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~ WARNING ¥

Thank you for purchasing automation equipment from Automationdirect.com®, doing business as
AutomationDirect. We want your new automation equipment to operate safely. Anyone who installs or
uses this equipment should read this publication (and any other relevant publications) before installing or
operating the equipment.

To minimize the risk of potential safety problems, you should follow all applicable local and national codes
that regulate the installation and operation of your equipment. These codes vary from area to area and
usually change with time. It is your responsibility to determine which codes should be followed, and to
verify that the equipment, installation, and operation is in compliance with the latest revision of these
codes.

At a minimum, you should follow all applicable sections of the National Fire Code, National Electrical
Code, and the codes of the National Electrical Manufacturer's Association (NEMA). There may be local
regulatory or government offices that can also help determine which codes and standards are necessary for
safe installation and operation.

Equipment damage or serious injury to personnel can result from the failure to follow all applicable codes
and standards. We do not guarantee the products described in this publication are suitable for your
particular application, nor do we assume any responsibility for your product design, installation, or
operation.

Our products are not fault-tolerant and are not designed, manufactured or intended for use or resale as on-
line control equipment in hazardous environments requiring fail-safe performance, such as in the
operation of nuclear facilities, aircraft navigation or communication systems, air traffic control, direct life
support machines, or weapons systems, in which the failure of the product could lead directly to death,
personal injury, or severe physical or environmental damage ("High Risk Activities"). AutomationDirect
specifically disclaims any expressed or implied warranty of fitness for High Risk Activities.

For additional warranty and safety information, see the Terms and Conditions section of our catalog. If
you have any questions concerning the installation or operation of this equipment, or if you need
additional information, please call us at 770-844-4200.

This publication is based on information that was available at the time it was printed. At
AutomationDirect we constantly strive to improve our products and services, so we reserve the right to
make changes to the products and/or publications at any time without notice and without any obligation.
This publication may also discuss features that may not be available in certain revisions of the product.

This publication may contain references to products produced and/or offered by other companies. The
product and company names may be trademarked and are the sole property of their respective owners.
AutomationDirect disclaims any proprietary interest in the marks and names of others.

Copyright 2010, Automationdirect.com Incorporated
All Rights Reserved

No part of this manual shall be copied, reproduced, or transmitted in any way without the prior, written
consent of Automationdirect.com Incorporated. AutomationDirect retains the exclusive rights to all
information included in this document.



N AVERTISSEMENT ¥

Nous vous remercions d'avoir acheté I'équipement d'automatisation de Automationdirect.comMC,, en faisant des
affaires comme, AutomationDirect. Nous tenons a ce que votre nouvel équipement d'automatisation fonctionne en
toute sécurité. Toute personne qui installe ou utilise cet équipement doit lire la présente publication (et toutes les
autres publications pertinentes) avant de I'installer ou de I'utiliser.

Afin de réduire au minimum le risque d'éventuels problemes de sécurité, vous devez respecter tous les codes locaux et
nationaux applicables régissant I'installation et le fonctionnement de votre équipement. Ces codes différent d'une
région a l'autre et, habituellement, évoluent au fil du temps. Il vous incombe de déterminer les codes a respecter et de
vous assurer que I'équipement, I'installation et le fonctionnement sont conformes aux exigences de la version la plus
récente de ces codes.

Vous devez, a tout le moins, respecter toutes les sections applicables du Code national de prévention des incendies,
du Code national de I'électricité et des codes de la National Electrical Manufacturer's Association (NEMA). Des
organismes de réglementation ou des services gouvernementaux locaux peuvent également vous aider a déterminer les
codes ainsi que les normes a respecter pour assurer une installation et un fonctionnement sars.

L'omission de respecter la totalité des codes et des normes applicables peut entrainer des dommages a I'équipement
ou causer de graves blessures au personnel. Nous ne garantissons pas que les produits décrits dans cette publication

conviennent a votre application particuliére et nous n'assumons aucune responsabilité a I'égard de la conception, de
I'installation ou du fonctionnement de votre produit.

Nos produits ne sont pas insensibles aux défaillances et ne sont ni congus ni fabriqués pour I'utilisation ou la revente
en tant qu'équipement de commande en ligne dans des environnements dangereux nécessitant une sécurité absolue,
par exemple, I'exploitation d'installations nucléaires, les systémes de navigation aérienne ou de communication, le
contrdle de la circulation aérienne, les équipements de survie ou les systemes d'armes, pour lesquels la défaillance du
produit peut provoquer la mort, des blessures corporelles ou de graves dommages matériels ou environnementaux
(«activités a risque élevé»). La société AutomationDirect nie toute garantie expresse ou implicite d'aptitude a I'emploi
en ce qui a trait aux activités a risque €élevé.

Pour des renseignements additionnels touchant la garantie et la sécurité, veuillez consulter la section Modalités et
conditions de notre documentation. Si vous avez des questions au sujet de I'installation ou du fonctionnement de cet
équipement, ou encore si vous avez besoin de renseignements supplémentaires, n'hésitez pas a nous téléphoner au
770-844-4200.

Cette publication s'appuie sur I'information qui était disponible au moment de I'impression. A la société
AutomationDirect, nous nous efforgons constamment d'améliorer nos produits et services. C'est pourquoi hous nous
réservons le droit d'apporter des modifications aux produits ou aux publications en tout temps, sans préavis ni
quelque obligation que ce soit. La présente publication peut aussi porter sur des caractéristiques susceptibles de ne
pas étre offertes dans certaines versions révisées du produit.

Marqgues de commerce

La présente publication peut contenir des références a des produits fabriqués ou offerts par d'autres entreprises. Les
désignations des produits et des entreprises peuvent étre des marques de commerce et appartiennent exclusivement a
leurs propriétaires respectifs. AutomationDirect nie tout intérét dans les autres marques et désignations.

Copyright 2010, Automationdirect.com Incorporated

Tous droits réservés

Nulle partie de ce manuel ne doit étre copiée, reproduite ou transmise de quelque fagon que ce soit sans le
consentement préalable écrit de la société Automationdirect.com Incorporated. AutomationDirect conserve les
droits exclusifs a I'égard de tous les renseignements contenus dans le présent document.
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Chapter 6: Drum Instruction Programming

DLO5 Drum Introduction

Purpose

The Drum (DRUM) instruction in the DLO5 CPU electronically simulates an electro-
mechanical drum sequencer. The instruction offers enhancements to the basic principle,
which we describe first.

Drum Terminology

Drum instructions are best suited for repetitive processes that consist of a finite number of
steps. They can do the work of many rungs of ladder logic with elegant simplicity. Therefore,
drums can save a lot of programming and debugging time.

We introduce some terminology associated with the drum instruction by describing the
original mechanical drum shown below. The mechanical drum generally has pegs on its
curved surface. The pegs are populated in a particular pattern, representing a set of desired
actions for machine control. A motor or solenoid rotates the drum a precise amount at
specific times. During rotation, stationary wipers sense the presence of pegs (present = on,
absent = off). This interaction makes or breaks electrical contact with the wipers, creating
electrical outputs from the drum. The outputs are wired to devices on a machine for On/Off
control.

Drums usually have a finite number of positions within one rotation, called steps. Each step
represents some process step. At powerup, the drum resets to a particular step. The drum
rotates from one step to the next based on a timer, or on some external event. During special
conditions, a machine operator can manually increment the drum step using a jog control on
the drum’s drive mechanism. The contact closure of each wiper generates a unique on/off
pattern called a sequence, designed for controlling a specific machine. Because the drum is
circular, it automatically repeats the sequence once per rotation. Applications vary greatly, and
a particular drum may rotate once per second, or as slowly as once per week.

Electronic drums provide the benefits of mechanical drums and more. For example, they have
a preset feature that is impossible for mechanical drums: The preset function lets you move
from the present step directly to any other step on command!
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Drum Chart Representation
For editing purposes, the electronic drum is presented in chart form in DirectSOFT 5 and in
this manual. Imagine slicing the surface of a hollow drum cylinder between two rows of pegs,
then pressing it flat. Now you can view the drum as a chart as shown below. Each row
represents a step, numbered 1 through 16. Each column represents an output, numbered 0
through 15 (to match word bit numbering). The solid circles in the chart represent pegs (On
state) in the mechanical drum, and the open circles are empty peg sites (Off state).

OUTPUTS
STEP|1514131211109 8 7 6 5 4 3 2 1 0
1 O e/ 0o e|l0 o|l®@ 0|0 O|® O[O @|0 O
2 o e/ o e|@ o|l® 0|0 0|0 ®loo0|® O
3 O ®|e o|@®@ O|® |0 0|0 0|0 0|0 ©
4 ® ¢/ 0o o(0@ O|®@ O|@ 0|0 O|O O|O @
5 O 0|lo e|lo o|l@ o|e o|® O|@ 0|0 @
6 O 0O|lo @|0 0o|@ O|e o|® O|@®@ @0 @
7 ® 060 0|0 O(® 0|0 0|0 ©6|@ @ (0 @
8 @ 0le 0|0 |0 @@ 0|0 OC|@® 0|0 @
9 0 oo o|o o|lo e|e 0|0 O|@® o0 ©
10 |o o|o 0|0 o|lc e|e @|0 0|0 o|0 ©
11 |e o|o o| e o|o o|o e|0 oo o|e o
12 |o e|o 0| e e|oc 0o|e o|® /0 | O
13 |o ole o|o o|oo|oo|o e|e o|e 0O
14 1o olo o|o o|o @e|o o|c e|e o|e @
15 |e@ o|oc o|o e|o |0 @|0 |0 0|e @
16 |o o|e o/ o o|o e|o @e|OC @|e@ 0|0 @

Output Sequences
The mechanical drum sequencer derives its name from sequences of control changes on its
electrical outputs. The following figure shows the sequence of On/Off controls generated by
the drum pattern above. Compare the two, and you will find that they are equivalent! If you
can see their equivalence, you are well on your way to understanding drum instruction

operation.
Step

Output 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
S e N S —
O 1
2 o — M
S R N [ S
4 é_,—‘ [
5 o | — 1
5 R E— —
L — L
8 . 1 .
9 l
0 ] 1.
noo [ 1. . . .
12 ‘
SE I h—— . — —
14 ] —
® I S 1
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Step Transitions

Drum Instruction Types
There are two types of Drum instructions in the DL05 CPU:
« Timed Drum with Discrete Outputs (DRUM)
e Time and Event Drum with Discrete Outputs (EDRUM)
The two drum instructions include time-based step transitions, and the EDRUM includes
event-based transitions as well. Each drum has 16 steps, and each step has 16 outputs. Refer

to the figure below. Each output can be either a Y or C coil, offering programming flexibility.
We assign Step 1 an arbitrary unique output pattern.

Timer-Only Transitions
n Drums move from one step to another based on time and/or an external event (input). Each
step has its own transition condition which you assign during the drum instruction entry. The
figure below shows how timer-only transitions work.

———{ Step1 | ouputs: @000G0@O000@@000 |
count timer

Has counts per
step expired?

| step2 | outpuis: OOO@O000 @000 e e

Use next transition criteria

The drum stays in Step 1 for a specific duration (user-programmable). The timebase of the
timer is programmable, from 0.01 seconds to 99.99 seconds. This establishes the resolution,
or the duration of each “tick of the clock”. Each step uses the same timebase, but has its own
unique counts per step, which you program. When the counts for Step 1 have expired, then
the drum moves to Step 2. The outputs change immediately to match the new pattern for
Step 2.

The drum spends a specific amount of time in each step, given by the formula:
Time in step = 0.01 seconds X Timebase x Counts per step
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For example, if you program a 5 second time base and 12 counts for Step 1, then the drum
will spend 60 seconds in Step 1. The maximum time for any step is given by the formula:
Max Time per step = 0.01 seconds X 9999 X 9999
= 999,800 seconds = 277.7 hours = 11.6 days

NOTE: When first choosing the timebase resolution, a good rule of thumb is to make it about 1/10 the
duration of the shortest step in your drum. Then you will be able to optimize the duration of that step in

‘ 10% increments. Other steps with longer durations allow optimizing by even smaller increments (percentage-
wise). Also, note that the drum instruction executes once per CPU scan. Therefore, it is pointless to specify a
drum timebase that is much faster than the CPU scan time.

Timer and Event Transitions

Step transitions may also occur based on time and/or external events. The figure below shows
how step transitions work in these cases. n

—— sep1 | ouputs: @OOOGO@O000@ @000

Is Step event
true?

Increment
count timer

Has step
counts expired?,

| sep2 | oupuss OCOO@O0000@0800ee

Use next transition criteria

When the drum enters Step 1, it sets the output pattern as shown. Then it begins polling the
external input programmed for that step. You can define event inputs as X, Y, or C discrete
point types. Suppose we select X0 for the Step 1 event input. If X0 is off, then the drum
remains in Step 1. When X0 is On, the event criteria is met and the timer increments. The
timer increments as long as the event (X0) remains true. When the counts for Step 1 have
expired, then the drum moves to Step . The outputs change immediately to match the new
pattern for Step 2.
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Event-Only Transitions

Step transitions do not require both the event and the timer criteria programmed for each
step. You have the option of programming just one of the two, and even mixing transition
types among all the steps of the drum. For example, you might want Step 1 to transition on
an event, Step 2 to transition on time only, and Step 3 to transition on both time and an
event. Furthermore, you may elect to use only part of the 16 steps, and only part of the 16
outputs.

— {siep1 | oupus: ®000@0O@0O000 @000

Is Step event
true?

| step2 | oupuis: 0000000 @000 0

Use next transition criteria

Counter Assignments

Each drum instruction uses the resources of four counters in the CPU. When programming
the drum instruction, you select the first counter number. The drum also uses the next three
counters automatically. The counter bit associated with the first counter turns on when the
drum has completed its cycle, going off when the drum is reset. These counter values and the
counter bit precisely indicate the progress of the drum instruction, and can be monitored by
your ladder program.

Suppose we program a timer drum to have 8

Counter Assignments

steps, and we select CT10 for the counter number gﬁ io untsvu: step V1010 1526
(remember, counter numbering is in octal). imer Value  |V1011 0200
Counter usage is shown to the right. The right ~ |€T12 Preset Step V1012 0001
column holds typical values, interpreted below.  |CT13 Current Step V1013 0004

CT10 shows that we are at the 1528th count in the current step, which is step 4 (shown in
CT13). If we have programmed step 4 to have 3000 counts, then the step is just over half
completed. CT11 is the count timer, shown in units of 0.01 seconds. So, each least-
significant-digit change represents 0.01 seconds. The value of 200 means that we have been in
the current count (1528) for 2 seconds (0.01 x 100). Finally, CT12 holds the preset step value
which was programmed into the drum instruction. When the drum’s Reset input is active, it
presets to step 1 in this case. The value of CT12 changes only if the ladder program writes to
it, or the drum instruction is edited and the program is restarted. Counter bit CT10 turns on
when the drum cycle is complete, and turns off when the drum is reset.
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Last Step Completion

The last step in a drum sequence may be any step number, since partial drums are valid. Refer
to the following figure. When the transition conditions of the last step are met, the drum sets
the counter bit corresponding to the counter named in the drum instruction box (such as
CTO0). Then it moves to a final “drum complete” state. The drum outputs remain in the
pattern defined for the last step. Having finished a drum cycle, the Start and Jog inputs have
no effect at this point. The drum leaves the “drum complete” state when the Reset input
becomes active (or on a program-to—run mode transition). It resets the drum complete bit
(such as CTO0), and then goes directly to the appropriate step number defined as the preset

step.

————{ Last siep | Outpuis: @@ @O00 000000000 |

(Timer and/or
Event criteria)

Set Drum Complete bit

———| complete | outpus: @@ G@O00O000000000

Reset Input
Active?

Reset Drum Complete bit

Go to Preset Step
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Overview of Drum Operation

Drum Instruction Block Diagram

The drum instruction utilizes various inputs and outputs in addition to the drum pattern
itself. Refer to the figure below.

Inputs DRUM INSTRUCTION Outputs
Block Diagram

Start
Realtime Jog
Inputs
(from ladder) Reset
Drum .
Preset Step o e o0 Final
Step Ste d o C Drum
Control P 5 3
Counts/Step ontrot|  pointer e Outputs
®
Timebase ()
Programming 2
Selections Events
Counter #
Pattern
N

Counter Assignments

—=CTAL0| Counts in step | V1010 | xxxx
—={ CTALL| Timer Value V1011 | xxxx
— CTA12| Preset Step V1012 | xxxx
— CTA13| Current Step V1013 | xxxx

The drum instruction accepts several inputs for step control, the main control of the drum.
The inputs and their functions are:

« Start — The Start input is effective only when Reset is off. When Start is on, the drum timer runs if
it is in a timed transition, and the drum looks for the input event during event transitions. When
Start is off, the drum freezes in its current state (Reset must remain off), and the drum outputs
maintain their current on/off pattern.

« Jog — The jog input is only effective when Reset is off (Start may be either on or off). The jog input
increments the drum to the next step on each off-to-on transition (only EDRUM supports the jog
input).

* Reset — The Reset input has priority over the Start input. When Reset is on, the drum moves to its
preset step. When Reset is off, then the Start input operates normally.

* Preset Step — A step number from 1 to 16 that you define (typically is step 1). The drum moves to
this step whenever Reset is on, and whenever the CPU first enters run mode.
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» Counts/Step — The number of timer counts the drum spends in each step. Each step has its own
counts parameter. However, programming the counts/step is optional.

« Timer Value — the current value of the counts/step timer.

» Counter # — The counter number specifies the first of four consecutive counters which the drum
uses for step control. You can monitor these to determine the drum’s progress through its control
cycle. The DL05 has 128 counters (CTO — CT177 in octal).

» Events — Either an X, Y, C, S, T, or CT type discrete point serves as step transition inputs. Each step
has its own event. However, programming the event is optional.

WARNING: The outputs of a drum are enabled any time the CPU is in Run Mode. The Start
Input does not have to be on, and the Reset input does not disable the outputs. Upon entering Run
Mode, drum outputs automatically turn on or off according to the pattern of the current step of the
drum. This initial step number depends on the counter memory configuration: non-retentive versus
retentive.

Powerup State of Drum Registers
The choice of the starting step on powerup and program-to-run mode transitions are
important to consider for your application. Please refer to the following chart. If the counter
memory is configured as non-retentive, the drum is initialized the same way on every

. Initialization on Powerup
Counter Number Function - -
Non-Retentive Case Retentive Case
CT(n) Current Step Count Initialize = 0 Use Previous (no change)
CT(n+1) Counter Timer Value Initialize = 0 Use Previous (no change)
CT(n+2) Preset Step Initialize = Preset Step # | Use Previous (no change)
CT(n+3) Current Step # Initialize = Preset Step # | Use Previous (no change)

powerup or program-to-run mode transition. However, if the counter memory is configured
to be retentive, the drum will stay in its previous state.
Applications with relatively fast drum cycle times typically will need to be reset on powerup,

using the non-retentive option. Applications with relatively long drum cycle times may need
to resume at the previous point where operations stopped, using the retentive case. The

default option is the retentive case. This means that if you initialize scratchpad V-memory, the
memory will be retentive.
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Drum Control Techniques

DrurEoControI Inputs o star

w we are ready to put together the concepts on the x Jog | Setup Outouts
previous pages and demonstrate general control of the f—— Info P
drum instruction box. The drawing to the right showsa [ {9 Reset
simplified generic drum instruction. Inputs from ladder steps |9 9[83[SS
logic control the Start, Jog, and Reset Inputs (only the 00[00[®0
EDRUM instruction supports the Jog Input). The first 200223
counter bit of the drum (CTO, for example) indicates the R
drum cycle is done. celecioe

The timing diagram below shows an arbitrary timer drum input sequence and how the drum
n responds. As the CPU enters Run mode it initializes the step number to the preset step

number (typically it is Step 1). When the Start input turns on the drum begins running,
waiting for an event and/or running the timer (depends on the setup).

After the drum enters Step 2, Reset turns On while Start is still On. Since Reset has priority

over Start, the drum goes to the preset step (Step 1). Note that the drum is held in the preset
step during Reset, and that step does not run (respond to events or run the timer) until Reset
turns off.

After the drum has entered step 3, the Start input goes off momentarily, halting the drum’s
timer until Start turns on again.

Start Reset Hold Resume Drum Reset
drum  drum drum drum Complete drum

Inputs

1 Iy
Start | L 71

1

Q

1

Q

Jog

Reset

Drum Status
Step # 11 2 1 1 2 3 3 4. B B B B 1 1

Drum 1

Complete (CT10)Q /4

1 / [
Outputs (x16) g T 1 1 - - |

When the drum completes the last step (Step 16 in this example), the Drum Complete bit
(CTO) turns on, and the step number remains at 16. When the Reset input turns on, it turns
off the Drum Complete bit (CTO), and forces the drum to enter the preset step.

— NOTE: The timing diagram shows all steps using equal time durations. Step times can vary greatly,
—| depending on the counts/step programmed.
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In the figure below, we focus on how the Jog input works on event drums. To the left of the
diagram, note that the off-to-on transitions of the Jog input increments the step. Start may be
either on or off (however, Reset must be off). Two jogs takes the drum to step three. Next, the
Start input turns on, and the drum begins running normally. During step 6 another Jog input
signal occurs. This increments the drum to step 7, setting the timer to 0. The drum begins
running immediately in step 7, because Start is already on. The drum advances to step 8
normally.

As the drum enters step 14, the Start input turns off. Two more Jog signals moves the drum
to step 16. However, note that a third Jog signal is required to move the drum through step
16 to “drum complete”. Finally, a Reset input signal arrives which forces the drum into the
preset step and turns off the drum complete bit.

Drum

Completed
Jog Jog Jog Reset
drum drlum drum \ drum

o l

Inputs
1
Start Q 7 ’LI
1
Jog Q [ 1+
Reset ,1, / /
Drum Status
Step # 1 2 3 3 3 4 5 67 8 . 14 15 16 16 16 1
Drum !
Complete (CTO) o

Self-Resetting Drum

X0 Start

Applications often require drums that automatically start Setup

over once they complete a cycle. This is easily _|x1 900 |0 Outputs
accomplished, using the drum complete bit. In the figure X2 Reset

to the right, the drum instruction setup is for CTO0, sowe [

logically OR the drum complete bit (CTO0) with the Reset | € steps |8 3|3 3[8 6
input. When the last step is done, the drum turns on CTO 2B EE
which resets itself to the preset step, also resetting CTO. FHEEHS
Contact X2 still works as a manual reset. SHEEES

Initializing Drum Outputs

The outputs of a drum are enabled any time the CPU is in run mode. On program-to-run
mode transitions, the drum goes to the preset step, and the outputs energize according to the
pattern of that step. If your application requires all outputs to be off at powerup, make the
preset step in the drum a “reset step”, with all outputs off.

Using Complex Event Step Transitions

Each event-based transition accepts only one contact reference for the event. However, this
does not limit events to just one contact. Just use a control relay contact such as CO for the
step transition event. Elsewhere in ladder logic, you may use CO as an output coil, making it
dependent on many other “events” (contacts).
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Drum Instruction

The DLO5 drum instructions may be programmed using DirectSOFT 5 or for the EDRUM
instruction only you can use a handheld programmer (firmware version v1.8 or later. This
section covers entry using DirectSOFT 5 for all instructions plus the handheld mnemonics
for the EDRUM instruction.

Timed Drum with Discrete Outputs (DRUM)

The Timed Drum with Discrete Outputs is the most basic of the DL05’s drum instructions.
It operates according to the principles covered on the previous pages. Below is a diagram of
the instruction in chart form as displayed by DirectSOFT 5.

DirectSOFT 5 Display
Step Preset

n Counter Number Timebase

Discrete Output Assignment

x|
Start DRIUM [CTasa ] VI e * [ it * —JF tit *| —F tite |
Step Preset W b F it *|F st || —F titf *||F 1t
g g g

Control 001 sentount [ oo ) EIE i i b [y 3

F e F i F ittt F e
Inputs Reset Step  Count

g

1 [Klcleed

2 |Kdddd
lkeclclelc!
Step Number Adci

ket

eccteel
el
ecctet
[Kdddd!

10 [cliddd
Output Pattern R
O= off' HW=0n 13 [

14 [kdddel

Counts per Step

15 [Kdddd
16 [Kdddd

Ok | Cancel J

The Timed Drum features 16 steps and 16 outputs. Step transitions occur only on a timed
basis, specified in counts per step. Unused steps must be programmed with “counts per step”
= 0 (this is the default entry). The discrete output points may be individually assigned as X, Y,
or C types, or may be left unused. The output pattern may be edited graphically with
DirectSOFT 5.

