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ABSTRACT

The objective of this NASA program was to continue the investigation of
methods by which damaged fiberglass rocket motors can be successfully repaired.
The following areas were investigated: (1) resin shear capabilities, (2) shear
distribution improvements in the patch, (3) repair of cylindrical defects in an
X259 chamber and (4) effect of aging on resin shear strength. The investigation
of the repair system provided the following conclusions:

(1) A stress analysis indicated that use of a rubber filler ply in the
bond line between the parent case and the first ply can help to reduce peak

shear stresses at the defect edge and make the loading in the patch plies more
uniform, )

(2) The present fouxr-ply fiberglass cloth patch design has inadequate
strength to repair a 5.0-in. longitudinal defect completely through the wall
of an X259 motor case cylindrical section.

(3) Bottle hydroburst -tests indicate that the shear strength of the
Epon 946 resin bonded patch is significantly greater than previously indi-
cated by double-lap shear tests.

(4) Double-lap shear tests data indicated no significant loss in shear
strength for the repair system after nine months of aging.

(5) For the best void-free application of a repair patch, individual
plies must be applied separately, Except for the anti~fraying border, the
resin must not be applied to any ply before positioning and rolling down
the ply.
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SUMMARY

OBJECTIVE AND PROGRAM PLAN

This program was concerned with the investigation of the following areas:
(1) resin shear capabilities, (2) shear distribution improvements in the
patch, (3) repair of cylindrical defects in an X259 chamber, and (4) effect
of aging on resin shear strength. The loading capabilities of the patch
system were investigated in a series of tests on small bottles with circum-
ferential defects completely through and around the bottles, These bottles
were repaired dnd then hydroburst to determine the maximum load that could
be carried by the patch system. The shear improvement analysis consisted of
the use of mathemarical models to determine the shear stress distribution in
the bond line of the repair. This bond line was modified to determine if the
maximum shearing stresses could be decreased., The X259 hydroburst served as
a demonstration of the capabilities of the fiberglass cloth - Epon 946 repair
system on defects five inches long and completely through the chamber wall,
The effects of aging on the shear strength of the resin were determined at
intervals up to nine months.,

RESULTS AND CONCLUSIONS

This program has provided a critical evaluation of the repair system with
the following conclusions being demonstrated during the program:

(1) A stress analysis indicated that use of a rubber filler ply in the
bond line between the parent case and the first Ply can help to reduce peak
shear stresses at the defect edge and make the loading in the patch plies
more uniform.

(2) The present four-ply fiberglass cloth patch design has inadequate
strength to repair a 5,0-in. longitudinal defect completely through the wall

of an X259 motor case cylindrical section,

(3) Bottle hydroburst tests indicate that the shear strength of the Epon
946 resin bonded patch is significantly greater than previously indicated by
double~lap shear tests,

(4) Double-~lap shear test data indicated mno significant loss in shear
strength for the repair system after nine months of aging.

(5) TFor the best void-free application of a repair patch, individual
plies must be applied separately. Except for the anti-fraying border the
resin must not be applied to any ply before positioning of and rolling down
the ply.



SECTION I

INTRODUCTION

A, OBJECTIVES

Under Contract NAS-1-9293, Hercules Incorporated, Allegany Ballistics
Laboratory (HI/ABL) was authorized to conduct a program to continue the

investigation of methods by which damaged fiberglass rocket motors can be
succegsfully repaired,

The objectives of this program were:

(1) To establish shear loading capabilities of the repair system
previously demonstrated under Contract NAS 1-6367.

(2) To investigate possibilities of significantly increasing shear
load capacity by modification of repair design,

(3) To investigate the application of the repair system to a modern
flight-type motor case and demonstrate such applications under
hydrotest conditions.

(4) To establish the effect of aging on the repair system,

B, BACKGROUND

Many high-performance solid rocket motor designs have incorporated
filament-wound fiberglass cases to achieve a higher strength-to-weight ratio,
During the past several years, a number of such motors have been rejected for
flight use because of damaged fiberglass windings. These rejections resulted
in schedule slippage and increased program costs. .

Under Contract NAS-1-6367, Hercules Incorporated demonstrated a lamimated
patch repair system on a number of X248 motor firings conducted at chamber
pressure well above normal for those motors,(1~3) That program provided a
critical evaluation of the size, location, orientation, and repair of gouge-
type defects in the fiberglass chamber of the X248 rocket motor. Major
achievements and conclusions resulting from that Program were:

(1) Certain partial defects can be sustained in the domes and
cylindrical sections of the X248 motor without affecting
motor performance.

(2) A field repair technique was developed for the repair of
defects completely through the wall of the cylindriecal
section of the X248 rocket motor., This technique includes



a laminated fiberglass cloth patch bonded to the chamber
by 4 room temperature cure alastomeric adhesive. The
technique has been used to successfully repair defecis
with little regard to size or orientation of the defect,
Repair by this system requires 1o major tcoling or equip-
ment . .

(3) Although the stress analyses were vital to the interpretation
of empirical results, the analytical methods used are inadequate
to evaluate chamber damage and repairs, This is due largely to
the gecmetrical limitations of t+he method; that is, it cannot
account for the finite lengths of defects.

Treating all defects as having infinite lemgth tends to produce
highly conservative solutions for the stress-strain distributions
in the models, However, the.analyses can still be used to indi~
cate trends in patch parameters which might affect the stress~
strain distributions. Test results on the X248 motors indicated
that even the maximum-length. (15 inch) defect repaired and tested
did not load the patch to the degree that the infinite length
analysis predicted. See Figure 88. As shown in Figure 89 the
analyses did indicate that action was necessary Lo assure &
thickened bend line close to the defect lip.

(4) The feasibility of repairing fiberglass defects in a rockef motor
dome was demonstrated in a 6-in,~diameter bottle program.

(5) Although complete penetration defects and their repairs. can be
evaluated, further effort vemains to be completed before valid
accept/reject criteria can be established for defects and
repairs in general,

From static firings of defected and repaired X248 motors, it was concluded
that gouge~-type defects can be repaired regardless of X248 model, However, it
may be necessary to optimize the patch technique for situations where pateh
weight and size must be restricted and where higher pressure loads. than those
for the X248 are to be transferred by the bond layer,

Tt is believed that the basic assumptions used to design the patch for
the X248 can be applied to other motors as well, The patch itself can be
decreased in size based on the X248 test results. Use of these test results
would tend to reduce the conservatism of the patch design for smaller defectis,
However, because of the possibility of patch irregularities, it may be best to
continue using the conservative assumptioms until the patch applicatién
technique hasg been perxfected. The parameters that must be considered -in design-
ing a repair patch are (1) motor pressure, (2) motor case radius, (3) winding
geometry, (4) defect size and depth, and (5) patch material properties.



C. SUMMARY OF PROGRAM PLAN AND SCOPE

This program was concerned with the investigation of the following areas:
(1) tesin shear capabilities, (2) improvements in shear distribution through
the patch, (3) repair of cylindrical defects in an X259 chamber, and (4) effect
of aging on resin shear strength.

The loading capabilities of the patch system were investigated in a
series of tests on small bottles. Circumferential defects completely through
and around the bottles were used to establish defects of infinite length,
These defected bottles were repaired using 5/81-904 finish fiberglass cloth
and an Epon 946. The epoxy resin system incorporated a heavier bond line at
the defect lip than was previously used, After repair, the bottles were
hydroburst to determine the maximum load that could be carried by trhe patch
system, This load could then be compared with the values cbtained from
double-lap shear tests,

The shear improvement analysis consisted of the use of mathematical
models to determine the shear stress distribution in the bond lime of the
repair. The bond line adjacent to the parent case was then modified to
determine if the shear stress distribution could be significantly altered.
A reduction of the peak shear stress at the edge of the defect was highly
desirable,

An X259 hydroburst test served to demonstrate the capabilities of the
present patching technique, Longitudinal and circumferential defects in the
cylindrical section were repaired with the Epon 946 and S/81-904 finish
fiberglass cloth, The chamber was hydrotested to determine the success of
the repair of such defects.

The effects of aging on shear strength of the patch system were also
investigated., Three-plate shear specimens were withdrawn From storage (65-
85°F) and tested at intervals up to nine months to determine if the shear
strength degraded over this time span,



SECTION II

CONCLUSIONS AND RECOMMENDATTONS

A, CONCLUSIONS

The present work that has been completed under the follow-on NASA Defects
Program (Contract NAS1-9293) has provided a critical evaluation of the repair
system that was initially developed under NASA Contract NAS1-6367, Each of
the four tasks provided additional data which can be used in conjunction with
previous data to better evaluate the repair of defects. The following con-
clusions were drawn:

(1) The series of theoretical stress analyses investigating modifications
of the patch system indicated that shear stresses at the bond line and load
distribution per ply can both be altered. The peak -shear stresses at the
defect edge can be reduced significantly and the load distribution per ply
can be made more uniform by introducing a thin filler ply of rubber into the
bond line adjacent to the parent case.

(2) The X259 hydrotest indicated that a four-ply patch of the tensile
strength determined-in this study was not capable of successfully repairing
a8 5.0-in, longitudinal defect completely through the cylindrical section of
an X259 motor case. However, the repair of circumferential defects can be
accomplished with the present repair technique, )

(3) Bottle hydroburst tests indicate that the-shear strength of the Epon
946 resin-bonded patch is significantly greater than previously indicated by
double~lap shear tests, The new strength value varies from approximately 2000
1Ib/in. to 2600 1b/in.

(4) The double-lap shear test data have indicated that no éignificant
loss in shear strength has resulted from room-temperature aging of the repair
patch materials for storage periods up to nine months,

] (5) The technique of applying individual dry patch plies to 4 surface
coated with the bonding compound is required to minimize the probability of
void development. This technique was used successfully on the repairs of the
X259 motor case defects to eliminate voids in the repair patch,

B. RECOMMENDATIONS

To improve the present system, an investigation of other glass cloths
and resins should be conducted to determine their applicability to the repair
of the fiberglass defects. The use of new patch design features, particularly
the use of a rubber filler ply materials in the bond lines of the repair,
should be investigated in subscale tests., The resulting new technology should
then be applied to repair defects in full-scale chambers. The X259 chamber
would be a likely candidate for such an evaluation. Also, a combined analytical-



effort to develop and validate a computer analysis technique capable of
recognizing the effect of defect length on patch loading and on unrepaired
strength must be completed.



SECTION ITII

DISCUSSION -OF TESTS AND RESULTS

A, INTRODUCTION

This program was a continuation of the investigation of methods by
which damaged fiberglass rocket motors can be successfully repaired. The
program was comprised of four tasks.

