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O6 ynpaBneHun TAroBbiIM1N XapakTepucTUKamMm U CONpoTUBIIEHNEM
OBWXEHUI0 MOOUNBbHBLIX POOOTOB C LIAralwWmMmMm oBMXUTENsIMn*®

Paccmampusaemes npobaema nosviuwienus ms2060-0UuHAMU1ECKUX CEOUCME MOOUAbHBIX POOOMOG C WAAIOWUMU O8UNCUMe-
Aamu. AHaAU3UpYyemes 63auUM03a8UCUMOCTb MA0BbIX YCUAUU, DA3GUBAECMBIX OBUNCUMENIMU, U CUN CONPOMUBACHUS OBUNCCHUIO
pobomoa, 006yca081eHHbIX UX 3aumodelicmeuem ¢ okpyucarouell cpedou. Ilpedracaemcs mamemamuueckas moodensb, OCHOBAHHASA
Ha Keazucmamuueckom xapakmepe 08UNCEHUs pOOOMA U Y4UMbIBAIOWAs CMAmu4eckKyo HeonpedeieHHocms 3adauu. Cmamu-
Yeckas Heonpeoeaumocms 00yCcA08AeHa Haauduem dguxicumenel Ha Kaxicoom u3 6opmos, npuvem Hucio 83auMo0eticmeyouux
¢ ONOPHOU nogepxHocmyio deuxcumeneli 6oavuie 08yx. OcobeHHOCMbIO pellerUs A8A3emcs yuem noX00KU U pachUcanus 0euice-
Hus poboma, xapaxKkmepusyouux pemMeHHyi0 n0c1e008ameabHOCMb HAX0NCOeHUs dsudcumenell 6 gpaze 83aumodelicmeus ¢ onop-
HOIl noeepxHoCmbio U 6 (hase nepeHoca é Hogoe noaodxcenue. Iloxodka xapakmepuszyemces makce u Kosgduyuenmom pexcuma,
A6AAIOULE20CS OMHOUEHUEM 8PeMeHU HaX0NcOeHUs J8udlcumens 6 gaze onopsvl K NOAHOMY 8peMeHU YUKAa e20 0sudceHus. Beo-
dumces Kpumepuii OnMUMaibHOCMU, HA 0CHO8e KOMOPO20 OUeHU8aemcs KOHCMPYKMUBHOe CO8epUIeHCMB0 dgudcumenel u mecma
ux ycmanoeku Ha pobome. Kpumepuii onmumanrsHocmu cocmoum u3 08yx nokaszameneli: MAKCUMAAbHO20 M5208020 YCUAUS U
cpedHell cuavl conpomuenenus osuxcenuro. Tsaeoeoe ycuaue npuHUMaemcs NPOROPYUOHANLHBIM CYMMeE MAKCUMANLHBIX HOPMANb-
HbIX Haepy30K, 0elicm@yruux Ha Kaxcovli 0suicumens, a Cuibl CONPOMUBACHUS — NPONOPUUOHANbHBIMU K8AOpamam mex Jce
Haepysok. IIposedeno umumayuorHHoe Modeiupoganue, 00KA3bleaujee 3a6UCUMOCHb MA208bIX CEOUCME U CUN CONPOMUBACHUS
deudiceHuro om mecma ycmanosku dsuncumenei. CpagHuganucs dge cucmemvl 6epmMuUKAIbHO20 PACHOAOINCEHUs MOYeK nodeeca
deuxcumeneii. Yemanoeieno, ymo 0ocmamouHo manoe usmeHeHue 6epMUKANbHOU KOOPOUHAMbl MOYKU nodgeca oaxce 00H020
dsudicumens OKasvleaem 3aMemHoe 6AUSHUEC HA USMEHeHUe MAKCUMANbHbIX MA206bIX YCUAUL U CUA CONPOMUBACHUS 0BUNCEHUI.
Coenanbl 66160061 0 MOM, HMO 3a CHem Pe2yAUPOBaAHUs 6ePMUKANbHO20 NOAOICEHUS CHONbL 08UNCUMENs OMHOCUMENbHO KOPRYCa
pO6OMa MONCHO YNPABAAMb MALOBLIMU CEOUCMEAMU U CONPOMUBACHUEM 0BUICEHUIO, A C1e008AMEAbHO, ANCHA MOYHOCMb NO-
BUYUOHUPOBAHUS CMONbl MEXAHU3MA WAAHUS 8UNICUMENs. 8 NPoYecce 08UINCCHUS.