Whenever the Start input is energized, the drum’s timer is enabled. It stops when the last step
is complete, or when the Reset input is energized. The drum enters the preset step chosen
upon a CPU program-to-run mode transition, and whenever the Reset input is energized.

Drum Parameters Field Data Types Ranges
Counter Number aaa 0--174
Preset Step bb K 1--16
Timer base ccee K 0 -- 99.99 seconds
Counts per step dddd K 0-- 9999
Discrete Outputs Ffff XY, C See page 4 -- 28
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Drum instructions use four counters in the CPU. The ladder program can read the counter
values for the drum’s status. The ladder program may write a new preset step number to
CT(n+2) at any time. However, the other counters are for monitoring purposes only.

Counter Number Ranges of (n) Function Counter Bit Function
CT(n) 0--174 Counts in step CTn = Drum Complete
CT(n+1) 1--175 Timer value CT(n+1) = (not used)
CT(n+2) 2--176 Preset Step CT(n+2) = (not used)
CT(n+3) 3--177 Current Step CT(n+3) = (not used)

The following ladder program shows the DRUM instruction in a typical ladder program, as
shown by DirectSOFT 5. Steps 1 through 10 are used, and twelve of the sixteen output

points are used. The preset step is step 1. The timebase runs at (K10 x 0.01) = 0.1 second per

count. Therefore, the duration of step 1 is (25 x 0.1) = 2.5 seconds. In the last rung, the
Drum Complete bit (CTO0) turns on output YO upon completion of the last step (step 10).

A drum reset also resets CTO.

DRUM [ET

Slep Presel [

1 |23
1 |k20

0.01 seciCaount [k10

Step  Count

1

=11
= [

3

o

11300

cTio
I

45
l180

1923

T A

11200

186 4

K100

oo -

4000

=T e -

O

NN O N

I I

I I

I!ij—éj

I

L

I ) O

1

|
T ]

:::_'QJJ

N 1 T O

T ) o o —

ﬂ

LI

I Y O Y

1

s e

DirectSOFT 5 Display

DLO5 Micro PLC User Manual, 6th Edition, Rev. A I 6—13



Chapter 6: Drum Instruction Programming

Event Drum (EDRUM) Instruction

The Event Drum (EDRUM) features time-based and event-based step transitions. It operates
according to the general principles of drum operation covered in the beginning of this
chapter. Below is a diagram representing the instruction as displayed by DirectSOFT 5.

DirectSOFT 5 Display

Counter Number ~ Step Preset

Discrete Output Assignment

Timebase

x|
Start EDRUM[CTas /7 Fiff it it *| it B
T StepPresst Mbb' " Fft *|| it *l| it * | it
Jol 001 seciCount Kocoe Fift | i | 1t
Control L i Fift || et || e | it
Inputs Step Count Event
P Reset 1 o JEeeee 7
—_— 5 i 5
3 JKcddc *[Eeeee i
Step Number lclaele ' [Ezeee H
5 |Kddd*Feeee )0
6§ | Eeees E
4 5
Counts per Step fecudeeece i
6 [Kdde*[Eeees
9 [Kclddc *[Eeeee b
Event per Step 10 [roddc *[Ezeee B
1 [Kddde*Eeeee H
12 [Kdlddc *[Eseee H
Output Pattern 13 |kodoc Feeee i
-— —_— = Q00T |CEEET
0= Off, ®=0n L T
16 [Koldac *[Eseee

The Event Drum features 16 steps and 16 discrete outputs. Step transitions occur on timed
and/or event basis. The jog input also advances the step on each off-to-on transition. Time is
specified in counts per step, and events are specified as discrete contacts. Unused steps and
events must be left blank. The discrete output points may be individually assigned.

Whenever the Start input is energized, the drum’s timer is enabled. As long as the event is true
for the current step, the timer runs during that step. When the step count equals the counts
per step, the drum transitions to the next step. This process stops when the last step is
complete, or when the Reset input is energized. The drum enters the preset step chosen upon
a CPU program-to-run mode transition, and whenever the Reset input is energized.

Drum Parameters Field Data Types Ranges
Counter Number aa - 0--174
Preset Step bb K 1--16
Timer base ccce K 0 -- 99.99 seconds
Counts per step dddd K 0 -- 9999
Event eeee X, Y,C S, T,CT see page 4 -- 28
Discrete Outputs ffff X Y,C see page 4 -- 28
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Chapter 6: Drum Instruction Programming

Drum instructions use four counters in the CPU. The ladder program can read the counter
values for the drum’s status. The ladder program may write a new preset step number to
CT(n+2) at any time. However, the other counters are for monitoring purposes only.

Counter Number Ranges of (n) Function Counter Bit Function
CT(n) 0--174 Counts in step CTn = Drum Complete
C(n+1) 1--175 Timer value CT(n+1) = (not used)
CT(n+2) 2--176 Preset Step CT(n+2) = (not used)
CT(n+3) 3--177 Current Step CT(n+3) = (not used)

The following ladder program shows the EDRUM instruction in a typical ladder program, as
shown by DirectSOFT 5. Steps 1 through 11 are used, and all sixteen output points are used.

The preset step is step 1. The timebase runs at (K10 x 0.01) = 0.1 second per count.

Therefore, the duration of step 1 is (1 x 0.1) = 0.1 second. Note that step 1 is time-based only

(event is left blank). And, the output pattern for step 1 programs all outputs off, which is a
typically desirable powerup condition. In the last rung, the Drum Complete bit (CT4) turns
on output YO upon completion of the last step (step 11). A drum reset also resets CT4.

Lacior view |
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Ladder Yiew
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Chapter 6: Drum Instruction Programming

[
Program Using the Handheld Programmer
The EDRUM instruction may be programmed using either DirectSOFT 5 or a handheld
programmer. This section covers entry via the handheld programmer (Refer to the
DirectSOFT 5 manual for drum instruction entry using that tool).
First, enter Store instructions for the ladder rungs
controlling the drum’s ladder inputs. In the example 9 start | Sewp outnut
to the right, the timer drum’s Start, Jog, and Reset _Ll Info Hip
inputs are controlled by X0, X1 and X2 respectively. —| 29—
The required keystrokes are listed beside the ¥ Reset| stens |© O]® O[]0 O
mnemonic. — P*loojo0jo o
. . [ N ANeX 1K X¢)

These keystrokes precede the EDRUM instruction celeo[®o
mnemonic. Note that the ladder rungs for Start, Jog, gL o

n and Reset inputs are not limited to being celeocfoe
Si ng|e_contact rungs. Handheld Programmer Keystrokes
After the Store instructions, enter the EDRUM store X0 [*, || > [*, | |
(using Counter CTO) as shown: (Repeat for Store X1 and Store X2)

Handheld Programmer Keystrokes

EDRUM CNTO ‘SHFT H H ‘ ORN H ISG H ORSTH 4 H H N ‘

After entering the EDRUM mnemonic as above, the handheld programmer creates an input
form for all the drum parameters. The input form consists of approximately fifty or more
default mnemonic entries containing DEF (define) statements. The default mnemonics are
already “input” for you, so they appear automatically. Use the NXT and PREV keys to move
forward and backward through the form. Only the editing of default values is required, thus
eliminating many keystrokes. The entries required for the basic timer drum are in the chart
below.

NOTE: Default entries for output points and events are “DEF 0000”, which means they are unassigned. If
E you need to go back and change an assigned output as unused again, enter “K0000”. The entry will again
= show as “DEF 0000”.

Drum Multiple ; Default Valid Data
Parameters Entrigs Mnemonic/Entry Mnemonic Types s
Start Input - STR (plus input rung) - -
Jog Input - STR (plus input rung)
Reset Input - STR (plus input rung) - - -

Drum Mnemonic - DRUM CNT aa -- CT 0--174
Preset Step 1 bb DEF K0000 K 1--16
Timer base 1 ceee DEF K0000 K 1--9999

Output points 16 ffff DEF 0000 XY, C see page 4 -- 28

Counts per step 16 dddd DEF K0000 K 0--9999

Events 16 dddd DEF K0000 XY, C S, TCT see page 4 -- 28
Output pattern 16 9999 DEF K0000 K 0 -- FFFF
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Chapter 6: Drum Instruction Programming

Start
Jog
Reset

Drum In

Using the DRUM entry chart (two pages before), we show the method of entry for the basic
time/event drum instruction. First, we convert the output pattern for each step to the
equivalent hex number, as shown in the following example.

15 0

| Step 2 |Outputs: 0000000000000 e0

-converts to:

9 8 1 2
The following diagram shows the method for entering the previous EDRUM example on the
HHP. The default entries of the form are in parenthesis. After the drum instruction entry (on
the fourth row), the remaining keystrokes over-write the numeric portion of each default
DEF statement.

NOTE: Drum editing requires Handheld Programmer firmware version 1.7 or later. n
Handheld Programmer Keystrokes
| STR " > || | =0 | Note: You may use the NXT and PREV keys
| " > || ; ” - | to skip past entries for unused outputs or steps.
HE ||° [Ed
st [ser]l®y 17 Fom[Pse [ner[ > [« [[owr

Preset Step ( DEF K0001)
) Handheld Programmer Keystrokes contd

Outputs

R N ph—
( DEF 0000) |SHFT ||C ) ”B . ||A o ” NEXT | ( DEF K0000) ---
Y B
CC ET0 P G 50 Cere=Su G A O %
N E
( DEF 0000) |SHFT || LS ” B " NEXT| ( DEF K0000) --E
Y F
o [l < ] oo T
c H J
( DEF 0000) SHFT 2 7 NEXT ( DEF K0000) NEXT
c E B
( DEF 0000) |SHFT || ) ” B " NEXT | ( DEF K0000) | " " ” NEXT |
(DEF 0000) SHFT || © ¢ NEXT DEF K000 ! NEXT
2 2 Counts/ ( )
Ste
oeraon [wer], [*, [[nec] P o |B || || ||A =
MLS 0 0
DEF 0000 Y c E
( ) |SHFT || MLS ” > || NEXT| ( DEF K0000) | NEXT
( DEF 0000) |SHFT ||c ) ”B ) ||E B ” NEXT | ( DEF K0000)
( DEF 0000) |SHFT ||C ) ”D 3 ||A o ” NEXT | ( DEF K0000)
( DEF 0000) |SHFT ||C ”H " NEXT | ( DEF K0000) .
2 7 skip over
c b unused steps
( DEF 0000) SHET [|© 5 || NexT ( DEF K0000) NEXT
( DEF 0000) |SHFT ||C ) ”D 3 "E B ” NEXT | ( DEF K0000)
16 (DEF0000) |SHFT || "MLS ”B . " NEXT| 16 ( DEF K000 )

(Continued on next page )

NOTE: You may use the NXT and PREV Kkeys to skip past entries for unused outputs or steps.
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Chapter 6: Drum Instruction Programming

1 (DEF0000)
( DEF 0000)
( DEF 0000)
( DEF 0000)
( DEF 0000)
( DEF 0000)
( DEF 0000)
( DEF 0000)
Outputs
( DEF 0000)
( DEF 0000)
( DEF 0000)
( DEF 0000)
( DEF 0000)

( DEF 0000)

( DEF 0000)

16 (DEF 0000)

Handheld Programmer Keystrokes cont'd

-—— skip over unused event

Y E

S P A
X B

o e [° 1 [[r0]
X c

o e [ [[30]
c A

e, [*o [vea]
c B

Eia] P =

E5a O =
SET 0

ol )7, o]
SET 5

e e [ [re]
SET 3

SHFT H NEXT
ms || 7
c c A

L] 02 [ |[vea]

Output
Pattern

Last rung

Handheld Programmer Keystrokes cont'd

! (DEFKUOOO) <—— step 1 pattern = 000
o P o Jlea]
I

C J E
G P P G

( DEF K0000) |J 9 ”

E E H G
e [, |7, ", |°6 [lved]

F B G J
(DEFK0000)| 5 || 1 || 6 || 9 ||NEXT|

J D E D
(DEFK0000)| 9 || 3 || 4 || 3 ||NEXT|

E E | G
(DEFKOOOO)| 4 || 4 || 8 || 5 ||NEXT|

J E F J
(DEFK0000)| 9 || 4 || 5 || 9 ||NEXT|

D I A
( DEF K0000 ) | 3 || 8 || SHFT || 0 || NEXT |

F I G E
(DEFKUOOO)| 5 ” 8 ” 6 " 4 ”NEXT'

I E E H
oeriaom | 5 [0 74 [", [vea]

( DEF K0000)
( DEF K0000)
( DEF K0000) ~—— unused steps
I
16
o o
$ ar |[E ” |
| STR " CNT ” 4 -

|SHFT "Y |A ” NEXT|
MLS 0

NOTE: You may use the NXT and PREV Kkeys to skip past entries for unused outputs or steps.
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Chapter 7: RLL"s Stage Programming
=

Introduction to Stage Programming

Stage Programming provides a way to organize and program complex applications with
relative ease, when compared to purely relay ladder logic (RLL) solutions. Stage programming
does not replace or negate the use of traditional boolean ladder programming. This is why
Stage Programming is also called RLLPwvs- You won't have to discard any training or
experience you already have. Stage programming simply allows you to divide and organize a
RLL program into groups of ladder instructions called stages. This allows quicker and more
intuitive ladder program development than traditional RLL alone provides.

Overcoming “Stage Fright”

Many PLC programmers in the industry have | %0 co
become comfortable using RLL for every PLC | RST)
program they write... but often remain skeptical or w o
even fearful of learning new techniques such as L SYEOT)
7 stage programming. While RLL is great at solving o ~
- \tIJV(;(I)II:ean logic relationships, it has disadvantages as ETAE

e Large programs can become almost unmanageable,
because of a lack of structure. X3 Y2
- — | ouD

e In RLL, latches must be tediously created from self-
latching relays.
* When a process gets stuck, it is difficult to find the
rung where the error occurred.
 Programs become difficult to modify later, because

they do not intuitively resemble the application }

problem they are solving.

It’s easy to see that these inefficiencies consume a lot of additional time, and time is money.
Stage programming overcomes these obstacles! We believe a few moments of studying the stage
concept is one of the greatest investments in programming speed and efficiency a PLC
programmer can make!
So, we encourage you to study stage programming and add it to your “toolbox” of
programming techniques. This chapter is designed as a self-paced tutorial on stage
programming. For best results:

« Start at the beginning and do not skip over any sections.

« Study each stage programming concept by working through each example. The examples build

progressively on each other.
« Read the Stage Questions and Answers at the end of the chapter for a quick review.

7—2 I DLO05 Micro PLC User Manual, 6th Edition, Rev. A



Chapter 7: RLL"s Stage Programming

Learning to Draw State Transition Diagrams

Introduction to Process States

Those familiar with ladder program execution know that the  nputs | Ladder Outputs
CPU must scan the ladder program repeatedly, over and over. = Program -
Its three basic steps are:

1. Read the inputs

2. Execute the ladder program 1)Read  Execute Write
3. Write the outputs 2)Read - -Execute ~~~ Write
The benefit is that a change at the inputs can affect the 3)Read. - - -(Etci.n)

outputs in just a few milliseconds.

Most manufacturing processes consist of a series of activities or conditions , each lasting for

several seconds, minutes, or even hours. We might call these “process states”, which are either

active or inactive at any particular time. A challenge for RLL programs is that a particular
input event may last for just a brief instant. We typically create latching relays in RLL to

preserve the input event in order to maintain a process state for the required duration.

We can organize and divide ladder logic into sections called “stages”, representing process
states. But before we describe stages in detail, we will reveal the secret to understanding stage
programming: state transition diagrams.

The Need for State Diagrams
Sometimes we need to forget about the scan nature of PLCs, and focus our thinking toward
the states of the process we need to identify. Clear thinking and concise analysis of an
application gives us the best chance at writing efficient, bug-free programs. State diagrams are
just a tool to help us draw a picture of our process! You'll discover that if we can get the picture
right, our program will also be right!

Inputs Outputs

A 2-State Process 2N x
Consider the simple process shown to the right, which controls . ;?S;Z’m =

an industrial motor. We will use a green momentary SPST — o2 9

pushbutton to turn the motor on, and a red one to turn it off.
The machine operator will press the appropriate pushbutton for ..
just a second or so. The two states of our process are ON and \ X

OFF

The next step is to draw a state transition diagram, as shown to

the right. It shows the two states OFF and ON, with two Output equation: Y0 = On
transition lines in-between. When the event X0 is true, we transition from OFF to ON.
When X1 is true, we transition from ON to OFF,

If you're following along, you are very close to grasping the concept and the problem-solving
power of state transition diagrams. The output of our controller is YO, which is true any time
we are in the ON state. In a boolean sense, YO=ON state.

Next, we will implement the state diagram first as RLL, then as a stage program. This will
help you see the relationship between the two methods in problem solving.

Transition condition

DLO05 Micro PLC User Manual, 6th Edition, Rev. A I 7—3



Chapter 7: RLL"s Stage Programming

The state transition diagram to the right is a picture of
the solution we need to create. The beauty of it is this:
it expresses the problem independently of the X0

programming language we may use to realize it. In
other words, by drawing the diagram we have already @

solved the control problem! X1 @

First, we'll translate the state diagram to traditional Output equation Y0 = ON
RLL. Then we'll show how easy it is to translate the
diagram into a stage programming solution.

RLL Equivalent

The RLL solution is shown to the right. It consists of a \ Set Reset Laten
self-latching control relay, CO. When the On “ “ co
pushbutton (XO0) is pressed, output coil CO turns on = | 4 (oup
and the CO contact on the second row latches itself

7 on. So, X0 sets the latch CO on, and it remains on Latch Outout
after the X0 contact opens. The motor output YO also o 20
has power flow, so the motor is now on. ! (oud)
When the Off pushbutton (X1) is pressed, it opens the
normally-closed X1 contact, which resets the latch. ‘
Motor output YO turns off when the latch coil CO
goes off. |

Stage Equivalent o

The stage program solution is shown to the right. G OFF State
The two inline stage boxes SO and S1 correspond to
the two states OFF and ON. The ladder rung(s) Transition
below each stage box belong to each respective stage. X0 s1
This means that the PLC only has to scan those - (mP)
rungs when the corresponding stage is active!
For now, let’s assume we begin in the OFF State, s0 [
stage SO is active. When the On pushbutton (X0) is s1 ON State
pressed, a stage transition occurs. The JMP S1 Output
instruction executes, which simply turns off the Stage sP1 Always On YO
bit SO and turns on Stage bit S1. So on the next PLC — | (oun
scan, the CPU will not execute Stage SO, but will
execute stage S1! Transition
In the On State (Stage S1), we want the motor to _{m} @3)@

always be on. The special relay contact SP1 is defined
as always on, so YO turns the motor on.

When the Off pushbutton (X1) is pressed, a transition back to the Off State occurs. The JMP
S0 instruction executes, which simply turns off the Stage bit S1 and turns on Stage bit SO. On
the next PLC scan, the CPU will not execute Stage S1, so the motor output YO will turn off.
The Off state (Stage 0) will be ready for the next cycle.
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]

Let's Compare
Right now, you may be thinking “I don't see the big advantage to Stage Programming... in
fact, the stage program is longer than the plain RLL program”. Well, now is the time to
exercise a bit of faith. As control problems grow in complexity, stage programming quickly
out-performs RLL in simplicity, program size, etc.

For example, consider the diagram below. Notice how easy !

it is to correlate the OFF and ON states of the state SG
transition diagram below to S0 | OFF State
the stage program at the right. X0 s1
Now, we challenge anyone to — IMP)
easily identify the same states
in the RLL program on the SGSlj ON State
previous page! 01 / jp‘l
+i [

Initial Stages CONCD "
At powerup and Program-to- |
Run Mode transitions, the PLC always begins with all |
normal stages (SG) off. So, the stage programs shown so far
have actually had no way to get started (because rungs are | Powerup in OFF State
not scanned unless their stage is active). ISG »

S0 Initial Stage

Assume that we want to always begin in the Off state X0 s1
(motor off), which is how the RLL program works. The H IMP)

Initial Stage (ISG) is defined to be active at powerup. In the
modified program to the right, we have changed stage SO to | s¢_
the ISG type. This ensures the PLC will scan contact X0

after powerup, because Stage SO is active. After powerup, an el JST)
Initial Stage (ISG) works just like any other stage! Xl‘ <

We can change both programs so that the motor is ON at = IMP)
powerup. In the RLL below, we must add a first scan relay !
SPO, latching CO on. In the stage example to the right, we

simply make Stage S1 an initial stage (ISG) instead of SO. | Powerupin ON State
SG
SO0
‘ Powerup in ON State X0 S1
X0 X1 co 4{ |
\ IMP)
} V1 ouD
co Yo IS¢, Initial Stage
}7 —out
) SP1 YO
SPO | T
}7 First Scan % ! OU)
‘ X1 S0
| we)

—| NOTE: If the ISG is within the retentive range for stages, the 1SG will remain in the state it was in before
—| power down and will NOT turn itself on during the first scan.
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We can mark our desired powerup state as shownto  Powerup
the right, which helps us remember to use the X0

appropriate Initial Stages when creating a stage @ @
program. It is permissible to have as many initial stages 1
as the process requires.

What Stage Bits Do

You may recall that a stage is just a section of ladder program which is either active or inactive
at a given moment. All stage bits (SO to S377) reside in the PLC’s image register as individual
status bits. Each stage bit is either a boolean O or 1 at any time.

Program execution always reads ladder rungs from top to bottom, and from left to right. The
drawing below shows the effect of stage bit status. The ladder rungs below the stage
instruction continuing until the next stage instruction or the end of program belong to stage
0. Its equivalent operation is shown on the right. When SO is true, the two rungs have power
flow.

« If Stage bit SO = 0, its ladder rungs are not scanned (executed).
« If Stage bit SO = 1, its ladder rungs are scanned (executed).

Actual Program Appearance Functionally Equivalent Ladder
\ \
| \
SG SO
SO
> (D
> >

| | | (includes all rungs in stage)

Stage Instruction Characteristics \

7-6 |

The inline stage boxes on the left power rail divide the ladder ‘

program rungs into stages. Some stage rules are: s
« Execution — Only logic in active stages are executed on any T
scan. u 3
F———<C
« Transitions — Stage transition instructions take effect on the
next occurrence of the stages involved. SG

S1

« Octal numbering — Stages are numbered in octal, like I/0

points, etc. So “S8” is not valid. B )

. b C
« Total Stages — The DLO5 offers up to 256 stages (SO to S377 in B )
octal). G
» No duplicates — Each stage number is unique and can be used 2
just once. HF——C>
« Any order — You can skip numbers and sequence the stage HF——C>

numbers in any order.

. . =
« Last Stage — the last stage in the ladder program includes all e
rungs from its stage box until the end coil. |
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Using the Stage Jump Instruction for State Transitions

Stage Jump, Set, and Reset Instructions

The Stage JIMP instruction we have used deactivates the stage in which the instruction occurs,
while activating the stage in the JMP instruction. Refer to the state transition shown below.
When contact X0 energizes, the state transition from SO to S1 occurs. The two stage examples
shown below are equivalent. So, the Stage Jump instruction is equal to a Stage Reset of the
current stage, plus a Stage Set instruction for the stage to which we want to transition.

X0

SG SG
SO SO

X0 s1 Equivalent X0 50
G R GO I
S1

} } L (sET)

Please Read Carefully — The jump instruction is easily misunderstood. The “jump” does not
occur immediately like a GOTO or GOSUB program control instruction when executed.
Here's how it works:

= The jump instruction resets the stage bit of the stage in which it occurs. All rungs in the stage still
finish executing during the current scan, even if there are other rungs in the stage below the jump
instruction!

« The reset will be in effect on the following scan, so the stage that executed the jump instruction
previously will be inactive and bypassed.

 The stage bit of the stage named in the Jump instruction will be set immediately, so the stage will be
executed on its next occurrence. In the left program shown below, stage S1 executes during the same
scan as the JMP S1 occurs in SO. In the example on the right, Stage S1 executes on the next scan
after the JMP S1 executes, because stage S1 is located above stage SO.

SG SG Executes on next
S0 S1 scan after Jmp
%XO}—C st ) S1 YO
H ———w
SG Executes on same e
S1 scan as Jmp S0
s1 Yo 4{XO S1 )
~ ———Coup e
I

NOTE: Assume we start with Stage O active and stage 1 inactive for both examples.
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Stage Program Example: Toggle On/Off Lamp Controller

Inputs Outputs
A 4-State Process L
In the process shown to the right, we use an ordinary Toggle N
. =2 x0 | Ladder |yo
momentary pushbutton to control a light bulb. The —5 "2 program
ladder program will latch the switch input, so that we

will push and release to turn on the light, push and

release again to turn it off (sometimes called toggle Powerup
function). Sure, we could just buy a mechanical switch X0

with the alternate on/off action built in... However, this v

example is educational and also fun! Next we draw the @ A @
state transition diagram.

