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Abstract 

Field data suggested that the Bradley M2/M3 fighting vehicle A3 upgrade 
subjected the crew to greater heat stress than the previous system did. A 
study was conducted to determine if the Bradley A3 crew stations were 
hotter than those of the A2 and if so, what the operational implications 
were for crew performance. 

A Bradley A2 and A3 were place side by side in an environmental chamber 
and exposed to 30°, 40°, 80°, 100°, and 125° F with the hull fans off; to 
80° and 100° F with the hull fans on; and to 80° F with one hull fan on. In 
addition, the vehicles were exposed to a 10-hour segment of the standard 
"basic hot" environmental scenario1, with hull fans on and off. Finally, the 
vehicles were run through a series of brief excursions to evaluate engine 
temperatures. During all testing, temperature data were collected at the 
driver's station, turret, and squad area at head, hand, and foot heights. 
Additional sensors recorded relative humidity, pressure, and additional 
temperatures in the vehicle. Smoke candles were used to evaluate air 
movement through the vehicles during a side test. 

Results showed that temperatures were consistently higher (between 10° 
and 35° F) in the A3 driver's compartment than in the A2 when the 
vehicle's hull fans were off. Based on the smoke test, this appears to be 
caused by the turret fan creating an under-pressure that draws air into the 
driver's area from the engine. 

With the hull fans on, the A3 driver's compartment is between 2° F 
warmer and 4° F cooler than the A2. The A3 turret is still 5° to 8° 
warmer. This difference was not operationally significant. At 80° F, both 
the A2 and A3 were within acceptable limits. At 100° F, both vehicles 
exceeded recommended heat limits (85° F wet bulb globe temperatures 
[WBGT]). In the A2, the worst (limiting) locations were driver head and 
driver hand, with a maximum exposure of 1 hour. In the A3, the worst 
locations were driver head and turret foot, with a maximum recommended 
exposure of 1.2 hours. 

The conclusion was that the A3 is substantially warmer than the A2 when 
the hull fan is off but not when the hull fan is on. In environments above 
80° F, either vehicle would benefit from reduced internal temperatures. 

MIL-STD-810E 
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A COMPARISON OF HEAT ACCUMULATION IN THE M2A2 
AND M2A3 BRADLEY FIGHTING VEHICLES 

1. Introduction 

1.1 Background 

The M2/M3A3 is an improved version of the M2/M3 family of armored Bradley 
fighting vehicles (BFVs). It includes changes to achieve greater integration with 
current command and control systems than earlier M2/M3 variations were capable 
of achieving. 

A concern existed that the additional electronics in the BFV A3 might increase the 
heat load unacceptably in the crew areas. A test conducted in an environmental 
chamber at 125° Fahrenheit (51.7° C) found the temperature to be generally lower 
in the BFV A3, except for one reading at the driver's station of 99° F in the BFV 
A2 and 100° F in the BFV A3 (United Defense, 1997). 

However, field tests have identified excessive heat accumulation, especially in the 
driver's compartment, to be a potential problem. During the Limited User Test, 
phase 1 (LUT-1) and gunnery trials, the driver's station was found to be 
substantially warmer than the turret in the A3. In temperate conditions, this may 
have been because the heater was on and the hatch was open in the turret, and heat 
vented from the turret to the driver's station where the hatch had to be closed. 
Another explanation was that the fire wall between the driver and the engine was 
20° to 30° F warmer than the ambient environment. 

As a result of these two conflicting results, it was unclear if the A3 could meet the 
requirement that it be no hotter than its predecessor. 

1.2 Objective 

The objective of this evaluation was to identify if the BFV A3 was subject to 
greater heat accumulation than the BFV A2. If a difference was found, it was to 
be quantified in order to determine if it was meaningful in terms of crew 
performance. 

As a secondary objective, the evaluation was intended to contribute to a profile of 
thermal accumulation in the M2 family. This may be used in future development 
efforts to define cost versus performance trade-offs provided by crew cooling 
systems. 



2. Methodology 

2.1 Participants 

There were no direct human subjects in this study. U.S. Army Test Center (ATC) 
personnel performed vehicle instrumentation and data collection. Personnel from 
the Tank Automotive Command (TACOM), Operational Test and Evaluation 
Command (OPTEC), and the Human Research and Engineering Directorate 
(HRED) of the U.S. Army Research Laboratory (ARL) were on site as needed to 
observe. Data reduction and analysis were completed by ARL. 

2.2 Apparatus 

2.2.1 M2A2 and M2A3 Vehicles 

One M2A2 and one M2A3 Bradley, each configured with similar mission 
equipment, were used in this study. Except for changes proposed in the A3 
revision, these vehicles were as similar as possible. The M2A2 had serial number 
2AD20583 with engine serial number 37159664. This is a standard M2A2 
without the Operation Desert Storm modifications. The M2A3 had serial number 
A3-32. 

Both vehicles were equipped with white smoke engines. The vehicles were 
inspected by ATC before testing to ensure that they were operating properly. Both 
vehicles were fueled from the same source at the beginning and as needed 
throughout the test. For the duration of this test, neither vehicle had on-board 
stowage or a weight kit. During testing, all hatches of both vehicles were closed, 
as was the turret door to the interior squad area. 

2.2.2 Environmental Test Chamber 

This test was conducted at Aberdeen Proving Ground in Building 450, which 
contains an environmental chamber capable of achieving and maintaining a 
variety of combinations of temperature, humidity, air flow, and solar load. It is 
capable of containing two Bradley vehicles to allow side-by-side testing. 

2.2.3 Thermal Measuring Devices 

The environmental test chamber includes instrumentation to measure dry-bulb 
temperature at head, hand, and foot locations and one measurement of relative 
humidity at head locations at each crew station (driver, turret, and squad area) at 
head, hand, and foot locations. 



A number of other conditions were recorded to characterize the test environment. 
Additional dry-bulb temperature readings were taken at the output of each 
vehicle's heater. Sensors were placed to record when the vehicle's vent fans are 
on. Finally, temperature, humidity, and solar load defining the exterior ambient 
conditions were recorded. These data were digitally recorded in real time and 
were down loaded for reduction and analysis. 

At the later stages of the test, temperature sensors were added in the engine 
compartment. Photographs of the sensor locations are available in Appendix A. 

2.2.4 Other Instrumentation 

A digital data collection system was used to monitor the digital communications 
data bus activity within the M2A3. The actual processor and recorder were 
outside the chamber and did not influence vehicle or chamber heat load. 
Recording data bus activity was a secondary task not related to this test; the 
Program Manager's Office will conduct the analysis of these data. 

In addition to the test chamber instrumentation, a pair of WIBGET® heat stress 
monitors measured wet bulb globe temperatures (WBGT) during a sub-test. This 
was done to validate the translation of chamber measurements into WBGT and to 
provide a comparison if the WIBGET® monitor is needed to support future field 
exercises. WBGT is a combination of dry bulb temperature, wet bulb temperature 
(which includes humidity and air flow), and solar load. 

2.3 Procedure 

The test was segregated into eight days of testing in a static condition, two days of 
changing temperature and solar load simulating a day cycle, and one day of short 
excursions. In all conditions, the engine idled and the exhaust was routed outside. 
In all conditions, the driver's hatch and the turret hatch were closed. Induced air 
flow (fans used to simulate wind) was not used in any condition. The test 
schedule is shown in Table 1. 

