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Intelligent Device for Medium Weight Lifting in Assembly Plant

Generating, studying and evaluating concepts for a new lifting assist in final assem-
bly plant

Samuel McHale Sjodin

Erik Pettersson

Department of Electrical Engineering

Chalmers University of Technology

Abstract

This project has developed two concepts for a new type of lifting assist for a certain
type of work station at the Volvo Cars Final Assembly plant in Torslanda. These
stations are for medium weight material handling pre-assembly line. The initial
issue that was presented was that the operators did not use the provided lifting
assists and interest had been expressed for developing new assisting devices for the
task. First, the reasons behind the issue were identified by thorough investigations
from all available points of view. After establishing this, a requirement specification
was formed after which novel concepts on how the problem could be solved were
proposed. The concepts were evaluated and the list of potential concepts shortened
using the requirement specification as well as discussing the ideas with Volvo Cars.
The two final concepts were further developed in more detail as well as a technical
analysis has been performed to form a basis for further development. Lastly all
aspects of the two concepts were discussed and compared.

Keywords: Automation, Intelligent assist, Actuated glove, Overhead crane
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Definitions

Intelligent assist refers to a device equipped with sensors and a control system
resulting in some level of awareness of the situation. The device is also helping the
operator in a more active way using sensors and, for example, electrical motors to
reduce the e [ont required to operate the device.

Process awareness refers to the ability to process information concerning a situ-
ation for example the tools current

Actuator is a controllable component providing motion which can be used to push,
pull, rotate, extend, retract etc.

Duty Cycle is the portion of time during a period where a signal or system is active.
The duty cycle is often expressed as a ratio or percentage where 100% means the
signal is constantly active and 0% means it is never active. In the case of actuators,
the term is used to describe the maximum amount of time an actuator can work.
For example, 80% duty cycle means that the actuator has to be inactive for at leas
20% of the time.

Underactuation in robotics and control theory refers to a mechanical system which
cannot be controlled to follow arbitrary trajectories. In this project underactuation
takes the form of trivial underactutation meaning that a system has more degrees
of freedom than controllable joints.

Quasi-static refers to a process that happens slow enough for it to remain in in-
ternal equilibrium. This means that calculations and modelling can be performed
as if the system was in steady state.

Jib Crane is a crane which utilises a horizontal, or near horizontal beam (jib) to
support the load clear of the main crane structure.
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Introduction

1.1 Background

Automation is a hot topic in the context of manufacturing and has seen much im-
provement in the last decades. Manufacturing has seen a transformation towards
more automated processes. One example of this is the concept of Industry 4.0 which
Is currently being developed. A lot has been achieved in automation of factories and
manufacturing systems and in many processes machines have relieved human work-
ers of repetitive or physically demanding tasks. However, this is only true for certain
processes, hamely those which are appropriate to automate using methods currently
available. One part of manufacturing that has not seen the same push towards au-
tomation is nal assembly. Manual work is common in assembly plants across the
EU and includes both assembly and lifting operations. According to a survey from
2017 conducted by the European Foundation for the Improvement of Living and
Working Conditions, Eurofound, 62% of the EU workforce are exposed to repetitive
tasks and 43% work in tiring or painful positions [1]. Comparing the two latest
editions of the survey shows that the numbers for tiring or painful positions have
remained largely the same from 1991 to 2015 and exposure to repetitive tasks has
increased from 1995 to 2015 [2]. Figure 1.1 and Figure 1.2 show statistics for work-
ers in the EU exposed to physical risks, including tiring and painful positions and
repetitive movements.

The reason for these types of operations not being automated is believed to be that
the type of work performed in assembly plants is much di erent from other parts
of the process. An example is the Volvo Cars Torslanda factory where the nal
assembly plant is less automated than the welding or painting plants. Because of
the more complex nature of the nal assembly operations, traditional automation
strategies are not as easily implemented resulting in most of the work still being
done manually [3]. In an article by Fasth-Berglund and Stahre it is mentioned that
in order to further automate this part of the manufacturing process, manufactur-
ers must look in to new types of solutions for their production system. This should
be done by incorporating both man and machine to create a new, exible solution [4].
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Figure 1.1: Exposure to physical risks over time (% exposed quarter of time or
more) according to Fifth European Working Conditions Survey. From [2]

Figure 1.2: Exposure to di erent posture-related risks, by sex, EU28 (%) according
to Sixth European Working Conditions Survey. From [1]
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As established, traditional methods of automation that aim at replacing the human
worker have proved to be di cult to implement for nal assembly operations. Thus
focus must be shifted to coming up with alternative ways to automate. The authors

of this thesis believe the future lies in combining the di erent strengths of humans
and machines and therefore also compensate for each others weaknesses. Machines
excel at performing physically demanding and repetitive tasks, which human work-
ers should avoid. On the other hand humans have great analytical and problem
solving skills which is di cult to implement in a machine. If combined, humans
could handle the cognitive aspect of a process while being relieved from physical
strain by the machine.

