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Verification of Accuracy of Torsional Pendulum

The accuracy of the pendulum was tested with several well defined
geometrical objects.  Two cylindrical bars and a rectangular bar  were used in
the tests.  Dimensions and mass of the bars are shown in Table 1.

Table 1 : Test Objects

Cylinders Mass, Kg Length, m Diameter, m Height, m

Small Cylinder 2.637 0.0575 0.1344

Big Cylinder 8.752 0.1651 0.113

Rectangular bar Mass, Kg Length, m     Width, m     Height, m

4.767 0.2108 0.0762 0.0381

The following photo shows the objects used for verification.

All the objects were made of aluminum.  The objects were selected to cover
some of the sizes and masses expected to be measured with the pendulum. 
The small cylinder mass and size is similar to the foot of the adult dummy.  The
big cylinder mass is similar to several of the larger dummy components, such as
the femur, though less than the mass of the largest segment, namely the pelvis

Figure 1.  T est objects fo r checking to rsion pend ulum accur acy.
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(m = 15.3kg).  The length of the rectangular bar is on the same order as the
diameters of the pelvis or thorax.

The following table compares the results from the measurements using the
pendulum with the mass measured using a scale and moment of inertia (MOI)
determined from the geometrical dimensions of the objects.  The objects were
placed at different locations on the pendulum platform.  This was to evaluate
the change in accuracy as the object C.G. was placed further away from the
center of the platform, which would normally, negatively impact the accuracy
of the MOI.

Table 2 : Measured Inertia

Description Mass

(meas)

Mass

(pend)

Error

(%)

MOI

(geom)

MOI

(pend)

Error

(%)

small cylinder

-ctr at x=0.0359, y=0.0359

2.637 2.645 0.30 0.00109 .00109 0.0

small cylinder

-ctr at x=-0.0359, y=-0.0359

2.637 2.645 0.30 .00109 .00102 6.4

rect bar

-ctr at x=0.0330, y=0.0385

4.767 4.771 0.08 .02034 .02090 2.8

rect bar

-ctr at x=-0.0432, y=0.0377

4.767 4.773 0.13 .02034 .02073 1.9

big cylinder

-ctr at x=0.0381, y=0.0381

8.752 8.758 0.07 .02982 0.02996 0.5

big cylinder

-ctr at x=0.0381, y=-0.0381

8.752 8.759 0.08 .02982 0.02994 0.4

NOTE: MOI is about CG of object.  For pendulum CG used was one m easured from pendulum

(see be low).
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The following table compares the location of the CG as measured by the
pendulum with that based on the object �s geometric dimensions.  

Table 2 : Measured CG Location

Description CG-X

(geom)

CG-X

(pend)

Error

(%)

CG-Y

(geom)

CG-Y

(pend)

Error

(%)

small cylinder

-ctr at x=0.0359, y=0.0359

0.0359 0.0358 0.3   0.0359 .0358 0.3

small cylinder

-ctr at x=-0.0359, y=-0.0359

-0.0359 -0.0357 -0.6 -0.0359 -.0364 -1.4

rect bar

-ctr at x=0.0330, y=0.0385

0.0330 0.0337 2.1 .0385 .0379 1.6

rect bar

-ctr at x=-0.0432, y=0.0377

-0.0432 -.0424 -1.9 .0377 .0382 1.3

big c ylinde r*

-ctr at x=0.0381, y=0.0381

0.0381 0.0368 3.4 .0381 0.0378 0.8

big c ylinde r*

-ctr at x=0.0381, y=-0.0381

0.0381  0.0368 3.4 -0.0381 -0.0382 -0.3

Note : Because of size of big cylinder-it was difficult to position center
accurately on pendulum platform

The following photo shows how the object placed on the pendulum platform.  

Figure 2.  Object placed offset from platform center.
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1.  Results and Discussion

The small cylinder had a small tab machined and attached at the center.  This
allowed relatively accurate positioning of the cylinder at specific offset points of
the platform.  This was not the case with the rectangular bar and big cylinder. 
With the latter two objects, there is a slightly greater error in positioning the
object, so the error being reported is at the higher end.  Accurate positioning
was especially difficult with the big cylinder since it did not have a well defined
edge, like the bar.

As expected, the accuracy in estimating mass and MOI improves with
increasing object mass.  Based on the measurements, the limiting mass with the
present pendulum would be in the range of 1-2 kg with an error in the MOI in the
range of 1-2%.  These masses would correspond to the smallest dummy
segments such as the feet.  There is some conflicting results for the C.G.
measurement, mainly due to the limited accuracy in positioning the object on
the platform.  For the small cylinder, which could be precisely positioned, and
which is expected to have the largest error, the maximum error appears to be in
the range of 1-2%. 


