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Hardware Investigation, System Design and /O List

The robotic arm machine being tested in this report operates using both electrical power and
pneumatic power from pistons. This machine is a basic robotic manufacturing machine used
to simulate industrial purposes. The robot can work if programmed from a PLC: in this case,
Siemens S-7 1214 PLC is being used. The machine has 4 stations from which the hand can
pick up or drop objects to simulate manufacturing, station 1 is connected to the entry chute
and station 4 is connected to the exit chute.

The machine uses nine sensors, 8 solenoids, and 3 pushbuttons, and 2 toggle switches. Most
of the sensors are reed switches connected to the robot arm to detect where the position of the
arm is, reed switches used small magnetic fields to do this. A proximity sensor is used on the
entry chute to find an object rolling when there’s changes in its magnetic field. The
pushbuttons and toggle switches are located at the power box in the front of the machine. All
of the solenoids operate from electromechanical solenoid valves that open or close depending
on electrical current. They re located at the back of the PLC and work with compressed air.

Input Output
10.0: up sensor Q0.0: move down solenoid
10.1: down sensor Q0.1: move up solenoid

10.2: gripper opened sensor Q0.2: close gripper solenoid
10.3: gripper closed sensor Q0.3: open gripper solenoid

10.4: in sensor Q0.4: move out solenoid
10.5: out sensor Q0.5: move in solenoid
10.6: right sensor Q0.6: move left solenoid
10.7: left sensor Q0.7 move right solenoid

11.0; pushbutton X10
I1.1: pushbutton X11
I1.2: pushbutton X12
I1.3: toggle switch X13
I1.4: toggle switch X14
I1.5: object sensor

Each of the figures that follow should be
explained. They could be reduced in size.




-‘Fr’gure 1 Robotic arm machine




ViFigure 2: Entry chute




Figure 3: Exit chute




Figure 4: Power box




Figure 5: Pneumatic valves
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Program Documentation and Explanation

The program was built for the purpose of creating a basic loading and unloading automatic
sequences for the pick and place robot, as well as being able to manually control it. The robot
will unload metal or plastic cylinders meant to simulate products in a manufacturing
sitnation, The program was made on TIA Portal 7 with ladder and SCL languages, the output
and mains part of program were made in ladder programming, while the sequences were
made with SCL programming.

Mains Program

¥ Block title: “Main Program Sweep (Cycle)”

¥  Network 1:
%MS5.0
&Iniial_Call “FSP"
11 [}
LI 1 I
¥  Network 2:
%WFCc2
“Outputs”®
— EN ENO

Figure 7: Network 1-2

Network 1-3 are the mains that are constant when working, the first network is simply the
initial call that gets the machine starting while network 2 keeps the output program constant.
¥  Network 3:

YWFCl
“Sequence”

EN ENO

Figure 8: Network 3

Network 3 is like network 2 in that it keeps the sequence program constant.
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Output Program

¥ Network 1:
%001
W00 WM10.1 W0 .0 "Move up
" Auta® “HiMI Move Up* "Up sensor” solenoid”
—— X A { —
W00 201
" Auto” “Move up REQ”
11 11
t t you could have
forced the robot to
move up when not
*  Network 2: .
over a station.
%000
Moo o2 0.7 Qo A %01 “Move down
" Auto® "HM Move Down® “Left sensor” “In sensor” *Down sensar’ solenoid®
A ¥ | i} A ()
UND.0 W20.2 W06 Wo s
" Auto" *Move down REQ® *Right sensor” "Outsensor”
11 11 11 1L
LI L | LI L R .
good evidence of safety interlocks
Figure 9:
Network 1-2

There are 12 networks that are part of the output program that allow manual controls; the first
network gives the pick and place robot the ability to move up. The second network allows the
robot to move down: but as a safety feature, it also doesn’t let the hand go down unless the
‘in”, “out’, ‘left’, and ‘right” sensors are on. The action is carried out until the sensors are
reached. hence why the “up” sensor is closed before the “up” solenoid: the same thing works
with other networks. If *Auto’ is open, then there is manual control of the program; if close,

then the sequence is able to be carried out.
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“00 5
0.0 w103 Wo.o WO 4 “Move in
“Autg” “HM Move In” "Up sensor” “In sensor” solencid®
] ] | ] L 1A
4 | | i | 14 { F—
W0 .0 W20 3
“Autc® “Move in REQ”
1| 11
11 LI
¥  Networkd
T
W04
o0 W04 W00 W05 “Move out
“Auto® “HMI Move Out® “Up sensor” “Outsensor” solencid®
A N b A { —
0.0 WM20.4
“Auto® “Maove out REQ®

Figure 10: Network 3-4

These networks allows the program to move in or out from an orientation where the viewer is
facing toward station 1 and 4. The hand cannot move up unless it’s in the up position in these

two programs.

