0 - 20 mA signal, as 0 —mA usually refers to a n open-circuit or error. Having 4 mA rather than 0 mA as the lower
limit allows the 0 mA condition to be used as the error condition.

5. An RTD is a “resistive temperature device “and is used to measure temperature. It is a transducer which
converts changes in temperature to changes in resistance ( which can be converted to changes in voltage). The
general operating range of an RTD is -200 to 700 degrees Celsius If the temperature of the process is in the range
of -200 to 500 degrees Celsius, an RTD is the preferred option. For extremely high temperatures, a thermocouple is

usually used.
Some other types of temperature sensors are :

The thermocouple which converts changes in temperature to small changes in voltage. Thermocouples have a
higher range than R.T.Ds: a K —type thermocouple has a short term range of -180 to 3000 degrees Celsius.

The thermistor (thermally sensitive resistor) which converts changes in temperature to changes in resistance and
has an operating range of -200 to +1000 degrees Celsius. They achieve a higher precision over a small temperature

range : from -90 to 130 degrees Celsius.

The thermostat which converts changes in temperature to changes in resistance, or current flow. Wax pellet
thermostats have an operating range of 70 to 90 degrees Celsius.

The bi-metallic strip converts temperature change to mechanical displacement. Operating Range unknown.
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/
Symbol table
2009-06-28 19:46:33
abol table
atus Symbol Address Data Type  Commeont
CYCL_EXC OB 1 OB 1 Cycle E |
SCALE FC 105 - <o.m. xecution
: : Scaling Values

unipolar input M1.0 BOOL

dummy word MW 10 WORD

Feedback(analog) PIW 752 WORD

switch for setpoint 1 126.0 BOOL

setp. one-shot flag MO.0 BOOL

setp. one-shot flag2 MO.1 BOOL

thumbwheel IW 124 WORD

Convert 16 BCD - Bin FC 81 FC 81 Convert BCD to 16 bit binary
not used M 2447 BOOL

not used 2 MB 242 BYTE

not used 3 MW 238 WORD

not used 4 MW 244  WORD

not used 5 MW 246  WORD

not used 6 CO COUNTER

setpoint(binary) MW 40 WORD

sw for gain/emergency st | 126.1 BOOL

gain one-shot flag1 MO.2 BOOL

gain one-shot flag2 MO.3 BOOL

dummy flag M1.3 BOOL

gain(binary) MW 60 WORD

right two thumbwheel dig MW 58 WORD

gain(double int) MD 64 DWORD

UNSCALE FC 106 FC 106 Unscaling Values
Data Block DB 10 DB 10

unipolar output M 1.2 BOOL

dummy word 2 MW 20 WORD

analog output PQW 752 WORD

switch for integral time | 126.2 BOOL

int.timeone-shot flag1 MO.4 BOOL

int.timeone-shot flag2 MO.5 BOOL
dummy flag 2 M1.4 BOOL

nt.time in binary MW 74 WORD

nt.time double int MD 78 DWORD

nt.time real MD 82 DWORD
cycler flag MO0.7 BOOL
dummy flag 3 M1.5 BOOL
Int. Action cycler T1 TIMER
flag on when error<0 M 3.0 BOOL
flag on when error>0 M 0.6 BOOL
not used 8 MW 24 WORD
setpoint as double int MD 44 DWORD
not used 9 MW 16 WORD
status of int. cycler M 2.0 BOOL e ———

e ——
112
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Symbol table

2009-06-28 19:46:33

_--'PESymbol Address Data Type Comment

W

| N.C stop button 1 126 .4 BOOL

Mas.Con. flag M2.2 BOOL

run light Q 124.0 BOOL

select speed control 1 126.5 BOOL

flag for s.con cycler M2.3 BOOL

acceleration cycler i TIMER

P.B to accelerate | 126.6 BOOL

P.B to decelerate 1 126.7 BOOL

test stop is off M2.5 BOOL

flag for speed=0 M2.6 BOOL

| reset Function Block FC 1 FC 1
brake light 1 124.1 BOOL

emergency stop flag M 3.1 BOOL




Practical 5
Data Blocks

Name : aﬁrc?g B\:D:ﬂ_u \QTQ

Aim

to

get students to create a data block and monitor it’s contents.

* Aseries of numbers are to be entered into a data block from data word O to data

word 5 the numbers will then be added together and the result will be displayed at
data word 10.

—

IW32

_ Vi

W®m NI WD

-

10: = Result

* Use 6 "one shots” to load the values from the thumbwheel switch take note that
the thumbwheel switch's number format is hex.

» Use a one shot to execute the equation

e DWIO=(fyo ¥ Py ¥y Pud Wi ) —( Py € Jug

¢ Usea BB ( Picture block ) to display the contenfs of your data block .

e Use Data block 40

Questions :

1)
2)

3)
4)
9)
6)
7)
8)
9)
10)

What are some of the causes of a PLC going into stop mode ? You should come up with at
least 3 _
How can a data block be created automatically in the PLC , give an example , hint : look in
the help file of the software for more info.

What is the function of DBO and DB1 ?

Explain the purpose of data blocks .

Data blocks can only be programmed in STL , true or false , explain your answer-.

What number format was the result at data word 10 ?

What number system does the PLC work in ?

What is the function of the two accumulators ?

Can we transfer to accumulator 2 ? Explain your answer. _
Sketch a program that will do the same as this question but it will only add data words O ,
to 4 and take away data word 5 and display the result at data word 10.

These Questions are to be answered neatly on a separate sheet of paper.

