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Research on the Shortest Variable-Slip Mode DC-Side Voltage Control of APF
Command Current

Dedong Zhou
School of Electrscal Enginevmng
Lanzhou Podytechnical College
Lanzhaow, Chars
eemianil: shaodd] 065 163, com

Abstract—During the startup process, the APF is converted
from uncentrelled rectifying o controlled rectifying, and =
step-funcibon signal is mpot io the DO shde o camse the
ingrease of capacitor veltage and generate an inrush cwrrest
The existing method For suppressieg the AFF grid-conmecied
visltage i o lanp charging time. complicsted bardware circuit,
and complicated perameier sebiing. Almimg ai the above
prohbems. this paper proposes the shortest variable-slip nsde
comirol of APF DM -side voltage commamd cwrrent link,
estnblishes ihe shortest command ewrrent generatimg cirenit
wndler dyy ceordimstes. genersies [M-side volinge command
eurrent through slidisg mode varishle strectare comtroller,
amil enhsnees the system. Ihbnltltn. reduced DO shde
charging time, i d APF I e The
simulatien lﬂuh preve the correciness and Teasibility of the
comtrol method

Kepwords-APF DC sile vwiltage: sliting mode variabie
SITWCTARE; oW Commamd RNl gemeraling oirowir; dy rotadey
cowndinates

L INTROMILCTRON

Active power filler (APF], as a dynamic compensabon
device, can dymamcally comy the constamily ch
harmonics and reactive pow'er in the power grid. Al prlsocnl
research on AFF i3 mainly focused on the main circwil
topodogy  and  the oootrol  siretegy  during  stesdy-state

aperation. However, thene 15 no sstisfactory method for the

impact of M-sade capaciior charging, during ghnd connectsxon.

However, dunng the APF sartup prooess, due 1o the lange
vidtage dilference on the DC side, an tnrush current will be
generated on the power gnd, whech may cause thi probectxn
device b malfunctin and domage the power equspment 1o
serous cases The mfluence is of greal apmficance o
improve ils compensation effict '

Al present, in the research off APF startup, the reference
|7] proposes the subsecton startup contred method. When
AFF © conpecled 1o the grid, the vollage contral loop s
disconnected firt, and the mmer voldiage of the curment loop 13
used b0 suppress the impulse volizge. problem. The reference
literature |B] proposed Bang-Bang control, which effectively

suppressed the inmsh curment and reduced the swilchimg e,

bt there were problems of complicated hanfware strochane
and bediows parameter sefimg. The method of slow-setting
given m the reference beratune [9), gren the power grid

17

Danvang Zhao
Schoul of Electrical Engineering
Lanzhow Folytechmical College
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e-mail- B1528554 | fEtge com

wollage dovesson o reduce the mmpulse voltage, ala b the
problems of long switching time and w0 on. Lateratune [10]
proposed 8 DC-ade voltage control stralegy fie equalizing
the phases of the regulsied current,

Thes paper proposes a shding mode vanable stnsctune
control for the shortest APF DC-side vollage command
curnenl lmk in oy coordinates. A mathematical model of APF
im g cotrdanates os establshed. The traditional -4, method
reguires mulbple  cosrdmate  fransformations m
coonbinates. Coapacsior  charging bme, a mew type of
command  cumenl  gencraling  circuit  swtable  lor dy
coordinates & designed v make the nk shonest and has
stromg robusiness The DC-cube voltepe 15 controllsd by a
:||.du15 mode vanable strocture, which makes the DU -ade
woltage rise walh the sldmg mode surface and suppress the
imypulee voltage. The commectness amd feasibility of the
control method are venfied by cmulation.

I, APF MaTsEMATICAL MODEL BN 1) COORDINATE

The structure diagram of paralle] APF 15 shown m Figure
I, amd ithe mathemabcal model m dy coordimate 1%
established.

Figure I

The Schetianc disgras of Sham active powes fille

Suppose thal the mmal phase angle of the a-phase
wollage on the AC side of the main corcun 18 @, the ampliode
15 Ea, the mitial phase angle of io 1% g and the ampliwde 15
Fu. The AC voltage and current ane converted mio rolating dg
coonbinates. Lel the mitial phase angle of the d-axis be & and
the acceleration be . The mathematical mosdel of the
wollage and current in the dy coordinate can be expressed as
Fallomws:



k [mw- ﬂ;]
& [=Ea| .
| Lsint-en

i

i :|"r1.a i -'rn[
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(2)
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cosip — )
sin{ — &)

The swiich lancton of APF man circunl can be
excpressed as follow:

L=h8+ E{—lr‘ ETHHrinﬂLxlcm[mn{r'l [E)]
=l

where, .E1thiwﬂl'l'u|'!h:l:ru.lgpwal|._ﬂ;ltlh:
fundamental component of wch phase, K s the three phases
o, b and ¢, and the expression of DU current fy can be
obtained:
i, =40 +eD +i i} 4
The expressions of voltage and current at AC sade and
DC side of converter ane oblamed by converting Dy o dy
coirdimate:

v, =0F
2 Dﬂ; i
E =

[ §

= =il + L 00) (B)

The mathemabeal model of the APF main coreuit in dg
coordinales can be obtined:

L

—-ml'.:_‘ +u,

L N

ElE e |

+anli i,

B ¥
;h.l,l_, 1-nr‘1_l] =Vyig

L A NEW TYPE OF COMMAND CURRENT GENERATING
CImcuom

52 the load current a8 [ro, fee, oo, and the three-phose

power aupply valtape as ¥, Fa, I, ard comvent Formula (1)
(2] 1o oo and dy coord

18

ol e (4 (1]
JARE 0 JE JE [;-
2 2. e
I
: | I A
T 2 2 g H
Bl = L L]
[’u] 3 o £ £ iL
2 8 L
iy | [eos@ smd |4, (1)
i | |-und cosd |1,

In the formula, & can be calculabed from the langent
walwes af the voltage components on the a and § axes
Thie DE comyponend on the af axis can be expressed as

L ‘|Fd4|'ip-'-ll'm

The voltage 15 always zero on the geaxis companent.
Then the load current in the dy cooed can be |

e O

The load current an the dy coordinate can be decomposed
o 2 geady slabe component and an ounllston equivalent

el

(11}

Fa

i2
r {12}

!fu'?.u""fu 13

S, T
R PR

In the formula, the powe fnequency positive sequence
load curren 15 gerersted by the power supply, and its steady-
stnte compoments are represientiad by /ey and g, and the
remaming  swbesteady-slate  hsmonic  componenls  are
represented by épgs and i, which ane filtered by the hrgh-
pass filter and APF | And the high-pass filler can be fiflzred
by bwo low-pass fillers, 1t can be expressed as:

Lt (14)
A
Another relierence compensabion currenl component on
the d-axs 1% the outpul g . of the diding mode controller,
and amother relerence component on the geaxis 15 0 The
modsfied APF instruction curnent generation carcuit diagram
in dyg covndinales 15 shown in the figure below.



Figure 2. The disgres ol eomsiend carsein geacration cecuil i dg
conndirge

1V,  DDESEGN OF YOLTAGE VARIABLE SLIDMNG MODE
CONTROLLER FOR APF DC SIDE

According 10 the APF mathermatscal madel, the
controllable state space model 5 derived as:

| _5a : 5o
| i e =
i |1 L o L L
df™ L .'.':'_+eu (%)
— =, 4 — i
de | = e
" | & &
J S a5 i M
.'__ T f.'udh C

where, S amd 5 are the mathemabcal models of swikch
fanction % in dy coondinate. It can be concluded that the
relative order of the shove formuda s 3. Rewnte the abave
formuda to ohtmn:

S+
L™ Silug)— folarg )
ij- = I (16)
dr| * S il = — )
By Iy
- Flugh+ G
where, AL )=igl . fludeliaertigediCu .

SiudFEw'C, O agsdii-mlica)l, Cr={taeatqeqh LC
Lt the expression af the ermor vector e be as follows:

r“’: | L.. _furu
E=le =y =y (17

Lo | fit iy
Let the feedback coellicients be &, &z, and &;, where I =

I/ k. The expressons of the slxdmg mold surface 5 and 52
are:

S =keg =0
18
s o

=k +he = e+ ey =0

19

Substduling state space model [oomula {(15) mio formula
| TH), we get

a
& =|:[u‘—u“]—%—ﬂd—:r&.—%£‘r'wj|ﬁ—{u (%)
Let be
b =—[|u.—u.u.:—~‘f”~.‘~—ﬁ-"-"r‘-‘i+-f—n' ]5‘3— 20)
L Cu, e

Rewrite the shp surface:

J.S', ={i, =i =0

121y
|5: =lis — g =10
Then fpay can be expressed as:
S dityoe g |City
fosa = ._lwa Uy )+ B & Lﬁ]ﬁ {x2)

Aocording o equation (22), draw the block diagram of
[H sacle voltage contraller as follows:

Figuse 3. The dugsam of Sliding mods vanishle struemie corollsr

V. SBULATION VERIFICATION
1o oeder o verify the feasbality of the proposed coatral
strategy, the APF overall simulabon ciroait model was draam
with MATLAR software The APF control dructure i dy
coordinates 15 shown o Figure 4, and the hardware
simulation parameters i the cirouit are shown @ Table |

TABLE] SINERATHRY PARAMETIRS

Parsmcher Viafur

Effective velus o g2H [nz vollse TR0

Ty

DC suikage (V¥ 00

AC sducsor| LH) Tt

DT sidde capacilasoel CF) 12:3
ToadiH} 16223




Figare 4. The csarel hlock deggram ol APF in & comadinge

In order b0 snously affect the effectiveness of the
contred  stralegy proposed m thas paper, a  smubstion
companson af the Pl comtrol, the connecton of the cumrent-
limitng resistor and the shdmg mode variable struchre
comtrod under dy coordmates wene performed. Among them,
M oontroller parameters &=2, K=10, slxdmg  mode
controdler parameters §=0.03, K=6.5, Ky=100). 521 the AFF
grid-connecting time o 00ds The DC-sde valtage change

curve in the three control modes 15 shoan in the fGgune below.
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Frguie 5. EfMest of Pl controlle
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A
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o
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=

Figue 6. Comnected cuneat limiting nesision s osmml

Figure 5 shows that the APF DC-side volispe adopts PR
contred, Before neachmg the st value, a larger surge voltage
will be generaled. Comespondingly, 2 larger surge current
will be generated in the AC-ade power grid, whach affects
the compemsation effect Figure 6 13 a waveform diagram of
the APF D side voltage with a carrent Hmiting ressor. The
operation process 1% fom uncontrolled rectificabon 1o
comtredlable  rectificabon. AMhough 1l cin suppress  the
mmpalse volge, o makes the APF start-up tme oo long,
from charging to the DC side vollage. The preset tmse 15

approximately 006s
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Vi
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Figse 7. Slidiag sode visishle swctise aalnol

Freure 7 shows the control methad proposed in thas paper.
Due bo sts short command current link, the DO side voltage
command curren can control the 1GBET faster. 1 has a
shorler prid conmection tme than the method propesed m
reference [8, 9.

L T T R T T S TR T o T am o
Vil

Figase B Cursen! of AC side wmder sliding made vigtahle snchse
ol

o F [S0HA} = 3337, THO= 2 84%
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B
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Y
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g a e ik

a8 W it
Harmanic ondar
Figure 9. Totsl harsosic disonio of APF.

Frgure B shows the compemsation effect of the grid-side
curnent b the method diescribed m thas paper,
The FFT amalyss of f 15 shown m Figure 9. The iotal
harmsomae  distorbion 15 284% which has an excellent
harmomic compersation effecl.

VI ComCLusios

Aummg & the problem of the mpuls: vollage and the
long chargmg tme when the APF & connected to the grd,
the paper proposes a shor-carcus! vollage control of the APF
W sadis wth a ¢ | currend g 1om cerout link at dy
coardinates. The side vollage & contralled by a shiding mode
vanable structure. Through smwulstion and comparison with
trachtional Pl cootrollers and charging cument  limiting




resisiors, the method described i this artscle can speed up
the charging speed of APF DU side capacibors, mprove o4
compensation  performance, reduce  the ol harmonse
distorton rate, and have a good Engineering apphostson
valae.

[
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Research on electrode lifting system based on recursive least
square method and fuzzy PID

ZHOU De-dong  SU Fang
School of Elecerical Engineering, Lanzhou Instiute of Technology. Lanzhou
Gamnsy, China

445291 T76f0gq . com, sufiilzit educn

Abstract. The electrode of calcium carbide furnace bears the function of conduction. heat
transfer and furmace conditton regulation. How to keep the furmace conditiom m the best
condstsan by lifting and lowering the chectrode bas always been o hot and difficult point in the
research. In this paper, based on the omalyxiz of the equivalent circuit of calcium carbide
fumace, the system model of electrode posstion-cument = sdentified by the recursive beast
square metbod. and a furzy P contraller based on the constant control strategy of clectrode
crurrent is desigmed to keep the fumace condition m the best siate. The simulation amd
application resulis show that the desigmed sysiem has good dynamic response, ante-disturbance
ahility and robustness.

L. Introduction

At present, the electrode lifting operation of caleium carbide fumace is realized through the hydraolic
transemission device. The electrode lifting operation s divided into simgle-phase separate operation and
three-phase simultaneous operation. The secondary side of the furnace transformer is usually
trangular wiring mode [1-3]. When a phase electrode is operated sepamgely, it will affect the arc
current of the other two phases, which 18 easy o cause three-phase imbalance. The sirong coupling of
the caleium carbide fumace i3 reflected in ths point. When the three-phase clectrode is operabed up
and down at the same time, the three-phase electrical power balance can be maintamed (it 15 asumed
that the three-phase equilibrium state i3 maintained before the operation of the calcium carbide
fumace), and the pressure of the hydraulic station (including the energy accumulator) is required to
support the simultameous action of the three-phase electrode [4-6].

Eleeirode lifting range s determimed by the condition of cabeiom carbide fumace. ln normal
production, the electric are curent i the fumace can be adjusted through the electrode liftng
operation, and the mput electric power can be changed. o0 as 1o improve the direction of the furmace
condition o the furssce temperature siahality change; Durning maintenance work, the electrode end
peeds to be lifted to the height of the charge surface; During the operation of the oven, the electrode
end needs to be pressed o a certain height from the botom of the fumace [7-10]. Therefore, in a sense,
the positbon of the electrode determines the condition of the caleium carbide furnace.

It is difficuli to establish a definite relatiorship between electrode position and are current because
of the tme-varying and random chameteristics of calcium carbide furnace. It 13 found in the feld
operation that the closer the decirode end is to the liquid surface of the molten pool, the greater the
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clectrode curnent is. Based on this, this paper inends 1o establish the system model of electrode
position-current by using the method of system identification. and then design the model o the furzy
PID control system The first paragraph after a heading is not indented {Bodytext style)

1, Analysis of equivalent cireuit of calchum carbide furnace

21 Shorr-net connection mode of caleivn carbide fimace

Short network refiers o the general term of all kinds of connected conductors from the outlet end of the
secondary side of the caleium carbide furmace tmnsformer o the ebectrode. The commonly used
conpection mode of shon metwork s shown in Figare 1.

Fig. 1 (a) shows the connection mode between a theee-phase furngce ransformer and the elecirode.
The tramsformer is matalled near a certam elecrode, and due to the asymemetry of the physical
giructune of the three-phase short grid, the three-phase impedance s deviated, resulting i the
unbalanced three-phase load. In addition, three-phase tramsformer is used for power supply. The non-
lincarity of tranaformer and the coupling between phases have a grear influence, which leads to the
decrease of electric beating efficiency and the increase of power loss of caleium carbide fursace.

Fig. 1 (b) shows the connection mode between three single-phase fumace ransformers and
clectrodes. The transformer is symmetrically installed pear the electrode and the shon network is
symmetrically arranged, which can effectively reduce the inductive reactance of the short network and
thus eliminate the unbalamce degree of the three-phase load. In addition, three single-phase
transformers are used for power supply, which can greatly reduce the pon-linearity of the ransformer
and the coupling mfluence between phases, thus improving the electric heating efficiency of the
calcium carbide furssce and reducing the power loss. The disadvantage is that three single-phase
transformers need to be equipped, and the cost is higher.

Figure | Short-grid connection mode of caleium carbide fiurmace

22 Eguivalemt cireult of calciun carbide furnace

The equivalent circuit of the secondary side winding of the electric fumnace transformer, the water-
coobed soft cable, the water-cooled conductive cross arm, the charge between electrodes and the
working conditions in the fumace are represented by the equivalent resistance, as shown i Fig. 2.

27



[ R | i o

|..!ﬂ-r\|'.,. gyl L] b |
Figure 2 Equivalent circuit of caleium carbide fumace
Wh' R:I +|inI 1 Rhl +|ijl - .R::+_.U('ﬂa.mi Rl2+-'l:£ﬂ: r Rh: +-'.'r|'\l1 i R:: +r'l'.'rr! are
the equivalent impedance of the fary winding, short net and electrode of the transformer, [, .

I, and I are electrode currents of clectrode A, B and C, respectively: R, . R, and R are the
transverse charge resistance, Form a 2 connection leop: R, . R, and B s the longitudinal charge
resisiance A ¥ connection loop s formed for the neutral peint L, of the molien pool ;T
T and [ are arc currents respectively.

The pewtral point L) of the molten pool is to facilitate the analysis of the virnsal equipoiential point,
and the are curent flows through a circwit formed between the electrodes. Therefore, the
¥ —A conversion theory is adopted, and the longitudinal charge resistance R, . K, amd R, are
equivalent to A loads, and the transformation formula is:
RE+RRE +RR

R =
= Rr
R;:R"R’ + R A +RR, dis
Rf
R = RRE+RR +RR
== R

B

Thus, the total equivalent resistancs between electrodes A, B and C is:
R,=R_NE, =i-“"R°‘—

R +H,
i R R 0
Ry = R R, ==t 2
R+ Ry
oz R
=R NR =—mTm
'Ri.l (-] (7} RN_'_R'M

The above equivalence and conversion are carried out on the premise that the smelting condition is
stable and the resistance value of cach kind is equal_

23 Egulvalent circuir of caledum carbide firnace

In the total equivalent resistance between electrodes A . B and C) the tramsverse charge resistanoe
R, . R_ and B change with the change of the smelting condition in the fumace, and the range of
change is large, and there will be A junp when the material collapse. Longitudinal charpe resistance A,
Cand C show periodic changes with the process of smelting and discharging, and the resistance value
is the minimum before discharging, and gradually increases with the decrease of molten pool liquid
lewel in discharging process. In the process of electrode discharge, the transverse charge resistance and
the longitdisal charge resistance are both greatly disturbed.
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Thee arc current accounts for most of the electrode current, and the arc current changes with the
change of the ttal equivalent resistance between the electrodes. Therefore, in the actual control, the
amplitude of the elecirode current is always used as the basis for adjusting the smelting condition of
calcium carbide furmace.

