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Thip rapert deseribes im detall +he devolopmenty coowiruction, and pro~
Lirduary Ysstiag of a grepbie reoordsr, the Cl.AsA.~F,R.0, Flight Reosordsr. :
This resorder reprazonte ths outerovih of oxtensgive background researsh whioh: By

rovealsd the defisisncles of the avellable ssmmsrelial recorders and whish aid- T
od in the Ldentifiesiion of the sharanteriziles pequired in an improved re- ér
sordor., , A o5
- N

The C-AJA=HRuG. Flight Resorder weg levaloped by tha Instruments Ses= E;
tion, Asronautianl Engluserdne Depsriuent, “assashusetts Instituts of Teah- B 4
‘nology, in acoordence with speclifications net down by J. 0. Jonlirs and M. 8. o
Vitoleg of the Zxeoutive Subgemediiss of the National Regearch Couneil Com~ = . [ 27
Y4ee on Selectien and Troiming of Alireralt Pilots. Thess apesifications, S

rafleoting the experlence pgained throwgh previows Comdtiee researcvh on praph-r 7%
1o reccrders, ealled for ths developmeni of & flight recorder whioh would find - - %
randy uso in prasiical fleld situations by providing redords of plane and pl- .4~
1ot perforzance amily resd and inmtorpreted by direst inspsstion of the record. R |

e

The C.AsA~N.R.Co Flight Reccrdsr, ss £inally construsted, is 17 3/4 in~ =,
shes wide, 10 1/2 inghes higr, and 9 inches desp and woighs 35 pounds. Driven %

vy & slock-work modor, the 15" wilde wax peper chart provides & ennti.nuoun rea- ”j{eg,
ord (for thres hours resording) of tha following elements: T
l. Elsvator posiition, sparated by elevalor control oable movemand, ‘g
2, &llerurn positlon, opsrated by allsren sontrel sable movement. " ;

3. Rudder position, opsratad by rudder control cable movement, ?;

. . o —;Zf-

4, Adrgpoed, opsrated by staiino pressure from & pitot tubs, reocording ,_{%
slrapeed over the renge of 30 to 150 MPH. S

5. ~Altitude, operatsd by anevoid cspsules, recording over the range of Sd

0 to 3,000 feot, with proviaion for adjusting to the zere point of s

the basle, %3,

&

&, lateral mnalaraticzi, opereted by a damped pendulum meving laterally, - %
recording over ths rangs of =0,5g to #0.58, «nd serving as a record- .

ing ball dank indicator, -y

* 1’ E;;;iz
7. Vertisal asoslerstiocn, oporated by a damped pendulum moving vertiully, L&
recording ovar the range of 1.0 to 2.0z, S

In addition, an eleetro-mmgnot aippal merker ls provided, oparated by e ! W‘
rerwots switoh, Fowsr for astivating the aismal marker and for heating the Dy
_styll for wax-papsr recording iz eupplisd from dry cells yielding 7.5 volts. éi;
Each of theg resording elementg has besn given thorough bench tests in ore é
der to determine the ascurasy of the recording and the correctness of the ocali~ v
bration, Prelmirary flight tests, with the ingtrument installed in thse bag- T
]

k=




viii :

gage ccupartimsnt of a Luscombe almpians, sore eluo mada 0 6160k ths oiemsuis
under dynando flight conditions. The rogulis showed that ths olororis pocecsy
svdequate senalilviiy end provide accurv.oe seourds of the donired funotioms,

i Wiz .,
PR I I

b
L

To date, the iungtrumsrdt Yas nof hed ..i oxtensive fleld syv-oui, Furthor
rogoarch 1z needed, desizned {0 devolop mriheds of amulysis of the recerds go
as to ylold qualllative and gquantiltetive iiiluos of pllet proficiensy and 4o
study the reliability end validity of ths Landiacs. | ‘ \

e DY e

o, 1

¥

TR

PR %

) The roport eloo presents dotailed iniructlious for installine, oparﬁtingy
and mintalping the irstrumeny, ag #well an dedalled photoprerhe of the 68pRL--
ate alemonts and graphs of tho resulte of ilo bensh and flight test.
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biioh of taw resesrch of thy Ymricusl Hazessah Jounsil Jormittoe on Seisne
tion and Tradndng of Adred it PAldhs hou bren sowascisd with the devalopmert of

eblactive measures of fUigid rrofisioncy. I thiy eounaction, congidsration
hng beew plven B0 the ponnibliliy thal Joetrunents oioieh graprdanlly rocord
altituda, olrapsen; enxatyol wrimimioy wind othey dton of dlet and plane par~
formanee onn fuealak dcda waaful “a the a2coaoibsnd of silet proficiensy,
Serdy obudics dovoalvisn dhe uos o oxisling eomereianl flight recordsrs havs
toun sumweized in = ropart by slarloud ond Holway 3 Mors rocontly,
Vitelar snd Daekgiron? hove dedsriled n Jatniled anolyols of graphic rege
orda obbnined tLoroueh the wos of Cha lind Hide Hecorder pude with the %isw
of Azclating pesatble guulitaiive and queutitetive indicas of pilet pro~ -
fleienay, In tkio report is rles prosonted o discuasion of the deficlen~
i@ orf the =3 Ride Hocorder which uoplys an padt s to gthar commeriond
Ingtruriantie.

sEparlence with oemmetolal yoeorders Ladisated that they ware nos quits
suiindle for use in Commdtins lovoadipdions orn tha solactlown snd tralning
ef ciroraft nileis. A tho requect of ko Bueeutive Subodzmitlise of tha
Linadttos on Palaction and Trrining of Alverafi Pillebe, the authors (wiih ths
asaiytones of Caoonr BookatToms Jr.} undgidook to promire recormendntions for
thes deaipa of an insbrwasst tial gould Ladlsr ssrvé thy lmmedinte needs of
tha Tommities in oroviding eritsria of pliet proflelsncy,

In preporing theze »acermendstionn, 4t booamo appaaemnt that 1l voa
noacoasnry to distinguish botweon a racordsre donlened primarily for “quan~
titative regenrceh® and ons desirnsd prauarily for Tolinlcal® or "fisldh
vz, It woo the opinion of tho authors Whnt tho neade of the Committea
could best be aerved by tho oonadiuctlon of the letier type of inelrument;
dasirned nrimarily to supply uneguivooal data on plane attitude -nd pllot
porforrines ugaiul to on instructor, inapastor; or reviewlns board in
evaluntLng flirit performaanos and pregrass durlng trainlngs vhile provid-
ing rofined quontitative data to omly o limitod oxtemt. With this 1o mind,
und with the approval of ths Uxovutive Subsormittes, the following apenis
figationo wars yrocented to ths Ingtrunonts Sectlion, dersnautlonl Lngine
garing Depurinment ; Massashuzedts Inutitute of Tashnology, ne a guide for

1ﬁaFar1and, R, A. and Holweys A, 11, The theory and messurement of
£1irkt performance. Iiny, 1941, (A -progress renort on £i1s in Comuitiee
f1l06. } '

4

*Viteles, He S, and Dacketroms Ouydr. fn tnalvede of graphic rocords
of pilet profieiency chbinined by wenns of tha R-S Ride Recordsr, Part I,
Waghinpgton, D. C.1 Civil Aornvautiop Administretion Division of Resocsarch,
Repert No. 23, Hovember 1943.

