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ABSTRACT

>

During the summer test program of 1955, & survey of temperatures
encountered by operstors of Ordnance equipment was conducted at
Yuma Tsst Station, Yums, Arisons, by Fumen Engineering ladoratory
personnel. The purpose of this survey was to obtain these
texpeTetures for simulatioa purposes in ladorstory test situations
snd for defining the range of temperatures pertinent to Ordsance
oquipment used in the dnm.<_
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MEASURENENT OF TEMPERATURES
IN VYARIOUS ORDNANCE NATERITZL

UNDER DESERT ENVIRONMENT

Ooe of the important environmental problems encountered in human
engineering research is the effecte of tempersture on the sfficiency
of the humsn operator. Most of the equipment presently designed dy
the Ordnance Corps is expected to de used efficiently in doth the
arctic snd dssert envirommsents. Little is knowa, however, adous the
temperstures encountered in Ordnance equipment under these conditioms,
In a recently completed literature survey for the Human Engineering
Ledoratory, H. J. Bond end R, B, Sleight® steted the following:

*A probdlem for which no references have dbeen found is

that of the adility to operste the coatrols of equip-
ment vhich have beccms heated to near or ebove the

pain producing temperstures, conditioms vhich frequensly
occur under the midday desert sua. A human eagineering
izvestigation of tbhe exteat to which psyshomotor perform-
axce is roleted to the temperatures of operatiag coantrols
of equipment would de valuable in setting optimm require-
mentes for deeign of such controls.®

In order to determine the scope of this prodliem, it vas suggested
that a survey be made ss to the temperstures encouptered in equipment
used in the desert exvironment. Temperstures odtained ia such a survey
would dbe useful for simulation purposes in the ladorstory aad foor
defining the rengs of temperatures pertineat to Ordnance eqQuirmess,

During the summer of 1955, a survey of temperstures encountered
by operstors of Ordnance equipment was conducted st Yums Test Statiom,
Yume, Arisona. & portadle Dyrometer was used to odtain all temperaturee
found in the tadles. The results of this survey are tadbulated on the
following Peges. All temperetures which exoceed 116° P in the tadles are
izdiceted vwith sn esteriek. These tamperatures exceed the sudjective pain
limen e defined by Lowenstern snd Dallendech.®®

®* Pond, H. J, snd Sleight, R. B.,, fuman Factors in the Design of Desert
Equipment, Applied Psychology Corperetion, Comtract No DA-36-034-
Ord 1642, December 1954

*¢ Idid.. pego A3



TRACKED VEHICLES

THEE )59 ARNORID DWANTRY YEOIQX

Tedle 1 contains the msen texperaturea of selected controls and positions
oa the )59 armcred infantry vehicle. These temperstures were derived at
s mean gmbient tempersture of 104.7° 7. and a mean ground temperature of
127° 2. It should de moted that the vehicle temperatures tend to exoeed
both the ground and amdieat temperatures. Thie is prodadly due to the

ciroulation of sngine heat throughout the vehiocle.
Tadle 2 democnstrates the meen tempereture oa another M59 et a mean
ambiont temperatude of 89.5° F. Bven at this, most temperatures of

camponente are well ia the pain produciag erea.

TANX, 90 M GUN, M8 F

Pt

Tadle 3 demonstrates the msen temperatures o the M3 daring an
iaspection control test oa the hilly course at Yuma Test Statioa.
Amdieat tempersture wes 105.6° F. and grousd temperature 133.5° r.
It should de noted that the intericr temperatures exceed emdient,
dud ia thie cese 40 not come up to ground temperatures. The outer
surfacea exceed groumd temperatures.

