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Abstract:
Objective of project was to prototype the pick and place operations for bottles that are injection
molded by bottle machine to allow for better utilization of floor resources; remove the need of an
operator to pack bottles in boxes. These results can further be implemented on 9 other
machines to magnify the impact. Bottles were channelized via tubes and wedge plate on to a
conveyor once released from molding machine, bottles travel to the end of conveyor where they
are counted and stopped by stopper mechanism and finally picked and placed in the box using
universal-5 Robot. It’s an integrated system that transfers bottles from the injection molding
machine through to being packed in a box in a neat vertical fashion, keeps pace with the speed
of bottle production via the injection molding machine and has the flexibility to move faster than
bottle molding, as required and requires no human intervention, except for the periodic transfer
of packed boxes onto the pallet.
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1. Introduction
Report describes implementation of prototype for Industrial automation project and
integration of various components such as Universal-5 Robot, Tubes, wedge plate
design, Keyence sensor, conveyor system and AFBS stopper.
Prototype was designed and fabricated for the packing of bottles coming out of injection
molding machine. Before the prototype was designed bottles were released from
molding machine directly on to a wide belt conveyor in randomized fashion; further
bottles were picked and placed by human operator.
To achieve the objective of this project the whole operation was automated to stop the
human intervention at the same time considering the bottles are neatly packed in vertical
fashion, keeping pace with the speed of bottle production, is flexible to adapt to all bottle
types on target machines and to reduce idle time of human operators.
It can be comprehended by schematically illustrated seven steps process –

Figure 1 Fully working prototype from the injection molding machine input through packing the box.

Schematic mentioned above realizes the use of following components which are further
described in detail in latter part of report.
• Tubes from Machine to Wedge plate
• Wedge plate mechanism
• Bottle belt conveyor
• UR-5 Robot
• Box Conveyor
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2. Tube Design for bottles
TB – 32 [TALL BOTTLE] TUBE DESIGN:

Figure 2 Separation of 0.4 inches between tubes

Figure 3 4-inches diameter of each tube
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Diameter of tube: 4 inches
Height of tube set: 30 inches
Radius of curvature: 0.5 inches
No. of tubes: 5
Material of tubes: Stainless steel 303
Gap between top of the tube and the base of the
bottle held by the injection machine: 1 inch
Gap between the base of the tube and top of the
wedge plate dividers: 1 inch
Gap between individual tubes: 0.4 inches

Figure 4 4-inch diameter of each tube

NOTE - This is the design that has been built and tested as the prototype.
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TB – 31 [SHORT BOTTLE] TUBE DESIGN:

Figure 5 4-inch diameter

Figure 6 Separation of 0.4-inch between each tube

Figure 7 4-inch diameter of each tube
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Diameter of tube: 4 inches
Height of tube set: 32 inches
Radius of curvature: 0.5 inches
No. of tubes: 5
Material of tubes: Stainless steel 303
Gap between top of the tube and the base of
the bottle held by the injection machine: 1 inch
Gap between the base of the tube and top of
the wedge plate dividers: 1 inch
Gap between individual tubes: 0.4 inches

Purpose: To channel the bottles falling from the injection molding machine to the
wedge plate.
Design Notes:
• Steel tube design is used for long and short bottles.
• Modified steel tubes by adjusting the height of tubes, and its angle onto the
wedge plate
• Steel Tubes are placed in such a way that the injection molding machine directly
drops five bottles inside the tubes.
• Other end of tube opens on wedge plate.
• See provided tube designs for dimension and requirements for both short and tall
bottle tube designs
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Lessons Learned:
• Proposed material used should be smooth in order to avoid scratching the bottles
and to ensure the bottle’s smooth transition.
• Curvature and length of tubes depends on dimensions of the injection molding
machine and size of bottles.
• The transition of bottles from molding machine to the wedge plate is NOT always
smooth. As a result, the wedge plate needs to be firmly attached to the floor or
machine, so it does not shift over time, causing misalignment with the tubes.
Recommended Actions for Final Design Iteration for Production:
• The tubes must be placed accurately inside the molding unit, with the help of
brackets at the bottom to hold it in place.
• The tubes must be aligned with the openings of the molding unit, so that the
bottles being dropped land directly into the pipes.
• Ensure the molding head has enough clearance from the tubes in order to avoid
the clash of molded bottles with the tubes.
• A separate set of tubes needs built by Gary Plastic to be used for the smaller
bottles. This is because the height of the tube set for the smaller bottles will
extend higher up to the mold heads as compared to the tall bottles. See tube
designs document.
• Align the wedge plate dividers with the tubes accurately. Dimensions are
attached in the documents.
• The height of the wedge plate from the end of the tubes must be enough to avoid
a clash.
• See setup procedure for steps that need taken to ensure alignment.
• An alternate material for tubes may be used if scratching of bottles occurs.
• A warning system must be implemented if bottles for some reason back up in the
tubes.
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3. Wedge Plate Design