Apywtfy 9N btc 2
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. Advanced PLC's assignment 7

« Data manipulation - Integral Function Blocks

IwW3e 1 |2 |4 9 —p | DW2

. 12 0 will activated a one shot circuit , after the one shot is activated ITW32
(thumbwhee! switch) will be converted from BCD to binary and transferred to DW2

. T 21wl activate another one shot and TW32 will be converted from BCD to binary and
transferred to DW3

. 12 7 will activate another one shot and DW2 will be divided by DW3 and the result will
g0 to DW4 and the remainder will go to DWD.

. T 26 will activate another one shot and DW3 will be multiplied by DWE and the result
will got to DWG

e T 24 will activate another one shot and DW6 and DW4 will be added and the result will
got To DHDWI0,

DBR20
_ Use DBZO O
«  Use o BB (Picture Block ) to display your results. {

3
Questions! 5 4
| What number system does the PW USE - o
2. Sketch a Progran that will add decimal +25 to Wi and &
digplay the result at QW3& in RCD, 7
1 Which data blocks are used by the PLEC and what are ]
::.v. used for 10
1. Canyou edit an integral function block ? (1
i What (g the function of the SBCD input to FREA0 ? |2
6 What g the function of FEH on FEZ43 ¢ 13
7 What is the functon of 2320 on FR 24& ? 14
A What ig the function of Z31 and £3¢& on R4S ? | ) P -

0 What format (2 the answer ol 7% and 74 for FB243 ?
10, What are formal :_:._..____:_.,. and how do the _:.n;.i_ function blocks use them ?

h ! K
____/_:_l ﬂ \ ) \ \ | .f

F
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Scaling and Unscaling Analog Values

1.1

Using FC41 to scale and unscale analog values

FC41 ("Scaling and Unscaling an Analog Value") provides sample logic for
using the Scale function (FC105) and the Unscale function (FC106).

Using the Scale function (FC105)

Network 1: Scaling the value for an analog input

FC41 calls the Scale function (FC105) to adjust the value of the analog
input proportionately between two values (the upper and lower limits).

Figure 1-1: FC41 (Network 1) — Scaling the analog input

00Z |{HI LIM

0 .000000e+
000 |LO LIM

I1.0—-BIPOLAR

s " Q1.1
| < et -
=N =NO )
DIW320 <IN RET VAL [-MWZ00
4 _000000e+t OUT —MDZzZ0

Because there is no contact in the rung, the controller executes FC105 on

every scan cycle:

1. FC105 reads the integer value for analog input stored in PIW320
(parameter IN). For this example, the state of | 1.0 (parameter
BIPOLAR) determines whether the input value is bipolar or unipolar.
Because the value of | 1.0 is 0, FC105 processes the analog input as a

unipolar number (0 to 27648)

2. FC105 converts the integer value to a Real number.

3 FC105 scales the Real number to a value between 0.00 (parameter
LO LIM) and 400.00 (parameter HI_LIM):

. ¥ the function is executed without error, FC105 sets the ENO and
Q1.1 to 1 (ON) and sets the RET_VAL (MW200) to W#16#0000

(hexadecimal).

- |f the input integer value is greater than 27648 or less than 0, FC105
sets the output (OUT) to 400.00 (HI_LIM) or 0.00 (LO LIM),
respectively. FC105 also sets the ENO and Q1.1 to 0 (OFF) and
returns an error by setting the RET VAL to W#16#0008

(hexadecimal).

4. FC105 stores the scaled value in MD220 (parameter QUT).

V1.0

2006/06/07
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Network 4: Checking for the lower limit of the operating range
Figure 1-4: FCA1 (Network 4) — Checking tor an out-of-range value (lower limit)

e —

CuP =0

MO_.2z
)

MDzz4 —{INl

L$100 —{INZ

The Compare instruction (CMP <=D) checks whether the scaled value is
below the lower limit of the operating range.

On every scan, the Compare instruction (CMP <=D) reads the double-
integer value at MD224 (parameter IN1) and compares it to the constant
value of 100 (parameter IN2). If IN1 is less than or equal to IN2, the
Compare instruction sets MO.1 to 1 (ON).

Network 5: Reporting an out-of-range condition

ot

) -
Figure 1-5: FC41 (Network 5) — Reporting an out-of-range condition

. |

0.1 M0 .3
- {—

M

1 —

By setting M0.3 10 1 (on), FC41 reports that an out-of range condition has
been detected:

« MO.1is 1 (ON) if network 3 identified a low out-of-limit value
+ MO0.2is 1 (ON) if Network 4 identified a high out-of-limit value
if either M0.1 or MO.2 is 1 (ON), then M0.3 is setto 1 (ON).
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Using a Cyclic OB to call FC41 at a specific interval

By using a oyalic OB QB30 to OB38), your program can porform a task o

oparation at a specific interval

Figure 2.1 OB - Calling Fca

"Hoaling
and

_ re o :.:i.,.i_ (BTN _

Any " LAl

[ | LEN NO

——,
S
e———

The sample program uses OB31 to call FCA41 every 2 seconds (2000 ma)

| After the controller goes to Run mode, OB31 starts every 2 seconds.
o Tuming on 1 3.3 calls FCAT ("Sealing and Unacaling an Analog Input")
J. WFCAT s processed correotly.

3.3 = 1 (ON)

ENC) =

aealing and Unsoaling Analog Value:

!