Task I consisted of the testing of repaired circumferential defects
that extended completely around 6-inch-diameter bottles. The purpose of
these tests was to establish the shear loading capabilities of the Epon 946
resin system.

Task II was concerned with analytical investigations of repair patch
configurations. The purpose of this task was to investigate the possibili-
ties of attaining significant increases in shear load capacity by modifying
the patch design.

Task III of the program consisted of a hydroburst test of a defected
and repaired X259 chamber. The objective of this program task was to
investigate the application of the patch system to an X259 chamber and to
demonstrate the wcapability ef the patch system under hydrotest genditions.

Task IV in the program was concerned with aging of the Epon 946 resin
system. The purpose of the task was to establish the effect of aging (up
to nine months) on the shear strength of this resin system.

B. TASK I - SUBSCALE BOTTLE PROGRAM

1. Technical Approach

Double~lap shear tests in the original program indicated that the
Epon 946 resin had a shear strength of 1600 1lb/in, However, it was believed
that this value was lower than the strengths that were actually exhibited by
the repair technique used in the repair of X248 motors. A more exact value
for this shear strength would be required for the application of the repair
technique to situatioms where loads to be transferred are higher than the
X248 loads. Therefore, the objective of the first task in the program was
to determine the shear strength of the Epon 946 resin system used in the
repair of fiberglass defects in rocket motor chambers. The investigation



of the shear strength was conducted with 6-in.-diameter bottles, The physi-
cal dimensions and winding data for the fabrication of the ten bottles in
this task are shown in Figure 1.

The bottles were wound over Styrofoam mandrels covered by two layers of
thin rubber, using single-end 5-994 glass with an Epon 826/CL resin system.
The winding geometry and sequence consisted of four hoop layers followed by
four 9° helical layers and four additional hoop layers. The fourth helical
layer in this winding geometry was used to increase the burst pressure capa-
bilities of the bottles from 2100 psi to approximately 2800 psi, This pres-
sure permits a maximum axial load of approximately 4500 lb/in, which is
sufficient to give a critical evaluation of the shear capabilities of the
patch system,

The defects were 0,10-in. wide and were machined completely through the.
bottle wall; care was taken not to cut the rubber insulator inside the '
fiberglass bottles. The defects extended 360° circumferentially around the
bottles and were located at the mid-point of the cylindrical section., This
infinite length defect causes all of the axial load to be transferred through
the patch.

A preliminary finite element amalysis of a three-ply repair of this
defect indicated that a fourth ply should be added. This additional ply was
needed because the desired location for failure in the hydroburst test was in
shear in the bond layer between the patch and the bettle. The stress distri-
bution among the plies directly above the defect for the three-ply repair at
a 1000 psi internal pressure was predicted to be

- Axial Stress, psi

Ply 1 : 58,000
Ply 2 32,000
Ply 3 20,000

Tensile test data from the original program, as listed in Table I,
indicate that the temsile strength of a single ply of glass cloth is 5600
psi. Thus, based on an allowable tensile stremgth of 56,000 psi, a fourth
ply was needed to ensure shear failures as opposed to tensile failures in
the patch, A plot of the stress distribution per ply for a three-ply patch
is shown in Figure 2. By assuming the same type of diffevences for three-
and four-ply distributions of load per ply as shown in Reference (2},

Figure 115, an extrapolation of this analysis data was performed, An extrapola-
tion of the outermost ply strains from three-ply repairs to four-ply repairs
indicates a 1.397% strain for an internal pressure of 1000 psi in the bottles
with 2 four-ply repair. This value will be used for comparison with the
strains measured during actual bottle hydroburst tests.



The assumed bond line thickness in the analysis was 0.0i0 in. Figure 3
ghows the shear stress distribution in the bond line as a function of distance
from the defect center. A mamimum value of 5700 psi occuxs at the defect 1lip
for an intermal pressure of 1000 psi. Previous analyses of three- and four~
ply repairs indicates that the variation in the number of plies should reduce
the peak sheay stress at the defect lip to about 3000 psi.

2. Bottle Repair and Test Procedures

Afrar the bottles were wound and cured, they were defected, The
bottles were placed on a lathe and a gharp cutting tool was used to machine
the defects through the bottle wallg, After defecting, the bottles were
repaired, The general repair procedure is outliped below; deviatioums for
each particular bottle test are also described.

The yepair area was marked off and then sanded until the bottle
zloss had been removed. The sanded area wasg then cleaned and degreased with
nethylene chloride. A minimum 0,010-in.~thick coat of Epon 946 was applied
to the repair area within 1,0 in, of the defect, 7This coat was then allowed
to Begtage for a minimum of six hours, and care was taken to prevent resin
accumulation at any one location. This precoating wag done to assure an
adequate bond line thickness in the high shear stress areas adjacent to the
defect, A fresh coat of vesin was then applied to the entire sanded area,
The first ply of fiberglass cloth was placed over the defect, and the resin
was worked up through the ply. More resin was then added. The next ply was
placed over the first ply, and the resin was again worked up through the ply.
This step was repeated for the two subsequent plies., Upon the completion of
patching, the repaired bottle was allowed to cure for a minimum of seven days
at room temperature (75 + 5°F).

The materials used for the repair patch were Owens-Corning $/81-904
finish giass cloth and Epon 946 resin. The repair patch consisted of four
plies pf overlapping cloth., The dimensions of the four plies including a 1/4-
in, fringe were as follows:

Ply 1 - 22,5 in, long and 3.0 in. wide
Ply 2 « 23,0 in. long and 4,0 in, wide
Ply 3 - 23,5 in. long and 5.0 in. wide

Ply &4 - 24,5 in, long and 6.0 in, wide

- Kach of these plies extended completely around the bottle and had a minimum
of a one-inch overlap at the ends.

When the repair patch had been completely cured, the Styrofoam man-
drels were disgolved by using acetone. The dissolving process did not completely
dissolve the Styrefoam., A thin coating of residue remained on the interior wall

of the bottles.
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Aftér repair the bottles were hydrotested to burst using the Data-
Trak programmed closed-loop servo system comntrolling the Miller Ram Pressuri-
zation System. All the bottles were instrumented with strain grids as shown
in Figure 4, Pressurization of the bottles at a rate of 50 psi/sec was con-
trolled by a Data-Trak program which provided the pressure profile shown in
Figure 5, A schematic diagram of the test setup is shown in Figure 6,

3. Test Results

The first two bottles in the program were repairéd using a four-
ply repair and the repair procedure dutlined previously. These bottles
were hydrotested, and both bottles developed a leak in the bond layer between
the repair patch and the bottle wall. This leaking was attributed to a
failure in the rubber insulator, As the bottles were pressurized, the resin
in the defect cracked, permitting the thin rubber insulator to be extruded
into the cracks and resulting in a failure of the rubber. Apparently, the
water then placed the bond line in radial tension because the repair patch |
has a much lower modulus than the bottle. As a-result, the bond line failed
and the water was able to force its way out of the bottle, causing the
resulting water leakage,

Both bottles developed leaks between the patches and the bottles,
The maximum pressures achieved were 925 psi on Bottle No., 1 and 850 psi on
‘Bottle No. 2. Axial strains measured on the outer patch ply are shown in
Figures 7 and 8., A picture of Bottle No, 1 in the hydrotest setup is shown
in Figure 9, Bottle No. I was sectiomed to permit internal examination.
It was noted that the residue from the Styrofoam dissolving process had
crazed during- the tests. Also, a failure path was found in the bond line
which permitted escape of the water. A method of sealing the chamber
interior would be required in future tests.

Bottle No. 2 was hydrotested again after the entire inside cylindri-
cal section had been sealed with Prestite. This was done to ensure that leak-
age would not result from the crazing of the residue or from resin failure in
the defect., The bottle failed in shear at 965 psi in the bond line of the
repair, The origin of the shear failure appeared to be in the leakage path
developed during the previous test. This pressure corresponded to an axial
load of approximately 1545 lb/in, of applied defect length. As a-result of:
this test, it was concluded that Prestite should be used in future tests to
cover the intermal cylindrical section to prevent the development of leaks, ,

The next test sequence consisted of hydrotests of two bottles. The.
patching of these bottles varied from that used in the first two tests to |
make the application of the repair patches easier. The first bottle (No. 3)
contained a three-ply repair patch. The second bottle (No. 4) contained an
inverted four-ply repair ("inverted" referring to reversal of the order of ply
application to the bottle; i.e,, beginning with the largest ply and ending
with the smallest), The inverted patch was selected because its tendency to
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conform to the bottle surface was superior to that of the normal patch, In
addition, analyses indicated that the characteristics of the inverted patch
would be similar to those of the normal patch.

Another change in the repai. procedure was needed, Because of diffi-
culty encountered in holding individual plies in fixed positions, the patches
for Bottle No. 4 and all subsequent bottles were applied integrally to the
bottles, This technique is shown in Figures 16, 17 and 18. Post-test inspec-
tions of sheared bond lines showed later that this technique of application
was undesirable. See Figures 31 through 38. Air bubbles were trapped instead
of being permitted to vent through successive plies as when the plies were
applied dry to a freshly precoated surface in accordance with previous practice.
Integral assembly, in addition, resulted inm an unduly stiff patch, and as a
consequence resistance to conforming to the bottle surface remained a problem.

The results of the hydroburst tests for these two bottles indicate
that the three-ply patch failed in tension at a pressure of 1143 psig and
that the four-ply patch failed in shear at a pressure of 1606 psig. These
two different types of failures were clearly apparent upon examination of the
bottles. The patch of Bottle No. 3 failed in tension directly above the
defect, The patch of Bottle No. 4 pulled away from the bottle at one end of
the bottle, The post~test pictures of these two bottles are shown in Figures
10 and 11, respectively.

Plots of axial strain versus pressure for Bottles Nos. 3 and 4 are
shown in Figures 12 and 13, These values at 1000 psi are lower than indi-
cated by the analysis. The higher strains for the three-ply repair are
noted by comparing these two figures.

The next four bottles to be tested were repaired with four-ply,
inverted fiberglass cloth patches, This patch configuration and technique
had been used previously on Bottle No. 4. The inverted patching procedure
is different from the procedure outlined for a2 normal four-ply repair.

