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DEPARTMENT QOF THE ARMY
HEADQUARTERS, US ARMY TEST AND EVALUATION COMMAND
' J}berde_en Proving Ground, Maryland 21005

AMSTE- NB l? Jun 1965

SUBJ ECT' Final Report of ES Test of an Interim Defoliant System
' Conducted Jointly by U, S, Army and U, S, Air Force,
" USATECOM Project 5-4-3001-01/02, DA Froject
'1B543603D432

TO: Commanding General, U. S. Army Materiel Command,
ATTN: AMCPM-AL, Washington, D.C. 20315
- Commanding General, U, S, Army Combat Developments
Command, ATTN: USACDC LnO, USATECOM,
Aberdeen Proving Ground, Md. 21005

1. References:

a. Report of Test Project 5-4-3001-01/02, ES Test of Interim
Defoliant System, Conducted Jeintly by U, S, Army and UI. 5. Air Force
Part I, Service Test, USATECOM Project 5-4-3001-02, 28 May 1965,
U, 5. Army Aviation Test Board. ({(Inci 1).

b. Appendix II to above, classified CONFIDENTIAL. ({Incl Z)

¢. Final Report of ES Test of Interim Defgliant Systern Con-
ducted Jointly by U.S. Army and U, S. Air Force, Part I, Physical
and Climatic Tests, USATECOM Project 5-4-3001-01, May 1965,
Dugway Proving Ground. (Incl 3)

d. Final! Report of ES Test of Interim Defecliant System Con-
ducted Jointly by U, S, Army and U, 5. Air Force, Part lil, Digsemina-
tion Tests, May 1965, Dugway Proving Ground, classified CONFIDEN-
TIAL. {Incl 4)



AMSTE-NB : 17 Jun 1965
SUBJECT, Final Report of ES Test of an Interim Defoliant System
“t - Conducted Jointly by U, S, Army and U, §, Ailr Force,
USATECOM Project 5-4-3001-01/02, DA Project
 1B543603D432

‘2. The final report consisting of three parts, reference 1, has
been reviewed by this Headquarters and the USATE COM evaluation of
the Interim Defoliant System is as stated in the following paragraphs.

‘3. Tanks were filled using gravity flow from 55 gallaﬁ drums in
the absence of standard filling equipment. It is not expected that the
use-of hand pump (FSN 4930-255-9132) wil' create any problemas,

4, - Standardized ground equipment of the type neceasary for
handiing and mounting the spray tank did not exist in the Army inven-
tory at the time of this ES test, :

‘5, The maintenance package, which counsisted of Review Manu-
scripts MP 3-1040-240-12 and ~20P, was evaluated and consldered
unsuitable. The systern was not operated long enough to give adequaie
data for determination of the spare parts list requirements,

6. Two (2) deficiencies were found during engineerihg and service
tests, as follows: :

a. ' Rupture of forward cdupling hose during a high internal
pressure condition, _ '

b. Rupture of rear couplmg hose durmg a high internal
pressure condition,

Corrective modif:cati_bns were incorporated into the systems prior to
their delivery to U.S. Air Force for the service test,

7. The system, as tested, complied with the operational charac-
teristics of the approved SDX, except for reliability.

8. The modifications incorporated in the Defoliant Systerns de-
livered to the U.S. Air Force for their service test should correct the



AMSTE~NB : ' © 17 Jun 1965

SUBJECT: Final Report of ES Test oi an Interim Defoliant System
Conducted Jointly by U, 8, Army and U, S, Air Forece,
USATECOM Project 5-4.3001- 01[02 DA Project
1B543603D432 :

deficiencies and shortcomlngs found in thie test. The U,5, Air Force
testing ehould be monitored closely to determine the puitability of

these corrections and to compile data to complete the maintenance -
package, to evaluate agent transfer equipment and system reliability.
The requirement for a confirmatory or check test should be determined -
after reasults of U,S, Air Force testing has been evaluated. :

9, Conclusions:

a. The interimn defeliant system ehould be suitable for Army
use on the armed OV-1C Airplane after the deficiencies and shortcomings
have been corrected.

b. The interim defeliant syatem was found to be cornpat;ble
with the armed OV.1C Airplane..

¢. The flight time alloted for the service and dissemination
teats was insufficient to determine adequately the reliability and life
of the system and to compile an adequate spare parts list,

10, It is recommended that;

a, Provided that the reliability requirement is achieved,
the interim defeliant systemn, modified to correct the deficiencies
and sheortcomings, be considered suitable for Army uee on the armed
OV.1C Airplane.
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: b. The results of the U, 5, Air Force gerivce test of the -
meodified system be reviewed to determme a.ny requirement for further
Army testing. e : - :

: c.. The Rev1ew Manuscnpts MP 3- 1040-240-12 and ~-20P
should be revised prior to productxon procurement of the mtenm
defoliant ayatem. e TR
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ABSTRACT

This report on the Integrated Engineering/Service Test of the
Interim Defoliant System consists of three parts, - Dugway Proving
Ground is responsible for the Physical Test and the Dissemination
Test, and reports of thege tests will be submitted later. The Servize
Test of the Interim Defoliant System on the armed OV-1C was conducted
by the USAAVNTBD at Dugway Proving Ground, Utah, during the period
14 September through 6 October 1964, Two deficiencies and three
shortcomings were found during this teat. It was concluded that the
interim defoliant system should be suitable for Army use after correction
of the deficiencies and shortcomings, that the system was compatible
with the armed OV-1C Airplane, that the Review Manuscripts MP 3=
1040-240-12 and -20P should be revised prior to production procurement
of the aystem, and that the time allotted for teat was insufficient to
compile an adequate apare parts list. It was recommended that the
interim defoliant systemn be considered suitable for Army use on the
~ armed OV-1C when the deficiencies and shortcomings are corrected

and that the results of the US Alr Force service test be reviewed to
determine any requirement for further Arrhy teating.
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_System for OV 1 Mohawk, " with two incloaurea. .

oL SECTION 1 - GENERAL

EE L . - . . I I T
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1.1, REFERENCES. ' .

a. Letter, STEDP-CB, Headquarters, Dugway Proving Gronnd.

