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This r1;1pc,rt f,Hor:l.oel!l in d11t::!.l.:t 'the d$wlopmex:t, ooutruotion, and prt­
ltsill'.!11,r:{ tsat:!.iig of a r:;ri;,;pli.lu rooor'!i!l:-• t~i> C. 4.A,•'1,R,C • flight Reaor4ar. 
'!'hia :-eoordar :r11prl!ir,mt.1 the 01it,grov~h of o;it;tenaivt bJ.ckgroll:lld nt1ea:roh 'lhioh 
r<lvealed t-ha dofiei.e,10ies l\t' the e:n.ilcbl~ ooll311:iroilll rti>oordere omd whiah &id­
ed in th!l> iden'.;ificfl'.tion of +.he c~"l!.'lti?,riiltio.11 \'elquind in an iinproved m­
oorder. 

The C.1-.A,•N,R,C. Flight il.ecorde:;- '!1:'IU l1fvaloped by th.a Inrl:rU11111ma 6110° 
t1oi,, A&r,maut111e.l Engil'l6ering De,ia:M:ment, 'h.11s1toh\llil&tl:a lrui_titute of_ Te4h-

• nology, in acor;;rt\a.nc& '11th epaoi£ic11U.o?lf.l 011t down by ;;r. Q, ;J9n!".illlr &tl4 M. S. 
Vitelo11 of the E:tao.utiva Subcoim!ttef.S or. tha Net.tionu. Researoh Council Com­
mit"e on Sel.ootion and Trnl.Kling or Ai,•~rafl; Pi.lo-ta,. Thea• 11peo1i'1oatioZ111t 
ro f'le oting; the expor,.enae gainad thl•o~ pr,rilouo Collldttee r.i11sa.rob on graph" 
10 reccrder11, oallad for the d11Telo!)Cleut of f. • :!'light reol'lrder whioh would find 
r•~dy u,e in praotir.al field sitW1.tions by pronding reoords or plane &n4 pi•· 
lot pol!'form&n,;e eff.11:l.ly read and 1.1!:to::-pr<rt.ed by d1r11ot i~otion of th• re~rd. 

'l'b.ei G.A;A.-N.fl.C, )'lie.ht R&ucrde1•~ ae finall.7 oon.truotedt 1a l'l 3/4 in­
!lhea wid12, 10 l/2 inohu high, and 9 1.l\Ohea de•p and wish• 35 P9unda. Driven 
l>y a olook-lf!>rk mo,-or, the 15" YJido nx pa.per ohan prortde1 a continuouo reo­
ord (for thrae hours naording) Qf thG follollling el-nts1 

l. Elffato.- po11ition, open.tad by 11lev11tor oomrol oable ll!Onl!l6ffl;. 

2. Aileron position, operatfld by a.il&ron oontrol oable movement. 

3. Rudder position, oplll'!lted by :rudder o.:m\rol cable mo"Vemant. 

4. Air11poed, oper&ted by eta.tio Pl'flsisure from a pi tot tube, reco:rdlng 
1!1.irup1,ed ovor the rep or 30 to ISO IIPH. 

;. .Utituda, opei.-&ted by wieroid capsules, r1u1ol'dirlg owr the ra~ of 
0 to 3,000 .feot, 111th pronsion for &dJ~ing to the 11ero po:1.nt of' 
the 11oale. 

6. • lateral coceleration, operated by a d!&q)ed pendulum mo'Vi:lg laterally, 
recording aver the .range of -o-.,g to fo.Se, Md eerving as a reoord­
ing ball bank 1ndioator. 

7. Vert1oal aooeleration, oponi.ted bf a da1111ed pendul1,1111 moving Tertioe.lly • 
recording over tbe n.nge of 1.0 to 2_.0g. 

In addition, an elootro-l!lllgl!.et signal marker is pmYided, operated b7 a 
ret,oto s,ntoh. Poer tor aotivati~ the signal mrk:er !lll4 tor heating tht 

. 111tyll for mu:•pe.per recording 1e 11t1pplied from dey oella yieldag 7 .5- volte. 

Each of. th11 raoonting elelllenta has been given thclrough benoh tei:rta in or­
der to determine the accuraoy of the racord1113 and the oorreotne111 or th& oall• 
brat1on, Prel1lld.rary flight teats, nth the inatrumsm inetalled in the bag• 
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gf,ge ecmparlmant of ;,. Luacoruba a!i"!)lr1,1~, .,•lf'<l tlo<.l mrl<1 to o:·,oo',: thi; ol<!1w,at;1 
und.ar dynamio flight co!lditioll3, ·~u3 1'c,£1•..:'.ts 3h0..:.'Gd tlla.t th) al,,1,~ine pocee.(l~ 
adaciua.te sana:tt1vity 111,nd prortde 'aaa~.-.~a .·M,;rds of tl;o do~:,?'lld t'unotiooi,, 

To date, the i1111trum&'.t h~ 1.eot h,: . .I ,_, >)rl"'n3ive :!'!old t~•y•0u~. F\Tt.hol:' 
reHarch iJJ neodod, de•ignod ti;, davo.lop r.Fchod!I or al'l!l-1.Y/Jill of' ·~i.o recordo e o 
u to yield qua.llt.n.tive and qll5llt.ite.U.vc L.llaos of pilot p:-o:!in.ie,,o:, an•l tc. 
atudy the reliability ud wlldity of tlw uitli.J-.111. 

Tha report c.l.o8 pres1111t11 dGtsUe!l. i,.Lc;;-;.ct;ions toI' imrtJ.lling, o:r;eratill;i;, 
and mizrl;a.iiiing tho int1trumrun, llw .roll M detiulod photoe;tt.pb~ of the 11ap11,;r-­
ate alementl a.'ld graphs of t.h3 rooulto of ·ti,~ be,noh ll1ld 1'11,.:ht teat. • 
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t\"tuch t'f th•; rese".:irch vt th:'? 1•1'.:nl H9aee.t-uh J•,'.rt.moil :.::orBittoa on jt,loo-
tion rmd 'L'l:'o.ini "f:'. of M.~t•1•,, 1,·:. Pili:',?- """ ::.re.n ~m,•l•H'H'>d w:!.th tha drrslopmoi"'. o:I' 
t1bj~ctivo i:e1.1.cu:r0tJ of t'l!.13~:t rr"ul'to:; ... :!c;.,·t I:h tlJitJ eor..na12tio1~, cona1d-,rntion 
Imo bu£n r;iv .. n !; o tlo<> pGc>ill1t'.1 Hy tl: 1,t .: ,, .,-:;ri:; 1~nt ~ ,·ftd.ah (!:!"l\!'ltianlly rooor-d 
n.ltitud.13, nirtir,~~,:\,, o~·.-..1.1to.t -~,)·; .. <11-::::,;i:~:, (~::.rl otll"r J.t(,!"10 o.f' :'ilo·~ a..11d plane p~ri­
formn.rieo i.)[Ul f11t:·.:d '.!h c\'.~t;l ~.t,nfttt "·o. r_1\o a0vnsor.-i.;tnt. ~J: :ii.lot prort.cienoy, 
:,~rly e'&udi,,:, i,;-ic-~'lil'.lG th" u~-, ·oS ,.xi'.'lt l.nr: oorrn,rc:!.c1l flight recordo:ra h!lVI 
ts,Jn sun: '.llrir.od ir~ rc1, r::.po:M bf _ :ci• r1:-lr·_1HJ. "".t11\ H~lm1y .. 1 !!oro roco11tly, 
'l:l.tal!m ::.nd lhc'1;-;t-rc,;,12 hr.v• d'ncr1bed. " J'ltniled !1.nnlyu:l.s of g1•aphio x-eo-
orda obtrd.nod t :,.-.;:n6h t'.-.o 1100 of lw :,-~ ll.lda Het:•:i1•der r:,ucta With thi, ~iew 
,:,f 1aclflti,1g po;:'lib;.r, '(Ecilitath·e c.i-;i '('.lc.1~Hativo ir,diooo of pilot p1•0~ 
J'lcie,1.:1;, I11 thiD repcwt ia r.l.,;o pr~aont.e·i ~ d..toc,uez1<>n. ,;r t 1111 d11.fic1enw 
:;i.{;G ol' tho ~t~:l Ri,le !t~CiUt.•~i;t:t' tf~•.id1 c,~}t,t 1 ..r..!'l 11~' tCl othtir QO.mterla~l 
inrttr1.r.ti,,:Y,tl. 

C:l':J),H'il!nc• with OC!!Xil~'~OiHl ,·c.oordoru :L1dio.at'>d t:1,~t th~y .,.,Ni ncrj; quit.) 
C)dtrn1" for ug;, in i;Ollill.ittn3 i·1·,.ntir;-,0ii'>n,1 ,:,r; th(! 3ol·acti,m and training 
er aircraft !)ilota. At tbo 1·eq'.los,r. of tl.o ll:;,;oc•xtiTe 1:iubo:mimitbo of tlia 
•~,;;"'d:tto:!I cm £,:1l&otion e.nd Trn1rd.J:_g or A:l.i·orr..ft Pilote, tho nuthora (w-:ith i.h-, 
c:::oi )tt' nos of Oaoor Bm:k,it:r,Jms J'r,) u~,tl,;:r-too!. to pra1:»u1 re cvr:anendntions f r;,r· 
tl:e doaicn fli' an instt'Ulll'~:a·t t.; ,t ·sould b"tt;ir a;Ql'Vli tha :\Jlllll(liiB.te m111de of 
th<t Gor-.nittoo in providi:ie <:u:·U~r"..'.i 11f pilot prnfio:\s1H:y. 

In r,repCTrine; t he'.>o 1,.,hiHii~:r~~nd,;;tiona I it boorun(1 apprirent that i"¼ 'J 1 ~ 
n11co111!mry tu distinguish b".lt\',o!!n n rocordGr d<>aietilld primnr1ly for ~quan~ 
·i:itat:tve rsa&o.r·ch" nnd on& dooir_-n,,i prl.w.U'ily for "alinie:il" or "fiold" 
1,:1110, lt orea th<> opinion of tho n•it1,01·a thrit th-' nellda or tt1& Corllll1tta11 
001.ll.d hast bo acrvod by- tha 0anat~"1.:<ction of tho lotte:r typi; of 1netnmmnt, 
des113ned :Jl'irGarily to aup-ply uneq~:l.v<to'll oota o,n !)l'.ii16 nttitude 'm<l pilat 
pcrfonnnoo usai'ul to rm instructor, inspo'.ltor, Ol." ro-.d.&vdnc board ill 
ovnlunting rli,ht pori'ornnnoe c,nd procrom:; dur1nc tra1nine, vhilo provid­
ing refined quontit11tiva do.ti,, ta .,,1l.y a limitod oxtent. With this 1.1 mind, 
oml with th& appr<rml of ths B;,;oe>cttive 3ubool'Zllll1ttoo, th" folloW1nc opoQi"' 
fio~tiono '1ere prooented to the Inatrwicmts 5oc-tion, Aaroooutio,il C:ll(!;in° 
0e1~ing Depo.:rtms:-ct ., ·lki.111111e.oht:s1r~ta In,Jtitutl.> of' Tar.ohnoloe:y, ue a. guide !Qf" 

-------------------------------·--------
luar'arlnnti., R. 

!.Ud)j, ,UorfoX'!MP~. 
!.'iloo. 

A, and Holway, A. Il, ,!hp_j;hopry 111!4 nenau:roment of 
i:nr, 1941., lA·procress report on file in Ccmnittoe 

2Vitelo3 1 K. s. nnd uackatroo, o.,Jr. Jin unalye11 of wa:pp1o rooor~o 
of 111lot prorioieno;r ob·~nined by meul'la o:t' the R•S Ride Recorder, Part I, 
Waahinl5ton, D. G.t Civil Aaromuttce Adminiatration Division ct Research, 
P.,;iport ?to. 23, November 194,3. 