After the surface had been defected and sanded, a minimum 0,010-in.-thick
coat of Epon 946 was applied to the repair area within 1.0 in. of the defect
(Figure 14). After B-staging for at least six hours, the remaining repair
areas was coated with a fresh layer of Epon 946 (Figure 15). The four-ply
inverted patch was applied by the integral assembly technique (Figures 16,
17 and 18). As illustrated in Figure 16, the patch was assembled by bonding
one end of each ply to the previous ply in a staggered manner., This was done
for ease of application and provided assurance that the plies were and would
remain in proper position during application. After the patch had been
wrapped around the bottle, the roller was used to force out air and to help
smooth the patch, The repaired bottle is shown in Figure 19.
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Before testing one of the two ballon bladders was removed from the
inside of each of the four bottles during the dissolving of the Styrofoam
mandrels, This was done to remove the residue deposited in the bottle during
the dissolving process. Next, two coats of Lagz were applied to the interior
surfaces of the four bottles in an attempt to prevent water weeping or .leaks
during hydrotest., This method was used as a substitute for-.the time-consum-
ing application of a Prestite coating.

The initial bottle tested in this series (No. 8) developed a leak in
the defect area at ~ 1150 psig; this leakage was similar to those occurring
in Bottle Nos. 1 and 2. 1In view of this problem, it was decided to coat Bottle
No. 8 and the remaining three bottles with a Prestite layer and to retest No,
8. Bottle No. 8 was retested at a higher pressurization rate, 2750 psig/sec,
because of some detected leakage. The bottle failed in shear at a pressure
of 1622 psig (2600 1b/in., of defect length) in the area where the leakage had
occurred. Plots of axial strain versus pressure for the two tests of Bottle
No. 8 are shown in Figures 20 and 21, A comparison of the two graphs indi-
cates a small difference in strain readings at similar pressures for the two
tests. The resulting difference was primarily due to the higher pressuriza-
tion rate used in the retest, The failure pressure, equivalent to a 2600 1b/in.
axial load carried by the bond system is much higher than the double-lap shear
value of 1600 1b/in.

Bottle No. 5 was tested next, Tt failed in shear at a pressure of
1477 psig (2365 1b/in, of defect length) at the 270° location., A plot of the
axial strain versus pressure is shown in Figure 22, This plot does indicate
a more rapid increase in strain at the 270° location.

The final two bottles (Nes. 6 and 7) were tested on December 3, 1969,
The results of these tests indicate shear failure at pressures of 1270 psig
(2035 1b/in. of defect length) at 1350 psig (2160 1b/in. of defect length),
respectively. 1In Bottle No. 6, voids were present in the bond line at the
rerrure location. These voids were the probable cause of faiiure at Lhe lower
pressure. Plots of the pressure versus axial strain are shown in Figures 23
and 24 for these two bottles.

Examination of the five bottles using the inverted repair technique
has indicated that numexrous voids occurred in the bond lines, This was due
primarily to the difficulty encountered in making the glass cloth patches con-
form to the bottle surface., In areas where the patches did not adhere, air
pockets remained. These voided areas caused disruption of the stress distri-
bution in the bond line, resulting in shear stress buildups which caused a
premature failure of the patch., In all cases, the motion picture films indi-
cated that failure was in shear.

The post-burst pictures of Bottle Nos. 5, 6, 7 and B are shown in
Figures 25 through 28, The bottle halves were separated after the tests,
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and the areas of resin void were outlined with a white marker. Pilctures of
these areas for Bottle Nos, 4 through 8 are shown in Figuves 29 through 33,
The voids in Bottle Nes, 5 through 8 were deeper than those in Rottle Wo. &
because they contained more resin in the bond line, Also, the bond line
thicknesses in the areas near the defect edge wvaried from 0.035 in. to 0,045
in. These values, which are well above the 0,010 in, winimum required in the
test plan, were due to the technique employed which provided more thickness
than was anticipated,

Photomicrographs of some of the different types of voids found in
Bottle No, 6 are shown in Figures 34 through 38, Figures 35 and 36 show dif-
ferent views of one veid, approximately 0.75 in. wide % 0.55 in. long, found
in Bottle Ne. 6. In all cases these voids appear to be of such magnitude or
location as to seriously alter the shear stress distribution of the bond line

The strain gage measurements for the bottles with the four-ply in~
verted patches show an average of 0.85% axial strain at 1000 psi. This vajue
is considerably lower than the -analytically extrapolated value of 1.39%. The
lower strains are probably due to the numerous voids in the bond line which
resulted in lower loads being transferred out bo the outer plies, and the
added stiffening of the patch because of the overlapping of the joints in eael
ply. The same factors weve probably also the cause of the considerable vari-
ation in the strain measurements, even within the same test.

The results of rhis task have indicated that shear stremgth of the
Epon 946 is at least 277% higher than the 1600 ib/in, indicated by the testing
of the double-lap shear specimens. This value could be possibly as much as
60% higher if the larpe voids in the bond lines of the repair patch could be
avoided, The minimum axial load to be rransferred was 2035 1b/in, for Bottle
No. 6. The maximum axial load to be transferred under normal test conditions
was 2570 1b/in, in Bottle No, 4. It is believed that values as high as those
measured for Bottle No, & can be consistently achieved if the void problem
can be eliminated, :

The bottle test results are summarized in Table II. An average
failure pressure for Bottle Nos, &, 5 and 7 was 1477 psig (2385 1b/in, of
defect length). Bottle No, 8 was not counted because of higher loading rate,
and Bottle No. 6 was not counted because of the numerous veids that were de-
tected in its. bond line, Based on these results a bond line strength of
2400 1b/in. of defect length should be considered comservative in repairs
which have no voids,

The comparison of the strain measuvements with analytically prew
dicted values possibly indicates that the repair patch may have been closer
to a five-ply repair. This was due to the overlaps in the integral repair
techniaque that was utilized,
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The remaining two bottles in the program were not tested because
(2) the results of the first eight tests have indicated a substantial
increase in shear strength and (b) the problem of voids in the bond line
encountered with the patching technique had to be overcome,

C. TASK II - SHEAR IMPROVEMENT ANALYSIS

1. Technical Approach

The objective of this task was to find, by analyses, a design modi-
fication of the laminated patch repair system which would sighificantly
reduce the peak shear stresses present in normal patch loading. This would
help to increase the potential load-carrying capacity of the repair system.

The analyses were performed by utilizing the Hercnles Finite Element
Computer Program. This digital computer program is bdsed upon a finite-
element direct stiffness method for obtaining elastic stress-strain solutions
for bodies of revolution; the program can be used to analyze two-dimensional
geometric approximations of the actual three-dimensional configuration.

A major feature of the program is its capability to consider the anisotropic
material properties for all elements. Temperature dependence of the
anisotropic properties is also automated through the use of material property
input to the computer program,

The Hercules finite element computer program comprigses four
functionally separate subprograms which perform the- following operations:
E
(1) generate nodal locations of ianterior grid
elements,

(2) generate individual stiffness matrices and
loads for the various quadrilateral elements
in the grid and store them in an intermediate
magnetic tape,

(3) assemble individual stiffness matrices generated
by subprogram (2) and obtain the composite
stiffness matrix for the total structutre, then
solve for the equilibrium displacement field,
and

(4) solve for strains and stresses in the finite
elements through elasticity relationships
between the strains and displacements and
stresses and strains.

In using these analytical techniques, the body under consideration
is approximated by an assemblage of quadrilateral elements, The corners of
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each element are described as nodal points. Within each element, the
displacement field is assumed to have a known linear form and -is, therefore,
given in terms of the unknown nodal displacements. Based upon the linear
theory of elasticity, stresses are then expressed in terms of nodal dis-
placements associated with each element under consideration together with
the applied forces. The procedure is repeated for each element of the
system. The solution is obtained when minimization associated with the
principle of virtual work is accomplished with respect to each of the
independent unknown nodal displacements. This results in a §ysteﬁ‘of

linear algebraic equations which describe the equilibrium state for the

body. Solution of the system of linear algebraic equations yields displace-
ments from which strains and stresses can be obtained. Use of this technique
permits a detailed study of overall structural deformations and detailed
analyses of movements of individual fibers or structural elements within
quadrilateral elements.

2. Results

a. Four-Ply Repair

(1) Normal Patch Repair

The first analysis was of a four-ply repair of an infinite
circumferential defect., The analysis was performed for a chamber with’
geometry similar to that of the X259 chamber. The defect was assumed to be
infinite because of the geometrical limitations of the computer program.
The repaired chamber was analyzed at an internal pressure of 1000 psi for,
convenience, This pressure is equivalent to an axial load of 7500 1b/in.
Figure 39 shows the cross-section of the repaired area and the breakdown of
the structure into elements and their respective dimensions,

Plots of the axial strain distribution, axial stress
distribution per ply and shear stress distribution in the bond line are
shown in Figures 40, 41 and 42, respectively. In all three figures the
patterns are 51m11ar to those already observed in earlier analyses. The
stress magnitudes are above the allowables of the cloth and resin because of
the more severe loading condition than had previously been imposed. However,
they can still be used for valid comparisons to determine improvements. in shea

distributions.

(2) Inverted Patch Repair

The second analysis was of a four-ply inverted patch used
to repair a circumferential defect in a chamber with geometry similar to -
that of the X259 chamber. Again the chamber was analyzed for 1000 psi
internal pressure. Figure 43 shows the cross-section of the repaired area
and the breakdown of the structure into elements and their respective
dimensions.
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Plots of the axial strain distribution, axial stress
distribution per ply and shear stress distribution in the bond line are
shown in Figures 44, 45 and 46, respectively. 1In all three figures the
patterns and magnitudes are similar to those observed in the four-ply repair
analysis., The axial strain and axial stress distribution are slightly
different in magnitudes, but the shear stress distributions in the bond
layers are almost exactly the same.

(3) Comparison of Normal and Inverted Patch Repair

A comparison of the stress distribution per ply is shown in
Table III for these two types of repair. Although the magnitudes vary,
the total load carried by the patches it the same. The comparison of )
these two analyses indicates that the repairs are almost equivalent, but
that the normal four-ply orientation is slightly better because of lower
maximem stresses in the first ply.

b. Bond Line Filler Plies

The next analyses were concerned with the addition of a filler
ply in the bond between the chamber and the first ply of the normal four-
ply patch to help lower the peak shear stresses at the defect edge. The
location of a filler ply in the bond line can be found in Figure 48. Again,
for convenience, the loading congisted of a 1000 psi internal pressure.
Initially, two types of fillers were considered. First, a filler ply of
8/81-904 glass cloth with the weave oriented at 45° to the defect axis was
considered. This material is the same as used in all repair patches in
this program with only the orientation varied. Plots of the axial strain
distribution, axial stress distribution per ply, and the bond line shear
stress distribution are shown in Figures 47, 48 and 49. The axial strain
and stress distributions indicate lower values when compared to the basic
four-ply analysis. However, comparison of the shear peaks of Figures 42
and 49 indicates that the shear stress levels were not lowered., Therefore,
this analysis indicates an unsuccessful redistribution of bond line shear
stresses when a fiberglass cloth filler ply is used.

