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EUSTIS DIRECTORATE POSITION STATEMENT

This report is presentsd in twc volumes. Volume | provides a discussion of the purpose
objective of the study togethur with . description of the design and fabrication

the results of a G-month field service evaluation. Volume Il is the instruction

the bonded field-replacesble rotor blade pocket.

3

definition of improved field repairability of helicopter rotor blades. USAAMRDL
Technical Report 72-60, dated February 1973, describes the field-replacesble pocket
concept that was evaluated under this contract.

This report has been reviewed by the Eustis Directorate and is considered to be technically
sound. Specifically, the metal-to-metal bonding technique described in the report is
believed to represent a significant technical achievement and indicates that metal blade
field repairs can be much more extensive than presently allowed by Army maintenance
practices. This Directorate is currently planning 2 program to examine nonpocket metal
biade field repairability limits and preferred repair niques; initiation is scheduled for
late FY 76.

The vchnical monitor for this contract was Mr, 'E. Condon of the Military

Operations Technology Division.

The findings in this report sre not to be construed ss an miclﬁ ‘Army position unless so
designated by other suthorized documents.

When Government drawings, specifications, or other data are
with s definitely relsted Government procurement operation, the Government thersby incurs no
responsibility nor any obligation whatsoever; and the fact that the G n may have formulated, furnished,
or in sny way supplied the ssid drawings, lpoemmlom or other deta”’is not to be regerded by implication or
otherwise es in eny menner licensing the hpider or any other person or corporation, or conveying sny rights or
permission, to menufacture, use, or sell any patented invention that mey in eny wey be related thersto.

other than in connection

Trade names cited in this report do not constitute an officlsl sndorsement or approval of the uss of such
commercial herdwere or softwers.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the originator.
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is effort is one of several related activities conducted by this Directorate leading to the
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PREFACE

The bonded field-replaceable rotor blade pocket program was performed
under Contract DAAJO2-T3-C-0076 with the Eustis Directorate, U. S. Army
AMr Mobility Research and Development Laboratory, Fort Eustis, Virginia,
Project 1F163204DB38, and was under the general technical direction of
Thomas Condon of the Military Operations Technology Divisio:.. of the Eustis
Directorate. This is a follow-on effort to Reference 1, the purpose of
both programs being to obtain more cost effective blades by installing
blade pockets in the field.

Sikorsky's principal participants were George Capowich, Plerce A. Meck,
Barry W. P. Stocker, Harold Jacob, Lawrence A. Russell and James T. Macomb
from the Engineering Department, Robert S. Pavlech and John K. Duban from
the Manufacturing Engineering Department, and Joseph Ozelski, Walter J.
Spader, Kenneth G. Olin, Robert F. Maglione, Edward Teixeira and John
Drzyzek from the Manufacturing Department. John A. Longobardi from the
Engineering Department was the team program manager. The program was under
the general supervision of Peter J. Arcidiacono, Rotor System Section Head.
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INTRODUCTION

This report includes the results of design, fabrication and testing of
field-replaceable pockets for CH-54B main rotor blades. ese pockets
were designed to be installed in any position along the blade spar by Army
maintenance personnel in the field. The purpose of the program was to
estimate the potential savings to the Army by eliminating the time and
cost to return a damaged blade to an overhaul depot, reducing the number of
spare blades,and increasing the availability of aircraft.

This is the second of two programs on field replaceable pockets . The first
study, Reference 1, was also conducted by Sikorsky Aircraft,demonstrating
the feasibility of the concept. A universal pocket was developed, fabri-
cated and tested under that program,indicating the structural suitebility

of the pocket. An adhesive for bonding on these pockets at ambient tempera-
tures was also developed under this contract; the adhesive was environmen-
tally tested,and both pocket and adhesive were successfully subjected to
proof load and fatigue tests.

The present field-replaceable pocket program is a continuation of the pre-
vious study; it made refinements and simplifications to the original pocket
design and developed a newer, tougher adhesive. In addition to environ-
mental tests on the new adhesive, proof load and fatigue tests were con-
ducted on the new pocket and adhesive. Whirl tower tests and a flight test
program were also conducted. Results showed that the pocket and adhesive
were suitable for field use.

The program included development of a pocket repair kit containing essential
components required to make a field repair and a field pocket repair in-
struction manual to facilitate installation by Army maintenance personnel.
The bonding fixture tool of Reference 1 was simplified by eliminating some
of the components and improved by adding the feature of multiple pocket
replacement.

Trial installation of field-replaceable pockets was accomplished on CH-54B
blades at Sikorsky Aircraft by Army maintenance personnel. After refine-
ments were made to the field repair instruction manual, field-replaceable
pockets were installed by Army personnel at Fort Wainwright, Alaska,and
Fort Eustis, Virginia.

The final portion of the study included a cost analysis comparing the dif-
ference in cost between repairing CH-S4 main rotor blades at the factory
and main rotor blades repaired in the field with field-replaceable pocket
kits.
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FIELD-REPLACEABLE POCKET INVESTIGATIONS

DESIGN SELECTION - EWR 38633 POCKET

The purpose of this investigation was to optimize the existing universal
pocket and to simplity or eliminate the shims and spacers develoned under
the previous study, Reference 1. The EWR 38633 pocket selectzd for the
progiam was the result of several pocket configurations investigated. The
conclusion was based on a trade-off of weight, complexity of field repair,
structural integrity, and cost. All the designs investigated, including
the universal pocket of Reference 1, are discussed below.

