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(57) Abréegée/Abstract:

The invention relates to a method for converting traditional ladder diagrams for programmable controllers according to model 984
for example, said traditional ladder diagrams being read and executed column by column, into ladder diagrams for IEC 61131-
oriented controllers, for example, sald ladder diagrams being read and executed In a data flow-oriented manner. In order to carry
out saild method, It Is determined In the l[adder diagrams that are traditionally read and executed column by column whether
variables are provided on colls as well as on contacts within the network, and it is determined whether the contact is processed
according to model 984 In front of the associated coll and according to the I[EC model behind the associated coll. If so, an
additional variable Is generated for each such variable, and the additional variable Is fed to the respective contact instead of the
original variable. Furthermore, a contact comprising the original variable Is connected to a power supply simulation at the end of the
network, followed by a coll encompassing the generated variable.
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(54) Title: METHOD FOR THE CONVERSION OF LADDER DIAGRAMS

(54) Bezeichnung: VERFAHREN ZUR UMWANDLUNG VON KONTAKTPLANEN

LHE

Lo

(87) Abstract: The invention relates to a method
for converting traditional ladder diagrams for
programmable controllers according to model
984, for example, said traditional ladder diagrams
being read and executed column by column,
into ladder diagrams for IEC 61131-oriented
controllers, for example, said ladder diagrams
being read and executed in a data flow-oriented
manner. In order to carry out said method,
it is determined in the ladder diagrams that
are traditionally read and executed column by
column whether variables are provided on coils
as well as on contacts within the network, and
it 1s determined whether the contact is processed
according to model 984 in front of the associated
coil and according to the IEC model behind
the associated coil. If so, an additional variable
is generated for each such variable, and the
additional variable is fed to the respective contact
instead of the original variable. Furthermore,
a contact comprising the original variable is
connected to a power supply simulation at the end
of the network, followed by a coil encompassing
the generated variable.

(57) Zusammenfassung: Die Erfindung bezieht
sich auf ein Verfahren zur Umwandlung von
traditionellen, spaltenweise gelesenen und
ausgefiihrten Kontaktpldnen fiir speicherpro-
grammierbare Steuerungen nach beispielsweise
984 - Modell in Datenfluss - orientiert gelesene
und ausgefiihrte Kontaktplidne fiir beispielsweise
IEC 61131 - orientierte Steuerungen.  Zur

durchfiihrung des Verfahrens ist vorgesehen, dass in den traditionell

[ Fortsetzung auf der niichsten Seite]
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SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF,
VN, ZA, ZM, ZW. BJ, CF,CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
D, TG).

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare regionale Schutzrechtsart): ARIPO (BW, Verollentlicht:

GH, GM, KE, LS, MW, MZ., NA, SD, S1L., SZ, TZ, UG, — mit internationalem Recherchenbericht

/M, ZW), eurasisches (AM, AZ, BY, KG, KZ, MD, RU, — vor Ablauf der fiir Andemngen der Anspriiche geltenden
TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK, Frist; Verdffentlichung wird wiederholt, falls Andemngen
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, eintreffen

spaltenweise gelesenen und ausgefiihrten Kontaktplanen ermittelt wird, ob innerhalb des Netzwerkes Variablen sowohl an Spulen als
auch an Kontakten vorkommen, dass ermittelt wird, ob der Kontakt nach dem 984-Modell vor der zugeordneten Spule und nach den
IEC-Modell nach der zugeordneten Spule verarbeitet wird, dass bejahendenfalls fiir jede solche Variable eine zusitzliche Variable
erzeugt und die zusdtzliche Variable statt der originalen Variablen in den betroffenen Kontakt eingetragen wird und dass weiterhin an
das Ende des Netzwerkes ein Kontakt mit der originalen Variablen an eine Stromversorgungssimulation angeschlossen wird, gefolgt
von einer Spule mit der erzeugten Variablen.
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Description

Method for the conversion of ladder diagrams

The invention relates to a method for the conversion of traditional ladder diagrams —
read and executed column by column — for programmable logic controllers according to

model 984, into ladder diagrams for IEC 61131 controllers.

Ladder diagrams model conventional contactor controls for programmable logic
controllers. They are structured in lines and are made up of various contacts, colls,

horizontal and vertical connections, function blocks, and a power supply simulation.

In contrast to contactor controllers, in which the values of all elements are determined In
parallel (simultaneously), programmable logic controllers process the values of all

elements one after the other (sequentially).

Thus the processing order has to be seen as a new additional criterion that affects

function. It is common for ladder diagrams to additionally be subdivided into networks,

which in the following shall be considered as independent ladder diagrams of their own.