Since the solar loading panels did not fully cover both vehicles, the vehicles were 
parked in the chamber to ensure that equivalent areas of each vehicle received 
comparable solar loading. When not otherwise specified, testing procedures 
adhered as closely as possible to those outlined in military standard MIL-STD- 
810E, section 501 (Department of Defense, 1989). 

The eight days of testing in a static condition were designed to compare the 
temperatures of the M2A2 and M2A3 in a stable, highly controlled environment. 
Testing in a static condition began with both vehicles in the chamber which was 
set to the experimental temperature and humidity for that cell for about 6 hours 
(24:00 to 06:00). After both vehicles had been "soaked" in the test environment 



for 6 hours, the engines were started and hull fans were set to the day's test 
conditions. Chamber operators monitored the vehicle interior temperature until it 
had reached a steady state (head, hand, and foot sensors at driver, turret, and squad 
locations in both vehicles remaining stable ±2° Fahrenheit) for 2 hours. 

Table 1. Test Schedule 

Relative Solar 

Day 
Temperature 
(degrees F) 

humidity 
rH (%) 

load 
(w/m2) 

Hull              Turret 
fans               fans 

1 
2 

Day Scenario (14-hr duration) 
30 730 

Off                 Auto 
Off                 Auto 

3 40 50 730 Off                 Auto 
4 80 50 730 Off                 Auto 
5 80 50 730 On                  Auto 
6 100 50 730 Off                 Auto 
7 100 50 730 On                  Auto 
8 125 — 730 Off                 Auto 
9 

10 
Day Scenario (14-hr duration) 

80                       50 Auto 
On                  Auto 

Driver fan on       Auto 
11 80 50 730 Excursions-Table 3 

In all static condition tests and during the excursions, a constant solar load (730 
watts/meter2) was maintained. On day 2, the vehicle heaters were set on "high." 
On all other days, the heaters were off. 

Days 1 and 10 followed the basic hot scenario, with hours 06:00 to 20:00 as 
shown on Tables 501.3.H and 505.3-1 of MIL-STD-810E (see Table 2). Again, 
both vehicles were pre-conditioned with the environmental scenario from 24:00 
until 06:00. At approximately 06:00, the engines were started and the fans were 
set to the appropriate setting. Data were collected from 06:00 through 20:00. 

During the final day of testing, a number of short excursions were conducted to 
provide some additional information about heat sources and air flow. For these 
excursions, additional heat sensors were placed in the engine compartment of each 
vehicle. One was near the wall across the bulkhead from the driver's right knee; 
the other sensor was near the bilge pump. A description of the specific excursions 
is shown in Table 3. At one point during the excursions, the engine doors were 
opened to visually ensure that the engine fans were turning. The engine fans on 
both vehicles were turning, albeit fairly slowly. 



Table 2. Basic Hot Scenario 

Ambient Induced 
Time air conditions conditions Solar radiation 

of day Temp rH (%) Temp rH (%) (w/m2) Btu/ft7hr 

0100 91 36 91 36 
0200 90 38 90 38 
0300 90 41 90 41 0 0 

0400 88 44 88 44 
0500 86 44 86 44 
0600 86 44 88 43 55 18 

0700 88 41 93 32 
0800 93 34 100 30 
0900 99 29 108 23 730 231 

1000 102 24 113 17 
1100 106 21 124 14 
1200 108 18 135 8 1112 355 

1300 109 16 88 6 
1400 109 15 145 6 
1500 109 14 145 5 915 291 

1600 109 14 144 6 730 231 

1700 109 14 140 6 
1800 108 15 135 6 270 85 

1900 104 17      ■ 122 10 
2000 100 20 111 14 
2100 97 22 100 19 0 0 

2200 95 25 95 25 
2300 93 28 93 28 
2400 91 33 91 33 0 0 

Table 3. Schedule of Excursions 

Chamber Chamber  ^ 
Data temp rH Solar Turret Hull 

Date run (degF) (%) load fans fans 

25 Jun 99 23 80 50 730 On, Auto" Bothoff 

25 Jun 99 24 80 50 730 On, Auto" Both off 

25 Jun 99 25 80 50 730 On, Autoa Both on 

25 Jun 99 26 80 50 730 On, Autoa Both ond 

25 Jun 99 27 80 50 730 On, Autoa Both off 

26 Jun 99 29 80 50 730 All off Both on 

"Line-replaceable unit (LRU) circulating fan and commander's exhaust fan only. 
bLRU circulating fan only 
'Turret power on; all fans electronically disconnected 
"Data discarded 



3. Results 

3.1 Temperature Data 

For the test days with static conditions, the average difference between the A2 and 
A3 at each location is shown in Table 4. Simple T-tests (paired sample) were 
performed on each pair of A2 and A3 data, grouped by day and sensor location. 
All differences were significant at well below the .05 confidence level. Actual p_ 
values are shown in Appendix B. Plots of the difference between the A2 and A3 
for each day at each workstation are shown in Appendix C. All differences are 
presented in terms of A3-A2, so positive values indicate the A3 was warmer than 
the A2. 

On the day run at 30° F the turret fan in the A3 did not activate at 80° F. When 
this was noticed, test personnel activated the fan by cycling turret power. In 
addition, the heater was set on high, but both vehicles stabilized at a temperature 
at which the crew would have turned the heater off. As a result, the temperatures 
on the 30° F day should be treated with some care. 

The mean temperature data for the two days of solar cycle testing are shown in 
Figure 1. Again, deltas were derived, based on A3-A2 for each location and fan 
condition. The delta plots are in Appendix C. Paired T-tests were calculated for 
each sensor location (see Appendix B), indicating that all differences were 
significant. The mean and maximum temperatures and differences between the 
A2 and A3 at each sensor location, with and without the hull fans on, are given in 
Table 5. 

3.2 Smoke Candle Evaluation 

Based on observations in the first four days of the evaluation (see conclusions 
section for an explanation) the chamber operators suggested that, at least when the 
hull fans were off, warm air was being drawn from the engine compartment into 
the driver's area of the A3. In order to test this hypothesis, a 15-second plumber's 
smoke candle was ignited and set in the engine compartment, with the hull fans on 
and off. When the fans were off, smoke could clearly be seen coming through the 
holes in the deck at the driver's feet. When the same test was conducted with the 
hull fans on, almost no smoke was drawn into the driver's compartment. All 
these tests were conducted at vehicle temperatures above 80° F, so the turret fans 
in the A3 were activated. 



