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Terapi konvensional pada penyakit Stroke mengharuskan pasien datang ke rumah 

sakit yang kurang efisien dari segi waktu dan biaya. Oleh karena itu, untuk mengatasi 

masalah tersebut perlu adanya alat terapi untuk memudahkan pasien dalam 

melakukan terapi secara mandiri. Rancangan alat terapi ini berdasarkan terapi gerakan 

yang direkomendasikan, yaitu Stroke Glove ini. Perangkat lunak yang digunakan ntuk 

adalah Solidworks 2016, dan FluidSIM Pneumatic. Perancangan juga melakukan simulasi 

uji struktur rangka servo dan melakukan simulasi pneumatik. Material yang 

digunakan adalah plat nilon. Komponen utama yang digunakan untuk sistem 

kelistrikan adalah Wireless RF Module, dan untuk sistem elektropneumatik antara lain 

solenoid valves, control flow, dan Air Muscle Pneumatics. Simulasi desain pada software 

SolidWorks didapatkan beberapa hasil yaitu tegangan Analisa, tegangan maksimum 

9.613e + 05 N/mm^2/MPa, perpindahan maksimum 5.664e + 01 mm dan faktor 

keamanan minimum 6.242e + 00 atau 7 ul. Komponen otot udara dapat mengangkat 

beban rangka instrumen serta tangan pasien. Sedangkan hasil pembuatan alat terapi 

pasca stroke dengan dimensi tinggi 246 mm, lebar 110 mm dan panjang 220 mm. Alat 

ini menghasilkan 3 mode gerak rehabilitasi, yaitu mode satu; gerakan siku ke atas, 

mode dua; gerakan siku ke bawah, mode tiga; kombinasi dari semua mode. Hasil 

rancang bangun dan pembuatan alat ini mampu memberikan kemudahan bagi pasien 

stroke dalam melakukan rehabilitasi tangan dan pada dasarnya bermanfaat bagi 

pasien stroke. 

 

ABSTRACT 
 
Conventional therapy requires patients to come to the hospital, which is less efficient 

in terms of time and cost. Therefore, to overcome this problem, therapy tools must be 

used to facilitate patients in doing therapy independently. The design of this 

therapeutic device is based on the recommended movement therapy, Stroke Glove. The 

software used to design this therapy device are Solidworks 2016 and FluidSIM 

Pneumatic. In addition to the design of the frame, the method also performs a 

simulation of the servo frame structure test and a pneumatic simulation. At the stage 

of making the prototype, the material used for manufacture is nylon plate, while the 

primary components used for the electrical system are Wireless RF Module, and for the 

electro-pneumatic system include solenoid valves, control flow, and Air Muscle 

Pneumatics. Several results are obtained from the design simulation, the maximum 

stress analysis stress is 9.613e + 05 N/mm^2/MPa, the maximum displacement is 5.664e 

+ 01 mm, and the minimum safety factor is 6.242e + 00 or 7 ul. The air muscle component 

can lift the weight of the instrument frame and the patient's hands. While the results of 

the manufacture of post-stroke therapy tools with a height dimension of 246 mm, 110 

mm wide, and 220 mm long. This tool produces three modes of rehabilitation 

movement: mode one; elbow movement up, mode two; downward elbow movement, 

mode three; a combination of all modes. The results of the design and manufacture of 

this tool can provide convenience for stroke patients in carrying out hand rehabilitation 

and are fundamentally beneficial for stroke patients. 
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1. INTRODUCTION   

 Stroke is one of the biggest causes of death in developed and developing countries. Worldwide, in the 

year 2000, the prevalence of stroke was 7.1 million and will continue to increase [1]. In developing countries 

such as Indonesia, data show an incidence of 234 per 100,000 population as the result of a survey in Bogor 

by Misbach [2]. According to RISKESDAS data from the Ministry of Health of the Republic of Indonesia 

[3], in its 2007 national report, it turns out that the leading causes of death for all ages were stroke (15.4%), 

TB (7.5%), hypertension (6.8%). Based on several studies, the patient's disability rate caused by stroke 

reached 65%. The level of disability caused by stroke, one of which is due to impaired cognitive function 

[1]. One of the cognitive functions includes the ability to move physical activities such as swinging hands, 

holding something, bathing, or eating. 

