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ABSTRACT

The Polyurethane , Neoprene , and Estane shoes were applied to
the main rotor blades of UH-l Helicopters oper ated at Fort Benning,
Fort Rucker , and It Operation Desert Strike. ”

Requirement s for installation of the three type s of shoes were such
that it could not be accomplished at the or ganizational maintenance
category. The Estane shoe could be applied at the direct-support
category and the other two types requir ed general-support maintenance
facilities. Flight in rain damaged all three types of shoe s, whereas
they withstood successfully the effects of sand and dusts

It was concluded that , because of the effects of rain on the shoes ,
none of the kits possess military potential for use in tropic and tem-
perate areas; however , data indicate that they possess military potential
in arid areas. None of the kits is suitable for installation or removal
at the organizational level , and the Estane kit is the most suitable for

• installation or removal at the direct-support maintenance category.

It was recommended that research continue until suitable material
is found for the elimination of the rotor-blade erosive problems in all
environments; that further consideration be given to the Estane kit for
Army use only in desert areas provided that installation is accomplished
at the direct-support maintenance category and that helicopters with the
shoes installed are restricted from fl ying in rain; and that furthe r test-
ing be conducted under controlled conditions to develop specific data
relative to the lif e expectancy of the Estane shoe s in an arid environment .

I.

iii

-

~

-. - - -.- ~~~~~~~~~ —~~~~ —,.~••—~~~-—- -.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --  -• - - A



___ - _____

DEPAR TMENT OF THE ARMY 
- 

-

UNITED STATES ARMY AVIATION TEST BOARD
Fort Rucker , Alabama 36362

FINAL REPOR T OF TES T

MILITAR Y POTE NTIAL TES T

OF THE

HE LICOPTER ROTOR BLADE ER OSION-PR EVENTI V E KITS

USATECOM PRO JECT NO. 4-3-5220-02

Tabl e of Contents

SECTION 1 — GENERAL . . . .  . . . . 1

1.1. Reference . •  • .  .  1
1 . 2. A uthority . • • •  .  2
1.3.  Test Objectives 

•  .  2
1.4. Respons1bilitiea~  .  .  2
1.5.  Description of Materi el .  .  3
1.6. Back ground  . • .  .  .  3
1. 7. Findings . • . .  .  .  .  4
1.8. Conclusi ons  .  .  6
1.9. Recommend ations 6

SECTION 2 - DETAILS AND RE SULTS OF SUBTESTS 7

2.0. Introduction • . . . . . .  .  . . . . 9
2.1 .  PhysIcal Characteristics . .  .  . . . . 9
2.2 .  Installation Requirement s .  .  . . . . 11
2. 3. Flight Characteristics . . .  .  . . . . 14
2. 4. Resistance to Erosiv e Agents

(Sand , Rain, and Dust) • . . • 16
2. 5. Effects of Environmental Extremes . . . . 20
2.6 .  Ma intenance Requirements .  .  . . . . 20

V

— ~~—-rn— . .



