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ALS1T!A(;. The report discusses the firaign n4 evaluation
of the flexure-cell. i flangied column with strain Raftes etlached.
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FOREWORD

This report ulewcrilhes a radically flow approach to the design of a sIk.componest 0441ek-firimgt
test stant! for vsw Is hauardlous tests where the possibility of complete destruction of the staed Is
higth. A major objective of the clevolopm.At %as to provide on isnpenalie trst 1040an tohat ti,.
losm woulsII hot be great In case of a catastrophic malfunction.

The dignl anti faiication of the tost stand were carried otiS nta short time scale and no
optlivalon of component" woo possible. The general Approach proved to be successful, hourver.
*as the Information In this report should Ise useful to others eagaged In the leolgo of stands for
hilgh-havard tests.

Ile "ee descrileul was performed during the summer of 1960. and culminated In a fulliscitle
Volaris teat firingl In Seoptemloer MO6. Tho woet was supported by Itureaw of rnance Task Avv-
sigtomeont %1, 71401.

This report %as reviewed for technical accutacy by Voy %lc~ullough, Jr.

Rleased Ivy' Unfier Authority of

'lesut A Evaluation lDiv. P~ropulsion De'velopment Dept.

14t Stet mber 1Q0
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IMEV e.l"r 7.89Qdlfern n I);auten

nlI~gt..n............. ..... ................. ....... , 1r.I ln% o, ,,l~troit until%
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INTRODUCTION

UP. number of .'nrkei-mntar tests ilevinx poeosilo or etetiborutu caisatuphir loiloeis how i-0.
Ceaed. suech train may result in% the tatructiorn of the teat starnd mAed its flaturvee. w4hitli s1earf a
highly, unstemiroble ewpeotiurv of tiff *mAnd money.

11.' ritcwiq~n~tot stand Is linbebly 4e mool eupemaoo ea lmost 4 t i ee* lode.. % lwv
paort of its coat In In the flexure rivots erns toadt elils "hI provie. freedoam of maoeent far ibi trot
inland Ana menu the throst developeda by the motorw e ctvely. Commercial flexiurr pivolse, oA
toast cells have herviofar. born **parole units matd. aithagh accurulis. err etprnsive.

In milWWt', he~ 1. S. Naval Ordnance Teent siaties (N to" wee d eeto ar'ign Awl fsrir
A m.cuioetroet stanih for vwe In a lest that migut result Is an engine (&liur* of a vinlefta .1W
It %sts Ilremotl desirable to dtesign Anet manufacture a ais0ie1umii ficiv pivot-best! cell. 1110is ,t.'
herrafter called a flexurp-cell, consisted of a cylirndrical colonme future on which Asbalamred pal.-
te'n of sttin tagesas orn arrail. Ilse nanetw colun. Allowed rttlatively fwe ltat-mn,, smotioen. Aad

the xtrain Rgowe provided a meamo c' msauring tensile or couspresaive tamale (wee of Iwittnal rets.
llse rewaat wrealiy trosu at the numl-er of itemsi nreesary Wo a it-comnponent teat istat-Al amo Aell am
the ovef-all cast of the starnds. Figure I asows the location of the lla'urt-cels n thr sta'l;l'i. 2
illuseeratir the location of enommercIal Items %word eneto the arnte teat Island.

It Aahoutl lor notedl that A conventinnat italstwin4Limemilamiltion Coini. 50AMh1OPounel Inire'll
mlo cell was used~ tn meamegrs axial thrust rather than a flewre-cell. NOTS-1lit coluemn (Irtarefs
%re 11"V. In conjunctin with this one commnercial toast cell. howevev.

