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Laboratory Exercise 1

Watlow EZ Zone PM Oven Controller

Introduction
The thermal chamber below is to be controlled to a set temperature using a single 50 Watt light

bulb. The chamber will first be heated with the bulb on through the entire range. Then the
Watlow controller will be used to control the temperature in the chamber to a set temperature.

Procedure

The picture below shows the entire set-up of the thermal chamber with controller. The light bulb
can be seen by looking down the tube when the insulation is removed. The controller is attached
to the front of the box and is to be used either to turn on the light bulb in manual mode (constant)
or to control temperature in auto mode (variable).

In part 1, the controller will be used in the manual mode.



In the picture below the light bulb can be seen. It is mounted in the end of the chamber and is
fed from the 24 Vdc source in the back of the wooden rack. All components in the enclosure
operate at 24 Vdc other than the power cord attached to the power supply.

The RTD sensor can be seen here. It protrudes into the chamber and is used as the input device
for sensing the temperature. Details of this sensor can be seen in Appendix B. The chart for
temperature conversion can be printed as well from the XLS spreadsheet found with this data.
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Use a rag similar to the one below to insulate and block the exit end of the thermal chamber.

Part1
Using the RTD, record the initial temperature in the thermal chamber.

Start the temperature to rise by turning on the controller and place the output on in the manual
mode at 100%. Every 10 seconds, record the temperature and save this data until the
temperature reached 150 degrees F or the reading is stable for 3 consecutive readings. Graph the
data and analyze the data per your professor’s instructions.

Remove the heat input to the thermal chamber.
Allow the chamber to cool to within 10 degrees of the initial temperature.

Repeat with the controller set in manual at 70%:

Every 10 seconds, record the temperature and save this data until the temperature reached 150
degrees F or the reading is stable for 3 consecutive readings. Graph the data and analyze the data
per your professor’s instructions.



Part 2

Set the temperature controller into auto mode and give a setpoint temperature as indicated by
your instructor. Every 10 seconds, record the temperature and save this data until the
temperature reaches 150 degrees F, or stabilizes for 3 consecutive readings.

In the lab report, include:

The data tables from 100% PWM, 70% PWM, and Automatic control.

Graph the data for the above trials and analyze the data per your professor’s instructions.

Comment on the action of the controller as the temperature nears the setpoint.

Partially remove the insulation to allow some room-temperature air to enter the chamber.
Observe the response of the controller and the system, in response to this disturbance.

Comment on the action of the controller after the temperature has reached setpoint.

Report on the automatic settings for your controller including the P, I, and D settings for your
controller.

Compare these settings to those of other groups around you.



Manual for Watlow EZ-ZONE PM Controller

EZ-ZONE® PM ==

For Part Numbers:
PMB [B|H,B|J,N|E_I — [ElFlc] [J!c] = —AAA—

Follow the steps in this quick start guide to
wire and set up your new Watlow controller
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From DigiKey Catalog, the RTD Temperature Sensor is shown below:

Product Index > Sensors, Transducers > RTD [Resistance Temperature Detector) > US Sensor PPG101B1

All prices are in US dollars.

Digi-Key Part Number | 615-1038-ND Price Break Unit Price Extended Price
Quarity Avaibl | G5y S ooty T I—
Manufacturer | US Sensor 25 2 04560 7364
Manufacturer Part Number | PPG10181 50 280300 13015
Description | DETECTOR RTD TF 100 OHM +/-0.12% 100 253450 253.45
Lead Free Status / RoHS Status | Lead free / RoHS Compliant
Moisture Sensitivity Level (MSL) | 1 (Unlimited)

Quantity Item Number e Customer Reference

|1 ||615'1D38'ND v || || Addto Cart Image shown is a representation only.
Exact specifications should be cbtained
from the preduct data sheet.




Start-up of the Watlow and setting of the controller to Manual or Auto are covered in the following:

Upon power up of the control, using

the advance key will scroll through the
various prompts found in the Operations
Menu. At any point within the Operations
menu to return to the default display
push the Infinity @ key.

Operations Menu

‘(\ —1
@

[ —

[_HIE] Autotune
W~ Control Mode
[_RPE] Heat Proportional Band
L FPE] Cool Proportional Band
[_E_: Time Integral
—_Ed] lime Derivative
[oEE 1) Time Base
[oEEL Time Base
[_HL g Alarm Low Set Point
[_HE ] Alarm High Set Point
[.[A Calibratin Offset

EZ-ZONE PM Express (PID)

Operations Menu

Display Parameter Name Description
CEOE) | Autotune
[ ALK Start an autotune. While active the upper
or left and lower or night display wll flash
Ella 1l and [HEE A
Appears if; Heat or cool algonithm set to PID
I | Contrel Mode Active
[CM] View the curment conirel mode.
Appears if; Always
_RFPE | Heat Proportional Band
[ h.Ph] Set the PID proportional band for the heat
oufputs.
Appears if: Heat algorithm set to PID
L PEl | Cool Proportional Band
[ C.Ph) Set the PID proportional band for the cool
outputs,
Appears if; Cool algorithm set to PID
_E .l | Time Integral

Set the PID integral for the outputs.
Appears i Heat or cool algorithm set to PID

Time Derivative
Set the PID denivative time for the outputs.,
Appears if: Heat or cool algorithm set to PID

Time Base Output 1
Set the time base for fved-time-base
contral,
Appears if: Qutput 1 set to heat or cool with
control algenthm set to PID.

b
[0.tb2]

Time Base Output 2
Set the time base for fioced-time-base
contral.
Appears if: Qutput 2 sel to heat or cool with
contrel algenthm set 1o PID.

[HL ol
[ALe]

Alarm Low Set Point

Process - sef the process value that will trig-
ger a low alarm,

Dewiation - set the span of units (usng nega-
tive numbers) from the closed loop sat
paoint that will trigger a low akarm.

Appears i If Alarm Type _HEY) s set to
Process or Deviation Alarm

. 18 =

Operations Menu



Range (Defaults are shown bold)

nalle
UL Yes

CafFE) Off
[EEq] Auto
[ THaAl Manual

0 to 9,999 000°F or units
0 to 5,555.000°C
Units, 25.0°F or 14.0°C

0 to 9,999 000°F or units
0 to 5,555.000°C
Umits, 25.0°F or 14.0°C

0 to 9.999 seconds per repeat
180

0 to 9,999 seconds
0 seconds

0.1 to 60.0 seconds (solid-state relay or switched dc)
5.0 to 60.0 seconds {mechanical relay & NO-ARC power control)
1 sec. [S3R & sw del, 20.0 sec. [mech. relay & NO-ARC]

0.1 to 60.0 seconds (solid-state relay or switched dc)
5.0 to 60.0 seconds (mechanical relay & NO-ARC power control)
1 sec. [S3R & sw dcl, 20.0 sec. [mech. relay & NO-ARC]

-1,999.000 to 9.999.000°F or units
-1,128.000 to 5,537.000°C
Units, 32.0°F or 0.0°C

EZ-ZONE PM Express (PID) « 19 »

Operations Menu



Upon power up of the control, using .
the advance key will scroll through the Operations Menu (cont.)
various prompts found in the Operations p L
Menu. At any point within the Operations Display Parameter Name Description
menu to return to the default display HE D | Alarm High Set Point
push the Infinity & key. [ Ahi] Process - set the process value that will trig-
ger a high alarm.
Operations Menu Deviation - sat the span of units from the
closed loop set point that will trigger a
£_\ —PAH high alarm.
Appears if: If Alarm Type (Aty) s setto
(o — Process or Deviation Alarm
CHITE] Autotune
Calibration Offset
Y L 7) Control Mode [i.CA] Set an offset value for a process output.
[_RPE] Heat Proportional Band Appears if- Always
[ LFE Cool Proportional Band
[E 1] Time Integral
—_Edl lime Dervative
N [oEE I Time Base
[EE: Time Base
[—HL g Mlarm Low Set Point
[“HE . Alarm High Set Point
L7 Calibratin Offset
o/
Range (Defaults are shown bold)

<1,999.000 to 9,999.000°F or units
1,128,000 to 5,537.000°C
Units, 300.0°F or 150.0°C

-1,999.000 to 9,999.000°F or units, -1,110.555 to 5,555.000°C, 0.0




To enter the Setup Menu ?ush and hold the
up and down arrow keys for approximately
J seconds. Once there, push the green
advance key to scroll through to the prompt
of choice and then use the up and down
arrow keys to change the range. At any
point within the Satur menu to return to the
default display push the Infinity © key.

Setup Menu
o) Lockout Menu
oL a) Sensor Type
L _in) Linearization
__EL) Thermistor Curve

=~ Resistance Range
g Decimal

L _F) Display Units

W [~ ol Range Low

[=FE . Range High

Ea 1 Function Output 1
oEH] Output Type

Eacn Function Output 2
[R5 Heat Algorithm

_ BRI Hysteresis (Heat & Cool)
AT Cool Algorithm

CHEH Alarm Type

[CHEY] Alarm Hysteresis
—HL T Alarm Logic
[_HI H| Alarm Latching
[CEEL | Alarm Blocking
[CHZ 1) Alarm Silencing

[Ed=F Alarm Display

Ramp Action

e~ E) Ramp Rate

ol ol Scale Low

R 1) Scale High

@k ¢ 1| Power Scale High Output 1
ok o' Power Scale High Output 2
CHJS| fone Address

EZ-ZONE PM Express (PID)

Setup Menu

Display Parameter Name Description
Larl |lockout Menu

[LaC] Set the security clearance level. The user

can access the selected level and all lower
levels.

Appears if: Always
Tl nl | SensorType
[ SEn] Set the analog sensor type fo match the
device wired 1o this mput.
Appears if: Always
L= Linearization
[ Lin] Set the linearization to match the thermo-
couple type wired to this input.
For example, select & for a type K
thermocouple.
Appears if: Sensor Type is set to Thermo-
couple.
_EL | Thermistor Curve
[ .C] Select a curve to apply to the thermistor
input,
- | Resistance Range
[ Set the maamum resistance of the thermis-
for input.
drrl | Decimal
[ dEC] Set the precision of the displayed value.
Appears if: Always
L FE isplay Units !
[CF %[M units will be displayed.
- Appears if: Always
[eIal |Range Low
[ rlo] For process signals, this valee scales the umits
) to minimum electrical units (0 volts or 4 mA)
Appears if; Always
ehy |Range High .
[ vhi] For process signals, this value scales the
’ units to maximum electncal units (10 volts
or 20 an}
Appears if: Always
o 37 . Setup Menu

10



Range (Defaults are shown bald)

1105

1 Operations Menu (read only, AN button disabled)”

2 Operations Menu (A'M button disabled, Set point ROW)™

3 Operations Menu (A'M button enabled, Set point R'W, Control Mode RAW)™
4 Operations Menu R'W access™

5 Operations Menu and Setup Menu full R'W access

*You can change the security level at any level

EL] Thermocouple, (ool F1 Volts de, ™ 7H Milliamps de
[E7H RTD 100 0, FRLC 7] Thermistor

CElB O d et
CclC CH K
gD Cal N
COE Cel R
CEF Cols

@ Curve A, | Curve B, Curve C
CORE] Custom

7 5K, 1 10K, 70 20K, 91 40K

10 Whale, O Tenths, “OO Hundredths

[I—
I

-1,999.000 to 9,999.000
0.0

-1,898,000 to 9,999.000

EZ-ZONE PM Express (PI0) « 23 -

Setup Menu

11



To enter the Setup Menu ?ush and held the
up and down arrow keys for a pmximatel],r
J seconds. Once there, push reen
advance key to scroll through tn the prompt
of choice and then use the up and down
arrow keEs to change the range. At any
point within the Satur menu to return to the
default display push the Infinity © key.

