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o Instrumentotion Ladborntory, MIT
J, Ronert ®oeers
: Hay 25, 1948
L
\ Mo lodoo 00 GIRCUIT CHANGRS FOR $-9 COMPUIER
T ' = '(Bnpplementing Report of April 20, 1343)

_ - 'Ohmnges in the 3«9 coaputer cirguity found desirable during the,

f;l?'-lait}ﬂénﬁh.gxe aregented delcw, The cnanges !nclude minyr corrections to

+
.

-'&he p:eviOul’?eport and additional changes ‘a tre coaputer circuits which

-';f”vgﬁﬂg;beeu found necesenry sirze that report was lsened,



B A

 May 85, 1948

o veloci% -range wind rectifier has not byefi.removed The echemazic draw!ngAit

oorrect a6 1t stsondse

b#f@he'rdnge gear dox) la conneoted ar a potentioneter and not 88 8’ varlablt
rﬁﬁistor. This point wa e cnr-ectly ¢hewn 1o the drawing on page 2 of the
‘April 20 vepnrts No ping were available in the connectors for the connection

. £6 tke ard of the 10K potentinmeter, The lead frem the arm has been utred

an‘rume tunlon ~ahnratory. HTT
‘Otrcult Chasge¥ for 5-9 Oouputer
:Je Rodart Regers.

Fage ¢ papy 1

1 25: SRIORS TO REPORT (F APRIL 20, 194§

1. Page 2, Reslctor nasber RILYO ta the load ciruuis of tne

2. The lead pntentiometer in the sams ranq!tier guit !Lucaﬂeﬁ

'q'.

Airactly across to the seasitivisy aen)ifiey subchasels and dnes not go ag

1ndicated in the drawing to pin X of J2001, Thip pin 1: uéedrbetween thaj
end of the notentinmeve~ and R340, The range variable iJK resissor in the
denslty rectifier losd circuit was nct chenged froma variab}e.resiator ﬁd a
potenticmeter connecsion, The creage le less vssential for tals circudt
because the variable yert of tne reciifler load ts only 198 ouy of cver @00K o
It a higher reslotance linear ranse potentin-eter ls uced in thia clrculs,
novever, 1% might ve desirable L0 connect L% alsn as A potentlcreser tc pro-

vide nore llmear operstion far the deénelty inoud teo sencitivitys
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' reaistance range potenttomster vtre ueed, the change could bq-baitzeio

’changes rfconmended in the April 20¢h ropa?t will terially aesiot 1n ren
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jq 334,1, tm mmg rgetam. has been redm& !r

\¥n }'-': X 4 :
%}5§§:ﬂ2

vélocttyamnae v!nd mpzme: zo parmic obtalning the comet. ao&;e !ut&u ;

vith ﬁhe neu range pntentxoueter 16ad far thie channel, 1! a bigher !ZDZJ

:gé,*'l'“ SY-% Teste have Baen Cbnduetad zo determiua thu saahtliéy

I

n

nargin for the aansitiv*ty amplifier. In&iaatiﬁns sre that the QUQutat

~'
'.A.‘
I

dnclrg the d-c voltage error from input to ouzput of thie amui%;ier.”.ﬁugh Hr
.(,"
vedu ticn ia desirable becanse the error, which may Ye weariy 1% in the

vorking-range. i{e not lirear with the input sensitivisv voltage. " Ia Addittab.
a reduzbien of error is desirnble \ecauae it would minimize the devendancn o
the sencvitivity nalibration nn the characterlstics of particulas tubes uhq¢
in -the pnwer anlifief. WSrk on tkis clreoit 1¢ contiouing and a separgsE‘ .
repart will cover 1t in more detall, The circuit has been founa gglbe‘cﬁﬁ&:

pietelf aiable even with mu*erial;y in-recsed amnlfier gain. SR

73 Windage Amvlifier : - O

‘A, Snae instability has deed obeerved i eaoh of thg'windéggff f%f
amplifier channels connected 8o as to have vnrlable gain, The-diffieuiﬁy_

has heen traged 57 the 1se of a 10K gaia cohtrol potenticneter connecteﬂ-
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aorcaa m csthaaa reaxator nf tre 6AKG amplifier tuve, At zlddle settinge of

tha ia{p mmﬁ pet. tha am hae an i:npadance te g'round of the order of

2.51 to iﬁ} Tbia ‘predme 1s: coumon to the f’aedback ciroult and so the B |

ecreuﬁ ‘Qypa.es nircnit« fnr the output amnufim* tube,. ?Inetustioga in acmn

,A aumpt wﬂh a\gnal are thém‘ore fed bacf: 0 the ampnﬁer mput ctr«mﬂ ag

‘ vanuge m phaae uim the a!gnaJ iaput. . Ta prevent thia action, it %e des-

irable tg bypaa-a tne screena of those tuben tn stages cparattng with variable
gau ean’rql d&z;ucuy to gromxd, It would also be desira.ble 10 by’paee the
screcna ot thp ﬂ.xed gain cha.nnols to ground, b@causa gome feedba.ck voltage
m ta, govn}cpoa ac:;Osa the 3K cuthode realstors. {The pmaent circult ueen
a m(&n bypasst cen&enser ami a !cedbaak oondenser in me sma -oan and. h,aving '

