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FOREWORD

This report documents work perfrrmed by the Defense Tech-
nology Laboratories (DTL) of the FMC Corporation, San Jose,
California, under Contract PO8635-68-C-0090, with the Air Force
Armament Laboratory, Eglin Air Force Base, Florida. Program
monitors for the Armament Laboratory were Mr. Michael E, Flynn
and Captain Harold L. Hebert {BLIF). ' -

This design, development, fabrication and testing of the
Spray Tank Unit, Aircraft, PAU-8/A, was conducted from
17 May 1968 through 28 February 1971 by DTL under the direction
of Mr, A. H. Bussey, Program Manager and Mr. John J. Harrington,
Project Engineer. Technical personnel assioned to the progranm
were llessrs. L. R, Ramsauer, F. A, llettinger, DP. N. Singletary,
7. W. Iriebel, D. E. Knutsen, G. A. Powell and A. R. Janes.

This report has been reviewed and is approved.

-

<

~ ..'lsAL:b ‘-C-..__ y?
< Fra Klin C. Dd;Tg%iféolonel, USAP
Chief, Flame, Incendiary and Explosives
Division
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ABSTRACT

A modular spray system for anticrop chemicals was designed,
developed, fabricated and tested. The system is capable of ex-
ternal carriage on high and low performance aircraft in four
possible configurations using either one, two, three, or four
modules. Each of the 50-gallon modules is completely inter-
changeable and can spray at rates from 15 to 150 gallons per
minute. The modules use a compressed-air/gas reservoir to
pressurize the agent reservoir and force the ageat out the
nczzle. Support equipment,designed and delivered with the’
dispenser, included the loading and handling adapter kit for the MJ-1
and MHU-83E bomb 1ift trucks, the checkout unit,and the anti-
contamination kit for use with the F-4 aircraft. Nozzle tests
were conducted from alrcraft at 198 to 504 knots., Droplet
sizes of 105 to 555 micron mnd were obtained with the single module
configuration at air speels of 214 to 354 knots. Full scale
flow model tests of the agent tank lead to the development of a
module which expels 99 percent of the agent from the module ata
flow rate of 150 gallons per minute. Scale wind tunnel and
jettison flight tests were copducted to support the desion of a
stable two-module configuration.

Distribution limited to U. S. Government agencies'only;
. '

Lelivirg—

i  distribution limitation arplied
April 1971. Other requests for this document must be referred
to the Air Force Armament Laboratory (DLIF} , Eglin Air Terls
Base, Florida 32542.
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This final report describes the work performed. in the
desion, development, fabrication and testing of an Aircraft
Spray Tank Unit, PAU~8/A. (Prior to 29 June 1970, the PAU-8/A
was known as the 1MU~66/A, Chemical Anticrop Dispenser, and is
referred to by that name in some portions of this report.)

The program documented herein was conducted for the purpose
of improving the design of a previously developed sprav tank.
The desian improvement was for a chemical anticrop spray tank
of modular desisn, consisting of nose cone, identical liquid
container modules, module mating assembly, tail cone, liquid
transfer and power unit, and dissemination apparatus.

The system is capable of operating in four configuratiens,
using either one, two, three, or four medules, which can ke
operated either simultancously or in sequence. The four-module
configuration has a capacitv of 200 gallons (50 gallons per
module). All modules are equipped with both 14- and 30-inch
-lug suspensions and all are completely interchangeable. Tthe
tank is suitable for external carriage on high and low perform-
ance ground support aircraft employed in counterinsurgency
(COIN) and tactical operations, The system provides the capa-
bility of attackina both large and small crop-growing areas.

Under tnis proagram a dispenser was desianed; subsystems,
rmodels and full scale prototvpes were fabricated and tested for
rerformance; and test items were delivered to the Air Force for
R4D Engineering Tests.

Subiects discussed in this report inciude development of
the module, module adapter, dispenser test unit, loading and
handling adapter, shipping container, contamination, subsvystems
testing, and system demeonstration testing.



SECTION II
SYSTEM DESCRIPTION

2.1 PURPOSE OF THE EQUIPMENT

The Aircraft Spray Tank Unit, PAU-8/A, is used for de .iv-
ering chemical anticrop agents. The system is designed for
external carriage on hiah and low performance ground support
aireraft emploved in counterinsurgency (COIN) and tactical op-
erations and vrovides the capability of attacking both larae _
and small crop-growing areas.

2.2 GENERAL DESCRIPTION

The PAU-8/A (Pigure 1 and Fiqure 2} is of modular construc-
n. Each module is capable of being used as a spray tank
ce each contains the necessary controls, valves, pylon
achrents, nozzles, etc. for disseminating anticrop agents.
The systenm can also be used in a two-, three-, or four-module
configuration. Thus, the PAU-8/A can be arranqed to match the
load carryinag ability of the aircraft pylon selec :d for use.
An adaoter is provided to assemble the modules whenevaor
multiple-module configurations are required. The assembly re-
quires an appropriate set of fins and electrical interconnect-
ions. Fiaure 1 depicts fin arrangements and principal dimen=-
sions.

ic
.t.

i

i
-
e

The sprav tank is designed for use on the F-4, F-100,
r-105, r=-111, A-1E, A-7, and A-26 aircraft, and may be used on
cther aircraft where adequate clearance and suitable pylons
exist. Aircraft electrical provisions are reaquired for oper-
atina the tank.

Each module consists of a fifty-gqallon agent tank, a trans-
far system, an electrical control system, and a dissemination -
valve and nozzle. The agent tank is 13 inches in diameter, 106
inches long, and is fabricated from aluminum forging, castings,
and rolled sheet aluminum. The interior of the tank has a
protective coating to prevent the corrosive action of the anti-
crop agents from attacking the tank interior.

T™e transfer system consists of a compressed-air/qas pres-
sure reservoir, an arming valve, two check valves, a pressure
switch, pressure regulator, low-pressure relief valve, charging
vaive, filter, pressure gage, high-pressure relief valve, and
two bleed valves. These items, aleng with the electrical con-
trol system, are located at the forward end of the module and
are housed in the forward fairino inclosure. A pneumatically
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operated valve provides the on-off control for dissemination,
and an adjustable nozzle is mounted at the aft end cof the
module. An aft aluminum rairing inclosure 'is provided for the
valve and nozzle, , .

Operation of the system requires two actions by the pilot:
(1) Closina a cockpi' arming switch which’ arms the system and
raleaszes stored high-pressure air/gas into the agent tank .at a
rezulzted oressure, and {2} depressing the "pickle button" on
sae pilot control stick which opens the dissemination valve and
allows the aaent under pressure to be directed to the nozzle
asgerbliv. Dissemination continues until the pilot releases the
tutton which closes the dissemination valve. Nozzle adjustment
is set prior to flight to vary the flow rate (from 15 to 150
gallons per minute per module). The modules in the multi-
module confiquration can be operated simultaneocusly or in se-
quence.

Hy

2.3 PHYSICAL DATA AND OPERATIONAL CHARACTERISTICS

Physical data and oparational characteristics of the
system are shown in Table I, ‘

2.4 DETAILED DESCRIPTION OF SPRAY SYSTEM

Zguipment fuxnished for the PAU-8/A system includes the
spray tank unit {(Multi-Module), an electrical test unit
(Figure 3), loading and handling adapter assembly {Figure 4),
and turninc vane kit (Figure 5}.

2.4.1 Sprav Tank

2.4.1.1 cConstruction =~ Geﬁeral

Each of the four modules of the PAU-8/A contains the nec~
essary controls, valves, pressure reservoir, pylon attachments,
nozzles, ete. for disseminating chemical anticrop agents. The
rmodule consists of a tank assembly which stores the agent, a
pneumatic system which pressurizes the agent tank, and the
agent-dispensing system for control of agent dispersal.

Interconnection of the aircraft control system and the
PAU-~8/A system is provided through an electrical connector
~eunted in a well aft of the mounting lugs. The assembly of a
twe~, three-, or four-module configuration requires a module



TABLE I. PHYSICAL DATE AND OPERATIONAL CHARACTERISTICS

PHYSICAL DATA

$tore {overal!l)
tength
Maxinum Diameter

Weight
Nedulas
Small Fias
Large Fins
Raling Assemfly
Straps ’
Waisht Tatat (Empty)
gent (1.0 Specific Gravity)
Weight Filled (1.0 Specifit Gravity)
Rzent (1.2 Specific Gravity)
Weight Filled (1.2 Specific Gravity)

Agent (1.4 Specitic Gravity)

Weight Filled (1.4 Specific Gravity)
Agent Capacity
Lugs (Per Mit-$t4-8591)
Ko, of Fins Required

Center of Gravity Position
Conter of Gravity Empty
Cenler of Gravity Full (1.0 $pecific Gravily)

Agent Flow Rate

flectiical Bata

Shipping Lontainer

SINGLE NODULE
DISPENSER

T e PP

135.54nches
13  Inghes

' 214 Pounds
12 Pounds

founds
Pounds
Pounds
Pounds
Pounds
Pounds
Pounds

278
438
562
524
150
610
816

50 Galions
14 % 30 !Inches
.4 Smat
$TA. 65.9
STA. B8.2
15 ~150GPH

28 Ve
1 Amp

None

TH0-HODULE
DISPENSER

[P e

135.51nches
32.5 Inches

429 Pounds
12 Pounds
8 Pounds
31 Pounds
V5 fPounds

485 Pounds
872 Pounds
1287 Paunds
1348 Pounds
1543 Pounds

1220 Pounds
1715 Pounds
100
30 Inches

4 Smali
1 Large

STA. 65.5-
§Th. 9.0

15 -3006PH

28 YiC
2 Amp

Rone

Galtons

PP i

THREE-MOBULE
DISPENSER

135 5inches
32.91inches

8§44 Pounds
8 Prunds
16 Pounds
3t Pounds
22 Pounds

19
1308
2021
1972
2291

1830
2549
150
30 lInches

2 $mali
4 Large

STA. €4.9
STa. £8.8

15 -450GFM

28 ot
3 Amp

Pounds
Paungs
Pounds
Pounds
Pouncs
Pounds
Pounds

Gallons

None

FOUR-MOBULE
DISPERSER

P ekl i il

135,%4nches
32.51nches

Pounds
12 Pounis
15 Pounds
31 Pounds
Pounds

Pounds
Pounds
Pasnds
Pounds
Paunds

founds
Pounds

Gatfons
30 inches

4 Smalt
4 Large

STA. 64.8
STA. §8.8

15 -600GPN
28 Ve




Pigure 3. Electrical Test Unit
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Figure 5. Turning Vane Kit

adapter. Two high-strength stainless steel straps are used to
attach each module to the adapter.

2.4.1.2 Tank Assembly

The tank assembly {(Figure &) of the module is 13 inches in
diameter and approximately 106 inches long, fabricated from
aluminum foruing, castings, and rolled sheet metal. The hard-
back is an aluminum forging containing provisions for l4-inch
and 30-inch lugs. for attaching the dispenser to the aircraft
pylen. Two hand-support bulkheads are welded to the hardback
forgings to support the tank when assembled to the module adap-
ter. The inner tank or settling chamber, with a capacity of
approximately seven gallons, is located between these two bulk-~
heads. ’

10
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The skin is a 1/8~inch alumipum rclled sheet £itting
around the band-support bulkheads and butting againct the hard-
“back, The skin is welded to the bulkheads and hardback. The
tank is closed at the aft end by an aluminum casting welded to
the skin, The forward end is closed with a drawn aluminum bulk-
nead welded to the skin., A plck-up tube runs from the inner
zank zo the aft bulkhead and is welded to the rear band support
zulkhead and the aft bulkhcad.

The end bulkheads contain provisions for mounting the
pressure reservoir with attached valves, clectrical centrol bLox,
and nozzles. The tank also contains fore and aft filler caps
and fin attachment provisions. The inside is coated to protect
che aluminum from the corrosive action of the agent.

2.4.1.3 Agent Transfer System aneumatic System)

The pneumatic system (Figure 7} consists of a 3,000 psi
pressure reservoir, an arming valve, two check valves, a filler
valve, a pressure gage, a pressure switch, pressure reculatcr
valve, low-pressure relief valve, and a high-pressure relief
valve. These items, along with the electrical junction box,
are located at the forward end of the module and are housed
in the forward fairing. Two bleed valves are provided to vent
the residual pressure in the agent tank prior to servicing the
module. The fluid-transport-system schematic {(Fiqgure 8) shows
the arrangement of the equipment.

: The pressure reservoir is attached to the front bulkhead
of the tank by six screws. A single bolt retains the forward
fairing. The aft end of the forward fairing rests against the

skin of the tank., The arming valve, pressure regulator and
irterconnecting piping are attached to a mounting plate which
is bolted to the pressure reservoir.

2.4.1.4 Agent Dispensing

The dispensing system (Figure 9) consists of a dissemina-
tion control valve (shut-off valve) and the adjustable nozzle
located at the aft end of the agent tank, The dissemination
cortrol valve, housed in the aft fairing, is operated bv
pneumatic pressure piped from the pressure reservoir.

The nozzle and disseminatioh valve are attached to the aft

uikhead with four bolts. The aft fairina engages the rear
vutiload and ig attached to the nozzle by four screws.
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Piqure 7. »Mgent Transfer System
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2.4.1.5 HModule Adépter Assembly

: Trhe module adapter consists of two castings joined together
with a2 tube. The forward casting contains four locator pins to
~ate with the modules. The straps for nolding the modules are
2trachad t¢e each casting of the adapter by ball-lok pins.

2.4.2 Princinles of Operation

2.4.2.1 Basic Principles

The operating principle of the system consists of pressur-
izing the agent tank with filtered air or nitrogen which forces
the agent to flow from the tank through the adjustable spray
nozzle.

A. Fill Ports -~ The tank can be filled through either the
forward or the aft fill port. The fill ports are equipped with
strainers to prevent the filler hoses from entering and damacineg
the inner coating of the tank and to prevent large foreign par-
ticles from entering the tank,

If the agent tank 1is pressurized above five psi, the filler

caprs cannot be removed until the tank is bled to about two psi.
The klged valves must be left open during agent filling to allow
e air to bleed out of the inner tank: otherwise, the tank will
noT Fill,

B. Tank Pressurization and Reaulation ~ The pressuce
reservoir is filled through the charging valve located on the
large manifold mounted on the reservoir. The gas going through
zhe charging valve passes through a l0-micron filter before
entering the pressure reservoir. The reservoir has a volume of
650 ¢ubic inches and is charged from 1,200 psi to 3,000 psi,
derending upon the operating temperature. A high-pressure gage
mounted on the reservoir reads the pressure in the qgas reservoir.
The praessure reservoir has enough volume to go through a temper-
ature cvcle from +160°F to ~65° F and still have enough pressure
remaining to completely empty the agent tank at the low temper-
ature.

The hiah-pressure relief valve, mounted on the reservoir
next to the pressure gage, prevents the reservoir from being
over-vressurized and allows gas to be relieved at high tempera-
tures. The valve opens at 3,400 psi and reseats at 3,100 psi.
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A pressure switch, mounted on the large manifold of the
pressure reservolir, performs a switching function when the
tank is empty. The switch opens at. 250 + 50 psi and remains
open until the pressure in the reservoir drops to 200 + 10 psi,
at which time it closes.