1*s1dst, I given a mnis aneck its of the Inost Inexpensive commnercial fiu'turr-Vud cell coembine.
tion cospsarrsl tn she fleiure.-cril Arangement Actually usest. Thr numfilti of cnnenrrial (rrurr
piiiosm coulsi tee' cut it' half by the use of universe! (let,.. instead ni of I"ode t r flnre,eu~ ein esV
610 lisigass. The.s Mae of universal fle'surea, hnwe've.r al Ratat iseases the nyc'all coat of tlbc test

1'Ill .KI 1. O'AT 0P (NMENC,:rtt F11ts'Itn0: PtIMM
011) Sl.00 C:ELLS. (,wwt' IIIn SIT"4 (nT MW

1t~iiii-Ctw~elIn o-4 P Stt4Owat'ee'in
'It %T S'T NI)

I ,INK).It. mweiuls fi Inir ,.ittt 1 ~ t

41 1,11 1,~ 1 1!1 71
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THE FLEXURE-CELL
It ws veesary to deuign and aufacture the flexurv-ceiI. ail to detinio lie effociivolso

us 6ath a flexure. pivot and a load Cell.

The tieaili of the fleuvr.-colI was based on the established column fofinula *ith the stisirory
choice of a 124sch lesot. aOf

when I' design loaed per flexure-Cell, In pounds
I. - effCtive length of column, taken an actual length of 12 inche* to provide **fety foictor
I (w/4)e, moment Of inertia of column

E 30 Y 106 psi. assuimed modules of elasticity of steel

Table 2 shows the results of the nsw of this equation.

TABfLE 2. %'AIAEs rmi Fuuar.-CcuiL Amn Ou.um~ Fi~ixtun.
CAtLcUATro FUitM BIASC DvEUcG lbt'AnnNw

CalIageJ1 Raio*' of %le"o's, of
rlles of colons larriI.

Item Colo l itens. is. ompf. In. In

Sluf. fleiorc-eell 10,000 0.28 0.30 0100616~

'udm1 column fluer. I W.000 1 0.42 1 074 0.0442

FABRICATION

Figures, 3 and 4 show the two types of flexure-cello fabricated ad tested, nd. thte aiiial
column flexurw' used to support the commercial load cell. Facli of theme item's was manufacturedI
from S.A.l' 4130 fouInch -diameter steel bar stork.

E~ach billet was ultrasonically inspected for flaws, then machinedl to ausrntinrn.l% 0.1 inch
oversize on all udimensions. Th.. roulgh-cut pieces were heat treated to I 1fl.OO-psi minimum yieldl
strength (Rnckwell Ciiardness of IR to 40). Fitch piece *ans ultromonically tesitd again for flaw's
liefore ti,. final machining and thilling.

11,, asi gages used on the fleiure-c-Ils1 were lltn~ll %letalfilm foil 'strloin gages. t~lle
(A-.121. Eight of thesm gage's were installed- in the center 'section of ench feure-cell iii eadh
,Iiameptniralls nopoeu pairt constitutingt one leg of the loridela circuit. a's 'hown in Hlit. 1. *lhi's (t"n.

tigu1ration ilminated~ heading effects tha t would Iuae totherwise affected ime# rreading's tiken frutot
file Igages. *ipe final flaor pattern allowedl otoh tensile or compre's'sivil lo-is to he ttwa.t'sre-1.

'Io poroiect the gage and their luau's from olijst. nms,t,,re. anol rVosigh itan-ellng. time gsae w"r

encleloed In it protective covering (1'77 it of Genersil I lecrii G). am lirone illiet "mwuentl Ii '-d)

.4n.l 2.M it of Genera! Electric Co. Therwtnlite 12). Viter aiipli ration, the rnlsrlike c"Aling %04%
e*isoosed is. infraredl lorini lamps. % i :h reulta s the iting tim~ el I or I lour's

1, leture-. pilot I and 3 hall Iseen o, .,lst.r.1e Iluf.)re the IVIA -60 011 A 'llmi. 011-1 t111M were re-
rAlibired wills no change in rharavrriatico. Ile'uure-u. 11's 2. 1. 1. Ndl 4". lso00"P s ol an

1, ite ,2 it &- .san te in tlis iier I irs tilt frwsvn 0.1 its 11.0', % ,sl. shic It rrenlrrrl themiusless

2



\ncacloosinem w~rP reached a n w *ha ue cavolod uimliu blac III the gopt cirvoll. (04
* imteory oatolaat thst tim. IITVl4 sod/or its cotalyst hami sonehow acteed all tige Xswa or Wirinag to

ate~ry their offecoimuteme.
The udamssxed fnurso-cIn were stripped4 of their pato mind new gap** .et, apli. iIkte

reapplicatin of role It woo nIecesary to note larger gogr, Toenal %letalfilm type C6.1411. *it I%*
oif the filemoar-colla weause of at ohnnalN. of the onsaiier type CNi.2i. Iu. of time tA.141 Poppu
reisulteil int 1no "41111r11n1 41*aslVsntaPa.

