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The aim of this paper is to evaluate the scale
factor influence in the modeling of shockproof
clothing on the basis of an alloy with shape
memory effect. The article considers technical
possibility of extrapolation of experimental
results to other objects to generate the initial data
of the mathematical model for dynamics of
elastic-plastic deformation of the shockproof
device with similarity of features of the external

loading.
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Introduction.

occupational safety” is currently in force in
Russia. However, the statistical data analysis in
this field shows the growth of professional
morbidity. It is revealed that the main cause of
occupational diseases is uncomfortable working
conditions, as well as the lack of or low efficiency
of personal protective equipment. Among the
protective equipment that has been successfully used
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YCIICIHO HNPUMCHAIOIINUXCA B HpO(bI/I.HaKTI/IKG
TpaBM, HGOGXO,Z[I/IMO OTMCTUTL NMPOTUBOYIAAPHBIC
HpI/ICHOCO6J'IeHI/ISI — HAaKOJICHHUKH, 3JIaCTUYHBIC
IIOBA3KH, a TaKXC IIJIaCTHHBbI IIJIaCTHHYATBIX

yOpPYyTrUMHU
DJIACTHUYHBIMHU OaHnakaMu. HemocrarkamMu Takux

pa3bEMOB, COEMHEHHBIE

MOJeNlell  CTalld  pa3Mepbl, CIIOKHOCTh |

JIOPOTOBM3HA  HCIIOJIHCHHUS,  HEBO3MOXHOCTh
yIOOHO M OBICTPO M3MEHATH MECTO (PMKCAIMU Ha
onmexe [1-4].

Mopean 3JIeMeHTAa
O1EXK/IbI.

ANIEMEHT OACKbI (puc. 1), mpencTaBisONMi U3

NPOTHBOYAAPHOTO
PazpaGoTanHbiii  MPOTHUBOYIAPHBII

ce0si Kpemsmyrocst C TMOMOIIBIO  3aCTEXKKH-
JUIYYKM W 3allUTHO-JEKOPAaTUBHOIO KJjaraHa
HaKJIaJKy, COJIEP’KUT OCHOBY B BUJE CIIUpAJIEH U3
HKBUATOMHOI'O THUTAaHO-HHKEJIEBOTO CIUIaBa C
apdexToM namsaTa Gpopmbl. OCHOBA BBHITIOJIHEHA B
BUJIC CIIMpalieil MPOBOJOKH IUIOCKOTO CEYEHHS C
pUCKaMM 10 BCEH JJIMHE M BKIIOYEHA WIN
MHTETPUPOBaHA B AJIACTHYHBIN J1e(OPMHUPYEMBIii
CWJIMKOHA.  JTO

9JICMCHT nus3 IIO3BOJIACT

OCYLIECTBUTH OTHOCHUTEJIBHYIO
IPOCTPAHCTBEHHYIO  (UKCALIMIO COHpaId B
OCHOBe, oOecneuuTh TpedyemMoe paccTOsHUE
MEXy BUTKaMHU CIIMPAJIH, a TAaKKE y4aCTBOBATH B
MOTJIOIIEHN dHepruu ynapa. OCHOBa C JIBYX
CTOPOH ITOKpBITA neppopupoBaHHOM
TEIJIONPOBOALICH JICHTOM Ha OCHOBE MEIHOIO
crutaBa, ¢ C- unm [1-00pa3HBIMH «IETIeCTKAMMUY.
C onHOW CTOpOHBI OHa CHa0XE€HA TEKCTUIHLHOMN
3aCTEXKKOU-IUITYYKOM, a C Jpyrod — TKaHb
UMEET IeNeBoe nepdopupoBaHue.

B kayecTBe SKCIEpUMEHTAIBHBIX MOJEIEH
IIPOTUBOYAAPHOIO MPUCTIOCOOTICHUS

UCIIOJIB30BaH  INPOTUBOYJAPHBIM  JIIEMEHT C

OTIpeNIeNICHHBIMU ~ TAa0APUTHBIMH  pa3MepaMHu:

TUaMeTp  COupaid, UIMpUHA W TOJIIMHA

IIPOBOJIOKH, IOar MEXAY BHUTKAMH H©W MCXKOY

CIUPAJISIMHU.