Figure 1 shows an example of a ladder diagram KOP. The ladder diagram KOP is a
method for programming programmable logic controllers. This is a standardized
graphical language that uses a representation that follows that of circuit diagrams.
Starting from a simulated power supply, objects are labelled as contacts Kxy or coils

Sxy. To each object is assigned
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a variable Vxy, with 1 < x, y < n. If the objects are connected in series via connecting

lines, then this signifies an AND operation. The objects of a series connection are
arranged In individual columns. The arrangement of objects in several rows, rows 1 to
5 In the lillustrated ladder diagram, serves to represent an OR operation. Horizontal
lines serve to link the objects, while vertical lines VL serve to connect horizontal lines
HL, so that branches can be formed. Any value applied to the left side is passed to the

objects connected on the right side.

In figure 1, for example, the coil S14 is driven via the contact K12 and assumes its

seal-in state via contact K21. Also, the contact K51 is used to energize the coil S32.

Explanations of the individual objects can be found in the table of figure 2.

Ladder diagrams can also contain elements that, similar to vertical connections, extend
over several rows and consequently can have several inputs and outputs. With respect
to the method described here, these elements can be treated as vertical connections

and for this reason will not be described in any further detail.

Ladder diagrams for programmable logic controllers in accordance with the 984 model.
an example of which is shown in figure 3, are read and executed line by line from top to

bottom for each column and then column by column from left to right.

Figure 4 illustrates the order of object execution in programmable logic controllers that
are built according to the 984 standard. It is apparent that the new value of the seal-in

coll only becomes effective after the sequential processing.

Ladder diagrams pursuant to figure 5 for IEC 61131-oriented controllers are read and
executed In a data-flow oriented manner, i.e. prior to execution of a ladder diagram
element all input values of this element must have been determined. Once all input
values for an element have been determined, processing immediately advances along

the horizontal direction.
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This has an especially significant effect in the seemingly simple vertical connections,
since the new value of all elements on the left side must be determined before
determining the total value of the vertical connection.

The immediate advance in the horizontal direction represents the fundamental

difference between the two systems.
Figure 6 shows the execution order for the above example in an IEC 61131 system.

The new value of the seal-in coil S14 (column 4, row 1) becomes effective before any

further processing (column 1, row 3 to column 2, row 3).

This behaviour is considerably different from that of LL984 processing, which can lead

to substantial, even safety-relevant problems in the system operation.

In general: if several functional blocks or coils with variables returned to contacts are
contained in the same ladder diagram, then this can result in a markedly different

behaviour of the executing controller.

Based on this background, the objective of the present invention is to further develop
a method of the above-mentioned type in a way so that ladder diagrams for 984 model
controllers can be processed on |IEC 61131 type controllers.

This objective is met by the invention by determining in a traditional ladder diagram

that is read and executed column by column, whether within the network variables
occur both on coils and on contacts, by determining whether the contact is processed

in accordance with the 984 model before the associated coil or in accordance with the
IEC model after the associated coil, by in the affirmative case generating for each
such variable one additional variable and by recording said additional variable in the
respective contact instead of the original variable, and by further at the end of the
network connecting to the simulated power supply a contact carrying the original
variable, followed by a coil with the generated variable.
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To start with, the objects of a ladder diagram are numbered consecutively in one of the
two orders and the coils of the ladder diagram are recorded in a table with their

respective variable name as the key.

Subsequently, the objects are read in the other order and the order number for each
object is determined. If a contact is found, its variable name is used in querying the
coil table, to determine whether the coil triggering it is also present in the ladder

diagram.

A comparison of the order numbers of the contact and of the coil is used to determine

whether a delay element has to be introduced for the contact.

To create a delay element, one additional variable has to be generated and this
additional variable is attached to the contact instead of the original variable. In addition
a contact with the original variable is connected to the power supply simulation at the

end of the ladder diagram, followed by a coil with the generated variable.

A preferred processing approach is characterized by connecting the functional blocks
of a ladder diagram using EN inputs and ENO outputs appropriate for IEC 61131-

oriented controllers in the order of processing of the 984 model.

Further details, advantages, and features of the invention are not only found in the
claims and the characteristic features described therein — on their own and/or in

combination — but also in the following description of a preferred embodiment example

illustrated in the figures.
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Figure 1 shows a ladder diagram in accordance with LL 984.

Figure 2 shows a table with explanations of symbols used in the ladder diagram of

figure 1.

Figure 3 shows a schematic representation of the processing order of a LL 984 ladder

diagram.