3. Modeling of electrode position and current ientification

Caleium carbide furmsce condition adjustment means transformer load regulation (voltage regulator
switch), electrode rse and fall, charge resistivity changes. A voltage regalator is usually wsed for a
wide range of load adjustment; The change of the resistivaty of the charge is related fo the ratio of raw
materials, which is usnally aot used as a method of load adjustment. For small adjusmment of laad,
electrode lifting operation is generally wsed.

The elecirode control requirements of calciom carbide fumaee are that the electrode position
follows the level of molien pool liguid, that is. before the fumace, the electrode position is also high
wisen the molien pool Hgquid level is high Afver discharging, the electrode position of the molten pool
should also drop when the liguid level drops. With the contmuous smelting of caleium carbide, the
liquid level of the molten pool mereases gradually, and the elecirode position also inereases slowly.
The basis of the lifting and lowering of the electrode is o keep the electrode curment basscally constant.
However, there is no definite model between the electrode position and the electrode current. In this
paper, the system identification method is adopted 1o establish the relationship between the two.

31, Recursive least sguare method

Recursive least square method is 8 method 1o estimate the actual output of the system at the present
moment based on the past operation data. The structure disgram of electrode position-curnent
wlentification system of calcium carbide furnace is shown in Fig 3.

Distgrbing facioes

Wi
k Mk vk
O e, [ e |

Figure 3 Structure diagram of electrode positon-current identification system
In Figure 3, wik) and wik) are the discrete input and output of system model Giz')
representing the K-th electrode position control quantity and elecirode current respectively. Noise
model Mz ") is mainly the iterference factor v(k) . representing the disturbed conditions such as
carbide furnace collapse, discharge and electrode pressore discharge.
Recursive least square method s a method based on the ARX mode], which s of the form:
HEy=—ayk-1)—a, Wk -2} —--—a_yik—ra) +Bulk -1 +---+ b ik —nb}+vik) {30
It can alao be wratlen
Al i) = Bz ulk) + vik) (4
Which
Al==lva s va s b ra 27

Blz'i=h="+h =" 4.t b 2™ 53

This model is to estimate the outpat valoe v at time & according 1o values and y valwes before
timse & . Equation (4) is wrtten in the least square fornat as:
yiky=h g+ wik) {6)
Set
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elk)= 3m wlky=yiki-hT (k1D )

The least squares estumati q the mini sum of squares of the deviation, that is, s
objective function s:

F =k etk )= vk}~ bTCEV BT (v k) — BT (D) (8
The least squares estimate of B is obtamed by taking the partial denvative of J with respect to a,
and setting a equal to . At tune k-1 and tme k, the parameter estimation resuli of the system is.
g’étk—l]::h*{.&—I}I:i.t—l]}"h*ti—l}y[ﬁ—li T
180k} = (W7 (k)& B (R )wik)

Which, ﬁ[h and ﬁ[k — 1y are estimated values of least squares parameters that can be caleulated and

obtained according to the first & and the firstk — 1 observation’sampling data respectively. The key to
the calculation is the recursive caleulation of matrix inverse. The caleulation derivation process can be
seen i Literanore [ 10], and the final calculation formiala 15

fé[k:—éu 1)+ P{R )k — D[0k)— " (&~ )0k~ 1)]
Ftk} - P[.E—I}#[L—I}d- k-1) P—1)
L+¢" (& - PR - ek —1) (103

The arder of caleulation s P{X) first, mﬁ{“.

3.2 Systent paraireler estiraon
The operation data of a caleium carhide fumace collected on site are shown in Table 1.
Tabl: | Sample data

Electrode position Electrode current
L i (kA
A B c A B C

167 &l 170 740 741 FET]

189 184 186 712 T46 734
215 195 154 725 T2E 727
235 Mg 230 e 714 697
244 M7 230 620 671 Bh.6
257 260 255 657 643 61E
268 m 270 622  &le 613
281 2RO 254 575 586  5R9
294 g 297 526 532 M3
ElD] 05 308 456 482 493

The data shown in Table | are all recorded when the soelting condition of caleium carbide fumace
is relanively stable, which is characterized by basic balance of three phases.

System parameter estimation steps *(1) Collection/pretreatment of sample data; (2) Determine the
mode] structure and onder: (3) Recursive least square method was used to estimate model parameters;
14) Carry out reliabality test on the identification model and compare the comesponding data of the west
method: (5) The electrode position-current model parameters of three-phase electrodes A, B and C
were identified by ths method.
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33 Electrode positipi-current model
According to the above model identification method, the relationship model between three-phase
electrode position and electrode current of caleium carbide furmace can be written as follows:

£ B it —nk}
Eyfe) [ = AT (= =y — k) i
Felr) bl —nk)

Which. ='is the delay operator, mk is the delay of the model, [ jr) . T, () and I, (1) are the
curnent of three-phase electrode at tme, & (t—nk) . b (7 —mk) . b (7 —nk) denotes the position
of three-phase electrode at time ¢ Az} B{z™'} are the model parameter matrices,

A=
A== .-f.[:"'!
A=)
Bz Bz Bl
Bi=")=| B=") Hol=") Bal=")
Bul=") Ha=) Hal=")]
The identification model was selected as ARX maodel with order 2, that 5. na =nb =2 | In Matlab,
paraineters for off-line identification based on measured dats are as follows:
102 -2 £ -1 J0-2)
Alz"p=| 008 -0 | f-1 Lie-I
0% -0 fe-0 doe-2)]
-118 157 —-042] b0
Biz")=|-088 112 -—026f k& (e—1}|+
0226 —025 1] I {5 —2)
0x2 -p21 o hginy
100 153 —042 | hie—1) |+
-093 130 —039 ) hie-2)

—08 1T —-033] ki)
w1y -020 0 kg1
—110 14T —0dl k(-2

4. Control system design

In this paper. the idea of constant electrode current is used 10 control the rise and fall of the electrode.
The fuzey PID control system 15 shown m Fig. 4.

31



Druipriem g daciors

' - u
Fowi e Lol - P Comieoler i ||:r\..l.tkal.l.l:l.. i [ e

e —
dctormen
Figure 4 Schematic disgram of fuzzy PID control sysiem

4.1, Recursive least square method

The inpui variables are electrode curment error ¢ and error change rate ec . Fuzey rules, furzy
reasoning and defurzfication are formulated. PID parameters kp + K ok, are adjusted in real tme to
meet the control requirements of time-varying and randomness of the furnace condition of carbide
furnace.

The furry set of input variables ¢ and ec is e, NW NS, Z PS5 PM_PB) ., and the
corresponding donain is & ec= [-3.— 2~ LkL23] . The fuzzy set of output varniable & . & and
k, v is kp,kl,id =|NB,NM N5, Z, PS5, PM, PR} and the comesponding domain scope is
k,=[-03 03]. &=[-006 0.06]. k,=[-3 3].

The fuzzy rules formulated are shown i Table 2.
Table 2: Fuzzy rule table

Ip o
ki

G MmO MM NS 2 P PM P
B PR PM PM B __ 2

NE NB NB MM NM N ZE g
Pi NS NB_ NH NE s
FEFL PM % IS e

M wm N KMo N N ST 2
Pi NS NB MM NM z

B BM P B W NS

NS ONB O NM NS NS T s B
Z NS NM MM NS %

BM PM FE Z TE NM NM

e 2 NM MM NS Z PS PM  PM
Z NS NS NS NS N5 Z

B B __ M NS MM NM

s onu s SF s B P PR
o z z z 2

" L, & WM WM WM N

e oz TF o PM P P
B PS_ PS5 PS PS5 FB

WM WM MM ML HE

e % ZE o py omg pm BB
PEOPM oM BM P Ps PB
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Furzy Ressoning Fodeh appeoximate reasoning method s msed to derive fozzy system. To
idefurzify, select Cemtrid, the center of gravity method, and obiain the outpat control quantity, so as
to obtain the parameter adjustment quantity of &, . & and k, of the fuzzy PID control system.

k, =kl;,+{er,eq}F
J:.' o k: + ':Eﬂera}r €123

k, = k.l.l +{g.ect,

4.2, Recursive least square method

The application object is a elosed caleium carbide famace, the capacity of which is 210EVA, the
high voltage side is powersd by [ 10KV, the electrode lifting operation is daven by hydraulic device.
The contral system B composed of upper industrial computer and PLC (S7-1200 senes). The two ane
conmected by Profeabus-DP field bus. The fuzzy PID controller designed according to the control idea
in this paper rums in the way of tming iterrupt in PLC. The system operation data is recorded every
30s and stored in the WinCC database installed by the upper IPC.

After the control system was put into operation for about 40min, the fumace condition was
relatively stable. The recorded three-phase electrode position and electrode current data were drawn
ingo a curve, as shown in Fig. 5.
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Figure 3: Electrode position and electrode current curvie
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In Fig.%, the positions of electrode A, B and C are 21 2mm, 21 8mm and 2050m respectively, and
the comesponding electrode currents are TdkeA, 72.3kA and 69.TkA respectively. When the operating
timse is about 50min, the operating electrode C rises 3mm, resulting in A slight inerease in the current
of electrode A and B, and A slight decrease in the current of electrode C. When the operating time is
about Glkmin, the operating electrode C drops Smm, and the current of electrode A, B and C basically
refurns to the original value.

A conclusion

(1) The fuzzy PID comtrod system based on the constant control stmtegy of electrode curment designed
in this paper, through simulation and application. shows that the systern has good dynamic response,
anti-disturbance ahility and robustness.

(2)51aring from the equivalent circuit of calcium carbide furnace, the electrode position-current
system model identified by the recursive least square method is suitable for the relationship between
electrode position and elecirode current of calcium carbide furnace. By adjusting the electrode position,
the electrode current can be changed, and then the fumasce temperatare can be controlled, so that the
fismace condition can be maintained in a bemer state.

(3) Calecqum-carbide furmace condition is very complex, tme-varying and random characteristics are
obviows, in the occurrence of such as collapse, discharge or electrode pressure release and other large
disturbance, the performance of the conirol system becomes worse, the need for manual inervention.
However, the fumace condition 18 relatively stable durmg most period of smelting process, so the
contrel system i applicable.
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sbsmard— Thb paper propescs so error deiceton and crrsr
coFreetien shper it fer speech recegnithen tew based on siatistics
and umderstanding. in srder (o spiimize speee b recognition resulis.
Thrsugh experissenis, e accuracy rate of e slgsrithm preposed
im il paper s B2.1%, wisich can cffectively correct il crrers in
the text after speech recopnition and realiee dee applbeation of
speech reregaition techmology in the feld of railway sipnals. Thic
papcF has sobved the peeblem of low nltion  rate aff
prafessienal language in the feld of railway sigaal by specch
recagnition systems.

K
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and eFrer coFRECEHioR;

rathway sgual; eover detvetion

sranisties

L INTRODUCTEOR

Speech recopgmition becawse of backprownd nodse, the
cxpression and accent of the speaker are not normative and
machines lack expertise i the fcld As o result, it & difficult to
apply im the professional field. The application of speech
recagnitian technology in milway signal field haz not been
widely developed. Aiming at the problem of kow recognition
raie of professional words in the field of milway signal by
speech recognition system. this paper adopts a text emor
checking and emmor comecting method which is suitoble for
railway signal field after speech recognition, thus the result of
speech recognition is optimized and the application. of speech
recognitson iechnology in raibwvay signal system is completed.

At presesd, miming af fext emor checking amd emar
comection methods, Ireratore [ 1] proposed an automstic errar
checking model of text based on the combination of binary and
temary stalistical modeds and nales, litemture [2] proposes an
imegration model based on imicgrmson aigomibm and short =
and long-term memary network, this method imp the

Ind Fosg Su
Sehool of elecmical engineenng
Lasrhon Instivate of Technology
L= Phou, Ching

362RB03 4400 oo

origimal research, aiming at the defects of iext error detection
afier speech recognition in a specific field. by establishing the
n-mcin grammar nvodel of wards and wonds based on siatisiscs
mnd combining the grammar, semantics and comext knowledge
‘baze based on understanding, the text sfer speech recognition
is checked ard corected.

I COMPREHENSIVE ERRUR CORRECTION MODEL
By amalyring omd comparimg the text after speech
recagnitson and the standard text of railway signal, this paper
proposes @ text cormection systemn after speech recogmition of
raifway signal terms.

The text error-correction system afier speech recognition
muinky has two tmsks: text emor-checking afier speech
recagnition and text arror-comecting after speech recognition.
The emror checking of bext deponds on the constroctson of n-
clement grammar model. gammar knowledge base, semantic
kmowledge base ond comiexdi keowledge base. while the
comstnsction of pinyin dictiosary amd MNeclement grammar
merdel affects the result of ermor correction. This paper first
traims corpus b construct n-clement gmmmar model and
knowledge base to check emmors, then uses pinyin dictiomary to
corredt errors. and fnally evalstes the emar carrection resulis.
lis sysiem framework s showm in Figure 1 below.

accuracy of text emor checkmg and correctson by improving
semantic feature detectson. literature [3] proposes a texd emor
checking and comection method based on neurnl petwork and
attention mechanism, which can realize text ermor checking and
comection for semantic errocs, liternbore [4] proposes a mualti-
level text error-checking reasoning mode based on knowledpe
‘base for errors at theee levels of wond, grammar and semantics,
Iferature [5] proposes a text emmor checking method based oo
dynamic text window, which combines the weight dynamically
allocated emor-comecting wond set o correct emars. The obove
algarithms and models bave a good effect on the prammatical
and semantic level of text. but the background information of
the text is missing, this paper proposes a text ermor detection
algorithm based on statistics and understanding based on the

OTH-0 TE-3T3 - S3EL00 6202 [EEE
D 101 BFENTS MELS 2505 202 (Wi 4
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IIl. RESEARCH ON ERBOR CHECKING METHODS

A Errvor checking the ¥egram mode!

The n-clement meodel uses the probability
distribution pis) of siring s 1o reflect the frequency of sirng s ns
a sentence. For o string s=wlw2 wi'wn comsists of o
primstives w {primitives can be words, wonds, phrases, ehe )
The calculatson of p (5} is shown m Formoks {13

plsd= plw dpiwg fw)--
= [T piw, 1w, =-w )

wl
In practical application, n=2 or n=3 is tnken. When =2, the
negram model is called Bigram model. tha is, the binary
grammar model, the model asumes that the probahility of the
ooourrence of the cell wis only related do the preceding word
W the calculation of pis) is shown in Equation 2. When n=3,
the n-gram nyodel is called the Trigram model, Tt is the termary
symtmx model. the model assumes that the probability of the
ooourrence of the word nnit w; = only related ie the first two
words wigw; The calculation of pis) is shown in Equation 3.

plw, e )

pt:i=P[“'.][I] plw, [ w ) 2

]
pisy= pow) piws [w[] ptw e ) @)

The sdea of n-clement grammar medel ervor checking is to
judge the correctness of text afier speech recognition by using

such mformatien s the comtimuoes relstion, nrubual information
and oo e between adjocent words ond words or
betaeen words. Th: oo=occurrence frequency of strimg wigw
can be counted by word frequency statistics o train the model.
due 1o the data sparsity problem in neelement grammar model
af small vocabualary traiming, the comesponding datn
strbegy is adopied o sobve the problem, I.llu:ﬁ.l.r:iﬁ]abtm.n.l:d
witten-Bell mierpolaton smoothing by comparing  several
langunge model smootling algontbhms, which can make the
recognation rate of oeebement grammar model reach BEA4%,
which is [E.18% higher than that of the general model. therefore,
this system adopts Witten-Bell  interpalation  smoathing
algorithm for datn smeothing before tmiming model.

The himary syntax model provides the hasis for determining
whether the words w.; and w; contmue. Asssme that the
ocourrence frequency of the word string ww, is A ) Ml
the eocurmence frequency of the word string wi-nw is & [
the occurrence of the word string wwwy is N{we
o], then Pl ) =M wb M ). Plwdw ) =Mwe
i N w ). Using the indirect relaison of words o check the
mistakes, If p(s) between wy and wi; or between wy and Wy
meets a cortain tbreshold o), it can judge whether wy is
canrected with i ar wi.;, =0 as to judge whether w, is wrong,

Mutual mformaticn is a measure 1o calculate the common
information between two mndom variables. The definition of
muhsdl information between wonds or words is shown in
Farmala 4 below:

41

Plw,_w; )
plw hplw, )

Ins Equatian {4}, if | (w0} meets o certain threshald a2, it
is considered that the comnection between the word w; and wi.
is relioble, and the probability of making mistakes on w; is very
small. The n-clement grammar model uses the contmuation
relmtion and mahsal information joint emor checking definition,
m shown in Equation (5):

uz, andi; wreselisblyoanecied  plo_whza aelin wize, g

w, amchi; aremoure lishbeonnected ow ) oo awalleg_whca

When wy; and w. and w,.; ane reliably connected, it can be
determined that v is correct, and w, can be used as a relioble
word o determine the meaming of & sentence, as nemeta
grammar moidel is hased on statistical method, it can oaly detect
partix]l errors 0 sentences and  lacks  texhmal  semmamiic,
grammatical and comtexiual infoomation. To find arors in the
whole smitence, it needs to check the emors in depth acconding
to the above throe aspects.