: 20 February 1964, subject: "Dugway Proving Ground Test Plan

{(DPGTP) C 432, Integrated Engineering/Service Test of an Interim
Defoliant System Conducted Jointly by the US Army and US Air Force,
USATECOM Project No. 5-4-3001-01 and -0Z, " with one inclosure. : -

b, Letter, AMGTE-NBC, Headquarters, US Army Test and
Evaluation Command, 30 March 1964, subject: "Test Directive,
USATECOM Project No. 5-4-3001.03, ED Test of lnterlm Defolia.nt -

“¢. Letter, CDCMR-U, Headqua.rters. uUs Army Comb:.t Develop-
ments Command, 4 May 1964, subject: "Department of the Army {DA)
Approved Small Development Requirement {(SDR} for an Interim
Defoliant System, " with one inclosure,

~a o od, o Letter, AMCRD.SR, Headquarters, US Army Materiel
Command, 25 May 1964, subject: "Department of the Army (DA}
Approved Small Development Requirement (SDR) for an Intenm Defohant
System. " . S

e. Lstter, AMSTE-NBC, Headquarters, US Army Test and
Evaluation Command, 19 June 1964, subject: "Engineering/Service

Test of Interim Defoliant System, USATECOM Prcuect No. 5-4-3001-00,"

f. Revxew hhnuscnpt. MP 3- 1040-240-12. "Operator and
Organizational Maintenance Manual, Spray Tank, Biological, Airplane,
E44 {(End Item Code 958), " Department of the Army, J’u.ne 1964. as
corrected & September 1964.

g. Summary Report $4-10, "Automatic Spot Counter and Siger, "
Dugway P"ovir-g Ground, July 1964,

h, Letter. BUWEPS RAAD-131/14: CMM, 31 Augtut 1964,
subject: “Model OV-1 Aircraft - Recommended Flight Operati.ng
Limitations (Armament fs.ircra!t). Revision to, '_'



i. Review Manuscript, MP 3-1040-240-20P, "Organizationai
Maintenance Repair Parta and Special Tools Lists for Spray Tank,
Biological, Airplane, E44, (FSN . ), (End Item Code 958),% .-
Department of the Army, -

T

1.2, AUTHORYT .,k - e S TR

1.2, 1. Directive. - =~ B i A S

. Letter, AMSTE-BG, Headquarters, US Army Test and Eval-
uation Command, 10 December 1963, subject: "Directive for Conduct-
ing an Integrated Enginecering/Service Test of an Interim Defoliant
System for the OV -1 (Mohawk) Aircraft Jointly with the US Air Force,
USATECOM Project No, 5-4-3001-00," as amended 30 January 1964,
1. 2.2. Purpose-.

To determine the suitability of the interim defoliant systemn on
the OV-1 (Mohawk) for the purpose of recommending type classification.

1.3, TEST OBJECTIVES.

1.3.1. Primary,

To determine whether the performance, reliability, maintenance
requirements, and suitability of the Army Interim Defohant System for
the OV-} {Mohawk) Aircraft meet the SDR. .

1. 3. 2. Secondarlr_.

1.3.2.1.,. To determine whether the interim defoliant system will
interfere with the defensive capability of the OV-1 armed with machine
gunsg and rocket gubsystems and whether the use of such aystems will
adversely a.ﬁect the spray tanks. :

1.3.2.2. To obtain data for prediction of contamination densities and
area coverages for a variety of release heights and wind velocities,



1 4. RESPONSIBIL‘[TIES S e

1. 4. l..

Ewa.y Prov_g Ground
Dugway Prwmg Ground was reuponnble for:

):. 4, 1 1. Gon-ohdati.ng and coordmatmg thc plaa of test,

"'r ;

_1 “4.1; .2.'. Provxdmg support for the Serv;ce Test accomplinhed at
Dugway Proﬁng Ground o LT

1. 4. l 3. Conducting the Phys:.ca.l and Dmseminat:on Test., : ‘

l 4.-, ! 4. Provxdmg a representative to monitor t._he Climatic Test
conducted by the US Air Force for the US Army. : :

1 4. l 5, Provxdmg UMTECOM w1th part 1, Physical Teut (to mclude
US Air Force Climatic Test) and part I, D:snemination Test, of the ..
report of teat. . S ; o e

_1.4.- 2. US Army Aviatior Test Board (USAAVNTED),
' The USAAVNTBD was responsible for:

1.4,2.1. Providing support for, and participating in, the Dissemination
Test accomplished at Dugway Proving Ground, Utah,

1.4,2,.2. Conducting the Service Test,

1.4.2.3, Puoviding USATECOM with part I, Service Test, of the
report of teatr,

1.4.3, U% Army Biological Laboratories.

The US Army Bwlog;cal Laboratories were responnible for
providing the defoliant system for all tests.

1.5, DESCRIPTION OF MATERIEL,

The -defoliant aystem consists of two E-44 biological spray tanks
designed to spray chemical agents from an nirplzne fitted for external
wing stores. The system was installed on an armed OV-IC Airplane.
A detailed descripiion is contained in appendix LV,



Figure 1. Nose-cone section with four-bladed ram-air drive turbine.

