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AIRLOADS - AVRO ARROW 

The structural flight envelope is shown in figure lG As can be seen. 
the lowest altitude a t which the full range a t supersonic Mach is met is 
J0.000 ft. At this altitude a irload calculations were carried out for the 
full speed range ie . 

The symmetric flight manoeuvre envelope at this a ltitude is shown in figure 
2 . The foll off in design limit load factor with increasing temperature should 
be noted. 

The subsonic and low supersonic loads were investi gated under high air 
density conditions a t sea level. The following speeds were considered : 

M=l.09 • .80 • .60 • ..453 and .272 
Figure J shows t he sea l evel manoeuvre envelope. It should be noted that all 
load f a ctors quoted are based on an A.U.W. of 47. 000 lb. and for higher weights 
"n W II is kept constant. That i s t he design load factor is lower. 

At each altitude and Mach Number mentioned above airloads were calculated 
for some of the following manoeuvres: 

(a) Steady pull-up to limit load f actor -
Because of the special a ircraft configuration this produced the l a r gest 
in flight wing bending and torque conditions. 

In achieving limit load f actor the wing had to produce additional lift to 
overcome t he l arge el evator bal ancing down load . In this manoeuvre pitching 
acceleration is zero. 

(b) Steady push- down to negative limit load f a ctor­
Not critical for design becau se a t low load level. 

(c) Checked pull - up to l imit load factor= 
Similar to t he balanced pull- up except that the elevator l oad is dropped 
to the neutral level and the unbal anced aircraft allowed to pitch nose­
down. Without the down elevat or load the wing lift i s somewhat smaller 
to rea ch the same normal load f actor. This case produces l a rge up bending 
in the rear of t he wing structure. It also designs the fuselage rearend 
because the inertia e f fects due to pitching a cceleration and normal 
acceleration add. 

(d) Checked push-down - Not critical for design. 



(e) Rolling pull-out - Consists of rolling the a i rcraft a t the maximum 
allowable rate while pulling 2/ J of the maximum load f actor. 
On old f a shioned airplanes this manoeuvre wa s used to design the 
vertical tailo Howevero on aircraft wi th low a spect r atio wings 
and long high density fuselages the fin side load so induced is 
prohibitively l a rge. 

The problem is met by use~£ automatic stability augmentation which 
precludes the possibility of attaining l a rge fin loads. 

The rolling pull-out is still of importance due to wing loads. The 
combination of loads due to 2/J the normal load factor with those due 
to aileron and damping in roll produce design torque shear and B.M. 
for the outer wingo 

(f) Rudder damper failure - The use of automatic artificial stability 
solves one problem but brings another in its Wake. Depending on 
electronic and other devices r a t her than on unfailing air flow about 
air foils r a ises the possibility of a f a ilure in the system. The worst 
possible thing which could occur would be a runaway of the control surface 
to either hinge moment max. or to the control stop. To guard against 
this possibility. safety devices are built into the system which switch 
the runaway system off and a duplicated emergency system on. which then 
brings the aircraft back under control. However 0 signifigant loads 
may occur during the manoeuvreo 

The most signifigant load s on the a ircraft occur during a rudder runaway 
due to lack of stability about the yaw axis . These cases have been 
investigated in detail on the electronic analogue (flight simulator) in 
5 degrees of freedom and the worst loads used f or f in strength checking. 

(g) Gust loads= loads due to gusts are much smaller than manoeuvre load s. 

Table 1 gives a summary of the flight conditions for whi ch loads were is sued . 

Centre of Gravity Positions and Arbitrary Increments : 

For all cases but Yaw Damper Failure
1
load s have been found for three c.go 

positions 
. 28 • .JO • and .J2 c 

Following the practice of AP 970 o arbitrary increments of pitching 
moment and aerodynamic centre shift have been included in each caseo 

Maxo nose up combination ~C = 00075 ~a.c. = -.025c mo 

Yiaxo nose down combination ~C =-00075 ~oCo = o02,5c 
mo 

A consequence of t aking the two arbitrary increments acting together has 
been to make elevator load s to ba l ance the aircraft l a rger than those available 
from the j acks. However. to retain the conservatism (and prepare for unforeseen 
problems) elevr, 9r load s were shifted forward a rbitra rily to reduce the hinge 
moments to ().,,,.,. "· limits while still balancing the aircraft. 
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Methods of Airload s Analysis: 

From the outset an attempt has been made to keep the determination of 
overall aircraft airloads on an analytic basis. The powerful linearized 
supersonic flow techniques of JoC. Evvard have been extended by F. Woodward 
and Prof. B. Etki~ to the solution of loads over wings of arbitrary plabform 
and camber. These methods have been used to compute the rigid wing and control 
$urfa ce loads f or the three supersonic Mach Numbers. 

An interesting extension to account for the effects of elasticity has been 
made by F. Woodward . In this technique the wing is assumed to be composed of a 
number at control surface shaped panels free to t ake up any incidence to the 
wind. The deflection of any one panel causes a load on itself and loads on other 
panels in its Mach coneo These load s form a column of an aerodynamic matrix. 
Written in algebraic form the loads on the wing for a certain incidence 
distribution would be 

or in matrix notation 

where /oJ 
loads are 

/L/~[AJ/?\I 
is the rigid camber and incidence distribution of the ~ing) panel rigid 

to find elastic loads use is made of the structural slope matrix 

/LJ «j == [~] )L/ 
Elastic loads are 

/LJ - [A]/ hi r /40</ / ~ [A] /c>(, / + [A][s]/L/ 
/LI- {A][-s]/L) ~ [A]/cxo/ 

/LJ = [; - {A][sJ]-
1{4]/cxo/ 

The implementation of this simple method of course requires the use of computing 
facilities capable of rapidly inverting matrices of the order of 50 x 50o 

From unit elastic loads found for angle of a t tack. control surface deflection , 
roll rate etc. complete elastic cases have been synthesized. 