In this thesis a speci ¢ work station in the Volvo Cars Torslanda nal assembly plant
has been investigated. At this station parts are sequenced, taking di erent car model
parts from pallets and placing in a sequencing rack, in the order of cars arriving on
the assembly line. The parts being handled at this station are ahedium weight
ranging between 3-7 kg. Considering the weight of these objects and the high volume
of parts, the operator is required to use a lifting assist due to ergonomic reasons.
However managers at Volvo Cars have noticed that the lifting assist is rarely used by
the operators and are now looking in to why and how the situation can be changed
to ensure worker health and safety. One aspect that is being investigated is changing
the lift assist. The current assist is in the form of a manually operated overhead
crane that can grip the parts and assist lifting. The operator pulls the crane along
by hand and lifts the parts by placing the crane over the part and enabling gripping
with a simple button interface. The assist holding the part is then moved to the
sequencing rack where a button is pressed to release the part. The reasons for
operators not using the current lifting assist has not been thoroughly investigated.
However it is believed to be because of it being easier and faster to lift the parts by
hand instead of using the assist even though it is harmful in the long term. Figure
1.3 shows the posture when picking up an AC compressor from a half-full pallet by
hand. Figure 1.4 shows one of the lifting assists studied lifting a link arm.

1.2 Purpose

The aim of this project is to determine why the current lifting assist at the worksta-
tion in question is not being used by the workers, evaluate possible changes or im-
provements and present a recommendation of changes that should be implemented.
Presented will be a recommendation on how to implement a more intelligent solution
that actively helps the worker.
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Figure 1.3: Example of posture when picking up AC compressor

Figure 1.4: Lifting assist used for lifting link arm
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1.2.1 Research Questions

To help guide the project in the desired direction, a number of research questions
have been formulated. The questions the project will try to answer are:

" Why do the operators not use the current assist?

What similar assisted lifting solutions exist?

Can the current overhead crane be modi ed and improved?

How can a solution be evaluated and improvements be measured and quanti-
ed?

What safety and ergonomic requirements need to be considered?

How can the chosen concept be implemented?

N

N

1.3 Limitations

The project will be limited to focusing on evaluating "intelligent" solutions, se-
telligent Assistin De nitions, that utilise automation and active assistance to some
extent. This is because the thesis will be part of the Systems, Control and Mecha-
tronics Master Program at Chalmers University of Technology.

Because of the time frame for the project, a nished product will not be developed
nor implemented and the work will be limited to presenting a recommendation for
continuing the work.

Depending on what solution is chosen the extent and type of testing will be limited.
For example for some solutions physical testing might not be possible considering
the scope of the project. The project will also focus solely on the lifting device and
no other aspects of the process such as how the parts are packaged or how they are
placed.
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Context

This chapter presents the current situation at Volvo Cars and provides insight nec-
essary for understanding the work presented in this report.

2.1 Current Situation

Three adjacent sequencing stations utilising similar devices for lifting have been
studied in this report. All three were studied in order to identify individual prob-
lems with the speci c devices, but also problems they might all have in common. As
mentioned earlier, all three sequencing stations pick and place parts with a weight of
3-7 kg. More speci cally, the three work stations studied pick and place link arms,
AC compressors and generators.

The device used for sorting of the link arms can be seen in Figure 2.1. The operator
starts the tool by pulling a string hanging from the overhead crane of which the
device is mounted on. The operator then has to reach down to the oor where the
device is hanging and push the control lever to make the gripping device ascend.
While the control lever is being pushed the device will continue to ascend until its
maximum height is reached. If the control lever is "let go", the device will descend,
returning to the oor. If the operator wishes to keep the tool at a speci ¢ height, the
lever has to be held in a certain position. While using the lever shown in Figure 2.1
(a) the operator then pulls the device along to where the part is being picked from.
The device is then lowered in to the pallet where the operator ts the gripper shown
in Figure 2.2 (a) around the centre of the link arm. To pick the part up the button

in Figure 2.2 (b) has to be pressed which extends the piston downwards and holds
the part in place. Using the control lever, the device is raised and then pulled along
to the sequencing rack where the part is guided in place before the release button
is pressed, the gripper is then guided out from the placed part and the process can
start again. Figure 2.2 (c) shows the device holding a part, note that the lever has
to be held in position for the device to maintain its height.
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(@ Link arm lifting device. (o) Overhead rails with device attach-
ment point.

