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Abstract

This project aims to design PLC program for controlling 6 training sets with Toshiba T2

PLC. The 6 training sets consist of start-stop three phase motor control, bottle filling control,

industrial silo control, elevator control, traffic light confrol and substance mixing control. The

later training set is analog control which the desired temperature is maintained by PID control.

The PLC program can be created to control each training set in order to gain the best performance

and stability.
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D1014 | Derivative coefficient: K, D1030 | Integral remainder: fr

wazgasdmiunsminuaiilef []

MV =K,|(c-e )+ INT[IKMIL_‘T”} INT {l{;{”—’i’;-(zlvlf_, —PV —PV_Z} (4.14)
IH DL
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A 5 A A& ' Ay ¢ w a a w 9 [K,L|-e+fr
Ir a0 mumﬂaﬂﬂgmnn1iﬂ1sw1naama1uLwauﬂuwnmm'lﬂinn el
|}{HJ
4 A 3 =
Taofias r Buduiiauilu o
& T = o o
e fod mm’mnﬂwmﬂMﬂﬂgﬂ&ﬁgﬂﬂf’lﬂiﬂﬂ Sy-pv
=1 L] t:\ni =y Ag
PV #i0 A1Quvunnavy
=1 ) dl 1 ci 15
INT(@) 9o dwhuansaimansh lufsmy
= o dv =} nyz or 2 o =§
1mﬁ1ﬁmmiﬂﬁquumminwﬂuuwumwmuuu‘lﬂ‘lﬁmgﬂw 4.36
X0000 X0001 Y0033 Y0030
1 ()
voo3 Y0031
— (>
Y0031
._-| -
Y0030 X0004 Y0034 Y0033
2 03000 TON TODOJ—A <
v0031
L A
V003
—' —
Lﬂﬂoaa %0001 v0032 Y003y
a 01000 TON TOO13—f { —
vo03
¥0032 X0004% Y0032
u— 06000 TON TD02}— ( —
v003
>_| -
5 00001 MOV pi01oH ocDoy HMou p10113{ 00010 HOV D1012}—— —
= 00020 HOU D10433{ 00005 MOV D10143{ 00000 MOV DP1015}————
= 00100 MOV D1096}—
o[ 00100 HOVU D1001}
7H%4W006 HOU D1000}-

01000 PI1D D1010 -+ 910303

o{D1030 MOV YWO10]

10H-{END }—
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JUM 4.36 (R) Wonallu STOP weszvuazngaineu lasannsongansie ldeasanm

HaMINAABIIINNIS U uA UMY TIBIAAI PROCESS TEMPERATURE 1Helf1d
Argungumeludafidents lagdimhnsmsdivesedludrguugidgaiannsa
w gy R o dy v = 4 A s
a31951due 100 A1H 1dez1l51ng R RWO06 Faviunud A1 Process value lavansniliy
¥
AW IAdauR 0 250 (AT31, 8 Bit, 0 10V)
t ad ¥ - 1 w & = ¥ & [ v o =
A iifideansvion Setvalue szgniliuaaiinih lsunsuizihnisdiudam
¥ ]
aanila D100l Taolnssanuiinaaaeldaif o, 50 1az 100 ATNEWR
¥ ¥ 1 #
nufiteaBoztiin Process vatue 71 TalAZA Set value MlSuas Iumvimsd
AW 2 - 1A . & 8
puui lef@eaunish (4.12) Lazuaadnty YWo10 (AO31, 8 Bit, 1 — 5V) HaHI80IA1
1 d' A ¥ o i 1 H
Manipulate value iz azgnaa lfiszuudellsugumgilildawidoims A ldezuaacwa

HiooudaIna MANIPULATE VALUE

HamsnAaeINIsAIR s nedga 1 dwsunmsaiunuuuuiled umasldde
M3 4.8

Di010: K, =1

DIOIL: K, =4

DI0I2:K, =10

DI0I3:K,, =20
DI0I4: K, =5
DI0IS:G =0

D1016: L

100
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ﬁ?h Set value: SFV=100

i 1gunTalsunsy M IR nngan1Inanes
XWwW006 YW010 Process value Manipulate value
4 240 25 48.6
20 200 15.7 42.2
40 150 322 34.0
60 100 43.2 25.9
80 50 64.0 17.9
100 0 80.0 9.8
?llfh Set value: SV =50
mfldonTilsunsy it I nagenmanng
XW006 YWO010 Process value Manipulate value
4 i15 23 284
20 75 15.5 21.9
40 25 31.8 13.9
60 -25 47.7 47.2
80 =75 63.8 39.1
100 -125 79.7 310
ﬁﬁh Set value: SV=10
it I8 Talsunsa i Idnganmsnaans
KXWOoo YWOL0 Process value Manipulate value
4 -10 2.6 49.6
20 -50 15.5 43.1
40 -100 32.1 35.0
60 -150 47.7 26.6
80 -200 64.1 18.8
100 -250 80.2 10.8




