 B PRprfE i 225K . %
R SRR AR S B, LR TT LUSA 60 Hz,
AT AR 50 Hz, Fe% = =2 il Fn = H P £k i i U8

(D ADE7758 :poly phase multi-function energy metering IC with per
phase information data sheet(Rev.0.2/2004). http://www. an-

alog. com.

Bandwidth analysis of main-steam temperature PID controller
parameters in fossil-fired power station
HOU Shu-wen' ,DUAN Ai-xia' , HUANG Wei-feng' ,HUANG Yong-zhi’
(1. Dept. of Power Engineering, North China Institute of Water Conservancy and Hydroelectric
Power ,Zhengzhou 450008 , China; 2. Zhengzhou University ,Zhengzhou 450004 , China)

Abstract: The PID controller is widely used in the main steam temperature control in the fossil-fired

power station ,and its parameter variations affect the frequency characteristics of the cascade control sys-

tem. For the increases of proportional ,integral and derivative coefficients, the system step response diag-

rams and bode diagrams are analyzed respectively. Its influences on response speed, overshoot, stability ,

amplitudes and phases of three frequency bands are studied, and the change tendencies of amplitude

steady margin, phase steady margin, through frequency and shearing frequency are summarized. Based on

which ,a set of PID parameters is designed by using frequency bandwidth analysis to improve the perfor-

mance of main steam temperature controller.

Key words: main-steam temperature; PID controller; frequency characteristics; bandwidth analysis
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Fig.1 The system frame
BAZRGER] VLo oy i B A AU R 4R ADE
7758 T 50 AL I EHE Y s =R ER Ay, T
B 0 e T H 0 v A B ARG P, SR ] = AR T £
LR EL O 220 V., ADE 7758 8 oo
F 58 U I A TR A, RS T
MAX 232 j#47 RS - 232 Ay ifi L P56 46, e 46 Jm 1 5K
Pt # 05 PC HLEATIE AR , S £l 19 R i o
HIEIEEEAE/ TN B

2 1L ADET758 i R g

ARSCHEH B —FP L ADE 7758 it g B pY H
RE 5 RS A 4 F B, I FRAE I AN IA] 2 FioR o
— A I — Bk ik th
WA | B | L SPI #%M1
T e

MAX1232

RESET
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e T
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Fig.2 The hardware design with
ADE 7758 as measuring 1C

ADE 7758 (1) A iR AL 1 , HAS AR 5
TR R 500 mV ., = AH HL R | LI A RSS90 i 280
TA,TV A2 b2 J5 , i A £l ADE 7758 its v, il 3 6
% A/ D SRFEEE SE BT b . ADE 7758 [ f ik B
AR EE AL RN 5 1 7 25 FhH Wy b PR ALE 5
IR B AR A AE 18 A R i ff s . PS9CSIRD2
AR ML 5k SPI 4% 11X} ADE 7758 #4732 5 #4E,
ADE 7758 WA — A~ H W1 bt il 25 A7 %% MASK, 1] L
PERERWTIE A SC Ay W A B TRQ BG4
R ML TR 55 F R
2.1 P89C51RD2 HyLE+aFnltge

P89C51RD2 J& Philip A IR H5E#E CMOS T2
il 1 8 A g il 25, 75 2 R4 5 80C 51 584 4H
[ AR — APl A B 6 BB ] A 20 AL,
1A TR FETE A AR Y AR R IR T 2 AL 48 80C 51 1y 2
. RN 448 7 1/0 50 3 4 16 i Emt /1t
b3 &N 2 T I S N B TR W AN W
UART,1 kByte = #8 ff RAM i WG 48 SR T 1T
HH . HA 64 k IFAT A a2 )3k 5 kP FLASH #2

FEAEfitid , AT SE XS 8 ERATFE R GE b 4 A (ISP In
-System Programming) A1 7 i F 7 4 # (TAP; In-Ap-
plication Programming) , £l & &K, AN F
fitiee , RIS 1 RGN ERE
2.2 HiRERR

