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1. Objective

As the first step to establish the “Vertical Landing Technology Using Rocket Engines,” one of
the common technological tasks necessary for realizing “Reusable Rockets” and “Lunar and
Planetary Landing Vehicle,” the “Takeoff and Landing Flight Experiment” on the ground are
planned.
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2. Guidelines for Examining the Concept of the Experiments

2.1. Objectives of the Experiment

The “Winged” and “Vertical Soft Landing” modes are currently considered possible as
returning modes for “Reusable Rockets”; with the examination of the former having far
advanced in the course of the “HOPE Experiment,” the present research focuses on the “Latter”
and is demonstrating its superiority in mass freight transportation. In the United States also, the
operation modes for “Vertical Takeoff and Landing” are being verified as flight testing of the
“Delta Clipper” makes progress.

On the other hand, the “Vertical Soft Landing Technology” is a landing means in common
use for the “Lunar Landing and Probing” which will provide an important step toward space
development. It is necessary, therefore, for Japan to demonstrate and acquire this technology at
an early stage.

Although conditions to be simulated differ, depending on whether or not the atmosphere is
present and how heavy the experimental machine is, it is considered possible to demonstrate
through flight tests in the earth environment basic technological problems including
deceleration, hovering, descent, and soft landing; therefore, it is not always necessary to plan
direct simulations.

Based on the factors mentioned above, the objectives of the present experiment have been
decided as described below. Although the “Engine Thrust Control Technology” and some other
items contain portions that can be verified through engine unit tests, the present experiment aims
ultimately at actually verifying the system consistency by combining all systems and
simultaneously at acquiring the ground data for reviewing the reasonable allocation of the
technological risk margin for all systems.

Acquisition of the engine thrust control technology
Confirmation of design techniques for thrust controlled engines
Confirmation of operating methods for thrust controlled engines
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(2) Acquisition
Confirmation of the interference prevention design method
Confirmation of the method for compensating for individual differences and alignment
(3) Acquisition of the soft landing guidance technology
Confirmation of the design technique for vertical takeoff and landing guidance and control
principles
Evaluation of the vertical takeoff and landing guidance and control technology using
variable thrust engines
(4) Acquisition of the propellant surface control technology
(5) Confirmation of the ground effect
(6) Confirmation of the flame protection method
(7) Confirmation of the landing gear design technique
(7) Confirmation of the ground operation method
(9) Confirmation of reuse operation method

(10) Verification of the consistency of the entire takeoff and landing systems

f other problems with thrust controlled engines

LA M S -
f the engine cluster technology
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The results obtained from the activities enumerated above are expected to help conduct the
concept design for the “Reusable Rockets” and “Lunar Landing Vehicle.” Fig. 2. 1-1

-2
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2.2. The precondition for examining the concept of experiment
The following items are preconditions for embodying the concept of the experiment. These
preconditions could be revised as the examination progresses.

(Time for the experiment)
The flight experiment will be conceptualized with a view to executing it within a three year
time frame.
(Cost for the experiment)
The objective experiment cost is the cumulative total of the research budget for three years.
(Site for experiment)

A domestic site where security distance can be secured and no problem with environmental
preservation occurs is the current precondition for selecting a site for the experiment; however,
an overseas site may be considered as the situation develops.

(Technological level)

The existing technologies within the country are put together for the present takeoff and
landing experiment. The introduction of new technologies should be avoided except those
associated with the objectives of the experiment.

(Equipment Configuration)

Products that have already been developed or commercially available products should be used

as devices and equipment for the experiment as far as possible. :
(Significance of the devices and equipment used)

The purpose of the present experiment is to acquire technologies that can be reflected in
future activities, such as the confirmation of a design technique; it is not necessarily the purpose
of the present experiment to evaluate devices and equipment to be used for a subsequent plan.

(Cost reduction)

In order to reduce the cost for the experiment, products that have already been developed and

those that have been retained shouid be used as ext@nswe%y as possible.

.

N nropng syerdiiintal
(LVETSEAS Proqucis)
Overseas products may be used provided that details of the associated technologies are
fabricated public

(Propulsion system)

A rocket engine with variable thrust function is ¢
anding. The current ; ;f,gamﬁmn is that a gas pressure two-fluid propulsion system, which has
already been developed, be employed for the main propulsion system.

(Simulation of the lunar environment)

Simulating the “lunar gravity” is not intended.
(Aerodynamic control)

Sifﬁtﬁafmg i‘f'}e aerodynamic control is not intended.
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on remote piloting.
(Weight control)
Marginal design aiming at weight reduction is excluded as much as possibie.
(Ground equipment)
The ground equipment should be minimal and portable.

This document is provided by JAXA.




2.3. Preconditions for Mission

Of the technologies required to realize “Reusable Rockets” and “Lunar and Planetary Landing
Vehicle,” common technologies concerning “Vertical Takeoff and Landing” are demonstrated as
far as possible, with associated problems being identified.

{Takeoff)
The vehicle lifts by self-propulsion.
(Self-contained control)

The position, attitude, and velocity of the vehicle can be controlled by the self-contained

conirol of onboard equipment in the entire flight domain.
(Landing method)
The landing method consists of automatic vertical soft landing with use of rocket engines and
does not, as a rule, rely on ground support equipment.
(Flight altitude)
More than 100 m; flight in the visible range is the current precondition for flight altitude.
(Flight distance)
Not specified
(Hovering and moving)
The vehicle is capable of hovering and low Ve}oczty lateral movement to simulate obstacles
evading flight in the future.
(Flight time)
About 60[s] including hovering ti
(Flight pattern)
Fig.2.2-1 shows the draft flight pattern to be flown.
(Data acquisition)

The data to be acquired consist of information concerning the position, attitude, and velocity,
control output signals, pressure values, and data from various parts; these data should be capao}e
of being transmitted to the ground in real time by a telemeter system. :

(Reusability)

The present experimental vehicle is capable of repeated

replacing major parts.
(Emergency landing)
The present experimental vehicle is capable of making emergency landing on unleveled

than 10 times without

.

tlight not less

4. Preconditions for Systems

The system meets the mission requiremnents. The details and additional function requirements
are given as follows:

(Overall structure and configuration)

I Not less than three

shock absorbing landing gears are installed on the periphery not only to prevent the component

evices from being in direct contact with the ground but also to secure clearance between the
main propulsion unit outlet and the ground.

i”r‘n‘ 1 heioht STO8s B IGY’Y!"“’\
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In order to facilitate handling, the total height is limited to 5[m] and the gross weight to 1{T].

(Ground equipment interface)
The structure system, heat control system, propulsion system and slectr:ic power system are

interfaced directly with the general purpose portable ground equipmen

A Fomm b gt ta g
A freestanding structure using truss construction is the precondition.
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2.5. Preconditions for Subsystems

2.5.1. Propulsion System
(Main propulsion system)
Adoption of a gas pressure two-{luid propulsion system is the preconchtion eziher a single or
multiple combustion chambers are provided.
(Thrust control system)
The main propulsion system permits an adjustment of thrust by not more than 60[%] (T.B.D.).
(Tank system)
The feed line is provided with a flowmeter. The level gauge is installed as required.
(Attitude control system)
The attitude is controlled by the gas jet, main propulsion control, or main thrust direction
control (gimbal) as required, either singly or in combination.

2.5.2. Structure
(Overall structure)
The system is provided with a hoisting mechanism for transportation and transfer.
(Landing gear)

The landing gears are provided with shock absorbers that can be used repeatedly and
withstand the gross static weight. The landing point is basically supposed to be a leveled
ground; with the possibility of landing on a sandy ground being taken into account, however, the
ground striking portion has a structure to allow the vehicle to keep its attitude.

(Thrust support structure) :

Not specified.

2.5.3. Thermal Control System
(Flame protection)
To provide protection against flame caused by the reverse jetting at the time of landing,
sections of the vehicle requiring flame protection are proviaed with thermal insulation.

2.5.4. Navigation Guidance and Control System
(Navigation)
The vehicle has a function to implement composite navigation combining IMU and RA

£.23

Kxaﬂif\ Aailﬁ@%,& R dopﬁ'oﬁ of a speedometer will be considered as the examination of the

f\bwdanc ‘5

The guidance command can be outputted that enables the vehicle to follow a predetermined
flight profile; the effect of wind is taken into consideration in carying out the experiment.

(Control)

(System management)
The function to perform sequence control, input/output management, data management,
performance monitoring, and ground inspection is provided.

’7 S !“nmm ini nq"lnre Q ICh’—‘xﬂ

(Communications sqmpment)
T.B.D.

(Antenna System)
T.B.D.

(Commanded destruction system)
T.B.D.

2.5.6. Power Supply System
(Battery) T.B.D.
(Power distribution board) T.B.D.
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2.6. Preconditions for Operations

The “Operational Stage” is defined as one beginning with carrying in of the equipment to the
experiment site and ending with withdrawal of the equipment therefrom; the requirements for
this stage are stated as follows:

(Operational requirements)

Operations of the vehicle can be performed by a team of about 10 persons. In addition, under
the normal condition, inspections to be performed within three days between one operation and
another enable repeated operations of the vehicle.

(Conservation requirements)

After undergoing nondestructive inspection, the vehicle is reusable. The design of the vehicle
minimizes disassembly for inspection. No permanent building is required for housing the
vehicle.

(Reliability requirements)

The reliability required of the vehicle is the same as that required of ordinary experimental

vehicles; as a rule, redundant design is not employed
(Safety requirements)

For the occurrence of predicted troubles, modes in which damage occurs and the extent of the
damage should be predicted. The vehicle should be, as far as possible, recovered by using a
parachute and the like. Equ;ppmg the vehicle with a commanded destruction device is to be

considered as Y@q&;f@d
!pﬁ‘\/f ronmental m‘eservﬁhgn\
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For the occurrence of predicted troubles, the degree, extent, and effects of environmental
poliution should be predicted.

2.7. Criteria for Selecting the Experiment Site
On the assumption that a two-fluid propellant is used, the criteria for selecting an experiment
site are as follows:
(Safety distance)
The safety distance meets the requirements set by AFR-1
(Impact dispersion area)
The experiment site makes it possible to set the impact dispersion area on land.
(Propellant diffusion area)
Emergency diffusion of propellant does not exert fatal impact on organisms in the vicinity.
{ (Weather )
On the assumption that operations of the experimental vehicle are performed outdoors, an
experiment site with smaller precipitation is desirable.
(Water supply)
Water supply for cooling, sprinkling, and fire-fighting purposes is available.
(Transportation)
To minimize work on the site, the vehicle allows itself to be carried in the experiment sii
without being disassembiled.
(Other requirements)
T.B.D.
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FY 2005
* Re-entry technology

FY 1997 s : "
Reusabl . * Aerodynamic control
— sable roc achnaloos
Takeoff and landing > Reusable rocket technology
experiment
* Soft landing
technology FY 2000
* Engine control )
technology Experimental lunar
landing

* Downsizing and _
weight reduction =

* Measures to cope with Op
the 1/6G environment

* Measures to cope with
the heat and vacuum
environment

* Improvement of
reliability

* Obstacles detecting
function

Fig.2.1-1 Technology-reflecting Scenario (draft)

This document is provided by JAXA.



(uxsyyed Jy3iy Peip) spuouuaambayy GOISSOA T-7°7 8L

¢ daig 7 daig 1 doyg
\ punoIn
SuroaoH
..................................................... 2N N
mz%‘,_”mmw s L
A wOOT PPMALY
WSy SuLISACY] Sunoaoyy ‘adg.L
Surpy
—

This document is provided by JAXA.



3. Examination of Missions

3.1. Mission Requirements

The vehicle is capable of performing multiple flights in order to demonstrate the vertical
landing technology, one of those required of lunar landing vehicles and reusable boosters. In
principle, it is sufficient for the purpose of this experiment for the vehicle to be capable of
performing transition from the state of having both the vertical and the horizontal velocity
component, via halt in the air and hovering, to soft landing.

More specifically, the vehicle is capable of performing multiple flights to allow the following
items to be confirmed:
(A) Propulsion system

(a) Engine thrust control technology

(b) Reusable engine

(¢) Thermal and fluid dynamic characteristics during reverse jetting

(d) Propellant surface control technology (liquid level monitoring, rocking prevention, and the

like)

(e) Engine cluster technology
(B) Navigation guidance and control system ;

(a) Automatic guidance and control technology

(b) Control characteristics during reverse jetting
(C) Landing system

(a) Landing gear technology (shock absorbing, prevention of overturning)
(D) Thermal control system

(a) Landing flame protection technology

This document is provided by JAXA.




3.2. Mission Design
(A) Hlight Phase

A flight consists of the four phases that follow:

(a)Ascent phase

(b)Descent phase

(c)Hovering phase

(d)Soft landing phase

Fig.3.2-1
(B) Flight pattern

The vehicle is put to the flight experiment corresponding to each of Steps 1 though 4 shown in
Fig.2.2., in that order. To be more specifically, the ultimate goal is performing the flight
transition from the state having both the vertical and the horizontal velocity component, via halt
in the air and hovering, to soft landing. See Fig.3.2-2.
(C) Reusability

The reusability is focused on. The vehicle is capable of flying 10 times without replacing
parts.
(D) Takeoff and landing ground

The takeoff and landing ground requires a concrete-paved area of about 100[m]x 100[m];
depending on the circumstances, steel plates may be laid to secure necessary areas. In addition, a
flat security zone extending at least 100 [m] from the outside edges of the ground is-required.

Takeoff and landing are performed on a flat ground.

The takeoff and landing ground is, as a rule, paved; however, depending on the
circumstances, a sandy lot may be used.
(E) Landing precision (T.B.D.)

The landing precision is of the same order as that of the DC-X, with the following figures
taken as the objective:

-

Position error: Within 45[m] of the objective landing point
Velocity error: Horizontal Within 1.5[m/s]

Vertical 0.6[m/s]
Attitude angle error: Not more than 0.6[deg]

Attitude angular velocity error: Not more than (T.B.D.)

£, 11

The G@Sigﬁ conditions for the ;anwng gear arc as 101iows.

Velocity error: Horizontal Within 3.0{m/s]
Vertical ~ Within 0.7[m/s]
Attitude angle error: Not more than 5 aaegi
\ttitude angular velocity error: Not more than (T.B.D.)
-10 -
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4. Examination of the Systems

4.1. System Requirements
In addition to the general items described in 2.4 Preconditions for Systems, the following

items have been considered:

(a) Superior maintainability;

{b) Shorter turnarocund time;

(¢) The experimental vehicle can easily be transported from the landing point to the takeoff
point by means of a crane or the like;

(d) The possibility of transporting the experimental vehicle to the takeoff and landing test site by
land or sea is considered.

_17-
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4.2. System Design

4.2.1. Engines, Number of Engines, Configuration, Gross Mass, and Structural Mass

The results of the examination of the draft system design for the experimental vehicle are
shown below.

The number of engines are reduced to reduce the development risk and development cost.
For this reason, two J-1 rocket external vernier engines (EVE: External Vernier Engine) are
used.

(Preconditions for examination)

The candidate engine is a gas pressure engine using storable propellant and one for which the
degree of completion is likely to be confirmed during the fiscal 1994; Refer to Table 4.2.1-1.

With the items below (a) through (e) taken into account, the engines, number of engines,
configuration, gross mass, and structural mass were determined:

(a) The vehicle is capable of takeoff, braked drop from a position with an altitude of about
200[m] to a position with an altitude of about 100[m], hovering at a position with altitude of
100[{m], and soft landing.

(b) An engine with a larger thrust is favorable because a fewer number of engines allows the
experimental vehicle to be configured.

{¢) The throttling feature is required for soft landing.

(d) Nozzles exiension matching the atmospheric pressure are needed.

(e) To minimize the development risk and development period, an engine already developed is

preferable.

(Results of examination)
The gross mass is decided on 541{kg] and the structural mass on 417{kg]
The vehicle is equipped with two J-1EVE.

~ +1 s

Both engines have the throttling {unction.

4.2.2. Overall Configuration
* The two engines are installed on the bottom;

* The two tanks are vertically installed.
Refer to | E:GQ 4.22-1and 4.2.2-2.
A) Oxidant tank and fuel tank
J
Regardino the relative ﬂ:}q!ﬁ{\n of the NTO tank Qﬁ{i e N2H4d tank a hic}"m‘ deoree of

B 93 2445 SieinJa LGN il (9 81 veL Y

dynamic stability is obtained with the NTO, which has a higher density, mstaile@ above;

(B) Electric and electronic equipment

]

To alleviate the effect of vibration and heat from the engines, electric and electronic
equipment is installed as far away from the engines as possible

4.2.3. System Configuration and Distribution of Weight and Electric Power

See Table 4.2.3-1.

The system configuration and distribution of weight and electric power are determined by
referring to those for lunar landing vehicles and reusable boosters.
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4.2.4. Items Concerning the Attitude Control (center of gravity, moment of inertia, product of
inertia, RCS arrangement, gimbal mechanism, and so forth)

4.2.4.1. Center of Gravity, Moment of Inertia, and Product of Inertia
Values for the center of gravity, moment of inertia, and product of inertia are given by the
overall arrangement described in Paragraph 4.2.2. as follows:

Dry Wet (maximum)
Center of Gravity X [cm] 85 83
Y [cm] 0 0
Z fcm] 0 0o
Moment of Inertia Ixx  [kgm2] 95 100
Iyy [kgm?2] 350 380
Izz [kgm?2] 350 380
Product of Inertia Ixy [kgm?2] 0 0
Iyz [kgm?2] 0 0
fzx [kgm?2] 0 0

4.2.4.2. Atitude Control Methods

As is shown below, a few options for attitude control are available.

(a) Gimbal mechanism (with two 2-axis units)

(b) Gimbal mechanism (with two 1-axis units)

(c) RCSx4

With Option (a), a gimbal mechanism alone is capable of controlling all of rolling, pitching,
and yawing; however, the yawing control could functionally become redundant because there is
a possibility of the yawing motion being controlled by the thrust differential control,

With Option (b), a gimbal mechanism alone can principally control all of roiling, piiching,
and yawing; regarding the yaw control, however, there is a possibility of the vehicle being
overturned against strong cross wind if the variable thrust response speed is too small or the
thrust/weight ratio is too small.

With Option {c), dupizcauon of pitch control thrusters could reduce the control force; in
d i§ S 1e

addition, the attitude control speed cannot be increased much, a

handle the deviation of the airframe cen‘ésr of gravity.
With ﬁm?hagés piacea on e ¢

the pnmarv option; howev 1, the results of future detailed analysis of contro}labzhty may lead 1o

3
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The inclination of the airframe axis against disturbances is kept within
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4.2.4.4. Responsiveness Requirements
(a) Gimbaling requirements (T.B.D.)
Gimbaling angular velocity (T.B.D.)

