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Rab kP =R Abstract
CDQ Crane's AC Electromotor Governing Principle and
Research on Domestically Made Silicon Controlled Rectifier's
System

Abstract

CDQ (Coke Dry Quench) is the project that is recommended by the
National Plan Committee and developed mainly for coke furnace. It is
estimated that in the near future the State will work out the policy that
new-build yearly over one million tons coking plant must take CDQ as the
auxiliary plant. '

At present domestically except for the put-in-production CDQ, there
are still more than twenty companies who are interested in investing in CDQ.
But the domestic making level of this unit is so low, 'especially the key
equipment (like crane), that the equipment must be imported with an
expensive price which is eight to ten times more than the same scale
domestic equipment, This situation hinders domestic popularization of
CDQ.

The content of this article is one part of the Shougang CDQ made-in-
China pre-research project. Togeihcr with the actual situation of Shougang
CDQ and reference books, this article puts emphasis on the theoretical
analysis and research forj motor governing principle.

The main work will be the following:

At first, according to the basic mechanical condition for Shougang
coking plant crane lifting parts, theoretically type choosing requirement for
CDQ crane lifting motor and brake unit is supposed. At the same time,
according to motor basic parameters calculation, theoretical formula of
lifting motor fixed and loaded mechanical character is obtained and
preliminarily static running points of lifting motor is analyzed.

Sécondly, according to the control requirement of lifting motor, the
CITL



Fa x $ALFaAL Abstract
calculation method is set up which is for Silicon Controlled Rectifier three

phases AC voltage adjustment and second clectricity resistance theory;
&i}iben' Controlied Rectifier flip-flop circuit type-choosing confirm
 principle is defined.

. Thirdly, the CDQ crane AC electromotor invertible feedback governing
system is theoretically analyzed and researched. MATLAB simulative model
is set up to get dynamic wave for lifting motor starting duration.

Based on the above analysis, crane lifting motor control thought is
built. This creates certain condition for the maintenance work of Shougang
coking plant and the future made-in-China renovation. At the same time, it

provides theoretical basic for crane made-in-China manufactory work.

key words: CDQ crane,AC Electromotor Governing, Silicon Controlled

Rectifier's System, Domestically Made
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1.2 FHEERE
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Fig.1.1 Overview of CDQ crane in shougang coking plant
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Rope) %BH, BITHRENRA. TH.
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WEEE SR .
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RAKEREENERLE 1.2

3. ATRE (B)

4, BE
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R F AT B 8 30 T '

FERELEH#HBERER (Guide Roller) ZEE# 5 M 3E (Bucket
Guide Rail) WIS, URBERESZHRUNARBES.

RASTREABUADAANAABNENERKENS.

FTRERERABHIRATELNE 2, BAEELWE 3.
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2. EAMELTRE: THREELA 2. TRERYN 1X;
3. EAMEL LA RAZELH IH. LAHBEL 1K,
4. FERFAELTRE: TREEL 1M, THREEY 2K,
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Fig.1.2 Sketch of crane’s governing mechanism
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BEERFESE: 30m/min (FHFE)
10m/min (i)
3m/min (K
EWREAMEE: DT 0.166m/s.
Mudk: —F,
EHEARE: 4 32m.
HEHEhE. 4.
RAWMENKEL: i=23.766
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W BB
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2.1 B EAHERER

2.1.1 EABFHVNGEGHE

BEI2TTEERENEA, 46RFNIMHEANESR, BRAH5
M BTETHRQONKQ.)HE. [ZHHK 10]
P=Gv 21
Hep: P: #AE (kW)
G: BARAHEE (KkN)
vi BERAEE (m/s)

ZEEMENER, Uy BFRZ. METARL. [ 10]
p-% e
n
Hep: P BHWEIIE (kW)

n: THIHE

122 TS ERITHE.

EBRKEAEENR 92 . B G=92%9.8=901.6 kN

B RKEFEHH 30m/min. B v=30/60=0.5 m/s.

1 X (2.1 8. P=92%9.8%0.5=450.8 kW

LB 1=0.85, AX(2.2)FB: P,=450.8/0.75=601 kW
BEE2FHD 1.05, MBINBERRIIEA 631kW

h B WY e
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HREHGERAEN, 24 3kWHIl—BREATEERY, THE
TRERDOEARR BESALTERREBDONE L, WRR
B-aHslMiR. A TESRAURIRE, S BE 4 SazH.
T 631/4=158 kW, HHEZHHNEF 465, SERIIIEH 160kW.

