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TITAN VII, a Quadruped Walking Robot, climbing 70 -degree slope

to bore holes in it.
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Fig.1-1 Overall view of the steep construction site covered with lattice shaped
ferroconcrete frames.

Fig.1-2 Workers suspended by ropes on about 70 degree slope.
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Fig.1-3 One of the anticipated tasks for walking machines. It is to bore holes
on the steep slope. At present, it is carried out by a machine on a
temporarily installed scaffold.

Fig.1-4 Future concept of application.
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(Terrain A)

(Terrain B)

(Terrain C)

(Terrain D)

(Terrain E)

Fig.1-5 Chart of basic terrain types included in the construction site.
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B & 4TV A (Fig.1-T).
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Fig.1-7 Hirose’s PV-II climbing the steps by using tactile sensors and posture sensors.
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Fig.1-8 Hirose, Yoneda and etc’s TIATAN VI adapting to rugged terrain.

Fig.1-9 Land-Master by Mitsubishi Heavy Industry going over the steps
by using 6 extensible legs.
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Fig.1-11 DANTE-II by CMU climbing the steep slopes by using 8 legs

and cooperating with a wire.
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(Terrain D) ORFFRBRRIC L 5 &, 2 BETEMT B CTHESE 10 ° O84T % 5T
LTWwWbbom, 4 E%ﬁﬂﬁ%ﬁif&i%%ﬂiﬁiﬁt VR 6° DEFITE I L T 518
ThY), KEARORE SR LB LS L 5 b1k E LERETOHT TS 5 &
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Xy

Fig.2-1 The relationship between the posture and stability criterion.
- (1) The walking vehicle under consideration.
(2) Posture to maximize the Stability Margin.
(3) Posture to maximize the Gradient Stability Margin.
(4) Posture to maximize the Energy Stability Margin.
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Walking Vehicle
Model Force from dowhill side.
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Fig.2-2 The experimental device.
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Fig.2-3 The experimental results showing the conditions to start tumbling.

Fig.2-4 Another experiment for tumble using walking vehicle models.
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Fig.2-5 Notation and coordinates used for the following discussions.
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Fig.2-6(b) Syg contour in the case of 15 degrees.

SNE= 0

Fig.2-6(c) The extended figure of Syg = 0 in Fig.2-6(b).
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Fig.2-7(a) The robot takes the posture which possesses

Syg = 40 for all directions on 0 degree slope.

Fig.2-7(b) The feet on 15 degrees should be shifted just

like dotted line so as to keep the same Syr as (a).

33



2 L SLERIC T U S DS EHAE L A 2 L2 AN 4 B O EN L b 725 S b
LOTHY, (1) D2RFRRTHEENLMA 2 2FAT A EIHIBLIZD DL
%o TWA, Fig.2-6 (b) DRICBWVTid Syp(Gomaz)x 10 £% 0, ZDMEUTEHT 5
SypEEBD 128 LT Sygp =572 Sy =0 OHOWSERTAICHFEL VA

BB, MALZ [Sye %88 ORELEB~OMEELREFICRLTBL LK
5. 0=012BVT Syp =40 3T 5 LI Fi~Fy% Fig.2-7(a) D & ) 2 HREIC
s 2 T LAEHELLILETALEE =15 IKBVTINE LA LREERFELT
THL LD ET 5L, Fig.2-7(b) OFEMAED X ) IHTE FRIO NEREREAN 10 LT
27 ) EEINIE 40 2 AIEICEE 7L B (o) ERAL L D00 = 157128V T 4 750
40O NERELEBEAET AL LT A0, [Sve EHHB] WET LEMHE2D (b)
DEITRT LI BREBTHLI LV THhA

34



FBIE BEKVO-IESBROREE ZDEREE

RNEHIREIC BT AEREBEBEIEME LT 4 B TERMOMACEEY S &, /lE
THEAL NERERMERKMT 2 L) 2EBEPRILE L. KETI, 20 L)
GREBOS LIZETN TR 0—VEE] LIREFEZHICEAL, REWLE
BREOSPLRDMNEORVIHEECEER ZFHET H. 3612, EEOHESEN
DR R T 5 [ MBRELERAE ] OEALIT, BEMREOMLERS.

