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Preface .

The work desoribed in this report is pertinent to the 3
projects designated by the War Departmsat Liaison offiocer as . ‘
AG-1, AC-36, end AO-4% and to the projects designated by the i

Navy Depertment Lisison officer as NO-115, NO-174, and NO-833. i
This work was oarried out and Teported by Naticnsl Burema of 3
Stanlards under a transfer of fusis from OGED with the oo- ,
operation of the Weshington Rader Group of the Kassechusetts :
Inatitute of Technology aad Seotion Redg of the Bumpep of.
Ordnanse, Navy Department. R
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REPRESENTATION OF LOGITUDINAL
COITROL, OF HOMING GLIDS BOMBS
BY AN ELEOTRO-MECEANTOAL MODRL

Ao Dexivation of Pitehlog Notion Euasion

The general longitudinal sSadilisy oharactaristios of
€11d4ers are desaribed in another paper entitled "Anelysis
of the Longitudinal Stabdility of Noming Glide-Bombs with
Application So Navy SWOD Mark 7 and Mark 9°. (Reference 1).-
The eguations goversing the motion are cbSained by considerisg
mumnwnﬁnnmm-mnmumm-
tion end desoride motions of the glider resulting from amall
displacensnts from this equilileivm ecokision. These
oguations sres

Lay+2Dwr ¢+ 1;.4-«-.5];\!#’.—. o
-Day+ 2L Laak+iyd- vﬁ =0

M+ M on s Myl p i+ n}j-i =0

whaze
' ® = angle between longitudisal axis of giider ead
the barisomtal, .
% = angle of atteck of glider, .
¥ = angle betwesa flight peth end Norisomtal,
W = woight of glidex,
¥ = velooity along flight path,
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£ = air denmsity,. .. . T ~;;‘:: DUt e g

S © wing sres,
Op ~ 1178 coceffisient,
Op = dreg coeffioiens, - - I
Gn = pitoking nameat nmuunc. .

R = mass,

---uummhmsnmmw
the aeontaor of gravity,

) |
J = angular displacement of piteh acmtrol surface,
(-] '“- rate of pitoh,

o --nuroln-uoml,

a e prefiz lacement of the
touwl.u qnmi.ey an .ﬁﬂ brium condition

The following quansitios are derinesd:

LeHESVS oo peS¥le . ueic,
S S T
ey MeE e
a8 M3l %e3

owavy/v
It was sean a8 a YTesult of the Siscussion in Meferemoe )

that ¥ waried only very slowly under all oconditions of
flight, and tims, in any study of tde behavior of s glider
over intorvals of 1oss than 20 or 30 seccnds, it is permis-

sidle. 40 noglest veristioms iu ¥V asd oonsider only variations
. . R |
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.nr s+ ,and & . Inany osse, long-period variations
in ¥ mum.tum»omntu.

If we negleat variations in Vv, the first of egua~
tiocus (1) disappesrs, and sgquations (1) beocme:

(s)

~Daye bLyans :.,J-v:_él.',o }

M’éfﬂ‘u 0-%000(.,&4-"’3-3-0
It should be noted that egquilibrium betwsan the foroes
along the £light path is 0o longsr neosssary and is actually
‘seldom attained during & flight, MIIC'. the muall dssping

of disturbances in V {Bef. 1).
For simplicity, let us write:

L L D
a3 peF  2-7.

The first equation of (3) above becames

#:mo b3-far. {s)

Since O=pyrx, o may write

b-kuasnsbdsfax-fae

" Bote that doff ant also dt8)am 624089 s wmil e 2.

The variables in the following mﬁ-ujl Ax and 48 .
Solving for & 1 ‘

&s(asf)an = 0+§80- 08
Integrating:

a ‘..-.ontjé c‘“’”dt .f‘-«-mp o “"”dt - b.-aony&mu‘t# . (7)

SEEEY | RS S TS S RO P IR WPy 7%
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Sudstituting these values of A& and & 4a the seecnd of
equations (8);, wa obtaln:

6 = (M M) 600y~ 64:)3 + FMPo » ;é
+ {,‘_ PN, } {.-(-ofu .F"w“ e h—r-»ﬁ‘mm ~ (o)
R TPy

In gansral £ 1s smell cOmpared % a or b, and may
be neglected in ths equations. NMaking this approximatios,
we obtain )

6*(“&'"”‘*(- M cﬁz.‘).‘t éc.tdt =
{9)

{My-b0,)84 145 S+be-Mpa " )c"tf de*at .

