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Overall Ground Experiments on Flying Test Bed for VTOL
Aircrafts at National Aerospace Laboratory

By Naoto TAKIZAWA, Yoshikazu TANABE, Akiyoshi SHIBUYA,
Toshio OGAWA, Hirotoshi FUJIEDA, Tadao KAI,
Hiroshi NISHIMURA, Koichi ONO and Yoshio GOTO

This paper describes the overall ground experiments on the Flying Test Bed which has
been developed by NAL, for the purpose of studying the problems associated with hover-
ing, vertical take-off and landing of VTOL aircrafts.

The experiments were made on the complete assembly of the FTB, but without
engines and fuel, and consisted of three items, namely, the functional performance of
several subsystems, the capability of the attitude control, and the vibration characteristics

of the framework.
The subsystems tested were the airturbine system connected with the electrical and hy-

draulic systems, the bleed air distribution system, the attitude control system, the airborne
instrumentation system, and the redundantly back-up system.

The attitude control experiments made with varying amounts of artificial damping and
stabilization showed that their optimum ranges in pitch and roll were revealed inde-

pendently.
In the vibration tests, the measurements covered natural frequencies, modes, damping

ratios and phases of vibration of the framework.
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G1 ASE (2R

— BRI B B

=L (K T ) - WAL

LA

LR GG

y b
§ i
!

t- -*it-—ﬂ-"ra-r::—f%--Es}ft'!fsf&h-ﬁ.;%eéam o]

il

* TRHATRE
au

2. BEFE (77Fz—F 2 bo— 7 /REEE AT

- .

1 VIR o A RIS

e i Bl I
1 2 3 | 4 5

£ Ry H & | 0.93 1.85 2.78 3.70 4.63 | mm/deg

v 5 B O A~ 5E N o sy | 0.93 1.85 2.78 3.70 4.63 | mm/deg/sec

7 ey faE—Xr b Fpereii 0.95 0.95 0.95 0.95 0.95 | mm/deg/sec-roll

ZF 4oy T X o vk T — \ 0.212 1 0.424 | 0.636 | 0.848 | 1.06 | mm/mm-stick
£ 55 e # | 0.91 1.82 2.73 3.64 4.55 | mm/deg |

_ i B K 5% 4~ M Iy 0.91 1.82 2.73 3.64 4.55 mm/deg/scc

SydaogE—XAvbFprel| 1.9 1.90 1.90 1.90 1.90 | mm/deg/sec-pitch
AT 4y 7+F ¢y vye7—1 018 0367 051; 0.735 0.919 | mm/mm-stick

3 ~|m o Bl 3.92 ‘ 7.82 ‘11.74 15.66 | 19.56 ‘mm/deg/sec

W % o | 207 ) 43.4 , 65.1 | 86.8 | 108.5  mm/G
MM R S6 4 Bt 4| 4341 868 | 1302 | 1736 | 2170 | mn/G

() Y480 —XAY b FrelOfEiivyF, o—LELRBHOMEERT,
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G2

ASE 27y TE®)

Eji}f} R AEHBIRM (stiffness gain=3)

81

f o @ e W e %
N 0. 005 0. 005 0.050 0.060 0.77 0.61
35 mm S/B | 0.005 0.005 0.050 0.055 0 0
. D 0 0 0.055 0.055 0 0
| N 0. 005 0. 005 0.035 0. 040 0.51 0.52
17.5 mm S/B | 0.005 0.005 0. 040 0.060 0 0
N D 0 0 0.055 0.055 0 0
o N 0.008 0. 005 0.035 0.045 0 0
3.5 mm S/B | 0.005 0.005 0.035 0.040 0 0
D 0 0 0.046 0.060 0 0
N 0. 007 0.003 0. 065 0. 060 0.77 0.61
35 mm S/B | 0.005 0.003 0.055 0.055 0 0
o D 0 0 0.052 0.055 0 0
, N 0. 005 0. 005 0.035 0.040 0.72 0.52
17.5 mm S/B | 0.005 0.005 0.035 0. 040 0 0
¥ D 0 0 0.048 0. 060 0 0
* N 0. 005 0.005 0.025 0. 040 0 0
3.5 mm S/B | 0.005 0. 005 0.025 0.045 0 0
D 0 0 0.045 0. 065 0 0
a—) < . . .
CTO4) R AEFREMAFH (damping gain=3)
_ BAMA/ AL |HABKD
AT 772227 | wetk | % & B (sec)
SEHIfE HiE (=)
N 33.1 25 0.055
o 0.04s | S/B 32.2 25 0.054
, D 23.9 25 0. 062
1.75 mm
L N 20.2 25 0.079
% 0.1 s | S/B 20.9 2 0. 069
D 15.6 25 0.064
N 32.7 25 0.056
v 0.04s | S/B 32.9 25 0.056
y D 95.4 2% 0.065
1.75 mm
F N 20.6 25 0.065
% 0.1 s | S/B 20.2 2 0. 065
D 17.3 25 0.083
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3—-F% AEEHLEARMS (damping gain=3)

