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Aim: the aim of this major project is to assess
student abilities to apply their knowledge to a new
system. Building on previous knowledge the students
will adapt this to a newer model PLC and software.

txamine the temperature control system that was used in a previous assignment.
Demonsirate that you are capable of connecting this system to your S7 313C plc.
Familiarize yourself with the S7 "lite” software , use the supplied PDF documents for reference material.

Part A - Analog Inputs.(O Marks)
Connect the RTD input and scale this input to accurately display the temperature in a variable block or 7 segment
display.

Create a full Symbolic table for the project and maintain the Symbolic table as your project develops. (See "First
steps with S7 Lite" Chapter 5 for information)

9}
N A .m.,..h- - .—. — _.\;\ -~
' o 2
W Pl \\.\
\ s \.‘
[ ] 266 .
Part B- On/Off Control (O Marks) S

Use the scaled anclog input as a feedback signal to control the temperature in an oven.
Sketch a block diagram of your system and explain the operation in your report.

Use the Thumbwheel switch as your setpoint. md?y e P
Use the Monitor/Modify option in Step 7 Lite to demonstrate your functional project)

v, 15V

ﬂﬁhu\_‘r, ﬂh....hu D\lﬁ.wl .p.\ —

a0




: Stem to . , . .
PLC , it is your choice.) =¥ perform this function using trends as an alternative to using a data block in the

Using th
See N:m mmw_!n o _..mno..n._ the data must include the use of a “pointer” for full marks.
manual for information on Address registers (LAR 1)

I

Actiac enf — Awl.%ﬁ%m )

LA

Part E - Proportional Control.(10 Marks)

Add an improvement to your system to make the oufpuf smoother using proportional control. \ _
You may use the integrated blocks for this purpose. (Pulsegen for example) 42

See the S7 Manuals for information on Con-C FB41 and Pulsgen FB43)

Part F- PID control.(10 Marks) _
Using the integrated special function blocks to control the temperature using PID control. -

Part G- Report.(10 Marks)
Add a report to your printed out program. - )

———

The report should include a block diagram explaining how your system works. -
Eull Documentation for your program including your Symbolic Table. _.
Use one shots for loading your data from the thumbwheel switches. r

Document your program with line comments explaining the function of each part of your program.
Do your own Work. —

| You MUST hand in this sheet with your assignment! Don't




‘ s Symbol table 2009-06-01 11:23:12
Symbol table
i Symbol Address DataT
ype Comment
wwﬂw meMmo_zo DB 10 DB 10
- DB 30 FB 41

PULSEGEN DB DB 40 FB 43
SCADA MONITOR DB 60 DB 60
CONT _C FB 41 FB 41 Continuous Control
PULSEGEN FB 43 FB 43 Pulse Generation
INDEX ADDRESS FC 1 FC 1
DATA RESET FC 2 FC 2
SCALE FC 105 FC 105 Scaling Values
Setpoint Select | 126.0 BOOL
Reset Data | 126.2 BOOL
DERIVATIVE Action | 126.4 BOOL
INTEGRATIVE Action | 126.5 BOOL
PROPORTIONAL Action | 126.6 BOOL
DATA RECORDER | 126.7 BOOL
THUMBWHEEL INPUT IW 124 WORD
Oneshot Setpoint Flag 1 MO.1 BOOL
Oneshot Setpoint Flag 2 MO0.2 BOOL
Data Record Flag M1.0 BOOL
Data Full Flag M 1.1 BOOL
Oneshot Data Reset 1 M1.2 BOOL
Oneshot Data Reset 2 M13 BOOL
UNUSED 1 M3.0 BOOL
UNUSED 2 M 3.1 BOOL
UNUSED _3 M3.2 BOOL
UNUSED 4 M34 BOOL
UNUSED 5 M 3.5 BOOL
UNUSED 6 M 3.6 BOOL
UNUSED 7 M 3.7 BOOL
UNUSED 8 M4.0 BOOL
UNUSED 9 M4.1 BOOL
UNUSED 11 M4.2 BOOL
UNUSED 12 M4.3 BOOL
UNUSED_13 M44 BOOL
UNUSED 14 M45 BOOL
UNUSED 15 M4.6 BOOL
UNUSED 16 M4.7 BOOL
SCALE's Bipolar M 80.0 BOOL
P out MD 50 DWORD
| out MD 54 DWORD
D out MD 58 DWORD
UNUSED 17 MD 62 DWORD
UNUSED 18 MD 66 DWORD
TEMPERATURE FEEDBACK  MD 100 DWORD
Rounded Temp MD 104 DWORD
Temp in BCD MD 108 DWORD

FATee's_stufATAFE\PLC Sys Apps\proj1_temp_PID.k7p 172
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Status Symbol

Address Data Type ~ Comment -
LUouble Integer Setpoint MD 200 DWORD
SETPOINT MD 204 DWORD
Double Integer Gain MD 208 DWORD
GAIN MD 212 DWORD
LMN/INV MD 220 DWORD
Thumbwheel Value 1 MW 20 WORD
Masked 2 left digits MW 24 WORD
Shift Righted MW 26 WORD
Integer Setpoint MW 28 WORD
Thumbwheel Value 2 MW 30 WORD
Masking Gain MW 32 WORD
Integer Gain MW 34 WORD
SCALE Return Value MW 40 WORD
BCD Temp to Display MW 110 WORD
UNUSED CONT_C Out MW 120 WORD
Index Addressing MW 140 WORD
CYCL_EXC OB 1 OB 1 Cycle Execution
CYC INTS 0B 35 0B 35 Cyclic Interrupt 5
SCALE Input PIW752 WORD
HEATER Q1250 BOOL
Data Full Indicator Q12562 BOOL
7-seg display QB 124  BYTE N
Recording Step 71 TIMER
Data Full Flash 1 T2 TIMER

Data Full Flash 2 T3 TIMER

e ——————————
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ANALOGUE ELECTRONICS REPORT

RESULTS

Av

Rg

STEP 1 — BASIC OPERATION, NULLING AND CALIBRATION

=6.1V/175mV
= 34.85 (Gain)

=2xRf/Av—-1

=590Q (Gain Resistance)

OUTPUT VOLTAGE

INPUT SIGNAL

OmV 13mV
20mV /00mV
40mV 1.4V
BOmy 2.1V
80mV 2.8V
100mYV 3.5y
120mV ARy
140mV 4.9;\'/
A3y . 5.6\
e 6.3V

My 0GUE ELECTRONICS REPORT
ool i"_:. ) :

"=

GTEP 2 - AC SIGNAL RESPONSE
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Input |

Volts ]
e A

: |

: |

| : .- ' - Input Il

4 -\ .' \ |

>mS

h () 3 "Il L 3 3 : ;.

