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FOREWORD

This report has been prepared by the Defense Technology Laborator;es '
(DTL) of FMC Corporation, San Jose, California, under Contract
F08635-69-C-0213. Program monitors for the Armament Laboratory
Yere Mr. Marshall G. Sclomon (DLGZ) and Captazn Harold L. Hebert
-{DLIF). .

The design, development, fabrication, testing and delivery of the
PWU~5/A Modular Internal Spray System was conducted from

-7 July 1969 through 30 September 1971 by DTL under the direction
of Mr. Atlee H. Bussey, Program Manager, and Larry R. Ramsauer,
Project Engineer. Technical personnel assigned to the program
were William P, Farris, David N. Singletary, Richard W. Triebel,
and Forrest A. Hettinger.

This technical repo t has been reviewed and is approved.

(”ngﬁilxn cgfﬁi?ﬁfé, Colonel, USAF

Chief, Flame, Incendiary, and Explosives Division
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~© ABSTRACT

The PWU-5/A Modular Internal Spray System (MISS) has been designed -
and developed to fit ten cargo/utility-type aircraft, including
the C-47, C-54, C-123, and C-130. The system was designed to

- disseminate herbicides, pesticides, and fertilizers in chemical
solution, suspension, or slurry form at ground deposition rates
from 3 ounces/acre to 3 gallons/acre with a minimum swath width

of two times the applicable aircraft wing span. The system is
completely self-supporting, requiring no aircraft power, and
includes provisions for suction filling, agent recirculation/
agitation, dissemination, system flushing, aircraft washdown, and
‘emergency dumping of the full agent payload. The system used
aerospace adhesive to secure all external hardware, allowing

system installation with minimum aircraft modification. A complete
C-123K MISS was installed and flight tested at Eglin Air Force
Base, Florida. The system was subjected to the complete flight
-envelope and functioned as designed. Flight test results indicated
that manual operation of the emergency dump took too long to
initiate. The dump chute should be moved to the aft portion of

the jump door to minimize emergency dump contamination, and the
right~hand fuselage spray station should be capped off to eliminate
fuselage spray contamination. |

S

Distribution limited to U. S, Government agencies only;
this report documents test and evaluation; distribution
limitation applied January 1972, Other requests for
this document must be referred to the Air Force Armament
Laboratory (ULIF)}, Eglin Air Force Base, rlorida 32542.
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SECTION I
TINTRODUCTION

This report describes the work performed in the development of
the PWU-5/A Modular Internal Spray System, designed to dissemi-
" nate various chemical agents utilizing ten different cargo/
utility-type aircraft.

Major effort was devoted to the design of a modular spraying
~ system which would exploit the full payload capabilities of all
-applicable aircraft by using multiples of the modular components,
allow for installation and removal at the organizational level
without permanent modification to the aircraft, and permit
spraying of a large variety of chemical agents over a wide rarge
of deposition rates. Compliance with these requirements resulted
in the use of a modular power unit and multiple modular 500-gallon:
capacity tank units. All hardware attached to the aircraft skin
{wing booms, etc.) was attached using adhesive to avoid metal
cutting or welding. Emcrgency dumping was accomplished through
the use of internal ducts, manifolded into a single duct, which
exhausted at an open rear jump door.

To assure an optimized agent transfer system, a complete system
flow model was built and tested.

This report contains a complete description of the PWU-5/A
Modular Internal Spray System; a development history of each of
the major subsystems and components; discussions of contamination
and safety considerations; ground and flight testing results; and
discussions of reliability, maintainability, and cost effective-
ness. The appendices contain the stress analysis for the various
system internal compcnents.: Analysis of the €-47, C-123, and
C-130 external hardware and complete installation instructions
are presented in the modification documents for these aircraft.

1
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SECTION II
SUMMARY

The detailed design requirements were defined in the contractual
gocument. The desjgn and development effort was directed at the
complete system, including aircraft compatitility; material/agent
compatibility; minimizing aircraft modification; internal tanks,
‘power module, and agent transfer system; emergency dump, and
sealed tank venting system; external wing booms, nozzles, and
positive shut-off nozzle valves; operator and pilot controls;
flow rate monitoring and control; contamination prevention; built-
in ground support features including self-filling and -draining,
system flushing, and aircraft washing; reliability, maintainability
and supportability. .

. The PWU-5/A MISS was designed to be compatible with and exploit
the full payload capabilities of the C-46, C-47, C-54, C-97,
Cc-118, C-119, c¢-121, ¢~-123, C~130, and C~13}1 aircraft. Each
system uses a single power module; multiple tank modules; multiple
standard wing boom, dump, and vent sections; and miscellaneous
plumbing fittings. Due to the unique geometry of cach aircraft,
different length hoses and other special fittings are used for
each installation. Thesc¢ special parts are kept to an absolute
minimum, utilizing the modvlar concept to the fullest extent
possible. ’

The agent transfer system contains all necessary controls and
monitoring eguipment to £i11, mix, and disseminate chemical solu-
tions, suspensions, or slurries. Disscmination rates may be
varied from 2.5 to 609 gpm while controlling the flow rate to
within + 5.0 percent. *This flow rate range permits all aircraft
to meet the required 3-ounce to 3-gallon per acre ground deposi-
tion rates while maintaining an ceffective swath of at least two
times the wing span of the applicable aircraft.

To minimize agent transfer system components and insure system
effectiveness, a complete agent transfer system flow model was
built and tested. . :

All system components were studied to reduce hardware costs while
maintaining functional ¢ffectiveness.

The C-47, C-~54, C-123, and C-~130 aircraft were sclected as primary,
and complete PWU-5/A Modular Internal Spray Systems wer:z designed,
fabricated, tested, and delivered for the C-47, C-123, and C-130

aircraft.



The C-123K MISS was installed and flight tested at Eglin Air
Force Base. The delivered C-130 system, to be used for Air Force
flight testing, utilizes four tank modules instead of the eight
tank modules normally installed in a C-130 aircraft. Complete
system. fitment tests for the C-47, C-123, and C-~130 aircraft were
made at NAS Moffett Field, Californla, to insure aircraft/system
compatibility. . :

Material/agent compatibility studies were made to select compat—
_1b1e system materials at minimum cost.

Several prime system cowponents were cycle tested to verify a

minimum 5~year life. FPlowmeter accuracy tests were performec
as were functional tests of major hardware components.

44444



SECTION II1
DESCRIPTION

3.1 S&STEM”DESCRIPTION

The PWU-~ 5/A is an airborne, modular, reusable system capable of
disseminating defoliants, herbicides, pesticides, and fertilizers
as chemical seolutions, suspensions, or slurries. The system
consists of a power module with a control panel, multiple agent
reserveirs, an emergency dump system, wing booms and fuselage

. spray stations with positive shut-off nozzle valves, & sealed
tank venting system, and miscellaneous piping and fittings. The
system can be assembled in various combihations to fit the ten
specified carqo-type aircraft. Figure 1 shows the C-123 MISS
installation, which is a typical two-tank system. Larger air-
craft use additional tanks. The C-130 uses eight tanks, four
on each side of the power module. The C-54 uses four tanks, two
on each side of the power module. The C-47 MISS installation is
unigue in that it uses two tanks, both on the same side of the
power module.

The power and control module contains all necessary equipmant
for controlling filling, priming, recirculating, disseminating,
emergency dumping, flushing, and draining the fluid system. The
system is entirely self-supporting, requiring no aircraft power.
System power is provided by an air-cooled, internal combustion
engine which drives the main pump, an air compressor, and gener-
ates necessary electrical power. The control panel incliudes all
.. gages and controls for complete system gperation and monitoring.
It addition, the aircraft pilot is provided with COntralé for*
both disseminating and emergency dumping. -

The agent reservoirs have a usable capacity of 500 gallons each
and include a filler cap, vent line, level sensors, inlet and
outlet tubes, and an emergency dunmp valve.

Tbe entire system is closed to insure no escape of agent or agent
vapors inside the aircraft. The power modulé and tank modules
have captive, retractable casters for:mobility.

All nozzle stations have pneumatically actuated positive shut-off
valves that prevent agent leakage at the nozzles when spraying is
stopped. These valves are fail-safe; if the pneumatic actuation
line fails, the valves continue to function as agent shat-off
valves but will only scal against agent pressures less than 5 psig.

Minimal aircraft modification is assured by routing all -‘external
plumbing, the tank vent system line, and the emergency dump out-
let line through the aircraft jump Jdoors, and by bonding the
external plumbing and wing boom mounting plates to the aircraft
with an aerospace achesive.

£
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Figure 1. C-123 Modular Internal Spray System Kit No. 4373716



3.2 SYSTEM PARAMETRRS ‘ _
The paramoters given in Table-Ilapély to the complete MISS sYsteﬁ
as installed in the ten specified aircraft. Parameters of the
individual system- modular components are discussed in paragraph
3.3.

3.3 COMPONENT DESCRIPTION

3.3.1 Agent Transfer System

The agent - transfer system consists of all components which trans-
fer agent from the tanks to the wing booms. The transfer system
is shown in schematic form in Figure 2, and the power module
piping portion of the system is shown in Fiqure 3 for cross-

reference. ) _ _ : _ : e

The system uses twin 4-inch suction lines to draw agent from the
tanks. These 4-inch suction lines merge and feed the centrifugal
pump. The pump output may be directed four ways; (1) recircu-
lated back to the tanks, (2) disseminated through the high volume
spray system, {(3) disseminated through the low volume spray systemn,
(4) drained through the power drain port.

The amount of recirculation is controlled by a butterfly valve,
and recirculation may continue during spraying.

Both the high and low volume spray systems have turbine flowmeters
for accurate flow rate monitoring. Each system also has 'its own |
throttle valve to allow adjustment of flow rates. The low volume
systiem has a fine mesh strainer to filter out foreign matter,
which may tend to plug the extremely small orifices of the low
volume spray nozzles.

The MISS agent transfer system is self-supporting in that it
includes provisions for self-priming, suction filling, and power
draining. Self-priming is accomplished by using an air eductor
which draws agent through the ground fill hose and the centrifugal
pump. Once the centrifugal pump is primed, it becomes the pumpina
source for suctlon filling.

During power dralnlng, the centrifu§a1 pump transfers agent from
the tanks through the appropriate ground support hose.

The agent reservoirs are equipped with motor-driven vent valves,
which automatically open when the desired function switch is
thrown on the control pancl {i.e., puwp prime, f£ill, drain, ete.).



' PABLE I. PWU-5/A MODULAR INTERNAL SPRAY SYSTEM PARAMETERS

¢

SMALLEST SYSTEM 2 TANKS, 1 POWER MODULE

LARGEST SYSTEM 8 TANKS, 1 POMER MOGULE
CAPACITY | 0 - 4,000 GALLONS (MAX.)
| ‘IolssgnlunT;on RATE 245 GeM fﬂ&?:]

FLOW RATE MONITORING ERROR LESS THAN & 5.0% FROM 2.5
T0 600 ceM )

SUCTION FILLING RATE USING
50-FOOT, 2-iNCH DIAMETER HOSE

WITH WATER 45 6PM  57-INCH LIFT
125 6PM  16.5-FOOT LIFT

WITH S5-GALLON DRUM

SUCTION PROBE ATTACHED,

WITH WATER 75 GPM  S7-INCH LIFT
o 50 6pM  16.5 FOOT LIFT

EMERGENCY DUMP TIME LESS THAN 45 SECONDS FOR 1/2
_ AGENT PAYLOAD FOR ALL AIRCRAFT
ELECTR{CAL SYSTEM ' 28 VDC, ALL CIRCUITS INDIVID-
UALLY PROTECTED BY BREAKERS
 NGZZILE VALVE 3/~ [NCH PNEUMATIC DIAPHRAGM
- DUMP VALVE L~ )NCH BUTTERFLY, PNEUMATIC
WITH MANUAL GVERRIDE
 SPRAY VALVE 3-(NCH BUTTERFLY, PNEUMATIC
SELF~SUPPORTING FEATURES NO AIRCRAFT POWER REQUIRED
- SUCTION FILL
POWER DRAIN

TANK WASHING NOZZLE PROBE
AIRCRAFT WASHING GUN
RECIRCULATION MIXING




AR IR

winG goous 7T 1
-y T (D) LON VOLUME
i SPRAY
] 4
i
DISSEMINATION ~mer—pon =
+ 9 : ©;3.‘:Diﬂ._:'
r -y &
; 1 _ HIGH VOLUME SPRAY
e | i
RECIRCY- L | EDUCTOR EXHAUST ’;;Eg'g
LATION <+ AND AGENT. .. t
P
®

[ ———— ol = i ke s i et il —

[ e e ey

4

==

Leen =

N

500-GAL,
O Tk 0 ©

500-GAL. &

EARETTT)

PUMP CASING DRAIN =

53
.o

% INCH 4 INE

PUNP

AGENT
TEMP.

SuCTioN

P

EOUCTOR

INCH TANK SOCTION YALYE

THCH SUCTION VALVE

IKCH SUCTEON FILL VALVE

TMCH POWER QRAIN VALVE

INCH RECIRCULATIOR YALYE

IHCH MiGH YOLUME SPRAY THWROTTLE
INCH LOW VOLUME SPRAY THROTTLE

D s
s
® 3
® 3
® 3
® 3
@1
® 3 tHCH SPRAY “ON-OFF" VALYE

LEGEND
LOW VOLUME STRAINER

TURBIKE FLOWMETER
BUTTERFLY VALVE, MANUAL LEVER

BUTTERFLY YALYVE, MARUAL HﬂﬂbNﬁEEi

BUTTERFLY VALYE, PNEUMATIC
DIAPHRAGM VALVE, MANUAL.

i

ey

©

§0-54L.
TANX

©

tL.._A.HJ '

mo-GlL l. .
TARK ‘Gy

Figqure 2.: Agent Transfer System Schematic



13

L.v. THROTTLE(D) "~ L.Y. FLOWNETER

ON OFF SPRAY VALVE(D) L.V. FILTER

DISSEMINATION (3 INCH LIKE)

EDUCTOR
ER Y l'iﬂ ' '
" “tlvs”@"g )] RECIRCULATMON (3 SNCH L INE)

>
RECIRCULATION VALVE(D) =X N '

. . * i ] ) :
sueTior awve(D "‘“’i AP TS SUCTION (4 NCH LIRE)

t ———
\ils
v/, ' _ [ suction VALVED)

POWER DRAIN (D) )

suction FILL(D)

Figure 3. Agent Transfer System Power Module Piping



3.3, 2 Pneumatlc System

_ the pneumatic system qenerates, stores, and direots comprassed
air for control of various system functions, as shown in Figure 4.

Compressed air is generéted by a single 7.4-CPM .two-cylinder air
compressor, which is belt-driven by the Packette PE%0-7 internal
combustion éngine. The compressor is .equipped with a governor

~ and unloader assembly which allows the compressor to cut-out and

free~wheel after a preset air reservoir pressure has been reached.
When the air reservolr pressure drops below a certain level, the
_air compressor auntomatically cuts back in and supplies compressed
ailr. When free-wheeling, the compressor continues to cycle but
without compressing air. Normal range between cut-in and cut-out
pressure is 17-22 psig. The cut-out pressure is adjusted to

130 psig for use with the PWU-5/A MISS.

Compressed air is stored in two 1200-cubid-inch primary reservoirs
and a single 634-cubic-inch emergency dump reservoir. The emer-
gency dump resexrvolr supplies air through a filter-regulator set
at 100 psig and 4~way solenoid valve to the emergency dump valves
- on the tank modules. The emergency dump air reservoir is isolated
from the primary air reservoirs by a check valve so that the
emergency dump air supply cannot be depleted cxcept by actuation
of the emergency dump system. The emergency dump air system can,
however, utilize the primary air supply when the emergency air
supply pressure falls below the primary air supply pressure. All
three air reservoirs are equipped with drain petcocks, and both

" the primary and emergency air systems employ safety valves to
prevent excessive pressure build-up due to any system malfunetion.
Both the primary and emergency air supplies are monitored by
1nd1V1dual pressure gages. ) .

The prlmary air supply pasaes through a fllter—regulator set at
60-30 psig and supplles air for the sprav valve, eductor, wing
boom purge, and the wing boom nozzle diaphragm valve air pressurc
raegulator. Both the eductor and wing boom purge air supplies are
cortrolled with 2-way solenoid valves and are protected Erom spray
agent by check valves. Air supplied to the eductor creates a

vacuun in the agent transfer system piping for priming the centrif--—-

uyal pump. The wing boom purge function allows air to pass
through the external aircraft plumbing and out of the spray
nozzles, purging agent from the wing booms. The nozzle diaphragm
valve air supply utilizes a ragulator to maintain pressurc at 40
psig and a 3-way solenoid valve ta control air direction. Air is
supplled to the nozzle valves at all times when not spr:ylng and
is exhausted when spraying.

1]
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- 3.3.3 Power Module Assembly

The power module assembly is the heart of the PWU-S5/A MISS and-
containg all necessary equipment to transfer, monitor, and
control the spray agent. The power module incorporates an agent
transfer system, pneumatic’ system, and electrical system. Figqures
5, 6, 7, and 8 show the major power module components. The power
medule assembly measures 51~1/4 inches from front to back by

60 inches wide by 51 inches high. Approximate dry weight is

2000 pounds.

3.3.3.1  Frame

The frame is a structural aluminum weldm.ut and has retractable
castors, lifting jacks, engine heat deflector, forklift slots,
‘belt guards, and tie-down eye bolts. The castors are held in the
extended or retracted position with captive ball-lock pins, and
the lifting jacks are used to raise or lower the front and back
sides of the power moduie when extending or retracting the castors.
The entxre frame is coated wlth heavy-duty 1ndustr1al epoxy paint.

3.3.3.2 Engine

The engine is 1l0-hp piston-driven, air-cooled, four-cylinder,
four-stroke gasoline engine. It is a PE90~7 Packett engine produce
by Continental Motors Coxporation, FSN 2805-633-6689, and is cur-
rently in the Air Force inventory as the power source for several
types of ground support equipment.

To drive the pump and air compressor, a 0.75:1 reduction gear
housing (FSk 2805-960-1916) is used. This provides a singlec pad
power take~off to which a splined stub shaft is attached with an
ocutboard bearing to support the main drive pulleys. Two sets of
four each 3V belts drive the pump; a single 3v belt drives the
air compressor.

Oon the opposite end of the engine from the power take-off, a load-
sensing governor and a 28V, 530-ampere generator are mounted on
power take-off pads provided for them,

The dual exhaust pipes are manifold into a single pipe exhausting
upwards. A commexrcial spark arrestor is mounted to the exhaust
plpe. Gasoline is supplied to the engine by a separate tunk and
connected with drip tight quick-~disconnect fittings.

3.3.3.3 Centrifugal Pump

The centrifugal pump is a 316 stainless steel chenical process
pump with TFE mechanical seals. It is constructed to iVS size
A70 envelope with a 10.0-inch casing and a 9.5-inch open impeller.
The suction port is 4.0-inch diameter and discharge is 3.0-inch
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dlameter, both ports are fitted with ASA lSO-pound drilled flanges.
The casing has a 3/8-inch drain port. Pump bearings are oil lubri-
cated, and the mechanical seals are pressure lubricated with a
spring-type grease cup. The pump is designed to handle slurries

. and highly viscous agents as well as highly corrosive chemicals.

3.3.3.4 Air Compressor and Air Tanks

" The air compressor is a reciprocatlng, power-driven, air—cooled,
self-lubricated design used as a source of compressed air in the
alr brake system of military and commercial wheeled vehicles.’
Its rated delivery is 7.4 CFM of free air at 100 psig norinal.

The compressor is belu-driven off the engine power cake-off shaft.
A pressure unloader ailows the compressor to free-wheel when the
air tanks have been pressurized to 130 psig and cuts tae compressor
back into the system wren the pressure falls to approximately 90

psig.

The air tanks are cylindrical in shape and are secured to the
pover module wlth strap brackets.

3.3.3.5 »ngent Valves

The 3-inch and 4-inch-diameter butterfly valves are aluminum

body with TFE sleeves amnd seals and 316 stainless discs. The
butterfly valves are gearwheel, lever, and pneumatically actuated.
The low volume spray throttle valve is a TFE diaphragm/stainsiess
steel valve.

3.3.3.6 Piping

The 3-inch and 4~inch-diameter piping is 304 stainless and a conbi-
nation of;schedule 5 pipe and 0.065-inch wall tubing. All piping
is welded and passivatad. Piping connections are made with corrd-
sion weight flanges, sanitary fittings, or quick disconnect fittinc:
{used for ground support hose connections). The low volume spray
system is l-inch, schedule 40, 304 stainless screwed pipe.

3.3.3.7 Solenoid Valves
.The solenozd a1r valves are commercial 24 vdc brass.
3.3.3.8 Pneumatlc Actuauor -

The pneumat1c actuator on the main sprayv valve is an aliminum -
body, twin piston-type actuator.

3.3.3.9 Eductor

The eductor is 304 stainless and obtains a maximum suction of 27
inches of mercury at 80 psig input air pressure. Air consump-
tion at 80 psig is about 11.4 SCFM. At 60 psig, aitr coasumption
is 9.0 SCFM, and a suction of 25 inches of mercury is oustained.
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3.3.3.10 Flowmetefsi

Two flowmeters are used: 3-1nch diameter high volume (up to 600
grm) and l-inch-diameter low volume (2.5 to 63 gpm).  The meters.
are turbine-type, constructed of stainless steel with carbide
bearings. (The prototype MISS flowmeters wére supplied with TFE
bearings due to the unavailability of carbide. } The meters are
fitted with ASA 150 -pound drilled flanges.

3.3.4 Tank Modulg Assembly

The tank module assembly is shown in Fiyures 9 and 10. The-
assembly measures 48 inches wide by 72 inches long by 64 inches
high and weighs approximately 670 pounds dry. Agent capacity is
500 gallons.

'3,3.4.l Tank

The tank is constructed of l4~gage 304 stainless steel. The tank
ends are ASME low crown flanged and dished heads. Access into
the tank is through a l0-inch by 19-inch manhole in the tank top.
The manhole cover has a fill cap, cup-type strainer under the
fill cap, liguid level transmitter assembly and 2~inch pipe vent
line. Agent slosh is controlled by a single vertical internal
baffle of perforated sheet, which covers the lower half of the

tank and is curved for strength. One tank end has three 3/4-inch—

14 NPT plugged openings to provide for possible instrumentation
during testing. Two of these openings were used for a visual
liquid level indicator designed for water testing only, since the
indicator materials are not agent compatible. 1Two 4-inch agent
pick-up pipes are pr0v1ded on the bottom of the tank, one at each
end. Attached to these pipes with sanltary fittings are 90°,
4-inch elbows. A 4-inch dump valve is located on one lower endﬂ
of the tank.

3.3.4.2 C(Cradle

Thé cradle is a weldment of structural aluminum, coated with
heavy duty industrial epoxy paint, and secures the tank with two
band straps. Castors are provided on each corner of the cradle,
retained with ball-lock pins, and can be easily extended or
retracted after lifting the end oi the tank module assembly with
the captive jacks provided. Forklift tubes are located on the
cradle side. Eye bolt tie~downs are located at each cradle
corner.