 Based on interviews conducted with six subjects who are stroke patients and stroke nurses, several 

obstacles have no solution yet, one of which is the high cost of rehabilitation and the discomfort 

experienced by the patients at the hospital [4], which results in a non-optimal rehabilitation. Therefore, an 

Independent Post-Stroke Therapy Tool (IPSTT) was made using an electro-pneumatic system designed to 

help stroke sufferers in early mobilization independently at home without needing to go to the hospital for 

medical rehabilitation [5,6,7].  

 

2. DESIGN METHOD 

The method used in the design of post-stroke therapy is the development of problems that occur in 

public, especially in post-stroke patients [5,6,7,8]. This study uses several stages, namely the planning stage, 

the concept development stage, the design stage, and the testing stage. The planning stage consists of 

identifying opportunities, setting goals, determining boundaries, and determining the machine technology 

platform used. This stage has been described in the introductory sub-heading. 

The concept development stage is the stage to determine the machine concept, including the form, 

function, features, and required technological solutions. The design stage is the stage to produce the design 

plan, the constituent sub-systems, and process flow diagrams. Then the design stage also consists of 

determining the components’ technical specifications, the design of control panels, and electricity. In the 

design and manufacture of post-stroke therapy tools, several tools and materials are needed as follows; 

Tools: CNC, cutters and saws, rulers, screwdrivers (-) and (+), pliers, sandpaper, laptops, and Solidwork 

software, which are used as containers for making parts, assembly parts, and simulating design results; 

Materials: Nylon plate, Transmitter Receiver Module RF DC 12V 1CH Relay 433MHz Wireless, Remote, 

Cable, Stainless steel ties, 3/2 solenoid valve, Flow speed control, Y slip lock fittings, Slincer, 6mm 

pneumatic elbow fittings 4x6mm PE hose, Braided expandable sleeving PET, Latex tube 6x9mm, Hose clam 

3/5, Bolts, Bolts, Nuts, Rings, and Bearings. 

The testing stage conducted several tests, and the level of ergonomics using the appropriate motion in 

motion therapy also found out whether the IPSTT product worked well. Failure analysis and corrective 

action will be carried out on the IPSTT product and reprocessed to the IPSTT design and tooling process. 

If it works well, the next stage is ready to be processed. The analysis is carried out in the form of motion 

that works on the device according to the therapeutic needs of stroke patients [9,10,11]. 
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Figure 1. Circuit schematic Post Stroke Elbow Therapy Devices (PSETD) 
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Figure 1 shows a series of Post Stroke Elbow Therapy Devices (PSETD). There are several components 

shown in the figure, namely: 

1. Pneumatic fittings, 2. Hose clamp, 3. Air muscle, 4. IPSTT frame, 5. Slincer, 6. Hoses, 7. Air filter 

compressor, 8. Compressor, 9. Minus cable (-), 10. Plus cable (+), 11. Module Transmitter Receiver RF DC 

12V 1CH Relay 433MHz Wireless Remote, 12. 12V battery 

The movement mechanism for the tool is based on strengthening the muscles and tightening the 

elbow, as shown below. 

 

 

 

 

 

 

 

 

 

 

With that illustration, it can be concluded that the movement only requires lifting the lower arm to 

form an angle of 90° [12], with the motion mechanism schematic illustrations as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The specification shows that the pneumatic components should not exceed the load figures contained 

in the specifications. In the process of working steps, pneumatic functions with the following illustration 

[13,14]: 
Table 1.  Air muscle specification [14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weight: 10 ~ 80 g (0.022 ~ 0.18 lb) 

Diameter inner: 9 ~ 30 mm 

Output (Pull force): 
30 ~ 350 N (6.6 ~ 77 lbf), normal 

70 ~ 700 N (15 ~ 150 lbf), Max. 

Max. inflated pressure : 
2 bar (30 psi), unloaded 

4 bar (60 psi), loaded 

Figure 1. Elbow tightening movement 

Figure 3. Motion mechanism schematic 

 

Figure 4.2. skema mekanisme gerak 
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The electro-pneumatic design can be simulated first using the FluidSIM pneumatic software to 

determine whether the system is working properly. The electro-pneumatic system can be seen in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The electrical system uses 1CH RF Relay 433MHz wireless remote transmitter-receiver module to 

control the device [15]. When the remote button ‘’A’’ is pressed, the coil on the solenoid gets a voltage 

supply, and the coil will turn into a magnetic field so that it moves the plunger on the inside and changes 

position. The output hole of the pneumatic solenoid valve will release compressed air from the supply 

(Service units). When the remote button ‘’B’’ button is pressed, the coil will move the plunger to the air 

exhaust hole so that air can come out of the latex pipe in the air muscle. 