Table 4. Mean Temperatures and Vehicular Differences 
After the Vehicles Stabilized at Fixed Temperatures 

Condition A2 A3 Delta         A2         A3        Delta A2          A3     Delta 

30° F, ■ ■- percent rH, Solar 730 w/m2: Heater on high 
Vent fans off 

Driver 
Head 106.43 121.80 15.38 
Hand 114.46 126.69 12.23 
Foot 108.87 136.32 27.45 

Turret 
Head 93.28 95.14 18.60 
Hand 102.58 101.54 -1.04 
Foot 96.97 112.55 15.58 

Squad 
Head 101.26 107.54 6.27 
Hand 101.51 105.37 3.86 
Foot 83.50 75.90 -7.60 

40°F,50% rH, Solar 730 w/m2 

Vent fans off 
Driver 

Head 77.71 89.11 11.40 
Hand 70.06 78.14 8.08 
Foot 65.31 73.10 7.79 

Turret 
Head 70.07 77.83 7.76 
Hand 68.83 78.61 9.77 
Foot 68.03 74.48 6.45 

Squad 
Head 62.28 66.83 4.55 
Hand 59.83 63.13 3.30 
Foot 55.64 54.51 -1.13 

80° F, 50% rH, Solar 730w/m2 

Vent fans off Vent fans: front on, rear off Vent fans on 
Driver 

Head 97.98 123.95 25.97 96.85 104.81 7.96 101.77 103.76 1.99 
Hand 92.96 128.00 35.04 97.74 101.05 3.31 102.36 102.26 -0.10 
Foot 90.16 124.87 34.71 95.14 101.36 6.22 100.72 101.51 0.79 

Turret 
Head 91.07 103.84 12.77 91.01 100.18 9.17 93.62 101.40 7.78 
Hand 91.47 101.69 10.22 92.79 99.52 6.73 93.97 101.23 7.26 
Foot 91.77 107.55 15.78 90.83 100.37 9.54 94.50 102.60 8.10 

Squad 
Head 86.93 104.98 18.05 87.13 93.99 6.86 90.74 95.60 4.86 
Hand 84.56 101.05 16.49 87.04 93.96 6.92 90.83 95.88 5.05 
Foot 80.38 87.91 7.53 84.77 93.63 8.86 90.07 95.60 5.53 



Table 4 (continued) 

Condition A2 A3 Delta A2 A3 Delta 

100° F, 50% rH, Solar 730w/m2 

Driver 

Turret 

Squad 

Head 
Hand 
Foot 

Head 
Hand 
Foot 

Head 
Hand 
Foot 

Vent fans off 

129.35 141.27 
124.10 144.95 
120.63   142.07 

11.92 
20.85 
21.44 

123.29 127.14 3.85 
123.58 125.10 1.52 
122.49 130.20 7.71 

115.51 125.49 9.98 
113.13 122.46 9.32 
108.89 112.23 3.33 

125° F, rH uncontrolled, Solar 730w/m2 

Vent fans off 
Driver 

Turret 

Squad 

Head 
Hand 
Foot 

Head 
Hand 
Foot 

Head 
Hand 
Foot 

155.07 
150.86 
147.76 

149.75 
151.24 
147.24 

139.61 
137.19 
133.50 

152.21 -2.87 
155.57 4.71 
153.56 5.80 

144.69 -5.07 
141.72 -9.52 
145.58 -1.66 

137.97 -1.64 
136.44 -0.75 
128.60 -4.90 

Vent fans: front on, rear off 

A2 A3 Delta 

Vent fans on 

128.44 126.30 -2.14 
128.67 124.30 -4.37 
127.57 123.27 -4.30 

119.05 124.88 5.84 
119.19 124.67 5.48 
119.41 126.86 7.45 

115.40 117.93 2.53 
115.49 118.23 2.74 
114.65     117.85    3.21 

3.3 Human Performance Calculations 

While statistically significant differences are interesting, they do not directly 
indicate the operational significance of any differences between the A2 and A3. 
In looking at the effects of temperature and humidity on human performance, the 
Department of Defense used the WBGT. WBGT is a combination of dry bulb 
temperature, wet bulb temperature (which includes humidity and air flow), and 
solar load. 

WBGT = (0.7 * wet bulb temp) + (0.2 * black globe temp) + (0.1 * shaded dry bulb temp) 

WBGT is included as the standard when one is looking at human susceptibility to 
heat stress (HQ, DA, DN, AF, 1980). 



M2A3 Chamber: runOI 15jun99: day cycle fans off 

-Ambient 

-A2 Drvr Head 

A2 Drvr Hand 

-A2 Driver Foot 

-A2 Trt Head 

-A2 Trt Hand 

-A2 Trt Foot 

-A2 Sqd Head 
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A2 Sqd Foot 
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Figure 1. Summary Plots of Temperatures During the "Basic Hot" Scenario. 



Table 5. Mean Difference Between A2 and A3 Temperatures 
During Basic Hot Scenario 

Fan off Fan on 
A2 A3 Delta A2 A3 Delta 

Mean data 

Driver 
Head 126.18 129.44 3.27 113.35 118.32 4.97 
Hand 120.18 129.63 9.45 113.91 116.30 2.39 

Turret 
Foot 116.71 128.62 11.91 112.83 115.84 3.11 

Head 120.53 119.74 -0.79 108.49 116.34 7.84 
Hand 121.17 118.53 -2.61 109.08 116.16 7.07 

Squad 
Foot 116.95 118.80 1.85 108.58 117.52 8.95 

Head 112.52 114.72 2.20 104.81 110.92 6.11 
Hand 110.21 112.79 2.58 104.83 111.19 6.36 
Foot 106.53 107.93 1.40 104.08 111.17 7.09 

Maximum data 

Driver 
Head 145.22 146.35 9.98 125.60 129.90 10.30 
Hand 137.78 147.89 18.26 126.00 127.90 7.30 

Turret 
Foot 133.49 147.12 19.83 124.50 127.20 8.90 

Head 136.51 135.87 3.22 118.60 128.50 14.40 
Hand 137.89 133.94 2.00 118.90 128.20 10.10 

Squad 
Foot 135.12 138.45 5.64 119.50 131.20 13.00 

Head 128.34 130.44 5.71 114.62 121.60 7.59 
Hand 125.14 127.83 5.46 114.54 121.73 7.61 
Foot 120.57 123.27 3.68 113.50 121.40 8.92 

Normally, conversions of dry bulb temperature and relative humidity to WBGT 
would be done via heat index, conversion charts. However, the available charts do 
not reach many of the temperatures achieved during this study. As a result, 
conversions to WBGT were done with the El Paso National Weather Service web 
page calculator (Brice, 1999). 

The conversions of the mean temperature data, based on an rH of 50% and an 
atmospheric pressure of 29.85 inches of Hg are shown in Table 6. The general 
guideline on thermal stress is that environments should not exceed 85° WBGT 
whenever possible. As an initial evaluation, Table 6 was inspected for cases when 
the difference between the A2 and A3 straddled the 85° WBGT criteria. 