This is the equation that desoribes the angular pitohing
motion of a glider producsd by any arbitrary motion of the
olavons.

8._Depaription of Elsatro-meshenjosl Moder

In order to represent the pitching motiom of a glider by
a model, it is necessary that the same squation desoride bosh
the motion of the model and the motion of the glider, 4 mogel
constructed at the Fational Bureau of Standards consists of a
ciroulsr tabls fres to rotats about & wvertical sxis. (See
Fig. 1). Tuls tedle may be used to carry the gyros or
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position or motion-sensitive elements of the control eyatem
to be teated. On thie same axis is a oylinder which rotates
inside s conosntric oylinder with a small ssparation. The
spaos betwesn ths cylindere ie filled with o0il to produce
visoous damping of $he motioh of the tadls. Since the spao-
ing of the oylinders is muall and the 0il is sufficiently
viscous, the damping fores is quite asourately proportional
%0 the first power of the amgular veloocity of the tabls.

Gearsd to the tabls are two eynchroe. One of these,
called a "table synchro", is used to produce a voltage depend-
ing upon the position of the table, and the other is oalled a
wtorque synchro® and is used to apply a torque to the table.
A third eynohro (shown in Figure 3) designated as & "eervo
synshro® is used to produce a voltage depending upon the
deflection of the pitch oomtrol surfase of the glider being
simulated by the model.

Iss I = soment of inertia of table and associated system,

o dexping coefficient of tadle,
L = torgue applied to table by torque Synchro,
" ant $ = anguler Aisplacement of Sable.
The squation of motion of the table is thws given by

I%*/‘ %: Lct). {10
1ot us now examine the wiring diagram shown in Pigure $.
The rirsts synchwe, or table synchro, has ite rotor ooll
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oonnested to 115 volts A.0. The armature is positicned so

that at a ocertain position of the table, callsd the mero
position, the amplitudes of A.0. appesring dbetwesn 31 and
62 and that Detween 88 and 33 are equal. These two A,.0,.
" voltages are rectiffed by the twin tricds T8 comneoted as
Qiodes.
In the "sero position”, we thue have equal D.C. voltages
bullt up aorcss the condensers €3 and Ot , and thus the

D.C. voltage aaxoss ths two condenssrs
is zero.

%3 and 04 1in serieas
However, when the tabls is displaced from its sero

position, the A.C. voltages doveloped betwsen S) and 83
end betwsan 853 and 83 are no longer equal, and after
rectification, the D.C. potentials across 03 and O4¢ are
no longsr equal. 7Ths D.C. potentials tius developed across
ths two condensers in series axe found to e sensidly propor-
tional to the angular displescement of the tadle, up 60 a
diaplacement of the order of 30°, and with a polearisy depenting
upon the sense of She Aisplasement. '

Let us dencte the voltege between the $op end of RV and
thearm of B? by M. B Will be properticmal to the vels-
ege aoross 03 end O¢ in series, snd thus propersiosal to
the table 4isplacemedt @ . Thus we may wrise:

B - -01’- ’ (a1}
The constant ¢ depends on the setting of NY,
The servo synmshro {(Fig. &) is ccnmsoted slectrically the

o WA B

RTINS PO

Biev -y

B!