‘a @om ﬂrﬂ%},) The tmseatit)n condenser can be nged for ecréen by'gaaaea

uu! Mﬁ ¢<mdemﬂrt are dntra’ble for the fesddack ofrcults . -

Leav.ug the. prasont arungemne on the rixed gain chamel wm. gn'e ] '_ '
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a u}g&m hﬁ@her g;!n fnf it vhiqh 1& deeirable aﬁ it permits the variﬁbla _ .
@aln’iﬁzmﬂ tfo be aﬂjnet.eé ‘!ﬁ a @in setzin,g which is either higher or lcver

" #14‘ -
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L W f‘.xx et
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Inatrumentation Lahoratoery, HIT
Cilrcnit Changes for 8=C Computer
J. Ronert Rogers

May °F, 1648

Pagze &, Part 1!
C. The A and B inpute 2o tre elevati~n windaze syetemn have

been interchanged and the level votentiometer R24:4 is now tn the "BF chun=

rel of thie anplifier. The "A" tern i¢ LAV

Kd/docos Ae The "B* term ls
(33 - Kgﬁo) ain B (variable input,)

¥ 1
D. The in-ut level ccntrol R254Y for the defloctinn windass

syetem should be out in the lead H1E instead of 507 eo that it contrels the

*B% input for this system,

The above changha are necessary decause, in order to asswre ¢that

-the windage amplifier orerates tn multiply correctly, care must be taken to

‘keep the "A" input larger when &% its operatinonal zminimum then is the *3°

izt at {te maximum vrlue, Accordingly, no attenuation shruld be put in

the A" input, and adjustment of the output nf the syster sho.ld be made by

attenyating trhe "B" input, Tble reoulrecent arises fron the fact that the

.

windage rectiflers ara nct phace~seneitive and they in not recrgmlze any
differance betwaen a value of (A-B) where B s snaller shen A, and -“ne where
B isg the same amount larger in amnlitude tunn A,

In practice, it le prebadbly desirable *s use a level »f tne B in-

- put romewhat greater than would satisfy the above requirement uucder all cop=

ditions, as the maxinum value of B nccurring with the nminimum value ~f A

would represent an extrexe and unlikely conditisa, Seze errnr under tnis
faput eonditlion can be accepted in order to hnve the mdvanlages of “ring an

appveciable B channel signal level for the mnre probably exvected operating

' "mtgl,_

It should be roted tnat with this arraneement, "the prssidility of

g»c plekup ~n the input mixing pointe nf the wincage ampli}iere brzanes more



Instrumentation Labaratory, MIT
Cireult Chanpes for 8«9 Qomputer
J. Robert Rngers
May 2%, 19U8
Page &, Part II
fupmrtant than it ié when nearly egual large signale can be used, To the
extan, voacitle, attenuation should be introduced in the input gain contenl
on tihc windapgv chasels and shert direct leads from mixing reaiestors to tudbe
griis  must e used, Core shouid te taken ia the location of mixing resistors
to avold etray f'iclds,

E, In addition to the probdlemr of dlrect plckup on eignal cir-
cults, 1t has DHeen found neceesnry with the present equipment to take addit-
ional nrecantinny tn rrevent circulating ground currente by bonding together
the varieus subchasses and by extre—e care in returning the grounde of such
external units BR veEclinra to apsroprinte polints, '

Circulatine =vr-urd nirrente gave rise to difficulty in odtaining ¢he
begt calibration in “rth windape amlifiers an; alac in the ééneitivity velr=
city an; ranéé-wind sreten. It 13 anderstond that Enereon s iﬁcorporating
an extra filament lead withlu the cwﬁnuter to eliminate the chassis return
for filament clreuits, Thia shrner $s nighly desirable and the mounziﬂg of
all computer subchagers in one rack +4!1 we nf further ssBistance, It-{s
recompended that eeparate ground ret-r: wireu de inetalled in the system
cabling between the regnlvere in *rv turret wnd the coupu%ter, Tﬁe Te80lvers
should not be grounded in the turret., The oily grmund ured should be at the
.cnmputer. ¥ith these precautiene, » ninimun »f #iff¥ieulty should be encoun=-
tered,

