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FOREWORD

This report presents the instrumented-impact test results for several new composite material
systems. This effort is part of the Characterization of Composites Program being performed for the
Naval Air Systems Command. Mr. Richard Schmidt is the materials technology administrator. All
tests were performed at the Naval Air Development Center. Composite material test specimens
were fabricated by Grumman Aerospace Company and the Naval Air Development Center. The
authors gratefully acknowledge the contribution to this research effort of Mrs. D. Heal who assisted
in the impact testing.
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INTRODUCTION

Graphite-fiber reinforced resin-matrix composites are firmly established as a major aerospace
material expected to comprise over half the structural weight of near future aircraft. The wide-
spread use and acceptance of graphite/epoxy composites in components of such advanced aircraft
as F-18 and AV-8B results from the structural efficiency, extensive characterization and manufact-
urability of the current, mature systems, such as AS/3501-6 and T300/5208. The epoxy matrixes
of these mat. als, however, have prevented the structural engineer from taking full advantage of
the performance improvements possible through the use of graphite-fiber composites. While it is
the high tensile strength and modulus of the fiber which is responsible for the strength and stiffness
of a composite structure, the matrix is an essential element necessary to maintain fiber alignment,
stabilize the fibers against buckling and provide for load transfer between fibers. The current epoxy
resins are degraded by environmental moisture, drastically reducing their strength at elevated
temperature and limiting their continuous service capabilities to below 250°F(1210C). They are
brittle and easily damaged by low velocity impact, in some circumstances incurring substantial
internal damage while showing no visual signs of being struck. The designer is thus forced to restrict
these composites to load levels far below the capabilities of the fibers to compensate for environ-
mental effects and possible impact damage. Bismaleimide resin systems have provided improved
thermal resistance over epoxies but possess the same limitations. The material suppliers have under-
taken to address these limitations by formulating new resin systems to provide better impact
resistance, higher strain-to-failure, and improved hot-wet strength. The impact characterization
described in this paper was one part of a larger overall program fully characterizing several new
prepreg systems with respect to their physical and mechanical properties, see reference 1.

The materials being evaluated were divided into two classes based upon operational service
temperature. The AS4/Hercules 3501-6 graphite/epoxy was compared to the newer AS4/Hercules
2201-1, Celion High-Strain/Narmco 5245, and IM6/Narmco 5245C toughened epoxy systems in
the 2500F (1219C) service catagory. Materials tested in the 350°9F (1779C) service category were:
T300/Avco 130B, T300/Hexcel 81-5, T300/U.S. Polymeric V378A, XAS/Hysol 9101-3, and
HX/Hexcel 1516 graphite/bismalimides.

PROCEDURE

Equipment — A Dynatup Model 8200 Drop Tower with Dynatup Model 371 Instrumented Impact
System was used for the impact tests, figure 1. Cross-head weight can be varied from 7.0 to 32
pounds and impact velocities up to 25 ft/sec achieved. This tower can impose impact energies in the
range from 1 to 320 ft-1b so that the complete spectrum of composite failure mechanisms from
incipient damage up to through-penetration can be studied. Impact-force versus time and velo-
cometer output from the instrumented impact system are captured on a Nicolett Explorer [l]
model 206-2 digital oscilloscope. The curser trigger feature of the digital oscilloscope simplifies
testing as the force-time analog output itself is used to trigger signal capture. Further, the digitized
wave form then stored by the oscilloscope is directly output to a Hewlett-Packard HP9826 desktop
computer for analysis and data presentation.

Specimen Preparation. Quasi-isotropic, 16 ply laminates with [+459/(0/90)2] ¢ stacking sequence

were fabricated of each material system from which individual, 6 inch square impact test specimens
were cut. Nominal specimen thickness was 1/8 inch. All specimens were fabricated from prepreg-
tape except the T300/V378A specimens which were made from balanced plain weave cloth.

Procedure. Each plate impact specimen was clamped in the drop tower along its edges between two
steel frames leaving a 5 inch by 5 inch square test section. A 1/2 inch radius hemispherical steel
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indenter was attached to the cross-head and each specimen was struck once at its center normal to
its surface. The cross-head was caught after rebound to prevent multiple impacts. All specimens
were inspected by ultrasonic C-scan before and after each test. All testing was performed at room
temperature in a laboratory environment. Impact energy was controlled by adjusting the cross-head
weight and drop height. Critical parameters determined for comparing the impact response of each
type of materials are:

(1) Load at incipient damage, Pin¢

(2) Energy absorbed at incipient damage, Ejn¢

(3) Maximum load, Prpax

(4) Energy absorbed to maximum load, Emax

{5) Total absorbed energy for through-penetration, Eyqy¢

A typical instrumented-impact output for a through-penetration test of AS4/3501-6 specimen
is shown in figure 2 identifying the various critical loads and energies. While the load and time
response is directly measured, the absorbed energy and displacement values are incrementally com-
puted from the measured initial velocity, cross-head mass, and the load-time history using the
methods of reference 2.

Three impact energy levels were studied:

(1) through-penetration (puncture)
(2) maximum load impact energy, Eyax
(3) incipient damage

In this manner, a damage gradient is obtained for each prepreg system indicating its response over
the entire range of damage mechanisms from incipient to total puncture. Only one test was per-
formed per prepreg system per energy level. Through-penetration instrumented-impact test results
were used to establish the peak load energy level. It was not obvious from the through-penetration
test results when incipient damage had occurred. In most cases, incipient-damage impact levels
could be determined from the peak-load impact energy level test or a lower impact energy level test.
In those cases where none of the instrumented impact test traces clearly established incipient
damage, it was determined by reducing the impact level until no damage was detectable by ultra-
sonic C-scan.

RESULTS
Table 1 presents a summary of the critical impact parameters measured during these tests.
Table 2 and 3 present the individual test results for the 250°F and 350°F service systems,
respectively. Detailed data sheets for each test specimen can be found in the appendix.

2500F Service Systems. Impact force versus displacement response of the four 2500F systems are

plotted in figure 3. Figures 4 and 5 compare the energy and force results, respectively and figure 6
plots the C-scan damage area versus impact energy (cross-head kinetic energy at impact) results. The
IM6/Narmco 5245C demonstrated the best impact resistance, requiring nearly twice the energy to
cause incipient damage and a third more energy to penetrate as the other systems. There was little
difference between the response of the other three materials. In C-scan damage area versus impact
energy, the AS4/Hercules 3501-6 sustains the greatest damage at the 10 ft-lb impact level, but at
higher energy levels the four systems are similar.
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Our ranking of the impact resistance of the 2509F service systems is then:

IM6/Narmco 5245C

better Celion High Strain/Narmco 5245

equal AS4/Hercules 3501-6

AS4/Hercules 2220-1

3500F Service systems. The impact force versus displacement response of the five bishaleimide
systems is shown in figure 7. Figures 8 and 9 present the energy and force result comparisons and
figure 10 plots the C-scan damage area versus impact energy. Since the T300/U.S. Polymeric V378A
test specimens were made from plane-weave cloth, its impact response can not be directly compared
to the other, tape layup systems. The use of woven cloth generally results in smaller damage areas
as the delamination is inhibited by the direct mechanical reinforcement of the interlocking fabric
yarns. Of the tape systems, all had similar impact response, except for the T300/Avco 130B. It
experienced incipient damage at a third the energy of the other systems and required only half the
energy to be punctured. 1t also experienced the largest damage areas of all systems tested.