Karoueevte caoea: moOuabHbili pooOM, WA2AOWUL 08UICUMENb, CUAA CONPOMUBLCHUS, MA208AS CUAA, MA2080-CYUEHHbLE

ceoﬁcmea, MOYHOCMb NO3UUUOHUPOBAHUA

Beenenne

ABUXKUTEIh TPAHCIOPTHOM MAIIWMHBI MOX-
HO ONpeIeNInTh KaK MEXaHU3M, IpeoOpa3yIomuii
SHEPTUI0, TEHEPUPYEMYIO IBHUTATEJIeM WJIM BHEII-
HUM KMCTOYHMKOM, B PabOTy IIO0 ITepeMEeIIeHUIO
5TOM MAaIlWHBI BO BHEIIHEH CpeAe 3a CUYET B3aM-
MOJENUCTBMS ¢ 3Tol cpenoit [1, c. 132—133].

Ecimm paccMarpuBaTh TPaHCIOPTHYIO MAaIIMHY
C IBUKUTEIIEM M OKPYKaIOIIYIO Cpeny KaK 3aMKHY-
TYIO MEXaHWUECKYIO0 CUCTEMY, TO KOJIMYECTBO IBH-
KeHHUs B Hell coxpaHsercd. Iloatomy mig Havama
TepeMellIeHNs] pacCMaTPpUBAEMOTO TPAHCIIOPTHOTO
CpEICTBA M3 COCTOSTHUSI TOKOSI BO3HMKACT TaKKe
¥ IBMXKEHME OKPYKAIOIIel Cpeabl, TAKOE YTO CyM-
MapHOe KOJIMYECTBO IOBWXKEHUS paBHSIETCS HYIIO.
Ycunne, HeoOxogumoe IJisl obOecrneyeHusl JBUXKE-
HHUS TPAHCIIOPTHOTO CPEACTBA, MOXHO OIPEICIUTh
KaK TATOBOE, a JJIS IBUKEHUST OKpYyKalollel cpe-
bl — KaK CHJIBI COIIPOTUBJICHUS [2].

*MccenoBaHue BBITIOJHEHO 3a cueT rpaHTta Poccuiickoro Ha-
yuHoro donna Ne 22-21-00882, https://rscf.ru/project/22-21-00882/

st Ha3eMHBIX TPAHCIOPTHHIX CPEICTB C KO-
JIECHBIMM UJIM TYCEHUUYHBIMU IBUXUTEISIMUA BBO-
ISITCSI MaKCUMaJlbHasl CUJIa TSATH IO CUEIJICHUIO
U CUJa COMNPOTHUBICHMUS IBUXEHMIO, OOYCIOB-
JIEHHBIC B3aUMOJCUCTBUEM Cc TpyHTOM [3, 4]. na
1IATalolIMX MAIlWH W3BECTHO BBIPAXEHUE IS
OCPEIHEHHOM CHJIbI CONPOTUBJICHUS IBUXECHUIO
Oconp 5, 6]. Makcumanbuyto cuny TATH Qpgp may
MOHO OLIEHUTb, €CJIM PacCMaTPUBATh CTOIBI, O~
rpyxalolyecss B IPYHT Ha TJyOMHY, IMPOIIOPLIO-
HaJIbHYI0O MaKCUMAaJIbHOI Harpyske P .. [7]:

2
Q _ ]Zv: ijax
conp )
Jj=1 2C”l

ey

N
er.max = 0“_21 ijax:
j:

r1e ¢, — HOpMaJibHasi XXeCTKOCTb CUCTEMBI "onopa
JIBUXKUTEISI—OIOPHAs MOBEPXHOCTh'; | — AJAMHA
mara; o — Ko3(G@GUILMEHT IPOMOPLOHATIbHOCTH,
3aBUCSIIMI OT (PU3MKO-MEXaHUYECKUX CBOWCTB
IPYHTa, TeOMETpUYECKOi (OpMbI M pa3MEpPOB
cTonsl [7].
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Takxum o6pa3oM, Ha CUJTYy COITPOTUBJIEHUS TBU-
KEHUI0 U MaKCUMaJbHYIO TSTOBYIO CUJYy BJIUSET
pacmpeaenieHue HOPMaJbHBIX peaklMii, a BO3-
MOXHOCTB YIpaBJIeHU ST MX 3HAUeHUsIMU, Ojaroaa-
psl CTaTUYECKOUN HEONpeaeMMOCTHA 3TOM 3aaadyu
MpU YMCJIE HOT, B3aMMOJAEMCTBYIOLIMX C OMOPHOM
MOBEPXHOCTU HA OAHOM OOPTY, OoJiee IBYX U IKC-
KPETHOCTU B3aMMOJEUCTBUS C OMOPHON MOBEPX-
HOCTBIO, SIBJISIETCS XapaKTEpPHOM OCOOEHHOCTHIO
poOOTOB ¢ mararoMMu ABUXuUTeas MU [8§—10],
YeM OHU 1 OTJIMYAIOTCS OT TPAHCIIOPTHBIX CPEACTB
C TPaAMLIMOHHBIMU TUTIAMU JABUXUTENCH.

ITocTanoBka 3axaumn

PaccmaTpuBaeTcst MIOCKOe OBMXKCHHE IIIara-
IOLIEN MAIlIMHBI B BEPTUKAJBHOU IIJIOCKOCTU KaK
TBepaoro tena (puc. 1).

ITonoxenue kopnyca podboTa xapaKTepuU3yeTCs
KOOpAMHATaMU €ro LEHTpa Macc X, y, U YIJIOM
noBopoTa ¢. Ocb OX neXUT B YCIOBHO Heaedop-
MUPOBAaHHOI TOPM30HTAJIbHON IJIOCKOCTH OIIOP-
HOI ToBepxHOCTH. KypcoBoe Mmoj0XeHUEe CTOIBI
J nBrxurens a;(j = 1, N) OTHOCHUTEIBHO IIEHTpa
Macc poboTa TP €ro paBHOMEPHOM IBUKCHUU
BIIOJIb TOPU3OHTAIBHOI ocu OX co ckopocThio V)
3amaeTcs (GyHKIIMen

2

TIE G} pyay — TIOJIOKEHUE CTONIbI IBUKUTEINS B Hava-
7ie ¢a3bl ee B3aMMOCHCTBHUSI C OIMOPHOI TTOBEPXHO-
CTBIO; Ty, Tg; — HAYaso U KOHell (asbl B3aUMOIEi-
CTBUSI CTOITBI IBMXKUTEISI, TIPUYEM paccMaTprBacT-
CST TOJIBKO OIWH IIMKJ IBUKCHUS TBUKUATEIISI

aj =0jne —Volt —thy), Ty <7 <7g)s

)

Ha rpagukax (puc. 2) nmpeactaBjieHbl 3aBUCU-
MOCTH @; = a; (f) IS JIByX Pas3iM4YHBIX CIyYaeB
3aJlaHUs PaclIMCaHUS IBUKCHUSI.

B nepsom cnyuae ty; > 0, u B3aumozeiicTeue
C OIIOPHOM ITOBEPXHOCTBHIO MMEET MECTO IIpu
iy <t<tytyLanpu 0 <¢<tyumry +yT<t<T
IBUKUTEIb HAXOOUTCS B (ha3e mepeHoca B HOBOE
nosoxexue, u a;= 0.

Bo Bropom ciyyae ty; < 0, 1 B3auMozeicTBue
C OIIOPHOI ITOBEPXHOCTBIO OCYILECTBIISIETCS IIPU
0<t<ty+yTu T+ <t<Tanputy +yI<i<
< T+ 1y, IBUXUTENb HAXOAUTCS B ase nepeHoca
B HOBOE T0JIOXeHue, U ;= 0.