Viteles, 11. S, and Daokstrom, Oc,Jr. An analyeip ot: graphic reoardll 
of pilot ptoi'!.c:iency obta.inod. b:, moon<'! o:!' the R•S Ride Recorder. Part II. 
h>e.rt II dnala ,,1~ th QU'lntitativo indices of pilot protioienaJ. Copy in 
Col!llllittea filos,J 
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:i., t·ho ir,sir!l!Jlilnt 11hou:!.d ,)'3 d,:;air;nad ·~o provide a reovrcl 1-mioh vill 
a:aa.b11) ~ inotructor ,,::- :l.nspeatcr to ,fot~!'lllina, by inspootior., the attitude 
c,f 1,he pla'.~e during ve1:rioue =nc:,.v0r:1 end the oontrol l!XIV3ruent:, =de by too 
pilot to 11chi&ll'e or con-eot the otor,rve,1 r,l:l.no i,.ttitude, T'ne inatrwnont 
ehould be epeoificall7 d&e:lgnod tor us~ ln tt.e Civilian Pil"t 'l're.ining Pro• 
gram and in oonneotion with el,;,i:ienh.ry 111-,~ructton gl.ven in basic training 
courses of the Army and ~lY• 'l'his impl5.oe· tllat provisions for reoording 
will bo llmitod ee111>ntia.lly to the ti::?:ro Gleioontary training ma.n<:mvore and 
;,,1.ll 11o·t cover aoroba.tio 1111,u~U\t·a:.-e of -:.:,o typG omplcyad in ·i;he intermediate 
m1d tlcivanoed Army aal Navy trnin'-nJ• 

2, Since the iuetrumont irlU, in e,eno,-al, bo Ullod in oonnection with 
st1U1dard flights, no elaborata tJco.rw of id,,ntifying manouvo:-a noed be i,ncor­
por~.ted, with the follorlng ezcilpU011u1 

a, T"ne i!llltrument ehoulo in;,:tu.de ,:i, sigiim.l ar.rker to be opera~d 
o.l.ectrically by th.i pilot c~· o\Js0rv.:0r, 

b. If poesil>l(l, it· should in.o1vde a trE.ce ,m,l'il'ing a.utOt1ntiom.lly 
the beginnii:g, C:freo~ic,•, tin<l end cf euoh turn. 

3. Tho in;itrw.mt ah<rnld >"-icor1 til:i traoe11 on one che..-..t to a-.old the 
need of synohl"Olli£ini; olcrta. rr po,1~ible, oo.cih of the rsoording etyll Md 
pene should main·ts.in a uniform horizontal pol!lition on the ah&.-t to e.voi.1 the 
need of tnrnaparont saaloo or othm· C:evicoi, for 111ynchroni1-ing tra.oen on the 
11a. chart, Ar-a1ng ,;,rrcr 1>hou11 be nl.ni'tli,:od, 111.ld 'if at all postJibla, e:it• 
oludad, 

4, The ir45tr=nt should c;'..vo ,1!1 l.r:owd1n1el;r vi'-Jible nnd intarpreu.bla 
reo~d 1$1ch my be ox&minr,,d i~T'l».:lis.tely tipon the conolui,i('n of fH.@!t;, The 
ei'feote recorcled should no1, r,iquir~ "or:r:P,t<Lticn for int..,rpratation tn th~ 
field. • 1t ill o.ooei:-1.nbhJ thnt e-;,,uput,,c>,io,:;, he omployed :l.n tho cai;e of 11uoh 
datp, as o.re to h,~ us<"d i'or qn~-r,J.tr·,i;t,,, p,~oee111 but r.o e-vmputatian m,o.t110~ 
,ave,r ia :.coeptable for fis>ld tl\/,3, 

' 5 '.J The o o;:,t ci' rt3fitt-::itll~i:n.c -~ L .. t :: n:r:_.rt\.,".!trr~ i~ ~:rgo r,:.:~era for field 
t:ae, con-venisric,; of illc!telll!t,,J,:;, "~"'" <'-7'' c,n1. ol naintooei1oe, oto., a!wu.ld 
b11 (sl.va11 eve;,· conddcmtfon :la L';c, d,-:iiro:i ~f t'ill tus'sr=nt and in tha s•l.e~-­
Moe of Us cor,atit"c,11t ir~•i~t, 

In e.ddit.ion ti..1 t.ha1,e ~~:>.-!B .-.:,:..1• ti;~•.:i ,:-i .i:;i.,:.-1:t-I.ono, tha to llotdh~ epacific ell€'"" 
r;t16t~ .. cwm wol."'"3 mad'j :.,;:~,:!?)i::'Yli.r:,--: ~ ..... ·i ,:;.!...,. t.t~t:i'i,11 i~ the i}!l-cS-t:..",.m.a;:it..; 

19 ~Ll.!!.'!LME.~9?..t!t~,.IJ T~Ht i11r-:,t"!:;n,;::1!~ ahculrt provicla thr;;;a tf'acea 
ohr;M.ns the nv.m~rir-, o:~~011' ~ i~.::1J_ U.1·,:l'otin.a. c.r r.,.10v~~nts of ~aab of th.e tbre" 
controle, rtz,, ntio" {<11" 1:-i:,.,,,:;.J ,·!::;;., ,:,;1f. -~~·lt, ffi/,ck (or wlleol ooltu,,n) 
fvn,1!.rd t\nd hMk, 1·u~,•o~ ro,i1r.l,1 (,--5.~1,t :u,1 Jc.rt), 

2.:. fil£-dlM~.t~4-~.,. 'J}1.t 1 1·0 -1.,t1,,:u:1.t~. "-:",~ :.~,."'\:.·:-~ctr, a ao1G~oid Rig:nsi.l i£.f'k.i,f'~ 

t.o ':"J~ ~pc-rated llJ· thE- -.)1i::1~·,r·nH-' 0.:-..~ r.:_~c·.,~. ~·/ ~·~~:-:-"~~ uf -'!i.'l H.!Y_9I"fJpri~te ttivlt~1h~ 



f.--,-,.. '""'·' S1·. ',t•.~.;,.."'-"·i·,.c ~:.,,n ,.~,..,·, ·~ 1'll'I-" .... ~~ ,r· -~ O'.., -t.·,,~_.1.- ',~~"""Ol"''O·,. •r•~,1~ t-•~A •~< --,;,~ " -~~ o.-.,.,,-.~ ··w -..u ~..,.~.,,~.,,.(CJ,..11,.~ ~ .... ;.1.'J_ .-1•, ._ , ., ... u l,1 ., lo• ~ '""-''gi 

e.! 10,:{!.d ~t :;t.:..de br 11. ·d¢t©lc fHJlqn'lid ti-1 -t=::i.ai.),i~t>ij,,; ,_,sii oi a 5;lg~l codo in 
r;a;;i·-, i·, ~hot:lc! GfJMl de11irablG tc, i,i,mtity &,,,l c'"""o rr.a.'1011 . ..-ar,; by .node -l!ii9°'11l4. 

l, ]~al..~1!2!!.• '111.i iu~'an,r:umt. ,ibmll prov:lc\iJ a trs.cs ( (Ir trao01) 
t,~ ,·ec ;in• . .;~oh slip ,md ,'l!',ot. 11;.,.id duri11r, f.li ,j,t, ';:'.he trc.ee ( ,n· traoaa) lll!\Y 

t.,:, obt,\il~·d throi::a;h tha ucc of ol.th:,;r (1) .1, ,~,,o~:!:l~:!!Jl.,'~-~~~::),:..J:.!!.~.!2!:. 
cpernt:!.i,g l,y eb"trb ood,i>.,rl,I'- o::- i?. i •:w•c ,~r,t!u).,,•:,g froe to s:d.v.g only in 
tho latm'l!.) plru,;r ~i' tho ::,:,,., i.J,.i,-' 

• 

~ 

the £2'Nrdi~...li.~ .~Ps,i./;.".~Jl'~. -~ ilil.@·~ ooneist -,,ssontWl,y or 
& fo.osi.mlle ,;f the bs.ll bs'\k ii;d.-\. c~tor oi· lateral tncUnowater 
co=r~l.y unecl in ai.rple.nn .. ~--!.th t'1e e.d::ll ti<m of alactricu 
con·:;act!! pla.c<>d at !ittUuhh ir.·~e;--v·it-, 1n tho ~ls.es tube. The 
nw!\l,er and lo cat io~ o.1' th0,i0 oont~llt.e i::ould be df•cidad O!I ,.he 
bas~.B ot advloo f:ron, i.,xr~ra,,tore.i aml othar qunl.ified peracns 
and on tha baoia ·or 0•1ch e.qxi1·:1.twu~o.l :fin:dngs as inay be U>Jei'ul 
in. ~hie cQnooction, It ia o:Jrr,ain that the minh.1um number would 
bo tom·1 t\70 on 0a~h tiM~ of tho !111.d-pooition or the inal1nometer, 
If only two '7ere uc;ed, ,ma anuld indic8.to a pooi tion or the ball • 
oorreepo~,dinc; to a '°littla il.funla;:i."e" I the other t1ould ind.\.(l(l.t!I 
"oonsida'rc.lilo iJDbal1121ae" or n:a.rk the poaition correoponding to 
the a.mount of imbalance sufffoio?Jt to e:odailgar the airpl.Rne Md 
ite oo,mi;ants, 

Tho unit il'.).v,;lving thtl i_wo ,2_endullllll9 free to swing .:mly in the 
laterol plane of tllo ,'.irplane could be that new uried in th& R-S 
Rido Reoorder • 

Tho final oh,~1ca betwoon i;i3 t-:ro Wlits should be lof't to Pre• 
teesor Draper of IJa~eaahusetts Inotitute of Teohnology, who, 
howover. rray b~ interaeted in cior.iildGring the rela.t ive adw.n• 
tagea of eaeh aa outlined in the oourso of our dieoueeion of 
tho propoeod reoorder. 4- The sdvant11.go11 of the 

0

l"laording b11ll 
bank 1ndioator appear M follwo1 

(l) x·t uould provide a trace [;I.Ying directly categorise1f 
information ena.bling tho i1111tructor to toll at a glance 
whether the studoitt slipped or skidded "not a~ all," a 
•little," er to a "aol'll!iderable. or "dan31!ro11B" degree, 

• 30ne of thaao pen4ulume wattld be fr:Je to nin~ only lett of center, and 
the other would be tree to swing only ri:yit cf ceriter; eaoh would be stopped 
at its l!!id-position, The purpoee of etQPloying two pendul1111111 eaoh stopped at 
the !Did-point instead of a si111;lo pendulum fne to srlng both right and lett 
of ~enter, is to minimiH error duo to lbdted damping. Such error would be 
oxoaesive in an \Jn&toppod sjngla p,ndulum. If a t'aaeible ID9ans of' damping 
(speoit'ioally. some mean• other than dry i'M.otion) eld.ets. a single pendulum 
tree to swing both right and left of oem0r in the lateral pl1121e l!ligt,.t be sm­
ployed. 

4-rhore was aleo 1111.de a.vaU.able to Profos!lor Draper a copy or a Memoran­
du;; conoarning proJactad E!,Phio r~corde!, prepared by Osco.r Backstrom, Jr., 
Dr>.iversity ot Pennsylvania and• le;~ei·, of the Vit,elas~Baokstrom report. op q_!-1:, 
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(2) Oa.q,il;lg oould (H!e:-ly L~ .raried hy a change of fluid in 
tho glass tub11, 

(3) The reocrdw b11.ll liCUlk ind.ica-l;or would p:-ob1;.bly po118e&ill 
a oortain advrutt&ge o~or the lateral pendulUIIIJ in that 
the lay instr•¥Jtor ie fll.lllillar with th'-l ball bank indi,­
aa.tor, • Although the b11ll and the pendulums are subject 
to the saroo e:i'f'oots in the same. amounts, certain inatruo- • 
tors mi~t be reluctant ti> accept the laterel pendullil!II 
aa· substantially a ball banlt indicator. 