The second type of filler ply consisted of a 0.0067-in,-thick
rubber material with a low modulus (i.e., 1000 psi). Plots of the axial
strain distribution, axial stress distribution per ply, and the shear stress
digtribution for a rubber filler are shown in Figures 50, 51 and 52, The
stress and strain plots indicate that the load to be carried has been moré
uniformly distributed across the plies, This condition would permit the
addition of outer plies of cloth to help reduce the maximum stresses in the
first ply. The shear stress distribution plot indicates a significant
decrease at the defect edge. The maximum shear stress has been shifted
to the edge of the rubber and is about 70% of the maximum for a normal
four-ply repair. This analysis has indicated that the use of a rubber
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filler material in the bond line can both .gignificantly reduce peak shear

stresses and can provide a more uniform distribution in the patch plies.
This can be readily evaluated by comparing Figure 52,which shows the shear
stress distribution in a bond line with & rubber filler, with Figure 42.

To gain additional information concerning the effects of adding a
rubber filler, a parametric study of rubber filler configurations was performed.
This series of computer analyses attempted to determine the effects of rubber
variations on the shear stress distribution. Figures 53 through 59 'show the
shear stress distributions resulting from changes in shape, thickness, length,
and location. Comparisons of these figures indicate that a 0.003-in,.-thick
filler located above the bond line midsection would reduce the stresses most
significantly. However, in absolute numbers there is less than a 10% difference
in maximum bond line shear stresses. for the various rubber configurations con-
sidered. ’

D, TASK IIT - X259 MOTOR CASE HYDROTEST

1., Introduction

The results obtained in the original program(l) clearly demonstrated
that certain defects will not affect motor performance and that extensive
fiberglass defects can be successfully repaired. However, these results
were obtained from one specific type of rocket motor. The question remained
as to whether or not results obtained from the X248 chambers were applicable
to other fiberglass rocket motors. Thus, the objective of Task III was to
demonstrate that the present patching technique could be successfully -applied
to a modern design motor case such as the X259 rocket motor.

2. X259 Stress Analysis

The first step of this task was to perform a brief stress analysis
of the X259 chamber cylindrical section to-determine the stress-strain
distribution in this section. These data would then be used .to determine
defect location and size and to establish the patch design. A picture of
a loaded X259 chamber is shown in Figure 60.

The stress analysis. of the X259 cylindricai section utilized the
Hercules Finite Element Program (62105). The following winding geometry is
found in the cylindrical section: .
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The analysis indicated that for an internal pressure of 100D psi, used for con-
venience in computation, the strains were uniform along almost the entire
cylindrical section, These values start to vary in the area of the junction
of the skirt, dome and cylindrical section. The magnitudes of the strains
were:

Hoop = 2.8%
Axial = 0.58%

Data taken from the results of earlier hydrotests of X259 chambers(®’) indicate
the following measured strains at 250 psi: )

Hoop = 0.63%

Axial = 0.13%
When extrapolated to 1000 psi:

Hoop = 2.,5%

Axial = 0.52%

Comparison of these values to the analytical data indicates agreement hetween
the two sets of values,

Since the strain distribution in the cylindrical section was uniform
along almost the entire length, the selection of defect locations was not re-
stricted.

3. X259 Motor Case: Defects, Repair, and Test

a, Defect Selection and Description

These defects and their respective locations are shown in Figure 61

The following four defects were machined into the cylindrical sec-
tion of the X259 chamber: ‘

Defect No. 1 - A circumferential defect 5.0 in. long k 0.10 in.
wide x 100% deep (completely through fiberglass) and located 18.5 in. aft of
the face of the forward skirt ring and centered at 310°.
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Defect No. 2 - A circumferential defect 5.0 in. long x 0.10 in.
wide x 100% deep (completely through fiberglass) and located 41.5 in. aft of
the face of the forward skirt ring and centered at 50°.-

Defect No, 3 - A longitudinal defect 5.0 in. long x O.lg in.
wide x 100% deep (completely through fiberglass) and lo?atad‘at 310° between
39.0 in. and 44.0 in. aft of the face of the forward skirt ring.

Defect No, 4 - A longitudinal defect 5.0 in. long x 0.10 in. wid?
x 1007 deep (completely through fiberglass) and located at 50° between 16.0 in.
and 21.0 in., aft of the face of the forward skirt ring. -

The X259 was judged to be sufficiently large to permit testing two
longitudinal and two circumferential defects without impairing test validity,
The use of two sets of similar defects would help to confirm test data to be
developed. Also, data as comparable to X248 (1,2) data as possible were sought,

The 0.10-in, width of the defects was chosen in order to maintain -
consistency with the X248 defects, The lengths of the defects were determined
from an extrapolation of X248 rest and analyses data to the X259 test require-~
ments,

Under Task I of this program the small bottle tests indicated
that (1) the Epon 946 bond system was capable of transmitting a load of
2400 1b/in, of defect length for an infinite defect and (2) the strength
of a four-ply patch was sufficient to produce a bond shear failure before a
tensile failure. From X248 data for a 7.5-in.-long defect with a four-ply
repair the observed strain on the outermost ply was 1.3%, The predicted
strain from the theoretical stress analyses for an infinite defect was 3.9%.
It was recognized that at least two factors might be involved in this dis-
crepancy. These are the chamber winding geometry and the repair patch charac-
teristics, No determination could be made as to the degree of effect from
either. In the selection of a defect length, it was assumed that the 1.3/3.9
actual to theoretical strain ratio was valid for a four-ply repair of an X259
defect,

The test plan included a dwell period of 520 psi followed by a
pPressure increase to failure, The 520 psi was used as the basis of 2 mini-
mum failure. AL 520 psi, the X259 chamber has a-theoretical hoop load of
7800 1b/in, of defect length to be transferred over a defect, Howewver, based
on the 0,33 actual to theeretical correctionm factor, this load would only be
2580 1b/in, for a four-ply repair. In order to reduce this load to below the
2400 1b/in. resin strength, the defect length was reduced to 5.0 inches. This,
in turn, would reduce the load to be transferred to - 2220 1b/in.
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b. Repair Materials

The resin system, Epon 946, used in the repair of the applied
defects was the same as used on the bottle repairs in Task I and on earlier
repairs of X248 motors.(1-3) The fiberglass repair cloth, Owens-Corning
§/81-904, is the same as used to repair the Task I bottles; however, it .
differs slightly from the S/81-901 used in the X248 repairs, The difference
is in the finish of the cloth. The S/81-904 cloth was selected for use
throughout the present program because (a) comparative specimen tests (1-3)
indicated the substitution would not affect the pateh strength and (b) the
904 finish cloth has superior shelf 1ife characteristics and can be stored at
room temperature while 901 requires storage under refrigeration.

¢, Repair Procedure

The procedure used to repair the X259 motor case defects was
bagically the same as that used to repair the X248 motors in the earlier
program. However, two modifications to the repair procedure were imple-
mented., First, the bound line under the first ply of the patch was thickened
close to the defect by precoating an area of the case within 1.0 inch of the
defect with Epon 946 and then allowing it to B-stage. The B-stage precoat
had been used to successfully produce much thicker bond lines in Task I than
had been previously achieved in X248 repair. Theoretical analyses had indi-
cated a drop in peak shear stresses at the defect edge for thicker bond
lines. It was therefore expected that bond line strengths would show a
considerable improvement over the strength that was previously demonstrated
in the original program. The second modification consisted of reducing the
size of the patch plies. This was done because the patch strains beyond the
defect area are quite low (see Figure 40),

After the defects had been machined into the chamber, the chamberx
was repaired, The size of the repair plies and repair procedure are found in
the X259 Test Plan in Appendix A, The repair procedure is repeated below, and
reference is made to these figures which illustrate the technique:

(1) The repair area was marked off and then sanded
until the surface gloss on the chamber had been
removed (Figure 62).

(2) The sanded area was then cleaned with methylene -
chloride.

(3) A thick layer (minimum of 0.020 in.) of Epon
946 resin, which had been B-staged for % hour,
was applied to the area within one inch of the
defect (Figure 63).
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(4) After the applied resin had been allowed to
B-stage for a minimum of four hours, the edges
of the resin were tapered to avoid air pockets
during patch application (Figure 64).

(5) A thick layer of Epon 946 resin, B-staged for
15 minutes, was then applied-to the chamber.

(6) The first ply of fiberglass cloth was placed
over the defect, and the resin was worked up
through the ply (Figure 65).

(7) Another layer of resin was then added. The next
ply was placed over the resin-coated first ply,
and the resin was worked up through the second
ply. This step was repeated for all the subse-
quent plies (Figures 66 through 68).

(8) Upen the completion of patching, the repaired
chamber was allowed to cure for a minimum of
seven days at room temperature,

(9) The two defects at the 310° location were re-
paired first., A minimum of 36 hours elapsed be-
fore the unit was rotated so that the two defects
at 50° could be repaired.

The repair procedure established for fiberglass defects in ‘the cylindrica.
section of any motor is presented in detail in Appendix B.

d, Hydrotest Arrangement

Upon completion of patch cure, the X259 chamber was instrumented
in accordance with Table I of the Appendix ‘A, These strain gage locations
are shown in Figure 69, A schematic diagram of the X259 hydrostatic test
arrangement is shown in Figure 70, The pretest pictures of the hydrotest
setup are shown in Figures 71 and 72, The plot of the Pressure versui time
program is shown in Figure 73, A constant pressure of 200 psig was used.to
measure increase in strain because this pressure was considered a safe level
at which the strain gage readings could be analyzed, The 520-psig hydrotest
preasure was chosen because it was used to evaluate damaged chamber S/N
HPC-162 in an earlier investigation of fiberglass defects and the data could
be compared. Also, on the basis of the favorable result of that test, another
motor with similar damage was accepted for flight and was used successfully,

4, Test Results

The X259 chamber was hydrotested om February 23, 1970, At a pressure
of 312 psig, a patch failure occurred in the aft longitudinal defect (Defect .
No. 3). This pressure is only 48% ef the original burst capability of approx-
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imately 660 psig. This low pressure failure, especially in temnsion, had
not been expected. Post-test pictures (Figures 74 and 75) and an exam-
ination of the patch which indicated that it was still fully bonded to the
chamber eliminate the possibility of a shear failure.

