o e il e e [
. .- Rl o4 - m—— WO L e

f-qgsqu-—4:;;—-m

SPACE ORDNANCE SYSTEMS " pest Report 8745

CONTRACT NAS 9-16169

FINAL REPORT

SLIDE RELEASE DEVICE

Prepared for
NASA
Lyndon B. Johnson Space Center

Houston, Texas 77058

by

SPACE ORDNANCE SYSTEMS
Canyon Country, Calif.

Ref: 3F-1024-10-10




————
e~ " x
SPACE ORDNANCE SYSTEMS Test Report 8745 _
N
g
F TABLE OF CONTENTS
; SECTION DESCRIPTION PAGE
E I 1NTRODUCTION 1
F IT SUMMARY 3
: III DESIGN DESCRIPTION 4
g * A. Requirements 4
| B. Functional Description 6
C. Component Description 8
v STRESS ANALYSIS 22
\Y TEST PLAN 30
A, Load Sizing 30
B. Functional Tests 30
VI TEST RESULTS 32
. A. Test Setup 32
B. Test Results 36
VII RECOVMMENDATIONS 38
A. Slider Design 38
B. Test Fixture , 41
C. Follow-On Program 43 4
VIII - CONCLUSIONS 48 }
|
] APPENDICES i
4 A, STATEMENT OF WORK 50
" B. NEW TECHNOLOGY DISCLOSURE 51




SPACE ORONANCE SYSTEMS  gest Report 8745

I. INTRODUCTION

The Space Shuttle Orbiter vehicle is attached to

the External Tank at three (3) points: one (1) forward and
two (2) aft. The current baseline is a separation bolt at

the forward attach point and frangible nuts at the aft.

ST T T R IR e

Space Ordnance Systems conceived a new mechanism
for the forward attach point which offers the following
advantages over the existing separation bolt.

o Reduced weight

o Reduced shock
' o Re-useable components

0 Reduced cost

The concept utilizes a slider release mechanism
and shank follower. In order to demonstrate the feasibility
of this device, an unsolicited proposal was submitted to NASA
which resulted in Contract NAS 9-16169, "Prototype Demonstration
of a Slide Release Device for Orbiter/External Tank Forward
Attachment";

The design, test results and recommendations of the

program are contained in this report. The prototype test
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article exhibited no significant damage during testing and

remains available for subsequent demonstrations or tests.
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II, SUMMARY

The goals of the program as defined in the Statement
of Work are summarized as follows.
o Design a mechanism within envelcpe and
functional loads of existing separation

device.

o Fabricate prototype device capable of
10 refurbishments.

o Conduct ten (10) functional tests,

o Demonstrate ultimate load capability.

All of the above goals were accomplished. Some
difficulty was encountered in the application of the side load.
This problem was assoviated with the functional test fixture.

The tests results indicated a pressure actuated
shank follower would be desirable in the next generation design.
Additionally, the functional test fixtures should simulate the

actual side load conditions experienced in vehicle structure.
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III. DESIGN DESCRIPTION

A. Requirements.

The requirements as stated in the original
Statement of Work was to develop a preliminary design which
was in compliance with the requirements of Rockwell Specification
MC 325-0014. Additionally, the mechanism must be interchangeable

with the existing Spherical Bearing and External Tank Fitting.

Subsequent communication with NASA/JSC revised the

working loads to 74,000 1b. tension and 1,380 lb. side load.

The mechanism design was complete based on the
original loads, therefore the mechanism is capable of load

increases to the original requirement.

The slide release mechanism is shown in Figure

ITI-1. A functional description follows.
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. B. Functional Description - The unit was designed to

take maximum advantage of the available shank diameter, as
defined by the existing monoball. This point of view provides

the maximum load carrying capacity without external change.

The device installs in the nonoball just as does the
shear bolt, by threading in the completely assembled condition.
N Actuation is quite different., 1Instead of axiafly
breaking the shank by very high pressure (on the crder of
60,000 psi) using a very large force (over 235,000 pounds) this
mechanism releases the shank by cross-axis movement against a
lubricated surface. The unit will probably never see more than
12,000 psi during an overload firing and requires only about

7,100 pounds to release an 80,000 pound load.

Once free, the shank is driven out of the monoball

by an axially pre-compressed spring.
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Aavantages from this device relative to its predecessors
are considerable. 1Its final weight can be as low as thirty pounds
versus over sixty for the shear bolt. Its cartridge will contain
less than one gram of powder versus 12 and 13.2 for the separation
and shear bolts. Finally, it is re-useable and the others are
not. The expensive components show no significant wear after

eleven actuations under load,




C. Component Dz2scription - The following describes
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E the components while assembling the unit. The ae.>il components
X
} are included at the end of this suction.

An aluminum attenuator slips loosely uver ‘he end of

the slider. The slider is then slipped loosely into the body,

far enough to capture the attenuator.

The main bores through the slider and body are then
exactly aligned and the sleeve is loosely slipped through both
of them till it bottoms against the body. By rotating the
sleeve till it's webs line up with the slider, the slider can

|
! then be moved farther intc the body, capturing the sleeve,

| The shank can then be slipped loosely through the
sleeve if the slider is properly positioned. (In the unit
tested, it was possible to install the shank incorrectly. This
‘ will be eliminated.) When aligned properly, the slider can be

driven home, bottomed in the body capturing the shank,

The slider is then pinned in position, forming the

basic load carrying and load releasing portion of the device.
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The entire shank is highly stressed, but only a pair of flats
on the slider, one face of the body and = small section of the
sleeve are highly stressed. Thus, the majority of the body can
be aluminum with savings in cost as well as weight, but
unfortunately, the sleeve and slider do not appear to permit
such savings; it is recommended that the shank, sleeve, slider

and one face of the body remain inconel,

The attenuator end of the body is closed by slipping
an end plate over the body and an end cover over both the end
plaﬁg and the body. These may then be pinned, bolted or
lockwired together. This particular configuration was selected

for ease of disassembly after deforming of the attenuatocr

between the end cap and body.

A separate power supply rortion threads into the body
at the opposite end from the attenuator. It is comprised of
a dual sealed piston in a manifold. It contains two cartridge
ports .or redundant operation. The piston shank in entering

the body, passes through an environmental seal,
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Firing either cartridge drives the piston against the
slider, shearing the aluminum shear pin and driving the slider
into impacting its attenuator agPinst the end cap, thus releasing
the shank but not th sleeve, The piston and manifold can b~

made of aluminum.