¥, Becaune of the toroile 4arzle graifent »f vreﬁen£ torque
moto:s;‘it ie reconmendeé that the adtfustment rf windnese aaplifier nvef-all

galn be tade to obtaln the desired deflectlir=s at a prediction angle equal to

bf2 of the desired curvature correction and ~n tva ~porrithe uide of zero from
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8irsuts Ohanges for 8«9 Coz
Je Rober, Rogers - -
w "'/l )38

Page 7, Part 1t

~
*

that odtained 4f no other torques than the gensitivity and etu&age-ta?quoc”'zﬁ” Tk

are appllied to the computer shaft., This procedure and the reasone for tz

,':-.‘i.”j:‘,;ﬂ__ U »-;
vere discussed In 8 meporandum dated April 20, 19u48, which vas attacked to ff__;g=ﬁ

the report nn changes on that date, “ke syntenm hrs since been fohnd 10 pr&-

vide u practical callidratinm although it requires the nee of additeonal dgl~ .

anze weights, It will be unzecessary when 70re precise torque motors.begomg .. -

available, ,
Care ghould be taken to cheak the wiandage torgue ~otova be!ars :
gembling {a the predictlon coznuter to de sure that they are wlthin 5§ of
equal sensitivity for torques in both directions and, ~ore iaporhaqg, to
eecertain that boih windings of each motor follow correctly s—ccu§r9 qu.

1. Miscrllazeous:

It has been found that excitstion of the gravity drop windiag:;

(with ne inmut to the gravity drap emplifier) resulte {n a chadge in the sen=-.

gitivity of the elevation prediction computer, The elevatlon sensitivity

motor shunt should de adjusted to give the correct sensitivity when the

gravity drop wiuding ig excited, ' ' ' -

There is snae plelup of gyro wheel freguency in the grsvigyrdrog:'uff'

torque motnr dridge which causes 2mall fluctuations In the pradiation oﬁtduﬁ-

{f the wheel freaneney is several cycles removed from the coanusing cirenit

frequency. It 1s understcs4 that Bmerson !s oroviding nnielatno ‘1m$adrq_',f}

tnie in tubure_units.

the g-¢ input %o the grovity drop winding aad poaaib’y elze the excitatiénNto

‘sne reage rate generatoz, béth of wAich ave:operated from’ the a-c-lxne yiih

. . A '

} . Lo - \\»1 n . . E .\. ,-'_r »
O CONFIENIAL SR

It would be dihtrable to favestizate the poseibllity of requ}atiagi::‘

,
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Instrunentation Ladoratery, MIT

To: J, Rod%ert Ragers

Frem: Jola B, Harper, or.

Subleets £-Q Calibration Procedures
May 2%, 1loug

Il CALTBRATION PROCEDURE FOR S-9. ELECTRONIC CCMPUTER CIRIUITS

Thie rennrt deacrides in detall the -calidrartisn zrocedure found ta

. be uoet satlisfactory for the 8~9 computer during tests conducted at MIT up to
- May 254k, 1948, No essential changes are constiiered neceasury in the calide
"patiecn of the predictinsn computer assemdlies under the procedures reported

by V. 3, Karper, Jr. oo June 30, 19u7,

The calirration preocedures telow are to ba carried out with the

eqnﬁ?ment nnerating ai normal line vnlitame cf 115 vnolts at a line frequency

-of 400 cycles. Ovro wheel drive freguency should algo e 40 eycles, A

wartup period of one half-hour should nrecede =ny calltraticn work. The re-

. guired values for the various compenent parts of the computing oy atets are

asbtained by calculation fram the cemnuter calibration e2satiocne, -7 which a

reviged édpy g attached, The prncedures telow anply tc a tall cone ineirl-
lati;n of a éfstem to control calider 5C Mark & A, P, I. ammunition far which
thq‘cbqffiolenta are given ir columr. 2 of sheet ! of the calidbration couetinn
summa;&;' |

Plots of the required nerfsrmsnce based »r these couations are in

- uge dt Emereon and at MIT. Tubles are included in *rnls rerort frr tre re-

quired curvature, gravity drop, and angle of attack carrectinns, These tudles
will pernlt checks of perforuvance under ;he fi3l ranse ~7 eazh of the {nput
variubles, )

In using the calibratioa cha-ts orepared ty Emersoa-it should he

pointed nut that the tadhler for prediction time (:p) thould not te vord nAs a

direct tasle for calidration of tre sensitivity fumction, Ingtead, the cen-

 aitivity reguiremente of the 5-9 callbration ecuntinns srruld he met by the



Instrunentetiorn laboratory, MIT

To:t J, R, Ropers

Prom: John B, Harper, Jr.