1.5.1. Tank,.

The tacks are modified Aero 1C 150-gallon auxiliary fuel
tanks., The nose-cone section contains a variable pitch, four-bladed,
rame-air drive turbine which is coupled directly to a centrifugal pump
{figures 1 and 2). The pump provides the pressure necessary to
disseminate the agent at a rate up to 350 gallons per minute, The
nose-cone section was protected by an aluminum bulkhead which
reduced the tank canacity to 134 galions. On the armed OV-1C Airplane,

SE et LA o)



. Figure 2. Nose-cone section with upper cowling removed,

the tank was further limited to a capacity of 80 gallons of agent by the
store-station weight limitations. The tail section houses a motor-
operated gate valve which controls the fluid flow from the chemical
transfer line {pump output) to a spray boom horizontally mounted on the
rear of the tank. {See figure 3.) The spray boom has 32 tapped outlets
which accommolate the number of nozzles for the desired dxssemmatlon
rate (figures 4 and 5} :



Figure 3, . Tail section with inspection plate removed’ showing motor-
operated gate valve.

1.'5.2.'_A§éi{£; SR

The defohant agent used dunng testmg ccmswted of a 50/50 ', ‘
mixture of LNA and LNB called "Orange' {Chemical Corps purchase -
description: 193 2 47EA, Herbicide Mixture, Oringe), The agent
was dyed with six grams of Dupoent Qil Red {C. I 258} per liter of
agent for test puxposes.




Figure 4. Rear view of the intefirri defoliant system installed on wing
station No, 4, showing the spray boom with 32 nozzles installed, An
LAU 32/A 2, 75-inch FFAR pod is mounted on wing station 4 with the

XM-14 50-caliber machine-gun pod on wing station 5.

1.5.3. Controls. T

DI T ey

"The ga.te valve and turbine brake are electrlca.lly contro"led

frorn the armument panel in the cockpit, utilizing the 28-—volt d, c. L
electrical system, e



1.6, BACKGROUND,

1.6.1. The requirement for the defoliant gystem is contained in gub-
paragraph 129d({4}, appendix E, of the Combat Developments Objectives
Guide, .

T

1.6.2. The US Army Biological Laboratories were the prime contractor
for develeping the defoliant system for use by both the US Army and
US Air Force. h o



1.6.3. The defcliant system wa.s gwen a sa.fety-of-ﬂight release on
31 August 1964 (reference h} . .

1. 6.4 A coordmation meetmg of all participating agencié was held
. at Dugwa.y Proving Groun Uta.h. on 23 ‘March 1965, The followl.ng

_ 1. 6 4, l.l' The USATECOM representat:ve a.uthorized'

: . Submusion of a three-part report of test'mstead of one
:ntegrated report. Part 1, the Service Test report, contains 2 com-
plete "Section I - General" (including findings, conclusions, and
recommendations of all the parts of test), and is the responsibility of
the USAAVNTBD, Part I, the Physical Test, includes the Climatic
Test conducted by the US Air Force. Part IH is the Dissemination
Test. Dugway Proving Ground is responsible for parts I and m and
wzll submit these parts dxrectly to USATECOM :

' b. Use of pertinent data fxorn the US Air Force test with
the modﬁled tanks to evaluate the maintenance package and refilling
procedures, I possible, previous Dlssemmatzon Test data based on
prediction will be comxrrned.

>'"

1.6.4, Z."' Suitability of the maintenance and refilling data obtained

" from the US Air Force service test on the modified tanks will determine
the requirement for a check test. Two tanks w1ll be modified and made
a.va.ila.ble for a check test 1£ reqmred :

L7, FINDINGS.
1.71. General,

1.7.1. 1. The system was installed on the armed CV-1C Airplane with
adequate clearances and without exceeding center-of-gravity {c. g.) limits
in any configuration. Initial installation and system check-out including
filling time required 7. 72 man-hours. {Tanks were filled after being
tnounted on the aircraft.} The only reconfiguration of the airplane was
disconnecting the electrical cannon plugs for the Aero 65 racks on wing’
stations 3 and 4, The spray tank wiring was connected directly into
the wing outlet located in the pylon; therefore, only manual jettison was
possible.



Figure 6. Gravity-flow filling of
ingtalled spray tank using a 55-
gallon drum and an MJ-3 loading
trailer,

10



Figure: 7. - The MJ~3 loa.ding fr.ai.]:er with 103& s-p'reaa-er gup!};orting a A
spray tank in position.

R

B L A L S S T S R BIE-B R R e
1.7.1.2. Gravity-flow filling of the system (used to fill tanks mounted
on the airplane) required 1,5 man-hours. No special transfer-equip-
ment was provided. Equipment user was a 55-gallon drum with attached
nozzle {figure 6). A simpler and faster method of filling the tank is =
needed. No difficulty was encountered in. filling the tank when externa.l
stores were carried on wing stations 1, 2, 5, and 6.

1.7.1.3. The use of MJ-3 loading trailers '\irl-'nich”i-n:corpora'té a lift

platform expedited mounting and filling operations (figure 7). The
only other ground-handling equipment utilized was a utility transport

-1



Figure 8. Utility transport trailer with two spray tanks installed,

ok

trailer (figure 8) capable of carrying twe full tanks. This equipment
is not Army standard, Mounting empty tanks on the wing stations and
then filling themn with agent was faster and safer than mounting fun
tanks.

1.7.1.4. The tank and packaging were not damaged and had not deteri-
orated, and the tank was functional after exposure to the follovnng tests
{detailas are contamed in part II, Physical Test):

a. High temperature

b. Low temperature

12



c. 'Temperatur_;i shock S K £
“e. Humidity - R e
f. Salt spray '

g+ Sand and dust
h. lnciine impact (except for splitting of cleati in shipping
crate) . o : S . .o

i.I Corner-wise drop

j» Rough road haul

k; Slosh

1. Ground transportation vibration

'. m. Air transportation viBration {packaging was damaged but
ta» tank was operable)

1.7.1.5. Safety features of the system were considered adequate;
however, there was zno device to prevent spillage through the overflow
tube during ground handling and accelerations. The agent was a miild
skin irritant and harmful to macadam surfaces. Spills on a sod field
would cause discoloration which could be an undesirable tactical feature
as it would invite attention to the area by sircraft.