Safety of Technogenic and Natural Systems d 2017

for the prevention of injuries, such of them as knee
pads, elastic bandages, and plates of flat-like
connectors put together by elastic bandages should
be mentioned. The drawbacks of such models are the
size, complexity and high cost performance, the
inability to conveniently and quickly change the

place of fixation on clothes [1-4].

The model of shockproof clothing. The
designed shockproof item of clothing (Fig. 1),
which is a plate fastened by a hook and pile
fastener and a protective-decorative valve,
contains the basis in the form of spirals of
equiatomic titanium-nickel alloy with shape
memory effect. The basis is made in the form of
wire spirals of flat cross-section with marks along
the entire length and it is included or integrated
into the silicone deformable elastic element. This
makes it possible to have the relative spatial
fixation of the spiral at the base, to provide the
required distance between the spiral turns, as well
as to participate in impact energy absorption. The
both sides of the base are covered with perforated
thermally conductive tape based on copper alloy,
with a C - or U-shaped "petals”. On the one side it
has textile hook and pile fastener, and on the
other side the fabric has slit perforation.

As experimental models of shock devices we
have used the shockproof element with specific
dimensions: spiral diameter, width and thickness
of wire, spacing between the turns and between

the spirals.

http://bps-journal.ru/ 13
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1.
3IIEMEHTA OJICHKIBI:

1 — mpoTHBOYIAPHBIH DIEMEHT; 2 OASKIA;
3 3acTeXKa-numnydka, 4
JICKOPTHBHO-3AIIUTHBIN  KJIaMaH;

Puc. Cxema KpeIwieHHS TNPOTHBOYIAPHOTO

TKaHEBOH

5
MIPOTUBOYAAPHOTO DJIEMEHTA OJICHKIBI;

OCHOBa

6 — crnmpayiv IPOBOJIOKH CEUCHHMS;

7 — CUIMKOHOBBIN 1e(hOPMHUPYEMBIH STIEMEHT;

8 — BuTku chupand; 9 — TEIUIONPOBOIAINAS
10 «JICTIECTKU»  TEIUIOMPOBOAIICH
neHTsl; 11 — TKaHb C MIEEBBIMU OTBEPCTHSIMH,

JIEHTA,

12 — mieneBoe nepGopupoBaHUe TKAHU

P P P Vil i

O e

"

ur. 3

Fig. 1. Scheme of fastening of shock-proof item of
clothing:1 — shockproof element;
2 — clothing; 3 — hook and pile fastener; 4 — textile
protective-decorative valve; 5 asis of the shockproof
item of clothing; 6 — cross section wire spirals;
7 — silicone deformable element; 8 — spiral turns;
9 — heat-conducting tape; 10 —"petals” of the heat-
conducting tape; 11 — fabric with slotted holes;
12 —fabric slit perforation

Ilpumenenne  macmraGuoro  gakropa. The application of the scale factor. After the
Ilocne  obpaboTku  psima  pesymbTaToB  processing of a number of results of experimental
JKCIIEpUMEHTOB 00pa3uoB Ha OCHOBE

samples on the basis of equiatomic alloy with

SKBHATOMHOTO cIiaBa ¢ 3(pdexkToM mamsITh

dbopMBl  TIOJTyYEeHA
KOMILJIEKCOB, ~ KOTOpPbHIE  JIOCTaTOYHO
OIKCHIBAIOT YIPYTOIIacTUYeCKHe JeopManuu

CUCTEMA

CymiecTByeT
nepeHoca

NpUHOUIIHAJIbHAA

pe3yiabTaTOB  AKCIEpPUMEHTa

0e3pa3MepHBIX
TIOJTHO

BO3MOXHOCTb

shape memory effect, we obtained a system of
dimensionless groups that adequately describe the
There the
possibility of transferring the results of the

elastic-plastic  deformation. IS

Ha

le
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PCATBHBIC MPOTUBOYAAPHBIC 3JICMCHTEI.