(4) Sinoa the trace of thia device would be to all intents 
and Pll?llOe8a a eigr.al +..-n.oe indicating certain ranges 

. in :.hich t.le ball has :cJo l"Sd, the trace mi/;ht be dos4lll8d 
to take up leee oh!l.rt o:;,,;,ce than the tra.cs of the lateral· 
pendulums which roeord actual extent of deflection. 

c. The adTantages of the use o!' lateral pendulucs may be slll!mli.ri•ed 
ao to llove 1 

(l). The pepdulUffi! provido tra.oee of a c:ontinucus variable. 
From theoe-. tre.oes, ce.to3ori11&d informat~n, auoh as the 
reoornin5 b!'J:l bl!lnk i!!S,!cntor 'l!ill f'urnieh I oan ba obtained, 

• but in ada.ition, oth:;.r information can be d&rivod. The 
chart can b~ rra.rked with llm11 indicating the limits of 
the oleotr1c aoutacta ~iroposad in th!I renording ball balJli 
ia;dicator, t,-) furnish thi, data available for that ~l'Ullll!nt. 
In addition, ,il.r.oc t:oo t:ra.oe records lateral imhalAiloe oen~ 
tinnow;ly, lllOro infor;:;10.tion on ment and pattern of lateriu 
imbalance "liU aleo boo'>me ~s"mil&ble, 

(2) The lat&ral pendulU!llil ,•opreserrt a' moohanioal unit, as 
opposed to th0 re!lordill>; ::iall bank u 11.11 eleotrio unite 
All euob, tha pimdultllil8 may po11sea11 Ofruin adva~B.ge■ in 
field operation, 5.n tel'!ilS of the nesd of a 11aul"oe ot 
~lectrio poYer r~ w~ll a, poasibl7 greater stl.bilitJ imder 
oanstll.llt 11.,.,, 

(3) In the present R-fl Hi.de !tOC<>rdei.•, no M&ping is neOHl!ll!U'Y 

£or ';he pandul= if a auitablo pJAQ,s of inetallation and 
suitablo aush:loniug r>.£B,ir'u1t e11g;ine shoot nra provi dod. fo'I:' 
th& iruJtrui:-.,nt. ln the 11;,t o! r'3o crd11 made at Tulane 
University and oxamiu;,d at the 1Jui.Vllr&ity of Pannsylvan111,. 
no difll ou1ty ml.! e.:itr:>3rfonoad uith \\ib:ii.tion traoe1 in -Ua 
lateral imbeilo::.ca lius15, &10!1 vibrt,tion trao'e11 o.r" raw, 
!!lld where they ooc111•, oar.: o'1.!liJ.y b~ oiecountod. The tact 
that no damping 1,ro.1.1 nGa<1.isa1y probably reeulte1 fr-om tM 
looati~n of th() instM.illl<Jnt in the b~ggaga cornp!I..M.mant ~ 
frolci t11e typ ~ ol oa.1ldultll11:.!, ,1hieh ecoploy a very short shd't, 
thert,by r;iu".~rtd:,,g f..i 0 e .l¼'tm,rt, d dcm:;,ing motion, 
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, 
~1, t._.;...t~sg,::...L~£. 'J:ht1 J:,.:;, tl'1.r'll,J~•'. ~~ :"1:"! ")°'-' : ~; :t (H::;~_l; 5 f, fl-. t i"'T--.ft& f, :t•1:n:t d:i.ng 1 nf ~l"-· 

.·~-~~5.•.1r. ,::>1 rn~/.11,t•'•;,rr,~~~o O.i.' ~•.JM_t.r.u!o, ~;·.v:L i 0·,fc.~•,1-.t-'.t0n lld.11 O!-::iizu:.,rily 'J8 Uf:~<l 

J'. 1•:t. • • .;. c ~-··1\lW Uw r3; (i~\:t.u:-.~~i::11: cs.d. ..li.s...,\'•t s;i.i.l~-,~:-t:• :;f :.-1',--ny 8 _p-.;:..~ 5-f'ie 9-J tit uds in :ef):t ~ 
b'.lt VBr-i,,_-d~io J::J ~-!'~ e.l ~iiVi~eJ ii.o::r·in/ fJJ"<G3'j~~.J.~:f,d :r,,;:.r.~rr'"!f'il"W.f' :;..~e., ~.c sho~M v:hsth.-G,-,. ... 
th_~ t.1:Jbj0r:~ r~j-~-r.~n:.u..1d r,~ -, ...... ,rt!)ros~ :: .... ~l":}_·r,.-,.;l.r.· X ,.., ;~ '!-.:..,et,. !.'hi~ tu~oc ~..Jt!l. "')r.,:;'b~-
1,1!~ bv~ p·~·v-r:id~il ·~y a r 11t1i;.,!'1:H.r1 i:,,1.;'W.-iti·.r1-; alt:i.<-1t.:rta;r~, ·rlth ma.r .. ir!l~ read""' -
iUf; :;.,:rt !' ~t,Jr>~~d.:t1,;:r; ,~- •QOO :i'\l'.:C~ • 11·_,,., tr~1,::~ 'f.ho)~ltl b ~ i:·ea.dabl:j ·(d thir, t!l~ mc.~t 
r'lfi:aad ii:alita ,<sf 1.h$ in:it,-;-um>Jr,t, i,(<~, >;.,, s,.1allcii.t ql.ltUltity l'crnordfld "-~Q~'­
!-at.~l.y hy th~ inat~nnt chould b~ -::.aU 1 ,J..,rivnl:il<. from tho aharl. 7 

7 ., ~11!.JJ'.!1J,!!~:\::• J.t io hit;i 1 y ,t,J::1~.n,01\l the.t th<il i1LBtruroot>t inobn@ 
a unit ind:l.oui1':i; •JJW1qtd~;;o,il.l.y <;r.,a 1,~,:,'1,c.1.'mr;, direetion,1md oloR~ of e,1.eh 
turn about tho ;,; l!Jdu. 'l.'he tra.G,- irti'..ic,'l.t:lng tur:u aho,£'.ll. only be 1nolud•4 it 
the inGtrUl!l&rd; i~ nufficiC!n~ly <J••~<IUivi, ',o prorids t.hi;, infoI".nation with N" 
apeot to ahallvu turns 5iu~c rul!J.J,llt;C•l!l j_nh•ma.ti.w-1 fer 11'.odium a.nd hi.y1 tu.ms 
oai1 be derivad f,'om the tre,,e,1 ~f ,;,,,:,·,.,,,-,.,r,tt o<: ,'the three oorrtt·ola. 

5rt 1a to "i'Ja reqognhud that thfo rul&tion _-.:1.li net. hol.d in t.hc~c: i,,:.r .. 

tions of a turn in mite\! tha a.---:.i;ah.r e.;,;tect. c,f cli"llbins;, or diirlng, or $Up­
ping or okiddine; ie t;r1J11i;, Ur:d:l;s 3 lill'.l•J ,i wl.1I i:rovide e,, rough indica·•;}on of 
c1hether thaae conditions erlst, Jurth~lt'\C'll:&, 'cha e;rol\t-ast 8IT0r in the rel.a~ 
t1on 00our11 w!rnn the n1~nv-., onndit'l.o:-:o '!',d.ff!: i."I tha O~-lie oi' .~c.allpw bi,.11ks, 
Vit,ilae, M. 5, imd Be~katro-:n, 0,, Jr,,, !!;E, . .£?:t,, JlP, l.Wo-lt':.1.L 

6rr aucll fl..'l altiruitel' >Vel'a pr'lvide~. ~·tb a meani, of adj®tmant tQ "O" 
fout at ground level, it rote)lt fl.l~,:, be :o,,e,-l. tt) ehc,r 1>1h9ther the subject at­
tained and =intained a ssXloifir.i dt:ltuo.~. 'tho ccu:, dah9,•r~nt- to e«ch a 1we> 
would bo the fa('l"t th4-:'; r,11:t1nt·e 1!":-~·J.c'l hr-~irn i;n ~r.\i pltto:'%,'Hl 'ln +.h~ is:rntr@tor t,i.'" 

o~her field pe L1CDY.t~l for 1c!}? k!.-: .. r,- t:,, J.;1' 3.ti.J •.;r1tmwnt fr)r 0---1 .. ~h fl1.gL~. ~nare,.~'.t.l ~ 
'lt~ae·tbr~·r tha e-.djr~;tm.-,~~] t-t.1 ''fO'!\ f&"}"· i~ r.or!'-:o{ or not~ -tha inst:r-".lrio-ent t.51Y! 

sJ.v--~ys show 't'0:At•~i.a-ti~w. in f,:,c'rl 1>·.i.::1 rn"l.7 11,.f.:uo-:ro. AJ.{;i{;uc"i>J. .. 

'IA ,-,,oor,li,;r:: rat,,i~or~c1,1.!¥> dcvica ia ,,01; Neowm1>nd;id bHO<IUtM of t1"1 

a,:tistena0 of an undes.~ral'lc la~ iu -?>t.1Jh a.n ir~:,~rntoant~ Uoroa~•~:r, th~ o.,;:terr~, 
oi th..._r, ::_,.,g to •rn.rie.ble f'::-om 'tiru~ t,, M.t!O :ind. ,ii1:Ull.tiou to aitlla-!.1on, 

'. "t~-
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THE JlEVEIJ)Pi,iEN'l' or 'l'HE (l • A.A.-N .R. a. li'litGB'l' MOORDEl 

by 

1'il.l t l'>r !,Mt-, 

bt~nt.z lllililtioa 
,t.erona.uti,:,al Enr".nesl"ing De~nt 
Jlllaeaelll.llilette I1u:titi,1-fle of 1'•ohnology 



T1ill ,!JEVE10P1iliail' OJ' TilE C • .!..A,-11,3.,C, .J'UGHT P.Es~OllDJSR 

\i!:ldor a £):'aut £r;,im tho !cr.t:br-.,;:i.l P..oaoosoh Council Co,rr-r,ttoo on 
S,;ileotion au.\ Trclning oi' A!rc::.:d.'t. Pilota, the I:natrl.!8si'l·~l.J EJoiioc:1, 
AGronauticnl Ell$1no~:r'lni; llaf,E.l"tioo.it, Hassl'l.ohuor;tta !notit1:',o of Teall• 
nology under-'.;ook tha c'.aviJlo~nt of an improv11d fli(lht 1·2oc1·c:ar in 
e.ccorcw.na6 ,1ith epeoif':l.ca.tiona ;,N;i,wed by John G, J''.!n!:i:,:J and llorr!s 
S. Vitoloe, a.etei O"combor l2, 1941. In ~p~raac,ng thio task, tho 
tollowin::; gon~"°u cionoid,u•11.tioi::,i wi·o fo;,11nwi.tt1:Z. 

l. The flight rQO~d,~r chot.~.1rl b:1 dc,::i~,-:1 to [Z~.:;a +,h;) C:.B □ ll'J,d 
roo:i~•do nth e. mini:;i,;n of £.I. a,.d utt,3zi7, iou icd l'.l!;',i:,:tcr.1~0·c, /}.l oom­
pommt:i l!lUSt w1 t:ult1l.lld tho ortl..\u..."',' l.':.;,or;; of tli::.,Y.; ~::,r;:. ~o u 1f011. 
u the ml.niatre,tiona of uolJ.-;::,:,a:,i:1::; ";,-~t 1ilcl'tl'1.llrodally raert pirs,;iu-
nol. &.ob ooi:ipor.e,it~110-1oi{::l:,;: cl.o:;:ret ohot!!(l, i:r.7ofm• :.ci r•o0:.ible, l,:; 
ll(foSi-tiTO to only tho fui1l!t:.01'1. .,ti:;!:,. ~.t la 1'.11.IP!'.')Oec,l," i;Jc'.!'.~?J,t>,1.zlc. '.i'!:l.e 
d9;:ii,>,n of tho reoordor ehoulci Jl:>F.:.."i·~ cjr'.;7le inH~o.ll~i;:.ci, r.zd cr,:-.vo:t­
i•Y.:t oparotion. It oLo'lld llo 30lt'gc~;::-~dm;d c.o r<>r.,.rde: _,-:·ct!' .::ourcai;i 
requi:r·ud for tho oper$.tiou oZ cx:.'J c.f' t~G i.'O.om~i-ier co~;,c,.:ei::t:. E:t~f-l"ii::\1 

OOrL".l•Jei;bna m;1J;t llo rw.do ei~.ji;l:;· au:'.l 03'.db:-::J;icn p:r.::e0d"-·0c; t::01illl. be 
et!'Uigl,tfol'?l'll.r~.. P.oo~rdc,• -:cr;;,1:i;:;:1·b i;J:o·.;..lc. b, raplco"~,10 -~•it~a\1"il 
n?eoss:lte:hinz, oxt0nai"':oa di3aDuc:CJlJ, ::.~i!~.Z1' hru.::.Uling ohoDld 1>s ,.:=.J.:r:."~.ul 
ottt 9z:pc.d:1:tioucly, T1w1-::,.:, rnwt h.:i clo~.r-, e\a:rp, w.vl frco fr,m ~h~)u.r,.o 
vii)ra.-tton end rl"tilor c:r:."O.i!.c {1 ~::'c-:}'tD 'J:J.~ad bf loot:i~tt.:l~)nt .,\~i"lcirnoii,;.•c. 
Given fl'.,,Jh 1:1 'lli~t reooi•(;l.:a·, failure t>1 ov.,...iu or:aori.cn d,,y;.,~. aould 
'be c::tt,-ituta,1 only to t.ho clloi:,c o:? r:~;-,<;:_:,.21i i::.-:mm.:.rod. 