Figure 8 Dividers

No. of slots: 5
Distance between the dividers (slots): 2.953 inches
Height of outer wedge plate: 12 inches
Width of outer wedge plate: 27.65 inches

Figure 9 Dimensions of dividers
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Width of 1st and 6th Divider: 1.05”
Width of 2nd, 3rd, 4th, and 5th Divider: 1.45’’

Figure 10 Thickness of Dividers
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SEPARATION BETWEEN TUBES AND TUBE ALIGNMENT:

Figure 11Tubes align with width of slots

WEDGE PLATE DIVIDER DESIGN:
Design for bottles around 2.75 inches in diameter. If bottles have a dimeter much
bigger (>2.9 inch) or smaller (<2.65 inch), then the thickness of the dividers will likely
need revised.
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Figure 12 Divider Design

Thickness of 1st and 6th Divider: 1.05 inches

Figure 13Thickness of Divider = 1.05"

Note: The divider top edge should be tapered to prevent the bottle bottoms from getting
caught on the divider edges and to help channel the bottles into the respective slot.
Start with a smaller taper, as shown. If bottles get caught on the top the dividers the
taper size should be increased. This feature should be tested offline before use in
production.

Thickness of 2nd, 3rd, 4th and 5th Divider: 1.45 inches
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Figure 14 Thickness of 2nd, 3rd, 4th and 5th divider = 1.45"

Note: The divider top edge should be tapered in order to prevent the bottle bottoms
from getting caught on the divider edges and to help channel the bottles into the
respective slot. Start with a smaller taper, as shown. If bottles get caught on the top
the dividers the taper size should be increased. This feature should be tested offline
before use in production.
Overhang of Divider from outer plate: 2 inches

Figure 15 Overhang of divider from outer plate = 2"
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NOTE:
• The wedge plate is cut out of acrylic material which provides a non-sticky surface
which prevents the warm bottles coming from the mold machine from sticking to the
wedge plate.
• Additionally, the vertical dividers are fastened to the inner wedge plate using rivets
on all dividers.
• Overhang of the divider from the outer plate = 2“.
• Overhang of the divider from the inner plate to outer plate = 1.75”.

WEDGE PLATE AND SECONDARY INNER PLATE:

Figure 16 All dimensions are in inches
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ALLIGNMENT WITH TUBE SET:

Figure 17 Alignment with Tube Set side view

Figure 18 Alignment with Tube Set front view

TUBE AND WEDGE PLATE SETUP
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•
•
•

The tube set has a small gap of 0.4 inches between the individual tubes. This
gap is because of the individual clamps used to hold the tubes in formation.
Another important factor to consider is the separation between the bottles while
on the mold heads.
The 0.4inch gap between the tubes helps align the top of the tubes with the
bottles held by the mold heads. This was the setup used during the offline tests.

Diameter of tubes: 4 inches
Distance between tubes: 0.4 inches
Width of tube set: 21.6 inches [(4x5) + (0.4x4)]
No. of slots: 5
Distance between the dividers (slots): 2.953 inches
Height of inner wedge plate: 8.5 inches
Width of inner wedge plate: 23.65 inches
Height of outer wedge plate: 12 inches
Width of outer wedge plate: 27.65 inches

Figure 19 Tube and Wedge Plate Setup

Purpose - Once bottles fall through the pipes into the slots on wedge plate, the plate
then moves to vertical angle of 90 degrees to place the bottles on the conveyor. The
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Pneumatic wedge plate consists of two pieces, is hinged at an angle, each of which is
controlled by solenoid; plate has five slots to hold five bottles.
Design Notes:
•
•
•
•
•

Acrylic slabs were used to build wedge plate (WP)
Wedge plate consists of dividers which channelize the bottles onto the conveyor.
Wedge plate pushes the bottles to a vertical position on the conveyor with
pneumatic pistons hinged at the back.
The vertically lined bottles will be picked up by the robot arm, after they moved
down the conveyor.
Piston dampers, that ensure a smooth transition of the bottles from the tubes to
the wedge plate, are very important to control momentum of bottles.

