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m Changing Device Initial Values without Correcting the Program
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»m Simplifying Ladder Programs

In a large-scale ladder program, the connection of devices, instructions, and ruled lines can become quite complicated, making
it difficult to grasp what processing the program performs.

In particular, numerical calculations, such as a formula completed on a single line, must be programmed using a combination of
instructions.

Use “Inline Structured Text” to solve these problems.

A ladder program is replaced by a program that is partially written in structure text (ST) language.

The ST language is a sequence control programming language similar to C language used for computer software programming.
Numerical calculations can be written using formulas, so even programmers who are not familiar with C can use inline
structured text.

The following figure shows an example in which part of the ladder program for the system is replaced with inline structured text.
You can see that the complicated latter program is now easy to understand.

D3=00-01-D2;
INT_TO_REAL_E({Start defect percentage calculation, DO, inp0y;
INT_TO_REAL_E{Start defect percentage calculation,D1,inp1;
— INT_TO_REAL_E(Start defect percentage calculation,D2,inp2y;
IF inp0=E0 THEM
resulth ={inpfinp0*E100;
ErD_IF;
D3:=D0-01-0 REAL_TO_INT_E{Start defect percentage calculation, resulta, D4);
:SHE_E_EET rejact_pat -:a::. ﬁ. nel  |F {inp0-inp1)=E0 THEM
Start_reject pci calc, ,npl = i - * @
INT:TD:REAL:EtE'A'. rejact E—:‘. cale, D2, rhp FEESUHEIL—.I:IFIDEII:IHDD InpE100,;
IF gl = E0 THEM - REAL_TO_INT_E{Start defect percentage calculation, resultB,Da);
results s={ing1 finp0) * E100; y

/

Siert raject pct calc

Press the button to watch the
animation from the heginning.
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»m Simplifying Ladder Programs
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m Creating Programs that are Easy to Understand and Read

You may find it difficult to understand the details of control in a large-scale program by just looking at the program. The
following problems can occur as a result:

* You make program errors (such as input of incorrect instructions or devices).

* You are unable to find the causes of program errors.

= Someone taking over the programming cannot understand the details of control.

Use “Comment” to solve these problems.

Memos such as control information and device names can be attached to the program so that the details of control can be
easily understood.

These comments should be input wherever possible to create programs that are easy to understand not only for you, but
also for others.

X6 X7 X6 X7
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® | END H 8 [ enp H

GX Works2 allows the following comments to be input.

Comment type Comment range

Device comment A comment can be attached to a device.
This comment indicates the application of each device and the type of connected /O device.

A comment can be attached to a ladder block.

Statement . .
This comment makes the flow of processing easy to understand.

A comment can be attached to a coil/application instruction in the program.

Note . . . ,
° This comment makes the contents of a coil (output) and an application instruction easy to understand.
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m Writing a comment for each ladder block
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m Writing a comment for each output (coil, application instruction)
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“ Making it Easy to Read Programs Containing Special Relays/Registers

If special relays, special registers, and/or intelligent function module devices are used in a program, it can be difficult to
understand all of the applications and functions of these devices. You need to read the program with the manual in your hand.
Although the program would be easier to read if a comment is attached to each device, considerable time and effort would be

required for attaching comments if many devices are used.

Use “Sample Comment” to solve these problems.
GX Works2 provides sample comments describing the applications and functions of special relays, special registers, and

intelligent function module devices.
Using these sample comments makes it much easier to attach comments to devices to make the program easy to read.

The sample comments can be modified as necessary.
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m Making it Easy to Read Programs Containing Special Relays/Registers
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( Chapter 3 Debug_ging

Learning steps in Chapter 3

In Chapter 3, you will learn about the functions used for debugging.
GX Works2 provides many different monitoring and debugging tools to correct errors (bugs).
Create error-free, quality programs using these monitoring and debugging tools.

3.1 Monitoring Only Target Devices and Labels
3.2 Checking Use Status of Devices and Labels
3.3 Collecting Information on Device Value Change over Time
3.4 Changing Device Values without Correcting the Program
3.5 Debugging Program Operation Step by Step
3.5.1 Using the Step Execution Function
3.6 Simulating the Operation of an External Device
3.6.1 Inputting Device Values for Setting the /O System
3.6.2 Using the Timing Chart Format for Setting the /O System
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} Munitoring Only Target Devices and Labels

A program uses many instructions and devices.

In addition, the long vertical length of a program means that only part of it is displayed at a time on the PC monitor
screen.

Therefore, the ladder monitor alone cannot monitor the entire operation.

Use “Watch” to solve these problems.