2~ In pt~e ~1.cJ t cor-~tln co~,:to~>;;r.:,~ wn.Jt be ca::10 "(";l"Jh ·~)a 3.\l,1\"V 
idc.!..1 r,1::;u.il•smnti:,. It ill e;enu•tiJ.lJ chi,iil''ild to obt11.:l~ a ,:ie;:,,;;Hl•;,:;, t,-acD 
o:? a ci,en function ova.- ('. u:'.do rcllf~O ~-n ,t:i!l.t i'unJ! .. iolt, T l,~se a,·1 
op;:,ouing ta?1!a1'lc1os 1E\ pr::i.c·t:!.~dl i:.1y:.::t.1_ro::,,t tJaig~1 ei:-' .. oz :u~ .;c:.-::s1.t:"',·~· 
ity i,n:!. ,lid::, l'Ull{lo oaeh uv.11'.o foi.· hrs, t,,·.we 1'.,'.c)J.ituco :::;:~., l.n co/1:i:h.v." 
tiou, oaooe trace e..~J.tu.i~ t,o ·..1B1JC-.'.".:f~1 prohibi·i:.v6l;t" l,,;rgu. }.:o::u",f'i l'J 
c!o1·'lir~c- from t1Jt.JperaturG c..::.:1:.p0z~B:-.rt~<.n :t-1\'%~ bo ~ro:tc-Jrt,10. ~~~:'.ln:.rt t~e 
1,0.'lcM.:::GiJ inori:11: ;,:;,t tlJ.:r g?•,.;~.t o:f i\,rt r~ r,.,~11'-,d t n :.,r&v.l. co c:•.C1L co.tc:,a;.ia,.­
t1.1,;no El:l.c!~J..a:'.:;:toll o-t ar~i:_,.~ a::-.~ i:..~:!-:-o:..i1-;.::.lJ m~.:'i~.cir./J:j. f:::.:,~u:r~:.-)~ it: ·l;hc 
c.ochaniem t~ i."'e.,.,m_ct ''* the· t1~~:u:1/,;5::s:> <J1.e·,:? .. ~:.rtJ x·:U t:inJ ,rrcH'.,;_ioa S4"l""i:-:.".·· 

GOU.2 indic~.ttio::iao An OJ:pt\z:1.d(}1i. t.~t':,;:; OJ0(..1., $.~tvnl\~1:~ l!iQ-...'.'.;~,,. :1r.i::r.~l." ei·.:&1..'. 

8-rbos.e oon,13idorut.:Oz:3 t.:.a ·.:i-oJJ. n.:J c,~':':t,t r,1:·:-blcro irrrc:.-,,.-a(l in ths c,,;~ .... 
etrL!otion ol t~10 i1::.1trut101:rt tt.rc ~;•:i ~'.l f ,1:t1:r dl~(~"'J.DSiHl !,n~ tlf:Uly, 17/J.l~ ::.,:i_--.; 

ra~~;I:fn ~~mi~~~o tiTis~-':'1-RL:l!._J?'..5}.:'.,!~in . .!-2'.'.~!£!~· JM:.::::(, 1942. 
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:::•rJ~t:.l:;s ln ?m7J.al!t:, 1.o!!::1.:.:i.r, ,-:-r :',. , 1:.:-~,:,... Tl::-,cl.ua~'.:ou oi- G.,.-i:J t·ooid.t'l..i.l in­
c~I"UOOnt ~rr,i~ to on~ ... t-:Ji·ith or t!-:.:-:lr. r.:.!uee, wbatGY~r th0y -u:ay be, 
would bo u.uoh m-,re thM toll '.~m;.i r.c,·J •i'. ffiouli ancl costl:,. Oonsid-
0!'11.tio!lS ai:oh M thtso al'.7&1fl c.:,nl'r:i;;,t ';ho i11Btrumou-~ del.l!.o:~r, 3uo• 
ocs:.t--tl i1,r.tr11,,:t..,Jc.ts 11.,-:-3 thoc0 ii, .;:-1-_1~;, maoh oonf~.!oti~g e'.'-G.te;:ltl?I have 
baoo rati•Jun..1.ho.t i'or g.-e~toot ;,t·r:.~ ~!oo.1 ur::.i. 

On the b!!'~):l.tl er th<> G;)OC,.i'ice1tfo:i.e i'urn.i.eh€ld by the }lr,.t1onal 
fl:,a0::ll'ch Ceiuncil Cor:nrl:t·~e,o on S'll;,c";'..on l!'.nd Training 01' Aircraft Pi­
~-,:,'l;c; and o, tho ~eMrnl ool!::idor~t~oan ottUiv.ed abOV\' 1 tho Inetr1Jll8lllill 
8cotinl1 r,orommiooJ. Ecg1ooorl.u.:; Dop~:;-t,mnt, Maa&:.ohusott0 Instituto 
'ot Teal'.r..oJ.-:>(;)r ,ievelJJ)f.ld El."ld o<i:r"'t::-,lrJ'!a,d c pilot modol oi' a grapiio 
f'll;:;l->·~ rocoNI,();.• now l:n'l-&n ns the C,A,A,-N,R,O, P'll~t Reoo~'der. In 
tr.is roport o.r,; i'oa:,d e. o.otai:!oJ deJOl.'iption ot thill raoor-der, reeult11 
of tho prollr,u.na.ry bench !J.ncl. i'li;;ht t'.la'ue made prior to the delivery 
of tho roo~Js,· ·to t1.o mi.tioiml :\Q~Ocn·~h Council Comittoe on Selection 
and Ti'!l.iniug of Airorui't I'ilotc, ihrrtrµotiona for the gee ot the rec1order, 
und eur.,i:;eetiona for ftu-'.bor rc,10.u•,;h tdth thia in1;1trumsnt, 

DESt.21:!'TIOI~ OF THE O,A,A,-N.R.C • FLIGHT :IEOORDER 

The rooordar is dosi.:;:,od to p,ovide a ~aphia rooord of the follo11'­
i~ flii#it i'unctiono, 

l. 

2. 

4. 

Aileron, elevator, and 1".Jdcfo!" control p09'-tiona, 

Airnpo'3d from 30 to 150 n.-,h, operated from a pitot tube, 

Altitude from O to 31000 raot includinz • i:ero adjllll~t 
oovorl.ng ~ bal'llr-wtrla TDJ:C9 or fr~m. 2B~ !Jg. to 31• Hg, 

latoral r:.0011ler:,.tion from -OS ',;o -1-0S S• 

• 
;. Vertical aocelaration from 1,0 to 2.0 g, 

Th9 grBphio rocor~ 1u•e produced 021 nxod paper 1$ inohea' lrl.d.o, 
1pool-,d in 50-toot lon(;',lm, The p3,por epsed 1s o.pproldma.tel;y 3 inohos 
por ml.nuta and io driven by o, Dlchanicallr ,:ovarned olooltwrk llll)tor r .. 

.. 
• 

• 
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l.;_!;~.,r~·}.:';, ~.'J,,'t~ ... ;_~'~t~ -,,-7.·;./ -~(,., •1: ."I~' ~.,,.,;,.:-':!. r.1l1t'!.}~ '-!:.n.~::'.?ll}JO!l~ t-o 3 
hcuro of 1."tJ~l'•j_',~~:~.n~{ ·S.t:--.:,.t ;.'h"t- t.,11·:•.i~~. r·:<\pei' ia i~s:.lutcd with tii:i.Q d1,., 
vicior43 5 r.M·•-i;"i(,c .:.r:.1':l\"1.i ~;1'Ji zi ·'.,:i (:r1:d ?.b lt a~a..1..es f~r reading tho 
"fB:.l"i❖u.a 1,rr~e-~;5..c"C. v--,lt1::.1, ;::.~4k1.oJ vntJ.-:.~r),um,ry tho '.1:Ja of trr..r:wparent 
i;csl~~ r"r t:'\:n:ii,ribi.Yi'.: ili'.t~. 

The r~cc.-dur ~ l.7··3/4 in~oo ~il.8, 10-1/2 inohes··higb, s.o! 9 
inelulo d&op ,:;;:d 11,:;l[ihi; 35 poi.m<\8 oo."lplGtOa It ii, installed in the 
rJ.rpl:me, 1n ,m up~i(11.t pos:l.tion with t ha 17-3/4 inoboe dioonsion par­
ullel to the l.f'.:ard. arls or tho 11.i:t!)hna and ul. th th_e chart side 
i'orw.rcl., Tln c;~,,,M o~.i 1D vie,rnd 1i:1rlng o.otual recording tilrough 
tho trrui,i;:,x.·,nt ,;b,:10,.1 in the oo'l'or, ao aho'l?!l in Figure 19 Appendiz 
A.. 

The outi,~o rooorder i;; auppor-~ed on anti-vib~tion J:IOUDtinp 
c~riod b7 t-ro h-,rlso:1t"1l pl.a.tea along the 9•1noh dimonaion !lZld must 
bo tied tc tha airpleno at those platoa, 

No rcoot-J p<)';:'ttr ia roqi:1rd. since the inatrument includes drJ 
cella supplyJ.JJ.g 7.5 volto, A remote switch enll.ble■ tile imtruotor to 
operate -~ho si0,1al i=.:or unit for onding thB rBcord. The only oxter­
m.1 c annection r,;,qu11"3rl Ill"s throe os.bl.i lines to the oontrol wiren and 
tubi~ to the p4:tot-1r~atio tubs. 

D. Dota,p.a!l rleoorl.pt,.OJ, 

Follom.ne; is a detailed deaoription of the inrirumont end it■ 
ola=nte • Proto g.'O.p:t111, d,r!:--.:'.lod dra.l'lini:;■1 and callbration curvos p.r&­
sented in the QPpondioDa ahould be ro:f'orrod to in col!llllotion 'idtti 
these deeorlpl.ioM,9 

l. ~l'!..!rom&, 'rho rocord,,ir elEl!'lmts nre mouated on IL main 
f'r&mO shown in App,e~ A, Fic,1ros 9, 101 and ll. The fl'!UOO oonei:na 
of 11. c1:1ot nlu:ainum iijV<Jrtod T-o~aticn with end platoa, ill the ohm-\ 
dr1 vo equii;t1ezi.t is ll\Oll.llted on tl10 fi'on~ or ohe.rt side of tho min TOr­
tioal msnwer, inoludine; the oloanor!l: mc,tor, clookwork governor unit1 
drive roll ond mt~ t~ble, aha!'"~ food, aDd tako-up rollaa ni.e lat• 
eral aooeloromeller .::le!l!ont is a.l!Jo lllCtmted in a houaing attached to 
tbe t'ront of' the main ver'.;103,l mombsr. All the other recorder eloment1 
111."0 mountad on the baol: aide of this rnou:bor, Eaoh of those elements 
is oonta.:lood in u sepiu'ate lmuetng in order to tuoUitato 1111..intenanoo, 

Tho mitln frame ia out out ,;,hersvor possible in order to redme 
~.ta wei&.t. A aover phte, 11ttaahod ~ the wderaida of the tn.zm mid 
the> roe ardor aover, is eoourod to the fl'M!Ot mldng the em.ire unit dus~ 
tight. 

9append1x A pro•ent.11 photographs of the recorder and chart paper, 
DetnJ.led blueprint draw-lngs of the various olemen.ts are on i':1.le in the 
Commit.tee files, Appendix B proaenta tho re1ults of the calibration teeto 
and photcgrupha of the reoorder u inetalled 1n a plane. 
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A oentrlt~al 5overnai-. driVGll til.l'OU8fl stap .. up gearing, holds the 
oils.rt. speed oonstal.lt i.t appro~tol;.r 3 inelle.s por mintri;o uithin 1 par oi;rit, 
under norioo.l ope,z-ating oonditions, Thie uw.t ·ms ohosen in preferenoo to 
otherii beoa\18e of its wiuaual.l:, larce i;iprinz capacity, gi.vinc sat4ei'a0tocy 
driVing torq~ and lone runnil'l(l timo, The motor viU r'UJI. tor mN tbazl 
threo ho11ra beforG rarlndine;. Sirtos the. l¾ngth of oh!l.rt, carried 1n the 
recorder is'50 feet, oorrespondinG to appro~tely three hours in time, 
the motor need be ran-ound only whim ohtll'l(P.Dg J)llper. 