While the incipient damage levels of the better bismalimides were equal to the lower tempera-
ture materials, they were more easily punctured than the latter. Our ranking of the impact resistance
of the bismaleimide systems is then:

T300/U.S. Polymeric V378A Cioth
T HX/Hexcel 1516
better equal XAS/Hysol 9102

T300/Hexcel 81-5

T300/Avco 130B
DISCUSSION

It is normally assumed that the initiation of damage in the composite-plate impact specimen
causes a reduction in stiffness which is indicated as a dip in the load-time trace. This point could
not always be established from the impact test output due to the presence of higher frequency
oscillations on the load analog signal which are the result of dynamic interactions between target-
plate and cross-head, figure 1. Further, the initial damage experienced in the matrix of the compo-
site plate may be so slight as to have negligible effect on the bending stiffness and so not appear on
the impact test trace. Thus, ultrasonic C-scan inspection was essential to establish the presence of
damage and aid in determining the incipient-damage impact level in-three of the nine systems tested.

Due to the amount of material needed to fabricate the relatively large test specimens required
for drop tower testing, only one impact test was performed per system per energy level. The 6 inch
by 6 inch by 1/8 inch specimen size serves both to simulate typical service support conditions and
to suppress the higher frequency oscillations present on the force analog output by reducing the
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effective stiffness of the target plate relative to the cross-head. Since the same large amount of
scatter can be expected in the impact test results as is typically encountered in composite static
testing, this is a serious disadvantage.

In ranking the impact resistance of different materials, high resistance to incipient damage
clearly is a desirable trait, so too is high maximum load. The maximum load can be interpreted as
corresponding to the fiber failure while the incipient damage load corresponds to matrix failure.
How the composite should be ranked based upon total absorbed energy, on the other hand, is not
so clear cut. The total absorbed energy includes the energy absorbed by the composite in the
creation of damage. It also includes the energy lost through the various dissapative mechanisms dur-
ing the impact event. Such examples are damping in the cross-head and within the specimen and
the frictional drag between the tup-shaft and specimen at the edge of the hole created in the speci-
men during the puncture test. We shall choose to ignore all these effects except for the creation of
damage in the specimen. Here again, the use of the ultrasonic C-scan inspection was essential in
interpreting the impact test results. Materials which incur large areas of delamination which could
reduce a structure’s compressive strength are less desirable than those materials which confine the
damage to a relatively small area. Materials which absorb little total energy but produce a small,
clean hole may be desirable in some applications, providing they also have high initial damage and
peak load values. If the structure is such that holes can’t be tolerated, then materials which absorb
large amounts of energy in the creation of delamination surfaces may be preferable rather than the
low velocity impact threat penetrating the component. Generally, the best materials are those
which absorb the greatest amount of energy for the least amount of damage. Thus, total absorbed
energy is not in itself a useful parameter in ranking material impact response. The extent of damage
must also be known along with the type of damage the intended structure can best tolerate.

The incipient damage energy leve! for the AS4/Hercules 3501-6 is 1.2 foot-pounds. This repre-
sents the baseline level from which to assess the improvements achieved by the newer materials. The
IM6/Narmco 5245C, which had the highest incipient damage level of the materials tested here, more
than doubles this value with an incipient damage energy value of 2.7 foot-pounds. In practical terms,
however, a two or three-fold improvement over the 1.2 foot-pounds level still results in an easily
damaged material. The designer must still allow for the possibility of sub-visual damage occurring in
the structure. Thus, residual strength and fatigue testing of damaged composite specimens is required
to fully assess the effects of impact on the structural performance of a composite material system.

CONCLUSIONS AND RECOMMENDATIONS

1. The instrumented-impact testing was performed to make direct comparisons between the impact
damage resistance of different composite material systems using geometrically identical test speci-
mens. The through-penetration or puncture test, usually the single impact level investigated with
drop-weight impact towers, provides the majority of impact response data, but by itself is insuffi-
cient to describe the range of composite damage levels likely to be experienced in service. Nor can
it be relied upon to consistently provide incipient-damage impact data. A number of impact energy
levels need to be imposed in concert with an adjunct damage measurement method, such as ultra-
sonic C-scan, to fully describe the impact response.

2. The IM6/Narmco 5245C demonstrated the best impact resistance of the four 2500F service
temperature systems tested. The impact resistance of the Celion High-Strain/Narmco 5245, AS4/
Hercules 3501-6, and AS4/Hercules 2220-1 were essentially identical.

3. In the 350°F service catagory, the HX/Hexcel 1516, XAS/Hysol 9101-3, and T300/Hexcel 81-5
had similar impact resistance. The T300/Avco 130B had the lowest impact resistance.

oo P an_Jd
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4. The resistance of the bismalieimide composites to incipient damage was similar to that of the
lower temperature systems, but the bismaleimides were more easily punctured.

5. The use of fabric composites seems to result in smaller damage areas than those of tape composite
laminates.

6. Residual strength testing, particularly compression, : .eds to be performed in conjunction with
instrumented-impact testing to fully assess the structural significance of impact damage in
composite material systems.
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APPENDIX A
Instrumented Impact Test Data Sheets
and

C-Scan Results

Material System Page
AS4/3501-6 A-2
AS4/2220-1 A-16
Celion high strain/5245 A-30
IM6/5245C A-44
T300/81-5 A-66
T300/V378A Cloth A-82
XAS/9101-3 A-95
T300/130B A-108
HX/1516 A-122
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NADC-85023-60

NADC/ETI-8200 DROFP TEST FACILITY 1/31/84

GR/EF T501-6 #1

Drop weight = I1.36Lb Data disk MATDHO804
Tup radius = L,S001n DFEM scale .Btn/Div
Temperature = 74.0 F Flag grid= -0401in

VO = 11.11ft/s

FLE. = 60.12ft-Lb Vf(calc) = 7.97ft/s

Load(Lb) Time!s) EO(Ft-Lb) Diep(1n)

1125.8 2.065E-Z .07 2721 Maximum force
7.7 B.313E-Z 31.90 L P60 Maximum energy
72.7 B8.315E-T 31.90 .9260 Maximumn displacement
72.7 8.415E-Z 31.90 -.9260 Final values
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NADC/ETI-BZ200 DROP TEST FACILITY

GR/EF

Pk

roe

F

b

aroe

o

NADC-85023-60

Z501-6 #2
Drop weight = 7.00Lb Data disk MATOOBOTZ
Tup radius = L.3500in DRM scale . 4Kn/Div
Temperature = 74.0 F Flag grid= .0401n
I = 9.32ft/s abs(Vf) = B.55ft/s
b .E. = ?.86ft-Lb Vf(calc) = -7.02¢t/s
Load(Lb) Time(s) EOQ{(Ft-Lb) Disp{in)
1085.4 Z.3505E-T 9.86 .298% Maximum force
1070.1  T.76SE- 10,03 <2002 Maximum energy

1070.1 J.76

10,03 <2002 Maximum displacement

7.2 7.13TE-G 4.55 L0967 Final values
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NADC-85023-60

FTY-x LROF TEST FACILITY 1
INSTRUMENTED IMFALCT TEST
TS01-6 HT
Drop weight = 7.00Lb Data dicsk MATOHOZOZ
Tup radius = .S001n DRM ecale .4t n/Div
Temperatuwe = 74.0 F Flag grid= L0401in
¢ = 6.67Ft/s abs (Vf) = 6.17ft /e
bLE. = 4,.87+4t-Lb Vficalc) = ~-5.10ft/s
Leced bbby Timel(sry EOD(Ft-Lb) Diep(in}
66T 6 J.BOSE-Z 4.87 L2237 Maximum force
S8.7 4.115E-3 4.96 L2254 Maximum energy
8.2 4.115E-C 4.96 .2254 Maximum displacement
7.2 7.8I8E~-TZ 2.04 . 0652 Final values
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e

NADC-85023-60
Pl BT 1 -glned DROF TEST FACILITY 1731784

Lrog weight = EER NN o Data disk
Jup radius = TRIS N g LRM scale -
[emperatw e = 74,0 F Flag grid= L40inm

i = 4.BIft/e
L. PERRRTE R o S W VElcalor = —Z.b4ft/s

it

Loed (Lky Time il EC(Ft—Lb) Drepiin?