10 



Table 6. Mean Vehicular Temperatures Converted to WBGT 

Hull vent fan off Hull vent fan: front on rear off Hull vent fan on 

Condition A2 A3 A2 A3 A2 A3 

30° F 
Driver Head 

Hand 
Feet 

87.9 
94.6 
90.5 

100.9 
105.1 
113.2 

Turret Head 
Hand 
Feet 

76.9 
84.7 
80.0 

78.5 
83.8 
92.9 

Squad Head 
Hand 
Feet 

83.6 
83.8 
68.9 

88.8 
87.0 
62.4 

40° F 
Driver Head 

Hand 
Feet 

64.2 
56.8 
54.0 

73.5 
64.6 
60.4 

Turret Head 
Hand 
Feet 

59.0 
56.8 
56.2 

64.2 
64.9 
61.5 

Squad Head 
Hand 
Feet 

51.5 
49.6 
45.8 

55.3 
52.2 
45.1 

80° F 
Driver Head 80.8 102.6 79.9 86.6 84.0 85.7 

Hand 76.7 106.0 80.9 83.4 84.5 83.4 
Feet 74.4 103.4 78.5 83.6 83.1 83.8 

Turret Head 75.1 85.9 75.1 82.7 77.2 83.7 
Hand 75.6 84.0 76.6 82.2 77.5 83.6 
Feet 75.7 88.8 74.9 82.9 77.8 84.7 

Squad Head 71.7 86.7 71.9 77.6 74.9 78.9 
Hand 69.8 83.8 71.9 77.5 74.9 79.2 
Feet 66.6 72.5 70.0 77.3 74.3 78.9 

100° F 
Driver Head 107.2 117.5 106.5 104.7 

Hand 102.8 120.6 106.7 103.0 
Feet 99.8 118.2 105.7 102.1 

Turret Head 102.0 105.4 98.4 103.4 
Hand 102.3 103.6 98.6 103.3 
Feet 101.4 108.0 98.8 105.1 

Squad Head 95.5 104.0 95.4 97.6 
Hand 93.5 101.5 95.5 98.4 
Feet 90.0 92.8 94.8 97.5 

125° F 
Driver Head 

Hand 
Feet 

129.3 
125.7 
123.0 

126.9 
129.8 
128.0 

Turret Head 
Hand 
Feet 

124.8 
126.0 
122.6 

120.4 
117.9 
121.0 

Squad Head 
Hand 
Feet 

116.1 
114.0 
110.8 

114.5 
113.3 
106.6 

11 



Another way of looking these values is to translate them into the maximum time 
that a crew could function in each environment. Based on the time limits in TB- 
MED 507 (HQ, DA, DN, AF, 1980) (see Figure 2), the values in Table 6 were 
converted into maximum time limits for exposure to each environment, assuming 
a moderate workload. Since values below 85° F WBGT are not time limited for 
moderate work, they were excluded from Table 7. 

Physiological Heat Exposure LimII 
(PEL) Curves 

WBGT 
Degrees F. 

Figure 2. Exposure Limit Curve From TB MED 507. 

The time limits are based on soldiers working in normal uniforms. As a rule of 
thumb, mission-oriented protective posture (MOPP)-4 effectively increases the 
WBGT by 10° F. 

3.4 Excursion Data 

The data for the engine sensors from the excursions are plotted in Figure 3. In 
viewing these plots, it is important to understand that the beginning of the plot 
includes the engine's prior conditions. For instance, on the first plot, all the 
sensors start at 80° F, the starting temperature of the vehicle. It is not until about 
data point 121 (x-axis) that the temperature begins to stabilize, indicating the 
actual operating temperatures at each location during those conditions. 

12 



Table 7. Maximum Exposure Times for Crews During Each Condition 

Hull vent fan off Hull vent fan: front on rear off Hull vent fan on 
Condition A2 A3 A2 A3 A2 A3 

30° F 
Driver Head 4.8 1.7 

Hand 2.9 1.2 
Feet 4.0 0.7 

Turret Head 
Hand 
Feet 3.4 

Squad Head 4.6 
Hand 5.2 
Feet 

40° F 

80° F 
Driver Head 1.5 

Hand 1.1 
Feet 1.4 

Turret Head 
Hand 

5.8 

Feet 4.6 
Squad Head 

Hand 
Feet 

5.4 

100° F 
Driver Head 1.0 0.6 

Hand 1.5 0.6 
Feet 1.8 0.6 

Turret Head 1.6 0.6 
Hand 1.6 1.4 
Feet 1.6 1.0 

Squad Head 2.8 0.9 
Hand 3.2 1.6 
Feet 4.2 3.4 

125° F 
Driver Head 0.5* 0.5 

Hand 0.5 0.5* 
Feet 0.5 0.5 

Turret Head 0.5 0.6 
Hand 0.5 0.6 
Feet 0.6 0.5 

Squad Head 0.6 0.7 
Hand 0.7 0.7 
Feet 0.8 1.0 

5.5 6.0 

1.0 1.2 
1.0 1.4 
1.1 1.5 
2.0 1.4 
2.1 1.4 
2.1 1.2 
2.7 2.2 
2.7 2.1 
2.8 2.2 

* Values extrapolated beyond the extreme limits of the table. 
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Hto 23: Turnt tan on (gunners fan off), Hull hm off 

1     9    17  25  33  41   49  57  65   73  81   89   97 105 1131211291371451531611691771851932012 

Fib 24: LRU Fan Only on; Hull Fans off 
Fll«25; Turret Fans on (Gunners off); Hull Fans On 

1      6    11    16   21    26   31    36   41    46   51    56   61    66   71    76   81    86   91    96  101  106 111 116 1 

Fito27: Turret Fans On (Gunner's Fan off); Hull Fans Off 

1    3   5   7   B  11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 

FIIs29; Turret Fans Off; Hull Fans On 

1     5    9   13  17 2125293337  41454953576166697377  8185899397 101105109 

— A3 eng cpt knee 

— A3 bug« pum p 

A2 bilge pump 
 A2 eng cpl knee 

1  7 13 1» 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127 133 139 145 
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Figure 3. Plots of Temperature Data From Excursions. 



The excursions were not part of the originally scheduled test. They were 
conducted to support the PM Bradley and United Defense Limited Partnership 
(UDLP) engineers. UDPL may conduct a more detailed analysis of these data in a 
separate report. 

The excursion data do seem to support the findings from the driver's temperature 
data and the smoke candle trial. In cases when the hull fans were off but the turret 
fan was on (files 23 and 27), the hot air was drawn from the engine, over the knee 
sensor in the engine compartment on its way into the driver's compartment. 
When the hull fans are off but only the line-replaceable unit (LRU) fan is on in the 
turret (file 24), the LRU appears to still be capable of creating an under-pressure, 
drawing engine air toward the driver's compartment. 

When the turret and hull fans are on (files 25), the temperatures in both vehicles' 
engine compartments are comparable. 

To ensure that the vehicles' engines were operating at the same temperature, a 
trial (29) with all fans off was conducted. This trial showed that the engine 
compartment temperatures at each sensor location were similar across vehicles. 

4. Conclusions 

4.1 Discussion 

Based on the results of the tests with the hull vents fans off, which are supported 
by the smoke test, it is evident that the A3 can become much warmer than the A2, 
specifically in the driver's compartment. It appears that when the turret fans are 
activated, at approximately 80° F internal temperature, they create an under- 
pressure in the crew areas by blowing air out through the back of the turret. Air 
drawn through the holes at the driver's feet relieves the under-pressure. Since this 
air has passed through the engine compartment, it is unacceptably warm. 

