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ABSTRACT

Tremor is the most common movement disorder, affecting 5.6% of the population with Parkinson’s
disease or essential tremor over the age of 65. Conventionally, tremor diseases like Parkinson’s
are treated with medication. An alternative non-invasive symptom treatment is the mechanical
suppression of the oscillation movement. In this thesis, the weaknesses of past wearable tremor-
suppression orthoses for the upper limb has been identified and with the use of compliant
mechanisms a unique and efficient solution to suppress this type of hand tremor has been designed
and developed.

An Anti Tremor Glove is designed for the elderly and all those suffering from these diseases to
ease their lifestyle. The glove consists of two principal parts one, is the compliant link connecting
the hand to the forearm and two, the damping system on the forearm portion of the glove. Based
on the research done in the field of tremors the only available data on tremor frequencies is of
Parkinson’s patients. The damping system of the glove which works on the principle of friction
requires the patient’s hand frequency, hand tremor velocities and acceleration. This glove is
designed and engineered for people with Parkinson’s whose frequency of tremor ranges from low
frequency values of 1.5 Hz to high frequency values up to 9 Hz. The Anti Tremor Glove can be
tuned for higher frequencies which would make it a completely universal product which would
suppress all tremor types when further research in this regard is done.

KEYWORDS: Compliant Mechanisms; Flexibility; Stiffness; Parkinson’s Disease;
Hand Tremor; Hand Tremor Frequency; Tremor-Suppression Orthoses.



ABSTRACT

Il tremore € il disturbo che colpisce il 5,6% della popolazione ed & tipicamente associato alla
malattia di Parkinson oppore come tremore che si manifesta ad un’eta superiore ai 65 anni.
Convenzionalmente, le malattie come il Parkinson sono trattate con farmaci. Un trattamento
sintomatico alternativo non invasivo e la soppressione meccanica del tremore. In questa tesi, sono
state identificate le debolezze delle protesi indossabili per I'arto superiore presenti oggi sul mercato
e viene presentata una soluzione innovativa che si avvantaggia dei cosiddetti compliant

mechanisms.

In generale, un guanto anti-tremore € progettato per tutti coloro che soffrono di queste malattie per
facilitare il loro stile di vita. Il guanto é costituito da due parti principali: la prima consiste nel
collegamento tra mano e avambraccio, che sfruttera 1’elasticita offerta dal Compliant Mechanism;
il secondo consiste in un sistema di smorzamento sulla parte dell'avambraccio. Sulla base della
ricerca condotta, i soli dati disponibili sulle frequenze di tremore sono relativi ai pazienti con
Parkinson. La frequenza del tremore varia in un range di frequenza da 1,5 Hz a 9 Hz. Il guanto
anti-tremore pu0 essere sintonizzato per frequenze piu elevate che lo renderebbero un prodotto
completamente universale che sopprimerebbe tutti i tipi di tremore quando si effettuano ulteriori

ricerche in questo senso.

PAROLE CHIAVE: Meccanismi conformi; Flessibilita; rigidita; Morbo di Parkinson; Tremore

alle mani; Frequenza di tremore alle mani; Ortesi per soppressione del tremore.
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Chapter 1

1. Compliant mechanisms

1.1 What are compliant mechanisms?

A device or a machine that transforms input forces and movement into a desired set of output
forces and movement is a mechanism. Generally, machines have mechanisms which contain parts
that are arranged and move in a specific manner in order to obtain the desired output. Humans
have been young machines since prehistoric times where we started with six simple machines like
the axe, the ramp and so on these gave us a mechanical advantage and made certain tasks easier
[1]. During the renaissance we saw some eminent scientists like Simon Stevin and Galileo Galilei
work on dynamics and of mechanical powers and gave us laws that still hold relevant and have
proved to be the foundation of mechanics [2]. We have come a long way from the simple machines
to highly sophisticated modern machines that made life lot a lot easier. But what remains common
is the basic types of mechanisms and movements that help these machines fulfil their purpose.
These mechanisms are formed through assemblies of various rigid parts with multiple joints

creating a system with controlled movements [3].

There is another type of mechanisms which gives us an entirely different idea, from rigid parts
connected at joints. These mechanisms are a direct example of most moving things in nature which
are very flexible and their motion is achieved by the bending of these flexible parts [4]. We can
find many examples in nature like the trunk of an elephant, eels, seaweed, wings of a bee and the

blooming of flowers. (figure 1)

If something bends and does what it is intended to do, then it is compliant. If this flexibility fulfils
a particular purpose, then it can be called a compliant mechanism.
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Figure 1: Examples of compliant mechanisms in nature

Even though compliant mechanisms existed in nature and around us since a very long time,
designers tend to follow the traditional method of having stiff parts joined either with hinges or
fasteners to create a moving machine. Now the use of compliant mechanisms is catching on and
designers and engineers are incorporating compliance into new age human-designed products. It
is rather ironical that the earliest of inventions show a much higher use of compliant mechanisms

than in the present world. It could be because we were closer to nature then.

An interesting example of a compliant mechanism with a multi-millennia history is the bow (figure
2). Ancient bows were made using a composite of bone, wood, and tendon, and they used the
flexibility of their limbs to store energy that would be released into propelling the arrow. It is
interesting to see the sketches of Leonardo da Vinci [5] and see many compliant mechanisms (see

figure 2 for an example).
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Figure 2: The bow and one of Leonardo da Vinci’s early designs have used compliant mechanisms.

Even one of the great achievements of engineering — sustained human flight — began with a
compliant mechanism when the Wright brothers (figure 3) used wing warping to achieve control

of their early aircraft [6].

Figure 3: Wright brother ’s aircraft design used compliant wing warping to ensure a sustained flight for humans

Now that we know what compliant mechanisms are, we can delve a little deeper into its uses,

advantages, challenges etc. and understand more of its applications in today’s world.

1.2 Advantages of compliant mechanisms

Compliant mechanisms have compelling advantages over conventional mechanisms as many
functions can be performed by minimal attachments. Due to this, the potential for lower costs of
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parts is significantly high. Low costs are also because of reduced assembly, lesser components to
stock and simplified manufacturing (such as fabricating a mechanism from a single mold).
Compliant mechanisms give another advantage of optimum performance and high precision [7, 8]
due to reduced wear and reduced or eliminated backlash. These mechanisms are low in weight and
this makes it favorable for transportation and applications that are weight-sensitive. The need for
lubrication at joints is inessential and this makes it a significant performance improvement that
proves to be helpful for many applications in different environments. Another category of
advantages lies in the ability to miniaturize compliant mechanisms. Microelectromechanical
systems (MEMS) for example, are easily fabricated and produced from planar layers and
compliant mechanisms offer a way to achieve motion with the extreme constraints caused by the
resulting geometry [9, 10]. Compliant mechanisms are of paramount importance in the creation of

nanoscale machines.

1.3 Limitations of compliant mechanisms

Even though the advantages of compliant mechanisms are impressive, they also have some
challenges that must be carefully considered in their design. Just like how the integration of
different functions into fewer parts offers advantages, it also requires a simultaneous design
considering its motion and force behavior. This further becomes a challenge because of the fact
that the deflections are mostly in the nonlinear range and the simplified linear equations are not
useful to define or understand their motion. Since the motion of compliant mechanisms is based
on bending of parts, stress is high at the bending areas, it is important to study fatigue life of
compliant parts. During its life bending motion is repeated throughout and fatigue loads are
developed, so the fatigue life of the mechanism must exceed its expected life. Fortunately, there
are methods for analyzing and testing fatigue life which help design compliant mechanisms for
their needed fatigue life, special attention and effort is required to ensure that the mechanism has
the life required. No matter how well designed and tested compliant mechanisms are and they may
have the necessary fatigue life, but the consumer may a still perceive that such flexible components
may be flimsy or weak. This is an important factor to consider if the flexible part is visible as it
would require utmost care while designing for adequate fatigue life and its aesthetics. Compliant
mechanisms have limited motion than the traditional rigid-link mechanisms. For example, a shaft

with bearings can undergo complete revolutions but a flexible link mechanism can only undergo
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a limited deflection before it fails. A deflected beam has strain energy stored in it that can be an
advantage or disadvantage. The advantages being the fact that the flexible link or component can
double up as a hinge and a spring and perform both the functions in a single component, which
has a neutral position, where the component will go when unloaded. This gives rise to various
behaviors like bistability (the characteristic of having two distinct preferred positions, such as the
on-off positions of a light switch) [11]. When such qualities are not desired in the device then it is
a disadvantage to the system. Another challenge that compliant mechanisms have is that of stress
relaxation. It is a phenomenon when certain materials are held under constant stress or loads or are
exposed to high temperatures, then the part may take up a new shape associated to the stressed

position. To overcome this, mindful design and discreet selection of material called for.

Figure 4: A bi-stable switch, a planar spring and a gripper these are examples of compliant
mechanisms
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1.4 Applications of compliant mechanisms

Technological developments and our recent advancements in studying of compliant mechanisms
has led to a swift growth in compliant mechanisms application. High-end, high-precision devices
to ultralow-cost packaging; from nanoscale featured components to large-scale machines; from
weapons to healthcare products are some of the applications of compliant mechanisms. As
mentioned earlier we know that many early devices were compliant mechanisms, but simplicity of
analysis and design of rigid link mechanisms gave it an edge over the flexible link mechanisms
during those times. In the present world there is a myriad of materials to choose from and are well
suited for compliant mechanisms. There have been drastic improvements in the computational
hardware and software that help analyze the motion and stresses of compliant mechanisms. Our
ability to design and analyze compliant mechanisms have increased because of developers and
researchers. Many new methods to facilitate compliant mechanism design have been created and
considerable effort has been put in. Increased level of research and understanding has increased
awareness of the advantages of compliant mechanisms. Some successful commercial applications
prove to be an inspiration for other applications to follow suite. With all the advancements in
society and technology, new needs have risen and compliant mechanisms prove to be useful to
best address these needs. This includes products and devices with complex motion that are very
small and need to be produced at relatively lower costs, concept tools (figure 4), compact medical

implants and also high precision machines [12].
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Chapter 2

2. Tremors

2.1 Definition

According to National Centre for Biotechnology Information (NCBI), a tremor is defined as a
rhythmical, involuntary oscillatory movement of a body part that is produced by alternating
contractions of reciprocally innervated muscles [13]. The underlying causes for hand tremors can
be classified into Parkinson’s disease, essential tremors, multiple sclerosis, carpal tunnel

syndrome, stroke, brain injury or a neurological disorder.