Tadle 4 demonstrates the meeaa temperature oa an )8 tank comda$
losded with hull-bdottom-stes]l Dlate while traversiag the hilly ceurse.
Nean amdient tempersture wea 101.1° F, and ground tesperature vas

129° 7,

TANX, 76 WM GUN, MMM

Tadle § thn moed texperatures on the M1A) duriang a roed
lcad rua oa the dynamcmeter course vith cammsnder‘'s and leoeder'e
batehes closed. Mean amdient Sempersture, 109.5° 7., mean grouad

tempersture, 132.2° 7,
Table 6 contains sir messuremsate oa the MAlAL Sank while static.

41) hatohes ware closed.

TANK, 120 M GOUN, TA3R1

Tadle 7 demonstrates meen temperatures on selected parts of the T{3IR1
tank during firing tests. The rounds were stored outaide the tank.
Nean sabiont temperature was 103° F. end mean ground tempersture,
127° 7. It should be noted that the meen tempersturee of tho rowmds
would require asdestos gloves for handliang. The rate of firing wee
approximately 1A rounds per hour, .



793, PILOT CARGO TRACTOR

Tedle 8 demonstrates temporstures encountered in the prototype model of

the T93 pilot cargo tractor, toving a 16§ ton loed over the hill crose-
country course,

It can be noted that the ambient temperature did not exceed 97° I.
at axy time during the test., Eowever, many of the temperatures encountered
in the equirment vere vell adove this level due to solar radistion and
diffusion of engine heat.
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TABLE 1
K59 A.I.V., CONBAT LOADED

MRAN OF 5 READINGS CURING AN INSPECTION CONTRCL TEST

Stesring Ber Orip
Shifs Ihod
Acoslerator Pedal
Nirs Tover
Driver's Sest
Driver's Floor Doard
Commaader’s Foot Rest
Seat Backs (Passeager)
Right Fross .
Middle
Rear
Left Fromt
niddle
Rear
Crev AMr
Ambieat Temp.

Crou nd Temp.

120,7*
141.3¢
122.0°
119.0¢
119.0°
119.8¢
118.5¢

123.3¢
134.0°
136.0¢
173,00
138.7°
135.7¢
122,60
104.7

127.0

Range
113 - 126e
113-- 128¢
113 = 130°
111 - 125
111 - 125e
111 - 126e
109 « 125¢

117%- 132¢
124°- 146
129¢. 1j0¢
115 - 130¢
125’*150‘
1279-245¢
112 - 133¢
100 - 106
110 - 132



TABLX 2
THE M59 A.l1.V., COMBAT LOADKD
SIX MEASURDMINTS 0N VARIID DAYS OF RURNING

Mean Renge

Steering Bar Orip 120e® 103 - 138e
Shifrt Knod 115 100 - 128
Accelerstor Pedal 122,.3¢ 100 -« 138
Driver Flcor Boerd 121,7° 96 - \4e
Commander Floor Board 126 .3° 100 - 150
Seat Backs (Passenger)

Right Rear 132.9¢ 122 - 148

Right Froat 120,8¢ 105 - 128e

Left Rgar 133.1e 119 « 150°

left Front 115.1 95 - 128
Amdient Temperature 8.5 80 - 92



TABLX 3

MX48 TANK TEXPERATURES ON HILLY CR0SS COUNTRY COURSE

Steering Wheel
Aocelerstor Fedal
Brake Pedal

Driver's Seas

Turret Roof Iaside
Turret Roof Outeide
Tuorret Alr

S0MM Rounds ia Bustle
90 ¥ Rounds on Floor
O™ Box Surfsce
Mabient Temp.

Ground Temp.

