Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



OGS 12

B
TMAR

%

4»%%%"“ ,

Massey University

(@

Declaration Confirming Content of Digital Version of Thesis

| confirm that the content of the digital version of this thesis
Title: Automatisation in programming of a PLC code

is the final amended version following the examination process and is
identical to this hard bound paper copy.

Student’s Name: Nikola Mastilovich

; /
Student’s Signature: M@CKMQ

Date: /é/;/ZO/O



Automatisation in programming of a PLC Code

A thesis presented in partia fulfilment of the

reguirements of the degree of

Masters of Engineering
In

M echatronics

At

Massey University

Auckland, New Zealand

Nikola Mastilovich

2010



Acknowledgments

The author would like to thank Realcold Milmech for making this research thesis possible. In
addition, it isimportant to acknowledge the time and tools that Realcold Milmech has provided

for thisthesis.

A big thank you goes to Dr. Johan Potgieter for all of his help, guidance, and support in the
completion of thisthesis.

Finaly, | owe a specia thanks to my wife, Adela Vidicki-Mastilovich, for supporting and
helping me achieve thisgoal. Your help is greatly appreciated.



1

7

Table of Contents

[N MR (O D100 1 [ ] TR 2
1.1 OVERVIEW OF THE PROBLEM t11ttttte et titttttetee et seststbsesseessessssbassssssssssssbssssssssssasssssssssesssassssbasssesssassasbassssssssssssbansessesssnnses 2
1.2 PROPOSED SOLUTION ..uuttttiitteeiiittttieeee et seetbbbtee s e e s s estbbbaseeeessesabbbr et e eeeeesab b b aaeeeeessaabbabeeeeeessaas bbb beeseessasbabaeesesesessntbanes 3
1.3 THE OBJECTIVES OF THE THESIS 11vvvtteeiteiutrteeeeeesesiussseeeesesesissssessesessissssssssssssssssssssessessssssssssesessssssssssessesssnssssseesesssnnses 4
1.4 =TS o0 N O o= 2R 4

B 1013 TR 6
21 HISTORY OF THE PROGRAMMABLE LOGIC GONTROLLER (PLC) ....vvvviieniiinienistcse ettt 6
2.2 LITERATURE REVIEW. ... ttttiiii ittt ettt e e ettt s e e e e e s bbb et e e e e e e s bbb bbb e e e e e s s bbb bbb e e s e e s saab bbb beeseessasbbbbbeesesesesanbbanas 8
2.3 RESEARCH QUESTION AND HYPOTHESIS" OF THE THESIS ...vvevveiiitiesiie e sttt e sttt siie sttt siae e siaaesineesbaaessneestnaenane e e 10
2.4 S LY LY 2 OOt 11

7= 0 13
3.1 PLC PROGRAMMING STRUCTURE ....vvieitveeesieteeeeeteeeesesseeessabaeesansaesssssesessssesesassasssssssssssssesessnsessssasseesssssesssasensessens 13

3.11 PLC Program = TRE BOOY........ccuriiiiieiitiiteiet sttt ettt sttt 14

3.1.2 PLC Program = TRE BRAIN .....c.coiiiiiiieec ettt ettt 28
3.2 RSLOGICSE000 FILES.......uutviiiieeiiiiittttie e e e e e sttt e e e e s s et b e e s e e et e b bbb b e e s e e s s e abbbbeeseessasabbbbaseesssessabbbbasesssssabbabaeesesssanse 32

3.21 F N B TSR 32

3.2.2 LIRS 1 33

3.2.3 Programming the LEK fil8 .......cuiiiiiie sttt et s besbeene 37
3.3 WVISUAL BASIC FOR APPLICATIONS (VBA) PROGRAMMING .......euverveeeteaseaseeseessessessessessessesssessessessessessessessessessessessessenses 38

3.3.1 0L QT 01 (=T =Tl O TTRPRR 39

3.3.2 Visual Basic for Applications (VBA) Programiming ..........cccoerveererieenenieieseseseseseee s sesie e seeessesessesnens 42
34 TESTING OF THE AUTOMATIC PLC GODE GENERATOR (APCG) SOFTWARE ......cuviutestestesiesteeseeseeseeseestesiessesseeeenseseessessesnens 44

34.1 T L (3 (0] T £ SRRSO 45

3.4.2 Measuring the effectiveness of the APCG SOfIWAIE ..........ccevieieiiiieie e 49
35 S LY LY 2 OOt 53

FUNCTIONALITY OF THE APCG SOFTWARE . .....cceeeeeii ettt e e e e e e et e e e e e e e e eaaaae e e e e e e e enaannns 55
41 [0 T Y [N U 1 S == 56
4.2 F A YT U = [N U S 5121 = R 59
4.3 D et YO U =T B o1 = = OO 60
4.4 ANALOGUE OUTPUTS STREEN ... .uvtttiitieiiiiitatttissesssessssbtetsesssssssbssssasssssaasssssessesssasbssbasssesssassbsbesesassssssabbesseessssssssrrsnns 61
45 PLC INTERNAL AND /O DATA BASES ... iviiittiiitee ettt et s ettt s stessba s s ebes s st e s s bassabasssbassabasssbassabasssbesssbesssbessrbesans 61
4.6 FLAGS AND SCADA/HMI SCREENS ... veeivvieittieittiestteesttessstessbtsssstsssseesssessssassssesssbssssbsessbbessbesssbssssbesesbasssseeesbesssseseses 63
47 (@011 20 I = Y1 64
4.8 (@011 120 = 0]V R 67
4.9 S QUENCE PAGES ... ettt siee ettt et e et e te e et e et e et e e teeest e e e teeesbeeenteeesbeeeateeasbeeenteeanb e e e teeente e e teeenteeeteeeneeenreeeneeans 72
4.10  FUNCTIONALITY OF THE SEQUENCE PAGES ....ccutii it et stee ettt et e s et e et e et e st e et e e teeete e e nteeeteeenteeeneeessneennneans 75
o S U Y [ 7Y TR 77

THE APCG SOFTWARE = REAL LIFE PROJECTS ... ittt ettt ettt e e ettt e e e s s s e et b e e e e e s e e sbbaa e aeas 78
51 PROJECT BUDGETED 0STS 1iiiiiiitttitiieeiesiitbttteese st sibbtsteesesssabbbsteesesssasbbabaeeseessassbabaeeseessastbbbaeaeeessassbbbbeeseessessssbanes 78
5.2 [ I ] oo 85
5.3 (@0 LSy 1Y 1T N 87

B R OL U1 ] [ PRt 90
6.1 RESEARCH CONTRIBUTION .. .1teettetutttttteeeesssssbsetsesesssasssssseesessssassasssssesssasssesasssesssassbasaessesssassbbaessesssassbsbanssesssessrbenns 90
6.2 Y TR O SOOI 92
6.3 [V =TT 0y 11 NS TSRO 92
6.4 FUTURE RESEARCH. ...t ittttttiie e et e ittt e e e e sttt b et e e e e s st b e e e s e e e st bbbt e e e e e e s aa b bbb e e e e e e s s e b b e b b e e e e e s se bbb baeeeeeesessbbbaeeseeeessanbbanns 93

L0001V (01 WU L] [N 94



8 REFERENCES ... et et e e st et e e 95

9 S O] Y o /T 97
0T Y o N[O T 99
T == N D AN A = 1= Y2 ] G 1 = 99
10.2  APPENDIX B: LK FILE INSTRUCTIONS ...uuuvtvitieeesisutreetseessesssssesessssssssssssssssssssssssssssssesssssssssssssessssssssssssessssssssssssesss 104
10.3  APPENDIX C: PLATE FREEZER PROJECT PLC /S LIST 1uvvieiictiiie ittt sttt ettt ettt e sttt e s sttt e e s eata e e s sabaeessbeasesanneaessabenens 110
O =N ) B R 1 D @ o] N 1 = N ST 113



List of Figures

Figure 1: Relay Based CONLrol PANEI[ 6] .......cccceueriieiireieeieeereese sttt se et st ae e be e et e e sbesae e e eneeseebeses 6
Figure 2: PLC NAraWare SETUCEUFE] 7] ......o.eieeeeierierie st stese et et e seeste et sbe st s e e eese e besaesbe s st eaesae e e anbeseeebesaesbesaeenseneeseenbeses 7
Figure 3 - FIOW Of the PLC PrOQraM.......cceiecieiesieie sttt s e st eeesae e seestestesteeseesaesaesseteseestesseeseesaessasteseestesseenesssensanseseenses 14
Figure 4 - Digital Inputs— wired aSNC and NO.........ccociiiiieiieieie e st sae st e e sre st saeere e e eeeneeseenns 14
Figure 5 - Digital Input Conditioning — Sraight throuUgh ..........coeiiiiiiiecc e e e 15
Figure 6 - Digital Input Conditioning — USING @ tIMEY ........ccccueieiirie st e e e e nes 15
Figure 7 - Digital INiCatiON AlGIMN......ccuiiieececerese st ee et st e e se e besresbesseeseesaenaansesresbesseeseeneeneeneeseensen 16
Figure 8 - Digital AlAr — CULOUL .........coerieeeterieiete sttt sttt et b e et b e se et b e se e st b e seeaeebesee st ebeseeneebeseeneebeseeneas 16
Figure 9 - Digital Alarm - AOI INEEITOCK .......cceiiieerieiite sttt ettt b e st b e et b e et b e seebeseeneas 17
Figure 10 - Analogue INPUE SCAIE TUNCLION .......ooviuiiiiiiiiitereecet ettt se et e b e ebeseenea 19
Figure 11 - ANalOgUE CULOUL AL ..o iiieieeeeiestesie ettt et et e te e sbe s et sbeeaeeaeeaeese e besaeebeeaeaseeasensenbeseeabesaeeaeeneensanseseetas 20
Figure 12 - SEOUENCE SEEP FIOW ...ttt et h et se et e bt e b e e aeese et e ne et e seeebe s bt ebeene e e aneeseetas 22
Lo U R I 1 =T S (o g I = Vo USSR 23
Figure 14 - Start PErmiSSiVe (EXAMPIE).......c.cciieieiiie et et eree et e et st e be st e st esreese e e e saenbesresbesaeeneeneensenteseetes 24
Figure 15 - Start PErmiSSIVE (PLC COUE) ........ccueieriiie et ee et e e e ste st te e e e st e bestesbeeseeseesaesaenteseestesaeeneeneensaneeseentes 25
(S To WL TNV, o] (o GRS v= T oo 0T [ o) o 1R 25
Lo U A € = (01 0= o1 29
FIgUre 18 - PLC SOOUENCE — SEEPS. .. viveiuiireeeeeeeeeseesieseestessessesseesesessessesseasesseessessessesesssssessessesssessensessessessessessensensessenses 30
Figure 19 - SequenCe SIEP AlIOCALION .........cieeeeeresie s st se et et e es e s te et e e e enee st e teseesbesseeseeseeneenseseentesseeneeneeneenseseenses 31
FIQUIE 20 - SEOUENCE ACTION .....eeiieiteieeeete sttt sttt b e et b e et b e se e st b e seeaeeb e seeaeeb e s e e meebeseeneebenbeneebeseeneebeseeneebeneeneas 31
Figure 21 - EmMpty PLC Program LACD .......ccoe ittt sttt st ettt se et be e s b e seebese et b e seeneebeseeneebeseeneas 33
Figure 22 - LEK File TagGS SITUCTUE......couiieieeteieeeete ettt ettt b et b e st b e et b e et b e et b e se et et e seeneebesreneas 34
Figure 23 - L5K il Program SITUCTUIE ........coeeeeee ettt be st e e et e b st se e e e sa e e seesbe s bt eaeene e e anseseenas 36
Figure 24 - PLC move inStruction (LD [@NQUAOE) .........coeiererieieerie et steeeeee e sees e e sbe e sse s s see e seesbe e snesneeeaneeseesnas 38
Figure 25 - Plate Freezer LayOUL DIQWINQ........cooi ittt sttt st seeee e seesbeseesbessessesseseesseseesbessessesnsesanseseenss 46
Figure 26 - Plate Freazer (PICLUIE) ......coiciieeeeieseese st st s e eteeeesae e st e s testesteeseesaeseese e beseeabesseeseessesenteseentesaeeneeneenseneeseetes 47
Figure 27 — Test 2 ProjECt PLC 1/OS LISk.....ceciieiieriiiiesiecteseeeeeeseeste e ste s et e e eae e stestesresbesseeseesaesaenteseestesaeeneeneensanseseenses 49
Figure 28 - EMpty NaVISION TADIE.........coi et ettt st e e s ee st e e aeese e e e e e beseenbesaeeneeneenneneeseetes 52
Figure 29 — APCG SOftWare TIHIE PAQE ......cceeeeerise sttt st se ettt ese e e e e e saesbesneeneeneeneeneeseennes 55
Figure 30 - Digital INPULS SCIEEN....c..iieiecteeeceeese e ste sttt e e e e s ste e reeseeseeneese e tessestesseeseeneenaenseseenbesaeeneeneeneenseseensen 57
FIgure 3L — INPUE NUIMIDET ..ottt ettt b e ettt b e et b e s et b e s e e st b e s e e st e b e seene e b e se e st ebeseeneebeneeneas 57
FIQUrE 32 - TaQ SYIMDOL ...ttt ettt b et b e et b e et b e s e et e bt s e e ne b e s e e st ebeseene e b e seeneebeseeneebeneeneas 58
Figure 33 - INPUE DESCIIPLION ...ttt ettt b e st b e st b e et b e et b e s e e st b e se e st e b e seene e b e seeneebeseeneebeseeneas 58
FIQUIE 34 - TNPUL FUNCHION. ... ettt et b e bt e b et e e et e se et e sb e eb e e heeaeeae e e enbeseeebesheebeeneeneanteseenas 58
Figure 35 - ANAlOGUE INPUE SCIEEM ..o ittt ettt ettt e be bt ebe e e e e e aeese e besbeebeeaeeae e e e neenbeseeabesaeeaeeneensanseseennas 59
Figure 36 - Analogue INput - INPUE NUMDEY .........ooiiiiiie ettt e e b bt s ae e e e e et e e 59
Figure 37 - Analogue INPUL - FUNCLION ........ciiieieicse et e e sttt se e e sae st e e seese e e e saentesresbesaeeneeneenseneeseentes 59
Figure 38 - Analogue INPUt - FUNCLION OPLiONS........ccoiiiiiiiceeieerieieste e se e e e eeeaesrestesresresseeseeaesaestesrestesaeeneensensenseseenses 60
Figure 39 - Digital OULPUL SCTEEN .....ocviieicieeiceee sttt st e e e e e te st e s be s te s teese e e estess e beseesbesseeseesaesaenteseenbesaeeneeneenseneeseentes 60
Figure 40 - Digital OULPUL FUNCHION..........ciiieeeierise sttt eseese e e sresresseeseenaeneenteseestesseeneeneeneenseseenses 61
Figure 41 - ANalOguE OULPUL SCIEEM ....c.vecveeeeeeeeiereeseseestes e ssesseeseeteseestesseasesseessessessesessessesseesesssessessessnssessessesseensensessenses 61
FIQUre 42 - PLC 1/O Dala BASE......ccuiieieeitiieeeeiestese sttt s e s eeesaeteseestesaesseeseesaenseseastessestesseeseeneenaanseseentesseenesnsensansessnnses 62
Figure 43 - Flags and SCADA/HMI SCIEENS........ccuiiiiiirierietete sttt st see et et sbese et st se et et ese et ebese et ebeseenesbeseeneebeseeneas 63
FIQUIE A4 - ACD FLAGS ... .e ettt sttt et b e et b e et b e e a e b e se e st e bt seehe e bt s e e ae e b e s e e ae e b e seeneebeneeneebeseeneebeseeneas 64
FIQUIE 45 - CONLIOl PAJE.......cotiieiiitiieeeete ettt e et b e et b e e st b e e e st bt se e Rt eb e s e e ae e b e seeseebese e st ebeseeneebeseeneebeneeneas 64
Figure 46 - Control Page - ACHON COIUMN.........c.oiiiiiee ettt et e b e aeese e e e e e beseesbe s bt eaeene e e anseseenas 65
Figure 47 - Control Page — CONAITIONS .........coiiiiiiiie ittt et see b e it ae e e e se e beseesbe s bt saeene e e anseseennas 66
Figure 48 — Control Page —SQUAIeE BraCKELS...........coi ittt st s bt e e e e b b sae e e e e aneeseenas 66
Figure 49 - Control Page - DENIVE. ........cciiieiee ettt e ettt e e st et e s ee s besaeeseesaesaenbeseesbesaeeneeneeneenteseentes 66
Figure 50 - Control Page - FUNCLION ..........ciieieie ittt e e sttt e e s e e besee st e s aeeseesaeseenbesrestesaeeneeneennenseseetes 67
Figure 51 - Control Page - RUNG COMMENL .......cciiiieiieiieeeeeereeseseestesesresseseeseeseessessesresseeseesaessensessessessessesssensensessenses 67
Figure 52 - Control FOrmM — Tal MaAIN.........ccceieiisie sttt es e e e e e e sresbesneeneeneeneeneesrennes 68
Figure 53 - Control FOrm-Add ROW-OPEIator EFTOF .......ccveeeceeriereiistesesteseeeeseessestessesresseeseessessessessessesssssesssessessessenses 69
Figure 54 - Control FOrMENEW TAG-ETOF .....coiviiierieieie ettt ettt st b e st b e et et eb e e eseebesee e ebeseeneas 69
Figure 55 - CONLrol FOMTENEW TAJ. ... .citerieerierieieie ettt sttt se ettt b e et se et eb e se et beseese b e seese et e sae st ebeseeneebeseeneebeseeneas 70
Figure 56 - Control FOrm-New Tag-NOLITICAtION ..ottt s b e e ebe e 70
Figure 57 - Control FOrm = NEW PAgE........cc.coie ettt et b et e e e bbb e bt eae e e e e aneeseenas 71
Figure 58 - Control Form - New Page-NOtfICALION .........coiiiiiiie e et e 72



Figure 59 - Control FOIM — SEOUENCE ......cueieeeeieste ettt e e e te e e te e s teese e e eseese e beseestesseeseesaessentesresbesaeeneeneensanteseetes 73