A |

|

- |

Output

Qutput

Comments

The output waveform was very fuzzy compared to the input which was completely stabli
Calculations

CMRR = Ay [ Acm

N arhilE 120m\’f;
* Wwhere Av is Differentia| Gain =001
Lt * and Acm is Com : . 3288
t b mon-Mode Gain CMRR = ZOIGE:zﬂ.I 3
=70.70
¢ whereVois Qutput voltage 7
B

and Vom is the Supply Voltage
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WIND GENERATION IN AUSTRALIA

PURPOSE & OPERATION

The operation begins by the sun heating the air and the earths surface unevenly which caus ind
. Converting the wind energy to electricity is done by using wind turbines. See Figure 1.1 .
: ure 1.

—_— — e — i T — e —————

“Figure 1.1

—_— - —

i 'FWind turbines work like the opposite of a fan. Instead of using electricity to make wind, wind
- turbines use wind to make electricity. In a standard wind turbine, the kinetic energy from the wind's

ImﬂVi”E air molecules is turned into rotational motion by the rotor. The rotor sits at the front of the
S wind turbine. Wind causes the rotor to turn a shaft that transfers the motion to the nacelle, the
“housing at the top of a wind turbine tower. Inside the nacelle, the rotating shaft enters a gearbox

that increases the shaft's speed of rotation. The fast rotating shaft is connected to a generat
. Lonverts the movement into electricity. See Figure 1.2.

or that




WIND GENERATION IN AUSTHRALIA A,

suB-TYPES

ere are two types of wind machines used today: HorlZOMa\SasIS Wl TUTRIES HAWT)and
ertical-axis wind turbines (VAWT), Most windmills are the horizontal-axis type and are also the only.
type used In Australia. |

i “ L ow-speed | Horizontal-axis wind machines have blades Iike_ airplane propellers. See Figure 2,1,&%}‘@]1 . -
S shaft ’ horizontal wind mill stands about 90 metres tall and has three blades that span 60 metres across.
' wind machines stand tall and wide to capture more wind. The more wind the more power.
| Gear box , . . =l
advantages of HAWT: o S -

» High Efficiency

E « Tall base allows access to stronger winds
o « Variable blade pitch
Disadvantages of HAWT:
II o Difficult to Transport
» Difficult to Iinstall |
Yaw motor |

~ -hines have blades that go from top to bottom and look like giant egg beaters.

. Vertical-axis wina L S e
B 4 SeeFigure 2.2. The typical vertical wind machine stands 30 metres tall and 15 metres wide. Vertical
| - R | axis wind machines make up just five percent of the wind machines used today.
Figure 1.2 . Aﬂvantqgesnf\mw“ ; .

1] I T

] s Easytomaintain
_ Wind sieh | _ T » Makasaless_ﬁﬂi]gg'_" ' :
2 5“::5‘51225 are mounted on a tower to capture most of the energy. At 30 meters or moreaioe o Haslower start-up speeds
- Bround, they can take advantage of faster and more stable wind. b B

oy

| @;ﬁ@&am ind has e
o aiﬁhﬁﬂ&?;mgnmmemd into medium voltage electricity, equivalentto a fe-W'h-”ndfl?‘l
o mmmm‘:ﬁ%dawn through heavy electric cables in the tower to a _transformgﬂf;‘]{

trav, st R e ; tage up _’t":_) _a-f_ew thousand volts - the distribution voltage. This W—“‘T‘g:‘ﬁ-‘? ?:11 |
wind turbines, 'Bround lines to a collection area where the power can be combinedint-_ =2

e
W = ] | b
ravele

JLY "|| f.""l'i ‘fi ] 1‘ 0ne o~ *._1-.. : J
- WIRD power is usually sent to e . |
and homes ig i ‘iﬁ.‘iﬂ“y sent to nearby farms, homes and towns fo
Ned soe.

ol (eatlas 10 8 substation where the voltage is increased gre@
smission-voltage power) to be sent through transmiss

Hy o 2 et
tlyda s

.

g -:-_"I:“Il
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WIND GENERATION IN AUSTRALIA Al REZAEISARLAK WIND GENERATION IN AUSTRALIA

FINANCIAL IMPORTANCE

The difference between wind and other

costs associated with wind developments. The maj

are mainly capital costs. The operating a

each additional unit of wind power is very little compar
large capital costs, as well as expensive operating and m
makes it hard when trying to compare the C

Other than these differences, most of the data indicate that wind energy is one of the Most cost
efficient sources of renewable energy and that w
it is competitive with coal and gas power stalions.

~ |NDUSTRIAL IMPORTANCE

sources of energy can be difficult to calculate because ofghe | The Howard Federal Government had a Mandatory Renewable Ener T -
ority of the costs related to wind development& ~ i Australia having about 2% of its electricity generated by repey bIEV arget (MRET) which dimed
: ™ | s 3
nd maintenance costs are |3W;}2T:{:hel pProduction Costof | pevelopment Commission has announced that the UK IS aimiﬂg . loeglmeans, In the Yk Sustainable
togasandac velopme ik b d . , |
Ed‘ 1teiance costs. The digere:ts h.vh'ch have and that there "are no major technical barriers to meeting these tar va 2010:and 20% by 2020
alr . Ce In Cb'ﬂts B 5 J ' gets”, SCiEntlsts h
ost of alternative energy sources. that we must reduce the world’s greenhouse gas producti SVEWarned

Onrates by 60%. The Rudd government

L promised twenty percent renewable energy by 2020 in the 2007 election campai
- paign.