The ela stic load s study showed the effects of elasticity to be insignifigant 
up to all but the highest speed. At M=2.0 at 30,000 ft. the symmetric pull -up 
loads were of the order of 10% more severe than the rigid loads. Investigation of 
the ca,_~e of this revealed that if it had not been for the a r bitrarily high elevator 
hinge moment the elastic load would have been signifigantly below the rigid oneo 
Since it wa s deemed not reasonable to double penalize the struture for the high 
elevator load

1
rigid loads were used throughout for symmetric manoeuvres. 
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For the rolling pull~out case a t M=2o0 Alt.= J0,000 ft. full effects of 
elasticity have been considered in loads evaluation and used for wing stres sing . 

Subsonic airloads have been ca lculated using the methods of Lawrence, Mul t hopp 
and Faulkner. Comparison with wind tunnel tests on the Arrow for aerodynamic 
centre position and lift curve slope showed the method of Faullmer to be most 
representative and it was used for all design cases. Elevator load distributions 
were obtained from work done by N.A.C.A . on an a l most identical wing . The 
distri butions were altered slightly t o agree with pitching moment, hinge moment 
and lift due to elevator deflection obtained from wind tunnel te sts on the Arrow. 

Ela stic effects were negl egible for the subsonic ca ses. 
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I March 18th , 1957. 

Flight Envel ope Mach No. No rmal Ac cel erdt ion Hei ght Surf,ice Temp . 
Ca se 

1 .45J 7.JJ S.L. 
2 1.09 6.80 s .L. 
J 1.09 -J.00 S.L. 
4 .272 -J.00 S.L. 
5 o.6 7.28 S.L. 
6 0.8 7.12 S.L. 
7 1.0 7.JJ J0,000 
8 2.0 6.oo J0,000 
9 2.0 -J.00 J0,000 

10 .56 -J.00 J0,000 
11 1.2 7.JJ J0,000 
12 1.6 7.02 J0,000 
lJ 1.2 -J.00 J0,000 
14 1.6 -J.00 J0,000 
15 2.0 4.89 J0,000 
16 1.6 .4.89 J0,000 
17 1.2 4. 89 J0,000 
18 .82.5 4.89 S.L • 
19 . 825 4.89 J0,000 
20 . J75 4.89 S.L . 
21 • 2. 0 6 ,40 45,000 

• Sy;netrical Aileron Deflection 

Sub Case C.G. LICMo ii a .c. 

-- -- --

1 27%.c +.0075 - 2.5%. c 
2 Jl1(c +. 0075 -2.5%.c 
J 27%.c -.0075 +2 .s%.c 
4 31% .c -.0075 +2.s:t.c 
5 28%.c + ,0075 - 2.5%.c 
6 Jo% .c +. 0075 - 2.5%.~ 
7 32% .c +. 0075 -2.5%. c 
8 28%.c -.0075 +2,5%.c 
9 Jo%.c -. 0075 +2.5%.l! 

10 J2%. c -.0075 +2.s%.c 

Specified Manoeuvres 

(a ) St eady ma noeuvre (zero pitching acceleration) 
(b) Check pitching manoeuvre - (pitching acceleration shown 

on sheets issued). 

5J8 
6Jl 
6Jl 
526 
553 
579 
487 
710 
710 
hJ5 
520 
60J 
520 
60J 
710 
60J 
520 

710 

Example - Case 9. 2lb): M = 2.0 n = -J.00 h = J0,000 ft. T = 710°R 

c.o. =Ji% . .6CMo = +.0075 L.\a. c. = -2.5'1, 
II 

Check pitching manoeuvre O shown on sheet s i ssued. 

(OR) 



Date 
To 

From 
Subject 

Avro Aircraft Li mited 

INTER- DEPARTMENTAL MEMORANDUM 

6th, May 1958 Reference Number: 8792/0'2E/J 
Mr. C. V. Lindow 
S. Kwiatkowski 
MANOEUVRE LIMITING DEVICES IN THE ARROW DAMPER 

The following devices limiting the pilot or automatic commands and/or 
protecting against damper failures resulting in manoeuvres causing large 
structural loads will be in operation with ful]ydeveloped Arrow Damper: 

1. Command limiter - pitch 

2 . ttQtt limiter (pitch) 

J. Command limiter - roll 

4. Roll rate limiter 

5. Aileron limiter (transverse acceleration) 

6. Transverse acceleration monitor 

7. Rudder hinge moment limiter 

8. Mode transfer switch (sideslip) 

In this note operation and the basic pr i nciple of each of these 
devices is briefly discussed and types of fai lure against which protection 
is provided are indicated. Some of the above devices are not yet fully 
developed s i nce additional information from flight test is required and 
therefore a large portion of numerical data necessary for full des cr iption 
of their operation is not available. Particularly full i nformation is not 
yet available on amount of protection offered in areas of the fl ight enve­
lope where combined effects of aerodynamic non-linearities, high effective 
airspeeds , aeroelasticity, aerodynamic cross - coupling, reduction in control 
effecti veness, cont rol hinge moment limitations etc. may tend to produce 
critical loads in certain manoeuvres. However all these effects were con­
sidered in t he design of the limiters and satisfactory protection will be 
achieved when all the necessary information is available. All the limiters 
are designed to operate in the normal damper mode only with exception of 
the rudder hinge moment limiter which is available in both normal and 
emergency control ~odes . 
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Command Limiter pitch 

Limits pilot's or any of the automatic commands to a fixed value 
of normal acceleration at .approx. 4 to 5 positive 11 g 1 s" (value 
not yet selected) and to negative one· 11 g11 • Both will be constants 
throughout the flight envelope substantially below the structural 
limit and held to a close tolerance. Possible overshoots will be 
small because the damper will control them to approx. lo% in the 
worst case. The command limit is achieved by limiting the voltage 
output of the stick force transducer. 