H 8 TA SR Y 2 — b = AR DU 2k il 20 &
AP L BRER L 1.5(6) A/ 5 mA A5
Gk 0.1 9%, FiE 5138000 20 Q.
2.3 BEERSR

L LA TV SR Y2 —Fh = A & =k
TSR, WP AL R 220 V, )9S AN K
F 0.3 mA, IRF S 2R AT 7.56 +0.03 V, 9]9%
SR A i 46 2 i L =1 000 MQ.( Uy, =500 V),
R TA RNTV 345 HL B o] ST B, TS dhms o
2.4 FHIMEE

1M H iR MAXIM 28 | Y MAX1232 58
F, B PSOCSIRD2 (1) PWM 452X A= (1) i 23 L Al
PH I k551 g MR A {55, W0 H U5 F R R A
FRAS TARIRAS , 5 fap o D RE e, KRR & T
ARG SRR
2.5 RS-232#0

K MAXIM A F] ) MAX 232 385 52 TTL iy
SR RS - 232 pRifiE L PO . D7 i H ST
FHLBEA TS
3 R

RGN AT AL T B A 43 Y S LR
A1 PC LB AR P B AR 57
3.1 BRHERIET

DL PROCS1RD2 H /5 #L A 4% 0 A FE - HE ] an A 3
F7R o

]
v While(1)

% ADE 7758 S b

HEAT AR IR

ADE7758 2
5 bp g it 2
v

i RD2 N flash
Witk 1k ADE7758

HEAES T W36 ol e B
A ADE 7758

PHAT FH 1L I
M2 5 77
¥

B3 ZFRiEE
Fig.3 The program flowchart
X BT ) DRI D A PR R L TR
ARG B T RE TR 2L, rP 76 45 S350 Wy INTO 58
W A AT T 3

(D MAXI1232 Microprocessor Monitor. http://www. maxim-ic. com.
(2 Multichannel RS - 232 Drivers/Receivers. http://www. max-
im-ic. com. en/pdfserv/en/ds/MAX220 — MAX249. pdf.
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3.1.1  4R3p P 7 INTO
ADE 7758 [ IRQ fifi % 43 P8OCS1RD2 B K- L1
INTO i), IRQ &[RRI /R ADE 7758 4 iy~ 4,
PR AL L SPT KGR A0 3R (H | R AT HL A
B, ADET7758 iy F P £ 41 T v W R i A A AR
MASK , i i3 15 B MASK o] DUR$E [ 0075 B 50T A1
7 B T, SEEE 22 AP BE , G = AH H | R PR iR
B R R RN = A RS
3.1.2 = afBr

P8OC51RD2 HL 5 HLNFRA 3 A~ W%, 43 51 A4
SERTER 0,1,2, EHFEE 2 SO 3 PR EALC, R4
IR A B E T ORI R R L A . AR
FERTAS 2 AR — > 1 s e B 2% , 76 o B =
A, B R ML IS SPL B2 EBUA Shh R JCsh oh A

3.1.3  H47 P

P8OC51RD2 N ERA — 4~ 8 o 1y H3 47 1 5 il
SCON,, 38 #: 15 B 12 25 A7 PR RH g A2 ] 7 (o e 2% B
PLASER B E R . ARSCRA9 £ UART, S R4
9 600 bit/ s, ADE7758 fybssE J = HIHLTL L A
Do Jey) P MAEYR A Ui g JC T HL e
i L H R I | 23R ARSI s 5 1R B2 )R
FHLREFGM fE AL AT A R A5 0 S0 TR
FEIZ P T B 58
3.2 REHENET

R T S S LSS HLERE, R ] VC ++6.0
Wit T HT PCHLE /R G & 8%, DL O 1
BRI TR SCGHATIREIT WoR o i35 R ef H
AT OB, Bds o A A s s =883 .
3.2.1 B eiir i XA fxE