This function can be used to monitor only the devices and labels that you have specified in advance.
Two or more Watches can be created to ensure that each range is monitored.
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} Munitoring Only Target Devices and Labels )

[BF MELSOFT Series GX Works2 C:\Sequential Programs\e-learning\Robot control - [[PRGIMonitor Executing MAIN (Read Only) 194 Step]  [= |[B][X]

! Project Edit  Find/Replace  Compile  Wew ©Onlne Debug  Diagnostics  Tool  Window  Help -8 X

NERAle gicbE T o | EREREG SN S R A Dm0

el ) = R T B o | D)l L L) S e | I U E b | S il ) Lk o e T ) b 2 2B

g E T P % % B B %% e

: Navigation 1 x 4¢] [PRGIMonitor Executing M... l 1k -
S
Wi B
EP—J _'.Ehlﬂ|%' e -
+ Parameter Prod line contr ~
Inteligent Function Madu
4% Global Device Comment d
+- (% Global Label E
+ Program Setting — Switch
-4 PoU [ « * RUN
= @ Progranm
—-{ e} MAIN LED
4kl Proaram RODE
RLIF
- ERR.
- USER g
: watch 1 The present values of the devices registered with Watch 1 are monitored. k
DeviceLabel | Curel«¥alue | Data Type | Clazs | Device | Camrment |
Al ] Bit Al Start switch
#1 ] Bit #1 Partg input zensar
#e 0 Bit #e Finish Watch registration and monitoring.
=a 1] Bit =a
Click & ) to proceed.
M watch 1 L Wakch 2 I
Enalish Simple Q03UDE Simulation (54 Nl.i-‘l

|_‘ﬂ’_| | " | |_‘E'_| |_‘ﬂ’_| _.




PLC_GX Works2 Advanced ENG

} Checking Use Status of Devices and Labels

A program uses the same devices and labels at different locations.
You may want to check the use status of these devices and labels by comparing them between locations.

Use “Cross reference” to do this.

This function lists the locations of the devices and labels matching the search conditions so that you can compare them and
check for incorrect usage.
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»m Checking Use Status of Devices and Labels
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b
“ Collecting Information on Device Value Change over Time [ Quality

You may want to confirm that the changes in device and label values are within the design range or perform
troubleshooting by checking the changes that have occurred in the event of a failure.

Use “Sampling Trace” in this case. (Only for MELSEC-Q and MELSEC-L series)

This function can be used to monitor and record the changes in device and label values over time. The record can
be saved to files.
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m Collecting Information on Device Value Change over Time )
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“ Changing Device Values without Correcting the Program Quality

When performing debugging, you may want to forcibly change device values to check the difference in program
operation.

However, this means that you must modify the program each time a device value is changed, which takes considerable
time and effort.

In addition, if you forget to set the modified program back to the original settings, it may cause another failure.

Use “Executional Conditioned Device Test"” in this case. (Only for MELSEC-Q and MELSEC-L series)

This function changes the device values upon execution of the step number specified in advance, without your having to
modify the program.
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m Changing Device Values without Correcting the Program pLic
[BF MELSOFT Series GX Works2 C:\Sequential Programsie-learning\Robot control - [[PRG]Monitor Executing MAIN (Read Only) 194 Step] Il
! Project Edit  Find/Replace Compile  Wew ©Onlne Debug  Diagnostics  Tool  Window  Help -8 X
A e gibE T | BREREE MR MR AN s ginra0] B
ee]| g | =) B 2| o o | [ g i St A L T I | M A aIS s ane i BT A6 S
gty IR A A% A IzEIREBI %A R EL
: Navigation 1 x 4¢| [PRGIMonitor Executing M. r£5ampling Trace I 1 -
Fy
[nT D2o 03 } N
? = .JI % Iﬂ | %v 0000 -h-_l
+ Parameter Prod line contr ~ = J :
Inteligent Function Madu ) )
A-¥ Global Device Cormrment
+- (% Global Label
+ Prograrn Setting 133 = oo D ] g 1
=1 POl !
Schescule aachuc bk
= @ Prl:lgram | parcachus 1 CRERT 1t &
—|-{j4F} MAIN o ve resd
4k Program i
‘a5 Local Label
7§ FE_Pool g B
™| GX Simulator2 [~ | | * "
Switch ) o =
W2
{ i sTOP & RN {47 _I_[ 04 oo ] £ ;I
LED - -
MODE I' e o Finish the Executional Conditioned Device Test.
RUN - - L Click [® ) to proceed.
ERE.
LISEFR [ D ) M2 ] 3
Enalish Simple Q03UDE Simulation (13 ML
a n o ]




1-G¥_Works2_Advanced_na00115_sng-A

»ﬂ Debugging Program Operation Step by Step

Use the “Step Execution Function” to solve this problem. (Only for MELSEC-Q and MELSEC-L series)
This function enables program execution one step at a time and thus implements step-by-step debugging.
Use the step execution function together with the simulation function. (The step execution function cannot be used for

debugging on an actual PLC.)