The feature of the EWR 38633 pocket is that it opens in a sciscors fashion
and is adjustable, thereby eliminating the side shims required with the
universal pocket. It consists of aluminum outer skins and ribs with a tri-
angular core of honeycomb in the aft portion of the pocket (Figures 1 and
2). Six ribs or{U-shaped channels) are structurally bonded to each panel
skin. The two halves are then bonded together with the honeycomb core to
form the pocket. The pocket is designed to the mean chordal thickness:

i.e., outl~ard, the pocket is closed 1/8 inch for tonding to the spar;
inboard, it is opened 1/8 inch for bonding to the spes. Therefore, this

one pocket can be utilized at any position. All components except the -103
angle are bonded together with Hysol's Adhesive Tape EA 9602.3, at 250°F
and 50 psi. The tape is used because it has high strength in shear and peel
and is more convenient for assembly of many components. The tape weight is
also closely controlled. The -103 leading-edge angle was installed with
room temperature Hysol EA 9320 as a secondary operation to allow for removal
of tooling from the primary bonding operation. The EA 9320 also has high
sheer and peel strength and is the adhesive used for installing replsceable
pockets in the field.

OTHER DESIGNS INVESTIGATED

The universal pocket developed under Reference 1 was considered as the
first design since considerable development had already been expended in
the previous program. The design is simple, being very similar in con-
struction to the production pocket. The only difference in design is that
one-half of each outer skin is left unbonded for installation of side shims
as required along various positions on the blade spar (Figure 3). Proof
load and fatigue tests conducted under the original contract also indicated
that this design was a valid approach.

However, there were some undesirable features of the universal pocket
design. The primary cbjection was that the side shims required with this
design complicated installation of the pocket. It required that up to two
shims had to be installed during assembly. This is in addition to the ex-
isting backwall spacers which are required to maintain constant chordwise
dimension. Having both side shims and backwall spacers increased the like-
lihood of error in meking the proper selection of shims or spacer. This
design also doubled the task and time for assembly; it required adhesive
on the side shims and pocket sides in addition to the reguler adhesive on
the back of the spar and front sides of the pocket. It increased the

9
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possibility of improperly applying the adhesive and aligning the shims in
place over the pocket ribs. Later experience in the program showed that
the time element in applying the adhesive was extremely important. Any
elimination of shims or specers decreased the time to apply the adhesive
and consequently enhanced tne installation procedure. The shim and addi:
tional adhesive required increased the weight, especially on the inboard
pockets, reducing the number of pockets replaceasble on any blade.

All other designs investigated stressed elimination of the side shims. The
first design (Figure 4) consisted of solid aluminum inner and outer skins
sandwiched with complete blocks of nomex honeycomb core. This design was
fabricated with soft tooling to obtain an actual weight and also to illus-
trate the scissor-type concept. Upon cumpletion of fabrication, the pocket
was shown to be feasible because it could be installed in any position on
the backwall of the spar. The design was also structurally sound but was
prohibitive because it was twice the weight of the present production
pocket. The second design (Figure 5) was also fabricated with soft tooling.
It was essentially the seme as the first aluminum design except that
sections of the honeycomb and the inner skins were removed to reduce pocket
weight., The final weight was slightly higher than that of the production
pocket. However, because it was representative, the pocket was proof loaded
and failed at 900 1b. Investigation showed that reinforcement was needed
at the trailing edge of the pocket to transfer shear load from one side

panel to the other. A third design, Figure 6, consisted of inner and outer
fiberglass skins filled with honeycomb core. Based on the proof load test
of the second design (Figure 5), a triangular block of honeycomb was in-
serted in the third design (Figure 6) in the trailing edge of the pocket
for shear load transfer. However, analysis showed that this design was not
only heavy but also would be more expensive to fabricate than the aluminum
skin/rib construction. Consequently, no trial fabrication was made of this
configuration. Another design (Figure 7) was an all-aluminum channel/rib
design. It consisted of two outer skins and eight inner channels equally
spaced, acting as ribs. This was as light as the EWR 38633 design; however,
analysis showed that because the inner leg of the ribs was unsupported, war-
rage could occur at low proof load. Consequently, no further effort was
made toward this design,

TRADE-OFF

A comparative analysis of the six different configurations is presented in
Table 1. The EWR 38633 was selected because it was structurally adequate
and represented the lightest weight solution. The method of fabrication

is fairly inexpensive, and the aluminum material and small amounts of nomex
core represented small costs. It was estimated that the cost of this pock-
et design would be very close to the cost of a production pocket. The
scissors action of the pocket allowed universal replacemen: and yet main-
tained close airfoil contour along any position on the spar. Figures 5 and
T closely approach the EWR 38633 design except that structural reinforcement
is necessary to strengthen each configuration. Material can be easily
added to these designs, but then it becomes a weight problem. The greater
the weight of the replaceable over the production pocket, the fewer the re-
placeable pockets that can be installed on any one blade because of span-
wise and chordwise maments, pitching moments, and track considerations.

14
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3ACKWALL SPACERS

In addition to eliminating the side shims to siuplify replaceable pocket
installation, efforts were also made to eliminate the backwall spacers by
simply moving the pocket up against the back of the spar. This would pro-
vide s blade with & %-in. sharter chord in the areas of the #2, #3 and #k4
pockets and a 1/8-in. shorter chord for pockets #5 through #8. Aerodynamic
anelysis was performed to determine chenges in performance, if any. It was
concluded that there would be negligible effect in 1ift, out-of-track and
pitching moment due to chord shortening. However, it was decided to reject
this idea because it did not eliminate the requirement for half backwall
spacers at pockets #5 and #9. In addition, the bonding fixture was designed
for multiple pocket replacement, which requires that the pockets line up at
the trailing edge. Lastly, there was the possibility that having a pocket
that did not line up with adjacent pockets during installation might tend to
confuse the installer more than having a backwall spacer.

Another way to eliminate backwall spacers was to design the front of the

replaceable pocket with an adjustable plate which could be moved forward

and backward to compensate for the 1/8.in. and 1/b-in. differences on the
spar backwall. This concept required an adjusting mechanism with screws;
it resulted ir a complicated and heavy solution and consequently was dis-
carded. Based on the above investigations, it was decided that the backwall
spacer was the most practical approech et this time.