Once released, the shank is driven out of the unit
and monoball by a pre-compressed die spring. ...2 die spring

is compressed between a cover and a follower. The cover threads

onto the sleeve and bottoms on the body. It may be lockwired

. in place, but due to the fcrces involved, it is unlikely it can
inadvertently unscrew. Having driven the shank from the
monoball, the follower closes the hole precisely. It is keyed

into the sleeve., The cover and follower may be aluminum. The

cover tested was aluminum but the follower was inconel,




m laR 474

y

R O O T T By T PR L 1) U
. 2 1 €LI61 TS (BT v NOILYIIddv THWOIMILNI 40 HNIHIVONA LIvINidg
LRRALI Rl S, e T e ] 0L 3NLIVANNYW ILVLITIOVS
on o] v 0 2000] 1o o L GLEAID? BEAY) T 0L AINO 93IANTING G3IT0H 353m L (1]
. ﬁ YN 1O !EN:F!-.:!-I
‘ " 0 1 SHE Wl CTIVIMNS
3 }O Om X ot0 wovy 1374
. $10° 01 00
. b LA 3&.’@ Yo Rb“ﬂ.“.ilsai
. I ] "o T xxx 3 W4
. wcw IS VNGO NPYY ARLEAYY NCARYD OU SOARY) SIS LN WO [ E3.4
M SWISAS IONVNGUO IOV [AGLI TIARNT] avi] o o "
. & o 1511 810Vd T o
: & v ] ) ) o 1ave e
W ! ! LHIS Swy €3¥Y Hy4-LI 1
>
3y §
N | Yid SOCYW x SYI° .
et | ¢°-.
% [ —wvia 28! N
|8 * b4 p=—nos0"
w i = Tz 71
S ! 0001 NIU ; -
W = h < PSP LT —~
- b i
| —e] 086 |e— <4
2Ly .
| Va3, o QC-NNT!-05L8'l
.. _ vidoroc
3
3 l&\_ ¥iqO?2 <
"IVM 3INO A¥HL dAL
daL‘via oo+t - [1] oowh_.u [~
- dA L xvw $6° ..—.l'._ T _ mom. T *
1 $7TS HLOQ dAL - - —
, TONL 'dWOI NIW ST 4
Qc-INODi-0cO0L’ _ A !
L ¢
dALS . oo ¥
dAL 069" o1 oco ¥
| = L]
3 dAL
Oty — (| — =—
w Tos Lo Noalv]”
_, NOLLIRE /30 TS i | D M
SNOISIAZY 1
r
r’,.!l.rv R P - & e " 4




S TR RS TR

& v tam—

o g

ikt Bl

PUmE STV Mo RER Y

T 3o 18] Dwouml3 Vi ] ..m— NOILYD11ddY
GCo911 €116l & o amn T isse i
‘ON WG] ON 1 3000 vl & Tccoon | 1-4c9517]1-
D L
g_ga BHLLYY Wil Wby i
a7 i T Aot 34 s “6L88-S -1UW H13d saHL |
M\/MMJW 1o 2 ialeoeilviudaiany ‘Y99S SWY A0 T V¥R wMvd
S ] ot0 = e Yot - N34 SLA NIW 164308 9L 1vI¥L Lviu[7]
% YIS VREIRAIVY ‘ALIA) WOANYS N WOANYD GV L ez T [ . Q QOHLIW'T 3dAL ‘2987 -1- W ¥4
B SWiLSAS IONVNGEO ...-W“&::; g BIANNG| wvi0| . gauones sswernuo ssTwen 1734SNI LNV L INIG LNIISIWONS €
‘o s
mu 248 b WOLLIRIEIT ‘OM_Lavd obn
1 1295 SWv QIL INOONI -
O
ﬁ-
~F
(3N §
w
ot Yiq
S Qery
- JALYE-FNNT1-0000°¢ ~ _ s _ i *
f T — T I
! . QT
: 09 . ot oLe-t
>t o . oty L L Pt
b\ oLé € N
7 | {1 )
_ 10 ml GoLl’s 1
&*A—UOOH. L ../
: ~ 7
3 4 R
. XwWaor!
QR .a:k—

4\ Y/

61t LoNOalR

LsT LY NOCQIY

<=

WOULMEIED

IWOT NIW OT'd

ViIg BONIH % QT

i, P“\GE IS
GUALITY

0 Y B
AJRY
1y

Do

A S o B

12,

SNOISIAZY




v
_.ﬂ . . - .
e Qe 5| PR TTF 17 y _ NOLLYDI1ddY
L )
‘ 2¢2721) 14 11.] M ie’ —.W_:Ip wo azn Bs:k!w
i . 'oN owd) o ool 000] 318 ——— €eIivg] 1-557 1-
ot . CELL] R oo
| 43011G | i L SLONIN 150 Mo Ot v e ]
] vo 6.0 T 530NV
s —— o10' = x B oL . ¢ .
- A OHLIW T IdAL "9989-1- W 934
{ N VRROATY) ‘A¥IIN0) NOAIYD W NOLIY GWVS (et ORD 0 200 44
N o
) % SWILISAS IDNVNGUO BOVv4s (W IANNT] WAVEG] e 2o SHORIIma LI3dSNI L NVYLINIZ LNIDSIVONIS X
. . o 1811 S18Vd .
ﬁ Ky w o3t ™ WOLMI0 oM twed b ZO..—.(U.MOXJA <..Jm|._ A¥q wM.Ou.uD
-t 1 [X995 cwy SIL TINOINI - A4V SNOISNIWIG "1920¢S "duod
: : WHN50¥L5313 39 1IvHE LNy Mana
m 5 L6811 WId ILWONMTNT W4 Awa €
m O}
: & F .
B
w C 'v-‘
©1 .
* ™
| | R 1 .
] \ %

H_,_ owhﬁ.‘ @ S /

"

A .

w oo..,M“ \mem 79 . V-V NOILY3S

” ) l*ul Az Lis) - .