Lo U S OIS = (U= o = To = S 73
Figure 61 - Sequence Page-NOLIfICAION..........ccieiire it sa e e seestesneene e e e e eneesrennn 74
Figure 62 - SEQUENCE PAgE-SIED SZE.......oceeeeeeeesese sttt sttt e e st e e st e besaesbesseeseenee e e teseesbesneeneeneeneeneeseenten 74
Figure 63 - SEqQUENCE PAge - JUMD SEEPS.......c.coiiiiirierieiete ettt st st b e et b e st bese et et ese et beseeneebeseeneebeneeneas 75
Figure 64 - Sequence Page - CONAITIONS .........coiuiiiiriiieieieeee ettt s b e st b e et b e et b see e ebesrenea 76
Figure 65 - SEquenCe SED - STEP OULPUL .......cevereeeirierieerte sttt sttt se e b et b e seese et e see st ebeseeneebeseeneebeseeneas 76
Figure 66 - SeqUENCE Page — DESCIIILION .....cc.eiiiiiirieieieteie ettt sttt ettt e e se e be b b e saeese e e e se e beseesbesbeeaeene e e anseseenas 77
L0 U N YA o= o ot =T o [0 USSR 79
FIgUre 68 - ProjECt #2 BUAGEL ........couioueiuieieeieieie sttt ettt ettt e e be st ebe e e e eneese e besaeebeeaeeseeaeeneenbeseeabesaeebeeneensanseseetas 80
Figure 69 - ProjECt #3 BUAGEL ........cceiveiuieieieeieiestes e ste et s e steeaesaeteseestesaesteeseesaessess e tessestesseeseeseessenteseentesaeeneensensenseseenses 8l
FIigure 70 - ProjECE #4 BUAGEL ........cceeeiuieieeeeeeiestes e steete s e steeaesaeteseestesaesteeseessesseseenteseeatesseeseessessenteseestesaeeneensensenseseentes 82
Figure 71 - ProjectS BUAQEL AVEIB0E. ........eieeeeieriese st steseseeeeseesteseestesaessessesssensessessessestesseeseeseessenseseessessessesnsenennsessnnses 83
Figure 72 - Engineering COStS Graph (AVEIAQgE) .......ciieieieeeeeereeseseestesesteseseeseeseessessestesseesesssessessessessessessesssessensessenses 84
Figure 73 - Projects TOtal COSES (AVEIAJE) ...c.veruerrerieireriereeeeseeseesteseestessessessesssessessessessessesseesesssessessessessessessesssessensessenses 84
Figure 74 — APCG software used in Plate Freezer PrOjECE ........cooieiriiirieine ettt s s 86
Figure 75 - APCG software used in Plate Freezer project (Graph) ........ocoeeeerenenieiese st 87
Figure 76 - ENgineering COStS (Graph) .......ccoerieeierieieie sttt et st b e st b e st b e et b e et b e e et b e see e ebeseeneas 88
Figure 77 - Project #2 POLENTIAl SAVINGS. ......coiiieiieiietere ettt sh e e et et s b e it ese e e e sa e e seesbesaeeaesae e e anseseenas 88
Figure 78 - Project #3 POLENTIAl SAVINGS. ......coiiierie ittt e e et et s b e s st e ae e e e sa e beseesbe s bt eaesae e e anseseenas 89
Figure 79 - Project #4 POLENTIAl SAVINGS. ... cooiiieiieiietere ettt e e et et s b e s bt sse e e e ss e beseesbesaeeaesae e e anseseenas 89
FIQUrE 80 - RUNG FIOW....c.eiciiceeeee sttt ettt e st et be s aeeaeeaeestesa et e sae et e eaeessenee e enteseeabesaeeseeneennanteseens 104
Figure 81 - REIAY SUDIOULINE. ......ccueiicieiecteeeete e sttt e e e e e e be s besaeeae e e eseesaebesaeebesaeesseseessesteseestesseeseeseensantesenns 104
Figure 82 - Relay OR fUNCLION ........ccuiiiiecieeeeieie sttt e e e e te et esaesaeeae e s estesaesbesaeebeeseesseseessesteseestesseeseessensenteseens 105
Figure 83 - COmMPEare INSIUCLIONS.........ciuiiteeeeeeeseeseseeteseeseeeessesteseestessessesseessensessessessessesseessessessessessessessessensensssnsessens 107
FIgUre 84 - MOVE INSITUCTION ......eeieieieieiee e e st et e e e e e e e bessesseeseeneenseseetesaessesseeseeneeneenteseensesseesenseennensnsenns 108
Lo W= ST Ao o T £ 0o 4o S 108
FIQUrE 86 - THMEY TNSIIUCLION. ......cueitiieeieite ettt ettt b e et b e et b e s e b e b et be e b e se e bt e b e se e bt s b e e e bt s b e e enesbe e e 109
Figure 87 - COUNLEN TNSLIUCTION.......ueieeiiteieeeste sttt sttt b e et b e st b e e h e b et b e b e se e bt s b e se e bt sbene e bt sbe e ebesbe e ne 109



Abstract

A competitive edge is one of the requirements of a successful business. Tools, which increase

an engineer’s productivity and minimize cost, can be considered as a competitive edge.

The objective of this thesis was to design, create, and implement Automatic PLC Code
Generator (APCG) software. A secondary objective was to demonstrate that the use of the

APCG software will lead to improved project efficiency and enhanced profit margin.

To create the APCG software, the MS Excel and Visual Basic for Applications (VBA)
programs were used as the platform. MS Excel sheets were used as a user interface, while VBA
creates the PLC code from the information entered by the engineer. The PLC code, created by
the APCG software, follows the PLC structure of the Realcold Milmech Pty. Ltd, aswell asthe
research “Automatic generation of PLC code beyond the nominal sequence” written by Guttel
etal [1].

The APCG software was used to design and create a PLC code for one of the projects
undertaken by Realcold Milmech Pty. Ltd. By using APCG software, time to design, create, and
test the PLC code was improved when compared to the budgeted time. In addition, the project’s

profit margin was increased.

Based on the results of this thesis it is expected that the APCG software will be useful for
programmers that tend to handle a variety of projects on aregular basis, where programming in

amodular way is not appropriate.



1 | ntroduction

1.1 Overview of the problem

In today’s global economy, running a successful business is very challenging and
competitive[2]. A competitive edge is one of the necessities to have a successful business. A
product needs to be of “good value for client’s money”, which means good quality but low
cost[3]. This, aso, holds true for the Industrial sector.

Because of the economic instability, Manufacturing and Infrastructure industries are reviewing
their strategies to cut operational costs, which will make them more competitive and

sustainable. One form of cutting operational costsisto employ automation solutions. [4]

The fact, that Manufacturing and Infrastructure industries are cutting operational costs through
automation is an opportunity, as well as an indicator, that Automation companies need to
become more competitive. In this essence, an Automation company needs to be more efficient,

have a better quality and lower cost of a product, than the opposition.

The cost of any product that an Automation Company provides can be broken down into three
parts. The breakdown of the projects cost holds true for any Engineering discipline, i.e.
Electrical, Mechanical, Refrigeration etc. From the experiences of Realcold Milmech Pty. Ltd.,

the cost of a project, is assumed to be evenly spread between the following three parts:

1. Hardware Costs
2. Installation Costs
3. Engineering Design Costs

(NOTE: This thesis is done in conjunction with the Realcold Milmech., and is largely

based on the experiences of the company.)

Hardware cost can be considered as a set cost. This cost does not greatly differ between
suppliers. The client holds the right to select their preferred hardware supplier, i.e. Rockwell,

Danfoss, etc.



Installation costs tend to vary between companies. Consequently, the project engineer needs to
research the market to find the best price.

An area where an Automation Company can directly influence cost, and in turn incur cost
savings is the Engineering Design. Greater efficiency and productivity of engineersin this area

would represent a competitive edge for a company[2].

To reduce the Engineering costs, companies have developed various methods. One of those
methods is to re-use the existing solutions. While this method reduces the Engineering costs,

significant engineering design and timeis still required.[1]

1.2 Proposed Solution

The am of this thesis was to improve the efficiency and quality, as well as, reduce the costs of
an Electrica project and thereby enhance the profit margin. There are various ways of
improving costs of an Electrical Project. Therefore, specifically, the am of the thesis is to
minimize and improve the PLC code Design costs. This will be attempted by creating a
software mediator that will automate programming, and improve the quality and efficiency of a
PLC code.

The created software mediator, Automatic PLC Code Generator (APCG), will automatically
generate a PLC code from the information entered by an engineer.

This thesis will be of interest to all Electrical Engineers. As this thesis is based on the standard
of Realcold Milmech Pty. Ltd., the results may not be agreeable to other companies’ standards.
Having that in mind, the program may need to be adjusted to suit each company that chooses to
useit.



1.3

Vi.

The objectivesof thethesis

To carry out a literature review in order to identify existing research on Automatic PLC

Code Generation

. To define a PLC code structure which the APCG software will follow. Each automation

company has its own PLC code structure. This thesis will follow the PLC code structure,
which isused by Realcold Milmech Pty. Ltd.

To create the APCG software which will automatically create a PLC code. The aimisto
have a PL C code, which has all necessary parts to be fully functional. The APCG software
will use the inputs, outputs, and sequences, which are entered by the user.

Once the APCG software is created, the attention of the thesis is to test it in rea life
applications. The APCG software will be used and tested in an electrical project,
conducted by the author, for Realcold Milmech Pty. Ltd.

To test and report on the effectiveness and efficiency of the APCG software. Time will be
used as the outcome unit of measurement.

Past projects, that are similar to the project used for testing, will be used when measuring

the effectiveness and efficiency of the APCG software.

1.4 Subsequent Chapters

Chapter 2:  Literature Review

Overview of the past research and achievements will be described in this chapter, which will

also outline the scope of this thesis. The research question and hypotheses will be stated in this

chapter as well.

Chapter 3:  Method
This chapter will describe the methodology of creating the APCG software. The PLC structure,
the tools used to create the APCG software and the steps taken to test the efficiency of the

APCG software will be explained in detail.

Chapter 4: Functionality of the APCG software

This chapter will explain the functionality of the APCG software.



Chapter 5: The APCG software used in Real Life Project

In this chapter, effectiveness of the APCG software will be measured by recording the time it
takes to create a PLC code by using the APCG software, and compare the new data with the
existing data of past projects.

Chapter 6: Discussion
The results and contribution of this thesis will be explained. In addition, Limitations and Future

Research will be outlined in this chapter.



2  Theory

2.1 History of the Programmable Logic Controller (PLC)

Prior to the existence of the PLCs, the control of machines was done through hard-wired
systems. These systems consisted of relays, cam timers, drum sequencers, and dedicated closed
loop controllers in the control panels. Unfortunately, for big projects, the amount of relays
counted in thousands, thus the control panels were quite large. When a change in the system
was required, the task was expensive and time consuming. Figure 1 shows the extensive size of
the relay based control panel.[5]

Figure 1: Relay Based Control Panel[6]

American automotive manufacturing industry was the first to realize the need for replacing
relay-based controls. In 1968, Bedford Associates, of Bedford Massachusetts, created a first
PLC (named 084), for GM Hydramatic (division of General Motors). The PLC was designed to
replace hard-wired controls. Because, PLCs, were created for the needs of the automotive
industry, it needed to withstand harsh conditions, such as dust, moisture, heat and cold.[5]



Modicon (MOdular Dlgital CONtroller), company created by Bedford Associates, was
dedicated to devel oping, manufacturing, selling and servicing PLCs.[5]

A PLC consists of five main parts: CPU, Memory, Power Supply, I/0, and Communication

port, which are shown in Figure 2.
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Figure 2: PLC hardware structure[ 7]

The first PLC programming language was “Subroutine Logic”, which is similar to electrical
schematic diagrams. This language was created to reduce training of the existing electrical
engineers. “Instruction List”, based on stack-based logic solver, was one of the early PLC
programming languages, as well[5]. Today, avariety of PLC languages exist which can be used
by an electrical engineer. All of the PLC languages are defined by the IEC 61131-3 Standard.
This standard is published by the International Electrotechnical Commission (IEC). The IEC
61131-3 standard defines three graphical and two textual PLC programming languages|5]:

e Subroutine Logic (LD) — graphical
e Function Block Diagram (FBD) — graphical
e Sequential Function Chart (SFC) — graphical



e Instruction List (IL) — text
e Structured Text (ST) — text

Currently PLCs are used in a range of industries. Automotive, Dairy, Abattoir, Water
Treatment, just to name few.

2.2 Literature Review

As the need for lower cost and better quality of projects is becoming increasingly vital for
business survival, any opportunity for reduction of project cost is being explored[2]. One
opportunity for the cost decrease is enabling automatic generation of databases and programs.
As programs are becoming more complicated, so are their databases. The need to automate

program and database generation, is becoming more apparent [8].

A blueprint for designing a software agent for automatic generation of a PLC program has been

researched and documented. These research papers signify primary parts of a PLC program [1]:

e Nominal Sequence
e Alarms

e Startup

e Asset Monitoring
e Setup

e Manua Mode

e Diagnosis

e Shutdown

e Communication

e Safety functions

Automating PLC code generation has already been tried, and partly accomplished in different
ways. The most established approach, for cost reduction in programming, is the re-usability of a
developed code [1]. This approach can be considered as the first step in the automatic code
generation cycle. This approach has been enhanced by the use of a Task-Oriented Method [9]



or, in RSLogix5000 language, by the use of Add-On-Instructions [10]. While this method is
effective in standardizing parts of the code, it is not a true automatic generation of the code. It
does save programming costs and time[10]. The main purpose of an Add-On-Instruction is to
standardize a part of the code, concerning a particular device, such as motor structure, which
ideally does not change [10].

The Task-Oriented Method was further enhanced, by creating a high-level language, which uses
Task-Oriented blocks. In this approach, intention was to create a high-level language program
for the operators, rather than the programmers. While this is an efficient way of saving costs,
since operators are doing the programming rather than the programmers, it has many

limitations. Only predefined codes can be used and only with the predefined parameters [11].

The approaches to cost savings in programming, mentioned above, initially require PLC
programming, and thus these approaches cannot be considered as automatic code generation

advances.

A more advanced approach to automatic code generation has been introduced by simulating the
process flow, and from this simulation, a PLC code is created [1]. This particular approach is
considered as an automatic code generation system, but it does have its limits. In this approach,
only PLC sequential logic is created, and only for perfect world situations. However, the body
of the PLC code is not created and thus some of the machine safety interlocks are not included
inthefina code [1] [12]. Another limitation of this approach is that the simulation packages are
designed for one area of the particular industry type, such as an assembly cell of the car
manufacturer [9] [12]. Because of these limitations, these simulation packages are not suitable
for al control applications and a complete PLC code is not generated, even for the applications

that the ssimulation package is designed.

As the approach above is used to create a PLC sequence code, there is also an approach to
create the Body of the PLC code. As the approach above, this one aso hasits limitations. When
the body code is created, the sequence (automatic mode) code is not created [13].

At present, only one product seems to be a truly Automatic PLC code generation program. It

automatically creates a code for sequences as well as for the body part of the code [14].



(NOTE: An attempt was made by the author of this thesis to contact the creators of the
program mentioned above, unfortunately, all the contact details were either incorrect or no
longer in use.)

From author’s personal experience and communication with electrical engineers from other
companies, it is apparent that other forms of automated PLC programming exist. This
information is classified as company’s secret and as such, the information is not known outside
the individual company. Consequently, it is difficult to assess the full extent of research donein
this area.

2.3 Research Question and Hypothesis’ of the Thesis

Based on the published literature it can be seen that the automatic generation of a fully
functional PLC code is not widely available. A form of automatic PLC code generation does
exists, but not to the extent of that detailed in the articles which outline what a PLC code

generator should accomplish.

A key research question of thisthesisis:

Can an APCG software be designed which generates a fully functional PLC code which will

minimize the PLC programming time and costs?
A fully functiona PLC code includes all the items stated in the research paper “Automatic
generation of PLC code beyond the nominal sequence” written by Guttel et a [1] aswell asin
the standard of Realcold Milmech Pty. Ltd. (explained in the section 3.1).
It has been hypothesized that the following can be achieved:

e The APCG software can be created by using MS Excel and Visua Basic for

Applications.
e The APCG software will create afully functional PLC code.
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e The APCG software will save time in designing, programming, and testing of a PLC
code.

e The PLC code, generated by the APCG software, will become more reliable, than the
PL C code created by traditional tools.

e Engineering Costs will be improved, when using the APCG software. With reduced

engineering costs, a project’s profit margin will be improved.

The APCG software will generate a PLC code for the Rockwell Automation’s RSLogix5000
software. It will not work for other PLC programs such as Siemen’s Step 7 software. As there
are numerous PL C processors that use RSL ogix5000 software, the generated PL C program will

have Rockwell Emulator as a PLC processor [15].

The APCG software will generate a PLC code according to what is entered by the user.
Functionality of the PLC code generated by the APCG software is outside of the scope of this
project, and in turn, outside of capabilities of the APCG software.

24 Summary
The PLC was created in 1968, by Bedford Associates. The PLC was created for the American

automotive manufacturing industry. It replaced expensive and time-consuming hard-wired
control systems. A PLC consists of five main parts:. CPU, Memory, Power Supply, 1/0, and
Communication port. Currently the IEC 61131-3 standard defines five PLC programming
languages.

The need to automate PLC programming has been recognized as one of key areas that can lead
to improved efficiency and enhance profit margin [1]. The method and structure of the
automatically generated PLC code has been researched and documented [13]. The automation
of the PLC programming has not been fully achieved according to the published research [1].

This thesis will attempt to create a software medium, the APCG software, which will

automatically generate a PLC code according to the standard of the research paper by Guttel et
a [1] and the PLC standard of Realcold Milmech Pty. Ltd. This thesis will also serve to

11



demonstrate the practical applicability of the APCG software and its ability to improve
efficiency and the profit margin of a project.
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3 Method

3.1 PLC Programming Structure

A good PLC code is written in a structured manner[16] and this is enforced in the Realcold
Milmech Pty. Ltd. A structured PLC code can be crudely divided into two parts, the Body and
the Brain[17].

PLC structure described will be based on the PLC Structure of the Realcold Milmech. The
breakdown of the two partsisindicated below.

The Body: PLC Inputs
Alarms P@ﬁ’@ ﬂ

Flags
SCADA/HMI interface

Motor structure
Solenoid structure Part 2
PLC Outputs

The Brain: Sequences

Figure 3 shows the flow of the PLC program. As the inputs are read by the PLC controller, the
first part of the Body code gets inputs ready for the Sequence. According to those inputs, the
sequence sorts out which outputs should be turned ON and which outputs should be turned
OFF. Once that is sorted, the sequence, using the second part of the Body, turns the PLC
outputs ON or OFF.

13
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Figure 3 - Flow of the PLC program

3.1.1 PLC Program - The Body
According to the standard of the Realcold Milmech Pty. Ltd., each part of the PLC code is

structured. There is a structure for the inputs, Alarms, Motors, Solenoids, Outputs, etc. The
Sequence is done as a flow chart, in the PLC Subroutine language. Task-Oriented Method will
be utilised for structuring Inputs, Motors and solenoids. The Task-Oriented Method in
RSLogix5000 comes in the form of an Add-On-Instruction (AOI) and User-Defined-Data-Type
(UDT).

Structure of Digital Inputs

Sensors, which are used as Digital Inputs, can be wired as Normally Open (NO) or Normally
Closed (NC) inputs. Sensors wired as NC inputs are wired in “Fail Safe” mode. For NC inputs
power is applied to the input while in good state. If the sensor operates (goes into the bad state)

or the wire is broken than the power is gone from the input. Figure 4 show inputs wired as NC
and NO. Theinput “LP Separator High Level Switch” iswired as NC input.

ALS028540
20041 2B5F40 28540 28541 LP SEPARATOR
+— = — — — 0 —— — — — olo———— ——o——=—(14/12) HIGH LEVEL SWITCH
200mA
ALS028541
20041 285740 28540 28541
+————— =3 — — — 0 — — — — — —0 0———— — 31— ——(14/12) RECEIVER
200mA HIGH LEVEL SWITCH

Figure 4 - Digital Inputs— wired asNC and NO
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Each digital input is conditioned before the input is used by the internal PLC code. The
conditioning is done by connecting the input straight to the PLC code (Figure 5) or by using a
timer (Figure 6). Using a timer is important when there is a possibility of input flickering
(quickly turning ON and OFF). This can occur in applications where photoelectric sensors are

used, such as on conveyor applications. Usualy 0.5s timer delay is enough to secure correct

digital input.
(Note: In RSLogix5000, the time base for timersis 1 microsecond. 0.5s = 500 ps, as shown in
Figure 6)
Physical_Input Conditioned_Input
Ml YN
| |
Figure 5 - Digital Input Conditioning — Straight through
Physical_Input TON
Timer On Delay CEND
Timer Timer
Preset 500«
Accum 0«
Timer.DN Conditioned_Input
M Y

Figure 6 - Digital Input Conditioning — Using atimer

Alarms are one of the most important parts of the PLC code, especialy in the machine
progranming, where there are moving machine parts, which can harm an operator or
maintenance personnel. Since there are Digital and Anaogue inputs, Digital and Analogue
alarms are also required. Digital alarms use a timer similar to the Digital input conditioning
(Figure 6).

There are two types of the Digital Alarms.

1. Indication Alarm
2. Cutout Alarm
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Indication Alarms are used for indication purposes, only. These aarms do not stop any
processes but merely inform the operator that there could be a potential problem. These alarms

come on when in the alarm state, stay on while in the alarm state, and disappear when the alarm

goes away (Figure 7).

