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SULMARY

A proposal 1s made Tor a stendard procedure for caleulating the
critical loading condivions ensuing fror sn automatic pilot failure in the
eleavor channel,

General expressions are derdved through response theory for the
inerements in normal azcccleration at the C,G. of the aircraft, normal
acceleration at the tall and scrodynamic load on tne tailldplane whaich result
from the sgeguence of elevator movenents assuzed to follow a failure,
Analysis of these general szipressions leads to formulag suitable for asses-
sing the numerical values of the critical loads on the wing and tariplane,

The influence of the sequence of elevator movements on the loading
condltlons is discuszed vwith reference to =sn example.
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1 Introduction

It is recognised that complete reliability of an automatic pilot
cannot be expected and that the likelihcod of a failure must be acceptedz.
Accordingly the relevant design req_uirement1 states that aircraft must have
& gpecified ultimate factor under loading conditions ensuing from a sudden
movement of each maln control swrface - when the failurs ocours - and
regovery actlon after a suitable time interval, With & failure in the
elevator channel, the cratical loading conditions are usually associated
with the maximm normal acceleration at the C.G. of the aircraft and waith
the maximum asrodynamic load on its tailplane,

Since the requirement is couched in general terms, any arproacs which
satisfies all the specified conditions may be used fo asszess the eralical
loads and acceleratzions. It is desirable, however, to establish a standard
approach, and to this end, Reddaway3 interpreted the sudden elevator move-
ment of the requirement as instantaneous movement, and, disregarding the
recovery action, derived formulaes suitable for the calculation of the result-
ing craitical loads. But, while tne choice of instantansous "runaway" move-
ment was a conservative one with respect to the initial stages of the
manceuvre, the omission of the recovery aotion mignt in many cases lead to
a serious underegtimation of the eritical lecads ocowrring during the com-
rlete seguence of runaway and recovery.

In the present paper, the gudden movement i1s interpreted as a gradual
movement as rapid as the confrol servomotor /21l allow, and recovery action
is taken into consideration. The investigation 1s baged on response theory.

The response of the aircraft tc the assumed clevator movements, and
the formulae necessary for the calculation of the critical loading condi-
tions are derived in Appendix I. This Appendix alsc ccntains some discus-
sion of the effects of an autematic pilet failure cn possible elevator
movements, In a further Appendix the formulae for ithe critical loading
condrtions are presented in a form suitable for their direct use by the
compubor. In vhis presentation extensive use is made of charts.

An example is given to illustrate the type of response following an
automatic pilot failure,

2 Detalis of the dinvestigation

In a rational approach tc the problem of determining the loading con-
daitions fellowing an automatic palot farlure, the investigation may be split
into three closely linked parts.

(1) The establishment of a general elevator tame history to describe
the segquence of movements that cccur after a failure.

(ii) The deravaticn of the response of the aircraft to the
established elevator movement,

{i12) The analysis of the response to determine in each case the
elevator movements which produce the critical loads, and %o obtain workable
formulae and charts sultable for routine estimation of these icads.

These three parts are deacribed and discussed in the following
sub-paragraphs.

2.1 The alevator movermend

Conslder first the sequence of events in the case of a typical
faillure of the e¢levator chamnel. At the instant of failure the elsvator
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begins to move under the influence of its servomotor, Its angular rate of
movement is initially smell because of the friction and inortia effects, but
soon bullds up to a value approaching the maximum angular rate of the servomotor.
This movement gives rise to aerodynamic forces on the elevator, and after a
while these forces may become large enough to influence the output of the servo-
motor, and reduce its angular rate., Finally, a stale may be reached in which
the external acrodynamic forces are of sufficient magnitude to stall the servo-
motor, Albernativcly, therc may be stops in the automatic pilot-elevator
circui¥ Yo limit the fotel travel of the clovator under aubomatic control, in
which case, the elevator movement msy be arrcsted before the exevernal forces
stall the servomotor. Once the clevator is brought to rest, it remeins approxi-
mately steady unitil the recovery is tsken., If the —scovery is under the direct
control of the pilot, 1% will consist in rapid angular movement of the elevalor
back to 1ts position before failure or psrhaps beyond.

Within this picture the elevator movement and the alrcraft response are
continuously insterdependent; this renders the solution of the overall problem a
formidable task, and the final complex formulae would hardly be of any practical
use, The following assumptions simplify the mathematical treabment without
seriously affccting the accuracy of the final results; they are slightly con-
servative, It is assuned that the time-history of the clevator movement may be
considered as consisting of three stagos:

(1) "runaway", during which the elevator moves at a constant rate
corresponding to the meximum rate of the servomotor.

(1i) ‘"check", when the elevator is arrected at its maximum deflection,
either by a stop or by the fact that aerodynamic forces on the elevator have
stalled the servomotor, until

(1ii) "recovery", during which the elevator is moved beck at a constant rete.

With these assumptions the determination of the elevator time~history
becomes & rather straight-forward matter. The following quantities are required:
the "runawey" rate, maximum deflcction during the "check" period, maximum rate
and travel during "recovery", and the time of the beginning of "recovery". 4
simplified method for calculating the elevator deflection at which the servo-
motor stalls is given in Appendix I para A.6,6, No specific rate and amount of
recovery movement are suggested; they depend on the pilot end the character-
istics of the mreraft, and discussion as to their numerical values is outside
the scope of the paper. In practice the relevant recovery rate would be that
likely to be used by the pilot in such an emergency; the amount of movement is
more difficult to assess but some guides to its volue are given in Appendix I
para A«6.9. The time of the begiming of recovery is discussed in para 2.5 and
in Appendix I par: A.6.7.

The assumed seguence of movements is illustrated disgrammatically in Fig.it.

