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Summary. Shape memory alloy (SMA) based damper device is presented in this paper. The device is
composed of pre-tensioned SMA wires and two pre-compressed springs which supply tension of the wires. Pre-
tensioned SMA wires provide the system reliability and good damping properties. After removing the external load
pre-compressed springs provide recovery of the device to its original shape. The calculation method of strength
and constructive parameters of the damping device is offered. The internal force, the maximal displacement value
and the pre-tension magnitude of SMA wires are defined. The maximum allowable internal force of the wires is
determined.
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Statement of the problem. At present the shape memory alloys (SMA) are increasingly
used in many industries due to their properties [1-6], depending on the temperature of
martensitic transformation and mechanical properties [7]. Because of its biocompatibility, high
mechanical characteristics and corrosion resistance [8-10] NiTi alloys are intensively used in
biomedical engineering. Due to the effect of pseudoelasticity [11] and high capacity of energy
dissipation [12], SMA are used in civil engineering [13-16]. Thus, it is efficient to use SMA as
a damper in structural elements subjected to vibration, resonance, oscillation and other cyclic
loads.

However, the use of SMA in vibration damper devices for transporting long-length
structures, taking into account the reliability of the device during continuous operation is not
sufficiently investigated.

Analysis of the available research results. At present, devices with shape memory
alloys are used in civil engineering to reduce damage during seismic loading [13-15] or to
reduce the amplitude of oscillations and increase the durability of structural elements [16]. Such
devices are designed for high amplitude and high frequency loading, but with a low loading
period.

The disadvantage of their use as a damper for the transportation of long-length structures
is the low reliability of the device during continuous operation.

The objective of the work. In order to ensure the structural strength of the damper
device, with the elements made from shape memory alloy, it is necessary to calculate its design
parameters, as well as to select load conditions, permissible load and force of the pre-tension
of the SMA wires.

Statement of the problem. Investigations of the damper device based on the shape
memory alloy are presented in this paper. The device [17] consists of pre-tensioned wires made
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of shape memory alloy and two compressed springs providing the wires tension. The pre-
tensioned wires made of shape memory alloy ensure the system reliability and good damping
properties. Pre-compressed springs provide the required restoring force after removing the
external load on the device to bring the device to its original shape. The method of calculation
of a damper device particularly the calculation of forces and displacements of damping and
restoring elements of the device in the initial state and at maximum loads is presented in this
paper. The stress value in the wires with SMA under the pre-tension is interpreted.
The results of the investigations

The design of the device. The offered damping device (Fig. 1) contains an axis 1 with
two side fixing systems 2 on it. Springs 3 and 4 are placed between these systems. The springs
are separated by a central locking device 5, the side mounting systems are equipped with
fastening sleeves 6 with apertures on which the cone 7 is placed with a conical sleeve 8, between
which the 9 SMA wires are locked. Each side fixing system is equipped with a cylindrical cage
10 with an inner ring stop 11 on one side and an inner thread 12 on the opposite side, in which
the ring 13 is threaded pressing the conical sleeve through the intermediate washer 14. The
threaded ring 13 of the left side fixing system is connected to the rod 15.
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Figure 1. Schematic diagram of the damper for transportation of long elements:
2D cross section view — a); 3D cross section view — b)

The principle of the device operation. Under the action of the initial conditions, the
central locking device 5 is in equilibrium condition, since the resultant force acting on the lock
of two compressed on both sides springs 3, 4 equals zero. In case of tensile loading of the
damper device through the rod 15 and the axis 1, the latter moves to the right and the locking
device 5, which is rigidly fixed on the axis, compresses the spring 4 and weakens the spring
tension 3. When removing the external force under the action of springs 3 and 4, the axle with
the central locking device 5 moves to the starting position reducing the tension forces of the
wires with the SMA. When reloading, the part of the energy of elastic deformation is scattered
in the SMA material due to the properties of pseudoelasticity.
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The scheme of the damper device in the initial state and under applied load P
determining the dimensions and displacements; Als is the displacement of the spring caused by
an external load; Alw is elongation of SMA wires is shown in Fig. 2.
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Figure 2. Device in initial state — a); under applied load P —b)

Each of the compressed springs installed in the device has a length I;, in the free state it
has a length of |; + Aly

N
All :%2 1 (1)

where N1 is the internal force of the springs after their initial compression when installed in
the device; k is the stiffness of the spring. SMA wires will be elongate with the same force.

