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WorldSID 50th Percentile Adult Male Neck Torsion Procedure

1.1 Description
The left and right neck torsion qualification tests for the WorldSID 50th percentile adult male
(WorldSID-50M) are performed to examine the dynamic response characteristics of the neck
assembly in a twisting motion about the Z axis. A neck torsion fixture (Figure 1) containing the
neck assembly is attached to the base of the head-neck pendulum. The pendulum arm is dropped
from a height to achieve the specified velocity, and the motion of the pendulum arm is
decelerated during contact with aluminum honeycomb (or equivalent) to achieve the input pulse.

Figure 1. WorldSID 50th neck torsion fixture

1.2 Materials

□ WorldSID-50M ATD neck assembly (drawing W50-21001 1)
□ Head-neck Pendulum (as defined in 49 CFR Part 572, Subpart E)
□ 152.4 mm (6”) deep aluminum honeycomb (28.8 kg/cu. meter)
□ WorldSID-50M neck torsion fixture (DL210-400)
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WorldSID-50M Drawing Package August 2, 2016.

1.3 Instrumentation

□ WorldSID-50M Lower Neck 6-axis load cell
□ Angular Rate Sensor attached to the torsion fixture’s neck mounting plate (measuring about
the neck’s Z axis)

□ Rotary Potentiometer to measure neck Z-axis rotation angle
□ Instrumentation to measure the impact velocity
□ Pendulum Accelerometer
1.4 Test Preparation
Follow the instructions in the WorldSID PADI 2 to remove the WorldSID neck from the
torso, lower neck brackets, and the head.
1.4.2 Inspect the neck assembly and rubber buffers for wear, tears, deformation, or other
damage; if necessary take appropriate action to refurbish the parts.
1.4.3 Build the neck assembly as shown in the WorldSID PADI.2 Ensure that the top and
bottom half-spherical screws are torqued to 10 Nm.
1.4.4 Begin mounting the neck assembly onto the fixture by first attaching the lower neck load
cell to the end plate (DL210-410) using four M6 x 1.0 x 14mm socket head cap screws
(SHCS) (Figure 2a). Mount the load cell so that the cable’s connector is placed within
the cutout at the bottom of the end plate to ensure proper orientation (Figure 2b).
1.4.1

Figure 2a. Load cell attached to fixture end
plate
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Figure 2b. Load cell cable routing

See WorldSID 50th Percentile Male Procedure for Assembly, Disassembly and Inspection (PADI), August 2016.

1.4.5

Attach the bottom of the neck assembly to the lower neck load cell using four M6 x 1.0
x 12mm SHCS. Use the through-holes in the end plate to tighten the fasteners (Figure
3). When properly oriented, the front of the neck assembly will be facing toward the top
of the end plate (Figure 4).

Figure 3. Neck assembly attached to load cell
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Figure 4. Proper neck orientation

1.4.6

Attach the neck mounting adapter (DL210-420) to the top of the neck assembly using
four M6 x 1.0 x 10mm button head cap screws (BHCS) (Figure 5).

Figure 5. Neck mounting adapter attached to neck assembly

1.4.7

Install the neck torsion fixture to the bottom of the head-neck pendulum (Figure 6).
CAUTION: when not in use and/or in storage, the torsion fixture uses two
dowel pins that lock the neck attachment plate and prevents the pendulum rod
from swinging (Figure 7). If these pins are installed, they must be removed
prior to any testing.

Figure 6. Torsion fixture mounted to pendulum arm

Figure 7. Dowel pins installed

1.4.8

Attach the neck assembly to the torsion fixture by aligning the two locator pins on the
end of the fixture with the holes in the end plate while simultaneously aligning the four
locator pins on the neck mounting adapter with the holes in the fixture’s neck attachment
plate (Figure 8). To aid with the alignment and insertion of the four pins, rotate the
torsion fixture’s pendulum rod back and forth until the pins are properly seated.

Figure 8. Neck assembly pin alignment

1.4.9

Once all pins have been properly aligned and inserted, fasten the full neck assembly to
the torsion fixture using three #10-24 x 3” SHCS (Figure 9). The neck torsion fixture is
now fully assembled (Figure 10).