*  Network 5:
%00 6
%W0.0 W10.5 W0 0 0.7 *Move left
" Auta” "HM Move Left" Up sensor’ "Left sensor” solencid®
4 i | i } i { F—
W00 W20 5
"Autg “Move left REQ®
11 11
11 11
¥  Network 6:
%007
0.0 W10.6 W00 W0 6 *Move right
“Autc” “HM Move Right” “Up sensor” “Right sensor* solencid®
7 | 1} A { —
“i0.0 W20 6
*Autg® “Move right REQ™
11 11
LI L)
Figure 11: Network 5-6

These networks let the hand move left or right from the same orientation and likewise with
network 3 and 4, the hand cannot move left or right in the up position,

13




w07 %0Qo.3
W00 “HMI Open o 2 “Open gripper
*Auto” Gripper” “Open sensor” solencid®
i/ i | 4 { —
w207
0.0 *Open gripper
"Aute” REQ”
1| 1 1
1F 1F
*  Network 8:
W10 %007
0.0 “HMI Close W0 3 “Close gripper
“Aute” Gripper” "Close sensor” solenoid”
A i i/ { F—
w210
A0.0 “Closed gnpper
*Auto” REQ”
Figure 12: Network 7-8

Network 7 and 8 lets the hand open or close. the operator can close or open during manual

mode at any time.
>  Network9:

*DB2Z
"5 second imer”
MW 20 TON
"STEP" Time
|Ulnt| IN
3 TES: PT
W1 20
"STEP”

*  Network 10:
Lommer
W52
"HMI Stop %M5.7
Sequence” “Freeze®
] L
{ | (S et
A5
"HMI Start s 7
sequence” “Freeze”
1 {
— | {R}—
Figure 13: Network 9-8
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Network 9 provides the timer that delays the hand at step 9 and 17 in the sequence program.

In network 10, the ability to stop or start the sequence is given to the operator as a safety
feature to prevent disruption or damage to the machine and then to continue after the
obstruction has been dealt with.

¥  Network11: .
YDB4
“Input counter”
WMWI20 D
“STEF* Int
Qu
QD —i..
*Input counter*
o

¥  Network 12:
YDBS
"Output counter”
AW 20 cun
“STEP Int
IUlm I - cu ou
- false = Cp Qp —...
false =R *Output
& w— LD OV — counter .Qv
10— py

Figure 14: Netwark 11-12

Network 11 is responsible for the counters that count the number of objects coming into the

machine, while network 12 counts the number of objects leaving the machine. PV’
represents the starting value and *CV’ shows the current value being counted.

Sequence Program
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“ESP”

"STEP®

*Hext STEP"
*Move in REQ"
"Move dowm...
"Move left...
"Move out ...
"Move righ...
*Move up REQ”

“Freeze”
=SIEP™

"Move up REQ"
"Up sensor”
“Move up REQ™
“Next_STEP™

"Hove left...
"Move in REQ"
"Open grip...
n sensor” = 1)) THEN 3 "Open sensor"
"Move left...
*Move in REQ"
“Open grip...
rt Sequence”™ = 1) OR ("Object sensor™ = 1))) THEN 3 “HMI Load/...
*Next_STEP"

t Sequence” = 1)) THEW 3 *HMI load/...
"Next_STEP"

END_IF:

