
INDIAN JOURNAL OF SCIENCE AND TECHNOLOGY

RESEARCH ARTICLE

 

 

OPEN ACCESS

Received: 30.08.2020
Accepted: 08.10.2020
Published: 30.10.2020

Editor: Dr. Natarajan Gajendran

Citation: Alfattani RA, Yunus M
(2020) Design of compliant
mechanism for self-sanitizing glove
to prevent spread of COVID-19
during mass gatherings. Indian
Journal of Science and Technology
13(38): 4055-4063. https://doi.org/
10.17485/IJST/v13i38.1488
∗
Corresponding author.

Tel: +966-535459243
myhasan@uqu.edu.sa

Funding: Deanship of Scientific
Research at Umm Al-Qura
University, Grant Code #
20-ENG-4-13-0002

Competing Interests: None

Copyright: © 2020 Alfattani &
Yunus. This is an open access article
distributed under the terms of the
Creative Commons Attribution
License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the
original author and source are
credited.

Published By Indian Society for
Education and Environment (iSee)

ISSN
Print: 0974-6846
Electronic: 0974-5645

Design of compliant mechanism for
self-sanitizing glove to prevent spread of
COVID-19 during mass gatherings

Rami A Alfattani1, Mohammed Yunus1∗

1 Department of Mechanical Engineering, College of Engineering and Islamic Architecture.
Umm Al Qura University, Abdiah, Makkah, Kingdom of Saudi Arabia. Tel.: +966-535459243

Abstract
Background/Objectives: COVID-19 outbreak already has millions of con-
firmed cases worldwide, making religious gatherings like Hajj and Umrah or
places like hospitals susceptible as one person can affect hundreds. It caused
a rapid increase in the number of infections. Without any vaccine, quick and
easy safety measures need to be taken to prevent mass exposure. This article
proposes designing a compliant mechanism for self-sanitizing gloves to inhibit
the virus spread through touch.Methods: Simulation of design for spray com-
pliant mechanism is carried out. The gloves are made through the polymer,
which is a low-risk material. Sanitizing liquid is contained inside the device, and
as pressure is applied, the liquid is sprayed. A compliant mechanism for spray-
ing is developed. It consists of two main parts, the middle part and the joints.
The middle part acts as a reservoir while the ends act as disposal units. The
kinematic synthesis equations are derived from the Pseudo-Rigid-Bodymethod
to model the compliant mechanism. Findings: The simulation for the model-
ing approach to design the spray mechanism was carried out successfully. The
specification allows the user to reproduce the spray compliant mechanism’s
design by inputting the total desired length (Lf) to generate all the required
parameters. Novelty: Self-sanitizing gloves are a relatively new idea, and the
spray mechanism can be further applied to other articles of clothing and pro-
mote a cleaner and healthier environment.Application: These gloves can sani-
tize themselves alongwith the surface in contact. So, the increased use can help
curb the infection by providing rapid sanitization and a cleaner environment.
Keywords: Pandemic; Coronavirus; Self sanitizing glove; Compliant
mechanisms; Religious gatherings (Hajj & Umrah)

1 Introduction
This study will provide a solution in preventing the spread of the coronavirus outbreak.
The spread of coronavirus is now classified as a pandemic, and the whole world
is affected. The outbreak’s damage has greatly affected the global economy, and all
humanity will suffer the outcomes. By the end of September 2020, Covid-19 cases have
crossed 34million in which present active cases are only 7.8 million, and deaths crossed
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over one million globally (1,2). If the spread continues, the damage will be catastrophic, and it will take years to overcome the
sequences. Therefore, solutions must come to stop/slow down its spreading.

It is confirmed that coronavirus’s fast spread is passing through our hands (3,4).When a single person gets infected, symptoms
may take 14 days to appear, and during this time, the infected patient may practice normal activities, which gives the virus a
footprint everywhere this patient goes (3,5,6). In other words, every surface the patient touches have a high chance of containing
the virus, which means many people will have a high rate of getting infected if they touch the same surfaces (7,8). It is essential
to sanitize all surfaces in the infected area to minimize infections (2,3,9). The proposed idea here is to invent self-sanitizer gloves
that allow the user to sanitize all the surfaces they touch. This will protect the user from passing the virus into the person’s face
(the most sensitive area to be infected) or other surfaces and places. Moreover, it sanitizes every surface and objects it touches.