Setup Menu
Lol Lockout Menu
Ll alSensor Type
L) Linearization
_EL Thermistor Curve

[~ Resistance Range
gL Decimal

L Display Units

W I o) Range Low

=k 1 Range High

[Ea T Function Qutput 1
CoE 9 Output Type

F o Function Output 2
R Heat Algorithm

R Hysteresis (Heat & Cool)
LT Cool Algornthm

[CHEH) Alarm Type
[CHE Y] Alarm Hysteresis
[CHEL T Alarm Logic
[_HL F Alarm Latching
[CHEL | Alarm Blocking
[CHET . Alarm Silencing
[EJ= P Alarm Display

[~ F Ramp Action

- E]Ramp Rate

&L ol Scale Low

R 1 Scale High

@k I Power Scale High Output 1
[oh o7 Power Scale High Output 2
[CH4S] fone Address

EZ-7ONE PM Express (PID)

Setup Menu
Display Parameter Name Description
Fn 1 |Function of Qutput 1
[ fnl] Select which Iurgl!::n will drive this output.
Appears if: If output 1 15 ordered
oEg | Out,
[ o.tv] Sﬁm the process output will operate
' in velts or milliamps,
w" A process output (PM _C _F _-_
Facr | Function of Quiput
[ n2] Erelai:c;"vdll:h iun{:hnn will drive this output.
Appears if: If output 2 is ordered
RAT |Heat Algorithm
[ h.Ag] Set the heat mnrml method.
Appears if: Output 1 or 2 set 1o heat
RTL |Hysteresis (Hoat & Cool)
Set the control switching b fo
[ hsC] off Dunt::nl Thl:de.-tinl'nnﬁ'l&:gh?ﬁ?r n’:nu’:-li'l_e
“on” region the process value needs to move
before the cutput tums on,
Appears if: Heat or Gool Algorithm is set to
On-0ff. A
[T | Cool Algorithm
[ CAg] Set the cool control method.
Appears if: If Output 1 or 2 is set to coal
CEEYT | Alarm
I Sdaum the alarm will or will not track the
[Ay] set point.
Appears if: Always
ARYT | Alarm Hysteresis
[ Ahyl Set the hysteresis for an alarm. This deter-
mines how far into the safe region the process
value needs to move before the alarm can
be cleared.
Appears if: When alar iz et to process
or deviation al:"rln miypeis s o
7L | Alarm Logic
Select what the output condition will be durin
[ALg] the alarm state. o I
Appears if: Always
« 74 . Setup Menu
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Range (Defaults are shown bold)

CoFF] 0ff, Taal Cool, RTHE] Heat, [HL 7] Alarm

ol ] Volis
g Milliamps

C=FFE O, Toal] Cool,
[RLCHE] Heat, [{FL " 7] Alarm

CafE Off, a1 PID
[oaoF] On-0ff

0 to 9,999.000°F or units
0 to 5,555.000°C
Units, 3.0°F or 2.0°C

CoFF]0f, —P. 41 PID
[angF] On-0ff

[oFE] Of, P11 Process Mlarm
HLHEL Deviation Alarm

0.001 to 9,5%9.000°F or units
0.001 1o 5555.000°C
Units, 1.0°F or 1.0°C

(=L Clase an Alarm
CHELa] Open on alarm

EZ-ZONE PM Express (PI0) + 25 =

Setup Menu
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To enter the Setup Menu ?ush and hold the
up and down arrow keys for approximately
J seconds. Once there, push the green
advance key to scroll through to the prompt
of choice and then use the up and down
arrow keys to change the range. At any
point within the Satur menu to return to the
default display push the Infinity © key.

Setup Menu
Lo Lockout Menu

L m] Sensor Type
I _a Linearization
—_EL] Thermistor Curve

=~ Resistance Range
grr] Decimal

L _F Display Umits

W L o) Range Low

=F_1 Range High

E a1l Function Qutput 1
CoEd Dutput Type

Ean Funetion Qutput 2
R Heat Algorithm

R Hysteresis {(Heat & Cool)
LA™ Cool Algorithm

CHEH Alarm Type

[CHEY] Alarm Hysteresis
[CHL T Alarm Logic

[—HI H] Alarm Latching

[CHEL | Alarm Blocking

[CH ] Alarm Silencing
[EJ=F] Alarm Display

Ramp Action

- E] Ramp Rate

ol ol Scale Low

2R 1 Scale High

@k ¢ 1 Power Scale High Output 1
@k o7 Power Scale High Output 2
4L fone Address

EZ-7ONE PM Express (PID)

Setup Menu

Display

Parameter Name Description

CHLH
[ALA]

Alarm Latchii
Tum alarm latehing on or off, & latched alarm
has to be tumed off by the user,
Appezars if: When alarm type is set to process
or deviation alarm

[AbL]

Alarm Blocking
Select when an alarm will be blocked. After
startup and/or after the sn_:t'ﬁ:llt changes, the
alarm will be blocked until the process value
enters the normal range.

Appears if: When alarm type is set to process

or deviation

[ASi]

Alarm Silencing
Tum alarm silencing on to allow the user
to disable the output tied (configured) to
this alarm
Appears if: When alarm type is set to process
or deviation alarm

[A.dSP]

Alarm Display
[hsplay an alarm message when an
alarm s aclive.
Appears if- When alarm type is set to process
or deviation alarm

[ P]

Ramp Action
t when the controller's set point will
ramp to the defined end set point.

Appears if: Always

[rr]

Ramp Rate
Set the rate for the set point ramp. Set the
time units for the rate with the Ramp Scale
parameter.

Appears if: Ramp Action is set to Startup, Set

Point or Both.

[5.Lo]

Seale Low Output 1
Set the scale low for process output in eleciri-
cal units. This value; in volts or milliamps, will
cormespond to 0% PID power output.

Appears if: Output 1 15 a Process set to heat
or cool

. Ph =

Setup Menu
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Range (Defaults are shown bold)

[z EE] Mon-Latching
CLHE] Latching

CoFF) Oif
CoE -] Startup
TEPE) Set Point
[EoER] Both

CoFF) D
Caalln

CaFE) Off
onalln

CoFF 0, CTE -] Starlup
[LEPE] Set Pomt Change, Eo E'R] Both

1.0°F degrees or units per hour
1.0°C

-100.0 to 100.0
0.0

EZ-ZONE PM Express (PID)

« 27 =

Setup Menu
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To enter the Setup Menu Fush and hold the
up and down arrow keys for '.-_ltﬁpmximatel},r
J seconds. Once there, push the green
advance key to scroll through to the prompt
of choice and then use the up and down
arrow keys to change the range. At any
point within the Eatur menu to return to the
default display push the Infinity © key.

Setup Menu
L or]Lockout Menu
L n) Sensor Type
L _a Linearization
[__EL] Thermistar Curve

[~ Resistance Range
@ LT Decimal

L _FlDisplay Units

W [~ Range Low

=R Range High

[Ea 1 Function Output 1
CoEd] Dutput Type

Eaon Funetion Output 2
R Heat Algorithm

[CREL Hysteresis (Heat & Cool)
—LET Cool Algorithm

CHEH) Alarm Type
[CHE YT Alarm Hysteresis
—HLT) Alarm Logic
[CHL H Alarm Latching
[CHEL ] Alarm Blocking
[CH ) Alarm Silencing
[EJ=F] Alarm Display

= Ramp Action

rr £ Ramp Rate

oL ol Scale Low

R 1 Scale High

ok ¢ 1 Power Scale High Output 1
@k o7 Power Scale High Output 2
CH4S ] fone Address

EZ-ZOME PM Express (PID)

Setup Menu

Display

Parameter Name Description

TR
[ S.h]

Scale High Output 1
Set the scale high for process output in ekec-
trical units. This value; in valts or milliamps,
will correspond to 100% PID power output
Appeais il: Dutput 1 15 a Process set to heat
or Coo

[e-hit]

Power Scale High Output 1

Set maimum value of output 1 range.
Appears if: Output 1 is Switched and set to
heal or eool

[o.hi2]

Power Scale High Ouiput 2
Set maximum value of output 2 range.

Appears if: Qutput 2 is Switched and sat to
heat or cool

o= 1 | Upper or Left Display
[PAr) Select parameter to display.
Appears if: Always
PHe | Lower or Right Display
[PAr2] Select parameter fo display.
Appears it Always
CAd% | £one Address - Standard Bus Com-
[Ad.S] | munication
Set zone address from 1-16.
Appears if: Always
» 28 » Setup Menu
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Laboratory Exercise 2

Hot Dog Counter

Introduction

Fred and Rudy are making hot dogs at the ballpark. Fred dispenses mustard and Rudy dispenses
catsup. A hot dog is not sold without each Fred and Rudy putting both mustard and catsup on

the dog. As each pushes the button for their ingredient, a signal is fed to the PLC for the action.
Either button may be pushed first.

Procedure

Design a program to count the total number of hot dogs made. Inputs should be wired to
contacts and labeled as mustard and catsup. A display is kept in the PLC showing up-to-date
counts of hot dogs made by Fred and Rudy.

To complete the lab, enter the program shown later in the lab into the PLC and wire the two
inputs.

Watch the count accumulate in the counter as the two buttons are pressed in any order.
Get a listing from the listing software on the programming software package.
The documented listing of the program may be used as the final lab report.

Wire the PLC to the inputs for this lab and to inputs or outputs for other labs per the diagram on
the next page.

The next page shows the layout of the PLC on the trainer and the PLC wiring schematic. To

wire the two inputs, wire through the two pushbuttons selected so that 24 volts is at the terminals
of 1/0 and 1/1 when the two buttons are pushed.

catsup mustard

8 1l
0

17



Enter the following 4 rung program in Siemens TIA Portal. Download and wire
the inputs.

c Hotdog c R b
atsup (Internal bit) atsup Remember

(Input) (Internal bit)
0
|| I

Catsup Remember
(Internal bit)

Mustard Hotdog Mustard R b
ustar (|nternal blt) ustar emembper

(Input) (Internal bit)
0
|| |

Mustard Remember
(Internal bit)

Catsup Mustard

Hotdog
Remember Remember Cat Mustard _
(Internal bit)  (Internal bit) (|ﬁ;:,{[‘)) (|l:1;3tr) (Internal bit)
| | 0
| | | | I |
Hotdog

(Internal bit)

| | Hot Dog Counter

The count of hot dogs made is found in the accumulated value of the counter.