Sub jecti S-9 Calidration Procedures
May 25, 1043

Page €, Fart II1

equipment. If the adjurtment resulisin errors ina gensitivity at some values
of the iaputs, the errore ghculd be allowed to fall nearer tc the ‘p eurves,
 Svery attenpt should be nade, however, ¢n minimize the errors, The tp curves
are based on soecial course agsunptions sc mede me to permit separation of
variables and do nct renreeent renulrements for best enluticn of practical
predictinn proablenms,
The orccedures helow are giveg in the order in which it has dbeen

found convenient to make the adjfustments,

VELOCITY NBYSITY CHASSIS

This chassis provides excitation for the nonlinear and linear

density pickoffs, It ampiifies the nonlinear de&aity pickoff output to

‘provide excitation for the indicated alr speed unii, The output of thé

airepeed urit is in turn amplified %o nrovide excisatirn for the azimuth
resolver and the angle of attack oickeff,

. Determine the AC referernce veltage variation avalladle «hen the
potentlioneter in the shunt reéistance circuft {e varied, Set this voltage to

a vaiue that is approximetely half-way between the maximum and minirum values
evai!ab%o and record the wvalue, If at any future time it {s nec¢essary znlchange
the rogulation tune it will then only be neceesary to reset this voltage using
‘an accurate meter withnut doing a con~lete recslibration on the eﬁtirs camputer,
The a-c¢ reéprence vnlfage ehnuld vary detween 7 nnd 10 volts, and &.,5 volte

is a reasonable value,

First check the outnut of the tws density units by »lotting a curve

of vickoff voltage vs. density, The nutput of the linezar.density pickoff

i~
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 eurve displated from the deeired curve by a fized voltage equsl to tbe p!ckoff

- output at &/d, = QG

- sgale on the curve obtained using the wvalnes. ahovn in the above tahle. Cha@p

that at X

?his abnaity i inconvenieat tc obtain and rare accurate resulte can be Ob= - {;'

Xnetrumemtation nanonatary, 5391..5
"Tos I, Rodert Regers - 0 0o
Frops John B, Eaxper, Jr. .
Subject: 8=~% cau’anuqn ﬁrwwp'
May 25, 1948 ‘,
Page 3, Part T f.‘ j~u

should o a straight line. The nonlinear deasidy unit is checked uith eha ald

of the tadle shown Ytelow, The pickoff cutnut voltage observed shouldkgIVﬂ i

3/dg Ksjd,

1.0 1.0

0.8 0.8

0.5 0. 815 ;

0. 0867

0.2 ' 0, k23 o
0.0 0,0 | - L '

Assume that at d¢/dy e 0,0 and.D.G the xd}ﬁ survs §8 correcty Sﬂt up ‘s tﬁlﬁ

to dater'ina if the other values of Kd}d fall on the curve, lf they do n&t, a
edjusv the nonlinear denaitv linkage untll the ourve is matohedu - “ '
R2612 sets the refersnce bias for the xdld n‘ckoff. !t is @n teﬁ'>
d/d < 0.0 the excitation to the indloated air speed pickeff is mro._';.
tatngd ¥y the fﬂllowimg nrocpdure which ‘shegks the pzckof‘ fanetion at higher

2 0,657 bs 1,382, This .

1 » Q
densiby values. ?he atio of Zd/d = 0,221 %o xdfdo

corresponds to 84/d, = 0.8 and 0.4 respectively, Measure the 8zcitatlon ta the | L
indiceted air speed pickeff st these two densities, Deternine thair ratio,

Adjupt FE12 until & ratio of 1,38 is cbigfned, Plot a curve of indlcated R s

air opeed plckoff excitation vnltage ve, density and ckeck te determlme thhﬁ ) --; | -

N . . IOAY

it'fbllaws the Kdld~_vs. d4/d, curve ac bdefare and that at ded‘ «0,0 the a:#iz;‘,f:_-'
o ‘ 7 T :

atlon to the alr speed pickoff 1s azero.

r
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3?823 £s“£nrnwd up until there is naticeadle 4istorting at the excltating to

;5.lthe elevatﬁon regolver when viewed with an omcillsecope (abcut 6 welte), Turn
,f ; .'£2823 géﬁk until there is no distortion and record the outp%t‘voltage. Adjuss
:32823 Eo giv@ Oa5‘3 o? trie voltage, Drive the Kollsman gmencrator so that lte

;,speed cﬂrreensnda t» a raree rate of 4 1200 ft./sec. (3,175 RPM ccfraenond to
,”*iiil foot/aecond of range rate), R2815 is then set to glve the ariginal am}ifter
. tle.z«tw;:am; vo!tage that wns used to set R2823, Plot a curve of elevatien resolver

aLf“': gxctgatiou ve, range rate to deternine whether ¢he calibratinn ig correct.