The solenoid-cperated arming valve is located in the large
manifold and is controliled by the arming switch in the aircraft
cockpit. Actuation of the arming valve allows the high pressure
gas to flow to the pressurc regulator located in the large mani-
fold. The ou:let operating-pressure of the regulator is 53 ¥ 5
psic: the nonflow or lock-up pressure outlet of the regulator is
71 psig, -

There are two outlets from the regulator: one to the dis-
semination valve and the other to the agent tank. After the
gas leaves the requlator on the way to the agent tank, it first
passes throuah a check valve and then by a low-pressure relief
valve. This low-pressure relief valve prevents over-pressuri-
zation of the tank in case of failure of the regulator. The
ralve cracks (opens) at 85 psig and reseats at 75 psig.

Before entering the agent tank, the requlated cas passes
throuah a second check valve. A section of nylon tubing con-
nectina this second check valve to the tank acts as a trap to
reduce the amount of agent in ¢ontact with the seat on the check
valve to prevent build-up of crystallized agent on the 3eat.The

two bleed valves mounted on the forward bulkhead are for bleed-
ing the pressure from the agent tank before the filler caps can
be removed and for ventineg the internal settling chamber durine
filling.

C. Dissemination Control Valve and Nozzle - The dissemin-
aticn control {shut-eoff; valve and nozzle are located at the
aft end of the agent tank. This is a pneumatically operated
ball valve whose operation is controlled by a solenoid~operated
pilot valve through a piston, rack, and gear. The pilot valve
controls requlated air oiped from the regulator to the piston.
Actuation of the pilot valve is controlled bv the bomb switch
{pickle button} located on the control stick of the aircraft.
When the dissemination control valve is open, the pressurized
air in the agent tank forces the agent into the settling chamber
through the stand-pipe and out throuqh the agent pick-up tube.
The settiing chamber allows the air mixed with the agent to
separate from the agent before entering the agent pick-up tube,
thus 1nsur1ng that no air passes out of the nozzle until the
agent tank is empty. This inner tank is the last to emptvy
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during dissemination and prevents the uncovering of the aaent
pick-up tube and subseguent loss of tank pressurization during
the noge-up or -down flight.

The nozzle asserblv, located aft of the dissemination con-
tr:l sralve consists ' of a housing, diaphragm, and nozzle adjust-
Tent zlaeve, The diavhraom is made of a flexible rubber over
sTiifarers and is threaded to the housing at the aft end. The
n9zzle adjustnent sleeve is threaded to the housing and fits
over the diaphragm. The nozzle is adjusted by screwing the
sleeve in and out; two setting labels provide for adjustments
from 0 to 16 and from 1 to 15.

When pressurized agent is flowing through the nozzle, it
forces the flexible diaphragm to move back until the stiffeners
come to rest against the nozzle sleeve. When the nozzle sleeve
is screwved all the wav in, the orifice in the diaphragm is
small; screwing the claeve out enlarges the orifice and adjusts
the flow rate. The nozzle sleeve is held at the desired setting
by a ball detent.

. Two drain ports are provided in the agent tank: one is lo-
cated in the bottom of the aft bulkhead for draining the main
tank; the other is located in the side of the rear band-support

ulkhead for draining the inner settling chamber., A third port
is leocated in the upper rear of the aft bulkhead. This port

is for a oressure gqage to be used during calibration of the
cank.

D, Electrical Control - Treelectrical circuitry (Fi jure 8)
in the PAU~B/A consists of control circuitry for operating the
arning and dispensing control valve. The control circuitry
provides the means for arming the module and opening and closing
the dissemination control valve. Operation is from the controls
located in the airecraft cockpit. The circuitry includes a
selector switch mounted in each module for selecting the mode _
of operating the rulti-module system (simultaneous or se~uen-
tial). The system utilizes 28 VDC supplxed from the aircraft
systen.

Two control functions are required for arming and Oper§tion
of the redules. The atming switch applies power to the arming
circuit. When this circuit is eneraized, power is applicd to
the coil of the arming relay amdd to the solenoid of the arming
valve which opens the valve and allows the agent tank to he

pressurizod.



Disseminaticn is obtained by operating the bomb release
{pickle button) on the pilot's control column. This circuit,
when energized, applies power throuah the armine relay to the
dissemination solenoid control valve. When the bomb release
switch is released, power is removed and the control solencid
closes, shuttiag off the flow of agent to the nozzles.

A selector mode switch is installed on a junction box as-
sembly mounted in the forward end of each module. The selector
switch provides four positions: DPosgition No. 1 -- sequential
rodule usaae; Position No. 2 -~ simultaneous usage of two med-
ules, followed by the remaining two modules: Position No, 3 --
simultaneocus usage of three modules, followed by the remaining
medule, and Position Ne¢. 4 -- simultaneous usage of all four
modules. Althcuah there is a selector switch in 2ach module,
only the top switch needs to be set to get the desired sequence.
The remaining switches can be in any position without affecting
the sequence.

Sequencing of the modules is achieved through the use of
the pressure switch., When module prossure drops below 200 psi
(agent tank empty), the switch moves to the NC position {(normal-.
ly closed), diverting power through the selector switch to the
next module, or modules, in sequence.

The sequence of operation for two-, three-, and four-
module dispensers is shown in Table II.

A safety switch (arming switch) is used to prevent aircraft
power from inadvertently entering the system while on the ground.
The safety switch is located on the forward bulkhead just aft of
the nose fairinag and is actuated by a quick release ball-lok
pin, which is inserted through the top side of the module. 3
red "REMOVE BEFORE FLIGHT" streamer is attached to the switch
actuation pin.

2.4,3 Shipwvina Container

The shipping container (Figure 10} is a wooden, wire-
hound container fabricated from plywood and timber consisting
of a kase, side assembly, saddle and saddle retainer, and
cover assembly. The side and ends are held together with wire
and, when assembled, interlock into the base with a cleat at
the bottom of the sides. The retainers are held in place on
the base between blocking pieces. The saddles interlock in
the ratainers and are held to the dispenser by two 0.75 in by
0.023 inch straps. The fins are stowed in two boxes mounted to
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TABLE I1X.

SEQUENCE OF OPERATION

TYPE OF

(Four Modules)

SWITCH THO-MODULE THREE-NODULE FOUR-MODULE
PaSlI_I_ﬂN aﬁfgﬂs._m[; CONFIGURATION . CONFLGURAT ION CONF tGURATION
©
1 Sequential © @ @ @®®
@ ®
) ®
2 Simultaneous © @ Q0 @®@
(Two Modules) @ @
o
3 Simultaneous © OO (j()(j
(Three Modules) @ ®
® ®
4 Simuitaneous 0 OO OJRO;
® ®
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the base and the covers to the fin storage compartments arc held
in vlace Lv one strap on each compartment. The container cover
is securec¢ by four straps which go around the entire container.

The fecur-rodule configuration is rotated 45 deqrees from its

normal urricht position to reduce the storage and shipping vol-
“Te oI che container,

2.4;4 Disvenser Test Unit

A test unit (Figure 3) is used to aid in moritoring and
functionally checking the system as well as for functional
checks of the aircraft and pylon control circuitry.

2.4.5 Loading and Handling Adapter

Since the two-, three-, and four-module confiqurations will
not fit on the standard adapters furnished with the MJ-1 and
MHU-83/E bomb 1ift trucks, a special adapter is furnished with
the svstem s0 that these two bomb 1ift trucks can be used to
load any confiquration on the airer-ft., This loading and hand-
ling adapter alliows the two-bomb 1lift trucks to load on the out- .
board statioas of the F-4 {which have a 7-1/3-deqree cant angle)
and on the Al-E (which has an incidence angle of 10-1/2 degrees),
as well as con other af:zcraft pylons.

2,4,6 Contamination Control Adapter Kit (Turning Vane)

This kit is supplied for use with the F-4 aircraft to re-
duce the spray contamination of the under side of the wing. The
kit is desianed for use with the three-module configuration.
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SECTION III

MODULE DEVELOPMENT

3.1 MODULE REQUIPEMENTS

nelxver cncmzcal anticrop aqents, future chemical

agents, and plant growth hormones.

Be suitahle for external carriage on high-and low-per-
formance, ground-support aircraft employed in counterin-
surgency and tactical operations.

Be of modular design.

Have identical liquid containers.

Have a dissemination apparatus with off-on capability.
Capal-le of operating in various confiqurations, using
single modules and comblnatlons of two, three, and four
modules.

Nperate modules simultancouslv or in sequence.

Agent container modules shall be completelv interchanqe-
able.

Four-module confiquration shall have a capacity cf at least
200 gallons.

Modules shall be equipped with l4~inch and 30-inch lug
suspensions.

The number and combinations of modules shall be deter-
mined by the weight capability of the given station.

Modules shall Le readily and quickly filled and serviced
while suspended on the aircraft.

Be compatible with armament circuitry of each aircraft.

Cause no appreciable degradation to the aircraft cpeva-
tional performance.

Be capable of delivering agent with a specific gravity
of 0.80 to 1.40 and pH within the range of 3.0 to 8.5,

Capable of storage of &qents for a minimum of'six monthe.
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Capable of five-vear storage with no loss of perform-
ance.

At alreraft operational speeds of 200, 325, and 500 KIAS, be cap-
able of dlssemlna*lng a liquid _agent wlth 1 k specific gravity so
that <he _Spray will be mostly in the particle-size range of 2(7
to 400 ricrons mass median diameter (mmd) and with less then 10
percent by volume of the agent being outside the range of 100 to
500 microns mmd.

Arming and dissemination shall be two separate and dis-
tinct actions,

Dissemination shall continue until bomb switch is re-
leased. _ ' )
ﬁll confiqurations shall be capable of carriage to
reeds of 1,5 Mach at 35 000 feet and up to Mach 0.90 a+
s level.

Tuncticn at speeds of 150 to 600 KIAS within lcad factor
envelopes of MIL-A-8591C.

Safe ejection from any aircraft station with minimum
limitations to ejection speed of the aircrafe.

Capable of delivering agents at 25, 75, and 150 gallons
per minute at speeds from 200 to 500 KIAS.

All configurations shall be capable of simultanecus op-~
eration with minimum requirements for electrical powver
from the aircraft.

The empty weight of one nose cone, one tail cone, one
agent module and associated control and piping egui=-
ment shall not exceed 250 pounds.

Minimum of three man-hcur mean time to repair four >d-
" ules.

The failure rate of the item shall be no greater than
10 percent.

Minimum of parts are to be for one time use,
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3.2 ACENT TRANSTI'R SYATEM

The purrese of the acent transfer svstem is to force th
50 qailons oY agent throuah the Jdissemination nozzle and out
the rodule inte the armesphere. 1In addition, the agent trans-
for svstem is also desianed to:

e Occury minimum space.

¢ 3¢ lioht weiaht.

® Tunctien with hish reliability under a vuirietvy ¢of en-
vircnrental conditions. '

® Teoduire rinimum maintenance.

® Be eazily repaired.

e Provide a con&tqﬁt flow rate throuachout a aiven settines,
® Control! the flow 0f agent.,

® Be safe to operate and service,

Three baszic methods of movino the agent were investigated:

e Pumping the adent out of the tank bv an electrically or
raeuratically driven punp,
e <Containing the aagent in & bladder and forcing it out by

LR 1)

rreuratic or mechanical means.

¢ Pressurizina the agent in its tank by a prneumatic svsten
and controllina the flow by the control valve,

AN investication of these methoas indicated that the ve
and power consurption of a pump svstem would be rrohibitive, 3“
that the cest of an effective bladder svstem would be rHush
er tran that ¢f a pressurized tank svstem. The desiened asz
transfer system stores cnouah oempressed aas cneray to ffrge :hs
azent out ©f a tank and to operate the agent flow contrel valra.

To accormplish this functioca, the system must contaln the follev-
ing componentss

p.
¥ ’f

l"
L]
+
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e Iliah pressure gas storace reservoir.

e Gas oJharging valve and filter.

® 3§ rressure Jage.

® Hizh rressure relief valve.

@ Pressure activated electrizal switch.

& Electrically operated pnéunatic control valve,
& Proumatic pressure regulator.

® Loiwaepressure check valve.

T

® Lowapressure relief valve.
& Lowapressuyre bleed valve,

These corponents nay be joined into a system in two ways.
ﬁey may be »Cﬂ nected toaether by pneumatic lines aﬁd fittings,

t ere 15 *c reed £o separate the irdividual corpcnenta te “ul-
i1l the systen function, a manifold offers the following advan
ges over preuhatic connecting lines: (1) hxgher rgllability
e to decreased suscentibility to vibration and shock and {ewer
e*ral JOlntS to develop leaks, (2) greater maintainability
uge of easier access te individual systenm elerents, and (3)
sverall cost due to the reduction in the nurber of pneu-
fittinas required, the greater reliability, and the re-
assorbly and maintenance. 3Because it was both desirable
girle to locate nmost of the components in the nose of the
a manifold system was enployed.
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ts were conducted on four GFE modules for the purposc of
ina «heir operational qualities. These tests supported
stiens of the above comronents. The tests indicated

® Fajlure of the burst pluc used to prevent the tank from
over-pressurization was due to fatigue.

e The fittings used to connect the system's components
leaked.

e Tailure of the arming valve allowed the acent tank to
be pressurized hefore arming occurred.



e Tailure of the check valve located between the arming
soleneid and regulator allowed fluid to enter the arm=-
“ing valve and the dissemination pilot valve in the rear
of the module,

he energy source of the agent transfer system is 3,000 psi
nxtro eq or air stored in the high-pressure container. The
system is controlled by electrical signals initiated by the
piles.

iiowina is a breakdown of agent pneumatlc transier sys-
; nents {(Figure 1l), explaining the function, perfcrrm-

ter c:
veguirements, and special features of each:

andcg re

1LY Tre highobressure gds storage reservoir is a hollow |
sphere, the twe halves of which are drawn fyom- shatter-proof
steel and welded together. Lugs for boltina the sphere directly
to the forward bulkhead of the meodule and bosses feor attaching
two manifolds are welded to the outside of the sphere. Each
sphere is tested for weld inteqrity, heat treated, and then sub-
jected *2 a series of pressure tests before it is accepted for
use in the systerm The sphere is desioned to withstand 2-1/2
tires the actual svsten pressure of 3,000 psig.

(2} The electricallv-onerated pneumatic control valve
(armine valvelcontrols the flow of high pressure cas from the
rese¥vely to the reost of the svstem., It is normally closed (to
subiect as few parts as possible to high pressure gas) except
when the system is functionina. This reduces the hazard of
da*agzug the aircraft if the module is damaced in flicht, zand
reduces the nurber ¢of potential leak points. then the ars
switsh iz on, the arming valve opens, allowing pressurized Jas
to flow through the system into the agent tank. The system can
be disarmed by turning the armirg switch cff. The valve is a

spring return type and automatically closes when the solenoid is
de-energized. This type of ariing valve allows the pilot to
disarm the systém after it has been armed in the event the mis-
sicon is discontinued, and, in the event of a power failure, the
syster automatic¢ally returns to an unarmed configuration. The
tanx remains pressurized after the arming valve is clesed.