Figure 2.1: Link arm lifting assist in its entirety, showing the device and movement
system.

(@) Close up of gripping (b) Buttons used for grip- (c) Picture showing device
point. ping and releasing. holding link arm.

Figure 2.2: Three images showing how the link arm lifting device grips parts.

As mentioned earlier the situation is largely the same for generators and AC com-

pressors. The work process is the same, meaning a similar lifting device is used
to pick parts from a pallet and place them in a sequencing rack. However some
things about the lifting assists are di erent such as the grip, but also the interface.

8
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In Figure 2.3 the devices for these two stations can be seen and one can see that
the lever controlling the height looks di erent from the link arm lift assist. The
behaviour of these assists are also slightly di erent. When the assist is started up
and no control input is given to the height lever, the device ascends and the lever
has to be pushed downwards to move the device down which is the opposite of how
the link arm device behaves. Gripping the part is also slightly di erent, the parts
are lifted from above with a claw like gripper which is triggered by a sensor in the
claw shown in Figure 2.4 and Figure 2.5. Releasing the part works in the same way
on all devices, by pressing a button. It is worth noting that all generators and some
of the AC compressors are lifted in the belt pulley on the part. The pulley and
generator/compressor can spin freely from each other causing the part to spin when
lifted by the pulley. It is also worth mentioning that all three devices are currently
operated using only pneumatics, including gripping, controls and triggers.

(@) Generator lifting device. (b) AC compressor lifting device.

Figure 2.3: Overview of generator and AC compressor lift assists studied in this
report.
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(@) Gripper with sensor triggering grip  (b) AC compressor being lifted.
function seen in top of gripper.

Figure 2.4: Close up of gripping system in AC compressor lifting assist.

(@) Gripper and sensor triggering grip  (b) Generator being lifted.
function seen in top right of gripper.

Figure 2.5: Close up of gripping system in generator lifting assist.

10
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Movement of the lifting assists is passive, meaning that they do not move using
their own power. As shown in Figure 2.1 (b) and Figure 2.6 there is an overhead
rail system in place for all three devices. Attached to two parallel rails is an or-
thogonal rail, allowing for the device to be moved in a two-dimensional space, which
coupled with the up and down controls results in movement in three dimensions.
The operator pulls the lifting assist along when moving between picking positions
or when carrying a part. As can be seen, the generator and AC compressor work
stations share a similar setup for attaching to the overhead rails where the exible
part of the assist extends only half way up to the ceiling. Unlike at the generator
and AC compressor work stations, at the link arm work station the exible part of
the assist runs the entire length between the gripper and the overhead rails.

(@) Entire generator lifting device, (b) AC compressor assist overhead
showing overhead rails, attachment rails and attachment.
and gripping part.

Figure 2.6: Overview of generator and AC compressor lift assists studied in this
report.

2.2 Related Products and Possible Solutions

Manufacturing industry is moving towards active and intelligent solutions for as-
sists and devices and there exists some products similar to the devices studied in
this project. This section brie y describes some devices currently available as well
as other technology which is of interest to the project. The aim of this section is
to give the reader some more context on the current situation as well as to provide
inspiration and ideas for the project.

11
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Binar Quick-Lift

The Binar Quick-Lift is a lifting device which allows an op-
erator to lift up to 300 kg with minimal e ort while still
retaining high precision and smooth movements. The lift-
ing device features Binars ergonomic control handle which
converts the operators hand movement into electrical sig-
nals for controling movement up and down. The de-
vice also features auto self-balancing to adjust for dier-
ent loads and display visual signals to the operator when
it is safe to let go of the handle. The Binar Quick-
Lift is equipped with a quick coupling mechanism allowing
for fast and easy end e ector changes and supports pneu-
matic, magnetic, mechanical and vacuum actuated end e ectors.

Figure 2.7: Bi- (9]
nar Quick-Lift.
From [8].

The Binar Quick-Lift does not have driven horizontal movement

by itself, but can be combined with Binars driven rail system, the
QLD-series, to assist operators further. The QLD-series utilises rope angle sensors
which detects when the end e ector deviates from the vertical line. Electrical signals
are then sent to the rail systems motors accordingly which drives the lifting device
in the desired direction. By combining the Binar Quick-Lift with the driven rail
systems one can achieve driven assistance in 3D space. [10] The price of a Binar
lifting assist ranges from 250 000 - 400 000 SEK according to Volvo Cars.

