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You are summarising the report rather than
the project.
1 - Executive Summary

This report is a continuation of assignment 1 in which a problem with the Finishing
Robot on the CIM system required a solution. The problem was that the linear drive was
outdated and needed bringing up to Industry 4.0 standards while also improving its mechanical

performance.

To do this, the SIMATIC V90 Servo Drive by Siemens was selected as the most optimal
solution. This report details the design, implementation and testing of the V90 to the CIM
system. However, due to the national lockdown, the implementation and testing aspects of the

project were cut short.

The design process includes replacing the outdated Keyence PLC with a Siemens S7-
1212 AC/DC/RLY PLC, modifying the program to have the Teach Box functions available on
a HMI, and to allow for manual and automatic control of the linear drive. The V90 is then
configured and commissioned. All these are then tested in preparation for the integration to the

CIM system.

The conclusion to the project is that most of the design work is completed and the V90
drive is ready to be integrated to the CIM system and the existing PROFINET network.
However, if the project had gone as planned then the budget would have been exceeded with

the additional cost of panel components.

The panel already existed so no
further cost was needed.




You should be introducing the project
2 - Introduction notthe report. Aims and Objectives?

The contents of this report will detail the design, implementation and testing of the
improved linear drive system used to move the Finishing Robot within the CIM system in G8.
Within the previous report, a comparison of three solutions was done and the most suitable

solution, a SIMATIC V90 Servo Drive, will be used to fulfil the project’s design specifications.

The desired outcome of the project is a fully functioning Linear Drive System which
meets the FDS requirements, meets “Industry 4.0” standards, and provides a valuable

educational tool to be used to teach Servo Motor and PLC modules at the college.

However, due to the COVID-19 global pandemic, the implementation of the V90 Servo
Drive and Motor to the CIM system has been made impossible. Therefore, the implementation
and testing of the system has been inhibited. As a compromise, the design and commissioning

of the system will be tested as if it is theoretically part of the CIM system.

You did not need to
include this last
paragraph in the
introduction




- Design and Implementation

3

The work breakdown structure (WBS) created in assignment | will utilized to ensure

the design process is done correctly. The WBS can be seen in Figure 3.1.

Linear Dnve System
Improvement

I
|

[
_ﬂ.ol“ . HB<, ” -ED -. “ +

1.1 - Planning, WBS, and Management
Techniques to be Employed

1.3 - Project Background, Problem
Definition and Coastraints

I_ 1.4 - Function Design Specification and Test Planning _

|_ 1.5 - Literature Review and Choice of Final Solution _

Tou_.a.no&!.gimqg _
|
_ 2.3 - Testing, Analysis and Evaluation _

l_ 2.3.1 - Testing Hardware Operation _

I_ 2.3.2 - Testing HMI Operation _

I_ 2.3.3 - Testing Diagnostic Functions _

2.3.4 - Analysis of Results, Going
Back to 2.1 and 2.2 for Changes

2.3.5 - Evaluation of Wider Issues, Conclusions
and recommendations

[
T_-EEE; _

2.1.1 = Research

I_ 2.1.2 - Replacing Existing Hardware _

l_ 2.1.3 - Integrate to Existing Network _

l_ 2.1.4 - Program Hardware Operaticn (Linked 10 2.2.2) _

_Eng..lul.-l_r____lanna _

I_ 2.2.1-Research into Software Packages _

I_ 2.2.2 - Program Hardware Operation _

|_ 2.2.3 — Implement Coatrol Functions for New HMI Screens _

I_ 2.2 4 — Implement Diagnostic Functions for New HMI Screens _

‘e 3.1 - Work Breakdown Structure

Figur




3.1 - Replacing Existing Hardware

The first stage of the design process was to replace the existing Keyence PLC with a

Siemens S7-1200 AC/DC/RLY PLC. The inputs and outputs of the Keyence PLC were

determined by manually controlling the Finishing Station to see each I/O’s function, which

were then recorded using a diagram. This can be seen in Figure 3.2.

RES

]

E Teach Mitsi Teach
| Box Robot Box
[ -

L1

oj1]2|3]a|s|6]|7|8]|9|10]11]12]13]|14]|15

Keyence PLC

0|]1]2|3)4|5]16]|7

Mitsi
Robot

RSR RSN
RSL

00~ B WN O

o

SNoOU s WwN = O

Inputs

Outputs

Figure 3.2 - Kevence PLC I/'O Diagram

Encoder

RES

Left Limt

Right Limit

Move LEFT (Teach Box)
Move RIGHT (Teach Box)
Manual / Auto (Teach Box)
Store Position (Teach Box)

LSB
S8 | (Command Slider Position
MSB from Mitsi OBS8, 9, 10)

Move to Slider Position (Mitsi Signal OB11)

LSB .
B | (Slider Position 0 ... 7 from

MSB Teach Box)

Move to Select Position (Teach Box)

In Position to Mitsi

Move RIGHT RSR (Relay)
Move LEFT RSL (Relay)
Speed RSN (Relay)

The Teach Box was used to manually control the position of the Finishing Robot across

the actuator, store up to 8 positions, and switch between auto and manual modes. These

functions are easily transferred to an HMI screen making the Teach Box redundant, while also

reducing the required amount of inputs by 8. This was an important design decision as the

Siemens S7-1200 only has 8 inputs, whereas the Keyence uses all 15 to control the system.

Therefore, the number of required inputs must be reduced. Figure 3.3 shows the Keyence PLC

and Figure 3.4 shows the Teach Box.




Figure 3.3 - Keyence PLC

SLIDE MOTOR
TEACH - BOX °

AUTO b MAN

FT RIGHT

POINT SELECTOR

Figure 3.4 - Teach Box
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By reducing the number of inputs required, a diagram was then made detailing the I/Os

of the Siemens PLC.

24vDC Inputs
O\V 10.0 - Encoder
. 0.1 - RES or Direction
02 - Left Limit
- N/C 04 - Right Limit
04 - LSB — Mitsi CMD
240vAC ——] h i l ] s - 156 — Mitsi CMD
06 - MSB - Mitsi CMD
X10[LL|N|GND [Le[M[IM|.0].1].2].3].4]5].6].7 07 - Move to Slider Position - Mitsi CMD
—_ SN —
L) 1
240VAC Source Inputs Outputs
= =24
1=0V 0=24V Qoo - RSR
Siemens 57 - 1212C AC/DC/RLY g; - :zl
2 - L
10.13.90.106
Qo3
a4 - In Position to Mitsi
Qo.s
DQa
X121 |0]2].2]3]|20|4]S5

24VDC

o

To Mitsi (In
Position)

= 2 Z

222 ov

Figure 3.5 - Siemens PLC I/'O Diagram

Due to the lockdown, a photo of the Siemens PLC taking the Keyence’s place is
unavailable. After switching the PLCs, the program had to be modified to allow the Siemens

PLC to control the Linear Drive, and for the Teach Box’s functions to be implemented to a

HML. Photo could have been taken back in January at the time
of build, should be in the log book.

3.2 - Integrating into Existing Network and Modifying Program

The Mitsubishi robot (Mitsi) controls its linear position by sending signals to its
controller. These signals, as shown in Figure 3.5, are a ‘move to slider position’ command,
and three bits that combine to make a 3-bit binary number. These bits represent the position
number that the Mitsi should move to. As it sends out a 3-bit number, a total of 8 positions are
available (0 to 7). The Mitsi uses the ‘move to slider position’ command to tell the controller

when it needs to move to the next position.

Furthermore, the teach box inputs; manual move LEFT, manual move RIGHT, manual

/ auto mode switch, store position, LSB, ISB and MSB had to be integrated into the program.

11




The LSB, ISB and MSB bit inputs are used in conjunction with the store position command to

tell the PLC to store the encoder reading for positions 0 to 7.

Knowing this information, the Teach Box can be implemented to the PLC program, and

changes can be made to the existing controls. Firstly, the PLC must be added to the master TIA

project with the IP address: 10.13.90.106. You should be

writing about what

» @ ALC 107 Master-0 [CPU T =

was done rather

b (2 L 102 Preumati Stato_ Sy 8 "tperrshstructing

: :x::m-us:u?n-_ - D“’x::’:c = your reader in @snwa:dr:uinfm.mjm .
» [ PLC 105 Weter Reckuled.. Channelt | what they should sdoress: L1013 .90 . 10¢
* B PLC 106 Lineer Drive [CPU_.. i A do. "h b Subnet mask: | 255 . 0 Q o |
» (3 HMI 131 Master [KTP120._ e 0. 'nhas been [=) Use router

¥ 2] HMI 132 Preumatic Stati. I " T .

5 R T3 N A S Channeld ! added" is better Router address: [0 o0

ChannelS

() 1P address is set directly at the device
IO addreszes

= (2] HMI 134 Hydraulic Statio...

L e ]

than "must be

a .
Figure 3.6 - PLC 106 IP Configuration

Using the block diagram shown in Figure 3.7, the PLC is integrated to the existing
network via a network switch using PROFINET Industrial Ethernet (PN/IE). This allows the

PLC to communicate with all the other devices on the CIM system network.

Siemens KTP700 HMI

PBDINET
Siemens $7-1200 AC PROFINET Network
i |g———FR.OFDY
DCRLY PLC = > Switch
RE212 PROFINET
There are other discrete signTls between these two. l
Mitsubishi Finishing
Robot Siemens V80
0=0
RS232 comms is in the other direction T

Figure 3.7 - Linear Drive Block Diagram
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Next, the input and output tags were assigned in the PLC’s hardware configuration

settings.

General I 10 tags [ System constants I Texts
Name Type Address  Tag table
<@ Encoder Bool %10.0 Default tag table
@ RES Bool %I0.1 Default tag table
<41 Left_Limit Bool %I10.2 Default tag table
<@ Right_Limit Bool %I0.3 Defaulttag table
<@ CMD_Slider_Po... Bool %I0.4 Default tag table
<@ CMD_Slider_Po... Bool %10.5 Default tag table
<€ CMD_Slider_Po... Bool %10.6 Default tag table
<€ Move_To_Slider... Bool %10.7 Default tag table
<@ Move_Right_RSR Bool %Q0.0 Default tag table
<€ Move_Left_ RSL  Bool %Q0.1 Default tag table
@ Speed_RSN Bool %Q0.2 Default tag table
Bool %Q0.3
<4 In_Positionto ... Bool %Q0.4 Default tag table
Bool %Q0.5

Figure 3.8 - /O Tags in PLC Hardware Configuration

The HMI that is used is the Hydraulic Station HMI with an IP address of: 10.13.90.134.