Conditioned_Input

TON

Il

Timer On Delay

Timer Alarm_Timer
Preset 5000-
Accum 0-

EN

=

Alarm_Timer.DN

Alarm

Il

Figure 7 - Digital Indication Alarm

The Cutout Alarms stop a process, a machine, or a part of a machine. This type of an alarm

stays on until the alarm is gone and operator resets the alarm (Figure 8). The Cutout alarm
MUST not reset itself. An operator MUST reset the Cutout Alarm. To keep this alarm ON even

though the alarm is gone, an input is paralleled with the alarm, and a Reset button as shown in

Figure 8, thisis called “Self Latching”. When “Conditioned_Input” comes on after 5 seconds an
“Alarm” bit will be turned ON. Paralel to the “Conditioned Input”, an “Alarm” bit and

normally closed “Reset” bit,

create another path for an aam to stay on after

“Conditioned Input” is not ON anymore. Once an operator presses “Reset” button the parallel
path will be cut and the alarm will turn OFF, if “Conditioned_Input” is OFF.

Conditioned_Input TON
1l Timer On Delay CEN>
Timer Alarm_Timer
Alarm Reset Preset 5000+
Il =e Accum 0«
Alarm_Eﬁmer.DN Alarm

Figure 8 - Digital Alarm — Cutout
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The structure, of Digital Inputs, does not change as different inputs are programmed. As it is
required to minimize programming time but increase the programming quality an Add-On-
Instruction (AOI) can be utilized. The AOI for Digital Inputs has two parts: User Defined Data
Type (UDT) and Subroutine Logic program. The UDT needs to have two bits, Conditioned
Input and Alarm, and two timers, Conditioned Input and Alarm Timer. The Subroutine Logic

would contain four rungs as shown in Figure 5, Figure 6, Figure 7 and Figure 8.

AOI logic will be dlightly different than what is explained above. In Figure 8 only an input is
considered for an alarm. In reality, thisis not aways the case, and other variables might be part
of a condition, which must be met before an alarm is raised. An AOI is a Task-Oriented-
Method, and the structure does not change as inputs are programmed in, so an interlock must be
put in the condition for an alarm to be raised. This interlock represents all other conditions,
which are required for an alarm. The interlock needs to be one of the variables of the Digita
input AOI instruction. In Figure 9 an interlock (“Alarm_Interlock™) is put in series with the

input (“Conditioned_Input™), so both of the conditions must be met before an dlarm is raised.

Conditioned_Input  Alarm_Interlock TON
0l i Timer On Delay CEN">
Timer Alarm_Timer  (DN>—
Alarm Reset Preset 5000«
0l e Accum 0«
Alarm_Timer.DN Alarm
Il

Figure 9 - Digital Alarm - AOI Interlock

Structure of Analogue Inputs

Analogue inputs need to be conditioned for the PLC code, as well. The conditioning comes in

the form of the “scaling” function.
A scaling function has two ranges a Physical (Raw) Input and Engineering Units range. Raw

Input range depends on the PLC input card and Sensor type. Analogue Input is divided into two
types, Voltage Input and Current Input.[18]
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1. Voltage Input
e -10-10V dc
e 010V dc
e 05Vdc
e 15Vdc
2. Current Input
e 0-20mA
e 4-20mA

Anaogue input type, used by Realcold Milmech Pty. Ltd., is current input 4-20 mA. In the
example below, 4-20 mA analogue input will be used.
Engineering Input range is an Engineering unit representation of the Physical Input range. The

Engineering unit representation is operator entered. The scale function has six parameters:

Raw Input (In)

Raw Input Minimum range (RawMin)

Raw Input Maximum range (RawMax)
Engineering Unit minimum range (EngMin)
Engineering Unit maximum range (EngMax)
Offset value (Offset)

Scaled Output (Out)

N o o &~ D P

In Figure 10 a “Scale” function, used by RSL ogix5000, is shown. This function takes in a Raw
analogue value, 4-20 mA. The Raw analogue value is scaled against an Engineering unit range,
0-100. Engineering Unit can be anything, but for the example used below, a percentage “%”

will be an Engineering unit.
Offset parameter, shown in the Figure 10, is used if the sensor calibration is not correct. This

parameter should be used only temporarily, until the sensor can be recalibrated or replaced.

Output parameter (value 50%) is the result of the “Scale” function.
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FB_Scale

FB_Scale Example | .. Out Output

In Analog_Input 50.0«
12.0¢

RawMin 4

RawMax 20

EngMin 0

EngMax 100

Offset 0

Figure 10 - Analogue Input Scale function

The equation the “Scale” functionis:

In - RawMlin

Out = RawMlax - RawMin

x (EngMax - EngMin) + EngMin + Offset

Example from Figure 10:

12 -4
Out =————x(100-0)+0+0
20-4

=———x 100

50
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Analogue Alarms differ from Digita Alarms. The main difference is that Analogue Alarms
have more than one alarm per analogue input. There are as many as five analogue alarms per

analogue inpuit:

High Cutout
High Alarm
Low Alarm

Low Cutout

o &~ W NP

Sensor Failure Alarm

Not all of these darms are used (monitored) by the PLC program. But these alarms are
available to be used if needed [17]. The analogue alarms do follow the structure of the digital
alarms. Cutout and Sensor Failure alarms are used to stop the process while other alarms are
used as an indication only. Cutout dlarm is a “Self Latching” alarm, just like in Digital Cutout

Alarms.

Figure 11 shows an example of an Analogue Cutout Alarm. In the example, if a Conditioned
Analogue Input (value 50) is greater than the Cutout Alarm Set Point (value 40) than an alarm
is activated after 5 seconds. As this is a Cutout alarm, this aarm is “Self Latching”, which
means that even if the Analogue Input value goes below the Set Point, an alarm will still stay on

until the operator sees and resets the alarm, by pressing “Reset” button.

GRT TON
Greater Than (A>B) Timer On Delay
Source A Analog_Input Timer Analog_Alarm_Timer  [(Dp==
50.0« Preset 5000«
Source B Cutout_Alarm_SP Accum 5000«
40

Analog_Alarm_Timer. DN Analog_Cutout Alarm

Analog_Cutout_Alarm Reset

58

Figure 11 - Analogue Cutout Alarm

Because the Analogue sensor has a Physical (Raw) Input range, analogue input can go below or

above the range. There are three reasons why this can occur:

e The sensor isdisconnected. A fuse might have been blown.
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e The sensor isfaulty. Moisture or noise can cause this.

e The selected sensor’s range is not appropriate. As an example, if sensor’s range is 0 —
900 kPa, but in real world the range is -100 — 900 kPa, than when the pressure goes
below 0 kPa sensor will be outside its sensing range, and thus the Analogue Input will
go below Physical Input range, which is 4 mA. It is assumed that the engineer who has

selected sensor’s range has done the job appropriately, so initialy this is assumed not to

be one of the problems.

Because of the reasons mentioned above, a sensor failure alarm is also added to analogue

alarms associated with each anal ogue input.

As it was done for Digita Inputs, where an AOl was made, which incorporates Input
conditioning with the Alarm conditioning, Analogue Inputs AOI was also created. The structure

of the Analogue sensors does not change as different anal ogue inputs are programmed.

This AOI contains all the attributes of the Analogue input conditioning (scaling) and Analogue
input alarms. A UDT has been created for this function. The UDT for analogue inputs, is bigger
than the UDT for digital inputs. The created UDT database holds 22 parameters for each

analogue alarm:

Scaling (7 parameters)

Raw Input (In)

Raw Input Minimum range (RawMin)

Raw Input Maximum range (RawMax)
Engineering Unit minimum range (EngMin)
Engineering Unit maximum range (EngMax)
Offset

Output

Alarms (15 Parameters)

Low and High Cutout Alarm Bits
Low and High Cutout Alarm Set Points

Low and High Cutout Alarm Timers
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e Low and High Alarm Bits

e Low and High Alarm Set Points
e Low and High Alarm Timers

e Sensor Failure Alarm Bit

e Sensor Failure Alarm Set Point

e Sensor Failure Alarm Timer

Asit wasdonefor Digital Input Alarmin AQI instruction, each alarm in the AOI will require to
have an interlock associated with it. This interlock will have the same function, which it hasin
the Digital Input Alarm.

Flags
The “Flag” subroutine is used for simplifying the PLC code, specifically, for the Sequence part

of the PLC code. Sequence is done in step format (this will be discussed in detail in the
sequence section of this chapter). The PLC code goes from, one step to the next, if the transition
conditions are satisfied, as shown in Figure 12. Transition logic can be very extensive especially
In moving machines where there are many conditions that need to be met before a machine can
move (an example is shown in Figure 13). Instead of writing many conditions in-between steps,

itis“cleaner” to group conditions, and to create a flag to represent grouped conditions.

Step One 1

Transition_Flag

Step Two 2

Step Output =1

Figure 12 - Sequence Step Flow
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Condition_1  Condition_2  Condition_3  Condition_4  Condition_5 Transition_Flag

— 1l I I ] I O—

Figure 13 - Transition Flag

The “Flag” subroutine is used, as outlined by the research paper by Guittel et a [1], for:
o Start up flags
e Shutdown flags
e Monitoring
e Diagnosis
e Mathematical calculations

SCADA/HMI Subroutine
This subroutine, as the name suggest, is used for combining al of the tags that are used by the

PLC code as well as “SCADA/HMI” program. The mgor purpose for this subroutine is to
control the operators input, into the PLC’s Set Points. The Operator can enter a value into a Set
Point which can potentially hold a value that will confuse the machine or a process and will, in
turn, make a machine or processes do some odd if not dangerous things. Therefore limiting the
value which operator can enter is very important for designing a reliable and “fault-proof” PLC

code.

While writing to a Set Point is one directional, from SCADA or HMI to the PLC tag, there are,
also, an indication tags (registers) which write PLC information to the SCADA or HMI. These
tags (registers) are used by the operator to see what is happening with the machine i.e. Motor
Running/Faulted, Solenoid Opened/Closed, etc.

Motor Structure

Every motor has its own structure, and the structure is the same for each motor. The motor
structure contains Machine Interlock, Start Permissive, Start Command and Start Fault Alarm.
In the very least, each motor has one input (running indication) and one output (start) associated
with it.

Machine Interlock and Start Permissive are safety parts of the Motor Structure. Machine

Interlock is used to stop a motor from running if any of its conditions are not met prior to or
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while the motor is running. This item is very important for operator and machine safety. All of
the major safety items are put into this rung, as one of the interlock conditions i.e. Emergency
Stop Push Button.

Start Permissive is process safety. It is important only prior to the start of the motor. Once the
motor has started, the conditions in the Start Permissive are bypassed. Any conditions that need

to be taken into account, only prior to the motor starting should be put into this rung.

To explain this concept, an example will be used, shown in Figure 14. A pusher is used to push
a box onto a conveyor. Once the box is on the conveyor, the conveyor takes the box away.
Pusher can only push a new box onto the conveyor if the conveyor is empty, that is, a previous
box has |eft the space where the new box is to be pushed on. A sensor isused to indicate if there
Is a box on the conveyor. Once the conveyor is empty (Step 1), and the pusher is pushing a new
box onto the conveyor (Step 2), initially the sensor will see that there is no box on the conveyor.
But as the box is being pushed on the conveyor the box will be sensed by the sensor even
though the box might not be completely pushed into the position (Step 2). Once the box is
completely pushed on the conveyor (Step 3), pusher will retract and conveyor will move the
box away (Step 4). Pusher cannot push another box onto a conveyor until the conveyor takes

the first box away (Step 5).

Step 1 Step 2 Step 3 Step 4 Step 5

COI‘IVE?OI’%

sensor —>O <O @ O
Box—> | |

T LT

Figure 14 - Start Permissive (Example)
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In the example shown in the Figure 14, Start Permissive would be used in Step 1. Once the
pusher starts, “Start Permissive” is bypassed and not taken into account until Step 5. Figure 15
shows the PLC code for “Start Permissive”. If Box is not present (Box_Present_Sensor) “Start
Permissive” is energized, but once the Pusher is pushing (Pusher Pushing), the sensor is
bypassed until the Pusher stops pushing (Step 4 in Figure 14)

Box_Present_Sensor Pusher_Start_Premissive

i

Pusher_Pushing

Il

0

Figure 15 - Start Permissive (PLC code)

For the motor to start, the conditions mentioned above need to be met, but also the motor has to
be put into a Manual or Automatic state. If the motor is in the Manual state, it will run as soon
as the Motor Interlock and the Start Permissive conditions are met. However, if the motor isin
the Automatic state than the motor will start when the sequence (the brain) tells the motor to run

if the Machine Interlock and the Start Permissive conditions are met.
In Figure 16, the motor has been asked to start (Motor_Start). The motor is in the Automatic

state (Automatic_State) and the sequence is telling the motor to start (Sequence Output). The

Machine Interlock and the Start Permissive conditions have been met.

Automatic_State  Sequence_Output Machine_Interlock  Start_Premissive Motor_Start

Il Il ‘ Il Il @

Manual_State

Il

Motor_Start  Motor_Running TON
01l e Timer On Delay END>
‘ Timer Alarm_Timer (DN>»—
Motor_Alarm Reset Preset 5000+
1l e Accum 5000+
Alarm_Timer.DN Motor_Alarm

Il
Figure 16 - Motor Start condition
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“Motor Start Alarm” occurs when the motor is asked to run but it does not. There are a few
reasons why this can occur: overload trip, loose wire, motor isolator is in off position, etc.
When this situation occurs, an alarm israised. The “Motor Start Alarm” is a self-latching alarm,
and an operator needs to reset this alarm, before the motor will try to start again. Figure 16
(second rung) shows the structure of the “Motor Start Alarm”. In the figure, motor has been
asked to run (Motor_Start) but the motor is not running (Motor_Running), after 5 seconds alarm
has been raised (Motor_Alarm). Because this is a “Self Latching” alarm, the alarm bit is

paralleled with the alarm condition.

The structure above is only a “base” structure, and more extensive motor control structure can
be programmed in if necessary. This base structure is used for mgority of motors. Other motor
controls that can be included are:

e Motor Running Reverse

e Motor Start Reverse

e Motor InService — This can be used when other parameters are important for the motor

to start, but those parameters do not belong in Machine Interlock and Start Permissive.

The motor structure explained above does not change, from motor to motor. An AOI can be
used to atomize and standardize, even further, a motor structure. Only, “Motor Start” and
“Motor Start Alarm” rungs can be put into an AOI, since these two items do not change at all.
“Machine Interlock” and “Start Permissive” may change, depending on the function of the
motor. Because of that, the Machine Interlock and the Start Permissive will have to be external
attributes to the AOI. A UDT, which accompanies the AQI, is aso created, and the database

will have 12 parameters:

e Manua Mode

e Automatic Mode
e Sequence Start

e Machine Interlock
e Start Permissive

e Motor Running

e Motor Running Reverse (not used very often)
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e Motor Start Alarm

e Motor In Service (not used very often)

e Motor Start Command

e Motor Start Reverse Command (not used very often)

e Motor Start Alarm Timer

Solenoid Structure

A Solenoid structure is the same as the Motor Structure. The functionality is the same. Solenoid

parameters are:

e Manua Mode

e Automatic Mode

e Sequence Start

e Machine Interlock

e Start Permissive

e Solenoid Opened (not used very often)

e Solenoid Closed (not used very often)

e Solenoid Open/Closed Alarm (not used very often)
e Solenoid in Service (not used very often)

e Solenoid Open Command

e Solenoid Close Command (not used very often)

e Solenoid Alarm Timer (not used very often)

As it was done for the Motors, Solenoids have their own AOI instruction. As it was done with
the Motor AOI instruction, the “Machine Interlock” and the “Start Permissive” are coded
externally to the AQI instruction. Because some of the Solenoid’s parameters are seldom used,
they will not be part of the AOI. The rung, which controls “Solenoid Open Command”, would
be the only rung in the AQI instruction. The fact that there is only one rung in the AQI

Instruction might raise few questions:

1. Isit necessary to have an AOI instruction?
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2. Will the AOI instruction save time?

The simple answer to these questions is NO. It is not necessary to have an AQOI instruction and
probably it does not save time. However, Solenoid AOI instruction has been made and the

reasons for this are:

e Any future changes, add-ons, to the structure, are simple to do.
e It is aways good practice to keep things in the same order, because it creates less
confusion and fewer problems.

e [t will be easier for the APCG software to use the same structure.

Digital Outputs Structure

As was the case with the PLC Inputs, there are Digital and Analogue PLC Outputs. Thereis no
Digital Outputs conditioning. All the conditioning is done internally, and when al the
conditions are met, the output is turned ON or turned OFF.

Analoque Outputs

Anaogue Outputs do have conditioning, similar to the Analogue Inputs, but in reverse. It is
necessary to convert the Analogue Output, which is within Engineering Units range into a
Physical Output Range. Just like Analogue Inputs, Analogue Outputs are divided into two types
Voltage Output and Current Output.[18] A “Scale” function is used for the conditioning. The
Analogue Output type, 4 — 20 mA is preferred output type used at Realcold Milmech Pty. Ltd.

3.1.2 PLC Program - TheBrain

Grafcet Functional Description

The PLC sequences are done according to the Grafcet functional description[17]. Each
sequence has steps that it goes through, starting from step 0. In-between these steps, there are
transitions, whose conditions must be met. When the conditions of a transition are met, than the
sequence goes from one step to the next. Only one step can be active at any time. In any step an
action can occur, or be stopped. In the initial steps, usually, there are no actions. They are

mainly there to check all of the conditions prior to operating an actuator. In Figure 17, in step 1
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there are no actions. Steps that are higher in the sequence, such as “Step 27, in Figure 17, are

used for starting (turning ON) an actuator.

Asthe steps are increasing, moving forward, there are also transitions that move steps backward
(“Transition_2” shown in Figure 17). Each sequence needs to have a “return path”. Return path
Is used to return the sequence to the step prior the “action” step, a step in which an action does

not occurs.

The most important feature in the sequence is a safety feature, which is moving back to the first
step from any step. This usually occurs when an Emergency Stop is pressed or another Cutout
alarm occurs. In Figure 17 when the “Emergency_Stop” is pressed the sequence returns to the
“step 17

Emergency_Stop

Transition_1

%]

Sequence_Qutput =1

E
Transition_2

Figure 17 - Grafcet Steps

The sequence can become extensive and confusing, so an engineer should keep the sequence as

simple as possible, by utilizing “Flags” subroutine, explained earlier in this chapter.

There are numerous ways of writing (drawing) a Grafcet Functional Description, and it tends to

vary between companies.

PL C Seguence
Every project needs to be broken down into areas, and than those areas need to be broken down

into devices. Engineers have their own way of writing a PLC program. Each engineer decides

how many sequences there will bein a PLC program. As arule, at Realcold Milmech Pty. Ltd.,
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each actuator should have its own sequence; this keeps the PLC code simple and easy to
understand.

PL C sequence has three major parts:

1. Seguence Flow
2. Sequence Steps Allocation
3. Sequence Action

Sequence Flow, as the name indicates, is the flow of the sequence. It has steps and transitions.
If the sequence is at step 1, it looks at the transition condition, and if the conditions are met, it

moves to the next step (Figure 17).

Figure 18 shows PLC representation of Figure 17. The Figure 18 shows that the current step is
step 2, and waiting for “Transition_2” to be set, in which case the step would go back to step 1.
In addition, it shows that if the “Emergency_Stop” is pressed, and the current step is not one,

than the step will go back to one regardless, of where the step was prior to it.

Step1 Transition_1 MOV
01 01 Move
Source 2 Dest Step
e
Step2 Transition_2 MOV
{1 01 Move
Source 1 Dest Step
Te
Step1 Emergency_Stop MOV
e 01 Move
Source 1 Dest Step
Te

Figure 18 - PLC Sequence — Steps

It is worthy to note that current step is programmed on the left hand side of the rung, while the
next possible step is programmed on the right hand side. The flow of therung is:
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Current Step > Transition > Next Step

Sequence Steps Allocation sorts out what the current step is. All of the Sequence Step bits turn
ON or OFF in this part of the sequence (Figure 19). Each of the current steps (left hand side in
Figure 18) needs to be turned ON and OFF at a proper time, which is the time when the
sequence isin the step that corresponds to the Sequence hit.

Figure 19 shows the PL C representation of the Sequence Steps Allocation. In the figure, current
step should be step 2, and the Sequence bit for step 2 isturned ON (“Step2”).