When the hull fans are turned on and the turret fans are on, the overpressure is 
defeated by the air drawn in by the fans. This was indicated by the lack of smoke 
coming from the engine compartment into the driver's area when the hull fans 
were on. The result was that, with the hull fans on, the A3 driver's area was 
between 1.99° warmer (80° F, head) and 4.37° cooler (100° F, hands) than the 
comparable A2 sensor. However, with the fans on, the turret temperatures are still 
between 8.10° (80° F, feet) and 5.48° F (100° F, hands) warmer than in the A2. 
While this is clearly less of a concern than the temperature differences of more 
than 10° F seen in all sensors in the driver's compartment with the fans off, it 
should be re-examined if future changes in the Bradley family include additional 
automation. 
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However, in the case of the A2-A3 comparison, the maximum recommended 
exposure to the temperatures recorded, at least at 100° F, is slightly longer in the 
A3 than in the A2. 

In both vehicles, operations at or below 80° F, 50% rH, should not suffer from 
crew degradation because of thermal stress. However, operations at 100° F and 
125° F will clearly be limited by heat-induced crew degradation. Crews may 
survive, at least in the 100° F environment, but their ability to function effectively 
will be severely compromised (Tauson & Doss, 1997). Future improvements in 
the Bradley family of vehicles should seriously consider addressing this limitation 
of the system. 

4.2 Limitations and Restrictions 

There are two restrictions imposed on the design which restrict the ability of the 
data to be generalized: 

1. The heat loads on the vehicles were less than they might be at the same 
ambient temperature if the engines were run with a load. This is not possible in a 
chamber environment. Similar restrictions apply to turret movement or other 
vehicular activities, which might change the heat generation of the vehicle. 

2. The readings in the crew compartment did not reflect any effect that a 
human occupant might cause, in terms of added heat or humidity. 

These limitations were not considered critical for this evaluation because the 
effects should be the same for both vehicles. 
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APPENDIX A 

PHOTOGRAPHS OF SENSOR LOCATIONS 
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Figure A-1. Photograph of the thermocouple 
located at the M2A2 bilge pump. 

Figure A-2. Photograph of the thermocouple 
located at the M2A2 bulkhead surface position. 

Figure A-3. Photograph of the thermocouple 
located at the M2Ä2 commander foot position. 

Figure A-4. Photograph of the thermocouple 
located at the M2A2 commander hand position. 

Figure A-5. Photograph of the thermocouple 
and humidity sensor located at the M2A2 
commander head position. 

Figure A-6. Photograph of the thermocouple 
located at the M2Ä2 driver foot position. 
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Figure A-7. Photograph of the thermocouple 
located at the M2A2 Driver hand position. 

Figure A-8. Photograph of the thermocouple located at 
the M2A2 Driver head position. 

Figure A-9. Photograph of the thermocouple 
located at the M2A2 engine compartment. 

Figure A-10. Photograph of the thermocouple and 
humidity sensor located at the M2A2 squad area 
position. 

Figure A-11. Photograph of the thermocouple 
located at the M2A3"bilge pump position. 

Figure A-12. Photograph of the thermocouple located 
at the M2A2 bulkhead surface position. 
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Figure A-13. Photograph of the thermocouple located 
at the M2A3 commander foot position. 

Figure A-14. Photograph of the thermocouple located 
at the M2A3 commander hand position. 

Figure A-15. Photograph of the thermocouple and 
humidity sensor located at the M2A3 commander head 
position. 

Fiaure A-16. Photograph of the thermocouple located at the 
M2A3 driver foot position. 

Figure A-17. Photograph of the thermocouple located 
aUhe M2A3 driver Kand position. 

Figure A-18. Photograph of the thermocouple and humidity 
sensor located at the"M2A3 driver head position. 
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Figure A-19. Photograph of the thermocouple located 
at the M2A3 engine compartment position. 

Figure A-20. Photograph of the thermocouple and 
humidity sensor located at the M2A3 squad area position. 

Figure A-21. Photograph of the air velocity 
sensor located at the M2A3 LRU fan position. 

24 

Figure A-22. Photograph of the thermo- 
couple located at the M2A3 squad area 
position. 

Figure A-23. Photograph of the thermocouple and 
humidity sensor located at the M2A2 squaa 
position. 



APPENDIX B 

RESULTS OF T-TESTS FOR TEMPERATURE 
DATA BETWEEN VEHICLES 
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APPENDIX C 

PLOTS OF TEMPERATURE DATA 
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INTENTIONALLY LEFT BLANK 
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M2A3 Heat Chamber Day Cycle (A3-A2 Deltas): vent fans off 

Driver 

" <• « » » » IM 121 133 145 157 

Turret 

-Turret Head 
-Turret Hands 

Turret Fee! 

1     7    13   19   25   31   37   43   49   55   61   67   73   79   85   91   97 103 109 115 121127 133 139 145 151157 163 1 

Squad 

 Squad Head 

 Squad Hands 

Squad FM) 

1 13 25 37 61 73 85 S7 109 121 133        145 
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M2A3 Heat Chamber Day Cycle (A3-A2 Deltas): vent fans on 

Driver 

-drvrhead 

-drvr hands 

Dm feet 

1    32   63  64 125156187218249280311342373404435466497528559590621652683714745776 807 838 869 900 

Turret 

1    32   83   94 «5156187218249280311342373404435466497528559530621652683714745776807838869 

40 

Squad 

^ 

 Sertos2 

Sertesa 

tC-ffl?g*,^(ir^,-"ra\ firft^Fex!liaalitB'l!a*M^'aM 

hi 

1    31   61   91   121 151 181 211 241 271 301 331 361 391 421 451 481 511 541 571 601 631 661 691 721 751 781 811 841 871 ! 



M2A3 Heat Chamber 30F rh 50% vent fans off, Heater on 

Driver 

Turret 

11 in i ii nil 11 IM mi lumi HI ii ii mil iiii in i in i 
,    t     U    1«   Si    M    J1  .»   41    4»    51    S»    ti    M   7»    7«    «1    M    »1 M   101 109 111   11» 

Squad 

46    61    56    61     66    71     76    81     66    81     96   101   106  111   118 

-Squad Head 
-Squad Hands 

Squad Feat 
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Driver 

Turret 

Squad 

42 

M2A3 Heat Chamber 40° F rh50% vent fans off 
M2 Heat Chamber 40F rh50% vent fans off 

'Vy-vV-^-J<v^ ""■■'"v-'V^-/N/vw 

- Driver Head 

-Driver Hands 

Driver Feet 

1      6    11    16    21    26   31    36   41    46   51    56    61    66   71    76   81    86   91    96   101  106 111   116 

M2 Heat Chamber 40F rh50% vent fans off 

-TrlHead 

-Trt Hands 

TrIFeet 

1       6     11     16    21     26    31     36    41     46    51     56    61     66    71     76    81     86    91     96    101   106  111   116 

M2 Heat Chamber 40F rh 50% vent fans off 

-SqaudHead 

-Squad Hands 

Squad Feet 

t     5     9    13   17   21    25   29   33   37   41   4S   49   53   57   61   65   69   73   77   81    65   89   93   97 101 105 109 113 117 



M2A3 Heat Chamber (A3-A2 Deltas) 80°, fans off 

Driver 

— DrtwrHead 

— DnVer Hands 

DriwFeet 

1      6     11     16    21    26    31    36    41    46    51    56    61    66   71    76    81    66    91    96   101   106  111   116 

Turret 

Turret Head 

— Turret hands 

Turret Feet 

1      6     11     16    21    26    31    36    41    46    51    56    61    66    71    76    81 86    91    96   101   106  111   116 

Squad 

-Squad Head 

-Squad Hands 

Squad Feet 

1       6     11     16    21     26    31     36    41     46    51     56    61 71     76    81     86     91     96    101   106   111    116 
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M2A3 Heat Chamber (A3-A2 Deltas) 80°, fans on 

Driver 

w< ̂'K^^I^Pf'^ liSflllfPI 
* <           t 

no 
ÜIIÜISI -' 

'K.*'" - ,   • 

?s- 
li^; lIlIÄill §. 

