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Hover Control Tests on Flying Test Bed for VTOL Aircraft

By Naoto TAKIZAWA , Hirotoshi FUJIEDA, Koichi ONO,
Yoshikazu TANABE, Akiyoshi SHIBUYA, Toshio OGAWA, Tadao KAI,
Yoshito MIYAMOTO, Tadao TORISAKI and Yoshio GOTO

ABSTRACT

This paper describes hover control tests on the Flying Test Bed (FTB) which has been devel-
oped by the National Aerospace Laboratory to study problems associated with hovering and
vertical takeoff and landing operations‘of VTOL aircraft.

The tests were carried out in four steps. The first step was composed of three preliminary
tests and five semi-constrained attitude control tests (roll and pitch) by remote controlled step-
input. The second step was composed of twelve semi-constrained attitude control tests by two
pilots (in two-and three-degree-of-freedom). The third step was composed of four tie-down tests
with the crew. The last step was composed of two ground operation tests and five free flight
tests by two pilots.

The Semi-constrained attitude control tests showed good characteristics of the attitude
control system including the automatic stabilization equipment of the FTB. Control stick travel
was within 15% of the half stroke respectively to maintain the neutral attitude.

The tie-down tests showed that adverse effects of exhaust gas were not found in under-
carriage temperature, surface winds, ground erosion and noxious fumes.

Various maximum values in the free flight tests were as follows: height;2.5m clear, vertical
acceleration; 0.02g at climb, —0.03g at descent, 0.185g at touch down, attitude angle;2.5° in roll
and pitch, yawing velocity; 1.75°/s, flight time; 3 min 55s (total 12 min 40s).

The free flight hover control tests showed good control characteristics for force gradients,
sensitivities, power, rate damping levels and overall effects on pilot feeling. The FTB remained
within a height of £0.3m and a level of £0.5m in the 4~8 m/s windy condition. It was conjectured
that the FTB remained within a sphere of 0.1m in radius under windless condition. The ground
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effects were negligible for 0.5m height hover, takeoff and landing. The pilots evaluated roll and
pitch control characteristics as excellent and the yaw and height control characteristics were

comparable to current helicopters.

FTB vibration on the ground was most noticeable near an engine speed of 11,500 rpm, but
it disappeared above this speed. During hover, rolling, pitching and vertical vibrations were noted,
and their frequencies were 1.4, 0.8 and 0.2~0.3Hz respectively. The first two were regarded as
induced vibration through the pilot as a mechanical element, and the last was regarded as vibration
due to pilot control, but the pilot did not feel these vibrations.

1. XA ME

VIOLBOEEHERE S L h -~ —FHORTHEEZHR
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RABPROB A LEITENRERBIBEHE TH 5, B)

KT 2B AT TIRE LOFIEAMECED bhz v,

HARTE M ELERL LTI I0T, #hEkExT A
Ty BERROREHRTLICENEE L 25,
D7k zi LR TEEL TGEETH 24 80 >~
EBREEAAND T LT Lk,

KERIMBAN45E 12 A6 B2 b 18H 2 THMZHICH1n
TERBL, BrCEMBRICITE, BRI ARZE L
o MK, 1 UORBHEMRERER VICH b 1T
bh, DECHRERENOM LK 21480 a0, &
BT NToBRE#@Ih THHERTRBRBICT 2 HZ
hico BRADED ARBECHT T o7 (1¥60mD
HERBRIEC L 2BGEETEER LI —n, €y FRT
v TIDEERR, OBRAOREC L2503 BHE
REYFIFRER, CHERROBRIEIKL b 214y v EER,
@) BERRET & - —EBR,

FRETH, thoORBOFEL LUKERICON

THET 5, CORMOER Tt — % CICET 5
B EHTLuNo, BREBLHCEL L TORAR
CUREHHIF - 2 ZD b OBEBEEZEL T, theRE
CHET AL oD EDK,

AER T, 28, 3EE b OEHICH T2 L2H)H
BEN ORER R LUICHEREOBRICT T, # b8
FEE 2 DEBRIT A S —KRETOCENTE AL, DF

R —22 v —REETHZE FTB OFEBRIZTXT
BT+ E0EB,
2. =& =

2.1 ZRBHLUBA

@Gy @y @y @ (em)s T2 F = =— 2FAL (B— 0,
¥, %, 72—, &K ), Actuator displacem-
ent (roll, pitch, yaw, height)

Dyldeg); &M & LAJAM, Wind direction
based on North

E (V]); EIE, Voltage

f (Hz), 4E&#, Frequency

g (m52); ENOHLEE, Gravitational acceleration

9y (g #E7 v— 2@ L THREYIEB, Longitudi-
nal framework — vertical vibrating accel-
eration

H (©9); HXHEEE, Relative humidity

Ix,ly Iz kems?); e — 2>~ b (B1%, &4,
ET#E b ), Moment of Inertia (about
longitudinal, lateral,vertical axis)

K 71>, Gain (55 Suffix; Figure9 )

lpymgrmn, (Lg) BEBESAY (m—0, £y F,
2— ), Damping gain(roll, pitch, yaw)

lormy (1/g2) BRES A (m—n, ¥ ,5)
Stiffness gain ( roll, pitch)

Mamaw, Me ma s Mr mz (kgm); SAFIAEHIHE— 2
¥+ (m=—n, €, %), Maximum available

control moment ( roll, pitch,yaw)
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N, Ng (rpm): = > v v EERER, FEBREEH,
Engine speed, (Generator revolutions