A ] M EYVEBR () 63%¥ERE (s) * =Y g~} (mm)
£ fir {1 7 {# 7 {# o
No. 1 0.010 0.003 0.065 0.060 1.2 1.1
35 mm
No. 2 0.010 0.003 0.063 0.055 1.0 0.9
No. 1 0.010 0.003 0.040 0.043 1.0 1.0
17.5 mm
No. 2 0.010 0.003 0. 040 0.038 0.8 0.8
No. 1 0.015 0.005 0.040 0.042 1.3 1.3
3.5mm
No. 2 0.015 0.005 0.045 0.040 1.0 1.1

~g PR OMEELFRE (G gain=3)

A il sz EVER (s) 63%EERFH (s) +~s3Y 2 —} (mm)
FrF.xz—5| T
N { ] {# 7 {# ]

N 0.005 0. 002 0. 060 0.065 0 0
35 mm S/B 0.005 0.002 0. 060 0.065 0 0
D 0 0 0.078 0.082 0 0
0.005 0.003 0. 060 0.063 0 0
17.5 mm S/B 0.005 0.003 0. 055 0.063 0 0
D 0 0 0.072 0.080 0 0
N 0.010 0.005 0. 060 0. 065 0 0
3.5 mm S/B 0.010 0. 005 0.055 0.063 0 0
D 0 0 0.070 0.080 0 ]

~NA PR OMEERTEEY R (damping gain=3)

A n | FREMAFTH 8 s FRABARLE 10 s
TETEE | R B v | o%gE | Yake | LEVER | G%EE | TIEE
© © © © © @

N 0 8.5 48.2 0 10.1 76.8

35 mm S/B 0 7.8 45.2 0 10.0 71.7

D 0 7.8 45.4 0 9.6 54.2

N 0 8.6 46.6 0 10.8 60.0

17.5 mm S/B 0 8.2 43.6 0 9.7 72.3

D 0 8.0 54.5 0 10.1 70.0

(7] N: BEREERIE
S/ B: fFH%RH
D: 531 —%#k
B Y—FKF77Fax—F R+ OP MBS DS
vy FHRe-BEHR, v—~LF%k-FTHA
3.._%‘ ...... E@ﬁfﬁ], %E;’é ...... s ﬁ.
HRE, HAFEI 1/140.045) 0y — KRB ZRLIME
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TR — Iz, AR (BWER Y 7B I OTER) RER oRE MR 8, 750 rpm,
[T 28.5V, ZMITHE v 7S 70kg/cm?, ) HF —_3T YR ¥y — 7 E5FE 2.3kg/cm?

S ER v

Ly ¥eS54y 0kg/em?, Y7 —>v54 v 4.5kg/em? £ 5

RaRH
T¥a—alb—BRITVFEOITIC D6
3+, STt oL 50kg/cm?, Ui EE

3.2~5.28
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H2 & FE R & EK2-EVEH)

il i % 1< |5 i % %
TR ¥ —-—Vv ¥ g—-—ErvHA ¥ 1B K 6.5ps * iy -5 - iz
ATEHH & 7 2.5ps VBB Eh T 3b0
B & % &—t>; 40,500rpm T, ¥7 —HiZX »THE
FMHME; 8,570 rpm* EREH LT3, 2o
(X¥7—t 4.73) B Y N F — DFRE

ATEH B v 7 dh; 1,820 mpm* | ik Y+ 5 BEIHATEE
(¥7 -t 22.4)
F—E Y AORE E  h; 2.0kg/em? ab LI E
" K 98.5°C LIE
ey ; Max 0.214kg/s

B (R HER Y 7)) Eek 5 —¥ Y ADEAEER ORHE:
BRRE | s—E | # v 7 AQEA | #—E¥ | £ v 7 RE L
| % | sk | R o e | g g | o | SROLR ) A2
(gal/min) { (rpm) | (kg/em?) | (kg/s) (kgfem?®) | (rpm) | (kg/em?) | (kg/s) (gal/min)
2.85 41,300 65 0.218 4 ~ 3 41,100 63 0.217 2.85
0 41, 500 73 — 3~ 4 41, 400 63 0.217 2.90
2.90 41,400 65 0.218 4~ 3 41,200 63 0.217 2.90
0 41, 400 73 0.194 3~ 141 41,200 61 0.211 2.90
2.90 41,200 64 0.217
! |
A2 — | EEEG & 4960 rpm, & 1.5X107%kg/rpm Ll R