The oh!l.rt drl ye is etartod eleotrioally by a macrnet•opero.tad wiper 
on -~ geai-- in· tho gov8l'nor train. This maenet iG actuated by turning on the 
min recorder r;Vitoh lll<.,,ml;ed on tho right t.111d of the recorder _as newed 
from the frol)t • 

3o ~ }lothod ot Rec9rginis,11 The c!JN't paper is JS inohes wide. 
The 1JU1"tace of the paper is \OOJl:ed and the reoord 1e obtainad by scribing the 
wax 11.m;.y with t!l.e recording styli thus .revealing the red paper beneath. 'i'i:e 
st7li 11.ro heated al-,etl'icr,lly, Thill melta the m.x and lubricatea the stylt'S 
to pa.par contact, reduoinc friction materiall:,; • The power oonaumption per 
et7lua iE> C,2 watt ~. a.ll oii:;tt en;yll are hGated, requirine; a total po11a.­
oor,s1~ptio'.'l of 1.6 1ro.tta, A aopare.te mtoh mounted behind tho oharl feed 
roll tl!rna ths 1;1tylun l1eatera on and o£f. 

Th,i ohS.rt po.per is printed in order -to proyidt tinn lines a..'ld func­
tion val.uee • thu.e mald.l'.l(s unnecessary the uae of &u:dllary tranaparent scales 
for tranacr:i.bini data, fi,e time lines spc.ced approld.mo.tely ¾ _inob apart, I'opre­
sent 5~si:icond intorv&.la Md are arced so that time synohrom.iation oan be eao!.ly 
aooomplished, Th& radiuo of the 11tylwi arcs is 6 inoh9S for all tracee vltb 
the e,coeption oi' the 11i,Sll,!J.l mrkor, 

4. Oo11trol Pos!ti,oi1 Elf21r£2ITT!i\•12 Throa oow.rcl. po3itio.i elements .a:ro in­
cluded for reoordi:ng aileron, el&vl!ltor,and rwider poaitione. The ch!U't witlth 
i'or t,.lla elevator e.YJd ruddor reoor!iing ie l-½ ir..clle,; for eaoh and for the nilez-­
on,2 °:1:nilhee. F.,cce,pt for "..hie r!.ii'foronce, '11li<ih in,;-olvee the deeign of th0 oe.in 

doencr!.bed. b<'clow, e..11 th1'80 eontrc:1 poei.tion l.lllits e,ra idenU,ial. 

Tho e2e;nonto ll.1'8 eim.pls,eprin~ loaded,tnkoQup drutls, oonnacted m,Jallani• 
cally to the appropriat,e control cabloe by visMs of finl> flexible cable or co.-d. 
,ldjW'!tm0nt0 fol" malting the proper init\~,l settinct1 are .P:l'OVided on the left i::ide 
of the nu.in frumo wb.ero thll nol:'dll f.1:;)J)t-ge, It will be noticed in etudyin~ the 
cl'.art pa.per that the onli.uatca aro ili~,d out in J:i•actione of full control posi­
tione, T;,o oxteri,::tl.l ~onrn1 en the olcL"s:,:1t;:; d<Jtermina t,1a amount of linear control 

lOsse Fi@ll'a ll, App,,ndi;, A, 

1;: Sec, l!igu.re ,23 1 ,,pp:mdL, J., 

J" F.•- e> • l~ ' > • 1 • _..,V t,•J.t--,Vf0,Z. • r",:, .~ ... , I' f...,!/)l.1, .,.•I"~ 
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, ,C' , • 0 2'~.. - . ,_.:;.clf~ •. 3•-~~(·:t:':i:~ :.~\, ~/•; ~-l 
, j"' t. ,t:,-•':"'W,,y •,~,-.;[,.;5.1'. .-.,. -,<r"";-- !j' . ..,.,,., p~· ---~~~'-lw ~ _4, 

• •• ' d •••• •••• • • • • Yl!\1~1\Jf'",,J!:,,tfjllc'\,\~ 

<1111:\le vin:l.,m Wltioh pl'O!lt1111i9,'uU. ~;1r,,lr1 d,if}.es1ti()J1 4f tt,e ..tyU" 'I'ti@ s,iaru .. :f,/ 
;J.t"C>Vid!!d 11,;•,, 'btUhlld.on :i: t:1tal o,;.ir:!.3 ti,t.ior~ ,,l two i11cli1,l'l fl!th,u· ~ilic ol ;;;e~• ,>1,· 
other -unta of oe.ble mot..l.on 11111,li ~ •SOOl!ll>OdAtRd by l:'Gpl&Oillg tbb 011tt of , ."At 
c11ar11 111th l!I 11et ht.ving a ii.t'far.inr, :\,ti,,,. A• set lip at 11ros111,:t;, the ,•fl•• ·:_. ,,."_:·_{ 
aordo Will r;i-ro ·ths traation ot two ~m,b ota ·~hat aaah at tho ,H;nl;rol Mbl1.t!• ~ 
i• d1aylaaod trOIII 11ero, lt will 11.'l.11,, be uat:llled thllt the p@ll de,tlea;ioiu1 /f 
are non•linoar. Th• til:-n 0.,2 ot thts otmtl'IJl lllOtion .S:t;her '111'.a or r.ellt1'&-l ~)I 
'.'ooupie• 0 .8 ot the a.Ta!.Ul.bl.& ah,·x" ,,· ,:ltil; T: • ,lll&iDdor o~· the ccr.tr,>l 
mot.ion iB illlllUded in tb1t <'11:<t@·-·,, • • ' , , , _I.able Chari v1dth, Th1ti 
i:1ae done in order to get. gl."ilath ;i,.1,.,~ • .1.'f'l.1i1- i.n r•oo:rdillg 11mall oontr1,1l. 
l!IOTtmento ill the vioinity of n•'lltral, 

It 1, esoential that the oord naed for the oonnoationa i'rOII! the 
0011.trol oo.bl.111 to the ri,oordar- i;hoald n<it nrcncb ap,PN)~bl7 aw.\ that :l.t 
ahould be flu:ibl• enoU(lh to llo olot111ly arolllld th• pullJYa. Oloacly ,rovon 
linen line is supplied with the reoorder, banns been tdfmd to be ntillf11.11~ 
1.ory in thotl11 respeote. &tretClh of the atrirlg appears on tho reoord :l.n 
failure- or the oontrol traoo to rot.urn to aoro When tho oontrol oe.ble io 
uoved t.o tho neutral ,pooit:l.on. Since pulley .trialion 1• ret,ponsibla tor 
tho toi•oo atretohing the string, ball~boaring pulley, wn used throU,Shout the·'. 
aonneat:..on 11ystlJ!l1 1n order to reduoe, t'rlotion to II rd:n1l11111~ 

5. Akm•4 jSl.&""'1$ ,13 '.l'ho airspaed reoordor elllllld oonalat.11 of a 
opr:l.ng restrainl!ld 1ylphon bellw1, tr; the 1.n-toricr of whioh dylllllll1o pra•~ 
aura i'ro:n th<t pitot tub• :111 admi~t.ed, 111.Dd suitl!l.blll lil.V!ll"tl rw 11011:VBt't ln.g 
th• l'llati-9n or the free end of th11 blilltowe 1.o stylus traffl. 'I'h-!! rospons@ 
of the b>JllC111~ i,g lin<,ll.1' rith pt'6i!IHU'III 'l!bia!i llle&n8 tb1t,t ;l..t & lin,-r lev1>r 
syatfllll iii Ujj3d, tb1.1 pon d•fla-otion will b.. parabolio Vitb 11.irapno., :3uoh 
M 11!'.Gnnsrrl, was fi~i;,t deai,yi,;d 1,.,1,i cor.at:nu,t;ad and ia BhO'l!ll ill Figure l'/ ,. 
Append ii~ A, T!l11 rruig9 of tlri,i ,m:l.t '.YO.$ i'ro.11 "er:o t(> 150 mil-;111 per hour iuid 

th;; t,ota\ sl,yl1w travd fo!' this rm,ee '4'!\B "n" inoh. 

Atta;." iu.o~•u.o-ticrn ot: t.i1v :-•n·r\.1&·~ 1'$-!')0rdor~ th& Ooutnltteo rtqu~Hr~.t1d, 

l',:,Vi11.:.011 ot th, £h'i,pHd olor.eent 1;4 G:1.1'" linear rstoord ds.tlo11otio:u ,-~,,iu,a· 
~he,n ,m~ wl1?,-:h S fl pnre.boHo w,:U, a:u-11pe-3d,l4 Aooordingly & •=~ .::,.,; ,!z,,.•i.g!,~:l 
,ml! lr:~>!<ll't-Jl ir. t,h_, indillc·.'<im, H)'C ,,,;;;~ ffiri.ah would 1110d1fy. th<1 '1\.\~p;it so tu, t:i­
'Jh'e ) :\1,,:111.l" ,<\:.t"'~-11,.; l.>~iHriset, ·=-~a,, a:L.•ep&11d :iaal• -diTision, J,leo, the l;.,r,,::­
'l.u,it Ji.' t1>,j rs.r.i,~ ·1101, 11a.l.Md f.-,iw O -~c ·30 nile1 pet' how:-,, The tirli:,,l a:lr-··· 
,?.!)eed tfl,u'.ltrzrt:. 1 e tih~h in 'ii'ig.1.w ~"i., 15' e..-1vl 16 , 



'!'he rril\53 co1·11rod hy this ,,.o,rnl~r<Wl'Yter !11 t'rmn ~O,S G to ··OS g - ,,nd 
the ohU"t :b ldC: out in 5 e•1ue.l '.!!0111la dl··,hiona eHh"r ai<ic•• cf zaro ~overt•w 
a t ot,il alJa;-t widt )1 of two 1n~.hc~. 'rh,;, ol~11m. \\0111!18\ 5 of ll lll!l.DB oupp<>:rt .. d 
bet1?<!lBO e pnlt- of. ay.\phon Mlliw~ "llL,l__<IJi uerv~ M the a.cool(lromoter apringe ,. 
'£hr,.oo ballo111,; o.ta rigidly .held e.t tb'¼ir •lut~ida ~mie,. l'he ni.'l'tion of ·t'ne 
oentral mi,os is :tranmitte<! to the Etylus ahafl t.hrcugh, suitable link•, 
P11.."1;rir;;;, the prr}p<1X- m;ioun:t of 11·:1:lch :ts <111s11ntiru. 1n good 11.ooeleroreGtor deaif11• 
:.s '"""omi,J.l..!lllad pnow.ie.+.ioally, il.a the me.as moves relative t1> tho fixed ondet 
al.r :!.e ptWped. througi, a &ill(\11 orifice into or out of ono or ~ho sealed btllOffB 
ir.t,iril'.l?'e d&p1md.ing ,;pon whfch way tho lllll.86 movee, Thia ia a e1mple and et-

J.;feo, YigUl"<>U 1(1, • 19, and 20, Appaudix. A. 