8, Knewledge base for error checking baved o

nndersianding

The comprehense-hased knowledge base ermor checking
mainky inchades the comstnaction of semantic knowledge base,
grammatical knowledge base and contextunl knowledge base.
By preprocessing the text after speech recognition and
makching it with the text in the knowledge base, errors can be
founed and marked.:

{1y Syniax knowledge base ervor checking

Checkmmgg::nmrbﬂw]ﬂdgebﬂurmdﬂymldlﬂh
stability of the speech recognition, speech recogmition sl:hhl}
caloulation is by trainmg a lot of voice. statistical comparison
through the text after speech recognitson system to recognize
mnid standard bext to get froqeent cmor and can be stable identify
words, create ensy wrong words ghoszary tshle and stabdlsty and
stability of wonds m the toble can be & key words of the
sentence semantic and contextml mformation. 1 2 word in the
stable word list appears in the text afier speech recognition, it
«an be confirmed that the word is recognized comectly, and if it
is @ word in the errorsprome ward list, the word will be marked.
Speech recopmition stability B is defined ax follows, and the
vahse of R is the real number between [0,1].

cocrect mamber of recogmica ©
atal sumber af recogitio n inng,

{2} Semantic knowledge base ermor checking

Senantic knowledge hase ermor checking i mainly realored
by esiablishing keyword and common word hists and stop-word
Ists. TF-1DF word frequency siatistics method is adopied 1o
caloulate the word frequency {TF) and reverse file frequency
{1DF) of the wonds after word segmentation in the whole corpus,
by calculating TF-IDF, the keyword base and common word
base of texi meanmg can be defermined. For sonse muxalary
words, prepositions and canpunctions such & "Yes, no, no "and
other words frequently appearing in the text, the defunct wond
hase can be established, in text preprocessing,, the speed of eomor
chedking is improved by deleting stopped words from the

Low,_yw; b= log 5 e

Spesch rocogrtin o stabd ity L = L]




defunct wond thesauns, and the ermor -:h.m:k'mg of semnaniic
knowledge base is the

value, The semantic metric 5 & the real oumber beroeen [L1].
Bascd on the TFIDF wond frequency weight calculation, the
oollected dain can be divided into the following key words of
work lerms: dispalcher, assistant on duty, sdjscent station on
dhsty, driver, cadre on duty, public works, electrical affairs,
operatar.

{3} Contextual knowledge base ermor checking

The purpose of contexi kmowledge base ermor checking & o
cansider the context information and build the word collecation
Ighrary and word rule Library. Contextual knowlkedge base emmor-
detection mainly aimed af the tronslocaton, improper
ool location and words of milway parlanoe mistakes such as the
special words, such as "apen” and “signal” nuatch, "Hippang”
mnd “switch® is be<in, but 10 the process of speech recognibion
will be idenizficd as "open switch®, contextusal knowledge base
mainky by cakulating the degree af coordination bewween the
word and the word, the corpus of the collecation of words
frequently coordination degree, by calculation bo determine
speech recogmitian resulis are correct. The E caleulmson method
of context coordination degree of words w, and wis as follows:

.le.w.”xmuﬁ'
i.ﬂ wi)+ P{w || sameE

In equation (&), P{wi, wjjisamel represents the probability
of the occumence of waords wi snd wj in the same costext, and
the determuination of the same contexd can be judged scconding
to the determination of classification in the semantic knowledge
‘base above. [P{wi Piwj ijlsamcE represents the probability and
e ooourmence of the wonds wi and wj in the same context, and
the comtext coordinatsan degree E is the real mumber between
[0.1].

The contextus] kpowledge base & trained through the
collecied conpus to obiain the word collocatson tnbie and word
rule table respectively. To enlarge the scale of knowledge base,
online search engines can be used to obtain corpus in the feld
of expertise.
€. Ermov checking methods haved ow statistics aud

:

Im thas paper, du: em:rdrad:lng method based on statistics
and di I d by msing o-fGram model and
knawledge base ud'-nunlm:L scmantics and grammar, the emar
checking process i shown in Figare 2.

E (wimyi= (]
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Figure 2

IV. STUDY 0N ERROR CORRECTION METHODS

Thi paper adopis the error correction method based on
pinyin dictiomary. The constroctsan of pmym dicionary s o
compare the identified text with the comect text, and take pamym
as the midex o syve the same pimyin and similar pinyin wonds
mio the pmyin dictsonary. The realization process of error
comectson method based om pinyin dictionary is shown
Figare 3 below.



Repher I wrong words wih
e ey 1 e oy in dic ooy

Figere 3. Text oo hasod on

P dictionary

L

Figure 3 afier the speech recognition based on pimyin
dictionary text emor comrection method. after marking the
wrong fext, mabch the comesponding same and similar pimyin
words from the pinyvin dicisonary, and then grade and evaluate
the matched words m tem, correct the emar by replacing the
exmor word with the highest rated word, and retam the ariginal
stming if there is o match.

V. EXPERIMENT AND RESULT AMALYSIS

I texis collected froms the railway signal feld on the
website and in the ficld were mput into the speech recognition
system, and the text afier speech recognition was used as the
test corpus, with a total of emor words 308, The error checking
anid comrection methods of the text sfier speech recogmition
proposed in this paper were iested, and the experimental results
were shown in Table B

TABLEL Tamr | EXMRISOINTAL BESLLTS
Hame Samfinticul duta
Errors Total I
Sursher of 102 ereors i 26
Error eovrecbon segecstions 53
Remsonahle nember of eomor comecbion i
sy prslions g
Ereer comovtans accuracy B2
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Avccording to the above resulis. the method of fext emor
checking and emmor comrecting in the field of raslway signal after
speech recognition proposed in this paper can effectively
optimize the 211 omors in the text afier speech recognition,
achieving the emmor comecting accuracy rate of B2, 1%, which
mdicates that the method proposed in this paper can effectively
optimize the ermrors i the text afier speech recognition in the
field of railway signal.

VI COmCLUSICN

Ths paper presenis a fext correction method based on

wtics and wnd limg. and verifies the performance of
this method by the milway signal text collected on site and web
page. The method presenied im this paper can effectively
achieve the result optsmization of post=speech text, which is of
grent significance for the spplication of speech recognation
techmollogy in the fickd of milway signal, and alse provides o
key step for the human-computer ineraction i this ficld.
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Abstract. Dymmic vullage reviomet (DVR) is sn ecoromicsl pad effective drvice Lo Suppeess
the vohage drup of the power gid. This pipe cmblishes the equivalen ciecom and
mimtematal model of the DVR. Aiming m the shortcomings of fiecdforwsed comrol nd
feedback control, 8 composite ccmrol swrmicgy 35 adupied, fecdforward comtrol i introduced on
the basis of feedback control, ond the load pdaptamlity and swhility of cumposile canol
Perform andlysis. Fisally, MATLAB is used Bor simulssion erificanion, and (he ressins show
thi the compuund comrol cin meed the requiremesss of the DVR comrol system.

1. Intraduction

The powses distribution perwork structure of the power system s becoming more and more complex.
especially the Investment of lange-boad electrical equipmend, so that there arc vanous dynamic pawer
quality problems in the power grid such as power supply imterruption, barmanics, flicker, and voltage
sag. Dynamic voltage restorer (DVR) is currently one of the most economical and effective means 10
solve the dymamic power quality problem of volinge sag [1-2]). The DVR itself ig equivalent to @
controlled volinge source, wlich can msert o voltage of any amplitude and phaze between the power
supply and the sensitive lood [3). When the pawer supply voliage is distoried, the purpose of
stabilizing the sensltive load voliage is nchieved by changing the volage of the DVR. In DVR, control
strategy s o key factor, it I directly related to the DVR compessatian effect.

At present. the lincas control strmegy of DVR mainly Includes fecdforward control, various
foedhack comtrol and so o Feedforward control has the charncigristics af simple comrol and fasl
response, but there will be volinge amplitude srienuation and phase shif in the impedance of coupling
\ransfarmer and filter. It is an apen-loap comtrol mode without feedback link. so the output can not
follow the input completcly, 30 it 18 difficult lo achieve complete compensatian. and the adaptability to
the load |5 not srangld-5]. The feedback control has sTong land adaptahility, but the parameter design
is difficult, and the limitation of control cocfficient value will affect the campensafion effect.
Considering the advaninges of the twa, this paper pdopts the compaund control  strategy af
feedforward cantrol on the pasis of feedback.

2. DVR system strucure

The DVR sysiem sifuctare i shown i Fig-1. The inverier adopts @ three sinple-phase H-hridge
structure, which is composed of three single-phase full bridges. The cantrol system cantrols the
invener circuil and reverses the encrgy sorage of the battery on the DC side. It becomes @ three- plaase
AC owput. and afier filkering out higher harmonics through an LC filter, 1t Is finally injected into the

l:nlun frove thie mrk Y e wed urder N Jerm of the Cremsve Comomiss Ahyitanam 3.0 licoree. Any [arthez dutritetizs
g of thim wark s rarean argsbetion e sateris) 3w s tithe @l the work. joomal disas erel DO
i chedd wedary b conce b 10F Puldidhirg Ll 1

___—#
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grid through a series transformer, Through appropriate conirol strategy. the autput voltage of DVR can
track the change of command vollage in real time. Finally, the compensation voltage is generated o
offset the valtnge drop in the power supply side voltage, so as to improve the power quality of the
syslem,

T cha prw e

[

Fig.1 DVR system struclure block dingram

According to the working principle of DVR, the equivalent circuit diagram of DVR [6] is shown in
Fig.2.
I

Z.,—L.l- 2

Fig.2 Equivalent circuit dingram of DVR

In the figure, ¥, is the system side voltage; Foex is the compensation valiage output by the DVR: Vi

s the load voltage: ¥, is the outpul voliage of the DVR inverter; Ve is the volinge acrass the filter

capacitar; /o is the primary current of the transformer: Jy is the filter inductance Current: /o i8 the

current of the filter capacitor; Ly, C and Ry represemt the inductance, capacitance and line resistance of

the filter circuit. L and R, represent the winding resistance and leakage inductance of the mansformer,
respectively, Z; is the lond resistance, and the transformation ratio of the mansformer is 1: n.

According 1o Kirchhoff's law, the state equation of the equivalent cirouit diagram can be obtained

as:

dl

l’,:L,?"+!,RI+V(. <)
di V.

V=L 20,1 R +2m (2)

g=5 dt “ o

V, =V, +¥on (3)

fom o )
L]

[
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(5)
6)

lo=lc+ly

fy=nl,

1. DVR contrul stralegy

1.). Feedforward control straregy
The feedforward contral mode has the advantages of fast response speed, high stability, simple control

method. elc.. so this cantral method is used in guite a few occasions. In the feedforward control
methad of DVR, a linear link with & gain of k. is used instead of the inverter. Accarding (o equntions
(1) 10 (6). the block diagram of the fecdforward comrol sategy is shown In Fig. 3. In the figure, V] (1)
is the reference value of the load volinge, and the load voliage Vi(x) can be expressed as:
V=G ) +GaV, M
nk_(Ls+R) ®)
a,ﬁ) - a,s’+ﬂ;+a,
DO L5 i s )f-‘.rs’ +RRC, +A-mL)s+ 0=k
af +oy5 tasta;
Among them @, = (L, + L)L, C, 1 a;=(L, + W’ LYR,C, +(R +n'R)L,C,
a,=R,C (R +nWR)+w' L, +nwL +Lia, =R +wR « R,
Gio represents the transfer function from the reference volge 1 (s)to the lond voltage Vi(S). and

G represents the transfer function from the syssem voltage Vs 1o the losd voltage Fi(S). [T can be
scen from the formula (7) that in an ideal siwation, enly ¥, can wrack y; well, and it is not affected by

the disturbance of ¥ in a certain frequency range to ensure the cormect output of Vg,

Lu
=LAl |
¥, b - 5 Pt
7?&:?[ TR I (N e T
E 013

(N
Fig.3 Block dingram of DVR feedforward control sysiem

G(n)=

In arder 1o verify the load sduptability of the feedforward control sysiem, the transfer function of
load current 1o load vohage can be expressed as:
- wLL,Cw’ +m (LR, + L,R,)F‘,s’ +m(L + 1, #RR.C, )e+r'R, Qo
¥ LC,yaRC s+l

From the transfer function, the Bode dingrams of Gio, Geny and Ge can be obtuined. ns shown in
Figd.
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[t can be seen from Fig4(e) that although the system is stoble. the phase margin is relatively small,
and the damping is small, which is prone to escillation. From Fig.4(b), it can be seen that the system's
disurbance 1o the grid volinge is inhibited in the low frequency band, while it will cause imerference
10 1he system in the high frequency tand. |1 can be seen from Fig4(c) that the feedforward control bas
a wesk artenuatian effect on the lond current interference., 5o the load adaptability of the feedlorward
control is relatively poor.

From the above snalysis, il can be seen that n simple feedforward cantrol sirategy cannol meet the
requirements of DVR performance, and it is difTicult to obtain good compensation elects and goai
lond adaptability.
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3.2. Compound control sirategy

The compound comtrol strategy |s 1o introduce feedforward control on the basis of feedback control.
Feedforward control can significantly improve the dynamic response speed of the system and shorten
{he time for the compensation voltage to be issued; the feedback control adopts double closed-loop
feedback control, the irmer loap is the feedback link of the insiantancous value of the filter capacitar
current, and the outer loop is the instanmneous value feedback link of the load vohage. Closed-loap
feedbsck control can not enly improve the stability of Lhe sysiem, bt also improve the dynamic
performance and adapmbility of the system to the load. In particular. the imegral part of the Pl
cantroller can effectively reduce the stability error of the system. Compound contral combines their
advaninges, and its system control block dingram is shown in Fig.5.

L

L '

Fig.5 Block dingram of compound comtrol system
From Fig.5, the load voltage in the compound control mode can be expressed as:
V, =G,V +Ggb, an
In the above formula. Gio represents the ransfer function from the reference volhge ¥ o the load
vollage Vi, and Gz represents the transfer function from the system voliage V1o the load vollage Vi
nR k(R C,(0+k)rs’ +(kr+T+R,C )5+ 1]

L byt +b.s' + byt 4 bz+b, e
B Ryrs[LC,5" +(ak, + R, + R, —vk R, )YC 5+ (1=nk )| (3)
2 bt +bs’ +bs’ +bs+b,
Amongthem: b =mrL LC i b =n'r(ak + Ry +Ry)LC, + r(’ Ry +m R 4+ R)L,C,
bymr(l + L)+ r(n’R +RXak, + R, +R )C, + mrR,C,(k kR, +nRy) B
b, =1(mR +R)+nk R, (R,C, +k, y+n'rR,,

by = nk_R,
In order to verify the load adaptability of the system, e transfer function of land current to lond
voliage is:
b L,C,o ¢ (RC +kaC i +(i4 kA msrhnir (14)
e LT +(L,C,R+R,C L+ LA aC ' v(L, TRC,R b aC R+ L) +(Ry+Rn
From the wansfer function, the Bode diagrams of Gia, G, and Gx can be obtained, as shown in
Fip 6.
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It can be seen from Fig.6(2) that the lond voltage V: has a large stability margin lo the reference
voltage ¥, , und the |oad voltage can track the reference voltage well in the low frequency band. and

has a better suppressian of high-frequency signals. Fram Fig 6(b), it can be seen thit the Gu gain s
small in all frequency bands, mdicating that the system has a good suppression effect on the
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disturbance of the grid voluage. Comparing Fig.6(c) with Fig.4(c). the gain of Ge ls relatively small in
all frequency ranges, indicating that the system has better lond adaptability.

It can be seen from the above mnalysis that the composile control combines the udvaniages of
feedforward control and feedback cantrol, and can improve the dynamic performance, follownbility
and stability of the DVR system.

4, Simalation verification and analysis

Use Matlab/Simulink to simulate and verify the compound control strategy adopted in this paper.
According 0 the DVR system struciure shown in Fig.l, 8 simulation model & citablished for
simulation verificatian.

(1) Voltage sag racking compensation experiment

In the experiment, a pure resistive land is selected to verify the following caompensation
performance of the control system when the volinge drops. As shown in Fig.7, at t=0.045s, a volinge
drop occurs. Afier a shent dynamic process, the output of the DVR is that the Jond vallage retums (o
the Jevel before the drop, and the steady-state error is small.

(2) Suppress system voliage interference experiment

The control system must have a cermin suppression effect on the disturbance of the grid volage
and ensure the stable accuracy of the DVR output voltnge.

As shown in Fig 8, the grid voltage contains a ceriain amplitude of the 3rd, 5th, and 7th harmonlcs,
and a voltage drop occurs m 1=0.043s. After a shor dynamic process, the load vollage retums 1o the
level before the drop. And the control system has a sirong inhibitory effect on the harmonic
disturbance of the prid voltage. Therefore, DVR can effectively compensale for vollage drops and
harmonic disiurbanoces,

Laad
/ \ ﬂ | = vulinge
s 4 N /.
. /
S A \ 1 \ / \ /
a "’ Yiup ‘:._.,’—/ g o N
Y
= l(ﬂ I.; l-.ﬂ I.l- 5 o= & l'.;. l. Illl
Fig. 7 DVR tracking compensation vollage drop
] ' " Lt J d d e

i

J ‘l‘ || lJ\ J \! P'L\.'\f"-. .J III" jl"J"/ "\-'Iﬁlll v
\ AN \| ! \ \ WA )
| At |

i L L L il

L i i
am om o om (=] om o am o1
w

Fig.8 Campensase for voliage harmonics and drops

(3) Land adapmbility experiment
In the experiment. a resistive and inductive lead is szlecied 10 compare the compensation effects of
the compound control and the double closed-loop feedback control when the voltage drops. Fig%(2) is
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the compengztion effoat when double cletod-loop feodback ls wied, and Fiz.9(b) is the compersalion
effect when the compuund control 8 wed. It can be seen fram the figure fhat compound conlrol
method & superior 10 double closed loup feedbock conirol in overshoot, dynnilo rewponse time,
campenition eflect, cta.

i . & vallige
_1‘: s ‘5:::":'/*(’ 4
T am e uol - = ll.ﬂ am u::n o‘l
() Double clogzd loop feedboc

. Laad
/ A
ﬁuﬂm/
! wellagr
e w m o
(]

(b) Campuund cantrol
Fig.9 DVR band-resistance inductive losd compenintion volage drop

5, Conclusion

Based an the briel introduation of the working principle of DVR, this paper proposcs a cornpouni
comirol stralegy composed of Feedforward contral, voliago instantinoos walue feedback contral ud:
filler cupacitor cufren! MEWNLENOUUE valug feedback canurol, deduces the wrunsfes function of
sysiem, analyzes the Bode dingram, und finally verifies the mtlonolity nad effectivences ol the
compound control stralegy thruugh mutlab simulation.
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Design of Temperature Control System for MTBE Combined Plant

Based on Variable Universe Fuzzy Control
ZHOU De-dong, SHI Dong-dong*®
School of Electncal Engineering, Lanzhou Institute of Technology . Lanzhou Gansu, China
* Corresponding author: 96389869 1{@gq.com

Abstract

To meet the requirements of temperaiure controlling of MTBE complex unit, MTBE complex unit temperature control
system is designed. The principle of MTBE complex unit temperatwe contral aystem is introduced. Aiming at the
character itics of the controlled object, the mathematical model of the sysem & constructed and analyzed By adopting
the method of Feadforward and vanable region fuzzy control system, the structure of system hardware and software are
designed Resuls of experiment indicate that the designed temperatwe control sysem has the strong ant-interference
performance and robusiness. [t can meet the requinrement of accwacy and stability of MTBE complex wnit tem peraiune
control system.