S66'C _ * _w r _ﬂJH / Qoqa.n gor't v \\ ITIN_!
‘ _ oot} | /\\v \' - .//n.von._ ~ mnbo.n b lww\l , *

1 /* no...L
m —= oorz = \ 5o

own
o9

Y
fj\
il
"
|
.
Lﬁz
|
f

(37vd>s oN)
4<ur_>.r_< MIIA

oot

| d
Vig QO1'¢ \ “0 434
a " GL¥L? NS>a[ 4]y = xooﬂ./ 00— b= o
N 1YY Y ¥ OO NSa|oF Y ——
w LA KICT oY<LI N3O|R]? dALOY ——
: iR ST L9 Noav]Y o0ss
v uve NOLLIUEE30 1D 04 . I —

i
SNOISIATN 1




. Jo T s ——— voom[avH v .ﬂm._ NOILYO11ddY
tcoon  Jemer|s - o T e | ]
X " ‘N D] on 110300 3000 3215 v TSI V| V=299V |- 6L8@-S -TIW ¥3d ‘saH.L ")
R 2 4 "Y79S SWY 40 YI'y € WiWd
] o ] WONG HD| DMIVM WALV Ay
: , ] p Safmm_ v mu..u..”_....: S3ovauns MId SLN NIW 164MO0°1 O AvIYL r(urE
! MNVYHS ” o o vave 9 AOHLIW' T JJAL 9989 -1 -UW H3d
w “ PrATIr vo 0= e L23dSNI LNVELINGG L1NIISIYONIA €
3 1 ey b 0L
: % 190 VINDOA VD 'ASLIAOD NOLNYY  OF NOANYD GVS (162 rerrs] . ...
SWIISAS IINVNQUO IOVdS  F¥R THSTNAG] Wavea] onmones pi
o oN 1S1T S1Yvd
nw way 2348 e NOULINS I ON L8vd b3
1 T79S SWY| SIL TINOINI 1~
>
— F
=t
9 o
|
i . —={ 06?1 | <
5 . L OS ] ose —
) WIIWYHI OCO x ‘g “~ L._ j—— 258
“ R M 060 ) |
w Y \
- yore '
1 UWIIHWVYHD N Ooco- S Ll/'
; 990 x93 XYW ¥ 010" ¥ ST
"AHL L23.4%33 NIW 09°2 s |
w ‘VE-rNNZ1I-0008) /./.
F ”
2L QY _«ﬂ.wzua?ﬂ
G3AONddY | Uva NOLLREOSIQ ]
SNOISIAIN 1

T T



1 oend

4

1 3 Toms] Tl Awe

W .|||||||..WL NPILYOITddY |
‘ON DMa]'on use 3000] 3715 v ) -Ge 7700 Y T-Cedati] '~
b Si Ty a1V VILIY Frdev BN
..: o Sk S A2y s we sOOVIONS
H3MNOT104 510 00 300 49003 e VNS Y99S SWY 40 T1HE Wuvd
{zvd TP Vo £e.0% ST W34 SIN NIW 1S4M08t 0L 1w3yi tv3m (1]
s ] o1 T 1 } 01
% “SWILSAS TONYNGEO EOVaS 030! crun a0 Q AOMLTW 'T 3JAL ‘9989 111w ¥Id
. A$ DONVNAUO BOVIS  ['WAf{ SSRA] W0l ousmes swesuo ssran L314SN1 LNYMLINIY LN3IISINON 14T
o 181 SL¥Vd
n I k. J MOLLIREE 30 O 1vd o
1 TS sWY [iL "INOY N V-
wi
ot
(39 § . . A
W ~ AH1L dU0d NIW oL
1] [ 'YC-4NNOTL-000S°
. IL oL’
i SeL
[ . == ﬁso 009
[ via via ]
> €Ye'x Sy - ==
SYL'Y oIy
, _
009!
Nia o Vi —v— o007
f—a——QOT L
3 é.ﬁ_ XYcLd Nda|yf
-2 _— 17YC? NoQ[v]T
UV NOLLARNISIQ Y A N

SNOISIAIY

15,




Vyo L aams] _—— iqonm| 4IvH

291l

‘ON_DMO] OM AN 3000,

v
e

NOILYDITddY

AVRL 1!

Ll
A ci6l D
ns

43INOD L

1
xg DML M WILIY ANy
A1 srw w34 VRIS

o et il

10 01 $00 STI0) JuwHs WP

SHOW W v

[BIXEIN/

®Y TN ¥4 SO

YV 010 NOVH 1TTH

DELO T STV

#10 * x 3 0Ot

L. 4

SWILSAS BONVYNGEO VeSS " ENLE] TRAII MWD STV
1811 814Vd -
oMS e MOLLAEISI ‘oM Lavd abm
yoor-v-bd AOTNWV WV 21-1209 '~

6CI\\ |v

Ty

i

e

"QHL dWOD NIW 00< !

«an-ﬂZ:A_-OOOo.nN

-

T \

I Ll 2 T I 27T T I L

w1Q O°§¢’

—

N

LI 277777 77T TTTY

ﬁB.....!_ o“hN“N.,

LICLY pOajY

=

HOLLANOKND puy

COTRTREET RN T T e

T

SNOISiAZY

=

+

I - -7, e

lo,

A W A —s

Qos’l
‘.'l— Q09| p-—o

[ Ots L —=

L e -




S —— ‘ il —t———
. ViV wsf  ———— Joow] 17) gwos ,._Jd..ddo...-dwu.. o NOILYDI 144V
O+27211 €lsL O SLO%-H-T 1w wan [ e om
Y o 1] ox b oo 22 W24 _bxoih b meqTRTHINYTALIIN | -
1 ﬁgg—o ALV MBAN ANbov
S Ml - N SOvarE
AR e Ve OTRY
A TO4INYW W v o v v o o .
- 1) YO A TSIV
y | " Ty b o
a S TIO TSR MDA GvE gt o A
| K3 swausas DuvNaYo DVes Wme_. TVRUT] 0] emane peupas sczeen
e ™ 1811 S18Ve
~ na wn HOUIRDRDS o A £
W 1| €49s S $3¥) HIp-L | - .
-l
w L
| 1
«l
[l 8
gl 003 — =]
1 |
'._ SO’ —e=
f - . W1 0011
oov vy
..-l_..- R o |l O!ﬂd._ S —
W Iv _ \ o R-ﬂ.on._ ‘l
- v
_ cLe \\\\ _*Oﬁ \
: { .
AL | "QH L w03
NiW 000
| ‘ _ v n_uo.v ._ - WE-NATI-OS LYY
000 t I
: 000+ * ~
- wiq
Lo
FE
*Ltmooo.
JdAL'VIa CO%
. JALSHL d3a 1d3%3
C43% 'QHL INN$-Y)
N N . Y-UH1918W ¥4 AMWOd
o o | 1w | WOUSRSI0 | TS 4 .
i SNOISIAZY ]