¥iteles, M. 5, and Dackstrom, O.,Jr. An analysls of graphis recerds
of pllot proficionsy obialnod by meana of the R-S Ride Recorder. Fart II1.
Pfart II deals vith gquentitstivo indioces of pilot proficiensy. Gopy in
Commitieo filos.)
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£

;{ Lo The instrunémt ghonld bve degipmnd $0 provide g record whioh will
4 sankin ea invtruetor ox inspsstor to dotermlus, by ingpeotiorn, the atiliude
- - 6f the plane durlng various mancuvera and the ocontrol movenentc made by the
'R pilot to achicve or correst the otaerved piano attitude. The instrument

by

should be gpeoifically desiznsd for uso ln the Civilian Plirt Treining Pro-
gram and in connection with elementary instruction givea in basic training
oourses of the Army and Mevy. This fmplics that provisions {or recording
will be limited sepemilally to the izoro clementary training manouvers and
will not eover asrobatle manauvoye of tho typs ampleyed in the intermsdiate
and ddvansed Army and Kavy tralniogs

b

2, Since the ingtrument wiil, in geneval, be used in oconneciion with
standard flights, no elaborets necoxp of idontlfying mancuvers nsed be incor-
. porated, with the follomlng ercepliong:

a. The instrument chouwld 1nc“vﬁa .} signal mwrker 3o be operatod
olectrically by the pilot ¢ cbmorve

be If possible, it should izmclude a itreco showing automaticeally
the baginning, Ciredbicon. and epd of eseh turn.

. R R \k » I e e e [ S
Ty o W AR R r},'j”:c.vg:,w:‘.{uﬁ A, L)
EAE LR LR o N oL

32
?

3, The lratrument akould racord all traces on one ehert teo aveld ths
nased of synshrenlting charts. 7If posalble, sagh of the rscording etyll and
pene should maintsin w unlforn horigzontal position on the chert to evold ths
noad of tranpparent sealep or othor devicsos for pynonroniszing trases on tha

-,

/

T

%ﬁ raxe ohert. Areing error rhould be rdnivizod, and 3if at a#ll possible, ez-
¥ cluded.

%{ 4, The irnstrument should give un inwedlalely wvisible and intergretable
g“ record vhich may be examlned imnsdistely upon thoe genslusion of flight, The

effects recorded should no% raguire commmtastlen for intsrpretation in ths
field, * It ip mogepiablio thnd coopuialions be employed in the case of puch
data ap are to bo ugsd Lovr guakliniive premoses; bubt no coemputatlon evhatuoe
svar is acosptable for Mlalad uga.

F

r
&, Ths seat of roapradusia; Siu h);;ﬂuﬂAb ia lmrepa aughera for fisld
vae, convenlencs of lawkellatism, aoye ¢ ¢oat of maintonades, ote., should
ba glven every eonsideration in Vin doniga of the fneirument and in the selese
thom of its cornetitoent wilfa,

In additien to {hone gnsn*wi mroed ficad iong, the Followlngy apesific supge
paptiong wars mads wandernino voobon, uaida dn fhe desdiument

e R TR e e I A B
R VTR !

-
Tt

1, Coptrol Movsoguntes., Tue durivsooud skeuld provlds thrus traces

=iy

]

ISy niswdng the nwehar, QMHJHﬂ* &1 dwpadtina o movenente of each of the threa
e controle, viz., etios (o whowl) #1325 wd 1ofé, gtiek (or wheol solurm)
i forward and back, ruddec vodsla (idohd =nd o).

2

e

2. Zppel Ksyher. ﬁhtru ienlin Ty larilded s solenoid signel wrker,

L] F i S T

t2 b9 operated by the obumopyzy ol nledh by viEaiue of an eperopriate Eﬂitﬂh}.

O et

Y
|
»



for was irn dndieasdrp tne Voioloole e end amd af o LRNOuvor. Thils trace
rboald w2 zide by o dovble molanald o faodiilbess wge of a sigoml code in
caay 1y chouvld seert depdratlo to Liondilfy aad Urade manouvers by dode algraly.

3. iakaral Balspes. The lupirtment zhoulld provids e trace (or tranes
be reeord aash sglip and acek okid durdmp £1ist, The trnee {or tracas) may
Bo obtalisd throvgn tre uce of olther {1} a pesording vall baak indigator
cporatlng by elaciris ecoxitentn o £2) Swe cendvluag froe to srlbg only in
tho laiarz) plane of tho wivrizas

a. Tas gezovddng bel. ng dnduoe . whght conslst osvoatially of
& fueslmile of the ball bank indleater or lateral inclinowster
cotrorniy used in aleplenss. <ith the eddition of electrisal
seiiacts olaced at suitably interwils in tho glass tube. The
nuber amd lecation of thase conbaste would be declded on the

basia of advlco from inmsbriactors and other qualified persms

and on the basia of euch sxporimenial findings ap may be useful -
in this conmcotion. It is cortain that the mini;um numbar would ik
bo fowr) two on cash wide of tho mid-pesiiion of the inclinemeter. %
If only two vere uged, vae would indicats e position of the ball =
sorresponding to a "iittls ixbaleass™; the other would indieate g
"oorsideYeble inmbalance™ ur msrk the popltion corresponding to i,
the amount of imbalancs surficiont %o epdanger the airplane sudé¢ - ok
its ccoupents. ‘ . CEE
The unit Jnvslving the twe vendulums free to swing orly in the *;%Ef
. lateral plesne of 4he cirpldne could be that now used in the R-S iy

Rido Reoorder. ’

b, Tho final cholce tetwoen taa two units should be laft to Pro=-
feasor Draper of Massachusotits Inmotitute of Technolegy. who, ’
howaver, may be intersested in sorsldering the relative advun- '

SN

tagse of each as outlined in the sourse of owr discussion of Ea

the proposed recorder.t Tho advanicges of the resording ball ’?‘i

bark indioator eppear aa followe: ) g

) o U
(1) 1t would provide a trace piving direstly categorised’ T S
information ennbling the irstruetor to tell at a glance Y

whether the studont slipped or skidded "not at all,” o i 4

- "1ittle,"™ cr to & "oorsideorable or "dangeroua®™ degree. e

. i
30ne of theses pendulums would be froe to swing only laft of center, and %!
the other would be free to swing only right of cemter; each would be atopped R

2

gt 1lts mid-popition. The purpome of employing two pondulums eaoh stopped at
the mid-point instead of e single pendulum froe to swing both ripht and left
of sonter, is to minimize arvor duo 4o limited damping, Sush error would be
excasplve in an unstopped pingle poadulun. If a foaslible means of damping
(specifically, some meens other than dry frietlon) exists, a slngle pendulum
f{ee go swing beth right and left of csnter in the lateral plane might be em-
pLoyed.
4There was also made uvailabls to Frofossor Draper a copy of a Memoran-

3. songerning projected 8 rocorder, prepared by Oscar Bdckstrom, Jr.,

Undversity of Pennsylvonim ond, leisr, of the Vijelas~Backstrom report, op oit,

T e

&
e
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Osmping sould ewmpily L2 ‘earied hy a change of fluld in
the glass tube,

The regoarding bell Lank indlestor would probebly possena
& cortain adventege over the lateral pendulume in that
the lay instrptor is {omilisr with the bdall bank indde=
cator. ' Although the ball and the pendulums are subject
to the samo effeots in the game amounts, certain instrus~
tors might be reluotant tuv mocept the lateral pendulume
as substantlially a ball bank indicstor.