= | HMI 134 Hydraulic Statio_

» Genersl
Y Device contgumation et
8] Oline & disgnottics = PROFINET Interface [X1]
- General
Runtime settings
- .‘ = i Ethernet addresses
creens
C' e - » Advanced options
z Info
] 00 Main Menu raenn

] 01 Mydraulic Robot A
[C] 02 mydraulic Robot T.
] 03 Hydraulic Asiz At
] 04 Hydraulic Axs Bt
] 05 Hydraulic Asz Ct
] 06 Hydraulic Press
[T 07 Mitsubishi Robet -
[ o8 Linear Drive

e A

Ethemet addresses

Interface networked with

Subnet: | PNIE_1
( e e
IP protocol

() Set P address in the project
IPaddress: | 10 .13 , 90

Subnet mask:
[ uze router

Figure 3.9 - HMI IP Configuration

Figure 3.9 shows the HMI screen that is used to control the Linear Drive system. It

contains the functions that were originally from the Teach Box, diagnostic indicators for the

PLC I/Os, and fields that display data such as encoder distance etc. This screen can be used to

manually control the position of the robot, teach the PLC positions and start the automatic

process.

13




m Right

+0000.00

+0000.00

Store Position

Move to Selected Point

Figure 3.10 - Linear Drive HMI Screen

For this HMI to function, the main Organization Block required new Ladder to be
written. Additionally, ‘Control’, ‘Teach Box’ and *Position’ data blocks were created to store

control variables.

Control
 Neme Data type Start value ‘Rewin  Accessiblef.. Writa.. Visiblein .. Setpaint  Comment
1@~ saic L1 = 0 0 0
m Distance Error _llhil 0.0 0 =) ™~ ™~ (]
3 @-= Distance Slowdown  Real 0.0 0 ~ =] =] =]
4 @w=  Distance Deadband  Real 0.0 B8 I~ ™~ ™ (]
5 @  Distance Setpoint Real 00 B [~ ~ ~ =]
@ el sool e B 8 8 &8 8
7 @@= MoveRight gool false = ™ - - =]
& @  Absolute Distance Error Real 0.0 ] ~ =] =] =]
s a@s  mn ool folze 0 g @ @ 0
d6l@= Highspeed gool false =) =] =) =& =]
Figure 3.11 - Control Data Block
Position
| Neme | Datatype Swrtvelie  Rewin  Accessiblel.. Writa.. Visiblein .. Setpoint | Comment
v Static O O O O 0
+ o | Real 00 0 P @ @ =
D Real 0.0 a8 =2 ~ ] =]
. 2 Real 0.0 (] =] 1= M (m]
.- 3 Real 0.0 (=] ~ =] =] =]
. 4 Real 0.0 0 =] ™ ~ g
= 5 Real 0.0 =] ~ ™M ™M =]
= 6 Real 0.0 (] =) 1= =) ]
- 7 Real 0.0 = 1= =] =) (]

Figure 3.12 - Position Data Block
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Teach Box

Retain Accessible f... Writa...

LU

DDDOOD
RSO
VDVIID

Figure 3.13 - Teach Box Data Block

Name Data type Start value
1 4@~ Statc
2 4:| - Teach Pozition ‘l Ulnt rif
3 Q. - Move Left 1 Bool
4 Qo Move Right Bool
5 Qe Move to Selected Point Bool
E @= Manual Bool
7 @-e Store Position Bool
3.3 - Ladder Program

Visible in ... | Setpoint

ODO0O0O0O00

Comment

The first network controls the leftward movement of the robotic arm. The conditions in

which the robot moves left are:

All these conditions are stopped by the robot reaching the left HW limit switch.

as auto mode is activated, the robot should move left to its ‘initialised’ position ready to receive

e Inmanual mode and the move left button on the HMI is pressed,

e In automatic mode and the left command is issued,

¢ In automatic mode and the arm has not initialised yet.

The initialised bit is only set once the left HW limit switch is reached. Therefore, as soon

“Teach Box" *Teach Box" W0 2 %001
Manual “Move Left” *Left_Limit* *Move_Left_RSL’
11 11 1A {
17 10 L LI )
“Control”."Move
Left”
1 L
L |
“Teach Box" W10.0
Manual “Initialized”
] ]
it it

Figure 3.14 - Move Left OUTPUT Ladder Logic

commands to move to other positions.

W02
“Left_Limit" MOVE
——] | EN
WAD1000 WAD1012

*Encoder Raw *Encoder Raw

Count” — Iy 3 oum Count Offser”
100
“Initialised”

{s}
Figure 3.15 - Initialised
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Additionally, the ‘Encoder Raw Count’ value is moved to ‘Encoder Raw Count Offset’.
When the left HW limit switch is reached, the raw count value should be 0. The raw encoder
value is obtained by a High-Speed Counter (HSC) incrementing or decrementing depending on
if the motor is moving right or left respectively. The directional outputs %Q0.1 and %Q0.0
enable the direction on each HSC, and the value on ‘NEW_DIR’ is added to the existing value.

%83
“CTRL_HSC_O_DB"
CTRL_HSC
EN ENO
257 BUSY =
al-HSC_1" — HsC STATUS
w0
"Move_Left_RSL" — DIR
—iN
=RV
= PERIOD
NEW_DIR
NEW_CV
NEW_RV
NEW_PERIOD

Figure 3.16 - HSC Decrementing Moving LEFT

%We 3
“CTRL_HSC_0_DB*
CTRL_HSC
EN ENO
257 BUSY —4'
HSC STATUS

%00 0
*Move_Right_RSR" — pIR

NEW_RV
NEW_PERIOD

Figure 3.17 - HSC Incrementing Moving RIGHT

The HSC output value is first converted from Dint to Real. Then by moving the raw
count offset value, a relative encoder count can be calculated. Without the conversion, these

calculations would not be possible.
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CONV

Dint to Real
EN .
i WD!DOL‘: WMD1000
HSC 1 Count IN *Encoder Raw
out Count®

Figure 3.18 - Dint to Real Conversion

suB
Auto (Real)

EN —

%WD1004
“Encoder
Relative Count”

%WMD1000

“Encoder Raw
Count’ IN1 out

WMD1012

"Encoder Raw
Count Offset” N2

Figure 3.19 - Encoder Relative Count

Therefore, a scaled distance value can be calculated using:

encoder relative count » actuator leng (mm)
maximum encoder count )
MUL DV
Auto (Real) Auto (Real)
EN — EN — —l
%MD1004 WID1008 WMD1008 WAD1016
Encoder *Encoder *Encoder *Encoder
Relative Count IN1 Distance Junk Distance Junk Scaled
1309 IN2 ¥ our— Value® Value® — out — Distance”
29172.0 — N2

Figure 3.20) - Scaled Distance Calculation

The network controlling the rightward movements contains the conditions:

In manual mode and the move right HMI button is pressed,

In auto mode and the move right command is issued,
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*Teach Box'. “Teach Box". W0.3 Q0.0

Manual “Move Right” *Right_Limit" *Move_Right_RSR"

11 11 |

11 1T I/‘I : }
“Control®."Move

Right”

11

L |

Figure 3.2] — Move Right OUTPUT Ladder Logic
Just like the ‘left’ network, once the right HW limit switch is reached, the output

becomes inactive. For the Mitsi Robot to communicate with the PLC, two Function Calls are

made.

%5000 wa
*FirstScan® “Load Mitsubis hi Program”

{ | EN ENO .

"Mitsubishi®.
*Load Program
Req"

] L
1T

Figure 3.22 - Load Mitsubishi Program Function Call

2
"RS232 Message Handler”

EN ENO

Figure 3.23 - R§232 Message Handler

& Main [0B1]
& Load Mitsubishi Program [FC1]
& RS232 Message Handler [FC2]

Figure 3.24 - Function Call Blocks
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The code within these two Function calls can be found in the appendix. The Mitsi
program is sent via RS232 when the FirstScan pulse is generated by the PLC on startup, or
when a load program request is sent. The contents of the Mitsi program control the movement
of the robotic arm, and the positioning of the Linear Drive System. The most important parts
of the program are the lines of code that send the 3-bit position number, and the move to slider
position requests. Once a request and position number has been sent, the Mitsi robot will wait

for an ‘In Position’ signal from the PLC before it continues executing the rest of its program.

o .7
“Move_To_ %W0o.4
Slider_Position *in_Pasition_ *In_Position to
| 0 | | from mitsi® Timer".Q mitsi®
14 11 < » 11 1 { } .
L o ¥ | Real | | Real | L i 1

*Teach Box" YA10.0 ) “Control® i ) "Control”. i
Marwasl “Initialised” Distance Error Distance Error

We7
"in_Pesition_
Timer*
TON
Time

IN Q—

5

Figure 3.25 - In Position Signal

The PLC will send the ‘In_Position’ signal to the Mitsi when auto mode is active, the
robot has been initialised, the distance error is within 0.5mm of the set point and
‘Move_To_Slider Position’ signal has been sent from the Mitsi. If all these are true, a 1 second
timer starts. This is to give the Linear Drive time to stop before it is given another position to

move to. After 1 second, the ‘In_Position’ signal is sent allowing the Mitsu program to

continue.

The automatic sequence dictated by the Mitsi program requires 5 predetermined
positions, excluding the home / initialised position. On #initial Call, 5 values are moved into
the ‘Position’ data blocks 1-5. This allows the automatic sequence to be executed on startup

without having to manually set positions each time.
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#initial _Call
11

MOVE

The distance setpoint is set in similar ways for both automatic and manual modes. Both

use MOVE functions to move values stored in each position’s respective ‘Position’ data block

9 IN 4 oum

MOVE

23.2 — N

EN — I
i oun

MOVE

1.9 —IN

EN —
3 oum

MOVE

1084.4 IN

EN — I
3 oum

MOVE

1.4 IN

EN — Et
W oumn

5

*Position®." 1"

——
*Position®."2"

—
"Position®."3"

—
"Position®."4"

—
*Position®."5"

Figure 3.26 - Initial Position Values

into the ‘Control.”Distance_Setpoint™’ data block.

*Teach Box".

“Teach Box"

"Teach Position”

*Teach Box'. “Move to P lcptiolis 2
Manual Selected Point” Teach Position
11 11 | == |
1T 1T |uint | ]
o *Position" 0"
*Teach Box".

o Y

“Teach Box'.
"Teach Position”

“Position”."1"

— i}
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*Position®.*2*

MOVE
EN —
" “Control®
*Distance
i oum Setpoint”
MOVE
EN — ——
IN “Control”
“Distance
¥ oumn — Setpoint”
MOVE
" *Control®
“Distance
¥ oun Setpoint”




*Teach Box'.
“Teach Position”

| == - e
uint | i .age —
i Position®."7 IN *Control®.
“Distance
3 ouTt Setpoint”

2

Figure 3.27 - Manual Distance Setpoint

The manual network sets the setpoint based on the position number selected on the
HMI, so when the ‘Move to Sclected Point’ button is pressed, the robot moves to the correct

position.