EQU Step1
Equal
Source A Step
De
Source B 1
EQU Step2
Equal
Source A Step
T&
Source B 2

Figure 19 - Sequence Step Allocation

There are a number of ways of writing a sequence. An engineer may only use a Sequence
Integer (in Figure 19, the integer is “Step”) and no Sequence bits. Unfortunately, that way has a
flaw, a “coding error”. In one PLC scan, Sequence Step can go from step 1 to step 2, than to
step 3, than to step 4, etc. (as an example). However, in the, Figure 18 and Figure 19 in one
PL C scan Sequence step can only move one step at atime.

Sequence Action is where a device, which isin Automatic mode, is turned ON or OFF, if the
interlock and the start permissive conditions are met. Figure 20 shows that in step 2 (“Step2) a
sequence output is turned ON. This sequence output can be used for Motor, Solenoid or another

actuator.

Step2 Sequence_Output

= |

Figure 20 - Sequence Action

31



By looking at Figure 16 it can be seen how the sequence output is incorporated in the Motor

structure.

3.2 RSLogicsH000 Files

The Rockwell RSLogix5000 program has an option to be saved as an ACD file or as an L5K
file. A PLC program in the ACD file is used by the Automation Engineers for programming. An
L5K file can be programmed and modified in Notepad. The L5K file is not used for
programming, but this option allows for other programs such as VBA to modify the L5K file.

The APCG software, when automatically creating a PLC code, will use an L5K file. This L5K
file will be created in Notepad text format. An engineer will open an L5K in the RSL ogix5000

program.

3.2.1 ACD File

To understand how to modify the L5K file, it is necessary to understand the parts that make up
an L5K file. The easiest way of understanding an L5K file is to start from an empty
RSL ogix5000 program. To create an empty L5K file, an empty ACD file needs to be created,
first. When creating a new RSLogix5000 file, a controller type must be selected (this is a
requirement to create a new program). There are over 30 possible controller types, which can be
selected. The APCG software will only work with RSLogix Emulate 5000 Controller. There are
afew reasons for selecting the RSLogix Emulate 5000 Controller.

e Emulate Controller is designed so that it can be connected to the RSLogix Emulate 5000
software. It is a PC based program, which ssmulates areal PLC controller. Therefore, an
engineer can download the program into the RSLogix Emulate 5000 software and test
their PLC program.

e |t iseasy to convert an RSLogix Emulate 5000 Controller into any real PLC controller
(i.e. CompactL ogix5343 Controller — 1768-L43).
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Figure 21 shows an empty RSLogix5000 program file. In the empty, ACD file there are no
items, such as:

e User Defined Data Types (pointer 1 in Figure 21)

e Add-On-Instructions (pointer 1 in Figure 21)

e Tagsin Controller TagsList (pointer 2 in Figure 21)
e Tagsin Program Tags List (pointer 3 in Figure 21)
e Subroutine Programs (pointer 4 in Figure 21)

¥ RSLogix 5000 - Masters_Empty [Emulator]* E\@@

File Edt View Search Logic Communications Tools Window Help

2l@l) &) [nje| o|-| o snal [ 28] e[
Offline f, FRUN £ Paih |<nane> ﬁj‘

Mo Forces b, Fok 1}
Mo Edis 2 ”:EAT ﬂ th:ﬂlbail -H-|-M-|-()-|-(u)-|-(L}|nNs|nF1|NnP| TanETUanUl EDUlLEElERTl o e ﬂ
" T | 2208 Favortes {son 7 i o f T Comare £ G Togeal J Fielise_J_ Fiefsnn_J{_Sequencer £ Frogran Cortiol { Toureal { Specal J_Tra Funcions A AdvancedWah f T

# Program Tags - MainProgram

Soope: |[BMarProgan  »| _ Show.. | Showal

o] Vel* | Foroe Mask €| Siyle

[0 Controler Feult Handler
(3 Power-Up Handler
£ Taske
=g MaiTask
B C} MainProgram
. Program Tags
* [ MamRoutive
[ Unscheduled Programs
=5 Motion Groups
[0 Ungrouped Axes
(23 Add-on Instructions

[=-£3 Data Types
L User-Defined
ER Strings I\ Monitor Tags A Edit Tags [

»
M [ =53 Controller Masters Empty
it Controler Tags

L Add-On-Defined
% P'E:E‘ﬁ”ﬁdﬁ : # Controller Tags - Masters_Empty(controller)
L Module-Defines

(3 Trends Soope: | i Masters Emply »| _ Show.. | Showal

- 1jo Con hun

[ Mame o lvale | FoceMak €[ Stle [Data Type | Descriplon

Masters_Empty

BI nProgram - MainRoutine*
FERER

(End)

{I=3

E@- €] inbox -Mqosoft Out... | [ ExcelProgram I Masters-090716-M-... | RSLogk S000-PFER .. f&; RSlogix 5000 - Maste. . AR - QKo 1B\ 746

Figure 21 - Empty PLC program .ACD

3.2.2 L5k File

Once an empty ACD fileis created, as shown in Figure 21, this file can be saved as an L5K file.
When an empty L5K file is opened in Notepad, the L5K file contains the information about the
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selected controller as well as the version of the RSLogix5000 program. This section only

changes when a controller type is changed.

The layout of an L5K fileisasfollows:
e RSLogix5000 version
e Controller Type and Module
e Program Code
o Controller Tags
o Program Tags
0 Program Routines

e Controller Configuration

Controller Tags are accessible by all of the Programs, as there could be more than one program.
Program Tags are accessible only by the Program where the Program Tags reside.

Program Routines is the area where the program is written.

The tags lists (Controller and Program) expand as the number of tags grow. Both tag lists are
structured the same, the only difference is the location of the list in the L5K file. The Figure 22
shows two tags in a Tag list, BOOL and an INT (Integer). Each tag list starts with the “TAG”
heading and end with “END TAG” heading. Each tag is written in-between those two headings.

w  J2
ool_1: BOOL (Description := "Example of a BOOL tag.", RADIX := Decimal) := 0;
Integer_1: INT (Description := "Example of an Integer tag.”, RADIX := Decimal) := 10;

Figure 22 - L5K File Tags structure

The format of atag is Name, Type, Description, and Value. Pointers in Figure 22 point to each
tag part.
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1. Name — Tag Name is the first part of a tag. It can hold up to 40 characters, which
includes letters, numbers, and an underscore. Tag name cannot hold any other characters
such as $, %, &, etc.

2. Type — There are various types of tags, but the most important once are BOOL, INT,
DINT, REAL, TIMER AND COUNTER. Other important tag typeisa UDT, which isa
group of tags defined by a user.

3. Description — Describing a purpose of atag is very valuable tool. In RSLogix5000, atag
description can hold 20 characters in one line, but it can have multiple numbers of lines.
There are no restrictions on the character types, which can be used in the Description.

4. Style — Thisis aformat of a displayed tag. The style used by an engineers in Realcold
Milmech Pty. Ltd. isthe Decimal format. There are six types of Style [19]:

Syle Base Notation

e Binary 2 2#

e Decimal 10

e Hex 16 16#

e Octd 8 8#

e Exponentia 0.0000000e+000
e Float 0.0

5. Vaue — Thisistheinitia value atag holds. In Figure 22, Integer 1 tag holds value of
10.

After the Controller Tag list comes “Program” section. RSLogix5000 can hold multiple
Programs. Each program contains a Program Tag list and Program Routines. A Program section
starts with the heading, “PROGRAM?”, and finishes with the heading, “END_PROGRAM”. The
Program Tag List (explained above) is the first element of the Program section. Routines are the

second element of the Program section.

Each Routine starts with the heading, “ROUTINE”, and ends with the heading,
“END_ROUTINE”. Inside a routine, multiple rungs can be written. Each rung may have a
Rung Description and Rung Code. Rung description starts with “RC” and Rung Code starts
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with “N”, they both end with a semicolon (“;”). Every Program Section has a “Main” routine.
This, “Main”, subroutine is used to call all other subroutines.

Figure 23 show an example of the Program section. The Program section contains Program Tag
List and two Program subroutines. There is only one tag in the Program Tag List, and only one

rung in both subroutines. Rung in the first routine has a Rung Description associated with it.

(NOTE: A complete Empty L5K file is shown in Appendix A.)

SOy e

PROGRAM MainProgram (Description := "Thisisa Main Program Description!",
MAIN := "MainSubroutine';
MODE := 0, t@
%E] DisableFlag := 0)
TAG

Program Tag 1: DINT (Description := "Thisisa Description of atagin a
Program Tag List.", RADIX := Decimal) := 0;

ROUTINE MainSubroutine (Description := "Thisisa Subroutine Description!™)
RC: "Thisisa Rung Comment!!!";
N: JSR(Second_Subroutine,Q); 9

END_ROUTINE ﬁ] 10

ROUTINE Second_Subroutine (Description := "Description of the Second Subroutine™)
N: XIC(Bool_1)OTE(Bool_2);
END_ROUTINE
END_PROGRAM

iz

Figure 23 - L5K file Program Structure
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Start of the Program section
Program Name

Description of the program

A 0D P

This is the main subroutine of the program. From this routine all other subroutines are
called.

Program Tag List section

Start of the subroutine

Name of the subroutine

Description of the subroutine

© © N o O

Rung comment

10. Rung code (This particular code calls another subroutine. In this example, it calls
subroutine called “Second Subroutine”.)

11. End of a subroutine

12. End of aProgram

3.2.3 ProgrammingtheL5K file

For the APCG software to be able to create a PLC code in the L5K file it is required to
understand how the PLC instructions are written in the L5K file. There are hundreds of PLC
instructions available [19], but not all of the PLC instructions are used in the projects. Only the
PLC instructions that are commonly used by Realcold Milmech Pty. Ltd. engineers will be
built-in in the APCG software.

An Instruction List (IL) language is not available in an RSLogix5000 program. The PLC
languages available in the RSL ogix5000 software are LD, SFC, FBD and ST. Representation of
the instructions, from RSLogix5000 program, in the L5K file resemble the instructions in an
Instruction List language. In Figure 24, instruction “MOVE” is shown. Vaue 10 is being
moved into atag called “Integer 1”.
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Move

Source Dest Integer_1
10¢

27

Figure 24 - PLC move instruction (LD language)

1. Instruction
2. Source (value 10)
3. Dedtination (“Integer_17)

The L5K representation of the instruction shown in Figure 24, resembles IL language, as shown
below.

e N: l\/%](lo,l nteger_l);A[E]

(NOTE: Representation of most commonly used PLC instructions, by the engineers at
Realcold Milmech Pty. Ltd., arelisted in Appendix B.)

3.3 Visual Basic for Applications (VBA) programming

To create the APCG software, the Microsoft Excel (MS Excel) program will be used. The MS
Excel has two equally important parts:. Spreadsheets and VBA (Visual Basic for Applications).
The MS Excel Spreadsheets have been used in the industry for many years and majority of
people that use it are not “programmers”. VBA is a programming tool, which comes with MS
Excel, and is mainly used by the programmers. VBA can be considered as a base of the MS
Excel, which is not seen by most people. Macros are an automated version of the VBA
programming, but it can only do simple things, and is not as powerful as directly programming
in the VBA space. VBA is mainly used to automate MS Excel. It has its own “window”, Visual
Basic Editor.

(Note: Explanation on how to use MS Excel Spreadsheets and VBA is outside the scope of this
thesis.)
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When creating the APCG software, both parts of the MS Excel will be used. MS Excel
Spreadsheets will be used as a User Interface. The VBA part of the MS Excel will be used to
program the functions of the APCG software.

3.3.1 User Interface

A User Interface will be used by an engineer to enter or select required information for the
APCG softwareto create a PLC code.

A User Interface will have the Base (start up) sheets and the Engineered Sheets. The Base
sheets are available in an empty, APCG software, which an engineer starts with at the beginning
of programming. These sheets exist in every project, and the layout of the sheets does not

change from project to project. There are nine sheets, which compose the Base sheets.

1. Title page — This sheet is used to enter a project name, number, description, and a date.
Each sheet used in the APCG software program is also listed on this sheet, as a “table of
content”. Thelist ismainly used to quickly jump to arequired sheet.

2. Digital Inputs sheet — All of the digital inputs used by the PLC program are to be entered
on this sheet. In addition, each input has a function, such as an Indication only (i.e.
Object present), an Alarm (i.e. Emergency Stop) or a Motor running.

3. Analogue Inputs sheet — Analogue inputs are entered here. If there are any alarms
associated with an analogue input, than those need to be selected. The possible alarms
are Low Cutout Alarm (LC), Low Alarm (LA), High Alarm (HA) and High Cutout
Alarm (HC).

4. Digita Outputs sheet — Digital outputs and their function are to be entered on this sheet.
Possible functions of a digital output are Motor (Motor Start), Solenoid (Solenoid Open)
or another Actuator (i.e. Sounder, Light, et.). If motor is selected, “Motor Start”, than the
output needs to be linked with the digital input of the same motor.

5. Anaogue Outputs sheet — Analogue outputs do not have a function associated with it.

6. 1/0O Tags List sheet — Once the PLC 1/Os have been entered, an engineer will populate
the 1/0O database by pressing a button.

7. PLC Internal Tags List sheet — While using, the APCG software, internal PLC tags will
be required for programming, such as flags, timers, etc. The Internal PLC tags list will
be used for such tags.
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8. Flags sheet — Thisis a page for populating PLC flags subroutine. Flags subroutine can
contain over a 100 flags, and this number of flags cannot fit on one sheet which means
more than one sheet might be needed. If there is more than one sheet, in the APCG
software program, than they are numbered Flagsl, Flags2, etc. The Flags have been
explained in detail in the previous section, 3.1.1.

9. SCADA/HMI sheet — This sheet is used for populating PLC SCADA/HMI subroutine.
In this subroutine, tags are used by PLC and SCADA/HMI. More than one, of this, sheet
can exist, just like Flags sheet(s) and for the same reason. The purpose of this subroutine

has been explained, in detail, in section 3.1.1.

The Engineered sheets will not exist at start-up. Some of these sheets will be created
automatically if associated with PLC 1/O base sheets or the APCG software will automatically
create them on an engineer’s request. There are two types of sheets available for an engineer to
create Control Sheets and Sequence sheets.

Control Sheets are used for creating the PLC 1/O subroutines, as well as adding more Flags and
SCADA/HMI sheets. In addition, any other subroutine, which does not have a sequence layout,
should be done in a Control Sheet. The APCG software creates automatically, by pressing a
button, the following sheets:

e Digital Alarms sheets — Thisis used to create a code for a Digital Alarms interlock.
As it was explained, in section 3.1.1, this interlock is in series with the Input. The
interlock incorporates any other variable that need to be taken into account before
raising a Digital Input alarm.

e Anaogue Alarms sheets — This sheet is used in the same manner as Digital Alarms
Sheet(s). Thisiswhere all analogue alarm interlocks are programmed in.

e Motor sheets — On these sheets, Machine Interlocks and Start Permissive for motors,
are programmed in. The Machine Interlocks and the Start Permissive for motors have
been described at detail in section 3.1.1.

e Solenoid sheets — On these sheets, Machine Interlocks and Start Permissive for
solenoids, are programmed in. The Machine Interlocks and the Start Permissive for

solenoids have been described at detail in section 3.1.1.
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e Sequence sheets — These sheets are used to create Sequence subroutines. Only one
Sequence sheet is alowed for an actuator. The idea is to have moderate size
Sequence subroutine, rather than a large and complicated one. The Sequence sheet is
associated with Sequence controls, which allow an engineer to create Grafcet step
design on the Sequence sheet.

For the APCG software to create a PLC code, an engineer will have to enter the required
information in steps. The steps need to be followed, in the order described below, for the APCG

software to be able to create aPLC codein an L5K file format.

1. Enter PLC I/Os and indicate the function of the PLC I/Os

2. Populate the PLC I/O Tags List sheet — the APCG software will populate the PLC /O
Tags List automatically when the engineer presses the correct button on the Control
form.

3. Populate
e Digital Alarms sheet(s) (Alarm Interlocks)
e Anaogue Alarms sheet(s) (Alarm Interlocks)
e Motor sheets(s) (Machine Interlocks and Start Permissive)
e Solenoid sheets(s) (Machine Interlocks and Start Permissive)

4. Create the Sequence sheets and design them in the Grafcet step format.

5. Populate the PLC Internal tags sheets as needed. This includes HMI/SCADA and Flags
tags.

6. Populate the Flags and the SCADA/HMI sheets as needed

7. Cregte an L5K file — the APCG software will generate, the PLC code in an L5K file
format, automatically when an engineer presses the correct button on the Control form.

8. Openthe PLC codeinthe L5K file using RSLogix5000 software.

9. In the RSLogix5000 software change the controller type and add the PLC 1/O cards in
the program.

10.Link the PLC 1/O cards with the appropriate PLC integers (created by the APCG
software in step 2).
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3.3.2

Visual Basic for Applications (VBA) programming

The data entered by an engineer in the APCG software needs to be converted into a L5K

format,

Visud

which a RSLogix5000 software can use. To create a L5K file with the date entered a
Basic for Application (VBA) software will be utilized. The code that will be written in

the VBA needs to follow the steps an engineer will take, when creating a PLC code in a L5K

file format using the APCG software.

Step 1.

Step 2:
1

Does not use VBA

Go through all of the Digital Inputs. Check if the Digital Input is for an Indication, an

Alarm, or a Motor. This is important, indicates where the input will be placed in the

program. Structure of an input will be decided by this selection. In addition, the

difference between the Indication and the Alarms is the Interlock bit on the Digital Input

AOQI instruction. If the input is an Indication, an Interlock bit for this input will not be

placed on the Digital Input Control sheets.

Create tags for the Digital inputs, Digital input tag or a Motor structure tag. Because of

the UDTs for Digital Inputs (that are not indication for motor running) and Motors, only

one tag for each input type is required. UDT for Digital Inputs (that are not indication
for motor running) incorporates inputs for indication as well asadigital input alarm.

Go through all of the Analogue Inputs and create the Analogue input tags. Only one tag

isrequired for each analogue input. Analogue input UDT groups all relevant tags.

Go through the Digital Output tags. Check if the Digita Output is for a Solenoid, a

Motor or another actuator. Create Digital Output tags for a Solenoid structure or link the

output for a motor to the correct Motor structure.

Create integersfor the PLC 1/O cards (This is important in the Step 10).

e DINT integer for each Digital card. All RSLogix5000 cards use DINT, regardless if
the digital input card has 32 inputs or not. If the card has less than 32 inputs (i.e. 16
inputs), only first 16 bits of the DINT are used.

e A REAL tag for each Anaogue channel
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Step 3:
The sheets mentioned below is created automatically when an engineer presses the relevant
button on the Control form.

1. Createthe Interlock sheet(s) for all the Digital alarms, if there are any.

2. Createthe Interlock sheet(s) for all the Analogue Alarms, if there are any.

3. Createthe Interlock and the Start Permissive sheet(s) for the Motors, if there are any.

4. Create the Interlock and the Start Permissive sheet(s) for the Solenoids, if there are any.

Step 4:
1. Create the Sequence Sheets, when requested by an engineer. An engineer will need to
press arelevant button on the Control form, for the VBA to create this sheet.
2. Create Grafcet blocks and transition lines, when requested by an engineer. Buttons for

each of the Grafcet blocks are on the Control form, for an engineer to use.

Step 5:
1. Populating internal PLC tags list, can be achieved in two ways:
e Directly typing in al the requested information on the Internal PLC Tags List
sheet

e Typing the information on the Control form and pressing a button “Add a Tag”

Step 6:

e Doesnot use VBA

Step 7:

Create an L5K file is the most extensive part of the VBA code. This part combines al of the
entered or created information and creates an L5K file. Two hidden sheets will be created for
the VBA code to use, when creating L5K file.

First sheet, “L5K_Code”, contains all of the information that an empty L5K file has. This
includes software version, processor information, and processor configuration; this has been
explained in section 3.2.2. The information on this sheet does not change.

The second sheet, “L5K_Format”, is used for storing al the information, entered by an
engineer, in L5K format. All of the tags and subroutines are stored in this sheet.
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Both sheets are directly copied into an L5K file, which is created by a VBA code. One button
on the Control form will be used to initiate an execution of this part of the VBA code. When the

button is pressed the VBA code will execute following actions:

1. Create al of the tags, PLC I/O and internal PLC code tags, in the L5K format and store
it in the “L5K_Format” sheet. Thisinformation is stored in the designated column of the
sheet.