Figure 15: FSP, steps 0 and 1

This is the beginning of the SCL sequence program for both ‘load” and “unload’ sequences.
Starting with if freeze equals zero’, this is where the stop sequence button isn’t pressed and
the auto button is, then the whole program continues from ‘Case “STEP” of". Almost every
step begins with a “‘REQ = 1" (for request), this is the program giving the command to the
machine. Following this, ‘IF ‘sensor = 1" THEN ‘REQ = 0" tells the machine to end the
command when the sensor has been complete; then gives the next step and ‘END _IF". Step 0,
the program tells the robot to move up, then step 1 tells the machine to move left, in, and
open gripper; the hand is over station 1 here. From here there are two options: if ‘load’ is
selected or if there is an object. then the program goes to step 2. if ‘unload’ is selected. then
the program goes to step 50.
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"Hove down... WH20.2
"Dovn sensor” 0.1
"Move down... §M20.2
"Rext _STEP™ SMW130
N “Cloged gr... w210
"Close sen... 310.3
"Closed gr... 1.0
"Next_STEP™ IMW130
o :
0 e up BEQ” "Move up REQ™ M20.1
IF ("Up 2ensor "Up sensor”™ MO.0
*Move up REQ" := 0; "Move up REQ® 0.1
,_STRP : “Hext_STEP® AMW130
56 & "Move out ... 20.4
578 "Out sensor® %10.5
58 "Move out ... 1M20.4
L] "Next_STEP" IMW130
60
~_’ . "Move down... 3M20.2
"Down sensor” 310.1
"Move down... WM20.2
"Hext_SIEP™ WMW130
[1] "Open gripper F "Open grip... H20.7
[1]E] IF ("Open sena "Open senasor™ 0.2
0 "Opan grip... $20.7
) *Next_STEP" MW130
72 | END_
Figure 16: Steps 2-7
Assuming an object has rolled into station one, the machine moves down (step 2) and closes
its grip (step 3) to pick it up (step 4) and moves it to station 2 (step 5). Here, the hand will
move down (step 6) and open the gripper (step 7) to let it go.
' "Move up REQ™ W20.1
"Up sensor® 8I10.0
“Move up REQ" w201
“Next_STEP" W10
e 3 *5 Second ... \DB2
“Next_STEP" 130
10:
"Move down, M20.2
"Down sensor 1I0.1
“Move down. 4202
"Next_STEE" £MI130
‘ "Closed gripper REQ" := 1; "Closed gr... w210
"Cloze sen, RI0.3
0; *Closed gz... w210
*Next_STEE" 130
- “Move up REQ™ w20.1
"Up =ensor” RI0.0
*Move up REQ™ $0420.1
“Next_STEP" 130
1
101 13:
Loz "Move righ... wz0.6
g “Right sen... RI0.6
104 "Move righ, 20.6
L0S “Hext_STEP" 130
106

Figure 17: Steps 8-13

17




Step 8 tells the hand to move up, afier that happens, the 5 second timer turns on (step 9).
After the delay (meant to simulate manufacture), the hand comes down (step 10) to pick up
the object (step 11 and 12) and move right (step 13) to station 3.

14:

“Move dowm...
“Down sensor™
“Move dowm...
“Hext_STEP"

“Cpen grip...
"Open sensor”
"Open grip...
“Hext_STEF"

“Move up REQT
“Up sensor”™
“Move up REQ™
*Hext_STEP®

1) THEN b =5 Second ...
“Hext_STEP"

“Move dowm...
~Down gensor™
“Hove down...
"Hext_STEE"

“Closed gr...
"Clase sen...
"Closed gr...
"Hext_STEP"

END_
Figure 18: Step 14-19

Step 14 commands the robot to move down. then it drops the object (step 15) and moves up
(step 16). The same 5 second delay comes in again at step 17. Once that has finished, the
hand moves down (step 18) and closes the gripper (step 19).

"Move up REQ"
"Up sensor®
"Move up REQ"
“Next STEP®

“Move in REQ™
~In sensor™
"Move in REQ"
“Next_STEE"

"Move down...
"Down sensor”
“Move down...
“Next STEP™

"0pen grip...
"Open sensor”
"Open grip...
“Next_STEF”

"Mave up REQ"
"Up sensor®

X “Move up REQ"
169 "lexc STEP™ “hext_ STEE™
170 | EWD_IF;

"Move dowm...
“Down sensor”
“Move dowm...
“Next_SIEP~
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iM20.1
L10.0

120.1
MNL30

20,3
0.4

M20.3

MWL30

M20.2
t10.1
™20.2
THRL30

420.7
k10,2
20,7

IMNLI0

20.1
£10.0

M20.1
L3I0

§10.1
$M20.2
IMWL30




Figure 19: Steps 20-50

At step 20, the program tells the robot to bring it up (step 20) and move to the last station
(step 21). Once over the final station, the hand drops the (finished) product (steps 22 and 23)
into the assembly chute and then moves up (step 24). The robot will then go back to step 1
and the load sequence is finished. Step 50 is the beginning of the unload sequence where it
starts with the hand moving down.