The backwall spacers designed for the EWR 38633 field-replaceable pocket are
shown in Figures 8 and 9. They consist of a .012-in.-thick aluminum strip
that extends the spanwise length of a pocket. The side of the spacer that
adjoins the pocket has bonded-on phenolic strips to provide the 1/8-in. an¢
1/bin. space required to align the pocket requiring a spacer with the blade
trailing edge. The phenolic strips are bonded to the aluminum with EA 9320,
the field kit proposed adhesive. The spacer is provided with a flange as
shown on Figure 9. The flange on the aluminum strip serves two purposes.
Primarily, it supports the pocket skins at the spar back corner. It removes
the unsupported area that occurs when the pocket is moved back either 1/8 -
in. or 1/4-in. away from the spar. The added support feasibly increases
the life of the pocket in fatigue. Secondly, the flange virtually elimin-
ates any possibility of the spacer being installed backwards and it becomes
obvious to any installer that the spacer must be placed with the flange
over the spar.

Figure 8 shows the 1/8-in. spacer; the 1/b.in. spacer is identical except
that it has thicker phenolic blocks. The field kit would contain one each
of the above spacers. Although not shown, perforations would be provided
at the center of the aluminum strip to allow for separation in the event
half spacer is required. These two spacers should suffice for any cambina-
tion of backwall spacers required for repair.
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ANALYSIS

The structural analysis of EWR 38633 field-replaceable pocket consisted of
j weight estimation, location of pocket center of gravity, crippling of the
E pocket skin at the spar backwall, bending of the -106 and -107 stringers

‘ and skin panel flutter. The critical analysis was estimating the differ-

: ences in weight and center of gravity between the replaceable and produc-

4 tion pockets to arrive at deltas in spanwise, chordwise and pitching
moments and blade track. Sufficient analysis was performed to indicate
that the pocket was structurally sound. Static and dynamic tests conducted

later corroborated the analysis.

‘ The analysis for aerodynamic effects due to pocket contour variation was
established in Reference 1., It was shown that small differences in air-
foil contour between the universal and production pockets resulted in neg-
ligible effects in aerodynamic performance. EWR 38633 Revisions C and D
field-replaceable pockets installed on CH-5UYB blades at Sikorsky and in the
field had similer small differences in contour (.010 to .020 inch).
Consequently,it was considered that there would be no noticeable differences
in serodynamics,and it was later borne out by flight test.

. POCKET FABRICATION

One-hundred EWR 38633 field-replaceable jockets were fabricated. The first
T1 pockets were fabricated to EWR 38633 Revisicr C, Figure 2, a two-piece
outer skin. Because of the possibility of bond separation when tabbing of
pockets was required to trim a blade and also to simplify and obtain a
better structure, the last 29 pockets were fabricated with one-piece outer
skins, EWR 38633 Revision D. Five of the new pockets were utilized for
tool and bond tryout and proof load tests. The remaining 24 pockets were
‘ packaged in kits for field service evaluation: 10 pockets each were in-

; stalled on blades at Fort Eustis, Virginia,and Fort Wainwright, Alaska.
The other 4 pocket kits will serve as spares, 2 each for Fort Eustis and
Fort Wainwright.

AT

The total distribution of pockets fabricated for Revision C was: U pock-
5 ets for tool and bond tryout, 20 pockets for proof load tests, 30 pockets
for fatigue tests,and 17 pockets for whirl and flight test at Sikorsky

¢ Aircraft. The pockets fabricated to Revision D were: 3 pockets for tool
3 and bond tryout, 2 pockets for proof load tests,and 2 pockets for field

; flight test evaluation.

BONDING FIXTURE TOOLING

; The bonding fixture tool (Figure 10) designed for the field-replaceable

L ' pocket is the same in principle as the 6405-15011 bonding fixture. The

i bungee cord concept to obtain pressure has been retained because it is a
practical and an economical approach and can be easily installed over a
pocket repair. The bonding fixture of Figure 10 has been simplitied by
reducing the side aluminum bars to two pieces. The original bonding fix-
ture had six aluminum bars because of the requirement tor bonding the
pocket skins to the ribs and side shims. With the new design, without the

23
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requirement for side shims, pressure is required only at the spar side
walls, therefore, aluminum bars are required only at the spar side
walls.

The tool has also been improved by making provisions for multiple pocket
bonding. This has been accamplished by adding projecting angles on one
side of the front bar -043 Bar Assy and a projecting channel on one side
of -0bk Channel Assy. The two projections allow for two or more bonding
fixtures to be interlocked to provide for multiple pocket repair.

It was noted during installation of pockets in the field that additional

refinements could be made to the tool to enhance pocket-to-spar bonding;
these are discussed under conclusions.
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Figure 10. Continued.
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ADHESIVE ENVIRONMENTAL QUALIFICATION TESTS

BACKGROUND

Several ambient temperature curing adhesive systems were investigated as
candidates for field pocket-to-spar bonding under Reference 1, Hysol

EA 9302.9 was selected out of two eventual adhesives subjected to environ-
mental, proof load and fatigue tests. One of the tasks under this contract
was to perform the same environmental qualifications tests to evaluate a
nevw adhesive, Hysol's EA 9320, and to compare its shear and peel strength
to the existing Hysol EA 9302.9. Another task was to estimate the

time to cure the adhesive to obtain minimum acceptable shear and peel

values.

Hysol EA 9320 was selected as the final adhesive based on the results of
the following tests.

TEST PROCEDURE

To perform the tests, shear and peel specimens were fabricated per Figures
11 and 12. The aluminum panels were processed through the production chro-
mic acid anodize line. This included degreasing, deoxidizing, and alkaline
cleaning prior to anodizing. After anodizing, the panels were oven dried

at 135°F and primed with nitrile-phenolic primer per production procedures.

The finished specimens were to represent a bond formed "in the field" when
a replacement pocket is bonded to a blade spar that is still coated with
residual adhesive. In production, nitrile-phenolic.primed skins and ribs
were bonded together, at 350°F for 1 hour. Therefore, one-half of all the
primed panels were subjected to a heat cure of 350°F to represent the
pocket skin. The remaining half of the panels had the production nitrile-
phenolic adhesive bonded to them at 350°F to represent the residual adhe-
sive found on the spar when a damaged pocket is removed. The camplete
specimen was composed of one heat-cured primed panel and one adhesive-
coated panel assembled with the candidate adhesive.