JO 

\:i ^ä?^.':^^^^^;"-^^;^®^^^^^^^^^^^ — Driver Head 
— Driver Hands 

Driver Feet 

15- 
IÜSK:!2£8l>3'S'if'^■^§M^^^^^^^^f^S^S:'^r^k ^ 

Sllftillil; IlilillllIiSl:fe;"^: 

<■ - 
0- 

-5- 

fi0«>" 11    1«   21    1*   31   3»   «1   «   51 »■ «t    «6   71    78   81    86   «    9ft  101  106 111  116 

Turret 

:=sO=*= 

- Turret Head 
-Turret Hands 

Turret Feet 

1       6     11     16    21    26    31     36    41    46    51    56    61     66    71     76    81    86    91 96   101   106  111   116 

Squad 
?5- 

?0 

15- 

— Squad Hands 
Squad Feet 

S- 

0-  ' * " II II 1 I I   I I 1) Ml 1   1 1 'I Ill 1   1 

44 
1  6  11  16 21  26 31  36 41  46 51  56 61  66 71 76 81 91  96 101 106 111 116 



M2A3 Heat Chamber (A3-A2 Deltas) 80° F, 50rH Crew vent fans: front on, rear off 

Driver 
— DfvrHead 
— Drvr Hands 

DrnwP«M 

1      8     11     16    21    26    31    36    41    46    51    56    61    66    71    76    81 86    91    96   101   106 111   116 

Turret 

1  6  11  16 21  26 31 36 41  46 51 56 61  66 71  76 81  86 Q1  96 101 106 111 116 

Squad 

-Sariesl 
~S«ries2 

Series3 

1     5     9    13   17   21    25   29   33   37   41   45   49   53  57   61 65697377   81    858993   97 101105109 113117 
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M2A3 Chamber Test; 100° F, 50% rH, fans off 
M2 Chamber T««t, File 12; 20jun99:10« 50% rH, Craw Fans 0(1 

Driver 

-Dn/rH«ad 
-D(vr Hands 

DwFtal 

1      6    11    16   21    26   31    36   41    46   51    56    61    66   71    76   61    86    Q1    96   101  106 111  116 121 

M2 Chamtw Ttit, Fit« 12; 20jun99; 10« 50% rH, Craw Fan« OH 

Turret 
-TrtHMd 
-TriHand» 

TrtFM 

1      6    11    16   21    26   31    36   41    «   51    56   61    66   71    76   81    86    91    96   101  106 111  116  121 

IC Chamber Test, File 12; 20jun99; 100150%rH,Crew Fan« OH 

Squad 

— SqdHead 

— Sqd Hands 

SqdftMt 

15.00 

~_™^ 

/U^v>yA^ 

0.00- 

46 
1       6     11    16    21    26    31     36    41    46    51    56    61    66    71    76    81 91     96   101   106  111   116  121 



M2A3 Chamber Test; 100° F, 50% rH, fans on 
FUe14100F SOrH Fans On 

Driver 

-OriwrHead 

-Dmer Hands 

DriwrFeet 

Flle14 IMF SOrH Fans On 

Turret 

I      8     11     16    21    28    31    36   41    46    51    56    61    66    71    76    81 86    91    96   101   106  111   116 

Fil«14 1 OOF SOrH Fans On 

Squad 

e     11     16    21     26    31     36    41    46    51     56    61     66    71    76    81     86    91     96    101   106   111   116 

-Squad Head 
-Squad Hands 

Squad Feet 

47 



M2A3 Chamber Test; £ilel6; 125° F fans off (delta A3-A2) 

Driver ;I.M 111iy»j\innij j 111? '■■■■■mint mi.MI 

E       «     11     1«    21     28    31     36    41     46    ST    56    61     66    71     7«    61     66 81     96   101   106  111   116 

-Driver Head 
-Driver Hand 

Driver Feet 

Turret 
-Turret Head 
-Turret Hands 

Turret Feet 

I  6  11  16 21  26 31 36 41  46 51  56 61  66 71  76 61  86 91  96 101 106 111 116 

Squad 

48 

-Squad Head 

-Squad Hands 

Squad Feet 



M2A3 Chamber Test; Engineering Excursions 

180 

160 

140 

120 

100 

80 

60 

40- 

20 

0- 

'■''■'.■'"."             ■    .                      "■    ■ 

/^~~ 

/ 

'             ^^^      ■' ( 

File 23: 
S  _^-^ v.                 ■   ^ 

■y^—          ^-^~^ 

Turret Cmdr's & 
LRU fan on; 

Hull fan off 

^^J-^^ 

...'.''-  A3 eng cpt knee 
 A3 bilge pump 

A2 bilge pump 
 A2 eng cpt knee ■'.',             . - 

;■ ; 

= :' '■■■'■'   " ■  ■   ■    . .   ■  ■   ■' ■     ■   ■ ■ 

1     9    17   25   33   41   49   57   65   73   81   89   97  105 113 121 129 137 145 153 161 169 177 185 193 201 209 

File 24: 
LRU Fan Only on; 

Hull Fans off 

1      6     11    16    21 41    46    51    56   61    66    71    76   81    86    91    96   101  106 111 

File25: 
Turret Cmdr's 
& LRU fan on; 

Hull fans on 

13   5   7   9 1113 1517 19 2123 25 27 29 3133 35 37 39 4143 45 47 49 5153 55 57 59 6163 65 67 69 7173 75 49 



M2A3 Chamber Test; Engineering Excursions (cont.) 

File 26: 
Turret Cmdr's & 
LRU fan on; 
Hull fan on 

1      7     13   19   26    31    37   43   49    55   61    67   73   79    85   91    97   103 109 115 121  127 133 139 1*5 151 

File 27: 
Turret Cmdr's & 

LRU fan on; 
Hull fans off 

1  5  9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 B1 85 89 93 97 101 105109 

File29: 
Turret fans off; 
Hull fans on; 
Turret power on 
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1  7  13 19 85 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127 133 139 145 