E X —1~Z& CPhysics, #] ] Windows API JE {5
PR %% OpenComm ( ) 1 CloseComm () CUFT IR A A
B0, FEE X2 A5 K E ReadFromCom ()
1l WriteToCom () Xf & H #4752 5 #:4E, O MY
X B F A Windows API pR %{ SetCommState ( ) 58
Mo HYH ST IR P8 75 S T IR B, AL iR
WAF PR 1200 bit/ s, 8 AEHE AL, 1 A5 1k
B, (AL g o
3.2.2 HIEHHT

T T R R 645 L2 L ALY
SC, SRR A B BRSO =S FR

PC HLF %4 :68 01 00 00 00 00 00 68 01 02 32 E9
CS 16

BA LB & .68 01 00 00 00 00 00 68 81 33 32
E9 46 34 33 33 45 34 DD 33 33 33 33 33 33 DD 33 33
33 33 33 33 33 33 33 33 33 33 33 37 33 37 DD 33 33
333333333333 DD3343334333433343DD24
16

PR HILE R SR X A% S 12 ~ 17
AR, BEARELE 2 T, A Y, R AR

5 AA H;19 ~24 5 = AL, BAH L IR 2 527,
BAAIR 0.01 AL J5 o FafT AA H;26 ~41 735 K15k
AR, BRI A ~CHADNRL R 3
FATL AN 10 W, 5 3 BRAT AA H;43 ~50 27
BRI T, BTV A ~ C M)
8 F7, AN 10 W, 5 4rFa s AA H;52 ~59
TR BRI DR, BT R KR A ~ C AT R A 8
&2 R N RAT AA H

M\ CPhysics 5 Ik 4= — 4~ 2% CMasterMeter 645
DataAnalyse , 7£1Z 25 H & X m_chOutBuffer[ 1024 ] F1
m_chinBuffer 10241 P AL B RE 1 AR
f LS % o X5 AU i B E B m_nOutLength 7
B B . P > 51 R R AnalyseFrom
Com () X SCHFAT A e AbFH
3.2.3 HEBRTIHY

Bl Bos sk R R R 1 s B —IK
SEIPRCHE . PRI, A MFC (3 2% CListCul'™ 269E
A —A> CMyList 2, {7 P28 14 58 B M ke 46 A bn
S5 H1IZ IS L Y PR AL AddItemString 54

4 SR 550

KA T R BT B = A 2 DI REHL RE DY & R 58,
iy A HL S L Dl 150 ~260 VLRSI 0 ~6 A
L ONLLY 6108G T #L4k i 47 Ui 3= Ge A Jy b
YDA, XoF L Hs | H U ) A B2 AT B, 45 R )
MR 1 K2 PR,

%= 1 ADE7758 Bl EiR%E
Tab.1 Current measurement error of ADE 7758

1./ A a/ %

A M B A CAHl AM B CH

0.1 0.12878 0.12703 0.12468 0.479 0451 0411
0.5 051144 051331 051329 0.191 0.222  0.222
1.0 0.99951 1.00062 1.00091 -0.008 0.010 0.015
1.5 149595 1.49769 1.49793 -0.068 -0.039 -0.035
2.0 199240 1.99434 1.99500 -0.127 -0.094 -0.083
3.0 298619 298953 2.99080 -0.230 -0.175 -0.153
4.0 398067 3.98555 3.98746 -0.322 -0.241 -0.209
5.0 497604 498265 4.98489 -0.399 -0.289 —-0.252
6.0 597096 597898 5.98203 -0.484 -0.350 —0.299

T Ty MR E R 1 M H T I R (R o SR I R R R 22

MRES TR W] % R G0 BAT B B DK 2, Y
HLAE 0.1 ~6.0 A IS 1R 22 A HE 3 0.5 % 5 i1 %
1E 150.57 ~260.18 V B EiRZE/NT +0.2 % ,FR1{E
SRR S A AR S B E " e R G U
WIEESG0H 0.5 24, JB TR 3 90 =R