Pl'neviooall" provided the pages ad wirin by iel""Ing them In Is looo, cylinder of Cardi.
board bou"Nd with electrical tap.

IFFICTIVI14RU AS A FLEXIBLE MOUNT
lin order to be used an a fleiure, the nevrei-cell had to cantrilbuie is re'Iativet viummall remilmilgev

to teatstaaand moi.
Ily vse of riassical beam theory. equations were derived for the theoreutical reutramint to teat.-

standi motion contributed by Pach flhxurs-cull and by the axial column fnexuress (owe. Appelist A).
Tle thttoreti cal reatralnt In pound. per 0.01 Inch of tent-mutancl motion jerpcndlinalor in thme ntim

of each flexilre-cell or column flexur follow.:
Side flexure-cell.....................................17.
liottom flexure-cell .... ............................... 42
Assisl column fl~xure and load cell assembly .... 4.7

It omould be noted thatu the theort-lical tresult. shown above werr e Ianed on a isIan rillmn lenigth
and %ere not dleterminedl by a completely ri~nruist mathematical proosf.

It imm oeen that a sizaimle amount of restraint in rvied Imv theme flmxure-celloij Imrmwevr. thi%
I%. a repealable error. F'or the specific tent for which thrmw were dmigmueul, however, thesw inherent
inaccuracies In thrust measurement were tolerable (nee Appoieix It).

In aetioin io flestillility, It was 'duoo of primne importance that lte (letr-cellx lie. ImtIm Strongj
Mo1 asihle, elopeciall with offiset. offoset ie efinedltp the lolteral efelection of nie end of te
floosuro-cooll tor of the column flexure andi lossi cell moomemli, iwhm rempet to, time ojpmsiteo end.

Laboratory tstsil on the flmiee ll. showe them to Ise Psitreenrl s satron ismit %suiile ev-en N'
high value* oft offisist. Figure 6 shows tile toltitmte strenotth of a siods fleuire-rel i teosted in ton.;'reu.
ision weith O.0l-iach offsert.

lmire 7. shnws the Ito vertical depflection etioeen vis,nuinaa Nae% oft n stile. flesisire-ceIl
nm is ftiemln if compresimsive load, lime chnnge in 9slojoe of tile 1;mois. %k ani, %ie1 wtomt ofineg., Is
,fle to tile sapei ltet time pllect. mosmmnms voisn its entis tire mcffst. ljth no, eff'u.' lime comlmressj %e'
diefletion in lte fleitior-cell ist time s.me oe lite deflertion hmtwem sn it% flamnge faurem. lih off-
Net. hifilever. time totatl 'onitrosmivm. E ienution in time piece i-. not lte samei a% time %rtimal irnree
lion beweern (lunae fares, boertimmse oif ltim.'.uie of lte fle.vre-rl. Fintire 9 jlltistrite. tii fart.

I ikmarr " oitoiow s th f1 (etmre-veI 4il voslid jgl1m,11i.l Ie sir'l %Wi, I% 1111it-hm 41% 11.210minsui fu.

EPPECTIVENESS AS A LOAD-MEASURING DEVICE
intmmmm i-ia tile flesitirti.erl Institik privmd 1stoolne ivn 1. as re'tsahmosslet srimimI it oi'uglton an st-w'

r-ile tirivn% 4 moamarm mmg time ten si I or vjririmre s'.. Im i nip..s.ife1 6'.ie i mir* thme fislt lia rv
ooei~re'ment %e're oieome..i nersson ;

1 ime -lamid I umesol " er sis a Ira j n.ji nil Is 4101tEg,! IIu s ii: 1 om.,. 1.1 i'e I Inre, If-.m, n i I '1tu t.1 olesiiga Insil.
2. line amulseni tf f ish"oul niit af (f.mi's We 1

3
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1%. The0 ft.xur-e-sl should be seasilftio s Iferooal loading at all 15aj levels.
4. Th. data should reomus Moutal 01 ith peaed loading.
I'AbenteIV toots ooed that ohs Ilsooly of applied lead Vaues st,.Islldcuter readinjg Wai

very pueeJ (so. Fig. 9-20. It should be soted that the atia4.dleaiw readngs Ad not alve actual
dofloctios Is pill beoe of the method of10911801. Inwooed. the ",oedie are melely a stwula
indicator 111401 of load cooditieos,

Offset had little or an effect as the roodite Woa compared with redisits at so offseto (s0e
Table 3).

