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PREFACE

This final report is prepared by Martin Marietta Aerospace, Orlando
Division, for the Army Materials and Mechanics Research Center (AMMRC)
Watertown, Massachusetts, under contract DAAG46-75-C~0097. This work is
part of the program on Development of Hardemed ABM Materials, Mr. John F,
Dignam, Program Manager. The AMMRC Techuical Supervisor is Mr. Lewis R,
Aronin,

This report covers work conducted from 1 August 1975 through November
30, 1976, The work was performed by personnel from Martin Marietta's
Aeromechanical Engineering Division. Mr. William Hurt is the program
manager. Mr. Frank Kou is the task leader and Mr. Joseph Seinberg is the
principal analyst. General Dynamics Corporatior, Convailr Division, is the
fabricator of the conical shell test specimens provided to Martin Marietta
ay Government-Furnished Material (GFM).
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1.0 SUMMARY

This report covers work performed during the perfod from the effec-
tive contract starting date, August 1, 1975 through November 30, 1976.

This work is part of a program that has the objective of demonstrating
by analysis, fabrication, and testing of conical sections the applicabilicy
of ultra-high modulus graphite epoxy structures for utilization on future
high-performance interceptor missiles.

Martin Marietta is performing detailed design and streass analysis;
General Dynamics, Convair Division, 1is providing the fabricated test
hardware as specified by the Martin Mariatta design; and Martin Marietta
is performing the structural testing of hardware.

An ultra-high modulus graphite fiber (GY70, manufactured by Celanese
Corporation), with Fiberite 934 resin was selected for use in this program
in order to meet the stiffness requirements Iimposed by the anticipated
flight environment, The preimpregnated unidirectional tape was procured
by General Dynamics in accordance with the material specification developed
by Martin Marietta Corporation under a previous AMMRC contract (Reference 2).
Revision B to this specification to update the requirements is included in
Appendix A,

A stress analysis to determine the laminate design required for the
conical shell was conducted, This shell structure represents a half-scale
aft portion of a selected, typical guidance and control section of an
advanced interceptor. The analysls resulted in a design having a total
of 38 plies comprising the shell laminate. Twenty-two (22) plies having
0° fiber orientation relative to the missile center line are required to
provide longitudinal stiffness and strength to carry the severe bending
and axial loads., Twelve (12) plies having a 45° fiber orientation are
required to provide the necessary torsional sciffness for proper aseparation
between the torsional and bending frequencies needed for advanced ABM
applications. A study of advanced interceptor structural frequencles was
performed to establish the torsional stiffness requirements. These
laminates also provide a smcother strain transition between the 0° and 90°
laminae and minimize manufacturing problems. TFour (4) plies having 90°
fiber orientation are required to carry the hoop loads acting on the struc-
ture, A summary of the laminate design 1s given in Table 1-I,
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' Table 1-I. Laminate Design Summary

Ca T XTI I, L 2 i T e e W

5 Number of Plies Fiber Orientation, Degrees

SR AT

| 22 0

6 +45

e R LA CEL LR e et L ey

Ggy = 3.8 x 106 psi

l

!
3
i
?! Layup Sequence:
i_{‘ [0g |+42|90(-45!90|+45]|03|-45]|05|+45]|02|-45|0]
i 1 Composite Properties:
? i { E, = 26.7 x 106 psi vyx = 0.12
?i Ey = 8.1%x 106 psi vxy = 0.40
|

This layup sequence is specified by the fabrication drawing (48125,
Revision D) shown in Appendix B.
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It 1s necessary to affix end support rings to the frusta so that test
loads may be applied to the structure. An evaluation of test support ring
materials and bonding agents was conducted to determine the desired
materiais for this application. Results show that potted fiberglass
materials cannot develop adequate bonding strength for the test loading.
Aluminum rings bonded to the GY70 shell with EA 9309 adhesive with
controlled bond line thickness can develop the bond strength required for
the structural testing of the compogite shell. The support ring assembly
drawing, 48130, is included in Appendix B,

A drill fixture was designed and fabricated at Martin Marietta for
drilling bolt hole patterns in the aluminum rings. After completing the
drilling of the aluminum rings for the five shells, the fixture was
shipped to General Dynamics for their use in the alignment of aluminum
rings during the bonding process.,

Ten half-scale simple conical shells with aluminum end rings were
subjected to structural loading tests to determine the load carrying
capability of the GY70/Fiberite 934 shells under various combinations of
loads. The test results are summarized in Table 1-II and Figure 1-1,
These results verify the validity of the analytical procedures which were
used to design the shell laminate and the manufacturing processes used to
fabricate the conical shell, Good correlation with analytical prediction
of load carrying capability was obtained., It can therefore be concluded
that a conical shell laminate can be designed and fabricated using GY70/
Fiberite 934 ultra high modulus composite material, based on load and
boundary conditions for the Advanced Terminal Interceptor (ATI), with the
resulting structure having predictable load carrying capability.

A Joint reinforcement design and analysis was also conducted at
Martin Marietta. Three.design candidates which require titanium shims for
reinforcements were recommended for testing. Detailled analysis revealed
that non-metal reinforcement designs require excessively thick sections
due to the low bearing strengths of the materials., Evaluation of the three
titanium reinforcement concepts with respect to design, fabrication and
testing will determine the best reinforcement concept for the splice
joints. The three titanium reinforcement designs are shown in Appendix C.
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Table 1-1I.

Summary ot Test Results

CONICAL SHELL FAILURE LOAD
TEST | NUMBER LOADING CONDITION TEsT ARALYSTS TYPE OF TAILURE
1 204 COMPRESS 10N 160000 1B 166000 LB DVERALL COWRESS 0N FAILAE AT
(AXIAL CoMP) (AXIAL COMP) SMALL END
2 01 SHEAR/BENBING 30000 Ui (SHEAK] 31300 LR (SHEAR) TOCALTZED TNTL RLANINAR
SHEAR FAILURE AT LARGE EHD
) a0 COMITNED LGAD~ V35% DESTON LIATT TERE DL OVERALL COPRESSTON FATLURE A
STMULTANEOUS LOADS (0L} LARGE E
3 3 CONGINED LOAD- §3334 L0 AXIAL COWP + | 53334 Lo AXIAL COMP OV[RALL conpnsssnou TRILURE 71
CONSTANT COMPRESSION | 180K DLL FOR DTHER +139% DLL FOR SMALL END
LOADS* OTHER LOADS*
5 305 COMBINED LOAD- 4662 TH-LE BENDIMG o4662 IN-LG CNERALL COMPRESSION FAILURE
CONSTANT BEKDING MOMENT AT LARGE END BENDING OHENT AT SHALL EAD
HOWENT AT LARCE oD | 4 540K AXUAL CoMp 41002 AXIAL COMP
& G908 TOMPRESSTON 160100 L8 766000 L8 OVERALL COMPRESSION FAILURE A7
1AYIAL Coup) (AXIAL COMP) SHALL END
7 07 COMBIRED LOAD- 700% OLL 158% DAL CONFRESSTON FAILURE AT LARGE THD
STMULTANEGUS
g i) CBTRED TORD- BG,600 L8 AXTAL COWP ¥ | 80,000 18 COMFRESSTON FATLURE AT SHALL END
CONSTANT COMPRESSION | 150% OLL AXIAL COMP +
FOR OTHER L0ADS* 104% BLL
FOR OTHER LOADS*
3 a09 COMBINED LOAD- 54662 IN-LD QENDING EAGE2 IN-LD COMPRESSTUN FATLURE AT SWALL ERD
CONSTANT GENDING MOMENT AT LARGE END + | BENDING MOMENT +
MOMENT AT LARGE END | 720% AXTAL COMP 7007 AXIAL
pLL COMH DLL
16 10 COMBINED 10AD- 15000 LB TEN00 L8 TOCALIZED TRTERLAWINAR SHEAR
CONSTANT COMPHESSION | AXIAL COMP + AXIAL COMP + AND BOND FATLURE AT LARGE END
1702 DBLL FOR 176% DLL FOR
OTHER LOADS® QTHER LGADS*

*OTHER LOADS ARE DENDING MOMENT, SHEAR AND LATERAL PRESSURE LDADS,

200

120

80

AXIAL COMPRESSION, 10° LBS

40

= = =t LOADING PATH

PREDICTED

©O TEST DATA

® LOCALIZED FAILURE
ON TENSION SIDE

Figure 1-1,

BENDING MOMENT AT LARGE END, 10

IN~LBS

320

Load Interaction Diagram




Four reinforced frusta were fabricated at General Dynamics in accord-
ance with Detail B, Design 1, of Drawing 48126 (Appendix C). The reinforced
section consists of 22 layers of 0° fibers, 12 layers of *45° fibers, 4
layers of 90°¢ fibers and 11 layers of titanium shims as reinforcements.
After the first two units had been fabricated, a revision was made to the
layup sequence to facllitate the fabrication and strengthen the surface
layers. The revislon 1s shown in 48126B (Appendix C). The following layup
gsequence was used for fabricating the first two units (01R and O2R):

[0/T1/0/45/90/-45/T1/90/45/09/T1/0/-45/09/T1/0/45/0/T1/0/-45/0/T1])y

Units 3 and 4 (03R and 04R) were fabricated in addordance with the following
revised layup sequence that conforms to Drawing 481268 shown in Appendix C.

[02/45/T4/90/~45/T1/90/45/02/T4/0/~45/02/T4/0/45/0/T1/0/-45/0/T1]

Shock tests were conducted on units O0lR and O2R to simulate the stage
separation shock. Filfteen runs were made on each unit, from low to high
level shocks in increments, until the maximum shock corresponding to stage
separation was reached, Both units withstood the maximum shock level and
suffered minor surface cracks extending from the countersunk bolt holes
to the edge of the frustra. These cracks are considered minimal damage
and can be alleviated by the revised layup sequence.

Units O3R and 04R were subjected to static load tests to evaluate the
load carrying capability of the reinforced joints. Unit O3R was loaded In
combined loading simulating the design condition; unit 04R was loaded by a
single lateral load in a shear/bending case, subjecting the joint to equal
tension and compression loads. Unit O3R failed at 200% Design Limit Load
(DLL), and failurc occurred in the basic shell region. Unit 04R failed at
34,000 pounds at the small end of the frustrum.

It is significant to note that in both tests the joints are stronger
than the basic shells and are capable of plastic deformation to increase
the ultimate load carrying capability of the reinforced joints.




The test results are summarized in Table 1-III,

oo Table 1-III. Summary of Test Results Joint '

Reinforcement Frusta i
! x"l
i Test Loading "
Numbur Unic Test Condition Test Design Type of Failure v
1A 01R Axial Shock 41,000g's% 42,0008's Surface crack developed '
Peak Peak at 52,000g's at one
bolt holoww
2A 02R Axial Shock 37,000g's* 42,000g's Surface crack develcped

at 22,000g8'a at one
bolt holewk

JA 03R Combined Load- 2002 Design 162% DLL Compressive Failure in
: Simul taneous Limited Load the shell, Bolt holes
i : (DLL) elongated
: 4A 04R | Shear/Bending 34,000 1bs. 30,000 lbs. | Failure at small end

bolt holes elongated

*Maximum peak g's raesponse attainable from SM-100 shock muchine for the two
particular teats.

*#The surface cracks through the first layer of titanium "thim had no significant
impact on joint strength.

L TS




o

=it s SN g2 Lo X et aeg

g o

2.0 INTRODUCTION

2,1 Background

Structural requirements for advanced interceptors have continually
shown the need for light=-weight, high-modulus materials. System studies
for BMDATC performed by Martin Marietta under Contracts DAAHC-60-72~C-0022
(Reference 3) and DASG-60-75-C-0043 (Reference 4) highlighted the advantages
of ultra high modulus graphite epoxy and beryllium structures. The
results of these studies have shown that ultra high modulus graphite epoxy
primary structures will provide a significant launch weight reduction over
more conventlional materials., These results are shown in Figure 2-~1, This
relationshlp was developed on the basis that all structural frequenciles
should be proportionally above the control system bandwidth. This
criterion establishes that a first structural bending mode frequency above
70 Hz at second stage ignition is required. When this requirement is
imposed on structural design for advanced ABM loading condition, both the
ultra high modulus graphite epoxy and beryllium offer significant weight
savings over aluminum and high strength graphite epoxy.

Martin Marietta has performed material trade studies on high strength
and high modulus graphite fibers and epoxy resin systems under AMMRC
contract DAAG46~75-C—-0052 (Reference 1), Fabrication variables were
evaluated in the fabrication of cylindrical shells. Under another AMMRC
contract in the development of graphite/epoxy composite for interceptor
structural application (Reference 2), a material speciflcation and a
process control speclfication were developed. Laminate ply angle testing
was conducted at room temperature and 360°F in the same contract.

The primary objective of the Subscale Conical Shell Development program
delineated herein {s to demonstrate the feasibility of ultra high modulus
graphite/epoxy structures for advanced ABM applications. The gccondary ob-
jectives are: a) to experimentally verify design techniques for laminated
conical shells fabricated from unidirectional prepreg tapes and b) to develop
relnforcement designs for joints, cut~outs and attachments in a low strain
composlte material under shock loadings,

As discussed in Reference 3, a representative missile was chosen from
a serles of missiles evaluated in Terminal Interceptor studies. The
guldance and control section was chosen as a representative structural
section because 1t contained design features such as splice joints, support
rings, cut-outs and basic shell, which would need verification in a
graphite/epoxy structure,

Y70 was selected as the ultra high modulus graphite fiber for the
Subscale Conical Shell Development Program because of cost advantage and
avallability. GY70 is a product of Celanese Corporation of Summit, New
Jersey. The preimpregnated unidirectional tape, GY70/Fiberite 934, used
in the fabrication of the conical shells is purchased from Fiberite
Corporation of Winona, Minnesota.
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-
o

,’ ULTRA HIGH MODULUS
/ GRAPHITE COMPOSITE

/ (E = 24 x 106 PSI)

4 -* DESIGN CRITERIA

f’ 1. TOPSTAGE BENDING
FREQUENCY 70 HZ.

2. BURNOUT
HIGH TENSILE STRENGTH Egﬁ:EUMAxEtSEéTY FOR

4 GRAPHITE COMPOSITE PERFORMANCE .

g (E =11 x 105 PsI) 3. TOPSTAGE MOTOR CASE
/ g?ﬁEEITE OVERWRAPPED

/ 4. ALL OTHER STRUCTURE
MATERIAL SHOWN.

I ALUMINUM-BASE LAUNCH WEIGHT 60,000 LBS

(ST I VIR 0.0%0

1 2 3 4 5 6 7

SPECIFIC MODULUS, -E-, 108 INCHES

Flgure 2-1., Effect on Launch Weight for Stiffness Critical
Design of Advanced Interceptors




2.2 Technical Approach

The technical effort required by this contract consisted of the
following tasks:

2,2.,1 Conical Shell Design

a) Design of a half-scale cone frustum representing the aft section
of a typical advanced ABM guidance aud control section, Figure 2-2,

b) Definition of design loads and stiffness requirements,

¢) Determination by analysis of a layering sequence and fiber
orientation of each layer required to meet the design conditions.

d) Preparation of engineering drawings for the fabrication of conical
sections by Convair Division of General Dynamics, San Diego,
California.

2,2,2 Testing of Subscale Conical Section

a) Axial compression, bending and combined loads testing to obtain
strength and stlffness data on 10 subscale conical frusta fabricated
by General Dynamics. Fabrication of frusta described in this
report was accomplished by General Dynamics under AMMRC contract
DAAG46-76~-C~0008.

b) Determination of ultimate loads, effective modulus, deformation
patterns und fallure modes for each condition,

2.2.3 Test Data Analysis and Correlation

R a) Analytical predictions of performance for each of the loading
ﬁ coaditions of the specimens to compare with test data,

i 2.2.4 Shell Reinforcement De¢sign

a) Development of three (3) reinforcement designs for splice joints
of the advanced ABM structural sections,

b) Determination by analysis of reinforcement thickness required,
i considering both strength and stiffness requirements in the
' overall structural joint design.

3
:
]
]
|
Li ¢) Preparation of englneering drawings for fabrication of conical
I' shells with reinforced splice joints by General Dynamics.
!
:




AP B
QIS AVaH R4l

By

\ FINag 4 S

ToTjeindrjuo)y TeIN3IONIIS UOEIDSS [0IUO) PUFP IduepIng °~g-z7 IIn81g

MIING ILISOOWOD
NORBY) 20 JO *

@

BNy
ANIWIINOF

A

B VLIS SR US———

- A et

B AR =E S R e, et S i Sadigd

gg foussg

e i U o Bccr B el




L 2.2,5 Testing of Joint Reinforcement Shells

a) Shock testing to evaluate the load carrying capabilities of _
2 reinforced shells of Design 1 (Appendix C) under shock loading. -

b) Bending and combilned loads testing to obtain strength and
stiffness data on 2 reinforced shells. 3

¢) Determination of shock levels and magnitudes of straine imposed
on the reinforced shells during shock testing.

‘ d) Comparison of analytical prediction of performance for each of . .
' . the static loading conditions with test data, ;

11
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3.0 CONICAL SHELL DESICGN

3.1 Laminate Sequence Design

Analyses were conducted to determine a GY70/Fiberite 934 laminate
design for a half scale model of the conical aft portion of the ATI
Guidance and Control Section to meet the stress requirements resulting
from axial load, shear load, bending moment and external pressure. The
critical load condition, shown in Figure 3-1, was established for the full
slze G&C section. For the half scale section, the loads were scaled down
based on the criterion that the resultant streases remain the same when
the shell dimensions are reduced from full scale to half scale. Scale
factors for the loads in Figura 3.1 are calculated for axial load, bending
moment and shear based on the following stress equations. For these
equations subscript 1 represents paramatars opthe full scale model and
subgcript 2 represents parameters on the half gcale model.

P1 P2
2rrity] 2rrata

where r2 = 1/2 ry = radius
tp = 1/2 ty = thickness

Axial Stress, oug = % -

Axial Load, P, = 2%55352222.. 174 Py
1t1

= Mr _Mir; . Morp

Bending Stress, Uppay - Ll
I nrydty g3ty
3¢
Bending Moment, Mp w MLEL(TE27tZ) 1/8 My
(mr13e))r;
21y 2
Shear Stress, og .. = VQ u Vi(nrity) (=) o Vo(nrat T )

It wr1otié rrodty
Vl!l?tl(ﬂr23t22)

Shear Load, V; = u 1/4 vy

r22tg (mry3eg 2)

Preliminary analysis has established that buckling is not critical for the
.uonical shell geometry under consideration. Therefore, the shell design
is based on gtrength and stiffness (bending frequency) rxequirements.

Laminate designs are required to be symmetrical and balanced to
minimize induced bending and cross coupling effects. Preliminary laminate
designs were analyzed for the scaled down loads using the KLIGER code
which is a point stress laminate analysis computer code (Reference 5).

