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Abstract

Nowadays, the need for linear actuator as a component of a hospital bed is increasing due to the growing needs of
electric bed. The function of this component is to adjust the form of the bed for the patient’s comfort. However,
the producers of the local hospital bed mostly rely on foreign products. To reduce the production cost, an effort
was made to design a low cost yet functional electric linear actuator. The actuator using basic components, consists
of a DC motor, transmission, and screw mechanism. Stainless steel pipe with outer diameter of 26 mm was used
for the body of the actuator. The performance of the actuator was tested by applying gradual loading with variations
on the stroke. It was shown that the the actuator works well in varying loads from 0 to 150 kg with varying stroke
from 0 to 19 cm.

Keywords : Hospital bed, electric linear actuator, screw mechanism.

Abstrak

Saat ini kebutuhan akan linier aktuator sebagai salah satu komponen tempat tidur rumah sakit semakin meningkat,
seiring dengan meningkatnya kebutuhan akan tempat tidur tipe elektrik. Fungsi dari linier aktuator ini adalah untuk
mengatur tinggi rendahnya posisi tempat tidur dengan maksud agar pasien merasa nyaman. Namun, produsen
tempat tidur rumah sakit skala lokal, sebagian besar komponen linear aktuatornya masih mengandalkan produk
luar negeri. Berdasarkan permasalahan tersebut, maka untuk menekan biaya produksi, dilakukanlah perancangan
linier aktuator tipe elektrik berbiaya rendah. Aktuator menggunakan komponen yang terdiri dari motor DC,
transmisi, dan mekanisme sekrup. Pada komponen pipa, digunakan pipa stainless steel dengan diameter luar 26
mm. Performa aktuator diuji dengan menerapkan pembebanan bertahap dengan variasi panjang langkah selama
pembebanan. Telah ditunjukkan bahwa aktuator bekerja dengan baik pada beban yang bervariasi dari 0 hingga 150
kg dengan variasi langkah dari 0 hingga 19 cm.

Kata kunci : tempat tidur rumab sakit, linier aktnator elekirik, mekanisme skrup.

1. INTRODUCTION

The need for hospital beds is increasing from year to year (Lolita et al, 2020). The increase occurred more in
the non-VIP class. This condition tend also to increase the need of linear actuator. The linear actuator is a part of
the hospital bed that changes the shape of the bed to get a comfortable position for the patient. This component
still needs to be imported. The production capacity of local industries needs to be increased by using as many local
products as possible.

Linear actuator is a component that can extend and retract linearly. For centuries actuators like this use
hydraulic power. However, the use of hydraulic power on the hospital bed will make noise, heavy and expensive.
On the other hand, the use of an electric actuator will be quiet, light and inexpensive as well as easy to control, and
can stop at the desired position.

Today there are many linear actuator design innovations that have been carried out. For example, Khidir (2004)
made a linear actuator with Shape Memory Alloy material. This actuator is only for small loads and small strokes.
Enrici et al. (2016) made linear actuator design for the acronautic application. The actuator was designed to replace
pneumatic or hydraulic devices that function as cylinder. The weaknesses of this special actuators are complex
manufacturing design but with the existing technological advances such as mechanics and microelectronics. The
innovation can be upgraded to reach more functional in control system such as increasing the ability to positioning
in accurate position (Peng, 2015).
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This paper reports the design, manufacture and testing of an electric linear actuators using DC motors,
transmissions, and screw mechanisms for use in hospital beds.

2. METHODOLOGY

Collecting data needed for design calculation in the research of data on the DC electric motor which included
RPM motors, power needed, materials used on the upper arm pipe and determining calculations for elections
diameter upper arm pipe, bearing type used to support the load of screw.

Design based on the load received by the linear actuator primarily on the upper arm pipe section and calculated
the torque required by the motor to up and down the power of bearing, buckling on the screw and so on.after the
calculation process completed, the next step is to draw a design using notebook installed the autodesk software
inventor 2015.
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Figure 1. Flowchart
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First of all is starting eatly process research. The next step is calculating the power and the diameter of the
upper arm pipe. Counting the length and type of the screw, gears and also counting the power of bearing which
support load on the screw. Then selecting the motor used. There are several types of motors, such as AC motor,
motor stepper or DC. AC motor is electric motor works as alternating current. While stepper motor is a motor
handled by microcontroller. The voltage on microcontroller is usually only 5 volt, therefore it needs other
component to supply current on stepper motor. Dc motor is direct current, it is appropriate for this research as
motor drive. The raise and fall of the actuator shaft, not as fast as the turn of the motor, therefore it is used DC
type gear motor in order to reduce the spin. In selecting motor, RPM and torque are concerned. It refers to the
previous calculation which is the torque needed to screw and so on, because the motor function is rolling the
transmition which drive the up and down power to lift the load. If the choosen motor doesn’t work, we recheck
the calculation.

The next step is providing the materials used and then designing work picture by using autodesk inventor 2015
software from electric linear actuator made. After that assembling the support component of electric linear
actuator. Then setting up for the tools to prepare object test.