4 CBSERVATIOXNS

Mean
107.5
107.5
107.5
107.5
122.5*
122,.6*
1.5
12,5
108.0
140°
105.6
133.5¢

Range
107 - 108
107 - 108
107 - 1063
207 - 108
120%. 125°
12C*. 12)¢
110 - 113
110 - 114
104 -« 110
130°- 150¢
10§ - 107
130 - 136



TABLE 4
M8 TANK, COMBAT LOADED ¥WITH BOULL-BOTTOM-STEXL PLATE

BILLY CROSS COUNTRY COURSE - 7 GBSERVATIOS

Fean Range

Accelerstor Pedel 108.1 100 - 112
Brake Pedal 108.1 100 - 112
Steering Yheel 108.1 100 = 112
Driver'a Noor Bosrd 108.1 100 = 112
Driver'a Sest 108.1 100 - 112
Commander'a Seat 108,1 100 - 112
Commander Over-Ride Coamtrol 108.1 100 - 112
Turret Floor 108.1 100 - 112
Turret Air 1085 108 = 109
Outeide Surfacea

Ratches 118e¢ 105 - ?2h.°

Side of Turret 118# 105 - 124

Amao Boxes 118¢ 105 . 124°
Ambient Temp. 101,1 94 - 106 ,
Ground Temp. 129.0 1A - 150
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JjlAl -~ ROAD LOAD RUA OM DYRAMCMXITRY COUR3SE

TABLE S

COSUNDIR'S AXD LOADER'S BATCHES CILOSID - S OBSIRVATIONS

Accelerstor Pedal

P=ake Pedal

Steering Orip

Driver's Seat

Driver's Floor

Turres Air

Turres Floor

Commsnder'e Seat

Commander's Comtrole

Outaide Surfsoes
Turret Roof
O™ Box
Commander's Hatch
Gas Cover (shaded)
Trens. 011 Check Cap

Andient Temp.

Orouad Temp.

113.8
113.8
113.0
112.8
115.5
114.6
114.0
113.4
113.4

130.5°
136.4°
124.0°
121,0*
138.4°
109.8

132.2

Range
113 - 114
113 - 114
112 - 11}
112 - 113
115 - 116®
112 - 116*
112 - 116¢
112 - 114
12 - 114

1220- 140°
1270-147%
120°.135°
120°-122¢
1300-152¢
108 - 11
128 - 174



TABLE 6

MiLA) TANX - STATIC DATA

ALL HATCHES CLOSID - 11 OBSERVATICMS

Iaside Alr

Outside Armor and Hatches
Asmo Sox

Andient Temp.

Oround Temp.

106.2
126.1¢
132.3°
102.0
133.6

9 - 115
115 - 136°
120%. 140
97 - 104
121 - 137




TABIZ 7
120891 OUN - TA3El TAKK DORING FIRIFG
S CBSERVATIONS

m 3‘3: 6‘3: a‘?a.'f

Breech Bloek 108 109 108 108
Tiring Handle 110 110 113 112.5
Isside Twrret Surfece 110 112 113 13
Outside Surfaces

O™ Box 150° 16 138¢ 1A0°

Armor Plate 136 134° 120 120
Rousds (stored cutside)

*eCase 153°¢ 154° 140 152¢
Sheld 137° 150° 1)2¢ 1)0°
Tuse 196 130 190¢ 134.5°

Turres Alr 109 105 106 307
Asblens Temp. 101 102 104 104
Oround Texp. 7 127 127 17

ee 2 Miputes after firing, cese averaged 205° ) 2

10



TABLE 8

T93 PILOT CARGO TRACTOR
HRILLY CROSS COUNTRY COURSE - 4 CBSIRVATIOES

Acoelerstor Pedal
Steering Oripe

Shift Knod

Shift Tower

Cad Alr

Seat

Driver Floor Board
Driver Seat Support
Middle Yloor Boerd
Middle Seat Support
Passenger Floor Boerd
Fassenger Seat Support
Amdient Temp.

Groand Temp.