2.2 Response of the alrcoraft

A movement of the elevator produces conbtinuous changes in the angle of
incidence of the aircraft and causes the aircraft to fiy along a curved path and
rotabe sboubt its latersl axis, The aircraft is therefore subjected o normal
and pitching accelerations which vary as the manoeuvre develops, and its tall-
plane is subjected to variations in acrodynamic loading, due partly to the
movement of the elevator amd partly to the movement or response of the aircraft
iteelf,

Thus to assess the effects of an automatic piles fallure, it is necessary
to derive the response of the aircraf't to the sequence of elevabtor movements
which follow the failure, The required solutlons of the equations of motion
for the assumed type of disturbance have been obtained in general terms by
means of Laplace transformations. The mathematical anelysis pertinent to this
part of the investigation is given in Appendix I paras A.1 to 4.5, where
expressions are¢ presented for the incremental values (from steady state) of the
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nornal acceleration at the C.G. of the aircraft, the acceleration at the
tail and the aserodynsmic load on the tailplane. The type of response in
acceleration ete. iz allustrated in Fig.2. The data for this example are
grven in Table I,

2.5 The critical loads

The wvarious regponse formulae cf Appendix I paras A3, AL and AD
may be used to determine the comrlste time-histories of the loads and
accelerations produced by the general elevator time-nistory assumed in
vara 2.1. Horever, from the airworthiness aspect, 1t is the various local
maxima of these quantities, and in particular their abscolute values, which
are of major interest. It is therefore desirabie to analyse the vesponse
Tormulae and ob%ain general expressions for the magnitudes of the local
maxima. The conclusions deduced from such an analysis are presented in
Appendix I para A.6.

They indicate that the loads and accelerations produced by movement
of the clevator depend directly on nts rate and magnitude, and since the
movements definming the runawey and check are the grestest possible in the
circumstances, the local maxaima that occur in these stages, are also the
abzelute maxima. The recovery stage must be treated somewnat differently
for, in addition to the rate and amcunt of elevator movement, its time of
commencement must alsco be specified. Once the recovery movement has been
chogen, its taiming must be selected, from airworthiness considerations to
g1ve the mozt craitical loading conditions.

The recovery action alwayes reduces the normal acceleration, and it
15 therefore only necessary to delay the recovery until the acceleration in
the runsway and check stages has reached a mathematical maximum to ensure
that the absolute maximum acceleration is cbtained (cf Fig.2).

On the other hsnd, the recovery action increases the acceleration af
the tail, and the serodymamic lcad on the tail., The extent to which they
increase depends on the rate and amount of movement and also on its timing.
The method of determining the time of recovery for the greatest tailplane
lcad in the recovery is given in Appendix I para A.6.7. A szmilar approach
may Le uscd to determine the time of recovery for the greatest acceleration
at the tail; +tnis case 1s not censidered hovever, sifice in practilce, only
the scceleration at the ta2l sssocinted with abscolute maximum tailplane
load 1s normally reguared for stressing purposes, Fig,3? illustrates a case
in which, by propver timing, the greatest taziplane load in tne recovery
stage Ls obtained, It should be ncted that the greatest possible normal
acccleration at the C.G. is not realised; the recovery is made before the
acceleration has reached a peak in the check stage.

In general, the max:mum tailplane Joad in the runaway and that in
the recovery are of opposite sign, and provided the parameters defining the
recovery movement are chosen realistically, these two loads represent the
desrgn loady for the automatic pilot failure case, Both may be sigmficant,
since they represent rather dafferent centre of pressure conditions, and
therefore affect different aspects of the strength of the tailplans.

The fermulae for the magnitudes of the various critical maximza are
rather complex, and some effort has been made to reproduce them in a work-
able graphical form. These charts are dascusscd at the aporopriazte points
1n Appendix I para 4,6, Finally, in Appendix II, detarls of the calcula-
tions necesgary to determine the critical loadings are presented in a form
such that fthe caleulations can be carried out directly ty a computor,



3 Concluding remarks

This Note presents a rational method for assessing the loads on an
aircraft following automstic pilot failure. It is suggested that it might form
the basis of a standard procedure for airworthiness calculations.
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NOTATION

see equations (30), (1) (32) and (33)

(including the effects of tabs if used)

see equation (53)

(including the effects of tabs if used)

1ift coefficient of aircraft
1ift coefficient of aircraft taizlplane
hinge moment coefficient of the elevator

hinge moment coefficient of the elevator
corresponding to the stalling torqus of the
servomotor

pitching moment coefficient of aircraft

standard mean chord of wing

"runaway" rate

recovery™ rate

ratio of recovery rate to runaway rate (considered
positive)

auxiliary functions equations (9), (10) and (11)
gravity constant

see equaticn (39)

an imaginary form of J (see equation (4))
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NOTATION {Contd)

non-dimensional frequency of the longitudinal short
period oscillations

radius of gyration of aircraft about its lateral axis

distance from aircraft C.G. to mean quarter chord point
of tailplane

coefficients of transcendental equation in para A.6.31

damping derivative in pitch

coefficient of normal acceleration at the C.G. of
aircraft

coefficient of critical normal acceleraticn at the C.G.
of aircraft

coefficient of normal acceleration at the tailplane due
to angular acceleration in pitch

coefficient of total normal acceleration at the
tailplane

coefficient of total noermal acceleration at the
tarlplane associated with P3'

net aerodynamic load on the failplane
various maxima of the tailplane load, see para 4.6,3

coefficients of equation (40)
angular velocity of the aircraft in pitch

non-dimensional angular welocity in pitch

non-dimensional damping factor of the pitching
oscillations of the aircraft

wing area
tailplane ares

time in seconds
unit of aerodynamic time (seconds)

true airspeed of aircraft
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NOTATION ({Contd)

weight of aircraft

velocity component in e vertical plane perpendicular

to the initial flight path (positive down)

incremental incidence at the wang

angle of incidence at the wing
effective angle of incidence at tail

an integer, see equation (43)

elevator effectiveness

angle of dowmmwash at the tail
elevator angle
elevator angle from steady state fo limit stops

meximum angular movement of the elevator in the
recovery

see equation (61)

angular movement of the elevator in the runaway
{see para A.6.6)

relative densgity of the aircraft

rotary damping ccefficient

air density

non-dimensional aerodymmmic time

dowrmrash damping derivative

static stability coefficient



NOTATION (Contd)

Suffices
r associated with the recovery
s assoclated with point at vhich the runaway is checked
w due to effective angle of incidence at the tail
n due to the elevator angle
REFERENCES
No. Author Title, etc,
1 - Design requarements fer Aercplanes
(4P 97C Vol I. Ch 209)
2 E. Firnn and Afreraft with Aubtomatic Pilots and Powered
E.A. Poulton Controls: Safety Aspects
RAF, Technical llote No, Structures 58
HRC 13,609 June 1950
3 J.L. Reddaway Tailplane Loads and Normal Accelerations after
an Automatic Contrel Failure
"‘?m 11"}714'? CDPI111 Dm@ﬂber 1951
L T. Czaykowski Loading Conditions of Tailed Aircraft in

Longitudinal Manoeuvres
RAE Report No. Structures 177
«RC 17,587 January 4955
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AFFENDIX T

The mathematical analysis and detailed discugsion

A.1  Egustiona of motion

The non-dimensional linearised differential equations of longitudinal
motion of an aiveraft may be written (of Ref.l).