2. Create PLC subroutine for each Control Sheet(s) and store the information in the
appropriate column of the “L5K_Formatsheet.

3. Create PLC subroutine for each Sequence Sheet and store the information in the
appropriate column of the “L5K_Format”sheet.

4. Createal5K file using Notepad.

5. Copy dl of the information from the “L5K_Code” and “L5K_Format™ sheets.

6. SavetheL5K filein the location and under the name selected by an engineer.

Step 8:
e Doesnot use VBA

Step 9:

e Doesnot use VBA

Step 10:
e Doesnot use VBA

3.4 Testing of the Automatic PLC Code Generator (APCG) software

Once the APCG software is designed and created it needs to be tested. Two tests will be
undertaken. In the first test, two things will be tested. The first part of the test will be to find if
there are any “bugs” in the program, how easy is to use the software, does the software need
more functions, does the designed layout have a nice flow and etc. The second part of the test
will be to check the PLC code created by the APCG software. It is important that the L5K file
can be used by the RSL 0gix5000 software, that the created PLC code has all the parts needed to
function and that the PLC code follows the PL C standard of Realcold Milmech Pty. Ltd and the
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standard of the research paper by Guttel et al [1]. A project selected for this test will be, a
commissioned real life project, undertaken by Realcold Milmech Pty. Ltd.

For the second test an ongoing real life project, undertaken by Realcold Milmech Pty. Ltd. will
be used. The Functional Description and PLC code will be created by using the APCG
software. This test will be used for measuring the effectiveness of the APCG software. Time
taken to crate and test a PLC code will be recorded and used to measure effectiveness of the

APCG software. How effectiveness is measured is described in detail in section 3.4.2.

The design and commissioning of the projects, used for the testing, have been undertaken by the
author of thisthesis. Same project type, provided by Realcold Milmech Pty. Ltd. will be used in
both tests. This will have two common factors when measuring the effectiveness of the APCG

software.

3.4.1 Real LifeProjects

The Automatic Carton Conditioning is one of the products that Realcold Milmech Pty. Ltd.
sells. This product, called “Plate Freezer”, is used to freeze boxes of product (i.e. meet) within
24-hour period. Boxes are brought, on the conveyor, in front of the Plate Freezer. Those boxes
are pushed into the plate freezer and the Plate Freezer will freeze the boxes over the 24-hour
period. Once the boxes are frozen, the boxes are pushed out of the Plate Freezer onto the

conveyor, which takes the boxes away.

45



El
El
a
bl
d
7

T
FEEEE!
EErr )
iR =g =l W)
828382 =
250 o©
3<°E3 Conveyors |=— -
| .| Sx2F ~ .|
=500
)
TZ2r0A
EEFER
p <M
R bt ! : "
BE MmO~ L | |
EEEER
HEEE
S22
.
A z
z

[«

4 |
—7 1 1 -REFLECTOR —I]
PEPPERL & FUCH |
J LI / 539
( PF33)
RTOKS DUT - CLEAR i
PEPPERL & FUCHS Iﬂ[ﬂuﬂ
el MLV12-54/ 760/ 126 28 L L L O S AL AT OV = T T pSyiySyipSpsply! J inlalsl kd
SUPPQRT 4 —_ﬁ'
CARTONS UNLOAD - CLE2R i (j]P.EFLEETDR
PEPPERL & FUCHS |1 L| PEPPERL & FUCHS
MLV12-54/T6b/ 120 /128 1 1 145398
SUPPORT & SUPPORT ‘n
2 c
% E

o
'

NOLLUE30 LNZHONIHAY

T
]

/.

- I PF 44

[

12l B |
m) |72 & 1
L) I IS [ | erconempEzET
L [ FLAG REOUIRED
[ — = [——BANNER S$135P6FE1200
o iy
PLATE 4T LOAD LEVEL Il ——"57tk posiriouns Excone ) % PLATE 4TLOAD
siks - v TRANSDUCER: PT9600-0200-111-504 i = qQ
LEFT HIGH RATARY ENCODER: ESIX-50-T354-1000 AIGH TjLOW Convevorw
|| BANNER $1BSPEFFING L L] BANNER S1BPSF _
o|w|S|x SUPPORT I L < SUPPORT 3 )
= EE CARTONS I - CLEAR =TT CLETo — TEST COpTO = CARTONS IN - CLEAR OK
I|E|= AB. 425RL-6000-0D PEPPERL & FUCHS PEPPERL & FUCHS AB. 425RR-6002-0D
AN SIL"’ﬁorT” ..wm-s-u-zsu-nmsbnz#quH_M.L_\HZ—R—H—M—RTf65hf12w‘ SURPORT 3
SUPPORT 1
o 1| | caRToN <Top - bown FURPCRT 2 ﬁF o
3 | | 4B 8TITMDSNRIB0L, ——B L y L i
D 8T ol stob ' ug|10s n‘ ‘ ‘ ; = = '
4.8, 87TMDNP 18-t | | ﬂ v
B i H Ik EXTRA CARTONS 4 y
Ly =" PEPPERL & FUCHS. | R
- - - T I MLV12-8-H-250-RT/65h/124 /128 E R
i — ==1a SUPPORT 1 .
: el — =
o - | .. T
slng 2 R
FH 2 - = -
{ B —\UE &l F=—=F-
o —
B 9
| ¥ L
= SCISSOR AT . e ]
= BANNER $18
. o m . j =% . . —
55 QR : 4 [ | )=
= — 1 Ir Pusher T | E—
O
I N
i 7 TRANSDUCER: PTBE00-1250-111-504 —
~ ROTARY ENCODER: ESIX -50-7354-1000 =
7 =2
- ]
F—
| - m T =] T — T 53] =

Figure 25 - Plate Freezer Layout Drawing

Figure 25 shows a layout of the Plate Freezer No.4. There can be number of Plate Freezer
installed. Each Plate Freezer is the same as the one prior or after it. The layout shows how all

the parts of the Plat Freezer are installed.
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Plate Freezer

Infeed
Conveyor

Figure 26 - Plate Freezer (Picture)

Figure 26 shows a Plate Freezer which is being loaded with the product. A pusher is retracting
after loading one slug of cartons (8 cartons) into the Plate Freezer. The top haf of the Plate
Freezer is closed and the product in it is being frozen by the plates. The bottom half is open and
is being loaded with the product.

These projects consist of conveyors, plate freezers and an LP Separator. An LP Separator is an
Ammonia (NH3) vessel. Each Plate Freezer has one LP Separator associated with it. Ammonia
liquid goes through each plate of the Plate Freezer. Normally there are at least three Plate
Freezersinstalled with 18 levels (or 19 plates) for each Plate Freezer.

The project used in Test 2, has three Plate Freezers, LP Separator, In-feed conveyors and Out-
feed conveyors. To control this machinery, over 150 PLC Inputs and Outputs are needed. This
project will be divided into six areas, and each area will have multiple numbers of actuators
associated with it.

1. Plate Freezer #1

e 2 X Encoders
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e 10 x Solenoids

e 3Xx Motors

o 24 x Sensors (Digital)
2. Plate Freezer #2

e 2x Encoders

e 10 x Solenoids

e 3Xx Motors

e 24 x Sensors (Digital)
3. Plate Freezer #3

e 2 x Encoders

e 10x Solenoids

e 2Xx Motors

e 22x Sensors(Digital)
4. In-feed Conveyors

e 2Xx Motors

o 2 X Sensors (Digital)
5. Out-feed Conveyors

e 2Xx Motors

e 2 x Sensors (Digital)
6. LP Separator Area

e 2Xx Motors

e 1x Solenoid (Digital)

e 1x Modulating Valve (Analogue)

e 1 x Sensor (Anaogue)

e 6 x Sensors (Digital)

The PLC rack contains three High Speed Counter Cards, for encoders, three Digital Input cards,
two Digital Output Cards, an Analogue Input card and an Analogue Output card.

e 3x1 High Speed Counter Cards - Encoders
e 3x 32 Digital Input cards
e 2x 32 Digital Output cards
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e 1x8 Anaoguelnput cards
e 1x2 AnaogueOutput cards

PL C Inputsand OutputsList
Anaogue
Digital Sensors  Sensors Motors Solenoids Actuators
Common to Plate
Freezers 6 2 1 2 1
Plate Freezer #1 24 2 3 10
Plate Freezer #2 24 2 3 10
Plate Freezer #3 22 2 2 10
In-feed Conveyors 2
Out-feed Conveyor 2
LP Separator 2 5 2 4 1
Total 86 13 15 36 2
Digital Inputs 101 Including Motors
Analogue Inputs 13
Digital Outputs 51 Including Motors and Solenoids
Analogue Outputs 1
Total 1/0 166

Figure 27 — Test 2 project PLC 1/Os List

The Figure 27 shows a breakdown of the PLC 1/Os needed for this project. There are 166 PLC
I/Os needed, where 101 PLC I/Os are Digital Inputs, 51 PLC 1/Os are Digital Outputs, and the
rest are Analogue Inputs and Outputs. In addition, it can be seen that there are 15 motors and 36

solenoidsin this project.

(NOTE: A complete PLC 1/O list is shown in Appendix C)

3.4.2 Measuring the effectiveness of the APCG software

As mentioned earlier, “Time” will be used to measure effectiveness of the APCG software. The

old cliché “Time is Money” will be used in measuring the cost savings while using the APCG
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software. The less time is spent in designing, writing and testing of the PLC code, the more of
the costs will be saved. To fully appreciate the time and cost savings that may occur when using
the APCG software, it is necessary to understand the cost and time breakdown of a project. Four
projects will be used to get a complete picture of the typical project breakdown concerning time
and costs. Two projects will be based on Plate Freezers, while the other two will be different
products that Realcold Milmech Pty. Ltd. provides. This is done to get a better understanding
Engineering Costs have on a project. An average will be taken from four projects, to indicate
the effect engineering costs have on a project.

e Project #1 — Plate Freezer Project
e Project #2 — Plate Freezer Project
e Project #3 — Refrigeration Project
e Project #4 — Refrigeration Project

The Figure 28 shows a breakdown in costs of any project undertaken by Realcold Milmech Pty.
Ltd. It can be seen that any project can be broken down to four areas. Engineering Costs,
Hardware Costs, Installation Costs and Warranty.

Engineering Costs are divided into nine areas:

1. Administration-Budgeting & Management — This area is used for Project Management.
This includes time spent on getting the required information from Client, Contractors,
Vendors, or other Engineers.

2. Engineering & Drawing Time — This is used to engineer an Electrical system. Once an
Electrical system has been engineered, an Electrical Engineer will draw schematics for
the system. These drawings are used by a MCC manufacturer and Electrical Installation
contractors. These drawings are also given to aclient.

3. Engineering Travel & Other Expenses — Thisis used if an Electrical Engineer needs to
go to site during design stage.

4. Factory Acceptance Testing — Once the PLC and HMI/SCADA code are created than an
Engineer needs to test it, before commissioning starts.

5. Functiona Description — Thisisthe first stage of the programming. To create a PLC and
HMI/SCADA code, an understanding of the system is required. Functional Description
describes the system in the Grafcet graphic format.
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HMI Programming — SCADA & Touch — This is the time required to create a
HMI/SCADA code and graphics.

Electrical Manuals — After a PLC and HMI/SCADA code have been designed, a manual
is required for the operators and maintenance personnel, to be able to operate or fix the
machinery.

PLC programming — Thisis the time required to write a PLC code.

Electrical Site Commissioning — This is the amount of time required by an Electrical

Engineer to commission the machinery.

Hardwar e Costs are divided into five areas:

1

Field devices or other — Any sensors purchased by an Electrical engineer needs to be
booked to this area (“bucket”).

HMI Equipment — Purchase of HMI/SCADA runtime software and license as well as
HMI/SCADA hardware is booked to this “bucket”.

PLC Equipment — This is really the MCC equipment “bucket”. All of the items that are
located in the MCC are booked to this area, which includes PLC items, Power Supplies,
safety relays etc.

VSD’s & Softstarters — any VSDs or Softstarters purchased for a project is booked to
this “bucket”.

Subcontractors MCC & PFC — Purchase of MCC, Control Panels or Power Factor
Correction is booked to this “bucket”.

I nstallation Costs are divided into four areas:

1

Site Expenses — This is used for the costs an Electrical Engineer will create while
commissioning. This includes accommodation, food, car petrol etc.

Site Travel Time — Some of the projects undertaken by Realcold Milmech Pty. Ltd. are
commissioned overseas. Therefore, time required to get to commissioning site is booked
to this “bucket”.

Subcontractor Installation — Electrical installation and wiring is booked to this “bucket”.

Warranty Expenses — Every installation has a minimum of 12 months warranty period. If any

device breaks down it will be replaced free of charge to the client.
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Figure 28 - Empty Navision Table

Figures will be taken from the Realcold Milmech Pty. Ltd. Microsoft Business

(NOTE:

Solutions - Navision program. The tables have been modified to suite this thesis.)
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There are three areas where the APCG software may save time and costs in the Engineering
Section.

e Functional Description
e PLC Programming
e Factory Acceptance Testing

Idedlly, it will be quicker to draw Functional Description, using tools available in the APCG
software. In addition, the assumption is that the generated PLC code will be of a better quality,
and will have fewer mistakes.

By using a Real Life Project as atest for the APCG software, it will be the best indication if the
APCG software does save time and costs. By testing the APCG software in this fashion, the
APCG software can be adjusted to better meet the needs of an engineer, as well as improve the
functionality of the APCG software.

3.5 Summary

A PLC code can be divided into two parts. The Body and The Brain. The Body contains
conditioning of the PLC Inputs and Outputs, Motors Structure, Solenoids Structure, Flags,
HMI/SCADA interaction, and Communication. The Brain contains al of the Sequences of the
PLC code.

PLC code can be viewed in two formats, using RSLogix5000 software, ACD file, or opening
L5K file in Notepad. L5K file is normally not used by an Electrical Engineer for PLC
programming. However, other software can use it, such as Visual Basic for Applications
(VBA).

MS Excel and VBA will be used to create the APCG software. The APCG software will have

two parts the User Interface and the VBA code. Both of these parts will be utilized to create a
PLC codein the L5K format, which can be opened in RSLogix5000 software.
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The designed and created APCG software will be tested in two different projects. In both tests a
Real Life projects undertaken by Realcold Milmech Pty. Ltd. will be used. In the first test, the
quality of the created L5K file will be checked. The second test will measure the effectiveness
of the APCG softwarein aproject. Time will be a measure of effectiveness.
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4  Functionality of the APCG software

When the APCG software is opened for the first time, a Title page and Table of Contents are

shown.
- N ~,
3% . " Table Of Contents Undate |
' :g; Massey University
(it castpte |
140805
[ zapess |
[ Zage ter | [ ek ]
Masters of Engineering
[ fger |
Mechatronics @ [ zoaer |
[ fhger |
: E [ ftager |
[ fmger |
Thesis [ figer |
PLC Code Generator
@&
(it ciprezcn |
(it cipiaetce |
(it cipBEzeces |
Mikola Mastilovich
Letes CipBRcecet |
17-Feb-10
e AN y

Figure 29 — APCG software Title Page

The information from the Title Page is used on every other page in the APCG software. Seven

fields can be utilized for a project description, as shown in Figure 29.
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Project Number
Project Name
Project Location
Project Description 1
Project Description 2
Project Engineer
Project Date

N o o &~ DR

The “Table Of Contents” indicates how many sheets are used. This is also used as quick jump
to any of the sheets.

8. Update — This button is used to update the Table of Contents
9. Click to jump to the page SLok2 (Solenoid Interlocks No.2 sheet)

4.1 Digital Input Screen

Figure 30 shows the user interface for the Digital Inputs. On this page, the engineer enters
information for the Digital Inputs used in the project. In this section, each column will be

explained.

There are four columns on the Digital Input screen and each one of them is used to indicate the

inputs purpose:

Input Number
Symbol

Description

0D P

Function
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140805

Masters of Engineering

Mechatronics

17-Jul-09

Digital Inputs

Nikola Mastilovich

Symbols

Description

Function

(40 charactgrs max)

(40 characters max)

(40 characters max)

(40 characters max)

PIfi_CnLd_Ctnikira_PE
FIfi_CnvLd_Ctnist_PE
PIfi_CrLd_CtnLst_PE
Pifi_CtStpUp_PE
PIfi_CtStpDwn_PE
PIfi_CtStpBldeDwn_PE
FIfi_CnuLdClr_PE
PIf_StkLdCIi_PE
PIfi_StkLviRt PE
PIfi_StkLviLt_PE
PIfi_StkLvIRes_REncdr
FIfi_ScissHme_PE
PIf1_CrvUnidCli_PE
Pif1_StkUnldCIr_PE
PIfi_PckiRtRetd_PE
PIfi_ClpTopRiExtd_PE
1_ClpTopRiRetd_PE
ClpBtnRiExtd_PE
ClpBtnRiRetd_PE
PckrltRetd PE
ClpTopLtExtd_PE
J ClpTopLiRetd_PE
Pf_ClpBtnLiExtd_PE
PIfi_ClpBtnLiRetd_PE
PIf_CrvLd_Witr
PIf1_CrvUnid_Nir
PIfi_CtnStp_htr

Plfs_ManCPStkSel1_SW
Flfs_lanCPStkSel2_SW
Plfs_lvlanCP ScissExt_SWW
Plfs_lvlanCP ScissRet_SWW
Pifs_ManCP StkLwr_SWW
Pifs_ManCPSthLit_SW
Plfs_ManGP ClpTopExt_SW
Plfs_ManCPClpTopRet_SW
Pifs_lvanCF ClpBtnExt_SW
Plfs_lManCFP ClpBtnRet_SVY

Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No
Plate Freezer No

Plate Freezers
Plate Freezers
Plate Freezers
Plate Freezers
Plate Freezers
Plate Freezers
Plate Freezers
Plate Freezers
Plate Freezers
Plate Freezers

Load Conveyor
Load Conveyor
Load Conveyer
Cartan Stop - UP
Cartan Stop - Down
Carton Stop - Blads Dovn
Load Conveyor
Load

Level

Level

Encoder Reset
Scissor

Unlead Conveyor
Unload

Packers

Clamp

Clamp

Clamp

Clamp

Packers

Clamp

Clamp

Clamp

Clamp

Load Conveyer
Unload Conveyor
Cartan Stop

Wanual Control Panel
Wanual Control Panel
Manual Control Panel
Wanual Control Panel
Manual Control Panel
Wanual Control Panel
Manual Control Panel
Wanual Control Panel
Wanual Control Panel
Manual Control Panel

Extra Carton
First Carton
Last Carton

Retracted - Top Left
Extended - Bottom Left
Retracted - Bottom Left

Plate Selection #1
Flate Selection #2
Scissor Extend
Scissor Refract

Stack Lower

Stack Lit

Top Clamp Extend
Top Clamp Retract
Bottom Clamp Extend
Bottom Clamp Retract

40 characters max]

Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication

Motor Running

Motor Running

Motor Running

Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication
Indication

PIfL_Lwvictr { PIF1_LiftCtrl £ PIfL LowerCerl { PI1_PakRectCirl ( PIft_ClpTExtCtrl / PIft_ClpTRetCerl { PIfi CipBExtCtrl { PK1_ClpBRetCi:

Figure 30 - Digital Inputs screen
1. Input Number
Input Number has two indications (Figure 31). First two numbers indicates the Slot number of

the PLC card. The second two numbers indicates the Physical Input Number on the PLC card.

Example 0501
e 05indicate that thisdigital input card isin slot 5in the PLC rack

e 01 indicates 2" input on the PLC card

Physical
Input No.
0500
0501
0&02
0503
0504
0504
0506
0s07
0504
0509

Figure 31 — Input Number

_|_|_|'|_|'|_|'|_I'|_I_|_I_|_I_|_I_|_|'|I
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2. Symbol

Each tag, in the RSLogix5000 program, has its own symbol. Each symbol can have up to 40
characters (Figure 32).