18



To start, select from the screen TIA — Siemens.
A screen similar to the following will appear:

emens - C:\Usersiwevans\Documents\Automation\hotdogthotdog

Create new project
Migrate project

Close project

Welcome Tour

First steps

Installed software

Help

User interface language

} Project view

First steps

Totally Integrated Automation

Project: "hotdog" was opened successfully. Please select the next step:

Opened project: C:\Users\wevans\Documents\Automation\hotdog\hotdog

Configure a device

Write PLC program

Configure
technology objects

Configure an HMI screen

Open the project view

In the lower left, select ‘Project view’ and the following screen appears:

omhotdogthotdog

Project Edit View Insert Online Options Tools Window Help

Devices

~ 7] hotdog
ﬁ Add new device
gy Devices & networks
» i Ungrouped devices

5§ Securitysettings
|3 Cross-device functions
m Common data

[5]] Documentation settings

v v v

’—f@ Languages & resources
T‘ﬁ Version control interface

-

» [jgi Online access
» r\-_w Card Reader/USE memory

General

‘ﬂ Properties

Gf (Y seveproject i @b ¥ 325 (X =yt T MG E R & coonline i ¥ Gooffline fp [N [ 2 H 1] "

Totally Integrated Automation
POR

AL

Options

A | Find and replace

syse) kil

”:i.‘.lnfo y” ﬂ Diagnostics

sauelqr] E”

[ surppv |

v | Details view

No 'properties’ availabl

Mame
I Add new device
Eﬁh Devices & networks
[t Ungrouped devices
@ Security settings
[8 Cross-device functions
(4§ common dats
5[] Documentation settings
I

T
[0 5]

& lanouagec £

4 Portal view

le.

Mo "properties’ can be shown at the moment. There is either no object selected or the
selected object does not have any displaysble properties.

Begin with a new project and name it ‘Hotdog’.

19



From the upper left, select ‘Add new device’ and follow the selection screen as show below:

wevans\Documents\Automa

Project Edit View Insert Online Options Tools Window Help

o = - = om e - - —r N Totally Integrated Automation
Jf Al sovepojet & X 25 B X D22 GG B R F coonline ¥ cooffiine iz [ B 2 - 1] PORTAL

Devices Options

Add new device

&lse ) it

~ _] hotdog

& Add new device
y Devices & networks.

» [id Ungrouped devices

Security settings

Device name:

SLEL ] |

e

Z Device:
Cross-device functions 'rjl e 571200 [had
~ [ cru
Contrallers » [l CPU 1211C ACIDCIRlY
» [l CPU 1211€C DODCIDE
» [ CPU 1211C DCDCIRY
» [l cPU 1212 ACIDCIRlY

13 r\-_u CPU 1212C DC/DCIDC
Article na.: | |

» [ CPU 1212C DEIDCRly

I inci .
’—|General HM » [l CPU 1214C ACIDCIRl Version: [ =]

A r;u CPU 1214C DC/DCIDC

[g§ common data

[5]) Documentation settings

TV

rf@ Languages & resources

v [ & version control interface
» r"_a Online access
3 nj Card ReaderiUSE memary

Il 5557 214-14E300x80 Description:
~ | Details view No 'p Il sES7 214-1AG31-0XB0
. [ 557 2141 AG40-0%80
No b » [l CPU 1214C DOIDCRIY
PC systems » [l CPU 1215C ACIDCIRly
Name L

» [l CPU 1215¢ DC/DCIDC
» (@ cPU 1215¢C DC/DCRYY
» r\-_u CPU 1217C DC/DC/DC
» [@cPuizi2FcDaDane ||
» [ CPU 1212FC DUDCIRlY
» [l CPU 1214FC DCIDCIDC
» ([ CPU 1214FC DCIDCIRlY
» r\-_m CPU 1215FC DOIDCIDC
» [ CPU 1215FC DCIDCIRlY

» [l CPU SIPLUS I

Once selected, the screen will look like:

Project Edit VWiew Insert Online Options Tools Window Help

5 3 H save project M

Totally Integrated Automation

X O 5N E®E R § coonline 4¥ cooffline Sz MW ¥ <[] " PORTAL

Devices

Add new device

¥ _] hotdog
I Add new device

Device name:

al

Eﬁ-h Devices & networks PLC_1 r
» i Ungrouped devices

= —
P g Security settings ~ (@ Controllers ~ Device:
» ’Hﬂ Cross-device functions - l'jl SIMATIC 57-1200 [l -
» :’ Common data V'-_f]EPU "

= e
b 5| Documentation settings [ iDCN

Elﬂ g Controllers » [l CPU 1211€ ACIDCIRlY x
» g Languages & resources

» [l cPU 1211C DC/DCIDE
» [ cPU 1211C DCIDCIRY
» [l €PU 1212C ACIDCRlY
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Your screen will resemble the following:
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To change the ethernet port, click on the little green port on the processor. Change to
192.168.0.3.
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Next, find OB1 under Program Blocks and begin programming the application:
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Start the parallel path as follows:
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Finish the first rung and start the second one while still in Network 1:
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Keep going:
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Then add the counter:
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Compile, download and run:
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Siemens wiring of input 10.0 is below:
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Next, after seeing the counter count up, add a display:
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Substitute buttons for the two inputs and run the application using these buttons. Add the
counter to the screen showing active count.
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This time, don’t download. Rather, run the simulator from the screen of the computer. If
needed, see instructor for this step.

To show that you have completed the lab, get screen shot of counter with counter greater than 0.
Also, get screen shot of root screen with counter on it showing count greater than 0.
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Laboratory Exercise 3

Laser Accuracy and Calibration

Introduction

The accuracy and range of a laser sensor is established in this lab. The laser used is an
Allen- Bradley 45LMS. It has a range of about 8 feet. We will check accuracy with a yard
stick. Wewill take measurements multiple times over the range to check for accuracy of our

measured data.

Procedure

The laser will be removed but remain connected electrically to the stand. The PLC (Siemens S7-
1200) will be used as the data collection device. The computer will be attached to the PLC via a
coax cable and the Siemens program will display the raw data from the laser. This data will be

recorded and analyzed for accuracy.

Remove the laser from the tube carefully
anduse tape to affix it to the side of the
tube focusing downward.

Align it with the yardstick.

At 1 inch increments place a book or index
cardin the laser’s path and read the laser
output from the PLC. Record the yardstick
measurement and the laser output reading.

36in

35in

34 in

33in

XXXXX

XXXXX

XXXXX

XXXXX
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2in XXXXX
1lin XXXXX

Oin XXXXX

To read the values in the PLC, use the following instructions:
From the ‘Start’ button lower left, select ‘Siemens Automation’ and then ‘TIA Portal 16°. When
the Siemens program opens, choose ‘Create new project’ and enter a name and choose ‘create’.

Then from the lower left, choose ‘Project view’.

The following screen should appear:

74 Siemens - C:\Users\willi\OneDrive\Documents\Automation\Project1\Project1
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First choose ‘Add new device’, then ‘Controllers’, then ‘Simatic S7-1200°, then ‘CPU”,
then ‘CPU1214 DCDCDC?’, then the first choice — ‘1AE30’, then ‘OK’ (green button at
bottom of page).

From the right side of the page, choose ‘Signal boards’, then ‘AQ’, then drill down to the
board and drag it to the blank square space in the middle of the CPU at the center of the page.
This places the signal board chosen on the CPU itself. If your CPU does not have this separate
signalboard, skip this step.

Then click on the green square lower left on the CPU and at the bottom of the page, set
theEthernet address to “192.168.0.3”. Leave other ethernet settings as is.

Then right click on the CPU itself and choose ‘compile’. Then choose ‘download’. At this point,
wait for further instructions from the lab instructor.

Next, choose ‘Go Online’ from the upper bar. Choose the glasses. Choose ‘Watch and force
tables’, ‘Add new watch table’ and again, the glasses.

From the Watch Table, choose to watch location IW64. Enter this value in the table and
beginrecording the numbers as you move down the yardstick.

Provide 2 sets of data starting at the top and working to the bottom of the yardstick. Also
provide?2 sets of data starting at the bottom and working to the top of the yardstick. If there are
significant differences between top to bottom and bottom to top, hysteresis is a possibility.

Graph the data using either the EXCEL graphing program or using the regression analysis
package from the statistical add-in. In either case, find the slopes and y intercept of the line.
Find the maximum error of the data from the line for each set of data. Compare the four sets of
data. Determine if there were any outliers and if the laser inputs were linear and by what
percentof full scale.

The most straight-forward analysis of the data is to insert a chart in EXCEL. Highlight the
tableof x, y values and simply choose ‘Insert” and then under chart, the linear chart. A line will
be drawn connecting the points. If it is reasonably linear, then the function is linear.

Another choice is under the choice ‘Data’, then ‘Data Analysis’, then ‘Forecasting’. This shows
relative lines of high and low values the function can have.

A third alternative is the following — Linear Regression. This gives much more detail and may
require an additional upload of add-ons.

Discuss your results.

How to Perform Multiple Linear Regression in Excel
Posted by ‘Zack’ on https://www.statology.org
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Lab Exercise 4
Ultrasonic Sensor Accuracy and Calibration

Introduction

The accuracy and range of an ultrasonic sensor is established in this lab. The ultrasonic sensor
used is a Banner Engineering U-Gage S18U Sensor. It has a range of about 12 inches. We will
check accuracy with a micrometer dial instrument. We will take measurements multiple times
over the range to check for accuracy of our measured data.

Procedure

The ultrasonic sensor will not be removed but left as is and remain connected electrically to
the tank. The PLC (Siemens S7-1200) will be used as the data collection device. The
computer willbe attached to the PLC via a coax cable and the Siemens program will display
the raw data from the sensor. This data will be recorded and analyzed for accuracy.

The PLC (Siemens S7-1200) will be used as the data collection device. The computer will be
attached to the PLC via a coax cable and the Siemens program will display the raw data from
theultrasonic sensor. This data will be recorded and analyzed for accuracy.

To read the values in the PLC, use the following instructions:

From the ‘Start’ button lower left, select ‘Siemens Automation’ and then ‘TIA Portal 16°. When
the Siemens program opens, choose ‘Create new project’ and enter a name and choose ‘create’.
Then from the lower left, choose ‘Project view’.

To choose the correct processor, select the 1200 PLC again but instead of the 1214, select the
1215 DCDCDC. Then look at the tank you are using to find the firmware version. It will be a
large tag taped to the tank. It will say ‘4.2, 4.3 or 4.4’. Make sure to choose the correct
firmware or it will not load. Also, the signal board may or may not be present. It is not the
Analog Output board this time. It probably is the 5V Digital Input board. Please check before
proceeding. This will also cause your program to not load. Again, use IW64 as the input point.

Provide 2 sets of data starting at the top and working to the bottom. Also provide 2 sets of data
starting at the bottom and working to the top. If there are significant differences between top
to bottom and bottom to top, hysteresis is a possibility.