 

 

 

 

 

 

 

 

 

Figure 4. The working system of the pneumatic air muscle 

 

Figure 4.3. skema mekanisme gerak 

Figure 5. Electrical Pneumatic System Circuit Schematic  
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3. RESULT AND DISCUSSION 
 Determine the maximum designed load on the tool by determining the constraint or support 

regarding the position of the design made [16]. This Post Stroke, Hand Therapy Tool, uses a nylon material 

frame. The load on the frame is supported by the bottom three cylinders [16]. In this analysis, the weight 

of the load (Kg) is converted into Newtons (N). The frame load analyzed in this study simulation, whether 

1-3 kg is x gravity = 3Kg x 10m/s2 = 30 N. The maximum load that the tool will accept is shown in Figure 

3.1. 

 

 

 

 The simulation process is carried out with Solidwork software which analyses the structure of the 

conveyor by applying the machine element method of the object system process to be simulated so that 

elements will be connected in its structure. The analysis uses the Finite Element Method (FEA) [16]. After 

the simulation, several analysis results will be obtained, including von misses stress, displacement, and the 

factor of safety. Von Misses Stress shows the calculation results between the equivalent stress and strain 

used in the von Misses stress in the tool’s design shown in the orientation of the colors and numbers listed 

in the figure. 8.. The maximum stress that occurs is 9.613e + 05 N/mm^2 or (MPa), and the minimum stress 

that occurs is 1.925e + 03 N/mm^2 (MPa). 

 

 

 

 

 

 

 

(a)  (b)  

Figure 6. Circuit schematic (a) Electrical circuit schematic on the RF Transmitter Receiver Module 

component  1CH Relay 433MHz (proteous) (b) electrical circuit schematic on the post stroke therapy device 

 

 

Figure 7. Loading in design 
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 The safety factor is one of the parameters to determine the feasibility of a construction design. The 

factor of safety is the ratio of the allowable stress to the stress that occurs. A design construction is declared 

to have passed the factor of safety or declared safe if the FOS value is greater than 1 [16]. The design 

simulation results comparing the allowable stress with the actual stress that occurs are obtained at a 

minimum of 78886.242e + 00 or 7 so that it can be concluded that this design construction is feasible and 

got a good level of security. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 After the design stage is obtained, the next stage is manufacturing the Post Stroke Therapy Tool 

(IPSTT). In making the IPSTT, the reference used is the design stage that has been made. At the stage of 

making IPSTT, it is only sometimes following the design stage because the manufacturer of IPSTT looks at 

the conditions as shown in Figure 9. 

 

 

 

 

 

 

 

 

  

Figure 8. Von Misses Stress 

Figure 9. Factor of safety 



Riyanta, et al. 
 

 

 

94 JMPM Vol. (6), No. (2), Tahun (2022), pp (88-99) 

 

 

 
 

 

 The tools were made in high accordance with the design. Knowledge of machining tools and the 

possibility of every production process that can be carried out is required in the manufacturing process. 

This production process requires the most efficient place of manufacture of tools. The selection of tools and 

materials in manufacturing products will determine the products’ results.  

 In forming the skeleton, several parts must be formed. The first component was the straight bone 

section. There are two different sizes the upper arm consisting of 3 parts and the lower arm consisting of 3 

parts and the holder. The steps for making the seat are as follows: 

 

 a) Straight bone design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Tool Design 

(a) 

 
(b) 

 

(c) 

 

Figure 11. Working figure a) Lower bone figure (b) upper bone (c) middle bone 

(a) 

 

(b) 

 
(c) 
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  b) Cutting result 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 In forming the skeleton process, several parts must be shaped in the circle section, and in this 

section, there are three different ones as well as in the straight bones in the upper arm, under the arm, 

and the bottom half circle. In this section, the initial concept of making arm circles is made first. The 

manufacturing steps are as follows. 

 
a) arm circle design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

(a) 

 

(b) 

 

(a) 

 
(b) 

 
(c) 

 

(c) 
Figure 13. Working figure (a) bottom circle figure (b) the top circle (c) the bottom half circle 

Figure 12. Cutting results (a) bottom cutting results (b) top cutting results 
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b) Cutting result 

 

 
 

 

 An electro-pneumatic system can be made after obtaining a small box available on the market with a 