:~G:i.t l!,s; o:d,g::.ns:tly int11nded -~.o use a Ringle sylph,m bollows inrl~ad 0f. 
-i;'. ~ ,:·,M•':'·"" uc:\'!<i'.l•~ ,_ 1o,sral. mod,,.1.s we':"O <:1on~t rueted, vno of Ybioh ie ,h(!cf!, 
-; ." i-5.r '.ll" 11 ·~~jfi • f!:pi&-rid~.1. A.~ '.ihe~,· 'fltn·o fo\14),~: tc be Ul-1a:11tiof~a{..ory duo +.~ t!Mp 
r;• . .l .~.'3n o-l th -i ,:,.i~n?,;,;Lu-;iank> of t}-,.---' -t.hi.;:i-rJtll.1.-,d bellows whGr.. g...•e.(li.;.aJ,l~r o,m.,.. 
:xcr:•u:;_r.,., :11~10 non.,.u.nit·onll>.ty oi' ~-'u1 1. t.~ti·..11:netia oa.UC!!Ji 1.bli! t·Jp conv0J~t:lonh 
~.-: ~'?"r"_.),;~·:1 or.;,,n w:trar, t:h. b,.'!··,t<:m O!}r:··V""o~_~rtI-0110 W(ci:~·a .-Jompletoly ~losed~ -- .,_,.'t':.· 

1"J~~Ill~l-l.·,i-3-t •;_,h.;;:.t Cc1J,ll0W•l F.J.t :JresCJp(. Q.V'."".!~-l&Jlt1 \~rt,r-o' 1lO.ttUitur:l -r,,.l' thin t7··:J 1- ... L 
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,t._·-,;,'{; i ~: ;~-~m9.i11~ iilean~ t, ;ih•}"!'io~·'!f.i)\"" ,·f -li1,t: ~'J :~'t'ifJt-li i:, !l'Hr.t"'#n Jn i·tsiff•t . .i:J.i-
,.,. .'·'.iarJ .toa.a!-l-:>;1 ~,\<i U?!t ;',H' ,c\t',0 ,i:._,,: ¥h,1tlif'il 4e. 1i~t;?i .11 ~~001·~ 1/·,,, 

'!-;'..'-~~.•..,~:i1: 1:;i-\~m1t_a.,1"i;. igiJ! bei 1"i*~fi .. ~tt1-":" -,i-.r:d·r~· ~h~ .-"h~r!- rJ,M,._,H· i"'t11l •~\. the rl~n:t. 
l::'P-'Hl~~! ·1.:.' ~-l\~) iJJ.Ot-O-g~~b,, 

,, , '.~:t-.k2_~_,il,!o.J:i!?!.~;)2Jcl,:1~itt:\.:!'..f .. 10 L'h@ v .. r ti ..,..,1 "" ~"' J -i roir,,;t,.,· ,. 
h':J,,n;,r< h t~ . ., eruoo unit wlth into :,uez-a~.5ll11.;.l9r,:,,r.9t.~r, 111 s'-~•J.~ur iii" !l>'1<i,:i; 

\;'.J ti,~: )..w,tf},'("f..;,~. E\<l'i.le].,r-(n~l';.E:r f/}.,~w~~,·~ 1 :- "-":f!""!: 's :n.r ~ ~-~:e dlr.trt\;} or; •-lif the &ootin•\ 

e~r ~tt~'. Wl~~ i-l pi,rp~..-.1dl!t1 k, :-1· :-.;;:?i).r-1f>r ijJl,:.t-, tfHl rang«- -I.~ 
tt"oJt. ) .o ~o ~ .. or~., Th5 i, r.o•,-'~ , • ~d"iqa,t$ n.nt;l~ of' hank u~ 
::.w,;;; es~ the airplane :.11 uc,t (lhp1-i,.,:, skindir.,,;, or Qf\ll'1i.g1'1,5 ;'!l.,t-i,tudii>, J:JJ 

,,th~r w,n·cle, if 'tll! la.t11r,,.J. &i?cda,pnWJtsr tr,.r,e t'H,lo ,ero, 1md it th!.' fi}~ 

t:ttµ.ti; remn1n13 oor1stant, tli~ ..-~rt1®l "COe)l;;r01Ml.91" 0"-"<1 tie i,5e,,l to me,u;m-,;; 
"'-l!SJ.~ of c&nk.. In tblt Pl".,fHlllOe <:, f ):rteTU 1 11.06<:l..li!I'at i!l<M o·t \ie1· than ZIIN, 

r,;,t,'.l, 1.'.nd;,r oo,-,d:, ti,ma ot <1hllngililg eilt£i\1J,..,, th<il mngls ,;if bi,.e,k oll'-ti be i'cuwl 
b~ ,1,,n-0 ic<1vc,Jv~::i compute,tiona,, Th" ,,, ... rt width for this trae" ta OIUI in;,h, 
lJu"' ~r, the tr::.;;onnowtrle reb;~ionBh:\.9 hi,t-wee.i angle of be,nl<. and varti r;.fl.i ~t • 
~,,::_,,r,., io,, tba ~hart •pan.a p,;i- ws;:; 1_,. ,,f hank is ~at~r fQr thi; ste(lpt>r 1;J;UJ. 
f<.>.,· tl".a nhal:<.,;'!ioi• anglac of bt111k, i,9 

,, , ~l,IUl!,l Me,rkgi:,:,2:J '!'ho 11i~,at ;,iar1.n nom:prh~e 1U\ i!laatro-m,.gnet 
af'.l.•migil:i to operate a wrort st:,:lue er:,,, The :,igoo.l ma.rkor h <l•~ntrollfld by 
& rdtHJtg ,,"8h butt:,n !iWit<lh op,1r'lll~"" 1:.y ;;he inetruotor -.1han ,:_,:ling tbD reoord,._ 

i.(,. :U:£. .. ·c£ir1.n,;_ Sypt~11;}l Tho t.tr~e c:om1>~nant,, req•liring alaotrica.1 power 

e:. JhaM drive starting lllllgll6t, Jnorgi1ed whenever th8 ma:!.n aritch 11 
turned on. Thi11 mgnet aorurnmes 0,05 watt. 

b_. Signal 11111.rker unit, opeNted by the reD>te nitoh, 

a, Gtylua h@&tera, opernted by 11. 11eperate inritah. Ii' thia swit.ah 1• in 
the "on~ position, the hooter■ will be tunied 011 wen the main •witoh 
1a turned on1 with this ewitoh in the "att" poeition, the atyl1111 
b911.ter9 are inopors.tive. Thia mtoh ahould alway■ be "'ln" wh&n th& 
recorder is open.tingo 

Powel' for 'lporating theae oomponenta ia obtained from the 7 .5 Yolt bat­
t or;r included in the reaordero This b&tt11ry ia made up of two single oell11 
,wmil>oted in ps.rallele The llf11 of a 1111t af cells 111 approximately 50 houn 
of oontin,.wua operation. 

l·:·~,, r. 1•i,.tl!.tio11t1hii, &.ud the ~i'f<i¢t r.1:t 1>ther fa,at01'!1 upa:n. the vertical a,:,­
~•c, ,_,.,,ct,,.,:-:, ,,l',~.• ll.l"e .dif<.,ui;,c;id in gr..,~t~r liet-11111 iZ) Vitela■, Eellkl!trom, 211.• 
FiJ., ~ ~"•~; i~>;~ , E-~} ~ 



BENCH AND FLIGHT 'l'ESTS OF Tm!: RICCORDl:R 

Ao BeaE It.it Hl1ult1 

koh reool'der e1-Jn -. tested for •oale erron b:, meanu of 11n appro­
.priate benah ten 1 

l. The control position elen,mt~ 1:1oro tested b)· applyinr; known die~ 
plaoemants to the aontrol aable oonnoctions !l!ld reading the corro11ponding 
stylus denootio1111. Tho resulte of thooe tests are e;ivon in Appendix B, 
Figure 25. 

2, 'l'lae airspeed and altitude elemeute wore tested, by oubjeoting the 
elements to known pressures aorro11ponding to the airspeeds and !lltitudeo, 
Tlithin the range, and meuuring tho st:,lue deneotions. The airepoed unit 
aalibration is giTen in F1g. 26 and the altilllllter oallbroticn 1■ givtlll 1.n 
Figure 27, Appendix B. 

3. Both accelerometer elements were oheoked tor 1111alo errors, Tho 
lateral ellllllllnt 1'aa oalibrat11d by tilti?Jg the unit to Tl!ll"ioua llllGlc111 trom 
the horilomal, introducing a portion ot the aooeleration of graTity along 
the line ·ot action ot the 11,ooeler0Ill6tor. Thi11 aau-sed a deflection cf tho 
ee1!11111c elemont a.nd hence of the 11tylu11. The delta obtained are plottad 1n _ 
Figura 28, Appendix B. The Tol'tioal aooelaroim,to'r could not bo aalibrated 
in this manner beoauH the range or the inetrument io in excess of 1 g. 
Therefore, this element wa, oalibrated by suupending waighte from the seieo 
mic aliment. When the 11u11peudod weight beC81DE> equal to the weight of tho 
eeiamio element, the :l.mpoesd acceleration was· 2 g. Reeulie o! thi11 proce­
dure ru-e given in Figure 29, Appudu B, 

The .oorreot deJllpiJlg wa11 determinod for both a.ooalflll'Clmetcrci by mom,s 
of' a dynsmi(I test. A iJtraiglr. track waa oorurtructed, alq whi~n a onrt 
waa p!."Opmllod by moa.na of & cablo attao!u,d to falling weiglrte, the s.raount of 
vre1gtr:,a deterndni.ng ths magnitude of tho acceleration. The aoiew.u elo1?1eut 
wae l!l!lunted on the cart with R apeoia.l indicating system which raoordod th~ 
deflection ot the a&illlllio element e.o a function of time, Tho ceirt wa11 than 
i-eleal3ed mid accalerR.ted along the t.-aak for o: diato.natt of 16 feat. A brak­
ing sy-stec than broue;ht the cart to rest. Stu.d;r of the reaord of accelero­
meter r&e.ponao to this 61.lddenl:,-npplied, aolllltallt acceleration ma.de :l.t pos~ 
sibl~ to choose tho eptimum d..'11!1ping. Thie ia appro:i:imat.il.y the value requfa·i?ld 
to jUBt keep tho instrunont rr001 ovel"•shooting when r.n aoeslerat:!..on is auddo;,:ily 
impressed 011 thi, syst11m, giv-.l.ne llli.nL"111.llll time of reapcnae. 0l'U'<Sful oontrol of 
damping is neoessary when using m relatively lCR nat1 nl frequency (ll oyule11 
per aocond), roquiro4 in ordor to gat tho naollS•a,.ey· ,1ec1&U,i· it)'. 

F'.l.iic-.!rl; t.oets were ma<ie wlth tho roo,1:rd~r inat!:lls1 in £.1 Luor;om'b@ a\.irpl~ni;, 
Tna :lnstill~.t1on loeo.tiov. cJ-w;i0u t:'tW the l::::.ggi-,go oompa.-tmen t·1r_-l.ch ••,,v..s t'.:,v:l.-]ed 
in orne:i· to 111.ocoueodate thll im-1t,;<1;;ua,th, Thie ~ompmrt~el:.t 1n diroo-t1,, b"hlnd ti'<,;1 
eide-1o;r-aid3 Goa-t6 rlt.'Utin3 :lt ·110~:,d.\l},,ll foof' fill obsO:Vsil:L' to WE. , ~h th,;, ae-z-:. .. ,, cf' 
·~he r ;oordor. ill tlig.Jit ,. 

T".ie 9levator ·ru.M ru:i,,,or· ~•c,u'.;L'(>l nd;l;,n ))ct.fill d:!.reotly 1:-,;ueath -~~~ '-'EHlt•'<for 
:.1r .... Q. 't)~c coniu,atie:u.,s ·16rc :-~·~.: ·r:-c1 -'::h~, C{J:..~1•0,-rpo:filtlr~ r&oordn~" lU't\·Gm rt.;"/·',-:- '.1....·,J.J. 
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plane rin4ah1el4, and 001111enion w the recorder ... 11&4- b1 ball--boa.r1ilg 
pulleys. -Tho ainpaed unit wu oonneotod by iutalling a tee 1n t_be pitot 
line and running a length of rubber tubing fro11 tbia toe to tho oonnenioa 
provided on tho reoorder. Photographs of the· inutallation are ebown 1D 
Appendix B, riguru 30, 31, and 32. 

