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Part 2. TECHNICAL SUPPORT FOR STOCKPILE-TO-TARGET SEQUENCE

By
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ABSTRACT. This report (Part 2) provides the technical support for the
stockpile-to-target sequence (Part 1). Table 2 of Part 1 (the stockpile-
to-target sequence) 1s included for convenience of the reader as a cross-
reference to the chapters of this report. Each criterion presented in
Part 1 is explained in an appropriate chapter. When the criterion is
based on conjecture or pure guess, or where work is needed to define the
environment, this is noted.
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rart 2
INTRODUCTICN

A gtockpile-to-~target sequence, when fully explained and technically
supported, becomes a voluminous document. In order to reduce the volume
of the more readily used portion of this composite document, the techmni-
cal support sections have been organized in separate sections. Part 2
contains the detailsd technical support for the criteria as setforth in

Part 1, Table 2.

In general, 1t will be necessary to consult Part 2 and 3 only if a
detailed understanding of the treated subject matter is desired. The
project manager or design engineer who require an overall introducticn
intc the current state-of-the-art of environmental criteria determination,
as it pertains to air-launched tactical propulsion systems, need only

review Part 1.

Caution must be taken in using the information contained in Part 2
for systems other than air-launched tactical propulsion systems. It is
regspectfully pointed out that a portion of the present environmental
specification dilemma is directly traceable to misapplication of infor-
mation obtained for a nonanalogous system. (Ref. 1.)

The chapters of Part 2 correspond to the column headings of Table 2,
Part 1. For example, the fourth column of Part 1, Table 2 is entitled
"Air Transportation'; ag is Chapter 4 of Part 2. For each block in
Table 2 of Part 1 there is a paragraph of explanation contained in the
appropriate chapter of Pert 2. Table
only for the convenience of the reader.
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TABLE 1. (TABLE 2 of Part 1). Preliminary Assumed Envirg
Transportation Storage
Truck Rail Ship Air Igloo Covered Dump !
Temp/time [120°F for 3 hr | 120°F for 2 br | 90°F for 16 hr | 110°F for 4 hr | 100°F for 4 hr 120°F for 4 ks 140°F for 2 hr 1q
‘digh)
‘Temp/time |-10°F for ~1Q°F for 36 hr | 40°F for 24 br | -30°F for 4 hr | C°F for 72 hr -10°F for 72 hr | -20PF for 72 hrr 3q
(Low) 36 hr
Relative 100% @ -10°F | 100% @ -10°F | 95% @ 40°F 100% @ -30°F | 100 @ O°F 100% @ -10°F 100% @ -20°F 1Q
Humidity 95% @ 95°F | 95% @ 3I5°F to to 95% @ 95°F 95% @ 95°F 95% @ 95°F
45% @ 120°F | 45% @ 120°F | 95% @ 90°F 50% @ 110°F | 50% @ 100°F 45% @ 120°F 28% @ 140°F 3
Rain 2 in/hr for None DNA DNA DNA Negligible 2 in/hr for 2 he 2
1hr
Ice and 1 in/he None DNA DNA DNA Negligible 1in/hr for 1 hr
Hail 2" buildup
Snow 10 in/hr for None DNA DNA DNA Negligible 10 in/hr for 2 hr
1hr ;
|
Corrosive Negligible Negligible Negligible Negligible 1/4 in, of 1/4 in, f 1/4 in. of
Atmosphere H.R,S, per H,R, S. per H.R.S. per
year year year
Sand and 45 kaot wind Negligible DNA DNA Negligible |45 MPH wind 45 MPH wind -:
Dust . 001 to , 062 in .001to,125in |.001 to.125 in ;
dia partical sizg dia partical size | dia partical size
Shock 3.5 g for 25 g for MIL-STD -90IC Negligible DNA DNA DNA 15
25-50 mpec 11-18 m/lec values ste
Drop 1 ft to dirt 1 ft to rock S ft to bottom 1 ft to conrrete| 1 ft to concrete | 1 ft to concrete 2 ft to dirz 24
No damage of hold i
i
Vibration Hg@ +2g@ 10,45 @ $33g@ DNA DNA DNA N
1-60 cpe 10-60 cps #5 gl 5-55 cps 20-500 cpe ‘
@ 60-300 cps
R. F. Radia{ Les than Less than Less thau 1to2V/M Less than 1 V/M| Less than 1 V/M | Less than1 V/M | Les
tion Hazard| 1 v/M 1V/M 1V/M 1V
{

Unit is palletized and in container

Unit must survive |

Lo
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‘nvironmen{al Criteria for Air-Launched Tactical Propulsion Systemas. Part 2
Airfield Aircraft carrier Aboard aircraft Launch
— At-Sea to
Transfer | Storage Handling Stowage | Handling Jet Propeller Target
100°F for 8 hr 140°F for 2 hr | 140°F for 2 hr | 90°F for 16 hr | 110°F for 2 hr 240°F for 20 min | 110°F for 2 hr up to 400°F
to for 30 sec
120°F for 2 hr
30°F for 24 hr -20°F for 72 -20°F for 40°F for 72 hr | 40°F for 72 hr -25°F for 2 bkr -30°F for 2 hr -25°F for
72 hr 30 sec
100% @ 30°F 100% @ -20°F| 100% @ -20°F : 100% @ 40°F {100% @ 40°F 100% @ 40°F 100% @ 40°F DNA
to 95% @ 95°F| 95% @ 9S°F to to to to
20% @ 100°F 28% @ 140°F| 28% @ 140°F 95% @ 90°F 50% @ 110°F 95% @ 90°F 95% @ 90°F
2 in/hr for 2 hr | 2 in/hr for 2 in/hr for DNA 2in/hrfor2hr § 0.5 in/hr 0,5 in/hr 0.5 in/hr
2hr 2hr
. None 1 in/hr for 1 in/hr for DNA Ncne None 0, S in/hr None
1hr 1hr
2= None 10 in/hr for 10 in/hr for DNA None 3 in/hr 3 in/hr 3 in/hr
2hr 2hr
Negligible 1/4 in, of Negligible 1/8 in, of Negligible Negligible 1/8 in, of Negligible
H.R, S, per H.R.S, per H.R.S. per
year year year
N. A, S MPH wind 45 MPH wind DNA DNA . 001 to . 125 in [ 001 to . 125 in DNA
L 001 to , 125 in | 001 to . 125 in dia partical size  |dia partical size
Hia partical size dia partical size 100 knot Rel, Velq 100 knot Rel, Vel
15 ft per sec to DNA 15 g for MIL-STD-90IC{ 15 g for 35 g for 35 g for Detent 20 g for
) _ _ _ _ m/fec
stee! 11-18 m/cec values 11-18 m/lec 5-15 m/lec 5-15 m/xec tjection 30g
Hor Sny&ec
2 ft to steel 2 ft to dirt 2 ft to concrete| 2 ft to steel 2 ft to steel DNA DNA DNA
Negligible DNA None 0,43 @ None . 0125 ga/cpa Hg@ Dependemt
5-55 cps 2-2,000 cps 2-500 cps on system
A | Lessthan 100 V/M 100 V/M None up to 300 V/M { v to 300 V/M | upto 300 V/M 10 V/M
1 V/M
Satisfactory
survive but function not required Function

Required
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Chapter 1

TRUCK TRANSPORTATION

Shipment or transfer by truck is by far the most common, and probably
the most severe method of transportation. The universality of truck
transportation includes all types of land surfaces from long-haul super
highways through off-road forward area dump storage support.

The following assumptions are used to define the area of environmen-
tal discussion of truck transportation. (See Fig, 1 and 2.)

1. The truck can be a small pickup or a large closed van.
2. It must be Ariven by a man aware of his explosive cargo.
3. A truck is an all-weather, all-terrain vehicle.

FIG. 1. Military 2-1/2 ton 6x6 Van Truck.
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FIG. 2. Military 2-1/2 ton 6x6 Cargo Truck.

TEMPERATURE

There is a wide range of temperature extremes to be encountered in
truck transportation. The extreme temperature conditions will probably
fall within the temperature envelcpe exhibited by van trucks when
stationary. Any extremes reached in stationary open trucks would tend
to be similar to dump storage and, therefore, will not be treated here.

Maximum and Duration

The maximum thermal condition would be exhibited in the cargo area
of a van truck wajting to be unloaded in a desert. The thermal buildap
is most extreme if the truck is stationary and there ig no comvection
cooling.

The prelimirary work used to establish the parameters was done at
the Naval Weapons Center (NWC), China Lake, California. A van truck,
(Fig. 1), 2-1/2 ton GMC 6x6, was filled to weight capacity and positioned
for exposure. Continuous time-temperature records have been obtained for
the 1965, 1966, and 1967 summer seasons. The maximum temperature reached

PO

. em e e —— ae s nam

e e




. NWC TP 4464

Part 2

and racorded on any piece of ordnance therein, was 109°F., Because of
incompleteness of data reduction at the time of publication, the valuas
of 120°F 18 projected. Work by the U. S. Army, Natick Laboratories,
tends to support the position that desert temperature measurements,

recorded at NWC, are as severe as would probably be encountered world-
wide.

The maximum time of exposure is recorded at 2 to 3 hours. Therefors,
the maximum condition projected is 120°F for 3 hours.

Minimum and Duration

Low temperature extremes will be experienced at the storage facilities
in the Continental United States and at our Alaskan statione. In the
Continental United States the ambient air temperature has rarely fallen
below ~40°F at any place remotely connected with the NAD (Naval Ammuni-
tion Depot) system or connecting highways. Any usual set of meteorologi-
cal parameters associated with air temperatures below -20°F is conducive
to large snowfalls. The usual mechanism is for arctic air to come down
from Siberia through Alaska and Canada into th: Central United States.
The cold air mass hits the warmer moist air indigenous to the area. The
capccity of the warm air to hold moisture is greatly reduced when the
temperature drops below freezing. The moigture falls gs snow. The snow-
fall would then impede the movement of trucks. It is uncommon, though
not unknown during long cold spells, to have -20°F clear road weather.
Since the possibility of damage due to vibration and shock increases as
the temperature is lowered, this parameter must be established conserva-
tively. Temperature measurements of ordnance skin temperature while the
ordnance was loaded in a 2-1/2 ton GMC 6x6 van truck were taken by NWC.
The messurement spot was the U. S. Marine Corp Mountain Warfare Training
Center, Bridgeport, California. The Center is physically located in the
rugged Sierra Nevada mountain range on the northern boundary of Yosemite
National Park. While subzero air temperatures are common, the lowest
truck-borne ordnance skin temperature was -7°F for winters 1965-6 and
1966-7. The time duration for a low temperature siege is usually 24
hours or longer. Therefore, the projection is -1C°F for 36 hours.

RELATIVE HUMIDITY

The moisture content of the air varies greatly within the Continental
United States, and the world. It must be assumed that some truck loads
of ordnance will encounter the extreme conditions.

The high desert air temporatures (Ref. 2) are normally accompanied by
a low relative humidity. Other parts of the llnited States such as the
Atlantic Seaboard, the Southeast, and the Midwest, experience moderately
high seasonal temperatnres with high relative humidity. The criterion
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of 95°F, 95% relative humidity is experienced in these areas, though not
too often. This condition is equal to an absolute humidity of 0.035
pounds of water contained in every pound of dry air. This criterion is
also valid for the tropical zone. (Ref. 3.)