______ ~~~~~~~~~~~~~~~~~~ 
.•
~~ —•-,-~ 

-••
~~~~~

-- - —----•- - -- - •1

Table of Contents (continued) -

Page No. —

SECTION 3 - APPENDICES 28

I. Test Data I — i
II. Contents of the Polyurethane, Estane ,

and Neoprene Kits Il- I
UI. Installation and Removal Procedures . . . .  111-1
IV. Coordination IV-l
V. Distribution List V — i

-j

‘
1

__________ _______________ ~~~~~~~~~~~~~~~~~ ~
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _. —.—--~~—_ -—.—~- --~. ~~~~~~~~~~~ 



- •~~~~;:-~~;w - ~~- .-; - -~~~ ::: .~~.nr r~~~ s, - — —~~.-..-..• - — - - - -

______________________________
SECTION 1 - GENERAL

1.1. REFERENCES. 
-

a. Letter , AMCPM-IR-T , Headquarters, US Army Mate r iel
Command, Washington. D. C.’ 26 February 1964 , subject: “Evalua-
tion of Rotor Blad e Erosion Preventive Kits, ” with let Indorsement ,
AMSTE-BG, Headquarters , US Army Test and Evaluation Command.
26 February 1964.

b. Message, AMCPM-J.R-3-1074, Headquarters, US Army
Materiel Command, 12 March 1964, subject: “Installation of Rotor
Blade Erosion Preventive Kits. ”

c. Message, AMSTE-BG-TT4180, Headquarters, US Army Test
and Evaluation Command, 16 March 1964, subject: “Retranemittal of
Message 3-1074 AMCPM-IR, subject: ‘Installation of Rotor Blade

— Erosion Preventive Kits. “

d. Plan of Test, USATECOM Project No. 4-3-5220-02, DA
Project No. 1R17919l-D-684, “Military Potential Testing of Helicopter -•

Rotor Blade Erosion Preventive Kits , ” US Army Aviation Test Board,
-: zo April 1964.

e. Message, AMCPM-IR 4-1193 , Headquarters, US Army
Materiel Command, 24 April 1964, subject: “Kit Installation Demon-
stration. ”

f. Letter, STEBG-LE, US Army Aviation Test Board , 6 July
1964 , subject: “Rotor Blade Erosion Preventive Kits, USATECOM
Project No. 4-3-5220-02.”

g. Message, AMCPM-IR-T 8-1126, Headquarters, US Army
Materiel Command, 20 August 1964 , subject: “Rotor Blade Erosion 

- -

Protective Kit. ”

h. Letter, STEBG-LE , US Army Aviation Test Board , 15
Septembe r 1964 , subject: “Rotor Blade Erosion Preventive Kits ,
USATECOM Project No. 4-3-5220-02. ” -, 

-

I. Message , APCI 20382 , 10 December 1964, subject: “Arctic
Testing of Rotor Blade Preventive Kits. ” 
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1.2. AUTHORITY.

1.2.1. Directive.

Letter, AMCPM-IR-T, US Army Materiel Command, 26
February 1964, subject: “Evaluation of Rotor Blade Erosion Preventive
Kits , ” with 1st Indorsement.

1.2.2. Purpose.

To determine the military potential and operat ional suitabili ty
of the helicopter rotor blade erosion preventive kits.

1.3. OBJECTIVES.

To determine with respect to each kit:

r a. Physical char acter istics

b. Installation requirements

c. The effect of the kit installation on helicopter fli ght charac-
teristics

d. Resistance capability against erosive agents (sand , rain , and
dust)

e. Capability to withstand environmental extremes

f. Maintenance requirements

g. Ability of the shoes to adhere to the rotor blades

1.4. RESPONSIBILITIES.

1.4.1. The US Army Aviation Test Board (USAAVNTBD) was respon-
sible for test plan preparation , test supervision, and test reporting

• (letter repor9.

1.4. 2. The US Army Arctic Test Board was responsible for testing
one kit of each type; however, this requirement was canceled by
reference i.

2
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1.5. DESCRIPTION OF MATERIEL. ~• 

-

The test items are protective covers for the leading edge of
helicopter main rotor blades.

1. 5.1. The Polyurethane kit consists of two Poly u r et h in e  blade shoes,
adhesives , pr imers , and cleaning materials. The Polyure thane shoes
are constructed of an amber-colored , soft , pliable material. The bond -
ing pr ocess consists of thoroug hly cleaning the leading ed ges of the blades
with acetone , sandpaper , and cloth; rewashing with acetone~ ~t rtd appli-
cation of the adhesive and shoes.

1. 5. 2. The Estane kit consists of two Estane blade shoes, pr imer ,
adhesive, sealer , and cleaning materials. The Estane shoes are con-
structed of a black, soft, pliable material (similar to rubber) with an —

internally woven cord oly. The bonding process consists of thoroughly
• cleaning the rotor blade with methyl ethyl ketone or acetone and appli-

cation of the adhesiv e and the shoes.

1.5.3. The Neoprene kit consists of two Neoprene blade shoe s, primers , -

•

adhesive, scalers , and cleaning materials. The Neoprene shoes are
constructed of a black, soft, pliable material (similar to rubber). The
bonding process Consists of thoroughly cleaning the blades with methyl
ethyl ketone or acetone and application of primer , adhesive , and the
shoes.

1.6. BACKGROUND.

1.6.1. A critical need exists for a system to protect helicopter rotor
blades against excessive deterioration from the effects of sand, rain,
and dust. Experience has shown that UH-1( ) helicopters operating in
dusty and/or sandy environments frequently require rotor blade replace-
inent after 300 hours of operation or less. Blades at Fort Benning,
Georgia, have been condemned because of erosion with as little as 165
hours flying time. UH-1D rotor blades are normally retired after 1000
hours of operation, and UH-1B blades, after 1100 hours.

1.6.2. In 1962, USATRECOM negotiated a contract (DA44-177-TC-836)
for a research program to investigate possible erosion-resistant
materials and for the development of a blade-protection system.

1.6. 3. In 1961, the USAAVNTBD Informally evaluated helicopter blade
erosion prev~ntivc matc~-i ds. ~hj~b wer~’ fo”nd ~ be generally inadequate.

3
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In 1962, during the service test of the UH-LD, the USAAVNTBD tested
two Neoprene kits with shoe thicknesses of 0. 065 inch and 0. 095 inch.
These shoes demonstrated considerable potential. As a result of these
findings, the Iroquois Project Manager contracted with the manufacturer
for two types of kits (Estan e and Neoprene) to be included in this evalua-
tion. The third type, Polyurethane , was furnished by USATRECOM.

1.7. FINDINGS.

1. 7. 1. Physical Characteristics.

There were no significant differences in the physical charac-
teristics of the three kits. -

= 1. 7. 2. Installation Requirements.

1. 7. 2. 1. Two speciall y-trained individuals were required to apply the
Polyurethane, Es tane, or Neoprene shoes. Personnel had to be trained
before attempting installation of the shoes. 1nst~llation procedures of
the Estane kit were less complicated than those of the othe r two kits .

1. 7. 2. 2. Installation of the Polyurethane shoes required shop facilities
equivalent to general support maintenance. The shoe s were highly
susceptible to contamination from moisture , perspiration of the hands,
and cleaning solvents. Humidity-controlled shops and blade racks
were required.

1. 7. 2. 3. Installation of the Estane and Neoprene shoes required
shelter when the installation was made during windy, dusty, or rainy
conditions. When hangars or maintenance tents were not available, a
canvas-covered 2 1/2-ton truck was used. Maintenance work stand s
were required when the truck was not used.

- - 
. 

1. 7. 2. 4. Elapsed time to complete installations was as follows:

Polyurethane Estane Neoprene

30 hours (including 24 12 hours (including 8 16 hours (including
hours curing time) hours curing time) 10 hours curing time)

Installation at the organizational level was not deemed practical. - • 
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1. 7. 3. Effect on Flight Characteristics.

1. 7. 3. 1. The Polyurethane, Estan e, and Neoprene shoes did not cause
adverse flight characteristics when they were pr operly applied and while
they were in a serviceable condition.

1. 7. 3. 2. Vibrations occurred when the shoes were damaged as a result
of flying in rain. The vibrations varied in intensity according to the
extent of damage to the shoes. Minor damage caused moderate vibrations;
extensive damage caused severe vibrations.

1. 7.4. Resistance to Erosive Agents (Sand, Rain, and Dust).

1. 7. 4. 1. P~ lytLr ethane , Estane , and Neoprene shoes ~vithstood the
effects  of sand and dust.

1. 7. 4. 2. Flight through rain damaged the Polyurethane , E stane , and
Neoprene shoes. Flight through moderate rain resulted in serious
damage; fli ght throug h heavy rain resulted in de s l ru r tLm of the three
types tested .

= ~~• 1. 7. 4. 3. Abrasive wear occurred primarily on the outboard three feet
of the shoes. The wear on the inboard three feet of the shoe was

• negligible.

1 7 5 Environmental Extremes- I
• Environmental extremes (temperate and deser t )  encountered

during the test had very little noticeable effect on the shoes.

1. 7. 6. Maintenance Requirements.

1.7.6. 1. Very little maintenance was required on properly-installed
shoes if rain was not encountered during flight.

1. 7.6. 2. 1) Lrnagt d shoes must be removed at the direct-support
category ot~ maintenance.

1. 7. 7. Abil i ty To Adhere to the Rotor Blades.

The Pol yurethane, Estane, and Neoprene shoe s idhered to
the rotor blades if  rain was not encountered during flight.  

.—~~. _ •_•~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~. 
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1.8. CONCLUSIONS. -

1. 8. 1. The kits tested do not possess a military potential in a
temperate or tropic area because of the effects of rain.

1.8. 2. Data produced and analyzed indicate a military potential for
use in an arid area.

1. 8. 3. None of these kits is suitable for Instaliation or removal at
the organizational level because of the complicated procedures and
elapsed time required to complete the operations .

1. 8.4. The Estane kit is the most suitable for installatIon or removal
at the direc t-support category of maintenance because of the additional
time required to install the other kits.

1.9. RECOMMENDATIONS.

It is recommended that:

1. 9. 1. Research continue until suitable material is found for  elimination
of the rotor-blade erosion problems in all environments.

1. 9. 2. Further  consideration be given to the Estane kit for Army use
only in desert areas provided that:

1. 9.2. 1. Installation is accomplished at the direct-support maintenance
category.

L 1. 9 . 2 . 2 .  Helicopters with the shoe s installed are restricted from
flying in rain.

1. 9. 3. Further testing be conducted under controlled test conditions
to develop specific data relative to the life-expectancy of the Estane

F shoe in an arid environment.
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SECTION 2 - DETAILS AND RESULTS OF SUBTESTS

2.0 .  INTRODUCTION.

This test was designed to subject these kits to the Army environ-
ment and evaluate their capabilities against Army requirements. Test-
ing was conducted at Fort Rucker , Alabama (USAAVNTBD); Fort Bragg,
North Carolina (XV III Airborne Corps); Fort Benning , Georg ia; and the
Mohave Desert  (“Operation Desert  Strik e ”). The erosion preventive
shoes were affixed to UH-1B and UH-lD  rotor blades. Testing began
in March 1964 and was completed in February 1965.

2. 1. PHYSICAL CHARACTERISTICS.

2.1. 1. Objective.

To determine the test item ’s physical characteristics.

2 . 1 . 2 .  Method.

Each kit was wei ghed and measured as appropriate. Features
such as material properties and bonding compounds were noted and
recorded .

2. 1. 3. Results.

The physical characteristics of the kits were as follows:

2. 1.3. 1. Polyurethane.

Kit Wei ght Shoe Wei ght (2 ea. ) Shoe Width Shoe Length

30 lb. 15 oz. 8 in. 6 ft.

Shoe Thickness

Outboard - 3 f t .  0. 060 in. at the center line (leading ed ge), tapering to
0.010 in. at the trailing edges.

Inboard - 3 ft. 0. 030 in. at the center line (leading edge), tapering to
0. 010 in. at the trailing edges.

9
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Bonding Compounds

Cement: Epon 934 or Milbond 934 (interchangeable) Parts “A” and “B” .

Sealer: N-55

Edge Sealer: N-100-9

Thinner: N-450-l1

Storage Life of Compounds

— Cements - 3 months; sealers and primers - 6 months

The cements , sealers , and pr imers  deteriorate with heat and require
cool storage (not over 72°F.). Detailed contents of the kit are listed
in appendix II.

- 
- 2.1.3.2. Estane.

Kit Weight Shoe Weight (2 ea. ) Shoe Width Shoe Length

11 lb. 11 oz. 7 in. 6 ft.

Shoe Thickness

0.050 in. at the center line (leading edge), tapering to 0.010 in. at the
trailing edges.

Bonding Compounds

Cement Parts “A” and “B” : (Manufacturer Part No. ) 72-066- 16 and -17.

Sealer: EC-801

Pr imer Parts “A” and “B” : (Manufacturer Part No.) 72-066-14 and -15.

Storage Life of Compounds

Cements - 3 months; sealers and primers - 6 months

The cements , scalers , and primers deteriorate with heat and require
cool storage (not over 72°F. ). Detailed contents of the kit are listed
in appendix II.
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2.1.3.3. Neqprene.

Kit Wei ght Shoe Weight (2 ea. ) Shoe Width Shoe Length

12 lb. 13 oz. 7 in. 6 ft.

I
Shoe Thickness

0. 050 in. at the center line (leading ed ge), tapering to 0. 010 in. at the
trailing edges.

Bonding Compounds

Cement: (Manufacturer Part No.) 72-066-13

Sealer: (Manufacturer Part No. ) 72-066-37

Storage Life of Compounds

= Cement - 3 months; sealer - 6 months

The cement and sealer deteriorate with heat and require cool storage
(not over 72°F. ). Detailed content s of the kit are contained in appendix IL

2.1.4. Analysis.

Not applicable.

2.2.  INSTALLATION REQUIR EMENTS.

2.2. 1. Objective.

To determine the installation requirements.

2.2.2. Method.

As shoes from each kit were installed , the following were
noted and recorded: Installation time, complexity, petsonnel require-
ments , and facilities required.

11,
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2.2. 3. Results.

2 . 2 .  3. 1. Personnel Requirements.

= 2.2.3. 1. 1. Polyure thane. Thirty-four Polyurethane kits were used
during the test. Ei ghteen operations were required to complete each
installation.

Installation required two mechanics eight man-hours each
per kit (a total of 16 man-hours). An elapsed time of 30 hours (includes
24 hours curing time) was required to complete each installation.

Installation required a high skill level. Personnel utilizing
only the manufacturer’s manual for instruction could not apply the shoes
but required direct instructions during the f irs t  installation. Strict
compliance with all installation procedures was necessary to obtain a
satisfactory installation. Blade cleaning and cement operations were
critical due to the high susceptibility of the compounds to contamination
by moisture. Detailed instructions are contained in appendix III.

2.2.3. 1. 2. Estane. Eight Estane kits were used during the test.
Thirteen operations were required to complete each installation.

Installation required two mechanics four man-hours each
per kit (a total of eight man-hours). An elapsed time (includes eight
hours curing time) of 12 hours was required to complete the installation.

Although personnel required direct instructions for the
first  installation , the special training requirements were not as stringent
as for the Pol yurethane or Neoprene kits . Detailed instructions are
contained in appendix Ill.

2. 2. 3. 1. 3. Neopren e. Fifteen Neoprene kits were installed during
the test.  Twenty operations were required to complete each installation.

Installation required two mechanic s six man-hours each
per kit (a total of 12 man-hours) .  An elapsed time (include s ten hours
curing t ime) of 16 hour s was required to complete each installation.

Installation of the Neoprene shoe s required a high skill
level primarily because of the complicated cement activ ation pro-
cedures. Personnel utilizing only the manufacturer ’s manual could

12 
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not app ly the shoes but requi r ed direct instructions during the first
installation. To obtain a sat isfactory install ation , strict complianc e
with all installation procedures was necessary dur ing subsequent in-
stallations. Detailed installation instruction s are contained in appendix
m.

2. 2.3. 2. Facilities Required for Installation of the Kits. -

2.2. 3. 2. 1. Polyurethane. Removal of the rotor blades from the
helicopter was necessary to apply the Polyurethane shoes. To prevent
moisture contamination of the blad e surface, dehumidified facilities
were required. This was accomplished at Fort Bragg by the use of a
paint shop with humidity controls. It was accomplished at Fort Rucker
by the use of a heat gun , FSN 4940-357-1369, and by heat lamps , manu-
facturer ’s part number A26-13 (no federal stock number). Shoe s were
applied with and without humidity controls during the test. Unsatisfactory
results were obtained from those shoe s installed without humidity con-
trols.

Rotor blad e stands were required for the installation.
Locally-manufactured wooden stand s and stand assembly, FSN 1740 -
508-9814 , were used during the test. The locally-manufactured stands
were more suitable for the installation of these shoes. They were de-
signed to provide the proper working height and to prevent movement
of the blades when pressure was applied during the rolling operation
of the installation. Other minor items required for  installation were
contained in the kit.

2. 2. 3. 2. 2. Estane. Removal of the blades from the helicopte r was
not required to apply the Estane shoes. Shelter was required for the
rotor blade s dur ing  installation under windy and dusty c -nditions.
Hangars were used when available. When hangars were not available ,
a 2 1/2-ton canvas-covered truck was used (FSN 2320-835-8515) .  The
t ruck was positioned in front of the helicopter permitting the rotor
blade to protrude under the canvas cover. The floor of the truck served
as a work platform. Maintenance stands were required for those in-
stallations during which a truck was not used. A hydraulic maintenance
stand (FSN 1730-390-66 18) was used and found to be suitable. Any
maintenance stand which provides the proper working height could be
utilized. Othe r minor items required in kit installation were contained
in the kit.

I ~
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2. 2. 3. 2. 3. Neoprene. Removal of the rotor blades from the helicopter
was not required to apply the Neoprene shoes. Installation facilities
were the same as those outlined above for the Estane shoes. a

2.2.4. Analysis.

2. 2. 4. 1. Of the three kits tested, the Estane kit was most satisfactory
for installation at the direct support level of maintenance because of the
excessive time required to install the other kits.

2. 2.4. 2. Manufacturer’s instructions were adequate; however, they
were tedious and time-consuming, and installation personnel required
previous practical experience.

2.3. FLIGHT CHARACTERISTICS.

2.3.1. Objective.

To determine the effects of the shoe installation on helicopter
flight characteristics.

2.3.2. ~~~~~~~

The shoes were installed on tYH-l type helicopters. The heli-
copters were flown on normal Army missions, and adverse flight
characteristics were reported by flight crews and project personnel.

2.3.3. Results.

2. 3. 3. 1. Adverse flight characteristics were not noted while the shoes
were in a serviceable condition.

2. 3. 3. 2. Application of the Polyurethane shoes (accomplished before
the blades are installed on the helicopter) required that the rotor blades
be balanced before installation on the helicopter and that they be tracked
prior to flight . Application of the Estane and Neoprene shoes (accom-
pu s hed while the blades are on the helicopter) required blade tracking
prior to flight . Improper application resulted in vibr ations and unsatis-
factory flight characteristics (figur e 1).

2. 3. 3. 3. Vibrations were encountered in flight when the erosion shoes
had been damaged by tree strikes and flying in rain, or when they had
separated. Vibration intensity varied according to the amount of damage
incurred.

14 
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Figure 1. Improperly app lied Neoprene  shoe a f te r  f l i ght

2. 3. 3. 4. Damage such as bubbles and small separations caused moderate
vibrations. Extensive dama~c such as loss of portions of the shoe caused
severe vibrations (figure 2).

2.3.4. Analysis.

Not applicable.

15 
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Figure 2. Estane shoe damage resulting f rom fli ght in rain .

2. 4. RESIS TANCE TO ER OSIV E AGENTS (SAND, RAIN, AND DUS T) .

2 . 4 . 1.  Objectiv e.

To determine the res is tance  of the shoes to erosive agents
(sand , rain , and dust) .

16
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Figure 3. Polyurethane shoe damaged by flight in heavy rain.

2.4.2. Method.

Test shoes were installed on UH- l type helicopters. The
helicopters were flown on normal Army missions. A data card to
indicate conditions encountered (sand, dust, and rain), total flight time,
and shoe condition (before and after flight) was maintained on each
test helicopter.

17
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Figure 4. Neoprene shoe damaged by fli ght in heavy rain.

2.4.3. Results.

2.4.3. 1. Sand and Dust.

Damage to the Polyurethane , Estane, and Neoprene from shoe
operation in sand and dust was negligible. The damage (or wear) caused
by sand and dust consisted of shallow surface abrasions. Because of the
elasticity of the material and the effects of the cements on the material,
damage could not be measured accurately. It is estimated that the
mat er ia l  was worn away at the rate of 0. 001 inch per 100 flying hours.
The life expectancy in a sand and dust environment was not determined
as the shoes were lost from other causes.
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Figure 5. Polyurethane shoe with separation caused
by fli ght in rain.

2 . 4 . 3 .2 .  Rain.

Fli ght through rain was detrimental to Pol yure thane , Estane ,
and Neoprene shoes. Flig ht throug h li ght rain resulted in 1-eparabl ~
damage such as bubbles in the surface of the shoes and minor separat ion
of the trai l ing ed ges. Flight through moderate rain for short  periods
of time (5 to 15 minutes) resulted in reparable damage such  as bubbles
in the surface of the shoes and trai l ing ed ge separat ion.  Fli g ht th roug h
moderate rain for prolonged periods (one to three  h o u r s )  caused i r r ep-
arable damage to the shoes. Fli ght through heavy rain des t royed the
shoes. The maximum flying time accumulated in heavy rain pr ior  to
destruction of the shoes was three hours .

19

~

- —-- -- --- - -

~

--—“- -- - --- ---- - -- - - --- -~— -~~~~~~ ----.---- - • — - - - ---- .- — - ---- - - - -- A



-~ _~ _-~ -•.,,_ _~ ______ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~ - —- —-•  ‘
~~~~~~~