AN, ADE 7758 38 K Dy fiE 2z — , it 42 7T DL 4R 4L
FH TS HT ) 24 T B A B0, & 10 Bk SR Rl
#H 26 kbit/ s, 4z B T 6 B 9 T4 50 Ha'7' 3458 4
ASFEHIAT LLRAEE 516 /4S5, 244K, ADE 7758 A A~
JEZ AL B HBEEAT I L B T H R B SRR
REEVEATI L D R RAE . TR My, v S 38 38 1) B 725

I,/ A
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Tab.2 Voltage measurement error of ADE7758

U/ V B/ %

U/ A Bl CAHl  AA B CH
150.57 150.50 15026 150.43 -0.026 -0.119 -0.119
160.67 160.57 16037 160.51 -0.038 -0.115 -0.062
170.67 170.58 17042 170.54 -0.035 -0.096 —-0.050
180.69 180.58 180.46 180.56 -0.042 -0.088 -0.050
19072 190.57 19049 190.57 -0.058 —0.088 —-0.058
20034 200.19  200.15 20020 -0.058 -0.073 -0.054
210.67 21047 21049 210.50 -0.077 -0.069 -0.065

219.40 219.60
230.26 230.48
240.29 240.51
250.27 250.46
260.18 260.39

T Uy IR U o L TR B I L TR 5 22

B3R A 260 Hz , &3 45 %% 50 Hz (1) 5.2 £%5, iRk
FEE PN BEVE S U 20 Ao L 30 30 1A 199 die o 0 N
14 kHz, J&= 3% 558 50 Hz (19 280 4%, Al LI %] 140
YR LRI 40 M1, ADE 7758 1) 6 B SR FE 1 18 11
JEVEIGAE S 500 mV , 7] DL 1415 B OPMODE #5558
AT S B RE F T FRL AT A A D) e, DT S B HL R
P4 R U VRS U8 B3R SR

L, ADE 7758 MEEE AT LU R 128
UGB AT, B B 58 20 2 H T RGEIE I AT 0w
Ko ARSCETTIY R G0 BRI ADE 7758 241t
(Y SEETES R , I A 2 i D0 e DA i %o e 1 4 7 4
BT RIS A R R o . HET,
ZE LB B 5, % R SIS AN EIA R 128
UGB AT AH R — B ) RGN T 220 3,
5,7,9, 11 BRI I e ()0 A 2 m] DASE IR
5 5

SR 2 Ry, K MAXIM 22 /] 9 MAX
1487 A BRAIE] 2 v MAX 232 585 14 58 i TTL o
A RS — 485 f o RV A8, T LAE % A R
T RGE R L) U P 2 T R N B 2 T RE LR
TR, AT AR 22 D e R0 mT AR 1

219.66 219.66 0.077 0.100 0.100
230.58 230.56 0.085 0.123  0.115
240.66 240.60 0.085 0.142 0.119
250.65 250.58 0.073 0.146 0.119
260.62 260.53 0.081 0.169 0.135
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Design of three-phase multifunction energy metering system
WANG An-ning' , HE Dong-jian’
(1. College of Mechanical and Electrical Engineering, Northwest Sci. -Tech.

University of Agriculture and Forestry, Yangling 712100, China;;

2. College of Information Engineering, Northwest Sci. -Tech. University
of Agriculture and Forestry, Yangling 712100, China)
Abstract: A design scheme of three-phase multifunction energy metering system is given based on the in-
troduction of ADE7758. ADE7758 is used as measuring IC , while single-chip PS9C51RD2 as system pro-
cessor. The corresponding measuring system software and PC application software are designed as well.

The harmonic analysis function of ADE 7758 is introduced. Its measurement accuracy is verified by the

experiment using standard test instrument. Results show that,when current is between 0.1 and 6.0 A, the

measurement error is within +0.5 % ,while when voltage is between 150.57 and 260.18 V ,the measure-

ment error is within £0.2% . lts high accuracy meets the requirements of energy metering and real-time

supervision of electric equipment.

Key words: energy metering system ; multifunction IC; harmonic analysis; measurement error