{3} The cas charaging valve is a stainless steel device
threaded into the syvstem manifold which allows the pressure
$éphere to be filled with gas while the module is on the around.
A ten-ricron filter is 1ncorporated in the charging valve to
keep contaminants from entering the system.
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(1) Manifolds dre attached to the pressure sphere to re-
place pounting brackets and pnounatic lines. They are machined
blocks ported in such a manner as to properly connect the trans-
fer system components attached

{3} <The IOh-orassure relief valve is necessary to cguaran-
tee that the pressure in the agent tank will not exceed 92 psice
even if the pressure regulator fails, 1In the event ¢f regulator
failure, the valve will vent the pressurized gas into the atros-
phere at a sufficient flow rate to prevent the agent tank from
beina over-pressurized. «hen the tank pressure drops to 7% psig,
the valve reseats itself.

{6) The vressure-activated electrical switch is located in
the manifold between the reservoir and the arming valve. Its
pressure sensing comporients are set to throw an electrical
swizch from one pole to another when the pressure in the sphere
falls below 200 psig.. This action interfaces with the gsystem
logic in such a manner as to: (a) allow the system to be armed
only if the sphere pressure is greater than 200 psig: (b} auto-
matically turn the dissemination valve off when the sphers pres-
sure reaches 200 psig: (¢) automatically initiate the next
presrammed step in the dissemination sequence.

{7) The low~pressure check valves permit fluid or gas flow
ne directicn only. Thelr purpose 15 to prevent the flow of
rack up the pneuﬂatlc lines from the agent tank to the

tive 2uent transfer system pneumatic components. Two
ralves are used to insure that the agent does not back up
112 the agent transfer svsten;y thus, one check valve could fail
without any harmful ef fects to the system. (The second valve
was added after failure of the check valves on the GFE modules.)
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(8) The cvrneumatic pressure requlator is designed to main-
tain a constant flowing pressure of approximately 55 psig in the
agent tank. So-flow pressure is 71 psig.

{9) and {10) The hich-pressure relief valve and the cas
pressure cage are both mountec on a small fanifold which at-
taciies to the pressure sphere to provide a geod view of the zas
rressure gage. This gage is designed with a color codeé sczle
to simplifyvy the charging procedure and to add to the safety of
the svstem by providing acé¢curate indication of the gas pressure,
The high pressure telief valve increases the safety of the sys-
term by negating the possibility of over~charging the pressure
sphere. This valve opens to allow gas to escape when the reser-
voir gas pressure reaches 3.100 psig and remains open until the
523 pressure in the reservoir has fallen to 3,100 vsig. At
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.3,100 psig the valve reseats itself.

The low=pressure bleed valves located on the forward bulk-
nead of the module allow the low pressure part of the systen tc
~Le tled £o atmdspheric rressure in order to remove the tank
211l caps., The valves have been designed and located in such a
way that the module nose cone cannot be attached to . the module
until these valves are closed, thus assuring that the module
carrnot ke flown with the valves open.

- 3.0.7 lenponent Testing -

Two agent transfer system units (Figure 11) underwent envi-
ronmental tests to insure the design would meet SpQCIflcathnS.
These tests are listed in Table IIIX.

During low temperature (-65°F) tests, the solencid arming
valve stuck and leaked, and the low pressure relief valve
leaked. These problems were solved by better surface finish
on the base of the solenoid valve, changing the O-rings to sili-
cone rubber, and better alignment of the poppet with the base
and solenoid. This reduced the amount of pull required to op-
erate the valve. The seat of the relief valve was changed to
silicone rubber. Atter these changes were made, the units were
retested and found acceptable,

3.3 DISSEMINATION SYSTEM

The vurpose of the dissemination system is to control the
stavt and stop of the acent flow, the flow rate, and tc dissem-—
inaze defolians agents in such a manner that they reach the
scund vegetation in 20(-to 400-micron diameter particles, after
iection from high speed aircraft at an altitude of 100 feet.

There are two basic methods of controlling the start and
stop of the flow,

® Electromagnetically, ox
‘@ Electropneumatically.
"An investigation of the power requirements to operate the
valve in less than 75 milliseconds indicates that the available
electrical power was inadequate =o ¢o anything other than per-

‘orm a control function. Because of the lack of electrical
powey, the electropneuratic svstem was chesen so that the

30



TABLE I11. FENVIRONMENTAL TEETS OX TUHE TRANSFER SYSTIM

1EST

UNIT : LUNET L

Systea Leak And Perfornance

Low Pressure
Per MIL-STG-5108. Method 550

High Tezperature
Per MIL-$T1D-8106. Method 5)1.1

Low Temperature :
Per MiL-STD-310B8. Method 502.1%

Temperature Shock :
Per #MIL-5T0-810B, Method 523.1

Tempesature-Al tijude
Per Mit-$ID-8108, Methad 504.1

Haredi ty
~ Per WIL-STD-BI0B, Metihod 507.1

Fungus
Pet MiL-STD-B10D, Meihod SO8 1
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cengressed gas within the module could perform the power over-
aticns. |

To accomplish the desired function of dissemination, the
follawing items are required:

& Dissemination pilot valve {solenoid valve).
. -Dissemination valve pneumatic actuator.

@ Dissemination valve.

e Nozzle.

All components are attached to the aft bulkhead of the mod-
ule to reduce the opening time of the dissemination valve.
{The pilot valve, the pneumatic actuator and the dissemination
valve comprise one modular assembly.)

The first two components are required to operate the dis-
semination valve through a signal from the cockpit of the air-
craft. They are inclosed in a stainless steel housing attached
to the top of the valve. Each of these components has been
designed to withstand agent contamination, both structurally
and functionally. ¥hen the pilot gives the arm command to the
module, regulated 60 psig gas ie introduced into the inlet port
of the pilot valve. When the dissemination signal activates
the zilot valve solenoid, the regulated gas is allowed to enter
the cneuratic actuator piston cylinder. The gas pressure drives
the riston to the other end of its cylinder. This opens the
dissermination ball valve chrough a rack and pinion g¢ear. ¥hen
the sclenoid pilot valve is deactivated, the air from the actu-
ator piston is bled off and the piston is spring returned.

This closes the ball valve. This type of valve agsembly was
selected because it offers the highest reliability, smallest
size, lightest weight, lowest pressure drop through the valve,
and the lowest cost due to its design. The valve will cpen
completely within 75 milliseconds of the pilot's command.

To develop a nozzle, a series of static and flight tests
(Section X) was conducted. The results of thegse developmental
tests indicated that:

& The orifice size had small effect on the size of the
particles ultimately striking the ground, :

e Mhe relative ve’ wicy of air striking the ejected par-
tivien Bad a malor of fect on their size,



e The primary effect of varying agent flow rate on droplet
size was due to the resulting .changes in slip strcam
particle relative velocity and not to internal turbu-
lence, '

Nozzle design evolved in the following manner: To cenerate
data, a nozzle was designed, fabricated anrd tested. This Firsz
nczzle (Test Nozzle Ko. 1, Figure 12) wvas designed sc that
agent flow rate, orifice size, and agent shear direction couléd
be varied. Using Test Nozzle No. 1 and the GFE nozzle,

(Figure 13) static and flight tests were conducted, As a re-
sult of these tests, more sinmplified test nozzles were desicned
to further study nozzle configurations under dynamic conditio:.s.

LﬂBlFlBE PLATE

Figure 12. Test Nozzle No. 1

Test Nozzle No. 2 used one- and two-orifice plates with de-
flectors (Figure 14). Test Nozzle No. 3 (Figure 15) used con-
ical nozzles with different size restricting orifices up-stream
from the exit nozzle to regulate flow. From aircraft flight
tests with these nozzles, it was determined that a variable
size orifice could be used to get the proper droplet size as
well as to control the flow rate.

Prototype Nozzle No. 1 (Figure 16) using an elastic dia-
phragm backed up with metal stiffeners bonded on the diaphragm
was then fabricated. This first prototype was used in static
tests to demonstrate the design.

Prototype Nozzlc¢ Wo. 2 (Figure 17) consisted of a stainless
steel housing with a molded diaphragm and with stiffeners ~clc-
eé into the diaphragm. When the nozzle underwent static tests,
t2e nolded stiffeners prevented the elastic diaphragm £rex
-stretching, causing it to tear. A flat free-floating stifi-
ener was designed to overcome the tearing problem. Prototype
N¥e. 3 (Pigure 18) underwent successful static cycling and
flight testing. After these tests, the nozzle housing was
‘redesigned for weight reduction and to simplify fabrication
aré production. Polypropylene was selected to mold the nozzle
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Figure 13. GFE tozzle
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Figure 14. fTest Nozzle lio. 2

..sleeve and body because, in addition to being ecasy to mold, it
is also resistant to the agents used.

The nozzle allows the agent to pass through the circular
orifice, which can be varied from 3/8-inch diareter to 1l-1/4-
inch diameter by rotating the adjustment sleeve surrounding
the orifice. The body of molded polypropylene connects the

.nozzle orifice to the dissemination valve, functions as an
cagent accumulator in order te reduce fluid turbulence, and
#. ~supports the nozzle orifice diaphragm, adjustment sleeve, andg
itail cone. The adjustment sleeve, also of molded polypropvlene,
* “cont¥pls the orifice size and protects the nozzle diaphraer
frum -damage during leoading and storage. The nozzle diaphragsm
| {molded fluorosilicone rubber with a 3/8-inch diareter orifirce
“in 1ts center) is molded to a threaded stainless steel insers,
.¢en flat stainless steel inserts are held to the orifice by
'xetainers molded in the rubber. They run radially {rom the
orifice to the outer perimeter ¢of the diaphragm. When the
%dlssemanatlon valve 13 opened, agent flows into the nozzle,
fills it, and pressurizes the inside face of the nozzle dia-
" phragm. The diaphragm deforms under the pressure with an out-

vl
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Figure 15. Test Nozzle No. 3
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DEAPMAAGH ADJOSTMENT SCREWED In *0  DEAPHRAGH ADuJSTRENT PAPTLY Sottegd duT,
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CAPENS1ON AND, TWYS, " ENCREAS ING QRVFICE SI2E, DECREASING
MAT SN EJECTION WELOCHTY, EJECTION vELOCITY AND STREAMLINING FLOW,

Figure 16. Protctype Nozzle No. 1

CONNECT 1hE TUBE

VALNE FLANGE w2I2LE ORIFILE

SETTING LASEL

ROJZLE ADJUSTMEWT
SLEEVE

BOZZLE DIAPWRAGH —/

wO22LE ORIFICE

Figure 17. Prototype Nozzle XNo. 2
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Figure 18. Prototype Nozzle Yeo. 3



ward bulee which enlarges the orifice. Ordinarily, the Jdia-
rhraam would tend to form a hvperbeloid when pressurized: how-
ever, the Jlat inserts causc it te form a ¢one. This allows
the orifice diameter to be precisely controlled by the adjust~
"ent SlegVu. which has a hele in it larger than the larcest
orifice diameter desired, but smaller than the diaphragn’s outer
Jlameter. This annular end cap is prepositiconed to the desired
Jistances cutside the diaphraam by sacrewing the adjustment
siceve 1n or out (Fiaqure 19}. Thus, when the pressurized agent
deforms the diaphraem, the adjustment sleeve end cap determines
the central angle of the cone formed and, conseguently, the
erifice diameter., The nozple orifice diameter adjustrment is
easily made external to the module. The tail cone need not be
removed to reach the adjustment sleeve. . '

3.4 ELECTRICAL CONTROL CIRCUITRY

The system is cperated and contrelled electrically frorm the
aircraft. The two circuits available to operate the systen are:

(1) the arping circuit and (2} the fire circuit, pickle cir-
cuit, or dissemination circuit (in the PAU-8/A it will ke
referred to as the Jdissemination circuit).

The system must be capable of being armed and disseminated
ouqh electrical commands from the pilot. The electrical
itrols interface with Lhe prneumatic svystem throuagh the arming
anoitt, dissemination solenoid, and rressare awitch. ‘the
vaLer rast 4lse be capable of several different configurations
=¥ segucntial dissemination. To provide these configurations,
a pressure switch and a mode selector switch are required. To
provide safety, an arming switch (safety suiteh) and an armina
relavy are required.

-}
T
or
A

4

uy e ’1 0;

The =system operates on 23 VDC with a current drain of 1.06
arps rer module when armed and disseminating. The power break-
sown is as follows:

Dissemination Solenoid 0.5 arps
Arxming Scolenoid 0.5 amps
Armina Relay Coil _ 0.06 arps

1¢2 all four rodules are disserinating sinultanecusly, the total
current drain is 4.24 amps. The longest drain with all four
modules disseminating at onee is approxirately two minutes (25
zal/min for 50 gallons). Therefore, the largest drain on the
aircraft power would be 0.141 armpere-hours per ‘our-ro lule con-
figuratien. The 4.24 amps per four-module configuration is

39



NOZILE SETTING NO, 1

NDZZLE SETTING %0, 16

Figure 19. Production Nozzle

telew the 5 anmps maximum allowable on some aircraft stations.

A Tode selector switch is mounted on each junction box.

icwerer, when more than one module is used, only the mode
gwissh in Module Xo. 1 is operable; the other mode switches
have a2 controlling function. Mode position Ro. 1 disseminates

) f) s =
s

-
28 sequentially; top, left, right, then heottor, !cde

1on No. o disseminates modules topand right simultaneously,
a c2ft and bettom sirmultaneously., Mode positin No. 3 dis-
serinates nodules top, right and left simultaneously, then bot-
tom. Mode position No. 4 disseminates all modules simultan-
eously. Table II sl.ows cother modes of operation for the two-
and three-module configurations.

[LLL RS

7]
o]

The electrical system operates in the following manner:
When the red-flagged arming pin (REMOVE BEFORL FLIGHT) is re-
roved, it allows th: two poles on the arming switch to close,
One pole permits arring, the other dissemination. Actuatioa
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oY the arming switch by the pilot provides 28 VDC power
tarcugh the arming switch (safeoty switch) and the pressure
switch to the arming solenoid, which operates the arming
valve. It also energizes the arming relay coil. Activating
tie arming relay coil closes a set of contacts, making dissen-
ination mossible, Before the circuit can be armed, the pres-
sure switch myst be in the hiagh positien which only oceours

when the pressure in the high-pressure gas container is greater
than 200 psi. When the pilot depresses the dissemination but-
ton, 28 UDC is supplied to the dissemination solenoid through
the arming switch and the arming relav contacts. URhen the tank
is fully disseminated (pressure below 200 psi}, the pressure
switch suppiies power to the next module for dissemination.

The pilot ray start and stop dissemination by releasing and
depressing the pickle button.

Three plugs are located on the junction box. One connects
the module to the circuit, another connects other modules to-
gether electrically, and the last is a test plug. also mounted
in the junction box are two zener diodes, These diodes allow
paralle! creration of tle arming valve and relay at nornal
operating voltage of 28 VDC, but will isolate these cormponents
for continuity testing at 6 vbC, '

3.5 CENTER SECTION (AGENT TANK)

The center section (Figure 2u), basically a 13-inch 0D tube
connecting the fore and aft bulkheads, provides the following
majer functicns:

& Afitaches to the bomb racks

e Is the-major scrength component

® Contains the agent

e Contains two fill ports

e Attaches t¢ the module adapter

e Accepts up ta four stabilizing fins

@& Provides mounting for all cother hardware (pneumatic
systen, disseminate mechanism, etc.)