A typical first approach is to use X0 for both transitions
(like the example shown to the right). However, this is incorrect (please keep reading).

Note that this example differs from the motor example, because now we have just one
pushbutton. When we press the pushbutton, both transition conditions are met. We would
just transition around the state diagram at top speed. If implemented in Stage, this solution
would flash the light on or off each scan (obviously undesirable)!

Output equation: YO = ON

The solution is to make the push and the release of the pushbutton separate events. Refer to
the new state transition diagram below. At powerup we enter the OFF state. When switch X0
is pressed, we enter the Press-ON state. When it is released, we enter the ON state. Note that
X0 with the bar above it denotes X0 NOT.

Powerup ISGSO OFF State
X0 S1
- )
SG51 Push-On State
X0 S2
: B/ E—C D)
When in the ON state, another push and release cycle
similarly takes us back to the OFF state. Now we have o
two unique states (OFF and ON) used when the 52 ON State outout
pushbutton is released, which is what was required to o1 quOu
solve the control problem. - (oud)
The equivalent stage program is shown to the right. The X0 <3
desired powerup state is OFF, so we make SO an initial - D)
stage (ISG). In the ON state, we add special relay
contact SP1, which is always on. 5653 Push-Off State
Note that even as our programs grow more complex, it 0 s
is still easy to correlate the state transition diagram with 1 P

the stage program! |
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Four Steps to Writing a Stage Program

By now, you've probably noticed that we follow the same steps to solve each example
problem. The steps will probably come to you automatically if you work through all the
examples in this chapter. It's helpful to have a checklist to guide us through the problem
solving. The following steps summarize the stage program design procedure:

1. Wkite a Word Description of the application.
Describe all functions of the process in your own words. Start by listing what happens first,
then next, etc. If you find there are too many things happening at once, try dividing the
problem into more than one process. Remember, you can still have the processes
communicate with each other to coordinate their overall activity.

2. Draw the Block Diagram.

Inputs represent all the information the process needs for decisions, and outputs connect to
all devices controlled by the process.

« Make lists of inputs and outputs for the process.

« Assign 1/0 point numbers (X and Y) to physical inputs and outputs.

3. Draw the State Transition Diagram.

The state transition diagram describes the central function of the block diagram, reading
inputs and generating outputs.

« |dentify and name the states of the process.

« |dentify the event(s) required for each transition between states.
= Ensure the process has a way to re-start itself, or is cyclical.

» Choose the powerup state for your process.

 Write the output equations.

4. Write the Stage Program.
Translate the state transition diagram into a stage program.

« Make each state a stage. Remember to number stages in octal. Up to 256 total stages are available in
the DLO5, numbered 0 to 377 in octal.

« Put transition logic inside the stage which originates each transition (the stage each arrow points
away from).

« Use an initial stage (ISG) for any states that must be active at powerup.
« Place the outputs or actions in the appropriate stages.

You'll notice that Steps 1 through 3 just prepare us to write the stage program in Step 4.
However, the program virtually writes itself because of the preparation beforehand. Soon
you'll be able to start with a word description of an application and create a stage program in
one easy session!
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Stage Program Example: A Garage Door Opener

Garage Door Opener Example
In this next stage programming example we’ll create a
garage door opener controller. Hopefully most readers
are familiar with this application, and we can have
fun besides!

The first step we must take is to describe how the
door opener works. We will start by achieving the
basic operation, waiting to add extra features later.
Stage programs are very easy to modify.

Our garage door controller has a motor which raises
or lowers the door on command. The garage owner
pushes and releases a momentary pushbutton once to
raise the door. After the door is up, another push-
release cycle will lower the door.

In order to identify the inputs and outputs of the

system, it'’s sometimes helpful to sketch its main

components, as shown in the door side view to the ,/ Up limitswitch
right. The door has an up limit and a down limit |
switch. Each limit switch closes only when the door Motor ~— Raise X
has reach the end of travel in the corresponding ~— Lower .
direction. In the middle of travel, neither limit switch
is closed. i

The motor has two command inputs: raise and lower.
When neither input is active, the motor is stopped. -~ Door |

The door command is just a simple pushbutton. Command &
Whether wall-mounted as shown, or a radio-remote
control, all door control commands logical OR e
together as one pair of switch contacts. Down limit switch \‘

Draw the Block Diagram el
The block diagram of the controller is shown to the
right. Input X0 is from the pushbutton door control.
Input X1 energizes when the door reaches the full up Inputs Outputs
position. Input X2 energizes when the door reaches Toggle
the full down position. When the door is positioned —50—X0,

between fully up or down, both limit switches are Un limit Ladder To motor:
open. pam Program |y

—O O———> —— Raise
The controller has two outputs to drive the motor. o
Y1 is the up (raise the door) command, and Y2 is the DOWL“m'tXZ
down (lower the door) command. oo

L Lower
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Draw the State Diagram

Now we are ready to draw the state transition diagram. Like the previous light bulb controller
example, this application also has just one switch for the command input. Refer to the figure

below.

« When the door is down (DOWN state), nothing happens until X0 energizes. Its push and release
brings us to the RAISE state, where output Y1 turns on and causes the motor to raise the door.

« We transition to the UP state when the up limit switch (X1) energizes, an

d turns off the motor.

« Then nothing happens until another X0 press-release cycle occurs. That takes us to the LOWER
state, turning on output Y2 to command the motor to lower the door. We transition back to the

DOWN state when the down limit switch (X2) energizes.

Powerup

Output equations: Y1 = Raise Y2 = Lower

IS¢, DOWNState

X0 S1

i —Y )

Push-UP State

SG
The equivalent stage program is shown to the right. For now, we | %2 | RS

will assume the door is down at powerup, so the desired powerup
state is DOWN. We make SO an initial stage (1SG). Stage SO
remains active until the door control pushbutton activates. Then
we transition (JMP) to Push-UP stage, S1.

1
A push-release cycle of the pushbutton takes us through stage S1 Essj UP State

to the RAISE stage, S2. We use the always-on contact SP1 to
energize the motor’s raise command, Y1. When the door reaches
the fully-raised position, the up limit switch X1 activates. This
takes us to the UP Stage S3, where we wait until another door
control command occurs.

In the UP Stage S3, a push-release cycle of the pushbutton will
take us to the LOWER Stage S5, where we activate Y2 to
command the motor to lower the door. This continues until the
door reaches the down limit switch, X2. When X2 closes, we
transition from Stage S5 to the DOWN stage SO, where we began.

NOTE: The only special thing about an initial stage (ISG) is that it is
automatically active at powerup. Afterwards, it is just like any other.
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Add Safety Light Feature
Next we will add a safety light feature to the door

opener system. It’s best to get the main function \

working first as we have done, then adding the @4—[ |

secondary features. ~

. . . Safety light
The safety light is standard on many commercially-
available garage door openers. It is shown to the
right, mounted on the motor housing. The light
turns on upon any door activity, remaining on for -
approximately 3 minutes afterwards.

This part of the exercise will demonstrate the use of -
parallel states in our state diagram. Instead of using
the JMP instruction, we’ll use the set and reset

commands. -
Modify the Block Diagram and State Diagram Inputs Outputs

To control the light bulb, we add an output to our

controller block diagram, shown to the right, Y3 is the ;‘ng'e X0 R

light control output. Ralse

In the diagram below, we add an additional state Up limit

called “LIGHT”. Whenever the garage owner presses —o o— 22+ Y2 o ower

the door control switch and releases, the RAISE or

LOWER state is active and the LIGHT state is Down limit

simultaneously active. The line to the Light state is —5o—%2, Y3 Light

dashed, because it is not the primary path.

We can think of the Light state as a parallel process to the raise and lower state. The paths to
the Light state are not a transition (Stage JMP), but a State Set command. In the logic of the
Light stage, we will place a three-minute timer. When it expires, timer bit TO turns on and
resets the Light stage. The path out of the Light stage goes nowhere, indicating the Light stage
just becomes inactive, and the light goes out!

Output equations: Y1 = RAISE
N Y2 = LOWER
Y3 = LIGHT
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Using a Timer Inside a Stage

The finished modified program is shown to the right. The
shaded areas indicate the program additions.

In the Push-UP stage S1, we add the Set Stage Bit S6 1

instruction. When contact X0 opens, we transition from S1 | 1SG DOWN State
and go to two new active states: S2 and S6. In the Push- o o
DOWN state S4, we make the same additions. So, any time L (D)
someone presses the door control pushbutton, the light turns
on. SC, Push-UP State
Most new stage programmers would be concerned about X0 52
where to place the Light Stage in the ladder, and how to IMP)
number it. The good news is that it doesn't matter! s6
* Just choose an unused Stage number, and use it for the new < SET)
stage and as the reference from other stages. S0 RAISE State
 Placement in the program is not critical, so we place it at the SpP1 vi
end )

You might think that each stage has to be directly under the X1 s3
stage that transitions to it. While it is good practice, it is not H ——Cwmp)

required (that’s good, because our two locations for the Set <
S6 instruction make that impossible). Stage numbers and s3 UP State
how they are used determines the transition paths. X0 s4
In stage S6, we turn on the safety light by energizing Y3. i E—115).
Special relay contact SP1 is always on. Timer TO times at 0.1 .
second per count. To achieve 3 minutes time period, we sS4 Push-DOWN State
calculate: X0 S5
%/}—E IMP)
K = 3 min. x 60 sec/min S6
0.1 sec/count G SED)
K = 1800 counts s LOWER State
SP1 Y2
The timer has power flow whenever stage S6 is active. The —H ——(oun

corresponding timer bit TO is set when the timer expires. So X2 so
three minutes later, TO=1 and the instruction Reset S6 causes —H ——Cwmp)
the stage to be inactive.

SG
While Stage S6 is active and the light is on, stage transitions S6 LIGHT State
in the primary path continue normally and independently of sP1 Y3
Stage 6. That is, the door can go up, down, or whatever, but - ouT)
the light will be on for precisely 3 minutes.
TMR TO
K1800

TO S6
— F——G&sD
I
I
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Add Emergency Stop Feature
Some garage door openers today will detect an object under
the door. This halts further lowering of the door. Usually

implemented with a photocell (“electric-eye”), a door in the QQ
T

process of being lowered will halt and begin raising. We will

define our safety feature to work in this way, adding the —

input from the photocell to the block diagram as shown to N

the right. X3 will be on if an object is in the path of the -/
door. —

Next, we make a simple addition to the state transition Inputs Outputs
diagram, shown in shaded areas in the figure below. Note ~ Toggle “w
the new transition path at the top of the LOWER state. If :;Iir’ T Raie

we are lowering the door and detect an obstruction (X3), 552 Ladder Y2~ Lower

we then jump to the Push-UP State. We do this instead of  pown timit | Program

jumping directly to the RAISE state, to give the Lower —55 X2, Y3 _ Light
output Y2 one scan to turn off, before the Raise output Y1  Obstruction
energizes. oo

Exclusive Transitions
It is theoretically possible that the down limit (X2) and the obstruction input (X3) could
energize at the same moment. In that case, we would “jump” to the Push-UP and DOWN
states simultaneously, which does not make sense.
|

Instead, we give priority to the obstruction by |
changing the transition condition to the DOWN SG

LOWER State

state to [X2 AND NOT X3]. This ensures the S5

obstruction event has the priority. The sp1 v2
modifications we must make to the LOWER Stage =N (ouD)
(S5) logic are shown to the right. The first rung | ~
remains unchanged. The second and third rungs x2  x3 DOWN 5o
implement the transitions we need. Note the —/————Cmp)
opposite relay contact usage for X3, which ensures X3 to Push-UP  S2
the stage will execute only one of the IMP . Gmp)

instructions. ‘
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]

Stage Program Design Considerations

Stage Program Organization
The examples so far in this chapter used one self-contained state diagram to represent the
main process. However, we can have multiple processes implemented in stages, all in the same
ladder program. New stage programmers sometimes try to turn a stage on and off each scan,
based on the false assumption that only one stage can be on at a time. For ladder rungs that
you want to execute each scan, just put them in a stage that is always on.

The following figure shows a typical application. During operation, the primary
manufacturing activity Main Process, Powerup Initialization, E-Stop and Alarm Monitoring,
and Operator Interface are all running. At powerup, three initial stages shown begin
operation.

Main Process

= ISG
E GRS CN |

Powerup Initialization E-Stop and Alarm Monitoring Operator Interface

(Gariy— )

In a typical application, the separate stage sequences above operate as follows:

« Powerup Initialization — This stage contains ladder rung tasks done just once at powerup. Its last
rung resets the stage, so this stage is only active for one scan (or only as many scans that are
required).

« Main Process — this stage sequence controls the heart of the process or machine. One pass through
the sequence represents one part cycle of the machine, or one batch in the process.

« E-Stop and Alarm Monitoring — This stage is always active because it is watching for errors that
could indicate an alarm condition or require an emergency stop. It is common for this stage to reset
stages in the main process or elsewhere, in order to initialize them after an error condition.

« Operator Interface — this is another task that must always be active and ready to respond to an
operator. It allows an operator interface to change modes, etc. independently of the current main
process step.

Although we have separate processes, there can be

coordination among them. For example, in an error Operator Interface
condition, the Status Stage may want to @
automatically switch the operator interface to the

status mode to show error information as shown to

the right. The monitor stage could set the stage bit 7
for Status and Reset the stages Control and Recipe.

E-Stop and

Alarm Monitoring
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How Instructions Work Inside Stages
We can think of states or stages as simply dividing up our ladder program as depicted in the
figure below. Each stage contains only the ladder rungs which are needed for the
corresponding state of the process. The logic for transitioning out of a stage is contained
within that stage. It's easy to choose which ladder rungs are active at powerup by using an
“initial” stage type (ISG).

Stage 0 Stage 1

Most all instructions work just like they do in standard RLL. You can think of a stage just like
a miniature RLL program which is either active or inactive.

Output Coils — As expected, output coils in active stages will turn on or off outputs
according to power flow into the coil. However, note the following:

» Outputs work as usual, provided each output reference (such as “Y3”) is used in only one stage.

« An output can be referenced from more than one stage, as long as only one of the stages is active at
a time.

« If an output coil is controlled by more than one stage simultaneously, the active stage nearest the
bottom of the program determines the final output status during each scan. Therefore, use the
OROUT instruction instead when you want multiple stages to have a logical OR control of an
output.

One-Shot or PD coils — Use care if you must use a Positive Differential coil in a stage.
Remember that the input to the coil must make a 0-1 transition. If the coil is already
energized on the first scan when the stage becomes active, the PD coil will not work. This is
because the 0-1 transition did not occur.

PD coil alternative: If there is a task which you want to do only once (on 1 scan), it can be
placed in a stage which transitions to the next stage on the same scan.

Counter — In using a counter inside a stage, the stage must be active for one scan before the
input to the counter makes a 0—1 transition. Otherwise, there is no real transition and the
counter will not count.

The ordinary Counter instruction does have a restriction inside stages: it may not be reset
from other stages using the RST instruction for the counter bit. However, the special Stage
counter provides a solution (see next paragraph).

Stage Counter — The Stage Counter has the benefit that its count may be globally reset from
other stages by using the RST instruction. It has a count input, but no reset input. This is the
only difference from a standard counter.

Drum — Realize that the drum sequencer is its own process, and is a different programming
method than stage programming. If you need to use a drum with stages, be sure to place the
drum instruction in an I1SG stage that is always active.
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Using a Stage as a Supervisory Process
You may recall the light bulb on-off controller
example from earlier in this chapter. For the purpose

of illustration, suppose we want to monitor the Toggle

“productivity” of the lamp process, by counting the 55 X0,

number of on-off cycles which occurs. This
application will require the addition of a simple
counter, but the key decision is in where to put the
counter.

Powerup

Supervisor Process

New stage programming students will typically try to place
the counter inside one of the stages of the process they are
trying to monitor. The problem with this approach is that
the stage is active only part of the time. In order for the
counter to count, the count input must transition from off
to on at least one scan after its stage activates. Ensuring this
requires extra logic that can be tricky.

In this case, we only need to add another supervisory stage
as shown above, to “watch” the main process. The counter
inside the supervisor stage uses the stage bit S1 of the main
process as its count input. Stage bits used as a contact let us
monitor a process!

—| NOTE: Both the Supervisor stage and the OFF stage are initial
——| stages. The supervisor stage remains active indefinitely.

Stage Counter

Ladder |[vo
Program

ISG
SO

X0

SG

S1

X0

SG

S2

SP1

SG

S3

OFF State

S1

i e—T)

Push-On State

S2

A E——L))

ON State

YO

H 0w
e —0

Push-Off State

X0 SO
A E— D)

ISG
S4

Supervisor State

%Sl SGCNT  CTO
\

K5000

The counter in the above example is a special Stage Counter. Note that it does not have a
reset input. The count is reset by executing a Reset instruction, naming the counter bit (CTO
in this case). The Stage Counter has the benefit that its count may be globally reset from
other stages. The standard Counter instruction does not have this global reset capability. You
may still use a regular Counter instruction inside a stage... however, the reset input to the

counter is the only way to reset it.
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Power Flow Transition Technique

Our discussion of state transitions has shown how the Stage JMP instruction makes the
current stage inactive and the next stage (named in the JMP) active. As an alternative way to
enter this in DirectSOFT 5, you may use the power flow method for stage transitions.

The main requirement is that the current stage be located directly above the next (jump-to)
stage in the ladder program. This arrangement is shown in the diagram below, by stages SO

and S1, respectively.
(o )20 a )

SG SG

SO SO
Equivalent .
X0 S1 All other rungs in stage...
i G V)
X0
5051 Power flow
- e
transition
SG

| S1

Recall that the Stage JMP instruction may occur anywhere in the current stage, and the result
is the same. However, power flow transitions (shown above) must occur as the last rung in a
stage. All other rungs in the stage will precede it. The power flow transition method is also
achievable on the handheld programmer, by simply following the transition condition with
the Stage instruction for the next stage.

The power flow transition method does eliminate one Stage JMP instruction, its only
advantage. However, it is not as easy to make program changes as using the Stage JMP.
Therefore, we advise using Stage JMP transitions for most programmers.

Stage View in DirectSOFT 5

The Stage View option in DirectSOFT 5 will let you view the ladder program as a flow chart.
The figure below shows the symbol convention used in the diagrams. You may find the stage
view useful as a tool to verify that your stage program has faithfully reproduced the logic of
the state transition diagram you intend to realize.

SG

Stage Reference to Transition E> @
a Stage — — Logic Jump Set Stage
® Reset Stage

The following diagram is a typical stage view of a ladder program containing stages. Note the
left-to-right direction of the flow chart.

H

> SG SG
S3 > S5
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Parallel Processing Concepts

Parallel Processes
Previously in this chapter we discussed how a state may transition to either one state or
another, called an exclusive transition. In other cases, we may need to branch simultaneously to
two or more parallel processes, as shown below. It is acceptable to use all JMP instructions as
shown, or we could use one JMP and a Set Stage bit instruction(s) (at least one must be a
JMP, in order to leave S1). Remember that all instructions in a stage execute, even when it
transitions (the JMP is not a GOTO).

Process A

G Push-On State

X0 S2
)

Process B

sS4
—(me)
Note that if we want Stages S2 and S4 to energize exactly on the same scan, both stages must .
be located below or above Stage S1 in the ladder program (see the explanation at the bottom
of page 7-7). Overall, parallel branching is easy!

Converging Processes
Now we consider the opposite case of parallel branching, which is converging processes. This
simply means we stop doing multiple things and continue doing one thing at a time. In the

figure below, processes A and B converge when stages S2 and S4 transition to S5 at some
point in time. So, S2 and S4 are Convergence Stages.

Process A

\
‘ (D =Convergence Stage ‘ /

Process B

Convergence Stages (CV)
While the converging principle is simple enough, it brings a new complication. As parallel
processing completes, the multiple processes almost never finish at the same time. In other
words, how can we know whether Stage S2 or S4 will finish last? This is an important point,
because we have to decide how to transition to Stage S5.

The solution is to coordinate the transition condition out of Convergence
convergence stages. We accomplish this with a stage type 7 Stages
designed for this purpose: the Convergence Stage (type CV). In o~

the example to the right, convergence stages S2 and S4 are s4

required to be grouped together as shown. No logic is permitted 3 s
between CV stages! The transition condition (X3 in this case) S e C D)
must be located in the last convergence stage. The transition

condition only has power flow when all convergence stages in G

the group are active.
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Convergence Jump (CVIMP)
Recall the last convergence stage only has power flow
when all CV stages in the group are active. To
complement the convergence stage, we need a new
jump instruction. The Convergence Jump (CVIMP)
shown to the right will transition to Stage S5 when
X3 is active (as one might expect), but it also
automatically resets all convergence stages in the group.
This makes the CVIMP jump a very powerful
instruction. Note that this instruction may only be
used with convergence stages.

Convergence Stage Guidelines

CcVv
52 Convergence
‘ Jump
CcVv
S4
X3 S5
H ——(cwimp)
SG
S5

The following summarizes the requirements in the use of convergence stages, including some

tips for their effective application:

A convergence stage is to be used as the last stage of a process which is running in parallel to another
process or processes. A transition to the convergence stage means that a particular process is

through, and represents a waiting point until all other parallel processes also finish.
» The maximum number of convergence stages which make up one group is 16. In other words, a

maximum of 16 stages can converge into one stage.

= Convergence stages of the same group must be placed together in the program, connected on the

power rail without any other logic in between.

< Within a convergence group, the stages may occur in any order, top to bottom. It does not matter
which stage is last in the group, because all convergence stages have to be active before the last stage

has power flow.

« The last convergence stage of a group may have ladder logic within the stage. However, this logic
will not execute until all convergence stages of the group are active.

» The convergence jump (CVIMP) is the intended method to be used to transition from the
convergence group of stages to the next stage. The CVIMP resets all convergence stages of the

group, and energizes the stage named in the jump.

* The CVJMP instruction must only be used in a convergence stage, as it is invalid in regular or

initial stages.

« Convergence Stages or CVIMP instructions may not be used in subroutines or interrupt routines.
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RLLPws (Stage) Instructions

Stage (SG) ‘
The Stage instructions are used to create structured RLLPLUS
programs. Stages are program segments which can be activated by SG
transitional logic, a jJump or a set stage that is executed from an Saaa
active stage. Stages are deactivated one scan after transitional logic, a ‘
jump, or a reset stage instruction is executed.

Operand Data Type DLO5 Range
aaa
Stage S 0-377

The following example is a simple RLLPLYS program. This program utilizes an initial stage,
stage, and jump instructions to create a structured program.

E o 5 T o]
e | > | |
o o Bl o s o]
B S = Y O ra
) R
() MBIl
HENE
o MENE
. EREE
Y1 25 - ENT
B *) o
s Bl > 7 o)
MEEE
. . o] > o e 2 o]
4‘ ’—< OUT) ’KJMP H - H H ENT‘
)
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Initial Stage (I1SG)
The Initial Stage instruction is normally used as the first

segment of an RLLPLYS program. Multiple Initial Stages are o |IsG
allowed in a program. They will be active when the CPU enters Saaa
the Run mode allowing for a starting point in the program.
Initial Stages are also activated by transitional logic, a jump or a
set stage executed from an active stage.
Operand Data Type DLO5 Range
aaa
SHAGE e S 0-377

—| NOTE: If the ISG is within the retentive range for stages, the ISG will remain in the state it was in before

—| power down and will NOT turn itself on during the first scan.

7 JUMP (JMP)
The Jump instruction allows the program to transition from

aaa
an active stage containing the jump instruction to another SJMP )
stage (specified in the instruction). The jump occurs when
the input logic is true. The active stage containing the Jump
will deactivate 1 scan later.
Operand Data Type DLO5 Range
aaa
SEAGE v S 0-377

Not Jump (NJMP)

The Not Jump instruction allows the program to transition
from an active stage which contains the jump instruction to
another which is specified in the instruction. The jump will
occur when the input logic is off. The active stage that
contains the Not Jump will be deactivated 1 scan after the
Not Jump instruction is executed.

S aaa
—(NJMP )

Operand Data Type

DLO5 Range

aaa

0-377
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In the following example, only stage ISGO will be active when program execution begins.
When X1 is on, program execution will jump from Initial Stage O to Stage 1.