The output of thils code yields lamina stresses and strains, equivalent
elastic and shear modulil for the laminate designs and buckling allowables.
The laminae configurations analyzed are glven in Table 3-I,
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The axial load, shear and bending moment diagrams shown in Figure 3-1
are applicable for the full scale ALL Guidance and Control section from
station 27.5 to station 61.2, The half scale conical shell evaluated in
this task represents the aft gection of the G&C section (station 44.6 to
station 61.2), and the design loads are scaled down from those in Figure 3-1
such that the resulting stress levels in the half-scale shell are the same
as those in the full scale., The scale factor for each of the loadings was
derived on page 12,

After completing the preliminary laminate design using the KLIGER
code, a finite element model was developed for the half scale conical
shell in order to determine fixed end effects and to locate the critical
stress elements, The shell wall was considered to be of a homogeneous
material with thickness equivalent to laminate Configuration III, The
finite element model was developed for the SLADE program (Refcrence 6)
a finite element program for the statlc analyses of shells which uses curved
shell elements., The finite element model for the conical shell is shown in
Figure 3~2, The loads applied to the model are given in Figure 3-3. The
stress resultants on the critical stress elements were then used as ilnputs
to the KLIGER code to complete the analyais cycle. The meridian stress
distributions along the length of the shell are plotted in Figure 3-4. The
critical stress elements are at the fixed end as shown in the plots. TFor
this analysis an option was used in the KLIGER code allowing for stress
resultants on an element to be input instead of overall structural loads.
In this way the effect of the filxed end on the laminate design could be
analyzed. The maximum stress and strain for each of the elements were
computed, Figure 3-5 gilves the stresses in the direction of the fibers in
each layer of the laminate as computed from KLIGER code, The results were
initially bused on a laminae sequence described in notation form as:
[902|45|04|~452|04]452]03|-45]y. Discussion with personnel from General
Dynamics led to the evaluation of other laminae configurations for fabri-
cation considerations, The final layup agreed upon by Martin Marletta and
General Dynamics was: [02]45]90|-45]90|45]|03]-45]|03]45]02|~45|0]y. The
minimum margin of safety of this laminae configuration 18 0.67 based on an
individual lamina thlckness of 0,0065 in,

In addition to the calculations of stresses and strains in the
laminae for each layup sequence, tha shell stiffnese (E1) was also computed
to awsure that the stiffness requirement was satisfied. The required EL at
the uft station of the G&C section is 11,7 x 109 1b-in? for the full size
structure., For the half scale atructure, the required El 18 equal to 1/16
of the value of the full size structure or 0.731 x 109 1b-in2, since I
equals r3t and £ 1s assumed to be independent of size. All laminae designs
investigated have met the stiffness requirement. The final configuration
(configuration VI of Table 3-I) has an BI of 1.076 x 107 1b-in? or 47% above
the requirement based on an indlvidual lamina thickness of 0.0065 in.
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Figure 3-5. GY 70/934 G&C Test Section - Laminate Design VI -
Longltudinal Stress versus Layet Number
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3.2 Torsional and Bending Frequency Analysis

A study was conducted to establish the torsional natural frequencies
of the migsile structure and to compare these with the bending frequencies
to assure that torsional-bending coupling would not be a problem.

Torgional and bending frequencies were calculated using the Jacobi
Rotational techniques. Iwo graphite epoxy laminae designs were investi-
gated; a design with 45° laminae, 022/4512/904 (Drawing 48125), and a design
without 45° laminae,034/455/904. It was required that all structural
frequencies should be above the control system frequency and should thus
be above 70 Hz for second stage ignition. Also, the fundamental torsional
frequency should be widely separated from the first bending frequency.

The results are summarized in terms of frequency in Table 3~II. The
frequencies shown in Table 3-II do not include degradation idue to structural
joints. An approximate reduction of 10% can be expected in bending frequency
and a smaller reduction can be expected in torsional frequency due to the
joints. Good design practice dictates that a factor of 3.0 to 4.0 is
required for the separation oif torsional and bending frequencies in order
to prevent roll-pitch coupling in flight. First mode torsion~to-bending
frequency ratios of 3.5 and 1.8 were calculated for the laminae designs
with 45° layers and without 45° layers respectively., Therefore, from
torslonal stiffness consideration 45° laminae are required in the design
of the GY70/epoxy conical shell for ATI application.

Table 3~I1 ATI Missile Structural Frequencies

GY70/Epoxy Laminate| Torsion Frequency (Hz)| Bending Frequaency (Hz)

1st 2nd 3rd lst 2nd Ixd
022/4512/904 274 397 604 78 178 399
034/450/904 151 183 303 83 200 419

Objective 280 70
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3.3 Support Ring Design For Test Loading of Frusta

Structural testing of slmple conical shells without the
advantage of built-in fixture attachment means preseats the problem of
design for shear transmission of test loads into the shell ends. A form
of bonded mounting rings which could withstand the high test loads was
sought. In the design and analysis of the mounting rings for the graphite
epoxy shell, it is required that the strength of the ring material and the
bond strength between the ring and the shell be known. To determine
the strength of the fiberglass rings & simple test specimen was fabricated
and tested as shown in Figure 3-6. To develop the maximum design load in
the fiberglass ring attachmeats, an applied load of 20,000 lbs. is required,
and a 30,000 1bs. load will provide a 50% margin of safety. The specimen
failed at an applied load of 18,000 lbs. with bond line failure at the
aluminum and fiberglass interface. The maximum bond line shear stress at
failure was 1,290 psi. The required bond line shear stress is 2,150 psi.

A series of material tests was initiated for the purpose of finding a
ring material and adhesive which would provide a sufficient margin for the
test loading. Iwo types of double shear specimens ware fabricated to
simulate the shell to ring interface. The first series had fiberglass
blocks potted on 0.25 in. thick aluminum plates. The second series used
graphite epoxy flat laminates (Thornel 300/Fiberite 934) bonded to aluminum
blocks or to potted epoxy blocks. The configuration of the specimens
for both test series is shown in Figure 3-7. The specimens were loaded in
the Instron Testing machine to failure, and fallure loads were recoxded.

The average shear stresses at failure were computed., The test results are
summarized in Table 3-III. In the first series, the potted fiberglass
blocks exhibited adhesive failure at the bond line., The shear stress levels
at fallure were inadequate for the loads applied in the testing of the
graphite epoxy shell. Therefore, use of potted fiberglass rings was not
considered a viable technique. 1In the second series, all speclmens failled
in interlaminar shear of the graphite epoxy laminates. The fallure stress
was considerably higher with the aluminum blocks than with the potted epoxy
blocks because the deformation of the low modulus epoxy blocks induced
tension in addition to shear in the laminates. To evaluate the orientation
effect of the fibers which are bonded to the blocks, six (6) specimens were
made with surface fibers parallel to the loading and another six (6) specimens
were made with surface fibers perpendicular to the loading. The specimens
with surface fibers parallel to the loading failed at higher loads than

the ones perpendicular to the loading. The limited number of test specimens
do not give quantitative design values, however, they do show the trend in
the selection of ring materials and adhesive. The results of the materilal
testing support the use of aluminum rings bonded to the graphite shell with
the fibers of the bonded surfaces parallel to the direction of maximum shear.

21

-




BOLT CIRCLE DIA 8.0 IN.
5/16 BOLT 125 KSI, SPACED
1 TN, APART

by 722
LOADING _»]
STRAP - ]

6061-T6 IBERGLASS RING / BOLT CIRCLE DIA 5.50 IN.
ALUMINUM CHOPPED GLASS 4—5/16 BOLT 125 KSI
TUBE, 0.25 FIBERS 25% SPACED AT 1.0 IN.
WALL BY WEIGHT.

MAX LOAD SHELL 828 AND

30,000 LBS V-140 (60/40)

Figure 3-6. Fiberglass Ring and Strength Test Specimen

LOAD
v TEST SPECIMEN
A 7 (ALUMINUM OR
'4— 1.0 — GRAPHITE EPOXY)
BLOCK
Figure 3-7. Material Test f /

Specimen Configuration 2.0

177;7 7777777

SUPPORT SUPPOR1

22




SN R o

oy

Table 3-II1 Testing of Mounting Ring Materials
And Bonding Agents

CrigTaR  h

Material Adhesive No. | Range Failure
Shear, psi Mode J
s 815/vV140 100/75 Self-Bonding 4 1,870 ~ 2,020 | Bondline
: 10%
\' Fiberglass
o 828/v140 100/75 | Self-Bonding 4 833 - 1,315 | Bondline
! 4102
i 5 Fiberglass
l‘i
3 8 828/2 100/75 | Self-Bonding | 4 | 1,300 - 1,420 | Bondline
: d 102
» S Fiberglass
i
3 3 828/v140 50/50 | Self-Bonding | 4 | 1,670 - 1,900 | Bondline
i g9 25%
o R Fiberglass
. 8 6061-T6 Alun | EA 934 4 | 3,500 - 4,570 | Interlaminar
- g (Bond Fibers Graphite/Epaxy
L 'a parallel to
i R load)
L & 6061-T6 Alum EA 934 4 | 2,200 - 3,620 | Interlaminar
‘ ‘ o (Bond Fibers Graphite/Epoxy
- b perpendicular
il 5 to load)
[ .:3
- = EA 9309 Self Bonding 2 1,235 - 1,650 Interlaminar
. p=] (Fibers Graphite/Epoxy
! o parallel to
: o load)
Pl o
9 EA 9309 Self Bonding 2 1,220 ~ 1,540 | Interlaminar
9 (Fibers Graphite/Epoxy |
2 perpendicular f
to load)

|
N
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A survey was conducted to determine an adhesive with adequate bond
strength to transfer the maximum test loads from the conical graphite shell
to the aluminum support rings. Hysol adhesive EA 9309 was selected siuce
it has superior bond strength when compared to other adhesives considered.
A comparison of vendor strength data on EA 934 and EA 9309 shows the following:

Shear, psi Peel, psi
EA 934 3000 2
EA 9309 4750 39

Two tests were then conducted to confirm the adequacy of EA 9309 as

the bonding agent between the shell and support rings for the purposes of
structural teating. The test setup, consisting of a 0.250 inch thick
aluminum cylinder bonded to an aluminum plate with a 0.125 inch thick,
0.75 inch overlap bondline of EA 9309, is shown in Figure 3-8, The xcsults
of the two tests are summarized in Table 3-IV and indicate that EA 9309 has
adequate bond strength to transfer the maximum test loads. The faillure at
the bonded joint on the second specimen is shown in Figure 3-9.

To further investigate the support ring system, a finite element model
was developed for a preliminary analysis of a conical GY70/934 shell bonded
to aluminum support rings using EA 9309 adhesive. The analysis was conducted
to determine axial stresses in the GY70 laminae in the region of the
support rings as well as to determine load transfer and shear stress distri-
bution between adjacent GY70 laminae and in the adhesive layer between the
shall and the rings. The analysis was conducted for a uniform axial tensile
load using TEXGAP, the Texus Institute for Computational Mechanics Grain
Analysis Program (Reference 7). The results indicated that there are locally
high strees levels in the reglon of load transfer between the graphite
surface layers and the aluminum support rings., However based on this
analysis, it was determined that the structure is capable of withstanding
the ultimate design loading condition.

On the bagis of the above mentioned test and analytical determinations,
a4 support ring system consisting of aluminum rings bonded to the inside
and outside surfaces of the graphite shell at both ends with EA 9309 was
designed and implemented for the iInitial test series.
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Figure 3-8. EA9309 Bond Strength Test Specimen

Table 3-IV EA9309 Bond Strength Tast Resulte

| Teut | Failure Load, P| Effective Avg. Bond | Required strength | Factor of
i Shear @ Failure @ Max. Test Loads | Sataty
K (1bs) (pai) (pui)
! 1 35000% 1980 3300 1.20
i
i 3 33000 4900 3300 1,48

* The load etrap slipped off at 25,00u lbs. of loud dus to local deformation
of the aluminum aylinder, It was then movaed from itw original iocation
of B.60 in. from the nupport to 6,60 in, from the wuppert and the tast
vas continued.

Figure 3-9. Test Specimen
) . Showing Failure of
N Bonded Joint
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4,0 TESTING OF SUBSCALE CONICAL SECTIONS

4.1 Tesat Objectives and Procedures

The primary objective of the subscale testing program is to datermine
the structural behavior of the shell sectlons under various loading
conditions. A conical shell, due to its curvature, cone angle and fabri-
cation techniques, behaves differently from a flat panel with the same
laminate design. ©Subscale testing provides the design data required prior
to full scale development. Instrumentation was provided to measure
strains and deflection of the shells under test loads.

Analytical results were compared with the test data to check the
analytical methods employed,

The primary design loads on the shell are axlal compression and
bending. The test loading conditions ware establisghed so that the failure

loads would represent an anvelope of the combined loads of axlal compression

and bending imposed on the conical shell.

All shells were gubjected to static load tests. Loads were provided
by hydraullc jacks positioned at appropriate locations with respect to the
gshell for the loading conditlons., Load/deflection and load/strain plots
ware obtained for each test. Fallure loads and modes were recordad.

4,1.1 Loading Conditions

A total of 10 static tests were conducted in the Martin Marietta
Structures Teat Laboratory on ten conical shells, The detailed test
procedures are included in Appendix D, The loading condition for each
of the 10 conical shells is described in the following paragraphs. The
firat group consists of specimens 001 through 005 and the second group
conaimts of specimens 006 through O010. A number of tests in the second
group are duplications of those conducted in the first group.

Teast 1

Conical shell 004 was tested in axial compression. The shell
was placed between two steel load plates, and the assembly was
inatalled upright on top of the 200 Kips hydraulic jack with its
shaft extending through the center of the assembly. A steel yoke
wvas threaded onto the shaft to secure the assembly. The test setup
ia shown in Figure 4-1.

Loads were monitored by the use of a pressure gage which was
calibrated prior to testing by means of a load cell, Twenty one axial
type straln gages (FAE 2558-1256) were installed to measure the surface
strains and two DCDT's were placed between tha top and bottom aluminum
rings to measure the overall axial displacement of the shell under
axial compression loading. The locations of the gages are shown in
Appeudix D,
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Test 2

Conical shell 001 was tested in simple canfilever loading.
Tre base aluminum rings were mounted to a steel column through a
steel adapter plate having forty six (46) 5/16 inch bolt holes
matching those in the bage rings. The smaller end was bolted to
a steel loading fixture which has lugs provided for the application
of shear, bending and axial loads, For this test a single shear load
was applied, A 20 Kips hydraulic jack was used to apply the load.
The teat setup is shown in Figure 4-2, This loading condition pro-
vided a point on the failure envelope along the abscissa where the
axlal compression is zero.

Eighteen strain gages were installed on the shell specimen.
Four DCDT's were used to measure deflections. The locationa of the
ingtrumentation are showm in Appendix D,

Test 3

Conical shell 002 was tested under combined design loads. The
base aluminum rings were mounted to a steel column through a steel
adapter plate as in Test 2, The loading fixture was bolted to the
other end of the specimen., Aluminum straps formed to f£it the speci~
ment contour were connected to a 20 Kip hydraulic jack to simulate
external pressure loading. Another 20 Kip jack attached to the
loading fixture applied the shear load. Two 100 Kip jacks were used
to apply axial loads aud couple loads (bending moment). This combined
load condition corresponds to the design condition for the conical
shell, The structure wag designed to withstand ultimate loads equal
to 150 percent of the combined design loads, The test setup is shown
in Figure 4-3,

Eighteen strain gages and four DCDT's were installed for this
test to measure the strains and deflections under the test loads.
Thay are shown in Appendix D,

Tast 4

Conical shell 003 was tested under a combined loading with axial
compression held constant at 53,334 lbs, The test setup, loading
apparatus and instrumentation were the same as those for Test 3,

This loading condition was selected to generate a point on the com~
bined loading envelope. The constant compression load was chosen
to be one-~third of the axial compression failure load from Test 1
which was 160,000 lbs.

Test 5

Conical shell 005 was tested under combined loading with the
bending moment at the base held constant at 64,667 in-lbs. This
bending moment wias produced by applying 4 percentage of the design
limit loads in shear, bending moment and distributed pressure. The
test setup, loading apparatus and ingtrumentation were the same as
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those for Test 3. This loading condition was selected ro generate
an additional point on the combined load failure envelope. The
constant bending moment was chosen to be one~third of the failure
bending moment from Test 2 which was 194,000 in-ibs.

" Test 6

8 Conical shell 006 was tested in axlal compression in the same
manner 48 conical shell 004 in Test 1. Figure 4~1 shows the test
setup. The strain gage data from Test 1 showed that gome of the
twenty one strain gage locations could be eliminated from Test 6
without penalizing the results, Therefore eleven strain gages were
ingtalled on conical shell 006 to measure surface strains, The
locations of these gages are shown in Appendix D. Two DCDT's were
8 : also used to measure overall axial displacement of the shell.

B Test 7

ig : Conical shell 007 war tested under combined design loads in the
1 same manner as conlcal shell 002 i{n Test 3. The test setup and
loading apparatus were the same as those on Test 3 and are shown in
Figure 4-3, Some of the strain gages were relocated to cbtain more
useful data. The DCDT's were also relocated to measure the tyue
deflections of the shell. The locations are showa in Appendix D.

The loading condition is a repeat of Test 3. Since this 1s the
design load condition, two tests were conducted to verify the struc-
i tural Integrity of the subscale conical shell, The combined load
1O envelope includes both failure points.

. Tust 8

| Conical shell 008 was tested under combined loading with axial

. compression held constant at 80,000 1lbs. The test setup and loading
g apparatus are the same as those for Test 3. The locatlons of strain
‘- gages and DCDI's are the same as for Test 7. The axiul compression

% load was held constant while the other loads were applied at incre~

ﬁ“ : ments untii fallure occurred., The magnitude of the compression load
' was selectad to define the failure envelope in the high compression

. load region.

lest 9
Conical shell 009 was tested under combined loading with the
bending moment at the base held constant at 64,667 in-lbs. This
test had loading identical to Test 5. The location of strain gages
and DCDT's are the same as Test 7,

Test 10

8 Conical shell 010 was tested under combined loading with axial
B ! ' compression held constant at 15,000 1lbs. The test setup, loading
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Table 4-1. Summary of Test Results
A CONICAL SHLLL FAILURE LOAD
1yl NUMiER LOADTNG CONDITION 8T ARALYS TS TYPE OF FAILURE
g | o4 CONPRI 55108 160000 L8 166000 LI OVERALL COMPRI SSTON FAILURE Al
¥ (ATAL COMP) (AXTAL COMP) SMALL, END
g 7 i SHEAT7RTRDTHG 20000 L6 (SHLAR) 31300 LB (SIEAR) LOCAL1/ED THTERLAMINAR
i SHEAR FAILURT AT LARGE LND
y 1 ([iF] PG T D LOAD- TG0 BESIGN 1 (ATT 6L DIL, OVERALL COMPRESSTON TAJLURE AT
. . SIMUL TAREOUS LOADS {DLL} LAGE £HD
a 03 COMBINED | DA 52334 LB AXTAL COMP v | 53334 LD AXIAL COMP | OVERALL COMPRCSSIUN IATLURE Al
1 CONSTANT COMPRESSION | 180% DLL FOR OTHER + 1397 DLL FOR SHALL END
LOADS OTHER LOADS*
' 5 05 COMBINED LOAD- 64662 IX-LD BENDING 64662 [N-LO OVEHA'L COMPRESSTON FAILURE
; CONSTANT BENDING KOHERT AT LARGE END BENDIHG MOMENT AT SMALU END
k- WMERT AT LARGE END Blfaoz AXIAL COMP +700% AXIAL COMP
bLL
1 ' 5 006 COMPRESSION 160000 LB 166000 LB OVERAYt COAPRESSION FAILURE AT
(AXIAL COMP) (AXIAL COMP) SHALL END
: 7 w7 COMBINED LLOAD- 200% WLl 1568 OLL CONPRESSTON FAILURE AT LARGE ERD
SIMULTANEOUS
B 008 COMBINED LOAD- 80,000 L AKIAL GOMP F | 80,000 LB COMPRESSTON FATLURE AT SMALL END
CONSTANT COMPRCSSION | 150% OLL AXIAL COMP +
5 FOR OTHER LODADS 104% OLL
. FOR OTHER LOADS*
F] [ COMBINED LOAD- ~ ™ 71 "54662 TH-Lis BENDING 64662 [N-L0 COMPRESSION TAILURE AT SHALL CHD
CONSTANT BENDING MOMENT AT LARGE END + | HENDING MOMENT +
MOMENT AT LARGE END | 720% AX:AL COMP 700% AXIAL
] BLL COMP DLL
" 0 10 COMRINED LOAD- 16000 LD T5000 LB LOUAT ZrU INTERLAMINAR SHEAR
CONSTANT COMPHESSION | AXIAL COMP + ARIAL COMP + AND BOKD HALLURE AT LARGE END
3 170% DLL FOR 175% DLL FOR
h OTHER LOADS® OTHER LOADS*
: *OTHER LOADS ARE BENDING MOMENY, SHEAR AND LATERAL PRESSURE LOAUS.