P(.): »*gxa~xz b LHEE, Power spectral
density (Figure 33)

B,y Pey Py Byyy PR, Pgs P (kg cm? abs) (kg /em?
Gl ENCRAE, B8, 2 =BV 25 b
JXNET, L FERY 2 v b XA Y
£ rvy, BFEME, v ERESED ),
Pressure {atmosphere, fuel, roll airjet
nozzle, pitch airjet nozzle, ring tank,
air tank, engine compressor outlet)

S mil)s =v v iRB) ETIREM, Vertical ampli-
tude of engine vibration

Sa (%) G A— v Efe , FPX bR —27,

Air turbine control rod stroke

S (1rss): 575 AEMD T f— £, Parameter
of Laplace transformation

Tyy Ty Tyr Tr» Toy Ts ()i BE (K&, =
—NTEE Y ey PAN, L, FEE Y 2y b
AN, Yrrars, Ty A0, HRD),
Temperature (atmosphere, roll airjet
nozzle, pitch airjet nozzle, ring tank,
engine inlet, exhaust gas)

Ty, T,,7; ,T, (s); B%E#, Time constant
(Figure 9)

TpoTy (s): MBEOSEH (a—r, €.7),
Time constant of angular response (roll,
pitch)

ts, bty L, To, tey th, (s); EEM (4R,
Bk, TA N, BER, B, BB b, =
—2 b FY >, k=), Time(start,fire,
idle, lift off , touch down, fuel cut off,
coast down, hover)

Vw (mss); JBGE, Wind velocity

Vp (gal): #RBRE, Residual fuel volume

W, Wp (kg); ik, HEEMRNER, FTB,
consumed fuel weight

Z (m); ®E, Vertical displacement

Z lmss);  LTEE, Vertical velocity

Z (m/s?); ETHEE, Vertical acceleration

By 801000, (m); HWAEEBEN (n—n, €,
7, 3-, BE),
ment{roll, pitch, yaw, height)

6, ,0p [@egd; 2wy b AVEM (BRE, =~ v~

8 ), Throttle displacement (cockpit,engine)

Control displace~

¢, 0, ¢ (deglrad); AE(v—n, &€, %, 3-—)
Angle (roll, pitch, yaw)

6,6, (degss)(rad/s); AEE (v —n, €, F,
2 — ), Angular velocity (roll, pitch,

’

yaw)
o (1) BRI, Correlation coefficient
(Figure 34)

T (s)(s): B, Time (Figure 34)
62, P&, Variance (Figure 34)
2.2 WBES
C; BIE(E, Corrected value
N,= N288 /T, (KJ
P, = P (760 /P, (mmbg))
T,=7T (28,7, CK)
v+ AT, Ioput
Y. Tuviai—zstHl, Telemetering
~ i ASE #4 »tea4 5 70BRY (1-5),
Graduation of ASE gain change over
switeh (1~5)
—; A7, TIREHER, Step response test
~ 5 BB LBEMERER, Repeated control test
2.3 BFES
abs; #&X$, absolute
ASE; B@HELTHRE, Automatic stabilization

equipment

BAP; H&ME 7], Bleed air pressure
BAT; HZIEE, Bleed air temperature
BATT; s %V, Battery

C/B: #—=% ., b7 v—3%, Circuit breaker

CDP;: F#HOES, Compressor delivery
pressure

CON ; :##z, Control

DC.: Elit, Direct current

E/G. ENG; vy, Engine

EGT: HBEAIRE, Exhaust gas temperature

EMS ; 3E®{ES, Emergency signal

FTB;, 734252~y F, Flying Test Bed

FDP. MR¥UEJ), Fuel delivery pressure

G, #— 2, Gauge

GEN,; XE#, Generator

HYD: /E, Hydraulic

IAT: BEZEE, Inlet air temperature

IGN; sk, Ignition

IND; &t#l, #8/R§t, Indicator

INST; &2%, Instrument
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J/P: Yzv b4,
Max: &K, Maximum
Min; #&/)», Minimum
OP:  #fF, Operation
PRESS; £, Pressure
RPM; = v EH#E#, Engine speed [ rpm)
S/B: f§#%, Standby

SW 24 5 ¥, Switch

TEMP ;
VIB:
VTR

Jet pipe

), Temperature
#EH), Vibration
EFA T — 7 a—4&, Video tape

recorder

3. FTB

31 ERRE

FTB QEBUREEIC 247 HHEE & X UBRAREL, 28R (2)
KHBEINZE 2 WV ICRIEERR I TWHD T, 2T
HFTBOBEHE% Figure 1 1€, # 228 7% B % Tab-
le 1 WiRTWCEED D,

Table 1 Summary of FTB
FTB #H
Length 10 m
Span 7m
Height 3m
Gross weight 2,000 kg

Fuel 480 kg (JP—4)
Crew 1

Power plants JRIOOF x 2
Total thrust 1,320 kg X 2

Flight time
Limited altitude

10 min (max)

2.5m (clear)

32 H@BYRF A

AEBCHE, FRAOKRRIC LS, ABRTLEKE
BRELL, BICH -~ [CEAERbER, COLBD
BES LFBEHIH v 27 4 KOWTEEICAIE 8L
INTWBDT PV e TSR L BBEIH 5 £ O
BEHRIBERSLDO 7 = » /E% Figure 9 I, H5E, #Y%
B-AYE, BR Yz v b XEESR Figure 10 (T,
ASE 71 > % Figure INCRTIC & £ A,