EBSGO gets Ey into the zravity drop curvature correctinn calivration

eqnatﬁoﬁﬁ;fb? determining the level of excitatinn to the angle of attack ammlifier,

| SERSITIVITY CHASSIS =~
1’:f£§fa are a nunher of separate channels in the sensitioity amplifier,
 ' These~¢bannéis are range and range rate, relative deneity, and indicated ailr
rapeed nnd éange wind, Each iF adjunted to matcn ite own set of calidration
~curvas 13 uessurinp the sensltivity prrduced by the anpdifier and -omparing
'ﬁf-,ib agﬂinst that ahown on the curves, Set R3IUT0 by mrane of 4 reristance
" bridgg qo ghat the cathode nf the nutput etape nas a resistanze of 30C chms,
ﬁ}hu7, the modﬁlatﬁr balancing pvotentioneter, nad C , tnhe mndulater

—

bslancing capacltnr, ig set to give the clesnrgt agu.re wa-n frrs gt the

1

plates of V3ULQ when viewsd with an ocacillnncope,

RANGE RATE CHANNEL

Uusing a range rate laocut of zern, the Ate-ti -=etera in the ranze "¢

are adjurted =a 7n}lows;



e T

"load resistancs of %the chan-ri an . I

Instmueavntation Ladoratory ¥IT
Tt J. R~rre Roazers
¥r-m o:n B. Harper, Jr,
Siblecti 8-9 Qmlthration Procedures
May 2, 1348
Tage 5 | Part 111
{1) Obtain 4pe seneitivity fa= & run-se of 6500 ft, -
Just R}hlg, tne law linft adfusteent for long
raages, uatil tre reguired eeneditivity o uhtalned.
(2} VUelng a range ~f 3000 fi. acjust R34L%, the range rate
outpitt potentionater, antil the reaquired aonsitivity
{8 3Yialned,
{3) Using a range of 1777 ft, adtust R3415, thz high linis
aijustnent for enort rances, until tre requlred sen=
sitivity is nbtained.
(8] Reovat the &%ave steps until a gnod match is obtained
at all opolinte,
{3 Piaal values are »dtainec¢ Yy using vari~us values of
rangé and riaze rate,
RIWIL nets the level of the apnlled ranze rate eizaal and is set ip
sondjunetion with the atave sdlusimente, Ranre vas resd fron the ranze dlal
driven by tne rengs frvo,

TINSITY CHANNEL

RI4W21 de < rxtnes tie lewvel of eaxcltating tn the amplifier, R3I42Q
g & reference tiaz potentinmeter and i adfurted no tiagt tne d/d, outnut ae

a function of §/4, o an intrroct when rxtranclzted 10 ifd, = G, of O It is

vetter to have the nutmut correcs  over the range from d/d, = 0.0 ta 4/4, = G. 8

then to nave evactly N ~% the heot wicinm adbtainable, R34S determines the

hd

v~ et the canstnnt term in ¢h-

calibration enuation K, + F.R. Thrciiicse ‘he remainder of tne callbration a
-

range rate of wero s useds “When ie ro-entiseters are adjusted tne donws

gty corrsction mateh f8 checic” " i T o runse and deasity, A1l fapumts




: ¢XCept‘ruﬁge rate and dene{ty are shcﬁséd ﬁo srouﬂd; 'jﬁf:‘i'

'vraﬂxe of 000 feat the meagured sensif&v& ty oy ?i . alone (range q&na iﬁﬂﬁt J

cmvzmz TROP ﬁvsm - o T

-

. \f

znatwumeneation Labnrannry. UIT

S ‘ - To¢ J. RoBert Eogers e

- Lo . ‘¥romt John B, Harper, Jr.
L . Budjeats E-g Oalahraziqn ?rna@nu;ﬁ‘

8&5’23,19% C e D

?ég& L Fnrt III J»“ﬂf'jfffjé

L

.