V4.7 DUADERE-T 1.19 -.1208 Initial damage
Z 4. R9NE-E 20867 -1811 Maximum force .
4.617E-3 Z2.64 <1816 Maximum enerqy
4., 513E-3 2.64 ~l8ls Marimum displacement
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NADC-85023-60

i o DROF O TEST FACILITY
INSTRUMENTED 1MFw-LT TES
Lol-& GRAEBMI #7
Ly op werght o= RESERIRI N & I'ota digzk
Tup radiue = Loenm (M el &l e
T ooz ature = 74,0 F Fleg qrads=
(N = .B8THL < abe (VED =
bLoE. = l.oeoft- b Vi (cale) =
AT h Y Tanerie s Froift-tkr Dropianmg
D S T 1.7 C1AEL HMa
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S2901-6 #8

Drop weight =

Tup radius =
Temperature =
v (: ] =
t.E. =

Load{Lb?

SB>.

58+,

B,

—~
S
—J

3.,

.
Loeen

L a3

3
)
t

Timeis)

s TRUMEMNTED IMFACT TEST

EO(Ft-Lb) Disp

NADC-85023-60

7.00Lb Data disk

LS00 N DRM =cale
F Flag grid=

2.2Bft/s

.24+¥t~-Lb Vf(calc) =

1.731 1324
.32 <132
.32 - 13227
.48 . 0492

MATO1002
<2Kn/Div

-Z.71ft /¢

Maximum force
Maximum energy
Maximum displ acement
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NADC-85023-60
DROF TEST FACILITY

4 3 $ 1+ T 2+t ¥ + 3 3 ¥ 1 -1 ¥ 1

INSTRUMENTED IMFACT TEST

NADC/ETI-8200 1/4/84

2220-1 GR/EF #1

Drop weight = J31.36Lb Data disk MATOO60O1L
Tup radius = ,500in DRM scale .BKNn/Div
Temperature = 74.0 F Flag grid= .040in
Vo = 13.89ft/s
K.E. = 93.93ft-Lb Vf(calc) = 10.98ft/s
Load (Lb) Time(s) EO(Ft-Lb) Disp(in)
1115.1 1.345E-T 8.97 . 2565 Maximum force
89.9 6.865E-3 37.79 . 9989 Maximum energy
89.9 6.8B65SE-C 37.79 .998%9 Maximum displacement
89.9 6.B6SE-3 37.79 -.9989 Final values
TeBG - T Se.m
i
‘_\
~ 1983 1 4+ sm.a  *
:}-i "’ — -,
- 1288 4 // 4 3o :
u o s c
< RITPY Y "
R 0 | U'J gl |||| 1+ 2o
fu /’ I.l' e
s ' Il '| ‘E,
400 y | ' | Ub )
<+ '»,ul / i 1, + 1aa.a ey
|f /v .,.\,v_l I
I..V’ ,/ ~ A .
O + + + t o.Q
i, Brea . B3z sls b » SBE (= o1 g18
Time (sac?
2a8a -!- TP
7
-+
_. 1989 + q@.a W
ps _”_‘_,.o-'—'—'_‘—'——'_'_
-_c] - ::;
~ 1280 1 _’,,/‘/ + 3o ¢
v A - c
N II ,l'l."f‘ﬂ“l’l' I -
S omeo+ I R T % I“ | + 200 T
l" g - | l‘I l » ]
” Vd b " » [
fo TR :
A f) i _‘ 1
200 ',l N L ) ¥ 1\‘\" - 10.@ é
. ) /", A
', ~‘v{’ - .“.._’\_',‘ ~ oy
(S — 4 $ + o.Q
[ s |52 =] . 2060 486 .86 . Ben 3 .Beg
Dizplacamarnt fin)

A-18




NADC-85023-60

| 2220-1 GR/EP

-
o

0 1 2 3 4 5 6
: ! l i { LD ‘l 1 I LI
10 12 14 16 18 20 22 24 26 28 30

o
N
o -
oM —
o -

A-19




NADC-85023-60

NADC/ETI-B8200 DROF TEST FACILITY 1/74/84
INSTRUMENTED IMFACT TEST
2220-1 GR/EF #2
Drop weight = 7.000Lb Data disk MATO0LQ2
Tup radius = ,500in DRM scale .8KEn/Div
Temperature = 74.0 F Flag grid= L0401
Vo = 9Q.,52%t/s abs(Vf) = 7.75fFt/s
K.E. ?.86ft-Lb V¥ (calc) = -6.10ft/s
Load (Lb) Time(s) EQ(Ft-Lb) Disp(in)
9B8?.2 IJ.SSE-C ?.74 « 3039 Maximum force
888.4 3.99SE-2 10,04 . 3078 Maximum energy
B888.4 3.99SE-3 10.04 . 2078 Maximum displacement
16.2 L 225E-Z S5.90 -1426 Final values
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NADC-85023-60
NADC/ETI-8200 DROFP TEST FACILITY 1/4/84

2220-1 GR/EF #3Z

Drop weight = 7.00Lb Data disk MATOOLOZ
Tup radius .5001inNn DRM scale <4kn/Div
Temperature 74.0 F Flag grid= -.04Qin

Vo = 6b.67Fft/s abs (VF) 5.95ft/s
FL.E. 4.8%2ft-Lb Vf{calc) -4.85ft/s

L]
it

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

————— e . e ————— —— e ———— — — " ———

6S8.2 3.52SE-CZ 4,81 . 2055 Maximum force
674.0 32.915SE-Z 4.95 <2081 Maximum energy
634.0 3Z.915E-3 4.95 .2081 Mauimum displacement
.2 7.435E-C 2,32 L0667 Final values
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NADC-85023-60
MADC /ETI-BZ00 DROF TEST FACILITY 1/4/84

2220-1 GR/EF #Y

Drop weight = 7.00Lb Data disk MATO06O4
Tup radius = ,5001n DRM scale .2Kkn/Div
Temperature = 74.0 F Flag grid= - 0401n

Vo = 4,6%9¢Ft/s abes(Vf) = 4,27t /s
v.E. = 2.40+t-Lb Vf(calc) = -Z.54ft/s

Load(Lb) Time(s) ECO(Ft-Lb) Disp(in)