Figure 2. Electric linear actuator design

3. RESULT AND DISCUSSION

In this chapter there are some calculations on electric linear actuator design. Such as calculation on diameter
upper arm, bearing power and screw. Power screw used in this design is lead screw type because it has self-locking
character. Calculating the diameter upper arm pipe to the certain load (P) = 6500 N, upper arm length (L) = 300
mm, safety factor = 5.

The material used is stainless steel pipe with value of Yield Strength = 170 MPa. A material said yield when
the stressed reach a critical value known as Yield Strength. The safe limit for the voltage is the Yield value strength
is devided by safety number, so that:

o, =2 (1)

f
170 MPa
= ———=34Mpa

Pipes used for safe design are pipes that have a stress value below 34 MPa.

2_32
A="E _ 0785003 - d?) )
A = 0.785 (26.67% — 20?)

= 0.785 (311.28)

= 244.47 mm?

The upper arm diameter used is a pipe with an inner diameter of 20 mm and an outer diameter of 26.67 mm.
The pressure acting on the bearing (Pb) is calculated using the formula:

Pp = — o)

- 2Tnarmh
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6500 N 6500N

P, = = =39.42 Nmm 2
b= (2)(3.14)(17.5)(1.5mm)(1mm) _ 164.8mm mm
Safe load on the bearing
W = Pbdblb (4)

W = (39.42)(15)(11) = 6504 N

The calculating on the screw can be seen in the caption below. Figure 3 shows a scroll mechanism that has the
function of raising and falling load by spinning nut. If one thread we draw, than the result is as shown in figure 4
that shows the section of the scroll and the forces that work on raising and falling load.
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Figure 4. Force diagrams raising and falling load.
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nT
Pscrew = 9545 (kW) ©)
Speed rate screw (V) = 2 MM/ (6)
— speejd rate n= 2mm/s — 1lput — 60pu.t 7 (7)
pitch 2mm s menit
_ 60(12.98)

. __ Motor rotation (N)

~ Screw rotation (n) (8)
92 rpm
i= =1.52~15
60 rpm

Input = 1.5 Output = 1

Self locking on power screw concern on the condition where the screw can't spin when no axle style is given
on nut. It is very usefull because self locking is keep on the position when support the load. The power screw stays
in its place when it holds the load. A screw will lock itself (self locking) when fulfilling the following equation

nfd,, > 1 )
3.14 (0.11)12 > 4
414> 4

The results of the research tests appear to be shown at table 1 and table 2. The given load to the electric linear
actuator, is gradually ranging from light loads to heavy ones. At the same power and speed of the motor, it shows
the test of the upper stroke arm the linear actuator gets bigger. Then it would take more and more time to travel,
according to the formula. The greater the lending, the greater the P would be. It showsThe time of passage is
directly proportional to the size of the power.

Table 1. Result at Stroke Length 15 cm

No Load (kg) Stroke length (m) Time (s) p

1 15 0.15 19.3 4.694 x 105
2 20 0.15 20.7 5.073 x 105
340 0.15 25.0 5.076 x 10>
4 44 0.15 25.9 5.698 x 10-
5 48 0.15 26.6 5.738 x 10->
6 50 0.15 26.9 5.779 x 105
7 60 0.15 28.5 5.831x 105
8 70 0.15 29.8 5.951 x 105
9 76 0.15 30.6 5.968 x 10-
10 100 0.15 335 5.984 x 105
11 115 0.15 35.0 6.034 x 10>
12 131 0.15 36.5 0.061 x 105
13 136 0.15 36.9 6.090 x 10-
14 143 0.15 37.5 0.101 x 105
15 150 0.15 38.1 6.102x 105
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Figure 5. Chart of test results at stroke of 15 cm
Table 2. Results at Stroke Length 19 cm
No Load (kg) Stroke length (m) Time (s) P
1 15 0.19 24.1 3.054 x 10
2 20 0.19 26.0 3.243 x 105
3 40 0.19 32.1 3.446 x 10
4 44 0.19 33.0 3.489 x 10
5 48 0.19 33.9 3.511 x 10
6 50 0.19 34.3 3.531 x 10
7 60 0.19 36.4 3.545 x 10
8 70 0.19 38.3 3.550 x 103
9 76 0.19 39.3 3.568 x 103
10 100 0.19 43.0 3.584 x 10
11 115 0.19 45.0 3.596 x 10
12 131 0.19 46.9 3.619x 105
13 136 0.19 60.1 1.783 x 10-5
14 143 0.19 60.2 1.868 x 10-5
15 150 0.19 60.4 1.933 x 104
70 4
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Figure 6. Chart of test results at stroke of 19 cm
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4. CONCLUSION

Based on the results of calculations and test tools, it can be concluded that the electric linear actuator design
is in accordance with the calculations to be applied to hospital beds.

Testing the tool by giving loading gradually on the electric linear actuator, the results obtained are directly
proportional to the load and travel time. The greater the load given, the longer the travel time required to perform
the push step.
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