NO. OF 
COPIES 

1 

ORGANIZATION 

ADMINISTRATOR 
DEFENSE TECHNICAL INFO CTR 
ATTN DTICOCA 
8725 JOHN J KINGMAN RD 
STE 0944 
FTBELVOIR VA 22060-6218 

DIRECTOR 
US ARMY RSCH LABORATORY 
ATTN AMSRL CI AI R REC MGMT 
2800 POWDER MILL RD 
ADELPHIMD 20783-1197 

DIRECTOR 
US ARMY RSCH LABORATORY 
ATTN AMSRL CILL   TECH LIB 
2800 POWDER MILL RD 
ADELPHI MD 207830-1197 

DIRECTOR 
US ARMY RSCH LABORATORY 
ATTN AMSRL D   D SMITH 
2800 POWDER MILL RD 
ADELPHIMD 20783-1197 

DIR FOR PERS TECHNOLOGIES 
DPY CHIEF OF STAFF PERSONNEL 
300 ARMY PENTAGON 2C733 
WASHINGTON DC 20310-0300 

OUSD(A)/DDDR&E(R&A)/E&LS 
PENTAGON ROOM 3D 129 
WASHINGTON DC 20301-3080 

CODE 1142PS 
OFFICE OF NAVAL RESEARCH 
800 N QUINCY STREET 
ARLINGTON VA   22217-5000 

WALTER REED INST OF RSCH 
ATTN  SGRDUWIC 

COL REDMOND 
WASHINGTON DC 20307-5100 

DR ARTHUR RUBIN 
NATL INST OF STDS & TECH 
BUILDING 226 ROOM A313 
GAITHERSBURG MD 20899 

COMMANDER 
US ARMY RESEARCH INSTITUTE 
ATTN PERIZTDRE M JOHNSON) 
5001 EISENHOWER AVENUE 
ALEXANDRIA VA  22333-5600 

NO. OF 
COPIES 

1 

ORGANIZATION 

DEFENSE LOGISTICS STUDIES 
INFORMATION EXCHANGE 

ATTN DIR DLSIE ATSZ DL 
BLDG 12500 
2401 QUARTERS ROAD 
FORT LEE VA 23801-1705 

DEPUTY COMMANDING GENERAL 
ATTN   EXS(Q) 
MARINE CORPS RD&A COMMAND 
QUANTICO VA 22134 

HEADQUARTERS USATRADOC 
ATTN  ATCD SP 
FORT MONROE VA 23651 

COMMANDER 
USATRADOC 
COMMAND SAFETY OFFICE 
ATTN ATOS MR PESSAGNO/MR LYNE 
FORT MONROE VA 23651-5000 

DIRECTOR TDAD DCST 
ATTN   ATTG C 
BLDG 161 
FORT MONROE VA 23651-5000 

HQ USAMRDC 
ATTN    SGRDPLC 
FORTDETRICK MD 21701 

COMMANDER 
USA AEROMEDICAL RSCH LAB 
ATTN   LIBRARY 
FORTRUCKER AL 36362-5292 

US ARMY SAFETY CENTER 
ATTN   CSSC SE 
FORTRUCKER   AL 36362 

CHIEF 
ARMY RESEARCH INSTITUTE 

AVIATION R&D ACTIVITY 
ATTN   PERIIR 
FORTRUCKER   AL 36362-5354 

AIR FORCE FLIGHT DYNAMICS LAB 
ATTN AFWAL/FIES/SURVIAC 
WRIGHT PATTERSON AFB  OH 45433 

US ARMY NATICK RD&E CTR 
ATTN  STRNC YBA 
NATICK   MA 01760-5020 
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NO. OF 
COPIES 

1 

NO. OF 
COPIES 

1 

ORGANIZATION 

US ARMY TROOP SUPPORT CMD 
NATICK RD&E CENTER 
ATTN BEHAVIORAL SCI DIV SSD 
NATICK MA 01760-5020 

US ARMY TROOP SUPPORT CMD 
NATICK RD&E CENTER 
ATTN  TECH LIB (STRNC MIL) 
NATICK MA 01760-5040 

DR RICHARD JOHNSON 
HEALTH & PERFORMANCE DIV 
US ARIEM 
NATICK MA 01760-5007 

NAVAL SUBMARINE MED RSCH LAB 
MEDICAL LIBRARY BLDG 148 1 
BOX 900 SUBMARINE BASE 
NEW LONDON 
GROTON CT 06340 

USAF ARMSTRONG LAB/CFTO 
ATTN DR F W BAUMGARDNER 
SUSTAINED OPERATIONS BR 
BROOKS AFB TX 78235-5000 

1 
ARI FIELD UNIT FORT KNOX 
BUILDING 2423 PERI IK 
FORT KNOX KY 40121-5620 

COMMANDANT 1 
USA ARTY & MISSILE SCHOOL 
ATTN   USAAMS TECH LIB 
FORT SILL OK 73503 

COMMANDER 1 
USA COLD REGIONS TEST CTR 
ATTN    STECR TS A 
APO   AP   96508-7850 

GOVT PUBLICATIONS LIBRARY 1 
409 WILSON M 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS MN 55455 

DR RICHARD PEW 
BBN SYSTEMS &TECH CORP 1 
10 MOULTON STREET 
CAMBRIDGE MA 02138 

DR ROBERT C SUGARMAN 
132 SEABROOK DRIVE 1 
BUFFALO NY  14221 

ORGANIZATION 

DR ANTHONY DEBONS 
IDIS UNIV OF PITTSBURGH 
PITTSBURGH PA   15260 

DR ROBERT KENNEDY 
ESSEX CORPORATION  STE 227 
1040 WOODCOCK ROAD 
ORLANDO FL 32803 

LAWRENCE C PERLMUTER PHD 
UNIV OF HEALTH SCIENCES 
THE CHICAGO MEDICAL SCHOOL 
DEPT OF PSYCHOLOGY 
3333 GREEN BAY ROAD 
NORTH CHICAGO   IL 60064 

GMC N AMER OPERATIONS 
PORTFOLIO ENGINEERING CTR 
HUMAN FACTORS ENGINEERING 
ATTN MR A J ARNOLD 

STAFF PROJ ENG 
ENGINEERING BLDG 
30200 MOUND RD BOX 9010 
WARREN MI 48090-9010 

GENERAL DYNAMICS 
LAND SYSTEMS DIV LIBRARY 
PO BOX 1901 
WARREN MI 48090 

DRMMAYOUB DIRECTOR 
INST FOR ERGONOMICS RSCH 
TEXAS TECH UNIVERSITY 
LUBBOCK TX 79409 

DELCO DEF SYS OPERATIONS 
ATTN RACHEL GONZALES B204 
7410 HOLLISTER AVE 
GOLETA CA 93117-2583 

MR WALT TRUSZKOWSKI 
NASA/GODDARD SPACE 

FLIGHT CTR 
CODE 588.0 
GREENBELT MD 20771 

US ARMY 
ATTN AVA GEDDES 
MS YA:219-1 
MOFFETT FIELD CA 94035-1000 

COMMANDER 
US ARMY RSCH INST OF 

ENVIRONMENTAL MEDICINE 
NATICK MA 01760-5007 
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NO. OF NO. OF 
COPIES   ORGANIZATION COPIES   ORGANIZATION 

1 HQDA (DAPE ZXO) 
ATTN DRFISCHL 
WASHINGTON DC 20310-0300 

1 JOHN B SHAFER 
250 MAIN STREET 
OWEGO NY 13827 

1 HUMAN FACTORS ENG PROGRAM 
DEPT OF BIOMEDICAL ENGNG 

1 OASD (FM&P) 
WASHINGTON   DC 20301-4000 

0 COLLEGE OF ENGINEERING & 
COMPUTER SCIENCE 1 COMMANDANT 

WRIGHT STATE UNIVERSITY US ARMY ARMOR SCHOOL 
DAYTON OH 45435 ATTN  ATSB CDS MR LIPSCOMB 

"» 
1 COMMANDER 

FTKNOX KY 40121-5215 

USA MEDICAL R&D COMMAND 1 COMMANDER 
ATTNSGRDPLC LTC K FRIEDL US ARMY AVIATION CENTER 
FORTDETRICK MD 21701-5012 ATTN ATZQ CDM S 