DirectSOFT
| Handheld Programmer Keystrokes
I1SG SO
|Ulse ” 4 ”A 0 | ENT |
“ s1 |$STR ” 4 ” i ” T |
—| |—( IMP ) KJMP % B N ENT
sG s1 e | = 1B, || BT
$
X2 Y5 | STR ” 4 ”CZ ” ENT |
— (o ) Bor | > |7 o |
X7 > |$sm ” 4 ” i ” T |
— o )
) b = e e
X7
(e ) M E S B R A
Converge Stage (CV) and Converge Jump (CVIMP)
The Converge Stage instruction is used to group certain
stages together by defining them as Converge Stages.
When all of the Converge Stages within a group become
active, the CVJMP instruction (and any additional logic in
the final CV stage) will be executed. All preceding CV cv
stages must be active before the final CV stage logic can be S aaa
executed. All Converge Stages are deactivated one scan after
the CVJMP instruction is executed.
Additional logic instructions are only allowed following the
last Converge Stage instruction and before the CVIMP
instruction. Multiple CVJUMP instructions are allowed. S aaa

Converge Stages must be programmed in the main body of _<cw|v|p )
the application program. This means they cannot be
programmed in Subroutines or Interrupt Routines.

Operand Data Type DLO5 Range
aaa
Stage .. S 0-377
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In the following example, when Converge Stages S10 and S11 are both active the CVIMP
instruction will be executed when X4 is on. The CVIMP will deactivate S10 and S11, and
activate S20. Then, if X5 is on, the program execution will jump back to the initial stage, SO.

e > e o]
) P E NS
A EIE]
o Y0 B EINE
———{our) M EINE
. MEIoNNED
— e ) HEINE
a2 SNEYANED
M El NN E
o= Bl YN 2
- ot B B SN R 2
— (e ) M EYE
’GouT H 2 H H N ‘
v s M EYNE
— £ PP E Y EY PN N T
HEI N E
o va HMEIE
— H—{our) YN E

X4 S20

— ——(cvvp)

SG S20

X5 S0

—1}—'—<JMP>
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Questions and Answers about Stage Programming

We include the following commonly-asked questions about Stage Programming as an aid to
new students. All question topics are covered in more detail in this chapter.

Q. What does stage programming do that I can't do with regular RLL programs?

A. Stages allow you to identify all the states of your process before you begin programming.
This approach is more organized, because you divide up a ladder program into sections. As
stages, these program sections are active only when they are actually needed by the process.
Most processes can be organized into a sequence of stages, connected by event-based
transitions.

Q. What are Stage Bits?
A. A stage bit is just a single bit in the CPU’s image register, representing the active/inactive
status of the stage in real time. For example, the bit for Stage O is referenced as “S0”. If SO
= 0, then the ladder rungs in Stage 0 are bypassed (not executed) on each CPU scan. If SO
=1, then the ladder rungs in Stage O are executed on each CPU scan. Stage bits, when used 7
as contacts, allow one part of your program to monitor another part by detecting stage
active/inactive status.
Q. How does a stage become active?
A. There are three ways:
« If the Stage is an initial stage (ISG), it is automatically active at powerup.

« Another stage can execute a Stage JMP instruction naming this stage, which makes it active upon its
next occurrence in the program.

= A program rung can execute a Set Stage Bit instruction (such as Set S0).

Q. How does a stage become inactive?
A. There are three ways:
« Standard Stages (SG) are automatically inactive at powerup.
« A stage can execute a Stage JMP instruction, resetting its Stage Bit to 0.
» Any rung in the program can execute a Reset Stage Bit instruction (such as Reset SO).

Q. What about the power flow technique of stage transitions?
A. The power flow method of connecting adjacent stages (directly above or below in the
program) actually is the same as the Stage Jump instruction executed in the stage above,
naming the stage below. Power flow transitions are more difficult to edit in DirectSOFT 5,
we list them separately from two preceding questions.

Q. Can I have a stage which is active for only one scan?
A. Yes, but this is not the intended use for a stage. Instead, just make a ladder rung active for
1 scan by including a stage Jump instruction at the bottom of the rung. Then the ladder
will execute on the last scan before its stage jumps to a new one.
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Q. Isn't a Stage JMP just like a regular GOTO instruction used in software?

A. No, it is very different. A GOTO instruction sends the program execution immediately to
the code location named by the GOTO. A Stage JMP simply resets the Stage Bit of the
current stage, while setting the Stage Bit of the stage named in the JMP instruction. Stage
bits are 0 or 1, determining the inactive/active status of the corresponding stages. A stage

JMP has the following results:
* When the JMP is executed, the remainder of the current stage’s rungs are executed, even if they
reside past(under) the JMP instruction. On the following scan, that stage is not executed, because it

is inactive.
» The Stage named in the Stage JMP instruction will be executed upon its next occurrence. If located
past (under) the current stage, it will be executed on the same scan. If located before (above) the

current stage, it will be executed on the following scan.
Q. How can | know when to use stage JMP, versus a Set Stage Bit or Reset Stage
Bit?
A. These instructions are used according to the state diagram topology you have derived:
» Use a Stage JMP instruction for a state transition... moving from one state to another.

« Use a Set Stage Bit instruction when the current state is spawning a new parallel state or stage
sequence, or when a supervisory state is starting a state sequence under its command.

» Use a Reset Bit instruction when the current state is the last state in a sequence and its task is
complete, or when a supervisory state is ending a state sequence under its command.

Q. What is an initial stage, and when do I use it?
A. An initial stage (ISG) is automatically active at powerup. Afterwards, it works just like any

other stage. You can have multiple initial stages, if required. Use an initial stage for ladder
that must always be active, or as a starting point.

Q. Can I have place program ladder rungs outside of the stages, so they are

always on?
A. It is possible, but it'’s not good software design practice. Place ladder that must always be

active in an initial stage, and do not reset that stage or use a Stage JMP instruction inside
it. It can start other stage sequences at the proper time by setting the appropriate Stage

Bit(s).

Q. Can | have more than one active stage at a time?
A. Yes, and this is a normal occurrence for many programs. However, it is important to
organize your application into separate processes, each made up of stages. And a good
process design will be mostly sequential, with only one stage on at a time. However, all the

processes in the program may be active simultaneously.
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Chapter 8: PID Loop Operation

In Cascade Mode, the loop operates as it does in Automatic Mode, with one important
difference. The data source for the SP changes from its normal location at V+02 to using the
control output value, V+05, from another loop. So in Auto or Manual modes, the loop
calculation uses the data at V+02. In Cascade Mode, the loop calculation reads the control
output from another loop’s parameter table, V+05.

Another loop Cascaded loop

Cascade

Loop Control Output V+05
Calculation

Loop Control Output
Calculation

Normal SP V+02

6]
Auto/Manual

Process Variable

As pictured below, a loop can be changed from one mode to another, but cannot go from
Manual Mode directly to Cascade, or vice versa. This mode change is prohibited because a loop
would be changing two data sources at the same time, and could cause a loss of control.

o e

Once the CPU is operating in the Run Mode, the normal operation of the PID loop
controller is to read the loop data and perform calculations on each scan of the RLL program.
When the CPU is placed in the Program Mode, the RLL program halts operation and all PID
loops are automatically put into the Manual Mode. The PID parameters can then be changed
if desired. Similarly, by placing the CPU in the Run mode, the PID loops are returned to the
operational mode which they were previously in, i.e., Manual, Automatic and Cascade. With
this selection you automatically affect the modes by changing the CPU mode.

CPU Modes:

e Mode change °
\

\
\
[
\
\
\
\
\
\

Loop Mode Linking

0 = loop follows PLC mode ¢ PID Mode 1 Setting V+00
1=

loop is independent CITITTITIITIIITTIIIT ]
Bit 151413121110 9 8 7 6 5 4 3 2 1 0

of PLC mode

@ Mode change @ Mode change

If bit 15 is set to one, then the loops will run independent of the CPU maode. It is like having
two independent processors in the CPU...one is running the RLL program and the other is
running the process loops.
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Having the ability to run loops independently of the RLL program makes it feasible to make
a ladder logic change while the process is still running. This is especially beneficial for large-
mass continuous processes that are difficult or costly to interrupt. The independent of CPU is
the feature used for this.

If you need to operate the PID loops while the RLL program is halted, in Program Mode,
either select the Independent of CPU mode in the dialog or edit your program to set and
reset bit 15 of PID Mode 1 word (\V+00) in your RLL program. If the bit is set to a zero, the
loop will follow the CPU mode, then when the CPU is placed in the Program Mode, all
loops will be forced into the Manual Mode.

When Independent of CPU mode is used, you should also set the PV to be read directly from
an analog input module. This can easily be done in the PID setup dialog, SP/PV.

The SP/PV dialog has a block entitled Process
Variable. There is a block within this block called Process Warisble

Auto Transfer From (from analog input) with the Address: V2003 [~ Square rat
information grayed out. Checking the box to the wsfer Fromd 2| Ensbe
left of the Auto Transfer From will high-light the & 140 Madule — I Fiker

information. There are two choices to select for the |~ wpiomery F_ s Fectr
auto transfer. The first choice is 1/0 Module. If this channet [T 2] 10
is selected, the Slot number “F” and the Channel
number will automatically appear. Since there is only one option slot in the DLO5, the letter
F represents the default option slot. Also, select the analog input channel of your choice.

The second choice is V-Memory. When this is

Process Yariable

selected, the V-memory address from where the PV | address: w200z [~ Square root
is transferred from must be specified. [ Auto Transfer From

. . .. Unfiltered P4
Whichever method of auto transfer is used, it is C /O Module  [onopon

recommended to check the Enable Filter Factor (a £ WeMemary a0 < l—[
low pass filter) and specify the coefficient.

Olutput
Address: V2005 Range | YOU should also select the analog output for the control output to

Wi Ltz | aoss || be transferred to. This is done in the PID setup Output dialog
lewerlinit[0 0 || shown here. The block of information in this dialog is “grayed-out”
until the box next to Auto transfer to 1/O module is checked. Once
checked, the slot number defaults to “F” like the input, and the
analog output channel can be selected.

Slot: ,F_ il
Chatnel: "I_ il

NOTE: To make changes to any loop table parameters, the PID loop must be in Manual mode and the PLC
must be stopped. If you have selected to operate the PID loop independent of the CPU mode, then you must
take certain steps to make it possible to make loop parameter changes. You can temporarily make the loops
follow the CPU mode by changing bit 15 to 0. Then you will be able to place the loop into Manual Mode
using DirectSOFT 5. After you change the loop's parameter setting/s, just restore bit 15 to a value of 1 to re-
establish PID operation independent of CPU.
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[
You may optionally configure each loop to access its analog 1/0 (PV and control output) by
placing proper values in the associated loop table registers in your RLL program. The
following figure shows the loop table parameters at V+36 and V+37 and their auto transfer
role to access the analog values directly.
Setpoint V+02 Error Loop Control output V+0§
Calculation
Process Variable V+03 /
Loop Table /
V2036 | OF XX  Slot/ channel number for PV
V2037 | OF XX  Slot/ channel number for Output
OF XX
L Channel number, 1 to 4
Option Module Slot
H When these loop table parameters are programmed directly, a value of “OF02” in register

V2036 directs the loop controller to read the PV data from channel 1 of the analog input. A
value of “0000” in either register tells the loop controller not to access the corresponding
analog value directly. In that case, ladder logic must be used to transfer the value between the
analog input and the loop table.

— NOTE: When auto transfer to/from 1/O is used, the analog data for all of the channels on the analog module
——| cannot be accessed by any other method, i.e., pointer or multiplex.

SP/PV Addresses

An SP/PV dialog will be made available to setup how the setpoint (SP) and the process
variable (PV) will be used in the loop. If this loop is the minor loop of a cascaded pair, enter
that control output address in the Remote SP from Cascaded Loop Output area. It is sometimes
desirable to limit the range of setpoint values allowed to be entered. To activate this feature,
check the box next to Enable Limiting. This will activate the Upper and Lower fields for the
values to be entered. Set the limits around the SP value to prevent an operator from entering a

Setup PID ]
Lnnp1|LUUp 2]
| Doc | Configure | TEFFVT] Output | Tuning | Setup
Setpoint Variable Process Variable =
Addhess: V2002 Address: V2003 I~ Square oot Copy

™ Buta Transfer From
FRemote Setpaint from Hel
Cascaded - o r g
Loop ]
Output - ,_ -9
I”" Enable Limiting G- | -G
& =
(“
- ol
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setpoint value outside of a safe range. The Square root box is only checked for certain PID
loops, such as a flow control loop. If the Auto transfer from 1/O module is selected, a first-order
low-pass filter can be used by checking the Enable Filter box. The filter coefficient is user
specified. The use of this filter is recommended during closed loop auto-tuning. If the
Independent format had been checked previously, make the Data format selections here.

NOTE: The SP/PV dialog can be left as it first appears for basic PID operation.

Set Control Output Limits

Another dialog that will be available in the PID setup will be the Output dialog. The control
output address, V+05, (determined by the PID loop table beginning address) will be in view.
Enter the output range limits, Upper Limit and Lower Limit, that will meet the requirement
of the process and which will agree with the data format that has been selected. For a basic
PID operation using a 12 bit output module, set the Upper Limit to 4095 and leave the

]
LoopWILnnp 2|
| Doc | Conﬂgure' SPPY | """ ! I Tuning |¢ Setup

~ Dutpul Dutput Data Forma
Addess: 2005 Fme & Unipolar data farmat Copy.
.  Binofar data format
Upper Lirit: {4095 4035 Help
Lower Linit: [0 0 (% {2t data farmat
~ 15h data format =NE=]
™ Auto transter ta 140 module | | ¢ 15 b et ot § W
N |
Base; ID_ﬂ —
sioe [0 &
Channel:lﬂ_ﬂ

Lower Limit set to 0. Check the box next for Auto transfer to I/O module if there is a need to
send the control output to a certain analog output module, as in the case of using the Loop
Mode independent of CPU Mode; otherwise, the PID output signal cannot control the
analog output when the PLC is not in RUN Mode. If the Auto transfer to I/O module feature
is checked, all channels of the module must be used for PID control outputs. If Independent
format has been previously chosen, the Output Data Format will need to be setup here, that
is, select Unipolar or Bipolar format and the bit structure. This area is not available and is
grayed out if Common format has been chosen (see page 8-26).

WARNING: If the Upper Limit is set to zero, the output will never get above zero. In effect, there
will be no control output.

DLO5 Micro PLC User Manual, 6th Edition, Rev. A I 8-31



Chapter 8: PID Loop Operation

Enter PID Parameters

Another PID setup dialog, Tuning, is for entering the PID parameters shown as: Gain
(Proportional Gain), Reset (Integral Gain) and Rate (Derivative Gain).

Setup PID

Loop 1 ]Loop 2|

l

@| spev | oupu TR Aams | RS | Senp
Gair/Bias Enor
Gain [Propartional Gain): (0.00 I Enmor Squared M
Reset (Integral Gain): ~ |0.00 B sl s Help
I FreezeBias  Units: % Seconds
" i =g

g

iy
Rate [Derivative Gainl 0.00  sec.

[ Derivative Liit: ,El_ fl

gain limiting

Recall the position and velocity forms of the PID loop equations which were introduced
earlier. The equations basically show the three components of the PID calculation:
Proportional Gain (P), Integral Gain (1) and Derivative Gain (D). The following diagram
shows a form of the PID calculation in which the control output is the sum of the
proportional gain, integral gain and derivative gain. With each calculation of the loop, each
term receives the same error signal value.

Loop Calculation

Setpoint Error Term IIH‘ Control Output

40

- m "

Process Variable

The P, I and D gains are 4-digit BCD numbers with values from 0000 to 9999. They contain
an implied decimal point in the middle, so the values are actually 00.00 to 99.99. Some gain
values have units — Proportional gain has no unit, Integral gain may be selected in seconds or
in minutes, and Derivative gain is in seconds.

Gain (Proportional Gain) — This is the most basic gain of the three. Values range from 0000
to 9999, but they are used internally as xx.xx. An entry of “0000” effectively removes the
proportional term from the PID equation. This accommodates applications which need
integral-only loops.

Reset (Integral Gain) — Values range from 0001 to 9998, but they are used internally as
xx.Xx. An entry of “0000” or “9999” causes the integral gain to be “oo”, effectively removing
the integrator term from the PID equation. This accommodates applications which need
proportional-only loops. The units of integral gain may be either seconds or minutes, as
shown in the above dialog.

Rate (Derivative Gain) — Values which can be entered range from 0001 to 9999, but they are
used internally as XX.XX. An entry of “0000” allows removal of the derivative term from the
PID equation (a common practice). This accommodates applications which require only
proportional and/or integral loops. Most control loops will operate as a Pl loop.
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|
—| NOTE: You may elect to leave the tuning dialog blank and enter the tuning parameters in the DirectSOFT
—| 5PID View.
Derivative Gain Limiting
The derivative gain (rate) has an optional gain-limiting feature. This is provided because the
derivative gain reacts badly to PV signal noise or other causes of sudden PV fluctuations. The
function of the gain-limiting is shown in the diagram below.
Loop Calculation
P Proportional
Control
Setpoint Error Term [ Integral + Output
- 1]
- D [ Derivative
D L L%
Process Variable —
C Derivative,
F ain-limited ‘
]
- |
Loop Table I PID Mode 1 Setting V+00
V+25 ‘ 00XX  Derivative Gain Limit ‘ LITTTTTTIIITITIIITIT]
Bit 151413121110 9 8 7 6 5 4 3 2 1 0

Derivative gain limit select

The gain limit can be particularly useful during loop tuning. Most loops can tolerate only a
little derivative gain without going into uncontrolled oscillations.

If this option is checked, a unit of 0 to 20 for Limit must also be entered.

NOTE: When first configuring a loop, it's best to use the standard error term until after the loop is tuned.
Once the loop is tuned, you will be able to tell if these functions will enhance control. The Error Squared
and/or Enable Deadband can be selected later in the PID setup. Also, values are not required to be entered in
the Tuning dialog, but they can set later in the DirectSOFT 5 PID View.

Error Term Selection

The error term is internal to the CPUs PID loop controller, and is generated again in each
PID calculation. Although its data is not directly accessible, you can easily calculate it
by subtracting: Error = (SP-PV). The PID calculation operates on this value linearly to give
the result. However, a few applications can benefit from non-linear control. The Error-
squared methnod of non-linear control exaggerates large errors and diminishes small error.

Error Squared — When selected, the squared error function simply squares the error term (but
preserves the original algebraic sign), which is used in the calculation. This affects the Control
Output by diminishing its response to smaller error values, but maintaining its response to
larger errors. Some situations in which the error squared term might be useful:

» Noisy PV signal — using a squared error term can reduce the effect of low-frequency electrical noise
on the PV, which will make the control system jittery. A squared error maintains the response to

larger errors.

» Non-linear process — some processes (such as chemical pH control) require non-linear controllers
for best results. Another application is surge tank control, where the Control Output signal must be

smooth.
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Enable Deadband — When selected, the enable deadband function takes a range of small error
values near zero, and simply substitutes zero as the value of the error. If the error is larger than
the deadband range, then the error value is used normally.

Freeze Bias

The term reset windup refers to an undesirable characteristic of integrator behavior which
occurs naturally under certain conditions. Refer to the figure below. Suppose the PV signal
becomes disconnected, and the PV value goes to zero. While this is a serious loop fault, it is
made worse by reset windup. Notice the bias (reset) term keeps integrating normally during
the PV disconnect, until its upper limit is reached. When the PV signal returns, the bias value
is saturated (windup) and takes a long time to return to normal. The loop output
consequently has an extended recovery time. Until recovery, the output level is wrong and
causes further problems.

PV
0 PV loss PV loss
Reset windup Freeze bias enabled
H o
Output m

| | [
Il el T

Recovery time Recovery time
In the second PV signal loss episode in the figure, the freeze bias feature is enabled. It causes
the bias value to freeze when the control output goes to its range limit. Much of the reset
windup is thus avoided, and the output recovery time is much less.

For most applications, the freeze bias feature will work with the loop as described above. It is
suggested to enable this feature by selecting it in the dialog. Bit 10 of PID Mode 1 Setting
(\V+00) word can also be set in RLL.

——| the data range. If you have set limits on the control output other than the range (i.e, 0-4095 for a
I—J unipolar/12bit loop), the bias term still uses the end of range for the stopping point and bias freeze will not
work.

[_ NOTE: The freeze bias feature stops the bias term from changing when the control output reaches the end of
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Setup the PID Alarms

Although the setup of the PID alarms is optional, you surely would not want to operate a
process without monitoring it. The performance of a process control loop may generally be
measured by how closely the process variable matches the setpoint. Most process control
loops in industry operate continuously, and will eventually lose control of the PV due to an
error condition. Process alarms are vital in early discovery of a loop error condition and can
alert plant personnel to manually control a loop or take other measures until the error
condition has been repaired.

The alarm thresholds are fully programmable, and each type of alarm may be independently
enabled and monitored. The following diagram shows the Alarm dialog in the PID setup
which simplifies the alarm setup.

LnanlLuup?‘
@\ Configura I SRRV I Cutput } Tuning } ;&War‘?ﬁa“”‘& Setup
I™ Monitor Limit Alams | 1 Enable P4 Deviation Alarms
HighHigh [0 Red [0 Copy
High: ,U_ Yelow: ’U_ Help
Low: ,D_ Alam hysteresis B -=
Law-Low: ,U_ Walue: ’T_ &_\ _%

I™ Monitor Rate of Change: |0

Monitor Limit Alarms

Checking this box will allow all of the PV limit alarms to be monitored once the limits are
entered. The PV absolute value alarms are organized as two upper and two lower alarms. The
alarm status is false as long as the PV value remains in the region between the upper and
lower alarms, as shown below. The alarms nearest the safe zone are named High Alarm and
Low Alarm. If the loop loses control, the PV will cross one of these thresholds first. Therefore,
you can program the appropriate alarm threshold values in the loop table locations shown
below to the right. The data format is the same as the PV and SP (12-bit or 15-bit). The
threshold values for these alarms should be set to give an operator an early warning if the
process loses control.

- __HohhighAam ___ ____ -~ Loop Table
High Alarm V+16 | XXXX  High-high Alarm
\ .
PV F/\—/ﬂ V+15 | XXXX  High Alarm
Low Alarm - VF14 | XXXX  Low Alarm
Low—low Alarm - V#13 | XXXX  Low-low Alarm

NOTE: The Alarm dialog can be left as it first appears, without alarm entries. The alarms can then be setup
in the DirectSOFT 5 PID View.
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If the process remains out of control for some time, the PV will eventually cross one of the
outer alarm thresholds, named High-high alarm and Low-low alarm. Their threshold values
are programmed using the loop table registers listed above. A High-high or Low-low alarm
indicates a serious condition exists, and needs the immediate attention of the operator.

The PV Absolute Value Alarms are reported in the four bits in  pip Mode and Alarm Status v+06
the PID Mode and Alarm Status word in the loop table, as (ICITT I IIIIIIT]
shown to the right. We highly recommend using ladder logic =~ ®* =m0 e ;f Ll
to monitor these bits. The bit-of-word instructions make this  High-high Alarm ﬂ

easy to do. Additionally, you can monitor PID alarms using 9" larm

DirectSOFT 5. Lo o Alarm

PV Deviation Alarms

The PV Deviation Alarms monitor the PV deviation with respect to the SP value. The
deviation alarm has two programmable thresholds, and each threshold is applied equally
above and below the current SP value. In the figure below, the smaller deviation alarm is
called the “Yellow Deviation”, indicating a cautionary condition for the loop. The larger
deviation alarm is called the “Red Deviation™, indicating a strong error condition for the loop.
n The threshold values use the loop parameter table locations VV+17 and V+20 as shown.

Red Deviation Alarm Red
Yellow Deviation Alarm Yellow Loop Table

Sp Green V+17 | XXXX  Yellow Deviation Alarm

V+20 | XXXX  Red Deviation Alarm

Yellow Deviation Alarm Yellow
Red Deviation Alarm

Red

The thresholds define zones, which fluctuate with the SP value. The green zone which
surrounds the SP value represents a safe (no alarm) condition. The yellow zones lie outside
the green zone, and the red zones are beyond those.

The PV Deviation Alarms are reported in the two bits in the
PID Mode and Alarm Status word in the loop table, as
shown to the right. We highly recommend using ladder logic
to monitor these bits. The bit-of-word instructions make this o
.. . . Red Deviation
easy to do. Additionally, you can monitor PID alarms using  vejiow Deviation

DirectSOFT 5.