BMEAXHFREE, SERATENEINOLFEZ NG LT R
F: (WE 1 3/ HE 6]

7= 60vk L. ' (2.3)
D

EHi: nhEHHEE, /min
vEERAEE, ms
60:3% % 515 B
AN, KA 4, REALBHEW
D:EWER, 1.6m
RENEE, 23.766
16 £ B A SR T 0.5m/s(30m/minyR A R (2.3), 8 tH B ENHL B0 B

EEER: n=30x4 x23.766=567r/min. HE B R RE S &

=1
A 600r/min.
BABRDHINGERLEE 4.

2.1.2 #ARPHEETE
2.1.2.1 #FhaH

BEME 1 ZME 6, . 2B L0NERAZEHAL RN
BERT LA AL 2. 1.
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Fig.2.1 Interrelation’s sketch of governing mechanism
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Fig.2.2 Force Sketch of wire rope
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KAXRAERL Fot LHRARRES KAZ
Hh, vy RRBIB\LIBDIHNRATE, BT
EEEFHEE. y=35445-x
xRTAEERATE. (0<x<32145mm)

AE 2. 28 BT XR:
(Fcosa+Fcosb+2F) —g (m/2) =a(m/2) {2.6)
He, F:2BNL848 %05, W
a:BAMEE, o/s
g ENMHEE. 9. 80/
wRANFHE, ke
w/2: RTE_ERLR

1
_.__Ln(iiﬂ.___ 2.7
2(cosa+cosb + 2)
SRR b, ZER(2.4)F y>>450, MH cosa=1: cosb=1
wR (2. DALEh AR R 8),
B :
F:%Fi) (2.8)

G EpE, TUBRUTHA®:
EREERAMBEES, B a=0n/s"8:

1)Eﬁ$?"lﬁ, BAEES 2 WML BT A 112.7kN(1L.5 &),
DNEFEEFN, BIAEEH 71 WML AZ H K 87KN(8.88 H);
NRES TR, RAEEL 109.75 M HLEZ N A 134.4kNA13.T
s

2. BEIEWESR, BAMEEN o.166m/s" B WRALAFEH
BMhAEK:
DEEEFER, RAERY 92 WML 8T NN 114.6kN(11.5 1);

. 10.
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DEFEFKN, BAERLA 71 M WLAT N4 88.4N(8.88 H);
DNEEL EXWE, RABEY 109.75 M ALAE HH 136.7kN13.T
®);
BEUEHTE, ATRPALE, RERAENNLABNMIEE,
FANEEEENRIPEE.
2.1.2.2 HEBH AR MEE
MERARDNNEE. BEHENEIRARAEDR A, E4A-%
ERENEN, NEmNNNSSETETUEREUTAR: [5XX
Bk 10} '
MyQ=Gv 2.9
AP M AEHPEE, No
Q¥ H B E (rad/s)

Q-7 (2.10)
60

n A HEHNEE (r/nin);

CARERFZNE I (N);

vAEYHRAMTREE (n/s);
BRELHDAXCIORXRARC.OTHUT AKX
DG

=— ' (2. 11)
8i

M,
APEHFEHE LN (2.3).

EXERENEw, MEsmiiENigEdETUERUT 2K,
1. #ERA:

My =My (2.12)
-3

2. TR
My = My, (2.13)

K. nARANEHRE,
1L
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7R T RS RE;

o+ L=2 2. 1)

nf

BETFER 92t B RN 7, =75%(n, =66.6%) HKE, HHEazHl

HEEWT:

1.6
8x23.766

HHMEEEM, = 92x9.8x1000=7587. 3 Nm

LIS SR TR 4E M, = %40116 4 Nm

B MO0 &2 3% Tt $6 SE M, = 7587.3x0.667=5058. 2 N
WAL BHESHE M NEER: SBE: 1896.8 N;; RAKE:
2529.1 Nm; TREEKE: 1264.5 Nm, '
ZEIEFLEA . TREGHHELARE, MEERKEFEMN,
HERERBTHHEBROEERER.:
A = 2529.1;1264.5 637 Nm 215

HOAZMEATTLEMAAKRERKEMARER, B,
Mgy =M, + AM . 16)
Moy =M, + AM .17
BEULRARELX, TUBHARAREAGREBATRHRGBIHHR
HEEmE 21, '