TAIII.i 3. (kwu'ARMONt CW 5?UTAIP1JNOICATOM
lI KADINGS AT No) nIP 2t, AXO AT

0.l4,4. OrPIET n)?4 Itoymw FizXunK-Cr.l

ComI..q tia, NP4adtm5 with 1110,4160 with
lb m effPI 0.1.-in. offept

0 4.645 4.645,
1,000 4.460 41433?
2.000 4,270 4.2160
.1,000 4.060 M00
4.000) I.RS 3.660
5,000 3,90 3.16s
ti,000 3.00 3.491
,000K i3.f 3.300
8.(000 3.11.) 3.11 !
9.0(N) 2.930 29 25

10.000 2. "14 0 .
12.000 2,3160 2.355
14.000 1.91, 1.971

Senwitivitvf trots on aide fleffure-cell 2 showed that oil all level.e of loatfing the w"411% 'incmre-

ment of loadl detcctlalle on a lialeiwin Strain lnuicator won 25 P"1111,ls.

lippealtillity tests on a aide flexiure-eellI .ho~ed no change in strain-inoIicistor re'aini eiring
iton loading cyt'cles (are. Tahle 4).

T A I .Y 4. S-1-1 ON4 NIATOH 11 I:AtINr.S UNDEn1 It Vra: 4TE
I .fAfl% (N lltrrrnt i.:IR-Ut

,;f %I~ninInl .1 .AIo -4In i

1. )6 171 n.? vi.4

)70'

IV .1 t.I tiff, Q. 14)

11100..' "I 14froit W it5 *few .h~ni.'I 1-oII fell .' I 1140 1 I t.
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USE OF THE FLEXURE-CELL TEST STAND

In September 1960. a test stand utilizing flexure-cells was used for a destruct test of a fill-
scale Allegany Ballistics Laboratory second-stage Polaris motor. This test required six-
component measurements, and the possibility of a catastrophic malfunction w~as high.

The general arrm re~rent offmotor and test miand is shiown 6n Fig. 2i. A view of the forward
end of the motor is shown in Fig. 22. Two of the flexure-cells can be seen below the horizontai
slab of armor plate to which the motor is attached. The toothed hoop around the center of the notor
is an ant.-flight device. The destruct device. a linear shaped charge, cannot be steen bj#. is located
beneath the motor skirt and against the forward bulkhead as a loop that includes the tw~o thrust-
reversal ports visible in the photograph. Figuire 23 is a view of the after end of the motor; three of
the lower flexure-cells can be seen. A fourth flexure-cell, for side-thrust measurement, can be seen
in the center of the photograph. The t'wo triangular side snppiorts serve to resist Va'A forces.

The only force that was not measured by means of a flexure-cell was axia thrust. A cirnven-
tional llaldwin strain-Rage load call was used for this measurement. The cell was wrapped in as-
bestos for protection and was supported by a rod flexure at each end.

The results of the detonatoan of the destruct device, follow~ed by the firing of the propellant.
can be seen in Fig. 24 and 25. All flexure-cellIs were undamaged. As can be seen in Fig. 24. the
rod flexure attached to the Bl~dwin cell was bent. This is believed to have been due to heat from
the large opening in the forward end of the motor.

Noa attempt is made here to give details of the destruct test. It -s desired onl% to showi that

the stand twas structurally sound following the test. with the exception 0! the one bent ")d flexure.

CONCLUSIONS AND RECOMMENDATiONS

Thc use of flexure-cells in rocket-motor testing seems to be promising. especially in tests re-
qu:iring thrust measurement of fairl% low~ accuracy and in which destruction of the teststdan
fixtures is prohable. These items Wie lower in cost than commercial flexure pi-vts and lad cells.

