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Summary

This project is being carried out in collaboration with Parker Hannifin. The main ob-
jective of this project is to achieve a simulation of an automatic assembly cell for the
assembly of the CRVs in the P70 hydraulic valve assembly line. The robotic cell uses
the line layout to perform the assembly. It consists of a robot, an automatic feeder
system, a conveyor system, an assembly table, and an aligner stand. The tool used to
perform the assembly is a combination of two tools mounted on a multi-tool. The first
tool is a vacuum gripper, and the second tool is a drill driver. The time taken by the
robot to complete one assembly of a P70 module of three sections, with a size of six
CRVs on each side, A and B, is eighty-eight seconds which is faster than the speed of a
manual operator. The throughput rate of the assembly cell is forty-one complete as-
semblies per hour, which equals one hundred and twenty-three sections per hour. This
result shows clear improvement comparing it to the manual assembly throughput rate.
The minimum time for the automatic feeder system to request a refill is approximately
twenty-two and a half minutes. A minimal change is required when a new specification
is added to the assembly line.
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1 Introduction

When people think about industrial robots, perhaps the first thing that comes to mind
is a robotic assembly. Automotive production was the first to standardize robotic auto-
mation to boost capacity and enhance the quality of its manufacturing processes [1]. As
anticipated, more and more prospects for high-speed automated assembly of small,
complicated parts and assembly line robots are expanding far beyond automotive. Com-
panies that want to compete in today's global market must constantly enhance the lo-
gistics and production methods used. Assembly line robot methods provide the speed
and efficiency required by industries while maintaining quality and accuracy. Because
assembly line robots can execute multiple value-added activities, which help production
lines improve workflow, boost capacity, and quickly create a more extensive range of
goods, reducing costly fixed automation and increase the throughput. For that purpose,
automated assembly delivers consistent speed and accuracy.

1.1 Background

Parker Hannifin is a Fortune 250 global leader in motion and control technology. For
the past 100 years, the company has assisted its customers in achieving success in a wide
range of mobile and industrial applications. Parker work with nine different applica-
tions: hydraulics, pneumatics, electromechanics, filtration, process control, fluid and gas
management, sealing and shielding, climate control, and aerospace. This paper concerns
the hydraulic segment where the possibility of an automated sub-assembly of a hydrau-
lic valve, called P70, is investigated. There are four stations in the hydraulic valve P70
assembly line: stacking of the valve, chock relief valves (CRVs), spools and caps, and
air testing. This assembly line is about building a hydraulic mobile directional valve P70
that includes thirty-five different specifications. The assembly is done manually where
human workers stack the valve sections together, pick the CRVs from the cartages
stored in the buffer system, place and assemble the CRVs on sides A and B, place the
spools and caps, and finally, finally, the air testing. One of Parker's requirements is that
the tool must be electrically powered, and the force needed to screw in the CRVs is
60Nm. The current assembly speed of the manual operator at Parker is 92 seconds to
perform one assembly of a three-section P70 hydraulic valve. The working hours per
day are two shifts of 8 hours each, a total of 16 hours per day. This will result in around
39 assemblies per hour. The current buffer system Parker has is four rows. Each row is
divided into fifteen sections, and each section holds a set of cartridges fed from the
backside of the buffer. The cartridges contain the CRVs. The rows are tilted by 5 de-
grees and equipped with conveyer rollers enabling cartridges to slide down to the front
of the buffer, where the operator picks up the assembly pieces. The scope of automating
the manual process is to increase the system’s throughput and implement a flexible
automated assembly process.

1.2 Aim and Purpose

The purpose of this project is to replace the manual assembly of the CRVs in the as-
sembly line of the hydraulic valve P70 with a flexible automatic assembly. Automating
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the assembly will increase the throughput of the production. This purpose can be
achieved in two steps. The first is converting the manual buffer system that holds the
CRVs for the assembly into automatic feeders; the second is replacing the human op-
erator with a robot to perform the assembly. The throughput of the automated assem-
bly process must be equal to or higher than the throughput of the current manual as-
sembly process. There are two main aims presented here. The first aim is to investigate
the layout details for an automated assembly demonstrator. Under this investigation,
the objective is to study the intricacies of the assembly process to be automated and the
implementation of automatic feeders. The second aim is to create a realistic simulation
model to verify the most suitable concept for an automated assembly process, including
designing robot tools, fixtures, and other geometries that concern the assembly station
and determining the throughput.

1.3 Research questions

In this section, the research question of this project is presented below.
1. Investigate which layout will be most suitable for the automated assembly pro-
cess.
a) Investigate the different industrial robots suitable for this assembly pro-
cess.
b) What is the most suitable buffer setup?
¢) Which tools are needed for the assembly process?

2. How versatile is the automated process if a new variable is added?

1.4 Limitations

e Will only focus on the chock relief assembly station in the assembly line.

e Will only focus on assembling the chock relief valves (CRVs).

e Safety aspects are not considered.

e The human factor is not considered.

e Only ABB robots will be used in the simulation of the automatic assembly.
e This project will be done only in simulation.

e The tool is not electronically powered
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2 Literature review

This chapter will highlight the relevant research done to answer the research questions
and achieve the goals of this project. This section will focus on the manufacturing,
heavy vehicle, and automation sectors. A variety of technologies for automated hydrau-
lic valve assembly have been developed or are currently deployed in a production line.
Two methods are presented by SME robotics, where the Brandenburg University of
Technology has developed a Hydraulic valve assembly using sensitive compliant Light-
weight robots (HyLight) robot cell. The process of the robot cell is to assemble and
insert the valve piston in the valve section. The first method for the insertion of the
valve piston is achieved using the search motions method, where oscillations and re-
sponsive robot behavior are used to assemble items. The second method for handling
the loose supply of the assembly components is by using a magnetic gripper. The robot
picks a small portion of each cartage, a total of six cartages. It places the components
on a tray divided into two sections, so the robot can pre-separate the components to
make the picking-up process more accessible. [2]

Using 2D vision, it scans the tray, and the robot picks up the required parts for the
assembly and assembles the parts. But this approach is not functional for this project
because there are 35 different cartages for the assembly of the CRVs. This is much
more than what is used in this method, making it more time-consuming and challenging
for the vision system to differentiate between all 35 parts. Another method for handling
the loose component for assembling the valve is presented by the company Research
and Development (RND) Automation [3], where the parts to be picked are oriented
using vibrating feeder bowls. The robot can choose between three different feeders.
This solution put an end to the need to take care of the part’s orientation since it is
being placed correctly in the feeder, but on the contrary, the feeders are spacious com-
pared to cartages.

