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[pu pazpaboTke POTUBOYIAPHBIX
MPUCIIOCOOTICHUI JUTs pabOTHHUKOB,
IoABCPTraroIInXCs IMOBBIIICHHOMY PUCKY

TpaBMaTU3Ma, BA)XHO YMCHBIICHUC Fa6apI/ITHI>IX
pa3MepoB  YCTPOMCTB IIPU COXPAHEHUH UX

3Hepronornomalomel71 CIIOCOOHOCTH.
HpezmaraeMoe aBTOpaMH TCXHHUYCCKOC
PCUICHUC JJIA HpOTHBOY,Z[&pHOfI 3allIUThI

KPYIIHBIX CYCTaBOB, B COCTaB KOTOPOTO BXOJIMT
OaHaX B BUAE CHOUpaled U3  yIpyro-
IUTACTUYECKOT0 MaTepuana, ¢ 3ppexToM namsTu
(GopMbI, TO3BOJISIET JOCTATOYHO IPPEKTUBHO
MPeOTBPALATh TPABMbI MOAJIEKAIUX TKaHEH U
MOXKET OBITh NPEUIOKEHO K MPUMEHEHHIO B
chepe Tpyna
MPEeIOTBPATUMBIX MOTEPh W TpaBMaTU3Ma MpU
yaapax. B
MHHOBAI[MOHHOM

MPUCIIOCOOJICHUN TPUMEHSIETCS SKBUATOMHBIN
TUTaHO-HUKEJIEBBIN CIUIaB, o0naaromui
ONTUMAJIbHOU TEMIIEPATYPOI (a3oBbIX
NEepexoioB,  KOTOpble  HEOOXOAMMBI  JUIs
BOCCTaHOBJIEHUS (Gopmbl. OMBITHOI MOJEINbI0
SBWJIOCh TEXHUYECKOE PEUIEHHE IMPOTUBOYIAp-

OXpaHbI JJIsL CHMXKCHUA

TOJIYKAaX U MPEIJIOKEHHOM
MPOTUBOYJAPHOM

HOro HpI/ICHOCO6J'IeHI/I$I, B COCTaBE€ KOTOpPOro
IIOMUMO 6aH)1a>I<a OPpCATTOKEHBI JJICKTPHYCCKUC
KOHTAaKTbhl Ha KOHIax

criupanend. JlanHas

TEXHOJIOTUS ~ TO3BOJIIET  IMpPH  BHEIIHEM
BO3JICHCTBUM (TOJYKAX, yAapax) IJIaCTHYECKU
nepopMUpPOBaTLCS C TOIVIOIMIEHUEM SHEPTUu
ylapa, a 3aTeéM BOCCTaHaBJIMBaTh HMCXOJHYIO
dopmMy, B TOM 4Hcie 3a CYET Harpesa

SJICKTPUYCCKUM TOKOM.
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An important direction in the development of
the shockproof devices for occupations
connected with an increased risk of injury is
the reduction of their overall size with
maintaining their energy absorption ability.
The authors offer a technical solution to
shockproof protection of large joints, which
consists of a band made of coils of an
elastic-plastic material with shape memory
effect that can effectively protect people
from injury and can be used in the field of
occupational safety to reduce injuries from
shocks or jolts. In the proposed shockproof
device the authors used equiatomic Nickel-
Titanium alloy which has acceptable
temperature phase transitions which are
necessary to restore shape. As an
experimental model the authors adopted the
technical solution of the shockproof device,
in which in addition to the band the authors
used electric contacts at the spiral ends. This
solution allows the punches to plastically
deform with the absorption of the impact
energy, and then recover the original shape,

also due to the electric heating.

s 52 1

http://bps-journal.ru/



mailto:OVD63@mail.ru
mailto:ae_ponomarev@mail.ru
mailto:iaponomareva@sfedu.ru
mailto:OVD63@mail.ru
mailto:ae_ponomarev@mail.ru
mailto:iaponomareva@sfedu.ru

Safety of Technogenic and Natural Systems d

/ N F

ACT - Nel
2017

KuioueBbie cJioBa: TpaBMaTu3M,
MPOTUBOYJApHAs 3allluTa,
MIPOTUBOYJAPHOE YCTPOHCTBO, 3(h(DEKT maMatu

(hOpMBbI, TUTAHO-HUKEJIEBBIH CILIaB.