. : . ~ Atthe moment there are five operating wind farms In Victori
hen the costs relates with pollution are factoreqi. | | : v ictori
< E nsw, and in South Australia there are nine which also produ

The average cost per windmill includes the following COStS:

e the construction of the wind turbine

e the borrowed funds

e the return to investors (including the risk)
e the estimated annual production

13 targets than the Howard government did. These will make electrici

percentages of renewable energy. For NSW to fulfil its commitm

: entto renewable energy it wi
to buy wind generated electricity from SA. By itwill have

The carbon dioxide reduction from one typical (2 MW) wind turbine in Australia can be expected to

160 -
140

Electricity Generation costs in

produce over 6000 megawatt hours of el ectricity each year. If this replaces coal-fired power, then
the CO; released to the atmosphere will be reduced by 6000 tannes each year

- i | ifit replaces oil or
gas-fired power, CO; released each year is reduced by about 3000 tonnes.

Aust.

e - —

There are also a lot of issues involved with wind generation, the following demonstrate these issues:

¢ Noisy turbines

120 4=

* Television reception

100 4

* FErosion

g0 —

* Bird deaths

60

:

®  Windis intermittent

Aus$ per MWhr

)
ME
.r__;, -

20

s _L‘ﬂ
|

* Turbine shutdown after 43®C

Tt _‘_"'!I'I__ il

S

These are just a few problems that come up when debating about the use of wind generators. Figure
4.1below is 3 graph of wind generator installations all over the world, and implies that the issues

——

= Z O " l
® ¥ ® D ; : : : :
= £ B = 8 % § g - 3bove are not Interrupting the future of wind generation.
/]
& ) o Y -% g o < = A | '
e 9 §= 3 B '- 140,000
- ﬂ g ; . P20 RS8R
L3 120,000
o
= 100,000 ey
_ BU.{JOO i 4053
ppo3)
InF g 000 o
nri
electg::?t:ctabwe We see that black cog| and natura| R | v e i | .
Mpared to wind, K gas are ch _ e - *
» NOWever this je ¢ Neaper alternate ways to pro® 20/000 L
environmental pollution cogte are not p:ls 's because th - _ it liem | 3800 :
|




VIND GENERATION IN / WIND GENERATION IN AUSTRALIA

ALl REZag,
JONTENTS CONCLUSION

Climate change is happening and must be minimised. Australia and the world myst
£ Ove

tainabie
t mean

not the answer, but it is part of the answer. i

_ | 3 -
fossil fuels. Wind, at present, is the only economically competitive form of S Wayf

URPOSE & OPERATION. ... .. Eﬂei'gy‘_ I

However, just because wind is a good form of energy and is renewable, doesn

B s - We can |
S1IR-TYPES up our usage of electricity. We still need to subsidise our Co? emissions. For cli tg
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PLC System Applications DC motor speed controller

Aim -

« To design a pi 653 USING anaiog inputs and outputs that will control the spee d of a DC Motor using
Proportional Contro

e Qbserve and record Em.. operation of the system

e Add some Integral control to improve system performance

* Add a control system for operator interfacing

Procedure A - Proportional Control (10 Marks)

Use Data Block 10 for storing all settings.

* The speed of the motor is set Oy the thumbwheel switch after a one shot from an input. The setpoint is o be
stored in data word 1 (Setpoint = DWQ  ©

* The %a&?f..; IS taken from a tacho generator connected to an a ;mja nput mm,md/#; = J? .w

* The feedback is compared to the setpoint and the error is produced.( & = DWR ).

* The gain of the system is set by the same thumbwhee! Swilch after a one u:&. (Gain = DWR) (uset+2-1)

* The output of the controlier is sent to the servo drive from an analog output .(Output = DWH,) |

_Motor Drive Parameters | PLC Address m2 by One Shot
. Motor Speed Set point | OWT Vx|
Proportional Gain 1 Dws LT ¢

e ettty

Ui. H

e — e . .

|.4
«  Demonstrate youl pIogram s funchion and record the offset when the setpaint is setto O RPM wath a range
FJ__A _..j_._.,m. J__.”I_
Gain Offset 2
- ..f
1....-- .
o - E S
/.. __ =, ..r_.. L _’.r ’-.l-‘.
. ’ e - e abte—
"r...rl.... -
- W - .

LT -
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Aim - Bﬁggaggmﬂgﬂ?ésggggg
an emergency stop and braking procedure.
The operator will have the option to control the speed of the motor via a thumbwhee! switch or two pushbutions.

Starting and stopping the motor
The motor 1s be started and stopped by a control station.
dﬁmﬁauc:o::mwuw_..gg m:nnﬁﬂouéﬁwvmg&o@mn

L Sewp

2 {ra .N:Mm bty .o.._.
Speed control { YV %‘ C_n\uh R

ggﬂﬁggaggg
When the start button is pressed the motor start will be enabied and a “run” ight at Q4 5 will tumon. _~
The speed will be controlied by either the thumbwheel! switch or by two pushbutions. [ 1< -
An input (1=28) will select which type of speed control is be used ,
_hu._mﬁv%mv is on , Smnﬁaamgamongﬁs?g?ﬂgﬁ.w.
I.Iﬁ — N“A v ﬁh..q\lhl
v:msw:no:mvmmag:ad_ -
O:uUcw:U:no::w&i::ﬁmm%?mag@mmamﬂngnﬁ%ggﬁgignmé
gradually .
if the pushbutton is released , g?maﬂﬁmvmmniﬁ_a:ﬁ:mnamﬂmmng

Thumbwheel speed confrol
if the input (12.6) is off then the speed will be set via a thumbwheel switch as in part 1 of this assignment.