Hinge the traecs of thila device would bs t0 all intents
end purposas e sigral trece indlcating certain ranzes

.in :hich tihe ball has woved, the trace might be designed

to take up lesa chart spnee than the traes of the lateral’
pendulvmg whilch rocord aoetual extent of daoflegction.

The advantagss of the uge of lateral pendulunms may be summaribed
ay followa:

(1)

The penduluwma provide traces of a comtinuous variable,
From those ireoes, cetogorized infermstion, osuch as the

rooording ball bank indigator will furnieh, can ba cbtained,

‘but in addition, othsr information can be derived, The

(2)

(3)

chart san be marked with linca i{undiecsating the limlts of
the oleotric contacts proposed in the rosording ball b

tor, %> furuish irv date avallable for that imstrumernt,

Ia eddition, sinsc tho firace records lateral imbalance ctne

tinnously, mere information on extent and pattern of lateral

lwbalance w11l alze bogs2me nvallsble,

The lateral pendulums iopresernt a moshanisal unit, as
opposed to the resordinz ball bank as an elestric unit.

As euch, the perdulims may posaess carialn advantegea in
field operation, in terus of tho nesd of a souroe of
alactric powor es woll se possibly zrealter stebility umdsr
constant ugo.

in the preogent Re3 Lide Roassrder, no damping is nodessary
for the pandulus if a sultableo plase of instellaticn and
spultable oughloning orelimat euplne shook cro providsd for
the instruont. In the et of reccrds made at Tulaue
Universlty and examined at ihe University of Psnnsylvanis,
no diffi euity wes experisnoed with vibration truces in tha
lateral imbelonca Jdnss, Sueh vibretion $races ere few,
end where they oocur, 9orn caplily be diseounted. The fast
that no damping was nosegsary probably resultod from the
locatisn of tho lmstrumsnt in the bugsage compartment and

from the typ3 of vondulums, whieh euploy a very short ghafX,

therebyr mintudzlng ths axtent of domping motlon,
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B AdBdimeler. Wha Lagbrwesn’ ahav 0 fnelvds & trnee pretiding infor-
wriar o wriatommange 00 s liiinde. Sal Sefoowstion wiil erdianeily be ussd
3% e o Lhe elsmlnmenl cnd omsisteamiaie uf sny s ps0ific sltituds in Test,
H: Fariaticm s eliid e Bwine prescwired wosuwrers, Lie., % show whstheo
he avbJaes nelytaised oovaasedad 2ld3kude ¥ - o0 Teeh, Thia 4rnge oan oTwbs-
by e prowided by a roccrding saseltive addiswber, slbh wazimum reads

wug ol pwdseading 4,000 fredl.¥ The tdracr sheunis ba ceadabls wlihin the mopz
rafised iadba o ihe inodrwmevd; l.ee, tlo mwliset quantity racordsé ngev-
rataly by the instrwsont should be cusils Jdariveble from tho ahaxt,’

7. ZTurn Indlestor, Eb 4o bighly doefreble thet the lusiruvsent inolude
a mit Indloat fog unequlvenally ke beginting, dreetlon,snd slepe of sagh
tumm abouat the & sxde. The brass indleating turs ahuula enly be inoludad if
the instrument ix suffieslonily szesliive So provide thir infornation with re-
gpect to ahallm. twrne sings aunlorene informotion for moddwr end high tu.mﬁ
con de derdved Svow the iranen Af rovesembr of the three ocontrola,

LY BT T LT T Y 1 A S *
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2I% 12 to be rescgalzod thaet ihis relation will net hold in thowe pope
tions of a turn in whish the angmilar exbest of elisbing or diving, =2r olip~
Ping or slkiddine ie great. Umdds 3 and 4 wiil provide & rough .*_ndlusr-;fun oY
“hether thome conditiums sxiat. Zur ‘thsmw, vha groatsgt arror lg the velaw
£lon cocure when the above onndfiicons 2xiedt In the eass of .srallow banks,
Vitelos, W. 5. and Bezkstrom, Q., Jr.y g5 cit., pp» 1406168 .

&f guch an altimeter wera provided with x means of adjuctment ¢o MO¥
foot at ground lowsl, 1% wight eleo be vged to chow whother the pubjoet av~
tained and mmintaived a aoeaiﬁm sltituds. The only deherrsnt ta guch a uwen
would be the fact tha’ rallance oo ild hrnve Hn ne plasad m the dugbtruster oy
zther flold rarasmrel for weldne w0 ly adiuvatusnt for esgh flighl wharess,

aetber the adjrstmawt s 9% fooi Lo coreaat or nod, tha instrunant cse
2lways zhaw varistloan 4o Teal £y pmy wiivewn adbilude.

. : :
& 2osorlice rasewofesilieh dovics 1 uos recsmmendad beoause nf 4Lhe
agxistenas of an undeslyable las in 3uch an instrwssnt, Moresvor, tho oxbers

of thiz lap Lip wariabie from fime 4p Hupe and situstion %o sifvation,
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THE DEVELOFMENT OF THE C,A.é.~N.R.C. FLIGHT RECCRDER

by
Walter Lukay
Ingtrmonds seotion

Aoronavticsl Enginssring Depextment
Magaeeipetse Instituis of Teshnology
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THE .DEVEIOFMENRD OF THE C.A.A.«i1,2.C. FLIGHT PEAOANER

Tndeor a grand from tho Entional Regeareh Cpumell Coumritios en
Soleotion end Treinlng of Alrsraft Pilote, the Imatrumsnls £igtien,
Asronauticol Englaoaring Dopertswat, Maseechupetts Inptific of Teah~
rology underiook the developmond of am improved flipght roscorder in
eccerdonee writh gpegifications propared by John G Jonkinz and MHorria
S. Vitcles, deted Docombor 12, 1941, Ja approachilnyz thia lagk, tho
following gonzral conclderationz wsio formuleted.

1, The £iight roocrdor chould ba dczionad do glve 4ho Caolred
rosdrds with e minizmn of £isld afiend lon and meinbtazone:, 211 gome
ponerts mupt wifastand the ordlasusy vliers of 210 goriio ag woll
88 the minisirgiions of moll~rmozning bk losdruwoxcielly iaend psraons
nel. Each conpoment-songliive cloment phowld, dntefur va pousible, bz
geusitivo to only the fuaetion chish L4 le suproeedldy morguring. The
donisn eof tho recorder ghauld porad® cirole inglallabler rzd simveoa-
loed oporatlon. It ghould Lo aolf-conimdncd np rogsrde orer gouTSss
roquiraed for she operation of cuy of tiue wveoovder compescnds, Exdesual
connachiong mat be mude alply and oalibroiicw procodwos chonld bs
ghraighbhforward, Roesrdew compomonts chould by replogenkls vithoud
nocopalieting oxteonsive daasnonkly. Tnper hardllng phould s gavsicd
otl orpediilencly., Tiaeog must b elesr, ehary, end freo fram alrplern
slbrabion cud otaor orradlie offends onused by lumstruwendt dullelenolec,
Given euch a flight resordsr, foilure Lo o™aln oeriforiea dale sould
be altcibubad only to tho cholss of Mniotlros moagured.