3.1 BRI O-IEBTDRE

TEBEFREBLEPORRBIEO P LBEIZEREL T4, VY E L TO 4 EFTHR
MOODBRFE LT, HRETIO-AVEE[12 R, 7u—VEEE IOy bEER
AT B BEMAES (30 & EARESATER L Ly 0 VEER Figs1(a) 0
L3RR SEICHESEL ) LT 570, THM 3 ALY ) B2 5 Figs-1(a)
D (1)(3) DHETRETIIE LRESENET TS5 L MEZHE L Tw.

ZTICH L, AR TREL L9 &F 5 [FE 2 U — VA% (Intermittent Crawl Gait)
1134 BATES OB TEE 2 Bk AR ) BAILT 5 L5 5B TH S, Zhid Figs-
1(b) IERT £ 312, F9(1)~(2) 0 & 5 KIEELE TR 3 AROEOTE 5753 R
EUEDOBWEICHILSE, FORETHRIO 1 HZ2EREH I CZOEN 2 ERT 5.
DVT 4 BRI L 12 572 (3) DRETE LB BT\, 72 5 551 3 AHOWE
CELEZBE S ETELOES L LT A # LTI -ZHOEIF, sIHOER 2ITVWELD
EBESEL LV LIIICLT, BRI (6) ICRT L) Y7 F Iy 2ELBEHER
WH B oHERTLEIDDTH 5,

COE) BB O VERE, BICEboFERETR L, INETKLLEORE
HOBESEHEOBRZ SN S, 4 RHETBHOSET L L THERINZESEH 5D T
e EHERI IS, LA L, :@Feﬁ%k?' O — VIREIZDOWT, FOFM L AT EREY
BRI o W7, PR LD EES QMR ) BETH 572, £ T THRIFET
L, EEOREOSRTERE LR E L, #VLER 2 &b 2 RE{t S /ey o—
VABDEREEZRFTTAILET 5.



(1)
2
(3)

(4)

leg 2

leg1

leg 3

leg 4

(a) Crawl Gait

SNg contour (@) ST \'S

e o
VTN
o—>0

/o—
o\

& 7=

(4)

“oR\3Rl

0—>

(5)

&

P \
C_° %

() Intermittent Crawl Gait

Fig.3-1 Comparison of motion and stability of Crawl Gait

and Intermittent Crawl Gait.
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Fig.3-2 Comparison of NE stability margin for two Crawl Gaits (3 = 0.83,0.95) and
Intermittent Crawl Gait.
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Fig.3-3 Comparison of time schedules for Crawl Gaits and Intermittent Crawl Gait.

37



BB, ERPOD T— VERERET SHEKS O— VERIZL > THRITT S, NE
BERBHED L) ICEHT 20, FELLKREL Figd-212R87. 2T 1EH (H
HREZEHMALTHASRICZOREZEMLT 5 T TORM) ErPiCBIT HHEks 0 —
VIRE, FOMBI U—VEFEFYHERBEDOE L V(7T 2 —7 111 1 1/EH
i LT T W AREOEE) 47083 Dy 0 —VER, £ LTI ) ERELHLEN
REH7[=095D7 0= VEED IFIZONTO NERXREFHERLTWA. =i,
FNFNOEFIBTLERMOY £ I V713 Fig3-3 1R TE) THA. Fig3-2ilL b
LENFND NERERBOR/MER BT 5 &, M 0 - VRFREN ICRENEE
FEE RO LEDUERLIERTTHLEI ENFTHA.