Vertical Forces: StV od o= 0 (1a)
" Gt o~ 88 s
Moments : X gy * WtV = 8.1 (1p)
Eliminating q from equations {1a) and {1b)
9—%§Y+<x+u+%>—gﬂ+<w+%v>%= - 8.7 (2}
dr g
a% &, @2, 12 a
g;g r R+ R+ ) w = - 8m (3)

where R = %(x + V¥ +'%> is the non-dimensional damping factor of the
longitudinal short period oscillations of the

aircraft
(&)
and J = <%+~% v\ —-B? 18 the non-dimensional fregquency factor of the
J longitudinal short period oscallations of the
aircraf't.
(See para A.6.5 for cases in wnich J 1s
imaginary).

A,2 RBasic solutions

The immediate problem is to solve equation (3) for the seguence of
elevator movements defined in para 2.1, and illustrated diagrammatically in
Fig.1, Thence such response guantities as the normal acceleration, n, and
the aerodynamic load on the tailplane, P, may be determined (ef Ref.lL).

The elevator movement 1s composed of three separate stages and the solution
to each stage is obtained separately,

Stage I

Here the elevator movement is:



where T =

ek Yot
R
>
|

Note: For the present analysis, and for the presentation of results and graphs,
1t 4s mors convenient to use the non-dimensional representation of time Jfr
etc, instead of £, ete., and this form is usea throughout.

The solution to equation (3) for the elevator movement defined by equation

(5) is:

R

R
n -=J1 2 -=J%
ﬁr:—-%——g*K2gi+2BeJcost;-1\+B—-1 eJJsinJ'r (6)
7 T ) & Ka J / 2

thence
M\ A T -=dT
& 8 < / R _J )
— = == {=——}JK {1-e cos Jr - = e sin Jg (7)
dz J2 chs) a J
and
2 n
4w 8 s) 2 -Rg
——— = e (=) J e sin Jt (8)
dqz J2 \JTS
Introducing the special functions of time:
R
, -=JT 2 -=J%
G=Ka2{%+2%<ejjcostc—1>+@-1>eJJ51nJ9 (9)
\a
K = K (‘1 -8 cos JT -3 € sin J’t) (10}
H = e“RT cos Jt

(11)

K
e gin Jn

=
I
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equations (6), (7) and (8) become:

§ = -—5J-2-l/j-si->(} (12)

ao_ b (s
ar 2 \Jt > JK (13)
J 8
%y s M\ 2
and - -5G (1)
at J s
Stage 11
Here
= 1
i n, (15)
. Mg
and to obtain this condition, an additional elevator movement —(3¥—> Jt
8

may be superimposed on the existing movement commencing at Jms, see Fig.1.
Then

5 =~ (=N (e - a) (1€)
J2 JTS B
& _ .8 (s
el JTS)J(K-KS) (17)
and
% = ..—5-<-ni->.;r2 (L ~ L) (18)
dmz J2 Jﬁs ®

where the suffices to G, K and L denote that Ja dis replaced by
J(z - t) in eguatioms (9), (10} and (11) respectively, These new terms
appear, of course, only when Jt > Jtg .

Stage ITT

Here

=
i
o
]
Hh
Py
215
—
/’::\
I
ot
H
AN

(19)

1]
m:!
I
g3
AN
S
e
o
N
L]
t
He%
-

where (-f) is the ratio of recovery rate to rumawey rate.
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Equation (19) may be satisfied beyond Jt,. by superposing a further

m
elevator movement - f(ﬁf;> J {t - v,) from this pcint. Then
s

- 5 /s
w = -;2-<3;;->(G-Gs—fc;r) (20)
¢ - ’%(%\J(K-Ks-ﬂfr) (21)
and
&% 5 /Ms\ 2
) @

The suffix r denotes that Jt is replaced by J{(t - Tr) everywhere in the
functions so suffixed.

A.3 Normal acceleration at the C.G. (cf Ref.h)

n = DW® (23)
where
D = %—pVZS.%
Thus in Stage III
§ /s
n = -D—JE(-'};-—)(G-GS-fGr) (21}
s

The corresponding equations for Stages IT and I may be cbtained by deleting
f Gn, and f{ G, and Gg respectively.

AL Acceleration at the tail (of Ref,k)

ALt Due to pitching alone

2;. A
- 2 dw 1 aw
fi = - D= ~—% .- 2
(Pa d12 hodv ) 2%
Therefore in Stage IIIL
N W ANY . 7
R o= DJ2<JTS><“a(L—LS fLr)+H(K-Ks fKT)> (26)

Equations for Stages II and I may be cbtained as in A.3 above.
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AL.2 Total

A,5  Aerodynsmie load on the tailplane (of Ref.l)

P = A(Bx:r+c%-f+a2n> (28)

=A}3<{}+—C—} -gzg>+ﬁa2'n (29)

where A = %pvzs' (30)
B = (\1-%—34-%)&1 (31)

c = <‘i + %‘E) %i (52)

o, = %‘I (33)

For the present problem 1t 18 simpler to vwrite

P = P +P (3k)

where
~ O g
= AB(W + T E'E) (35a)
= Ioad due to effective angle of incidence
at the tail {(a')

and

Poo= daym (35b)

load due to elevator deflection.

it

Thus, 1n Stage T

& (‘?'s \ .
P, = =AB=(=—1(G + O,K) (36a)
W J2 \Jq:s/ 1

Mg
P'r] = A a2 <_T—S-> JT (56'0)



in Stage 1T

- a2 fle ) 5 (% -
P, = ABJ2<J'“3/ ({G Gg) + O, (@ K5)> (37a)
Pn = Aa,ng (370)
and in Stage IIT
AL .
P, = - 4B ? (33—> ((G -Gy = f Gp) + C, (K -Kg = f Kr)> (38a)
S
n
5
PT} = -Aa, T (E) J(t - fcr) +ha, M (38b)
A6 Detailed discussion

A.6.1 Introduction

To facilitate this discussion, attention is drawn to Fig.2. Thas figure
iliustrates the type of response which is produced by the assumed elevator time-
history. The "crosses" are associated with peints of discontinuity in the
elevator movement, and the chain dotted curves immediately following these
points indicate what the response would have been had the elevator movement not
been altered, The symbols in the faigure illustrate the notation.

A.6,2 Normal acceleration at the C.G.