The automatic network sets the setpoint based on the 3-bit number received from the

Mitsi Robot when the ‘Move to Slider Position’ signal is received.
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Wo.7 W0 .6 W05 W 4
*Move_To_ “CMD_slider_ “cMD_slider_ *CMD_Slider_
Slider_Position “Teach Box". Pos_Bit2 from Pos_Bit1 from Pos_Bit0 from
from mitsi® Manual mitsi® mitsi® mitsi* MOVE
11 | | 1A 1 |
11 i/t i/t "4 L EN e
“Position®."1* IN “Control®
*Distance
% oum — Setpoint’
W0 .6 W05 Wo .4
“CMD_Slider_ “CMD_Slider_ “CMD_Slider_
Pos_Bit2 from Pos_Bit! from Pos_Bit0 from
mitsi® mitsi® mitsi” MOVE
] ]l L i
i/t 1} i/t EN —
*Position”."2" IN *Control*
*Distance
# oun Setpoint”
W0 .6 W05 W .4
*CMD_slider_ “CMD_Slider_ “CMD_slider_
Pos_Bit2 from Pos_Bit1 from Pos_Bit0 from
mitsi® mitsi® mitsi* MOVE
| ] L 1 |
i/t 1F 1F EN — —
*Position®."3" IN *Control®
‘Distance
s OUm Setpoint”




W0 6 WO.5 W0 .4
*CMD_Slider_ *CMD_Slider_ *CMD_Slider_
Pos_Bit2 from Pos_Bit1 from Pos_BitD from
mitsi™ mitsi” mitsi” MOVE
i | it i | EN — £ho —
*Position®."5" N Se—
“Distance
¥ oumn Setpoint”

Figure 3.28 — Automatic Distance Setpoint

Ifthe user wishes to change any of the positions along the actuator, they can by selecting

a position number on the HMI, and press ‘Store Position” when the robot is at the desired

location.

*Teach Box"

“Teach Box® “Teach Box" Wit "
Manual *Store Position® "‘l °-'I“°ﬂ —
11 11 an
P g Junt | EN ) = __
o ¥ oum Posmaon®."0
WMD1016
"Encoder
Scaled
Distance” N
.
.
.
*Teach Box"
*Teach Position®
== | MOVE
Ulrltl EN ? _|.
. W oum *Position®."6"
' “WMD1016
“Encoder
Scaled
Distance” N
"Teach Box".
*Teach Position” =
%Ulnti EN —/ EN —|
7 i oum *Position®."7
WMD1016
"Encoder
Scaled

Distance” IN

Figure 3.29 - Manual Position Teaching
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With the setpoi

nt distances stored, the program needed a way to determine how far

away the robot was from the setpoint. This “error” is calculated by:

"Control"."Distance Setpoint" — "Encoder Scaled Distance" = "Control". "Distance Error"
sue
Auto (Real)
EN - .
*Control” “Control”.
“Distance OUT — "Distance Error*

Setpoint” N1

WD1016
*Encoder

Scaled
Distance” N2

Figure 3.30 - Distance Error Calculation

With the error calculated, the program can then determine which directional command

to issue. For example, i

f the robot were positioned to the right of the setpoint, the robot would

have to move left to reach it. Assuming the robot is positioned at 1000mm, and the set point is

set to 500mm, the error would be -500. If the situation were changed and the robot was

positioned to the left, i

t would need to move right, resulting in a positive error instead. The

following network uses this logic to determine which way the robot needs to move in order to

reach the setpoint. A band of Imm around the setpoint is created to ensure that the logic can

determine the correct direction, and not send the robot in the opposite direction once it reaches

the setpoint.

. Control ) “Control*."Move
it i Distance Error Right”
I ] » | [
L | Real | L

. “Control®. X “Control*."Move
Distance Error Left®
| < | { )

| Real | L

Figure 3.31 - Direction Decision Logic
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The “Control”.Run command bit is set when the PLC receives the ‘Move to Selected
Point’ command from the HMI while in manual mode, or when the Mitsi robot issues the
‘Move to Slider Position’ command while in automatic mode. The command bit is reset when

the error is calculated to be within the Imm acceptance band.

*Teach Box"
*Teach Box™ *Move to w100
Manual Selected Point” *Initialised" *Control® Run
11 I 1 11 T
LI LI | LI |S L
w07
“Move_To_
*Teach Box™ Slider_Position
Manual from mitsi®
1 ] 1
l/l 1T
*Control®. *Control”.
*Distance Error” *Distance Error” *Control® Run
< | - IR}
Real | | Real | Ll

Figure 3.32 - Run Command Control Logic

Additionally, the system has two speed modes, meaning that when the error is greater
than a variable amount, the robot should move in high speed mode, then slow down once this

value is reached before reaching the setpoint. The same logic can be utilized here.

.D_'tCOMI'DEL a “Control®."High
*Control” Run R SRa
1 1 | > | { }
11 | Real [ h
20.0
*Control*
"Distance Error®
[[5s]
| e

¥

Figure 3.33 - Speed Control
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This speed control command is used to control the PLC output which is connected to
resistor RSN. Additionally, when the robot is told to move left or right manually using the
teach box, and during the initialisation sequence, the robot also moves in high speed mode.
When each of these conditions are met, a 1s timer is started. This acts as a ‘ramp up’ for the
motor’s speed to stop too much current being drawn due to the load which could damage the

motor.

W82
“Speed Timer®
*Teach Box". TON %Q0.2
"Move Left" Time "Speed_RSN"
| | IN Qq——— r—
& PT ET .

"Teach Box".
*Move Right”

]l 1
1T

“Contrel”."High
Speed”
11
10
“Teach Box". WM10.0
Manual “Initialized”
—/1 4

Figure 3.34 - Speed Control Logic for RSN

Finally, a GET and PUT function block is called so that data can be sent to the master
PLC 101 to be used in the program, and on the HMI. The ladder for this code can be found in
the appendix.

“Wes
"ProfiNet
Comms using
GETand PUT_
DB*
WB30

“ProfiNet Comms using
GETand PUT"

—EN ENO

Figure 3.35 - GET and PUT Function Block
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v |l Program blocks
B¢ Add new block
& Main [OB1]
& Load Mitsubishi Program [FC1]
& R5232 Message Handler [FC2]
3 ProfiNet Comms using GETand PUT [FB30]
@ Control [DB6]
@ Mitsubishi [DB38]
@ PLC 101 [DB50101]
@@ Position [DB5]
@ ProfiNet Comms using GET and PUT_DB [DBS8]
. RS232 [DB35]
@ Teach Box[DB1]

Figure 3.36 - GET and PUT Function Block and Data Block

This FB operates under the principle that the data stored within the GET and PUT DB
is transferred to a DB on the master PLC.

v [l PLC 101 Master-0 [CPU 1214C DC/DC/DC]
[IY Dpevice configuration
%/ Online & diagnostics
~ g Program blocks
I Add new block
& Main [0B1]
4 Finish SP_PV [FC11]
3 Finish Wagon No [FC4]
& Hydraulic SP_PV [FC10]
4 Hydraulic Wagon No [FC5]
4 Master Wagon Number [FC1]
4 Pneumatic SP_PV [FC7]
4 Pneumatic Wagon No [FC6]
4 Process SP_PV [FC8)
& Process Wagon No [FC3]
48 ProfitNet Comms to Slaves [FC12]
4 Vision SP_PV [FC9]
4 Vision Wagen No [FC2]
@ PLC 102 [DB50102)
@ PLC 103 [DB50103)
@ PLC 104 [DB50104]
@ PLC 105 [DB50105]
@ PLC 106 [DBS0106)

Figure 3.37 - PLC 106 DB in Master PLC 101
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The data that is required to be sent to the Master PLC is the Encoder Scale Distance.
This is used to create the mimic on the HMI screen which mirrors the robot’s position along

the actuator. This data is moved into the “PLC 101”.”Put Real 1™ data block.

MOVE
EN -
WD1016 %WBS50101
“Encoder DBD48
Scaled "PLC101"."Put

Distance” — | 3% oumy — Real 1”

Figure 3.38 - Encoder Scaled Distance MOVE to PLC 101

The mimic is then created by using the animation function in the HMI. To do this the

encoder scaled distance must be converted to a DWORD datatype.

CONV
Real to DWord
EN -
%WBS50101 WDa
DBD48 *Encoder
"PLC 101"."Put Scaled Distance
Real 1* IN out WORD"

Figure 3.39 - Scaled Distance Converted to DWORD

_' Properties I Animations I Events l Texts

Horizontal movement

Overview

» ®, Dizplay Tag _
v F Movements Name: Encoder Scaled Distance DWORD y[ﬁ,
I Add new animation Range from: © E
- i To: (1309 =]
. Start position Target position
' . B x 203
T (s 9l

<] m >

Figure 3.40) - Horizontal Animation
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The range for the animation is 0 to 1309, which is the total length of the actuator in
mm. The testing for the ladder program and HMI can be found in Section 4. 1.

3.4 - Configuration and Commissioning of V90 Servo Drive
By using the Siemens SINAMICS V90 / SIMOTICS S-1FL6 operating manual, a

diagram showing the required connections was found for single phase operation.

LN PROFINET cable

|

i

SINAMICS V0 PN servo drive

Lina filter (EMC. opton)

=
o |
O==(]]] (52
Mirs USB cabile 1

(| Host controlier
Micro SD card

PROFINET LO cable (20 pins)

External braking
resistor (Option)

Power cabia (orange)

|
Snioioing ayer (%)
g Brake cable (orange) - \

Trirg party device -

SIMOTICS 5-1FL6 Servo motor

Figure 3.41 - V90 Single Phase Connection Diagram (Siemens, 2017)

Furthermore, a block diagram from the Siemens V90 brochure can be used.
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SINAMICS V90 n PROFINET cable®****
-

D Circunt breaker (optional)

7] .

—
go g | —
4V
Line filter (EMC optional)
12] B} Brake cable**
o
Il Power cable -
] B 10 cable (PN)*** ] ] [ [

Controller

External braking

Encoder cable

resistor (optional) 10
b 8 a
jeesesesessaseassas L
] I
] ]
] I
] I
] ]
] I
] ]
] I
I [}
] I
! SIMOTICS S-1FL6 Low Inertia® 4

Figure 3.42 - V90 Connection Block Diagram (SIEMENS, 2016)

However, neither of these diagrams include an HMI, therefore a network switch will be

used just as Figure 3.7 shows. Below shows the physical connections and the network switch.