~'light tct.te me.de on tho rl)CC!'der imil·ldo t.ssta on -!;ho ,:1.il'1111ead elom111r.t, 
- altilll~er element, and both 11ooele:i·o1:11iter elements. 

l. The opeod ranee ot tho e.irplano 'it'.S X!ot suftieisnt 
tion of the 11,irapoed unit ·over the autir'-'l rongs. !:la,;sv')r, 
1u:rmpar1son w:1.th a. 0alibre.tod air:;paed in,;!.1oator.22 

to ohook th,; OJ><tr-11.• 
ohaok11 wero :;-::.d<.1 by -

2, Altitude recording11 were ohecsod aca·1~ot readinga of 
mater installed for the purpo:ie. Rml\'lct:;i of this OCII!lparirJon 

. Figuro 27, Appelldu B. Good ,i.grelllll6nt m11 found. 

a oanl!i"th·I! al·;1-
aro given 1n 

3, The l«~aral aooolerOcW-ter wua or.JQlred in fUi:;ht by making ollidclinr, 
turne at atternptod oonate.nt altitude. The e.irpl!l.ne 'Iii~ were maintainod 
ao closoly as poesible to horisifrr~e.l aM, tho Bir!llano 1m.11 flown a:t variouii 
rs.toe and times of turn in c:rder to eat:,_blish known valll.8i1 ot laten.l ao~ 
celero.tion. Reaulta of theaa toflte are given in Figura ze, Appendix n. 
Agr~mwm-~ of the i'l1r,rl; toot reeulte wit;, fille eto.tio ~1ibratiou io onl:, 
fair due to inability to l!l!lincain altitud,o and horisimt4, attitude d11rir.g 
ekidding turns, making it diffiou.lt to dr.ontl!"..e t:.e tn10 aooaleration uct~ 
ing durini:; these tur?l8.. -

4. The vortioal o.oool11rometor m>.e ohoC1ked in flight by miu.iI1E µi"cperly 
banked turns at oonstnnt altitude and at varying ri.tos and ·tin:o::, of t:.i;;-n ill 
order to &otu.blieh knCl'l'll vc:luee of tho r(m~ltcmt nat'tl1ll (vlli:rtioall o.acol<!>ra- _ 
tion. Roeults ,;t theoe teota aro givon in Appe,ndh: Ba Fig1lT1> 2'J. de in t:,a _ 
oase of the lateral. aooolorometort th:i flight c:aook pointe arG eoe.tto:ra-:! d12!i • 
to inability ·to meilltdn 11.ltitu.i" in tt~l>:t tu.;.-,ne, 1.11 the !'1~0lt oha«·i: J>c!.'it,1 
are to,: angles. of bank gi•~r.ter than 300, 23 

A. Inat 111.at 19ll 

1, Regord,g. Tha record:llr ;;;u~t 1,., h1s-tallc5- 1n tbo ai.-plen& w::th 1-\ o 
10118 dil,wneion p,,.rallol to tho lat~::-,.1 e.ltls of the ail'j<la.-.e, ~inc_e mo1L'1tin;, 
in th11 oppOBite &iroo-tbn u,oultl 00.1-,.c:e t;1(l lm:t,orcl aa~elordion llllit to ~-:e1,1~~ 
urc longitudinal, -nooelere:t.iou, . '.\"lie ,·eon'(ler ohculd be installed '711,ll the 
chart sid., forc-vd, Tho "left" E\rld "rt:~),t" char-~ dooicnation11 for th<!) l.,1:·,~ 
ol"'l1.l nccl'lorat ion t,,oord u.1•e bao~,d 0:1 ii:.,;,t!!'.lla:tion in thi"e man.,ie,:, 

thil 
2:!vigure 2~. ,".ppc;i.lix Ilt p:c,irnd~ -i;he results of both th11 benoh 

J:'lir,;}1t to~i:;i oi' ti,~ au>a!)etd cl&:M,.-t Md 1b0Ve good e.groement. 

23t1ngle11 01' bru-J: 
m1,wh (,'l'o;al;i,r t'.111.n 1.0 
A.n ,i.1.q,:mw l)ii;li more 
!'tcr,~ i.,_....,-;;.u:r~to VftlV'-.J,. 

sr,:,~.11,.1· tho.1i 3011 r.iuul-~ '-n no~l aocslel'aticuo ~.,;(., 
g. 'll"li:' eh i, th<,, 1C"1f1'1' litdt ot t-he t'Ult:;e of tbill t!i.\~.~. 

p,:,i,er the,, 1\•E.:, u1·1.d.l.e.bl~ -.:'{ful,1 oo rG<i'..!ll'®t\ to oM,~·,r, 
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1'hll 1Jll)mi~:i.l'lg pla%el'.l, n.r-~ ,;,,,i; <1,>rr, "M ll.i't along ~aah '>id• -,,: tree 
"''.l''l'•'d'llr, ahotlld be rigidly attuuh<:>d to tbo &i:r:p1tiine· frlJJllo, i'he e:IJ.lpJ.<:i11t. 
:ne1;Jiod ot doillg this is to build ;;9 1&11pporto i'rOlll t.h11 etruotl.l:!'e underneath 
th11 rsoordor, • The recorder eh Jt(l•4, b-~ lav&lled in the "'1rplan'> , lf 1!i1thor 
loft or right sido 1e higher thsir, ,,he othsr, the lateral aooel.eramatsr 
will. not t'ei..d. zero whon tht, e.L"11lAUe i11 leve:i." T'11io adjustlll@l'lt is oon­
Yeniently carried out by shimming the low sitie until the lateral aooelero- , 
lll&'t er reading a"l'eH with that of the ball bau.t indi.rotor on thr, in&tr11111eot 
pe.n111. 

2'.. 9mtrol Po1ition Elemetrl; G9Wl!qtipy, Th• oordu operating the oon~ 
trol position unita mullt be suitably atta~bed to the airplane control aable11,, 
I-11th the reoordor mounted iil th" i'ue@lage btahind- the aeatz, tha elevator BIid 
rudder cablee are readily aoo111!111i'ole,. In order to tie to the aileron cable 
:!.t Will~ neoeaaary to bring a line fort7!1Z'd, For·ail three elemeata, ball 
bee.ring ,iulleya mui,t be :liu1tallec whera neceesary. Thia must be done in a 
,rorkmlllllike l!;IUIJlOr 1! dependable L'OCOl.'dB are to be obtaimd' The l'Wll 
sho11.ld be kept a11 ehor', ao pre.c,t:i(l(ll and care must be taken to looata the 
oonn&ottng lines ao 0.11 to prevent, fouling oYff full range and 110 ae to miJlic 
m!tfl the chanoe ot the lin61 bc,iug dama~ed ov broken ill routine operationn. 
Clo~aly WQvan linen l:\11& ahoul4 1n, "Sod in orde!' to pre-rent litrotoh. 

After the oord oonnectlon<i frc:m the control oablOII to tho oomrol 
po!lition &lements uo ,11111.d11, up, th.;, length of the ooJllllilotione mu.rt be lldJustgd, 
-ao that tho styli w1ll r11oord :ero 011 the ohart when the. oontrola are neutral,_, 
Thia adjwrtmeat ia carried out rTf mane ot the· three ■orawa projecting through 
the lott aide of, the r•~order~ adjacent to the ,ool'.(l pull11y11, It one of, theae 
adjusting eorewe OOIIUIB to the end of 1ta tre.791 it ,rill be necaaeary to baok 
off that sorew and change the length of the oord. In making this adjustment 
there are two poa■ible zero■, one of which ia ;lnoorrect and oaoura oJi the 
retuna of the aam. Thu lnoCll'reot aero nay be 1dent1f1ed by moving the ex•· 
tornal oonneot ions a SIDBll l!IIIIOunt either aide of zero. If the atylus ID;OffS 
rapidly all the ft1' to the extreme position without eloring up near the &a• 
trem••• the oam 11 operating on it ■ mum poaition. It this is the oe.sa, 
the connections should be alaokoci away or taken up enough to reaoh the 1:naa 
zero po■ition. 

As delivered, the control position elem.me ao~t.o a total oon~ 
trol oablo motion ot 4 inohea. Should it 'be dealrod to adapt the reoorder 
to a total motion different fl'cm 4 inohea, it will be neoeeeary to obe.J16• 
the external i:;eare on the oontrol po11ition element a• The gear ratio supplied 
is 1,1, eaoh e;allJ' ha.Ting a pit oh diamfter of o937S inah and 60 teeth (64 pUoh}, 
Uaing thia 88Dl1J dUIIRr&l p1toh, any gear oOlllbinaticin which '411 have ~ total 
n11111bor ot 120 teeth on both B9ar11 oan be u■ed. • 

3, Thp M,rSpptd Elgme,m, 'i'ho airepeea indioator unit mun be oonnaoted 
to the pltot aide ot th• pitot~irti!l.tio tube, Tho tube to 11h1eh tM.a oonnao~ 
tion le ~de projaata through -~h" rig}$ eidn of the rooordero Rubber tubing 
will be entisfactory tor thio 11.m,. lfo provision is made for a eta1.1o iJ.1.n• 
connection to the reo'order beoau~e of tbe l.o1f epeed11 encountered in thei UH 

flt '; hi II rooora.or. 
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L ~.i;;..9!!c'.G...LmlN:"t4 ~·r,1,,n~ .;nr, of th,1 'l!:,,OOla of ohart Jlffl,pt,r 
on th,1 r~d r·o11 h'0ldsr<.1 ,>.; ·;ho 'o<rt~em :·.a.· or the oh!ll't ~i.i.11 of' tbo 
recOX'der, The im.por eh,;wld f ,13(\ of, fr·ti'm .the top of the lt>@d roll. Th¢> 
paper G~Ould them .,,;i,w for<'fl<:.t:11 f:ro.l! th<> l.'Hcl J'Oll! oYISl' .. t•.,i:, f':.ret. glrl.din.i; 
l'ollor, +.b&,;i up il<ll<'t o,r;,r !.lw £'901t11!. irui,;t,x.g ,:-oller, Ft'Qlll h!lrlil the o!;ill,l'l:; 
oont1nuee .m.ter th~ oharc all'i'!'<> r,,j1 .. ' ,;;;1.-.t m-:.t11)s t&ble, 1>:'C1Lllld &:Qd O'l'el' 
the ,rritini; ·~abl~, ey,ir +. •., clv.i:-f , ·:•:1.v.·. rQll· j!\nd tinall)' c;,:i,wn -;c, th& t~a,~ 
·~p roll at tlt.;, l>ottom, 

\ii,n th,i 111prini; 1110\or "'11ine th;, o.-antc provided tin• thi11 pll~oe11. 
from fully ran do,m• 1,5'0 turns <1f /;he ~r.'Ull!: ;u-e required -to 11inc!. all throe 
apringe ~ tight" 11:1.nding Till ;,e required only whenever ,:1; ne'll ahlri :le 
lnelallod. 5:l.m1<1 th• tuat.or 011m1at be ta·c\Uid 111th the c}ar; paper lllOWrted• 
the prac.-tio6 mu-1. be adopted of rln1in<: ',he motol" tight •.,.ch time the ohe,rt 
ill ohe.nged. Appro,d.11111,tftlf 45 tunui lfi}l be requ!r-4o ·• In threading the 
ohut, ue.r'I should h• tllitM. t., <1ent~r t,he ch,u-t Wit!! reep~at tP the. epac1ng 
ooll&re,,. If ·:.hi,. :i.a nllt d.one I t'he <i:hart will tlhli't l&t<1ral.ly, muipg all 
ohrlrt reftding~ !.ri~orrelrl.. 

2., Mlll~~~" "tt"r :oroper :Luirtulnion of. i;he ra®l'd.r, 
the only l.Ot'O fll!.)U:art,,m:ro; l'l!fjuir,id will ~Q t-h~t prov1d~ wit b lhe aUimet w · 
!i!lfflilerrL ri,• lmur.l.&d vhco\~ i.roco,,si~le mien tbe flap_on tb0 baok at the 
oov,;r· in o.,ion .. rt, ~-'J u~~d to iltll.'11 ~he o,lt'itude ·cl'll.0111.2} Be.tore take$,:,ft 
tM.e l'l'.!w~l 11h<>>ti.c'. ·o" tu,•n~d um,;,,_ t])o ,1.t.ltlldo otylu11 1.1 lined 11p nth tho 
iero ~.ltit,;du ,:,l,,;,lc't l:.na1,. Th-, i:.-limint ''-8 then ad,1uat-. to ,•~d zero .,_1; 
~h" e.d(;t;inr: h'lrlJl'!'Ytt-io pr>101;iur"·,, .!.~ ,-,:,,,,, ~rlo pt"eHu:re s1ho.nges it 
"il"i.Jl b~ tl!),:)(l;q:111?";' A:r '.l;'lo1"5-"'ft- ~!H-l i,-!~:;;. ~~"i,"':; ins:~1"UlQ.ent ~CUld, ~ ta.p~t\ 
li11\,t l.y m,c,, Jrl"d .;.,,g ';t,,, :i.;:;c ::,., coro.➔ ;, r,,;, ~o friotion, :t:t it llhpuld 
bE: ro.:ru,",;:-~cl: t.c> l~,1.:~,mt .f~•.e: u.J.t,:i:,1.~flcj t~."f:.t~!; ill f'l:l.ttbt., ~he vl~~el oe.n W tU-~!!6S1 
·•A,~i::~J t.~ c. ·11~J.n1r-~,~~~ \'"'.'.'h'(:> ,;i.1e ~.n..1.~,--, ·:.:t~ ~;l:-.t,'/.U ~s --\hst- indil)'.:lted "-rff a )}'.":t-1}:'lT"''-/ 

~v1t 0~!'1:'.!n!.ti11':" -i- ·: ~ .v:-1~r-:.:-

.L• "\l.:1•.?- f.t"i:>ett,1; ·,:~,.,.d 
I: ~~f:T1(1l''~.~,.Jfter(" -'7i~.'-"4li.·1.Hl~f- iiD 

~-Jl\ft am'f-1'.f!· on i:. i• ::--dl, ~if 

~, .. ;ti 
/'{•-..', _._ .. , 

'"rt,,~ f,1H,1.t1to!l6 tor the 9.$.:M,.pae•t ,me\ ,hl'! i'llc­
'l<'b#)U!'· 111.th U1e ahart ~er'l .U:,wn, "cinr rui,1ur:::.~. 
.r~; y., {~·: .r "!il-~ ogu Ott uso-cl to ~~r:.:-tvrt· thii141 

fur ~d):\H ·~1.:.'~i .a,r_ • b_,s "::t";":~~-~ ~.:, 

ji'ORJ'J. t<,,f,[' ,, t,~ ,-:, •' ,::,.1-.~~ ~ '.i,..l(!l; ~j~"ffl~.1: 'Yl.' 