Delay time : {(T.B.D)
(b) Throttling requirements

Throttling changing rate (T.B.D.)

Delay time (T.B.D.)

4.2.5. Requirements for Velocity/Attitude at the Time of Landing
(a) Horizontal velocity/attitude angle
Fig.4.2.5-1 shows the maximum horizontal velocity for the airframe not to be overturned
which is obtained under the condition in which the airframe angular velocity immediately before
striking is assumed to be zero. With a 25% margin added to the results obtained, the horizontal
velocity and inclination of the airframe axis are set at the following values:
When the inclination of the airframe axis is assumed to be 5[deg] at the maximum, the
horizontal velocity is not more than 0.7[m/s]; and
When the inclination of the airframe axis is assumed to be 1[deg] at the maximum, the
horizontal velocity is not more than 1.0[m/s].
(b) Horizontal velocity/angular velocity
Fig.4.2.5-2 shows the maximum horizontal velocity for the airframe not to be overturned
which is obtained under the condition in which the inclination of the airframe axis immediately
before striking is assumed to be zero. With a 25% margin added to the results obtained, the
horizontal velocity and airframe angular velocity are set at the following values:
When the horizontal velocity is assumed to be 0.7{m/s] at the maximum, the pitch/yaw
angular velocity is not more than 45[deg/s]; and
When the horizontal velocity is assumed to be 1.0[m/s] at the maximum, the pitch/yaw

IR P io s

PRSI Py - . P NPT « I P PO e |
angular velocity is not more than s{dcg/s].

4.2.6. Aerodynamic Effects (T.B.D.)

From the technological and cost viewpoint, the flying velocity of the experimental vehicle is
limited so that aerodynamic fairing may not be necessary and the flight pattern is modeled after
that of a lunar landing vehicle.

Flying velocity About 20[m/s]
Approximate aerodynamic center -~ About 10[cm] above the center of the gravity

However, the vehicle is designed so as to be capable of responding properly to gusts.

4.2.7. Reusability
The combustor is capable of being used over 20 times.
The tank is capable of being used over 50 times.

'k H Y v Y ¢ ]
e life of the air reservoir is determined depending on the maximum working pressure.

PN S AV § 5 QWL W S5 § L) S 5 S S W AN § 1.. \_LVEJE/LL i
1

The thermal protection is used over 10 times.

4.2.8. Electric Equipment System
Fig.4.2.8-1
Fig.4.2.8-2

4.2.9. System Ratings

Table 4.2.9-1

Fig.4.2.9-1

The equipment and the systems are not redundantly configured except the emergency
command system (engine stop command/forced descent in an emergency)
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4.2.10. Ground Interfaces
Main Interfaces:

Structure system Hard point (for sling/handling)

Thermal control system  Air conditioning (for onboard electronic and electric equipment) inlet
and outlet

Propulsion system Fuel load/unload openings

Oxidant load/unload openings
Pressure gas charge/discharge openings
Function checkout
Navigation guidance and Function checkout T Communications umbilical
control system J
Communications system  Function checkout
Electric power system Charging of the onboard battery i Power umbilical
Supply from external power supply—

* QOuter dimension
Total height 325cm
Total width 140cm
Alirframe diameter 110cm
* Structural mass  417kg

* (Gross mass 541kg

Propellant mass  124kg

NTO 60kg

NH, 60kg

GHe dkg
* Average electric power 1149W (Nominal), 1846W (Peak)
* Umbilical line/external interface
1) Air conditioning duct Ipc. GL+2.5m
2) Air conditioning outlet 2 pes. GL+1.3m
3) Pressure gas charge inlet Ipc. GL+1.5m
4)Pressure gas discharge outlet 2 pes. GL+1.5m
5) Hydrazme charge inlet Ipc. GL+1.5m
6)NTO charge inlet 1pc. GL+1.5m
7)Hydrazine discharge outlet 3 pcs. GL+1.5m
8)NTO discharge outlet 2 pcs. GL+1.5m

9)Signal and electric power umbilical 1 pc. GL+2.0m

(All of these items are manually removed before launching.)

* With the surface shell removed, access to the entire periphery of the airframe is secured using
a platform for servicing the airframe.
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4.3. Systems Analysis
Tentative Examination of Flight Capability/Flight Performance
(a) Vertical/horizontal flight capability
Fig.4.3-1
(b) Hovering flight capability
Fig.4.3-2
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0: Origin
L1: Distance from the engine
mounting plane to the center
- of gravity
/N L2: Distance from the engine
mounting point to the roll axis

T1: Thrust of No.1 engine
T2: Thrust of No.2 engine

P1: Gimbal angle in the pitch
direction of No.1 engine
6 Y1: Gimbal angle in the yaw
I A direction of No.1 engine
& G P2: Gimbal angle in the piich

h 54 Vibe AT [o TP : -~
direction of No.2 engine

\ 8 Y2: Gimbal angle in the yaw

Fig.4.2.2-1 Airframe model image (two-axis gimbal)
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An option for discussion

7

Alr accumulator

== "Quter diameter 1000mm phi

Truss tbe

g

\ I~~Center of gravity

==

A;\)\ Quter diameter {100mm phi
\

W
\\.\

e

P

. \) ~— Landing gear (telescopic type)

gine (gimbal ) &
1
1LY

|
R ; o
About 1.36m (length of a side)

About 1.92m (length of a diagonal)

Fig.4.2.2-2 Overall arrangement
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Table 4.2.9-1 Outline of the system

(A) Weight Gross mass 5411kg]
Structural mass  417[kg]

(B) Propulsion system

Engine
Number of engines installed 2
Propellant NTO/N2H4
Thrust F= not less than 280[kgf] at SL.
Specific impulse Isp=not less than 200[s] at SL
Throttling capacity 60 - 100[%] (for both engines)
Total thrust range 560[kgf] (both engines at
100% thrust)
336[kgf] (both engines at 60%
thrust)
Gimbeal 2 axis for both engines
Equipped with no RCS

(C) Airframe outer dimension | Overall height 3.3[m]
Overall width 1.4[m]
(with the stationary state landing gear spacing)
Airframe diameter 1.1[m]
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5. Examination of Subsystems

Propulsion system
tructure system
Heat control system
Navigation guidance and control system
Communications system
Power supply system

The following are the results of the examinations fabricated on the subsystems enumerated
above:
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5.1 Propulsion System

5.1.1 Development Policies

The development policies for the takeoff and landing experimental vehicle are as follows:
(1) Attempts to modularize the propulsion system (shortening of the development phase, cost
reduction, and improvement of maintainability);
(2) Maximum utilization of divertible components from among those that have been already used
as development test models and the like for development programs of other rockets and
satellites (cost reduction);
(3) Maximum utilization of consumer use components that are proven in facility applications to
bypass the development and test of components as a rule (cost reduction);
(4) Use of proven components in high pressure sections such as the pressure feed system (risk
reduction);
(5) Vibration tests at the component and the subsystem level are not conducted but verification is
fabricated through CFT (cost reduction); ‘
(6) Sufficient consideration is given to workability in loading and unloading propellant
(maintainability).

5.1.2 Required Specifications
(1) Preconditions
Two main engines forJ-1 EVE are used.-
Basic ratings of J-1 EVE
Propellant NTO/N2H4
(2) Required specifications
After the systems examination, the specifications required of the propulsion system for the
vertical takeoff and landing experimental vehicle have been decided on as follows:
Thrust 560 - 336 [Kgf] (for 2 engines, at sea level)
Responsiveness not more than 0.7s

{tiimmn o vmrstirord Foemtha nhamen fenne o therat A5 &40 04 32 FIF ~F1)
(time required for the change {rom a thrust of 560 to 336[Kgf])
F i A H ie Ty f it
Gimbal Angle not less than +7[deg]

Angular velocity not less than 6{deg/s]
Environmenial conditions In direction of the airframe axis 3G

fie i1
€

t
In the direction perpendicular to the airframe axis
S

E;;
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5.13 Examination of the Propulsion System
(1) Configuration of the propulsion system

The pressure control method, which forms the basis of the throtiling engine system now being
developed, is adopted and additionally provided with the gimbal function. Table 5.1-1 shows the

configuration and functions of the propulsion system.

(2) Overall arrangement

Fig.5.1-1 shows the overall appearance of the propulsion system built up on the basis of the
following points:
(a) Attempts to modularize the propulsion system. (adjusting and testing the operations of the
propulsion system alone by using CFT is required; it is also required to develop the propulsion
system mounting structure at the same time.)
(b) Convenience in assembling the propulsion system
(¢) Important components such as the tank and flow control valves are not mounted on the
engine mount plane.

The overall arrangement depends on the tank arrangement greatly; Table 5.1-2 shows the
results of the trade-off between the number of propellant tanks and their arrangement; on the
basis of the results, the arrangement of 2 tanks placed in tandem has been adopted.

(3) System diagram

Fig.5.1-2 shows the system diagram for the
i

Y h £
propulsion
the maintainability in loading and unioading the propellant.

(4) Electric system for the propulsion system

Fig.5.1-3 provides a functional block diagram for the eleciric system for the propulsion
system. The controller system has an interface function with the propulsion system, navigation
guidance and control system, and measurement and communications system; the vertical takeoff
and landing experimental vehicle is the first to be equipped with a controller including the thrust

trnl A ocimhal trenl ] t 1 1 1 T
control and gimbal control functions. The flow control valve driver and gimbal actuator driver
s

add to the vehicle weight if used as they are, some modification is added to them to reduce their
weight.
(5) Mass characteristics

Tahle 51.3
i i-3

Qe oS
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(6) Power consumption
Table 5.1-4 shows the summation of the power consumption; it is allowable power
consumption from the viewpoint of systems operation.
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5.1.4. Specifications for the Propulsion System
The propulsion system is equipped with 2 engines.

5.1.4.1. Pressurizing System
Requirements: The pressurizing system is capable of supplying gas to the tank pressuring and
pneumatic mechanisms.
Because the system’s pressure is high, the HYFLEX pressure control valves are used to
reduce risk and cost.
For the accumulator, EM items of COMETS/UPS are diverted.
Capacity : 57.9[1]
Initial charging pressure  : 140[kgf/cm2a] (T.B.D.)

5.1.4.2. Tank System
Requirements:

The tank system has a propellant retaining function.
Examination:

A Ti alloy tank is used for NTO and N2H4 each.

To fabricate the tanks, the superplasticity (SPF) method, which has been proven in the
fabrication of the tanks for H-2G/J, is used to reduce cost. Although a higher safety factor is
desirable, it seems that a safety factor value of 2 is sufficiently consistent with a life of 50 times
and the weight reduction requirement. Because the High Pressure Gas Regulation is applicable,

&
canrdination T he authorities concerned becomes necessary
coordination with the authorities concerned becomes necessary.

Fig.5.1-4
Materials Ti-6Al-4V
Configuration  Bare tank
Baffle plate
Aireddy prevention plate
Diffuser

5.1.4.3. Engine System
Requirements: The engin

- -

Engines equivalent to the combustor for J-1 EVE are used.

Number of engines 2

Isp not less than 200(s] at SL. Refer to Fig.5.1-5.

Thrust not less than 280[kgf] at SL. Referto Fig 5.1-6.

The nozzle extension ratio is determined so that the gas expands in an optimum condition at
an atmospheric pressure of 1[kgf/cm2a]

e=20(TBD)
Throttling

The thrust is controlled by changing the flow rate of the propellant with the flow control
valve. By giving feedback on the combustion pressure, the 2 flow control valves on the fuel and
the oxidizer line are properly controlled.

Fig.5.1-7

Fig.5.1-8

Fig.5.1-9

Life
In the order of 90(s] x 20 times (T.B.D.)
Misalignment T.B.D.
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5.1.4.4. Gimbal System
Requirements: The gimbal system has speeds of response required to cancel acrodynamic
misalignments and shift in the center of gravity and to control the airframe actively.

Configuration  Engine gimbal assembly I set

Motor-operated actuator 2 sets
Engine gimbal mount I set
Actuator driver I set
Required ratings for the gimbal actuator
Gimbal

Type of gimbal Pivot ball mount type

Maximum gimbal angle | £7[deg]

Gimbal velocity 6[degl/s

Fig.5.1-10

5.1.4.5. Safety System

Should an abnormality occur to the experimental vehicle in some way or other, the safety
system is capable of securing safety of the surrounding environment and facilities.

The propuismﬁ system controller interfaced directly with the telemetry command system

makes it possible for commands from the ground to cause the propellant valve or flow control
4 1 o -
valve to be shut off to shut d ‘th engine.
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5.1.5 Assembling and Testing of the Propulsion System

Fig.5.1-11 shows the flow in the assembling and testing of the propulsion system. In order to
reduce cost, subsystem tests are not conducted; tests are conducted on the entire propulsion
system only.
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5.1.6 Development Plan and Component Procurement Method for the Propulsion System

Table 5.1-5 shows the development plan for the propulsion system; Table 5.1-6 shows the
component procurement method for the propulsion system.

Regarding the technology acquisition for the propulsion system, the throttling technology is to
be acquired through the throttling combustion test using an engine while the 2-engine throttling
and the cluster technologies are to be acquired through the cluster combustion test to be
performed in the fiscal 1996. The propulsion system for the vertical takeoff and landing
experimental vehicle will be developed on the basis of the technologies mentioned above that
help reduce development risk.

To reduce cost, in addition, the components for the throttling combustion and cluster
combustion tests are diverted, as extensively as possible, to the vertical takeoff and landing
experimental vehicle.
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Pressurizing system

Gea v @ e sovmw > ez e @ e el Sm e @ e s e mew e ems e

: M Electronic equipment

— Tank system

Fig.5.1-1 Overall appearance of the propulsion system
(Ground Test Configuration)
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Table 5.1-2 Results of the trade-off between the number of propellant tanks and their
arrangement

Tandem Horizontal opposed position | Horizontal opposed position

Trade-off it : -
race-ott riems (fabricated of Ti alloy) (fabricated of Ti alloy) (fabricated of Al alloy)

Arrangement/number @ Cb

|

2 tanks 4 tanks 4 tanks
- —4 V- P -4V  Alalloy 2
gjzrtgﬁaatlﬂzéi’gtgi the Ti-6A1—-4V|O|Ti-BA1-4 O (compatibility with NTO
;0 cllant Performance proven Performance proven under the condition of a
prop long period of use)
Compared with the system
. . . O using only 2 tanks, the FAN A
Weight Light weight weight is slightly heavier. (by) The same as the left
several kilograms due to
" addition of the weight of
accessories such as tabs.)
* Deviation of the center YVes (1 9 Yes (small ? Yes (small 7
of gravity (vertical) es (large ) 4 es (small 7) 0 ( ) ©
* Deviation of the center N
. . No No N
of gravity (horizontal) O ° O
. Small 0O Large A Large
* Deviation of the (movement of the fluid (movement of the fluid
center of gravity between the tanks) between the tanks)

il

inclination of the

(caused by the

airframe)
The restoring force generated ?
. : Large . "
O {(movement of the fluid FAN . A
. between the tanks) . Large
. Small between the tanks) .
Quantlt){ of (the portion of the (movement of the fluid
inoperative | propellant stuck ¢o the between the tanks)
propellant tank is 1.25 times more.)
. ((the mixing of gas into
-1 the propellant due to
. inclination increases the
portion stuck.)
Position of the center of io A 'S Low O
; ¢ High A O Low O
gravity of the airframe Low
‘ O Necessary 1A Necessary A
Pressure adjustment
b ctween t.h o tanks Not necessary The same as the left
(discharging
characteristics of the
propellant)
Overall evaluation O X X

(Note) Although the satellite use propulsion system uses multiple tanks, sufficient measures to
counter the problems described above have been taken.

* Depends on the position of the center of gravity.
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Propellant valve
Temperature sensor
Pressure sensor

Flowmeter

Fig.5.1-2 System @%&gmm
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Calculation of the optimum expansion ratio for J-1 EVE combustor

Pc = 9[kgf/cm?]
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Fig.5.1-5 Nozzle expansion ratio ¢

Calculation of the optimum expansion ratic for J-1 EVE combustor

Pc = 9fkgf/cm?]
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Thrust requirement
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Fig.5.1-7 Functional configuration of the thrust control system
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Table 5.1-6(1/2) Component procurement method

Procurement

Subsystem Subsystem Component uanty Past history!
method
Propulsion | Pressurizing Diversion
Al 1 :
system system ccumulator (SFT2) COMETS
High-pressure pressure sensor 1 Purchase HYFLEX
High-pressure charge/discharge valve 1 Purchase HYFLEX
High-pressure isolation valve 1 Purchase HYFLEX
Temperature sensor i Purchase HYFLEX
High-pressure filter 1 Purchase HYFLEX
Pressure control valve 1 Purchase HYFLEX
Safety valve 1 Purchase
Check valve i Purchase
Pressurizing isolation valve 1 Purchase
Feed line 1set Manufacture
Bracket 1set Manufacture
Harness 1 set Manufacture
Fasteners Purchase
Tank system Ouidizer tank 1 Manufacture
Fuel tank 1 Manufacture
Temperature sensor 2 Purchase
Diversion of components
Low pressure sensor 2 used for the throttling
combustion test
. ) Diversion of components
Exhaust vaive 2 used for the throttling
combustion test
Diversion of components
Load/unload valve 2 used for the throttling
combustion test
. . Diversion of components
Manual isolation valve 4 used for the throttling
combustion test
. Diversion of components
Flowmeter 2 used for the throttling
cormbustion test
Main propeliant feed line 1set Manufacture
Bracket 1 set Manufacture
Harness Iset | Manufacture
Fasteners 1set Purchase
Thrust control gl 5 Diversion of components
Regulating valve 4 used for the cluster
system ot
combustion test
Diversion of components
Filter 4 used for the cluster
combustion test
. Diversion of components
Discharge valve 4 used for the cluster
combustion test
Bracket 1 set Manufacture
Harness iset Manufacture
Fasteners 1 set Purchase

a. Throttling combustion test to be conducted in the fiscal 1994
b. Cluster combustion test to be conducted in the fiscal 1995
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Table 5.1-6(2/2) Component procurement method

Engine system Engine Diversion of components
& Y 8 2 used for the.cluster J-1EVE

combustion test

Propellant Diversion of components

4 used for the cluster COMETS

combustion test

Propellant pilot valve Diversion of components

4 used for the cluster

combustion test
Diversion of components

Pressure sensor 4 used for the cluster
combustion test

Engine feed line 4 Manufacture

Bracket 1set Manufacture

Harness 1set Manufacture

Fasteners 1 set Purchase

Gimbal system | Actuator 4 Purchase
Gimbal support 2 Manufacture
Controller system| Thrust controller 2 Manufacture
Regulator valve driver vi Modification of
consumer products
Glmbal driver 4 Modlﬁcatlcn Of
consumer products
Valve driver 1 Manufacture
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5.2. Structure System and Thermal Control System

5.2.1. Main Structure
(1) Development policy
* Utilization of existing technologies

Development of a reliable structure based on the design, manufacture, and operation
technologies for various structures including aircraft, rockets, and satellites.
* Exclusion of marginal design

Without placing too much emphasis on weight reduction, the design provides just enocugh
margin of strength to bypass the design verification through the development tests.
* Modularization

In order to ensure that various subsystems are developed in parallel, the development work
places emphasis on modularization and interfaces.
* Maintainability

Development of a structure that is excellent in maintainability by combining the
modularization technology for aircraft and the assembling and mounting technology for space
propulsion units

(2) Required specifications

* The main structure supports all onboard equipment and withstands the environmental load
arising from all operational sequences.