A review of motion picture films showed the mode and progression of
the patch failure. Figures 76A through 76F are motion picture frames from
the films of the failure sequence., These pictures, taken at intervals of
1/1000 of a second, illustrate the tension failure in the patch., The escape
of water in the defected area shows the progression of the failure along the
defect. Subsequent examination of the case showed the rip to be directly
over the defect,

For the post~test examination of the unit, the two longitudinal
defects were sectioned in one-inch increments., An examination of each section
indicated that the patches had good bond thicknesses and contained no voidsi
The good bond line thickness (0.020 in. minimum in defected areas) and the -
absence of voids are quite apparent from these photos. The resin in Defect
No. 4 was cracked as shown in photomicrographs of several sections (Figures 77
through 80). This cracking was probably due to the high strain in this partic-
ular area. Cracks of this type had developed in the bottle tests of Task I atc
load levels as low as 1350 1b/in. of defect length. The presence of such eracks
1s not considered to indicate patch failure, However, such cracks must be seal-
ed to prevent leakage of water and possible premature patech failure during hydro-
burst, 1In this test, Prestite was used to prevent -leakage in the defected areas,

As indicated in the previous text, the strain data were recorded by
gages on the chamber wall and on the patches. Table IV 1lists the hoop and
axial strains versus pressure for the gages on the chamber wall. These values
were 1.29 to 1.38 times higher than had been expected on the basis of results
from previous hydrotests and stress analyses. This was probably due to the
defects ‘being near the areas of strain reading. These data indicate an increase
of load around the defects and into the undefected portions of the chamber.

Plots of the strain versus pressure for strain gages located on
the patches are shown in Figures 81 through 84, The plot of hoop strain ver-
sus pressure for Defect MNo. 3 indicates a considerable increase in strain at
pressures above 290 psig. It is believed that this was due to the initiation
of a failure in the first ply of the patch which would have caused the load
to be transferred to the three other plies, resulting in the abrupt increase
in strain measurements on the outer ply. The strain data for Defect No., &
does not reflect this sharp increase. However, the strain data recorded one
inch forward of the defect center are higher than those for the center of the
patch, This is due partly to a 6° error in the orientation of the center gage.
Therefore, an indication of higher loading occurring away from the patch center
should not be derived from this plot. The strains over the circumferential
defects are considerably lower and are in good agreement with each other.

Plots of the strain versus time for all gages are located in Appendix.C, )
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The recorded strains from an X248 test and those for this X259
hydrotest were compared, The X248 (NPP-242) test was of a four-ply repalr
for a 7.5-in.-long defect, These strain data were compared with strain
data from Defect No. 3 in the X259 chamber (NPP-98). The comparisons will
not account for the variation between the lengths of the defects. First,
strain values were compared at the same pressure, 290 psig (Figure 85).
This graph shows that the higher strain values were located in the outer
ply of the X259 repair, The maximum strains at the center of the patch
are only approximately 1.38 times higher in the Y259 repair than in the
¥248 because of the higHer loading at this pressure. This result was
expected because of the smaller defect in the X259 chamber and the varia-
tions in both wall thickness and winding geometry, Strains were then
compared at supposedly equivalent loading conditions in Figure 86, Because
the X259 radius is 1.67 times iarger than that of the X248, the X248 pres-
sure was 375 psig and the X259 pressure was 224 psig. This dissimilarity
resulted in a considerable difference between the strain values. The lower
X259 values were probably due to the use of a smaller defect and the first
ply bearing much more load than the subsequent plies. . The difference in
the shape of the curves in Figure 86 seems to indicate a more uniform
loading in the X259 repair patch. This could possibly be due to the dif-
ferences that exist between the twe types of chambers (i.e., winding
geometry, radius and thickness), as well as the better patches obtained in
the X259 tests.

In conclusion, it is believed that excellent repair patches were
obtained in the X259 tests, However, failure in the glass cloth patch under
the high loading conditions indicates that the patch must be modified. The
Tagk II analyses indicated one modification which might produce better load
and shear distributions. The use of stronger cloth or the addition of more
plies may also be necessary. These possibilities should be investigated in
the future,

E. TASK IV - EPON 946 AGING STUDY

1. Objective

The objective of Task IV was to determine fo what extent, if any, the
wost critical physical propertieg of the repair materials, primarily the Epon
946 resin, change with age.

2. Surveillance Test Plan

For this resin-aging study, 35 specimens (of the configuration shown
in Figure 87) were fabricated, cured for different time periods at ambient
temperature and tested to determine shear stress levels, failure modes and
€ailure locations. The three-plate shear specimens are 1.0-in, -wide and the
bonding area is 1.0-in,-long. The specimens comsist of glass cloth bonded
to Spiralloy mat with the Epon 946 resin system. This was, in turn, bonded
to Side A and Side B of the three-plate shear specimens., The following £ive
groups of specimens were tested at a cross-head speed of 3 in./in./min:
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Group No. Specimens Aging Time

1 (eontrol) 10 One week

2 ) 5 One month

3 5 Three months
4 5 5ix months

5 5 Nine months

The five remaining specimens will be retained for possible testing
at a later date,

3. Test Results

a. Croup 1 (One-Week Aging)

Results for the control group (ten specimens), aged one week at
room temperature, are given below:

Shear
Sample Stress : Modes of Failure
Ne. (psi) Side A Side B
1 1745 1007% - Epon 946 to Spiralloy - 50% - Delamination in
Spiralloy
50% - Failure of C7 bond
to Spiralloy
2 1675 100% - Epon 946 to Spivalloy Same as above X
3 1550 100% - Epon 946 to Spiralleoy 100% - Failure at C7 bond
to Spiralloy
4 1280 50% - Epon 946 to Spiralloy 1007% - Failure at C7 bond
50% - Split between 2 plies to Spiralloy
of 5904 cloth
5 1525 100% - Epomn 946 to Spiralloy 100% - Failure at C7 bond
to Spiralloy
26 1600 100% - Epon 946 to Spiralloy 100% - Epon 946 to Spiralloy
27 1375 100% - Epon 946 to Spiralloy 100% - G7 to Spiralloy
28 1635 100% - Epon 946 to Spiralloy 50% - C7 to Spiralloy
50% =~ Delamination of
. Spiralloy
29 1697 100% - Epon 946 to Spiralloy 100% - C7 to Spiralloy
30 1388 100% - Epon 946 to Spiralloy 100% - C7 to Spiralloy

Average 1547
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The failure modes were very néarly identical in every Ease; however,
the reasons for the comparatively high variation are not obvious. The speci-
mens may have differed in bond line thickness, and the aluminum plates may
have been misaligned.

b. Group 2 (Aged One Month)

The next five specimens were tested one month after the initig
7-day cure period. Results are given below: ;

Shear _
Sample Stress Modes of Failure
No. (psi) Side A Side B
6 1455 Epon 946 to Spiralloy C7 to Spiralloy
7 1367 Epon 946 to Spiralloy C7 to Spiralloy
8 1720 Epon 946 to Spiralloy 75% €7 to Spiralluy
25% delamination in Spiralloy
9 1825 Epon 546 to Spiralloy 75% C7 to Spiralloy
25% delamination .
10° 1697 Epon %46 to Spiralloy 25% C7 to Spiralloy
75% delamination
Average 1613

This average is 66 psi higher than the average for the controls. Some of the
individual shear values were higher in this set than in the controls, probably
reflecting continued curing of the specimens at room temperature. Delamina-
tions in the Spiralloy did not appear to be detrimental to the shear values,

€. Group 3 (Aged Three Months)

The next five specimens were tested three months after the
7-day cure period. Results are given below:

Specimen Shear Modes of Failure
No. {psi) Side A Side B
11 905 Epon 946 to Spiralloy Glass mat delaminated
12 1662 Epon 946 to Spiralloy €7 to Spiralloy
13 1537 Epon 946 to Spiralloy C7 to Spiralloy
14 1450 Epon 946 to Spiralloy C7 to Spiralloy .
15 1325 Epon 946 to Spiralloy 30% C7 to Spiralloy and

50% glass mat delaminated.

Average 1376
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The very low value of Specimen No. 11 was attributed to delami~

nation on one side, The average of the five specimens is 1376 pei or 11%
lower than the average of the control specimens. At this time, the difference
does not appear to be of major significance because of the very low value
obtained for Specimen No. 11,

d.

Group 4 CAged Six Months)

The next five specimens were tested six months after the 7-day.

cure period. Results are given below:

Specimen Shear Modes of Failure
No, (psi) Side A Side B
16 1410 Epon 946 to Spiralloy 50% C7 to Spiralloy
. 30% Spiralloy delaminated
17 1565 75% Epon 946 to Metal 25% C7 to Spiralloy
25% Epon 946 to glass mat 75% Spiralloy delaminated
18 1712 Epon 946 to Spiralloy C7 to Spiralloy
19 1165 Epon 946 to Spiralloy 100% Spiralloy delamihated
20 1735 Epon 946 to Metal C7 to Spiralley '
Average 1517

Where the Spiralloy had delaminated, shear values were lower,

as expected. The average shear for these five specimens is 1517 psi, a
loss of 2.07% from the control average. .

e,

Group 5 (Aged Nine Months)

The final five specimens were-tested nine months after the 7-day

cure period., Results are listed below:

Specimen Shear Modes of Failure
No. {(psi) Side A Side B
21 1100 Epon 946 to Spiralloy G7 to Spiralloy
22 1440 Epomn 946 to Metal C7 to Spiralloy
23 1487 Epon 946 to Spiralloy 50% C7 to Spiralloy
50% Spiralloy Delamination
24 1790 Epon 946 to Spiralloy C7 to Spiralloy
25 1500 Epon 946 to Spiralloy C7 to Spiralloy
Average 1463

The 1463 psi average represents a 5.0% decrease in shear sfrength.

However, this decrease is due primarily to the low value obtained for Speci-

men No, 21,
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The data obtained for the intervals up to the nine-month room
temperature aging indicates no significant loss in shear strength for the
581-904 glass cloth and Epon 946 resin combination., Any variations are due
primarily to one specimen in each group exhibiting a low failure level., In
most cases this is due to glass delaminations.