3amguTa CyCTaBOB,

AKTYaJIbHOCTh M NMOCTAHOBKA NMPO0OJeMBbl.
B JOKYMEHTaX, peraaMeHTHUPYIOIIHNX
HepCreKTuBel pa3Butus P®, ykasbiBaercs, 4TO
OJTHOW M3 OCHOBHBIX MPOOJIEM rOCyIapCTBEHHOM
CTpaHBbI
IIpOrpeccupyromas TPYyAOHEIOCTaTOYHOCTh U
OKH/Ia€MO€ yMEHbIIeHHe B OyayleMm J10Jau
TPYAOCTIOCOOHOTO HAaceJlieHUs B €ro oomiei

0e30macHOCTH HaIeu SABJIACTCA

guciaeHHoctn [1]. B Hacrosmmii MOMEHT B
OCYIIIECTBIISICTCS peanu3anus
HanuoHansHOro crangapra ['OCT P 54934—
2012 «CucreMbl MeHEIXMEHTa O€30II1aCHOCTH
TpyZla U OXpaHbI 3JI0POBbS», OJHAKO, CYIS IO
opUIIMaTBLHBIM JaHHBIM, TTOKA HEJIb3sI TOBOPUTH
npodzadoneBaemoct. B

Poccun

(0) CHUXKXCHHUU

YaCTHOCTH,  YKa3bIBACTCA, UYTO O,Z[HOfI nu3
OCHOBHBIX IIpUYHMH  PpPOCTa HpO(i)HaTOJ'IOFI/II/I
SABJIIIOTCA  HCONTUMAJIBHBIC  YCJIOBUA Tpyda

IIEPCOHANIA, OTCYTCTBUE HAa INPOU3BOJICTBEHHBIX
00BEKTaX COOTBETCTBYIOIIMX YCIOBHH Tpyaa [2,
3]. 3HauuTenpHOE MECTO B MPOQecCHOHATBHON
3a00JIeBa€MOCTH 3aHHMMaeT NpoQNaToiorus u
TpaBMaTU3M KpYIHBIX CyCTaBOB II€PCOHAA.
Tak, oxono 15 % cranuoHapHBIX MAIMEHTOB
OpTOIE0-TPAaBMATOIOTMYECKUX OTJIEJICHUN
COCTABJISIIOT OOJIbHBIE C MATOJOTHEH KOJIEHHOTO
cycraBa, IIpUYEM OTO,
TpynocmnocoOHoro Bo3pacta [4]. B mpodeccusix,
XapaKTepU3YIOIINUXCS
BEPOATHOCTH TPAaBMAaTU3Ma, CYIIECTBYET PHUCK

KaxK TIIpaBWJIO, JIMIIA

HaJIMunueM BBICOKOM
MOJTydeHUs] Ha pabodeM MecTe MOBPEKICHUS
ONOPHO-JIBUTATENBHOTO ammnapara. B HayyHOH
JIUTEpAType CIOPTUBHOTO M MEIULIMHCKOTO
HAaINpaBJIECHUSA 4To npu
JMHAMUYECKUX HArpy3kax B MOMEHT IPBIKKOB,

OTMCYACTCA,

MaJICHUN, MIPU3EMIICHUN Ha OpraHu3M
BO3JICUCTBYIOT  IIATHKPATHBIE  IIEPErPY3KHU.
HenpaBunbHoe mnpuzemiieHHe, OCOOEHHO B

COBOKYITHOCTU CO CKPYYHBaHHEM B KOJEHHOM
CyCTaB€, KaK IIpaBUJIO, MNPUBOAWUT K TpaBMaM
CyCTaBOB, YTO OOYClaBIMBaeT B
OyaymeM yxXyalleHue TPYIOCMOCOOHOCTH U

Ba’XHBbIX

Keywords: injury, shockproof protection,
joint protection, shockproof device, shape
memory effect, Nickel-Titanium alloy.