Any time the ambient air temperature approaches the 35°F mark or lower,
the difference betwaen 100X and 1% relative humidity ie a very small amount
of water. Therefore, the following criterion is projected around the maxi-
sun absolute humidity of 0.035 pounds water per pound dry air, 100X RH at
~10°F, 100X at 70°F, 95% at 95°F, and 45% at 120°F.

PRECIPITATION

Loading and unloading of ordnance may be conducted during adverse con-
ditions. The effect of bad weather is considered in the various chapters
on storage.

Rain

There are very fev areas traversible by trucks wvhere rain is unknown.
Rainfall in deluge proportions must be accepted as a probadbility. Rain
of 2~inches per hour and direct impingement for 1 hour has been arbitrarily
established as the guiding criterion. Rainfall greater in magnitude would
probably result in impassable road conditions and field operatioms would
be improbable. A more severa criterion would not lead to more veliable
equipment and would raise the cost by unnecessary over-testing.

Ice apd Hayl

Hailstorms are of very short duration and affect comparatively small
land areas. An ice storm of greater magnitude than herein projected
would result in untenable road and field conditions. Therefore, it is
projected that the ordnance may be exposed to l-inch per hour direct

impingemant of hail and a possible 2-inch build-up of ice while in tran-
sit.

Soow

A snowfall of 10-inches per hour is considered to be as dense as
atwospherically probable. A snow volume can be greater under unique
conditions; however, all transportation would come to a atandstill. It
is projected that the ordnance may experience enowfall of up to 10-inches
per hour for 1 hour.

a—"

o

e A ——— e

- e




NWC TP ‘A¢:

Part ¢

CORROSIVE ATMOSPHERE

Corrosion is a time-dependent action. Since truck transportation is
a relatively short time endeavor, corrosion is considered to be negligible.

SAND AND DUST

Transportation by open truck over an unsurfaced road in desert areas
is the worst exposure to sand and dust that can be experienced. At this
time, there is no stzndard, Government or otherwise, that accurately ssts
forth a criterion for such conditions. Abrasive effects of dust and sand
vary in proportion to wind velocity. Experience gained at NWC has pro-
jected the criterion to be 3 hours of wind, varying from 30 to 45 knots,
driving particles of from one micron to 1/16-inch in diameter. Direct
impingement on any exposed surface will occur ac an angle usually parallel
to the earth's surface.

The composition of abrasive compounds in a worldwide conglomsrate
sample, according to an analysis done at NWC of samples collected in
Thailand, Republic of the Philippines, South Viet Nam, Alaska, Canada,
and the United States, would have to contain Al;03 (alundum), Fe203
(jeweler's rouge), and S10; (silica). At present, the S;07 is the
only one of these generally recognized by Military Standards.

SHOCK

It is projected that shock exposure due to loading equipment activity
would be the equivalent of 3.5 g for 25 to 50 milliseconds (Ref. 4).

This is based primarily on unchecked criteria; howevar, the data cor-
relates generally with other published shock criteria for truck transpor-
tation. This information needs updating.

DROP, NO DAMAGE

Normal handling activity poses no serious shock problems. Other than
s handling equipment failure, the only possibility of damage in transfer
of the ordnance on or off the vehicle would be dus to the negligence of
the loading crew; however, this negligence does exist.

The following projection is based on the assumption that the ordnance
will be palletized and of sufficient weight to require handling by a fork-
11ft. Even an inexpevienced crew under pressure will not drop a 1,000
pound load more than 1 foot. A drop of 3- to 5-inches is the normal situ-
ation.
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, It is projected that a drop in excess of 1 foot, while in the con-
tainer, will not be exparienced.

VIBRATION

The dynamic environment to which the ordnance will be subjected is
generally described in Ref. 4. These criteria, however, lack detail es
to the type of vehicle, speed, and type of terrain to which each shock
or vibration level pertains. There are indicaticns of massive amounts
of shock and vibration data (Ref. 5); however, these data have not besen
correlated so that the dynamics of transportation can be fully assessed.
It is projected from information in Ref. & that the ordnance will exper-
ience sinuscidal vibration at the level of 1 g and at frequencies of 1
to 60 cps.

Other data from Redstone Argenal indicate that this exposure applies
to surfaced roads and is not applicable for nonsurfaced field transport
as may be encountered in forward storage dumps. This parameter is in
need of updating.

RADIO FREQUENCY (RF) RADIATION HAZARD

Radio frequency energy is projected to be less than 1 volt per meter.

A full discussion of radio frequency rasdiation environmental hazards will

be found in Part 3. The 1 volt per mster exposure level, referred o in
Part 3, 1s considered negligible.
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Chapter 2

RAIL TRANSPORTATION

The rail transportation environment is similar to that of truck trans-
portation, although less severe in most respects. Ordnance itema are
shipped in closed boxcars. Since there are only three major transconti-
nental rail routes in the Continental United States (Ref. 6), and the
majority of the rail transport of these items will be in the Continental
United States, the probable rail transportation environment is relatively
fixed. The weather conditions encountered during transit, however, can-
not be circumvented to any appraciable degree because of the fixed loca-~
tion of the railroad rights-of-way. A typical USNX boxcar, as used in
the transportation of ordnance, is shown in Fig. 3.

FIG. 3. Typical Naval Ammunition Boxcar.
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TEMPERATURE
Maxiwum and Duration

The boxcar in-transit temperature environment is in most cases a mild
one. It is possible, however, to have a boxncar load of orinance stranded
in a desert region in the summer. The resuiting exposv:e would be con-
siderably above normal (70:15°F). The boxcar, wher subjectad to tha high
solar insolation found in a pure desert climate, acis as s solar shield
for the enclozad ordnance, but it also acts as a soaking oven during an
extended period of 1 day or more. The Army (Ref. 7) and the Department
of Agriculture have conducted research to establish the maximum expected
temperatures in foodstuff. The Naval Weapons Center, in conjunction with
NAD, Hawthorne, Nevada, conducted mwegsurements to determine cemperature
environments of ordnance items stored in boxcars during the summer of

1565. The highest recorded temperature of ordnance or foodstuffs in any
available study was 113°F.

Therefore, the maximum ordnance temperature and duration is projected
as 120°F for 2 hours. This will not be experienced throughout the boxcar,
but only on tha side of the load next to the "hot side" of the boxcar.

Minimum and Duration

The cold criterion is based on the fact that, even during an influx
of arctic air, it ic uncommon when the temperate zone or even the marine-
influenced subarctic is exposed to air temperatures below ~10°F (Ref. 6);
however, lower temperatures have been experienced on occasion. These low
temperature conditions are usually accompanied by snow. (As the ambient
air temperature becomes lower, much less free moisture can be held. This
mcisture upon condensation usually takes the torm of snow:) The remote
possibility exists that the i{n-~transit toxcar could be stranded in such
a situation. In a snowbound condition, the ordnance would be considered
as governed by covered storage limitations and the ordnance could be
soaked to a low temperature. Wuc: moved out of the snowdrift, the pos-
sibility of vibration damage to the ordnance would increase as the temp-
erature lowers. Therefore, a conservative -10°F for 36 hours is recog-
nized, although its occurrence is considered remote.

RELATIVE HUMIDITY

The temperature and humidity conditions in a closed boxcar are equiv-
alent to those induced in a2 closed test chamber. Thig situation is one
where the total volume of water conteant versus total air volume does not
vary appreciablr and the RH becomes completely a function of temperature
fluctuation. Thus, {f <he temperature drops past the dew point, conden-
sation will form on the exposed ordnance surfaces. As the temperature
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rigses, the captive air can hold a greater amount of muisture, causing
the RH to drop. (The absolute humidity is a constant value.)

Relative humidity is projected to be:

100X at -10°F 95% at +95°F
100% at +70°F 452 at +120°F

PRECIPITATION

Since rail transportation i3 in closed boxcars, precipitation expo-
sure is limited to loading and unloading activities. Such periods will
be of short duration and establish no area of critical concern.

CORROSIVE ATMOSPHERE

Corrosion is a time-dependent tion and rail transportation is con-
sidered of short time duration. Theretr re, the corrosion potential is
negligible and would become significant only wr.:n added to storage con-
ditions after movement.

SAND AND DUST

Boxcars used to transport ordnance are closed during transit and
would be relatively free from outside distrubance. The air velocity
within the boxcar wil: be so low that sand or dust damage would be
negligible. Any impingement would be on the container of the ordnance.

SHOCK

The shock criterion associated with "humping" during train makeup is
relatively severe. Starting and braking of freight trains is far from
smooth and shock application varies with the length of the train and the
distance of the specific boxcar from the locometive. Therefore, the pro-
Jection is for a shock level of 25 g over 11 to 18 milliseconds duratiom
(Ref. 4).

DROP, NO DAMAGE

Normal handling activity poses no serious shock problems. Other than
a handling equipment failure, the only possibility of damage in transier
of the ordnance on or off the boxcar would be due to the negligence of
the loading crew.

13
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This is based on the assumption that the ordnance will be pal’~tised
"and of sufficient weight to require handling by a& forklift. Eve.. ia in-
experienced crew under pressure will not drop a 1,000 pound load wmore
than 1 foot. A drop of 3- to S5-inches is the normal situation.

It is projected that a drop in excess of 1 foot will not be exper-
ienced.

VIBRATION

The dynamic environmeat of the railroad boxcar was projected using
data from Ref. 4. The vibration criterion is projected to be 2 g at
10 to 60 cps and t5 g at 60 to 500 cps. A boxcar carrying its full weight
-capacity of ordnance would probably experience the low frequency spectrum,
but the high frequency spectrum is not likely to be experienced. This
informstion is not completely verified, and needs more investigatiom.

RADIO FREQUENCY (RF) RADIATION HAZARD

Based on data discussed in Part 3, the radio frequency radiation
exposure will be less than 1 volt per meter while ordnance is loaded on
railroad equipment.

14
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Chapter 3

SHIP TRANSPORTATION
(AMMUNITION OR MERCHANT SHIP)

Generally speaking, the environmental criteria associated with sea
transport are less severe than most other areas in the gtockpile-to-
target sequence of air-launched propt _.ion systems. Overseas shipment
of the ordnance will be accomplished either by Naval ammunition ships
"(Fig. &4) or merchant ships under charter (Fig. 5). Cargo handling crews
will vary in their knowledge and ability as will the cargo vessels in
their interior hold accommodations.

FIG. 4. Typical Naval Ammunition Ship.
USS Suribachi (AE-21).

15
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w i FIG. S. Typical Victory Ship.
(Berea Victory.)

Maximum and minimum temperatures in the heold of a ship are directly
related to the temperature of the surrounding seawater. Ordnance is

and ation

The maximum worldwide seawater temperature record is 95°F, taken in
the shallow water of the Persian Gulf. The tropics, hovever, very seldom
display seawvater temperatures sbove 85°F (Ref. 1 and 9). The magazine
temperature records forwarded to NWC from ammunition ships indicate that
.the high air temperature consistently recorded in the magazine is BO°F.

There 18 no record of the ordnance temperature in cargo ship holds
~and the possibility of above-waterline stowage does exist. Bases upon
the available information (Ref. 1 and 9), it is projected that the maxi-
mum temperature be established at 90°F for a 16 hour period.