[MonoxeHue CTOMBI j ABUXUTENS, B3aUMOIEH-
CTBYIOLLIETO C OINOPHOIl MOBEPXHOCTHIO B BEPTU-
KaJbHOM HaIlpaBJICHUM OTHOCHUTEJILHO KOpIlyca

T <ty <T(-y), ;=1 +7T.

1 |
L)
l y l
| b » |
i % |
| a, |
| le—2 ] l
| ) |
: v
| r |
: I SHA| :
i ¢ |
: Ye G L F:f :
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| . |
| slee { 3 |
l > l
1 0 W 4 T x |
| r——————— |
l l

Puc. 1. PacyeTHasa cxemMa maramomei ManiMHbI:

1 — xopnyc poboTa; 2 — omopa IIaraiouero ABUXUTEIS; 3 —
9KBUBAJICHTHBIN YNPYTUI 2JIEMEHT XECTKOCTHU ¢ CUCTEMBI "CTO-
ra—oTMopHasl MOBEPXHOCTD"

Fig. 1. Design scheme of the walking machine:

I — robot body; 2 — walking propulsion device support; 3 —
equivalent elastic stiffener ¢ of the system "foot — supporting
surface"

| Cayuaii 1 :
| T,..>0 |
| Hj |
| |
| af |
[ I |
| |
| I I
A S Jr____\ﬂ |
: @ max | I :
I 9} tnin : : I
l ! ! l
| |
| ‘ W g WP
| |
| |
| |
! Cayuaii 2 !
| |
| Ty < 0 |
| ﬂ'j |
I I
| 1 N~ ™ |
| r=t————=== | |
e PR | | |
| jmin | | | :
| | |
| . 1 ' |
| 1 0 Ty, T+t l |
| T |
| |

Puc. 2. Bo3MoXHbIE M3MEHEHHS NOJIOXKEHHs CTON ABMKHTEJEH
OTHOCHTEJILHO Kopmyca po0dora

Fig. 2. Possible changes in the position of the foots of the propul-
sion devices relative to the robot body

pobota, ompenesieTcsl XapakKTEepHOU BeIMYMHOMN
S(. DTa BeIMYMHA 3aBUCUT OT TUIA JABUXKUTES.
Tak, HarpuMep, IJIsI OPTOTOHAJIBLHOTO ABUXKUTEIS
S 3aBUCUT OT IJINHBI OIOPHOM CTONUKMU /4 U €€ BbI-
IBUXeHUS A (puc. 3).

Jns UMKIOBOrO IOBUXHUTENS S, 3aBUCUT OT
reoMeTpUUYECKUX pa3MepPOB 3BeHbEB (puc. 4).

CrenoBaTesibHO, 3ajJaBasl pacIoOJOXEHUE IBU-
KUTENCH A, G; oy, PACTIMCAHUE UX IBUXKEHUS Ty,
cKopocThb V, nnuny mara /[, KoapGUuUuueHT pexu-
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Puc. 3. OpToroHa/ibHblii ABHKHUTEIb:

1 — xopnyc po6ota; 2 — KapeTka rOpU30HTaJbHOTO MPUBOJA;
3 — omopHas cTolika; 4 — cToma; 5 — OoImopHasi IOBEPXHOCTh
Fig. 3. Orthogonal propulsion device:

1 — robot body; 2 — horizontal drive carriage; 3 — support stand;
4 — foot; 5 — support surface

Puc. 4. IIuka0BO#i ABHKHUTEb:

1 — xopnyc po6oTa; 2 — Benyluii KpUBOILINUI; 3 — KOPOMBICIIO;
4 — W3OTHYTHII WATYH; 5 — cToma; 6 — OMopHasi MOBEPXHOCTh
Fig. 4. Cyclic propulsion device:

1 — robot body; 2 — driving crank; 3 — rocker; 4 — curved
connecting rod; 5 — foot; 6 — support surface