51:

*Closed gr... 21,0
H “Cloae sen... $I0.3
“Closed gr... W21.0
1 "Next_STEE" $HW130
a3 52:
-1 *Meve up REQ® 0201
B5 K “Up sensor” 310.0
“Move up REQ® 20,1
“Next_ STEP" IMW130
"Move righ... 2420.6
"Right ssm... 2I0.6
“Move righ... M20.6
“Next_SIEP" $MN130
54:
“Move down... Wao.2
8 “Down sensor® 3I10.1
“Move down... 20,2
"Hext_STEP" 130
1 58:
2 "Open grip... $420.7
132 [ “Open sensor® £I0.2
=Open grip... £M20.7
“Naxt_STEE" $MH130
“Move up REQ™ 220.1
B TEEN "Up seasor® AI0.0
B “Move up REQ® £$20.1
“Next_STEP" MW130

END_IF:

Figure 20: Steps 51-56

Once the hand is down the machine will close the gripper (step 51) and move up (step 52) to
pick up an object from station 1. The machine will then move right to station 4 (step 53) to
drop it into the exit chute (step 54 and 55), step 56 tells the machine to move up

19




225

226

231

232

233 60:
234
2359
236 “Move up REQ
237 “Next_STEP-
238 END_IF:

239 61

240 "Move in REQ”
241 “Move right REQ
2426 IF ((*In sensor*
243 “

244
245

248

Figure 21: Steps 57-61

) AMD (*"Left senscr® = 1)) THEW

" w13
= 1) THEN
= 0;

1;
= 1) MMD (*Right sensoz® = 1)) THEN

REQ" :

"Move cut ...
"Move left...
*Out sensor"”
"Move out ...
"Move left...
"Next_STEP™

"Move down...
“Down gensor”
“Move down...
“Next_STEE"

“Closed gr..
*"Close sen...
“Closed gr..
“Hext_STEE"

"Move up REQ™
*Up sensor™
“Move up REQ"
*Hext_STEE"

“Move in REQ”
"Move righ...
“In sensor®
“Hove in REQ*
"Move righ...
"Hext_STEP"

Step 537 tells the robot to move directly to station 2 (step 37), afterward the robot move down
(step 58) to pick up an object sitting there (step 59 and 60), then move back over station 4

(step
61).

247 62:
248 “Move down REQ™

24593 IF ("Down sensor
250
251
252 |
253 63:

254 *Open grippe

"Cpen g
"Nexr_STER"
END_IE:

641

"Next_STLE™
END_IF;
65:
“Move cut REQ® :

IF ("Outc sensor”

66:

1 "Hext_STEE”
LY END_IE;
Figure 22: Steps 62-67

“Closed gripper REQ" @
IF (“Close sensor” = 1) THEN

"Closed gripper REQ™

REQ" := 1;
IF ("Cpen sensar" = 1) THEN
per REQ" := 0

= §4:

= 65

= 1) THEN

H N H

L -H

20

"Down sensor”
“Move dowm...
“Next_STEP™

“Open grip...
"Open sensar"
“Open grip...
“lext_STEP"

“Move up REQ”
“Up sensor*
“Move up REQ”
“lext_STEF"

"Move cut ...
“Out sensor®
“Move cut ...
“lext_STER"

"Move dowm...
“Down sensor”
“Fext_STEP™

"Cloged gr...
“Close sen...
“Closed gr...
“liext_SIEP™

20,4
#420.5
£10.5
3M20.4
M20.5
WW130

¥420.2
310.1

M20.2

AMW130

W21.0
310.3

M21.0

W130

20,1
$10.0

$M20.1

IMW130

wa0.3
M20.6
$10.4
20,3
1M20.6
130

M20.2
$10.1
M20.2
3MW130

20,7
$10.2

M20.7
1MN130

420.1
$10.0

20,1
AMWL30

WH20.4
%10.5

M20.4
AMELIO

20,2
&I0.1
§M20.2
AMWLI0

M21.0
$10.3

iMzl.0
AMWLI0




Step 62 and 63 tells the machine drop the object into station 4, then the machine moves up
(step 64) and out (step 65) toward station 3. The program would pick up another object here
(step 66 and 67).

ve up R

"Move up BEQ™
"Up sensor®

"Move up REQ®
"Hext_STEP"

"Move in REQ™
"In senscr”
"Move in REQ"
"Hext_STER"

"Move down...
"Down sensor”
"Move dowm...
"Next_STEE"

“Open grip...
“Open sensor™
"Open grip...
"liext STER"

"Move up BEQ®
"Up senscr™
"Move up REQ™
“Next_STEE”