16
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Minimum and Duration

Since seawater is not fluid below 27°F, and cargo ships are deployed
only in liquid state oceans, it will be assumed that this is the lower
limit. In general, the recorded minimum ammunition ship magazine temp-
erature is near S0°F. Again, however, no data exist for cargo ships.

Therefore, the projected minimum temperature criterion is 40°F for 24
hours.

RELATIVE HUMIDITY

The RH experienced by the ordnance in an ammunition or cargo ship
will generally be high. Therefore, the projection is for up to 95 RH
at temperatures ranging from 40 to 90°F.

PRECIPITATION

Ordnance is not carried above deck except for at-sea replenishment;
therefore, precipitation of any kind will not directly strike the ord-
nance. The 24 hour pretransferral period during sea transfer is discussed
in the chapter on "At-Sea-Transfer".

CORROSIVE ATMOSPHERE

Location of ordnance during storage aboard ammunition ships 1is very
carefully planned and protected, with no exposure to corrosive atmosphere
other than indigenous sea air. The exposure of the ordnance in a cargo
ship will be similar, although the time duration will be minimal. Because
of the short time duration, it is projected that the corrosive effects will
be negligible. However, because of possitle storage in ammunition ships
for extended periods of time this projection should be investigated.

SAND AND DUST

Sandstorms have been reported over coastal waters in various parts of
the world; however, this is chance happening and will not be recognized
as a us 2 <circumstance. Sand and dust exposure is considered nonexistent.

SHOCK

It is considered at this time that shock criteria established by the
Bureau of Ships (BuShips) investigation and set forth in MIL-STD-910C,
are acceptable. However, the shock parameters should be made available
instead of specifying a shock testing machine. Until more definitive
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work is undertaken to establish the shocx spectrum for munitions in sea
transit, the criteria as stipulated in MIL-STD-910C are acceptable.

DROP, NO DAMAGE

The shock environment, associated with a Naval ammunition ship, is in
general the least severe of the several shock phenomenon in the air-
launched tactjical rocket motors stockpile-to-target sequence. The crew
of = commissioned ammunition ship (AE) can be expected to be the best
trained and the best indoctrinated of any Naval ammunition handler. Navy
safety precautions, which become the rule of a crew preoccupied with
explosive handling, and self-interest govern a carefully trained ship's
company. The few exceptions to the standards of an AE crew - notably
nevly commissioned and hastily trained ship's crews - could well extend
the parameters of shock experienced to a level commensurate with com-
batsnt ships, the difference being merely the packaging (palletized versus
individual round) of the ordnance.

The handling of ordnance sboard merchant vessels way differ to some
degree in that qualification standarda of stevedores are far from uniform
when veiwed from a worldwide standpoint.

The maximum drop of the palletized ordnance is projected to be 5 feet
to the bottom of the hold.

VIBRATION

The vibration enviromment as specified in MIL-STD-167 (Ships) is
adequate. The energy levels therein are severe becsuse MIL-STD-167 (Ships)
is required for use during design of ship engines, turbines, propeller
shafts, and other massive castings associated with the engine room and
engineering spaces. The cargo holds should not transmit the complete
high energy levels to the palletized munitions, much less magnify them.
Until more definitive work is undertaken to establish the vibration
spectrum of munitions in the ammunition ship cargo-hold environment, the
criteria as stipulated in MIL-STD-167 (Ships) are acceptable.

RADIO FREQUENCY (RF) RADIATION HAZARD

Radio frequency radiation intensity 1is projected at not to exceed 1
volt per meter. This value is probably high because the ship's hull tends
to act as a Faraday cage, completely shielding the ordnance item from
radio frequency energy. The degaussing procedures used throughout the
Fleet will cause no electromagnetic hazards because all degaussing is
done with direct current.
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Chapter 4

AIR TRANSPORTATION

The air treneportation of ordnance, as heavy and as rapidly expendable

as air-launched tactical propulsion systems, is debatable. Since the 8 5;l
probability exists of this occurring in a limited war situation, the pos- B
sibility must be explored. kB

The largest transport aircraft presently available, the C-133 (Fig. 6) 1
and C-141, have a gross cargo capacity that would accommodate about 50,000 R &
pounds of ordnance at continental distances.

et

FIG. 6. Air Force Cargo Aircraft, C-133.

It must be remembered that cargo aircraft can 1ift only an established 7
gross load. Over short distances, the major proportion of the gross load s R
will be cargo; however, long flights require a full capacity of fuel A
resulting in lighter payloads. Since the mass of a8 load is the paramount N

parameter in the response of the load to a given forcing fumction, this Y g;g
fact must be¢ kept in mind. This area of the environment needs work done B B
on all parameters. R i
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TRMPERATURE

In general, the temparature matrices of cargo aircraft are analogous
to those of boxcars. The cargo is shielded from solar insolation and the

-mase of the cargo limits extensive temperature changes in the short time
of flight.

"Maximym and Duration

- The hypothetical maximum extreme temperature would be derived from a
“forced landing on a desert airfield with a following multiday wait for
- repairs. This is a very unlikely situation. In an emergency situation
warranting air shipment of ordnance, another aircraft would be made avail-
sble to continue the cargo on its way immediately. Therefore, the cargo
‘would not be normally exposed to the unshielded extreme temperatures of
-~ an aircraft sitting on a desert airfield. The maximum ordnance tempera-
~iture expected in an aircraft cargo compartment during an extended wait of
~ about 24 hours could be 110°F. However, the mass of the shielded cargo
--would not allow it to thermally follow the air temperature and the air-
- ..craft fuselage would not allow the sun's rays to impinge directly on the
ordnance. Therefore, 110°F for &4 hours is projected as being the maximum
orxdnance temperature.

-+ Tha desert warfare situation in which Naval ordnance would be used
.would require that the cargo aircraft be unloaded immediately after land-
"~ 4ng. Assuming that the need for the ordnance was great enough to warrant

sir shipment, the cargo would be unloaded within 24 hours. In this cir-
cumstance, the high temperaturs would parallel that of dump storage under

. similar geographic conditions. There is no retrievable documentation

. : avsilable indicating that this parameter has been seriously studied.

d ion

Outside temperatures encountered by transport aircraft become lower
- as higher altitudes are reached. Outside air temperatures of -40°F are
..common at the altitudes flown by cargo aircraft. However, cargo flight
.. timas in excess of 10 hours are not anticipated and it is doubtful that
gven &8 maximum time flight at such low temperature would result in a
partial ordnance soak condition lower than -30°F, reached over a period
of 6 hours. Therefore, -30°F for 4 hours is projected as being the
minimsum ordnance temperature. This projection appears to be mist conserv-
ative, yet should be investigated.

RELATIVE HUMIDITY

Relative humidity 1s projected to range between 100X at -30°F and
SOX at 110°F. The relative humidity effects, other than condensation,

20
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are minimal because of the short duration of flight. The ordnance in
its container ghould not be affected in any way.

PRECIPITATION

Loading and unleading of the ordnance could conceivably be conducted
during various adverse weather conditions but the effect of foul weather
need not be considered. The C-133, for example, is not an all-weather
aircraft; therefore, it would not be flying into or out of foul weather.
If true all-weather aircraft are produced, the precipitation exposure on
loading and unloading would concern the container only.

CORROSIVE ATMOSPHERE

Corrosion is a time-dependent action and aircraft transportation is
congidered of short time duratior.. Therefore, the potential for corro-
slon 18 negligible and would becime significant only when added to stor-
age conditions after movement.

SAND AND DUST

Alr transportation routes are above the level of sandstorms and since
cargo aircraft are relatively sealed, there will be no sand or dust expo-
sure.

SHOCK

Cargo aircraft structure is rclatively fragile. A shock level suf-
ficient to cause even minor damage to ordnance would result in visible
structural damage to the aircraft. Therefore, it is projected that in
air transpcrtation negligible shock exposure will be experienced.

DROP, NO DAMAGE

The possibilities of dropping the ordnance during loading or unloading

are about the same as would be encountered in truck and rail transport.
Cargo decks on some air transports present a greater possible drop dis-
tance. However, the tvpes of handling equipment attendant to air cargo
handling are more apecialized and more efficiently handled than those at
the less sophisticated truck and rail loading dock facilities. The pro-
jected drop of 1 foot with no damage would be to the aluminum floor of
the aircraft and would occur infrequently. A possible 1 foot drop to
the concrete "hard stand" should also be considered.

21
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VIBRATION

The dynamic environment of a turboprop aircraft is probably the most
extrems of any type of air transportation. The quantitative analysis of
the vidbration spectrum is reported in Ref. 8. Experience, based on one
3,000 mile flight loaded with 20,000 pounds of NWC cargo, indicates that .
the values reported are correct, although possibly not entirely conserva-
tive. If the assumption of a full weight load of ordnance is observed,
however, these valuss should ba reduced by a given percentags because
the gross volume being excited is a much larger mass than the aircraft's
empty cargo deck or the fuselage skin. This derating factor is at present
unknown; howaver, it is projected that the vibration level will be 3 g
at 20 to 500 cps. This conjecture should be investigated.

RADIO FREQUEMCY (RF) RADIATION HAZARD

The possibility of exposure of the ordnance to high levels of radio
frequency energy during air transport is negligible. The levels of radio
frequency found on an aircraft carrier flight deck may be ignored since
cargo aircraft cannot land on an aircraft carrier. Airfields that can
handle a lsrge transport aircraft are vast enough to dissipate radio
frequancy snergy by distance alone; therefore, exposure of from 1 to 2
volt per meter is the assumed criterion.
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Chepter 5

EXPLOSIVE HAZARD MAGAZINE (IGLOO) STORAGE

The most prevalent storage facility in the Navy 1is the standard
earth-covered, ventilated explosive hazard magazine (igloo) (Fig. 7).
The dimensions and construction genaralities for igloos are delineated
in OP-5 (Ref. 10). The NAD and Naval Magazine (NM) facilities through- 2
out the world are equipped with these standardized concrete and dirt S
storage structures. The basic thermodynamic principle used in igloo -
design is that a thick layer of soil is a good temperature barrier. "z
Experiments conducted in 1954, 1955, and 1956 at NOTS (presently the o
Naval Weapons Center, China Lake) by C. A, Taylor indicated that the max- =
imum ennual temperature variation 12 feet below the surface of the earth R
was about 12°F. This is in light of the annual 9 to 110°F variation of
air temperatures 5 feet above the earth's surface.

FIG. 7. Typical Explosive Hasard Magasine (Igloo).

- {  NOT REPRODUCIBLE
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- The lnvaltigntion ghowed that the 12 foot daep temperature resched
8 minimum of §4°F during May and a maximum of 76°F in October. At this
depth there is no diurnal temperature variation. There is no yearly
fluctuation of temperature 26 feet below ground level.

TEMPERATURE

“o ~84nee the igloo 1s covered with at least 1 foot of dirt (specifica-
tions, Ref. 10, for new structures require at lesst 2 feet), the stored
. items are not subject to drastic diurnal temperature variatioas. The
- teswperature of stored ordnance inside an igloo is moderated by the lack
" ‘of variation of the enclosed igloo air temperature. As a rule of thumb,
“ - the ordnance tsmperature can be expected to be no more, nor less, than
- - the average daily standard air teuperature for the gseason in question.