3.2 SRFEO-OOEE

BEk 7 0 — VEROEBRN 2 ERFERZRT 570 IFRT 28R ERNT, BLUHEH
TAHELEFTIX221 0 D~1D) MR TUTOEETH 5.
12) BATARWMOET HIM, FRERRE LT Tsb0EER L. £ LT, ZOHMER
TEITHIEAZ bV vE, FAREEROD ¢ BN M VEEREICERZ LN Pk
THER [HfTfaal LIER.
13) 4 BHITEMASEEDOFINCHET S & & OMOMERR, #THEETS D 2 o
LO—FEM feT AL E MELHT,H FORMER r, £ LTHTOBRMEMTET 5,
14) [EHWERL] 05, H2Mn BT THLOTHRNLE 25, Hn
OTBEOM CHER S N5 LHBERIE 1,(n) L RET 5.
15) %5 BATHEASEED Sy ML 2 ATAb Y, 2 ROERFERZRING
DIZFEICB VT UHBET R E BT A AL 2 L 58 &, ZO 2RO HHERE
SypEERICET 5 LA TP HNER] LIS
16) (L), L(F) Dy b THR SRS LADKFAZRNERD ) b, 20 2KDX
FHER L ST M rOMT R B8 5L &, Iho % [EDLRTPIRNE
Wl R O L (L), L) Dty FIZOWTHELTH 5.
17) HEEOVHEZIIBIT S 4 REITEEO NERERKIL, TOLHEZL TOTT
DEHEMERICET 2 NERERBORNMELERTHDET 5.

38



3.3 EELSBFDFE

4 BEATESM ORI BT B AREHIH T, R O NN S 554 T
BB BRL, 20 L5 IEAE 7 2 FIH T, REECBIEE 7 S RALL
FRBLMEN B VEESE L HERICRR TR 2L ) RSN AR ETH .
PETC Ok 3 hdass [ AEICEELERSA [12]) & LTRESh T, By u—
WEEEEL DB AR EROEASLELELONS. ELINL ) BEE
PEREICE B7DIIE, By 0= VEED [HlEkE ]| 2L TB ZEFLE
TH B ERTT, 7 O—VERIIBIY AREFFOFEITONTEH(12], HEK”
O— VOREESFEIIERF LTV LD o7 FOLODFOFEEZLUTIRT A2 &
29 5.

3.3.1 RB&7O-ILHFROEREE

IPEIEE LT, MBS U— VORERRF LIL, € OERE Y -V % Fig.3-1(b)
DL IEBILE BB — 5 ¥ A5 [leg 2 I~ leg 1 BB T LBE— log 3
HEM— leg 4 EH—ELBE) | OMECEELTWA DD L L, ZOHT —FEFHFO
NEREEBE AN U—r Bk FNEFNERL, RELTEVOTHL LV ) UG EL
5. FLTIORETE, 1 EPESH 2H, 4 EHHIBVTOAELTBEL, o
DELBENL2EE DAOMEIZHLH (M f—Hr, 5 VIEHEf—Hr) ZEEX
BHEREFELOEDS L)L TITDRA.

SDL I REMEET B RS U — VEE T Figdl(b) OFEROHBE
FERE A & ATz Fig.3-4 225 bW 2% & 91, 1 FES T NERERMATR/NE RS
SR, SEE A (W BT, &5 \WIZHT—H r) AHERT A SCRR-IERRE D 12 AT
B, FLTIDL) AL > THRS LA IRHERE, 1 EHET a4 [,
D% Fig.3-4 OBITIX (1)(2)(4)(5) DEFHEL TEL, IO OIFHMEMIL, 3.2 5
14) OFRFEIC LT ERENL (), L(f), L(T), () LR END. XD HIEEREKS
O—VEAER, ShOOXHHERICHET A NEREAROB/MEZRARILT2HDT
B HEMICINS AROTHEMERIIOVTO NEEERBEEL(TAbOLR
3. S0k S S REREK S O— LRI, DTIORTHAEOWENTE 5108
BTE5,

WEi) BOBBOMBICE, [HHER - 4 WKHRTORELEH > NAMEOR
BIERL] LD v—4 v AEB R, 2OHBEOXEE 3 AKO NERERTILF

39



zs(‘f)\
o
SNEcontour
Moo TS
TN YT W
7 WL

(M

Q\_f\z
Is(r) 15(F) Is(x) 1s(f)

Fig.3-4 Trajectory of Intermittent Crawl Gait viewed from the body coordinates.
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Fig.3-5 Flow chart to derive the standard foot trajectory.
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Fig.3-6 The range of each leg for TITAN VIL.
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Sy contour

Fig.3-7 Syg contour of Fig.8 in the case of § = 15 degrees.

