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13 r.:ller 0·1teut bit !:.">:It .t;C,.l29'a t:, ,1.,r Vd.il ll1ty 
perlliitted the u3e ~t ~ andard serve motors 

A tudy of the ~ 1 ~lifier tra~~fcr function 
will ahn,1 t½r r et~onshi 1u thPt c ern the 
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c.\UrF_, w th the -rau· t ·.•• eining ur.tl l "farmup to 
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rec-.!&lgn +r,.., clut ·h cH, b'y 1; i 1.r.c•ud_ ar, E 1ti-
Jflmmin15 cev.ce. )ne such c<'.ric is rhown in Fip:-
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t 1 t r. r u f n < 1. _ ::. ,1 t.1 main f 1 ~ hi t t 1 n g E.. 

f &.t s.1r'nr ,,1 .1 1c; & out to eng ,"- on~ o: 
1reE dor•o C'n t '€ i11nt•r :ace of th<• clutch on th_ 
cad sere,, ha.ft. 'rh€' lu:.d ac_•ew rot~tion is 

t~u& oto~lPC befor€' the carriage his the frame, 
cJ.nd furt•.er running of thE. motor re13J.lts on::.y in 
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re. ,f travE-1, thJ arriBfE .,iin er.ga~ee one of 
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1H, .c' c. , r.e,, Th ti("l:l.[em .Lt E.- t lead scrE" 
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10.1.3 

10.2 

JO 2.1 

UNCLASSIFIED 
slm " l£r etyl• 5 volt LUlba bcc~UL of the 
latMel''s hea'\ii,r anc ::i.ore rigged ""ile.menta . 
Associated c·1 ngE's •ere the remov l. of the 
voltatc dropping resistor and a c1 nge in valuP 
of the va.riab Le I esistor in the li~hting circuit. 
A 1oea 4 ble com>rcmlee arrangeme~t letwecn this 
and t!:c full (F {,, 20) revirion il "lhown {Fig,lr), 

Power Failure 1ntcat~on on 2 ph~ ~(, 

~he wca n, a o the or gina n thod of 
tyin, th~ v~rh.OG •lad device wit1 its series 
voltage drop >ing resistor across the two phaaee 

aJ that although the :lag would rop in cas~ 
o"' po,wr fai~ure in b ,)tl ph,1ees, che flag may 
not drop if 'l. ,:iing::.e phEse to gro me,, fault occurs. 
at wl-i'ci-, t1i;s• • lE" l'n<' to line ve, t ge drops 
vO ~f't 3-cf tl c- .10rma vulu<", because the drrJp­
out voltage f tl- , c-• ~~ t tov n ·ginal tr, 
tnis "ah•e.. 

'.rhe rem a tc 11ue m A C. rc..lay witl:I 
eri:., connect! g th relny 
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were ;ield perdl 1t, ~cicicrn t:i pr"lc, 
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ore l'kely to occur :n a panel 11otru~rnt, ana 
1 ~ncf:' !ll.'e nn, 1 k~ 1/ "to ·E:qure > ac m('nt 
t,urln • ',he life cf the i,10"':.r,1;1 D, It w-as, 
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I, t 

U~CLAS !t~ED 
of t.lr.o e•ipl • fie-I' is on 1 :.25 ?Uncen , 

J recen~1, devel~oed stze ~ ~ervo motor, 
th• llilipot Corpnr~tion ~odel 8SM4'O appea~a 
w<Ll ruiter. ,o t.h• M r-h Jndlc&to1, rnd pr<.>s-
ents nany a~ a,tLgeb beGiu<.>q wei~ t economy. Its 
01tstfndint •hrruc:tPris lea arE.": stall torq,10 
0,25 c~. in. 10 Ln~ a~eed 7,OLO -im, r0tor 
ine •t '3. 0,1 ~1r-cr 2, scr., 1era,i;i, YI t stcill 
170,oco re.6.a ,,_c", 1.l.3ht 1.1 ,~ ... ower uer 
p1.ase 2.J wa,tu, a.mbi,,nt te-p~ra,H'e 1JO°G. 
Tnese charac,.ri1 ti~o, eepe!i~lly ln rotor 
i,1ert o. &nd <!e'er .t:ton at sta.J , are consid-
erabl:') oe ttp·• ... mn other sl~e B z;, ',ors. J.f 
use•i in t1,_ n 1t1umevt, a wP.1~:t..t <:1ving or 3.4 
ounce pe~· 1:1,~J or O.fil lba. per nstrument. 
•r:!.11 ~c-sult. t sn<1ll rotor il1f tie. mor€. than 
comper snt<>s , .. ,bf' &m :ler rt•.1 torque whn, 
~omparcu ~it, e riz• l~ mot0z, &o that the 
dynr · c perf, ·na'1ce is, in ·act, ome-what im-
1-o•r'='c if • t, ' • 1, ie, f-t th an acp 1 cJ: ier ca.pe.ble 
, ' s..1r plying f .d 1 co 11.,r _,1 iJ 1r1e p,w r or if 

11sed , i th 0·1 : Gl ::;c l , O'pl •t~r c 1d opers. ,in£ 
,r 1. th t nb s.la.n c ,1hr SL. 

