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Legs-as-linkages principles
1. LOW mechanical power demand from the leg: keep force perpendicular to velocity.
2. LOW mechanical power supply from muscles: keep loaded muscles isometric.
3. SIMPLE control: let changes in geometry load and unload muscles.

Legs as linkages and lollipop sticks
jimusherwoodresearch.com
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Vaulting stance

Step to step transition
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See .gif here

Predictions: knee half way down leg; heel:midfoot:toe ratio 1:2:1; step length 2 or 3 foot lengths.

V
er

ti
ca

l-
ax

is
 j

oi
nt

s 
of

 s
pr

aw
le

d 
an

im
al

s 
re

su
lt

 i
n

 a
 's

li
di

ng
' w

ei
gh

t 
su

pp
or

t 
w

it
h 

lo
w

 m
ec

ha
ni

ca
l 

po
w

er
 d

em
an

d

H
er

e 
m

od
el

le
d 

as
 a

 f
am

ou
s 

4-
ba

r 
li

nk
ag

e:
W

at
t's

 s
tr

ai
gh

t-
li

ne
 m

ec
ha

ni
sm

U
sherw

ood, J.R
. (2020). T

he possibility of zero lim
b-w

ork gaits in spraw
led and 

parasagittal quadrupeds: insights from
 linkages of the industrial revolution.

Integrative O
rganism

al B
iology. 2. D

oi: 10.1093/iob/obaa019

jimusherwoodresearch.com Paper

V
er

ti
ca

l-
ax

is
 j

oi
nt

s 
of

 s
pr

aw
le

d 
an

im
al

s 
re

su
lt

 i
n

 a
 's

li
di

ng
' w

ei
gh

t 
su

pp
or

t 
w

it
h 

lo
w

 m
ec

ha
ni

ca
l 

po
w

er
 d

em
an

d

M
ul

ti
pl

e 
ve

rt
ic

al
-a

xi
s 

jo
in

ts
 a

ll
ow

 s
li

di
ng

 w
ei

gh
t

su
pp

or
t 

ac
ro

ss
 a

 h
or

iz
on

ta
l 

pl
an

e,
in

cl
ud

in
g 

st
ra

ig
ht

-l
in

e 
tr

av
el

U
sherw

ood, J.R
. (2020). T

he possibility of zero lim
b-w

ork gaits in spraw
led and 

parasagittal quadrupeds: insights from
 linkages of the industrial revolution.

Integrative O
rganism

al B
iology. 2. D

oi: 10.1093/iob/obaa019

jimusherwoodresearch.com

Sequential serratus 4-bars

Paperjimusherwoodresearch.com

All

1,2
5

All

1 2 4
3

3 4

knee

hip

jim
usherw

oodresearch.com

5

Paper

1
2

3a

3b4a

4b

5

𝜙/4

𝜙

𝜙

1 2 4 5

3b3a4a 4b

3

Sprawled animals: vertical-axis joints support horizontal motions without power.
Think of a door swinging on a hinge.

Upright animals: 4-bar and 6-bar linkages,
engaged sequentially through changes in geometry,

result in low-power 'sliding' weight support.

Human walking: not only an arcing 'inverted pendulum' stance, but also a 'rolling' step-to-step transition.

See the 6x4" postcard toys in action 
and download their plans here:

(leaning on the collisional analysis of Ruina, Kuo etc.: minimise work by dividing a change in CoM direction evenly; spread virtual legs (blue, dashed) evenly. Small angle assumptions. No account of energy input (except need not be brief)).