Figure 3.43 - Physical System
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Figure 3.44 - Network Switch

e Blue—- HMI

e Yellow—PLC

e Red - V90 Drive
e Grey — Laptop

To begin configuring the drive, the Siemens V-Assistant software was downloaded.
This is a commissioning tool designed specifically for the V90 series. This software makes
configuring parameters, tuning and diagnostics of the drive much easer than using the Basic

Operator Panel (BOP) found on the front of the drive.
When-the software.is first opened, it asks the user to work in Online or Offline mode.
In Offline mode you cannot write to the drive, so therefore the Online mode was selected. This

can only be done when the USB interface between the PC and Drive is connected.

Once Online, the software automatically reads the drive and motor models from the

drive and selects them as shown below.
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Project Eot  Seich  Tools  Help
HE& XS5 Fr5acC ae 7

kg Sciive

ASiemens SINAMICS V0 drive with ihe A Siemens SIMOTICS motor wilh ihe following article number is selected
folowng arbcie number is selecled
» SetPROFINET Line suppiy’ 230V Rated power 075 kW
Rated power 0.75 W Rated curent 4aTA
Reated current 4BA Rated speed 3000 rpm
B il Rated forque 2 30 Nm
+ FParametenze Encoder Incremental TTL 2500 ppr
Brake avasabiity.  No
+ Commission Seled mator
+ Diagnostics Svsed contrel (3) o1 The anve & controlled via & speed sepoint by means of PROFINET Positioning is perfomesd with execution of

Speed CONMrol on Mhe Grve and of e POSINONING CONTD! i the coNtroder, with COMMNAton of conroser

Sevoon @

Figure 3.43 - Drive and Motor Selection in V-Assistant

Firstly, speed control or epos control had to be selected. Epos did not seem to work

with the HW configuration, meaning speed control was defaulted to. The next step was to set

up PROFINET communications.

Broect Eot Swan  Jools  Help
HE Xu% Fy &CUSe?

Sewchon of lelegrams

Select drive

Tihe curment tesegram 3 Standard telegram 3

fielegram are shown as below tabies

PID structure and values

Receptve drection (PZD count=5)

Telegram | Descripton

+ Commission bao fising eage * ON (pulses can be enable

b 1= No OFF2 (enabile is possibie). 0 =
o2 1= ho OFF3 (enable possivie). 0 = OF
1m

+ Diagnostics Lt Enatie operation (pulses can be en
b 1 = Operating condibon (the ramp-funct
oas 1 = Contnue ramp-Rnclion generalorn
L 1 = Enable setpoint 0 = inhibt setpoint
L fising age= 1 Acknowleage taults
L Reserved

Onling achve

- The supplementary felegram

The process data (PZD) links are set up aulomatically in accordance with the PROFIdrive telegram number setting. The lelegram structure and PZD values of selected

Transma direction (PZD count=g)

Value
Bt 1= Ready for servo on ]
Ditt 1 = Ready for aperabon 0
bit2 1 = Operation enabled o
ity 1 % Faus present 0
bitd 1 = No coast down active (OFF2 inactive) O
oits 1 = No fast stop active (OFFS inactve) 0
Bite 1 = Switching on inhibited actve 1
bit? 1 = Alarm présent o
bith 1 = Speed selpoin! - actual value devial . 1 =

Figure 3.46 - PROFINET Setup

The Standard Telegram 3 was selected here, and each bit is described in the table

underneath. The telegram selected is stored in parameter p0922. The PZD structure is STW1I,

A PZD is the German word initials for “Process Data”. PZD is an area of the PROFINET

telegram used to exchange data between the drive and the controller cyclically: control word,

status word, speed setpoint, speed status, torque, etc. (Siemens, 2006).
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Telegram 3 with STW1 is the recommended selection for initial configuration of the
V90 drive according to the V90 operating manual as Telegram 3 is the only one that supports

the rotary incremental encoder type. (Siemens, 2017)

The network configuration was skipped following this as the network can be configured

within TIA portal. The next step was to set the parameters.

Project Edt Seich Jools  Help
HE X ww & aAClUSe ? Onling actve

RAME-ANChion generator
Select drive

Ramg lnclion mocule acive(p29108 0 Actrve

When fhe ramp function i inactive. some parameters of below functions can not be modified. And after the ramp lunction module is changed, you should save parameters lo

» Set PROFINET ROM, and restan the anve

Base ramp-lunchion generator @ Extended ramp-function generator

i N Intial rounding ot Final rounding oft
Speed Speed time (s) e (5)
+ L pr130 [REL]
Magmum speed 1.0000

—

= Madmum speed

— —" Time:
20000 5 200005 20000 & DW00|§

» Commission P g e 1120 Flaweup-chowm Bene 121 Ramp-up tme p1120  Ramp-gown time p1121
ACCeserae ALCeerane
- - 4 ' '
+ Diagnostics i i i
I I —T N N e

Figure 3.47 - Ramp Function Configuration

The parameter p29108.0 determines if the ramp function module is active or not. By
setting this to 1, it allows for basic, and extended ramp-function generation. To make the
operation of the motor extra smooth, the extended ramp-function generator was selected. The
existing system had a 1s timer acting as a makeshift ramp up. However, due to the V90 servo
having much higher speeds available, a 2s ramp up (p1120) and down (pl1121) window was
given. Additionally, the initial rounding off time (p1130) and final rounding off time (p1131)

were set to 1 second making the ramping much smoother.

The next parameters to be set were the torque and speed limits. As stated in the previous
assignment and in the FDS, the torque required to move the 29kg load at 2113rpm was 7.65Nm.
One of the characteristics of this motor is that it could provide up to 300% torque for short
periods if a resting period follows to reduce thermal stress. Therefore, this parameter is set to

300% in both directions.
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Furthermore, the speed limit was set to 3000rpm in both directions. This was because
the motor was rated for this speed. However, only 2113rpm is required to meet the FDS, so
with the 3000rpm limits in place, it stops the motor from going above its rated speed, while

allowing the required speed to meet the specification.

Progect Eot  Swich Tools Hep

BE X WL & [ 14 a-e? Onling achve
Torque limet =
Select drive
Upper torque it (%) M Upper overall torque lmil (Nm)
72420
+ Set PROFINET ' s @
Rated torgque (Nm) Torque control loop

Lower torque limit (%)

7.2420

Lower gverall torque limit (Nm)

» Commission

S Positive overal speed limit (rpm)

30 0

. .
+ Diagnostics -
B Speed control loop

. '

' 0000

Negative overall speed imi (rpm) o
» ® 0 00

Figure 3.48 - Torgue and Speed Limits

The inputs / outputs on the drive itself are not being used for this project and are
therefore left alone. Finally, a table with all of the parameters can be found in the ‘View All

Parameters’ section. These can all be found in the appendix.

With the initial configuration of the parameters done, it was time to commission the

motor and test it by using the jog function. The first test was to run the motor in both directions

at 3000rpm.

Servo off 1)

Speed 3000 om 9| [@&

Actual speed (rpm) Actual torque (Nm) Actual current (A) Actual motor utiization (%)

2999.8220 0.1555 0.3130 0.3076

XTI

Figure 3.49 - 3000rpm CW Test
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Servo off

Speed | 2000 wm 9 ol

Actual speed (rpm Actual torque (Nm) Actual current (A) Actual motor utilization (%)

-2999.7010 -0.1370 0.2906

Figure 3.50 - 3000rpm CCW Test

TITIrrrrs;

Next, the speed limit was tested by inputting 5000rpm. The expected result is to see the
speed only reach 3000rpm.

Servo off ]

Speed © pm '._'."J IE

Actual speed (rpm) Actual torque (Nm Actual current (A) Actual molor utilization (%)

2999.6940 0.3036 0.0891

Figure 3.51 - 5000rpm Test

Finally, the drive was optimised by enabling One-Button Auto Tuning. The one-button
auto tuning function allows the servo drive to automatically estimate the ratio of load moment
of inertia. However, this requires the servo to be connected to the mechanical load of the

Finishing Robot. Due to the pandemic this is not possible.

3.5 -VO90 TIA Program
Another side effect of the corona virus meant that integrating the V90 hardware into
the CIM system was not possible, which also made altering the CIM system program to control

the motor much more difficult.

Therefore, a separate T1A project was made to simulate the operation of the motor as if
it were connected to the finishing robot. To do this, an input switch module was connected to
the inputs of the PLC to act as the signals coming from the Mitsi robot. Additionally, the only
HMI available was a KTP400, meaning that only a basic HMI display could be made.
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This separate program simply moves the motor to various positions depending on the

3-bit inputs from the switches. This logic can be seen below.

W0 6 W0 .4 W03 W0 .2
“Move_CMD' *M5B "1se” LS *Position™."1"
] L ] | ]l L I 1
1 F n/‘ l/‘ 1 f . 7
W0 4 W0 .2
"M5E* *Lse" *Position"."2"
]
i/t A { }
%0 4 0.3 w0 2
“MER" "I158* ‘Lsa8* “Position”."3"
1 11 1
it 1t 17 { }
WO 4 Wo.3 W02
“M5B" "I1s8” ‘Lse° “Position™."4"
i} A A ()
W0 4 W03 w02
“M5B° “1se* *Lse" *Position”."5"
¥ VA X ()

forire 38572 3-Ri L
Figure 3.52 - 3-Bit Logic

The method used to control movement of the motor is using the Motion Control (MC)
functions within TIA portal. To use these, a technology object must be made to control the
axis. The first options are to select the type of Drive (PROFIdrive), and the unit of

measurements (mm).

Technology object - Axis

Axs name: | Axz_1

BT

User program Technology object - PROFidrive Drive
Az

Drive

O PTO (Pulze Train Output)

Position unit: | mm T|

Figure 3.53 - Basic Parameters (General)
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Next is the Drive Parameters, which includes selecting the drive in TIA portal, and
which Telegram the drive will use to communicate to the PLC. To see the drive in these options,

it must first be added to the project via the device Network View.

V90 » Devices & networks

W oeice ofcatalop
&~ £71200 stasian_1 Zesrche
» RO :
B -~
@~ smamcsasom a

i - PO

1] Port 1

=o={PLE_1 PROFINET 10-Syste... = I Ll Il sovnacs 51201
| smrmacs s120m1

]
|
|
|
|
|
|
|
|
I [ smenacs s1205 1
|
|
]
|
|

<n 3| [100% W ——

([I_’k " »

Figure 3.54 - Network View

To select the Telegram, the V90 must be selected in Device View, then searching
through the Submodules for the correct Telegram. In V-Assistant, Standard Telegram 3 was

selected, so the same was done in TIA.

