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TOQPycTiQN 

A. The original requirements for application of a rubber coating to the integral 

fuel tanks of reciprocating engine aircraft was for protection of sealant 

materials against the solvent action of high octane type fuels. Buna N coatings 

conforming to MIL-S-4383 were developed to fulfill this need and application of 

such coating by the fill and drain, post assembly method, provided for addi- 

tional secondary sealing and corrosion protection benefits. 

With the advent of jet type fuels, larger aircraft and higher strength 

aluminum alloys having poor corrosion resistance, the standard Buna N coating 

materials have failed to provide the degree of corrosion protection desired for 

high operational usage and reliability. To fill the need for such a high per- 

formance, coating material, resistant to all jet integral fuel tank conditions, 

compatible with sealant materials, capable of being applied by brush or 

conventional spray methods and requiring less frequent maintenance and repair, 

a development program has resulted in qualification of a new type coating con- 

forming to Boeing Material Specification 10-39. 

B. The laboratory and flight test data reported herein show that Buna N coating 

conforming to MIL-S-4383 is not entirely suitable for corrosion protection of 

integral fuel tanks on large, high performance, jet type aircraft. The 

deficiencies of Buna N coating are due in part to the items listed belowi 

1. Lack of corrosion inhibiting pigmentation within the material, 

2. Relatively low adhesion properties, 
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INTRODUCTION 

B.  (continued) 

3. Susceptibility of the Buna N Coating Material to softening, blistering 

and ultimate deterioration from absorption of moisture, 

U.    Sensitivity to chemical fuel additives, and 

5. Inability to protect unsealed faying surface areas with any degree of 

certainty by normal post assembly application methods. 

C As these shortcomings of the MIL-S-4383 coating have become evident] an accent* 

ated search for a better finish system for integral fuel tank areas has been 

made. This search has culminated in release of the Material Specification 

BMS 10-39. This is a thiokol modified epoxy resin material which has been 

tested and found to be far superior to the MIL-S-4383 Buna N coating in the 

following respects: 

1. Resistance to moisture 

2. Resistance to corrosive atmosphere, and 

3. Capability of withstanding extreme environmental conditions, including 

some chemical fuel anti-icing additives. 

In addition to its ability to withstand these conditions, the BMS 10-39 material 

exhibits excellent sealant adhesion compatibility by nature of its thiokol 

content. Such compatibility with sealant makes it possible and extremely 

desirable to coat parts in detail, assemble the parts and seal the assembled 

structure against fuel leakage by applying the sealant directly over.the BJ6 

10-39 coating.. 
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INTRODUCTION (Continued) 

D. The ability to finish detail parts with the BKS 10-39 coating, and then to seal 

the assembled structure by applying the sealant directly over the finish 

coating has distinct functional and economic advantages which may not be 

apparent at first. Such advantages are tabulated as follows: 

1. functions^ Advantages 

a. Detail parts can be cleaned, chemioally treated and painted in 

direct process sequence. This system eliminates excessive handling 

and provides optimum reliability of the finish system. 

b. Coating of detailed parts provides desired corrosion protection in 

all faying surfaces after assembly. 

c. The BMS 10-39 coated surface is easy to clean immediately prior to 

application of sealants. Anodized or chemical conversion coated 

surfaces absorb soils during assembly and are extremely difficult 

. to clean. 

d. Touch up of coating after assembly would be restricted to rivet 

heads and fasteners. The coating can be accomplished by brush or 

spray methods. 

2. Economic Advantages 

a. Elimination of multiple hand cleaning, hand chemical treatment and 

possible corrosion removal operations during and after assembly. 

b. Elimination of extensive brush and spray touch up operations during 

and after assembly. 
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INTRODUCTION 

D* (continued) 

c. Elimination of extensive masking of seal plane areas» 

d. Elimination of necessity of painting entire major assembly such as 

a wing panel in areas not ideally suited for painting. 

e. Will provide much ungraded service life of integral fuel tank metal 

structure with minimum requirement for inspection and repair. 

3» Functional Disadvantage 

a. The BrS 10-39 coating material unlike the MIL-S-4383 material is not 

transparent and therefore will not allow for visual inspection of 

substrate beneath the coating. However, experience dictates that 

any corrosion occurring" to the metal substrate will manifest itself 

by rupture of the coating film, which of course is visually evident 

in any case. 

b. The BKS 10-39 coating material is inherently chemically resistant 

once cured and tends to resist most solvent stripping materials. 

However, it is not.impossible to strip the coating with presently, 

available materials, and new stripping materials are constantly 

being* evaluated to shorten the effective stripping time. 

E. In view of the excellent integral fuel tank coating performance exhibited by the 

BIS 10-39 coating material, and the advantages to be gained by finish applica- 

tion to detail parts, the test programs listed in the addenda to this document 

and those included with this report are presented to substantuate its perform- 

ance characteristics« 
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ABSTRACT 

A. The Fuel and Moisture Resistant Finish for Integral Fuel Tanks developed under 

Boeing Material Specification 10-39 will: 

1. Withstand extreme environmental conditions, 

2. Resist all anticipated corrosive agents within the fuel cavity, 

3. Protect the integral fuel tank metal substrate from the effects of these 

agents for the normal life of the aircraft, and 

4.. Provide excellent compatibility with sealant materials as either a 

primer or sealant topcoat. 

B. By virtue of excellent adhesion of sealant material applied over B!-S 10-39 

coating, aircraft parts can be finished in detail with the B.'E 10-39 coating, 

assembled, and sealant applied directly to the coating. This system will provide 

the following: . •  ■ 

1. Corrosion protection to faying surfaces, 

2. Expedite finish application to parts, 

3. Provide adequate protection of the metal throughout assembly sequence, 

A. Provide optimum corrosion protection of assembled wing structures, and 

5. Provide economy of assembly and finish procedures. 

C. This economy of assembly and finish procedures is gained as follows: 

1. Elimination of multiple hand cleaning operations prior to finish 

application. 

2. Provide needed corrosion protection throughout shop assembly sequence. 

3. Elimination of expensive masking of seal plane areas where present 

practice requires sealing directly to uncoated metal. 
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ADDENDA LIST 

A. Boeing Document, D3-2247, Development of a Fuel Tank Coating Conforming to 

BMS 10-39. 

B. Boeing Document, D3-2398, Laboratory Investigation of Corrosion Protection in 

B-52G Integral Fuel Tank. 

C. Boeing Document, D3-2434, B-52G Integral Wing Test Cube Evaluation. 

D. Ergineering Development Program 829, Finish System, Integral Fuel Tank. 

E. Wichita Flight Test 1070: Flight Test of BIC 10-39 Fuel Tank Coating Material. 

F. Wichita Flight Test 1111: Evaluation of Fuel Anti-Icing Additives. 

G. Materials and Process Unit Job F-2-198: Flight Test Evaluation of Integral Fuel 

Tank Coatings per WFT 1070 and WFT 1111. 

H. Materials and Process Unit Job S-2-425: B-52G Integral Wing Test Cube Evalua- 

tion of Sealant-Finish System. 

I. Systems Laboratory Report 330-6; Finish System, Integral-Fuel Tank. 
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SUMMARY OF TEST REPORTS 

A. laboratory data as recorded in Document D3-2398 shows conclusive evidence that 

an organic protective coating must be applied to integral fuel tank areas for 

optimum corrosion control. 

Topcoating of all component parts prior to assembly is recommended for maximum 

corrosion protection. The addition of organic finish to faying surfaces is 

strongly recommended. 

B. Buna type coatings (MIL-S-4383) do not have all the desired properties for use 

in corrosion protection of metal surfaces in the B-52G integral fuel tanks. 

This is shown by results of tests reported under D3-2247. Primarily, the Buna 

coating is not a corrosion inhibiting type material, its adhesion properties 

are critically dependent on film thickness, and its basic adhesion is not 

adequate to allow overcoating of the finish with sealant materials. Conseq- 

uently, the coating of detail parts becomes somewhat impractical due to the 

necessity for masking of areas which will require subsequent sealing. 

As a result of these shortcomings, the Buna coating is applied to final 

assemblies, making fil* thickness control difficult, and leaving inadequate 

protection in faying surfaces and other blind areas. 

C Recognizing the shortcomings of the Buna coatings, efforts were made to develop 

a fuel resistant, corrosion protective finish, tailored to meet the requirements 

of the B-52 Aircraft. These efforts have resulted in a promising coating 

material based on a modification of a strontium chromate pigmented epoxy coating. 
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1MARY OF TEST REPORTS (Continued) 

The basic details on test procedure for evaluation of tank 

design, and sealing methods and materials is contained in - 

Document 3-3-2^3^. This basic tank and test procedure was used 

as a test method for subsequent evaluation of compatiblity of 

BMS 10-39 and approved sealant materials. 

The results of compatibility of BMS 10-39 coating/BMS 5-l+V 

sealant are reported under the Materials and Process Unit Job 

S-2-1+25. The testing procedure was comparable to that reported 

under 0-3-2^3^ except that the tanks were finished with BMS 10-39 

coating. Under this test the BMS 10-39/BMS 5-¥+ system was 

compatible and the BMS 10-39 was considered as suitable for 

application to detail parts. The detail parts were assembled 

and the BI-S 5-Mf sealant applied over the coating. In small 

areas, BMS 10-39 coating was applied over fillets of BMS 5-Mt 

sealant. This is representative of sealant/topcoat repair areas. 

Ecth the sealant over the coating and the coating over sealant 

systems were compatible. 

A E-52G Aircraft Serial Number 57-6^70 has been used in flight 

test of the BMS 10-39 coating system. Reports of exposure and 

results are given in the Materials and Process Unit Job F-2-198 

Addenda G. The EMS 10-39 coating is in excellent condition. 
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CONCLUSIONS 

A. The interior surface of the B-52G integral fuel tank must be coated with an 

organic finish for optimum corrosion control. 

B. Finish coating of detail component parts prior to assembly is suggested for 

maximum corrosion protection. 

C. Buna type coating conforming to MIL-S-4383 does not provide the required 

corrosion protection. 

D. Buna type coating conforming to MIL-S-4383 must be masked from the seal plane 

area thereby making the application of finish to detail parts highly uneconomi- 

cal. 

E. A satisfactory Boeing Material Specification Coating 10-39 has been developed 

for use in the integral fuel tanks and in fuel tight seal areas. 

F. BKS 10-39 coating^MS 5-44 sealant system is compatible for use in integral fuel 

tank and fuel tight seal areas. 

G. BMS 10-39 coating can be applied to detail parts and the sealant can be applied 

over the finish on assembled structures. 
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A. It is recommended that B!fi 10-39 coating be applied to the interior structural 

parts of the B-52 integral fuel tank and other fuel tight seal areas in place of 

the MIL-S-4383 Buna coating. 

B. It is further recommended that every effort be made to coat the structural parts 

in detail so that maximum reliability and protection may be afforded faying 

surface areas« 

> 
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ADDENDA A 

D3-2247, DEVELOPMENT OF A FUEL TANK COATING 

CONFORMING TO BMS 10-39 

FORM E-1688 R2 
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1.0    ABSTRACT 

Buna N type coatings (MIL-U-4383) do not possess all the desired 

properties for use in corrosion protection application in the 

B-52G integral fuel tanks. Efforts to develop a fuel resistant, 

corrosion protective coating, tailored to B-52G requirements have 

resulted in a promising coating material based on a thiokol modi- 

fication of a strontium chromate pigmented epoxy resin primer» 
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DISCUSSION OF PROBLEM 

On smaller aircraft, Buna N coating of integral fuel tanks has 

been successfully accomplished by fill and drain methods serving 

primarily as sealant protection. However, the large size and 

complexity of the B-52G wing makes it Impractical to attempt 

similar application methods, and it has, therefore, been necessary 

to resolve spray application methods for Bund N coating to supple- 

ment time consuming and poorer quality application by brushing. 

Since the B-52G utilizes new fuel resistant sealants, topcoating 

with Buna N material is no longer required and the continued need 

for such coating reverts primarily to corrosion protection of the 

structure. 

Buna N material possesses several limitations making it less de- 

sirable for the purpose of protecting the structure from corrosion. 

Primarily, the Buna N material is not a corrosion inhibiting type 

material. Its adhesion properties are critically dependent on film 

thickness, and its basic adhesion is not adequate to allow over- 

coating with sealant materials. The above factors do not permit 

coating of detail parts without resorting to impractical masking 

requirements for subsequent sealing. As a result> the Buna N 

coating is applied to final assemblies, making film thickness con- 

trol difficult, and leaving inadequate protection in faying surfaces 
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2.0   DISCUSSION OF PROBLEM (Continued) 

and other blind areas. Furthermore, in order to circumvent tedious, 

if not wholly impractical, application by brush to large areas, it 

has been necessary to develop spray procedures for applying Buna N 

coating which, in turn, does not solve any problems other than Im- 

prove coating film thickness, uniformity, and saving considerable 

application time as compared to brushing. 

Recognizing the shortcomings of Buna N material as a corrosion pro- 

tective coating, efforts have been made to develop a coating material 

tailored to meet all the existing requirements for Buna N type 

material with the additional advantages of containing corrosion in- 

hibiting pigment, and having adhesion characteristics suitable to 

enable topcoating with sealant materials. Such a material would 

allow prefinishing of detail parts, giving the desired corrosion 

protection to all areas of an integral fuel tank, and providing a 

suitable surface for sealing. These requirements have been used as 

a basis for establishing Boeing Material Specification 10-39, Fuel 

and Moisture Resistant Coating For Integral Fuel Tanks. 

The material development was based on epoxy type coatings because of 

their well known toughness and chemical resistance characteristics. 

To obtain satisfactory compatibility between the coating and the 

sealant material, the epoxy coating was modified with thiokol resin 

L^iumai»iJiMiMiii»>i.wy^ 

FORM E-16M RJ 



MftCAsrr*   mtmti 

p^^--^-^,^^^^^ ,u.„rk_. L-^^BBa 
M^^m^   A*£?£&£.A&ff   C&JZZ£»A&y Q 3-2780 

Addenda A 
Page 15 

D3-2247 
Page 4 

2.0   DISCUSSION OF PROBLEM (Continued) 

which has been, and is, the main component of integral fuel tank 

sealants. 

Results of this development program show that an epoxy coating 

modified with thiokol resin provides resistance to jet fuel, 

superior corrosion resistance, and a good base for the integral 

fuel tank sealant. However, the BMS 10-39 specification is not 

limited to an epoxy-thiokol type coating. It is anticipated that 

other coating systems such as a polyurethane system, may be 

sufficiently developed in the future to be more desirable than 

the epoxy-thiokol coating. 
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3.0  CONCLUSIONS 

A. The Enmar thiokol modified epoxy Production Number 

5^-36231 \  T5301 Catalyst coating is resistant to:, jet 

fuel (JP-^), and provides superior corrosion protection. 