3.3 =HBEE

B4 RERRM T o L AEBRBRART £ Tie, FTB Icxt
LTOEDL 92 THE%1T oo

(1) FTB OE&FFHICH » TA — - —F— V&I,
LEBCIG L T e LA L, BRERTICHT 2%
X E L,

(2) BEEEOKRA — 6 BEMET v — F IR
L, BERITERBEORE FHRE Lo WEEK1-
A DF = o 25 07 L D RITETICHIEE IKGR%E A
Nb, TREHRDF » X 2 —MxE LILDHALDICH vV
— A% 50mmiCEE L %o

(3) MIBBLRALE 2 FMORFPIC 7 4 v 2 EBY T
%o

(4) BEEROr 7 v FOMMEbLEEET — B8R
L, e—2U0Y v/ 4 D2 %tEindd, BELT
BREHED ) v —% I L,

(5) R, btrzvr—VHREY2ERKONERZ, BE
HIE AR L L VA 1T an OFFICE L, VA
ORFIVEREFHBL, 2o F—CETRAY) 35 b2
1 F2@WOMNT 7eo BELELTAR Y PbrLs-
2ARDOERRER S5 cm IR 7o

(6) BERHOr » M6 AL RRYPE6 A, 2474
Mo —T— 18 @% 12 AICHRE L TH ABOXBRE L
fro BELTT 4 M5 —BAE %58 Lzo

(1) BBZ 7 » v OHEEKRE T 5720 OBHRKE
RRIVEL, BMEE TESAMICE DR 2o ThICE DT
55 HEA40110s Bl kKR B LRELTIHEUTT
5o

(8) =rvrEEHKLHS1E% FTB REHHK,
BT 2@ EREN T 5cn ONAEIETE & AH Lk,

(9) BB EF LUV A NIy —nDR 4 » FOAB
T eRBEEMFOL O L L, BREOBBECHT
LEENRE Lo

(10 ETSRRZEHE LIFNCD o = > v v ElEET £
B3brl, BREAOREER S, BREHLELF & Lo
BELTary /-2, FOREB*ZE Lko
(Figure 12)

(1) MEBE—2K 724 Fh a3y —ahbl
DAL THEER ) v — & » 2 2ERBNCBER Lo

19 BEEFBEHRCRBEY - —ZROHFT 7%,

13 ASE A4 v — 24 B4 ERLEETEEL L OL
WL, ~RAE—F vV —32FRHIN Lk, BELT
ArMYa=2=y +EH25cm BE~BE Li.

149 P ECBEEL TERBOEECEMETT - %o
15 7v—asTE2 /HICEREE% -5 2 M40
ke ®HAE L%

3.4 HaERER

B4 RERKR TR OEEERFRLART 2 Tk, FTBK
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Roll Kpy6 Engine Gyro Moment -
Air Jet Nozzle M.I ’ FTB
+ v Ma ¥+ 1
(y(l - K:\a + Isz ¢
KTMu Servo Actuator Computing Circuit Vertical Gyro
Mixing Ksa G KiS ]
da | 11S | T+ Ke 17158 Kvéa
La — 8S
Keca 1+T4S

Gyro Moment Canceller

Pitch -
Ky Engine G M t .
N Air Jet Nozzle y ]‘;\W nemne Lyro Homen FTB
e ¥~ 1
R A ; 1,52 4
Kye|l Servo Actuator Computing Circuit Vertical Gyro
Mixing T_ ~ Kse o+ KgS
e 14 TsS - Ko+ 14 TS Kvge
$S
Koce 7,3
Gyro Moment Canceller
Yaw -
Air Jet Nozzle FTB
+ .
JOr _TT KNT My I/].S * ¢
1 .
2 I;M’ Servo_Actuator Computing Circuit Rate Gyro
Mixing Ks, s .
ar 1+TsS Ky Kk
Height Engine FTB
P AN 2KE; F g s
¢ - 14 TS w
Kmcl Servo Actuator Computing Circuit 1. 0 er
Mixing | Ksc Ki- +T;S K.
ac 1+ TS A4 TsS G

(Note) damax,emax, Ormax,Ocmax=*+7.6,+10.2, +7.6, 20.3cm. Ky,, Kn, . Kny =Mamax/Samax,
Memax /fyemax, Mrmax/(frmax,kg—m/cm.Mamax,Memax, Mrmax(See figurelO) . KE':;3O~45kg/cm.
Kgn=346.8kg-m.s/rad. I, Iy, I, (See figure 10) kg.m.s2 W(See figure10). Kvga » Kyce
=0.96, 0.97V/deg. Kg;,=0.139V/deg/s. K;=1.97V/g. K;, K4, K;=0.699, 0.694, 20.6V/V.
K4, Ky, Kz =0.524, 0.521,169V/V. T;=0.08S. K¢ea, Koo =0.3515 0.174V/deg/s. T}, Ts =
0.5, 10s. Kg,, Ks,, Ks, , Ks. =0.542, 0.547, 0.544, 0.4lem/V. T5=0.05s. aamax, Gemax.
@ rmax»> Gemax= +3.5cm. Ky, » Ky, » Kyr » Ky =7.6/3.5,10.2/3.5, 20.3/7.0.
Loop Gain ; Ip (=Kne* KvgeK§*Ksa'Kya/Ix) 1/s. 13 (=K ny ‘Kyea 'Ky *Ksa ‘Kyo /Ix) 1/s?
(See figurell) mq (=Ky, ‘Kyge *Kj *Ks. * Ky. /1y) 1/s. mg (=Ky, *Ky.*Kg *Ksa “Kye/Iy) 1/s*
nr (=Kn, *Krer ‘K¢ Ks, "%‘KM,/IZ) 1/s.