3.3.4.3 Electrical Junction Box
The electrical junction pox is secured to the top of one forklift
tube. Extending from the electrical junction box is a cable

which connects to either an adjacent tank or the power module, £s
shown in Figure 1l. .
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3.3.4.4 Dump Valve | I

The dump valve, located at the bottom of one tank end, is a 4-inch
butterfly with TPE sleeve, 316 stainless disc, and alum;num body.
The valve is actuated by a twin-piston pneumatic actuator, which
-is equipped with a handle for manual operation. The actuator uses
air to open and close the valve and; therefore, air pressure must
be relieved before manual valve operation is possible. The dump
‘valve air lines are connected in exactly the same sequence as the
electrical junction box cable (Figure 1l}. The air lines on the
tank module nearest the power module are connected to the power
module, the next outermost tank module air lines are connected

to the tank nearest the power module, etc. The two dump valve

air lines are different sizes, eliminating the p0351b111ty of
incorrect connectlon.

3.3.4.5 Vent Valve

The vent valve is a 2-inch brass bhall valve with TFE seats. It
ig driven with a 28-Vde motor actuator which provides feedback
to the power module control panel to indicate whether the valve:
is open or closed.

3.3.4.6 Fill Cap and Strainer

The fill cap is 304 stainless with a fluorosilicone gasket. It
is spring-loaded and will seal up to about 15 psig internal tank
pressure. Located below the fill cap is a removable stainless
steel strainer to filter out foreign matter if agent is poured
directly intc the tank.

[

3.3.4.7 Liguid Level quat/rransmitﬁer Assemblyh o e e

The liguid level transmitter is a sealed resistive-type level
indicator made of nickel-plated brass, stainless steel, and TFE.
It is bolted to the manhole cover and supporced at the bottom of
the tank by a short vertical tube which forms a slip-joint. This
method of connection allows the tank to expand and contract due
‘to temperature changes, etc., without damaging the float assembly.
When the float reaches the top of its travel duwring ground filling,
it trips an internal switch which closes the tanks vent valve,
preventing agent from being pumped through the vent line. When
all tanks in any size PWU-5/A MiSS have been filled in this
manner, the power module engine magneto is grounded, stopping the
«ngine to prevent overpressurization of the tanks.

3.3.5 Power'Modulé Controls and Instrumentation

The power module control panel is shown in Pigure 12. It contains
all instrument.tion and remote controls for the PWU-5/A MISS. All
indicator lights are the press-to-test type and can be dimmed by
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_rotating; The control panel is hinged for easy access to the
eontrol box immediately beahind the control panel. . The control
hox contains the majority of the system's electrical equipment.

- 3.3,5.1 Agent Temperature and Pressure

The agent temperature and pressure gages are located at the upper

. left-hand corner of the control psnel. Agent pressure is read
"at the centrifngal pump output and agent temperature at the pump
intake.

3.3.8.2 Aix Pressure

Two air pressure gages are located below the agent temperature

- and pressure gages, The upper gage reads the air pressure in the
. emergency dump reservoir, and the lower gage reads the pressure
in the primary air reservoirs,

3.3.5.3 Number of Tanks

The switch at the top center of the control panel is used to set
the system for the total number of tanks in the system. For all
systems (2, 4, 6, or 8 tanks) except the C-47, the tanks are
Incated symmetxrically about the power module. . The C-47 MISS
installation uses two tanks both on the same side of the power
module and therefore requires a special switch position.

3.3.5.4 Vent Valves

Figure 13 shows the vent valve control display and how it relates
to the MISS tank placement. The switches marked "End Tank Left"
and "End Tank Riaht" are used to set the system electronics for
the correct end tank. For a two-tank simmetrical system, the
switches would be set at 1 and 2: for a four-tank system, they
would be ser at 3 and 4, etc. The C-47 has special switch
positions because it is not a symmetrical system.

The vent valve switch in the center of the vent valve panel opens
and closes all tank vent¢ valves simultaneously. Each tank has
indicators to display whether its vent valve is open or c¢losed.

- Red lights indicate open, and green lights indicate closed.

3.3.5.5 Dump

The dump switch opens all tank vent valves and dump valves,
simultaneously. This switch is in parallel with the pilot's dump
switch so that either the operator or pilot can start and stop
the dump sequence. (The same switch must be used to hoth start
and. stop the dump operation.)
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3.3.5.6 11

The fill switch opens all tank vent valves for ground filling
uginq the power module suction £ill function. As each tank is
filled, its vent valve automatically closes. When all tanks are
- filled, the engine magneto is grounded, stopping the engine and

preventing overfilling the tanks. Turning the fill switch off
‘allows the engine to be restarted. If the tanks are not filled
full when ground filling is terminated, turning off the fill
switch will close all tank vent valves. ' :

3.3.5.7 Pump Prime

The pump prime switch supplies air from the primary air reservoirs
to the eductor for priming the pump when the system is dry and

" opens the end tank vent valves to allow venting of the eductor
cxhaust air through the recirculation line and the end tank

S gentig, e . y . .=

3.3.5.8 Air Purge

The aixr purge switch supplies air from the primary air reservoirs
to the 3-inch dissemination line just after the main on-off spray
valve. The air purge switch will not function unless the main
on-off spray valve is closed, preventing the possibility of
blowing air back through the system and into the tarnks.

L.

3.3.5.9 Dbrain

The drain switch opens the end tank vent valves only. This allows
sequential draining of the tank modules.

3.3.5.10 Agené Capacity System .. ... % - _ . -

The agent capacity system includes a twin oppcsed needle indicator
with each needle reading 0~500 gallons, and a four-position selec-
tor switch marked 1-2, 3-4, 5-6, 7-8. With the selector switch in
the 1-2 position, the agent capacity of tank number 1 is displayed
on the left needle indicator and number 2 tank agent capacity is
displayed on the right needle indicator. In the same manner, the
agent level in tanks 3 through 8 can be read. If a tank is
selected which is not in the given system {i.e., tank No. 6 in a
" two-¥ahk system), the indicator needle will-vin-off scale, above
the full mark.

3.3.5.11 Spray
The spray switch opehs the end tank vent valves and the on-off
main spray valve (3-inch butterfly) simultaneously, allowing the

tanks to empty sequentially from the end tanks to the innermost
tanks (both sides of the power module simultaneously). The
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operator spray switch is in series with the pilot's spray switch
s0 that both switches must be thrown to initiate spraying, but
either the operator or pilot can terminate spraying. Two indica-
toxr lights next to the spray switch indicate if the pilot's or
operator's spray switch is on.

3 3.5. 12 Main Power

"’_The main power switch supplies power to all system functions and

is also a circuit breaker. All subcircuits are individually
protected with circuit breakers, and an indicator light illuminates
if any circuit breaker is activated to the OFF position. A hinjed
' -panel. provides circuit breaker access.

3.3.5.13 FEngine Controls

- Engine. controls include a start button, ignition switch (magneto
ground}, throttle, and choke. The choke and throttle levers are
the push-pull type. Pulling the choke lever activates the choke;
the throttle lever is pulled to decrease throttle and pushed in
to increase throttle. Rotating the throttle lever clockwise will
lock it in a given setting. The engine tachometer is located
above the engine controls.

3.3.5.14 Engine Instruments

A twin needle indicator displays oil and engine head temperature.
The hourmeter indicates elapsed operation time. The ammeter shows
- battery charging or discharging rate, and the oil pressure gage
indicates engine oil pressure.

~3.3.5,15 panel Illumination Lights g o
TPwo flexibla goose-neck panel lights are provided. These lighfs
may be positioned as desired, include dimming devices, and can be

" adjusted to illuminate with either white light for day flying or
red light for night flying.

3.3.6 -Pilot Controls

Pilot controls are shown in Figure 14. Switches for spraying and
dump are provided. A dump ingdicator illuminates if either the
pilot or operator activates the function. Separate indicators
for the pilot and operator are provided with the spray switch.
The indicators are the press-to~test type and can be dimmed by
rotating them. The pilot control box is connrected to the power
module control box with an electrical cable.
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3.3.7 Electrical Sfétem

The main clectrical power system consists of a 28-volt lead-acid
alrcraft battery, S0-ampere ~ 28.5-~volt direct current generator
.powered by the PE90-7 engine, a carbon pile voltage regulator,
and a reverse current relay. All secondary electrical systems
are individually protected with circuit breakers.

A detailed explanatlon of th& complete PWU-5/A MISS electrical
system is presented in -Appendix I of this report. +--

'3.3.8 Emcrgency Dump System

The emergency dump system allows one-half the agent payload to be
jettisoncd overboard in less than 45 seconds. Each tank dump
valve ocutput is manifolded into a l0-inch-diameter duct which
extends through an aft jump door. A single 10-~inch dump line can
handle up to four tanks; larger systems require two dump lines.
The ducting is silicone-coated glass fiber, -and fittings are
stainless steel.

3.3.9 Tank Vent System

The complete MISS is sealed to prevent leakage of agent or agent
vapors inside the aircraft. To .accomplish this, the 2~inch-
diameter tank vent hoses are manlfolded into a 3~inch vent line
and routed out a reay jump door. Each 3-inch line will handle
four tanks; larger systoems use two 3-inch vent lines. At the

jump door the 3-inch vent line chute is positioned so the air-
stream causes slight ram-air pressurization of the tanks, decreas-
ing emérgency dump time. All vent line ducting is silicone~
coated glass fiber, and all fittings are stainless steel.

3.3.10 Internal/External Aircraft Plumbing

Agent suction lines are 4-inch~diametexr flexible hose. The first
HMISS prototypes were supplied with a vinyl interim hose which
should not be used with agents containing aromatic hydrocarbons.
A stainless steel suction hose, which is compatible with all MIss
. agents, is specified with the system.

Recirculation and spray hoses arée 3-inch-diameter’ cross~linked
polyethylene-lined pressure hoses rated at 150 psig working pres-
. sure. All suction and pressure hoses are sanitary~type couplings.

Bach aircraft used with the PWU-5/A MISS requires certa.n custom
fittings to routc the spray hose out the jump door to the wing
booms. For complete information regarding internal/extoernal .
plumbing for a specified aircraft, consult the PWU-5/A lodular
Internal Spray System, Class II modification documentat on for

that aircraft.
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3J.3.13% Winé Boom Systeh

The wing boom is a 2-inch stainless pipe streamlined with an aft |
fairing. Standard wing boom lengths are 8 feet and 4 feet, Vari-
ations of shape and length are requived oa certain aircraft.
Sections are joined with flexible connactors, which allow angular
movement. but restrain axial movement and rotation.

Nozzle stations are located every two feet along the boom., Air-
assisted diaphragm nozzle valves are used at each nozzle station
to insure positive termination of spraying and prevent agent
leakage through the nozzles when not spraying. A pneumatic line
is located inside the boom fairing to supply air pressure to the
nozzle shut-off valves. '

Two size stainless steel nozzles are used: 1/2-inch high capacity
nozzle rated at 7.5 gpm/nozzle at 10 psig to 23.7 gpm/nozzle at

- 100 psig; '1/4-inch low volume nozzle rated at 0.10 gpm/nozzle at
10 psig to 0.32 gpm/nozzle at 100 psig.

The booms -are positioned underneath the wing and secured by struts
and bonded mounting plates (bonded to the wing with aerospace
adhesive) .

© 3.3.12 Ground Support Eguipment

Ground support equipment consists of:

'50-foot, 2-inch-diameter suction/pressure hose
50-foot, 1l-inch-diameter pressire hoase
55-gallon drum suction probe’ assembly

Tank washing probe

Aircraft washing gun

Adaptor fittings.

The 2-inch hose is used for suction filling or power draining.
Attaching the drum suction probe assembly allows suction filling
directly from 5%-gallon drums. The l-inch hose may be either
connected directly to the power module or to the end of the 50~
foot, 2-inch hose. The tank-washing probe includes a spherical
spray head to wash down all internal tank surfaces when cleaning
the system and is inserted through the tank fill cap opening.
The aircraft washing gun has a variable spray which may be
changed from a jet stream, cone spray, or shut off according to
the gun's trigger position
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SECTION IV
 SYSTEM DEVELOPMENT

The followxng sect:ons of this report present the development.
sequence of all FWU-5/A MISS hardware plus discussions of design
criteria such as aircraft characteristlcs, chemical agents, and

field operations.

a—

4.1 ATRCRAFT CONSIDERATIONS -

The PWU-5/A Modular Internal Spray System haé‘been.designcd for
use on a wide variety of cargo~type aircraft: C-46D, C-47D,
C~54G, C-97G, C-118A, C-119G, C-121G, C-123K, C-130E, and C-131E.

Some of these aircrait date back to the late 1930's while others
are modern~day sophisticated transports capable of carrying up to
45,000 pounds of cargo. This wide range of aircraft technology
required extensive investigations to insure that suitable system/
aircraft combinations resulted. The aircraft were divided into
two groups: primary and secondary. The primary alrcraft are the
C~47D, C~54G, C-123K. and C-~130E; other aircraft are termed as
secondary. Some specific aircraft characteristics are shown in
Table II.

The aireraft design considerations ‘included aircraft compatibilit -
modifications required, installation and removal restraints, air-
craft contamination, and spray performance. These subjects are
discussed in the following sections to show the resitraints placed
on the design and to show how the design satisfies the restraints.

4.1.1 Aircraft Compatibility

To determine aircraft compatlblllty, sevcral regquirements were
established. fThese requirements include:

Using full aircraft payload capacity
Attention to floor load limits
Attention to cénter of gravity
Fitment in allowabie cargo~$page

Attention to tie-down requirements

Permitting access to emergency exits

Permitting access to service points

'@ Withstand:ng airborhe environments.
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TABLE I1X. AIRCRAPT CHARACTERIESTICS

'SECONDARY AIRCRAFT

PRIMARY AIRCRAFT

6-130e § c-460 | ©-976 | ¢-118A .} ©-1195 | £-1216 C-131E |

SPAN F1 95,0 1z.s | no.0 | 1326 108.0 § w3 | riz.s | 09,8 | 1230 | t0s.7
LENGTH £T 64, 5 93,9 75.8 97.7 76.3] 110,32 ) 1069 | 865 | 1126 79.1
HEIGNT FT 16.9 27.5§ 3.1 38.0 20,8 38.3 28,4 26.3 4.8 27,8
ERGINES 2 4 2 § 2 3 4 2 % 2
NACIMUM SPEED knoty 229 290 200 326 260 3to 329 242 | 295 295
CRUISE SPEED wots] 192 -] 167 | 281 129 200 § 223 | Iu6 22 170

OPERATING WEIGRT Le 20,000 | 90,000 } 39,100 }71,%0 35,000 | 92,500 ] 60,000 {1 95,000 | 110,000 ] 38,000

LOADED WEIGHT te § 33,000 | 73,000 | 60,000 ps3,000 § s1,900 |t69,000 J1i2.000 | 72,700 | 145,000] 60,500
* MAX. PAYLOAD w8 | 9.000 | 24,000 {18,000 jus,000 § 16,000 | w,000 | 20,000] 20,000 | 30,000} 18,500
MAIN CARGO DOOR o | osioe | sioe | rear | reaw stoe | ReaR | s1pE | Rear | SIpE SIDE
DOOR HEIGHT N, ] s 67 160 . | 109  §s5.5-785] 78 ™ 96 n |72
DOOR Wi DTH TH 84 - 85 110 123 -95.% ? 124 1:0 12 120
CARSO COMPARTHENT: ‘
HEIGHT RRLN 0 | 6o 98 ¢ 109 80 88 93 2. | 19
WIDTH . 79 103 [98-110 | 123 109 | 86-107 | 108 110 122 LN
LENGTH n | 270 420 444 492 si0c {1 764 | a6 Wl 98N 554
MAX, FLOOR LOAD | esF] 200 269 200 1080

185 200 200 00 x93 200

*MOTE: PATLOADS SHOWN ARE MAXIMUM FOR MISSIONS UTILIZING THE Pwy-57/A M155.




Since the PNU—S/%.HIQS must be capable of use on a wide varlcty
of aircraft with cargyo capacities varying fxrom 9,000 pounds to
45,000 pounds, several trade-offs were made resulting in the [ino:
systcm.  The system is able to satisfy the requirements of the
targe aircraft, and by rearranging the modules and connectiwve
 plumbing and reducing the number of tank modules, the system is
made compatlble wlth other aireraft.

Parameters of tho various alrcraft/system coﬁblnatxons are shown
in Table IITI. The weights and payload efficiencies do not include
the weight of cornective plumbing and booms. It is scen that the
payload efficiency {without plumbing) is high, varying from 95
percent to 67 pexcent. For those aircraft which are payload
~limited, the PWU-5/A MISS utilizes nearly 100 percent of the air-

craft payload capacity when the internal and external plumbing
are included.

8in¢e the system modul.. must be interchangeable, the most extreme
environpmental factors of the group of aircraft were considered.
These factors, which were established as design goals, are pre-
sented in Table TV. Load factors were dctermined to meet the
requirements of the applicable Air Force technical orders for
normal and crash conditions. Aircraft attitude angles determined
the amount of center of gravity contreol which must be provided by
the PWU-5/A MISS. Altitude and temperature ranges were determine
to aid in the design of system components. A design dynamic
‘pressure was cstablished for the determination of maximum air
loads on external components.

Specific module layouts for the varinus aireraft are discussed
below. Particunlar attention was given to satisfying floor leadin
compartment loading, and coenter of gravity requirements while
exploiting maximum possible payload capacities.

i

4.1.1.1 Primary Alrcraft
e C-47D

The module layout for the C-47D is presented in Figure 15. 7Twno
-tank modules and one power module are shown. The fuselage is
divided into compartments along its length. Each compartment han
a weight capacity independent of other compartments.

Center of gravity conditions were satisfied assuming a basic air-
craft, crew, and fuel c.q. at the forward ajrcraft c.g. limit.
The modules were then positioned such that the aircraft c.q.
remained within limita. These c.g. requirements limited the load
of the aft tank. The forward portion of the main cargo door is
removed for routing of connective plumbing.
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TABLF IITI. AMAIRCPAFT/SYSTEM PARMMETERS

TANK HODULE WEIGHT: 659 FOUNDS EMPTY - : POWER MODULE WEIGHT: . 2,050 POUNDS
AIRCRAFT ANk MOOMLES | CAPRCITE ((?m..) NEI:‘}SGHDTUL(QPFE}%DS) 2‘};&8‘.‘2@ (| LPHTING I_”‘CTOR
C-L6D . 4 9% 12,982 08 COUPARTHENT LOAD
¢-470 2 lob 720 | e o | ENRY
C-Su6 4 1,925 20,73 0.8 .| peecrainT
¢-976 8 3,090 | %4 0.91 PAYLOAD
c-118a b 2,592 27,598 0.92  PAYLOAD
c-1196 b 1.6 19,050 . 0.95 PAYLOAD
¢-1216 6 | 2592 27,58 | 0.9 PATLOAD
c-123K 2 | 992 1,712 090 | eaviomo
€130e !I oy 3,968 40,698 0.90 PAYLOAD
c-131g N L 12,450 0.67 CONPARTMENT LOAD

HOTES:
@ SPECIFIC GRAVITY 1,0

(D INCLUDING POWER MODULE, TAMK MODULES. WITH S.§ = 1.0 AGENT, EXCLUDING CONNECTIVE PLUMBING, WING BOOMS, ETC.
(D RATIO OF MODULAR WEIGHT TO MAXIMUN AIRCRAET PAYLOAD, ‘ '




PARLE 1V, EMVIRONMENTAL FACTORS

+

)] LOAD FACTORS
| NORKAL eRASH
FORWARD 3.0 ¢ 8.0 9
AFT 3.0 9 L5 g
ur 3.0¢g 2.0 ¢
DOWN _ 4.5 ¢ 4.54
SIof 1.5 ¢ TR
2)| AIRCRAFYT ATTiTUOE FOR €.G. CONTROL
PITCH ¢+ 30°
f0LE  + 6o°
- 3)]  ALTITUDE
CRUISE: O FEET ¥0 20,000 FEEY - WEAN SEA LEVEL
SPRAY. 0 FEET To 10,000 FEET ~ MEAN SEA LEVEL
4)}1 DESIGN DYNAMIC PRESSURE - S
400 KTAS AT SEA LEVEL
2 = twoesy
5)| TEMPERATURE
ST0RAGE
(WLTEQUT AGENT) -65°F 10 +165°F

INSTALLER WiTH AGENT ~65"F T0 +140°F (OUTSIOE)

+20°F T0 +i80°F  {INSIDE}

SPRAYING +HO°F TO +140°F
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Tie-down of modules should be in accordance with the carge loadin
T.0.'s of the applicable C~47 model. Due to extreme variance of
tie-down locations and strenaths between C-47 models, no single
tle~down prccedure is appllcable.

. C-54G

The 4-tank module layout proposed for the C-54G is presented in
Figure 16, The versatility of the modules, necessary to maximize
payload capabilities, may be seen in this layout. The modules
are oriented crosswise in the cargo—compartment in order to
satisfy center-of-gravity requirements. The two end tanks will
empty first, and the two center tanks will empty last. The for-
ward portion of the aft cargo door will be removed to provide

the opening for connective plumbing. .

Due to restraint capability of the cargo tie-downs, the forward
tank must be limited to a total weight of 4332 pounds. 1In addi-
" tion, it is required to directly bolt the cradles to floor
fittings and to use several tie-down brackets to maximize the
available restraint. Table V presents the recommended tie-down
scheme, The tie~-down fitting number is composed »f the compart-
ment, tha row {from left to right), the type fitting (primarily
used for engine tie~down or general cargo), and the numerical
position (from forward) of the fitting in the particular compart-
ment row,

® C-123K

The module layout for the €-123K is presented in Figure 17. ‘Two
tank modules and a power module are used, and the small c.a. bana
requirements are satisfied by thlb arrangcmenL as shown. Thoe
tanks empty simultancously. g

Cargo tie-down fittings are adequate, passageways are sufficieont,
and the forward bail-out chute is not obstructed. #loor and
compartment loading vequirements are satisfied. The two aft jump
_ doors arc removed to provide openings for connective plumbing.
Tic-down details are presented in Table VI; fitting nomenclaturc
is standard to th2 aircraft.