1.7.1.6. The maintenance package, which consisted of Review Manu-
scripts MP 3-.1040.240.12 and -20P, was evaluated and considered
unsuitable. The system was not operated long enough to give adequate
data to deterrnine a spare parts list required. No special skills or
tools were required for maintenance performed during this test.

1.7.2. Effects of the System on the Airplane Performance,.

1.7.2.1, Degradation of airplane performance was minimal., No agent
impinged on the airplane surfaces during spraying rung utilizing either
maximum or lesser flow rates. Al electrical contrels in the system
operated gatisfactorily (see appendix I). '

13



1.7.2.2. Armament firing during spraying was satisfactory., There
was no significant effect on the system operation from the firing of
machine guns and rockets. When rockets were fired from stations 2 and
5, a thin layer of rocket waste materié&l was deposited on one side of

the spray boom. Also, a fin-retainer button released when the rockets
fired made a small dent in the spray boom. Neither of these impinge-
ments affected the operation of the system,

1.7.3, Dissemination Performance. (See part IHI, Dissemination Test,
for details.) :

1.7.3.1. The maximum flow rats of the system was approximately 700
gallons per minute, Lower flow rates were obtained by decreasing the
number of spray nozzles prior to takeoff,

1.7.3.2. During 200-xpot spraying runs utilizing the maximum flow
rate, the system produced a particle-size distribution having a mass
medium diameter of 250 to 300 microns.

1.7.3.3. A deposit rate of three gallons per acre over an area greater
than or equal to 20 acres can be attained under moct operationa.l con-
dium.o )

1.7.4, Deficiencien.

Two deficiencies were found during the Service and Dis-
semination Tests:

~ a, Rupture of the forward coupling hose during a high internat
pressure condition (figure 9).

b. Rupture of the rear coupling hose during a high internal
pressure condition (figure 9).

These deficiencies have been corre_ctcd and the modifications incorporated
in the aystemas delivezred to the US Air Force for their service test. A
complete lint of deficiencies and shortcomings is contained in appendix HI,

1.7.5., Compliance with the Smal! Development Requirement {SDR).

: 'l‘hc systam as tested complied with the operational charac-
teristics of the approved SDR, :

14



Figure 9.
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1.8. DISCUSSION. - .

The modifications incorporated in the defoliant systems delivered
to the US Air Force for their service test should correct the deficiencies
and shortcomings found in this test. The US Air Force testing should
be monitored closely to determine the suitability of these corrections
and to compile data to complete the maintenance package and evaluate
agent transfer equipment, The requirement for a confirmatory or check
test could be determmed after the re-ultl uf the L'S Au' Force test are
evaluated. : . BRI :

1.9. CONCLUSIONS. SRR

1.9.1. The interim defoliant system should be suitable for Army use
on the armed OV-1C Airplane after the dehci.encies and shortcommgs
have been corrected. _ _ _ o : o H

1.9.2. The interim defoliant system was found to be compatible with
the armed OV iC Airphne.

1.9.3. The Review Manuscriptu MP 3-1040-240-12 and -20P should
be revised prior to production procurernent of the interim defoliant
syatem.

1.9.4. The flig... time allotted for the Service and Diasemination Tesis
wag insufficient to determine adequately the life of the system and to
compile an adequate spare parte list.

i.10. RECOMMENDATIONS,

It is recommended that:

1.10.1. The interim defoliant system, modified to correct the deficiencies
and shortcomings, be considered suitable for Army use or the armed
OV .1C Airplane.

1.10.2, The results of the US Air Force service test of the modified
system br reviewed to determine any requirement for furither Army
testing,
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SECTION 2 - DETAILS AND RESULTS OF SUBTESTS

2.0, INTRODUCTIO’\I

SRR

’.l'he service trst was conducted at Dugway Provlng Ground, Utah,
.mri.ng the period 14 September through 6 October 1964. A total of 13
spraying missionas were attempted with the interim defoliant system
installed on the armed OV IC A:rplane, ten m.issions were succesgsfully
accomplished. T .

':-o‘l

EASPR T I ERC TR I |

2.1, INS'I‘ALLATION REQUIREMENTS

2. l; 1. Objective. e e e
: To determine installation requirements. -
z. l’ 2. Methw.

B S S S L B AR I SV R
The defoliant aystem was installed using both empty and full
tanks, The time and equipment required to uncrate the system and
ingtall it were determined. The tanks were installed using the MJ-3
loading trailers. After a full spray tank was mounted on the Aero 65A
rack on one wing, the MJ-3 loading trailer platform was lowered sl:ghtly
to insure that the rack-mounting lugs had locked. The trailer platform
left in this position precluded a high wing condition on the opposxte
wmg‘ and asslsted in mounting the second full spray tank.

2.1.3, Results. :

P

2. 1.3, L A rotal of 6 22 rnan-hours was reqtured for initial installation
and checkout. Time and equipment required for uncrating and initial
installation is as follows:

a. Uncrating -

Time: 6 men @ 25 minutes = 2, 5 man-hours
Equipment used: MJ-3 loading trailer

b. Installation on aircraft -
(l)' First spray tank empty, minus Spray boom:

Time: 4 men @ 20 minutes = 1, 33 man-hours
. Equipment used; MJ-3 loading trailer
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(2) Second spra:y tank empty. minus spray 'boon-;

o

Time: 4 men @ 16 minutes = 1, 06 man-hours -
el .Equipment used MJ-3 Ioadmg tra.ﬂer s e
"o :.',';--; ‘ TR t-;""e Gttt e iiinetv o - I

Electr ical check -

“ Pime: 2 'meén @ 10 minutes = 0, 33 man-hour
Equipment used: Airplane electrical system and
armament stores controls . '.-.% "

d. Spray boom installation - (two tanks)

Time: 4 men @ 15 minutes = 1,0 man~hbu~ it G

2 i.3.2. Average time to mstall deiohant syetem empty
Tn-ne. 4 men @ 36 :mnutes = 2 4 man-hours S e
Equxpnient used: Two MJ-3 loadmg trallers ' g

A T N S DR v
2, 1 3. 3 Average ti.me to mst=11 defoh.ant system fu.ll- i mo e Ze s
T mTlme' 4 men @ 40 mmutes = 2 6? ma.n-hours
Equipment used: Two MJ-3 loading trailers

2.1.3.4. Initial installation and system checkout including filling time
required 7, v2 man-hours, The only reconfiguration of the airplane
was disconnecting the electrical cannon plugs for the Aex'o 65 racks on
wing stations 3 and 4. - : ;

2.1.4. Analysis.

Not applicable.