MR MCCRACKEN 
1 PEO ARMORED SYS MODERNIZATION 

US ARMY TANK-AUTOMOTIVE CMD 
FTRUCKERAL 36362-5163 

ATTN  SFAEASMS 1 COMMANDER 
WARREN MI 48397-5000 US ARMY SIGNAL CTR & 

FT GORDON 
1 PEO COMMUNICATIONS 

ATTN  SFAECMRE 
FTMONMOUTH NJ 07703-5000 

1 

ATTN ATZHCDM 
FT GORDON GA 30905-5090 

COMMANDER 
1 PEO AIR DEFENSE 

ATTN  SFAEADS 
US ARMY MISSILE COMMAND 
REDSTONE ARSENAL AL 

MARINE CORPS SYSTEMS CMD 
ATTN    CBGT 
QUANTICO   VA 22134-5080 

35898-5750 1 DIR AMC-FIELD ASSIST IN 
SCIENCE & TECHNOLOGY 

1 PROGRAM MANAGER RAH-66 
ATTN SFAEAV 
BLDG 5300 SPARKMAN CTR 

ATTN  AMC-FAST 
FTBELVOIR   VA 22060-5606 

REDSTONE ARSENAL AL 35898 1 COMMANDER 
US ARMY FORCES COMMAND 

1 JON TATRO 
HUMAN FACTORS SYS DESIGN 
BELL HELICOPTER TEXTRON INC 
PO BOX 482 MAIL STOP 6 

ATTN FCDJ SA   BLDG 600 
AMC FAST SCIENCE ADVISER 
FT MCPHERSON GA 30330-6000 

FT WORTH  TX  76101 1 COMMANDER 
I CORPS AND FORT LEWIS 

> 1 CHIEF CREW SYS INTEGRATION AMC FAST SCIENCE ADVISER 
SIKORSKY AIRCRAFT M/S S3258 
NORTH MAIN STREET 
STRATFORD CT  06602 

GENERAL ELECTRIC COMPANY 
ARMAMENT SYS DEPT RM 1309 
ATTN HF/MANPRINT R C MCLANE 
LAKESIDE AVENUE 
BURLINGTON VT 05401-4985 

ATTN   AFZHCSS 
FORT LEWIS   WA 98433-5000 

HQ III CORPS & FORT HOOD 
OFC OF THE SCIENCE ADVISER 
ATTN   AFZF CS SA 
FORT HOOD TX 76544-5056 
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NO. OF 
COPIES ORGANIZATION 

NO. OF 
COPIES ORGANIZATION 

1       COMMANDER 
HQ XVIII ABN CORPS & FT BRAGG 
OFC OF THE SCI ADV BLDG 1-1621 
ATTN AFZAGDFAST 
FORT BRAGG   NC 28307-5000 

1       SOUTHCOM WASHINGTON 
FIELD OFC 

1919 SOUTH EADS ST STE L09 
AMC FAST SCIENCE ADVISER 
ARLINGTON   VA 22202 

1       HQ US ARMY EUROPE AND 
7THARMY 

ATTN   AEAGXSA 
OFC OF THE SCIENCE ADVISER 
APOAE 09014 

1       COMMANDER 
HQ 21ST THEATER ARMY CMD 
AMC FAST SCIENCE ADVISER 
ATTN AERSA 
APOAE 09263 

1       COMMANDER 
HEADQUARTERS USEUCOM 
AMC FAST SCIENCE ADVISER 
UNIT 30400 BOX 138 
APOAE 09128 

1       HQ 7TH ARMY TRAINING CMD 
UNIT #28130 
AMC FAST SCIENCE ADVISER 
ATTN    AETT SA 
APOAE 09114 

1       COMMANDER 
HHC SOUTHERN EUROPEAN 

TASK FORCE 
ATTN AESE SA BUILDING 98 
AMC FAST SCIENCE ADVISER 
APOAE 09630 

1       CDR US ARMY PACIFIC 
AMC FAST SCIENCE ADVISER 
ATTN   APSA 
FT SHAFTER HI 96858-5L00 

1       AMC FAST SCIENCE ADVISERS 
PCS #303  BOX 45 CS-SO 
APO AP 96204-0045 

1       MS DIANE UNGVARSKY 
HHC 2BDE IAD 
UNIT 23704 
APOAE 09034 

1       ENGINEERING PSYCH LAB 
DEPT OF BEHAVIORAL 

SCIENCES & LEADERSHIP 
BUILDING 601 ROOM 281 
US MILITARY ACADEMY 
WEST POINT NY 10996-1784 

1       DR SEHCHANG HAH 
WM J HUGHES TECH CTR FAA 
NAS HUMAN FACTORS BR 
ACT-530 BLDG 28 
ATLANTIC CITY INTNATL 

AIRPORT NJ 08405 

1      US ARMY RSCH INST 
ATTN PERI IK D L FINLEY 
2423 MORANDE STREET 
FORTKNOX KY 40121-5620 

1      NAIC/DXLA 
4180 WATSON WAY 
WRIGHT PATTERSON AFB  OH 

45433-5648 

1   •   TACTICAL SHOOTER 
ATTN JD TAYLOR 
222 MCKEE ST 
MANCHESTER CT 06040 

1      ARLHRED AVNC FLD ELMT 
ATTN AMSRLHRMJ 

R ARMSTRONG 
PO BOX 620716 BLDG 514 
FTRUCKER.AL 36362-0716 

1      ARLHRED AMCOM FLD ELMT 
ATTN AMSRL HR MI D FRANCIS 
BUILDING 5678 ROOMS 13 
REDSTONE ARSENAL AL 

35898-5000 

1      ARLHRED AMCOM FLD ELMT 
ATTN ATTN AMSRL HR MO T COOK 
BLDG 5400 RM C242 
REDSTONE ARS AL 35898-7290 
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NO. OF                                                              NO. OF 
COPIES    ORGANIZATION                                COPIES   ORGANIZATION 

1       ARL HRED USAADASCH FLD ELMT     1 ARL HRED OPTEC FLD ELMT 
ATTN AMSRL HR ME ATTN AMSRL HR MR M HO WELL 

K REYNOLDS ATEC CSTE OM 
ATTN ATSA CD PARK CENTER IV RM 1040 
5800 CARTER ROAD 4501 FORD AVENUE 
FORT BLISS TX 79916-3802 ALEXANDRIA VA 22302-1458 

• 
1       ARL HRED ARDEC FLD ELMT              1 ARL HRED SC&FG FLD ELMT 

ATTN AMSRL HR MG (R SPINE) ATTN AMSRL HR MS C MANASCO 
BUILDING 333 SIGNAL TOWERS   RM 303A 

•* PICATINNY ARSENAL   NJ 
07806-5000 

FORT GORDON GA 30905-5233 
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