90 owp de . 90 90 0 d o) 1]
Topology view Network view  |[f Device view Options.

dr | [sracsvvomn fwwac V) | i | B2 )l (] @ ¢ S | Device overiew <

[ sEners weiegram 102, FZD-S10
[ SEMENs retegram 110, PD-127
: [l sEMENS weiegram 111, PZD-12112
i [ s rdard welageam 1. PZD-212
L— [ suandard weiegram 2. FTD4i4
1 W suncars wiegram 3. FID5%
[l swndard eiegram 7. P22
Il standerd telegram 5, PZ0-10%
Il Supplementary telegram 750, PZ_

-
<|n 3| [100% a —y— < » tl I3 - 3]

Properties Info | % Diagnostics | Information

Figure 3.55 - Telegram Selection

36




Figure 3.56 - Drive Parameters in TIA

Next, the encoder parameters are selected. These include encoder connection, encoder

telegram, encoder type and resolution.

@ O O

Figure 3.57 - Encoder Parameters |
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DP_TEL3_STANDARD -

Rotaryincremental v

N |
B
2500

Figure 3.58 - Encoder Parameters 2

Following the encoder parameters are the mechanics of the system. Here the mounting
type and pitch are input. The modulo and position limits were ignored as they are only relevant
after implementing the drive to the CIM system.

Figure 3.39 — Mechanics
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The final changes to the axis settings are the position monitoring parameters. These

dictate how much tolerance time and dwelling time the motor is allowed before an error is sent.

Tolerance time

Position
\\. ------- Positioning window:
\\___‘//ﬁ‘\= ------ ; 1.0 mm
Tolerance time: g
= Setpoint
S0 = Actual value

Minimum dwell time in positioning window
Minimum dwell time in positioning window:

0.1 5
Position

Positioning window:

:1.0 mm |

Figure 3.60) - Position Monitoring

For the PLC to control the V90 drive, the MC_Power function had to be used. This acts
as an enable for the motor. This would be executed using an internal memory bit in the CIM
system’s PLC program, however for proof of operation, this is controlled by one of the input

switches (%]10.0).

“DB2
“MC_Power_DB"
MC_Power _
&%
EN ENO 1
%WB1 Status — "0
“Aus_1" — Axis Error =4/
0.0
“POWER" — Enable
StopMode -

Figure 3.61 - MC Power
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Furthermore, if an error were to occur due to incorrect parameters, speed settings or

following error then a MC_Reset function must be used to clear errors, which allows the motor

to be re-enabled. Again, this would normally be controlled by an internal memory bit, which

could be a HMI button. For now, it is controlled by %10.7.

%DB3
*MC_Reset_DB"
MC_Reset .
&%
EN ENO
%WB1 Done =475
“Ans_1° — Axs Error =42

%607
"RESET = Execute

Figure 3.62 - MC Reset

Before the motor can move, it must be homed which is done using the MC_Home

function.

WB6
*MC_Home_DB_1"
MC_Home
& Y
EN ENO
YDB1 Done —<"212¢
"Ads_1" — Axs Error —471
0.1
"HOME" — Execute
Position
Mode -

Finally, by using MC_MoveAbsolute, the motor can be told where to move to by the

previously shown logic. To mimic the CIM system, 5 positions are selected.
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W85

"MC_
MoveAbsolute_
pse*
MC_MoweAbsolute
&%
EN ENO
%DB1 Done — 2
"Axis_1" — Axig Error —t 2
“Position”." 1" == Exacute
1000.0 — Position
100.0 — velocity -

Figure 3.63 - V90 Position 1

WBS
"MC_
MoveAbsolute_
pe*
MC_MoweAbsolute
&%
EN ENO
%081 Done — 7=
*Auds_1" — Axis Error =4 '
“Position”." 2" == Execute
300.0 — Position
100.0 — Velocity -

Figure 3.64 - V90 Position 2

W85
"MC_
MoveAbsolute_
pe*
MC_MoveAbsolute
EN
W81
"Avis_1" Axds
"Position”."3" == Execute
500.0 — Position
100.0 — velocity -

Figure 3.65 - V90 Position 3
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W8S
“MC_
MoveAbsolute_
DB*
MC_MoveAbsolute =
& (%
EN ENO
%DB1 Done —i:
"Axs_1" — Axis Error —4'
“Position”."4" == Exacute
200.0 — Position
100.0 — Velocity .
Figure 3.66 - V90 Position 4
%WBS
“MC_
MoveAbsolute_
DB*
MC_MoveAbsolute
& %
EN ENO
%WB1 Done ="
*Ads_1" Aas - fa
"Position”."5" = Execute
— f
Error =72
& =

Figure 3.67 - V90 Position 3

The final part of creating this replacement setup for the CIM system was to create a
HMI screen to display the position relative to the home position, the setpoint, and the position

number. With the program written and HMI made, it was time to test the system.
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SIEMENS

SIMATIC HMI

Figure 3.68 - Test HMI
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4 - Testing and Results

4.1 - Replacing Existing Hardware
All the changes made during the process of replacing the Keyence PLC with the
Siemens PLC were tested on 17/01/2020. The changes made were:

Manual Mode:
e The storing of 7 linear positions using HMI buttons. Y0

ur
* Aroutine to go to selected positions when the ‘Move fpSlider Position’ command is

given from the HMI was been created. gra
m
e Updated the screen to indicate when the robot is in eachyposition.
sb
po
Auto Mode: siti

e A routine to go to selected positions when told to by Mifdi Robot was created.
s

¢ Send signals back to Mitsi Robot about its status.

e Made itso ‘In_Position_to_Mitsi’ signal does not last as long.

e Tested auto sequence and adjusted stored positions.

Communication between PLC106 and PLC101 using GET and PUT so the position of
the robot is stored on the master PLC was added. This allows the HMI screen to have an

animated mimic of the linear drive.

The results of the tests were that the whole system worked as intended. Due to the
pandemic, there is no evidence available to prove the success of these tests. However, all tests
were done in the presence of Rob Davies who can confirm that the system operated as intended.
The reason for making these changes was to ensure the system was still usable as an educational
tool while the project progresses, and to use as a side by side comparison to the V90. Once the
V90 could mimic the operation of the CIM system, it would only then be integrated to the

system.

The log book should have been kept up to date at the time of testing,
then the evidence would have been available
The HMI mimic could still be proved as a working concept. The test involves moving

the position of the motor to 5 locations which will be displayed beside the mimic. When the

motor moves, the arm graphic should also move to mirror it. This can be seen in the following

Figures.
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Figure 4.1 — Mimic Home Position (0.00mum)

Figure 4.2 - Mimic Position 1 (1000.00mm)
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Figure 4.3 - Mimic Position 2 (300.00mm)

Figure 4.4 - Mimic Position 3 (500.00mm)
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Figure 4.5 - Mimic Position 4 (1200.00mm)

Figure 4.6 - Mimic Position 5 (0.00mm)

As shown, using the animation function in conjunction with an Int tag converted from

the scaled distance, the graphic moves accordingly.

47




4.2 - V90 Tests
As previously mentioned, the V90 was set up in a testrig to mimic how it would operate
within the CIM system. By receiving a 3-Bit number and a move command as inputs from

switches, rather than the Mitsi robot, it should operate in the same manner.

Test PLC Input Lights HMI Screens
No.
1
CPU 1212C _— T
AC/DC/RLY Distance (mm)
Setpoint (mm)
2
; 1
_.._.Dimm I s
Setpoint (mm) 100000 |
il
3
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Distance (mm)

Setpoint (mm)

4
Distance {mm) 120003

Setpoint (mm) 1200.00

istance {mim)

Setpaint (mm)

The tests each show the PLC input LEDs, HMI indicator lamps for the inputs, and data
fields showing the position number, actual distance and setpoint. As shown, the motor’s
accuracy is within a maximum of 0.03mm error. This is very accurate but could probably be

improved by playing with the motor configuration, specifically the motion tracking.

Additionally, the ramp-function operates correctly with a gradual increase to
acceleration and deceleration over a 2 second ramp. This can be seen in the video
accompanying the project presentation. Without actual implementation to the CIM system, no

more tests can be done with the V90.
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. . A number of
5 - Evaluation and the Wider Issues important

Due to the project not being fully completecgzggr%%‘lﬁrity of the FDS criteria were not
met. Theoretically, the V90 servo drive can achieve the following criteria from the FDS:

e Move a load of 19kg with a maximum torque of 1.834Nm @ 500rpm.

e Move the entire length of the actuator (132cm) within 31 seconds, giving the robot a
minimum linear velocity of 43mm/s.

e Position control so that the position of the robot is always fed back to the controller
allowing manual, and automatic position control.

e Speed control so that the robot can move at a range of speeds, rather than two. These
speeds must be able to be manually or automatically adjusted within limits. This can be
done by having variables that can be changed on the HMI, attached to the velocity input
to MC_MoveAbsolute functions.

e Match the speed of the conveyor and follow the location of wagons so that it can pick
up and place products on and off the wagons as they move. The conveyor moves at

176mm/s meaning that the motor must run at 2200rpm.

Additionally, there are a few criteria that had already been met:

e The system can instantly be interfaced to the PROFINET network by connecting each
device an existing network switch that is part of the network. By using the GET and
PUT functions, the system will communicate with PLC 101 making these criteria
complete.

e The motor and drive have an efficiency () greater than 0.8 and is capable of four-
quadrant operation with regenerative braking.

e The HMI has an animated mimic of the robot’s position.

e Diagnostic tools such as indicators were implemented to the CIM system’s HMI, along
with data being displayed on the test rig’s HMI such as the motor’s position, which was
obtained via PROFINET.

e The HMI screen has automatic and manual control options.

Due to the COVID-19 pandemic, a panel was unable to be built to house the system.
However, the additional cost of the housing, trunking, circuit breakers, safety circuits and
peripherals would drive the overall cost above the £1100 budget. The cost of these should have

been considered when looking for solutions.
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With the system easily integrated to the existing PROFINET network, the system is that
much closer to “Industry 4.0” standards as data is much more accessible throughout the

network from the Finishing Station.

Since the motor has regenerative braking capabilities and high efficiency the
environmental consideration mentioned in the initial project report have been fulfilled.
Additionally, the motor and drive bodies are made of majority recyclable parts, and the internal
electronics can easily be repurposed or re-used. Thus, potential waste is reduced once this

system is made obsolete.