478.4 T.S45SE-C 2.4C . 1632 Maximum force
417.7 4.355E-3 2.49 .1651 Maximum energy
417.7 4.355E-3 2.49 . 1651 Maximum displacement
-218.5 7.805E-Z 1.07 . 0699 Final values
58G, & — TS5-88%
|
AN hel
~4B3. a4 ANAY A 14,088 %
. ) ) U R
4 | 1 ' it .
) ol v -,
_l |‘ l.l |] hec}
- 3 —
ige. 0 4 ,l' ¥4 +3.m82
[ M4 l'l [wd
::. I' T T~ it L
-5 an, o+ llJ s > " \ -+ 2 Ao e
[ b A al '/ \\ L e E AL L
y 4 ~ S~
h' ” -4 [
7/ C
4 ¢ ’ \\\- 1 [0
1B0. B { 7 -, L.@ea
.f / ) T
|.I [ ) v,
'.\bI l i
oo —+ + t 4 | o.oom
=, Bed . 832 . B4 =Sl (= S]] B1B
Timae (23cC?2?
S5BS., &+ -r'i.E'BE‘ .D
T
| <
1
RCE: I A ! +4.388 =
[ '1 - ‘Jr |
] [} I, -
j .fd Ju g
—3p0. 0 4 PR AY. 4+3.m000
(L) .u"-.‘,.' Jl E
lrl _II '-", L]
::"1 [ n] 'rv/ " \( /'/ = e
Lc g, 2+ .’.-._- /" /;/ "r’ c .00 U
v & el L
- """"'.’,‘/ (5
s 7 o
(0o @+ N et o~ 4+t.@00 [
-, e 7 T
$ v ===
_I‘ "oy _‘.-" _‘_'_‘_.'—'T
oo —t -+ t t O.oeo
[ s[5 K] . B4 « RO .12 .18 ze8
Dizsplacamant Cinl

A-24

e




NADC-85023-60

2220-1 GR/EP

2 3 a 6
| 1 | i
L [ L | / ! | |
10 12 14 16 18 20 22 24 26 28 30

A-25




NADC-85023-60

21T -8 LREOFH 1121 FAUTILITY . B
TN TRUMENTED INFATT TEST
TIo-1 GRZEF H#6
Lrop weight = 7.00Lb Data dist PIGTnLg07
Tup radius = LS00 n LM scale RS S W A RV
Tomper ature = 74,0 F Flag grid= L0401
00 = I.92Fft/s= abs (V) = IRINVAE B
! .E. = 1.674t-.b Vfilcale) = ~Z.114%t /¢
l.oad M B)Y Time <) EC(Ft-Lt) Diepftain?
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NADC-85023-60

She ot s e e TECT FeLILITY S
INSTRUMENTED IMFALT TEST
IZ20-1 GRAEFR #7
Irop weight = 700t Lata dicst MAT 214
Tup radius = LN DEM scale SR I I € TN
Temperature = 74.0 F Flag grid= 401
Wi = I.I.7ft/es abs (Vf) = S.24Ft /e
b LE. = 1.27Ft-L b Vflcalc) = —Z.77ft s
Load Lk Time <) EQ(Ft-Lb) Disp(in)
TO1.7 4.0195E-C 1.30 1171 Maximum force
251.8 4.345E-G 1.73%0 1172 Masimum energy
ZP1.8 4.34CE-Z 1,350 .1172 Maximum displacement
J.46& 0 8.U18BLE-TC -4z LT Fimnal wvalues
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Celion high strain/5245
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NADC-85023-60

MADC/ETI-B200 DRDOF TEST FACILITY 1/4/84

5245 GR/EBMI #1

Drop weight = 7.00Lb Data disk MATOQO060OS
Tup radius = ,500in DRM scale «2Kn/Div
Temperature = 74.0 F Flag grid= . 040in

vaQ = 4,76ft/s abs(Vf) = 4.50ft/s
K.E. = 2.46ft-Lb Vf(calcg) = -3.79ft/s

Load(Lb) Time(s)

EO(Ft-Lb) Disp(in)

451.0 4.225E-T 2.55 <1723 Maximum force
5.2 4.405E-3 2.57 <1727 Maximum energy
35.2 4.405E-3Z 2.57 -1727 Maximum displacement
J.6 8.325E-3 S .04%94 Final values
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NADC-85023-60
NADC/ETI-B200 DROP TEST FACILITY 1/4/84
i 33 1t P F ¥ r 3+ + 1 ¥ F 53]
INSTRUMENTED IMFACT TEST
5245 GR/EMI #2
Drop weight = 7.00Lb Data disk MATQO606
Tup radius =  .,900in DRM scale «4Kn/Div
Temperature = 74.0 F Flag grid= . 0401in
VO = &.67Fft/s abs (Vf) = b6.06ft/s
K.E. = 4.83ft~-Lb V¥ (calc) = ~5.02f¥t/s
Load(Lb) Time(s) EO(Ft-Lb) Disp(in)
672.6 T.B9SE-3 4,91 L2260 Maximum force
649.2 4.145E-3 4,96 L2270 Maximum energy -
649.2 4,145E-3 4,96 L2270 Maximum displacement
7.2 7.77SE-Z2 2.13 L0754 Final values
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5245 GR/BMI
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5245 GR/BMI #3

Drop weight
Tup radius
Temperature
vo

K.E. =

NADC/ETI-B20O DROFP TEST FACILITY

NADC-85023-60

7.00Lb

- 5001 n
74.0 F
9.52ft/s
?.86ft-Lb

Data disk
DRM scale
Flag grid=
abs (VF)
Vf(calc)

Load (Lb) Timel(s)

EO(Ft-Lb) Disp(in)

MATOO607
«.8kEKNn/Div
L0401in
8.13ft/s
-6.49ft /s

A-36

-
Q!

1/4/84

1034.1 Z.505E-3 ?.94 .2853 Maximum force
?44.2 T.703E-Z 10,03 . 2863 Marximum energy
944.2 3.703E-3 10,03 . 2863 Maximum displacement
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NADC-85023-60
MNRDC/ETI-8200 DROP TEST FACILITY 1/4/84

3 T 1t 5

e

5245 GR/EMI #4 (orieny 1€

Drop weight = Z1.36Lb Data disk MATOO608
Tup radius = ,500in DRM scale .8BKn/Div
Temperature = 74.0 F Flag grid= .040in

VO = 11.49ft/s

K.E. = 64.374ft-Lb Vf(calc) = 7.74ft/s

Load (Lb) Time(s) EO(Ft-Lb) Disp (i)

1257.3  2L228E-3 12.21 « 2009 Maximum force
64.7 9.44S5E-3 37.83 1.0271 Maximum energy
64.7 9.245E-Z 37.85 1.0271 Maximum displacement
&64.7 9.445E-2 37.8% 1.0271 Final values
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CROF TEC

NADC-85023-60

=1 F I
INSTRFUMENTED it e 1 1857
SoouTe Bl Hg
R gl s ool b Lata drcsk AT P00
Yo orsdre = JE&00an DEM =cale - 2bn/D1v
T = alore = 74,0 F Flag grids= L2401 n
R = T.geft/<= absi{Vf) = .70+t /=
bLE. = 1.7+t -1 b VEilcale) = -3.12ft/e
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ST - e

S GR/BMI #7

Dbk

NADC-85023-60
TEST FARCILIT:

