
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-4, February 2020 

632  
Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D1333029420/2020©BEIESP 
DOI: 10.35940/ijitee.D1333.029420 
Journal Website: www.ijitee.org 

 
Abstract: in this paper, an assistive commode is for elderly 

knee and thigh weakness. Linear actuators of the commode lift the 
person while standing and can also assist while sitting. The toilet 
seat itself lifts the person to standing. Ergonomics, with digital 
RULA analysis, optimizes the design. The paper also shows the 
circuit diagram for the actuators. The RULA analysis showed the 
model was suitable for people with different physic. 

Keywords: Assistive Technology, assistive commode, toilet lifter, 
lifting devices 

I. INTRODUCTION 

According to WHO over a billion (15% of the world 
population) people are disabled. From one billion 110-190 
million faces significant difficulty in functioning[1]. The use 
of commode for disabled comes under the category of 
activates of daily living (ADL). As per the Government of 
India adopted Nutritional Policy in Jan 1999, a person above 
60 years calls ”Senior Citizen” or ”Elderly.” Past 50 years, 
India tripled its elderly population. The population growth 
pattern expects to continue. United Nations suggests that the 
proportion of Indians aged above 60 will rise from 7.5% to 
11.1% by 2025. By 2050 (four decades), the number expects 
to increase rapidly up-to 19%[2]. Also, as per the 2011 census 
in India, 2.68 Crores (2.21%) persons out of the total 
population are disabled. Also, the 2011 census- elderly Indian 
population is 2.68 Crores (Roughly 2.21% of the total 
population)[3]. 
Literature suggests bathrooms are the most hazardous phase at 
home. Experts recommend the elderly and their bystanders to 
be aware of high-risk bathroom activities. In 2008, American 
National Electronic Surveillance System All Injury Program 
(NEISS-AIP) estimated 234,094 non-fatal bathroom injuries.  
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NEISS-AIP identifies severe outcomes that were associated 
with age-related falls up to 81%. Qatar reports 2% 
(approximately 2000 annually) of severe trauma cases as 
bathroom accidents. Also, in Qatar, the bathroom is not the 
leading site of falls, but around 1 in every seven victims of 
falls and about 2% of all trauma cases (approximately 2000 
annually) admitted to our hospital were injured in bathroom 
fall. Gillespie et al. intervented certain techniques for 
preventing older people falls[4]. The rate of falls-related 
injuries among seniors increased between the years 2005 and 
2013. Investigators also point,  fall-related injuries were more 
common in women than men. Young adults also come under 
this category[5]. There are five broad categories for assistive 
products, in which two are for toilet transfer and three for 
transfer to shower/bath. Span, P. The most dangerous room in 
the house. New York Times, 28 May 2009. Assistive products 
classificatin and terminology muscle problems occur or begin 

from middle age, and in some instances, people can lose up to 
50 percent of muscle mass. Low skeletal muscle mass and low 
muscle function were found in older people by a group 
working on sarcopenia.[6]. Knee OA is a common joint 
disease for older adults. It reduces lower limb muscle strength. 
Strength training to be practiced by older people for knee 
OA[7]. The objective of the project is to develop an assistive 
lift for toilets. 

II.  EXISTING TECHNOLOGIES 

   Bruce investigates a toilet seat lifting device in which the 
seat of the toilet is on a carriage. It consists of hydraulic 
cylinders that use the pressure from domestic water supply 
and Pressure Controlled Valves (PCV) to control the 
pressure[8]. One of the existing technologies in STS 
assistance uses a lifting and driving device along with a seat 
and a frame. The lifting device attaches to the frame via a 
fixed portion and the seat via a movable portion. The driving 
device comprises a working rod, power portion and a link. 
The power portion activates the working rod, thereby lifting 
the seat[9].  
Another helping device is a removable toilet seat lifter with a 
pedal, pedal base, seat, and lifter lever. Movement of the 
pedal results in movement of the seat and the lifter level 
which in turn lifts the toilet seat[10] Another existing 
technology is an apparatus for moving a toilet seat between a 
lower position immediately above a toilet bowl and a raised 
position above the toilet bowl to assist a physically disabled 
person to use a toilet[11]. Frank invented another system in 
which the seat lies in between the armrest and the seat will be 
fixed with the armrest a pair of hydraulic lift to lift the seat 
and armrest.  
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since both the seat and armrest are connected, it provides 
support for the person while moving from sitting to standing 
position.[12] another invention uses a linear actuator to raise 
and lower the armrest, which will be fixed to the seat.  
They provide a forward movement along with the upward lift 
of the seat.[13]. L Stanley invented an assistive lift with a 
toilet bowl in the seat and it can lift, up and down by using an 
actuator. It provides a lift for the person between an upright 
position and a seat position for using the toilet[14]. Delbert 
invented a powered toilet seat lift with a ‘U’ shape casement 
formed by two similar elongate side members. The actuators 
will have a separate path[15]. 