7(6) VoA Ko TR
15(D)
Is(T)

Fig.3-8 Two pairs of Effective Pinched Parallel Supporting Legs (EPPSL) lines.

Is(r) Is(D)

Fig.3-9 Derivation of three exchange points in one leg motion range.
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Fig.3-12  One of the examples of the foot trajectory on level and inclined ground.
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Fig.3-13 (a): The initial condition and the final condition.

(b): Sequence of Intermittent Trajectory Following Gait.
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Fig.4-2 Applied towing systerm, extended to omni-directional movement for
walking robot pulled by a pire of two wires.
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Fig.4-3 Relationship among three forces pulled by wires.
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Fig.5-4 Effect of extensible legs. - Fig.5-5 The first model of
the passively extensible shank link.

Fig.5-6 The second model of the actively extensible shank link.
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Fig.5-7 First model of the foot mechanism of TITAN VII.
The sole is connected with the ankle by a ball joint.
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Fig.5-8 Geometric analysis of the sprain of the ankle.

(a) The sole of three contact points can satisfy statically determinate condition,
but stability margin is small.

(b) The sole of more than four contact points becomes statically indeterminate,
but on the flat, stability margin is large.
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Fig.5-9 Basic principle of Rocker-Bogie Sole.
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Fig.5-11 Whole view of Rocker-Bogie Sole equipped with TITAN VIL
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Fig.5-12(a) First sole mechanism with three claws, which tends to sprain on such

a rugged terrain.

Fig.5-12(b) Rocker-Bogie Sole which can come into contact with a rugged terrain

at more than three points.
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Fig.5-13 Rocker-Bogie Sole sensor system.
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Overall view of TITAN VII from a;bove.

Fig.5-14 (b) Overall view of TITAN VII from back.
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actuator

items An Ank Ao
stroke 120 [mm] 130 [mm] 200 °
ted d at ball screw | at baH screw | at big pulley
rated spee 18 [mm/s] 18 [mm/s] | 0.2 [rad/s]
at ball screw | at ball screw | at big pulley
rated force |75 kof] | 75 kef]l | 6.5 [kef m]
reduction ratio
10 10 400

at gear head

DC motor

maximum power 190 [W]

Table.5-1 Leg specification of TITAN VII.

Fig.5-14 (c) Overall view of TITAN VII from side.
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Level A LrDecision of the desired direcition.

Level B

Level C

()| 24

LDesign the swing foot trajectory.]

/

(e )

(f)

Calculation of the desired position of
every four end effectors.

(h)

TITAN VII LControl the each joint by analog circuit.

—> Signal transmitted to the next flow.

---> Signal planned to be used in the future.

(a)

RFTH o

(b)

EREROT—F

(¢)

RIEDRFENE

(d)

W 5 B DBE

(e)

HLBENE

(f)

R D 2 AL B

(g)

BRI OEE

(h)

LB BEARE

(1)

KR 0

(3)

R RERBRITALA &

(k)

EEEfE Y

(a)
—_—— (1)
| [Reference for the standard foot tra jectory - Gy
: about Intermittent Crawl Gait. DRSURIN
; [
| (b)) |
| | Planning Intermittent Trajectory Following ({I_(_k:)
| | Gait and its improvement. |
|
|
|
|

Fig.5-15 Signal flow chart to control TITAN VIL



Operator's input, at present.
f sampling time

Level A

B

C

o

End

End

End

End

End

En

End

b Some leg starts swinging.

Another leg starts swinging.—-—‘

End

Fig.5-16 Timing chart to control TITAN VIL




F6E X

HIE T Tl C7oMEk s 0 — VAR, BBRELEREAR, 7 1 VIC L AEF MBI DAL
WEMEET 5720, BWET )V TITAN VII % VST ERE 174 5. o2 Tid, ki
BEks O— VEBDERBRORINE, ERSNAERICL 2 B8H & 28HHICBIT 2
BITOEFEHAS.