K: (=2Ky - K¢ *Ka “Ksc*Kye "g/W) =17~23

Figure 9 Hover control system block diagram
Rox—fillf e AT L7 ey 7 H
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Maximum Available Control Moment (kg m)

Moment of Inertia I, Iy,I, (kg m s?)

L7 AR AR 425 &5

2.5

500

400

300

200

T

|
— W =1,566kg
—==W =2,046kg

Maximum Control Power (rad/s?)

100
0 | | 0 | |
10 11 12 13 10 11 12 13
N¢x10(rpm) Nex1073(rpm)
B 2,000
I,
4201 -
- Iy 71,900 __
=2
400 ==
=
] 1,800 _;5‘}
‘>
120 =
1,700
100
1,600
80 I ! | il | | | 1,550
0 20 40 60 80 100 120 140 160

Loading Fuel Volume Vi (gal.)

Figure 10 Weight, moment of inertia and control power
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(1) ASE#asE"

(2) MRZHERERY (75, rRBEST)
(3) = v B TERITHE

(4) & x—¢ HR"Y

(5) MBI FmaAER D

(6) FvA— %R

() = EHEB (EERER

(8) = v rEEstAR (5 EHR)

(9) &4 —n7v— BEEAR (BEER)

4. EEBR BB

FTB OFERZMIC DN T (13)IKE Lo T,
CCTHFER LARBEAGO»%HETHICEED A,

—
(=)

Damping Gain [1/s)

0 . L . | .
10 11 12 13

E/G Speed Nx1073(rpm)

Hy EXIRBRB TR, BBMGRME, MBI, &
BIBERN, BIBERMBOBELAETNTEER L,
BB NERMO > Lo PR, EEL YT &R
BEMOEKRF L VRE 2T, BERER THIh £E
DAL o

FIRERZMM T, CRHHAEERLF 2 L0 51
#o rEBEEER Lk,

FTHIERME T, EEEHAI, 7 v A — 2EHEI, i EETH
ORI OBEEATHEA L&, BHRIORB DN TIR
[5 Tk~ 5%,

H EHRR T, BE, MEERE, GhRTERS -
TNTER L,

EERAPIC T 5 RBOERARELC D WL [6.2]1GR

~Nhg

15

(Note)
i W=1,566kg
| —— —W=2,046kg(Gross))

—————— Mean value for
. free flight test

H

-Gain setting

lp, m‘l: Ty 3 4

[a—y
(=}

Iy, mp 5 3

Stiffness Gain [1/s2)

9]

O . | s | 1
10 11 12 13

E/G Speed Nx1073(rpm)

Figure 11 ASE loop gain
ASE v—7 4>
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Hld FTB 25 b2 3 EHRIZE 2 TRBPEE &
ML CfT o EEEE, FTB 205 TOTV A—
2EHEI, TR L7e i EETRIO 3 DICKRAN Lo

BEEE BRGRE R, RERIEER, BREMFC
LEBEIERHEER, 2447 YERO3DOBA TR
LD, 2 EIRE AREROBE LECHEREL, 2
KB 2ESRITHRUI G, URENLEBRTERT
HEZEHRIEERE L 22 > o

5 v A— 25H0IE, £EBREE LTI, HICEHAR
FE D FTB BT AETHIET v » — 28Tl EHE L
b
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RIS L, B4 REROBE LK TS0, HiC
HERTBEOTF— A va— I ECFFT—7 v a—
AL BEFEELLEDI O LR,
SHEGS IC B T A#85ER % Table 2 IC7R T o

5.2 &t

S & OEHAA XEEWRE L TH 5, Na, Sa, E Vr,
6 0, ¢

OE OF A XEG) AL TH 5, N, Pr, Ps, T,
S, or (8g), Ps, Pr,
ThH5D 9 HLOED Y ORER 7T — 7 IKE RS T 5
L9 Lo Nay 6, 0, 9o

5.3 FLXx—4&tH

DEQFEE BB LTS5, N, T2, P3, Pr,
PR, Pugy Pres 9x0 T35, TR, Tnay Tner 9, O0s O,

FLreEyYas v

Onas OnerOnrr B, 0, &, Qo @o, @ro

DE QI XEHE) R L TH 5, 8,, 2, aco

F v 2 — 2EHIOKRIESR % Table 3 ICAR T, RFICHK
[T —7ICEERFRSE L d O 7R Lo

5.4 it EETR
DEOEHIEEE)ICE LT 5, ke L UHEO
RERE, E&RM, K& (T,, P, 4), AR (Dy),
B&E (), BEHEE (Vp), BABI) o

B R FRATSEBRE 113 AR 50mOALBIC 4.5 cnDH
FOSMEHEL, TORFSmOMICTVvED A 5%
BnT®ElL, ROTBECEHAIF L Ue=2 —IKFAL
o THIREDBF1 BRIIBE 0.5 mICHYE T 5,
(Figure 14)
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Table 2 Summary of wiring and piping
RHRRESTHEBEER