Mechlight Pro

The Mechlight Pro 50 from Movomech AB is an er-

gonomic and lightweight lifting device for loads up to

50 kg. The device comes in dierent versions that

are balanced for one, two or a range of loads. The
one and two load version of the device is calibrated
to balance the weights while the varying load version

uses a balancing regulator to automatically counter the

weights. By simply counterbalancing the loads they ef-

fectively become weightless and the operator can eas-
ily move them around without having to operate con-

trols. The Mechlight Pro 50 can be mounted on a

rail system or a jib crane mounted on a wall or tower.

[15]

With the Mechrail rail system Movomech o ers powered

drive for their lifting devices. The Mechrail comes in sev-Figure 2.8:
eral dierent versions allowing for both powered horizon- Movomech — Mech-
tal linear drive and planar horizontal drive. The pow- light Pro 50. From
ered drive is controlled by the operator using a joystick. [17].

[16]

12
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Gorbel
Another company that provides relevant solutions to the
problem at hand is called Gorbel. Gorbel produces a few
products in the ergonomic lifting category and two products
of interest are the G-Force and Easy Arm [12]. The G-Force is
an overhead mounted lifting assist that uses a servo to lift the
parts vertically while horizontal movement is done manually,
Figure 2.9:  Gor- for example by mounting it to overhead rails. The G-Force
bel G-Force lifting can handle loads up to 600kg and speeds of up to 1 meter
assist. From [11]. per second and a photo sensor is used to determine when an
operator is present. The higher end iQ model features cus-
tom input/output possibilities to allow for a wide range of applications.

The Easy Arm is an articulated jib crane coupled with servo

controlled lifting using the same technology as the G-Force

products.  This combines the lifting assistance of the G-

Force with controlled horizontal movement. The Easy Arm

crane can be mounted as a freestanding crane like in Fig-

ure 2.10 or hanging from above, for example from the ceil-

ing or on overhead rails. The Free Standing Easy Arm is

stronger than the hanging arm and can handle speeds of 0.9

meters per second and loads of 300 kg. The Underhungigyre 2.10:
Easy Arm can handle the same speed but only 75 kg ofgrpel Easy

load.[14] Arm. From [13].

AIMCO Manufacturing

AIMCO Manufacturing o ers a variety of lifting tools in the form of di erent types

of jib cranes that can be coupled with di erent lift assists such as vacuum lifters
or mechanical grippers. However, AIMCO also o ers what they calergonomic
controls. These are tted to the end e ector of the lift assist and as the name sug-
gests, these are designed to be as ergonomic as possible for the operator. The main
idea of the ergonomic controls are to allow the operator to use the device interface
from the same height at all times. One approach is to design the assist such that
the vertical gripper of the lift assist moves independently from the interface, which
stays at a proper ergonomic height throughout the operation. This can be done
either by straight vertical translation of the gripper without moving the interface

or by having an extension between the gripper and the interface which can be ar-
ticulated. When the gripper is operating at a lower point, the interface is twisted
upwards which coupled with the extension allows it to remain at the same height.[18]

13
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Human Grasp Assist by NASA
The Human Grasp Assist, or Robo-Glove, is
shown in Figure 2.11 and is a product in-
vented by NASA and GM to assist with grasping
strength, for example when an astronaut is us-
ing a tool in space. Although it was developed
for use in space, the technology has potential for
Figure 2.11: Robo-Glove. From US€ in many di erent areas where extra gripping
[19]. strength is needed. The device is in the shape
of a glove which the human wears. Fitted at the
forearm are multiple electric actuators that pull
on cords that run through the ngers of the glove which causes the grip to tighten.
The actuators are powered by batteries that are worn around the waist. The glove
is controlled by sensors integrated in the ngertips of the glove that allow the device
to know when extra gripping strength is needed.[20]

Gripping assists by Bioservo
Bioservo is the Swedish company behind the Ironhand, Car-
bonhand and SEM glove gripping assists of which the Car-
bonhand can be seen in Figure 2.12. These assists are similar
to the previously mentioned Robo-Glove by NASA and GM.
Both the Robo-Glove and Bioservo's products utilise simi-
lar technology despite being developed for di erent applica-
tions initially. Bioservo provides gripping assists in the form
of gloves marketed towards professional use such as carryirll_q .
heavy objects in construction work but also for rehabilitation gure 2.12:  Car-

- . ) . bonhand. From [23].
and assisting people with weak grip su ering from, for exam-
ple, muscular dysfunctions. The assist devices from Bioservo
work in the same way as the Robo-Glove with sensors triggering cords being pulled
that contracts the hand which provides extra gripping strength for the user. The
glove is powered by a battery worn around the waist as can be seen in Figure 2.12.
For professional work applications Bioservo also o ers soft exo-skeletorthat can
be coupled with the glove to o er gripping and lifting strength. [24]
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