Furthermore, the use of PROFlenergy was not implemented to the test rig as it would
not save energy from extended downtime, maintenance or inactivity. This would further reduce
energy consumption after implementation to the CIM system. The same can be said for safety
peripherals and circuitry. These were not available for the test rig and would only be practical

on the CIM system itself where a real border could be made with light curtains or an enclosure.
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6 - Conclusions and Recommendations

Since the drive was not implemented to the CIM system and the FDS criteria are
incomplete, the overall project has not been a success. However, many conclusions can be
made. Firstly, like many companies worldwide, the possibility of a global pandemic causing a
global lockdown was not considered. The risk assessment done for the initial report did not
include obstacles of this magnitude, not exclusive to pandemics. In future projects, contingency
plans should always be made to ensure that even if a major obstacle were to arise, the project
could still be completed. Even though, project completion may not have been possible due to

the lockdown, additional progress could probably have been made if preparations were made.

Luckily, the V90 drive and servo motor were taken off site to be worked on before the
lockdown occurred. If that hadn’t been the case then a lot less progress would have been made

as the configuration and commissioning of the drive would have been impossible.

Secondly, the budget of the project would have been exceeded if the panel were built.
This highlights two potential problems; too little of a budget or poor selection of a solution.
Since budget is not always negotiable, and this project was given £1100 to work with, the latter
problem is most likely the one that could have been solved. A fourth solution has recently

arisen that could have potentially outshone the V90 drive.
This belongs in assignment 1, your literature review. Your solution is good

because it is easy to integrate into the CIM and provides the required
performance.  The ODrive is a cheaper alternative to industrial servo motor systems. Servo motors are

dominant in industry because they do not lose steps, can be very powerful, efficient and silent.
The ODrive is opensource hardware and software that drives BLDC motors and converts them

into what is essentially a servo motor by simply attaching a high-resolution encoder to the shaft.

Figure 6.1 - Odrive Board
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The result of this conversion is a very precise, affordable and powerful alternative to
industrial Servo motors. The board supports regenerative braking and can be interfaced with a
PLC using step/direction, or Servo PWM/PPM. The downside is that it cannot be directly
interfaced to the PROFINET network. However, for the much lower price of £138 for board
and encoder, to be used with any BLDC motor it could have been a potentially strong solution

if budget absolutely could not be exceeded. (Weigl, 2018)
Overall, the project could have gone a lot better and more progress could have been

made towards the end goal if better planning had been done, and precautions had been put in

place so that situations like the lockdown would have minimal impact.
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Figure 9.2 - Appendix 2 - Parameters
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Figure 9.3 - Appendix 3 — Parameters
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Figure 9.4 - Appendix 4 - Parameters
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Figure 9.5 - Appendix 5 — Parameters
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Figure 9.6 - Appendix 6 — Parameters
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Figure 9.7 - Appendix 7 — Parameters
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“Hitaubishi®
“Mitsubishi®
“Mitsubishi®
“Mitsubishi®




4 1;"Mitsubishi®.Line([#i] := '250 OB +83R°: HPOSIT’IOH = 010/ k| “Mitsubishi® L L

Figure 9.11 - Appendix 10 - Mitsi Program 4
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n + lr"Mitsubishi®.Line[#1) 1295 OB -104R"; " “Mitsubishi®.Line
72 # ly"Mitsubishi®. Line [ '300 OB +1LSR'; J/HONE TO SLIDE |} “Hitsubishi® [TLET
7 # lr Mivsubdshi®.Line[#i) '308 TI o] " 3 “Mitsublshi® B3
4 + 17 "Mitsubishi®.Line[#1] '310 IDER'7 J/IHRUT DATA b "Hitsubishi” L1
i * l;"Mitsubishi®.Line([# Y315 TD #7, 32%R'; //TEST 1T ROBOT |[} “Mitsubishi® \DB3E
74 # ly"Mizsubishi®.Line[#1] T320 6T SR //LOOF TO LINE 3/[} “Mitsubishi® ADBIg
” + 17"Mitsubishi®.Line[#1] 1325 OB -115R'; J/RESET MOVE TO {b|  “Mitsubishi® ADB3S
T # lr*"Mitsubishi®.Line(d Y330 MO TOSR*: 4/FUT DOWM ROUND (b “Hitsubishi® LR L
] # l;"Mitsubishi®.Line[#i] := '335 MO BOSR': " 3 “Mitsubishi® ADB3E
80 # Ly Micsubishi”.Line[#1) T30 M0 " 3 “Mitsubishi® ADB38
L) # l:"Mitsubishi®.Line[#1 35 i (] “Hitsubishi® oB3g
&2 # lr™Mivsubishi®.Line[#i] 1350 W0 " 3 “Mitsubishi® ADBaE
o3 + 17 Mitsubishi®.Line[#1] 1355 MO " P “Micsubishi® 083
&4 + l;"Mitsubishi®.Line[# ‘360 oB FTELL CIM TO BRI} “Mitsubishi® ADB32
L1 + ly™Mitsubishi”.Line[$ '365 GT 1 " 3 “Mitsubishi® D832
26
&7 J//IF Pick PRISMATIC PART
#1 = 4 + 1 Mivsubishi”.Line[# J/BESET "CAN Pic|}  ~Mitsubishi® ADB3%
4 1;"Micsubdshi //EINISH BUSY (] “Mitsubishi® ADB32
# Ly Mizsubdahi®.Line[# /fSET UR SLIDE R} “Mitsubishi® ADB3E
1;"Mitsubishi®.Line[# //POSITION = 011/  “Mizsubiahi” D838
17 "Mitsubishi®.Line[#1] " “Mitsubishi® D832
l: Mitsubishi®.Line[#i] J/MOVE TO SLIDE |[F “Mitsubishi® ADB32
1 Mitsubishi®.Line[#1] " ADB3S
1;"Mitsubishi®.Line[#1] //IHEUT DATA ADB3E
1 "Mitsubishi® #/TEST IF ROBOT | LR
1 Mitsubishi //LOOF TO LINE 4 ADBIE
1 Mitsubishi®.Line[#1] //RESET MOVE TO ADB3E
l:"Maitsubishi #/FICK UR PRISHAI K ADB3E
Ly Mitsubishi®.Line[#4] M ADB3E
1r"Mitsubishi®. Line[#1] " ADB3S
L:"Mitsubishi®.Line[#1) 2305R " LR
L"Mitsubishi®.Line(#i] 240R"; " ADBIE
Figure 9.10 - Appendix 9 - Mitsi Program 3
Ly™Mitsubishi®.Line[#1) OB -28R'; //TINISH “Busy” ||¥ (10 k1]
17 Mitsubishi® tm 485 OB -83R'2 //SET UP SLIDE "|¥ ape3s
li"MiTsupishi OB +85R*; " » B3
1;"Mitsubishi® OB -104R°: " 3 DBaY
liTMitsubishi® OB +115R*; //MOVE TO SLIDE ||}
1:"Mitsubishi® TI SeR's " 13 w0838
1 "Mitsubishi® IDSR"; //INPUT DATA 13 e
1i"Mitsubishi®. Line[#i] T8 +1, 525R": J/TEST IF ROBOT | ADB38
1;"Mitsubishi®.Line[#1] 6T S104R%; /1008 TO LINE S/ ADB38
1;"Mitsubishi®.Line[#i] 0B -115R": //RESET MOVE TO { || “Hitsubdshi® aoeag
1 Mitsubishi™.Line[#1] M0 2S05R"7 [/PUT DOWN PRISM}  “Mitsubishi™ A0B38
1; "Mitsubishi®.1 MO 2605R"; " b “Mitsubishi® ADB38
1:"HMizsubishi® MO 2T04R°; " 13 “Hitsubishi® L1-kL
13 Mitsubishi™ MO 2805R': " b Hitsubishi® ADB38
1:"Mitsubishi® Mo " 13 *Mitsubishi® sDB38
1;"Mitsubishi® o J/TELL CIM STAME ¥ “Hitsubishi® e
1;"Mizsubishi®. Line [#i] 6T " b "Mitsubishi® A0B38
#/TIF Pick FINISEED PRODOCT
+1 o8 //BESET *CAN Pici}  "Mitsubishi® 10838
- o8 //FINISH BUSY 13 “Mitsubishi® aDB3g
+ o8 //SET UP SLIDE BB “"Mitsubishi® A0B38
. o8 //POSITION = 010|F “Mitsubishi® 0|38
* o " ] “Mitsubishi® aoes
+ OB +115R"; [/MOVE TO SLIDE |p  "Mitsubishi® ADB38
4 1:"Mitsubishi® 11 5 i 13 “Hitsubdshi® woe3s
+ l:"Mitsubishi® IRz //INRUT DATA 13 “Hitsubishi® B3
+ 1;"Mitsubishi” T8 +7, €505R*; //TEST IF ROBOT | “Hitsubishi® A0B38
& l:"Mitsubishi® GT €3%em'y //L00P TO LINE &|[F “Mitsubishi® ADB38
+ 17"Mitsubishi® 0B -115R"r " 13 “Mitsubishi® aDB3s
+ Li"Mitsubishi® MO 3206R°; //PICK UR FINISHI B  “Mitsubishi® ADB38
4 L:"Mitsubishi® MO 3304R°: " 3 “Hitsubishi® Lo 21
+ Li"Mitsubishi® MO JO0SR'? " ] “Hitsubishi® e
+ 1i"Mitsubishi®, MO 3S0SR*; " b "Mitsubishi® ADB3E




140 11 Mitsubishi®.Line[#1]
T “Mitsubishi®.Line[#i]
u2 "Mitsublishi®.Line[#1]
183 17°Mitaubishi®. Line(#1]
144 1:"Mitsubishi®.Line[#i)
18 13 Mitsubishi®,Line[#1]
146 13"Mitsubishi®. Line[#1)
Ty 13 Mitsubishi®. Line[#1]
148 17 Mitsubishi®.Line[#1]
145 1;"Mitaubishi®.Line[#1)
159 L Mitsubishi®.Line[#1]
1s1 1;"Mitsublishi®.Line(#1]
152 1;"Mitsubishi®.Line[#i]
153 s Mirsubishi®.Line[#1]
154 1:"Mitsubishi®.Line[#1]
155 1:"Mitsubishi®. Line[#1]
156 1:"Mitsubishi”.Line[#1]
157 1;*Mitsubishi®.Line[#1]
158 1:"Mitsubishi®.Line[#i]
159
160 //FAIL ROTHD MATERIAL FROM CH1/CE2:
161
162 #4 = #1 + 1:"Mivsubishi®.Line[#5]
163 #1 := #1 + 1:"Mitsubishi®.Line[#1]
164 #2 #i ¢ 17 Mitsubishi®.Line[#i]
165 #1 = #1 + 1:"Mitsubishi®.Line[#s]
¢ 1y"Mitsubishi®.Line[#1]
+