This work will introduce self-sanitizer gloves that prevent the virus’s spread and sanitize the surfaces that it touches. The self-
sanitizer glove will protect the user as the glove sanitize itself every time the user grabs a surface. Moreover, the self-sanitizer
glove will wipe down the virus from many surfaces in the infected area. With the increasing number of glove users, getting
infected will eventually degrease as the more surfaces get sanitized repeatedly by users.

Although this project’s need seems only applicable to this pandemic, the need for such a solution is a desire for many clients.
In hospitals, doctors, nurses, administrations and workers, patients, and visitors are vulnerable to many contagious diseases,
not only coronavirus COVID-19. Security and police are also in need of protection as they are in the first line of contacting
the diseases. Besides, Hajj and Umrah are the most critical time as many people come from around the globe, bringing many
infections those need to be controlled.

2 Methods and materials

The glove is made of polymer material that should prove the virus does not live on it for a long time (10). It is suggested
to use materials that can be fabricated monolithic processes (single part) such as PLA (polylactic acid), Hysoll 9361, and
polydimethylsiloxane (PDMS) (11). A compliant spray mechanism that contains the sanitizing liquid is embedded in the palm-
side of the glove as shown in Figure 1 . The compliant spray mechanism will spray as it compresses every time the hand’s grip
somethings. The compliant spray mechanism consists of three segments (left, middle, and right). The left and right segments
are the disposal units where the sanitizing liquid is coming out. The middle segment contains the sanitizing liquid. Tiny tubes
are connected to the middle segment to refill the liquid as needed. The schematic of the compliant spray mechanism is shown
in Figure 2 .

Fig 1. A schematic assembly of the self-sanitizer glove. The spray mechanism is only attached to the glove fingers as a proof of concept.

The main components of the self-sanitizing glove as shown in Figure 3 :

1. Spray compliant mechanism.
2. The main reservoir of sanitizing liquid.
3. Feeding tube that connects the main reservoir with the mechanism.
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Fig 2.The compliant spray mechanism in a flat configuration. In this configuration, the sanitizing fluid is stored in the middle segment.

Fig 3.Different components of the self-sanitizer device. a) the spray compliantmechanism. b) the tiny tube that connects the spraymechanism
to the main reservoir. c) the main reservoir of the sanitizing liquid.

2.1 Spray mechanism design

The entire of the spray mechanism meant to be fully compliant for manufacturing advantages. It can be fabricated in a 3D
printer as one piece from one flexible material as a stereolithography (STL) 3D printer (12). Generally, 3D printing of small-sized
objects becomes very cheaper compared to large-sized objects. Spray mechanism can be produced with very high dimensional
accuracy and with intricate details of mechanisms. SLA components offer a very smooth surface finish. SLA substances are
readily accessible, produce transparent, flexible, and castable resins. Prices go up exponentially as the object size increases.
These offer resistance to sanitizer containing alcohol in small quantities.Therefore, they are suitable for the fabrication of storage
containers (13). It can be fabricated using the casting process with the conventional method. Still, these cast components may
increase the weight, decrease the spray mechanism’s flexibility and smooth surface, etc.

The left and right segments contain the spray nozzle where it sprays out the pressured liquid (coming from the middle
segment when it compressed) to the air. The nozzle works as a conventional nozzle except it is embedded inside the segment
and made in the same material which does not require any assemble as shown in Figure 4.

The nozzle is located in the center of the left and right segments and oriented 45 degrees from the base plane where it spouts
out toward the sides as shown in Figure 5. This allows the spray mechanism to ensure targeting the griped object and cover
most of the area. To elaborate, the following Figure 6 shows how the 45◦ angle of the nozzle will cover more area at 90◦ and
180◦.

3 Results and Discussion
The main concepts of the spray compliant mechanism are mainly covered in the following two factors:
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Fig 4. A section cut that exposes the interior components of the mechanism.

Fig 5. A section cut of the spray compliant mechanism showing the pressure arm’s location and the spouts angle of the nozzle.