The following functions can be used by the step execution function.

Function Description

This function executes the program until the specified break conditions are satisfied.
Break . . .
axscution Program execution is stopped when the break conditions are satisfied.
Use a break point and break device to specify the break conditions.
2L This function executes the program step by step
execution )
Partial This function executes the ram only from the specified location
execution prog y P '

Quality,

During debugging, you may want to confirm the instruction execution in each step or check for changes in a device value.
However, step-by-step debugging can be difficult due to the fast program execution speed (scan time).
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L | )

>m Using the Step Execution Function

MELSEC-L series)

changes to locate a fault.

<Break point>

Set a break point where you want to
interrupt program execution.

Specify this in units of steps.

Up to 64 break points can be set in the
entire project.

<Skip range application>

<Break device>

Set a break device based on which program
execution is interrupted when the device or
label value satisfies the specified condition.

Up to 16 bit and/or word devices can be set.

A failure point can be narrowed down by using the skip range.
Perform break execution with and without a skip range set.
If a failure occurs only when the skip range setting is released, this indicates that the range includes a fault.

Specify a break point and break device as the debugging start location and start condition, respectively.
You can also specify a skip range within which you want to temporarily avoid program execution. (Only for MELSEC-Q and

When the break conditions are satisfied after break execution is started, program execution is interrupted.
Thereafter, while executing program operation step by step with the step execution function, check for device value

<Skip range>

Set a range within which the program should
not be executed, in units of ladder blocks,

during step execution.

Up to 16 ranges can be specified in the entire

project.

Quality,
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Using the Step Execution Function ) at:
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} Simulating the Operation of an External Device Quality

Debugging in conjunction with the operation of an external device is not possible in a development environment in which an
external device cannot be used, such as the simulation function.

To solve this problem, a debugging program that simulates the operation of an external device is conventionally added.
However, not only does it take considerable time and effort to create a simulation program, but it is also necessary to modify
the program when changing the operation.

Use “I/O System Setting” to solve this problem.

This function can simulate the operation of an external device without using a debugging program.

The operation of an external device can be easily set or changed in the setting window. Therefore, conventional program
creation/madification is not necessary.

The operation of an external device can be set in the following two ways:

<Setting device values>
The specified device value can be changed at the timer-set time after the specified conditions are satisfied.

<Setting in timing chart format>
A device change that has been set in the specified timing chart format can be driven when the specified conditions are
satisfied.
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»m Inputting device values for setting the 1/0 system ) Quality

[BF MELSOFT Series GX Works2 C:\Sequential Programsie-learning\Robot control - [[PRG]Monitor Executing MAIN (Read Only) 194 Step]

! Project Edit  Find/Replace Compile  Wew ©Onlne Debug  Diagnostics  Tool  Window  Help
S HE e it T o | BREREG MRS R A S e
iIEI%I%%I%*?q*l@lﬂ'hai*pﬂpﬂ?:‘?ﬁ%{pélﬁség?&?c’é‘.‘uliﬁiﬂiﬁiﬁ e ol I il S 1 e s

gt P E R EA % A IZEIRBI %% REE

: Navigation R 4¢] [PRGIMonitor Executing M. l 4 b -

PI‘DjE[t | Serwciuled pro oty soting | -

SW400 .

EP EE SRS % Iﬂ | %' w1 [may K20 3] 1
X

+ Parameter Prod line contr #
— SewEg= 0 Sl
Inteligent Function Madu i . .|:
§:¥ Global Device Comment

+- (% Global Label
+ Program Setting

—1. 45 pold [1 K10 gl }
= @ Pragram ™
~J- {48 MATN P
4k Program
é Local Label |
[ FE_Pool
[ Mo K3 gl u }

(E=® Structured Data Tvpe
™| GX Simulator2 [~ | | x

Siitch
lﬁ (" SsTOP (¢ RUN

Finish the device value setting and execution.

LED: 2 _I
MMODE =

RUN Click [® ) to proceed.

ERE.