Lrop weight 7. 00lb Dats disk MATO1D05

Tup radius = 900N DRM scale . 2kn/Div

Temperatwre = 74,0 F Flag grid= Q401N

) = T.12¢%t/< abs (Vf) = .00t/

b LE. = 1.05ft~-Lb V¥ (calc) = -2.48¢t/¢s

Load (L) Timets) EO(Ft-Lb) Diep(in)
260,77 4.78ISE-Z 1.13 -1240 Masximum force
281.8 4.875E-3 1.13 -1241 Maximum energy
251.8 4.895E-3 1.13 »1241 Maximum displacement
4.0 $.1T5E-Z .41 L0328 Final values
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g

GF “BMI S2450 #1

NADC-85023-60

DROF TEST FACILITY

INSTRUMENTELD

IMFACT TEST

Data di=sk

Drop weilnaht Z1.26LE MATO1 108
Tup radius = LI300in DEM scale 8 n /D1
Temperature = 734.0 F Flag grid= .0401n

MO = 11.49%t/<= :

1..E. = AH4.T744t-LEb VFficalc) = S.97ft /=

Loaditb) Time.s: EX(Fit—iLb) Diepiin’

1309.3  1.985E-7 11.14 L2262 HMasimum force
127.7  1.7TSE-C Si.0n 1.50601 Haximum energw
127.7 1.72%E-C S1.04 1.2661  riscirzmum diend
127.7 . 730E-Z S1. 06 1.5581 Final values
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NADC-85023-60
NADC/ETI-8200 DROF TEST FACILITY 4/26/84

B T

L em e e et e —— —

GR/EBMI S245C #2

Drop weight = 7.000Lb Data dick MATO1106
Tup radius = ,500in DFM =scale .BENn/Div
Temper ature = 74,0 F Flag grid= -0401in

VO = RB.13ft/s abs (V) = 7.09ft/s
F.E. = 7.18ft-Lb Vf{calc) = -5.35ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in’

482.0 1,6BSE-3 2.59 .1538 Initial damage
848.9 I.245E-T b6.96 L2290 Maximum force -
8I2.7 3.72SE-3 7.33 L2442 Maximum energy
8IZ.7 3.725E-Z 7.33 . 2442 Maximum displacement
14.4 &.BTSSE-T 4.14 1042 Final values
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NADC-85023-60 {
Ple-Dhl E T 2000 DROF TEST FACILITY 4/ 26/84 {

GH ohPtl ET2450 #74

Drop weight = 7.00Lb Data disk MATO110%
Tup radius = .3001n DRM =cale -dEn/Div
Temperature = 74.0 F Flag grid= L4010

]

Vi = 7.5Bftss  abs (V) 6.94ft /s
bLE. = &6.24ft-Lbh  Vficalc: = ~S.544t /e

Load Lk Timeis) EGi{Ft-Lb: Drepiin:
g17.4 L 60TE-C b, 5 L2314 Mauvaimum force
774,00 T.7ELE-T = -Z2Z18  FMaximum energy -
TTa.Z JLFSEE-T &L IT L2318 Mawimum displacement
8.1 T.125E-C Z.94 . 0745  Fipal values
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NADC-85023-60
NEDCETI-E200 DROF TEST FACILITY 4:76/84

GR/EM] TIAatC #4

Drop weaght = 7.000b Data dick METO1102
Tup rad:iue = .S001in DEM escale L2En/Div
Temperature = 74.0 F Flag grid= .0401in
(I = 5.2%ft/= abe(VEy = 4.76+t/s
bLE. = Z.045t-L b Viicaler = -J.76ft/e
toad by Time (s EDiFt—LEt: Disgpf(in:
Sio.g TL.015E-T =.9D L1513 PMaximum force
45,4 T.87CE-T S.14 .161%  Mauimum energy
4-2.4 T.BTIE-T 2. 14 L1016 HMaraimum dreplacement
4.0 T7.77ZE-C 1.54 L0537 Final values
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NADC-85023-60
NALDC/ETI-8200 DROF TEST FACILITY 4/26/84
INSTRUMENTED IMFACT TEST
GR/BMI S245C #5
Drop weight = 7.000Lb Data disk MATO1008
Tup radius = ,.500in DRM scale - 2kEn/Div
Temperature = 74.0 F Flag grid= . 0401n
Vo = 3J.92ft/s abs (V) = J.bb6ft/s
K.E. = 1.67ft-Lb Vficalc) = -3.10%t /<
Load(Lb) Timef(s) EO(Ft-Lb) Disp{(in)
37203 T.685E-C 1.71 .1245 Maximum force
I62.4 4,0375E-3 1.74 1258 Marximum energy
I62.4 4, 035E-G 1.74 L1258 Maximum displacement
F.b6 T7.66T5E-Z .64 L0747 Final values
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NADC-85023-60
HADL-ETI-82 o DRAF TEST FACILITY 4/26764

« ‘«u R~y S T 3
r 4
CnOEMI SL4S0 #He

rop werght = T.uolb Data dish MATO1006

Tup m&dive =  JS0n DRM scale L2ENn/Div

Jemper ature = 74,0 F Flag grid= Q0401 N

R = T.ISft=s

vLE = 1. 27+t -Lb Yficalc: = -Z.90ft/e

LTt Time e ElllFt—Ltl [n]:l—|1|—|‘
T.T4TE-T 1.20 L1170 Marimum force
4.T7TTE-T 1.0 L1159 Maciimum enesgn
S.7970-T 1.°9% 1155 Marimun dreplacement
Lo TEST LT LIST2 Finel values
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NADC-85023-60

NADCAETI-B200D DROF TEST FACILITY 6/21/84

GR/EMI #7

brop weight = 7.00Lb Data disk MATO1204
Tup radius = ,500in DRM scale -4kn/Div
Temperatuwre = 74,0 F Flag grid= .0401in
Vi) = 6b.67Fft/s abs (Vf) = 5.85ft/<=
E.E. = 4.83+t-Lk Vficalc) = -4.85ft/s
LoadiLb) Timefl=) EOI{Ft-Lb) Dispfin)
519.8  2.198E-3 2.82 .1581 Initial damage
680, 7 ILE2BE-Z 4.88 L2010 Maximum force
6h67.2 3.77 h;E——TS 4.9% L2022 Maximum energy
L6752 T.77SE-Z 4.9 L2022 Manimum displacement
8.1 7.203E-3 2.31 LO6TE Final values
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NADC/ETI~B200 DROF TEST FACILITY

NADC-85023-60

6/21/84

Rt S

INSTRUMENTED IMFACT TEST

GR/BEMI #8

tLbt

e

F

Drop weight = 7.
Tup radius = .30
Temperature = 74.
VO = 6.8
K.E. = S.03

Load(Lb) Time(s)

Q0Lb
Qin
O F
Oft/s
ft-Lb

Data disk MATO120%5
DRM scale «4Kn/Div
Flag grid= -0401in
abs (V) 5.95Ft/s

V¥ (calc) = -4.73ft/s

EO(Ft-Lb) Disp{(in)

S00,0 2.035E-Z 2.73 1309 Initial damage
689.7 I.27SE-3 4,94 - 1975 Maximum force
bb&b6.2 T.72SE-3 S5.15 L2012 Maximum energy
b66.5 F.729E-3 S5.15 2012 Maximum displatement
7.2 7.015E-T 2.464 <0723 Final values
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NADC-85023-60