& C-130E

The module layout for the C-130F is presented in Figure 18. fThe
full capacitv cight~tank system is shown. The module layout
‘satisfies c¢.g., floor loading, and compartment leading recuire-
ments, and the jump doors provide openings for conncctive plumbin

Tic-down details are presented in Table VII. Fitting ncmen-latur

is standard to the aircraft. For the prototype test svstem, o
four-tank assembly was designed and fabricated.
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TABLE V. C~54G TIL-DOWN DETAILS

_ TIE-DowN . | TIE-DOWN DEVICE
MODULE FITTING NO. [OTY SIE ATTACHMENT POINY
o 6-A-C-3 ' 1250 LEFT AFT CORRER
(MOST AFT) Hehelmf A
HeBeCa)
H=C~C-1 LEFT AFT CORKER
H=DeCn RIGHT AFT CORMER
He-E~C-) © REGHT AFT CORNER
. G-F2-2 RIGHT AFT CORNER
H-F-C-l 1250 RIGHT AFT CORNER
0-8-£-4 oLt THROUGH CRADLE
4-b-€~1 | 3
6-8~0-7
¢-8-£-2
. 6-B-¢-3
6-C-C-}
G- (=2
 6=(-C-3
GeD=C-1
6~0=E-!
G-D=l-2 |
GoDmE-2
[
GeE=Ca
G-E-E-1
BeE-C-2
G-E-E-2 v Y
G-E-Cu2 BOLT THROUGH CRADLE
2 Fohnlnf - 1250 _LEFT FWD CORNER
FeheCe2  § LEFT FWD CORNER
Foh-(3 LEFT AFT CORNER
GoA=C-t LEFT AFT COANER
G-A-C2 LEFT AFT CORNER
fFuB-C-t RIGHT FND CORYER
FeCalet RIGHT FwD CORYER
fa0-Cel LEFT FwD CORKER
Fef-Ced LEFT Fwd CORNER
F-F-C=1 Y Y RIGHT FWD CORVER
FeFela? 1 1250 RIGHT Fwd CORER
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TABLE V. (CONTINUED)

- TYE~DOWN

TIE-DOWN DEVICE

" MODULE FITTING NO. |87y T ST7E ATTACHMENT POINT
2 - F-Fst~2 1 S 1250 RIGHT AFT CCONER
(coxTInvED) . B=F-t-1 i REGHT AFY CORNER
B-F-C~2 ¥ 250 RIGHT AFT CORNER
f-8-E-1 BOLT THROUGH CRADLE
FeB=C-2 }
fF-8-C-3 '
F-C-¢-2
F-C-C-3
Febefat
FoDulm2
FoDage2
feDnCe3
F-D-£-3
F-E~E-t
F-E-C-2 ¥
_ Fafa(e3 BOLY THKOUGH CRAOLE
POWER MODULE Eekntn? 1250 LEFT FWD CORNER
E-A-C~3 LEFT AFT CORMER
E-FuC-2 %L3HT FWO CORNER
£-F-C-3 1250 RIGHT AFT CORMER
- EeCaCul BOLT "THROUGH CRADLE
E-C-C-2
£-£-C-3
£-0-C- 1
£-0-£-1
£-D-C.2 ;
E0-£-2 )
£-0-C-3 ] ‘
£-D.£-3 —_BOLY THPQUGH cRanLE |
3 Dedet2 1250 LEET AFT CORNER
0-A-C~3 LEFT AFT CORNER
E-A-C-f LEFT AFT CORNER
E-0-C-f LEFT AFT.CORMER
beFet-2 RIGHT AFT CORNER
b-F-C-3
EeFelal
E-E-C-1 ] 1250 RIGHT AFT CORNER
DeBeCt ' BOLY THRIUSH CRADLE

42




TABLE V. (CONCLUDED)

TIE-QOWN

TIE-DOWN DEVICE

MODULE | FiTTinG ro. IOV T S73E ATTACHMENT POINT
3 0-8-C-2 | $0LT THROUGH CRADLE
{coxTinyED) Debofel * .
0-9-¢-3 LT - THROUGH CRAOLE
0-8-€-2 HEco AFY CRAOLE
“DeCelal BOLT THROUGH CRADLE
0-CaCa2
0-¢-t.2
. DaD-t-i
D-0-C-2
0-0-E-1
0-0-C-3 poLT THROUGH CRAOLE
0-b-E-2 Ti R AFT CRADLE
D-E~ -1 poLT THROUGH CRADLE
0-E~C-2
O-€ E-f t
0-E-C-3 8oLT THROUGH CRADLE
p-E-2-2 ko AFT CRAOLE
Y t-h-C-t . LEFT 510
{wOST Fwp) CA-C-2 5w LEFT §10¢
' ' D-8+C-| 1250 LEFT AFT CORNER
C-Fe -1 sakehay RIGHT SI0E
CFein2 . RIGHT $10E
0-#-C-| 1250 RIGHT AFT CORNER
CB-ta BOLT THROUGH CRADLE
C-8--t | }
€802
€-C-C-i
-2
C-DaC-1
t-D-E-t
C-0-c-2
C-E~Cel
CE-Eal Y
C-E-C-2 ' QLT THROUGH CRADLE
ix (NTERCONMECT
AODLT 10N . T MODULE NO. | 1O X0.2 AvD MODULF
BRACKET
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MODULE WEIGHT {iB)
CAPACITY [GAL, §.6. 1.0)
COMPARTHENT
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L
J\N

I

r
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Figure 17.
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TABLE VI. C-123 TIE-DOWN DETAILS

BODULE Fﬂgﬁfgﬁhﬂg. 1 artacwent eoint
FORMARD TANK A-8 - LEFT AFT CORNER
| a9 LEFT FORWARD CORNER
a-10 LEFT AFT CORNER
£ 8 - REGHT RFT CORNER
£~ 9 RIGHT FORWARD CORNER
€-10 RIGHT AFT CORNER
POWER MODULE aA-11 LEFT FORWARD CORNER
| A-12 LEFT AFT CORNER
£-11 RIGHT FORWARD CORNER
E-12 RIGHT AFT CORNER
AFY TANK A-14s ~ LEFT AFT CORNER
“ =16 " LEFT FORWARD CORNER
A-18 LEFT AFT CORNER
E-14 RIGHT AFT CORNER
. E-16 RIGHT FORWARD CORNER
€18 RIGHT AFT CORNER
HOTES:
TIE-DOWN DEVICE:
QUANTITY = |
SI2E = 10.000
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MODULE ‘NElGHi’ {L8)

L
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LOAD CAPACITY (LB) b 12,900 R 15,790 T 28,000 T 130,000 b 40,000 1_;5.000']"“.'400 L 12,700 L

ENPTY ING SEQUENCE

o

® @ 60 o0

® ® 0 O

OIS

BRGNS AN WO 0 VR g
\ ~ - ( » w r

"ALLOWAGLE PayLGAD €.G.
ACTYAL PAYLOAD C.G. ' e

" ALLOWABLE PAYLOAD C.G.
ACTUAL PAYLOAD C.OG. o, )

Figqurc 18,

: WIS INITIII ST LSS I TIIITIIT IS

o

FULL

ENPTY
ENPTY

. *PER T.0. 1C«10E-§

C-130E Floor Plan



TABLE VII. €-130E TIE~-DOWN DETAILS

MODULE L i T ATTACHMENT POINT
B 94 LEFT AFT CORMER
(HOST FwD} | HIGKT AFT CORNER.
. SA LEFT FORWARD CORKER
5 RIGHT FORWARD CORNER
68 LEFT AFT CORKER
oF RIGHT AFT CORNER
7 6A LEFT AFT CORNER
66 RIGHT AFT CORMER
8A LEFT FORWARD CORNER
86 “ RIGHT FORWARD CORNER
% LEFT AFT CORNER
9F RIGHT AFT CORMER
6 PP TS LEFT AFT CORKER
-3¢ RIGHT AFT CORKER
10A LEFT FORWARD (ORNER
190 REGHT FORWARD CORNER
1t LEFT AFT CORKER
1F LEFY R1GKT CORMER
5 TIA LEFT AFT CORNER
16 RIGHT AFT CORKER
124 LEFTY FORWARD CORNER
126 RIGKT FORWARD CORNER
138 LEFT AFT CORNER
k3F RIGHT AFT CORNER
POWER MODULE T} LEFT FORWARD CORNER
198 LEFT AFT CORNER
19§ RIGHT AFT CORNER
$46 RIGHT FORWARD CORNER
" - R LEFT AFT CORKER
: 166 RIGHT AFT CORNER
- 188 LEFT FORWARD CORAER °
186 RIGHT FORWARD CORKER
198 LOFT AFT (ORMER
19F RIGHT AFT CORMER
3 BT LEFT AFT CORNER
196 RIGHT AFT CORNER
208 LEFT FORWARD CORNER
. we RIGHT FORWAXD CORNER.
218 LEFT AFT CORNER
2F RIGHT AFT CORMER
7 A LEFT AFT CORKER
216 RIGHT AFT CORNER
224 LEFT FORWARD CORNER
22 RIGHT FORWARD CORMER
248 LEFT AFT CORNER
1Y RIGHT AFT CORNER
' e,
{HOST- AFT) N LEFT FORWAKD CORNER
258 LEFT FORWARD CORNER
28F RIGHT FORWARD CORNER
%0 0 RIGHT FORWARD CORMFR- . =~ |

HOTES:

IE-DOWH DEYICE
! QUARTITY

-
=

$12e = 19,000
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4.1, 2 Secondary Alrcraft

The- conpatxbility restraints of the secondary aircraft are satls—
fied in a similar manner as the primary aircraft. Figures 19
through 24 and Tables VIII through X <how the module layouts and
tie-down deta;ls where tie-down data was available.

4. 1 2 Alrcraft Nod;flcatlons

One primary goal in designing the MISS was to allow the system to
be rapidly installed while minimizing aircraf: modification.
Welding and metal-cutting opera*iong were to be aveided. This
philosophy was followed; major internal hardware is secured using
standard tie-down devices. External hardware is attached to
mounting plates which are bonded to the external aircraft surfaces.

Complete modification information for the C-47, €-123, and C-130
is contained in their respective Class II mcdification documents.
Figures 25 and 26 show the MISS test kits as installed on the
C-47 and C-130 aircraft. Figure 1 (Section III of this report)
shows the C-123X installation,

4.1.2.1 Internal Modifications

The jump door openings were chosen as the location for the
internal/external plumbing connection, the vent and dump outlets,
battery and gas tank vents, and engine exhaust. This requires
the jump doors to be removed for spraying but provides convenient
routing without modifying the aircraft. The plumbing at the- doors:
can be removed and doors closed for ferrying. Several alternate
openings were considered. A hole could be cenveniently cut in
the fuselage to minimize pipe length requirements, but this is
time-~consuming and is a major metal-cutting operation. Removal
of a window was considered, but it would not adequately serve as
a routce for the emergency dump line since the dump line must be
below the tanks to allow gravity flow. Removing an emexgency
exit is fast; again, this does not present ar attractive means

of routing the dump line. _ )

The pilot's control box location was determined for each aircraft
during the system fit tests according to the pilot's preferences.
Most pilot control box brackets can be either bonded or bolted in
place.. The C-123 box bracket is bonded, the C-130 bolted to the
window frame, and the C-47 pop-riveted to the central control
console.

The dump ¢hute, vent chute, and exhaust chute, located at the
. jump door, are mounted to brackets which, in turn, are bcaded to
the aircraft interior. The bonding agent speciZied is silicone
which can be easily removed when desired to restore the-aircraft
interior to its original non-modified condition. Another method

y: ]
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PABLE VIII. C-97G TIE-DOWN DETAILS

T1€-D0WN

TIE-DOWN DEVICE

MDQLE FITTING 0. [ Q1Y SIZE hTTACHHENT POINT
POWER MODULE L-4iL, I [TIE-DOWM BRACKET LEFT $iDE
L-42R A [reoow seaceey RIGHT $1BE
H-S5iy 10,000 LEFT AFY CORNER
n-51% 10,000 RIGHT AFT CORNER
o =% BOLT THROUGH CRAOLE -
- {AFT Tanx} J-GR oLy THROUGH CRADLE
' L-71L 10,000 LEFT AFT CORNER .
L-71R 10,000 RIGHT AFT CORNER
5L 19,000 LEFT FWD CORNER
L-51R 16,000 RIGHT FWD CORNER
2 LY 80LT TRROUGH CRADLE
1-%IR oLt YHROUGH CRADLE
N-81L 25,000 FWD LEFT CORKER
N-GER 25,000 D RESHT CORMER
3 Hedly, BOLT THROUGH CRADLE
-4 R BOLT THROUGH CRADLE
¥ G-4iL BOLT THROUOH CRADLE
G4 BOLT THROUGH CRADLE
K-81L 25,000 FWD LEFT CORNER
K-81R 25,000 FWD RIGHT CORMER
5 F-uit BOLT THROUGH CRAOLE
F-UIR BOLY THROUGH CRADLE
3 E~42L 8OLT THROUGH CRADLE
E-41R BOLT THROUGH CRADLE
1-8it 25,000 LEFT FWD CORNER
1-81R 25,000 RIGHT FWD CORNER
7 D-4IL BOLT THROUGH CRADLE
pDu¥IR BOLY TREOUGH CRADLE
8 C-%2L BOLY TROUGH CRADLE
(Fwd Tanx) (MTE soLT THROUGH CRADLE
G-8iL Y | .00 FWD LEFT CORNER
6-812 ) 25,000 FXD RIGHT CORNER
'K 40011108 2 BRACKET CONNECT MOOULE | AND 2
2 | BRACKEY CONKECT MODULE 2 AND 3
2 . { GRACKET CONNECT HODULE ¥ ANKD 5
2 | eracker CONNECT MODULE 6 A¥D 7
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TABLE IX. C-118A TIE-DOWN DETAILS

-~ TIE~DOWN

T1E=00WN DEVICE

MoDuLE FITEING No. Fary | size . . f,T.T_-EEﬁ'."E"T POINT
| B9 I 5000 LEFT AFT CORNER
{AFT TANK) 3-% ) :
B-3!
B-32
c-22
c-2
]
c-32
A-2%
A-33 LEFT AFT CORMER
p-29 RIGHT AFT CORNER
D-2
0-51
0-22
-2
E-2
€-31
€-32
F-28
F-23 RIGHT AFT CORMER
7 I T LEFT FWD CORNER
4-23 LEFT FMD CORNER
A-25 LEFT. FWD CORNER
A-25 LEFT AFT CORKER
F-19 RIGHT FWD CORNER
F=-23 RIGRT FwD CORMER
F-2% RIGHT FWD CORKER
. F-26 RIGHT AFY CORNER
1 A-18 LEFT AFT CORNER
£-20 LEFT FWD CORNER
A-21 LEFT- FWO CORNER
A-22 LEFT.FWD CORNER
18 REGHT AFT CORNER.
F-20 RUGHT £WD CORNER
Fe2i RIGHT FND CORNER
£-22 RIGHT FWD CORNE?
M ree’ LEFT FWD CORMER
A-1% LEFT FWD CORNER
A-18 LEFT AFT CORMER
£~ 14 RIGHT FWD CORMER
F=15 Y RIGHT FWD CORNER
F-i6 5000 RIGHT AFT CORNER
816 10,000 LEFT AFT CORNER
B-18 10,000 LEFT AFT CORNER
0-16 Y 10,000 RIGNT AFT CORNEQ
-8 ] 19,000 KIGHT AFT CORNE:
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TABLE IX. ({CONCLUDED)

TIE~DOWN

TIE~DOWN DEVICE

ﬂUDULE FITTING NO. Pt T IH'TI!U*!IGEI'J'I'i POINT
5 A-10 ! 5000 - LEFT FWD CORNER
A-ti i A .
A-42 LEFT FWD CORNER
A-13 LEFT AFT CORKER
F-10 r RIGIT Fwd CORMER
F-11 RIGHT FWD CORMER
F-12 RIGHT FYD CORNER
- F-13 R1GHT AFT CORNER
s A-Y LEFT FYD CORNER
Ae7
A-8
A9
B-% _
¢-4 LEFT FWD CORNER
£-4 RIGUT FWD CORNER
F-7 1
F-8
F-9 ‘
E-4
by RiGHT FWD CORNER
POWER MODULE B-15 + LEFT FWD CORNER
817 " LEFT F¥D CORNER .
E-15 RIGRT F¥D CORNER
E-17 RIGHT FWD CORXER
B-16 LEFT AFT CORNER
B-t8 LEFT AFT CORNER
£-16 ] _ RIGHT AFT CORNER
€18 t 5000 RIGHT AET CORNER
2 BRACKET | CONNECT MODULE X0. | TO WO, 2
Apition 2 SRACKET | CONNECT MOOULE 0. 2 T0 NO. 3
2 BRACKET | CONNECT MODULE KC. % TO N0. §
2 BRACKET | CONNECT MODULE KO. 5 TO NO. 6
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MNODULE WELBHT {LB) _ 250 8250 : 2080 4250 250 TOTAL = 13,060

CAPACITY(0AL. 8.8, 1.0) 1 9 831 43 1,729
L 6 ) X L Moy N 0 ’
COMP ARTMENT u !

LOAD CAPACITY . 5300 5400 §300 5300 5400 5500 £500 5300 §300 $300 5300

EXPTY ING SEQUENCE 0 ® ©) ®
|

19.5 INCHES T ~— p— 10 ixcties
T DY y A T

D e S RN RSN
——— 52 INCHES A PIAN SO
SALLOWASLE PAYLOAD C.G. ) p77777)  RiLL
ACTUAL PAYLOAD C.G. @ fn
*ALLOWABLE PAYLOAD C.6. - 77772777777 ey
ACIGAL PAYLOAD C.G. @ orn

"PER T.0. 1C~4198-9

Figure 22. C-119G Floor Plan



TABLE X. C-119G TIE-DOWN DETAILS

TIE~DOWN

MODULE RN ATTACHWINT POINT
. 2 LEFT FORWARD CORMER
LEFT FORWARD CORNER
LEFT AT CORNER
85 RIGHT FORWARD CORNER
68 RIGHT FORY ) CORNER
70 REGHT AFT CORNER
3 3 LEFT FORWARD CORNER
6 LEFT FORWARD CORNER
s LEFT AFT ZORNER
24 LEFT AFT CORNER
57 RIGHT AFT CORNER
66 RIGKT FORWARD CORNER
69 RIGHT FORNARD CORNER
71 RIGHT AFT CORNER
OvER MOSULE 0 LEFT FIRNARD CORNER
23 LEFT A+T CORMER
56 RIGHT AFT CORNER
73 RIGHT FORARD CORMER
, 9 LEFT FORWARD CORNER
12 LEFT FIRWARD CORKER
13 LEFT FIRWARD CORNER
72 RIGHT FORWARD CORNER
7§ RIGKT FORWARD CORNER
76 RIGHT FORWARD CORNER
y T LEFT FORWARD. CORNES
14 LEFT FOZWARD CORWER
s LEFT AFT CORKER
© RIGKT AFT CORNER
63 LEFT AFT OORMER
7% RIGHT FORWARD CORNER
” RIGHT FORWARD CORNER
78 RIGHT AFT CORNER
- NOTES: .
T1€-D0WK DEVICE:  QUANTITY = |
SI2€ = 10,000
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MOOULE WEIGHT(LB) w158

CAPACITY (GAk. $.6. 1.0) €32

COMP ARTNENT

LOAD CAPACITY (LB) 5400

EMPTY ING SEOUENCE

g258

432

8106

Co O

§258 2050 4258 4258 w2458

%32 832 W32 w32

. 6300 6100 6100 6100 6100

ONONO]

|_s !'al'n |,| I'J X g ¢ ‘ nl

6100

2,592

24 INCHES

—-| ]o-assnmes*[ |-—23.5 mcrras

LN l a2 )
T E— RIS
SEAY Y i LY "" g b
s ’, ll J{ ] it
12 : AP R A | s
2B ek SR
——* e 20 inones 15 TKCHES — o ja—

FOD et

*ALLOWABLE PAYLOAD C.G.

ACTUAL PAYLOAD C.G.

*ALLOWADLE PAYLOAD C.6.

ACTUAL PAYLOAD C.0.

-

W LLLLL AL A AL

S mu

77722777 77 777777 7777777 77
S
| D Ty

Figure 23. <C~121G Floor Plan

ENPTY -

*PER T.0. 10-121C-3
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TOTAL .

2600 P 2050 2600 2600 WODULE WEIGHT(LB) 12,40
v ; I .
233 233 233 L2338 CAPACITY(6AL.S. 8. 1.0) 932
l-ol_e'l-r i a|u,.| i! J 1x! L |u|_coummanr
100 1900 100 §500 190~ .10 1300 1300 130 1600  LOAD LIMIT
FND
® @ @ ® ENPTYING SEQUENCE
f .
22 INCHES 1 ' '
"« —] e @ mones — f— 8 1ces
R A AL BT YT VAL T Sro T e T
i .,.(,,f. Vi e e
s Bt LAY T VAR
Pefrds I SR % S S L LR
ity L &}(sz 2 ?ff‘ RN R SR
- }-—u INCHES 3 je— 8 INcHES '
*ALLOWABLE PAYLOAD C.&. 7777 RuLt
ACTUAL PAYLORD C.8. rzrvzes TN

“ALLOWABLE PAYLOAD C.6,

ACTUAL PAYLOAD €.G.

Figure 24.

TILLLAS VLIS LLITII SIS IYd

Q@  oen

C-131E Floor Plan

EMPTY:

" *BASED OM ASSUMPTION THAT BASIC
AIRCRAFT €.G. [INCL. FUEL AND
CREX) 1S AT INE FaD C.6. LIMIT.



ENGINE EXRAUST
POVER HODULE (1)—

HODOLES (2) °

- 2 INCH SPRAY HOSE
ASSEMBL Y :

VEKT, DUMP CHUTE
~ Assemsey

WiING BOOM ASSEMBLY (2}

SPRAY G00W TEE

Figﬁre 25. C-47 Mcdular Internal Spray System
Kit No. 4374132
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Wine $00
- YEMT/ DUMP CHUTE ASSEMBLY (1) ASSEMBLY ('2}

FUSELAGE HOSE ASSEMBLIES

EMGINE EXHAUST

PONE
mom.s?u) .

TAAK MODULES (%) .
a

ROTE:
THIS 1S A SoTANK $YSTEM
FOR AIR FORCE TESTING ONLY.
THE ACTUAL C-130 MIS3 USES
B-TERX MODULES, FOR A TOTA,
CAPACITY OF MDOO GALLONS.

Figure 26. C-130 Modular Internal Spray System Kit No. 4374236
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considered was bolting the hardware to existing tie-down points,
but this would require special brackets for each aircraft and
wouid reduce the modularity of the PWU-5/A MISS.

4.1.2.2 External Modifications

The only modifications recuired to the exterior of the aircraft
are those necessary to attach external plumbing, consisting of
high-pressure hose along the fuselage and wing booms located
approximately 12 inches under the wings.

Several methods of attachment were considered:
® Driliing and riveting
® Projection welding stuus to the aircraft surface
¢ Bonding mounting plates.

Prilling and riveting would mean permanent aircraft modification,
require highly traired modification personnel, would mean metal-
cutting advised against by the Air Force, and could not be per-
formed on wet wing aircraft. Therefore, this method of attachment
was eliminated. '

Projection welding studs to existing aircraft r’wvets or thick skin
appeared to be a satisfactory solution, since it could be ground
flush during demodification to restore the aircraft to its original
condition. This method was rejected, however, after several tests
proved that the rivet alloys were not compatible with stud welding
since micro-cracks formed in the weld zone which would be vulner-
able to fatigue proragation and subsequent weld failure. -

As a result, bonding was selected as the best attichment method.
To aid in the selection of a bonding agent, optimum requirements
were established:

® Require little or no quality control

# Bond to an zluminum surface without special surface
preparation other than solvent washing and priming

® Require no preésure or heat for curing
® Flexible {not subject to impact or fatigue)

® Viscous (allow adapter plates to be held in. place
without fixtures while the bonding agent cures)

@ Resistant to temperature (~-65 to +165°F), weather,
aromatics, aliphatics

® Not critical to film thickness

6l



o 40-psi tensile strength minimum witn good peel

‘e Rcadily rcm°ved if desired. to allow 130 percent
aircraft demodliication. N _ \ .