Z21 RAEBSHARREMX R

Table.2.1 Relation of governing’s weight and load’s torque

mE  RAreE% B

BED MR, TUBHESERAANARSEEHE, WE 23,

L12.
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B2.3 RAMFAMAREY

Fig.2.3 Load characteristic of Governing motor

REX 21 TUBRUT &%

1. 3B s B Bl A BB o 1 5 e s BLAO S T AR A

2. FREET YL R IE 7 5 AL AR AR

3. AMHARBEANSHAMERES, BARFHAEENE
TSt T R K _

4 TRERERABHRUMMEAR. RARERARCERETFR
GHER, PDERKHENLARETANHNEERRERENTE
KA, UPHERANENELT B TR,

HTHBILLEE 6, o O SR IR B2 AE, IR A A
IE R ‘
DESUANER - SHB B, ;
DERERFEE (920 B RPN A REERTREHDBORR
HzhseeE. HUFR:

M,> M, (2.18)

Hep: M ABEHABT e HHRE,
M, 8 & BENEEEE;
kATHFH.
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CATHBREE - HDBAUANRLENTHEYE, PE=Z/NHB T
LRI RNEE, THRBEKNERKT 2.
BEHEHNTREER 1265 Nm, KR (2.18)7#:
M, >2x1265=2530 Nm

5. BEERBEWHR, THRAKFEEIR, TRNELHHE,
FEMERELTRSHCE TR, TRARPERH.

2.1.3 RITHINEHRERE

2.1.3.1 UREHRBANENRERE
et BTEHAHN MBS BEN T E LKA [ZE LK 10]

2
GD* = 36557 (2.19)
£
"THRCDRA, T
GD? = 3656(Z2 2 (2.20)
240

1, BHEe

7x1.6
240 x 23,766

HEBESEAATEHBRE: 49.3 N
2, E#et

GD? = 365x T1x10° x 9.8 ( =197 Nm?

zx1.6
240 23.766

WHIELSHHHMEHHEE: 63.8N°
2.1.3.2 MBI B REFRE
EHHHER, BERHNARNEDHWE: 745 56Nn°
WHEN AWML RE: 48.85-63. 3Nn’
MU EHETLUEE, SINNEIRETRER, MEENMER

HHRENHAHBRBETUINE . BALZERDINENRENRL-REF
14

GD? = 365x98 x10° x9.8x( ¥=255.2 Nm®



A RKFRERL Bo¥ LANELEHFAALT
wmmmmammmg RFR: [&%HK 10]
GD = kGD an, (2.21)

e x h%BRERY £xXPWA 1.2

M ALHEANBREHRN: GD? =1.2%745.56=894. 7 Nu®
2.1.4 HEPLIEF A K

2 )
M-, =2 @22
375 a4t

BETERBHNESRER/ARCQ 22)7@@1“:(2 23), It “QE EA
EHEHNRENEBPRAIEER.

M- M,—2386%£ (2.23)

K M: Bl E(Nm)
Mt: 405 (Nm)
n: M H)EE (o/min)

GD s 95 4R 4 00 5 B :
§7§-= %@ﬂﬁkﬁ'h\ﬁ@%ﬂ[ﬁi(Nm)

HTHRPPLBNTRENTZEX, f"ﬁfﬁ’%ﬁ%ﬁﬂﬂﬁ}?d\
0.166m/s>, Ep

a= %<0.1660 (2.24)

R, vARRNRAEE, ms

#FREIHNA, TH

dn _280idv ;4 e (2.25)

dt D 4t

W Af —M,=188.4%2.386=449.5 Nm.
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Rk AR Bt LARALEHF AAL
RAGEHBNEENIRD, Y THELENEINEERSE
it 0.166 m/s®. SLENHL B9 8 H R A N S B S E R B H 2 449.5Nm.

2.2 R+ S BLYLIBRR 1 R0 55 1 s 35

ATEEXE AT RENDBERE, RESINNRBREN, #
RERTEO S ERBEAANMNRSERURSEAE. AT —58
Bt hig 4R,

FERAETHHNEZBSHRAME 1.

221 BEREAEXS RN Y

BEGHHNEREABNIRRE, TUSIUTHRERER

LTV HERHEARBE BN 0 SE S B #HE. ,
WRENFE: Py=160kW; FRZHEHE: My=2593Nm; Exf#: p=5;
FH%%E: n,=600r/min; FEHEE: ny=589r/min;

Gouses, 5 -mT _600-589 ;e
m - 600

EBF: YE; BigdhE: UUV:%:ZZOV; TiE B M- I;N=320A;

BT AE; BEEE. Uy=409V; BEHH- IZN=33.—38=137.4A;