Provides protection against any failure forward of the stick re­
sulting in hard- over command e.g. in the autopilot, fire control 
etc. 

The command limiter can be overpowered intentionally by the pilot 
by applying stick force of approx. 75 - 90 lb which is substantially 
higher than stick force for maximum command (approx. 25 - JO lb). 

2. 11 G11 Limiter 

The 11 g" "limiter protects the aircraft against malfunctions of t he 
damper such as: 

runaway parallel servo 
runaway differential servo 
loss of pitch rate 

Partial protection is also offered for a simultaneous ramp inputs 
of both parallel and differential servos. 

The limits of protection are discussed·= 1:.ri:M-H Document R-ED-9240 MH 
64 G Limiter status dated January l?thl'i>-:t958 -
The limit function is mechanised as follows: 

+ 12.5 

where 

2s 

1 + 02S + 15.75 op 
1 +.1s 

1 + 2S 

f -
6, -p 

Sn -

normal acceleration at e.g. 

pitching acceleration 

parallel servo deflection 

differential servo deflection 

~s __ 
1 + .5s 

The first two items are obtained by combining outputs of two normal 
accelerometers suitably spaced along the longitudi nal axis. The 
remaining two inputs are virtually differentiated by electrical 



2 0 
11 G11 Li1!11.ter (Continued) 

networks 51+ch that the limit function contains in addition to 
accelerations -the directions and r ates of servo motions. 
Should the total exceed a predetermined value t he pitch 
axis will be disengaged by effectively disconnecting the 
hydraulics in the servos. It can be seen from the limit 
function tha t the actual value of "g" a t which the disengage­
ment occurs will vary with the fTight conditions. r a tes of 
application of command and type · of failure. However, the 
resulting overshoot will be kept inside the structural limits 
of the a ircraft, since t his was the· basic aim in1 the design 
of the limiter . On the other hand a so called "nuisance 
disengagement " may occur in a manoeuvre inside the flight 
envelope a t ~ few specific fl ight conditions. Obviously the 
number of "nuisance disengagement" is kept to the minimum but 
it is not feasible to elimina t e them completely i n order not 
to jeopardize the protection a t other conditions. 

I f the ng" l imiter ac tion was caused by intentional pull on 
t he stick, a t the disengagement of the pitch axis of the 
damper t here will prac tically be no change in the stick force, 
therefore, higher load fac tors will not be pulled inadvertently. 
If the limiter disengages with no force on the stick (e.g, in 
the automatic mode) .the aircraft will immedia tely be returned. 
to within ±.½ g of level flight by t he centering ac tion of the 
servos. 

J. Command Limiter - roll 

Limits pilot 0 s or any of the automatic commands to 120°/sec . 
of roll r a t e or the maxi mum roll rate available aerodynamically 
if the l atter is less than 120°/sec . 

The command l imit i s achieved by limiting the voltage output 
of the stick fo rce transducer simil ar to pitch command 
limiter. 

Can be intentionally over- powered by applyi ng approx . 40-50 lb. 
a t the stick. Protects agains t any malfunction forward of 
the stick resulti ng in hardover signal. 



4 0 Roll Rate Limiter 

The action of the roll rate limiter is based on a wing tip 
accelerometer set to disengage the roll axis at approx. 
160°/sec. of roll rate. Therefore, it protects against 
any malfunction of the damper resulting in a hardover 
parallel or differential servo s ignal. 

At the instant of disengagement there generally will be a 
change in stick force, but in the majority of cases the 
emergency mode stick force will be higher than in normal 
mode. 

5. Aileron limiter (transverse acceleration) 

This limiter protects toe fin in rolling manoeuvres resulting 
in high fin loads. The action of this limiter is based on 
a transverse accelerometer located 30, ft. forward from 
aircraft c. g. 1 

In the normal mode the ratio of aileron stick force to roll 
rate i s a constant throughout the flight envelope approx. 
20 lb. of stick force per 120°/sec. of roll rate. Thi~ 
ratio is monitored by the aileron limiter in such a manner 
that whenever a transverse acceleration of .6 "g " i s reached 
the stick force transducer output becomes zero e.g. no roll 
rate can be commanded. The rate of increase of aileron stick 
force per unit of roll rate is l inear with transverse acceler~ 
ation, with a shallow slope applying up to .2g anct' steeper 
slope up to .6g, the latter corresponding approx. to 5r:t/, 
of fin limit load. This limiter is independent of other 
damper actions and will limit the aileron output no matter what 
has caused the increase in transverse acceleration. 

The action of this limiter is particula rly important in 
prolonged r olling manoeuvres e.g. in excess of 180° of bank 
angle or at high roll r ates in rolling pull-outs where 
cross -coupling effects are particularly s i gnificant and 
generally in any rolling manoeuvre causing saturation of 
the rudder servo to deflection or hinge moment limit . 

