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NATIONAL ADVISORY COMIITTEE FOR AZRONAUTICS
TECHNICAL IELORANDUH NO. 610

OPTICO-PHOTOGRAPEIC 1EEASURENMENTS
-~ OF AIRPLANE DEFORMATIONS™. . . .

By Hans Georg Kussner: .-
' ’Summarﬁ

. The deformation of aircraft wings.is measured by.photo— -
-graphically recording a .series. of bright shots on.a-moving . -
paper band: sensitive to light: . Alternating deformations,
especially vibrations, can be thus measuréd in, operation,
unaffected by.inertia: A handy recording camera, the opto-
.~graph, was developed:by.the static division of the D.V.L.
(German Experimentgl;lnsﬁitute,for‘Aerbnautics) for the
employment of this method of measurcment on,airplanes in
flight. The: optograph has several long-distance ‘lenses
simultaneously adjustable<in;any'desired position.. The
- paper band runs oh interchangeable reels with constant,
adjustable speed. The points of measurement are marked by - -
glowlamps or triple mirrors. The method is illustrated by

examples,
I. Objecﬁ of Tests in Operation dnd Critical Survey”bf Methods

'Thé dimensioning of airplane wings has hitherto been ...

*¥Uoptisch--photographische Fbrm&nderungsmessungoh an Luftiahr-
zeugen," From Zeitschrift fur Flugtechnik und !Motorluftschif-
fahrt, Sept. 15, 1930, pp. 433-440.
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based on the calculation of the stresses and deformations
under static loads. Dynamic stresses due to inertia or other
variable forces Were'assuméd, when they could be calculated,
to have a constant action on the wing structure. When, how-
ever, their mognitude was indeterminate, they were covered by
an enmpirical safety increment to ' the static load.

The desire to reduce the weight and cost of static con-
structlon oy a oetter utlllzatlon of materials (& problem of
v1ta1 1nportance to aircraft) led to the idea of meaSuring the
stresses actually produced in operaulon.. Such neasurenents
had alroady been made at an earlier date on rallvav brldges
and a ulrplanes. It was proposed thus to check the validity of
the assumptions made for static.calculations and to investigate
the s%iesses rroduced Ey vibrations and impacf forces nore
thoroughly than had been done before. |

The only riethod of investig ratlon used in operation was
the reasurenient of the elongat;on_of o snoll experimental_
length_maiked on the invéstigated nember. The following methods
rnust be distinguished &cboiding to thg kind of elongation |
measﬁrement. | | | |

1) Hecnanlcal direct-reading elongatlon—meﬂsurlng dev1oe
with lever tranom1381on, of Huggenberger, _arteqs~Kennedy, etc.**

This method can be used only when the rnoints of measurerent are

*W. Hoff, "Die Festigleit deutscher Fi lugzeuge," Berichte und
Abhandlungen der WGL, No. 8, 19223. :

**Steuding, “cssung mechanlscaer Schn1n ungen p; 290.
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readlly ﬁccesolble and elon*atlon occurs slowly

2) Mecha nlcﬂl soratcnnreoordlnﬁ elo a 1on—neasur1ng
dev1cc of the D V L. type. It has a greauer len th of
ﬂCuSUIOJent but no lever tran811881on.:tThe elongaﬁion-is
scratched with a dl,nond on a glass or steel plate and

neasured 1ator Wlth‘a speclml nlcroscope.'” a B

déufih dev1ce of

3) Tho aooustlc distance elongatlon 3
Schifer is used .wLen tne 901nts of ne@surenent are not readlly
acéeséfbie.**; Thls netnod is based on tne fact that the pltoh
of a wife stretched mloﬁg tne tes» dlstu"ce varies Wlt the
ﬁehéiGn."Tie Wlfé ig set in vibra tlon bmﬁun electromagnet,

The piféh is heard by televhone and cow red Wlth an adJust oié
referehée 1tcL.T The 01th of several polats of neasurenent
oan 6100 be rocorded s*lultaneously oy a nultlloop 08011100raph.
Tnls nethod is used fo the moasurenenu of varlﬂole pnenomena,
When ho n tural v1brntlop of tqe w1re is not alsturbed by
excessive v1oratlon of the 1ﬁvest1guted vedber.