LISER s

ish Simple Q03UDE Simulation (0 L




i
Kl PLC GX Works? Advanced ENG

»m Using timing chart format for setting 1/0 system
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[ Chapter 4 Project Management and Security Measures

Learning steps in Chapter 4

In Chapter 4, you will learn about the functions used for project management and security measures.

4.1 Preventing Leakage of Know-How and Unauthorized Modification of Programs
4.1.1 Limiting Accessible Data by Each User

4.2 Project Backup and Version Management
4.3 Comparing Programs Saved to Programmable Controller and Personal Computer
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33 —
Preventing Leakage of Know-How and Unauthorized Modification of Programs

The sequence program includes strategically important know-how and data.

The leakage of know-how and data from the program to the outside could have a devastating effect on business.

Unauthorized modification of the program could lead to production problems such as by stopping the system.

Use “Security” to solve these problems.

This function limits the users who can access each project under protection by password.
It can also limit the range of data or functions that each user can access or operate.

The function thus prevents unauthorized users from browsing or editing programs.
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m Limiting accessible data by each user @aﬁﬂ'ﬁa}' Hﬂaggnﬁt

A large-scale sequence program is often developed by two or more programmers sharing the work.

In a case of team development, the range of accessible data and available functions must be properly managed according to
the work range and skills level of each programmer and the confidentiality of the data handled by each programmer.

This access management can be implemented by setting security access levels.

<Access |level>

Operation privileges for the data included in the project can be set for each user.
The following five access levels can be set.

Access level Operation authority

High| Administrators Administrator level Authorized to use all functions.

Developers (Level3)

Security settings, data accessing and some

Developers (Level2) Developer level operations are restricied.

Developers (Level1)

Only project data browsing is available_Unable

Users Operator level to read from PLC CPU.

Low
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} Limiting accessible data by each user

[BF MELSOFT Series GX Works2 C:\Sequential Programsie-learning\Robot control - [[PRG]Read MAIN (Read Only) 194 Step]
! Project Edit  Find/Replace Compile  Wew ©Onlne Debug  Diagnostics  Tool  Window  Help -8 X
=12 10 BBl e BRI ARREE RS 288500000 AR

el e L R R e e @it Gt e e S 2 e 2 T e e e ) b e b B L) 15 2

H» £

: Navigation X +¢] [PRG]JRead MAIN {Read Onl... * ] 4 b -
PrDjE[t Setwcluled prod oty =eting

s % lﬂ | %v R | | —! [y K20 3l 1w
+-{3% Parameter Prod line contral 5 Schwchie
ﬁg Inteligent Function Module .' prexhic
\-¥ Global Device Cormrment
+ @ Global Label
+ Prograrn Setting
28 poy [1 K10 L }
- @‘j Progranm
ﬂ PAIN bt
4+| Program

= Local Label
[ FE_Pool
Structured Data Types [ Moy liv] 7
Ih Presr=ts

4 Local Device Comment Prace
B Device Memmory : '
™= Device Initial Yalue

+

+
I v

X
% Projeck a2 | £ 3

; II User Library - Finish the Security Setting.

. p——
-
| Connection Destination Click | &) to prm:eed.

B
-

Endlish Simple Iser Q03UDE Hosk Station (15 ML

|_‘ﬂ’_| [ | |_‘E'_| |_‘ﬂ’_| e |




PLC_GX Works2 Advanced ENG

@EI rroject Backup and Version Management )

An important program could be lost due to programmable controller CPU failure.

If a backup program is not available, there is little hope of a quick recavery.

Even if a backup program is available, it would be difficult to determine if the version is the same as the lost program unless
version management is secured.

To be prepared for unexpected circumstances, it is necessary to conduct periodic backup and ensure version management.

Use “Change history” to solve these problems.

This function can record up to 100 sets of change histories (history number, date/time, user, title, comment) of the project.
The project data at the time of recording is also backed up at the same time.

Version management ensured by the change history function allows you to restore lost programs, verify program versions,
and thus implement quick recovery in the case of unexpected circumstances.