2. 1In praciloa, corieln compremisrs wigs be made with (e abavs
1dcal roqulrementn,., It 1o gencranlly dosdred 3o cbialn a secsitive drags
of & plven funetion over o wide rongd imthed funotlon, Tleae a=d
epyvesing tonloncion in praetieal iAzstowgrerd Juslzn girmpe Tt h escrpisisn-
Ay aad wido rungo each meko for largs feaze conditulo s, Lo coudires
tien, cawse trace empuituls o Seucss prohdbiitively lopgr, Douatils
dorivod from teaperaburs eoaponsadlier woeh be wolehiad moaliuot (he
soactlzes inordlinmteldy grosd oflord roqulvad s provido cueh coxmvengse
tlem. Elivdustion of areloyr azn Liiroduse sefifeicad fviptisa i bLhe
cochianieme So weeast o2 $he seug’tive olersada ard Limg rroduse srrooe

cong indleatlong, An orpandod irs gonls thewolviws highar peuer opced

T 7 RN CRIA LA T s Rl nd AP P T BT B 1k s TelL | e T TR L O ARV SRS on R ek

a‘I’hese considorublons we 7ol wy oSher problomy Lwrcived im $he cone

gtruotion of the lngtrwrend wre vwors £01y dloeusscd las Helay, Taliur,
Togtore sovoraing the degien of o OMrhy poicefor. Jemizry, 1942.
Copy in Comrittoo flleo,)
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roavlss Aa wyrlaldy Z‘a'r.‘.f'“L an of meaoed, %:Lw!;..oz. of eny rasidual in-
eirument arrera to ong~dendh of $hodr velues, whatever thay zay be,
world b9 mush more than ten Lines meva -,.i‘i’ioult and costly. Gongld-
erationz such ap thego alvsys c\-ufr mb tho instrumeirt desirer, 3Juce
seasful lngirwweis era those 4in lcn mach aonfMoting eloueatn have
bson rationalized for sroatent prruileal ueo,

On the bw e ¢f tha gposiilcntions Curndehed by the Notional
Eapoarch Cowell Cormlbtize eon S-2lagsion end Trelning of Alreraft Pi-
Iste and oF tho memeral eoncidoredlony oublinsd above, tho Instruments
Qeosdon, Aoromnutlooel Dogloecring Doportment, Massaohussliias Institute
‘o7 Tschmology develaped and comniruoted ¢ pilot modol of a graphia
21izhi recordor nov kasTn as the Codl.A«NR.C. Filight Recordsr. In
%his raport ars fourd a dotalled decoriptlon of thic racorder, results
Of the prollminary bench and £1isht 42ots made prior to the dollvery
of the roccrdsr to tho Netlonal Hogsarsh Golmell Commlties on Selsction
ard Treining of Aiperaft Pilote, Shoiruotions for tho use of the recorder,
and puggestions for furihor rescerch vith this inptrument.

:r:"f-'r- \

DESSRIPTICH OF THE f.A.A.~W.R.C, FLIGHT RGCORDER

4, Gonsral Degoripblo :

%a reeordor ia dopizted 1o provids a [;mphiu rocord of the follow-
nz £lipht functionss

1. Aileron, a]bvator, and ruddar comtrel positlona.
2. Mrapesd from 30 +o 150 oh, operated £from a pitot tube,

3. Altitude from O ts 3,000 fect includins a rero adjustment
sovaring & bmne"'na oz of from 26% Hz, to 31" Hg,

4. latoral ecosleration from =0,.5 %o +0.,5 g.
’ 1
b. Vertical aoceleration from 1.0 to 2.0 g.

6 » 3?.511&1 mker. :

The prephle roocorda ars produced on waxod paper 15 :Lﬁohon'wid.o,
spoolad in 50-foot lenghho. The paper spoeod 1s approximately 3 inoches
por minute cnd ic diiven by n mechanleally goveormed oloeckwork motor re-
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nours of ragepdtnor Tivd, B el ‘.;ﬂl' ,_“.I‘E*i? iz D1 aklhﬂd wAth tice di-
viplorg & neenndD 911:{.. gt Tl cuditnhle sealag fov raading the
verioua fwmetiecn valdusy, asking VARCILAERRY tho noe of tromaparent
zenlse Dar tromuaribing deda, .

Ths rocordor 28 19-3/4 iaches wids, 10-1/2 inches-high, and 9
inehos @sop g wolghs 35 pouwnds cerplete. It ie installed 4n the
rirplane in en veright position with the 17-3/4 inches dimonsion par-
allel to the lastern) axis of the airplans and with the ehart side
formard,. The ohart o=z; D3 viensd duriry astual reoording throu@x
the tremepoceant window In the cover, oo ahom in Figure 1, Appandix
A,

Tre optire rocorder is enpperied on anti-vibration pountings
emrried Ly v herdzendal nletes along the 9-:1.nch dimsnsion ond muet
bo tied te the aliplens et these plates.

Yo romoto povar is roguired eines the inestrment includes dry
cells swpplying 7.5 volto, A romote switoh ensblas the imatructor te
oparate tho gigral mrkor undt for evding the record, The only exter-
oal connection required ars throe oebla ldngs to the eentrol wires and

" tubing 4o the plist~slbatic tube,

B, Dotmiled Degordphlon

Following is a detallcd deseription of the instruwont and its
olemonts. Protographs;ded~ilod drawings, snd calibretion curves pro=
sented in the aprondlecs should be referred to in copmeation with
these desoriphicnn,

l. Main Frema. Ths recorder olementa are mowated on e main

frame ghown in Appeuﬂi.». A, Pigures 9, 10, and 11}, The frame conelats
of & coot slumlmm invortaed T-pscticn with end platea. All the charé
drivo equirment ip movmbed on the fron% or chert slde of the maln vor-
tical member, inoluding the cleskwork motor, clockwoerk governor unit,
drive roll and writing tebdle, shart feod, amd take~up rolls. The lat-
eral scoslersmedsr clewsnt is also mounted in & housing attached to

the front of ths main veriical meombar, All the other recorder clements
aro mowntad on the hmok side of this momdor. Each of those elementa

is contnined in o soperate houging in order to faollitate maintenance,

The main frame i3 out oud wheraver popsible in order to redwe
ites weight. A cover plate, ettachod %o the wmderside of the frams and
$the reccrder sover, is sosured $o the frame, making the entlre unit dust-

tight.

9Appendix A propents photographs of the reoarder and chart paper,
Detalled blusprint dravings of the warlow slements are on flle in the
Committee files. Appendix B preaents the regults of the calibration tests
and photographa of the recorder as inptallad im a plans,
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2. ghart Drive i’ The chars ia 2riven by an Luternne—Angua clockvork
wetor centaining three heavy springs, ome of which drives the chart fHmke-up
¥1l, ‘The motor, wound by mesns of g arank olinped 4o the bottom cover plats,

iz Areotly geared to the okart drive roll, . {{M

. A cemtrifuzal governor, drivon through stap=up gearing, holds the -
shert epeed oconstant ab upnroximntaly 3 inches per minube within 1 per esnt,
under norral operating conditionz. Thig undt was ¢hosen Iln proferenee to
others because of 1ts unusurlly large gpring eapaclty, miviag satdsfactory
driving forque and long running time. The motor will run fur more than
threo hours before rowinding, 3Siros ths langth of chart, cerried in the
racorder is 50 feet, corresponding teo approximmtoly three hours in time,
the motor pesd be rewound only when shanging paper.