?smurmz'x'nam@ Ay gmmr . L

E}ﬁjﬁ, the ¢ axcitation 1€V€l nutan*iometer, is set en that gi a

ind.

shﬂrhed} agraea “with 4Fat en’ the eur e,

innuzs are effeottve. ‘
| Thg veloci:y fnput was calisrated by us!ng seﬂeltivi:y-curvééfﬁgé :
tained Fros the culibratiqn equatiun‘negieczfag the effecz>nf tange‘uiﬁéufﬁgg4i.:3
aity. and fange.rate. The demsity 1nnu% is shorted to ground and R}hac aat
%0 givs she desired value .of aensitivi&y. A check {s. then mede to aasur&.that :.:fié

sensitiviey is correct with all lmpuss effective and, 1f zmecenaary,. 83439 it g}'

readjusteds . ‘ . ' : .'7 :: o HQ::J !;¥i3fi

t
WINDAGE ORRREETION CRASSIS
Thero are three separate channels on tale chakels, the élevatic§‘ " L

windage systen, the deflection windags eywrvem, and the gravitv drop 3yetel,

5 W

Ce

P AY

Thts cbaz.al receiv;s signals from the angle of attaQﬂ‘ﬁn& range
rate elevation resnl rors, 1t nizes and asplifles itlese two a:gnale aha,gpa«‘_}‘

ﬁlias thaz té cppnei!e pdin?a of,the -} 1dg9 entinegted g:aviby arﬂp wlnﬁin&; \l;

For earrect operation ef thia circuit it s necesa&my “that tbeis"ff

phase 9 ahe 7oltagﬁ anplisd *o the hrtdge from the axclzazion ba uary

cloaely 3ha: of tne signal ‘applied froa }he o"tﬂuﬁ trensforper T“Q@? of ﬁho o

gravity drop ampleier. : phaae difference ¢? 7 %0 10 degreas w!ii reani%

A
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Adjupﬁrﬁnt ef ,‘he E?Htém 1 uaiﬁ re foiinva: _ - _‘L>*+

'_"“. i e

3 f %*th t&e»anglq of abtagk msts* aat s -iVﬁbgara owtrwfa gnq éith
o ;;! tanga ra:e, adjus 8#110, whi*ﬁ Sontruls the exait ¢ inn curréik'ge thE
i grﬁ“itm dr*p torque kvtor bfldgc* 8 i!'ﬁhe‘sompgtsr shaf'ts j22] ﬁbts £.3 ails

agains* a ¢~aecand gansitlvity, T.e u&r%&tura‘éorréc:icn tchue xiitod €or -

toe a‘olifier, ﬁxr

' iyiﬁg the angla ut atc*cx elev&tiow reaolver. With,,he’.npu;s.to-QHe_sxﬂten .
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(ueed tn May 75, 19U8, repert, Iue'rumrntaticn Lavaratory, MIT
, . Tn; J. Rover:, Ragers
Frem: Joha B, Harper, Jr,
Sudjfect: 80 Cnli“ration Procedures
Novemher 4, 1Qur
Fage C Part 1!

QRAVITY 'ROP CALIBRATICN DATA

R e e ey "  — ey -

Varinble range rate Varisble B Yariatle S.,n
- i . A.C B AC ' S\ﬂ) Ac .
1260 1].9 90 0 1 643
600 15.3 30 1.7 3 19.¢
300 150 0 12,5 ! 25,1
0 a7 ' <30 11.7 3 31,7
=300 13,4 -éo 6o - ‘
-500 10,1 _ =20 0
- - =200 ' 70a
’ vind.- a USO R.p.h, vind. = l}%{]'m,p,h, ""Lndo 2 hﬁo MePe e
| R 2 ‘sec, S = ? mec, ¥ + .30
‘i :'.p & _ wp se 4/ 4 . 321
t 4/ 3o v 492 xd/do = ,421 (.X + 153 mils,
. = = 500 & 150 mils R .+ 0 ft./sec,
N A = 180° R 2w O ftal Rec, b = Cro
g B S A = 180% A . 1700
E' . l.
>
B . Varieble Ky . Variable Vy . - Tariadle X
o Kd/do ‘c _ vind. Ac b ‘Ac
i 1,0 13.2 100 7.8 0.0 6o 49
L 921 12,7 200 9.2 050 g5
_ 815 12,2 ' igg 10,5 L1000 1,5
‘ «667 11.9 12, & 150 12,7
0"‘5“’ 902 500 1 'y
' 600 14,8
vi&d. 2 h&o m.po h, swp 3 ;f 500' vind. T :450 Mea D. h.
S = 2 eeq, g‘ < 13 mlle Seqp = 7 cec.
X = 1% mile, "0 S feec, Kijng = Q21
R =026,/ eee, Rajao © 91 R e :
B = 90‘ E - QOQ 5 = qog t./ feC,
A » 1872 A = 1#QP A o 1soe
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Instrumentatian Ladnrataory, MIT

Tor  J. Rotert Rogers

Promt John B, Rarper, Jr.