0.026
V3

T U, =0.0296x4/3=0.05127Q
2.2.1.1 B (¥ A%
. A§6—_5.A

Ulk - \/5

— W EH = =0.01189Q

1,=331A P, =T900W

z, = % 0.09855 0
1k
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F=¥ LHMARRHFXAL

x, = 22— 17 =0.09558 0

FiRFAERT
By =0.02404 Q

r =
L YY1
XK, A%, /2=0.04779 Q
v,

n'"=(k, xk,)*r,=0.01538Q

k, xk, ~(=22)?=0.3
2n

2 —0.15930

xz - ke in
2.2.1.2 FEER
U, = %420\; 1,=158A  P,=6660W
== _=0.08893 0
3xdy :

Z, = ﬂ=1.3924 Q
f, =1, —n=0.07703 Q

0
Xy =470 — 1} =1.3896 Q
x,—%=1.3418Q

X, =

2.2.2 BN EFHERLEEE
BEL-THTE, TUSHEHNMNSERCERR 2. 4.
ix2

r2'
\B%(Fs) xr2 J/s

Jx1

ri

Jxi1

U1
rm

|
Jxm
2.4 BABHHINEEREEA

Fig 2.4 Principle draw of governing motor
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| RRFEERL Fo¥ GHEREM T AR
223 BAUHNEELAR

REZMRL UM T EEHE 2.4 TH:

L3 2’2
my(Ip)" =
M:%’-: _— (2.26)
1 il 8
60
B= Y (2.27)
I, f
\[(’i +?1)2+(x1+x2)z
2m, 2,
Q = 1 = 1
KPQ, &
3pU122
M:%L— s (2.28)
1

27!1’1{(q+%)2 +(x+x2)7]

HEULKAEAX DA EE. ER. S FR2ME K
B -

2.2.4 3£ T B BhBL A P 5
BIER(2.28) B MATLAB T UL 42 7 o 20 5 00 5L 45 15 o /8

25, HPIAXH /ALK N ERERE. NESTUESY, REHH
RO FEAIORERELR T UL E R T ENIKE.
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{2593, 589)

B25 RAGHAHEFRES

"Fig.2.5 Mechanical characteristic of governing motor

M, =2593 Nm '
M, =10676 Nm 4 =Me 410
My
M
M, =3598 Nm k=Mac130
MN

2.3 |MALCNBAD W

2.3.1 BARFBYBEETA

BEX 3.2, ALHERE 2.3,
®2.2 ABRABENAAREXR

Table 2.2 Relation of bucket governing speed and motor’s rev

EHNEAEE (n/nin) BB E r/nin
30 570
10 190
3 57
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BR23ME 2.3, M6 AE—RTLUBEE 2.6,

Boe #aghfiBERBAA

Fig.2.6 Run’s static state of motor

HE2.6TLUBIUTHE
I. BRAGAHNNBZIESTEEPHI—10E, ~ROREBEHEXRS
B EEHRAETRNAEER, RREAEREHNPRRYSE, T
1I6OKWH E M B B R N ERHE R, TEHLEXR. BAEKSYX
AN, FERTRBENT .
ABERETES, SEYUXREHHAEHE - K EE KA
BEMER. EXETRNIEERLRENER, DALE—KXHA
ERAEREEEN.

2.3.2 BITR&ESIH

DESMEFREYN A ERAB TR IEANET . GL Lara s
MM SHETUEL, S ERPPETE]. VR, WXL EmH
HEETA, BT RNBENTORRRRE. FLU, XH ez
PEERHETRESTLT:

. 20.



Rk FAdL B LA KBHFAAL

2.3.2.1 ®#7

1. Bl HBHATFEAADET, EXEHNEDENRT.
HE, PBREBIREME, N RkEFRE A MELBE. &
HHBENSITEENNNABREEENLIE.

2, hiE: AFHLTFEAEPDET, EXRANBHIEGRA.
i, 2H_KEBAYR, BEEIREEANN-—KREGBERMES
HENEEEEACHER. SN BEANETELDHNREHE Y
oM4E.

3, KH: EHVNLATEREsER, S EaINEKEYRFA.
WE, £ KEEAYR, BEELIREKEINH —KERBEXRMED
M MBEEFEAENER. AN RERNSITERHNNAASEEY
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Fig.3.1 main loop of three phases AC voltage adjustment
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Table 3.1 Silicon controlled mode of three phases AC voltage adjustment

& 1 1 M 1\'] \" VI
GufFE VT1., VT3, VI5 VT1 |VT1 | VT3 {VT3 VT5 VT5
& E VT2, VT4, VT6 VT6 (VT2 |vT2 |vT4 VT4 V16
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A 3.3.