HYDC/ETI-B2GO DROF TEST FACILITY &6/21/84

IMSTRUMENTED IMFACT TEST

GR/BrM1 #Y

Data disk MATO12¢

&

Irop weight =

Tup radius = .300in ERM ecale LAk n/Div
Temperaiwe = 74,0 F Flag grid= L0401n

e = 4,604t 7¢e abes (Vi) 4,25t/
k. E. = 2.334t~Lh Viicalc) = ~-Z.56Ft /e

Ltoad(Lb! Timeis}) EJ(Ft~-LEb! Dizsplin)

So.2  I.ST75E-CZ . 2,38 L1406 Marimum force
477.9 5.8559E-TD .41 .1413  Masiimum energy
I77.¢ Z.BLDEE-Z 2.41 . L1418 Masimum displacemer
8.1 7.I8EE-~TZ .77 O7FE Fimal wvalues
SG&, 3 - T S .20z
"J.,‘.‘,Utl

B, v vy W, 4- 4. @8

[ ¢ Wy

- T

L. 5 ! .

2 ‘t-' 4 ]

“Iape. e 4 I’ " -3 .00

LA I» - . - |.
- . . .
e, o .]; ,f’ \\\ XH 4 2. mnm
il‘ v g N
. e
o ! - TN
ee o JZ; ’f :h:““‘ + ¢ oo
e L
-l
= “,
(VISR e - t ~+ 4 c.oono
L Boe . B3z B S

. E1BE b .B1b

Time LzsacC Y-

wn
ae]
>
n
(]
J
i
]
~4
J
.
V'l
[»}
-

-
’ . . -

_d905, oAl . |‘|! =+ A b,

. 2 o

b s e

L o

— K 144

-ap0. o 4 o - + 2.000

, 4

e - g .
[oes _J "‘/ (/ ! - —
DA & B ~ % 12.983
! - ; ; » |
i . r e
| S S e :
N . B _--"’_ 4 1
! - R —— e
(B o~ —— —"_ ” L - _ciar
: = L s :
| | - - '
. . e H
X ! -
) —— 1
ccd 5 - . oon
L B .E- SR . s L 38E ZaE
Tozpiaz.oner ot

b

t =1

P F

POErTY

oz bl

i
i

=L

Fih- e bimdd rere .



NADC-85023-60

GR/BMI 5245C

#9

1 2 3 4 5 6
! | | n I |
— 7 r v T 1.1t 1 T 1T 1T 111
2 4 6 8 10 1214 16 18 20 22 24 26 28 30

A3

+




NADC-85023-60
MADC/ETI-8200 DROF TEST FARCILITY /21784

INETRUMENTED IMFACT TEST
GF/EBMI #10
Iroz welght = 7.00 kb Date dick METO1207
Tup redius = .500n DEM ecele LAk /Div
Temperatwe = 74.0 F Flag grid=
Vi = 4,&674t0c abs (Vi =
i LE. = ANRRIRE I b Vi (calcy =

44,6 T.745E-T 2.o@ 1472 Masimun force
ATZ.5 4.0IEE-C 2.4C J14E1 0 Maximum energy ‘
3.2.5 4.\~-E-3 2.42 .1481 Maziigum displacement
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NADC-85023-60
NADC/ETI-8200 DROF TEST FACILITY 1717/84

B81-5 GR/EMI #1

Drop weight = 21.36Lb Data disk MATOO70Z
Tup radius = .5001in DRM scale -4Kn/Div
Temperature = 74.0 F Flag grid= . 0401in

(Y% = 11.30ft/s

b.E. = b2.17Ft-Lb Vf{calc) = 9.553ft/e

Load(Lb) Time(s) EOQ(Ft-Lb) Disp(in)

64-.9 2.137E-= 8.6 . 2852 Maximum force
7.8 B8.I7BE-TZ 20.5 1.0191 Masximum energy
7.8 8.3278E-3 20,5 1.0191 Maximum displacement
7.8 8.L7BE-Z 20,5 1.0191 Final wvaluecs
1a8a - S8,
- 38> + 4 a3, S
+
.
1 '
B 75 [a I 4 3;a.n

Force
&
Q
7
%
——
::ﬂm_
e
—m—
T
'4__—__ .-
=
>
N
\__
.
]s
n

a
a
Fbrarbed mnergy (FE-Th)

\
{
¢

T T t + o.oc
2, e . B4z . 12849 - FagE [S)k]al B18
Tima (s
— - 4 |~ -
pERISIX] [- LRI b o~
T
+\
- 3 B& 4 . T Lf
'..*.
e -,
1 T
- |-
580 4 mﬁ 4+ som L
Ny { C
< ﬂJ ' i ' L
- [ ‘ —
FEELLE S lﬁﬂ& + 2o T
) ] i £
| l -
7 | =
| [
20 / | - e P
i 7 =
_U/ Wmﬁ"’"
[} J -+ - - O C

1
(S S15 & . $i30 LRSS 1 .208% 1. K38

e
0
i
jan]

Dizple-ament Mand

P Gy




NADC-85023-60

81-5 GR/BMI

. R

L | L ll | ! I I 1
10 12 14 16 18 20 22 24 26 28 30

A-69




INPRCT CHRRACTERIZATION OF NEW. CONPOSITE MTERI’RLS(U
RL AIR DEVELOPNENT CENTER WARNINSTER PR
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NADC/ETI-8200 DROF TEST FACILITY

NADC-85023-60

S F S S 2 S

1-5 GR/BMI #2

Drop weight = 7.00Lb Data disk MATOQ704
}ug radids = EOPIP PTM scalg Kn/Div
emperature = ¥%.0 ag grid= . 0301 n
Vo = 9.52ft/s -
K.E. = ?.86ft-Lb Yf(calce) = -3.11ft/¢s
Load(Lb) Time(s) EO(Ft—Lb) Dispf(in)
419.9 1.393E-3 2. 96 1530 Initial damage
=97. 2.678E-3 7.01 .2082  Maximum force
262.4 5.223E-3 10,05 eaan/  Maximum ener?y
362.4  5.223E-3 10.0%5 =307 Maximum displacement
31.5 B.B3BE-Z 8.95 2466 Final values
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NADC-85023-60

NADC/ETI-B2G0 DROF TEST FACILITY

81-5

1/17/84

GR/EM]1 #3
Drop weight = 7.000Lb Data disk MATOO706
Tup radius = L,500in DRM scale <4kn/Div
Temperature = 74.0 F Flag grid= .0401in
Vo = 6.BOft/s abs (V) = S5.25ft/s
F.E. = S.03ft-Lb Vf (calc) = -4,10ft /s
Load(Lb) Time(s) EO(Ft-Lb) Disp(im)
J98.4 1.617E-Z 1.89 -1234 1Initial damage
584.5 3.408E-3 4.85 . 2027 HMeximum force
S524.3  4.4077E-Z S.15 <2092 Maximum energy
S524.7  4.077E-Z 9.15 L2092 Masimum displacement
B.1 7.798E-3 J. R0 0798 Final values
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NADC-85023-60

NADC/ETI-8200 DROF TEST FACILITY 1/17/84

81-% GR/EMI #4

Drop weight = 7.0001b Pata disk MATO0O708
Tup radius = L300in DRM scale . 2EN/Div
Temperature = 74,0 F Flag grid= L040in

Vi = 4.,B3ft/s

k.E. = 2.54ft-Lb Vflcalc) = 1.28ft/s
Load(Lb) Time(s) EO(Ft-Lb) Disp(in?