The chart driye is started slestrisally by a magnet=operated wipar
on & gear in tho governor train. This magnet ic actusted by twndinz on tho
maln rgcorder gwitoh moeunted on the right end of the redorder zs viewad
from the front. , . ‘ )

3. Ghart mod Vethod of gacgrging. The chert paper is 15 inohes wide.
The pwrface of the paper is waxed and the resord lp obtainad by meribing the

vax awey with the recording atyll thus revealing the red paper bemeath, The
gtyll arc heated elegbrlenlly, This melis the waz and lubricates the stylus
to papor contact, reducinz frictlon materially. The power consumption per
Btylus ie 0,2 vatt and 2ll eight styll are hoated, requiring a total power
corgwiptlon of 1.6 watts, A secparcte gwitch mounted behdnd the chart foad
rell twns the stylun heaters on and off,

' The ohart peper is printed in ordsr 4o provide time lines and funma-
tion valuves, thus making unnocessary the uze of amuxillary tranaparant goales
for transoribing data. The time lines spoced npproximatnly inoh apart, reopre-

- gent Hescaond intervals and are arced so that time synohroniaation cen be oaplly

ageomplished. The radiup of the ptylve srse is 6 inches for all traces with
the exoapticn of the aligonsl marker, .

4. Uoptrol Position Flemantn. 12 mhroa control. positicn elements.avo ime

- cluded for recurding ailoren, slevehor,and rudder positions. The chart width

for tha elevator and ruddar resording is i«k inehes for each and for the allere
ony2 inchoe. Except for “his difforonce, which involves the deeign of tho cam
deseribed below, all three sontrel positisa units srs identisal,

The elexenta are simple;spring loaded,iake-up drums, connscted muoghenle
cally to the appropriate control cablos by msens of find {lexible eable or cord.
Adjustmentes for making the proper iniilal gelilunca are provided on the lofi clde
of the maln freme whare the cords emepge. I3 will be aoticed in studying the
chart paper 4that ths ordinates ars iuid owt in fractlons of full coatrol posi-~
tione. Tuo exterral grars, o the cleoents dotermine tie nmount of linear gortrol

ok -

W0egs Fipnre 11. apponddx A.
Ygen Figure 23, appondlx A,

4 - _7 N “ ' - s
¥ sae Riprros Ad, 11, c;md L&, Appondli i ‘ S
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aable wotimi ®Which produsap il zenin duflestion o Lhe styli. The geere
arevidad seo tased on x t3tal enbls mtlon of twe lushas aither elde o seww,
Gther emounta of osable motlion ven b acommelakad by replaciag this owk of
poara with o set heving a Aifferant ratls. As set up ef nresamt,; the pe
cords #1103 give ths fraostien of two .nchen that eash of the sanirel eablss
iz disvleged from aero., It w1ll alse be uatioed ihat $the poun deflestions
are non~iinsar, The first 0.2 of the oomirel moblon either alde 28 neekral
rcoupies 0.8 of the avallabls chat‘“’* o+ dkn _T:' ~ medndsr of the catiyel
mohiion le iacluded dn the ovde’-p 77 4. o lable ohert widin. Thie
was dons in srder to got gmww. xm“mwrmy :.,n rccordina pmall oorkrel
movements &n the visinity of neulral:

s

It is sasential thet the ocord used for the conncations {rom the
acntrol cablie to tho records: should nat strotch approgiably and that 33
ghould bs flexible enocugh to 1ie elassly around the pulldys. Jlosely woven
linen line is supplisd with the reoorder, having been fduud fo bs matiafeu-

tory in thone reepectw. Stretoh of the string eppesrs on thoe record in -
fallure of the vontrol trace to returr o ssro when the cuntrol gabdle 1s
roved %0 tho neutral position. Sines pulley friction 1s responsible for E
the foroe otrstohing the string, bell-bearing pulleys were used throughout the = %
somnection syzten in order ta roaduce friction to a minlmum. _;,E,b
5. & L)ement .;13 The airaspesd resopder eloment sconsista of s 5
gpring resﬁmﬁma syiphon bellews, tv the interiaer of which dynamio pros~ ¥ 5
gurs fron the pitol tube is admitted, snd sultadble lavers oy converting i
the motion of the free end of ths bsllowe to sbylus travel. Ths rosponss el
af the bollore Lz linesr with proesics whioh means that AL 2 linear lever e
aystem 1a wvyad, the pon defleetion will b parebolic with mirspesd. 3Such i
an @ensih was {iret desigasd and congtructed and is shown in Figure 7. T
appencix A. The renga of this unit wa fros sers to 150 ollss per houwr apd - - 0 F
thy botal siyius travel Tor this resice weg oo inoh. .@?ﬂ
Afiay dnprostion of Lhe ankire 7secrders ths Commitheo regusatng’ ’ &
reviaion of the airspesd alosent to give linear record dsflsstlon sxihnsy S
Shen sue watch 40 parebolis waid ascspsad.2?  Acoordingly a sar .ss desigred Ve
ang mgertad Lr the dndiocting srtwaag wiich would modify the output se aw ko -
Thys Jaraed anaelng between maoh alJepesd serle divlaslon. Aleg,s the Limy o
Tisdh o8 tes reros was palesd from O So 030 nilee per howr. The finel afr- 4%,
sneed sLment te ghown in Tipiwery 15 and 16, - g
3t ie appracisted tlat the siab ics prosogre from the pitet tube shauld T«g
e morwidonttd Yo the tlsmord in vueh & @8y as LD cause the elomént ko r%;:md
te the differeass between dyonemics wnd gteiie presewre. In visw of tas Irg ¥
Lha tow feagwdsr is 4o by nsed oa Yraining plapas 4t was daalided thel tha e
viams swmpioeetiovs of dodag inla veald sot be vorth whils., In suck x plune }“‘
Bhaes whoukd we eevy 3d%tas Alilorsaws behvess ambin pragenr s snd STatia pEses ;;%
A SRR A S R NS 8 i Vg1 o o s b o PR S Y s e ) R oty TE’L
N Seurer T4 AL sl 1%, cmpeadis A
S weibon freng K% Yoo Shndvoan of the Jomatites ‘i‘i Seleriion
ot e A e b EToeg S dacee dufecr, Jhuaeny AF IEE -
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oA a0 Dlemant -7 Tha ssneitive wlewans of Gha slbitude reapvasy’
R s i

e hons oF & gaug of ton anerocld weprdes in goviewy sach of whioch is - - f“?‘
TEnONRERE b6 4 PeRV oW proasura sl resuiting in s x*sﬂ-eiiv&l::r largo o ’Lﬁr
anl .w'u“ g1 £or @ Avan altiteda ohangs & The soala sonniivity 4s 100D "- ;
fras prr seak of sbyTis teavel Hnd 3FEa iazbroment s Yhoear wighin 2 per A
PUt L0 hor reane. The Jan e of recording e fram O g INCD Loty dawdled g:
We whe edelc wens At vity vagedrecont . Thus Lha bovels ohieos width ds thece R
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gaie g Lyotered ol w wsEing Aauad sarew speratad By lurndog ihe Emioedé
yohip e '1ﬁ*..é:,,:“?rla shaeveh whe wialr wl L0 vereFfar cead.  Usaperchurs orrurs
rre aoriieisie whon the “watiwment 39 praporly Jdot te seva. Dekeils &Y AR
wibsmetar pea ahowrn A0 dapondiz A, Frogeen 18 and ";} '