“ - 4) Tno auroly eleotrlo 1—re81stanco ﬁnd elnctrlca1~
capacity methods, for the neasurenent of high-frequency elon-—

gation, varlatlons, aTC, based -on.the:change. in .the resistance

of a carboq element*** 1nserted in tne neasured 1ength or on

“ A . ..

che varlatlon 1n the oapgcluy of 1f ofniurﬁllel pl ates.

The varluulons in scverhl u01nts of neasu;-;ent are a*aln

'*Zeltschrllt des V. D I 1989 p. 1629
* Ze1tschr1;t des V.D.I. 1928, p. 1810.

**¥Steuding, "ilessung mechanischer Schwingungen," p. 301.

\
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sirmultaneously recorded by a multiloop oscillograph. TheA.
determination of the points of me@eurement,vthe calibration
of the tested nembers and the nalntenanoe of the aApllfylng .
units required by this method consume ruch time and need to
be improved. |

Only purely mechan;egL;meﬁyedskpeve been.hithe:to?sqee. )
cesstully used for elongetion neasurements on starting and
fiying sirplanes. In nany cases, however, it is mot neoos-
sary to inveetigaﬁeﬁtheﬁdetailg_Qf,theelgcal,spresejg?stribu-
tion, seoondary stresées, etc.»1n operatlon, since better
results can be obtalned bv statlc 1oad tesbs or. by model tests;
Tests_;n ope;atlon:arevreyher geslpeq pe:affgrg ;nlormaulon on
the magnitude_of,the e;ﬁepngl forces end on the total deforma—
tion of the statlc structure._ So 1onv as the frequency of the
external foroes 11es far eﬁoufh beloW the natural ;requency of
the struqﬁural quppnents (Whlcg_1s»psuallyﬁtnezeaee) the total
deformetign of tpert;ucﬁure‘giveg_g_beﬁter idea Qf the ragni-
"tude of ﬁhewstxesees,thahﬁaesﬁal}.pumbe;“qﬁ.elgngation ﬁeasﬁre—

nents.
II. Optico-Photographic Method of Deformation ileasurement

Static structures, such as bridges, boats, airplanes, which
require testing in operation, are usually built in such a man-
that it is possible-to sight-along-their-trusses in the direc—

tion of the main axes. Owing to perspective shortening, the
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deflection of the loaded bean is often.visible by sighting
proninent points with the naked eve. The optioo—plotographlc
method is therefore well suited for measuring the total defor-
nation in operation. _It‘is unaffected by inertia and independ-
ent ef fixed reference systens. . In view of ?heseladvantages,
it should not be diffieult to ovefcome the often prevalent but
no longer justifiable pregudlce against the use of photographlc.
nethods.* ' The motion of the points of negsurement should be
continuously recorded durln@ 1nvest1getlons in operatlon. .
Clear photop rints of these p01nts on the sens1t1ve recordlng
band can thus be obtﬁlned only When they are ﬁuch brlghter than
thelr-surrqundlngs. The method of narklné the p01nts by glow—
lanmps was therefore ﬁdonted. Flgure 1 shows the lamns Whlcn
were. fastened for this purpose to the wing spar of a large alr—
plane. They were arranged in steps, so_as to avoid 1nter1er—
ence between the points of measurement oﬁ the recording band.
Figure 3 shows'the arrangement of the glowlamps on the wing of
a Junkers G'24 corriercial airplane. . |