Figure 9. Neck assembly attached to torsion fixture

Figure 10. Assembled neck torsion fixture

1.4.10 After the neck assembly has been fully mounted to the torsion fixture, a small gap
between the neck mounting adapter and the fixture attachment plate may be noticed
(Figure 11). This space is acceptable and allows for any length variation in the rubber
material of the WorldSID neck.

Figure 11. Neck mounting adapter and fixture attachment plate gap

1.4.11 The 0.75 ± 0.05 kg pendulum weight mounted to the fixture’s pendulum rod should be
positioned 152.4 mm (6 inches) from the rod’s pivot point on the shaft assembly, which
corresponds to the first hole from the top of the rod (Figure 12). Attach the weight
through this hole using a #10-24 x 7/8” SHCS.

152.4 mm (6”)

Figure 12. Pendulum weight adjustment

1.4.12 Route all cables so that they do not interfere with the rotation of the neck assembly or
the motion of the fixture’s pendulum rod during the testing event. The cable of the
angular rate sensor mounted to the neck attachment plate should have enough slack as to
not become taut during the peak of the pendulum rod’s arc.
1.4.13 The procedure and pictures above describe the left neck torsion test (Figure 13). To
conduct the right torsion test (Figure 14), remove the four ¼-20 x 5/8” SHCS that attach
the torsion fixture to the pendulum arm, rotate the fixture 180 degrees about the
pendulum arm’s Z axis, reinstall the fasteners, and reroute all cables as described in
1.4.12.

Figure 13. Left side torsion setup

Figure 14. Right side torsion setup

1.4.14 Ensure that at least 30 minutes have elapsed between consecutive impacts on the same
neck.

1.5 Test Procedure
1.5.1

1.5.2

Soak the head and neck assembly in a controlled environment with a temperature of 20.6
to 22.2 °C (69 to 72 °F) and a relative humidity from 10 to 70% for at least 4 hours prior
to a test. The test environment should have the same temperature and humidity
requirements as the soak environment.
Install the appropriate 152.4 mm (6 inches) aluminum honeycomb to meet the pendulum
pulse specified in Table 1-1, where time zero (T0) is defined in Section 1.6.1. Confirm
that the contact area of the aluminum honeycomb engages the pendulum’s impactor
plate upon impact.

Table 1-1. Pendulum Pulse for Neck Torsion Qualification Test (PRELIMINARY)
Parameter
Pendulum velocity at 10 ms after time zero (T0)
Pendulum velocity at 15 ms after time zero (T0)
Pendulum velocity at 20 ms after time zero (T0)

1.5.3

Units
m/s
m/s
m/s

Specification
Min.
2.04
3.2
4.32

Max.
2.28
3.57
4.83

Raise the pendulum from a height to generate a 5.2 ± 0.1 m/s velocity, measured at the
center of the pendulum accelerometer, at impact. No more than five minutes shall
elapse between the time that the pendulum is raised and the time that the pendulum is
released.

1.6 Data Processing
1.6.1

Time zero (T0) is defined as the instant when the striker plate of the pendulum arm
contacts the honeycomb. If this results in a time shift from the original data acquisition
system (DAS)-recorded time, apply this time shift to all measured channels.
1.6.2 Remove data channel offset per SAE J211-1.
1.6.3 Filter the channels based on the CFC filter classes listed in Table 1-2.
Table 1-2. Neck Torsion CFC Filter Class
Channel
Pendulum Accelerometer, X axis
Neck Fixture Rotation
Head Angular Velocity, Z axis
Lower Neck Moment, Z axis

Units
g
deg
deg/sec
Nm

CFC Filter Class
CFC 60
CFC 60
CFC 60
CFC 600

1.7 Performance Specifications
Table 1-3. Neck Torsion Response Requirements (PRELIMINARY)
Parameter
Impact Velocity
Peak Fixture Rotation 3
Decay Time to 0° from Peak Angle3
Peak Head Angular Velocity, Z axis3
Peak Lower Neck Moment, Z axis3
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Units
m/s
deg
ms
deg/s
Nm

Specification
Min.
5.1
45.0
37.9
1470
35.9

Specifications are presented as absolute values to accommodate both left and right side tests.

Max.
5.3
47.9
40.57
1536
39.1

