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MODELING A LINEAR ACTUATOR FOR AN ANKLE JOINT DEVICE.

Abstract: Electric actuators are very popular in the field of engineering and technology
because of their ease of use and low operating costs. In this study, an electric linear actuator
(manufactured by Miniature Linear Motion, model: Series L12) is modeled considering each
physical parameter associated with it and modeled in Solidworks Simulation to observe its
characteristics.
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A}maTna. 9J’IeKTp meTeKTepi TCXHHUKAa MCH TCXHOJIOIrHsa cCajJlaCblHAa ©TC TaHbIMall,
OWTKEHI oylapJbl TaijaNaHy OHail >KoHe MaiijanaHy KyHbl ToMeH. bys 3eprreyae 3mexTpiaik
CBI3BIKTHIK JKETeK (MHHHATIOPAIBIK CBI3BIKTBIK KO3Falblc, Mojaenb: L12 cepuscel) op
OailmaHpICTBl  (DU3UKAJBIK  MMapaMeTpAl  ©CKepe  OTBIPBIIT  MOJEIBbACHEAl KOHE OHBIH
cunarramanapsia 6akputay ymin Solidworks Simulation-ga monensaenei.

Tyiiin ce3nep. Dnexrpnik Ce3bIKTHIK JKerek, Menununaansik Kypsuirsl, bBiomexanuka,
ToOwIK DKk30cKeneTi, Juzaiin, Moaenbaey

AHHOTaNUs. DJIEKTPONPUBObI OUEHb HOIMYJIIPHBI B 00JIaCTU TEXHUKH U TEXHOJIOTHH U3-
3a UX IPOCTOTHI UCITIOJIB30BAHUA U HU3KUX SKCINTYaTAlIlMOHHBIX pacX0J0B. B sTom HNCCIICI0OBaAHUN
3HCKTpH‘leCKI/Iﬁ JINHEHHBIN MIpuBOI (I/IBFOTOBHCHHHﬁ MHWHHUATHOPHBIM JIMHENHBIM JBHUXCHHUEM,
MOACIIb. CepI/I}I L12) MOZCIIUPYETCA C YUYCTOM KaXJOro CBA3AHHOI'O C HHUM (1)H31/I‘{CCK01"0
napamerpa W Monenupyerca B Solidworks Simulation gna HaOmrogeHust 3a  €ro
XapaKTCPUCTHUKAMH.

KiroueBbie cinoBa. Onexrtpuueckuil JIunenneli 1lpuBon, MeaunnHckoe VYceTpoicTBo,
buomexanuka, Jk3ockenet ['onenocronnoro Cyctasa, J{u3aiin, MonenupoBaHue

Introduction

The actuator is an integral part of every robotic system that can actuate the hinge for the
necessary movement of the device. Depending on the energy conversion mechanism, the
actuators are divided into three classes: electric, pneumatic, and hydraulic.

The choice of actuators for auxiliary devices requires making decisions in which
designers usually face opposite requirements. Although some options may depend on the context
of the application or the design philosophy, it is usually desirable to avoid increasing the size of
the drives to obtain lighter and more transparent systems, which ultimately contributes to the
implementation of this device.

A linear actuator is a means for converting rotational motion into a pushing or pulling
linear motion that can be used to lift, lower, slide or tilt machines or materials [1]. They provide
safe and clean traffic management, efficient and maintenance-free.

Electric linear actuators use a DC or AC motor with a few gears and a lead screw that
pushes the main rod shaft [2]. The difference between the actuators is determined by the size of
the engine.

In robotics, it is used to improve the quality and accuracy of production while controlling
production costs. Electric linear actuators control and repeat precise movements, adjust the speed
of acceleration and deceleration, as well as adjust the amount of force required.

This paper presents a new solution using for exoskeleton an electric linear.

This study consists of four sections, which provide information on linear actuator for
ankle joint devices, modeling of electric linear actuator, as well as numerical characteristics to
verify the feasibility of the study.
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Methods
There are many different types of linear actuators, when deciding on the use of it is

important to choose the right actuator for the ankle exoskeleton [3]. It is important for the drive

to know the requirements that best suit your situation.
The L12S (Figure 1 b) is very compact and weighs from 28 to 56 g, depending on the
selected stroke length. Its size makes it an ideal device for robotics, as well as for other projects

with limited space and weight [4].
= —
b.

a.

Figure 1 - Linear drives: a) CAD model in Solidworks; b) the original prototype

Some considerations on choosing the right drive to work with are given below.
When checking where the drive will be placed, it is important to determine the type of
movement required [5].
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Figure 2 — Block diagram of a linear actuator

Opening and closing a door or valve is different from activating a process on a machine.
The drives are designed to move objects in a straight line or for circular motion. It is very
important to evaluate these movements and how they fit into the process.

The electric actuators have been refined and improved to fit any application. Although
they are the most popular and widely used drives, this does not mean that they are suitable for all
conditions. It may be necessary to consider a pneumatic or hydraulic drive when power is limited
or unavailable [6].
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The main function of the drive is to transmit power in the form of work. The actuators
lift, tilt, move, activate, and shift objects and materials. The amount of work performed by the
drive will depend on the force required to move the load, which is determined by its load
capacity. Manufacturers provide information and data on the load capacity of their products,
which should be studied to determine whether the power provided is suitable for operation [7].