';‘- T@tﬂm hGGels seaghen .+t The luberel acesl c"omf oL a{ms 2958 o2 w
Al baG enGsd on BETINEe A0 BETLN Y 4.;=~1: wotion of the znsp with regpest
% *:.‘-a-t i‘mv 5 1u latm'f-.l and ig tra colyind to the giylug grm threuth o lever
avy vy Whe oaotlton of this meso raledlrw o the frame io demmed to the
extemt required 4o pravont ogolllatinna of the siylus and {0 pive mintunug
dynamle errare. Funmtionatlys this lnstrumeat sorves the purppse of o ro- .
eording ball bank indicator.

bt

The rung2 cevered by this mocolsrencter le from ~0.5 € st »0.5 £ wad
the ohart 4n 123& out An 5 equel aanle divisions eifhsr zide. of zaro sovering

a tokal ohart widih of two inshen, ‘Ths olemert sonelots of n oeoe supportsd
botwesn & pair of sylphon M8llows shich morve ag the accelorometer springs. %
Thease bellows ove rixldly held et thsir outpide ends. The mation of the
central mens is tranzuitted Lo the ghylus shaft through. suituble links. T
Fampin-s the proper smound of whieh 1s epsentinl in good ecoelercmator design; - %,;
ig aasemplished pnownatleally. As the meas moves relative tp the fixed ends, vy
eir 1e pusped through e smll orlifice inte or cut of vno of tho sealed beliows . &
intariors depending wpen whish way tho maes moves, This 18 a einpls znd ef~ f
. W

“fea Figures 1. 19¢ and 20, Appandix A

-

0%t was ar*ig.mahy intended vo use a single sylphon hallwa instssd of
e cabmsd ¢ e)gneu.laa., torvsral nodela wevrs sonstrueted, yne of vhish le shewn
‘ ipape 30, cppamdia A, Inear nere fousd 0 be unsaticfacgiory due 47 dnip
#moef tha songabiniions of the $hip-tmilsd bellows whoee zcadually come
Drens s Aiaa pon-unliormity of wall idhdoknews amcesd 1he top sonvolublions
o memaia open when 10s betbem aoevelrilons wors completoly slesede I oww
cenelide? thet bsliowa mt wesopi availatle vore uasuitud tYor this tro. A
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feetdve mmplng weans & phwtedgreph of Lhe 2iegent iy ahewn ap Plgure o,
o T i g lesarlon Swowbe coeacis ix ehewn fo Flowrs L1 wbere 1be
prrersy olamend will be aees fuet apdys the cherl drdws eell ol the priget
AEREY 32 b sholegrmph.

Le Eﬁg}$gﬁ&wiﬁggggéimﬁﬁggjﬁigmgiggﬂia ‘he vertioal noosforometay .
Boaned i fhe esams undli wlil e Laterd’ rogalevomwtar, 1z givdlior In deslpw
e bl letees] seszlavensiar slercgnd et onrt e divesclion of the metisw

BE oy onsE i perpediscl, o o S e ragerder wnd bhe range g
Team F .0 o 2.0g. Thim poer v .o msiiosbe angle of bank e

Long & the eleplane Lo wit sihippind, skiddiag, or otengioe atsitude. ip
sthor wovds, 1€ thd lateral wasclorpustar treas vseds »ero. and if the al-
titede rewalpe constent, ths vwertleal mroeleromatss san be uged Lo wecsurs
angle of tank. 1n the presosse of lateral nosalsrstlisns oiher than sers,
aud vnder ool tlong of shasging aiticvwde; the enzie of bauy san be feund

by meve Levolved somputetions. The ahert width for 4his tracs la one ilngh.
Uue bo ihe trigenomedris rslatlonghins hetwesn mngle of benk snd vertizei as -
velepetlen the shact apace psr wexle of hank is greatsr for the sisepsr than
fer tha shallovor angles of bank. 29 ' ) :

v

7. Fhgpal Merkar.29 The sigusl narier abmpr}saa an alsatro-magnes
arrnngel to eperate 8 ¢t eh7lue v, The algnel warker ig controelled dy

¢ rorots oush Lubton switah opareisd by vhe inptrucstor shan eciing the reoord;.

100 Thg viring Sggtggyzl The tErse companents reguiring alectrical power

&. hart drive starting magnst, snerglsed whenever the main switch ig
turned on, This magnet eonsumes 0,05 watt.

b: 3ignal marker unit, operated by the remote switeh,

¢. 5Stylus heatsrs, operated by & ssperats switeh, If this switoh ig in
- the "on® poasitlon, the hoaters will be turned on when the main switch
1s turred onj with this switoch ir the “off" position, the stylus
neatera are inoperstive. This swlioh should always be "on" when the
recorder 1s operating.

Pewer for cperating theee components iz obtained from the 7.5 volt bat-
teory included in the recorder., This batiery is made up of two aingle cells
coneected in parallel, The life of s set of cells is approximately 50 hours
ef conitinucus operation, . ‘ '

-y

1850, Fiauro 21, Appendix &.

PP, pristionship end the offest of ather factors upon the vertiecal an-
vilersbien wTer4 are dissupesd in greatsr demeil in Vileles, EBamcksirom, ap.

. ce e
Lhhes o T

)
4

Y Flaueve 22, Appendix A,

“oAowiring diagram in preasphsd cwn Fizure 24, Appendix A,
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BENCH AND FLIGHT TESTS OF THE RECORDER

Each recorder olement was tested for asoale errors by means of an appro-
Priate besnch test

1. The control pcaition elemenis wore tested by applylng known dip-
plasenents to the control cable connsctions and reading the sorresponding
stylus defloctions. The resulto of those testa ars given in Appendix B,
Figure 25, :

2:; The alrspeed and altitude elemeuts were tested by subjeoting the
elanonts to known pressures corresponding to the airspeeds and altitudes,
within the range; and meas the stylus deflections, The airspesd unit
calidration is glven in Fig. 206 end the altimester calibdration is givon in
Figure 27, Appendix B.

3» Both acoelerometer elements were ocheoked for scale errors. The
lateral element wes calibreted by tilting the unit to various angles from

* the horizontal, introducing a porticn of the acceleration of gravity along

the line of aoction of the gooelarcmstor, This caused a defleotion of the
gelsmic elemont and hence of the stylus. The data obtained ars plotted in
Piguro 28, Appendix B, Ths vertical acoeleromster could not be ozlibrated
in this manner beoause the rangs of the instrument ic in excess of 1 g.
Therefore, thie element was onlibrated by suspending weighte from the sels-
mis eloment. When the suspendsd weipght became aqual to the weight of the
aeismie element, the impoged moceleration was 2 g. Resulis of thisz proce-
dure are given in Figure 29, Appendix B, . .o

. The gorrect demping wans dsterminod for both mocelerometerz by moans
of a dynamlio test. A straigit track was constructed; slemg whien a oart
was propelled by means of & cabls attached to falling welghtss the smount of
wolghis determining the magritude of the acosleration. The seimalu eloment
was mounted oz the cart with s gpooial indloating system which recorded thu
defleotion of the asleulec elemont ro m functlon of %ime. The cart was then
released end accalarated elong ths track for o distanse of 16 foot. A brake
ing systen thon brought the cari to rest. 3tudy of ¢he resord of aceelerc=
meter reaponso to this suddemly-epplied; constamt moceleration made it pos~
aidble to choose the optimum damping. This ie approximetely the value requivad
to just keap tho instrurent fran overeshooting when en acesleration is muddenly
impreassed on the system, glving minfmum time of resprnse. Omrsful control of
damping is necessary when using a relatively low maturml frequency (1l eyclss
per Bocond), roquired in ordor to got tho nesegsary semsizi 1ty.