A tremor as defined generally, is an unintended and unplanned rhythmic movement of any part of
the body. When hands shake or quiver it is in general known as ‘Tremor of the Hands’. There are
many reasons for the origination of a tremor. The more frequent ones that we hear are that of

neurological problems. But they can also be caused by metabolic problems.

Other causes are alcohol abuse or withdrawal syndrome, mercury poisoning, overactive thyroid or
anxiety. In general, a tremor is originated by an issue in the deeper parts of the brain that control
essential and important movements. Although some cases have underlying causes, certain cases

are inherited and run in families.
2.2 Symptoms of tremor
Symptoms of tremor may include:

A rhythmic shaking of the hands, arms, head, legs, or torso, shaky voice, difficulty in writing or
drawing, problems in holding and controlling utillities such as a cup, spoon, fork etc.

Some tremor may be triggered by or become worse during times of stress or strong emotion, when
an individual is physically weared, or when a person is in certain postures or makes certain

movements [14].
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2.3 Tremor classification

Resting tremor occurs when the muscle is relaxed, such as when the hands are rested on the lap.
With this disorder, a person’s hands, arms, or legs may shake even when they are at rest. Often,
the tremor only affects the hand or fingers. This type of tremor is often seen in people with
Parkinson’s disease and is called a “pill-rolling” tremor because the circular finger and hand

movements resemble rolling of small objects or pills in the hand [14].

Action tremor occurs with the voluntary movement of a muscle. Most types of tremor are
considered action tremor. There are several sub-classifications of action tremor, many of which

overlap [14].

« Postural tremor occurs when a person maintains a position against gravity, such as holding the

arms outstretched.

« Kinetic tremor is associated with any voluntary movement, such as moving the wrists up and

down or closing and opening the eyes.

« Intention tremor is produced with purposeful movement toward a target, such as lifting a finger
to touch the nose. Typically, the tremor will become worse as an individual gets closer to their

target.

« Task-specific tremor only appears when performing highly skilled, goal-oriented tasks such as

handwriting or speaking.

« Isometric tremor occurs during a voluntary muscle contraction that is not accompanied by any

movement such as holding a heavy book or a dumbbell in one position for long [14].
2.4 Tremor diagnoses

Tremor is diagnosed based on a physical and neurological examination and an individual’s medical

history. During the physical evaluation, a doctor will assess the tremor based on:

e Whether the tremor occurs when the muscles are at rest or in action
« the location of the tremor on the body (and if it occurs on one or both sides of the body)

« the appearance of the tremor (tremor frequency and amplitude).
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The doctor will also check other neurological findings such as impaired balance, speech
abnormalities, or increased muscle stiffness. Blood or urine tests can rule out metabolic causes
such as thyroid malfunction and certain medications that can cause tremor. These tests may also
help to identify contributing causes such as drug interactions, chronic alcoholism, or other
conditions or diseases. Diagnostic imaging may help determine if the tremor is the result of

damage in the brain [13].

Additional investigative tests may be conducted to determine functional limitations such as
difficulty with handwriting or the ability to hold a fork or cup. Individuals may be asked to
perform a series of tasks or exercises such as placing a finger on the tip of their nose or drawing a

spiral.

The doctor may order an electromyogram to diagnose muscle or nerve debilities. This test

measures involuntary muscle activity and muscle response to nerve stimulation [13].

2.5 Pathophysiology of a tremor

Progress has been achieved in mapping tremors to certain structures or pathways in the nervous
system, even though the exact pathophysiology of tremor is still incompletely understood. Two

basic principles have been postulated in tremorogenesis. Tremorogenesis emphasizes:

)} Hyperexcitability and rhythmic oscillation of neuronal loops in the absence of
structural changes. This ‘hyperexcitability’ has been studied with neurophysiologic
techniques in humans and animals, modelled in dynamic mathematical paradigms.
Complete reversibility of some tremor symptoms after alcohol ingestion or with
medication has been interpreted as evidence for an overwhelmingly or exclusively
functional disturbance.

i) The second principle is that of a permanent structural pathology with signs of
neurodegeneration. This concept has more recently received renewed attention after
systematic pathologic studies of patients with essential tremor revealed characteristic

pathologic change [13]
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2.6 Tremor frequency

The Spectral analysis of hand tremor records obtained from normal subjects during continuous
extension of the hand for 1545 minutes, revealed that the root-mean-square (rms) displacement
amplitude of the tremor increased from control levels of about 30 mum to levels on the order of
100-1,000 times control [15]. Associated with this increase in the displacement was a systematic
decrease in the hand tremor frequency from control values of 8-9 Hz to values of 4-6 Hz [15].
Spectral analysis of demodulated extensor EMG records indicated a consistent relation between
EMG modulation amplitude at the tremor frequency and the tremor displacement amplitude for
tremor records with rms displacement above about 100 mum [15]. No consistent relation was
found between these two variables for tremor records with displacements below 100 mum.
Consideration of both mechanical and neural reflex effects indicated that a viscoelastic-mass
mechanism primarily determined the small-amplitude (less than 100 mum) tremors, while the large

displacement tremors may have involved both mechanical and neural feedback factors [15].
2.7 Whom does it affect?

Tremor is a rhythmic, involuntary, oscillatory movement of a limb produced by alternating
contractions of reciprocally innervated muscles. More than 4% of the population over 40 years old
suffer from tremor. Tremor is a major symptom of Parkinson’s disease (PD) that affects 80% of
PD patients [16]. PD tremor is usually a rest tremor at the range of 3.5 to 6 Hz and can appear as

pill-rolling, supination/pronation or flexion/extension movement of the forearm [17].

Parkinson’s disease (PD) is characterized by its main motor symptoms bradykinesia, rigidity and
tremor, but also have additional motor and non-motor characteristics. The onset of the disease is
usually at an age of 65 to 70 years. Onset before the age of 40 is seen in less than 5% of the cases
in population-based cohorts. Earlier onset is seen in genetic variants. Monogenetic forms of PD
are probably rare in unselected populations but may be frequent in some ethnic groups. In general,
genetic factors are thought to be involved in 5-10% of the cases, may be more. The disease is
slightly more frequent in men than women. The prevalence of the disease is generally accepted to
range from 100 to 200 per 100,000 people and the annual incidence is thought to be 15 per 100,000.
Research on whether there is increasing occurrence of the disease, exceeding what can be expected

in an ageing population is ongoing [18].
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2.8 Available treatments

The exact cause of ET and PD is unknown [19, 20]. Neither of these diseases is curable and the
treatment is focused on relieving the symptoms [21]. The most used treatment for tremor is
medication, although up to 53% of people discontinue medical treatment due to side-effects or
lack of efficacy [22, 23]. Several surgical options for tremor treatment exist, including
radiofrequency lesioning and gamma knife radiosurgery. Deep brain stimulation (DBS) as a
surgical procedure is the most effective treatment for most tremors and is applied for advanced
and selected cases [24]. Deep brain stimulation is, however, an invasive treatment with the
potential for adverse events, such as cognitive, psychiatric and behavioral status change, that affect
up to 48% of the people undergoing the surgery [25]. The tremor reduction efficacy of medication
ranges from 23 to 59% for PD [26] and 39 to 68% for ET patients, whereas DBS has a tremor
reduction of 90% [24]. In the study by Koller et al., 16% of the patients had a loss of efficacy of
the DBS within 40 months [27]. Although there is a lack of long-term pharmacological studies
[27], Sasso et al. showed that the Primidone tremorolytic effect only lasts for up to 1 year [28]. A
new emerging surgical treatment of tremor is high intensity focused ultrasound. A recent study
showed that this less-invasive method reduced the tremor score by 55% after 6 months, which is
also related with mild to moderate adverse events [29]. More precisely, 74 neurological adverse
events in 56 patients were observed, while an alteration in sensation was the most common one in
38% and persisted at 12 months in 14% [30]. Alternative treatments are required for patients not
responding to medication (50% of ET), who are drug intolerant or are not suitable for deep brain
stimulation [31]. Due to these side effects and the lack of efficacy, there remains a need for non-
invasive treatments. Even with optimal medical or surgical intervention in tremor, patients will
still require physical interventions and occupational therapy to promote social participation [32].
Adding weight to the limb, limb cooling, vibration therapy, transcranial magnetic stimulation,
sensory electrical stimulation, and functional electrical stimulation are current alternative and
supplementary treatments of tremor [22]. An emerging alternative and supplementary treatment
are the physical intervention and suppression of the occurring oscillating rhythmic movement with

a wearable external orthosis.
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Chapter 3

3. Tremor suppression

3.1 Biomechanics of the upper limb

An understanding of the biomechanics is necessary to define the necessary specification of a
wearable tremor suppression device. It is essential for the degrees of freedom (DOF) in the
anatomy of the upper limb for wearable devices to match the inherent mobility of the limb and
avoid inhibiting the movement of the user. Not considering the DOF in the hand, the arm has 7
DOF from wrist to shoulder: flexion and extension (figure 5) (WFE), and radial and ulnar deviation
in the wrist (WD), pronation and supination in the forearm (FPS), flexion and extension in the
elbow, and flexion and extension, abduction and adduction as well as internal and external rotation
in the shoulder [33]. Besides the biomechanics of the upper limb, it remains essential that the
location of ligaments, blood vessels, nerves, and tendons is considered in the design of a wearable
device to prevent unintentional harm. The kinematics of the arm and thereby those of tremor, like
joint inertia and joint stiffness, are changed by a wearable assistive device, for example by its
weight. Furthermore, the physical suppression of tremor can cause a shift of tremor from the
suppressed distal joint to a proximal joint (defined as the Distal to Proximal Tremor Shift
phenomenon), observed in one out of six patients in the study by Manto et al. in 2007 [34].

¥
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Figure 5: Sketch indicating the flexion and extension direction of the wrist
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3.2 Tremor suppression solutions

There are a wide range of products and concepts in the market that suppress or adapt to hand
tremor. Some of the types of tremor suppression solutions available are as follows

e \Wearable orthosis/ exoskeletons. e Medication
* Handheld devices * Invasive and surgical methods
e Table mounted device

From the above mentioned, the most effective solutions are the supplementary and noninvasive

treatment methods using wearable orthosis and other handheld or table mounted devices.