Stopping the motor ,.
The stop button (n, closed) will decelerate the motor slowly until the speed is zero.

So if the operator hits the stop button momentarily , the motor will gradually slow down to a mﬁﬁ
When the moior w§u reaches zero the system will be m::ﬂo.!..

m_.zmwwmznw mﬁOv B
A 2™ stop button (n, closed) (12.7) will stop the motor _Eamn_mﬁx by removing any power to the motor and
applying power 10 an electrical brake at Q4.7. 5 7 &
ij brake will remain on until the motor speed reaches zero.
n your program this Emergency Stop will remove any output o the motor.

Extra — Adjustable acceleration. (5 marks)
Mzke the acceleration and deceleration rates individually adjustable via the thumbwheel switch and a one shot

Extra Part 2 -Working with S7 Lite (5 marks)
Compilete the assignment using an S7 PLC and the S7 lite software.

Notes

Document your program thoroughly explain each point clearly.

Do your own work

Marks are awarded for ingenious designs !

Marks are deducted for poor program comments and explanations.

Mazrks are awarded for the accuracy of your control system and your ability to demonstrate it

PLC System Applications 3 Keith Williamson




STEP 7 Lite Symbol table 2009-06-25 14:31:32
Symbol table
Status Symbol Address Data Type Comment
— CYCLEXC __ 0B1  OB1  CycleExecuton
SCALE FC 105 FC 105 Scaling Values
INTEGRAL RATE | 126.2 BOOL
| rate oneshot 1 M 0.5 BOOL
| rate oneshot 2 MO0.6 BOOL
Offset exists MO.7 BOOL
Integral Rate BCD MW 14 WORD
UNSCALE FC 106 FC 106 Unscaling Values
Gain DI MD 120 DWORD
Scale/Unscale Bipolar MO.0 BOOL
Scale return value MW 10 WORD
GAIN | 126.1 BOOL
Analog input PIW 752 WORD
SETPOINT 1 126.0 BOOL
rThumbwheel input IW 124 WORD
SP oneshot 1 MO.1 BOOL
SP oneshot 2 MO.2 BOOL
SP BCD MD 104 DWORD
DATA STORING DB 10 DB 10
G oneshot 1 MO.3 BOOL
G oneshot 2 MO0.4 BOOL
SP DI MD 108 DWORD
Gain BCD MD 112 DWORD
Gain masked MD 116 DWORD
Unscale return value MW 12 WORD
Integral Timing Rate T1 TIMER
Analog output PQW 752 WORD
1 cycle Reset M1.0 BOOL
DECELERATE 124.6 BOOL
START 126.6 BOOL
MANUAL 126.7 BOOL
Master Control M 1.1 BOOL
ACCELERATE | 124.7 BOOL
E-STOP | 126.4 BOOL
STOP | 126.5 BOOL
Light Q 124.0 BOOL
S-Stop Flag M1.5 BOOL
Stop @ Zero M1.2 BOOL
Manual Speed Rate BCD MD 124 DWORD
MSR masked MD 128 DWORD
MSR DI MD 132 DWORD
MSR Real MD 136 DWORD
Setpoint BCD masked MD 140 DWORD
Manual Time Rate M1.3 BOOL
Manual Speed Rate T4 TIMER
Electrical Brake Q 124 1 BOOL

Ji\motor1 k7p

11719
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OB1:.CYCL_EXC

OB1:CYCL EXC

Cycle Execution

Name : Time stamp Code: 25/06/09
Author: Interface: 20/01/04
Family: Lengths Block: 01024
version: 0.0 Code: 00796
Code version: 2 Data; 00028

Block: OB1  "Main Program Sweep (Cycle)"

FILE NAME: motorl.k7p

- e e L R e e il i L S p——— T - — 0 i ) e

KNOWN FACTS & ISSUES:

- - .|.-_1|1_-_........|._r.|l.t.|l.i_.11.!1-l.l.||r-:.._._..l..l...lll.ll.i..l._.. - Ay d.l..l...i.ll.l.l..b.ll.l....-.1l|._l.l.l.....|.l_.l.l...l.._l..l..._..|.-.-l._l

When switching from too high manual speed (comparing to thumbwhee! control
setpoint) to PI control, P+1 action will decrease it fast to correct error by
large P out, 1 out and that might be too large that produces 0 at analog output
to cause the system misunderstanding shutdown.

- SCALE and UNSCALE are isolated from master control flag for predision and
continously monitoring regardiess of power control unless PLC logses Its own
power supply.

- P1 and manual control operate simutanously without Interfering each other but
outputs are separated by manual switch, Manual Switch is used to select which
output will be produced at final output to be unscaled. In other word,
spedfications can be pre-set before switching modes.

stop buttons must be wired/connected/switched on before starting.

I'ype Start value Lomment

Address  Dedlaration Narne

Bits 0-3 = 1 (Coming event), Bits 47 = 1 (Event class 1)
1 (Cold restart scan 1 of OB 1), 3 (Scan 2.n of OB 1)

Cycle tme of previous OB1 scan (milliseconds)
Mirimum cycle time of OB1 (milliseconds)
Maximum cycle tme of OB1 (milliseconds)

0.0 termp OBl _EV CLASS BYTI
1.0 temp OB1 SCAN BYTI
2.0 Lernp OB1 PRIORITY YT I (Priority of 1 (s lowest)
3.0 termip OB1 OB NUMBIE  BYTI I (Organization block 1, OB1)
4.0) ternp OB1 RESERVED 1 BYTE Heserved for system
2 ternp OB1 HESERVED 72 BYTI Heserved for system
6.0 ternip OB PREV CYCLE  INT
.0 L) OB1 _MIN CYCLE  INT
10,0 Lermip OBl MAX CYCLE  INI
12,0 Lernp OB1 DATE TIME  DATE AND TIMI Date and time OB1 started
Network: |
master control
"Stop @ ze "Master Co
CSTART" ro' TE-STOP"  nuro)"

"Mast i
frrol”

! -:.::_...__ TN“._
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Network: 2
SOft stop set flag
_
* )y i ...MIWH.ou 1.4
STOP mc:
_r _ ‘ LS ) *

Network: 3

emergency stop set flag

"E~STOP" ag

Wy

Network: 4

e-stop moves 0.0 to internal output to send out 0 voltage at analog output.
depends on type of motor that it will stop immediately or free spinning after
cutting out the source.