B. The Enmar thiokol modified epoxy Production Number 

5^-36231 + T5301 Catalyst coating does provide a good base 

for sealant materials, 

C. The Enmar thiokol modified epoxy Production Number 

5^-36231 + T5301 Catalyst coating gives excellent per- 

formance when subjected to the tests outlined in BMS 10-39, 
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4.0 RÜCa^ljäNDATIONS 

A. 

B. 

It is recorded that all interior surfaces of the fuel cell 

be coated with HHS 10-39 fuel tank coating. 

It is recommended that the BMS 10-39 fuel tank coating be 

applied to detailed parts by spray. 
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5.0        SCOPE 

The information contained in this Document is a summary of the 

following three distinct, but related job reporta: 

A. Job Report No. 330-2; Finish System, Integral Fuel Tankj 

issued by the System Laboratory Unit, 330-1, same subject. 

B. Job Report NO. F-2-H6; Studies on Integral Fuel Tank 

Corrosion; issued by the Finish Croup. 

C      Job Report No. S-2-346; Sealant Adhesion on Various Primed 

Surfaces; issued by the Sealant Group. 
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BAC 57U - Corrosion Protection in Integral Fuel Tanks. 

D3-1932, The Application of MIL-S-4383 Coating by Spray. 
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Surfaces; issued by Sealant Laboratory. 
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7.0 MATERIALS 

A. Sherwin-Williams Company, Hollywood, California. 

1. BMS 10-11, Type I, Elf2GP13. 

B. Andrew Brown Company, Irving, Texas» 

1. Epoxy Coating TA-862. 

C Enmar, Inc., Wichita, Kansas 

1. Epoxy-Thiokol Coating, Production Number 

5^-36231 + T5301 Catalyst 

D. Minnesota Mining and Manufacturing Company, Detroit 2, Kichig 

1. EC-776R, Buna-N Coating. 

2. EC-776-SR, Buna-N Coating. 

■3. EC-1527, Buna-N Coating. 

E. Products Research Company, Glendale, California. 

1. Sealant PR-l*+22. 

F. Coast Pro-Seal &  Manufacturing Company, Los Angeles, Califor- 
nia. 

1. Sealant - Pro-seal 890. 

G. Cleaning Fluids 

1. BMS 11-7 Pre-sealing Cleaning Solvent. 

2. BMS 3-2, Safety Solvent, General Cleaning. 

H. Test Fluids 

1. W83 Jet Reference Fuel. 

2. MlL-S-3136, Type I Hydrocarbon Standard Test Fluid. 

I. Thiokol Chemical Corporation, Trenton 7, New Jersey. 

1. Thiokol Resin LP-8. 
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8.0   EQUIPMENT 

B. 

C 

D. 

E. 

Standard paint spray equipment. 

Scott tester, number 1510, Nixon Engineering Company, 

Central Falls, Rhode Island. 

Salt Spray Cabinet, Method 6061 per Federal Test Method 

Standard 141. 

Condensing Humidity Cabinet operated per JAN-H-792. 

Equipment built by Boeing Laboratories. 

1. Cyclic test cabinet. 

2. Constant Temperature Bath. 

3. Vibration Test stand. 

4. Sloshing test machine. 
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TEST PROGRAM  " 

A. Accelerated Field Conditions Test 

A test fuel cell, coated with BMS 10-11, Type I epoxy primer, 

was subjected to test fluids, physical environment, and 

mechanical factors that tend to duplicate, at an accelerated 

rate, actual field conditions. The detailed account of this 

test is contained in Report No. 330-2, Finish System Integral 

Fuel Tank, issued by the Systems Laboratory. 

B. Corrosion Resistance Test 

Test coatings applied over aluminum substrates which received 

two different cleaning treatments prior to conversion coating 

application, were subjected to Salt spray environment, per 

Reference F, for a period of 28 days. This test is a part of 

Job assignment F-2-146, Studies on Integral Fuel Tank Corrosion, 

which is still in progress, and a detailed account of this test 

will be issued by the Finish Laboratory upon completion. 

C. Compatibility of Epoxy Coating with Integral Fuel Tank Sealant 

Compatibility of epoxy with integral fuel tank sealant was 

evaluated using the Peel Strength Test per BMS 5-26. Peel 

Strength Tests were conducted on two different integral fuel 

tank sealants applied over three different epoxy coatings. 
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9.0    TEST PROGRAM (Continued) 

C.  (continued) 

The epoxy coatings were applied at two different film thicknesses, 

cured at three different temperatures, and cleaned, prior to 

application of sealant, using three different cleaning methods. 

This procedure takes into consideration the factors normally 

influencing the adhesion of the sealant to the coating, namely, 

formulation and cure of coating, film thickness of coating, 

and the type of cleaning medium used to prepare the surface of 

the coating prior to application of the sealant. The detailed 

account of this test is contained in Report No. S-2-346, 

Sealant Adhesion on Various Primed Surfaces, issued by the 

Sealant Laboratory. 

D.  Qualification Tests per BMS 10-39 

Test coatings that passed the above tests were subjected to the 

qualification tests as outlined per BMS 10-39 
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10.0   TEST PROCEDURE AND RESULTS 

A.  Accelerated Field-Conditions Test 

Cleaned and conversion coated detailed parts of a test fuel 

cell, see Reference E, were spray coated with BMS 10-11, Type 

I epoxy primer per BAC 5736. After a minimum room temperature 

cure of 72 hours, the assembly of the cell was made in a 

sequence duplicating noroal shop practices. In this way some 

sealants were applied as fillets and some as faying surface 

seals. The following tests were performed in the sequence in 

which they are listed. The total test time on the coating and 

the sealant over the coating is accumulative 

1. Sealant Aging and Cycling Test 

a. Environmental Factors 

(1) Test Fluid BMS 5-26 reference fluid plus a 3% 

solution of salt water. 

(2) Temperature - 140°F. 

(3) Pressure - 12 to -3 inches of mercury for 1000 

such cycles, 

(A) Time - 72 hours, 

b. Results 

There was no detectable change in the coating or the 

sealant* 

'i^^w^Pwm^mgimm^is^mi^i^iKKäiä^f- 
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10*0   TEST PROCEDURE AND RESULTS (Continued) ^ U 

A.  Accelerated Field Conditions Test (continued) 

2. Dry-Hot Air Cycle 

a. Environmental Factors 

(1) Temperature - 160°F. 

(2) Time - 77 hours. 

b. Results 

There was no detectable change in the coating or the 

sealant« 

3. Slosh and Vibration Test 

a. Environmental Factors 

(1) Fluid - MIL-H-3136, Type I. 

(2) Temperature - 65°F. 

(3) Slosh Rate - 14 CFM 

(4) Vibration frequency - I960 cps. 

(5) Time - 25 hours, 

b. Results 

There was no detectable change in the coating or the 

sealant. 
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ii 

B.  Corrosion Resistance Test 

1.    Aluminum test assemblies prepared in triplicate, were 

cleaned prior to Iridite #14 conversion coating, and 

iET^COated with test c°atlngs as follows: 
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B. Corrosion Resistance Test (Continued) 

1. (Continued) 

a. Cleaning Agent 

(1) Alkaline Cleaner - Oakite #61. 

(2) Alkaline Etch - Diversey #202. 

b. Coating Materials 

(1) EMS 10-15, Type I epoxy primer, E^GPr^ 1R 

(2) BMS 10-15, Type I epoxy primer, Ek2GP13  modified  |R 

with thiokol LP-8 by mixing 3 parts by volume of 

epoxy base component with 1 part LP-8. (Now release 

as SW Ei+2AP7 + V66KP16 Catalyst). 

(3) Enmar thiokol modified epoxy 5^-36231 4- |R 

T5301 Catalyst. 

(1+) EC-776-R - Euna-N applied by brush. 

- (5) EC-776-SR - Buna-N applied by brush and spray. 

(6) EC-1527 - Buna-N applied by spray. 

(7) After a minimum cure period of 72 hours, the coated 

assemblies were placed in the salt fog cabinet per 

Reference F, for a period of 28 days. '-',.' 

c. Results 

Results of this test are given in tabular form per 

- ...    Table I, and are the results of observation of panels 

after exposure. 
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C.  Compatibility of Epoxy Coatings with Integral Fuel Tank Sealant 

1. Each group of aluminum panels per Reference G, (four groups, 

216 panels to a group), were divided into two sub-groups; 

one sub-group receiving 0.5 mil (dry film thickness) of a 

test coating, and the second sub-group receiving 2 mils. 

The 108 panels of each sub-group were further divided into 

three sets. Set I - air cured for a minimum of 72 hours, 

Set II - heat cured at 250°F. for 30 minutes, and Set III - 

heat cured at 350°F. for 15 minutes. The 36 panels of each 

set were further divided into three sub-sets. Sub-set I - 

no cleaning; Sub-set II - cleaned with BKS 11-7; and Sub-set 

III - cleaned with BMS 3-2.  Aie 12 panels of each sub-set 

were further divided into two divisions; Division I 

receiving Pro-Seal 890 sealant and division II receiving 

Products Research 1422 sealant. After a sealant cure period 

of 7 days at room temperature, the 6 panels of each division 

were further divided into two sub-divisions. Sub-division I 

immersed in BKS 5-26 reference fluid at 140°F. for 7 days, 

and sub-division II receiving no immersion in a test fluid 

to serve as controls. After 7 days immersion, 3 panels 

of sub-division I and the 3 panels of sub-division II were 

subjected to the Peel Strength Tests per BMS 5-26. The 

four original groups mentioned above are defined as follows; 
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C. Compatibility of Epoxy Coatings with Integral Fuel Tank 

Sealant. 

1. (continued) 

Group I - BMS-10-11, Type I epoxy primer E»f2GP13. 

Group II - BMS 10-11, Type I epoxy primer Ei+2GP13, 

modified with thiokol LP-8 by mixing 3 

parts by volume of epoxy base component 

with 1 part LP-8.  (This is SW. E»f2AP7 i 

V66KP16 Converter). 

Group III - Enmar thiokol modified epoxy 5^-36231 4- 

T5301. 

Group IV - Andrew Brown epoxy TA-862. 

2. Results 

A summary of the results are given in graphical form per 

Table II.  For detailed results see Reference G. 

D. Qualifications Test 

The following tests per BMS 10-39 were conducted on Enmar 

thiokol modified epoxy 5^-36231 f T?301 coating. 

1. Metal anchorage - no failure. 

2. Fuel and Water Resistance - no failure. 

3. Humidity Resistance - no failure. 

**. Low Temperature Flexibility - no failure. 

5,    Fuel Contamination - non-volatile less than 1 mg per 

260 cc of test fluid. 

R 
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10.0   TÄ5T PROCEDURE AND RESULTS (Continued) 

D.  Qualification Tests (continued) 

6. Distilled Water Resistance - no failure. 

7. Jet Reference Fuel - no failure. 

8. MIL-O-5606 Fluid Resistance - no failure. 
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D3-2398,  LABORATORY INVESTIGATIONS OF 

CORROSION PROTECTION IN B-52G INTEGRAL 

FUEL TANKS 
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ABSTRACT: 

Studies of Integral fuel tank corrosion protection systems- for aluminum shov that 

the combination of alkaline etch treatment, Iridite or Alodine chemical finish 

and a Buna N topcoating used on the B-53G from Unit 20k and on is satisfactory 

for adequate control of corrosion in integral fuel tank environment. These 

studies also conclude that Iridite or Alodine chemical finish on aluminum is not 

adequate to control corrosion in integral fuel tanks without the additional 

protection of an organic coating such as Buna N. 

On early B-52G Airplanes, tvo types of corrosion have been observed on Iridite 

treated aluminum integral tank surfaces having no Buna coating. Studies of the 

observed corrosion indicate that its progression is slov and has not resulted 

i« any significant loss of the metal properties after as much as one year of 

service. Further studies shov that once corrosion has started, its progression 

is not significantly inhibited by JP-4 and therefore such corrosion may ultimate! 

affect the service life of the airplane. 

Since there is no guaranteed analytical procedure vhich can predict the signif- 

icance of existing corrosion on the ultimate service life of integral fuel tanks, 

it appears desirable that action should be taken to remove or inhibit such 

corrosion and provide an adequate corrosion protective system to prevent its 

reoccurrence. 
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IKTROIXJCTIOJI: 

During the susser of 1958, early B-52G Airplanes on the flight line vere observed 

to be subject to incipient vhite corrosion on alualnua surfaces vithin the 

Integral fuel tanks that vsre not  coated vlth Buna-N protective coating.    The 

attack vas first noted on the upper ving skins,  stlffcners,  and fuel vent covers. 

After several weeks of exposure to the veather on the flight line, the area 

subject to this attack had Increased to Include all non topcoated areas vithin 

the fuel tank,  and vas observed on wrought sheet as veil as the allied ving skin. 

It should be pointed out that the vhite corrosion vas so slight as to be 

discernible only vlth propsr illumination,, and careful examination. 

In addition, black corrosion products vere observed in Isolated instances on 

silled surfaces that ware also unprotected by the Buna-H coating. 

Details of these tvo corrosion typas are included in the following paragraphs. 
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ADDENDA: 

A. BAC Job Report F-2-lUo, Intergranular Corrosion of 7178-T6 Extrusions. 

B. BAC Job Report F-2-3M, Effect of Corrosion on Fatigue Properties of 7178-T6. 

C. BAC Job Report F-2-1^5, Effect of Corrosion on Tensile Properties of 7178-T6, 

D. BAC Job Report F-2-1U6, 8tudles of Integral Fuel Tank Corrosion. 
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CHARACTERISTICS QF CORRGBICN WITHIN INTEGRAL FUEL TANKSi 

From numerous observations of integral fuel tanks both before and after flight 

operations, it has been established that two distinct types of corrosion exist. 

The first type, consisting of white tubercules, has been observed on all type« 

of aluminum materials within the Integral fuel tank. This white corrosion waa 

observed first on the upper surfaces of wing tanks of planes exposed to weather 

on the flight line, but prior to the first fueling. The attack apparent^ 

starts by the formation of very minute puffs of white corrosion products which 

are a few thousandths of an inch in diameter. Each puff or tubercule consist, 

of a roughly spherical deposit of corrosion products. The puff contains a 

very minute amount of white powder lightly held together in a sponge-like mass. 