DECLASSIFIED IN FULL
Authority: EO 13526
Chief, Records & Declass Div, WHS

Date:

same as the tabls aynchro, and profucss a D.0. poteatial asroes
01 and 02 in series ssnsidly proportiocnal to the displece~
ment of the control surface and & polarity depending upon the
sense of the displacemsant,

1st us denste ths voltage betwsen the common Serminsl of
B end RS amd the movable wm of B8 by R, This voitage
will %o proportional to the voltage aoross Ol and O ia
phn,MhhmmﬂMhﬂoMle
displasensnt. Tiis we may write

R - ¢d (18)

Assume switoch fiy throwm to the left or "normal" poaiticm.
Iat us dencte tha voltage asroas 08 by Ig' , the curress ia
28 by Ia . the resistamce of B8 by Rg , and the cspesitance
of 08 by Og .
We have ths following relatioms:

£y=E, - Ry«

R W | -

In a similar menner, let us denote the voltege across M Wy
B ,theourTent in MW Byl , the resistamse of B9 Wy

W ek i i A i e R ot D e e el
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B + and the capscitanse of O7 by O . The fellowing
relatioas are obtained: )

E LR,

EJ’E:’%'!
Wg%-gf:%::%'

Solving for By*' 2

: - ¢
; E=e aj:—f-'c“'dt. (24)

Deacte the voltage from the cammon terminel of RO and B8 ,
\ snd the movable arm of B8 by Bg . This voltage will be ° ‘
' proporticaal to the voltege scrass G2 end U8 in series,
and thns proporsional to the coatrol-sarface 4isplacstmsst.
us v my write

B~ ol ' ' Rt
A gensrator is arrengsd so that i%s armature (Fig. 8)
moves With the oontrol surfase snd thus profugses a voltage
groparticaal to the rate of change of comtrol-serfase posisies.
If we Gsnobe Shis voltags by By , W have '
: . R, - o‘é. v {1s)

From Pigure 5, 10 10 0oen thet, WASE switeh B4 90 ke
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1eft, the voltage applied between the two gride of 1 ,
dencted by B, 1s given by

h-.l"h"k’&o - (aw)

T3 1s an aaplifier stage that drives tubes 7% , TV, T ,
M T 1in push-gull parallel. It can be gseen from an exami-
oation of the oirouit that the ourrent in the stator wipding
of the toryue synohro will be proportional to the voltage
aPplied between the two gride of T3. ,

8ince the sum of ths oathode ourrents of tubes P, ™,
‘T8, and T is ccnstant, the ourrent through the rotor poil
of the torqus symchro Pemains constans. The torgue produced
by the Sorgue aymohro will tlme be proporticnal) to the ourread
through the atator winding, and thus proportsional to the
potential between the two grids of T3.

We may write then for the torqus applied so the table:

L=KE,
=N[E/+ EL+ €40 Ey)

= K[e'&'fgf".&' dt +¢'hja‘ eVt +E,+ &]
-Kfc-éqqf;tc#'dtu""ﬁ fh*'dtoc.aoc,ﬂ. '
The -"‘«u-:,t:m+ of ?é:f;:;. :::: becomess :
ﬂ,é’.‘-a [redoa v o5t

CMAL b . o e

sa ulabbiis: .
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‘Zat us scmpere Shie equatios with equatica (9), whied
daparibes the pitohing mobion of the glider: ST

ﬂ (- ﬂ-"o)‘a' +c—~mw."‘f§g “at =
(it -020:)8 o M;d + b (-, e 0 )6 *Fe" dt.

The motion of the table and the pitohing moSion of a
glider will be governed by the same eguation if the following
eandisions are sasisfied: .

o R j‘

TR

Iv. ixi:t“ B(- Myt a )
'Y, _? = My-bMy

. N3 .
: alala’ y W,
The eix conditions of Equations (21) ere easily nﬁoﬂuo
ke prossdure for makiag the sdjustuents being deserided in-

PR
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Part 3 of this mm‘. Onoe the model ie so sdjusted, its
anguler motion for any arbitrary motica of the simulated con-
trol surface will corrsspond in detail to the astual pitching
motion of a glider whose pitoh-control surface le operated in
the esms manner. Thus the model may bs ueed to study the

_ performance of a glider equipped with any given stabilizatiom
syetesm by mounting ths gyros or moticn-sensitive elements of
the ayatem on the model table, and connsoting the output so
that the servo synohro movee in acocord with the resulting
motion of the control surface on the glider.