"E-Stop Fl
a4 | MOVE

U O0O0U0O0FE 4 :__a.__?db. S
OO0 LN 8l CINGT . DW

OR

!
/

IIII'IIIIIIIIIIIIIIIII'IIIIIIIIIII

Network: 5

electric brake on when e-stop set and off when feedback equal 0 - in this
practical case, the motor stops immediately at analog output of 0 so it may not
be easy to distinguish the moment of braking the free spinning motor

E-Stop F1  "Stop @ ze "Electrica
ag" ro" | Brake"

]

ey — —— i ——— - " .

Network: 6

SOl stop reset when system shutdown

-

Master Co “Stop @ ze "S-Stop F
nerol’ ror ag”

JAmotor! k P ”~ do
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setpoint double-int

"Master Co

"setpoint
BCD masked

Network: 14 _ B

setpoint real stored

"Master Co
ntrol"

———] }———EN | | .. »

— — - —

DI_R

"sp DI" C|IN "DATA STOR
OUT[ ING" .DW
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Network: 15
error
"Master Co
ntrol” "MANUAL™ SUB_R |
L = ] =K
"DATA STOR | . "DATA STOR
ING" .DW  C1IND OUTLIING” . DW2
"DATA STOR | |
ING".DW1 (IN:

ﬂ

Network: 16

oneshot gain
"Master Co "G oneshot :m:o:mmzoa
ntrol” "GAIN" 2" 1

ﬁ

Network: 17 | N A I - e
taking gain thumbwheel input

"Master Co "G oneshot
ntrol” 1" MOVE

"Thumbwhee E . .
1 input” _ JUTo "Gain BCD

%

Network: 18 . - B LSS -

gain masking

"Master Co

e

ntrol WAND_DW

"Gain BCD" “"Gain mask
ma:

5/10
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Network: 19

gain BCD - DI

"Master Co
ntrol" BCD DI

NS

"Gain mask

ed cin_ outh “Gain pr®

Network: 20
gain real stored

"Master Co
ntrol” DI R

——

"Gain DI L1 "DATA STOR

ING" .DW3

E
Network: 21

proportional output

"Master Co

ntrol” "MANUAL" MUL R
"DATA STOR . "DATA STOR
ING" .DW2 JIN] UTLIING" .Dwé

"DATA STOR
ING .DW3

Network: 27

oneshot intearal

"Master Co "INTEGRAI "I rate on "1 ﬂnﬁm:::
ntrol" RATE" eshot 2" eshot 1

m..'

=R Illlllll\l\

e— - o




faﬂ.
ntrol” _
—

Network: 25
integral rate

"Master Co "Offset ex "1 cycle R "
ntrol" ists” eset |

- |I*.1L.* _

| jR—]

" Hﬂ
Rat

Network: 26
ramp down (feedback > setpoint)

"Master Co
ntrol"

| 5

"DATA STOR
ING" . DW2  (lind

0, 0000008 +
OO0 L IIND

oy P

"MANUAL Y LT_R




STEP 7 Lite

OB1:CYCL_EXC

2009-06-25 14:28:53

Network: 27

ramp up (feedback < setpoint)

"Master Co
ntrol"”

Network: 28

final output

"Master Co
ntrol”

"MANUAL"

— _ S —

"DATA STOR
ING" .DW2

0.000000E+
000

“"MANUAL"™

b—— —

g | r
1.
¥

"DATA STOR
ING" .DW5S

"DATA STOR
ING" .DW4

GT_R

(JIN1

—

CIINZ

LIIND

—— -

e ——

"Integral
Timing Rat
m:

_|.l.||..- —

"DATA STOR
ING" .DWS

1.000000E+

000 ]

"DATA STOR

JING" .DW7

L

o

-

IN1

=N

ADD_R
S [
"DATA STOR
OUTLIING" .DW5S

——— — e

T e ————————————————— e — e e ———eer———— e

Network: 29

manual speed BCD

"Master Co
ntrol"

"Thumbwhee
1 input"

MOVE

"Manual Sp
eed Rate B
_ﬁD:

—
— e m— —

S —————— S —

Network: 30

manual speed masking (right-2)

"Master Co
ntrol”

"Manual Sp
eed Rate B
mD-.

5 =f il
v ¥ h m__._“.a. _ _

. WAND_DW |

|
|

mzmx maske

J:\motor1 k7p
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Network: 31

manual speed BCD-DI

"Mmaster Co
3%104: BCD D1

*_
:3mw3aarm f
d” LN OUT]

Network: 32

manual speed DI-R

"Master Co
DﬂﬁD_: DI R

—

"MSR DI" ] OUTLI"MSR Real”

Network: 33

accelerate/decelerate rate

"Mmaster Co ""mManual T xm:cmg.mu
ntrol” me Rate' eed Rate
SD .
— e e EEEE—————————————————————

Network: 34
accelerate/decelerate rate

"Manual Sp zm::m_:qq

eed Rate” me Rate

IIIIIIII:III'IIIIIIIIIII'II

Network: 35

accelerate
'Master Co : "ACCELERAT “Manual Sp
ntrol MANUAL " " eed Rare" ADD R
"DATA STOR "DATA STOR
ING" .DW7 L IING" .DW?7

..TJ....T_ T.—..,wn.mﬁl

e ——

Jnotort k7p
9/10
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—
e ———

S — s

Network: 36

decelerate/soft stop

| ;3mmﬁm1 co . "DECELERAT "Manual Sp
ntrol MANUAL"  E" eed Rate" SUB_R
1 | —— P——m] |— — }————EN CENO
__ NWMMdOb F1 m..n.o_u @ Ze "DATA STOR "DATA STOR
| g = ro ¥ ING".DW7 (]INd OUT( ING" .DW7
=3 "MSR Real" (|inZ