Ma vy, TpeArojaraeMblii OQWHAKOBBIM JUISI BCEX
IBUKMTEJEH, Bec poboTa G, XKECTKOCTh CUCTEMBI
"omopa JIBUKMTEIS—OIOpPHAs IIOBEPXHOCTh ¢,
a MpM MepeMellleHU Y IO BOJAOW — U BBITAJIKUBA-
IO1IYI0 cUIy @ U TOYKY €€ TIPUJIOXKEHUS b, MOXHO
ONPENENUTh HOPMaJIbHbIE peakinu P; kak QyHK-
LMY BpEMEHU U HAWUTU MX MaKCUMYMBL. [Ipu aToM
clenyeT UMETh B BULY, YTO

/
T=—.
Vy
Takxum o6pa3oM, BO3MOXHA IMOCTAHOBKA 3a/a-
YU O HAXOXJICHUU YIpaBieHust A; = A, (f), obecrie-

YMBAIOILIETO0 MAaKCUMYM KPUTEPUS

I = QTsIr.max - Qconp' &)

s LOUMKJIOBBIX ABUXXUTENEH, HE MMEIOLIUX
MHIWMBUAYAJbHOTO IIpUBOAA adgarnTaiuun, OIIpEac-
JIAIOTCA OIITUMAJIBHBIC PACIIOJOXKEHMUA TOYEK ITOI-
Beca A; = const, obecrieunBaroiue yciaosue (5) Ha
9TaIe IMpoOCKTUPOBAHUA, YTO U ABJIACTCA IPEAME-
TOM HCCJIEIOBaHUSI.

)

MeTton penmieHUusA

Merton penieHUsI MOCTABICHHOM 3aJaud OCHO-
BBIBACTCS HAa PACCMOTPEHUM KBa3UCTAaTUYECKOIO
peXrmMa IBUKEHUS 1Iaraloliero podora ¢ mocTosH-
HOM TOPU3OHTAJIBHON CKOPOCTBIO €ro LIEHTpa Macc.
DTO MO3BOJLIET COCTABJISITh YpaBHEHUS “paBHOBE-
cus” poboTa ¢ IpUBJIeYeHUEM YPaBHEHHUIA COBMECT-
HOCTU fedopmanmid A; CUCTEM "OMOpbI JBUXUTE-
JIei—OIIopHasl MOBEPXHOCTE'. YCUIMe B3auMOJIEH-
CTBUS P; NBUXWTENsI C OMOPHOW MOBEPXHOCTHIO
omnpenesaeTcs TMHEHHOM 3aBUCUMOCTBIO:

Aj==Y.—9a; +(S;—A)).

()

Hng K nBuxxuTteneit, Haxonsuxcs B ¢gasze mne-
peHoca, A; =0, a Te ABUXUTENHU, KOTOPBIE TOJIKHBI
ObITh B (hasze B3aUMOJIEWCTBUS, HO A; B COOTBET-
CTBUM C (6) MeHbIE HYJISI, TAKXe He B3aUMOIEH-
CTBYIOT C OITOPHOI MOBEPXHOCTHIO, U B pacyeTrax
npuHumaercs A; = 0.

TaknuMm o6pa3oMm, ypaBHEHHs KBa3MCTaTHue-
CKOTO peXMMa IBUXEHUS po00Ta MMEIOT BU]L

N
j=0
N 7
j=0

YpaBHeHus (7) cBOASATCS K CUCTEME ABYX JIHU-
HEWHBIX aJiredpanyecKux ypaBHEeHU ¢ IByMS He-

U3BECTHBIMU Y, U ¢:

" N G- U
Ve(N-K)+o3 a; = + 2 A5
0 = ®)
LN N, ®h N
Ve a;+0 aj=——+ 2 a;A,
Jj=0 Jj=0 ¢ =0

e y, =Sy — V.-

Oco0eHHOCTD ypaBHEeHUIT (8) COCTOUT B TOM, YTO
npu (popMupoBaHUU KOI(PPUIIMEHTOB M TIPaBBIX
yacTeil B pa3IMuYHble MOMEHTBI BPEMEHM ! BEJINYM-
HBI ¢; OTIPENENSIOTCS B COOTBETCTBUY C BBIPAXKEHH-
eM (2) 1 B HEKOTOpbIE MOMEHThI BPEMEHU DPABHbI
Hyso. Yro Kacaercst A, To eciu ¢;= 0, To u A; = 0.
B 1ipyrue MOMEHTBI BpEMEHU A; CIIEIYET OTPEIEIsATh
B COOTBETCTBUU C KPUTEPUEM ONTUMAaJbHOCTH (5),
U 3TO SIBJISIETCSI CAMOCTOSITEIbHON 3a1a4ueid.