. Vio Vsl o] (/3w dwﬁsnmm..u_ow__d NOILYO1a4Y
, 192214 1 €161 | O I\\.\.\\.\\\\?ﬁ.\: o an AWV LY
o | EXXIUE/ BEEAS
¢ 9.&8..8-80!:‘ — = RAL LN/
q i w3 1O
e ek
, MOI_'/A\D ZM:—II-I( Hi,n.i 77 T -.QSH.MSS!!-!'
W By ] 2 o.nuavg
m . : W VEROATV) SILINS) SSANYT U OANY) GIVT LVR 30 g
! “ a SWLiSAS IONVYNGEO VS @9 EMTGT ¥R v
ﬁ . ™ 1811 TidVe e
m. 4 m s am ) oM Lwd on
B !_[95foor-v-b®| O "GN AOTIWY "1Y 1909 ' -
, -
H s
[ 4
ol
ol §
w m sLY et — 3
oLt
m LIL..' t PFEYS —
_ i ot
. > oY
| i | <+
i D14
W ) O&s m& o5 ” J
‘ 9 H
\
566°C Sto ¢t SO ¥
000'F  gcios ‘XYW 4 QT ~_
060" 1
dA 1 60" & _ V
1 -
w # LH \.._x TAP R llL
By o
) ‘€374 4
[ oot ‘03¢ —erd p=—-
1
. €914 4 ‘OsT R
| —— {007 - ] ZET
w,,
m,
ﬁ Em -ham NOLLIOTI0 »I:mﬂ
SNOIBIADE 1 .

B .




rm"’"‘—""’—""”"‘?"‘."w""" S

P NC A

s A

2¥9911]

£

4

T 1 T aes] D] T/ 3vos i E_ NQILYDI14dY
‘ON_ewa] ov woa 300|378 pe—— v o BRI
wON 1D !ﬁﬁsﬁg -
b3 )| .._..u._...“.unwu.ua "X 7?79 SWY 40 X'V $<C Vavd ¥id
.ul_l<l_a O Z.u it -5 -S.Eu.uﬂugl!-; SLO NIW IS4M031 Of Av3I¥L P(uIE
e ————— "o =Y 3 0t . ‘ 4
d QOHL3IW I 3dAL 92992 1-uw d3d
o [
I "switsas DNvRaRS e AR R ok L34SN LNYYLINIS LNIISINONTA 2
- J__ONEIMS JSWMIO SSTIN_
o 1811 S1N¥Vd
my 938 e OSSR ON Luvd O
U 1¥99C SWyY 8IL “3INOYNI 1=
8
L.
- day 31S |-
[~ $35d3 IWNY3ILXTI T
- ¥sI .
. o)l
I u/ﬂ ........ ) o
i .
. <
9 s
ST2'y
S12'%
R A sti's .
S 4L
00"
=== | *
‘ SO
[ eIl
—e— 0S6
€Lé°)
1 oget —— —={ o0sst b=
e B K S —
E_ UV | NOUNOE TR . ]
SNOISIAZY 1




kre/ W P STV SR .

v - ¥
W | Y30 Vivms] —— Eu.!‘ om| 1/ Fvs J(!A.un ww.ﬁuunu.nh.e NOILYDITddY
| T+92911 i €unet ;O duam nmndo. W warn | i rm
| "on owa] on e s000] 328 | —— A -xcyom T-<335n
3 T ﬂdu\lnm__—m WOND HO| UYMW WLV AW
ﬁ # il Az1 s wme sV AN
, - YR 10 ROVY 17TW -,
ﬁ N_u>ou O7&Iu 110 C1 900 S907 St W vt.\A’
v .ﬂ R uimgdwﬂ.ﬁme Yo BC.0 ¥ ST S
ot Ty } wi =y
. % T VIR ATO ALINARY BOANY) U WOARY) GWVS (952 waol G U e
. SWIISAS JONVNGEO DDVdS o ot B IANNA| WAVH0]  qmrs ssemmun seroen oy
T x o™ SHARILT] >
ﬁ u wt o o UM o tvd abm T
e t {€475 swy S$3W¥D Hd +-L! - v 3
B TR
| [ <F
— t
y -
W, SOVd ¥ ‘woOo0ory —
_ vy . e — 064" ¥ ——]f \_
- S — \ L)
o (@]
V N /\J ’ X
| 1
B o <
_ SIIYM
| HAOQ OWH L
viq nv
dAL ﬁ\ﬁ\ ov1's
000 1 -7 $51s
| | i |
* ‘ orYe's
a.r:m
oLS
o‘_..,_.mn_.n . $9.s%
' '
dAL
oo
—— —
Qe IL F—— 0"
|..L 0981 fa—0o cobt
336! l oot
—{ 09GN e
T TR MU bl 7 .
| SHOISIAZN i s




.cbo .n‘ﬁw\\ug— ~\~

WS
++ 92911 cueél |0
oo o 1MXP 3003] I8

() s

NOL1Sid

WONT O]

OMIYY WLV ANy
b- S ¥ TIOV et

VN 010 WOVE 1TTES

$10 01 00 ST Arwa WIS

- \A:) BRST SR
0o ¥ XYY h 7Y
NI VRIMAY) SRIBAR) BMEY) 80 BRAIY) SIS (AR hedngioid

g SWILSAS IINVNGEO DVES Tl wavnag et inioghygatliaiupioss

N 1811 S18ve

[ 03 e MOLLIREA D0 o _Lwvd (]

t Y?292% CSHY, OIL NMINOONI | -

¥l
©
A |
H { OST —=—

” QOY —omif
._Ir” ool | e se—

ﬁ | "
-t ‘ % _— Y OoFC

: e
v1da 1*1 Q
Po+ '\ viq <30n._u -
oSt gopn T §
(@20 )
- _
| 1|l —
e
00 —eoi rl
%_ dAL dAL 040 —o
$01L°
Mdnm o $60
[elek 32X

X996 SWY 40 11 ¥ M4 M

SLINNIW I1Sd>Meg) OL Ly3dl 1v3m [i]

Q

AOMLIW'T IdAL "9928° 1- /W uId

IDI4ENT AINVY LINIG L NIDISIWOTNTS 2

~ I vLo NOQ]V]T

L R

| T I

SNOISIAZE

1

9iQ
eSS’
19g

¥1q
Qoo




i o e A i ! A N LR T

SPACE ORONANCE SYSTEMS Test Report 8745

PR _ Aq
Iv, STRESS ANALYSIS

The device has demonstrated its ability to hold and
release 80,000 pounds without damage to any of its main
components. It even held 60,000 pounds when the shank was
installed backwards, Ultimate destruction of the unit will

therefore probably support the following calculations.

o Load Carrying Capacity.