Lessons Learned:
•
•

•

The wedge plate is critical to the transfer of the bottles from the molding machine
to the conveyor.
Due to the piston’s constraints, the plate originally did not move 90 degrees;
thus, bottles were not placed fully upright on the conveyor. The 2nd design of the
WP was modified to include a 2nd WP inserted inside the larger original WP and a
secondary pair of pistons moves the secondary plate to 90+ degrees, resolving
the issue.
WP dividers were too small for short bottles, did not extend far enough down
towards the conveyor to accommodate the shorter bottles. Modified design of
dividers; prototyped with cardboard modifications.

Recommended Actions for Final Design Iteration for Production:
•
•
•
•
•
•
•
•

Adjust the dividers based on final measurements; final measurements are found
in handover document.
The dividers must be lined up with the exit of the tubes and the air supply to the
piston stoppers must be provided securely.
Grease the piston hinges regularly to ensure smooth movements.
Height of the wedge plate with the steel tubes must be such that it does not
collide with the tubes during its motion.
Going into production, the padding material on the back plate must be such that it
does not deteriorate rapidly.
Wedge plate can be mounted on a bracket on the molding machine to avoid
shaking of the conveyor and the conveyor must be securely mounted to the
factory floor.
A warning system must be implemented to identify if the pistons and/or wedge
plate malfunction.
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4. Single channel Belt Conveyor
Purpose: To guide the bottles down the conveyor. A single channel narrow
conveyor is ideal as it will align the bottles as they approach the pick-up point of
the UR robot. It is slightly angled to allow any fallen bottles to roll of the conveyor.
This is a safety feature
Design Notes:
•
•
•
•
•

Columns (side rails) used to prevent standing bottles from falling off the conveyor
and the conveyor is angled to allow tipped bottles to fall.
A bladder stopper was added on the conveyor to halt the movement of the
bottles.
Manual control of conveyor has been automated.
The signal to move the conveyor is provided by the output of the molding
machine.
Additional padding is added on the conveyor to prevent bottles from tipping over.
Lessons Learned:

•

•
•

An acrylic holder is required at the conveyor end (at the point where the bottles
are picked up by the robot). This ensures that the bottles moving down the
conveyor are held in place at the pick up spot, so that the bottles are picked up
by the robot arm efficiently.
The tilt of the conveyor prevents bottles which are tipped over from affecting the
incoming bottles.
The bladder stopper is placed just before the spot at which the sensor counts the
target, such that when there is bottle being counted the sensor, the bottle behind
will be right before (just about to pass) the bladder stopper. This ensures
accurate sensor count.

Recommended Actions for Final Design Iteration for Production:
•
•
•
•
•

Position of the conveyor with respect to the Robot and the injection machine
should be exact.
The conveyor must be secured tightly to the ground to avoid movements/ shifting
over time.
Ensure air supply is maintained and secure.
A warning system must be implemented if a bottle tips over and remains on the
conveyor.
Use a conveyor belt with more padding (to minimize impact), and conveyor
whose speed can be increased.
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5. UR Robot Pick & Pack
Purpose: To automate the pick and pack operation; UR robot picks up bottles
from the conveyor and places them into the box.
•
•
•
•
•

Design Notes:
The robot receives a signal from the sensor to pick up the bottles.
The robot code implements multiple pallet functions, which defines bottle
positions in box.
Robot arm speed is adjustable via teach pendant.
The sensors and pneumatic actuators used are wired into the GPIO box of the
robot and its functioning is triggered by the robot code.
End Effector: A five pneumatic bladder end effector is used to hold bottles from
inside. Bladders expand and contract to pick and place bottles.

Issues/ Lessons Learned:
•
•
•
•

Incorrect placement of the packing box may result in the UR robot outstretching
causing its emergency stop to activate.
The angled packaging box allows the bottles to not tip forward.
Packing of the second layer of bottles does not require a cardboard separator.
The program code will be different for small and tall bottles due to the difference
in heights of the 2 sets of bottles.
UR programming is set; waypoints will need updated once final positioning of the
box in the integrated system is defined.

Figure 20 UR Robot in action
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Recommended Actions for Final Design Iteration for Production:
•
•
•
•
•
•
•
•
•

Ensure the sensor connection is active and it is calibrated accordingly.
The UR robot must be mounted in locked position on the floor to avoid change in
its position.
Make sure the appropriate program is running. Directions on how to turn on the
UR robot and run the program are provided in separate document.
The electrical connections to the control box of the robot must to secured
properly. See separate file for directions on electrical connections.
Before production begins, the robot arm placement spots inside the box must be
re-checked.
The program code for packing consists of 4 pallet sections, each with a start
point and end point. Each pallet accounts for 5 rows. If the position of the start
points and end point of the first pallet is correct, the box is located right.
If position of box has to be shifted, the start and end positions of each pallet must
be recalibrated.
A document is attached describing the recalibration instructions.
A warning system must be implemented if to identify if the UR unit emergency
stop is triggered and/or if any other malfunction happens.
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6. Bottles Stacked in Box
Purpose: To enable packing of 100 bottles in one box

•
•
•
•

Design Notes:
The robotic arm packs the bottles row by row into defined positions inside the
box.
Dimensions of the box for tall bottles is 30 x 15 x 16. [NOT FINAL]
Box is placed at certain height and elevation from one end. The elevated box.
from one end, helped to stack the bottles perfectly
The box will accommodate 2 layers on 50 each, one on top of the other – no
divider needed.