6.1 ZERBEIO-ISBDERLEE

3IHTRELAKESEOFTELHLIHE LV 7 M 727 [SICNOS] (Standard
Intermitten Crawl gait ® Software) Z V> THER LKL BOKER L BRRE Z L (127
B, 22720, BELTOAHTIRELDS h =410(mm| BN/ F TLHM % ERE)
TH5LDELTWVA®D, TITAN VII D& O BT BHE 1T Fig.6-1(a) D & 5 ZEHIK
BeBRLTwa, ZORKGEEDD & THERS - ZRERE Y O — VERFR (1)~ (i)
DEMERT S Z & AV L7

(1) ZEEMEKZ 0—VERIIBT 2 LERL FITREOEBRE Fig6-2 IIRT. 7277
L, COLZORAREREIZI =0 T, #@fTflda=0" 2 RoTWn5. EEIZIX, HD
HEEIIE NERESBICBIFA2HZRANI—=ENZRLTVAY, ZOMEIZ—FAHO
BICEEFONEOSECER & —5 T 5700, £E Y RATHREIZHEIT 5 & RR
T&5. F7z, [SICNOS] 3%, MERED NERELAHLE LTBEICAEVWELE
EL, ZD NERERB WMz THRESROP5 T TRAIC NERERB 2 /NS (3
ELEL, IO TROP o R CTHHERBIERGFE L2 OIEA MO -7 EXR
EOMEZHERFL LTERT S, L) bDTHo7. Figs-2ik, 07V TY X
MIEHIZ [RRAM O BN DS AEL LR T T NERERB /S (RE
LET], e ) 7022 ML TBONLERTH S, o THEIOEIL, D&
NEREFRGeRATAERDIHANED ) bHRADA U —2EERLTHEY, HoH )\
L) KBDOETELLDTHIL, NERERBERS S S4BV EVIERICH
5. F7bb, NEXERBLEHITEELIZN L—F - A 7OBEBRIEET A, %8, Syr
=297%5 30 NEIT BHATE T B0 % 609 05 34T ~NKELBOTVEND 5
DX, ERBHRETOME D0 TH 5. Fig6-1(b) DA R Syp = 29 DEMEERTD
FHVRLETHAD, Syp = 30 ICHR T 720 H R, % & & IRERBIT G| 2 &+
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Sng contour
( Syg= 29, 30[mm])

Trajectory when S ={29 [mm)]
Trajectory when S =130 [mm]

(a) v (b)

Fig.6-1 (a) Range of each leg for TITAN VII when its height equals to 410[mm].

(b) Comparison for standard foot trajectories between Syp = 29[mm)] case

and Syg = 30[mm)] case.
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Fig.6-2 Relationship between NE Stability Margin and maximum stroke

when # = 0 and o = 0.
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Mark legl leg 2 leg 3 leg 4
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Fig.6-3 Relationship between proceeding direction and NE Stability Margin
when § = 0 and A\* > 250[mm].
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Fig.6-4 Relationship between slope angle and NE Stability Margin
when o = 0 and \* > 250[mm].
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LT OMTEHBEORBIIEE L2V, 22T, QU s E LT EHFLELIEPE
ST B E UMN G HENSTT NERERBEH /IR TLE )20, 612
K & BEPEIH AN | X HFE A LENH L. TNHERDELHERE O N HEE
A A R O— 7 BEKRBICKS L72VQRU,E VI DIFTH S, 2O L) 2w E
HEOME L Fig6-2~4 DAEFELRT - dFRLTA LEDLNS.

(i) HEEMEKZ O-VERCBTAHTA (0°< o <90°) LREMEL DR
¥ Fig.6-3 IR T. 72770, 2O L EOBAMEREILI =0° T, RRAPEI=7 RN\ >
250[mm] &9 &HERoT D legl = f,leg2=r,leg3=Tlegd = fDLIIH
)R- 7oA, EATAOBME & b2 NEREAMIZIZIZHERAICHD L, fiiTAe = 80
PEDOEFEARECERTEARWEIEZRL TS, FRUIH LT, legl = f,leg2 =
fileg3=rlegd=TD I3 IzE iR A, & MM E 72 &) AT A OB
YEBIC NERESBFZIZHERCHEML TVWA I &G0 5. o Ta=50" 25
legl~4 OEIDRY 2hd b T & 1 X5 THEI Syg > 40[mm] O NERERH MR T
LIENTEEERDDTHE. B, MiTfia=4"ICHAL THREEZA L TV R WEH
FHOREBEMEDN rMAMICEVW LIGERLTWA.