2.2. FLIGHT SAFETY ASPECTS AND DIMENSION DATA,
2.2.1. Objective. |

Determine flight safety aspects and dimension data,
2.2.2. Method. R o |

2,2.2.1. Weight and balance were computed for takeoif weight with
full internal fuel, a two-man crew, and each spray tank filled to 80
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gallons, Landing weight was computed-for a 30-minute fuel reeerve,
two-man crew. and empty spray tanks, BRI -
2.2,2,2. " Weight and balance were computed for takeoff weight full -
internal fuel, a two-man crew, the spray tank full (80 gallons each), -
and two XM-14 machine gun pods and two LAU 32/A rocket pods all -
with full complements of ammunition, - Landing weight was computed
for a 30-minute fuel reserve, a two-man crew, empty spray tanks,
empty machine gun pods, and empty I..AU’ 32 IA pods.

= R SN L i By ey omrel: 5
2 2 2 3 The mstalla.twn was measured to determine applicable
dirnensionas.
2.2.2.4, The system was weighed empty and filled (80 gallone qf
agent per tank). R

2.2.3. Results, e e

2.2.3.1. Both configurations were within takeoff and landing c.g. -
and gross-weight limitations. DD Forms 365F are contained in . .
appendix I, L )

2.2.3.2. Grcnmd clearances were adequate. Clearance from spray
tank to ground was 21, 75 inches. = o

2.2.3,3. Clearance from the spray boom and the closest point on the
aircraft, the inboard end of the ailerons wasg 36. 0 inches and was
adequate. Co

1 2.2.3.4. Weight of the defoliant system empty was 443, 52 pounds,
and weight with 80 gallons of agent per tank was 2149, 12 pounds.

2.2.4, Analysis,
Not applicable,

2.3, OPERATIONAL DATA,

2,3.1. Objective.

To determine operational data on the defoliant system with
specified flow rates of 700 (normal) and 350 gallons per minute.

21
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CETOTArACE Ut Tain, TistE e TRt L fiegis feaoegow Devn ek Leihriad o :5.9?'?.3,'
2. 3.2, Method. B R A EC AR e S S ST R

2.3.2.1. . The flow rate was set on the ground at 700 gallons per minute.
The airplane proceeded along flight path and altitude designated by DPG.
test officer at a true airspeed of 200 knots, The spray cperation was .. .
initiated and discontinued over des:gnated po.nts.. The test wag per-- .

formed. twice. S T S D PR ST SN S P T Tos

o ""! ] e - - . “y o A I frr -
LEL v LR RPN TS R Firgg

2.3, 2. 2 This test was repeated usmg a flow ra.te settmg of 350 ga.llons
- per minute, - BRI L3t L tpgesi o caoemgtplieTeer w7y

2. 3. 3 Results.

O I o peeTEiY ; )

(For dissemmatxon da,ta, see part III. Dlasemmation Test.) .

. ; . LT P o -
LT Ve

2.3.3.1. No agent impinged on the aircra.ft._

2.3.3.2. ON-OFF control was effective; however, after closure of the'
gate valve, agent remaining in the spray boom was emitted as a :[i.ne
mist for approximately eight seconds, BT

2.3.3.3. Degradation of airplane performance was mmi.mal N

2.3.4. Analysis. -
Not épﬁiiééblé.

2.4. ROCKET AND MACHINE-GUN FIRING DURING SPRAY OPERATION,

2.4.1. Objective.

To determine the effect that firing of rockets and machine guns
has on the defoliant system and its operation. ' :

2.4.2. Method,

2,4.2.1. Test Configuration 1.

... -~ With defoliant system tanks mounted on wing stalions 3 and 4,
LAU 32/A 2, 75-inch TFAR pods mounted on wing stations 1 and 6,
and XM-14 50-caliber machine-gun pods mounted on wing stations 2
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Figure 10. Front view of interim defoliant spray tank
mounted on wing station 3, LAU 3Z2/A FFAR
pod on wing station 2, and XM-14 50-caliber

- ‘machine-gun pod on wing station 1.

and 5 (figure 4), delivery of the spray was initiated in the firing range
area., Rockets and machine guns were fired during spray delivery,

2,4,2,2., Test Configuration 2.

With defoliant system tanks mounted on wing stations 3 and 4,
LAU 32/A 2. 75-inch Folding Fin Aerial Rocket (FFAR} pods mounted
on wing stations 2 and 5, and XM-14 50-caliber machine-gun pods mounted
on wing stations I and 6 {figure 10}, delivery of the spray was initiated

in the firing range area, Rockets and machine guns were fired during
spray delivery. '
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2.4.3, Results,

2.4.3,1, Test Configuration 1.