3.2.1 Products available

L 4 | { ¥ ( : - ~

(@) (a)(ii)

(b) (c)
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Figure 6: (a)(i) Liftware steady, (a)(ii) Liftware level; (b) Gyenno Spoon; (c) Elispoon; (d) Steadiwear Glove; (e)
Hand Steady Cup; (f) No spill cup
The above products in figure 6 are commercially available and have been used by people suffering
from tremors. From the above products the most of them are tremor adaptive and do not play any

role in minimizing the user’s tremor, except for the Steadiwear Glove, which is a passive tremor
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suppressing orthotic glove. The others are mainly handheld devices that aid the user for a specific
task. Whereas the glove can be worn by the user to perform any activity without worrying about
the tremor. The benchmarking of these products will give us a better insight on the characteristics
of a tremor suppressing device.
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3.2.2 Benchmarking

Devices

Liftware
Spoons

Gyenno
Spoon

Elispoon

Steadiwear
Glove

Hand
Steady cup

No spill cup

Technology

Electronic Stabilizing
Handle uses two motors
to counteract hand
tremors in two
directions

Electronic Motion-
Stabilizing uses two
motors to counteract
hand tremors in two
directions

Counterweights and
rotation axes keep the
spoon bowl level

Slightly weighted glove
with spring damper
mechanism reduces
tremor

Rotating joint at the
handle and weight of the
cup bowl counteracts the
hand tremors in one
direction.

The curved form of the
cup keeps fluid within
and prevents spillage

Tremor reduction

Stabilizes 70% Hand
tremors (Liftware-
Steady)

Reduces 85% tremor
for hand vibrations
amplitude within 2.7
inch

Does not reduce tremor
but stabilizes mild
tremors and prevents
spillage. Not for severe
tremors

Adapts to any level of
tremor and minimizes
hand tremors
drastically

Minimizes the impact
of tremors by keeping
the cup straight
preventing spills

No reduction of tremor

Use

Battery operated. Full
charge lasts for a total
time of 180 mins

Battery operated. Full
charge lasts for a total
time of 60 mins

To be used like any
other spoon and can be
gripped as per
convenience

Worn on the hand like
a glove no batteries or
electronic components

No batteries

No batteries, used like
any other cup

Table 1: Description of commercial products that adapt or suppress hand tremor.

30

Price

$ 195

$ 189
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79.95
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3.2.3 Other non-commercial solutions

Apart from the earlier mentioned commercial products there are many other concepts and
prototypes that address the problem of suppressing hand tremor or upper limb tremor using various

active and passive mechanisms. The following figure 7 shows some of the prototypes of tremor

suppression orthosis.

> Corﬁpressive Sleeve
~\Spooling Motors
=

Spooling Motor Band
SN ““Viscoelastic Bands

S Gyroscope Band

D Wrist cuffs

Figure 7: Prototype (a-c) and concept (d, €) orthoses. (a) WOTAS —active attenuator with electrical motor [35]; (b)
Pneumatic Actuator —active attenuator with pneumatic piston-coil system [36]; (¢) DVB Orthosis —semi-active
attenuator using tuneable viscous shear resistance [37]; (d) Soft band Orthosis —semi-active attenuator using
viscoelastic tendons [39]; (e) Piezoelectric Fibre Glove — active attenuator with piezoelectric fibre composites [38].

A concept is defined as a theoretical design not exceeding the model validation in the development
process, whereas a prototype is defined as a functional device with the possibility to validate and

evaluate its properties.

The orthoses are classified by its type of vibration suppression: passive, semi-active and active.
Semi-active and passive technologies suppress involuntary movements, whereas active
technologies suppress involuntary while supporting voluntary motions of the wearer’s limb. More
specifically, passive suppression comprises robust methods regarding the design which ae
dependent on constants like a spring and damper coefficient. A passive spring-damper system has
a low resistance force at low and a high resistance at high velocities. Slow and deliberate

movements can be accomplished, whereas fast movements create a higher reaction force. Semi-
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active orthoses work like passive orthoses but use tunable mechanism characteristics regulated by
a controller. An active orthosis reacts to sensory information with an actuator. An equally strong,

oppositely directed force is used to counteract the involuntary movement [40].
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Chapter 4

4. Need for efficient orthotics

4.1 Existing product limitations

Most of the prototypes did not reach the market due to their low wearability, leading to a lack of
acceptance by the user. Wearability is the comfort and ergonomics in contrast to the performance.
The high weight and the rigid structures lead to low ergonomics and comfort. Especially elder
patients are more sensitive to weight due to sarcopenia, the degenerative loss of skeletal muscle
mass associated with aging. power sources such as batteries may be relatively heavy and may need
to be recharged frequently and replaced periodically. Such limitations may make devices
implementing active force feedback systems less convenient to use and more expensive to buy and
maintain. Also, active systems may be sensitive to water, magnetic fields, temperature changes,
and shocks that may result when a user accidentally drops or hits the device against a hard surface.
Furthermore, older people often have a negative attitude towards technology, especially towards
gerontechnology [41]; therefore, a high wearability and an unobtrusive design are required

improvements.

4.2 Future research

In order to develop appropriate tremor-suppression orthoses, the biomechanics of the tremorous
movement need to be characterized, as proposed by Charles et al. [42]. Further investigations for
the human-machine interface are needed, to improve the connection of a wearable device to the
human body with an ideal force transmission. For this, an improvement in the understanding of
tremorous movements and influencing factors of soft tissues are crucial. Future research probably
needs to focus on soft suppression mechanisms with improved efficacy for tremor suppression to
attain higher rates of patient acceptance. To this end, a future orthosis needs to be less obtrusive
and more visually appealing, as well as to incorporate more biomimetic design features, inspired

by nature’s functions and mechanisms [40].
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4.3 Required improvements

This higher patient acceptance combined with improved efficacy could be achieved by the
improved wearability along with such soft mechanisms and the new possibilities of an unobtrusive
design. A new orthosis with a soft suppression system and improved suppression efficacy needs
to have enough variability to accommodate all patients and different tremor types. Such an orthosis
could be used in future to investigate the effect of such tremor suppression orthosis on the subject
and its involuntary movement in short- and long-term use, like the distal to proximal tremor shift
phenomenon. This higher patient acceptance combined with improved efficacy could be achieved
by the improved wearability along with such soft mechanisms and the new possibilities of an
unobtrusive design. A new orthosis with a soft suppression system and improved suppression
efficacy needs to have enough variability to accommodate all patients and different tremor types
[40].
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Chapter 5

5. Proposed solution

5.1 What research suggests?

From the present research and market analysis of the products we can understand that an optimal

tremor-cancelling orthotic glove must be:

+ Soft

* Non-cumbersome

* Compact

« Powerful

» Lightweight

» Passive suppression system

Soft mechanisms show a high potential for wearable devices, as they are less bulky and especially
visually more appealing. Current users of conventional rigid robotic orthoses claim that these are
too bulky, which can lead to negative effects in activities of daily living or in the worst case to
social exclusion [43]. Veale et al. propose to direct research towards compliant mechanisms in
orthoses [44].

5.2 Product Inspiration

5.2.1 Literature review
The Steadiwear Glove:

This product is an apparatus that dampens the involuntary vibration or movement of the hand and
the forearm of a person generally suffering from Parkinson’s or Essential tremor. This patent
consists of many embodiments of the product but, each one of the embodiments work with the
same principle and serve the same purpose of dampening the vibrations of the hand and forearm.
The product has mainly two parts the first being a system that dampens the involuntary hand and
forearm motion. This system is connected to the hand with a link. There are a few embodiments
of this product before the final one. Each of the embodiments has an improvement from its former
embodiment [45].
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First Embodiment:

(b) (©

Figure 8: (a) The First Embodiment with the direction of hand movement and forces F. and F acting on the link; (b)
Position of the internal jaw during extension of the hand; (c) and position during flexion of the hand.

In the first embodiment, figure 8(a), the damping system shown is a rectangular chamber filled
with Non-Newtonian fluid and it also contains a movable jaw that is connected by a link that
extends out of the box through a port and is fixed to the hand. Similarly, there is another unit on
the underside of the arm, in which the link extends from the palm to the second rectangular
chamber on the underside of the forearm (not shown in the figure). This embodiment helps
minimize the hand tremor in two directions. The first direction being extension of the hand and

the second being the flexion of the hand. During extension as shown in figure 8(b), the link on the
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upper side of the hand is being pulled downwards which in turn pulls the jaw within the fluid filled
chamber and as the fluid passes through the holes in the jaw (not shown) it offers resistance to the
jaw and reduces the involuntary motion of the hand in that direction. During Flexion the same
happens to the unit on the underside of the hand and it offers resistance, meanwhile the jaw in the
unit on the upper part of the goes to its end position with help of the springs and it offers no
resistance as fluid flows easily through a non-return valve in the jaw. So, the upper unit dampens
the hand motion during extension and the bottom unit dampens the hand motion during flexion.
The damping that is achieved is mainly as a result of the Non-Newtonian fluid which is present in
it. The fluid has certain characteristics and is tuned in a way that it dampens only the involuntary
motion of the user’s hand. Its performance is optimized to dampen tremors within the frequency

range of 2 to 12 Hz [45].

Second Embodiment:

(b) (c)

Figure 9: (a) Second Embodiment with the direction of hand movement; (b) Stretched out telescopic link in the
extended position of the hand; (c)Contracted link in the flexed position.
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The second embodiment eliminates the use of two chambers as in the first embodiment. As shown
in figure 9(a), a spherical chamber with a ball joint is used. This forms the damping system which
is secured on the forearm. The ball joint is connected to the hand by a telescopic link. So as the
hand extends the link will stretch out and as the hand flexes the link will contract (as shown in
figure 9(b, c)). As the hand moves, the ball joint also moves within the spherical chamber. The
damping is achieved by the Non-Newtonian fluid which is filled in a small gap between the ball
joint and the spherical chamber. As the ball rotates or moves within the spherical chamber the
Non-Newtonian fluid offers resistance and dampens the vibration. The ball joint connection

dampens the tremor in the radial and ulnar directions of hand movement as well [45].

Third Embodiment:

(b) (©)

Figure 10: (a) Third Embodiment with the direction of hand movement; (b) extension of the hand (c) flexed position
of the hand
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The third embodiment as in figure 10, is just slightly different from the earlier. The telescopic link
has been replaced by a shaft and a linear bearing is introduced at the portion of the hand. Also, the
ball joint has a few added groves in it as shown in figure 11 (a, b). This accommodates more Non-
Newtonian fluid in the chamber and helps resist the tremors more efficiently by generating more
shear friction [45].