8l

¥ 1 =y i at =4 o
HANINARBINIRIATHIT Mmes At 2 dmfunisaiuguuuuiled naacldds

ﬂﬁ'lﬂél 4.9
DIOIO:K, =3
DIOIL:K,, = 20
DI012: K, = 10
DIOI3: K, = 10

Di0l4:K,, = 20
DIOIS:G =0
DIOI6: L = 100
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o o

Rz 4.33

[l
=S 1

A1 Set value §9n31A1 Process value 321UIZHO181UAUTVAT Manipulate  value
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ﬁf-h Set value: SV =100

a1 18 Tsunga A1 IdongAnIINAnDs
XW006 YWO010 Process value Manipulate value

4 144 24 331

20 120 16.0 29.2

40 90 317 24.4

60 60 479 19.5

80 30 63.8 14.7
100 0 80.0 9.8

i1 Set value: SV = 50

i lasnTdsunsu

v oAy Y
A1 140 1ngAn1TNAaB

XW006 YWO010 Process value Manipulate value
4 69 2.8 21.0
20 45 15.5 17.1
40 15 311 12.2
60 -15 40.2 48.6
80 -45 63.8 44.0
100 =75 79.6 39.1
ﬁf‘h Set value: SV =10
A 180 Tulsunsy A7 ldnnganiinanng
XW006 YWOI0 Process value Manipulate value
4 -6 2.4 504
20 -30 15.7 46.6
40 -60 32.0 41.5
60 -90 48.2 36.7
80 -120 64.0 31.8
100 -150 80.1 27.0
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+ 16 points
DC/AC input

DN

01234567
[elv e v o o]

QUOCO000
8RABCDEF

s

i %6907 %:%9s%%e
|

1224V ackic BN

Item DI31
(EX10*"MDI31)
Input Voltage 12 - 24 V defac, +10/-15 % (DC or 50/60 Hz)
Minimum ON Vollage g6V
Maximum OFF Vollage 3.6 V {leakage current 0.7 mA or less)

Input Cumrent

Approx. 8 mA (at 24 Vdc) (typ.)

Number of Input Points

16 points {single common)

ON Delay |N Mode 10 ms or less (dc) / 20 ms or less (ac)
H Mode 1.5 ms or less (dc)

OFF Delay | N Mode 10 ms or less {dc) / 15 ms or less (ac)
H Mode 1.5 ms or less (de)

Withstand Voltage

1500 Vac for 1 minute

Current Consumption

i5 mA (b Vdc) or less

Circuit Configuration

Filer
Selection

1 o——
2 ——
[
|
)
Fo——

COM ©—
coM g—

H
Inlemal
clreuil N

LED display

FlHer selection (Jumper plug)
N: Standard DC/AC input (faclory setting)
H: High-speed, DC Input only

Terminal Conneclions

88



¢ 12 points
relay output

Item ROS1
(EX10"MRO61}
Load Voltage 24 Vde, +20 % (MAX) / 240 Vac, +10% (MAX)

Maximum Load

2 Afpoint (resistive load}, 1 A/point (induclive load),
4 A/4 points common

Minimum Load 50 mW (5 V or more)
[ Roel | Number of Quiput Poinis [ 12 points (4 points f common)
01234567 ON Delay 10 ms or less
DOLONGI0 OFF Delay 15 ms or less
Sona Leakage Current al OFF |0 mA
Withstand Voltage 1500 Vac for 1 minute
—I I— Over-current Protection | None (required externally)
-+—] Current Consumption 50 mA (5 Vdc) or less
%‘ ] External Power Required {24 Vdc, +/-10% - 140 mA / all poimis ON
gy | for Relay Coil (10 mA / point)
i
] Circuit Configuration
%‘, 1 g LED
o dlsplay
oy I ; o—a
&1 Internal ‘! —2 1
e clreult :g g
13} : c1
SA=I | —o g
& ' | |
H a7
c2
| REAvON | —lqom®
I T
—a B
[k}
I (_)
Terminal Connections
Ll gy
2 l_— c1
—4
6 '_—|s_|:'_
7 ez ®
—8
9 —]
I ——— A
24 Vde B
T — T [c3
|

Note)
1. ON/OFF life of relays:

2. No overload protection fuses are buill into this module. Therefore make sure

Electrical 100,000 times
Mechanical 20 million times

fo insert fuses suitable to the load curent.
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s 1 channel
pulse input

o¥
.
o

E (& D

5
E
RT

ftem

Pi21
(EX10*MP121)

Input Vollage | A, B, M

12V, +10/-20 % (12 V setting),
5V, +10/-20 % (5V setting)