As the shank is the central load bearing member,
its diameter sets a limit on the load carrying capacity of
the assembly. The present monoball accepts a 2.120 diameter,
or an area of 3.530 square inches, For the shank, this area
must do two things upon pre-loading: first, looking at the
2° angle slider mating surfaces, the two lugs must support
the preload in bearing and they must not shear off, and,
second, the remaining cross-section must also support the
preload in tension, As the shear strength is defined in the
axial direction it is not involved in the cross-sectional
area. Therefore, the bearing and tensile loads, being equal.

should ecach receive half the area, or 1,756 inches. Then

m 22.
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using 183,000 psi Min UTS Inconel 718, the shank will carry
(1.756) (180,000)= 317,700 pounds. Allowing for tolerances,

the figure may drop to 300,000 pounds,

Note that the 1.5 inch threaded end will provide
less than 1.756 square inches. Computed at the P.D.:

(Tr/4) (1.394)2=1.526 sq. ins.

Calculation of the web thickness proceeds as
follows:
Shank cross-section 9’/2.

with radius R=1.060 -\\\

Cos (@/2)=X/R=X/1.060 ( /

Each of the two segments has
an area of 1,756/2=,878 ins. sq.

or

»rlg

.878=(R%/2) (Tr®/180-5in@)
which by iteration yields, €=132.05°

and X=,4282

or the web should be .856 thick.
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Allowing for clearance, concentricity and radii, the web used

is .850/.842 inches thick.

calculation of the shear thickness is straight=-
forward. The lugs rice solidly and flatly on the mating slider
surfaces and the slider rides solidly and flatly on the body
and sleeve. The.: is therefore very little cantilevering,
if any. In other woris, the lugs will not tear off, they must

shear.

The shear area is: (2) (.850) (W)=3.293 ins.
where W/2=RSin (132.05/2)=,9685

W=1.9371 inches

Assuming shear strength at 60% tensile:
the lugs will carry (.6)(180,000)(3.107)=
356,000 pounds, which 1is comparable to the Cross-

sectional strength.

24,
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o Qutput Shock.

From the design of numerous low shock devices it
has become evident that the more a mounted device damages
i.tself, :he greater it shocks.its surroundings. This device
has come through the entire program almost unharmed. The

theory used in designing the device ran as foliows:

Actuate at 90° to the applied load.

Use smooth dry lubricated friction surfaces.
Release along a slight angle which pro-
portionally relieves the load as the actua-
tion pressure drops, thereby assuring

1. complete release using a small
cartridge;

2. low terminal velocity of slider,
and hence, low shock.

Attenuate slider impact,

The first two characteristics are clear and simple. The last,

attenuation, worked satisfactorily, but, as described elsewhere,

deserves redesign,

25,
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The third item, calculation of a release angle, is

extremely difficult and the 20 angle selected anticipated higher

L B .

pre-loading than the 74,000 pounds presently required. Examina=-

e
—d
]

tion of the mating surfaces of the slider and the shank shows
that the applied pre-load (80,000) is completely relieved before
release, With no pre-load, the slider is essentially in free
flight and accelerates to high velocity. It is recommended

therefore that the release angle be reduced to 1.5°9,

The calculation depends on the elasticity of the . -
column from the nut holding the yoke against the monoball to
the lugs on the shank, An empirical deducticn as described in

the preceding paragraph cannot help but prove superior to

numerical computation.

26,
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o Assembly Weight.

The complete assembly weighs 49 pounds. This can

be reduced considerably by manufacturing the low stressed items

of aluminum. The recommended components are the piston, mani-
fold, follower, end cap, end cover and the largest portion of
the body. These items weigh 20 pounds and are steel, Their
weight will therefore reduce to approximately:

(20) (.098)/(.281)=7 pounds
And the design will weigh

49~ (20-7)=36 pounds.,
By reducing the stroke along with other désign improvements,
it is anticipated that another four (4) pounds will be removed

producing an ultimate weight of approximately 32 pounds.

27.
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o Actuation Pressure,

The pressure required to actuate the unit using
botcled gas and 80,000 pounds preload is 4000 psi. As this
is a constant pressure rather than a momentary pyrotechnic
type of peak pressure, it is a minimum, rather than a
practical figure. Assuming a peak pressure of 5000 psi will
start the slider moving and thus the coefficient of friction
will change from standing to sliding, obviously the device

will function completely.

Therefore, two 120% cartridges will produce

2(1.2) (5000)=12000 psi locked shut.

This is quite low compared with the measured 60,000 psi in
the shear bolt and is comparable to the pressure regularly
experienced in pin pullers and separation uuts, related

mechanisms which also release at 90° to their applied loads

and which normally have aluminum manifolds.
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o Hoop Stress in Manifold.

Assuming Manifold is 7075=T73 Aluminum

Pressure is 12000 psi initially

The stress at the cartridge end of the manifold is:
S=FD/ (D-d) = (12000) (1.875) AL.875-1.503)

= 60,500 which equals the UTS

It should be thickened at this end slightly. Note, however,
that this end is not round and is supported on on; end.
Thus, a better informed analysis would reduce the computed
stress considerably. Nevertheless, local expansion of only
a few thousandths of an inch could cause o-ring failure with

disastrous results. An increase in wall thickness is

recommended.

o No other high stress conditions are known.

29.
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SPACE ORDNANCE SYSTEMS ‘ Test Report 8745
V. TEST PLAN

The general idea was to get as much information as
possible from the one unit that had been manufactured. Eleven
attenuators, five loadable cartridges, two inert plugs and one
each of all other components were available. The results are

described in the next section.

A. woad Sizing - Load sizing began in the gentlest

possible method: by underloading to the point of failu;e. This
was dome while the uait was simultaneously being actuated with
bottled nitrogen gas. Thus it became known approximately what
load was requirea *~.0or to any pvrotechnic actuations. SOS 109

powder was used because of its familiarity. We know what it

does.

B. Functional Tests - Functional testing was also

conducted for least and latest damage to the unit, First the
unit was measured, then a light load applied and the unit
re-measured. The load was increased and the unit measured

again. This continued until the required actuation loads were

ety i e
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reached. Destructive testing has not been done.

Actuation started with (non-corrosive) bottled gas

and a low tensile load with no shear load and no eject spring.

j Firings began with intentionally underloaded single
cartridge initiations and nominal tensile loading., This was
increased cautiously and piece-meal to include a dual overload
firing, shear loading and spring loaded shank ejection.

. Figure VI -2 illustrates the test plan and results

obtained.

——

31.
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VI. TEST RESULTS

A. Test Set-Up - All actuation tests were performed

in the set-up depicted in Figure vI-l. Not all actuations
involved the ejection spring and not all involved side loads.
The following text describes the pertinent details and the

Test Log (Figure VI=2) completes the picture.