(@) (b)

Figure 11: (a) isometric view of the new ball joint with grooves connected to the shaft; (b) Two orthogonal views of
the new ball joint.

Fourth Embodiment:

Figure 12: Shows the fourth embodiment with a tuned mass damper setup on the forearm. Arrows show the
direction of the hand and forearm movement.

In this the parts and the design of the third embodiment remains as it is. Along with the previous
setup there is an additional unit attached on the forearm which dampens the involuntary forearm

movements. A tuned mass damper is used to achieve this, as shown in in figure 12 [45].
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5.3 Design Brief

Z

Use of compliant mechanism to damp tremor.

&

Universal design to adapt to wide a range of frequencies and cater to a vast demographic.

X

Portable product for easy accessibility and use.

™

No batteries.

(o

Simple and passive systems, No electronic components

®
15

Economical and affordable.
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5.4 Product ideation.

With the research data and the design brief, a solution to suppress tremor can be devised. The idea
is to effectively tackle this problem is by designing and engineering a novel glove which would
suppress the involuntary hand tremors without any hassle of having bulky electronics and heavy
batteries. So, the new glove will have a compliant link, from the literature review is clear that the
link in the Steadiwear glove being a rigid shaft inhibits the full range of hand motion and offers
slight resistance to voluntary hand movements of the user. Also, the existing prototypes of the
exoskeletons have not been successful due to their low wearability (figure 7). Replacing the link
with compliant mechanism will give the opportunity to build a compact, ergonomic and efficient

glove unlike any other.

The hand tremor will be suppressed by utilizing the principle of friction, the damping system of
the new glove would use sliding friction to offer resistance which otherwise in the Steadiwear
glove was shear resistance generated by the Non-Newtonian fluid. Use of fluids increase
maintenance costs as well as it poses a hazard to the user if there occurs a leak in the glove over a
long period of its use.

The Anti Tremor Glove will be an affordable, easy to use, universal and completely portable
product for the masses. It aims to help the old or young people alike, with which victims of hand
tremor can continue to do their daily tasks independently with ease just like normal individuals.

41



Chapter 6
6. Anti Tremor Glove

From the product ideation phase comes the concepts of the glove its design and how the final
solution is visualized.

6.1 Concept sketches

CONCEPT ~ MOveMENT
= TN P DIRECTION 1.

Move MENT
DIRECTION 2.

[Exmmsmﬂ
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Figure 13: The initial concept sketches that formed the basis of the final product.
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6.2 Components of the Glove

The Glove consists of two main components
1. The Compliant Links
2. Damping system.

6.2.1 The Compliant Links

The compliant links are responsible for the bending and act as sliders that moves in tandem with
the user’s hand (figure 14). These links are responsible to transfer the tremor motion from the hand

to the damping system. These links must perform both functions of flexibility and stiffness for the

Figure 14: Shows the two compliant links with varying cross-section.

proper transfer of motion. The smaller cross-section of the link will be undergoing deflections with

the hand as it bends and moves due to the involuntary tremor movements.

6.2.2 The Damping System

As the name suggests this component is responsible for the suppression of the involuntary hand

movements. As the compliant links help to translate the hand motion the damping system is
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responsible to apply resistance to the motion of the link which in-turn restricts the hand
movements.

The damping system consists of six parts which are, the base, the rubber pads, the jaw, the top
cover and for the adjustable mechanism there is a socket head screw and a spring (as in figure 15).

= Topcover
- Socket head screw
/:-\ Jaw
« = 4
L
—
% Spring
Base
Rubber Pads

Figure 15: Exploded view of parts

6.3 Working

The compliant links passes through the two spaces, over the two rubber pads that are bonded on
to the base of the system. Then over it comes the jaw, which also has the rubber pads attached to
it, thus the link is sandwiched between the rubber pads on the base and the jaw of the damping
system. These pads can be moved closer to each other with the help of the socket head screw which
moves the jaw and the rubber pads exert compressive forces on the links which increases the
resistance enough to suppress the tremors of different frequencies. The spring keeps the jaw in
place and keeps it attached to the socket head screw so that it can move up and down as and when
the screwed is loosened or tightened based on the user’s need. The adjustable mechanism allows
the user to adjust position of the jaw based on the amount of resistance required which depends on
the severity or mildness of the tremor. Figure 16 shows the two positions, the first one being the

open position, in which the links are free since the jaw is in its topmost position. As the screw is
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tightened the jaw is lowered and it compresses the two links as shown in the second position. This
is how the tremor suppression takes place. Since the compressive forces can be adjusted with the
help of the screw it is calibrated such that it only can offer resistance to the involuntary forces
generated in the hand and hence the voluntary movements of the user will not be affected. The

proposed aesthetic of the glove and the location of the mechanism on the users arm is shown below

(figure 17).

—
—
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—
—
- ——
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Figure 16: The cross-section of the damping system and its two extreme positions.

Figure 17: The location of the mechanism on the arm within the glove and the complete glove worn by the user.
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Chapter 7

7. Material Selection

7.1 Flexibility and Stiffness

For the compliant connecting link

Obijectives

e Withstand forces that cause bending i.e. bending stresses.
e Undergo significant deflection without yielding.
e The link should deflect upto 140mm and not fail.

e Resist wear and should be resistant against fluids like water, dust, household chemicals etc.

Considering the link connecting the hand and the damping system to be a cantilever beam of the
following dimensions and cross-section (figurel8).
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Figure 18: a schematic representation showing the cantilever with the dimensions.
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For a cantilever of rectangular cross-section, we analyze the stiffness and the strength.

Deflection of the above cantilever beam acted upon by a load F is given by

FL3
= — 1
3EI
And the moment of Inertia | for a beam of rectangular cross-section is,
3
=2 2
12
=~ The stress due to bending is given by,
g="2 3
1
Where:
M= moment load
y= distance between neutral axis and point of interest.
I= moment of inertia of cross-section.
The maximum stress at will be at the farthest point from the neural axis,
Ymax = € 4
Mc
Omax = 7 5

It is useful to analyze the system with maximum stress if the beam had a known force or load.
Since, we need a compliant system that should be flexible enough to accommodate a certain
amount of deflection the boundary conditions of our beam will change from a point load or force

and the input will be a displacement load.

So, from equation land 2 we have,

4FL3
d =
Ebh3

Now from equation 5 we know that g;,,,, OCCUrS at y,,,,, = ¢, SO in our case,
h
M0 = FLand ¢ = >

Substituting these terms in equation to equation 3 we get a maximum stress of,
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__ 6FL
Omax = bh2

Let us assume the failure of the beam occurs when the maximum stress equals yield strength, Sy

Sy = % (at failure) 8
Rearranging and solving for F we get,
F= Sybh? 9

6L

Now substituting equation 9 in equation 6 the max deflection that the beam will undergo before

failure is given as:

2
_ s

Smax_ EEh 10

Therefore, the maximum deflection depends on both geometry (%) and material properties (‘%y).

7.2 Material Index
To select the material based on the constraints, in equation 10 we need to maximize § by

S Sy
minimizing =

E
=~ The material index can be selected as follows,
Omax= Sgy which can be maximized by minimizing E and maximizing Sy
~ logé = log$, — logE

~ logS, = logE + logé
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On the Ashby charts we rank materials on a slope of 1 (m=1), hence the material index for selecting

materials using Ashby charts is M= 1 (figure 19).
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Figure 19: Ashby chart showing the selected materials based on the constraints and the material index of 1.

7.3 Material Ranking for the Compliant Links

The material to be selected must be durable against fresh water, salty water also strong acids and
other fluids and must be easily cleanable also it must have acceptable resistance against sunlight

and must withstand outdoor weather conditions to a certain extent.

Polypropylene (PP) is material that fulfils the given limits and is optimum material that has the
best stiffness and flexibility without compromising on the strength, which is a necessary aspect in

this application.
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Polypropylene plastic helps accommodate for large deflections for the efficient functioning of the
tremor suppression device. Also, the geometry of the component is of varying cross-section since
the component needs to be stiff and flexible. Metals can be used for this application too. But, the
amount of deflection required is large and since metals have higher Youngs modulus values are
more stiffer than plastics so to make them flexible we would have to use very small cross-sections
of metals basically sheet metals but to create the thicker sections we might need to use over-
moulding and use of other materials which would result in increased material usage and increased
production costs. Polypropylene is a versatile material and is excellent for manufacturing processes

like plastic extrusion and injection moulding.

0% NEUTRAL BUFFERED FORMAL
N TRANSPORT CONTAINE!

Figure 20: Examples of some common polypropylene medical products like syringes containers and foot orthosis.

Polypropylene has proved be an excellent material for medical applications as shown in figure 20.
The clinical applications for use of polypropylene are varied and its used in non-invasive as well
as in invasive medical surgical procedures which include cardiovascular and microvascular
surgery, tracheobronchial surgery (e.g., tracheostomies and closure of bronchial stump after
lobectomy), hernias and ruptures (e.g., perineal hernia repair), genitourinary (e.g., perineal
urethrostomy), routine skin closure, and as a stay suture material. Studies have showed
polypropylene to have the least tissue reaction of most materials tested. Thus, polypropylene is
safe and a 100 percent recyclable material perfect for the tremor suppression orthotic glove [46].

7.4 Material Ranking for the Damping System

The Damping System is the part that the user interacts with the most in the glove since the screw
must be adjusted according to the tremor experienced by the user. So, the material selection of the

damping parts like the top cover, the jaw and the base must be strong and appealing both by touch
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and aesthetic. It has a smooth and curved shape which eliminates any sharp corners which would
otherwise prove to be hazardous. The material that is chosen must be strong, lightweight and must

be durable against all domestic threats and chemicals and solvents similar to Polypropylene.

But the difference is that this material need not be flexible but has have more strength compared
to polypropylene. So, ABS is the right choice as it best suits the above conditions and is one of the
most extensively used plastics that has the ability to be injection molded and extruded. This makes
it useful in the manufacturing of products like, toys, musical instruments, golf club heads (as it has
good shock absorbance), automotive trim components, automotive bumper bars, medical devices

for blood access, enclosures for electrical and electronic assemblies (figure 21) [47].