Graph the data using either the EXCEL graphing program or using the regression analysis
package from the statistical add-in. In either case, find the slopes and y intercept of the line.
Find the maximum error of the data from the line for each set of data. Compare the four sets
of data. Determine if there were any outliers and if the ultrasonic sensor was linear and by
what percent of full scale.
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Laboratory Exercise 5

The Traffic Light

Introduction

The use of timers is explored in this lab as well as interfacing of outputs, either to the colored
lights on the interface board or using the HMI to simulate these lights.

Procedure
A traffic intersection has the following three lane assignments:

East-West Thru

North-South Turn
North-South Thru
East-West Thru Direction

" Neorth-South
Thru and Tumn

Directions

Two sets of traffic lights are found for each turn direction although the lab uses only one set.
Each turn direction has a set of three lights as follows:

@ -
Q Yellow
. Green

Although traffic intersection logic tends to be very complicated in order to provide fool-proof
operation of the traffic intersection, a simplified chart of the operation of the lights can be used to
program the lights and operate the intersection. Each interval is an interval of time and after the
last interval, the process repeats from the top. The intersection’s operational chart:
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Interval N-S Thru Lane N-S Turn Lane E-W Thru Lane
1 Green Red Red
2 Yellow Red Red
3 Red Green Red
4 Red Yellow Red
5 Red Red Green
6 Red Red Yellow

This lab consists of programming the nine lights to cycle through the proper sequence to control

traffic flow at the intersection described above.
A helps program can be found accompanying this lab to start the process of setting up timers,
especially to cycle and repeat a sequence.

The wiring of the outputs to the lights can be accomplished using the following interface board:

g

\.

Front side of New Pushbutton Stations
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-
X1
Normally e 240r12V
Closed LED
Contact . N
X2
4
-
X1
Normally N 240r12V
Open ‘{ LED
Contact v N
X2
4

Back side of New Pushbutton Stations

Wiring for the lights and pushbuttons can be found on the following diagram.
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Or the student may choose to ‘wire’ the output lights using an HMI panel running in the virtual
mode. If you choose to wire the outputs as shown above, the addresses for the output coils
below need to be changed to actual outputs starting with Q0.0 and going through Q1.0.

Programming of the lights is below:

%DB7 %WB8
“Time_1" “Time_2"
TON TON
“Time_6".Q Time Time
—/F—mn Q N Q
T#55 — PT ET T#5 PT ET i
%WB10 %WB11
“Time_4" “Time_5"
TON TON
*Time_3".Q Time Time
—— ——m Q IN Q
T#5S PT ET T#5 PT ET T#
WMo .0
“Time_1".IN “Time_1".Q “N_S_Green"
] 1 ] i 1\
1T l/: LI
MO 1
“Time_2".IN “Time_2".Q "N_S_Yellow"
] 1 ] [ 1\
11 l/: L |
%MO0.0 MO .1 MO 2
"N_S_Green” "N_S_Yellow" *N_S_Red"
l l I 1
l/= l/= \ T
%m0 3
"Time_3".IN "Time_3".Q "E_W_Green"
] L ] { 1\
1T l/‘l L
MO 4
"Time_4".IN "Time_4".Q "E_W_Yellow"
1 1L ] { 1\
11T l/‘l L
WMo 3 WMO 4 MO 5
"E_W_Green" "E_W_Yellow" "E_W_Red"
] ] { 1\
l/: l/: LI
MO 6
*Time_5".IN Time_5".Q *Turn_Green"®
] L ] { \
1T IA L S )
WMO0.7
“Time_6".IN Time_6".Q “Turn_Yellow"
] L ] { )
1T l/‘ \ 7
%O .6 MO0.7 %M1.0
“Turn_Green" *Turn_Yellow" “Turn_Red"
] ] { )
l/‘ IA \ 7

IN

IN

B9
“Time_3"
TON
Time

Q—|

ET

““DB12
Time_6"
TON
Time

Q—

PT ET

If you choose to use lights programmed on a screen, the following will help. You will not be
required to connect to an actual HMI panel but rather use the virtual screens associated with the

TIA software that run on the computer.
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Addition of the HMI used in the labs:

Project tree LN ( Add new device

- [ Hw
- [ SIMATIC Basic Panel
» EB" Display
» Ed—" Display
- E &" Display

£l KTP600 Basic DP

[C]) KTP&00 Basic DP Portrait
"M

£l KTP600 Basic PN Fortrait

£ KTP600 Basic mono PN

[C]l KTP500 Basic mono PN Portr...
» E 10" Display
» E 15" Display

gy Devices & networks
» (1§ PLC_1 [CPU 1214C DC/DC/DC]
» [g§ common dats
» @ Documentation settings
] [i Lenguages & resources
» [1 Online access
» (57 SIMATIC Card Reader

The HMI Device Wizard:

Project tree X lardware catalog
Devices

EOQ

i ;zvmjm
oy Devices & nerworks
» (3 PLC 1 [€PU 1214C DEDCIDC] PLC connections
» [ HMI_1 [KTP600 Basic PN]
» [§§ common data
» [5]) Documentation settings
» [@ Languages & resources
» [} Online access
» [ SIMATIC Card Reader = i
~ [ AQ1 x12 bits
[l sEs7 232-4HA3
b [l Communications board:
I [l Batrery board

‘CPU 1214C DCIDCIDC

Keep answering Next>>
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HMI Device Wizard: KTPeOO Basic PN

PLC connections

i - SIMATIC 57 1200

FROFINET (X1}

Keep answering Next>>

Project tree ard: asic PN

* Devices & networks
» [ PLC_1 [€PU 1214C DE/DCIDC]
» [ HMI_1 [KTP60O Basic PN]
» [gh Commen data Screen layout
b @ Documentation settings
» Ei Languages & resources

» ﬁ Online access

b [ SIMATIC Card Reader
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Project tree

By Devices & networks
» [ PLC_1 [CPU 1214C DODCDC]
» [ HMI1 [KTP600 Basic PN]
» m Common data
» [5]] Documentation setmtings
3 [i Languages & resources Alarms
3 Q Online access
b [ SIMATIC Card Reader

Project tree

iy Devices & networks
» [ PLC_1 [€PU 1214C DODOIDE]
» [ HMI_1 [KTP600 Basic PN]
3 m Common data
2 @ Documentation settings
» [i Languages & resources
4 [i Online access
» [ SIMATIC Card Reader Screens

Keep answering Next>>
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Project tree izard: KTP6 OO Basic PN

;I-. Devices & networks
v [ PLC_1 [CPU 1214C DODOIDC]
» [j HML1 [KTPS0O Basic PN]
3 m Common data
2 @ Documentation settings
] [i Languages & resources
3 [i Online access
» (i SIMATIC Card Reader

System screens

Project tree izard: KTP60O0 Basic PN

iy Devices & networks
» [l PLC_1 [CPU 1214C DG/DC/DC]
» i HMI_1 [KTP600 Basic PN]
» m Common data
» [5]) Documentation settings
] [i Languages & resources

3 [a Online access

» [ SIMATIC Card Reader

Buttons

Then Finish

From the Devices and Networks choice in the Project Tree:
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mens - MyProject

Project Edit View Insert Online

Y seveproiect 8 X 181

‘Options

Tools

Devices

vindow  Help

G M E R § coonline F coofiline. B, I8 [ 2 ||

Totally Integrated Auton
|

Options

ﬁMd new device
g%p, Devices & networks
» [ PLC_1 [CPU 1214C DC/DCIDC]
» [ HMI_1 [KTP600 Basic PN]
+ (4§ Common dats
» (5] Documentation settings
» [ Languages & resources
» [ig Online access
» (5 SIMATIC Card Reader

SIEMENS | : SORERRRORE P =i b zu
Gy - [ROOtETEEN 10:59:5804M

ERREY RS R N R

[<]

EYY5) @ il
|~ | v | Basic objects
~ | ] MyProject

X N
[aa]

+ | Elements
N TR

ki

- ~ | Controls
|gPererties ||1'.Info y"ﬂ Diagnostics ‘ :I Q o o ﬁ
Properties || Animations || Events | L 'W
General kel
General . .
Layers " Settings Tooltip L
Name: |Rootscreen | ‘

—_—r—

Choose Devices & networks

Devices

MyProject » Devices & networks

OO

+ ] MyProject
B Add new device
ﬁﬁh Devices & networks
- 5 PLC_1 [CPU 1214C DC/DC/DC]
[h‘ Device configuration
% Online & diagnostics
» 5 Program blocks
» [ Technology objects
» External source files
» [g PLC tags
» [ FLC data types
==\ Watch and force tables
Program info
E] Text lists
» 5 Local modules
~ [ HMI_1 [KTP600 Basic PN]
[h‘ Device configuration

% Online & diagnostics
T Runtime setings
» E Screens
b r_]i] Screen management
» [g HM tags
24 Connections
9 HM alarms
ﬁ Recipes
E Scheduled tasks
}:_dTexland graphic lists
i?]' User administration

% Netwark

PLC_1
CPU 1214C

HMI_1

KTP&0O0 Basic PN D

TPNIE 2 |
PN/IE_2

<] I

|5"" Topology view ||ﬁgh Network view

Connecion: FELY

¥ Device view

H

|§ Properties

||"_i.‘.lnfo y"ﬂ Diagnostics |

General

General

Ethernet addres_..

b Advanced
Time synchronizm... 4

IP protocol

Subnet mask:

@ Set P address in the project

IPaddress: | 192 . 168 . 0

255 . 255

255 .

21

0

and set up both the IP address and Subnet mask for the PLC as well as the HMI.

Set up the IP address of the PLC to 3 (192.168.0.3, 255.255.255.0).
Set up the IP address of the HMI to 5 (192.168.0.5, 255.255.255.0).
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Project tree ..Jject » HMI_1 [KTP600 Basic PN] » Screens * Screen_1 — i B X Toolbox
Devices Options
) F[[-]B I USA:s=: Asgos s |2 L E

!f Device configuration
E Online & diagnostics
» EEI Program blocks
] I:-i Technology objects
4 External source files
» (o PLCtags
» (g PLC data types
» Watch and force tables
@i Program info
Fg Text lists
» [i Local modules
+ [ HMI_1 [KTPG00 Basic PN]
[I§ pevice configuration
4/ Online & diagnostics
1 Runtime settings
- Screens
“5 Add new screen

F | Rootscreen
[ screen_1
] Screen management

» (2 HMitags

%24 Connections

4 HM alarms

o Recipes

5] scheduled tasks

@ Text and graphic lists

i? User administration
4 Iii Common data

To add a new screen, double click on “Add new screen” in the Project Tree.

& Properties

J Properties " Animations || Events |

%) Info @)|| % Diagnostics

General

Settings

Mame: |Screer1_1

Background color: [_|[~]
rid color- ]

FUNR P ral

+ | Basic objects

/S @ @

To begin a design, select a button from the Elements Toolbox at right. Drag the button onto the screen.

