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The goal of the D-SEND project is to demonstrate, through flight tests, the feasibility of JAXA’'s “low
sonic boom design concept”, in which JAXA has the technical advantage over the world in
environmentally compatible technology. JAXA also aims to establish an aerial sonic boom
measurement method that could contribute to the deliberation of international standards for sonic

booms for next-generation supersonic transport currently under examination.
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» D-SEND Project

The D-SEND project is composed of the D-SEND#1
and D-SEND#2 drop tests from a large stratospheric
balloon. In D-SEND#1, two different axisymmetric
bodies were dropped and their sonic booms were
measured and compared in May of 2011. In
D-SEND#2, an experimental supersonic airplane based
on JAXA’s low sonic boom design technology is
dropped and flies. The sonic booms are measured
by microphone systems along the line of a tethered
blimp.

The Esrange Space Center in the Arctic Circle of
Sweden is the location of these drop tests.
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# Objectives of D-SEND#2

The following are the objectives of D-SEND#2.

+ Demonstrate the low sonic boom design effect at the
non-axisymmetric nose and the lifting aft-fuselage
of a 3D lifting bodly.

« Establish low boom signature acquisition technology

« Verify low boom propagation analysis technology

& Drop Test Sequence

The test sequence is as follows:

(1) Hanging upside down from the gondola of a
stratospheric balloon, the airplane is launched
and ascends to an altitude of about 30km in
order to acquire the energy of supersonic flight.

(2) The balloon with the airplane flies horizontally
until it reaches the separation area.

(3) The airplane is released from the balloon by a
command from the ground after it enters a
separation area (there are two donut-shaped
separation areas in the test zone).

(4) The airplane is accelerated by free fall to
supersonic speed, pulled up from a vertical
orientation and autonomously guided toward
one of the boom measurement systems.

(5) The airplane flies over the boom measurement
system at Mach 1.3 and a flight path angle of
50degrees in order to propagate its shock waves
vertically to the ground. On the ground, the
several microphones of the boom measurement
system capture the sonic booms.

(6) The airplane is autonomously terminated and
crashes into the test zone after it flies over the
sonic boom measurement system.

The D-SEND#2 drop test is planned for the

summer of 2013.
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Boom Measurement System Layout and Separation Areas
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Silent SuperSonic

cept Model (S3CM)

The experimental airplane called S3CM (Silent SuperSonic
Concept Model) is an unmanned supersonic glider,
and its aerodynamic shape is designed based on
JAXA's original low boom design technology concept.
The total length of the airplane is 7.913m, the wing
span is 3.510m, and the wing area is 4.891m. The total

weight is 1000kg. The rudder and stabilators (differential)
are used for flight control. After the separation from the
balloon, the flight control computer autonomously
controls all flight sequences, and the airplane flies
over the boom measurement system at design
conditions. The onboard sensors for the flight control
are an embedded GPS/INS, an air data system and a
high-accuracy Az accelerometer. The main structures
are made from aluminum alloy. The manufactured
outer shape of the main wing has a jig shape. The jig
shape is designed so that the deformed shape due to
the dynamic pressure at the time of measurement of
the sonic boom can be formed into the designed
aerodynamic shape.
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» Low Sonic Boom Design

When an airplane flies at supersonic speed, it
generates many shock waves from the nose, wing,
engine and so on. On the ground, these shock
waves have a conventional pressure signature
(N-type), which has two sudden pressure rises.
This signature has a thunder-like sound called a
sonic boom.

JAXA has been conducting R&D to halve the
intensity of the sonic boom using computational
fluid dynamic technology.

FRUBEREDIEEE NS i ECORT—LEARE
Near-field Pressure of Future SST  Low Sonic Boom Signature on
the Ground

» Design Concepts for Low
Sonic Boom

The design concepts applied to the D-SEND#2

airplane are as follows:

* Front shock tailoring by non-axisymmetrical nose

« Aft shock tailoring by lifting aft-fuselage

*Low-drag/low-boom wing by multi-objective
optimization

«Inversely cambered stabilator for low-boom and
trim characteristics

% ENRERETC R DEES / BT —LFE

Low-drag / Low-boom Wing by

Multi-objective Optimization
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&Y Zw o= / Low Sonic Boom Signature
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A low-frequency microphone on the tethered line of
a blimp is held at an altitude of 750m in order to
avoid the influence of the atmospheric turbulence
near the ground. In addition, other microphones are
installed between the ground and the blimp to
measure the sonic boom signature as it changes in
altitude as well as to obtain meteorological data,
such as the temperature etc., at the ground and at
the level of the blimp. The function tests of the
boom measurement system (ABBA Test) were
conducted using a Swedish Gripen fighter at the
Vidsel test range in Sweden. In D-SEND#1, this
system successfully captured clear sonic booms.
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Japan Aerospace Exploration Agency
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The balloon system is co
stratospheric balloon, whic
altitude of about 30km (helium gas) gondola
carrying the mechanism for holding and separating
the airplane as well as the battery for it, the balloon
operation system on-board unit in addition to a
parachute for making the gondola gradually
descend after the test. The total weight including
the airplane (1000kg) is about 3.6tons.

The launch is performed by the dynamic launch
method using a self-propelled crane (Hercules).
The balloon trajectory depends on the wind profile
and temperature. Therefore the launch date is
determined by balloon trajectory predictions with
the use of daily meteorological forecasting data.
After the launch, the trajectory can be changed by
adjusting the ascent velocity (by removing helium
gas or dropping the ballast).

The preparation of this balloon system and its
operation are performed by the Swedish Space
Corporation (SSC).

KUERIEEK / Balloon Launch Operation
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