To prepare the panels for bonding, the residual adhesive was lightly sanded
with #80 grit paper and given a methyl ethyl ketone (MEK) wipe to remove
loose particles. The primed panels were given an MEK wipe immediately
prior to assembly with the candidate adhesive. Pressure for bonding was

5 psi. The specimens were assembled under the following temperature and
humidity conditions:

Condition 1 100°F and 85% RH
Condition 2 75°F and 50% RH
Condition 3 L4OOF and 20% RH

Prior to coating the panels with the candidate adhesive, the panels and
fixtures were subjected to the required temperature/humidity condition
until equilibrium was established. The panels were then coated with ad-
hesive and assembled in the test fixtures (Figure 13). The length of time
required for the candidate adhesive to produce a shear strength of 1000 psi

5 Preceding page hlank
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TOOLING HOLES OPTIONAL

D5
L
L1

OO\V 1.000
l/],- .

MATERIAL: QQ-A-250/11
AL. ALLOY 606:-T6
.020 THICK, NOMINAL

DIMENSIONS IN INCHES

TOLERANCES :
* 4 .03 2-PLACE DECIMAL
4 .010 3-PLACE DECIMAL

L

¢ Figure 12. "T" Peel Specimen.
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and peel strength of 10 pounds per lmnch of width was established for each
cure condition. The cure time required to reach minimum acceptable
pocket bonding requirements is presented in Table 2. All specimens were
tested at room temperature within 20 minutes of curing.

TEST CONDITIONS

A minimum of 108 peel and shear specimens of the candidate adhesive system
were fabricated and tested at the following conditions:

54 Peel Tests for Each Adhesive

18 fabricated at +100°F and 85% RH
6 tested at -67OF .
6 tested at Room Temperature + 75
6 tested at 180CF

18 fabricated at +75°F and 50% RH
6 tested at -67°F

6 tested at Room Temperature +75°
6 tested at 180°F

18 fabricated at +4OCF and 20% RH
6 tested at -6T°F

6 tested at Room Temperature +75°
6 tested at +180°F

54 Shear Tests for Each Adhesive

18 fabricated at +100°F and 85% RH
6 tested at -67°F
6 tested at Room Temperature +75°
6 tested at +180°F

18 fabricated at +75°F and 50% RH
6 tested at -67°F
6 tested at Room Temperature +75°
6 tested at +180°F

18 fabricated at +40°F and 20% RH
6 tested at -67°F

6 tested at Room Temperature +75°
6 tested at +180°F

TEST EQUIPMENT

A Conrad Missimer environmental test chamber was positioned between the
tension grips of a Riehle testing machine with the grips extending inside
the test chamber. A test specimen was installed in the tension grips, the
test chamber was brought to the required test temperature, and the specimen
was allowed to sosk at tewperature for 3 minutes. The load was applied at

34
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the rate of 1,200 to 1,400 pounds per square inch per minute until failure
for overlap shear specimens and a jaw separation rate of 3 inches per minute
for peel specimens.

TEST RESULTS

The test results are presented in Table 3. All values are an average of a
minimum of six specimens. The length of time that specimens were cured
prior to testing varied with each cure condition and was established after
the cure time required to reach minimum acceptable requirements was known.
At 100°F specimens were cured for 2 hours, at 75°F they were cured between
16 and 20 hours, and at 40°F they were cured for 58-62 hours. In ell cases
the specimens were tested within 20 minutes of curing.

Specimens cured at 75°F and L40°F vere not fully cured intentionally prior
to testing, but were tested to obtain values that would represent pocket-
to-spar bonds made, cured,and flown within the shortest possible time.
Specimens fully cured at these temperatures would have higher values when
tested at 75° and 180°F and would approach the test values shown when the
adhesive was cured at 100°F.

On the shear and peel specimens tested at -67°F the failure mode was the
residual adhesive to the metal; this is the ultimate that can be expected
at this test temperature. At +75°F and +180°F the failure modes were co-
hesive in the candidate adhesive in that the ca.ndidate adhesive failed to
the residual adhesive.

SELECTION OF HYSOL EA 9320

The values of EA 9320 appearing in Table 3 were replotted in Figures 1l
and 15 to show peel and shear comparisons with the EA 9309.2 adhesive de-
veloped under Reference 1, Figure 14 indicates that the shear strength
of EA 9309.2 is higher for some of the cure conditions. However, the peel
strength of EA 9320 adhesive as shown in Figure 15 is considerably higher
than EA 9309.2 for all environmental conditions tested.

A comparison was also made of minimum cure time to obtain acceptable pocket
shear and peel bonds with both adhesives. Figure 16 shows that the EA 9320
adhesive requires approximately 15% less cure time than EA 9309.2 to obtain

the 1000 psi minimum shear strength for both environmental conditions. The
10 pounds minimum peel cure time for EA 9320 at the T5°F and 50% RH ~ondi-
tion is approximately one-half the time required for 9309.2; the adhesives
require virtually the same cure time at 40% and 20% RH. It can also be
seen from the plots that at 1000 psi minimum shear, the peel strength is

25 pounds (75°F and 59% RH) and 10 pounds (40© and 20% RH) at 4 hours and
43 hours respectively for the EA 9320 adhesive.

It is estimated that both adhesives would be suitable for field application.
However, the much higher peel strength of the EA 9320 adhesive is a very
desirable property because it is an indication of the adhesive toughness
and should result in higher fatigue strength. This factor should override
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EA 9320
EA 9309.2

40°F and 20% RH
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v,
v
772,

75°F and 50% RH
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Figure 15. Comparison of EA 9320 and 9309.2 Peel Strength.
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the higher shear strength of EA 9309.2. The faster curing time to obtain
minimum acceptable shear and peel strengths also favors EA 9320. Far these

¥ reasons, EA 9320 is being recommended as the adhesive for field-replaceable
) pockets.