1 Mitsubishi®.Line (93]
1;"Mitsubishi®.Line[#1]
1z"Mitaubishi®.Line[#1)
13"Mitsubishi®.Line [#1)
Ly Mitsublahi®.Line[#1]
17"Mitsubishi®.Line(#1)
1:"Mitsubishi®.Line[#1]

+ 17 Mitsubishi™.Line[#1]
1; "Mitsubishi®.Line[#i]
1;"Mitaubishi®.Line[#i]

1"Mitsubishi®. Line[#i]
1:"Mitsubishi®. Line[#1]
1:"Mitsubishi®.Line[#i]
1;"Mitsubishi®.Line[#1i]
1;"Mitsubishi®.Line[#1]
1 Mitsubishi®.Line [#i]
1;"Mitsubishi®.Line[#1]
1;"Mitsubishi®.Line[#1]
1r"Mitsubishi®.Line [#1]
1:r"Mitsubishi®.Line[#1]
1:"Mitsubishi™.Line[#1]
1y"Mitsubishi®™.Line [#1)
1;"Mitsubishi®.Line[#1]
L Mitsubishi™.Line [#1]
1;"Mitaubishi®.Line[#i]
+ 1;"Mivsubishi®.Line[#i]
1;"Mitsubishi®.Line[#i]
1;"Mitsubishi®.Line[#i]
1:"Mitsubishi®.Line[#i]
1;"Mitsubishi®.Line[#1]
1;"Mitsubishi®. Line[#1]

Y T I Y

“sees

AIL FRISMATIC EARI

1: Mivsubishi®.Line[#i]
1:"Mitsubishi®.Line[#1]
1:"Mitsubishi®.Line[#1]
1 "Mitsubishi™.Line[#1]
1;"Mitsubishi®.Line[#1]
1r"Mitsubishi™.Line[#1]

b es s

e
680
rees
€90
]
700
08
"
718
720
28
730
*738
740
745
750
755
760
768

15582
FUT CHL IN LEFT BOK AND CH2 IN RIGHT BOK

"800
‘808
‘a0
‘81s
‘820
‘828
‘830
1= ‘838
840
"848 GT BISSR%:
‘850 OB -1l5R*;
1= 'BES MD 208R';

Figure 9.12 - Appendix 11 -

305R"2
405R";
S0sR*;
E05R" s
+85R":
=55R':
+104R";
+115R°;
SSR':
060"z

1= "510 TB +7, S208R';
t= *81S GT SOSIR'y

0B -11:R*;
IDSR";

T8 +4, S605R';
T8 +6, B40R';
MO 4104R°p

MO 4204R°;

GT 155R*;
S60 MO 4J04R':
*HES MO 4404R":
§70 0B -2%R°;
575 GT 155R°:

t= 1000 OB -15R":
1005 OB +25R':
*1010 OB +84R":
1015 OB +5%R";
1020 0B ~-10:
t= *1025 OB +1l5R"2

" +

//SET UP SLIDE "|}
//POSITION = 100 [p
" 1]
//HOVE TO SLIDE |}
" 3
//INPUT DATA »

//TEST IF ROBOT |}
//LOCP TO LINE 7}
//RESET MOVE TO !

//Place DOWH FIN|}
" 13
" ]
" 3
//FINISH BUSY | [F
" 13

//RESET "ERISMAT! b

//RESET "ROUND Clp
" b
"

3
" ]
//SET UP SLIDE MK
//POSITION = 001 [k
" b
//MOVE TO SLIDE [
{/WAIT FOR 0.5 51}
//INPUT DATA +
//TEST IF ROBOT ||}
//LOOP TO LINE 1K
//RESET MOVE 10 |}
//PICK UP FAILED K

Mitsi Program 5

"
i
"
1"
//SET UP SLIDE B}
//POSITION = 101 /(b
" 3
//MVE T0 SLIDE |[F
//WAIT FOR 0.5 51k
/FINFUT DATA 1]
//TEST IF ROBOT |[p
//LOGP TO LINE %
//RESET MOVE TO |
1 b
//PUT REJECTED R
//PUT REJECTED Rip
//RIGHT BOX FOR |[p
i ¥
//rINISE BUsY  |[F
" 3
//LEFT BOX TOR Fi[p

[

b

J

R

//FIRISA BUSY
i

7 3
1" b
//SET UP SLIDE R}
//POSITION = 011|[F

H 3
//MOVE TO SLIDE |k

Figure 9.13 - Appendix 12 - Mitsi Program 6

61

“Mitsublishi®
“Mitsubishi®
M1
M1t 1sni”.Line
“Mitsubishi®
“Mitsubishi®
"Mitsubishi®
“Mitsubishi®

“Mitsubishi®

“Mitaubishi®
“Mitsubishi®
“Mitsubishi®
“Mitsublishi®
“Mitsublishi®
“Mitsubishi”
“Mitsubishi®
"Mitsubishi®
*Mitsubishi®
“Mitsublahi®
“Mitsubishi®
“Mitsubishi®

ADBIE
ApBIR
ADB3E
ADB2E
ADB3E
aApB3g
aDB3g
ADB38
ADB3E
*DB3IE
&DB38
aDBag
ADB32
aDB38
ADBa2




{ ] “Hitsublishi® appae

13 “Mitsubishi® wpB3A

b} “Mitsubishi® ADB38

T |k “Hitsubishi™ ADB3E
np “Mitsubishi® apBas
b “Mitsubishi® ADB3
D} "Mitsubishi® ADB3E
b “Mitsubishi® ADB38

(] “Mitsubishi® apBag

P “Mitsubishi® aDB32

}  “Micsubishi® 10838
SET UP SLIDE M} “Mitsubishi® Lk
}  "Mitsubishi” A0B38

}  “Micsubishi® DB38

£ | b “Mitsubishi® DB
S1h “Mitsubishi® ADB3R
b “Mitsubishi® ADB3E

T {F “Mitsubishi® apeae
1 b “Mitsubishi® ADBR
b} “Mitsubishi® D838

b “Mitsubishi® DRI

b “Mitsubishi® DB

b “Mitsubishi® DB

3 "Mitsubishi® {150

= #i + 1y Mitsubisl ] = ‘RESR { ] “Mitsubishi® L1 L)
3 “Mitsubishi® apelg

b "Mitsubishi® D838

Figure 9.14 - Appendix 13 - Mitsi Program 7

Network 1: Configure R5232 port for Mitsubishi Robot and then send the Program
This should prebably be removed until 2 methed of closing the port can be found

W500.0 "RS232"."Config
*Firstscan® Req”

=i | s }—s

"Mitsubishi®.
*Load Program
Done*

Ip )
lRl

“Mitsubishi®.
“Send Program
Done”

{R }——t

*R5232"."Config *R$232°,
Done* Configured
X (s }—
"R5232"."Config
Req"
{R} ‘

Figure 9.15 - Appendix 14 - RS232 Program 1
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Network 2: Configure the R5232 port for the Mitsubishi Robot

B4
*PORT_CFG_DB"
PORT_CFG
EN
%M90 1
*HMI RS232
Config req”
| } REQ
269
"RS232"."Config "Local~CM
Req" 241_(RS232)
| - rom
PROTOCOL
& BAUD
PARITY
DATABITS
STOPBITS
FLOWCTRL
XONCHAR
XOFFCHAR
WAITTIME

"RS232%."Config
Error®
] 1

*PORT_CFG_
DB".STATUS

Figure 9.16 - Appendix 15 - R§232 Program 2

MOVE
EN — ENQ ———
*R5232"."Config
IN 3¢ ouTt — Error Status®

Figure 9.17 - Appendix 16 - RS232 Program 3
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ENO

*RS232"."Config

DONE —iDone”

*R$232"."Config

ERROR = Error”

STATUS




MNetwork 3:  Move to. Nest and Bevet commands

%WM90.4
"HM RS232
Resetcmd req”

{7 |

VAL_STHG
S_MOVE Uint 70 String
BN ENO
OU — "RE232" bufier “RS232" Position — gy out
SIZE
PREC
FORMAT

*RE232" buller *RE292" buffer

Figure 9.18 - Appendix 17 - R§232 Program 4

S_MOVE

M9 1.2
"HMI RS232
Resetcmd

PULSE"

%WM91.3
"HMI R5232
Run cmd req”

|

RSSR'— N

EN — EN

—_—
OUT — “R5232"°.buffer

S_MOVE

%WM91.4
“HMI RS232
Run cmd
PULSE"

RN SR’ IN

Figure

64

—

OUT — "R5232".buffer

9.19 - Appendix 18 - R§232 Program 5

CONCAT
String
EN —_—
M1 oun — “RE.232" huffer
N2




¥  Network 4:

WM90.2
"HM RS232
Robot Send

Message cmd
req”

"R5232""Send
String
Command”

WM90.5
*HM RS232
Move to
position cmd
req”

%M90.3
"HMI RS232
Nest cmd req”
11

W90 .4
*HM R5232
Resetcmd req”
11

*Mitsubishi®.
*Auto Send
Request”

1 L

*RS232"."Send

Figure 9.20 - Appendix 19 - R§232 Program 6

[ <\
ls.l'

*RS232" "Send

String
Done” Command"®
] 1 IR
L | |Rl

"RS232"."Send
Error”
11

LI

Figure 9.21 - Appendix 20 - R§232 Program 7
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-

"R5232" buffer — N

out

Network 5:  Add the carriage retum to the message and measure its length

CONV
Int to Uint

*R5232" length

g

[

32" length— |N

[

Figure 9.22 - Appendix 21 - R§232 Program 8

Network 6: Send the R5232 message to the Mitsubishi Robot

*R5232" length_
out — Vint

ENO
*RS232".°Send

DONE —4Done”
*RS232"."Send

ERROR —i Error’

STATUS 1680

*RS232".*Send

%WB37
*SEND_PTP_DB"
SEND_PTP
EN
"RS232"."Send
String
Command®
11
10 REQ
269
“Local~CM_
1241_(RS
- - PORT
"RS232" buffer — BUFFER
*R5232" length_
vint — LENGTH
False — PTRCL
*R5232"."Send
Error” MOVE
| | EN —— ENO —
*SEND_PTP_
DB'.STATUS — N 3 oum

Error Status®

Figure 9.23 - Appendix 22 - R§232 Program 9
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Network 7:

Figure 9.24 - Appendix 23 - R§232 Program 9

Network 8: Send the Mitsubishi Program, line by line

“Mitsubishi®
*Send Program
o MOVE

*RS232"."Send *R5232°.
Done® "Message Sent”
11 [< )
LI | IS !
%836
*RS232 send
timer”