11

Nean
108.0
105.0
105.0
109.5
101.5
106.0
1.0
116.0°¢
114.0
12} .00
116,00
129,0°

96.0
113.0

Range
100 - 110
98 - 112
100 « 109
105 - 11
98 - 103
101 - 110
104 = 117°
112 « 120°
108 « 120e
1200. 127°¢
110 - 127
260 1350
95 - 97
108 - 120



YVEEEXLED VEHRICLES

Tadles 9-13 demcnstrate the mean texperatures and the renge of
temperatures found on various surfaces of wheeled vehicles. All
temperatures are the means of a number of resdings while the vehicls
was running. The veloocity of the wehicles ranged from 30-55 mph,

Temperatures contained in the tadles vere limited by the extent
of the survey. Factors such as rosd speed, grade, vind direction
and epeed, location of the sun, and engine conditioa would sll have
finite effecte on the adasclute valus of the temperatures. MNeverthe-
less, these data are cozsidered indicative of typical conditioms
encountered,

I¢ should also de noted that experimental floor mats were weed
in these vehicles. These mats tended to reduce the interior floor
temperatures an averags of ten degrees. This Gecresse wus dessirsdle
for the long tests performed in Death Valley Perk, Celifcraila.

12



TABLE 9

P11 TRUCK, CAWOO0 2} TON éxu, AVERAGE SPEXD 40 MFH

6 OBSERVATIONS

Accelerator Pedal
Steering Yheel
Brake Pedal
Saift Kood

Shift Towver

Hend Brake :
Dash

Driver's Door
Driver's Floor
Fassenger's Floor
Rydromatic Check Cover
Cad Alr

Amdient Temp.

13

Mean
115.5
109.5
116 .5¢
112.8
123.3°
119.5¢
109
112,6
116,0°
124.7°
136.5¢
106.5
106

Jarse
112 - 121°
104 - 114
110 = 122¢
107 - 122¢
113 - 131°
119°- 120°
108 - 110
104, - 123¢
111 - 122°
1240~ 127¢
126°. 137¢

96 - 113
97 - 113



211 TRUCK, CARGO 2} TOR 6x6 VWITH

Aocelerator Feds)
Stesring WYheel
Breke Peds)

Saifs Knod

Suirs Tower

Egnd Brake

Dash Board

Driver Door Fanel
Driver Floor Mat
Fassenger Yloor Mas
Seats

Cad Mr

Bydramatic Check Cover
Ambient Temp. .

Ground Temp.

TABLE 10

S TOM LOAD AND 2} TON TRAILER

6 CBSERVATIONS

14

. Mean
106.3
102,3
107.0
105.0
113.3
103.3
103.7
110.0
1.1
112,7
101.0
9.0
115.0
92.0
109.0

Range
100 - 112
100 - 105
105 - 110

99 - 110
102 - 122¢
98 - 108
101 - 108
106 - 120¢
105 - 119e¢
106 - 122¢
97 - 103
92 - 97
108 - 120¢
90 - 95
99 - 127



TABLEX 11

M37 TRUCK, CARGO, 3/4 TON, 4x4, VITH CANVAS TOP

1 TON LOAD PLUS 1600 LB. TRAILER

7 OBSERVATIONS

Mean
Accelerator Fedal 113.8
Steering Wheel 111.6
Brakw Podal 112.4
Clutch Podsl 112.0\
Shifs Knod 111.1
Shifs Tower 123.1°
Hend Brake 110.6
Dash Boerd ‘ 110.0
Driver Door Panel 111.4
Driver Floor Mat 118,.0°
Passenger Door Fanel 111.6
Passenger Floor Board 135.0°
Seats 109.0
Gad Adr 105 .0.
Andient Temp. 102.4
Oround Temp. 130.0

15

Range
106 - 119°¢
110 - 114
105 - 117¢
105 - 117¢
108 - 120°
115 - 131°
105 - 115
105 = 115
108 - 116°
114 - 122
108 - 115
108 - 145¢
102 - 115
97 - 109

97 - 105
120 - 140
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TABLE

12

J38A1 °JEXP® VITH KXPIRIMENTAL FLOOR MAT AND KXHAUST EXTINTION

Agcelerator FPedal
Steering Vieel
Breke Pedal
221t Kaod
Clateh Pedsl
Hand Brake
Driver Floor Mat
Fassenger Floor Mat
Seate