——rT
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apparatus and instrumentations are 1ldentical to those of Test 8,
The compreasion load of 15,000 lba. was selected to define the
combined load failure envelope in the low compression load region,

4.2 Test Results

The fallure loads and modes resulting from the static load tests
conducted on the ten subscale conical shells are summarized in Table 4-1.
The fajlure loads from these tests are also shown graphically in relation
to the analytically predicted failure load envelope in Figure 4-4, The
combined load diagram shows the scatter of the test points. Tests 1l and
6 have a apread of 10,000 lbs., from the mean value, or approximately +6
percent variation. The strain readings indicate maximum strains for
Teats 1 and 6 of 0.0022 in/in aad 0.0028 in/in respectively. The
measured difference of surface strains could be caused by varlations of
baaic material properties or variables in the hand layup method. A
variation of 17,000 1lbs. or about 414 percent exists for Tesats 5 and 9 from
the mean value. The failure loads of Tests 3 and 7 have a variation of
+10 percent from the mean test value. Scatter of approximately +10 percent
is considered to be normal for laminated graphite/epoxy composite material.

All tests except for the two axial compression tests have exhibited
localized fallures as indicated by discontinuities in strailn gage data.
These initial localized faillures were followed by stress redistributions
which allowed the shell to continue to carry increased load until ultimate
fallure occurred, Strain gage data from Test 5, for example, revealed that
local failure had occurred at 360 percent of Design Limit Load (DLL) or
69,000 1bs, Stress redistribution within the shell after the initilal failure
allowed the shell to continue to carry load up to 540 percent of DLL or
103,000 lba.

The predicted failure load envelope for the combined loads is based
on laminate snalysis which computes the stresses and strains of each ply
of the laminate assuming every ply is effective in resisting loads at
any section of the shell. The assumption 1s substantiated by
the test resulis except for a small region where the local tension loads
due to bending moment cause the interlaminar shear strength of the epoxy
resin to be exceeded, This small reglon 1is bounded by test points 2 and
10 and 1s shown as cross-~hatched area in Figure &4~4,

Moat of the test failure points fell somewhat above the predicted
fallure envelope. This was the result of the analysis being based on a
failure stress of 90 ksl and a failure strain of 0.0021 in/in while the
actual strength properties of the specimens made from GY70/Fiberite 934
prepreg tape were higher. After adjusting for actual specimen material
properties, good correlation between test and analytical values was obtained.
Discussion of the test data and cerrelation with analytical results are
glven in the next section.
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4.3 Test Data Analysis and Correlation for Basic Shells

This section is devoted to detalled discussions of the test data
and the correlation of test data with analytical results., All test data
ave included in this section in the forms of plots of load/deflection,
load/strain and stress/strain. Data of similar tests are grouped together
for convenience in discussion and data correlation. The tests can be
classified as follows:

Axial Compression - Tests 1 and 6 (Conical shells 004 and 006)
Combined Design Loads - Tests 3 and 7 (Conical shells 002 and 007)

Combined Loads With Constant Bending Moment =~ Tests 5 and 9
(Conical shells 005 and 009)

Combined Loads With Constant Axial Compression - Tests 4, 8 and 10
(Conical shells 003, 008 and 010)

Shear/Bending ~ Test 2 (Conical shell 001)

Conical shells 001 through 005 had failure loads consistently lower
than those of conical shells 006 through 010 for the comparable tests.
General Dynamics, the shell fabricator, indicated that the first five were
made from prepreg lot 4-E-20 and the second five from prepreg lot 4-E~31.
The latter showed higher flexure strength but lower fiber tensile strength
at room temperature on the material certification based on the supplier's
teat data, The higher flexure strength was expected to give higher failure
loads and higher modulus.

The discussion of the test data and correlation with analytical results
for each of the above tests are given in tne following paragraphs.

4.3.1 Axial Compression (Testrs 1 and 6)

The compression load was applied uniformly to the shell cross section
by the use of 3~inch thick steel loading plates. The compressive stress at
any crogs-section can be computed simply by dividing the test load by the
cross sectional area. The stresses were thus computed at the three sections
where strain gages were located, The stress/strailn plots for Test 1 are
shown in Figures 4-5 through 4-7. It 1s evident from the plots that the
stress/strain relationship in compression is not linear. The initial modulus,
Ei{, has an average value of 24.1 x 106 psi and a tangent modulus, Et, near
the point of failure has an average value of 16.5 x 106 psi.

The stress/gtrain plotas for Test 6 are shown in Figure 4-8 through 4-10.
The average value of the initial modulus is 25.8 x 106 psi and the average
tangent modulus near the failure point is 16.2 x 106 psi,

By using the secant modulus of 22.5 x 100 psi obtained from the
stress/strain plots of the test data and an ultimate strain of 0.0021 in/in,
the fallure load was calculated to be 166,000 1bs. The SLADE finite
element model (Figure 3-2) and KLIGER code were used in the computation
of the failure load.
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The load/deflect’un plots for the two tests are shown in Figures 4~11
and 4-12. The non-linearity of the stress/strain relationship is reflected
in the deflection plots, Tha deflactions predicted by analysis are also
plotted along with the test points for comparison. These analytical
deflections are based on the average secant modulus obtained from stress/
strain data on Teats 1 and 6; therefore, a direct comparison can be made
betwean the test and analytical results. It iz judged that the correlation
is quite good and the gore patterns of the layers apparently have no adverse
effects on the strength and stiffness of the conical shell structure,

4.,3.2 Combined Design Loads (Testas 3 and 7)

Strain gage data are shown in plots of percent Design Limit Load (DLL)
versus strain in Figures 4-13 through 4-18. The load/strain data are more
useful and informative than stress/strain data in the evaluation of the
laminated conical shell under combined loads. The shell stresses computed
from the applied loads are valid only in the low stress regions where the
stress strain plot is linear. In the non-linear ragions of the stress/strain
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curve, where tenslile modulus is not necessarily equal to compressive
modulus, the effective neutral axis will shift away from the centroidal
axis of the section and accurate stress computation becomes very complex.
Therefore, load/strain data are used to evaluate the structural

behavior of the laminated conical shell under bending loads.

Examination of the strain gage data of Test 3 (Figures 4-~13through
4-15) showed that an initlal local faillure occurred at 150 percent to 160
percent Design Limit Load on the tension side of the outer layexs near the
fixed end as avidenced by a sudden drop of strain in gage 5~7. It 1s seen
that the tension load was transferred to the imner layers as shown by the
abrupt increase in strain in gage S-15. The redistribution of tension
load also caused the discontinuities in gage S-1 and S-11 and thelr corres-

ponding transverse gages (5-2 and $-12) through the Poisson's ratio effect.

The redistribution of loads had the effect of increasing compressive
straina as evidenced by gages 5-5, 5-13, 5-9 and S-17. The load/strain
slopes are significantly decreased bacause of the higher compressive
strains resulting from local tension failure. At 170 percent DLL, the
shell collapsed.

200
\\\
160 L*—_,LF— 3-17
\\§§ ENERE
N
\\\ ~ A
120 \\\\Et\~‘4{
NS
X DLL¥ ‘>~\
80 59
40
0 .
«2.0) -1.6 -1.2 -0.8 -0.4 0 40,4 +0.8 +1,2

STRAIN, 1073 IN/IN
*DLL ~ Design Limit Load

Figure 4~13. Percentage Load/Strain - Axial Gages, Test 3 -
Combined Design Loads
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Strain gage data from Test 7 exhibited a similar structural response
of the laminuted shell to the combined loads, except that the local tension
failure occurred at 130 percent DLL and the shell specimen failed at 200
percent DLL. The initlal failure started at lower load yet overall fallure
oceurred at higher load than in Test 3. Careful examination of the gages
on the tension side of the cwo specimens led to the conclusion that
specimen 007 had a more uniform load redistribution than specimen 003
following initial failure. See Flgures 4-16 through 4-18,

A failure load of 158 percent DLL was predicted by analysls based on
unidirectional failure stress of 90,000 psi, unidirectional fallure strailn
of 0.0021 in/in and a composite modulus of 26.7 x 106 pusl, The specimen
material had higher unidirectional fallure stress and strain but lowaer
composite modulus., The analysis employed a linear stress/strain relation-
ship; however bending modulus eftect, 1f any, was not accounted for.
Therefore the net effect was that the analysis tended to yleld conservative
results. For design purposes, this conservative approach ls acceptable,

The secant modulus used in the axial compression failure load computation
is not directly applicable for the analysis of the combined loadings because
under combined loads the shell is subjected to tensile and compressive stresses

where the effectlve tensile modulus does not correspond o the compressive

secant modulus. Therefore, a theoretical composite modulus of 26.7 x 106 pui

was used in the laminate analysds,
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: oo The cantilever deflections of the small end are shown in Figures 4-19
(! o and 4-20. The deflection from Test 3 represents the overall end deflection
including the effects of the support structure. Test 7 had DCDT's
located so that the true deflection of the cantilevered graphite shell
could be calculated without including the deformatlon of the support
structure., The analytical results should approach the deflections of
_ Test 7. However, as can be seen from Figures 4~20, the analytical results
CoL give nearly twice the deflection as the test results at 100 percent DLL.
L A pogsible explanation is that the hydraulic jacks had a restraining effect
on the shell deflections.

. It is significant ‘to note that GY70/epoxy composite, known as an ulira
high modulus, brittle material, can withstand local tensile failures
without rapid propagation to rupture. When a local tensile fallure occurraed,
v a stress redistribution took place around the fracture and the composite

: st* ~“ure was ablu to- continue to resist loads.
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4.3.3 Combined Loads With Constant Bending Moment (Tests 5 and 9)

A bending moment of 64,667 in-1b. at the supported end was applied as
an initial loading. The bending moment was generated by shear, bending
moment and lateral pressure loads in the same proportion as in the combined
design load condition (Tests 3 and 7). It was arbitrarily chosen as one-
third of the bending mowment capability at the supported end as determined

by test.

The strains indicated by the gage readings are comprised of the strains
from direct Loading and those from Poisson's ratlio effects. The equations
for the resultant straing are as followa:

e = ..U.I: (l—\JTL \JLT) ~ V7L Eq
Ey,

e m —
= or (I-vyr vrp) ~ VLT eL
Er

where subscripts L = longitudinal (along shell axis)

T = trangverse (circumferential)
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Test 5 and 9 were subjected to the same loading condition. Test 5
: resulted in a failure load of 540 percent of Design Limit Compression Load
(DLCL) which is lower than the predicted failure load of 700 percent.
Examination of the strain data, shown in Figure 4-21, revealed that an ¥

8 initial compressive failure occurred at 360 percent DLCL as evidenced by
: strain discontinuities on gages S5-1, §-7, S-11 and S-15. A change of load
" path allowed the specimen to resist increased loads. The fact that initial

failure occurred at a relatively low compressive strain (-0.32 x 10-3 1in/in)
led to the conclusion that some defacts exlsted in the spacimen. Visual
examination of the falled specimen suggested that the failures started neax
the small end.

: *CONSTANT BENDING MOMENT = 64,667 IN-LB
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Figure 4--21. Load/Strain Plots - Test 5 -
Combined Loads with Constant Bending Moment
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In Test 9, the specimen failed at 720 percent DLCL. Strain gage
readings appear to be normal. They are linear at low strains and become
slightly non-linear in the high strain region.

It should be noted that the 100 percent Design Limit Compression Load
is 19,100 lbs. The seemingly high percentage of the compression load
attained was due to the relatively low bending moment applied for this

condi tion,

Since the loading 1s predominantly axial compression, the DCDI measure-
ments intended to obtain lateral shell deflections are not significant.

4.3.4 Combined Loads With Constant Axial Compression (Tests 4, 8, and 10)

A constant axial compression load of 53,334 1bs. was applied to the
specimen in Test 4 prior to the application of shear and bending moment in
increments. The value was arbitrarily chosen to be one-third of the compressive
failure load of 160,000 lbs. so that a fallure point could be generated in
that region of the combined load envelope. Strain gage data appear to be
normal except in 5-9 and $-7 which show strain discontinuities indicating
localized faillure or cracks (see Figures 4-22 and 4-23). The probable
cause could be either microcracking or high locked-in stresses developed in
the curing of the shell. GY70 composite has a coefficient of thermal expansion
of =0.58 x 10-6 in/in/°F in the fiber direction and 17.6 x 106 in/in/°F
trangverse to the fiber. Therefore, due to the large mismatch in thermal
straius, microcracks are very likely to occur.
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Flgure 4-22, DlLoad/Strain Plots - Test 4 -
Cambined Loads with Constant Compression
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Figure 4-23. Load/Strain Plots - Test 4 -
Combined Loads with Constant Compression

Test 8 had 80,000 lbs. constant compression load applied to the
specimen before the increments of shear and bending loads were imposed.
The significant strain data were those along the length of the specimens
as shown in Flgures 4-24 and 4-15. Gage S~1 exhibited a discontinuity at
130 percent of the Design Limit Shear and Moment (DLSM). The specimen
fractured at 150 percent DLSM.

The load/deflection plots of the two tests are shown in Figures 4-26
and 4~27. For Test 4, the deflection includes the deformation of the
test gsupport structure and 1s shown for comparison purposes only. Analysis
was not performed for the support structure deformation. The deflection
for Test 8 was measured with respect to the support structure and therefore
is the true cantilevered shell deflection. The results of the deflection
analysis based on the SLADE computer code are shown by the dashed line.
Twenty-two percent higher deflection is predicted by the analysis for the
given loading; therefore, the analywis ls conservative.

4,3.5 Shear/Bending (Test 2)

For Test 2, the initial failure occurred at 12,000 1lbs. or 116,400 in-
lbs. bending moment at the large end when a cracking nolse was heard during
the loading cycle. The strain gage data is shown in Figures 4~28, 4-29,
and 4-30. Examinatlon of the data and the failed specimen revealed that
failure occurred in the outer layers of tha temsion side of the spwcimen at
the supported end. The tension load transferred from the outer aluminum ring
caused high local tensile stresses in graphite layers adjacent to the ring.
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This high stress reglon was predicted by a TEXGAP finitc element computer
vaalysis. However, the finite element model did unot have elements small
cnough 1n that reglon to accurately predict the stress level.

A small constant axial compression load, 15,000 lbs., was applied prior
Lo the application of shear and bending load for Test 10, The compressive
load did not prevent the localized tensile fallure as experienced in Teot 2.
However, the failure occurred at a higher bending moment than that in Test 2
w 4 provides another fallure point to define the locallzed failure envelope
ad shown In Figure 4-4. The shaded region correaponds to localized tensile
fautlure loads. Initial failure occurred at 60-80 percent DLL, and the ghell
contlnued to carry load to 170 percent DLL. Strain gage data arc shown in
Flgures 4-31 and 4-32.
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5,0 SHELL REINFORCEMENT EVALUATION

Splice joints for top stage sectlons of advanced interceptors are
required to carry high loads and to possess high stiffness. GY70/Epoxy
shell structures for the missile sections have to be reinforced at the
bolted splice joints to meet the strength and atiffness requirements.

A design and analysis of splice joint reinforcements was conducted .
First a literature survey was made to evaluats the state-of-the-art
Joint reinforcements for graphite/apoxy aerospace structuras. Visits were

made to the Denver Division and Baltimore Division of Martin Marletta
Corporation. Denver Division has used GY70 in space structure applications.

Baltimore Division has fabricated and tested a number of joint reinforce-
ment specimens and has fabricated full ascale graphite/epoxy panels for B-l
canards with joint reinforcements. Technical reports and test data were
obtained from both divisions pertaining to thelr graphite/epoxy tasks in
general and the joint reinforcement designs in particular. The conclusilons
deawn from a review of the survey are that for highly loaded joints
(2,000 1b/in.) metul reinforcement can provide an efficient joint

and titanium is the metal commonly used for compatible coefficilent of
thermal expansion with graphite/epoxy. In addition, shim type joints are
more effective for the required application than elther step or scarf

type joints.

An independent analysis was then conducted to evaluate aon~metal and
matal shim type reinforcement designs and also to determine the most
efficient bolt pattern for transferring loads from the reinforced joint
to the adjacent missile sact}gn. The analysis was conducted for a
maximum degign load of 5100 i— which represents the combined effect of
compressive load and bending Roment at the large end of the shell.

5.1 Bolt Pattern Dealgn

An analysls was conducted to determine a bolt pattern which would be
capable of transferring the design loads using 100° countersunk head bolts
aud would result in the lightest weight and most compact reinforced joint
desiyn. It was determined that the design loads could be transferrad
through either a single row of 0.4375 inch bolts or through a staggered
double row of 0.25 inch bolts. However, the lightest weight reinforced
jolnt design 1ls achleved using the staggered double row of bolts. Bolt
gpacing ruquirements for the staggered double row of bolts result in a
lea of 2550 1bs. per bolt requiring a total titanium shim thickness of
0.0765 inch und an overlap of 1,866 inches with the adjacent missile section;
bolt spacing requirements for the single row of bolts result in loads of
8925 1lbse, per bolt requiring a total titanium shim thickness of 0.1530 inch
and an overlap of 1,75 inches. This is dllustrated in Figure 5-1. Although
the overlap for the double row of bolte 18 7% greater than that for the
single row of bolts, the total reinforced joint length is considerably
laess for the double row bolt design. In order to achieve a smooth transfer
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\ : of load from the graphite laminae to the reinforcing shims, the introduc-
Uy tion of the shime into the graphite layup must be staggersd. For a given
gl individual shim thickness, the design using a double row of bolts requires
' ' only half the number of shims as one using a single row of bolts and

therefore requires less length for shim introduction into the graphite
layup. Since there are fewer shims and they are shorter in length for the
design using a double row of bolts, this joint design is lighter and wmore
compact,

The double row of bolts also allow a mwore uniform stress diatribution
in the reinforced joint since the bolts are closer togather. In addition,
the smallar bolts require less depth for thelr countersunk heads than do
the larger bolts. This results in a more effective bearing regilon batween
the reinforcing shims and the bolts,

Based on the bolt pattern analysis, all reinforced shim designs that
were consldered incorporated a staggeraed double row of bolts for load
transfar to adjacent missile sections,

5.2 Joint Reinforcement Design Comparison

k| 8ix shim type joint reinforcement designs were .analyzed. These included
| : three titaniun reinforcement designs and three non-metallic reinforcement
- designe. The materials consldered for each joint reinforcement design

- were as follows!

Y Designse 1, 2, and 3 -~ Titanium Snime
| Material: Ti-1i3V~11Cr-3Al1 (or equivalent)
X Raference: MIL Handbook 5B, August 1974

- Daesign 4 - High Strength Graphite/Epoxy lLayers
L Material:  NARMCO 5206, Type II [0/+45/90] Family
.. Reference: Advanced Composites Design Guide,
i January 1973

Design 5 - Fiberglass/Eps»y Cloth Layers
! Material: Blowumingdale 8P911/7781 cloth
Reference: MIL Handbook 17A, January 1971

T S R

Design 6 - Kavlar/Epoxy Cloth Layers
Material: Style 181 "Kevlar" 49 Aramid cloth
1 Reference: "Kevlar" 49 Data Manuval -

|
!
. I. E. DuPont Company
|
!
!