Fig 6. Nozzle angle from the spray mechanism’s base. The angle is oriented at 30◦, 45◦, and 90◦ to illustrate the total coverage when gripping
an object.

1- The Middle segment (storage of the sanitizing liquid).
The middle segment contains only the liquid ingredient: there is no pressurized content at all. When the joint connections

compress it, the liquid will escape to the nozzle tube (pressure arm) to the nozzle as shown in Figure 7. In this configuration, the
middle segment is compressed, and the inside fluid is pushed to the spray exits at the left and right segments. The mechanism
works to increase pressure in the middle segment, which forces the liquid to escape. Once pressure is left up, meaning the
mechanism will return to its original shape (flat shape), a low pressure will be created inside the middle cavity, which will fill
up the storage again feeding form the main reservoir on the gloves.

A tiny tube is connected to the middle segment to feed the mechanism every time the liquid level is reduced. The tube is
made to allow only on direction flow to the middle segment. The tube is hidden within the glove material. The tube connects
the middle segment with the main reservoir located on the top of the glove side as shown in Figure 3. The volume of Liquid
sanitizer released is 0.75mL to 3ML depending on the gripping position, which may be sufficient for a medium and large-sized
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Fig 7. Compliant spray mechanism in the deformed configuration.

hand sanitizer.
2- The joints connecting the left to middle segments and right to middle segments.
The left and right joints connecting the segments are compliant links that are embedded in the spray mechanism. The

compliant mechanism consists of two important aspects, the pressure tube and the small-pivot flexural as shown in Figure 8.

Fig 8. A zoom-in between the left and middle segments and detail B shows the joint’s skeleton mechanism.

Thepressure tube is a flexible link with a hollow semicircular cross section that will dominate the spraymechanism’s stiffness
characteristic. The hollow cross section allows the liquid to transfer from the middle segments to the nozzle when the middle
segment is compressed. As the left and right segments move, the pressure arm’s rigidity will cause it to press on the middle
segment and push out the liquid inside of it. Once the pressure arm presses on the middle segment and reaches the base, the
pressure arm will buckle if the load keeps increasing. The pressure arm is fixed at the right end at this stage, and the load is
increasing at the other end.

The connecting joints between the left and right segments can be designed as a fully compliant mechanism considering the
pressure arm and small-pivot flexural as one system, as shown in Figure 9. The full complaint mechanism can be modeled as
a slider mechanism considering the fully compliant mechanism’s symmetry using Pseudo-Rigid-Body Model. The stiffness of
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the pressure tube link is modeled as torsional springs that are placed on the link. The link has an initial curve characteristic that
guided the deflection path.

The pressure arm and the small-pivot flexural are modeled using the Pseudo-rigid-body model (PRBM) approach. The
PRBM was early developed by Howell to approximate the large deflection of compliant beams (14). Different types of loading
and conditions can have a different type of PRBM models. The pressure arm link is considered as a pined-pined beam with grip
force at its end.

Fig 9.The fully compliant mechanism where the symmetry is representing a slider mechanism. The center of the fully compliant mechanism
is considered the ground where the slider slides vertically.

The kinematics synthesis of themechanism is referred to as rigid-body replacement synthesis, where themodeling approach
approximates the compliant links as two rigid links joined by torsional springs. The torsional spring, which the material
properties decide its stiffness coefficient K, is assigned at the calculated location representing the resistance as the link deflecting.
The angle of the deflection of pseudo-rigid-link is referred to as the angle of the pseudo-rigid-body Θ. This PRBM considers
homogenous material properties. The fully compliant mechanism’s links lengths are specified as a function of the finger’s length
(L f ). The equations Equations (1), (2), (3), (4), (5), (6), (7), (8), (9), (10), (11), (12), (13) and (14) representing this model are
pseudo-rigid body:

Lc = LR = Lm = 0.3 L f (1)

L j = 0.05 L f (2)

h = 0.1 L f (3)

r2 =

√
h2 +

(
Lc +L j

2

)2
(4)
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r3 =
Lc +L j

2
(5)

r4 =
L j

2
(6)

r1 = r3 cosθ3 + r2 cosθ3 (7)

θ3 = asin(
r4 − r3sinθ2

r3
) (8)

