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STUDY OF THE INFLUENCE OF THE COMPOSITION OF THE RODS OF THE
EXTERNAL FIXATION APPARATUS ON THE RIGIDITY OF THE SYSTEM BY
FEM ANALYSIS

Abstract. A CAD/CAE model of the system was created. In accordance with the
created models, load simulation (compression, bending, torsion) of these systems was carried
out using the finite element method. According to the results of the FEM analysis, a
comparison of the stiffness of the system with different layouts of the rods was made. It was
established that the stiffness of the system has a correlation with the distance between the
internal rods.

Jns  ¢dikcanii BOrHENMAJBHUX IEPEIOMIB  BUKOPHCTOBYIOTH CTEpXKHEB1 amaparu
30BHIIHBO]I (ikcauii (CTA3®D), ane BCTaHOBIEHHS cUCTeM (hiKcallii 32 3BUYaHOI0 CXEMOIO €
HENPUIYCTUMUM, OCKUIBKH MPU3BOJUTH J0 MOBTOPHOI'O MOIIKOKEHHS KICTKOBOI TKAHHHHU 1
JI0 3MEHIIIEHHS MIITHOCTI Ta YKOPCTKOCTI cucTeMu «kicTka — CTA3Dy [1]. Cniuparouucs Ha 11g,
aKTyaJbHUM € JOCIIPKEHHS BIUIMBY KOMIIOHOBKH cTepkHIB CTA3®D Ha )KOPCTKICTh CUCTEMH,
o0 Ja€ 3MOTy OUIb SKICHO JIIKyBaTH MaIi€HTIB. EKcrnepuMeHTanbHl JOCTIIHKCHHS IO
BU3HAYEHHIO JKOPCTKOCTI CHCTEM MOTpedye BIINOBIIHOrO OONAgHAHHA, TOMY JJs
JOCTIPKEHHS Tpo0sieMaTuKy JaHii poOotu, BukopuctoByerbest FEM ananis [2,3].

VY gkocTi 00’€KTIB AOCHIIKEHHS Oy/ln0o BUOpaHO BEIMKOTOMIJIKOBY KICTKY 3 amapaToM
30BHINTHKOI (ikcalrii, mo 300paxeHo Ha puc. 1.

<>

Puc. 1. O0’exT mociiaKeHHs

Posrnsimanoce 4 BapiaHTH PO3MIIICHHS CTEPKHIB (pUC. 2) TOCHIHKYBAHOT MOJENI:
CTaHJapTHA CXeMa PO3MIIEHHs BHYTPIIIHIX CTEpXKHIB (puc. 2a), cxema 3 pO3BEACHUMHU
cTepsKHAMHU (pHC. 26), cXeMa 3 BHYTPIIIHIMM CTEPKHAMM, PO3TAlIOBAHUMH T1ijl KyToM 75° 110
oci kicTku (puc. 2B) Ta cxeMa 3 BHYTPILIHIMU CTEPKHAMH, PO3TAIOBAHUMH T1ijl KyToM 60° 110
ocl KICTKH (pHuc. 2r).
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a) 6) B) r)

Puc. 2. Cxemu po3MillieHHS] BHYTPIITHIX CTEP)KHIB CHCTEMU

CAD wmopnenp cuctemu «Benukorominkora kictka — CTA3®» Oyno CcTBOpeHO Yy
nporpamMmHomy komiuiekci SOLIDWORKS. Po3paxyHku MeTOI0M CKiHUECHUX €IIEMEHTIB OyiH
npoBeneHi B mporpamHomy makeri ANSYS Workbench. PeamizyBanu uoTwpu Bugu
HABAaHTAXCHHS: CTHUCK, 3TMH Yy IUIOIIMHI PO3TAlllyBaHHS CTEPKHIB, 3TMH TEPIEHIUKYISIPHO
IUTONIMHI PO3TalllyBaHHS CTEPXKHIB Ta KpydeHHs. CXeMHu 3akpilsieHHS Ta HaBaHTAXCHHS
300pakeHi Ha puc. 3. B ycix Bumaakax cuctemu Oynu HaBaHTakeHi cuioro 10H.

[ Force: 10,N
[B Fixed Support

[ Force: 10,N
[B] Remote Displacement
[ Fixed Support

Al Force: 10,N
[B Fixed Support

B) T)

Puc. 3. Cxemu 3aKpiIyIeHHs AJIs YOTUPbOX BUIB HABAHTAKEHHS, 1€ a) — CTUCK, 0) —
3THH Yy TUIOUIMHI PO3MILIEHHS CTEP)KHIB, B) — 3THH MEPIEHANKYISIPHO PO3MIMICHHIO CTEPXKHIB
Ta r) — KPy4eHHs

JIns mpencTaBiIeHNX CHCTEM OyJio MPOBEACHO YHCENbHE MOJEIIOBAHHSA Ta OTPUMAHO
3aJISKHOCTI HepeMillleHb KICTKH Bil MPUKIAAEHOI CHIIM, TaKOX OTPUMAaHI IOJI PO3MOJALTY
MEepeMillieHb I PI3HUX ITOCTAHOBOK PO3PaXyHKOBOI MOJENI Ta PIi3HUX pPO3TAlIyBaHb
CTEp>KHIB, SIK IPEJCTABJICHO Ha puUC. 4.
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P: 91 ram Crmcx
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
18.10.2022 01:29

0: 150 rama Crmck N: 75 rpag Cruck M: 60 rpag Cruck
Total Deformation 1 Total Deformation Total Deformation
Type: Total Deformation Type: Total Deformation Type: Total Deformation
Unit: mm #'_"'t: "1""" Unit: mm

Time: 1 ime: Time: 1
18.10.2022 01:32 1810202201 18.10.2022 01:37
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a) 0) B) r)
Puc. 4. Pe3ynpratu nepemilieHb TOUOK CUCTEM Npu npukiaganHi cuian 10H B yotupbrox
BHJIaX HaBaHTAXKCHHSI

3a pe3yabTaTaMH YUCEIBHOTO MOJIEIIOBAHHS OTPUMAHO 3HAUYEHHS >KOPCTKOCTI CUCTEM
IpU PI3HOMY PO3TALIyBaHHS CTEPKHIB, L0 MIPEICTaBIeHO B Ta0. 1.

Tabn. 1. XKopcTKicTh cHCTeM NpH pi3HUX BUIAX HaBaHTakeHb, H/MM

Po3ramyBanus Cruck 3ruH y nJIoImmHi 3run Kpyuenns
CTPHAKHIB PO3TalllyBaHHSl | epPIEHMKYJISIPHO
CTep KHiB A0 TJIOLIMHHA
PO3TalIyBAHHA
CTEPIKHIB
Crannmaptae 117,65 35,34 12,69 16,42
3 BiaJaJIeHUMHA 86,21 27,25 7.6 15,43
CTEPKHIMU
75rpag 151,52 40,65 13,79 14,08
60rpaz 217,39 44,44 12,62 16,61

3 pe3yabTaTiB, MOKa3aHUX y Tabi. 1, MOXHA 3pOOUTH BUCHOBOK, 1110 KOPCTKICTh CUCTEM
3aJICKUTh BIJl BapiaHTIB pPO3TAlllyBaHHA BHYTPIIHIX cTepkHIB A3D. mo HaiimMeHy
YKOPCTKICTh MA€ CHCTEMA 3 BIIJAJIECHUM PO3TAllyBaHHSM CTPHUKHIB, a HallOUIbIIy cUCTeMa 3
PO3MILIEHHAM CTEP>KHIB g KyToM 60.
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