A much larger model could be used t0 study the perform~-
ance of the oontrol system of e homing glider by mounting the
gyros and intelligencs devios on the modal table, and placing
s simulated target at a distance from the model, so that error
algnals as a funotion of angle of rotation of the model may be
obtainsd. The information usually obtained from intelligence
devioces 1s a signel (e.g. elsotrical potential) proportional
t0 the angular displacemsnt of ths glider from & sero (on
course) position. This may be obtained direatly in the small
model of Figure 1 from the table synchro without the nsosesity
of motually mounting and operating the intelligence devige.
Referring to Figure 3, it is seen that a voltage proportional
to the displacement of the table from the sero poeition is
obtained across BSS. The mannsr in whioh the iatelligence
information 18 coupled to the aontrol systex determines how
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4his voltege is used., Its application to SWOD Mark 7 and
Mark 9 1s shown in Figare 3, and will be discussed in Part 8.

2:_Method of Adjustigg Copstapts of Model

he following section describes the method used to adjust
the comstants of the table to satisfy the six oonditions
given by Bquation (21).

Oopdition I may bs sdtisfied by proper adjustmsnt of the
level or viscosity of the cil between the conscentris oylinders,
The proosdurs used is as follows: A threud is wount around =
pulley of mmall dismeter o0 the shaft of the table. The thread
then passea over a pulley, and a scale pan and weights are tied
sc the end. With the torque synehro turned off, ths equatiom
of motion of the $able will be given by

I%?.«n-,ug.g.wr, _
whers w is the weight of the scale pan and weights and ¢

49 the radius of the pulley. If at time € * O, the tabls .
is released from rest, we obtain

# - g[-e*]

m.mmmmmmumuumm.
and & gcastant angular veloeisy is obtained, givei-by

2t~ ()
T
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his wum value of dﬂ/dt 48, ebnum
'utiaﬁadbychm m, %, 06,
A amu to utury thu conution. _The

uu 03 zust be ehanged uoorwss_lr-

‘ ‘ onwum m io satisfied by’ the following method.

: m on_ 3 u oloud shorting. out condenser OY , and x,
3 zerobyturninsm 'sozero(thnmormtom

i m mn t-o RS). For this condition

!1’ = '1 .

Ir ‘wp #8t S Tixed at 0 , the squation of motion of the
tuhlo now becomes

d &J+—9-¢=o

whioh Tepresents a damped oseillstion of period P , Eiven by

P IAN 2 3 2013

"tuutu\ u tho rzsht ‘member of the above
y outrotﬂn ouoritllmlthannd-

fiight ms,tion. 'ihon th. -qu!.mnt 18 usel to study not!.nnl
118 nth ai:rcront values of & , . the values of B8 ,

-
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14 period of the oscillasion . Sy

[

T AW,
The table 1s now disturbed, and the sstting of podemtiometes
7 18 verist matil the periol of ceeillatics is sgual %o the
valus samputed from the above equatios.

Conditien IV is satisfied as folleows: m"iﬁ-
n“mmmmm..‘.um_
XX, IIT ead IV and obbains . .

o
The tahls, With 53 sti)l closed asd 15 Sursed 30 229, 15
&implesed & know small engle. The servo synshro 1s now Surmed
Shrough os angle sgual %0 8/d Simes the angle through whieh
he %aM1s 1s displesed, and potentionster IO 15 adfusted
wiil meter M5 resls szo. This adfestmsat st be made .
slenly, allowing time for $he potential ca W somleaser 08 .
%0 attain 135 fisel valus, Sises with M3 reeding mero She
Sal1s has 5o torgee myplied, equilitwimm 15 esteblished with

k1

ask the cendition is setistied.
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'nmo denoction ct )&5 10 dotomined. 'l‘he ganamwr ga:l.n 1
oontrol. (nnt ahm) s adausted to make the tol].o\ﬂ.ns relation 1
holds . o _ .

8 _ b(-M +taM)

? akM;
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The sffect of the term in 3 is usually very small, and

in mobt canes is negligidle, For most teats, the term was .
neglected, and the gsnerator omitted from the cirouis.

