Chapter 23  Tape Rewind — PID+

Toilet Paper Rewind Lab

The Tape Rewind Lab began with the idea of rolling up toilet paper. A bad idea. The stuff
breaks with the least tug and the system used stepper motors, not bad but controlled only in
discrete angle increments. The lab was designed, built and programmed. It worked kinda but
not well enough to continue with the design.

Tension Roll

Toilet Paper Roll Toilet Paper Roll

The design of a two-axis motion system with feedback control between the two has been an
objective of a lab experience for some time. This lab involved two stepper motors and a PID
loop feedback between the two. Tension control is to be maintained. It is anticipated that many
rolls of toilet paper will find the bottom of a waste can because of this lab.

While the stepper lab was successful to the point that a MS student received his degree from
programming it, the design was not satisfactory. The numerous problems keeping this system
operational was enough to cause the construction of the winder shown below.

Later Motor Speed
Control Design
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This design uses two dc gear motors to transfer a cloth tape from one reel to another with a
dancer roll in the middle. This design has the advantage of position and speed control of two
motors and the PID control of the tension with the dancer roll.

This design was developed before the design in Ch. 21 — Single Axis Gear Motor Speed Control.
This diagram uses 24 V inputs instead of the 5 V input for the encoder.
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The wiring for the motor from the PLC and motor drive board is shown below:
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Figure 1: MD20A Board Functions

“*  Test Buttons

Separate wiring acquires the POT information from the dancer arm. While this lab in all regards
is a double of the previous Lab 21, there are several changes. First, the need for position control
may be needed and is not added at present. The design of this lab pre-dates information for Lab
21 in that the 5 V interface was not known at that time. From this lab, that information was
obtained and that lab was built. Also, this lab has several possible outcomes:

el oA

The second motor can run as a percent of the first motor and a percent of the POT.
The second motor can run independent of the first motor at a set ramp speed.

Both motors can run independent and be separately ramped.

The second motor can run as a direct follower of the POT only.

Any of these schemes are acceptable under certain criteria. Any could be used by industry.

Since this is a process, the inputs for starting and stopping the system plus each motor
independently have been added. These are 10.6 and 10.7 for the motors.
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Configuration of Digital Inputs for high-speed pulse input:

PLC_2 [CPU 1214C DC/DCI/DC]

» PROFINETinterface [X1]

- DI 14i0Q 10

General
~ Digital inputs

ChannelO
Channell
Channel2
Channel3
Channel4
Channels
Channelé
Channel7
Channel8
Channel?
Channel10
Channel11
Channel12
Channel13

 Digital outputs
Channelo

Analog address of the POT when added to the design. The POT is not presently included in the
program.

| General | 10t
Channel2
Channel3
Channel4
Channels

channels I
Cmresis

f:::::: _— (Automatic update) ]

IO addresses

v Al2 y
General

¥ Analeg inputs

Channelo

Channel1

IO addresses

~ AQ1 Signal board
¥ General
Catalog information
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Configuration of the High Speed Counter:

I General
110 addresses

* High speed counters (H5C)

* HSC1

Reset to initial values

Event configuration
Hardware inputs
/0 addresses

- HS5C2
General
Function

Reset to initial values

Event configuration
Hardware inputs
IO addresses

General

General [ 10 ags | System comstans | Tews |

li0 addresses
* High speed counters (HSC)
* HSC1

General

Reset to initial values
Event configuration
Hardware inputs
/0 addresses

- HSC2
General
Function
Reset to initial values
Event configuration
Hardware inputs
IO addresses

1I0 addresses
+ High speed counters (HSC)
- HSC1
General
Function
Reset to initial values
Event configuration

IO addresses
» HSC2
General
Function
Reset to initial values
Event configuration
Hardware inputs
/O addresses

Function

Single phase

User program (internal directicn control}
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Configuration of the PWM Outputs:

- HsC2 A

> General

General

Function

Reset to initial values
Event configuration

Hardware inputs
/0 addresses
P HSC3
b HSC4
» HSCS
» HSC6
« Pulse generators (PTOIPWM)
w PTO1/PWII1

Parameter assign...
Hardware outputs

Ii0 addresses

IO addresses

« High speed counters (HSC) > U0 addresses

w HSC1

General

Function

Reset to initial values 1005 =

Event configuration _ -~

Hardware inputs
il L]

Automatic update

 HsC2 .
General > Parameter assignment
Function
Reset to initial values
Event configuration Pa ]
Hardware inputs
/0 addresses
y Hecs
b HSC4 10000 s S
b HSCS S0 Thousandths |3
b HSCE

¥ Pulse generators (PTOIPWM)
* PTO1/PWMI1
General

P eter

Hardware outputs
IO addresses
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~ HsC2 -~
General
Function
Reset to initial values
Event configuration
Hardware inputs
IO addresses
P HSC3
» HSC4
» HSC5
» HSC6
Pulse generators (PTO/PWM)
~ PTO1/PWMT
General

> Hardware outputs

> IO addresses

Parameter assign...