Problem statement and relevance. The
documents regulating the development
prospects of the Russian Federation state that
one of the main problems of national security
of our country is a progressive lack of labor
and the expected reduction in the future
share of working-age population to its total
population [1]. Nowadays Russia sees the
implementation of the national standard
GOST R 54934-2012 "Occupational safety
and health management systems". However,
judging by the official data, it is impossible
to talk about the reduction of occupational
morbidity. In particular, it is stated that one
of the main reasons for the growth of

occupational  diseases is  non-optimal
working conditions of staff and the lack of
relevant conditions on the production

facilities [2, 3]. A significant place in the
occupational illnesses is  occupational
pathology and staff large joints injuries. So,
about 15% of in-patients of orthopedic and
trauma departments are patients with knee
joint pathology, and they are usually of
working age [4]. In  occupations
characterized by the presence of the high
injury probability, there is the risk of getting
on-the-job musculoskeletal system injuries.
Scientific sports and medicine literature
notes, that the body is exposed to five-fold
overload by dynamic loads at the moment of
jumping, falling and landing. The wrong
landing, especially in combination with
twisting of the knee joint, as a rule, leads to
important joints injuries, which lead to the
future deterioration of work capacity and
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Ka4yecTBa KU3HU [5].

s npounakTUKU
CYIIECTBYET
Pa3IMYHBIX 3alIUTHBIX CPEICTB, U3 KOTOPBIX
HanOosee yHIOOHBIMU SIBISIFOTCS HAKOJCHHUKHU
[6]. B HacTosimuii MOMEHT NPUMEHEHHE TaKUX
3alUTHBIX YCTPOICTB OTMEYAeTCsl TOCTATOYHO
penko (3a HCKIII0YEHUEM CopTcMeHOB). Kpome
TOTO, BBIJIEISETCS HEIOCTATOYHO CPEICTB JUIS
obecrieyeHus 0e30MmacHOCTH OCHOBHBIX
CyCTaBOB B npodeccusx, KOTOpBIE
XapaKTePU3YIOTCSI TIOBBIIIICHHONH BEPOSTHOCTHIO

TpaBMaTu3Ma

JOCTAaTOYHOC KOJIMYCCTBO

TpaBMaTH3Ma, a TaKXe PEeIKO MPUMEHSIOTCS
MEPCIIEKTUBHBIE TEXHUYECKUE YCTPOWCTBAa Ha
MaTepUajoB
nemmdupyromieit cnocodoHoctu [7].
[Ipn aHanu3e COBPEMEHHBIX TEXHUYECKHUX
pElIeHUH, JIeXkKAlIUX B OCHOBE OTEYECTBEHHBIX
BBICOKOJEMII(PUPYIOLTUX
ycrpoiictB [8, 9], ObLIO yCTAaHOBIEHO, YTO B
OCHOBHOM 3TO PE3UHONOAO0OHBIE 3JEMEHTHI, B
KauecTBe KOTOpbIX B Poccum mnpumeHstorcs
yIOpyIrue IMOBS3KH,
BA3KOYIIPYTHE DJIEMEHTHl M JeTanu. Bce oHu,
BBITIOJTHEHBI B BUJIE
BOCCTAHAaBJIMBAIOILIETOCS nepopMupyeMoro
3JIEMEHTa Ha OCHOBE OOBIYHOI'O MOJHUYpEeTaHa
u/umm rensd. Bee cymecTByromme o0pasibl s
Oosiee ONTUMAIBHOTO WX TNPUMEHEHHUS MOTYT
ObITh JOpabOTaHbl C TOYKU 3PEHUS MOBBIILICHUS
3(G(HEeKTUBHOCTH aMOPTH3allMU  OT  YAApHBIX
BO3JICUCTBUM,  YBEIWYECHUS
HarpuMep, 3a cu€T padoThl AeMI(DUPYIOLIETO
2JIEMEHTA IPUMEHAEMOI0 MaTepuana He TOJbKO
B YOpyrod, HO W B IJIACTHYECKON o0O01acTax
neopmaruy, BKIIOUYEHHUS B COCTaB 3al[UTHBIX
YCTPOWCTB
SHEPTOMNOIJIOMAIIUX YNIEMEHTOB, YMEHbBILIEHUS

OCHOBC MOBBIIICHHOM

MIPOTUBOYAAPHBIX

IJIACTUYHBIC MaTCpUualbl,

KakK IpaBujio,

SHEPTOEMKOCTH,

paloHaIbHBIX

rabapUTHBIX pa3MepOB MOJENEH.
OOcy:xaenne W  pe3yJbTaThl.