4. The Pitoh Gcntrol Syatem of SWOD Maxk 7 and MAZX ©

" Unlike the conventional typs of airplens in which cca-
trol in pitoh is obtained by changing the angle of attack of
the vehiole by mesans of slevators an the horizontal tail sure
feos, oontrol is obtained on SWOD Mark 7 and Mark 9 by means
of elevons orthpndoutbhdltm&qoottbnmm
These effectively ohange the 1ift of the wing without thnl.'n
ing the engle of attack Of the glider. This is acoamplished
by proper placement of the tail in the downwash of the main
wing and proper location of the oenter of gravity so that
praatiocally oo oversll pitehing mament rasults from lm
of the slevons,

The slevons are moved in pitch by a ssrvo-control unit
(desoribed in Reference 2) which moves the elevons at a
cobstant Tate and in a direction determined by sontssts ia
the pitoh gyro. The pitoh gyro {descrided in Reference 3)

18 in effect a Tate gyro oriented in the glider so as to be
sensitive to rate of pitch. Elactromagnets ere ocanected to’
apply torques to the gimbal frase which are proportional u .
" the error angle in pitoh as cbtelned fras the homing device.™
Eleotrical contacts ave arrangesd on opposite sides of the

-l10 -




DECLASSIFIED IN FULL
Authority: EO 13526
Chief, Records & Declass Div, WHS

Date:
JAN 2 & 2013

R

.

Mn-onmsmmtutummuom.“-
mmih“otthmotthtwomlmw
mmmummmmtomusuum
gyzo vheel.
st 4O repressnt the sngnlar erxor in piteh (obtained
from %8 homing device), dOA/t the rete of piteh, and o ,
the rate of pitoh in degrees per sevosd that produces the same
torque on the gimbal freme &8 an angular exror of cns degres.
The operation of the £YTo mY be sxpressed mathematically es
fo)lowm: _
48 +ca6«s. - (as)
When 8 1s positive, that oontect on the gyro will de
elosed that emises the Servo-scntrol unit to move the elevons
upward; amd when 8 is negative, the other sontsot will be
slosed, eausing the elevons to move dowpmaxd. The movement
Of $he elevoas is always in eueh a direction es to yeduoe the .
Yalue of 8 %0 sero. Thms @ huating motica s et up, with
the gyro ocontasts altsraately olosed, uith elevons moving
sltarndtely wp and down. )
nnmtmmmm.m_tm a
is, on the aversge, mere, W have

# +cA0 = 0.

(n8)

Mns.nlmnn 46=46, uCOO. -iﬂp
a0 age¥ - o - o (ee)
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This shows that eny srror in pitoh should epprossh _ .
expoosatislly to zerc &t s rate depending upon o. This is.
foumd to be the case in flights of SWOD Mark ¥ and Mark © .
under oonditions where the period of the hunting osoillatiops
18 of the order of one ssocnd or less. '

A detailed mathematical analysis of the lunting motiom
is very langthy apd complex, owing to the "off-oa" charscter
of the link between the gyro and servo-sontrdl unit. mu-
piying equation (30) by et and differentisting,-we hawe . .

I8 o My rr B o (M-are) S -

@M M)3 +(My-bM e arp)d o 1,8
 Integrating:

SR+ (o e )T o (1o )00

(@4, -bn)[3dt +(My-60 4 a0g;)8 + 13 8.

Assume thet ub ¥ 0 ,40:40, 50 -6, 008 I=J, . let the.
slevons move fyom the initial position at ¢ = O ut.‘n;m
of X redians por sescal, the 0iga of X depeating upen ke
direstiss of movemant. Tms o meweens
Sad,tut, = - i ey (BT

G
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. and equation (86) becomee . , ..:c
90 o (- My-Mye0) S8 ¢ (-44-a M, Joo-4Q)
. (am)
(@%-bM Xt K)o -b0 ratG ) (A2 KE)E MK,

This may be writtesn in the form

o Ade +Et* .
a_:%n 98, BeoucoDt +£L", (a9)

l ma.n.c.n.mzmommmq,.
é, » X, andtde verious serodynsmic ccefficients.
Bquation (89) has the following soluticmi

ooty 0E) Etat)e L0

+Fe o /B A + G in[B-A ¢,

where F und G aTe arbitrary coastanta to be svaluated.
Diffsrentisting, we obtain