]f.' '.·,t,,:1 -:.<,;l'-'fi a.:r.~ ·~-:.Ji.1~·+.:fri~ •·J'-~'l'i,, . ..::., 

' I 

... - ~,:~1J~~~-.~ A-:-,:r.:;-~\r,~- l•s:~,f~~;:"[ 1 

:.,~i~:7 ,'l ·;.,i~·-:-'· ··.11•, ,l".;• .. :~~: •t,,:'.t~r 

..---':'~·"3.to,, ,q.:.'--'•t.'..,•--1- ,\,,,, ~;~r;u.;~ 1::sLr~~ ,~ 

f i')~ ·.11,:-0~ ~ S&t .. oa. 'E'lt.h nnutr9.: li~r.:ts:"'ol 
1J'if.,! i ~ rtidill of ~ba N.'t~~d.~,: mu~, }f~ :.ir.uld.l'). 
,,,1~;, ,~;,d tor- ~hie pur;,o;;"~ +.Ile ro\&1;:i;,11 {}t, 

~ • d l,,t lt(•t,(S[i ' • 

·'-+, _;, ~et·~r.» ·~h0- t'O'Jti'rtl,-,:1:t·' 

. :, rr•,'t'l't 1.; '*" ·?1>,per ;:" 
">~t.- ,,.i_;r(1 t~ '!t)3.te:rs J'M.'( ':1 

r, J.e, ,1~J.1 ,-;--;:l')Qt:1'­

rltns-. ';.' he., ;:,e•D ,lt)!! 

:,\l!'!'>O•I er:, <17. r'1f". 



i<:.~:p ;t;;,, :.•i,cord~ 'JOTSl"':l<'l 

11!.'rkL.,t ,,t tts~ u:tdt!i ~ 

~. 01111,nge '~h.., dry cell<;f cr.i'JHl '"°''l'Ji~ (l'l,>J;:ro:rcumt&ly '1l1rt,:ey, ~0 hoiu-a) ,, 
l~r,ir, .::ffa oo d..t,iated by tailui-.i ill:' t,., ➔ ,·~ii@r to ~m Wh<3n .tM-~ ff'.l.'i;ci, 
i;:, tlu·~ ~r-., 

) 

3, Rei'r~,tn rrom doui,g a.ny ll'ork i.l! th<> r""ol'd.&r mtl!o>.rt pl'()p&t< tool~ 
,;:wd. i'SF.8(111B.b:l& ;;kill,' 

Flffl'IJZit lw:f\ ni\l,'H 

l'loeearch orbh tho C .A.A ... N,R.O, Fl:l.ghll Reaorder tci dat~ b&11. been ltmited 
ta tlte ~brsition ot the eloment11 and to Ohitoking th• a.oCIUl'e.cy .or recording · 
.,r the VariOU8 flight tunoi.ion11, Thc:t n&:i.t st.i,p in tha.' ~uaticin of th• tn­
atruinez.t will '1>t, the deYa.loJ)'llllmt or l'!othodc of' ati8.lysie of the r.oorde so , 
as to y:ldd queiltat:l.ve ewd '11JQntitailive ind:loe& eot p11ot pro:t':l.oi~. Thie 

• !Should then b$ :followed 1-y an exp11riu10ntal dllterminat:l.f?1 ot tho n.11111 or 
theee 1.nd,ioe• to'J' uae a11 antoricm data and as diagnonia informat:I.~ for 
flight :lnstruat 1on iIJ the f1.t1ltl. • •• • 

fiU!tlo!AFl.1° 

' \'llia repo:rt deow:l.bes tn df>tl!J.1 ~1 tq;,rovod fllgbt :ll"<toordff developad 
at Mae~aohueo-~i; :s Institute of 'l'och110lagy :1'1,1r tlto Comm:lit,ee o~ SeieotiOJi 
anci 'fra,inii~ <l~ Airor,,.ti; Pilot e nf the ~-0.'iliona.2 Ke1Sfler'•s:l1 Council~ rt 
1ma de11:l.gned ~fl" a, !ililld innrJll!ern; f.:w ll>'W :l.n obtain\nit ·ot'iterton de:t;a 
('tJ'f: ,ni~.:Llllt.i;in,i r,1lot p!irfc.rmanc.:, a,,r.hw: • :t.1.ii;m, lt 111 'hop~. thai; tll!a 
wtlt will as,ne as !'I prototYPJI tr,,.. " X'itOOl'<i.el' wl:!1-.h 'fill tind e;ictam,t-,. . 
us:;;o :i.kl pi1oi; .,;;,.-s,:1.uing1 i!Ubs&quem • ,, H,5 ttBte.bli;1l111:ant. ·of mi,:L orltSJ'iQ.. 

,":! ,,.._ ~ac,1~ '{tl..-1' ia~ J,)3 U'1 ~~(\-' ~/:.:\v~•,J:_' 

r ;,,J:L c~ --ru.; ! r,1~tti :.t,:i,:.u· 11 

' 'Ff -
2k ,.- -~\. 
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3, Rudder pullition oontrol ca'olG mc,tion- -,~-
• 

'f 
' 

J 

_.,.; ' 
''l C 

,):-.:·,.-.:f-',. 
(-,.:- ' - ~:,;p----' 

Airspe.ed 

Altitude,, 

Lateral ~oo~leration • 

30 to.150 m,p,h, 

0 -~o 3000· feat 

-OS to -rO .~ g, 

Tho inst~nt 111 dos1gneid for Wl,. , v. tra.hd.r.:.g airplanH, weighs 35 
poundap s.nd· require• no extor!'llll pOf.·or,, E:.t,11rrial oonnoct1o:ae required 
CU-Ji oord lines t'c, the oontrol cmhle1., ;icnd tubl"1.Z from a pi•~ct head for 
thff airspeed el9ment. The am ire unit ie moiin:tad on ohoo;,. mounts :l.n ol!"•hr 
to "1ud.nat6 th• t1ffeot of 'q.l,bra.t !er,. 

In developing thill rscorC:.cr ,,n r.t·l:tept ·tr1:i.J me.do to daw~lop ellllilon:.D 
hu•:lng both suffioiont 11on11Hhity aud cperatin~ fora• gi•"aii enough to 
drl. n, I'&eordi:.g lllt,yli wit}101It ,;x-::tto!'1ivv rityli.s t'.-1ot1on IIM'O:!'s. Bench 
nn(!. .t'llght torte uhow that thii, haa b~•••n aatisfi:i.atorily fJ.COOlllpl:l,shcd,, 
Gil'<lll i'lltell:l.gelrl handl..ing :l.n tll~ 1'!.<>l.,l, a,;,aurato qu»,ntite-.t1n reaor~~ 
of: tl,a various t=atione will bi, rePcct:..::.y .obtaina,i, • Fllrthor resoaroh' il'J 

u&<1d11<) in order to develop ni,,thodo c;f w,~yliis of the ;reoonl~ su 1111 to 
JJro·rl.61> ol."'it erie. ot p1lt t profioi~1,~;1. 



flGURi!: l 
- View Top Front 

'!'op 1''ront 
FIGURE 2 Cover Off View - Front 
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FXGllRE 3 
Rear View 

FIGURE 4 
Top Front View - Gover Off 
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FIGUR.8 5 
Top Re!!IX View ~ Cover Off 

FIGURE 6 
Right Rear View~ Cover Off 
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HGUHE 7 
Top Front View - No Chnr+ Paper 

FIGURE 8 
Top Front View - No Chart Paper And Cover Off 
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,,1,,-win~ Gontrol f'oe:ition ilements 
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fIGURE 10 
Hear View Of Frame 
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Front Visw Of F'ratno 

FIGU?i..~: l2 
Control Position Glemen~ 
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Control fot1:tt:lo,, 
Spr-1.<1,; 

~ ,_Jh:·y~~:J"tf ·~;~i n1 And fo.lloii~r)) 
l And 'L-:1~~-up !Jr1.uu 

?IG-FH.~ 14 
C:ontrol Fositic" ~1,,i::.~i,t i,t;oF~>q; 1JJ<t:n And, Fo:llower, 

Spd.1'lg !ca>:"rd And T,-.ka-up Drum 
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FIGURE 15 
Airspeed Element 
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FIGURE 16 
Airspeed Element Showing Actuating Bellows 

And Non-linear Indicating System 



FIGURE 17 
Original Airspeed Element With Linear Indicating System 



lfIGURE 18 
Altitude Element Showing Barometric Adjustment Wheel 
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FIGURE 19 
Altitude Element Showing Actuating Capsules And Indicating System 
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FIGURE 20 
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Original Altitude Element Showing Actuating Bellows 
And Worm Drive Barometric Adjustment 



FIGURE 21 
Lateral And Normal Acceleration Elements Showing 

Lateral Seismic System 



FIGURE 22 
Signal Marker Unit 
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MAIN 
SWITCH 

7.5 VOLT BATTERY 

BURGESS OR EQUAL 

OATf CHANGE 

-~-------. 

• I • 
REMOTE SWITCH FOR 
SIGNAL MARKER 

STYLUS HEAT SWITCH 

GROUND 

STYLUS HEATERS 

NOTE: ALL OTHU! D[CI. DIN. 

ALL onu11 l'IIAC. Dllil. 

ALL OTHUI l!AOll 

ALL OTH£11 All!oLH 

SCALE 10.HIIIAL 

ll'tC. NO. IIU 

FINISH NUIIII.EI! lllOUIRl:0 
BY APP'O 

' 

CLOCK STARTING 
MAGNET 

SIGNAL MARKER 
MAGNET 

~· 

WI RING DIAGRAM 
F/G 2'f 

INSTRUMENT LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOG' 
CAMBRIDGE, MASS. 

.rP ,/z3/lfJ NRG RECORDER 
DIIAWN DATl 1'011 

J(. MG.fl ~-23-4.3 
CH[CU:0 DATI Al'l'IIOV!D DATl 

6-055 
DIIAWIN. NUNHII 

-·- --~-·--



PHOl'OilRJ\.PRS AND Df.AfiZtl!JS OF 'J.'HE 
O • .t\,A.•N.R.O, i'LIGI!T RECO!IDE!t I.Ml OTIA.'n' PAPER 

/ 
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&?ffliD!l B 

Gl".MHS OF THI. B:I:licH .!UiD lrI.J:{-1.'n' 1.,":;31' P.ESUl'.fi 
.AND 

H!Oi'OG!W"M Cl!' '.i'i!rl I~il::TALi.l.1".!:0!1 'J? ~Vii P,.':::OORDER 
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:FJ:GURE 30 
1nsta:Uation In Luscombe NC z3o65 
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FIGURE 31 
Inste.llation In Luscombe NC 23067 

HGURE 32 
Installation In Luscombe !IC 23065 • Cover Off 