MNmuTanuoHHOE MOAEJINPOBAHHNE

PaccmarpuBaeTcss MOOUJBHBI POOOT C ue-
THIPbMS IIATAIOIIUMU ABUXUTEAIMU N = 4 Ha
KaxaoM OopTy. JABUXUTEIU PaACIOJOXEHBI CHUM-

MexaTpoHuKa, aBTOMaTH3amusd, ynpasjienue, Tom 24, Ne 2, 2023

103



MCTPUYHO U HMMCIOT OAMHAKOBOC pacCIIMCaHUHC
ABU2KCHU .

3amaroTcs:

— MOJIOXKEHNE CTOIT ABVIKUTEIICH TTPY MaKCUMAaJlb-
HOM WX BBUIBUKCHUU @] oy = 3 M, @) max = —1 M,
a3 max = 2 M, Q4 max = —2 M;

— nanHa mara / = 1 m;

— ko3 puimeHT pexuma y = 0,8;

— Bec pobora G = 10 000 H;

KECTKOCTh CUCTEMBI "OImopa JBUXUTENISI—
OMOpHAast MOBEPXHOCTE' ¢ = 25 000 H/m?;

— BpeMs TIOJTHOTO IIMKJIA IBUKEHUS JTBUXKU-
tensas T =16 c;

— pacrnucaHue ABVXEHUs IBuxuTeneii ty = 0 c,
T = —4c¢c, 3= —"7¢, gy =3 cC.

Ha rpadukax (puc. 5) npencraBieHa quarpam-
Ma M3MEHEHUS 3aBUCUMOCTU a; = ayf) Uit pac-
CMaTpMBaeMbIX 4YeThIpex aBuUXuTeneir. Ha aTmx
rpadukax a; = (0 119 MOMEHTOB BPEMEHM, KOTIa
COOTBETCTBYIOIINIA TBUXHUTEIb HAXOMUTCS B (hase
TepeHoca B HOBOE TTOJIOKEHUE.

CpaBHUBAIOTCSI JBa CJydas pacrpeneacHus
peakuuii P; = P(7).

B nepsom ciyyae (puc. 6) A; =0 (j =1, 4).

| |
A |
I S R — den ' ! I
I LT ——— i I
! I e !
| 1,5pemsmms . AT _':'_'_ TN |
T . e | :
| I el | |
0 T |\ |
I I I 2 I
D5 —— 2 o
| |
| - |
| |
| |
| |
| |
| |

Puc. 5. Iluarpamma ABuKeHUs1 IBUKHTeJIe:

1, 2, 3, 4 — HOMepa ABUXUTEEH

Fig. 5. Diagram of movement of propulsion devices:
1, 2, 3, 4 — numbers of propulsion devices

Bo BropoMm ciyuae (puc. 7) A = A, = A, = 0,
A; = 0,05 m.

AHaNn3 pe3yIbTaToB IMOKA3bIBACT, YTO KAYECTBEH-
HO pachpele/ieHue peakuunii coxpaHunoch. OmHaKo
MakKCHUMaJIbHble 3HAYeHUS! peaKuil M3MEHWIIUCH.
Hanpumep, B mepBom ciyuae P, = 5150 H,
a Bo BTopoM P, .. = 5600 H. [ToaTOMy 1 coOTBeT-
cTByOLIME KpUuTepuu (5) mpereprieid U3MEHEeHU:

o T T e 1
! P ,H P,.H :
! 6000 6000 |
l !
! 5000 5000 l
| |
i 4000 4000 |
! |
|
! 3000 3000 !
! |
! |
! 2000 2000 |
| !
|
| 10005 1000, |
! |
|
! P,,H i
| 6000%; 1 T I |
| ™~ | : | !
! - | I | |
: 5000 1 A-mmmmne- e menht !
| ] | H .l.,__‘ |
: : : DT !
s e i s :
! i | D |
N 1 (FS B U S I
! 3000 ; D e |
| . T‘"‘“--.I ‘f“'! I-Mi |
I | 1 | |
2000 - pomm o N —
i I : \\"-« :
| ! h :
1000 t,c
lL 0 4 8 12 16 :