L]
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3.2

Modifying the start-intervals for a Cyclic OB (OB30 to OB38)

The S7 controller uses cyclic interrupt OBs to interrupt the main program
scan (OB1) at specified intervals. (The time at which the interval starts is
the mode transition from STOP to RUN.) Each of the cyclic interrupt OBs
has a default execution interval, as shown in the following table. The
execution interval value for each cyclic interrupt OB is configurable.

Table 3-1: Cyclic Interrupt OBs

—

Cyclic Interrupt OB Interval in ms _u_.__o..:< o.._wmm
OB30 5000
OB31 2000
| 0B32 — |00
| 0B33 >
loBs4 200 . 11
0B35 100 .
0B36 | 50 P 1
0B37 B s ) 14 .
OB38 10 15

e - e

When you use STEP 7 to configure the hardware for the project, you can
modify the execution rate of cyclic interrupt OBs:

1. Double-click the CPU module to display the CPU Object Properties.
2. Select the Cyclic Interrupts tab.

3. Enter the new execution interval (in milliseconds) and click OK.
Figure 3-1: Cyclic Interrupts Tab of the Object Properties for the CPU Module

w1 TN e L
§ LT ._.uﬂu,q -




PLC System Applications
Home work Assignment 1

* Write a program that will perform the following tasks

b LOMIE A SefelME Poith feoh €A Tagia.
1 En_ the thumbwheel at IW 32 and "mask” out the left two digits
and shift the right two digits to the left.

2 Increment DW5 of DB6 by 10 and store the result in DW 3

3 Decrement FW100 by 5 and transfer the result to DW2 of DB10O

32 and "mask” out the middle two

4 Load the thumbwheel at IW
ht digit next to the left digit.

digits and shift the extreme rig

m is executed which flag will activate

5 When the following progra

output Q4.0 ?
L KY 3.2

T FW 100
DO FW 100
AF 00
=Q4.0



Assignment - Analog Scaling (inputs)

i
A1-5 Volt signal is to be connected to a0 - 10 Volt analog input card.

1f the 1-5 volt signal corresponded to a temperature range of 12 to 147 degrees
Celsius. Calculate the upper and lower limits and write a program that will display

the temperature on a 7 segment display.

2. An analog input has a range of 7 to 18 mA. ?iﬂ@ﬁ.%wﬁb
speed of O to 1000 rpm. Calculate the upper and lower limits and write
program that will display the speed on a 7 segment display.




7 Name:

PLC System Applications Temperature control Assignment
On/Off Control

File name:

An on-off controller is the simplest form of temperature control device. The output from the device is either on of

off, with no middle state. An on-off controller will switch the output only when the temperature crosses the

setpoint. For heating control, the output is on when the temperature is below the setpoint, and off above sefpoint
Since the temperature crosses the setpoint to change the output state, the process temperature will be cycing

continually, going from below setpoint to above, and back below

:gggigﬁz.gaggﬁggg.%ag_

Q%uwﬂaﬁag%%i%ﬂaﬁga?ﬁsgﬁmi

ﬁgngm%g%g%ssaﬂgﬁz.gi%g%ng

.gaﬂ%ﬁ%%:?%gg%?gggaﬂ&?

zgwggiﬁmmggwigﬁsggggwﬁaﬁﬁsé

the energy tumed on and off frequently, where the mass of the system IS SO great that temperatures change
extremely slowly, or for a temperature alam.

Use the analog input to your PLC to perform the following tasks

Part A (10 Marks) Temperature measurement

Connect a 4-20mA current loop as shown and measure the temperature in the room. The temperature

FCRl gD Teme 4-20mA CALSMAGR.
6L/} BLL 3 B/, TRANSHTIEN LmA = O°C

BLs kg 3 B o rew] sl I = Q3T 3

Part B (10 ks) Tempe re control

The temperature in an oven is to be controlled by your PLC , a digital output will control the power to

the heater element at Q4.5.
The temperature will be set by the left two digits of the thumbwheel switch. (0-99 deg celcius)

/
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OB1:CYCL Exn

20 47 20
Part C (10 Marks) Hystersis - :
Add some Hystersis to you your control system , the Hystersis temperature is set by the right two
digits of your thumbwheel switch.
oW + - -— = - = e T
wreant - - — - i e R e e - -~
LW TS — - o —_— o s ety
& G
ey A
St - -— > 4GTF
| TnE.

" Part D (30 Marks ) Data Recording
a period of time . the actual temperature in the oven is to be

The temperature is to be recorded over
recorded in data block 5 , every 0.5 seconds/ The data block will store 30 readings. When the 30

readings have been taken , an output at Q4.2 will flash.
An input at 12.2 will reset the data block values to zero.

e
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Proportional Control

Proportional controls are designed to eliminate the cydling associated with on-off control. A proportional controller
aoﬂg. the average power supplied to the heater as the temperature approaches setpoint. This has the effect
of slowing down the heater so that it will not overshoot the setpoint, but will approach the setpoint and maintain a
gg.?ﬁ%ﬁﬁ%ggg&ﬁgggégggagg
intervals. This “time proportioning” varies the ratio of “on” time to “off” time to control the temperature. The
gggémﬂﬂ%igg%gﬁggaﬂa?
controller functions as an on-off unit, with the output either fully on (below the band) or fully off (above the band)
However. within the band, the output is tumed on and off in the ratio of the measurement difference from the
gza&%ﬁw%gg%ﬁgsg%g!gagg_
difference. If the temperature is below setpoint, the output will be on longer; if the temperature s higher, the
output will be off longer.

Part E (30 Marks) Proportional Control.

Remove the Hystersis and On/Off control from your program and design a proportional control system
that will average the output using pulse width modulation. Therefore controlling the temperature more
accurately.