The amount of torque required to screw in the CRVs is 60Nm. An appropriate tool
based on the requirement of the torque is the drill screwdriver that is created by Mil-
waukee Power Tools. It is a strong, lightweight, and powerful 18V drill driver with a
maximum torque rating of 82Nm. The screw gun is powered by electricity, and the
torque is set by rotating the torque adjuster to exert the required torque. Since the tool
in the simulation is a concept, it could not be tested. [4]

2.1 Process cell layout

A robot cell is a segment of a manufacturing system that consists of one or more robots.
It is becoming increasingly common in the automotive industry for several activities
like welding, assembling, and painting. It has been discovered that robotic cells' design
layout significantly impacts obtaining higher production rates and safety. In recent
years, contemporary companies have become more reliant on flexible manufacturing
concepts for optimal material handling systems to maximize machine time and decrease
optimum time cost. The layout architecture has a significant impact on the execution
of the assembling structure [5]. The authors of this paper [6] present four basic layout
types in process lines:
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e Fixed-position layout: In this layout, rather than transformed resources moving
through a process, the processing receiver remains immobile, but the facilities and
personnel who make the processing move as needed; this is applied when the
product is fragile and big to transfer.

¢ Functional layout: Functional layouts are facility arrangements that group to-
gether operations of a similar purpose, such as milling, grinding, drilling, and hy-
draulic presses. Process requirements are made more complex by constantly shift-
ing schedules and routings.

e Cell layout: These are facility arrangements that group operations based on the
resource’s characteristics, such as size and shape.

e Line layout: This refers to the layout of manufacturing equipment in the se-
quence of manufacturing tasks. The machines are arranged in a straight line fol-
lowing the manufacturing order. This layout increases the production rate and
minimizes material handling.

The authors of this paper [7] propose that the factors determining the robot cell layout
are the workflow, functionality, and transit time. Having an uncomplicated and trouble-
free workflow is the most critical factor. The products and pieces move freely along the
assembly line without causing any bottlenecks; this can be achieved by using an auto-
matic conveyor system. Also, the type of the robot and its position are considered for
fast and straightforward movement inside the cell can help determine the workflow.
Reducing the transit time of moving components around the cell or between different
cells is also essential. Using automatic feeders can minimize the transit time and enhance
the workflow.

2.2 Automatic feeders

Automated assembly systems are built by combining several smaller systems to perform
a single significant activity. Although each system is unique, most rely on feeder sys-
tems. Feeder systems are queuing storages that store, arrange, align, assign, position,
and dispense the parts required for the assembly process [8]. Feeder systems are critical
for automated assembly systems to maintain a regular workflow of supplying compo-
nents. Feeding systems oversee delivering materials to automated assembly systems. It
feeds components at a pace that is both safe and suitable. It also supplies pieces at the
proper angle, allowing the remainder of the manufacturing to go smoothly. An auto-
mated system will surely fail if it does not have a feeder. This section will discuss the
most utilized feeding systems in modern assembly lines [9].

2.2.1 Flex feeder

The flex feeder uses robots guided by a vision system to select and pick up pieces. The
parts are first delivered to the reach area of the robot by vibrating conveyors. When the
parts are within the reach area of the robot, the vision system scans them, and the robot
picks the required piece. This method is used for sorting operation that does not require
orienting the parts. [10]

10
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2.2.2 Vibratory bowl feeder

The vibratory bowl feeder comprises four sections: the base, bowl, spring, and coil. It
comes in various design possibilities. Despite the feeding unit’s design and implemen-
tation, this type of feeder depends on the vibrational, gravitational, or stabilizing forces
to feed components to the assembly line. An electromagnetic mechanism outputs vi-
brational energies, causing the parts to travel slowly down the track of the bowl. The
strength of the vibrations is adjustable to be suitable for different part sizes, types, and
weights. The pros of this feeder when compared with other types, are it is less costly,
fully customizable, safe, and requires low maintenance. But the cons of using such a
feeder is that when it comes to working with delicate pieces, the vibration can damage
those pieces. [11]

2.2.3 Centrifugal bowl feeder

The centrifugal bowl feeder uses a rotating disk to steer and orient the pieces. The parts
are pushed to the edge of the bowl with the help of the centrifugal force that is gener-
ated by the rotating disk. Then the parts are oriented to the desired position using some
mechanism before entering the assembly line. The pros of this feeder, when compared
with other types, are that it is faster and produces less noise. Since there is no vibration,
this feeder is appropriate for handling delicate pieces. The cons include high energy
consumption and specialized maintenance. [12]

2.2.4 Elevator feeder

The elevator feeder uses a looping belt that carries up pieces on the belt and is being
dumped into a vibratory or centrifugal bowl feeder at a regular stream [13]. This type
of feeder is placed at positions that have an increase in elevation. The pros of this feeder
are that it helps boost autonomy, especially when having a significant load storage re-
quirement in an enclosed place where a human operator cannot enter. The cons include
loss of throughput capacity or overflow if the supply of components is unregulated.

2.2.5 Linear feeder

Linear feeders are typically used to transport pieces that have already been orientated
to the next workstation on the assembly line by other positioning machines. Based on
the pieces' type, size, and weight, this feeder offers four different transportation meth-
ods [14] [15] [16] [17].

- First is vibrating tracks; this method uses vibration to move the pieces down
the track. Despite this method's loudness and slow speed, it is less costly and
can handle more significant parts.

- The second is the conveyor belt; this method offers fast and noiseless operation.
It is mainly used with centrifugal bowl feeders to transport pieces between sta-
tions.