6. Rudder Monitor 

Rudder moni tor provides protection against any malfunction of 
yaw axis, r 'esulting in hardover rudder signal automatically 
in level flight. The normal damper is disengaged and emergency 
damper engaged when transverse acceleration r eaches .4g 
as measured 40 feet ahead of e.g. 



6. Rudder Monitor (Continued) 

The limit function of the accelerometer is as follows 

y 40 = '7 C.G. - 40 <f'l + -i-) 

I t can be seen that in manoeuvering some anticipation is 
obtained due to yaw acceleration and roll rate and pitch 
rate product. The actual fin l oad at disengagement will 
depend on flight condition and type of manoeuvre. The 
limiter was designed to disengage at approx. 5<:f/, of fin 
load but in a few conditions at high E. A.S. (above 650 
knots) this is exceeded and switchi ng does not occur 
until Set/, of fin l oad is reached. The limiter is designed 
to cater for max. rudder rate of 50°/sec. This device is 
not ful ly developed yet and some uncertainty exists about 
the amount of protection provided when failures occur 
during extreme manoeuvres. e.g. a rolling pull- out. 

It was not feasible to design a relatively simple emergency 
damper which would provide coverage of all possible manoeuv -
res involving sideslip. The refore if due to malfunction of 
the normal damper,the rudder monitor engages the emergency 
damper during extreme manoeuvre fin limit loads may be excee­
ded unless a prompt pilot's action will minimise occuring 
sidesl ip . These conditions occur mostly at high E.;\.S. and 
in extreme manoeuvres. At the present time not enough in­
formation i s av~ilable to define in detail extent of the 
protect ion provided for manoeuvres involving high roll rates 
and nonnal accelerations. These new problems involving c~os s­
coupling effects are common to most aeropl anes operating in 
the flight envelopes similar to that of the Arrow and furth er 
development time will be needed to obtain sufficient informa­
t ion permitting redesign or modifications of the rudder monitor 
to obtain a maximum possible protection. 

\ ... 
7. Hinge moment l i miter 

A hinge moment limiter combi ned with pilot's trim and feel unit 
in the rudder performs the following functions: 

1. Provides variable f eel with speed and altitude. 

2. Limits the pilot's input into the rudder to values 
such that 150 lb of pedal force will not exceed t he 
fin limit load, with dampers off. 

J. Ascertains sufficient servo authority independent of 
the pilot particularly in a reas where total rudder 
deflection is heavily restricted by the available 
hinge moment. 



The hinge moment limiter consists of variable linkage. and springs 
and trim motors, common to any artificial f eel and trim unit. The 
variable linkage is driven by an electric actuator receiving signals 
from the dynamic pressure sensor. 

In normal damper gear-up mode the use of rudder bar is necessary 
only to trim out an engine out condition or any other aerodynamjc 
assymetry, otherwise the aeroplane is basically a two- control ~ircraft. 
In gear-down mode rudde r is used in a conventional manner for landing 
and take=o!'f, It may be used as an alternative way of correcting minor 
damper mal functi ons. In the emergency mode of control rudder may be 
used to help co- ordinate manoeuvres which are not adequately co-ordina­
ted by the damper. 

The failure of hinge moment limiter may cause inadvertent too la rge 
pilot's corrections resulting in high fin loads at high speeds. 

8. Mode Transfer Swi t ch (sideslip) 

This switch operated by the relative wind sensor sw1.tches over 
normal dampe r into emergency mode whenever a sideslip angle of 
10° is reached, Thi s is applicable only to low speed range e.g. 
where the 10° of sideslip produce less than 5($ of the fin lllllit 
load. 

Protect s against hardover type of malfunctions in the low speed 
region. 

CONCLUSION 

It can be seen from the above description that with normal damper 
in flightworthy condition the aircraft manoeuvres are positively l i mited 
to: 

1. Straight pull-ups to 4 - 5 positive "g 's" or approx. So% of 
limit load depending on aircraft weight and e.g. position. 
In the operational range e . g. above 40000 f t. at any speed 
the maximum positive "g ' s" are limited by elevator deflection 
or hinge, moment. 

2. Straight push..downs to one absolute "g" negative which is well 
inside the structural envelope. 

J. Maximum roll rate to 120°/sec. or approx. Js% of limit load. 

4. Rolling pull- out to r oll rates not exceeding 1200/sec. or 
approx. 5Cf% of fin limit l oad 0 whichever occurs first. 

5. Fin load to approx. 5Cf% of limi t load in any manoeuvre. 
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CONCLUSION (Continued) 

6. "Nuisance" disengagements of any axis will produce loads 
generally smaller than quoted above . 

7. With the hinge moment limiter operating application of 
150 lb force to the rudder bar will produce only small 
fin loads. 

8. Overshoots i n pitch and roll axes f or abrupt applications 
of controls will be much smaller than in unaugmented air- 1 

frame. Representati.ve magnitude of overshoot s in both 
axes is lo%. 

The above loads can be exceeded only by intentional overpowering 
of the parallel servos requiring very large control forces or due to 
malfunctions of the damper system. The emergency mode of control will 
be limited (by pilot 's instructions) t o manoeuvres and speeds fully 
covered by emergency damper. 

Failures of the normal damper with limiting devices operating 
will result in loads inside the structural fl ight envelope wi th exception 
of failures occuring during extreme manoeuvres. 

The policy of structural integrity testing should be rev iewed bear­
ing in mind the presence of limiters described above . Furthermore it has 
not been established yet that loads in excess of normal command limits 
can be tested in a manner offering a reasonable amount of safety from 
controllability point of view. 