¥ o~ K N 7 | EFr; T0kg/cm?, i E 2gal/min/mm

R e &k ¥ B | Eh; 7kg/cm?, KA 70kg, &hI; # 10mm | VEBIRR;
(A nTHe)

BYRT7IFax—2 | [EH; T0kg/em?, BA S T0kg, EEEMAE; 0~9deg
(FETEE)

VL /A4 FANT7 | YEBERE; 18~32VDC, o4 EH; 18.340.502

FEBIISAT; 0.0255ec (30V)y
0. 045 sec (20\!)} (p=140kg/cm? 2255)

#  h; 10cc/min (p=140kg/cm? Z947)

B ;<3 Fix NN T B4 RE 2
BERE; 350°F  RIEES 90b/in?
BAVERES; 45psi B A 180/b/in?
MW (MAX) ; R O.lOlb/m'm} ( ‘451b/in2>
4428 0.01/b/min/ \"" 350°F
T7I7Fax—%
A F; 28VDC, & ¥i; 0.6A
VBRI ; 7.3~7.4s/ &%

53 b # ¥+ 4 2 AR 2
BEER; 350°F  RIES; 90/b/in?
BARYERE S 45psi BiEEE S ; 180/b/in?
Bwh(MAX); K"ZE 0. 10lb/min} ( (\45[b/in’ )
4138 0.01/b/min ~ 350°F
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H3 i@ E R & ChEERH)

FHEXR YT (IREHER v 7) Kt

as
| . :
7-l;<tiimm/i.e | i XeoR, FIBERI -
30— e e e e 1500 Uk THEBENS,
Lo %ar (¥7-10)
e R A jarrme
€ L/ 3
s 20 T p—— _i___ 1.000 —
- ! i oL R
« 4 b—] 1 &
g =
H
1 500
|
i
05 | ;
1 0
500 1,000 1,500 7,000
*WEA Y THEHE Y (rpm)
2. HhEERRSMEAERIE
i i % 43 3 1 Bl

N — Ry Ry ~F | BEK L2 7—ZEH 2.3kg/cm?

Vo — NN 7| BAEEH 4.3kg/em?, RYES 3. 9%kg/cm?

F 2w AN 7 | JiE 13.27/min(3.5gal/min), B AFERES 210kg/cm?

oy — A A 7 | Wi 13.2 [/min(3.5gal/min), {#REH 70~152kg/cm?

= — ¥ AU < L 7 | EH 350kg/em?, i 15 I/min(3.96gal/min)

7 ¥ 2 — & L ~ ¥ | A& 0.45//min, FJ 210kg/cm?

7V Y v oe A4y ¥ | ENREGIE S5tlkg/on’, mER 59kg/omy {BE MYEC

3. BEHEWmMERYT (2~ £v7) B

4

T I ‘
1o
26(V) AHRES(V) 7= ZFEH 3016/ in?
BN 27(V\ j
v =
 — A\ \ — - i‘:"’:$:w
SN S S— NPT A S—
% ! .42 =F7 60 E
~ T §
w? sz BT 2=7l
_k= == ®
P P
==" T~ 260V)
1 i
‘, | 420
1 H
! ‘
1
1 J : 0
0 10 20 30 40 50 [] 70

ot i [E J (kg/cm’)
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H4 8 E R & (W—KP7oFaxz—42%)
B B # B HE e T E SR # %
At~ 70.6 mm +35 mm
o OB OB 19/1000V—6/100mm (6%) BARERDOISBLA
® % H B & # 2.59% | BAEHO1%BLA B E
35 [mm
EAXAF)¥ R 0.279% ” -8_{-';[V]
BB 4 c/s ONHEN 29 deg i5#E 17.5mm (3.5Vrms 4§ (HBR&H)
4 ¢c/s %4> 0.571 db MY 2T 90° fzfESs < - KgEEs sy 1 v
G TXER) s 4e/sBLE 4.05mA/V
1GI(db) 4 £ (H2) A H Y
5. 05 1 2 3 4 5 et
1.904kgcms?
Id
0oF OF
\
o T~ RE R ERRS B
= 4 iFEIE +35mm 2T
2 010 A 2 /s OIEKBEBE
o
NI Z1G|
= ¢
o ; :
§ —40f ' :
ANBEBEISVrms |
RIE (+£17.5mm)
*60._
T 0 F 2 x— 5 R B