Hardware outputs

IO addresses

w HSC2
General
Functicn
Resetto initial values
Event configuration
Hardware inputs
IO addresses
P HSC3
P HSC4
P HSCS
» HSCH
Pulse generators (FTO/PYWM)
w PTO1/PWA
General

-~ (Autcrnatic update) ]
Autornatic update L

Parameter assign...
Hardware outputs

Ch 23 Tape Rewind — PID+ 7



Cyclic interrupt [OB30]

Time stamps

Compilation Cyclic interrupt

pus
Attributes

Cyclic interrupt

b0 |

-
-

Cyclic interrupt

General

General
Information
Time stamps
Compilation
Protection
Attributes

The programming is next. There are many statements to be added to complete the actual
program desired. The suggestions listed above may be used as a starting point for your program.

Comment
m [ -
| = EN ENC EN ENC =—
%%ID1 Do WhDE %%l D1 D00 D2
“In_Pul= B — 1n1 OUT = 10This_R" “In_Fuls2 B — N 2 ouT1 — IDLast R
i
“IDLast RS — INZ
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“Right_hctor™

"FID._Com pact MORM_X MUL
&0 int to Real Real
N 2 EN ENC EN ENC —i
%MD30 C T —umnN WMD14 10000 — Ny WhNZ2
"5F_R —foetpaint - ouT — "QUt_R_Norm” D14 QUT - "OU_R_To_Miator”
WMDE " VALUE “Out R_Norm”™ — IN2
“IDThis_ K" —finput MAX
input_PER
o3
“Man_gnable R —ManualEnable
%MD26
Man_val_R —huanualvalue
fa
ErrorBits
04
“Mad_Act_RT —ModeActivate
Ao
“PID_Mode_R™ —lyiode .
SUB
L MOVE
EN ENC EN ENC m—
%l 004 WMDIE el D1 Do D34
= = = P = = = =
In_Pulse L 1M1 ouT 1DThis_L In_Pulse L N 3 QUT1 1DLast_L
DI
"IDLast L INZ
%DAa2
“Left_Mator”
BI6_Cam pact NORM_X MUL
&t int to Real Real
ENC ENC EN ENC ————1
%hD42 scaledinput |—0.2 S MIN %MD56 TRt — N LMNGD
L fsetpaint Qutputf— 20 — QuT — "Out_L_Norm® — QUT 7 "0ut_L_To_Motar®
wMD3E P "QUt_PER_L — VALUE “Qut_L_Nom™ — INZ
“IDThis " —ginput Cutput PER}—"Out_PER_L 27658 MAX

input_PER Qutput_FWM

%MI105
“Man_Enable " —iManualEnable - -
*MD4E =
“Man_val_L" —jmanualvalue

Errorgits
ShM106

“Mod_sct L —fuodesctivate
LS 2
“PID_Mode L —uiode
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Network 2:

DB
"CTRL_PWM_DE"
MOVE CTRL_PWa
EN — EN ENC m—
SahANVEC %=0WN 0o 265 W0
"Qut_L_To Moto” — IN 33 OUT1 — "Mator_PUWAM_R" Local~Fulse_1 PWM BUSY —i out”
%06 “CTRL_FWM_
"T3Q_7" we= EMABLE STATUS DE™.STATUS
%DB3
"CTRL PWM DB 1°
MOVE CTRL_PW
EN — EN ENC s——
TahWNZ2 SO oo 266 W02
"Out_R_To Mobor” IN i CUT1 “Tag_I" Local|~Fulse P BUSY = Qutl”
%107 "CTRL_FWK_
“Tag_&8" — ENABLE sTaTUS — DE_1.ITATUS

The watch table below was used in troubleshooting the proram above. There may be additions
necessary as you complete the program.

Dancer3_V16 » PLC_2 [CPU 1214C DUDC/DC] » Watch and force tables » Watch table_1

¥ &l 748 TN
i MName Address Display format Menitor value Modify value 7 Comment

1 *Motor_PWM_R" [Z][%QW1000 | DEC+- [+] 500 M 1
2 %QD1002 " DECH- 10000 W 1
3 “in* %N10.0 Eool TRUE M 1
4 "out® %M10.1 Bool

5 "Out_R_To_Motor® %AW22 DEC+/- 50 E 1
6 “In_Pulse_R" %ID1000 Hex 16#0000_0000 e 1
7 "In_Pulse_L" %ID1004 Hex

8 "SP_R" %MD30 Floating-point nu... 50.0 E H
9 *PID_Mode_R" BN DEC+- 3 [ 1
10 "SP_L® %MD42 Floating-point nu... 50.0 E H
11 "PID_Mode_L" WS 2 DEC+- 3 [ 1
12 “test” ANWE2 DEC+- 500 [ 1

This work is licensed under a Creative Commons Attribution 4.0 International License.
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