_ - -
-

-
.
~ 

- —-  - - 

I

2.4. 4. Analysis. -

Not applicable.

2.5. EFFECTS OF ENVIRONMENTAL EXTREMES.

2.5.1. Objective.

To determine the capability of the shoe s to withstand environ-
mental extremes.

2.5.2. Method.

Test shoe s were installed on UH-l type helicopters and flown
on normal Army missions in environmental extremes (high and low
humidity, desertL Deleterious effects were recorded. Operational
areas were Fort Rucker , Alabama; Fort Benning, Georg ia; and the

- - 

- 

Mohav e Desert ‘furing “Operation Desert Strike ” (May and Jr.ne 1964).
Temperatures dur ing the test ranged from 20°F. to 108 °F. with a
relative humidity range of 10 to 98 percent .

2 .5 .3 .  Results.

Temperature and humidity extremes encountered during the
test did not noticeably affect the shoes.

2.5. 4. Analysis.

Not applicable .

2.6. MAINTENANCE RE QUIREMENTS.

2.6.1.  Objective.

To determin e the shoe main tenance requ irements and the
ability of the shoe s to adhere to the rotor blades,

2 . 6 . 2 .  Method.

Pol yurethane , Es tane, and Neoprene shoes were Installed
on UH - 1 type helicopters and flown on normal Ar my missions. All
maintenance prior to shoe failure or excessive deterioration was re-
corded.

20
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Fi gure  6. Polyurethane shoe with damaged portion
removed to ef fec t  repair.

.~. 6 . 3 .  R e s u l t s .

Z . 6 . 3 .  1. Pol y u r -t h a n e  Ki ts .

3. 1. 1. The USAAVNTBD tested th ree  Pol yure thane  kits  in the
F - r i  R u c k er  a rea  wi th  the following resu l t s :

A f t e r  60 h o u r s  of test  fli ght t ime on a UH- 1D (S /N  60-6034 )
a bubble ,  1 1/ 2  inches  wide, appeared in the shoe on the  top l ead ing

~ d~~c of the white  blade, 14 inches inboard f rom the tip .  The cause
of the bubble could not be def in i te l y determined. Fli g ht t e s t i n g  was

w~t j n k l & -d to 160 h o u r s  test  t ime wi th  no change in the bubble.  At 
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160 nours the helicopter was flown through rain for 30 minutes. Upon
completion of the fli ght , the shoes were inspected and a hole two inches
in diameter was found on the white blade at the point of the previously
noted bubble. The hole was repaired using the following procedure: A
four-inch strip of material (including the defective area) extending from
the top trailing ed ge to the bottom trailing edge was removed from the
shoe . A four-inch strip of Polyurethane material was inserted into the
area using the ori ginal installation procedures. One mechanic required

— three man-hours to complete the repair.  Curing time afte r repair was
the same as for the ori ginal installation of the kit (24 hours).  Flight
testing was resumed. At 250 hours ’ test time , a bubble two inches wide
appeared in the shoe on the top leading edge of the red blade , 18 inches
inboard from the tip. The bubble was repaired using the same procedures
(insertion of a four- inch splice) mentioned above. Flight testing was
continued. During the period of 362 to 365 fli ght hours , the helicopter
was flown three hours throug h rain : the f i rs t  two hours through inter-
mittent rain and the third hour throug h heavy rain. Upon completion of
the third hour throug h rain , the shoes were inspected . Eighteen inches
of the shoe on the red blade , beg inning at the top outboard tip and ex-
tending inboard , had separated f rom the blade. Several bubbles one -
half to one inch in diameter were noted on both shoes. Since the shoes
were damaged beyond economical repair , the remainder of the shoes
was removed.

A Polyurethane and a Neoprene shoe were applied to
opposite blades. The Polyurethane shoe was installed by the manu-
facturer ’ s representative and the Neoprene shoe by the USAAVNTBD.
Humidity controls were not used during the installation , and the relativ e
humidity was 90 percent and the ambient air temperature was 88°F.
Six fli ght test hours af ter  installation, the Neoprene shoe had to be re-
moved due to damage. (Details conc6~ning the Neoprene shoe are con-
tained in paragraph 2. 7. 3. 3 . )  The Neoprene shoe was replaced with
a Polyurethane shoe by the USAAVNTBD . A he at lamp (manufacturer’s
P/N A26- 13) was utilized for the purpose of eliminating moisture
during the installation. Alter completion of the installation, the heli-
copter was flown an additional 47 hours , of which 12 hours were in rain.
Of the 12 hours flown in rain , the f i rs t  9 hours were flown in intermittent
rain and the last three hours in moderate-to-heavy rain. Upon com-
pletion of the last fli ght of the twelve hours , the rotor blades were in-
spected. Inspection revealed that the shoe which had been installed
without humidity controls had separated for 18 inches f rom the top out-
board tip of the rotor blade. The shoe on the opposite blade which had
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been installed using humidity controls was in serviceable condition.
Both shoes were  removed. The accelerated logistical-evaluation test,
which was being conducted on the helicopter , did not permit  replace-
ment of the shoe.

The helicopter was later grounded for repairs and Poly-
urethane shoes were insta 11-~d. These shoes accumulated 276 flying
hours before the blades were removed from the helicopter due to
attainment of rotor-blade time between overhaul (1100 hours).  Shoe
maintenance was not required during the 276 fl ying hours in which rain
was not encountered.

2 .6 .3 .  1. 2. The XVIII Airborne Corps , Fort Bragg, North Carolina,
and the 11th Air Assault Division , Fort Benning, Georg ia , tested 31
Polyurethane kits. The USAAVNTBD assisted these organizations
with the installation of the kits.  The XVIII Corps and the 11th Air
Assault Division participated in field exercises (Desert Strike and
Project TEAMS ) during the time the kits were used. Resul ts  of these
tests are contained in appendix I.

2. 6. 3. 2. Estane Kits.

2. 6. 3. 2. 1. Three Estane kits were tested on UH- 1D Helicopters by
the USAAVNTBD with results as follows :

On 24 April 1964 , Estane shoes were applied to the rotor
blades of a UH -1D Helicopte r (S/N 60-6032) .  After 70 fl ig ht hour s at
Fort  Rucker , Alabama; Fort Worth , Texas; and Yuma , Arizona , two
bubbles one inch in diameter appeared on the white blade shoe . They
were located on the top leading edge of the blade 20 inches f rom the
tip. These bubbles were  repaired by injecting bonding cement (same
as that used for  instal lat ion) into the bubble s and rolling them down.
One mechanic required 30 minutes to complete this repair . Curing
time was the same as that required at installation (ei ght hours) .  Three
fl y ing hours after  the repair , the shoe s were inspected and the bubble s
had re turned;  the diameter had increased to two inches. The shoe
material  covering the bubbles was soft and spongy. The shoe on the
red blade was in good condition . At this time the helicopter was trans-
f e r r ed  and the Tiaterial removed.

On 4 August 1964 , Estane shoe s were applied to the rotor
blades of a U H - 1D  (S/N 60-6034). After 92 flight hours , of which the