The PV Deviation Alarm can be independently enabled and disabled from the other PV
alarms, using bit 13 of the PID Mode 1 Setting V+00 word.

Remember the alarm hysteresis feature works in conjunction with both the deviation and
absolute value alarms, and is discussed at the end of this section.

PID Mode and Alarm Status V+06
LITITTTITTTTITITTITT]

Bit 1514131211109 8 7 6 5 4 3 2 1 0
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PV Rate-of-Change Alarm

An excellent way to get an early warning of a process fault is to monitor the rate-of-change of
the PV. Most batch processes have large masses and slowly-changing PV values. A relatively
fast-changing PV will result from a broken signal wire for either the PV or control output, a
SP value error, or other causes. If the operator responds to a PV Rate-of-Change Alarm
quickly and effectively, the PV absolute value will not reach the point where the material in
process would be ruined.

The DLO5 loop controller provides a programmable PV Rate-of-Change Alarm, as shown
below. The rate-of-change is specified in PV units change per loop sample time. This value is
programmed into the loop table location V+21.

Loop Table
PV slope OK\ PV slope excessive V+21 ‘ XXXX PV Rate-of-Change AIarm‘
PV

PID Mode and Alarm Status V+06
/*rate-of-changealarm / (ITTTITIIIITIIII1]
ﬁ F ﬁ F Bit1514131211109 8 7 6 5 43 2 1 0

Sample time Sample time f
PV Rate-of-Change Alarm

As an example, suppose the PV is the temperature for your process, and you want an alarm
whenever the temperature changes faster than 15 degrees/minute. The PV counts per degree
and the loop sample rate must be known. Then, suppose the PV value (in V+03 location)
represents 10 counts per degree, and the loop sample rate is 2 seconds. Use the formula below
to convert our engineering units to counts/sample period:

15 degrees 10 counts / degree 150 .
Alarm Rate-of-Change = X = = 5 counts / sample period

1 minute 30 loop samples / min. 30

From the calculation result, you would program the value 5 in the loop table for the rate-of-
change. The PV Rate-of-Change Alarm can be independently enabled and disabled from the
other PV alarms, using bit 14 of the PID Mode 1 Setting V+00 word.

The alarm hysteresis feature (discussed next) does not affect the Rate-of-Change Alarm.
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PV Alarm Hysteresis

The PV Absolute Value Alarm and PV Deviation Alarm are programmed using threshold
values. When the absolute value or deviation exceeds the threshold, the alarm status becomes
true. Real-world PV signals have some noise on them, which can cause some fluctuation in
the PV value in the CPU. As the PV value crosses an alarm threshold, its fluctuations cause
the alarm to be intermittent and annoy process operators. The solution is to use the PV
Alarm Hysteresis feature.

The PV Alarm Hysteresis amount is programmable from 1 to 200 (binary/decimal). When
using the PV Deviation Alarm, the programmed hysteresis amount must be less than the
programmed deviation amount. The figure below shows how the hysteresis is applied when
the PV value goes past a threshold and descends back through it.

Alarm threshold

Hysteresis \
Loop Table

PV V+22 ‘ XXXX PV Alarm Hysteresis

Alarm 1
0

The hysteresis amount is applied after the threshold is crossed, and toward the safe zone. In
this way, the alarm activates immediately above the programmed threshold value. It delays
turning off until the PV value has returned through the threshold by the hysteresis amount.

Alarm Programming Error

The PV Alarm threshold values must have

certain mathematical relationships to be valid.
The requirements are listed below. If not met,
the Alarm Programming Error bit will be set, as [LLITETTTTTTTTTT]
|nd|cated to the r|ght Bit 151413121110 9 8 7 6 5 4 3 21 0

« PV Absolute Alarm value requirements:
Low-low < Low < High < High-high

PID Mode and Alarm Status V+06

Alarm Programming Error

« PV Deviation Alarm requirements:
Yellow < Red

Loop Calculation Overflow/Underflow Error

This error oceurs V\_/henever the output reaches its PID Mode and Alarm Status V+06
upper or lower limit and the PV does not reach

the setpoint. A typical example might be when a B,,‘lsl 14' 13] 121 nl w‘ 9' 8' 7l 5' 5' 4l 31 2' ll 0‘
valve is stuck, the output is at its limit, but the PV A

has not reached setpoint. Loop Calculation Overflow/Underflow Error

™ NOTE: Overflow/underflow can be alarmed in PID View. The optional C-more 10 panel (see the
[— automationdirect.com website) can also be set up to read these error bits using the PID Faceplate templates.
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Ramp/Soak

R/S (Ramp/Soak) is the last dialog available in the PID setup. The basic PID does not require
any entries to be made in order to operate the PID loop. Ramp/Soak will be discussed in
another section.

x
L00p1|L00p2| -
| spey | ouput | Tuning | Alamms |
Table Location: - Change [ [~ Ramp/S

[ Ramp |I Soak

[ 5P [ Slope | Time [ Devistion ﬂ Help |
1|0 000 0 il
z o 000 00 0 k"]
5[0 0.00 (] 0 | -G
40 0.00 0.0 0
5 |0 0.00 0.0 0
g |0 0.00 0.0 0 I~

Complete the PID Setup ﬂ

Once you have filled in the necessary information for the basic PID setup, the configuration
should be saved. The icons on the Setup PID dialog will allow you to save the configuration
to the PLC and to disk. The save to icons have the arrow pointing to the PLC and disk. The
read from icons have the arrows pointing away from the PLC and disk.

An optional feature is available with the Doc tab in the Setup PID window. You enter a name
and description for the loop. This is useful if there is more than one PID loop in your

application.
]
Laop 1|Lnnp 2|
| Doc IConﬂgure| SPPY | Output | Tuning | Sety
P...
Tiez|Loop Tite
Copy...
&dd your personalized documentation for this loop. Help / Save tO dISk
SRy
&" ﬁl‘
< Save to PLC
!

toolbar, then Save project > to disk. In addition to saving your entire project, all the PID parameters are

NOTE: It is good practice to save your project after setting up the PID loop by selecting File from the menu
‘ also saved.

DLO5 Micro PLC User Manual, 6th Edition, Rev. A I 8-39



Chapter 8: PID Loop Operation

PID Loop Tuning

3\

Once you have set up a PID loop, it must be tuned in order for it to work. The goal of loop
tuning is to adjust the loop gains so the loop has optimal performance in dynamic conditions.
The quality of a loop’s performance may generally be judged by how well the PV follows the
SP after a SP step change. It is important to keep in mind that understanding the process is
fundamental to getting a well designed control loop. Sensors must be in appropriate locations
and valves must be sized correctly with appropriate trim. PID control does not have typical
values. There isn't one control process that is identical to another.

Manual Tuning vs. Auto Tuning

You may enter the PID gain values to tune your loops (manual tuning), or you can rely on
the PID processing “engine” in the CPU to automatically calculate the gain values (auto
tuning). Most experienced process engineers will have a favorite method; the DLO5 will
accommodate either preference. The use of auto tuning can eliminate much of the trial-and-
error of the manual tuning approach, especially if you do not have a lot of loop tuning
experience. However, performing the auto tuning procedure will get the gains close to
optimal values, but additional manual tuning can get the gain values to their optimal values.

WARNING: Only authorized personnel fully familiar with all aspects of the process should make
changes that affect the loop tuning constants. Using the loop auto tune procedures will affect the
process, including inducing large changes in the control output value. Make sure you thoroughly
consider the impact of any changes to minimize the risk of injury to personnel or damage to
equipment. The auto tune in the DLO5 is not intended to be used as a replacement for your process
knowledge.

Open-Loop Test

Whether you use manual or auto tuning, it is very important to verify basic characteristics of
a newly-installed process before attempting to tune it. With the loop in Manual Mode, verify
the following items for each new loop.

« Setpoint — verify that the SP source can generate a setpoint. Put the PLC in Run Mode and leave
the loop in Manual Mode, then monitor the loop table location V+02 to see the SP value(s). (If you
are using the ramp/soak generator, test it now).

* Process Variable — verify that the PV value is an accurate measurement, and the PV data arriving in
the loop table location V+03 is correct. If the PV signal is very noisy, consider filtering the input
either through hardware (RC low-pass filter), or using the filter in this chapter.

» Control Output — if it is safe to do so, manually change the output a small amount (perhaps 10%)
and observe its affect on the process variable. Verify the process is direct-acting or reverse acting, and
check the setting for the control output (inverted or non-inverted). Make sure the control output
upper and lower limits are not equal to each other.

« Sample Rate — while operating open-loop, this is a good time to find the ideal sample rate
(procedure given earlier in this chapter). However, if you are going to use auto tuning, the auto
tuning procedure will automatically calculate the sample rate in addition to the PID gains.
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Manual Tuning Procedure

It is not necessary to try to obtain the best values for the P, | and D parameters in the PID
loop by trial and error. Following is a typical procedure for tuning a temperature control loop
which you may use to tune your loop.

Monitor the values of SP, PV and CV with a loop trending instrument or use the PID View
feature in DirectSOFT 5 (see page 8-48).

NOTE: We recommend using the PID View Tuning and Trending window to select manual for the vertical
scale feature, for both SP/PV area and Bias/Control Output areas. The auto scaling feature would otherwise
change the vertical scale on the process parameters and add confusion to the loop tuning process.

« Adjust the gains so the Proportional Gain = 0.5 or 1.0 (1.0 is a good value based on experience),
Integral Gain = 9999 (this basically eliminates reset) and Derivative Gain =0000. This disables the
integrator and derivative terms, and provides some proportional gain.

* Check the bias value in the PID View and set it to zero.
« Set the SP to a value equal to 50% of the full range.

* Now, select Auto Mode. If the loop will not stay in Auto Mode, check the troubleshooting tips at
the end of this chapter. Allow the PV to stabilize around the 50% point of the range. ﬂ

« Change the SP to the 60% point of the range.

60% here

10% of
SP range

Over-damped PV response

50% here

SP
PV

The response may take awhile, but you will see that there isn't any oscillation. This response is
not desirable since it takes a long time to correct the error; also, there is a difference between
the SP and the PV.

« Increase the Proportional gain, for example to 2.0. The control output will be greater and the
response time will be quicker. The trend should resemble the figure below.

60% here

\ PV response

« Increase the Proportional gain in small increments, such as 4, 6, 7, etc. until the control output
response begins to oscillate. This is the Proportional gain that should be recorded.

10% of
SP range

50% here

SP
PV
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_ 60% here l Error

50% here

SP
PV

« Now, return the Proportional gain to the stable response, for example, 9.7. The error, SP-PV, should
be small, but not at zero.

 Next, add a small amount of Integral gain (reset) in order for the error to reach zero. Begin by using
80 seconds (adjust in minutes if necessary). The error should get smaller.

« Set the Integral gain to a lower value, such as 50 for a different response. If there is no response,
continue to decrease the reset value until the response becomes unstable. See the figure below.

60% here /\

10% of
SP range

50% here ¢

SP
PV Under-damped PV response

« For discussion, let us say that a reset value of 35 made the control output unstable. Return the reset
value to the stable value, such as 38. Be careful with this adjustment since the oscillation can
destroy the process.

 The control output response should be optimal now, without a Derivative gain. The example

recorded values are: Proportional gain = 9.7 and Integral gain = 38 seconds. Note that the error has
been minimized.

Minimum Oscillations

Shortest response time

The foregone method is the most common method used to tune a PID loop. Derivative
gain is almost never used in a temperature control loop. This method can also be used for
other control loops, but other parameters may need to be added for a stable control output.

Test your loop for a high PV of 80% and again for a low PV of 20%, and correct the values if
necessary. Small adjustments of the parameters can make the control output more precise or
more unstable. It is sometimes acceptable to have a small overshoot to make the control
output react quicker.
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The derivative gain can be helpful for those control loops which are not controlling
temperature. For these loops, try adding a value of 0.5 for the derivative gain and see if this
improves the control output. If there is little or no response, increase the derivative by

increments of 0.5 until there is an improvement to the output trend. Recall that the derivative
gain reacts with a rate of change of the error.
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Auto Tuning Procedure

The auto tuning feature for the DLO5 loop controller will only run once each time it is
enabled in the PID table. Therefore, auto tuning does not run continuously during operation
(this would be adaptive control). Whenever there is a substantial change in loop dynamics,
such as mass of process, size of actuator, etc., the tuning process will need to be repeated in
order to derive new gains required for optimal control.

WARNING: Only authorized personnel fully familiar with all aspects of the process should make
changes that affect the loop tuning constants. Using the loop auto tuning procedures will affect the
process, including inducing large changes in the control output value. Make sure you thoroughly
consider the impact of any changes to minimize the risk of injury to personnel or damage to
equipment. The auto tune in the DLO5 is not intended to be used as a replacement for your process
knowledge.

Once the physical loop components are connected to the PLC, auto tuning can be initiated
within DirectSOFT 5 (see the DirectSOFT 5 Programming Software Manual), and it can be
used to establish initial PID parameter values. Auto tuning is the best “guess” the CPU can do
after some trial tests.

The loop controller offers both closed-loop and open-loop methods. The following sections
describe how to use the auto tuning feature, and what occurs in open and closed-loop auto
tuning.

The controls for the auto tuning function use three bits in the PID Mode 2 word V+01, as
shown below. DirectSOFT 5 will manipulate these bits automatically when you use the auto
tune feature within DirectSOFT 5. Or, you may have your ladder logic access these bits
directly for allowing control from another source such as a dedicated operator interface. The
individual control bits allow you to start the auto tune procedure, select PID or PI tuning and
select closed-loop or open-loop tuning. If you select Pl tuning, the auto tune procedure leaves
the derivative gain at 0. The Loop Mode and Alarm Status word V+06 reports the auto tune
status as shown. Bit 12 will be on (1) during the auto tune cycle, automatically returning to
off (0) when done.

Auto Tune Function

Start Auto Tune Auto Tune
(0 to 1 transition) Active
0=PID tuning,_ Auto Tune
Auto Tuning 1=open Pl twning Error Auto Tuning
Controls 0O=closed loop, Status
F 1=open loop
PID Mode 2 Setting V+01 Loop Mode and Alarm Status V+06
LTI ITTITTITT T ] LTI ITTTITITTTIT]
Bit 1514131211109 8 7 6 5 4 3 21 0 Bit 1514131211109 8 7 6 5 4 3 21 0
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Open-Loop Auto Tuning

During an open-loop auto tuning cycle, the loop controller operates as shown in the diagram
below. Before starting this procedure, place the loop in Manual Mode and ensure the PV and
control output values are in the middle of their ranges (away from the end points).

__ PLCSystem
| ! Process Variable
| 1
\ _/~ Response I step Function }
‘ Open Loop |
} Auto T uning |
|
|
| Control }
| Setpoint Value > Error Term Loop | Output | Manufacturing
| + Calculation i Process
! B \
} Process Variable |
I

NOTE: In theory, the SP value does not matter in this case, because the loop is not closed. However, the
requirement of the firmware is that the SP value must be more than 5% of the PV range from the actual PV
— before starting the auto tune cycle (for the DLO5, 12 bit PV should be 205 counts or more below the SP for
— forward-acting loops, or 205 counts or more above the SP for reverse-acting loops). ﬂ

When auto tuning, the loop controller induces a step change on the output and simply
observes the response of the PV. From the PV response, the auto tune function calculates the
gains and the sample time. It automatically places the results in the corresponding registers in
the loop table.

The following timing diagram shows the events which occur in the open-loop auto tuning
cycle. The auto tune function takes control of the control output and induces a 10%-of-span

step change. If the PV change which the loop controller observes is less than 2%, then the
step change on the output is increased to 20%-of-span.

* When Auto Tune starts, step change output m=10%

* During Auto Tune, the controller output reached the full scale positive limit. Auto Tune stopped
and the Auto Tune Error bit in the Alarm word bit turned on.

* When PV change is under 2%, output is changed at 20%. Open Loop Auto Tune Cycle Wave: Step
Response Method

PV
(%) Tangent
SP—

Process Wave

LrRr
(%)

1 Lr 1
3 (s€C.) -

i/ Step Change A m=10%

Output Value |
(%) S~

Auto Tune Cycle

PID Cycle - --- - W """ PID Cycle
Auto Tune Start Auto Turfe End
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When the loop tuning observations are complete, the loop controller computes Rr
(maximum slope in %/sec.) and Lr (dead time in sec). The auto tune function computes the
gains according to the Zeigler-Nichols equations, shown below:

PID Tuning PI Tuning
P=12* m/LRr P=0.9* m/LRr
1=20*Lr 1=333*Lr
D=0.5*Lr D=0
Sample Rate = 0.056* Lr Sample Rate = 0.12*Lr
m = Output step change (10% = 0.1, 20% = 0.2)

We highly recommend using DirectSOFT 5 for the auto tuning interface. The duration of
each auto tuning cycle will depend on the mass of the process. A slowly-changing PV will
result in a longer auto tune cycle time. When the auto tuning is complete, the proportional,
integral, and derivative gain values are automatically updated in loop table locations V+10,
V+11, and V+12 respectively. The sample time in V+07 is also updated automatically. You
can test the validity of the values the auto tuning procedure yields by measuring the closed-
loop response of the PV to a step change in the output. The instructions on how to do this
H are in the section on the manual tuning procedure (located prior to this auto tuning section).

Closed-Loop Auto Tuning
During a closed-loop auto tuning cycle the loop controller operates as shown in the diagram

Process Variable

below.

PLC System
r-e | Process Variable
| f
} ‘ “~"— Response _ILI1 Limit cycle wave }
| Closed Loop ‘
| Auto T uning ‘
| |
| Control ‘
| Setpoint Value > Error Term Loop | Output ‘ Manufacturing
| + Calculation ; Process
‘ —
| |
‘ |

When auto tuning, the loop controller imposes a square wave on the output. Each transition
of the output occurs when the PV value crosses over/under the SP value. Therefore, the
frequency of the limit cycle is roughly proportional to the mass of the process. From the PV
response, the auto tune function calculates the gains and the sample time. It automatically
places the results in the corresponding registers in the loop table.
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The following timing diagram shows the events which occur in the closed-loop auto tuning
cycle. The auto tune function examines the direction of the offset of the PV from the SP. The
auto tune function then takes control of the control output and induces a full-span step
change in the opposite direction. Each time the sign of the error (SP — PV) changes, the
output changes full-span in the opposite direction. This proceeds through three full cycles.

Closed Loop Auto Tune Cycle Wave: Limit Cycle Method
Xo
Y
SP ' " 1 " =1 - - -
PV . . . . \ + \

Output Value — ; . ; . \
MT \x
i -

PID Cycle - - -

Process Wave

Auto Tune Cycle / 77777 PID Cycle

Auto Tune Start Auto Tune End X ﬂ
Calculation of
PID parameter
*Mmax = Output Value upper limit setting. Mmin = Output Value lower limit setting.
* This example is direct-acting.

When set to reverse—acting, the output will be inverted. When the loop tuning observations
are complete, the loop controller computes To (bump period) and Xo (amplitude of the PV).
Then it uses these values to compute Kpc (sensitive limit) and Tpc (period limit). From these
values, the loop controller auto tune function computes the PID gains and the sample rate
according to the Zeigler-Nichols equations shown below:

Kpc=4M/( *X0) Tpc=0
M = Amplitude of output
PID Tuning Pl Tuning
P =0.45*Kpc P =0.30*Kpc
1=0.60*Tpc 1 =1.00*Tpc
D =0.10*Tpc D=0
Sample Rate = 0.014*Tpc Sample Rate = 0.03*Tpc

Auto tuning error

If the auto tune error bit (bit 13 of loop Mode/Alarm status word V+06) is on, please verify

the PV and SP values are at least 5% of full scale difference, as required by the auto tune
function.

NOTE: If your PV fluctuates rapidly, you probably need to use the built-in analog filter (see page 8-53) or
create a filter in ladder logic (see example on page 8-54).
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Use Direct SOFT 5 Data View with PID View
The Data View window is a very useful tool which can be used to help tune your PID loop.
You can compare the variables in the PID View with the actual values in the V-memory
location with Data View.

Open a New Data View Window
A new Data View window can be opened in any one of three ways; the menu bar Debug >
Data View > New, the keyboard shortcut Ctrl + Shift + F3 or the Data button on the Status
E toolbar. By default, the Data View window is assigned Datal as the default name. This name
can be changed for the current view using the Options dialog. The following diagram is an
——  example of a newly opened Data View. The window will open next to the Ladder View by
default.

& DirectSOFT 5 Programming - pid - [Ladder Yiew]
Fle Edi Seach View Toos FLC Debug Window Help

Eaxll.

0 A

Ak TR

TR

V3002 “Fy

x Lo .

5 - LR E SF read from aperator nterface, then converted o ng MoDE

3

g Element [ Status Edits - D h\%
| g&” 5P from DIP —

—z 4k
E Ll V2600 F2
[ A4F
& [EN 41
& 1
[7] Ut APz
] Setpoint JEF
o]

PVfroma 4-20mA analog input, then convertered to £ | i
Shif2

_On PV frorn 4-20mA
&P

F ¥2500

EE[RE
U
5 ‘%i—
LER

N 4

[OUT iz
| | Process Variatle
2003 =l

Offne. 00029/07680 06 0004002001

o

EME] |
(KN
Vi

For Help,press F1

The Data View window can be used just as it is shown above for troubleshooting your PID
logic, and it can be most useful when tuning the PID loop.
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Open PID View
The PID View can only be opened after a loop has been setup in your ladder program and

Pri the programming computer is connected to the PLC (online). PID View is opened by

selecting it from the View submenu on the Menu bar, View > PID View. The PID View can
also be opened by clicking on the PID View button from the PLC Setup toolbar if it is in

[ DirectSOFT 5 Pragramming - pid - [Ladder View] MEIE
Fie Edt Sesch |Yiew Took PLC [Debug MWindow Help
[v LodarView  mubd X z S
TP
i R Bt elids b,
== MhemoricView 5
St g Reference View
Ladder Viw | ax
x| 1= — MoDE
] l_ Toobas N |_‘ SP read from operator interface, then comverted to Bwa
E Ele[o Status far Edits ; ) A\g
= _on 5P fram DIP —
— 2 Options sP1 i
31 4 Themes. 0 — V2600 F2
] 22 Color Setup. 3
— F3
L5 & Zoamln ]
o] ) o A
7 ouT
— Sefpoint SEF
i V3002 ~F3
9
W P fram a 4-20mA analog input, then comvertered to £ 41k
o P2
— [ Bl
pe| _on Fyfiom 4-20mA shiF
7 P1 —
i) ) b
15
L A+
18| !
iH
R T 5
16 = 1 >
= Frocess Variable
For Help, press F1 V3003 =y
Changes o this view ype. | 0k [ 0dineDSCELOB Fun. | [00028/07680 (06 0004003001

The PID View will open and appear over the Ladder View which can be brought into view by
clicking on its tab. When using the Data View and the PID View together, each view can be
sized for better use as shown on the facing page.

B DirectSOFT 5 Programming - pid - [PID View] BEE
Fle Edt Seach Yiew Jook FLC Debug window Hep -8x
g EDIT /7 | p@ ? - ﬁ .g' ?
b PN SRS SR AT T AR
g = =
e = e [
X Lodder View | FID View | A e
5 E = B Fieop THe
= Element Status Edts___|= Sec/Div: 8
= e
1 5Pa
. Halt
3 PV _hat |
m BlAS0 Reset
5| Ut
[6] S
7
] Loap Num. |‘_§H Loop 2| A5F
— n I F3
9 < -
m PLEMeds: Pegan | o= |- g ;ﬂ‘z
m Mode: [Marual |~ W] b
Gain:[000 (i)
B o | L s
Feset: Fed
m O vin puefo ++
% B[00 e | Velow,_|| =
m Fadore———— |*F
m Output Action Contral Method |
— 1 Foward Acting &Pl oo 2k
18] B ‘ ol >
Tl e Fiibdat 10 17:14:41 2006 Value: 3 v
For Hep. press F1 [ OF [ OnieDSCBLOG | Progiem [00029/076E0 (05 |
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The two views are now ready to be used to tune your loop. You will be able to see where the
PID values have been set and see the process that it is controlling.