* Maintenance and inspection of propellant and onboard equipment are €asy.

* In order to prevent the transportation load conditions from becoming excessive, proper
interfacing with AGE is provided.

* In order to be transported by a crane and the like, the structure is provided with hoisting
fixtures and support fixture for transportation with the vehicle laid on its side.

(3) Desti
Buckling strength is the major ¢r
pose specific problems with respect to the strength. Here, 2 options are proposed for the basic
structure. There is no difference in weight and cost between the tow options; both pose no
problem in feasibility and embody useful ideas in conducting reviews on the structure in the
future; therefore, the selection is left to the final phase review .
Components and materials commonly used for aeronautics and space applications will be

H . " v Al A~ g avrmiiala it 1o e ~
dopted therefore, no problem of commercial avaiuaoiiitly is foreseen.

(A) Upper structure
Consists mainly of the portions supporting the equipment and tanks; adopts the truss

construction. The tanks are positioned at the upper and lower poles.

Fivinlinge A‘l’ il
Louping: L, alioy
An equipment mounting structure is placed between the propellant tank and the pressurizing
tank.

(B) Lower structure
Consists mainly of the portions to which the legs and engines are attached; adopts the box
beam construction.
Truss: CERP
Panel: Al honeycomb
Coupling: AL alloy

{4) Test Plan
The development test is not conducted on the main structure system.
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Table 5.2.1-1 (1/3) Breakdown of weight by component

f

} G - FLIER Sinucture system Weight estimation  4th (tank arrangement according to the' B1 option, gimbal)

REV.A H7.2.20 (Inkg)

=== AL structure/telescopic leg

Lower structure=11G0mm

Equipment mounting section=1000

Cap radius=375mmR

Component

[Qundy |

Weight

| Total weight |

Remarks

|

!

|

Structure system weight

Total =|

132.000 | Upper structure + Lower structure + Outer shell / Painting + Landing leg

!

Main structure

66.745

Upper structure + lower structure

| Upper truss structure

35.108

Upper ring frame

2.305

AL ring machined, thickness 2t

GN2 tank support fixture

0.248

AL angle machined and extension fitting

0.248

Red connecting fixture, upper A

0.140

AL fitting

0.140

]

Red connebtinﬁix&ure, upper B

0.140

AL fitting

0.140

Rod assembly, upper

0.468

AL tube 1 iné X.040int X 5001 with two AL end-fittings

0.468

0.468

0.468

Equipment mounting section ring frame

2.922

13.747

AL ring machined, thickness 2t Including connecting fixtures for transportation

Channel A

0.302

AL formed channel {25w”40h°1.61) =750

0.302

Channel B

0.323

Al formed channel {25w°40h°1.61) L=800

0.323

Channel C

0.161

AL formed channel {25w*40h°1.61) L=400

0.161

Clip

0.252

AL machined T section

Gusset plate A

0.086

AL sheet (L063int)

. Gusset plate B

0.271}

AL sheet (.063in )

Rib

0.204

AL formed channel 1,6t

Equi mounting panel Skin/doubler

1.828

7.680

.012 skin & .012 doubler

Film adhesive

0.647

.06 psf

Core

1.561

3.1 pef

Foam adhesive

0.352

2.93 kg/m2/ply

Potting

2.093

0.58 g/cm3

Mount

1.200

20g ° 60 ea

0.0C0

0.000

0.000

0.000

GHe accumuiator support struciure

!

0.379

AL formed panne!

0.379

0.000

0.000

0.000

0.000

0.000

0.000

Rod connecting fixture, middle and upper

0.272

AL fitting

0.272

0.272

0.272

Rod connecting fixiure, middle and upper

0.272

AL fitting

0.272

0.272

0.272

Rod assembly, lower

1.455

AL tube 1.5 ind X.058int X 1100L with two AL end-fittings

1.455

1.455

1.455

- Tank support rod assembly

0.564

AL tube 1 ind X.040int X 700L with two AL end-fillings

0.564

0.564

0.564

Rod connecting fixture, lower

0.544

AL fitting

0.544

0.544

AL fitting

0.544

Tank connecting fixture

0.200

Al plate

0.200

0.200

0.200

Panel mounting member A

I

0.939

AL machined T section bar with nutplates

0.939 |

]
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Table 5.2.1-1 (2/3) Breakdown of weight by component

— [ G-ELIER Structure system Weight estimation 90 {tank arrangement according to the B1 option, gimbal) REV.A H7.2.20 Inkg :
<+ AL siructure/telescopic leg Lower structure=1 {0)mm Equipment mounting section =1000mm Cap radius=37SmmR=*=* H
1 1 Component Qunily] Weight | Towal weight | Remarks }
! ] ! ! | | !
] i Hoisting fixture {4 0127 [AL fitting !
| ! t 10127 { :
[ i 1027 i |
| ! i 0127 | |
! MS P i 1 1 0,500 | Ibolt, nut, washer etc
: H i |
§ Lower structure [ 31.637 |
i |
Equipment mounting panel R 29399 | 1AL slon ((0320) & angle(20x 20,0501, (24+8)ea) build up
_ Upper frame A R 1.703 | JAL rAng machined, SOX30x 21 {T)
Upper frame B [ 0.604 ! Al ring formed, 30X 30x 2t (angle )
‘Outet surface skin I 3.028 AL skin (,032¢)
i ‘Outer surtace stiffener ) v 1763 1Al formed angle (20x 20X 2Y)
" Web Vo 274 TAL formed web {.0321) with bead & hale
Taner surface skin v ] 1.431 [AL skin (L0320
Inner surface stiffener 1 ] 0767 JAl formed angle (20X 20X 2t)
Tower frame A 1 1.277 | [AUrning formed, 30 x 30X 2t (angle)
Lower frame B | 0.604 | AL ring formed. 30X 30x 2t (angle)
Bottom panet A |t 2.999 | IAL skin {.0321) with stiffner
Bottom panel B | 1 1.3917 | JAL skin (.032t) with st{fner , removable panel
0 0.000 |
Truss support structure reinforcement 4 0.600 beam, doubler, etc
Leg mounting structure reinforcement 4 1.200 beam, doubler, etc
Leg mounting fixture A 4 1.600 AL fitting
Leg mounting fixture B 4 2.400 AL fitting
Main :ngincmour;xing 2 0.800 beam, doubler, etc
Thrusler mounting structure/reinforcement | 2 0.600 “|beam, doubler, ete
Bulge structure/reinforcement and sealing 2 0.800 beam, doubler, etc
“Altimeter mounting structure/reinforcement | ! 0.350 beam, doubler, etc
Inspection door installing structure reinforcement. | 1.000 beam, doubler, etc
MS P i 1.000 bolt, nut, washer etc
Otter shell/painting 15.256
:Capi 1 3415 FRP CAP :
| Panel A 2 2.859 020U AL skin and .020t Al former, build up with spot welding
| Panel B 2 8.137 D20t AL skin and .020t Al former, build up with spot welding
Vegnd [T — [ 0.000 insul coat 3t (Density 0.35) & top coat 0.08t (Density 1.5)
Veight of pasding o the skin incheled fn the veightof the hest comml systess. | 1 0.000 017 %g/ m2
MS P Y 0.744 bolt, nut, washer etc
Landing leg E) 12.500 50.000 For the detailed fisting, refer to the reference material regarding the examination of the legs.
12.5C0
12.500
12.500 | |
s i T
! z 1
Onboard equipment | 74.000
! |
} 10.000
{GCC Radio altimeter | 18.000
{RA  Antenna | 1.400
1RA 0.060
iciy 5.000
|
| Telemetering transmitier 1 5.000
| PCM encoder/signal converter | 8.000
| Command receiver/demodulator ! 3.500
{ Telemetering transmiticr antenna | 0.100
| Command receiver antenna | 0.050
T !
| Battery |1 6.100
| Switchboard | 7.000
[ [
! Shock mount | | 2000 |
! Wire hamesses, connectors, and clamps | 7.730 4
] | |
T i |
| | ! i
Propulsion system ! | 142.C00 ]
| Pressure feed system ] 27.000 | o
| Propellant feed system | 20.000
i i | 20.000
| Engine system | 12.000 AI
T | | 12.600 | ! — ]
| Gimbal system ! | 12,500 1| !
] |1 12500 | | ] o
| Thrust control sysiem ! I 6500 | ! ]
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Table 5.2.1-1 (3/3) Breakdown of weight by component

i j G-FLIER Structure system Weightestimation  4th (tank arangement according to the B1 option, gimbal) REV.A H7.220 Inkg

=+ AL structure/telescopic leg . Lower structure=1100mm Equipment mounting section=1000mm  Cap radius=375mmR

} ; = T
i Component |Qungyl  Weight ‘ Total weight ! Remarks

| L

Control system

|
1
|
i
|
|

|
!
| f
i
i
!

" Heat control system 1.750 7.000

5.000 20.000

Margin

Propeliant i 60.000 124.000

Pressurizing agent 4.000

[DRY] | [WET)

Weight of the éxpcrimemal vehicle 417.0 541.0

Position of the centers of gravity

CGx 7 6
CGy -2 -2
LGz 1597 1577 Expressed in terms of the height from the ground
Moment of inertia )
Ixx £g 3.498+08 | 3.82E+08 | Bstimated on the assumption that Ixx=Ixx calc*1.2.
a 3.50F+08 | 3.83£+08 | Estimated onthe assumption that Iyy=iyy calc¥1.2,
Ezz,cg 8 526407 9.99£+07 | Estimated on the assumption that Izz=lzz
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5.2.2 Landing Gear

(1) Associated documents
(a) GAF-94012: “NASDA Draft for the Conception of Vertical Takeoff and Landing
Experiment” November 4, 1994
(b) ——— “NASDA Draft for the Conception (Reference Model)”

(2) Design policies
With the associated document (a) in Item (1) used as a reference, the following design
policies have been established and applied:
(a) To utilize existing technologies while minimizing use of novel technologies;
(b) To maximize the utilization of ready-made or consumer products as functional components
to reduce cost; ‘
(c) The marginal design for weight reduction is not used; however, the weight reduction design
is introduced only when required from the viewpoint of realizing the airframe; and
(d) The redundant design is not introduced.

(3) Design Conditions
Table 5.2.2-1 shows the basic design conditions (design requirements posed by the systems)
for the leg set of the vertical takeoff and landing experiment vehicle.

-72 -
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Table 5.2.2-1 Design conditions for the Langing gear assy.

Item

Design requirements posed
by the systems

Design conditions adopted in
the current examination

Required functions

<1> To alleviate landing shock
<2> To support the airframe
3> To prevent the vehicle from being

* The same as the left; however, the
MAXIMUM structure weight is limited
to 420kegf.

overturned

4> The retractable mechanism is not
necessary.

5> To secure the ground clearance for the
engine nozzle

Maximum takeoff and landing weight 550kgf .
(structure weight =390kgf MAX.)
Height of the airframe center of gravity | TBD 0.82 m MAX.
from the airframe bottom
Land.ir‘lg Attitude | Atthe ime of Vertical
conditions takeoff The vehicle is capable of | The same as the left, provided that the
At the time of Vertical {the [~ takeoff and landing using | inclination of the airframe at the time of
landing striking the landing gear. landing is 1 degree at MAX.
attitude is
T.B.D)
Velocity | Vertical TBD 3 m/s MAX
Horizontal TBD * ‘Normal horizontal landing on a
concrete pavement is considered.
* Emergency horizontal landing on
sandy terrain and the like is not
considered. *2
Limit load factor TBD

* The engine thrust is assumed to balance|
with the weight empty until the
airframe stops when striking the
ground for landing.

* The engine is assumed fo be in

Engine thrust
operation at the time of landing.

crete navement
ei¢ pavemels

% The striking i
The striking port

Landing surface * Normally, a conc
&

* The vehicle is capable of landing on holding the a rframe attitude even
unpaved flat land in case of emergency when it is landing on sandy terrain
(landing on sandy terrain to be
considered)
Ground clearance At the time of TBD ¥ About 0.4m *3
takeoff Height of the engine jet nozzle from the
At the time of TBD ground
landing
Heat resistance * Heat resistance fo the flame jetted from| * Heat to be controlied so that the

ambient temperature may not rise
above the heat withstanding
temperature of the leg set.

the engine to be considered

TBD

Aerodynamic heating * Consideration not necessary

Life Not less than 10 times (to be capable of

being used repeatedly)

Flight time * About 60 sec.

Operational altitude * Not more than 300m The same as the left

Launching time * In the fiscal 1997, objective

* Tnmanned

non

Notes

* 1 Excerpts from the associated document (a) in Item (1)

% 2 Cross-wind at the time of striking (50m/s) is taken into consideration,

¥ 3 Clearance in the freestanding condition under 1G; the minimum clearance against sinking at the time of landing is not fess
than 0.1m.
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{4) Examination

(a) Leg spacing
(A) Required minimum leg set spacing

A leg set is provided with a minimum spacing required to meet the requirements stated in
Conditions <1> through <4> in Item (i) and Item (ii); however, the values shown below are used
for each corresponding condition:

(1) Prevention of overturning of the airframe

<1> Whether or not the side slip speed exists at the Values used for examination
time of striking Normal landing:
To be taken into consideration
Emergency landing:
Not taken into consideration
Cross-wind not taken into

consideration
(Refer to Table 5.2.2-1.)

<2> Magnitude of the coefficient of {riction at the ........ 0.4*1 MAX
time of striking
<3> Inclination of the airframe at the time of striking ... 1 degree MAX
<4> Height of the airframe center of gravity from the ...0.82mMAX
airirame bottom
(ground clearance for the engine nozzle: not less than about 0.4m)

(i1) Provision of the shock absorbing function of the shock strut
(This must be taken into consideration when swing — arm type leg set is used.)

As Table 5.2.2-2 indicates, a leg set spacing *2 of not less than 0.61x2=1.22m is necessary.

*1 Maximum coefficient of {riction of a concrete pavement
*2 Length of a side of a regular square

- 74 -
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Table 5.2.2-2 Required leg set spacing

. = | o0 [sm T | s v | Demgon
L 04 | 67.2 0.61 0.86 Fig.5.2.2-1

0.6 58.0 0.91 1.29

0.8 50.3 1.20 1.70 Fig.52.2-2

Notes:

*1. The experimental vehicle is equipped with a leg set composed of 4 legs.

%2. The values listed above are for the case in which the height of the center of gravity from
the ground is 1.45m.

*3. The angle of inclination of the airframe at the time of landing is 1 deg. at maximum.

*4. u: Coefficient of friction of the striking portion
8: Airframe overturning angle for the two-point striking
2B: Leg set spacing when each of the four legs is located at each vertex of a
corresponding regular square. (length of a side)
2B’: Leg set spacing when each of the four legs is located at each vertex of a
corresponding regular square. (length of a diagonal)

((B)) Coefficient of friction and required leg set spacing

The greater the coefficient of friction of the striking portion becomes, the greater leg set
spacing is required.

As is shown in Fig.5.2.2-2, increase in the leg set spacing required affects the design of the

telescopic type leg set in particular.

design conditions shown in Table 5.2.2-1 are adopted.
U is equal to or greater than 0.4.%

* Maximum coefficient of sliding friction of the striking portion against the concrete pavement
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L= S
Under the condition in which
a gravitational acceleration
of 1 G is applied.

o S
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Fig.5.2.2-1 Required leg set spacing
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For the telescopic type

For the swing arm type

, G, L.
7777 : With the shock absorber S
/ ) compressed to the maximum
A degree
7T L.

Required leg set spacing {

-77 -

—
[T —
7 U170 G. 1.
777 With the shock
; absorber
compress\,d to the
maximum degree
. Under the condltmn in
B'=1. 70 m - whzchag:ravﬁationc.&
acceleration of 1 G is
applied.
for u=0.8
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(b) Selection of leg set options

In order to draft conceptual options for the leg set to be adopted for the experimental vehicle,
examination of and comparison between various candidate options were conducted.

As a result, the telescopic scheme was selected as the first candidate leg set option. (refer to
Fig.5.2.2-3.)

In addition, the swing arm scheme was selected as the second candidate leg set option. (refer
to Fig.5.2.2-4.)

Table 5.2.2-3 outlines the trade-off between various leg set options that were studied to select
the conceptual options.

Table 5.2.2-4 outlines the results of comparison between the telescopic and the swing arm
scheme.

(c) Selection of shock absorbers (oleo)

It is possible to obtain a lightweight, compact, high-performance shock absorber by
developing a new shock absorber, like conventional ones for aircraft and space vehicles, that will
best fit a particular vehicle; however, this costs extremely high. ™

Therefore, following the policy that allows diversion of a consumer shock absorber if it meets
the minimum requirements on functions and performance of a shock absorber, various consumer
shock absorber were investigated to select candidate options.

As a result, a telescopic shock absorber was selected as the first candidate that is used for the

£ + 13107 :on 5 i £
front suspension for off-road motorcycles.

A swing arm shock absorber was selected as the second candidate that is used also for the rear
suspension for off-road motorcycles.
Table 5.2.2-5 outlines the results of the trade-off.