Subject: S-2 Calibration Procedures
Hay 75, 10l '
Paze 10, Part III

EIRVATION WINDAGE SYSTENM

This chaanel obtalins 1te laputs frem the %ange rate slevatlon re=
so}ver and the azimuth resnlver, One a™»lifier ser;ee to add, and by means
o€ a phase inverter, the ather armlifier to subiract the tw- fnnut stegnals,
The putput'of each ohannel is connected to one winding af a torque motor whe?e
elfective multiplicntion nf the twn input signals fskcs nlace to solve thg.f
calibration equation,
There are three poteatiometers used to callvrate tnis system and they
are adjusted in the following nrders
{1) With both inouts tied trcether, adjust tne pognn-
tinnetar {n the c¢athrnde c¢ircult of the phase in-
vnrtef far a mintmum algnal in the cutput of the
A-3 ammlifier. This adjustaent sets the effective
gain 2f the oliase Inverter toc a value of ),
(2) 3hert the B input tn ground and adjust the gain of
the A~B chanuel far 4 conputer sha’t nosition of
zerc, Thiy adjustmeat ig vade with mo stiffress
current and equaliees the effective gain »f the
twd amdliflers to -arrect far variations in the
torgas m~tor windlags, The lnnuts used for thesze
tws aijustaratc are artitrary but ghould te ad
least 1Y 2F the ~arimun A" tera values ooscidle.
The tnicy wdjuetnent le the magnitute of tae "B" {aput which

deteprminos tro maen it e of the curvatire gorrection odtgined, This inoud
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Fos J. et Pogwerg : PR
- Fprami:  John 3. Har,yer, Je, B
Suncecdi  8-9 Cal'dratlon Procedures o
May o, 10UK o T
Purs 11 |, Paxt QI ST

erould v adjusied only aficr trhe phace Inverter and tke relative chanpel
gala are carrect. Tae adfastoent ehou d ne made with the comouter shaft
deflectad asainst the curvature correctlian tornae 8o a prediction angle on
gnn sppnalite side of zers from that «hich waald he cacsed by the correctioh' :3
tor;ue nrnly. The mngnitude of thies angle sharld he 5/2 of the correction
torque reouired for the anrtieular tnput c~nditisna, 1t te measured wy dhom

conneciing the torque notor and observing the change in orediction ahglej;,

caused thereby. It is necessary ta uge a flxture for displacing the shaft
to the desired argle so deslgned that the torgue produced does not vary with . 7 7.

the grro gimbal position, as ntherwige an error in the apparend enrvaiu:é?
corréction wiilba made, AdJustment af the "BY innat tn the curvuture’¢9t?
rection amplifier is thea nade until the desired curvature correction angle 1ig

odbtainad, The folloring tadle glives the reguiremente for the elevabténrwigqége'f’f

system for varisus Iaput eonditlons,

CONFIDENTIAL
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BIETATTON V1% SALTHRA® [N JA™A

B e

Yarisbie R Varisble R Varinnie &
. R A, z A A Ae
17200 © BUL0 -ty -3, %0 b
anG 79.% ) <h% 1 § oY 24,1~
£o0 0q, 30 - PN A 15 Wv gy
' 400 59, % 0 ¢ B BB
- 0 I T 30 RS 19 W,
. =300 39,5 AN Uy 7 i 2,6
- ~000 29,5 LU m n
7 T =800 19.% ‘ i
) 190 9,5 v!nd-.' - hz,.-‘. ey vi_‘nd. * :'-;'. At
: 'T;ind. u; %50 Aupehe W O iy fome, ?n i f%.{‘;f‘c.
: w 2 gee, K. s ,97] A x .Y
_ e _ ajd,, BTN
' 'Kd',‘ = 021 Aa 130¢ CE . oo
o dﬂ )
S A= 1Ee
”i’ - B a age,
P
R
3
.
~ C Varlable V Yurianiz § Varlabie K
} - Varlable ind. & ' w arlabi A,
SR LYY R Sep A LI A
- . K / r
B 160 10,4 1 7 b h3,5
S 200 21.9 2 o, 2321 by,
ago T 32,0 : The - %15 1,0
0 43,2 4 5, S i
. 200 50 5 ‘1 o th RPN
- * 600 5{)-3 7
§ w2 sec, Ve oo M) e Viwa = Y~ oolh,
wn ini, AT
B g o ,"‘t-',’lp:’ﬁ\:- SW = 9 BrG, SWU » - e,
. \ - L]
Kypg = %1 Ra 7 ft./~0., Re 0 ft fee,

ara

A 1500

B oarage

K . & .Fll
d/no
& s 180

B e 0

A= 190"