1 ith th :, 1lt.mct) con'ii"l u 1 of EG •• lJC-1 
a.· • 1 l:f l .,.. an t • 1 .' t d, t ,.,, J t ' t i r 
J ,sslt _ tc, ,iv• t _ 1 CL>p • c conoicJEi 1 

c1.t th, e""ir, ,15 uf' t"l. ·p•oject 1 '> year& S.f'-'• 

"'11113 i'l t.he n iu "c-1,' u, of • n~l 1 n the <W ,-

if L •r s •lth n e .n·trume1~, eleti1g 
t f' ,1:. a..·ate ~" lfler-c,,J.iJr " • ·:ance tr.e 

"lftrt-JJ.2nt L le 1 th ht.•C' E, d ce.S"f> fr.,r 
, l Sull)C-l' ... 1 1.lsip>ei.r. ,l l. .. two con-
'lector, ur, t le , ,- '.f' er-c.al1b" I and S.uSOC-

i ted c'l.tlia l 1 '" el 1. '.na ... ec .3 ;,ell a 
the p•r si •· e.c,ht - ·c. ,ciH.teJ. ,, th the Joint 
n0u11t nr t~a t Ls ~&tim~tPl t t this mo,€ 
wlL, r 0 qt ire ncrr _ in h, c ' c> depth of 

about 3 1/' 
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the load ine~tia •eferred to the 1 Ptor ahu4t 
varies inveroely as the oque.rc of the gear 
ratio, more cluggish beha·,ric u • of 1e servo 
is ev:l.r'l.ent. 
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CONCLU,.lION-, --------
Gcnero.l 

'l'he cor.t.·r.u1;;d ..:,vol t,lon ol' hi ,l peri'orna.nce 
.1 raft haa lnr~e s_d the complex ✓ of panel 
in trume1tetinn confront'rg the r1·tt and hao 
al o inc··e..i. -•d t'.t. rat.-. .+. whi-:n h,• rau&t co~rectly 
'l.C si11ilate an re et tn tJ-. infcrn ion pre'Jented. 
Hu 1i:211 en ,lr.ecring studies i-.a.ve rept. te ily o ,own 
thrt a dtstinctive anc if poosible F ✓mbollc form 
of instrumentation provides improv1,, o'l:Jserver re 
action, md further, that mecht:nization of the 
iretrume t tJ p~rmlt re dy ~orpari&c. of dctual 
and nesi·ed c0rditiors ~ido in the PlCid evaluaticn 
u~ o•era L ryerforffiancP, 

Whi e, thev t~e ad Ulveqes ~cc~uing r~oro 
the oe >f rectLn1ular ~n ru~~rtn eem to be we 1 
:mbatant ated the c ani ·a ... compl i ty in"'olved 
11 ~.hie• i~g uuch d~ Le 1 ces&itatP ca•eful 
c ,rs der tion ns tot ~ t ve me~tta, Among 
o ,;-r e,p l • •::itl ,re •"E'1 t t It 1cri tJ of mu~ tipl:: 
.:,i•,s•nto. ior of r<'c.t.:.i10, 'y-drive· •ndices are 
a<lvc.ntag"oua ii.re: 

a) 

b) 

c) 

/:1 .1t1.,,,,., r. wh ie such 
nl+,t udc-, ~0tun ~ltit~de 
eenFJi ti. ~ ~, ter~o. r c 1--ar t 
cl·:mb r ><" >''<" e ted 

Pt. as desired 
gross iv1d 
ce 3 r~te of 

Ft.1el r,:a~ar; mP t g t•~1c • wl • ·e the fuel 
Lev~L of se~ercl tn k un can be 
•ustantly •o~par u, 

E t,•ne p r or e1c ... in icat.J• 1, th.uot 
or 1;::>>n, "or mu' ti-• n'"'i.ned ·.rcraft. 

A:no1 £, .. 11., 
1Jlex tv mr.:i (; I. 

'\Jor ,o'ntr, of me0n.r,ical '-" -
'Jv ,h • t 1 • ::icar , . en ta :1 c- 1 

fl.t.'l: 

e. I B 

• J. r- i. n t:!. 
C' .! b 

'"ernl 
vr.ole '"'£ 

,e 1 l 
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1 r 
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>ahk 
r00t .n 

th 

e -1 nt gr 
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d b:, pe i-

• ni;,. tie 
ust 

nt. o. , •nc.icc , 
<lge :ight.,g haL ScV­

l ~ clial l'J set back 
U" rs o.,.. c' • ~ , causing 
c ;1, le , r r c ~ 1 e, n t, , c r ' 



' 1.2 

1 r 
C 

I f:' 

fl D 
i:.1pairment 01' visiblJ i ty ur der daylight 
at hlgh ultitu~es b-~auac. Jf lack of 
diffuGed Light d ~igh &ltltudes). 
The wed~eE them~ 1 ~t ~re source of 
light sc,,tter. 

b) Dif.'crenti ..._ r c f x:,anaion 
pr-> 1'f' a e c 1c tt.:re<i, E uler ii -
pla.: n.en being 1J.>r-d'~e.1 .J.1:11 3 11hc.rene 
rect ~1~edr dio~•accmert 1r, ·ves ~cn~th. 

r) T1e gre1ter 1umber an, a~ of bearing 
urface1 increa~e frlctio• L loading so 

t,ni t se.rvos <J.rc ,.. •quired <>vr-c for non­
cH• tc.a.l indic ons. 

d) 

e) 

"h L • ~r..ngula c se must made nore 
nder dif-r~~gF~ o with t f'exu ~ 

fere~tial preo v,..~a. 