0 4 Project26 » HMI_1 [KTP600 Basic color PN] » Screens » Screen_1

- il B X Toolbox

Options

~ () HMI_1 [KTP600 Bas...
BY Device configurati..
%/ Online & diagnost.
Y Runtime settings
= Screens

& Add new screen

]

» [ Screen managem..
» g HMItags
z Connections
£4 HM alarms
& Recipes
5] scheduled tasks

Visualization

B[ B[ [JBIUSA:E: A:psds

SIEMENS

| Events

—: Mrs Sshlsms IR 2NE |

o IFN

| Basic objects

/@M A

1oy 'a.] xoqjoo =)

« %, Displa
B Display Address:

P [Renge

|<:Mdnew>

nonnsul k| anoae]

Create a second screen and use the circle object to create a screen resembling the above.



Then in each light, animate the light by tying the circle to an output from the PLC. If the bit is
off, identify the color as black. If the bit is on, identify the bit by the color of the light that
makes sense - Red, Yellow or Green.

When done, download the PLC program but not the HMI program. Run the PLC program and
verify that the timers are actually moving the outputs associated with the various lights.

Compile the HMI:

Run the HMI program using the virtual tab shown below (will turn blue when able to run):

pd

——i X D Az 5 :ﬂ m E.] Er ,)f Go online “;? Go offline é‘? 1 } X :I i
Project26 » HMI_1 [KTP600 Basic color PN] » Screens » Screen_1

Virtual HMI tab

The screen will show the outputs of the various lights.

To complete the lab, either a screen shot of the HMI panel with lights changing will suffice or a
selfie with the wiring of at least three lights working is acceptable.

Also, a short commentary on the use of timers is required. As you look at the timers working,
what does the logic show that allows the timers to run?
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Lab Exercise 6

Ball and Tube - Parameter Scaling and PID Tuning Effects

Introduction

In a previous lab exercise the linearity of the laser distance sensor was explored and verified.
This follows up exercise will put the data from that sensor to use in a closed loop PID control
system. In this lab you well set up the PLC control system to interpret the raw sensor data in a
meaningful way and explore how the Proportional, Integral and Derivative terms contribute to
the overall stability of a controlled process.

Hardware Setup

For this lab you will be using the same Ball in Tube trainer from Part 1. Instead of beginning
with a new program and using the Watch Table to observe data, this time the HMI screens will
be used in the simulate mode. There are two screens which can be toggled from one to the other
using the F1 key.

Devices

Y El=

_Wi Program info
] PLCalarm text lists
[ Local modules
w [} Ball_in_Tube_HMI [KTP600 Bas_..
u'f Device configuration
W online & diagnostics
Y Runtime settings
~ [A Screens
B Add new screen
¥ | 11-Ball Home
[] 12-Ball Setup
» E Screen management
13 E HMI tags
‘Za Connections
4 HM alarms
o) Recipes
5] Scheduled tasks
L Textand graphic lists
i‘;’,’ User administration

-

This screen is called ‘Ball Home’ and is used to toggle between auto and manual as well as
choosing of the POT or data entry from the screen.

The second screen seen below is used for setup of the initial parameters. Remember that you can
toggle between the two screens by using ‘F1°.
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Ball_Tube_23 » Ball_in_Tube_HMI [KTP600 Basic color PN] » Screens » 12-Ball Setup

Devices
i (=2 | B[] BT USAtE:s Az s T — By

-

SIEMENS
o8 Program info
Z] PLC alarm text lists
» [ Local modules
|C Ball_in_Tube_HMI [KTP600 Bas._.. S ooooo i An_':.:'\,_l 00000

Y Device configuration E
. i i SCALED PARAMETERS §
'/ Online & diagnostics

1 Runtime settings H:i'g':..
7 rﬂ Screens
wt Add new screen
F ] 11-Ball Home

LIVE DATA B SCALING PARAMETERS [RS8

Maxn
Analog Yal 00000

[] 12-Ball Setup

» [ Screen management
» |3 HMitags

®24 Connections

£ HMI alarms

& Recipes

5] scheduled tasks

{;_.i Text and graphic lists

i"i User administration

e Previous labs may have altered the placement of the laser head. Ensure the laser is
looking down the tube, with the laser spot centered on the top of the ball from a top-
down perspective.

e Ensure the ruler’s 0 mark is aligned with the top surface of the ball with the ball at rest in
the bottom of the tube. The laser is observing the balls top surface as its measuring point.

e After loading the program Ball_Tube 23 from the website, compile the PLC program
and download it. To do this, you must have the PLC program displayed or cursor over
the PLC in the Devices & networks page. Double click on the PLC, then right-click in
the gray area of the PLC and choose compile, hardware and software. Let the program
compile. Then choose download and follow the directions for downloading the program
to the PLC as you have in earlier labs. This time, however, there is a program to
download, not just an empty shell.

1: click on Devices & networks
2: double click on Ball Tube PLC
3: Right Click to compile and download

7] Ball_Tube_23 /

K’ Add new device /
N A 5 Ballin_Tube_H_.. BallTube_PLC
b 8 Ballmibe_PLC [CPU 1214C DG e » s
» (4 Ball_in_Tube_HMI [KTP600 B_.

» [id Ungrouped devices
» 5§ Securitysettings
» I;E Cross-device functions ’W‘
» [g§ Common data
» r:_[ﬂ Documentation settings
» [ Languages & resources
» EE Version control interface
+ 4@ Online access
' Eﬁ Card ReaderiUSB memory
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After the program is downloaded to the PLC, position the cursor over the HMI portion of the
project tree on the left side. Click on the blue RT (Run Time) tab just left of the orange Go
Online button (Blue button in circle).

To run simulation of HMI, click this blue
button while the project tree at left shows
the HMI program expanded.

U Siemens - C:\Users\willitOneDrive\Desktop\Ball_Tube_23\Ball_Tube_23

Project Edit View Insert Online Options Tools Window Help
Gy H saveproject @ ¥ 22 3 X D :x 7 M - & Goonline ¥ Goofiline  J2 A IB 2 |
Ball_Tube_23 » Ball_in_Tube_HMI [KTP600 Basic color PN] » Screens »

Devices

EL]

» [} Device proxy data ~
Hes Program info
E] PLCalarm text lists
» (@ Local modules
+ [ Ball_in_Tube_HMI [KTP600 Bas..
IIY Device configuration
&) Online & diagnostics
Y Runtime settings
— _r|j Screens
I Add new screen
¥ | 11-8all Home
[] 12-Ball Setup
» _rm Screen management

1

» :a HM tags
%24 Connections
4 HM alarms
& Recipes

] scheduled tasks

Now you are ready to run the PID process from the simulation HMI panel. You can toggle
between the two screens using the F1 button at the bottom of the screen.

Scaling The Process

One of the first things a PLC engineer needs to do when programming a system is understand
how the various sensing devices employed provide their data to the PLC, and how that data
relates to the real-world quantities being measured. As you will have learned in class, sensors
typically provide their data in 3 ways; A 0-10V signal, 4-20mA signal, or Pulse Train. For the
trainers being used in this lab, the laser head is a 4-20mA device being interpreted as a 0-10V
device through use of a voltage divider. While this isn’t strictly important, as you saw
previously the PLC only understands this data as a raw integer value between 0 and 27648 — it
has no concept of how this relates to a real-world value. Its up to the system engineer to give it
that insight. For now, when in auto or manual, set the screen/POT button to screen. We will use
the POT button later with the potentiometer.

To run this process the PLC needs 4 important pieces of information. The Minimum analog
value from the laser head and its corresponding ball height in inches, and the Maximum expected
analog value and its corresponding ball height in inches. For this lab the PLC assumes the
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minimum ball height is zero inches corresponding to the ball at rest, the remaining 3 quantities
need to be entered manually in the “Setup” screen (Which can be accessed by pushing F6). To
accomplish this, follow these steps:

1. With the system in Manual mode at 0% output, enter the current raw analog value in the
“Min Analog Val” field and record this value for your lab.

2. Set the fan output to 100%. Enter the new raw analog value in the “Max Analog Val”
field.

3. The maximum height is already inserted in the program as 36 inches. This field is fixed.

4. Set the fan output back to 0% and record your found values for your lab report.

Question: If the laser measuring device was found to be non-linear, how might this affect the
PLC’s ability to interpret the sensor data using this simple 2-point approach?

Exploring PID and System Stability

Now that the PLC can interpret the raw sensor data properly the process can be run. Normally
the controls engineer would need to “tune” the system response to provide accurate control. In
this case that procedure has already been done and the controller is pre-loaded with good PID
parameters. Instead in the following steps you will be deliberately de-tuning the PID controller
and observing how each parameter contributes to the stability of the process.

¢ In the following steps changes you make to the PID parameters are applied immediately,
however the change in system stability may not be immediately apparent.

e Should the system become unstable, reset the PID values with the “RESET PID” button
between steps. The changes to the system are best observed when the system is initially
in a stable condition.

e Before the following steps, switch the controller into “AUTO” mode and try entering in a
few setpoints to familiarize yourself with how the system behaves with good PID
parameters. Feel free to experiment!

e If you are working in a group, all group members may utilize a single set of HMI pictures
for each members respective lab report.

Proportional

Start with the system in AUTO mode, using the known good PID parameters. Enter a lowish
setpoint of your choosing (10in for example) and do the following:

1. Reduce the Proportional value to 2.0. Observe and write down any changes to the
systems operation for your lab report.

2. Enter a higher setpoint (20in for example). Observe how the system behaves and write

down the behavior for your lab report. Using a cellphone, capture an image of plotter

area showing the setpoint change and following behavior.

Press the “RESET PID” button and allow the system to settle.

4. Once more reduce the Proportional value to 2.0

W
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5. Enter a lower setpoint (10in for example). Observe how the system behaves and write
down the behavior for your lab report. Using a cellphone, capture an image of plotter
area showing the setpoint change and following behavior.

e Repeat the above procedure, but substitute Proportional values of 1.0 and eventually .3
Integral & Derivative

As you will have learned in class, the proportional value in a PID controller is merely a measure
of the difference between Process Value and Setpoint, but what exactly are these Integral and
Derivative terms? Well, it’s not just control system witchcraft. In PID systems the Integral and
Derivative terms are being taken with respect to time. In effect, this allows the control algorithm
to factor in the state of the system in the past as well as attempt to predict the state of the system
in the future.

The Integral and Derivative terms often correspond to real-world values, although they may not
necessarily be visible to the human eye. In the case of the Ball-In-Tube system, the Proportional
term is the balls Displacement. Taking the Integral of a Displacement with respect to Time
results in a quantity known as Abasement, a measure of sustained displacement of an object
from its initial position; or in more simplistic terms, a measure of how far away and for how
long. Taking the Derivative of a Displacement with respect to time results in the balls Velocity.

Integral

Start with the system in AUTO mode, using the known good PID parameters. Enter a lowish
setpoint of your choosing (10in for example) and do the following:

1. Reduce the Integral value to .75. Observe and write down any changes to the systems
operation for your lab report.

2. Enter a higher setpoint (20in for example). Observe how the system behaves and write

down the behavior for your lab report. Using a cellphone, capture an image of plotter

area showing the setpoint change and following behavior.