Table 5-1 shows a summary of the analyusir of the aix reinforced joint
configurations., The three ticanium reinforcement designs (Designs 1, 2,
k. and 3) all resulted in joluts of reasonable thickness and are shown in
| Appendix B. The three non-metallic reinforcement designs (Desigus 4, &,
A

ind 6) all reaulted in excessively thick joints since the reinforcing




Table 5-1, Summary of Reinforced Joint Configuration Analyses

Deslgu | Rearing Dasign Sufety | Required Layor No. of Total

Strength B Load Factor | Raiaforcemant | Thioknsaw | Layurs Joint
(psl® (pad x 106) | (1b/in.) Thicknmas(in,) | (u.) Raquired | Thickness(in,)

1 200 14,5 5100 1.5 .0763 0072 11 0,269

2 200 14,5 5100 1.5 0765 .004 20 0.270

3 200 - 14.5 5100 1.5 0765 .0C5 18 0.19C*

4 67 7.0 51.00 1.5 +2284 .0065 36 0,424

5 70 3.9 5100 L5 2186 10093 24 0,431

6 25 4.5 5100 1.5 6120 009 68 0.802

* QY70/934 layers butt up to titanium shims rather than continue to end of joint.

materials have low beaaring strengths. In addition, the titanium reinforce-
ments produce less aeccentric loading at the splice joints than the non-
metallic reinforcements bacause of the smaller total titanium reinforcement
thickness required. This smallar titanium reinforcment thickness also
raesults in fewer reinforcement shims being required and bacause of the
staggerad introduction of these shims into the graphite layup this results
in a shorter reinforced joint design than with the use of non-metallic
ghims., The high modulus of alasticity of titanium compared to that of any
of the non-matals considerad also results in stiffer splice joints with

the use of titanium reinforcements,

Based on the above conclusions, it was determined that the three
reinforcement designs to be fabricated and tested in thils program should be
Designs 1, 2, and 3, Detaliled designs are shown in Drawing 48126, Revision
A in Appendix €. Evaluation of there three titanium reinforcement joint

configurations with respact to deeign, fabrication and testing will determine

which design is most effective for the required splice jolnt applicationm,

ly a portion of the planned fabrication and testing was accomplished
under the contractual effort covered by this report. Four Design 1 type

joint reinforced frusta were fabricated by General Dynawics, Convalr Division,

San Diego, California. These four frusta were evaluated in shock tests, and
in statlic tests as described in Section 6.0 and in Appendix E.
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6.0 TESTING OF JOINYT REINFORCED SPECIMENS

6.1 Test Objectives and Procedures

= £y

Structural tests were performed to evaluate the load carrying capablli~
ties of the joint reinforcement of Design 1 of Lhe conical shell (Appendix
¢). Loads were introduced to the splice joints through the countersunk screws.
Dynamic loads simulating separation shock constitute one of the test condi-
- tions. Combined loads simuluting the maximum loading conditions were applied
as the static load coundition.

1 Four joint reinforcement shells, fabricated by General Dynawlcs, Convalr

A N Division, San Diego, California, were tested. The double rows of 100° counter-
. ! sunk holes for 1/4 inch screws were machined by the Engineering Prototype

g S Laboratory (EPL) of Martin Marietta., A drill fixture was built specifically

i P for machining GY70/epoxy shells. The shell is held closely between an inner
and ocuter fixture to prevent graphite f£iber break-~out during drilling. No
particular problem was encountered in mechining the G170/epoxy shell reinforcad
with titanium shimsg, 1f relatively low drill speed is maintained,

Figure 6~1 shows unlt OLlR of the rainforced frustum with the countersunk )
! holes wmachined, Filgure 6=2 is an end view of unit O1R depicting the breaks
b in the titanium shimg in cach layer and the interleaving of titanium shims

and graphite layers.

L 6.1.1 Loading Conditions

: A total of 4 tests were conducted in the Martin Marletta Structurcs Test
Laboratory on 4 joint reinforced frusta. The tests conglsts of 2 shock tests
and 2 statice tests of combined loads., The detallod test procedures are in-
cluded in Appendix E,

[ o The loading condltion for cach of the rainforced frusta is described
in the following paragruphs.

T

Tiwt 1A (Reinforced Frustum O1R) - Shock Loading

This loading condition simulating the second stage ignition shock waws
| s an axlal loading generated by a shock load machine (8M-1000). 7The test
! o frustum was bolted to a test fixture through the 48 countersunk holes. 'The b
. ' test fixture was fostoned to the shock muchlne at ity base, The smsller
’ | : end of the frustum was free, The test fixture was designod such that the K .
o loads were transmitted to the frustum through the 48 radial screws, Filgure :
3 o 6=3 shows the frustum and test fixture in relation to the shock machine.

i o B

T I

The shock machine table to whicvh the test fixture 1s bolted in supported
by four hydraulic pistons. The table is driven down by the hydraulic pilstons .
against the anvil to produce the ghock that is measured by an acceleromoter :
mounted on the table. The shock level produced is dependont upon the drop ™
height, charge pressure of the hydraullc system, and the impacting material. [
The lnput shock is transformed dato u shock spectrum by means of & spectrum
analyzer,
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Figure 6-2.
Titanium Shim
Reinforcements,

Unit OIR

Figure 6-1, Rednforced Frustum with
Countersunk Holes, Unit OLR
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To determine the capability of the specimen to withstand the shock N
loading, the level of the shock load was increased by increments until the
specimen failed., The shock spectra were determined from ATI system require-
mentd. The shock spectra, which the test attempted to simulate, are shown
in Appendix E. The actual spectra measured during the test are shown in
Appendix F,

Twelve axial type strain gages were installed on the specimen to
record the stress levels under shock loads. The location of the strain
gages are shown in Appendix E. Shell unit OLR was used for this test,

Test 2A (Reinforced Frustum 02R) - Shock Loading

Shell unit O2R was used for the shock test. This test was a repeat
of Test 1A in order to obtain a second data point for correlation. The
instrumentations were the same as in Test lA. Refer to Appendix E for
details.

Test 3A (Reinforced Frustum O3R) - Combined Static Loading

Shell 03R was tested under combined static loads to verify the reidnforced
joint design. The loads were applied by hydraulic jacks monitored by load
cell readings, Shear loads, bending moment and axlal load were applied
simultaneously at increments until failure occurred,

Sixteen axial type strain gages were installed on the shell specimen.

DCDT's were located to measure the true deflection of the specimen under
load. The location of the instrumentation are shown in Appendix E.
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Test: 4A (Reinforced Frustum O4R) - Statilc Shear/Bond Test

Shell O4R was tested in simple cantilevered loading which subjected
the splice joints to equal tension and compression. Sixteen axial type
strain gages were installed on the shell specimen,

DCDT's were located to determine the shell deflections. The instru-
mentations and detaliled test procedures are shown in Appendix E.

6.2 Test Results on Frusta With Joint Reinforcements

Frustum 01R was shock tested in accordance with the test procedures given
in Appendix E, During the calibration rung, it was established that two
types of impacting materials were required to place on the impact bed of
the SM-1000 shock machine in order to obtain the range of 1000 g's to
42,000 g's in the shock spectrum, In the range of 1000 g's to 11,000 g's
(low level) one inch thick foam rubber was placed between the impacting
faces of the ghock machine and the charge pressure was varied from 15 psi
to 60 psi. In the range of 9,300 g's to 42,000 g's (high level), 1/16 inch
rubber pad was placed as the impacting material and the charge pressure was
varled from 10 psl to 60 psli. In all cases maximum drop height of 4 feet
was set. Figure 6-4 1s a view of the SM-1000 shock machine with the test
gpecimen installed in place. Figure 6-5 shows all the equipment used for
the shock test. From right to left are the test control console, oscll=-
lograph, spectrum analyzer, tape recorder and print-out equipment,

Figure 6-~4, SM-1000 Sheck
Machine with Frustum
in Place
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Figure 6-5. Shock Testing Equipment

On unit OlR surface crack was developed extending longitudinally from
the countersunk hole to the edge of the Frustum at input shock of 14,000 g's
corresponding to peak acceleration of 25,000 g's on the shock spectrum,
The part was able to sustain the maximum shock level without any further
damage, The surface crack around one fastener had no significant coffcet
on joint strength,

Onountt 02R, o slmllar surface crack was developed at an Luput shock of
9500 g's corresponding to peak acceleration of 22,000 g's on the shock spue=
trum. No further damape occurred at higher shock levoelws,

Untt D3R tested under slmultancous static loading of shear, bending,
axial load and lateral pressure falled at 200 perceut DLL,.  Fallure cccurred
al: the top of the smaller vnd extoending at approximately 457 down toward the
Larger end. The splice joint was stlll capable of carrvying loads, although
the holes were clongated due to plastic bearing deformatlion. Analysis show
that the ultimate bearing stress s reached at 162% of DLL,

UnLt 04R tested under a single static shear load at 2,000 1bs. Ilncere-
went fatled at 34,000 1bs,  The Fallure oceurred near the smaller end,  Analysis
predicted Local Interlaminar shear faflure at the forward end at 3,000 1bs.
and Joint fallure {n net scction tenglon at 36,300 Ibs, 1t Is slgndfleant
to note that in the two tests the jJolnts are stronger than the basic shell
and are capable of plastic deformatlon and load transfer to the GY70/Epoxy
Laminates above the destgn load level.,

61




6.3 Data Analysis and Correlation - Joint Reinforcement Frusta

6.3.1 Shock Tests

All test data, strain readings and acceleration measurements, were
recorded on magnetic tapes during the test run and were subsequently
printed on oscillograph paper as a function of time. The input shock is
transformed into a shock spectrum by means of a spectrum analyzer, The
shock spectrum is plotted as an output on the automatic plotter. The
shock spectra for units OLR and O2R for each of the shock levels are included
in Appendix F. For unit OlR, test runs 1 and 2 are not included; for
unit O2R test run 1 is not included. These initial shock levels were too
low for the analyzer to register and function, therefore, the shock
spectra were not given.

Calibration runs were conducted prior to the installation of the
spacimen on the SM=1000 shock machine in order to match the input shock
level to the shock spectra specified in the test plan., Close matching
of the peak shock levels was accomplished,

The peak values of acceleration and strailn measurements are tabulated
in Tables 6~I and 6-II for unidt OlR and 02R respectively. The input shock.
levels are the measurements taken from the accelerometer mounted on the test
fixture. The response peak g's are the maximum values taken from the
shock spectra. The test runs of low shock levels are not included in the
tabulations since they are of no significance in the data analysis.

Straln gages (SG) 1 through 10, located 4.37 inches from the base, theo=-
rectically should have the same strain valus for a given shock level. The
actual recorded strainsg vary as can be observed from Tables 6-I and 6~1L. The
two probable sources of this variation are: 1) The splice serews do not
have equal degree of bearing around the shell causing non-uniform strain
distribution; 2) The varilation of longitudinal modulus of elasticity of
the shell around the circumference, resulting from the gore pattern in the
surface layer, would cause similar variations in strain distributioms.

Strain readings at S5.G. 11 are expected to be higher tham those of S5.G, 1~
10 due to the higher inertila loading at that location which is 2,87 inches
from the base, and the test data are in agreement. Similarly, data from
§.G. 12 show lower strains as expected, since it 1s located 1 inch from
the top end reflecting a small inertia loading.

At each straln gage location, strain was calculated from the peak
response g's recorded during the test, the mass of the shell above the
location and the elastic modulus of the graphite/epoxy shell, The
comparisons of calculated strains from the shock tests are shown in Tables
6~II1 and 6-IV for frustum units O1R and O2R respectively, The dynamic
or the magnification factors can be determined by dividing the measured
strain by the calculated strain. The magnification factors are listed in
Tables 6~ILI and 6-~1V, For half-sine shock pulse, the magnificatlon factor
has a theoretical maximum of 1.77 for a single vibration mode responee,

The observed values as high ag 2.50 indicate dynamic response contributions
from higher structural modes., The large variation in the factor is due to
discrepancies in the gtrain distibution as discussed earlier, The maximum
strain was 800 u in/in. which is safely below the allowable strain for
GY70/Epoxy of 2,100 u in/in.
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6.3.2 Combined Statilc lLoad Tests

Sixteen axial type strain gages were installed to measure the strains
at two sections of the shell, Four gages were located at the basic shell
gection approximately half way between the ends, Twelve other gages were
located at the reinforced transition section near the countersunk
fasteners. The plots of load vs., strains are ghown in Flgures 6-6
through 6-9.

In Figure 6-6, strain data for gages 1, 2, 3 and 4 show that the
slopes of load/strain are essentially linear up to 160% Design Limit Load
(D.L.L.) and some local failures initiated at that point to cause the
changes of slope of the curves. Similar structural behavior was observed
on the tension side in gages 9, 10, 11 and 12 of Figure 6-7. Some
bending through the thickness was indicated by the spread of the strains
of the inner and outer surfaces, Gages 6, 7, 14 and 15 1in Figure 6~8
located at the theoretical neutral axis of the section indicated relatively
small strains as expected. In Figure 6~9 the strain measurements of
gages 8 and 16 have opposite signs when theoretically they should be of
equal sign under the symmetric applied loads. However, in this case, the
axial compression load did not induce uniformly distributed axial strain,
since the splice screws did not have equal fit in the holes. It is
postulated in the region of gage 8 high axial compressive atrain produced
the high tensile strailn through poisson ratio effect, whereas in the
reglon of gage 16 low axial compressive strain was present and the strap
radial load predominated the compressive strain in gage 16,

Four direct current deflection transducers (DCDT) were inaetalled to
measure the load/deflection of the reinforced specimen. One of the DCDT's
was placed on the graphite shell at the free end to measure the transverse
movement. The otlier three DCDT's were located on the mounting fixture -
two tor longltudinal displacements and one for transverse displacement.
The net deflection of the shell at the free end was computed from the
displacement data of the four DCDT'a. The load/deflection plot is shown
fu Figure 6-10, It 1is essentially linear to 160% of D.L.L. Local
fractures and plastic deformatlon of bolt holes caused the break at 160%
n.lL.

6.3.3 Shoor/Bending Statle Test

The number of strailn gages and DCDT's and their locations with respect
to the test specimen are the same as those for the combined load test
speciman, The load/strain data plots are shown in Figures g-11 through
614,

Gages 1, 2, 3 and 4 in Figure 6~11 are under compressive strains
fron the bending loads. Gages 1 and 2 show uniform strain through the
seetion of the basic shell, whereas gages 3 and 4 located in the reinforced
tronsition section indicate bendiung exists through the thickness. This
bending stress near the splice screws will produce bending or cocking of
the countersunk screws,
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Figure 6-14, Load/Strain Plot ~ Shear/Bending,
Gages 5, 8, 13, and 16

Gages 9, 10, 1l and 12 on the tension side show the same trend as
the compressive strains of gages 1, 2, 3 and 4 with the exception that
3 somz local fallure near the outslde surface introduced a discontinuity in
g gage 11,

Gages 6, 7, 14 and 15 located at the neutral axis of the section were
g expacted to register low stralns; gages 6 and 7 did have low strains

. recorded. However, gages 14 and 15 recorded relatively high strains and

;q had opposite si~us. After careful examination of the tested shell, the

' stvain discrepancles can be explained by the fact that the bolts near
gages 14 and 15 had loose fit in the holes causing large rotation of the
b bolts. The countersunk head induced compression in the outside skin

b (5.5. 15) while the shank of the bolt reacted the tension. Note that -
gages 6 and 7 are affected to a leas degree.

. Gages 5, 8 and 13 gave transverse strains that arise from the Poilsson's
L ratio effect. Gage 16 did not seem to be the result of Poisson effect. No

( positlve explanation can be given for its behavior. It can be assumed that
iy the transverse compressive strain is a result of screw head bearing against
; the surface layer,

i The load deflection curve of the frustum is shown in Figure 6-15.

The 'shell + joint' plot was calculated directly from the DCDT data taken
i during the tests. The deflection was taken transverse to the axis of the
' shell at 1.9 inches from the small end. To determine the contribution to
b the deflection from the splice joint, the shell defléction was calculated
» using the known elastic properties of the GY70/Epoxy laminate and was
: deducted from the overall deflection, The joint deflection data was used
- to compute the joint stiffness in terms of M where M is the applied moment
it at the splice joint in in-lbs. and 0 is thegﬂoint votatica in cadian,
i*! Figure 6-16 shows a joint rotational stiffness of 0,26 x 108 in-1b/radian,

. which is considered to be an acceptable stiffness based on the advanced

| anterceptor dynamic response study.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the structural testing of the half-scale

frusta, the following conclusions can be drawn:

1
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A subscale conical shell of GY70/Fiberite 934 ultra high modulus
composite materlal can be designed and fabricated based on load and
boundary conditions for the Advanced Terminal Interceptor with analyti-
cally predictable load carrying capability. This verifies the validity
of the analytical methods used,

A statie load interaction curve for conical frusta has been experimentally

defined for various load paths and combinations of compresalon, shear
and bending moment loads showing good correlation wilth analytical
predictions. The reasonably consistent behavior of the test points are
indicative of @ uniform and good quality manufacturing process.

Seams existing in the conical shells due to the gore pattern layup have
no apparent adverse effects on the strength or stiffness of the ahell,

The axlal compression tests on the frusth confirm a nonlinear stress/
strain relationship exhibited in the test data of flat compression test
coupons made from GY70/Epoxy laminate.

For axial compression, test data correlate well with analytical results
when secant modulus from the teat is substituted in the analysis.

All tests, except for the two axial compresasion tests, have shown
localized fallures in the specimens as indicated by the discontinuitiles
in the strain gage data prior to the ultimate failure. It is poatulated
that the localized fallures were caused by microcracks, high locked-in
stresses or flaws in the fabrlcated shells,

GY70/Fiberite 934 laminated shells can carry substantially higher loads
after the inltiation of local failures. Redistribution of stresses took
place after initial failure and allowed the shells to resist more loads
untlil the ultimate fallure.

Most of the initial fallures occurred on the tension side of the shell.
This would indicate the pregence of microcracks or flaws which would
produce high stress concentration under tension.

The lateral deflection calculations are conservative in comparison to
the test measurements. However, the overall data correlation is
considered good for the ultra high modulus composite shell,
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It is recommended that in the follow-on program at least one conical shell

be fabricated for the purpose of determining the extent of mlcrocracks,
voids or other flaws which might exist in the laminates.

GY70/Fiberite 934 laminated shell and its reinforced joint with titanium
shims will withstand shock levels generated by stage separation shock,

Under the half sine shock pulse, the dynamic response factor in the
GY70/epoxy structural shell approaches 2.0.

It 18 necessary to maintain low drill speed in the drxilling and
countersinking of GY70/titanium laminated composite, The laminated
shell had to be backed in drilling to keep the graphite fibers from
breaking out.

The revised layup sequence (48126B) effective units 03R and up should
be shock tested to verify the laminate design. In addition, the next
shock test should have a loose fit between the frustrum and its
mounting fixture to determine the impact of splice jolnt tolerance,
The units Q1R and 02R tested had tight fit.

GY70/Fiberite 934 laminated shell with titanium reinforced splice
joints will withstand 200X of D.L.L. Catastrophic failure occurred in
the basic shell section, The splice holes were elongated but were
still capable of carrying higher loads.

Under shear/bending loads, failure occurred at the small end of the
graphite shell at a load of 34,000 1bs. The design load was 30,000 lbs.
The splice joints had substantial deformation from plastic elomngation
of the bolt holes, but were capable of higher ultimate loads.

The joint rotatlonal stiffness d!) of 0.26 x 108 in-1b/radian was
considered to be an acceptable joint stiffness based on interceptor
dynamic response studies.

Strain data strongly suggest that splice holes and screws should have
close tolerance fit to achieve predictable strain distributions.
Loose fit would induce high localized stresses and bending in the
shell thickness.
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ANA 74700314-001 Revision B
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Material Specification

SUMMARY
& . A preliminary Material Specification detailing the Qualilfication and 4
{ Acceptance criteria for Epoxy Preimpregnated Graphite Tows, Yarns, Tapes, i

Fabrics, and Mats has been written. This work was conducted under AMMRC
Contract DAAG-46-74-C~0127, "Development of Carbon Fiber-Resin Composite
Materials for Advanced ABM Structural Applications.”