}  "sTER®
Figure 23: Step 68-72

Step 68 tells the machine to move up. then the machine goes back into station 4 (step 69).
The machine will then drop the final object into the exit chute (step 70 and 71). then move up
(step 72) and move back to station 1 (step 1) to end the sequence.
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PLC tag list

PLC tags
. Name Tag table Data type Address Retain  Acces.. Writa.. Visibl.. |
1 4@  Upsensor Inputtag list E| Bool @ %10.0 E‘ = = =) =]
2 4@ Downsensor Inputtag list Bool %10.1 [~ =l ™
3 a Open sensor Input tag list Bool %I0.2 B Q B
4 ﬂ Close sensor Inputtag list Bool %03 =] =] =]
5 @ Insensor Inputtag list Bool %104 ~ ™ ™
& @ Outsensor Input tag list Bool %I10.5 -] 8 B g
7 ﬂ Right sensor Inputtag list Bool %10.6 = ™
8 @ |Leftsensor Inputtag list Bool %10.7 [l =] ]
§ 4@ Move downsolenoid Outputtag list Bool %Q0.0 = = =] ™
10 4@ Move upsolenoid Outputtag list Bool %Q0.1 v =l ™M
11 @  Close grippersolencid Output tag list Bool %Q0.2 = [ =)
12 4@  Opengrippersolenoid Output tag list Bool %Q0.3 ¥ = v
13 ﬂ Move out solencid Output tag list Bool %Q04 v =] =)
14 4@  Move in solenoid Output tag list Bool %005 = =l =] =]
15 @ Move leftsolencid Outputtag list Bool %Q0.6 ¥ =] =]
16 4  Move rightsolenoid Output tag list Bool %Q0.7 - = =] )]
17 4@ X0 pushbutton Inputtag list Bool %0 [ W v
18 4@  X11pushbutton Inputtag list Bool %I1.1 [~ =] =]
19 @ x12pushbutton Inputtag list Bool %012 = “ N &
20 ﬂ X13 pushbutton Inputtag list Bool %I1.3 1~ = =)
21 4@  X14pushbutton Inputtag list Bool %14 ] =l =]
22 4@ Objectsensor Inputtag list Bool w15 I~ =] =
2 @ Fsp Defaulttagtable  Bool LMS.0 v =] =]
24 @ HMStanSequence Defaulttagtable  Bool %51 [ =] )]
2% @ SwEP Defaulttagtable  Ulnt LI 20 )] =]
36 |40  Newa STEP Defaulttagtable  Ulnt %AW 30 = = M =&
27 @ At Defaulttagtable  Bool %MO.0 I~ =] =)
28 4@  HM Move Up Defaulttagtable  Bool BM10.7 M & ™
29 4@  HM Move Down Defaulttagtable  Boel £M10.2 - ™ =] ]
30 @  Move downREQ Defaulttagtable  Bool %W20.2 [ =] ™
31 <@  Manual Defaulttagtable  Bool %MO.1 =] =] =]
32 4@ HMMoveln Defsulttagtable  Bool LM10.3 [~ =] ™
32 @ HM Move Out Defaulttagtable  Bool %104 [~ =] =)
34 @  HM Move Left Defaulttagtable  Bool EMI10.5 n =l =] =]
35 @  HM Move Right Defsulttagtable  Bool %M10.6 7 M &
36 4@  HM Open Gripper Defaulttagtable  Bool %M10.7 = “ N &
37 4@  HM Close Gripper Defaulttagtable  Bool %M11.0 v =] =
38 4@ MoveupREQ Defsulttagtable  Bool %LM20.1 v =] ]
39 @ MoveinREQ Defaulttagtable  Bool %W20.3 = = =] =]
40 4@  Move outREQ Defsulttagtable  Bool %LW20.4 ~ M =]
41 4@ MoveleftREQ Defulttagtable  Bool %h20.5 = = M &
Figure 24: PLC tags 1-41
42 @  MoverightREQ Defaulttagtable  Bool %A20.6 )] =] v
43 4@  OpengripperREQ Defaulttagtable  Bool %M20.7 )] ] )]
44 lﬂ Closed gripper REQ Default tag table Bool %M21.0 = )] ] =
45 |4  HM Stop Sequence Defaulttagtable  Bool %NS.2 ™ ™ v
46 @  HMLoadlUnload selector Default tag table Bool %MS.6 = 8 a 8
47 @ Freez Defaulttagtable  Bool %MS.7 )] )] v

Figure 25: PLC tag 42-47
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HMI screens

Auto Manual

Move Left §¥ Move Right Move In

Move Down Open Gripper | Close Gripper i Move Out
Operator Screen 00000

There two HMI screens, one for the engineer doing maintenance and one for the operator to
control the machine. Both have auto/manual buttons, stop and start controls, load/unload
switch, and input/output counters, the engineers has everything the operator screen. It comes
with a step counter to let the technician where the machine is in the sequence as well as
manual controls with lights for sensors and solenoids (red is solenoid. green is sensor).