Press the “RESET PID” button and allow the system to settle.

Once more reduce the Derivative value to .75

Enter a lower setpoint (10in for example). Observe how the system behaves and write

down the behavior for your lab report. Using a cellphone, capture an image of plotter

area showing the setpoint change and following behavior.

e Repeat the above procedure, but substitute Integral values of .45 and eventually .1

ok w

Derivative

Start with the system in AUTO mode, using the known good PID parameters. Enter a lowish
setpoint of your choosing (10in for example) and do the following:

1. Reduce the Derivative value to .100. Observe and write down any changes to the
systems operation for your lab report.
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2. Enter a higher setpoint (20in for example). Observe how the system behaves and write
down the behavior for your lab report. Using a cellphone, capture an image of plotter
area showing the setpoint change and following behavior.

Press the “RESET PID” button and allow the system to settle.

Once more reduce the Derivative value to .100

Enter a lower setpoint (10in for example). Observe how the system behaves and write
down the behavior for your lab report. Using a cellphone, capture an image of plotter
area showing the setpoint change and following behavior.

ok w

e Repeat the above procedure, but substitute Derivative values of .05 and eventually 0
Other Modes

In auto, switch to POT. Turn the potentiometer. Notice that the system tries to stay up with your
change. It does so in an automatic mode. This mode is sometimes referred to as Remote or
Cascade. The output tries to follow the wishes of the potentiometer (process) as close as
possible. As a process goes faster or slower, so does the height of the ball go higher or lower.

Now switch to manual and POT. In this mode, you are in control of the height of the ball. See if
you can keep the ball at a constant height. Is this possible? You control the output % on of the
fan through the potentiometer. Picture yourself doing this for 10 minutes/an hour? Can you see
the importance of the auto control of the PID algorithm. Comment on both of these modes.

Early in the semester, the example of flying a plane was first invented without auto control of the
level of flight. How could a pilot have controlled the height of his airplane without constantly
moving the stick controlling height? He couldn’t. He need a controller similar to the PID
controller in this lab to aid in his control. Thus the Curtis flying controller.

Closing

Hopefully this lab exercise has given you some insight into exactly how the Proportional,
Integral and Derivative parameters contribute to system control and stability. For your lab report
be sure to answer any questions posed during the lab procedure. Again, if you are working in a
group, all group members may utilize a single set of HMI pictures for each members respective
lab report.
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Laboratory Exercise 7
Tank over Tank - Loop in Loop

Introduction

In this lab demonstration we will be exploring a unique application of PID control devices. In
prior exercises you experimented with the most common application of PID control, where a
single PID controller gets input from a sensing device and provides control over an actuator or
output device. PID control is not limited to this kind of application. In this demonstration, we
will be exploring another application: cascaded PID control.

In a cascaded system multiple PID controllers can be tied together so rather than having a control
flow of Sensing Device — PID — Actuator Device, we construct a system with a Sensing
Device — PID — PID — Actuator Device. Theoretically, any number of PID instances could
be chained together depending on the process being controlled.

The Tank-Over-Tank trainers operate using a cascaded system. In these trainers the goal of the
control system is to maintain the water level in the uppermost tank at a preset value, to do this
two PID control loops are used. The outermost PID loop monitors the water level in the upper
tank using an ultrasonic sensor and provides a flow setpoint to the inner PID loop. The inner
loop monitors the flow provided by a small DC pump using a turbine flow meter and provides a
flow of water to the upper tank as demanded by the level control loop.

Sensor Data Scaling

Just like the ball-in-tube lab, the PLC needs environmental context to control the process since
the sensors only provide a 0-10V signal, or a pulse frequency. It needs some scaling parameters
to linearize and map the raw data to real-world quantities the sensors measure.

However, cascaded systems provide a unique controls challenge since the PLC’s ability to
control the water level in the upper tank is directly dependent on its ability to control the flow
provided by the pump. This means that the control loops need to be set up and tuned from the
innermost loop outwards.

Water Flow Control

Since the Flow PID loop is the innermost loop, it needs to be set up and tuned before any work
can begin on the Level Control PID loop. The sensor used to measure the water flow provided
by the pump is a Turbine Flowmeter, a new sensor device you probably have not seen yet. These
sensors provide a “pulse train” output where the frequency of the pulses (in Hertz) is correlated
to the fluid flow through the sensor.

Similarly to the other labs, to enable the PLC to convert between Frequency and Gallons Per
Minute, it needs two points to map the sensor data. The minimum and maximum flows in GPM
the sensor is rated for, and the correlated pulse frequencies. For these sensors, rather than
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finding these two points experimentally, we can simply use manufacturer provided
specifications.

Water Level Control

Once the PLC can accurately control the flow provided by the pump, the outer water level
control loop can be set up. Just like the ball-in-tube labs, a displacement is being measured here
— however in this case an ultrasonic sensor is being employed rather than a laser. For the PLC to
make sense of the analog data it still needs the same two data points: the analog value
corresponding to the tanks bottom, and the analog value correlating to the tank being “full”.
Because the water level control loop is providing a setpoint to another control loop rather than an
actuator it also needs one extra piece of information: the maximum water flow rate it can demand
from the water flow control loop.

Specifications for Instruments

GEMS SENSORS

Flow Rate Sensor, 3/8 MNPT, 0.2 to 2.0
GPM

Zoro #: G0875935  Mfr #: FT-330, 226000

0 Oreviews Write a Review

Key Features

Type: Turbine

Length (In.): 2 15/64 in

Flow Range (GPM): 0.2 to 2.0

Max. Voltage: 24

Output Frequency (Hertz): 34 to 343

Burst Pressure (PSI): 1,000

R 1ded Filtration (mi ): Less Than 50
Max. Viscosity (SSU): 32 to 81

S18UUAQ BANNER ENGINEERING ULTRASONIC, VOLTAGE QD SENSOR

- Price: $285.00
EANINIEIERY
Manufacturer SKU: S18UUAQ

Manufacturer ID: 02700

« " This item qualifies for
FREE SHIPPING over $300!

> Availability: Usually Ships in 3 to 5 Business Days
Part Number: S18UUAQ
i o Qty: 1
ADD TO CART

S18UUAQ
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Download the Program

After loading the program Tank_Over_Tank_23 from the website, compile the PLC program and
download it. To do this, you must have the PLC program displayed or cursor over the PLC in
the Devices & networks page. Double click on the PLC, then right-click in the gray area of the
PLC and choose compile, hardware and software. Let the program compile. Then choose
download and follow the directions for downloading the program to the PLC as you have in
earlier labs. This time, however, there is a program to download, not just an empty shell.

After the program is downloaded to the PLC, position the cursor over the HMI portion of the
project tree on the left side. Click on the blue RT (Run Time) tab just left of the orange Go
Online button (Blue button in circle).

Now you are ready to run the PID process from the simulation HMI panel. You can toggle
between the two screens using the F1 button at the bottom of the screen.

Setting up the PID Time Base

The following screen shows the setting of the Object Block used for programming the PID
algorithm. This is OB 30 and its settings are:

General “ Texts I

General

General

Information
Time stamps

Cornpilation Mame: ‘ Cyclic interrupt
Protection

Constant name: ‘ OB_Cyclic interrupt

Attributes
Cyclic interrupt

Eventclass: \Cyc\ic interrupt

|
|
Type: OB |
|
\

Language: ‘ LAD [v
Number: ‘ 30 El
() Manual

(s) Automatic

. EEEYS |

The time base for the application is 1 second or 1000 msec.

Cyclic interrupt [OB30]

JGeneral “ Texts |

General L.
Cyclic interrupt

Information

Time stamps
Compilation Cyclic time (ms): | 1000 |
Protection

Phase offset{ms): |0 |

Attributes

Cyclic interrupt

55



Input/Output Wiring Diagram

24 0
VvDC VDC

i

]

Red pulse lead from Flow Meter

Red pulse lead from first drain meter
Red pulse lead from second drain meter

L+MGL+MIMO0O 1.2 3 456.7.0.1.2.3405

24VvDC 24VDC Dla DIb
Input Output
Input Wiring
DQa DQb

Output Wiring

L+M0.1.23456.7.0.1

000000000000

> § 4.7K

%m

=
o

24V —

To PWM on MD20

U-Gage
+24V Brn —
ov Blu —
Wht
Blk ———
Shld —
ov
2M 0 1
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The Program

The following is the OB 30 program. We need to look at it to discern what is actually happening

in the PLC.

e MaC Ay

5UB
Auta(in® MOVE
EN — ENC BN — ENC ——
%IWw1002 =MW1 80 %Iwi002 ®=MW178
“Pulze Raw OnT Ny OUT —"Pulss This_San” "Pulzs Raw CnT __IN &k QUTT — Pulse Rawy LacT
EMW178
"Pulze Raws Lazt _ IN2 NORM_X SCALE_X
Int & Rl o Rl
& M186.1 EN ENC EN B J
“Flae 1007 MOVE %MW24 QUT —ZFlaw Nam LD —MIN %MD2
_L/|—m — BNO— “Flae Min™ __MIN 2Flay Nam — WVALUE oUT —"Flaw PV
S0—IN %MD30 %MW1 80 T max
= oum “Man_Fi_v" “Pulza Thiz_Zan™ —VALUE
%MW2E
% M186.1 R TV
“Flaw 100 MOVE
_| |—Bﬂ — BENO —
100.0 —IN % MD30
3 OUT1 “Man_Fi_V"
%DB3
" Flow_Rate”
PID_Compact
&t
EN ENO ——i
%MD16 caledinput — 0.0
“Flow, 5P —{ Setpoint %MD66
%MD2 Output “ Level_Output”
*Flow_PV" Input Output_PER | °
% —iInput_PER Output_PWM —i2/2
0.0 4 Dist . Setpointlimit_
—|;
%M186.2 sy
- . S etpoin it L
Mzan_Mode" — ManualEnable
Ho—
%MD30 =
“Man_FI_V" i ManualValue = )
£ - 2 %MW22
State |— " Flow_State’
Ermror
%MO0.4 g o
- rrorBi b#0U
Mode Change’ — ModeActivate
%MW64
“state Leved” i Mode o
NORM_X SCALE_X
Rl b Rl Rei @ int
- -
©oMIN %MD6 MIN %OW1000
f— QUT —"Lad O Nam' % MDE QUT —"Lai_PVAL
“Lael_OulouT _ VALUE “Las_O_Nom’ __ VALUE
0.0 — max ! MAX
NORM_X SUB SCALE_X %M186.0
Int & Red Rl © Rl “Run” MOVE
N BN — ENC BN 11 B — ENG ———
MW 82 %MD104 o LMD L %MD108 N %MD108
“Lad_Min” —MIN oUT — L=l In” % MD104 oUT e %MD104 QT —Laa” W OUT) —"Lae”
%IW6d L ] e in”  VALUE
“Analag Input O VALUE 1000 MAX
%MWIB
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s Le”  Mode

%DB1

RECILE
PID_:
ol 1
EN ENG ———
%MD118 Saledinpul —C.C
“Las_ P Spant %LMD114
%MD108 Outpul —"Flan A7
“La=” Input Cutput PER —°
7 — Input PER Output P — %= ==

0.0 —Dizturbancs Spantimit

%M186.2 g
ZoantLimi falz=
“Man_Md — al a ZpaniLimit L —1'
Input¥&ming H —'=' =
%MD174 : o
"Lew_Man s Vadtin Inputi&rning L —{%aiz=
o % MW20
et
L Les Tt
Tz Rt Tk 3 =
%MO.4 f——
"Mate Change’ | — ErraBit 1530
% MW64

NORM_X SCALE_X
Int o Rl sl o Rl
BN ENG EN ENG 1
S MIN %MD 2 G0 —mN LMD
%MD114 OUT —“Flaw N D12 oUT _"Flon T
“Fla A _pWALUE Flaw N° __ VALUE
100 A 1000 — Ax
HMI Panel

The following is the HMI Panel for setting up and operating the Cascaded PID Blocks. There
are instructions on the panel giving steps to properly set up the range for the flow meter and the

level gauge.