8 (238K ), 2E ¢ + (6/BR- AF)a Yoos [BA%
+(- F/ﬂ-AO)s"ﬁu[ﬂf

(s1)
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tions (30) end {31) in Bquation (22). This new equaticn mss

be solved for the mmallest valus of ¢ , say ¢; , for whish.

s-o..Atmmumummum.ww

4% , nd the valus of & fram Bquation (37}, the value of

A0 from Bqustios (30}, and the valus of d6/dt frem Zqua-

tion (81) found at time ® = %; + At. Next these values of

&y 40 , meﬂtmunlnmanmd‘,,ae“

and € , the slgn of X 1is edanged, and the value of ¢

found whish again reduces S so zero. This process is repsated

for each oysle. -
This procedure is too unwieldy for practical use, and s

the model preseuts a mioh more practicsl method for studying
theee osoillations.

This m0del has besa used to study ibe pitch-oontrol system
ueed {n GWOD Mark 7 and Mark 9. OComperison of the data obtasned
with the model with actual flight testa of SWOD gliders shows
that the nolu' &ives a good representation of the aotual comi-
sions of flight. L
The following table gives Sypical wvalues of the sexolynsmle -
comstants of SWOD Mark § for a typloal ccmlition of L2ight. '
[Boe referesce 1, squaticns (48) ant {850)]
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¥ = 415 75 se0”} M = 0.7 ses™d -
I, = 487 £t sec”? X = -0.4 sea”t
t.‘- “a'ﬁm-. u'- om-.
M, = -50.6 sec™® s = 1.08 sao”d

My = -1 sect b = 0.806 see~t
Insertin, these wvalues in Xquation (20), we have

L

B L T

5%4 i.lg-:- + !O.ve.mjl:-g 't =

+ 0148 - 0.148 + €.18€ "mfac‘“'td‘t.

The six conditions of Equations (21) that must be satisfied
%0 Eake the model repressnt this condition of flirht are

T, 4 . 8.1 I'._l_'e.. -
3 T, = 012

Sl L LT B

III. 21 ¥I. e -
T =9 -g- =0.14

The tadle is sdjusted to satisfy these sopditions by the
mothod given in Part 3. The pitsh gyro is mounted on the tadle
80 it 1g sensitive to rotation about the tadle axis (Figure 1),
Ar overhesd rubber tube is brought to the gyro to provide the
necessary veouum line for driving the gyro wheel, and overhead
mmmmomm connections. The coxtaots on
ths gyro are somneeted $0 the sexrvo unit (Figure 8), whioh is
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Bounted on a stand which provides a torsion load simulating
the seridynenic load on the elevons during flight. The serve
Synohro is connected to the mervo unit by s orank arm so that
. 1ts displasement will be equal to the elevon displasement.
The unit containing the eleotronis oircuits asscoiated
"with the equipment is shown in Figure 4, and the power swpply
for this unit in Figure 3.
Eoming information is obtained from the table synohro.
It can be seen by exsmination of the diagrrn in Figure 3 that
2 voltage proportionsl to the angular displacement of the tadble
from its 28FC Or OR GOUrac bl ition is obtained across R2S.
This voltage is amplificd by a two-stage 4iffsrential amplifier
having the sane coustants as the differeatial amplifier used in
:§he SWOD Mark 1 and Mark 2 equipment. The cutput is connected
‘ overheed wires to the elsotromagnet coils of the gyro. The
sain-control potentiometar RE3 18 adjusted so that the angulmz
displacement of the table is the smne a3 the angular error -of
ths glider in flight that produces a :i.uu differential current
in the gyTo colls. -

The expsrimental sstup, showing all the units, is showm
in Pigure 6.

