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Abstract: Upper limb impairments, resulting from various raagical and neuromuscular conditions, signifitant
impact daily activities and limit social participat. Assistive technologies, particularly dynamrenasupports, offer
promising solutions to enhance independence favihahls facing these challenges. This paper ptesha development
of an affordable dynamic arm support, designed witbcus on static balancing. The support utiladsur-bar linkage
mechanism to allow smooth vertical movement whilgintaining the orientation of the armrest. Furthemren the
integration of rotational and prismatic joints ent@s the device's adaptability, enabling horizamtaements. Through
comprehensive mathematical modeling and prototggting, we introduce a cost-effective arm supguat effectively
counterbalances the arm's weight, ensuring eas®eément and stability across various spatial taiems.

1 Introduction assistive devices [10]. Dynamic arm supports dype of

A variety of neurological and neuromuscularAT that provides support to the upper extremity levhi
disabilities (e.g. multiple sclerosis, muscular tetyshy, ~allowing movement. Hence, they can be useful faréety
Stroke' Spina| cord injuries) can lead to upper blim of activities of daIIy ||V|ng. These ATs are Cat(ﬂged Into
impairments [1-3]. For instance, individuals withck four groups, namely non-actuated devices, passively
impairments may encounter difficulties in graspingactuated devices, actively actuated devices, anttete
reaching, and moving objects [4], which can lintieit ~using the functional electrical stimulation prineif11].
ability to perform daily activities and place arcieased Non-actuated devices can include the following
burden on their families by requiring significassistance functionalities: tremor suppression, anti-gravitypgort,
and restricting social participation. [5]. Assigtiv and faC|I|tat|on of erX|op and/or extension of thkbpw.
technologies (ATs) are used to increase the level Bassively actuated devices include mechanisms ialjow
independence of people with upper limb impairmemig  the storage of potential energy within the devideey can
have been proven to be an effective solution [mhsas prOVI_d.e the f0||OW|ng fUnCthI:]alltle.S: manlpulathOf
eating assistive devices [7,8] arm supports [9], mbotic ~SPecific joints, support of anti-gravity movemenésd
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tremor suppression. These systems primarily allmvitfe To statically balance this load, the spring musrea
adjustment of the compensation level through a mmgichl torque at jointJ;’ that closely matchedy'.

interface, which is typically operated by a caregiv
Actively actuated devices have the same functitiealas
the two precedent categories. The difference lidsmthe
access to external energy such as electrical madtisesrs
can change the compensation level through an etgctr
switch and it generally allows them to compensatetie
direction of gravity relative to the arm suppoltase (e.g.

if the user is on a slope or the wheelchair isiiea).
Finally, devices using functional electrical stiutitn
stimulate muscles in a task-appropriate fashionichvh
helps complete an activity; these are mostly used t
compensate for upper limb neurological impairments.

Over the years, various dynamic arm supports hav
been developed [11,12]. Evidence indicates thay the
enhance users’ experience by improving upper limi
functionality and overall satisfaction. Furthermoseich
supports positively affect users’ functional rangange
of motion, strength, accuracy in broad movementsl a
patterns of grasp [13,14].

Feedback from participants however revealed sever:
barriers to the daily use of dynamic arm suppofts.
significant issue was the stationary nature of ghes
supports, such as being attached to a table, vinnited

Figure 1 Static balancing parameters

their use across multiple activities. Van Der Hefd®e The force exerted by the spring is described by (2)
Witte (2016) revealed in their study that mountithg
support on a wheelchair could interfere with perfing F, = K * (c — x,) )

daily living activities. Another concern was thelkiness

of the arm supports, suggesting a need for desigfherecis the spring's length ang' is its free length. The

considerations that prioritize user acceptanceemsiire orque applied by the spring di"is (3):

that the device does not obstruct movement through

doorways [14]. T, = K * (c — xy) * b * sin(8) 3
The objective of the present study was to develop a

affordable dynamic arm support that can be sealyles§yhere by is the distance betweerd:* and the spring's

integrated to a wheelchair while ensuring it remaingtachment, and is the angle between Link 2 and the
unobtrusive and functional for the user. The strigcof the spring (refer to Figure 1).