B ‘ e

Fiighi Losts were mads wlth 2ho recerder inshclled in a Luscosibe alrplens,
The lustalletlon lecotiow ohassy wno the bopengoe compartmen vhilek vwea rowized
iz order 1o accommwdateths inetruuent. Thie sompartwent 1s diresily bohind the
gide~by~side seabe waklinz 1% powsilie for um ohaozvar t0 wash the medion of
the rasorder in £light . '

Tas elowvator 'und ruddor ~uutrél cstles pass directly bsueath the rsacwdop
1nd Ske eommactleuns Terce samic wo She oprrolpduding reoordas walom ovir holld

Csoartyg pndiere o The aldsren oouirel mDio PATOUd LOT0en Lbo o som ol s e
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plane windshield, and commsctiocn tc the recorder was made by ball-bearing
pulleys. -The airspsed unit was conneoted by installing & tee in the pitot -
1ine and running & lemgth of rubber tubing from this toe to the connsation
provided on the recorder. Photographa of the insiallation are shown in
Appendix B, Figures 30, 31, snd 32,

Flignt tests mede on the receider inoluds tsets on tho alrepead elsmernt,

- altingter oloment, and both aocgelevometer elemerte.

1. The speed range of the alrplans wes not sufticisrxt tao check the opsra=-

tion of the airzpoed unit over the entirn range. Howevsr, ohacks were made by -

comparison with e calibrated airzpsed indicator.42

2, Altitude recordings were checked hprainst readings of n saneitive alil«
weter Ingtalled for the purpose. Resvltz of this oomparisen aro glven in

 Figure 27, Appendlxz B. Good mgroesment wes found.

1. The lateral nccoleronster wos stssked in flicht by making skidding
turpe at sttompted constarl altiivds. The eilrplans wings were maintainod
an olegoly as possible Lo horisoantal and the eirplane was flown at various
ratos and times of turn in crder to eatsblish known weluea of latoral sg-
celeration. Reasults of thogo teste are given in Figure 28, Appendix B,
Agreoozent of the f1igt test results with the etatic ecaldbration ig only
fair due to inebility to maintein altitude end horisontal sttitude dunng
skidding turns, making 1t diffioull to dstermine the true sscsleration act
ing during thase tumm

4. The vertloal mocolerometsr was chocked in flight by makling prcperly
bankad turas at oonstant altltude and ef varylng rates and timed of tusm in
order to eotadblish known values ¢f the resalient narznl {(7sriioal) nscolers-
tion. Rogults of thear testa nro glven in Appendix By Figurs 29, 4s in tha
oage of the loteral acoolerometor, ths £Llight chcck pointe are aostioral due
to inability to meimbzin altituils da tight twrae, ALl the £2icht cheest nolula
are for anglse of bank grsater than 399,23 :

INGTRUCTIONS FOR USE O TAZ QuCIANER
A. Ingiallation

1. Regerdar. The recordsr uot be ingballed in tho alrplans with iic
long dimension parallsl to the latorsl nxls of ths atrplane, since nownting
in tho opposlie diraciisn would cavee the latersl sccelersiion umdt to nsun~
ure longitudinal noceleretion,  “he wescrder sheould be inztallad with the
chart side foruard. Tha "lef" and "rizit" chart dosipnatiocns for Lthe lui-
erel mccaloration racord sre bansd o fxztallation dn this manner.

L - —

22Figurs 26, Appoalix By presontz he results of both tha bench and
the flight testo of the nirgpesd elencid and ghows good egroewent.

23&:3@133 of tark seaslior thun 3097 rosuli An noroel socelepraticnag woh
mush prealer than 1.0 g #hiek 1 tha Ioger Lindt of the ranpe of this unil.
An aleplone with moere pover thea wen av.ilizble wenld be required to okicin
mera wnLweabe Talivc .
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The mounting plateu, rizr Az Jere nad eft along eadh side of the
seageder, ahonld be rigldly atiusiod %o tha sirpimne frama. The aimplagt
nethed of doing this is 0 build wo supperte fram the sbtructure underneuth
the rssorder, 'The recorder ehoui” be lavelled in ths alrplans. If either
loft or right side ls highsr thaw the othery the luieral accelerumster
will not repd zero when the alrplane is levei. Tadp adjustmont 1s oon- .
vanisntly carrisd out by shimming %he low side untll the latoral aoccelero-
metor reading arees with that of the ball bank irdivetor on the instrument

x 5 The cords opersting tho oon~
trol posi.ticm unitn mint be auitably attached o the airplane control sables.
4tk the raecorder moumted in tha fuselags behind the seatz, thoe elevator and
rudder cables are readily accowsible, In order to tie to the aileren cable
it will be necsamsary to bring a line forward. For-ell three elomentas, ball
baaring nullaye must be installed whore necessary. This must be dons in a
workmanlike menner if depondable irscorde are to be obteimsd, The runs
ghovld be kept as short ao prasiical and care mist be taken to locate the
gonnsoting lines so o to prevent foullng over full range and so as to mini-
mize the chanos of the lines boing demaged o broken im routine opsrations.
Clousely woven linen Lline should U+ used im order to prevent siretoh.

After the oord comnectlon: from the econtrol oables 4c Lhe comrol
pesition slementa aro made up, th2 length of the connsctions must be adjustod
80 that the styll will racord zero on the ochart when the controle are neutral.
This adjustment io carried out by mesns of the three sorews projecting through
the left side of the recorder, adjacent to the cord pulleys, If one of theas
sdjusting corews comes %0 the ond of its trevel it will be nscasesary to back
off that sorew and change the length of the ocord. In making this adjustment
there aroe two poaseibls zoros, one of which is lnoorrect and cccurs ou the
return of the cam. This inoorract sero may be idemtifled by moving the ex-
terun) gommocticng a small emount elther eide of zero. If the stylus moves
rapidly all the way to the extreme position without slowing up near the ex-~
tremes, the cam is operating on ita return position, If this is the oasa,
the oonnections ahould be alpaoked away or taken up emough to reach the true
ser¢o position,

A delivered,; ths control position elemonta accommedatsa total oon~
trol eable motlon of 4 inches. Should it be desired to adapt the recorder
t0 a total motion different from 4 inches, it will be neceesary to change
the sxternal pears on the sonmtrol position elements, The gear railo esupplied

18 1.1, each goar baving a pitch diameter of .9375 inch and 60 teeth (64 piteh).

Using this sams diametral pitoh, any gear ocombinaticn which will have u total
nunber of 120 testh on both genra osan be ulad, ’

Alripsad Element . Tho alrspoed indioator unit must be uomnctod
to the pitot ui'.d.a of tha pitotbatatio tubs. The tubs to which this oconnea~
tion is mads projects through ihs right eide of the reaorder. Rubber tubing
w111 be satisfactory for thio line, Ho provision is made for a statlo Jine
sonnection to the redorder booauae of the lovw speeds ensoumtered in the uae
of $hie regorder. |
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_the practice must be ndopted of windinc she motor tight esch time the ohart

1. Leadims Ot faver .t romik car of the spools of oharh pmpet
on the feed roll holders et tho betian roar of the chart cids of Lhe -
recordar. The pmper enovid fowd of7 frow the top of the lsed roll, The ..
paper should Lher aome formmed Iron the fesd roll; over the firmt guiding = 1

ML SR

kg
o bl
n

rollory then un aand over Lhe gagand guiling rolier. TFrow hora the shart =
sontinues under the ohart drive £31.7 s wriiing table; r'ouwnd and over LTl

:
A
L3

the writing tnble, over i - ehart . wiv- roll and fimlly wawn %0 the toke-
up roll ut the bottaes. '

g F
_,4;# iy

5
R
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EREARI
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uind tha 2pring wotor u:aing the srank provided fax« this purpasa.