SK/g 
Chief of Control 

cc Messrs R.N. Lindley 
J.A. Chamberlin 

F. Brame 
G, Watts 
R. Carley 



AVRO A.IRCRAFT LIMITED 

STRUCTURAL IllTro:nrY OF THE ARRa-1 AIRCRAFT 

A NOTE m THE ?ROP03ED FLIGHT PIW'.iRA.l.f 

1. Introduction 

This note di.Bcusses too purpose and intent or the flight program f or 
demonstration of the structural integrity or the Arrow Aircraft. 

It is proposed that the program be carried out in two distinct JIU'ta , 
the first UBing an Arrow I, either 25201, 2 or .3 and the second using 
an Arrow II which is at present Uo. 25215. 

2. Purpose 

The purpose of this program is to confirm, by strain gauge l'IIMSurel1l!nts, the 
accuracy or air loads calculations. Flight strain measurements Mill be 
compared with calculations £or similar 1Mnoeuvres. The validity of these 
calculations will be demonstrated by use or a static ground test tor parti-
cular design c1111es. 

Associated with thi8 program will. be a demonstration of the airworth­
iness of the aircraft to the satisfaction of the conapeny and the R.C.A. F. 

The proposed program is planned with a view to the requirements of 
MIL-S-57ll being a considerable increase on the simple da~onstration tut 
sol!'.ewhat less than the full flight loads survey. • 

.3. Program 

.3. 1 Part I 

This part may be carried out on any or the first three Arrow I 
aircraft. The object will b·e to cover that :pg.rt of the design flight 
envelope required for the Plaae I program. It is expected that this will 
approach 80% of the design flight envelope . 

The progra111 will be carried out by gradual.l,y increasing the equiva.­
lent airspeed and allowable normal load !aotor and rolling velocity and 
monitoring the rerults continuously during the normal flight test program. 
This will be implemented with the use of about 57 strain gauged positions 
located at critical points in the structure together with other ins~ 
mentation is to monitor typical flight eases in order to assess levels at 
these singular position. Ho loads analysis is possible. 

Before an increase in the envelope is attempted cy-pioal flight cases 
will be analysed on the sillllllator and these will be i:roeessed for night 
loads and stresses using the available aerodynamic and stressing mtrixes. 



.3.l Part I (Cont'd) 

Towards the em of ' this part of the program, the limiting devices 
on the damping system will be investigated. However, these will be set 
at falsely low values in order that the factor• may be kept below those 
already tested in this part of the progran. Examination of the re8ulting 
manoeuvres will give checks on the accuracy or sifflulation and allow tor 
tm more stringent tests of the Part II program. 

3.2 Part II 

Aircraft 25215 has been allocated solely for t.~is program. It is 
intended that 4oo strain gauged poi,itions will be available together 
with other instrUlllentation as in Part I . 

The extent of this instrwmntation is such that comp!rison with 
design cai,es is more complete than :in ?art I testing. However, it is 
proposed that only 200 of th~e quantities will normally be used for 
conformation or airloads&the full quantity will only be available when 
expected results appear. . 

The object of this part or the pro;ram is to increase the flight 
envelope to the design lilllits and to delllOnstrate the flight worthiness 
of the aircraft during typical manoeUYres which 1'118.y be expected to 
achieve these design lilllits. The basic program will consist of carrying 
out normal manoeuvres (pull ups, turns ., rolling pull outs etc . ) to the 
design liinita, or to such limited mmoouvres as are possible for sate 
oµ,ration of the aircraft. In Ol."der to complete these tests nome parts 
or the damping syatem will be inoµ,rative, e. g. luiting devices and 
pitch and roll damping. It muet be r.entioned that owing to the low 
design weight certain parts of the aircraft which depend on n rather 
than nW cannot be demonstrated 'to the tull factors . 

I 

Following this., the damper system lim.1.ting devices will be demon­
etrated at their design dettings and damper syutem .failure cases will be 
examined. 'lypical or this latter test are hard over control signals 
during various manoeuvres. The latter part of the progra~ will be :ire­
ceded by simulator am loads analysis in order to approach the limiting 

• cases in a safe oonner. The aircraft will be demonstrated using the nor­
mal damping S;yBtem. or course, the emergency damping aystem will &Uto­
matioally come into use during the tests on 11.'lliting devicesand failure 
cases . 

4. Conclusion 

It lllllSt be emphasised that this program constitutes a considerable taek. 
In order to conserve .tzy:ing tirle and to achieve success in the limited till('! 

available very close liaison between Flight Test Rngineering., Technical Design 
Depe.rtt11ent., and the Stress Office is neceasary. 

It is suggeated that the detailed J:l'Ogra111 methcxl or data handling am 
associated manpower reqi irements be examined and prei:ared as soon aspossible 

ORIGINAL SIGN!:D BY 
J. D. HODGE 

mlf/ ~~~~ 
:rrra Technical Co-.Qrdinator 

Arrow ~1 ana I.r ~. 



8th, May 1958 Reference Number : 8858/J8/J 
Mr . F. Brame 
S. Kwin.tkowski 
STRUCTURAL INTfGRITY .~AN0'1JVRfS AS RFntmrrn BY 
Sf.f;CIFICATION L-S- 5711 ( u . s . A. F. } 

The manoeuvres listed below are required to demonstrate str-~ctural 
integrity to specification requirements . Due to the presence of dampers 
in the ,rrow so~e of these manoeuvres are not representative of design 
l oads , others are limited to values below structural integrity limits by 
limiters and other prot ective devices as described in Mei1lo 8792/0-:lli/J . 
The following remtirks apply to manoeuvres listed in section 4. 2. 2. 1 . 2. 2 
of the specifi cation. 