Jis  monydeHus pe3ylbTaTOB C  y4ETOM
BIUSHUSI MacmTaOHOTO (akTopa TMPEICTaBUM
pe3yNbTaThl Mozene B BUAE
COOTHONICHUH MEXIy KPHUTEpUSIMH ToaAo0us |5,

UCHBITAaHUN

6]. B xauecTBe XapakTEpHBIX TapaMETPOB MOXKHO

PACCMOTPCTh: JJIUHY IIOT'OHHOI'O ydacCTkKa,

panuyc
CKpy4MBaHUs crupaiel R, BeIM4YMHY BHEIIHETO

HOJBEPIKEHHOTO  Bo3xeicTeuio |,
IIOTOHHOI'O (Ha G,Z[I/IHI/II_Iy ,Z[.HI/IHBI) CHUJIOBOT'O
Bo3gercTBusa  F,
TUHEHHON  nedopMalui  AKCIIEPUMEHTATBHON
MPOTUBOYAAPHOTO

BCIIMYUHY OTHOCHUTEIIbHOMU

MOJIENIU ycTpoucTBa ¢,

BEJIMYUHY OTHOCHUTEIbHOU JIMHEWHOM
nedopMaiuu

YCTpOWCTBA B YNPYrod 30HE ¢, MHTErPaIbHBIN

MOJEIHN MPOTUBOYAAPHOTO

npenen  OPOYHOCTH — MaTepuajgoB  MOJETH
MPOTUBOYAAPHOTO YCTPOMCTBA B 30HE YHPYrou

nepopmanmu G,  WHTErpa’mbHBIA  Tpeaen
POYHOCTHU MaTepHaoB MOJeNn
POTHBOYJAPHOTO yCTpPOHCTBA B 30HE
yhnpyrormiactuueckoi  nepopmanuu  @. B
pe3yapTaTe  IMOJIy4YUM  CIEAYIOUIMM  CIHCOK
OCHOBHBIX ITapaMETPOB:
F.ILR G, &, ¢, ¢, (1)
PasmeprocTH IpeCTaBuM, COTJIACHO

U3BECTHBIX 3aKOHOB U TEOPUU NOJO0Ms, B BUJC
MaTpuusl [7]:
211 -1 -1
100 1 1 2)
-2 0 0 -2 -2
bespa3mepHble mapaMeTpsl @ U ¢ B JaHHBIH
OIIPEIEIUTEND HE BKIIIOUEHBI.

BaxHo omnpenenutsb
0e3pa3MEepHBIX  3aBHCHUMOCTEH,

YHCIO  HE3aBHCHUMBIX
CBSI3aHHBIX C
naHHOW Marpuueil. OHO paBHO N—r=5-2=3,
rae I — paHr MaTpuIlsl (2).

Uto0sl
KOMILIEKCOB

co3laTh cHCTeMy Oe3pa3MepHBIX
npeodpazyem
CIEAYIOLIUNA BUA:
10 -1 0 -3
01 0 0 -1 3)

00 1 -1 O

MaTpuiy B

Safety of Technogenic and Natural Systems | 2017

experiment on real shockproof elements.

To obtain the results with account to the scale
effect let’s present the results of the models tests
in the form of correlations between similarity
criteria [5, 6]. As characteristic parameters we
can consider the length of the impacted linear
area |, the twisting spirals radius R, the amount of
external linear (per unit length) force action F, the
value of relative linear deformation of the
shockproof device experimental model ¢, the

value of relative linear deformation of the
shockproof device experimental model in the
elastic zone ¢, , the integral tensile strength of

materials of a shockproof device model in the
zone of elastic deformation G, the integral tensile
strength of materials of a shockproof device
model in the zone of elastic deformation @. As a
result we get the following list of basic
parameters:

F.I,R,G, @, ¢, o, Q)

The dimensions are presented, according to
the known laws and theories of similarity, in the
form of a matrix [7]:

2 11 -1 41
100 1 1 2
-2 00 =2 2

Dimensionless parameters ¢ and ¢, are not

included in this.

It is important to determine the number of
independent dimensionless dependencies
connected with a given matrix. It is equal to
n—r=5-2=3, where r is the rank of the matrix
(2).