HalpaBJICHUEM HCCIEN0BaHUM B pa3paboTke

MPOTUBOYJAPHBIX YCTPONCTB i TNpodeccuid,

Baxxubim

XaPaAKTCPUYIOIIUXCA MOBBIIICHHOMN
BEPOATHOCTBIO TpaBMaTHU3Ma, SABJIACTCSA
CHHMIXXCHHC T aGapI/ITHBIX pa3MepoB 9TUX

NpUCTIOCOOJIEHU  TpU  COXPAaHEHHH  HX

XapaKTePUCTUK U HHEPIONOTIOMAIOIINX

b

quality of life [5].
To prevent injuries there is a number of
different protective devices, of which the

most convenient are knee protectors [6].
Currently the application of such protective
devices is relatively rare (with the exception
of athletes). In addition,
resources are allocated to ensure the main

insufficient

joints safety in occupations that are
characterized by high injury probability, and
also advanced technical devices based on
materials with high damping capacity are
rarely applied [7].

In the analysis of modern technical
solutions on which the domestic high-
damping anti-shock devices are based [8, 9],
it was found that basically they are rubber-
like elements like elastic bandages, plastic
materials, viscoelastic elements and details
used in Russia. They are all usually made in
the form of recovering deformable objects on
the basis of conventional polyurethane
and/or gel. For a more optimal use all
existing samples may be modified from the
point of view of efficiency increase of
impact force depreciation, increasing the
power capacity, for example, by the
operation of the damping element of the
applied material not only in the elastic, but
also in the plastic deforming regions, the
inclusion in the protective devices rational
energy absorbing elements and by the
reduction of the overall size of the models.

Discussion and results. An important area
of research in the development of the
shockproof devices for professions with high
injury probability is the reduction of the
overall size of these devices with
maintaining their performance and energy
absorption capabilities. The projected result

b o4
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BO3MOKHOCTEM.
BO3MOXKEH IpU HPUMEHEHMH IEepPCHEKTUBHBIX
TEXHUYECKUX pelleHui. Pa3BuTue TEXHOIOruMu
ornpeenser U3yUYCHHUSI
UCTOJB30BaHUSI B OOJACTH OXpaHBl TpyHa
MaTepHaloB, KOTOpbIE CIIOCOOHBI K
ne(GOpMHUPOBAaHUI0 B YHIPYTrOIUIACTHYECKHX
30HaX C MOCIEAYIOIUM
HayalbHbIX pa3MepoB U (opmbl. TakoBbiMU
MOXXHO CYHMTAaTh CIUIaBbl C 3PQPEeKTOM HamsTh
dopmer (OIID). Cnegyer OTMETUTH, YTO CpeId
0€3yCIIOBHBIM  JIHJIEPOM

[IpoekTupyemslii  pe3ynbTaT

BaXXHOCTb

BOCCTaHOBJICHHECM

TAKUX MaTepHaJIOB
MPU3HAHBI CIUIABbI HA OCHOBE HUKEJIW/A TUTaHA
(TiNI).
HaTpUMep, CIUIAaBOB C MEIbI0, 3aKJIIOYACTCS B
toM, 4TO TINi — 3TO cTaOMIBHOE COENUHEHHE.
Jns TEPMOYIIPYTHUM
MapTEHCUTHBIM TPEBpAILICHUEM XapaKTePHOU
OCOOCHHOCTBIO  SIBJISICTCS ~ TIPEeIMapTEHCUTHAS
HEYCTOWYHMBOCTh HMX CTPYKTYPHI
3aKkoHOMEPHOE
HeycroiunBoct st crutaa TINi (50:50) —
3TO pealTn3anus MapTCHCUTHOTO TIEPeX0/1a HIKE

Ux MNPpUHOUIIHAIIBHOC  OTJIMYUC OT,

TaKHuX CIIJIaBOB C

K CABUTY.

CICACTBUC PasBUTHUA

60°C.  VYcraHOBIEHO, 4YTO  TeMmIepaTrypa
MapTEHCUTHOIO IE€PEXO/JAa CHIXKAETCA  IpHU
YBEJIMUYEHUU KOHIEHTpaluu HUKEJIS.
CnenoBarenbHO, € INOMOIIBIO  M3MEHEHMS

MIPOLICHTHOTO COCTaBa COEJUHEHUsS BO3MOKHO
a TakKxe
uHTepBan nposiieHus OII® B nmocrarodHo
HIMPOKUX Tpeaenax. OUYeBUAHO, YTO MPU ITOM
U3MEHSIETCA U XapakTep
CBOMCTBa

HU3MCHATH TEMIICpATYypy IEpexola,

MapTEHCUTHOTO
NIpEBpAILEHUs, U [Tpu
MPOBEJICHUU aHAIIM3a U HMCCIICOBAHUS CIUIABOB
Ha ocHoBe TINi HeoOXOAUMO IMOHMMATH, YTO
JIAHHBIM KJTaCC MaTePUAIIOB XapaKTEPU3YETCsl HE
o0IMH

IIaMATH.