Item Total No- Origin Terminal Application Remarks I
N 2 U O-a R, P, T
Pp 2 0 A R, P, T
P 2 ] O R, P, T
Ts 2 <& A R
oL 2 <& A R
E/G VIB 8 < A R
E/G VIB 2*2 O A P, T | Monitor
E/G Bear ing TEMP 4 < A R Monitor
E,/G Remote CON 14 < A R New oil flash wiring
E/G Remote CON @) <& A R
Electric Power 1 X O R, P, T, F| With air supply
Air Supply ) X ] R, P, T,F| E/G start only
Air Remote CON 8 X A R
Ps 1) X A R, P,T,F
Emergency Light 1*3 O D P, T
Brake 1 X O R, P
Television 1*3 O O R,P, T VTR
Television 1*2 X O Fi{ VTR
Pg ) <O X R,P, T
E 1*3 O O R, P, T Pen 1-8
Ny 1*3 O @) R,P, T Pen 1-6
Sa 1*3 O O R, P, T | Pen1-7
Wr 1 U O R, P, T Pen 2-3
Roll Input 1 O < R
Pitch Input 1 O < R
(.5 1 O O R, P Pen 1-4
6 1 O O R, P Pen 2-7
¢ 1 O O P Pen 3-5
Dw, Ww 2 X O R, P, T, F| Pen 3-8(Fw) exclusive
7,, P,, H 3*! R,P, T, F
Surface TEMP Many*] T
Pictures 4*1 R,P, T, F

[(Note) (); Piping, [1;FTB starboard, < ;FTB port, x ;Field
O ; Instrument room, & ; Operating room
R ; Remote control test, P ; Piloted attitude control test
T ; Tie down test, F ; Free flight test
*1; No wiring or piping, %2 ; Changed wiring of the above
*3; Changed the wiring at tie down test
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Table 3 Summary of telemetering

7V A — 2ETRIRE FE R

Channe!l No- Sampl ing No. Recording No.

Item Sensor Range

R P T F R|P{T|R|P|T|F
N-1 1 1 1*| 1 Pulse pickup 2-1|2-1(2-1{2-1} 900013000 rpm
N-2 2t 2 2% 2% " 2-2(2-2|2-2|2-2 "
EMS 2% 2 2% 2% Relay 2-22-2(2-212-2
¢ o* | 9% 9* ASE 1-5|1-5 1-4| £10°
] 10* | 10* 10* " 2-8|2-~8 1-8)
¢ 14* 14* v 3-4 2-7| £5%
z 15* " 2-5| £0.2¢
a, ™| 7 7 " 1-2)1-2 1-2| £35 mm
a, g*| 8 8* # 2-5(2-5 1-6 "
a, 12 " 3-2 "
a. 13 4 2-4 ”
O 3* | 3% 3*%| 3* “ 1-1f1-1]1-1|1-1| £3in
0, 4% | 4% | 4% 4% " 2-4(2-4|1-2|1-5| t4in
o, x| 1% 11* Potentio 3-1(2-6(2-6] + 3in
b, 12% | 12* " 2-3|2-3| -2 —48 in
O 5* | s*| s*| s5* " 1-3{1-3[{1-3]1-3| E0-100%
Orne 6*| 6% 6% 6* " 2-6(2-6{1-4|1-7| 810100 %
Onr 13* | 13* " 3-312~7 Al £ 25°
Pg 11 15 14 Strain gauge 2-511-3|3-3|3-6|3-4 | 0525 kg cm? G
P, 14 8 " 1-2 3-4 3-2 "
P.. 14 9 " 1-3 3-4 3-3 "
Ps-1 12 | 15 7 " 2-3 3-1(3-6]3-1 "
P3 -2 13 | 15 " 2-4 3-2(3-6 "
Pp-1 14 14 Y 1-4 1-43-4 3-4 020 kg /cm*G
Pp-2 14 14 “ 1-5 1-5(3-4 3-4 "
Ts -1 15 15 15 Thermo coupie| 2-1|2-1]2-1{3-6(3-6|3-6 400~ 800 C
Ts -2 15 | 15 | 15 " 2-212-212-213-6|3-6/3-6 # ,
Tg 15 15 " 2-3 2-3(3-6 3-6 100 — 200 °C
T e 15 15 u 2-4 2-413-6 3-6 "
T e 15 15 " 2-5 2-513-6 3-6 "
T, -1 14 14 Resistance | 1-1 1-1{3-4 3-4 -10 —~ 70 C
Ty -2 14 " 1-2 3-4 "
gx 10* Strain gauge 2-5 tig

{Note] #* ; Simultaneous recording on the magnetic tape
R,P, T, F ; See note in table 2
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Air
Supplier Asphalt
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5 =1 | Tiren -
' Buried Section _ ire Hose -
@ Steel 1re 9
g 1/300 F"[/E; Fuel scap: |
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= o (Supply
'§| | Fuel Tank Fence — . P L ‘
A Fuel | Flexible Hose Gutter with Co!ver
g Pump Waste I i
= 5 5.6 8.8 5.6 4 5 12\11
Fuel
Servicer Concrete
(Standby) 0il
--------- H Separator
(Note) 1 Unit of length ; m Se——— 2T \(4)\‘
2 Tie down wire (see figure3) (Off Limit Line) —
Nose gear 4 2T
Right gear 2 i "
Left gear 2 eE

Figure 13 Layout of tie down test field
545y ABRGEER
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Conducting &