This is a design question and marks will be awarded for accuracy and simplicity of you system.

Use the two right hand digits to set the gain of you proportional control system.

-

— o —

m— —— e
— — — —

" i\n\“\l‘l\l\l’

Use one shots for loading your data from the SCBE switches.
Document your program with line comments explaining the function

Do your own work. . -
You MUST hand in this sheet with your assignment! Don't lose

This assignment is part of your mwwwmmaw:mf.ﬂm*
1 fll_.lll‘ll.
LARL

of each part of your program.
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Conclusion Questions :oﬁam}mv o how dies it im
1. What is the purpose of Hysters!s _:.n:rwo”ﬁﬂmﬂ affect your tem
2 Define the term proportional contro’ | can it be elimi

in on/off contro 4.
loop , wouldn't a 0-20mA sI9

of temperature sensors

3. What causes the overshoot

4 Whyusea4d- 20mA current
5 What is an RTD 7 List some ather types
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PLC System Applications
Temperature Proportional Control readin¢ Part E Practical 1

Name :

Record the temperature in your oven every 30 seconds in the table below , then complete the graph
Hand this in with your file

S PG I S

-
O

Setpoint =

deg



Control Outputs

ON/OFF Output

Time Proportioning
Output

Note in Figure 16, that the ouiput
is always switched (or cycled)
ON and OFF inside the propor-
tional band. However, the Raie
function may override this and
switch (or cycle) the output ON
and OH- above (or below) the
proporticnal band.

Watlow Educalional Series

As we know, the control block uses ON/OFF or PID functions to “decide” how
much power the heater should get. At this point, we need to explore how the

control output converts control block commands into action.

The control output is typically connected to an output device. This output device
may be mounted inside the controller if small enough. Or it may be an external
device. The job of the control output is to signal the output device. The job of the
output device is to switch the power (electric current) to the heater. So, depend-
ing on what the control output signal “says,” the output device switches the
heater ON and OFF accordingly.

Since the control output and output device work so closely together, they are
often simply referred to as the “output.” We can separate outputs into three cat-
egories: ON/OFF output, time proportioning output and process output. We
examine these next.

This output is used only by ON/OFF controllers. In ON/OFF conftrol, the
output is always OFF above set point (Figure 15) and always ON below set point
(once the switch on point has been crossed). There is no proportioning action.
The output device usually used by ON/OFF controllers is an electromechanical
relay. That’s all there is to ON/OFF outputs!

This output is used by proportional (or full PID controls). First, the PID decides
how much power is required (as a percentage of the heater’s total power). Then
the time proportioning output converts this percentage power requirement into
action. It does this by varying the ON time versus OFF time of the output (Figure
16). As the amount of power required rises and falls, the ON time rises or falls in
relation to the OFF time.

Figure 15 Figure 16
ON/OFF Output Time Proportioning Output

Temperature

If 25% power is required by the controller, for example, the ON time will be % rd
the OFF time. This allows the heater to produce 25% or ! th of its power. The
ON time plus OFF time is equal to the “cycle time.” Let's explore cycle time and
its impact on a time proportioning output,

15




1 il

Temperature Control

Dui ._}- -

Time Proportioning Output
(cont)

Dty cycle is a term which
describes the amount of power
the heater is supplying to the
work load. It is calculated by
dividing the ON time by the total
cycle time. For example, an ON
tirne of 3 seconds during a 10
second cycle time means a duty
cycle of 30%,

Cycle Time

The cycle time basically sets the time period within which a control output must
switch the heater ON, switch it OFF and switch it back ON again. The cycle time
is a fixed value (like 5 or 10 seconds) in some controls, but is adjustable in most
of them. The amount of ON time versus the total cycle time is equal to the power
level (or duty cycle) which the PID requires the output to provide. Let’s work
through a few examples to see how this is applied.

Example: A PID controller decides that a 50% power level (or duty cycle) is
required. The time proportioning output is set for a cycle time of 10 seconds. |
How long is the output switched ON and how long is it switched OFF during |
each 10 second cycle?

At a % power requirement, the control output signals the output device to
switch ON for 5 seconds (50% of 10 seconds). Thus, the ON time is 5 seconds
(Figure 17a). The output then switches OFF for the remaining 5 seconds. So the
OFF time is also 5 seconds. |

Figure 17

ON and OFF Times Based on a 10 Second Cycle Time

(OMN)
4
| !
e o — S — .
((F F) 0 20 a0
fme
a. 50% Power

16

b

b. 756% Power c. 90% Power

Example: At various times, the PID control decides that 75% and 90% power lev-
els (duty cycles) are required. A 10 second cycle time is used. How long will the
output be ON during the 10 second cycle ime in each case? _.a u_-

At 75% power, the ON time is 7.5 seconds (75% of 10), The OFF time is the
remaining 2.5 seconds (Figure 17b). At9%0% power, the ON time is 9 seconds (%0%
of 10). The OFF time is 1 second (Figure 17c). Do you notice how the OIN tume
increases as the percentage power required increases? Now it's your tuent

s On

Exercise One B

The cycle time of a time proportioning output is 4 seconds. Wh ,4 ,
and OFF times for 50% and 75% power requirements? Draw grapns il &