paper is organized in the following manner: it ipsgivith The sine law is used to relate the angles andesidghs
the methodology section, detailing the static beite of the triangle formed by the spring and the liikghe

techniques, the design and function of a four-bagystem. This helps determine the angle between2 avkd
mechanism, and the analysis of horizontal moveménts ine spring, which is important for calculating treeque

concludes with a summary and implications of th%pplied by the spring at joint J1. This geometric

findings. relationship allows for an accurate descriptiomai the
spring's force is distributed throughout the systbased
2 Methods on the angles and lengths of the components indolve
21 Static balancing Hence using the sine law we have (4):
The principle of static balancing is adopted in the
proposed study. The load to be balanced is repebdy sin(6) _ sin(180 — a + §) (4)
the massM’ (Figure 1). The torque this load applies at a ¢

joint *Jy'is given by (L) where beta is the angle of Link 1 with the vertiddlis

T, = M g L + sin(a) (1) results in the equation (5):

T, =K x(c —xg)*b *a xsin(180 — a + B)
[

(5)

wherea is the angle of the linkL’ is the distance between
‘J;" and ‘M’, and ‘g’ is the gravitational constant.
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anglea. Based on the machining data we gathered during
the device manufacturing process, it is estimatatfor a
production run of 100 devices, the manufacturingt co
would be $1,750 USD. This is significantly lowerath
similar arm support devices, which typically costveeen
$20,000 and $60,000.

-

Figure 2 Fur bar mechanism prototybe with an agstr

The parametersg, b, k, andxo, are then determined |
through iteration that best fit so thBtis as close td1 as |
possible for different values &f. The lengtha’ can be
adjusted to fit different masshk Van Dorsser et al. (2007)
presented the static balancing principle in d¢1ai].

s

?,

2.2 Four-bar mechanism P
The basis of the dynamic arm support is a four-be
linkage that allows one to perform vertical movemeng
while the armrest remains horizontal thanks tdole-bar
linkage movement. The static balancing for the -foar L
mechanism is the same as with the single bar i \
above. The four-bar mechanism replaces the wheelch
armrest so that it has a minimal lateral footpaind is not |
cumbersome. In this prototype, the parametda’s shown
in Figure 1) can be adjusted using a worm screadjost
the vertical force compensation level. This prifeipas
also been adopted in earlier models of arm supports

2.3 Horizontal movements

joints could be used [16,17]. However, in ordebéoless
cumbersome, especially to allow the wheelchair ipgss |
through doors, a prismatic joint combined with ttary |
joints is adopted, as shown in Figure 2 and Figure

......

(b)
3 Re&_JItS . . . Figure 3 Prototype with (a) the four-bar mechaniand (b)
To validate the vertical balancing, the verticatcto horizontal movement

exerted by the springs is measured for different
adjustments of the lengtha’* and in different alpha 4  Discussion

positions with a Wagner FDX 100 dynamometer. Figure The quest to improve the quality of life for inctiials

presents the results in terms of vertical forcgyfe 4a) .., u P :

. SO i pper limb impairments has led to the develephof
and torque (Figure 4b). For the force, in FiguretHaideal 5 "\ije array of assistive technologies. Among these
curve for a givend’ would be a straight line, implying that

the force compensation level is the same no méteer
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dynamic arm supports stand out as a pivotal tool mnderstanding and applying the principles of static
providing the necessary support while ensuring fitgbi  balancing and leveraging the benefits of four-bar
mechanisms, we have taken a step closer to making

3 dynamic arm supports accessible to a broader azslien
- - - ' Future endeavors in this domain should focus oiminef
25 the design, ensuring user comfort, and further cixdu

costs, thereby making it a ubiquitous solutiontfase in

Pl need. Future works will consist of validating thetptype

with participants and pursuing iterations.

Force (N}
Fr

5 Concluson
W — This study presents the development of a costt@féec
dynamic arm support designed to assist individuatk
L Tasn _ upper limb impairments. By employing a four-bakhge
—— = (065 . . . . . . .
—g = 0088 and integrating static balancing principles, thevicke
4 successfully facilitates vertical and horizontalvements
50 &6 T0O B0 90 100 110 120 130 while maintaining minimal lateral footprint. Progpe
i (deg) testing demonstrated effective weight counterbateyc
making the device a promising solution for enhagcin
@) mobility and independence. Future research shaddsf
on user validation, further design refinements, aost

i reduction to increase accessibility and usability.
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