TOJBKO nu
3aKOHOMEPHOCTSIMA CTPYKTYPHBIX CBOWCTB U
MIpEBpaICHUH,
YIOPABJIECHUS WX U3MEHEHUSMU B IIHPOKOM
auanazoHe. OTo 0O0yCIaBIMBaeT IpPUMEHEHHE

HE CTOJIBKO

CKOJIBKO BO3MOXHOCTBIO

criaBoB Ha ocHoBe TINI JIsl penieHus: cambIx
pa3HOOOpa3HBbIX TEXHUYECKUX 3313y, a TaKxKe
UCIOJIb30BaHWE HX JUIsI pa3pabOTKHU HOBBIX
KOMIIO3UIUHI ¢ IpyruMu cBouctBamu. Iloatomy
BECHMa

MEPCIICKTUBHBIM MMpEaACTaBIACTCA

pUMEHEHHE B pa3pabOoTaHHOM MHHOBAI[MOHHOM

is possible with the use of advanced
technical solutions. The development of
technologies determines the importance of
studying the materials used in the field of
labor protection, which can be deformed in
elastic-plastic areas and after that recover
their initial size and shape. Alloys with shape
memory effect (SME) can be considered as
these materials. It should be noted that
titanium nickelide (TiNi) alloys are
recognized as the undisputed leaders among
these materials. Their fundamental difference
from, for example, alloys with copper, is that
TiNi is a stable connection. For such alloys
with a thermoelastic martensitic
transformation the characteristic feature is
premartensitic instability of their structure to
shift. A natural consequence of the
development of the instability for TiNi alloy
(50:50) is an implementation of the
martensitic transition below 60'C. It is
established that the martensitic transition
temperature decreases with increasing Nickel
concentration. Therefore, by changing the
percentage composition of the compound we
may change the transition temperature and
the interval of SME development within a
wide range. Obviously, this changes the
nature of the martensitic transformation and
memory properties. Conducting the analysis
and study of TiNi based alloys it should be
understood that this class of materials is
characterized not only by common laws of
structural properties and transformations, but
by the possibility to control their changes in
a wide range. This leads to the use of TiNi
based alloys for a wide variety of technical
tasks, as well as their use for the
development of new composites with other
properties. Therefore, it seems promising to
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NPOTUBOYIAPHOM TIPUCIIOCOOICHUH B KavyeCTBE use as elastic-plastic substance in the
YIPYTOIIaCTHYECKON cyOCcTaHIHH developed innovative shockproof device
skBuaroMuoro TINi cmiaBa, 00J1amaroLIEro

JOIYCTUMOH TEeMIIepaTypoil nmepexoaoB (a3 as
BOCCTAHOBJICHHS MCXOIHOM (DOPMBI.

[Ipu UCCIIEI0BAHUHT B KauecTBe
JKCIEPUMEHTAIBHOTO oOpa3ua ObLUIO
PacCMOTPEHO TMpeaiaraéMoe MPHUCIOCOOICHIE
MPOTUBOYJAAPHOW  3alUTBI, COCTOSINEE U3
TKaHEBOU OCHOBBI c BKJIFOUEHHBIMU
CHUpPAJIEBUAHBIMU 3JIeMEHTaMH,
BBIIIOJIHEHHBIMH M3 YIPYro-TUIACTUYECKOTO
Marepuana ¢ OIlD. DnaeMeHTbl UMEIT
AIEKTPUUYECKHUE BBIXO/IBI. [Ipennaraemoe
TEXHUYECKOE YCTPOMCTBO MO3BOJISIET  MpPH

yIApHBIX Harpy3kax yhnpyro W IUTACTHYECKU
nehopMupoBaThCs,
BO3JICHCTBUS, TIIOCIIE YEro BO3BpallaeTcs K
CBOCH dopme, ¢
BO3MOYKHOCTH BOCCTaHOBJICHHS, B TOM YHCIE U

rnorjoias OHECPIUIO

HUCXOJHOU HAIUYUEM
3a CYeT 3JIEKTPOKOHTAKTHOTO HarpeBa. Crupaib
OMBITHOTO 00paslia 3allUTHOTO YCTPOMCTBA
MOrPy’KEHa B DJIACTUYHBII
crocoOHbIN K nedopManuu. IT0 oOecreynBaeT
BO3MOYXHOCTh HE TOJBKO 3aKPEIUICHUS CIUpald
U COXpaHCHHS TPEOYEeMOTO PACCTOSHUS MEXKIY