Let us consider the simplified model of the damper device (Fig. 3). Here F: is the
response to the spring compression 1; F2 is the response to the spring compression 2; Fw is the
force of wires tension.

Figure 3. Schematic diagram of the device

F1 = F2 is in the initial state when there is no external loading (at P = 0).

Let us consider a certain deviation from equilibrium under the action of force P, applied
to the axis (Fig. 3). The response of the spring 1 when it is displaced by the value Als (Fig. 2)
is equal to the initial compression when installed plus the force caused by its subsequent
compression.
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Fl = N1’2 + kAIS . (2)
Spring response 2
Fo =Nyp —kAlg . 3

That is, the spring compression force is equal to the initial pre-compression when
installed minus the force caused by its elongation under the force P. In this case the condition
F2> 0 must be satisfied.

Let's make the projections of forces on the x-axis:

Fi—-F1-Fo+Fy—-P=0,
where Fw will be equal to

Fu=P+F, (4)

Let us consider the boundary states. It should be noted that the springs should be
compressed while the damper is working:
F1>0; F2>0.

Case 1

Let us consider the case (fig. 4) where the spring 1 reaches the maximum compression
under the action of the external force Pimax, While in the spring 2 the stresses are zero (F2 = 0).
Having done the projection of all forces on the x-axis, we have that the wires take up the internal
force equal to the external load.

F1 F1 ] FQ:D
é Pj max
Figure 4. Schematic diagram of the device for P = Pymay; F2 =0
Fmax = leax , (5)

where Fmax is the maximum force in the wires at which their elongation equals Almax .
Case 2.
When the spring under the action of the load external weight returns to its original shape

(the stock moves to the right), the compression strength is reduced in the spring 1, and the
compressive strength increases in the spring 2 (fig. 5).
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Pz masx 3

Figure 5. Schematic diagram of the device for P = Pomax; F1 =0

Pomax = F2i , (6)

where F2 is the limiting force of spring compression 2.
Let's write down the condition when the given case 2 is true

I:’Zmax = |:2I .
Fl :O '

Fl = N1’2 - kA|s| :0 .

Alg is limit compression of the spring 2 when the displacement of the spring 1 is equal to zero

N1’2 = kA|s| ,
N
Al =%=AI1. ©)

So the stresses in the first spring will equal zero, if it is stretched to value Al; from the
initial state when installed, and in its in turn, the second spring is compressed to the same value

Al1, from which we can write:

F2| = N1,2 +A|1k ,

defining N1 from equation (1), we get:

F2| = 2A|1k = 2N1’2 y (8)

If the springs 1 and 2 are the same then you can write:
Fu =Faps 9)

where Fy is the limiting force of spring compression 1.

Fig. 6 shows a force-displacement diagram presenting the pseudoelastic properties of
the SMA. The diagram consists of two areas: the area on which the material is in austenitic state
with the modulus of elasticity E1; the area where the austenitic-martensitic transformation takes
place with the modulus of elasticity E>. The SMA wires during the operation process will be
elongate by the value Alw:
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Fety (Pl

AIW :All +A|“ =
EAANnW EZAWnW

(10)

where Al, and Al,, are elongation of wires in the areas where the modulus of elasticity equals
E1 and E, respectively; 1, is the initial length of the wires; Aw is the wire cross section area; nw
is the number of wires; E; is the austenite modulus; E. is the martensite modulus; F. is the

limiting internal force in the wires when the elastic modulus is equal to Ei; Fw is the internal
force in the wires under the action of force P.

Fmax

Fu

A
F w

Al
Al"f A"'Z

.
lﬁ-"max
Figure 6. The force-displacement curve P-Al of SMA

A maximum elongation of NiTi shape memory alloy under which the pseudoelasticity
effect still remains is approximately 6% [11].
That is

Al max = 0.06Al,; , (11)

where Alyi is the length of the wires in stress-free state; Alw.max is the maximum elongation of
wires; Alw is the length of the wires at their maximum elongation.

Taking into account the fact that the device is designed for damping the oscillations
under the symmetric cycle as well as taking into account the deformation diagram of the SMA
(Fig. 6), we assume that when there is no external load, the initial relative elongation of the
wires is Alwo = 0.5Alw.max = 0.03 Alwi.