To create a system of dimensionless groups
let’s transform the matrix in the following form:

10 -1 0 -3
01 0 0 -1 3)
00 1 -1 0

http://bps-journal.ru/ 15
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Hcnonb3yst (3) W HEUCINONB30BaHHBIE paHEE
YIJIOBBIE BEIMYMHBI ¢ U ¢, IHPEICTaBUM

cuctemMy Oe3pa3MEpHBIX KOMIUIEKCOB TeIleph B
dbopme KpUTEpHUEB MOI00MS:
F I G
—, [, ==, II,=—,
GR* " R Y o
I, =¢, I =¢p. 4)
WNuBapuanTtHOCTh KpuTepueB moaoowus 17, I1;,
., Ils mms mMomenu W HATYpPHI, PaBHOCHIIbHA
TpeOOBAHUIO F€OMETPUUYECKOTO moao0us
00BEKTOB.
IIpu stom II; MOXHO paccMaTpuBaTh Kak

IT, =

M3BECTHBIM  3aKOH 1OAO0OMS, aHaJOTHYHBIN

dbopmynupoBke  KuprnuueBa-bap6a-Kuka [7].

[eomerpuyeckue momobubie |/R=const u

HOI[OGHO Harpy>KC€HHbIC BHCIIHUM IIOTOHHBIM
CHJIOBBIM BO3HeﬁCTBH€M F us OOAHHUX TE€X XK€

MaTepHuajoB MOJIy4aroT OJIMHAKOBEIC
KacaTeJbHbIe  HAmpsDKCHUST W CIIBUTOBBIE
nedopmaruu,  €cad  BEIWYMHA  BHEIIHETO
IIOTOHHOT'O CHJIOBOTO BO3JICHCTBUSA F

MIPOTOPITMOHAIBHA PauycaM CITHpaJICH.

[IpuMeM B KauecTBE OCHOBHOT'O XapaKTEPHOIO
pazMepa paauyc cnuvpaied R u BbIpasuMm IIMHY
ITOTOHHOT'O y4acTka, MOABEP>KEHHOTO
Bo3zeiicTBuio | skcrnepumenTansHOro odpasima 1

Y HaTypbl 2 4epe3 OCHOBHOM:

L=KR, i=12. (5)
[ToaTOMY MO>KHO NPEATION0KHUT, UTO:
I1 |2
R R, = ° ©

[Tonp3ysicek (6), MOKHO TIPEACTABUTH CHCTEMY
YpaBHEHUW yYOPYTroIIaCTUYECKOU aedopmaruu
Mojieneit B popme

F="D, i=12, ..
2K

GR’ ., ¢ <y

Di - Gi Ri3 {i(q)m - 4(I)3::i j '
3 ¢,

Py g )1 0a |, bu
+Gi ((I)| (I)nl)(l ¢‘;3 J+ ¢|3 :|’ (I)i 2(I)ni' (7)

reOMETPUUECKHU

BBegem s IOOOHBIX

oOpa3uoB 1 u 2 MacmTabbl paguycoB crupaiei
JIMHENHOHN

Rp, BCIWYMHBI  OTHOCHTCILHOM

Safety of Technogenic and Natural Systems d 2017

Using (3) and the unused previously angular
values ¢ and ¢, let’s consider a system of
dimensionless groups in the form of similarity
criteria:

H4=(|)' Hsz(l)n' (4)

The invariance of the similarity criteria IIj,
I, ... , IIs for the model and a sample is
equivalent to the requirement of geometric
similarity of objects.

Thus IT; can be regarded as a well-known law
of similarity, similar to Kirpicheva-Barba-Kick
formula [7]. The geometrical similar ones

I/R =constand similarly loaded with an external

I,

linear force action F of the same materials receive
the same shear stresses and shear strains, if the
value of the external linear force F is proportional
to the radii of spirals.

Let’s take the radius of the coils R as a basic
characteristic dimension, and express the length
of the linear area exposed to the impact | of the
experimental sample 1 and the model 2 through
the main one:

L=KR, i=12, (5)
Therefore, we can assume that:
Il I2
RS (6)

Using (6), we can represent the system of
equations of elastic-plastic deformation of models
in the form of:

F="D, i=12 ..
2K

G R, ¢ <y

Di - Gi Ri3 {i[q)m - 4(I)3::i ] '
3 ¢

Py g ) 1% |, du
+Gi (¢| (I)nl)(l (I)IS )4_ ¢|3 :|1 d)i 2 d)ni ' (7)