Figure 21: Examples of some household toys and enclosures made of ABS plastic.
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Chapter 8

8. Determining the Forces

8.1 Experimental Data

To suppress the hand tremor, we must first know the frequency, force, velocity and other such data
of the tremor that a person is suffering from. Only a full understanding of the tremor and its
characteristics will allow us to design an effective tremor suppressing product. Such data can be
taken by analyzing tremor patients and quantifying their hand tremor. Musab et al. has conducted
such an experiment with the use of transducers, a unique set of sensors called the Shimmer sensors
that quantifies the Parkinsonian tremor. The experiment was conducted on 10 patients between the
ages of 58 -66 and all of them were physically active and had no kind of impairments in moving

hearing or seeing [48].

Data collected is of two types, one, is the resting tremor and the second is postural tremor. Two
different postures with different arm positions are used to analyze the tremor (as shown in figure
22) [48].

€Y (b)

Figure 22: Test positions to analyze (a) rest tremor and (b) position to analyze postural tremor.\

Experimental Method:

The system that records the tremor consisted of lightweight Shimmer device, which has an
acceleration sensor and gyroscope sensor, and it was secured on the top of the patient’s hand. The
gyroscope recorded the rotational movement while both the other sensors were used to record the

six axis data. The experiment focused on the resting and postural tremor for ten PD patients with
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different rhythmic movements and amplitude ranged within 10 seconds. Data was collected from
PD patients while they were holding their hands in rest position at first. Then for the postural
tremor data PD patients held their hands stretched out at 90 degree in front of their body.

Results obtained:

The quantified values of Parkinsonian tremor in 10 patients as obtained from the experiment are

given in the following Table 2.

Time Domain Frequency Domain

Patient ACC(ZIE?)HOD Angu(lg; ;:)locny Acceleration (Hz)
1 -0.81 10 0.82 -75t011.1 2.031
2 -2.65t02.51 -64.8 to 44.2 4813
3 -1.49 t0 1.49 -28.0 to 46.1 2.125
4 -1.96 t0 1.95 -48 to 36 4.063
5 -0.84 10 0.86 -33.9t061.9 3.188
6 -0.59 t0 0.59 -8.81t0 8.8 1.844
7 -1.52t0 1.52 -74.5t0 105.3 4.813
8 -1.49 t0 1.50 -19.9 t0 20.1 1.75
9 -1.35t01.32 -15.1to 26.1 4.188
10 -1.30t0 1.32 -10.8t0 10.8 1.594

Table 2: Shows the acceleration angular velocity and frequency of the tremor in 10 different patients

8.2 Pull Force and Frictional force calculation.

Pull force (F)

—

Damping System

Figure 23: a simplified schematic representation of the glove mechanism.

From the above study and experiments conducted on different patients suffering from Parkinson’s
hand tremor by Reem Musab et al. We have two cases to determine the frictional force required
to dampen the hand tremor [48].
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Case 1: Lowest acceleration of hand tremor recorded.
Known Data:

From Table 2 we get,

Acceleration of hand during tremor (a)= 0.59 m/s?
Mass of the hand (M)= 0.46 kg

Pull force on the link is due to the inertial force of the hand given by

F=M.a
~ F= 046 x0.59
~F=0.2714 N

The component of this force acts along the compliant link connecting the hand and the damping
system at different angles of the hand during tremor which is not exceeding the above force value.

So, the frictional force required for damping the above force is given by,
f=nwnn

Where,

n is the normal force acting on the link.

W is the coefficient of friction for TPU or NBR 0.8 and 1 at 0.1 m/s, and approximately 1.2 at 0.25
m/s

So:
f=08xn
~0.2714 = 0.8 Xn
~n= 033N

In the damping system we can use a spring and a screw to regulate the normal force from 0.33 and
higher with a suitable pitch.

Case 2: Highest acceleration of hand tremor recorded.
Known Data —

Acceleration of hand during tremor (a)= 2.65 m/s?
Mass of the hand (M)= 0.46 kg

Pull force on the link is due to the inertial force of the hand given by
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F=M.a
~ F=046 X 2.65
~F=1219N
Similarly, the frictional force required for damping the above force can be calculated by,
f=mwnn
Where,
n is the normal force acting on the link.

M is the coefficient of friction for TPU or NBR 0.8 and 1 at 0.1 m/s, and approximately 1.2 at 0.25
m/s

So:
f=08.n
~1.219= 08.n
or
~1.219=12.n

~n=15Nton= 101N

The following frictional damping can be obtained with a spring deflection of 3 to 4 mm.
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Chapter 9
9. CAE Analysis

This analysis is done on the compliant links to understand if the links can withstand the deflection
and the loads acting on them at any particular time and for the tremor frequencies. This analysis is
very important as it helps corroborate the above calculations and gives the assurance that the part

is compliant enough to function properly also strong enough that failure does not occur.

The initial design concepts of the compliant links are analyzed and based on the analysis result the

designed has been changed and the optimum profile of the link was selected.
Case 1:

The initial concept was a combined dual link design similar to the proof of concept prototype as
shown in figure 24 below. The analysis is done using the software called Abaqus CAE with the

following steps.
Step 1:

The combined dual link part is imported for the analysis.

Figure 24: The initial compliant dual link design for analysis.
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Step 2:

The material is assigned to the part (figure 25), so for the link the selected material is PP copolymer

and the properties are assigned to it. Mechanical Properties; Elastic:

Youngs Modulus = 1290 MPa

Poisson’s ratio = 0.42

Figure 25: The dual compliant link after assigning the material and properties

Step 3:

Next the partitions are made in the part where there is a cross-section change and a reference point
is placed at the end of the link and a coupling interaction between the reference point and the end
face of the link. This is where the load needs to act (figure 26). Concentrated loads are then applied
on the reference point in the desired direction (in the downward direction) and the coupling
interaction distributes the load on the end surface. Then the boundary conditions are applied to the
bottom face of the link only in the partitioned part of the thicker cross-section as that is where the
damping occurs and the bending takes place in the first part of the varying cross-section of the
link. The two bottom faces are ‘ENCASTERE?’, as the analysis will be for the extreme case where
the link becomes completely locked and acts as a dual cantilever (figure 26). If the link can bear

these bending forces then it will be safe for its working loads.
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Figure 26: The dual compliant link with the applied Reference points, loads and boundary conditions.
Step 4:

Next the dual link compliant part meshing must be done. The seed size is set to 2 and the
instance is meshed with a Hex Structured Mesh (figure 27).

Figure 27: The meshed dual link for analysis

Step 5:

Once the loading, boundary conditions are set and the part meshing is complete, then the part is
ready for the analysis.

59



From the calculations done, the highest force acting on the link due to the hand tremor is calculated
to be 1.2N we take a higher value of 5 N and above to check the bending and the stresses acting

on the link.
The results obtained for a load of 5N is:

Von Mises Stress

S, Mises

(Avg: 75%)
+5.102e+01
+4.677e+01
+4.251e+01
+3.826e+01
+3.401e+401
+2.976e+01
+2.551e+401
+2.126e+01
+1.701e+401
+1.276e+01
+8.509e+400
+4.258e+00
+7.357e-03

Figure 28: The von Mises stress result for 5N on the dual link.

Displacement

U, Magnitude

+2.938e+04
+2.693e+04
+2.448e+04
+2.203e+04
+1.95%e+04
+1.714e+04
+1.469e+04
+1.224e+04
+9.793e+03
+7.345e+403
+4.897e+03
+2.448e+03
+0.000e+00

Figure 29: The magnitude of displacement result for 5N on the dual link.
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Case 2:

The second concept is a split ridged link and is longer and has a larger cross-section than the earlier
design, since the link is split, we need two of the below link as shown in figure 30, for the tremor

suppression glove mechanism.
Step 1:

One of the two ridged links is imported into Abaqus CAE for analysis (figure 30).

Figure 30: The compliant ridged link design for analysis.

Step 2:

The material is assigned to the part, so for the link the selected material is PP copolymer same as

the earlier dual link (figure 31).
Mechanical Properties:
Elastic:

Youngs Modulus = 1290 MPa

Poisson’s ratio = 0.42
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Figure 31: The ridged compliant link with the assigned material and properties.

Step 3:

Next, the ridged link is partitioned between the changing cross-sections in the part and a reference
point is placed at the end of the link with a coupling interaction between the reference point and
the end face of the link, just as in the step 3 of the previous dual link. The reference point is where
the load acts (figure 32).

Then the boundary conditions are applied to the bottom face of the link only in the partitioned part
of the thicker cross-section in the opposite end of the loading face. Similar to the earlier step 3 of
the dual link, we will be analyzing the ridged link as a cantilever as well. And hence at the bottom
face the ‘(ENCASTERE’ boundary condition is applied (figure 32).

Figure 32: The ridged compliant link with the applied Reference points, loads and boundary conditions.
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Step 4:

The ridged link compliant part is meshed is meshed with a Hex Structured Mesh and global seed
size of 2 (figure 33).

Figure 33: The meshed ridged link for analysis.

Step 5:

For a load of 5 N and the above boundary conditions the ridged link is analyzed. The bending
stress and the deflection of the ridged link acting on the link is obtained. The results obtained for
a load of 5N is:

Results:

Von Mises Stress

S, Mises

(Avg: 75%)
+3.373e+401

! +3.092e+01
+2.811e+401
+2.52%9+01
+2.2482+01
+1.967e+01
+1.6862+401
+1.405e+01
+1.124e+01
+8.432e+00
+5.6212+400
+2.811e4-00
+2.322e-04

Figure 34: The von Mises stress result for 5N of the ridged link.

63



Displacement

U, Magnitude

+1.328e+04
+1.217e+04
+1.107e+04
+9.95%e+03
—— +8.852e+03
+7.746e+03
+6.63%+03
+5.533e+03
+4.426e+03
+3.320e+03
+2.213e+03
+1.107e+03
+0.000e+00

Figure 35: The magnitude of displacement result for 5N of the ridged link.