£. Evaluation.of Testing Method

The three-plate shear specimen method for determining shear
strength has provided consistent results, Variations are due primarily
to the complexity of the construction of the specimen (see Figure 87).
Considering the complexities, the feasibility of fabricating uniform speci-
mens appears to be quite doubtful. However, the results obtained indicated
that of all the specimens fabricated, only a few were of substandard quality.
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TABLE I

TENSILE STRENGTH S5/81/901 GLASS CLOTH/EPON 946 PATCHES - 3 IN./IN./MIN

Gage Length = 1.7 in, CHS = 5.0 in,/min
Approximate Thickness of 1 Ply of (leoth = 0,014 in,
No: of Direction Specimen Specimen Stress Defisction Strain Modulus
Plies of Load Number Load (1b) (psi) (in.) (in/in) 3105 {psi)
L Warp 2 287 534,700 .136 080 6.83
3 3iz 35,400 147 087 6.86
4 258 49,100 .132 .078 6.34
5 303 57,700 146 086 6.72
i Fill 1 255 48,600 .134 079 6.17
2 244 46,500 - .128 075 6.18
3 228 43,400 L1325 074 5.92
& 257 49,000 .142 084 5.87
5 243 46,300 .128 075 6.16
2 Warp 1 552 52,600 147 087 6.07
2 492 46,900 .138 081 5.77
3 502 47,800 .128 L0735 5.35
4 449 42,800 .13% .082 3.23
5 570 54,300 .159 0% 5.81
3 Warp i 830 52,700 L1377 .104 5.07
2 865 54,900 . 182 . 107 5.13
3 500 537,100 .186 L109 5.22
4 970 61,600 .189 _ 11l 5.53
5 330 32,700 .165 . 097 5.43
4 Warp 1 1190 56,700 191 112 5.04
2 1340 63,800 195 .115 5.57
3 1275 60,700 .193 .113 5.35
4 1415 67,400 215 126 5.33
5 1515 72,100 .232 .136 5.29



TABLE IT

SIX-INCH BOTTLE TEST RESULTS

Bottle
No. Type of Repair Test Results

1 Four Ply Developed a leak at 925 psig.

2 Four Ply Developed a leak at 850 psig. Lesk
was sealed. Retest yielded a shear
failure at 965 psig.

3 Three Ply Failed in tension at 1143 psig,

* Four Ply Failed in shear at 1606 psig. Large
- Inverted voids in bond line,
8 Four Ply Developed leak at 1150 psig. Leak
TInverted sealed, Retest. Failure in shear
at 1622 psig. Large voids in bond
line,
5% Four Ply Failed in shear at 1477 psig, Large
Inverted voids in bond line. .

6 Four Ply Failed in shear at 1270 psig. Numerous
Inverted large voids in bomnd line.

7% Four Ply Failed in shear at 1350 psig. Large
Inverted voids in bond line.

* Based on these tests the average failure pressure was 1477 psig (2365 1b/in.
of defect length)
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TABLE ITI

STRESS DISTRIBUTION FOR FOUR-PLY AND FOUR-PLY INVERTED REPAIRS

STRESS, PER PLY, psi -

STANDARD FOUR PLY

FOUR PLY TNVERTED

PLY 4
Element 1 51043 40265
Element 2 59620 50261
Element 3 68304 61104
Element 4 71736 66606
Element 5 70528 66910
Element 6 66928 60669
PLY 3
Element 1 83516 80298
Element 2 84005 78300
Element 3 81398 73353
Element 4 76004 67551
Element 5 69894 57800 -
Element 6 63892 45816
PLY 2
Element 1 122050 123660
Element 2 114660 11595
Element 3 99268 100140
Element &4 82760 82962
Element 5 69766 69475
Element 6 60057 53589
PLY 1
Element 1 210260 220030
Element 2 157410 164270
Element 3 107740 111770
Element 4 77649 79729
Element 5 60328 61275
Element 6 £9550 43670
NOTE: Element No. 1 is adjacent to the centerline of the defect. Each sub-

30

sequent element is further from the defect centerline. All elements
These elements can be found in Figure 39 for the
standard four-ply and Figure 43 for the four~ply inverted.

are 0.05 in. wide,



TABLE TV

STRAINS MEASURED FROM GAGES LOCATED ON X259 CHAMBER SURFACE

Strain (%)

23

Time (sec) 13,475 14,958 16,142 16,408 16,767

Axial Gages Nos, Pressure (psig) 201 251 290 300 312

1 .19 .25 .28 30 .30

3 .17 022 .25 .26 «27

i3 .18 .23 +26 027 .27

7 017 .21 .25 .26 .27
Hoop Gages Nos,

2 . 64 .80 .92 o 94 .97

5 .68 .83 ‘ .97 1.00 1,03

8 .63 .80 .91 . 9% .98

9 .62 .79 .91 <94 .99

NOTE: Gage locations are shown in Figure 69,
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Filaments per end = 204 |
Ends per roving = 1

Longitudinal band width = 0.0078"

Hoop band width = 0.0072"

Band density = 256 ends/inch/layer

Geometry for dome failure: 4 longitudinal + 8 hoop
ty/layer = 0.0082 t9p /layer = 0,0072

Figure 1. Dimensions and Winding Data for Fabrication of 6-In.-Diameter Bottles




Axial Stress (x 10% pei
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Figure 2. Axial Stress in Three-Ply Patch for 1000 psi Internal
Pressure (Axial load = 1600 1lb/in.) - Small Bottle Repair
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Figure 3, Shear Stress Distribution in Bond Layer for 1000-psi
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Internal Pressure {Axial load = 1600 lb/in.) - Small
Bottle Repair
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sl'@ 0° - Axial
52 @ 90° - Axial
83 @ 180° - Axial
S& @ 270° - Axial
ss5@ 0% - Hoop
§6 @ 90° -~ Hoop

Approximately

5.6 o NOTE: Use BLH PA-7 Strain Gages,

or equivélent

— 4

DT

- TYPICAT,
Installation

NOTE: Strain gage axial dimension'is only approximate. Use
dimension noted on each bottle as exact location (center

of defect).

Figure 4. Strain Gage Locations
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Figure 5. Pressure vs Time Profile ~ ~ - Data~Trak Program



ENTIRE ASSEMBLY
SUSPENDED FROM
OVERHEAD CRANE

DIAL PRESSURE GAGE

TO MILLER
@ ' P~ RAM SYSTEM

BOTTLE

1~ P2

BOTTLE PRESSURE TRANSDUCER

NOTE: P3 (Pressure Transducer) located on the Miller Ram System
provides the feedback for the servo system.,

29832

Figure 6. Diagram of Bottle Test Arrangement
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Axial Strain (%)

1,0+

8.0

Note:

Predicted strain at 925 psig is 1,29%.
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750
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450

Figure 7.

] 1] -
a0 180

Axial Gage Location (Degrees)

270

Bottle Test No. 1 - Axial Strain Versus Pressure (Failure at 270°)

{(Maximum Axial Load = 1550 1b/in.)



NOTE: Predicted strain at 850 psig is 1.18%.
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Figure 8. Bottle Test No. 2 - Axial Strain Versus Pressure (Failure at 1200)
(Maximum Axial Load = 1425 1b/in,)
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Figure 9. Bottle No. 1 in Hydrotest Setup



Figure 10. Bottle No. 3 =Post Test View of Three=Ply Tension Failure

G-2490
Figure 11, Bottle No. 4 -Post Test View of Four-Ply Shear Failure
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& Note: Predicted Strain at 1097 psig is 1.52%.
/\ Pressure PSIG
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Figure 12, Bottle No. 3 - Axial Strain Versus Pressure (Maximum Axial

Load = 1830 1b/in.) (Failure at 0°)




Note: Predicted strain at 1602 paig i 2,227, 7
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Figure 13. Bottle No., 4 - Axial Strain Versus Pressure (Maximum Axial
Load = 2570 1b/in.) (Failure at 180°)
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Figure 14. Precoat of Epon 946 on Defected Bottle




Figure 15. Adding Epon 946 Resin Coat to Repair Area

G-2497




Figure 16. Interconnected Four=Ply Patch
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G-2499

Figure 17. Saturation of Cloth with Epon 946 Resin Using Roller




Application of Patch to Bottle




G-2498

Figure 19. Bottle Repaired with Inverted Patch
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Note: Predicted strain at 1126 psig is 1.57%.

Pressure,

psig
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: CT’/r’/”/r
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% Lo IS
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0 90 180 270

Axial Gage Location (degrees)

Figure 20. Bottle No. 8 - Axial Strain Versus Pressure (Maximum
Axial Load = 1840 1b/in.) (Leak occurred at 180°)



Note: Predicted strain at 1622 psig is 2,26%. Pressure,
1.5 psig
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Figure 21. Bottle No. 8 Retest - Axial Strain Versus Pressure for
Pressurization Rate of 2750 psi/sec (Maximum Axial load =
2600 1b/in.) (Failure occurred at 180°)
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Axial Strain (%)

Note: Predicted strain at 1202 psig is 1.67%.
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Figure 23. Bottle No. 6 - Axial Strain Versus Pressnre

(Maximum Axia! Load = 2035 1lb‘in.,)
(Failure at 90°)
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Figure 24, Bottle No, 7 - Axial Strain Versus Pressure
(Maximum Axial Load = 2160 1b/in.) (Failure at 120°)




Figure 25. Post=burst View of Bottle No. 5 with Four=Ply
Inverted Repair

G-2492

Figure 26. Post~burst View of Bottle No. 6 with Four=Ply
Inverted Repair
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Figure 27. Post-burst View of Bottle No. 7 with Four-Ply
Inverted Repair

G-2491

Figure 28. Post=burst View of Bottle No. 8 with Four=Ply
Inverted Repair



G-2488
Figure 29, Void Areas in Bottle No. 4

(Located inside white boundaries)




Figure 30. Void Areas in Bottle No. 5 (failure area located
inside white boundaries at the 2700 location)




G-2487

Figure 31. Void Areas in Bottle No. 6
(located inside white boundaries)
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Figure 32. Void Areas in Bottle No. 7 (located inside white boundaries)



G-2489
Figure 33. Void Areas in Bottle No. 8
(located inside white boundaries)
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Mag. 4X
Figure 34. Voids in Bond Line of Bottle No. &
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Mag. 4X
Figure 35. Voids in Bond Line of Bottle No, 6