In order to obtain permansnt records and fasilisate the
stuldy, a two-channel Brush Oscillograph, Modsl OBG, was used.
Yor ons series of runs, the input of one channel was comnested
through an isolation transformer between S1 and 83 of the
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sarvo synchro, and the input to the other channel was oomnsoted
botween S1 and 83 of the table gymohre. Records were thup
obtained showing 60-oyole osoillations whose amplitudes, on
ons channsl, were proportional to the displacement of the nm
unit from the zero position, emd on the other channel, were
proportional to the displacement of the table from its mero .
position. '

In another series of runs, ons channel was connscted %0

the servo synshro as previocusly, but the other channsl was

l connscted to a 60-cyole slternating voltage modulsted so that ’
its smplitude was proporticnal to the current through the -
torque aynshro. For the flight condition of mmo
studied here, ths pitching moments dus to slevon displacement
and rate of change of slevon displacement are mmall compared
to the moments due to angle of atteck ehanges, and the curreat
through the torque synohro and thus the smplitade of the
alternating voltsge may be conaidered to be proportiomal to
the deviation of the angls of attack from the trim position.

Records obtained using this osoillograph are shown in .

Figures 7 to 12 inelusive. The gaiz oomtrols on the oacillo-
graph are adjusted so that & definite valus of the quantity
being measured (shown in the left margin} is represented Wy
a given mumber of vertical scele divisions. 7The distance
traveled by Shs chart in ons second is marked on each reocord.

The symbols ¢ , o« , and 3 on thess figures dencte

.
I A T
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quentities designated by ¢ , A« , amd & in this report. ;
© repressats the minimm ervor angle that produces sturation
of the differentisl emplifier, G.R. (signifying &yro rate) is
the rate ottmorthomommprduu-ml-tmn
ite glabal frame as setyration of the differential emplifier,

RC 1s the value of Rg Oy and Ry Oy , J, the imitial
displacement of the control surfase, amd ¢, the initial
displacement of the table. When values are not given for §,

ard §, , the record rspresents a steady state hunting copditica.
l The sense of the axplitude of the oscillations is not dis~ l
tinguished in this typs of record, but by axsmination of the

traces it is gsnerzlly possibls to destermine whather or not &

reversal of phase ceocurs at points where the eaplitude is
redused to zaro,
Figure 7 shows Teecrds obtained with the constants of the
model adjusted to represent the conditiond of Bguation (34).
The thres records differ duly in the value of § . The
recorde with ¢ = 8° and § = 4° show demped oseillations

1n ¢ with & period of sbout 7.8 seconds, the one with ¢ = g°
being the more highly deaped. The record with & = 3¢ shows

. .
* e Y A 15 Ao A

Ery v

Y N

a steady state undamped osoillation with & period of about
9.5 seconds. The effect of inoreasing § is to increase the :
demping of the osoillaticns. Yor astusl flights, however, B
incressing § has the undesirable effect of reducing the ‘:
e

valus of ¢ (Equation 88), i.s., the Fats of ccrreation et
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astituds (494/t)odbained for a given error angls 40 , go
that errors dus to winds, target motion, o gusts encountered
osar the target are increased, In SWOD Mark 7 and Mark 9 o
omproniss has been made, and ¢ has been made equal to 4°.
Figure 8 shows records obtained unisr the same sonditions
as Figure 7, except that G.R., the gyro rate, has beea ohanged
to 8°/8ec. The records obtalmed with § = g* end § = 4
show prectically a smooth retura $0 on course position withous
overshoot. The case with ¢ « 8° shows an osoillation with
amall damping. Reducing the gyro rate thas insresses the
damping of the oscillations, but alsc has the effect of redue-
ing ¢ as discussed above. O.R. Dhas Desk made oqual %0

8*/ms0. 1in the SWOD Mark 7 and Mark 9 gliders.

Figures 13, 14, and 15 show data cbtained from asalysis
of cemsra records obbaining during sctual flights. Figure 13
shows the £1ight of a Merk 13 glider with Mark 1 homing equip-
"ment (Navy SWOD Mark 8). For this fiight € = 4° and GR. &
8°/sesc, The upper curve entislied "Klsvon Fositioa for Zero
Differential® ihows the average position of the elsvons (6)
and the lower curve entitled “Apparent Angular Vertioal Motioa
of Bescor® gives the angular deviation of the attitude of the
glider from on ocourss position (A6) as funetions of the time.