- 'The thitd is air pressure; this method uses a blower system to blow air at the
pieces to move down the track. It is used for guiding components down a track
with an elevation change. This method produces more noise and needs more
complex contributions than other methods.

11
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- Fourth is gravity; this method uses the force of gravity to position and moves
pieces along a track. To allow the pieces to move down the track, it is con-
structed at a high inclination level, so the pieces slide smoothly. This method is
less expensive, less noisy, and simple to maintain compared with other methods.

In conclusion, the most suitable feeder system is the linear gravity feeder. The current
buffer system at the assembly line at Parker is four inclined rows that use the linear
gravity feeder. The tracks are added to each row of the buffer, which means a minimal
change to be done. To enhance the smoothness of the parts sliding along the tracks, it
is possible to make the tracks vibrate. Another solution is to add some interroll con-
veyor rollers [18] to both sides of the tracks.

2.3 Industrial robots

Industrial robots are critical elements of today's modern production line and, to a
greater extent, the future factories, i.e., Industry 4.0 [19]. The potential for adaptability
that can do repetitive work at a reasonable cost and quality standards drives the desire
for robots. In today's manufacturing sectors, particularly in the automotive industry,
where high throughput, quality, and precision are expected, industrial robots are grow-
ing faster than human labor. This section will present the significant industrial robots
used in current assembly lines and the areas of use [20].

2.3.1 Articulated robots

When most people think of robotics, the first picture that comes to mind is an articu-
lated robot. Nowadays, articulated robots are used in almost all assembly applications
[21]. An articulated robot’s number of rotation points or axis determines its classifica-
tion. This type of robot may contain a minimum of two joints and an unlimited number
of joints; however, all joints are revolute joints. The most prevalent is the six axes robot.
The robot’s improved range of motion nearly resembles a human’s, perfect for indus-
trial lines. This robot also provides for greater flexibility in manufacturing processes.
Because of the robot’s capacity to span a wide range of motions, it is more adaptive to
changes in the manufacturing process or workpieces. When it comes to high-speed
tasks, the sophisticated kinematics and more significant weight of the articulated robots
limit it.

2.3.2 SCARArobots

The SCARA robot is considered small and lightweight, making it capable of performing
tasks with a small footprint and fast cycle times [22]. SCARA robots benefit biomedical
applications and assembly applications for pick and place tasks and packaging opera-
tions on two parallel planes. It is considered fast and performs accurate duties. When it
comes to functions that include working around or within objects such as fixtures or
machine tools, SCARA robots, on the other hand, have some limitations because of the
fixed swinging arm.

12



Degree Project for Master of Science with specialization in Robotics
Flexible Solution for an Automatic Assembly Cell - Literature review

2.3.3 Deltarobots

Delta robots, often known as spider robots, operate control arms that move the wrist
using three base-mounted motors [23]. These robots are known as parallel link robots
since these robots are made up of parallel joint links connected by a single basis. When
executing operations, the Delta robot is thought to be extremely quick and capable of
handling a variety of payloads, even large ones. It is utilized in various applications,
including flight simulators, automobile simulators, and the food industry. Delta robots
cannot reach around objects due to the arms it has.

2.3.4 Cartesian robots

Cartesian robots have a rectangular structure, also known as gantry robots. Movements
are performed on the X, Y, and Z coordinate systems. It has three prismatic joints that
move the robot’s links in a linear direction. It may also have a wrist connected to pro-
vide rotational movement. Cartesian robots are used to do accurate tasks and move big
and heavy objects accurately. The most common use of this robot is in 3D printing
machines, and in factories, it is used on the assembly line to move big and heavy objects
[24] [25]. Cartesian robots are less costly when compared to other robots, and by having
the robot mounted above a working area, the floor area can be maximized. But it comes
with some limitations, it is difficult to reach through or around obstacles, and it neces-
sitates a significant operational and installation spacing. In conclusion, the most suitable
robot is the articulated robot. It is flexible, has a high range of reach, and can reach
around objects or obstacles, which suits well the application of this project.

2.4 Tools

It is impossible to have a manufacturing line unless the correct assembling tools are
used. After all, the tools allow the robots to build the components into a product. In
this project, there are two robotic applications. The first is the pick and place applica-
tion; the robot picks up the CRVs from the feeder and are placed on the assembly
posture using a gripper tool. Robotic grippers have been developed [20] and used in
many applications, mainly transferring and assembly parts. When choosing a suitable
gripper, it must produce high force to grab and move pieces steadily and must be light-
weight. SHUNK [27] presents different types of universal three-finger centric grippers.
This gripper is suitable for pick and place applications of different product sizes. A
group of researchers [28] has created a novel gripper with three fingers for picking up
objects of different sizes and weights. The chuck clamping devices [28] influenced the
gripper, which is used in drilling and milling machines to hold various sizes of tools.
The maximum width the tool can open is 42 mm, and the CRVs have an average width
of 20 mm, making this tool applicable for the pick and place application. The head of
the CRVs is a hexagon inner socket with a size of 10mm. Another type of gripper is
called internal hole gripper. This type of gripper allows for gripping any hole shape,
such as cylindrical, square, octagon, etc. There are many different internal hole grippers
on the market [29]. There are also vacuum suction grippers that are capable of carrying
small objects with a firm grip [30]. By using a vacuum gripper, the issue with aligning
the tool with the hexagon socket of the CRV vanishes. The second application is as-
sembly; after the robot has placed the CRV on the posture, it assembles it by screwing
action. Since the CRVs inner socket head comes in different sizes, the tool should be a

13
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universal hexagon internal socket that can adjust for different socket sizes. There is an
adjustable hexagon versatile outer socket tool [31] for screwing in the hexagon bolt
head. It can be adjusted for bolt sizes between 10 and 19 mm. Another tool designed
by Eshely [32] is the Adjustable Socket Device (ASD), which is also adjustable for bolt
sizes between 8-19 mm. These tools solve the issue with different bolt sizes, but it does
not work for the inner socket CRV.