The force washer was first calibrated on a tensile
test machine a?d then incorporated in the test set-up to
determine the torque-tension relationship (see View A of
Figure VI-1). Once established, the force washer was removed

and the actuations begun.

The side load spring was also calibrated on the
tensile test machine, 1I:'s final length at 1380 and at 1725

pounds were noted. (The spring is non--linear.)

The first tests involving side loads supportrd the

mechanism against rotation in the monoball at Rj. Actuaticn
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in this cantilever condition was not achieved even though a new

cover containing two ejection springs (series) was installed.

The final tests restrained rotation at R,, thereby
applying a fairly precise shear load to the shank at the mono-
pall. 1In this configuration however, the side load had to be
increased to 1725 pounds to achieve the 1380 required at the
monoball. This set-up is not perfect - the gimulated E,T.
fitting could move axially away from the monoball for example -
but the fact that the shank was ejected forcefully shows the

importance of applying a true shear load as required.

34,
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B. Test Results - Numerous minor difficulties were

encountered, mostly with the test apparatus, a few with the
design, but it is deemed by SOS that the program was quite
successful,

The four most expensive components in the device,
the body, shank, sleeve and slider, but for some foolish
man~-handling, would be virtually unchanged now at the end of
the program from their initial received ccndition.

The die spring and follower are as good as new.
With the use of a gear puiler for disassembly the end cover
will survive undamaged and with the addition of a wrenching
hex, the cover will also survive undamaged.

Re-usability is proved.

Only 0.7 grams of powder are required for actuation
(versus 12.0 and 13.2 grams in the separation and shear bolt),

thus shock reduction during release is guaranteed.

Shank ejection was achieved forcefully after

modification of the test set-up following three failures.

""sus 36.
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Analysis showed that cantilever loading rather than the
required shear loading had been applied. Closure of the mono-
ball by the follower is very precise. Some re-design is
advisable in this area, possibly involving a specially designed
die spring, and certainly involving dimensional improvements.

A stock die spring was used. SOS, neverth:less, feels that

reliable, precise ejection is proven feasible.

Ultimate strength of the unit has not been tested;
it would destroy the unit, The unit is clearly capable of
carrying the required loads., It was assembled incorrectly
once and tensed to 60,000 pounds. The force washer used in
the set-up indicated that something was yielding very slowly.
Disassembly showed that the shank had been mated with the slider
in reverse: the 2° angled surfaces were out of prase, and the
load had initially been applied to a point which naturally
yielded. The 60,000 pounds was held by an area 1/4 inch sguare,
A little grinding of the 0,D. and the shank was used ten times
therea‘ter. A slight dimension change will prevent this from

happening.

w
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VII. RECOMMENDATIONS

A. Slider Design - The recommendable improvements

can best be described from a component standpoint.

Shank

The shank was in3talled in the device incorrectly. This
possibility must be eliminated. It is apparently the only
part with this fault. Most of the components are symmetric,
The slider and body are not, but they cannot be mis-assembled.
If the slider is installed in the body either upside down or
backwards or both, either the sleeve or the shank will refuse

to enter,

The 2° angle mating with the slider should be reduced to l.SO.
The 2° angle was selected in expectation of larger tensile
loading. A shallower angle will provide lower shock for two
reasons:

o A smaller shear pin can be used; and

o The pre-load will slow down the slider

during a longer portion of its release
stroke.

38.
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Elimination of the release angle is not recommended. Cartridge
loading would increase significantly and brinelling of the
shank and slider would not only ke real but could affect ejection

of the shank.

Attenuator
The attenuator was poorly designed., It functioned satisfactorily,
but could be much improved., It did attenuate and it did capture

the slider at stroke completion.

Cover
The cover needs a wrenching hex, a viewing port to detect

engagement of the follower lugs with the keys in the sleeve,
lockwire holes and threaded closures of tﬁe viewing port and

end port for environmental protection.

Follower

The follower can be made of aiuminum, can be shortened along
with a general redimensioning of the ejection stroke components.
“rom hindsight it is evident that the follower stroke can be

reduced.

39.
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Spring
The shank ejection spring must be re-~designed. It's stroke

length is inadequate. After ejection it does not forcefully

* keep the follower in position. (75 pounds is required.)

Sleeve
The sleeve needs to be internally "chamfered" to assure that

neither the shank nor the follower can hang up on a sharp edge

during ejection. (This did happen.)

Manifold

The manifold can be made of aluminum and can have its cartridge

ports at any convenient angle.

Piston
The piston also can be made of aluminum. Forces and pressures

are low.

Body

The body should be made of two pieces, with only a flat plate

being made of inconel and the great majority aluminum,

40,
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B, Test Fixture - The functional test fixture

consisted of a flight type spherical bearing mounted in a
strong back base. The tension load was applied by pre-
tensioning the shank by torquing thru a simulated External
Tank Fitting. The shear or side load was applied with a

spring load applied to the E.T. fitting by a harness.

The initial side load testing was set up with Ty,

T. and Ry. This resulted in a couple at the shank bearing

s
interface which did not simulate a side load T4. Subsequent

tests were set up with Ty, Tg and Rp. This resulted in full

separation of the shank from the spherical bearing.

It is recommended that subsequent tests be conducted
in a fixture which simulates the shear load. Several options

are available for this:

1. Fabricate a new fixture.
2. Modify existing obsolete fixtures.

3. Utilize existing fixtures.

41.
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F
.
F As the spherical, E.T. fitting, shank interface is identical
]
|

to the existing separation belt, installation will not be a

problem.

42.
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C. Follow=0On Program - This section is prepared to

identify what items are required to complete a formal design,
development and qualification program consistent with the

JSC 8060 requirements.

The design tasks to be accomplished include:

1. Envelope Analysis - As the geometry of the
slide is considerably different, a review
of the surrounding Orbiter structure would
be required to verify envelope compliance.

2. Centering Mechanism Design - A secondary
function of the mechanism is to accommodate
an 11° deflection in the spherical bearing
prior to separation and return to the up-
right position after separation. The design
of a centering mechanism, of similar design
to the existing design, will be required.

3. Gas Actuated Shank Follower - It may be
desirable to incorporate a gas driver
shank follower utilizing the same pressure
sources (cartridges) which drive the slider.
This would achieve higher initial forces
than would be available with a spring.

4. Shear Pin - A shear pin design, sized for
optimum slider retention. In addition, some
means of shear pin integrity verification
will be incorporated.

5. Weight Reduction - The design shall in-
corporate all features to minimize
weight. Material selection will also

43,
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be reviewed with regard to weiynt reduction.