(ifl) B O— VERICBT 2 RAERAE L REM L ORRE Fig6-4 1277
7L, COEEOMTAEe=0° T, BAX P T—27 &\ > 250[mm] &\ ) ffFE
£5T\ 5. Fig.6-4 DER L), BAESEOEMIME NERERMIRD T 5 16MH
P—EERTHE. CORREE (1) OFBRLZRAT AL, RKEFEOHIMIC L 5K
HORLFMLDIEA P T— 2 BE2HRAICESTRITVRE W) BEL LTINS, &
ZAT, =30 ICBWVT Syp =30 L EHLTVEY, EEOFITERTIHERELA
T CHE S LT & ORIIC T <Y A L, TITAN VILIC & B985 % BT % R
| LB AESERBEET TOLIAI=15°Thad. B, T2 ETRIEHOY Y 7 k%

560[mm] 12 —E IR L2 BEDRERTH o708, 0 = 157 ICB W TRS & % 680[mm)],
B % 480[mm] 12F B & & TEOAMIR B ERHE EEICBB T 2HRICE 2 T Swe
AT B 56 ~NHINT B S L AT S AL T o 7. |

6.2 MHIBDHITEER
[SICNOS | 12X » TEHE s - RiEHEADF — & % b L2, TITAN VII # BTk
ST % 45T 5 EBR (Fig.6-5) 2477% o 72, EREHAMAIE 15° QUL O 2 WAFHE
T, B O — VSR TELOTHBEEE % 46~52(mm/s] IHERF LG5, I
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Trace of the attached light.

the desired
direction

the trajectory of the center
of gravity

the plane parallel to the slope

Fig.6-5 Trace of the body motion of Intermitten Fig.6-6 Top view of the desired

Trajectory Following Gait when TITAN VII trajectory of Intermittent
walks on the 15 degree slope. Trajectory Following Gait.
The motion trace is visualized by the light.
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Fig.6-7 The transfer of NE stability margin in the experiment of Fig.6-5.
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D EBEIT A % Fig.6-6 DER TR LA IOFEBIBE WS L. SO, BEESS
EARETIZMEK 7 O — VR, 7 BEE ORI T BRERE AR AN e
WEEDH LI L ZORBE, EROSFHROTLOM S & BEME R TR
LAY T FTHEL 2505, EROBRITERIE Fig6-5 1SR T & ICIELSIICR LD
1T AN ICEAHMBETREING L) REBL o7z, TOROERY O— VEFICHE
LT, SRR B BRI R AR b O~ 27 BA\*=475[mm], HAESHRICH L CHE
AHRBHEIN =410[mm] DRESEL V. 48, BAEOY VT V75 4 2k
10{ms] T > 2. BHEOL % EOFBTETOT IS 575, ERICHAE & BT
HIEENC L > TRELLE LR L HEMNEOLFARESERTE.. 2B, OB
NEREABOBMEIE Fig7 IORT & 2R L 21, MREERFIBEER
EIRAT A2 ETHMEER (A L B) I NEXESRBPETETT 200, BEh
BT LTWAI ENFGHh 5.

6.3 R[FEDOHITEE

T A X OEF B Hv 7 TITAN VII O547EERIT Fig.6-8 IORTEIBE T 2 o 7.
TR, EFRWBOERICH VAT L OWBR L RRS. LRI - -8 I35
KEFELD = 30° , BRI OB T AERSE & 5000[mm], 7 — V) BIEE#E 2300[mm]
CTHY, ZFOTRNERET] 400[W] D ACH —FRE— ¥ TEHREISNEY (4 v F 54 1
BYORELZ. VA VFROFRIBENLT AV, SIHERICERE & 70k
5L Y)ICEZEEINAT - EZBEL TITAN VII A THEESENTVS, 7= DT 1
THIZLOICEFRY L LAKS, ¢k 3HlIT 220 DR+ V4 (Fig.6-9) 2B Y 4
TS, ZOEERINATEONE ) v 7 D% T AV IEICEMT 5 L5 ICRE
L, €D 2 7 DN BEENEZ AE) Y 2 8 O TIEARLZ:D 2T, #0/E 1
BHRT 2 aA=FTEB LV BB THARDSH DL L. 7275L, 74Y
ﬁ%%T%U77@%%%&&%%7?a%ﬁﬁkuﬁﬁﬁ&wtbgﬁETéﬁﬁﬁ
&»%. TITAN VILHIT L fEET HHERD T A YRFIEEFH (F, F) %5Hl3 57
b@ﬁkyﬁ(wmdmﬁﬂbﬁﬁf%b,%@%ﬁ@ﬂi@%ﬁ%U:Tﬁ%yva