The response in n is shown in Fig.2(b)., If the recovery action is
delayed sufficiently long, the acceleration builds up to a local maximum in
Stage I1I, denoted n'., The equation which characterises the response 1n n in
Stage TI is:

no=dE(22) (o - gy (24)
2\ Jdv S
J s
and the time of ocourrence of n' (i.e. when -%% = Q) is given by the first
root beyond JTS of the equation
jR“ G -1 |
: =L ~-(H -1
Jr = Jz' = tan L If = 5 = (39)
LS+-5.(:{S-1)
_ Rz
where HS = e cos JT
- Ry
and L = e ° 8inJt
8 s
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Equation {39) represents a function of and sts only, wnich is

R

J
inderendent of the magnitude (or rate) of the runaay movement. Thus Jr!
R

may be expressed graphically in terms of -5: and JTS , see F1i.5(a), aad
this information way be combined with equation (24) to give n' 1n terms

R .
of 5 and, Jtg , S8 Fig.h{a).

A.6.3  Aercdynamic load on the tailvnlane

The regponse 1n P 1s shown in Pag,2(d). Three local maxima, Byt
Pp' and Pj may be expected,

A6.31 B,

AT
The condition for this local maximum (i.e. when %’i = 0 1in Stage I)

18 given by the first positive root of

cos JT + &, sinds = I, e (4.0)

=
I
H
!

Thig roct, Jq:,]' s does not depend on the rate or amount of celevator move-
ment. In some cases 1t will be found thet Jry' is greater than Jig and

this means that the runaway 1s checked before the matheratical maximum
occurs, and inatead, a sraller, non-~mathematical, masimun ~ also desrgrated
Py' - occurs at Jtg (this case iz not 1ilustrated).

The sigmficant parameters associated with Py! are % » Gy 8y

and & and congequent.y Py' cannot be easily vepresented graphically,
Ingtead, J’c}’ must first be determined. 1In this comnection Fig.6 may be
used with M = %1 and I = -fj- {use of tais graph 1s explained in
Arpendix IT), It then remains to caloulate P at Jg = Jt4' . The
relevant equation for F is

P = P +P
[T) Tl
vhere
P = - AB-% s (G + C, K) (36a)
W 2\ dg 4
g 3
and
Mg
P‘ﬂ A &12 (E) Jt (3613)



Graphs of XK and G, Figs.7 and 8 respectively, may be used in the estimation

of Py at Jdv = J¢1' .

Note: It mey be worthwhile to determine beforehand whether P4' occurs at or
before Jt, . Tmls may be done by finding the sign of aF at gt = Jrg d.e.
applying the following inequalities: ds

Ir
a J2 Y

2 ' ;
(K + 01 L) < e then JT1 < Jms
Jdr=dx
8
X (41)
and if
a2J2
r [] -
(k + C1 L) > “FE then JT1 = Jrs
Ji=J7T W
s
t
A.6,32 Pé

—

PZ' is the value of the local maximum that occurs in Stage IT if the
recovery action is delayed sufficiently long. It always occurs before n' if

the Stage 1s long enough for both to occur. The position of Pyt (1.e. when

g% = C in Stage II) is given by the first root beyond Jtg of the equation

aleE-@ -]
TR @)

tan

Jr = J¢2'

The sigmficant parameters are Cy and JTS and, in Fag.5, Jt,' is given

B
a8 a function of = and JTS for four values of €C4. A property cf equation

J
(42) is that

<J12'> = <J152I> + (Y_ '1) s ¥ o= 1, 2 ete. (43)

J¢S=Tx Jmszﬂ

This relationship may be used tc extend Fig.b beyond Jeg ='%? . The values of

Jey' from equation (42) may be combined with equation (37a) to obtain Pyy's

the contribution of B, t¢ P5' ; the results are gaven in Fig.4, The
corresponding velue of Prm is A.az L

4,6.33 Py

A

P3 is the value of the local maximum that occurs in Stage III. In this
regicn the overall response in tailplane load may be considered as a combination
of two responses, one due to the runaway and check, and the other due to the
recovery {this response is identical in character to that in Stage I - of equa-
tions (36) and (38?). The maximum Pz mey be a mathematical maximum,
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. . a4’ X .
satisfying the condibion 30 = 0, or o non-rathimat.cal maximme if the

=
recovery motion ig arrested vefore the concivion T = 0 1s reached.

It is clesr thot the value of Tz depends on the value o Jt,
and on the parameters which define the Tecovery action, and siace, in
practice, the chief interest lies in the me~cumm value of Pz &wepma2)
gsneral formulae for Pz and 1ts time of occurrence are not required, In
connection vith the determination of the masimunm value cf 3 (gee para
4.6, [} however, the quantity P," is .ecded,

This gquantity 23 the value of the local max mwu of the failplans
load due to the recovery acticn 1tself, and since 1% 1s identical in
character to tne local max.mua :n the runsway stage, the procedure of para
4631 nay be used an ats calculaticn, Tnus if the time of cecurrence of
Py" relative to Jr, 1s Jry" then Jv" as equal To Juy! (gee para

- P ‘-'FT/ / o . _
A.6.31 equation (40)) or //p “s \ (sec para i,6.9) whicnever of the two

\JTS/
1g less and
T
AL “Bé—f/—:gm\{(}-i-c,i}{ (44
v 72 Kdts,) Ju=Juy"
and
'}"] -.
"o S "
Pr," = "a8gf \\Jﬂ:ﬁ) Iy (5)
wtherce
e = P."4+P 1
1 uf,ul 11

L5, Accsleration ot the dail

The regponscs in n  and N A&re 11lustrated in Firz.2(c). The
total acceleration at the tail associrated waith the firct local maxamum of
the tarlplane loz=d 1s usually very small, but that associated with ¥y 13
much greater and msy provide inortia relief, Il may be calculated from

o = (n+ nJJT=JTr*JT1" (46)
; T \
BRI
J'r-—-JfEI.+Jf|:1 "
-} ]
LRACRY A J .
+D 5 KJTS> (u&x (L =Ly - £ L) * 5 (K -Kq - £ K)
Jq::chr+Jq:,1 "
(47}
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A.6,5 Veodifications when J is imegrinary

A,6,5t To the basic formalas of paragraphs A.2, %, 4 and 5

8o far it has been assumed tha* equation (4) yields a real value of J
i.e. that o+ & {(av) > R? . ouever, cases may arise in which this inequality
is not satisfied. In these cases equation (3) may be written:

2a »
Sr, L @1 = - b (48)
ds T

The solution to this equation may be obttained from equations (4), (7)
and (8} by meking a number of modifications, namely

2 2

{a) Replace J, J° ete. by I, I ete.
i.e. JT becomes It
but (b} Replace sin Ju by sinh It
(e) u cos Ju by cosh It
2 2
@ v BV ty (3) -1
v *
2 2
/
(e) " f%\ -1 by (%\ + 1
\ / Y

4.6.52 To the equations of paragravh A,G,1 to A.6.4

Vhen J 1is imaginery a musber of alterations also have to be made to
the equations and conditions for maxima.