Hanger Instrument Room

Diesel
Compressor

T.V.Camera

j [¥2]
Net(4.5cm meshes) 4‘—

t e P
_.___G_-e._rz—i:i_»o.r___ “Litter § Fire” 'l’.‘f'gomﬂ.ﬂ.
WML o —_Qf;rotuberance‘ _~Air Hose & Harness [Eé‘)t‘“g“”hei"
h Sign & (2 y |
Sm d Board ] £
tan Air Supplier = g
Fuel Pump Streamer/::l/lo l :}l
Fuel Tank | Constrained E ! o
| Test Field = { Asphalt 5
= White Circl A
El =] [(Width:10em Concrete | =
| o | 3
L =| &1 |FuelServicer i e
Concrete O < T/ | ]
W Qr Free Flight | |
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‘ ]
i
Gutter

Figure 14 Layout of free flight test field
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6.6 ® WX
BN OFREER T~ TR (14) LA TS 5,

. RBAZRA

EBRANBIL 02528 % TP Case No. IC & » TERRZ
N, Case 0 -2Vt L TCHEEE®BL, Case
15 ERBBRIEIC L ABEEERETCOEER S LUE
PAEOHLDORT » 7ANGEER (a—n, €., 50

AT ICRT ] 425 5

2HMAE ), Case 6 — 123 FRB OBRIEIC L A KE
FRETOEES JU2HBE (m—n, €. 5 ) L3
BEREE (r—n, ¥, F, 3— ) OBPHIHEER, Case
1320 HBREEOBRIEIC LB 424 £ v KB, Case
21 —~28 BERBOBRIEK L 5 HEE S X FEBERST
R R—RERTH D, EERIZFRIAICIEAE Case 1 BITH
B8, BEICE L THIEREBMETT o/co REBREFIC
L7%%3 > TRunNo. £t Lo £EEE Case DINE %Tab-

Flash
Light Ground Staff Pilot Announcement
—30min to Start
Maintenanc.:e Check Last Data
Fuel & Oil Supply Check List
e is
Electric Source ON Procedure Check |—Fuel Supply Notice
Air Source Stand-—by .
Flight Request
Telemeter ON
Pre—flight Check }>{ Briefing
. __10min to Start
All Hands on Post
Watch, Fire Fighting, Getting on the FTB Red Flash Check
Red— Support,Measurement Cockpit Check e as ec
l ¢ ——Arrangement Cheqk
Stand —by Stand—by ——Test Procedure
* ——1Imin to Start
Fire Pump ON
Green Road Close—~down
S Ai J'ON OFF gountdoswn
—1——| Start - — i
o E/G Start Procedure tart Sign
ir & . .
Yellow Air Electric Supplier
OFF Flight Request
Measurement
‘—L—"' E/G Stop Procedure
Coast Down Time ___Results

Post —flight Check

Next Schedule

Figure 15 Chart of standard experimental procedure

REEBRFIRS ~ — |
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le 4 CxRTo

EERIEIC L 2REETRE COMES L U2 HHE
D27 v TANGELRGHEERY LEULARET, £
BB L &\ 9N EERT D 5,

5 B OBMIEIC & b KEITREE T OB (33 E 25
LALRBE TS S, 2 HhES LU 3 BhELRHIEE
BRid £ B EDIRIEIC 210 5 BB SIS O R LIS RA
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DOERZTEME LAERTD S, 2 HREERBCRV
— bV 4a (2 EBRHEE) OEBRERAL,
—@ ASE 54 %0 & Lk, 3EBHREXRRRED ASE
54 EAEER L EROREL Lo

248y YERD, HECEDT HBEROTEEDOH
HMEBRTLLODOERT, B UV7 b V=  OHR
€ X ABHORE LR CBERORBRE, &L UREBRE

E}

Table 4 Experimental cases

KB — 2
Constra-|Degree |TotalAir|ajr Throttl E/G |PF|ight
Case No-|Operation| ined of JetNozzle ) ASE " € Speed '€ Operator
C ondition |Freedom|Area Turbine Engage | (rpm) |Request
0 | Motoring
© 1 |Remote [RY!P*!| 0 | 1,2 | OFF | OFF | OFF |13000* S o
- r
L%) 2 " " ” " " " " 13000%5 ”
-2 3 " " 7 |Normal | ON ON*3 r 12500 Mechanic
Q
& E 4 " R, P 2 " v ON ’ No.1 | Pilot-1
9 5 " " ” " " 4 " M
g 5 4 Pilot-2
€ 6| Crew |[R¥ P 0 1/2 OFF | OFF 7 |12500% Mechanic
g,.\ 7 " " " " " " " 12500%° "
P I v 7 |Normal | ON | ON*¥| ON 12500 ’
T
ae 9 ” R, P 2 " " ON " No. 2 Pilot-1
§ 10 ” ”" " " " " I " Pilot—2
11 v R,P,Y 3 v 4 4 " No. 3 Pilot~1
12 4 n " " " s " " PllOt‘z
13> 7 |Tiedows | 0 v OFF | OFF | OFF | Idie™ Mechanic
Al ' ' ’ ON | ON*3| ON |12500 "
- <15> " " " ” " " 4 No. 4 Pilot~1
[@. <16> ” 4 ” ” " 4 ” " Pilot-2
s
17 | v Tiedown | 7 " OFF | OFF | OFF | Idie Mechanic
S £ I " ’ ’ ON | ON*3| ON |12500 v
; 19 V4 " " " s " " NO- 4 Pllot~ l
. 20 " ”" " 14 n " ” " P‘lot - 2
L1> " on G round " ” OFF OFF ” No. 5 Pilot-1
- 22 ” /4 " " ON ON " NO- 6 "
w
;J‘ 23 " Fr% 6 " " " n NO- 7 "
.:g:; 24 " ” " ” " " " No. 8 "
m <> 7 lon Ground 0 4 OFF | OFF " No. 5 | Pilot-2
§ 26 ” ” 4 ” ON ON " No. 6 "
&4 27 /4 Free 6 n " " " NO' 7 "
28 ] ” " " " ” 4 NO‘ 8 n
(Note] <> ; No operation, R ; Roll free, P ;Pitch free, Y ; Yaw free
* 1 ; Braked, *2 ;With the protector of tire