Paracgraph 3.%.1 gives the design philosophy for each sub-
component in the center section and paragraph 3.5.2 summarices
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Figure 20. Tank Assembly (Agent Tank)



tie flow tests which were conducted to optimize agent flow
dynamicos within Lhe conter seotion of the module.  Soction IN
discusses the fit tests and wind tunnel tests which alse in-
fluerced thic design.

3.5.1 Component Parts

_ The center section (agent tank assembly) consists of the
follewing major components (Figure 20):

® Strongback {forged)

e Sxin (13-inch OD tube) (rolled sheet)
e Forward bulkhead {drawn sheet)

e Aft bulkhead (cast) _

e Bank support bulkﬁeads {cast)

e Inner tank (formed sheet)

e Fill ports and caps (wrought aluminum; Nylon 6/6, 40
percent glass; stainless steel)

e Pick-up tube (formed aluminum tubing)
e Stainless steel pipe
e IZlectrical conduit

The éesign philosophy for each of these components is explalneq
in the following paragraphs.

All components except parts of the fill ports and caps are
made frem aluminum to keep hardware weight down commensurate
with strength regquirements. Alloy 5083 is used exclusively
for all forged and wrought components; 5083 provides an excel-
ient corbination of strength, impact and fatigue resistance,
weldability, and resistance to corrosion and stress cracking.
Cast cormponents (aft bulkhead, bank support bulkheads) are
made from either 356 or 357 aluminum casting alloy to provide
high strenagth and light weight.

3.5.1.1 Strongback

The module strongback incorporates both l4-inch and 30-inch
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lugs, has an electrical cavity aft of the rear 30-inch lug (to

©.actept pylon umbilical cord), and provides bearine area for the

. sway.brace pads of the following bomb racks:
e K51 |
®. T=100/Type I
® F-lﬁO/Ty?e‘III
® ﬁAU*Q/a and MAU-9A/A
& MAU-12B/A
e F-105/Multi-Weapon Adapter
® F-105/Universal B/D Pylon

w-She hardware delivered is compatible withthese racks. The sway -
. brace pads were not made compatible with MIL~STD-8591C until
after desiagn approval; therefore, the hardware is compatible
with the racks only. The strongback is also able to withstand
the high-lug ané sway-brace forces which are generated with the
systen in the four-module configuration.

The stroncback could have been either forged, cast, or roll-
ed and machined from thick plate; however, rolling and machin-
"ing is costly Sor any production quantity. While both casting
anéd forging provide excellent Jdesign flexibility, forging pro-
duces a more integral part which requires considerably less
inspection and, therefore, reduces cost. Because of this,
‘orgzng was the fabrication method selected.

Threads are cut directly in the stronaback to mount the
14~inch and 30-inch lugs. Rigorous testing shewed that this
method of lug mounting provided excessive strength while keep~
ing costs and weight at a minimum. Separate external high-
strength steel pads are bolted to recesses in the strongback
to provide adeguate sway-brace pad-bearing resistance and to
alter the basic l3-inch OD store configuration to allow mount-
inag of the store to the seven specified bomb racks.

3.5.,1.2 Skin

The skin is a 13-inch OD tube which mates with the strong-
back and circumscribes the fore, aft and band-support bulkheads.
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It must withstand 55 psig internal operating pressure and all
irposed environmental loadings during handling and flight. ' The
skin is made from rolled and welded 5083-H323 aluminum, 1/8-
inch thick. Rolling and welding was selected because it is a
far less expensive method of forming a tube with irregular cut-
outs. .

3.5.1.3 Bottom Doubler

The bottom dcubler strengthens the underside of the store,
providing a cradling area for handling. MIL-STD-8591C dictates
c¢cubler size and strength. The doubler is adequate to support
a single module on forklifts, but the loading and handling fix-
ture must be used for the two-, three-, or four-module config-
uration. The doubler is made from simple rolled rectangular
plates, fillet-welded to the module skin. Three plates are
used to provide locating recesses for the mating adapter bands.

3.5.1.4 ' Porward Bulkhead

The forward bulkhead closes the front end of the center
section ané provides mounting support for the pressure sphere
and all pneumatic hardware, electrical tubes, bleed tubes and
nose cone. The bulkhead can either be cast, forged, machined
from stock, or drawn from sheet, Castino and forging provide
excellent high-strength components; however, koth require gsec-
ordary machining operations and the resulting parts are too
heavy. Machining from stock is excessively costly for large
cerponents such as the forward bulkhead. Drawing the front
bulkhead from sheet aluminum provides an inexpensive part
{requires little machinirg} which will meet all strength re-
quirements.

3.5.1.% Aft Bulkhead

The aft bulkhead closes the rear of the center section and
provides support for the fins, aft fairing, dissemination valve
and electrical tube, and incorporates a pressure gage port (for
checking tank pressure), and drain plug. Becauce of the high
fin leoading, a bulkhead drawn from sheef aluminum cannct be
used. Forging and casting are the major alternatives, both of
which reguire many machine operations. Forging requires more
costly tooling for small quantities and long lead time on the
first order, but provides a part which requires little inspec-
tion., Casting provides a part with less strength but since it
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is adequate for the aft bulkhead and less expenéive than forg-
ing, the aft bulkhead was cast from 357 aluminum.

The bkanz.support bulkheads are located inside the center
section skin directly under the mating adapter band strars.
The bulkheads are fillet-welded to the strongback, the assembly
fitted inside the skin, and the bulkheads plug-welded to the
skin. The band-support bulkheads must be able to withstand the
band and mating adapter loads. These bulkheads also form the
ends as well as house the drain plug for the inner tank, Cast-
ing was selected as providing the least expensive, most appli-
cable fabrication process because of the thin dip webs and
complicated shape.

3.5,1.7 Inner Tank

The inner tank is essentially an elliptical tube welded be-~
tween the band-~support bulkheads. This inner tank provides a
settling chamber and is used to optimize agent €low dynamics.
Ecent is transferred to the inner tank from between the band-
support bulkheads of the main tank, picked up {pick-up tube)
inside the inner tank, and fed to the disseminating mechanism
at the aft end of the store. Aluminum sheet (5083) is formed
ard¢ welded to form the tank. The transfer tube and the pick-
up tube are formed from standard tubing and welded in place.

1.5.1.8 Pick-up Tube

The pick-up tube passes through the center of the module
and runs from the inner tank to the aft bulkhead. This tube
carries the agent from the inner tank to the dissemination
valve at the aft bulkhead. The tube is welded to the aft band-
support bulkhead and to the aft bulkhead. This tube is made
from aluminum tubing bent at one end and swaged at the other.
The tube was swaged to match the inside diameter of the dissem-

ination valve,.

3.5.1.9 Standpipe

The standpipe, made from rectangular aluminum tubing, and
welded to the bottom of the inner tank, carries the agent from
tie main tank to the inner tank.
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3.5.1.10 Electrical Conduit

The electrical conduit is a small aluminum tube which pass-
es frorm the front bulkhead to the umbilical in the strongiack
te the aft pulkhead. This tube is used to run the electrical
control wires and pneunatic lines,

3.5.1.11 Pill Ports and Caps

Fill ports are recessed into the skin near the fore ard aft
bulkheads to accept the filler caps and nipples (Figure 21).
The nipples are of the flange type, utilizing a port-type seal
{o-ring} and are made entirely from Nylon 6/6, 40 percent
glass-filled. This nylon is compatible with the various agents
and enables the nipples to be injection molded for low produc-
tion costs. The quantity produced under this contract did not
warrant the cost of tooling to have them injection molded and
were, therefore, machined from extrusions. Screens are incor-
porated in the nipples to limit the size of foreign matter
which may enter the module. The screens can be removed from
the nipples by simply removing a snap ring,

The cap is a ball-lok type with a pressure locking device,
preventing cap unleocking when interral tank pressure is over
five psig. The cap is a custom design and uses Nylon 6/6, (40
percent glass) for most components. Where required, 300 series
stainless steel is used (ball bearings, etc.). The nylon caps
and¢ nipples are much lighter than metal caps and nipples.

Tclor ccaing on the cap indicates when the cap is locked or un-
locked and a note on the cap explains the color coding.

3.5.2 Coating Materjial

The severe corrosion of aluminum reguires that it be pro-
tected (through coating) from contact with the herbicide i
agents, particularly agent Blue. Coatings must also withstarc
the flexinjy of the dispenser under operaticnal conditions.
Those possessing physical properties which permit elongazizn
in excess of 100 percent are able to withstand the fiexinz.

The more brittle coatings, such as the phenolics, crack under
these conditions, and, while polyurethane possesses suitable
physical properties, agert Orange causes polyurethane material
to swell, Silicone coat:_ ngs exhibit excellent physical proper-
‘ties and the herbicides do not cause the fluorosilicone disper-
sion coatings to swell. Several fluorosilicone dispersion

coating materials were considered but none had all of the
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Figure 21.

Nylon Cap and Nipple
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properties desired. Most of the materials had the desired phy-
sical properties but were not suitable for coating the inrside
of the tank since they required the use of a primer which must
be applied in a thin even coat, This c¢ould not be done on the
inside of the closed tank.

Dow Corning Corporation developed a fluorosilicone in con-
junction with agent material compatability studies conducted
during this program. To insure proper cocating, a l3-inch diam-
‘eter by l0-inch long module section with bulkheads was made
with removable ends, This section was coated with the fluoro-
silicone material and inspected to determine methods of apply-
ing the material. From these coating tests, it was determined
that rotation =about two axis would be required to get a com-
plete coating of the inside of the module-.

3.5.3 Agent Flow

During the first part of the program, ground flow tests
were conducted with the GFE TMU-66/A modules. These tests re-
vealed that the pick~up tube system beqan to suck air around
three-fifths empty when the tank was continuously discharged
at flow rates of 150 gpm. The cause could not be determined
from the modules and, to further study this phenomena, a full-~
size plastic flow model was built (Figure 22) around the design
of the GFE. This design used a tube near the aft end to pick
up the agent and pipe it te the dissemination mechanism. A
bulkhead with flapper plate, slightly forward of the pick-up
tube (Figure 23} was employed to keep the agent near the pick-
up tube (for a short time) during aircraft deceleration or a
nose-down condition, Although the flapper plate performed its
intended function, it also caused tbhe system to exhaust its
air supply through the pick-up tube while considerable agent
was still in the store. This is cnaracteristic of a flapper
plate since a differential fluid head across the plate is re-
quired to cause agent [low through the plate opening {equal
air pressure exists on both sides of the plate). When the aft
{or lower) fluid level drops near the pick-up tube opening, air
at 55 psig flows freely out the pick-up tube, exhausting the
internal air supply with substantial agent remaining in the
store. Figure 22 shows this differential head in the flow mo-
del at a flow rate of approximately 90 gpm. The differential
head at 150 gpm is approximately twice that shown. One addi-
tional é@rawback to the flapper plate design is that it employs
a moving component, and the highly corrosive nature of the
agents would cause sticking of the flapper after short periods

of use,
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Figure 23. Module With Flapper Plate
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Tne first alternate system investigated employed a sealed
tulkhead and used a standpipe type transfer tube as shown in
Figuras 24 and 25. The standpipe design works on the principle
that any agent (or air) which passes through the picl.-up tube
must first pass through the standpipe. Thus, the aft chamber
(around the pick-up tube) remains full until the fore chamber
is nearly empty. In addition, as the aft chamber drains, the
standpipe continues to scavenge the forward section of the
module, almost’ draining it of agent. To allow complete fill-
ing, both the fore and aft chambers must be vented during the
£illing operation. Pigure 25 shows the aft chamber full while
the fore chamber is only about half full.

The major problem encountered with the standpipe bulkhead
concept was cg shift. Testing indicated that approximately
seve.l gallons capacity in the aft chamber would be regquired.
This will cause a cg shift of about 15 inches when the aft
chamber is full and the fore chamber empty. Since only a
+3-inc¢ch ¢ shift can be tolerated {(MIL-STP-85%1C), further
design improvements were investigated,

A seven-gallon secparate chamber was designed to fit be-
tween the band support bulkheads. This general design was used
for extensive testing before the final design {Figure 26 and
27) was arrived at. The first standpipe used was round, which
allowed the formation of vortices and passed excessive air into
the settling chamber. The rectangular tube standpipe elimina-
ted the vortices . ’

Another problem which occurred in the settling chamber was
turbulence, which mixed the air in the settling chamber with
the fluid and then forced the mixture out the pick-up tube, To
reduce the turbulence in the area of the pick-up tube, the
anti-turbulence bulkhead was placed in the settling chamber.
This keeps the turbulence in the front of the settling chamber
and away from the pick-up tube.

The tests performed on the final flow model incorporating
the seven-gallon inner tank showed total fluid left after dis-
semination is under one pint at all flowrates (25, 75, 150 gpm).
Estimated fluid in the entire model when the disgsseminate valve
first passes air is about one guart. The central=tank settling
chamber performs well, providing controlled dissemination for
about 99.75 percent of the store's agent capacity.

J.6_ NOSE COND

The nose cone acts as a wind screen covering the forward
pooumatic dovices and mates with the forward bulkhead. It is
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Figure 26.

Flow Module With Central Settling Chamber
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held in place by a single bolt at the apex of the cone which
preloads it against the fcrward bulkhead/skin assembly. This
single bolt technique is used to provide an easy method of
removal, since the nose cone will be removed and replaced
numerous times during the module life.

Tte nose cone is spun from 6061~0 aluminum alloy and heat
treated to the T6 condition for svrength. Metal spinning is
the least expensive and most proven method of fairing fabrica-
tion for the guantity required by this program and & metal
fairing meets all strength and functionability criteria. Other
processes such as fiberglass layup, filament winding, etc., are
far too expensive for the small weight advantage., A plate is
welded to the apex for the nose bolt. A bolt rather than a
stud with a nut was used se that there would be no exposed
threads which could become damaged.

3.7 TAIL CONE

The tail cone is a hemisphere of spun aluminum used to
cover the dissemination valve and nozzle assembly. It is
attached te the nonzzle assembly by four screws and serves as
support for the nozzle assembly. The forward edge of the tail
cone engages the aft bulkhead.

3.8 TPINS

The purpose of the fins is to provide stability in the
event of store jettison. Two fin sizes (a 10-1/2-inch span
and a i6-inch span} are requived for compatibility with the
four different module configurations and all carrier aircraft.

Fin chordwise profile was minimized, commensurate with
strength considerations. Aerodynamic characteristics ol the
stores wers Gebormincd lbrovgh wind tunnel tests during a pre- . ...

VisUs progranm.

Wind tunnel tests and jettison tests (Section IX} on the
two-module configuration were conducted during this program to
design fins and fin configuration for a stable two-module con-
figuration. The two-module configuration was considered to be
unstable under the previous program.