EXT 12 - 24 Vde, +10/-15%
Minimum A,B.M 9V (12 V setling), 3.5 V (5 V setling)
ON Voltage |EXT 96V
Maximum A.B.M 2V (12 V setling), 1V (5 V setting)
OFF Voltage |EXT 36V

Input Current | A, B, M

12V — 7.5 mA (12 V setting), 5V - 10 mA (5V setting)

EXT 24V -10mA, 12V - 5mA
Number of Input Points 1 channel {phase A, B, M and EXT)
Pulse Counting Speed 100 kpps {max.) (pulse-width 4 pis or more)
Counler Configuralion 24-bit binary
Pulse Input | Quadrature |Phase A, B (90 degree phase shifi), up/down
Mode Up /down |Phase A: counl up / phase B: count down
Counter Nomal Ahways count enable
Operation Hold Both M and EXT are ON: Count enable
Mode Eilther M or EXT is OFF:  Count slop {count value held)
Counter Reset Count value is resel to 0 at the moment when both M

and EXT are ON

EXT Input ON/OFF Delay

5ms orless

Withstand Vollage

1500 Vac for 1 minute

Current Consumplion

80 mA (5 Vdc) or less

The input voltage of A, B
and Mare setto 12V,
and the counter mede is
set to quadrature normal
count mode at the
factory.

Circuit Configuration
rpud curent Bow a a‘
A O— A5 A2 aL&l:JDNV H
gz OITED
A 8-; Counker
+B ®&—— B5_ B12 BIP UPDW
{Resel lo
B @4.__‘) S hK P 0 when
power
+Mc?— l-g M2 i oo %H,T
M o—<] ,w’c,u, =
Cotrder
[ et —aJ
(eage | EXT
e - R g
¥
]
f
;

k- -
<

_5_12 Jumper (Inpul voltage) BIPAUPDYY Jumper (Puise inpul mode)
E 5 Svinpul aBIP. Cuadtabure
12 12V g UPDW. Up/dovm

Sel all A, B and M lo the same
side. (SVor12V)

BUD/UNY Jumper {Counley operation modée)

N Shows the factory setting

BUD: Nomal mode
UNV: Hold mode
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Terminal Connections

+A ]

12 Vde A
{5 vdc) <

| +B ]

+M
Pulse )( )( | |
encoder M

— Use shielded
EXT < twisted-pair cables
f - for pulse signals,
() and ground the
12-24 [ shield securely.
Vdc L
Wiring Example
Encoder PI21
lPOW'er - R +A
= 2 XX -A
=iC =
: Y TsH
_C +M
b |
M XX [
[ . 'l EXTH
T | oV . = 1
I 5712 vdc ./ ||
K o
12-24 Vde
Data Format
! -— _—
Register F >§awrna 0F Ko 0
assignment [ ) [ _Count | Count ]
223 B 216 2|5 D L 20
24-bit counter: Data range = -8388608 to 8388609
(HFFS00000 to HOO7FFFFF)

The counter works as a ring counter. If upper 8 bits of XWn is masked,
the count data range is 0 to 16777215,

Note) The double-word register arrangement of the P121 and that of the T1
are different. in the T1 user program, exchange the upper and lower
words as follows.

L Xwo0 MOV DO101 ] XW01 MOV DO100 }—

In this example, the Pi21 is allocated to XW00 and XW01, and the
count value is stored in double-word register D0101.00100.
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Pulse Input Mode

< Quadrature >

Count up Count down
< Up/down >
» L
5 — I .
| t I i
Gounl up Count down
Counter Operation Mode

< Normal mode >

R — T T
S v T

phase M ;
EXT

|
388607 I : I

Countvalue o0

-8388608 [ I/\y

< Hold mode >

Phase A/IB {

(Holding)

{HoidIng)

Note) if the direct /O instruction (FUN 235) is used for lhis module, two registers
{both upper and lower words) should be specified.
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+ 4 channels
analog Input
(8-bit)

=1
i L

Failure Deteclion

Item Al21 Al
(EX10*MA121) (EX10'MA131)
Inpul Range 1-5Vord-20 mA 0-10V
Inpul Impedance 1-5V: 500 KO or more | 500 k£ or more
4-20mA: 250Q
Number of Inpui 4 channels (N common) 4 channels (N common)
Poinis
Resolulion 8-bit (1/250) 8-bil (17250}
Overall Accuracy 1 % (FS) +1 % (FS)
Conversion Cycle Approx. 1 ms Approx. 1 ms
Wire Breakage Yes, for 4-20mA, No
Deleclion
External Power Yes Yes

The Ai21 type is sel o
4 - 20 mA at the factory.
For 1 -6 Vinput, sel J1
- J4 to V side.