* 3 ; Sensor off, gain0,

x4 ; No.1 E/G,

*5;No.2 E/G
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BET, =25-14.7C, BEH=40-71%, FHERE
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Ty Y BBREIREORSEBE P, 1, FREME
Tk bHREREF OHEROEKR THIE Lens, R
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PIUEEBMEETROLEL, ASE 72F x4 b
B2 79 FIEBREO L L ERREFCONT HERN
Fohk, BRAX 1L THY, 2EZBXBTHEHYE L,

(1) =7 » ZTILERBRFER

2T 5 TIGEFERIBBHE v 2 7 o OMEROE
BRrERTH DL, 27 » 7IDER, BRRIECILHE
(BEHEBAT ) LERBECLHHBE (BRRICE
BAT 5 TRIEAT ) KDOWTEM Lk, BIZEDOANO
K&3d, €, FE bE4HWETH B, BED
chicty Lciitg (6, =24mm, 0,=32mm) % H
BELin, EROEREIC L HHIERE 0, 5 2657
mm, &,;; 31—48mm, &% VDR ODED D 27,
Zh 5 QAN HIDERBIEIEREG) & @k, BEE
DOREETEHMBEICE Lk ThbDORFEFER% Table 6,
71C, BBAILEORER T Figure 18 TR,

ORI &L N EREROTFHED = >~ v BElEHHH
10900 ~12100 rpm &IEMT B > T, w—nr; Ty=
1.15105s, ¥ o F ; T3=12—06s &3 {% 5o
FLTESDEEe — 1 ; +0.25s, ¥y F, 1045 TH
B, chiZEEBOBEBNOKES, ANHNED
EEREO R, BREOBREOCEVL (ROIEFHEE
HIARER L B3O EHER TN 5,

A, FRECFPN TN 1 HEBECEBREHNR L
Nb, ChiFERBREORE, FICHAKER IO, 2
fexyyEEROBMEELEICL B8 D ER
bhb, a—rCENTIbTRCRE LN, €y F
B EFEETE A, CALORRENEER Vg (F
BT 2,

\—J,

(2) BHBREFORKRIEE

3 HAEOERERCFW T o -, ¥y FORKE
FBALOUT, 3 —ORKESAL L 10°UT ENIH
R, ahmift EB) £ Lt io, BRREBEEZD

EQOR Y TH b,

m—-nr s RRBEKEERE 9, = 3.8 cm
BRAIERE ¢ = 0.53 rad/s?
ERARE ¢ = 53/
B KAE ¢ = 5.0°

CLF i RABKEE d, = 5.1 cm
RAAIEE 6 = 0.42 rad/s?
BXARE b = 4.5°%
E KA E 6 = 4.7°

= - S EKBMEE 6, = 3.8 cm
BoK A sk B ¢ = 0.11 rad/s?
BERKAEE ¢ = 2.5°%

B KA E $ = 1.4°

BAESA* HEROTHFOERGIRME L Thid, i
DENEERTFOEBICRERL B2 RIERLELD
b, TORKBIEER, ThITNORITROT TS5,
3 72 B RITER O+ —FRFOEEHRHE 7 -1,
m—a; 1.5+0.25rad/s%, ¥u ¥ ; 1.0 £ 0.05rad
A%, 32— ; 0.4 £0.05rad/s? (Figurel0) OHEN
Kdb, Licdio T ORXEE 7 — L LEEORKH
IEEOZER, 8 ARTHEONE(R) % ECHTHHH
LELBTENTE D,

(8) BEAPURFICET LHBIEE

= v v v AR 10,000 rpm OEFBRER & LU
11, 700 rpm2s & 12,170 rpm ~OIFEREIC BN T, &
PEERTIERE LIS ELAEED 0, ag—a,D
% Figare 19 1CRT o T 2 OFICONW TR~ 5,

EHRAREE T, BMEERE (KOS MEHE ) g, 4, &
14.5%, 6.5% & o FDOHIWNE N, IERER %
BE, 8§ BERLAERAL T2, 6 BH2MHEELIC
Bho ThE ¥, FROTFEE— £~ (HAEL) OH
K IUMEFEOEEECLIHOLEESL bl b,
ASE LA T7 2% . x—42%0NBa, a, KDONWTD
ERSEFET 252, ERA2ELEZ 2 Tni,

ALEOHMBZ0.2s HoEEEZRL, ThiCi-
THRMORIHHE B, ( 0.2 s FRMEOREEIFED L
HZERBELELOND, )

&, 8,V TNY 02 s HOBKEEBZES PUTONE
WERESRKETH 523, oy & a, OFhBETKRES %
b, MERECHT B, L5% B2 A0, %&b
£ % %o
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T LT OFUE (RO AEEHOFLE ) 2384
BOPTLEDLNTROHE S 0HAIETh Tnd, T
hEEtIEo T hothic, S8/ IfirE s b3k
I TR IN T A kD EEL LN b,