Fit tests (Section IX) on the aircraft involved in this
program were conducted to verify the paper study on the clear-
ance of the fins. Numerous manufacturing techniques have heen
considered for both metal and plastic fins.
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e Metal forming and welding (various COpfiguratiénsl
# Die casting and welding (metal)

¢ Injection molding and ﬁltrasonic welding {pléstic}
® Rotational molding - foam filling (plastic)

e Fiberglass layup -~ foam filled

The type of manufacturing process is obviously dependent
upon the type of fin material. Metal fins are gtrong and can
be made with proven techniques but are excessively heavy and
costly. Plastic fins are relatively new but offer the follow-
ing advarntages: '

® Very low cost
¢ Extremely lightweight
e XNonconductive and resistant to defoliént agents

e Will readily grind off without sparking if they contact
the runway during hard landings. .

Because of thesce advantages, considerable effort was made to
develop & plastic fin. Rotational molding was selected as
the methrd of fabrication because of the low cost of tooling
and parts for prototype and limited production. Ir addition,
rotational molding produces an integral fin without seams.

Nvlon, glass filled nylon, glass filled celcon, and poly-
ethylene were used to fabricate sample parts. The nylon was
considered too brittle for handling in case it was dropped on
a corner, Glass filled nylon had flow problems in the mold
and did not produce satisfactory parts. The glass filled celcon
exhibited porosity and low strength because of the porosity.
The polyethylene fins filled properly and exhibited strength
which wag considered adequate for the design loads.

Polyethylene fins were fabricated and delivered to the Ailr
Force for flight testing. The polyethylene fins failed when
tested on the P-4 aircraft at 550 knots. Information obtained
after the £light test indicated that the design loads were too
low because of the irregular flow under the wing stations of
the P-4, o

'Davis, Ronald E., Flow Field Characteristics Beneath the

F-4C Aircraft at Mach Numbers 0.50 and 0,85, Arneld Engin-
eering Development Center, Arnold Air Force Station, Tennes-

see, AEBDC-TR~70-8, February 1970, Unclassified.
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Because of the lack of time to further carry out the develop-
ment of the low cost plastic fins, the effort was discontinued.
A fiberglass-foam filled fin with the same external configura-
tion was designed, fabricated, and tested. Figure 28 shows the
ioad being applied with a foam pad to simulate aerodynamic load.
The fiberglass-foam filled fin was about five times as strong
as the polyethylene fin.

3.9 MATERIAL SELECTION

The process of material selection for this system was Jif-
ficult, not only because it must be designed to withstand che
action of more than one chemical agent, but alsc because these
agents (Agents Orange, White, and Blue) belong to different
chemical families. Since one agent is a mixture of an inorgan-
ic salt and an inorganic acid, the materials, particularly the
metals, must be selected to resist attack from this acid-salt
combination. The plastics and rubbers must not only resist
this acid but also the solvent swelling action of the other
agents which are organic compounds. Many plastics and rubbers
will meet the first of these reguirements but will not meet the
second. Therefore, it was necessary to test each material for
its resistance to all three agents.

3.9.1 Aluminum

The aluminum alloys 5083 and 5086 were considered for use
in the PAU-8/A module. The 5086 alloy is less corrosive re-
sistant than the 5083, Both alloys were subjected to the 2cr-
rosive effects of the three agents at ambient temperaturs and
at i30°F for several weeks. Agents White and Orange have liszle
corrosive effect on aluminum; however, it is heavily attacked
by Agent Blue. Agent Blue attacks unprotected 5083 alloy at
the rate of one mil per week and 5086 alloy at three mils per
week at 130°F. fThe rate of corxrosion at ambient (77°F) is
about 10 percent of the rate at the elevated temperature.

These results indicate that 5083 alloy should be chosen over
508G and that it must be protected with a corrosion and solvent
resistant coating when exposed to the agents,

3.9.,2 Stainless Steels

Grades 304 and 316 stainless steel resisted the corresive
effect of the three agents at ambient temperature and at 130°F
for several weeks without visible corrosion. IMicroscopic exan-
inaticn of the metal surfaces indicated that ne corrosion and
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very little film formation had occurred. These steels should
withstand the corrosive action of the herbicide agents for
extended seivice. :

3.9.3 PRlastic

Nylon. Nylon resists a wide range of organic and inorganic
substances., It is not affected by, nor does it affect, lubri-
cating oils and greases, aliphatic and aromatic hydrocarbons
{including the conventional fuels), or the common esters, ke-
tones, ethers and amides. It resists most inorganic reagents,
and unlike many metals, it is not affected by electrolytic
corrosion. Zytel 38 has the highest acid resistance of the
nylon sé¢ries. Since Nylon 6/6, 40 percent glass filled, re-
sists solvent swelling and acid attack by Agents Orange,
White, and Blue, it was selected for use in the construction
of the caps for the fill ports. Table IV summarizes solvent
retention of the nylon.

TABLE IV. AGENT ABSORPTTION OF NYLON 6/6 U0 PERCENT GLASS FILLED

AGENT PERCENT SOLVENT RETENTION
WEICHT PERCENT
Deionized Water 0.30
Agent White 079
Agent Blue 0.34
Agent Orange : 0.25
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POIVorogvlene. Samples of the polypropylene 20 percent
glass filled underwent testing in contact with Agents Orange,

White, and Blue without any effects of swelling or acid attack
by the agents.

3.9.4 Rubber

Gasket and O-ring Selection. MNeoprene and Buna rubbers
normally used as gasket and O-ring materials are severely swole-
len by Agent Orange with ultimate loss of the mechanical pro-
perties. Fluorocarbon, Viton!, and ethylene-propylene rubbers
were tested for loss of mechanical properties and swelling in
the three agents. Tensile sample hars and volume swelling
samples were immersed in each agent for 72 hours at ambient
te. perature. Ethylene propylene is the only rubber which could
withstand the solvent swellina of Agent Orange. Viton® and
acid resistant Viton®both swelled to about 20 percent volume
increase. Agent Blue blisters the latter two rubbers but does
not. in general, alter their mechanical properties. Ethylene-
propylene rubber was selected for gasket and O-ring application
because of its resistance to solvent swelling. Table V summar-
izes the test results of these materials.

Nozzle Diaphragm. Thig application requires a high perfor-
mance rukber with high elongation (>500 percent). Neoprene can
be obtained in elongations above 500 percent but tests indicate
that it is decomposed by contact with Agent Orange. Silicone
rubbers have a high resistance to solvents, Fluorosilicone
rubbers undergo solvent swelling tc only ahout 10 percent in-
crease in volume, whereas tne silicone rubbers swell to over
150 percent. A fluorosilicone rubber (Dow Corning L$-2332V)
was selected for use due to its superior resistance and high
(500+ percent) elongation.

3.9.5 Coating Material

Fluorosilicone was chosen for the coating material for the
inside of the agent tank because of its elongation and its
ability to withstand swelling when exposed to herbicides.
Fluorosilicone coated aluminum samples underwent long term
explosure to the three agents at temperatures of 130°F without
any change noted. BRond peel tests were conducted with the
fluorosilicone coating. Samples were prepared as follows:

& Solvent cleaned and degreased

U prademark
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TABLE V.

MECHANICAL PROPERTIES OF RUBBER MATERIAL IMMERSED IN HERBICIDE AGENTS
FOR SEVENTY-TWO HOURS AT AMBIENT TEMPERATURE
SAVPLE TENSILE ELONGATICH HARDNESS YOLUME SWELL
MATERIAL AGENT (psi) (PERCEKRT) (DURD) “A" {PERCENT)
Viton ® As Received 2.354 225 13
Orange 2,262 275 62 22.94
Blue 2,174 250 65 10.24
#hite 1.750 250 70 71.70
Ethylene As Received 2.345 200 16 -
Propylene |Orange 2,267 225 15 3.92
Biue 2,19 230 17 §.22
White 2,153 200 16 1.00
Acid~ As Received 2,205 350 62
Resistant |Orange 2,130 215 56 18 80
\'iton® Blue 2,059 k11])] 62 4.75
¥hite 1,945 460 5.64
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€and blasted
Solvent cleanéd, degreased, and primed

fand hlasted and primed (50:50 mixture Dow Corning 1200
primer and Naptha). The mixture was used because of
"chalking" of the primer at high concentrations. The
sample preparation list is given in increased peel
strength. The solvent cleaned and degreased surface
was the lowest strength but was considered to be strong

enough.
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SECTION 1V

MODULE ADAPTER DEVELOPMENT

4.1 MODULE ADAPTER REQUIREMENTS

The module adapter must:

® Be capable of carriage on the F-4, P-100, F-105, and
A-1 aircraft with consideration also given to the P-111
A-7, and A-26 aircraft.

¢ Be capable of carriage in configurations using two,
three, and four mocdules; the number and combinations of
modules to be carried on each station on each aircraft
to be determined by the weight capability of that sta-
tion; any combination of modules to be readily and
quickly filled and serviced on the ground or when sus-
pended on the aircraft.

e Afford maximum usage of payload capacity for each air-
craft.

e Be capable of carriage at speeds of up to 1.5 Mach at
"35,000 feet and up to Mach 6.9 at sea level.

4.2 ANALYSIS OF THE PROBLEM

For the previous effort, the module adapter had two primary
functions., First, the adapter provided a method of attaching
the TMU-66/A modules in the required three-~ or four-mecdule
configurations {(a two-module configuration was not a reguire-
ment at that time) which allowed up to four modules to be
mounted on 4 single bomb rack. Second, the adapter provided
housing for an electrical junction box which controlled the
module dissemination sequence. During design analysis, deter-
mination was made that the individual module was a more suit-
able place for the central electronics, and the second adapter
fungtion was dropped. Thus, the objectives of the mating
-adapter design became:

® A low—cost,.functional, and reliable method of attaching
the PAU-8/A modules in the required configurations,

[ Structurally capable of supporting the modules in all
confiqurations, and

¢ Lightweight.
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4.3  SYSTEMS ANALYZED . N

The module (mating} adapter consists of two main parts, the
supporting structure and the attaching mechanism, Variocus de-
signs were considered in this program,

To keep weight and corrosion at a minimum, aluminum was
selected for all supporting structures. The five supporting
structura designs considered (Figure 29) were as follows:

{1) A simple (continucus) extrusion _

{2} Three castings or forging with exterior plates
riveted or welded in place

{(3) A large central square mechanical tube with Zormed
supports

(4) Three main castings or forgings welded to a section of
internal mechanical tubing

(5) Two main castings or forgings welded to a scction of
internal mechanical tubing.

The methods of attachment considered were (1) modules bolt-
ed directly to the support structure, (2) modules connected by
latches or cams, and (3) modules secured to the support structure
by straps which passed around each module.

A compressed vertical-spacing module-adapter configuration
was also investigated. A comparison of the normal spacing and
the sorpressed vertical spacing is shown in Figure 30. By
corpressing the vertical spacing so that only one inch separ-
ates the upper and lower modules, the overall depth of the
configuration was reduced some 5.5 inches while the width was
increased by 7.5 inches. Since the primary purpose for con-
sidering the compressed configuration was to increase
the number of modules that could be carried on certain air-
craft, as well as easing loading prohlems, a comparison was
made of the maximum module-loading capacity of the specified
aircraft. Table VI indicates the maximum number of modules
that could be carried on these aircraft, utilizing wing
staticns only., Physical and weight compatibility were
‘contrelliing parameters. Multiple pylon loadings were evalu-
ated to check store-to-store clearance in determining maximum
aircraft loadings. The only aircraft affected by store-to-
store clearance considerations was the A-7; however, some air-
craft store jettison would have to be accomplished in a set
pattern to avoid store~to-store collision during separation.
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( (3) LARGE SQUARE TUBE WITK
FORMED SUPPORTS

) : 0
S Higel

(4) THREE BULKHEADS WITH CENTRAL TUBE (5) TWO BULKHEADS WITH CENTRAL TYBE

FPigure 29%. Module Adapter Designs
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- COMPRESSED VERTICAL SP&CING

B_

Figure 30.

PAU-8/A Multipie Module Configqurations
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TABLE VI. PAU-8/A MAXIMUM LOADINGS

MAXIMUM NUMBER OF MODULES PER AVRCRAFT -

ARCRAFY NORKAL SPALING © COMPRESSED VERTICAL SPACENG GAIN 1oss
F-100 5 8
F-105 10 8 4
F-4 12 162 4
F-111 (260 Sweep) 3’ 32°
F-111 (72.59 Sweep) 122 12
A-1 2 8" §
A-7 20 18 4
A-26 42 42

4Requires Reduced Agent Loading (Slight Overioad)

DRequires Reduced Agent Loading, Plus Acceptance Of .
0.5 Inch Ground Clearance (Worst Case)




Using compressed vertical-spacing would cause both gains
and losses in maximum loading capabilities, depending upon
the aircraft involved. Other advantages and disadvantages
of the compressed configuration have been determined, and the
overall evaluation, based on present studies, is as follows:

Advantages of Compressed Vertical Spacing:
® Increases F-4C/D maximum loading by four modules per
aircraft - _
¢ Eases loading problems on the F=4C/D
® Increases aA-1E maximum loading by six modules, if 1/2-
inch ground clearance (worst case) is acceptable.
Disadvantages of Compressed Vertical Spacing:
® Reduces F-105 maximum loading by four modules
e Reduces A-7D maximum loading by four modules

& Increases difficulty of filling lower module {(two~and
four-module configurations)

e Negates multiple-module wind tunnel data generated dur-
ing previous effort.

Since the disadvantages outweigh the advantages, normal spacing '
was retained for development.

4.4 DESIGN CONSIDERATIONS

The five support structure designs were compared on the
basis of the mating adapter design objectives. The results
are summarized below:

(1) The single extrusion method would have fewer parts but
would be extremely hesvy compared with the other de-
signs. An extrusion with multiple hollows would re-
duce weight, but tooling costs would be extremely
high.

{2} casting or forging three bulkheads and attaching ex-

terior plates would result in a heavy part, and fab-
rication would be more costly than the other designs.

{(3) The large central square mechanical tube with formed
supports would be lightweight, but fabrication costs
would be almost as high as in the second design.

o



In addition, the square tubing would have to be éus-
tom excruded which would increase the cost above
Design No. 2, :

{4) Three cast or forged bulkheads welded to a section of
internal mechanical tubing would combine low weight
and low cost, but the design itself would not ke as
satisfactory as other designs.

{(5) Two cast bulkheads welded to a section of internal
mechanical tubing would be the lightest and cheapest
of all designs analyzed. Cast bulkheads would be
slightly less expensive than forged bulkheads and
would still possess the required strength, The round
central tube would provide sufficieat bulkhead support
with minimal cost and weight.

0f the three attaching mechanisms analyzed, the strapping
method was the most satisfactory. Since the latch or cam-type
attachment would require module and mating adapter reinforce-
ments to decreas? localized stresses caused by this type attach-
ing mechanism, the overall cost of the strap would not exceed
that of latches or cams. In addition, the strap with ite ac+
cessible take-up bolt would provide the easiest type of attach-
ment.