4Ta s A
._.E_..___.m a e
|

left margin to ilustrate this. Explain the similarities to Figures




STEP 7 Lite OB1.CYCL_EXC 2009-06-27 20:47:20

OB1:CYCL EXC

Cycle Execution

Name: Time stamp Code: 27/06/09
Author: Interface: 20/01/04
Family: Lengths Block: 00304
version: 0.0 Ccode: 00172
Code version: 2 Data: 00028

|III|II|IIII!||III
Block: OB1 "Main Program minmu AD\_n_mv.@

— - —— — E T —————

Analog input, display temperature in 7-segment display, perform On/Off control

ﬁ

Address Declaration Name ~ Type ~ Start value ~ Comment

0.0 temp OBl _EV_CLASS  BYTE Bits 0-3 = 1 (Coming event), Bits 4-7 = 1 (Event class 1)
1.0 temp 0OB1_SCAN_1 BYTE 1 (Cold restart scan 1 of OB 1), 3 (Scan 2-n of OB 1)
2.0 temp OB1_PRIORITY BYTE 1 (Priority of 1 is lowest)

3.0 temp OB1_0OB_NUMBR BYTE 1 (Organization block 1, OB1)

4.0 temp OB1_RESERVED_1 BYTE Reserved for system

5.0 temp OB1_RESERVED_2 BYTE Reserved for system

6.0 temp OB1_PREV_CYCLE INT Cycle time of previous OB1 scan (milliseconds)

8.0 temp OB1_MIN_CYCLE INT Minimum cycle time of OB1 (milliseconds)

10.0 temp OB1_MAX_CYCLE INT Maximum cycle time of OB1 (milliseconds)

12.0 temp OB1_DATE_TIME DATE_AND_TIME Date and time OB1 started

Network: 1

Scaling function block, Scale analog value between -4.9 and 540

- - "SCALE"
"Feedback ( “dummy wor
analog)” _ RET_VALDOd"
S00000E- "Feedback(
. ._ ..I T__...m._w'_ ./_:

"unipolar
1nput’

Illlllllllllli

Network: 2 | . e

converts temperature as a real no. to a double Int.

ROUND

"Feedback(
double 1nt

\

J\PLC SystemApps\temperature control K7p
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STEP 7 Lite
OB1:CYCL_EXC 2009-06-27 20:47:20

Network: 3

converts doubke integer Temperature to BCD

"Fee dback (
double int | - "Feedback(

"

.# LN UTIIBCD) ™

Network: 4 T .

double BCD to 7-segment display

MOVE |

N _“.__d_

| "Feedback( | | "7-seg dis
BCD) " N OUTE play"

ﬁ

Network: 5

one shot for setpoint

1

'switch fo
r one-shot "one-shot ‘one-shot
. fFlag 2" flag 1"

1
1 1
!

e e e e ——— e —————————— e ——— e e——————————————————— e ———

Network: 6

one shot for setpoint

"ewitch fo
r one-shot "one-shot
..-_

. “4 _.,__._ 4

Network: 7

get thumbwheel setpoint data

:__:,. __*_:_

L

rlag 2 WAND W

.._T__:__E.,____:..._ :__;,_ Lq_...:,:.
| switch” | d1g1ts

E— e e i i

JA\PLC SystemApps\temperature control. k/7p
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STEP 7 Lite

OB1:CYCL EXC

2009-06-27

18:36:57

f e —— —

Network: 8

setpoint BCD - hinary

:nt:ftﬁﬁ
16 BCD
Bin"

" LB |

setpoint setpoint

in BCD" CIBC aLihin binary"”

"dummv fla
i
Q

-

ﬁ

Network: 9

convert setpoint to double int

] ]

‘setpoint - U'setpoint

in binary" CIn . as double
UTERInt”

Network: 10

compare setpoint with actual temp.

GT_D

'setpoint
as double
nt”

"Temperatu
re(double
int)"

"Oven outp
cﬂ_q

e

JAPLC SysternApps\temperature control. k7p
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STEP 7
Lite Symbol table 2009-06-27 20 4224

Symbol table

Status  Symbol
CYCL_EXC

Address Data Type Comment
OB 1

Cycle Execution

SCALE FC 105 FC 105 Scaling Values
unipolar input M1.0 BOOL

dummy word MW 40 WORD

Feedback(Real) MD 100 DWORD

_ummaamoim:m_og PIW 752 WORD

Feedback(double int) MD 116 DWORD

Feedback(BCD) MD 122 DWORD

7-seg display QB 125 BYTE

Thumbwheel switch IW 124 WORD

left-two digits MW 150 WORD
switch for one-shot 1 126.0 BOOL

one-shot flag 1 MOO BOOL

one-shot flag 2 MO.1 BOOL

Convert 16 BCD -Bin FC 81 FC 81 Convert BCD to 16 bit binary
not used 1 M2447 BOOL

not used 2 MB 242 BYTE

not used 3 MW 238 WORD

not used 4 MW 244 WORD

not used 5 MW 246 WORD

not used 6 CO COUNTER

dummy flag MO.3 BOOL

setpoint in binary MW 155 WORD

setpoint in BCD MW 149 WORD

Oven output Q1247 BOOL

sefpointas doubleint MD 160 DWORD

- . Fal F
JAPLC SystemApps\temperature control k7p
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STEP 7 Lite

OB1:CYCL_EXC 2000-06-27 20:42:36

OB1:CYCL_EXC

m#n_m Execution

ame: Time stamp Code: 27/06/09

Author: Interface: 20/01/04

Family: Lengths Block: 00526

version: 0.0 code: 00356

Code version: 2 Data: 00028

m_onx Omu ..__mm_: vwoo_.ma Sweep (Cycle)"

Analog input, display temperature in 7-segment display, perform Hysteress
control, perform data logging