The puffs may be seen only when suitably illuminated by a beam of light directed 

almost parallel to the metal surface. The puff may be wiped off by the 

slightest touch. Because of the extremely small quantity of corrosion products 

present, attempts to secure a sample for analysis have been unsuccessful. 

After extended exposure periods, puffs have been noted which have developed 

to a diameter of approximately 1/16 inch. 

To illustrate the appearance of the white corrosion products, a laboratory 

sample, exposed to the atmosphere until a similar attack had developed, waa 

photographed. Although this is not actual wing tank corrosion, it is quite 

representative of that observed in the tanks examined. 
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FIGURE 1.    Photograph of white corrosion products on 

aluminum similar to that observed in integral 

fuel tanks. 
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CHARACTERISTICS OF CORROSION WITHIN INTEGRAL FUEL TANKSi (Continue*) 

Observations of this corrosion phenomenon have indicated the following proposed 

mechanism! Minute pores probably exist in the chemical finish. Droplets of 

water condense on the surface, and dissolved substances such as carbon dioxide, 

oxygen, and surface salts render the water mildly corrosive. The water solution 

penetrates through the pores, and dissolves very small quantities of aluminum. 

As the water droplets evaporate aa a result of the warming of the nstal, • 

sponge-like deposit of the corrosion deposits remains. Repeated condensation 

cycling increases the quantity of white corrosion deposit preaent in the puffa. 

It ia obvioua that auch a corroaion mechaniam would eventually reault in pitting 

of the aluminum surface. In isolated instance, detectable ahallow pit. have 

been observed under white corrosion sites, but in most caaea the attack has not 

progressed to a point where pitting ia evident. 

Re-finishing of white corroded areas haa been accomplished by the removal of the 

corrosion products, thorough cleaning, and re-application of the chemical 

treatment. Thia treatment has bew observed to be only partially effective and 

supporting laboratory data shows conclusive evidence that an organic protective - 

coating must be applied for adequate corrosion control. 

A second, or black type, of corrosion occurs more commonly on milled surfacea 

which have not been etch cleaned. It appears to be the reault of surface ; 

contamination, principally perspiration. Where a milled and chemically treated 

surface is contaminated, corrosion develop« in the milling grooves, giving an 

|  effect eimilar^to finger printing. Definite finger prints and hand printa 
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CHARACTERISTICS OF CORROSION WITHIN INTEGRAL FUEL TANKS: (Continued) 

have been observed, and in many instances significant areas have been corroded 

by contact with a moist forearm. The black corrosion attack starts in the mill- 

ing cutter marks and has a tendency to progress longitudinally along the 

grooves. 

Black corrosion can develop within a few hours after contamination, especially 

in hot sunsner weather. 

Black corrosion products have been removed by the use of fine abrasive paper, 

after which the surface is cleaned and chemical treated. 

In order to determine the significance of the corrosion observed in integral 

fuel tanks, a program involving several phases of study was initiated by 

the Protective Finish Group of the Materials and Process Unit. The individual 

reports of these laboratory studies are presented in the Addenda. The results 

of all study phases are sunsnarized in the following conclusions. 
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CONCLUSIONS! 

MIUC-55U, chemical finish on aluminum surfaces ia inefficient to 

corrosion within integral fuel tanka. 

prevent 

Alkaline etch cleaning of aluminum surfaces prior to chemical finishing 

significantly laprores the corrosion resistance in integral fuel tank 

environment. 

Organic protective coating significantly improves the corrosion resistance of 

existing tanks. 

Alkaline etch clesnlng of milled surfaces is essential In securing the maximum 

protection froa chemical finish and organic protective coating. 

Existing integral fuel tank corrosion is not inhibited by the presence of fuel. 

Effort should be directed towards securing the most effective organic protective 

coating, particularly with regard to water resistance. 

The 7178-76 extruded wing skin material used in integral fuel tanke is not 

abnormally susceptible to intergranular corrosion. 

The tensile properties of 7178-T6 extrusion are not measurably changed by 

surface corrosion in excess of that noted in &-52Q integral fuel tanks. 

Tests indicate that the fatigue properties of 7178-To extrusion may be affected 

to a small degree by corrosion in excess of that notsd in B-$2G integral 

fuel tanks. 
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RECOMMENDATIONS* 

Fro» the su» of the results of these studies, it is recorded that tb. 

following ainiau* finish be applied to integral fuel tanks: 

Alkaline etch dean per BAG 3-6002 all machined aluainu» part». 

Apply MIL-C55U cheaical finish (BAG 5719 or BAG 3-6000), or chro.dc 

acid anodize per ML^8te5 (BAG 5019, to all aluminu» parts. 

Apply organic corrosion protective coating to all surfaces «posed 

within the integral fuel tank, including faying surfaces. 
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SUMMARY 

In order to evaluate the structural design and the sealing methods and materials 

| in the B-52G advanced (integral) wing, a test program was initiated early in 

1956. This program consisted of the design, fabrication, sealing, and environ- 

mental testing of two small identical test cubicles representing a corner of the 

j integral wing fuel tanks. One cube was sealed with the presently used integral 

fuel tank sealant (BMü 5-19) and the other cube was sealed with a new fuel 

resistant BMS 5-26 sealant (Pit 1422;. The cubes were subjected to identical 

cyclic, slosh and vibration, and load testing under realistic environmental 

conditions. Examination of the two cubes after testing revealed no apparent 

leakage or damage to the sealant or structure.  The two cubes appeared to be 

I equal in ability to withstand the test conditions to which they were exposed. 

BMS 5-26 (PR 1422) Sealant has subsequently been used to seal the integral fuel 

tanks of the B-52G wing, with very satisfactory performance to date. The 

excessive slump (flow) and short work-life of BMS 5-26 Sealant (first observed 

herein) later caused serious production problems which led to the use of a differeif; 

type mixer (Semco Rotary) to reduce slump and obtain a satisfactory work-life. 

As indicated by the four fastener leaks found after sealing the cubes, the greatest 

potential leakage source in the integral wing would appear to be leaking fasteners, 

o| Experience to date has shown that this is true—RACA rivet leaks have led to the 
»I 

k'| extensive use of faying surface seals and the sealing of many fasteners which 

were supposedly self-sealing. 

g&aa^to^frSrriffiSfr 
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INTRODUCTION 

The two major objectives of this test cube program were:  (1) the evaluation 

and comparison of sealing compounds and methods, and (2) the evaluation of the 

structural design of the test cubes - in particular the proposed tank end rib 

construction (wing station 492). In addition to the above, a test was conducted 

to investigate the hot air blower method to accelerate the curing of sealant in 

one of the test cubes. 

The test cube program was a joint undertaking of the ß-52G Project Structures 

Group, Engineering Experimental Shop, Process Staff Sealants Group, Power Plant 

Staff, and the Structural Test Unit. The program was conducted in the following 

phases: 

Phase x ~ Design and Fabrication of the Test Cubes (B-52 Project Structures 

Group and Engineering Experimental Shop) 

phase n - Testing and Evaluation of New Sealing Compounds (Process Staff 

Sealants Group) 

Phase III - Sealing the Cubes (Process Staff Sealants Group) 

Phase IV - Accelerated Cure Investigation (Process Staff Sealants Group) 

phase v ~ Lea^ Testing of the Sealed Cubes (Power Plant Staff and Process 

Staff Sealants Group) 

Phase VI - Environmental Testing of the Cubes (Power Plant Staff and 

Structural Test Unit) 

1ä%SA&!::;,:,.:;*?7" &m*^ttmimmm&mm!iMm)m»'»»isitimmmm>f^ 
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Phase I; Design and Fabrication of Test Cubes 

Drawings for the fabrication and sealing of the test cubes (references A and B) 

were prepared by B-52 Project Structures Group. Two identical cubes were fab- 

ricated by Engineering Experimental Shop. The cubes represented the upper and 

lower wing surfaces, spar construction, and the proposed tank end rib construc- 

tion, Wing Station 492. Seven photographs, listed in Table of Contents, show 

several views of the cubes during various stages of completion. 

Phase II;  Testing for new Sealants 

New sealants have been developed which may exceed the pnysical properties of 

EMS 5-I9J consequently, a screening program was initiated by the Process Staff 

Sealants Group to determine which of these new sealants would be most suitable 

for sealing the integral wing. Nine new sealants were tested to the qualifica- 

tion tests of MIL-S-8802 (reference C). Complete results of these tests were 

reported in reference D. No compound tested passed all the tests under KIL-S- 

8802; however, Products Research Company Pft-1422 appeared to be the most promis- 

ing and was subsequently used to seal one of the test cubes. 

Phase III; Sealing the Cubes 

In order that a comparison of the two sealing methods and compounds could be 

2   made, one cube (No. 1) was sealed per BAC 5504 using 13KS 5-19 sealants, and 

the second cube (No. 2) was sealed with the new Prt-1422 compound, using no 

^astaa^^y-^ä^ 
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precoat or topcoat. Photographs of the applied sealant are listed in the 

Table of Contents. 

Sub-Assembly sealing was done during fabrication of the cubes by Process Staff 

personnel who were responsible for all sealing of the two cubes. Sealant 

R  materials were applied per reference B. All mating surfaces were coated with 

£,C776R for corrosion protection, except for areas where faying surface isolation 

seals were called out. 

Cube No. 1 was sealed per BAC 5504 with BMS 5-19, Types A-2 and Ü-2 sealants 

(PK-9Ü21). The cube was topcoated with KC-1527 (sprayed) and a small amount 

of KC776H (brushed). Type A-2 sealant was hand mixed in small quantities 

(1.5 ounces; and applied immediately. It was found that approximately 

1.5 ounces was the maximum amount that could be applied by one person before 

the material became too viscous to apply properly. Type b-2 sealant was 

mixed on a Semco Modes SP-135Ü Mixer at 6ü cycles and approximately 80 psi 

air pressure. Mixed sealant was stored at -40°F. (not over 10 days). 

Cartridges were thawed to near room temperature in warm water at 130PF. 

It was found that approximately 5 ounces of this material was the maximum 

that could be applied before the application time expired. The sealant 

was cured at room temperature for approximately 7 days before being tested 

for leaks. 

Cube No. ? was sealed with Products Research Company PR-1422, except for a 

small amount of Churchill 3C-3007. In general, these sealants were applied 

FORM E-16B6 R2 
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I Phase III: Sealing the Cubes (Continued) 

per BAJ 5504, except no precoat or topcoat was required. On most vertical 

or overhead applications it was necessary to apply the Pft-1422 in several 

applications due to the excessive flow or slump of thi3 material. Sealant 

•was allowed to partially cure before the next application was made. It was 

initially intended that PK-1422 would be machine mixed but it was found that 

. machine mixed PR-1/+22 flowed or slumped more than hand mixed PR-li»22j 

consequently, all PR-1422 was hand mixed in small amounts of approximately 

2 ounces and used immediately. This material had an extremely short work 

life (about 30 minutes) and it was found that no more than 2 ounces could 

be applied by one person before the naterial became stiff and unworkable. 

Metal seal Caps were not available at the time this cube was sealed; therefore 

plastic caps were used on fasteners requiring sealing and were removed after 

sealant has cured, öealant was cured at room temperature for approximately 

7 days before being tested for leaks. 

During the sealing of cube No. 1, considerable information on the application 

•time3 and quantities of each compound used was recorded. This information is 

tabulated in Table I. From this table it can be seen that 87 man-hours were 

required for the application of 13.7 pounds of material. 

In general, the sealing of these cubes was very difficult. The close quarters 

and structural designs made some of the normal application techniques impossible. 

Lighting was frequently inadequate and in many areas it was necessary to use 

mirrors to see where to apply and work the sealant. The following comments were 
; ......i», ■■■  *■» i^h^ r J^-w~VL— -.   «..„i" ■■-,. •■ .a     -f^T'j^p   ; -.^-. ,t.-. \^JTi 
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Phase III; Sealing the Cubes (Continued) 

made by personnel who sealed the cubes and are of interest as they present some 

of the problems that will need to be resolved to insure proper sealant applica- 

tion: 

Ma. Great difficulty was encountered in applying fillets between the upper 

fuel dams anu rib coords as titis area is out of direct line of vision 

and mirrors must be used. Allowing the upper fuel dams to extenu out 

beyond rib chords would eliminate this problem. 

b. Fillets around fuel dams must be faired by holding the fairing tool at 

right angles to the fillet rather than parallel to the fillet due to 

close quarters. 

c. Some injection holes were too small to allow passage of sealant. Some 

were of such dimensions (long and narrow) as to allow excessive sealant 

backflow. Injection holes should be large enough to receive nozzle, 

but small enough to prevent excessive backflow of sealant. 

d. Fillet dimensions are such that some fillets overlap rivets making 

fairing of fillets difficult. Should any of these rivets leak and 

require re-striking, damage to the adjacent fillet may result. 

e. Some method should be provided for attaching mirrors and portable 

lights to structure, thus leaving both hands free for sealing. Suction 

cups could possibly be used. 

f. Seraco nozzles with greater angles in thera (90°) were needed for applica- 

tions to some areas. 

cJirA^BLfciäiii^agäaggaias 
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Phase III: Sealing the Cubes (Continued) 

g. Some AN bolts in fuel dams were too close together and too close to the 

radius of structure to allow proper application of seal caps to these 

bolts. Some of these bolts were out of line of vision ana properly 

fairing sealant around bottom of seal caps on these bolts was very 

difficult. 

h. Application of PR-H22 to vertical or overhead areas was difficult due 

to excessive flow or slump of this compound. It was necessary to build 

up the full bodied fillets in these areas in several applications, 

allowing time between eacn application for the sealant to become 

tack-free." 

Phase IV: Accelerated Cure Test 

Tests were conducted to determine if hot air blowers could be used for acceler- 

ating the curing rate of sealant in structure similar to the integral wing. 

This test was performed in one of the test cubes, the main purpose being to 

measure the temperature variations throughout the cube when hot air was fed into 

one opening. 

Air at approximately H0°F. was fed in through a flexible duct and the tempera- 

ture at various surfaces was measured by taping thermocouples to these surfaces 

within the cube, i'he stabilized temperatures in this case varied from 1U2 - 

130°F. Air was then fed in at approximately 160°F. and an attempt was made to 

-ll^e„J:^air.int0 the.„cube to obtain «ere uniform circulation. Temperatures 
FORM E-1686 R2 
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Phase IV; Accelerated Cure Test (Continued) 

were found to range from 110 - 129°F. These large temperature variations would 

not allow uniform curing; consequently, it was concluded that some type of 

insulation on the exterior surfaces would probably be necessary to minimize 

heat loss if this metnod of accelerated curing was used. 