Where is the
latest version?
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»m Praject Backup and Version Management

! Project Edit  Find/Replace Compile  Wew ©Onlne Debug  Diagnostics  Tool  Window  Help -8 X
NP A e o LRI L R R sl AR RN s Y R T
] 3 | 2| B o for @i HE DY S LaESA R RS R L EmmE M SEER
: Navigation X 4] [PRG]Write MAIN 194 Step ] 4 b -
PrDjE[t Setwciuled prod oty =eting

SO0
i sl Ei) 2 Ag- Ly — [uov a0 D0
+ Parameter Prod line contraol s i Schvchie

Inteligent Function Module )
V¥ Global Device Comment ',:,._. '

+ @ Global Label
+ Prograrn Setting

25 poy [1 K10 ZF_I-.II }
- E‘:" Prograrn |
=14} MAIN o
k] Program ',
é Local Label
+- 75§ FE_Pool
(B Structured Data Types [1 ooz }
Local Device Comment :

B Device Memmory
Cervice Initial Yalue i

< | | -
X0
,% Projeck a2 | Gl 3
| User Library ch Finish the change history registration, restore
process, and verification.
Connection Destination Click [® ) to prm:eed
- ) .
. 10 b ]
- 8 o —
Endglish Simple Q03UDE Hosk Station (18 ML

an W g




PLC_GX Works2 Advanced ENG

.
Comparing Programs Saved to Programmable Controller and Personal Computer Management

MNormally, programs are saved to a PC in the development environment and they are also written to the PLC.

These two programs are not always the same.
Performing only a visual check to see if they are the same could result in errors.

Use “Verify with PLC" to solve this problem.
This function can verify that the program opened by GX Works2 matches the program written to the PLC.




L PLC_GX_Works2_Advanced ENG S

b
m Comparing Programs Saved to Programmable Controller and Personal Computer )
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&= Final Test )

Now that you have completed all of the lessons of the PLC GX Works2 Advanced Course, you are
ready to take the final test. If you are unclear on any of the topics covered, please take this opportunity
to review those topics.

There are a total of 8 questions (8 items) in this Final Test.

You can take the final test as many times as you like.

How to score the test
After selecting the answer, make sure to click the Answer button. Your answer will be lost if you

proceed without clicking the Answer button. (Regarded as unanswered question.)

Score results
The number of correct answers, the number of questions, the percentage of correct answers, and the

pass/fail result will appear on the score page.

Correct Answers : 2
. To pass the test, you have to
- 9 L] .
Total Quesfons - answer 60% of the questions
correct.
Percentage : 22%
| Proceed | | Review | | Retry |

+ Click the Proceed button to exit the test.
+ Click the Review button to review the test. (Correct answer check)
* Click the Retry button to retake the test again.
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} Final Test 1 )

Which of the following functions enables efficient programming by using repeatedly used ladder
blocks as sharable components? (Choose one.)

Inline structured text

Label
Function block

Answer ] [ Back ]
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} Final Test 2 )

Which of the following functions can create easy-to-read programs by changing the device
names to names associated with their application? (Choose one.)

Device comment

Label

L) )

Mote

Answer ] [ Back ]
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} Final Test 3 )

Which of the following functions can create easy-to-read programs by providing information on
processing for each ladder block? (Choose one.)

Device comment

Line statement

L) )

Mote

Answer | | Back |
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} Final Test 4 )

Which of the following is the correct explanation for the “Verify with PLC” function? (Choose one.)

. Compares the program being edited with a program recorded in the change history.

Compares the program being edited with a selected program saved to the PC.

L) )

Compares the program being edited with a program written to the PLC CPU.

Answer ] [ Back ]
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} Final Test 5 )

Which of the following is the correct explanation for the “I/O System Setting” function? (Choose one.)

Simulates the operation of external /O equipment on the personal computer during debugging.

)

Remotely controls the operation of external /O equipment from the personal computer during debugging.

— Simulates the operation of the PLC CPU on the personal computer during debugging.

Answer ] [ Back ]
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} Final Test 6 )

Which of the following is the correct explanation for the “Change history” function? (Choose one.)

Records the operation of GX Works2 step by step so that it can be freely restored later.

)

Records history information and backups of the project to enable venfication and restoration later.

Answer ] [ Back ]
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} Final Test 7 )

Which of the following functions can be used during debugging to change only the device values
without modifying the program? (Choose one.)

Break execution

/0 system setting

Executional conditioned device test

Answer ] [ Back ]
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} Final Test 8 )

Suppose the project includes two programs, A and B, and you use the “label” function.
Which of the following types of labels can be accessed by program B? (Choose two.)

" Global label
Local label of program A
Local label of program B

Answer ] [ Back ]




kg PLC_GX_Works2_Advanced_ENG —

} Test Score )

You have completed the Final Test. You results area as follows.
To end the Final Test, proceed to the next page.

Comect answers : 0
Total questions : 8
Percentage - 0%
Proceed ‘ ‘ Review ‘ ‘ Retry |

You failed the test.
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»

You have completed the PLC GX Works2 Advanced Course.

Thank you for taking this course.

We hope you enjoyed the lessons and the information you acquired in
this course will be useful in the future.

You can review the course as many times as you want.

Review | | Close