*1. About 10 million yen (product price only, not inclusive of the development cost) is required
to develop a nose shock strut only (not inclusive of a drag strut, a wheel, a tire, and all other
components) for a small fixed wing airplane (such as a trainer).
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| About 0.3m

Fixture
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[
. Shock absorber
| //
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\ / |
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About 0.96m

Fig.5.2.2-3 First candidate leg set option (telescopic scheme)
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Fixture
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About 1.72m

]

About 0.15m

/ Shock absorber
y2

B S e— .

Stroke
About 550mm

i
)

Y

(. I .Exposed
tolG
About 1.12m >

Fig.5.2.2-4 Second candidate leg set option (swing arm scheme)(1/2)
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Fig.5.2.2-4 Second candidate leg set option (swing arm scheme)(2/2)
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Table 5.2.2-3 Outline of the trade-off between various leg set options (1/2)

R: A alan
‘»i...\\__\ \‘-/I.UQ_«L! LLGUUU
/ R shock
\ Y. absorbing
mechanism

does not work.

—
|
=

i

{%,_.___,._._._..,_.___‘_‘,‘..__. _._...T.._.}

‘To be the second candidate option

OO _J

In genexal, itis less
favorable than the
telescopic scheme with
respect to the weight.
When the landing load
acts on the domain

helny the lina
OCIOW G0 11110

connecting the striking
point and the hinge
point of 2 swing arm,
the shock absorbing
effect of an oleo gear
cannot be realized.

if supporting the
airframe at a high
pesmon is required, the
inaction domain also
extends toward a
higher position, which
is not desirable.

There is a possibility
that lateral sliding of
the striking portion
makes the oleo shock
absorbing action
unstable.

= [

The investigation indicates the
availability of a ready-made
product that can be adapted to th
planned vehicle. (however,

modification is required.)

Type Outline Applications Features fgg;“
* DO-X * Although the leg set is
Telescopic * Ajrcraft jn | Simple and lightweight, the |
general oleo gear undergoesa
* Front bending moment at the time
) of landing.
SuUspension | Consumer shock absorbers
for in general (oil buffers and
motorcycles | automobile shock absorbers)
cannot withstand a bending
moment.
Shock absorbers of this
telescopic scheme are used
for motorcycles; If they fit
the current experimental
vehicle in terms of energy
absorbing capability,
resistance to lateral load,
weight, and the like, there is
a possibility that they are
/ adopted.
'ﬂm m\/egt:gahnn indicates the
) E [ e u 1~ availability of a ready-made product ~|
% To be the first candidate option : <= L that can be adapted to the planned J
= L_ ............................. ,_J vehicle. (however, modification is
8 required.)
~§ * Surveyor * This scheme has the
5 * Viking advantage of ci}anging AN
* Lunokhod the leg set spacing
E\/igi;grcvc}e freeiy so that a stable
rear leg set arrangement
suspension | may be obtained.
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Table 5.2.2-3 Qutline of the trade-off between various leg set options (2/2)

Type

Outline

Applications

Features

BEvalu-
ation

Tripod

Basic scheme

All three legs are equipped
with an oleo gear.

* Vehicles
used at the
early stage
of the
Project
Apolio

* Improved swing arm
scheme.

The shock absorbing
action is effective to load
in all directions.

In addition, the absence
of members to which the
bending moment is
applied makes it
lightweight; however, a
large number of oleo
gears makes dynamic
analysis difficult.

This scheme is
considered promising in
the future for landers that
perform high energy
landing with a greatly
inclined attitude or on
greatly unlevelled or
inclined surfaces.

><

Cantilever
Telescopic +
tripod

Derived type

// i — Secondary strut
f

Primary strut

Apollo

* Telescopic shock

- absorber provided with
a shock absorbing
function against lateral
load; like the basic type,
fit for high energy
landing.

The disadvantage is that
the bending moment
acts on the primary
strut,

* Wishbone
Double

swing

——

Automobile

* The shock absorber of this
type is capable of
preventing the bending
moment to the oleo gear, to
which the felescopic scheme
is vulnerable, from acting.
In addition, it eliminates the
inaction domain associated
with the swing arm scheme.
Using a parallelogram link
makes it possible to prevent
the lateral shift of the
striking point associated
with the stroke form taking
place.

Although it is
disadvantageous with
respect to the weight, it
makes it possible to protect
the oleo gear from being
heated by placing the oleo
gear away from the engine
jet flame.
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Table 5.2.2-4 QOutline of the results of comparison between the telescopic and

the swing arm scheme

tem Telescopic scheme Swing arm scheme
Landing volocity _
(vertical) O13.0 m/s MAX | AN -2.5 m/s MAX
Limit landing ) )
load factor Q3. 0 MAX O] 3. 0 MAX
Stroke (| About 300mm AN | About 550mm
Perfor- © 4
Shock absorbing
mance . * ; ibili
action * The phenomenon described T hezjs is a possibility that the
in the box to the right does frictional force generated by
1ot DOSE SO Serious 4 lateral sliding of the striking
P ; portion makes the shock
problem. .
absorber action unstable.
JAN O
Strength to the o .
lateral load ’ Lm}itaﬁo% on the bending | « N problem because only the
streﬁgth ol ﬂ“.}e shock . axial force acts on the shack
absorber limits the mounting | . v,
angle; this males it difficult '
to meet the requirement of a
large leg set spacing.
Shock absorber 12. 0 (10. 5)° 8.0
Weight ["Others
keffleg set} (pad and the like) 2.0 5. 0
e nd ' 14 00192 &) ¢! D) 13. 0
10L4al p N 47T WO\ A L Uy N’ PO V
Cost TBD
Notes

*1. The figures in the parentheses show the weight when springs made of Ti alloy steel wires

nnnnn

Overall evaluation
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Table 5.2.2-5 Outline of the trade-off between various shock absorber options
(1/4)

Type Outline Applications Features Evalu

ation

Aircraft in| - £0 0le0 gear is
Oieo‘ gear general filled with a high-
for aircraft Air valve pressure gas and a
hydraulic oil; by
Air chamber ‘ controlling the orifice
/ Plunger tube area with ﬂ,lc
/ ' metering pin, the
o bt b Upper bearing OP ﬁmu.m shock
gieil / absorbing
NIBED . Spacer characteristics
x5 Cylinder (realizing a high oleo
- Metering pin gear efficiency) are

- Oil chamber obtained.
S Lower bearing The high-pressure gas
i B‘b(?ism’rire is responsible for

ol supporting the
airframe weight
empty, absorbing
energy during low
velocity shock
absorbing, and

i £ hanoe |
reventing change in

E

Orifice plate

Torque ring

i
the attitude and
bottom striking due to
braking from takin
[i-* The telescopic type is illustrated. -‘! g '8
* The damper for the lever suspension |
type has the same inner sfructure as ;
the one illustrated by this figure. |

place.
To absorb shocks

. 5.
aeonrring ot Nt
SCluriifg at 1

igh
velocity conditions

B A such as landing and
impact 1orce running, the viscous
i resistance of the
hydraulic oil absorbs
B NZW”Z the energy.

Aircraft use oleo

o gears are expensive
/ Z because a high
. relighilitv and an
i e SES TR T
e
]

ultimate reduction in
weight are required.

Stroke
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Table 5.2.2-5 Outline of the trade-off between various shock absorber options
(2/4)

) ) Evalu-
Qutline icofi
Type Applications Features ation
* Industrial * Device that absorbs the
Indus.try Orifice Inner ring . ?racmfnefy kinetic energy of a <
use oil Oil  Piston filty  |moving body and
buffer Piston rod % Crane alleviates the impact
* Blevator force.

* Car coupler, | Through the action of the
;‘;g:ﬁon  resisting force generated
by the passage of the
hydraulic oil inside, the
TR kinetic energy is
{ Return spring converted into therrqal
0il flow energy gnd the kinetic
energy is absorbed.
<1> The direction of the

devices

Quter cylinder
Accumulator

1. Constant orifice type shock absorbing action is
{Example] Single hole Bypass Annular limited to that of the
otifice orifice orifice ; piston stroke (the
\ \ bending moment cannot
1 N be taken out.
N E‘%éz[g E Adopting a leg set of the
L swing arm type is
2. Stroke-dependent orifice necessary.
Orifice area <2> Heavy.
\ Strok Consideration of the
 wiroxe compatibility with the
[Example] Efirécé;ated Taper pin  Taper groove weight of the airframe
= makes the adoption of
. this type difficult.
. EX. A fixed damper
3. Relief type made by Enidain, INC.

Many of the orifices of the relief type are used along with those

jo} hou £
of the constant orifice or the stroke-dependent orifice type weighs about 15 kgf/

[Example] unit. L .
<3> The spring force is
just enough only to

4. Adjusting type return the piston to its

oo ) I . original nosition:

The drag is adjusted by adjusting the orifice area. origina: posinon;

[Example] 3 therefore, making a leg
Y=y set freestanding requires

R a large-scale
- modification such as

equipping the legs with
powerful springs or gas

When e mass i idenicel hen ﬁ;fg?ﬁ;glgfe' filling. ] ) o
ot e The experimental vehicle
/W@nﬂ&gm is hizhgrhu!lhemassissma\ler.‘,[ d s (i en d
' — OE€S 1101 €S groun
- /h running and braking.
a0 f T 7 \: Although this suggests
5 Whentomessisidenicst N/ |1 © | that the vehicle be used
miwespesdistover. 7N | in the bottom striking
L AN condition , changes for
/ B/ TR such a purpose is
— o~ required.
Stroke (stopping 7 <4> The allowable
temperature is low
- (about 80 degrees C).
whas It is possible to raise the
F Q@ 0 < "
allowable temperature up
0 to about 120 degrees C
; by changing types of
. — Stroke hydraulic oil and
(1) Stroke-dependent orifice type (eta = 100%) eta: packings.

Shock absorbing efficiency
(2) Constant orifice type
(3) Metal spring or the like
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Table 5.2.2-5 Qutline of the trade-off between various shock absorber options

(3/4)

Hose

Cylinder l

Piston felis

1T

Piston rod

Nitrogen asf b
g £ |
Auxiliary tank | g i

T

@ Cushion
rubber

= e \

V Hydraulic oil

Ve Plug or free

piston

Gas chamber

Auxiliary tank

D 9 pall

® Hydraulic

oil

Cylinder

~ UL . | Vol cinlers . . " - -
COmpression sS1ae i€ar vaive Extension side leaf valve

Compressiol
stroke side
[e——Y

Flow of

hyd{;&ig}oii

Extension
stroke side

Type Outline Applications Features Bvalu-
* * d i
Off-road Inverted_ Erectin 7 Motorcycle (EOIIépOSS of a&sprmg
L tpe type 5 (ens-filled rear and a damper an
motorcycle | Oil cushion ) — 7 (g?;- e tg’pe) suspension | absorbs vibration form |
! aS-11ic < .
shock unit 9 _{: ! & yp For swing | the road surface.
72— 4 arm The spring supports the
absorber ’ suspension | airframe weight and

converts the input
vibration into elastic
energy to alleviate
vibration.

The damping force of
the damper converts the
elastic energy of the
spring into thermal
energy to alleviate
vibration.

Since the spring
supports the static load,
a powerful spring is
needed, which increases
the weight; in addition,
the progressive
characteristics are
difficult to obtain.

As is shown in Table 5.2.2-
4, the investigation has
indicated the availability of
ready made products that
almost fit the experimental
vehicle. (however,
maodification is necessary.)

:To be the second candidate option

e ]
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Table 5.2.2-5 Outline of the trade-off between various shock absorber options
(4/4)

. .. -
Type -Outline Applications Features Cra
Off-road - * Motorcycle | 1he shock
op cap. front ) .
motorcycle ~.. Upper bracket suos;ension absorbing principle
shock 0 Gf*‘>/ o Air chamber | Forthe and structure is VAN
i . i telescopic identical £
absorber Steering shaft ~ Aj/ suspension identical to that _OI
Iy R Spacer use the rear suspension
e Oillevel shock absorber,
: ~ Main spring
) except that the
(L [ - Under bracket lateral strength is
o ‘Inner tube ' $ Hvdraulic oil 1 1
~— :/]// ydraulic oi secured by
L1 increasing the

Dust seal T A
Oil seal il lateral rigidity.
@ Beaing '

(slide metal) Extension side

hi
@ Quter tube j ; i pressure chamber
. . : Extension side
Piston ring = / orifice hole

Rebound s 'n\fﬁ
@ Valve prine ﬁ'f)/ ® Oil lock
(floating valve) - collar
o / g i g

Q Beas .‘ﬁ Lii CuuxyxcoSAuu Siae
£§ I / pressure chamber
Q Cyiinder _i/ Compression
é n / side orifice hole
= .
i Cylinder

@ Oil lock pilece

Doaning

mounting bolt

Action of the extension side piston
when the compression stroke is on.
‘When the damper is on the
compression stroke, the non-returm
valve and leaf valve are lifted to
supply the hydrautic oil from the
pressure chamber <B> to the
pressure chamber <A>.

Extension side piston T anf anring  ACtion of the extension side piston

when the extension stroke is on.

Leaf valve hen the dm}per is on the L
exiension stroke, the hydraulic oil

Exiension stroke

flows from the pressure chamber

T T 7" 7 7N q T <A>, passes the hole of the non-

return valve, bends the ouier
g periphery of the leaf valve'
b, supported by the inner periphery,
7 passes the hole of the extension

// side piston, and reaches the
pressure chamber <B>.

Non-return valve

Combined spring /
} characteristic
\

g

Load

Load

Metal spring
characteristic

Displacement ___ ? Displacement Displacement
]Svil?t;espring characteristic Al spring characteristic Sﬂg;};ﬁng
osded The investigation indicates
r ‘—] ihe availability of a ready-
. . . .
: To be the first candidate option made product that can be

............................. _j adapted to the planned
vehicle. (however,
modification is required.)

For the outline of the candidate option,
refer to Fig.5.2.2-5.
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Cylinder

/ (made of aluminum alloy)

1] 1 S — \
T / e
L. Sori
, TR~ pring
About 55 ¢ g (made of high tension
steel or Ti alloy)
o |
Hydraulic oil = — ; o)
~. _:i,_, = i ﬁ g
T s !
s T R About 600
About 100 ¢ - (when mounted)
_ = | |
, é!% About 1100
; : | (when extended io
i e : ; S ro‘ o th@ Elmli}
i T I
About 300
e a5 i
1 P T !
About 55 ¢
. Y
AL
g \\__ Piston
(made of alloy steel)

Fig.5.2.2-5 Outline of the candidate components for the shock absorber
(telescopic type)
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(d) Examination of the options for the ground striking portion

To design the ground striking element, two parameters, namely the shape and the ground
striking bearing stress, are taken into account.

Various shapes including the bowl, dish, and plate shapes can be taken up.

The ground striking bearing stress should be determined with the hardness of the ground on
which to land, relation between the ground striking bearing stress and settlement, and relation
between the settlement and side slip drag taken into consideration.

((A)) Required functions
The element of the ground striking portion is required to have the following functions:
<1> On side slip landing on a concrete pavement, the airframe is not overturned. (the
airframe sideslips.)
To realize this feature, the sideslip coefficient of friction () should be small; the
objective value is p<=0.4.
<2> Prevents inconveniences, occurring on landing on an unlevelled terrain, such as increase
in sideslip resistance due to extreme deformation of the striking surface and increase in
the inclination of the airframe (overturning) from taking place.
For this purpose, shapes and dimensions of the element of the ground striking portion
should be optimized. '

((B)) Shape :
As shapes for the element of the ground striking portion, the bowl, dish, and plate shapes can

be adopted.

As is shown in Table 5.2.2-6, the dish shape is superior in terms of the stability of the element
of the ground striking portion and the magnitude of deformation of the striking surface.

For these reasons, the dish shape is adopted for the ground striking portion element of the

experimental vehicle.
Most of other vehicles similar to the experimental one adopt the dish shape.

-9Q -
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Table 5.2.2-6 Trade-off between shape of the element of the ground striking
portion

21 Deformation of an Evalu-
No Shape Stability unlevelled terrain ation
Bowl shape V, :> "
1 ><
M S @ 5
/7 /7 /7 : : Y
// Wa
* Since the element of the
ground striking portion tends 6
to rotate when the shock *B £ th beari
absorber is actuated or the ccause Oht © une(\j'en .Ifiar:ng
vehicle lands sideslipping, a strefss on dt lft: g;oun strzl ng
mechanism for stopping this Surlace, della becomes large.
(such as stoppers) becomes
necessary.
Dish shape
W
> O
) v ﬁ X
ﬁT A
i |
4
. \i 1y
* Even if the element of the * The bearing stress distribution on
ground striking portion strikes the striking surface becomes almost
the ground with some uniform and the value of delta is
inclination, a moment that small
returns the element to a stable T
attitude (that is parallel to the
siriking surface) works,
making the system stable.
W
Plate shape ﬁ—-
3 !.A i ><
/
Y
T ﬂ /
* The same as above,
* The same as above. However, | * QOn sideslipping, soil removal
as the sideslip resistance becomes poor, causing the drag to
becomes larger, an unstable increase; in particular, when an
moment as shown in the figure unstable moment described in the
above is generated and makes left box acts, the tip of the element
the action of the element of the ground striking portion digs
unstable. into the soil, increasing the drag.
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(e) Weight of the leg set

((A))Estimation of the weight of the leg set

The weight of the leg set depends greatly on the leg set arrangement, type of leg set, type of
shock absorber used, and restrictions on cost.

On the first candidate option (leg set of the telescopic type; a front suspension shock absorber
for off-road motorcycles is used as a shock absorber.)(refer to Figs.5.2.2-3 and 5.2.2-5), the
weight is estimated.

The estimated weight for the leg set is 14.0kgf/leg set and 56.0kgf/vehicle.

The weight by component is shown in Table 5.2.2-7.

Table 5.2.2-7 Estimated leg set weight

Component designation Number of pieces/leg set Unit weight Weight per leg set
(kgf/unit) (kgf/leg set)
Shock absorber 1 12.0 48.0
Pad, fixing bolts, and others 1 set 2.0 8.0
Upper {ixture 1 -
- PP . ] Included in the weight of the structure.
Lower fixture 1
Total weight of a leg set 14.0 kgf
Total weight of 4 leg seis 56.0 kgf
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((B)) Weight reduction for the leg set

Following the request from the system consideration, weight reduction for the leg set was
considered from the viewpoint of realizing the entire vehicle.

As aresult, it was made clear that weight reduction leads to considerable increase in cost.
Although the problem of the availability of materials requires further investigation, the material
for the shock absorber spring is changed from a high tension wire to a Ti alloy wire (Ti-6Al-4).