Phase V; Leak Testing of Sealed Cubes 

Upon the completion of sealing and curing, each cube was leak tested by Power 

Plant and Process Sealants personnel. The following leak detection methods 

were used: 1. Ammonia - Boeing Leak Detection Paint, Type F 

2. Ammonia - Phenolphthalein 

3« Generil Electric Halogen Leak Detector 

4. Dyed fuel 

5. Differential pressure 

It is not intended that this section should evaluate or compare the advantages 

of the above methods of leak detection. A report on leak detection has been 

written evaluating each method (Reference I.). 

Table II tabulates the leaks found in each cube, location, method of detection, 

cause of leak, and steps taken to stop the leak. Of the 8 leaks found, 7 were 

due to fasteners and 1 was due to a cracked fuel dam. 

Phase VI; Environmental Testing of Sealed Cubes 

A. Aging of Sealant (reference F; 213-2, page 3) 

FORM E-1686 R2 
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Both cubes were filled with modified JP-4 test fluia (AiiTJ W-83, Type li) 

of the following composition: 

Toluene 30 volumes 
Cyclohexane 60  *' 
Iso-octane 10  " 
Tertiary butyl disulfide 1  •' 
Tertiary butyl mercaptan 0.015 weight percent 

The cubes were heated to 130°F. for 24 hours at 3*5 psig. Pressure was then 

raised to 6.0 psig for JO minutes, lio  loss in pressure was observed during 

this period. The cubes were tnen drained rind heated to l60°r'\  for 48 hours 

at atmospheric pressure.  Then 6 psig pressure was applied for 30 minutes 

and the cube was again founa to be leak-free. 

ff B.  Cyclic Test (reference r", 213-2; page 3) 

The cubes were filled with modified JP-4 test fluid and the temperature was 

reduced to -65°r'. for 24 hours at atmospheric pressure. The cubes were 

examined and no leaks were ooserved. The cubes were then subjected to 1000 

pressure cycles at -6^°r., a pressure cycle being from* 6 psig to - 1.5 

psig to ■»• 6 psig. Actual pressures varied from 6 to Ö psig on the positive 

side and to 1.5 to >:.5 psig on the negative side. Time required for the 

1000 cycles was approximately 14 hours; No fuel leakage was found on com- 

pletion of these tests. 

C. Slosh and Vibration Tests (reference Fj 213-3, page 1) 

The slosh and vibration tests were conducted with the two cubes filled two- 

thirds full of modified JP-4 test fluid circulating at -65°r\ The vibra- 

tion test was conducted simultaneously with the slosh test for the first 25 

hours. The slosh test was then continued for an additional 15 hours. 

FORM E-iees R2 
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Phase VI: Environmental Testing of Sealed Jubes (Continued) 

The two cubes were mounted in rigid steel support structures and fastened 

to the frame of the slosh and vibration table in such a manner that the 

representative spars were rotated 36 degrees to the axis of rotation. The 

cubes were vibrated for about three hours before vhe load distributions 

were adjusted to give the desired displacements. The average displacement 

for the 25 hours of vibration, taken four points on each cube, was U.U353 

inches at a frequency of 200 CPU.  The slosh test was conducted i~or 40 

hours under conditions of 10 to 16 CPM through" a-total angle of 30 degrees, 

15 degrees each side of the horizontal. On completion of the test, the 

cubes were pressure tested at 6 psig for 20 minutes. There was no leakage. 

The cubes were opened and examination of the sealant revealed no damage. 

D. Load Test (reference G) v .•-."'   - 

The Structural Test Unit designed, fabricated," and-installed the loading 

jig for the load cycling test, and assisted in completion of the tests. 

The test cubes were mounted in the loading jig in such a manner that the 

loading of 130,000 pounds was applied to botn cubes simultaneously. The 

load on the lower surface was applied diagonally"across the cube at 43° 

off the rib centerline. The load at the upper surface was applied at 

right angles to ehe load at the lower surface. Au-2 strain gauge rosettes 

for measuring panel stress were applied to oube No. 2. The gauges were 

applied bacK to back on the panels in pairs, 1 and" 2, 3 and U,  etc. Loads 

were applied to the cubes by means of hydraulic rams. Tension load cells were 

used in conjunction with load cell indicators to indicate applied loads. 
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Another indicator was used to indicate induced stresses as measured by the 

strain guages on cube No. 2. 

Three static tests were made on the cubes prior to the cycling test. Cubes 

were empty and at room temperature. In each case, the load was applied to 

100% in 10* increments. In the first two tests, the load was decreased from 

100* to 50^ and then to 0*. In the third test, after 100,6 was reached, the 

load was decreased to OJb in 20# increments. 

The cubes were then filled with modified JP-4 test fluid and cooled to -65°F. 

at 6 psig pressure by circulating the fluid through a tank containing dry 

ice. The cubes were then subjected to 1000 cycles, a cycle being from 0*' 

to 100g to 0* (100,* = 130,000 pound load). At the completion of the 1000 

cycles, the cubes were warmed to a fluid temperature of 70°F. and a final 

static test at 6 psig was performed. The load was applied to 100# in 10)2 

increments, then decreased to 50,6 and finally to 0%. 

No leakage was observed during the load tests. Strain gauge readings were 

taken throughout the test. The maximum shear measured occurred on the top 

skin and reached a value of 8,500 psi. Stress results were negligible; 

consequently, no data is included in this report, althougn this data is 

available through the Structural Test Unit, 

fi. Final Pressure Testing 

Upon completion of all tests the cubes were pressurized to ♦ 9.5 psig for 

30 minutes. There was no loss of pressure. A negative pressure of -2.5 psig 

was applied to both cubes for 30 minutes. There was no pressure change. 
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Phase VI; Environmental Testing of Sealed Cubes (Continued) 

F. Performance Test Results 

All of the above testa were successfully completed without any evidence of 

leakage in either cube. 

• 
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RESULTS 

A. New Sealants (Phase II) 

Of the nine new sealing compounds tested under reference C, Products Research 

Company PH-1422 was found the most satisfactory. This sealant was used to 

seal test cube No. 2. 

B. Sealing the Cubes (Phase III) 

Application of Prt-1422 was much more difficult than the application of 

BMS 5-19 due to excessive flow (or slump) and short work-life. 

General sealing of the two cubes was difficult due to the close quarters and 

new structural design (tarw end ribs). Some areas out of direct line of 

vision were extremely difficult to seal properly. Problems encountered are 

listed in Phase III. 

C. Accelerated Cure Test (Phase IV) 

Use of hot air blowers to accelerate the cure of sealant in the integral 

wing will probably require the use of some type of insulation on the exterior 

surfaces to obtain even temperature distribution, otherwise cold spots will 

result in uneven curing of sealant (see Phase IV). 

D. Leak Testing of Sealed Cubes (Phase V) 

Upon leak testing the sealed cubes, eight leaks were found (four in each 

cube). LeaKS were due to four leaking fasteners and a crack in a fuel dam 

(see Table II). 

E. Environmental Testing (Phase VI) 

Upon completion of all environmental testing of the two cubes, they were 

pressure tested at ♦ 9.5 psig and -2.5 psig. There was no leakage 

(reference E; 213-3, page 2;. 

The cubes were opened and examination revealed no damage to the sealant or 

structure. The two test cubes appeared to be equal in ability to withstand 

the environmental test conditions to which t,hey were exposed. 
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TYPE OF 
APPLICATION 

CLEANING 
UPPER 2/3 
LOWER 1/3 

MATERIAL 
USED 

KIL-S-7502 
SOLVENT 

TABUS-1 

QUANTITY 
REQUIRED 

LB. 
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APPLICATION 
TIME 
HRS. 

12.75 
8.50 
21.25 

INJECTIONS 
TOP 
BOTTOM 

bitUSHCOATS 

PR9021 
TYPE B 

PR9021 
TYPE A 

0.44 
0.40 
0.84 

1.07 

2.67 

14.75 

FILLETS 
PRIMARY 
SECONDARY 
FASTENERS 

TOTALS 

TOPCOAT 

TOTALS 

PR9021 
TYPE B 

EC1527 
EC776-R 

3.14 
3.73 
*1.89 
'8.76 

18.25 
15.17 
6.67 

40.09 

2.60 
0.39 
2.99 

3.09 
5.17 
8.26 

13.66 LB. 
MATERIAL APPLIED 

87.02 HRS. 
TOTAL TIKE RE^O 

FORM E-1686 R2 

MATERIAL AND TIME REQUIRED 
TO SEAL CUBE #1 

- •■■^-■-- ■ ■•■•-■■ h^.. 

■-.-i-- --  ■---■■■• ■  .■.-■-:-•, 



£?&&*&&   J3£/?£*£/BAÜF   £?£Z/r,»£rj3/vr 

tu 
•P 
to 

P 
c m 

O 

0) 

O 

:3 
X) 

1 

wtct&rA   a/vfBta* 

< E-i 

n 
+3 
rH  -O 
O a> .a .H 

rt 
-•<i a> 
Ü n 
3 

JC 2 
r-» s 
H > 

•a 
© 

et! 
V 
tu 

p 
a> 
> 

•rt 
t. 

O 

„ p 
O   3 
-P H 

3 
as •0 

r-l 
C -rt 
O 

0) ^3 0) -P © 
©   (0 

tfj '4 rrt   (Ö 
O   O 

> w 
•H        '-» 9. 

«HO 
.Q   01 

-K  P 
O 

ü   O o o o 
rt rH 23 

P u c t. 
^ 5 c o •H   O 

•ti -^ä "d •H p Q)  +J o Ö «{* 0) o rH   'J ö a, 3 o 
p 

rt  © 
-C P 

3 9 c 
1   o , +3 o ■P   0) 

1   ÄTH 

%& •H 
nS P rt c Q,        0) 

cd H   C   3 ra 3 "SS H o © •H   O   O :*, 
L. C c c to "tS 2 +> O 0> o O   O -O "3 

3 § 3 0, 
—1 
rt 

-3      x -3 

n 
© 

0)   O   © 
0) C 
© .p -H 
fc.   3 H 

O 
P        P 
r-l  P    •) 
OHO 

S3   O   U 
ja -H 

cv 

«M o 
<~t 
•H—s •o 
TSrH © 

rt 
"3 O sa 
§w a-° 

O rt c 
Cp •H 
O p 

■rt** Q> ^ 
ra-H H  o 

•H 3 rH    rt > o •H   C 
r«, o 

o 
o 
.* P 
o a 

rH rrt 
rrt 

P -H 
rrt 
O   V 

01 

o 
EH   +3 

01 
c a 

.* -rt 
O 
rt © 
t« o 
ü m- 

•o 

ri o 
•3 3 

TT 
V 

rH 
(0 
O 
01 

0) 
tO 
3 
P 
a> 
> 
'rt 
w 

h .^ 
o -* »-. 
c-o • 
3   O O 
_ ^J -1* 

C   cd 
•H   0) P 

rH 01 
P 3 

2S rH 
-1 

•H -3 •H 
L. 

rH O 
"«   «> O 
">   3 01 
< f~t 

D3 -2780 
Addenda C 
Page 60 

D 3-2434 
Page 16 

c fc. 
'rt O 

CD  .J 
rH O 

CÖ j) 
■C +» 
P   © 
J3   3   r-i 
Q.       0) 

rH    C    3 
O   D'i, 
C   »J 
«   O -3 
x: rH o> 
O,   cd   S» 

O 
p 
o 
o 
p 

tS 
c 
o 
vc 
o 
H 
rt 

o 
p 
o 
V 
p 
V 

c 
o 
HO 
o 

rH 

"3 
as 
r-j 
p 

0 

053 

O Ji 

O T 

II 

u c 
o o 
s o 
O   J 

rH +> 
o 

O 
3 

•H 
01 

aS   X   rH 

•3 
c 
rt 

^ 
o .c 
O 

ja 
'rt 
U JQ 

V 

* ja 
o -H 

u 
C   O -3 
O   C   tn 
OOO 
3t «M .c 
P  «M    t> 
O -H 
ja p x> 

•> t- 
0 s 

•H =      0) 
01 2 

*-(   O 
x D^ 

• o c 
as p rt 

c o 
tu 

P 
o 

o 
-3 

o 

-3 
(H 
o 
o 
ja 
•rt 
u 
u 

% 
o 

0,3 
• o c 

-3. 4*   et 

C 
O 
O 
i 
p 
o 

J3 

•> 3 

u, 6 
o rt 
Q.3 a 

o 
3 

TS P 
p 

• o 

rH 

o ü 
P 
c Jl 
4) -H 
o u 

Cd) =-• 
0   3 TS 
O «H -3 
5       t, 6 p u o 5 
o  © JZ u 
ja a. o <H 

Q. 
«3J3   « 

O       -H   3 

SS ^^ 
• o 

X  p 
p 
o 

Jür) 

o 
u 

S to 

• 

S3 
i3 

3ö W 

FORM E-16S6 R2 



H3E"r!S"22L"THK21K SS3^SS 

D 3 -2780 
Addenda C 
Page 61 

D 3-2434 
Page 17 

FORM  E-1686 R2 



_■■'■'■ "-;-'--"\_ ... LZL      ■■""'■!r^v?T^" T:V vg*7^?T»?' ^^^^'''■^^^■ly^JTC?;'/ ■J,!J"*'... .>*- 