Key wordsy Temperature control, Fuzzy contrel, Feedforward control; Hardware stneture; Software siructure

L loteoduetion

MTBE (methyl tertiary butyl ether], is a colorless, transparent, low viscosity, high octane liquid. Due 1o i good mutusal
solubility with gmadine, it can improve the antiknock property of gasoline and improve the quality of gasoline, o it is
often used a5 a gasoline additive 1o replace tetraethy] lead, and it iz an ideal blending component for producing clean
gasoline. Al present, domestic petrochemical emerprises gemerate MTBE products through ether ification reaction of
sobutene componenis and methanol in MTBE synthesis devices Temperature and liquid level in the deviee ane the key
conirel parameiers, and their fucisations directly affect the qualification rate of products,

Ad present, domestic petrochemical MTBE combined devices ofien use PID controller for contral. Although PID control
hes a simple structure, due to the fived parameers, te control overshoot is large, the adjustment ability is weak, and it is
more dependent o the mathematical model of the controlled object. However, the MTBE system is a complex system
with monlinear, time-varnying, and large lag. It is difficult 1o establsh an acowrate mathematical model. The control effect
of the traditional P1D control method iz not ideal, resuting in a low automatic control wilization rake, large fucsations
in process parameters, and poor conrol. Low quality, unsiable operation, reduced uwse efficiency, and increased energy
consumption have brouwghi many problems to the enwvironment and enterprises [ 1-3]. The variable universe fusey
control is developad on the basis of the traditional fuzzy control theory, Comparned with the PID control strategy, it does
mot need 1o establish an accurate mathematical model of the comrol system. [t has a wide range of applications, fast
response speed, and high control accwacy. It has good stability and reliability, and has certain advantages such as
robusness 1o tme-varying loads, In order to meet the temperatre control requirements of petrochemical MTBE
combined plant, this paper Sudies and designs a temperatune control system based on feedforward and variable wniverse
fuzzy control methods  [4-6].

1. How the svstem works
The swuewre of the petrochemical MTBE combined device is shawn in Figure 1. The maternal enters the combined
device from the iop feed port, while the steam enters the combined device from the steam inlet. In the combined device,
the steam heats the material throwgh heat esxchange to make it fully react. The material separated by heating flows ouwt

from the discharge port at the botiom of the tower. During this process, the liquid level and tenyperature in the wower are
required i be kept stable,
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21 System Mathematical Model

The emperature control system of the petrochemical MTBE combined plant can be approcimately represented by the
first-order inertial pure lag link, and its transfer function &;

Glij=—r e (1
Ts+1
In the above formula, & the static gain of the controlled object; & the time constant of the controlled object; is the pure
bg ume constant of the conirolled object The tempersture conrol sysem of the combined device & a common
deterministic, nonlinear, large time-varying, and large lag system, According o the above temperature control sysem,
the transfer func tion of the combined device temperatur e ¢ ontrol system is;

0.7

Gf 5 )=————a™™ {2}
Tis+1

2.2 Control algor thm

It can b soen from Figere | that the flow rate of the feed port in the combined devics may chamge & any time, and this
change is a strong disturbance i the tem perawre in the combined device, which increases the complexity of te ysiem
amnd the difficulty of control. For this kind of nonlinear, large time-vanying, and large lag conral object, the traditional
FID control & difficul to satisfy the static and dynamic indexes of the system. As an importan branch of inelligent
control, furzy control has the advantages of simple operation, fast response speed, good control effect and good
robusness withowt requiring prec ise mathenatical model of the conrol object. In order v satisfy the anti-d sturbance
and following performance of the tempersture control system, this paper adopts variable universe fuzzy control. [n
addition, in order to enhance the system swbility and control accuracy, this paper adopts the feedforward control and
variable universe fuzzy control based on the principle of strecture mvar ance. Compound control method. S wch a hybrid
control srakegy not only overcomes the shorcomings of traditional PID control, bt alko easily realizes digitl control
The contral struciere of the emperature controller of the combined devioe is shown in Figure 2. Where is the disturbance
amount, the disturbamoe amownt in the combined device femperature control system is the change of the feed nlet fow;
i the system given emperature; & the ransfer function of the feed-forward ¢ ompensation device; and is the forward
path transfer function of the feedback pant & the system output .
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3. Svstem hardware design
3 System Hardware Composition

The hardware composition of the system is shown in Figwe3, The sysem mainly includes controller, keyboard, lower
emperaiue ransmitier, liquid level transmitter, liquid crysal, upper temperature tramsmitter, fow transmiter, DaC
conversion circuwt, R5232 communication, power Drive cirewt and other components  [T9] Among them, the
controller iz the core comrol unit The temperatwre transmitier, liquid kevel ransmitier and flow transmiter respectively
collect the temperatune of the upper and lower layers of the liquid in the combined device, the flow rate of the feed pon
and the liquid level information, and process it through the signal conditioning ¢ircuit After that, it is sent o ADC for
processing. After the comtroller analyzes the data, it combines the feadforward and vanable universe fuzzy compound
control algorithm to output the control signals of te eam inlet eleciric control valve and twe outlet electric control
valve to keep the liquid emperature and level in the combined device relatively siable. The control signal owtput by de
controller is convened into an analog voltage signal twough the DAC, and then acts on the electric regulating valve after
passing through the power drive circuit. Liquid cryvatal display, keyhoard, communication cincuit are mainly wsed for
hamean- comiputer inberaction.

| The referenaz
[ g
Tniffi: signal [ e——
diziion v o | o L ke
—
Linpaid leved signal | i
Lol ™™ (L]
I ignal L sl
mu'q'l‘umn auuflsirn "'iwmm:runlm
Lower shyeal -
e conversm| —tshuq-

Figure 3; Sysiem hardware stmiciume
3.2 Selection of Controller

The controller must wse Freescale's 16-hit microcontroller MOYS 12X S128. It uses a 16M ecemal erysial oscillator, and
the highest frequency is multiplied 10 96M through a phase-locked loop; it has a 128K Flash program space, B-chamel
l6-bit timer, B-chanmel 24-bit interrupt tmer, 8-channel 12-bit precision and 8-channel PWM wave ouput AD converter,
al the same time, it inegraies communication inierfaces such as CAN, SPI, SC1 and UART; the on-chip hardware
respurces are rich, which can meet the system design requirenenis.

33 Signal conditioning ¢irealt

The temperatwre of the wpper layver, the temperawre of the lower laver, the flow rate of the feed inlet and the liquid level
in the combined device output a 4-20mA current signal through the cornesponding ransmitier, and the signal that can be
processed by the AMD convener on the single chip chip is a voltage of 0~5%. Thene fore, it is necessary to replace the
4-20mA curent signal with a (~3V voltage signal, and filier out the interference, In this design, the prec gion current
loop receiver ROV L0 produced by Tl Company in the Uniled States is used 1o accurakely convenl the 4-20mA input
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cument signal into a -3V outpu voliage signal. In order to filier out the external electnical inerference received by the
output signal of the transmitter during the ransmission process, the convened (~5v voltage signal is filered before it is
sent i the on-chip AJ/D of the single-chip microcomputer. The signal conditioning circuil is shown in Figure 4. shown,
The operational amplifier TLOR2 & wsed o form a second-order low-pass (ilter, and the filker cwinff frequency is
determined according to e sze of the resstors B4, R0, and the capacitors C48 and Coé. Since the mput pin of the A/D
of the microconreller cannot withstand excessive voltage, a high-speed swiching diode BAVS is wed o limit the
overvoltage under abnormal conditions.

O
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Figue 4: Signa Conditiomng Circuit

34 DAC conversion circait

Since the output of the single-chip microcomputer is a digital quantity and the elecinic regulating valve can only accept
the analog quantity, the control signal owtpat by the single-chip microcomputer neads o be converied by DAC. The
DAC conversion circuit is shown in Figure 5 The power supply of the electric regulating valve is DC MYV, and the
control signal & (- 10V, Therefore, the 4-channel voliage outpul type 12-hit INA conventer DACTTLS produwced by TI
Company in the United Sties is used o realize DAC conversion The REFD] output voltage is used a5 the reference
voliage of the DAC conversion circuit, which is 10%. The DACTTIS has an SP1 serial mterface, which can easily
communicate with the microcontroller.

—

$ 1 CEL)

1=

i | =

Figure 5: DAL comersion circut
3.5 Power drive circult

The -10% valtage signal output by DACTTLS is not enough to directly drive the eleciric regulating valve, 0 it needs a
driving circwt to complete it. This paper adopis the high-voltage and high-coment operational amplifier OPAS48
produced by Tl Company in the United States to form a suwcoessful amplifier circuit OPASIE has low power
consumption, wide power supply range, good outpu voltage swing, continuous output curment of 3A, and madinum
current of 5A, which can fully meet the needs of system design. s hardware circuit is shown in Figune 6. First, the
0-10% voltage signal output by DACTTLS is followed by a voliage follower composed of op amp TLOR2. Is output i
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wsed & the input of OPAS4R and the voltage owipwt by OF ASIE from pin & acts direciy, onthe elecine contra valve.

Figure &: Power Driver Cirouit
3ub Comomu nle ation clrcuit
The single-chip microcompuier not only needs to complete the data acquisition and control of the enmperatune control
stem of fwe combined device, but alsv meeds to exchange information with the host computer. Freescalk's

MC9512X5 128 microcontroller inkegrates a serial communication interface. Llsing it can easily expand the RS232
commumication circwt, s shown in Figure T,

L

Figure 7 F5232 Communication Circwit

4. Software Design

The system sofiware & mainly composed of initialization romam, digtal filer program, ADC conversion program,
contrel algerithm program, DAC comwersion program, RS232 commumnication program, and liquid erystal display
program. The temper ature regulation adops the compound control algorithm combining feedforward and variable paper
fuzzy. The flow chant of the overall system comrol & shown in Figure 8.
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5. Experimental results

The emperature control system of e combined device designed in this paper is wBed to collect the liquid level,
temipe rature and material Aow in the combined deviee; Contral of liquid level and tenperature; Tes the oom i cation
and monitring functions between the wpper compuwier and the local control unit. The test results are shown in Figure 9,
It can be observed from the fipure that the emperature change is contralled within the range of 68 £ 3 T, meeting the
requirements of technical indicatons.,
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6. Conelusion

This paper introduces the working principle of te temperature control systell] of e petrochemical MTEE combined
plant, establishes and analyzes the mathematical model of the system, and inroduces the composite control method of
fieer dfsrwaar d control and variahle universe furzy control for the shoricomings of PID control, while maint ining the fuzzy
control rules, Under the premise that the form remains unchanged, by selecting the appropriate donain expansion factor,
the initial domam of the fuzzy controller changes with the change of the error. When the emor is amall, te domain of
discowrse shrinks accordingly, and when the emor ncresses | the universe of discourse B expanded accordingly to
improve the accuracy of the control system. The hardware and sofiware desion and experimental research of the system
are also camied oul in this paper. From the experimental research resulis, it can be seen that the method has good control
effect, rong anti-inkerference ahility, can effectively suppress emperature flucistions, and has mood robusiness
Requirements for control accuracy and stability.
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cleium carbide fmace has not very siriet rquirements for the raw material raiio; Caleium carbide fumace, when the
‘moisture content of coke fluctuates greatly, it will have a grester inpact on the quality of cakeium carbide and the power
consumption of e electric fumace. Therefore, it is necessary to accuraiely cakulate the ralio of raw mterizls. The
commonly used raw material ratio caleulation methods for ealcium carbide fumace are divided imo anhydrous coke

HREAAC o
K +K, K, +G +AC,
r =X s(1-w) &)

Formula (1 ‘method, where X is flor 100 pans of
quicklime, K1=56.25, K2=87.5, Ke is fhe fixed carbon® contained in coke, Kg is the CaD% contamed in quicklime, Kd
companent (CaC2P%, G is the weight of free calcium oxide, AC is the lass of coke, and ACa is

s the elcium ca
e loss o Fquicklime.

Fornula (2) is the calculation method for water-<ontaining coke, where Y is the amount of Water-<onwining cole
required for 100 parts of quicklime, X is the amount of anhydrous coke required for 100 parts of quicklime, and W is e
‘water content% of the coke. In actual production, follow the data listed in Table | 1o guide production

Table 1: Reference sble of rw materisl st of caleium carbide fumsce

W | Y [ W] Y [ W] v [we] v
T [544 | & [ 53| 1 [eas| % | e
T 50| 7 | s8] 2 |ea| 7 | &8
3 555 | 8 | %5 | 13 [s19 | ® | &7
T (sei | 9 | w2 9 [es| ¥ | ®s
T (567 | 10 | W8 | 15 [6id | W | &

22 Batching equipment

‘The baching equipment of caliim carbide furnace ncludes mw material storage tank and discharger, batching tank and
discharger, batching tark weighing equipment, and drum belt conveyor. A schematic diagram of the relative position of
the batching equipment is shown in Figure 1.

|...l
ks @

Fiure 1 Schematic disgram of calenm carbxle furmace mgyedents
In Figure 1, M1 and M2 represent the unkiaders of lime and coke sorage tanks, M3 and M4 represent the unloaders of
lime and coke batching tanks, M5 represents the drum belt conveyor, and W 1 and W2 represent the seales of lime and
coke baiching tanks respectively. Heavy equipment
The unloader of the storage tank and the batching tank & composed of a discharging device, an electric vibrator and its
driving motor. The driving motor of the electric vibrator is powered by a general Frequency converter. Adjusting the
frequency of the inverter can change the discharge volume. The higher the frequency, the more fhe discharge volume
frequency is 2¢r0, the discharging device stops discharging. A tension sensor is installed at the supporting
ook of the batching tank. As a weighing device, the amount of raw materials in the hatehing tank can be accurately
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Proportioning analysis and PLC control system design of calcium
carbide furnace
ZHOU De-dong  DANG Yuan
School of Electrical Engineering, Lanzhou Institute of Technology , Lanzhou Gansu,China
445291776@qq.com,  352231344@qq.com

ABSTRACT

‘There are some technical problens in e preparation of mixed charge for caleium carbide fumace, such as cumbersome
operation, inaceurate ratio and uneven mixing. Based on the andlysis of burden proportioning calcuation, working
principle of barching equipment and batching operation requirements, this paper designs a control system based on
fiequency converter, PLC and HMI by using frequency converter fiequency modulation and master-slave following
method, which well meets the requirements of accurate preparation, mixing uniformity and multi baich operation of
calcium carbide furnace mixture. The practical application in the production field shows that the designed control system
has the advantages of accurate burden ratio, simple operation, high production efficiency and relisbility

Keywords: Caleium carbide furnsce; Mixed ingredients; Multiple batches; Frequency converter; PLC

L INTRODUCTION
Caleium carbide furnace is a speeial equipment for high-temperature smelting using the mixture of quicklime, coke and
anthracite as raw materials through the arc current between e electrodes. Its working mode is continuous feeding and
intermitt ‘The caleium carbide, CaC2) f the fumace is an important chemical
industry. Basic raw materials I'l, The by-produet produced in the smehing process is coal gas (C0)), which is mixed in
fhe flue gas of the calcium carbide furnace and sent 1o the lime kiln as fuel for calcination afier purification treatments
sueh as sedimentation and dust removal

The raw materials of caleium carbide furnace are dried, enushed and sereened through processing equipment, and are
prepared inio block materials of a certain particle size, which are transferred to the corresponding raw material siorage
ks with a forklifl. B, In the production of ealcium carbide, 100 parts quicklime and $6-65 parts of carbon-containing
raw materials are used to prepare miced charge for calcium carbide furnace!®). When the carbon-containing raw material
s coke dlone, the charge resistance is edremely low, and the electrode rises Do high, which will case the
manufieturing eapacity of e electric famace to decrease, the power consumption o increase. and the quality of ealeium
carbide is not good; when the carbon-containing raw material is antwracite alone, the fumace resistance is more
independent The coke time is much higher, and the electrode often goes deep into the fimace, causing serious ekectrode
consumption?™), Therefore, the ear hun—u:maumg w materials used in I)-: three-phase calcium carbide furmace are
‘mostly 3 mixture of i P, Inthe materials, when the conient of coke is large, the
lower limit ofthe rtio is 56 parss, and when the content of anthracine is large, the upper limit of the ratio is 65 parts
Ingredients are an inponant link in the production of calcium carbide. The precise ratio of mw materials and the
wiformity of the mixed charge are the prerequisites for ensuring the quality of calcm carbide, saving enerzy and
reducing consumption. However, in the actual production of calcium carbide, there are many factors that afect the ratio
ofthe mixed charge, nuainly manusl operation, the uniformity of w material particles, the working characteristics of the
‘hatching equipment and the deviation of the weighing system, etc!l. In onder 1 overcome these unfavorsble &m this
anicle intends  design a high-precision, muhi-batch baching control sysem based on inverier and PLC control

2. CALCIUM CARBIDE FURNACE BATCHING CONTROL ANALYSIS
21 Calenla tion of the proportion of ingredients

‘The caleulation of the ratio of the mixed charge of the calcium earbide fumace depends on the capacity of the calcium
carbide fumace. For the large-capacity ealeium carbide fumace, its capacity is large, e famace temperauie is high, and
e raw material ratio is different, which has linle effect on the reaction in the fumace. Therefore, the large<apacity

‘Secont nlernaorat Conference on S and lnfnaon Techckogy (CS) 2022)
edtedby L Pan, Proc af SPIE Vol 12248, 122680 - © 202
0277.788X - do: 101117412 2637651

Proc. of SPIE Vol 12248 12248041
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sensed by the sensor and its transmitier, The drum bel conveyor conveys the prepared dharge 1 the calcium carbide
fumace charging and diswibuting process.

23 lngredients operation requirements

qui for fumace are precise preparation, unifonn mixing,
n Precise i cﬂlcalsmg\.hc weight of coke GC online according 1o the presel
weight GCa of lime and the ratio value V:

@

‘The operating procedure is that when the preset weight GCa (or caleulated weight GC) differs greatly from the actusl
weight of the ngredients, the varisble frequency speed control system runs at a high frequency value and feeds quickly
0 improve the efficiency of the ingredients; when the two weights are close, the variable frequency system Reduce e
operating fiequency and fecd slowly # prevent overweight, when the two weights are equal, the fioquency conversion
system stops running and ends the batching.