%

@@ﬁﬂﬂ@ﬁgnﬁéw--|: Type - Start value Comment

0.0 temp OB1_EV_CLASS BYTE Bits 0-3 = 1 (Coming event), Bits 4-7 = 1 (Event class 1)
1.0 temp 0OB1_SCAN_1 BYTE 1 (Cold restart scan 1 of OB 1), 3 (Scan 2-n of OB 1)
2.0 temp OB1_PRIORITY BYTE 1 (Priority of 1 Is lowest)

3.0 temp OB1 OB _NUMBR BYTE 1 (Organization block 1, OB1)

4.0 temp OB1_RESERVED_1 BYTE Reserved for system

5.0 temp OB1_RESERVED_2 BYTE Reserved for system

6.0 temp OB1_PREV_CYCLE INT Cycle time of previous OB1 scan (milliseconds)

8.0 temp OB1_MIN_CYCLE INT Minimum cycle time of OB1 (milliseconds)

10.0 temp OB1_MAX_CYCLE INT Maximum cycle time of OB1 (milliseconds)

12.0 temp OB1 _DATE_TIME DATE_AND_TIME Date and time OB1 started

.

Network: 1

—_— —_ P E— e — i e ——————— e —

i ——— -

Scaling function block, scale analog value between -4.9 and 450

~ "SCALE" |
] - e ————————
"Feedback( "dummy wor
analog)” C d for scal
RET_VALLDTNg F
4 .S00000E+ | |
002 HI L] | "Feedback(
OuUTD real)”
-4 . 900000E |
+001
"unipolar
input” BLF R - A

Network: 2 . : | -

converts double floating point to double int

ROUND

"Feedback( :ﬂmmg:mmrﬂ
real)’ 1 double 1nt
. _.| u__

117
C-\Documents and Settings\Owner\My Documents\temp control hysteresis. K7p




STEP 7 i
7 Lite OB1:CYCL_EXC 2009-06-27 20:43:46

Networ:s .

converts doubke integer to BCD

DI_BCD
"Feedback(
double int | - "Feedback(
)" HIN  ouTpBCp)"
e S ———
Network: 4

double BCD to 7-segment display

"Feedback( | "7-5eg d1s
BCD)" =i QUTO play”

Network: 5

setpoint one shot

"switch to 'setpt one "Setpt one
activate -shot flag -shot flag
Setpo” 2" 1

Illllll|||

Network: 6

e ———— e —————

setpoint one shot

"setpt one
-shot flag

~5 1
-

-

Ln

il
‘= i i B

1

o i

| ] l_}
|
- B J
|'|
m r
]

'f_fl
D U
-

L

|

Network: 7 - AL e

get setpoint from thumbwhee! data

217

ments and Settings\Owner\My Documents\temp control hysteresis.k/p
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STEP 7 Lite OB1:CYCL_EXC 2009-06-27 18:50:28

BCD - binary
‘convert
16 BCD
= Bin"

‘setpoint "setpoint
in BCD" HRCD DUALDIIn BIin"
“dummy fla
g 2" —SBCD

Network: 9

hysteresis one shot

"switch ac "hyst. one "hyst.one-
tivates hy -shot flag shot flag
st. o" s b 2"

Network: 10

hysteresis one shot

"switch ac "hyst. one
tivates hy -shot flag
st. o" 1"

f

Network: 11

get thumbwheel data right two digits for hysteresis

"hyst. one

-shot flag

1 " WAND_W

"thumbwhee "hysteresi
1 switc" | = s 1n BCD"

. 3/7
JAPLC SystemApps\temp control hysteresis.k7p




STEP 7 Lite OB1:.CYCL_EXC 2009-06-27 18:50:28

,ﬁﬂiaznmh . . -
BCD to binary
~"Convert | -
16 BCD
- Bin"
{EN EN —
"hysteresi "hystere
S M:.mnﬂz | | m”Wﬂ.uﬂnﬁw
DUAL[T Y
"dummy fla
g 1" .

— - ] " u [ | -
. . " .
"setpoint - Tim .
in Bin" - -
~ "hysteresi . . =
w:_d“: v.*ghl . U . - . I
.w - I - Il - . II Il II - | I_
- | H EH N - | | 1P u __l -
B 4" L =
Network: 14 e e i Tt L I
convert uper limit to double int
_
| 1_D1
ﬂ EN ENC |
"upper 1im | "upper lim
e n#z it as de ,
QuT2 e in |
Network: 15 -
subtract hysteresis from setpoint
~ SUB_I
e " EN mza____.. e
"setpoint "Tower Tim
- in BIin" TNl ouUT it as int"
_ "hysteresi
- S 1n binar
| CHING -

J\PLC SystemApps\temp control hysteresis K7p



AR = =l -
|
n ml i
Py - .

TN T1 S,
L with measure

"upper 1im
it as doub
Te in" JINL

"Temp (doub
le int)"

"hysteresi "hysteresi
s flag 1" s flag 2"

— 1]

"output to
oven"

o

J\PLC SystemApps\temp control hysteresis.k7p



EP 7 Lit )B1:CYCL_E
Al
e — — e __ — — E e =
e — e e e e T —_— — e _— —— T
- Network: 20
er for data recording
e e
Ly
A . o, .
dat “flaa to
“- L . ..m.m ._.u.. -.__. ._._...
- cycler
e
- _
I [
| -
—a amas s e e Bk =~
Aarlkes 21
UK. £1 .
—
onds
" : 1— _ _.m- 1 [y - #ﬁ! . i - . .
cycler fo "Data_bloc - STL
r data rec _A x—ud._—.— 3@ ata rec
" o2

ordin" qg"

