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Locomotion Mechanism Using a Combination Cam with Multi-Phases
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Abstract

Robots that can move along the narrow and rough tube are very important as the request for the inspection
increases. It is necessary for the inspection robots to have a capability to move successfuily at even overturned
situation and have a simple mechanism to reduce the unexpected failure possibility for the successful
completion of the given mission. Through this paper, the authors propose a novel and simple mechanism
using a combination cam device to generate the locomotive motion of multi-legs. This robot uses one DC
motor and one combination cam shaft to generate the locomotive motion and can move rough tubes without
failure even at the overturned situation. The robot also shows enough dragging force for the connected line
thakis very important for a wired inspection robot. Kinematics analysis to design the specification of the robot
will be followed and several applications show this robot’s potential capabilities.

T C BEY 7F B3
J5MY P . Zure 75
a . The)e] 7] &7)

Z ’,‘ij zi:i: p : thel s} AAto) o) U}%7‘~ﬂ¢

A Eo WE K, . el s} A Wajole] wpRAS

m . _g:o 'zr‘7] N : 5}17}_}6‘}%—

L . )9 ol Z PEel=

% L AT ohele YEH < 2E ; i WA Hele) gel=2

z . A3 gele] WEY  AE

X, W  AF 1. M E

zp s ¥ HE

M . o) Zue xHE 2RAA QoA o) & & U= FHo|P olF

2 .t 2o y A A(Mobilityyel FLAIHE ©] Altidl] 9»10']'*1 -

; i, Faslt 229 057158 2xo| 4T F 3

_ = 99 99 Sy B oha 9zte) 08

0 e B s A 2o A4y qYEL £AT & vk TFsA
P 32987145 AT YKIST) vto] A2 A 2 E AT A E & Yt geng e 8% o AUn
T AT vhelAR ALY Y ALEIMO) ATt ZRAA o)SHE ATEE s Lol
f’j‘—q%};ﬂ?}‘, .51%,.?:5_"%-“%?_1.‘71%?‘;:1‘% He ulE(Whee)S AME3HE Holg & 4 QTko

TEL OO A : 020556910 2ot MAE 23 5Bl B 345

AR B A 2o o]FA AAE A=



UE 9AAE BE 239

FASE Yz Jorng AYsE A G2 FHNA
9 olFAE AFs7] H8 tElE AU Qe 2
Bo B3 A7t £PHAJAGS g g ol &3l
ol gAL ol & 72 7|(Roughness)’t F7HEHA|
5 2R o|gAo] E TS BE F Utk
ol gle W, 2R ol & syl s
3 UL Eojurter k= ©Ao] E4)
. H. Adachi & olg|gt FA|lA 9 vta 75 &
2E4Y U2 PR 8lE o)F2RY g% A
FHE BEs v g9 5F =

S AgeRok® g} B 2xe
o} 5715 3 &R Eie ¢

Of

X O ot rlo ot S
2 Lo
>
o

i ot

ofy

5

[

30 i
fr 8 oo e
%

A &gol HEhetA| Ratal
A olFsl #& F & M 5
Atstaz) g} £ 2R 7
% A rxe] AAE o)t WA
o] ol% WAYEZE FEING
Adlet 22 58 olFde
A Zet"l tAb o] F 2| (Multi-phase locomotion)=
o] Jie] thelrt A X %e] Aol 2RE o

de WA EE FUL @ £ Y= W E 2

[e)

o ok

N rfe

llo

[ "”
Hd
2
>

oo 2 ootk

ot 1o i ol
L
oy &
) Humol >~$u’,“"
flo sz ot o
Loy
o — oft P

£ DI

-

N
5

TS FHOE Tevt WAPOR FNF BE
goz A9 F 2R 9N} AgIAdAE A%
A4 $49 2+ dE FEE AYL A 2

2.1 =8te W &g ol &3t izl S

Ash gol ge 79 BelE AR UE 4

Ae we 9 Tt ANz 08 Aae 2tn
A AEo] Ao, ¥ e gt F WY

oiglt gt vl A4 &n thgd FHy
AWE AFHez oFs ot FE A7
olF Aol AAM o]E 3 F2E WS EHHY
olom], gAl 2R ojo]A o]g} T fEFF
HEA Y olF Heg ol&3tH HFEst: thF
3 B2Y F1 4 AYPPME HAFHoR o)F
3 e 219 slide] shed Aol

2L HAALETE FESFOR AIFNAFE
7144 B duE 2= g fgy 45 T2
Fo] Ho dgozm x & frsts wiy
(Barrel) 8& Fig. 1949} o] 28 A9 wd
7he] Eo] ddo] HolglE o wHS Fig
294 He vk} o] Bl eE {2 o] dr)

r L fo o me o

B
2
Mo
offt

AT —

2599

z

Fig. 1 a Combination Cam

“
@
Leg
Pin
[2)] (2] (Y] >
Cam Direction of
Rotation
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Table 1 Specifications of the combination cam and a leg
of the robot

a 5.5mm L 12.5mm

b 9mm X, 12mm

2mm m 2

Pivot Pin o] 9 A)(x, )l

o
o
i)
T
e
PO
tlo
ne
oo T
pad
= O

3 (x,) M8 e o
HoZ HoFy
ey 7i9dste 59
X = ZJ_°]7P 1 FHoln o] R4t
Z wgoz gA BEEHY e o 2R
4 #alsttt. g2kA Pivot Pin o BE&E5E #
AL &4 4 Atk 28 £ Pivot Pin 9