(a) Normal symmetrical pull-out. 
Maximum value limited by cownand lirid.ter and "g" B.1i1it er in 
norme1. xnode. I n emergency ,node of control can be perfo:nned 
in areas where adequate controllability exists at hi gh angles 
of attack up to reason~bly high normal accelerations but not 
necessarily equal to the structural integricy limits . 

(b) Nomal sym..iietrical push-down. 
Push-down in normal mode to -Jg will cause nuisance disengage­
ments in normal mode ~ S~fe limit has not yet been established 
in the emergency mode (cross-coupling effects) . 

(c) Gust load factor simulation manoeuvre. 
Not required for the Arrow because Manoeuvre load !actors are 
always higher than gust load factors . 

(d) Normal tmcoordin..'1.ted rollln; pull- out. 
In normal mode of contr ol pilot ' s coordinat ion is not required 
~l r·clling pull- outs will lie coordinat~ automat i cally. 
These in some condit ions are limitod to values well below the 
structural integrity limits. 

(e ) Abrupt syl!lilletrical pull-out. 
Abrupt ness of pull-outs is smoothed out ~' druitper action. 
Case nearly equivalent to (a) . 

(f) Abrupt syxruuetrical pull-out with checking. 
It is not possible to check t he design case because damper 
action will tend to oppose initially the abrupt checking. 

(g) Abrupt symmetrical push-down with abrupt checking (see item r) . 
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(h) Flaps down pull-out. 
Not applicable ~o ; rrow. 

(i) Abrupt uncoordin.,ted rolling pull-out. 
See item (d) . 
,my increase of the vertical tail loads over 5af. 
of limit load due to abruptness of the manoeuvre 
will automatically be restricted by aileron 
limiter. Only mild manoeuvres of this type are 
possible with emer gency mode within a s~all part 
of the flight envelope . 

(j) Rudder manoeuvre , high speed , steady sideslip, 
rudder reversed. 

Critical am.ount of sidesl ip cannot be developed 
in this manner in the normal mode . 
Manoeuvre restricted in emergency mode . 

(k) Rudder manoeuvre , hi gh speed, abrupt kick with 
abrupt return. 

Critical amount of tail load cannot be produced 
in t his manoeuvre in normal mode . 
In emergency mode manoeuvre will be restricted 
although critical load cannot be produced . 

(l) Rudder manoeuvre - l anding approach. 

SK/g 

For controllability reasons sideslip i s limited. to 
100. 
Tail loads within this limit could be tested with 
proper precautions. 

- • I> 'l/ ,/ /.. / t ~ ' . -
s . Kwiatkowski , 

Chief of St ability and Control . 

c.c. - Messrs. c. Lindow 
G. t atts 
J . Hodge 



ENGINEERING DIVISION 

W/C G.B. Waterman 
Officer Commanding 
Technical Services Detachment 
Royal Canadian Air Force 
Avro Aircraft Limited 
MALTON, Ontario 

AiiALYZED 

January 31st 1958 
Ref: 5997/01/J 

SUBJECT ; STRUCTURAL INTEGRITY AIRCRAFI' - ARROW 

Dear Sir : 

The enclosed note and report are our recommendations 
r egarding the instrumentation for the structural integrity airc-raf. We are 
of the opini on t hat the method proposed will give adequate coverage of the 
critical structural areas during flight tes t ingo We have allocated aircraft 
#25211 for us e on this program and on receipt of a decision from the R.C.A.F.~ 

•• will proceed with the installation design o 

• • 

Prior to a deci sion being made however, we would like to 
discuss some aspects of the installation, in particular the problems of aircraft 
safety when using strain gauges in the wing fuel tanks. 

Please advise when you ar e ready to discuss the matter·o 

Yours very truly 

AVRO AIRC RA.Fl' LIMITED 

A.R. Buley 

Encls : 
(72/FAR/8 & Drg. 7-4400~15007) 

~ ARROW2~ 

C.V. Lindow 
~~ril}g__Pro • et Manager - .ARROW 

/ eh 

sa<110 
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Q!NERAL: 

Classification cancelled/ chonoed to .. Unclassifi.ed.­
By authority of..AYAQ .. Ai:-.r .C?.w. .. PesJ!!-$,s.J.f,_.Jl9.c\T.d .........• 

Date .... 2 a ... Jµ.l.tb!-. T " .. .. ..................... . 
SiQnature ..... •-j/tuu,'-:.~ ....... .... ..... , . Co.-:-.Chairper.s.on 
Unit / Rank / Appointment... ......... !Js.rs .... J. ............................ .. . 

The applicable specification for the Avro Arrow relative to the requirements 
for the flight determination of air loads and struc tural demonstr a t ion of 
piloted aircraft is MIL-S-5711. 