%
Network: 37

soft stop shut down (feedback hardly reach zero at stop -> compare less than 1
for stop instead of 0)

:mwmﬁou Fl "Stop @ Ze
ag” LT_R ro”

e I

= 7i it e L

"E-Stop Fl | "paTa STOR

ag | ING".DW1l (INL
]
1.000000E+
000 CJINZ
Network: 38

analog output

"UNSCALE"
"DATA STOR | "Unscale r
ING" .DW7 I eturn valu
RET VAL m:
4. 000000E+ |
00?2 HI LIM . "Analog ou
OUTE tput"”

0.000000E+ |

000

:mnmdm«c:m |

cale Bipol |

m.—..—-._

J:\motor1.k7p
10710
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PLC System Applications Temperature control Assignment

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
should be displayed on the 7 segment display and in a "picture block'.

24V

gys fend 14V

.r!
- /
7’ g
.rJ-.I .\1_\
‘..-
-..r.,.

i fut _
s, OlolV |

CALBRATION: «
LA = O% z v
D= = 1A83C =8V

enp - 20 ma
TAANSATIEN. =18

? B3
Part B (10 Marks) Temperature 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)

k

/

\ —
FEWS
Cowtact




ks) Hystersis . . . g .
MMM mﬂh% _._,_‘Wﬂm_,..w,m wo you your control system , the Hystersis temperature is set by the right two =

digits of your thumbwheel switch.

AN e 2 . ....... — L
O + e L o ) 45 -
wrian <+ - = T , . . -

LT? <+ T o . T

\_ o & G

pn.oh 4\ : | TR

?_S@—m\,\— . - Q D_m...“

- Ting.

Part D (30 Marks ) Data Recording

The temperature is to be recorded over a period of time , the actual temperature in the oven is to be

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.

'

ACTuAL Temf

w.u . Fwiloo




Proportional Control

g%ﬁaﬂd:@a?ﬂiﬁﬁ?oﬁ._ . A \ proportior

: Ing associated with on-off control. A controller
amo_mﬁﬁ. a.mmcmmomuoiﬂﬂnv_ﬁa 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

. This proportioning action can be accomplished by tuming the output on and off for short time
_ggﬁ.mamug:maaﬁﬁaﬁamoﬂ.ﬂgqmaiﬁighﬁ% ol the temperature. The
proportioning action occurs within a “proportional band” around the setpoint temperature. Outside this band, the
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 fromthe
setpoint. If the temperature is further from the setpoint, the on- and off-imes vary in proportion to the temperature
difference. If the temperature is below setpoint, the output will be on longer; if the temperature is 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 mﬁ.ﬁﬂ:

A e a%d,_%y.«;ﬁ. N ixN

F‘_ ng&

Notes

Use one shots for loading your data from the thumbwheel switches.

Document your program with line comments explaining the function of each part of your program.
Do your own work.

You MUST hand in this sheet with your assignment! Don't lose it !
This assignment is part of your assessment.

[ENTE

|| Eu=

Conclusion Questions (10 marks)

What is the purpose of Hystersis in this system , how dies it improve the control if at all ?
Define the term proportional control , how did it affect your temperature control ?

What causes the overshoot in on/off control , can it be eliminated at all ? If so how ?
Why use a 4 - 20mA current loop , wouldn't a 0-20mA signal be easier to scale ?

What is an RTD ? List some other types of temperature sensors and their operating ranges.

Sl el
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portional Control reading Part E Practical 1
ture in your oven every 30 seconds In the table below , then complete the graph

Ff@dfﬂfm{kﬁmp Reading 4_Temp
Jlo I i 2 &
: _11 - 22
PR . 23 *
- 24
415 25 |
416 | 26
o el 1% 27 o
18 28
PR S N
20 30
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System Applications -Major Project
emperature Control with a Step 7 PLC

Aim: the aim of this major project is to assess
W = N student abilities to apply their knowledge to a new
n | ¢ ot system. Building on previous knowledge the students
. =Sl will adapt this to a newer model PLC and software.

Procedure -

=xamine the temperature control system that was used in a previous assignment.
Nemonsirate that you are capable of connecting this system to your S7 313C plc.
Samilicrize yourself with the S7 “lite” software , use the supplied PDF documents for reference material.

Part A - Analog Inputs (0 Marks) :
Connect the RTD input and scale this input To accurately display the temperature ina variable block or 7 segment

rrecte a full Symbolic table for the project and maintain the
stens with S7 Lite" Chapter 5 for information)
L - 10A

AL — / T

Symbolic table as your project develops. (See “First

Part B- On/Off Comtrol (0 Marks)
Jse +he scaled analog input as a feedback signal To control the temperature in an oven.

Ske+ch a block diagram of your system and explain the operation in your report. 165 Wi
Use the Thumbwhee! switch as your sefpoint. mdﬁ» e P
Use +he Monitor/Modify option in Step 7 Lite to demonsiraie your functional project)
- |
Ctom fuc oS ._ sV _
\/ﬂ.. N\\lv \ \
o - | UL A
- Y | OVE!
__ e = —
H.. i )I\\\.\\




c- Hystersis.(10 Marks)
Hys |

m M“.H..nn Mcﬂmwm_ﬂcjkoc your control system , the Hystersis femperature is set by the thumbwheel switch.

a your symbolic table is up to date and use the Monitor/Modify option in S7 lite to demaonstrofe your

uﬂomﬂna.

art D- Data logging.(10 Marks)
Add a data _omm.:m system where the temperature can be recorded in a data block over a period of time.
Make the reading every 0.4 seconds for testing purposes.

(You may use a SCADA system to perform this function using trend

PLC , it is your choice.)
Using the PLC to record the data must include the use of a “pointer” for full marks.