θ2o =
π
2
−acos(

h
r2
) (9)

F asinθ2 = K2 ((1+H)(θ2 −θ2o)− (1+2H)(θ3 −θ3o))−K1(θ2 −θ2o) (10)

K2 =
2γkθ E I3

r3
(11)

K1 =
E Is

Ls
,Ls =

0.15L j

2
, Is =

wt3

12
(12)

H =
r2cosθ2

r3cosθ3
(13)

Where a is equal to r2, kθ is a stiffness coefficient that equals 2.65 as recommended by Howell (14) and t is the thickness of the
small pivot flexural that equals 10% of the width. The width w of the spray mechanism equals 10% of the total length of the
spray mechanism. The vertex angle θ 2 is the range of left segment’s movement after reaching the base, which will be detected
from the finger’s movement. Equation (10) is the governor equation of the mechanism. The average grip force is known from
Equation (15) and can be estimated based on the gender and age of the user. The output from Equation (10) is the geometry
schematic, which will define the dimensions of the pressure arm based on the moment of inertia of the cross section I3:

I3 =
9 π2 −64

72π
R4

o (1−ξ )+2R2
oξ (1−ξ ) (14)

Where Roof Equation (14) is the outer radius as shown in Figure 10 and ξ is the ratio between the inner area Ri and the outer
radius Ro. The ratio is exanimated for a range between 90% to 60% of Ro. Figure 10 shows the effect of the change in the ratio
over the moment of inertia for different cross-sections. This experiment of studying different cross-sections on a range is aimed
to show which cross section gives more stiffness of the pressure arm and at what ratio.

The Figure 10 shows that the semicircular cross section provides a higher moment of inertia, leading to higher torsional
springs’ stiffness. Also, it shows that the semicircular cross section maintains at larger I and which ratio leads to larger I. It also
shows that I3 is max at ξ = 73% which will be used as constant ratio ξ =

Ri
Ro
.
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Fig 10.Graphs show the relationship between the moment of inertia of different hollow cross-sections with a range of ratios of the inner and
outer dimensions.

The load acting on the left and right segments is the grip force for individual fingers. The load should be bigger than the
pressure force acting inside the tube to guarantee the spraying action. The pressure force can be calculated using Bernoulli
equations ( Equation (15) ) where the required parameter for the spray mechanism is the orifice diameter (nozzle exit, Re) (15):

q = A2

 2(p1 − p2)

ρ

(
1−
(

A2

A1

)2
)


1
2

(15)

Where q is the flow rate inside the pressure arm, p2 and A2, p1 and A2 are the pressure and the cross-section area of at the
orifice and the pressure arm, respectively. From the Bernoulli equation, the orifice radius can be found based on the ratio (β )
of the orifice radius (Re) to the pressure arm inner radius (Ro).

β =
Re

Ro
(16)

The ratio (β ) of ( Equation (16) )has a typical value that ranges from 0.3 to 0.75 depending on the required exit velocity (16).
For the spray mechanism, the exit velocity should be in rage to ensure spraying action, which does not require high speed.
So, the ratio (β ) is chosen to be 0.4. Since the compliant mechanism is easily activated by different gripping positions by a
light movement of fingers, the load remains small on linkages and the assembly. It exhibits good endurance strength of the
mechanism due to the low amount of induced stress. Hence, its life expected can be more (17). It is beyond millions of a number
cycles irrespective of plunging the sanitizer/ liquid or holding in a particular gripping position. They are economical in mass
production, as a 3D printer can produce the compliance mechanism. The glove setup’s overall cost comes to USD 75 when
produced single, and in mass production, a piece may cost come up to USD 15 to 20 for 10000 pieces and USD 2 to 3 for
1000000 pieces and so on.
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4 Conclusion
We report the invention of self-sanitizer gloves that can defend the user because the glove sanitizes itself when the user grabs a
surface.When the user touches a surface, the glove sanitizes itself. Besides, the Self-sanitizer glovewill wipe the virus offmultiple
surfaces within the infected region. This work provides a step-by-step procedure to develop the spray compliant mechanism.
The specification allows the user to reproduce the spray compliant mechanism’s design by giving the total desired length (Lf)
to generate all the required parameters.
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