D 3-2780 
Addenda C 
Page 62 

D3 -2434 
Page 18 

I a 
ui 
2 
2 

CM 

O « 
3 < 

WE-I 

38 
e-t 
CO 2 
=3 *< 

t 

FORM E-1686 R2 



',■ Vh *'i"iK-L*t:St>'l*$*>l°t§> }M 

D3-2780 
Addenda C 
Page 63 

D 3-2434 
Page 19 

FORM E-1686 R2 i*f*ti^iia^^!»'^^f^iSiiil£l^^^^^ 



p   £7£Fd^//i,^r    Af/7fs£/£&&   £?£?/?$£»j&&y 
**/cAt/r*   mvtatto/v 

D3-2780 
Addenda C 
Page 64 

D3-2434 
Page 20 

S2SSE 

O 
w 

X 
J 

9 a 
a 
3 

O rq 

CO cS 

2 a 

HMWMadgllaaaiin^HYWS1 

FORM E-1686 R2 °^*aa*^ 



D 3-2780 
Addenda C 
Page 65 

D 3-2434 
Page 21 

BW-I32369 

BW-157724 

FORM E-1686 R2 



D3-2780 
Addenda C 
Page 66 

D3 -2434 
Page 22 

-I32363 

HW-157725 

FORM E-1686 R2 



aa&Afc AismAA/e COMMA/* 
D3 -2780 

Addenda C 
Page 67 

|p 3-2434 
Page 23 

BW132365 

BW-157726 

FORM E-1686 R2 



D3-2780 
Addenda C 
Page 68 

D 3-2434 
Paga 24 

BW-132362 

\ 

BW-157727 

FORM E-1686 R2 



wvtcttirA   a/warm* 
D3 -2780 
Addenda C 
Page 69 

D 3-2434 
Page 25 

BW-I3236O 

BW-157728 

FORM E-1686 R2 



WV/CMtTA   a/vista* 

D 3-2780 
Addenda C 
Page 70 

D 3 -2434 
Page 26 

FORM E-1686 R2 



BO£MC   AMT**£AM£   COMPANY D 3 -2780 
Addenda C 
Page 71 

D3-2434 
Page 27 

BW-157730 

FORM E-1686 R2 



WtCMtTA   mw*/o* 

D 3-2780 
Addenda C 
Page 72 

D3-2434 
Page 28 

TEST CUBE NO.  1 
RT FWD CORNER 

BW-134346 

BW-157731 

FORM E-1686 R2 



WICMTTA    OIVtMtO* 

D3-2780 
Addenda C 
Page 73 

D3-2434 
Page 29 

TUST CUBE NO.  1 
LEFT FWD CORNER 

BW-134348 

FORM E-1686 R2 

BW-157732 



aaei/vc Atari*** coA*f*A*r 
D3-2780 
addenda C 
Page 74 

D3-243A 
Page 30 

TEST CUBE NO.  1 
AT AFT CORNER 

iM-134350 

BW-157733 l 
FORM E-1686 R2 



aa&/VG   AJJMAAf*   COMPANY 

TEST CUBE NO. 1 
LEFT AFT CORNER 

D 3 -2780 
Addenda C 
Page 75 

D3-2434 
Page 31 

&KL34352 

BW-157734 

FORM E-1686 R2 



WV/CtifTA   o/vtM*a* 

D 3-2780 
Addenda C 
Page 76 

D 3 -2434 
Page 32 

K9                                                                                                        MW^^MMI 

rsVJ 

^B'AVJ 9 *^WIH An ■r f *- • ,J*PI    ni n 
V        m                  A'^I      K'lH 
■         A •                    .. j.SwÄSiftMBitc. ■■«■■■■■ 

ä                IP B 
"^             ' ^T''idäa^^^HI^::     ^HI^^^P^H Bs > 

<> rfNnPflHSi-'    H9 Wvfl 
•          * »         1* 9w&4l 

Ä                      *'»;::■ r 
•   '         '" * KlV «I . 

V      »      ,■      >      ' 
,                 »    f wm    ml HLB * i|f Bl 

fg_   ill 
» n JrWi          ; I^H  ^H 

yS    ill Bf 1 ™   Til   ^H 
0                             ™      '      '""v if     )f #  Jrl  .'"IB 1     * £       >                        H « JvB W     A^ ,;jftft^;'JBl 

.       >• 11* 4 
ll   i| i I - "^ftsJBlB H 

•         3 Ik WJ&JH H 
a         Is   )1 Sfl » I » BrU   i ■ 

A                    Ji^L    <■ i 9 ^" ~s4i 1 
*          »         «IT «1 : ̂ JiHB^BJ wfll         BJ   1 

J3   •! <i w ■> flft nfl 

* •     ti JiM « §■■■ 1    * *                          H   ^H * ' • V     »|| 
J  *                                           K  B Hi 

■■v            *  • ■   ■T' HI i 

■   ■.■! 1 & >   *   *                1IHI ■;.: 1 «nr 

♦ ' ■*                '&>Bt?i            HI H             D|" 1 1«^ 
* •  •; WMMH ItjBKVBLjt,. 

m^^mJLgH                             U 
BE'   1                                            HBr1 

^H 

0 
111 TEST CUBE NO.  2 BW-134347 
l/l 
> 

1 FT FWD CORNER 
III 
IT 

BW-157735 

FORM E-1686 R2 



D3-2780 
Addenda C 
Page 77 

,D 3-2434 
Page 33 

TEST CUBE NO.  2 
LEFT FWD CORNEH 

EW-134349 

BW-157736 

FORM E-1686 R2 



D3-2780 
Addenda G 
Page 78 
D3 -2434 

Page 34 

TEST CUBE NO. 2 
RT AFT CORNER BW-134351 

BW-157737 

FORM E-1686 R2 



D 3-2780 
Addenda C 
Page 79 

D 3 -2434 
Page 35 

TEST CUBE NO. 2 
LEFT AFT CORNER 

BW-134353 

FORM E-1686 R2 

BW-157732 



D3-2780 
Addenda C 
Page 80 

D3-2434 
Page 36 

FORM E-1686 R2 



D3 -2780 
Addenda C 
Page 81 

D3-2434 
Page 37 

BW-155844 

BW-15774.0 

FORM E-1686 R2 



D 3-2780 
Addenda C 
Page 82 
D 3 -2434 

Page 38 

a, 

si 

I 
a 

I 
M 

I 
S 
O 
a 

BW-155845 

W-l57741 

FORM E-1686 R2 



D 3-2780 
Addenda C 
Page 83 

D3-2434 
Page 39 

n 
2? 

3 

o 
EH 

m 
o 

o 

> 

s 
3 

BW-155846 

BW-1577^2 

FORM E-1686 R2 



T<—   .,-.„ ..-..T       ,„ ,,,    ^.-. 

I  ®0JFfA/i;  Aj&f*ä.a#JF  m?A%f»A#r D 3 -2780 
**/£■#/rA    OIV/SIO* Addenda D 

Page 8£ 

ADDENDA D 

ENGINEERING DEVELOPMENT PROGRAM 829 FINISH SYSTEM, 

INTEGRAL FUEL TANK 

I. To qualify a corrosive protective coating.for application to integral fuel 

tanks and components. This is to be applied to detail parts, shall provide 

adequate corrosion protection and shall be compatible with sealant material. 
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P-52 ENGINEERING DEVELOPMENT PROGRAM . 829 

Rig»1 2 

Dat.:  10-15-58 

«...: 1-15-59  WR. 
II. STATES»! OF WORK; 

A. Background and Objectives 

> 

1. Basic Requirfanent for Application of MIL-S-4383 Topcoat 
Material to Interior of Integral Fuel Tanks. 

The original requirement for topcoating of integral fuel 
tanks was for the protection of sealant material from the 
solvating fiction of the fuel. Fuel resistant sealants have 
now been developed which no longer require this protective 
topcoat. However, higher strength aluninum alloys are 
being used more and more extensively and such alloys are more 
susceptible to corrosion unless adequately protected. Since 
this topcoat material was fuel and moisture resistant it was 
natural that it should be used as a barrier material for 
corrosion protection of the metal structure. 

2, Application and Service Experience. 

On small tanks, protection of sealant by fill and drain or 
brush application of the topcoat material is "readily accom- 
plished. Service experience has shown, however, that for. 
effective application the surfaces must,be thoroughly-clean, 
film thickness closely controlled and the applie'd" film must 
be completely cured before being subjected to service. - The 
KIL-S-4383 topcoat materials have relatively low adhesion 
and any change from optimum surface preparation or cure 
cycle adversely affects even this marginal adhesion. 

On complex structures, such as integral wing tanks of large 
aircraft, such as B-52G, fill and drain coating application 
is all but impossible. Brush application can be accomplished 
in most instances;however, the quality of such application 
is questionable and the time element for application is 
staggering. 

Paragraph deleted W^ 
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v*iQ»t 3 

II. STATE3NT OF WORK ' 

3*  Sealing State of the Art VR4 

p.»., 10-15-58 

n0..; 1-15-59VR- 

Use of s fuel resistant sealant which requires no topcoat 
has been adequate for sealant purposes. However, metal surfaces 
which have not been coated or sealed have shown evidence of 
insufficient corrosion protection. It is interesting to note 
here that panels prepared in-the laboratory and those from the 
factory do not correlate as far as corrosion resistance is 
concerned. This has been shown, by laboratory tests, to be 
the result of shop »soil« end iwchining stress which has not 
been removed by normal metal cleaning procedures. 

It has also become apparent that faying surfaces must be 
protected to eliminate the possibility of corrosion therein 
and to prevent abrasion of chemical conversion coating and 
corrosion of high strength alloys subjected to shop soils 
and corrosive atmosphere. 

Observation of parts going through fabrication and assembly 
point to a definite need for finish of detail parts as soon' 
after fabrication as possible. Tnis would roinijrdze abrasion 
of chemical finish,^allcw optimum cleaning before euDlicalioa 
of finish and afforä caxlmua corrosion protection to integral 
fuel tank parts. 

Since KIL-S-^383 material ^o designed as a ssalejrt overcoating 
to protectteak sealants fron the leaching effects of jet fuel 
and since sealant technology has adveneed beyond the need for 
overcoating, corrosion protection should be afforded by a fuel 
resistant finish applied to detail psrts. This wuld afford 
maximum protection provided the nerver fuel resistant corrosion 
protective materials are entirely compatible adhesion-vise vith 
sealant material. 

««. 

*\ 

i 
i 
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Dat., 10-15-58 

n„.. 1-15-59 V\ 

II. 3« Continued. 

2. 

It is proposed herein that: 

1. The newer fuel resistant, corrosion protective finishes 
be investigated for possible qualification as a finish 
for integral fuel tank detail parts. 

Tests are to be conducted to determine optimum finish 
to sealant corapat ibility. This will establish not only 
fuel resistant, corrosion protective coating for the 
tank, but will also select a finish which is compatible 
with the sealant, i.e., a coating to which sealant will 
adhere equal to or better than to bare or conversion 
coated metal» 

After the initial selections have been made, the rrore 
optimum systems (finish/sealant) shall be applied to a 
test tank. This test shall consist of heat-cold c-clinr 
and fuel soak to provide final preproduction dr.ta,'. 

B. Description of Work LT-829.1 

3. 

1. New modified Epoxy and Polyurethsae Coatings Shall be Tested as Vfc. 

a. 
b. 

Ketal Anchorage 
Fluid Resistance 
(1) Distilled water   - 7 days. 
(2) Jet reference fuel - 7 day3! 
(3) KIL-O-5606 fluid  - 7 days. 
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1. New Epoxy and Polyurethane Coatings Shall be tested as 
follows: (continued) 

c. Corrosion Resistance - 500 hrs. 
d. Cycling Humidity Resistance - 500 hrs. 
e. Low Temperature Flexibility. 
f. Fuel Contamination. 

2. Those coatings which show superior qualities in the above 
testing shall be selected for LT-2 test procedure. 

&-. Description of Work LT-629..2 

1. The Adhesion of Integral Fuel Tank Sealants to Finishes 
which show definite promise under LT-1 shall be tested as 
follows: 

a. Variation in sealant adhesion due to finish thickness. 
0. Variation in sealant adhesion due to finish cure time. 
c. Variation in sealant adhesion due to action of pre- 

sealant cleaner. 
d. Variation in sealant adhesion due to sealant cure. 
e. Variation in sealant adhesion under optimum-.conditions 

due to environmental exposure. 
f. Variation in sealant adhesion due to possible sealant/ 

finish inconpatability, 

2. Adhesion testing shall be done as outlined under »Peel Test» 
per 31'jü 5-26. »■*• *„oi. 

& Description of Work LT-629-3 

Materials tested under LT-2 and which show acceptable 
Finish/Sealant compatibility shall be further tested as 
follows• 

The material shall be applied to detail parts of fuel 
cell cuoes. The cubes shall be assembled and sealant 
fillets applied. 

These test cubes shall be filled with reference fuel» 
to -d/3 total capacity and plugged» 

* KIL-F-5624C Grade JP-A 
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B-52 ENGINEERING DEVELOPMENT PROGRAM    829 

'II. 

Peg«: 6 

Dote: 10-15-58 

Rev.: I2-I5-58 VR. 
7- 6-59 WK3 

STATEMENT OF WRK (Continued) 

D. Description of Work LT-3» 

The test cubes so filled shall be subjected to heat- 
cold cycling. Test cubes shall be opened at the end 

" of 30 days and examined for evidence of corrosion 
and/or sealant finish breakdown. This test cycle shall 
be repeated on a 30 day basis until three months of 
cycling shall be completed. 

E. Assignments. 

1. LT 829-I. Materials and Process Unit Protective Finish Group 

a. Coordinate development of nev finish material vith leading 
paint manufacturers. 

b. Conduct screening tests of best submissions from paint vendors 
using BMS 10-1? Type I as control (SW EU2QP13 ♦ V66KP11 Converter) 

c. Conduct final qualification tests on materials vhich pass 
screening tests. 

d. Submit coated panels of best finishes to Sealant Group for 
sealant adhesion studies. 

e. Assemble and coat test tanks as necessary to assist 
System-Materials Group in conducting static tank testing. 

f. Evaluate finishes at 30 day intervals during tank test 
program (LT 829-3). 

g. Vrite specification for integral tank coating material 
and release final report to include all phases of laboratory 
testing. 

2. LT 829-2. Materials and Process Unit Sealant Group 

a. Conduct sealart adhesion tests on all paint finishes 
submitted by Protective Finish Group as a result of 
LT 829-I. Adhesion testing to be done as outlined under 
peel test per EMS 5-26. 

^^.,-■ .-^.i*. ^ ..-;*.j— _>-*--<—;- ^*ys.:*iy-^^-^-—r'^.-.-^^foaVitittV^i*;^, '«''i!'' **■ 
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b. Apply sealant material to test tanks as necessary to assist Systems 
Materials Group in conducting static tank testing phase LT 829-3. 

c. Evaluate sealant properties at 30 day intervals during tank test 
program LT 829-3. 

d. Write summary report on sealant adhesion to finiBh materials and 
submit to Protective Finish Group. 

3.  LT 829-3-I - Materials and Process Unit, System Materials Group 

a. Fuel the test tanks and conduct hot and cold cycling tests at 30 day 
intervals. Slosh tanks, once daily, to vet all surfaces. 

b. Open tanks every 30 days for finish and sealant inspection. 

c. Sample fuel each 30 days and determine properties changes resulting 
from finish or sealant. 

d. Submit summary report on tank testing to Protective Finishes Group at 
the end of 12 months. 

k.      LT 829-3-2 - Materials and Process Unit Protective Finishes Group,      WR-j 
Sealants Group and Systems Materials Group 

a. Disassemble aid b ft. x U ft. x b ft. test tank» into detail components 
and remove old.sealant and top coating (Sealants Group). 

b. Apply Shervin Williams 1&2GP13 primer to detail parts of test tanks 
after cleaning and Iridlte Ik  treatment. This material has been 
selected as a result of test in fuel call study and conclusion: of 
8 month exposure. (Protective Finish Group) 

c. Re-assemble tank and seal with coast pro-8eal 890. Note: Repair leaks 
after sealing check for leakage. 

d. Conduct Qualification Test Based on Requirements of D2-lo57 "Pre-production 
Test IFT Model B-52G" (Pover Plant Laboratory) 

(1) Dyed JP-U Leakage Test 
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Do t.t 12-15-58 WR, 

Rav. 1 

(a) Positive internal pressure of 11 psig. HR. 