L2




TP e con o o~ P TR

ADHESIVE PACKAGING OPTIMIZATION

TYPES OF PACKAGES

One of the tasks of this program was to evaluate the method of packaging
the adhesive (selected for field repair kits). All the adhesives investi-
gated for Reference 1, including the Hysol adhesive, were two-part

systems consisting of proportions of adhesive and catalyst. These adhesives
required mixing Just prior to use because of the short working life of the
adhesive. The two types of packaging that seemed most practical were:

f a) a kneading package (Figure 1T7)
§ b) a plunger type package (Figure 18)

These two types of packages were selected for evaluation because they were
both self-contained units; the adhesive and the catalyst were designed into
i one package separated by either a clamp (Figure 17) or a barrier (Figure
£ 18). In addition, both types of packages were fabricated from transparent
plastic; mixing could be accomplished in each package, with the clear plas-
tic providing visual means of estimating proper adhesive mix.

The kneading package is utilizedby simply removing the clamp which separates
the two components (Figure 17) and by squeezing the plastic package from
end to end with the fingers until the two camponents are mixed. The plung-
er type package is mixed by removing the clinch band located around the
outside of the tube and pressing the tube with the fingers to distort the
internal barrier separating the adhesive from the catalyst. The distorted
barrier allows the catalyst to mix with the adhesive when the dasher rod
is plunged in and out, for a number of strokes, until the adhesive is
mixed. The dasher rod is then removed by unscrewing and replaced by the
nozzle. The dasher rod is rescrewed into the opposite end of the container
and utilized as a plunger to extrude the mixed adhesive through the nozzle.

Since it was not known at the time of the investigation which adhesive would
be selected as the final adhesive, both Hysol EA 9309.2 and EA 9320 were
utilized to evaluate the methods of packaging.

; Fifty grams of Hysol's paste adhesive EA 9309.2 and EA 9320 were packaged
in the above types of packaging and were evaluated. The evaluation in-
cluded ease of mixing at room temperature and at LOOF, time to mix, color
differential for determining when it was properly mixed, ease of applica-
tion, cost, and the susceptibility of the package to damage.

i The results of the evaluation were as follows:

1. Both packages can be easily mixed at room temperaturej; however, plunger
3 packages were impossible to mix at LOCF. The dasher rod could not be
{ pulled through the cold resin whereas the thin kneading type packages
of adhesive were warmed by the hand and mixing was possible. These thin
packages of adhesive could be placed in a breast pocket or under an arm
Pit to be warmed by the body to facilitate mixing in a cold climate.
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2. Both packages can be thoroughly mixed in 6 to 8 minutes; however,
the kneading type package retains a thin film of base resin on its sur-
face and, although completely blended, gives the appearance of not being
sufficiently mixed. The working life of the mixed adhesive for either
type of package is 20 minutes.

§ 3. After mixing, the adhesive must be extruded from the kneading type

§ package into a separate open-mouth container (small cup) and then

{ brushed on the bonding surface. The plunger type can be applied with a
nozzle that allows the adhesive to be extruded directly on the surface,
and then,using the nozzle as a brush, it can be spread out over the bond
area. However, when hand pressure is used on the dasher rod of the
plunger package to extrude adhesive out the nozzle, back pressure begins
to force adhesive past the plunger at the back of the cartridge, and some
adhesive is wasted. In addition, using the nozzle results in excessive
adhesive on the pocket; in the spar area, it is not possible to apply a
smooth, even coat of adhesive but rather a heavy, uneven coat. This method
of packaging would reguire excessive adhesive to be applied to the blade
and could result in a blade balance problenm.

It became evident that, regardless of the type of adhesive package, the
field kit should be supplied with a small cup for the mixed adhesive and
a stiff bristle brush for applying the adhesive to the blade.

4. The kneading package is more economical,being approximately half the
price of the plunger type package.

5. It was discovered during handling that the thin curing agent of the
plunger type package could leak past the barrier and mix with and
harden the base resin. The kneading package was also susceptible to
leaks at the clamp.

6. It was noted that both adhesives had approximately the same consistency
and were camparable as far as mixing in either package.

Both methods of packaging needed some improvements. However, the diffi-
culty of mixing the plunger type package at YOCF was sufficient to eliminate
it as a field package. It appeared feasible that the kneading package
could be redesigned without leaking at the barrier; therefore, it was select-
ed as the method of packaging for the field-replaceable pocket.

Further refinements were made in packaging during the field installation;
these are discussed under field installation, page 110,
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FIELD REPAIR KITS

FIELD-REPLACEABLE POCKET KIT

The kit components necessary to replace one CH-54B main rotos blade pocket
in the field consist of:

1 EWR 38633 field-replaceable pocket

2 Rubber seals to seal ends of pocket

2 Pieces of 80-grit sandpaper to smooth and remove old adhesive on
spar

1 Plastic cup to contain adhesive

1 50-gram package of EA 9320 Hysol adhesive

2 Brushes to apply adhesive

2 Spatulas to mix adhesive

1 Pair of plastic gloves to avoid contamination of spar and pocket
after cleaning with alcochol

i Assorted shims to properly space pocket on blade during installation

2 Plastic scrapers to remove loose and old adhesive on spar

% Packet of cheesecloth to clean and apply alcohol to pocket, spar
and backwall spacers

1 Roll of masking tape to mask off nonworking area

2 Backwall spacers to align pocket trailing edge with adjacent pockets
for #1 thru #9 pockets only)

1 Field repair manual instructions to facilitate installation

1 Small bottle of cammercial grade alcohol solvent to clean pocket,
spar and backwall spacers

The field kit is comprised of two boxes: box number 1 contains all the
components except the alcchol, which is contained in box number 2. These
items are shown in Figure 19. They are sufficient to make one field repair.
The only additional requirement beyond the above compcnents is a wooden or
ravhide mallet to use in conjunction with the plastic scraper. The mallet
is a standard tool that is available in the field.