(1) n' (A.6,2) occurg after an infinite time, and equaticn (39) and

Fig.,4(a) no lenger apply. Equation {(24) still applies however, but can be
simplified to

- L.
nt = =D 12 . Ka. Mg (49)

where

5
{]

(ii)  the condition for t (A.6.31, equation (40)) is modified in
accordance with the rules of _&.6.53. Tt hecomes

cosh It + G, sith Iy = T, et (50)
where 2
PO Tl
1 I 1 BAK
=1 &
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Figs.6, 7 and & no longer apsly, but equation (36) xs only modified.
Equation (50) may gave a value of Iz;' whoch 1z grester than Irg, if
so the amplicetzon 1s the same ag in the J case, In this respect tne
inequalities, equatzon (41), sultably modified, still apply.

{1221} Byt (£.6.32) 15 reached aftcr an arfimice ¥ime, and ejquations
(42) and (L3) and Fig.k ro longer anply. Insbead

&
>t _ - e v
Té = AB 12 {a n, + A az 7%

(51)

(iv) the procedure ror celculating Pz 1s unchz.igsd, but the
equation for lr, " 28 modified as in {z1) sbove.

AJBe6 Tetimaticn of the amount of elevator movement 0 gtall the

sarvomotor

The stalling torque of the :otor 1c usually known, but the external
forces on the elevator (hinge roment.) depend on the response of the air-
cralt, which, in turn, derends on ihe smount of elevator movement. Thus
to valculate the cxract amount of elevator move.ent o stall the cervomotor,

, a process of "triai and error" would have to be adopted. To sase this
labour, two samplified methods are suggested for finding a geod approxima-
ticn ‘tO T]S .

(1) rom asymptotic conditions:

The general cxprossion for the hange moment of the clevator in a
longitudinal manceuvre i1s {(cf Ref.l)

Ch = B%+C aﬁ + b2 0 (52)
where b1 )
E = Ba——
1
and
. [ (53)
E = C""'l
1

The asyrmpbtotic conditions depend solely on 1, and the way in whlch this
deflection 1s reached has nd effect whatever. Thus equations (16) and (17)
may be used to determine the asymptotic values of % aud &% (assuming

that the recovery action 28 nut taken). dv
They are
N b
W o= - —“‘z K. g
J "
\ (51)
af
ac = O
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Thus the ssyrptotic value of Gy, if the recovery action iz not taken, is

. =8 .
Ch = (‘ bE—B -:]E Ka) Ty = chs: when the servouoctor stalls.
Thus GhS
ng = — (55)
b2" = Ka\
Jo)

$1) From condrtions arising from instantancous elevator movemrent,
12

With instantaneous movement of the elevator, the response in w and

g% is initially zero, and the hinge moment at Jt = 0 is
G = b2 ng = OhS when the servoasotor stalls
and
C
n, = s (56)
b
2

Method (i) is comservative when B is positive, and method (ii) is conservative
when B 1s negative, It is suggested that vhen determining mg the sign of

B should first be examined. The conservative value of 1 (larger than that
occurring in practice) may then be calculated,

A.6.7 Choice of Ju, for the greavest tailplane load in the recovery

Jt, is to be chosen %o prcduce the maximun valuz of Pj (= PB'). Since
the principle of superposition applies, the recponse in P in Stage IIT may be
considered as a combiration of two basic responses each of which reaches a
local maximum at a calculablz tume, and it 1s only necessary toc ensure that
both these maxima occur at the same time (Jv3) to obtain P3'. The maxima

are Fp' and P4%, and they occur at Jip' end Ju, + Jr," Trespectively (see
peras A.6.32 and 4.6,33)., These two times must be identical, thus

Fi, = (J@E' - Jr,") (57)
and

ij = JT2' (58)
also

P5f - st " P}¥ 1 (59)

In the calculations leading %o P;' the times Jrp' and Jg" are needed
but er is not, in fact it is ofly required to determine the precise time at

which the recovery is made. A case in which Pj’ ig obtained is illustrated
in Faig, 3.
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In the I case, the preatest acceleration 1s obtained after an
anfimte tamz, but for the majorifiy of practical cases a very close approxi-
mation tc this accelsration is cbtained after a few scconds. Pp' 1s
gsimiiarly affected, and thus for finite recovery tumes equation {59) 1s
s8ligntly conservative,

4.6.8 Compariscn of Pigs,2 and 3

The response curves in Fig.3 relate to an automatic pilot fallure
and recovery in which the -~ecovery is timed te preoduce tne greatest tail-
plare load., Tue runavay and recovery movements are . he same ag in Fip.2,
tut the time of recovery is nccessarily earlier. The dotted curves relate
to an elevator tims~history, in wraich the rwaray and recovery movements
are instantanecus, and mn. is equal to Ty tne regovery is again timed
for ths maximwa tailplrne load.

The full curves are sginilar fo these 1o Fig.2. The maximum value
of n 1g loer than in p1z.2, tut 24 is almost uncnanged. The greatecst
value of P is, of ccurse, higher but not much so. The slope of the
response cuwrve in P in th2 neighbourhcod of Po' is very low, and thus
PB is dnsersitive $o changes in T Horever whon ,3 iz lower there may

be consideralble variations in EB’ with er.

Compariscn of the full -~nd @ tted curves in Iig.3 gives some insight
into the effzcts of the rate of elevator novement, Although the anmitial
responses in n are congaderzbly different the rmaximum values c¢btained are
not materially changed, The ainitial recionses in i, ny and P dn Stage T
are very different but only in the o 3e of T =8 this of any consequence.
If the first meximum of P is to be predicted accurately, it is essential
that a rate of runsway is used whien is close to the practical one. For
the same reason, the rate of rccovery must also be zhosen carefully. In
the present example, tne maxiraim 1ral for che instantapcous @OVaweat case 1s
38, greater tosn that from the moverent defined in para 2,1 even though
. iz assumed tov be legs.