See the S7 manual for information on Address registers (LAR 1)

s as an alternative to using a data block in the

Actoac <crf

|||\|\\\\\\).f

Part E - Proportional Control.(10 Marks) \ .
Add an improvement To your system to make the output smoother using _uq.ouolmo:n_ control. |
ay use the integrated blocks for this purpose. (Pulsegen for example) |

You m
See the S7 Manuals for information on Con-C FB41 and Pulsgen FB43)

Part F- PID control.(10 Marks)
function blocks to control the temperafure using PID control. .

Using the integrated special

Part G- Report.(10 Marks)

Add a report to your printed ouf program. - )

The report should include a block diagram explaining how your system works.
._.n_u_m.

Eull Documentation for your program including your Symbolic
Use one shots for loading your data from the thumbwheel switches. .

Document your program with line comments explaining the function of each part of your program.

Do your own Work. —_
You MUST hand in this sheet with your assignment! Don t

—

L..-.-l-...-
I....-l..n.
-
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11,2312

Symbol table

Address Data Type

Comment

DATA RECORDING

DB 10 DB 10

CONT C DB DB 30 FB 41
PULSEGEN DA DB 40 FE 42
SCADA MONITOR DB 60 DB 60
CONT_C FHB 41 FH 41 Continuous Control
PULSEGEN FB 43 FB 43 Pulse Generation
INDEX ADDRESS FC 1 FC 1
DATA RESET FC 2 FC 2
SCALE FC105  FC 105 Scaling Values
Setpoint Select 1 126.0 BOOL
Heset Data | 126.2 BOOL
DERIVATIVE Action | 126 .4 BOOL.
INTEGRATIVE Action | 1265 BOOL
FROPORTIONAL Action | 126.6 BOOL
DATA RECORDER | 126.7 BOOL
[HUMBWHEEL INPUT W 124 WORLD
Oneshot Setpoint Flag 1 M 0.1 HOOL
Oneshot Setpoint Flag 2 M0O.2 HOOL
Data Record Flag M1.0 HOOL
Data Full Flag M1.1 HOOL
Oneshot Data Reset 1 M1.2 BOOI
Oneshot Diata Reset 2 M1.3 HOO!
UNUSELD 1 M 3.0 HOOI
UNUGSEL 2 M3 HOOL
UNUSELD 3 M32 BOOL
UNUSEL 4 M4 HOOI
UNUSED 6 M35h HOOI
UNUSEL 6 Mi6 HOO)|
UNUSEL / M3,/ HOOI
UNUSELD B M 4.0 HOO)]
UNUSELD 9 M4 HOOI
UNUSED 11 M4 2 HOO))
UNUSEL 127 M43 00
UNUGEL) 13 MAaaA4a 00
UNUSEL 14 MAarb HOOI
UNUSEL 16 M A4 HOO))
UNUEGEL 16 M4/ 1100
SOUALLE's Bipola M 10 .0) HOO)|
 out ML) 5 DWOIRL)
| Oul ML) 54 DWOTD
) it ML) 6l DWORL)
UNUISEL 17 ML) 6/ DWORL
UNUSELD 18 ML) 6} DWORLD
TEMPERATURE FEFDBACGHK M 100 DWOIRLD
Hounded Temp ML) 104 WO
Lamp in G M) 108 WO

SMUMITAFEWLE Bys Appssprol! amp I k7p

1/2




STEP 7 Lite

. Symbol table 2009-06-01 11:23:12
Double Integer Setpoint MD 200 DWORD
SETPOINT MD 204 DWORD
Double Integer Gain MD 208 DWORD
GAIN MD 212 DWORD
LMN/INV MD 220 DWORD
Thumbwheel Value 1 MW 20 WORD
Masked 2 left digits MW 24 WORD
Shift Righted MW 26 WORD
Integer Setpoint MW 28 WORD
Thumbwheel Value 2 MW 30 WORD
Masking Gain MW 32 WORD
Integer Gain MW 34 WORD
SCALE Return Value MW 40 WORD
BCD Temp to Display MW 110 WORD
UNUSED CONT_C Out MW 120 WORD
Index Addressing MW 140 WORD
CYCL_EXC OB 1 OB 1 Cycle Execution
CYC_INTS OB 35 OB 35 Cyclic Interrupt 5
SCALE Input PIW752 WORD
HEATER Q 125.0 BOOL
Data Full Indicator Q125.2 BOOL
7-seg display QB 124 BYTE
Recording Step T1 TIMER
Data Full Flash 1 T2 TIMER
Data Full Flash 2 T3 TIMER

F\Tee's

_SIWATAFE\PLC Sys Apps\proj1_temp_PID k7p

212




STEP 7 Lite

OB35:CYC_INT5 2009-06-01 11:20:13

OB35:CYC_INT5

Cyclic Interrupt 5
Name: Time stamp Code: 27/05/09
Author: Interface: 20/01/04
Fami ly: Lengths  Block: 00702
version: 1B Code: 00588
Code version: 2 Data: 00028
Block: OB35 "Cyclic Interrupt"
Address Declaration Name Type Start value Comment o
0.0 temp OB35_EV_CLASS BYTE Bits 0-3 = 1 (Coming event), Bits 4-7 = 1 (Event class 1)
1.0 temp OB35_STRT_INF BYTE 16436 (OB 35 has started)
2.0 temp OB35_PRIORITY BYTE 11 (Priority of 1 is lowest)
3.0 temp 0OB35_0B_NUMBR BYTE 35 (Organization block 35, OB35)
4.0 temp OB35 RESERVED_1  BYTE Reserved for system
5.0 temp OB35_RESERVED_2  BYTE Reserved for system
6.0 temp OB35_PHASE_OFFSET WORD Phase offset (msec)
8.0 temp OB35_RESERVED_3  INT Reserved for mqmnmq:,
10.0 temp 0B35_EXC_FREQ INT Frequency .o_n execution (msec)
120  temp OB35 DATE TIME  DATE_AND_TIME Date and time OB35 started