Issues/ Lessons Learned:
• Placement of the box is critical.
• The bottom surface of the box must be flush, taped down, to avoid tipping of the
bottles.
•
•
•
•
•

Recommended Actions for Final Design Iteration for Production:
The position of the UR with respect to the box conveyor must remain fixed, so
there is not need of reprogramming the UR.
The stand on which the box is placed should be securely fixed in position as well.
Tape the bottom flaps of the box to ensure bottles do not tip over after being
placed in the box.
The approach and exit motion of the robot will vary for small bottles and tall
bottles because of the difference in height.
The waypoints in the program code will need to be altered to accommodate the
tall and small bottles.

Figure 21 Bottles stacked in Box
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7. AFBS Bladder Stopper
•
•
•
•
•
•

Pneumatic bladder stopper was installed on the conveyor.
The bladder expands and halts the movement of the bottle on the conveyor
momentarily, which allows the bottles ahead to be picked up by the Robot.
The bladder stopper is located just before the pick-up spot of the robot.
The bladder stopper is triggered by sensor count, once the sensor detects five
bottles have passed by on the conveyor, the sensor sends a signal to the
bladder, triggering it.
Bladder stopper is wired to the UR robot controller and its functionality is
integrated into the UR code.
Without the bladder stopper, the bottles get too closely packed, which leads to
the bottles adjacent to those being picked up, being knocked over.
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8. Keyence Sensor
•
•
•
•
•
•

The sensor is mounted on a separate stand next to the conveyor, within a
distance of 20cm from the bottles.
It is angled downwards (~10 degrees), with the sensor light aimed at the neck of
the bottles on the conveyor.
For the sensor to work effectively with clear bottles, a solid background must be
used as a reflection plate. A white background should be used to maximize the
sensor’s effectiveness.
The reflection plate is placed within 20cm behind the moving targets (bottles).
The sensor is wired to the UR robot GPIO control panel.
The sensor is triggered when the target blocks the sensor light ray. This signal is
accepted as a number count in the robot code. Once the robot registers 5 counts,
the robot signals the bladder stopper to activate and holds the incoming bottles in
place.

Figure 22 Keyence Sensor

Figure 23 Detection through Keyence

Sensor Setup/Reset Instructions:
A. To set up the sensor, hold the “Down” button (otherwise known as the “MODE”
button) and while continuing to push the “Down” button press the “Up” button 5
times (see “Down” and “Up” button locations on image to right).
B. When you do Step 1, you will see the term “rSt”, which stands for RESET,
appear on the screen.
C. Then press the “Up” button until the screen says “YES” (happens after
hitting “Up” button twice) and then press the “Down” button [which is also
the ENTER/SET key]. When you do this, you’ll see “ - - - “ flash on the
screen.
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D. Then an option will automatically come up to select PNP mode or NPN mode.
This is dictated by the type of input the sensor is getting. For this application,
hit the “Mode” or “Down” button until “PnP” flashes on the screen, then hold
down the “SET” [“Down”] button to select.
NPN –
0V
signal
PNP – 24V signal [Always set the Keyence sensor to PNP mode]
Once you do this initial setup, steps 1-4, you will not need to do again very often, but
it is included above in case you need to fully re setup the sensor. If you have recalibrated the sensor a bunch of times (say after ~ ten recalibrations), then you
should resent the entire sensor, starting with step 1 above. If the sensor reading is
off and re-calibration is not working, reset the sensor.