. MAximm and Duration

. The maximum temperatures to be expected in desert explosive hazard
.magazines can be statistically reviewed in Ref. 12, This NWC report
covers the American Desert for the greater portiou of a solar cycle and
_4indicates that a 100°F igloo air temperature can be adjudged as the
extreme. The high temperatures to be expected in the Western Pacific

; areas is covered in Ref. 13, and the Okinawa and Japan areas in Ref. 14,

" - After consultation of Ref. 12, 13, and 14, it is concluded that 100°F
for a period of 4 hours is the extreme.

. ‘ﬂ_m and Duration

Unpublished data available at NWC of the same caliber as Ref. 12,
13, and 14, indicate that in 1gloo storage facilities in the ocean-~
induced arctic (Anchorage, Alaska; Kodiak Island, and Adak Island) the
wminimum temperature reported is +18°F. The minimum temperature was
meagured during the winter of 1961-2 when Alaska and the arctic in general,
axperienced the lovest temperatures since 1937. Iunformation from NM,
Brunswick, Maine, indicates a +2°F in the winter of 1965-6. Since this

" unverified information seems to be factual, it must be recognized, there-

fore, the projection is for O°F for 72 hours. (Ref. 1l1.)

RELATIVE HUMIDITY

The relative humidity associated witn igloo storage temperature 1is
dependent on the absolute humidity of the air. 1t is conceivable that
the 85°F in the magazine could subject the item t> 957 RH (Ref. 3).

The desert induced 100°F temperature is commensurate with a 5 to 352 RH.
There is no possible natural situation where the gemeral MIL-STD value
i - T .{ ERR 4

N % s
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of 16C°F, 95% RH situation can exist in nature. It is projected that
the RH will vary from 95% at 95°F to 50% at 100°F.

PRECIPITATION

The standard storage igloo is a completely enclosed structure, there-
by precluding any direct precipitation contact with the stored ordnance.
A flooded 1gloo is a common occurrence in the tropics; however, the water
level seldom reaches more then a few inches., Ordnance can also be soaked
from roof leakage.

CORROSIVE ATMOSPHERE

Outside the Continental Uniteda States, the igloo-stored ordnance
item can be subjected to salt air exposure. In the tropical zone the
bacteriological content of the air is appreciable (Ref. 15). The MIL-
STD tests for atmospherically-borne contaminations are in no way repre-
sentative of the environment. Work needs to be done in both the salt
air and biological contamipant areas. The contamipation levels at NAD,
Oahu, and NM, Guam, have contributed to the reduction of the useful
service life of items stored there for Fleet use, Indications have been
that items having & normal 3 year storage life are largely unserviceable
after a 2 year storage period in the Pacific area. Quantitative and
qualitative measurements to define the problem have rot been made. The
condition of stored items, however, strongly indicates that the magnitude
of the problem is severe. An introductory discussion of corrosive atmos-
phere is given in Part 3.

SAND AND DUST

Sand and dust destructive levels are directly traceable to the wind
velocity. Igloos are windproof, therefore, the erosive effect of sand

and dust is negligible.

SHOCK

The shock environment is simplified by the universal practice of
palletizing loads and the use of forklift equipment. There is no shock
spectrum other than that indicated in the next paragraph.

DROP, NO DAMAGE
A drop of 3- to 5-inchec is considered as the maximum that the nallet-

ized load will experience during stacking activity within the igloo. As
in the case of "Truck Transportation', the 1 foot criterion is projected.
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VIBRATION

Storage is a nondynasic situation ané¢ there will be no xovenent of
the ordnance as generally associatod with vibratiom,

RADIO FREQUENCY (RF) RADIATION HAZARD

~ “The igloos are spaced well apart and genarally awvay from other service
areas for safety reasons. This remoteness from transmitters alone weakens
any radio frequency field strength. The physical elements of the igloo
(dirt and concrete) also sttenuate electrical iwmpulses in the area.

Therefore, radio frequency radistion hasgard will not be more than 1 volt
per meter,
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Chapter 6

COVERED STORAGE

There is an intermediate storage situation between the harsh dump
type storage and the relatively ideal explosive hazard igloo magazine
situation. This intermediate consists of a situation where some pro-
tection is offered, although primitive (Fig. 8). Anything that will
cover the ordnance item, yet allow circulation of air, will greatly
modify the environment. In practice, the usual intermediate is the
Quonset hut or Butler hut. The other field expedients are usually wood
and canvas structures that consist almost entirely of a roof and open
sides. This type of structure is discussed in Ref. 12 and 13.

4’2 ‘

" ’

PN B %
. '|..“‘
FY) '\ ».-3‘ '

t

FIG. 8. Typical Primitive Covered Storage Shed.
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; The maximun air temperature reached by an orédnance item sheltered
-~ .£rom thas sun is much less than that to dbe expected if the units are

._llircctly exposed. The radiation shield of a relatively flimsy canvas

-tarpaulin will afford protection such that the ordunance will reach

. _tempargtures no higher than the free air. A fallout of work published

“as Ref. 12 snd 13 showed that even at Yuma, Arizona, and Subic Bay,
Republic of the Philippinas, the free air temperature in a primitive
_structure did not reach temperatures over 120°F. The time of exposure

.. to the maximum tempersturs is not reported in Ref. 12 or 13; however,

" an educated guass would be no wore than 4 hours maximum. The heavy air-
launched tactical propulsion system would be massive enough so that the
‘unit would probably experience temperatures approximating the free air

. mean temperature. Another educated guess indicates that this would be

approximately 90 to 100°F for pure desert or 80 to 85°F for tropical

._':V‘:poauu. Since empirical measurements have not been made to substantiate

“this, the projoc:ion is for 120°F for 4 hours.

rati

The data on the cold weather excursion for covered storage are less
- complste than for hot weather. Work now in progress at NWC indicates
.. that the lowest air temperature of record in covered storage at

" “Anchorage, alaska, or Kodisk and Adak Islands in a Butler or Quonset
type building is -4°F. The time duration is assumed to be around 3
“‘days. (These data are obtained from studying the maximum-minimum

1 | -temperature cards collected to satisfy ammunition safety requirements.)
Y 'Therefore, the projection is for -10°F for "2 hours. (Ref. 1l1.)

RELATIVE HUMIDITY

The relative humidity associated with covered storage temperatures
is commensurate with the relationships associated with free air. It is
conceivable that a maximum situation of 452 RH at 120°F may be experienced.
This equivalent to 0.035 pounds of water per pound of dry air, At -10°F
the air will be saturated so the projection would be 1007 RH at -10°F.

The range between maximum and minimum temperatures with commensurate
relative humidities is as follows:

100Z at -10°F 95% at +95°F
1002 at +70°F 452 at +120°F
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It is agai.n noted that there is no possible natural situation where
the general MIL-STD value of 95% RH at 160°F can exist.

PRECIPITATION

The covered storage situation is by definition at least a partial
shield against precipitation. The protection may or may not be complete.
The projections being made assums that the coverage is less than complete.

Rain

All types of rainfall must be assumed and considered as probable.
Therefore, the projection is for 2-inches per hour direct or indirect
impingement for a duration of not more than 2 hours. The volume of
rain discussed is extremely unlikely even in tropic areas. That much
rain will flood any non-hillgide area, or make entrance or egress most
unlikely.

Ice and Hail

Ice or hailstorms may be digastrous to the temporary shelters due
to ice build-up. An educated guess is that ice build-up of l-inch per
hour on exposed ordnance may occur for 1 hour, Hail may approach l-inch
per hour direct impingement on exposed ordnance for lees than 1 hour.

Snow

The snowfall projection is established at a maximum probability of
10-inches per hour for 2 hours. During these conditions the snow would
drift into any exposed ordnance.

CORROSIVE ATMOSPHERE

Since most Naval storage facilities are near salt water, corvosion of
exposed surfaces can be expected. This corrosion can be extremely severe
in semitropical storage sites. Salt corrosion under these conditions is
a function of the distance from the surf. Corrosion rates at 80 feet
from the surf are nine times greater than those of identical specimens
located 620 feet from the surf at the same geographical location (Ref.
19). Biological corrosion is a function of location and latitude. Be-
cause the quantitative magnitude is unknown, only a qualitative value
can be given. It is projected that the exposure will be severe. The
expression of this severity is a pure guess, i.e., 1/4-inch of hot rolled
steel discipated per year.
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SAND AND DUST

If the coverage of the storage building is complete, then this section
‘usy be disregarded. However, 1f the shelter consists of a roof only, then
ne protection is extended against sand and dirt. Along with pure dump
storage, this exposure is the most extreme for sand and dust throughout
‘the stockpile-to-target sequence. The only saving grace is that the unit
widl probably be inside a storage container.

Work done at WC has preliminarily determined that there must be more
informetion collected to define the sand and dust problem. This work
indicated that a worldwide dirt sample would have to contain Al,0
A{corundum), Pez03 (jewelers rouge), and silica. The particle nin die-
‘tribution voul hm to iuclude 16 micron mean particle size units to
1/8~inch diamster pea gravel. The wind valocity range should include
. speeds up to 45 miles per hour. As is apparent, the above is not com-

- plately defined aund needs a logical sequencial investigation.

The shock environment is simplified by the universal practice of the
palletizing of light items. Therefore, all units will be handled by a
forklift. Thers is nc shock criterion other than that specified under

*Drop, No Damage”.

DROP, NO DAMAGE

A drop of 3~ to 5-inches is considered the maximum that a heavy, or
-plll.otiud load will experience during stacking inside the covered shelter.
8ince no work other than personal observation has been done on this param-
ster, the criterion of a 1 foot drop is projected.

VIBRATION

Storage is a nondynamic situation and there will be no movement of
stored items as generally associated with vibrationm.

RADIC FREQUENCY (RF) RADIATION HAZARD

Storags structures are spaced vell apart and generally well away
from other service areas for safety reasons. The remoteness from radio
and radar transmitters alone vill veaken any radio frequency field
strength. Therefore, radio frequency radiation hazard will be negligible,
or not more than 1 volt per meter.
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Chapter 7

DUMP STORAGE

Investigation of the literature associated with open dump storage
(Fig. 9) temperature extremes has indicated that the exposures were con-
ducted with either Army Quartermaster or ordnance items (Ref. 1€). No
temperature data other than meteorological were usually recorded. Expo-
sure criteria are fundamentally basic; i.e., whether or not the item
functions after the extremes of the winter or summer seasuns are over,
Therefore, there are some assumptions that muat be made so that the data,
although sketchy, may be correctly applied to Naval ordnance.

FIG. 9. Example of Dump Storage (Da Nang).

The first assumption is that the dumps will be established outside
the Continental United States. This is logical because there is a com-
plete system of NAD facilities in the Continental United States and
storage at NAD is in igloo-type magazines. The second assumption is
cthat the overseas dumps will be located near navigable bodies of water.
The third assumption is that the dumps will not be near waterc that
freeze in the winter, making them useless until the spring thaw.
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Using the above assumptions as ground rules, NWC instituted the
"construction” of a worldwide series of "storage dumps". These ware
instrumented to reveal temperature-time histories of the ordnance skin
and ordnance internal temperatures. The exposure sites includes NWC;

U. S. Marine Mountain Warfare Training Center, Bridgeport, Califormia;
and U. §. Naval Magazine, Subic Bay, Republic of the Philippines. Data
have been received and reduced continuously from these mesasurement cen-
~ ters for the past 1-1/2 to 3 years. It is realised that this is far

-short of a solar cycle; however, the results should be indicative of the
overall ll-year result.