Observations:

From both the above results of the dual link and the ridged link the obtained stress values for a
load of 5N is 51 MPa and 33 MPa respectively, which is much larger than the yield strength of the
material Polypropylene. From the figure 28 and figure 34 it is inferred that the high stress is at the
ridged regions of the part and this higher stress is due to the stress concentration at those regions
which is mainly because of the ridges causing a sudden change in cross-section. Thus, these links
will yield and cause significant plastic deformation as it is evident in the deflection results of both
these links shown in figure 29 and figure 35. This proves that the above two links are not suitable

for the hand tremor suppressing mechanism and we must optimize the design of the link.
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Case 3:

The earlier analysis calls for an optimized profile of the link eliminating any sudden cross-section
change and has a smoother profile and an optimized cross-section. The new link design as in figure

35 is analyzed as follows.
Step 1:

Firstly, the critical part to be analyzed must be identified. In this case it is the new compliant link.
Since there are two links in the glove, which are identical, the analysis will be done only on one
of them (figure 36).

Figure 36: The new compliant link with smoothly varying cross-section for analysis.

Step 2:

As in the previous analysis, the material is assigned to the part is the same, so for the link the

selected material being PP copolymer, the following properties are assigned to it (figure 37).
Mechanical Properties:
Elastic:

Youngs Modulus = 1290 MPa

Poisson’s ratio = 0.42
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Figure 37: The new compliant link after assigning the material and properties.

Step 3:

Similar to the previous cases the reference point is placed at the end of the link and a coupling
interaction between the reference point and the end face of the link is where the concentrated loads
are applied in the downward direction (as shown in figure 38). This coupling interaction distributes
the load uniformly on the end surface. Similar boundary conditions are applied to the bottom face
of the link only in the partitioned part of the thicker cross-section as that is where the damping

occurs and the bending takes place only in the first part of the varying cross-section of the link .

Figure 38: The part with the applied Reference points, loads and boundary conditions.
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Step 4:

Next the part meshing must be done the compliant link we set the seed size to be 2 and mesh the
part with a Hex Structured Mesh (figure 39).

a &

Sizing Controls

Approximate global size: 2

[ Curvature control
Maximum deviation factor (0.0 < h/L < 1.0): 0.1
(Approximate number of elements per circle: 8)

Minimum size control

(® By fraction of global size (0.0 < min < 1.0) 0.1

(O By absolute value (0.0 < min < global size) 0.2

oK Defaults

Cancel

Figure 39: The meshed part for analysis

Step 5:

Once the above steps are complete the part is ready for analysis. Just as the previous analysis

results for higher loads of 5N and 10N are obtained.

The results obtained for a load of 5N is:

Von Mises Stress

S, Mises

(Avg: 75%)
+7.222e400
+6,620e+00
+6.018e+00
+5.417e+00
+4.815e+00
+4.213e+00
+3.611e+400
+3.009e+00
+2.407e+00
+1.806e+00
+1.204e+400
+6,018e-01
+1.08%e-07

Figure 40: The von Mises stress result for 5N.
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Displacement

U, Magnitude

+1.6442+01
+1.507e+01
+1.370e+01
+1.233e+01
+1.096e+01
+9.592e+00
+8.222e+00
+6.852e+00
+5.481e+00
+4.111e400
+2.741e+00
+1.370e+00
+0.000e+00

Figure 41: The magnitude of displacement result for 5N.

The results obtained for a load of 10N is:

Von Mises Stress

S, Mises

(Avg: 75%)
+1.444e401
+1.324e+01
+1.204e+401
+1.083e+01
+9.630e+00
+8.426e+00
+7.222e+400
+6.0182+400
+4.815e+00
+3.611e+400
+2.4072+00
+1.2042+00
+2.179e-07

Figure 42: The von Mises stress result for 10N.
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Displacement

U, Magnitude

+4.15%e+01
+3.813e+01
+3.466e+01
+3.11%e+01
—— +2.773e+01
+2.426e+01
+2.080e+01
+1.733e+01
+1.386e+01

+1.040e+01
[ +6.932e+400

+3.466e+00
+0.000e+00

Figure 43: The magnitude of displacement result for 10N.

From the results for the limiting stress with respect to the von Mises stress analysis is given by

. Yield strength
von Mises Stress < 7‘9 11

where

YS = Yield strength
n = Factor of safety

The yield strength of Polypropylene co polymer is 29 MPa and the factor of safety is taken as 1.5.

So, for both the cases with 5 N as well as 10 N the von mises stress satisfies the condition in

equation 11.
For5N
7.222 < 2
~ 15
~ 7.222 <£19.33
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For 10 N

14.44 < 29
T 15

~ 14.44 <19.33

Thus, from the CAE analysis we know that the bending stress acting on the new optimized link is
within the safe limits and is without any stress concentrations thus this compliant link will not fail

and the design is best suited for the tremor suppression mechanism of the glove.
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Chapter 10

10. Manufacturing and Cost analysis

10.1 Epidemiology of Tremor

There is no world population that is immune to Parkinson’s disease or other tremor inducing
conditions like Essential tremor etc.[49]. Age and gender are two parameters which need to be
considered to understand the prevalence of tremor and it is estimated to be 3 to 4 per 1000, with
an annual incidence of 23.7 per 100,000 [50]. Tremor incidence rises with increasing age, [52]
although even children fall prey to this disease [51]. If the condition runs in the family then there
is a higher chance for an early onset of tremor for the particular family members. About 4% of
adults 40 years of age and older are affected by tremor. So, it can be said that tremor has also been

observed in the youth along with people in their adulthood and middle age [53].

If we consider the population of Europe, a rough estimate would be 513 million people. Of which,
the population older than 65 years of age are about 19% of the population which is roughly 97
million. From the above study, which says, out of every 100,000 people 23.7 are affected by some
form of tremor. Thus, we get about 23,100 people suffering from tremor every year in Europe.
Since this is a total number of tremor cases and not necessarily all of them have hand tremor we
can assume, considering the fact that hand tremor is the most common of the tremor diseases, that
there would be around 12,000 hand tremor cases and hence it would be safe to assume our batch

size could be of 12,000 gloves per annum.

10.2 Manufacturing process selection.

PRIMAs (PRocess Information Maps) area selection tool to optimally select the type of
manufacturing process suitable for production and so that the product can be designed accordingly.

So, for this selection we have a selection criterion which is based on a few points which are:

1. Estimate of the annual production quantities. Which from the above study is estimated to
be 12000 units annually.

2. The material description that is suitable for the product. In case of this glove it is
thermoplastics like ABS and PP.
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3. The process variations if any from the basic process.

From Table 3 the process suitable for the manufacturing of medium to high quantities i.e. 10,000
to 100,000 of thermoplastic materials are:

e Injection moulding

e Compression moulding

e Blow moulding

e Continuous extrusion
Of these process injection moulding is best suitable considering the process capabilities and the

design considerations of the parts of the Anti Tremor Glove [54].
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Table 3: PRIMA selection criterion chart.
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10.3 Material Costs

We have to produce some parts of the glove using injection moulding and for the cost estimate we
must calculate the material cost of a single unit.
PP and ABS are the two materials required for the glove.

The parts required are as follows:

Part Name Material Quantity Weight in grams
Base ABS 1 3.45
Jaw ABS 1 4.06
Top cover ABS 1 2.27
Compliant Links PP 2 7.93

Table 4: Producible parts and characteristics.

Price/ kg of ABS = 2.54 EUR/kg
Price/ kg of PP = 1.54 EUR/Kkg

Material costs for a single unit is calculated as:

rice
Material cost for a producible part = Weight of part X quantity X P ofthe material
The total material costs of the above parts for a single unit amount to 0.049 EUR.
The other parts to be bought and their prices are as below:

e Socket head screw (CBHS 6-10)
Bolt_Small Head Cap Screws @ MiSUMi

Codice componente CBHS5-10 20200430143606

M (Nominal Diameter) 5 Thread range Full thread

Thread pitch Coarse L (L dimension){mm) 10
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For a batch size of 12000 gloves we require 12000 socket head screws the unit price of one

socket head screw is 1.5 EUR.
e Spring (WR10-10)

Round Wire Springs_Round Wire Coil Springs -WR(60% Deflection)- @ MiSUMi

Codice componente WR10-10 20200430144325

WA

Spring constant(N/mm) 03 Allowable deflection ratio(%) 60

Maximum load({N) 1.8 Quter diameter (D)(mm) 10

L Dimension (L){mm) 10

The Round wire coil springs are one per unit so for the required batch size the price of one
spring is 0.91 EUR.

e NBR rubber pads (NB270N-2-1000-100)

Uretano, gomma, spugna, feltro in fogli_Fogli NBR (gomma nitrilica) @ MiSUMi
Codice componente NB270N-2-1000-100 20200430143238

Materiale Gomma Grado, tipo Nitrile (NBR)

Con o senza adesivo Senza guarnizione Parete spessa(mm) 2

Larghezza{mm) 100 Lunghezza(mm) 1000

These are supplied in the form of sheets which are later cut into the pads needed for the glove. A
single sheet is 1000mm X 100mm X 2 mm and from one single sheet we can cut out 424 rubber
pads which will be used for 106 gloves. So, for the annual production quantity of 12000 units we
would require 114 rubber sheets. The price of these sheets amounts to 941 EUR which puts the
price of one sheet at 8.26 EUR.

=~ The cost of one rubber pad is 0.0195 EUR so for one glove the rubber pads needed are 4 so the
cost of the rubber pads for a single unit of the glove is 0.078 EUR.

The total cost of a single unit of Anti Tremor Glove considering the material costs is:

0.049+1.5+0.91+0.078 =2.537 EUR.
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10.4 Overhead Costs

There are other costs that have to be considered like the cost of tooling i.e. the moulds and the
manufacturing process costs. The overhead costs like the labour for assembly (which can be
manual or automated) and logistics all these can be determined only if the complete market

scenario is understood.
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Chapter 11

11. CAD model and Prototype

The Anti Tremor Glove is a simple yet unique product with a design that it is compatible with the
most common manufacturing processes used in industries, which makes it mass producible and

hence a product that will cater to the world.

A single unit of the glove consists of 7 parts that have been designed by keeping the ergonomics
of the hand and the functionality of each of the individual parts in mind. The figure 44 shows the
arranged individual parts and the assembled mechanism of the Anti Tremor Glove.

~

N/
o
S

(

!

N

Figure 44: The assembled mechanism and the arranged parts.
The following figures show detailed views and dimensions of the different parts that have been

optimally designed by eliminating the flaws which become evident on studying the products
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available in the market through their benchmarking, also its behavior from the FEM analysis and

the concept prototype.