Figure 26: Engineer’s HMI screen
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Auto Manual

Engineer Screen

Figure 27: Operator’s HMI screen

HMI Tags

HM tags

 teme x [Tag tale Dot type la e [rcesg |
@ 5second timer | Tag tzble_1 B Time @ HIM_Conne... E PLC 124 *5 Second timer™PT B
4 Au Tag table_1 Boal HM_Connectio.. FLC 124 Auto.

<@  Close gripper Tag tzble_1 Bool HIM_Connectio... PLC_124 *Close gripper solencid®
@ Closedsensor Tag wble_1 Bool HM_Connecvo... FLC 124 *Close sensor”

@  Downsensor Tag table_1 Bool HM_Cennectio... PLC 124 *Down sensor”

g Freaze Tag table_1 Bool HM_Connectio.. PLC 124 Freezs

4  HM LoadiUnload celector Tag table_1 Boal HM_Connectio.. PLC 134 "HM LozdiUnlozad select. .
@  HM Main Close Gripper Tag table_1 gaal HM_Connectio... FLC_124 “HM Close Gripper®

<a HM Main Move Down Tag tzble_1 Boal HM_Connectio... PLC 124 *HM Move Down®

@ HM Main bove In Tag table_1 Bool HM_Connectio.. PLC_124 *HM Move In"

@ HM Main Move Left Tag table_1 Bool HM_Cennactie.. PLC 124 "HM Meve Laft’

< HM Main Move Out Tag t=ble_1 Eool M _Connectio.. FLC_124 “HM Move Out'

<8  HM Main Move Right Tag table_1 Bool HM_Connectio... PLC_124 "HM Move Right"

<@ HM Main bove Up Tag table_1 Eoal HMM_Connectio... FLC_124 *HM Move Lp*

<@  HM Nain Open Gripper Tag table_1 Baoaol HM_Connectio... PLC 124 "HM Dpen Gripper"

4  HMStartsequence Tag tzkle_1 Bool HM_Connectio.. PLC 124 “HM StartSequence”

4  HM Stepsequence Tag table_1 Bool HM_Connectio.. PLC 124 “HM Stop Sequence”™

4 Insenser Tag tzble_1 Boal HM_Connectio... PLC_124 *In sensar

4@  Inputcounter Tag table_1 Int HM_Connectio... FLC 124 “Input countar" Y

@ Lefisensor Tag t=hble_1 Boal HM_Connectio.. PLC_124 "Left sensor®

4  Manual Tag table_1 Bool HM_Connactio.. PLC 124 Manual

4 Movedewn Tag table_1 Bool HM_Connectio.. PLC_ 124 "Move down solenoid”

<@ Move down REQ Tag t=ble_1 Boal HM_Connectio... FLC_124 "Move down REQ"

& MNovein Tag whble_1 ool HM_Connectio... FLC_124 *Move in solenoid®

A Moveleft Tag table_1 Bool HM_Connectio.. PLC_ 124 *Move left solenoid®

A Moveout Tag mble_1 gool HM_Connectio.. FLC 124 “Move putsolencid”

Figure 28: HMI tag list (Part 1)
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<  Moveright Tag table_1
4  Moveup Tag table_1
4  Move up REQ Tag table_1
S0 Objectienser Tagable_1
<a Open gripper Tagable_1
<@  Opensensor Tag table_1
<a Outsensor Tag teble_1
-a Qutput counter Tag table_1
4  rightsensor Tagtable_1
a start pushbutton Tag table_1
4 SEF Defaulttag teble
&  stwop pushbutton Tag mable_1
- Up sensar Tag table_1
a X0 Tag table_1
-a Xx11 Tag table_1
-a X1z Tag tsble_1
A X3 Tag tahle_1
a K14 Tag table_1

Figure 29: HMI tag list (Part 2)

Bocl
Boal
Bocl
Becl
Boal
Bool

Bocl

Bocl
Bool
Ulnt
Bocl
Bocl
Boal
Becl
Bocl
Bocl
Bodl
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HM_Connectio__.
HM_Cannectio...
HM_Connectio...
HM_Connacts...
HM_Connectio...
HM_Connectio. .
HM_Connectio..
HM_Connectio...
HM_Connectio...
HM_Connectio
HM_Connectio...
HM_Connectio...
HM_Cannectio...
HM_Connectio...
HM_Connectio...
HM_Connectio..
HM_Connectio

HM_Connectio...