Yo Y —KU TR

3 +0.923~0.968 [ﬂ]
—0.918~0.983 mA
Yo ZE&t 7 2RFH
WE®HE  0~x35 [mm]
D B 255~271 [mV/mm]
X BEBE  1~47 [mV]
X E&E M 0.3~0.5 [%)

KHIDMER 8 7 DR OB/IME~BAETDH 5.
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I = & X #

L. REHRHS
i O#® m® B =R B 23 5 4 =1
HFERRKETEE | RESELK 8,50 RPM 28.5 [V]
B OE #®B ¥ | 2ANIVEAFTCEIHOBERH EHWER 90 [A]
(% &) 0.0 [VI(ZAYZL)
N oy 7L B OKE 0.057 [V] BER OBF BN
90 [A]
BEE 2 V] LI
AR ELRFOBERHE #7510 [A] OFF BoAREERNSESH 0 [V]
n 20 [A] OFF ” 4 0.3[V]
# 40 [A] OFF " # 0.5[V]
2. HEBSEROBERMIS IV, 7 B
it ® ¥ OB = B % ® 4 =
BEERORN# -EEEY L — DS BARBgE  31.5 [V]
1EBE E 33.2 [V]
BhYERER # 0.05 [#]
BERK TR OFH% RNy TN —~UBRAROEMERE HEM 24 [V] Dk
No.1 /3y 71~ 24.2 [V] GF) ZoBFEIPENR
No.2 Xy 71— 24.5 [V] UL —-EBHL T
YEBHIG ¥ 0.06 [#] 7Vt 3
Ny FY—RHEBERHE © BEROAWER
F # B \ anb'm&:a[(::; 1,:; ';:::z) B0 RS RHIO(A) 90 [A]
29 \ OO MARA (No.lﬂy?'} 24.7\')'4
No.2/7¢5 51 25.2V
éu \ o M e | BEE
w ol N No.2#87 7Y = ERRA.OVILLE | WERER
S I B S S % [A] 308R
< =3 HEE
. No.1/¢5 71 — 24.0 [V] SLE
U 20 40 60 8 100 120
B K (S)
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I H O # ¥ @

1. 3 2
it o # = #®& H ¥ B
E/G R P M 500~14,000 rpm + 200 rpm
BE b 2 0~ 1,000 °C + 25°C
................................................................................. O':t -
200, 400 + 20
500, 600 + 15
700 + 5
800 + 15
1,000 + 25
73 E 2t 0~ 600 (b/in? + 3 /b/in?
Th E 2 0~2.500 /b/in? +12.5 /b/in?
23 ¥ #t 0~ 160 gal + 3.0 gal
B b A F18 —200~250 A + 9.3 A
& E £t 0~ 30 VDC + 0.6 V
kR & & B i —50~ 50°C + 1.5°C
2. BHLT
*t % ® 3l il i B OH r o~ I
K K B’ pil| 2% = B | 235°C LIk (REsases)

300°C Lk (€8 —E&8 5 mm)
Ty BB X2 | F & B WM O E 7 | 0.39%g/cm? (5.5 Ib/in?)

7 E € T X2 7 — Z F K v 7 E F | 0.3%g/cm? (5.5 [b/in?)

& 3 g x2 Bt B v ~ N | 248 1 (BEF)

X OE OB & B | ¥ B K ®E E N | 9~25 Amp ORBEER~OIRENR

;S A H E 554+ 2kg/cm?

