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Higher-order acceleration center of rigid body motion
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Let be the rigid motion given by the below parametic equation:
{pQ = Po(®)
R = R(t)
where py = po(t) €V; and R = R(t) € SO3 . The spatial twist of the rigid body is defined by the pair of
vectors (w, V), where:

,teICR (1)

® = vectRRT
a )
V=pq—®Xpq
The n-th order acceleration of that point of the rigid body, located by the position vector p and denoted by
aE,"], n € N*, is

def dn *
al e 8= o =3l 4 @, [p—pglneEN 3)
where agl] is the n-order acceleration of the body-fixed point Q and @,, = R™RT represents the n-th order

acceleration tensor.
The equation (3) may be written as

aLn] —P.p = agl] — ®,pq,n €N 4)

This shows us that the vector function
I, = a{,"] —&,p,n €N %)

has the same value in every point of the rigid body under the general spatial motion, at a given moment of time
t. It represents a vector invariant of the n-th order acceleration field.
The invariant value of vector I, is obtained for p = 0 and it is the n-th order acceleration of the point of the

rigid body that passes the origin of the fixed reference frame at a given moment of time: I, = ag"] & a,. The
Eq. (5) becomes:

al'l = a, + ¢pp. (6)

Let @, be the adjugate tensor of @,, uniquely defined by:®,®;, = (detd,,)I.
From Eq. (5), results another invariant

Jn = ®pal — (detd,)p,n € N*, (7)
The value of this invariant is J,, = @pa,,.

In the specific case when tensor @,, is non-singular (det®,, # 0), from (6) results the position vector
having an imposed n-th order acceleration a* :

p* =d;(a* —a,),n € N (8)
In a particular case of the n-th order acceleration centre G, (i.c. the point that have a* = 0) on obtain:

PG, = —Pn'ay ©)



Assuming that the tensor @,, is non-singular, the previous relations lead to a new vector invariant that
characterise the accelerations of n-th and m-th order (n, m € N*):

Kpn= aE,m] — ¢bm¢D;1aE,"],m,n € N*. (10)

The value of this invariant is K, , = ay, — PPy a, .

The problem of the determination the adjugate tensor of the n-th acceleration tensor and the conditions in
which these tensors are inversable is, as the autor knows, still an open problem in theoretical kinematics field.
We will propose a method based on the tensors algebra that will give a closed form, free of coordinate solution,
dependendent to the time derivative of spatial twist.

Let @ € L(V3,V3) a tensor and we note t = vect® and S = sym@®. The below theorem takes place.

Theorem 1. The adjugate tensor and determinant of the tensor @ is:
D=5 -St+t@®t
detd® = detS + tSt
Let ®,, the n-th order acceleration tensor, @, = t,, + S,,.
The vectors t,, and the symmetric tensors S,,,n € N* can be obtained with the below recurrence relation:

(11

|
{tnﬂ =t, +3 [(traced®,)] — @] w (12)
t1 =W
Sn+1 = Sn + sym(®,,®)
13
It follows that:
o Velocity field: @; =@, t; =w ,S;=0
Pi=0QRw
detd; =0 (14)
e Acceleration field: @, = ®% + &,t, = ®, S, = ®>
D= (0 Q@ w)? -0 +owQ e (15)
det(pz = _(w X (l))z
o Jerk field: @5 = & + 26 + @ + 8%, t; = @ + 20 X 0 — 0w, S3 = [d6 + B,
05 = 2[(@® @) + (& ® W) + (0 X &) @ (& X )] — SF +t; @ g (16)

12(t; X @) (0 X t3) + 270 * o (w X ®)?
det¢3 = 4

The hyper-jerk field @, will be obtained in a similar way.
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