Using the ‘above’ criterxon. Dow Corning 93-046 cwo-part silicone
adhegive was seleuned. Using this adhesive, several laboratory
tests were run to determine adhesive tensile and shear ultimate
strengths as a function of surface preparation and bonding agent
thickness. The best results were obtaxned by preparing the
aluminun test samplcs as follows:

.l. Penove all paint using commercial paint stripper or
: ' wire b:ush. : '

2. Abrade surface with Scotch Brite pad using Scotch
© 3911 gegreas;ng primer.

3. Allow primer to dry and dust off powder.

4. Reapply 3911 (do not abrade with Scotch Br;te), allow
' to ary, and dust off powdcr.

5. Prime all surfaces with Dow Corning 1200 primer and
allow to dry.

6. Apply DC 93-046 adhesive, making sure all aluminum
surfaces are wetted.

4 Press samples together (hand pressure) and allow
' adhesive to cure. ) -

Dow Cornlng recommends 24 hours for cure and 7 days for ultimate
strength. Using the ahove procedure to prepare the aluminum
samples, the following tensile and shear ultimate loads were
obtained: '

Type of 93-046 Ultimate Load i “Type of

Test Thickness (in.) {psi} _ . Failure
Tensile 0.010 496  Cohesive
Tensile | 0.050 | 410 Cohesive
Tensile 0.100 328 Cohesive
f.ap Shear 0.010 . 212 .Cohesive
Lap Shear 0.050 262 . Cohesive
Lup £hear 0.100 229 | Cohesive ~
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'-These results were cbtained using the adhesive as it wauld be used
in the ‘leld. without degassing the adhesive prior to bonding.

As explained in the €-123 Class I1 mod;fication documantation. the
worst case tensile load on the bonding agent (for the €-123K
gystem} is 8.72 pai, and the worst case shear load is 3.33 psi.
Therefore, the DC 93-046 bonding agent has a safety factor of over
30 based on ultiaate strength.

An additional test was performed using two MISS wing boom mounting
plates (Figuire 27). These mounting plates were bonded together
with outdated DC 93-046 adhasive by following the prescribed sur-
face preparation and bonding procedure. After allowing the
adhesive to fully cure, these plates were pulled in tension to
failure. FPigure 28 Ahows the results of this test. As can be
seen, the plates held 10,000 pounds for over 20 seconds before
yielding (tearing), and st111 supported 7600 pounds after yielding
at 10,000 pounds to 7600 pounds. The maximum C~123K mounting
plate tensile load is 258 pounds.

Since the exposed edges of the DC 93-046 adhesive could be wetted
by fuel or spray agent in the actual MISS application, Dow Corning
94-003 Dispersing Coating was specified to coat all exposed sili-
cone adhesive. This suspension coating is fluorosilicone which

is resistant to fuels and agents, whereas the DC 93-046 adhesive
could be degraded slightly by exposure to these agents.

The entire method of bonding was reviewed by personnel at Wright- .
Patterson Air Force Base who stated that polymer reversion would
occur inside the silicone bonding agent whenever the bonding agent
width exceeded 2 inches. Although there was no data available to
prove this theory, several vented mounting piates were designed

to provide a maximum bonding agent width of 2 inches, as shown in
Figures 29 through 32. ©Of these special designs, Wright~Patterscon
Air Force Base personnel chose Design No. 2, Picture Frame with
Gussets. Sevcral of these plates were submitted to WPAFB for
testing. For many of these tests, the bonded mounting plates

were soaked in jet fuel, and subsequent tension tests revealed
that the DC 94-003 dispersion coating did not protect the sili-~
cone bonding agent, and the silicone was badly degraded. After
discussion with Dow Corning personnel, DTL suggested the use of
"DC 94-0G2 fluorosilicone sealant as a protection for the 9$3-046,
since it could be applied thicker. Wright-Patterson Air Force
Base persconnel stated that even if the edges of the silicone
bonding agent could be adequately protected, the bonding agent
could be degraded by fuel leaks at rivets under the bending agent
whan the MISS was installed on wet-wing alrcraft. Because of :
this leaking rivet problem, Wright-Patterson Air Force Rase
personnel stated that silicone bonding agent could not be used to
attach the wing booms on the MISS. Subsequently, Wright-
Patterson Air Force Base personnel specified certain epoxies which
could be used. DTL then designed a mounting plate with removable
hanger specifically for use with epoxy bonding agents.

$3



8 INCHES

0.375 INCHES L

¢ INCHES

MATERIAL: 60C1-T6 ALUMINUM

PiN 24882-8273943-1

Figure 27. Mountinqlplate {First Lesign)
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The C~123K MISS was consequently installed and flight tested,
using epoxy to attach the wing boom system and DC 93-046 silicone
adhesive (protected with DC 94-002 fluorosilicone) to attach the
engine exhaust, vent chute/dump chute, and fuselage hose assem-
blies. All systems worked as designed, and both bonding agents
performed well, The components bonded with the silicone were
easily removed during aircraft demodification, but the epoxy-
bonded mounting plates remained in place as & permanent (Class V)
aircraft modification. -

" 4.1.3 Performance Degradation

Since the external MISS wing boom system will cause additiohal
drag, scveral winy boom confiqurations were investigated. The
drag coefficients for these shapes are shown in Pigure 33, and

. the projected performance degradation in percentage of horsepower

increase required tc maintain cruise condition for several ajirx-
craft is shown in Table XI. As can be seen, a maximum increase
of 3.4 percent horsepower is required to maintain cruise condi-
tion if a fully streamlined boom were used, ' :

This data was then combined with actual hardware designs to
develop a wing boom which was casily manufacturced and exhibifred
minimal drag., ‘The actual designs investigated are -covered in
paragraph 4.8.2 of this report. The final selection design was
the aft fairing type, which was flight tested on a C~123K at
Eglin Air Force Base, Florida. The pilot stated that additional

drag was minimal and did not adversely affect flight characteristics.

4.1.4 Installation and Removal

Based on a review of ANA Builetin 518, Cargo aircraft Compartment
Dimensidnal Data, the available aircraft T.0.'s, and other sources,
a summary of data pertinent to MISS loading operations was com=-
piled. Figure 34 and Table XIl present this data for the specified
aircraft. During loading, ANA Bulletin 518 specified that 6

inches clearance should be maintained between the cargo and the
aircraft., Temporary wood shoring or tracks may be required to

_.distribute the wheel loads on the aircraft floor, particularly in

those cases where the treadways are spaced wider tharn the wheels.

Several of the aircraft have built-in winches to assist loading.

Ce i

In the C-97, the winch ic mounted on an overhiead monorail and can
be used to hoist cargo as well, Portable winches, either manual
or power types, can be used on virtually all of the aircraft,
However, these portable items are not a permanent part of the
aircraft and, therefore, cannot be assumed to be available in all
CasSCeS.

The tank and pewer modules are supplied with captive castors and
jacks which facilitate installation and removel. These jacks and
wheels were found tn be extremely helpful during installation of
the C-123K MISS at Eglin Air Force Base.

10
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TABLE XI.

AIRCRAFT PERFORMANCE DEGRADATION AND HORSEPOWER INCREASE REQUIRED TO ﬁAINTAIN :
CRUISE CONDITION USING STREAMLINED WING BOOM

COMPONENT CONTRIBUTION AKD TOTAL 1M PERCENT

VELOCATY

glncaarr (KTAS) (lfer:sDLE) ::J:E Bnggﬁzrs s'f:?.;f«s gi:;g: F:ﬁi?tgi TomL
¢-470 142 5,000 2.40 z.zs. 1.82 .1t LN 8.5
C-548 157 5,000 1.18 1.54 1.12 0.06 0.06 s
£-978 198 5,000 1.78 1.48 1.1§ 0.05 0.05 45
C-118A 198 19,000 1.76 1.5 V.18 9.08 9.06 l.B.
¢-1185 151 5,000 1.04 0.98 2 i 2.08. 2.8
c-1216 2172 10,000 1.64 . i.cs 1.08 0.08 - 0.95 0.3
c-123K 138 5, 000 1.04 0.98 0.08 LT 0.08 2.8
C-130E 262 20,000 2,00 1.75 1.3 it &1 5.2
¢-131€ 185 5,000 2,44 2.15 1.58 6.08 - 0.08 8.3
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Figure 34. Aircraft Loading Nomenclature
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TABLE XII.: INSTALLATION/REMOVAL DATA

rL

iRcaafT | wain pogn | FLOOR ANGLE| RAWP ANGLE [FLODR HEIGHT Bl;IILNIC-HIN C:PTCCIH_‘H 0OR W1OTH BOORHEIGHT |
(DEGREE) (EGREE) {sucn) (pounos) | (1mcan} {vucH)

C-46D S 10 s NA. | 50-97 AT o008 no o oM  ggn
+¢-470 S1DE 1.5 M., }56.5 AT 00OR (! NA. 8a.5 | 55.7-70.8
*es40 sie | . A 106.7 "o N4, 85 81
c-976 AFT (0) | 2 12 mcﬁofs-r 7500/5000 (88) a4

c-1181 S19€ (6) KA, 108 oo i, T 78
¢-1198 AFT () 10 45.5 YES . (110) (92)
-1216 SI0E ) e n2.s . ’ Coamns | s
+e-123K AFT N 12.5 3.5 w | oeun | me [ =
+o1308 AFT (9) 12.5 41.6-45 B 1es 75, 000 120 108

C-131E $10€ (8) AL 89 N0 (N W B[ 1 '}

IR NI W RIS W SIS SR T——
PRIMARY AJRCRAFT
NA KOT APPLICASLE

N0 QATA
NOMINAL GR APPROXIMATE

[ I I I |




The installation and removal studies resuited in a required modulé
- envelope, as shown in Figure 35. The required and actual dimen-
sions of the tank and power modules are shown.

' The C-47 aircrafi, due to its small size and side-loading cargo
door, places the greatest restriction on the MISS design. During
the design effort it became apparent that, to be cost effective
and minimize the number of tank modules, the system would be a
tight fit in the C-47.. As a result, the tank module must be
loaded from the end, as shown in Figure 36. During the fit test
of the actual MISS hardware into the C-47, this end-loading
technique was used successfully.

4.1.5 Aircraft Spray Contamination

Analysis of contamination possibilities on all ten aircraft was
performed. Botrh normal spray operations and emergency dump were
considered,

Small three-view drawings of the specified aircraft were used as
an aid in this study. External MISS components were added to these
drawings on the basis of preliminary component placement studies.
The wing booms were 70 percent of the wing span in each case.
Wing nozzle stations were spaced every eight feet on the hooms,
.starting at the tip and workzng inboard. A minimum (of three
nozzles) was used on each wing boow; on some long-~span aircraft,
four nozzles were used on each wing. Later design changes
specified nozzles every 2 to 4 feet along the 70 percent span,
but this design charge does not affect the contamination data
presented here,

To provide for fuselage spray stations on side-loading aircraft,

a single central nozzle station extending down from the open .
cargo door was used. On tail-loading aircraft, a pair of central
nozzle stations were used, with one nozzle extending outward from
each open jump door.

The dump line was assumed to be mounted in the open cargo or jump
door, with the end of the tube protruding only slightly from the
fuselage line,.

Normal spray patterns were superlmpOSed on the drawings using an
arbitrary expanding conical form, If portions of the aircraft
appeared to fall within these spray pattérns, a contam;natxon
possibility was assumed to exist.

. Likewise, the estimated dump pattern was supe:imposed on the air-
craft and contam;natlon possibiiities were investigated.
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Figure 35. Module Envelope

76




LL

DAOR

FLOOR

e 3.5 INCHES

"TANK MODULE

Figure 36. C-47 Installation



The results of the study are summarized in Table XIII. Note that
three-spray nozzle orientations are considered, ranging from
stratght aft to straight down. It appeared that a 45-degree down
or straight-down orientation was attractive from the standpoint
of reducing the possibility of wing contamination. The actual’
nogzle or:antatlon selected was straiqht down,

Emergency dump contamination, although present, is not considered
- to be a significant problem due to the overriding safety require-
ments for the dump.

~ Results nf the flighﬁ test of a C-123K Modular Internal Spray o
System at Eglin Air Force Base, Florida, indicated that:

1. No contamination resulted from the wing bhoom nozzle
stations.

2. 7The right-hand fuselage nozzle station caused minor
contamination of the right-hand aft fuselage (appar-
ently due to the vacuum created by the dump chute
directly behind the nozzle station or due to the
aircraft propeller rotation direction),.

3. The emergency dump caused contamination of the aft
fuselage up to the horizontal stabilizer, and slight
4dnternal contamination due to sprayback through the
jump doors. All personnel present at the flight
tests agreed that moving the dump chute to the rear
of the jump door would prevent internal contamination.

" .The dump chute was relocated accord ngly on. subsequent )

: MISS kits. : . '

4.1.6 Spray Performance

Contractual requirements stated that the effective ground swath
width must be at least twice the applicable aircraft wing span
when agent is disseminated at 100 feet above ground level {AGL).
To accomplish this, it is nacessary to take auvantage of the
dispersing effecfs of the wing tip vortices. v :

Figure 37 illustrates the generul naturé of these vortices. As

the vortex moves aft, it expands, forming a conical pattern. The
swirling effect causes agent intyoduced into the vortex to disperse
laterally. The size and strength of the vortex depends upon flight
conditions and the specific aircraft but, in general, it can be
expected to cause sufficient lateral dispersion to meet the swath
width requirement. :

Propwash also can be expected to cause agent swirl, but generally
it i3 not sufficient to guarantee a wide swath.
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TABLE XI1I. CONTAMINATION POSSIBILITIES

NORNAL SPRAY OPERATIONS
| ROZILE ORVENTATION
AIRCRAFT STRALGHT AFT ' %s* powk | STRAGNT Down | EIE:UG'EPHCY
—— S
C-450 ' ' : 8 ¢, 0
. C-470 i ' 8 ¢
__ £-546 LB . l ¢
c-976 . 0 s ¢
118k S | | . ¢
c-1196 A6 6 6 0
£-1216 T 0 0 c
C-123K [ s ’ C. €
C-136¢ A B B 8 C E
C-1NE e . ] [N
NOTES:

0 = N0 CORTAMINATION liTIBIPH[D .

A = POSSIBLE l:ﬁlﬂlllll'llﬂl OF LOWER WING SURFACE ABOYE ANO AFT OF NOTILES
B = POSSIBLE CONTAMINATICN OF TIP OF lltllllﬂl!l. S‘llﬂlll[l

LeRELY COXTAMINATION OF FUSELAGE S10E - |

LIKELY CONTANINATION IF Hﬁl!ll!l-\'ll STABILIZER (LOWER $U4FACE)
POSSIBLE CONTANINATION OF EXTERIOR QOF CARCO RiNP

FOSSIBLE CONTARIMATICN OF LﬂIER SURFale OF Hﬂ!lltlll“l STABILLIER

¢

1]

L]
1|

£
.F
& = POSSIBLE CONTAMINATION OF TAIL BOOM

#

M
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A relatively uniform deposition level over the swath width is
important for avoiding undue agent concentrations or voids. If
& single tail spray nozzle station is used, a large peak would be

expected along the aircraft flight path. : _

It should be noted that effective swath width differs from total
swath width,. as iljustrated in Figure 38, For efficient spraying,
it is thercfore desirable to have ralatively uniform deposition
curve with steep enda.

It must be pcinted out that nozzle placement can have an effect

on the ground spray pattern and therefore warranted investigation..
However, no2zle placement can never be expected -to achieve a per-
fect ground pattern, for it cannot overcome or change the basie
airflow characteristic of a given aircraft. These characteristics .
determine the gruss ground spray cffects, '

Spray performance data was ~ene“~*~d as an aid to design studies.

This data was based on a ' ray speed of 150 mph and
asgumed idcal conditions . - agent sprayed was to be
evenly distributed in a sw 4 equal to twice the aircraft
wing span with no peaks or s/2. Table XIV presents the spray

performance data. Note that .ue 3 ounce/acre deposition columns
were based on four times the aircraft wing span. This is justi-
fied by previous low volume spray testing results, which show
greater lateral drift of the fine low volume spray.

Using the specified extremes of agent depoaition, flow rates

were calculated. Pased on total agent capacity and flow rate,
maximum spray time vas computed for both deposition level extremes.
From a practical standpoint, the spray times for the 3 ounce/acre
deposition level are far in excess of normal mission time. 1In
fact, they generally exceed the maximum airborne endurance capa-
bilities of the aircraft. Maximum areca coverage was then '
calculated, based on spray time and arca coverage rates.

To actually achieve effective swath widths egual to those shown,
it will be necessary to spray at greater than the indicated flow
rates {due to deposition peaks and trail-off), which will, in
turn, rcduce spray time and area coverage figures.

4.2 CHEMICAL AGE\TS

Contractual requireronts dictated that the PWU-~- S/A MISS was to
disseminate a variety of chemical agents, including defeliants,
herbicides, pesticides, and fertilizers in the form of chemical
solutions, suspensions and slurries. The range of physical prop-
erties for these agants as stated in the contract were:

PROPERTY "RANGE
LOW HIGH
Specific Gravity : 1.9 2.0
Vviscosity, Centipoise ' 1 350

gl
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TABLE XIV. SPRAY PARAMETERS

AVRCRAFT VELOCITY = 150 MPH RECTANGULAR DISTRIBUTION

SPECIFIC GRAVITY = 1.0

(%

RCRET 'l;:lrﬂ c:gfg?}t i FLOR RATES | SPRAY TINE ' tgsa.gnvcaaaﬁ
HOFT) | (aat) Rt e Bt IR TR BT BT IR YN
C-450 218 1024 3.6 19 95 sa | wan ] ws
¢-470 £90 420 a1 173 178 2.7 20,800 -m '
C-S46 215 154 2.4 214 578 8.0 82, 000 63?_.
¢-976 283 3550 .02 257 TH 1.7 151,000 180
C-Hoh 235 2592 1.3 214 178 121 110,000 050
£-1188 219 1152 3.10 198 15 R 14,600 579
£-1246 U6 issz 3..18 ¥l 145 1ns Ii!.uﬂ_- 80
123K 270 832 3.12 200 38 _s.u-' u.seti_ k]|
£-130€ 25 3960 .78 1 1053 105 169,000 1320
e-13'¢ 21 850 3.00 - 192 20 4.6 31,500 w
+ BASED ON FOUR TIMES WIKG SPAN.
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Using the above requirements, a survey of existing and potential
Iuture chemical agents was made to determine their chemical,
physical, and toxicity characteristics. . Table XV lists severxal
such agents. As can be seen, most agents have specific gravities
- less than 1.5 and viscosities less than 50 centipoise. Although
there. were no contractual toxjicity requirements, the agent toxic-
ity was a. necessary consideration to provide a system which is
safe for operating personnel. As shown in Table XV, certain of
" the pesticides have high toxicity. This toxicity dictated that
the MISS agent transfer system be sealed to prevent agent or
.agent. vapor leakage inside the aircraft., As a result, sanitary-
type plumbing connections were used throughcut the system and
the tankage venting system was sealed ‘and designed to vent harmful
vapors overboard

- Many of the wettable powder and suspension-type agents tend to
settle if not agitated constantly. Agitation can be mechanical
or can be accomplished by agent recirculation of at least 10 per-
cent of the tankage volume per minute. The recirculation method
was chosen for the MISS since it could be easily and inexpensively
accomplished with the MISS centrifugal pump dissemination system,
The MISS can recirculate over 500 gpm {250 gpm through each 500-
gallon tank) and therefore provide S0 percent tank volume :
recirculation., In addition, the tank agent pickup lines are .
designed to provide maximum agitation at the bottom of the tanks,
allowing remixing of any settled agents.

The contractual regquirements for suspension and slurry-type agents
also dictated the use of abrasion-resistant materials and mechan-
ical-type pump seals in the agent transfer system,

"Of particuldr interest is the capability requirement for slurry-
type agents. Investigation into the various possible agents
showed that the only true slurry-type agents were certain advance
fertilizers which exhibited thixotropic viscosity characteristics,
as shown in Figure 39. As can be seen, these fertilizers had
viscosities well above the 350-centipoise contractual limit., 1In
addition, these fertilizer slurrics were extremely abrasive and
would severely limit mechanical component life if used.

Table XVI shows several of the MISS agents and their t?bical
application rates. As can be seen, they all fall within the 3
ounces to 3 gallons per acre contractual application rate require-
rment,

4.2.2 Ahgent/Material Compatibility

Tva chemical nature of the applicable MISS agents dictated certain
rystem materials. . Several materials were laboratory tested at
raor rerperature andé reflux temperatures with the chemical agents.
Leth the corrosive and solvent action of the materials were
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TABLE XV. PWU-S/A MODULAR INTERNAL SPRAY SYSTEM AGENTS

. » : . )
| GRAVITY | CENTIPOISE |LD,,, mghkg|

DEFOLIANTS - . _

AGENT QPANGE 1.28 43 550 LIguiD
AGENT WHITE 1.14 <140 3 030 LIguID
AGENT BLUE 1.336 12.5 1.606 WATER SOLUTION

HERBICIDES
TANDEX 1.5 350 3.000 w

PESTICIDES
MALATHION 1.2315 36 I 2.800 Eﬁ{mi’g '(E:)
FENTHION 1.245 <50 '190-35%0 LY _
DIBROM 1.842-1.846 28 " 450 LV, EC, DUST
DURSBAN 1.062-1,175] 3-18 - 135 EC,

FERTILIZER : '
N-Sol 32 (Urea-NNgN0q) 1.327 2.0 'NONE WATER SOLUTION
UREA SOLUTION 50%, 45% 1.158 2.0.1.8 NONE WATER SOLUTION
AMNMONIUM PHOSPHATE 1.36 29 . NONE WATER SOLUTION
14-14-14 SUSPENSION 1.404 280 5000 WATER SUSPENSION

WEONLY TOLIC LOgy © 1=-20

MODERMTELY TORMC LDy = 10-7T9

SLIGHTLY TONIC LDgg = ®00-3000
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Figure 39, Thixotropic Nature of Slurried fertilizer
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TABLE XVI. AGENT APPLICATION RATES

. RGENT APPLICATION RATE ~ PRODUCT FORM
. CONTRACT REQUIREMEXTS " 30ZT0 3 oat/acke SUSPENSION, SOLUTION, SLuRRY |
DEFOL I ANTS " | N o "
ORANGE  36Pa LIQUIB
WHITE | C3eh LI1QU1D
BLUE 3 6Pa WATER SOLUTION -
HERBICIDES
| TANDEX 1-2 GPA . WETTABLE POWDER
PESTICIDES
MALATHION ' 3 02/ACRE LV
FENTHION 6 DI/ACRE LV
0 1BROM 3 02/ACRE Lv
DURSBAN ) 3 0Z/ACRE LV
FERTILIZERS _ _ . .
 uRea . 3R .| WATER SOLuTION
14-16-14 ' 1-2 oPa WATER SUSPENSION
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 inVvestigated, and the résults of these tests vere combined with
- Previously collected data to analyze the select cost-effective
.. piping, valving, tankage, sealing, and hose materials. The
-,rcsulus of the most appl;cable tests are ahowr in Table XVII.

- Previous studlea involvinq dgfoliants for military use indicated
‘that Agent Blue has a heavy corrosive action uvpon aluminum and
Icl1minated it as a candidate material without c¢ostly and trouble-. .
some protective coatings. Investigations of MP-1, 401, 301, 304,
and 316 stainless steels indicated the use of 304 or 316 stainless
“for tanks and piping. The 304 was selected as being more cost
- effective. : ' :

Several plnstic and elastomeric materials were investigated for
use as seals, bushings, valves, hcses, etc. The results indicated
that Teflon® , nylon, and cross-linked polyethylene were the most
- stable plastics, while fluorosilicone was the- only truly accept-

able elastomer (mostly due to the Xylene content’ of certain
lnsectzczdes). .