Symbols
(40 characters max)

FIf1_CnvlLd_CtnkXtra_PE

PIf1_Cnvld Ctnl1st PE

PIf1_CnvLd CtnLst PE
FIf1_CtStplUp FPE
FIf1_CiStpDwn_PE
FIf1_CtStpBldelwn PE
FIf1_CnvLdCIr_PE

L1 TN

| | —— - ——

'EingJFe 32 - Tag symbol

3. Description
For each tag, there is a description. The APCG software allows up to four rows of description.

Each row can contain 40 characters (Figure 33).

i x 1
Description
(40 characters max) (40 characters max) (40 characters max) (40 characters max)
Plate Freezer Mo. 1 Load Conveyor Extra Carton
Plate Freezer Mo. 1 Load Caonveyor First Carton
Plate Freezer Mo. 1 Load Conveyor Last Carton
Plate Freezer Mo. 1 Carton Stop - UP
Plate Freezer Mo. 1 Carton Stop - Down
Plate Freezer Mo. 1 Carton Stop - Blade Down
Plate Freezer Mo. 1 Load Conveyor Clear

Figure 33 - Input Description

4. Function
Any input can be a safety input, an indication input, or an input for a motor. There is a variety
of input functions, but the functions designed in the APCG software are the ones, which meet
the standard of Realcold Milmech Pty. Ltd. (Figure 34).

Function

Indication
Alarm
Mator Running

| S Y T

Figure 34 - Input Function
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4.2 Analoguelnput Screen

140805 Masters of Engineering Mechatronics
17-Jul-09 Analog Inputs Nikola Mastilovich
Physical Symbols Description F i
Input No. (40 characters max) (40 characters max) (40 characters max) (40 characters max) 40 charactersmax) | oeen

0100 Pif1_Stk_REncdr Plate Freezer No 1 Plate Encoder LC LA HA HC
o101 PIf1_Sciss_REncdr Plate Freezer No_ 1 Scissor Encoder LC LA HA

Figure 35 - Analogue Input Screen
Analogue Input screen does not greatly differ from the Digital Input screen.

Input Number section on the Analogue Input screen is the same as in the Digital Input section
(Figure 36).

Physical-
Input No. |

0100
0101

Figure 36 - Analogue Input - Input Number

The Function of the Analogue Input differs from the Function of the Digital Input. Under the
Function column, a user selects if the Analogue input will be used to raise an alarm and if yes
the user selects the type of the alarm (Figure 37).

Function

LC LA HA RHC
LC LA HA

Figure 37 - Analogue Input - Function
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The Analogue input can create four alarm types.

Not all of these alarms have to be used, so the user can choose which alarms are needed. Figure

Low Cutout Alarm — stops the machine

Low Alarm — indicates that there is a problem

High Alarm — indicates that there is a problem

High Cutout Alarm — stops the machine

38 shows the selection of alarms and possible combinations.

Figure 38 - Analogue Input - Function Options

4.3 Digital Output Screen

140805

Function

[CCTAHAHAC

-

LA HA HC
LC LAHA
HA HC
LC LA
LA HA

[LCLAHAHC |

Masters of Engineering

Mechatronics

17-Jul-09

Digital Outputs

Nikola Mastilovich

Physical
OQutput No.

Symbols
(40 characters max)

Description

(40 characters max)

(40 characters max)

(40 characters max)

0900
0901
0802
0903

0905
0906
0807
0908
0909
0910
0911
0912

The Digital Output screen does not differ from the Digital Input screen, shown in (Figure 39).

Aswell asin the Digital Input screen, each output hasits own function.

P _CIpTopERt_Svo
PIft_ClpTopRet_Sva
FIft_CIpBtnExt_Svo
PIff_ClpBtnRet_Svo

PIff_PckrRet_Svo
PIft_StkLift_Svo
PIft _SthLwr_Svo
PIff_ScissExt_Sve
PIfi_ScissRat_Sva
PIf_CrvLd_ir
PIft_CnvUnid_Nir
PIft_CtnStp_Ntr

Plate Freezer Mol
Plate Freezer Mol
Plate Freezer Mol
Plate Freezer Mol

Plate Freezer Mol
Plate Freezer Mol
Plate Freezer Mol
Plate Freezer Mol
Plate Freezer Mol
Plate Freezer No_ 1
Plate Freezer No_ 1
Plate Freezer No_ 1

Clamp Extand Control
Clamp Retract Control
Clamp Extend Control
Clamp Retract Control

Peckers Retract Control
Plate Lif: Contral

Flate Lower Control
Scissor Extend Control
Scissor Retract Control
Load Conveyor

Unload Conveyor
Carton Stop

Top)
(Top)

{Battom)
{Bottom)

(40 characters max)

Function

Figure 39 - Digital Output Screen
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Actuator
Solenoid
Motor Start
Solenoid

Salenoid
Solenoid
Solenoid
Solenoid
Solenoid
Motor Start
Motor Start
Motor Start




Function

Actuator
Solenoid
Mator Start

Figure 40 - Digital Output Function

Any Digital Output can be related to the Motor, Solenoid or another actuator. Figure 40 shows
the possible selection for the Digital Output function.

4.4 AnalogueOutputs Screen

140805 Masters of Engineering Mechatronics
17-Jul-09 Analog Outputs Nikola Mastilovich
bol (40

Physic y 140 Description
Input No. characters max) (40 characters max) (40 characters max) (40 characters max) (40 characters max)

Figure 41 - Analogue Output Screen

Anaogue Output Screen does not have a function column. The Analogue outputs are assumed,

to be current outputs, 4-20mA (Figure 41).

45 PLC Internal and |/O Data Bases

The PLC 1/0O Database, that is populated by the APCG software, (Figure 42) looks like the
database that the RSLogix5000 exports in the Microsoft Excel sheet [20]. This is not the L5K
file database format. The APCG software will convert the database from the Microsoft Excel
format into the L5K format when the L5K File button is pressed on Control Form, shown in

section 4.7.
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Al B | C [ D I E [ F ] G [
_1 |TYPE SCOPE MNAIWE DESCRIFTION DATATYPE SPECIFIER ATTRIBUTES
_2 |TAG opPB MCCSNEmergency Stop§NPush Button Digital_Input_Udt
3 [TAG _Ao MCCSNEmergency StopiNPush Button3NAdd On Instruction  Digital_Input_Aci
_4 [TAG 1S IP SeparatorMHigh LevelSMNSwitch Digital_Input_Udt
_5 [TAG vISw| Phoi IP SeparatoriMHigh Level3MSwitchSMNAdd On Instruction Digital_Input_Aai
_6 [TAG —iqDel |nd IP Separator3MLiquid3MDemand Digital_Input_Udt
T [TAG IPSep_LigDen bnd_Aoi |IP SeparatorShLiquidiNDemand3MNAdd On Instruction Digital_Input_Aai
_ 8 [TAG LPSepHLvISY LP Separator§MHigh LevelSNSwitch Digital_Input_Udt
_9 [TAG LPSepHLvISY LP SeparatorSiHigh Level3NSwitchSNAdd On Instruction Digital_Input_Aai
10| TAG LPSep_LigDe LP SeparatorShLiguidSMDemand Digital_Input_Udt
M [TAG LPSep_LigD i | LP SeparatoriMLiquid$MDemand3NAdd On Instruction Digital_Input_Aai
12 [TAG Phyln1 Digital3MNPhysical Input3M Slot 1 DINT (RADIX := Decimal)
3 |TAG EvapFan Evaporator5hNFan3M Motor_Structure_Udt
14 EvapFan_A EvaporatorSMFan3MAdd On InNguction Motor_Structure_4oi
1 IPSepPump IP SeparatarSMPump Motor_Structure fdt
1 IPSepPump_Aai IP SeparatorSMPumpShAdd On InXuction Motor_Structug/ Aoi
11 LPSepPump LP SeparatorSHPump Motor_Structyfe_Udt
A8 [TA LPSepPump_Aai LP SeparatorSMPumpShNAdd On Instrud\\gn Motor_Strugfire_Aai
19 [TAG EvapTemp EvaporatorSMTemperature 5N Analog_InyAt_|
20 [TAG EvapTemp_Aoi EvapaoratoriMNTemperatureSNAdd On Instru Analog_J/ put_Aoci
2 [TAG IPSeplvl IP SeparatorShLevel Analoy/ fput_Udt
22 |TAG IPSeplvl_Aoi IP SeparatoriMLevel3MAdd On Instruction Analg’ /Input_Aci
23 [TAG LPSeplLyl LP SeparatorihLevel Ang A_Input_Udt
24 |TAG LPSepLvl_Aoi LP SeparatorShLevelSNAdd On Instruction _Input_Aoi
25 [TAG Phyln2 AnalogSiPhysical InputiN Slot 2 (RADIX := Decimal)
_26 [TAG EvapLigSvao EvaparatorShiLiquid SolenoiddM id_Structure_Udt
2T [TAG EvapLigSvo_Aaoi EvaparatorShiLiquid SolenoidSMAdd On Instruction id_Structure_Aoi
28 [TAG IPSeplLigSvo IP SeparatarSMLiquid3hSolenoid Solenoid_Structure_Udt
29 [TAG IPSepLigSvo_Aai IP Separator3MLiquid5MSolenoidSNAdd On Instruction Solenoid_Structure_Aoi
30 [TAG LPSepLigSvo LP SeparatorShLiquid3MSalenoid Solenoid_Structure_Udt
3 [TAG LPSepLigSvo_Aoci LP SeparatorliLiquid3MSalenoid3MNAdd On Instruction Solenoid_Structure_Aoi
32 [TAG PhyOut3 Digital3MNPhysical OutputsN Slot 3 DINT (RADIX := Decimal)
23
Figure42 - PLC I/O DataBase
1. TYPE - Thisfield should always hold astring “TAG”, for each tag entered in the list.
2. SCOPE — Thisfield should always be empty
3. NAME - The “name” is the symbol of atag
4. DESCRIPTION — The APCG software allows four fields for the description.
5. DATATYPE — Thereisagreat variety of datatype used by RSLogix5000 software tags.

Most commonly used tags, by Realcold Milmech Pty. Lt. engineers have been placed, as
a selection, on the Control form.

6. SPECIFIER — Thisfield should be empty

7. ATTRIBUTES — The Attributes column needs to be filled only if the Data type is not a
UDT. “(RADIX = Decimal)” is the only item that should be entered in this column [20].

The Internal PLC Tags Database is populated by the engineer. This tag list consists of
HMI/SCADA tags and internal tags required for the functioning of the PLC code, such asflags.
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4.6 Flagsand SCADA/HMI screens

The settings and controls of the Flags and the SCADA/HMI screens are the same. The Figure

43 shows Flags control screen.

1. Description on the page is the information of the Project. This information is
automatically copied from the Title Page.

2. The Name of the screen, and thus this subroutine, is made out of two parts. Subroutine
number and Subroutine Name.

3. Each subroutine has a description, and this is where description of the subroutine is
entered.

4. There can be more than one screen for any Control Page. In the Figure 43, thisisthe first
Flags control page. If there were more than one “Flags” control pages, all of the “Flags”

control pages would be incorporated into one “Flags” subroutine.

/ 140805 Mechatronics \

Masters of Engineering REVISION. 1 m
2 REVISION DATE "17-Jul-09 i
1] N
ENGINEERED BY- Nikola Mastilovich <@ MasseyUniversity

NAME .~ DESCRIPTION
06 Flags Flags/Timers/Counter/Math Control Ladde\ ‘ Control Page " 1 ‘
Action Tag  T™ME(S) Bracktes Derived Bols | Bracktes Functien Rung Comment
AlwaysOn_Flg [ AlwaysOn_Flg OR COn/Off Flags
NOT AlwaysOn_Flg 3
AlwaysOff_Flg AlwaysOff_Flg AND

NOT AlwaysOff_Flg

Figure 43 - Flags and SCADA/HMI screens
Flags and SCADA/HMI screens are part of the “base” screens. If more than one screen of each
Is required, an engineer will need to add more screens. More screens can be added by using

Control form, which is explained in section 4.8.

The setup in the Figure 43 will create a subroutine”_ 06 _Flags” in the PLC RSLogix5000, as
shown in the Figure 44.
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-5 Controller Masters_Small_Project
i Controller Tags
(23 Controller Fault Handler

[£3 Power-Up Handler
—-25 Tasks

|- 58 MainTask

= Cﬂ; MainProgram
E. Program Tags
Eij MainR.outine

_05_5cada
e ﬂ
_07_Digital_Input

_08_Analog_Inputs
_11_Motor_Interlocks
_12_Solenoid_Interlock
_13_Digital_Outputs
_15_IPSep_Ctrl
_16_IPSep_Pump_Ctrl
_17_LPSep_Ctrl
_18_LPSep_Pump_Ctrl
_19 FvaporatorFan

(Y

Figure 44 - ACD Flags

0 1 I 15 5. . 5 .

4.7 Control Pages

Control Pages are also used for the Interlocks and the Start Permissive. The Alarms, the Motors,
and the Solenoids use the Control Pages (Figure 45).

A] B [CIDJE[F[G[H[IT[J[K[L[M[N][O] P [Q[R[S[T]U[V[W][X][Y]Z][AA[AB[AC|AD|AE[AF[AG] AH | Al|AJ[AK[ALAM[AN[AO[AP[AQ[AR[AS[AT[AU]AV[AW]AX]

|11
B REALCOLD
5] 140805 Thesis _
0 ineeri nmmi
5] Masters of Engineering REVISION: 1
1 6 | REVISICN DATE: 17-Jul-09 ;!"!‘

7 . 3 - .
7 LA o B
| 8 | ENGINEERED BY: Nikola Mastilovich u Massey unIVEtSlty
9
| 10 |NAME DESCRIPTION
% 11 Motor_lInterlocks Motor Control Ladder Control Page 1
[13]
| 14|  Action Tag ns1 ss1 Derived s81 181 Function e Comment

15
| 16| IPSepRymp.-MIN NOT E{\topPB.ALM AND IP Separator Pump
| 17 | NOT |IP{\epLvl.LL_ALM
| 18 | Interlock
E]
120
L2 |
1 22|
123
| 24]
122
| 26 | IPSepPump.SIN AlwaysOn_FLG IP Separator Pump

27
E Start Permissive
|29

30

Figure 45 - Control Page

Control Pages for Machine Interlocks and Start Permissive are automatically created and
initially populated by the APCG software, when an engineer pressed “Control Page” button on
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the Control form (this is explained in the section 4.8). Once the pages are created, an engineer

might require adding further conditions for Machine Interlocks or Start Permissive.

The Flags, the SCADA and the Interlock Control Pages are the same and have the same
functionality.

1. Tagsand Action
By looking at the Figure 45, Action and Tag columns are the first items that can be popul ated.
This is the Output of the rung, which is the right most part of the rung (explained in section
3.2.3). Firstly, the user selects the Tag(s), which are to be controlled, and then how the tag(s)
are to be used.

The Action column is where the user selects the instruction to be used, such as Add, Subtract,
Multiply, Move, Timer On etc. Some of the instructions require one tag. Some instructions

require two or three tags (Figure 46).

Action Tag  muEs: A—I—\E Bracktes D

| ADD [+]f1_StkLvISP_REncdr_Hmi[PIf1_StkLviTgtAct_REncdr]
— ~1f1_StklLviRngOffset REncdr_Hmi
MUL f1_StkLviTgtRngUpr REncdr

oo +[f1_StkLvISP_REncdr_Hmi[PIf1_StkLviTgtAct REncdr]
Figure 46 - Control Page - Action Column

a) The time column (TME(S)) is used with the Timers. This indicates the Preset value of

the timer.
2. Conditions

The next section of the control page is to create conditions, as well as how these conditions will

interact with one another (Figure 47).
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Bracketz Derived Brlz | Bracksts Function THE (5]

[ (  |PIf1_StkLviTgtAct_REncdr

10 ) AND

PIf1_ClpTopRetd PE_Flg OR
( PIf1_StkLviTgtAct REncdr <=

10 ) AND

PIf1_ClpTopExtd_PE_Flg ]
Figure 47 - Control Page — Conditions

The Brackets column is used when the conditions are parallel to one another, as was shown
when alarms were described in section 3.1.1. As the interaction between conditions can be
complicated and may require more than one square bracket, a selection of up to five square
brackets can be used by the user, as shown in Figure 48.

Eracktes D&

Figure 48 — Control Page —Square Brackets

The Derived column is linked with the Function. “NOT” and “ONS” are used to indicate
Normally Closed instruction or One Shot Instruction (Figure 49). The “(“ is selected when
compare functions are used (Figure 49).

= Derived
f.

MOT
QNS

.I:.
Figure 49 - Control Page - Derived

The Function column is used to select interaction between conditions, as well as to select

comparison instruction (Figure 50). AFT and UNTL function is used for Delay ON or OFF
timers. Sometimes adelay is required before the output action is to be executed. The TME(S) is
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used when AFT or UNTL function is selected. Thisindicates the time that must pass before the

action is executed (Figure 50).

Function e (s)

DR i -
AMD ra
BFT
LIMTL

i

w

Figure 50 - Control Page - Function

3. Comment
As each rung can have a description associated with it, this is where the rung comment is to be

entered (Figure 51).

Rung Comment
Always On/Off Flags

Figure 51 - Control Page - Rung Comment

4.8 Control Form
By pressing, “Ctrl+Z” keys on the keyboard, the Control Form appear (Figure 52). Thisformis
used to create Control pages, Sequence pages, Sequence tools, and tags. There are five tabs on

the Control Form.

Tab “Main”

1. “PLC I/O Tags” button is used to create al the 1/O Tags from the physical inputs
entered by the engineer in the Digital Inputs, Digital Outputs, and Analogue Inputs and
Analogue Outputs screens.

2. “Sort” button is used to sort tags according to the Name or Data type. However, when
PLC I/O Tags button is pressed the tags will be sorted by the sort selection “Name” or
“Datatype”. “None” selection will not sort the tags but leave them as they appear on the
Physical /O pages.
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w

PI_( Cnde Generator Contre x|

Main |5equence | MNew Tag | MNew Page I

Main Controls

SPLC 1O Tags | [ St
: : ¥ By Mame

@>>Controll=age | ¢~ By Data
(4 —

Type /
Mext tag space(s}l_ﬁ " None /

I™ Delete Contral Pages Sort

@ IskFile | .

Print__
Setup

\
éé

— 10 Pages
l \:&dd Row g;‘ﬁg |_1

v Add Row(s) at the bottom

Figure 52 - Control Form — Tab Main

“Control Page” button is used when all of the Physical inputs have been entered. By
pressing this button, all of the Control Pages will be created for alarms, motors, and
solenoids (Figure 45).
As the Control Page is populated, the next Output tag will be created six cells below the
last tag, leaving enough space for condition tags to be entered.

“L5K file” button is used to create the L5K file.

6. If any of the Control Pages or Sequence Pages do not print properly this button is used to

adjust the print set up of the Active sheet.

When populating the I/O pages, it might be necessary to add more rows or add rows
between entered symbols. The “Add Rows” button is used for that purpose. “No. of
rows” textbox is used to enter how many rows will be added, while “Add Row(s) at the
bottom” checkbox is used to select where the rows are to be added, at the bottom or
below the selected row. When the Add Row button is pressed, it will only work if the
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active sheet is one of the I/O sheets. If the active sheet is not an 1/O sheet than the
message pops up (Figure 53)

Operator Error

This, Control buttan, anly works for the PLC 10 screens!

Figure 53 - Control Form-Add Row-Operator Error

Tab “New Tag”

1

In this textbox, the symbol is entered (Figure 55). There must be no spaces in a symbol
name. If the space exists in the name, a massage will pop up (Figure 54). If the tag
aready existsin the list the user will be notified (Figure 54).

Dperator Error E' Operator Error

Mo spaces allowed in the Tag Mame symbol entered already exists in the Tags_IO list

Figure 54 - Control Form-New Tag-Error

For each tag, a data type needs to be selected. The most common data types used by the
Realcold Milmech Pty. Ltd. engineers have been put as a selection on the Control Form.
For al other data types or User Defined Data Types (UDTs), aUDT needs to be selected
and the name of the data type entered.

If an array is needed than an array checkbox needs to be selected and a value entered for
the size of the array.