Accordingly,
the weight of the leg set = (14 - 1.5) kgf/unit x 4 units
= 12.5kgf/unit X 4 units
= 50 kgf/vehicle

(5) Outline specifications of the leg set
Table 5.2.2-8 shows the outline specifications for the leg set option.
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Table 5.2.2-8 Outline specifications for the leg set option

Item Draft specifications Remarks
Quantity * The 4 legs required by the
experimental vehicle are arranged on a
regular square.
Spacing * 1.36m (the length of a side of the * The length of the diagonal
Leg set regular square) of the regular square is
arrangement 1.92m long.
Overturming angle | * 72
Ground clearance * Sta;tionary attitude on the ground: about | * Height of the engine jet
0.4m nozzle from the ground
* With the legs compressed to the limit:
about 0.3m
Type of the leg set * Telescopic type * Refer to Fig.5.2.2-3.

Type of the shock absorber

* Front suspension shock absorber for off-
road motorcycles (telescopic tyep)

* Refer to Fig.5.2.2-5.

Composition of the leg set

* Composed of shock absorbers, pads,
and other components.

* Refer to Fig.5.2.2-3.

Landing surface

*

Normally, on a flat concrete pavement

An an nnnavesd
Uik GiE u,uél@vuu

*

Em!xff’gnﬂr\y Ea?‘ri ]
p833 31w §-S w3 1w EEREREE

level ground (sandy terrain) being
taken into consideration.

Maximum takeoff and landing
weight

¥*

550kgf (landing with a single leg
being considered)

Vertical *3m/s MAX
Horizontal * To be taken into consideration for
Landing » fﬂez‘mai landing on a concrete surface. —l The sliding coefficient
velocity * Not to be taken into consideration for — of friction is assumed
emergency landing on sandy terrain and to be
the like; however, cross-wind (50m/s) <=0.4.
encountered at the time of landing is
taken into consideration.
Limit landing load factor * 30 MAX
Stroke * About 300mm
Weight (kgf/vehicie) *50.0 *2 * Bxcluding the weight of
me fixtures

Heat control

* Heat is controlled as required in order to
keep the temperature of the leg set
within the allowable limit.

Notes:

1. The system design conditions for the leg set (leg set design conditions) comply with the
conditions shown in Table 5.2.2-1.
*2. Weight of the vehicle using the Ti alloy steel springs. The weight of the vehicle using high

tension wire sprinos is 56.0kof/vehicle

fension 128 Dpiliims A0 LSVLVSE

(9.5 5L LWy
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5.2.3 Thermal Control

(1) Outline

With a view to summarizing the basic concept for the thermal control system (including the
thermal protection system) that maintains the temperature of the onboard equipment and
airframe of the vertical takeoff and landing experimental vehicle within an allowable
temperature range during the entire flight experiment mission, examination was made on the
thermal control system.

In the course of the examination, the requirements for the thermal control system were
arranged and established, and with the thermal environment occurring before takeoff and during
the flight and landing taken into consideration, the thermal control/thermal protection methods
for different sections were drafted.

With the experimental vehicle, in particular, the thermal protection is important that protects
the airframe bottom and landing gears from being heated by the engine plume (at the time of
landing, in particular); therefore, emphasis was placed on the examination on this subject.

(2) Requirements

Possible requirements to be imposed on the thermal control system of the vertical takeoff and
landing experimental vehicle were identified and arranged into the draft requirements, which are
listed in Table 5.2.3-1.
(3) Design

Table 5.2.3-3 lists the outlines of the thermal control system design to meet the requirements

described in the preceding paragraph (2).
In addition, Fig.5.2.3-2 shows the design flow for the thermal control system.

(4) Thermal analysis and its examination
In the following, the details of the thermal analysis and subsequent exam,inaction on if,
conducted to determine the design specifications mentioned in the preceding paragraph (3), are
given:
(a) Thermal control before takeorf
<1> Ground thermal environment
The weather condition in the vicinity of Obihiro in August is taken as the ground
thermal environment, (exz)euments conducted during the summer when the outside air
temperature is high provide the high temperature criteria.)
The draft ground thermal environment conditions are given in Table 5.2. 3 5.

atinn F ¢ al ~rantenl

<2> Examination of the thermal control scheme

During the interval from installation on the catapult to takeoff, the vertical takeoff and
landing experimental vehicle is exposed to heating by the following heat sources:
-?radza&on of the sunlight;

Heat generated by the onboard equipment (electronic equipment, the aauery, and
others).

*

%
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For this reason, it is anticipated that maintaining the temperature inside the vehicle below the
allowable temperatures for the onboard equipment (tanks, in particular) will become difficult
unless thermal control is provided.

In addition, because the temperatures of different parts of the experimental vehicle rise during
the flight mission, it is desirable to cool them down as much as possible before takeoff.

For these reasons, the thermal control schemes described below are considered effective for the
experimental vehicle: ‘ ‘

1) White painting on the outer surface of the airframe
In order to minimize heating caused by the irradiation of the sunlight, the airframe outer
surface is coated with low absorptance white paint (as nearly equal to 0.2).

2) Air conditioning inside the airframe

Temperature control of the onboard equipment is provided by the air conditioning unit
(AGE).

<3> Estimation of the initial temperature at the time of takeoff
The initial temperature at the time of takeoff is approximately estimated in the following
manner: -
1) Parts which are not irradiated by the sunlight: 25°C
(Members composing the airframe bottom, onboard equipment, tanks, and the like)
2) Parts which are irradiated by the sunlight: 40°C
(Airframe skin, landing gears, and the like)

The initial temperatures discussed above will be examined more in detail when the conditions
for the operating environment, air conditioning, and internal heat generation are determined.
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(b) Thermal protection/thermal control during the flight mission

<1> Estimation of heating by plume
1) Heating by plume during the period from takeoff to hovering
The same plume radiation heating rate as that {0 be observed during the flight is
supposed on the assumption that the plume generated during takeoff is discharged to the
exhaust opening.
The plume radiation heating rate during flight is approximately calculated as follows:

* When a rocket engine is blasting into the
atmosphere, it is anticipated that the plume hardly [
expands in the vicinity of the nozzle and takes a

shape like a column. (refer to the figure to the i\ L ﬁ
right.) = —
g 7,
Under this condition, the radiation heating rate is at 7 35’¢
about 5 (kW/m?). (result of approximate 7
7,

calculation)

Plume

Conditions for the calculation

a) Plume temperature: 2000 (K) (substituted for by the temperature of the plume at the

nozzle outlet.)

b) Plume shape: 88mm ¢ x Im

c) Plume emissivity: 0.1 (substituted for by that of the flame of liquid fuel)

Since the actual plume temperature is expected to be lower than the temperature at the
nozzle outlet, the calculation is considered to be on the safe side.

2) Heating by the plume during descent and landing (heating by flame)
The estimation procedure flow for the plume heating rate during descent and
landing (about 10 seconds including descent and landing) is as follows:

Estimation of the

Engine characteristics Results of the CFD analysis ;
= S =, LR S USRI ST : s heat rate
data = with the ground taken into - neating raie

[ B

onsideration)

Table 5.2.3-6 shows the conditions for analysis of heating by the plume during
descent and landing; in addition, Figs.5.2.3-3 through 5.2.3-8 show the results of
the CFD analysis.
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Temperature (K)
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Temperature Distribution at Y=600mm
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Fig.5.2.3-4 Result of the CFD analysis (temperature distribution)
- 107 -

This document is provided by JAXA.




Pressure (Pa)

Y (mm)

x103 Pressure Distribution at Y=600mm
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Fig.5.2.3-5 Result of the CFD analysis (pressure distribution)
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Velocity (m/s)
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Fig.5.2.3-6 Result of the CFD analysis (velocity distribution)
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Mach Number Distribution at Y=600mm
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Fig.5.2.3-7 Result of the CFD analysis (Mach number)
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Density (kg/m**3)

Y (mm)

Density Distribution at ¥Y=600mm
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Fig.5.2.3-8 Result of the CFD analysis (density distribution)
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Using the results of the CFD analysis described above, the heating rate for the airframe
bottom and landing gears were estimated.
The results of analysis of the heating rate are as follows:

a) Estimation of the heating rate of the airframe bottom: refer to Fig. 5.2.3-9.
(Heating distribution at an altitude of 600mm from the ground)
The maximum heating rate value of the airframe bottom of 14 (kW/m?), described above,
is taken to be the heating rate of the airframe bottom.
(Utilization of the heating rate described above over the entire airframe bottom surface is
on the safe side.)
Fig.5.2.3-10 shows the heating history of the airframe bottom assumed in the present
analysis.

b) Estimation of the heating rate of the landing gears: refer to Fig.5.2.3-11.
(Heating distribution at a location 500mm apart from the center of the plume)
The maximum heating rate value of the landing gears of 52 (kW/m?), described above
is taken to be the heating rate for the landing gears.
(Utilization of the heating rate described above over the entire landing gear portions is
on the safe side.)
Fig.5.2.3-12 shows the heating history of the airframe bottom assumed in the present
analysis.

<2> Examination of the temperature analysis/thermal protection scheme
1) Temperature analysis/thermal protection of the airframe bottom

?Tséﬂ the !’Ep&f’;ﬂ infencity esﬁmapr in the nreceding naraoranh « 1 temmperature analval
S EEX PR Lid CREX XLivvlioilj LALEIEX Llrlis L2 LELAR t}ly&vull.ig i’ A €4 L%iJXL \.L/, »VALAEUL [ 2= 9 9 g Hliulj AR

was conducted on the airframe . Fig.5.2.3-13 shows the temperature history of the

concluded that, with the AL skin thickness of 0.8mm (the thickness that is assumed in the
structural design), the requirement (below 85°C) cannot be met without using a
thermal protection material.

‘?\p%z:r@pm
o s L

the ral af% on
[ 2 A4 i

Q
ANwA EINJ VY D LRIV RO RQREULL LY

Next, Fig.5.2.3-14 show
1 By

3-1
the thickness of a thermal protection

material and the maximum Al skin
{317

2238iehvi B4RE CREaRs daly 2isdissni esify £ A3 WFiwiia

temperature, obtained through the temperature
analysis assuming that the airframe bottom i
furnished with the thermal protection
material.

Following the result, the thickness of the SRR “«—— Inorganic cloth
inorganic fiber Iayer of the thermal protection
material has been set at 3mm. (temporary

value; see the figure to the right.) W Inorganic cloth
N .

AL skin

—  Inorganic fiber
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Furthermore, Fig.5.2.3-15 shows the temperature history with a 3 mm thick thermal
protection material.
Because it was predicted that the temperature of the tank outer wall near the AL skin on the
airframe bottom would hardly rise throughout the period from takeoff to landing in this case, it
was anticipated that installing a thermal insulation material on the tank outer wall would not be
necessary.

Since, however, conduction of heat from the airframe bottom via the supporting structure to
the tanks is likely to take place, the thermal control scheme to be applied to the tank mounting
section will be examined when the design specifications for the support structure are decided on.

Fig.5.2.3-16 outlines the thermal analysis model assumed for the temperature analysis of the
airframe bottom.
The initial temperature of different members was taken to be 25°C because the airframe bottom
is not irradiated by the sunlight.

2) Temperature analysis/thermal protection for the landing gears
Temperature analysis was conducted on the landing gear using the heating intensity estimated
in the preceding section <1>. Fig.5.2.3-17 outlines the specifications (temporary) of the
landing gears assumed in the temperature analysis of the landing gears.

The landing gear consists of the following basic components:

a) Oil chamber (AL material with a thickness of Smm)
b) Shaft (made of stainless steel, with a thickness of 1.5mm)
¢) Spring (made of stainless steel, with a wire diameter of 1.5mm)

Among the components mentioned above, the oil chamber containing the hydraulic oil
(temperature requirement: below 65°C}) provides the high temperature criteria.

Fig.5.2.3-18 shows the temperature

[ Y £ .61 i o sas - £,
history of the landing gear components for

the case in which the landing gears are not
provided with a thermal protection material.

Examining the {igure lead to the
conclusion that, without a thermal protection
material on the landing gears, the

oil chamber and shaft.

(no protection required for the spring)

A Ti alloy heat shield has been proposed
for a thermal protection method for the oil
chamber and shaft described above.

(refer to the figure to the right.)
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However, the heat shield should meet the following requirements:

* Does not hinder the extension and compression actions of the landing gears at the time
of landing;

* Does not interfere with the ground striking portion; and

* Does not exhibit interference, gripping, and the like due to vibration and thermal
deformation.

Fig.5.2.3-19 shows the temperature history of the oil chamber and shaft in the case where the
landing gear is provided with a Ti heat shield (plate thickness: 0.4mm).
The figure indicates that providing the landing gear with a 0.4mm thick heat shield makes it
possible to maintain the temperature of the landing gear within the required temperature range.
Furthermore, the surface of the heat shield is coated with heat resistant paint to protect the
surface of the heat shield at high temperatures.
(Heat resistant paint: white; heat resistant temperature: 600°C)

Fig.5.2.3-20 outlines the thermal analysis model assumed for the temperature analysis for the
landing gear.
Note that the current analysis model is based on the assumption that:

PRV s re E e A s

ia Lram Sete o [ LI
1S 1OL 1aKen 1nwo Consigeralion

* The heat capacity of the spring
(on the safe side with respect to high temperatures); and

* The heat shield and the spring are thermally isolated from each other.
(a mounting method which separates the heat shield and spring from each other is

supposed.)
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3) Thermal control scheme for the onboard equipment

a) Thermal control scheme for the electronic equipment

The interior of the experimental vehicle is air-conditioned until just before takeoff and
the time for the flight experiment is as short as about a minute; therefore, it is anticipated
that the temperature rise due to heat dissipation by the electronic equipment (including the
battery) will be limited to the allowable temperature range by its heat capacity.

Therefore, no specific thermal control will be necessary; however, if the temperature of
the airframe structure rises, influx of heat from the equipment supporting structure through
the conduction mechanism is possible. (in addition, heat influx through convection and
radiation is possible.)

If the quantity of heat from these origins is large, it becomes necessary to insert thermal
insulating spacers between the equipment and supporting structure.

These subjects will be examined when the heat generation profile and arrangements of
equipment, and specifications for the supporting structure are established.

b) Thermal control scheme for the tanks

Although the tanks do not generate heat, the heat influx from the airframe structure is
possible as in the case of the electronic equipment.

Particular attention should be directed to the NTO tank which is installed close to the
airframe bottom. Since this arrangement allows heat to be conducted from the structure
heated by the plume, via the supporting structure, to the tank, insertion of thermal
insulating spacers may become necessary.

Examination on these subjects will be conducted when the specifications for the tank

ne . etin g oterirtst 4 s
supporung saucwire are established.

191
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(5) Plan for Temperature Measurement

Data to be used for designing a reusable rocket is acquired through measuring the
temperature and heat flux of the airframe and onboard equipment while the vehicle is air-
conditioned on the ground, is in flight, and is at rest after landing.

The sensor output signal is sent to the ground station by telemetry via the signal
conditioner in the communications system.

(a) Number of the points of measurement/items (draft)
<1> Temperature measurement
Airframe temperature measurement
* Quter surface of the thermal

protection material on the airframe bottom: 5 points

* Outer plate on the airframe bottom: : 5 points
* Inner plate on the airframe bottom: 5 points
* Oleo gear section of the landing gears: 4points
* Landing gear shaft: 4 points
* Landing gear heat shield: , 4 points
Subtotal: 27 points

Onboard equipment temperature measurement

* Hydrazine tank: ; 2 points

* NTO tank outer wall: 2 points

* GHe tank outer wall: 2 points

* Electronic equipment: 3 points
Subtotal: 9 points

Total: 36 points

<2> Heai flux measurement

* Airframe bottom: 4 points

* Landing gears 4 points
Total 8 points

{b) Sensor
<1> Temperature sensor
A temperature measuring resisto @ggulres a biasing voltage source; therefore, use of a
Enerm@mupée which does not need a power supply for biasing, has been decided on.
<2> Heat flux sensor
A sensor is used which enables both radiation heat flux and convection heat flux to be

measured.
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5.3 Guidance and Control
Requirements for the guidance and control subsystem, which form the basis for the task
“Examination of the Guidance and Control Technologies for Reusable Spacecraft” to be

executed under a separate contract are summarized in Table 5.3-1.

Details of the subsystem blocks and others are examined in the following Chapter 5.4.
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5.4 Electric System

Described below are the development policies and required specifications for the electric
system of the vertical takeoff and landing experimental vehicle, together with the results of the
examination of the vehicle design:

(1) Development policies

In order to simplify the system and minimize the weight and cost to the extent that it can meet
the required specifications, the following policies should be followed:

<1> To divert the pieces of equipment developed for ALFLEX and other, and avoid
developing new equipment;

<2> To have NASDA, as extensively as possible, furnish the pieces of equipment to be
diverted from other applications;

<3> To substitute common consumer products (commercially available products) for pieces
of equipment that must be otherwise newly developed;

<4> In order to alleviate the burden on pieces of equipment for which their resistaﬁce to the
range environment is not verified (such as items under study by NASDA and consumer
products), shock mounts or other similar methods will be used to mount such pieces to
the vehicle, with the exception of inertial measuring units of which precision of mounting
alignment is required.

<5> Except equipment and systems for the emergency stop, the equipment/ system are not
redundantly configured.

(2) Required specifications
Table 5 .4--=i shows the required specifications for the electric system

(3) Examination of the design
The design specifications and other related conditions for the configuration, functions, and.
components of the electric system, required to meet the above required specifications, are

s EN

~ ArTTinTAand

5.4-2 the dimensions and other data of the onboard equipment.
f the individual systems are given.

Fig.5.4-1 shows the equipment configuration block cixagra"n Fig.5.4-2 the functional
’;‘E‘
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o
)
=
Yo o
(=}
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o o

he navigation guidance and control system.
rithmetic operations for the navigation guidance and control are processed by the onboard
computer, which incorporates the onboard software shown in Fig.5.4-3.
* For the sequence control for the flight experiment, a landing gear position detecting switch

unit is installed to detect takeoff and landing.
* Tn order to nrovide an interface between the thrust magsnitude controller,

ALE Vikdws i’ VAWEY £882 EIALWAAEAWY WL VY 1 51 L0 LATIST 1 SimRal

, which is the

controller for the propulsion system, and the onboard computer, t he vehicle is equipped
with a CIU interface.