(b) Hold pressure 2U hour» 

(c) Check for leakage 

(d) Repair any sealant leaks (Process Sealants) 

(2) Sealant Aging Test 

(a) Fill tank 2/3 full of ES 5-26 reference fluid and 1/3 
full salt water (3#). 

(b) Maintain filled tank at lto#F for,seven days 

(3) Cyclic Pressure Tests 
1 

/ \ ! 

(a) 1,000 pressure cycles while at condition in paragraph d. (2). j 

(b) Cycle to consist of 3 minutes duration from opsig to -1.5psigc j 

'(10 Drain tank, dry at I60 ±10*F for 72 hours, refill with JP-4.      j 
- - ■ . - i 

(5) Slosh and vibration (Section V of D3-II36) except pressure test   I 
for" 2* hours. 

i 
I 

Slosh and vibration, hot and cold cycle, and sealant ageing tests per j 
D2-1657 are to be performed on additional test finishes on «m«n I 
12x12x6 inch tank (Systems Katerials Group). ( 

fo Submit report to Protective Finishes Group by 15 July 1959. 

Systems Lab - H. Holmes 

a. Dyed JP-l«. Leakage Test. 

b. Combination sealant ageing and cyclic pressure test. 

e. Dry soak at l6Q% 

d. Slosh and vibretlon test 

WR. 
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6. LT 329-3-3. Materials and Process Unit Protective Finishes Group, 
Sealants Group, Systems Materials <Jroup, and Systems 
Laboratory 

a. Strip and inhibit corrosion on old U ft.xU ft.x k  ft. test tank 
(Protective Finishes Group). 

b. Replace abraded sealant fillets (Sealants Group). 

c. Apply BMS 10-39 to interior of tank (Protective Finishes Group). 

d. Cure finish for 72 hours. 

NOTE: Repair leaks after sealing check for leakage. 

e. Conduct qualification test bases on requirements of D2-1657 
"Pre-production Test IFT Model B-52G (Systems Laboratory - 
H. Holmes). 

(1) Dyed JP-U Leakage Test 

(a) Positive internal pressure of 11 psig. 

(b) Hold pressure 2h hours. 

(c) Check for leakage. 

(d) Repair any sealant leaks (process Sealants). 

(2) Sealant Aging Test 

(a) Fill tank 2/3 full of BMS 5-26 reference fluid and 
1/3 full salt vater (3£). 

(b) Maintain filled tank at ll*0*F for seven days. 

(3) Cyclic Pressure Tests 

(a) 1000 pressure cycles vhile at condition in paragraph 
6.e( 

X) pr< 
>(2). 

(b)   Cycle to consist of three minutes duration from +6 
psig to -I.5 psig. 

(k)    Drain tank, dry at lbO'tlO*? for 72 hours, refill vith J?-k. 

FORM E-1686 R2 



:S22E£SaE3ES!EE2E^E2S mmmMvm 
D 3-2780 
Addenda D 
Page 93 

D3-2400 

B-52 ENGINEERING DEVELOPMENT PROGRAM    323 

Pag«: 9a 
Date:  7-6-59    WR 

Rev.: 
5 

(5) Slosh and vibration (Section V of D3-II36) except 
pressure test for 2k hours. 

(6) Submit report to Protective Finishes Group by 1 December 
1959. 

EBSES 

i^^*^;sas3^^fr^v^?^v^^i-ife^ 
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B-52 FLIGHT TEST CdAKSE MEMO 

WT  1070 
MODEL B-52 
DATE: 11-2- 

TITLE: FLIGHT TEST OF BIS 10-39 FUEL TAKK COATEIG MATERIAL 

59Rx 

AUTHORIZED BY: Contract AF33(oOO)-391lU CCK W-U3 (ON-1223) R 

REFERENCES:    (a) Document 03-22^7, "Development of a Fuel Tank 
Coating Conforming to EMS 10-39" 

(b) Document D3-2393, "Laboratory Investigation of 
Corrosion Protection in B-52G Integral Fuel Tank" 

(c) "Integral Fuel Tank Finish System", EDP 829 

(d) Boeing Material Specification 10-39, "Fuel and 
Moisture Resistant Finish for Fuel Tanks" 

BACKGROUND AED PURPOSE OF TEST ..''.■ 

The original requirement for tcpcoatinr- integral fuel tanks vas for the 
purpose cf protecting the sealant material from the solvent action of the 
fuel. Fuel resistant sealants have ncv been developed vhich no longer 
require this protective topcoat. However, high strength aluminum alloys 
are cere susceptible to ccrrcsicn unless they are given adequate protec- 
tion. Since IHL-S-4383 Buna Costing vas the material used to overcoat 
sealant, it ves natural that it should be chosen as a barrier material 
for ccrrcsicn protection of the metal structure. 

Laboratory .data, References (a) and (b), indicate that the present top- 
coat material, ÜIL-3-U383, is not entirely satisfactory as an integral 
fuel tank coating. This is due in part to a lack of corrosion inhibit- 
ing pigmentation within this material, and to the necessity for masking 
the material from the seal plane area. This masking is necessitated by 
lack of adhesion between the KIL-S-U333 coating and the sealant material. 

These shortcomings of the ML-S-U3S3 material have accentuated search for 
a better finish system for integral fuel tank areas. This search for a 
nev material has been the rain work accomplished by Reference (c) testing. 
The report of this work is contained in Reference (a) document. Reference 
(d) specification has been written to control procurement of material 
meeting the requirements set forth for an integral fuel tank coating. 
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The study er.3. testing, reported in Reference (a) document, shov that 
under conditions of salt fog, condensing humidity, and fuel soak the 
nev EMS 10-39 material, Reference (d), is superior in performance to 
the presently used 10X-S-U333 Buna topcoat. This superiority can "be 
attributed to the very resistant resin of the BKS 10-39 material, and 
to the inclusion of corrosion inhibiting pigmentation. It is-pointed 
cut that sealant can be applied over the BMS 10-39 coating naterial 
vithout loss of sealant adhesion; hcvever, BVSy 10-39 should not be 
applied over sealant materials. Further testing is in progress vhich 
may eliminate need to mask sealant before application of coating; 

The purpose cf this test is to epply the MBS 10-39 material to the 
interior of a B-52G integral ving tank to further substantiate laboratory 
and simulated tank data as to the superiority of this coating system. 
The application of the RMS 10-39 material vill not be required if prev-   R, 
iously used on this airplane to conduct VFT Uli. r ■ 
GEKERAL NATURE 0? TEST . 

At least four bays of each main tank 1/2, 3, and k  of a B-52G aircraft 
vill be stripped of the present Buna " Coating, and finished with an 
approved EIIS 10-39 Coating. Cleaning, corrosion control, and finishing 
shall be under flirect surveill^ie of the Frctective Finishes Group. 
"c accelerated or ebnonal flight test is required. Monitoring and 
inspection cf the interior of the finished tanks is desired en a con- 
veriest besis. It is anticipated that an e::a.-,ination approximately 
every 60 days vill be sufficient. It is requested that this test be 
continued for a minimum of one year. Visual observation vill-be made - 
by personnel from the Protective Finishes Group. .-   " 

EEGEVESFJNG GROUPS AFFECTED - 

Protective Finishes Group ' 
Flight Test Section 

COORDIUATi:"? RESPONSIBILITY: Protective Finishes Group 
j-*3Jü^x^-^.r/D uriKi.ji,S: None 
TEST AIRPLAIJE: JB->2G AF57-6V70 
S'JPPORT AIRCRAFT: None 

LIST OF GOVERNMENT PROPERTY:    Rone 

LIST OF CCITRACTCR FÜRinSIIED EQUIPMENT 

Normal spray equipment 
BMS 10-39 coating 
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WORK OUTLINE 

I. Product Design Section 

A. Protective Finished Group - R. A. Balbler» 

1. Shall monitor stripping, cleaning, corrosion control and 
finishing of area. 

2. Shall make visual observation on effectiveness of coating 
at intervals of approximately 60 day». 

II. Flight Test Section 

A. Flight Test Operations Unit - E. J. Sullivan 

This unit shall he responsible for preparation of the teat 
airplane to the desired configuration; planning, scheduling, 
conducting, obtaining and reducing the test data required by 
the Test Outline; and reporting the test progress and results 
to the Air Force as contractually required. 

B. Flight Operations Unit - J. H. Goodell 

This unit shall be responsible for over-all conductance of 
the flight test to satisfy the requirements of the Teat 
Outline. 

III. Test Outline 

A. Airplane Configuration 

1. A standard B-52G airplane in vhich the four bays of the 
main tanks 1, 2, 3 and k have been stripped of the Buna 
N coating and finished vith an approved BMS 10-39 coating. 

B. Test Procedure 

1. Accomplish flight testing concurrent vith other testa. 
flights shall be conducted specifically for this test. 
Testing to continue for approximately one year, vith in- 
spections approximately every 60 days. 

Ho 

'ii^^A^^^.s^t^^S^h:^^^>&^-^^.'^'. ff^B^ffifflffij^M" 
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C. Data Required 

1. BMS 10-39 fuel tank coating material vill be evaluated 
to determine: 

a. Corrosion protection qualitie» 
b. Film integrity 
c. Resistance to vibration 
d. Resistance to solvent action of fuel 
e. Repairability 

D. Instrumentation 

Bone 

itMm?ü&mij*i*&L 
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Approved by 
Baverly W. fiodgcs - feaager - Product Desi^T 

Approved *y _7^ ^ #??'/?/s^™ j 

Approved 

WTlü70 
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/ 

R. L. Kas-hsrcoa - Massier - Flight lest Section ' 

Eicfc^ tf> ^y^g - E^incsrics fr.nager - B-g2 y^poa gy^c 

u,. 

ill 
E 

Original Release 8-31-59 

1 ^V^Econ:    Adried CC?: ^.crisaticn to page 1. R 
•Al-*-..?  Revised first paragraph vnder Background and Purpose of 

Test and the last para-raph in the sace section. 
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FLIGHT TESTS OF FUEL ANTI-ICING ADDITIVES 
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B-52 FLIGHT TEST C*AB5E MM, 

TITLE: 

AtJTtfO'ÜZED BY: 

REFERENCE! 

PRELIMINARY EVALUATION FLIGHT TESTS 
OF FUEL ANTI-ICING ADDITIVES 

Contract AF33(600)-39lUf CCS V-M (ON-1290) 

(a) AMCTO, DIEE-12-77-E to AFPR, BAC, dated 
23 December 1958 ' 

(b) BOP 931», «Evaluation of Fuel Additives and 
Fuel Screen Coatings to Improve Low 
Temperature Operationa" 

(c) EDP 871, «Fuel Icing Investigation» 

Cd)    Document D3-2135, «Fuel Icing Investigation" 

■(e)    JAM letter, WCLPPFF to Distribution,  dated 
formet Sei SubJeCt:    Anti-Ieing Additives 

(f)    SfSf .Do^eni W-2092"1» "Instrumentation 
Specification for Flight Testing JB-520 Air- 
plane AF57-&70» :   y 3     Air 

BACKGROUND AND PURPOSE OF TEST 

Ref.rence  (a .    ££££ £lrZ[lZ M~^l ?"* »"*-• 
to the engines can be the direct result of tfll   F**'**1 atarT>«on fliahts at. ain+ .^.      *i. cl result of this phenomena.    Lone 
sulf to reduced bul^^r^^71"8 C°ld Mbl«>t temperature^re- 
fuel S STti^dSSoiTSSl'-i I"6 S°lubili* ot water L 
formation of free waSr     ?h°f ^If-6    JemPeratureS results in the 
tanks than bladder cell;.    £esenS the flTZ* I"*™ in ^^^ 
eliminate engine fuel svst»7Jn!£-  " 1        1      heaters are used  to 
be an alternate for en^nT?    ?    *'*    ^ anti-ic^ fuel additive could 
tional proScSon Jo Se LSlane7?^!  ^ *"* °OUld pr0vide *dd*- 
tank sump drainage. ^ ^ SySteiD nd provide *•«« fuel 

VFT 11U 
MODEL B-52 
DATE:HOV 2 195!) 
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To counteract this phenomena, ECP 93l, Reference (b), and EDP 871 Ref- 
erence (c) have been established to search for fuel anti-icing additives 
Promising additives have resulted from these investigations, Reference (d). 
and should be further proven by flight tests to establish their effective- 
ness and system compatibility characteristics. If an effective anti-icine 
additive could be developed which is compatible with the aircraft fuel 
system, it is anticipated that it would be utilized by the next winter 
season by the Air Force, Reference (e). ■"»«*"-. 

GENERAL NATURE OF TEST 

Four integral wing tanks of a B-520 aircraft will have three topcoat- 

o1/'thP^
15?oSf:776SR+

and ml10-39' ** each Unk'    The «plication of the B!S 10-39 topcoating will not be required if previously applied 
to tnis airplane to conduct WFT 10700 Three anti-icing additives will 
be flight tested, one in each fuel tank, with one tank used as a control 
containing the same fuel as the fuel-additive tanks with the exception 
that no anti-icing additive will be present. From these flight tests, 
the most promising additive or additives, indicated by efficiency in 
preventing icing conditions and system compatibility characteristics, 
shall be further flight tested on a plane wide basis, including bladder 
type fuel tanks. The blending of the additive and fuel, fueling of the 
airplane and inspection of the sealant and topcoating will be under the 
direct surveillance of the Engineering Materials and Process Unit, System- 
Materials Group, supported by the Materials and Process Unit, Protective 
Finishes and Sealants Groups. It is anticipated that the sealant and 
topcoating will be inspected every ten calendar days. InsDection of the 
low pressure strainers will be required after each test flight. It is 
anticipated that approximately 20 flights consisting of 200 flight hours 
will be required to accomplish the test outline of this flight test change 

US8/*1*1* ^Ü-18.^ evaluation Program for fuel anti-icing additives 
and not a qualification test. 