6. Test Fixture - The design and fabrication of
the test fixture will be carefully coordinated
with NASA to ensure cimulation of the actual
vehicle loads. All effort will be made to
utilize existing fixtures or modifications
to existing fixtures.

Development testing would be conducted on three (3) units of
the final design. Additionally, ten (10) cartridges with the
final load would be tested in a closed bomb to establish
acceptance criteria for subsequent production lots. Margins
in environmental exposure and cartridge loads would be

verified., Figure VII-1 illustrates the development test plan.

The qualification would consist of twenty-four (24)
specimens. The gqualification and deliverable units would be
manufactured at the same time for cost savings. The qualifi-

cation test would simulate flight conditions and re-use of

the components. Figure VII-2 illustrates the tests and sequence

of the qualification.

At the conclusion of the qualification, the deliverable

units would be released for flight installation. The schedule

44.
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Note:s
1. All assemblies with
10 3 centering mechanism.
cartridges Assemblies 2. Eight actuations to
establish 5 re-uses.
Closed Bomb
for P/T
1 unit 2 units
| . |
1 Vibration
Assembly ‘—20% Off Limit
Function [ )|
Single 75% 1 unit 1 unit
Ambient ]
Function (2) Function (2)
Hot Cold .
Repeated
Assembly
10 Times Function (2) Function (2)
l Cold Hot
[ —J
Function ‘ l .
Dual 125% ' Vibration
No Loads | 20% Off Limit:
Ambient L T ‘
| - r :
- i Function (2) ! Function (2)
Ultimate Hot Cold ;
load Test Y : I '
Function (2) Function (2),
Cold Hot '
Development Test Plan
Figure VII-l
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& Inspection

& Inspection

24
Assemblies
P o
4 units 20 units
|
Margin vibration
Demonstration T
1 . ' -
2 units 2 units Function
1 | Ambient
Function Function Reggat 3
Single 80% Dual 120% imes
Max, lLoads No Loais Disassembly | l
Ambient Ambient & Inspection
|
Vibration
||
I T \
5 units 10 units 5 units
| | 1
Function Function Function
Hot Ambient Cold
| 1 ]
Disassembly || Disassembly | Disassembly

& Inspection

1

{

Function

Cold

Function
Ambient

Function
Hot

Figure VII-Z

Qualification Test Program

46,
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to complete a fu

would be 12 - 14 months.

11 scale development and qualification program

47.
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VIII, COMCLUS IONS

This program has demonstrated a conceptional
release mechanism can be fabricated which will be interchangeable
with the existing Orbiter/External Tank Separation Bolt
which offers the following advantages,

o Reduced weight,

0 Reduced shock.

o Reuseable components.

o Reduced cost.

The prototype demonstration withstood multiple
actuations and load applications and remains in useable

condition for further demonstration.

The application of simulated loads is a critical
item as the variation in predicted loads by analysis is not

accurate.

A follow-on program has been identified which would
incorporate all design recommendations and verify flight

conditions in a qualification series. It is expected flight
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DS aa St al i

release mechanisms would be available 12 - 14 months after

go=ahead.
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NASA STATEMENT OF WORK
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STATEMENT OF 'CRK

Program entitled "Prototype Oemonstration of a Slicer Release Device for
Qcbiter/External Tank forward Attach"

Technical Requirements

The contractor shall accomplish the following tasks:

A. Develop a preliminary design of a low shock Orbiter/External Tank
separation device with centering provision and aperture closecut utiliziro
a keyed slider and bolt arrangement in accordance with the attached or
similar concept skatch. Interface locads and envelope are as specified
in Rackwell MC 325-0014.

8. Perform a stress analysis of tha preliminary design.

C. Prepare protoﬁype detail and assembly drawinge in preparation fur
manufacture.

0. Conduct a Preliminary Design Review with NASA prior to hardware
fabrication.

€. Fabricate prototype hardware with planned refurbistment of 10 times.
F. Conduct ten functional tests including:

1. Cartridge load sizing.

2. Margin tests.
3. Ultimate combired load tast.

REPORTING RECUIREMENTS

The contractsr shall grovide Srief and informal monthly -eports which ccntain
a description of ;rogress achieved curing the recorting ceriod, nreolems and
slanned corrective action, and plang for the next reporting sericd. Five
copies of the monthly report shall be provided o the NASA tschnicsl monitor.

The contractor shall prepare a contract firal recert shich shall Jdocument in
cetail all the vork performed 2uring the orogram, including 3Jata, snalyses,

and interpretations, as well as reccmmendaticrs and ccnclusions dased cn the
~agsults obta:red. The repor% shall incluce taples, Ziagrams, curves, rawings,
.n¢ shotas as recuired, in sufficient Jetail to zomorenersively 2xclain the
*esults cotained. Ten copies of the final report srall Je guomiztad I3 0

NASA fechnical monitor.
SCHEDULE REZUIREMENTS §

The tschnical requirements of this Statement of uorx srall ce comolete six
nonths af:ar contract initiation, The final report snall oce sucmitled seven
months arter contract initiation.
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APPENDIX B

NEW TECHNOLOGY DISCLOSURE




A DIVISION OF

g /elecely

In Reply Refer to
PMO 11457
26 January, 1981

NASA
Johnson Space Center
Houston, Texas 77058

Attention: Mr. John T. Wheeler, Technology
Utilization Officer

Subject: Contract NAS 9-16169

Reference: (A) SOS File 3F-1024-I0-10
(B) NASA Form 666A
(C) Slide Release Mechanism 116633-1

Gentlemen:

In accordance with the New Technology Reporting requirements
of the subject contract, enclosed is NASA DD Form 666A.

A complete technical disclosure will be available in April 1981.
Should you have any further questions do not hesitate to contact
the undersigned at A/C 805- 252-6220.

Very truly yours,
TRANSTECHNOLOGY CORPORATION

St BT

Robert S. Ritchie
Program Manager
Space Ordnance Systems

RSR/sc
ENCLOSURE

cc: Jim Bunker

PLACERITA » 25977 Sand Canyon Road * Canyon Country, Calif. 91351 « (805) 252-6220 TWX 910-336-1437




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION NT CONTROL NO. (Official use only)
NEY TECHNOLOGY REPORT

INSTRUCTIONS
This report form may be used when reporting inventions, dis- Section IV - The inclusion or listing of any pertinent ad-
coveries, improvements or innovations to NASA. Use of this ditional documentation or referencaes which aid in the under-
report form is optional; provided, however, that whatever re- standing of application of the new technology.

port format is used contain the essentic] information re-
quested herein.
In completing each section, use whatever detail deemed ap-
Please provide information requested in each section as propriate for 3 '‘full and complete disclosurs,'’ as required
follows: by the New Technology or Property Rights in Inventions
Clouse. For further quidance as to what constitutes o satis-

Section | - A description of the problem that motivated the factory report, please refer to NHB 2170.3, Documentation

technology development. Guidelines for New Technoloqy Reporting.
Section II - A technically complete and easily understand-
able description of the new technology that was developed to Available additional documentation which provides a full,
solve the problem or meet the objective. detailed desacription should be attached, as well as any ad-
Section 11l - The unique or novel features of the tech- ditional explanatory sheets where necessary.

nology and the results (or benefits) of its application.