Another problem concerninq agent-material compatibility is the avail-
ability of the compatible materials in a usable and cost-effective
product. As an example, cross-linked polyethylene is cost-effec-
tive and was uscd for high-pressure hoses, but it is not available
for seals or flexible enough for suction hoses. Teflon® was used

" for the centrifugal pump mechanical shaft sexl and several valve
seals (suitably reinforced with isolated elastomeric material),
gince it was chemically compatible and available from manufacturers
in those product forms. Cuctom seals, such as for the tank manhole,
were compression molded from fluorosilicone. Hylon was utilized
for nozzle valves., 3Silicone, reinforced with fiberglass cloth,

wag selected for the dump and vent hoses after laboratory testing
with pure Xylene. Teflon® could have been used but was prohibi-
tively expensive. o ' T e

4.3  AGENT TRANSFER SYSTEM

The agent transfer system consists of all those components which
contain, move, or control the agent on board, the aircraft.

Section II11 of this report containg a description of the final -
MISS aqgent transfor systom and the related pnsumatic and electrical
systems, The MISS Operation and Maintenance Manual contains a
complete description of ‘ecach agent transfer system operaticn.

Several najor design changes were made to the agent transfer system
during the course of the contract. Changes were made to either
increase system flexibility and performance or decrease cost,

From the origination of the contract, a gasoline englne-driven
centrifugal pump was selected as the best mechod for moving the
a7ent. A pnreuratic agent expulsion system was considered, but it
was elininated due to the complexity and danger of such a system
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TABLE XVII,

'PWU-5/A MODULAR INTERNAL SPRAY SYSTEM AGENT COMPATIBILITY

i

IRSECTICIDES HERBICIDES " :
; , ——dFERTILIZERST
SUBSTRATE DI8R0K _Lummwa DURS BAN ORANGE WAITE T :
BETRLS o :
ALUMINR UKCHANGED .} NOT $16. | NOT S16. | %0 EFFECT {0 117373 S PR TN B ion FroM
MILD STEEL {UKLINED) L HIGK $16. | $16. $16. Wl tare. Ise. T 16, .
TAINLESS STEEL ' 04 W7 S10,] K0T S16.  ["NOT $10. PASSIVE. COATING FORMED 1N NANY CASES. { EXCEL. ABRA-
sthime £ 316 NOT 3G, . : iy _ SIVE RESIS- |
- ‘ TARCE
PULSTIC : :
AYLON &8 _‘ UNCHARGED | WITHSTANDS SOLYENT SWELLING & CRAZING
PLEXIGLAS UNCKANGED | W.A. UNCRANGED  { *ALYVEMT CRACK'G & DISSOLUTION EVIDERT
POLVPROPYLENE A LY T TR V. SLIGHT | WITHSTANDS SOLYENT SWELLING & CRAZING |. '
CROSSLINKED POLYETNYLENE SLIGHT SLIGKT SLIGHT WITHSTANDS SOLVENT SXELLING & CRAZ(NG
WO, I 1EQ CROSSLINKED pOLY- K0T sie. x0T 816, NOT 5i6. WITHSTANDS NERBICIOE AGENTS ,
TEFLON UNCHANGED | UNCHANGED | UNCHAKGED { DOES NOT REACT WATH STO AG CHEMICALS
CLATTOMERS _ .
$ AL YURETHANE sia. 314, Y. $16. SOLVENT SWELLING .1 THESE AGENTS
X " A, YERY 318, | $16. J SOLVEAT SWELLING IN THESE AGEXTS
S$ILIOKE FUBSLR %7 $069 ] 0T £3® | WOT 513®% | T AFFECTED LY NERBICIDE AGEXTS
FLUGROSILICONE RUSBER |uncranseo | umcnances | mot sia. NOT AFFECTED BY HERBICIDE AGENTS
L l {

NOTES:

®p% LONG AS PASSIVATED AND THE COATING S (INTACT.

CM0T TO BE USED FOR S10RMRE,
"E BOT FIRMULATED wWiTH XYLER..

XYLERE 25 PERCENT SWELLS.




and because a pneumatic expulsion system could not provide agent
agitation as required for the various wettakle powder -suspension-
type agents. A centrifugal pump was selected for its inherent
safety (can be run at stall conditions) and because it could pump
suspension-type -agents without being damaged. ' ' ' ‘

Figure 40 shows the agent transfer system schematic as originally
proposed. This system used a single agent reservoir assembled
from two end sections and several center sections depending on

the load-carrying capacity of the aircraft. Filling was done
directly into the tank using peripheral ground support equipment. -
Tandem centrifugal pumps were used and agent control valves were
electrically operated. A single electromagnetic induction-type
flowmeter was used to monitor agent flow. Winy boom nozzle vialves'
with spring-loaded poppets were proposed to seal agent at the
nozzles when dissemination was stopped. One large dump valve was
employed, and an air tank was used to pressurize the tank during
emergency dump to decrease dump time. S

Detailed investigation of the center-of-gravity regquirements for
all ten aircraft indicated that a single tank could not adeguately
maintain £fluid center of gravity, and a multiple tank concept was
generated. Two sets of tanks were used, one sel on each side of
the power module, Each set of tanks was connected in seriesg, and
each set was provided with its own pickup {(power module pump
suction) and recirculation connections. By providing each tank
with a remotely actuated vent valve, fluid movement could be
controlled by opening or closing certain tank vents. Closing, all
tank vents prevented movement of agent between tanks and fulfilled-
the aircraft center of gravity requirement. Opening the ventyon
the tanks furthest from the power module (outside tanks on both
sides) allowed the tanks to sequentially empty from the furthest
outside tanks to the tanks nearest the power module during dissem-
ination. Closing the end tank vents when dissemination was
stopped prevented further agent movement between tanks even with
the agent being recirculated through both sets of tanks. This
multiple tank concept with tank vent valves was utilized in the

. final PWU-5/3, Modular Internal Spray System.

Figure 41 shows the multiple tank system as used in the second
major agent transfer system concept, which included several major
changes over the original concept (Figure 30). A single large
capacity centrifugal pump replaced the previous tandem pumps to
decrease hardware costs and weight. The centrifugal pump was
also used to suction f£fill and power drain the system, and a small
ground pump was used for pump priming. Agent control valves were
pneumatically operated with air being supplied by a pneumatic
system built into the power module. The emergency dump valves on
each tank were also pneumatically operated, but thé air pressure
was supplied by an isolated air reservoir which would maintain
pressure even if the primary air cystem failed (leaked). The
concept of pressurizing the tanks during emergency dump was elimin-
ated due to the large volume of compressed air required and the
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sysmém"COmplexity; Tank vent valves were electric motor-driven

‘. bal} valves, selected to minimize hardware costs and complexity

ad also prowide positive feedback indication of their open or

- closed position to the operator control panel. An electromagnetic
‘induction flowmeter was used in ccnjunction with a flow totalizer
to indicate total fluid volume on board at anyzlyiven time. Pneu-
matically assicted diaphragm check valves were installed at each
wing boom nozzle to provide absolute agent shutoff after dissemina-
tion and assure no agent leakage at the nozzles even when the
aircraft underwent maximum airborne maneuvers.

The agent transfer system was further refined as shown in Figure 42.
As a result of flow model tests (paragraph 4.4 of this report},
the pneumatically operated recirculation line valves were elimin-
ated and the agent pickup (tank suction} valves were.changed from . B __
pneumatically operated to manual in order to reduce system
complexity. The small ground pump, used to prime the main centri-
fugal pump, was eliminated in favor of an air-activated eductor
which used the primacy power module air systém Pressure to create
a vacuum in the centrifugal pump and draw agent into the pump.
Adoption of the eductor greatly simplified the cystem and ground
support operations and allowed the centrifugal pump to bhe easily
primed at any time. even if prime were lost during system
- operation. _

Figure 43 shows the fourth agent transfer system concept. The
pickup tubes inside the tanks were changed so that both tubes in
each tank picked up agent off the tank bottcm. This was done to
increase system flexibility by allowing the suction and recircula-
tidh connections at the tank to be ihterchanged for different -
aircraft applications as regquired. Also, this positioning of the
tubes provides maximum agitation {during recirculation} at the
bottom of the tank to insure complete mixing and suspension of
wettable powder-type agents. The electromagnetic induction flow-
meter system was eliminated because several spray agents did not .
exhibit sufficient electrical conductivity, the induction flow-
meters could not withstand airborne vibrations, and the peripheral
equipment for the induction flowmetéry was extremely heavy and
costly. Dual turbine flowmeters were selected to monitor agent
dissemindtion rate. The low volume gystem reads agent flow rates
from 0 to 60 gpm and includes a fine mesh agent strainer. The
high volume system recads 0 to 660 gpm. Dual flowmeters were
‘required to meet the +5.0 percent agent flowrate monitoring
contractual yvegquirement. The fill bypass system was eliminated
with on-board agent volume being indicated by separate liquid
level sensoys in each tank. An air purge system was added to
allow purgiag of the wing boom system after final mission dissem-

ination.

Por the final MISS agent transfer system, the recirculation line
check valve was eliminated as a result of preliminary system
tests, and the low volume agent strainer was moved upstream of

the flowmeter to prevent foreign matter from fouling the flowmeter

turbine.
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4.& PLASTIC AGENT T'RANSFER SYSTEM FLOW MODEL .

To. 1nvestigate all phases of operations of the mu1t1~t;nk agent

. “wiransfer system concepts, DTL built the one-~quarter scale plastic

flow model shown in Fiqgure 44, The model utilized eight agent
reservoirs and was equipped with all the piping, valving, and
electrical controls required for complete system operation. The
tankq had a scale volume of 325 gallions each.
Flgure 45 shows the £low model schematic and controls. The
following operational modes were investigated with the model level
and with the model sloped to the horizontal (alrcraft nose up or

-~ nose- down)- “ '

® Suction £illing
e Recircuiation/agitation
e Dissemination with and without recirculation

4.4.1 sSuction Filling

To suction f£ill, the pump was switched on, and the £ill switch was
thrown. This cpened all tank sclenoid vent valves and closed the
pickup shutoff valves. The recirculation valve was manually
opened. To prime the pump the 55-gallon drum wuas pressurized to

2 psig, forcing agent through the suction fill recirculation line
into the reservdirs. When filling at a scaled flow rate eguivalent
to 350 gpm, the -cutermost tanks filled slightly faster than the
innermost tanks. As each tank filled, its magnetic float ¢losed
the upper reed switch, closing that tank's vent valve, which
prevented further £filling of that tank. When all tanks were
filled, the recirculation switch was thrown, opening the pickup
shutoff valves, .causing the system to enter the recirculation
mode. The suction £ill valve was then c¢losed by hand, and the
£fill switch was turned off.

When fllllng wlth the model on an angle to the horizontal (such
as the C-47), the lower fanks filled first due to the fluid head
caused by the upper tanks. Closing the lower tanks’' vent valves
prevented those tanks from f£illing and allowed the upper tanks to
continue fllllng.

4.4.2 Rec1rculatlon

In the recirculation mode, agent was pulled from the innermost
tanks by the pump and forced into. the outermnst tanks. In full
recirculation, the model pumped at a scale flow rate equivalent
to 600 gpm, moving 300 gpm through each tank. Thus, each tank
had a 90 percent volume/minute recirculation rate (300 gpm/325-

gallon capacity).
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The fluid level in each tank remained constant regardless of model
orientation since g¢ach tank vent was closed.

To test the mixing capability of the scaled "300 gpim through each
tank, dye was introduced into one end tank. With all tanks one-
half full, the dye dispensed evenly through the first four tanks
within. 1-1/2 minutes and through all eight tanks within five
minutes. With all tanks full of fluid, the dye evenly dispersed
throughout all eight tanks thhln nine minutes. -

4.4, 3 Dissemination

_.¥hen the dissemination switch was thrown, the solenoid dissentina— ="~
tion valve opened disseminating the fluid into the 55~gallon drum,
and the two outermost tank solenoid vent valves opened. Various
dissemination rates were tried up to a scale 600 gpm.

While disseminating, the outermost tanks emptied first, then the
next outermost, etc. As the innermost tanks emptied, their pickup
shutoff solenoid valves closed independently just before the pick-
up tube started to sack air. This arrangement assured maximum
agent would be disseminated in case the tanks were filled somewhat
unevenly. When disseminating with the model on a slope to the
horizontal, the uprer four tanks emptied slightly sooner than the
lower four tanks, but nearly all agent was disseminated due to

the automatic pickup shutoff valves. This automatic pickup shut-
off concept was liater eliminated from the final system concept . .
-~due to complexity and expénse.

The dissemination process was identical with or without recircula-
tion. When recirculating through an empty tank, the fluid passed
right through the tank and 4did not fill it, since fluid was being
withdrawn at a faster rate than it was being introduced (dissemin-
ationtrecirculation:recirculation}.

4.5 TANK MODULE

The modular concept of the MISS dictated that as many components
and parts of the system be designed in such a manner that they
could be assembled together in appropriate combinations in order
that the payload capacity of each aircraft be exploited. The
agent reservoir, as a primary part of the system, received the
closest attention in modularizing the spray system.

Pirst, the maximum payload capacities of the four primary and six
secondary aircraft were obtained. The estimated weights of the
power module, spray booms, and interconnecting plumbing were
subtracted from those payload weights to obtain the estimated
specific gravity of 1.0 or water at a nominal 8.34 lb/gal. If
specific gravity 2.0 agent is used, the agent volume in the tank
would be halved. Coincident with the weight analysis, dimensional.
constraints were evaluated to establish the width, height, and
length of the power module and agent reservoir.
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Seconduy, these estlmated weights and dimenszional requirements
were applied to the power module and agent reservoir, and various
cargo: compartment arrangements were made for all aircraft. It
soon became apparent that the control of the airceraft center of
gravity was of critical importance. The center of gravity of

each aircraft had to be within very specific limits from empty to
full payload capacity. Since the agents to be sprayed were liquid,
constraints against its movement during aireraft flight were also
to be 1mposed For this reason, the original tank concept, as
‘'shown in Figure 46, was abandoned.

The approach was then taken to place the power module on the
center of gravity and split the agent into two series of tanks,

one set forward and one set aft of the power module. By extracting
from both sets of tanks at the same rate during spraying, the
aircraft center of gravity would not change from full to empty.
The tanks are separate, connected only by an agent transfer tube
at the tank bottom with each tank's vent being individually
controlled. Closing a tank's vent prevents movement of agent
into or out of the tank. This solves the problem of slosh or
movement of agent between adjacent tanks,

During dissemination, only the.vents on the taaks furthest from
the power module are opened, allowing the tanks to empty
sequentially from the outside tanks inward.

The first split series tank module concept is shown in Figure 46.
The tanks had a capacity of 325 gallons each and were 42 inches
in diameter. The cradle was designed with captive castors; integral
dump, vent and recirculation lines; and built-in forklift slots.

The tank ends included agent inlet and outlet tubes and an integral
emergency dump valve, The fill port was offset to reduce the

module height.

Upon further study, it was decided to change the tank dapacity to
500 gallons by increasing its diameter to 48 inches. This was
done to substantially decrease the number of tank modules in each
aircraft installation, and thus reduce cost, parasitic-hardware
weight, installation time, and system complexity. The inlet and
~outlet ports were moved underneath the tank (Figure 48) to allow
both end-to-end and side-by-sid: installation possibilities.

The inlet and outlet tubes were curved up, over, and down inside
the tank to provide maximum recirculation agitation at tae tank
bottom and to allow either tube to be used as the suction port.

Using the 500-gallon tank concept, the nearly finalizéd tark
module was generated, as shown in Figure 49. Because the tanxs
ware designed for the possibility of side~by-side installation,
the integral dump, vent, and recirculation lines were removed.
A completely new, lightweight cradle was desiyned and included
captive castors, lifting jacks, and forklift slots. Eye bolts
were provided for sling lifting and aircraft tie-down. An
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electrical junction box was provided for the liguid level indicator
and motor-driven vent valve electronics. Both the electrical cable -
and dump valve air connections were designed to allow the tanks to
be connected in series to minimize wiring and air hose connecting
errors and simplify installation. The tank fill port was increased
in gsize.to three inches and a screen was added to trap foreign
matter if the tanke were filled through their f£ill ports. The

£ill cap, liquid level indicator, and tank vent were mounted on a
manhole cover, and the manhole was sized to allow entry into the
tank if desired. An internal agent slosh baffle was added which.
consisted of a curved, perforated sheet .in the .center of the tank,
covering the bottom half of the tank's circular cross-section.

This plate was designed to adequately ccntrol slosh at minimal.

cost and weight by taklng advantage of the inherent strength of

a curved sheet. - -

The final MISS tenk medule was the same as shown in Figure 49
except the vent line and valve were increased in size from 1 to
2 inches in diameter to decrease emergency dump time.

Detailed evaluation of reservoir and power module arrangement in
each ailrcraft is presented in paragraph 4.1. As can be seen from
Figures 15, 20, 21, 22, and 23 of paragraph 4.1, slight variances
from the concept of symmetrical tanks around the power module were
necessary to insure compatibility with all aircraft.

4.6 POWER MODULE

The power module must contain plumbing, valvlng, electrical
diagnostic equipment and controls,.and a_ power “sQurce and jnist be .
designed to mate with all aircraft conflguratloms and meet, floor-,
loading requirements., During the design and development effort,
consideration was given to ease of operation, accessibility of -
components, balancing of fluid paths, and welght and safety
requirements. : .

Several preliminary and subsequent designs of the power modale
were made to lncorporcte the various system chdnges. One early
design is shown in Figure 50 and incorporated the PE30-7 engine
which was also used on the final design. It-hid an electromagnetic
induction flowmetar which was later eliminated in favor of dual
turbine-type flowmeters. Captive castors and lifting jacks were
incorporated to simplify aircraft installation and removal. The
operator seat was attached to the power module, with the control
console located as shown.

The power module, which is almost finalized, is shown ir Figure 51.
This module was designed by taking all necessary components and
generating several sketches of different plumbing positioning
concepts. The most functional design was selected, and the actual
hardware assembly was fabricated. During fabrication, the cradle
was simultaneously designed and fabricated to adequately support
the various components. All corntrols were positioned within easy
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reach of the operator, and the operator seat was designed to be
positioned in front of, and separately tied down from, the power

 module. The control box was designed with a hinged panel to

permxt easy access to the control box components._

B S

Section IIY of this réport) included some minor cradle and plumblng
changes. The lower cradle channels were inverted to provide

better aircraft floor loading, angled corner cradle supports were
replaced with gussets, an idler pully was added to the air compres= .
"gor drivé belt, and the system battery and emergency dump air
reserveir were added to a structure behind and above the control
box. A circuit breaker box was added below the main control
panel, and a second primary air reservoir was added. underneath

tHd puinp ‘drive train.,

4.7 INTERNAL PLUMBING

The MISS internal plumbing inciudes the tanks/power module agent
hoses, the dump, vent, and engine exhaust systems, and the inter-
nal dissemination hoses and hardware. Laboratory agent compati-
bility tests were conducted on agent hoses to determine acceptable
materials (see paragraph 4.2 of this report). Por actual loca-
tions of internal plumbing on the various aircraft, see the
respective aircraft Class II modification documentation,

4.7.1 Agent Hoses

Two types of agent hoses are required: High pressure hose used _.
for agent dissemination &nd reclrculatlon, anG suction hose used
to connect between the tanks and to connect the power module to
the inside tanks. These hoses must be compatible with all MISS
agénts. _In addition, the hose must be flexible enough to allow
connection at the desired points. )

As a result of preliminary laboratory chemical agent compatibility
testing, Teflon”- or nylon-lined hoses were determined to be

‘- acceptable. A survey of available hoses indicated that nylon-
lined hoses were hot manufactured to meet the MISS requirements,
" and Teilon® hoses werc extremely costly. Further research indi-
cated that a cross-linked polyethylene-lined hosce was available
to mect the 100 psi high pressure hose requirement. Although
extremely stiff, this hose way selected to reduce costs without
sacr1f1c1ng system performance. . A Tefion®-lined duct was

" selected for suction line appllcatlons. and the system was
designed accordingly.

The cross-linked polyethylene~lined hose worked perfectly during
the remainder of the program, but the Tefion®-lined suction duct
exhibited both leakage at the Teflon? liner seam and suction
ccllapse of the liner. After several attempts by the manufacturer
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to correct these problems, they @iscontinued their effort and
agreed that their product was misrepresented and should not be
wsed for fluid service.

The feilure of the suction duct created a problem'because it was

~arcexiiremely flexible and the suction portion of- the system had been :

. designed around this duct flexibility. The resulting search
. indicated that no hoses were available to meet the chemical
compatibility requirements, match the duct flexibility, and be
relatively inexpensive, As an interim solution, vinyl hoses were
provided on the prototype system. Vinyl is not compatible with
all agents but sufficed for Air Force system flight testxng using
glycerin and water as an agent simulant. An all Tefion® hose was
located which met the compatibility and flexibility requirements,
.but -was extremely expensive and lacked good sealing at the end
fittings. The final solution to the problem was an all stainless
steel bellows hose with the end flanges welded on. This hose was
then specified for all MISS suction hose applications.

m

4.7.2 Internal Dissemination Hardware

High wing aircraft had to use two fuselage hose assemblies to

feed the separate wing boom assemblies, and it was decided to
design the spray system to include fuselage spray stations at the
jump doors. For lower performance aircraft such as the C-123,

this was accomplished by constructing a stainless steal tee which
was bolted to the cargo floor using existing cargo tie~down points.
This tee was designed to accept the single 3-inch-diameter dissem-~
ination hose from the power module and dlstrlbute the agent to

" the twin fuselage hose assemblies. . L n

At the point of attachmnent of the fuselage hose assemblies, nozzle
spray stations were incorporated. For high performance aircraft
such as the C-130, twin 3-inch hose dissemination lines from the
power module were connected to individual elbows which subsequently
fed the fuselage hose assemblies and the fuselage spray stations.

" For low wing, low performance aircraft such as ‘the C~47, a single
2-inch dissemination line was run from the powe;"module, out through
the side cargo door, under the fuselage, and connected directly
to the wing boom system. Since nozzle stations were placed
uniformly along the wing boom system, includlng under the fuselage,

fuselage spray staticns were not required.

4.7.3 Dump System

The dump system was originally conceived as exhausting through

the aircraft rear jump door to elimihate metal—cutting operations.
The wse of modular tanks which could be installed in various
configurations then dictated that the dump system also be modular.
To ‘achieve this, a if0~-inch-diameter silicone~coated glass duct was
selected for the main dump duct which has sufficient capacity to
accept four tank module 4-inch-diameter dump ducts. A «2-inch
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modular length was selected for the 10~inch duct, and connec-
tions were made to the A-inch-diameter tank dump ports with _
stainless steel tees and band clamps. A dump chute was located
at’ the jump door which proiected about 12 inches into the wind-

- stream to minimize dump contamination of fuselage. This dump
“chute was beveled at 45° facing aft to allow the windstream to
create a slight vacuum condition in the dump line and thus reduce
- dqump time. The dump chute was designed to be mounted with a plate,

which was bonded to the aircraft floor with silicone adhesive.

-~ 4.7.4 . Vent System

- The vent system consists of modular lengths of a main 3-inch-
diameter silicdne-coated glass duct attacheé to the 2-inch-djameter .
- tank- vent ducts with stainless steel tees and band clamps. The
tank vent hoses and vent valves were originally designed as l-inch
diameter but were later changed to 2-inch diameter to decrease
dump time. A vent chute was utilized in the aft jump door which
projected into the airstream. This vent chute was chamfered 30°
facing forward to allow slight ram air pressurization of the tanks
- Lo decrease emergency dump time. '

4.7.5 Engine Exhaust

The engine exhaust was ducted from the engine spray arrestor to

the exhaust chute at the aft jump door using 3-inch-diameter
silicone-coated glass duct. Due to the Air Force objection to the
silicone glass duct, it was replaced with asbestos-packed stainless
steal exhaust hose. For certain aircraft such as the €-123, the -
exhaust ‘hos¢ was secured to the overhead pdhelihg using mounting
brackets, “bonded to the aircraft with silicone zdhesive. For

other aircraft, the exhaust hose was secured tc existing aireraft
internal structure using standard hose brackets and band clamps.