2.4.3, L. 1, Rocket and gun blast had no appa.rent effect on defoliant
system operation.
: 2. 4. 3 l 2 Rocket and machine-gun blast had no: effect on apray system i
component_s. Spent rounds and links e,)ected downward :Erom the machine

' 2' 4. 3 1. 3‘ No diﬁfxculties were encountered in uemg ixrmg controls
while disseminating spray. As the ON-OFF controls for the spray . .
tanks ave on the BOMB fuze cu'cmt, the rocket a.nd gun-firmg circuits o

are not aﬁ'ected ' . Sl :

2 4 3 1 4, .The spray tanka can be installed and hlled w:th the weapon
‘; systems mounted in thia conhgura.tion. :

2 4 3. Z. Test Conf gpration 2

2 4, 3. 2. 1 Rocket and g-un blaet had no apparent e:[fect on defohant
- Bystem Ope"ﬂ*lﬂn. -

2. 4.3,2.2, Gun blast had no effect on spray system components, Rocket
" blast deposited a thin layer of waste material on one side of the spray

boom, One rocket fin-retainer button dented the forward edge of one

side of the spra.y boom, :

2.4.3.2. 3. No d1if1culties were encountered in using firing controls
while digseminating spray. As the ON-OFF controls for the spray
tanks were on the BOMB fuzing circuit, the rocket and gun-firing
circuits were not affacted,

2.4.3.2.4, The spray tanks can be installed and filled with the w . poa
systems mounted in this configuration.

2,4.4. Analysis,
Because of impingement on the spray boom of burned material

a.nd the fin.retainer button, continued use of teat conf’ ‘guratxon 2 could
have a damaging effect on the spray boom, :
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2.5. SERVICING REQUIREMENTS,

2.5.1, Objective.

To detorm.i.ne time, equipment, a.nd persmol requirement.
to fill the spray tanks, -

2.5.2. Method, T SO T

.2~ The tanks were installed full 11 times. Twice the tanks were
installed empty and filied on the airplane., The time, equipment, and -
personnel required for each filling operaticn were observed and re-
corded. Ease of filling was evaluated. Scales were used for test
purposes and would not be required for tactacll emplcyment

2.53 Resulta. S . ' e

2.5.3.1, Standard filling equipment wae not available with the defoliant
system during the period of the Service Test. The filling equipment
consists of a hand-driven, dispensing purnp (FSN 4930-255-9132),
Gravity-flow filling using one MJ-3 loading trailer to elavate the supply
drum required three men an average of 30 minuteas (1,5 man«-hmu)

to fill two apray tanks mounted on ti:2 airplane.

2.5.3.2. A comparison between loading filled tanks (80 gallons) using
the MJ-3 loading trailer and filling the tanks when installed on the air-
plane was made. Time required to load filled tanks averaged 2, 67
man-hours, Time required to fill the tanks installed on the a:.rplane
averaged 1,5 man-hours,

2.5.3.3, The filled spray tank, loaded on the MJ-3 loading trailer,
could be moved around without difficulty on srnooth terrain by three
men, A minimmum of two men was required to move the fully-loaded
spray tank on the MJ-3, Three men accomplished this task with more
eage and efficiency. The lack of baffles within the tank permitted
sloshing during movement; therefore, one man stabilized the filled
tank while two pulled the trailer.

2,.5,3.4. Using two MJ-3 loading trailers to remove the two spray
tanks from the airplane, place on scales for measured filling, pick up,
reinstall, and hook up on the airplane required an average ¢ . psed
time of 47 minutea. This action was accamplished by four men.
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2.5.4, Analysis.
Not applicable,

2.6, EVALUATION OF SAFETY ASPECTS,

z. -6. i. Objective.

. To determine data for complianco with USATECOM Regulation
385-7. "Safety Con.t'irmatio:n. " R RV SRS

2.6.2. Method, | B ’ e

Safatjr aspects were evaluated &uring s‘yltem. o.pera.tioﬁ. Eféects
of the syatemn on aircraft operation were qualitatively evaluated, '

2.6.3. Results.

2.6, 3 l Safety features were adequate.

L TR

2. 6 3. 2 The apray tanka were jettisoned sa:tely at Patuxent Rwer. o .'.- .
Maryland (referem:e g, section 1), : B o

2,6.4, Analxsis.
Not applicable,

26



SECTION 1 - APPENDICES

27



APPENDIX I

TEST DATA



WEIGHT AND BALANCE CLEARANCE FORM F ' roR URE 19
i1 § :

. O N0 &
(USE REFERSE POR FRANSPORT NMISHONT) . ) AN -i3--
[ ML TR [ j NOWE FTATION
[ 17 Sepcamgber 1G4 XV-1G
SRNOWTIRATLIGNTRG, - [y
Test 62=5851
3
Z Defolinnt Spray
Tanls on Wing 1| e prtanE ( Arom Chaot ©)
Station 185 (3 and 4} a2 o= {
3
LRt
[ 135
COWNIRR ATE M LiY whed)
Poctinont inslrustiom te the pilet for shifting tesd and 4| OICRATENE wrBHT . tjefs |t jeft Jafof2.B | |
* arow duning tabupll poud basding siewwint by rasiod alepve. [ CONPY, NOUMCH AL I
CORRECTIONS (R, 11)
CUMELY (4 & —)
Y. s — smu
8 | roxwsns
EE povx 160 galioey agent Lol I2h 2,551 |
5 ATOAL
AOCKATS
? [soymy¢ 297 oald p ool i3 -
Wk SA¥ | Ok}
! EXTTRNAL { Gal.}
§ ] WATER ML FLASO { Gal.)
yorse _ _ | o on anre
- 10 | TAMNOrT comTION {C'wearrciad)
Yorm, + + 11 | CORREETIONS () rpuived)
12 ™ 15 it| SIGI2i4 2 i [ ]
T o1 13 [ TMamYEC 8 MK WA G 159,76 :
14 | um on a0
LIMITATIONY BOMIS
TRa0SE BT, TAKSOW () T RAOEY WY, LANDIRG (8.} Pro—
18150 11694 E¥ (rm il L?__Jg 33,
[ ]
APERBTSS o oecace. S | Speey 160 gallons : 0 2 11 <F- -
.61 158,36 16738 IRREN
Je—— FreDm [ 19 | CIMMATEG Lustere CORNTION it itio ]gh 1B 7 4.&____
C. & Linoing 155.36 :wﬁ 'k‘“ 16 | CTTWATID Lueos € & I S000LSCASM. 154,60
T ! Enter ronsiant wesd, . . 1
1 Entgy rotuis frowm vurvent agpliosbde T, &, TR T (T !.TF J Kkr’c}‘
§ Applioatis 1o grwen waidhe (Ret, 17, WENGHT ARD BALACE SLUTWORMTY (Sipnaterd)
‘ Apdlicaliy to groes weight (Rof. 15 PROT | Syeatured i