Revision B to this spacification was made to update the raquirements
contained -herein. The revigion was based on information supplied by
General Dynamics, Convair Division, San Diego, California, who has purchased

GY70/Fiberite 934 prepreg tape with this specification under AMMRC contract
' DAAG 46-76-C-0008,

i The following’paragrapha and tables have becen revised:

Paragraph 4.1

3 Paragraph 4.10.3.4 o
&g, Paragraph 4.10.4.5(3) :
i Table I

8 Table III .
I Table IV 5
DK Table V(b) b
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Material Specification ANA 74700314~001 Revision B

1.0 SCOPE

1.1  Reguirements

This specification establishes requirements for staged, impregnated,
fibrous graphite materials in the following forms:

(1) yarns or tows

(2) multifilament collimated yarnsg ox tows

(3) woven fabriz

(4) chopped mat

1.2 Clagsification
1.2.1 Types. The graphite fibers are of high quality and are available

in the following types:

Type I 3 High Modulus Fibers, surface treated.

Type I1 High Tensile Strength Fibers, surface treated.

Type III: Intermediate Tensile Strength Fibers, surtace treated,

Type IV ¢ Ultra High Modulus Fibers made from single or double
yarns, surface treated,

Type V ¢ Ultra High Modulus Fibers in the form of a tape
conslructed from collimated yarns or tows, surface
treated.

1.2,2 (Class. The various types of graphite shall be supplied in the

following forma or classes:

Class 1 - Continuous yarns, typlcally with 1/2 twist per foot and
having up to 4000 filaments per yarn.

Class 2 - Continuous yarns, untwisted or twisted, having up to
4000 filaments per yarn.

Class 3 - Continuous tows, untwisted or. twisted, consisting of
more than 4000 filaments. Tows typilcally have
between 10,000-150,000 filaments.

Class 4 - Continuous dvy flat tape, typically three inches wide,
consisting of 100-200 yarns per inch width.

Class S5 - Chopped Mat made from Class 1, 2, 3, or 4. Cut
typically to one inch lengths and randomly oriented.

Class 6 - Fabrics woven to commercial standard forms from
Class 1, 2, 3 or 4 fibers.

1.2,3 Reyin Grades. Various grades of rvesin can be employed. If no Grade
is apecified, Grade A shall be supplied.

Grade A - An epoxy resin, typlcally but not limited to an amine
catalized system, free of foreign materials, non-
corrosive to metals and shall be capable of being
molded at pressures of 110 pounds per square inch

(psi)maximum to a fully thermoset state meeting the
cured laminate properties of this specification.

1.3 Application. The impregnated material covered in this specification
is intended for use as primary and secondary structure in aerospace
systems,

NOTE ' The commercial designation for both fiber and resin shall be

specified on the purchase order,
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Material ESpecification ANA 74700314-00L Revision »

2.0 APPLICABLE DOCUMENTS

The following documents of the jssue in effect on dute of invitation
for bids or requests form a part of this specification to the extent

spacified herein.

MIL~-R-9300 Rpain Epoxy, Low-Pregsure Laminating
ASTM-D=696 Coefficlent of Linear Expancion of Plastics
ASTM-D-2702 Determination of the Infrared Absorption
Characteristics of Rubber Chemicals
AMS-3894 Graphite Fiber Tape and Shaet
A-d
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3.0 REQUIREMENTS

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

3.2

J.2.1

3.2.2

3.2.3

3!2!4

Fibers
Fiber Types. The classification types as noted in Section 1.2

shall be employed. When a specific product is needed, a commercial
fiber meeting the requirements of type and class as noted in Sections
1.2.1, 1.2.2 will be specified by name on the purchase order.

Surface Treatment. All fibers shall have a active surface treatment or

sizing which will be compatible with the resin system employed.

The prepreg certification cdocument shall contain the process identi-
fication number, as specified by the Fiber Manufacturer, for the
sizing or surface treatment employed. If no such number is available,
then & statement by the prepreger insuring the procuring activity

that a compatible surface treatment has been used on the fiber is
required.

Machanical Properties. Nominal and minimum acceptable modulus,
strength, and density properties of the fiber types are given in

Table I, It will be the responsibility of the prepreg supplier to
ascertain that the fiber properties full within the prescribed limits.
The prepreg delivery document shall contain the fiber property certifi-
cation for the fiber lot used in the preparation of the prepreg.

Workmanship, The graphite material shall be suitable for production
of a high quality fiunished product, and as such, shall not contain

any evidence of foreign matter, fiber deterioration, discontinuity,
loopu, entrapped ends, fuzz balls, or excessive sizing which could
cause adherence of adjacent strands and breaking during an unwinding
process,

Handling. Normal handling of the graphite tow, yarn or tape shall
not degrade the mechanical properties. Material will be stored on
gpools having a dlameter of not less than three inches.

Resin

Quality. Tho resin gystem to be used for the prepreg material
specified herein shall be of high quality and entirely suitable for
impregnation of surface treated graphite yarns, tows, and tape.

Properties. The resin system employed shall be of a quality
to meet the specified requirements of this document. It shall
meet the general vequirements of MIL-R-9300, in particular
paragraphs 3.2, 3.3, 3.4, 3.5, 3.8, and 3.9.

Desipnation. The specific vendor resin system designation will
be specified on the procurement document,

Formulation Change. A letter of specification compliance shalil

be required with each prepreg shipment. Such a document will
guarantee that no resin formulation changes have occurred since
the time of qualification.

B Ty ey~ )
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3.3 Preprag - Uncured

3.3.1 Prepreg forms. Graphite tows, yarns, woven fabrlics and tapes, when
impregnated with a resin system as described above, shall constitute
a prepreg system. Several forms of prepreg systems are described
as follows?

) ' 3.3,1.1 Prepreg Yarn,. Single yarns or tows, resin preimpregnated, and ‘
1 : partially staged and packaged in single, non-contacting layers on a o
; 12 inch long by 3 inch diameter spool (approximate). i

3.3.1.2 Frepreg Unidirectional Tape. Multiple single yarns or tows
collimated into wide flat dry tapes of continuous parallel fibers. ‘

b | These are then resin preimpregnatoed, partially staged, and packaged

: : in leveél wound roll form., Tape width may vary from 1/4 inch to 24 inches.

1 { : Standard width is 3 inches. The package roll shall have a minimum :j

i“ radius of 3 inches. b

| 3.3.1.3 Woven Fabric. Suitable graphite yarns and tows are cross woven '
o to a specified pattern on mill equipwment. The fabric is treated, |
i resin preimpregnated and staged. Prepreg size shall be continuous

in the warp direction and not less than 24 inches in the fill direstion. !
The fabric shall be produced and packaged in accordunce with the |
applicable purchase order.

3.3.1.4 Chopped Mat. Suitable graphite yarns or tows shall be cliopped ‘
to a gpecified length, usually 1/2 to 1 irch, and immersed in a wide It
flat sheet of resin. The fiber oricntation shall be random so as to
generate isotroplc properites iu the plane of the sheet. After :
staging, the mat shall be packaged in accordance with the applicable }
purchase order,

: l 3.3.2 Prepreg Properties l

L EETTTT e e

3.3.2.1 Physical Properties. The Grade A resin prepreg material shall meet .
l the physical property requirements set forth im Table IL. The tests |
shall be performed on prepreg material which is stored at O°F for not
! legs than 16 hours and returned to ambient temperature.

3.3.2.2 Prepreg Cosmetics

b 3.3.2.2.1 General Requirements. The prepreg materials should be well

o aldgned, of constant thicknese, and frec of foreign materials,
resin rich or resin starved arcas, yarn or tow crossovers, knotas,
wrinkles, and an excessive number of splices and gaps., If, within o
a given roll of material, there are areas not conforming to this V J
specification, they will be properly noted by flagging with a
colored tag.
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3.3.2.2.2

:3‘0 3'. 2-2 . 3

3.3.2.2.4

(1)

(2)

(3)

(4)

wEmYEE B rr e =~

Allgnment

Tape: Alignment of the collimated tow or yarn within the
impregnated tape shall not deviate more than .020 inches

in any one lincar foot. Areas not conforming to this criteria
gshall be flagged.

Single yarn/tow: All fibers within the yarn or tow shall
remain in close proximity to one another. No kinking,

curling, or knotting of the fiber bundle will be permitted.
Variations in wetted fiber bundle diameter greater than one
half the mean diameter are cause for rejection. Non-conforming
areas shall be [lagged.

Woven Fabriec: The alignment of the warp and {11l yarns of

the fabric shall be perpendicular to cach other and shall be
parallel in the warp and £f11l direction of the impregnated
fabric within a two inch span of the full cloth width exclusive
of selvage, or 42 inch length, but not more than 1 inch in any
21 inches of cloth width or length. Areas not conforming

to this criteria shall be flagged.

Chopped Mat: A completely random orientation is required so
as to generate isotropic properties in the plane of the mat.

Width

et it

)

(2)
(3)

(4)

Gap

1

Tapa: Material shall be supplied in widths specified on
the purchase document. Tape width tolerance shall be +0.1
dnch for nominal widths of 1 to 12 inches inclusive.

Single varn/tow: To be specified on the purchase document.

Woven Fabric: The impregnated fabric width shall remain within
a tolerance of plus or minus ona inch of the spucified purchase
order width., The specificd width shall be exclusive of the
selvage areas of the impregnated material,

Chopped Mat: Chopped mat supplied to this gpecification shall
remain within plus or minusg onc-half inch of the dimensions
described in the applicable purchase order.

Tape! Continuous gaps between adjacent tows or yanrs not
exceeding 0.10 inch are acceptable provided that no more

:than three of these gaps occur simultancously over any three
Anch width. Continuous gaps between adjacent tows or yarns

ghall not exceed .l iInches in width by six inches in length

and shall not be more than elght feet acctumulative total length
for each hundred feet of length., Gups In excess of this criteria
ghall be flagged as non-conforming areas and shall not be
included in the net weight of the roll of material,
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3.3.2.2.5

3.3.2.2.6
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(2) Single Yarn/tow: No visually observable gaps are acceptable.
Spools having more than ten gaps per 100 feet of prepreged
yarn/tow are acceptable provided the 100 foot sections are
flagged, These sections shall not be ineluded iln the net
gépool weight.

(3) Woven Fabric: Continuous gaps between parallel tows or
yarns not exceeding 0.025 inch are acceptable in both warp
and fill directions, Gaps up to 1/8 inch wide by 2 inches
long baetweaen parallel fibars (warp or £1ill) are acceptable
80 long as no more than five such gaps sappear in any foot
square section of fabric, An entire fabric sheet (2 feet
by 5 feet, or greater) shall be rejected if more than
forty 1/8 inch wide gaps are present.

(4) Chopped Mat: An entire mat sheet (2 feet by 5 feet, or
greater) shall be rejected if more than forty 3/16 inch
diameter gaps (holes) are visible in the sheeat.

ices
'{) Tape: Splices of individual parallel yarns/tows are
parmitted so long as no two oceur within 1/2 inch of each
othar. No splices shall be parmitted across the width of
the tape.

(2) Single yarn/tow: Splices in the prepreged yarn/tbw roving
are permitted providing the splice length is 1 to 2 inches,
and no more than one splice occurs in any 100 foot section.

~in

(3) MWoven Fabric: Anomolies in the cosmetic appearance of the
woven fabric which are a result of splices in the yarn controlled
by the yarn specification or revisions thereof shall be identlfied
gxea colored marker in the selvage area of the woven fabric,

presence of these anomolies shall not be considered as non-
eonforming areas.,

Flatness

Y Tap Tape: The prepreg tape shall adhere uniformly to the carrier
material and shall not wave out of plane from the carrior.
Areas not adhering to the carrier or exhlbiting an out of
plane wave greataer than .02 1nch will be flagged.

(2) Woven Fabric; Fabric sheets shall, when unrestrained, lay
flat within + 1/4 inch., A 1/2 inch bordur around the shoot
will be uxcmpt from this requirement,

(3) Fiber Mat: Same as (2), Woven Fabric.

e
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3.3.2.2.7 Flash
(1) Tape: Resin flash shall not extend 1/16 inch beyond
the edge of the tape,

(2) Single yarn/tow: Resin flash shall not extend L/64 inch
beyond the edge of tha tow/yarn,

3.32,2,2,8 Material Uniformity. Prepreg arcas shall be flagged'for
sny of the following reasons: .
(1) Tow/yarn crossovers and knots, .

b (2) Material wrinkles (marculling) greater in amplitude than
+ 1/64 inch and not covered by tha alignment requirement.

(3) "ruzzballs" which adhere to the prepreg tape or fabric and
‘ which cannot be removed with a plek or tweezers without
damaging underlying fibers.

X (4) Puckering due to cxcessive or uneven tension on the separator

) o £4lm.
% ; (5) Appearance of foreign matter of any observabla form on the
2 L prepreg, to include dirt particles, fingerprints, moisture,

. (o i atc,, and f£ilms such as oll, glazing, lacquer, atc.

. (6) Incomplete splices, fish eyes, resin rich or resin starved
: areus, gaps, or buckles or other anomalies associated with
Co material non-uniformity.

i 3.3,3 Prepreg Carrier

= E —oa w—

|

I

!

|

|

|

l

' o 3.3.3.1 Tape Carrier. A thiu paper, plastic, or equivalent carrier tape,

] at least as wide as the prepreg shall be used for backing material,

| It will be lipght colored so as to contrast to the black graphite
prepreg and will be coated with a fully cured non-transferring

i : ralease agent., The preprey will adhere to the paper tape but be

| easlly removable at ambient conditions by manufacturing personnel.

| Also, the prepreg-carriar combination will be casily cut with an

i ordinary paper cutting device.

[

|

I

|

|

(

{

|

|

Pl g v

Ty w—

T T
e e o

3.3.3.2 Single yarn/tow Carriexr. The same paper carrier described above in
3.3.3,1 will be used. The carrier here, however, will serve only to
separate successive layers of single yurn/tow on the spool, as
described in Scction 3.3.1.2,

—

3.3.3.3 Woven Fabric Carrier. The same paper carrier uged in 3.3.3.1 is

aguuptuble heres  No requirement exists, however, that the fabric ,

o stick to the carrler. The carrier will extend at least 1 inch beyond P,
Ehe gpeclfied purchase order width. ’ '

'.-"‘.
N ' - A-9
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L 3.3,4 Prepreg Handling Characteristics
The prepreg material, when handled by experienced manufacturing
personnel, will not tear, shred, fray, or become otherwise damaged.
The material shall maintain tack and drape as tested by 4,10.3.5
and 4,10.3.6 for the duration of its working life.

3.3.5 PreprqéVStoragg

3.3.5.1 Shelf Life. The prepreg material shall meet the requirements of
1 this specification when stored for 180 days at 0°F or 270 days at |
: -65°F, Storage time commences on date of receipt. Ci

3.3.5.2 Working Life., The prepreg material shall meet all requirements of
this specification after exposure (either continuous or accumulative)
from 65° to 85°F for 10 days while stored in a sealed, moisture
proof plastic bag. If not bag sealed, the prepreg shall still
meet all requirements of this specification after room exposure
(85°F, 75 percent humidity maximum conditions) for 72 continuous

|
!
i
?
y | or accumulative hours. " F 3:
| 3.4 Prepreg - Cured Laminate 1
: e i
A 3.4,1 Test Laminate Fabrication i
k. Cured laminate properties shall be determined from specimens v
' prepared in accordance with Section 4.9.1. .
;_i 3.4.2.1 Fiber-Resin-Void Content of cured laminates shall be measured as
- per 4.10.4.2 or an apgroved vendor process and shall conform to the
% limitations in Table IIT. - . gl
. 3.4,2,2 Laminate Thickness shall be measured as per 4.10,4.3 and shall !
i conform to the limitations in Table III. §
| | r
| P !
P 3.4.2.3 Composite Density shall be measured in accordance with Section 4.10.4.1. 'i:
| b

d“‘ 3:4.2.4 Thermal Coefficient of Expansion in the longitudinal and transverse
Ei directions will be measured in accordance with ASTM D-696 ]
. (Coefficlent of Linear Thermal Expansion of Plastic) or equivalent.

I
3.4,3 Mechanical Properties _ 4
A

2o

A-10
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3.4.3.1 Specimen Gcometry. Tape, fabrie, yarn, and chopped mat materials
shall utilize flat geometries for acceptance and qualification
tests. The vendor shall certify that the prepreg yarn/tow, if

1 formed into wide tape could be laminated into unidirectional 1
' specimens having the properties of Table IV. i

3.4.3.2 Thermal Requirements. Specimens shall be mechanically tested at ,
i room temperature and 350°F, The number of required tests at i
temperature is provided in Table IV, Thermal expansion

coefficients will also be measured at room temperature and 350°F.

3.4.3.3 Modulus/Strength Requirements .

{

l

!
E . 3.4.3.3.1 Tape. The mechanical properties of unidirectional composites 1
fabricated from Grade A resin prepreg tapes shall meet the requirements |
of Table IV. All strength and modulus test data shall be normalized
for 63 percent fiber volume as described in Section 3.4.3.4.
Laminates under tegt must meet the physical property limits set
forth in Table III,

3.4,3.3.2 Yarns/Tows. The tensile modulus and strength of laminated
composites fabricated from yarns/tows into rings shall conform
to the appropriate fiber wvalue of Table IV. Values shall be
normalized as necessary.

i 4 e i .. ol i

3.4,3.3.3 Fabric. The following mechanical properties for woven fabric
shall be specified nn the purchase document:
(1) Warp and fill tensile strengtha,

(2) Warp and £1ill tensile moduli.
J (3) Warp and f£ill flexural strengths,
(4) Warp and fill flexural moduli.
(5) Warp and fill short beam (interlaminar) shear.
(6) Allowable coefficients of variation.

The above properties (both minimum and average values) shall '
be specified at room temperatutre and 350°F. The appropriate
tests shall be conducted to insure conformance with these

i : specified properties.

3.4.3.3.4 Chopped Mat. The following isotropic mechanical properties

! (both minimum and average values) shall be specified on the purchase
&_. ) document:

o (1) Tensile strength

b . (2) Tensile modulus

F ! (3) Flexure strength

4 ' (4) Flexure modulus

(5) Allowable coefficients of variation

The above properties shall be specified at room temperature and
350°F., The appropriate tests shall be conducted to insure
conformance with these specified propertics.

i
]
|
]
|
'1
|
i
i
!
1
|
i
|
|
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i

3.5 Normalized Properties
' All longitudinal tensile and longitudinal flexure mechanical propertj
', requirements shown in Table IV are based on a 63 percent fiber volume, 1
‘Normalize mechanical data by using the correction factor (AFV/63) as '

follows:
0~ Otest (ﬂ)
1 . . AF
; ' E. = E o (83 i
! : c test (AFV) i 1
f where AFV 1s the actual fiber volume, percent, as determined by 4,10.4.2, i

O'test 8nd Ego, ore the test data as determined by 4.10.4.5, 6, 7, and .
| 0" and E, are the corrected values. .

-

3.6 Statistical Reduction of Data
1 The coefficient of variation for all composite mechanical test
g data shall be computed as follows:

Maan value

Standard deviation

\ Coefficient of variation V = — © 100

where X; are the test data and N is the test population.

' The maximum allowable coefficients of variation are given in
| Table IV. Material lots not meeting this requirement shall be
rejected, A retest for any and all mechauical properties failing
to meet this variational requirement shall be permitted, so long
as the minimum and average values of Table IV have been met,
This paragraph takes specific exception to Section 4.7,

|
1
|
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4.0 QUALITY ASSURANCE PROVISIONS

l.ll

4.2

4.3

4.10

4.5

Qualification Tests

Unless otherwise specified in the contract or purchase order,
the supplier is responsible for the performance of all requirements
as specified herein, Except as otherwise specified, the supplier
may utlilize his own facilities or any commercial laboratory accept-
able to the procuring activity. The procuring activity reserves
the right to perform any of the inspections set forth in the
specification where such inspections are deemed necessary to
assure supplies and services conform to prescribed requirements.
Table V (a) is a'list of the mechanical and physical tests required for

qualification of a material system, The vendor shall be required to perform all

tests unless other wise specified. Table VI and Table VII ghow the
number and type of specimen required.

Acceptance Tests

Acceptance tests are those tests raequired for each shipment or
lot of material to insure the quality of the product. Acceptance
tests shall consist of those listed in Table V (b).