Figure 4 shows a table with the sequence of processed objects of the LL 984 ladder

diagram of figure 1.

Figure 5 shows a schematic representation of the processing order of a ladder diagram
In accordance with IEC 61131,

Figure 6 shows a table with the processing sequence of objects of the ladder diagram
of figure 1 in the IEC 61131 order.

Figure 7 shows a representation of the method by way of program steps.

Figure 8 shows a schematic representation of a ladder diagram with delayed

propagation.

Figure 9 shows a representation of the IEC 61131 ladder diagram derived from the
LLS84 ladder diagram of figure 1.

Figure 10 shows a table with the processing sequence of objects of the IEC 61131

ladder diagram of figure 9.
Figure 11 shows a IEC 61131 ladder diagram with functional blocks.

Figure 7 is a schematic representation of a flow chart of the method. The first step

consists of the declaration of a coil table. For all objects of the ladder diagram, the

objects are numbered consecutively in
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one of the two orders. If the object is a coil, the coil is entered into the coil table using

its variable as key.

Subsequently, the objects of the ladder diagram are swept through in the other order,
whereby the order number of the object is determined. If the object is a contact, the
coil table is queried using the variable name of the contact to find the associated coll. If
the coil is present, i.e. the 984 order number of the contact is less than the IEC order
number of the coil or the IEC order number of the contact is greater than the IEC order

number of the coll, then a delay element VDELAY is created.

As illustrated in figures 8 and 9, creation of the delay element VDELAY encompasses
generation of an additional variable V61, V62, whereby the additional variable V62 Is
associated with the respective contact K51 instead of the original variable V41. As
llustrated as an example in figure 9, a contact with the original variable is connected to
the simulated power supply at the end of the ladder diagram, followed by a coil with

the generated variable.

Figure 9 illustrates the ladder diagram that is obtained for the example describe here,
whereby the additionally generated variable V61, V62 is labelled “d144".

The processing order is illustrated in figure 10. Accordingly, the new value ,d144" of
the seal-in coil S14 in column 4, row 1 in the sequential processing will only become

known after its execution, which will create an overall behaviour identical to that of the
original 984 ladder diagram.

Figui’e 11 shows a ladder diagram with functional block. With the help of the EN inputs
and ENO outputs, which in accordance with IEC 61131 must additionally be added to
modular units, the functional blocks of a ladder diagram are connected in the order of
the 984 processing, since modular units can be connected to each other along the
vertical direction and do not have to be connected by contacts and vertical
connections. Using connections via EN/ENO enforces in accordance with IEC 61131
the desired execution order for modular units as well. The connections can also be
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realized as connectors as defined in the IEC 61131 standard, in order not to disturb

the logic pattern.

In this manner it is made possible that execution of the ladder diagram in an IEC

61131 controller produces the same result as execution in a traditional 984 controller.
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Claims

A method for the conversion of traditional ladder diagrams — read and
executed column by column, for programmable logic controllers, in
accordance with the 984 model, into ladder diagrams read and executed in a
data-flow-oriented manner for IEC 61131-oriented controllers, said method
characterized in that:

in the traditional ladder diagrams, read and executed column by column, it is
determined whether within the network certain original variables occur on
both coils and contacts,

it Is determined, whether the contact according to the 984 model is
processed before the associated coil and according to the IEC model is
processed after the associated coil,

in the affirmative case, for each such original variable, one additional
variabie is generated and this additional variable is recorded with the
respective contact instead of the original variable, and

wherein a contact with the original variable is connected to the power supply

simulation at the end of the network, followed by a coil with the generated
variable.

The method of claim 1,

characterized in that:
the functional blocks of a ladder diagram are connected with the help of EN
inputs and ENO outputs in conformity with IEC 61131-oriented controllers.

In the order of processing of the 984 model.
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As programming guida:
Declare ¢oil table
For all ohjects of the ladder diagram
Ssquentially number objects in one of the two orders
| the object is a coil
Enter coil in coil table using s variable name as key
Sweap through objects of the ladder diagram in the other order
Determine order number of the object
I the object is a contact
Query coll tabie for associated coil using the variable name of the contact
I the coil i present
if the 984 sequence number of the contact is less than the IEC order
number of the coil
[f the IEC order number of the contact is greater than the IEC
ordar number of tha coi
Create delay element
Craate delay element
(sanerate addihonal vanabie
Associate additional vanable with contact instaad of orginal variable
Al the end of the |adder diagram. conngct a contact with the onginal vaniabie to the power
supply simulation,
foliowed by a coill with the generated vaniable.
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