It is to be noted here 9 that the concept of MIL....S-5711 cannot be di rectly 
applied to a l ow aspect ratio wing such as the Arrow. Paragraph 3.6.1.1 . 
of the specification states:~ 

"Unless otherwise stated t the airload instrumentation 
shall consist of systems capable of measuring the 
spanwise distr ibution of bending moment, shear and 
torque on the principal lifting surfaces" . 

further to this quote , paragraph 3.6.1.1.1 . of the specification states:­

"Unless otherwise agreed 9 wing l oad distr ibution 
measurements by strain gauges method 1 shall include at 
least four stations spanwise , for shear and bending 
and two for torque measurements 9 on small to medium 
size airplanes 11 • 

In additions the following is a statement quoted from Avro Report GEN/1090/336 
relative to the stressing of t he Arrow wing:-

HThe stress analysis of high aspect ratio subsonic wings 
was a development of the beam theory» and--·-- t he 
whole analysis was basically one dimensional 9 with the 
span coordinate as an independent variable. With the 
advent of the l ow aspect rat io supersonic wing, the 
analysis has become a two dimensional pr obl em. In these 
wings~ stress distribution is defined in terms of t wo 
local bending moments acting at different angles and of a 
local torque, all these depending on spanwi se and 
chordwise coordinates. 11 

It follows therefore 9 that in low aspect ratio delta wings 9 the notion of 
spanwise bending moments and shear acting at certain span stations has little 

·meaning. Moreover 9 in tail-less aircraft the lift produced by the fuselage 
and its distri'ootion are as important a s wing or elevat or loads . Having regard 
to the foregoing , there is little value in establishing a procedure of fl ight 
load determination as no use can be made of terms such as r wing bending moment , 
or wing torque, at certain span stations. 

It is therefore proposed that a procedure bas ed on strain gauge readings i n 
response to pr e-established combinat i on of l oads be considered. Of necessity, 
these wil l include both air and i nertia loads . The inertia l oads will then have 
to be eliminated by means of accelera t ion measurements • 

continued/2 



• 

• 

n-----. 
2 

METHOD A 

The determination of actual airloads can be accomplished by using the 
results of the static test of the complete aircraft,. The static test 
aircraft is extensively strain gauged and will be acted upon by inertia 
loads and calculated airloadso If the structural integrity aircraft is, 
to a degree , i dentically strain gauged and flown under the same flight 
conditions as those calculated for the static tests , the two results can 
be compared. If the flight test results are compatible with those for the 
static test, it can be concluded that the actual airloads agree with the 
calculated airloads and provide a measure of assurance for the structural 
integrity of the aircraft. 

If the test results however are not compatiblep a very approximate check 
can be made on t he airload distribution by examination of the strain gauge 
results. This check would only be of value if there existed a recognizable 
pattern i n the strain gauge results and must take into account the marginal 
accuracy of the s train gauges or possible inaccuracies produced in the pre­
calculated load distribution. 

An additional 200 strain gauges will be employed serving as a back-up system. 
These additional 200 gauges would be utilizedp on a selective basis, to provide 
a more detailed sampling of measurements in the event that the results of the 
initial examination proved inconclusive. The instrumentation requirements 
for this ype of program have been 1 · sted in Arrow 2 Report 72/FARoB • 

METHOD B 

A more exact method of determining the distribution of the airloads could 
be carried out by calibrating the aircraf tp strain gauged on the ground 9 

with unit loads applied using jacks. The proposed breakdown of airloads 
would consist of 13 loads di stributed over 13 areas. Two of these loads 
can be determined by conditions of equilibrium, subsequently, the loads are 
combined in 11 self equilibrating groups. The number of strain gauges 
employed must exceed the number of groups to be determined for two reasons:-

(a) It may be difficult to obtain selectiveness of readings 
with respect to l oad locations. 

(b) Strain gauges readings are seldom accurate to more than two 
significant figures and the averaging of many readings 
necessary. 

continued/3 
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METHOD B (Continued.) 

It must be emphazised that this is a very extensive program. This method 
would require a re-design of the static test rig and the specimen calibrated 
as a large number of test cases must be examined. 

It is recommended that METHOD A be considered for this program. A total 
of LJ)O strain gauges would be necessary to measure stress levels at critical 
areas in the structure. In addition, instrumentation to record measurements 
of the following would be required. 

1) Airspeed 

2) Pressure Altitude 

3) Control surface forces - five positions 

4) Rates of roll 9 pitch and yaw 

5) Accelerations in roll, pitch and yaw 

6) Angle of attack 

7) Angle of sideslip 
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INTER-DEPARTMENTAL MEMOR6. NDUM 

Ref 5516/O2A/J 
fut e Jan. 15, 1958 

To S. E. Harper 
From J. D. Hodge 

Subject ARROW 2 - AIRCRAFT 25211 - INSTRUMENTATION 

Herewith 72/FA.R/ 8 "Instr umentation - Arrow 2 - Aircraft 

25211" which lists the instrumentation requirements for Aircraft 

25211. 

AA/bb 

c.c. 
Messrs J. Chamberlin 

F. Brame 
c. Li ndow 
D. Seard (5) 
A. Buley 
J. tunes 
J. Booth 
A. Stenning (4) 
s. Kwiatkowski 
c. Mnshall 
J. Lucas 
H. Malinowski 

R. 
J. 
s. 
w. 
R. 
J. 
J. 

Technical Flight 
Test Co- ordinator 

Young 
Scott 
Whiteley (2 ) 
Alford 
Wade 
McKillop 
Gale 

Central Files 
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Aircraft: Arrow 2 
A/C 25211 

Report No 72/FAR/8 

No of Sheets: -----

INSTRUMENTATION 

ARROW 2 - AIRCRAFI' 25211 

Prepared By )f 1 ~°"-. D:l.te 15d,. rTM 

Checked By W a,. e · ~~ D:l. te nr, 

Supervised By M D:l. t e 

Approved by D:l. t e 
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INSTRUMENTATION - ARROW 2 - AIRCRAFT 25 211 

Thi s report is issued to cover instrumentation requirements for 

Aircraft 25211 . This aircra ft will be primarily used for Structural 

Integrity Te sting . 
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P'OAM 17,49 A 

ARROW 2 - AIRCRAFI' 25211 

S'IRUCTURAL INTEGRITY 

Structural Stra in Gauges 

Strain gauges are r equired a t 400 points on the aircra ft st r uctur e, 
plus such spa res and duplicates a s the Flight Test Department consider s 
necessary. The basic distribution of these gauges is shown below and 
their deta iled po s itioning has been agreed to by t he Flight Test 
Department and the Stress Department . 