The specific number of tests for the various propertiles and
the required test temparatures are shown in Table VI. The minimum
number of panels required to obtain the correct number of specimens
are listed in Table VII,

Tast Reports

Complete test inspection records shall be maintained by the
prepreg supplier. Test reports as required by this specification
shall be prepared and delivered to the procuring activity at
the time of material delivery.

Sampling Units

4.4,1 JLot. A lot is the prepreg material produced in one manufacturing
run under relative uniform conditions, Lot numbers will be
spec¢ified by the preprag supplier.

4.4,2 Unit., One roll of continuous tapa, yarn, or fabric or 4 maximum of
10 pounds of sheet material.

Qualification/Acceptance

4.5.1 Qualified Vendor. A vendor will be qualified for a wmaterial

uystem when all requirements of this specification are met
and vendor test data is supplied to and verified by the pro-
curlng activity. A qualification test report detailing the
test results as required by Table V shall be delivered to
the procuring activity.

. drar . e Bk . am s e
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4.5.2 Acceptance. Qualified vendors shall be required to complete
all acceptance test requirements listed in Table V. An
acceptance test report shall be delivered to the purchasing
ngency, including unimpregnated material data described in
Tables I and V.

4,5,3 Certification. The prepreg vendor shall certify that each
delivery meets all requirements of this specification.

{
f 4.5.4 Formulation and Process Chanpge. A vendor cannot change the }
' materials or fabrication process of a qualified product without !

prior notification to and approval of the procuring activity. !

Such changes may require requalification. {

4.,5.5 Witness. The procuring activity reserves the right to
witness any and all testing conducted by or for the prepreg
vendor.

4,6 Cause for Rejection

: 4.6.1 prepreg. Defective areas of preimprognated tapes, yarns/tows, fabrics,
! and mats not.conforming to the requirements of 3.3,2.2 (cosuetics) shall
(I be flagged as non-conforming areas and shall not be included in the net
Y weight of a glven material type. Prepreg units shall also be rejected
\ ' for nonconformance as specified in 3.3.4 (handling). Remaining

) : portinne of an acceptable lot shall be rejectable for nonconformance

% ' to 3.3.5 (storage life).

4.6,2 Cured Laminates. Tha entire mat:sial lot shall bae rejected
I for nonconformance with 3.4,3.3 (modulus and strength requirements),

4.7 Retest

Should a material lot faill to meet one or two acceptance or

; qualification requirements, a retest of the failed properties 1s

L. permitted., The material lot shall be acceptable Lf the requircments
f are met on the retest. 4 second retest is not permitted.

I

| 4,8 Recertification

|
_i The procuring activity veserves the right to require
i recertification of any vendor,

|

4.9 Fabrication of Test Specimens i
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4.9.1

NOTE:
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Flat Panels. The actual cure cycle and laminate fabrication

procedure will be selected by the prepreg vendor. After flat
panels have been fabricated, actual test specimens will be
prepared in accordance with AMS 3894, except as noted in

Section 4.10.4. Tensile, flexure and short beam shear specimens
shall be cut from the completed test panels. Also, the panels
should be made sufficiently large so that the specimens

needed for thermal expansion and fiber-resin-void determination
may be obtained.

An optional layup procedure is shown in Figure 1. For
Grade A resins, the pressure~temperature cure cycle should
consist of an initial heat up to 250°F (6° - 10°F/min) under
vacuum bag pressure (14 psi), application of 50~100 psi
autoclave pressure and optional venting of vacuum bag, heat
up to 350°F, dwell for 1-2 hours, cool down under pressure,
and final release of pressure. Any significant deviations
from this process shall be noted. 7The prepreg vendor shall
spaclfy the cure cycle on the test report.

For Grade A resins only, cure pyressures in excess of 125 psi
or cure temperatures in excess of 400°F are unacceptable.

Test Procedures

4.10.1

4.10.2

4.10.3

1

Fiber Tests. Any tests required by the preprog vendor on the
fiber shall be specified by the prepreg vendor. Results of
such tests will be reported to the procuring activity.

Resin Tests, The extent and type of tests performed on each
batch of resin formulation prilor to and during the impregnation
process shall be at the discretion of the prepreg vendor.
Results of such tests will be roported to the procuring
activity, provided that the disclosure of such test results
will not, in the opinion of the prepreger, compromise a
proprietary formulation. A statement on the prepreg certifi-
cation as to the type resin employed is requirnd.

Uncured Prepreg Tests

4,10.3.1 Nonfiber content. Nonfiber content, percent by
weight of the uncured prepreg, shall be determined
by either an approved vendor substitute process or per
AMS 3894 with the following differcnces:

(1) Demethylformamide or methylene chloride
shall be employed as the solvent.

(2) Use a minimum of 100 ml fresh solvent for
each washing.

A-15
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4.10.3.2

4,10.3.3

4.10‘3‘4'
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(3) In place of solvent boiling soak, the uncured
prepreg samples can be solvent extracted using
a Soxhlet Extraction apparatus, recycling the
solvent at least 4 to 10 times every hour for
a minimum of 6 hours.

(4) All samples are to be weilghed within 20 seconds
after removal from dissicator.

Resin Flow. Resin ¥low, percent by weight of the

uncured prepreg, shall be determined by either an

approved vendor substiiute process or per AMS 3894
with the following !¢ faxences!

(1) Platen to be pieheated to 325° + 5°F.
(2) Apply 50 + 3 psi.

(3) Bleeder cloth shall be 120 or 181 style fiber-
glasa, or equivalent,

(4) Release cloth may be EMFAB TX1040 or equivalent.

Volatiles. Volatile content, percent by welght of
the uncured prepreg, shall be determined by either
an approved vendor substitute process or per AMS 3894
with the following differences:

(1) Tests to be conducted at 325° + 5°F.

(2) Heat samples for 15 to 16 minutes,

(3) Volatile tests at temperatures and times recommended
by the vendur, if different from this specification,

will also be conducted and reported.

(4) Specimen shall be suspended by alligator clip or
equivalent,

Gelation., Resin gel time shall be determined by either
an approved vendor substitute process or per AMS 3894
with the following differences:

(1) Repecat gel test at 3 different temperaturces,
180°, 250°, 350F for qualification tests (test at
350°F only for acceptance tests).

(2) Plot on semilog paper, gel time on logarithmic axis.

{3) Reaction rate, C, shall be determined as follows:

A-16
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Cw log Ol - log 6,

(log e] [T, - T2]

where 8y

T

log e

= gel time at lower temperature Tj

= gel time at higher temperature Tj

lower temperature taken from stxaight line
plot

higher temperature taken from straight
line plot

= 0.434

NOTE: The material lot shall be rejected 1f the gel time at 350°F exceeds
(To be determined) wminutes.

4,10.3.5 Tack. Prapreg

tack shall be determined by eithar an approved vendo

substltute process:or per AMS 3894 with the following differences:

(1) Clean

smooth glass surface may also be used as a

test panel.

(2) When touched lightly with clean hands, the

resin

will not transfer from the prepreg to the

fingers at 70 to 75°F.

4.10,3.6 Drape. Prepreg drape shall be reported as "pass" or
fail

"
.

4.10.3.6.,1

4.10.3.6,2

4,10.3.6.3

4.10.3.6.4

For unidirectional steged prepreg tape,
cut three 2 inch long by 3 inch wide
samples, Each specimen will be bent 90°
over a 1/8 inch radius clean metal surface
at room temperature (70°-77°F). The bend
will be made parallel to the fiber
orientation and the sawmple will be pregsed
aguinst the metal surface with light
contact pressure, To pugs the drapability
test, the specimens shall adbere to the
metal surface for 10 minutes without
springback, and no fiber damage shall be
viseible under 10x magnification. All three
tests must pass to meat the drapability
requirement.

For fabric prepreg, six 3 inch square
specimens will be used. The drape teat will
be conducted as in 4,10.3.6.1 for both warp
and fill directions. All six tests must
pass to meet drupabllity requiraments,

An approved vendor substitute process may be
uged for the drape test.

Material exposed to ambient conditions for
more than 24 hours (unsealed) shall not be
subjected to the drape test,

A-17
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o

4,10.3.7 Staging. Prepreg material, when delivered to
the Purchascr, shall be staged. The
degree of staging, as well as the re-
quired test procedures to determine same,
may be specified on the purchase document.

T T e

TEr

()

4,10,3.8 Infrared Spectrogruph., An infrared spectrograph of
the staged resin shall be supplied at the time of
d certification. The procedure employed to extract
i the staged resin from the prepreg, including solvents ..
% employed, method of solvent removal and type of
infrared cells employed shall be reported. Procedures
1 outlined in ASTM D2702 shall be followed.

' 4.10.4 Cured Preprep (Laminate) Tests g ‘

i
|
|
% 4.10.4.1 Density. The density of a test laminate shall be : \

y datermined in accordance with ASTM D792, |

' 4,10,4.2 Fiber/Resin/Void Content. Using specimens from the

g same test laminates prepared for mechanical testing, |
: the laminate fiber/resin/vold content shall be |
determine using elther an approved vendor substitute method or
a nitric acid digestion technique outlined in AMS 3894 with

i the following differences; |
' (1) Stabilize the temporature of the nitric acid

using a boiling water bath at 212°F.

i (2) The sample to be tested wil) be in one piece of a
- at least 3 grams,

. (3) Digest the sample in the hot nitric acdd for 90 - l
b 100 minutes, stirring continuously with a

i magnetic stirrer or once every 10 minutes with !
- a4 glass rod.

; (4) Cool the sample 30 minutes.

(5) Filter with an all glass filter apparatus, using b
vacuum assist, with Millipore Corporation's i

(Bedford, Mussachusetts) LCWP04700 Filters, or
A equivalent,
| (6) Rinse the fibers in the filter as follows: }

i Twice with 100 ml each HNOj
;! Twice with 100 ml each distilled water o)
' fwice with 100 ml eaclh acetone

E When rinsing, stop vacuum, add the liquid, stir,
. then apply vacuum. Remove the liquid from the |

' Buchner funnel when changing type of rinse.

)

!

i
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(7) Dry the carbon fibers in a vacuum oven set at
212° + 5°F @ 29 inches mercury vacuum for ome
hour minimum.

(8) Cool in desiccator.

(9) Weigh within 20 seconds of removal from desizcator,

Computations ara as follows:

X Fiber (weight) ( Wg ) x 100
WL
X Resin (weight) W -Wg x 100
( T )
X Fiber (volume)=FV -( We ) (EE~ ) % 100
. W Pg

X Resin (volume)=RV = W

P.
R L
(=—) ¢ ) x 100
¥ fr

% Void (volume)=VV = 100 - FV = RV

where

k24
L
| |

T
-
1

density (g/ec)

density (g/cc)

welght (grams) of laminate before digestion
weight (grams) of fiber after digestion

density (g/ce) of laminate before digestion

Three separate acid digestion tests will ba conducted on the
test laminate, Raesults of all three tests will be raported,

4.10.4.3 Laminate Thickness,

ply thickness shall be of the [0/90/0/90]B type.

Laminate thickness shall be measured using a suitable
micrometer having ball contact heads. A minimum of

10 evenly spaced readings shall be made, all being

at least 1/2 inch from any edge. Laminate thickness

shall be the average of 10 readings.
Average ply thickness will be reported as

t/ply = thickness of laminate
total number of plies

A-19
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of resin as determined by prepreg vendor in 4,10.2.
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4,10,4.,4 Tensile Strength, Modulus

4,10.4.4.1 Flat Specimens. Longitudinal and transverse tensile

gpecimens shall be tested in tension and modulus
and strength data shall be determined in accordance
with AMS-3B894 with the following noted exceptions,

(1)
(2)

(3)

(4)

)

(6)

(7)

(8)

(9

(2.0)

Crosshead speed shall be 0.050 inches/minutes.

Five fabric specimens in the £111 direction
shall be tested at room temperature and five
fabric specimens in the fill direction shall
be tested at 350° + 5°.

Five fabric specimens in the warp direction
shall be tested at room temperature and flve
fabric spacimens in the warp direction shall
be tested at 350° + 5°,

Five longitudinal tape specimens shall be
tested at room temperature and five shall bu
tested at 350° + 5°. TFive transverse tape
specimens shall be tested at room temperaturc.

For measuring fabric specimen dimensions, a
wicrometer with one flat anvil and 0.200 inch
diamater ball shall be used. A ball micrometoer
shall be used for tape specimens.

Procedural testing shall be in accordance with
spacification AMS-3894 except that specilmen
length shall be 9.0 inches, and width whall
be .50 inches.

Calculation of modulus of elasticity for room
temperature specimens shall require the use

of an extensometer or strain guges and clevated
temperature testing shall employ the use of
strain gages.

For 350° + 5°F. testing: The thermocouple
shall be positioned within one-half inch of
each specimen to be teuted and testing shall
be conducted after 10 + 1 wminutes exposure to
the specifiecd temperature requirement,

Longitudinul tensile strength and modulus values
shall be normalized to 63 percent fiber volume.

Five tests arc required for the modulus/strength
value. Report the average and the individual
test data. Compute and report normalized wvalues
and coefficient of variation in accordance with
Sections 3.5, 3.6,

A-20
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4,10.4.5 Flexure Strength/Modulus. Longitudinal and transverse specimens

shall be tested in flexure and flexural strength and modulus

data shall be determined in accordance with AMS-3894 with the
following exceptions.

(1)
(2)

(3)

(4)

(5)

(6)

(7

(8)

Crosshead speed shall be 0.050 inches/minute.

Five fabric specimens in the fill direction shall be tested
at room temperature and five fabric specimens in the fill
direction shall be tested at 350° + 5°F.

Five longitudinal tape specimens shall be tested at room
temperature and five at 350° 4 5°F, Five transverse

tape specimens shall be tested at room temperature and five
at. 350°F + 5°F,

Procedural testing shall be in acccordance with AMS-~3894.
Either three point or four point loading may be used.

The method shall be specified on the test report.

Longitudinal strength and modulus values shall be normalized
to 63 percent fiber volume.

The thermocouple shall be positioned within 1/2 inch of
each specimen to be tested at 350¢ + 5°F.

An optional method of computing the flexural modulus will
utilize the crosshead motion corresponding to the 1/4 span
deflection, in which case

E oo L= a) (2a® - La - 12) A2
£ 4bt3 Ay

where

L = gpan, in,
a = 1/2 span, in.
t = thicknessg, in.
b = width, in.
AP = load increment measured by load cell, lbs,
Ay = deflection increment at 1/4 span, in.
Compute and report the actual test values, the normalized

values, and the coefficients of variation as required in
Sections 3.5. and 3.6.
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4.10.4.6 Short Beam Shear. Short beam (interlaminar shear) will be

determined in accordance with AMS~3894 with the following noted
exceptions,

r (1) Crosshead speed shall be 0.050 inches/minute.

(2) Five fabric specimens shall be tested in the warp
direction at room temperature and five fabric specimens
shall be tested in the warp direction at 350° + 5°F.

3 » (3) Fdive tapelspecimens shall be tested at room temperature
E and five tape specimens shall be tested at 350° + 5°F.

(4) Procedural testing shall be in accordance wtih specification
AMS 3894,

_ (5) The thermocouple shall be positioned within 1/2 inch of
g | each specimen to be tested at 350° + 5°F.

- (6) The specimen length (fiber direction) shall be .600
- + .005 inch.

(7) Nominal specimen thickness is .080 inch, and will not vary
more than .002 inch over its entire length or width.

(8) Flexure failures may occur when span to thickness ratio
is not small enough to induce a shear stress failure.
In such rases, lower span to thicknesa ratios will be
required and may best be obtained by increased thickness.

D . (9) Crosshead must be stopped immediately after load begins
‘(. to drop off so that a shear failure can be observed.

4 Continucd motion will result in flexural failure, masking
| the true result. Typical sheav and flexure failures are
‘l. shown in Figure 2. Flexure fallures must be reported as
|

such,

}' (10) Compute and report the actual test values, and the coefficients
: of varilation as required in Sectiors 3.5 and 3.6.
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i 4,11 Warranty Period. The warranty period shall be the same as
? o the material shelf life. Should a material lot fail to meet
j the acceptance test criteria at a time subsequent to initial
3 D _ acceptance testing but prior to the shelf life expiration
i . date (subject to 3.3.5),the remainder of the lot may be returned.
| ‘ to the vendor for remuneration.
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5.0 PREPARATION FOR DELIVERY

5.1 Packaging and Shipping

5.1.1 Tape. The prepreg material, together with its carrier tape, will
be wound under tension on to rolls or spools having a minimum
inner diameter of 8 inchea, The back surface of the carrier or
separator paper will be clean and contain no materials which may
contaminate the prepreg. Protective flanges will be incorporated
on the rolls. Unless specified on the purchase document, no roll
ghall contain less than 20 or more than 10 pounds of acceptable prepreg.
Each roll will be individually sealed in a clear, moisture proof,
plastic bag, and labeled as per 5.2.1. Units packed in the pre-
ceading manner will be shipped in insulated containera capable of
using solid CO, to keep material temperatures below 0°F during
transit. Prepreg will be removed from shipping containers and
immediately placed in 0°F (or below) storage.

5.1.2 Single yarn/tow. The prepreg yarn/tow will be wound under tension
on to spools having a minimum outer diameter of 3 inches and length
of approximately 10 inches., The winding will be in the form of
continuous non-contacting layers of adjacent hoop windings of fiber
bundles, each layer being separated from the previous one by a
sheet of geparator paper placed circumferentially on the spool.

The outermost layer of prepreg will be covered by a separator sheet.
Unless specified on the purchase document, no roll will contain
more than 3 pounds of prepreg., Each roll will be individually
. sealed in a clear moisture proof plastic bag, and labeled as per 5.2.1.
i | Units so packed will be shipped in arcordance with Section 5,1.1.

”{f 5.1.3 Woven Fabric, Chopped Mat. Fabric and chopped mat will be packaged
;y; in accordance with the applicable purchase order. Unless specified
{‘; on the purchase document, sheet size will be nominally 2 feet wide

' (f111) by 5 to 6 feet long (warp). Stacked sheets will be separated
) from one another with clean separator material as specified in 3.3.3.3
?t and the entire stack will be bound top and bottom with thick, pro-

', tective cardboard or equivalent. The packages will be taped and

i! sealed in a moisture proof, clear plastic bag and labeled in

¥.§ accordance with Section 5.2, Shipment will be as described in 5.1.1.

:L} 5.7 Marking

‘= 5,2,1 Bag and Core. The follewing information shall be attached to the
J‘_‘ core of each roll or spool, and for fabric/mat to the cardboard

. surface containing the prepreg, and shall be vigible through the

im clear, molsture proof, plastic sealing bag:

ot




! 7 (1) Manufacturers name, symbol

(2) Material type; resin, resin/catalyst lot number, fiber, and
3 prepreg designation.
Lot and roll number
(4) Material Quantity: Linear feet and weight, 1f tape
Weight and approximate footage, if yarm .