A more extensive test and evaluation program should be conducted on the flexure-cell. It rml

prove that: the first set of flexure-cells was oier'designcd. If such is the ""s, the ntiffness of the
flexure-cells can be reduced h% decreasing the diameiter of the Column.

It i-% also suggested that the surface of the flexure-cell be finished to a Imogliness of 60i jiti
or less. The first flexures manufactured did not have a- fine finish in the retion -.%here strain gares
1uere .,ppl:ed. An a res;ult of the ronch nurface. difficult-. w'as encountered in apphlling the L'Ares
aind an electrical imbalance %-as found in the rce circuit.

'more tuecise value of E. the modtulus of ela-:tic-:.. shntil-l be determnined for the bent.
trented 41310 steel.

Aith the firmt flexure-cellsI, a length of 12 indihes na...wmed and usedl. It wouild b~e of valu-
:J etermitie exactl% wih lengths are most n.itable for certain lod on~ijti.. It cut% prover tha.

a longer length than 12 inches is pos..il. T-his iould reduce the stiffnrs!. of the flexune-cell and
make it even more promisinc.

l'or future test, usina ti-e fiextre-cell. the. tes-t standl could be smplified i -rducric fro.m
four to three the numbher of flevure.-cells holiio the moont-Mg plate. wihthe foi~ouinc: advantages:,
thiere uotidh be.- 'sr es esrecl to fai.riiate. .ai I -unce three p Ainsdfine t plane. the Petup

of the !-t st*.and %ould, be 7implifie.l. r,,pecia'i% -in rase of irregularities in the maii. base plate.

lt~~~~e.. Inrcpse . ne-n o herer t!.reci-i tuo firxurre-c-H in ai plane tiirouch
Mr; -e-f 4craiuti 4. tevto.it rti:t .lncires tV .tor 1%11s. n n ieir- ..ll at otile
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Appendix A

THEORETICAL RESTRAINT TO TEST-STAND MOTION
CONTRIBUTED BY EACH FLEXURE-CELL

In deriving the equations for the theoretical restraint to test-stand motion provided by the in-
dividual flexure-cells and by the column flexure-load cell assembly, a completely rigorous mathe-
mati-ml derivation was not followed because of the complications that would have resulted. T1he
results should be reasonably accurate, none the less.

NOMENCLATURE

E = Modulus of elasticity of the flexu.e-cells and the column flexures. assumed to be

30.000,000 psi

I w Momen! of inert;a of flexure-cell and column flexure. assumed constant for th-
former

L - Lesgth of member

I14 - Bending moment at end A. 11,4 - PL - VR

1fR = leading moment at end II

V(x) h Beading moment at any distance x frorn end -

P- Force required for deflection 4f end 11

R t lall reaction (R - P)

Deflection perpendicular :o axis of piece: in final equations % is the deflect:o., or
off.et at end 11

BOTTOM AND SIDE FLEXURE-CELLS

In the bottom And side fl-xure-cells the end facres remain paralcw one ,aro.ther.

6
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V(l. RW - VA i P 1PL,, h

4-1- a (P. -,I,.. + )

.I/dr. I/KII(Pi2/2) - PI.rs + I 11

y- I/IKII(P*n36) - (P1,122) (U/, Wr1/2) + Ciso +•172I

For the, Imunflorf conlllin.s

,y/flI - 0, honwe Ci - 0
Y 0, hence C2 - 0

dy/dx . 0, hence lIt - N. /2
11,orernrs,

. 1/AI ((Pxs!6) - (PI/.x 2/4)1
At I.

y I /lI (-PIA/12) or P - 12 Ely/i,3

'*nte: In evaluating thin level of resltint per O.i-inch offset, a mean length of II inches *a
ue for I., keel on the assumption that the moment nf inertia. I, wn consant. The repulls of the
evaluauion of the equation are shown in the table oi, p. 1.

AXIAL COLUMN FLEXURE-LOAD CELL ASSlMSLY

~~LOAD CELL s

10 - 01 IN. -1 12 ! IN, - 11I IN.