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A o A Ao A A IS

T
104729 4N 1023:39 oM

T T
102300 oM 1028:19 oM
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On the next page is shown the instructions on the HMI for proper start-up of the ranges before
going to Auto. When Run is toggled, the program runs the PID blocks in auto with the output of
the Level PID block producing the setpoint of the Flow PID block.

SCALING PARAMETERS

M
Analog val

00000
Max
Analog Val Ly

Analog Val al ale.d)

Flow 0%
Flow 100%b0

SCALING PARAMETERS

Min

Analog Val Loy

MMax
Analog Val wEelLy)
FEVURYEFEN  +00000

000.00
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System Operation

Now that the two control loops have been provided the data necessary to operate, they can be
run. Observe the way the system behaves during the demonstration, take notes where necessary
and answer the following questions:

1.

If both drain valves are closed, how does the system behave as the water level in the
upper tank approaches the setpoint.

2. Once the water has reached the setpoint, how does the system behave if one of the drains
is opened partially?

3. How does the system behave when the partially opened valve is opened further?

4. With the water level in the upper tank at the setpoint level and both drains closed, how
does the system behave when:

a. The setpoint is decreased below the current water level in the upper tank

b. The setpoint is increased above the current water level in the upper tank

5. The faceplate for the Flow Control Loop provides the ability to run the PID loop in both
its automatic mode where a Flow setpoint in GPM, or its manual mode where the pump
speed can be directly controlled by entering an output percentage. However, the Water
Level Control loop has no ability to be run using a manual output percentage. Why is
this?

6. How does increasing the cycle time of the Flow PID loop affect overall system
stability? Why does it have this effect?

Questions

1. Which control loop would need to have its PID values tuned first? Why?

2. Why does the level control loop need to be provided with the maximum flow rate the
pump can provide?

3. FT-110 Turbine flowmeters are available in a variety of measurement ranges. For this

system a model capable of measuring .17-2.0GPM was selected which closely matches
the flows the pump can provide. However, the current pump cannot provide enough flow
to maintain the water level with both drains open. If a more powerful pump were to be
installed, could the original flowmeter be reused? Why or Why Not?
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Troubleshooting:

The Tank program may not work in Auto even though the program has been successfully
downloaded and all actions have been performed successfully. If the CPU is in run mode and the
program does not work at all, the problem may be the PID Parameters. They may be zeroed out.
These parameters may be found by clicking on the left symbol in the upper right corner of the
PID block. Then go to the lower left under Advanced settings to PID Parameters. If zeroed,
then click on ‘Enable manual entry’ and proceed to enter good numbers for each parameter.
Check with the figures below for a list of good variables.

Tank_23a » PLC_1[CPU 1215C DUDUDC] » Technology objects » Flow_Rate [DB3]

Parameter view

lﬁ Functional view

°F i =

~ Basic settings (/]
Controller type () PID Parameters
Input / output parameters &
¥ Process value settings (/) Gl Enabie wiandalerity
Process value limits (V] — :
Process value scaling (/) Proportional gain: | 6.104596E-1 \
w Advanced settings (/) Integral action time: |2.158 5
S e N A g Derivative action time: | 0.0 s |
PVWM limits m —_—
e ‘ Derivative delay coefficient: | 0.1 |
Output value limits &L
PID Parameters] o: Proportional action weighting: [0.8 |
Derivative action weighting: | 0.0 \
Sampling time of PID algorithm: {0,1 s
Tuning rule
Controller structure: [ Pl :l

Above is the list of parameters for the Flow Rate PID block. Below is the list for the Level Rate
PID block.

Tank_23a » PLC_1 [CPU 1215C DUDCUDC] » Technology objects » Level_Rate [DB1]

|ﬁ Functional view iZ| Parameter view
o & =
« Basic settings o
Controller type & PID Parameters
Input ] cutput parameters @&
¥ Process value settings (/] () Enable manual entry
Process value limits (V]
Process value scaling o Proportional gain: |5.223428
~ Advanced settings () Integral action time: | 1.739568 3
Process value monitoring g Derivative action time: |4.687801E-1 s
PYWM limits B
. 4 Derivative delay coefficient:
Output value limits &
PID Parameters 0: Proportional action weighting: | 5.432112E-1
r Derivative action weighting:
Sampling time of PID algorithm: | 1.000029E-1 5
Tuning rule
Controller structure: { PID m
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If time allows, set up the Trend Graph furnished with the HMI screen. The instructions for
proper setup of the graph are given. The example is for another program but the same principles

apply:

Flow 5P ™ Flow PY Level 5P [l Level PY
2

10:58:39 AM 10:59:09 AM 10:59:39 AM
12/31 /2000 123 /2000 12/31/2000 g

FLOWS LEVEL
HOME GRAPHS  LABSELECT | B0 | Hip

|g Properties I'Ll\.'. Info lel [%] Diagnostics

J Properties “ Animations || Events || Texts

23 Property pages - {2 B3 =
Name a Static value Dynarnization

Appearance

Layout

Left Y axis

Miscellaneous

Right ¥ axis

Table

Text format

Trend

X axis

v v w W OWw OWw Ow Ow W
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4450 Unity » Unity_HM [KTP600 Basic color PN] » Screens » 2-Tank Graphs

¥ Appearance

v v T w v v w

Background color

Color of ruler

Color of scale

— Rt

Show ruler

Side time
Layout

Height

Width

axis

X position 0

Y position 16

Left Y axis

Mizcellaneous

Right ¥ axis
Table
Text format
Trend
X axis

| RN

[ ] 255,255,255

From the right

4450 Unity » Unity_HM [KTP600 Basic color PN] » Screens » 2-Tank Graphs

fahoma E[s[-]B I USAtE: Az s =2 —: Beis Bz Fro g
|QProperties ”"_i.'.lnfo y"ﬂ Diagnostics
J Properties H Animations H Events || Texts |
£} Property pages 4% ==
Name a Static value Dynamization

fTahom

. Es[~]B I USAs=: A

s = —

| E N
[

\ @, Properties

J Properties H

Animations

|| Events

H Texts |

”"'_i.'.lnfo y" % Diagnostics

3_} Property pages

Name a

»
L3

-

vy vy v wv v

Appearance

Layout

Left Y axis
Automatic

LB E

Static value

value range f..

Auxiliary line left ¥ axis
Display left ¥ axis

Display left ¥ axis labeling

End value of left ¥ axis

Increment

Increment

marks lefty ..

2
025
of large mark.. 2

Label length for left Y axis 3

Scale label
Startvalue

ing left Y axis..
ofleftYaxis 0

Value for auxiliaryline I...

Miscellaneous
Right Y axis
Table

Text format
Trend

KER0O0

Dynarnization

[
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4450 Unity » Unity_HM [KTP600 Basic color PN] » Screens » 2-Tank Graphs

flahoma

[2le[~| BT USAz=: As

fr sl 41—

M Brlila o Frazld

4450 Unity » Unity_HMI [KTP600 Basic color PN] » Screens

J Properties

g& Froperty pages

H Animations

HEvents HTexts ‘

| & Properties

|"_1.,‘. Info i) || %] Diagnostics

2B E

Name a

» Appearance
b Layout

b LeftY axis

¥ Miscellaneous

Layer
Name

* RightY axis

Static value

O-Layer_0
Trend view_1

Automatic value range r..

Auxiliary line right Y axis
Display right Y axis

Displayright Y axis label..

End value of right Y axis

Increment large marks r..

Increment marks right Y.

Label length for right Y ...

- - N s

Scale labeling right ¥ ax...

Start value of right Y axis

Value for auxiliaryline ri... 0

Dynarmization

L4 ]

» 2-Tank Graphs

Tahoma Ellef+l B T USAz:

$ —3

MrAs Rells o Ftoslg

| & Properties

J Properties

E_}' Froperty pages

” Animations

H Events

||"_i.LInfo i)

| 2 Diagnostics |

2B E

Name a

(v vvv~w

Appearance
Layout

Left Y axis
Miscellaneous
Right ¥ axis
Table

Static value

Background color ofta... |:| 82,182,182
Background color ofta... - 45, 145, 145
Foreground mloroftab.ulzll:":'- 255, 255

Number of visible iterns
Show grid lines

Show value table

Table grid color

¥ Textformat

Axis label font
Table font
Table header font

» Trend
P Xaxis

Tahoma, 9px, style=Bold
Tahoma, 9px
Tahoma, 9px, style=Bold

Dynamization

0
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4450 Unity » Unity_HMI [KTP600 Basic color PN] » Screens » 2-Tank Graphs

fahoma BB I USAt=: Arps s =2 —: Mz Balils: Fr22g

!

all,

| i Properties ”"_i.l.lnfo y”ﬂDiagnostics |

J Properties “Animations || Events HTex‘ts |

¥ Propertypages {2 B3 EE

Name a Static value Dynamization

Appearance Py

Layout

Left ¥ axis

Miscellaneous

Right Y axis

Table

Text format

Trend

» Trend Flow SP, Flow PV, Level 5P, Level PV

¥ Xaxis
Display X axis ]|
End of time axis 00

{ v v v v v v w

Increment of large X axi... 4
Increment of X axis marks 5
Mode of time axis Time
Mumber of points for ti...

Range for time axis 60
Scale caption X axis bun..

LYLY

Show labeling of X axis
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Laboratory Exercise 8

DC Motor with Encoder Feedback
Introduction

The DC Motor attached to the Tank over Tank Lab is set up to be controlled by a PID block
similar to the two previous labs

The PID block controlling a dc gear motor is used to control the DC motor seen in the figure
below. The control loop is to control the speed of the motor to a setpoint. The controller is a
Siemens S7-1200 with encoder inputs and PWM output.

Connections are seen in these figures. The motor connects its encoder logic through the
breadboard. The power to the motor is furnished through the controller at top. The power is
provided by the 24 V supply at left and a 5 V supply which is not shown.