4.8 EXTERNAL PLUMBING

Aircraft external plumbing includes the nozzles and nozzle valves,
wing boom system and fuselage hose assemblies. Complete descrip-
tions and installation instructions for the various airecraft MISS
installation wing boom systems can be found in the applicable
aircraft Class II modification documentation. TCuring the MISS

. program, Class II modification documentation packages were gener-—
ated for the C-47, C~123, and C-130 aircraft.

4.8.1 Nozzles ahd Nozzle Valves

"~ The original nozzle/nozzle valve approach is shown in Pigure 52

and used a spring-check valve method of sealing the nozzle when
dissemination was terminated. The nozzle and valve were custom-
fabricated parts. This concept was abandoned when further investi-
gation of the sealing pressure requirements at the nozzle valve
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‘indicated that a springQCheck valve could not seal against agent"
pressures generated within the wing boom when certain larger air-
craft sew maximum latzral airborne g~loadings. 1In addition, the

~ _custom nozzle approach was expensive and did not comply with the

concept of using readily avajlable hardware when possible. .

Research of standard valves revealed that an ihexpensivé; small

. diaphragm check valve was available (Figure 53). fThe checking

function of the valve was increased by supplying compressed air
behind the diaphragm at all times except during spraying. When
alr pressure is not available, such as during aircraft downtime,
the check valve spring will continue to seal up to 5-psig agent

. pPressure to prevent leakage at the airfield. The valve is fail
safe in that it will ailow spraying even if the air source fails.
In addition, the inherent design of the valve prevents "water
hammer” in the dissemination plunbing. After testing and
rejecting Teflon* and silicone, a fluorosilicone diaphragm was
added to the agent side of the standard fairprene diaphragm to
insure chemical compatibility with the agents. (See Category I
Reliability Test Reports in Appendix II of this report.,) The
complete nozzle valve assembly was successfully cycled through a
S5~«year life during Category 1 testing, and the zbility of the
valve to prevent water hammer was also demonstrated successfully.

Standard, inexpensive, and readily available vee-type stainless
steel nozzles were selected for use with the diaphragm check

valves. For optimum droplet size control, different nozzles are
required for different spray rate ranges., K '

4.8,2 wing Boom System

Several wing boom constructions were considered: Round, elliptical,
full aerodynamic fairing, and aft fairing. The round pipe design
was considered to create too much drag. The elliptical was more
streamlined but presented end connection and mounting difficulties.
The full aercdynamic fairing was optimum from a drag standpoint
but required costly fabrication technigues. The aft fairing
design was sclected as being the best tradeoff between drag, cost,
and complexity, and the nozzle valve nylon air line was routed
through the aft wing boom fairing.

Modular wing boom lengths of 8 feet and approximately 4 feet, with
nozzle stations spaced every 2 feet (2 each on 4-foot boom, 4 each
on 8-foot boom), were selected from preliminary layouts of the

"~ wing boom system on all applicable aircraft. Flow rates for the
larger aircraft, such as the C-130, dictated the 2-inch-diameter
wing boom 2gent pipe. The C~123 required special wi.g boom
sections to pass under the nacelle fuel tanks and were equipped
with a spray station located on the nacelle centerline to try and
£ill in the spray pattern void created by the propellers. The
C-130 system used special heat-résistant, 4-foot boom sections
hehind the engines which were manufactured without nozzle stations
end used copper air line in place of the standard nylon.

117



£T1

QUTLET CORN.

A\

3 3 ] :
IRLET COuR.
srLon sopy —| - / '
T I
ALURINUY “ b=
SONRET &
/ _ !:. '\'\\ ! \ = = s*
Wil =
ALRLIN
Tté ¢ !
P LY
smnﬁ.sksfg Gsrm )
Ot APHRAGH Gll!U‘G-E 'l!'o”aﬁt
FAIRPRENE ‘(ﬁsro.} PORT)

TAINLESS STEEL SEAT

FLOUROSTILICOME DIARHRAGH

i

Figure 53. ﬁozzle Valve Assembly

R



At first the wing boom end connections were the non—flexible tubing
type, but analysis of the larger aircraft indicated that a rigid
wing boom system would .ot be compatible with aircraft wing flexure
during flight. As a result, a flex-type wing boom system, as
shown in Pigqure 54, was désigned. Wing boom connections allowed
axial flexing as shown bhut prevented axial rotation and end move~
ment. The wing boom strut bolts were positioned to allow the
struts to sway during wing flexure, and an inboard brace was

added to prevent side movement of the wing boom. The C-123

nacelle wing boom sections were equipped with slip joints to allow
the fuel nacelles to be jettisoned, and the boom air line was
equipped with quick-disconnects which actuated after the boom

began to separate. Silicone O-rings were added to protect the
connector. seals from the agents since the standard seals were not
compatible Wlth ail agents.

Contractor testing of the wing boom systems for the C-47, €-123,
and C~130 indicated that the wing boom self-restrained connectors
do not restrain over 100-psi pressure when used with stainless
steel pipe, although they are rated for 150-psi working pressure.
Also, the conngctor seals are not adequately protected from the
agents with the added silicorne O-ring, and fluorosilicone seals
cannot be used for self-restrained type connectors. As a result,
it is recommended that the self-restrained connectors be replaced
with non-self-restrained connectors of the same type (allow bhoom
flexure), fluorosilicone gaskets be used for complete agent
compatibility, and the restralnlng function be accomplished with
external mechanical tles.

Three different wing boom brackets were de51gned to allow attach-
ment of the struts. One was designed to mate with the airfoil
porv ons of the wing koom (Figure 55). This design was vulnerable
to overtorquing the nut and deforming the curved tab at the rear
of the bracket. As a result, a two-piece bracket was designed
which bolted together at both the front and rear. Ancther bracx«:t

was designed to attach to the boom connectors, and the third
bracket to attach to th- wing boom pipe at the nozzle stations.
Both of these designs used band clamps for attachment. The three
bracket types were required to allow variable positioning of the
bonded mounting plates bonded to the wing surface.

A telescoping strut was designed to allow complete installation ‘
flexibility. fThe strut uses a band clamp to ¥ix its length during
system installation and is subsequently riveted after the entire
wing boom assembly is installed. The telescoping strut was
originally aluminum but was changed to stainless steel to increase
strength and chemical agent resistance.
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4.8, 3 Fuselage Hose Assemblies

The fuselage hose zssemblies consist of the same type ‘of high
pressure hose as used for internal plumbing and include an
external air line to supply compressed air to the nozzle valves.
The 'hose assemblies are attached to brackets which are bonded to
“€h& fuselage skin with silicone adhes;ve.-- neeT Lhnvied, b

4. 9 ELECTRICAL SYSTEM.

~ "The design of the electrical system wac finalized after the agent
- ~transfer system design was completed. The foremost design objec~- .. _.

tive was to keep the system as simple as possible and thus make
it easy to understand, check out, and repajxr. Because the MISS
may be used in remcte areas and foreign countries, the electrical

“ - pystem was designed so that it can be completely diagnosed with . .
& volt-ohm meter. These design criteria ruled out the use of .
sophisticated solid state electronics; the MISS uses conventional
xelays for all logic circultry. The use of relays required more
wiring, but the additional wiring expense was justified to keep
the circuitry uncomplicated.

Al. electrical system relays, switches, and indicator lights are

a single type to reduce logistics. Every individual electrical
circuit is protected by its own circuit breaker. All circuitry
was positioned for easy access and replacement, and each individ-
val wire in the system is coded to correspond to the system wiring

diagram.
- 4 10 GROUN“ OPERATIONS . _
Ground operatlons may be deflned to include the fcllowxng.

® Fill the agent tanks from 55-gallon drums, open agent
containers, or tanker trucks.

® Drain the system into above containers.
¢ Flush the syatem, including tanks.
@' Wash down the aircraft if contaminated.

During the development effort, it became apparent that the centri-
fugal pump, used in the MISS agent transfer system, could be used
as the power source for all ground operations and simultaneously
reduce the guantity of ground-based support eguipment, A self-
prining pump could have heen used, but it would have recuired
hand priming when: the system was completely dry, and it would:

have weighed more than the non-self-priming type pumps. It

became apparent that the air supply, already on the power module,
could be used to actunate a pneumatic eductor, which, in turn,
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» wonld create a vacuum COndition in the centrifugal pump. By
. attaching a ground suction hose to the suction side of the pump,
 the eductor could be turned off and the centrifugal pump would
continue to fill the system. To prevent overfilling the tanks,
.. each tank was eguipped with a level switch which would close its
vent valves when the tank was filled. When all tanks in a given
system are filled, the engine magneto is shorted.to prevent over-

.- pressurization of the tanks. Turning off tihe £ill switch allows

the engine to be restarted for recirculation and/or spraying.

- Figure 56 shows an’ operator filling the system from 55—gallon
drums using the drum suction probe connected to the suction £ill
hose. The drum suction probe is equipped with a valve which is

. .s8hut off when transferring the probe from one drum to another.

-~ Closing this suction probe valve will cause the centrifugal pump .
- to cavitate but will not .cause pump damage if closed .for short
perlods of time. Figure 57 shows ground filling directly from a
tanker truck. ' ' .

Filling the MISS with wettable powder-type acents can be accom=~
plished by fillirg the system as explained above with the liquid
carrier agent and introducing the powdered agent directly into

the tanks through the 3-inch f£ill caps. Mixing the agent can be
accomplished by placing the system in the recirculation mode. If
the powdered agent is toxic, it can be mixed remotely using a spare
tank and power module, as shown in Figure 58, and pumped onboard
u31ng the ground power module.

'Draining is accompllshed by attaching the ground support hose to
the power drain connection on the power module and using the
onboard centrifugal pump.to draw agent from the tanka and pump 7
it into the ground agent containers. . o :
System flushing is accomplished by suction filling with flushing
iageﬁt and operating the system in the recirculation mode. To
minimize the amount of flushing agent needed, a tank washing probe
is supplied (Figure 59)}. This probe is attached with a hose to
the power drain connection on the power module and moved from tank
T"Eé. tank as required. :

‘Aircraft washing is accomplished with a trigger-operated washing
gun, attached with up to 100 feet of hose to the power drain
connection. The gun is a variable spray-types, allowing the oper-
ator to select a cone spray, solid stream, or complete shut-off
as desired.

all hose/probe/washing gun connections are the quick-disconnect
type to provide leak-tight connections with minimal effort.
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4.1} RELIABILITY AND MAINTAINABILITY

# basic functional level breakdown of the system is shown in
ﬂlgure 60. These diagrams were generated by functionally dissect-
-ing each block. The process stops when the next d;ssection would
result in specific part identification. N

Analytical reliability and maintainability studies were not
completed due to a change in the scope of the contract. Several
key hardware components were cycle tested through a 5-year life,
as explalned in paragraph-4.14, Cataqory I Testing.

Reliability reguirements were that the system have a probawility
of mission success of 0.99 at a confidence level of 90 percent
when disseminating an agent with vzscoszty ©f 350 cp.at. a flow

- rate of three gallons per acre.

Maintainability reguirements were that the system be capable of
operation away from a military installation for periods of up teo
six months with a spares kit containing only seals and nozzles.

No field or higher maintenance was to be designed for a service
life of 500 hours when disseminating agents Orange, Blue, and
White. The nozzles {excluding tips, cores, and diaphragms) were

to have a minimum predicted service life of 400 hours when
disseminating agents Orange, Blue, and White. The nozzle tips
and cores were to retain their calibration accuracy for a

minimum time period of 10 hours. The flowmeter was to retain its
calibration accuracy for a minimum period of 10 hours when dissem-
lnatlng agents Orange, Blue. and White.

4.12 SAPETY CONSIDERATIONS ; . _' -

Requirements specified that operational use of the dispenser
system, including ground loading, must not be hazardous to
personnel. As a result, the complete agent transfer system
(including tankage) was designed as a sealed system with all agent
vapors vented overboard both during ground and flight operations.
In addition, both the lead-acid power module battery and the gas
tank vents were rcuted overhoard. All power train mechanisms
(belts, pulley, etc.) were adegquately shielded from operating
personnel. A centrifugal pump was used as the prime agent mover
and, due to system design, the pump could be operated at stall
.conditions without danger to the equipment or operating personnel.
The power and tank modules were provided with captive castors to
simplify system installation and removal and minimize danger to
personnel. Pressure relief valves were provided on both the
primary and emergency dump pneumatic systems, and all electrical
systems were protected by individual circuit breakers. Adequate -
systen instruments and controls provided the operator with
gomplete system monitoring capabilities. All indicator lights
were the press-to-test type.
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The emtire system is structurally sound, conforming to all appli-
. cable aircraft technical orders. The internal hardware is tied
“down to withstand normal flight and crash g loads. . The external
. hardware is de31gned to withstand the maxxmum flxght speed of
each applicable aircraft.

"‘4.13| VALUE ENGINFERING ' ' oo e

Throughout the development phase, the MISS was constantly analyzed
to reduce costs without compromising performance, reliabillty, or
”malntalnabzllty Speciflc examples of cost savings are:

‘@ Used standa-d off-the-shelf hardware extensively.

® Used Gavernment—furnished engine to roduce loqlstlc
problems.

°* Selected modified cross~linked polyethylene high pressure
" hose to replace costly TFE hose.

¢ Provided complete ground support capabilities bullt into
the power module.

® Designed the agent transfer systéem to adequately control
c.g, while minimizing the number of hardware components.

® Selected 500-gallon~capacity tank modules to replace
. previous 325-gellon tanks, thus reducing costs, installa-
tion time, and plumbing complexity.

® Réplaced TFE dump and vent ducts with silicone-coated
glass at a substartial cost savings.

® Changed flange seals to reduce seal ccsts by 90 percent
without compromising performance. :

® Designed the electrical system to use a sxngle type of
.switch and relay to minimize logistics. oo

¢ Changed to corrosion weight flanges to reduce hardwére
costs and parasitic weight.

4.14 CATEGORY I TESTING

Category I Contractor Testing was performed by DTL in three
phases: Component Testing, Reliability Testing, and Reliability
Retesting. Appendix II contains summaries of these reports.

Component testing was performed to determine operating character-
istics of prime system components such as the preumatically
operated valves, eductor, air compressor, and flowmeters. Also
included in the tests were agent/material compatibility, ground
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opcrations, 500-gallon tank sealing, and emergency dump. Relia-
bility retesting consisted of several cycling tests WLth the nozzle
valve to verify a S-year diaphragm life.

ALY components tested performed as designed and exceeded the 5=
‘year life requirement,

4.15 CATEGORY II TESTING

The MIS$S C-~123K system installation and aircraft modification was
performed at Bglin Air Porce Base, Florida from 27 April 1971 to

7 May 1971. fThe installation progressed smoothly, and only a few
pleces of minor hardware were modified for improved functionability.

System flight tests were started on 17 May 1971 andlinéludéd:
® bry system flight compatibility. ‘

. High volume spray, dump and manual dump using water as
an agent.

® Full takeoff and landlng (880 gallons glycerin/water
solution}.

¢ High volume spray at 240 gpm using glycerin/water
solution; included turns while spraying.

® Full load flight compatibility.

‘@ Low volume spraying.
During all tests, the system performed well with no major compli-
" cations. The self-supporting features of the system proved
effective. The aircraft pilot said the system felt solid, Qid
not adversely affact flight characteristics, and agent slosh was
not perceptible evea with the tanks half full (maximum slosh
condition)}. The system operator stated the operation was simple,
straightforward, and all controls were positioned for easy
‘handling.

Slight spray contamination of the right aft fuselage from the
right-hand fuselage spray station was eliminated by plugging that
spray nozzle. The contamination was apparently due to the vacuum
. created by the dump chute or due to the dirxection of the propeller
vortices, since the left-hand fuselage spray station caused no
contamination. Emergency dump contamination of the fuselage was
Cas expected, but some internal spray-back was apparent since the
dump chute was mounted forward in the jump door. The dump chvte
was consequently positioned aft in the jump door for future MISS
aircraft designs. The pilot felt that manual emergency dumping
took too long for combat missions but would be fine for non-

combat-type spraying.
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SECTION V
" CONCLUSIONS AND RECOMMENDATIONS
Flight cﬁaraéteristics of the C=-123 aircraft arc not adversely
affected by the installation of the PWU*S/A MIs. kit. .
Maximum payload capabilities of all ten applicable aircraft

~are effectively utilized.

The system se‘f-supporting features perform effectxvely.
The system exceeds required flow ratea for all ten aircraft.

The system can be readily installed at the organizational
level using standard tools.

The system is safe.

The spraf nozzle valves effectively preveﬁt agent leakage
during maximum airborne maneuvers.

The flowmeter'system is functional and meets the contractual
accuracy requirements.

The emergency dvmp system will dump at least one-half the
agent payload in 45 seconds.

Operator and pilot <ontrols provide effective system monitor-
ing and adjustment and meet human engineering requirements.

The agent transfer system provides effective recirculation
agltatlon.

The system extensively utilizes.standard, readily available
hardware.

The agent reservoir-design adequatély prevents agent slosh.

The sequential tank-emptylng design allows maximum modular
installation flexibility. :

Attachment of external hardware and limited internal hard-
ware by bonding is an e¢ffective modification method.

Polysulfide or polysulfide/epoxy adhesive should be investi-

gated to replace the epoxy wing boom bonding agent; the PWU- -
5/A MISS installation would th-n require no permanent
aireraft modification.
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17, The self-restraining wing boom connecﬁors*shoﬁlﬂ'be replaced

with non-self-restraining connectors of the same type and
used with fluorosilicone seals. Connection restraint should

. be done with mechanical ties between wing boom sections.

A cable system should be designed to allow manual emergency
dump operation from the operator's conscle. '
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APPENDIX X
ELECTRICAL SYSTEM DESCRIPTION

1.1 MAIN POWER SYSTEM

The electrical power system consists of a 24-volt lead-acid '
aircraft battery (AN3150-2A), a 30-volt carbon pile voltage
regulator (PSN 6116-373-8691), a l0-ampere maximum reverse current
ralay (FSN 2925-554~6956), and a 50-ampere, 28.5~volt aircraft
direct currxent generator {(FSN 2920-873-4396)... Figure I~} shows a
gimplified diagram of the main power circuitry.

When the generator voltage reaches 26 to 27 volts, the generator
is connected to the battexy by the reverse current relay allowing
charging current to flow. The charging voltage is regulated to
30 volts by the carbon pile voltage regulator.

When the engine speed is decreased, the generator voltage drops,
causing a reverse current to flow, discharging the battery through
the generator. The reverse current relay disconnects the genera-
tor from the battery when the reverse current exceeds 10 amperes
(engine idle).

I.2 CIRCUIT BREAKERS

The main power is monitored by the ammeter before being distributed
to the secondary circuit breakers by the primary circuit breaker,
CB~1, which is a d.c. S0~ampere, medium delay circuit breaker.

The medlum delay allows ‘all tank vent valve motors to start at

once without causing nuisance trips. The secendary circuit breakers
are shown in Table I~1l, and their delay curves ave shown in
Figure I-2. All circuit breakers are double pole.

Each of the circuit breakers is equipped with ap auxiliary micro-
switch which, when the circuit breaker is tripped, will light the
breaker-tripped indicator light on the main control panel. The
toggle action on these circuit breakers is trip-free, making it
impossible to hold the circuit closed against a fault. All circuit
breakers are weathet—proofed.

I.3. FLOWMETER

The flowmeter is supplied with 24-28 Vdeo by circuit breaker CB-2
through connector P-11l, as shown in Figure I~3. Inputs from the
l=inch and 3-inch turbine meter magnetic pickups are received at
the flowmeter instrumentation package through ca»les W-4 and W-5,
These are two~couductor shielded cables with the shields insulated
at the flowmeter connector and grounded at the instrumentation

package connector.
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TABLE I-1

SECONDARY CIRCUIT BREAKERS

BREAKER . LOAD (max ) RATING (amps} DELAY
CB-2 FLOWMETER .080 1.00 1
C8~3 ENGINE | 3,450 7.9 1
CB~L PANEL LIGHTS .30 2.50 | i
CB~S PUMP PRIME 4,920 2.0 1
CB~6 DRAIN 4.500 10.00 2
' 'CB-7 AIR PURGE .820 2.5 1
CB-8 AGENT LEVEL 400 1.00 1
CB-9 SPRAY $.980 10.00 2
€e-10 DuMp 20.740 30.00 2
£B-11 VENT 19.3%0 30.00 2
€8-12 PILOT 19.360 30.00 2
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1.4 ENGINE

Power is supplied to the engine electrical controls through
circuit breaker CB-3, as shown in Figure I-4. When the ignition
switch (S-1) is switched on, power is supplied to the hourmeter.
and ground is supplied to the starter pushbutton (S-13). When

- :8-1 is in the off position, the engine magneto is grounded and

24 Vdc is supplied to the normally opened contact of the oil
pressure-actuated microswitch (s-16). If S-1 is switched off
with the engine running (S-16 actuated to the normally opened
position by ©il pressure), 24 Vdc is supplied to the fuel shut-
off solenoid until oil pressure decreased, allowing S$-17 to
deactuate to the normally closed position. This function prevents
possiblé engine backfiring if the, ignition switch (S-1) is switched
off with the engine operating at high throttle 'settings. If the
oil pressure drops too low with the engine running (S~1), 5-16
deactuates and the fuel shutoff solenoid is energized with power
from the magneto.

I.5 PANEL LIGHTS

Power is supplied to the two gooseneck panel lights through CB-4.
Each of these lights has its own intensity-controlling rheostat.

-I.6 PUMP PRIME

Power is supplied to the pump prime switch through circuit breaker
CB-5. The pump prime switch opens the vent valves on the end
tanks, removes power from the closed side of the vent valves, and

. energizes the eductor air solenoid valve.

I.7 DRAIN

Power is supplied to the drain switch “hrough circuit breaker CB-6.
The drain switch opens the vent valves on the end tanks and removes
power from the closed side of the vent valves.

I.8 AIR PURGE

Power is supplied to the air purge switch thrcugh circuit breaker
CB-7. The air purge switch energizes the air purge solenoid and
the wing boom nozzle valve air solencid. The positive power coming
from CB~7 is in series with the spray switch so that the air purge
switch will not function unless the spray switch is in the off
position.

I.9 AGENT LEVEL

Power is supplied to the agent level system through circuit
breaker CB~8. The power is dropped through u 75-ohm, 25-watt
resistor or a 50-ohm, 25-watt resistor, depending on the number
of tanks in the system used. The cotal number of tanks in the
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.system used is selected on the number of tanks switch (5-12) at
the top of the control panel. 'This switch also programs the
automatic engine cutoff circuitry for the number of tanks used.
(Refer to Figures I-S and I-6.)

Tge agent level system consists of a tank selector switch {8-5)
and a dual meter readout (M-2). The tank selector switch receives
the incoming signals from the tank sending units,

Tanks are selected in pairs to be read out oa the dual meter. The
sending units in the tanks consist of a sealed resistance comb
running from the top to the bottom of the tank (70 ohms) with a
sealed reed switch at the top. A floating magnetic runner causes
the resistance of the circuit to change and actuates the reed
switch at the top when the tank is full. The closing of this reed
switch on each tank actuates some or all of relays K~9 through
K-16, depending on the number of tanks used. The relays form part
of a 2 to 8 input "and" gate, which shuts the engine down when all -
tanks are full. This automatlc shut-down will only occur when the
£fill switch is in the "on" position.