The temperature regime of fully exposed ordnance is a much misunder-
stood, or misinterpretated portion of the stockpile-to-target sequence.
It would be easy to assume by reading the general MIL-STD temperature
cycling specifications that 160 to 200°F was common for high temperature
and =65 to -80°F for low temperature. It can be safely stated that the
temperature extremes for any air-launched tactical propulsion system
will not approach these extremes, even on the skin, during storage. In
general, it is assumed that large ordnance will stabilize at a tempera-
ture very close to the daily mean temperature. The maximum and minimum
temperature will be displayed on the outside surfaces. The temperature
phase ghift will be a direct function of the mass and density of the
unit. Normal phase shifts are on the order of 1 to 3 hours.

Maxiwum and Duratiom

The maximum temperatures will be experienced in a pure desert loca-
tion. The probability of dump storage in a pure desert is remote. The
next moat severe situation is tropical storage. The chances of this are
more reslistic. However, even during the Viet Nam emergency the only
dump storige of guided missiles observed by the author was at forward
air facilities, 1.e., Da Nang and Chu Lai.

Until NWC has accumulated enough dump storage temperature data to
make it possible to place this criterion into statistical context, the
maxizum desert dump storage temperatures will be used. As soon as sta-
tistical information Yecomes available, it should be iomediately inte-
grated into design parameters. Therefore, it is projected that a motor
wall temperature of 140°F for 2 hours will be experienced during a maxi-
mun year in a pure desert enviroument.

Minimum and Duration

The assumptions stated in the "Temperature" section, heing valid,
lead to a situation where { » temperature environment of the ordnance
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will be moderated by a large body of water. Even in Greenland, the coast
temperatures do not dron far below a mean low standard air temperature of
-45°F during the frozer sea condition (Ref. 21). Alaskan island cities
report record cold standard air temperatures of only ~-26°F (Ref. 17).
Since ordnance in dump storage tends to assume the mean amhient air temp-
eratura, the projection should be close to this value. Therefore, it is
projected that an ordnance skin temporature of -20°F for 72 hours should
be adequate.

RELATIVE HUMIDITY

The relative humidity will have the widest spectrum in the unprotected
dump storage environment. It is projected at:

1002 at -20°F
952 at 95°F
28% at 140°F

PRECIPITATION

Ordnance items will be dump stored throughout the coastal regions of
the navigable seas. This exposure will be subject to monsoon rains and
thunder showers. The conditions are such that flooding can be expected.
In some cases, solid precipitation may completely cover the stored ord-
nance resulting in a low-temperature soak and insulation condition. The
foregoing low temperature data adequately covers these situations,
although it must be remembered that snow and ice are effective insulators
against extreme cold conditions.

Rain
All classifications of rainfall must be considered as probabilities.
Therefore, the projection indicates rainfall at 2~inches per hour direct

impingement for 2 hours. Since dumps are usually located in protected .
valleys or on level ground, this would lead to a flooding condition.

Ice and Hell
It is projected that ice build-up of 1l-inch per hour may occur, Hail
may approach l-inch per hour direct impingement for 1 hour.

Snow

The projection for snowfall must be established at the maximum prob-
ability, i.e., 10-inches per hour for 2 hours,

33




KHC_TP 4464
Part 2

CORROSIVE ATMOSPRERE

Since the dump will be near salt water, corrosion of exposed surfaces
can be expscted. This corrosion can be extremely severe in semitropical
dump sites. Salt corrosion under these zonditions is a function of the
distance from the surf. Corrosion rates at 80 feet from the surf are
nine times greater than those of an identical specimen 620 feet from the
surf at the same geographical location (Ref. 20). Biological corrosion
is a function of location and latitude. Because the quantitative magni-
tude is unknown, only a qualitative value can be expressed. It is pro-
Jected that the exposure will be severe. The values given in Part 1,
Tadble 2 are pure conjecture, based on degradation observed in the tropics.

SAND AND DUST

Dump storage of ordnance provides the extreme exposure to blowing
sand and dust that is to be axperienced during the stockpile-to-targat
ssquence. The ordnance will have no protection other than that provided
by their own proximity. At the present time, the numerical values of
the relationship of sand and dust particle size distribution versus wind
valocity are not well enough defined to be included in this report. The
magnitude of the problem is well known; for example, at NWC it has been
witnessed that painted surfaces have been sandblasted clean within a 2
minute period by a high velocity sandstorm. It is therefore projected
that the exposure be considered severe. The indications in Part 1, Table
2 are nothing more than educated guesses. Preliminary work at NWC indi-
cates that any "worldwide" dirt samples will include A1203 (corundum);
Fe303 (jewelers rouge), and silica.

DROP, NO DAMAGE

The ordnance will probably be mishandled more in dump storege than
in any other situation. The personnel involved can range from indigenous
natives and infantrymen to ordnancemen. In wartime, dump storage sites
are temporary; therefore, crews cannot be expected to be fully competent
or highly trained in the handling of ordnance. The shock will be con-
fined to the unit being dropped during handling. Therefore, the projec-~
tion here is established at a 2 foot drop to dirt surface during stacking.
Heavier items that cannot be easily manhandled will probably experience
lesser drop heights.

VIBRATION

Dump storage is a nondynamic situation and there will be no moveaent
of the ordnance item 2s generally associated with vibration.
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RADIO FREQUENCY (RF) RADIATION HAZARD

' Dump storage areas are not genarally grouped near radio or radar
transmitters. Also, dump sites are usually large sprawling entities.
This remoteness will wesken any radio frequency field strangth. There-

) fore, the radio frequency radiation hazard will be negligible, or not
more th~n 1 volt per meter.
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AT SEA TRANSFER

Air-launched tactical propulsion systems are transferred (Fig. 10)
from an ammunition ship to the combatant ship while the combatant ship
is on station in deep weter. This transfer is accomplished when the com-
batant ship and amnunition ship rendezvous at or near the combatant ship
station area (Fig. 1l1). Twenty-four to 48 hours in advance of this
ueeting, the combatant ship's commander requests a complement of ord-
nance. The requested ordnance is then broken out of the ammunition ship's
hold and stored on the main deck for as long as 24 hours in anticipation
of the transfer. The combatant ship comes alongside about 80 feet away
from the ammunition ship. The hi-line is attached and made ready for
transfer. The combatant ship places manila rope or cotton thrummed mats
on the deck and bulkheads in the transfer terminal zone. The unpalletized
ordnance unit i1s placed in wooden transportation boxes or in canvas 'coal
sacks" on the ammunition ship. The crew of the combatant ship draws the
load across the transfer lines while both ships are traveling at least
8.5 knots., Sea and wind conditions can be severe during the operation.
It is the responsibility of the combatant ship's commanding officer to
determine whether or not the transfer can be made no matter what the sea
state (Ref. 18).

FIG. 10. Example of Ammunition Transfer at Sea by both
Hi-line and Helicopter.
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”PIG. 11. Typical At-Sea-Transfer Situatiom.

TABLE 2. Douglas Sea Szale (Ref. 19).

nﬁ:;:: D":::p;;;é of Wave height
0 Calm Less than 1 foot
1 Smooth 1 to 2 feet
2 Slight 2 to 3 feet
3 Moderate 3to$5 feet
4 Rough 5 to 8 feet
5 Very rough 8 to 12 feet
6 High sea 12 to 20 feet
7 Very nigh se=z 20 to 40 feet !
8 Precipitous Over 40 feet |

An estimate, by ammunition ship officers interviewed, of the most
severe wind ard sea conditions experienced during any seu transfer of
ammunitiou, was a state 5 sea (see Table 2), (During thie transfer the
ordnance loss overboard was high.,) The normal sea transfer should be
accomplished at a sea condition of state 2 or less. During normal con-
ditions it 1s possible to drench the transferred load. '
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In general, the projected future for at-sea-transfer of supplies is
performed during hours of darkness to avoid detection. Environmentally,
this does not alter any parameter arfecting the units. Counsideration
should be given to methods that would help parsonnel during a tleckout
sea transfer, and to protect the ordnance against possible rough handling
due to darkness.

TEMPERATURE

A search of temperature extremes of island and coastal weather statiouns
indicates a record standard air temperature of 110°F for tropical and temp-
erate areas, and a lower limit of 0°F for arctic and temperate zomnes,
There is a (71-year) record of 109°F for Florida, and a -26°F record
temperature for St. Paul Island, Alaska. In the one case, the high temp-
erature report is reinforced by other peak temperatures on the order of
104°F (Ref. 17).

Maximum and Duration

Based on the foregoing informetion, Ref. 9, and the standard air
temperature versus ordnance temperature as explained in Ref. 13, the
maximum temperature is prolected at 100°F for 8 hours.
Minimum and Duration

The -26°F temperature was disregarded because it was obtained when
St. Paul Irland was locked-in by 1ice.

The accepted low temperature is backed up by average January sub-
arctic sea coast temperatures of +22.9°F for a 30-year monthly average

(Ref. 17).

At--gea~transfer can not be carried out as described in

frozen vaters.

Also, even if the sea is not frozen, an air temperature

Yolow +27°F will lead to ice tformation on the transfer lines and the
Zeck-stored materiel. This condition is not conducive to at-sea-transfer
becanse of personnel safety problemgs. Therefore, the projection is
»rtablished at 30°F for 24 hours.

RELATIVE HUMIDITY
The relative humidity at sea is ususlly high. The temperature-RH

regime can range from 100% below 5G°F to 95% at 70°F and 20% at 100°F,
No values ocuraeide of this envelope are anticipated.
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PRECIPITATION

Rain

Sea transfer is an activity that may be conducted during or after a
rain squall; therefore, it is projected that a rainfall condition of 2-
inches per hour for a period of 2 hours be expected. A maximum ambient
air temperature of 80°F is anticipated during the rainfall period.

Ice, Hail, and Snow

It is not feasible to conduct sea transfer during icy conditons for
reasons of personnel safety; therefore, no criteria are projected.

CORROSIVE ATMOSPHERE

Corrosion due to atmospheric exposure is negligible; however, a
transfer made during a severe sea condition could result in total
drenching while the ordnance is being transferred.

SHOCK

Because of the changing relative velocity across the hi-line, the
load does not travel smoothly between the ships but swings like a pendu-
lum. It is therefore possible for the transfer box or "coal sack" to
slam rather violently into the transfer~terminal bulkhead on the combat-
ant ship. In interviews with ammunition ship officers, it was estimated
that the maximum impact was about 15 feet per second velocity on contact
with the thrummed-pad~protected bulkhead or deck; however, there have
been instances when the transfer box hit steel instead of the thrummed
mat.

DROP, NO DAMAGE

The unpalletized ordnance will be much more subject tc drop damage
than in the other situations. The ordnance can be dropped 2 feet to
gsteei or aluminum during transfer box unloadirng.
VIBRATION

Vibration experienced during at-sea-transfer ig considered negli-

gible since there is no sustained oscillatory motion. Any vibration
present will be considered shock.
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RADIO FREQUENCY (RF) RADIATION HAZARD

Since the ordnance is stored on the main deck for up to 24 hours
before transfer to the combatant ship, it is subjected to any radio
frequency energy in the area. This expcsure is less than 1 volt per
neter if the ammunition ship is 500 yards or more away from any air-
craft carrier or guided missile cruiser type ships. During transfer
to ships of these classes, all but emergency transmission will be dis-
continued.