3B7.6 2.457E-3 1.83 -1210 1Initial damage

426.2 2.76BE-Z 2.19 . 1300 Masimum force

393.4 I.313E-G 2.44 .1414 Maximum energy

D.0 0 FLI17E-T 2.44 -141% Maximum displacement
0.0 Z.317E-3 2.44 .1415% Final values
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NADC-85023-60

MADC/ETI-B82D20 DROF TEST FACILITY 2/16/84
INSTRUMENTED IMFACT TEST
81-% GR/BMI #5
Lrop weight = 7.200Lb Data disk MATOOB0OS
Tup radius =  .5001in DRM scale L2En/Div
Temperature = 74.0 F Flag grid= L0401 N
VG = 4.63Ft/=
K.E. = 2.33ft-Lb Vf(calc) = -3.08ft/s
Load (Lb) Time(=s) EQ(Ft-Lb) Disp(in)
344.0 2.49BE-3 1.54 <1220 Initial damage
I92.1 TLR213E-3Z 2.07 1417 Maximum force
344,00 4.318E-3 2.42 - 1533 Maximum energy
I44.0 4.3718E-3 2.42 . 1532 Manimum displacement
4.0 B.147E-T 1,37 0570 Final values
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NADC-85023-60
NADC/ETI-8200 DROF TEST FACILITY 2/17/84
INSTRUMENTED IMPACT TEST
2 3 3 3 3 ¢ F P -ttt 1
81-5 GR/EMI #7
Drop weight = 7.Q00Lb Data disk MATOO0B08
Tup radius = ,300in DRM scale «2Kn/Div
Temperature = 74.0 F Flag grid= .040in
Vo = 3.88¢t/s abs (V) = 3.09ft/s
K.E. = 1.63ft-Lb V¢ (calc) = -2.57ft/s
Load(Lb) Time(s) EG(Ft-Lb) Disp(in)
231.8 2.94%E-3 1.03 .1216 Initial damage
273.9 4,.965E-3 1.71 1571 Maximum force e
255.0 S5.265E-3 1.72 -1577 Maximum energy
255.0 S5.265E-3 1.72 <1577 M™Maximum displacement
1.3 1.033E-2 .94 .0435 Final values .
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NADC-85023-60
NADC/ETI-R200 DROF TECT FACILITY 27146784

81-5 GR/BMI #11

Drop weight = 7.00Lb Data diek MATOOBN6
Tup radius = .500in DRM scale . 2ENn/Div
Temperature = 74.0 F Flag grid= .0401in

Ve = T.27+t/=

P WE. = 1.164t-Lb Vificalc) = -2.096ft/e

Load(Lb) Timeis) ECG(Ft-Lb) Disptin?

DE7.8 4.0IZTE-C .21 1133 Maximum force
8.6 4.078BE-T L 23 .1142 Maximum energy
°BI.&  4.578BE-Z 1.2% -1142 PHMaximum displacement
1.6 8.088E-T .47 O3B0 Final values
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NADC-85023-60

NADC /ETT -B200 DRIF TEST FACILITY

>/5/B4

TION/VI78A #1

Drop weight = J1.76Lb Data dicl
Tup radius = O,.0001Nn DRM cscale
Temperatwe = 74.0F Flag grid=
Vo = 11.49ft/<

F.E. = &4.24ft-LD Vf{calc) =

Load (Lby Timelc)

EO(Ft-Lb) Dieplin:

M&GTOO07
.Btn/Div
«0401N

8.77ft/s

195 Maimum energy

888.4 1.585E-= 8.06 L2167 Maraimum force
62.9 b6.815E-3 29.00 . 8¢
62.9 6.815E-3 29.00 . B

62.9 6.815E-3Z

29.00 . 8C

95 Maqimum displacement
)95 Final values
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NGDC/ETI-8200 DROF TEST FACILITY

TIOD/VI78A #2

I'rop weight
Tup radius =
Temperature =

74.0 F Flag grid=

NADC-85023-60
3/5/84
INSTRUMENTED IMFACT TEST
= 7. 00Lb Data disk MATOOD6
. 200inNn DFEM scale «BEN/Div

LO8040nN

v = 9.82ft/= abs (Vf) = S.9%Ft/s
k.E. = ?.86ft-Lb Vficalc) = —4.444t/¢
Load(Lb) Time(s) EOD{(Ft-Lb) Dispf{in)
527, 1. 105E-7 2.46 1224 1Initial damage
787.7 Z.105E-3 &.8% L2062 Maximum force
660.0  I.BIBE-IZ 10,01 « 2610 Maximum energy
&b E.B8IEE-T 10,01 . 2610 Maximum displacement
14.4 7.0%5E-3 7 .80 -1420  Final values
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HNRDC LT1--B200 DSO0F

TZOO/VIT78A #7

TEST FACILITY

Drop weight 7.900Lb Data dick MATOOG0OS
Tup radius = S500in DRM =cale .4kn/Div
Temperature = 74.0 F Flag grid= . 0401 n
Vo = b.67Fft/s abs(Vf) = 5.556ft/e
F.E. = 4.87ft-Lb Vficalc) = ~4,55ft/¢
Load (Lb) Timefls) EOQ(Ft-Lb: Disp(in)
S16.2 1.565E-3 2.15 .1162 Initial damage
649.2 I.38SE-3 4,92 -.1778 Maximum force
625.8 S.508E-3 4.9= . 1780 Maximum energy
635.8 S.505E-3 4.9 -1780 Maximum dicsplacement
.2 b.73SE-G 2.5 L0551 Final values
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NADC-85023-60

(K]

~1 =11 . LFOF TEST FACILITY
INGTRUMENTED IMFAC1 TEST
TIO0/VI78BA #4
Drop weight = 7.00Lb Data disk MATOOR04
Tup redive = .S0mn DFEM scale < ZENn/Div
Temperature = 74,0 F Flag grids=s L0401N0
Vo = 4.83ft/= abs (VF) = 4.12Ft/¢s
HLE. = 2.54ft-Lb Vficalc) = -S.36ft/s
Loed (L) Timefle) EO(Ft-LEY Diepflinm)
472.0 2.705E-Z 2.29 1275 Initial demage
S21.1 0 ZLOO0ZEBE-E 2.49 .1288 Maximum force
42701 :.JSJE—Z Z. 61 .172? Mawimum enerqgy
423.1  EZ.55S8E-TZ 2.61 2 Maximum displacement
4,0 L.QR05E-= 1,33 L0407 Final values
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NADC-85023-60

File _3)=&_ L TESY FACILITY S g
INSTRUMENTED IMFACT TEST
TIon/vi7eh 40
Drop weight = 7.000Lb Data disk MAT L0908
Tup radius =  L.2001n LEM scale L2bm /Dy
Temperature = 74,0 F Flag grid= L0401n
) = 4,0Z24t/= abe (Vf) = Z.88+t/¢s
tLE.L = 1.75Ft-Lb Vficalc) = -Z.13%t/¢s
Load(Lb) Timeis) EG{Ft-Lb} Diegp(in;
411.0 ZL.10SE-TC 1.71 1171 Maximum force
40,0 T.865E-T 1.82 1165 Mavimum ener gy
40,0 ZL6ELSE-T 1.8% .11465 HMaximum displacement
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NADC-85023-60
NADC/ETI-8200 DROF TEST FACILITY 1/17/834