Puc. 6. 3aBHCMMOCTH HOPMAJBHBIX PEAKIHi B3aHMOAEHCTBUS ABHKHTENEH C OMOPHOI MOBEPXHOCTHIO B MEPBOM ciydae: I — odaacts,
CcOOTBETCTBYIOHIAsA (pa3e OTCYTCTBUS B3AUMOJECHCTBUS ABUKHUTEJS C ONMOPHOI MOBEPXHOCTHIO

Fig. 6. Dependences of normal reactions of interaction of propulsion devices with the supporting surface in the first case: I — the area
corresponding to the phase of the absence of interaction between the propulsion device and the support surface
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Puc. 7. 3aBucumMocTH HOPMAJIBHBIX PEAKIUil B3aUMOJECTBHS ABUIKHUTeEIEi ¢ ONOPHOIi MOBEPXHOCTHIO BO BTOpPOM ciayyae: I — obaacTs,
COOTBETCTBYIOIAsA (ha3e OTCYTCTBUS B3AUMONEHCTBUSA ABMIKHUTEJS C ONOPHOI MOBEPXHOCTHIO

Fig. 7. Dependences of normal reactions of interaction of propulsion devices with the supporting surface in the second case: I — the area
corresponding to the phase of the absence of interaction between the propulsion device and the support surface

Oconp 1 = 2318 H, Qconp » = 2640 H, T. €. cuna
CONPOTHMBIICHUSI ABMXKCHHWIO BO BTOPOM Ciydae
Bo3pactaeT Ha 13,8 %. UTo kxacaeTcs MaKCMMallb-
HOM CHMJIBI TSITM, TO OHA TaKXe BO3pacTaeT, HO Ha

6,8 %.

3akiaoyeHue

3a cyeT peryampoBaHUsI BEPTUKAJIBHOTO ITOJIO-
KEHHU S CTOIIBI IBUXKUTEISI OTHOCUTEIBHO KOpIyca
pobOoTa MOXKHO yIPaBISITh CUJIOKM COMMPOTUBIEHU S
JIBUXKEHWIO M MAKCUMAJIbHOM TSITOBOU CUJIOMN.
YcraHaBauBaTh BEpTUKAJIbLHOE IOJIOXEHME CTOIIbI
OTHOCHUTEJIbHO KOpIyca po00oTa MOXHO Ha CTaauu
NPOECKTUPOBAHUS UJIA B MPOLECCE ABUKECHUS, HO
B TIOCJIETHEM CJIy4yae HEOOXOIUM HOIOJHUTEIb-
HBIU TTPUBO/I.

Peanuzauuss mnpeasioxkKeHHOro MeToJda IIOBbI-
LIEHUS TSATOBO-CLEIMHBIX CBOMCTB IIararolmx
JBUXKUTEICH W CHUXCHHUS CHJI CONPOTUBJIICHUS
MpeIbsIBIISIET TTOBBIIICHHBIE TPEOOBAaHUSI K TOY-
HOCTM MO3ULMOHMPOBAHUS CTOII MEXAaHU3MOB
ImaraHus B MpoIlecce IBUXEHUS podoTa.
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Abstract