PLC_124
PLC_124
PLC 124
e 124
FLC_124
FLC_124
PLC 124
PLC_124
PLC_124

. FLC 124

PLC_124
PLC_124
PLC_124
PLC 124
PLC_124
PLC_124
PLC_124
PLC 124

"Move right solencid"
*Move up solenoid®
“Move up REQ"
“QObjectsenser
"Open gripper solencid”
"Open sensor®
"Outsensor®

"Output counter™ PY
“Rightsenser

“HM Start Sequence”
STEFP

"HM Stop Sequence”
"Up senser®

K10 pus hbutten”
"X11 pushbutton®
*X12 pushbutton®
*X13 pushbuttan®
*¥14 pus hbutton®




Step 0 Move up
UpSensor ~ | Ck?se
3 Gripper
Step 1 Move left Step 19 Close
ippe
In —_ Move in gripper
: Down —T—
Left =—— Gripper open
Open —— Stepig [ Move down
Load —— 5 -
3 Seconds
Move down 55 d
Step 2 Step 17 econ
delay
Down . Up ——
Move u
Step 3 Close gripper Step 16 "
Close —T— Close ==
A
Step 4 Move up Step1s [ Open
gripper
Up =1 Down —7T—
Step 5 — Step 14 Move down
out . [
Out —— Right
Step 13 Move right
Step & Move down -
Down —1— Up ——
—— Move up
Step 7 Open gripper Step iz
Open  —— Close —1—
Step 11 Close gripper
Step 8 Move up y
Down —T—
Up —1—
Step 10 Move down
Step 9 S second delay
5 seconds —‘_

Figure 30: Load sequence flowchart
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Figure 31: Unload sequence flowchart
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System Testing, Maintenance and Reliability

Test Table
Number | Description Expected result Actual results
1 Both engineer and operator The automatic switch The automatic and

screen must have a switch for
automatic and manual modes.

carries out the sequence
procedure and the
manual switch

allows manual control.

manual controls work on
the HMI screens.

allowing the robot to move left,
right, in, or out in the up
position; or moving down
outside of the 4 stations.

position can’t move left,
right, in, or out; nor can
it move down outside
the 4 stations.

2 The piston must operate safely The piston performs its | The hand followed any
and sensor information must be | commands and the command from the
visible on the engineer screen. sensor information is manual controls.

available on the HMI.

3 Safety interlocks such as not The robot in the up The hand didn’t move

right, left, in, or out in
the up

position; nor did it move
down outside the 4
stations.
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The number of objects inside
the machine and exiting the
machine must be displayed in
the operator screen

The amount of objects in
the machine is counted
in the input and output
counter on the HMI.

The output counter was
counted from 10 instead
of zero and couldn’t be
reset, but the input
counter worked as
expected and could be
reset.

The operator screen must have
a selection between loading and
unloading sequences in the
machine

The load sequence
follows when the load
button is switched on
and vice versa with the
unload sequence

Both the load and
unload sequences
followed as the buttons
are switched on.

On power up, the robot must
move safely to the home
position (up, left, open, and in)
and wait until further
instructions.

When the machine
powers up, the hand
goes the home position
until further steps.

The hand went to the
home position when the
machine powers up.

If the load option is

selected and an object is rolled
down the entry chute, the robot
must pick it up and move it to
station 2 where it must be left
for 5 seconds during which time,
the robot must be held in the up
position. After this delay, the
object must be moved to
station 3 and left there for 5
seconds during which time the
robot must be held in the up
position. After this time, the
object must be moved to station
4 where it will roll down the exit
chute. The number of objects
exiting the machine must be
counted and displayed for the
operator.

When instructed to load
and an object is rolled,
the hand picks it up and
brings it to station and
leaves it there for 5
seconds while in the up
position. Afterward, the
robot picks it up and
brings it to station 3 and
follows the same delay
while in the up position.
Afterward the

robot carries it over to
the final station to be
dropped into the exit
chute. The numbers of
objects are counted on
the display for the
operator.

The sequence was
followed step by step to
each station starting
from station 1to 2 to 3
to 4. All the delays
worked and the objects
were counted and
displayed on the HMI.