FIELD REPAIR MANUAL

The field pocket repair manual (Volume II of this report) has undergone
several revisions by actual field experimentation where service men in-
stalled a total of 35 field-replaceable pockets on blades at the Sikorsky
Aircraft Plant and in the field at Fort Wainwright, Alaska, and Fort Eustis,
Virginia. The manual contains all the illustrations and instructions
needed by a repairman to remove a production pocket and install a field-

replaceable pocket.

BONDING FIXTURE KIT

A bonding fixture kit is required to remove and install a field-replaceable
pocket. The bonding fixture kit consists of a bonding fixture tool and a

pair of commercial nippers (Figure 20). The nippers are used to remove tie
dameged pocket from the blade by following the directions and illustrat’ons
outlined in the instruction manual. The bonding fixture tool is installed

L7
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on th- .laede es a final operation to retain the field-replaceable pocket in
place while the adhesive is curing. The tool is designed with a rear chan-
nel to align the trailing edge of the newly installed pocket with adjacent
pockets while two hollow square tubes retain the leading-edge pocket skins
flush against the spar (Figures 10 and 21), The fixture is designed with
three bungee cords which provide pocket-to-spar pressure at the two sides
and backwall. The tool is reusable, capable of making an indefinite number
of repairs. For multiple pocket replacement, additional tools are
necessary.
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POCKET STATIC AND DYNAMIC TESTS

STATIC PROOF LOAD TESTS

Twenty-two pockets were proof load tested for the program. Three were
production pockets and the remainder were EWR 38633 field-replaceable
pockets. All pockets were assembled on spar specimens and tested in accord-
ance with the proof load test plans of Appendixes A and B. The equipment
and setup were the same as that utilized under Reference 1 to obtain com-
pareble data with the universal and production pockets of that study.

Test equipment used consisted of a Riehle tensile testing machine (60,000
1b capacity), a static loading fixture, a reaction support assembly fixture,
and a standard dial indicator for measuring deflection of the pocket, as
shown in Figures 22 and 23. The specimen was placed in the support assembly
fixture, which grips the spar on either side of the pocket and supports the
specimen in the test machine. The loading fixture was positioned on the
upper surface of the pocket, dist:ibuting the test machine applied load over
the surface of the pocket in accordance with the distribution of loads cal-
culated for the outboard pocket in Reference 1. A dial indicator is
placed to read the deflection of the pocket at the trailing edge under the
applied loads.

The final proof load results are shown in Tsble 4 and Figure 24 and are
discussed below.

The first three specimens consisted of production pockets installed with

one coating of EA 9320 adhesive. They were assembled and tested at ambient
temperature and humidity conditions in the test laboratory and served as a
baseline for all field-replaceable pocket specimens. The mean load of the
production pockets was 1650 pounds, vhich was well above the ultimate proof
load requirement of 565 pounds established under Reference 1. These results
are also typical of the loads sustained by universal and production pockets
tested in that study.

Nineteen field-replaceable pockets were proof load tested. The first was

a preliminary concept of EWR 38633 (without the -108 ribs). This pocket
vas installed on a spar specimen with one coating of FA 9320 adhesive

in the pocket-to-spar area. It was subjected to proof test and sustained

a load of only 280 pounds. Examination of the pocket showed that the pocket
failed in shear at the trailing edge between the -102, -106 and =107
stringers. To remedy the problem, the design was reinforced with a -108 rib
on each end of the pocket, and EA 9320 adhesive was inserted between the eight
inner -102 stringers to provide uniform shear across the pocket (Figure 2).
Two specimens of this configuration were tested and resulted in proof loads
of over 1600 pounds. See Table L, specimens R2 and R3. The added ribs and
adhesive, however, resulted in a tail-heavy design; consequently, the

amount of adhesive placed between the inner stringers was lessened to reduce
the pocket weight. A third specimen, tested with the smaller quantity of
adhesive, meintained a proof load of 1290 pounds before failure,vhich far
exceeds the proof load requirement of 565 pounds (Table L, specimen RL).
Two additional specimens were tested maintaining proof loads of 1175 and
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TABLE 4, PROOF LOAD TEST RESULTS

Specimen Ultimate
Specimen Type Test Deflection Load
No. Pocket Condition (in.) (1p)
Pl Production (1) .631 1725
P2 Production (1) .590 1700
P3 Production (1) .598 1600
Rl Replaceable (1)(6) 280
R2 Replaceable (1)(5) .610 1675
R3 Replaceable (1)(5) .650 1605
Rk Replaceable (1) .520 1290
R5 Replaceable (2) .450 1300
R6 Replaceable (2) .353 1175
RT Replaceable (2) 450 1150
R8 Replaceable (3) .531 1190
R9 Replaceable (3) .380 1000
R10 Replaceable (k) .3k5 1100
R11 Replaceable (4) .50 1100
R12 Replaceable (1) LU75 1175
R13 Replacesble (1) . Lgs 1235
R1k Replaceable (3) .513 1200
R15 Replaceable () .10 1175
R16 Replacesable (1)(7) .510 1235
R17 Replaceable (1)(7) - 55 12ks
R18 Replaceable (1)(8) 495 1220
R19 Replaceable (1)(8) .512 1237

(1)

(2)

(3)

(k)

(5)

(6)

(7)

Regular application of paste adhesive on spar/pocket joint @ T0°F.
Additional paste adhesive on spar/pocket joint @ 70°.

Specimen @ LOCF ambient for 40 hr. Used 3 heat packs on each side.
Each pack on for 25 mintues for total of 1% hour. Tested within

1 hour.

Specimen @ T5°F embient for 1 hr. Used 2 heat packs, 1 on each
side for 1 hr. Tested within 1 hour.

Excessive adhesive between -102 stringers. Not representative of
final design.

Initial field-replaceable pocket. Not representative of final
design. .

Replacement of a field-replaceable pocket.

Final design with one-piece outer skin.
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Load, 1b

Note: These results are typical of
Universal and Production Pockets
tested under Reference 1.