Network: 23

comparator for when data block is full

"word for
data recor
ding"

132 CjINZ

Network: 24

B e S NI —

flasher to say data block is full

"Data bloc
rzﬁcdg fla

g

JAPLC SystemApps\temp control hysteresis k7p
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STEP 7 Lite

OB1:CYCL_EXC

Network: 25

flasher to sat data block is full

"off-time
timer"

Network: 26

flasher to say data block is full

: ‘data bloc
"off-time k full fla
timer"

sher"

Network: 27

One shot for reset

reset Dat "positive

'one-shot
a block sw edge detec for reset
1tch” tor" tlag"

Network: 28

jump to reset block

"one-shot
for reset "FB contai
flag" ning Dws"

~ CALL ~

| 717
JAPLC SystemApps\temp control hysteresis.k7p



STEP 7 Lite

FC1:STL for data recording

2009-06-27 18:53:57

FC1:STL for data recording

Name: Time stamp Code: 27/05/09
Author: Interface: 08/04/09
Family: Lengths Block: 00140
version: 1.0 Code: 00046
Code version: 2 Data: 00008

ﬂ

Block: FC1

= — —

ﬁ

Address Declaration Name Type Start value

in e -
out

in_out

temp

__ Comment

Network: 1

Data Recording

OPN "data block for data reco”
L "word for data recording”
L 112

b —

1C here

L "word for data recording”
SLD 3

LAR1

//load counter number into address reg

L "Temperature(real)”
T DBD [AR1,P#0.0]

//1load the temperature to the data word spec
ified by the address register

L "word for data recording”
L 4

+1
T "word for data recording”

// Increments the counter word by 4 so it wi
1 transfer the next available data word

BEU

here: L 0 .
T "word for data recording

//load counter number into
address reg

//1load temp

//1oad the temperature to
the data word specified by
the address register

// Increments the counter
word by 4 so it wil_transf
er the next available data

word

J\PLC SystemApps\temp control hysteresis.k7p
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m._.m_.w 7 Lite FC2:FB containing DWs

2009-06-29 10:07:18

FC2:FB containing DWs

Name: Time stamp Code: 27/05/09
Author: Interface: 29/04/09
Family: Lengths Block: 00246
version: 1.0 Code: 00154
Code version: 2 Data: 00008

Comment

e e — e e _ —_—— — i —— ——

Address Declaration Name Type Start value
in
out
in_out
temp

OPN "data block for data reco”
L 0.000000E+000
T DBD 0
T DBD 4
DBD 8
T DBD 12

T DBD 16
T DBD 20
T DBD 24
T DBD 28
T DBD 32

T DBRD 36
T DBD 40
T DBD 44

T DBD 48

T DBD 52

T DBD 56
T DBD 60

T DBD 64

T DBD 68
T DBD 72

T DBD /76

T DBD 80

T DBW 84

T DBD 88

T DBD 92

B DBD 96

T DBD 100
T DBD 104

T DBD 108

T DBD 112

T DBD 116

7 DBD 120
T DBD 124
T DBD 128

T DBD 132

T DBD 136
T "word for data recording"
T "not used"

JAPLC SystemApps\temp control hysteresis.k7p
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STEP 7 Lite DB5:data block for data reco

2009-06-27 18:55:01

DBS5:data block for data reco

Name: Time stamp Code: 08/04/09
Author: Interface: 08/04/09
Family: Lengths Block: 00298
version: 1.0 Code: 00140
Code version: 2 Data: 00080

n . : e
Block: DB5S

l':illlll-ll
A

ddress Declaration Name  Type Start value Comment
0.0  stat STRUCT :

+0.0 stat data  REAL 0.000000E+000
+4.0 stat datal REAL 0.000000E+000
+8.0 stat data2 REAL 0.000000E+000
+12.0 stat data3 REAL 0.000000E+000
+16.0 stat data4 REAL 0.000000E+000
+20.0 stat dataS REAL 0.000000E+000
+24.0 stat data6 REAL 0.000000E+000
+28.0 stat data7 REAL 0.000000E+000
+32.0 stat data8 REAL 0.000000E+000
+36.0 stat data9 REAL 0.000000E+000
+40.0 stat datal0 REAL 0.000000E+000
+44.0 stat datall REAL 0.000000E+000
+48.0 stat datal2 REAL 0.000000E+000
+52.0 stat datal3 REAL 0.000000E+000
+56.0 stat datal4 REAL 0.000000E+000
+60.0 stat datalS5 REAL 0.000000E+000
+64.0 stat datalé REAL 0.000000E+000
+68.0 stat datal? REAL 0.000000E+000
+72.0 stat datal8 REAL 0.000000E+000
+76.0 stat datal9 REAL 0.000000E+000
+80.0 stat data20 REAL 0.000000E+000
+84.0 stat data2l REAL 0.000000E+000
+88.0 stat data22 REAL 0.000000E+000
+92.0 stat data23 REAL 0.000000E+000
+96.0 stat data24 REAL 0.000000E+000
+100.0 stat data25 REAL 0.000000E+000
+104.0 stat data26 REAL 0.000000E+000
+108.0 stat data27 REAL 0.000000E+000
+112.0 stat data28 REAL 0.000000E+000
+116.0 stat data29 REAL 0.000000E+000
+120.0 stat data30 REAL 0.000000E+000
+124.0 stat data3l REAL 0,000000E+000
+128.0 stat data32 REAL 0.000000E+000
+132.0 stat data33 REAL 0.000000E+000
+136.0 stat data34 REAL 0.000000E+000
=140.0 stat END STRUCT