Spere Tire

Bood Surface
Rediator Cap

011 Filler Cap
Ambieat Temp.
Oround Temp.

8 CBSERVATIONN

16

110,0
106.0
108.0
106.0
107.7
103.4
109.6
109.0
105.4
110.6
136.4°
136.0¢
122,0¢
96.6
118.0
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TABLE 13

M170 TRUCK, AMBULARCE, FRONT LINE, 30 MPH BREAK-IN;

HARD SURFACE LEVEL ROAD; WITH CANVAS TCP

9 CBSERVATIONS

Accelerator Pedal
Steering Wheel
Braks Pedal
Clutch Pedal

Hand Brake

Desh Board

Driver Floor Mat
Passenger Floor Mat
Seats

Cad Alr

Amdient Temp.
Ground Temp

17

102.6
100.0
104.0
104.0
9.0
101.0
107.2
105.8
98.6
95.0
96.3
1:27.1

Renge
92 - 108
89 - 106
8 - 110
89 - 110
89 - 104
89 - 114
92 - 120
95 - 115
89 - 105
86 - 103
88 - 103
99 - 1



ARTILLERY ANRD ANMUNITION

BATTALION ANTI-TANK VEAPCH <« 105 )M RECOILLXSS RIFLRE

Teble 1} demonstrates the mesn temperatures encountered during firing of
the BAT weapon. The moens vere derived from 3 or more readings at
different $imes., These high temperatures decome more operator oriented
vhen it is realised that the sighting device for the weapon is mounted
on the weepun st 8 distance of less than cne foot from the berrel. A
ecok-off test conducted later st mean ambient tempersture of 107° F. gave
& moen darrel tempersture of approximetely 300° P., the range deing from
1310 F. to 57°° r.

120 » G, M

Tadle 15 presents the temperstures st a 120 mm fired from en enti-eirerafs

moudt. These texeratures are generally representative of all those
encountered on fisld wsapons, such ss mortars snd hovitszers, under desert

conditicas,
Tadle 16 is concerned with the temperatures encountered on the 105 mm

howitser M2A] firing HE inert Ml rounds,

SHELLS IN STRAGE

Tadle 17 demonstrates the temperatures of shells and cases stored ina
eunlight. These temPerstures were odtained at a mesan smdient temperature
of 98.2° 7, and ground tempersture of 126° r,

18



TABLE 14
ee TEST OF THE BAT VEAPCH; 106 MM RECOILLES3 RIZLE,
GROUND MOUNTED ZIRING SHELL M344
3 OBSERVATIONS

After After 15 Minutes
Before Piring Piring After
Tiring 3 Rnds. 4 Rnds, Firing
Tripod Seat 134 132.3¢ 134 126,5¢
Hand “heel 109 122.0° 120
Breech Handle 114 124 .7 125¢ 123.5¢
Tube - Nesr Muzile 124 145.0 125.0°
Mia Point 166.7° 186 142.5¢
Kear Breech 175.0° 157.5°
M Breech 198.3¢ 217.5° 187.5¢
Round: Casing 131.5¢
Shell 129.0°
Pired Cese:
Rear Closed End 192.5°
At Middle 223.3°
Neer Open Ind 213.3
Ambient Temp. 101 104.0 103 104
Oround Temp. 127 128.0 126.0 126

*¢ Rate of fire vas 12 rnds per hour

19
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TABLE 15
120 M4 GUN M1 O AA MOUNT FIRING SHELL HE M73
17 ROUNDS FIRID DJRING OBSERVATIONS AT
APPROXIMATELY 1§ MINUTE INTERVALS

9 CBSERVATIORS

Mean Range
Elevating Vood Seat 115.4 108 - 120°
Klevating Hand Wheel 115.0 107 - 120°
Azimath Vood Seat 115.9 108 - 124°
Axizuth Hapd Wheel 113.8 108 - 120¢
Breech Handle 112.7 106 - 120°¢
Clutch Lever 112.8 106 - 120°*
Piring lever . 112.4 104 - 122¢
Loed, Ram, Svitch Box 113.7 107 - 120°
Amdient Temp. 103.8 99 - 109
Oround Terp. 133.1 112 - A8

20



ee 105 MM EOVITZER M2A)

Breech Ring Top Surface

Breech Block Operating Handle
Sleecve

Qevating Handvheel Knod
Tude

A=dient Texp.