From fully rua down, 150 turns of %ihe crank are required is wind all thres ,,
springe up tight. Vinding will ue required only Vhenever = new ghmrt 1s SO,

h

*
ER IO
,_@@_‘-ﬁ_ o

inctalled. 3ines ths molor cemwol e wound with the char: paper mounted,

is changed. Approximataly 45 turns #lii be required. Jn threading the

shart, cars should be taken to sentsr 7he chart with respact to the epacing ;EE‘-;'*
eollace, If this is net donme, the chart will shift ilateraliy, meking all i
shart readingn Jrosrress. e
2. Adinciipe Uhwiva deres- Afler proper ilnetallation of the raverder, ”“,«f
the only zoro adjustmers; segulrad will oe thet provided with the aliimeter : hf’
slemenkt ., The krvrled vhoal. socossible when the flap on the baok af the . %’é
cover v sgensd. 5o used 5o zero she eititude irece.4) Before taka-off
thie whesl aneuid bo furned wwil the ititude stylus L8 lined up with the ‘ ;%fh
zere sibituds sherd 1ins. The slerent s then adjusted tn remd zerc at R
tha scluting bacowshpde presgur, 14 she byromotric pressure shanges 1% e

TLIL be weosamars Ne paesah obhe zers Tas lagiroment should be tapped :
Lighh ly whon et g SUs gare o wrdsn Ao removo frietion. If it aheid -

.
be rejwrsd o ndiant Vo ulf.:r:‘sﬂrﬁ srrer in fllghts %he wheel omn bw turman ‘q;—l’
witi? ble aliimes e repes ohe oguee ad tuds 2k thet indioutad v s omepewly e
aat. aonalidye o T qebes , . - ‘ ‘ i
. , LA

SR meeran cudad Bho luyiae pmeitlons fer the aimgaw:{ end vha twe 0 T

PRy aY nasEondn it oab apineide wth the ohard zery liaws,y the adjurks ”%

Emg Bmrews an boe ordo ol GBD aSao o pony eshn be uged to sor :'rvrb thiga L
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Fup seapeier b tomhiter e orTon obsrd sered with nawtrel cardosl u;;
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- flight lnstrum‘..mn in the field.

¢ wndt ¢41) serve as m prototyps fer s racorder whick will Tiad exhemsive
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“ochlae Bhe uesd roll amy Do pegovnad PVosdvily hhe ;'m‘w,: T rall sﬁ@:tlﬁz
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Wy
~lizhh "he ghart eoll fawn choe 2o aaid off the avd of BhE weedsn
g rrile Fhe eppring moder shwald han Te wound gad o wew ohiark iuetai,lq%‘
SELLLDed avpves ' ; -

, The fellosing oractloes are reseusendsd ia arder in iaa-&rw ;mmza-- %
’E’a-*»aa‘ Drerat Yon, - ’ *f‘{
A Heep ke vecorder govsved ob ,.:i}. iaws.  Puah gﬂd gt wlll prewent 1;'§'
prorar gerkive of the uwndia, . A o ' SR
2. Onenge She dry oells «ien w¥aquirsd {Awproximately swevy, 50 houra). ,f‘:‘_
Tide oea Do detwoted by fallwre ol tua ravarder to emwi. when ﬁh& vals gwleer
is thyeWn BF. _ , o
3. Refrgiz frem doing any work on tim rwordor niﬁhmx% pi"@p&f‘ fnaiz

FIRTHSR RaSZARCH

fAseearsh with the C.A.A.<0.R.Q. Filghk Recorder to date bss boen limited R
e the oalibratlon of the elements and 4o chdoking ihe spowracy of recording - - <

ot the various flight functions. Tho next shep in the evmlustion of the in~ KA
ghrument will be the developzmext of methods of apalysis of the recerds so S
“as to yleld quaiitative und quantitedive indices of pilot proficlemsy. This i
should then bs followed by mn exporinontal determinatien of the walme of o
%hese Indises fur use am oriterion dats end se disgnostic information for o

RIBAIARY

Yhis report decoribes in deteil au imrovad £iight - rasorder ﬂmlopsd
ot Masseohmesits Institute of Teshnolegy for the Commdgtee on Selootion
aad Training of Advoraft Pilots of the Movlonal Remearsh Oouneil, It
oo doylgned ar a field ingtrumsxt for use in obtaining oriterion date
for sveluasing rilot performance Garing ﬂig}'rm It 4o hopad that tole

uge in piled Yrulnings aubseauewt o ths esteblisghmart of walil.ariteris.

"'E ® PRCEY Ll Broass o Waxed papger LE wide o cowsieueus recsrd of
afledr, Youehions S - .

T Hlowwhes positian snnkir0l eehle tcoh Lo
J. Aileron poaitioe - woubral sevle zoudir )
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S ﬁuddar poaition gentrol eable motien. -

4, Alrspesd 30 t0.150 m.p.he
%, Altitude 0 to 3000 feat
] . &, Llgteral sosdleration . 0.5 45 0.5 g.

7. Hormal mscaleration (benk angle}l.0 to 2.0 g,

The instrupent is deplgned for us: 4w trairirg alrplanes, woighs 5
pounds, and requires no extorral pover. Extorral sonnectlous requiraed
ars oord lines to the comtrol eables sud tublag frow s plict head for
the airspeed elemcnt. The axtire unii ies mounted on shoss mounte in arder

+6 slirdnate the effect of wihraticy,

In dovoloping thig recorder cn gltozpt wns made to devslop elemenio
haring both suffictent sensitiviiy and cparatlag force gragt enough to
driss resording ehyll withowt exvessive stylus ?riction errore. Beach
and £light tests show that this has brer setisfactorily wecoaplished.-
Given intelligent handling im tha flisid, aceurais quurtltsiive racords
of tnL.a various funotiona will be readily obtzinad. Furthor researsh im
nesdud in order to develop mythads ¢f wralysls of Lhe xecords sv as teo
nrerlde oriteris of pllel proficlsncy.
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FICURE 3
Rear View

FIGURE 4
Top Front View ~ Cover Off
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Hear View = Cover Off




FIGU
Top Front View « No Chert Paper

FIGURE 8
Top Front View - No Chart Paper And Cover Off
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FIGURE 15
Airspeed Element



FIGURE 16
Airspeed KElement Showing Actuating Bellows
And Non~linsar Indicating System
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FIGURE 17
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FIGURE 18
Altitude Element Showing Barometriec Adjustment Whesl



FIGURE 19

Altitude Element Showing Actuating Capsules And Indlcating System
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FIGURE 20
Originel Altitude Element Showing Actuating Bellows
And Worm Drive Barometric Adjustment



FIGURE 21
Lateral And Normal Acesleration Elements Showing
Lateral Seismic System



FIGURE 22
Signal Marker Unit
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FIGURE

Ingtallation In Luscombe NC 23065
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