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Tablel Stored energy?®vsunit volume or unit weight

Energy Weight
) Compression data, density U, density w, Energy/lb, Wt. compared to
Material Ref. age/2 in.-lb/in.? Ib/in.3 U/w 4340 steel
Epoxy-unidirectional glass fiber 3 (95,000)(0.0165) 784 0.07 11,200 0.278
laminate 2

Epoxy-181 glass fabric laminate 4 (60,000)(0.018) 540 0.07 7710 0.403
2

7075-T6 aluminum 5 (77,000)(0.008) 308 0.101 3050 1.02
2

3 Mn titanium 6 (120,000)(0.008) 480 0.171 2800 1.11
2

[nconel X steel 7 (92,000)(0.003) 138 0.304 454 6.85
2

4340 steel 8 (220,000)(0.008) 880 0.283 3110 1.0
2

AM-350 (SCT) 9 (150,000)(0.0052) 390 0.282 1380 2.25
2

17-7 PH (TH 1050) 10 (170,000)(0.006) 510 0.276 1845 1.69
2

ZX-60A-T5 magnesium 11 (35,000)(0.006) 105 0.0695 1510 2.06
2

¢ Room temperature values.

equation U = ¢e/2 (see Table 1). For comparison, compres-
sion stress-strain diagrams®!! are used for all the examples
herein.

Energy-Weight Comparison
The maximum stored energy per pound is obtained by divid-
ing the strain-energy density U by the weight density w of
each material:

.
Specific Energy = g = mlbl%

The values are tabulated in Table 1. For the same energy
content, the results show that the no. 181 fabric epoxy
laminate is much lighter than 4340 steel heat-treated to 260,000
psi tensile ultimate. The reinforced plastic weight is 3110/
7710 = 0.403 lb to absorb the same amount of energy as 1 1b
of the 4340 steel. The last column in the table compares the
weight required to absorb the same energy as the 4340 steel.

Caution should be used in comparing the unidirectional
laminate, because it is weak in other ways, which may rule
out its practicability in some cases.

= in.-lb/lb

Conclusions

Two conclusions can be made:

1) Reinforced plastics are excellent energy absorbers and
should be considered early in any design where energy absorp-
tion is needed.

2) The use of auxiliary shock-absorbing devices may add
weight, cost, and complexity. The use of primary structure
to fulfill energy absorption requirements, as well as ordinary
load requirements, may lower weight, cost, and complexity.
Over-all system reliability may be increased as a by-product.
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Simulator Study of a Turn Procedure
for Reducing Airspace Requirements
for Supersonic Transports

Ricaarp H. Sawyer*
NASA Langley Research Center, Hampton, Va.

HE flight of the supersonic transport along airways will

differ from present jet-transport flight in the greater air-
space that is swept out in making turns at the ground-based
radio-navigation facilities which supply bearing and distance
information [Very High Frequency Omnidirectional Range,
Tactical Air Navigation (VORTAC) stations]. For example,
the turning radius for a bank angle of 30° at a Mach number
of 3.0 at cruise altitude is greater than 75 naut miles. Also,
continuation of present piloting practice of proceeding
through the zone of ambiguity created by the cone of silence
over the VORTAC station before initiating the turn will
further increase airspace usage. At cruise altitude for the
supersonic transport, the zone of ambiguity can vary from
5-25 naut miles depending on the antenna design. An in-
vestigation to-study the airspace requirements for the super-
sonic transport in making changes in heading at a VORTAC
station and to determine improved operating techniques to
reduce the airspace requirements and pilot workload has been
made and is reported.!

In this investigation, the supersonic transport was simu-
lated by a fixed-based single-place cockpit and an analog
computer arrangement. The equipment in the cockpit in-
cluded the usual aircraft controls, with the exception that a
side-arm controller was used for longitudinal and lateral con-
trol. The usual flight and navigation instrumentation was
provided, and, in addition, for some tests an oscilloscope was
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Fig. 1 Representation of calculated flight paths using
lead-turn method.

used as a horizontal situation display, with the center of the
grid representing a VORTAC station location and the course
desired indicated by a line drawn on the face of the oscillo-
scope. The instantaneous horizontal position of the aircraft
was generated by signals from the analog computer and dis-
played as a spot of light on the face of the oscilloscope. The
selected physical characteristics of the supersonic transport
programed in the analog computer represented a delta-wing
canard-type design.

Simulated test runs were initiated at a Mach number of 3.0
at an altitude of 67,000 ft on a northerly heading approxi-
mately 80 naut miles due South of the simulated VORTAC
station. The piloting procedure was to fly along the 180°
radial to the station, make the required heading change at a
specified bank angle, and terminate the run when the airplane
was stabilized on the new course. The specified heading
changes were made by using two different turn procedures.
As is typical of present piloting practice, one set of turns was
made by initiation of the turn after passing through the zone
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Fig. 2 Typical ground-track plots in turns.
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Fig. 3 Variation of maximum deviation from course with
heading change for several bank angles; conventional,
lead, and lead-scope turns.

of ambiguity over the station (conventional turns). A second
set of turns (lead turns) was made by initiation of the turn at
a predetermined slant range ! ahead of the station, ! being
calculated by

& AT\ 2 1/2
= - p— } 2
l [(gtan@ tan 5 ) 4+ h :I

! = slant range (lead distance), ft

where

V = trueairspeed, fps
g = acceleration due to gravity, 32.2 ft/sec?
® = bank angle
AV = heading change
h = altitude, ft

The flight path for such a lead turn is along the arc of a
circle which will bring the aircraft tangent to the new head-
ing. A schematic representation of the flight path showing the
ground distance y; corresponding to the slant-range-lead dis-
tance ! is shown in Fig, 1. Some lead turns were made using
the horizontal situation display (lead-scope turns). Typical
ground-track plots for the various types of turns are shown in
Fig. 2. :

The results of the investigation showed that the horizontal
airspace used depended greatly on the type of turn employed.
A comparison of the maximum distance that the aircraft de-
viated from course for both conventional and lead turns is
shown in Fig. 3. Calculated values of aircraft deviation from
course are also shown, and the agreement with experimental
values indicates that these deviations can be calculated with
sufficient accuracy. The much smaller deviations from course
for the lead-type turns compared with the conventional turns
are evident, with the deviations for lead turns for all the condi-
tions that were tested falling well within one-half of the present
high-altitude airway width.

Lead turns were also found to be preferred to conventional
turns by the pilots, primarily because of the reduced number
of maneuvers required to complete the turn. In addition,
both deviations in altitude during the turn and pilot work-
load, asindicated by the number of control motions used in the
turn, were found to be significantly less for the lead turns than
for the conventional turns. The oscilloscope used as a hori-
zontal situation display provided a means of more precise
control of the flight path for the pilot, with an attendant re-
duction in workload.
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