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Devising and Embodiment of the Cross-Helical Gear Mechanism
(OToshiaki FUJIMOTO, Hikaru TETSUI, Ayaki NISHIMURA,
Masahiro FUJITA, Akito NOMURA Eri TAKANE, Hirone KOMATSU
Kenjiro TADAKUMA, Masashi KONYO, and Satoshi TADOKORO (Tohoku Univ.)

Abstract: This paper discusses about cross-helical gear mechanism. This cross-helical mechanism can be used for
omnidirectional driving wheel mechanism. Not only convex version of this gear mechanism, but also planar version,
concave version have been considered and shown. The prototype of this gear mechanism has been designed and developed.
Basic performance of this gear mechanism have been done with the real prototype models though basic experiment.

Keyword: Mechanism, Cross-Helical Gear, Differential Gear, Omnidirectional Driving Wheel

1. [XUOHIC (27U 2 —HAEBEEHRE)

NUNFBEORRD T +—LXT Y bEEPVE
OEICREEL, AL, EALILDOY +—LbFxA—
JNZFENFNFHEER, LafEa L, SOICFHEER
LRFHEECEZN L THEGLTNDEE > TWND.
M 31 ZOMEDEEDFELZ ~T. K 3(@D L H I
KO Z BN R & ICEii S5 &, P C
MEHET 5. ZORREEZSEHREEESZ LIZT 5.
F72, EAOEAERFEICEIRSES L, FHER, L
XD FROEHEEL ARSI LD &35\ & B8Rt
FHkev, YHE C OREER 7 v 7 L, AJjdha
e LT, RGN SRMICRRT 5. Z DRl E
REX TN Rl SN

Spur gear L
Left hand

[OINTNNAE) Spur gear C Right hand

5 Right hand
" _worm screw

Left hand &

—

Axis A

DY Output A

F-.) cmmo

X1 : RV 1—KXEENEERHE

i
oy

M2 : REEAYHNIEEHEBODHEER

2. RERANY H)LEHE

B 1R T A7 Y 2 —X i R T RIK T, ol
BT 2 DO W ERE LA EL T WD NHE O
el oTWnWie, KVEAR—=2a 37 MT, i
AW LR a2 AR, T TIEEHE»S DA
N& DT LML OWEOEE Y 2, 1 >0l LIz
BORICER T C, RELLOEAMEZ AT D8 E T
HZLT, M2ITRT LI, L@l 1D
EHT D AT AR TE 5. X2 DR RIS
EBRLUBORZERMAY HLVHEL LY, KEHEE2 A
WIS ENERE ORE R TH D .



B 1 28R~ J VA S B2k - Mk L,
S HIZ AN OB ERREEET D&, £1~3
ORT L A AmbELExbND. 2, ATTH
DOEH L LT, —FEEEOHIERD S DI
HEDE R T OITEHAIC

=1 FEERX

(a) Coaxial

ERA)ALEEOHAETHE

(b) Parallel

(c) Parallel with Offset (d) Orthogonal

*x2:

Coaxial

Parallel

Orthogonal

RS9, Ik
L7ZEbZEX 6N 5.

&3 : MEMRIXEEA) DIILVEEOHAELE

Coaxial

Parallel

Orthogonal

ZDRZFERIANY TV EL S, AR L, LR & o]
IR, We, #ERT), B, 77T AT —
AN EDIREEENREZ Z DD,

AENIFEEEBLICH T2V, i TR O 0 % 3

ELT, BB LE T2, ROETEOREMZ TS
%.
3. E#ERIL

Ral « BIE LT Y T v B O S Bl %
X312, EZOMAHEDEMOILRH %K 412%

NEIRY . BUEOHERLTIE, AOEFiTs I &
DRIERA S 5 50T, ZAERMAY VRN D

AR EE) 2N H ) &, A O3 I1Eth 3L [l #E A3 R 7
MDA ﬁ@wmﬁgﬁﬁﬁééﬁﬁk@ofwa
COBEBEHSCY =T A REHEL, 2, 20K
ZERANY N EARRZE T AIC LV RS Eocb D
EEHEHTHZLT, BEOR bo—7 2 MiEd L
AIRE & 72D . AT & (Rl 1 52 B RIS R RE Ao L i
ERTCa=y Mt pZEick v, ANz Ry



(ZIR & NEEB 2 H )T R TED.

Eo, EEOLABEOAERMAE L, BEBOLOBE
Z P A RE SH L TR &, AETHIZA b
Y AREWY AT D Z LT, RINIAEED S EL SN,
A by R EFEMRITEBSEEE LD VD 2 B
DEEEN BRI TITATRETH 5.

K3 : E#a1—v raE (ERD 12)

X4 : MWAHAEOEHOIEKE

4. ERER (BEREN - BEENHE D)

B 3R TEEEHNTEREITo72. 20T %
M 51ZRd. Msbbbnd ko, AfEw)
FHCER S5 &, RRAEMAY Ty /L B AR L [R] i E
BamL, ANiERGmICEESE5 &, 2220
AU VR EARBIEE S BT A AICEEIT 5 2 LA
TEns.

ARERZBLT, 2 20ANT)OMAEDOE CTRAEM
AU T3V EARRAS 2 IO EB) ) 24T 5 Z L3 H]
BRThDH I ENHERINT.

i
-

HERICESBEOHRF. O—@HEDE
Eiz, GONEBZRY.

X5 :

5. &

ARETIE, RAEMAY DAWBEEFTICERL,
T ORI T2, Fiz, ZOMAEDED 1D
ThormEM o=y Met - BIEL, FHEH
W EBR A LT, BE LI ORARN R (E
g) 2R L.

ASHITFR 1~ IR THOMAE b2 REF - R1E
L, ZOIHEE UCoLdrmbrEh dity, 2 B bR
RO, BRY, Me6Dkoickr 7wy 7 ke
ZHT DU A —LFT HROBE 72 Ex21To T <.



Input Rotation Input Rotation
for Direction X for Direction Y

HEE
AHFFEIL NEDO Wk A 2 AR b PRGBS DX 1B &
BTiThE L., ZZCHES R LET

SE XXk

[1] Shigeo Hirose et al: Development of a Pneumatically
Controlled Expandable Arm for Rescue Searches in Tight Spaces. 1.
J. Robotics Res. 25(1): 103-110 (2006)

[2] Shigeo Hirose et al: Development of Pneumatically Controlled
Expandable Arm for Search in the Environment with Tight Access.
FSR 2003: 509-518

[3]“Torus Omnidirectional Driving Unit Mechanism Realized

by Curved Crawler Belts”, Kenjiro Tadakuma, Hirohiko Ogata,
Riichiro Tadakuma and Jose Berengueres IEEE Int. Conf. on 2014
IEEE International Conference on Robotics & Automation (ICRA),
Hong Kong Convention and Exhibition Center, May 31 - June 7,
2014. Hong Kong, China

[4]James C. McKenna, David J. Anhalt, Frederick M. Bronson, H.
Ben Brown, Michael Schwerin,

Elie Shammas, and Howie Choset: “Toroidal Skin Drive for Snake
Robot Locomotion,” IEEE International Conference on Robotics
and Automation, pp. 1150 - 1155, (2008).



