Body Segment Parameters Body Segment Parameters

D. Gordon E. Robertson, Ph.D. Subdivision of Anthropometry
School of Human Kinetics . . . . .
University of Ottawa = Necessary to derive kinetics from kinematics

(l.e., m a, | o, ais acceleration
of centre of gravity, « is ang. acceleration)

= Called “inverse, dynamics”

= Need to compute:
» segment mass
» segment centre of gravity:
» segment moment of inertia

Segment Mass Segment Mass

Definition Thigh segment

mmass is a body’s
resistence to changes .
in linear motion " Pyign = thigh’s mass

= need to measure total proportion
body mass using ="m,, = total body mass
“balance scale” = Therefore,

meach segmentis a Mysigh = Pirigh Miotal
proportion of the total =Note, 2 P. = 1.000

" Pyigh = Mipigh / Miogay




Centre of Gravity
Definition

= point at which a body can

L be balanced
c. of gravity =

(g Yeo) " (X You) = CeNtre of gravity
m also called centre of mass
= first moment of mass

=j.e., turning effect on one
side balances turning
effect of other side of
centre of mass

Centre of Gravity

Empirical method
= balance body on a “knife

c.of g.is above EENREY

the vertical line = balance along a different

/*C VS

= intersection is c. of g.

mass on one side
balances the other

Centre of Gravity

Empirical method

suspend body from two =record plumb
different points lines
= intersection of
plumb lines is
centre of gravity

Segment Centre of Gravity

Proportional method
=R, =1,/ seg. length
X =1, = distance from
'y proximal end to c. of g.

REYE] = need table of proportions
(Xeg Yeo) derived from a population
similar to subject

=for many segments R is
approximately 43% i
segment length

proximal end = (x, )

distal end = (X,,Y)




Table of Proportions

Segment

Hand

Forearm
Forearmand hand
Arm

Upper extremity

Foot

Leg

Leg and foot
Thigh

Lower extremity
Head and neck

Trunk
Trunk, head & neck

Segment Centre of Gravity

Thigh segment

=R, = distance to c.of g.
from proximal end as
proportion of seg. length

"X =Xt R, (X4 - xp)

Q c. of gravity =
(Xcg vycg) .ng = yp + Rp (yd - yp)
{ " (Xeg Yog) = CENtre of gravity

distal end = (x,,y,)

proximal end = (x,,y,)

= (X, ¥p) = proximal end
= (X4, Yq) = distal end

Centre of Gravity of aLimb
Lower extremity

= weighted average of
segment centres

" Ximp = Z(Pi %) / X P

®Vims = Z(P; ¥) / 2 P;

= (X, y;) = mass centre of

segment “i
= P, = mass proportion of

(11

segment i

Total Body Centre of Gravity

Need to compute centres of each segment

= weighted sum of all
segments’ centres

® Xiotal = 2 Py X;
" Yot = 2 Py Y

® (Xiotai» Yiotar) = total body
centre of gravity




Moment of Inertia Moment of Inertia
Definition Empirical method

= body’s resistence to change |, = mgrt? / 4n?

in its angular motion

= second moment of mass .
(squared distance) =1 = radius of pendulum

= 2
= for a point mass =g = 9.81 m/s
>, =mr? =t = period of oscillation (time
= for a distributed mass } 20 oscillations then +20)
»1,=[r?dm = oscillations must be less
than £5 degrees

EM = mass

Segmental Radius of Gyration Segmental Moment of Inertia

Thigh segment Thigh’s moment of inertia about thigh centre of gravity

Make a ring m|
of same

- 2
thigh = Minigh Kinigh = My (Keion L)’
tnigh = Minigh (Rinigh Linigh

mass and
u . = . . . .
moment of Thus Keign = ¥ (lyigh / Myign) " |y = moment of inertia

oS = k.., = radius of gyration : about centre of mass

radius of

LY = Define Ky, = radius of =M, = segment mass
gyration as proportion of
segment length

= Lign = V(% - %) + (Vg - ¥p)’]

® Kinigh = Kinigh / Ltnigh

= Kinigh = radius of gyration
as proportion of segment




Parallel Axis Theorem

Thigh’s moment of inertia about hip

=1, = distance from centre
r of gravity to hip
ip
— 2 2
" rhip - ‘/-[rx + ry ]
— 2
® lhip = linigh  Minigh Thip
" ly,n = moment of inertia
about centre of mass

" My,qn = SEgMent mass

Limb/Total Body Moment of Inertia

Repeatedly apply Parallel Axis Theorem
— )
Bl = 2 |+ Zm;;

= |, = segment moments of
inertia about each
segment’s centre of gravity

= m; = segment masses

m 1, = distance of each
segment from limb or total
body centre of gravity

Impact at Centre of Gravity

Translation Only

= an impact to the centre
of gravity causes the
object to move in pure
translation

= arrow represents
translation

Eccentric Impact

Translation and Rotation

= an eccentric impact
causes the object to
rotate and translate

_—> = arrow represents
translation

u represents
rotation




Centre of Percussion

Translation and Rotation about Suspension Point

= point (0) at which an
impact will cause no
shock (translation) at the
grip or point of
suspension

Centre of Percussion (q)
Translation and Rotation about Suspension Point

mg=12/r=1/mr

= arrow represents amount
of translation

= - js radius of gyration
about suspension point

mr js distance to mass
centre

= | is moment of inertia
about suspension point

Relationships among Centres and
Radius of Gyration

= centre of gravity is
nearest centre of rotation
. is
past centre of gravity

is past radius of
gyration

“Sweet Spots” on Racquets, Bats,
Hockey Sticks & Clubs

There are at least three!

= centre of percussion gives the least shock
(acceleration or force) at point of suspension

= point where coefficient of restitution is largest
(i.e., gives greatest rebound speed)

= node of first harmonic, which produces least
vibration from an impact




Coefficient of Restitution

Collision between two objects or an object and a surface
= Collision of two objects

Y - €-- .- " c.ofr=— (Avafter /Avbefore)

bsfore after = Velocities should taken
after any deformation.

= Collision with a surface

. C'Of r.= ‘/-(hrebound / hdrop)

= Note, ball should have
no spin.

i hrebound