If the charge of the cakium carbide fumace i not uniformly mixed, it will seriously affict the smelting conditions and
Power consumption of the electric fumace. In order 1o achieve uniform. mixing of the charge, when unloading, two
batching nks are required tostan unloading at the sime time and finish unloading at the same time.

Malti-batch batching is bascd on the level of the material in cach harrl, and the operator determines the baiching
baich for each barrel. Mul p fy the op the operator.

3. CALCIUM CARBIDE FURNACE BATCHING CONTROL SYSTEM DES
31 Contral system hardware design

Cakeium carbide furnace batching control system consiss of frequency comvener, PLC, HMI man-machine
interface (touch sereen) and related electrical equipment, The schematic dagram of the batching control system is
shown in Figure 2

GN

i Y

Figure 2: Schematic disgram of the butching comral sysem

I Fignn 2, QLU LMY o] - LISAED aimdhe Bequmcy comain v pywernsofths i o coe o ke
dischargers, respeciively, and Q3-U3-M are the lime ok dischargers respectively.
The frequency domversion drve sysiem of the iverer, QS-KMS- KRSMS is the drve contol sytem of he vollr bt
conveyor

‘The frequency given value of the Ul~U4 inverter comes from the andlog output of the PLC, which are 1, fi2, £X1 and
X2 respectively. The signal type is 0-20mA, and 0-20mA. corresponds 1o 0~50Hz. W1 and W2 are the outpuls of the
weighing equipment wansmitier of the batching tark, The signal type is 4-20mA, which is connected through the PLC
analog input port. 4-20mA comesponds to 0~GCa or 0~GC. The man-machine interface HMI can be set 10 seket the
‘manualfanomatic batching mode, set batching batches, set the preset weight GCa of lime, exc., and can also display the
operating frequency of the inverter, the actual weight of e batching and ofher values.
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3.2 The ides of batching contral and software programming
Cakium carbide fumace ingredients are divided into manual comrol and awomatic control. Manual control is wsed for
equipment installation and debugging, function isspection and maintenance, and auomatic control s usad for normal
production.

In the manual control mode, each batching equipment can be individually controlled to 2an and swp withou logical
coodination. The purpose s to identify the i i The flow chant
ofmanual control is shown in Figure 3.

In Figure 3, the electric vibrator contral of storage tank and batching wnk includes single-button start-stop control,
inverier RUN command oufput, inverier running siatus confirmation, nverler fiequency seting (fixed value), nverier
fault interlock, barching Weight accunulation, etc. When the RUN command of the inverter has boen issued and the

running status signal bas not been fed back, the frequency given value of the inverter is zero. The control of the drum
i ingle-bu 3 £ault iterlocking.

Coke vibrator contral for
coke sorage tank

Electric vibrator cantrol
of lime baiching tank

‘Coke vibrator contral of
coke baiching tank

Drum belt conveyor
control

Figure 3: Mamal contiol flaw chart

In the sutomatic control mode, first set the batching baxch, the preset weight of quicklime, and the proportioning valu;
hen issue equipment 1o the proposed
production process with a certain logical relationship. Ingredient production can be internupted by the Ingredient Stop®
command, or by the *Ingredient Cancel® command. The flow chart of automatic control is shown in Figure 4.

In Figure 4, after the comnmnd of *batch smn” is issued, the control of the clecwric vibrator of the lime and coke siorage
sank ks mainly the coarse setting and fine setting of the fequency given value of the inverter, When the weight deviation
(= preset weight - actual weight) > the fine seting weight (usually setto 10-15% ofthe preset weight), the iverer nms
at the coarse given frequency (large value); when the weight deviation When = fine sefting weight, the inverter runs at
fine given froquency (small value). This desizn can effectively improve baiching efficiency and weighing aceuracy. The
Jjudgment condion for the ing is the acual weight = preset weight (or calculaied weight). When e
haiching end signals of lime and coke appear at the same time (“AND” operation), the "unloading stut” command is
issued.

the * " e
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Figare 5: HMI aperation display interface
In Figure 5, the eleciric vibrators of the lime and coke siorage tanks are in operation, the icons are displayed as “green”,
and the operating frequencies are 50z and 44.8Hz, respectively. The lime and coke batching ank vibrator is sopped
and the ican is shown as *grey”. As long as the hatehing is staried, the drum belt conveyor bas been running, and the on
display is also "green”. The HMI operation setting imter face is shown in Figure 6,

o o o8
Figure 6 HMI operstion setting mterfsce

In Figure 6, the commands that can be sued are “Ingredient Strt”, “Ingredient Stop”, “Ingredient Cancel” and
*Cumulative Clear”, the variables that can be set are *Ingres ", "Ingrodient *Coke preset

dient Bakeh®, "Lime Preset Weight
weight” (can not be set, obtained by calkeulation); the variables that can be displayed are e current batching batch, the
actual batehing weight and cumulative weight of lime and coke.

4. CONCLUSION

The control system based on frequency converter, FLC and HMI human-machine imerface designed in this paper can
‘meet the requirements of precise preparation, mixing uniformity and muki-batch operation of mixed charge of calcium
carbide furnace, and can be applied to ites with harsh envi sich as dust., with hi ity The
1se of this control system has solved the problems of cumbersome batching operation, inaceurate proportioning and
wneven mixing in calcium carbide fumace production. It should be noted that in order to ensure the accuracy of he
‘mixing charge ratio, the weighing equipment must be regularly repaired and calibrated.
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Afier the "unloading stan” command is issued, the control of he electric vibrator of the lime and coke hatching tank is
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The operation of the ealeium carbide fumace batehing control sysiem & carried out on the man-machine inerfice HMI,
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tasks in the rail transit industry. Simultaneous or staggered development, the test time is tight and insufficient. Therefore,
itis necessary 10 sudy the generation method o FCBTC sy sem engincering acceptance test sequence.

‘The test work of CBTC sysiem engineering test mainly includes: subsysiem test, iniegration test and field test. No matier
which type of tes, the specific functions of the system need 1 be tested according 1o the test cases in a specific
environment. This article compiles 303 st cases based on the relevant standards of a subway Line 10 and the latest
imerconnection specifications, and covers the latest functional requirements of the CBTC sysem. all nceds. The
completeness test of the CBTC system is carried out. The test goal is that the system passes all fest eases and the system

1.2 Defimition of Test Cases and Test Sequences

The test case is the soul of the test, and its desizn and eompilation are one of fie most important activities in the
engineering acceptance test of the system. The criterion for checking whether the system can meet the specified safty
fimetional isthe passing of (Jiang2020).
The goal of the CBTC system eng ineering acceptance test is 10 check whether the functions of the sysem meet the laes.
interconneetion specifieations. IF each requirement in the specification is compiled into a corresponding test case, the
mumber of test casés obtained will be very Lage, which is ot conduc ive 10 1esting. development of work. Therefore, the
functians of the CBTC system are refined and refined, and the necessary functions at the botiom of the sysiem are
divided, and these necessary functions are called functional characteristics. Esch requirement in the specification can
find s corresponding functional feature, and each functianal feature comespands 1o one or more system fequirements,
and cach functional feature is a set of system requirements, One or more test cases can be prepared for each Functional
feature, and testing the test cases is the verification of whether the system can meet the system requirements specification.
s reltionshipdiagram is showa in Figure |

Figuel SRS, fnctions] et e

When testing the CBTC system, if all the test eases prepared are tested in sequence, i is indeed possible to complete the
test tocnsure the security and reliability of the system. In order to save unnecessary time in the tost phase and reduce the
labor intensity and workload of testers, we will amange some relevant fest cases 1 the order of rain operation or train
state transition, and the formed agaregate is the test case, sequence (CUi2020).

The test sequence is oblained by connecting the test cases in an orderly series. A good test sequence can guide the
‘smooth progress of the test work , greatly redioe the test time, reduce the test pressure of the tester, and at the same time,
can effectively avoid the test work, Accidents eaused by mistakes. How to scientifically amange the test sequence is the
focus of this suudy.

2.RESEARCH METHODS
There are two main methods for generating test sequences in the CBTC system, namely the modek-building method and
high-speed railway C3-level wain control systems, on-
application has certain limitations, and the CBTC system engincering test requires the acceptance and confimation of
the overall function of the system. Therefore, the model method is not suitable for the CBTC sysiem engineering
aceeptancs test. Manual ment method This method requires relatvely mature test specifications and sufficient

experience of on-site tesiers. 1t is mainly aimed af CTCS-3 train control sysiem of high-speed railway, and is also not
suitable for engincering acceptance test of CBTC system.

This paper proposes a fommal language description method, which converts test lines, fest ains and test cases into a

Proc. of SPIE VO, 12254 12254122
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Abstract

‘TAiming at the problems of backward fest method, long test period and low test efficiency of communication-hased train

system, alized generation method of CBTC (Communication Based Train Conrol) system

‘engineering acoeptance test soquence was studied. The first is to divide the test line into several test sections; the second

is to analyze the constraims of the test cases and e chamcteristics orm( sl lmu mc ﬁuu\l is 10 design the mndlmg

and to convert he lines

imo a formal nguage; 1t is 1o design test sequence gencration sonwac to mmc munl xcoutaie tea sequences

Through the result analysis, the test sequence gencrated by this method meets the test requirements of the CBTC sysiem,
‘can cover ll test eases, and greatly improves the test efficiency

Key words CHTC, test sequence, formal method, urhan rail transit, engineering test

LINTRODUCTION

Communication-based wain control system (CBTC) is a kind of continuous control and monitoring of wain operation
contray

development rend of the global urban rail transit train control system. It adopts more advanced communication means,

station and train control center personncl can monior the iain operation in real fime, and can effectively

prevent accidents and accidents. Prevent all kinds of accidemts caused by communication and cquipment filures

(L2120, Han2020). The CBTC system & a prerequisite for ensuring the safe operation of urban rail transit, and it & also

‘necessary condition for realizing interconncction between lines. Therefore, the sysiem must be fully tesed before it is

st into use 0 ensure the safe and efficient operation of uban rail transit the sysiem must be fully tesied before it is put
imo use to ensure the safe and efficient operation of urban rail transit.

Foreign research on test sequence generation methods is relatively mature, and fhe most widely used is the European
ETCS sysiem, which models the system and gencrates test soquences. 11 is relatively immature in China. I is maily
used in the tTain conTol system of high- ecd railways, and the test soquence & generatod by using imtelligent algoritims
andmode! building methods

‘The formal language can be well recognized by the compuler, The research on the fest sequence generation method is
hased on the formal realization of the test case. Therefore, this paper uses the superiority of the formal language to study
the test sequence generation method of CBTC sysem cnginecring, analyze the test The charcteristics of the case and
test section, design two logic algorithms, write test sequence generation software, and finally generate severa] execusble
test sequences with 100% cov erage (Gao2018, Gario A201R, Song201%)

1.1 CBTC system fest requirements and test objectives

The CBTC system has become the trend of urban rail transit development in my country and the world because of its fist
transmission specd, large transmission dsta. capacity and high reaktime performance. The reliability and functional
integrity of the CBTC system directly affect the safety and relizbility of urban rail transit operations. For the safety of
passengers' lives and property, in order © ensure that the CBTC system can mect the sysiem safety requirements and
functional i must be tested for and scientfic tesing methods cn greatly mprove the
efficiency of testing and the Thiough the i of many aquipment
‘manuficturers in Chins, the curent engincering accepiance lest of the CBTC system still uses test cases for testing, The
1es1 eficiency is low, fhe engincering st environment i comples, the test cust is high, and the test is relad (0 oher

Infernatonal Carterence on Bectmric biomason Tecmalagy (1T 022)
edied by ong, Lt e Froz af SA v 12267 1205417
“O2TI.THEA - doi: 10.1117112 284048 1
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formal binguage that can be recognized by machines, and uses fest sequence auxiliary generation tools to concatenate
test cases into executable kst sequences, The basic flow chan of the automatic generation method of the 1est sequence
described by language is shown in Figure 2

Figure 2: Basic fow chart of sutomatic generation. of et sequences.
2.1 Divide line test sections
The CBTC sy sem enginecring acceptance test ease has certain requirements for the exceution location. For example, the
test to determine the train siop position needs to be tested near the platform; the red light protection needs to be tested
ouside e signal guard; the switch Lt should be md e |M switch, ete. In order 1o betier find the suitable
exccution location of the test case, the act sections. The fllowing
conditions need 1o be met when dividing mc test section:
(1) the lengh of the test segment, Considering that i takes a certain amount of time for testers % compare and record a
test case and ensure high test efficiency, the length ofthe test section should be moderate
@) the mnhmor\m emarcaion; When dividing the test section, it is better to have a p]ly!\cﬂ\ urumcc mark, o that
the tester can observ o the test seetion, which can greatly fcilitae the on

(3) The test section can be monitored in real time; e vacancy of the
ATS interface, which for the the testing,

Considering the above factors, the axke counter is sekecied as the dividing point of the test section to mest the above
requirements, and the line is divided imo several st sections acconding 1 the signal layout of a subway line 10

2.2 Amalyze fest ease execution constraints

Observing all the test cases in the test case ibrary, it can be found fiat there are many Fctors resticting e exceution of
the fest case, such as the exccution location of the test case, the preset conditions of the fest case, elc. These factors are
called the execution constraints of the test case.

Figise 3 Test cxse execution consiraints.

Proc. of SPIE V. 12254 12254123

“Tomms. o s s



(1) Route_Constraint: The execution of the test case s the process of the wain running on the line, which will involve
line-related constraints, which are divided into line-rehted equipment constraints and line type constraints

(2) Signal Conaraint: In the CBTC system sed in urban rail transit in my country, the setting of the signal is mainly
used in backup modes such as point mode and interlock mode. Define the stite of the semapbore and the farmal
language: semaphore red light, smaphore green light,

(3) Constraints of execution area: To analyze the execution area of the test case, first andlyze the driving wute of the
train. The train starts fram the garage, that 1s, fhe depot, enters the section and the station, and finally returns to the depot.
‘The area where the train runs is the test The €xXecution arca of the case,

{4) Constraints on the number of executions: Some test cases noed to be tested multiple times an the Tine. In order to
ensue the completeness of the test tesis must be performed in all areas that meetthe canditions of the test case, such as
the test train detaiming and skipping functions. Every station area is tested

(5) Train state canstrains, platform type constraints, and equipment failure constrints.
By analyzing the functional description, case description, test requirements, and test environment in the test case, the
following constraints are established, as shown in Figure3. Fonmalize the execution constraints of various fest cases into
‘machine language that the computer can recognize, expressed in parentheses

2.3 Amalyze fest segment ¢ha racteristics

‘The charactenisties of the fest seetion are various, and we only need to be able to deterine the characteristic amount of
the test site of the test case. By test case library, the the test case are obmined, and
the chameteristic quantities of the test site can be detemined by analyzing them, such as transponders, signals, switch
sections, parking points, platform pes, and routes. It is summar ized and summarized, & shown i Figure 4,

Figwe & Testsection characteristics
2.4 Design ma tehing algorithm

The test line has boen divided into test sections, 5o how to reasanably allocate all the test cases to the st sections
according ® the execution consiraints of the fest cases is the facus of this soction. By analyzing the test bcation
constrainis of each fest case, a set of constraint relation expressions can be obtained. Similarly, by analyzing each test

4 4 estsection obtained. The line feature expression of
cach test section is matched, and if the match is successfil, it will be put imo the comesponding test section. The specific
implementation process is g iven as an exampk.

For example, a train recovered from a fult completes the pasition intialization test case on a straight line. A train at the
CTC control level lases its postion due 1o an ATP fauk. The line ahead is swaight and there is 1o opposite turnout, Afier
passing frough two consocutive The en-board ATP should be able 1o obiin the position and nunning
direction of the train. Its constraint relation expression is:

Proc. of SPEE Vi, 12254 12264124
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Figaure 5: Flowchart of matching algorihn

‘The number of fest case executions is a key variable, the number of test by the test
ease. It covers all three cases, which are exceuied anly ance for the whole Iine, once in each concentrated area, and once
in all arcas that meet the comditions. And the test section & traversed, and finally all the comesponding execution sections
ean be fiound for each test case.

2.5 Generate CBTC System Test Sequences

Through the above steps, all the test cases have boen allocated W the corresponding exccution positions, and the final
work isto connect them into several execunble test to different levels. The running
level of the wain s divided imo imerlock kevel, pont level and CBTC level. Sorting by train operation class can improve
the aperability of the generated test sequences. Figure 6 shows the peneration process of a fest case. Multiple fest cases
can be exeauted in one section, and they are the fest case

In ender to make the compiked test sequence more efficient and excoutabl, the consiraints of the test cases and the
Process of fhe test train running on the line are analyzed, and the test cases are divided into: interlock level test cases,
point level iest eases, CBTC level fest cases, mode Convert test

Proc. of SPEE Val. 12254 122541248
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Station_Type = Nawe

A test section of 2 subway Ine 10 s rndomly selecied, cach feature quantity of this section is analyaed, and i is
is obtained as follows:

' Nuum_Si_Deper=0;
Num_Pa_Stigon=0; Num_Po_Secion=0
Nin_Pa_Depar=0; Nian_A:
1n_Ze=); Nome_7C_Loca=1;

Nuan_Ap

Area=Section; Name_Line_Local:

The analysis shows that there are more than two trnsponders in the test section, which meet the conditions; the
execution area is the whole linc, thatis, the station, the section and the vehicle depot are all executed, This test section &
an section, so the conditions are met, each qualified Each area is exeeuted once, and this test section needs 1o be
exeeuted if the conditions are met; thert is no requirement for the station type, and the matching is successful

It can be seen that it & not diffieull to assign each lest case to test sections that meet the conditions. However, due to the
constraint of the number of test case exccutions, cach test case may need 1 be executed in multiple test sections, then ,
how 1o comectly and reasonably mach all test cases w all test sections that meet the conditions is the difficubly and the
key point. Combined with the matching method described above, a matching algorithm is desizned, and the algorithm.
fowchart is shown i Figure 5

The number of st case exccutions is a key variable, e number of test by the test

case. It covers all three cases, which arc execuned only once for the whole Iine, once in each concemrated arca, and once

inall areas that mee the conditions, And the test section & traversed, and finally all the comesponding execution sections.
e found for each test case.

Proc. of SPE Vi, 12254 12284125
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Figure 6 Generaion of a et sequence

3SOFTWARE

Traverse the CBTC system engineering acceptance test cases, search for mode conversion test cases, point-level test
cases, interlock-level ted cases, and CBTC-level test cases in wrn, and conncct them in serics, and finally generate
several exccutable test sequences.