In conclusion, for this subchapter, using the same concept of internal hole grippers
to create a tool with six fingers, with the exact mechanism as the novel gripper, it is
possible to solve the issue of matching the hexagon shape of the socket. Still, instead
of inward gripping, it will be using outward gripping, where the fingers are pushed out-
wards to fit different sizes of the sockets and to hold the CRVs tight. After that, the
gripper is connected to a rotary joint that enables it to rotate and screw in the CRV on
the posture. It is also possible to use this tool for pick and place applications, saving
time and resources by using one tool instead of two.

2.5 Conclusion

In conclusion, the most suitable process layout for this project is the line process layout,
and the current assembly uses the same layout. This type of layout delivers high work-
flow. The cell layout will consist of the following: An automatic feeder system for de-
livering the CRVs, an automated conveyor system for moving the P70 along the assem-
bly line, an assembly table, and finally, a robot. The assembly is performed on two dif-
ferent sides of the hydraulic valve P70, and the robot must be flexible, able to reach
around objects, and have a high reach range for picking the CRVs from the automatic
feeders. The most suitable robot that will be used for performing these tasks is an ar-
ticulated robot. The most suitable feeder system for the automated feeder system is the
linear gravity feeder. The current buffer system at the assembly line uses the linear grav-
ity feeder concept, and this means that it can be used for the new buffer system. But it
is made for boxes that contain the CRVs to be placed at one end and slide to the other
end, where an operator picks the CRVs up. Since the operator will be replaced by an
articulated robot, the orientation and position of the CRVs must be appropriately
aligned to allow the robot to pick and place the CRVs faster. This can be done by adding
tracks with a small gap in the middle to hold the CRVs by the cap and slide along the
track. The linear gravity feeder can be combined either with vibrating tracks or interroll
conveyor rollers to ensure that the pieces slide down the tracks smoothly. Using this
buffer setup will save resources and costs less since it will be built on the previous buffer
setup. Since there are two robotic applications in this project, one is pick and place, and
the other is assembly, instead of having two separate tools. The tool chosen will com-
bine the two applications. It consists of an outward hexagon gripper for grabbing the
CRVs, and the tool also rotates while holding the CRVs to assemble on the posture.
Using this combination saves time from switching between two tools.
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3 Method

This section presents how the degree work is carried out. Also, it describes the methods
used in chronological order.

The first part is data collection from Parker concerning the assembly line of P70
hydraulic pumps. The data consists of Computer-aided design (CAD) models of CRV,
P70 bodies, and datasheets of the different CRV specifications.

Second, a suitable industrial robot is chosen to perform the assembly. For this pro-
ject, an articulated robot is used. The reason for using this type of robot is because it
has an excellent reach area, can reach around objects or obstacles, and can quickly adapt
to any change in the manufacturing process, such as changing the position of the robot
or the components inside the cell.

During the design process, different concepts are chosen regarding cell layout,
robot tool, automatic feeder, and simulation. These concepts will give a better view of
different approaches concerning the assembly simulation of the P70 hydraulic valve.

The simulation setup consists of the chosen robot, cell layout design, tool, and au-
tomatic feeder into one system to perform the assembly.

3.1 Concept designs

This section presents different concept designs concerning the cell layout, robot tool,
and automatic feeder. These concepts will later be tested and validated for delivering
the most optimal solution for an automated robotic assembly cell.

3.1.1 Cell layout concept

A suitable cell design layout is to be chosen for this project. The selected layout is a line
layout based on the available resources, as shown in Figure 1. The cell consists of the
following components: an automatic conveyor system that can be loaded from the
backside, an articulated robot is placed at the center of the cell to perform assembly
tasks, an assembly table where the robot carries the assembly process, and an automatic
conveyor system to move the assembly module in and out of the cell. This layout max-
imizes the production rate and minimizes the material handling because there is no need
to move the assembly components around.
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Figure 1. This figure shows the components of the robot cell, starting with the auto-
matic feeder system (A), assembly table (B), automatic conveyor system (C), and ro-
bot (D). This figure is a sketch of cell layout components.

3.1.2 Robot tool concept

The tool is significant for performing the assembly. Since there are two robotic appli-
cations in this project, there are two options. One option is to design two separate tools
for each application and mount both tools on a multi-tool mount. Having both tools
on a multi-tool mount will be much faster compared to the time taken for changing the
tools in between the operations. A simple test is performed using a tool to test the
possibility to grab and lift the CRV. The second option is to combine the two applica-
tion tools and design a single tool that can handle the pick, place, and assemble the
CRVs on the posture. Combining both tools saves resources and time instead of switch-
ing between tools, which consumes much more time than having just one tool that can

do both.

3.1.3 Automatic feeder concept

Automatic feeder systems are essential for automated assembly to maintain a regular
workflow, maximize production rate, and minimize material handling. In this project,
an articulated robot will be used to perform the assembly instead of a human operator.
In this case, the CRVs should be placed and oriented to enable the robot to grab from
the right place. The same buffer setup will be used. But some modifications will be
done such as adding tracks that can hold the CRVs and slide down the path, as shown
in Figure 2. There are two options to increase the smoothness of the parts sliding, the
first is to add conveyor roller wheels on each side of the tracks, and the second is to
make the tracks vibrate. When the part reaches the end of the track, it is placed on a
rack and waiting to be picked, as shown in Figure 3. For loading the buffers, the CRVs
come on a tray, as shown in Figure 4, by just placing this tray at the backside of the
track allows the parts to slide down the path from the tray.
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Figure 2. This figure shows a sketch of the side view of the tracks (B), and the CRV
(A) placed between the gap of the tracks.