The drawing s show the top view and the side view and the maximum
A dimensions of the assembled mechanism of the Anti Tremor Glove.
.\
«»
~_=__~ The mechanism spans about 20 centimeters along the hand with the
compliant mechanism starting from right below the knuckles of the
o user to the forearm region. The mechanism is only 2 centimeters high
g when it is in the open position.
The compliant links adapt to the wrists bending and the system
dampens the involuntary movement of the hand as explained earlier
in the working. For more details on the dimensions and the assembly
refer to the appendix
S S
36.10
= m 2
[ e — ‘\ = = 1' D) 8

All dimensions are in mm
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The parts that comprise the damping system are as shown in the exploded view below.

The System Top

Socket Head Cap Screw

The Jaw

Rounded Coil spring
Rubber pad

The Base

These parts are assembled from the base at the bottom followed by each of the shown parts in the
exploded view as per the order with the system top at the end. The snap fits on the parts and the
appropriate draft angle of 2°facilitate easy and quick assembly. For detailed information on the
dimensions and the draft angles refer to the drawings of the parts in the appendix.
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Making of the Prototype:

Building a prototype gives an overall understanding of the mechanism the ergonomics and if the
product idea will work or not. The design of the final product is deeply dependent on the working
of the prototype and all the flaws in the design can be then rectified, the flaws that would have not
come to light if the physical model were not built. The prototype gives a sense of understanding
about the whole size and scale of how the final product should be. With the help of 3D printing
technology and with the use of Fused Filament Modeling (FDM) Ultimaker 3D printers the

prototype is built. A software called ‘CURA’ is used to set and control the parameters for 3D
printing.

Ultimaker® ‘

Figure 45: Virtual 3D Printing tray and the positions of the parts that will be printed on the build-plate.
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The different parameters like the Quality of the print, layer thickness, Infill density, infill pattern,
build plate temperature, support material, print time and so on can be controlled and set according
to preference. These parts in figure 45 are then printed and the glove is assembled.

i
Prepare Monitor \ / sSwouo
\ / Color scheme <

\ / (Mmoo v
\ / Material Color v)

\ / b ——e

20 ¢

UM3_Assembly_RDS - RDS_Movable jaw-1 #"
] 178.8 x 190.2 x 50.0 mm

Figure 46: Layer by layer view shows the infill pattern and the main material in yellow and the support material in

purple.

The 3d printed parts are made of PLA plastic, the glove and the individual parts are as shown in
the below figure 46. The glove and the parts are assembled and worn and two hand positions are

also shown below.
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Figure 47: The 3d printed prototype parts and the assembled glove worn and two hand positions are shown.
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The 3D printed prototype parts (figure 47) made it clear that the material PLA is not suitable for
the application as it offered more stiffness and resistance to bending. The joined design of the
compliant links also proved not be of any help as it locked the hand motion when the wrist had to
be rotated.

The overall aesthetic of the damping system was to be changed from the box like shape of the
prototype to a much more smooth and curved profile. The sharp edges could prove to be hazardous
to people around the user, whilst the curved profile seems to be more compact and sleek and would
less likely discourage the user from wearing the Anti Tremor Glove in public and help the user be

physically independent, emotionally calm and will give the user confidence.
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Chapter 12

12. Conclusion

This thesis gives us an in depth understanding of compliant mechanisms, which are those kinds of
mechanisms that we have seen around us in nature and have evolved with us humans to the present
day. Many of the best examples of compliance come from nature and man has taken immense
inspiration from nature since his early days and still continues to do so. But we still have a long
way to go to fully understand and utilize the potential of these compliant mechanisms for the
benefit of humankind. The flexibility as a characteristic alone is used by us in multiple avenues of
design and engineering so is the case with rigidity or stiffness. But the parts of a mechanism that
does both these functionalities is a novel idea. In this thesis, these two attributes have been studied

and put to use to design a unique product that eases the life of human beings.

A majority of the population is suffering from numerous kinds of diseases and physical conditions
that renders the human bodies or parts of the human body to malfunction. A myriad of these
conditions does not have cure, because of which many people have to suffer for years with the
hope of getting better or just get accustomed to it and lead a completely new lifestyle. This is the
case with many who are suffering from tremor which is an effect of conditions like Parkinson’s
disease, essential tremor, dystonia and so on. Other than these neurological conditions hand tremor
can be caused as a side effect to some medications, due to smoking and alcohol or drug abuse.
Also, people who have met with some kind of physical trauma due to accidents or stroke patients

who have not gained complete sensation of their motor abilities experience tremor.

Since there is no cure or effective medication to treat such conditions of tremor yet, we must boost
the research towards the development of supplementary solutions to suppress tremor. In this thesis
a product that has a simple yet effective solution to suppress tremor is designed and developed.
During the course of this project especially during the research phase it was observed that there
has been very little work done towards this problem context. Not sure if it is because of the problem
being related to a smaller group of individuals or because much graver illnesses have not been
cured yet. But nonetheless much work with regard to research and development and better

understanding of tremor needs to be done.
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There was very little research to rely on to come up with a solution, but a much needed solution,
has been proposed in this thesis, with the available knowledge at my disposal. The solution is a
mechanism in an orthotic that suppresses frequencies of hand tremor that ranges from 1.5 Hz. to 9
Hz. and such tremor frequencies are observed in people suffering from Parkinson’s disease. The
tremor suppressing orthotic is a glove that would be worn by the person suffering from the said
disease or having hand tremor and the mechanisms in the glove would suppress the tremor of the
hand and help the person g about his or her life without any hassle. This product would serve to
eliminate the emotional and the social embarrassment experienced by these people and help them

be independent and lead their lives just like the healthy people around them.

The glove utilizes the flexibility and stiffness characteristics of the compliant mechanism and a
simple frictional damping system to suppress the involuntary motion of the hand caused by the
disease. The frictional forces generated are just enough to dampen the involuntary movements and
offers no resistance to the voluntary motion of the hand. There is an adjustable mechanism which
allows the user to change the amount of resistance offered based on the individual tremor
frequency. The glove has the best materials polypropylene copolymer (PP) for the compliant parts
and acetonitrile butadiene styrene (ABS) for the other parts of the system. These materials were
selected after a selection study and the use of the Ashby chart as well as the market study of these
materials. The glove has the most efficient design for manufacturing of its components. The parts
are designed to be injection moulded and are strong enough to withstand the forces exerted by the
hand which was made sure from the results of computer aided engineering analysis performed on
the compliant parts. Thus, the glove is unique in every aspect when compared to some of the
commercial products available in the market and this simple passive tremor suppressing glove is
an effective and accessible solution to tremor patients in the world. The research done by Fromme
et al. [40], Elias et al. [45], Reem Musab et al. [46], have helped in the design and development
of this Anti tremor glove. A prototype of the product is also created as a proof of concept and to

back some of the claims made in this thesis.

From this thesis we can conclude that the need for efficient orthotics with the use of compliant
mechanisms in a passive tremor suppressing orthotic glove has been met. Many other efficient

solutions can be invented if more research is conducted in the future.

85



86



References.

[1] Usher, Abbott Payson (1988). A History of Mechanical Inventions. USA: Courier Dover
Publications. p. 98. ISBN 978-0-486-25593-4. Archived from the original on 2016-08-18.

[2] Krebs, Robert E. (2004). Groundbreaking Experiments, Inventions, and Discoveries of the
Middle Ages. Greenwood Publishing Group. p. 163. ISBN 978-0-313-32433-8. Archived from the
original on 2013-05-28. Retrieved 2008-05-21.

[3] Reuleaux, F., 1876 The Kinematics of Machinery Archived 2013-06-02 at the Wayback
Machine (trans. and annotated by A. B. W. Kennedy), reprinted by Dover, New York (1963)

[4] Vogel, S., Cats’ Paws and Catapults, W.W. Norton & Company, New York, NY, 1998.

[5] Taddei, M. and Zannon, E., Text by Domenico Laurenza, “Leonardo’s Machines: Secrets and
Inventions in the Da Vinci Codices”, Giunti Industrie Graiche S.p.A, Firenze, Italia

2005.

[6] Wright, O. and Wright, W, “Flying Machine,” U.S. Patent No. 821,393, May 22, 1906.

[7] Smith, S.T., Flexures, Taylor & Francis, London, UK, 2000.

[8] Lobontiu, N., Compliant Mechanisms: Design of Flexures, CRC Press, New York, NY, 2003.

[9] Wilcox, D.L. and Howell, L.L., “Fully Compliant Tensural Bistable Micro-mechanisms
(FTBM),” Journal of Microelectromechanical Systems, Vol. 14, No. 6, pp. 1223-1235, 2005.

[10] Wilcox, D.L. and Howell, L.L., “Double-Tensural Bistable Mechanisms (DTBM) with On-
Chip Actuation and Spring-like Post-bistable Behavior,” Proceedings of the 2005 ASME
Mechanisms and Robotics Conference, DETC2005-84697, 2005.

[11] Jensen, B.D., Howell, L.L., and Salmon, L.G., “Design of Two-Link, In-Plane, Bistable
Compliant Micro-Mechanisms,” Journal of Mechanical Design, Trans. ASME, Vol. 121, No. 3,
pp. 416-423, 1999.

[12]. Handbook of Compliant Mechanisms, First Edition. Edited by Larry L. Howell, Spencer P.

Magleby and Brian M. Olsen. C 2013 JohnWiley & Sons, Ltd. Published 2013 by JohnWiley &
Sons, Ltd.

87


https://books.google.com/books?id=xuDDqqa8FlwC&pg=PA196
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-486-25593-4
https://web.archive.org/web/20160818135506/https:/books.google.com/books?id=xuDDqqa8FlwC&pg=PA196
https://books.google.com/books?id=MTXdplfiz-cC&pg=PA163&dq=%22mechanics+Galileo+analyzed%22#v=onepage&q=%22mechanics%20Galileo%20analyzed%22&f=false
https://books.google.com/books?id=MTXdplfiz-cC&pg=PA163&dq=%22mechanics+Galileo+analyzed%22#v=onepage&q=%22mechanics%20Galileo%20analyzed%22&f=false
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-313-32433-8
https://web.archive.org/web/20130528045000/http:/books.google.com/books?id=MTXdplfiz-cC&pg=PA163&dq=%22mechanics+Galileo+analyzed%22#v=onepage&q=%22mechanics%20Galileo%20analyzed%22&f=false
https://archive.org/details/kinematicsmachi01reulgoog
https://web.archive.org/web/20130602121819/http:/books.google.com/books?id=WUZVAAAAMAAJ&printsec=frontcover&dq=kinematics+of+machinery&hl=en&sa=X&ei=qpn4Tse-E9SasgLcsZytDw&ved=0CEQQ6AEwAQ
https://en.wikipedia.org/wiki/Wayback_Machine
https://en.wikipedia.org/wiki/Wayback_Machine

[13] Andreas Puschmann, M.D. and Zbigniew K. Wszolek, M.D. Diagnosis and Treatment of

Common Forms of Tremor. Published online 2011 Feb 14.
[14] "Tremor Fact Sheet", NINDS, Publication date May 2017. NIH Publication No. 17-4734.