The drives come with different motors and different stroke lengths. The stroke length is
determined by the length of the shaft or the lead screw. Before using the drive, it is necessary to
determine how much movement will be required to perform the work [8].

Speed is an important factor when choosing a drive, it is important to consider the weight
that needs to be moved. When it takes a lot of effort to move the load, the actuator will move
slower [9-10]. The drive speed is measured by the distance per second.
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Figure 3 — Ankle joint exoskeleton with electric linear actuators

Each drive has a different mounting method. With a double swivel mount, the drive is
placed on both sides of the mounting point, which allows it to rotate. A conventional stationary
installation allows the drive to produce pushing or pulling movements from a given position.
Proper installation ensures optimal drive performance and efficiency. This should be carefully
considered in the course of work [11-12].

If the space where the drive is required seems limited and limited, you may think that you
will not be able to install the drive due to its size or length [13]. There are drives that are
designed to work in a confined space. Several manufacturers offer various forms of telescopic
actuators that can fit into any size environment [14-15].

Simulation
3D modeling and simulation calculations were performed in a virtual environment using
the Solidworks Simulation software and the Motion Simulation add-on.
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—e—Electric Linear Actuator Energy consumption

Figure 4 — Maximum effort drive in 2 seconds

Fig. 3 shows at what maximum effort the drive 40 N. By observing the graph, movements
from all directions have peaks of maximum values. In 2 seconds, the drives can move freely as
shown in the graph.

Conclusion

In this article, linear actuators convert rotational motion into pushing or pulling linear
motion, which can be used to lift, lower, slide or tilt the exoskeleton. Although the functions of
all linear actuators are the same, there are several different ways to achieve motion. The basis of
the linear drive design is an inclined plane. Linear actuators come in several configurations
suitable for any possible application, environment, setup, or industry.
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INMPUMEHEHUWE BOJTIOKOHHO-OIITHYECKUX JTATYNUKOB HA OCHOBE
BOJIOKOHHBIX PEHIETOK BPIOITA JJIA MOHUTOPUHI'A JTOPOXHOI'O
IHHOKPBITHUA

AHHOTa].[I/IH. Cratpga MOCBAIIICHA HCCICAOBAHUIO NTPUMCEHCHUSI BOJIOKOHHO-OIITUYCCKUX
JaTYUKOB Ha OCHOBE BOJIOKOHHOH PECIICTKU Bparra AJI1 MOHUTOPHUHIa OOPOKHBIX ITOKPBITHA.
BonokoHHO-onITHYECKHE JaTYUKHU Ha OCHOBE BOJIOKOHHOH pCHICTKH Bparra SIBIIIIOTCST HanOoJiee
NEPCICKTUBHBIMA  HWMHCTPYMCHTOM  JJIAA Bq)(l)eKTI/IBHOFO U O0JroCpovyHOro MOHUTOPHHIA
JAOPOXKHBIX TIIOKPBITHA B Pa3JIMYHBIX YCIOBUAX U IOJB3YHOTCA OOJIBIIINM CIIpOCOM  JIA
IMPOTrHO3UPOBAHNUA MEXAHUYCCKUX CBOMCTB W BO3HHUKHOBEHHUSI HOBpe)I()IeHI/Iﬁ JOPOKHBIX
MTOKPBITHH.

KaroueBnie ciioBa: MOHHTOPHHT, JOPOXKHOE TIOKPBITUE, BOJOKHHO-OIITHUYCCKUC
AaTYUKH, BOJIOKOHHBIC PCIICTKA Bparra.

AHHoTanus. Makana »on >kaObIHBIH OakbUlay VIIIH TaJIbIKTEl bparr TopbiHa
HET i3,I[CJ'Il" CH TAJIIIBIKTBI-ONITUKAJIBIK CCHCOPJIAPAbI KOJIAaHYAbI 3CPTTCYI'C apHaJlfaH. TaJ’II.HBIKTBI
Bparr TopbiHAa HETI3[ENTeH TANMIBIKTHI-ONTUKAIBIK CEHCOPJIap OpTYpJI JKaFmaiiapaa Ko
KaOBIHAAPBIH THUIM/II KOHE Y3aK Mep3iM/i OaKbUIayIbIH €H alABIHFBl KaTapiibl KYpaibl OOJBII
Ta651naz(51. TaJ'IHIBIKTI)I-OHTI/IKaJ'[BIK CCHCOPJIap MEXaHHUKAJIBIK KacneTTepi MEH XKOJI )Ka6LIHBIHBIH
3aKbIMIaHYbBIH 60n>1<ay YIJ_IIH YJIKCH CYPAaHBICKA UC.

Tylinai ce3gep: MOHUTOPHUHI, KON >KaOBIHBI, TAJIIIBIKTHI-ONTUKAIBIK CEHCOpIap,
TaJIBIKTBI BparT TopsL.

Abstract. The article is devoted to the study of the use of fiber-optic sensors based on the
fiber Bragg grid for monitoring road surfaces. Fiber-optic sensors based on the fiber Bragg grid
are the most promising tool for effective and long-term monitoring of road surfaces in various
conditions and are in great demand for predicting mechanical properties and the occurrence of
damage to road surfaces.

Keywords: monitoring, road surface, fiber-optic sensors, fiber Bragg gratings.
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