The simultaneously.sharp photographic reproducfion of
several widely separated points of measurement is only possible
‘when the focal length is veryvsﬁellein comparison with the dis-
tance of theee,poiﬁts. However, the displecemente of these
points on the recording band will then be so small, that they

can-not be easily measured.. Therefore, the focal length of

- *This method was first applied to vibration neasurements by

' J. Essers-Kober in the Aerodynamic Division of the D.V.L. (See
Luftfahrtforschung, Vol. 4 (1929), p. 107, and 1928 Yearbook of
the D.V.L. p. 345).
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the lens must not Be too small.’ It &hould be Trom 23 toid%h of
the nean diéﬁande*tb'the*ﬁbimtSfbf*meaSurémeﬁftlaInﬁthis case,
when the.camera‘is exaé%ly?beUSEdhfdf?afméan distance s, the
points located within ‘the range dfﬁo;Eftdll.S' s will also,bej
reproduced*Wiﬁh7§uffiéient‘éhafpneSS‘on%the“recordingubaﬁd;fAf'
provided*fdﬁiﬁdltage”lamﬁs with- very+ short filaments .are used
and the apérture of the lens 'is reéducéds:  The neximum dépth is:
reached With ‘an apéifﬁféibf*aboﬁ%¢1/7oﬁof~thé4f0balfieng%h}*wT”h
Daylighv‘wafkffhéréforé"féquifés*é*smallfapéfﬁurég?bééause;55<~~
otherﬁiééﬂﬁhé‘iiéhﬁéd~baéﬁérddn&*féfreéts-Eoc*mdcﬁfdiffuseafefi*
light iﬁfbiﬁhevddmérd*éhd*&drkéﬂé‘thé”récdfdfng'band:”flnﬁbutxéz
door ﬁorﬁj réddoﬁidntof*fﬁéﬁépéftﬁfé*ddesfﬁot'ﬁlﬁéYSiédfficiéﬁﬁly
proteét $hé rééof&ingzﬁdﬁd;agéiﬁé% dafkéﬁiﬁg)**Iﬁ:éueﬁ cases
yellow ‘glass plates are plased in thé.ﬁaﬁhﬁdfftﬁéfréYSa“=They
abssTb the blue light from théisky fore’ than the'light.from.the
glowlamp. " ' |

©U K8 already meantionéd, the soliution of flie-probled depends -
chiefly on the difference between thé orightness ofithe lamps’
and of?thé?baCkground.75itgis?thérefdfé“advisable~to use glow-—
laﬁpé*With“very-Shéftﬁfilamenté?and’to,supplyvthem*WithAa’~*
sfféﬁgér'current~duﬁiﬁgffheftéét;feVéh-atlthéfriékfof.burning
them out more quickly.' [The white lightiiof.the incandescent
filaments is particularly efficient in photographic work. The'

method préved to be practical for various measurements: described

*H. Harting;f"Dié;bhoﬁﬁg%éﬁﬁiéqﬁé d§%ik;ﬁ“?ﬁé:ééiﬁioh, p. 83.
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below. The weak pbint‘bf the method is its limited depth of
focus, which, hpweVer, can be increased by a sirmultaneous use’
of several lenses .focused for different distances. A greater
handicap is the fire hazard due to the electric wiring when the
points. of meas@rement‘are on.theAinside of an airplane or air-
'ship."Danger.Of,expldsion may. arise in such cases, due to the
accunulation of fuel'vapors.or.gas,’fheréfore‘calliﬁg for
particularly careful and tedious installéation of thelelectrig‘
wiring. “These disadvantages can:be overcomc by thé use of
"triple frirrors" for marking the points of measurement. A
triple mirror consists of three mirror surfaces vertical to

one another.” It is & corner'portion of an accurately ground- .
glasgs cube: characterized by parallel reflection of all. incident
1ight rays.. For this reason triple nmirrors are also used for
sign&liﬁg. - _ '