Let’s introduce for geometrically similar
samples 1 and 2 the magnitude of the radii of the
spirals Ro, the value of relative linear deformation

http://bps-journal.ru/
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nedopmMaruu UHTETpalibHble  IpeJieibl

o »

IMPOYHOCTHU MaTcpuaJioB MOACIHN

IIPOTUBOYAAPHOIO YCTPOMCTBA B 30HAX YIPYrou
U ynpyromiactuueckon aepopmanuii G, nu @,

G
21 0y = _1' G, =—
2 b, G,

@1 ¢n1

P, =52? o = .. (8)

[Ipy »>TOM OrpaHWYMMCS PAcCCMOTPEHHUEM
YCJIOBHSI BHEIIHEIO HArpy:K€HHUs MOJEIEH, IIPHU
KOTOPOM OCTAalOTCSl TIOCTOSIHHBIMUA OTHOIICHHS
HpI/I.HO)KeHHBIX BHCIIIHUX IIOT'OHHBIX CHJIOBBIX
BO3JICHCTBUIL:

F
—L =F, =const. 9)
I:2
[Monb3ysace  macmrabamu  (8), yciaoBueMm
IPOCTOTO  HAarpyXeHusi TOPCUOHOB (9) wu

TreOMETPHUYECKUM TOJO00MEM, MOXHO MPHIATh
ypaBHeHHsIM (7) OKOH4YarenbHyl (opMy B
0e3pa3zMepHOM BHUJIE:

F.F _ T9y%,
G,R:G,R} 2K

4 (¢no¢n2 )4

A ¢n0¢n2 - 3 +
3 [ 4 (¢HO¢H2 ) J
F F, b4 D,D,

—2 2 = +
GO ROSGZ R23 2K G G ((I)O(I)Z ¢HO¢H2)X

{1 ($)’ , (B )“]
U 4(0,0.)° &mﬁj
npu b, >, b, ;

R _m,

mpu Go, <, -
(10)

(11)

(12)

2K

¢,, the integral limits of shockproof device

models material strength in the areas of elastic
and elastic-plastic deformations G, and @,

_R 9.~ _G.
RZ ¢0 (I)Z GZ ’
_P O
¢0 - ¢2 ’ ¢"° - (I)HZ . (8)

Thus we restrict ourselves to consideration of
the conditions of models external loading, at
which the relations of the applied external linear
force impacts remain constant:

it =F, =const.
F2

(9)

Using scales (8), the condition of simple
loading of torsion bars (9) and the geometric
similarity, it is possible to give equations (7) their
final form in the dimensionless form:

=—— IIpHU < N
GZ R23 p ¢2 (I)HZ
d 2

% %j
- ¢n2__3 + (¢2_¢n2)x
Fo_x |30 4G, )

x[l—d)—if}%r(b—%
i b, ) 9

npu ¢, 2 ¢, .

B Tom cnywae, ecnm wMacmraber (8) He
SIBJISIIOTCSI TIPOM3BOJIHBIMH, @ BBIOPAHBI TaKUM
o0Opa3om, 4To

FO FZ — nd)o(l)z
GOR(‘;’GZR;3 2K npu oy, <., - (10)
4 XN)
o ¢n0¢n2 - 3 +
3[ M%%J
_FRR _n| 9P la
GORSGZR;3 2K +G G, (¢0¢2 ¢n0¢n2)
X@( )(%%w
U 4(0000) (d00)”)]
with ¢,0, >0, b, ;
R _m, ,
G2R23 - 2K 1pu ¢2 <¢n2: (12)
EI A TV
F, _n 3(4)“2 4¢2]+GZ (q)z ¢n2)x W
GzR; 2K X(l_@]_i_%
L ¢2 (I)z
with ¢, > ¢,,.

In case if the dimensions of (8) are not
specified, but chosen in such a way that

http://bps-journal.

ru/
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Fo =1; ﬂzl’ &:1’ |_0:11 (14) FO =1; ﬂ:l, &:1, |_0:11 (14)

GO Rg (I)no ®O RO
onnoumennsle ypaBHeHus (10) u (12), (11) u (13)
TOXJECTBEHHO coBnaaarT. CooTHomenus (14)
opu  9TOM

IIO3BOJIAIOT 1o 3aJJaHHbIM

XapaKTEepUCTHKaM OJHOrO o00pasla MOJyYUTh
XapaKTepUCTUKU JIPYroro
epepacueToM.