Figure 3. This figure is a sketch of the buffer system with CRVs are fed from the
back side (B) and slide down the path to the pickup position (A).
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Figure 4. This figure shows a sketch of the tray (A) holding CRVs (B) to carry the
CRVs to the buffer.
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3.1.4 Simulation concept

There are two different solutions proposed to perform the assembly. The first solution
performs the pick and place application and the assembly application on each CRV on
side A and does the same for side B. The second solution first performs the pick and
place application of all CRV on side A and then performs the assembly application on
side A before switching to side B and doing the same. The reason for doing these two
assembly orders is to observe if there is a difference in assembly time between them
and would like to implement the solution which gives more throughput.
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4 Experiment

This chapter presents all simulation and practical experiments done during this degree
work to achieve the aim of this project. The data and components used in this experi-
ment are presented in this chapter. The experiment is performed based on accurate
components, like valves, as shown in Figure 5, and a P70 body of size 6 (six CRVs on
each side), as shown in Figure 6. The maximum height of the CRV is 5.5cm, and the
weight of the P70 module is 25.2kg. The largest P70 module Parker produces is the size
of 24 CRVs on each side, with a weight approximately of 65k
¥ j
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Figure 5. This figure shows two types of valves, chock valve plug (A) and CRV with
model number 053 (B).

Figure 6. This figure shows the P70CE-06-CE33-263C Hydraulic valve body used to
perform the tests.

Figure 7 shows the CAD models used in the simulation: the chock valve plug does not
include the spring part and a CAD model of the P70 hydraulic valve body size of six
CRVs on each side.
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Figure 7. This figure shows the CAD models used in the simulation, chock valve plug
(A), P70 hydraulic valve body of size 6 (B).

The assembly module has two sides where the assembly is performed, as shown in
Figure 8, side A and side B. Both sides have the same number of sections. The entry
position of the CRV to the assembly posture is tilted at around 10 degrees, as shown in
Figure 9. The P70 body is a combination of sections fixed together. In this simulation,
the P70 body is made of three sections, and each section contains two CRVs.

Figure 8. This figure shows where the CRVs are assembled on a three-section P70
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Figure 9. This figure shows the entry position (A) and the entry position is tilted by
10 degrees (B).

4.1 Tool creation

Figure 10 shows the design of the tool that can perform two different applications in a
single tool. The tool head is an outward gripper consisting of six sliding fingers pushed
outwards by the finger base to grab the inner sides of the CRV Figure 11. The fingers
slide on a guided trail to keep from diverting outside its path. The width of the fingers
opening is 7mm-12.4mm, which is more than needed since the size of the inner hexa-
gon socket of CRVs is 10mm. The tool head is fixed on a rotary joint to rotate the tool
to screw the CRV in place.

Figure 10. This figure shows a 3D CAD model of the first tool, consisting of a tool
head (A) and a rotary join (B) that rotates the tool head.
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Figure 11. This figure shows the schematic view of the primary mechanism of the
first tool. The tool head consists of a motor (A), finger base (B), guiding trail (C),
slide part (D), and the finger (E).

As shown in Figure 12, the CRVs have threads that must be aligned correctly with
internal threads of the assembly posture to allow a correct insertion and prevent dam-
aging the threads. The human hand can sense the tension of the threads rubbing on
each other and adjust it without breaking it. A robot arm is very accurate and precise in
performing tasks but lacks the sensation humans have, which in this case can lead to
damaging the threads of the CRVs. One suggestion for avoiding damage to the CRVs
is to use a soft gripper to grab the CRV, hold it at the assembly pose, and align the
threads by rotating the CRV to a certain degree in the clockwise direction, as shown in
Figure 12c. Using such a gripper might avoid damaging the threads because it does not
exert much force when turning it.

Figure 12. This figure shows how the CRV aligned with the assembly posture where
(A) is the CRV thread, (B) is the internal threads, and (C) is the direction of the tool
rotation.
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A tool is created and tested using a flat vacuum gripper with a spring mechanism, as
shown in Figure 13. This tool uses the pneumatic system to create a vacuum between
the suction cup and the object's surface that it intends to grip. The test is to grab the
CRYV from its head, place it at the assembly place, and perform a full rotation to align
the threads. A slight pressure can be added in the direction of the mounting while ro-
tating clockwise to ensure that the threads of the CRV will slide in place with the inter-
nal threads of the assembly posture when aligned. This test inspired the possibility of
using a vacuum gripper as one tool for the pick and place application and combining it
with another tool for the assembly application.

Figure 13. This figure shows the tool created to perform the test, and it consists of a spring
mechanism (A) and a flat suction cup (B).

Figure 14 shows the second design of the tool, which consists of two tools. The first
tool is a vacuum gripper with a flat suction cup that includes a spring mechanism. This
tool is used to grab the CRVs and align the threads with the internal threads of the
assembly module. The second tool is a screw gun that holds a hexagon head allen
wrench drill bit of size 10mm. This tool is used to screw the CRVs on the assembly
module.

Figure 14. This figure shows the CAD model of the second tool design, consisting
of a vacuum gripper (A) used for grabbing the CRVs and aligning the threads with
the internal threads and a screw gun (B) used for screwing the CRVs in place.
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4.2 Automatic feeder system creation

The simulated feeder system uses the linear gravity concept to allow the CRVs to slide
down the tracks. In Figure 15, four rows are tilted by 5 degrees, similar to the current
buffer system, and each row has sixteen tracks. Each section contains two tracks, as
shown in Figure 16, and each track has a gap to allow the CRV:s to slide down the paths
where it sits on a rack at the pickup position. The parts are fed from the back side (right
side). Each section can be specified for one specification of the CRV. Since this project
aims to automate the assembly process and make it flexible, a system for detecting the
capacity of the buffers is added.

Figure 15. This figure shows the CAD model of the automatic feeder system used in
the simulation which consists of four rows (A). The buffer is filled from the back side
(B), and the CRVs slide to the front side to the pickup position (C).

Figure 16. This figure shows the CAD model of the buffer tracks (A) and the place
where the CRVs are placed (B).
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4.3 Cell layout

This section will present the different cell layouts that are tested before choosing the
most suitable one. The first cell layout is presented in Figure 17. It contains two robots,
a feeder system, and two conveyors. Both robots work simultaneously together to per-
form the assembly. The first conveyor delivers the P70 assembly module to the robot.
The first robot picks up and holds the assembly module, and the second robot assem-
bles the CRVs. After the assembly is done, it is placed on the output conveyor, ready
for the next station. This type of cell layout that uses two robots will increase costs,
power consumption, and occupied space.