A light ray thrown.ﬁy fhéuphoﬁbgfdﬁﬁic lens P (Figs. 3
and 4),%hrough'the'deflecting‘mirror U ‘on the triple nmirror
T, is reflected in the opposite.direction,. passes by the de--
flecting mirror ‘U‘:(orfthrough‘itﬂwhen:sémitransparent silver -
plating is used) and producés an image of the lamp L on. the -
recording band ~“R. 'If the triple faiirror is moved, the image.-
travels a éorréspondingtdistanoe!on.the recording band, but -
(unlike:ordinary mirrors) independently of any incidental

rotations of the mirror axis.
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;? severa}“poiptg areﬂatiygzious distances from the, camera,
they qgghallﬁbg.shqrply focugéd;on:the.recording band, when the
respective t:@p}e,mirrors.a:e'provgded giﬁﬁ:suitgblo_focusing
lenses V. When the camera lens, is .exactly focused on an
infinitelyiygmote_objecﬁ,:thc fogcal lengths of.the focusing
lenses must equal twiqe,thewgistange of the triple mirrors from-
the source éf light, The 1light iays fron the trivle mirror are
then paralle}..iSinQe,thé lens is{a;so_adjugpcd,mo5pa:allelg
light rays,'it produges,sharp images of the. points of measure-
nent or rathgr_of_ﬁhefsgurqe,of }ightj1 When the points of -
measurement'gre‘nqt ve;y regptea'thc sharpness of .the images. .
dapends chiefly onﬂwhgtherAt@eisqurpe.of light is as small as.
possible.- Hence_thetfocal‘lamp,should also héve .a very . short

filament.-_A‘dismantled“fpoal lamp is shown in..Figure 4,
III. The Optogrepn

A special hapdy camera, theAthqgrqph_(Eigsf16,&;7);-was
developed for the application of this nethod %o neasurements on
aircraft in flightf _?heAfront of;ahlightfmetal,o@sing ,O-;is
covered with a revolving head 1, . having 7_ngningslwith;ba11~
race sockets 3, ainfwhich thezleng rounts are rotatable in.all

directions and can be secured in.any position. For recording.

relatively small displacenents, .lenses of_up,to,z;mA(6.5;ftp)ﬁ
focal length are used, the photographic field being.corre-

spondingly small. Several lenses must sometines be used simul-
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taneously and secured in different positiéns for the purpose
of rgpording severél unequally remote points of measuremenf.
The only way to fulflll this requ1r01ent Wltlout u31n~ +t00
rnuch material, is to use lonm~dlstﬁnce lenses of O 4 to 2 n
focal length. | lee the Galllecq telescope, the long~dlstcnce
lens con31sts of a converglng and a dlvermlﬁw systen of lenses
with focal lenvths fx- und f respectlvely (Flg 5) 'The
dlStnnCG between the two Locuses is the opulcal 1nterva1 A |
The focal lenﬁth of uhe system“;s then |

. A2 _ X
R (X + £,),

Hh

where ‘K is the constructive important distance between” the
diverging lens and thé’focal«plane.A At the position of the
diverging lens the rays are strongly converged. When the di-
verging lens is lécated near the point of insertion-of’the lens
rmount, the diameter of the ballnrace<SO§kets 3. can be reduced
80 far, without diminishing the width of the photographic field,
that several lenses covering jointly a ficld of 30°..can be
nounted side by‘siae. Bven then the distortion of the image by
the oblique rays -is less than 37. In addition to-this:advantage,'
long—-distance lenéés enable a considerable reduction in the
length of the optical system. ‘For ordinary lenses " L = F, while,
for long-distance lenseés, -

L=fl+i—;~*f—2~0.4to 0.6 F.
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The use of 101g—distsﬁce 1enses redvces the dimensions of the
camera, which is particulﬂrly de31r8b1e for airplane work. 4