REGU)N 0 < < 11 INCHES

lVt I1 )

,h ,h I I1-W2 2)- I (1

,I I l -

4%, 11 1111,1 ,21-Vil
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REGION -11 INCHES < x < 23 INCHES

tf(x) = 0

j 2V
-= -(0)JX2 vl

d. d- C3  (3)
C3X C4 (4)

"or the boundary conditions x = 1 inches, Eq. (1) Eq. (3). hence
,- (12P P2EI)- (11 lI.4/EI

Also, Eq. 2 = Eq. 4. hence

C4 = (121114 "2E1)- (1.331P 13E)
Equation (3) becomes

d, d A -v ( 2 I P " 2E I) - (1 ] I E) )
and Vq. 4 becomes

, = (121Px'2El) -Q(111 4x. El) - (1.331P '3f/ - (121. -El) (',

REGION 23 INCHES < x < 34 iVCHES

d (PX- 114 )d,9 El

•.I - 1 I i(P, , 2 - 14 2 CS ,

! I "E I[ 6)-z(1141 2). CS- C,

!-or the 6oundar nndtin it 23 inchs, ei. %S) - Eq. (C). hence

C! - 1214- 2J41'

Eq. - a.612P - 2(l h4

U or the 1-undlm c-aditi.n - 3.4 inches. lq. 17) f h %hicl

114 17 -

\i.-,.~~- ttip I--!)- z-i,

• ~ ar It.%nI in .S#P- p

- ia 1 ~ *. p 12 'Ii . ~ ;4) J eo
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Appeudi. 8
ESTIMATED STEADY.STATE ACCURACY OF THRUST

MEASUREMENT USING FLEXURE-CELLS ON
SIX-COMPONENT TEST STAND

In determining the a1ccuVOcy Of thrust measu11remlent4 thrust read ingm are assumed for the aide
flexure-cells, the bottom flexure-cello, and tihe axial load cell. For each of throe recorded loaso.
thc elastic deformation liromed on the paticular members Is computed using a length of 14 Inches
to give a maximum value of compiressive or tensle deformation. This deformation, tim.s causes an
offset of the same magnitude to exist In thme remaining flexure-cellm and/or thme column flemurr-
load cell assembly. The offset impiosed determines the untneasured restraint contributed bay theme
other members. from which the apprtuximate accuracy of the original thrust reading can be aletr-
mined.

NOMENCLATU RE
P - Thrust mehuuroment recorded

* I1. -Length of member undergoing deformation caused by the imposasil titruuet. taken no, 14 inchfeis.
I - Cross..wectinnal area of member
K- %lodmltos of elasticity of steel, taken as 30,(.0000 p~

P - litstic dernation caused byv imposed load

STEADY-STATE ACCURACY OF SIDE FLEXURE-CELL
THRUST READING

If the t~o aide flexure-cells each read 1.000 rounds of thrumth len
AN(qu0p) I'I./4K (1,ooo)o(n0. 282)(.30 w 10) - 16.55 X 10'4 in.

lida bonttom flertir-cells havring ian offse-t of 16.3~5 v 10'4 inch their total rrnlreainl is

(4)1.12)(0.00 1655) '0.01 - V. .Ili
Wilm it cvlunan flnr,'r and londl-cehl nsscmldl% having n offs't of 1 .65,V 10'. inch. the totl!

resiini its

(4.7)(.(X)1r5) '00 - R 11I
lriiuecu. inI~ rtrninina. unnmraxiured force in 29.6 pounsn ne! the liercentnmgr *mrnirac% of the

eiririnstl 2.(0iogmne dirum readiing i% 1.13 perce.nt on %id-thnimt rnniaurrientsi.

STEADY-STATE~ ACCURACY OF BOTTOM FLEXUJRE-CELL
THRUST READING

* ~If th fit !'t n fh.tu-cel I etig rim ta.! 1.0 *(W o j.tnol- of ihnimi11 thrn

A~(holngmn 111', ft (1 *o(W 1) . I 11(30o . loll) I.% . In" in.