The values previously stated are based on the assumption that the
commanding officer of the aircreft csrrier will abide by the rules set
forth in Ref. 18.

NWC TP 4464

2

41

y o pu-, NI ALK " To T OV ot ou e ¥ AN WL o, - R j B . N R R R oy
35’%“% Rk AT e R 3 S AT Tl LF IAEARY 5 R LR

o
i
-

5% AT
SRR

RIS
S
A

2L WS A
'-":'h-..:‘! ity



P

NS

LT

Part 2
Chapter 9
. AIRFIELD STORAGE
. The ordnance will receive its most strenuous exposure to adverse

conditions in the land-based storage situation. The storage and ready
service areas can range from excellent to extremely primitive (Fig. 12).
In the case of any hardware that can be carried and expended from a heli-
copter, a propeller driven aircraft, or a light rugged jet, the storage
situation can be so crude that gstorage in mud or dirt will be the rule
rather than the exception.

FIG. 12. Arming of Aircraft by Heand,
Typical of Conditions at
s Combat Airfield.
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It cannot be overemphasized that the forward airstrip is a rugged,
filthy, inhospitable circumstance to sophisticated hardware (Fig. 13).
There is no comparison between this situation and the generally "anti-

- suptic" offices and laboratories in which modern day armament is designed.

¥16. 13. Example of the Primitive Situations of the Typical
" Yorward Airfield. (Notice ammo "Jumped" beside runway.)

Mpxigum end Dupation

The same rules apply here that apply to the chapter on "Dump Storage".
The temperature regime is identical; therefore, the projection is 140°F
for 2 hours at maximum desert conditions. All other situations will lead
to more moderate ordnance temperatures.

Xinimum and Duration

This also is identicsl to the criterion as developed under the chapter

“on "Dump Storage" for minimum temperature. Howeve., the forward airfield

may or may not be near large bodies of water. 1f they are not near a
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temperature moderating body of water, the lower temperature limit would
depend on physiological limitations of the Marine personnel. At a
primitive location, extremes in temperature would tend to halt all air
operations 1f ready service hangars are not available. Therefore, the
"dump storage' limits are used, i.e., ~20°F for 72 hours.

RELATIVE HUMIDITY

The relative humidity will have the widest spectrum in the unprotected
dump storag: environment. It is projected to be:

100% at -20°F
957 at 95°F
287 at 140°F

PRECIPITATION

Forward airstrips can be located throughout the world. This expo-
sure will be subject to monsoon rains and thunder showers. The conditions
are such that flooding can be expected. In some cases, solid precipita-
tion may completely cover the stored ordnance resulting in a low-tempera-
ture soak and insulation condition. The foregoing low temperature data
adequately covers these situations, although it must be remembered that
snov and ice are effective insulators against extreme cold conditions.

All classifications of rainfall must be considered &s probabilities.
Therefore, the projection indicates rainfall of 2-inches per hour direct
impingement for 2 hours. Since primitive airstrips are located in pro-
tected valleys or on level ground, this would lead to a flooding condi-
tion.

Ice and Hail

It is projected that ice build-up of l-inch per hour may occur. Bail
may approach l-inch per hour direct impingement for 1 hour.
Snow

The projection for nnowfall must be established at the maximum prob-
ability, 1.e., 10-inches per hour for 2 hours.
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CORROSIVE ATMOSPHERE

Since the airfields will be located near salt water, corrosion of
exposed ordnance surfaces can be expected. This corrosion can be extremely
severe in semitropical dump sices. Salt corrosion under these conditione
is a function of the distance from the surf. Biological corrosion is a
function of location and latitude. It is projected that the exposure
will be gsevere. The values given in Table 2 of Part 1 are pure conjecture,
based on degradation observed in the tropics.

- SAND AKD DUST

o Dulp storage of ordnance ptovidu the extreme exposure to blowing

. send and dust thet will be experienced durimg the stockpile~to-target
sequsnce. The ordnance will have no protection other than “hat provided
by their own proximity. It is, therefore, projected that the exposure

o “e considered severe, The indications in Table 2 of Part 1 are nothing

‘more than educiated guesses. Preliminary work at NWC indicates that any
" Pyworldwide” dirt samples v:l.ll include Al504 (corundu-). Fey05 (jeweler's

' mp). u\d nil:l.cn.

. mor. ¥ ww;x
] ‘!Iu o‘:duncc vil.l probably be mishandled at a ‘forward sirstrip wore

:han in the storage dump. The personnel involved can range from flight

',crm to ordmcmn. These men are usually overworked and tired. .

The ahock will be confined to the unit being dropped during handling.

.. Most of the handling, even of mediua sized missiles, is by hand. - There- ,
- - fore, the projection is estsblished at a 2 foot drop to a dirt gurface

© during loading operations. Heavier items that cannot be casily manhandled
' vﬂl ptoblbly experience lesser drop heights.

T

"vxnmxon

] Storage is a nondynamic situation and there will be no movement of
-the ordnance item as generally associated with vibration.

RADIO FREQUENCY (RF) RADIATION BAZARD ?

At large airbases, the radar and radio field strenghts can be poten-
tially as dangerous as those on an aircraft carrier. However, the radio
frequency field strength will be dissipated by the area of the airfield
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alone. At small forward airstrips less powerful electronic gear is
usually used. This leads to less severe radio fresquency field strengths.
Therefore, the pure conjecture is herein sdvanced that the maximum radio
frequency field strength would be no more than 100 volts per meter. This
should be measured.
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Chapter 10

ALRCRAFT CARRIER STORAGE

Al! Naral air-launched tactical propulsion systems must be capable
of operaticn from the deck of an aircraft carrier. The carrier is unique
in some environmental respects, and ordinary in others. The dynamic envi-
vonment, i.e., snock and vibration, induced during catapult and arrested
landica can cause problems. Since storage space is extremely limited,
the "makeshift' storage may be unexpectedly rough cn the unit.

Thare i8 not an abundance of sequential information on the environ-
ment aboard an aircraft carrier. Therefore, data are not sufficient at
this time tu authenticate many of the statements given in the following
paragraphs. The poanibility of "gun tud'" storage, as shown in Fig. 14,
may be a reality {or the less sophisticated types of air-launched ordnance.

FIG. l4. Zxample of Space Utilization Necessary on Alrcraft Carriers.
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TEMPERATVIRE

The temperature of the storage areas on an aircraft carrier are
assumed to be equivalent to those of the ammunition ghip.

Maximum and Duration

The maximum worldwide seawater temperature record is 98°F, taken in
the shallow water of the Persian Gulf. The tropics, however, very seldom
display seawater temperatures above 85°F (Ref. 1 and 9). The magazine
temperature records from ammunition ships consistently indicate that the
high air temperature recorded in the ammunition ship magazine is 80°F.

1f;f Since no data have been reduced for aircraft carrier storage, the
‘ maximum temperature is projected to be 90°F for a 16 hour period.

§ ;'  L Minimum and Duration

Since seawater is not fluid below 27°F, and aircraft carriers are
deployed only in liquid state oceans, it will be assumed that this is
the lower limit. In general, the recorded minimum ammunition ship maga-
zine temperature is near 50°F. Therefore, the projected minimum temper-
ature criterion is 40°F for 72 hours.

RELATIVE HUMIDITY

The relative hunidity experienced by ordnance in storage on aircraft
carriers can be generally high., It is projected that it may even be
higher than on board the ammunition ship because of entrance into and
exit from the magazines during the day by snip's ordnance personnel.
Therefore, the projuction is for 100% at 70°F to 95% at 90°F.

PRECIPITATION

Since the storage is assumed to be below decks, this category does
not apply. During limited war situations the above deck gun tubs have
S been used for storage of inert items such as bomb fins. Air-launched
y ] tactical propulsion gystems are not expected to experience this exposure.

CORROSIVE ATMOSPHERE

AR
% S “”} Location of ordnance during storage aboard aircraft carriers 1s
o e planned such that there is no exposure to corrosive atmosphere other
.l than the indigenous sea air. Since the item may be in the carrier
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inventory for a considerable period of time, the projection is for a
corrosion rate equal to the dissipation of 1/8-inch of hot rolled steel
per year. This parameter is not well founded and extensive work must
be done for verification.

SAND AND DUST

Sandstorms have been reported over coastal waters in various parts
of the world; however, this is chance happening and will not be recog-
nized as a credible circumstance. The storage is assumed to be below
decks; therefore, this category does not apply.

SHOCK

The shock associated with combatant ship stowage of ordnance consists
almost entirely of that derived from the movement of the ship and near
misses. It is considered at this time that shock criteria established
by the Bureau of Ships (BuShips) investigation and set forth in MIL-STD-
910C, are acceptable. However, the shock parameters need to be made
available instead of specifying a shock testing machine. Until more
definitive work is undertaken to establish the shock spectrum for muni-
tions in sea transit, the criteria as stipulated in MIL~-STD-910C are
acceptable.

DROP, NO DAMAGE

It has recently been established that air-launched tactical propul-
sion systems may not be palletized during storage in the aircraft carrier
magazines, This being the case, it is assumed that it is possible to
drop a single unit up to 2 feet during handling in the magazine.

VIBRATION

The vibration environment as specified in MIL-STD-167 (Ships) is
adequate for low frequency. The energy levels therein are severe because
MIL-STD-167 (Ships) is required for use during design of ship engines,
turbines, propeller shafts, and other massive castings associated with
the engine room and engineering spaces. The cargo holds will not trans-
mit the complete high energy levels to the palletized munitions, but may
excite higher frequency harmonics. Until more definitive work is under-
taken to establish the vibration spectrum of munitions in the aircraft
carrier magazine environment, the criteria as stipulated in MIL-STD-167
(Ships) should be used.
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RADIO FREQUENCY (RF) RADIATION HAZARD

Thc projected value of 1 volt per meter is probably high because the
ship's hull tends .o act as a Paraday cage, completely shielding the ord-
nance from radio frequeucy energy. The degaussing procedures used through-
out the Fleet will cause no electromagnetic hazards since all degaussing v
is done with direct current.
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Chapter 11

AIRCRAFT CARRIER HANDLING

The handling of ordnance will occur mainly during aircraft servicing
and will be done on the flight and hangar decks. Since the flight deck
is included, Fig. 15, the many above-deck environments are integrated
into the "storage" sequence.

FIG. 15. Arming an Aircraft with "Sidewinder" by Hand.

TEMPERATURE

Maximum and Duration

If ordnance 1is installed on aircraft while on the flight deck it may
be exposed to solar radiation; however, the wind across the deck will
moderate the temperature level. Therefore, it is projected that the
temperature will be 110°F for 2 hours. This parameter is based on the
author's projection only. Investigation of this criterion should be
undertaken.
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Minioup snd Duration

During periods of exposure to temperature below 35°F, the flight deck
will probably be clear of aircraft since ice formation can t ; expected.
Any resdy-strike sircraft would probably be stowed on the hangar deck
in comparative warmth, IZ the ordnance was installed on the aircraft
and the aircraft was on the filight deck, the projection would be for a
temperature of 40°F for 72 hours. This parameter is based on the author's
projection only. Investigation of this criterion should be undertaken.