ENGINEERING GROUPS AFFECTED* 

System-Materials Group 
Protective Finishes Group 
Sealant Group 
Flight Test Section 
Systems Laboratories 
Fuel Systems 

k-^>&5*t£T::^^^ 
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COORDINATING RESPONSIBILITY: 
ASSOCIATED CHANGES: 
TEST AIRPLANE» 
SUPPORT AIRCRAFT 

Fuel Systems Group 
None 
B-52G AF57-6U70 
KC-135 

LIST OF GOVERNMENT PROPERTY: 

Three (3) Fueling Trailers 

LIST OF CONTRACTOR FURNISHED EQUIPMENT: 

Analytical laboratory equipment necessary to analyze additive and water 
concentrations,. 

Pumps and plumbing required for blending of additive into the fuel, and 
saturating fuel with water 

WORK OUTLINE 

• I. Product Design Group "-'•"■--■ 

A. System-Materials Group - C.». Sponsler 

I» Monitor the entire test program pertaining to Materials 
and Process 

2. Sample and analyze blends of fuel and additive for additive 
and water content of the fuel at (1) blending trailers, ' 
(2) airplane tanks before flight, and (3) airplane tanks 
after flight. 

3. Monitor the topcoating and sealing inspections conducted 
after every ten calendar days» 

o 

h.    Responsible for inspection of bladder cells and other 
elastomeric materials in all fuel tanks in the airplane. 

5. Write formal report on material compatability. Furnish 
to Fuel Systems Group for attachment to final report. 

B. Finishes Oroup - R.A. Balbierz 

1. Responsible for monitoring the application of topeoating 
material in each integral test fuel tank. 

i 

EjSSaefl^^'H^ta 
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2. Responsible for inspection of the topcoating (l) before 
flight testing, and (2) after every 10 calendar days. 

3. Job outline shall be submitted to the System-Materials 
Group for coordination prior to flight tests. 

C. 8ealant Group - C. E. Johnson 

1. Responsible for inspection of sealant in the test tanks 
(1) before flight testing and (2) after every ten calendar 
days. ^^ 

2. Job outline shall be submitted to the System-Materials 
Group for coordination prior to flight test. 

D. 8ystem Laboratories Group - H. A. Holmes 

1. Responsible for the blending of the fuel additives, 
saturation of the fuel vith water and fueling of the 
airplane. 

2. Coordination vith System-Materials Group will be required 
for the sampling and analysis of samples and preparation 
of test fuels throughout the program. 

E. Fuel Systems - R. L. Williams 

1. Responsible for overall flight test coordination. 

2. Responsible for flight mission requirements and instrumen- 
tation requirements. 

3. Responsible for surveillance, evaluation and report of 
the fuel system performance other than Materials and 
Process responsibility. 

U. Final report including fuel system performance. 

^/•^■vM^^-ssa^Ss^^j^ a^g^p..fti^:'-i£^^.^ii 
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i; . Flight Test Section 

A. Flight übst Operations Unit - E. J. Sullivan 

This unit shall be responsible for preparation of the test 
airplane to the desired configuration; planning, scheduling, 
conducting, obtaining and reducing the test data required 
by the Flight Test Outline; and reporting the test progress 
and results to the Air Force as contractually required. 

B. Flight Test Instrumentation Unit - B. J. Bigley 

This unit shall be responsible for the design, procurement, 
calibration, operation, and maintenance of all instrumentation 
installed to obtain the required data specified in the 
Flight Test Outline. 

C. Flight Operations Unit - J. H. Goodell 

This unit shall be responsible for over-all conductance of the 
flight test to satisfy the requirements of the Flight Test 
Outline. 

III. Test Outline 

A. Airplane Configuration 

Standard B-520 configuration. 

B. Test Procedure 

1. Hos. 1, 2, 3, and k  fuel tanks (Integral), shall be 
topcoated with EC-1527, EC-776SR and,BMS 10-39 (in 
each tank). 

2. Thermocouples shall be installed in Nos. 1 and 2 fuel 
tanks, each lov pressure strainer fed by these tanks, and 
at the inlet of the Hamilton Standard Hydro-Mechanical 
fuel control unit. A record of the temperatures obtained 
shall be given to the System-Materials Group after each 
flight test.  (Use the same thermocouple configuration 
as installed for WFT 1026 and 1028). 

^SSi^::«^'^^^.,.; 
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Install necessary instrumentation to determine the pressure 
differential across the lov pressure strainer screens during 
flight testing. A record of the differential pressure 
shall be given the 8ystem-Katerials Group after each flight 
test.  (Use the same instrumentation for differential pressure 
as installed for WFT 1028). .™- 

Fuel heaters shall be removed from engines 2, 5, and 7 and 
replaced with tube installation per BAC draving 35-768k. 

of 
u[ 
M [ 
>[ ml 

k. 

C. Test Fuel Preparation 

Three additives shall be blended vith MIL-J-5624D, Grade JP-l» 
for flight testing. Blends vill be prepared in fueling    ' 
trailers, one trailer for each additive. The same trailer 
yill be used for the csae additive throughout the test program, 
to avoid contamination vith other additives. The concentration 
of additives used In all phases of the flight test shall be 
the minimum effective concentration for water saturated fuel 
plus 2 cc. water per gallon of fuel. 

Phase I of the test program will be conducted with fuel con- 
taining 100 ± 10 ppa vater and minimum effective concentrations of 
additive for water caturated fuel plus 2 cc. water per gallon of 

Phase II of the test program will be conducted with fuel con- 
taining 2 cc. of excess water per gallon of fuel. The fuel 
used for blending with additive for Phase II vill contain 100 ± 
10 ppm water. The excess water vill be added during the fueling 
of the airplane. The Edditive concentration shall be the min- 
imum concentration required for vater saturated fuel plus 2 cc. 
water per gallon of fuel. *««.*. 

Phase III of the test program will be conducted using the most 
promising additive or additives from Phases I and II, previous 
laboratory tests, and JP-4 fuel containing 100 ± 10 ppm water. 
The test vill be pleae-vide, utilizing the body tanks (bladder 
type) as veil as the integral tanks. Phase IV of the test pro- 
gran vill be the same as Phase III, except 2 cc. of Water per 
gallon of fuel vill be used. 

Phase V of the test program «hall utilise a satisfactory ad- 
ditive, from the previous phases, in an integral tank and a 
bladder cell. The fuel shall be as received containing usage 
concentration of the additive. Tiis vill be a 60 day testto 
maintain sufficient lead time for any concurrent Air Force flight 
test program. *^ 
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In all phases of the flight teat program, the control fuel 
tanks vill contain the same conditioned JP-U fuel as in the 
additive/fuel test tanks except no anti-icing additives vill 
be present, in both integral and bladder control tanks. 

The additives vill be added to the fuel as follovs: 

1. Circulate the fuel in the trailer at 150 G.P.M. 

2. Introduce the additive into the system, immediately ad- 
jacent to the suction side of the pump. The additive vill 
be added continuously at a rate such that the required 
amount of additive is added as soon as the fuel has been 
circulated one complete cycle. Continue circulation until 
the fuel is required for fueling in the aircraft. Cir- 
culation should be for at least one hour, then an analysis 
made of additive concentration. Corrections, if any, should 
then be made. The System-Materials Group personnel shall 
be present during the blending operation. 

3. Additive analysis of the fuel/additive blends and of the 
fuel shall be made after the additive is thoroughly mixed 
into the fuel (after one hour circulation) and prior to 
fueling of aircraft. 

D. Flight Test Outline 

Phase I 

1. Topcoating and Sealant in Test Fuel tanks vill be inspected 
prior to Flight Test Progress. Pencil hardness and adhesion 
tests (tape) shall be conducted on each of the topcoatings. 
Hardness tests (Rex) shall be conducted upon the sealant. 
Visual inspection and vhenever possible, hardness tests (Etx) 
vill be conducted upon elastomeric materials in the integral 
tanks. This data shall be recorded and reported to the 
Materials and Process Unit, System-Materials Group. 
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Additive/fuel blends, blended for Phase I, shall be pumped 
into the test fuel tanks, one additive/fuel blend in each 
tank. The control tank shall contain fuel, conditioned the 
same as the fuel/additive blends vithout additive. TMe 
control tank, No. 2 Main, shall be a control throughout 
the entire test program. 

Samples for additive and vater analysis vill be taken 
after fueling of the airplane and after flight. 

A complete record of temperatures at fuel strainers, fuel 
tanks and fuel control units, and differential pressure across 
the low pressure strainers will be kept during flight and the 
data submitted to the System-Materials Group at the end of each 
flight test. 

The low pressure strainers will be checked for .ice formation 
after each flight and photographs taken. 

Topcoating, sealant, and elastomeric materials in the test 
fuel tanks will be inspected after the tanks have been ex- 
pos_d to fuel/additive for 10 calendar days. Pencil hard- 
ness and adhesion (tape) tests shall be conducted on the 
topcoat. Hardness tests (Rex) shall be conducted on the 
sealant and elastomers where possible. The data will be re- 
ported to the Materials and Process Unit, System-Materials 
Group. Inspection of the topcoating sealant and elastomers 
shall be made immediately on opening the fuel cells and again 
after 2^ hours of drying. Cells can be sealed up again after 
checking topcoat and sealant with Engineering Inspection only. 
The time the fuel cells have been exposed to fuel additive 
shall be recorded with each inspection. 

This phase shall consist of three flights and total time 
exposure of the fuel tanks to the fuel/additive for 10 
calendar days. A flight time of approximately 10 hours 
each flight will be required, or sufficient time to reduce 
the bulk fuel and strainer temperature to known icing con- 
ditions. If known icing conditions cannot be reached, the 
fuel will have to be cooled below these conditions prior to 
fueling. This will be determined after the first flight 
test. 

5. 

6. 

7- 
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Materials and Process Unit, System-Materials Group, Fin- 
ishes Group, and Sealants Group shall be present during 
all inspections of the test fuel tanks and low pressure 
strainers, and shall be notified prior to opening of fuel 
tanks and the removing of the strut strainers. 

The following fuel loading and usage sequence will be 
required for the flights in this phase: 

Loading 

9,100.# 
1U,92M 
63,596. 

ea. 64,000. 
21,015. 
2,000 (min.) 
2,000 (min.) 

21,000. 
197,635.# 

H0T2-: Tie first fuel loading of mains 1, 2, 3, and k 
after application of top-coating materials vill 
ba with 110-F fuel plus 2cc. excess water/gal. 
Additives as specified in paragraph III.C. for 
Phase I will be in the fuel for mains 1, 3, and 
k.    No additive in Main #2 fuel. The hot fuel may 
be loaded at any time prior to the first flight. 
Sump draining should be accomplished prior to 
flight. 

Externals Full 
Outboard Wings Full 
Mains 1 and k Full 
Mains 2 and 3 32,000# 
Center Wing Full 
Forward Body 2,000# 
Mid Body 2,000# 
Aft Body 21,000# 

usage Sequence 

1. Aft Body to 
Main 2 to 3 
Main 3 to 5 

1 and 2 
and k 
and 6 

Take-off 

Center Wing to 7 and 8 

2. Aft Body to 1, 2, 3, and h.       ). 
Center Wing to 5, 6, 7, and 8 ) 

Climb and use fuel until It 
is depleted from these 
tanks 
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3' Main 1 to 1 and 2 
Main 2 to 3 and k 
Main 3 to 5 and 6 
Main k to T and 8 

After starting step 3 above, do not change sequence. 
Complete the flight with this setting and accomplish 
landing with a minimum of 1*,000# in each main. Ed- 
ternal and outboard wing fuel will not "be used during 
this phase of the flight test program. 

Phase II 

1. This phass of the flight test program shall be conducted the 
sane as Phase I with the following exceptions: 

a. 

c. 

d. 

Fuel/additive blends shall be those blended for Phase II 
in Section C, Test Fuel Preparation. 

The control main fuel tank, tank No. 2, shall have fuel 
conditioned the same as the fuel/additive blends except 
no additive will be present. The fuel shall contain 
100 ± 10 ppm water plus 2 cc of excess water/gallon of 
fuel. 

Two cc of excess water/gallon of fuel shall be added 
to all test tanks during fueling of the airplane. 

This phase shall consist of four flights and 
total time exposure of the fuel tanks to the fuel/ 
additive for 10 calendar days. Three of these flights 
are to be 10 hours duration. The fourth flight is 
to be approximately 2k  hours duration with in-flight 
refueling. Only the one additive which is to be recom- 
mended to the Air Force for their flight test will 
be used throughout the airplane. Fuel received dur- 
ing air refueling will also contain this additive but 
without excess water. 

NOTE: Tie first fuel loading of mains 1, 2, 3, and h 
at the beginning of phase II will be with 110* 
fuel plus 2 cc. of water/gal of fuel. Additives 
as specified in section C for Phase II will be in 
the fuel for mains 1, 3, and k.    No additive in 
main Ho. 2, the hot fuel may be loaded at any 
time prior to the first flight in Phase II after 
Phase I. 

JMaeaaiiaiiBfflft'BfiiMeBWa^^^ 
FORM E-1686 R2 

^>£ffi.A^I 



r 
D3-2780 
Addenda F 
Page 111 

f. 

VPT 1111 
Page 11 

Tau forward body tank (bladder) shall have a fuel/ 
additive blend, selected from Phase I, added for 
test. The fuel shall contain 100 ± 10 ppm water 
plus 2 cc excess water/gallon of fuel. Hardness 
tests (Rex) shall be conducted on the forward body bladder 
cell prior to this phase and at each inspection period. 

All groups shall submit a report to the System Materials 
Group to facilitate a possible recommendation to the 
Air Force by 1-1-60. 

Fiase III 

1. This phase of flight test program will be plan-wide 
usage of an additive or additives determined from Phases 
I and II. The same tank used as a control tank in Phases 
I and II shall remain as a control tank. In addition a 
body tank (bladder) shall be used as a control tank 
through Phases III and IV. These control tanks shall 
contain the sane conditioned fuel as the other tanks 
except no additive will be present. 

a. 

b. 

Topcoating, sealant, elastomers and bladder cells shall 
be inspected prior to this phase of the Flight Test 
program. Pencil Hardness and adhesion tests (tape) 
shall be conducted on each of the topcoatings. Hard- 
ness tests (Rex) shall be conducted upon the sealant. 
Tie elastomers and bladder cells shall have Hardness 
tests (Rex) conducted where possible, and visual in- 
spection on remaining parts. This data shall be re- 
corded and reported to the Materials and Process Unit, 
System-Materials Group. 

Fuel/additive blends shall be in all tanks, including 
body tanks (bladder type), except the control main tank, 
Ho. 2 main and the mid body tank (bladder type). 