Wiring from Motor and Encoder Connection:

¢ Red Wire - positive power supply of motor(+)

¢ White Wire - negative power supply of motor(-)

e Black Wire - negative power supply of encoder(-) (positive and negative power supply of
encoder do not allow connect wrong; voltage is 3.3 -5V)

e Blue Wire - positive power supply of encoder(+) (positive and negative power supply of
encoder do not allow connect wrong; voltage is 3.3 -5V)

e Yellow Wire - signal feedback (11 signals per motor turns a circle)

e Green Wire - signal feedback (11 signals per motor turns a circle)
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The S7 1200 v2.2 CPU in relation to the Quadrature encoder:
The 1200 with 24V DC inputs support up to six High Speed Counters.

a. Up to 3 of the addresses 1a.0 to 1a.5 can be used for Quadrature Mode at 80Khz.
b. Up to 3 of the addresses la.6 to 1b.5 can be used for Quadrature Mode at 20Khz.

The D14 5 VDC signal board with part number 6ES7 221-3AD30-0XBO0 is used in this example
since the encoder pulse signals are 5V. It supports 160 KHz for Quadrature Mode. The input is
"source" type. So, the encoder must support this which means that it is NPN or Open Collector
type. The encoder and card work together in this example.

For the S7 1200 v2.2 when configuring the HSC, please select the Input Source as "signal board
input”. Please note that the option is only available if the signal board has been added in the

hardware configuration. Please note that the addresses of the HSC will be the address of signal
board (default 4.x). Inv4.x S7 1200's, the user selects the address rather than the Input Source.

Cytron Technologies MD 20A

20 A 6V-30 V DC Motor Driver

1. BOARD LAYOUT & FUNCTION

~—= (vercurrent LED

x
S
g
[
L3
e
"
)
=
Y
[
p-
~

"

“*  Test Buttons

Figure 1: MD20A Board Functions

The wiring diagram shown below gives the complete wiring diagram for the motor shown in the
figures above.

To start the lab, download the program from the hybridplc.org website for this lab (Lab 8) and
place it on the desktop. Start the program as before. The program’s name is DC_Motor 23.

Check the firmware version of your machine. The firmware number is located inside the tank.
If the number is not 4.4, then it must be changed. To do this, go to properties in the project tree
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for PLC_1. Under catalog information, change the firmware to the proper number. You must
click ‘enter’ to save the change. Verify.

Other wiring: Unplug the connector to the bilge pump (brown, black wires) and plug in the dc
motor drive connection (red, black wires). Also, plug in the white (except one unit which is
black) 5V connector to the drive board. Then continue with compiling and downloading the
program as before. When ‘synchronization’ is asked for, respond ‘no’. There is no need since
you are the only programmer on this system. Synchronization only applies if more than one
programmer is active with this program at this time.

If a pink box appears, you must address it. ‘Stop All” is a usual response.

ovDC
PWM
DIR

Onboard Signal Board 5V DI4x5VDC

Lmjofr] | |

+5vV 0VDC Yel Grn

Jumper 24V Comto 5V Com

Gnd M8 MTO
MA otor
PWM MD20A
DIR VB- | ovbc
VB+ | 24 VDC
DC 24 V Outputs
L mjofr]2]3]
+24V 0VDC
§47K §47|<//47|<
To PWM To DIR
on MD20A on MD20A
10K 10K Motor
Connector
Wh
ovDC ovDC M8
MA Red
Tos5V «—| Gm
Signal Yel
Board
+5v | Blu
ovbc| Blk

Configuration of the PLC is given in the following tabs. While these have already been set up, it
is good to look over the pages to familiarize yourself with how the configuration affects program

responses.
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The 5V signal board is included in this project to provide direct input of the encoder. The inputs must be
buffered through an NPN transistor, however, since the inputs are true low and the encoder true high.

~ DI 14iDQ 10 ~ . .
General > Catalog information
» Digital inputs
» Digital outputs DI4 signal board (200 kHz)
Lol Signal board DI4 x 5VDC [ 200 kHz SOURCE; configurable input
P A2 delay; plug-in terminal blocks

* DI4 signal board (200 kHz)
* General

= Digital inputs

channelo
Channell
channels vwo ]
Channel3

IO addresses S lindatemoduledesciotions |

+ High speed counters (HSC)

The Signal Board must be changed to allow for the fast pulse inputs:

» Digital inputs
» Digital outputs
1/0 addresses
P A2
¥ DI4 signal board (200 kHz)
v General
Catalog information
w Digital inputs

ChannelQ
Channelt
Channel2
Channel3

Addressing of the Digital Inputs for the encoder from the Signal Board are shown here:

w DI14/DQ 10 ~
General

» Digital inputs

» Digital outputs

IO addresses

O addresses
A
w DI4 signal board (200 kHz) - —
« General
Catalog information
 Digital inputs
Channeld
Channell
Channel2
Channel3
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The encoder feedback is routed through configured High Speed Counter inputs. These are
configured as seen below:

» Digital outputs
/0 addresses
P A2
* DI4 signal board (200 kHz}
~ General
Catalog information
+ Digital inputs
Channel0
Channell
Channel2
Channel3
IO addresses
@ High speed counters (HSC
» HSC1
General
Function
Reset to initial values
Event configuration
Hardware inputs

« General

Catalog information
* Digital inputs

Channel0

Channell

Channel2

Channel3

IO addresses
* High speed counters (H5C)

~ Hscl

General

Function

Rezetto initial values

Event configuration

Hardiuara inniite

High speed counters (HSC)

HSC1

> General

> Function

> Resetto initial values

—

The address of the encoder is configured below:

« DI4 signal board (200 kHz)
w General
Catalog information
w Digital inputs
Channelo
Channell
Channel2
Channel3
/0 addresses

ECA I
%I4.0 s




The high-speed input enters the PLC as a pulse in ID1000. This is the address used to calculate
the pulses received in the last 100 msec.

¥ General
Catalog information Input addresses

w Digital inputs

Channelo Startaddress: | 1000 0|
Channell L| End address: | 1003 7|
Channe™ ‘ Organizaticn block: ‘ (Automatic update)
Channel3 (il : ‘ :

JO addiesses ’j Process image: |Automatic update

The program is in a cyclic interrupt program that is executed each 100 ms. It consists of a rung
to get the input count for the last 100 msec followed by the PID block and finally the output to
the PWM block.

The choice of 100 ms is chosen due to the observation that with 11 pulses per revolution of the
motor, we only receive about 125 pulses in 100 ms. If we were to choose 10 ms as our cycle
time, we would only expect 12 pulses per scan at full speed. We need more accuracy than 1/12.
If one were to spend more for a more sophisticated motor, more pulses would give greater
accuracy and the scan could be reduced.

Auc Qi) MOWE

The PID block is shown after the Watch Table. The values for the numeric inputs controlling the
PID block are found in the Watch Table. Boolean variables can be set directly by modifying the
input in online mode. Remember the 3 state is auto and the 4 state is manual. To change the
state, both the mode must be entered with the proper number and the node change bit toggled.
Flow max is set and is the maximum number of pulses the encoder can send in the 100 msec
time period between executions of the PID block.

Speed mode is the input of the state to the PID block (number to be entered). Speed state is the
actual state of the PID block.
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MName Address
"Speed_CV_Norm® %MD&0
"speed_cv*  [f| %mD22

Display format
Floating-point nu...

Floating-poin... E

*Speed_Mode" %MN2E DEC+-
*Mode_Change®  %MO4 Bool

“Man_Mode® %M186.2 Bool

"set” %MD16 Floating-point nu...
*Flow_Max" WhWE DEC+/-
"Speed_State” %MW30 DEC+-
"Man_Sp_Val® %MD20 Floating-point nu...

hMonitor value

Maodify value
100.0
16#0000_0001
3

TRUE

FALSE

20.0

128

3

750

PONNEREEE

Upper and lower limits for each variable are set so there is no need for the student to set any of
these variables. However, the student can set the variables for the setpoint in auto and manual

using the Watch Table above. To move between auto and manual, the variable ‘Speed Mode’

must be set to either 3 or 4. Three is auto and 4 is manual. To change mode, the variable
‘Modify State’ must be toggled to 1 and then back to 0. The toggle should be done through the

N
i
AO0_Compei
&
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w5l s
L ko —
i — e EFET
— s Chpad —
HIRO AL
Fed 17 _glinga LR wAAA
A Ot P i e L0
-3 FALEL
FavLsE —— el
ST D FALEL
Tan Pl oo plamusl Enalde -
M FALEL
nr -
N Wil e sl L FALEL
== Lrrerfick -
FALSL FALEL
- -
| 0 3 1
R0 A X0
Wi e — oS vate Sty e e
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A Lrror =
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Finally, record the variables that will plot the output of the PID block and enter them into the
property list for the histogram and the bar graphs. Also, enter the variables in the digital
readouts shown on the HMI. A screen capture of the HMI is sufficient proof that the lab was
accomplished.

The three variables to be graphed on the histogram are PV, SP and CV. Instructions for setup of
the graph are given in the previous lab.

A A A A A A A A A A A A A A A AT AT FEFETTEE
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The setup of the PID block may be zeroed again per the previous lab. If needed, the variables for
the block are given again below:
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Tank_23a » PLC_1 [CPU 1215C DUDCUDC] » Technology objects » Level_Rate [DB1]

iEi| Parameter view

= @ =

« Basic settings 07
Controller type & PID Parameters
Input ] cutput parameters @&
¥ Process value settings (/] () Enable manual entry
Process value limits &
Process value scaling (] Proportional gain: |5.223428
~ Advanced settings (/] Integral action time: | 1.739568 5
Process value monitoring g Derivative action time: |4.687801E-1 5
PV limits. B
. 4 Derivative delay coefficient:
Output value limits &
PID Parameters. (/] n Proportional action weighting: | 5.432112E-1
r Derivative action weighting:
Sampling time of PID algorithm: | 1.000029E-1 5
Tuning rule
Controller structure: | PID -

The following is the Cyclic Interrupt Configuration page for the PID block. It runs every 100
msec. If the block were to be run faster, what compromise would take place? How much money
are you willing to spend on an encoder?

Cyclic interrupt [OB30] X

jGeneral " Texts |

General

Cyclic interrupt

Information
Time stamps

Compilation Cyclic ime (ms):
rrotection Phaseofset(ms): o |

Attributes
Cyclic interrupt

a7
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Laboratory Exercise 9

In-Sight Spreadsheet Standard Section 1, 2, and 3

Hand in questions in section 01_03_SkillsJournal_Gettng_Connected in SS Standard Manual.

Hand in questions in section 02-03_SkillsJournal_ImageAcquisition in SS Standard Manual.

Hand in questions in section 03_03_SkillsJournal_Logic in SS Standard Manual

Laboratory Exercise 10

Hand in questions in section 04_03_SkillsJournal_ExtractHistogram

Laboratory Exercise 11
Hand in questions in section 05_03_SkillsJournal_ExtractBLobs

In-Sight Spreadsheet Standard Section 5- end at Section 5.2 Complete program with demo of
complete inspection to this point. Must be signed by instructor ‘complete’.

This sign-off sheet plus a two page report on what was learned from the entire Cognex lab
exercise constitute your grade for Exam 3.
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