[& DirectS OFT 5 Programming - pid - [PID View]
Edi Seach View Jook PLC Debug Windaw Help

EDIT &7% |l W p@
mo0e S | cac o oiBe

LadcerVien| FID view |

?
W

abx
[ecomer =] [woro =] [0 [[ocees 1o 1 HooE
[ Element | Stoius Edis « SacDi &<
1 2 - B =
0 3P0 m
i | e Hat | Y 2
= BIASO 0l
i Reset 1o ﬂr/aF
B uto ==
] | o e
7
%] Loop N [1 2] | Loop Title Ak
3 g
] PLE Mod: Progem I Liitdlam || 47
10 spfo I 'Roc{o sl
m Mode: [Warual =] o Hightigh || 57
] ain [100 (RS (e
Rl & ool BiasD Eit)
1] Reset [0 | G| 0 el {7
y -
M) Rete: [0.00 | ses Velowl0 | Lowlow[d | | =
[15] |
ﬁ Dutput, !
17 e e
L r fowadheing | € P | CosedLoontlitcickl =l[ 42
Kl | 2 >
Fiiblar 10 17:25:26 2008 Valoe: 7 3y
D erer [ Ok | OnineDSCEL06 | Fregam  [0ODSO7E0 06 lLewpTie

4

With both windows positioned in this manner, you are able to see where the PID values have
been set and see the process that it is controlling. In the diagram below, you can see the
current SP, PV and Output values, along with the other PID addresses. Refer to the Loop
Table Word Definitions (page 8-20) for details for each word in the table. This is also a good
data type reference for each word in the table.

[Scale the time axis of the viewing ]

The trend can be cleared and
window by using this input box. r .
\

estarted from the left at anytime
Vi

[E DirectSOFT 5 Programming - rtd example - [PID ¥iew] =18 x|
Fle Edt Search WView Tooks PLC Debug  Window \Help -8 X

R S |- Process Variable and
= - B - | ’

Setpoint trends are

M| [ & &

i 12-7 =

status | Data’ Value M:le Tifo  Soew: - color COd??-
Datal E[x| Ladderview PID vied | b
BCD/Mex | [wORD =

%
Elerment

The loop name area

turns red whenever there

. PYV:715
is an overflow error.

BIAS:TRO

g | oUTS6s

(6| V1400 £51

% x:gg SE‘ Loop Num: [T ] |20 RTD test B
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m ’}? Forward Acting “ Fl " Closed Loop [Lim#t Cycle)
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Using Other PID Features

It's a good idea to understand the special features of the DLO5 and how to use them. You may
want to incorporate some of these features for your PID.

How to Change Loop Modes
The first three bits of the PID Mode 1 word (V+00) request PID Mode 1 Setting V+00
the operating mode of the corresponding loop. Note: These [ITTTTTTTTITTTTT]
bits are mode change requests, not commands (certain A 0\
conditions can prohibit a particular mode change — see next Cascade T Manual
page). Automatic
The normal state of these mode request bits is “000”. To request a mode change, you must
SET the corresponding bit to a “1”, using a one-shot. The PID loop controller automatically
resets the bits back to “000” after it reads the mode change request. Methods of requesting
mode changes are:
« DirectSOFT 5's PID View — this is the easiest method. Use the drop-down menu, or click on one
of the radio buttons, and the appropriate bit will get set.

« Ladder program- ladder logic can request any loop mode when the PLC is in Run Mode. This will ﬂ

be necessary after application startup if mode changes are part of the application.

Use the rung shown to the right to SET the mode bit (do not use | Go to Auto Mode
an OUT coil). On a 0-1 transition of X0, the rung sets the Auto bitl  xo B2000.1
equal to 1. The loop controller resets it. H T————CseD

» Operator panel — interface the operator’s panel to ladder logic ‘
using standard methods, then use the logic to the right to set the mode bit.

Since mode changes can only be requested, the PID loop controller will decide when to permit
mode changes and provide the loop mode status. It reports the current mode on bits 0, 1, and
2 of the Loop Mode/Alarm Status word, location V+06 in the loop table. The parallel
request/monitoring functions are shown in the figure below. The figure also shows the two
possible mode-dependent SP sources, and the two possible Control Output sources.

Input from Operator Maonual

Control Output

from another loo Cascade

Control Output

Setpoint Error Term Loop

® 2 Calculation 40/9‘)7
Normal Source o | _ Auto/Cascade
Auto/Manual } Process Variable }

\,,,,,,,,,MOQG,SQGL,,‘,,,+,,,J
_
PID Mode
™ Control l {
PID Mode 1 Setting V+00 Loop Mode and Alarm Status V+06 l

I O I A I T Y I A B

Bit 151413121110 9 8 7 6 5 4 3 2 1 0 Bit 151413121110 9 8 7 6 5 4 3 2 1 0
Mode Request T \ Mode Monitoring r/ l \\

Cascade Manual Cascade Manual

Automatic Automatic
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Operator Panel Control of PID Modes
Since the modes Manual, Auto and Cascade are the most fundamental and important PID
loop controls, you may want to “hard-wire” mode control switches to an operator’s panel.
Most applications will need only Manual and Auto selections (Cascade is used in special
applications). Remember that mode controls are really mode request bits, and the actual loop
mode is indicated elsewhere.
The following figure shows an operator’s panel using momentary push-buttons to request
PID mode changes. The panel’s mode indicators do not connect to the switches, but interface
to the corresponding data locations.

Operator 's Panel i Manual @
.
oA O
T
Mode Request L Mode Monitorini
q 1 L Cascade @ 9
PID Mode 1 Setting V+00 Loop Mode and Alarm Status V+06

Bit 151413121110 9 8 7 6 5 4 3 2 1 0 Bit 151413121110 9 8 7 6 5 4 3 2 1 0

H PLC Modes Effect on Loop Modes
If you have selected the option for the loops to follow the PLC mode, the PLC modes
(Program, Run) interact with the loops as a group. The following summarizes this interaction:
« When the PLC is in Program Mode, all loops are placed in Manual Mode and no loop calculations
occur. However, note that output modules (including analog outputs) turn off in PLC Program
Mode. So, actual manual control is not possible when the PLC is in Program Mode.

« The only time the CPU will allow a loop mode change is during PLC Run Mode operation. As
such, the CPU records the modes of all 4 loops as the desired mode of operation. If power failure
and restoration occurs during PLC Run Mode, the CPU returns all loops to their prior mode
(which could be Manual, Auto, or Cascade).

» On a Program-to-Run mode transition, the CPU forces each loop to return to its prior mode
recorded during the last PLC Run Mode.

« You can add and configure new loops only when the PLC is in Program Mode. New loops
automatically begin in Manual Mode.

Loop Mode Override
In normal conditions, the mode of a loop is determined by the request to V+00, bits O,
1, and 2. However, some conditions exist which will prevent a requested mode change
from occurring:
« A loop that is not set independent of PLC mode cannot change modes when the PLC is in Program
mode.
» A major loop of a cascaded pair of loops cannot go from Manual to Auto until its minor loop is in
Cascade mode.
In other situations, the PID loop controller will automatically change the mode of the loop to
ensure safe operation:
« A loop which develops an error condition automatically goes to Manual.
« If the minor loop of a cascaded pair of loops leaves Cascade Mode for any reason, its major loop
automatically goes to Manual Mode.
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PV Analog Filter
A noisy PV signal can make tuning difficult and can cause the control output to be more
extreme than necessary, as the output tries to respond to the peaks and valleys of the PV.
There are two equivalent methods of filtering the PV input to make the loop more stable.
The first method is accomplished using the DLO5’s built-in filter. The second method
achieves a similar result using ladder logic.

The DLO5 Built-in Analog Filter

The DLO5 provides a selectable first-order low-pass PV input filter. We only recommend the
use of a filter during auto tuning or PID control if there is noise on the input signal. You
may disable the filter after auto tuning is complete, or continue to use it if the PV input
signal is noisy.

Loop Control Output

+ Calculation .
_ Unfiltered T

B
0 r
f_,i L T Process Variable
| Filtered J ﬂ

1
\

&= pv. b
PID Mode 2 Setting V+01 | Lo
LTI %

Bit 151413121110 9 8 7 6 5 4 3 2 1 0 Loop Table
PV filter V424 | XXXX__ Fllter constant |
enable/disable

Bit 2 of PID Mode Setting 2 provides the enable/disable control for the low-pass PV filter
(O=disable, 1=enable). The roll-off frequency of the single-pole low-pass filter is controlled by
using register V+24 in the loop parameter table, the filter constant. The data format of the
filter constant value is BCD, with an implied decimal point 00X.X, as follows:

« The filter constant has a valid range of 000.1 to 001.0.
« DirectSOFT 5 converts values above the valid range to 001.0 and values below this range to 000.1

« Values close to 001.0 result in higher roll-off frequencies, while values closer to 000.1 result in lower
roll-off frequencies.

We highly recommend using DirectSOFT 5 for the auto tuning interface. The duration of
each auto tuning cycle will depend on the mass of your process. A slowly-changing PV will
result in a longer auto tune cycle time.

When the auto tuning is complete, the proportional and integral gain values are automatically
updated in loop table locations V+10 and V+11 respectively. The derivative is calculated if
you autotune for PID and updated in loop table location V+12. The sample time in V+07 is
also updated automatically. You can test the validity of the values the auto tuning procedure
yields by measuring the closed-loop response of the PV to a step change in the output. The
instructions on how to do this are in the section on the manual tuning procedure.
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The algorithm which the built-in filter follows is:
yi = k (xi —yi-1) +yi-1
yi is the current output of the filter
xi is the current input to the filter
yi—1 is the previous output of the filter
k is the PV Analog Input Filter Factor

Creating an Analog Filter in Ladder Logic
A similar algorithm can be built in your ladder program. Your analog inputs can be filtered
effectively using either method. The following programming example describes the ladder
logic you will need. Be sure to change the example memory locations to those that fit your
application.

Filtering can induce a 1 part in 1000 error in your output because of “rounding.” If your
process cannot tolerate a 1 part in 1000 error, do not use filtering. Because of the rounding
error, you should not use zero or full scale as alarm points. Additionally, the smaller the filter
constant the greater the smoothing effect, but the slower the response time. Be sure a slower
response is acceptable in controlling your process.

} SP1 Load the filter constant into the accumulator. To mimick

4{ | IR|:2) the built-in filter, use values between 1 and 10. This is

I equivalent to the 0.1 to 1.0 range of the built-in filter.
ouT Output the constant to a convenient memory location that
L— V1400 is not in use.

V2200 V2003 If the raw analog input (V2200 in our example) is greater
— | {-/3200 than or equal to the current PV value in the PID Loop Table
= (V2003), load the raw analog input into the accumulator.

SUB Subtract the Loop Table PV value from the raw
V2003 analog input.
MUL
V1400 The MUL and DIV instructions have the
combined effect of multiplying by a decimal
DIV number between 0.1 and 1.0.
1 K10
ADD Add the adjusted difference (between the raw analog
—1 V2003 input and the PV) back to the PV.
ouT Replace the previous Loop Table PV value with the
— V2003 new filtered analog value in the Loop Table.
V2200 V2003 LD If the raw analog input is less than the current PV
4{ | V2003 value in the PID Loop Table (V2003), load the current
‘ PV value into the accumulator.
SUB Subtract the raw analog input the from Loop Table PV
— V2200 value.
MUL
1 V1400 The MUL and DIV instructions have the
combined effect of multiplying by a decimal
DIV number between 0.1 and 1.0.
1 K10
ADD Add the adjusted difference (between the raw analog input
——1 V2200 and the PV) back to the analog input value.
‘ ouT Replace the previous Loop Table PV value with the
‘ —— V2003 new filtered analog value in the Loop Table.
\
f

END) END coil marks the end of the main program.
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Use the DirectSOFT 5 Filter Intelligent Box Instruction
For those who are using DirectSOFT 5, you have the opportunity to use Intelligent Box
(IBox) instruction 1B-402, Filter Over Time in Binary (decimal). This IBox will perform a
first-order filter on the Raw Data on a defined time interval. The equation is,

New = Old + [(Raw - Old)/FDC] where NI ]
New =New Filtered Value Filter Over Time - Binary
Old = Old Filtered Value FILTERB IB-402
FDC = Filter Divisor Constant “HliEs |G UimET [T0 |
Raw = Raw Data Filter Freq Time (0.01 sec)  [KO |
The Filter Divisor Constant is an_integer in E;;E?ifr'l:a_?;m :ED :
the range K1 to K100, such that if it equaled _ )
Filtered Value (Binary) [Tan |

K1, then no filtering is performed.

The rate at which the calculation is performed is specified by time in hundredths of a second

(0.01 seconds) as the Filter Freq Time parameter. Note that this Timer instruction is

embedded in the IBox and must NOT be used any other place in your program. Power flow

controls whether the calculation is enabled. If it is disabled, the Filter Value is not updated. ﬂ

On the first scan from Program to Run mode, the Filter Value is initialized to O to give the
calculation a consistent starting point.

Since the following binary filter example does not write directly to the PID PV location, the
BCD filter could be used with BCD values and then converted to BIN.

FilterB Example
Following is an example of how the FilterB 1Box is used in a ladder program. The instruction
is used to filter a binary value that is in V2000. Timer (T1) is set to 0.5 seconds, the rate at
which the filter calculation will be performed. The filter constant is set to 3.0. A larger value
will increase the smoothing effect of the filter. A value of 1 results with no filtering. The
filtered value will be placed in VV2100.

See Chapter 5, page 138, for more detailed information.

c100 Filter Ower Time - Binary
T | FILTERB IB-402
Filter Freq Timer T1
Filter Freg Time (0.01 sec) kAl
Rau Data (Binan) Y2000
Filter Divisor {1-100) K3
Filterad Value {(Binany) Y2100

DLO5 Micro PLC User Manual, 6th Edition, Rev. A I 8-55



Chapter 8: PID Loop Operation
=

Ramp/Soak Generator

Introduction

Our discussion of basic loop operation noted the setpoint for a loop will be generated in
various ways, depending on the loop operating mode and programming preferences. In the
figure below, the ramp/soak generator is one of the ways the SP may be generated. It is the
responsibility of your ladder program to ensure only one source attempts to write the SP value
at V+02 at any particular time.

Setpoint Sources:
Operator Input
Ramp/soak generator - ——
Ladder Program
Another loop’s output (cascade)

_ Setpoint V+02 "\ Loop Control Output
Calculation

Process Variable

If the SP for your process rarely changes or can tolerate step changes, you probably will not
need to use the ramp/soak generator. However, some processes require precisely-controlled SP
value changes. The ramp/soak generator can greatly reduce the amount of programming required
for these applications.

The terms “ramp” and “soak” have special meanings in the
process control industry, and refer to desired setpoint (SP)
values in temperature control applications. In the figure to
the right, the setpoint increases during the ramp segment.
It remains steady at one value during the soak segment.

Complex SP profiles can be generated by specifying a series
of ramp/soak segments. The ramp segments are specified in
SP units per second. The soak time is also programmable in minutes.

It is instructive to view the ramp/soak generator as a dedicated function to generate SP values,
as shown below. It has two categories of inputs which determine the SP values generated. The
ramp/soak table must be programmed in advance, containing the values that will define the
ramp/soak profile. The loop reads from the table during each PID calculation as necessary.
The ramp/soak controls are bits in a special loop table word that control the real-time
start/stop functionality of the ramp/soak generator. The ladder program can monitor the
status of the ramp soak profile (current ramp/segment number).

Time

Ramp/soak table

Ramp/soak Setpoint

Loop Control Output
| ~Onror YU
Ramp/soak controls | Generator +

Calculation

Process Variable
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Now that we have described the general ramp/soak generator operation, we list its specific

features:

« Each loop has its own ramp/soak generator (use is optional).
« You may specify up to eight ramp/soak steps (16 segments).
» The ramp soak generator can run anytime the PLC is in Run mode. Its operation is independent of

the loop mode (Manual or Auto).

« Ramp/soak real-time controls include Start, Hold, Resume, and Jog.
» Ramp/soak monitoring includes Profile Complete, Soak Deviation (SP minus PV), and current

ramp/soak step number.

The following figure shows a SP profile consisting of ramp/soak segment pairs. The segments
are individually numbered as steps from 1 to 16. The slope of each of the ramp may be either
increasing or decreasing. The ramp/soak generator automatically knows whether to increase

or decrease the SP based on the relative values of a ramp’s end points. These values come from

the ramp/soak table.

Step

SP

15

14
Ramp
Soak

16

Soak

Ramp/Soak Table

The parameters which define the ramp/soak
profile for a loop are in a ramp/soak table. Each
loop may have its own ramp/soak table, but it is
optional. Recall the Loop Parameter table consists
a 32-word block of memory for each loop, and
together they occupy one contiguous memory
area. However, the ramp/soak table for a loop is
individually located, because it is optional for each
loop. An address pointer in location V+34 in the
loop table specifies the starting location of the
ramp/soak table.

In the example to the right, the loop parameter
tables for Loop #1 and #2 occupy contiguous 32-
word blocks as shown. Each has a pointer to its
ramp/soak table, independently located elsewhere
in user V-memory. Of course, you may locate all
the tables in one group, as long as they do not
overlap.

V2000

V2037
V2040

V2077

V3000

V3600

V-Memory Space

User Data

LOOP #1 V2034 =
32 words \\ 3000 octal
LOOP #2 L
32 words \ | V2074 =
y 3600 octal
)\
/\
Ramp/Soak #1 g/ }
32 words |
|
/
/
/
/
)
Ramp/Soak #2 |4
32 words
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The parameters in the ramp/soak table must be user-defined. the most convenient way is to
use DirectSOFT 5, which features a special editor for this table. Four parameters are required
to define a ramp and soak segment pair, as pictured below.
* Ramp End Value — specifies the destination SP value for the end of the ramp. Use the same data
format for this number as you use for the SP. It may be above or below the beginning SP value, so
the slope could be up or down (we don't have to know the starting SP value for ramp #1).
« Ramp Slope — specifies the SP increase in counts (units) per second. It is a BCD number from
00.00 to 99.99 (uses implied decimal point).
« Soak Duration — specifies the time for the soak segment in minutes, ranging from 000.1 to 999.9
minutes in BCD (implied decimal point).
» Soak PV Deviation — (optional) specifies an allowable PV deviation above and below the SP value
during the soak period. A PV deviation alarm status bit is generated by the ramp/soak generator.

Ramp End -

Soak PV Ramp/Soak Table
deviation V+00 | XXXX Ramp End SP Value
=T V+01 | XXXX  Ramp Slope
Slope
SP P Soa.k % V+02 | XXXX  Soak Duration
duration
V+03 | XXXX  Soak PV Deviation

L segment becomes active

The ramp segment becomes active when the previous soak segment ends. If the ramp is the
first segment, it becomes active when the ramp/soak generator is started, and automatically
assumes the present SP as the starting SP.

Offset | Step Description Offset | Step Description
+00 1 Ramp End SP Value +20 9 Ramp End SP Value
+01 1 Ramp Slope +21 9 Ramp Slope
+02 2 Soak Duration +22 10 Soak Duration
+03 2 Soak PV Deviation +23 10 Soak PV Deviation
+04 3 Ramp End SP Value +24 11 Ramp End SP Value
+05 3 Ramp Slope +25 11 Ramp Slope
+06 4 Soak Duration +26 12 Soak Duration
+07 4 Soak PV Deviation +27 12 Soak PV Deviation
+10 5 Ramp End SP Value +30 13 Ramp End SP Value
+11 5 Ramp Slope +31 13 Ramp Slope
+12 6 Soak Duration +32 14 Soak Duration
+13 6 Soak PV Deviation +33 14 Soak PV Deviation
+14 7 Ramp End SP Value +34 15 Ramp End SP Value
+15 7 Ramp Slope +35 15 Ramp Slope
+16 8 Soak Duration +36 16 Soak Duration
+17 8 Soak PV Deviation +37 16 Soak PV Deviation
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Many applications do not require all 16 R/S steps. Use all zeros in the table for unused steps.
The R/S generator ends the profile when it finds ramp slope = 0.

Ramp/Soak Table Flags
The individual bit definitions of the Ramp/Soak Table Flag (Addr+33) word is listed in the
following table.

Bit Ramp/Soak Flag Bit Description | Read/Write Bit=0 Bit=1
0 Start Ramp / Soak Profile write - 01 Start
1 Hold Ramp / Soak Profile write - 01 Hold
2 Resume Ramp / soak Profile write - 01 Resume
3 Jog Ramp / Soak Profile write - 01 Jog
4 Ramp / Soak Profile Complete read - Complete
5 PV Input Ramp / Soak Deviation read Off On
6 Ramp / Soak Profile in Hold read Off On
7 Reserved read Off On
8-15 Current Step in R/S Profile read decode as byte (hex)

Ramp/Soak Generator Enable

The main enable control to permit ramp/soak PID Mode 1 Setting V+00
generation of the SP value is accomplished with bit SEEEEEEEEEEEEEEE
11 in the PID Mode 1 Setting V+00 word, as shown Bit 151413121120 9 8 7 6 5 4 3 2 1 0
to the right. The other ramp/soak controls in V+33 t Ramp/soak
shown in the table above will not operate unless this Generator Enable
bit=1 during the entire ramp/soak process.

Ramp/Soak Controls

The four main controls for the ramp/soak generator are in bits =~ Ramp/Soak Settings V+33
0 to 3 of the ramp/soak settings word in the loop parameter ~ [LILTITTTITTTTTTT]

Bit 151413121110 9 8 7 6 5 4 3 2 1 0

table. DirectSOFT 5 controls these bits directly from the 304 ﬂ
ramp/soak settings dialog. However, you must use ladder logic Resume J
to control these bits during program execution. \We Hold
recommend using the bit-of-word instructions. Start

Ladder logic must set a control bit to a “1” to command the corresponding function. When
the loop controller reads the ramp/soak value, it automatically turns off the bit for you.
Therefore, a reset of the bit is not required when the CPU is in Run Mode.

The example program rung to the right shows how an external
switch X0 can turn on and the PD contact uses the leading %0 B2033.0

[ Start R/S Generator
|

edge to set the proper control bit to start the ramp soak H ] )
!
!

profile. This uses the Set Bit-of-word instruction.
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B
The normal state for the ramp/soak control bits is all zeros. Ladder logic must set only one
control bit at a time.

« Start —a 0 to 1 transition will start the ramp soak profile. The CPU must be in Run Mode, and the
loop can be in Manual or Auto Mode. If the profile is not interrupted by a Hold or Jog command,
it finishes normally.

« Hold — a 0 to 1 transition will stop the ramp/soak profile in its current state, and the SP value will
be frozen.

* Resume —a 0 to 1 transition cause the ramp/soak generator to resume operation if it is in the hold
state. The SP values will resume from their previous value.

« Jog —a 0 to 1 transition will cause the ramp/soak generator to truncate the current segment (step),
and go to the next segment.

Ramp/Soak Profile Monitoring
You can monitor the Ramp/Soak profile status using other bits Ramp/Soak Settings V+33
in the Ramp/Soak Settings V+33 word, shown to the right. EEEEEEEE NN EEE

« R/S Profile Complete — =1 when the last programmed step is R/S Profile in Hold ﬂ
done. Soak PV Deviation

« Soak PV Deviation — =1 when the error (SP—PV) exceeds the RIS Profile Complete
specified deviation in the R/S table.

 R/S Profile in Hold — =1 when the profile was active but is now
in hold. Ramp/Soak Settings V+33

The number of the current step is available in the upper 8 bits Ramp/Soak Settings V+33
of the Ramp/Soak Settings V+33 word. The bits representa2- ~ CELLLLILLLILLILLL
digit hex number, ranging from 1 to 10. Ladder logic can

monitor these to synchronize other parts of the program with  current Profile Step, 2—digit hex

the ramp/soak profile. Load this word to the accumulator and Value = 01 to 10 hex,

shift right 8 bits, and you have the step number. or 110 16 decimal
Ramp/Soak Programming Errors

The starting address for the ramp/soak table must be a valid Ramp/Soak Table Error V+35

location. If the address points outside the range of user V- CLLLIIITIIITITI

Bit 151413121110 9 8 7 6 5 4 3 2 1 0

memory, one of the bits to the right will turn on when the _ _ J
ramp/soak generator is started. We recommend using e e oty
DirectSOFT 5 to configure the ramp/soak table. It Starting Address set out of
automatically range checks the addresses for you. V-memory upper range
. . Starting Address set out
Testing Your Ramp/Soak Profile of V-memory lower range

It's a good idea to test your ramp/soak profile before using it to control the process. This is
easy to do, because the ramp/soak generator will run even when the loop is in Manual Mode.
Using DirectSOFT 5’ PID View will be a real time-saver, because it will draw the profile on-
screen for you. Be sure to set the trending timebase slow enough to display completed ramp-
soak segment pairs in the waveform window.
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DirectSOFT 5 Ramp/Soak Example

The following example will step you through the Ramp/Soak setup.