4 6,9 Choice of s

In certain cases the response an P in Stage I.I rases to a
mathematical maximum snd then falls, In these cases FPx does not depend on
and mevement of the slevator beyond this deflection does not increase

P3 (cf poant X in Fig.3). The condition for bhis state of affairs is

- Nn
Jgy " < (60)
o/ T8N
\st/

If this 1uequality is not satisfied, the implication is that Fz 1s a non-
mathematicel maximum, and, ac such, is a function of T

In the first ster. towerds the selection of a numerical value of e

it is adviscble to calculate 7 . where
Tarit
!
T f( 2 n
Mropit T )‘“1 (61)

For the calculabicon of the maximum acceleration tne values of Ny
and f are not roquired,
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ATPENDIX TT

Computational Proccdure

1 Introduction

f.14 This Apvendix contains detnils of the procedure for calculating the
maximun normal acceleration and maxaimum aerodynsmic tariplane load that
ensue from an avtormatic pitot failure and subscquent recovery,

1.2 The list of numerical data required 1z given in para Z and particulars
of the preliminary calculations are prven an paras 3 and 4. Flnally, in
para 5, formulae aore goven for the responsc in acceleration and tailpliane
load and for the maximum accelersiion and maximem teiiplane load; parti-
culars of various charts which may be used to facilitate the calculations
are also given.

1.3 The rosponse quantatzes are expressed 1a terms of G, K anmd L,
which are functions of Jv . Since J1 is & measure of time {see para 3),
the numerical values of these quantities can be ¢alculated for any time
ducing the manoeuvre, and complete time-histories of the response guantities
may be obtained,

1.4 Two formulee are given for the maximum tailplane load, for P4' and
Pj‘ ;  they refer to coanditions at different stages of the failure and
recovery, ond represent rather different centre of _ressure cases, thereby
arfecting different aspcects of the ctrength of the vailplane. These

formulae contain contrabutions due to the incadencs of the tailplane

(suffix w) and the angular displacenent of the elsvator (suffix 1) and
should be distributed according to the ususl "z and "7 chordwise dis-
tributions respectively, A formula is also given for the normal accelera-
ticn at the tail associated iith the loagd Px' ;  the acceleration associated
with the load P3' s usually nsgligible.

1.5 The accelerations and loads given by the formulae of para 5 are
wneremental values, and total values are cbtained by adding to them the
steady accelerations and leads which prevail before the failure.

1.6 4 numerical example illustrating the procedure is given in vara 6.
The data for tnis exarple are token from Table I.

2 List of data required

(ef List of Symbols)

a (m )

4",

1083 ftall
2 3 (ft)2
8, St (ft)2
b, v (1t/sec T.A.8.)
17 1
b2 ¥ J.b
e (£t) o (slugs/?tj}
aom
5 Cy (usually positive 1f the elevator
& s movenent is negative)
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(cf Last of Symbols) (Tontd)
%z— . (radians)
g = 32,2 f‘b/sec2 T (radians)
an\ .
kE (f‘c) (dt} (I‘ad:l.ans/s,c)
\
s
2 (£+) KQI“ {radinns/sec)
3t
T
3 Basic quentitiez to be evaluated
3.1
. P oLoul
Ho= gose 2
b
de ¢ oo opa
5 = (1 da-f—zp)a_] B =5y
d % 2
£ 1 54
C = i +=—)— D zpV —
"\ da) 78 M/S
"?S' dCI"l aCm
Fo= Sa o aa)
h less t21l
] .
0 = - e . :m 5 = lic .
2gpSky ¢ ngSkB¢
v o= v + v v = 1-§l§3 a
T Tgall loss tail boil T o* 2"
Skp
v R ) x = &,
less taill kBg 9 ess tail da tail
R:%(v+);q-%a) J:/(w-p.?dgv)—R
2 1
or I = [R™ =~ (0+ % av)
CJ g
1= B K, = \2
=1 + 1
<’J/
C a 32
Q = 'B - -—j- o= 1 - ..._.2...._.-
1 Jd K 17 B&K
2, a

see footnote

(ef Pig.10)

Scme discussicn of tne numeriecal values
The quartities are

para 2 of the nnan text.

elevator is deflected wwards. 5
- 25 =

of taese quantitzes 1s given in
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2.2  Ia add-tion to these guratities the follonrg auxiliary functions
3711) also hove to be evaluated (for the range of Jt ccrresponding to the
duration ¢f the failure and subsequent recovery) 1f the tame-history in
acceleration or tailplane load is requircd.

al=="S LN
L = e sin Jv (ef F1g.9)
2 fJx P /N2 }
G = K" (=+2=H~1) +(f—> -1)L> (cf F1g.8)
s K o J
Ja \\ y
N\
X = X /, ~H-21) (ef Pig.7)
a\ J ]
/A
R S— (~f Fig.10)
a 2 ’ £
K% + 1
\/

Tt
where Jt = ==, and t is time in seconds
t

3.2 ihen the suffices s md r are used 'mith tnese auxiliary functions
1t merely mesns that the arguments of ths trignometracal and exponesntial
terms are changed from Ja to J{t - Ts) and J{t - Tr) regpect:vely in
the suffixea {unctiong, but i1t should be notsd that these functions oniy
appear when Jt 1s greater than Jrg ard Jrv is greater than er
regpectively, Thus 1f Jt 18 less than Jt_. ohe response squations will
not contain any ouf faxed auxailiary functions, if Jr  1s greater than Jrg
but less than Jr, the response equations will contain auxiliary function
with the suffix s in addaivion tc the unsulfized function, and if Jtv 218
greater than Jv, the response equations will contarn auxiliary functions
with suffix r 1in sddition teo the unsuffixed functions and functions wath
the suffix s.

3. The volues of the auxiliary functions at specified values of Jr are
also reguired in the direct calculation cof the maximum accelerations and
tailnlane loacs, Here the graphs 4, o, €, 7, &, 9 and 10 may ease the
labour involved.

3.5 In the rare cases where J is imnginary (= iI where 1 = v-1) a
numoer of modifications must he made $o the basic guantities and awxiliary
functions presented above, namely:

L]
(i) replace J, J° ete. by I, 1% ete.
whence Jv Tbtecomes Tx
put  (i2) replace sin Jv by sinh I

(112} " cos J% " cosh It
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ahd

2 2
(iv) replace (%\! +1 by G—) -1
/

(v) " (%}2 SR G)z + 1

Thus vhen J 1s imagzinary, Ka and H beccome respectively

—-P*Iq:
7 j —_— and 2 * coghi It
RB\S
FARR S
I

These modifications also apply to the formulae in the following paragraph.
Pera 5 1s davided into two sectio.s %o simplafy the freatment of the J and
cages within the paragraph.