Increased_reep;dins errors.are a disadvantage of long— j
distﬁnce lenses. The €TTOorsS renain Within adm1ss1b1e 11m1ts,l‘
only. When certﬂin nininum requirements regordlng the foce1~
length Tetio and the ph0uogranhic angle are net. Tbe rela— ‘
tively small soertuie of long—distance lenses, of only O 1 to-w
0.08 of tnenioeniAiengtn does not unfavorably affeet the '
, photoaraphina of the bright snots, 51nce their 1um1nous 1nten——;
sity depends only on the dimnetcr of the entrance anerture. h
A greater luminous 1ntens1ty is often detriﬂental and must be
reduced by reducing the qperture An entronce diameter of 40
mm (1}57'in;):Was:fdund“sdffieienf'fbf5é7speed7bf'fhe'paﬁ%r’“”
band of 2 to 100 ma/sec’ (0,08 3.94 in./gec. J:i

The exactffoddsingzefftneﬁiﬁaée'With”ldnngistance lenses
is‘greeﬁly facilitated Sy fhe“factnthat”thédecsl’Iength F is™
adjustable within wide  1imits by slight ‘displaceénsnts of the
converging'SYSfen'df;ienses;fi{e.’by a variation of ‘the optical
interval A, In 0Tder 16 Obviote the necessity 6f determining,
each time, the scale of roproductison of the léns, certain points
‘of measurement shouldfbe}brd%idedfwith"dbubie“marks1of known
interval, from which the scale directly followss: '

" The Phetééréphicv1enses”reeerd”ﬁhe*1UMineﬁszarks as dots. -
on a band of sensitized paper which runs*in*the¥n01der ‘5, - The

latter is 1nteronangecb1e ﬁnd is held tir%tly ﬁgainst the
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housing -.0. by the clamping plate 6. A ground-glass focusing'
scregn:;s.usedifgr-the adjustuent of the lenses.

The paper-band runs fron a supply reel 7 (Figr,7) over
a gulde reel. 10 . to a receiving reel 8, 1reels 8 and 10 being
driven by an électric rnoter 14 over the spur wheel 12 and
thquiictiopwwhgel,_ls‘ in such a .manner that.the speed of the
paper-band ;s,qqpsjant“ﬁuring_ﬁhe;tesf, Ian passing over reels
8. . and 10 the paper band is.kept teut by the brake 11, .on.
the one‘hand, and by the slide :.clutch. 9 A{two slotted tubes . -
engaged by friction), on the other hand (Fig. 8). After the
test, the holder is closed by slide. 16, - It can now.be lifted
out, after releasing the claap plate 6. In the dark room the
exposed paper band is reﬁéﬁéd fgr:&éQéiééﬁénﬁq%rom the receiving
.reel.qs,r;after renoving the lid -15, -.and.a new poper band is
placed 'in the honlder. - The 1engthuofyuﬂeqused;band:pemaining'at
any. nement in the holder is shown by:the counter .17, which
records the revolutions of the guide»reel”(lo_revolufiong,equal
1 m), thus indicoting the length .of band already-cxposed. The
speed of the bend is.recorded by a-time mark. By the flashing -
of a small glowlamp in the lanp housing 18, . .a dot of light is
projected.on the paper bvand through;a,tqtalfreflgction prism.
‘Theuglowlamp circq;t,is broken by.a small spring contact lever .
connected with the armatureAban contact clock and, naking con- .
tact at intervals of 0.6 cccond. Details of the. test are‘di—

rectly recorded on the paper band by a second glowlamp-mounted
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in the lamp housiny 18 and supplied with current through a
Morse key. The speed of the paper bands of several optogr%phs
can be synchronized by a‘esntact on the friction wheel 13
which flashes o cont rol 1anp in the sn1tch box a :every revo-
lution. | | ]