JA\PLC SystemApps\temp control hysteresis.k7p
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STEP 7 Lite

Symbol table 2009-06-27 20:44:34

Symbol table
Status Symbol Address Data Type Comment

CYCL _EXC OB 1 OB 1 Cycle Execution

SCALE FC 105 FC 105 Scaling Values

unipolar input M1.0 BOOL

dummy word for Scaling F MW 40 WORD

Feedback(real) MD 100 DWORD

Feedback(analog) PIW 752 WORD

Feedback(double int) MD 116 DWORD

Feedback(BCD) MD 122 DWORD

thumbwheel switc IW 124 WORD

left 2 thumbwheel digits MW 150 WORD

switch to activate Setpo 1 126.0 BOOL

Setpt one-shot flag1 MO.0 BOOL

setpt one-shot flag2 MO.1 BOOL

Convert 16 BCD - Bin FC 81 FC 81 Convert BCD to 16 bit binary

not used1 M2447 BOOL

not used2 MB 242 BYTE

not used 3 MW 238 WORD

not used 4 MW 244 WORD

not used 5 MW 246 WORD

not used 6 CO COUNTER

hyst. one-shot flag 1 MO.3 BOOL

setpoint in Bin MW 155 WORD

setpoint in BCD MW 149 WORD

hyst.one-shot flag 2 M 0.2 BOOL

upper limit MW 166 WORD

switch activates hyst. o | 126.1 BOOL

dummy flag 1 M1.3 BOOL

dummy flag 2 M 1.1 BOOL

hysteresis in BCD MW 160 WORD

nysteresis in binary MW 164 WORD

ower limit as int MW 170 WORD

upper limit as double in MD 174 DWORD

output to oven Q124.7 BOOL

lower limit as double in MD 178 DWORD

hysteresis flag 1 M2.0 BOOL

hysteresis flag 2 M2.1 BOOL

STL for data recording FC 1 FC 1

data block for data reco DB 5 DB 5

not used MD 200 DWORD

FB containing DWs FC 2 FC 2

switch to begin data rec | 126.7 BOOL

flag for cycler MO.4 BOOL

cycler for data recordin T1 TIMER

7-seg display QB 125 BYTE

reset Data block switch | 126.6 BOOL

positive edge detector M 2.6 BOOL

one-shot for reset flag M2.7 BOOL

C-\Documents and Settings\Owner\My Documents\temp control hysteresis.K7p
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PLC System Applications Project 1 lemperature

Control

By David Holbeche SID: 311383922

Conclusion Questions:

1. Hysteresis prevents the output from “chattering” or making fast, continual switches if the cycling above and
below the setpoint occurs very rapidly. It prevents damage to contactors and valves caused Dy noise at the output.
This noise can cause “chattering” at the output. The addition of hysteresis to our system does improve the control
of the system. It lowered the cycling frequency at the output, so that the output crossed the setpoint less
frequently, giving a more accurate control of the temperature, This improvement is however minimal, as the

process temperature is still cycling above and below the setpoint, and does not settle at or near the setpoint, as is
the case with proportional only, or PID control.

2. Proportional control provides a continuous correction of the output and provides stability to the process being
controlled. It will eliminate the cycling associated with On/Off control and provides a much more accurate control
of the process temperature. In proportional control, the output is proportional to the error( The setpoint — the
feedback), so the output is continuously updated or corrected based on the error of the system. As the output
reaches the setpoint the power applied to the output is decreased (as the error decreases), which has the effect of
slowing down the oven output so that it will not overshoot the setpoint, but will approach the setpoint and settle
with some offset. This offset is necessary for proportional control to work, and is an inherent problem with
proportional only control. For our purposes, a form of pulse-width-modulation is used, to vary the ON and OFF
times of the output. When the error is large, more power is applied to the oven, so the ON time of the output is
much larger than the OFF time. When the output approaches the setpoint, the error is small and the ON time is
less than the OFF time. | did not complete the Proportional Control part of this project, however in the major
project proportional control provided a much more accurate form of control than On/Off control. There was
minimal cycling around the setpoint, and the output settled very close to the setpoint with a small error ( about
3.95 degrees Celsius) .

3. Overshoot is caused by the process output increasing too quickly as it approaches the setpoint. This is a problem
in On/Off control, where the power supplied to the output is not proportional to the error: it is either fully “On” or
fully “Off”. In On/Off control the output is cycling, so overshoot occurs every cycle. This can be eliminated by using
proportional, or PID control. With proportional control the power applied to the process is decreased, as the
output temperature approaches the setpoint, which will prevent overshoot. In a PID system, derivative action can
prevent overshoots by providing a correction proportional to the rate of change of the error.

4. The main advantage of a 4- 20 mA current loop is that the accuracy of the signal is not affected by voltage drop
in the interconnecting wiring, and that the loop can supply operating power to the device. The 4 mA lower limit
allows a receiving instrument to detect some failures in the loop and also allows transmitter devices to be
powered from the same current loop ( called two-wire transmitters). The 4 — 20 mA current loop Is a very robust
sensor signalling standard. In a 4 — 20 mA current loop, all of the signalling current flows through all the
components. All the components in the loop drop voltage due to the signalling current :cEm.:m through them. The
signaling current is not affected by these voltage drops as long as the power supply voltage is greater than the sum

of the voltage drops around the loop at the maximum signaling current of 20mA. Other advantages are the
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simplicity of its two wire construction, and its insensitivity to noise. A 4 — 20 mA current loop