Weight and approximate square footage, if fabric or
(5) Storage life expiratng date at O0°F
(6) Label stating "CAUTION: STORE AT OR BELOW 0°F." or equivalent
5.2.2 Shipping Package. Each shipping container shall have attached

a clearly visible document detailing:
(1) Manufacturers name, symbol

{ ' (2) Material Designation

| (3) Material Quantity

(4) Date of Manufacture

(5) The Procuring Activity Purchase Order number

(6) Warranty expiration date of material when stored at 0°F

! 5,2,3 Warning Sign. Each shipping container shall have visible a colored
sign stating '"CAUTION: STORE AND SHIP AT OR BELOW O°F." or

i : equivalent.
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? 6.0 NOTES
p
3 6.1 Purchase Order. The following information, when applicable, shall
; appear on the purchase order:
; Fiber designation 3.1.1
| Resin designation 3.2.3
Tape Width 3.3.2.2.3
Yarn Width 3.3.2.2.3
Fabric, Mat Width 3.3.2.2.3
E Fabric Mechanical Properties 3.,4.3.3.3
Mat Mechanical Properties 3.4.3.3.4
F ' Prepreg Staging 4,10.3.7
Laminate Physical Properties Table IIIL
Quantity
6.2 Prepreg Documentation. The following information as applicable,
shall appcar.on documentation either accompanying the prepreg
shipment or malled under separate cover:
ol Fiber Property Certification 3.1.3
- Fiber Surface Treatment 3.1.2
| Fiber Test Results 4.10.1
=
N Rasin Certification 4.10.2
Y | Yarn Property Certification 3.4.3.1
{ | Test Report 4.3 }
i Qualification Report 4,5.1
- Accaeptance Report 4.5,2
; Statement of Certification 4,5.3 i
- . Cure Cycle 4.9.1
| Infrared Spectrograph 4,10.3.8
' Packing Data 5.2.1, 5.
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: i Material Specification ANA 74700314-001  Revision B p
] |
. §
- . |
3 ‘ PHYSICAL REQUIREMENT TEST METHOD
] PROPERTY .
: PREPREG FORM Referenced fl;-
& Paragraph ' .
9 Yarn Tape Fabric Mat
: i
: , Non Fiber Solids 40 +3 40 43 40 +3 50 +5 4,10.3.1
f ) (% by weight)
g : Resin Percent Flow| 20 +3 | 2045 | 2044 | 2545 | 4.10.3.2 !
: I (% by weight) y
! , Volatile Content | 2.0 2.0 2.0 2.0 4.10.3.3 ;
! (X by weight) MAX MAX MAX MAX \
f Tack Shall pass test as per 4.10,3.5
" )
bl Drape Shall pass test as per 4,10.3.6
| Gelation Shall be reported as per 4.10.3.4 i
i Infrared Shall be reported as per 4.10.3.8
N Spectrograph |
o i3
' s J.
|
D TABLE II, Prepreg Physical Requirements N
S Grade A (epoxy) Resin '
| _
|
o ar
i !
A i
| X
| |
W ) ‘
. (I § .
I ’_|_.
J :
? i
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Test Requirement Test Para.| Test Frequency
Tape, Yarn|] Fabric, Mat

Cosmetics 3.3.2.2 3.3.2.2 Unit Unit
Non Fiber Content 3.3.2.1 4,10.3.1 Unit Lot
Resin Flow 3.3.2.1 4,10.3.2 Unit Lot
Volatile Content 3.3.2.1 4.10.3.3 Unit Lot
Gelation 3.3.2.1. 4,10.3.4 Unit Lot
Tack 3.3.2.1 4.10.3.5 Unit Lot
Drape 3.3.2.1 4,10,3.6 Unit Lot
Infrared 3.3.2.1 4,10.3.8 Unit Lot
Density 3.4.2.3 4,10.4.1 Laminate Laninate
Fiber/Resin/Void 3.4,2.1 6,10.4.2 Laminate Laminate
Thickness 3.4.2.2 4,10.4.3 Laminate Laminate
0* Tension RT 3.4.3.3 4,10.4.5 Lot Lot

350 3.4.3.3 4,10.4.5 Lot Lot
90* Tension RT 3.4,3,3 4,10.4.5 Lot Lot

350 3.4.3.3 4,10.4.5 Lot Lot
0* Flex RT 3.4,3.3 4,10.4,6 Lot Lot

350 3.4,3.3 4,10.4.6 Lot Lot
90° Fiex RT 3.4.3.3 4,10.4.6 Lot fot

350 3.4.3.3 4,10.4.6 Lot Lot
0®* SBS RT 3.4.3.3 4,10.4.7 Lot Lot

350 3.4.3.3 4,10.4.7 Lot Lot
90* sSBS RT 3.4,3.3 4,10.4.7 N/A Lot;;Fabric

350 3.4.3.3 4,10.4.7 N/A Lot’ Only
Therm. Expan RT 3.4.2.6 3.4.2,6 Lot Lot
0°, 900 dir‘ 350° 3040206 3-4.2-6 LOt LOC
Fiber Certification of Fiber properties required with

Qualification tests in accordance with
Para, 3,1.1 and 4.5.3

Resin Cartification of Resin properties/tests required

with Qualification tests in accordance with
Para., 3.2 and 4.5.3 '

% Test to be conducted by

TABLE V(a). Qualification Tests
A-31
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Test Frequency
Test Requirement Test
‘ Data Tapa, Yarn| Fabric, Mat
Cosmetics 3.3.2.2 3.3.2.2 Unit Unit
Non Fiber Content 3.3.2.1 4.10,3.1 Unit Lot
Resin Flow C3.3.2.1, 4.10.3.2 Unit Lot
Volatile Content 3.3.2.1 4,10.3.3 Unit Lot
Gelation 3.3.2.1 4,10.3.4 Lot Lot
Tack J.3.2.1 4,10,3.5 Lot Lot
Dl‘npe 3.3.2.1 4,10,3.6 Lot Lot
Infrared 3.3.2.1 4,10.3.8 Lot Lot
Dengity 3.4.2.3 4,10.4.1 Laminate Laminate
Fiber/Resin/Void 3.4.2.1 4,10.4,2 Laminate Laminate
Thickness 3.4.2,2 4.10.4.3 Laminate Laminate
0° Flex RT 3.4.3.3 Lot Lot
350 3.4,3.3 Lot Lot
0° sBS RT 3.4.3.3 Lot Lot
350 3.4.3.3 Lot Lot
90° SBS RT 3.4.3.3 N/A Lot;;Fabric
350 3.4.3.3 N/A Lot: Only
Fiber Cartification of fiber properties required with
Acceptance tests in accordance with Para. 3.2
and 4.5.3
Resin Certification of Resin properties/tests required
with Acceptance tests in accordance with Para. 3.2
and 4.5.3

TABLE V.(b) Acceptance Tests
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Material Spescimen
Type Geometry

PROPERTY DETERMINED

No. of Specimens
Required Per
Material Lot

Tape Flat

0°Tensile
90° Tensile

RT

350

e

vnbnuen

Fabric Flat

0°(Warp) Tensile O,E,t
90°* (Fill) Tensile ©
0° (Warp) Flex o
90°(11111) Flex v,
0° (Warp) SBS a
90° (Warp) SBS g

nwwrunnnunn

Uikt

Chopped Flat
Mat

0°(X dir.) Tensile o,E,e
90°(Y dir.,) Tensile o,E ¢
0°(X dir.) Flex g,k
90°(Y dir.) Flex g B
0°(X dir.) SBS g

[V R WV, RV,

(S RV, RS RV R

Yarn, Tow| Flat

Certify to unidirectional
mechanical properties as
per Table IV

¢ Ultimate stress, psi

¢ Computed Ultimate Strain, Min/in

E Elastic Modulus, psi
0° Fiber direction
90° Cross Fiber Direction

TABLE VI.

Mechanical Test Specimen Requirements

A-33
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-/——- Vacuum bag

——u——-——-—-mu--—-‘

/2 \
7 \

W/
Z-//A.l.umztmmx plate
Teflon release cloth, TX1040 or equivalent
Graphite epoxy prepreg
Teflon release
Plys of 120 glass cloth *

Aluminum caul plate, perforated at corners
Plys of 181 glass cloth *
Cork daw or equivalent

* No., of plys of bleeder cloth dependent on No. of graphite plys;
to be specified by vendor

NOTE: The layup procedure and cure cycle shall be specified by the
prepreg vendor,

Figure 1. Layup for Prepregs (Optional)
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Figure 2A. Typical Interlaminar Shear

Figure 2B, Typical Flexural Failure
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APPENDIX B

] Co GY70/EPOXY CONICAL SHELL AND
! ;o SUPPORT RINGS
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APPENDIX D

‘ ' TEST PROCEDURES FOR GY70/EPOXY BASIC CONICAL SHELL SPECIMENS
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j Axlal Compression Testing of GY/70 Epoxy Concial Shell ’ l
) (Test 1; Conical Shell 004 and Test 6; Conical Shell 006)

A : 1.0 TEST OBJECTIVES

|

These tests were performed to dJetermine the compressive strength and ‘l
modulus of the GY70/Epoxy Conical Shell under axial compression load, !
Results were correlated with analytical predictions. Additionally, this 1Y
test serves as a qualification test for the fabricated part. Two frusta P4
3 : ware tested under similar conditions. The two test procedures differed
b only in that 21 strain gases were used in Test 1 (Conical Shell 004) and
v : 11 strain gases were used in Test 6 (Conical Shell 006). !

" 2,0 TEST DESCRLPTION
. 2.1 Hardware Configuration R

The GY70/Fiberite 934 conical shells, part number 48125, were 9.1
inches long with forward and aft shell outside diameters of 5,80 inches .
and 7.79 inches respectively. The nominal shell thickness is 0.19 inches.
At each end of the shell inner and outer aluminum rings of 6061~T652, 1,4 |
| inches thick were bonded to the shell surfaces with Hysol adhesive EA9309, b
} The aluminum rings are installed to stabilize the end laminates from
|

o e e

crippling or fraying under localized loadings. The rings are sufficlently ¥
rugged so that they can be reused for the subsequent shell specimens. -

Pt

2.2 Load Conditions

, The shells were loaded in compression by means of a 200 KIPS hydraulic
jack, Steel loading plates were used to insure uniform load distribution
and apply load directly to the ends of the graphite/epoxy shell, There
was no gap between the loading plate and tLhe shell wall,

2.3 Test Arrangement
2.3.1 Facility
The tests were performed in the gtatic test area of the mechanical

laboratories, Martin Marietta Corporation, Orlando, Florida. The following
equilpment was used to conduct the test:

: a) 200K hydraulic jack (1), Messinger
} ‘ b) 100K load cell (2), BLH
ﬁ_: c) Series 800 strain indicator (1), BLH l

3 d) Switch & Balance Unit (1), BLH

l? e) Speed-O-max load cell indicator (2) I




I,

f) Pressure gage (1), 10,000 psi maximum

Al g) Direct Current Diasplacement Transducers (DCDT) (2)

e e B s e en

h) Hand pumps (1), Blackhawk.

PO

2.3.2 Mechanlical Test Assembly

The GY70/Epoxy shell specimens (48125) were placed between the two
steel load plates, and the assemblies were installed upright on top of
the 200K hydraulic jack with the shaft extending through the center of

the assembly. A steel yoke was threaded on to the shaft to secure the
assembly.

T

] The test arrangement is shown in Figure 1, Loads were monitored by

use of a pressure gage which is calibrated prior to tasting by means of a
load cell.

e e A . keSSl LS s

2.3.,3 Instrumentation

2.3.3.1 Strain Measurement

Test 1 - Conical Shell 004

Twenty-one axial type strain gages (FAE 255-1256) were installed at
three stations on the test specimen: one halfway between the ends of the
specimen, one 0.40 inchea from the small end support ring and one 0.40 dnches
. from the large end support ring, Eleven strain gages were installed at the
Q| station halfway between the aspecimen ends at 120° intervals around the
by . circumference. Seven gages were installed on the outside surface and four

T e o et i ot

I gages on the ineide surface. A palr of gages (longitudinal and circumfer-
| ‘ ential) were placed at each location and one circumferential gage were
S : placed on an outside seam near one of the strain gage pairs. The inner
Lo surface gages were located back-to-back with two of the three pairs on
i the outer surface, At each of the two stations near the end rings five
‘E gages were ilnstalled. At each station two pairs of gages were placed at
]
i

o o e ahcie WS LTS s aeowatE ) St A & s s D

180° intervals around the clrcumference on the outside surface and one
longitudinal gage was placed on the inside surface. The lnner surface gage
; was back-to-back with one outer surface strain gage pair. The gages at
b , the large end station were staggered by 90° relative to those at the small
C end station. All strain gage locatlons are shown in Figure 2,

j Taest 6 - Conical Shell 006

; Eleven axial type strain gages (FAE 258-1286) were installed at three

: ' stations on the test specimen: one halfway between the ends of the specimen,

" one 0.40 inches from the small end support ring and one 0.40 inches from

i the large end support ring. Three strain gages were installed at the

: station halfway between the specimen ends at 120° intervals around the

‘ . circumference. At each of the two stations near the end rings four gages
were installed. At each of these stations, gages were placed at 180°

it i b i, L e ? S o
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intervals around the circumference on the outside and inside surfaces.
The gages at the large end station were staggered by 90° relative to those
at the small end station, All strailn gage locations are shown in Figure 3,
2,3.3.2 Deflection Measurements

Two DCDT's located diametrically opposite from the shell gpecimen were
used to measure the overall axlal displacement of the shell under axial
compression loading., The data were correlated with the analytical
predictions.
3.0 TEST PROCEDURES

The GY70/Epoxy conical shell compression tests were conducted as
follows:

a) The tests were setup as described in the foregoing sections and
performed in accordance with Figure 1.

b) Designated project personnel inspected the test setup and photos
vare taken,

¢) The load, strain and dial indicators were adjusted to read zero.

d) 5000 1bs. preload was applied and the setup was checked for proper
operation. All strain and deflection readings were recorded.

e) The load was removed and all instrumentations were recorded.
£) All readings were adjusted to zerxo.
g) Loads were applied in the following increments:
10,000 lbs. increments to 100,000 1lbs.
5,000 1lbs. increments from 100,000 to 200,000 1lbs
All instrumentations were recorded at each load increment,

h) Fallure load was recorded at 160,000 lbs. for Test 1 and at
180,000 1lbs, for Test 6.
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GY70/Epoxy Conical Shellsg
Shear/Bending Test (Test 2; Conical Shell 001)

1.0 T[EST OBJECIIVE

The test was performed to determine the load carrying capabildity of |
¢he conical shell under a cantilevered load. This basic strength data for
the shell will be used in the evaluation of the strength in the combined
loading condition. It is essentlal that the strength of the multi~layered
GY70/Epoxy conical shell can be predicted for the baslic loading conditions
for a given type of fabrication technique, =

2,0 TEST DESCRIPTION

2,1 Hardware Configuration _ |

The GY70/Fiberite 934 conical shell, part numbar 48125, is 9.1 inclies
in length with 5.80 inches diameter at the small end and 7.79 inches
diameter at the large end. The nominal shell thickness is 0,19 inch, Inner
and outer rings of 6061-7652 aluminum alloy are bonded to the sheld with
Hysol adhesive EA9309, Hcles are drilled in the rings for attachments of e
the specimen to the test and loading fixtures. The rings are sufficiently ;“
rugged so that they can be reused for the subsequent shell specimens.

2.2 Load Condition

A load transverse to the shell axis was applied at the forward loading
fixture by a 100K hydraulic jack., This single cantilevered load allowed }
direct correlation of test data and analytical resultas,
2,3 Test Arrangement .

[ 2.3.1 Facllity

The test was performed In the static test area of the Mechanical
Laboratory, Martin Marietta Corporation, Orlando, Florida.

|
E The following equipment was used to conduct the test:
1 a) 100K hydraulle jack (1), Mesalnger
i b) 100K lpad cell (1) BLH. ?
¢) Series 800 strain indicator (1) BLH.
| d) Switch and Balance unit (1) BLH.
1 e) Direct Current Differential Transducers (4).

£f) Speed~o-max load cell indicator (1),

P g) Hand pump (1) Blackhawk. '
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2.3.2 Mechanical Test Assembly

The GY70/Epoxy shell specimen (48125) was bolted at the larger end to
a test fixture with 46 5/16 inch diameter steel bolts (150 ksi) torqued to
150 in=-1bs. (2,000 lbs. preload). The forward end of the specimen was
kolted to a loading fixture with 36 5/16 inch diameter steel bolts
(150 ksi) torqued to 150 in-1bs, (2,000 lbs. preload). The assembly was
cantllevered from a load reacting structural column, The 100K hydraulic
Jack was attached to the loading lug of the fixture at the forward end of
the specimen as shown in Figure 4.

2.3.3 Instrumentation
2.3.3.1 Strain Measurements

A total of eighteen axial type ctrain gages (FAL 255-1286) were
installed on the shell specimen, Eight were located at a station midway
between the ends of the specimen at points of maximum strains. The other
ten were installed on the shell adjacent to the fixed end where the maximum
bending moment occurs and also the maximum local shell bending takes place.
The locations are shown in Figure 5. The strain measurements were correlated
with analytical results.

2.3.3.2 Deflection Measurements

One DCDT located at the cantilevered end of the shell specimen was
used to measure the deflection of the free end under the transverse load.
The other three DCDT's were uged to meaaure ground support structure
deflections at the fixed end of the specimen., The locations are shown in
Figure 4. The data were used to correlate with the analytical predictiona,
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3.0 TEST PROCEDURE i

follows:

a) The test was setup as deacribed in the foregoing sections and in

? L The GY70/Epoxy conical shell shear/bending test was conducted as
¢ accordance with Figure 4,

b) Designated project personnel inspected the test setup. Photos
were taken,

. ¢) The load, strain and dial gage readings were adjusted to zero.

d) 2,000 1bs. preload was applied and instrumentation readings were
' checked.

e) The load was removed and all instrumentations were recorded.
f) All instrumentation was abjusted to zero at zero load.

l g) Loads were applied in the following increments: !

2,000 lbs. increments to 20,000 lbs,

All instrumentations werc recorded at cach load increment.

h) Fallure load was recorded at 20,000 1bs.

T T e e
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GY70/Epoxy Conical Shells

Combined Loading Test (Tests 3, 4, 5, 7, 8, 9 and 10; Conical Shells 002,
003, 005, 007, 008, 009 and 010)

1.0 TEST OBJECTTVES

The tests were performed to verify the design and fabrication of the
conical shells under combined design load conditious. The test results
were correlated with the analytical prediction. The effect of variations
of the ply angles due to the gore pattern layup on the strength and
stiffness of an idealized laminated shell can be evaluated from the test
results. In addition, a combined load interaction diagram was established
by holding one loading constant and increasing the other loads.

2.0 TEST DESCRIPTION

2.1 Hardware Configuration

The GY70/Fiberite 934 conical shell, part number 48125, is 9.1 inches
in length with 5.80 inches diameter at the small end and 7.79 inches
diameter at the large end. The nominal shell thickness is 0.19 inch.
Inner and outer rings of 6061-T652 aluminum alloy are bonded to this shell
with Hysol adbesive EA9309. Holes are drilled in the rings for attachments
of the specimen to the test and loading fixtures. The rings are sufficiently
rugged so that they can be reused for the subsequent shell specimens,

0
v

———

2,2 Load Condition

. Each of the specimens to be tested under the combined loading was
loaded with a particular loading path. The objective was to obtain failure

i points to define a combined load failure surface. Two basic types of

' loading to be considered are axial compression and bending moment. The
four loading paths are shown graphically as follows:

S e e
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Pg and Mg are fallure loads established from tha compression test and
shear bending test respectively where each is subjected to a single loading.
DLL designates Design Limit Loads which are given in the following:

P (axial compression) = 19,100 1lbs.

M (bending moment at fixed end) = 158,000 in-lbs.

2,3 Test Arrangement

2,3,1 Facility

The tests were conducted in the static test area of the Mechanical
Laboratory, Martin Marietta Corporation, Orlando, Florida.
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| .
The following equipment were used to conduct the test: ij 
|
a) 100K hydraulic jack (2) messinger.

b) 20K hydraulic jack (2) messinger.

c¢) 100K load cell (2) BLH.

’E d) 20K load cell (2) BLH.

; e) Speed-o-max load cell indicator (4).

: £) Series 800 strain indicator (1) BLH,

. h) Direct Current Differential Transducers (4).
. i) Hand pump (4) Blackhawk.

2,3,2 Mechanical Assembly 8

1 The GY70/Epoxy shell specimens (48125) were bolted at the larger end

. , to the test fixture with 46 5/16 inch diameter steel bolts (150 kei)

i . torqued to 150 in-1b. (2,000 1b, preload), The forward ends (smaller end) o
: were bolted to a loading fixture with 36 5/16 inch diameter steel bolts -
(150 ksi) torqued to 150 in-lbs. (2,000 lbs. preioad). . -

" Two hydraulic jacks positioned parallel to the shell axis loaded the

In two lugs on the loading fixture. The third lug accommodated the jack

f _ which was placed transverse to the shell axis. A whiffle tree arrangement
d was fastened to the straps which were wrapped around ihe conical shell. A
hydraulic jack applied load to the whiffle tree and in turn loaded up the

shell simulating the external pressure loading.