RELATIVE HUMIDITY

"The handling of an ordnance itea on board an aircraft carrier will
be carried out in the same indigerou~ RH as that found ia the working

spaces of the ship, Therefore, it 13 projected that the exposure will
be from 100X RH at 70°F to SOX at 110°F.

FRECIPITATION

It will be assumed that any arming cf aircraft during foul weather
conditions will be accomplished on the hangar deck. However, if this is
not possible, the criteria is projected to be 2-inches per hour for 2

hours.

CORROSIVE ATMOSPHERE

_The corrosion rate will be negligible since the process of corrosion
is a tima dependent reaction. The continuation of the corrosion reaction

existing during this phase will be intezrated into the "ghip-board storage”
sXpcsura,

SHOCK

The shock associated with handling will consist mostly of ''transpor-
tation"” shock sustained in transit from the magazine to the installation
on the aircraft. Depending on the type of skid or dolly used, this
parameter is widely variable. It is projected as a "ballpark" figure
that this would spproximate 15 g for 11 to 18 milliseconds duration.
This is pure conjecture. Inveatigation of this situaticn is urgently
needed and should be underiaken fmmediately.

DROP, NO DAMAGE

Since the conditions are as stated previously under “Shrck", the
major sources of drops are in the magarine, and during installation on
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the aircraft. It is projected that this drop should not be more than
2 feet. A drop of any greater height would be precluded by the weight
of a non-man-carried item. If the item is man-carried, the man will
probably fall with the item, thus cushioning the drop. Therefors, a
drop of 2 feet to steel is projected. The in-Fleet fact is that any
item dropped this distance will probably be consigned to '"Davy Jonas'
Locker" immediately.

VIBRATION

The handling will congist of a series of shocks, nonrepeating nor
sustained, as previously detailed under "Shock' and "Drop, No Damage".
Ignoring the background ship vibration covered in the "stowage" section,
it is projected that there is no vibration.

RADIO FREQUENCY (RF) RADIATION HAZARD

Assuming clear weather conditions and rearmirg of aircraft on the
flight deck during launch and recovery conditions, the radio frequency
hazard is maximum. Since the "near field" cannot even be measured by
present techniques the criterion will be stated in "far field" terms.
It is projected that a 300-volt-per-meter field can exist, Criterion
determination work is urgently needed to develop "near field" measure-
ment equipment so that this parameter can be more suitably defined.
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Chapter 12

ABOARD JET AIRCRAFT

The air-launched tactical propulsion system may or may not be carried
aboard patrol or carrier air patrol (CAP) aircraft for extended neriods
of time. (Fig. 16.) In the case of many air-to-~air rockets, flight
times of 100 hours have been reported by the ordnance personnel, (The
Sparrow is checked by Marine Air Wing 1l after each 15 flight hours.)

If this experience can be related to other air-launched items, then this
section has meaning. If, however, the unit is dumped before return to

the carrier or Marine Corps airfield, then this section should be ignored.
It is the job of the designer to assure a returnable ordnance item in the
interests of pilot confidence and cost effectiveness. This portion of the
unit'e life will need investigation for each family of air-launched prop-
ulsion systems. It is here that the tactical useage of the unit deter-
mines its environmental uniqueness.

FIG. 16, Air-to-air Missile being Returned to Carrier by F-4.
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TEMPERATURE
d tion

The maximum in-flight temperature is dependent on the mass and shape
of the unit and the time of expoaure to the aerodynamic thermal driving
force. The projsction will be based on a high-spesed dash, of a duration
to axhaust the fuel reserve of the high performance aircraft. Also, a
move likely projection will be based on a normal external fuel conditionm,
lower velocity maximum performance versus maximum airtime "combat" pro-
file. The projections are based on flight measurements done on the
Sparrow and liquid Bullpup missile syatems at NWC in 1965-67. The pro-
Jections are for 240°F skin temperature for a duration of less than 20
minutes. This envelope should ba conservative encugh for ordnance items
6- or 8-inches in diameter with a weight of less than 50 pounds. The
sacond projection is 120°F for 2 hours and is the general case. Any real
tactical situation must allow fuel for a return trip.

e Minimum and Duration

The minipum temperature conditions will be experienced during the
CAP flight at high altitude for a maximum-time-aloft mission. Based on
only three measured excursions at NWC in 1966-67, the srojection would
be -10°F for 2 hours. The lower temperature asymptote has been tenta-
tively established at -10°F. Unconfirmed reports have stated that other
temperatures have been experienced. Although verification of these
teports has not been established, they are herein recognized for lack of
better data. The projection 1is -25°F for 2 hours. This value is in doubt
and should be investigated.

RELATIVE BUMIDITY

During the "aircraft carried"” time of tha ordnance life, the only
time that the air temperature 1is generally above 32°F is when the air-
craft is taking off, landing, or below 20,000 feet. The excursion into
air 32°F or lower negates the concept of RH since the water vapor is now
in the form of ice crystals, and the ratio of water to dry air is less
than 0.004. The projection will be based on the same three conditions
predicted for the aircraft carrier or land station. The projection is

for 100% RH at 70°F to 45% at 90°F.
‘.
%ﬂ PRECIPITATION

The precipitation values are limited by the ability of the aircraft
to fly through a given storm. The following projections are very arbi-
trary. The basis is generally the water content of ingestion or icing
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to be expacted if the mission proceeded. The projection is for 0.5-inck
per hour of rain, ice, or hail, and 3-inches per hour of snow. These pra-
cipitation rates are extremely high for mission completion.

CORROSIVE ATMOSPHERE

This parameter need only be considered if the item is returnable. If
80, the corrosion rate will be equal to the most extreme seen aboard an
aircraft carrier or on a tropical island. This rate iu equal to the dis-
sipation of 1/8-inch of hot rolled steel per year.

SAND AND DUST

This parameter relates to the take-off and landing situation on land
only. The severity of the parameter must be tempered since too much
ingestion of sand and gravel will destroy the jet engine of the carrying
aircraft. The projection is for a 100 knot relative velocity to the ogive
of the unit with particle sizes of 0.001- to 0,125-inches diameter. The
compogition of the sand or dirt also contains Fez03, Al03, and silica.

SHOCK

The maximum shock expected will be experienced during arrested air-
craft carrier landings at sea or Morris gear landings on land. The
following is based on very old, unverified measurements obtaimed on
World War II aircraft, not armament. The projection is for 35 g, 5 to
15 millisecond duration. This parameter needs thorough investigation.

VIBRATION

The in-flight vibration of anv air-launched tactical propulsion
system will in general be more random than sine. The following is pure
conjecture since a credible measurement of the parameter on ordnance
items has not yet been determined. It is projected that a power spectral

density of 0.01253?/cps over the frequency band of 2 to 2000 cps will be
close to reality.

RADIO FREQUENCY (RF) RADIATION HAZARD

The radio frequency hazard will be potentially the greatest during
this phase of the item's life. The armed aircraft will be subjected to
the aircraft carrier flight deck "near" and "far field" radiation. There-
fore, the maximum value of 300 volts per meter is projected. Since "near
field" cannot, at present, be measured it is mandatory to develop equip-
ment for the measurement of the total parameter.
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Chapter 13

. ABOARD PROPELLER DRIVEN AIRCRAFT

K The propeller driven aircraft (Fig. 17) has staged a come back in the
limited warfare situation. The old World War II1 types still in existence
have been used extensively in Viet liam and Korea. New contracts have been
negotiated for the development of counter-insurgency (COIN) aircraft.
Therefore, air-launched ordnance may be carried on this type of aircraft
for some time.

FIG., 17. Propeller Driven Aircraft, Ready for a Mission.

The propeller driven aircraft is typified, when compared with jet
propelled aircraft, by less than Mach 1 velocity. The speeds are much
closer to 450 miles per hour and under.
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Their maintenance needs are quite primitive and take-off distances
are much shorter. The propeller plane can operate out of extremely
crude advanced airstrips. Therefore, the ordnance delivered from these
planes must be more rugged to keep pace with the method of delivery.

TEMPERATURE

The temperature regime associated with propeller-aircraft-launched
ordnance will be less extreme than those asaociated with jet aircraft.

Maximum and Duration

The maximum aerodynamic heating temperature to be encountered on air-
launched ordnance will be less than 110°F., The maximum speed of a pro-
peller driven aircraft is not great enough to do much more thaen maintain
the ordnance at ambient ground temperature with aerodynamic heating.
Therefore, the projection is a maximum temperature of 110°F for 2 hours.

Minimum and Duration

The minimum temperature that ordnance would experience is close to
the ambient air temperature. Propeller driven aircraft are not used for
high altitude missions; therefore, they will not be flying at altitudes
much in excess of 20,000 feet. Normally, when on a strike, the altitude
1111l be much lower. At 2,000 feet above the ground, terrain can start
to blend into a meaningless patchwork. Therefore, for maximum target
spotting ability, the mission will be low level. The air temperature
in arctic regions can hover between ~20 and -40°F for days on end and
the propeller driven aircraft can be used to support troops at these
temperatures. Aerodynamic heating at 250 knots would have negligible
effect on the ordnance. Therefore, there will be little moderation of
the sosk temperature of orinance from the free air value, A criterion
of -30°F for 2 hours is projected. This is extremely arbitrary and work
needs to be done to define the above assumptions.

RELATIVE HUMIDITY

The relative humidity experienced by ordnance while carried on slow,
low flying aircraft will be identical to the most extreme encountered
on land. Therefore, the projection is for 100% RH at 70°F and below,
95% at 95°F, and any combination of temperatures and humidities that
is consistent with 0,035 pounds of moisture per pound of dry air.

62

"




PRECIPITATION

The precipitation values are limited by the ability of the aircraft
to fly through a given storm. The following criteria are very arbitrary.
The basis is generally the water content of engine ingestion or icing to
be expected 1if the mission proceeded. The projection 18 for 0.5-inch
per hour of rain, ice, or hail, and 3-inches per hour of snow. These
precipitation rates are extremely high for mission completion.

CORROSIVE ATMOSPHERE

If the item is returned and recarried, the corrosion rate can be
equal to the most extreme experienced aboard an aircraft carrier or in
a storage dump. This is equal to the dissipation of 1/8-inch of hot
rolled steel per year. This prediction is extremely arbitrary and in
vital need of investigation.

SAND AND DUST

This parameter relates to land based aircraft only. The severity
of the parameter must be tempered since ingestion of dirt will destroy
aircraft engines. (B~24 bombers of the U. S. Army Air Force in World
War II had severely abbreviated engine life when based in Libya.) The
projection is for a 100 knot relative velocity to the ogive of the
ordnance, with particle diameters of 0.001- to 0.125 inch. The makeup
of the sand and dust will include §107, A1203, and Fej0,.

SHOCK

The maximum shock expected will be experienced during arrested land-
ings, i.e., aircraft carrier or land-based Morris gear. The criterion
is based on World War II a.rcraft data. The projection is 35 g, 5 to
15 millisecond duration.