* For analyzing experimental data, sensor data from the navigation guidance and control

system and status data are sent to the ground facility via the communications system.
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(c) Communications system
* Is equipped with a telemetering transmitter and an encoder for transmitting onboard
sensor signals to the ground facility.
* Is equipped with a command receiver to receive commands from the ground facility; as
few commands as possible are to be used and only emergency stop signals are used.

(d) Power supply system

* Rig.5.4-4 shows the configuration of the power supply system.

* Bach piece of onboard equipment is supplied with electric power by the onboard battery
during the flight experiment.

* While on the ground for inspection and adjustment, the onboard equipment is supplied
with electric power by the external power supply.

* For the reason of reusability, a rechargeable NiCd battery is used as the onboard battery.

* Is equipped with a distribution board to change over between the external and the
internal power supply, distribute electric power to different pieces of equipment, and
charge the onboard battery.

* Fig.5.4-5 shows the electric power profile, required energy, and battery capacity.

(e) Umbilical system
* Umbilical lines are installed to connect the external power supply and check the
functions of the onboard computer.
* The umbilical lines are disconnected by the quick disconnect type connectors
immediately before starting the flight exp@riment The connectors are disconnected by

PR N D | iman asd +allnd An e»h erviers Ay,

puumg LIC 1anyara with a linear actuator installedon ¢ service tower,
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5.5 Vehicle Assembling

In the course of the system integration and examination of the operations plan, the
assembling/operation plan, including the vehicle assembling processes, overall vehicle system
test, and free flight test, was discussed in outline as part of the system design of the vertical
takeoff and landing experimental vehicle. Through this discussion, the items for the system test,
details of ground support system, and those of the test at the flight test site were made clear. The
scale of the flight test planned here extends to the wide area free flight which is the ultimate goal
of the flight experiment.

(1) Flight experiment work breakdown structure (WBS)
The work breakdown structure for the design/fabrication of the experimental Vehicie
fabrication of the ground support facilities, examination of the operations plan is shown in
Fig.5.5-1.

(2) Assembling/testing plan
On the basis of the experiment concept work breakdown structure, the flow of the major
processes of assembling/testing were defined as shown in Fig.5.5-2. The assembling,
inspection, and testing of the experimental vehicle are limited to a minimum of work ata

£t s N e £ : oo . .
factory such as the confirmation of the basic functions, verification of the software/onboard

equipment interface, and measurement and adjustment of airframe physical properties; at the
same time, efforts are put into avoiding the overlapping of the confirmation or verification
activities with tests conducted on the equipment or subsystem level.

a) Overall vehicle assembling
In the overall vehicle assembling after the outfitting of the propulsion system and the
mounting of the landing gear and equipment, the following activities are performed at the
f; acéc;?y‘
* Measurement/adjustment of the alignment

* Measurement/adjustment of the mass characteristics
Because the factory is not equipped with a test unit for measurement/adjustment of the
moment of inertia, it is necessary to borrow the facilities of the NASDA Tsukuba Space
Center: this is cons

* Inspection of functions of the electric and the propulsion system

sidered to be a nroblem that needs {uture coordination

(IR L) S S NS § Lo 2 § LWA W) LULLE T SAOUOUR IR JEL,
£

h}

b) Overall system ftest

As part of the delivery inspection and completion inspection of the experimental vehicle,
the comprehensive test of the navigation guidance and control and the electric system is
conducted with the software insta HM in the systems to reduce the burden of retrogressive
work at the flight test site. The combustion test with the completely assembled vehisss is
to be conducted as a ground test af the flight test site, not at the factory or the like. The
overall vehicle system test items are as oliows

® k?ai 7ioat fimn GIHAGnCS and nr\n"r"‘; gvst

LERSEL bM)MMALVV {REiva RAFLIIREE

* Electric system integrated test.

c) Flight test
According to the current plan, the ground test as the final confirmation of the overall
system functions (combustion test for the propulsion test and the like) will be conducted at
the flight test site; the test will be followed by and developed into the captive flight test and
free flight test.
Table 5.5-1 summarizes the outline of the activities, equipment and jigs used, and site of
execution for the major activities listed in the assembling/testing flow.
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000 Takeoff and landing flight —— 100 Project management
experiment

+— 200 Development and design —

- 320 Propulsion system

—330 Avionics

— 400 Fabrication of the
ground facilities

— 500 Flight test

Note) The items marked with an asterisk are to be
furnished by NASDA.

I 380 Overall vehicle

— 210 Structure system

(including the thermal
control)

220 Propulsion system

230 Avionics

280 Integration

+— 290 Operations plan

300 Fabrication of the —T 310 Structure system — 7 311 Overall structure
experimental vehicle (including the thermal 312 Landing gear
control) 313 Thrust support
structure

314 Skin structure
315 Flame protection
system

— 362 Others

321 Engine system

322 Thrust control system

323 Gimbal system

324 Tank system (including
pipe line and valves)

325 Pressuring system

326 Auxiliary propulsion
system  (gas jet)

327 Others  (controller system
CIU)

— 331 Onboard software

332 Navigation sensor (inertial
measuring unit,RA) *

333 Onboard computer *

334 Controt interface unit (CIU)

335 Others

341 Telemetering system *

342 Command system

343 Antenna system

344 Ground equipment (the
same as that listed under the
classification number 420
through450) *

345 others

351 Onboard battery

352 Distribution board

353 Others

__ 381 Propulsion system cutfitting

382 Airframe outfitting

383 Overall vehicle assembling and
adjusting

384 Overall vehicle system test

+—:385 Others

assembling

410 Range system

420 Control system *

430 Experiment data processing system *
440 Ground communications system
450 Ground measurement system *

460 Arrangement of the flight test site

530 Flight maintenance
activities
540 Flight test

2 APy

&N N
JIU UL

Fig.5.5-1 Takeoff and landing flight experiment work breakdown structure
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5.6 Flight Test Concept

With respect to the experimental vehicle system operations, the items and details of the test to
be conducted at the flight test site, safety measure for abnormal flights, and effects of
. disturbances on the flight range were examined in outline.

The scale of the test considered in the examination is one which enables the “Wide Area Free
Flight,” the ultimate goal of the present flight experiment, to be conducted; the experiment,
therefore, supposes a domestic remote site (Hokkaido area or similar area) which permits a vast
exparnse of a test security zone to be secured.

(1) Flight test plan
Table 5.6-1 shows the draft concept for the flight test including the ground test at the flight test
site.
The test items are as follows:
* Ground test (electric system overall functional test, propulsion system ground combustion
test)
* Flight test (captive flight test, free flight test)

Table 5.6-2 shows the draft test schedule including the maintenanoce activities before and
r the flight test. This draft schedule is based on the range maintenance work flow shown in

atter the il1

Fig. 5-3; according to the draft schedule, a test cycle takes about 10 days for a test period.

(2) Safety measures against abnormalities in the flight
It is necessary to secure safety of the surrounding environment and facilities by one method
or another when an abnormality occurs. To address control abnormalities during flight, in
paﬁ:zsuiar the airframe should be equipped with an emergency command system so that, on
receiving the engine cutoif command, the airframe may be made to drop safely and exac
inside the pwdmwﬁﬁnsu test security area.
The results of the examination of the safety measures examined are outlined in the following:

b

@
O
z

measured by the following metl
Methods

1) By the optical tracking (to be confirmed by the observation on the ground)

2) By the IMU navigation data (to be self-contained onboard)

3) By the IMU navigation data (to be confirmed through the ground telemetry)
Criteria

a) Whether the vehicle is following the flight plan;

b) Whether the vehicle is within t test flight domain; and

¢) Whether the vehicle is within the engine cutoff command issue boundary.

,m
c?
’.J
UQ

b) Method of making the vehicle drop
Shutting down the propellant flow to the engine of the experimental vehicle makes it unable
to fly and it drops. The following two shutdown methods are available:
Valve actuation
1) By closing the the pilot valve (a three-way valve) for the propellant valve
2) By closing the thrust control valve (a regulating valve)
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Signal path
1) From the command receiver/demodulator through GCC to the propulsion system
controller.
2) From the command receiver/demodulator directly to the propulsion system controller.
Transmission of command
1) Judgement made on the ground/transmission of the command (optical detection,
telemetry data) ‘
2) Self-contained onboard (programmed actions)

(3) Effects of disturbances on the flight range
Assuming that the flight test is conducted in a steady wind with a limit wind velocity of
Sm/sec (up to 10m/sec for gust)* the deviation in the horizontal direction was calculated using
a simplified calculation method.

* Assuming that the airframe characteristics are based on the KHI concept option, the
deviation to be caused by a wind with this much velocity is 1m at most; this allows one
to judge that there are no problems with the test security domain and test safety.
However, errors in the equipment such as IMU in the navigation guidance and control
should be examined along with errors in the control system in the future.

With respect to the effect of the disturbance (wind) on the attitude control and safety, no
major problem occurs provided that the control requirements given in paragraph 5.1.(3) are
met.
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6. Ground Equipment

6.1. Basic Policies

Because the reusability is given priority, the site for takeoff and landing should be examined
along with the examination of the airframe. The selection of the test site is considered from the
following viewpoints:

(A) Sufficient area for the flight test (security distance);

(B) Convenience of carrying in materials and constructing facilities;

(C) Absence of high buildings;

(D) Absence of houses;

(E) Less difficulties and costs in borrowing the land;

(F) No private ownership; and

(G) Domestic.

A site meeting the requirements listed above is to be found in Hokkaido.

The ground facilities consists of the following systems:
(A) Range system;
(B) Control system;
(C) Data processing system;
(D) Ground communications system;
(E) Ground measurement system.

Figs.6.1-1,6.1-2, and 6.1-3.

6.2 Semi-captive Test

Fig.6.2-1
Before conducting the free mg 1t test, the basic functions of the experimental vehicle is
confirmed with the binding fixtures attached. Most of the items E{)b confirmed in the vertical

jump can be demonstrated by th;s semi-captive test.

Thrust control performance
UH{E Ud}. E:)SH ormance
Attitude static stability
Aﬁtimctef performance
Shock absorbing landing gear design
Flame protection measures

Soft landing and airframe recovery
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6.3 Flight Test Domain (safety domain)

Since this experimental vehicle uses NTO/N2H4 and the airframe returns to the landing site,
greater consideration for the environmental preservation is necessary than with a common
rocket.

On the basis of the maximum flying capability (horizontal flight limit), the flight test safety
distance was determined, on which the demand for a flight test suite was decided on.

(A) Maximum range capability

Without considering the experimental vehicle’s return to and landing on the test site, the
horizontal flight limit distance (inertial flight and free fall after fuel has run out.) was
determined. This corresponds to the abnormal flight condition which incapacitates {light control
through failures in the control system after launching.

The horizontal flight limit distance is about 5[km]. See Fig.6.3-1.

For reference, the vertical flight limit distance (maximum attainable altitude) is 1.4[km].

(B) Test safety control area

As described above, the horizontal flight limit is considerably great, making it difficult to
provide a test safety control area as extensive as this distance. (from the viewpoint of securing an
exiensive site)

To solve this problem, a measure to narrow the flight security area is needed. For this
purpose, a forced dropping boundary inclusive of the distance margin is determined on the basi
of the expanse of the test area to be specified test by test; for an abnormal flight going beyond
this boundary, the engine cutoff command is issued to make the vehicle drop safely, thus
narrowing the required security area.

The engine cutoff command issue limit boundary is set at a distance of about 300[m] from the
faunch pad, with the test site safety distance set at a radial distance of 1.2[km] on the basis of the
dropping flight domain of the vehicle and the safety distance required for the propellant. The
area defined by this setting is still too large, requiring reconsideration in the future. Refer to
Figs.6.3-2 and 6.3-3.
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6.4. Launch Support System
* The takeoff and landing test site requires a location where a concrete paved area of about
100 x 100 m can be secured; if the available area is smaller than this requirement, the
balance may be covered by laying steel plates. In addition, a flat safety control area that
encloses the paved square lot at a distance of 100m or larger from each of its sides is

provided.
* “Flight domain examination” (based on the Concrete pavement T
original plan) (or steel plates) U 100m
1) Safety distance: 90m -
2) Horizontal distance over B 100n
which the vehicle can move: 40m Safety control area ~~| : T
3) Margin in the error in the T~ I 100m
navigation guidance and control -
system and others: 20m@emporary vaiue) %“ *§ ’f 3’;
150m phi— 300 x 300m 100m100m100m

* The experimental vehicle is installed on the launch pad by a crane.
* The ground support system is a portable one that can be self-propelled, towed, or lifted.

400 Fabrication of ground Equipment
410 Launch system
(1) Support Equipment
a) Flight test site maintenance 1 set (to be diverted): ~ Provision of a concrete paved
lot with a dimension of about 100 x
100 m and a flat security zone that
encloses the paved square lot.
b) Movable flame deflector 1 (to be fabricated): Made of steel plates painted with a
heat resistance material.
¢) Maintenance and inspection car 1 set (o be fabricated): * Unpacking of the experimental
vehicle, inspection of the quantity
and appearance.
* Functiorz imspsf‘tmﬁ (msasar@msn‘i

epera‘s:ion and air E}ghmess @ak\
= e 1

41 -
the airframe we gﬂé

*
3
&)

* Micasurement ¢

and the weight of the loaded

propeiiant
d) Air conditioning car 1 (to be rented): * Air conditioning of the airframe and
maintenance of the environment for

propellant charging and dischargin
Power supply car 1 (to be rented): * Supply of electric power to the
airframe, AGE, facilities, and others
Hoisting of the airframe for
measuring the weight of the
airframe and loaded propellant.
(2) Equipment for airframe inspection and maintenance
a) GCC checkout unit 1 (to be rented); * The software is to be created.
b) Battery charging unit I (to be rented): *Charging of the airframe battery
¢) Propulsion system checkout unit 1 (to be fabricated): * Inspection of the function of the

propulsion system

oD
p—g

*

) Crane car 1 (to be rented):
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(3) Propellant related equipment: * Loading of the propellant and
pressurizing of the accumulator

a) Propellant loading unit 2 sets (to be fabricated): * Flushing of the propellant discharge
line and propeliant gas loading/
unloading line

b) Propellant neutralizing unit 2 sets (to be fabricated):

¢) Pressurizing gas charging unit 1 set (to be fabricated): * Treatment of waste liquid and
exhaust gas

d) Propellant transportation vessel 28¢tS (obebomoweay, ¥ Simplified flushing

e) IPA/water supply unit 1 set (to be fabricated):

(4) Safety/environmental preservation related equipment:

a) Fire engine 1 (to be borrowed)

b) Water truck 1 (to be rented)

¢) Waste liquid tank 2 (to be fabricated)

d) NTO storage 1 (to be fabricated)

¢) Hydrazine storage 1 (to be fabricated)

) Shower/eye-bath 1 (to be fabricated)

g) Protective clothing/gas densitometer 1 set (to be borrowed)

h) Breathing air supply unit

(5) Umbilical

a) Umbilical 1 set (to be fabricated)

(6) Others

a) Operations building 1 (to be built): * For flight control, ground
communications, ground
measurement, processing of
experiment data, waiting room for
the experiment group

b} AGE storage 1 (to be fabricated)

¢) Truck 1 (to be rented)

d) Tools 1 set (to be borrowed)

6.5. Control System
The ALFLEX facilities are to be diverted in principle.

Flight control console
Flight control processing unit

6.6. Experimental Data Processing System

The ALFLEX facilities are to be diverted in principle.
(T.B.D.)
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6.7. Ground Communications System

The ALFLEX facilities are to be diverted in principle.

The facilities required for the tracking control are temporarily installed in the vicinity of the
takeoff/landing point.

Command items are limited to those necessary for the loading of the propellant and actuation
of the emergency systems. Telemetering items are limited to the HK data for the experimental
vehicle.

(A) Configuration

The ground communications system is composed of the following components:
S-band communication antenna

S-band transmitter/receiver

S-band power amplifier

S-band high output power amplifier

S-band low noise amplifier

S-band diplexer

S-band antenna switch network

Switch network

(B) Performance
(1) Frequency band used
Up-link
S-band: selected from frequencies between 2025 and 2110[MHz]
Down-link
S-band: selected from frequencies between 2200 and 2290[MHz]

(2) Modulation mode

Transmission Line code Modulation
mode system system
PR TIL~R A T 7T

Command signal PCM NRZ/L PSK/PM
HK data PCM Big-L PSK/PM
Environment ~n . o

i ) PC Bigs-L PSK/PM
measuring signal

(4) Minimum reception sensitivity
T.B.D.

(5) Antenna power /gain
Power : T.B.D.
Gain :T.B.D.

6.8. Ground Measurement system
The ALFLEX facilities are to be diverted in principle.
Experiment monitoring television camera
Laser tracker
Meteorological measuring unit
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5.2-1 (No.1) Concentual drawing for the test facilities
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7. Operational Plans
The basic policies for the operations of the experimental vehicle are as follows:

(A) The experimental vehicle is carried in the test site in the assembled condition;

(B) The pre-flight maintenance activities are performed on the maintenance and inspection
car; before launching, the maintenance and inspection car moves out of the test area;

(C) The power supply car is equiped at the launch pad to feed power to the vehicle; before
launching, the power supply is changed over from the power supply car to the onboard
power supply;

(D) After the experimental vehicle has landed, the propellant leak inspection is conducted;
after confirmation of safety, access to the experimental vehicle is permitted to close the
isolation valves and perform activities such as pressure reduction, followed by servicing by
the maintenance and inspection car;

(E) After this, the propellant is unloaded and recovered; the loading and unloading line is
flushed, holding inner pressure by GN2

(F) After making certain that no danger exists, the experimental vehicle is inspected and data
is recovered, and then the maintenance activities for the vehicle is started.
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8. Investigation and Examination of Possibility of Component Diversion

To achieve the goal of developing the experimental vehicle in as short a period as possible
with a minimum of cost, the basic development policy is to place emphasis on utilization and
diversion of items that have been already developed, existing products, and items used for
research activities, thereby structuring the entire vehicle by using existing technologies as
extensively as possible.

From this viewpoint, methods of procuring equipment and components and histories of their
performance were reviewed while the requirements for such equipment and components were
confirmed.

(1) Component procurement plan
The procurement plan for all components (including pieces of equipment) composing the
vehicle has been put to rearrangement, producing the results shown in table 8-1. The
results of the examination of basic items are given sub system by subsystem as follows:
a) Propulsion system
* For the following items in the engine and thrust control systems, those used for the
cluster combustion test are diverted:
- Engine system: engines, propellant valves, three-way valves, pressure sensors
- Thrust control system: regulating valves, filters, discharge valves

For the following items in the tank systems, those used for the throttling combustion
test are diverted:

& LBE VR EibAS.