BRADNDBBPRNE ) ICh>TwE, TR0 YFH 5 0FHR% TITAN VII H14
REFRIDNRY T ATIL, Figd-4 DEIFERICEL o TACH —KE— % 2EEHL T

5. EIMBIOMEZ W5 EBIL, Fig6-8 1RT & ) ICHITHRME SHICRE-HE
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Fig.6-9 Angle sensor to measure Fig.6-10 Force sensors to measure Fy

¢1. This sensor consists of and Fy. These sensors consist
a pair of quadric crank chain of a linear potentio meter
and a spring. and springs.
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< . Ideal resultant fi
Force pulled by a wire < OTC® @@=~ Real resultant force

at this position.

/*\Direction pulled
.. [IR\by a wire
) \ . B

/[/(\\

Slope surface

~—
s

Fig.6-11 | Experimental result of wire towing sysytem.
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Fig.6-12 TITAN VII, walking around 30 degree slope pulled by a pair of wires.
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Fig.6-13 Whole view of 70 degree slope.
Two pulleys are set on its top
and TITAN VII is balanced with
a pair of two wires.

Fig.6-14 Imitation of boring action
on 70 degree slope. TITAN VII helps
the drill to bore by putting its
body close to the slope.

84



B 60[kgt] DBEWHREHEOH 5WAMBICBE L7:L & 2 00F & I Lo TRH
SNBEN, BLUBNBCBWTHEMIIETTREGNEHBET A 2T
7o, FORER% Fig6-11IRT. 7 AV TR 2 LAEG ¢OHllEREISERY 2 M
DENDBEFELTVEHOD, ERICREMEICBVTBEHMELHFIESIELZ L
DR TH o 72 F7-, ERESBEWHAL I FHAF LI & T 55001286 L BT
5FERED 72 LUHIEASHERTE .

DLED &) RFEF MY AT 2 OB 2R L7- LT, TITAN VII L HEZ IR &
ENBTFERE T 2o FIFICHWEERR O—VERE, 6=0" BT ba =
0° ka=90" DENEFNOMITA~NBET A Syp> 23[mm] @A ¥ HEERE b
A2, SRAESHE T 1A — ACE 5 - B KRR & v ) BEARANERE S 5 HEELE
REBETHo7. ZOLH)BERICLY FHBHEE 60~75[mm/s] T 30 " OEFE &
FRITFATTE D T EHHER T E 7 (Fig6-12).

B, 20E) RESIHY VAT LAONBRERIET 572012, REEEI Y7 —
N CEONRAESES = 70° O—ERE % AT 5 Z24HH T TITAN VII Z /o817
EBREIT R o7, ERBE Fig.6-13 (IR T RAMBR T M OBE T sEEEAE 5000{mm],
7 — ) FEEEE 4500(mm] OENO 2 MEME TH 5. 5 MBIV 2T 2D BRES I
EBRICBVWTRKRESEDEE 2477% 5 7517 T TITAN VIL i 30 ° 12B1F 5 KITEER
e &R URBERREICHRTT S 2 L AT & 72 (RK).

X500, BRECEME Y AT A F v 4 EEITEMIE O L) R Bk 2BE5E
HEEICE EE 5T, 4 WERIREICRAD 6 EHEER 2L, LIv=Ealb -5 D
BEeE LTOFATAZENTESL. e AL, A —FTE2EE LTG0 L TEEICL -
THWEROEEEE BT A2 &L TE (Fig6-14), BHIHBHEFHNER L
4 BT L A H - BEMLIEEDS TR L 2o T 5.
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