1. TITLE

SLIDER RELEASE ASSEMBLY, JSOS e /6633~

o a

2. INNOVATOR (S) (Name an’ Social Securisy No.)

3. EMPLOYER (Organization and division) 4. ADDRESS (Place of performance)
TransTechnology Corp.
Space Ordnance Systems Div. 25977 Sand Canyon Rd.
Canyon Country, ¢Ca. 91351
5. NASA PRIME CONTRACT NO. 6. CONTRACTOR DISCLOSURE NO.
NAS 9-16169 NAS9-16169

SECTION | - DESCRIPTION OF THE PROBLEM THAT MOTIVATED THE TECHNOLOGY DEVELOPMENT (Enter A.-General»
Description of Problem Objective; B.-Key or Unique Problem Characteristics: C.-PastHistory/Prior Techniques; D.-Limitations of Prior TecAniques)

Invent/design a mechanism which would replace the shearbolt,
MC352-0012-0014 presently qualified for use

With the required objective of reducing the output shock caused
by actuation of the device and with the desired objectives of
1. Permitting mulitiple use of a single unit and

- 2. Reducing unit weight.

NASA FORM 666A APm e
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SECTION 1i - TECHNICALLY COn.. LETE AND EASILY UNDERSTANDABLE DESLAIPTION OF NEW TECHNOLOGY THAT -
WAS DEVELOPED TO SOLVE THE PROBLEM OR MEET THE OBJECTIVE (Enter as appropriate A.-Specific description of item;
B.-State of development; C.-Operation as a unis; D.-Fusictional operation; E.-Supportive theory; F.-Engineering specifications; G.-Peripharal
equipmens; H.-Drawings, graphs, esc.; |.-Parts or ingredients lisis; and J.-Maintenance, reliability, safety foctors)

A.I To significantly reduce the shock, the force required to
actuate the device must be reduced accordingly. This is
impossible as long as it is required to break a section that
is stronger than the load to be carried.

The mechanism, therefore must be "prebroken.®

With such a mechanism, actuation should be at approximately ‘
90° to the carried load. This will assure minimum actuation ;
force and maximum resistance to external forces such as shock,
vibration and thermal cycling.

II Numerous devices satisfying AI above are already in existance,
but, in general, they contain more moving parts than
separation bolts or shearbolts. They are less desirable in
certain types of reliability analysis.

The described device contains a minimum number of moving
parts; no more than the present Shearbolt. i

IIT With the lower actuation forces, *he weight can be substantially
reduced. 5

IV With the elimination of metal deformation during actuation, a
unit can‘certainly be ‘used sevéral times.




~

SECTION 1l (Con.)

SECTION !II - UNIQUE OR NOVEL FEATURES OF
CATION (Enter as appropriate A.-Novel or unique features

THE TECHNOLOGY AND THE RESULTS (OR BENEFITS) OF ITS APPLI-

s B.-Development or conceptual problems; C.-Operating characteristics, test data;

D.-Analysis of capabilities; E.-Source of error; and F.-Advﬂnta,c:/shortcoming:)

1)

2)

3)

Actuation, and consequently the bulk of the unit, is at

90° to the load axis. The writer knows of no other release
mechanism with this feature. ( A pin puller does not of itself
hold the parts together: it relies on assistance from the parts
themselves) - This -"sidewise" feature .could be of value in

small diameter missiles and other restricted spaces.

The device, with minor refurbishment, is re-usable.
As shown, it requires a push on the slider for actuation.
This could be reversed- in other words, requires a pull.
Pulling could prove to be the better method.

o



rs;crxon 111 (Con.)
—

B 2

SECTION iV - ADDITIONAL DOCUMENTATICN /Inciude or list below any:pertinent documentation which aids in :Ae underscanding or ap-
plication of the new technology. [F NOT TOO BULKY OR DIFFICULT TO REPRODUCE, INCLUDE COPIES ®ITH THIS REPCRT. For those
references or additional documaentation availalle but NOT included in tAis report (due to tAair being nonessential to a dasic understanding of the
new technology and which may be costly 1o reproduce or Aandle) complete itam A. below)

t. PAPERS, AATICLES X| ¢ assgmBLY/MFQ. ORAWINGS Xl>. resr oara
2 CONTRACTOR REPOATS x 3. PARYTS OR INGRED. LIST 8. ASSEMBLY /MFG. PROCED.
A. AVAILABLE DOCU- - i
MENTS(C’ICC* 3. ENGINKERING $SPECS. 8. OPERATING MANUALS 9. COMPUTER TAPKS/CAROS
and complete) 10. OTER (Specify) .

B. INDICATE THE DATES OR THE APPROXIMATE TIME PERIOO DURING WHICH THIS TECHNOLOGY WAS CEVELOPED(Le.,
ccnceived, constructed, tested, etc.) |

September 1979

(2]

. LIST THE FIRST PUBLICATION OR PUBLIC DISCLOSURE OF THE NEW TECHNOLOGY, AND DATES

Space Ordnance Systems Proposal 3F-PRO-00-1589-GO e s

t R N R S - . e e - -

D. LIST THE CATES AND ANY. PARTICULARLY PERTINENT PAGE NUMBERS OF OTHER PUBLICATIONS WHICH ARE AVAILABLE BUT
NOT ATTACKHEDO

€. DEGREE OF TECHNOLCGICAL SIGNIFICANCE [Check in your bdest judgment the statement which best expresses tha dagree of tecAnological
significance of tAis tecAnology)

D 1. SUBSTANTIAL ADVANCK

MODIFICATION | v
E] § [=]+] < ON TO EXISTING TECHNOLOG IN THE ARY

I 3. MAJOR BREAKTHROUGH

COMMENTS

: Complete disclosure available April 1981

SIGNATUREK OF INNOVATOR(YD) / oarg i

GPO s74-10t

o B I Sy T o S N YT IS 2 o -






