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Development of a Quadruped Running Robot with Linear Springs at each Lower Limb
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Four legged animals transite a gait to other gaits according to moving speed like walking to
running. In particular, walk-trot transition is very important because it coincides with walking-running
transition. Many investigators have researched gait transition with quadruped robots and some of
them demonstrated walk-trot transition. But trot gait in their research is not running. For resolving
this issue, we developed the quadruped robot "Kurama”. Kurama has linear springs at each lower
limb for jumping. In this paper, we show specifications of Kurama. Next, we demonstrate jumping
experiments in a pronk gait and confirm its jumping ability. Spec. and movies of Kurama can be seen
at http://www.robotlocomotion.kit.ac.jp/kurama/index~-j.html.
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Fig.1 Quadruped robot ”Kurama”.

& D PBEER T\ T OBERE L B K OLEN: & FHET 5. Table 1 Specifications of Kurama
size 250mm (W) x400mm(D) x 220mm(H)
2 @mEOoRy b”Kurama” joints hip roll, hip pitch, knee pitch(active)
2.1 H% (each leg) | linear spring (passive)
1 AEBRCHAVSIEEEFT Ry b Kurama” DAVE%, % segment | upper limb:85 mm
12 Z0# %Y. Kurama OFEIEEo —L - By 7 - & length lower limb:120.5 mm
Yy FO=ZDOOREF MR & MO BN X & RO ZHEH R mass 6.5kg

HiroBEIns, &EEEEHO ML 2 IE PD fEIC & b FHE S

N3, EHEGOEMIE) =7 Ty a—K1c kDX NG, 2 motor MAXON RE25 20[W] (all joints)

DAls, FHIC—HIOF1 >3, I FHEE - N £ v & 3R gear ratio | 97.6(all joints)

LTW3. spring SWY12.5-60 (MISUMI)
Kurama OB IO L2 b EIR £ b 4G < *LZ)‘. L7z stiffness: 1.03 N/mm

HIBA PC Iz & D 1ms T &2 PD $lf 247\, FEBRT — X346 .

PC ECHIEZETY 7 b MATLAB 12 & b E S 1 5. B o sensors encoder, rate gyro (pitch&roll)

WME L O PC & DEE X Kurama IS =7 —7 L% 3 axes accelerometers

LTiTbhdd, 77— NZIE+0HREIDRH Y, 57— T VD EER 1 axis force sensor

FRCEPEEZ L5 X5 Z 2 idR\.
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2.2 [Hl#E2s (Leg Controller)

Kurama O ¥ v FHEAHFTHIE S A T 41% CPG € T I)VOEL
%3] itEDE, WHHER (Leg Controller) &\ b 2 HlfHIgRAS
HEWOEFZH 5. TOMBEEIXK2 DB THD. HHIHLERIZ
ZODRKE, W (swing, sw) & XFHH (stance, st) ZH L, TD
ERIIWARER (leg load) f, 2H¥EIZTbh, FMAEEK2 DL
BOTHB. £z, ZIRFETIE step distance D X[ 7 K o i T
PO EHEE E TORmE H 2 % T %O BEHEARE X h,
A OHRE»IThND.

3  BkEEEER
3.1 F&

Kurama OBERET B & % OLZEN % MRS % 72012 pronk
HRICL DEERZTTS. pronk HRTEREZITO DI, &%
RNz & 0 B S N2 LEBANIZHIZEOLN A S o REMnE
<, BRI OAZFETE57-DTHS.

FERCTIHE N IRRED Kurama K FBTTRLFE2MA S Z
& T, BEEEERGIES. BB LER, KPR
A (MRS T) 23T 5. AERTIZHERES X % 60 mm
EUZDFERDOAGIZ &0 B %2, HiRi» D E R BkED
FHOUMEIZ L0 ZEMZIMT S, 22T, BEHEES X IZBk
FEHAMI R 2 B 512D B 2 & DS RE R X e HEHE T uE L 7.
mE, MEFSOFAIRETAIATICEZHBTITS.
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MR O LA B KO OREORKMZIEZR 3 1ITRT.
EALTORBLEBDORGA 2.45~2.5s(X 3 fEL) B W T FET
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UCHBEB 21T 57, %72, M 3(b) Oy FEOEHH» S, 4
Bl H OB (X 3 Ny F > 7)) ST EEIERZE LT3
Zeons.

BT, SRBETORBEREE 2K 210RT. RE VR ICHE
FEIDNKELRD, 29 mm IR LAZZ e bhrd. ARFERIZK
D BAED Kurama @ PD D &Iz & 2 BkEERE A 29 mm TH
BIEoB.
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BE, HEINX DEMPRRFRZOARIZELTEY, HEHICs
WTHERHEE, TXIAVFOBRENEETNTWVWS. Lizh> Tl
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BERS N5,
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AT FEIZEES N2 26T 2UHIE/TF Ry b Kurama”
DFETEPN U, TERZBL TCZOBRERDOMEREZIT-
7o, EEROAER, Kurama (ZEKEH D DLERBRIENAIEETH 5
e ARMERLU. A THESIIIEEE TS 60 mm IZIEES
T, BRI O THE o7, SBIKEY) AR N
2B LOHIMEHAIZEAL, BRI OBINEX 5. 7z, trot H&
TOEFTOESEZHIET.

SWING (leg load) STANCE
Trunk fa > X1o Trunk
fore L r ————l :
A —
(rx/,ry)é (leg load)
BRI Y fo<Xo :
D : step distance ‘ D : step distance T

Fig.2 Overview of Leg Controller. X7p is the threshold for
touch down (TD) and Xxro is the threshold for lift off
(LO). In this paper, xrp is 5.0 N and xro is 2.0 N.

roll angle
pitch angle

time [s]E

Fig.3 Result of flight experiment in a pronk gait. (a) Gait
pattern. Solid line means stance phase and blank line
means swing phase (LH:blue, LF:magenta, RH:red,
RF:black). (b) Posture angle in pitch plane and roll
plane. In both graphs, cyan line means flight phase.

Table 2 Jumping height in each jumping.

number of jumping  jumping height[mm]

1 18

2 23

25
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