23 

~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



- -~~ S~~ ~ - ---- --.•~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~~~

~~~~ ~. ~ ~o4~ 4~- ‘

I

— ~~
•.  

• - •‘
• 

., .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _

Figure 7. Estane shoe showing bubble .

last th ree  hours  were in heavy rain , three bubbles appeared in each
shoe . The bubbles were 1 1/2 inche s in diameter and located on the
top leading edge of the inboard three feet of the shoes. Inspection
revealed that water had been forced under the shoes throug h small
nicks in the surface  of the material. Since erosion was usuall y more
severe on the outboard three feet of the blade , the inboard three  fee t
of each shoe were removed and the helicopter released for  fli ght. Re-
moval of the inboard three feet of the shoes required two mechanics
three m a n - h o u r s .  The f i r s t  fli ght af ter  removal of the inboard t h r e e
fee t  was of one hour ’ s duration in heavy ra in .  Upon comple t ion  of the
fli ght , the shoes were  found to be unserviceable and were  removed.
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On 15 December 1964, blades with Estane shoes were in-
stalled on a UH-lD (S/N 60-6034). Flight time accumulated on these
shoes was 226 hours , the last three hours of which were in heavy rain.
Upon completion of the flight through heavy rain , the shoes were in-
spected. Both shoes conta ined numerous bubbles 2 1/2 inches in
diameter on the inboard three feet of the leading edges. The test had
been terminated; therefore , the shoes were removed. No maintenance
was required dur ing  the 226 fl ying hours.

2. 6. 3. 2. 2. Results of tests conducted by the XVIII Airborne Corps
and the 11th Air Assault Division are shown in appendix I.

2 .6 .3 .3 .  Neoprene Kits.

2. 6. 3. 3. 1. The USAAVNTBD tested 15 Neoprene kit s with results
as follows:

On 15 March 1964 . Neoprene shoe s were applied to the
rotor blades of a UH-lB Helicopter (S/N 62- 1998). Five flying hours
later , a trailing-edge separation occurred on both shoes. The separa-
tions were six inche s long and 1/4 inch deep and were located one foot
from the tip. The separated portion of the shoe s and the adjacent blade
area were cleaned , re-cemented , and the shoes re-app lied. Curing
time was 10 hours , the same as that required for initial installation.
Twenty flying hours after the repair , the helicopter was transferred to
USATRECOM at Yum a, Arizona. The helicopter was later transferred
to Fort Monmouth , New Jersey. On 11 March 1965, the USAAVNTBD
was contacted by Fort Monmouth personnel concerning separation of
the trailing edges of the shoes. The Fort Monmouth personnel were
informed as to repair and removal procedures.  The shoes had accumu-
lated 2 78 fl y ing hours as of 11 March 1965.

On 15 March 1964 , Neoprene shoes were applied to the
rotor blades of a UH-lA Helicopter (S/N 60-6086). Four hours after
installation , separation occurred at the trailing edge on top of the white
blade. The separation was eight inches long and 1/2 inch deep, and
extended from the blade tip inboard. The separated portion of the shoe
and the adjacent blade area were cleaned , re-cemented , and the shoe
re-applied. One mechanic required 20 minutes to complete the repair.
Curing t ime was 10 hours , the same as that required for  initial appli-

cation. Subsequent to repair , the helicopter was t ransfer red  to Fort
Bliss , Texas. Fifty fl ying hours after initial application, the rotor

25
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blades were involved in a high-wind accident that caused irreparable
- - - damage to the shoes , and they were removed.

2. 6. 3. 3. 2. Results of tests conducted by the XVIII Airborne Corps
and the 11th Air Assault Division are contained in appendix I.

2 . 6 . 4 .  Analysis.

2.6.  4. 1. These protective shoes required very little maintenance
unless flown in heavy rain. Maintenance consisted of resealing
trailing edges, repair of bubbles, and patching. Removal of the shoes
could not be accomplished at the organizational category of maintenance.

2. 6. 4. 2. When properly installed , the Polyurethane, Estane , and
Neoprene shoes satisfactorily adhered to the blades except during
flig ht in moderate-to-heavy rain. 
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Figure 8. A helicopter with the main rotor blades installed was
flown 500 hours without the erosion-protective shoes.
Subsequentl y, two sets of shoes have been used on the
same set of rotor blades , and the blades have now
accumulated over 950 hours.  One of these blades is
pictured above.
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APPENDIX I

TEST DATA

A. The following information pertains to kits tested by the 11th
- 

- 
Air Assault Division. The 11th Air Assault Division did not attempt to
repair the kits. This information was reported to the USAAVNTBD 27
November 1 964 .

1 . Polyurethane Kits.

a. UH-lD  (S/ N 63-8770): Shoes were in good condition
after 54 flight hours.

b. UH-ID (S/ N 63-8772): Shoe s were removed due to
separation after 80 flight hours.

c. UH- 1D (S/N 63-8797): Shoe s were in good condition
after 100 f l i ght hours.

d. U H - lD  (S/ N 63-8778): Shoe s were in good condition
after 80 flight hours.

e. UH- ID (S/ N 6 3-12935): Shoes were in good condition
after 40 flight hours.

f. UH-1D (S/N 63-8797): Shoes were in good condition
after 150 flight hours.

2. Estane Kits.

a. UH- lD (S/ N 60-2358): Shoe s were removed due to —

damage caused by the blades striking a tree after 50 flight hours.

b. UH- lD (S/ N 63-8674): Shoes were in good condition
after 65 flight hourø.

c. UH -lD (S/ N 63-8749): Shoes were removed due to
separation after 40 fli ght hours.

d. UH- lD (S/ N 6 3-8774): Shoe s were in good condition
afte r 223 flight hours.

- -
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3. Neoprene Kits.

a. UH-1B (S/ N 62—2 543) :  Shoe s were in good condition
after 70 flight hours.

b. UH- 1B (S/N 62-2547): Shoe s were in good condition
after 65 flight hours.

c. UH-lB (S/N 62-2542): Shoes were in good condition
afte r 50 fli ght hours.

d. UH- 1D (S/ N 60-2363):  Shoe s were in good condition
af ter  15 fli ght hours.

B. The following information pertains to kits tested by the X VIII
Airborne Corps , Fort Bragg, North Carolina. No repairs were
attempted by the XVIII Airborne Corps .. Subject information was
reported as of 30 August 1964.

1 . Pol yurethane Kits.

a. UH - lB  (S/ N 61-7 18): Shoes were in good condition
af ter  42 flight hours.

b. U H - I B  (S/N ~ l -7  18) : Shoes were removed due to
separation afte r 96 fli ght hours.

C. U H - lB  (S/N 6 1 - 7 3 9 ) :  Shoes were removed due to
separation after 85 fli ght hours.

d. UH - 1B (S/N 6 1-740): Shoes ~~~re lost due to an air-
craf t  accident after 2 flI ght hours.

e. TJH-lB (S/N 61-742): Shoes were removed due to
separation after 14 fli ght hours.

1. U H - I B  (S/N 61-745):  Shoes were in good condition
afte r 115 fli ght hours.

g. UH- 1B (S/ N 61-746): Shoe s wer e r emoved due to
separation after i l l  fli ght hours .

1-2
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h. UN - lB  (S/ N 61-747): Shoes were removed due to
separation after 99 flight hours.

i. UH- 1B (S/ N 61-748) : Shoes were in good condition
after 51 flight hours.

j. U N - l B  (5/ N 61-756): Shoe s were lost due to an air-
• craft accident. Time was not recorded.

k. UH- 1B (S/ N 6 1-802): Shoes were in good condition
after 38 flight hours.

1. UH- 1B (S/ N 62-125 19): Shoes were removed due to
separation after 56 flight hours.

in. UN- lB  (S/N 62-2520): Shoes were removed due to
separation afte r 97 flight hours.

n. UH-1B (S/ N 62-2521):  Shoes were removed due to
separation after 117 flight hours.

o. UH- 1B (S/N 62-2523):  Shoe s were removed due to an
aircraft accident after 60 flight hours.

p. UH-lB (S/N 62-2524): Shoes were removed due to
separation after 31 flight hours.

q. UH -IB (S/N 62-2525):  Shoes were lost due to an
accident afte r 5 flight hours.

r. UN- lB  (S/ N 62-2526) : Shoe s were removed due to an
accident afte r 98 fli ght hour s.

s. UN -lB (S/ N 62-2527) : Shoe s were removed due to
separation after 159 fli ght hours.

t. UH-1B (S/ N 62-2532): Shoes were removed due to
separation after 14 flight hours.

u. UN- lB  (S/N 62-2534) : Shoes were removed due to
separation afte r 143 flight hours. 
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v. UH- 1B (S/ N 62-2535): Shoes were removed due to
separation after 99 flight hours.

w. UN-lB (S/N 62-2536): Shoe s were removed due to
separation after 84 fli ght hours.

2. Estane Kits.

a. UH-lB (5/N 61-743): Shoes were removed due to

1 separation after 90 flight hours.

b. U N - l B  (S/ N 62-801): Shoes were removed due to an
aircraft  accident. No time was recorded. 4

3. Neoprene Kits.