These gauges will give strain monit oring of maj or s tru ctura l 
members and an approximate distribution of wi ng l oads . 

DISTRIBUTION 

Component Gauges 

Forward Fuselage 40 
Aft. Fuselage 60 
Inner Wing L.H . 160 
Inner Wing R.H . 40 
Outer Wing L.H. 45 
Outer Wing R.H. 15 
Fin 40 

Total 400 

---
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ARR.OW 2 - AIRCRA.FI' 25211 

STRUCTURAL INTEGRITY 

Vibration Pick up Accelerometers 

As in aircraft 25201 and 25202, figure 1 shows t he approximate 
location of 57 vibrat ion pick-up accelerometers. The precise locati on 
of these may be obtained from Flight Test Drawings Nos, 

7-0782-1 
7-0782-2 
7-0774-1 
7-0774-2 
7-0764-1 
7-0764-2 
7-0762-1 
7-0762-2 
7-0784-1 
7-0783-1 
7-0759-1 
7-0758-1 
7-0756-1 
7-0754-301 
7-0752-1 
7-0751- 51 

The requ ired range is -lOg to +lOg with a n a ccuracy of~ 0,25g 
and the instruments should be capable of recording frequencies up to 
60 cycle/sec, Under normal flight test conditions it will not be 
necessa r y to r ecord any information from the accelerometers, but should 
any flutter problem arise it will be necessary to provide telemetering 
or continuous trace recording . 
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ARROW 2 - AIRCRA.FT 25211 

STABILITY AND CONTROL I NS'IRUMENT.11.TION 

1. Ambient Conditi ons 

ITEM RANGE ACCUR~CY ACCURACY 
% OF FULL 

RANGE 

Aircraft Static Pressure 0 - 2160 lb/ft2 .. 15 lb/ft2 + ,75% -
Differential Pressure 0 - 2880 lb/ft2 ±. 20 lb /ft 2 

!. -75% 

Free Air Tot al Temp. -65 to t- 350°F !. 2°F ! 0,5% 

2, Motion of Aircraft 

ITEM RANGE ACCUR~CY ·ACCURACY 
% OF FULL 

RA.NGE 

Angle of Attack d... -6 to t-30° t.0. 1° ! 0,3% 

Angle of Sideslip ,)3 -15 to t-15° to.1° !: 0.5% 

Rate of Roll l -300 to -1- 300° :!:2.0° ! 0. 5% 

Normal Accelera tion 
(nearC,G.) -3 to t-8g !,06g t: 0. 5% 

" 
Norma l Acceleration 
(fwd) -3 to -1-8g :!: .06g ± 0.5% 

Lateral Acceleration 
(near C.G.) -1 to +lg !_ .Olg !: 0.5% 

., ..,.,...,., 
Latera l Acceleration 
(fwd) -1 to -1-lg !,Olg ! 0.5% 

SAMPLING 
FREQUENCY 

2/sec 

2/sec 

2/sec 

S~MPLING 
FREQUENCY 

Cont, 

Cont, 

Cont. 

Cont, 

Cont. 

Cont, 

Cont, 
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3. Control Surface Motion 

ITEM RANGE 

Left Elevator Angle [ e -30 to 

Left A.ileron Angl e ba - 19 to 

Angle of Rudder [k -20 to 

A.CCURACY 

+20° !. 0 .3° 

+-19° ±. 0.2° 

+30° ±. 0.3° 

A. CCURACY 
% OF FULL 

RANGE 

!. 0.5% 

:!:: 0.5% 

±. 0.5% 

Left Aileron ,~ngular 
A. ccelera tion a -200 to +2oo0 /sec2 :_2°/sec2 ~ 0.5% 

4. Control Mechanism 

ITEM RANGE ACCURACY ACCURACY 
% OF FULL 

RANGE 

Left Elevator Damper 
Servo Position -o.6 to +0.6" !. 0 . 01" -!: 1% 

Left Aileron Damper 
Servo Position -0 .6 to 4-0 .6" t 0 . 01" t 1% 

Rudder Damper Servo 
Position -0.5 to +0.5" i 0.01" ± 1% 

Elevator St ick Force -80 to +120 lb :!: 2 lb !. 1% 
Limited Ra nge -20 to +40 lb t. 0.6 lb ±. 1% 

Aileron Stick l:t'orce -30 to +30 lb !:. 1 lb !. 1% 

Elevator Jack Load 0 to 71000 lb !: 1400 lb !: 2% 

Aileron Jack Load 0 to 42000 lb !. 800 lb !:. 2% 

Rudder J ack Load 0 to 31000 lb !. 600 lb i 2% 

SA.MPLING 
FREQUENCY 

Cont. 

Cont. 

Cont. 

Cont. 

SAMPLING 
FRE~UENCY 

Cont. 

Cont. 

Cont. 

Cont. 
Cont. 

Cont. 

Cont. 

Cont. 

Cont. 



, __ Co-_Chairperson 

.. Dsrs_ .. 3 __ ........... _ .... _ 
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