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Abstract. The objective of the study is the development of 3D variable-length link model
with electric drives to be used in designing of next-generation comfortable exoskeletons. The
developed link model has two inertial absolutely rigid sections on its ends and a variable-
length section, considered weightless, in between. The mechanical part of the variable-length
link model has been implemented in the universal computer math "Wolfram Mathematcia
11.3" environment by building the system of Lagrange — Maxwell differential equations. The
electro-mechanical link model with electric drives has been implemented in the MatLab
Simulink environment. The implemented model includes the following units: the trajectory
synthesis unit per each degree of freedom, the unit for controlling torques calculation based
on differential equations of motion, the unit for selecting electric motors with gears, the unit
for calculating electric current per each motor and implementing the control system. The
electric motors, reducers, rack and pinion gears implementing the specified and programmed
link motion have been selected. The inertial and geometrical variable-length link parameters
corresponding to the human tibia in the period of the single-support step phase have been
selected. The drives implementing the link rotation are situated in the bottom link point in
the combination of two orthogonal cylindrical hinges. One of these hinges is fixed to the
supporting surface, the other one is fixed to the link end. This hinge combination simulates
human ankle joint in the single-support step phase. The drive controlling the link length change
is situated at the end of the bottom absolutely rigid weighty link section. The programmed
trajectories for generalized coordinates are specified based on the simulation requirements
of the anthropomorphic tibia motion. As a result, the electro-mechanical model of a variable-
length link with parameters corresponding to the average man'’s tibia has been developed. The
drives and gears that allow implementing the motion close to anthropomorphic one have been
selected. The implementation of this motion based on the developed software in the computer
math "Wolfram Mathematica 11.3" environment and in the MatLab Simulink system has been
demonstrated. The numerical calculations are presented.
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AHHOTauua. 3ajaden, pellaeMon B [aHHOM MccnefoBaHWK, ABNAeTcA pa3spaboTka
3D-Mopenu 3BeHa NepeMeHHOW OJIMHbI C 3/1IEKTPONPMBOAAMUN OJ151 MPUMEHEHUA NPU CO34aHUM
KoMdopTabesibHbIX 3K30CKeNIeTOB HOBOIro NoKosieHus. Co3gaHHaA Mofeslb 3BeHa COOepHMUT
Ha CBOMX KOHLaX ABa MHEPLMOHHbIX abCoNoTHO TBEPAbIX Y4acTKa M Haxo4ALLMICA Meray
HWMM YYaCTOK MepeMeHHOM ANUHbI, CYMTAIOLLMIACA HeBECOMbIM. Peannsauua MexaHu4ecKom
YyacTW MoJefin 3BEHa 3K30CKesieTa NepeMeHHOM OSMHbl OCYLLECTBNEHA B YHMBEPCANbHOM
cucTeMe KoMnbloTepHoit Matematnkm Wolfram Mathematica 11.3, roe coctaBneHa cuctema
InbdepeHumanbHbIX ypaBHeHUI JlarpaHika — Makcsenna. neKkTpoMexaHnyeckas Mofesib 3BeHa
C YYETOM 3/1eKTPONPUBOJO0B peann3oBaHa B Nakete MatLab Simulink, cocTosLan 13 6noka cuHTe3a
TPaeKToOpUM ONA KaX oW cTeneHn cBobonbl, 6/10Ka HaXoXOEHUA YNPaBAAOLLMX MOMEHTOB,
ncnonb3ywowero audpdepeHumnanbHele ypaBHeHUA OBUKeHUA, BNOKa 3afaHuA ABuratene
C Nepefia4amu, pacyeTa TOKOB ABUraTesien 1 peanusaument cucteMbl yrnipaeneHua. OcyLlecTBnieH
BbI6OP 3MEKTPUUECKUX OBUraTesIel, pedyKTOpOB 1 peeyHoNn nepeqayn, peanmsyioLmx 3aaHHoe
MporpaMMHoe ABUMKeHWE 3BeHa. BbibpaHbl MHEPLMOHHbIE U FeOMeTPUYECKME NapaMeTpbl 3BeHa
nepeMeHHON LJIMHbI, COOTBETCTBYIOLLIME MOJIEHM YeNTI0BEKA U BPEMEHW OBUMHKEHWUSA B OOHOOMOPHOM
¢aze. IneKTponpumBoaLl, peanusyioLLme NoBOPOTbl 3BEHA, PAcrosioMeHb! B HUMKHEN TOUKe 3BeHa,
B KOMBUHALMM ABYX OPTOrOHAsIbHbIX LUIMHAPUYECKMX LLIAPHUPOB, OAUH U3 KOTOPbIX HECTKO
CBA3aH C OMOPHOM NOBEPXHOCTbIO, @ APYroM — C Ha4anoM 3BeHa. 31a KoMbMHaLMA Moaenmpyet
FONEHOCTONHBIN CYCTaB YenoBeKa B gpase onopbl Ha OfHY HOrY. INEKTPONpu1BOS, YNPaBNALLMIA
M3MeHEeHMEM ONMHbI 3BEeHa, PacrofoXeH Ha KOHLE HUMHHEro abcontoTHO TBepA0ro BECOMOro
yyacTKa. MNporpaMMHble TpaeKTopuu AnA 0606LLEeHHbIX KOOPAUHAT 3afaloTca UcxonAa us
TpeboBaHMA MoJenMpoBaHUA aHTponoMopdHOro ABUHKEHUsA roneHn. B pesynbtate co3gaHa
3/IeKTPOMEXaHNYeCcKan MoAesb 3BeHa NMePEMEHHON A/IMHbI C NapaMeTpaMu, COOTBETCTBYIOLLIMMM
rofleHn cpefHecTaTUCTUYECKOro YenoBeKa. MofobpaHbl 3neKTponpuBoabl U Nepenayu,
MO3BOSIAIOLLME PEANIM30BaTh ABUHEHME, BIIM3K0e K aHTPonoMopdHOMY, MOKa3aHa ero peanvsaums
C NMOMOLLbIO CO34aHHbIX NPOrpaMM B cUcTeMe KoMrbloTepHor MaTeMaTukm Wolfram Mathematica
11.3 n nakeTe MatLab Simulink, nprBegeHbl pe3ynbTaThl YACTIEHHbIX PacHeToB.

KnioueBble cnoBa: 38eHO MepeMeHHON [fUHbI, NPOrpaMMa, 3K30CKENET, IMeKTPOBMraTeslb, peayKTop,
peeyHan nepefada, nporpaMMHan TpaekTopua, AnddepeHLmanbHble ypaBHeHus JlarpaHxa — MaKkcsenna,
BbIYMCIIUTENbHBIA 3KCNIEPVYMEHT, YACTIEHHOE MOZENMPOBaHMe
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Laboratory B> Processes and systems modeling