a. UN -iD (S/ N 60-3583): Shoes were lost due to an
accident. No time was recorded.

- b. UH- lD  (S/ N 62-4603): Shoes were removed due to an
accident after 80 flight hours.
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APPENDIX II

CONTENTS OF THE
POLYURETHANE, ESTANE, AND NEOPRENE KITS

A. POLYURETHANE.

— 1. The following items were included in the Polyurethane Kit:

Item Quantity

Polyurethane material 2 strips

Tape , paper-covered double-back,
3/ 8-inch and one-inch wide I roll

Tape , clear cellophane , 3/4-inc h wide 1 roll

Tape , paper-back masking, one -inch
wide 1 roll

Epoxy adhesive , Epon 934 or Milbond
934 , Part A and Part B

NOTE: Adhesive is supplied in
quantities for installation
and for patching.

Rollers , rubber , 4-inches wide

Spreaders, adhesive (serrated edge)

Gauge , locating aluminum

Brush , one-inch 1 each

Gloves, white cotton 2 pair

Depressors , wooden tongue

Sealer , Gate s Eng ineering N-55 
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Item Quantity

Ed ge sealer and primer , Gates
Eng ineering N - l0 0 -9

Edge sealer thinner , Gate s
Eng ineering N-450- 1l -

Grit paper , No. 80 and No. 320 —

Cheese cloth , bleached 1 1/2 pounds —

Acetone 1 gallon
- 

. 
. Chisels , aluminum or plastic

2 . The following required items would be shop equipment:

Item Quantity

Heat lamps or hot air blower

Thermometer, range to 250°F. 1 each

Syr inge,  hypodermic with No. 20 1 each
or larger  needle

3. If the Polyurethane kit is accepted as a standard supply
item, items such as tapes , locating gauges , brushe s, and acetone
-could be procured separately throug h standard suppl y channels and
would preclude duplication in the kits.

4. Items required to assemble the Polyurethane kit were pur-
chased fro m various sources by the kit Manufacturer. No part nurn-
bers were furnished. - 

.

B. ESTANE. The following items we re included in the Estane Kit:

Item Quantity Mf g. Part No.

Shoe , erosion 2 each 72-066-8

Primer , Part A 1/ 2  pint 72-066- 14

U-2 
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Item Quan~~ y Mfg. Part No.

Primer, Part B 1/2 pint 72-066-15

Cement, Part A 1 pint 72-066- 16

Cement, Part B 1 bottle 72-066- 17

Installation Procedure
Manual 1 each 72-066-21

Paint brush , 1/2-inch 2 each 72-066-26

Cup, cement mix, 8 oz. 5 each 72-066-27

Stick, cement stir 5 each 72-066-28

Gauge , pla stic marking 1 each 72-066-29

Tape , masking 2 rolls 72-066-30 -

Needle and syringe ,
hypodermic 1 each 72-066-31

Stitche r , steel, 1/8-inc h 1 each 72-066-34

Cheese cloth 7 linear yards 72-066-35

Meth yl Ethyl Ketone (MEK) 1 quart 72-066-36

Sealer , EC-80l 1-3 l / 2 o z .  72-066-37

Cotton cloth, lintless 1 linear yard 72-066-38

Applicator , sealant 2 each 72-066-39

Roller , rubbe r 1 each 72-066-43

Thinner, cement (ethyl
ace tate ) 1/2 pint

Sandpape r , grit, 180-220 2 sheets 72-066-45

11-3
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C. NEOPRENE. The following items were included in the Neop rene
Kit:

Item Quantity Mf g. Part No.

Shoe, erosion, 4-1844 2 each 72-066-2

Cement , B. F. Goodrich
A- 1209-B 1 pint 72-066-13

Paint brush , 1 1/2 inch 2 each 72-066-26

Stick , cement stirring 3 each 72-066-28

Needle and syringe , hypodermic 1 each 72-066-31

Installation Procedure Pamphlet 1 each 72-066-22

Gauge , plastic marking 1 each 72-066-29

Tape , masking 2 rolls 72-066-30

Toluol 2 1/2 pint s ‘ 72-066-32

Stitcher , steel 1 each 72-066-34

Cheese cloth 8 linear yards 72 -066-35

— 
Methyl Ethyl Ketone (MEK) 1 quart 72-066-36

Sealer , EC-80 1 1-3 1/2 ounces 72-066-37

Cotton cloth 2 linear yards 72-066-38

Applicator , sealant 1 each 72-066-39

Scraper , Masonite 1 each 72-066-40

Turco 388 1 quar t  72-066-41
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APPENDIX III

A. INSTALLATION AND REMOVA L PROCEDURES FOR THE
POLYURETHANE KIT.

1. Installation.

a. Using a locating gauge and a soft pencil , mark off the
installation area on the blade .

CAUTION: Neve r use a sharp, hard instrument ,
such as a scribe , on the blade as a
scratch in the metal will cause a
loss in strength.

b. Locating the masking tape inboard and on the trailing

F edge side of the guide lines , mask off the installation area.

C. Using gauze moistened with acetone , remove the paint
f rom the rotor blade. If  the blade has been f l own and shows erosion or
corrosion on its leading edge or the prime undercoating paint layers
cannot be removed with acetone, san.i the surface , in a spanwise direc-
tion onl y, f i rs t  with No. 80 grit  paper and finish sanding to remove
scratches with No. 320 or finer gr i t  paper .  The blade surface is con-
sidered free of paint when there is no t race of paints , pr imers , or
dirt on a clean , white , ac etone-moistened gauze pad which has been
wiped over the erosion protection area of the blade .

d. Remove the paper and masking tape. Using the locat-
ing gauge , mark off the location of the erosion protection system within
the prepared area.

e. Apply double-back and paper-back masking tapes to the
blade as outlined in the marked area.

f. Position the erosion protection system on the blade
with the shiny side out and the thick end butting against the edge of the
tip coves- Remove the paper backing from the 3/ 8-inch double-back
masking tape. Using clear cellophane tape , attach the erosion protec-
tion system to the 3/8-inch double-back tape.

g. Using clear cellophane tape , attach the starched cloth
to the Polyurethane erosion protection system.

_  --- - 
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h. Fold the Polyurethane erosion protection system back
along the olive drab side of the rotor blade .

NOTE: From this operation until the urethane pro-
tection system is adhesive bonded in place,
white cotton g loves must be worn because
oil f rom the hands or any other source can
destroy the strength of the adhe sive .

i. Clean the blade surface  and the dull side of the urethane
erosion protection system with an acetone-moistened, clean gauze pad
followed by a dry,  clean gauze pad. The dry pad should pick up the
acetone f rom the surface before it evaporates. The surface is con-
sidered clean when there is no t race of dirt visible on a clean , white ,
acetone -moistened gauze pad which has been wiped over the entire
bonding surface.

NOTE: Operat ions f rom this point are limited by
the working life of the adhesive. The time
period f rom mixing the adhesive to bonding
the erosion protection system in place
must not exceed 30 minutes.

j. Pour all of the can of amine hardene r , Part  B, into
the can of epoxy resin labeled Part A. Mix the adhesive comp letely
using the wooden s t i r rer .

k. Apply the mixed adhesive to the metal surface of the
blade using the s t i r rer .  If some adhesive falls  on the dull side of the
urethane it is not harmful , but the urethane surface should not be
coated with adhesive .

1. Score the adhesive using the saw-tooth serra ted plastic
spreader.  Start the spreader at the protection system trailing ed ge
on the olive drab side of the rotor blades. Move the spreader over the
leading ed ge, finishing on the paper masking tape on the black side of
the blade.

m. Place the urethane erosion protection system ove r the
leading ed ge. With both men start ing on the olive drab side of the rotor
blade at the trailing ed ge of the urethane center splic e , roll out the
entrapped air .  Push the roller f rom the trailing edge toward the lead-
ing ed ge. One man works from the center splice to the inboard end;
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the other to the tip end. Afte r the olive drab side is completed , con-
tinu e the operation on the blade side , pushing the roller from the lead-

— 
ing edge toward the trailing ed ge. Force the excess adhesive under the
starched cloth and over the masking tape. DO NOT STRETCH THE
URETHANE OVER THE MASKING TAPE.

n. Attach the starched cloth to the double-back tape after
the rolling is complete . If the work is done outdoors , one-inch wide
masking tape should be used to hold the starched cloth to the double-
back tape .

o. After the adhesive become s tacky (the condition of
cement when it feels sticky but will not pull loose when touched with
the f inger) ,  in approximately one-half  hour , remove the masking tape .
Do not forget  the clear cellophane tape at the splice. In the event
adhesive squeeze-out has penetrated the masking, it must be removed
with acetone or by sanding with No. 320 or finer grit paper. The ex-
cess adhesive may be smoothed by wiping with an acetone-moistened
gauze pad after it become s tacky but has not full y hardened.

p. There should be approximatel y one-half inch of exposed
metal surface between the urethane and the paint. After  the adhesive
has hardened three to four hours , place one -inch wide masking tape on