4,5 SYSTEM SELECTED

The selected design consists of two cast bulkheads zonnec:-
ed with a round central tube (Figure 31). A strap surrcunds
each mounted module and is secured to the bulkhead with guick-
release ball-lok pins. A take-up bolt is used to tighten the -
bande, The forward bulkhead contains four locator pins which
support forward and aft nodule loadings while simultaneously
locating each module when mounting.

Aluminum-gilicon-magnesium alloy 357 provides high strength
cast bulkheads with good capability. The tube is standard 6061
aluminum stock, a low cost and weldahble material for easy
adapter fabrication. The high strength stainless steel straps,
trunnions, and ball-lok pins in the support assembly provide
& functional, reliable method of module attachment. The steel
take-up bolt has electrolytic nickel«coating to prevent cor-
rosion and to minimize wear.

4.6 PRODUCIBILITY ANALYSIS

Fabrication can be accomplished through established
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LOCATOR PINS

CENTRAL TUBE
REMOVABLE
STRAP

Figure 31. Module Adapter

nanutacturing procedures. The two sand-cast bulkheads are
identical except that the forward bulkhead has one additional
machine operation in which the holes for the dowel pins are
machined.. The dowel pins are press fitted to the bulkhead and
each bulkhead is then fillet welded to the central tube. The
band, formed from standard size strap and spot welded around
machined trunniong, is designed for easy production, The ball-
lok pin and take-up bolt arc both stock items.

- 4.7 TESTING AND MODIFICATION

During acceleration tests conducted at Picatinny Arsenal,
Dover, New Jersey, under the direction of Armament Lakoratory
personnel, the module adapter failed at 9 g. The failure
ococurred in the forward bulkhead casting at the top dowel pin
and mode of failure was tearing of the edge. To overcome this
weakness, a one-inch thick 5083 aluminum plate was welded to
the “orward face of the forward bulkhead and a longer dowel pin
was used in the bulkhead to increase the bearing area of the
P! Later structural tests conducted at Wright-Patterson Air

o
x e

2r2e Base, Ohlo, indicated that the reinforced bulkhead was
Tore than adequate. e
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DISPENSLER TEST UNIT DEVELOPMENT

5.1 REQUIREMENTS

The dispenser test unit provides a functional check of the
modules and aircraft arming system prior to takeoff,

£.2 DESIGN OBJECTIVES

The design objectives for the unit were as follows:

® Capable of checking the major circuits in the system
and the connections between thess circuits.,

e Capable of checking the electrical power of the aircraft
at the.pylon.

e Capable of arming the system and operating the dissemin-
ation circuit both before and after the system is loaded
on the aircraft, and after the system is connected to
the aircraft circuvitry.

e Capable of checking one, two, three, or four modules
sequentially during any one test.

& Easily operated, compact, portable and rugged.
e Reliable and relatively maintenance-free.

5.3 DESIGN

The test unit is self-contained. Batteries are utilized to
supply 28VDC for module functioning and a 6-volt battery is
ugsed for continuity checking. This provides the capability for
complete evaluation of a fully-charged tactically-ready PAU-
8/A. Rechargeable lead-dioxide batteries were selected for use
because of their long shelf life, wide operating temperature
range, righ cycle life, and low cost.

The test unit requires five inputs from the items being
checked: one from each module and one from the aircraft.
These must be plugged in before the start of each test. These
inputs are provided by a 15-foot cable connecting the test unit
to the dispenser and the aircraft. The red-flagged arming pin
must be pulled from each module before testing. After pulling
the arming pin, all of the indicator lights on the test unit
must be tested to ensure proper functioning. The lights are
of the press-to~test type.
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The test unit has ten test modes for checking the contin-
uity of the control, arming, dissemination, and ground circuit-
ry and for checking switch contacts, arming and dissemination
functions, the aircraft electrical svystem, battery voltages of
both 6= and 28-volt batteries, and battery charging require-
ments. The main selector switch is used to select the mode

Mode One: Continuity

The main selector switch is turned to the "continuity
c¢heck” pesition. The continuity section consists of a locking
toggle switch, a momentary switch, and a rotary switch. The
rotary switch makes possible the testing of one, two, three, or
four modules sequentially. After selection of the module to be
tested, the "ready"” switch is actuated to light six red indica-
tors marked as follows: (1) Arming Switch Pole #1; (2) Arming
Switch Pole #2; (3} Arming Solenoid; (4) Dissemination Sole-
noid: (5) Arming Relay Coil; and (6) Arming Relay Contacts.

The “"step" switch is then actuated. A motor steps this
switch through eight positions in less than a second. 1In each
of the eight positions, a continuity check is made on a major
portion of the control circuitry. If the circuit checked is
continuous, the appropriate red indicatcr light goes out.

Positions No. 1 and No. 2 check the continuity of the pres-
sure switch circuitry. One of the amber lights marked "Pres-
sure Switch Low" or "Pressure Switch High" must go on, indicat-
ing which position the pressure switch is in, Simultaneously,
the remainder of the checkout circuitry is then automatically
programmed for checkout in tne appropriate mode: low or high
pressure.

Position No. 3 checks the continuity of Arming Switch Pele
No. 1, and Position No. 4 checks the continuity of Arming
Switch Pole No. 2. If either of these two lights stays on,
there is a discontinuity in that portion of the circuit., If
both of these lights stay on, there is a strong possibility
that the red-flagged arming pin has not been pulled. 1In this
case, the pin must be pulled before continuing wich the rest of

the test.

Position No. 5 checks the continuity of the arming solgnoid
valve. If the circuit is continuous, the appropriate red indi-
cator light will go out.
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Position No. 6 checks the continuity of the dissemination
solepoiq valve.. If the circuit is continuous, tie appropriate
red indicator light will go out. ‘

. Position Mo. 7 checks the continuity of the arming relay
coil. ;f the circuit is continuous, the appropriate red indi-
cator light will go out. '

Pdsipign_No; 8 checks the contacts of the arming relay for
the possibility of a short. If no shorts exist, the appropriate
red indicator light will go out.

If any of the lights stay on, the ready switch may be re-
set and the check may be made again by actuating the step
switch. If the light or lights stay on again, the correspond-
ing section of the circuitry must be repaired. The red light
will stay on until the system is repaired, replaced, or until
the test upit is switched to another mode. Before switching to
ancther mode, the ready switch must be returned to the reset
position. .

Mode Two: Arm Check

The main selector switch is turned to the "arm check" posi-
tion. All four green indicator lights in the arm check section
should light sequentidlly as the arm check selector switch is
rozated from 1 to 4. This check is an intermodular continuity
test of the arming circuitry. The light numbers are directly
related to the module numbers; for example, a continuity check
of the arming circuitry traversing the interconnection cable
and mating plugs and receptacles to module No. 1 will involve
light No. 1, a check of module Bo, 2 will involve light No. 2,
etc. If one or more of these lights fail to light, there is a
discontinuity in the indicated circuitry. .

Mode Three: Dissemination Check

The main selector switch is turned vo the "dissemination
check" position. All four green indicator lights in the dis-
senination check section should light sequentially as the dis~
semination check selector switch is rotated from 1 to 4, This
check is an intermodular continuity test of the dissemination
circuitry. The light numbers are directly related to the mo-
dnle numbers; for example, a continuity check of the dissemin-
ation circuitry traversing the interconnection cable and mating
plugs and receptacles at module No. 1 will involve light No. 1,
a check of module No. 2 will involve light No. 2, etc, If one
or more of these lights do not light, there is a discontinuity

in the indicated circuitry.
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Mode Four: Ground Jcheck

2 main selector switch is turned to the "“ground check"
ition. The momentary switch in the ground check section is
tnan moved i the "check” position. All four green indicator

<ights should g0 on, This check is an intermodular continuity
. test of the ground circuitry. The light numbers are directly

related to the module numbers. If one or more of these lights
fail to go on, there is a discontinuity in the indicated cir-

culitry.

Mode Five: Switch Check

This is a test of the continuity of the switch contacts and
it also indicates which position the junction box mode selector
switch is in. The main selector switch of the test unit is
turned to the “"switch check" position and the momentary switch
in the switch check section is moved to the "check" position.
There are four green indicator lights in chis section. If the
junction box switch is in Mode No. 1, only light No. 1 will
light; if in Mode No, 2, lights No. 1 and Neo. 2 should go on;
if in Mode Nw. 3, lights Ne. 1, No. 2, and No, 3 should go ca,
and if in Mode No., 4, all four lights should go on. If any of
the lights that should light do not, a discontinuity exists in
the switch contacts of switch circuitry.

Mode Six: Function

In this mode it is possible to arm the PAU-8/A and to dis-
seminate the agents in any of the usual configurations. The
main selector switch is turned to tha "function® position.

The system may then be armed and the dissemination function-
activated by the toggle switches located in the function sec-
tion of the test panel.

Mode Seven: Aircraft Check

Mode No. 7 is a check of the electrical system of the air-
craft. The main selector switch is turned to the "aircraft
check" position. When the pilot actuates the arm switch in the
aireraft, the red arm light in the function section should )
light. When the pilot depresses the pickle button in the air-
craft, the red disseminate light in the tunction section should
light, If either or both lights fail to operate, a failure is

 indicated in the electrical system of the aircraft.
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Mcde Eicht and Nine: PRattery Check

Modes No. 8 and No. 9 are voltage checks of the 28-volt and
6~volt batteries, respectively. After the main selector switch
is turned to the proper position, the voltmeter is checked for
a reading to determine whether the battery needs charging, At
full discharge, the 28-volt battery will reazd 26,25 volts and
the é6-volt battery will read 5.25 volts,

Mode Ten: Battery Charge

If the meter indicates that either battery needs charging,
the main selector switch should be changed to the "battery -
charge” mode. 1In this mode, both batteries are put on charge
until they register the proper voltage. When a battery is
fully charged, the charging circuit automatically cuts 0fZ and
puts the battery on a trickle charge. Two lights for each kat-
tery, located in the charging section, indicate which battery
is charged or being charged.

If any of the tests in modes one through six should give
unsatisfactory results, the system shall be considered inoper-
able until repaired.
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SECTION VI

LOADING AND HANDLING ADAPTER DEVELOPMENT

6.1 REQUIREMENTS

A loadina and handling adapter for the MJ-1 and MIU-83/E
bomb lift trucks was required to load the PAU-8/A multi-module
configuratious on the aircraft.

6.2 DESIGN OBJECTIVES

The design objectives for the adapter were as follows:

¢ Must be compatible with the MJ-1 and MHU-83/E bomb lift
trucks.

¢ Must be compatible with all configurations of the
dispenser (1, 2, 3, or 4 modules).

e Must be capable of lcading any of the required configu-
rations on any station of the P-4, F-100, P-105, F-111,
A-1 and A~7,

e Must aid in assembling the modules into 2, 3, and 4 mod-
ule configurations.

6.3 DESIGN

) The loading and handling adapter was made from aluminum for
light weight during the ground handling operation of placing it
on the bomb lift trucks.

The adapter has a base plate (Figure 4) which can be mount-
ed to the table of the MJ-1 bomb lift truck and to the standard
fork-type adapter accessory of the MHU-83/E bomb 1lift truck
(Figure 32).

The height of the table of the MIU-83/E with a four-module
configuration was in excess of an acceptable limit for the F-4
aircraft. As a result, it was necessary to use the bomh lift
truck fork adapter in conjunction with the PAU-8/A loading and
handling adapter base plate.

Cradles are mounted to the base plate to support the mod-
ules (Figure 4)}. The centerline cradles support the one~, two-,
and four-module configurations (Figure 33 and 34) and the cuter’
cradles support the three-module configuration (Figure 35).

The bearing surfaces of the c¢radles are covered with rubber to

gushlon the modules and to prevent paint damage during handl-
ing.
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Figure 33. Two-Module PAU-8/A on Loading and Handling Adapter
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Figure 35. Three-Mcdule PAU-8/A on Loading and llandling Adapter



Since the MI-1 and MHU-83/FE tables arce limited in the -
" amount they can be tiltad, and the outboard station of the F-3
has a cant anuale of 7-1.2 degrees and the A~1lE has an incidence
angle of 10-1,/2 degrees, adapter blocks had to be provided for
tiltinag the modules on the adapter to accommodate these sta-
tions. Figures 36 and 37 show the adapter with blocks inr the
~A-JE and the P-4 loadina configurations, resvectively.

A mock-up of the loading and handling adapter was used witly

the MJ-1 bomb lift truck for the fit tests of the F-d4, F~100,
=105, and F-11l} (Section IX).
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Figure 37.

Loading and Handling Adapter With
Tilt-Adjusting Blocks for Use With
F~4 Outboard Stations
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SECTION VIT

SHIPPING CONTAINER DEVELOPMENT

7.1 REQUIREMENTS

3hipping containers for the PAU-8/A must meet the following
reguiremants:

e cCapable of shipping the PAU-8/A 1n the four-module con-
flguratxon.

& Acceptable by common carriexr for safe trahsportation at
the lowest rate to the point of delivery.

¢ Capable of withstanding storage, handling and reshipment
with no degradation of the spray system., .

7.2 JESIGN OBJECTIVES

The shipping containers must be lightweight, with low cubic
velure, and must be producible at low cost.

7.3 DESIGN

The following were ¢onsidered in determining the most ef-~
foctive design for the four-module shipping container:

¢ UVhether systems should be shipped with fins attached or
removed, ‘

® Whether systems should be shipped with the vertical
centerline of the module assembly in the normal vertical
orientation, or

¢ UWhether the systems should be shipped with the module
assembly rotated 45 degrees from orientation.

Shipping the PAU-8/A with the fins attached would require a
very large and very heavy container; therefore, since the fins
are easy to remove from and easy to attach to the modules, the
container was designed for shipment of the system with fins
removed but inclosed in the container.

The 45-dedree orientation was chosen (Fiqure 38) for weight,
volume, and cost savings. By rotating the four-module config-
uration 45 degrees from the normal orientation, the volume of
the. container was 20 percent less than that required for the
system shipped in the upright orientation. Since the struc-
tural members in such a container are of smaller cross section,
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the weight savings would be approximately 7% percent. The 45-

degree rotation causes no problem in loading and unloading the

svaten since the four-module assembly can be picked up from the
luzs in a side module, This rotates the four-module configur-

atiorn to about the d5-degree position for leading.

The modules are supported in the container by two saddles
at the band-support bulkheads., The container is completely
inclosed and the fins, the fin attachment bolts, and the lugs
are in separate compartments within the container.

The container is of the wire bond type and can be shipped
ané stored in a completely knocked down coadition. To assemble
the container, only the wire loops need to be connected to-
cezher and eight steel straps applied, each around the two fin
sontainers, one each around the two saddles, and four each
arrund the top sides and bottom of the container.
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SECTION VvIII-
CONTAMINATION HARDWARE DEVELOPMENT

2.1 REQUIREMENTS

Specific requirements for contamination hardware develop-
ment were as follows:

& Must be compatible with the three-module configuratior.

¢ Must reduce aircraft contaminatlon when used on the F-4
aircraft.

8.2 DESIGN

At the time of the compatibility fit tests, the spray con-
tamination on the inboard wing station of the F-4 was consid-
ered to be a problem. When flight tests were conducted at '
Eglin Air Force Base with single modules on the inboard wing
stations of the F-4, eXcessive contamination occurred on the
wing with the spray going up into the wheel well. Films taken
of the spraving indicated that the air flow around the aft end
of the module was causing the spray to go up the aft of the
ovion and into the wheel well.