HOJINypETaH,

€e BHUTKaMH, HO U paclpelesieHus] >HEepPruu
yaapa [10].

JUi1sl BOCCTaHOBJICHHUSI HA4albHBIX Pa3MepOB U
(bopMbI MIPOTUBOYAAPHOTO
NpUMEHSIETC TeMIepaTypHOe BO3/EHCTBHE Ha
MPOBOJIOKM ~ OaHnIaxa JAJs
pa3mMepoB U Qopmbl
HarpeBanue MIPOBOJIOK
OCYIIECTBIISICTCS  TIOPTATHBHBIM
COCIMHEHHBIM  C
MCTOYHHKOM THTaHUs. BaxkHo, 4To mpu pabore
[peJ1araeéMoro npucnocoOIeHus
BOCCTAHOBJICHHE AIIEMEHTa

YCTpOMCTBA

BOCCTAHOBJIEHUS
CMATBIX

YCTPOWCTBA
AJIEKTPOKOH-

BUTKOB.

TaKTHBIM HarpeBarciieM,

dbopmbl MOXET
MPOUCXOJIUTh TaKKe 3a CUET HCIOIb30BaHUA
JIPYTUX TETUIOBBIICIISIIOIINX YCTPOHCTB, B TOM
qrciie ObITOBBIX.

Jns Beicokopemndupytoniero TiINi cruiaBa
JMara3oH TeMIepaTryp Uil BOCCTAaHOBJICHUS
¢bopmbl marepHaia HKCHEPUMEHTAIBHO
onpeaenéH — 31o uHTepBail oT 320 mo 340 K

[11]. McniblTaHME ONBITHOM MOJENN yCTpOMCTBA

b

equiatomic TiNi alloy with the permissible
temperature of the transition phase to restore
the original shape.

In the study as an experimental model the
authors used the proposed shockproof
protection device which consists of a fabric
base with the included spiral elements made
of elastic-plastic with  SME.
Elements have electric outlets. The proposed
technical device deforms elastically and
plastically impact
absorbing energy of the impact, and then
returns to its original form, with the
possibility of recovery which exists also due
to the electric heating. Prototype protective
spiral is immersed in elastic
polyurethane, capable of deformation. This
provides the opportunity to not only secure
the spiral and preserve the required distance
between its coils, but also to distribute the
impact energy [10].

To restore the initial size and shape of the
shockproof device the authors applied the
thermal effect on tire wires to restore the size
and shape of crumpled coils. The heating of
the wires is performed by a portable electric
heater connected to the power source. It is
important that in the work of the proposed
device, restoration of the shape of the
element can also occur due to the use of

material

under conditions,

device

other heat-producing devices, including
appliances.
For high-damping TiNi alloy the

temperature range to restore the shape of the
material is experimentally determined as the
interval from 320 to 340 K [11]. Testing of
the shockproof protection device
experimental model was carried out on the
impact machine (GOST 10708-82), which

n 56
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MPOTUBOYJAPHON 3aIIUTHI OCYIIECTBIISIIOCH Ha
ynapaoM kompe (I'OCT 10708-82), cnenuanbHo
I0pabOTaHHOM ISl HACTOSIIUX HCCIEIOBAHHUM
IPH  Pa3IUYHBIX TEMIEPATYPHBIX pEXHUMAaX,