3 Production Pockets

Mean Load 1650 Lb
1500 T 2/ (P1, P2, P3 of Teble 4)
%E._'i
16 Replaceable Pockets
Mean Load 1190 Lb
(R4 Through R19 of Table 4)
1000 4 f
% Ultimate Proof Load Requirement
500 + 565 Lb
e
10 20 30 Lo 50 60 T0 30

-_0

Trailing-Edge Deflection, in.

Figure 24, Proof Load Test Comparison,
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1235 pounds before failure (specimens R12 and R13). Therefore, the design
was considered to be satisfactory with the lesser amount of adhesive.

Three more pockets were static tested utilizing additional paste adhesive

on the unsupported skin area. See Appendix A, Figure A-1l. The values

(specimens RS, R6 and R7) were essentially the same as the results shown
[ for the normal application of adhesive applied for specimens Rli, R12 and
R13. The reason wvhy the specimens of both categories sustained the same
load is that the weak link is in shear between the stringers at the aft of
the pocket and not compression of the pocket skin at the spar backwall.
These pockets were also tested with and without backwall spacers, and there
was not any discernible difference in the ultimate load of either specimen.
The main reason is that the flange on the spacer supports the pocket skin
vhen a 1/8-inch and 1/U-inch gap exists between the pocket and the backwall
of the spar. A typical specimen with a backwall spacer is R12 of Table UL,
sustaining a load of 1175 pounds.

e = A - s e

Twenty-four chemical heat packs were utilized for curing six pockets in-
stalled on spar segments prior to proof loading these specimens. The pur-
pose of heat packs was to estimate the effect of heat during pocket instal-
lation on spec:.nens maintained at ambient 40°F and T5S°F and then proof load
tested within 1 hour. The pockets were assembled on spars, and the bonding
| fixture was instclled similar to other pocket installations except tiat the
chemical heat packs were placed between the bungee cords and the pocket

skin (Figure 25). The three specimens at 75°F required only one heat pack
per side for 1 hour and then tested within 1 hour for a total of 2 hours.
The results are shown for specimens R10, R1l and R15 in Table L,

The spars for the three specimens at LO°F were subjected to L0°F in a walk-
in cooler for approximately 40 hours. One heat pack per side was utilized
at the beginning of the cure. Hcwever, because the spar provided such a
large heat sink, additional heat packs were installed every 25 minutes to
maintain heat to the bond being cured. Three heat packs to a side were
used during the test. The resuits are shown for specimens R8, R9 and Rlk.

Figure 26 shows graphically the temperature at the pocket-to-spar bond for
both the T5°F and L4OOF chemical heat pack tests.

E The chemical heat packs were ¥AS-CHP-4000, purchased from Airline Systems,
San Carlos, Calif. Standard 7 in. x 12 in. heat packs were used with the
12-in. direction spanwise on the blade and the pocket-to-spar bond area
centered on the T-in. width. All pockets bonded with heat packs, either

: proof load or fatigue specimens, were successfully tested even though the

] ends of the pockets were not pressed tight to the spar. When the heat pack
is activated, it swells and shoartens itself in the 12-in. directicu. To
properly bond a pocket to a spar, the heat packs should be 7 in. x 15 in,
or an .064-in.-thick caul plate should be inserted under the present heat
pack to apply pressure to the ends of the pocket skin.

57

————— il



_—

Figure 25.

N

58

EWR 38633

Field-Replacesable

Pocket

Chemical Heat Pack

Installation of Chemical Heat Packs for Pocket Bonding.




AL IR T PRIy Semuse, e

awyl sA puog Jedg-03-393004d 3® aamjvradme), 92 SInITS

9

I, 9anisedmey,

—_—— — — —Jd 0% 3% PITTddy s}o%d 3IE3H
g,8L 3w patTrddy SYoB®g 389y

o o s e e 2 2




The heat packs can be used with the pocket installation tooling by simply
putting the bungee cords under the side pressure bars, instead of over
them, and then installing the heat packs under the bungee cords, over the
bond area. They are neatly packaged two to a box camplete, even to their
own vater supply. The contractor would suggest they be used as a separate
kit because of the quantity required in a cold climate. At colder temper-
ature (4OOF), as many as six heat packs are required per pocket.

Two additional specimens were tested to estimate the resulting proof load
by removing a field-replaceable pocket from a spar and replacing it with
another field-replaceable pocket. The pockets were installed at TO°F using
a regular application of paste adhesive on the spar/pocket joint. The
results obtained (R16 and R17) were similar to proof loads sustained by
other specimens.

The last two pockets tested consisted of the finalized design, EWR 38633
Revision D, with the one-piece outer skin. These were also assembled at
T0OF using a normal amount of prste adhesive. The results are shown as
specimens R18 and R19.

As can be seen by Figure 24, thers was very little spread in load/deflec-
tion regardless of the four test conditions. Failure occurred in shear at
the trailing edge of the stringer (-102, -106 and -107) Joint. The average
load of the EWR 38633 pocket for R4 through R19 is 460 pounds less than
the average load of the production pocket; however, the EWR 38633 pocket
can sustain more than twice the ultimate proof lcad requirement of 565
pounds established under Reference l.

FATIGUE TESTS
Summary

Results of fatigue tests indicated that the EWR 38633 field-replaceable
pockets were stronger than the production pockets. Test procedures,
results and conclusions are presented below. The Fatigue Test Plan is
included in Appendix C.

Test Design

Factors which could contribute to in-service pocket failures are:

8. Vibratary spanwise strain at the bond

b. Aerodynamic loads bending the pocket

¢. Inertia loading bending the pocket

d. Mechanical damage due to foreign objects

Analysis confirms that the most significant loading is the vibratory span-
wise strain at the pocket-to-spar interface. The CH-54B blade pockets are
bonded to the spar at points where the spar experiences relatively high
vibratory spanvise stresses, and are therefore subjected to vibratory strains
transmitted through the bond as the pocket conforms to the spar curvature.