132 mm x 70 mm size. After getting the box, the next step is to arrange the Solenoid valve components, 

elbow fittings, silencers, batteries, and the RF Transmitter Receiver Module will be interconnected with the 

wind pressure source using 6” and 4” hoses due to different fitting diameters. In addition, in the structuring 

process, the comfort and convenience factors must be considered during later maintenance. The 

arrangement process is complete, and the following process is to perforate the box plate one by one to get 

the hoses and cables out. The component installation process can be seen in Figure 15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The unification of components is carried out by inserting a latex tube with an inner diameter of 6mm 

and an outer diameter of 9mm into a braided expandable sleeving PET net developer with a diameter of 

12mm herring. The size is increased from the latex pipe so that when inserting it into the developer net, it 

can be more accessible, and it also makes it easier for the rubber pipe to expand first. The process of 

assembling the components can be seen in Figure 16. 

 

 

 

 

 

 

 

 

 

 

 

(a)  (b)  

Figure 14. Cutting results (a) Figure bottom circle (b) top and bottom circle. 

(a) (b) (c) 

Figure 15. Electro Pneumatic installation (a) wiring (b) installation of fitting components (c) 

installation of pneumatic hoses 

Figure 16. Installation of air muscle components (a) installation of latex hoses (b) installation of hose 

clams (c) air muscle penumatic 

(a) ( ((b) 

 

(a) 

(c) 
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 The finished component is then installed, and test whether each component's performance works 

perfectly. If components are less than optimal, a repair process must be conducted before the testing and 

finishing stages. The method of assembling the design frame by combining all the results of manufacture 

using bolts, rings, and nuts according to the size of the circle of bolts that have been made and installing 

bearings so that the movement of the elbows can be more easily pulled with air muscles and also installing 

air muscles on. It can be seen in Figure 17. 

 

 

 

 

 

 

 

 

Assembly of this tool is the last step in the manufacture, where the frame that has been paired will be 

put together again with the electro-pneumatic system so that it can work. This step can be seen in Figure 

18. Combining all the frames, the post-stroke therapy tool can already be used. Can be seen in Figure 18 b.   

 

 

 

 

 

 

 

 

The elbow trap was carried out with the recommended therapy movement for the testing experiment. 

The prototype test was to check the expected function of the prototype. Then the test is carried out by 

pairing the tool to the user, and consideration of this tool takes 2.48 (Seconds). To calibrate, adjust the 

airflow speed to develop the air muscles to regulate the user. 

 

 

 

 

 

 

 

(a) 

 

(b) 

 
Figure 17. Frame assembly (a) frame assembly process (b) PSTT frame 

(a) 

 

(b) 

 
Figure 18. Tool assembly (a) Installation of skeletal air muscle (b) Post stroke therapy tool 

Figure 19. Results of post-stroke therapy 



Riyanta, et al. 
 

 

 

98 JMPM Vol. (6), No. (2), Tahun (2022), pp (88-99) 

 

4. CONCLUSION 
The conclusions that can be drawn from the design and manufacture of this post-stroke therapy device 

using an electro-pneumatic system namely:  

1. The design and prototype of this post-stroke therapy tool have been produced using an electro-

pneumatic system that delivers the therapeutic movement needed by the patient, thus providing 

convenience in the independent therapy process wherever it is located. The material used to 

manufacture the post-stroke elbow trap is nylon PE, while the primary components used for the 

system are a 12V DC  1CH Relay 433MHz RF Transmitter Receiver Module and a Wireless 

Remote. The Electro Pneumatic system includes one solenoid valve unit, two air muscle units, 

and one flow control unit. This Post Stroke Appliance Tool measures 220 mm in length, 110 mm 

in width, and 246 mm in height. 

2. This device uses two artificial [17,18] air muscle units to lift the patient's hand weight. And also, 

the analysis of the strength of the frame or frame on this post-stroke therapy device concluded 

that it is feasible and safe at a maximum load of 30 N for each loading point with a von misses 

stress value of 9.613e + 05 N/mm^2 or (MPa) and minimum stress that occurs of 1.925e + 03 

N/mm^2 (MPa), the maximum displacement value is 5.664e + 01 mm, and the minimum factor of 

safety value is 6.242e + 00 or 7. 

3. In designing this tool, it produces 3 (three) modes of rehabilitation movement, namely mode one; 

elbow movement up, mode two; downward elbow movement, mode three; a combination of all 

modes with speed settings that are safe for stroke sufferers because the tool has a speed setting 

according to its capacity. This tool provides convenience and reduces the risk for people with 

disabilities. 
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