AS the Deginzing of $he Tlight a highly damped shord period
osoillation, scmetimes ealled the "rapid imcidense adjustmeat’,
15 seen (Referense 1). This is superimpossd oA & Tepid movemest
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to on sourss position without overahoot. This figurs my b
oompared with the second record in FPigure 8, whereq the model
is sdjusted to spproximatsly the smme oonstents as used in
this flight.
Tigure 14 shows the flight of & Mark 18 glider with Mark 3
homing equipment (SWOD Mark 7). For this flight § =« e,
G.Re = 4%/s00. This f1light shows an oseillation of about 10
ssoonds pariod, which however, damps out in a few oyolss,
This figurse should be compared with éh first record of
Pigure 7, in which the modsl is adjusted to approximately the
same constants as used in this flighs. .
' Figure 18 shows another flight of a Mark 12 glider with'’
l " Mark 1 hosing equipment. For this flight & = 2°, G.R. = |
. 4%/s00. In addition to tha types of ocurves given in Figures
13 and 14, a curve is shown labeled "Glide Mster”, whioch gives
the current in the gyro elestromagnst eoll which tends to o.lnl. N
that contact which osuses the slevons to move dowoward. This
figure showa & lang-periocd undemped osoillation and may bde com~
pared with the lower record of Figure 7 taksn with $de modsl
adjusted to spproximately the same sconstants.
Figures 9 and 10 show rescrds obtained of & and 8¢ a8
funotions of the time. RecoTds of lomg-pericd oseillations
in & as in the beginning of the first and 1a the hird -
2000rds of Figure 9 show ossillations in « of the sams peried
as i ¢ , and also highly dsuped oevillations superimpesed
on them of shorter period corresponiiag to thet of the "rapid

A T
.

¥

T
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ineidenss adjustusnt*. Thess repid oscillstions are exsited
‘o'goﬂg»gonofg.iiipgé
Gmmped before being re-exeited by the next reveresl. Whea
Feversale of moticn of the elsvons taks plase with a period
afllggogago'naggssuslg
wich as showa in the seoond records of Pigures % and 10, thees
osoillations, although axsited by sach reverssl in direction
of motion of the elevons,are not seperetely distinguishadble,
Although the details of the ocaloulation will not be givea
here, it cen de showa thas 4« ocan be representsd by an
squation similer to that for 46 in Nquation (30), exsept
that the right-hend member will not oantain a texm in o8 ,

) The osoillations of the same period as 4 are dus to the .

‘reversals ia sign of X , whioh ars discussed following
Rquation (30). The highly damped ceciliations of the period
of the "rapid insidence aldjustment™ are givea by terms in the
sxyression for 4« whioh are equivaleat $0 the last two terms
. in the right member of Bquation {30). o
. oha effect of changes in the valus of B0 used in the
modsl is shown 10 Pigures 11 and 18. Ohanging the value of
20 is equivelest o changisg L, amd L, for the glidsr

" whoss £1ight 18 being represented by the model.

Becords with RO = 1.5 secands are shomn in Pigure 1l.
 fae cssillations are less Yamped apd of longer period than for
B0 = 1 secand. Heoords with RO = .63 secanis are shomn ia
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Figure Lt, Feru the opoillations are uore highly dewped, . .
and of shorter period. Thus it may be presumed that inoreas-

ing L, amd L, will inorease the damping and shorten the: i -
period of the hunting oscillations. ) o

A

Oatober 28, 1948

]
¥

,’.-3}3_)-. i
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Longitudinal Seaniyy. 3
Loasioa to lnw‘gig Kark 7
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pVISION: Cuided Missiles (1) - t

SECTION: Porformance (11)

CROSS NEFERSNCES; Bombs ~ Flight path (16700); lissiles, 7
Ouided - Stability (63650); S~0D Mark ——m;—
7 (16700); SwOD Lark 9 (1670C)

Skramstad, He K.

Representa
an slectro-mechanical model

FORG'N, tIMLE:

QRO TEA |
The report shows the derivation of pitching motion equations for homing glide bombs,
describes an electromechanical model, indicates a method of adjusting constants of model,
and elaborates on the application of the results obtained to other types of bambs called
SWOD Mark 7 and lark 9 gliders. A servo-control unit and & pitch gyro are described, and
it is shom how the errcr in pitch ic considerably reduced by this arranpement.
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