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INSTRUMENTATION

The aircraft instrumentation for the structural
integrity demonstraticn program will consist of the following
parameters some of which will be presented on telemetry
and others recorded on data tape and/or oscillographs:

2.1 General aircraft data:
Speed, altitude, contrcl motions, accelerations and
angular rates.

Elevator control box deflection indicator,

Strain-gauged control power jacks for control hinge
moment measurementise

This instrumentation may be implemented for
investigation of specific problems if and when required,

FLIGHT ENVELOFE

The combined flight envelope for altitudes up to
LO,000 féet is shown on figure 1, for an aircraft weight of
60,000 1b, It can readily be seen that at Mach Numbers
above approxe. l.2 the hinge moments limit the maximum
available normal load factor to 4,25 "g" with minor -
exceptions., For the sake of ease of presenting of these
limitations to service pilots, it is proposed that the
flight envelopes be restricted by an identical straight
line at 4,25 "g" or n W = 255000 whichever is smaller
above M = 1,15 at all altitudes. Above 20,000 ft. at ’
Mach Numbers greater than l.15 the aircraft will be
limited automatically to smaller values due to hinge
moment and elevator deflections limit, The controll-
ability considerations suggest a cut-off at 5 "g" or
n W = 300000 whichever is smaller at Mach Numbers below
1.15. The combined envelope for structural integrity
demonstrations will therefore be as indicated on fig. 1.
Figs. 2 - 8 show individual flight envelopes for each
altitude,
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FLIGHT ENVELOPE (Continued)

Since the aeroplane will not be cleared for spinning
and/or stalling for considerable time yet the low speed
boundary will be F‘ = ,7 corresponding to angle of attack
of approx. 150 to 1?0 These limitations are also shown
on individual envelopes., Shaded areas represent the
difference between the structural design envelope and
£light demonstration envelopeo

TEST_POINTS FOR NORMAL LOAD FACTORS

Nine test points have been selected and are shown on
fig. 9. These are listed in order in which the tests will
be carried out

KNOTS

POINT CH NO,  ALT. BubeS.
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400
490
600
360
450
560
520
700
570

7500
10000
12500
40000
30000
20000
35000

4500
40000
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COMMENTS
Subsonic max load factor initial test point,

Subsonic max "g" - critical case for "g" limiter
since elevator effectiveness is the highests

Transonic max. "g" at high E.A.S.

Max. elevator angle at high hinge moment and high
W optl
g o

Max. elevator hinge moment, also critical point for
elevator control box loads.
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6, = Max, elevator hinge moment at high E.A.S. and
at max, "g"e

7o Max. hings moment, high supersonic Mach Number,
8o = Max, "g" at maximum E.A.Se
9e Max. "g" at highest Mach Number,

TEST PROCEDURE - Normal Load Factor

For extension of the flight envelope in normal load
factors the following procedure will be adopteds

5.1 Complete static test aircraft tests (pull-up and
-heck pitching manceuvres)e

5,2 Complete static test and/or B-1 rig tests for maximum

hinge moments and jack stalling characteristics,

Obtain measurements of elevator hinge moments and
control box deflections in flight at flight conditions
resulting in relatively moderate hinge moments

50 = 70k)o

Obtain from flight tests information on variation of
aerodynamic derivatives with angle of attacke

Check all intended manoeuvres in excess of 4 "g" on
flight simulator to establish the safest damper
configuration.

Perform demonstrations in flight in steps starting at
n W = 250000 subﬂoni“ally and n W = 200000 supersonically
{above M = 1.,15) at points shown in paragraph 4,

Demonstration of maximum "g" will be combined with
functional demonstration of the "g" limiter system.
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Due to differences in performance, minor structural
details and weight and c.g. balance it is planned
to conduct a suitable demonstration program on

an Arrow 2 aircraft at a later dates

The tests will be performed with the c.ge range
available e.g. it will not be possible to

cover the full nominal c.g. range at each flight
condition because fuel requirements will not
permit the necessary ballasting,

The "g" limiter action can result in loads in
excess of demonstration limit but inside of the
structural limit. The cases exceeding demon
stration 1limit will be kept to a minimum,

It should be noted that the apparent reduction
in the rolling pull-out manoeuvre is compatible
with the reduction in subsonic normal load
factor, It is expected that this limit will be
extended at least in some regions of the flight
envelope as soon as rudder monitor and ay
limiter are finalised,

Figure 10 shows a typical "g" response to a ramp
input in stick force. To exceed the command limit
by pilot's effort requires a minimum stick force
of 70 1b., The exact value of stick forece necessary
to overpower the servo and the rate of “g" build
up afterwards will be different in each flight
condition and will also depend on the magnitude
and rate of stick force application, It should
be noted that overpowering of the servo is a
dangerous procedure since the "g" limiter may be
tripped and this will result in a sudden
lightening of the stick force and a corresponding
increase in "g’s",
Figure 10 shows also the elevator motion corresponding
to a ramp stick force input. The elevator motion
definitely stops when the command limit is reached and
further increase in force (up to approximately 70 1b,)
will not produce ar; response. This fact will provide
to the pilot a very definite indication of reaching
the command limite
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TYRICAL RESPONSE TO'A 10LB/9EC.
RAMP INPUT IN STICK FORCE
_NORMAL Mo E :

NOTE. . MINIMUM STICK FORCE To OVERPOWER SERYO
| WILL BE NOT LESS THAN 70 LB.
NORNAAL

2. G LIM|TER OFFERS NO PROTECTION LOAD
WL TH SERVCO. OVERPOWERED. { L FACTOR

STICK FORCE APPLIED :
GRADUALLY AT I10LB/SEC.— /

N

NORN AL
LOAD FACTOR-—

NORNAAL
COMMAND LIM\T
SHunehl NELal] _EFUEVATOR
| S

\ PARALLEL [SERYVO |
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STICK FORCE CORRESPONDING TO
4'G"' STEADY [CGMMAND