The sscim o of the CBTC system enginearing g accaphence s sagiencs genucnion software is shown in Figure?. It i
designed o quantities of the fest sections in the data
storage \:w establish and call the databse mmg). the ka;m software, realize the fimctions of datshase query
and test sequence generation in the application layer, and display and Joad various needs in the presentation layer. data
and the final eqport results. In a word, the finction realized by the test Ll ‘generation sofiware is mainly to
penerate the by dat.

The interface of the test sequence generation software is shown in Figure £, 303 CBTC system engincering accey
test eases written according 10 a subway line 10:are input into this tool, and the final generaied test sequence is 65, which
ean be executed after manual testing and verification

Prescrtuion Wyer

There are many tkﬁtltmlu in the use of test eases for the CBTC system engineering acceplance test, With reference to

. and subway lin 10, case library
covering 100% oF i et CHTC system intercomnection requirements has been compiled. This paper studies the
method of atomatic generation of CBTC system engineering acceptance test sequence. This methed is acusally applied
to the CBTC system simulation kst platform for testing, and the feasibility 15 verified. The method of aulomatic

Proc. of SPEE al. 12254 12254127
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generation of test sequences based on formalization is wniversal, and the database can be changed according to different
lines to generate test sequences of different test lines. The research of this test sequence generation method is bene ficial
to the development and real ation of wrban rail transit imerconnection.

L ————— |

Sy pre B o gy
L yrer—

[ -
[P [y ————
2 [Py S —
5 [ S —
it . b
|t | time

Frgure 8 Test sequence assifant generation ool interface

REFERENCES

[1] Cui Junfeng. A brief discussion on the development of future il transit train control system technology [T].
Railway Communication Signal Engineering Technology, 2020, 17(3 4.

[2] Gao Chunhai Communication Based Train Control (CBTC) System [M]. Beijing:China Railway Press, 2018:
36-42

[3] Gario A, Andrews A, Hagerman 5. Fail-zafe testing of safety-cntical systems: a case study and efficiency
analysis[T]. Software Quality Jowmal, 2008,26( 1):3-4 8,

[4] Han Xiao, Research on model-based safety testing method of high-speed milway train operation control system
[D]. Beijing Jaotong University, 2020, DOT: 10, 269440 d cnki ghiju 2020 (00307,

[3] Liu Ling. "Research and Prospect of Intelligent Control Technology of Train Group Based on Virtual Cowpling.”
Railway Communication Signal Engineering Technology 172 2020)9.

[6] Jiang Jianhua, Cui Ke. Development direction of urban rail transit train operation control system [J]. Urban Rail
Transit Research, 2020, 23(11):4..

[7] Song Shuang. Rescarch on automatic generation method of CBTC regional controller st sequence hased on
mde] [D], Lanzhow: Lanehow Jisotong University, 20018,

Proc. of SPIE V. 12254 12254128
Deowrinacied Froee

e of L Mg e i

86



ISBN 978~

i,




9. ZF GPRS A i P & Lt AR MO R A

2021 FEEHSN. REMEAN ( £F ) HRAT i p ey
y hEEOHT (AR HEEEF SENEBOMT RCCSEREBOSAMA

T¥N=SAHIERE

INDUSTRIAL INSTRUMENTATION & AUTOMATION

RAREIF
e

liif

o
o]
e
=
[
=
[=]
2
-
=
w
w
-

1000706821

J!

88



| LW %ES A 3h 4% HE

GONGYE YIBIAO YU ZIDONGHUA ZHUANGZHI

(TLA 1971 SEE0F)
2021 4EHE 3 IS 279 800 2021 4 06 15 H il
HEEABEFSES R BRI
HEEOMT (B )WEENES B w
b EHEETRTESA
| B E R R LR T )
| RCCSE Bt A1 e
EFXEHREATER SRR TS ¥ BHEEm B 2§ 3
BEs EF buce MENEABEERSERE SMARAE
& BTN AELS 0
FRIRE & & () BT PMAC BT R SRR #OWERTE.®IR L6
WEE(EL) BT PLC SRR R e A T S
B He R ) TR AN HER, ¥ 2
AR () — i S SRR BRI & S PR LI
: HIRRE A EE S SR £ 0.5 RERES 0
eI I e A E R ERREET— Soas oot ]
BIEEER 40 FRR T RS NRHEE N B BRI ARME T W |
ok i —HEF TNODI LT R R BEELE EE g
s ;ﬁfﬁ : ) ff‘: B AR ST TR ARSI L
aw. AR i EF ARM - FP0A ROSMSRERTRENET  BE0,EHE 208 55
AR TFF £EH R LA Bt U WMIEE BE 6
BERE L84#% EHN
HEE WEY I M RS
SR B i —HETLARANRERENESE % B EMER® &
E;,m,;smzﬂ’:::g: B SR T S R AT e B oME WaEE
; ~ — i = RS O EER ELW g TS
m.ﬁﬂﬁ.‘blﬁﬂﬂﬂﬂﬂlﬂmﬂﬂﬁhiﬁﬂi ‘%1.|1—5"Dﬂﬂmﬂwﬁ. E '.“ ¥1!’$ ]
SRR NSRS SREA A M  E TEORE BOMEEE IUE M
SR LA B BT Profibus BUOEMMERMD—REDNEE  BARH T EEE.¥ 5
=it L6 S ST A e o R F Mo @
MITER:T M BT B WS BN RE M BEL Y RSS9
W|iTEE. s W W R B SRR R T M W oo
M - o8 R MR B BT ERIET s N AU R FHA 105
AR BB 710075 RS AT SF, EMMERDEERE T M, AN N § 10
R i BT B TS | A A S BEE WL 115
P —REANASEREL BN SRR R EE R 19
S o L S R WG BB FEE.G 12
= ,Jlﬁm e BFEFA R ER FR i R RS EEE S 126
= 3 FREE TS SCOP BB R REW 1
B 5 ¢ o (o 0 T 5 ) L i " i o
I P BT A L PO A LT M HESTE
TTHRAE S BITRE 5 _
P I 7 4 e 45 B A A L 7 ﬂfﬁf};?ﬁ;:‘mm“““m :“:'E'; ::;
¢ Az 299 P ) s
P - s 10 I S B L R 1 M W O EEE HEEN E 44
155N 10000662
CNE[-1121/TH ﬁiﬂﬂm
T30 4 B AT GE 1600004000062 SFERNADAEDEREE 2 WS ST i
S 8ETHY 108, 00 50, IR £ 06,00 7 EFEEAEES FRERES ST TP BEA S AR R
AT B TR b e e | el 143
F R SRR, S e [P SR TCNE] - 1121 TH # 197] s bow &8 & 148 & gh & P 15 00 & 3} = X021 <06

89



2021 S 3

Tk dely A sk E

£ T GPRS (9 & R F & & ik 42 % o] % 4% +F

B T ERE

(EH TS B 2HER, HH 2 H TI0070)

BE:-AHTALELE PHETedER SRl EE #L8 T GPRS 3 £ —#insal
BAek, RitERUSMTLAAMYE HA%LEREE BPICIOF012 Sk f 6 DD 5B
ADUES3 & EHEAT SRS HAHNH T bens FEd R SR, FRBE. AL
HRF eGSR Tt GG ERHG DAL ERAS Rt laEemnm, sEEE
AR HIEE HIEE R4, S 4R FH ot it GPRS {4l Bt £ bR SIEF cmG5,
MIfFAREE AT mA s SR HEL A PR LR, THE, Rkt
R HTHE AH T i A4 RH,

KW W AL ADDRIY GRS B B 8

PEARS TMTE IRERINEA SIS 1000 - 0682 2021 )03 - 0035 -4
Design of remote monitoring system for storage battery in microgrid based on GPRS

GUO Zhicheing, CUD MNing, LI Xinnging
{ teparimend & Elecrrical Engineering , Lanshon Institute of Technslopy Ganau Lasafios T30, Gl

Abstract: In ander 1o meet the needs of energy storage batlery health menitoring in the microgrid , a
remole manitoring system is designed based on GPRS techiology. The design mainly focuses on detecting
the intermal resistance of the battery, The system uses the processar dsPIC30FS012 as the core 1o control
the DDS chip AD9E33 to generate 8 sine wave signal, which is driven by & constant current souree to the
battery losp, and then through differential amplification, band — poss filtering, effective value conver-
sion, ete. The cimuit collocts the AC voltage signal obtained at hoth ende of the battery and the reference
resastor, and then calenlates the intemal resistance of the battery, The processor obtaing the relevant dota
and compares it with the set limit value. When the data is abnormal | it is uploaded to the upper data cen-
ter server vin GPRS communication 1o vemind the staff to pay attention and carry oul corresponding pro-
vessing o improve the stability of the enengy stormge deviee in the microgrid.  The avalem design is sim-
ple, easy w0 implement, and has certain engineering application reference valoe.

Keywords; internal resistance of battery; ADDBI3; GPRS; monitoring system
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Abstract: With the continuous expansion of the scale of my couniry's railway electrical system and the increasingly
‘complex equipment functions, the requirements for ensuring the safe, stable and long-term operation ofthe electrical
system are becoming more and more urgent. The operation and maintenance system is mainly through manual
maintenance, which is ineficient. With the conti and application of uch as information
technology and intelligent terminals in my country, inteligent monitoring technology has been gradually applied to the
maintenance of signal systems. In order to facilitate the electri personnel to grasp the operating equipment
status in real time, optimize the equipment maintenance process and improve the maintenance efficiency. This paper
ively considers the daiy maii operation, emergency response operation process and relate
precautions of the signal system, and combines key technologies such as data access, data fusion, data visualization,
fault prediction and health management to realize the analysis and design of intelligent operation and maintenance
application functions. Provide reference for the | operation and level and the
transformation of electric service operafion and mainte nance mode. © 2022 SPIE. (11 refs)
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Abstract

With the continuous expansion of the scale of my country's railway electrical system and the increasingly complex
cauipment functions, the requirements for ensuring the sale, stable and long-term operation of the clectrical sysiem are
becoming more and more urgent. The operation and maintenanee system s mainly through manual maintenance, which
is incfficient. With the continnous development and application ot technologica such as information technology and
intelligent wrminals inomy eountry, nlelligent monilonng Wwebnology has been gradually applicd 1o the maimienance of
signal systems. In order to tacilitate the electric service personnel to grasp the operating equipment status in real time,
optimize the equipment maintenance process and improve the mainenance efficiency. This paper comprehenaively
considers the daily maintenance, operation, emergency response operation process and reluted precautions of the signal
system, and combines key technologies such as data access, data fusion, data visualization, fault prediction and health
management o realize the analysis and design of intelligent operalion and mamlenanee applicaion funelions, Provide
reference for the improvement of raibway signal operation and maintenance level and the transformation of electric
service operation and maintenance mode.

Keywords: Railway signal, Intelligent, operation and maintenance, Big duta,

1. Intreduction

With the high-speed conatruction and develapment of my eountry's railways, the consumetion and operation of a large
number ol lines hos led (o o sharp ncrease in the number of milway-reluted professional equipment, while the signul
gyatem has a complex structure, various types of equipment and wide distribution, requiring a laree number of aperation
and maintenanee personnal 1o ensiee the narmal and stable aperation of the syawem. The 1o the incrcasing difficulty of
operition and maintenanes management, the problems of intellivence, integration and informatization of signal system
operation and maintenance need  he solved urgently (Shi, 2020). The conatruction of signal intelligent operation and
mainiengnee sysiemn buscd on big data lias become the muin development rend of signal maintengnee system. 1o orde 1o
predict and avoid the adverse effects caused by equipment failares, improve the work efficiancy of signal maintenance
personnel. and engure the sale and glable operation of railway transporlation, the miclligent monioning wehnology
centered on comprehensive intelligent acquisition and information management is applicd to the signal operation and
maintenance System. At present, the signal equipment i3 mainly divided into on-board cquipment and trackside
cyuipment secording Lo the Lyeout location, sand s monitoting methods are divided inw two (ypes: lruin monilering and
trackside centralized monitoring ([[u, 201%).

Train momitoring 15 e caplure and obtain the dynamic daia ol the on-board cquipment during the waim operation, and
connect the obtained data with the base station through the train-ground communication technology to ensure the safe
operation of the traing the monitoring of the trackside equipment is mainly by eollecting power at the station. The analog
quandily wnd switch quanuily mfommudon of basie signal equipment such as (nmouls, imack circuits, e, and for
equipment with monitoring functions such as interlocks, power screens, and smart filaments, the relevant status
informalion can be oblained through the mierface, and the alarm will be timely when there s a fauli. Although the
intelligent monitoring techuology has been applied to a certain extent in the sivmal operation and maintenance system,
there are stll aome problema 1o be solved. Titeratuee (Guo, 2012) atudics the visnal model of compiter intetlocking
gystemn based on the method of graph theory model, and uses time serics and luzzy reasoning methods o intelhigenly
diagnose the complex faults of the system: Literature (Xue, 2020) analyzes the scene of the Sichuan-Tibet railway line
Based on the environment and survey data, the Tunetions and wechimeal conditions al the signal inelligent operation and
maintenance system are studied in combination with user needs; Reference (L1, 20207 starts from the system level of
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sighal operation and maintenance, detines the associated signal system and builds a layered architecture model, and
proposcs A dynumie gquanliaiive assessmenl and risk carly warmmp scheme s implemented, and the operalion status
assessment, risk early warning and fault diagnosis of the signal system are realized.

First, the large amount of uostruciored data soch as sensor moniloring data, image informmalion, and operadon logs
generated in the daily operation of railways is not conducive to data analysis and system decision-making: secondly, the
tepes of signal system operation and maintenance data are diverse and continuously accumulated, and traditional
relutionul databuses have become very difficull. Lis difficult W process these multi-source and heterogencous massive
data. In order o maximize the value of operation and maintenance hig data, the obtained data is standardized and
o leed, so thal 1 ean be vsed for mlelhgent operation and mainfenanee duls analysis 1o provide data supporl for
system decision-making (Yang, 2013). This paper introduces the structwre of the railway signal system, analvzes the
source of the operation and maintenance big data, proposes the problems existing in the data processing process at this
slpe, desipms the rwilway sigmal miclieen) operation and maintenance system archileclore, and swdies the key
technologies and system functions.

2. Railway Signal System Structure

The rmlway signal sysiem 15 mainly composed of lrain conlrol system, mierlock system, dispaich sysiem, signal
centralized monitoring svstem and communication equipment. According to the location of equipment lavout, it is
mainly divided inte: dispaich center, station cquipmeni, irackside scelion cyuipment, on-board cquipment, depol And
maintengnee eenben, s systom slructure is shown in Figure 10 AL present, the signal maintenance support system 1s 1o
complete the functions of external power grid manitoring, cable-to-ground insulation test, power-to-ground leakage
current lest, swilch momioriog, wack cirewil momitorng, luse alano monilening, wmperature and homidily colleeiion and
other tunctions at the station; System and dispatching system intertace, obtain the status information of these devices,
and issuc an alarm in time when there 15 a fauli; the moniloring host performs Faull diagnosis on the colleeted signal
device puramelers, provides mainlenanee supgestions, and guides users W maintain Lhe eguipment.
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Firure 1 Sehematie divgram ol the signal system structure.

The current manitoring aystem still has the following deficiencies:
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{1y The monitoring system anly obains line current and voltage information through sensors and ather equipment, and
collects commmumication data information through the mlerface beltween deviees, bul cannol perfomn mielligent aoalysis
and processing on the monitored data information. and cannot accurately determine whether the equipment is in a normal
ur Gauley stile, o A1 Whis stage, 0mainly depends on the mainenanes personnel o wnalyvee aod judge the couipment status
wecording (o their own professional knowledye und experience.

(2y The large amount of data obtained cannot he comprehensively processed amaong the monitored equipment. the
monitoring basce stalion and the menitoring svstem. The data obained by the monitorng rain and the duts obtained by
the monitoring station can only be analyzed and processad separately, and the train-ground data cannot be shared in real
ame, Fatlure o comprehensively consider Lhe relalionship beiween personnel operation, cquipment staluy, and operaling
environment, and failure to intelligently analyvze the entire system trom an overall perspective.

(3 There are many sources of monitoring data with different struecares, such as aystem information eollection data,
dispatcher and driver operalion insiructions, mainienance persomel recording logs, cle, For these mulii-source
heterngeneous data obtained, there are inconsistencies in terminology, format, content, etc. Due to non-standard
problems, the maintmance system camol dircetly use multi-source heterogencous data for infelligenl analysis and
decision support.

3. Research On Intelligent Operation and Maintenance Scheme of Railway Signal System

3.1 Monitoring System Siructure

The intelligent operation and mainlenance system mainly includes data sources, data collection and storage, duta analysiy
and application, and data display (Fang, 202 1), The system stucture diagram is shown in Figure 2.
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Figure 2: Struclure disgrum ol mlelligent monilering system.

(Ly The data sources mainly include monitoring system dara, maintenance and overhaul data, operation and production
dala and other public dutly, The momioning syslem duly includes apslog snd swilching infonmaion of busie signal
equipment such as power equipment, tumouts, and track circuits. For equipment with monitoring functions such as
inerlocks, power sercens, and smart Tlamends, the relevant status infiwmation can be oblaingd through the interfaee;
maintengnee and repalr 'Lhe duty manly melude mamtenanee logs, equipment story, duily inspeelion records and other
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: the operation and production data mainly include driving plans, operation timetables, and dispatcher command
regords,

(21 Data collection refers to the merging and integration of various data, such as formatted data such as speed. distance,
wevcleralion, couipment status, driving stalus, and line status, a5 well ws imformalied dils such g video, image, sound,
maintenance records, and system logs. The method of extracting, transtorming and merging the acguired data atiributes
is standardized, and is realized by matching information such as time and place w aveid data confusion or ambiguity.

[3) Datu slorage s o elassily and store the normealized data according o the charueleristics of date, location, relutionul
and non-relational. With the continuous accumulation of operation and production data, a large amount of storage space
s reguited. The data can be elesned regularly through periodic clesming, and data eleaning can be perfonued for one
month, three months, halt a year, or one year according to the needs.

{4) Mrada analysis and caleulation are the core of dala processing. Relevant dala o key data can be estracted aceording 1o
requirements, and the extracled dala can be preprocessed W avold larze culeulation ermors caused by daty nolse. Through
logical analysis, regression analysis and cloud computing It is necessary to analyze and calculate the data by other
mehods, Finally, il s neeessury w0 messure Lhe accuracy and quality of e caleolaion results, so o 0 con more
accurately reflect the value of hig data.