Four textboxes are allocated for the description

Once al of the information has been entered, the “Add Tag” button will add atag to the
bottom of the Internal PLC Tag list.
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L ode Generator Co D

Main | Sequence  Mew Tag INEW Page
(1 ew Tag Controls
Symbol
[ 5 | PIFINCvLd_Mtr_Udt

" BQoL 7 DINT O REAL T COUNTER 4

™ TIMER [ Array IT IT -

¥ uDT | Motor_Structure_Udt Bl 3
Description

| Plate Freezer Mo, 1

| Load Conveyar 5

| User Defined Data Type

6!

Tag ‘ _, ....... Upload ........ | 7

............................................

Figure 55 - Control Form-New Tag

7. “Upload” button is used to upload tag information. A particular tag needs to be selected
on the active sheet, and the tag information will be uploaded. If the tag does not exist or
the tag was not selected the user will be notified (Figure 56).

Information [5__(|

Information E'

Tag does not exist Mao Tag selected

Figure 56 - Control Form-New Tag-Notification
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Tab “New Page”

w =
g/ 3/

PLC Code Generator Controls

Main ] Sequence ] Mew Tag Mew Page l

3

— New Page Controls

[ 5 !'-7 Seguence Page Pg No.

" Control Page

[ 7 LAdd Page

At the Front " At the Back

Name )z
T | “]
Description
|
Sheet Name | e

IR

\\
\

=

MNew Page ‘

-

Figure 57 - Control Form - New Page

1. Each PLC subroutine starts with the number followed by the name (Figure 43 and Figure

44)

2. This is the Name of the PLC subroutine. The Name cannot contain any special

characters, such as#, $, &, etc.

3. Description of the PLC subroutine
4. Each sheet in the MS Excel has a name. When a new sheet is created, MS Excel’s

generic name is Sheetl, Sheet2, etc. These generic names are not very useful, so entered

“Sheet Name” will replace the generic name.

5. Selected anew page’s type, Sequence or Control page

71



6. When populating the Control Pages, sometimes the information cannot fit on the one
sheet. When more than one sheet is required, the page number indicates what page in the
sequence the sheet is.

7. Thisindicates the location of the new sheet, at the front or at the back. Each sheet can be
manually moved to the wanted |ocation.

8. By pressing the “New Page” button, a new page is created.

If the user does not enter a Page Number, Page Name or Sheet Name the user will be notified to
do so (Figure 58)

Information E| Information §|

Please enter a Page Mame. Please enter a Sheet Mame.,

Figure 58 - Control Form - New Page-Notification

Tab “Sequence”

Information on the Sequence tab will be explained in the next section (Sequence pages), since

these controls are used on the sequence page.

4.9 Sequence Pages

The sequence page is drawn in the Grafcet layout. This means that the program goes from one

step to the next, and each step might control an output.
1. When the “Add Step” button is pressed, a step is added to the Sequence page. Prior to

pressing the button column “J” needs to be selected. If the button is creating a first step,
than the cell selected needs to be on row 17.
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PLC Code Generator Controls r$__<|

Main Seguence ]New Tag | Mew Page |

1 Sequence Controls

Add Step

—add Transition Line

Add Jump Back Step +-T

Add Jump Forward Step __<@
7 d a Transitian Line with the Jump
4

Add "> then" Step
=
\—

38 Mo. of Qutputs | 4 1

Mo. of Transition Steps 4 .

!

&

Figure 59 - Control Form — Sequence

140805 Mechatronics
Masters of Engineering REVISION. 1 m

REVISION DATE:17-Jul 09

EEX)
ENGINEERED BY: Nikola Mastilovich & MasseyUniversity
NALE DESCRIPTION
16 PIf1_StkLwrCtrlSfc Plate Freezer No_1 Lower Control | Sequence Page ‘ 1 |
Erashter| Derived Erashter THE () Deseription Brackter | Derived Eracktes Funsion
1 I 1 o |

|| NOT Pifs_HwSafetylsOk_Fig oR
PIf1_SthLuIFid_REncdr_AIm

Plfs_HwSafetylsOk_Flg Flate FreeZers Hardware Safeties are OK
NOT |PIF_StkLvIFitd_REncdr_alm AFT S| Srack Encoder iz functioning 0K
PIF1_St) CtrlsfcDel_Tmr

PIf1_StkSafeToMove_Flg AND Plate #1is safe to be litedflowered
PIf1_ClpTopPosnlsCOk_Flg AND Plate #1Top Clamp is in right position
PIf1_ClpBtmPosnlzOk_Flg AND Plate #1Eottom Clamp is in right position
PIF1_StkLift_Sve_Udt.OVC AND Flate #1Lift solenoid is off

Reg_Flg AFT
CtriS fcDel2_Tmr

[N

| 2 PIf1_StkLwr_Sve_Udt.SEQ Plate Freezer No.1 Lower the Stack
[ PIf1_StkLvIRchd_Fig OR Flate #1Meut Level has been reacheed
NOT |PIf1_StkSafeToMove_Flg OR Plate #1is MOT safe ta be liftediowered
NOT |PIf1_ClpTopPosnizsOk_Flg OR Plate #1 Top Clamp is NOT in right position
NOT |PIf1_ClpBtmPosnizsOk_Flg OR Plate #1 Bottom Clamp is MOT inright position
PIf1_StkLift_Sve_Udt.OVC 1 Plate #1Lift zalencid is on

5

v nN Tite £

PIFL LftCorl %P1 LowerCtrl{ PIFL PakRectCtrl f P

Figure 60 - Sequence Page
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Information E| Operator Error

Pleasze select column "1° before using this button! Plezse enter & number in the step sbove!

Figure 61 - Sequence Page-Notification

If a column, other than “J” is selected, a message will pop up when the “Add Step” button is
pressed. When the first step is to be created, the user selects a row, other than 17, the message
will pop up suggesting that the step above does not have a step number, which it does not since
there is no step (Figure 61). This message is aso an indication that a step number is missing.
Initially when the step is created the APCG software will allocate a step number, starting from
step O, or anext number will be selected based on the previous step.

2. A step can control zero rung outputs or a number of rung outputs. Therefore, a step may
need more or less than four rows (Figure 62). The textbox in Figure 59 is used to select
the number of rows needed by the step.

Bracktez | Derived Bracki

Figure 62 - Sequence Page-Step Size

3. A transition line is used alongside the rung conditions. This line has an arrow at the
bottom of it.’

4. A transition line might also need to be bigger or smaller in length. The textbox “No. of
Transition Seps” (Figure 59) is used to enter a length of the transition steps. In Figure

60, two different transition lines, which have different line lengths, can be seen.
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5. Sometimes it is required to jump to the step before the current step. The “Add Jump
Back Step” is used to create a jump back step (Figure 60).
6. The “Add Jump Forward Sep” does the same thing as “Add Jump Back Sep” button

but in the reverse direction, that is, the forward direction (Figure 63).

+

SRR

Figure 63 - Sequence Page - Jump Steps

7. If the jump is not the last part of the sequence than a transition line needs to be created
with the jump step (7).

8. Part of the safety feature of the sequence is to be able to jump to first step (step 0) from
any step (i.e. from “Greater than” 0 step) (Figure 60). This usually occurs when a safety
feature is triggered, such as Emergency Stop. To insert a “Greater than” step, the user
needs to select a step where the program will return to when “Greater than” conditions
have been met. This step can be used on any step, but it is most commonly used for “step
0.

4.10 Functionality of the Sequence Pages

The functionality of the Sequence Page does not greatly differ from the functionality of the
control page. The main difference is the layout of the page itself.

Regarding the conditions of in-between steps, it has the same functionality as conditions on the

control page. As in the control page, there is a Bracket, a Derived and a Function column
(Figure 64).
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Figure 64 - Sequence Page - Conditions

1. The derived column, in the Sequence page, has extra instructions than in the Control
page. These new instructions are used in the sequence steps, and not for the conditions.
As each step can control arung output, OTL (Output Latch), OTU (Output Unlatch) and
RES (Reset Timers/Counters) are used for the control of the output.

2 PIf1_StkLwr_Svo_Udt.SEQ 2 OTL PIf1_StkLwr_Svo_Udt.SEQ

Figure 65 - Sequence Step - Step Output

If there is no instruction prior to the controlled rung output, than that output is ON while the

step is active, and OFF when the step is not active.
To be able to understand the Sequence, an area has been allocated for the description. This is

not used by the APCG software. It is there for the user to enter description, which can explainin

more detail what the sequence does. Thisis shown in Figure 66 by pointer “a”.
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Bracktes TME (s} Description Brackte

e — >0
a
] [
AND Plate Freezers Hardware Safeties are OK
AFT 5 Stack Encoder is functioning OK
AND Plate #1 is safe to be lifted/lowered
AND Plate #1 Top Clamp is in right position
AND Plate #1 Bottomm Clamp is in right position
AND Plate #1 Lift solenoid is off

Figure 66 - Sequence Page — Description

4.11 Summary

In this chapter the APCG software was explained. All of the functions and steps needed to
create a PLC code with the APCG software were detailed.

The APCG software has 9 base screens. An engineer uses these screens to enter PLC 1/O
information. Using a Control form an engineer is enabled to create Alarms, Motors and

Solenoids Interlock screens. Sequence screens are aso created by the use of Control form.

Once al the relevant data has been entered the APCG software creates L5K file which is then
opened in the RSL ogix5000 software for further PLC code devel opment.
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5 TheAPCG software— Real Life Projects

To understand the effectiveness of using APCG software it is required to understand what areas
the APCG software can influence and how important those areas are. Time was used as a

measure of effectiveness.

It has been hypothesised that the APCG software can influence three areas in the Engineering

part of the project. Those areas are:

1. Functional Description (FD) — Functional Description is a sequence written in Grafcet
graphic format. Thisisthe first step when writing a PLC code.

2. PLC programming

3. Factory Acceptance Testing (FAT) — Once the PLC code has been written, it needs to be
tested, before commissioning starts.

Time needed to create a PLC code with the APCG software was recorded, and compared to the
budgeted costs of the relevant areas. By converting Time saved to money, by using APCG
software, a true effectiveness of the APCG software was measured. At present (date when the
budget was taken), the client was charged NZ$80.00 per hour.

1 hour = NZ$80.00

5.1 Project Budgeted Costs

To get an understanding of the costs involved in projects, four projects, of two different product
type were used. All four projects have been undertaken by Realcold Milmech Pty. Ltd.
Budgeted costs, of the four projects used, were averaged. This gave clearer picture of the costs

involved with a project.

e Project #1 — Plate Freezer Project (shown in Figure 67)
e Project #2 — Plate Freezer Project (shown in Figure 68)
e Project #3 — Refrigeration Project (shown in Figure 69)
e Project #4 — Refrigeration Project (shown in Figure 70)
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Figure 67 - Project #1 Budget

Figure 67 shows the Budget allocated for first Plate Freezer project.
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Figure 68 - Project #2 Budget

Figure 68 shows the Budget allocated for second Plate Freezer project.
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Figure 69 - Project #3 Budget

Figure 69 shows the Budget allocated for the first Refrigeration project.
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Figure 70 - Project #4 Budget

Figure 70 shows the Budget allocated for the second Refrigeration project.
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Projects' Totals and Averages

Engineering Cost (%)

Description Task Code |Project #1 |Project #2 |Project #3 |Project #4 |Average
Administration-Budgeting & Mgt ENG-ADM 7.42 9.42 5.76 6.96 7.39
Engineering & Drawing Time ENG-DWG 12.03 12.57 12.97 11.30 12.22
Engineering Travel & Other Expenses |ENG-EXP 8.71 36.46 8.16 27.65 20.24
Factory Acceptance Testing ENG-FAT 3.71 3.35 2.52 3.27 3.21
Functional Descriptions ENG-FD 5.62 1.99 573 2.62 3.99
HMI Programming -SCADA & Touch |ENG-HMI 14.95 4.19 29.08 14.85 15.72
Electrical Manuals ENG-MAN 3.37 2.20 4.56 2.09 3.06
PLC Programming ENG-PLC 17.88 6.28 20.04 14.65 14.71
Electrical Site Commissioning SIT-COM 26.31 23.54 11.18 16.81 19.46
Engineering Costs | 100.00

% of the Total Costs

Description Task Code |Project #1 |Project #2 |Project #3 |Project #4 |Average
Factory Acceptance Testing ENG-FAT 0.86 0.94 0.91 0.93 0.91
Functional Descriptions ENG-FD 1.31 0.56 2.08 0.75 1.17
PLC Programming ENG-PLC 4.16 1.76 7.28 4.19 4.35
% of the Total Costs | 6.51

Total Costs (%)

Description Project #1 |Project #2 |Project #3 |Project #4 |Average
Engineering Costs 23.27 27.96 36.30 28.59 29.03
Hardware Costs 19.09 25.33 35.05 42.45 30.48
Instalation Costs 56.71 44.95 27.55 27.75 39.24

Warranty 0.93 1.76 1.10 1.21 1.25

Total Costs 100.00

Figure 71 - Projects Budget Average

Looking at the Figure 71, it can be seen that:

In addition, it isimportant to note that:

Warranty accounts for 1.25 % of the Total Cost

Engineering costs accounts for 29.03 % of the Total Project Cost
Hardware costs account for 30.48 % of the Total Project Cost
Installation costs account for 39.24 % of the Total Project Cost

e Functiona Description accounts for 3.99 % of the Engineering cost and 1.17 % of the

Total Project Cost

e PLC Programming accounts for 14.71 % of the Engineering costs and 4.35 % of the

Total Project Cost
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e Factory Acceptance Testing accounts for 3.21 % of the Engineering cost and 0.91 % of
the Total Project Cost

Engineering Costs (%)

Administration-Budgeting
Electrical Site & Mgt, 7.39
Commissioning, 19.46

Engineering & Drawing
Time, 12.22

Electrical Manuals, 3.06

Engineering Travel &
Other Expenses, 20.24

HMI Programming -
SCADA & Touch, 15.72

FD, PLC & FAT, 21.91

Figure 72 - Engineering Costs Graph (Average)

An area, which the APCG software can influence, amounts to 21.91% of the Engineering Cost,

as shown in Figure 72, and 6.51% of the Total project, as shown in Figure 73.

Project Costs (%)

Hardware Costs, 30.48

Instalation Costs, 39.24

Engineering Costs -
Other, 22.52

Engineering Costs - FD,

Warranty, 1.25
PLC & FAT, 6.51

Figure 73 - Projects Total Costs (Average)
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5.2 Real LifeProject

The APCG software was used in one Plate Freezer project undertaken by Realcold Milmech
Pty. Ltd. The Functional Description and PLC code was created by using the APCG software.
In addition, the quality of the created PLC code was checked during Factory Acceptance

Testing. Time has been recorded to measure the effectiveness of the APCG software.

Figure 74 and Figure 75 shows the results of using APCG Software. The results indicate the

following:

1. By using APCG software, the time required to create Functional Description, PLC Code
and to test created PLC code has improved. Budgeted time for FD was improved by 11
hours or 22%. PLC Time was improved by 88 hours or 55.35%. Time required to test
the created PLC code, took 13 hours less than the budgeted time, or 39.4%.

2. All of the time improvements directly influence the cost of the project. Costs budgeted
for creating Functional Description was improved by NZ$880.00. Costs required for
PLC code was improved by NZ$7, 040.00, while testing of the PLC code was improved
by NZ$1, 040.00.

3. The budgeted cost of the FD design, the PLC coding and the FAT testing, in total, was
NZ$19, 360.00 or 27.21% or of the Total Engineering Costs. By using APCG software
the cost was reduced by NZ$8, 960.00 or 12.59 %.

4. For the project, the cost was improved by 2.93 % overall.
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Figure 74 — APCG software used in Plate Freezer project
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Project Costs

Instalation $173.388.78 Hardware, $58,362.11

Warranty, $2,843.37

\ \Engineering - Other,

Engineering -FD, PLC & FAT, $51,798.24
Engineering - FD, PLC & FAT $10,400.00

(Difference), $8,960.00

Figure 75 - APCG software used in Plate Freezer project (Graph)

5.3 Cost Implications

The APCG software was used in an ongoing project, undertaken by Realcold Milmech Pty. Ltd.
The time required to design and test the PLC code was recorded. The records show that the
APCG software improved the time required to design and test the PLC code, against budgeted
time for the Test 2 Plate Freezer project.

Figure 76 shows that in the PLC programming area the time and cost was improved by more
than 50 %. Time was aso improved in designing a Functional Description, by using APCG

software sequence tools.

The PLC code created with the use of APCG software is more reliable, and needs less testing

timeasit isshown in Figure 76.
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Enginerring Costs

20000+

18000+

16000+

14000+

12000

m Buggeted Costs

$ 10000+ m Actual Costs

8000+ 0 Difference

6000

4000

2000+

0+

FAT FD PLC Total

Figure 76 - Engineering Costs (Graph)

By using the results, shown in the Plate Freezer project, in the past projects it can be seen that
there is a substantial savings in costs. Figure 77, Figure 78, and Figure 79 show the potentia
profit margins those projects would have if the APCG software was used for designing,
programming and testing of the PLC code.

Project #2 - Plate Freezers

Budgeted Cost|Potential Savings |Savings %
Functional Descriptions $1,900.00 $418.00 22.00
PLC Programming $6,000.00 $3,321.00 55.35
Factory Acceptance Testing $3,200.00 $1,260.80 39.40
Engineering Design $95,500.00 $4,999.80 5.24
Total Project $341,500.00 $4,999.80 1.46

Figure 77 - Project #2 Potential Savings
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Project #3 - Refrigeration System

Budgeted Cost|Potential Savings |Savings %
Functional Descriptions $11,253.59 $2,475.79 22.00
PLC Programming $39,400.59 $21,808.23 55.35
Factory Acceptance Testing $4,947 .41 $1,949.28 39.40
Engineering Design $196,562.67 $26,233.30 13.35
Total Project $541,479.56 $26,233.30 4.84

Figure 78 - Project #3 Potential Savings
Project #4 - Refrigeration System

Budgeted Cost|Potential Savings |Savings %
Functional Descriptions $4,000.00 $880.00 22.00
PLC Programming $22,400.00 $12,398.40 55.35
Factory Acceptance Testing $5,000.00 $1,970.00 39.40
Engineering Design $152,901.52 $15,248.40 9.97
Total Project $534,764.43 $15,248.40 2.85

As shown above the profit margins differ from project to project. The profit margins can be

Figure 79 - Project #4 Potential Savings

anywhere from few thousands to tens of thousands.
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6 Discussion

6.1 Research Contribution

The need to create an automatic PLC Code Generator for generating a fully functional PLC
code has been recognized by identifying the shortcomings of the currently published literature
and identifying a gap in the research. Automatic PLC code generation has been researched and
partially accomplished according to the published literature [9]. In addition, research has been
done in creating a blueprint on what an Automatic PLC Code Generator software should have
and should be able to accomplish [1]. The maority of research has concentrated on

automatically creating sequences [12], and the Body of the PLC code was not created.

A research “Automatic generation of PLC code beyond the nominal sequence” written by
Guttel et al [1] indicates the structure of a PLC code. This research has been used as well as the
PL C structure of the Realcold Milmech Pty. Ltd. in designing the APCG software in this thesis.

The objective of defining a PLC structure that the software mediator APCG will follow has
been addressed. Under the guidance of the research, mentioned above, and the standard of the
Realcold Milmech Ltd. Pty the APCG software was created. The APCG software has been
designed to automatically create both parts of the PLC code, incorporating the sequence (the
Brain) and the Body of the PLC code.

The Body of the PLC code incorporates structure for the following:
i. PLC Inputs and Outputs
ii. Alarms
iii. Motors
iv. Solenoids
v. HMI/SCADA monitoring
vi. Flags
e Startup
e Shutdown
e Setup

e Monitoring
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The Brain of the PLC code incorporates structure for the following:
e Sequencesin the Grafcet (step) format.

To accomplish the third objective, the MS Excel and VBA programs were used to create the
APCG software. The MS Excel spreadsheets are used for user interface. The VBA (Visud
Basic for Applications) is used to create a PLC code from the information entered on the MS
Excel. The APCG software creates a PLC program, in an L5K file format. This file can be
opened by a PLC program, the RSL ogix5000 software.