L

Further guantities to te evaluatad

@ )

(1) £ =
} S5
N e /
(11) If B 1is positive then
N, = T
Chc.
or — 5 radlans, vhichever s the less,
< o~ B 3 K )
J
But if B 18 negative then
ng = M
Chs
or == radians, whichever 1s the less.
2
(1ii) o,
J-rc = [~ —

- s
L = e san Jrg
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5 Pormulae for maxama and the regponse formulae

A similar layout is used in each of the following sections, and where
applicable, formulae are given in tuwrn for the maximum value of the parti-
cular guantity, its tume of ccourrence (to be obtained from the condition
for maximum), and its response throughout the sequence of failure and
reoovery, Strictly speaking the full response formula applies only when
Jr is greater than Jt. and for lower vaues of Jtv , deletions of the
suffixed auwxiliary funciions must be made in accordance wath the instruc-
tions ot para 3.3 above.

The maximum values of the wvarious quantities may be determined an two
ways. <they may be calculated directly from the appropriate formulae, using
the formulae for their times of occurrence, or they may be obtained from
the response curves. Vith regard to the direct calculation of the maxima,
a mumber of graphs Figs.4-10 are intreduced to reduce the labour invelved.

In para 5.2, containing information for the itreatment of the I case,
the enly formulae given are for the moxamum velues of the various
guantitics,

5.1 J case

5.11 Coefficient of nermal acceleration at the C.G.

Tne maximuam acceleration is

a! = -D—% %LS-\(G-GS)
J Ts/ Jr=J1!

where Ja'  ig the first reot beyond JTS of

\ ]
(2} - (H, - 1) ’L

i3
Jt = ‘i:an1 Q/ Si"P
LS +€\_j>(}is-1) 1

o

In mos% cases n' and Jt' may be obbtained from Figs.k(a) and 5(a)
respectively.

The ccomplete time-history is

5 /7%
n = -DJ2<JT>(G-GS-‘EGI,)
g
and n' is cobtained when J@r 12 assumed equal to or greater than Jt! .

5.12 et aserodynamic load on tae tailplane

Two maxima should be congidered,
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which asceours ab JT1'

a B!
(2) T 7 (a download if negative)

I
+d

where

P ' o= -DFB G+C k)
'W,l T=J’E1'

TPFa. ﬂjki) Jgt, !

r 13
TH 2 \gbs 1

and Jtq' , exrrcesed in radians, is edther the farss pocitive reot of

~og JT o+ Q1 gin Jg = T1 e

or Jtg whichever of the two 1s less. The last eguntion may be golved

graphically with the a1d of Fig.6 (putting ¥ = g% and N = 51) as follows:
- 1

draw a circle through the origin wilh co-crdinates ol its centre (22, 9 and
then draw a straight line from the origin to the point of int.rsection of the

cirele and the approvriaste %: curve, extending it to the peripheral scale;

the required value of J¢1‘ (in degrees) may be read directly from this scale.
If there iz no point of intersection then Jrq' = JTS ;3 if there are tio
intersecticns, the one ccrresponding to the lowest value of Jt  should be
congidered as the regquired rcot of the equation., Pigs.7 and 8 may ke used to
evaluate G and XK at Jv = Jig'

which occcurs ok sz'

b Pt
(b) 5 7 (an upload if positive)
P, = P '+P "+P '+ M
3 Vg Yy Ty My
where

1

P, ' o= -DFB———KJ }< - Gg + C, (K - K)>

JT-_-(ITZ '

E%_“ = DFB‘—— £ ( ) (G + C K\
1 J /TT*TT
1
P"]z = Dﬁazns
T
P Y = - DEr f (=2 gg.
1y 2 JT_ 1



!, exprecsed in vadians 1s the 1icst root ceyond JTS af

.
3]
[yu3

i - :
I QL - {8 -1}

L, + G (§S~1)J

and qu" 18 cow.l to 311‘ (see (a) =bove )} or ////Tﬂ » wWhichsver
)

. s \J’U/
of the two iz less.

Fi1s.h, 5, 7 2nd 8 woy pe used to evaluste J¢2' ) PWO’ and G and

ol

K at Jr = Juy" respectaively.

The aormlete time~hiztory is

P = P + P
v )
where
- 7 )
& a\ [ )
P = - IFE - > -3, - PG Yo+ (L -K, - f K ¥l
5 i 1\ o
W J2 \;Ts L r’
and
fns\ ) / -)
_ 1 [ - P Vo - !
P = Dia, ;\st){&r J{t - a) ~£5 (v m-,_J)

and the maximn P1 and P;' are cbtaired when er = JT2 - J¢1 {see
(b) shove).

13 Coefficient of normal acccler-tion b the to1l

ot

*

The acceleration assocrated wit: P3 is

Lt = -D-—-/-——-— G -Gy - F G
" J2 : \ ( )JT=J%2'

I

5 . Tt o o an
/ >\M L - L fLr)+u(K K_ fX)

Jo=Jco !

Y i = ) S 1"
wher s Jur = Jip Jm1 .

For the valuc of Jo,' and Jﬁq" , se. para 5,12 (). Fags.7, 8 and 9 may
be used So eV luate G, Gg ete, bt fvo= duyto.






Jﬁ2' » exprezacd in radicns as the faret rood Twyond oy of

| I - (E -1)
Jt = tan bole - (3 33
i e -
| Ls " Hs )
and J11” 1z eskil e gyt (sce (a) abeve ) or ;//;*E \ whicnever
v
of the two iz less. N
Fags.l, 5, 7 and & may be used to evaluate J¢2’ . F, ' ond G and
2
K at Jov=Juy" respectuvely.
The complete time~-history is
—!_3 = P -r:E"
W M
wherao
P = -DF“-6—2 —;—-—) I((Gmt‘rs-f(}r)-r{ifl(K-Iic,-fK)ﬁé
AT} J ‘\TS % = I‘J
and
Ta N )
= m — - P ~ - ]
PT} = Dfa, (?TS) { Jr = J (1 TE) 7 (t Tr)j

and the moama Py' and Py’ are cbbained when Jr = Tyt = Iy (see
(b) 9b0ve) . T

5.13 foefficient of normal acccleration a2t the tail

The accelerstion asecciated wvith Pj’ 18

nt' = =D

ed
ol
o
1
T
e
o
=
It
&y
=i
V.-

2
FZl - - g (x - -
i (L L, - f L_r) 4 (X K -f KT}>

Jo= T !
Ty
b - — | B 1]

where JTr = JT2 Jtﬂ .