HetictBurensHo, coriacHo (8) u (14)

3
F_F.F [G
1 _ b —1{—1}{&} ... (15)
G].Rl GZRZ F2 G2 RZ

B cooTtBercTBUM ¢ ycioBusiMu momaobus (4),
00paboTKa pe3ylbTaTOB MCIBITAHUN Mojeme
TOPCHOHOB TPOM3BOAMIACH B KPHUTEPHATHHOMN

F | @
GR® f(E’E’(b’ d’“j' b

OKCHEPUMEHTaX  C  MOACTSIMH  OOpa3loB
IIPOTUBOYAAPHBIX YCTPOMCTB, BBHIIIOJHEHHBIX Ha
ocHoBe cruiaBa ¢ 3 dexrom namsata Gopmsl [8],

MIPOCTHIM

dopme

BapbUpOBAJIOCh  Oe3pa3MepHOE  OTHOIIEHUE
I, = R OcranbHble  KpUTEpUH  NOA00HS
COXpaHsUIN IIOCTOSIHHOE 3HAUEHUE:

IT,=0,1, I, =TI, =0,56.
HECKOJIBKHX OIIbITOB, JJII OTMCYCHHBIX Ha PHC. 1

(MKCUPOBAHHBIX 3HAYCHHUH KPUTEPHUEB MOI00MS,
HOCTPOEHO MPOCTOE KPUTEPHUAITBEHOE YPaBHEHNE

= (7)
_=f =]
GR R

yMeHbllleHuss mapametrpa Il

ITo pe3ynbTaTam

ITo wMepe

HENMUMHEHHbI  3pdekT OoT  IIaCTHYECKOro
YIIPOYHEHUS BBIPOXKIAETCSl.

OTMEYeHO YIOBIETBOPUTENHHOE COBIA/ICHUE
KpUTEPHUEB B 3aJIaHHOU obnactu
nehopmupoBanus. HecoBnageHus it MOJEIBHBIX
00pas1oB cocTaBisaoT He Oosee 15 %. OHu MoryT
ObITh OOBSCHEHBI PpA3IMYUEM HEJIUHEHHOCTH
YIIPOYHEHUS npu YIPYTOMIaCTHYECKUX
negopManusax B MOJEISIX Ha OCHOBE CIUIaBa C
(dbeHoMeHaTbHBIMU CBOWCTBaAMHU. HenmmHEHHOCTH
KPUTEPHAIBHON 3aBUCUMOCTH B JaHHOM cCIly4ae
ABIISIETCS CIIECTBHEM OCOOEHHOTO U CIIy4alHOTO

XapakTepa BHEIIHHUX CHJI, IPUIOKEHHBIX K

GOROS (I)no ®O RO
the homogeneous equations (10) and (12), (11)
and (13) identically coincide. The relations (14)
allow with simple recalculation get the
characteristics of a sample using the specified
characteristics of another.
Indeed, according to (8) and (14)

3
F _F R [G]R
-5 BOTRT
GlRi GZRZ I:2 GZ RZ

In accordance with the similarity conditions
(4), the processing of tests results of torsion bars
models was done in criterial form

F | @ :
—=f|=, =, 0, . In the experiments

with shockproof device model samples made on
the basis of an alloy with shape memory effect

[8], dimensionless ratio IT, = 1 varied. The other

similarity criteria were constant:
I1,=0,1, I1, =TI, = 0,56 . Based on the results
of several experiments for the marked in Fig. 1
fixed values of similarity criteria a simple
criterion equation was made

(%)
==
GR R
With decreasing of the parameter II, the
effect of the

nonlinear plastic hardening
degenerates.

The satisfactory criteria coincidence in a
specified region of deformation was found.
The noncoincidence for the model samples is
not more than 15 %. It can be explained by the
difference of non-linearity hardening at
elastic-plastic deformations in the models on
the alloy with phenomenal properties.
Nonlinearity of the criteria dependence in this
case is a consequence of special and
occasional nature of the external forces applied

to models.
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MOJEISAM.