If the unload option is selected,
the machine must be emptied
safely when a start button is
pressed.

When the unload button
is selected and the start
button is pressed, the
hand brings 1 object
from each station at a
time to station to be
dropped in the exit
chute.

When the unload button
was pressed, the robot
picked up an object
from each station and
brought it to the exit
chute.

Provide a stop button that
freezes either of the sequences.
The start button must be used
to allow the sequence to
continue.

The stop button when
pressed, stops the whole
sequence until the start
button is pressed.

The sequence would
always pause when the
stop button was pushed
and started when the
start button was
pressed.
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10 Suitable safety features must be | The robot doesn’t place | The sequence has been

incorporated to prevent the another object on top of | stopped to prevent an
robot placing an object on top of | another when the instance like this from
another object when the sequence has been happening.

sequence has been interrupted. | interrupted.

Manual test photos

SIEMENS SIMATIC HMI

Figure 32: Test photo 1

This HMI screen says the arm is in the up position over station 1 with a closed gripper.

Figure 33: Test photo 2

In this figure, the robot is in the same position as in the last figure.
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SIEMENS SIMATIC HMI

Figure 34: Test

photo 3

The HMI screen says the arm is over Station 4 in the down position with an open gripper.

Figure 35: Test photo 4

In this figure, the robot is in the same position as in the last figure.
Sequence photos
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Figure 36: Test photo 5

Here, the robot has just started the load sequence by picking up an object.
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The robot has just dropped an object at station 2.
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Figure 37: Test photo 6




The machine has just dropped the object at station 3
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Figure 38: Test photo 7




Figure 39: Test photo 8

Here, the machine has dropped an object into the exit chute.
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Figure 40: Test photo 9

The robot has returned back over station 1.

Conclusions and Recommendations

Overall, this was a successful test based on the aims and objectives that were set out to be
achieved. The manual test worked greatly and the sequences went smoothly as planned in the
end. Sometimes there was miss-programming and problems with the HMI controls, other
than that there were no other problems. The robot did well the most in simulating a similar
situation to programming,. testing, and operating a robotic machine in industry.

SCL and ladder programming were very appropriate for this case, but function block
could’ve worked in both areas. Sometimes, the robot would most quite slowly, so there was
either a lack of lubrication or not enough air in the machine. There also wasn’t a feature to
automatically stop the sequence if it was going to drop an object on top of another, which
could’ve been done.
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PSDE4005 Assignment 2

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

58/100

Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

Text Comment. Each of the figures that follow should be explained. They could be
reduced in size.

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

Text Comment. This is an accurate diagram and would be very useful to an engineer

PAGE 11

PAGE 12

Text Comment. you could have forced the robot to move up when not over a station.
Text Comment. good evidence of safety interlocks

PAGE 13

PAGE 14

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

PAGE 32

PAGE 33

PAGE 34

PAGE 35

GRADING FORM: CSG-RUBIC

JONATHAN PHILLIPS

58

RESEARCH-INFORMED LITERATURE

(




y‘ n/a

KNOWLEDGE AND UNDERSTANDING

(

y‘ Section 1: Hardware Investigation - A brief

explanation given with supporting photos and an
accurate wiring diagram. However, each photo
needs an explanation. (7/10) Section 1: System
Design and /0O list - The system is well designed
and this includes the ladder networks, SFC chart,
SCL coding and a good 1/O list. (7/10) Section 2:
Program Explanation — Good brief explanations
provided for the ladder networks together with
sections of the SCL code. (7/10)

ANALYSIS

21

[

y‘ Section 3: System Testing — Good evidence of

testing with supporting photos. However, each
manual function should have been tested separately
together each step in the sequences. (7/10) Section
3: Maintenance and Reliability - Good evidence of
consideration by designs of program and screens
and by your testing but the report could have
contained a section devoted to addressing these
issues directly. (6/10) Section 4: Conclusions and
Recommendations - Some conclusions offered and
some suggestions. (4/10)

PRACTICAL APPLICATION AND DEP.

17

(

y“ Section 2: Program Network Comments - Your

programs (ladder and SCL code) do not contain any
embedded comments. This would make it difficult to
read without this report explanation. (0/10) Section

14



2: HMI Screen Designs — Good screen design for
both operator and engineer. However, the layout of
the engineer's screen could be better.(7/10) Section
3: Presentation of Test Results - Very good
presentation of results. (7/10)

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ All sections - Report is well structured and
presented. However, each section should have been
numbered according to the brief and there are
spelling errors. (6/10)
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