the urethane and over the paint , letting the exposed metal show. Also
mask the sp lice (a one-half inch gap is sufficient ) and the inboard and
outboard tip ends.

q. Clean the area where the edge sealant will be applied
with a clean gauze pad moistened with acetone . Apply one brush coat
of GACO N- lOO -9  primer , permit it to dry 15-20 minute s, and apply
the second coat of primer. Permit the second coat of primer to air
dry  60-70 minutes.  App ly at least six brush coats of GACO N-55 black
liquid over the prime r allowing at least 15 minutes but not more than
one hour between each brush coat. The black liquid should not extend
beyond the primed area. The N-55 may be thinned with N -450-ll  up
to 10 percent b y volume . Jelled N-55 shall not be used.

r. Afte r the sealant has dried and the adhesive has hard-
ened for at least 24 hours , remove the masking tape. The blade may
be returned to service afte r the adhesive has had a total of 24 hours of
hardening.
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2. Removal:

a . Attach a thermometer to the blade using one-inch wide
masking tape .

b . Apply heat lamps or hot-air blowers until the blade
• reaches 185° F. to 200°F. DO NOT EXCEED 200°F. Do not concen-

trate heat in one spot; a cap separation could occur.

c. While the surface is hot, remove the urethane, using
an aluminum or plastic chisel. If the adhesive remains on the metal
surface of the blade , reheat and remove it with the aid of an aluminum
or plastic chisel.

NOTE: ICit may be removed with plastic or
aluminum chisels and acetone without
heat.

d. Small amounts of adhesive may be removed by sanding
wit

~ 
No. 320 or finer grit  paper.

e. Mask the painted areas of the blade using one-inch wide
masking tape and paper.

1. The edge sealer may be removed by wiping with an
acetone-moistened gauze pad.

g. Remove the masking tape and paper.

h. If  the reason for removal is an erosion protection sys-
tern replacement, the systems shall be rep laced in equal weight pairs
on Opposing rotor blades.

B. INSTALLATION AND REMOVA L PROCEDURES FOR THE
ESTANE KIT.

1 . Installation.

a. Using a ball-point pen and the plastic marking gauge,
mark the edge of the cement area of both the upper and lower sides of
the blade . Measure and mark one inch past the inboard end of shoe.
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NOTE: Do not use a sharp instrument
such as a scribe .

b . Mask the area which will contain the shoe .

c. Using a meth yl ~thy1 ketone (MEK) and cheese cloth
swabs , remove all paint within masked area.  Use sandpaper to remove
pr imer  in same area. Afte r f inal  sanding operation , wash surface
with MEK, using a clean, l in t - f ree  cotton cloth to wipe MEK from
blase before evaporation occurs.  Perform cleaning operation at least
twice.

d. Thoroug hl y mix primer Part A and Part B, using equal
parts by volume in the paper cup provided in the kit. Be sure Part A
is thoroug hl y mixed before combining the two components. To insure
proper mixing , pour from can to paper cup three times. Mixed pot life
is ei ght hours.

e. Apply one coat of mixed primer to metal surface onl y.
Allow to dry a minimum of one hour.  Store brushes in MEK when not
in use.

f . Using a clean , l in t - f ree  cotton cloth moistened with
MEK , clean the cement side of the shoe . Cloth should be wet but not

• dripping, as excessive MEK will attack the Estane material .

g. Thoroughl y mix cement  in a rat io of 15 par ts  of Part  A
to 1 part of Part B by volume .

CAUTION: Part B is moisture sensitive and care
should be exercised to avoid moisture
at the t ime of mixing . To insure proper
mixing, pour from can to paper cup
three t imes.

NOTE: For bette r application consistency,  use
three parts  mixed cement to one part
eth yl acetate solvent.

h. Using a ball-point pen and plastic marking gauge , mark
the center line of airfoil (leading edge).

111-5
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i. Apply one coat of mixed cement to the cement side of
shoe and one coat to primed surface of blade . Cement must cover all
surfaces. When areas of blade or shoe are void of cement , reapply
cement over the area to a uniform coverage . Inspect to insure all
areas of the blade and shoe are completely covered with cement.

j. Allow cement to dry 10 minutes.

k. Starting with the outboard end , fold the shoe back on
itself and adjust until cente r line s coincide . Roll down on leading edge
only, eliminating trapped air . After contact has been made , no at-
tempt should be made to relocate the shoe. All rolling shall be accom-
plished in an outboard , inboard direction. Avoid twisting or creasing
the erosion s ’oe. Rubber roll the entire shoe f i rmly and stitch the
edges. When wrinkles occur, the y can be rolled out by carefully ma-
neuvering the 1/8-inch steel stitcher in such a manner as to cramp the
excess material back into the bonded area and, thus, prevent an over-
lap .

1. Inspect the entire shoe for trapped air and adequate
adhesion. Remove air blister (trapped air) by inserting hypodermic
needle into edge of blister far thest  from leading edge and inserting
toward leading edge, holding needle at a 45-degree angle (or less)
from blade surface. Use finger to apply pressure on blister to re-
move trapped air. Re-roll using steel roller; stitch all edges firmly
in pla ce using 1/8-inch steel stitcher.

m. Mask and apply a filler of EC-801 to the outboard, in-
board , and aft edges of shoe . Mix EC-801 in proportions supplied.
Mix in small quantities as the usefu l pot life is relatively short.  Using
the sealant applicator, spatula the fillet in place. Apply the EC-801 in
a slightly greater thickness than the shoe . MEK may be used to thin
the EC-801 slightly if necessary. Demask immediately after applica-
tion and a neat fillet of EC-80l should remain. To obtain minimum
adhesion required for flying, permit 8 hour s’ drying time at 60°F. -

80°F.

2. Removal.

a. Mask off blade area adjacent to the erosion shoes (to
prevent damage to painted blade area).

- 
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b. Rough up erosion shoe surface area with a wire brush
or plastic chisel.

c. Apply Turco to roughed-up area of erosion shoe and
allow to set for approximately 20 minutes.

d. Scrape erosion shoe off the blade.

e. Repeat the above steps until shoe is removed.

f. Thoroughly clean the blade surface with soap and water
or cleaning solvent.

WARNING: Turco 388 is not safe for use on
magnesium surfaces. Exercise
caution as outlined on the Turco
label during use. Wear plastic
gloves when working with Turco.

C. INSTALLATION AND REMOVAL PROCEDURES FOR
NEOPRENE KIT.

1. Installation.

a. Ambient temperature for Installation should be between
40°F. and 110°F. Longer drying time of the cement coats may be re-
quired if the humidity approaches 99 percent.

b. Using a ball -point pen and the plastic marking gauge ,
mark the edge of the cement area on both the upper and lower sides of
the airfoil. Measure and mark one inch past the inboard edge of shoe.

c. Remove all paint and loose primer inside the masked
area.

NOTE: (a) Turco 388 is not safe to use on magnesium
surfaces.

(b) Exercise caution as outlined on the Ttirco
388 bottle label during its use.

(c) Wear plastic glove s when working with
Turco.

111-7
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NOTE: Sandpape r and acetone ma be used in lieu of
Turco.

Brush-apply Tu rco 388 generous ly  to the rn i sked  area. Allow suffi-
cient  time for paint to soften or be lifted. Usually 15 to 20 minutes is
required for reaction to take place. Scrape off residue using the Ma-
sonite scraper. Wash remaining tacky (the condition of cement when
it feels sticky but will not pull loose when touched with the f inger)  resi-
due off with a cloth saturated with meth yl eth yl ketone (MEK). Wash a
second time with a clean cloth saturated with MEK . Dry with a clean
cloth while MEK is moist. In the event the masked area contains loose
primer or anything which might contribute to a defective bond, repeat
cleaning procedure until clean bonding surface is obtained.

d. Use clean cotton cloths moistened with MEK for clean-
ing the masked area of the blade to be cemented. MEK is to be wiped
off while still wet using a clean cotton cloth afte r the final cleaning
operation.

e. Using the plastic marking gauge and the ball-point pen,
mark the center line of the a i r f o i l .

1. To prevent sticking , the  erosion shoes are normally
dusted before packing. This dust should be washed off the surface
marked “cement side ” with a clean cloth moi’tened with Toluol.
Change cloths frequently to avoi d contarninat i ’n of the  washed areas.
Clean the entire back (r~ u~ h )  su r t  tee in thi s  i n a n ~n - r  at least  twice.