2) <=0 <60 WEA, %%&tk?zﬁ\ﬁﬁl%‘%@ﬁﬂ:/z\ﬁrﬁ@%
HBHXEBERE. BIRETSFERAE N 1800, LE 3.4,

3 60%<ma<o0* HEA, BBAF - ARMERE. ST AREW

BEMAER 120° ME 35

4) 90%<=a <150° WH A, ERLTARFRESFESTAEES
BUTEBERS, B MREENIHEAEHR 30020, MERXAFEAE
BAUAAESNBEES, ELBERARAT I EENEL, & 150

.25,



RaAFRALRL F=% BT LEBML
«, JE3.6ME 3T, '

¥
B 3.3 MEEE (a=0%

" Fig.3.3 voltage wave (a=0%

3.4 BEERE (a=30"
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Fig. 3.8 AC voltage adjustment of motor
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Fig. 3.9 Second resistance of motor
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Fig.3.11 Main loop of silicon
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Fig.3.12 Diagram of reverse controlled
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Fig.3.16 pulse single wave
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Fig.4.1 emulation model of lifting motor
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function Ia=sxtyl(r)

% SXTYL ¥F % = 40 8 [ 4 1 /5 % 2 {4

% r MERNHERBRAE, UARET

% Ta=sxtyl(r) v ¥ o B A NHESL Ia
% METF 2002% 2 5248

"if (nargin<l & nargind2)
error( MAZER B AR, #EHE sxty OB A. 7);

end:

if (<0 | ©>150)
errorC WAMMEAEBERNAE 0-150 2@’ );

'
end:

th=450:dt=1;t=0:dt:th;

x=0:30: th.y={-400, -220,-100, 0, 100, 220, 4001 ;%x 3% x BAIFZE: v I v W
AR B ’

a=sqrt (2)*220*sin{pi*t/180) ;

b=sqrt (2)*220%sin (pi* (t-120)/180) ;

c=sqrt(2)*220*sin (pi*(t-240) /180) ;

ab=(a~b)/2;ac={(a~c)/2;

if (£>=0 & r<60)
vt1=(t>=r)& (t<=180) ; vt3= (t>=r+120) & (£t<=300) ;
vi5= ((£>=0)& (£<=60)) | ((t>=r+240)& (t<=360)) .
vid=(£>=r+180)& (t<{=360) ; vt6= ((t>=r+300)& (£t<=360)) | ((t>=0)& (t{=120)) :
vi2=(t>=r+60) & (£t (=240);
SE4RMEFTE

zal=vtl& ((vt58vi6) | (vt6&vt2) | (vt3&vt2)):
.81.
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gk

za2=vt4& ({(vt5&vt6) | (vt5evt3) | (vi3&vt2)):
* T REESHE
z83=("zal&vtlivt6). ¥ab+ (Tzal&vtidvt2). *ac;

zad=("za2&vtd&vt3). *ab+ (Tza28vtidvi5). *¥ac;

za=(zal]za2). ¥a+tza3+zad;
elseif (r>=60 & r<90)

vt1=(t>=r)& (£{r+120) :vi3=(t>=r+120) & (£t{r+240) ;

vt5=((t>=0)& (t<r)) | ({t>=r+240)& (£<360)) :

vt4=((£>=0)& (t<r~60)) | {({t>=r+180)& (£t<360));vt6={((td>=r-
60)& (t<r+60));

vt2=(t>=r+60)& (¢t<r+180);

$—ABRESE

zad= (vt18vt2). *act (vt1&vt6). %ab;

z84={(vt4&vt3). *ab+ (vtd&vt5). *ac:

za=zadtzad;
elseif (r>=90 & r<i50)

vt1=(t>=r)§ (t<210) : vt3= (£>=r+120) & (£t<330) :
if r<=120

vi8=( (£)=r+240) & (£<360)) | ((£>=0)& (t<90)) ;
else

vt5=(t>=r-120)& (£<90) ;
end;
vtd={((t>=r+180) & (t<360)) | ({t>=0)& (£<30)):
vt6={((>=r-60)& (£<150) ) ; v12=(£>=r+60)& (£t<270)
oA G E SR ‘
za3=(vt1&vt2). *act (vt1&vt6). *ab;

zad=(vtd&vt3). ¥ab+ (vt4&vt5). *ac;

za=zal+zad;

.82.
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B R

end;

%K o MEHEH HM (0-pi 21 ).

if nargout==1
pp=§pline(t*pi/180, za. "2):
int_pp=fnint {pp) ;
Ta=sqrt(ppval (int_pp, [0, pi]}*[-1:1]/pi):
Ia=round(la);

end;

.83.
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