I.10 SPRAY

The spray function, as shown in Figure I-7, is supplied with power
through circuit breaker CB~9% and controlled by switch 5~6 on the
main control panel and switch $-14 on the pilot's control box.
These two switches are wired in series so that the dec1q10n to
spray must invelve both the operator and the pilst.

Posltlve power from CB-9 is supplied to terminals 2 and 1l of the
operator's spray switch, S-6. When S-6 is switched on, the oper-
ator's indicator light, L-%, on the main control panel is illumi-
nated and positive power is supplied to the pilot's control box
througn CB-12, lichting the operator's indicator light on the
pilot's control box, L-15. Terminal 5 of 5-6 is part of the six
input "and" circuits which supplys a closed signal to the vent
valves. When $-6 is switched on, this closed signal is interrupted.
Terminal 8 of S-6 is in serieés with the air purge function so

that air purge cannot be operated during the spray function.

When S-14, the pilot's spray switch, is switched on, the end vent
valves are opened through power from terminal 2. Terminal 5 of
S-14 has received power from S$-6 through CB-12. When S-14 is
switched on, the spray solencid and the wing boom nozzle air sole-
noid are energized with power from terminal 5. 'Terminal 3 of S-14
has power provided by CB~%. Wwhen S-14 is switched on, the pilot's
spray tight, L-11, on the pilot's control box is illuminated with.
power from terminal 3. The pilot's spray l;ght on the main control
panel, L-10, is also illuminated.

7o summarize this function, when the operator actuates his spray

cwitch, the operator's spray lights on the main control panel and
on the pilot’s box are both illuminated. When the pilot actuates
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his spray switch, the pilot's box and the main control panel indi-
cators are illuminated, the end tank vent valves are opened, the
wing boom nozzle air solenoid is energized, and the spray solenoid
_is energized. The same order of events occurs if the pilot's
spray switch is actuated before the operator's spray switch.
However, the first switch to be turned off is the one which
de-energizes the two solenoids and c¢loses the vent valves.

1,11 DUMP

The dump function, as shown in Figure I-8, is supplied with power
through circuit breaker CB-10 and controlled by switch S~7 on the
main control panel and switch S-15 on the pilot's control box.
These two switches are wired in paraliel so that elther the cper-
~-ator or the pilot can initiate the dump function.

Positive power .from CB-10 is supplied to terminals 2 and 8 of
switch 5-7, the operator's dump switch. WNegative power from CB-10
is supplied directly to the dump solenoid through P-1 and P-21.
When S-7 is switched on, the operator's dump light, L-13, is illu-
minated, K-~18 is energized through P~19 and D=~1¢ cutting off the
closed vent valve signal, the pilot's dump light, L-12, is illumi-
nated, and all vent valves are opened through S~9. The pilot’s
dump switch will perform these same functiens.

1.12 VENT VALVES

A logic diagram of this system is shown in Figure I-%, and a
schematic is shown in Figure I~10. These figures show only one
vent valve dircuit since all are similar. Power is supplied to
the vent valve system through circuit breaker CB-~11l. When the
fill switch, S-8, is switched on, the vent valve is opened through
tha normally clecsed contacts of relay X-1. The open indicator
light on the main control panel for that vert valve will light as
will the closed indicator light when the valve is closed. When
this tank is full, the agent level full switch is closed energizing
relay K-1. The normally <losed contacts on K-1 open, cutting off
the open signal to the vent valve. The normally open contacts
close providing a closed signal to the vent valve through S-8.
Besides K-1 being energized, relay ¥-10L is also energized, which
forms part of the engine shut-down circuit when all of the tanks
are full. (See Figure I-6. )

Oonly when the £i11 switch is in the off positiorn is pDWDr supplled
to the $-9 open/closed switch. This switch either opens or closes
the vent valves independent of the £fill system.

The closed signal to the vent valves flows through a normally
closed pole on:

e K-18, dump relay.
& 5-7, dump switch.
® S-t, spray switch.
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® K-1v, uvilot spray switch.
® S5+3, drain switch.
® S-2, pump prime switch.

The diodes (D-1 and D-2 in Figure I-10) in tke vent valve circuitry
are to prevent unwanted interaction between different tank systems.
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APPENDIX II
CATEGORY I
TESTING REPORTS

Category T MISS leéting consisted of the following:
& Component Tests '
® Reliability Tests
® Reliability Retests

Summaries of the results of these tests are. qlven in the following ..
sections. ,

1I.1 CATEGORY I COMPONENT TEST RESULTS

IT.1.]1 Introduction

From 25 May 1970 to 31 August 1970, DTL conducted Ehe following
MISS component tests: .

1. Nozzle Valve
2. Motor-Driven Vent Valve
3. Dump Valive with Actuator
4. Spray valve with Actuator
5. Sealing of 500- Gallon Tank Assembly
6. Agent/Material Compatibility
1. Centrifugai Pump Eductor
8. Suction Filling {(55-Gallon Drums)
9. Air Compressor
10. Plowmeters
11. Emergency Dump System (500-Gallon Tank)

12, Emergency Dump (4 each 500-Gallon Tanks}
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11.1.2 Results Summary

All components met or exceeded design parameters, except emergency
dump. The l-inch-diameter vent valve and vent tubes. restricted
tank venting too severely and dictated the use of 2-inch-diameter
vent valves and vent lines. 1In addition, the dump chute and vent
chute, which project into the air stream through the aircraft jump
doors, were designed to allow ram air pressurization of the vent
system and a slight vacuum condition in the dump duct system With
these changes, emergency dump time requirements were met.

I7.1.2.1.. Nozzle Valve

The valve sealed drip tight against 58-psig water pressure with
40-psig air behind the diaphragm. With. 0 psig air pressure, the
-walve sealed. against approximately 6.5 psig water pressure. The
valve absolutely eliminates water hammer effects since it readily
opens at water pressures above the nominal sealing pressure. .
11.1.2.2 WVent Valve

At 24 vVdc, the average opening and closing times were 1.9 ssconds.
11.1.2.3 Dump Valve

With 100-psig air pressure, the average opening and closing times
were less than 0.4 second.

11.1.2.4 Spray Valve

. Opening time can be varied from0.14 to 1.06 seconds, and closing
time can be varied from 0.45 to 1.25 seconds.

I1.1.2.5 Sealing of 500-Gallon Tank Assembly

All tanks were tested to 20-psig hydrostatic pressure. The tanks
remained leak tight and structurally integral.

11.1.2.6 Agent/Material Compatibility

Agents used were: Dibrom (4.6 lb/gal - 3 oz/aére solution)
Orange
White
Blue

® Modified'Cross-linked Polyethylene Hose

The modified cross-~linked polyethylene hose withstood all agents
at 140°F for 3-1/2 months with no degradation.
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® TFE Lined 4~inch Suction Duct

The TFE liner withstood all agents at 140°F for two monthe with-
out degradation. Constant exposure of the duct exterior to agents
may cause slight delamination of the fiberglass layers.

® Silicone Vent and Dump Ducts

The silicone vent and dump ducts withstood all agents at 140°F
for one month without degradation and withstood Orange, White and
Blue for two mohths without degradation. The Xylene content of
the Dibrom decomposed the silicone after two months of constant
exposure at 140°F. This is equivalent to about eight months of
constant liquid (agent) contact. Xylene will permeate the sili-
cone duct in six days at ambient temperature. After drying,
Xylene will repermeate the silicone after two days.

Ir.1.2.7 Eductor-Centrifugal Pump

® 50-Foot-Long, 2-Inch-Diameter Suction Hose

Height of Tinme Maximum Engine
Suction Lift to Prime Fill Rate RPM
(sec) (gpm)
57 inches 15.4 145 1000
108 inches 17.9 130 1000
16.5 feet 26.0 125 1000

to

e 50-Foot-Long, 3-Inch-Diameter Suction Hose

. System modification will have to be made to allow connection of
3~inch hose for ground fill -~ test performed for information only.

“Height of Time ' Maximum Engine
Suction Lift to Prime Pill Rate RPM
. sec gpm
57 inches 24.4 390 1300
108 inches 28.5 390 © 1300
16.5 feet o 41.0 | 250 | 1300

I1.1,2.8 Suction Filling (55-~Gallon Drum)

These tests were p2rformed using the 50-foot-long, 2-inch-diameter
suction hose with the drum probe assembly attached. Approximately
one gallon of water was left in each 55-gallon drum when the probe

begun sucking air.
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Height of
Suction Li

ft

57 inches
108 inches
16.5 feet

. Time
to Prime
sec ) -
20.0
22.5
27.0

IT.1.2.9 Air Compressor

Engine RPM

1000
1500
2000

. 2500

2750

{ max }

I7.1.2.10 Flowmetexs

Size
Flowneter
. {inch)

3

ok e W W W

I1.1.2.11 Emergency bump, Single 500-Gallon Tank

Flow Range
(gpm).

0-600
0~-600
0-200
0-200
0-60
0-60
0-20
0-20

Maximuom
'Fill Rate

gpm
75
70
50

"Engine

RPM

1000
1000
1000

Time to Fill A1l Three Air
Reservoirs to 128 psig from
0 psig (sec)

Indicated
Flow

(gpm})

100
300 ..
100
50
41
15
15
1.5

o283,
197

144
120
112

Actual - Percent
Flow Error
{gpm)

100.977 0.97

288.11 3.96

100.469 0.47
51.311 2.62
80.644 0.86
15.048 0.32
15.128 0.85

1.5548 6.32*%

Using l-inch-diameter vent valve and 84 inches of l-inch-diameter
vent line, time to dump one-half a full tank was €l seconds.
Water was used.

*Reading error was excessive percentage of error shown.
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With the fill cap off, the time to dump one-half a full tank of
.water was 40 seconds.

Using a 2-inch-diameter ball vent valve with 5 feet of 2~inch vent
hose, time to dump one-half a full tank of water was 41.7 seconds.

Addition of a blower which simnlated ram air pressurization of the
vent duct (about 6 inches of water pressure} decreased dump time
by about 3 seconds.

I11.1.2.12 Emergency Dump. Four 500-Gallon Tanks

Four 500-gallon tanks were manifolded into a single 1l8~inch-diam-
eter duct. Using the l-inch~diameter vent valves, one~half the
agent (water) was dumped in 61 seconds.

- With the £ill caps removed, the tank nearest the dump discharge
expelled one-half of its agent {(water) in 42 seconds, and the
fourth tank {(furthest from discharge) expeéelled one~half of its
agent within 48 seconds., The average time was 45 seconds. This
test did not include ram air pressurization of the vent system
nor the slight vacuum condition in the dump duct, both of which
will decrease dump time and will occur during any aircraft flight.

II.1.3 Conclusions

All component testing has been successfully completed. With the
previously described modifications to the emergency dump system,
all system components are expected to egual or exceed the system
design requirements.

I1.2 CATEGORY I RELIABILITY TESTING RESULTS

II.2.1 Introduction

From 13 May 1970 to 9 June 1970, DTL conducted reliability tests
of the following components:

Vent valve with actuator

Nozzle valve

*® @ o

Spray valve with actuator
® Dunp valve with actuator
The context and results of these tests are explained on the Test

Information Sheets that follow. Included, also, is an explanation
of Standard Component Certification.
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I1.2.2 Vent Valve Test Information.Sheet

TEST CATEGORY: Reliability.

COMPONENT OR SYSTEM: Vent valve (McCannaflo 600,
l-inch F602-S3~-T ball valve
with Ramcon 8B-4 (WP) motor

o _ actuator).

DATE AND TIME TEST INITIATED: 13 May 1970, 97900 hours

DATE AND TIME TEST COMPLETED: 22 May 1970, 1145 hours

TEST OBJECTIVE:

“The ball vent valve controls venting of the agent reser-
voirs and operates during £illing, pump prime, and
spraying. Normal air pressure on the valve is less than
4 feet of water. :

Test objective is to determine valve cycles to failure
or prove active life'is in excess of five years.

S-year life: 15 cycles/mission, 2/missions/day.
5 days/week, 52 weeks/yeoar,

Total: 39,000 maximum cycles/5 years.

TEST DESCRIPTION:

The vent valve with actuator was installed as shown below.
Differential air pressure across the valve was 10 psig
The valve was opened and closed svery 10 seconds by
applying 24 vdc to the Ramcon Actuator us;ng the DTL
Electrical Cyclic Tester.

CI;D—W—— EE: AIR COMP

VENT
VALYE

CYcLic
TESTOR

&

TEST RESULTS:

The ball valve and motor actuator underwent 39,125
open/close cycles without failure. The ball valve
was bubble tight agalnst io0 p91g air pressure.

TEST CONPLUSIONS.

The vent valve assembly will exceed the S5-year life
requirement.
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11.2.3  ¥Nozzle Vent Test Information sheet

TEST CATEGORY: ' Reliablllty

COMPONENT OR SYSTEM: Nozzle Valve {Spraying Systems
. : No. 12328-NY-3/4, modified)

DATE AND TIME TEST INITIATED: 27 May 1970, 0838 hours

DATE AND TIME TEST COMPLETED: 1 June 1970, 1130 hours

. TEST OBJECTIVE: S

The nozzle valve is a diaphragm check valve modified to
allow pressurization behind the diaphragm, increasing
its sealing pressure. Normal air pressure behind the
diaphragm valve will be 40 psig.

Determine cycles to fallure or prove active life is in
- excess of 5 years.

5~year life: 10 cycles/mission, 2 mission/day,
5 days/week, 52 weeks/year.

Total: 26,000 maximum cycles/s years

TEST DESCRIPTION:

The nozzle valve was installed as shown below. The
water valves were adjusted so that water pressure on
the diaphragm was 60 psig with the nozzle valve closed
and 20 psig with the nozzle valve cpen. The nozzle
valve was cycled open/closed by applying 24 Vdc to the
ASCO 3-way valve using the DTL Electrical Cyclic Tester.
Cycles were measured with a digital counter.

fuan

DYL 78l . dTL 7Hi?

FAUCET
€0 P3| WATER

80 PS' AlR

- 60442T

$5 WHIRLJET NOZZLE ASCu 3 WAY 2§ VDC VALVE

SPRAYING SYSTEMS 12378
S/ INCH NYLON CHECK VALVE
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TEST RESULTS:

A standard nozzle valve was modified to allow air pressure
behind the diaphragm and fitted with 2 0,025-inch thick
silicone-coated glass diaphragm. Air pressure was set at
50 psig. This diaphragm failed at 22,000 cycles due to a
sharp edged stainless steel ring inside the valve.

The ring was removed (does not degrade valve); all sharp
edges which the diaphragm would rub against were broken.
In addition, a sealing ridge in the valve bonnet which had
partially cut through the diaphragm was removed. A new
0.025~§nch-thick silicone diaphragm was fit and testing
resuned.,

The diaphragm failed at 9485 cycles. Inspection of the
diaphragm indicated that the glass fabric was powdering
due to fatigue. Therefore, glass fabric was eliminated
as a design choice. - )

A 0.050-inch~thick Buna-N coated Nylon fahric diaphragm
was fitted and testing resumed. Buna-N is not compatible
with the MISS agents; the purpose of the test was to
fatigue test the diaphragm fabric. The diaphragm pulled
away from the edges where it was compressed between the
bonnet and valve body. This failure occurred after 200
cycles. :

The bonnet was replaced with a standard-bonnet complete
with sealing ridge {machined off on previous bonnet}. A
06.025~inch Buna-N coated nylon diaphragm was fitted and
testing resumed using 40 psig air pressure. A total of
26,016 cycles was completed without failure. The dia-
phragm was removed and visuvally inspected for damage.
Only slight wear was apparent.

The final diaphragm will be Fluorosilicone-coated Dacron.
TEST CONCLUSIONS:

Based on the test with ﬁuna*N.coated nylon, the final

diap.iragm should exceed the 5-year life requirements.

Cyclic testing of the Fluorosilicone/Dacren diaphragms
will be initiated as soon as they are reczived by DTL.
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4. Spray Valve Test Information Sheet

I11.2.

TEST CATEGORY: Reliability

COMPONENT OR SYSTEM: Spray Valve (Weco Model 12,
3-inch butterfly valve with
Worchester Model C3I8W opneu-
matic actuator)

DATE AND TIME TEST INITIATED: 22 May 1970, 1130 hours

DATE AND TIME TEST COMPLETED: 27 May 1970, 1420 hours

TEST OBJECTIVE:

The spray valve is a fully open or fully closed valve
which controls agent release to the spray booms.

Test objective is to determine cycles to failure or

. prove active life is in excess of five years.

TEST

TEST

S5-year life: 10 cycles/mission, 2 missiqns/day,

. 5 days/week, 52 weeks/year
Total: 26,000 maximum cycles/5 years

DESCRIPTION:

The spray valve was mounted between 150-pound ASA flanges
and mounted to the DTL water lines. Water pressure was 63
psig. The valve was opened and closed by supplying 24 Vde
to the solenoid of the Worchester Actuator using the DTL
Electrical Cyclic Tester. Cycles were measured with a
digital counter. Air pressure was 100 psig.

WORCHESTOR ACTUATOR

CYeLIC
_ , d TESTOR
oy A RessuRE
WECO MODEL (2 ]

3 INCH BUTTERFLY

4
D= 63 st waneR

il

3

|

il ?

MANUAL VALYE
WATER MAIN PRESSURE = §3 PSiG
RESULTS: '

After 12,125 cycles, a slight leakage past the butterfly
at the pivot points was noticed. The valve was left
closed for two days, -and the leakage stopped.

At 26,025 cycles, the same leakage was noticed. The ASA
150~pound flanges were retightened, and the leak was
reduced to about two drops/minute.
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The valve was left closed and mounted for two days. All
leakage stopped., The valve was cycled ten times and

‘remained leak-free.

Visual inspectlon showed slight TFE butterfly disc seat
wear.

. TEST CONCLUSIONS:
Rapid cycling of the valve (about 12,000 cycles/6 hours)
tended to relax the TFE butterfly disc seat seal and
allowed slight. leakage. After setting for two days, the
TFE seat returned to its original sealing position,
eliminating all lcakage. Cycling the valve an additicnal
ten times did not reproduce the leak. :
Based - on the above, no leakage is expected during a
normal S-year life if the valve will be cycled about 20
times/day.
11.2.5 Dump Valve Test Information Sheet
TEST CATEGORY: Reliability
COMPONENT OR SYSTEM: Dump Valve {Weco Model 12,
4-inch butterfly wvalve with
Model B3I8N Worchester actuator
mounted)
DATE AND TIME TEST INITIATED: 2 June 1970, 1115 hours
DATE AND TIME TEST COMPLETED: 9 June 1970, 1055 hours
TEST CBJECTIVE:

The dump valve is a fully open or fully closed valve .

" whiéh controls release of agent from the tank to the

TEST

emergency dump line. Agent pressure on butterfly is
minimal (only the tank fluid head). Norwal air oper-
ating pressure is 70 psig. -

*

Test objective is to determine cycles to failure or
prove active life is in excess of five years.

S-year life: 2 cycles/mission, 2 missions/day,
5 days/week, 32 weeks/year.

Total: 5200 cycles/S years.

DESCRIPTION:

The dump valve with actuator was installed as shown
kelow. The butterfly valve was mounted between
bolted flanges with the butterfly disc immersed in
water and actuated, using regulated air pressure
through a 4-way ASCO solenoid valve. The solenoid
valve was actuated by applying 24 Vdc using the DTL
Electrical Cyelic Tester.
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WORCHES TOR
© ACTUATOR
HOUSE AIR

&

DTL CYLIC
TIMER

& IHCH WECO BUTTERFLY
HOUNTED 1N
CORROS | QR WE1GHT SRES
FLANGES

ASCO U-WAY SOLENOID VALVE

TEST RESULTS:

Valve would not open at 70 psig but required 110 psig
After five cycles, required pressure dropped to 65 psig.
Operating pressure was increased to 100 PSI.  After 2000
cycles the valve was closed and let stand for 2-1/2 hours,
afger which 70 psi air was required to actuate (open) the
valve.

One-hundred psig cycling was continued. After 5500 cycles
the valve remained leak tight. Visual inspection indicated
no wear.

The valve was closed and let set for one day; opening
pressure was 72 psig. The valve was closed and let set
for six additional days; opening pressure was 78 PpPsSilg.

TEST CONCLUSIONS: _
The 5-year life requirement has been met and axceeded.

The original actuation pressure of 70 ° .9 will have to

. be increased, as will the orig'nal air eservoir pressure
of 100 psig. ‘'fhe air reservoir pressure can be increased
to 125 psig maximum (maximum pressure available from the
air compressor), and the valve actuator pressure can be
increased to 110 psig.

Further testing of the dump valve actuation system will
be performed during Category 1 Component Testing. Both
the individual valves and the dump system will be tested.

Since minimal fluid pressure is seen by the valve, it
may be possible to provide a spacer between the dump
valve and its bolted flanges to allow less compression
of the TFE seat, thus reducing the butterfly seating
torque. This will not decrease the valve's sealing
capabilities for the fluid preusures it will encounter.
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IT.3 CATEGORY I RELIABILITY RETEST RESULTS

1X.3.1 Introduction'

From 14 July 1970 to 23 July 19?0, ‘DTL conducted reliability
rétests of the nozzle’ v&lves ‘Wwith fluorosilicone diaphragm.

The context of these tests are explained in the Test Information
Sheets that follow.

The £inal diaphragm configuration was cycled through 32,500
complete open/close cveles without any apparent wear on the
components. A life duration of 7.38 years is equivalent to
38,400 cycles. .

S e or -~

II.3.2 Nozzle Valve Test Informatlon Sheet

TEST CATEGORY: Reliability

COMPOWENT OR SYSTEM: Nozzle Valve (Spraying Systemg
No. 12328~-NY-3/4, modified)

DATE AND TIME TEST INITIATED: 14 July 1976, 1515 hours

DATE AND TIME TEST COMPLETED: 23 July 1970, 1440 hours

TEST OBJECTIVE:

Previous testing of the nozzle valve during May 19870
indicated that a glass fabric diaphr:gm was not appli-
cable since the fabric powdered duve to fatigue. A
nylon fabric diaphragm was tested and found to exceed
the S5-year life requirement,

The nozéle valve was subsequently retested as explained
below, using a dacron fabric diaphragm impregnated with
Fluorosilicone {(necessary for chemical agent compatibility}.

A S5-year life is represented by a total of 26,000 on/off
cycles as follows: 10 cycles/mission, 2 missions/day,
5 days/week, 52 weehs/year.

TEST DESCRIPTION:

The nozzle valve was installed exactly as was done for
the previous tes .ng {(see June 1970 Category I Reliability
Testing Results). Water pressure on the diaphragm was

60 psig with the valve open (no air pressure behind the
diaphragm). Air pressure behind the a.iaphragm was
regulated to 40 psig.

TEST RESULTS:

A standard Spraying System valve was modified to allow
air pressurization behind the diaphragm, and the stain-
less steel annulus insert was removed as was done for

previous tests. A Fluorosilicone diaphragm was fitted
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and the valve was assembled hand tight. At 6,500 cycles
the valve was disassembled fer inspection. The diaphragm
was severely cut where the bonnet sealing lip was holding
the diaphragm in place.