(57 Daly application 1s based on data snalysis and ealeulation results, snd reahees lunctions such as Toll location, Gaull
diggmosis and disposal, emergency response command and process, daily maintenance key objectives, thult prediction.
equipment health and full life eyele managemeant.

(6 Data display is o display the resulls of data analyvsis and caleulation on the platform through duty visualizalion
technology and human-computer interaction technology (Luo, 2021), which can more intuitively present intelligent
maniloring e users trough graphics, network topology maps, cquipment models, cle, As a tesull, various display needs
of electric service personnel are met.

3.2 Intelligent Operation and Maintenance Cloud Computing Platform

Cloud computing is a collection of low-consumption and high-efficiency virtual resource services that connect a large
ramiber of necessary hardsware in a certain form through the Internet for the purpose of application, and flexibly adjust as
the domand changes. While reducmy infrastructure investment, it can reduce equipment malntensnce and increasc
compuing power. Storage capacity will not be restricted. Storage in the cloud enswres data security. Data will not be lost
due fo dwnage W ow cerlain hard disk, Brosdband aod ubiyuitous conneclivity allow users o secess duts regurdless of
location,

The smart electricity operation and maintenance cloud collects the monitoring and detection data of each system in the
cleetricity intelligent perceplion network, By integrating and storing these data, teal-time and non-real-time duts clusters
can he classitied and processed separately; real-time query, search, and more Dimensional analysis; at the same time,
combined wilh the operating status infommation of cach related cqupment, use mielligent algomhms o quickly and
acowrately locate faults. Completely solve the problems of mutual isolation and ditficult interconnection between
aystems.

The Railway Burcau Clowd 1s the data storuge center of the eolive Railway Burcau, which includes all regional nodes
within the scope of the Railway Bureau. It conziats of a large number of storage devices. The station edze cloud under
the mailway burcau cloud consists of storage deviees of Axed regional nodes, The sceondary ¢loud storage selution of the
railway bureau cloud and the station edge cloud enables the railway bureau to maintain and manage the storage space
within the burcau in a uaificd mannet, and is more Mexible in sysiem cxpansion,

3.3 Inteligent Operativn aod Muintenance Big Duatn Analysis

Big data is a massive, high-growth and diversified information asset that requires new processing imodes to have stronger
dectston-muling, msighl discovery and process optimizalion capabilitics. The real value of big daly leehnology lics in
the integration and processing of massive and meaningful data. That is to say. only by fine-processing and deep mining
of data can the value of big data be relleeted, In the ralway miclhgent operation and mamlenanee syslem, Lhe precision
processing and deep mining capabilitias of data are realized by artificial intelligence algorithms. The artificial
intelligence algorithms rely on the massive data accurmulated by the railway operation and maintenance system for a long
i,
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Big data and ¢loud computing are interdependent. T3ig data must adopt a distribuced architecture, uzing cloud computing
distnbuicd processimg, distnbuted databuase and clowd storee, and virtualiealion celmelogy W process massive duta.
When using manmual data analysis, in the face of huge data, it is difficult to analyze the real ins and outs of the event,
which may lead 10 wrong inflerenees: bul using big dala techmology, the truth of ihe event can be guichly walveed.

With the continuous improvement of the sufety requirements of railway traffic, the inrelligent operation and maintenance
of railways faces greater challenges. Theretore, there is an urgent need for the application of big data. Make full use of
the duli obtuined by the intellipent pereeption system o provide key busts for the core business appliculion of railway
intelligent operation and maintenance. Use the status data of the long-term or short-term operation of each system to
catty oul Joml aoalysis and m-depth muming, Predict possible Galures of cympment. Find Gelors that may alleel doving
satety in the process of driving in advance, and prevent and rectity in a targeted manner. It can etfectively reduce the
probability of failure. Tt can also reduce the stress of data analysis of maintenance personnel. The intelligent aperation
wind muinlemanee system conducts rend analysis on big datas such as s, video imapes, aod volee generated by relaled
services, providing strong data support tor the sustainable development of the railway operation and maintenance
syslem,

3.4 Intelligent Analysis and Assisted Decision-Making

Through the use of eloud computing and big data technology o deeply mine and analyse the massive data generaied by
euch perveplion subsystem, il can inspire e mnovitive lhinking of big dula users, so as o realize ausilisry
decizion-making. Cloud computing and big data technology can propose a variety of solutions m a problem, and select
the: best solution according 1o the actual siluation, Tilive the wmigue global perspective ol big daia. Predict the rules of
operation and maintenance. Visvalize the process and results of the analysis. At the same time, the details can be traced
thremghout the whole process; Probability; realize unified eollection and formal standacdization of data from cach aysicm,
Through the use of cloud computing and big data technology, the production operation commend, centralized monitoring
and security warning, equipment lite cycle management, and cross-professional and cross-industry linkage are realized
indelligenly,

4. Key Technologics ol Big Data Lntelligeni Operation and Mainicnance Systcm

At present, the main technologies used in big data include data collection and integration, data analvsis and mining {such
as Map Redoee technology launched by Google, development of distribuied [le system GFS. Big Table diswibuted
parallel database reclmology), data visualization and human-computer interaction Technology (such as tuy cloud, history
atreaming technology, cte.). The following will introduce the data access, dara fosion and faalt prediction health
mgmagement weehmelogies wsed moihe signal swsiom;

(1) Data access technology: Railway signal professional data can be divided into static data and dynamic data according
w chiaractenistics, Statie duta meludes stable dwi such as cquipment names wnd adribuoles, and dynamie data ineludes
maintenance and inspection records, alarm mformation, operation commands, scheduling commands, and equipment
action records, train running reeords and other real-time updated and growing data; aceording to the type can be divided
inle real-lime duly, fle dat, piclure and video dote, message records wnd other duli, In the curmenl data 5
technology, the resource-oriented REST standard is used to realize the data interface by using 1TTP verbs, status codes,
headers, cie. The RESTFI -sivle inerface separates the front and back ends, which can reduce the data rransmiited
through the networl, and use JSON as duty exchange ot the sume time. Formart, which can avoid security problems such
as data injection, and is suitable for aceeasing static data. Katka is a high-throughput publish-suhscribe messaging
syslem with high hroughpuot, low coupling, snd sirong sealability, which can be vsed 1w ransmil dymsmic du (Deny,
20H5)

[2) Data fusion technology:  The dulu oblyined by the signal intelligent operstion snd mainlenanes syslem is diverse, and
these data with different structuras are tused to standardize the data specification. First, the conversion from database to
RDF needs 1o be fommally defined (TUQ, 2021), The conversion rom local data 1o overall data requires strict reasoning
and logical wverification, which is an lmportant step to ensure data merging, semantic consistency, and complete
conversion: The closure algorithm of the RTIT(S) onwlogy expresses the knowledge in the RDT{S) antology graph by
inferring and caleulating each node of the RDF(S) ontology, and can consider the date, time, locution and other
information in the data to complete the data matching; Finally, the similarity between the RDF(S) ontology and the data
afer fugion is compared 1o verily the accuracy of the Tugion data.
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(3) Failure prediction and health management: Fguipment. filure prediciion and health management {PHM) ieehnalogy
can detenuine equipment performance based on data, monitor and disgnose equipment failures, and predict the
pccurrence of failures in advance (Lin, 2021). According to the predictions, electrical maintenance personnel can take
maintengnee megsures of fwlt-toleran messures o advanee W cnsure operations. PHM mines key parumeters through
platform big data, realizes fault identification and diagnosis through data comparison and analysis, and proposes
mainlengnes stralegies aeeording (o faull handhing procedures and cqupment mamienanee procedures, PHM also has
equipment health status assessment and lite tracking functions. It can realize comprehensive diagnosis. prediction and
health management at different levels and levels from hoards, modules to components to equipment to systems.

A present, there wre more and more complicated and complicaled sources of moniloring dil records or railway signal
equipment, which will cause problems such as insutticient data accuracy and incomplete data sets caused by data
iransmigsion problems, Therclore, we use the data Togion model w mprove s aceuraey, The Mow chart of ils algorithm
5 shown in Figure 3.
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Figurs 3: The algorithm flow chart is shown in the figure,

5, Conclusion

Thi: big daty plulfonm mtelligent system colleers the momiloring indicators of cach component and node of the big data
plattorm. displaved in the form of a chart. The overall diagram of the intelligent operation scheme of its big data railway
gignal system 15 shown in Figure 4, Therefore, in this paper, the data in the experimental process s eleancd in advance,
each device data corresponds to each relevant atribute, the non-key influencing attributes are removed, the main
attribute is retained, the redundant data characteristic description is normalized, the device data record library is
comsirucied, and the dava of cach deviee 15 analysed. The Rature sely the bowndary of the knowledge base, improves the
redundant feature description between equipment states, and fuses it into a new equipment data feature mapping table.
The dala feature fusion is preliminarily compleled. the data quality is improved, and the data Tusion ¢ilTicicney 15
improved, Us overall desipm is as Tollows
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Intelligent operation and maintenance system has become the main direction of railway operation and maintenance
development, driven by big data of signal sysiem, standardizing muli-source hederogencous dala thraugh dala
processing lechnolopgy, comprehensively using duls sccesy weehnology, data lusion echonolopy, duls imellipent snalysis,
fault Diagnosis and equipment health status assessment technoloey realizes integrated supervision of signal equipment
and comprehensive management and contrel of fault predicrion, With the continuous development of science and
technology in our country, the integration and intelligence of the signal monitoring system are realized, data analysis and
intclligent diagnosis are provided for cleciric personncl, and a friendly human-machine interface is built through data
visuglization technology, which promotes the equipment from planned repair to state repain It can improve the efficiency
of fault handling. reduce the maintenance cost of the signal system. and provide technical support for the realization of
intclligent operation ol the railway syelom,
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Abstract—In order to solve the problems of long drying time
and unstable drying performance of corn ear by manual
operation, a temperature and humidity control method based on
fuzzy control is proposed in this paper. According to the analysis
of corn ear drying process, the measured temperature and
humidity are selected as fuzzy input variables, and the fuzzy
rules are formulated. The fuzzy set of control variables is
obtained by fuzzy reasoning, and the accurate control value of
ventilation door opening is calculated by the maximum
membership average method. The application results show that
the control method has good dynamic response, anti-interference
ability and robustness. On the premise of ensuring the quality of
corn seeds, the drying time is shortened from 72 hours to 60
hours, which improves the work efficiency of the production line
and reduces the labor intensity of operators.

Keywords—Drying barn, corn ear, temperature and humidity,
fuzzy control

L. INTRODUCTION

The moisture content of corn ears is about 35% at harvest
time. The traditional way of corn ear drying is natural drying.
When the moisture content drops to a safe storage moisture
(about 13%), it will go through threshing, screening, in the
warehouse and storage, and enter the stage for sale. The natural
drying process is affected by the weather and may last for a
long time, during which a lot of labor (turning the sun) are
needed. If you do not work in time, it may cause mildew and
freezing damage, reduce the quality and germination rate of
corn seeds, and bring losses to enterprises and farmers [1].

The corn ear drying process is one of the processes in the
corn seed mechanical processing production line. Corn ear
drying technology adopts a scientific process. Under the
premise of not damaging the quality of corn seeds, the
temperature and humidity of the drying process are controlled,
and the moisture content of corn ears can be quickly reduced in
a relatively short time, so that it can meet the requirements of
safe storage standards [2-5]. The focus of the drying process is
to ensure the quality of corn seeds. This technology has
completely changed the traditional method of natural drying of
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corn ears for a long time, liberating labor and reducing
unnecessary losses during the drying process.

The drying method is to send the hot air generated by the
heat source into the drying bin as the drying medium, and the
hot air will take away the moisture from the corn ears. The
specific drying requirements are as follows: the newly
harvested corn ears have high water content and strong
metabolism, and they must be dried at low temperature first.
Under the condition that the temperature is 5~10°C higher than
normal temperature, after continuous drying for 2~3 hours,
then gradually increase the temperature to 43°C and perform
high-temperature drying [6-9]. It can be seen that the
temperature and humidity control of hot air is the key to the
corn ear drying process. This article intends to use fuzzy
control technology to adjust the temperature and humidity of
the corn ear drying process.

II.  CORN EAR DRYING PROCESS

The technological process of the corn seed mechanical
processing production line is: ear feeding — mechanical
peeling —ear selection — drying — threshing — pre-cleaning —~
temporary storage (steel silo) — cleaning — classification —
specific gravity selection—coating— packaging— storage.

The corn ear drying process is mainly composed of ear
transportation system (ear feeding part, feeding belt conveyor,
distributing system, discharging belt conveyor, collecting belt
conveyor), heating system (boiler, heat exchanger, ventilator,
hot air conveying system), corn ear drying warehouse group
and control system (computer monitoring system, drying
warehouse group PLC control system) and other parts.

A. Drying Bin and Sensor Layout

The corn ear drying bin group is composed of multiple
drying bins alternately and back to back. The cross-sectional
view of the drying bin is shown in “Fig. 1”.

The temperature and humidity sensors of drying bin A; and
Bi are respectively arranged on the wall of the bin on one side
of the discharge door, with a range of 0~50°C and 0~100%RH,
and an accuracy of £0.5°C and £3%RH. A temperature sensor
and a wind pressure sensor are installed in the upper air duct.
The range is -20~100°C and 0~1MPa, and the accuracy is +1°C
and +0.01 MPa.
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Fig. 1. Schematic diagram of drying bin section (lower ventilation doors,
filling doors, exhaust doors and discharge doors)

B. Corn Ear Drying Processt

It is assumed that the corn ears in the drying warehouse A,
have been dried for a period of time, and the moisture content
is low, which is also called the dry warehouse; the corn ears in
the drying warehouse B, are freshly harvested, and the moisture
content is high, which is also called the wet warehouse.

The normal drying process is as follows: the filling door,
exhaust door and discharge door in the drying warehouse A;
are closed, the opening of the upper and lower ventilation
doors is adjusted by the PLC control system; the filling door,
the upper ventilation door and the discharge door in the drying
warchouse B; are all closed, and the opening of the lower
ventilation door and the exhaust valve are also controlled by
the PLC control system. The direction of hot air flow is shown
by the arrow in “Fig. 1.

When the corn ears in the drying bin A; have been dried,
the control system is required to close the upper and lower
ventilation doors. At this time, the drying warehouse B; is
transformed from a wet warehouse to a dry warehouse, and
through selection operations, it cooperates with other drying
warehouses on the A; side to continue the drying operation.
After the warehouse is changed, the flow of hot air needs to be
reversed.

[II. Fuzzy CONTROL OF TEMPERATURE AND HUMIDITY IN

DRYING WAREHOUSE

A. Language Variables of the Fuzzy Controller

Take the drying warehouse A; as an example to discuss.
The input variables of the fuzzy controller are the signals Tx
and Ra collected and processed by the temperature and
humidity sensor, the transmitter and the PLC, and the output
variables are the upper and lower ventilation door opening
control signals. In this way, the temperature and humidity
control system of the drying chamber is a fuzzy controller with
dual input and single output. The schematic diagram of the
temperature and humidity control system of the drying
chamber is shown in “Fig. 27
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In “Fig. 27, T* is the desired temperature of the drying bin,
and is the actual temperature of the drying bin. The control
quantity obtained by fuzzy rules, fuzzy reasoning and
defuzzification is sent to the vent door stepper motor drive
system to adjust the opening degree of the upper and lower
vent doors.

B. The Membership Function of Language Variables

The physical domain of the input variable T (x) is [0, 50],
which represents the temperature range of 0~50°C. Divide the
temperature into 6 fuzzy sets: TD (0~10°C), TJ (0~20°C), TS
(10~30°C), T™ (20~40°C), TB (30~50°C) and TG (40~50°C).
The triangular membership function is selected to realize the
fuzzification of temperature, and the expression is

Hyp@)=(10-0)/10  0<x<10
_|x/10 0<x<10
#770=20-010  10<x<20
_[(x-10)/10  10sx520 '
rs®=lG0-m0  20<x<30 O
& e = [@=20010 20<x<30
™7 |40-3)/10  30<x<40
(x)=[x-30)/10  30<x<40
[(50-x)/10  40<x<50
f (D =(x-40)/20 40<x<100

The membership function of the temperature fuzzy set 1s
shown in “Fig. 3.
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0
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Fig. 3. Triangular membership function of input variable TA
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The physical theory domain of the input variable RA(y) is
[0, 100], which represents the humidity range of 0~100%RH.
The humidity is divided into 6 fuzzy sets: RD (0~20%RH), RJ
(0~40%RH), RS (20~60%RH), RM (40~80%RH), RB
(60~100%RH) and RG (80~100%RH). The triangular



membership function is selected to realize the fuzzification of

humidity, and its expression is

ﬂRD(,V):(ZOfy)/lO 0<y<20
_|yr20 0<y<l1s
.ﬂRJ(y) [(40_);)“0 o e
_[(v-20)/20  20=<y<40 5
u = ﬂRS(y) 1(60')’)/20 40 <y <60 @
humidity [ (v—40)/20 40<y<60
RMY™|80-3)/20  40<y<60
11 ()= (y=60)/20  60<y<80
RBY|(100-y)/20  80<y<100
HpgW)=(y-80)/20  80<y<100

The membership function of the humidity fuzzy set is
shown in “Fig. 47
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Fig. 4. Triangular membership function of input variable RA
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The physical domain of the output variable #(z) is [0, 90],

0° represents the vent door is closed, and 90° represents the
vent door is fully open. Divide the control amount into 7 fuzzy
sets: KB (open 0°~close), KS (open 15°), KD (open 30°), KF
(open 45°~half open). KG (open 60°), KH (open 75°) and KK
(open 90°~full open). The triangular membership function is
selected to realize the fuzzification of the control quantity, and
its expression is

,uKB(:)=(157:)f10 0<:z<15
~_|z/15 0<z<I15
“ks’:')_Lsof:ms 1552230
sy (2)=ET19)/15 1522530
KDY l45-2)/15  30<z<45
_ L _|(==300/15  30<=z<45 3)

Heomotamoun =K F =60 2y115 45<z<60
i, (z)=|E49)/15 45<2<60
KGY™|(75-2)/15  60<z<75

1 (z)=|FO0M15 6052575
KH (90-2)/15  60<z<75
;JKK(:)=(:—TS)115 75<z=90

The membership function of the control variable fuzzy set
is shown in “Fig. 5.
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Fig. 5. Triangular membership function of output variable u

C. Fuzzy Control Rule Table

Design fuzzy rules based on the operating experience of
industry technicians, and the fuzzy rules formulated are

Rule 1: When the temperature is low and the humidity is
high, the ventilation door is opened 90°;

Rule 2: When the temperature is low and the humidity is
moderate, the ventilation door is opened 60",

Rule 3: When the temperature is moderate and the humidity
is high, the ventilation door should be opened 75" ;

Rule 4: When the temperature and humidity are both
moderate, open the ventilation door at 45°;

Rule 5: The temperature is moderate and the humidity is
low, and the ventilation door is opened 30°:

Rule 6: When the temperature is high and the humidity 1s
moderate, open the ventilation door 157;

Rule 7: When the temperature is high and the humidity is
low, open the ventilation doorat 0"

According to this fuzzy rule design standard, a fuzzy rule
table is established, as shown in Table I.