For the value of JTE' ond  Jry ", see paia 5,42 (b). Figs.7, 8 and § may

pe uged to evaluate G, Gq ste. at Jr = Jig' . :

[
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The complete time-history is

n, = n+u
t

where
5§ /s
nom e D '&""')(G-G ..fG)
32\ 'ss
and
n
—~ 5 /Ms\ /2T J \
- RN - A - - T = - -
n o= DJ2 thS)(ua(L L, :f'_r) v (K K, f'Kr;>

5.2 I (sge

fad I

5,21 (cefficient of nermal acceleration at the C.G.

Tas maxinmum 18

K, may be estimated from Fig.10 (n' occurs after an infinite time)

5,22 Aevodynsmmic load on the tailplane

The maxime sre

(1) ! (which occurs at Ifc,l‘)

where

RB.
T+ QN 70 1T o 1%
8 + )e = T, e
or Ifts whichever of the t.0 18 the less.
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(i1) Py’ (which cccurs after an anfimis time)

Pt = P_ ' P '+E T4+F T

5 P 1 Ty
where
§
P ! = -DFB—=K n
W -2 7a s
2 I
n
" zDFB—%f %\(G+01K)
3 R Iyelr,
5o w
P'ﬂp = LFa2 Mg
Pl
" 'ﬂs h n
T = = Dfa, F (}*‘ I
n, 2 * \I ) 1

7
and Ig," is egual to Ig,! or =~ S vhichever of the two is the
1 1 f {ﬂs )
less, \ITs

5.23 Coefficient of normal acceleraticn at the tail associa“ed with
P T

[ Numerical exemple

In this example use is made of the formulae and charts of para 5.
The date 1s contoined in Table I.

6.1  Prom the data in Table I (of para L)

(1) £ = 4

C
h
(22) —E = 20,1265 radisns, i.e. less than 7 =0 that
o
n, = -0,1255 radians.
(i11) Jv_ = 2.6178 radians.
s
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6,2 Meximum norral acceleratior {(ef vara 5,714)

Prom Pig.i(a), with 5 = 0,815 and Jt_ = 2.6178 = 0.R33x

J
B -0, 625 and -%1- = -253—93—2 (-0.1265} »x 0.625 = 0,195
3 3.816 —=

1,75 x 0,195 = 2,85 .

I

Pinally n'
Frem Fig. 5(a)
Jt! = 283° = 1,939 radizns so that the maximm occurs after

L.939 x "
secg, i.e. 1,83 secs,

J JE—

6.3 Maximse of the acrodynamic tailrlane load (cf para 5.12)

(1) By
From Table I, Qq = -0.03%2 and T4 = 0.2383, and thus, from Fig.6 the
R,
~2
required root of the squation ocos J1 + Q1 sin dg = T1 e” ig Jg = 560, i.e.

less than JTS g0 that Jm1' = B62 = 0,977 ralians.

From Page.7 and 8 K and ¢ at J=z = 56° are 0,27 and C.1C respectively.

Thus
P T
W . 1265
S -2.59x5—5-—92; x (=222 (0,16 4+ 0,511 x 0.27)
DF 3,816% 2,6178
= 0.069
P H
n
- 2 2.7 x L 03265 N 0. 977
g 2,61 /8
= -0.123
and
1
A
—— +D.O6 - 0,188 = -0, 0%
F ? ek

»~

so that P,' = 23860 x 0.C591b = 1410 1b; % oceurs after 945’-;-1—49 secs, i.e.

0,36 secs,

——————
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{i1) B,

3

By -nmterpeolation cf

By dinterpolat.on of

P '
w

v

-0, 6L api

- o=
<
S

DFB-—-E' M.,

i

J &

At the some time

Sincas

P 1

Pone1l -
J DF

Pj‘ = 23860 % 0,372 1 =

secs, 1.2,

1,57 gac

=

jud
.

6.4 Acceleration st the

= 0478 = 2.3L2 - 0...,0 + 0,512 =

Pig.5(a', wath C, = 2.57!

1
= 243° = L.241 redians
Fig.4{a)
PW' i 2 9
-~ Da _Z
e A 3 X ==t x (=0, 1265) x 0,61
L# 3, 816"
= 42,7 x (=0,1265) = -0,342
9] -0
= h2.4° , J'I:1" = Jﬂ.’k? = 55
P 1
Wﬂ
= e e o ah s 0,069 = -0.276
:'D-E' [P ——
1t
'fiq
= = f - m hox (0,128 = (0,512
DE —
0..72 ard

i s

8,920 1x, Tris maximun occurs after

tart agiociated wioh %3‘

(cf Tara 5.13)

From para

-
(@8]
i

7. 26 radians

i

0.M78

R et i it



From Figs.7, 8 and 9

K,G and L av Jr= 243°

K ,G and I at
8" 8 8

" (1e 3w -1 )=95")

are 0.6,1.97 and -0,028 respectively

" 0,475,0.348 and 0,263 W

"o0.27, 0,10 " 0,37 "

- 1, 0.3L8 - .
><< 251?8)( 97 - 0.3,8 - 4 x 0.1)

{o. 452 (-0.028 - 0,263 ~ 4 x 0.37)

+ 0,293 (0,6 = 0,475 = L x 0.27))

and X ,G " L " " (1e J{(x -qr)==56°)
sgoc that
Byl 3% (. 01268
D 3,816°
. 35,95 y /O 265>
35,0162\ 26178/ \
= 0,146 + 0,137 = 0,283
and
n' = 0.283 x 14.75 = 4,18 .
PALIE T
a = L 57 'r]S
a, = 2,0 H
a.2 = 2.7 L
dt/
b2 = 0.3 3
B o= 2,33 (%%\
B = -0.080 /;
G = 0.5 Jr
R = 3 M
Jd = 5.816 JTI‘
R
3 = C.815
t = 1.41 sscs D
Bo= 13
5 = 35.93 D
G, = 0.038
2
...55_.

Wt.2078. CP243.43 ~ Printed wn Great Eritawn

i

i

n

il

-7.25° = -0.1265 rads

0% = ~0.17%5 rads

12° = 0,209 rads
—?.50/sec = -0.1308 rads/sec
30%sec = 0.5232 rads/sec
150° = 2,6178 rads

300 = R.24 rads (F1g,2)
187° = 3.26 rads (Fr1g.3)
1. 75
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