The problem of increasing the traction and dynamic properties of mobile robots with walking propulsion devices is
considered. The interdependence of the traction forces developed by the propulsion devices and the forces of resistance
to the movement of robots, due to their interaction with the environment, is analyzed. A mathematical model is proposed
based on the quasi-static nature of the robot’s movement and taking into account the static uncertainty of the problem.
Static indeterminacy is due to the presence of propulsion devices on each of the sides and interacting with the supporting
surface in the amount of more than two. A feature of the solution is also taking into account the gait and schedule of the
robot’s movement, which characterize the time sequence of the propulsion devices being in the phase of interaction with the
supporting surface and in the phase of transfer to a new position. The gait is also characterized by the mode coefficient,
which is the ratio of the time the propulsion device is in the stance phase fo the total time of the cycle of its movement.
An optimality criterion is introduced on the basis of which the design perfection of the propulsion devices and the place of
their installation on the robot is evaluated. The optimality criterion consists of two indicators: the value of the maximum
traction force and the average force of resistance to movement. The tractive force is assumed to be proportional to the sum
of the maximum normal loads acting on each propulsion device unit, and the resistance force to the squares of the same
loads. Simulation modeling has been carried out, proving the dependence of the magnitude of traction properties and the
Jorces of resistance to movement on the location of the propulsion devices. Two systems of vertical arrangement of the points
of suspension of propulsion devices were compared. It has been established that a sufficiently small change in the vertical
coordinate of the suspension point of even one propulsion devices has a noticeable change in the maximum traction forces
and movement resistance forces. It is concluded that by adjusting the vertical position of the propulsion devices foot relative
to the robot body, it is possible to control the traction properties and movement resistance, as well as the importance of the
positioning accuracy of the foot of the propulsion devices walking mechanism during movement.

Keywords: mobile robot, walking propulsion device, resistance force, traction force, traction properties, positioning

accuracy

Acknowledgements: The study was supported by the Russian Science Foundation grant no. 22-21-00882, https://rscf.ru/en/pro-

ject/22-21-00882/.

For citation:

Briskin E. S., Smirnaya L. D., Artemyev K. S. On the Control of Traction Characteristics and Resistance to Movement of Mobile
Robots with Walking Propulsion Devices, Mekhatronika, Avtomatizatsiya, Upravlenie, 2023, vol. 24, no. 2, pp. 101—106.

DOI: 10.17587/mau.24.101-106

References

1. Artobolevsky I. I. ed. Polytechnic dictionary, Moscow,
Soviet Encyclopedia, 1976, 608 p. (in Russian).

2. Briskin E. S., Serov V. A., Sharonov N. G., Penshin I. S.
About the features of motion control of mobile robots with anchor-
cable propulsion devices, Ekstremal’naya robototekhnika, 2017, vol. 1,
no. 1, pp. 336—343 (in Russian).

3. Guskov V. V., Velev N. N., Atamanov Yu. E. et al. Tractors:
Theory: "Cars and tractors”, Moscow, Mashinostroyeniye, 1988,
374 p. (in Russian).

4. Smirnov G. A. Theory of motion of wheeled vehicles,
Moscow, Mashinostroenie, 1990, 352 p. (in Russian).

5. Ignatiev M. B., Kulakov F. M., Pokrovsky A. M. Control
algorithms for robotic manipulators, Moscow, Mashinostroyeniye,
Leningrad department, 1972, 248 p. (in Russian).

6. Briskin E. S. On the general dynamics and rotation of
walking machines, Problemy mashinostroyeniya i nadezhnosti
mashin, 1997, no. 6, pp. 33—39 (in Russian).

7. Briskin E. S., Zhoga V. V., Chernyshev V. V., Malole-
tov A. V. Dynamics and motion control of walking machines with
cyclic movers, Moscow, Mashinostroenie, 2009, 191 p. (in Russian).

8. Gorinevsky D. M., Shneider A. Yu. On the dynamics
of small movements of a walking apparatus in the presence of
feedback on support reactions, Izvestiva Akademii nauk SSSR.
Mekhanika tverdogo tela, 1987, no. 6, pp. 397 (in Russian).

9. Shneider A. Yu., Gorinevsky D. M. Control of the support
reactions of a walking apparatus when moving on soils with diffe-
rent non-existent properties, Institut problem peredachi informat-
sii AN SSSR, Preprint, Moscow, IPPI, 1986, 72 p. (in Russian).

10. Smirnaya L. D. On the optimal distribution of normal
reactions of walking propellers of underwater robots, [zvestiya
Volgogradskogo gosudarstvennogo tekhnicheskogo universiteta, 2019,
no. 3(226), pp. 47—50 (in Russian).

106

MexaTpoHuKa, aBTOMaTH3aNusd, ynpasjenne, Tom 24, Ne 2, 2023