HBAA -y i % E 5~30 V

W S E & T | B O® %X E A 1.42kg/cm? LT
PITCH (ASE) &g ER 2 8 F 1.7  x0.2 V
ROLL (ASE) " 1.7 £0.2 V
YAW  (ASE) " 1.7 0.2V
HEIGHT (ASE) " 5.0(F7ix 3.0)+0.2 V
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K 5 V - A
L. BEHRAKE
| 7 o5 ox o= B OB W W B
W OB | HEwE | M w | x| % B mhmE | mek
RPM [140~14000mpm| [F % ¥ R {5 % | 2 vy vRlEHET#E |-1.5~+2.5V
EMS b —~ B H|l  EEREEERS —2.5
g +45deg NR—F HNAL Y » 40 % B E T # 28 +25 +0.05|1%LTF
17 " ) ” "
¢ 45deg/sec L — F ¥ 4+ 4 wl| 1 " ” ”
z 1+0.5G B F B o #E E E 1 1" /7 "
e +10. 2mm vy v 7 o HELEH]L " ” "
Oq +76mm 7] 1 " ” 17
a, +35mm X & r 5 v X 1 17 ” ’"
dg ’” 1" 1 ” 7 "
ar 1 " 1 " " "
ae 1" 7 1 " " 7
3, +76mm MEEERF Yy s 4—~5 | 1 [RFry g 2x—sBAEHRE 5
3e 200mm ” 1 " v
One +23mm 1" 1 " ”
Ona +20. 5mm " 1 " "
Onr +25deg 7 1 7 ”
z Y- VEmMAEREH | 1 |2 H OB ¥ E F +2.5 2
¥ 7" 1 ” " "
BAP &y - BME HEH| 3 " " 1
CDhP " 2 1 1 "
FDP " 2 1 " ”
Vib 0~100Hz = i —_ > 7 /" 1
JPT 0~800°C | # it Nl 2 |#& B N ¥ B OB +2.5 2
BAT 0~600°C " 3 ” ” ”
IAT | —30~80C |45 # # @ & 3| 2 | SEbuems it s 5 ” "
B & =X ¥ ¥ K & FL A -7 XER
FLLEREH L BRRE | RUBEH ¢ BKEEB EEREE
’ 295, 6MHz
0.4 kHz +0.030kHz | 22.0 kHz  +1.650kHz
0.56 +0.042 i 30.0 +2.250 ZEHANH
0.73 +0. 055 ! 1wt 0%
0.96 +0.072 -t e —20%
1.3 0.098 i _ N
17 To1s | B = 28T | | BAENERE
2.3 +0.173 — +100kHz
3.0 +0.225 T OE X T
3.9 +0.293 5 )
5. 4 +0.405 HEO £ 2%ETF +0.005%51 T
7.35 +0.551 3
10.5 +0.788 L E R % E K
14.5 +1.087 1.2%LLF +0.005%L,F
2. # REHHEE
2 5 %
=8 B B EE ALy YkR—FL~ | A7 AFa
REREE o5, oM i %g‘; 400kHz 7 93dbm BT —93dbm=+3db TEHE
= 5 # bl e
L RAEYZAFEK

N B E
+7.5%RB T £1 V5%

oLt B R #0< 0. 015

woo%
+ 8 %RWB T 1 %L
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HR 5 — U TR \0721E 1 PR B T, E A
Fluidic Turbine Inlet Gas Temperature =B
Sensor
SLWGEEEB T A al v t IRMEDZEHFIC 19721 3 W & B
BB, ZDEEK
Some Consideration on the Aerodynamic
Characteristics for a Body of Rocket with
Blunt Nose
7avh 7O 19721 7 BEH M —, V% £
Aerodynamic Design and Test Result of AHRXH wE &
Front Fans HHE®EB
Aerodynamic Design and Test Resulis of Jan. 1972  Shoichi Fujii, Hideo
Front Fans Nishiwaki, Mituo Gomi
Approximation of Linear Operator Semi- Feb, 1972 Tadayasu Takahashi
groups
PJ%»&OD%E%%% 1972662 FH B, HTRXE
he Experiments on the Buckling of Circu-
lar Cylindrical Shells
WL D DD 19722 3 Bk W —, S E &
On the Vibration of Three-Parallel-Beams
EEEER S — ¢ v O GE—H#D 197228 Kig &M FHES
— 5~ v ] XNHERAF|OKER— B AR & HE, w6 iE A
An Investigation of a Transonic Axial-Flow H O &E M
Turbine (1)
—A Cold Air Test of the Annular Turbine
Nozzle Cascade—
PR S — & > DR (58 ) 197222 B K& &1, FHHEEH
— 1 Bl 7 — & >~ Offf % . He R BA 2E, BE MR R I
An Investigation of a High Speed Axial- - E K
Flow Turbine (II)
—A Investigation of a Single Stage
Turbine—
Eﬁxmﬁ:‘%ﬁiﬁér 1R T DR 197262 5 56 B F1
7) HEREZEHDOE VHEFT 5 74
X
Investigation of Strength of Axial-Flow
Compressor Disc
(1 On the Disc with Many Pinhole)
= B IR 2 i . 197222 F MY RIE B, B i i 1
Height Control Test Equipment for VTOL VHRE R, EEEC
Aircraft =B B Bkl B
A aE XHEEB
B ARk KE, MR E B
iy .
MEFEHERTHRAHRE2Z6E

MR EL2AH R

I OB OE T H KWW AR
EKEBHRBTERAK 5 By 180
BERBEF ZEMA-IICKIRE) Sn
BB &Ast MK 7 v o=

HEBEBE &N 2~21~12
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