TO prevent the air flow around the aft end of the module
from being forced up, an air scoop was designed to pull -air in
from around the side of the module to the nozzle to reduce the
influence of the upward air flow at the nozzle (Figure 39).

The prototype hardware was designed to fit the three-module
confiquration since this is the configuration most likely teo be
flown on the F-4,
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Figure 39. Contamination Hardware {Turning Vane Kit)
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CSECTION TX
TESTING
c.Numerous static and dynamic tests were conducted during

: ;the program to evaluate and verify desicons. Tie folloving
paragraphs summarize the major tests.

9.1 TWO-MODULE WIND TUNNEL TESTS

Wind tunrnel tests using 16 vercent scale rnodels vere
conducted to Z£etermine configuration modifications necessary
to ensure stability of the PAU-8/A two~module configuration
at ¥ach 0.5. (Previous wind tunnel tests on this conficuraticn
resulted in the determination that the stability margin was
such as to make aircraft-store separaticpn unsafeé and that
minimum stability occurred at Mach 0.5.) All tests were
conducted in the four-foot Trisonic Wind Tunnel at Douglas
Aerophysics Laboratory, El Segundo, California. The five
configurations tested are described .n Table VII and shown in
~-FPigures 40 through 44. :

2 total of 21 good runs, including a repeatability run,
were made. On the basis of producibility and drag
considerationg, as well as stability effects, conficuratlcn
No. 2 was considered best.

The aercdynamic force and moment coefficient slopes of
interest at lcw angles of attack or yaw are shown for the
various configurations in Figure 45. Figure 46 is a closer
look at stability margins and drag effects {(a negative
stability margin indicates the number of module diameters aft
of the center of gravity where the center of pressure is
located)., Longitudinal stability is significantly affected
only by configuration No. 3. However, longitudinal stability
for the basic configuration is adequate and improvement in
this direction is not as important as improvement in lateral
stability. Lateral stability is significantly improved by
any of the modifications. Configuration 5, however, produces
a large increase in drag, which is detrimental to other flight
characteristics, The aerodynamic data for the chosen
configuration (No. 2) is presented in Figures 47, 48, and 42.

baixy Force Armament Laboratory Technical Repcert AFATL-TR-69-65,
Chemical Anticrop Dispenser Develcopment, May 1969, UNCLASSIFIED
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TABLE VII. TWO-MODULE WIND TUNNEL CONFIGURATIONS TESTED

CONFIGURATION NUVBER

MODIFICATION. DESCRIPTION

Basic Two-Module Configuration (Figufe 40)
Four Short Fins (Figure 41)

Combination (Multi-Surface)

Stabilizer (Figure 42)

Verlical Fin- (Figure 43)

Drag Plates (Figure 44)

Figure 40. Configuration No, 1 - Basic Two-Module Dispenser
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Figure 41, Configuration No. 2 -
Four Short Fins

Figure 42. Configuration No. 3 -
Combination (Multi-
Surface) Stabilizer

23



Figure 44. Configuration No. 5 - Drag Plates
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_ Wind tunnel data presents a confident picture of stability
for the configuration chosen. Data scatter appeared small

and repeatability was good, and Reynolds number effects were
checked and found reg¢gligible. Jre run was performed at

wach 0.7 and showed only a slight increase in drag coefficient,
indicating the lack of Mach number effects in this range.

9.2 THO=MODULE CAPTIVE FLIGHT AND JETTISON TEST

A series of flight tests was conducted to determine the
qualitative captive £light and jettison characteristics of a
two-module PAU-8/A dispenser. The test store was flown and
ejected from Aero-7A bomb ejector rack on an F-86 aircraft.

2.2.1 <TEST STORE

The store usedi in the flight tests was a hoiler plate
replica of the two-rodule configuration. Due to limited
ground clearance on the F-86 test aircraft, a full-scale
two-module configuration could not be used; consequently, a
sub-scale (65 percent) version was used {Figure 50)}. This
scale was based on ground clearance considerations for safe
£light. The aerodynamic characteristics of the scale: store
were the same as the full-size item; the magnitude of the
;orces and moments was recduced due to the difference in scale.

To achieve dynamic similarity ‘between the test store and
the full-scale iten, the mass and moment of inertia were scaled
according to the pethods of reference.® The "heavy model"
technique, which results in an accurate portrayal of the store
separation trajectory, was chosen. '

The test store represented the two-module configuration
in the full condition, This was chosen kecause a full system
results in the ninirum stability margin. The scaled weight
cf the test store was 655 pounds, with a mass moment of
inerzia of $0 slug-£ft- in both pitch and yaw.

Flow tufts were applied to the aft end of the store in
an effort to determine general flow patterns and flow
separation points under various flight conditions.

T NACS Report WACATIN 3907, Similitude Relations for Free-
Yodel Wind-Tunnel Studies of Store-Dropping Problems, January

AT, UNJLASSIFIPD
-
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... Captive Flicht Tests

The ca“t*ve flight phase of the test consisted of two
soreies in which air cpoeds up to 475 KIAS were achieved. Flow
patterns alornc the tufted aft end of the store were determined
throuch the use of the on-board camera. The primary flight
conditinns ard maneuvers performed during the captive flight
phases are shown in Table VIII. The straight and level
flicht phase was perforred at a pressure altitude of 10,000
feet:; maneuvers were performed at 5,000 feet.

TABLE VIII. FLIGHT MANEUVERS FOR TWO~MODULE CAPTIVE FLIGHT TESTS

MANEUVER AIRSPEED  (KIAS)
Straight & Level 250
Straight & Level 300
Straight & Level 350
Straight & Leve! 400
Straight & Level 430
Straight & Level 450
Straight & Level 475
Left Yaw ' 325
Right Yaw 325
tHings-Level Pullout (2g) 325
Left Roll 350
Right Roll 350
Landing Configuration 150
Landing Configuration 115
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Left wing down-trim was reguired at 350 KIAS; increases
in speed beyond this point required less significant trim
changes. Buffet onset for the F-86 with the two-module store
was 430 KIAS, with the buffet increasing in severity as speed
was increased. At 475 KIAS, the high fregquency buffet was
severe, and high speed tests were halted at this point. Yaw
maneuvers indicated that the store greatly increased the
lateral (directional} stability of the aircraft.

Flow pattern films taken at 64 frames per second
indicated reasonable flow conditions during all of the flight
conditions investigated. In general, the captive flight flow
followed the stream lines shown in Figure 51 even during
maneuvers. Flow separation did not occur until the flow had
reached the beocattail, and the separation point tended to move
forward as speed increased. At no time during the flight
tests did gross flow separation occur forward of the bcattail.

9,2,3 Jettison Test

The store was ejected from the F-86 while the aircraft
was in level flight at 350 KIAS (367 KTAS) at an altitude of
2,500 feet AGL (approximately 4,800 feet MSL). & T-33 aircraft
was used as a chase plane to view and f£ilm the jettison.
Separation of the store from the FP=-86 aircraft was clean and
positive. A slow roll to the left started shortly after
ejection, and the store reached a roll angle of 20 degrees
approximately 60 feet below the aircraft. The store was
observed to be completely stable throughout its flight. The
pilot reported that the ejection reaction on the aircraft was
mild and that no handling difficulties were experienced at -
ejection.

9.2;4 Conclusions

Based on the results of this jettison test, and considering
the wind tunnel data and results of the computer simulation
of separation characteristics, it has been established that
the two-module PAU-8/A configuration is a stable store which
reacts to ejection in a normal manner. Its separation
characteristics may, therefore, be predicted with the same
degree of accuracy as any other high density, stable airborne
store. In general, the two-module PAU~-8/A configurations may
be considered safe to jettison under normal £licht conditions.
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9.3 AIRCRAFT PHYSICAL COMPATIBILITY TESTS

The purpose of these tests was to verify aircraft/store
physical compatibility findings from a previous study wherein
aircraft compatibility drawings were used. Because certain
detail features are sometimes omitted from compatibility
drawings and since compatibility drawings are relatively
. small scale (1/16), fit tests provide a realistic, final

check of physical compatibility.

9.3.1 Test Eguipment

Full-scale PAU-8/A mock-ups of fiberdalass shells filled
with lov density foam were used for the fit tests. A
mock-up module mating assembly and actual store fins were
used to create one~, two-, three-, and four-module
configurations as reguired.

9.3.2 Fit Tests

The first series of fit tests was conducted at Nellis
Air Force Base, Nevada, on the F-4, F-100, F=105, and F-11l1
aircraft. In addition, the MJ-1 and MHU-83/E bomb lift trucks
were checked for compatibility. The MJ~1 with the proposed
(simulated) loading and handling adapter plate was used for
the fit tests. The second series of fit tests was conducted
at the Naval Rir Station, Lemoore, California, on Navy models
of the A~]l and A-7 aircraft. HNo storace handlinc gear was
available for these tests, and the stores were mounted by
hand. However, loading from the side with either the MJ-1 or
the MHU-83/E appeared feasible for both aircraft. Table IX
shows a summary of the fit tests results. -

9.4 DROPLET SIZE AND DISPENSER AIRWORTHINESS TESTS

Aircraft flight tests were conducted on: g
# GFE supplied modules aﬁd nozzles

e GFE supplied modules and test nozzles

e GCFE supplied modules and prototype nozzles

e Final module and nozzle design

Six series of tests were conducted to determine the drep-
let size of the spray and airworthiness of the PAU-8/A. Drop-
let size samples were obtained by arranging 5x6-1/2 inch Kron-
ekote cards as shown in Pigure 52. 2ll tests were conducted at
Fallon Maval Auxiliary Air Statior, Nevada (altitude —i1IC feex
akbove sea level). All flights were made at 100 feet AGL.

Takle X summarizes test conditions and results. The nozzles
used in the tests are described in Table XI.
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TABLE IX. FPIT TEST COMPATIRILITY SUMMARY

401

mecaarr (M6 | BT SoaE L MOULEs AL e SPRAY CONTAMINATION
£y i Yes ' Nod Yegd Hod Questionaslq
fou 2 Yo Nod Yos not None '
F-100 i Yos Yes Ho® _ No® Frovanle
F-100 2 Yes Nod ' NoS. @ NoSs 9 Prodable
F-100 3 See Mote d Hots ¢ Ko €+ 9 Na®: None
F=105 i Yes Yes . Yes Yes Poisible
F-105 2 Yes HoC» @ Ko® NoS+ ¢ None
E=114 I 26¢ Yes _ Yes : Yes Yes Probable
=111 2 26° Yes Yes. Yes _ Yes _ Possible
£l "y 26 Yes Tgs Yes Yos Noag
Fallt v 6" You | Yes Yo Yes Hone
F-011 b {728 Yes Yes Nod Rod Prodable
F-1it 2 72.5* Yes Yes Yes Yos Probable
A } Yeos Nod Yesh ' Nod Hone
A7 1 Yes Yes Nod NoS» @ Probable
A=7 2 Yes Yes Yes Yes Probable
A7 -3 ! Yes Yes Yas Yes Kone

} .

Notes: %Requires Shert Fins On Bottom, Long Fins On Top

BStation Mot Recommended Due To Possible Short Finlhileron interference’
Sweight lncompatibility
Yphysical Incompatibility
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TABLE X. PAU-8/A SPRAY TERSTS

RFSULTS (CONCLUDFD)

Te#P - Tetry Patassiun Pycophasphate
(40% Satutsan In Wated) 1,45 $G

| i pot L i
= } i | ,-| A | 9 =
8 | s H e g lern 130
- Al T YA ST A S - \
=0, | BEESYE e T M r
- ot & F Ea o G | We e o Ny
o3 13 T ORAIMGS (Ne BUAR _
i8¢ i F-21 fref s i:n {21 fa 35 20 737 | New Oesagn Wodute Complate
{31089 1 Fsr a0l s P00 298 10 W HO[ R i
. 31068 | F.8t 1D 150 [ 217 | W 150 P | a2
5-19.65 | F.% af - 150 1 36 | o VD e e
Pases boes | afmetsajiay e 25 a0 res
PE19-88 1 B VIMEIBa 4 382 | ¥ 25 0] W
P§.18-69 ) 680 1 4] w ig7 {223 | W 15 e 24
$13:-69 ¢ B0 ¢ 4lw 5T {333 4w 5 |19 | 154
32068 1 st | apseisabaato 25 fz0] 1623
3-89 1 FWI 3PE |52 (368 o0 % f20) 118 !
$.20-68 t RS | 0f . :gd ! ca 4D 1% F19{ 195 \
22069 Fes | ol lee |z lo 15 [ 181 37 | New Dasign Mod:le Tompleote
Flagnt Path Kzran To South B - Biue 1,34 56
EG - Ethylere G1yzol 1,91 86 (Specitic Gravity) O - Orange 1.00 S§
F3 -~ a1 Fusl G:1 Q.83 5% ® . Whle )M OS§
G - Gtycerg) <38%) Glycenine) §.25 56 KA - Not Available Durang Test

109




TABLE NI. NOZZLE DESCRIPTIONS

x| SE S | o e | e
e o e | PO

l lTest Rezxie Ne.l{ 12 fB.25 Diazeter 0° Aft 12

2 Test Nozzle No.t]| 1270.25 Diameter 90° Bown 12

3 GYE 3210.25 Diameter 0° Aft 13

&  [Test Nazzte No.1| 2]0.25x1.875 Stot] 9g° Down 12

5 Test Nozzle No.1f192{0.062 Dianeter | 90° Down 12

§ |G 320,10 Diameter | 0° Aft 13

7 Test Nozzte No.1]192]0.062 Diameter | 0° Aft 12

8 Test Nezzte No.2{ 710.281 Diameter 20° Up And Down | 144

9 Test Nozzle No.2| §|0.391 Diameter g° Aft | 148

10 Test Nozzle No.2f 1 3513'92}7’23?3.1 30° Dpwa 14C

It Test Nozzte No.2{ 1]0.187 x0.675 Stot} 98° Down 14D

12 Test Nozzte No.2| 1]90.186 x1.5% Slet| 90° Down 14E

13 | Test Nozzle No.3{ 1)0.75 Diameter® | 0° Att 154

14 Test Mozzie No.3| 1) 0.50 Diameter? 0° Aft 158

15 | Prototype No.3 | 1]No. 2 g° Aft 1

16 Prototype No.3 1{No. 8 g° Aft 18

17 {Prototype No.3 | 1| No. 14 0° Aft 18

18 Prodoction 1} No. | gc ARt 1% & 53
19 Production 1| Ne. 5 ge Aft 19 & 53
20 Production 1| Ne. 13 0° Aft 19 & 53

10w Rate Contratied Un Stream With An Orifice.
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Figure 53, Production Nozzle
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SECTION X
MAINTAINABILITY AND RELIABILITY

10,1 MAINTAINABILITY

The maintainability program feor the PAU-B8/A Spray Tank
consisted of maintainability analysis, troubleshooting
analysis, maintainability parameter predictions, and preventa-
tive maintenance. These four analyses combine to form a major
indicater of system effectiveness.