£ . age



Instrumentation Ladoratery, MIT
h , Tes J, Rodert Rogers
Prom: Jshn B, Harper, Jr. _
Subjectt B-9 Calidration Procedures
: - May 2%, 1uk8
e - Page 13 | Part III

"URPIBCTION WIXDAGE SYSTEH

’ This ajstem golves its gnlibration equation la the same nanser as
the elevation windage system, It receives inputs from the range rate amp-
1iffer aﬁd the azlmuth resnlver. This system is set up in the sase manner
_ps‘thé elevation eygtem, The fnllowing table ahows the shaft angles fér

“warious inputs for the deflection wiadage system.

Lo
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To: J, Robert Rogers
From: John B, Harper, Jr.
SubJectt Salidration Procadures

nt Emersen '

Envemoer 4, 1947

Page 14, Part I11

DEFLEOTION WINDAGE CALIBRATICN RATA

Yariarle R
R Ag ‘
1200 =£9
%O -7902
606 ~A9.1
300 - 9.2
0 ~33,3
=300. =353
~60D _-29.3
=900 =19.5
"IPO'O , - 956
vindo L] uy) HBeTe h,
S‘? = 2 gec,
Kajao = =921
A = G0°

Variable Kd/ do

Kd/do

1.
921
«&15
HE7
LUl

ind,

win g

WU

-

Variable 8
wp

3 A
wp c
1 “2h, 7
2 -49,3
3 ~73:5
4 '9807
5 ~123
?ind. * 450 apeh,
B e 0 £t,/cec,
A & 900
id{ dc & eqzl

Ac

-"3.6
cﬁa.s
"h,gn ?
=357
23,3

,“'w ﬂoI‘d hn

0O ft./gec'
2 8&C,

goe

Tarlatle Vi

v
ind.

100
260

00
00

500
£00

v "

g

3/ do
A

Variable s .

A ‘_1;‘:,'4—
g0 kg, 3 ‘tf“_:ﬁ
120 . . o=i2gp T
180 w24 . .
ZEEER O T
Tine, ® uﬁo.mip’h, -.-?&{€
“ap a2 :gg. '_r_ -
Rijao = <921 R
& =0 ft.lsﬁc‘ -_.t

nd,

A
c

=10,9

21.9
-37,9
- 308
~5h,0
~6£5.8

= 0 f¢,/eec,
» 2 sac,
821

aQe

L]

]
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0

oy, SoE -lgl +x5rzo)x (d/d

fwr = Ka et 'Ktwi) V(&%)(m&) cos AS(GL}

i - K KRy
Ry VR,

Yiasuna)© P dedg K siing) 0 (GSKiad)

| CURVATURE AND JUMP CORBECTION® (radians)
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=

-
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- 'Present Mnga mﬁe 231 i‘t. per

A e Curi'eﬂ-’t m &mps. R |
‘ifGSxN} e i‘mﬁuzi&d g'em sﬁﬁm *veloc,ity m milaa per hour
'- w "pros'ttcwltv ccnstant of the sight 1o amps x sec

= Sensmvt{y u! prediction camputer for angular veloeity
&Mhe e@atz‘oned I;me mpnt and prediction angle output
ir! sawﬁds ’

E Nonddmqusmnal atmospherké density ratio.

The material (n J‘mbf LR tken frong
Data of Philpott I'eb. 1954
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UNCLASS, £/£D

DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: WILLIAM B. BUSH)

8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVOIR, VA 22060-6218

SUBJECT: OSD MDR Cases 11-M-1002, -1003, -1005, -1007, -1008, and -1009

We have reviewed the attached documents and have no objection to declassification in -
full. The information you requested is provided in the table below:

OSD Current Current Current Current Current Current
Case Controlling | Controlling | Distribution Overall Downgrading Declass.
Number Agency Official Control Classification | Instructions | Instructions

11-M- Statement Level
OSD A
1002 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1003 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1005 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1007 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1008 WHS Records Release S N/A N/A
Official Unlimited
OSD A
1009 WHS Records Release S N/A N/A
Official Unlimited

If you have any questions, contact me by phone at 703-696-2197 or by e-mail at
storer.robert@whs.mil or robert.storer@whs.smil.mil.

Robert Storer
Chief, Records and Declassification Division

Enclosures:
1. DTIC request
3. Six documents
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