Figure 17. This figure shows the first cell layout design that consists of two robots
(A) for holding the P70 assembly module and (B) for assembling the CRVs, two con-
veyors (C), and a feeder system (D). The figure is a snapshot from a station in Robot-

Studio.

The second cell layout is presented in Figure 18. It consists of a feeder system (A), a
tool changer stand (B), a robot(C), a turntable table (D), and two conveyors (F). The
robot picks up the P70 assembly module from the delivering conveyor and places it on
the turntable where the assembly is performed. The turntable can turn horizontally to
allow the robot to complete the assembly on both sides of the assembly module. The
robot can switch between two tools by leaving one tool on the tool changer stand and
picking up the other tool to assemble the CRVs. After the assembly is done, the robot
switches the tool, picks up the P70 completed module, and places it on the output
conveyor, ready for the next station. This type of cell layout that uses one robot to
change the tools is less costly, consumes less power, and takes less space than the first
layout—but switching tools consume a lot of time in the assembly process.
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Figure 18. This figure shows the second cell layout that consists of a feeder system
(A), tool changer stand (B), a robot (C), a turntable (D) with a horizontal rotation (E),
and two conveyors (F). The figure is a snapshot from a station in RobotStudio.

The third cell layout is presented in Figure 19. It consists of a robot (A), a conveyor
(B), an assembly table (C), and a feeder system(D). The P70 assembly module is
delivered to the assembly table on the conveyor from the left side. As shown in Figure
20, the assembly table can rotate to allow the robot to perform the assembly on both
sides of the P70 assembly module. The conveyor delivers the completed assembly to
the conveyet's output side, ready for the next station when the assembly is done. This
type of cell layout that uses one robot and a conveyor system consumes less power,
time, and space than the other two layouts. Also, it uses the line layout concept, which
increases the flow inside the cell and increases the production rate.
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Figure 19. This figure shows the third cell layout design that consists of a robot (A), a
conveyor (B), an assembly table (C), and a feeder system (D). This figure is a snapshot
from a station in RobotStudio.

Figure 20. This figure shows the two sides that the assembly table rotates to, side A
(A) and side B (B). This figure is a snapshot from a simulation in RobotStudio.

4.4 Assembly simulation

The simulation starts by waiting to receive the assembly order from the previous station.
The previous station is simulated using a MATLAB server that communicates with
RobotStudio using TCP/IP communications. The assembly order is sent in the form
of two-string messages. The first message represents side A, and the second message
represents side B. The messages are analyzed to extract the size of the P70 assembly
module and the CRV specifications. In this simulation, two CRV specifications are used
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as an example for the assembly, which are Y2 and PA. The specifications are separated
by a comma in the messages, as shown in Figure 21. The size of the P70 assembly
module is identified by counting the number of commas message A contains and incre-
menting it by 1. For example, when observing the two messages represented in the
below figure, the assembly module is a size of 6, and on side A of the assembly module,
it requires the Y2 CRVs, and on Side B, it requires the PA CRVs.

% Assembly order to send to the r::ubutl
A= "Y2,Y2,Y2,Y2,Y2,¥2";
B = "PA,PA,PA,PA,PA,PA";

Figure 21. This figure shows the format of the assembly order for the P70 hydraulic
valve. This figure is a snapshot from a MATLAB script.

After the message is received, the TCP/IP communication is terminated. The automatic
feeder system is checked to see if there are enough CRVs available on the track with
the required specifications to perform the assembly. The system loop through each
index of the messages to pick the correct specification of the CRV and assembles it.
The logic presented in Figure 22 decides the pickup position of the CRV based on the
order sent. The pickup positions are already created and defined in the system. It con-
tains two if statements, and when looping through the messages, it checks if the speci-
fication at a specific index is equal to either Y2 or PA, and based on the result, the robot
picks the correct CRV. If there are not enough CRVs in the feeders to complete the
assembly, the order is canceled and notifies the main system that a particular section of
the feeder system needs to be refilled. The assembly module is then taken to the assem-
bly position.
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Figure 22. This figure shows the logic for the pickup place of the CRVs.

When examining the CRVs, sometimes the spring with the CRV may not be aligned
properly, as shown in Figure 23a. If this CRV is inserted inside the assembly module,
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the spring will interfere with the inner threads, which can cause damage to the CRV.
To avoid that a test is done with a sort of aligner object that has the shape of a cone, as
shown in Figure 23b. Figure 24, shows the steps for aligning the CRV’s spring: (A) the
robot goes to the alignet's approach position, (B) moves downward to push the spring
alongside the cone's surface, and (C) which will result in a straight aligned spring ready
for insertion and assembly. The movement is just enough to push the spring without
damaging it. This process works on all the speciation of the CRVs.

Figure 24. This figure shows the steps of aligning the CRV’s spring. First, it approaches
the aligner cone (A), then pushes downwards towards the cone (B). Finally, the spring is
appropriately aligned.

Before performing the assembly, when picking up the CRV from the feeder, the robot
aligns the spring. There are two ways to do the assembly. The first one performs the
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assembly by placing one CRV and screwing it in one at a time and doing the same for
side B. The second way performs the assembly by picking and placing all CRVs on side
A and then performing the screwing operation and then doing the same for side B.
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5 Results and discussion

The goal of this thesis is to achieve a flexible automated assembly cell for assembling
the CRVs in the P70 hydraulic valve assembly line. The literature study helped conclude
the cell layout, robot, automatic feeder system, and tool used to perform the simulation
using the conclusions from the literature review as a hypothesis. This section will detail
the findings acquired by completing numerous experiments to test these hypotheses.