. 1/3
F\Tee's stuffTAFE\PLC Sys Apps\proj1_temp_PID K/7p




“DERIVATIV |
t p...z_nﬂﬁc D _SEL

THLOMS CICYCLE
“SETPOINT" CI5P_INT
"TEMPERATU
RE FEEDBAC
K" 4PV_IN

w1680 ClPV_PER

0, 000000E +
Q00 CIMAN

“"GAIN" CIGAIN

0. 000000E +
Q00 CIDEADBE W

1. 000000E +
002 CILMN. HLM

0. 000000E +
000 CILMN LM

1. 000000E +
QoL 1PV _FAC

0. QOO000E+
Q00 PV OFF

1. 000000E+
Q00

O . Q00Q00E +
000

O, 000000E +
000 CHL_ITLVAL
H

0. 000000+

FiTee's_stuMTAFE\PLC Sys Apps\proj1_temp_PID k7p




e T Lite OB3IS.CYC INTS

- 2009-06-01 11:22:27

e A

Network:

"PULSEGEN
DR"

"PULSEGEN"

L] |

_. _rLZ .—Z.f M __.,_,..... :_ L -.I-whrﬁmz:

"UNUSED_16

(AN gy W

"UNUSED

.

"UNUSED_9"

"UNUSED 11

"UNUSED 1/

ol

TUNUSED ]

'UNUSED_14

TUNUSED LS

e e —

Tee's stuMTAFE\PLC Sys Apps\proj! _temp PID k7p
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Motor Drive Parameters | PLC Address | Set by One Shot | _
| Motor Speed Setpoint  [owi | H_w‘; 7 hord Ik r\s}
_Proportional Gain DWA4 | T124 |

ity e ta—— A ¥ 3 S SIS W L .

PLC System Applications

DC motor speed controller

Aim ;-

o« Todesign a program using anaic inputs and ocutputs th | :
Proportional Contro S outputs that will control the speed of a DC Motor using

« Observe and record the operation of the system

* Add some Integral control to improve system performance
« Add a control system for operator interfacing

Procedure A - Proportional Control (10 Marks)
Use Data Block 10 for storing all settings.

* The speed of the motor is set by the thumbwheel swi ﬁ ,
bt b sy am:uo::«n oW el switch after a one shot from an input. The setpoint is to be
* The feedback is taken from a tacho generator c
<114 geEneralor connected to an analog input (Feedback = DW
* The “mm&wwnr 8 830&3& to the setpoint and the error is produced ( Error = DW3 ) -
* The gain of the system is set oy the same thumbwheel switch after a one shot. (Gain = DW4) (use | 2 1

. r .. . J
The output of the controller is sent to the servo drive from an analog output .(Output = DWS5 )

a —— S — S— o —

_- .c sﬁ _

Generator
Volts/RPM

fyAin i1

*  Demonstrate your program's tunction and record the offset when the setpoint is set R;o" RPM with a range

\\_% ﬂmh“_m..__-.w

- Gain  Offset/ v
2 | 264

. : /1 x.x.-
._...__. _ ‘—.._ Q ._ _ -
- a S \-\1
: L 149 , \s E
[ | A :

Keith Williamson

e — —— e —

-
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heel switch and a one shot
\ability of your system.

Keith Williamson
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Complete control system (20 Marks)

\mo 2dd operator control to the stopping and starting of the motor by gradual acceleration and deceleration and

rgency Stop and braking procedure. . -
cﬁmaﬁoﬂ.i:_:mcmﬁ:m option to control the speed of the motor via a thumbwheel switch or two pushbuttons.

ing and stopping the motor

motor is be started and stopped by 2 control station.
e start button (12.2) 1S normally open and the stop button (12.3) is normally closed.

T 163 Tié. F

The Operator has two ways 1o control the setpoint Qi Ah.._ 9

When the start button is pressed the motor start will be enabled and a “run” light at Q4.5 will turm on.

The speed will be controlied Dy either the thumbwheel switch or by two pushbuttons.
An input (1 2.6) will select which type of speed control is be used , .\J K\
If the inputd 2.6) ison, then the motor speed is controlied by the two pushb 5 p & _ax AV
. m N\n‘h\ﬁ - - @
Push wﬁmmr speed control __”.y{i .\4
the motor speed gradually the other pushbutton (12.5) will decelerate the motor

One pushbutton (12.4) g_\_\hso_.mmwm
gradually. TR : . H:\ﬂ.v
if the pushbutton IS eleased . then the motor speed will remain at that speed level.

Thumbwheel speed control

If the input (12.6) is off then the speed will be set via a thumbwheel switch as in part 1 of this assignment. -

Stopping the motor
The stop button (n, closed) will decelerate the motor slowly until the speed is zero.

So if the operator hits the stop button momentarily , the motor will gradually slow down to a stop.

When the motor speed reaches zZero the system will be shutdown. o - v\N _rF _\L o% + @,
g7 o L PO

Emergency stop. ri2¢. | =
A 2™ stop button (n, closed) (12.7) will stop the motor immediately by removing any power to the motor and
applying power to an electncal brake atQ 4.7. req { k Q\.J\&\ L o

The brake will remain on until the motor speed reaches zero.
In your program this Emergency Stop will remove any output to the motor.

\.T_ﬂ...\\ \.\.r¢\ I\T/L (2D T _

) J :‘%r (700 KO &=°
Extra — Adjustable acceleration. (5 marks) _
Make the acceleration and deceleration rates individually adjustable via the thumbwheel switch aRd a one shot.

\
Extra Part 2 -Working with S7 Lite (5 marks) - 8
Complete the assignment using an S7 PLC and the S7 lite software. T .T\\N .
Notes . “

Document your program thoroughly explain each point clearly.

Do your own work

Zm?w are awarded for ingenious designs |

z__m:ﬂm are deducted for poor program comments and explanations.

Marks are awarded for the accuracy of your control system and your ability to demonstrate it.

HM.‘_:__P\_\.\

1_\

. | 4 q ..1 - ._ / . \. - _r.u P
ore W I map—free AALfE 24w (rv

Keith Williamson
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