With side flomuv-cells hbies eM off@ ofn .1.06 X 102 140b. tr soul resirslst Is
(2X(17.IN0.A00/0~i.01 a 3S65 IIb

With gali*$ Aexums Ow tead b.ll aamOby havIng cn bot of 1.0 X 1002 Isb, The tw
i'eatialat Is

(4.7X0.00l00)/0.01 - 0.5 lb
Haen. total restraining. mnmeasured force Is 4.15 pomade, and the peroorm easasey .1 tb

original 4.000.posad threat resag Is 0.105 Patcent as VMIIISIdhrUI wemesta

STEAOY4ATE ACCURACY OF AXIAL LOADCULL
THRUST READIN

If the axial lead Cell read* 50,000 paoa .f thems, then
a(load Coll) 0 0.01 In.

B (cohm. Route) w (250.000XIVA/(.78X30 x~ 10") a 0.06 In.

a(ssesl 0 0.07 in.
With bottom flexre-colls having em offset of10.07 Inch, ohe total restraint Is

(4X42)(0.0"W/00 w 1.175 lb
With side flexuro-colls having an offset of 0.07 inch. the total restraint is

2X 17.2)(0.07)/0.01 . 240 l b
Hence, the total restraing, unmeasured force Is 1.415 pounds, and the percentage saracy

of the original S0.000.rovad thrust reading Is 2.83 percent on axial thrust measuremeuts.
It should be noted that these restraints are highly repeatable and could easily be accounted

far with in-place callbralion of the mast stand.
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ROCKET MOTOR

MERCIAL LOAD CELL

COLUMN FLE'XURE
(TYPICAL)

FLEXURE-CELL

FIG. 1. Six-Component Test Stand Using Six Flcxure-Cells, Two Column Flexures,
and One 50, 000-Pound Universal Load Cell.

,OCKET MOTOR
FOUR MODULAR FLEXURE
PIVOTS PER LEG (TYPICAL)

OMMERCIAL LOAD CELL
(TYPICAL)

LOAD CELLS

MODULAR FLEXURE
PIVOTS

1 I6.. iv -Cil' nc-t Tc't ' tand U~iz 1xuen-1I1 tconiwca H 'emir, Pivots,
u-. %cc . I k Cell'.

iiV
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(TYPICAL)
SIDE VIEW

17/32 DRILL

* SPOT-FkCE
5.1/ VRDUS

END VIEW

DMENSION A

SIDE FLEXURE-CCLL 06OO *: gS (FLEXURE-CELLS I AND 2)

307TOM FLEXJRE-CELL 0.75 .660 (FLEXURE-CELLS 3 THROUGH 6)

FIG. 3. Typical Flexure-Cell.

-br - s 3MTL005 4 MIS7L )0 005 13vis
T

1110 MMJ I LIVRADom

R1/16 oft.

SPQTWE
3 VS OlAETER ME ftAOS
sksic CEtEms

FIG,. 4. Axial Colummr. Icxure.
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APPLY VOLTAGE ACROSS SI G, SLACK TgRUIUALS
*READ VOLTA ACROSS9 GD SY9 79RMINLS

41

r. .%an-Cqtv IAvtion anti Wirinst Layout for Ilexure-Cell.
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4o ,4350

46 - "

b "e
30 - 6-

10 2
[5

0 10 20 30 40 50 60 70 0 5 1 5 2
O FLECTHO MILS DEFLECTION, MILS

FIG. 6. At4,lied Load Veriw Vertical FIG. 7. Applied oad Venw

Deflectloi Between Flange Faces of Vertical Deflection Between

0. OU-Inch-Diameter Flexure-Cell Ilange Faces of 0. 60-Inch-

With 0. 10-Inch Offset. Diameter Flexure-Cell.
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&5, r O N O O N 56"0 Uh O w , 0 "0 6O ,00 7000

MAMW-ffiCATOR R(A&M4

CIC,. -,ad Vervw Strain-Indicator Reading for Side Flexurs 1. No offutt.

OLOPt S S54 LSOiIW

1.000 Am50 Wo0 ow3 4.00 ,)000 00 ",0

11IAIN-100MCATOR R(ADING

I'. I I sod Varmi Stan .1Indicatot Posding for MIde flexure U, lnde Tention.
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FE.. 22. rorvariI End of Motor.
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FIG. 24. Post-Firing View of Motor Test-Stard Assembly.
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