VIBRATION

In general, the vibration of propeller-aircraft-carried ordnance will
consist predominantly of sine wave vibration. The general band of expo-
sure will be $5 g from 2 to 500 cps. This value is dependent on size of
the item and placement on a particular aircraft. PFor a given system, it
is strongly advised that a measurement sequence be establisghed.
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RADIO FREQUENCY (RF) RADIATION HAZARD

The radio frequency radiation hazard will be potentially the greatest
during this phase of the item's life. The armed aircraft will be sub-
jected to the aircraft carrier flight deck "near" and "far" field radia-
tion. Therefore, the maximum value of 300 volts per meter is projected.
Since measurement of "near" field is not at present possible, the value
is presented in "far" field terms. Effort needs to be expended to more
fully investigate and totally define this criterion.
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Chapter 14

LAUNCH FROM AIRCRAFT TO TARGET

This section is cr acerned with the portion of the rocket's life in
which it must functi.. as designed. In all the preceeding sections the
item must survive in a good enough condition to function when required.

There have been very few actual measurements obtained du.ing this
portion of the unit's life; therefore, most of the following borders on
pure guess. The need is great for measurements in this "moment-of-truth"
area. Each system, or family of systems, will exhibit unique character-
istics during this portion of the total life. The launch-to-target phase
(Fig. 18) of each must be studied so that insight can be gained into
anomalies that may work in the designer's favor. Conversely, there may
be unique factors detrimental to successful function that are not readily

apparent.

FIG. 18, Launch of an Air-to-Ground "Shrike'.
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Tha projection is based on a Mach 2 aircraft velocity at launch. The
time of flight is approximate. The aerodynamic heating temperature depends
on shaps, sise, and point of measurement. As an overall guess it {s pro-
jected that the round will be subjected to 400°F skin temperature for 30

seconds, or duration of rocket flight.

If the unit is expended during the latter portion of a CAP flight,

7 ‘4t will have been cold sosked. The time of flight of the propulsion

'1'Z.lyotcu will not add much heat to the round. Therefore, a temperature of

~25°F for 30 seconds is projected. This is arbitrary, though based on

. Sparrow and Bullpup captive flight data obtained at NWC.

RELATIVE HUMIDITY

The relative humidity at launch above 20,000 feet is meaningless
because of the air temperature. If an item is released below 10,000
feest then the projection is identical to the aircraft carrier or tropic
island value of 100X RH at 70°F to 452 at 90°P. It would be a rare day

" that ezhibited even 70°F at 10,000 feet altitude.

PRECIPITATION

This parameter is difficult to assess. The navigation of an aircraft
will limit any migsion. Even assuming that something other than the
launching aircraft is providing electronic navigation signals, it may be
possible to operate only in moderate conditions. The guess would be about
0.5-inch of rain per hour, 0.5-inch of ice or hail per hour, or a 3-inch
per hour snowfall, This parameter needs investigation before even an
sducated guess can be properly made.

CORROSIVE ATMOSPHERE

Since corrosion is a time dependent action and this sequence is com-
plated in about 30 no;onds. corrosion is considered negligible.

SAND AND DUST

Since sandstorms are a phenomenon associated with altitude 2,000 feet
sbove the earth's surface or lower, this parameter does not apply.
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SHOCK

The overall siiock sssociated with launch consists of an aggregate of
ignition ghock, ejection shock, and detent release shock. For an item
that weighs 120 to 200 pounds, the projection will be for detent shock

' of 20 g for 30 milliseccnds or an ejection shock of 30 g for 5 milliseconds.
For an item 200 pounds oy greater, the shock would be 13 g for the same
launcher. The ignition shock must be measured for each family,
projection is an educated guess based on some NWC weapons.
is not fixed and measuremants need to be taken.

The above
This parameter

VIBRATION

The vibration excursion for any in-flight system is as unique as a
signature. The locus of values is not even known. Therefore, no general-
ized projection that would have any meaning can be made. This parameter

is in paramount nead of measurement. The measurement must be done for
each weapon or family of weapon systems.

RADIO FREQ!ENCY (RF) RADIATION HAZARD

The radio frequency radiation hazard may or may not apply at this
stage of the unit's life. The initiator has been expended and any pro-
pulsion is in operation., The only radio frequency exigting would pos-
sibly be guidance energy. If the judgement is made that the parameter
does apply, then 10 volts per meter for 30 seconds is projected.

67

i

. . )
s e i e i e e 8 5 8 T

e gk o Aeia S

Ak




MC TP 4464
Part 2

REFERENCES
1.

2.

3.

4.

3.

6.

7.

9.

Environmental Protection Division, Quartermaster Research and Develop-
mnt Center. Climavic Bxtremes for Military Equipment, by Norman

Sissenwine, Natick, Mass., U. S. Army Natick Laboratories, November
1951. (Report 146.)

Environmsntal Protection Division, Quartermaster Research and Engineer-
ing Command, Yuma Analogs, Numbers 1 through 10. Natick, Mass.

U. 8. Army Tropic Test Center, Monthly Report of Projects and Special
Activitiss, Port Clayton, Canal Zone, Panama., U. S. Army Test and
Evaluation Command (RCS=-STETC-101).

Office of the Assistant Secretary of Defense (Research and Development).
Pundamentals of Guided Missfle Packaging, by Elias Klein. Waghington,
b.C., GOP, July 1955. (ASTIA No. 1.210000.)

Department of Defense. Procudingj of Shock and Vibration Symposium.
Washington, D.C., U. S. Naval Research Laboratory, 3-5 Decembar 1963.

U. 8. Department of the Navy. An Analysis of Terperature Environments
of Surface Launched Navy Rocket Motors. Washingtom, D.C., BuWeps,
28 January 1963. (RMMP-321/WDR.)

Environmental Protection Division, Quartermaster Research and Develop-
nent Canter. Occurrence of High Temperatures in Standing Boxcars, by

W. L. Porter. HNatick, Mass., U. S. Army Natick Laboratories, February
1956. (Raport EP-27.)

Asronautical Systems Division, Air Force Systems Command. Flight
Vibration Survey of C-133 Afrcraft, by Phyllis G. Bolds. ASTIA,
Arlington Hall Station, Arlington, Va., April 1962. (ASD-62-383.)

Department of the Navy. U. S. Navy Marine Climatic Atlas of the

World. Washington, D.C., Chief of Naval Operations, 1 November 1959.
VOI. I-V.

U. S. Navy Bureau of Ordnance. Ammunition Ashore, Handling, Stowing
and Shipping, NavwWeps OP-5 (Vol. 1) 2nd Revision.

Naval Vespons Center. Storage Temparatures of Explosive Hazard
Magazines, Part 4, Cold Extremes, by I. S. Kurotcri and H. C. Schafer.
China Lake, Calif., NWC, May 1968. (NWC TP 4143.)

|
1
|
!




A -

e -

T N I, W v w 4

NWC TP 4464

12,

13.

14,

15.

16.

17.

18.

19.

20.

21,

Part 2

U. S. Naval Ordnance Test Station, Storage Temperature of Explosive
Hazard Magagines, Part 1, American Desert, by I. S. Rurotori and
H. Schafer. China Lake, Calif., NOTS, November 1966. (NOTS TP 4143.)

e==e==, Storage Temperature of Explosive Hagard Magazines, Part 2,
Western Pacific, by I. S. Kurotori and H. Schafer. China Lake, Calif.,
NOTS, June 1967. (NOTS TP 4143.)

------ . Storage Temperature of Explosive Hazard Magazines, Part 3,
Okinawa and Japan, by I. S. Kurotori and H. Schafer. China Lake,
Calif., NOTS, June 1967. (NOTS TP 4143.)

Department of the Navy. A Study of Pyrotechnica Stored at Naval
Magazine, Guam, by Wit Neis. Oahu, Hawaii, NAD, 25 Oct 1960 (QE/OH
™ 60-121).

Environmental Protection Division, Quartermaster Research and Develop-
ment Center. Occurrence of High Temperatures in Yuma Storage Dump,

by W. L. Porter. Natick, Masas., U, S. Army Natick Laboratories,
February 1956. (Report EP-121,)

U. S. Department of Commerce., Climatological Data, National Summary.
Washington, D.C., Weather Bureau.

Department of the Navy. Replenishment at Sea. Washington, D.C.,
Office of the Chief of Naval Operations. (NWP-38A.)

Kent, J. L. Ships in Rough Water. New York, Thomas Nelson & Soms,
Led., 1958,

May, T. P. "Corrosion Testing in Marine Atmospheres,”" J of Environ-
mental Sciences, Mt. Prospect, Ill., December 1964, Vol. 7, No. 7,
PP 23-27.

Environmental Protection Division, Quartermaster Research and Develop-
ment Center. Atlas of Arctic Environment, by Andrew D. Hastings.
Natick, Mass., U. S. Army Natick Laboratories, March 1961, (Research
Study Report RER-33.)

69

s Bt 3




UNCLASSIFIED

Sﬂ.'u!llx Claasification
DOCUMENT CONTROL DATA-RAD

(Security classification of title, body of abatract and indexing annciation must be entered when the overal! repoti 1a classilied)

1. ORIGINATING ACTIVIYY (Corporate suthor) 28, AEPORT SECURITY CLASIIFICATION

Naval Weapons Center UNCLASSIFIED

China Lake, California 93555 26 amous

M3 REPOART TITLE

Environmental Criteria Determination for Air-launched Tactical Propulsion Systems
Part 2. Technical Support for Stockpile-to-Target Sequence

4. DRSCRIFPTIVR NOTES (Type of report and inclusive detee)

Stockgilo-to-tntgct environmental conditions
8. AU THONRI rat name, middie initial, last name)

Howard C. Schafer

fe REreRY DaAvR 70. TOTAL NO. OF PAGKS 75, NO. OF REFS
July 1968 76 20
%a. CONTRACY OR GRANT NO. %e. ORIGINATOR'S REFORT NUMBER(S)
5. ROJRCT NO. NWC TP 4464, Part 2
: A33-%236-711/216-1/F009-06-02
e. . 95. OTHER REPORT NOIS]} (Any other numbers that may be assigned
i thia report)
4
'T;i[vm-uﬂou STATEMENT

This dorument is subject to special export controls and each transmittal to foreign
governments or foreign nationals may be made only with prior approval of the Naval
Wespons Center.

11. SYPRLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Naval Air Systems Command

Naval Material Command
Washington, D, C. 20360

15. ABDSTRACTY

—3This report (Part 2) provides the technical support for the stockpile-to-target
sequance (Part 1). Table 2 of Part 1 (the stockpile-to-target sequence) is included
for convenience of the reader as a cross-reference to the chapters of this report.
Bach criterion presented in Part 1 is explained in an appropriate chapter. When
the criterion is based on conjecture or pure guess, or where work is needed to define
tha environment, this 1is noted.(

IR

DD ..o, 1473 (Pace ) UNCLASSIFIED
S/N 0101.807.6801 ‘Security Classification

ey

A eltasn xas



UNCLASSIPIED

Security Classification

XEY WOROS

LINK A

LiNk 8

LINK €

®ROLE

WY

noLu

ROLE

LAS

Environment

Environmental criteria
Temperature

Relative humidity
Precipitation

Corrosive Atmosphere

Sand and dust

Shock

Drop, no damage

Vibration

Radio frequency (RF) radiation haczard
Environmental philosophy
Stockpile-to-target sequence

(PAGE 2)

Security Clessification