The fourth objective was accomplished by using the APCG software in the Plate Freezer
project, undertaken by Realcold Milmech Pty. Ltd. The Plate Freezer project had over 150 PLC

Inputs and Outputs, with 90 sensors and 53 actuators.

The effectiveness and efficiency of the APCG software was recorded, as required in the
definition of the fifth project objective. The time taken to design and test the PLC code for the
Plate Freezer project was improved when using the APCG software in comparison to the
budgeted time. The design of the Functional Description for the system was improved by 11
hours. To write a PLC code it took 88 hours less than budgeted, which is an improvement of
more than 50 %. The PLC code created by APCG software was more reliable, which is proven
by recorded time for the testing of the PLC code, which was 13 hours less than budgeted.
Overall, Engineering costs, and thus, project costs were improved. The Engineering costs were
improved by NZ$8, 960.00 or 12.59 %. The project costs were improved by 2.93 %.

For the last objective this thesis |ooked at past projects (section 5.1) and it can be concluded that
the savings in cost would be NZ $4,999.80 for the second Plate Freezer project, NZ $26, 233.30

for the first Refrigeration project and NZ $15,248.40 for the second Refrigeration project.

The information above indicates that the research done has been successful, and all objectives

were compl eted.
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6.2 Limitations

There were afew factors, which restricted this research thesis.

e Number and variety of Real Life Projects - The projects done by Realcold Milmech are
long in duration in relation to the time allocated for this thesis. One project can last up to
12 months. Consequently, it was difficult to get more than one Real Life project to test
the efficiency of the APCG software.

e The Margin of Error for the cost improvements was unattainable because the APCG

software was used in only one project.

e All of the AQI instructions were created from the authors experience while working for
Reacold Milmech Pty. Ltd. As each company keeps their secrets to themselves, it was
not possible to see how other companies have created their AOI instructions. Therefore,

some of the information may not be agreeable for the setting of other companies.

6.3 Implications

This thesis has attempted to improve the efficiency of writing the PLC code. The need to be
more competitive on the market is becoming greater[4]. Thus, any way of increasing the
productivity has the potential to provide a company with a competitive edge. Based on the
results of this project, the APCG software will be useful for programmers that tend to handle a

variety of projects on aregular basis, where programming in a modular way is not appropriate.
Because more than athird of the budgeted time, for designing and testing a PLC code, is saved

this has the potential to result in faster project turnover. This improved efficiency may lead to

greater profit margin for the company as well asimproved client satisfaction.
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6.4 FutureResearch

This research can be considered as a second step in the creation of the APCG software. The first
step was achieved by researches, such as Guttel et a [1], who have created a blueprint for this

research.

The APCG software can be enhanced in number of ways:

e Selection of the Rockwell PLC Controllers — There are over 30 different controllers,
which can be selected in RSLogix5000 software. At present, the APCG software works
only with RSLogix Emulate 5000 Controller. The APCG software can be improved by
adding more controllers to be available as a selection.

e Selection of the Rockwell PLC I/O cards — The APCG software does not connect the
PLC code to the PLC 1/O card. There is a wide selection of the PLC 1/O cards for the
Rockwell controllers. To enhance the APCG software further, a selection of PLC /O
cards can be added to it.

e Increasing the number of RSLogix5000 instructions — APCG software uses only the
most common instructions used by the electrical engineers at Realcold Milmech Pty.
Ltd. The number of PLC instructions is vast, and the additional AOI instructions make
this number ever greater.

e Automatically generate HMI/SCADA database — Another opportunity to increase the
effectiveness of the APCG software is to enable it to create HMI/SCADA database for
various HMI/SCADA vendors.

e Upload the existing project into the Automatic PLC Code Generator software — To make
some minor changes to the existing PLC code, as well as to keep the APCG software
program up to date uploading existing projects into APCG software is an important part.

e Link two APCG software programs together, to create one PLC code — A large system
could be split into sections that are more manageable for PLC programming. Each
section could have its own APCG program. It would be beneficia if the APCG
programs for each section can be linked to create the final PLC code for that system.

e Making the APCG software compatible, with other PLC typesi.e. Siemens, Omron etc.
— At present, the APCG software is only compatible with RSL ogix5000.
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7 Conclusion

The results of this project indicate that using APCG software is a more effective and efficient
way of designing the PLC code than the traditional way. The APCG software was built
according to the PLC program standard of Realcold Milmech Pty. Ltd. and the outline provided
in the research paper by Guttel et al [1].

The APCG software was created by using MS Excel and VBA programs. MS Excel
spreadsheets were used for the user interface, while VBA program was used to create the PLC
code from the entered data.

Using, the APCG software, in areal life project it was apparent that it can be used to create a
more reliable PLC program. In addition to this, the time taken to create the PLC program was

greatly improved.

In conclusion, the APCG software can be used to create a fully functional PLC code, with

minimised programming time and costs, thereby improving the profit margin for projects.
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10 Appendices

10.1 Appendix A: An Empty L5K file

(*********************************************

I mport-Export

Version := RS.ogix 5000 v17.00

Owner := NMastilovich, Realcold Industrial
Exported := Thu Jul 16 17:57:44 2009

Note: File encoded in UTF-8. Only edit filein a program
which supports UTF-8 (like Notepad, not Wordpad).

**********************************************)

IE_VER:= 2.8;

CONTROLLER Masters Empty (Processor Type := "Emulator”,
Major := 17,
TimeSice := 20,
ShareUnusedTimeSlice := 1,
RedundancyEnabled := 0,
KeepTestEditsOnSwitchOver := 0,
DataTablePadPercentage := 50,
SecurityCode := 0,
S-CExecutionControl := "CurrentActive",
SCRestartPosition := "MostRecent",
S-ClLastScan := "DontScan”,
SerialNumber := 16#0000_0000,
MatchProjectToController := No,
I nhibitAutomaticFirmwareUpdate : = 0)

MODULE Local (Parent := "Local",

ParentModPortld := 1,
CatalogNumber := "Emulator”,
Vendor := 1,
ProductType := 14,
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ProductCode := 53,

Major := 17,

Minor := 2,

PortLabel := "RXBACKPLANE",
ChassisSze := 4,

Sot:=1,

Mode := 2#0000_0000_0000_0001,

CompatibleModule := 0,

KeyMask := 2#0000_0000_0001_1111)
END_MODULE

TAG
END_TAG

PROGRAM MainProgram (MAIN :="MainRoutine",
MODE :=0,
DisableFlag :=0)
TAG
END_TAG

ROUTINE MainRoutine
END ROUTINE
END PROGRAM

TASK MainTask (Type := CONTINUOUS,
Rate := 10,
Priority := 10,
Watchdog := 500,
DisableUpdateOutputs := No,
InhibitTask := No)
MainProgram;
END_TAX

CONFIG ACII(XONXOFFEnable := 0,
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DeleteMode := 0,

EchoMode := 0,
TerminationChars := 65293,
AppendChars := 2573,
BufferSze := 82) END_CONFIG

CONFIG ControllerDevice END_CONFIG

CONFIG CST(SystemTimeMaster|D := 0) END_CONFIG

CONFIG DF1(DuplicateDetection := 1,
ErrorDetection := BCC Error,
EmbeddedResponseEnable := 0,
DF1Mode := Pt to Pt,
ACKTimeout := 50,
NAKReceiveLimit := 3,
ENQTransmitLimit := 3,
TransmitRetries:= 3,
SationAddress := 0,
ReplyMessageWait := 5,
PollingMode := 1,
MasterMessageTransmit := 0,
Normal PolINodeFile := "<NA>",
Normal PollGroupSze := 0,
PriorityPolINodeFile := "<NA>",
ActiveStationFile := "<NA>",
SavePoll Timeout := 3000,
EOTSuppression := 0,
MaxStationAddress := 31,
TokenHoldFactor := 1,
EnableSoreFwd := 0,
SoreFwdFile:= "<NA>") END_CONFIG

CONFIG ExtendedDevice END_CONFIG

101




CONFIG FaultLog END_CONFIG

CONFIG FileManager END_CONFIG

CONFIG ICP END_CONFIG

CONFIG PCCC END_CONFIG

CONFIG Redundancy END_CONFIG

CONFIG SerialPort(BaudRate := 19200,
Parity := No Parity,
DataBits := 8 Bits of Data,
SopBits:= 1 Sop Bit,
ComDriverld := DF1,
PendingComDriverld := DF1,
RTSOffDelay := 0,
RTSSendDelay := 0,
ControlLine := No Handshake,
PendingControlLine := No Handshake,
RemoteModeChangeFlag := 0,
PendingRemoteModeChangeFlag := 0,
ModeChangeAttentionChar := 27,
PendingModeChangeAttentionChar := 27,
SystemModeCharacter := 83,
PendingSystemModeCharacter := 83,
UserModeCharacter := 85,
PendingUserModeCharacter := 85,
DCDWiaitDelay := 0) END_CONFIG

CONFIG UserMemory END_CONFIG

CONFIG WallClockTime(Local TimeAdjustment := 0,
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TimeZone := 0) END_CONFIG

END_CONTROLLER
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10.2 Appendix B: L5K fileinstructions

Each rung consists of two parts, the condition and the output[19]. The conditions are on the left

hand side of the rung and the outputs are on the right hand side (Figure 80).

The flow of the rung goes from left to right[19].

Digital_Input1 Digital_Input1 Digital_Output1
i
Digital_Input1 Digital_Output1
e L
Digital_Input1

Figure 80 - Rung Flow

If the conditions are in series (top rung in Figure 80), that means that the condition 1 AND the
condition 2 need to be true for the Output to turn ON.
If the conditions are parallel to one another (bottom rung in Figure 80) this means that condition

1 OR condition 2 needsto be true for the Output to turn ON.

XIC, XIO, ONS, OTE OTL and OUT Instructions
These instructions are bit instructions. These instructions are very common for Subroutine

programming. All of the bit instructions are shown in Figure 81.

Digital_Input1 Digital_Output1
1 Il

Digital_Input1 Digital_Output1
2 =fe L

Digital_Input1 Digital_Output1
3 ——J|ONSJ} U

Figure 81 - Relay Subroutine
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The L5K file representation of the instructions, shown in Figure 81 is as follows.

N: XIC(Digital_Inputl)OTE(Digital_Outputl);
N: XIO(Digital_Input1)OTL(Digital_Outputl);
N: ONS(Digital_Inputl)OTU(Digital _Outputl);

XIC, XIO and ONS are condition instructions, while OTE, OTL and OTU are output
instructions.
Each rung starts with the “N:” which indicates the start of the rung. The start of the rung is

followed by the conditions than the output. Each rung is finished with the semicolon “;”.

Looking at Figure 80 and putting it into L5K file the code is represented as follow:

N: XIC(Digital_Input1l)XIC(Digital_Inputl)OTE(Digital_Outputl);
N: [XIO(Digital_Inputl) ,XIO(Digital_Inputl) |OTL(Digital_Outputl);

In Figure 80 first rung is simple one transition follows another. At the end of the rung, thereis
an output. The second rung is somewhat different, and has extra items associated with it. First
thing that is different is the square bracket. The conditions, which are connected by an “OR”
function, need to be put in the square brackets. In addition, it is important to notice that the

“OR” function is represented by the comma.

Digital_Input1 Digital_Input2  Digital_Input3 Digital_Output1

Digital_Input4

Il

Figure 82 - Relay OR function

To explain the “OR” function a bit further, a more complex code is used, which is shown in

Figure 82.
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L5K file representation of the PLC codein Figure 82 is:

N:XIC(Digital_Inputl)[ XIC(Digital_Inputl) XIC(Digita_Inputl) ,XIC(Digital_Inputl)
]OTE(Digita_Outputl);

As it was mentioned above, when conditions are linked with OR, a square bracket and comma
need to be used.
When OR function is used the formula that needs to be used, for the Figure 82, is as fallows:

Condition1 AND [Condition2 OR condition3] = Output1

Condition 1 = Digital _Inputl
Condition 2 = Digital_Input2 AND Digital_Input3
Condition 3 = Digital_Input4

So all the conditions that are part of the OR function need to be in the square brackets.

LES, LEQ, EQU, GEQ and GRT instructions
The instructions in Figure 83 are “Compare” instructions. For the compare functions, two

integers (tags) are required, as one integer is compared against another.

LES— Lessthan instruction

LEQ — Lessthan or equal to instruction
EQU — Equal to instruction

GEQ — Greater than or equal to instruction
GRT — Greater than instruction
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LES Digital_Output1
— Less Than (A<B)

Source A Analoginput1
(e

Source B Analoglnput2
(e

LEQ Digital_Output1
— Less Thanor Eql (A=<=_.
Source A Analoginput1
(e
Source B Analoginput2
(e

EQU Digital_Output1
—— Equal

Source A Analoginput1
(e

Source B Analoglnput2
(=

GEQ Digital_Output1

Grir Than or Egl (A==B)

Source A Analoginput1
(e

Source B Analoginput2
(e

GRT Digital_Output1

—  Greater Than {A=B)

Source A Analoginput1
(=

Source B Analoglnput2
(=

Figure 83 - Compare Instructions

L5K file representation of the PLC codein Figure 83 is:

N: LES(Analoguel nput1,Analoguel nput2) OTE(Digital_Outputl);

N: LEQ(Analoguel nput1,Analoguel nput2) OTE(Digital_Outputl);
N: EQU(Analoguel nput1,Analoguel nput2) OTE(Digital_Outputl);
N: GEQ(Analoguel nput1,Analoguel nput2) OTE(Digital_Outputl);
N: GRT(Analoguel nputl,Analoguel nput2) OTE(Digital_Outputl);

MOV instruction

Move instruction (MOV) is another commonly used instruction, especially in Sequences. This

instruction is used to move a value into an integer (tag).
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MOV

Move
Source 1 Dest Analoglnput1
O«

Figure 84 - Move instruction

This instruction also needs two tags, or one value and a tag to work. L5K file representation of
the PLC codein Figure 84 is:

N: MOV (1,Anal oguel nputl);

ADD, SUB, MUL and , DIV instructions

ADD — Add instruction
SUB — Subtract instruction
MUL — Multiply instruction
DIV — Divideinstruction

ADD
Add
Source A Analoglnput1 BEISEANnaloginput?
0« 0«
Source B 1

Figure 85 - Add instruction

L5K file representation of the PLC codein Figure 84 is:

N: ADD(Analoguel nput1,1,Analoguel nput2);

For these instructions, three tags or one value and two tags are required. Between each tag or
value thereis a comma.
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TON, TOF, CTU and CTD instructions

Timers and counters are very important (and are always) part of the PLC code.

TON
Timer On Delay
Timer Timer1
Preset 1000¢
Accum Qe

Figure 86 - Timer instruction

Each timer and counter has three fields that need to be filled, Timer tag, Preset value, and

Accumulation value (Figure 86 and Figure 87).

Preset value is the set value, and timer counts to this value. Preset value of 1000 equates to 1

second. In the Figure 86, the timer is set to time up to one second. For the counters a reset

instruction is used to reset the counter to zero.

CTU
Count Up
Counter Counterf
Preset 10«
Accum 0«

Counter1
RES

Figure 87 - Counter Instruction

The L5K representation of the code shown in Figure 86 and Figure 87 is as follows.

N: TON(Timer1,1000,0);
N: CTU(Counter1,10,0);
N: RES(Counterl);

Reset instructions can be used for timers as well.
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10.3 Appendix C: Plate Freezer project PLC I/OsList

Plate Freezers Common Sensors and Actuators

Hydraulic Oil High Temp Digital Sensor
Hydraulic Oil Low Level Digital Sensor
Door 1 - safety switch Digital Sensor
Door 2 - safety switch Digital Sensor
Door 3 - safety switch Digital Sensor
MCC E-Stop Digital Sensor
Ceiling temperature sensor Analogue Sensor
Wall temperature Analogue Sensor
Solenoid Valve Pump Unloader Solenoid
Scissor manifold circulation valve Solenoid
Hydraulic power pack motor Motor
Siren/Flashing Light Actuator

Sensorsand Actuators per Plate Freezer

Note ltemsin Yellow are not in Plate Freezer #3

Carton Stop 1 - up Digital Sensor
Carton Stop 1 - down Digital Sensor
Carton Stop 1 - blade down Digital Sensor
Load conveyor 1 - extra carton Digital Sensor
Load conveyor 1 - first carton Digital Sensor
Load conveyor 1 - last carton Digital Sensor
Load conveyor 1 - conveyor clear sender Digital Sensor
Load conveyor 1 - conveyor clear receiver Digital Sensor
Unload conveyor 1 - conveyor clear sender Digital Sensor
Unload conveyor 1 - conveyor clear receiver Digital Sensor
Stack 1 — in-feed clear sender Digital Sensor
Stack 1 — in-feed clear receiver Digital Sensor
Stack 1 — out-feed clear sender Digital Sensor
Stack 1 — out-feed clear receiver Digital Sensor
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Stack 1 - plates level left Digital Sensor
Stack 1 - plateslevel right Digital Sensor
Stack 1 - Top stack fully open Digital Sensor
Stack 1 - stack fully closed Digital Sensor
Stack 1 - top left clamp cylinder extended Digital Sensor
Stack 1 - top left clamp cylinder retracted Digital Sensor
Stack 1 - bottom left clamp cylinder extended Digital Sensor
Stack 1 - bottom left clamp cylinder retracted Digital Sensor
Stack 1 - top right clamp cylinder extended Digital Sensor
Stack 1 - top right clamp cylinder retracted Digital Sensor
Stack 1 - bottom right clamp cylinder extended Digital Sensor
Stack 1 - bottom right clamp cylinder retracted Digital Sensor
Stack 1 - pecker cylinder left fully retracted Digital Sensor
Stack 1 - pecker cylinder right fully retracted Digital Sensor
Scissor 1 - home position Digital Sensor
Stack 1 - height encoder Analogue Sensor
Scissor 1 - encoder Analogue Sensor
Plate freezer 1 - main lift raise Solenoid
Plate freezer 1 - main lift lower Solenoid
Plate freezer 1 - scissor extend Solenoid
Plate freezer 1 - scissor retract Solenoid
Plate freezer 1 - upper clamp extend Solenoid
Plate freezer 1 - upper clamp retract Solenoid
Plate freezer 1 - lower clamp extend Solenoid
Plate freezer 1 - lower clamp retract Solenoid
Plate freezer 1 - pecker extend Solenoid
Plate freezer 1 - pecker retract Solenoid
Plate 1 in-feed Motor
Plate 1 out-feed Motor
Carton Stop 1 Motor
In-feed Conveyors
90 deg diverter - carton present Digital Sensor
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90 deg diverter - carton clear Digital Sensor
90 deg diverter - motor home position Digital Sensor
90 deg diverter - upstream accumulation full Digital Sensor
Wall to diverter Motor
Elliptical diverter Motor
Out-feed Conveyors

Out-feed Conveyor 1 - conveyor clear sender Digital Sensor
Out-feed Conveyor 1 - conveyor clear receiver Digital Sensor
Out-feed Conveyor 2 - conveyor clear sender Digital Sensor
Out-feed Conveyor 2 - conveyor clear receiver Digital Sensor
90deg transfer and decline Motor
Out-feed to wall Motor

L P Separator/Refrigeration
L P separator Emergency Stop Digital Sensor
LP separator - high level switch Digital Sensor
LP separator - level differential pressure
transducer Analogue Sensor
L P separator - suction pressure transducer Analogue Sensor
Pump 1 - discharge pressure transducer Analogue Sensor
Pump 2 - discharge pressure transducer Analogue Sensor
Pump - common pump suction transducer Analogue Sensor
Plate freezer 1 - liquid solenoid valve Solenoid
Plate freezer 2 - liquid solenoid valve Solenoid
Plate freezer 3 - liquid solenoid valve Solenoid
Liquid make up solenoid valve Solenoid

Liquid make up modulating valve

Modulating Valve

Liquid Pump 1

Motor

Liquid Pump 2

M otor
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10.4 Appendix D: CD Content

e Empty APCG program

e Empty RSLogix5000 I5k file

e Empty RSLogix5000 ACD file

e Real Life project - APCG program (only partial)

e Real Lifeproject - RSLogix5000 15k file (only partial)

e Readl Lifeproject - RSLogix5000 ACD file (only partial)
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