5.1 Cell layout design

The assembly layout uses the line layout concept for a fast workflow, and it is the same
concept as the assembly line at Parker, Boras. Figure 25 shows the layout includes an
automatic feeder system (A), an aligner stand (B), a conveyor system (C) with an assem-
bly table (D), a robot (E), and a door (F) to allow operators to come inside the cell for
maintenance. The robot cell's dimensions are designed according to the measurements
taken of the available space around the assembly line at parker. The length at the bottom
side where the robot is placed is 361cm, and at the top, where the back side of the
buffer is, 297cm. The width of the cell from top to bottom is 360cm. The size can be
reduced further (if needed) by moving the cell components closer.
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Figure 25. This figure shows the cell layout of the simulated assembly cell. It consists

of an automatic feeder system (A), an aligner stand (B), a conveyor system (C), an as-

sembly table (D), a robot (E), and a door (F) to allow an operator to come inside the
cell. This figure is a snapshot from a station in RobotStudio.
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5.1.1 Robot

The robot that is used is an articulated robot, IRB 4600 robot. This type of robot is
capable of reaching around obstacles. The robot’s reach range is 2.5 meters and capacity
of 8kg, and since the robot will only be lifting the CRVs that weigh around 300 grams.
Having a robot with a small capacity means less costly and consumes less power. It is
also possible to have a smaller robot placed on a pedestal to lift it off the floor to reach
all required areas. This robot is compatible with the weight and range required for this
assembly.

5.1.2 Automatic feeder system

The feeder system is shown in Figure 26. Its dimensions are as follows, a width of
284cm and a length of 155cm. The height of the rows on the back side goes from
109cm-170cm and on the front side from 95cm-155cm. There is 20cm space between
each row. The height of the tracks is around 8cm so that the CRV can fit. The whole
buffer contains 132 tracks, and the tracks are combined in pairs, making it 66 sections
in total. If there is a need to increase the capacity for each section, it is possible to
combine three tracks for each section which gives 44 sections in total. These two im-
plementations make the buffer system compatible with the number of CRVs specifica-
tions. The CRVs are fed from the backside and slide down the paths to the front side,
where the robot picks the CRVs up. The CRVs are stored on the tracks behind each
one. Every track can have around 70 CRVs, making one section of two tracks capable
of holding around 140 CRVs.

Figure 26. This figure shows the design of the buffer system that contains four rows
(A) and 132 tracks (B). The tracks are combined in pairs of two, and each section is
separated with a different color to make it easy to identify. This figure is a snapshot

from a drawing in AutoCAD.
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There are two sensors added to each track. The sensors could be inductive sensors used
to detect or measure objects. As shown in Figure 27, the first sensor is added to detect
when the CRV has arrived at the pickup position to notify the robot that it is ready to
be picked up. The second sensor is used for detecting the capacity of the buffer. As
shown in Figure 27, the second sensor is placed in the sixth position. If the sensor
detects something, the track contains six or more CRVs, continuing to perform the
assembly. When the sensor does not detect anything, that means that the track does not
have a sufficient amount of CRVs to complete the next assembly, and it requests a refill,
and an operator is notified to come and fills the tracks from the backside. It rejects all
next orders that require that specific specification. Currently, at Parker, the largest P70
module assembled is of a size of 24 CRVs on each side, which makes it 48 CRVs in
total. Following the current data, the sensor can be placed at the 48" position to ensure
that it is possible to perform at least one complete assembly. The placement of the
second sensor can always change to adapt to the requirements of the assembly.

Figure 27. This figure shows the placement of the sensors on the tracks. The first
sensor (A) is positioned at the first CRV in the track where the pickup position is (B),
and the second sensor (C) is placed at the sixth position to detect the capacity. This
figure is a snapshot from a station in RobotStudio.

5.1.3 Tool

In this project, two tools are designed. The first design of the tool Figure 10, is a good
solution for having one tool for both applications, which saves time. The problem with
this tool is that when picking up the CRV, the fingers must be aligned correctly; other-
wise, it will fail to grab the CRV. Another concern is that when aligning the CRV threads
with the internal threads of the assembly module, the force of rotating the tool is con-
trollable. Still, the amount of pressure applied on the gripper’s fingers is uncontrollable,
which will damage the threads if inserted wrongly.

The solution for the aligning process is to use a soft gripper. Using a soft gripper
will limit the force exerted on grabbing the CRV, which will work as an assistant in
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rotating the CRV clockwise until the threads align. A test is performed using a vacuum
gripper with a flat suction cup tool as a soft gripper, and it creates a vacuum between
the cup and the CRV head. The test is performed to see if this tool could grab the CRV
firmly and align its threads with the internal threads of the P70 assembly module. The
test's result was successful, and it is capable of aligning the threads together without
damaging them. The result of this test gave inspiration for designing a new tool.

The second design of the tool consists of two tools Figure 14, and each one is for
an application. The first tool is a vacuum gripper, and the second tool is a screw gun
that holds a hexagon head allen wrench drill. Both tools are placed on a multi-tool
mount to allow the robot to switch between tools which is much faster than changing
the tools.

5.2 Simulation

The simulation starts first by receiving the assembly order from a MATLAB server
using TCP/IP communication. The buffers are checked to see if the capacity is enough
for performing the assembly. Then the CRV is picked up from the feeder, and the
CRV’s spring is aligned by pushing the spring on the aligner cone. The movement is
just enough to push the spring without damaging it. This process works on all the spe-
ciation of the CRVs available at Parker, Boras. Then it assembles the CRV on the P70
assembly module. A test was done with two orders of the assembly. The assembly's first
order is as follows: the robot place and screw each CRV at a time. The second order is:
the robot places all CRVs first, then screws in all of them. These two different assembly
orders are done to examine if there is any difference in the assembly time. The result of
this experiment is shown in Table 1. The table shows the time taken to do one complete
assembly in both orders. Also, it shows the time of one complete assembly with and
without performing the aligning process. The time is measured between when it starts
picking up the first CRV until the last one is assembled. When examining the results of
Table 1, it is clear that the second assembly order is a little bit faster than the first order.
The difference is minimal. This difference is due to the first order performing repetitive
moves repeatedly, while the second order avoids making repetitive moves. This simu-
lation's assembly time matches the time of an experienced operator performing the
same assembly.

Table 1. This table shows measurement values from the experiment done on two assembly orders. All
presented values are a time measurement of the assembly time with a unit of S.