The concentration of the additive in J?-h fuel shall be 
the same as the concentration of the additive when used 
in Phases I and II. 
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d. All tanks shall contain the same conditioned JP-4 fuel 
and additive, containing 100 ± 10 ppm vater. The control 
main fuel tank (integral) and control body tank (bladder) 
shall contain the sane conditioned JP-k fuel containing 
100 ± 10 ppm vater with no additive present. 

e. The bladder cells shall be inspected after every 10 
calendar days the cells have been exposed to fuel 
additive, by the Materials and Process Unit, System- 
Materials Group. 

f. This phase shall consist of six flight tests and 20 
calendar days of total exposure time of the cells to 
the fuel/additive. A flight time of approximately 
10 hours each flight vill be required or sufficient 
time to reduce the bulk fuel temperature to known 
icing conditions. 

g. The remaining inspections and flight test conditions 
shall be the same as Phases I and II. 

Phase IV 

1. This phase of the flight test will be conducted the same 
as Phase III, using the same additive or additives as 
Phase III with the following exceptions: 

a. 

c. 

The additive concentration shall be the minimum ef- 
fective concentration required for saturated fuel plus 
2 cc excess water/gallon of fuel. 

2 cc of excess water/gallon of fuel/additive blends 
shall be added to all tanks during fueling of the air- 
plane. 

The control main fuel -tank (integral) and the control 
body tank (bladder) shall contain the same conditioned 
JP-1* fuel with the 2 cc excess water/gallon of fuel, 
however, m» additive will be present. 
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d. An Inspection shall be made of the sealant, top- 
coating, and elastomeric materials after the last flight 
test.    Information required is as specified in Phase III. 
1. above. 

e. All groups vill submit a report to trie Fuel Systems Group. 

Phase V 

1. 

h. 

This phase of the flight test shall utilize a satisfactory 
additive from Paases I, II, III, and IV, in an integral 
ving tank and the forward body tank. The fuel will be 
as received fron the tank farm containing usage concen- 
tration of the additive. 

Inspections shall be as In the previous phases and will 
be conducted svary  10 calendar days. 

T-U3 phase shall consist of flight tests for a 60 calendar 
da: period to maintain sufficient lead time for any con- 
current Air Force flight test program. 

All groups shall submit a final report to the System Material« 
Group. 

E. Data Required 

1. Each engine fuel flow rate vs. tin» (all eight engines). 

2. 

U. 

Each 200 mesh strainer fuel differential pressure vs. 
time (all eight engines) (use the Game instrumentation 
for differential pressure as installed for WFT 1028). 

?.i~i temperature in Mains 1 and 2 (use the same thermo- 
couple configuration as installed for WFT 1026). 

I3ach fuel temperature at the 200 mesh strainer vs. time on 
engines 2, k,  5, and 7 (use same thermocouple configuration 
for heater inlet and outlet temperatures as installed for 
WFT 1028). 
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Approved by 

Beverly V.. Hodges - Manager - Product Design" 

Approved by 

R. L. McPi.erson - Manager - Flight Test Section 

Approved by 

Richard v. Taylor - EngineerinG Manager - B-52 Weapon Systeni 
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ADDENDA G 

FLIGHT TEST EVALUATION OF INTEGRAL FUEL TANK 

COATINGS WFT 1070 AND WFT 1111 

MÜffiTäfflitt 
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B-52G INTEGRAL WING TEST CUBE EVALUATION 
 OF SEALANT. FINISH SYSTEM  

*cc»   7100 - C. B. Barlow - II 
2-5543 - M. Kushner   - Seattle (28-81) 
4-7012 - W. L. Slosaon - Seattle (29-11) 
6-7773 - F. N. Markey - Renton (74-83) 

OBJECTIVE» 

To coordinate the assembly of the Wing Station 492 test cubes, application of 
finishes and sealants, testing of tha completed cubes, and to perform the evalua- 
tion of sealant test results. 

SCOPE! 

Two cubes were tested. The first was completely disassembled and stripped of 
primer and sealant, primed with BKS 10-11, reassembled with BKS 5-44 faying surfac^ 
seals and sealed with BKS 5-44 fillet seals. 

The second was not disassembled but was stripped, primed with BKS 10-39 primer 
and sealed with BMS 5-44 fillets. Some areas were coated with BMS 10-39 primer 
over the fillets. 

JUSTIFICATION: 

Pilot scale evaluation of Finish-Sealant Systems may reveal problem areas not 
observable on a laboratory scale and at a cost much less than that of full scale 
operational tests. 

CONCLUSIONS» 

1. The first cube using the BMS 10-11 primer and BMS 5-44 faying surface and 
fillet seals satiafactorily passed the testing program of Reference 2 and 40 

2« The second Wing Station 492 Test Cube Test using BMS 10-39 finish and BMS 
5-44 fillet seals with some areas topcoated with BMS 10-39 finish satisfac- 
torily passed a similar testing program (See Reference 5) and demonstrated 
that BMS 10-39 finish was compatible with BKS 5-44 sealant whether applied 
first as a primer or applied over the sealant as a topcoat» 

RECOMMENDATIONS» 

1. It is recommended that the sealant finish system of BMS 5-44 sealant with 
BMS 10-39 finish be considered as compatible and that BKS 10-39 be considered 
as suitable for applications either over or under the cured BKS 5-/»4 sealant« 
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REFERENCESi 

1. EDP 829, Finish Syatea, Integral Fuel Tank. 

2- &^XÄl.Vower "•■*Tert Secura"To8t "■»-* Mo-2> «*•* 
3- ^T^äSä^s-2-404' Fre^Mi«° '"d ■ «w. M 10.4 

'• ÄtSfÄ!" ""*TMt Soctlon' ™* «"-* 33<^ »-* 
6.    EEO EDP 829-001, Wing Station        492 Test Cube. 

Z*~ D3-2^3^» B-52G Integral Wing Test Cube Evaluation. MATERIALS AND EQUIPMENTt ^vaxuaxxon. 

1. BMS 5-44,  Integral Fuel Tank Sealant B-52G. 

2. Sealing application tools, gun, cartridges, nozzles, fairing toola, etc. 

3. Leak Detection equipment, Bubble Solution, Phenolthalein Indicator, etc. 

4. Jet Reference Fluid per BMS 5-44 (or per BKS 5-26C). 

5. Aqueous Salt Solution (3 wt.Jt KaCl). 

6°    e^T)8 Stati0n U92 TeSt CUbeS 8vailable **<>* Previous testing (See Refer- 
PJ&CBDUKgi  ° 

1#    ÜJc/K8!^!8*^8*^8^^7 coaPletely dismantling the test cube (See Refer- 
ence 6) «tripping the old sealant, priming the individual parts with BKS 

iSnJi^'T^v"1^*?0 5_U fa7ing aurface seals throughout, and sealing the test cube with BKS 5-44.    The cube was then leak tested with «I* 

££T5£J «SÄ ^Cl5deta/Lp8ig aoak at roaa taaperature for 24 hour, using MIL-J-5624D, Grade JP-4 (dyed red).    This was followed by a sealant 

(ffSStSci'Sl'U* U8ing 7Va1^8 °f Jet France Fl1idVer^5!u lor BKS 5-2oC; and 39 gallons of a 3$ solution of salt water at 1Z0°P   £? 
72 hours which included 1000 cycles of ♦ 6 psig anf-l^nsL Leisure     TM. 
was followed by a hot air dry at l60op. for 77 hours     A lllL »Z mt»+* 

sloshed at 14 CPM thru an angle of 3QQ at a temper« ti^nf -65OJ.. while« 
'■•"■'■ '■'"'''"'      REVISED        DATE        ft_CO   T*IT»*yDAT    eJTuto   mTwm   /»m. I 
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2. 

being vibrated at I960 CPM with an amplitude of 0.032" for a oeriod «r oj' 
hour»     This fat was followed by a repeat of the 11 pa ig.«f2£ % fat 
room temperature.    Results of thia test were satisfactory aStne teal i, 

I)     Th7«?w ^ \°fI18 rith monthly seal*nt inspection (See^fereneT^ A).    The sealant was satisfactory and testing «as terminated on 8 June 1?». 

f^is^colhr^hride?Kaled ^°ut t±sasaex:>hii»eand p**»* wi^ BäO-39 
aT£ocm tSoerT^r8 S2 S6aled ^ BKS ^ Ty*e «• ■"!■»* «** cure! 

IOTJI    Subsequent investigation disclosed that the first test was 
conducted using Cube No. 2 of Reference 7 and the seconHeet 
was conducted using Cube No. 1 of Referenced. 

RESULTS; 

1.    Results of testing on the first cube disclosed that BMS 10-11    T™. T        * 
is compatible with BKS 5-U sealant but subsequent invest^tiorffJ: ??** 
encejrrevealed that incompatibility could ^^To^uToL^ Se"" 

Results of testing on the second cube indicate that the BMS 10-39     BV<5 «_// 

3.    As a further measure of the sealant quality earh rm«* .- 
with no trace of adhesion failure beSg observe! " «»s ™nually removed 

4-    The one seep leak detected durinc the 1*e+ «T.«.,«*, -u    , 
air bubble located in the seaTant over^he llllTnä of        ^J «used by an 
and adjacent to a fillet alonß a fuel dem      Th« •v      *^lf sealing rivet 
reparable but could not be attributed" t?'s fa'nur^of^the ^ternT^ '* "B 

2. 

5. 

5^&1SSK^»rf--^2Ä'S5L5^^i^ 
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BW-157743 
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ADDENDA I 

SYS TIMS LABORATORY REPORT 330-6: FINISH SYSTEM, 

INTEGRAL FUEL TANK 

FORM   E-1686  R2 
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WD 
Copies:    7100 - C. Johnson - I (2) 

2-7750 - D. J.  Downey - 04-34 
JYJTÜHJ LABORATORIES UNIT 
iC^R PLANT T£X SECTION 

TEST REPORT 

Finish System,  Integral Fuel Tank 

To qualify a corrosion protective coating for 
application to integral fuel tanks and components. 

(a) EDP No. 829 (LT 829-3-3)" 
(b) Systems Laboratories Report No.  330-5, 

dated 28 August 1959. 
(c) Photograph BWA-13374, page 20 

BWA-13804, page 21 

Remarks; 

I.   The Finish System Cube was tested per Reference (b). 

II. The following tests were performed on the finish system test cube in the 
Indicated sequence, however, the sealant inspections throughout these 
tests were performed by Process Unit personnel. 

A. Leakage Test (Data, pages A through 6 ) 

1. The test cubs was filled with dyed JP-4 and a pressure of 11 psig 
was applied.  Leakage appeared immediately at the lower wing 
stiffeners. Process personnel inspected the leakage and repaired 
the sealant.  Three additional leakage areas were detected and 
repaired on successive pressure checks. 

2. An internal pressure of 11 psig was applied to the cube for a 
24 hour period. 

3. As the slight leakage of fuel which occurred during test was not 
in test area, the test cube satisfactorily completed the leakage test 

B. Aging and Cycling Test (Data, page 7 through page 10) 

1. The test cube was filled with approximately 80 gallons of BMS 526 
reference fluid and approximately 38 gallons of J%  solution of 
salt water. 

Prepared by   K<   yj/fi^pt^ 
Checked by  /^t//+f< 
Approved by   r-rA 

/Z-/f9 

*-W~6< /±-f-*f 

Report No. 330-6 
Date 17 November 1959 
EDP     829 
Page 1 of 21 

This report is net to be released cutside of Wichita Engineering without 
jricr staff approval.  release approved *  

FORM E-1686 R2 
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2. A cyclic pressure set-up was plumbed to the cube as shown in 
photograph BWA-13374, page 20. The fluid temperature was raised 
to +140 ±5°F and maintained for 1A hours before pressure cycling 
was begun. 

3. During the following 46 hours, the cube was pressure cycled from 
+6 to -1.5 to +6 psig at the rate of one complete cycle every 3 
minutes, with approximately equal time on both positive and 
negative pressure. 

4* The remainder of the aging test, approximate 46 hours, was 
completed after completion of the pressure cycling. 

5. The test cube satisfactorily passed the aging and pressure cycling 
test without leakage. 

C. Hot Air Dry (Data, page 11 ) 

1. The test cube was drained, one access door removed and the 
sealant inspected. There was no apparent damage. 

2. The cube was then placed in an environment of circulating 160°F 
±5°F hot air for 78 hours. 

D. Leakage Test (Data,'page 12 )     ' ~~ 

1. The test cube was filled with dyed JP-4 test fuel. A head tank 
was used to assure a full cube when 11 psig pressure was applied 
for 24 hours. 

2. A slight leak developed at a fuel dam on the upper surface. This 
leak remained throughout the leakage test. A minute leak also 
appeared on the side of the cube but never became moist. 

3. The leakage which appeared during this test was not of sufficient 
quantity to be significant. 

E. Slosh and Vibration Test (Data, pages 13 through 18 ) 

1. The Finish System test cube was mounted on a slosh and vibration 
table with the sides representing the spars at an angle of 30° to 
and in a plane parallel with, the axis of rotation. See       ' 
photograph BWA-13804, page 21 . 

2. The plumbing system was assembled to obtain a fuel temperature of 
-65 ±5°F during the test. The tank was vented with a 1 1/4 vent 
line to atmosphere. No pressure was applied during this test. 

3. 
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A. 

at an average double amplitude of .032 Inches and a frequency of 
I960 CPM. The slosh rate was 11 CPM. After 2, 5, 9, H, and 19 
hours elapsed tine, the test was momentarily stopped for visual 
inspection of the exterior of the cube. After a total of 25 hours 
of slosh and vibration, the access door was removed and the 
sealant was inspected by Process personnel. There were no sealant 
discrepancies. 

Upon completion of the slosh and vibration test, the cube was 
sloshed only for 15 hours with approximately 80 gallons of 
MIL-H-3136, Type I test fluid at a temperature of -65°F. 

III. 

IV. 

5. No leakage occurred during the test. 

F. Leakage Test (Sae data, page I9) 

1. The cube was filled with JP-4. A pressure of 11 psig was 
applied to the cube for 24 hours. 

2. Immediately after applying pressure, the cube began leaking at 
the intersection of the third rib stiffener and the fuel dam on 
the right hand side of the cube looking toward the access door 
marked "Top". The leak appeared to be from a huck bolt or seif 
sealing fastener with a rate of 10 to 15 drops per hour. 

G. Inspection 

The sealant was inspected by Process Unit personnel at completion of 
the testing. Several sections of sealant have been removed for. 
additional investigation. .-■■■' 

The test cube has been placed in storage at the Power Plant Laboratory. 

All work by the Test Group as requested in £DP 829 (LT 829-3-3) has bean 
completed. No additional testing on this particular finish system test 
cube is scheduled to be performed at this time. 
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