Wilhstand Voltage 1500 Vac for 1 minute 1500 Vac for 1 minute
Current Consumption | 50 mA (5 Vde) of less 50 mA {5 Vdc) or less
Extemnal Power 12 -24 Wde, £10% 12 - 24 Vdg, +10 %
Required 50 mA 50 mA
Circuit Configuration
—> —
Intemal
l *;E i Clrcuit
—= o

5=

12-24f *°
Vdc

=1

Power LED

J1, 42, 03, and M Jumper plugs are
Al21 type only,

«1{slde;  for current (d - 20 mA}

« Y skde: for voltage (1-5 V)
Faciory setting Is 4 - 20 mA,

Terminal Conneclions

l

o
5

zv%‘o
|

2 2
- w
[ 1]

12-24vde L |
|

(50mA)

Use shielded twisted-pair cables
for analog signals, and ground
the shields securely.

Separate the extemnal power (12 -
24 Vde) line from other cables.
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A/D Conversion
Digital Value Digital Value
250 - - - a) 250 - €
200 200}
180 : 150 |
i
100 | E 100 |
5o I sof
R R 20 (mA) 0 1 5 10(v)
Analog value Analog value

(a) 4-20mArange: D=15625xA-625
(b) 1-5Vrange: D=625xA-625 D = Digilal Value
(c) 0-10Vrange: D=25xA A = Analog Value

Data Format

f E D C B A 9 8
vl el el v]e]x]

7 6 5 4 3 2 10
Xw B oip[D|D|D|D|D|D

D: Data bit (8 bits)
0 to 250 (HOO to HFA)

B: Error bit
0 = Normal
1 = Error with all D is 0, analog input line is open. {4 - 20 mA only)

with all D is 1, external power {12 - 24 Vd¢) is not normal.

+ Ahtways 0

Register assignment

F 0
XWn CHI1
XWn+1 CH2
XWn+2 CH3
XWn+3 CH4

Note)

In the voltage input mode, if the input terminals (P and N) are open, the input
data is not 0. ft is recommended to short the input terminals for unused input.

94



« 2 channels
analog output
(8-bit)

-
i

]

£

B

et gl e

N

The AD31 type s set to
1-5V,.4-20mA
setting at the factory.
Refer to the circuit
configuration for 0 - 10V
jumper setling.

ltem AO31
(EX10*MAQ31)
Output Range D-10V,1-5V, ord-20mA

Load Impedance

5 V full-scale terminal: 5 k2 or more

10 V full scale terminal; 10 k&2 or more

20 mA full-scale {erminal: 600 2 or less

Number of Qutput 2 channels (N side common)
Poinls

Resolution 8-bit (1/250)

Overall Accuracy +1 % (FS)

Conversion Cycle Approx. 1 ms

External Power Fallure |No

Deteclion

Withstand Voltage

1500 Vac for 1 minute

Current Consumplion

70 mA (5 Vdc) or less

External Power
Required

24 Vde, £+10% - 90 mA

Circuit Configuration

I
r
i

m_}@[:_j
§

Jumper setiings
J11J2: Offset
Vi - J1 skle = 1V {4 mA)
DA Jet [T 87 | Jz2ske=ov(0ma)
Converter| i —oN {ior both CHI and CH2)
32 L op
=y 192 CHI voltage gain
E V2 Upperskie=5V
g >TP Lower side = 10 V
H CH2|J21 ST
i op J21: CH1 voitage gain
1 Uppersida=6Y
—eN Lower side = 10V
—O +
% 24 Vdc
oV |

Teminal Connections

s [Zzlovjzlol=z|0l=]|0
-
M|E < <
= > >
i =
/

V: Voltage output
cHi I Currenl oulpul

Nole) Eilher vollage of cument output
can be used.

N

CHZ | Use shielded twisted-palr cables
for analog skanals, and ground
the shields securely.

Separate the extemnal power (24
Vde) line from other cables,

(50mA}
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D/A Conversion

Analog Value (mA)

20

10

(b) 1-5Vrange:

Analog Value (V)

. w0l )
- S|
1 1 1 1 ll o 1 1 1 1
650 100 160200 250 50 100 150200 250
Digital Value Digltal Value
{a) 4-20mArange: A=0.064 xD + 4 (mA)

A=0016xD+1 (V) A = Analog value
A=0.04xD({V) D = Digital value

(c} 0-10V range:

)

Data Format (2 oulput registers (YW) are assigned)

F E D C B A 9 8 7 6 5 4 3 2 1 0
YW [e[+Jo ][+« [+ ]O]O]OTD]D]O]D]D]

D: Data bit (8 bits)
0 to 250 (HOO to HFA)

+; Invalid (does not affect B/A conversion)

Register assignment

YWn

CH1

YWn+1

CH2

Note) If the direct IO instruction (FUN 235) is used for this medule, two registers

{both channels) should be specified.
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