Assembly order 1 Assembly order 2
With aligning 89 88
Without aligning 84 83

In this thesis, it is considered the second assembly to calculate the throughput of the
assembly because it is faster than the first assembly order. In the simulation, the P70
hydraulic valve contains three sections. Taking 88 seconds to complete one assembly
will result in 41 assemblies or 123 sections per hour and 656 assemblies or 1968 sections
per day (day of work is considered as two working shifts, 8hrs for each shift). These
results show a significantly improved production rate using the automated assembly
line compared to the manual assembly production rate.

Since this project aims at an automatic feeder system, an operator still needs to fill
the feeders. Assuming that the ordered messages for the assembly are the same as the
one presented previously in the experiment, side A requires six Y2 CRVs, and side B
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requires six PA CRVs. Since each section will contain 140 CRVs, the robot will perform
23 complete assemblies in less than 33.7 minutes. But as explained previously that the
automatic feeder system would request to refill when there are 48 CRVs left on the
track. Using these parameters, the minimum time for the automated feeder system to
request a refill is 22.5 minutes.
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6 Conclusion

The overall aim of this study is to have a flexible automatic cell for the assembly of
CRVs. The aim was focused to provide a realistic simulation of the automated assembly
process. This section will discuss and answer all the aims and questions presented in
this thesis.

6.1 Question 1

This project started by investigating the layout details for an automated assembly de-
monstrator. Under this investigation, there are three objectives (1a, 1b, 1c).

To answer the first objective (1a), the most suitable robot is found to be IRB 4600
robot. This robot has a reach range of 2.5 meters. With this reach range, it is possible
to reach all pickup positions on the automatic feeder system.

To answer the second objective (1b), the most suitable buffer setup is four tilted
rows equipped with tracks to allow the CRVs to slide on. The rows are tilted to use the
gravity force to slide the CRVs down the tracks. This buffer setup utilizes the same
design that Parker, Boras currently have, which will reduce the amount of money and
time of changing it completely. When the buffer system detects that one section requires
a refill, it notifies the system, and an operator fills the buffer. This feeder system reduces
the need for constant supervision. The aim of converting the manual buffer system to
an automatic feeder system is achieved by using this feeder system.

The second design tool is the most suitable to answer the third objective (1¢). Using
this gripper will save a lot of time and also it ensures no damage to the CRV will happen
when aligning.

6.2 Question 2

The next thing done is to utilize all the findings from the first question to perform a
realistic simulation to verify the most suitable concept for an automated assembly pro-
cess. The second assembly order is faster than the first assembly order. So, the second
one is used to perform the simulation. The throughput of the simulated automatic as-
sembly is about 123 sections per hour. Comparing this result with the current manual
assembly, which is 117 sections per hour, there is a clear increase of 6 sections per hour.
These calculations are calculated assuming the operators' working hours are 16 hours.
Since the automatic feeder system detects when it requires a refill, the minimum time
for filling the feeder system is around 22.5 minutes.

To answer the second research question, how versatile is the automated process if
a new variable is added. When a new specification of the CRV is added to the assembly
system, a few modifications are to be made. First thing, a new robot target is created,
so the robot knows the position of the CRV. The second thing is to add a new if state-
ment to the logic for the pick and place of the CRVs, shown in Figure 28. The if state-
ments contain the same code but with a different robot target for the pickup position.
Nothing needs to be changed from the MATLAB side (responsible for sending the
assembly order). When sending the message order, change from Y2 or PA to the new
specification, and on the RobotStudio side, it should identify it and execute the correct
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if statement. Also, to increase the size of the assembly, just add a comma followed by
the specification name of the CRV to both assembly order messages. This solution
delivers a flexible system that can take any specification and size. And if a new element
is added to the system, it requires a minor change in the code.

Start

) J

Read specification

Y

If

Pick up Y2 Yes position =

No
L
A
position = ™ Yes. Pick up PA
. PA .

y

v

C O f
Pickup B ~e-Yes— position =

B

Lo
A 4

Y - End 4—

Figure 28. This figure shows how to add a new if statement for the pickup position
of the new CRV specification by just adding the new robot target for the new CRV in
the positions shown in (A).

6.3 Future Work and Research

As to the conclusion presented, several things can be done to improve the solution.
The solution provided is flexible but still requires the knowledge of programming to
add a new if statement, as shown in Figure 28. To avoid the coding, the RobotStudio
program can be integrated with a Human—machine interface (HMI) where the user in-
puts data directly in the HMI panel. The data can be the position of the new CRV
specification on the feeder system, and these data are communicated to an agent. Using
certain defined methods, the agent will have the objective to create the robot target and
the code logic presented in Figure 28.

An operator is requested to refill the automatic feeder every 22.5 minutes. One
modification to the buffer system can be done to reduce the need for a refill and in-
crease the time needed for an operator to refill. Since each section contains two tracks,
the tracks can be doubled by separating them into two layers above each other, as shown
in Figure 29. This modification will allow each section to contain around 280 CRVs in
total. Of course, when changing the track positions, the robot target, as known as the
pickup position of the CRV in each track must be created to allow the robot to know
where are they located.
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Figure 29. This figure shows a sketch of the doubled section in the buffer system,
where a single section (A) containing two tracks can be doubled to a section with two
layers of tracks (B).

6.4 Critical Discussion

The results of the throughput rate achieved by using the second assembly order are
equal to 1968 sections per day. This result is affected by the input rate and how fast the
P70 assembly module is delivered to the assembly cell. The results of the assembly times
show that the aligning process performed before the assembly increases the assembly
time. This process can be removed from the assembly process and replaced by a sort
of tool that automatically aligns the CRVs spring. Or the aligning process can be added
to the automatic feeder system, where the springs are pre-aligned before the robot picks
the CRVs from the feeder.

6.5 Generalization of the result

The outcomes of this degree project will contribute to the establishment of an increase
in the throughput of the assembly process. This work will contribute to the automated
manufacturing assembly lines being more flexible, reliable, faster, and less costly, which
would be helpful to anyone working in the manufacturing of heavy vehicles sector. This
research will provide a basis for designing a flexible automatic robotic cell compatible
with a variety of components. It will also serve the applications that involve the assem-
bly of any components with external threads.
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