G-2482

Mag, 4X
Figure 36. Voids in Bond Line of Bottle No. 6 ‘




Mag 4X G-2485

Figure 37. Voids Between Plies of Bottle No, é




Mag. 8X

Figure 38. Voids Near Defect Edge of Bottle No. 6
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Figure 40, Axial Strain (%) Distribution in a Four-Ply Patch
for a 30.0-In.-Diameter Chamber Subjected to 1000 psi
Internal Pressure (7500 1b/in. Axial Load)
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Figure 41, Axial Stress Distribution in a Four-Ply Patch
for a 30.0-In.-Diameter Chamber Subjected to 1000 psi
Internal Pressure (7500 1b/in. Axial Load)
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Shear Stress (x 103 psi)
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Finite Elements in Cross-Section of Four-Ply Inverted Repair
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Figure 62. Repair Areas with Precoat area Marked
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Figure 63. Application of Precoat to Defect Area
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Figure 64, Precoat with Edges Tapered G-2516




| Figure 65. Application of First Ply of Patch
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Figure 66. Application of Second Ply of Patch
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Figure 67,

Application of Third Ply of Patch
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Figure 68. Patch Appearance After Application of Fourth Ply
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Figure 71. X259 Pretest Configuration (50° View)
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Figure 72. X259 Pretest Configuration (310° View)
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G-2511

Figure 74. Post-test View of Failure
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Figure 76. X259 Hydrotest Failure
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Figure 76. (Continued)
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Figure 76. (Continued)
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G-2527

Figure 77. Center Section of Failed Defect (X 1)

NOTE: Lower Part of Section is the Insulator
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G-2528

Figure 78, Center Section of Failed Defect (X 5)

NOTE: Lower part of section is the insulator and a
hand drawn line has been added to show the
material boundaries.
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(X ]0) G-2529

Figure 79. Center Section of Nonfailure Defect (Side A)
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Figure 80. Center Section of Nonfailure Defect (Side B)
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APPENDIX A

X259 HYDROBURST TEST PLAN
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* &, Test Degcription

4.1 Geperal
The subject chamber will have four 5,5 inch long x 0;1 inch wide
(through fiberglass) de%ects iaflictéd‘in the cylindrical section.
The defects will then be reﬁaired using present patching éechnique.
Following the repair, the chamber will be subjectad to a hydroburst

test to determine the failure pressure of the repaired case.

4.2 Repair Procedure

4.2.1 Repair Materials

The materials used for the repair patch will be Owens-Corning

§/81-904 finish fiberglass cloth and an Epon 946 resin system.

4,2.2 Repair Configuration

4.,2.2.1 Circumferential Defects

Th; repair patch for the two 5.0 in., circumferantial -
defects will consist of four plies of overlapping
cloth. The circumferential and axial dimensions of
the four plies, not including a 0.5 in. fringe, will
be as follows:

Ply 1 =~ ;;0 in, cir. ¥ 4.0 in. axial

Ply 2 =~ ;;D‘in. cir; x 6.0 in. axial

Ply 3 11.0 in. cir, x 8.0 in. axial

‘4

Ply & = 13.0 in. cir. x 10.0 in. axial

4.,2.2.2 Axial Defects

The repair patch for the two 5,0 in. long axial defects

will consist of four plies of overlapping cloth. The
126



1. "Introduction

This document governs the hydroburst test to be conducted on X259 NPP-98
under the NASA Defects Test Program. The testﬁconsists of inflicting four
cylindrical section defects refairing them wiéh fiberglass cloth patches and
then subﬁecting the casé to a hydroburst test to evaluate the repair technique.
2. Test Control

2.1 This test plan defines the specifications, objectives, test arrangé@ent:

instrumentation requirements, data recording and reduction requiremenet:

and photographic coverage for the subject test program.

2.2 Any changes to this test plah which affect the objectives of the test

shall be made By a controlled document, "Testing Change Order' (TCO).

2.3 Minor changes affecting instrumentation locations and mode of
recording shall require only the written approval of the Test Director.
These changes shall be entered on the Operating Areé Test Plan,.Daﬁé
Acquisition Sheets, and all necessary work orders. Each change shall
be dated and initialed by the Test Direct;r. All changes will be
approved by the Product Engineering Test Representative in writing
in the Test Director's:- log prior to initiating the test sequence.

These éhanges shall be documented on a Déviation Sheet which shall

form a part of the data package.

3. Test Objectives
3.1 To demonstrate that the present patching technique can be success-

fully applied to a modern design rocket motor case.
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circumfeéential and axial dimensions’ of the four
plies, not including 3 0.5 in. fringe, will be
as follows}

Ply 1 - 4.0 in. cir. x 7.0 in. axial

Ply 2 ~ 6.0 in. cir. x 9.0 in. axial

Ply 3 - 8.0 in. cir. x 11.0 in. axial

Ply 4 -"10.0 in. eir. x 13.0 in. axial

4.2.3 Repair Technique

4i2.3.1

£.2.3.2

4.2.3.3

4.2.3.4

-';‘4-2.3-5

4.2.3'6

. 4.2.3 ‘7

The repair area will be marked off and then sanded

until the chamber's gloss has been removed.

The sanded area will then be cleaned with Methylene

Chloride.

A thick layer (minimum of 0.020 in.) of one half hour
B-staged Epon 946 resin will be applied to the area

within one-inch of the defect.

After B-staging for a minimum of 4 hours, the edges

of the resin will be tapered to avoid air pockets.

A thick layer of one half hour B-staged Epon 946

resin will then be applied to the chamber.

The first ply of fiber glass cloth is placed over the

defect and the resin is worked up through thedply.

Another layer of resin is then added. The next ply
is placed over the first Ply and the resin is again

worked up through the ply. This step is repeated

for all the subsequent plies. 127
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4.2.3.8 Upon the completion of patching, the repaired chamber
is allowed to cure for a minimum of 'seven days at

room temperature,

4.2.3.9 The two defects at the 50° location will be rtepaired
. first. A minimum of 36 hours will elapse before the

vnit is rotated so that the two defects at 310° can

be repaired.

4.?.3.10 Still photographs depicting the defected chamber and

each step of the repair procedure will be obtainmed.

4,3 Preliminary Test Operations

4.3.1

4.3.2

4.3.3

4.3.4

4.3 .5

The chamber is to be delivered to the Instrument Shop and

instrumented in accordance with Figure 1.

Prepare a pressure versus time data trak program as shown

in Figure 2,

The servo control system and Miller Ram Pressurization System

.will then be set up in accordance with GOP 1-74-04 and GOP

1-74-05, respectively. ) ‘

Conduct a dry run with the pressurization system "dead headed™

-

to verify the pressure profile program.

Set up the moticon picture coverage as shown in Figure 3.


http:4.2.3.10

4.,3,6 The data system will be programmed as shown in Table 1 -

"Instrumentation Requirements"

Test Operation

" 4,5, The hydrotest closures will be installed as_defined in HXD 1-1111,

4.4.2 The instrumented case will then be set up in the test stand
in accordance with HXD 1-1112 Revision 3 and Drawing 259-1502.
g
4.4.3 TFill the chamber with water using the fill pipe procedure in

accordance with HYXD 1-1112 Revision 3.

4.4.4 All instrumentation is to be connected to bay lines and the

data recording system set as defined in HXD 1-441,

&4.4.5 Color still photographs are to be taken of the test setup and
detailed coverage of both defected-repaired areas are also

required,

4.4,6 'The chamber will then be pressurized to failure using the
Data Trak programmed closed loop sexrvo system controlling
the Miiler Ram Pressurization System to provide a pressure

profile as shown in Figure 2,

4,4,7 Color still photoéraphs will then be taken of the post-test

setup with emphasis on detailing the failure area.
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5. Data Processiué
5.1 Structures Laboratory
5.1.1 All processed oscillegraph rec;rds and the original copy of
the Test Data Acqhisition:Sheet shall be delivered to the
Test Director immediétely after the test. The oscillograph
shall cd;tain the following additiomal information.
1. Structures Laboratory Test Number

2. Start of each test (date and time)

3. Visicorder channel identification

5.1.2 All oscillograph records shall show T-0.

5.1.3 The digital tape, along with a copy of the Data Acquisition
Sheet shall be delivered to the Computations Department as’

soon as possible after completion of the test.

5.1.4 The motion picture film will be sent to Washington, D. C.,

for mormal processing unless otherwise specified.

5.2 Computations
5.2.1 The digital tape shall be processed and the data ready for
review within five (5) working days after the test. The
digital data shall be reviewed by‘the Test Director prior'
to plotting the data,

§

5.2.2 Proces%gthe data as follows:

1. Data printouts shall begin at T-1 second and continue

for 1 second past failure.
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NOTE: Test duration will be specified by the Test

2.

Director.

Digital printouts of all data shall be as follows:

0 to 2 seconds pridr to failure = 5 samples/second

2 seconds prior to failure, through ? seconds after
failure = 30 samples/second.

Three copies of the data printoués shall be required.

- A plot of 21l data versus time shall be required.

All graphs shall be plotted beginning at T-1 seconds.

The graphs shall be reviewed by Computations and the
Test Director prior to release for distribution,
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INSTRUMENTATION REQUIREMENTS

NOTE: 1. CW Denotes Clockwise Location
CCW Denotes Counter Clockwise Location

2. Visicorder Speeds:
1 inch per second T-0 to T+50 Seconds

4 inch per second T+50 to failure



INSTRUMENTATION. REQUIREMENTS

Table I
Gage Max.. Type
Location Location Expected (alib- of Recording Figure
* No. Valu.e ration QGage
Pl Chamber Pressure 660 psig +4  N/A D30 Visicorder N/A
B2 Chamber P;*:essure 660 psig - +4 N/A D30 Visicorder N/A
Case Cylindrical Section .
51 30,07 Aft @ 2259 - axial 27 +1 PA3 D30 Visicorder 1
.82 ‘20.0"' Aft @ 225° - Hoop 47 +1 PA3 D30 Visicorder 1
83 ) ‘30.0;' Aft @ 3'16,0 - Axial 27 +1 PA3 D30 Visicorder 1
S4 .~30‘.(; Aft @ 0° - Axial 2% +1 PA3 D30 Visicorder 1
's5 30.0" Aft @ 0O - Hoop &%, +1  PA3 D30 Visicorder 1
s6 30,07 Aft @ SE° - Axial 2% +1  PA3 D30 Visicorder 1
§7 30;0" Aft @ 135° - Axial 2% +1 PA3 D30 Visicorder 1
Sé ;30.0" Aft @ 135° - Hoop 4% +1 PA3 D30 Visicorder 1
59 41.5" ‘Aft @ 0° - Hoop 4% 41 PAJ D30 Visicorder 1
S10 -117.5" Aft @ 310° - Axial 5% +1 PA7 D30 Visicorder .1
s11 18:5" Aft 270G from 310° Axial 5% +1 PA7 D30 Visicorder 1
s12 . i8'.5" Aft 1.0" CO¥ from 31'-50 |
1.l Axial 5% +1 PA7 D30 Visicorder 1
sis 18.5" Aft @ 310° - Axial 5% +1  PA7 D30 Visicorder 1
514 fs.f;" Aft 1.0 CW from 310° -
. ve st Axial 5% +] PA7 D30 Visicorder 1
§15  18.5" Aft 20 G from 3160
.ot Axial 5% +1 PA7 D30 Visicorder i
516 19.5" Aft @ 310° - axial 5% +1  RA7 D30 Visicorder 1
S17 ' 40.5" Aft @ 50° - Axial 5% +i PA7 D30 Visicorder 1
T 818 4.'1..5" Aft 2"CCH from 50° Axial 5% +1 PA7 -D30 Visicorder L
519 ét‘l‘.f.')" Aft 1.0"CCW from 50° axial 5% +1 PA7 D30 Visicorder 1
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INSTRUMENTATION REQUIREMENTS