"RS232". TON "RS232".
*Message Sent’ Time *Message Sent”
| IN Q {R}

T#100ms — pT ET — T20ms

“Mitsubishi®.
*Send Program
Busy’

{p | EN — ENO ——{§ }——

“Mitsubishi®. O—IN ¥oum—"°

"Send Program
Req PULSE"

"Mitsubishi®, "Mitsubishi®,
"RS232". “Send Program “Send Program
Configured Busy Done”

) 1 A

Network 9:
*Mitsubishi®. "Mitsubishi”.
*Send Program ? *Auto Send
Busy" *Mitsubishi® Index § MOVE Request”

i | {;.;} EN — ENO =——————ef § }—et

“Mitsubishi®. *Mitsubishi®. out *R5232" .buffer
"Program Line[*Mitsubishi®.
Length Index] — |y

Figure 9.25 - Appendix 24 - R§232 Program 10
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Mitsubishi®.Index




Network 10:

"Mitsubishi®. "Mitsubishi®.
*Auto Send "RS232"°. “Auto Send
Request® *Message Sent” Request®
l 1l Inl 4
1| N} {R} .
"RS232".
ssage Sent
PULSE" i
Int
EN - pr—
“Mitsubishi®.Index — INJOUT
Figure 9.26 - Appendix 25 - R§232 Program 11
Network 11:
“Mitsubishi®.
"Send Program ) o
Busy' "Mitsubishi®.Index MOVE
1L | > | Ty
L |Int | 3 i
“Mitsubishi®. 0 IN 3 Ooum "Mitsubishi®.Index
"Program
Length®

"Mitsubishi®.
*Send Program
Busy

Ir\
\Rl

*Mitsubishi®.
*Send Program
Done*

Figure 9.27 - Appendix 26 - R§232 Program 12
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¥  Network 1: Weit 30 seconds before running comms

WB11
*Start Comms
Timer®
TON
#"Comms Run® Time #"Comms Run®
——V—— . (s —
t£105 — PT ET— T#0n

Figure 9.28 - Appendix 27 - GET and PUT Program |

Network 2: Step 1 -initiate GETsequence from PLC 101

ment

#"Comms Run®
1 1

%WMs501.0 #PLC_1ON #PLC_101
*Clock_10Hz" step 1° step 1°

] | ]
i | 1 {S}

L |
#"PLC_101 #"PLC_101 GET #"PLC_101
step 1° ndr* step 2°
I} | | {s —
#°PLC_101 #°PLC_101 GET #°PLC_101
step 2° ndr* step 3°

— |

#'PLC_101
step 3°
1 |

A {s )—

WM501.0 #°PLC_101 #*PLC_101
“Clock_10Hz" step 4° step 4°

1 1 | Je
1 I/: 15}

Figure 9.29 - Appendix 28 - GET and PUT Program 2
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#°PLC_101 #'PLC_101 PUT #°PLC_101
step 4° done” step 5°
1 1 1 1 (5 )
11 117 15}
g"PLC_101 #"PLC_101 PUT #'PLC_101
step 5° done”® step 1°
1 1 | (R}
1T i/t 1R}
#"Comms Run® #'PLC 101
1/F step 2°
(R}
iR}
#'PLC_101
step 3°
(R}
iR}
#'PLC_101
step 4°
I\
iR}
#'PLC_101
step 5°
Ir )\
{R}

Figure 9.30 - Appendix 29 - GET and PUT Program 3
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Network 3: GETdata from PLC_101
P Call the GET function...

%“DB12
"GET_DB"

GET =
Remote - Variant & ¥,

EN ENO
#°PLC_101 #'PLC_101 #'PLC_101 GET
step 1° step 3° NDR —ndr”
] 1
1T REQ #°PLC_101 GET
ID ERROR —ierror”
P£DB50106 #'PLC_101 GET
DBX0.0 BYTE STATUS — status value”
32— ADDR_1
P#DB50101
DEBX0.0 BYTE
32—ppn g -
#°PLC_101 GET
error” MOVE
{ | EN — ENO ——
#"PLC_101 GET #"PLC_101 GET
status value® — |y 3¥ oum error status”

Figure 9.31 - Appendix 30 - GET and PUT Program 4

®DB50101.
DBX0.0
"PLC 101°."Get
Bit 0 - clock
test bit"
1 1

“WB33
"PLC_101 GET
counter*

cu
Int

#"PLC_101 GET
ndr*

(al]

*PLC_101 GET
counter” QU — g

1000 — py

Figure 9.32 - Appendix 31 - GET and PUT Program 3

71




h 4

Network 4: Send clock bit to PLC 101
%WB50101.
DBX32.0
*PLC 101" "Put
%M501.5 Bit 0 - Clock
"Clock_1HZ" test bit”
] L i 1
LI | | | )

Figure 9.33 - Appendix 32 - GET and PUT Program 6

Network 5: PUTdata to PLC_106
» Call the GET function...

%B34
*PUT_DB"

M —
Remote - Variant & %/

EN
#°PLC_101
step 4°
| | REQ
W# 16# 100 — |p
P#DB50106
DBX32.0 BYTE
16— ADDR 1
P£DB50106
DBX48.0 BYTE
64 — ADDR_2
P#DB50106
DBX112.0 BYTE
64— ADDR_3
P£DB50106
DBX176.0 BYTE
20— ADDR_4
P£DB50101
DBX32.0 BYTE
16 —sp_1

ENO
#°PLC_101 PUT

DONE —done”
£*PLC_101 PUT

ERROR —t €rror”

#°PLC_101 PUT
STATUS — Status value®

Figure 9.34 - Appendix 33 - GET and PUT Program 7
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#'PLC_101 PUT
ermor”
| 1

#"PLC_101 PUT
status value®

sD_2

sSD_3

sD_4

MOVE
EN —

#°PLC_101 PUT
IN 3¢ oum error status”

Figure 9.35 - Appendix 34 - GET and PUT Program §
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1502997 - Final

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

66/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

Text Comment. You are summarising the report rather than the project.

Text Comment. The panel already existed so no further cost was needed.

PAGE 8
Text Comment. You should be introducing the project not the report. Aims and Objectives?
Text Comment. You did not need to include this last paragraph in the introduction

PAGE 9

PAGE 10

PAGE 11

PAGE 12

Text Comment. Photo could have been taken back in January at the time of build, should be in
the log book.



PAGE 13

PAGE 14

Text Comment. You should be writing about what was done rather than instructing your reader
in what they should do. "has been added" is better than "must be added".

Text Comment. There are other discrete signals between these two.

Text Comment. RS232 comms is in the other direction

PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

QM

Write in the third person

Don't refer to your self as |, me, my or others as you etc. Avoid personal references. If absolutely



PAGE 32

necessary, refer to self as "the author".

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

PAGE 43

PAGE 44

PAGE 45

PAGE 46

Text Comment. Your program has 5 positions

Text Comment. The log book should have been kept up to date at the time of testing, then the
evidence would have been available

PAGE 47

PAGE 48

PAGE 49

PAGE 50

PAGE 51

Text Comment. A number of important goals have been met.



PAGE 52

PAGE 53

PAGE 54

Text Comment. This belongs in assignment 1, your literature review. Your solution is good
because it is easy to integrate into the CIM and provides the required performance.

PAGE 55

PAGE 56

PAGE 57

Text Comment. This list cannot contain the same sources as the Citation list

PAGE 58

PAGE 59

PAGE 60

PAGE 61

PAGE 62

PAGE 63

PAGE 64

PAGE 65

PAGE 66

PAGE 67

PAGE 68

PAGE 69

PAGE 70

PAGE 71

PAGE 72

PAGE 73




PAGE 74

GRADING FORM: NEW CSG-RUBRIC

DAVID
HARRIES

66

1. ENGAGEMENT WITH LITERATURE

[

y‘ Judicial use and critical evaluation of technical

literature in the design of the project: Clear use has
been made of literature in the development of the
solution to a high technical standard. Extensive use
of Siemens’ online technical literature and resources.
(4/5) Extent of reading, range of credible sources
and use of Harvard method: A small range of
credible and appropriate sources has been consulted
with correct use of Harvard. Good use of credible
and reliable sources throughout the report. Citation
list and bibliography appear to be identical? (2/5)
Total = 6/10

2. KNOWLEDGE AND UNDERSTANDING

[

y“ Advanced knowledge and critical understanding

demonstrated in the design of the project: The
solution, though not complete due to restrictions, is
excellent and could be easily integrated into the CIM




system. The programs are well designed and
explained. The report demonstrates a very good
critical understanding of the principles required to
implement the project successfully. Total = 8/10

3. COGNITIVE AND INTELLECTUAL

[

y"’ Testing and analysis of result: Good evidence of
testing in some parts under the circumstances,
particularly between the servo and the PLC.
However, some parts were tested before lockdown
and records should have been kept up to date in the

log book. Testing appears to be incomplete, primarily

due to Covid-19 lockdown restrictions. (6/10) Critical
evaluation of the project outcomes: A good honest
evaluation has been carried out what has been

achieved is more significant than the report suggests.

Outcomes that were achieved were compared
against the FDS, other outcomes were theoretically
assessed. Budget was forecast to be exceeded.
(6/10) Good conclusions presented with

consideration given to the original plan. However, the

recommendation of using a different drive belongs to
the literature review in assignment 1 and it is not
appropriate to mention it here. Consideration was
given for “always expect the unexpected” with
regards to risks to a project and the need f (7/10)
Total = 19/30

4. PRACTICAL APPLICATION

19

[

y‘ Formulation of innovative and creative design
solution to the project problem: Excellent solution

23



developed that suits the application perfectly though
not fully developed due to circumstances. (8/10)
Deployment method, use of material, tools,
equipment and techniques in the construction of the
project: Good use of software and hardware to
develop the solution though the panel was not built
due to constraints of Covid-19. (4/5) Quality of the
final product or system: The final product is of a high
quality — hardware is industrial standard, software
screens are easy to read and understand. No panel
built. (6/10) Use of test equipment and presentation
of results of the project : Good use of the available
equipment, results are well presented. (3/5)
Management of the design process. Clear evidence
presented of the design process that has been
managed effectively but the final Gantt chart is
missing that would show a comparison between
planned and actual performance. (2/5) Total = 23/35

5. TRANSFERABLE SKILLS

[

I‘ Executive summary, acknowledgements and

introduction: The summary is more of an introduction
to the report, no acknowledgements given and the

introduction should be more clear about the aims and

objectives of the project. (1/5) Quality of the report:
High quality report, well written and presented. (4/5)
Word count: Word count declared as 4626, Within
limits, no penalty. (5/5) Total = 10/15
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