These tests were designed to provide a comparison of production and
field-replaceable pockets under this type of loading. Pocket specimens of
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each type were subjected to three levels of vibratory loading for up to

3 x 100 cycles at each level. Each pocket was inspected for damage at reg-
ular intervals. C(Criteria for failure were established which were based on
service requirements, that is, evidence of a crack or disbond which would
necessitate repair or replacement of the pocket in service.

In addition to evaluating correctly assembled field-replaceable pockets,
three specimens were tested which had deliberately been bonded with unde-
sirable process variations such as old adhesive and improperly mixed ad-
hesive. These tests provide a basis for evaluating the structural effect
of procedural errors in field replacement.

Specimen Configuration

Each specimen was made from a 13l-inch length of CH-54 spar with special
end fittings to adapt to the test facility. Each specimen was fitted with
five pockets as shown in Figure 27. The pocket configurations and locations
are detailed in Table S.

The fatigue specimens containing replaceable pockets were first bonded with
production pockets per production procedures. The pockets were then re-
moved to expose the residual adhesive for subsequent bonding of replaceable
pockets with the selected adhesive to simulate conditions to be experienced
in the field (See Figure 28).

Test Facility

The specimens were tested in the 60K and 100K blade test facilities shown
in Figures 29 and 30 respectively. Figure 31 is a schematic representa-
tion of the blade test stand. Centrifugal loading was simulated by apply-
ing a static tensile load to the specimen through compressed rubber wash-
ers (steel washer springs in the 60K machine). The machine drive system
comprises an adjvstable eccentric and crank driven by a variable drive
motor. One end of the specimen was excited by the crank to provide a small
sinusoidal vertical displacement. Test frequency was increased until, at
the resonant frequency of the pin-pin specimen, the blade adopted a reso-
nant mode inducing the required levels of vibratory moment and strain.

The blades were positioned at an angle such that both edgewise and flatwise
loadings were simultaneously applied. The ratio of NB to BR vibratory
stresses was maintained at 77%. This represents the ratio of flatwise
bending stress to bending stress at the bottom rear corner radius of the
spar and is representative of most flight conditions. Each test condition
was set up and monitored using amplitude measurements in the same manner as
simjilar tests conducted during Reference ..

During that program, one blade was instrumented, physically calibrated by
means of deadweight, and used to establish the test conditions. Once each
test condition was established, centrifugal load, blade angle, and vibra-
tory amplitude at 1/4 and 1/2 span were recorded for use in establishing
the test conditions on the subsequent test specimens, none of which were
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Figure 27. Typical Fatigue Specimen,
TABLE 5, FATIGUE TEST - SPECIMEN CONFIGURATION
Specimen Pocket Number
Number: (Crank End) (Col. End)
1 2 3 4 )
Production| Production|Production |Production |[Production
1 Pocket Pocket Pocket Pocket Pocket
Hysol Bond| Hysol Bond AF6 Hysol Bond |Hysol Bond
Replaceable Pockets, No Backwall Spacers
e Hysol Bond
Replaceable Pockets, Backwall Spacers
3 Hysol Bond
N Replaceable Pockets, Modified
Backwall Spacers Hysol Bond
Replaceable|Replaceable|Production |Replaceable|Replaceable
Pocket Pocket Pocket Pocket Pocket
> Improper Heat-Pack |AF6 8 Mo. 01d |Bare Spar
Hysol Mix |Hysol Hysol Hysol
Replaceable|Replaceable|Production |Replaceable|Replaceable
6 Pocket Pocket Pocket Pocket Pocket
Bare Spar |[8-Mo.-0ld (AF6 Heat Pack |Improper
Hysol Hysol Hysol Hysol Mix
Replaceable|Replaceable|Production |Replaceable|Replaceable
. T Pocket Pocket Pocket Pocket Pocket
E 27-Mo.-01d |Improper AF6 Bare Spar |Hangar Cond
f Hysol Hysol Mix Hysol Hysol
E 62
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Figure 29. Specimen in 60K Lb Fatigue Test Machine.
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Specimen in 100K Lb Fatigue Test Machine.

Figure 30.
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strain gaged. The resultant spanwise BR stress distributions from the sur-
vey are shown in Figure 32.

Fatigue Test Procedure

The pin-pin resonant mode of testing produces a distribution of bending
moment along the specimen; therefore, the stress experienced by each pocket
is related to its position on the spar. From Figure 32 the stress for each
pocket can be found for each of the three load lgvels at which the specimen
was tested. Each specimen was tested for 3 x 10  cycles at maximum vibra-
tory stress levels of 4000, 7000 and +10000 psi and a steady tensile
stress of 10500 psi until the test was completed or fracture of the spar
occurred.

Approximately every .5 x 106 cyclz2s, the pockets were inspected visually
and by coin tapping to detect cracks or disbonds.

Results

Test data of all seven specimens are summarized in Table 6. No represent-
ative damage was sustained at the first and second load levels, except for

specimen 7.
The S/N curves plotted for these specimens are:

a) Figure 33 showing S/N data for production pockets

b) Figure 3k showing S/N data for replaceable pockets

c) Figure 35 showing S/N data for replaceable pockets with backwall
spacers

d) Figure 36 showing S/N data for incorrectly bonded replaceable
pockets.

Note: Damaging cycles to failure in Figures 33 through 36 indicate the

time in cycles when failure occurred in the test pocket (production
or field replaceable) by either cracks or bond separations.

Discussion of Results

Comparison of correctly bonded replaceable pockets data in Figures 34

and 35 shows no significant difference with or without backwall spacers and
an improvement in strength over the production pocket of approximately 23%.
Even with poor bonding techniques, the replaceable pockets showed a strength
equivalent to the production configuration, with the exception of specimen
T.

The results for specimen T, Figure 36, showed a significantly lower fatigue
strength in the spar-pocket bonds of that specimen campared to specimens 5
and 6. This is believed to have been caused by a technician's wiping

the primed interior surface of the pocket with methyl ethyl ketone before
the adhesive was applied. This solvent removed the primer from the surface,
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