When several optowraphs'are eberated'simultaneously, they
should be conneoted ifd par 2llel Wlth'aicommon central sWifch.-
A switch bf)x for two f)ptO"'rc,phs is showm in Figure 11, It ‘con-
tains the contact clock for uhe tlme marks,'tﬁe'fheostats for
the electric motor,’ the control lamps, an aﬁméfer;ea llorse key,

and tne deces erv STltCJGS and fuses.
IV. Installing the Optograph

For taﬁing pictures on the ground, the optograph camera
is best rmounted on a motion—picture=camera trinod with rota-
table head (Figs. 6a and Bb). On an airplane in flight, how-
ever, the optograph’ﬁust have an elastic support to protect it
from the‘highéfreQuency'vibratidns due tn the inertia forces of
the engine, sinee no clear di&gr&ms‘can’othefwise‘be obtained;'
The natural vibrations of the optogreph on:itsﬁelasticVSuppdrt
snould be correctly demped, in order that vibrations due %o
starting and landing shocks may‘vaﬁish'quickly} On the other:-
‘hand, the demping should not oe too strong, 80 as to avoid in—-
creasing the ﬁerceptible“resenaﬁee‘raﬁge'of'the support up to

the high-ffeduency ﬁibrétions of the fuselage.
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Any rotation of the ontical axis undeér the action of the'
natural vibrations of the optograph should be prevented by a
suitable fdrm of s plo t, since errors of neasurenent propor-
tlonal to tne aim . 1tude of the rotation are otherwise made.
Acoordlng to tne exaﬂvle in Flﬂure 9, the greatest relative

error at small anplitudes of rotatinn x, is:.

X' - x l(a, = a,) ~h, nh
At = 5 e hl) ot a -
. X B 82— Dy 8 2, 8y 0

Parallel displacenents of the ontical axis do not;‘hOW;
ever, affect the deforimation line corresponding to a position
nf rest. Tennis balls and sheets nf sponge rubber have hither-
tp.que the best sghock absnrbers for the installation of optn-

graphs on .airplanes (Figs. 10 and 11).
7. Examplés

1., Deflectinn menrsurenents nn the winsg of the flying boat

"Do X 1,"- The elastic lines of the wing of the Do X 1 were
neasured..in flight in order to obtain informatinn regarding the
stresses in large airplenes. The test installation is showm in
Figures 10 and 1l. The deflections.of the front and central
spars at rest were measured under the weight of the wing alone.
Portions of the recording bands are showm in Figures 12 to 15.
Several elastic lines »f the wing, as derived from these records
by means of the Zeiss measuring nicroscope,:are shovn in Figure

16. The accuracy of neasurcnent varies between 0.02 and 0.1 nmn,
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acodrdiﬁc'fs the‘?rain of the ﬂhotograpnic paner and'the shérp—
ness'of ne 11nes. The érrbr of mé#surement for thé déflection
of the Wlno trp accordingly approxinates 0.4 to 2%. Errors due
to shrihking 0T - tne naper, 1nuquurate drnwln“ of thu lenses and
rotation‘of‘fhé ontlcal ax1s seldom ex ceod 8% and can be ﬁc—_
curately deterﬁined or aVoided. Defleotions measured in squalis
and in levellnv—off na neuvers vere oombared w1tn those in steady,
stralphtawby Illant. | |

‘2. Def]ecflon neasurewents on the wing bf a, "G 84" oon—

A

merclal 'Jrnlwne.— The nuusurencnus vere nade in broad dayllrht

as the laAps nad ro be fltuod on the out81de 01 the'W1ng (Flg.
2); nence tne alrect dJlSSlOn of llcht 1°‘rr\1 tne sPy had to bo
very carefully avoided by stopgl ng dovm t e 1618, 1nsert1n y914
low filters and placing vigﬁettes,before the recording bvand. AIAs
shown in Flﬂures 17 - 1O cuite satisfactnry racords can oe ob-
ta 1ned under these’ condltloﬁs even with a clear sxy THe elas—
tic 11nes derlvod fr)m tnuse records are shown in T4"1r'ure '20.