Th<" re- c t 
to sec..L, 
ae;,.1ir, 
l) tr ! C C. '3 

n~ula e is roor8 difficult 
more ·o&tly to machine for 
<J.rd g v rlrr to non-uniform 
in tbr wtn1ow gla-

r) The rouna inatrtmunt i& more econo ical 
of paneL sJacc. tor th same scale 1 c.ng~n. 

Th 
rih0wn tu 
"ll 11 ubn 

Ma~h In cator has 

t.. Ill nu f C ll 

8 CC'O 
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olvec. 
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H, /l!P fJo C'l 

.·or pr1•pari.ng vind>Jw ,11,s .: ro r.u~Jcr n 1a 
to pla,inizE t~e ~eal o Edre by 
an1 to dip tin tn1.s ,u ... tuce. Te, 
this p1oc1. 6 ave been d<ve op~c. 
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ni, U1.' f-ir 
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1 '). 
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"he so dE:r'ng ,chrioue u ed for :i. front i.:as€' 
aeaemb y na ely. to tr.oert fluxe ~older pre­
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oven to 50°F ot thr meltlrg ~oint of the ~older, 
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11.2.3 

by malntaining n reasoneble slmil1rity be­
tween the coefficient& of thermal P ~ansian of 
tne BLale and the reba:ance potcr .lometerEo 
The scale waL made of aluminum e: oy while the 
potentiometer core was copp~r. A uminum was 
not used for the core beca.u&e of ,he diffi cul. ty 
of obtainlng •·u inurn rod with~ 100d insulated 
roatin~; howtv•r, the differentia PXpanslon 
bt>tween the E l\m:!.num und copper 10 responsible 
for n shift of only e·1gnt•y nore than .001" 
over a 3'' leng h betwe~n i t , d maxi um 
or miLimum te~peratur , TbF potehtiometers were 
uounte1 on g aoo epoxy lamlrate supports having 
a coeP•iclen• of ex1ansion very c ose to that 
of copper. 

The ota nless t e. e~d er 
by the benrin sat o~ •nd on y, 
bearLr, being ~owed o ... l o 
and o 1Pd BXiPllv by a GJr'ng, 
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g, w hi c. 
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.e other 
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far •dft i1str~men s, Jartic Y tho e 
hasc is '>er tain n~ to ,r,' wedge pr c ,?le, The 

tlrat Ft.ioc.. t.cicd, tno.t of plpi lF Lltiht 
throug1 trar,sp 1 1t o aotiC' indlccJ Figo 11) 
was wo kable, ~it wa~ bundonLd t,cauo£ tuc 
plastl m Geri l cou1u no ■ it~a c.. th£ igh 
t£mp r ~ure EC.. •ithi inetru~ert. 
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11. 3 

UtJ 

A wear tect pro~ra~ v a ~ar~i d out on the 
leadacr•w and carriage oyste~ to ue ermine the 
optimum materlnl, surface f1nioh 1nd 
lubrica ion lJr tte leanacrewo to ~ive longevity. 

B•ot we r r sul~s wer• oLtei 1Ld with a 
hardened Tyi)c 431 e ta~n'.e s ate<> l leads crew 
running in a 'luded ten b·obZE ir eJtment cast 
c•rritge and 1 tricateci with VLr&-lube F50 
silicone oil. Tr~ lubricant wao • tained by 
impreg~at'on of a ointered bronMe carriage 
loadin~ nut. The aurface f1nioh of these lead­
screws was better tna1 6 micro 11 ches. 

Ree n dt.:velopuC; j n ,·ompone.ita have ir,-
dics.t ,d that ,re t r L..>l!'c1act1wso in ptckaging 
with reai t nt ".lgt.t r cue icr, ~'li uE achieved, 
to R d g •c. thnt il ,te 1.y l 1tee,i -~ed ini;licator 
wt th E cl "O"ltri.l r. , i fi ro a fP'3Dible. 

The 1ltlm 1 1 rtr.ea t t e prerent 
, ~~ no a er• i c in per-t t~ of ~he rt, atd 

fo&m~rc~, would Je th 
EG113C'-l pltfier, tc,g 
8SM420 s ZP a Ferv0 ot 
,base o., rati ::>r • 

, .;e_ of Mi.n 1, ,io.1.is-H1neywel 'a 
vhE.r wl th t<' 'le lip g 

.. our d i'o ·nbalan ed 

H<;/I ;:> D0c.UL en C.P,-.f ::_Q) 
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