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Effects of Flexible Shoulder Hammock Structure on Quadruped Robot Running
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Cursorial quadrupeds have sophisticated morphology with heterogeneity along with the lead to tail direction,
realizing agile locomotor capabilities. This study aims to understand the functionality underlying the asymmetrical
animal morphology to establish a new design principle beyond modern-day quadruped robots with homogeneous
body structures. To this end, this study investigates the effects of flexible connectivity in the shoulder region (i.e.,
shoulder hammock structure) on quadrupedal running by using a simple mass-spring-damper robot system in the
sagittal plane. The results suggest that flexible shoulder may reduce ground reaction force differences between the
trailing and leading forelimbs in asymmetrical running gait (e.g., galloping gait).
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Fig.1 Anatomy of shoulder region of cursorial mammals.

LTHBY, RiORBAROEEHZHFHEEH>TVNS [3]. 20

fEL7zaRy FPEFALERMEEL, YIal—varPory bE
I X o T, ZMRMES OO EFFHREE 2B LT X .
ZORER, AIESSOFEED, Bih S DEHICEBT 3 #E s
BT 2 Z 2= [6], AT ORTZEOES) O HHEE % I Ui
B TEEINERT 2 Z e 2R L TE7/ [7,8,9]. LA LA
5, MESEOZHEDSETEMN UIETHEIOVWTIEZINET
RMFALTH o7z, Z ZTARETE, BHEBOFZIMEH U2 AR v
FOEFTAKIZFTHEICOVWTS I 2L —Ya VITTHRIET %
YIal—Yal iERDP S, HiEER DM gallop EITICE
J2ELGHOARKREORD 2RET 2 X5 ICHEELTWE Y
WRBX N7, ZOMAHERICOWTIRET 5.

2 ORy FETIL
ETEEE L T 2 WMFHEORIREINE, A% B O 5
PIZE S TAYEY Z7DESICH D EIF2MEr koTwd (K
). #HlziX, w5i8EAT (serratus muscle) &, J8 HE O I O H]
DRI FERIE 2 53 2 KON TH D, REXFHCE
WTHERESHOEHOFTELIH-> TS [3,10]. 7=, HIEH
(trapezius muscle) (%, HAARDERIERS & B HE 2T L 5 1T

TR e S X - T, B ©H 2 BHEIZRRE L2 [
EF DO AR S TIEEEZ T2 A TE 3. ZOWESHO
AEE, K= 7V RV ry Mo THERINTVWSHE
FEERIZ I A, HIERFE DR T H 5.

Z 9 L 7-HiR I o FE5 0 28 o IERFE S B ENER) I 5 %
LB RRARS D, FEELIIINETERDANVEY IHER
L2 E T 2Ry hEFLEMERLTCER (K2)
[7]. @Ry hEFME, RIREEDASR - X% BRRIZEK -
TR, FAAE L Btk 2 MO X - TR XS, %
HOFHNEDRIRIENFE DB MAE S 5 720, Al - D
MADHEICBNWTAVEY JHEEZELTWS. REFTILTD
NV Ey ZREEIE, SR XU OSEFIC X o THIER 2 IREER 25
BMLTED, N ZYARBERZOAE I LR OBY) o S 22 H
RESZICHF LT3, BARIICIE, BESBORTERG MO E
PRSMEIEFNCHET 2 & 51250 « &2 SEER IR AENCE
BL, HEHO ETHMONEZROMSEHICHIET 2 & 512N
Fo RUNER e ETAFANCEE LTV, ME7FICEE L7z
%@WﬁKﬁwmtﬁﬁﬁm%%bkﬂi@mﬁKﬁmmmﬁ
PZNTNET 2 Z 2T, BWIOMIESEICA SN 5 R 8t

No. 21-2 Proceedings of the 2021 JSME Conference on Robotics and Mechatronics, online, June 6-8, 2021
2P3-G12(1)



O Point mass @ Phase oscillator

O—¥A—0 Soft spring and damper
O—0  Rigid spring and damper
O——0O  Active prismatic spring and damper

Rigid rotary spring and damper

Rotary spring and damper for actuator

55 06

Horizontal \ )}
hind W)~
K vy

spring and damper |,

K}flore \

base
m;
Jj=0
Vertical i=3
spring and damper
i=0

Direction of motion

Fig.2 Quadruped robot model with hammock structure.
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Table 1 Parameters in simulation. Definition of parameters is
described in the previous study[7].

body controller
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Fig.3 Effects of stiffness of the shoulder hammock structure
in galloping gait. The robot achieves fast locomotion
speed in two groups: Group (A) where the robot has
the flexible shoulder and rigid hip connections, Group
(B) where the robot has the rigid shoulder and rigid hip
connections. The blank areas show that the robot fails to
running due to falling.
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Fig.4 Ground reaction force (GRF) during galloping gait by the robot with (a) the flexible shoulder(K™, Kbnd)=(1026,10°9)
and (b) rigid shoulder(K™, KMnd)=(10°4 10°6). Upper profiles shows GRF of forelimbs, bottom profiles shows GRF of

hindlimbs.
(11) Extending ¢ (iii) Extending ¢ (iv)
\
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Fig.5 Snapshots of the galloping robot with flexible shoulders(K™®, K"nd)=(102%,10%6). During the stance phase of the first
touch-down forelimb (trailing forelimb), the shoulder region shows large deformation. In contrast, the shoulder of the

second touch-down forelimb (leading forelimb) shows small deformation during the stance phase. TD; touching down,

LO; lifting off.
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Fig.6 Diagram of quadrupedal interlimb coordination patterns.
A marker represents the robot locomotor pattern in the
experiments.
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