Setup the Profile in PID Setup

The first step is to use Setup PID in DirectSOFT 5 to set the profile of your process. Open
the Setup PID window and select the R/S tab, and then enter the Ramp and Soak data.

Setup PID X
]
| spry | Quput | Tuning | Alsens |TTRETTY |
Table Locaton: NS000-W50EF  Change Rarp/Soak Enabla
> .|
Farp Soak
| Slope | Time [ Dewstion |- Help |
083 E 20 >
1.00 0 20 St ||
100 0 i 2 | e
1.00 o 20
1.00 0 20
.00 00 0 v

Program the Ramp/Soak Control in Relay Ladder

Refer to the Ramp/Soak Flag Bit Description table on page 8-59 when adding the control
rungs to your program similar to the ladder rungs below. For the example below, PID
parameters begin at V7000. The Ramp/Soak bit flags are located at VV7033.

Start RIS
X100 B7033.0
13 —T1 { gET )
Huold RiS
X101 B7033.1
14 —T} { gET )
Resume RIS
102 B7033.2
15 | T { ET )
Enable RIS
¥107 B7000.11
18 || { out )
17 { NoP )
18 { END )
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Test the Profile

After the Ramp/Soak program has been developed in RLL, test the program. Check your
profile by using PID View. If there are any changes to be made in the profile, they are made

in the PID Setup R/S profile. Make the chages in Program mode then start the Ramp/Soak
process again.
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Cascade Control

Introduction

Cascaded loops are an advanced control technique that is superior to individual loop control
in certain situations. As the name implies, cascade means that one loop is connected to
another loop. In addition to Manual (open loop) and Auto (closed loop) Modes, the DLO5
also provides Cascaded Mode.

—| NOTE: Cascaded loops are an advanced process control technique. Therefore we recommend their use only
——| for experienced process control engineers.

When a manufacturing process is complex and contains a lag time from control input to
process variable output, even the most perfectly tuned single loop around the process may
yield slow and inaccurate control. It may be the actuator operates on one physical property,
which eventually affects the process variable, measured by a different physical property.
Identifying the intermediate variable allows us to divide the process into two parts as shown
in the following figure.

PROCESS
Intermediate Process
Control input Process A Variable Process B || Variable (PV)

The principle of cascaded loops is simply that we add another process loop to more precisely control
the intermediate variable! This separates the source of the control lag into two parts, as well.

The diagram below shows a cascade control system, showing that it is simply one loop nested
inside another. The inside loop is called the minor loop, and the outside loop is called the
major loop. For overall stability, the minor loop must be the fastest responding loop of the
two (try a factor of 10 for a better response time). We do have to add the additional sensor to
measure the intermediate variable (PV for process A). Notice the setpoint for the minor loop
is automatically generated for us, by using the output of the major loop. Once the cascaded
control is programmed and debugged, we only need to deal with the original setpoint and
process variable at the system level. The cascaded loops behave as one loop, but with
improved performance over the previous single-loop solution.

External External
Disturbances Disturbances
Output B/
Setpoint LoopB | setpoint Loop A | OutputA| Process A Process B
+ Calculation + Calculation (secondary) (primary)

Minor
Major Loop
Loop PV, Process A

One of the benefits to cascade control can be seen by examining its response to external
disturbances. Remember the minor loop is faster acting than the major loop. Therefore, if a
disturbance affects process A in the minor loop, the Loop A PID calculation can correct the
resulting error before the major loop sees the effect.

PV, Process B
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Cascaded Loops in the DL05 CPU

In the use of the term “cascaded loops”, we must make an important distinction. Only the
minor loop will actually be in the Cascade Mode. In normal operation, the major loop must
be in Auto Mode. If you have more than two loops cascaded together, the outer-most (major)
loop must be in Auto Mode during normal operation, and all inner loops in Cascade Mode.

NOTE: Technically, both major and minor loops are “cascaded” in strict process control terminology.
: Unfortunately, we are unable to retain this convention when controlling loop modes. Remember that all
minor loops will be in Cascade Mode, and only the outer-most (major) loop will be in Auto Mode.

You can cascade together as many loops as necessary on the DL05, and you may have
multiple groups of cascaded loops. For proper operation on cascaded loops you must use the
same data range (12/15 bit) and unipolar/bipolar settings on the major and minor loop.

To prepare a loop for Cascade Mode operation as a minor loop, you must program its remote
Setpoint Pointer in its loop parameter table location V+32, as shown below. The pointer must
be the address of the V+05 location (control output) of the major loop. In Cascade Mode, the
minor loop will ignore the its local SP register (V+02), and read the major loop’s control

output as its SP instead.
Major Loop (Auto mode) Minor Loop (Cascade Mode)

Loop Table Loop Table

V402 | XXXX_ SP ‘ V402 [ XRx6<SP_ ‘

V+03 ‘ XXXX PV ‘ V+03 ‘ XXXX PV ‘

V+05 ‘ XXXX  Control Output ‘ V+05 ‘ XXXX  Control Output ‘

\ V+32 ‘ XXXX  Remote SP Pointer ‘

When using DirectSOFT 5’s PID View to watch the SP value of the minor loop,
DirectSOFT 5 automatically reads the major loop’s control output and displays it for the
minor loop’s SP. The minor loop’s normal SP location, V+02, remains unchanged.

Now, we use the loop parameter arrangement above and draw its equivalent loop schematic,

shown below.
Major loop Minor Cascaded loop

r——-"">"-""F">">—>—"-"">>"FF>F"F"F"="">"="="""""""" """\ - —\
Loop Control Output V+05 J Cascade ‘
Calculation Control |
Remote ‘ Loop Output _ |
SP } Local SP Calculation |
—e \

\ .
| V+02 - Auto/Manual Process Variable }
L _

Remember that a major loop goes to Manual Mode automatically if its minor loop is taken
out of Cascade Mode.
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Tuning Cascaded Loops
When tuning cascaded loops, you will need to de-couple the cascade relationship and tune
the minor loop using one of the loop tuning procedures previously covered. Once this has
been done, have the minor loop in cascade mode and auto tune the major loop (see Step 4).
1. If you are not using auto tuning, then find the loop sample rate for the minor loop, using the
method discussed earlier in this chapter. Then set the sample rate of the major loop slower than the
minor loop by a factor of 10. Use this as a starting point.

2. Tune the minor loop first. Leave the major loop in Manual Mode, and you will need to generate
SP changes for the minor loop manually as described in the loop tuning procedure.

3. Verify the minor loop gives a critically-damped response to a 10% SP change while in Auto Mode.
Then we are finished tuning the minor loop.

4. In this step, you will need to get the minor loop in Cascade Mode, and then the Major loop in

Auto Mode. We will be tuning the major loop with the minor loop treated as a series component its

overall process. Therefore, do not go back and tune the minor loop again while tuning the major

loop.

5. Tune the major loop, following the standard loop tuning procedure in this section. The response of

the major loop PV is actually the overall response of the cascaded loops together. ﬂ
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Time-Proportioning Control

The PID loop controller in the DL05 CPU generates a smooth control output signal across a
numerical range. The control output value is suitable to drive an analog output module,
which connects to the process. In the process control field, this is called continuous control,
because the output is on (at some level) continuously.

While continuous control can be smooth and robust, the cost of the loop components (such
as actuator, heater amplifiers) can be expensive. A simpler form of control is called time-
proportioning control. This method uses actuator which are either on or off (no in-between).
Loop components for on/off-based control systems are lower cost than their continuous
control counterparts.

In this section, we will show you how to convert the control output of a loop to time-
proportioning control for the applications that need it. Let’s take a moment to review how

alternately turning a load on and off can control a process. The diagram below shows a hot-air
balloon following a path across some mountains. The desired path is the setpoint. The balloon
pilot turns the burner on and off alternately, which is his control output. The large mass of air
in the balloon effectively averages the effect of the burner, converting the bursts of heat into a
continuous effect, slowly changing balloon temperature and ultimately the altitude, which is
the process variable.

Time-proportioning control approximates continuous control by virtue of its duty-cycle — the
ratio of ON time to OFF time. The following figure shows an example of how duty-cycle
approximates a continuous level when it is averaged by a large process mass.

|$ 4| period
Desired
Effect
onjoff ~ ON
Control  Off

If we were to plot the on/off times of the burner in the hot-air balloon, we would probably
see a very similar relationship to its effect on balloon temperature and altitude.
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On/Off Control Program Example

The following ladder segment provides a time proportioned on/off control output. It converts
the continuous output in V2005 to on/off control using the output coil, YO.

SP Loop V2005 Time YO

P
L Process
+ Calculation Proportioning Y]
- PR Ly uryL
PV continuous on/off

The example program uses two timers to generate On/Off control. It makes the following
assumptions, which you can alter to fit your application:

« The loop table starts at V2000, so the control output is at VV2005.
« The data format of the control output is 12-bit, unipolar (0 — FFF).

» The time base (one full cycle) for the On/Off waveform is 10 seconds. We use a fast timer (0.01
sec/tick), counting to 1000 ticks (10 seconds).

« The On/Off control output is YO.

The time proportioning program must match the resolution of the PID output (1 part in ﬂ
1000) to the resolution of the time base of TO (also 1 part in 1000).

when you choose this control method. Use continuous control for processes that change too fast for time

NOTE: Some processes change too fast for time proportioning control. Consider the speed of your process
proportioning control. Also, consider using a solid state switch for a longer switch life instead of a relay.

| TO A fast timer (0.01 sec. timebase) establishes the primary
RF TO time interval. The constant, K1000, sets the preset at 10
K1000 seconds (1,000 ticks). The N.C. enabling contact, TO,
makes the timer self-resetting. TO is on for one scan
each 10 seconds, when it resets itself and T1.
T0 LD At the end of the 10 second period, TO turns on, and
4{ }7 V2005 loads the control output value (binary) from the loop table
V+05 location (V2005).
BTOR The BTOR instruction changes the number in the
accumulator to a real number.
Dividing the control output by 4.095, converts the
DIVR 0 — 4095 range to 0 — 1000, which “matchs” the preset
R4.095 time for TMRF TO.
RTOB This instruction converts the real number back to
binary. This step prepares the number for conversion
to BCD. There is no real-to-BCD instruction.
BCD Convert the number in the accumulator to BCD format.
This satisfies the timer preset format requirement.
ouT Output the result to V1400. In our example, this is the
location of the timer preset for the second timer.
V1400
TO The second fast timer also counts in increments of .01
TMRF T seconds, so its range is variable from 0 to a maximum
V1400 of 1000 ticks, or 10 seconds. This timer’s output, T1,
turns off the output coil, YO, when the preset is reached.
T1  TA1 KO Yo The N.C. T1 contact, inverts the T1 timer output. The
| | control output is on at the beginning of the 10-second time
/| | Z= [ OU-D interval. YO turns off when T1 times out. The STRNE
contact prevents YO from energizing during the one scan

when TO resets T1. YO is the actual control output.

i END) END coil marks the end of the main program.
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Feedforward Control

Feedforward control is an enhancement to standard closed-loop control. It is most useful for
diminishing the effects of a quantifiable and predictable loop disturbance or sudden change in
setpoint. Use of this feature is an option available to you on the DLO5. However, it’s best to
implement and tune a loop without feedforward, and adding it only if better loop
performance is still needed. The term “feed-forward” refers to the control technique involved,
shown in the diagram below. The incoming setpoint value is fed forward around the PID
equation, and summed with the output.

Feedforward path ‘ ki
|

Setpoint Loop
+ Calculation +

Control Output

Process Variable

In the previous section on the bias term, we said that “the bias term value establishes a
“working region” or operating point for the control output. When the error fluctuates around
its zero point, the output fluctuates around the bias value.” Now, when there is a change in
setpoint, an error is generated and the output must change to a new operating point. This
also happens if a disturbance introduces a new offset in the loop. The loop does not really
“know its way” to the new operating point... the integrator (bias) must increment/decrement
until the error disappears, and then the bias has found the new operating point.
Suppose that we are able to know a sudden setpoint change is about to occur (common in
some applications). We can avoid much of the resulting error in the first place, if we can
quickly change the output to the new operating point. If we know (from previous testing)
what the operating point (bias value) will be after the setpoint change, we can artificially
change the output directly (which is feedforward). The benefits from using feedforward are:

» The SP-PV error is reduced during predictable setpoint changes or loop offset disturbances.

« Proper use of feedforward will allow us to reduce the integrator gain. Reducing integrator gain gives

us an even more stable control system.

Feedforward is very easy to use in the DLO5 loop controller, as shown below. The bias term
has been made available to the user in a special read/write location, at PID Parameter Table
location V+04.

Parameter Table location V+04.

B Loop Calculation
P

V+04

Setpoint Error Term

- >
Process Variable b D

Control Output
e
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To change the bias (operating point), ladder logic only has to write the desired value to V+04.
The PID loop calculation first reads the bias value from V+04 and modifies the value based
on the current integrator calculation. Then it writes the result back to location VV+04. This
arrangement creates a sort of “transparent” bias term. All you have to do to implement feed
forward control is write the correct value to the bias term at the right time (see the following

example).

NOTE: When writing the bias term, one must be careful to design ladder logic to write the value only once,
at the moment when the new bias operating point is to occur. If ladder logic writes the bias value on every
scan, the loop's integrator is effectively disabled.

Feedforward Example

How do we know when to write to the bias term, and what value to write? Suppose we have
an oven temperature control loop, and we have already tuned the loop for optimal
performance. Refer to the figure below. We notice that when the operator opens the oven
door, the temperature sags a bit while the loop bias adjusts to the heat loss. Then when the
door closes, the temperature rises above the SP until the loop adjusts again. Feedforward

control can help

Oven
door

PV

Bias

First, we record the amount of bias change the loop controller generates when the door opens
or closes. Then, we write a ladder program to monitor the position of an oven door limit
switch. When the door opens, our ladder program reads the current bias value from V+04,
adds the desired change amount, and writes it back to V+04. When the door closes, we
duplicate the procedure, but subtracting desired change amount instead. The following figure

shows the results

Oven
door

PV

Bias

The step changes in the bias are the result of our two feed-forward writes to the bias term. We
can see the PV variations are greatly reduced. The same technique may be applied for changes

in setpoint.

diminish this effect.

Closed Open ‘ Closed
PV sags / —
PV excess

ﬂ

Closed Open Closed

Feed-forward Feed-forward
N s
] \
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PID Example Program

Program Setup for the PID Loop

After the PID loop, or loops, have been setup with DirectSOFT 5, you will need to edit your
RLL program to include the rungs needed to setup the analog I/0O module to be used by the
PID loop(s).

The following example program shows how an analog combination module, FO-2AD2DA-2,
is setup. This example assumes that the PID table for loop 1 has a beginning address of
V2100.

All of the analog I/0 modules used with the DLO5 are setup in a similar manner. Refer to the
DL05/DL06 Options Manual for the setup information for the particular module that you
will be using.

DirectSOFT

Setup a FO-2ZADZDA-2 to use hoth inputs and outputs. The inputs and outputs will be
the raw data in binary format, 0-4095.
Input Ch. 1 =%2000, input CH. 2=%2001. Output Ch. 1 =%2010, autput Ch. 2=V2011

_First3can LD
SF'DI
T b Kaz82
ouT
Data farmat and no. of
thannels
Farmat
I WT700
LDA
Q2000
ouT
InPainter
I YTT01
LDA
02010
ouT
CutPointer
1 WTT702
Store the analog input data in the Y-mernoty location for PID loop 1, PY, since PID loop 1
henins with V2100,
LD
_0on
5P1 Ch. 1 Input Data
2 |

w2000
oUT
Loop 1 PV

w2103

Stare PID loop 1 control output data in the V-memary location for analog outout Ch. 1.

_0on
SP1I

Laop 1 Output
3 —1 |

¥2105
oUT
Ch. 1 Output Dat

V2010

Program continued on next page
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Example program continued

Continuously read the setpoint value stored in V-mermary and convert it from BCD to binary
and store itto Loop 1 SP.

s}
_on
3P SP location

4 [ w1400

ouUT

Loop 1 5P
WI102
Select PID loop 1 Manual Mode.
Loop 1 Manual Loop 1 Auto
¥0 1 B2100.1
5 T} A { 8ET )

Select PID loop 1 Auto Mode.

Loop 1 Auto Loop 1 Manual
1) Bz100.0

1
6 —T} -t { sET )
7 { END ) ﬂ

] { MOP }

Note that the module used in this example was set up for binary format. It could have been
setup for BCD format. In the later case, the BCD data would have to be converted to binary
format before being stored to the setpoint and process variable, and the control output would
have to be converted from binary to BCD before being stored to the analog output.

By following the steps outlined in this chapter, you should be able to setup workable PID
control loops.

For a step-by-step tutorial, go to the Technical Support section located on our website,
www.automationdirect.com. Once you are at the website, click on Technical Support Home.
After this page opens, find and select Technical and Application Notes located under the
Using Your Products column. When the Technical Notes page opens, select General then
locate the document number, AN-MISC-012, titled “PID tutorial - Powerpoint slide show”.
This a Windows Power Point documentation. The Power Point Viewer can be downloaded
from our website if you do not have Power Point to view the tutorial.
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Troubleshooting Tips

Q. The loop will not go into Automatic Mode.
A. Check the following for possible causes:
« A PV alarm exists, or a PV alarm programming error exists.
« The loop is the major loop of a cascaded pair, and the minor loop is not in Cascade Mode.

Q. The Control Output stays at zero constantly when the loop is in Automatic
Mode.
A. Check the following for possible causes:
» The Control Output upper limit in loop table location V+31 is zero.
. 'I_'he loop is driven into saturation, because the error never goes to zero value and changes (algebraic)
sign.
Q. The Control Output value is not zero, but it is incorrect.
A. Check the following for possible causes:

« The gain values are entered improperly. Remember, gains are entered in the loop table in BCD,
while the SP and PV are in binary. If you are using DirectSOFT 5, PID View will display the SP,
PV, Bias and Control output in decimal (BCD), converting it to binary before updating the loop
table.
Q. The Ramp/Soak Generator does not operate when | activate the Start bit.
A. Check the following for possible causes:

» The Ramp/Soak enable bit is off. Check the status of bit 11 of loop parameter table location V+00.
It must be set =1.

« The hold bit or other bits in the Ramp/Soak control are on.

« The beginning SP value and the first ramp ending SP value are the same, so first ramp segment has
no slope and consequently has no duration. The ramp/soak generator moves quickly to the soak
segment, giving the illusion the first ramp is not working.

» The loop is in Cascade Mode, and is trying to get the SP remotely.

» The SP upper limit value in the loop table location VV+27 is too low.

« Check your ladder program to verify it is not writing to the SP location (V+02 in the loop table). A
quick way to do this is to temporarily place an end coil at the beginning of your program, then go
to PLC Run Mode, and manually start the ramp/soak generator.

Q. The PV value in the table is constant, even though the analog module receives

the PV signal.
A. Your ladder program must read the analog value from the module successfully and write it
into the loop table VV+03 location. Verify the analog module is generating the value, and
the ladder is working.

Q. The Derivative gain doesn't seem to have any affect on the output.
A. The derivative limit is probably enabled (see section on derivative gain limiting).
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Q. The loop Setpoint appears to be changing by itself.
A. Check the following for possible causes:
» The Ramp/Soak generator is enabled, and is generating setpoints.
« If this symptom occurs on loop Manual-to-Auto Mode changes, the loop automatically sets the
SP=PV if set to bumless transfer mode 1 (bumpless transfer feature).

 Check your ladder program to verify it is not writing to the SP location (V+02 in the loop table). A
quick way to do this is to temporarily place an end coil at the beginning of your program, then go
to PLC Run Mode.

Q. The SP and PV values | enter with DirectSOFT 5 work okay, but these values

do not work properly when the ladder program writes the data.

A. The PID View in DirectSOFT 5 lets you enter SP, PV, and Bias values in decimal, and
displays them in decimal for your convenience. For example, when the data format is 12
bit unipolar, the values range from 0 to 4095. However, the loop table actually requires
these to be in hex, so DirectSOFT 5 converts them for you. Your ladder program must
convert constant values from their BCD format (when entered as Kxxxx) to binary with
the BIN instruction or you must enter them in the constant field (Kxxxx) as the hex

equivalent of the decimal value. ﬂ
Q. The loop seems unstable and impossible to tune, no matter what gains I use.
A. Check the following for possible causes:

« The loop sample time is set too long. Refer to the section near the front of this chapter on selecting
the loop update time.

 The gains are too high. Start out by reducing the derivative gain to zero. Then reduce the integral
gain by increasing the integral time value and the proportional gain if necessary.

« There is too much transfer lag in your process. This means the PV reacts sluggishly to control
output changes. There may be too much “distance” between actuator and PV sensor, or the actuator
may be weak in its ability to transfer energy into the process.

« There may be a process disturbance that is over-powering the loop. Make sure the PV is relatively
steady when the SP is not changing.
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Glossary of PID Loop Terminology

Automatic Mode An operational mode of a loop, in which it makes PID calculations and updates the
loop’s control output.

Bias Freeze A method of preserving the bias value (operating point) for a control output, by inhibiting
the integrator when the output goes out-of-range. The benefit is a faster loop recovery.

Bias Term In the position form of the PID equation, it is the sum of the integrator and the initial
control output value.

Bumpless Transfer A method of changing the operation mode of a loop while avoiding the usual
sudden change in control output level. This consequence is avoided by artificially making the SP and
PV equal, or the bias term and control output equal at the moment of mode change.

Cascaded Loops A cascaded loop receives its setpoint from the output of another loop. Cascaded loops
have a major/minor relationship, and work together to ultimately control one PV.

Cascade Mode An operational mode of a loop, in which it receives its SP from another loop’s output.
Continuous Control Control of a process done by delivering a smooth (analog) signal as the control

output.
n Control Output The numerical result of a PID equation which is sent by the loop with the intention of
nulling out the current error.

Derivative Gain A constant that determines the magnitude of the PID derivative term in response to
the current error.

Direct-Acting Loop A loop in which the PV increases in response to a control output increase. In other
words, the process has a positive gain.

Error The difference in value between the SP and PV, Error = SP — PV.

Error Deadband An optional feature which makes the loop insensitive to errors when they are small.
You can specify the size of the deadband.

Error Squared An optional feature which multiplies the error by itself, but retains the original algebraic
sign. It reduces the effect of small errors, while magnifying the effect of large errors.

Feedforward A method of optimizing the control response of a loop when a change in setpoint or
disturbance offset is known and has a quantifiable effect on the bias term.

Integral Gain A constant that determines the magnitude of the PID integral term in response to the
current error.

Major Loop In cascade control, it is the loop that generates a setpoint for the cascaded loop.

Manual Mode An operational mode of a loop, it which the PID calculations are stopped. The operator
must manually control the loop by writing to the control output value directly.

Minor Loop In cascade control, the minor loop is the subordinate loop that receives its SP from the
major loop.

On/Off Control A simple method of controlling a process, through on/off application of energy into
the system. The mass of the process averages the on/off effect for a relatively smooth PV. A simple ladder
program can convert the DLO5’s continuous loop output to on/off control.
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PID Loop A mathematical method of closed-loop control involving the sum of three terms based on
proportional, integral, and derivative error values. The three terms have independent gain constants,
allowing one to optimize (tune) the loop for a particular physical system.

Position Algorithm The control output is calculated so it responds to the displacement (position) of the
PV from the SP (error term).

Process A manufacturing procedure which adds value to raw materials. Process control particularly
refers to inducing chemical changes to the material in process.

Process Variable (PV) A quantitative measurement of a physical property of the material in process,
which affects final product quality and is important to monitor and control.

Proportional Gain A constant that determines the magnitude of the PID proportional term in response
to the current error.

PV Absolute Alarm A programmable alarm that compares the PV value to alarm threshold values.

PV Deviation Alarm A programmable alarm that compares the difference between the SP and PV
values to a deviation threshold value.

Ramp/Soak Profile A set of SP values called a profile, which is generated in real time upon each loop
calculation. The profile consists of a series of ramp and soak segment pairs, greatly simplifying the task
of programming the PLC to generate such SP sequences.

Rate Also called differentiator, the rate term responds to the changes in the error term.

Remote Setpoint The location where a loop reads its setpoint when it is configured as the minor loop in
a cascaded loop topology.

Reset Also called integrator, the reset term adds each sampled error to the previous, maintaining a
running total called the bias.

Reset Windup A condition created when the loop is unable to find equilibrium, and the persistent error
causes the integrator (reset) sum to grow excessively (windup). Reset windup causes an extra recovery
delay when the original loop fault is remedied.

Reverse-Acting Loop A loop in which the PV increases in response to a control output decrease. In
other words, the process has a negative gain.