[15] R. N. Stiles. Frequency and displacement amplitude relations for normal hand tremor, 1976
the American Physiological Society. Published online 1st January 1976.

[16] Albanese A (2003) Diagnostic criteria for Parkinson’s disease. Neuro Sci 24(1):23-26
[17] Smaga S (2003) Tremor-problem-oriented diagnosis. Am FamPhysician 68:1545-1552

[18] Tysnes, O, Storstein, A. Epidemiology of Parkinson’s disease. J Neural Transm 124, 901—
905 (2017). https://doi.org/10.1007/s00702-017-1686-y

[19] Gerlach M, Reichmann H, Riederer P, Dietmaier O, G6tz W, Laux G, et al. Die Parkinson-
Krankheit. Vienna: Springer Vienna; 2007.

[20] Rana AQ, Chou KL. Essential tremor in clinical practice. Cham: Springer International
Publishing; 2015. (In Clinical Practice)

[21] Ruonala V, Meigal A, Rissanen SM, Airaksinen O, Kankaanpda M, Karjalainen PA. EMG
signal morphology and kinematic parameters in essential tremor and Parkinson’s disease patients.

J Electromyogr Kinesiol. 2014;24(2):300-6.

[22] O’Connor RJ, Kini MU. Non-pharmacological and non-surgical interventions for tremor: a
systematic review. Park Relat Disord. 2011;17(7):509-15.

[23] Diaz NL, Louis ED. Survey of medication usage patterns among essential tremor patients:

movement disorder specialists vs. general neurologists. Park Relat Disord. 2010;16(9):604—7.
[24] Elble R, Deuschl G. Milestones in tremor research. Mov Disord. 2011; 26(6):1096—-105.

[25] Hariz M1, Rehncrona S, Quinn NP, Speelman JD, Wensing C. Multicenter study on deep
brain stimulation in Parkinson’s disease: an independentassessment of reported adverse events at

4 years. Mov Disord. 2008; 23(3):416-21.

[26] Koller WC. Pharmacologic treatment of parkinsonian tremor. Arch Neurol. 1986;43(2):126—
7.

88


https://www.ncbi.nlm.nih.gov/pubmed/?term=Puschmann%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21321834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wszolek%20ZK%5BAuthor%5D&cauthor=true&cauthor_uid=21321834
https://journals.physiology.org/doi/pdf/10.1152/jappl.1976.40.1.44

[27] Koller WC, Lyons KE, Wilkinson SB, Troster Al, Pahwa R. Long-term safety and efficacy
of unilateral deep brain stimulation of the thalamus in essential tremor. Mov Disord.
2001;16(3):464-8.

[28] Sasso E, Perucca E, Fava R, Calzetti S. Primidone in the long-term treatment of essential
tremor: a prospective study with computerized quantitative analysis. Clin Neuropharmacol.
1990;13(1):67-76.

[29] Chang JW, Park CK, Lipsman N, Schwartz ML, Ghanouni P, Henderson JM, et al. A
prospective trial of magnetic resonance—guided focused ultrasound thalamotomy for essential
tremor: results at the 2-year follow-up. Ann Neurol. 2018;83(1):107-14.

[30] Elias WJ, Lipsman N, Ondo WG, Ghanouni P, Kim YG, Lee W, et al. A randomized trial of
focused ultrasound thalamotomy for essential tremor. N Engl J Med. 2016;375(8):730-9.

[31] Gallego JA, Rocon E, Belda-Lois JM, Pons JL. A neuroprosthesis for tremor management

through the control of muscle co-contraction. J NeuroengRehabil. 2013;10(1):12.

[32] Keus SHJ,Munneke M, NijkrakeMJ, Kwakkel G, BloemBR. Physical therapy in Parkinson’s
disease: evolution and future challenges. Mov Disord. 2009;24(1):1-14.

[33] Pons JL. Wearable robots: biomechatronic exoskeletons. Chichester: John Wiley & Sons Ltd;
2008.

[34]. Manto M, Rocon E, Pons J, Belda JM, Camut S. Evaluation of a wearable orthosis and an
associated algorithm for tremor suppression. Physiol Meas. 2007;28(4):415-25

[35] Rocon E, Belda-Lois JM, Ruiz AF, Manto M, Moreno JC, Pons JL. Design and validation of
a rehabilitation robotic exoskeleton for tremor assessment and suppression. IEEE Trans Neural
Syst Rehabil Eng. 2007;15(1):367-78.

[36] Taheri B. Real-time pathological tremor identification and suppression in human arm via
active orthotic devices. Ann Arbor: Doctoral dissertation, Southern Methodist University; 2013,

[37] Loureiro RCV, Belda-Lois JM, Lima ER, Pons JL, Sanchez-Lacuesta JJ, Harwin WS. Upper

limb tremor suppression in ADL via an orthosis incorporating a controllable double viscous beam

89



actuator. In: Proceedings of the 2005 IEEE 9th international conference on Rehabilitation
Robotics. Piscataway: IEEE; 005. p. 119-22.

[38] Swallow L, Siores E. Tremor suppression ssing smart textile fibre systems. J Fiber Bioeng
Informatics. 2009;1(4):261-6.

[39] Shamroukh M, Kalimullah 1Q, Chacko A, Barlingay SS, Kalaichelvi V, Chattopadhyay AB.
Evaluation of control strategies in semi-active orthosis for suppression of upper limb pathological
tremors. In: 2017 International Conference on Innovations in Electrical, Electronics,
Instrumentation and Media Technology (ICEEIMT). Piscataway: IEEE; 2017. p. 75-80.

[40] Nicolas Philip Fromme, Martin Camenzind, Robert Riener and René Michel Rossi. Need for
mechanically and ergonomically enhanced tremor-suppression orthoses for the upper limb: a

systematic review Journal of NeuroEngineering and Rehabilitation (2019).

[41] Yusif S, Soar J, Hafeez-Baig A. Older people, assistive technologies, and the barriers to
adoption: a systematic review. Int J Med Inform. 2016; 94:112-6.

[42] Charles SK, Geiger DW, Davidson AD, Pigg AC, Curtis CP, Allen BC. Toward quantitative
characterization of essential tremor for future tremor suppression. IEEE Int Conf Rehabil Robot.
2017; 16:175-80.

[43] Rocon E, Gallego JA, Belda-Lois JM, Pons JL. Assistive robotics as alternative treatment for
tremor. In: Sanfeliu A, Ferre M, Armada MA, editors. Vol. 252, Advances in Intelligent Systems
and Computing. Cham: Springer Verlag; 2014. p. 173-9.

[44] Veale AJ, Xie SQ. Towards compliant and wearable robotic orthoses: a review of current and
emerging actuator technologies. Med Eng Phys. 2016; 38(4):317-25.

[45] United States Patent Application Publication, Patent Number: US 2019 / 0216628 A1, Elias
et al. Steadiwear Inc. Toronto (CA). Jul. 18, 2019.

[46] Sutures and general surgical implants, S.J. Langley-Hobbs,

[47] ABS — acrylonitrile butadiene styrene On Designsite.dk, lists applications. Retrieved 27
October 2006.

90



[48] Reem Musab et al. Tremor Quantification and its Measurements Using Shimmer. 2019 J.
Phys.: Conf. Ser. 1262 012024.

[49] Louis ED, Ottman R, Hauser WA. How common is the most common adult movement
disorder? estimates of the prevalence of essential tremor throughout the world. Mov Disord.
1998;13(1):5-10.

[50]. Rajput AH, Offord KP, Beard CM, Kurland LT. Essential tremor in Rochester, Minnesota: a
45-year study. J Neurol Neurosurg Psychiatry. 1984; 47:466-470.

[51]. Louis ED, Dure LS, 4th, Pullman S. Essential tremor in childhood: a series of nineteen cases.
Mov Disord. 2001; 16:921-923. \

[52]. Louis ED, Ottman R. Study of possible factors associated with age of onset in essential
tremor. Mov Disord. 2006; 21:1980-1986.

[53] Brin MF, Koller WC. Epidemiology and genetics of essential tremor. Mov Disord. 1998;(13
Suppl3):55-63.

[54] Process Selection Swift, Booker 2nd Edition, Butterworth Heinemann.

91



Appendix.

1. Technical d

rawing of the base.

7.00
D.50

©6.55

1.59

14.9

0.96

0.50
2.00

**All dimensions are in mm

‘ 34.00

7.00

0.27

0.44

0.13

(@]
—
oo
-
~

A termine dilegge I'Autore siriserva la proprietd del presente disegno vietandone la riproduzione e la comunicazione a terzi senza la sua autorizzazione scrifta.
This document is property of Creator and it shall neither be copied nor reproduced nor disclose any third party without authorization in writing from Creator.

PRQGFTO:Compliant _ Mechanism. _in_Passive| nseme Rev App'd Date
T A MOl 01
Parkinson’s Patients GRUPPO ) 02

AUTORE VERIFICATO DA [DATA DI EDIZIONE | Sub-assembly drawing

Created by Approved by Date of issue CODICE - Part N.

; SOTTOGRUPPO
Gautham Nambiar 14.05.2020 Sub-assembly drawing 02
o PARTICOLARE SCALA .
A POLITECNICO Dl MILANO Partdrawing ................... Base .................................. scae 111
Scuola del Design
DIS. N.-DWG. N. Rev. FOGLIO
Sheet

Corso di Laurea Magistrale in
Design & Engineering
A.Y.2018/2019 - Tesi/ Thesis

"
Pviag e

=&

SOLIDWORKS Educational Product. Fzor Instructional Use Only.

92



2. Technical drawing of the compliant link.
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3. Technical drawing of the Jaw.
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4. Technical drawing of the System top.
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5. Technical drawing of the Rubber pad.
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6. Technical drawing of the Assembly.
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7. Technical drawing of the Exploded view of the Assembly.
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