12,1.1 Meaintainability Analysis

Tae first step of the maintainability analysis was to
Zaling the operating environment and conditiens. The syster
nas ;ee“ desigred to operate on a variety of aircraft, bkut
t2is will not be a maintainability constraint since the
operational procedures for the system are independent of the
type of aircraft. The varied weather conditions will not
impose any maintainability constraints as long as the agent
does not freeze in the tank.

A set of rainte:.ance and preflight operaticnal procedures,
based on cuall*at~ve maintainability reoguirerents and
constraints, was devised to form a base for the guantitatl ve
analysis. These procedures and associated assurptions are
as follows:

¢ A preventative maintenance schedule will be followed
for all units.

e The rodules will be configured and prepared for rount-
ing &t the maintenance facility.

e The system will be mounted and the functional
verification test will be performed using the alspenser
test unit,

e Any failure during the functional test that is due to
a component failure will require system removal for
bench repair,

e Failures due to non-defective components, i.e.,

improper hook-up, etc., will Le corrected on-lire and
the functional test repeated.

112



e After successful ceompletion of the functional test
and after the pressure reservoir is charaed. the
agent tank is filled.

The maintenance strategy adupted is to make repairs at
the component level. This means that if a valve fails, the
valve is replaced but not repaired at the field maintenance
shop level. 1If the valve is to be repaired, it will be done
at a higher lewvel in the maintenance hier: zhy. This strategy
was adopted after considering the characteristics of the svster,
sxill level of the maintenance personnel, and available »cols
ané equipment.

The only special equipment needed at the field maintenance
shop level will be the functional verification- (dispenser
test) unit which is supplied. A rack, stand, or loading and
handling adapter will be needed to hold the modules for shop
maintenance. The personnel skill requirements should easily
be met by Air Force mechanical or electrical technicians. The
sycsten design is such that one person will he able to carry
cut the preventative maintenance steps or correct a malfunction
with preoper technical data support.

10.1.2 Troubleshooting Guide

A troubleshooting guide (Figure 54) was developed to give
structure to the maintainability prediction. A schematic cf
the syster (Figure 535) is the major path. If the syster is
cperaticnal, there is no deviation from this path. Brangching
from the major path is necessary when a failure is encountered,
The branching conti-ues until the cause of the failure is
determined., After the fault is found and corrected, the
technician is directed back to the start of the functional test
to verify system operation.

As previously stated, the troubleshooting strategy is to
replace components with no attempt to fix them at the field
level of the maintenance hierarchy. Since it is likely that
some of the malfunctions will be due to cloagged lines and
valves, all of the failures may not require cemponent replace-
rent. It is possible that cleaning the component which has
been isolated by using the troubleshcoting guide and the line
leading in and out of the component will correct the problem,
As a preventative maintenance measure, the lines and O-rings
associated with a component should ke cleaned whenever the
component is removed for inspection or when it is replaced.
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10.1.3 Maintainability Prediction

The calculated mean-time~to-repair (MTTR) for the PAU -8/A
4+ mirnutes. The maintainability data and the calculations
given in paragraph 10.1.5. The task times used for
sulating the MTTR are compesed of fault location time,

s correction time, and fix verification time. The fault
lccatlon tires are based on following the troubleshooting
gulde, the fault correction times are estimated. Since the
MTTR is well below the three~hour specified requirement,
reasurements of component removal and replacement times were
not necessary to ensure conpliance with the maintainability
specification. The system design is such that all components
except one are readily accessible when the nos2 cone is removed.
This easy access is the reason for the low MTTR. The only com-
ponent that requires removal of another component for accegs is
the l0-micron gas filter. The charging valve must be removed
before the filter can be changed. This good maintainakility
design is the result of using the manlfold in the pneunmatic
system. The manifold eliminates a considerable amount of
tubing and fittings, thereby incriasing the reliability and
enhancing the maintainability of the system.

s

Wty tuoge
u w oW
'fl!

10.1.4 Preventative Maintenance

The preventative maintenance requirements for the system
have been minimized by careful design. Hermetically sealed
relays are used to eliminate any periodic maintenance for the
electrical system. Mesh filters are used in the fill ports to
prevent large particles from getting into the system and clog-
ging pneuratic lines and valves.

It appears that the unit will not require any special
veriodic maintenance. The one possible exception to this will
Ze the gas filter which nay require periodic replacement or
cleaning during use. The diaphragm in the nozzle assembly will
reguir geriodic inspection during use. Accelerated life tests

indicate *hat the diaphragm should withstand 1200 to 1500 cycles
at raximur opening of 150 GPM and more cycles at a lesser flow
rate.
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_16.1.5 Maintainability Data and Calculations

The maintainability data is presented in Table XII. This
data is used to calculate mean-time-to-repair (MTTR) from the
following formula:

Lx.t.
i ivi

MTTR =
IAi

i and t; are the failure rate and task time, respectively, for
the ith cormponent. When there is more tha.. cne of a particular
component and the task time is the same for all of them, the
failure rate can be multiplied by the guantity. The summation
is overall maintainable components. The MTTR is calculated

for a four module assembly:

Iniki = 530%

The n, is included since the repair time for all components will
be th& sarme in each module. :

I.l'lil iti - 230,114

Therefore,

MTTR = 43.5

Since the task times are estimates, only two sionificant digits
will be retained. The MITR will, therefore, be 44 minutes,

10.2 RELIABILITY

The first step in the reliability analysis is to define
the mission and to specify what constitutes a mission failyre.
Mission failure is specified as "any malfunction that ma
cause mission degradation™. A sample mission profile is shoun
in Figure 56. For the reliability analysis, the mission can be
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TABLE XYI. MAINTAINABILITY DATA . _
FAILURES | TASK TIME % OF TOTRL

COMPONENT QUANTITY | 2aTE (H nAt HAIN,

o _m_ 1 fx) | (M) . 1N
Prazgsie Switch 4 £3.9 39 31,700 16.40
diming ialve i 251.3 31 38,000 | 16.50
fegatatas 4 1.0 58 64,200 | 25.£3
Toeeaztar M, P 4 95 48 1,845 0.50
sanrnzeier )2, P2 4 1.7 48 i, 380 4,60
Biode 8 9.8 R} 238 0.10
Relay NI 4 3.3 45 16710 | ©.79
Selectos Switch 4 20 53 124 0.18
Safely Saitch 4 243 kY] 3,050 1.2
Filler Caps ] 4.3 6 1,105 ¢.40
Strap 4 61 i 244 0.1t
flalt 4 1.3 1 k1) 0.02
Charge Vatve 4 12.2 26 1,210 9.5
32lief ¥2ive (High Pressure) 4 0.0 33 - 2,649 .15
Fiiter 4 6.6 i} 624 0.2
Pressd'e Eauge 4 Nl.ﬂ 33 1,320 0_5}
Pressars Vessel 4 3.4 89 1,435 0.65
Theck Valve 4 1.1 49 2,100 | 0.91
Sleed Valve 8 12.2 41 4,000 1.74
82i1ef ¥Yalve (Low Pressure) 4 26.8 15 2,800 1.2
Jiaghraga 4 48.0 22 4,006 .| 1.p¢
Srsseninateon Yalve 4 222.8 53 59,750 | 25.90
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TIBE ( MIKUTES)
{1) TYAKEOFF :

(2) CLINg o 0.4
(3) CRUISE (OUTBOUND) 20,0
(4) DBESCENT 1.4
($) DELIVERY 4.0 (WORST CASE: & MODULES SEQUENTiAL)
(6) CLINS T g8 |
(7) CRUISE (INBOUND) . 20.9
(8) DESCENT , 2.2
(9) LAND
B

i il ' it

Figure 56. Mission Profile for Sequential Dissemination
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considered complete after segment five. The four-module
sequential mode of operation was selected since it is the
highest stress mode from a reliability point of view.

The reliability model developed for the system is shown
in figure 57. The model is based on a functional partitioning
of the system. For this sequential model, the probability of
success is the product of the success probability of each
gulsysten; i.e.,

Pg = PRPRP P PLPLP. {1)

{Px is the probability of successful mission cperation of the
xth subsystem.)

Two assumptions that affect the reliability analysis are
made. The first assumption is that all required periodic pre-
ventative maintenance will be done. The second assumption is
that for all missions, the modules will be given the preflight
checkout using the dispenser test set. A functional flow
diagram of the preflight procedure is shown in Figure 58, This
assures that the system is operational just prior to use,
thereby allowing the reliability calculations to be made using
operational time only. :

The data and the calculations for the probability of

success for each module are given in paragraph 11.2.1. The
results of the calculations are presented in Table XIII,

TABLE XIII. SUCCESS PROBABILITIES FOR SUBSYSTEMS

P, = 0.95%87 Pp = 0.99934

Py = 0.99999 Pp = 0.99845

Po = 0.59989 Po = 0.99989
Py, = 0.99989
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BATING ASSEMBLY
HIGH PRESSURE SYSTEM
LOW PRESSURE SYSTEM

E. NOZIZLE AND DISSEMINAYION SYSTEN
F. ARMING AND REGULATING SYSTEM
G. ELECTRICAL CONTROL SYSTEM

FPigure 57. Reliability Model
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From the data in Table XIIi, the probability of mission
success car be calculated, using Egquation (1). The result is
= 0,997, This would give a failure rate of 0.3 percent,
wﬁlch is well under the ten percent specified in the contract.

It is at this point that the implications of a development
versus a production contract become important. The failure
rate calculated above is based on a development contract
where all of the units are inspected and tested. On a produc-
tion basis, the failure rate could be higher since sampling
techniques will be used for inspection and testing. In fact,
since the inherent reliability is so high, a key factor in
selecting sample size for the production testing will be the
minimum acceptable failure rate.

The inherent reliability of the module structure, i.e.,
welds and material, is so high that it has a negligible con-
tribution to the probability of failure. This high inherent
reliability is due to the large safety factors used in the
design. These high safety factors are a result of strict
adherence to the design c¢riteria in MIL-A-85%]1 and the need to
maintain structural integrity under the 3evere test conditions
‘specified in MIL-STD-810.

This high structural reliability is achieved as long as
100 percent inspection of miterial and joints is done. With
anything less than 100 percent inspection there is the
possibility of a module with a bad weld or inferior material
being shipped to the field. If this happens the achieved
field reliability may be reduced. This distinguishes the
field reliability from the design reliability. The reliability
figure used ia this report is a design reliability where 100
percent inspection was conducted.

10.2.1 Reliability Data and Calculations

The reliability data is presented in Table XIV. The data
was gathered and developed from the following sources:

& MIL-HDBK-217Aa, Rellablllty Stresg and Failure Rate Data
for Electronic Equipment.

e PBureau of Naval Weapons Fallure Rate Data Handbook
(PARADA)}, Volumes 1A and 1B
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TABLE XIV. RELIABILITY DATA
OPERAVING | FAILURE RME
QUANTITY ¢ " Jymk meu
il -
COMPONENT R, ¢, (nouss) nn)t:?s nA;t, | REMARKS
Fusctional Unit
Hodute Structure
Filier Caps 8 0.5 24, 97.2
Tank 4 0.% 18,7 37.4 [Approx, OFf
i34.6 Agent Tamk _ |
“.aztional Unit
Maz.le Adapter
Strep ! 0.5 6.1 12.2
Bolt 4 0.5 (.3 2.8
14.8
Fanctional Unit
Hign-Pressure System -
Charge Valve b 0.5 12.2 %4
Relief Valve L 0.5 20.0 40.0¢
Gas Filter ¥ 0.5 6.0 12.0
Pressure Gauge 4 0.5 10.0 20.0
O=-Rings H 0.5 5.4 10.8
(Total For System) 9 0.5 0.2 _hLe
108, 2
Functional Unit
Low-Pressure System
Check Yalve L) 0.5 13.1 26.2
Bleed Valve B 0.5 122 45.8
Relief Valve 4 0.5 20.0 40.0
115.0
Functional Uait
NHozzle And Disseminator
Assembly
Diaphragm 4 0-: 2:; 5::
issemination Pi 4 .
blsgemlnatlon Pilot Yalve . o =5
Functional Unit
Arming And Requlating
Syste y 0.5 20,9 481.8
Pressure Switch . . .
Solenoid Valve Y 0.5 257.3 514.6
Regulator L] 0.5 2717.0 554.0
. 1550, 4
Functional Unit
Elecirical Control System
Conncctor Jt % 0.5 9.5 19,2 18 Pins Used
Connector J2 4 0.5 7.2 1L, 4 |6 Pins Used
Diodes CR 1, 2 8 . 0.5 0.8 3.2
Retay KI 4 0.5 8.3 18,6
Seltector Switch [} 0.5 2.0 %.0
Safety Switch 4 0.5 2.3 48.6
{108,0




#® Timmerman, P., Fault Data for the Prediction of
Reliability of Electronic and Mechanical Equipnent andé
Systems, Danish Atomic Engergy Commission Technical
Report, February 1968.

In cases where specific¢ data could not be obtained, the
similar equipment procedures as specified in MIL-HDBK-217A
were vsed.
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SECTION XI
SUMMARY

The basic modular configuration was defined in the
contract., The design evaluation was centered on improving
the ceneral design furnished under a previous contract.

tanter of gravity control, reliability, maintainability and
weight reduction.

The PAU-8/A Spray Tank consists of four modules, which
are constructed to allow the system to be used in one-, two-,
three-, or four-module configurations where aircraft pylon
characteristics are limited by maximum weight, ground clearance,
etc.

The design and development effort resulted in a modular
system which has an empty weight of 225 pounds per module, has
flow rates of 15 to 150 gallons per minute per module, can be
externally carried and operated on high and low performance
aircraft, contains 50 gallons per module, and is structually
sound and aerodynamically stable.

Flow models of the internal sections of the agent tanks
which simulated the GFE furnished tanks and the proposed
design were constructed to study the flow problems within the
tanks.

Several test and prototype nozzles were fabricated and
evaluated during development to ensure nozzle simplicity and
reliability.

Other equipment designed, developed, fabricated, tested,
and delivered to support the PAU-8/A were the loading and
handling adapter for use with the MJ-1 and the MHU-83/E bomb
lift trucks, dispenser test sets to preflight check the modules
and the arm and fire c¢ircuit of the aircraft as well as operate
the modules for static ground operaticns, temporary storage
ané shipping containers, and an adapter kit to reduce spray
contarnination of the F-4 aircraft.

wind tunnel tests and jettison tests provided data to
establish aerodynamic stability and an adequate safety margin
for jettison on all configurations.
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Aircraft compatibility studies were made with layouts and
full scale mock-ups of the PAU-8/A on the F-4, F-100, F=105,
F-111, A-1lE, and A-7 aircraft.

Flight tests to study nozzle design, air flow, and the
complete system were made on F-51 and F-86 aircraft with a
single, full-scale module and a 65 percent scale of the two-
module configuration.

Material compatibility studies were made to determine
what metals could be used in contact with the agents. Studies
were also made to determine what materials could be used to
coat the metal to protect it from the effects of the agents.

Eight complete four-module systems have been fabricated
ané delivered to the Rir Force for P & D Engineer ng Evaluation.
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