DD 7w 365F

L AT PTARR. P S i ek s T Cm i e e m b e mme e maeem o



WEIGHT AND BALANCE CLEARANCE FORM F FOR 2L In
TALTECAL ¥ O t-t-0 &
{U2R REVERSE FOR FRANSFORYT MISSIONS) - AN Si-dn0
T3] . MARANE TYPE . . mos wOME KTATION
7 September 1964 ev=tc : Michael AAF Pr. Racker, Als
IO TRATUGHT L [Ty ) ant
Temt 62-5851 Michael AAF Capt. ‘Kirech
REWARKS
2 Defollars Speay Tunks | P o wooHT ‘o
0:4“2085“&“135(3 1 | samec ANy (Fres Cledt O s b lalz2liF blk.ls
. } 2 on 5 Det) +]3
2 XMa14 Caliber .50
Machine Gan Pods on 3 DISTRIBUTION OF LOAD e gy | E&?ﬁf‘\ﬁ
> R —_— EA e | 2
Wing Station 213 L AN MD PR L o i
and 5} @ b wo | woen .,... o Mish %L:'g?}% !? ’@}Aﬁi
21AU 32/A 2,75% 2 400 E olo o] |
. FPAR Rocket Launcher 1 185 2 Tanls 4 14 7 B.14
. Tods on Wing Seation -
237 (1 «nd &) a3 2M.C. r
Prxly 4 B l!_.l..il__
237 2 1AU |
R/A I8 & It B.]5
]
T
COMPUTEN PLATE WL (if aord}
Pactinent instruwctions 1o the pilet 1or shifring Josd amd 4 | CUINATIRG whiGHT 1R oI813 P19 2.[6 )
crew during & st Janding should be rored eteve. s SO, aouNs £ R B P
CORRECTIONS (Rdf. I1)
CHMGES (4 o7 —) E
COMPT. [ T ,;.
6 | romeann
E 1 Q 2 1 ﬁ. 5
g e 1500 rds, aamo. 4 14 2 7 .19
3£ [14 2.75" rocken 5 & k B
s XTI,
KLY
7 Jwurmg 297  osl) 1pPl3p 3 |t .16
R o BAY Qab)
g EXTERNAL anl)
B | wWATER mup, TR { " al)
S _ - -] JATS OB RATOD
N0 | TAMEOFF CONDTION { Dmewrractel)
TOTAL WEGHT ADCID + . + R ut
12 CORITION (X 1611|302 06 33 7,07
- - 1% | YaKEctF C 9. MR M. A C ORI, 180,71
14 | Javo or mato
LIMITATIONS BOMES
GRS WT. TAKGOFF (., TGAOSS WT. LANDING () ; ay,rockets, 50 cal, 2 Jole 33 4.]s
16413 52563 ﬁt o, i e l5lot 2 [303.]7
1 PERMISSIBLE Faou z N
€. G. TAKEQFF s 157?5 ; \
SPEAMISSIBLE i 13 | ESTIMATIO Lanome Gontcrom t |25 16 |3 |2 1016 |5,i5
€. G LANCING 156,36 :w’ﬁ"” 18 { rsTimaTeo Lanoow c. o e JRCRSIESE . 16473
1 Entar ant u A :
.h:“mt :;;.:wml"’ T 0. coumtts ar (meters f8J F. J. KiZach
3 Applicahfs ro fross weight (Ml ¥ WEMGHT AND BALANCE ANTHORITY | Shymalirs)
+ Applicabile fa greah waight (Ref. 15). MOT (Sipiature)

DD iy 365F

S @



APPENDIX II

COMPARISON WITH THE SDR

{Classified CONFIDENTIAL; Presented Under Separate Cover)




ielids | DEFICIENCIES Aﬁbi'si-idRTcom Gs

APPEI*{DDC I

A, Deficiencies.

_ Deﬁcxencr

1. The forward

'_coupling hose

{centrifugal pump

" to transfer line)
- ruptured during = 700~

" gallon-per -minute-

dissemination and
rocket firing run at
approximately 200
knots true airspeed.

. 2. The rear coupling
hose {gate valve to

spray boom) ruptured
during 350-gallon-per-
minute-disserninatica
flight at approximately

200 knots true airspeed.

Suggested
Corrective Action

Replace with hose
which can withstand

. high pressures gener-

ated during spraying.

Replace with hose
which can withetand
maximum pressures
generated during
spraying.

s snelierg o f
The following deficiencles were found duri.ng the 3
Servire and Dissemination Tests: e

T raart Gapre

. Remarks - c-.

... This suggested
.. -modification -
. . has been in~ .

cluded in the :

. tankg sent to :
t.he USAF,

T NNT

This suggested
modification

. has been in«

cluded in the

. tanks sent to

the USAF. .-

B. Shortcomings. 'I;he following shortcomings were found dur—ing
the Service and Dissemination Tests;

) Shortcoming

1. Removal of the
nose cone upper cowlw
ing {a structural

member of the nose
cone) for inspection
and/or maiwinean 3
caused the lower

Suggented

Corrective Action

Weld the lower half of
the cowling to the tank
section.

-1

Remarks

This suggested
modification
has been in-
cluded in the
tanke sent to
the USAF.




Shortcoming

8

half of the cowling

to displace down-
ward. .The result-
ing misalignment
caused difficelty

in reinstalling the
" upper cowling.