N The mechanical test assembly is shown in Figure 6.
2.3.3 Instrumentation
[ 2,3.3.1 Strain Measurements -

- A total of elghteen axial type strain gages (FAE 255-1286) were

P installed on each shell specimen. For tests 3, 4, and 5 eight gages were
{ located at a station midway betwaen the ends of the specimen ai points of
: maximum strains, and ten were installed on the shell adjacent to the fixed
end where the macimum-bending moment occurs and also the maximum local
shell bending takes place. The locations are shown in Figure 7. For tests Lk
7, 8, 9 and 10, the strain gages were relocated to cover the gtrain
meagsurement at the small end. Six gagee were located at a station midway
between the ends of the specimans, six were installed near the smail end
and six were installed on the shell adjacent to the fixed end where the
maximum bending moment vccurs., The locations are shown in Figure 8.

o The strain measurements were used in correlation with analytical
i, results,
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2,3,3.2 Deflaction Measurements

One DCDT located at the cantilevered end of the shell specimen was
used to measure the deflection of the free end under the transverse load,
The other three DCDT's were us¢l to measure ground support structure
deflections at the fixed end of the specimen, The locations are shown in
Figure 6. The data wexe used to correlate with the analytical predictions.

3,0 TEST PROCEDURE

‘ The GY70/Epoxy conical shell combined loud tests were conducted as
y - follows:

a) Tests were setup as described in the foregoing sections and in
accordance with Figure 6.

T N

b) The test setup was inspected by designated project personmnel,
E Photos were taken of the setup.

13

N

¢) The load, strain and dial gage readings were adjustaed to zero.

- _ d) 10 percent of the design limit loads were applied simultaneously

' and the setup was checked for iudications of mechanical interference
in loading apparatus and proper operation of insirumentations.
- All instrumentation readings were recorded.

e) All loads were removed and all instrumentations were recorded.
£) All ingtrumentation was adjusted to zero at zero load.

Combined Loads Tests 3 and 7

(. i _ g) Loads were applied in the following percentages of design limit
! load (see Section 2.2) 20, 40, 50, 60, 70, 80, 90, 100, 20, O
All instrumentation at each loading was recorded.

h) The test specimen was visually inspected for cracks, delamination
or indications of permanent deformation. Results of inspection
were recorded,

1) 'The following percentages of design limit load were reapplied
i until failure ocecured. O, 20, 40, 50, 60, 70, 80, 90, 100,
' 120, 130,---

i
|
E J) Tallure loads were recorded,
|

!%,' D-19
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Combined loads Tests 4 and 8 i
g) Axial compression equal to 1/2 of Pg (80,000 lbs.) and 53,334 1bhs. é
were applied to tests 8 and 4 respectively, {
1
h) All instrument readings were recorded. !i
; 1) The axial compression load was held comstant and all other loads ?
' : were applied at the following percentage of design limit load :
3 : until failure: 0, 20, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, !
' All instrumentation at each load increment was recorded. |
| Combined Loads Tests 5 and & L
! 8) Bqual percent of Design Limit Load was applied in shear and bending |
E moment so that the fix-end moment was equal to 1/3 Mg (64,667 in-1b). !
E h) All instrumentation was recorded, 4
| !
E 1) Shear and bending moment were held constant and axial compression
t. was appllied at increments of 20 percent of design limit load until _
| failure occurred at 103,000 lbs. for test 5 and 137,000 1lbs. : 1
i for test 9, All instrumentations were recorded at each load .
Feo increment. i
Combined Loads Test 10 i i

e m—em s o=

g) An axlal compression load of 15,000 lbs., was applied. \
h) All instrumentation was recorded. i

' 1) Axial compression load was held constant and all other loads were !
applied at the following percentage of design limit load until i

instrumentation at each load increment was recorded.
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o failure: 0, 20, 40, 50, 60, 70, 8O, 90, 100, 110, 120, 130. All
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Shock Testing of Type I Joint Reinforcement Frusta (Tests 1A and 24;
Shells 01¥ and 02R)

1.0 TEST OBJECTIVE

The tests were performed to evaluate the load carrying cepabllities of
the joint reinforcement for the GY70/Epoxy frusta under shock loading and
to deternine the modes of fallure,

2,0 THEST DESCRIPTICN

2.1 Hardware Configuration

7The GY70/Fiberite 934 frustum with joint reinforcement at the large
end, part number 48126A, is a section 9.1 inches long with forward and aft
shell outride dismeters of 5.80 inches and 7.79 inches respectively.
Eleven (ui) 0075 titanium shims are interleaved with the thirty eight (38)
GY70/Epoxy plies for veinforcement in the reglon of the screw loles. The
shock test frusiL~e 4n not have the aluminum ringe (48130-1 and 48130-2)
installed so that thz dynawic response of the frustum can be better
slmulated under the test cundltion. Two rows of 281 luches diamcter holes
with staggerv1 puilera are designed to transfer the shock loads to the shell
through 1/4 incio countersunk s« rews.

2.2 Load Conditions

The graphite/epoxy frustum was bolted to a test fixture through the
48 count:rsunk holes. Thi test fixture was fustered to the shock machine
st its base., The smaller end of the frustum atands free, The test
fixture is desilgned such <hat the loads are transmitted to the frustum
through the 48 radial .. rews, Fgure 1 shows the frustum and test fixture
in relation to the shock machine,

The shock machine (SM~1000) applied shock pulses to the specimen to
produce the shock envirounments as shown in Figure 2. In order to deter-
mine the fragility level of the reinforced jeint, the acceleration
magnitudes of the tost environment were increased at successive shock
pulses. The shock machine was calilbrated go that the incrementsn in
acceleration magnitudes corresponded to those shown In the shock spectra
(Flgure 2).

The shock loading simulated the stage separation shoek, The maximum
aeparation shock spectrum shown in Flgure 2 Ls based on cutting steel with
a charge of 50 grain's per foot at 5 inches away from the splice joint,
The aplice joint of the guldance and countrol section of ATI 1s located
122 inches forward of the separation joint, therefore, the shock level 1s
attenuated to a much lower level as shown by the estimated G&C splice

shock of Figure 2, This gplice shock spectrum was verified prior to testing
of the frustum,

(A AT Y 1o o £ JEWS ) LS v e n ot P e




. .
y [
[, l“
' /tut RPECIMEN \\
93 A r
" INPUT ACCELEROMETEH 5
r L‘é ! §
-3 1‘
;8 I.%
N |
o) ® ] '
® @ i
3
g | :
T | Figure 1. SM~1000 Shock Machine with Frustrum in Test Mode i
o . 100,000 {]
8 » E i
' 1
i i
L MAX SEPARATION 1
! 98 SHOCK (100%) |
8 |
- 05 f
0.4
‘ 3 10000 03 %
o g - 02
: | 2 E '
- e
R i e -
TATN [ond 0.1
- s
g | O L
(8]
:' <
. E
b 1000}- 7. GA&C SPLICE SHOCK i
- & F / /// (ESTIMATED) ,;
: ! 5
! R
i 1\ i —(‘:""0.% |
i 4 ‘ i cc i
F i
! ]
i | 100 1L Zian S S W Lo b1l
i 10 100 1,000 10,000
' NATURAL FREQVENCY {Hz)
, Figure 2. Shock Spectra Simulating Stage Separation Shock
R
g
{
| |
.- E~3
f. !
’ ’l_l




2.5 Test Arrangement
2.3.1 Fecllity

Ihe test was performed in the dynamic test area of the Mechanical Test
Laboratories, Martin Marletta Corporation, Orlando, Florida. The following
equipment. was used to conduct the test:

a) SM-100 shock machine

b) Charge amplifiers

¢) Magnetic tape recorders

d) Shock spectrum analyzer

e) Oscillograph, \

2.3.2 Mechanical Test Assembly

The GY70/Epoxy frustum was fastened to the test fixture at the
reinforced end with forty-eight 1/4-inch diameter screws. The teat fixture
was bolted to the moving anvil of the shock machine. The SM-1000 shock
machine with the test specimen in place 1ls shown in Flgure 1.

2.3.3 Instrumentation

2.3.3.1 Btrain Measurements

Twelve axial type strain gages were installed on the test specimen,
Six gages were located on the outside surface of the shell equally spaced
around the circumference at 4.37 inches from the reinforced end. Four
gages were piaced on the inslde surface equally spaced. The other two
gages were located on the outside surface along the meridian of the shell
as depicted in Figure 3. The gages were oriented to measure the longitud~
inal strailns of the shell, The location of the strain gages are shown in
Figure 3. The strain measurcments were recorded on magnetic tape,

STRAIN GAUE

TWELVE QAGES
ARE REQ'D.

Figure 3. GStrain Gage Locations -
Shock Tests 1A and 2A

F-4




2.3.3,2 Acceleration Measurements

One accelerometer was mounted on the base of the test fixture to |
measure the acceleration level of the input pulse. The data were used in
the shock spectrum analyzer.

3.0 TEST PROCEDURES

The following test sequence was followed in the shock testing of the
GY70/Epoxy frustum with joint reinforcement,

a) The bare fixture was secured to the shock machine table, All
existing bolts were torqued.

b) The shock input accelerometer was mounted at the base of the
fixture and torqued to 28 in/lbs,

¢) The system was calibrated to match the 0.1 (10%} shock level, The
2 input shock pulse required was determined using half-sine pulse,

b ' The charge pressure, drop height and impacting material required
. | : to produce the required shock pulse were recorded.

d) Step c) was repeated to calibrate the system for the other shock
environment shown in Figure 2,

T S T S S

! e) The test specimen was secured to a fixture on the shock machine
; table and the 1/4 inch screws were torqued to 75 in/1lbs.

.% ; f) All instrumentation was checked to insure proper operation.

J g) The test specimen was shocked to the G&C splice shock level,

; h) The strain-gage data on the oscillograph wus reviewed and the
specimen was visually inspected for any damage. The results were

. recorded,

- 1) Steps g) and h) were repeated at higher shock levels until the
! maximum shock level (100%) was reached.
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Combined Static Loading Test of Type I Joint Reinforcement Frustum
(Test 3A; Shell O3R)

1.0 TEST OBJECTIVE
The test was performed to evaluate the structural characteristics
and load carrying capabilities of the joint reinforcement design under the

combined load conditions, The mode of failure for the specimen was deter-
mined.

2.0 TEST DESCRIPTION

2.1 Hardware Configuration

The GY70/Fiberite 934 laminated frustum with joint reinforcement at
the large end, part number 481264, is a section 9.1 inches long with
forvard and aft shell outside diameters of 5.80 inches and 7.79 inches
respectively, Eleven (11) ,0075 ticanium shims are interleaved with
thirty eight (38) GY70/Epoxy plies for reinforcement in the region of the
screw holes. Two rows of 0,281 inch diameter holes with staggered pattern
are used for attachment of the frustum to the test fixture with 1/4 inch
countersunk screws. The two aluminum rings bonded to the shell at the
small end are designed to mate with the Joading fixture.

2.2 Load Condition

The specimen was tested under a combined and simultsneous loading of
axial. compression, shear and bending moment. This condition simulates the
crifical overall load condition represneting loadas at booster Lurnout with

20 percent overshoot., The Derign Limit Loads for the half scale G&C frustum

are as fullows:
P (Axial compression) = 19,000 1bs.

V (shear at fixed end) = 12,000 lbs,
M (bending moment at fixed end) = 158,000 in/lbs.

2.3 Test Arrangement

2.3.1 Facility

The test was conducted in the static test area of the Mechanical
Laboratory, Martin Marietta Corporation, Crlando, Florida.
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The following equipment was used to conduct the test:

a) 100K hydraulic jack (2) Messinger

b) 20K hydraulic jack (2) Messinger

¢) 100% load cell (2) BLH

dy 2% load cell (2) BLH

e) r_;-o-max load cell indicator (4)

£} UBer.ws 800 strain indicator (1) BLH

g8) Switch and Balance Unit (1) BLH

h) Direct Current Differential Transducers (4)
i) Hand pump (4) Blackhawk.

2.3.2 Mechanical Assembly

The GY70/Epoxy frustum was fastened to the test fixture at the rein-
forced end with forty-eight 1/4-inch diameter screws. The aluminum rings at
the othev end were bolted to a loading fixture with thirty-six 5/16-inch
bolts (150 ksi) torqued to 150 in/lbs.

Two hydraulic jacks positioned parallel to the shell axis loaded the
two lugs on the loading fixture, The third lug accommodated the jack
placed transverse to the shell axis. A whiffle tree arrangemant was
attaclied to the straps which were wrapped around the frustum., A hydrauiic
jack applied load to the whiffle tree which {n turn loaded up the shell

simulating the external pressure loading. The mechanical test assembly ia
shown in Figure 4.

HRIFFLE
HEE

4

; e o
P, w\ 10w JACK
/

7

111

2:/:- 10k JJACK HJ
C

beoT (4)

L\/“’

Figure 4. Test Set-Up for Test 3A

el S e e A e e L e e e



il B e T

- i

2.3,3 Instrumentation

2,3.3.1 Straln Measurements

A total of sixteen (16) axial type strain gages (FAE 255-1256) were
installed on the shell specimen. Four were located in the constant
thickness section of the shell to measure the maximum longitudinal shell
strains. The other twelve were located in the close proximity of the
splice screws to measure the local longitudinal and hoop strains. The
locations of all the strain gages are shown in Figure 5.

2.3.3.2 Deflection Measurements

One DCDT located at the cantilevered end of the shell specimen was
used to measure the deflection of the free end under load. The other
three DCDT's were used to measure hee test fixture deflections at the
fixed end of the specimen. The true deflection of the specimen can be
obtained from the measurements. The locations of the DCDT's are shown in
Figure 4.

3.0 TEST PROCEDURE

The GY70/Epoxy frustum combined load test was conducted as follow:

SIXTHAN (18} AXIAL STRAIN OAGES REQ'D

Figure 5, Straln Gage Location - Static
Tests 3A and 4A
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a)

b)

c)

d)

e)

£)

g)

h)
1)

i)

k)

The test was set up as described in the foregoing section and in 7
accordance with Figure 4, P

Test set up was inspected by designated program personnel, Photos
were taken of the set up,

The load, strain and DCDT were adjusted to zero reading prior to
final torqueing of the 48 splice screws.

The splice screws were torqued to 75 in/lbs. Torqueing was done

in pairs of screws diametrically opposite to minimize over

stressing.

Strain and LCDT readings were recorded.

Strain and DCDT were adjusted to zero.

10 percent of the Design Limit Loads were applied simultaneously

and the set-up was checked for indications of mechanical inter-
ference in loading apparatus and proper operation of instrumentation. 3
All instrumentation readings were recorded. )
All loads were removed and all instrumentations were recorded, J:
All instrumentation was adjusted to zern at zero load.

Loads were applied in the following percentages of Design Limit

Load until failure occurred, 20, 40, 60, 80, 100, 120, 130, 140,
150, etec. All instrumentation at each loading was recorded..

Failure load was recorded at 200% DLL and the shell falled on the
compression side as the primary fallure mode., The bolt holes
were elongated but were still carrying loads.
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Shear/Bending Test of Type I Joint Reinforcement Frustum
(Test 4A; Shell 04R)

1.0 TEST OBJECTIVE

The test was performed to evaluate the strucutral characteristics and
load carrying capablilities of the joint relnforcement design under a single
cantilevered load. This loading condition subjects the splice joints to
equal tension and compresslion so that joint efficiency in tension and com-
pression can be evaluated.

2.0 IEST DESCRIPTION

2.1 Hardware Configuration

The GY70/Fiberite 934 laminated frustum with joint reinforcement at
the large end, part number 48126A is a section 9,1 inches long with forward
and aft shell outside diameters of 5.80 inches and 7.79 inches respectively.
Eleven (11) .0075 titanium shims are interleaved with thirty aight (38)
GY70/Epoxy plies for reinforcement in the region of the screw holes. Two
rows of 0.281 inch diameter holes with staggered pattern are used for
attachment of the frustum to the test fixture with 1/4 inch countersunk
screws, The two aluminum rings bonded to the shell at the small end are
designed to mate with the loading fixture.

2.2 lLoad Condition

A load transverse to the shell axis was applied at the forward loading
fixture by a 100K hydraulic jack., This loading condition subjacts the
splice joints to equal tenslion and compression on the opposite gide of the
neutral axis of the section. The joint efficiency in tenslon and compres-
sion can be evaluated from the test results.

2.3 Test Arrangement

2,3.1 Facllity

The test was performed in the static test area of the Mechanical
Laboratory, Martin Marlettu Corporation, Orlando, Florida.

The following equipment was used to conduct the the test:

a) 100K hydraulic jack (1), Messinger

b) 100K load cell (1) BLH

¢) Series 800 strain indicator (1) BLH

d) Switch and Balance Unit (1) BLH

e) Direct Current Differential Transducers (&)
f) Speed-o-max load cell indicator (1)

g) Hand pump (1) Blackhawk,

E-10




2,3.2 Mechanical Assembly

The GY70/Epoxy frustum was fastened to the test fixture at the rein-
forced end with forty-eight 1/4-inch diamecter scxews. The aluminum rings at
the other end were bolted to a loading fixture with thirty-six 5/16-inch dia-
meter bolts (150 ksl) torqued to 150 in/ibs. The assembly is cantilevered
from a load reacting structural column. The 100K hydroulic jack was attach-
ed to the loading lug of the fixture at the forward end of the specimen as
shown in Figure 6.

100K JACK

—"L_~—£Bi'
n
~4—t- - |

LOADING /

FIXTURN ~k

® DCDY {4} i

o~

Figure 6. Test Set-Up Shear/
Bending Test - Test 4A

2.3.3 Instrumentation

2,3.3.1 Strain Measurements

A total of sixteen (16) axlal type strain gages (FAE 258~1256) were
installed on the shell gpecimen. Four were located in the constant thick-
ness section of the shell to measure the maximum longitudinal shell strailns.
The other twelve were located in the close proximity of the splice screws
to measure the local longitudinal and hoop strains. The locations of all
the strain gages are shown in Figure 5.

2.3.5.2 Deflection Measurements

One DCDT located at the cantilovered end of the shell specimen was
used to measure the deflection of the free end under load. The other
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! end of the specimen can be obtained from the measurements. The location

three DCDT's were used to measure the test fixture deflectlions at the fixed j
of the DCDT's are shown in Figure 6.

Test Procedure l

The GY70/Epoxy frustum shear/bending test was conducted as follows:

a) The test was set up us described in the foregoing section and in
3 | accordance with Figure 6.

3
b) The test set up was inspected by designated program personnel and 1
photos were taken. '

¢) The load, strain and DCDT were adjusted to zero reading prior to

F : final torqueing of the 48 splice screws. i
d) The splice screws were torqued to 75 in/lbs. Torqueing was done b
in pairs of screws diasmetrically opposite to minimize over
| dtressing.,
| .
{1 e) Strain and DCDT readings were recorded. ;
EE f) Strain and DCDT were adjusted to zero. ;
i
o g) 2,000 lbs. preload was applied and the set up and instrumentation .
L readings were checked. 3
} h) The load was removed all instrumentation was recorded. e
; ' 4

|

;- i 1) All instrumentation was adjusted to zero at zero load,
{ ( .

' [ J) Load was applied in the following increments: ‘

2,000 1bs. increments to 20,000 1bs.
1,000 1bs. increments above 20,000 lbs.

All ipstrumentation at each load increment was recorded.

k) Faillure load was recorded at 34,000 lbs. The shell fractured at
the small end. The bolt holes were elongated but were still
capable of suataining loads.
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APPENDIX F

SHOCK SPECTRA FROM SHOCK TESTS
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