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1. INTRODUCTION

Morris (1) has shown that, in principle, three-dimensional kine-
matics of a rigid body can be completely determined by making six ac-
celerati;n field measurements on the body. In practice, thé computed
angular accelerations based on these measurements are subject to errors
due to cross-axis sensitivity and misalignment of the linear accelerometers.
Padgaonkar et al (2) showed that angular acceleraticn could be determined
reliably with 9 linear acceleration measurements, using a special con-
figuration of these accelerometers. The body-~-fixed angular velocity c¢an
be computed by direct integration of body fixed angular acceleration. The
numerical problem of computation of rigid body rotation in the 3-dimensional
space from a body-fixed angular velocity remains to be solved. It is conven-
tional to express three-dimensional finite rotations in terms of Euler angles.
However, integration of Euler angular rates involves singularities and com-
putational difficulties. An alternate method, using the orientation vector
as a measure of rigid body rotation is developed. If at any time t, the
inertial reference frame is rotated about an axis parallel to & by an angle
equal to the magnitude of 3, it would be brought into coincidence with the
body-fixed frame. Bortz (3) used a differential equation to describe the
orientation vector. The method generates an orthogonal transformation ma-
trix and does not require constant updating, resulting in a much smaller
rate of growth of error in the computation of finite rotations. For these
reasons, the method is found to be suitable for computing the magnitude of

the rotation vector © , its unit base vector components ei, Gj, @k and

the corresponding quaternicns, from linear accelerometer data.



157

2. FINITE ROTATIONS FROM FILM DATA o

. A method has been developed to compute large three-dimensional angu-
lar rotation of the head from the high speed movie films taken during the
experimental runs. A target in the form of a 7.6 cm cube was mounted on
the head and was viewed by 3 movie cameras placed along the three orthogonal
axes of the inertial frame. A body-fixed frame embedded in the rotating
cube was followed by the cameras, providing a transformation matrix re-
lating the body—fixéd frame to the inertial reference frame. The trans-
formation matrix was the normalized using an iterative scheme. Quaternions,
rotation vector magnitude and unit rotation vector components.were then com-
puted from an almost Brthogonal transformation matrix. However, it should
be noted that the computation of these quantities for 25 time points of a
experimental run required approximately 1000 vanguard film readings from
the 3 views. The computation of rigid-body rotation from 3-dimensional
film data is a laborious process. _ ~’
3. COMPARISON OF COMPUTED FINITE ROTATION

The computed finite rotations based on accelerometer data can be com-

pared with those based on f£ilm data. Table 1 lists the 4 cadaveric runs
for which head motion in three-dimensional space is compared. The cadaver
was either restrained by a three-point belt or by a set of clamps which T .
held the upper and lower legs tightly to the impact seat. They were all : ;,
subjected to -Gx acceleration levels of 5 to 7g. The various kinematics

quantities are shown in Figures 1 through 31.
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LIST OF DMPACT EXPERIMENTS

159

TABLE 1

RUN NO. MODE
308 3 pt. Belt Fromtal
309 Clamped Frontal
329 3 pt. Belt Frontal
332 Clamped Frontal

CAD. NO. PEAK ACCELERATION
3788 M ‘5.5
3788 M 5.0
3846 F 7.0
3797 F 6.0
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