The maxiifud dofloctlon in levellng ofr frnd a dlve w1th a to ’1
Welvnt of '7 netrlc tqns is 1.41 times tqnt ueasured in steadyy

stralghtavay fll”bt but only 1 58 tlﬂes tuét 1easurcd in squalls.

”3. IﬁVGStl“&thH of thé hOIlZOﬂtL] tnll surfaops of the

Dg X 10 ﬂt Test. - Iﬁ order to deternine uhe oest tyne of bra01ng
for the norlzonual tail sarf%cps, forced VlOI&ulOPS Were im-
parted to then bv a rotathr unbalanced ;nss.' be set-un of the

optograph is shown in Figure 1. Thore are three lenses for
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simultaneously recording thé three widely separated points of
measurenent. A section of thé recording band is shown in Figure

23 and the corresponding resonance curve in Figure 23.

4. Vibration tests.— Iq order to detcrnlne the dan01n°
charactéristibs of dertain materlals used in aircraft construc-
tinn, vibration tééts ﬁere madé with test bqrs at diffpreﬁt fre-
. quencies. Tiae nictures were taken with a lens of lO cil (about
4 in.) focal 1eﬁ~th in such nanner that the nhtlon of the end of
the bar was amplified on - the recording band. Figure 34 shows
'the test mrrhnrenant Iinte the axial loading of the test ba
which was increased nearly to the ultlﬂnte buckllnv 1oad in
drdef to reduce the sonod of v1brﬁt¢on aﬁd the frlctlon of the
air. Pbrtions of the recordlnﬁ oand w1tn vanishing oséillations

are shown in Figures 20 and 26.

5. Faticue tests.-— A welded steel alrolﬂne snar wa.s tested

for durability by H. Hertel in the laboratory of the Statlc Dl—
visioﬁ of‘the‘D.V.L. Tbe spar was set in vibration by aQ rota—
ting unoalunced na68 Wlth the 81mu1t \e0us upﬁlication of a stat-
ic loa d. The test arro p“e,ent is shovﬁ in Figure 37. The points
of measuremnient were narked by s1all 1ow1ajns. Tne static load
was suspended by rubber cords to avoid disturbing the vibrations.
Figure 28 shnws the portion of the reoording band iﬁ which the
fatizue rupture of the spar occurred. Hote the decrease in the

amnplitude »f the vibrations shortly before the rupture.
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6. Drop-harmmer test of a shock-absorbing landing-gear strut,-

Drop-hammer tests of the elastic and damping properties of an
61eopneumaticflanding—gear strut were conducted by F. liichael

in the Static Division. - The notions of the cylinder and -piston
were recorded by means of triple:mifrors.» Figure 89 shows the
test installation and Figure 30 the sharp curves obtained-for.af

free fall of 35 cm (about 10 in.). The damping action was such
that the strut rebounded from the ground after the first impact.
VI. Gonclusions’

The many possibilities of using optographs for deformation
measurenents are indicated by -the examples given. AThe_light‘ray
as a recording factor, unaffected by inertia and friction, can
not be replaced by mechanical recording devices, when there 1is
no fixed reference systen or when a synchrgpqggAreoord of the
motions of several widely separated test points are to be ob-
tained. On the other hand, deformation measurements, especially
in operation; are indispensable auxiliaries for the determination
of maximum stresses in stotic structures and;help.to,increase the
safety and economy of operation.-
franslatioh by

National idvisory Cormittee
for Aeronautics.
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Fig.7 - Diagrams
- of optograph.
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Figs. 21,24,27,29

Fig.- 21 'Opto“graph mountqd for measure -
: ments on the tail surfaces of
the DoX1 flying boat in the hangar.

tion for the
determination of

material damping

Fig.27 Test installation for fatigue
tests of a steel spar.

Fig.29

Drop-hammer
test of

shock-absorbing
strat.
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