A120 GR/BEMI #2

Drop weight = 7.000Lb Data disk MATOO70O7
Tup radius =  .500in DRM ecale «4Fn/Div
Temperature = 74.0 F Flag grid= £0401nN

Vi = Q.66Ft/s

t.E. = 10.15ft-lb V¥ (calc) = Z.84ft/<e

Load(Lb) Timeis) EOQ(Ft-Lb) Disp(in)

291.4 1.98ZE-Z Z.11 . 2167 Maximum force
&62.9 8.8B88E-3 8.94 <6762 Maximum energy 2
62.9 8.88BE-T 8.%4 » 6762 Maximum displacement
62.9 8.888E-3 8.%94 .6762 Final values
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NADC/ETI~-8200 DROF TEST FACILITY

A130 GR/EMI #=

NADC-85023-60

1/17/84

Drop weight = 7.00b Data diesk MATOOQ70S
Tup radius = .5001in DRM =cale 4tn/Div
Temperature = 74.0 F Flag grid= L0401 N0
VG = 6.8B0ft/s
K.E. = S.03ft-Lb V¥ (calc) = -.64f¥t/s
Load (Lb) Time{s) EO(Ft-Lb) Disp(in)
265.3 1.918BE-T 1.91 .1447 Masximum force
205.0  7.608E-T 5.22 . 2882 Maximum energy
205.0 7.608E-3 S5.22 . 2282 Maximum displacement
164.6 8.423E-Z S5.17 <3250 Final values
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NADC-85023-60
N&DC/ETI-82:00 DROF TEST FACILITY 1/717/84
INSTRUMENTED IMFACT TEST
A130 GR/ZEMI #4
Drop weight = 7.00Lb Data disk MATOOT707
Tup radius = L,500in DFEM =cale «2KNn/Div
Temperature = 74,0 F Flag grid= L0400 n
Vi) = 4,73ft/=
K.E. = Z.474t-Lb Vficalec) = -1.87ft/<s
Load(Lb) Timel(s) EO(Ft-Lb) Disgp(in)
177.1 1.078BE-3 .42 0595 Initial damage
2685.3  Z.818E-3 2.14 <1657 Maximum {force
2I2.0 5.59TE-T 2.54 <1850 Maximum energy
23200 S5.599TE-3 2.54 - 1850 Maximum displacement
71.9 B.412E-2 Z.14 .1478 Final values
sBo. e T TS-sE G
N
4_\
_483, a4 —L- q.@ps >
+ N
.y -
—J =
“igo.a+ 4+3.e80
v o c
o '
. A AP T £
Lepm o+ o e +z.080 T
. A\ X
U r‘“\;l / = &L
| . %Y .
l \r' ~'/' L o
Laa mwl 'ﬁ; yd A +ti.000 3
1 -
gl " hl // aC
Y
oo ' + + — o.ono
=, Boaa . B3z .84 - HE R Sl .B1B
Times (zac?
58, & o Ts.cnc =
7
-
IR .m0 =
- i
£ -
| baql}
“iom e - +3.e80
c
S 1 nf | &
c ek, L -
Lean.n PR o Te-me
N ~ NS /VJA L
¢ ! - .
> ) L ad - D
oo o4 4 an T X Prad rgfd +t.00m B
NJ ' l‘ 'l'f '.I. ‘ll .. _;I'--//’ e 'x
| lb'.' M _..——"/,
g 04— } 1 4 D.o00
o, Boen . B4 « OB& e 12 .18 zaB

Dizplacament Cind

A-116




+*4

NADC-85023-60

A130 GR/BMI
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NADC-85023-60

NADC/ETI-BZ00 DROF TEST FACILITY

~ -

1350

GR/EMI #5

Drop weight
Tup radius
Temperature
VO

7.00Lb
LS00
74.0 F
= Z.BB8ft/=s

it

ft

Data disk
DEM scale
Flag grid=
abe (V)

]

MATOOOZ
C2ER/Div
L0410
I.O0fFt /s

2/27/84

F.E. = 1.63Ft-Lb Vficalc) = ~2.45Fft/s
Load{tb) Timei{s) EO(Ft-Lb) Displin
182.4 1.935E-3 <04 . 0861 Initial damage
2686.9 4.4465E-T 1.63 152 Max1imum force
249,46 5.IZ93E-3 1.72 1572 Maximum energy
249.6 S5,.295E-3Z 1.72 <1572 Maximum displacement
1.7 1.011E-2 .01 0582 Final values
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NADC-85023-60

NADC/ETI-8200 DROF TEST FACILITY

A130 GR/BMI #6

Drop weight
Tup radius

INSTRUMENTED IMFACT

TEST

7.000Lb

. 2001n DR

Data disk

MATOQ1O0T

scale 2EN/DLv

%/15/84

Temperature = 74.0 F Flag grid= -0401n
VG = 3.37¢t/= abs(Vf) = 2.734t/s
K.E. 1.23ft-Lb Vficalc) = -2.30ft/s
Load(Lb) Timels) EG(Ft-Lb) Dispf{in)
159.2 2.075E-F .43 0891 Initial damage
234.7 4.715E-3 1.26 . 1383 Marimum force
218.5 G5.445E-3 1.31 . 1414 Maximum energy
218.5% S5.445E-3 1.51 .1414 Mavimum displacement
4,0 1.027E-2 .68 0470 Final values
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A130 GR/BMI
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NADU/ETI-8Z00 DROF

HA1216 #1

Drop weight
Tup radius
Temperature

= 74,0 F

NADC-85023-60
TEST FACILITY

Z1.36Lb Data dish
.21 N DRM scale
Flag grid=

6/21/784

MATO1202
.Biin/Div

<040

W = 11.4%9%t /= ebe (V¥ = G.014t ‘e
b.L.E. = &4.T744t-L Viicalc) = @.454t /e
Loadg{Lb: Timefle} EOCIFt-LE) Diepl(in?
7ED.S , 6. 26 L2327 Maxwimun force
&h. T 22,95 . 7613 Meosimuam eneroy
6.0 Z2VED . . 7E1IB Maxaimum displacement
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NADC/ETI-B8Z00

HY151& #2

Drop welght

DROF TEST FACILITY

NADC-85023-60

7.00Lh Data disk MATOIZ203

Tup radius =  LJS00in DR =cale «4kEn/Div
Temperature = 74.0 F Flag grid= -0401in
\ = &.,.67+4t1= abes (V1 = 5.85ft /e
LL.E. = 4. 57ft-Lb Vf(calc) = -4, 557t/¢
Load Lk} Timel{s! EI{Ft-Lb} Dispiin)
eg.ge  1.708E-Z , 1,65 . 1299 Init:al damage
GTI.ED DLS8SE-C 4.7& 2111 Mavimum force
60F.7  4.045E-T 4.%96 . 214%  Maximum enerqgy .
c 60e,. 74,0458 -T 4,G& .214%  Marimum dicsplacement
7.0 F.L4SE-T 2.8 08 Fimel values
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