III. METHODOLOGY 

 
Figure 1:The flowchart of METHODOLOGY 

The model was designed parts by parts and assembled in 
Solidworks to get the final product in the figure below. 

 

Figure 2: model when actuator is OFF 

 

 
Figure 3: model when the actuator is ON 

The models designed in solidworks is shown above .When the 
switch is on the linear actuator expands to give a support for 
the person to use the toilet. It is shown in Figue 3 and when the 
switch is released the model will contract and its level reduces 
to the same as that of the toilet. This is shown in Figure 2. This 
provides the elderly person an assistace to use the toilet. 

A. RULA Analysis 
CATIA V5 software provides the feature of Ergonomic 

analysis. The model designed in Solidworks is converted into 
a STEP file and opened in CATIA for analysis. Dimensions 
put on Digital Human Models, or Digital Manikins becomes a 
major part of RULA analysis. Manikins of 95th percentile of 
men and 5th percentile of women were created digitally with 
the Indian anthropometric data available from the book[16].  

B. Linear Actuators 

During the retraction period,as shown in Figure 2 the human 
gets on the assistive commode operator pushes the button. 
The push-button activates the linear actuator; both the 
actuators are activated equally and at the same time as there 
won't any alignment issues. Once, upon reaching the correct 
position aiding their purpose, the push button is pressed to 
ensure that the set up remains in position. During the 
extension phase, as shown in Figure 3 the user pushes the 
button and the actuators are activated, which ensures that both 
are aligned in an equal manner to avoid any positional 
changes. Upon reaching the default position, it stays in 
position and the user could free themselves from the assistive 
lift. 

 
Figure 4 : Linear actuator circuit 

 
The control circuit of linear actuator is shown in fig.  The 
H-bridge configuration is used to change the direction of 
motion of the actuator. Limit switches S1 and S2 are used to 
control the rate of extension and retraction. Initially actuator 
is not active when both S1 and S2 are open. When S1 is closed 
and S2 is open, the current flows through the actuator in 
clockwise direction and it gets retracted. When S1 is open and 
s2 is closed, the current flows in the anti-clockwise direction 
and the actuator gets extended. 
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IV. RESULT AND DISCUSSION 

During RULA Analysis it was found that the hand rest  height 
was not suitable for all people. So the height had to be 
increased from 10cm to 20cm. 

 

 
Figure 5: Hand rest before modification 

 

 
Figure 6: Hand rest after  modification 

 

The RULA analysis repeats for an optimal design 
modification.  

In CATIA-V5 the manikin of 95th percentile dimensions of 
man was applied. Then the manikin was placed over the model 
for RULA analysis. The result of both sides shows above and 
the analysis shows that the model is suitable for the man with the 
95th percentile. It is shown in the Figure 7 and Figure 8.  
Analysis of 5th  percentile women to check their comfort while 
sitting on the commode.For RULA analysis, the same method 
of Male Digital Manikin to create the 5th percentile (Digital 
Human Model) DHM. Then the manikin was placed over the 
model for analysis. The result of both sides shows the model is 
suitable for the women with the 5th percentile and the model 
is suitable for people with all physic.It is shown in Figure 9 
and Figure 10. 
 

Figure 7: RULA analysis for 95th percentile of man 
(Right) 

 

Figure 8: Rula analysis for 95th percentile of man (left) 

 
Figure 9: RULA analysis for 5th percentile of women 

(Left) 
 

 

Figure 10: Rula analysis for 5th percentile of women 
(Right) 

V. CONCLUSION 

The analysis showed that the hand rest height was not enough 
for all people. So, the height was increased from 10cm to 
20cm. RULA analysis was done with 95th percentile of man 
and 5th percentile of women because if it is suitable for these 
categories then it will suit people with all physic. The analysis 
was done with the above mentioned manikins and it was 
concluded that the model was suitable for people with all 
physic. 
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