


floors, designed to be weight-bearing for multiple
technicians and objects and nonslip. The wood was painted
with fire retardant paint. Wire mesh was used to represent
the workspace envelopes. This mockup method developed
by the HEMAP is easily adaptable and is used for many
other types of CM analysis and is extremely efficient at
reducing costs as compared to a physical simulation that
does not use motion capture immersed into a CAD model of
the vehicle.

The motion capture system was used to capture various
scenarios of real human participants simulating the
installation offour avionics boxes (B I, B2, B3, B4) within a
representative mockup. Each avionics box was constructed
out of wire mesh and rods, according to their dimensional
attributes. The weight being handled at any time by any
technician was less than 2 pounds. (the true mass of the box
is included into the biomechanical analysis). For the motion
capture sessions, each subject and component were marked
so motions would be tracked and viewed within the CAD
electronic environments. See Figure - I, 2&3

Figure 1 Mockup and Motion Capture

The inner configuration of the Crew Module (CM)
included inner mold lines, curved aft bulkhead, side hatch
opening, side hatch platform, forward bulkhead, docking
ring, inner wall footprints; and other mounted components
and wire/cabling. The work areas were broken down into
five zones formed by the structure of the CM. Work areas
utilizing removable platforms placed atop the structure were
designated as A I through A4. Areas with No Access (NA)
were blocked for access by placing wire fence. The four
boxes are labeled BI-B4. See Figure- 2.
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Figure 2 Box, Access, and Non Access Areas

Key features of the mockup were removable platforms
which allowed the team to trial a variety of configurations
for technicians to install the four avionics boxes either by
working atop the platforms or with the platforms removed to
allow working directly in the access areas A I-A4.
Removable platforms were fabricated and placed atop the
backbone structure openings (A I-AS) during portions of the
motion capture tasks.

Technicians for this project were selected to closely
represent a 5th Percentile and a 95th Percentile Army
Anthropometric Survey (ANSUR) male in stature and
weight, allowing analysis of a broad range of sizes, and
covering possible technicians populations from a short to tall
stature male. Female Technicians were not available at the
time of the captures, so the software analysis did not include
female ergonomic evaluations. See Table-I.

Table 1 Subject Height and Weight

Subiects Height Weight
5th Percentile 162.1 cm 77.3 kg
5th Percentile 163.3 65.5 kg
5th Percentile 161.6 cm 65.9 kg
95th Percentile 187.0 cm 101.0 k!!
95th Percentile 188 cm 99.5 kg

Technicians used for this project had experience in
similar activities as part of Space Shuttle operations. One
had performed tasks within the Orion ground test article,
which offered insight and lessons learned to the team and
other technicians regarding working in the nearly identical
sized mockup performing similar handling tasks. The
technician pool had received prior general training on proper
general lifting techniques, using smooth and no sudden
acceleration. Each technician was experienced with lifting
critical, fragile components. The moderate width of each
component allowed for standard hand separation.
Technicians performed the motions at the HEMAP Lab
under environmentally controlled conditions.

Technicians were able to remove particular portions of
these platforms and stood in the access area or kneeled on
the platform covering the access area. The A I platform just
interior to the side hatch opening was installed throughout
all tasks and assessments.
