‘2, *'There was no
method of prevent-

ing agent over-flow
after filling the tank

to 80 gallons in a

level attitude, when

the tank was tiited,
raised, accelerated,
transported or during
normal ground Landling,

3. ‘Wire to the ram air
turbine solencid cont ol
separated in fli_ght.

4, The cleats split in
the bottom of the ship-
ping crate.

.. Suggested "

Corrective Action R

P oyt Pzt A LWt

Change to a different
method of limiting the
tank capacity to 80

Exercise better quality '~
‘control in wiring the tur-

bine controls.”

Provide shock-resistant
cleats and fastenings for
Level-A packaging of the
item.

CI11-2

Frpr This "sugg;eoted
"¢ “modification

prTeae;

haa ‘been in-

" El_‘he ‘wire was
~ too short and

was under
'tgnsion.
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DETAIIED DESCRIPTION OF MATERIEL

1. General. - ' e -M‘iiiﬂ' Sy

’“‘The defolmnt system consistc of two F44 biolegical spray
tanks.' " The: spray tank is a modified Aero 1 .50-3&110:: auwxiliary ' """'T'
fuel tank, The capacity was limited to 80 galions of agéut'by an over~"*
flow stand pipe._ The syatem in operated by the 23-volt d.c. electrical
uyltem ‘controlled from the armament panel in the cockpit, ° The spray
unit develops pressure for spraying by means of & centrifugal pump,
directly coupled to a variable pitch, four-bladed, ram-air drive tur-
bine, The centrifugal pump tranefers fluids from the main tank section
through a suction line, and forces the fluids at high pressure through
‘the transfer line to a gate valve control; to the' npray boom, " -

f-',,-}

.‘-”" A PRI

Major Co'!.npon'ents. Cp e s

;.;j i e R
sty The cpray tank conslets of three major components, the nos
cone scction. tank section,, and tail section. '

¥ h

'_5,.' Nose-ccne Section, Co

_ The nose-cone section contama the variable pitch. four-
bladed ram-air drive turbine which is mounted on a support plate.
The ram-air drive turbine is directly coupled to the centrifugal purnp.
The centrifugal pump is connected to the suction line transfer lines by
two teflon-lined rubber hoses. Electrical wiring ie introduced into the
nose-cone section through a conduit line. Access to the nosec-cone
section is accomplished by removal of the upper cowl. '

B SRR P

' _b. ‘Tank Section.

!'.:._ co e v

This section containu the suction lmc and a check valve
to keep the pump primed during intermittent operation. This section
also contains the tranefer line and an electrical conduit through the
tank body, Drainage is provided by a drain plug on the bottom of the
tank. Two access plutes are provided on the left mid-section of the
tank to accomplish maintenance and inspection of the fluid storage area.
Suspension lugs with 14-inch spacing are provided. A cable with a
quick-disconnect fitting on the tank end provides for electrical contral
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ﬁom the airpiahe. An attached I-”an‘yar‘;.‘.‘dh the quick-disconnect fitting
allows emergency separation if the spray tank is Jetnsoned.
r-:--n’-d'-\-.il . J" ! Ws Ha {11.'I‘-— .

e e e it R e e s am o 5w+ m o 2en

.,_*‘_. s lad

M ¥ matha a4t

. . c. Tail Section. iaraae i

L e T WU

‘ , 'I'he taii section houses an electric-motor-opsrated gate
valve wlnch controls the fluid flow from the transfer line to the spray
boom. The spray boom is connected to the gate valve by a teﬂon-lmed
hose. The spray boom is attached to the horizontal fins with eix =
mounting clamps. 'An access door is provided for maintenance and
inspection of the aft section. A mod:f:.ed Aero IC tail cone Iazrmg fits
over the lpray boom. ;

'Z7|

. . . L
R Gosem TTUE T T I

F T T e
R TR - - . - T

: '3.' g Dét'ails: of Opératigg Components and Operation.

The ram-air drive turbine incorporates a solenoid-operated
brake., In the de-energized state, the ram-air drive turbine is in a
bralked condition with the propellers feathered. When the solenoid is
energized, the propellers unfeather and rotate in a counter-clockwise
direction until the ram-air drive ie in the governed range of 3600 to -
4000 r.p.m. at 200 knots. The ram-air drive is directly counled to
the centrifugal pump and at a drive speed of 3800 r,p.m., the pump is
capable of delivering 3010 gallone per minute, depending on the number
of nozzles selected for the spray boom. The slide-terminating motor-
operated gate valve is zuntrolled by a stepping solenoid. Controls for
operation are on the BOUMB fuze circuit on the armament panel in the
cockpit. The TAIL posmtion of the BOMB fuze circuit energizes the
rame-air drive brake solenoid only, and the NOSE and TAIL position
energize the ram-air drive brake solenocid, the gate valve stepping
solenoid, and the gate valve motor. After the desired airspeed is
attained, the armament circuit breakers are pushed in, armament
power is switched on, and the BOMB fuze switch is placed in TAIL
poeition. To begin spraying, the BOMB fuze switch is moved through
the SAFE position to the NOSE and TAIL position, which opens the
gate valve. The switch is then returned to the TAIL position. To
terminate the spraying operation, the switch is again moved to the
NOSE and TAIL posxtlon. which permits the gate valve to close. The
switch is then placed in the SAFE pos:*mn.

4 We:ghts a.nd Measurements of the Defoliant Tank.

a. Capacity: - 80 gallons

T e T S T




V;"eight: Empty
Full

Overall Length:
Diameter:

Center of Gravity: Empty
Full

Spray Boom: Length

Number of orifices: 32

Iv-3

221. 76 pounds
1074, 56 pounds

166. 10 inches
21. 14 inches {(maximum)

77.50 inches
7_9. 18 inches

73.0 inches




APPENDIX V

COORDINATION

The following agencies participated in the review of the final
report: -

US Army Av_ution School

US Army Combat Developments Command Aviation Agency
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