Exhaust valves, loading/discharging valves, manual isolation valves, flowmeters,
Pressure sensors
For the gimbal actuators, consumer motor-operated actuators are used;
A spherical Ti tank is newly fabricated for a propellant tank;
For the accumulator, the existing products (COMMETS) are diverted. {to be furnished

%

* *

E3

by NASDA)
% A vvaluae and cancnrg 17 tha nracgQiiriFe 3 £ T T
* For valves and sensors in the pressurizing system, proven products (HYFLEX) are

procured.

The control section of the propulsion system is separated from CIU in the navigation
guidance and control system; it will be procured through modification of consumer
products.

¥
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he landing geafs are procured by developing new items through modification of
y oducts. (motorcycle shock absorbers)
c) Navzgaﬁzeﬁ gmdance and control System and communications system
*  For the following components in the navigation guidance and control system, the
F;\:&sim g prué ts are diverted:

- RA and RA antenna (ALFLEX)
* For the following pieces of equipment, the existing prod
the NASDA original draft:
- Telemetering receiver, PCM encoder (ALFLEX)
For the command receiver, a consumer product (for radio-controlled flying model use)
is used.

cts are diverted as stated in

o

¥*
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£
:
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E
£
£
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Th ?esuh.s of the examination of the environment resistance of basic items are given
subsystem by subsystem as follows:
a) Propulsion system
*  Vibration tests at the component and the subsystem level are not conducted;
confirmation is collectively conducted through CFT.
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b) Structure system
* The landing gears and airframe bottom are covered with a thermal protection material.
¢) Navigation guidance and control system, communications system, and power supply
system

*  Since a damper cannot be applied to an IMU (item used for research by NASDA), it
is necessary to conduct the acoustic test or random vibration test on an IMU alone.

* The resistance to the launching environment of the pieces of electric and electronic
equipment, excluding the IMU, have not been confirmed; therefore, they are mounted
to the airframe through the medium of shock mounts or the like.

(the equipment is exempted from the vibration test and other ones to alleviate the
burden on it.)

* The thermal environment during flight of the section accommodating the equipment is
not severe; therefore, thermal protection measures are not necessary.

Before launching, the maintenance and inspection building is air-conditioned by the
ground support {acilities.

(3) Acoustic environment of the airframe

To evaluate the effects of the acoustic environment on the airframe and onboard

equipment, acoustic analysis was conducted with the acoustic effect at the takeoff as the

reference.

* The sound level was higher than the inner sound field of the fairing of the H-II rocket;
however, with the decay of the sound field by the effect of the outer shell taken into
account, the sound level is considered to be weaker than that of the H-II rocket.

- H-II rocket: 140dB (0.A)
- Experimental vehicle: 142dB (0.A) *

efficiency: 0.15%

- 170 -

This document is provided by JAXA.




s1onpoxd yowmnsuod

-171 -

“IOALIP QA[BA pUE _ .

vee ‘YOALID wnw:wmwuwg JO UONIeDIIPOW/PaYRILIey ATmal 9¢ O, 1 (NID) 1un [onuos ES@M MMMMMW% uIRIsAs 10[[01U0D) (9)

c7E oAlea Supe[ndas (mou) peseyoind aq o, 398 1 sjevpRIq/sessowey/sour odid ()

cz€ Jim {000 {#a311) POIBSLIGR] 5G O, 198 [ {(ssn amssad y3ry) sosuss arneradway, ()

€76 spryrugen jsniy XETIAH onig 1 (osn aanssaxd y3ny) Josues s (1)

P ot Jo peseduwo]y X TIAH onig I aateA Aozes (1)

€76 oni 1 aAeA uonelost Surzunsssid (3)

gL onIg [4 QATeA 204D (3)

c7¢ oIy Z JATRA JOIIUOD 2105821 ] (9)

144 onia I 19010 (P)

c7¢ KHTHAH oniy 1 (osn 2anssaxd 4B1y). va[eA UONRIOS] (3)

ozt XA TLAH ong I (esn

cze XdTdAH (padopeasp Apeaire) peseysind aq o, I axnssaxd yBuy) oatea SuBreyosip/Buipeo (q)

c7E 5d SLENINGD VASYN £g peysiuing og 01/3unsixg 1 Joje[RUInooE (B) ureyshs Furzumnssaig(s)
{(mou) poseyornd 2q 0,

¥Te (#631) pajesuqe) 9q 01, 188 | szoumsey (D

vze (mau) pasegornd 2q o, 108 | s1ovoeIq/sessourey/saul] odid (1)

Y€ onig z (osn orassaid mor) Josuos armjessdura ], (1)

YZE oNi 4 (osn ounsso1d mof) J05uss aanssard (8)

vZe omg 4 Jopewmor] (3)

e oniy 14 DATEA UOLR[OSY TenuelAl (3)

Ve 159} wonsnquiod Juriony 7 oajea Suidreyosp/Surpec (p)

vZE Y1 JOJ Posn ST 9Y3 JO UOISIQAL( Z 3ATeA JsnBYXE ()

1443 ong ong I uEl YHEN (@)

ygg  plues Aojre 1, reowoyds (4601) POIedLIge] 9q O, I el QLN (2) wapsks yueL(y)

cze poseyoind 5q 0], 105 | s1ouUse (p)

149 ong 105 | sossauwiel (9)

£le (sa0u) PogeoLIqe) 9q O, 7 TLSURYOSWL [qUILD) ()

€78 (mou) peseyoind oq o, P Jojenyoe jequin (8) @15As [RQUIID) (£)
(mau) peseyornd oq o,

e (mau) poedsriqe; g o, 138 1 siouwise (9)

728 ony 108 1 sjo30RIQ/sIssawey/sour odid (P)

72¢ oniy 7 (oaTeA 931BUDSIP) SARA UOHE[OST [RNURA (3)

728 159] UOKSNIUIOD ¥ 193153 (Q) UI19154S

s JOISTIO SU} JO] POSTL SUIOI OU} JO UOISIDAIL(] ¥ aayea SurenSoy (8) [01u00 15T, (7)
(mou) paseyoind 9 0,

17¢ (mdU) poleoLIqR] 9 O, 108 | sIsuIse. (1)

12¢ oni S spovorIq/sessaueyysour] odig (9)

12¢ onig 7 105URs 2105501 (P)

17§ onig ¥ (anyea 107id Jueypedord) aatea Kem-vany], (9)

126 Sd0 SLAANOD 1593 UOHSNQUIOS v oaTea jueedord pmyg-ouQ (q)

12¢ TAT 1-[] IPISTO O} I0] PIsT SUIBIL SY} JO UOISISAL(] z swiSuy (8) | wesAssuBug (1) weisAs vorsindord

UONIBOIIISSe[O SRSy suoneordde poUIew Juewamooig | Ainuend) uonRuIISIp |
VASYN USA0IJ ysuoduio)) woIshs

(/1) wepd juoweinooxd jusuodwo)) 1-§ 9[qeL

1denuoo Juewadye ysiyy Surpue] pue Jjooye],

This document is provided by JAXA.



“107eN}oR

£s¢ requuid 9y3 JoJ (mou) poresiIqe; 9q o, 198 | SISSUIBYIOIDUUOT) (D)

75¢ Arddns 1omod (padoraasp K1maou 94 03) PIESTIQR] 9 O 1 preoq uonnqInsicy (q)

1s¢ a1 Jurpnyouy (mou) paseyosnd 2g O, 1 Axoneq preoqupy (8) wosAs A1ddns romog
£pE (soU) poreoLIge) 5q o, 195 § SOSSIILIBY/I0I02UUOD) (I)

£PE : onig 1 RULIAIUE JIATIODI PUBLILIOY) ()

cve onig I Jopnusuey) SUsPWRR], (P)
e (2a51) poseyoind sq o, 1 JOTRNPOWSP/IPALSII PUBLIIOT) (3)

Ive XKAHTV YASYN Aq paystuiny oq oy/Bupsixg I 13pooUs WD (9)

IvE XTIV YASYN Aq paystuing oq oy/Sunsmgy I Isnmusues Suuslewole], (€) W2ISAS SUOTIBOIINUITIO.)
£ce UoII09s [01IU0D £q goreosal (mau) potesLIqe] 99.0, 198 | $9ssaUIBY/I0109UU0 ) (8)

1233 waisks uorsyndosd | 10) pasn swisy] | (pedofsasp K1mst g 0) PORROLIqe) 3G O, I (MDY rum sorID3IUE [ONUCD) (3)

3% ay3 Surpnioxy XTIV YOSV A paysiuiny oq o3/unsixyg i (D00) :ndwos preoquE ()

[4%) VASYN XATTV VASYN Aq poystuiny aq 03/3unsixy 1 quuAue vy (P)

[4%% VASYN YASWYN Aq paysiwing aq oy/Bunsixy 1 (v seremnie ompey (9)

(413 £q yoreassy YASYN Aq poysiuiny oq 03/8unsixg I (UATD Tosuses erzouy ()

1c¢ Joj pasn suiel] | (pedopeasp Amau oq 03) PolesLIge] oq O, I aIeM310$ preoqur) () waIsAs [o1ued pue souepns uonediaeN

, TUSWIRINSEouI

729¢ ony (mou) paseyoind aq o], 128 | Josuas ornjeroduay, () amnjeradurd g, (g)

79¢ oy3 pue yoo[q/190eds o 198 | S[eUIOIRL SunRINSUL [ewIay ], (Q) 10100

79¢ UCTIR[OST (RIS |, {sou) paseyornd ogq o, 188 | [1oys 19300 213 uo Sunured a3y, (8) ammerodwoy, (7)

19¢ (mau) paseyaind aq o], 398 | 81009388, ()

19¢ syonpoid ojqejeAe oniq 14 uonoajord eurery resd Surpue (q) woIsAs
19¢ A{RToI5UIII0D (mou) paresiiqey oq oL, I uopoe101d swey swelry (8) | uonooioxd swrel (1) 1013U0D [RULIS ],
Aty Suikjipowr posegaand oq o], 198 1 siouase (q)

71¢ £q padofeasp 2q o, (podopoasp Amou 04.03) POIBOLIQR] 9 O, ¥ s1833 Juipuer] () sreod Suipuey ()

11 poaseyoind 9q 0], 198 | souvlse (p)
vie ong I [13ys 1) (9)

cIg oni I 200118 10O (Q)

1€ (sa5U) PoIEOLIQRL 2¢ O, I aimonns yoddp (e) axmons ureA (1) UI9ISAS 2INJONIIS
97¢ 0 GAJBA UOTIRIOST feriuRiy] (9)

o7¢ 0 197 (@) w)sAs

92¢ 0 oapea juefpdord/ssisnryy, () | snays Axerprxny (1) waishs uosjndorg

OBl 3 g :
HEIISSED Sy uoresrdde poylew juowemooly | Ayuend) ﬁéﬁgmﬁ@@
VASYN USAOIJ E@EC&%@Q Egm%m

(p/2) werd yuswremooid jusuoduio)) 1-9

9I9eL

1doouoo Juswiiradxs 3ySiyy Surpue] pue Jjosye],

- 172 -

This document is provided by JAXA.



S0 (9)
(OSNLL TIOLY) POmoIIog 9G OF, 195 | sfoo], {p)
oni PoIULI 3G O, 1 onzg, (9)
posn omq I agel01s FOv ()
2Q 0} SIOUTBILOD PAS(} (mou) poredniqey oq 0], I Aup(ing suoneseds (¢) 812410 ()
(s021) POILOLIQR] 94 OL
{OSNLL wIo1]) PamoIIog 9.0, 198 1 wun Ajddns are Sugyesag ()
oni 138 | Iojeunoirsuap seS/Burgio canomord (8)
omd on( i y1eq-040/10m0498 (1)
posn onix 1 28e3018 ourzeIpAH (®)
30 01 SIOUILIIOGD PIS[) (amou) poresLIge) 9q O, 1 92e1038 QLN ()
PoIUsI 9Q O, 1 yuey pmbi a1s2M4 ()
(Kypoyine jesof I onx e pm (Q uonearssard
o) wo1) uoneIedoos) pemoIIog 3¢ 0], I ougSus ity (B) | Teauswuoriaua/Kieges 1oy juswdmby (1)
[os8aa (IsryoeInURUL
worerodsuen juefedoid oyl W) POAOIIOG 9G O, 7 {ossoa voneodsuen jueiedor (2)
uepadoig oniy [ Jan Sunnsesur WSwa (P)
oniy I yun urpeor sed Surzunssoi (9)
onig ré yun Fuizennou juefedoid (q)
(r021) poresiIqe) 94 o, 7 srun ugpeoy jueqedoi] (8) jun pojepal juepedord (€)
(mau) pojeduqge] 29 o, 1 JUN 10030003 WssAs uorsindold (9)
oM 1 un Buigreyo Alned (@) JUn S0UBUSIUTBUL
Pa1eRID 2q 0) 2IeMIJOS pajuol g o, I N INOYIBYS D0 (B) pue uonosdsur swrenary (7)
(mau) paesLqe] 9g 0, 338 sassoure (8)
(mou) patediIqey 94 0], 198 | ouy odig (D
oNICY 1 Jeon suelly (9)
s[esijiqun oIy 1 yes A1ddns romog ()
ot Sarpnjou PojuRX 99 O], 1 £Tory FUmonIpuoed 11y (9)
¥ 107 1d03-TPM oniCy I Surppng uonsedsur pue sourRuIIR]A () senovy 98uey (1)
uoneoyIssey | & £Q 10J payniisqng (mou) paresuqe] 89 oF, I Joysuney (8) wWsAS dZury
UONEoIIsSe]d syrewey  suoresrydde PO JUaMIAINO0Ig | AINuEnd) uoreudisop
VASYN USAOL : Jueuoduioy) WSISAS

(pye) uvepd jusmmaanyoxd jusuwodwo)) 1-§ JjQR ]

1deouos juswradxs 31y Surpue] pue JJoave],

- 173 -

This document is provided by JAXA.



BIoUIBD UCISIAD]D)

- 174 -

onig omqg omg 1 Suuonuow Juswredy (8) Jojruon Jusurpted g (7)
omg ong I yun Aefdsip soutesp, (Q)
VASYN
(¥¥€) € uoneoISSR[D ATV 307 Aoeg | Aq poUsIuIng 94 03/pomoirog oq o], I IUD UOTBAISS(O [eolfojosoapy (v)] Hun Sunnsesu [eo13o[o1oalein (1)
) ISISAS TUSUISINS sl Punoiny
oM onLCy ony i eUUSiUR SUNILUSURY) PUBLIUIOD) (Q) UOISSTISURT]
omQ o3I onI 1 Iopigsues) puswiwo) (g) puetrniod Aousdrowy (f)
ol onig onIT i vuuojue Fuiarenel Fuuseursia], (0)
Ny ol oniq i Jowrnpourep WOd (D
oma onig onIY 1 nun Suiafoss Sunspwee], (8) uondaoar Fuulswsp L, (7)
VASYN
(ryg) € uonesyIsse) XHTATY 105 Lfroed | AQ paysiuing 9q 03/pamorioq oq oy, I BUUAUY (2) euuIUy (1)
197543 SUCTBIUTIITIOS Punioir)
o o ong I yun Jurssaooxd sisAjeue eled (€) jrun Surssodoid sisfreuy (7)
oni( OnIg onig 1 Jjrun mdino eed (9)
onIy onig VASYN I yun yyoeqAe1d/Burpiosar eiep s8ewy (q) 1un yoeqheld/SurpIosey (1)
#be) € uonesmIsse YOIV J0] Ajioey | AQ POYSILIR 9 01/POMmOLIod 3G O, 1 nun syoeqheyd/Buiproool vep Answo[ay, (8) TISiSAS GUTSSa001d €IEp JUoWIaa Xy
ong onig onig I S1e1308 101U00 WYSIL] (0)
on onig omq 1 yrun Sursseooad jonuos 3y (Q)
YASYN -
SASAS Tox3Uoy
(0€) € vonEomISSE)) XATATY 107 AWiwed | Aq poustuIng oq 0y/pomox1oq oq o, I 0[05U00 (01300 B (2) HEASAS To43E00
UONEOIISSEo . UonRUgISO
HEOLISSe] SHIEWSY suoneordde polleu jusIeInsold |Aimuend) o H . 4
YASVN USAOI] suoduo) WIAISAS

(7/p) Ueld JUSWIR.INI0Id JUsuod o ) [-§ I[GBL,

1daouoo Juswodxs 13T

J Suipue] pue jjooye],

This document is provided by JAXA.



9. Development Schedule
Table 9-1
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10. Basic Tests

10.1 Test of the Operation of the Attitude Control Gas Jet under the Atmospheric Pressure

The 150[N] thruster, which has already been developed, is likely to be used as the attitude
control gas jet for the experimental vehicle. Since the 150[N] thruster has been developed
originally for operation in a vacuum, the nozzle was modified into a shorter form to
achieve the optimum expansion under the atmospheric pressure; the modified thruster was put to
the combustion test under the atmospheric pressure to acquire performance data. -

Fig.10.1-1

Normal combustion performance
It was confirmed that all the normal combustion performance meets or

exceeds the specified requirements; the evaluation for each of the performance
items is shown in the following table:

Item Test standard Results of the test
Thrust under the 100+5N The pressure at the propellant
atmospheric valve inlet is in the specified range
pressure of 16 - 18kgf/cm2a.
Combustion 7.5+£1.0 The result obtained is 7.520.5kgt/
pressure  kgt/em?2a, cm?2a, which is within the

specified limits.

>pectlic moreinen It was confirmed that specific impulse
mpulse 138sec values ranging between 155 and
160sec were obtained that are above

the standard.
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Performance of the propellant valve functions
It was confirmed that all the propellant valve functions met the requirements set by the
standard. The evaluation for each of the performance items is shown in the following table:

No Test designation Test standard Test result
1 Electric resistance test
a Insulation resistance test Not less than 100 M ohm Accepted
b Coil resistance test 30+1.5 ohm Accepted
(at 21°C)
2 Pressure test No deformation and leak Accepted
3 Airtightness test
a Positive pressure inner leak Leak rate Accepted
GN? not more than 3.3c¢/10min
b Positive pressure inner leak Accepted
GN? not more than 3.3cc/10min
c Negative pressure inner leak ’ Accepted
GN? not more than 3.3cc/10min
4 Current waveform Valve opening response Accepted
measuring test not more than 22+3ms
Valve closing response Accepted
not more than 21+5ms
8] Flow rate test Not less than 37.95 for Valve Cv Accepted
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10.2 Engineering Model Fabrication and Testing of the Landing Gear Elements

10.2.1 Purpose

Conventional aircraft landing gears are lightweight and compact, and their performance is
excellent; however, since they are expensive, it is desirable to use ready-made consumer use
shock absorbing units as the landing gears for the experimental vehicle if they meet the
minimum function and performance requirements. In addition, to determine the landing gear
arrangement and landing gear load, data such as the load characteristics of the ground striking
clements (hereinafter called pad) on unlevelled land becomes necessary.