AR AAHE Bl B @n)S
FHAX x, Aboje] §3t

Aok e AAselor 9T 2e) 27
nefstel HAE A % 2ol thele] AL

P

At

=
Hog

-—-4-\—'

Fig. 6 © 278 Al g dele #3 L

£E A¥E 2lFD ok B &% Ade 2%
g AAHY 2HYY £EE HHE AHEH
44 % gk
23 CHEY 2% TXo 2xel 85 ¥ A
2134

7 gae A2 oe 27 AAE 24 Ha
a2 A7} 45 Sold, A FAR 8 Ao o
}ulgse) Aot & 3% 74 ey x7] 4%
£ 4 @ g ¥yz mdua & gtk

a,,(0)={i-1)+(j—-1)}-§ @)
q714  (1<i<5]1<j<8)

3 AHelA = Fig. 1094 & $goz 2yg=



= 7t
AZE Zt Ao A wg A zojy j & A
g o2 wixgE 7 el —ff/\i% Yehgie o
drojt) £, 4 (2)d] o8] EHE v U e
AEE ANzbol ti3A w239 Cartesian F 7+
A A g £ ARE de § Uth

rir

ESIEs

£

43

it

{l -L- sm(a) ZC }dxc ]

de
- Xxc dz,.
+L- sm(a)—r 26 i ol (5)
{I—L cos(a) }dzc ]
do

+L-cos(a) % _ch %0

o714,

=G —x) +(p =y ) +(zp —2¢)
- tan‘{ h-sin(m8) }
x, —a-cos()
dx. _ ab(b’ —a*)cos(0)sin(d)
40 (b* cos’(8) +a’ sin(d))
dzC

=m-hcos(md)

28 BE9Y olf &5t 9 FHd wEH
AW EE o9 HEE 9
I dE E}E]Q] A &xd os) ZAAH Y
] Hode thel FolAM AE =
F1 gle gEe 949
7+ H}’é*&°i thebgles hejoln thEjet A
Z Alole] wlnmH(Slipyel flvxz JHAE A%
7t A wiEEFoz vede tElEe A
7t 1 @bl e 2] oje& ety B
Aok 2Ee HAXEE gelg s 4 @)
A5 zE A QF & AEFTY BH
o3 28l o|FEEE At d & Ut Fig. 7
2 BHY JALES AFANA 7 BT 2R
g & EE HAET o|FEHEE AT o
8l 75‘3-‘?"&“’ olF 77 E MNE + Ut
Fig. 8 & Cam 9] 3|Aqj 4?5}1 3‘—(groove)°ﬂ

AE ‘3}3101] HEHe FH& A& A3 ZEH
Bao] 28 1PolT} Cam & wym% wEe)
E9arzt rolx, H&EA S 79 utAe] r o]t &
73S vy £ ded dgE £ e 8 39
FEgANe o3 A (69 Hol AEHAHA F
Aok &, #AFE N2 P-cos(f) o2 REHU}

A

pre)

g o8 =Y olF

WAYSE 2601

. F_[cos(ﬁ)—qun(ﬂ)] ©
cos(f3) +sin(f)
o714,

ﬂ:{tan_l(m.h.cos(mﬁ))}’ﬁv _r

r r

7} t}2lE Pivotpin & FAHSZ ¥4 722
AEo] glorz wigH ¥ ¢ byl oig A
23 F. & NZge degel g3 4 (1 Zel

LA 4

F,:P-Lx”_xf}P-R(e) %

RO) = )cp—\/Za-cosé’)2 +(b-sin )
\/acosﬂ)z +(b-siné)* +L-cos(a)-x,

239 ted o8 48 & Yt Fe A
Wol 23 gt ohel o ABHE FA @
oz ANG # vk B, n A Tzt Hwel
go} 222 TEHL YW WAL F
AA FEe A ®s 2ol AW HZo] Yo}

Seeld BAHE 29 oz E¥d 4
o,

¥ i

w &
& =3 &

]
S

- "N
o =3

Average velocity of robot [mm/sec]
3 b

%o 20 2 ” 50 60
Angular velocity of motor [RPM]
Fig. 7 Average velocity of robot vs. angular velocity of
motor

Fig. 8 Free body diagram of one leg tip
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Fig. 12 Configuration of a leg of robot
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Fig. 18 Integrated locomotive robot with a micro-camera

Fig. 19 Application example: tunnel inspection
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