g. Thoroughl y stir the cement before using . App ly one
even brush coat to both the “cement  side ” surface of the erosion shoe
and the helicopter blade surface to be covered with the erosion shoe .

h. Allow first coat to air dry  for  a minimum of 30 minutes.
If temperature is below 50°F . ,  allow cement to dr~ at least  one hour.
Apply a second coat of cement to both surfaces. Allow cement to dry
thoroughl y for at least one-half hour. If time permits , one hour is the
prefer red  drying time . The cement must be applied evenl y on both
surfaces to insure that the outside surface will be smooth after instal-
lation. Blade and erosion shoe may be cemented up to a maximum of
48 hours before actual installation if cemented parts are covered and
kept clean.
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i. After the cement is dry, position the shoe on the blade
with the two cemented surfaces against each other. The two surface’s
will not stick if they are too dry. With the shoe positioned on the blade ,
move it around until the reference line coincide s with the center line of
the leading edge.

j. Fold the erosion shoe back on itself , being careful not
to move it with respect to the blade .

k. Using a clean , l int-free cloth (hereafter referred to as
“tack cloth”), thorou ghly moistened with Toluol , activate the cement
along the center line of the shoe. The cloth should not be dripping with
Toluol. Activate not more than 18 inches to 24 inche s of the cemented
area on both the blade and the erosion shoe leading edge center line.
Avoid excessive rubbing which could remove cement from surfaces.

1. After cement loses “webbiness” and becomes tack y,
use rubber roller if available, otherwise use task cloth slightly mois-
tened with Toluol and roll or sweep activated part of shoe firmly
against the leading ed ge of the blade only. Care must be exercised to
prevent trapping air between shoe and blade. Match the reference
lines as the shoe is rolled or pressed in place. Avoid stretching the
shoes or difficulty Will be encountered along trailing edges. The cor-
rect method of sweep is from center spanwise toward end s with hand
placed diagonally on surface ang ling away from direction of sweep.
When cementing, activating , and rolling or sweeping the erosion shoe
on the blade , f i rs t  work the leading edge down along the entire length
and then each side can be activated and swept or rolled down separatel y.
Avoid twisting or sharp creasing of the erosion shoe or cement may be
pulled loose from blade or shoe.

m. In the event it becomes necessary to remove or loosen
installed shoe , use Toluol to soften adhesion line. A minimum amount
of this solvent should be applied to the parting line while slight tension
is applied to the shoe . In peeling back the erosion shoe , removal should
be slow enou gh to allow the solvent to separate the interface of the ce-
ment coats. If the cement is pulled loose from either the blade or the
shoe , the area should be re-cemented.

n. With the loose part of the eroelon shoe rolled back,
activate a section adjacent to the bonded area using the same procedure
as before .
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o. When the cement has reached the right state of tack ,
sweep the next section of the shoe down .

p. Continue in this manner until the erosion shoe is com-
pletely installed, then sweep the entire surface using the tack cloth
moistened with Toluol , or roll with rubber roller if available.

q. If an air pocket or blister is formed , insert a hypoder-
mic needle into the pocket fa r thes t  f rom the leading ed ge and insert ing
toward the leading edge at a 45-degree angle (or less) f rom the blade
surface and press blister to remove air.

r. Inspect the tapered edge to see that it is firmly ce-
mented all around . A wavy condition results if the tack cloth is too
moist with solvent. Permit the tackified A- 1209-B to dry to the point
that enoug h tack is present  to hold ed ge in place and f i rmly press  or
sweep shoe to blade . Stitch all ed ges using the roller supplied in the
kit.

s. Afte r cem ent is i t t  ~~ ti~~~- c  i •-~~~ ir ~ tape ~i i u l U I ’ . Lfl
excess cement from blade with MEK. Caution must be exerc i sed  to
prevent solution from running unde r and loo sening edges of shoe. there -
fore , wiping direction should be from leading ed ge toward trai l ing edge.

t. Mask and apply EC-801 fillet to the outboard, inboard ,
and aft edges of the shoe. Mix EC-80l in the proportions as supp lied.
Mix in small quantities as the useful pot life is re1~ tively short .  Using
the sealant applicator , spatula the fillet in place. App l y the EC-80l  in
a thickness slightl y greater than that of the shoe. Dernask and a neat
fillet of EC-80l should remain.

2. Removal.

a. Mask off rotor blade area adjacent to the erosion shoe
area (to prevent damage to painted blade sur face) .

b. If  some portion of the shoe is not separated , scrape a
portion away from the blade.

c. Pull on the separated portion of the erosion shoe and
apply a Toluol-soaked cloth between the erosion shoe and blade surface.
Continue this procedure until entire shoe is removed.

d. Clean blade area f rom which shoe was removed with
soap and wate r , meth yl eth yl ketone , or aceton e ,
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APPENDIX IV

COORDINATION

This report was coordinated with the following agencies:

US Army Aviation School

I US Army Combat Developments Command
Aviation Agency
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AD Accession No.
US Army Aviat irn  Test Board , Ft .  Ru cker ,  Alabama. Report  of
IJSATECOM Project No. 4 -3 - 5 2 2 0-02 , Military Potential Test of the
Helicopter Rotor Blade Erosion-Preventive Kits , 3 June 1965. DA
Project No. 1R 179 19 1-D-684. 56 pp. , B illug. Unclassified.
The Polyurethane , Neoprene , and Estane shoes were applied on the
main rotor blades of tJH-l hel icopters  operated at Ft. Benning , Ga. ,
Ft. Rucker ,  Ala. , and “Operation Desert Strike. ” It was concluded
that , because of the effects  of rain on the shoes , none of the kits poe-
sess m i t i t a ry  potential for use in tropic and temperate  a re-as ;  however ,
data indicate that  they possess mil i tary potential in arid areas.  None

• of the kits is suitable for  installation or removal at the organizat ional
level , and the Estane kit is the most suitable for installation or re-
rnoval at the d i r ec t - suppor t  maintenance category.  It was recoin-
mended that  r e sea rch  continu e until  suitable material  is found for  the
elimination of the rotor-blade erosive problems in all env i ronments ;
that fu r the r  consideration be g iven to the Estane kit for Army use onl y
in deser t  a reas  provided that installation is accomplished at the direct-
support maintenance ca tegory  and that helicopters with the shoes in-
stalled are res t r ic ted  f rom fl y ing in ra in;  and that fu r the r  t e s t ing  be
conducted under  controlled conditions to develop specif ic  data relative
to the life expec tancy  of the Estane shoes in an arid environment .

AD Accession No.
US Army Aviatio~i Test Board,  Ft. Ru c k er , Alabama. Repor t  of
USATECOM Project No. 4 -3 - 52 2 0 - 0 2 , Military Potential Test  of the
Helicopter Rotor Blade Eros ion -P reven t ive  Ki t s,  3 June 1965. DA

~ Pro jec t  No. 1 R I  ~ 0! ~Sl - P -684 . ‘
~
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- pp. , R i llus ,  U n c l a s  ‘- i f j q - , I .

~~-The Polyure than . , Neoprene ,  and Estane shoes were app lied on the
main rotor blades of UH-l  helicopters operated at Ft. Benning, Ga. ,
Ft. Rucker , Ala.  , and “Operation Deser t  Strike . ” It was concluded
tha t , because c-f the effec ts  of rain on the shoes, none of the kits  poe-
sees  mi l i t a ry  potential for use in tropic and temperate a r ea s ;  however,
data indicate that  they  possess mi l i t a ry  potential in ar id  areas .  None
of the kits  is s u i tab l e  for installation or removal at the organiza t ional
level , ~~~~~~~~~~~~~~~ ~~~~~~~ t}-.~~ mnM ~ui$&~ ls ~~ T l..at&ll&ft~ i~ ~r r ’~~~
m’~~aL at She ~ tris~ e-.&1~pe1t ...etttL..c.us&t. g~ T.~~ It was recom-
mended that  research  continu e until suitable material  is found for the
elimination of the rotor-blade erosive  problems in all envi ronment s~
tha t  fu r the r  considerat ion be given to the Estane kit for  A r m y  use  onl y
in dese r t  a r e a s  provided that  insta l la t ion is accomplished at the d i r ec t -
support maintenance category and that he l icopters  with the shoes In-
stalled are res t r ic ted  f rom flying in rain , and that fu r the r  test ing be
conducted under  controlled conditions to develol. specific data relative
to the life expectancy of the Estane shoes in an arid environment.
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