CONPOBOXK/IAIOLIMX  TPOBEACHHE  paboT B
pa3IMYHBIX KaK  KIMMAaTHYEeCKUX, TaK M
MPOU3BOJICTBEHHBIX  yCJIOBUSAX. B xox;e

SKCIEpUMEHTA TIpU
U3MEpSUINCh KPYTSIIUA MOMEHT W BeJIMYMHA
nepopmanuu capura. Temmeparypa cHupaiu
MOJENM  MOJABEprajach  KOHTPOJIUPYEMbIM
W3MEHEHHSIM C TIOMOIIBIO JIEKTPOKOHTAKTHOTO
HarpeBatTeNsi W H3Mepsulach MpPU  TTOMOIIHU
mudpooro Tepmomerpa (COCT P 8.625-2006).
[lepenaya OCYIIECTBIISIACh €
TEepMOIIaphl, MPUYEM CHail Mo OOUIEeHPUHSATON
Meroaunke HakjeuBaics kieem bd-2 (IF'OCT
12172-74) x  uentpy cmmpamu  [12].
OCOOEHHOCTBIO UCCIIEOBAaHUS SBISLIOCH TO, YTO
MOJIeTIb TIPOTHUBOYAAPHOTO MPUCIIOCOOJICHUS,
noI00paHHOTO MO pa3Mepy, HajaeBajach Ha

3aJIaHHOM  TemIleparype

CHUT'HaJIa

UWIMHIPOUIHBIA ~ 3JIEMEHT, HMMHUTUPYIOLIUN
MO/IEJIb KOJICHHOTO CYyCTaBa.
B kauectBe MomenW HCHOBITAaHUS OBLIO

IPUHATO TPUCIOCOOJIEHUE CO CIIEAYIOIIUMU
pasMepaMu TeoMeTpun mMojenu: nuamerp D —
120,10-3m (120 mwm), mmuaa L — 210,10-3m
(210 mm), Tommuaa 5,10-3Mm (5 Mm). Pacuérabrit
nuametp Dc crmpamu u3 TiNi cmmaBa ¢ DI
coctaBmsi  npumepno  4,10-3m (4 mm), a
JMaMeTp MPOBOJOKM Kpyrioro cedeHuss Dm —
1,10-3m (1 mm).

Meroanka skcniepuMeHTa Obuta pa3paboTaHa
Ha OCHOBE CTaHJIapTHOW CXeMbI pacuéTra 3Hepro-

MOTJIONIECHUS U1 YIPYTOIIACTUYECKUX
anemeHToB [13, 14].
YcTraHoBiI€HO, YTO TPU  JUHAMUYECKOM

BO3JCWCTBUU CTAaHIAPTHOTO Kompa padoueit
mromansio Sy=1,10-3m? (1000 Mmm?) oxomo 200
BUTKOB  J1e()OpPMUPOBAINCHE W  MOIJIOIIAIU
npumepHo 0,15 x/[x, a ¢ yuerom nedopmaruun
nonuyperana — 10 0,2 xJx.

OcHOBHBIE  pPE3yabTaThl 3AKIIOYAIOTCA B
CIIEAYIOIIEM:
1. Dmuepromornomaronias  cnocoOHOCTh

IUTACTHYECKUX dIeMeHTOB ¢ DIID B O0mbIoit
CTENEHU KOPPEIUPYET ¢ TEMIIEpaTypoil;

was specially modified for this study in
different temperature conditions which can
occur in the process of work in different
climatic and production conditions. In the
course of the experiment at a given
temperature the authors measured the
rotation moment and shear deformation
value. The temperature of the spiral model
was changed under control using electric
heater and was measured with a digital
thermometer (GOST R 8.625-2006). The
signal transmission was carried out with the
thermocouple, with the junction pasted to the
center of the spiral [12] with glue BF-2
according to the standard technique (GOST
12172-74). A special feature of the study
was the fact that the shockproof device
model, matched by size, was used on
cylindroid element simulating model of the
knee joint.

As a model test device the authors took a
device with the following dimensions of the
model geometry: the diameter Dh
120,10-3 m (120 mm), length L — 210,10-
3M (210 mm), the thickness of 5,10-3M (5
mm). The estimated diameter Dc of the TiNi
alloy spiral with SME was approximately
4,10-3m (4 mm) and a diameter of circular
cross-section wire Dm — 1,10-3m (1 mm).

The experimental procedure was designed
according to the standard scheme of energy
absorption calculation for elastic-plastic
elements [13, 14].

It was established that during the dynamic
impact of the standard impact machine with
the working area Sy=1,10-3 m? (1000 mm?)
about 200 spires were deformed and about
0,15 kJ was consumed, and taken into
account the deformation of the polyurethane
it was up to 0,2 kJ.