Gage Max, Type |
Location - Location Expected Calib- ‘of Recording Figur
No. Value ration Gage
529 3}1.5" Aft @ ‘SUOO - Axial S%. +1 PA7 D30 Visicorder 1
o 3 o
521 53-'1.5" Aft l.b" CW from 5-06 5% +1 PA7 D30 Visicorder 1
PRI {inal _
522 4’1.5" Aft -2" CW from :500 5% +1 PA7 D30 Visicorder 1
L Axial
$23  42.5" Aft @ 50° - Axial 5% +1  PA7 D30 Visicorder 1
‘824 415_" aft 1"CCW from 3100 5% +1 PA7 P30 Visicorder 1
. Hoop
§25 38.5" Aft @ 3100 - Hoop 5% +1 PA7 D30 Visicorder 1
526 39.5" Aft @ 310° - Hoop 5% +1 PA7 D30 Visicorder 2
$27  40.5" Aft @ 310° - Hoop 5% +1  PA7 D30 Visicorder 1
28 41.5" Afe @ 310° - Hoop 5%, 41 PA7 D30 Visicorder 1
829 1;2.5’f Aft @ 310O - Hoop 5% +1 PA7 D30 Visicox"der 1
_ 1 .
$30  43.5" Aft @ 310° - Hoop 5% 41 PA7 D30 Visicorder 1
§31  44.5" afr @ 310° - Hoop 5% 41 PA7 D30 Visicorder 1
832 £;1.5" Aft 1" G0 from 310° 5% +1  PA7 D30 Visicorder 1
i Hoop
§33  18.5" Aft 1"COW from 50° 5% 41 PA7 D30 Visicorder 1
o Hoop
5';34 1’5-.5'_' Aft @ :500 - Hoop 5% +1 PA7 D30 Visicorder 1
$35 §é:5" afe @ 50° - Hoop 5% +1  PA7 D30 Visicorder 1
536 iz.sv aft @ 50° - Hoop 5% +1  PA7 D30 Visicorder 1
§37 lg;gv Aft @ 50° - Hoop 5% +1  PA7 D30 Visicorder 1
538 éé.éﬂ Aft @ 50, - Hoop 57, +1  PA7 D30 Visicorder 1
$39  20.5" Aft @ 50° - Hoop 5% +1  PA7 D30 Visicorder 1
§40 21.5"_ Aft @ 50° - Hoop 5% +1  PA7 D30 Visicorder 1
S41 ;8.5" Aft 1" W from 50° Hoop 5% +1 PA7 D30 Visicorder' 1
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X259 Hydroburst Motion Picture Coverage
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Position Make Speed Film Coverage
1 Fastax 250 fps  Color  T-2 to T+100
2 Fastax 1000 fps Color T+10 to T+25
3 Fastax" 750 fps Color T+24 .5 to T+44.,5
4 Fastax 1000 fps Color T+;4 to T459
5 Fastax 1000 fps Color T+10 to T+25
6 Fastax ' 750 fps Color T+24.5 to T+4%4.5
7 Fastax 1000 £fps Color

T+4L to T+59

NOTE: 1. Cameras are to show defected-repair areas.

2. TUse light bars if necessary.

Figure 3
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APPENDIX B

REPAIR PROCEDURE FOR FIBERGLASS DEFECTS
IN THE CYLINDRICAL SEGCTION OF ROCKET MOTORS
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UoP 1-1738
Revision: 3

1. SCOPE
1.1 This document describes the materials, equipment, ‘and procedure necessary-

to repair a Spiralloy Motor Case.

2, REQUIREMENTS

2.1 - The procedures indicated herein are those used by Hercules Incorporated,
Allegany Ballistics Laboratory. The use of equivalent procedures or equipment
other than that indicated in this document shall have written approval from
"Allegany Ballistics Laboratory. ’

2.2 Operations shall be performed in the sequence listed unless otherwise
specified in this document.

2.3 All items which form a part of the end. product of these operations shall
be Quality Control accepted. .

2.4, Required inspection and processing data shall be recorded on the Manu-
facturing and Inspection Record (M & IR) unless otherwise specified,

~2.5 All measuring devices ‘that require calibration shall be inspected prior
to an operation to verify that calibration intervals have not been exceeded,

3. APPLICABLE DOCUMENTS

3.1 The latest issue of the following documents form a part of this document
to the extent specified herein unless otherwise specified by Allegany Ballistics
Laboratory.

Specifications

MIL-D-6998 Dichloromethane, Technical
HS-CP-259 Cloth, Glass, S/81-904, Unfinished
HXS 1-153 Adhesive, Epoxy Resin Base with

Amine Curing Agent
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5.

5.1

144

Publications

GOP 1-00-28

MATERTALS AND EQUIPMENT

Material

Masking tape

Glass ecloth

Cloth

Aloxite cloth

~“Epon 946, Parts A and B

Methylene chioride

Squeeges cards

Equipment

Scisgsors

Paint brush

Roller

ToP 1-1738
Revision: 3

Storage, Mixing, and Disposal of
Incompatible Adhesive Ingredients

Description®

H8-CP-259
Clean, lint-free
Number (No.) 80
HXS 1-153

MIEL-D-6998

Descrigtion*

Nylon bristle, 1% inches wide

Small, hard rubber

#(Unless otherwise indicated, source is commercial,}

SAFETY

All safety precautions and
Procedures for the area in which this

practices established in the General Operating
operation is performed shall be observed.



UCP 1-}1738
Revision: 3

5,2 The compatibility of materials used in these operations, which may come

in contact with propellant, shall be known.

NOTE: IF AT ANY TIME DURING THIS OPERATION, THERE SHOULD BE AN

" " UNUSUAL OCCURRENCE OF A NATURE WHICH WOULD AFFECT

THE SAFETY OF

THE OPERATION OR THE QUALITY OR COST OF THE PRODUCT, THEN THIS

OPERATION SHALL BE BROUGHT TO A SAFE AND ORDERLY STOP AND

OPERATIONS SUPERVISION NOTIFIED.

-6, -- CASE SURFACE PREPARATTION
6.1 Move the applicable unit to a building specified by supervision,
6.2 Set the unit in the horizontal position with the area to be repaired up.
6.3 Locate area to be repaired, in cylindrical section, parailel to motor.

Exdact location of defect will bg called out on work order.

.

6.4 Take the defect length and number of plys from th
determine the size of the top (i.e., last) ply using chart
inches to the basic length and width to determine the size

e work order and
in Figure 1., Add 1%
of the area to be

sanded., Using these dimensions, outline the area to be sanded with masking tape.

Ensure that the defect is in the center of the area to be s

6.5 Remove cured resin from the areas bounded by the
Aloxite cloth until resin has been removed close to glass f
been accomplished when No Gloss is visible,.

6.6 Wipe away the resin dust with a clean, soft, lint

anded,

tape. Hand sand using #80
ibers. Removal has-

-free cloth.

6.7 Saturate a clean, soft; lint-free cloth with methylene chloride and clean

sanded areas to remove grit, dirt, and finger oils. Air dr

vy 15 minutes,
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UoP 1-1738
Revision: 3

6.8 Thoroughly mix 100 parts by weight of Epon 946, Part A with 15 + 0.3
parts by weight of Epon 946 Part B, in a-wax-free, paper cup at ambient temperature
thoroughly. Prepare batch sizes of 230 grams each, and use within 1/2 hour after
resin is mixed. Prepare as many batches as required to patch the motor.

i

- NOTE: "B-Stage"™ resin for 15 minutes prior to applying to

case,
7. PATCHING CASE
7.1 Outline an area one inch outboard of the defect with masking tape.
7.2 Using a clean nylon brush, apply a thick layer (minimum of 0.020 inch)

of resin to the enclosed area. Make certain that defect is filled with resin.
Let this layer B-Stage for four hours.

7.3 . Remove the masking tape and taper the edge of the resin layer to help
avoid air pockets, with a clean nylon brush.

7.4 Apply a thick coat (minimum of 0.020 inch) of resin to the entire sanded
area with a clean nylon brush.

7.5 Place first ply (smallest previously cut and furnished) over defect with
length-side oriented over length of gouge, one inch on each end (see Figure 1).
Roll the ply down, gently working from the defect toward the edges, being careful
to eliminate air pockets. ’

7.6 After resin has been worked up through glass cloth, apply a thick coat
(minimum of 0.020 inch} of resin to the first patch ply.

7.7 Repeat 7.5 and 7.6 for each subsequent ply. On final ply, do not apply
& coat of resin to the entire patched area.

7.8 Four to six hours after finishing patch, remove the masking tape.
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UcP 1-1738
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NSNS
7.8 Allow patched area to cure at 75°F. 4-10°’for a minimum of 48 hours prior
toomoving the unit. Allow patched area to cure a minimum total of seven. days at
75°F. + 10 before static firing or hydrotesting.

NOTE: When unit contains defects on opposite sides to be patched
-and patchedoarea will contact saddle after rotating, cure patched
areas at 75 F. +10° for a minimum of 70 hours before turning unit.
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UoP 1-173¢
Revision:
FRINGE
1/4 to 1/2 Typ.

Length
Warp
4
< P
Fill
v
x" i
] | © Width

Basic Dimensions Exclusive of Fringe:

PLY. Length Width
First X + 2 inches 4
Second " X + 4 inches 6
Third X + 6 inches é
Fourth X + 8 inches 10
Fifth X + 10 inches 12

Figure 1
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APPENDIX C

HYDROTEST DATA FOR

X259 ROCKET MOTOR DEFECTS INVESTIGATION
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