Sampling time The time between PID calculations. The CPU method of process control is called a
sampling controller, because it samples the SP and PV only periodically.

Setpoint (SP) The desired value for the process variable. The setpoint (SP) is the input command to the
loop controller during closed loop operation.

Soak Deviation The soak deviation is a measure of the difference between the SP and PV during a soak
segment of the Ramp/Soak profile, when the Ramp/Soak generator is active.

Step Response The behavior of the process variable in response to a step change in the SP (in closed
loop operation), or a step change in the control output (in open loop operation).

Transfer To change from one loop operational mode to another (between Manual, Auto, or Cascade).
The word “transfer” probably refers to the transfer of control of the control output or the SP,
depending on the particular mode change.

Velocity Algorithm The control output is calculated to represent the rate of change (velocity) for the PV
to become equal to the SP,
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Chapter 9: Maintenance and Troubleshooting

Hardware System Maintenance

Standard Maintenance
No regular or preventative maintenance is required for this product (there are no internal
batteries); however, a routine maintenance check (about every one or two months) of your
PLC and control system is good practice, and should include the following items:

« Air Temperature — Check the air temperature in the control cabinet, so the operating temperature
range of any component is not exceeded.

« Air Filter — If the control cabinet has an air filter, clean or replace it periodically as required.
« Fuses or breakers — Verify that all fuses and breakers are intact.

« Cleaning the Unit — Check that all air vents are clear. If the exterior case needs cleaning, disconnect
the input power, and carefully wipe the case using a damp cloth. Do not let water enter the case
through the air vents and do not use strong detergents because this may discolor the case.

Diagnostics

Diagnostics
Your DLO5 Micro PLC performs many pre-defined diagnostic routines with every CPU scan.
The diagnostics can detect various errors or failures in the PLC. The two primary error classes
E are fatal and non-fatal.

Fatal Errors

Fatal errors are errors which may cause the system to function improperly, perhaps
introducing a safety problem. The CPU will automatically switch to Program Mode if it is in
Run Mode. (Remember, in Program Mode all outputs are turned off.) If the fatal error is
detected while the CPU is in Program Mode, the CPU will not allow you to transition to
Run Mode until the error has been corrected.
Some examples of fatal errors are:

» Power supply failure

« Parity error or CPU malfunction

« Particular programming errors

Non-fatal Errors
Non-fatal errors are errors that need your attention, but should not cause improper operation.
They do not cause or prevent any mode transitions of the CPU. The application program can
use special relay contacts to detect non-fatal errors, and even take the system to an orderly
shutdown or switch the CPU to Program Mode if desired. An example of a non-fatal error is:

« Particular programming errors The programming devices will notify you of an error if one occurs
while online.

» DirectSOFT 5 provides the error number and an error message.
 The handheld programmer displays error numbers and short descriptions of the error.

Appendix B has a complete list of error messages in order by error number. Many error
messages point to supplemental V-memory locations which contain related information.
Special relays (SP contacts) also provide error indications.
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V-memory Error Code Locations

The following table names the specific memory locations that correspond to certain types of
error messages.

Diagnostic

Error Class Error Category V-n?emow
User-Defined Error code used with FAULT instruction V7751
System Error Fatal Error code V7755
Major Error code V7756
Minor Error code V7757
Grammatical Address where syntax error occurs V7763
Error Code found during syntax check V7764
CPU Scan Number of scans since last Program to Run Mode transition V7765
Current scan time (ms) V7775
Minimum scan time (ms) V7776
Maximum scan time (ms) V7777

Special Relays (SP) Corresponding to Error Codes
The special relay table also includes status indicators which can indicate errors. For a more
detailed description of each of these special relays refer to Appendix D.

CPU Status Relays Accumulator Status Relays

SP11 Forced Run mode SP60 Acc. is less than value
SP12 Terminal Run mode SP61 Acc. is equal to value
SP13 Test Run mode SP62 Acc. is greater than value
SP15 Test stop mode SP63 Acc. result is zero
SP16 Terminal Program mode SP64 Half borrow occurred
SP17 Forced stop SP65 Borrow occurred
SP20 STOP instruction was executed ||SP66 Half carry occurred
SpP22 Interrupt enabled SP67 Carry occurred

System Monitoring Relays SP70 Result is negative (sign)
SP36 Override setup SP71 Pointer reference error
SP37 Scan control error SP73 Overflow
SP40 Critical error SP75 Data is not in BCD
SP41 Non-critical error SP76 Load zero
SP42 Diagnostics error
SP44 Program memory error
SP45 1/0 error
SP46 Communications error
SP50 Fault instruction was executed
SP51 Watchdog timeout
SP52 Syntax error
SP53 Cannot solve the logic
SP54 Communication error
SP56 Table instruction overrun
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|
DLO5 Micro PLC Error Codes

These errors can be generated by the CPU or by the Handheld Programmer, depending on
the actual error. Appendix B provides a more complete description of the error codes.
The errors can be detected at various times. However, most of them are detected at power-up,
on entry to Run Mode, or when a Handheld Programmer key sequence results in an error or
an illegal request.

Error Code Description Error Code Description

E003 Software time-out E526 Unit is offline

E004 Invalid instruction(RAM parity error in the CPU) | [E527 Unit is online

E104 Write failed E528 CPU mode

E151 Invalid command E540 CPU locked

E311 Communications error 1 E541 Wrong password

E312 Communications error 2 E542 Password reset

E313 Communications error 3 E601 Memory full

E316 Communications error 6 E602 Instruction missing

E320 Time OUI, ] E604 Reference missing

E321 Communications error £620 Out of memory

Ezg(l) g:’ dPeer:tlfheral port time-out E621 EEPROM Memory not blank

£502 Bad ad dryess E622 No Handheld Programmer EEPROM

E503 Bad command E2§4 V-memory c:nly

E504 Bad reference / value E625 Program only .

E505 Invalid instruction E627 Bad write operation

E506 Invalid operation E628 Mgmory type error (should be EEPROM)

E520 Bad operation — CPU in Run E640 Mis-compare

E521 Bad operation — CPU in Test Run E650 Handheld Programmer system error

E523 Bad operation — CPU in Test Program E651 Handheld Programmer ROM error

E524 Bad operation — CPU in Program E652 Handheld Programmer RAM error

E525 Mode Switch not in Term position
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Program Error Codes

The following table lists program syntax and runtime error codes. Error detection occurs
during a Program-to-Run mode transition, or when you use AUX 21 — Check Program. The
CPU will also turn on SP52 and store the error code in V7755. Appendix B provides a more
complete description of the error codes.

Error Code Description Error Code Description
E4** No Program in CPU E438 Invalid IRT address
E401 Missing END statement E440 Invalid Data Address
E402 Missing LBL E441 ACON/NCON
E403 Missing RET E451 Bad MLS/MLR
E404 Missing FOR E453 Missing T/C
E405 Missing NEXT E454 Bad TMRA
E406 Missing IRT E455 Bad CNT
E412 SBR / LBL >64 E456 Bad SR
E421 Duplicate stage reference E461 Stack Overflow
E422 Duplicate SBR/LBL reference E462 Stack Underflow
E423 HP Peripheral port time-out E463 Logic Error
E431 Invalid ISG/SG address E464 Missing Circuit
E433 Invalid ISG / SG address E471 Duplicate coil reference
E434 Invalid RTC E472 Duplicate TMR reference
E435 Invalid RT E473 Duplicate CNT reference
E436 Invalid INT address E499 Print instruction
E437 Invalid IRTC
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CPU Indicators

The DLO5 Micro PLCs have indicators on the front to help you determine potential
problems with the system. In normal runtime operation only, the RUN and PWR indicators

are on. The table below is a quick reference to potential problems.

Indicator Status

Potential Problems

PWR (LED off)

1. System voltage incorrect

2. PLC power supply faulty

RUN (LED off)

1. CPU programming error

2. CPU in program mode

RUN (LED blinking)

A firmware upgrade is needed

CPU (LED on)

1. Electrical noise interference

2. Internal CPU defective

PWR Indicator

In general there are three reasons for the CPU power status LED (PWR) to be OFF:

E 1. Power to the unit is incorrect or is not applied.

2. PLC power supply is faulty.
3. Other component(s) have the power supply shut down.

If the voltage to the power supply is not correct, the PLC may not operate properly or may
not operate at all. Use the following guidelines to correct the problem.

/'\ WARNING: To minimize the risk of electrical shock, always disconnect the system power before
®

inspecting the physical wiring.

1. First, disconnect the external power.
2. Verify that all external circuit breakers or fuses are still intact.

3. Check all incoming wiring for loose connections. If you're using a separate termination block,

check those connections for accuracy and integrity.

4. If the connections are acceptable, reconnect the system power and verify the voltage at the DL05
power input is within specification. If the voltage is not correct shut down the system and correct

the problem.

5. If all wiring is connected correctly and the incoming power is within the specifications, the PLC

internal supply may be faulty.

The best way to check for a faulty PLC is to substitute a known good one to see if this
corrects the problem. The removable connectors on the DLO5 make this relatively easy. If
there has been a major power surge, it is possible the PLC internal power supply has been
damaged. If you suspect this is the cause of the power supply damage, consider installing an
AC line conditioner to attenuate damaging voltage spikes in the future.

[E NOTE: See Chapter 2 for suppressing the DLO5 outputs.
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RUN Indicator
If the CPU will not enter the Run mode (the RUN indicator is off), the problem is usually in
the application program, unless the CPU has a fatal error. If a fatal error has occurred, the
CPU LED should be on. You can use a programming device to determine the cause of the
error.
The RUN indicator is blinking: the PLC firmware needs to be upgraded.
Both of the programming devices, Handheld Programmer and DirectSOFT 5, will return an
error message describing the problem. Depending on the error, there may also be an AUX
function you can use to help diagnose the problem. The most common programming error is
“Missing END Statement”. All application programs require an END statement for proper
termination. A complete list of error codes can be found in Appendix B.

CPU Indicator

If the CPU indicator is on, a fatal error has occurred in the CPU. Generally, this is not a
programming problem but an actual hardware failure. You can power cycle the system to clear

the error. If the error clears, you should monitor the system and determine what caused the

problem. You will find this problem is sometimes caused by high frequency electrical noise

introduced into the CPU from an outside source. Check your system grounding and install

electrical noise filters if the grounding is suspected. If power cycling the system does not reset

the error, or if the problem returns, you should replace the CPU. ﬂ

Communications Problems

If you cannot establish communications with the CPU, check for these problems:
 The cable is disconnected.
» The cable has a broken wire or has been wired incorrectly.
* The cable is improperly terminated or grounded.
« The device connected is not operating at the correct baud rate (9600 baud).
» The device connected to the port is sending data incorrectly.
« A grounding difference exists between the two devices.
« Electrical noise is causing intermittent errors.
e The PLC has a bad communication port and should be replaced.

For problems in communicating with DirectSOFT 5 on a personal computer, refer to the
DirectSOFT 5 manual. It includes a troubleshooting section that can help you diagnose PC
problems in communications port setup, address or interrupt conflicts, etc.
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I/0 Point Troubleshooting

Possible Causes
If you suspect an /O error, there are several things that could be causing the problem.
« High-Speed 1/0 configuration error
A blown fuse in your machine or panel (the DLO5 does not have internal I/O fuses)
* A loose terminal block
 The auxiliary 24 VDC supply has failed
e The Input or Output Circuit has failed

Some Quick Steps
When troubleshooting the DLO5 Micro PLCs there are a few facts you should be aware of.
These facts may assist you in quickly correcting an 1/0 problem.

* HSIO configuration errors are commonly mistaken for I/O point failure during program
development. If the I/O point in question is in X0-X2, or YO-Y1, check all parameter locations
listed in Chapter 3 that apply to the HSIO mode you have selected.

» The output circuits cannot detect shorted or open output points. If you suspect one or more faulty
points, measure the voltage drop from the common to the suspect point. Remember when using a
Digital Volt Meter, leakage current from an output device such as a triac or a transistor must be
considered. A point which is off may appear to be on if no load is connected the point.

« The 1/0O point status indicators are logic-side indicators. This means the LED which indicates the
on or off status reflects the status of the point with respect to the CPU. On an output point the
status indicators could be operating normally while the actual output device (transistor, triac etc.)
could be damaged. With an input point, if the indicator LED is on the input circuitry is probably
operating properly. Verify the LED goes off when the input signal is removed.

« Leakage current can be a problem when connecting field devices to an 1/0 point. False input signals
can be generated when the leakage current of an output device is great enough to turn on the
connected input device. To correct this, install a resistor in parallel with the input or output of the
circuit. The value of this resistor will depend on the amount of leakage current and the voltage
applied but usually a 10K to 20K resistor will work. Verify the wattage rating of the resistor is
correct for your application.

* Because of the removable terminal blocks on the DLO05, the easiest method to determine if an 1/0
circuit has failed is to replace the unit if you have a spare. However, if you suspect a field device is
defective, that device may cause the same failure in the replacement PLC as well. As a point of
caution, you may want to check devices or power supplies connected to the failed I/O circuit before
replacing the unit with a spare.
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Output points can be set on or off in the DLO5 series CPUs. If you want to do an 1/0O check
out independent of the application program, follow the procedure below:

Step Action

1  |Use a handheld programmer or DirectSOFT to communicate online to the PLC.
Change to Program Mode.
Go to address 0.

Insert an “END” statement at address O. (This will cause program execution to occur only at address 0 and
prevent the application program from turning the I/0 points on or off).

Change to Run Mode.

Use the programming device to set (turn) on or off the points you wish to test.

When you finish testing I/0 points delete the “END” statement at address 0.

2
3
4
5
6
7

operation that can result in a risk of personal injury or equipment damage. Make sure you have

f WARNING: Depending on your application, forcing 1/0 points may cause unpredictable machine
taken all appropriate safety precautions prior to testing any 1/0 points.

Handheld Programmer Keystrokes Used to Test an Output Point

-
(&) ~__
X0 X2 XX pr Insert an END statement ﬂ
— | T o T L ) at the beginning of the
Xl}J LX3 X4 program. This disables
— —/ the remainder of the
program.

@

From a clear display, use the following keystrokes
16P STATUS
STAT ENT
BIT REF X

Use the PREV or NEXT keys to select the Y data type

‘NEXT“AO HENT‘ Y10 YO
0000000000000000

Use arrow keys to select point, then use Y2is n}ow on

ON and OFF to change the status /

[ (] ) (2] AR
0000000000ooomoo
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Noise Troubleshooting

Electrical Noise Problems

Noise is one of the most difficult problems to diagnose. Electrical noise can enter a system in
many different ways and they fall into one of two categories, conducted or radiated. It may be
difficult to determine how the noise is entering the system but the corrective actions for either
of the types of noise problems are similar.

» Conducted noise is when the electrical interference is introduced into the system by way of a
attached wire, panel connection ,etc. It may enter through an 1/O circuit, a power supply
connection, the communication ground connection, or the chassis ground connection.

 Radiated noise is when the electrical interference is introduced into the system without a direct
electrical connection, much in the same manner as radio waves.

Reducing Electrical Noise
While electrical noise cannot be eliminated, it can be reduced to a level that will not affect the
system.

« Most noise problems result from improper grounding of the system. A good earth ground can be
the single most effective way to correct noise problems. If a ground is not available, install a ground
rod as close to the system as possible. Ensure all ground wires are single point grounds and are not

daisy chained from one device to another. Ground metal enclosures around the system. A loose wire
can act as a large antenna, introducing noise into the system. Therefore, tighten all connections in
your system. Loose ground wires are more susceptible to noise than the other wires in your system.

Review Chapter 2 Installation, Wiring, and Specifications if you have questions regarding how to

ground your system.

« Electrical noise can enter the system through the power source for the PLC and 1/O circuits.
Installing an isolation transformer for all AC sources can correct this problem. DC sources should
be well-grounded good quality supplies.

« Separate input wiring from output wiring. Never run low-voltage 1/0 wiring close to high voltage
wiring.
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Machine Startup and Program Troubleshooting

The DLO5 Micro PLCs provide several features that can help you debug your program before
and during machine startup. This section discusses the following topics which can be very
helpful.

* Program Syntax Check

« Duplicate Reference Check

« Special Instructions

* Run Time Edits

e Forcing 1/0 Points

Syntax Check
Even though the Handheld Programmer and DirectSOFT 5 provide error checking during
program entry, you may want to check a program that has been modified. Both programming
devices offer a way to check the program syntax. For example, you can use AUX 21, CHECK
PROGRAM to check the program syntax from a Handheld Programmer, or you can use the
PLC Diagnostics menu option within DirectSOFT 5. This check will find a wide variety of
programming errors. The following example shows how to use the syntax check with a
Handheld Programmer.
Use AUX 21 to perform syntax check E
AUX 21 CHECK PRO

C B
Len [0 ] [ | o] [

1:SYN 2:DUP REF

Select syntax check (default selection)

(You may not get the busy display BUSY

T | if the program is not very long.)

One of two displays will appear

Error Display (example) — | $00050 E401

MISSING END

(shows location in question)

Syntax OK display NO SYNTAX ERROR

?

See the Error Codes Section for a complete listing of programming error codes. If you get an
error, just press CLR and the Handheld will display the instruction where the error occurred.
Correct the problem and continue running the Syntax check until the NO SYNTAX ERROR
message appears.
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Special Instructions
There are several instructions that can be used to help you debug your program during
machine startup operations.

*END
* PAUSE
*STOP

END Instruction: If you need a way to quickly disable part of the program, just insert an
END statement prior to the portion that should be disabled. When the CPU encounters the
END statement, it assumes that is the end of the program. The following diagram shows an

example.

Normal Program New END disables X10 and Y1

YO YO

| C ) 1 C )

L LX3 X4
XlO Y1
mll D * o)
X10

Y1
E @) H | P,

D)
PAUSE Instruction: This instruction provides a quick way to allow the inputs (or other logic)
to operate while disabling selected outputs. The output image register is still updated, but the
output circuits are not. For example, you could make this conditional by adding an input
contact or CR to control the instruction with a switch or a programming device. Or, you

could just add the instruction without any conditions so the selected outputs would be
disabled at all times.

Normal Program PAUSE disables YO and Y1
/YO Yo- Y1
1 1§ ) * CPAUSE)
Lxg ’
XlO Y1 u C )
X3
| )
~ XlO /Yl
\END) — g )
D

STOP Instruction: Sometimes during machine startup you need a way to quickly turn off all
the outputs and return to Program Mode. You can use the STOP instruction. When this
instruction is executed the CPU automatically exits Run Mode and enters Program Mode.
Remember, all outputs are turned off during Program Mode. The following diagram shows an
example of a condition that returns the CPU to Program Mode.
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Normal Program

X0 X2
] |

X1 L{XS X4
= 1/
X5 Y1
H D

ENED

In the example shown above, you could trigger X7 which would execute the STOP
instruction. The CPU would enter Program Mode and all outputs would be turned off.

Duplicate Reference Check

You can also check for multiple uses of the same output coil. Both programming devices offer
a way to check for this condition.. For example, you can AUX 21, CHECK PROGRAM to
check for duplicate references from a Handheld Programmer, or you can use the PLC
Diagnostics menu option within DirectSOFT 5. The following example shows how to

STOP puts CPU in Program Mode

perform the duplicate reference check with a Handheld Programmer.

Use AUX 21 to perform syntax check

Lo ] [ [ ][] [or]

Select duplicate reference check

(You may not get the busy

display if the program is not
very long.)

One of two displays will appear

Error Display (example)
(shows location in question)

Syntax OK display ——

If you get an error, just press CLR and the Handheld will display the instruction where the
error occurred. Correct the problem and continue running the Duplicate Reference check

until no duplicate references are found.

X7

=il )
X0 X2 YO
— | C
X1 LXB X4

H —

X5 Y1
H

EN[D

AUX 21 CHECK PRO
1:SYN 2:DUP REF

BUSY

S

$00024 E471
DUP COIL REF

NO DUP REFS
2

sy NOTE: You can use the same coil in more than one location, especially in programs containing Stage
‘E instructions and/or OROUT instructions. The Duplicate Reference check will find occurrences, even though

they are acceptable.
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|
Run Time Edits
The DLO5 Micro PLC allows you to make changes to the application program during Run
Mode. These edits are not “bumpless.” Instead, CPU scan is momentarily interrupted (and
the outputs are maintained in their current state) until the program change is complete. This
means if the output is off, it will remain off until the program change is complete. If the
output is on, it will remain on.
WARNING: Only authorized personnel fully familiar with all aspects of the application should
make changes to the program. Changes during Run Mode become effective immediately. Make sure
f you thoroughly consider the impact of any changes to minimize the risk of personal injury or
damage to equipment. There are some important operational changes during Run Time Edits.
1. If there is a syntax error in the new instruction, the CPU will not enter the Run Mode.
2. If you delete an output coil reference and the output was on at the time, the output will remain
on until it is forced off with a programming device.
3. Input point changes are not acknowledged during Run Time Edits, so, if you're using a high-
speed operation and a critical input comes on, the CPU may not see the change.
Not all instructions can be edited during a Run Time Edit session. The following list shows
the instructions that can be edited.
Mnemonic Description Mnemonic Description
E TMR Timer OR, ORN Or greater than or equal or less than

TMRF Fast timer LD Load data (constant)

TMRA Accumulating timer LDD Load data double (constant)

TMRAF Accumulating fast timer ADDD Add data double (constant)

CNT Counter SUBD Subtract data double (constant)

ubcC Up / Down counter MUL Multiply (constant)

SGCNT Stage counter DIV Divide (constant)

STR, STRN Store, Store not CMPD Compare accumulator (constant)

AND, ANDN And, And not ANDD And accumulator (constant)

OR, ORN Or, Or not ORD Or accumulator (constant)

STRE, STRNE Store equal, Store not equal XORD Exclusive or accumulator (constant)

ANDE, ANDNE  |And equal, And not equal LDF Load discrete points to accumulator

ORE, ORNE Or equal, Or not equal OUTF Output accumulator to discrete points

Store greater than or equal SHFR Shift accumulator right
STR, STRN Store less than SHFL Shift accumulator left
AND, ANDN ﬁﬂg Igerses tt%;%han or equal NCON Numeric constant
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We'll use the program logic shown to describe
how this process works. In the example, we'll X0 X Yo

change X0 to C10. Note, the example assumes ouT)
you have already placed the CPU in Run Mode. co

Use the MODE key to select Run Time Edits

’MODE‘ ‘NEXT ‘ ‘NEXT ‘ ’ ENT ‘ *MODE CHANGE*
RUN TIME EDIT?

Press ENT to confirm the Run Time Edits

o | (Note, the RUN LED on the D2-HPP *MODE CHANGE*
Handheld starts flashing to indicate RUNTIME EDITS
Run Time Edits are enabled.)

Find the instruction you want to change (X0).

[ | P ] [0 ] oo | [285]

$00000 STR X0

Press the arrow key to move to the X. Then enter the new contact (C10).

(5] (3] [ [0 F2 ] [ | Runmive e
Press ENT to confirm the change.
ot | (Note, once you press ENT, the next
address is displayed.) OR CO
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[
Forcing 1/0O Points
There are many times, especially during machine startup and troubleshooting, that you need
the capability to force an 1/O point to be either on or off. Before you use a programming
device to force any data type it is important you understand how the DL05 CPUs process the
forcing requests.
WARNING: Only authorized personnel fully familiar with the application should make program
changes. Do thoroughly consider the impact of any changes to minimize the risk of personal injury
or damage to equipment.
Bit Forcing — Bit forcing temporarily changes the status of a discrete bit. For example, you
may want to force an input on even though the program has turned it off. This allows you to
change the point status stored in the image register. The forced value will be valid until the
CPU writes to the image register location during the next scan. This is useful you just need to
force a bit on to trigger another event.
X0 YO
The following diagrams show a brief example of how |} (out)
you could use the D2—HPP Handheld Programmer to
force an 1/O point. The example assumes you have HCO
already placed the CPU into Run Mode.
E From a clear display, use the following keystrokes
16P STATUS
BIT REF X

Use the PREV or NEXT keys to select the Y data type. (Once the Y appears, press O to

start at YO0.)
A Y10 YO
poboobbOobooODOObOODOO
Use arrow keys to select point, then use ON and OFF to change the status
Y2 is now on
Yo b

ooooooooooooomOO

Bit Forcing with Direct Access
From a blank display, use the following keystrokes to force Y 7 ON

Solid fill indicates point is on.

BIT FORCE

Y7 i

From a blank display, use the following keystrokes to force Y 7 OFF

No fill indicates point is off.

5] Bl P ) [ aIT FORCE

Y7 o
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