For these reasons, a test landing gear (consisting of a shock absorbing section to be called a
“shock absorber” in the following and a pad), which used a ready-made consumer shock
absorbing unit, and a simulated contact surface was designed and fabricated. The shock absorber
was subjected to a static characteristic test and a dynamic characteristic test (a dropping test) to
judge whether it could be used as the landing gear for the experimental vehicle and to acquire
data on characteristics of the pad striking unlevelled land.

(1) Shock absorber

The investigation revealed that a shock absorber for off-road motorcycle use front suspension
(the telescopic type) manufactured by Kawasaki Heavy Industries Co., Ltd. is the best {it that

meets the system requirements for the shock absorbing gear for the experimental vehicle.
3 H 5
ia H

The test landing gear was completed by modifying the shock absorber as extensively as cost
and schedule consideration permitted.

Fig.1 outlines the shock absorber.

The performance of the modified shock absorber was verified by carrying out simulation
calculation using a simplified model.

Fig.2 outlines the results of the simulation.

Pads of three different shapes and dimensions, which, with the system requirements taken into
consideration, were considered suitable for use with the shock absorbing gear for the
experimental vehicle, were designed and fabricated.

Fig.3 outlines the pad.
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Fig.2 Results of the simulation made on the shock absorber
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(3) Simulated contact surface

Three different unlevelled ground specimens and a concrete ground specimen, which
simulate the hardness of the unlevelled grounds on which the experimental vehicle is
supposed to land, were fabricated.

Fig.4 shows the schematic diagram of the simulated grounds.

10.2 Results of the Static Characteristic Test

In the static characteristic test, the shock absorber was tested on the load-stroke static
characteristic and the pad on the unlevelled ground characteristics.

10.2.3.1 Test Conditions

In the load-stroke static characteristic test, the static load-stroke characteristic was
measured with the test landing gear striking the ground at a low velocity, and the
measurement confirmed that the static characteristic of the test landing gear met the design
objective.

In the unlevelled ground characteristic test, the relation between the ground striking load
and the compression of the unlevelled grounds and that between the ground striking load

and the side slip resistance of the pad were measured.
Table 1 shows the number of test cases, test conditions, and measurement items

prarsh

0232 Evaluation o
(1) Load-stroke static characteristic test

As shown in Fig.5, the test landing gear exhibits characteristics very close to the design
e

objectives which are acceptable
In addition, the friction was not excessive,
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Table I Number of test cases. test conditions. and

megsurement items in the static characteristic test

Test Measurement
No. Designation of tst Number of Test conditions items
test cases
Ground striking Simulated Load
element contact surface
1 Load-stroke static 1 None 1 round trip * Load versus
characteristic test stroke
2 Unlevelled Measurement *1 3 different 3 different | Measured at * Ground striking
ground of the 9 elements contact intervals of load versus
characteristic | compression of surfaces about 1.000 compression of
test unlevelled while the unlevelled
grounds Pad A ~ Unlevelled =7 | ground siriking grounds
[ Pad B j! Ground 1 load is
Pad C Unlevelled | | increased CBR
Ground Il | | gradually from
Unlevelled | { 0 to 1,650.
- Ground [II-—
3 Measurement *3 3 different 4 different 4 different * Compression of
of side slip 48 clements contact values of load unievelied
resistance surfaces grounds
Ground striking
r Pad A= —Unlevelled — — 200 — load versus side
E PadB | Ground I 600 E slip resistance
L PadC_d Unievelled i 1,100 4 “:CBR
Ground 11 — 1,650
Unlevelled
Ground i
.. Concrste <

*1. Number of tests=Pad (3 different pads) x Contact surface (3 different surfaces) x Load

(single value)

= 9 test cases

*2. Measured on the compression stroke only

values)

*3.  Number of tests=Pad (3 different pads) x Contact surface (4 different surfaces) x Load (4
= 48 test cases
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Fig.5 Results of the load-stroke static characteristic test
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(2) Unlevelled ground characteristics

Under the test conditions shown in Table 1, data was acquired on the compression of
unlevelled grounds due to the ground striking load for a total of 9 test cases and on side
slip resistance due to the ground striking load for a total of 48 test cases.

Analysis of the data has yielded the relation shown in Figs.6 and 7.

These are valuable design reference materials which can be utilized for designing landing
gears for the ground striking element of the experimental vehicle or lunar/planetary landing
craft.

10.2.1.4  Results of the Dynamic Characteristics Test

The maximum stroke of the shock absorber, maximum vertical ground reaction force, and
unlevelled ground compression occurring when the test shock absorbing gear was dropped
on the 4 different simulated contact surfaces were measured against changes in the ground
striking velocity and allocated weight. Using the data obtained through these tests, the
energy absorbing capability and shock absorbing characteristics were examined to judge
whether the test shock absorber could be used as the shock absorbing gear of the

experimental vehicle.
10.2.1.4.1 Test Conditions
The test was conducted with the following conditions combined in various ways:
<1> Allocated weight (kgf): 3 different values (450, 500, 550)
<2> Ground striking velocity (m/s): 2 different values for weight allocations of

400kgf and 500kgf, and one value for a weight
allocation of 550kgf (1.7-3.0)

<4> Simulated contact surface: 4 different surfaces (Unlevelled grounds [, II, and
I and a concrete surface)
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3%

[\

10.2.1.4.2 ltem to be Measured

<1> Relation between the ground reaction force and time
<2> Relation between the stroke and time

<3> Compression of unlevelled grounds

<4> CBR, allocated weight, and ground striking velocity

10.2.1.4.3 Evaluation of the Results of the Test

Fig.9 shows the relation between the ground striking velocity and maximum stroke of the
test shock absorber, and Fig.9 the relation between the ground striking velocity and
maximum vertical ground reaction force, both obtained from the data for the dropping test.
(the typical data are shown in Fig.8.)

(1) Energy absorbing capability

The test shock absorber exhibited deformation at a weight allocation of 450kgf and a
ground striking velocity of 3.0m/s; however, the dropping test data (refer to Fig.9.) and
analysis of the simulation confirmed that the test shock absorber has a considerable bottom
striking margin even at the maximum landing conditions of the experimental vehicle *1
(landing with a single landing gear at a landing gear equivalent weight allocation *2
=360kgf and a ground striking velocity of 3.0m/s), being sufficiently capable of absorbing

energy.

Landing on a single landing gear at the maximum landing weight (=550kg{) and maximum
ground striking velocity (=3.0m/s)

A‘Ehoug the rocket engine thrust equivalent to the self-weight (=550kgf) acts on the
perimental vehicle at the time of landing, the thrust was not simulated because an

wxasm‘ﬁg dropping test unit was used for the dropping test

Under this condition, the landing gear equivalent weight allocation equals 360kgf; on the
basis of the capacity of the test unit, hewsvsf, the minimum weight allocation was set at
450kgf, and tests were conducted further with we 1g"§f' allocations of 500kgf and SSOkgf to
be able to evaluate the effect of changes in the weight on the shock absorbing

characteristics.
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(2) Maximum vertical ground reaction force

The test data and analysis of the simulations allows estimating the maximum vertical ground
reaction force, under conditions of a landing gear equivalent weight allocation of 360kgf and a
ground striking velocity of 3.0m/s, at 1,900kgf, which is above the target value of 1,650kgf
(=550kgt x 3.0g).

With this shock absorber, reducing the spring force is most effective in reducing the
maximum ground reaction force. On the basis of the test, it is safely estimated that, when the
spring force is reduced to 60% of that of the one prototyped this time, the maximum vertical
ground reaction force can be reduced to 1,500kgf with the maximum stroke of 280mm.

(3) Possibility of diversion of the test shock absorbing gear to the experimental vehicle

On the basis of the discussion made in paragraphs (1) and (2), it was confirmed that, subject
to some design modification, the test shock absorbing gear meets the shock absorbing and
strength requirements posed by the system; therefore, the test shock absorbing gear was judged
to be fit for diversion to the experimental vehicle.

10.2.1.5 Future Problems

In order to develop a landing gear for the experimental vehicle on the basis of the
results of the test of the prototype landing gear elements, the following efforts will be
required: :

(1) Optimized design of the oleo gear characteristics (reduction in the spring force), and
the confirmation of the design by means of the dropping test;

o,
(¥
Norare”
Ixi
[¢]
[
[
(@]
fiweg
Q

(4) Mounting of thermal protection elements against engine plume
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10.3 Designing, Prototyping, and Testing of the Wide Range Thrust Control Valve

10.3.1 Objective

In order to prepare for the wide range thrust control combustion test scheduled in the
fiscal 1995, a thrust control valve (oxidizer and fuel) is designed, prototyped, and tested
as an advance test to the “Takeoff and Landing Flight Experiment.” To be more specific,
the following basic characteristic parameters are acquired that are necessary to design
cavitation Venturi valves *:

(1) Flow rate characteristic;
(2) Pressure characteristic; and
(3)  Responsivity.

It is the objective of the designing, prototyping, and testing activity for the wide range
thrust control valve to examine the design of the propulsion system and acquire data
necessary to define the required specifications for the wide range thrust control valve on
the basis of the basic characteristic data.

* As the wide range thrust control valve, a cavitation Venturi valve is adopted. The
cavitation valve, which allows cavitation to oceur in the throat, keeps the flow rate
unaffected by the change in the pressure on the secondary side. By using this
phenomenon, the cavitation Venturi valve makes it possible to control the flow rate

stably without being affected by the combustion vibration which is likely to

accompany deep throttling.

=y

[

16.3.2 Examination of the Design

Table 10.3-1 shows the ratings for a wide range control valve. Three different pintles
were prototyped to acquire data on the shapes of the flow rate control section. Figs. 10.3-
1 and 10.3-2 show the overall shape and appearance, respectively.
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1033  Characteristics Confirming Test
(1) Objective of the Test

In order to confirm the characteristics of the prototype valve, water and the working
fluids (NTO and N2H4) are made to flow through the valve. Itis the primary object of
the experiment to determine the flow rate controlling conditions and acquire design
equations for designing a practical use valve by observing the valve cavitation that occurs
during the experiment.

(2) Fig.10.3-3 shows the test flow.

In the water flow test, all of the 6 different prototype pintles (3 different pintles for 2 different
fluids) were tested to determine the conditions in which cavitation occurs. On the basis of
the results of the test, a pintle (No.2) that exhibited a flow rate close to the objective value
was selected. The working fluid flow test was conducted on this single pintle to acquire
basic data such as the working fluid flow rate characteristics.

Figs. 10.3-4 and 10.3-5 show the test configuration for the water flow test and working
fluid flow test, respectively.

{(3) Evaluation

(a) Flow rate characteristic
The flow rate characteristic of a cavitation Venturi valve is given by the following
equation; when cavitation occurs, the flow rate is the function of the inlet pressure
and opening only.

P Inlet pressure;

P, Vapor pressure.
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The results of the flow rate test designed to determine the flow rate characteristic
accompanying the occurrence of cavitation are shown in the following figures:

Fig.10.3-6 Relation between the opening and the flow coefficient, flow rate, and flow
velocity (N2H4); and : -

Fig.10.3-7 Relation between the opening and the flow coefficient, flow rate, and flow
velocity (NTO). :

The flow coefficient of the wide range thrust control valve is almost constant independently
of the opening; the results of the test are given below:

Flow coefficient C

B
NTO N2H4
Predicted value 0.85 0.85
Result obtained through the | 0.76 0.74
fest
(Reference) Water flow test | 0.81 0.81
The flow coefficient value listed above will be used for the future examination of the
propulsion system.
(Y Pregcure Inge
(d) Pressure loss
On the basis of the ﬁ‘esz‘ai‘is of the cavitation test, the relation between the differential
pressure and flow rate is summarized in the following figures:

Fig.10.3-8  Relation between the differential pressure and flow rate (N2H4)
Fig.10.3-9  Relation between the differential pressure and flow rate (NTO)

A sufficient differential pressure causes the cavitation 1o occur, with the flow rate being

the function of the upstream pressure only. In order for cavitation to occur, a differential

NEAOCIIrA ,‘v,\nn,l ing a Mrortan EA'-AnL\r\‘fi < tivrad ik 2 T tlan
HLloooUl v ©ALLOALELE G Lol iddll éi ColIUI VCUE,‘C iB 1(}&{{1!!(}&,& Wiicn Ue {gi};S

minimum pressure loss in a cavitation Venturi valve.

i A apad £
s considered to
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In order to determine the pressure loss characteristic, the incipient cavitation cavitation
number is plotted against the cavitation parameter that is given by the following equation:

Cavitation nsrameter

Pin: Inlet pressure;

Koy & where Vapor pressure; and
Pin - Pv

AP: Differential pressure

Using the following inequlity, the pressure loss that is required of the valve for cavitation to
take place over the entire flow rate control range can be calculated from the incipient cavitation
number:

AP>Kcv(Pin - Pv)

The incipient cavitation coefficient plotted against the flow rate are shown in the following
figures:

-]
(]
[

s
-

7 YT A

Fig.1 Incipient cavitation coefficient (water flow test, for N2H4)
Fig.10.3-11  Incipient cavitation coefficient (water flow test, for NTO)

Fig.10.3-12  Incipient cavitation coefficient (working fluid flow test, for N2H4)

Fig.10.3-13  Incipient cavitation coefficient (working fluid flow test, for NTO)

The graphs make clear the following characteristics of the incipient cavitation:
*  The greater the valve opening is, the greater the incipient cavitation coefficient is;

*  With the same valve opening, the smaller the flow rate is, the greater the incipient
cavitation coefficient is. This is considered due to increase in the resistance coefficient
associated with decrease in the flow rate under the condition of an identical shape; and

*  Regarding the difference in the incipient cavitation coefficient due to that in the shape of
the pintles in the water flow test, the smallest incipient cavitation number wa
with No.3 pintle. This is considered due to the fact that the tip angle of No.3 pintle is the

largest among the three different pintles.
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*  The incipient cavitation numbers are as follows:

Incipient cavitation coefficient

Opening 100%

Opening 50%

Opening 25%

N2H4

0.27~0.33

0.17~0.24

0.11~0.24

NTO

0.40~0.43

0.35~0.36

0.26~0.28

The following table shows the comparison between the target specified values of the
pressure loss (pressure at the valve inlet 20[kg/cm2]) and estimated values based on the
incipient cavitation coefficient described above.

Pregenre lngg
FTesSsure 10ss

Opening Specified target Estimated value
based on the resulis
of the test
NTO 100% 2.8[kg / cm?2] 8.2[kg / cm2]
10% 8.8lkg / cm?2] 5.3[kg / cm?2]
N2HA4 100% 1.0[kg / cm2] 6.6[kg / cmZ]
10% 7.0[kg / cm?2] 4.8[kg / cm?]
For an open 0%, both NTO and N2H4 cannot meet the speciiied target; however,

they meet the speci

'Pé target sufficiently in the low flow rate domain. As a measure to

ific

be taken in the future increasing the pintle tip angle may be contemplated; however, it is
necessary to review the pressure characteristics of the propulsion system and revise the
target specifications if required.

(3) Responsivity
It was confirmed that the delay time of the flow rate with respect to the pintle

opening is in the range between 30 and 50msec regardless of the frequency and
meets the target specification sufficiently.
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1034 Summary

In order to prepare for the wide range thrust control combustion test scheduled in the
fiscal 1995, a thrust control valve (oxidizer and fuel) is designed, prototyped, and tested
in an advance test to the “takeoff and landing flight experiment.” Basic data on the fluid
performance and dynamic mechanical performance was acquired from the results of the
water flow test and working fluid flow test. The major results are as follows:

(1) Data on the flow coefficient at the occurrence of cavitation was acquired which will
provide the design data for designing the flow path shape in the future;

(2) Basic data on the pressure loss such as incipient cavitation numbers was acquired
which will provide basic data for designing the entire propulsion system in the
future; and

(3) The test confirmed that the specified responsivity target (4.7[Hz]) was met.

10.3.5  Future Problems
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he overall pressur@ characteristics of the propulsion system taken into
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(3) Valve design
Because the valve used for the present test was developed basically for acquiring data on
the flow rate characteristics and the like, the development of space use valves requires

considering the following characteristics additionally:

(a) Environment conditions: vibration environment, vacuum environment, and the
like;

(b) Leakage: Use of metal bellows for sealed portions; and

(©) Reduction in weight.
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__- Actuator

Flow rate control section

Flow rate control section

Pintle

Venturi valve

Valve driver

Valve o

Fig.10.3-2 Appearance of the wide range thrust control valve system
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10.4 J-1 EVE Combustion Test (to be conducted by the engine group)

For the J-1 EVE combustor, 3 EM’s (PO1, PO2, and PO3) have already been fabricated
and 2 FM’s are scheduled to be fabricated. The experimental vehicle is scheduled to be
equipped with PO2 and PO3 EM’s with the modified nozzle extension (with the opening
ratio decreased from 2.3 t0 2.0).

Figs.10.4-1 through 10.4-4 show the results of the test.

With the results of the combustion test taken into account, the thrust and Isp requirements
for the combustor are revised as follows:

Design point  Pc=9.0[kgf], MR=1.0

Thrust Not less than 278[kgf] at SL
Isp Not less than 196[s]
-215 -
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11. Fabrication of a Model

A 1/7 scale model of the experimental vehicle, reflecting the results of the examination up
to the previous section, was fabricated.
The dimension is 35[cm] in diameter X 155[cm].

Vertical takeoff and landing flight experimental vehicle
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12. Summary

The Future Space System Laboratory was able to confirm the technological feasibility of
the vertical takeoff and landing experimental vehicle during the current fiscal year.

For the future study, it is necessary to continue, in more detail, examination and designing
for the experimental vehicle, with emphasis placed on the engine thrust control, guidance
and attitude control, and flight safety.

13. Associated Documents

The fiscal 1994 Space Transportation Symposium
“On the Concept of the Flight Experiment of Takeoff and Landing by Means of Rocket
Engine Thrust Control” NASDA
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