Ground Temp.

TABIE 16

Mean
117.7°

113.2
110.8
170,0°
94.0
121.7

101 - 135

103 = 126e
100 = 125¢
133°- 195¢
-9
101 - 138

** Rate of fire wvas 60 rounds per hour.

21
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MEAN AMOIENT TDUTRATURE, 98.2° 7.,

TABLE 17

TEMPERATURE OF SHELLS AND CASES IN OUTDOOR ITORAGE

MEAM GROUND TIMPIRATURE 126.0° F.

Bress Case Steel Case
76 ™ Perforsted 90 MM 75 M
M6 120 M 0 M 106 MM A Skygveoper
116 116¢ 116¢ 106 13 1S
132¢ 129¢ 130 114 131 135°
131° 134 136° /- 1200 135 134¢
153 133¢ 140 '/' 121 137 136
134° 135° e M 100 137° 138°
128 121¢ 127 ' 113¢ 120¢ 126
139 140 138¢ 127¢ 154¢ 131
153¢ 144 148 134¢ 1hée 141
150° 135° 143 122¢ 134¢ 136
Laying Down Crated
Piver 110 In. 8 In. 260004 1550t 8 Ia. 105
Sontalzex = Elnk b)) Rlack [} /') [°]
17¢ 100 110 107 104 108 110
132¢ 106 119 116¢ 108 110 116¢
134 109 119¢ 119¢ 109 110 110
137¢ 110 120¢ 1210 109 110 m
138¢ 112 121 122¢ 109 109 109
122¢ 115 125¢ 124 1L, 115 1m
U5 114 128¢ 123° 117 15 120°
145 117¢ 130¢ 124 16e 12 115
135¢ 115 125¢ 125¢ 12 m 11
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SUMMARY AND CONCLUSIONS

The datas contained in this report were collected during summer desert
tests at Tuma Test Station, Yuma, Arizona. They wvere collected to give
same 1des of the tempesraturss encountered by tde operetor of Ordnance
eQuipment under desert conditions.

It should be noted that the ambient temperstures encountered did
8ot appeer t0 be extreme. In most csses they rsnged between 90° P. and
105° 7. and ozly in 3 or 4 cesss did the ambient exceed 105° F, These
tenperstures are considered lovw for desert tssting.

Tde asterisks in ths preceding tadles indicate temp: ‘atures
encountered vhich sre sbove the subjective pein limen of the operator
a8 deternined in Bond and Sleight ¢,

The genersl conclusions that can dbe drawn from thsse data, from
the human engineering viewpoint, are:

1. Critically high temperatures appesar t0 de predcmimantly caused by

solar radistion.

2. The prodlem of high temperatures on Ordnange equipment under
desert conditions appeers to bde quits crucial. Vith most
equipment, operators are vorking in tomperatures wvithin the
pain range for the bere skin.

3. Ths sddition of doth engine snd transmissica heat to ths solar
radiation effscts in vehicles produce high temperatures st the
mapn-machine links.

4o In the srtillsry and sammunition area, firing obviocusly produces
high barrel temperstures. Bowever, this was not the concern
of this survey, sincs the berrels are not normally handled
directly by ths operators.

Se Further study should dbe performed in order to determine the effecs
of these temperstures on the efficiency of the man-mschine system.
Attsntion should slso bde given to the prodlem from the design
point of view,

* .