TABLE L Fuzzy RULE TABLE FOR TEMPERATURE AND HUMIDITY CONTROL
OF DRYING CHAMBER

Temperature X

Vent door z
D T TS ™ B TG
RD KF KD KD  KS KB KB
RJ KF KF KD KD KS KB
Humidity RS KG KF KF KD KD KS
y RM KH KG KF KF KD KD
RB KK KH KG KF KF KD
RG KK KK KH KG KF KF

D. Fuzzy Reasoning
(1) Rule matching

Assuming that current temperature and humidity data of
the drying bin measured by the sensor is x, =35°C, y,
=55%RH, and the corresponding membership degrees are
oy =05, =05, g1 =025, g, =0.75 . Comparing

Table 1, we can get 4 matching fuzzy rules, as shown in Table
1L



TABLEIL FUZZY INFERENCE RESULT

Temperature x

Vent door z

TD T 18 TM(05) TB(05) TG
RD 0 0 0 0 0 0
RJ 0 0 0 0 0 0
ES 0 0 0 2rp(2) Hgp(2) 0
Humidity y (0.25)
YY RM B
(0.75) 0 0 0 ngp(2) Hyp(2) 0
RB 0 0 0 0 0 0
RG 0 0 0 0 0 0
(2) Rule trigger

It can be seen from Table II that there are 4 triggered rules
namely,

Rule21: IF x is TM and y is RS then z is KD;
Rule22: IF x is TM and y is RM then z is KF;
Rule27: IF x is TB and y is RS then z is KD:

Rule28: IF x 1s TB and y 1s RM then z 1s KD.
(3) Rule premise reasoning

In the same rule, the conclusion of the rule is obtained
through the relationship of "and" between the premises, then
the credibility of the total premise of each rule is

Rule21: min (0.5,025) =0.25;
Rule22: min (0.5,0.75) =0.5;
Rule27: min (0.5,0.25) =0.25;
Rule28: min (0.5,0.75) =0.5;

TABLE III. THE TOTAL CREDIBILITY QUTPUT OF EACH RULE IS SHOWN

Temperature x

Rule premise

TD__TJ__1S ™ B TG

RD 0 0 0 0 0 D

RI 0 0 0 0 0 0
min(0.25 min(0.25,

RS 0 0 0 0
- Fxplz)y Hxpledy
Humidity y min(0.5, min(0.5,

RM 0 0 0 : 0
P‘A’F(-)) #xp )y

RE 0 0 0 0 0 o

RG__ 00 0 0 0 0

(4) Total output of fuzzy control system

The total output of the fuzzy control system 1s the union of
the credibility reasoning results of each rule, namely

min( 0.25, 4,,(z), min( 0.25, ,uw(:),}

#OH:’ = max{ . %
min( 0.5, gt (2), min( 0.5, g1, (2)

E. Defuzzification Operation fp(Z)

The fuzzy inference process of the ventilating door of the
drying warehouse is realized by programming in MATLAB,
and the maximum membership degree of the ventilating door
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of the drying warehouse can be obtained as =05 ,
Substituting equation (3) to obtain the values of £, (z) and
#KF(:)

Hep(2)=(45-2)/15=0.5
M (2)=(2-30)/15=0.5
The solution is: Z1=7:=37.5
Using the maximum membership average method, the
accurate output can be obtained as

v_:[+:2

=375

That is, when the temperature in the drying chamber is
35°C and the humidity is 55%RH, the opening of the upper and
lower ventilation doors is 37.5°.

IV. CONTROL SYSTEM DESIGN

In the control system of the corn seed machining
production line, the hardware adopts Siemens S7-1200 series
PLC, and the software adopts modular programming method.
The subprogram modules and their functions related to the
temperature and humidity control of the drying bin are shown
in Table IV.

TABLE IV. SUBROUTINE MODULES AND FUNCTIONS

Program

block Name Description
FC4 (Analog filter)
FC5 (Scale transformation)
s : : FC6 (Inverse scaling)

OB Cycle Brecution FC7 (Analog processing)
FC8 (Manual control of drying
bin)

OR35S CYC INTS FC'? (Au_lomalic control of

= drying bin)

OB100 Complete Restart

DB1 Operating data

DB2 Digital quantity

DB3 Analog

Before the fuzzy control system of temperature and
humidity in the drying chamber is put into use, the drying
process is controlled manually, and the average drying time per
chamber is 72 hours. After the control system was put into use,
the drying process was changed to automatic control.
According to multiple batch tests on site, the drying time was
shortened to about 60 hours.

The drying time is closely related to the process parameters
such as the hot air temperature, air pressure and flow rate of the
upper air duct. If the hot air temperature and air pressure
fluctuate greatly, the drying process time will be affected. In
fact, during normal production, the hot air system is closed-
loop controlled by the frequency converter, which can basically
ensure the stability of the hot air temperature and air pressure.



V. CONCLUSION

(1) The temperature and humidity fuzzy control system of
the drying chamber designed in this paper has good dynamic
response, anti-disturbance ability and robustness. It provides a
technical guarantee for the further optimization of the system
for the segmented drying.

(2) The control method designed in this paper effectively
shortens the drying time (from 72h to 60h), improves the work
efficiency of the production line, and reduces the labor
intensity of the operators while ensuring the quality of corn
seeds.

(3) Due to the long drying process of corn ears and many
uncertain factors, and the fuzzy control system is an open-loop
control system, the control performance needs to be further
improved.
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13. A H3ML &R PLC $5#| RGN H

RIS Hshig&H PLC #=H R FAHIN

KERW, %R

(ZHI=6e, HF

=M 730050)

WE: AE LA TR AR R, B ES TRROWH, FE—REL | T U355 AR4
AFR, LA IBRERFAHLARNARARTFEALY AERDHELET ), HAIERLRT biLEL0X
G, S TEAIRAL AT B R, e A Sl feF R —F AR FL M, B,
TRt e A TRAL AL, AR FO TSRO EFOES 5REANE, #—FRECE ALHLE,

KR PLCHA; LA Aditd; HHARE

PLC BE—FFIEEIRIFMETRS, FEEE
FENE T, AT Tk, Bd TV ESEa T 2N
. AR PLC iR FI7E— it dile, X EE
T4 R B ST IR R L ). BREESEHE
W PLC S RSN HEESH I L HERAE, H
R T A th R R T S Y B SRR [ T & AR —E Y
ZiE, Hit, EXtHTRERENNE. BE54S5
AR R E RN, KR, ATEESEARE
WSS, AHTRE B S R AR R 2 S B shis R,
ASCLLPLC $HARNTIA S, # PLC HiAREHSBED
AR AT T B SR,

1 PLC HARAVEE
1.1 PLC BARBIR FHFEER

PLC EZEMHF LISiE, 2% 1T LR
TRIR MmN, hESRTIEHZO. mE
PLC N TR, ThEEEONsaA, EFAERMEN
JE, FrAREEHiEAEREMN ISR, @i PLC
AR A GexS il 2 BT R R RS0 TG, ASTE
IEELR IR R HH B I S SRR F (5 BHEHI 7yikit
THEREE, HEERE5ZHNNRTIES
SREIEN CPU M HTHINEMER, RiEHE
CPU RABIEIRMIA , 7EXREIE I, ol LA
AR ERIRE, BETIZ T RRISARIE T8 R%H
IEHBfT. MR PLC BHARTERSAZTHASERNA,
TE B 17 i R Ak 2 %o L USRI 2R R A T AR R
1%, RN R RS R E S RS NIRR BT,
i PLC B ARG S8 FHVSUE, KEEERAZE
REFFRHBTHER, XEA THRIEEZRH RS E
SRR A AR SRR IR, AR5 B L RERS T NS Ik
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EELE Mk 5iafT I B e SE E R & Lk
GUHAER AL, XTI E SR R i R
FHMEER,
1.2  PLC EARHISEA

PLC 2 —fj DL SCE7E Tl BR S R R FH Hh A7 B
U B T T I A e e i T s B R B e
T RS, PLC EERANE— Lol fENEIESRTEN
B iEFR R 75 | AT A PRl i B PLC fEE Y
RS HEEREENFMEER. PLC &AM
KR, BLEREZ RGBT BB AR AT Tl il 3
BHTIBEE . PLC =4 M BIE T ENZ g
VER X LA B AR G K — B R — i, MR
IE T A BRI S T, 325 A A R =
., VBN PLC BEAREBRATPNIEAR, REETH,
B REIRTI LR R E S R E R LE
B, 5 HXMNREEESS, XHREHCWIT
BN AR, thEESS AR T BT
BIE, RERFHTEEET, XENT HERIEN
AN E T InEENER . B8, TERGMENEE
WEM SRS, RIEARBEERNA I TR
HHTEIFIES, PLC SR IEGE] LI B SCl
18, PLC BN 5 LAl —eE i — MR
24, RERTE BabistREHTIEEL. e
HETEZRSGREHERINE, SRS TIFRENE
m, FieRELSLAEEEREFNIIIEFREEET,
EHEESHTEFEVIFZT. GabiHm, R%
T RS EARNED, SEANMVEFEPESERSH
Moz, B b vEmE ERAEE S B s rigit
ErHEESREER, B LENRHEATESE
Bl AR SR G MR, T HiR B S AR ),
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PLC $ REAT R AT LA B SATL B 3 b & R
HREREE RS, A REERSTIMAR,

2 HBSBhkiRED PLC IFHIRFABINA
21 TERFEHRFRER P E SR

PLC B{RBEGS A R e RG], T HARE AL
EEn st R Zs TR IR . XTI A RESE T
BT RZGTSEE, AR TR IERE, B
e, T 6 PLC HRTERS LREEH et
FF L EEECRIER, MR TEAR—EZL
FIEGHEIFATIR. PLC BARNZHESHESK
IR, EERIER AT LLA Rt 6 & 10
HEAIE, TEMIENEHIh, ZRR SR REE
T, HRWEOEE BT R RS I, X
T PLC BN, xS By R AL FE(S AR
g, PLC BURAIEEIMERBIRERR BS, HHME
B, HFATEEh b AR E ER R HAS BRI R AR L
B HE T ETRE BRI 28 3 {5 AR = 2 BORAFES & ik
M —IEREtETREAR, BT sh kB R7E R iR F
MERERTERETTE. RO TEPERESD
B ah L RAR T A 7543 R FATE R DR G i
EEEAET, WA ROE TR E S E K
SE. B HS AN FRENEDERAKEREE
FEREEEM, THEBE —ERE HeHIRER
RRACERER, NMEERERNEDRRELRS
HIFIFEFE A, OSIE B ERE EaiEl A R
WfEth—ANEESTE, ArElE B bRAR S5 E
R RKITTERES A, BINRA TR TR E
Ea R ARREEY,
2.2 TEFREHI TR IR A 2R

fE PLC HARHEAT, SPAH REHSTRER
s fLEERLE R SR AR ET R AR R, mE
EARRRIEENETIENZet, —HIBEEER
NE, ZARGHARIEREBT, AAHPERT TEN
R, (B2 PLC BORKYHELERM T B I EHIEERY
BTEPEME, PLC HEACRAMEITENEAR, Kk
HEBNEGERARRTIS, LIRS ERIESTE
FREE I, XA LARAMER S T A TR &
T YRR,
23 REEBEARANRNIEEKE

MFEARA RS H LY, shTFREI AL
tr; FNEENAESREROERE, EiBE FER
PR S TR M, (2SR ARGSBEE E A
TRORIEIRL, (E2METF2EBEIRARAREER
REMRRICLE T ERIIRRE, SRR AR, R
LREREIEREN, TTRENEARARNES8IX
HoSE| T B e Rs LSRR — =R, E2am
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REATENESTE, PLCIEREETWIL—TiE
2, R ERE RS R, (ES R
RAREHEAR, FERTEEHESIRE, ¥+
B R A SRR RE D FIRISE BE ST G 1ROKINFERS, FRLL
e ARPRIE A P SEa 2= T3, — A ATLL
FREEFEX PLC g fEiAEsE S, i ik rl Ll
IR AN TR R BRI TR, RN T E
F FASEIS Z T H I N TIREREIT 5% 4
I E ZhiE i PLC AR BIfA 2 MBS HIER SR, 76
PLC SCUG3EE ERTHTIORME, BT EEERsc:
1B, BRI REERS S PLC IR 5 HAMME A
MHREHESS, BAKELFEMORBEEE
iR, KICUESAEMSChrs FeE e T, WF
SIS BV ERERE DS TR, (AT kI E &R
EEE N ARNZRSATEISERR, KEEFE+IL
MAEZE FHANESEA BTk,
24 XTF PLC HARRFIMEIL
REYHIR ZRE AR ERERTTLEE, EL
EREEFENTE TR0 HE L SN S8y E S
TRk, Eik, rEtESHRIgEHIET, B
BIF PLC £ R, REINENBTHE, ZEUWEHIE
%, 1k PLC HiARTEBRA S EPAERETER, Lk
SetEEh IR E HATE S LRENER, BEHESTEMNN
FAENE (LB, BIMTEL, PLC HARMASE RN
EHES TERHEEMEERTHNER R, rlges
AR AEIETE, Bk, A RAERYE SR PLC
Hi AR S AR R H B ah b i R i R R T 4
#r, S B A R LU D PLC SRS
HAZTNARZL. M THEATEERHEEIMETE
MM SRR — N RRERERE, R ER
HEufik, taE— ekt R E T s 2,
R R B EHS HEME T E AR, Dk TER
BB LIetge A mmdes, X 3 MAFEdTEES
TEEEASMEBE#FRAEIEFEER, EST
ERHBIMENTESURERAR—EBEEE T
I ARBEA L I RERTR, MWHEN THES
TEREASMEHT LR, SHEMIATRRE R
SRR, TRl A R R R — ek TS T
ERHEZMEMEIEEE, MIERTOERREN,
[RI7E LR R R o] DL IR L A S — te srpk Iy
AEHECE T ¥R MEICHIRSSRASASES
S — R B O WRESD, B BIRES TR
ST E IR IS i — E B X T S S s T i 5
PRI E A R ASORE R T e, Mt —£m
FERES BT EERN - NMERTER, MTHE
S ENMERBIEBTHIE R AT P2 B — L (A 1
FTRERRT AT T i, MmmdlE tHE X, i —
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HHFEEES HEME RS,
25  PLC #ARNEREES

BEE (S BRI vk R, METNRERNES
HEAMENEEBMAEARNER, BEM PLC HARRE
BIER XN GEE RIS, HRARMES G4
AR S, W PLC HARR o b H B 5 fif
MR T AN S, FHGE PLC SREHATHS%
BN SET, REEHSEMTIRIER., PLC
A IR $Z AT AL IR IR S AR EE RISE I, ERVERIR
FERHRAE 0°C ~50°C 2, iBEs 86°C, Ak, RE
A T AL EREE PLC AR A BE R E R R IITE
A, T XA oS R R E HREE PLC AR &%
WESHIER, il T eaiREARE, MaesfPLC
R AREEMRMER . FHXRIEARA G LT —
DEESEEHNAAE AT EBENETIHE, SRS
AIEHT, XA~ AL E SR TI S A E A S E]
BENETHRE, REREWTHRED. BTHRER
BT A R, FrLAASSHZRKIEENZ &t
BEsRMEE S, AN, PLC BEARRMBEBEERE—
EHENERE, B EREARAREZE AT
R TameE, MR+ ATIZRSNET, &
JERTEGE, R RBURETECGHERT S, il

3 BRE

4 EPriR, PLC EEARDIHMEMAEBRES L
R shib & R P EE T RO ZRHE, Xt
PLC HARBFFIRAMBT G A 4 TG A RS A
H5ESTESHIEHARR LENEES TEAR
7EH PLC HiARBEG SRS TREAT, $HOEHE B
BB ASRE, AERERNEZHREAR
AN ERES, TIEARUNTRBSESE, HE
TE LAVE R R Rz B 2 B 2 1 AR 7 (o F il F b H R 1)
AL, LT R A R R X B

EHE®N: K& (1984-) , B, 5. HFRE,
2 AR, WM EEeESl, Tl 85k,
HeWH: ST REFEREAETTE, LA
HE I LA S5 (19K-007) .

SEM :

DI . A FPLCHAEATFEA G FHIEH T
S 58 D). 12 8 F) ,2019(42):60.

[2] %weds . AT PLCHAREM TRAAFEHF
oA 5 AR [)]. Biki& 22 ,2018(52):186.

Bl&h . X FPLCHAERATEA AR FH

PLC HeA iz FII5 T Hfe Aokl . SATH AR U], A MkALS At 2018(5):197-198
(E#F177T ) SHIER S, fER R, BN IER Y

A B T R A T o Y AP, SR
WL IR, LE{S B A SR T B L pod 48 14 {6k FH BB 188
., DGR S S, ARkt
B E O ATE BRI LIRS E, Xt
SR F NI
34  ARkREaY

BB LIRS, 7EAKAICAR i fE B AR
B ETEAR AN EIENZ 4. R ROZFR
FEAR SINM A R, 1EE SRR
MAiE, HFEEFhEF B AEIEN L e, MEeE
EMNEEEXMABEVEXCEE, fERRIEREER
[k, SibEET, tar LUl minsEes S A e
FOMCR, LEALT2 RIS 188 5 e B s

4 HRIE

W5 {5 BEIRAE S Bt b SR =R 6L, 51
SEAMEFABENE BIHINE, ERETHE
PEREE AMTHAEEM LR, REX NIRRT, BE
R BRI ESFIE S AR E A EARIE, mESiEA
MNEFALEZIEHN T, EESHENA
MR EERABIMRESE, FLLANEEet
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