The main results are as follows:

1. Energy absorption capacity of plastic
elements with SME correlates with the
temperature to a large extent;
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2. DKCIepUMEHTATLHO OTpeIeIEHHOE 2. Experimentally determined energy
IOIJIOLICHHEe  DHepruu  (dHepromoriouenue)  absorption (energy consumption) exceeds 0,1

npessimaet 0,1 x/Ix.

[To nopmatuBam [15], sHeprus ymapHOTro
BozfeiicTBust Oomnee 0,1 kK MOXET SBIATHCA
OMACHOM, CJelOoBaTeNbHO, JJS  3alIUTHOTO
TEXHUYECKOTO MPHUCIIOCOOTICHHS JTOCTATOYHBIM
SBIICTCS TOTJIOIIEHHWE SHEPruu B IMpejaenax
0,15-0,2 xJIx.

Ilo pe3ylbTaTaMm POBEAEHHOTO
AKCIIEPUMEHTA OMPEJIEICHBl TOUYKH O0XKHJIaeMOMH
ob0nactu  pabOTBHl  pEaJbHOrO  YCTPOMCTBA.
Ycra"oBneHo, 4TO AedopMaluu CHOHpaIbHOU
MIPOBOJIOKH COBEpIIAIOTCS 3a cuér
TUIACTUYECKOTO KPYUYCHHS U U3ruda JIEMEHTOB.
[Tnactuueckoe kpydeHue UIET ¢ HAUOOIBIIUM
norJionieHuem 3Hepruu [16, 17].

[Ipu MIPOBEJICHUU JKCIIEPUMEHTOB
BOCCTAHOBJICHHE MJIACTUYECKU
ne(OPMUPOBAHHBIX JJIEMEHTOB 3aBHCHUT  OT

creneHn  Aedopmanuii  casura.  Tak, mpu
nedopmaruu casura a0 10,3 % wnabmrogaemast
CTENEHb BOCCTAHOBJICHHSI (DOPMBI MPHU TEPBBIX
ynapax aocrurana 98-99 %, B To BpeMs Kak Mpu
nepopmanusix, paBHeix 50 % (moysHOE CMSTHE),
BOCCTAHOBJICHHE COCTaBJISLIO JIMIIL 0K0y10 80 %.

Hedbopmanusi caBura B KaXKJIOM  ITUKIIE
WCOIBITAHUM ~ TPOU3BOAMIIACH € 3apaHee
YCTaHOBJICHHBIMH ITapaMeTpaMHu.

OTarnel IUKIA:
* HarpyXeHue »dJEeMEHTa TIPpH KOMHATHOU
TEeMIIepaType;
* pasrpyxeHue mocJie JOCTHKECHHUS

MaKCUMaJIbHOHU eopMariui;
* TOCIEAYIOUIMM HarpeB N0 TeMIepaTypsl
BOCCTaHOBJICHUS pa3mMepoB U ¢opmsl [18, 19].
Taxkum obpazom, YCTPONCTBO TUTSt
IIPOTUBOYJAPHON  3alUTBl  XapaKTEPU3YETCs
YMEHbIIIEHHEM TrabapuToB B CpPaBHEHUU C
aHAJIOTaMHU M TI03BOJISIET HAAEKHO 3alllUTUTh
COTpPYJHHUKA OT TPABM.
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According to the standards [15], the
impact energy of more than 0,1 kJ can be
dangerous; therefore, for the protective
technical devices energy absorption is
sufficient in the range of 0,15-0,2 kJ.

As a result of the carried out experiment
the points in the expected region of the real
device operation were determined. It is
established that the deformations of the
spiral wire are made through plastic torsion
and elements bending. Plastic twist takes the
highest energy absorption [16, 17].

In the experiments the recovery of the
plastically deformed elements depends on
the degree of shear deformation. Thus, when
shear deformation was up to 10,3%, the
observed degree of shape recovery in a first
stroke reached 98-99 %, while at strains of
50 % (full collapse), the recovery was only
about 80 %. Shear deformation in each cycle
of tests was made with the preset parameters.

The stages of the cycle are as follows:

* loading of the element at room
temperature;
* unloading after reaching the maximum
deformation;
* subsequent heating up to the temperature
needed to restore the size and shape [18, 19].

Thus, the device for shock-proof
protection is characterized by the reduced
size in comparison with its analogues and
gives the possibility to reliably protect the
employee from injury.
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