Formula (10), for the limiting elongation of the wires Alw can be represented as follows
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ol o | ol
Al =W w max 'w w 'w
wl = + -

E E, E,

, (12)

where omax IS the maximum stress in the wires omax < [o].
Now you need to relate the elongation of the Aly wires to the spring compression of the

Al
A Fo — Fo )l
S PN i @)
El A\N Ny E2 A\N Ny
We substitute the equation (3) in expression (4).
Now let us substitute the last expression in equation (13):
A P+Ny,—kal)-FM )
Al = —w +(( 12 =kAk) W)W. (15)

E1Awnw EZA\NnW

Expression (14) shows the dependence of the elongation of the wires on the compression
of the spring.

Assuming that the initial tension of the wires is equal to 3% from the initial length of
the wire, we can write down the initial force of the spring compression:

Npolw
Aly; =0.03l, = ———, 16
wi " TE AN, (16)
Ny 2 :M:O.OSEl ANy - (17)

IW
The expressions (16) and (17) are given for the case when N, , < Fo

Having formula (17), we can substitute it in expression (8) to determine the boundary
force:

Fo1 =2N;, =2-0.03E; A, N, =0.06 E; A, Ny, (18)

Conclusions. The damper device based on the use of the pseudoelasticity effect of the
shape memory alloys, which can be used for transporting long-length structures is offered. The
device consists of pre-tensioned wires made of alloy shape memory alloys and two compressed
springs, providing the wire elongation. The pre-tensioned SMA wires provides the system
reliability and good damping properties, and pre-compressed springs - restoring the device to
its original shape after removing the external load.

The techniques of calculating the strength and design parameters of the damper device
are offered. The internal forces and magnitude of the preliminary tension of the SMA wires and
the maximum of device displacement under the applied force are determined. The maximum
permissible internal forces in the SMA wires is also determined.
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These calculations of the structural parameters allow to provide the structural strength

of the SMA damper.
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PO3PAXYHOK KOHCTPYKTUBHUX ITAPAMETPIB
JAEMII®YIOYO0I'O MTPUCTPOIO I3 CII®

Ierpo Acuiii; Mukosa Kosicauk; Ouiekcanap KoHOHYYK;
Boaoaumup AcHin

Teprnoninbcokuu HayioHanrbHuU mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pe3tome. 3anpononosano Oemnyrouuii  npucmpiil, 3ACHOBAHULL HA  BUKOPUCMAHHI — e@eKkmy
ncesoonpyoicnocmi cnaasig i3 nam’smmio gopmu (CII®). [Ipucmpiii cknadaemucs i3 nonepeoHbo pO3MASHEHUX
Oopomie i3 cniagy 3 nam’sasmmio @Gopmu ma 080X CMUCHEHUX NPYJICUH, AKI 3a0e3neyyroms posmse Opomis.
Ionepeonvo posmsaeneni opomu 3i cnaasy 3 CII® 3abesneuyromv Halitinicms cucmemu i 0006pi demngyroui
671ACMUGOCMI, 4 NONEPEOHLO CIMUCHEHI NPYIUCUHU — 8IOHOBNEHHS NPUCMPOIO 00 NOYAMKOE020 NOJIONHCEHHS NICIA
SHAMMSA 306HIUHBLO20 HABAHMAICEHHS. 3ANPONOHOBANO MEMOOUKY PO3PAXYHKY MIYHICHUX [ KOHCMPYKMUGHUX
napamempis oemn@yiouo2o npucmpoio. Buznaueno 3ycunis ma 6eauiumy nonepeonvozo namsey opomie CII® ma
MAKCUMANbHE 2PAHUYHE 3HAYeHHs nepemiyjeHHs 1020 Npucmpoio nid O0i€l0 306HiUHB020 3yculns. Taxoic
BUBHAYEHO 2PAHUYHO OONYCMUME 3YCUNLIA Y OPOMAX.

Knwuoei cnosa: oemngyrouuil npucmpiii, KOHCMPYKMUGHI napamempu, Cniaé 3 nam ’smmio gopmu,
nCeBOONPYHCHICHb.
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ISSN 2522-4433. Bicuurx THTY, No 4 (88), 2017 ...ttt e ettt ettt 15