IIpy  ucnelTanuum  MoJened  U3MEHEHHE
TEMIEpaTypbl HarpeBa OO0pa3lOB TaKkKe MOXKET
CYILIECTBEHHO BJIUATh HA MEXaHUYECKUE CBOMCTBA
criaBa ¢ dddexrom mamsata Gopmbl. Bribop
ONTUMAJIbHBIX

YIOPABICHUM U  I[apaMeTpOB

MojJelel  MpoBeAEH  NpU  BapbHUPOBAHUU

I, R, ¢;, G Takum oOpa3om, 4TOOBI OOECHEUNTH

U3MEHYMBOCTb KpuTepue nonodus 11, u I1s.

=
GR®

During models testing the heating temperature
changes of samples can significantly affect the
mechanical properties of the alloy with shape
memory effect. The choice of optimal controls
and parameters of the models were conducted by

varying I, R, ¢,,, G to ensure variability of the

similarity criteria IT, and ITs.

0,4 \"

0,1

2 4

|
6 8 R

Puc.2 DxcnepuMeHTanbHbIe 3HaYeHUS 0e3pa3MepHOM CHIIOBOH XapaKTepUCTUKU

MoJeneil B KpUTEepHaIbHOH hopme

Fig.2 Experimental values of the dimensionless power characteristics of the models
in criterial form

OO6paboTtka
JIana3oHe

SKCIIEPUMEHTOB B  HIMPOKOM
TeMIeparyp  IpOBOAWJIACH B

GR® R

Ha puc. 2 mpexncraBieHbl pe3ysbTaThl
WCTIBITAHUN MOJIEJIEd B IIMPOKOM JHara3oHe
TeMmreparyp npu (UKCUPOBAHHOM OTHOIICHUH
I1,=512, 11,=0,1, I1,=153. Monenun
BBITMIOJTHEHBl B OCHOBHOM W3 THUTaHO-HUKEJIEBOTO
craBa ¢ addextom mnamsatu Gopmel TH-1 u
MOJIMYPETAHOBON OCHOBBI.

KpUTEPHATIBLHON (opme F =f (L 4)11]-

Experiments processing in a wide temperature
range was carried out in criterial form

F !
GR® f(ﬁ’%j'

Fig. 2 shows the results of models testing in a
wide range of temperatures with a fixed ratio
I1,=512, 11,=0,1, 11, =1,53. The models are
made mainly of titanium-nickel alloy with shape
memory effect TN-1 and a polyurethane base.
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Puc. 3. DxcniepuMeHTanbHAS 3aBUCUMOCTE 3HaUEHUH O€3pa3MepHON CHIIOBON XapaKTEPUCTUKH MOIEITH

-1p-3 o
I, = FGR™ ot Bennuunnsl oTHOCHTENbHOM Aedopmarmu T1, = ¢

Fig. 3. The experimental dependence of the values of the dimensionless power characteristics of the model
I1, = FG 'R °on the value of relative strainIT, = ¢,

3akmouyenue. Takum oOpa3oMm, OIeHKa
BIIUSTHUS MacimTabHOTro daxTopa pu
MOJICIIUPOBAaHUH  TPOTUBOYAAPHOTO  AJIEMEHTa

OJICKJbl Ha OCHOBE CIIIaBa C (PQPEKTOM MaMsATH
dbopmbl 00yCIIOBIMBAET TEXHUYECKYIO
BO3MOXXHOCTh ~ JKCTPANOJSIIIAA  PE3yIbTaTOB
OKCIEPUMEHTAIBHBIX HCCIICOBAHUN Ha WHbBIE
O0O0BEKTHI 11 (POPMHUPOBAHUST UCXOHBIX JTaHHBIX
MOJIENN

MaTeMaTHYeCKOM JUHaAaMHKU

negopmanuu
NPOTHBOYJAPHBIX YCTPOMCTB MNpHU COOIIOICHUH
1010011 OCOOCHHOCTEN BHEITHETO HATPYKEHHUS.
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Conclusion. Overall, the estimation of scale
effects in modeling of a shockproof item of
clothing on the basis of an alloy with shape
memory effect leads to technical ability of
extrapolation of experimental results to other
objects to generate the mathematical model initial
data of the of
deformation of the shock-proof device with a

dynamics elastic-plastic

similarity of features of the external loading.
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