The sealing lip was sanded down slightly to reduce the
cutting effect, and a new diaphragm was fitted. The valve
was reassembled. Testing was resumed and stopped after
27,621 cycles. The valve was disassembled and inspected.
The diaphragm was cut at tne bonnet sealing lip.

A new valve was modified for air pressure behind the
_diaphragm, the stainless annulus ring was removed, a new
diaphragm was fitted, and testing was resumed. After
5,000 cycles, air was passing through the diaphragm.

The diaphragm was again cut zt the bonnet sealing lip.

"The bonnet sgealing lip was measured at 0.027-inch high,
and the standard Spraying Systems diaphragm was measured
at 0.027-inch thick. Thexefeore, it was felt that the
bonnet sealing lip should be cut down to 0.015-inch hich
to try to eliminate diaphragm cutting.

A new bonnet was machained for a 0.015-inch high sealing
lip. A new diaphragm was fitted and testing resumed.
After 5,553 cycles, the test was stopped due to air
leakage past the diaphragm. The diaphragm was cut.

At this point it was fe.t that cutting the Fluorosilicone
sould uest be avoided by using the Fluorosilicone diaphragm
in front of the standard Spraying Systems diaphragm and
using a standard bonnet. This was tried and the test was
stopped after 26,120 cyc¢les.

No failure was noticed, but the Fluorosilicone diaphragm
was cut in one place (due to sealing lip on honnet).
The Spraying System: diaphragm was uncut.

Investigation of the siightly cut Fluorosilicone diaphragm
indicated that overtightening cf the bonnet clamping bolts
was very likely the cause of the cutting.

New diaphragms were fitted, the bolts were torgued to

15 in.-1b , and testing was resumed. Testing was stopped
after 30,720 cycles. Inspection of the diaphragms showed
no. eutting, but the Fluorosilicone diaphragm did have
impressions of the Spraying Systems diaphragm cloth
pattern,

30lt torquing tests were performed and at 10 in.-1lb the
Fluorosilicone showed no effect; at 13 in.-1lb, the
Fluorosilicone retained impressions of the Spraying
Systems diaphragm ¢loth pattern.
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Sew diaphragms were fitted to the test valve, the bolts
torqued to 10 in.--1b, and testing resumed. The test
was stopped after 38,400 cycles. Inspection of the dia-
phragms showed no cutting or wear points.

CONCLUSIONS.

The Spraying Systems No. 12328-NY-3/4 diaphragm check
valves can be successfully used as a MISS wing boom -
nozzle valve by performing the following modifications:
use the Fluorosilicone diaphragm in front of the Spraying
System dlaphragm, use a standard bonnet modified only to
accept aiy pressurization behind the diaphragm; torque
the holts to 10-12 in.-1lb. The standzrd bolts should he
replaced with the safety-wikk-type bolts to prevent the
possibility of accidental overtightening.
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ADPENDIX IXI

STRESS ANALYSIS

This appendix contains detailed calculations for the S00-gallon
“AISS tank and cradle. For analysis of the tie~downs and aircraft
external plumbing, refer to each individual aircraft Class II
‘modlfication documentation.
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TANK SIZE AND WEIGHT

ASME FLD TAN

?EAD ¥ GA

078

U3 N, MAJOR

. RAD

2.88 N, NN
“RADHYS

f N, FLARGE

OIS IE
BAFFLE DIAMETER

9.16 1Ix,

VOLUME : Tank Head -

Cylinder -

Total Volume =~

AGENT WEIGHT:

S5G = 1.0, Tank Pull,
{496.65) (1) (8.34) = 4142

‘ \-ui ex {.078)

M ————— 62,0 {NCHES —1 |

i —————70.38 INCHE§ ———— ]
QUTSIOE ,

48-inch, 12 gage standard volune
including dish and inside corner
radius = 38.2Z gallons

ours is 48-inch, 16 gage =
38.3 gal/head

52.0 long by 47.844 diameter
aAdd 2 inches for heads flange
L. = 54 inches long by 47.844 dia-

meter ’ )
Volume < '1) (47-844)2(58) (4.329 x

7 gal 4
1o~‘1’;1-,—)
Vol = 420.05

2 heads @ 38.3 = 76.6

1 cylinder @ 420.05
353.65

Total Volume = 496.65 gallons'

Agent Weight = 4142 pounds
86 = 1.0
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WEIGHT
Tank Ends Based on 48-inch, 12 gage (.109})

with 2-inch flange =

Less l-inch flange (1) (nm) (48-.109)

(.109) (.28) =

-

We have ,078-inch thick, héﬁ

74.9 pounds

4.59
:UISI

.109

.078 - |
»0 :—i—o-g {70.31) 50.3; pounds each |

- 52 inches long (1) (48~.078) {52)
Cylinder {.078)(.28) = 170.9

2 each tank ends @ 50.31 = 100.62

e

" Total

‘Bare Tank Weight = 27]1.52
p—— 4

TANK & CRADLE ASSEMBLY WEIGHT

Tank
1 each Baffle
1l each Tank Complete
1 each Cap, Wisco
1l each Filler Neck, Wisco
1 each Valve, Ball, Ramcon Motor Driven

1l each Valve, 4-inch Butterfly, Weco w/Pneu A

2 each Flanage, 4-inch @ 8.25

1 each Tube, 4-inch OD x .065 wall

2 each Perrule, 3-inch, Laddish @ .43

2 each Elbow, 3~inch Laddish € 2.0

4 each Tri Clamp, Laddish, 3-inch & 0.5

4 each Gasket, Laddish & 9.5

2 each Elbow, 90°, 3-inch Tube @

2 each Elbow, 45°, 3-inch Tube @ 1.77

1.3 feet Tube, 3-inch

1 each Float, Level Indicator, Pneumercator

1 each Float Mounting Hardware

1 each Miscellaneous Weld Rod, Electric
Wire, Hardware :

TOTAL TANK ASSY
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1 each cylinder -._170.9

15.0
271.52

-

L -
DO OO0 WOUOL

Q& th

-
(=2

c
1

MNMHEWORNLOO O THDO O
oy O

4 & B 3 s & & » B

5.60 (est)
.00 (est)

20.00 (est)

365.74 pounds



Crad1¢

144
88
61

164

- 80
1560

200

165

LI ]
[P ]
(5]

el o sl al N SN R N

inches
inches3
inches
inches

inches
inches

inches

inche$3

inches

“inches

each
each
each
cach
each
each
each
each
each
each
each
each
each

DRY TOTAL TANK & CRADLE ASSEMBLIES

New (final) cradle

- Angle 4 x 2-1/2 x 1/4 € 1.856 lb/ft

Angle 4 x 3 x 174 € 1.988 1b/ft 3
Sheet 190 % 4 x 80" @ .098 1b/1n3
Sheet .190 % 8 x 54" @ .098 1b/in
(2 each)

Angle 3 x 3 x 3/16 @ 1. 28 lb/ft

22.27
14.57
5.97

16.07

‘8.53 7

Anqle 1-1/2 % 1-1/2 x 1/8 @ .42 1b/ft

(8 pieces 20" long)

5.59

Angle 1-1/2 = 1-1/2 x 1/8 a .42 lb/ft

(8 pieces 25" long) 3
Sheet 1/8 € .098 1b/in-3
Sheet 3/16 @ .098 lb/in
Channel 5{2.32 € 2.32 1lb/ft
Castor, Darnell @ 3.18
Strap Assy, Marman @ 3.12
Pivot Block @ 2.9

Ball Lok Pins, Carr Lane € .12

. Lot Aluminum Weld Rod 5356

Padding, Strap & 0.1

Jack, Marvel @ 5.0

Cornexr Block @ 4.0

Eye Bolts & 4.0

Lot Paint

Flectric Box, Elco

Electric Harness Assy

Lot Electric Wiring & Misc
TOTAL CRADLE

TOTAL CRADLE ASSEMBLY = 279.78 pounds

it

6.99
16.17
28.62
48.72

S 12.70

6.24
11.60

0.50

8.0

10 0
16.0
16.0
10.0
5.0
5.0
5.0

2%9.78

pounds

645.52 pounds

WET TOTAL TANK & CRADLE ASSEMBLIES = 4788 pounds

Full SG = 1.0 agent
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TANK HBEAD STRENGTH

St

o,aﬁsL F 0.1 € (Pressed Metal Handbook)

Pg. ZA-10

P =

= Design pressure (psi) (Maximum working pressﬁrg)
Wall thickness -{inch) = 0.078

- " _ note 3040 yield
Maxlmum‘allow -e stress (psi)|[ = 40 KPSX ]

where

LT g - |
|

16,000 psi (200°F) page 2A-8, 304ss
Inside crown radius {(inch) & 48.0

o _
#

_ __(16,000) (.078)
Pmax = —ayei{-145} * (0.1)(-078)

Pmax = 29.37 psi

Maximum Loading Pressure = (8g) (Fluid Head Pressure)

Fluid lead Pressure = ‘roul (.433 B3t = 2.526 psi
2 -

Maximum Loading Pressure = (8) (2.526)

Maximum Loading Pressure = 20.2]1 psi

Safety factor on working stress er working pressure

SF = 1.45 on working stress (ASME) which
— has SF = 4 on material stress
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TANK BEAD BUTT WELD STRENGTH

- 2LE

L]

Maximum allowable stress

Wall thickness

Joint efficiency

"(gingle butt weld without backlng strip)
Tank radius

where

m W
liﬂll

]

_ (2) (16,000 (.078) (.6)
24

. Pmax = 62,40 psi

20.21 psi

Maximum Loading Pressure

S.F. = 3.09 on working pressure

| TARK SHELL STRENGTH (INCLUDING LONG. WELD)

Pmax = ﬁ"xgﬁgng {(Pressed Metals Handbook, pg. 2A-18)
S = Maximum allowable working stress
E = 60% joint e¢fficiency
t = Wall thickness 14 gage (.078}
R = Radius

5~ A16,000)(.078)
max = 2% + (.6) (.078)

Prax = 31.14 psi

Maximum Loading Pressure ~ 20.21 psi (8¢ forward - pressure @
: forward tank end)

$.F. = 1.54 on working pressure
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TANK SLOSH PLATE

750 1NCH DIANETER HOLES,
l-l[!réaca cgstzns '

i

0
TOTAL WEIGHT = 1S LB

8.0 N,

qQ——
TANK

Pressure: Assume tank 1/2 full sg = 2.0 agent at 8 g's. Assume
full 35" head is seen by baffle plate.

_ . ,35" si
P = (3 (.433 ?‘t‘Euz-o’ (2) (8g)

Pmax = 20.21 psi

Stress:  For a 30" radius curved plate
_ PR _ (20.21)(30) - .
¢ = = 578 (14 gage-.078 thick)
g = 7773 psi
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The perforated plate appears like

O 0O 0

2,60 I,

| -

O 0O

W15 iR, <

Cross sectional area is

000

reduced by .750 inch in 2.60 inches which

is 28.8% decrease in area or 71% the cross section area of a solid

plate.’

Stress concentration:

Approximate like

r 3
‘ ' .'95 in-
Fron Shigley page 613,
K, = 2.18 |
Therefore, o = {7773 psi) (2.18)
: 71%
o = 23,866 psi
For 304ss, 9v1a = 30 kpsi minimum
- 30 ~
5F = 7378%% $.F, = 1.26

Nextre

This is conservative since full 8g fluid head will never bhc

seen by the baffle plate.
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TANK/CRADLE INTERFACE

. Tank (full sg = 1.0) 4493 pounds (page 1 & 2)
Maximum Down load Factor 4.59 (normal and criash) _
Maximum Forward Load Factor = 8.0g (crash} [3g normal]
Maximum Up Load Factor 3.0g9 (normal)
Maximum Side Load Factor 1.5g (normal & crash)

Then, loading of tank is as follows:

4 S

-+

35, 944
l (srko J-
FORWARD (OR LATERAL
DEPEND INQ OK A IRCRAFT)
/ 4 133
]
35,948 L8 l
-~ l_
-
¢ 20,219 L8
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Vertical Load per Strap = 13,479/4 = 3370 pounds per strap

*

32,931 18

1

1,685 LB 1,685 18

Strap is : MBB90857 .080 thick 301 Cres 1,/4 Hard. 3/9 - 24
P
bolt (9350 yield) 43! Cres

Minimum Band Yield Strength 12,000 pounds (page 45, Aeroquip 821-A}

12,000
SF = ~1¢gs

S.F. L 7.12
yield

HORIZONTAL FORWARD LOADING

Tank is prevented from slipping by interference at the lower tank
supports
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F(STRAP £AD)

\ A

ﬂ-—f—as,ou
- R ‘L B l 30 0 lu.
oS e \\~ (emn

g . A

M, = 0 (¥} (30.5) =(35,944) (13.0)
P = 15,320
Strap Strength = g = 7660 pounds
SF = 12000
S.F, = 1.57

Load/bolt = 7660 pounds
Bolt strength = 9350 yield

S5.F. = 1.22
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HORIZONTAL LOAD BEARING-

35944 _ 17,972 pounds

Load/bearing pad =

2

=

%.0
174 THICK

3&1» 33

BOTH SIDLS

OF CRADLE WES,

X N

ALL DIMENSIONS IR INCHES

-

Weld Shear
Total of 10" weld fillet 1/8 fillet
Shear area = (10)(.125) = 1.25 inches
304ss O yield = 30 kpsi
o € yleld =.15 kpsi
{1.25) (15 kpsi) = 18,750 pounds yield

5.F. yield = 1.04 crash conditions _
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TAXK TEAROUT

17,972 Lo

Pa—

0.190 B
M.L DIHEKsIONS N lﬂCHES

Moment = (17,942) (.190) = 3408 in-1b
- ¥
- ‘ I

e

F

F= 3408 2 1904 pounds

Weld Shear: 4" weld 1/8 fillet
A = (4)(.125) = 0.50 in?

{15K) {(0.50) = 7500 pounds maximum load
sp = 1500

SFyield = 4.4 @ Crash Condition

Skin Tear Out: 4" long x .078 wall = ,312 in?
(.312) (15K) = 4.68K

_ 4,.68K
SF = 197%
SFyield = 2,75 @ Crash Conditieg

a———

NOTE: All these calculations are based on ccnservative assump-
tion that no friction exists at the pads.
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LATERAL LOADING

35,99% (8

g

{88 CRASH)

Assume like:
' {r.eon

SAME STRAP LOADS L€
TANX PIVOTS AT BOTTON

17,972

2 Straps at 8986

Strap Force = 8986

sF =-£§%%% . SP = 1.33 € 8g crash
- yield
Bolt Force = 8986
9350
yield
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STRAP BOLT ATTACHMENT

Two | /% inCH GUSSETS (¥
LIKE WITH QUTSIDE GUSSETS
TANGENT T¢ , (90 iK, THICK
TANK LOWER WEB SUPPORT

1 [

ifu - :
T b cussers Jx
: S06-432 86 CRASH L—Tl I
8,986 L8
b L

iTq

5086-#32 -y 80T
SIDES

“ 5086- K112

i v
0,76 N,

s k. s e
= e - -

e — f—

[.50
IncH

Shear: Area = 7% of 1/4" fillet weld + 3/4" S063-KO (welded)
| Area Weld = (7.0)(.707) (.25) = 1.24 |
Area Plate = (1.5)(-?5‘ = 1,13
Allowable Load = (1.24}(3.5K) + (1.13) (8K)

t -
6061-T0 5086~HO
€yield €yield

= 13,380 pounds
Actual Load = 8987

S.F. = 1.4 on vield, @ Bg crash
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PLATE BENDING

3.1

‘l ASSUME ENDS FIXED
Tq———l.o INCH ———4

M{maximum) = 1/8 WL = (1/8)(8986)(1.0)"
M maximom = 1123 in-1b-

1= bn? (2.0 - 0.5)(.75)% _ s
I= o = 13 0827 in

Stress Concentration K=2.0 (Page 613 shigley)

o = kMY« 12:0) (123) (.375)

o o = 15,98])

= 16K

Material is 5086-H112, gty

SF = 1,001 on 8g crash
yield
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ANGLE SUPPORTS

g <08 45°¢ + F, cos 38° = 8986 pounds

F, cus 34° + F

A

F, x .83 + F 707 + ch.737 = §986 pounds °

A B ¥
" Assume load split evenly between the 3 members

. Load/Member = 2288 = 2095 pounds

Worst Member is @ 45°

. Load = 2%%%

Load = 4237 pounds
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Tension: ' A = 0.36 in?
g = 11,769 psi

5086-H112 9vieid = ;4'kp51 minz@um ‘HO condltién)

SF = 1.19 @ 8g crash
yield :

CRADLE STRUCTURE -~ 8G SIDE LOADING

80 CRASH
~ 36,844 LD

Eor

35,944 L3 REACTIOM

B x 2-0/2 ANGLE
N o= 691 LafIn,
,— 69l Lafin

35,944 LB
IEYRETETER!
A - A
Fy Fa Fa Fy
DN - QT Jp——

o 9 |},
£520 Ln. ,

Fz
Hl.
$5.0 1K,

IMp, = 0, (5528)(4) = (Fl)(ls)

- F, = F, = 1474 pounds

.. F, = Fy = 16,497 pounds
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Beam fixed at points Fy, F,, F;, and F .

Find beam failure point between F, and Fy.

Wox 24102 x L6 IR, \

0.19% 1N

43 1N, ————

Angle: = 1.58 in2, I = 0.81
\ngle ne, vy

A
Nt Axis @ 0.57
plate: Area = (.190) (4.5) = 0,855 in2.

Nt Axis @ 1.3%

.El"ioO = { (1.58){(0.57) + (.855)(1.35) =§ (2.435)
¥ = 0.843
Angle I;& = 0.81 + (1.58)(.843 - .57)2 = :9277
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}(2.3)3
)

T .190
rlat - =
ate Ioo (=237

+ (.855)(.843 - .775)2 = 0.3729

Y=1.80 - Ippay = 1.30 in%

L i e g e

' ‘Distance betveen supports = 29.0

For.beam in uniform loading of . = 691 lb/in with fixed ends,
moment in center of beam : ' '

o 1 ‘-
My = (;1)(691)(29}2

Mméi = 24,213 in-1lb-

oMy (24.213K) (1.8)
¢ =3 1,30

o max = 33,527 kpsi

Material is 5086~H11ll extrusion

e = 36 kpsi-

) SFult =.1.07 Bglcrasﬁ.

This is ¢conservative since the tank was considered to add no
strength. : '
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STRENGTH AT SUPPCRTS

£f% 1K, QUSSFT

16,007 L8
8G CRASH

Shear: Cannot shear since load puts 1-1/2 x 1-1/2 x 1/8 angle
: ~plus 1/8 sheet in tgnsiong S - T

"Tension: Length of 1/8-inch plate needed to hold 16,947 pdunds. :

F F
A=g Lpin = S0-IZ5)

b

g =

Sheet is 5086-H32

_ _ . 16,947
Oupe = 40 kpsis Ly = T40K) (.125)
Lmin = 3.38 inches

Obviously strong enough-
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LONGITUDINAL BEAM BENDING

‘The ténk support chalks;can,be“cqnsidered rigid members.

(5,947 LB

Assume load is carried equally by all four longitudinal members.
This is conservative since cross-bracing structures actually
distribute load.

W= 16,947

CALL GIHENSIONS IN INCHES
. W8
3

where "S" is summary of all four longitudinal beanms

5 =1/y

%-'%%x 2 = 1.44

Upper beams : S

{3.00) (2}
i

Lower beams : &
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(16947) (18)
7.44

¢ =

o = 41 kpsi
qdlt = 40 kpsi
This ié okay since érqss-braéing and friction forceé wéreﬁneglected.

-

" DOWNWARD G LOADING. |~

20,419 L3

1

ae*

Two cradle straps

20419
. 2 Fcos 3.2‘! = =

= 20419

= §026 pounds

Assum§ 1/8 x_a belly stfap-musi Suppért'total 6026lpounds
@ _ 6026
Tension: g = A m

o = 6026 psi

ayld = 28 kpsi

SF = 4.6

Entire chalk struéthre is overly strong;'
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" TIE~DOWN .LOADS

82,010

,Maximum loads as’ determined by

- aero tie-downs: _ . ; TP

T} ——~ 10,320,

- 17,520

sIoE

' VER‘I‘ICAL COLUMN -

Compressure load = 17,520 pounds

. For pinned ends p. = ICE |
- Fox pinned s Py fgtf -

L LR ek, 520)
min oy T (nz)(lo Ix 106)

Beam is 3 x 3 x_3/16 < Imin = 0,38

SF = 7.60
mCsErrtarrr——
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h"Coﬁpfgssﬁrg.Stgessff“l%fg§g = 16,222 psi

o l8yideom. o ia
SF = 16‘2 | . sF = 1,11 yield

- END LEAMS
Tensile Load = 32,010 pounds

4 x3x 1/4angleA = 1.69 .
c = 18,940 psi

P = mn" , SF = 1.11 yld
. ¢

LONGITUDIHAL BEAMS
8% 2-1/2 x 1/2 angle A = 1.58

_F _ 16,330

e = n -T.—Sa—’ = 6538 psi
SE = 21

. "SF.= 321 vield
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WELD SHEAR (END ANGLE) |

'= To-break-thé'weidf-block nust pull out of cormer. Weld length in

shear = 2.75 + 4.25 + 2.25 + 3.5 y .
Shear length = 12.75 inches

174 Fillet ¢, = 21 kpsi

Strength = (.707) (.25) {12.75) (21K) = 47,320 pounds

Maximum load = 32,019

SF = 1.47 ult (cfash @ 3q)

END ANGLE T JIATS
_J{ﬂ'{T—lﬂ
G
. N HY
k:gféruouuaL ‘h\\
~
o \'\ )
- 4‘ - _

\-m FELLET WELD END ANGLE .
_ T0 BLOCK, THEN WELD LONGITUDINAL
$x 3x ifum ANGLE TO BLOCK AND ENU AWGLE

86
CUT 10 4 x 2 12 x /6 OR
STO % x 3 x $f4 §F AVAILABLE
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. CORNER BLOCK DET2IL

o WST HA

YE FUSION OF
near
18 FLL

ARTS EQUAL Y0 .

LET -

N ' ‘ END ANGLE
Y iy / |
! "
LONG FTUD ENAL, I 4
ANGLE N “_:c- - L._...__ o
' I-i—V- _ \ ) "
‘\ / 'l: ' " ' |
W
R
3 | '
& i W
d i
w o S L
i F e ?J
I | -
t i ‘e 2
b |l -— 3 ?'tjc’.'ciegp TYP
: N ' BORE 675
4 == Seel
© $10E YIEW il .II-...--_-..-:.-.:.-z.-:.... EEP TYP
' ! i —

1////77/’7/1///
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EYE BOLTS

Use 30147 ahoulder eye bolt l-inch shank, i- BUNL-2A thread,
2~1/2-inch shank. _

'Mgcarqo,_

-

Ult 1oad = 40 000 pounds

If the maxlmum load imposed is vector sum of maximam component
loads, : :

L

Maximum 1oad = 37 924 pounds
= 1.054 ult

This is conservative since more than one tie>down will be used for
“the maximum load condition.

Also, maximum normal load = 3/8 crash load.

THREAD- SHEAR
Thread is 1-8UNC-2B

Engagement = 1.90 inches minimum

‘Sheat' area (%-‘2-) (I} (50%) (1.90) = 2.794 in2

Material is 5868H32 - Cu1e = 25 kpsi

Maximum load permissible = 69,850 pounds

= 1,84 uit
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