A. To get into settings, hold down the “MODE” [“DOWN”] button. You will see the
term “SPd” on the screen, this is for the “Response Time” setting, which you do
not need to change for this application.
B. Hit the “Down” button (3 times) to toggle through the various settings until
you see “dSC” on the screen. This dSC function is on that you need to
change.
C. To change the “dSC” setting, hit “Up” button once when “dSC” is on the screen,
then press “UP”button 2 more times till “OFF” shows on screen, then press the
“DOWN” button to complete the selection and go back to settings menu. The
dSC function is for “Dynamic Stability Control” to account for dirt build up on the
sensor in dirty operating environments, this does not apply to this application.
D. Then, since there are no other settings that need changed, hold down the
“MODE” button [“DOWN” button] to exit settings. When you have exited the
settings, you will see “End” flash up quickly on the screen.
The steps below are to re-calibrate the sensor, which needs done any time the
orientation of sensor, background, or conveyor (where bottles move by), in relation to
each other, changes. So re-calibration needs done as part of the standard setup
procedure each time you are setting up in order to operate in production.
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SENSOR RECALIBRATION INSTRUCTIONS (takes less than 1 minute):

1. To calibrate the sensor, have your background in place with no obstruction in
between (e.g. no bottle in between the background and the sensor). The
background should be white.
2. Hold down the “SET” and the “UP” buttons, at the same time, till the screen
flashes.
3. You will see a number appear on the screen (e.g. 90) after the screen stops
blinking. That number is the threshold that the senor is currently calibrated to.
You can adjust the threshold level from say 90 to down to 75 to have a smaller
threshold window. Threshold value can be changed, it’s not a definite value.
4. The value on the screen tells you the % match. Without a bottle in place, the
number 100 flashes on screen which means it’s a 100% match. In simple terms
this means the sensor is seeing the white background with no
obstruction/interference, which is why it is a 100% match since the sensor is
calibrated to see the white background with no obstruction.
5. When a bottle obstructs the sensor, if the screen says 0, it’s a 0% match. So this
means the sensor is detecting an object (eg. bottle) in front of it. So the number
which flashes on screen when an object to be detected passes by the sensor
indicates the % match.
6.

This completes the sensor recalibration.

Figure 24 Sensor Initialization
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On powering up the sensor, select PNP (for this application) by holding down on the SET
key for 3 seconds.

Figure 25 Initial Settings

Sensor Settings

Figure 26 Sensor Setting
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9. Summary of Recommended Updates for Production Version:
•
•
•
•
•

•
•
•
•
•

All the components such as the conveyor and the robot must be tightly secured
at the base to avoid any shift in its position during its operation. Components
should be positioned as shown in separate layout drawing.
The tubes must also be tightly secured to ensure proper alignment with the
wedge.
A separate set of tubes should be built and used for the smaller bottles. This is
because the height of the tube set for the smaller bottles will need to extend
higher up, to align with the mold heads – as compared to the tall bottles.
The wedge plate particularly, due to its high frequency, repetitive motion should
be monitored to understand and predict its durability over time; more durable
materials may need to be used.
The final design of the wedge plate needs completed by Gary Plastic. This
design will accommodate both short and tall bottles. See final design of wedge
plate document provided separately for design dimensions and specifications of
the proposed final design. Changes are primarily in the shape/ length of the
wedge plate dividers.
The bumper on the wedge plate will need maintained and likely updated, so that
it is more durable for repeat use in production (e.g. replacing the tape that is
holding the bumper onto the back of the wedge plate with a stronger adhesive.)
The sensor must be mounted on a stand, placed next to the conveyor. The setup
and placement of the sensor is mentioned on the previous slide and is critical for
correct operation.
When the sensor is restarted, switched on or the sensor/conveyor is moved in
away way, the sensor has to be recalibrated. The instructions describing the
recalibration is provided as a separate handover document.
Maintenance schedules to perform preventive checks and maintenance should
be developed and implemented, to ensure continued operation.
Before the operation is started in production, the setup procedure should be
followed to ensure smooth operation and to prevent issues. See the setup
procedure that is provided as a separate handover document. It is an initial
guideline that Gary Plastic will need to develop further.
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10.

Box Wiring Connections

Figure 27 Wiring of AFBS Stopper Keyence Sensor & End effector
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11.

Layout Diagram

Figure 28 Layout Diagram
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12.

Conclusion &
Final Results of Offline Validation Test of Prototype
•
•
•
•
•
•
•

•
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Fully working prototype run offline from the bottles being dropped in tubes
(mimicking injection molding machine transfer) through packing the box,
including recommendations for the box conveyor
Setup Time: 30 minutes
Run Time: 7 mins
Type of Bottle: Tall Bottles
Number of Boxes/ Bottles Packed: 1 box/ 100 bottles.
Summary of Test: Task of packing the bottles has been accomplished.
In the test above, one bottle tipped over in the box because the bottom
surface of the box wasn’t flush to the box bottom. This led to the
movement of the bottle. Going into production, the bottom surface of the
box will be stable.
The robot has been programmed to run in a continuous loop and pack
multiple boxes. This feature has been tested successfully but that feature
wasn't timed during our trials.
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