(4) 348, MHRR

BRBIVEIC L A EPBIEMRERICET B4 8 5 b
OFRREOEDEFH T DA,

(Run 20 (2 HEEE)) I—OBErRLLN S,
CHHEOROMBENL L LT HIOCK LS, &
PR S CREE XX A\ BIEIRED () X o b - A
on )RR L%V,

(Run 25 (2 BE)] 2 —OBERRK L Lh 5,
B—n, €, FOREMR, OBE, HODELR
W,

(Run 26 (3 HMAE)]) 2-—OoREld=—»r,
oy FEHBLTTARGRICE LS, a— b3 —~
OHEFRHE L b0,
a—-QEERDE HR TE RN,
o

(Run 29 (3 BHE) ) LEEBRE, LBENFES
Thb, a—VORELOENR—FER N, 2 —0OFEf[ %
EhE - A BEEE USACHRET A LA LT
Vo 2—DEER2°-3° RIETRE LT 572, ko
L9 LBARILE R, ¥y FORBEMEF IEE T
B LADEMER IR L% o

(Run 30 (3 HHE)] PRI =2-0OHODEDRE
IHEUL, BhA1 sfdD L5 KL LA B4, 05
s Lewn, v — i3 £ 10mm BEERM LTH
Y HER oo

(Run 31 (3EEBE)]) 3-0ORBRFLOLIRE
oo o FORBED 2 VG R LA & 2%

BEBKT L2 BHEERC ST AHR THE 2 —»
FRINTWELIMbLTETH A L) TH ko
CNEWELAR+R Thokcb b Bbh b, 3EHE
FRICHTAEFR T s —CET L0080 o7k %
T o, CNTHDDOEDEI LPOBEEIEM TS LA
PEER I s, chide—a b, FR% AEHIE
27T ATHHOKNL, 3 —BAKEFBHETHL &
CEARUFOHENKE W EERINE, DEE 0 —
Ahba3—~OEFOMETH L2, chik =v vrE
BECRRTL2EREE -4~ P 2T HETAB -/ X
n 7% 1.5° (Run26 O 2.5°) BT TwAh L& tr—
LRMmE L a— /AVOEEDENRL, 3 —B/HK
ERT 53 0LEBbNh 2, coz bt a—FM%EELE
Eo- A BMEHATLILRC LN S ENS Run29 O

»EHTILZH%

€y F&3-OEBRLRLE LN 2\,

FEHITMIATHRE 425 &

FRIR & BHT %, L3 HHEXERTE, Run 30
DL OWCR%EEONE OF TCEB A% PIIICREFET 5L
ECRETOBRKENLBE TS HZ LAURAN, BN &
356, &0, OPIROTNOHBL—BHL Tnb,
84 240 /KREBHER

(1) =y PR ARESM

TV R LA FTB |8 L HEROBE £ Fi-
gure 20 \ORT o M I tbREOHEEE S FREICRL
T A A4Y OEBRER chIGEV, TOMOZHOBE
RBREERCTEINA LS DT, BMREESEL B\, &
FORIESLS®, ®, OTHE, HEEL V22V BNERE
ERLTWDA, ChidBTARBREBE R, &N
FRBHRRICL > T L2 WV OBRBAYBL LAk L
HH I,

(2) =>4

SERRREIC 1) 5 — AR 8.1 (1), (DT~ 7o
CLCTRILICHERIEHRRREEN, LYY OF
EEBGHNOBRK, N M7 v— 2o LT RS E
Eox OBEf, #I0=zryy YEEBOBEEL 2R
~NZh&Figure 21 ICRTo 0, ICRTHNDORESD R
+140—~—60 rpm FBE S D, Tht 6, ONKICBRETS
E#1/3 0in AN TS, ’
‘qXViﬁ'r]lEl%Eﬁs)(root mean square T 0.09g )& b+
PEROOME (0.06g) HRLAH, ThZEBHERAH
HEBRERB L 244V v EOWEREOEERC LA 0
LEz2bh b,

vy yEEBOBEYE, 200N TCOER
OEZERERFORD & 9 C—REBNLFR T L(AS
E OFF), DWwT5 »7RAN S CXT5HNOFEME
7 O BNESER TE (sec) & 74 > Kreyr ( 522D 2k
o BONKBFER TR, MNERE 0.6 —0.7s, BER
1.3s LT &2 B, TOEMIXBRAUS) EBLS—FT
bo %2 LR 0.5 0.8 s [XBRHERHE OA3 2 0.18—
0.36 in KX THEELDLND, 51 ¥ Kpppyt 422
490 rpm/in EE LD E AT C LREERELCHT 3
NOE SO HILET %o

(3) KRB BB OIERHE

BRI F L OBMEE, BOLTHEBRREFTS
bo BRMHRENIS,, 0, ¥ LUFRANERLS, TR LTF
hENELR Y 2o P ZANVRE Oy, 0, IV /ZX1OD
t5& d,, OFEIE 7 v » VT 5 LFigure22 28 5h 3,
BESNE 2D E,;, TOEXTF Y vXIED 23 %i%
(Z2Twnb, ThEXNORKERZ Y » #T8.5%,"
-, I=TZ10% KZE$T 5, ’
COBEDE T Y) Y ANDo Th, HBFREMPN
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EANEMICHTHEEAZBIPBRAERELIRD bh %2
wke REI—FBETEEFBHE OV 2T 4 THD 8.3
@R~ EoexTF V) vyRICLABNDr — 1K
y FRFICHB L TRECRELN IO LB DN b,
TOHERAT Y v RENI LT EROOBE X ATICAT
W, #3 BELTICE T T T8 aREFERICHR L 7
8.5 BBERTER
HERRTERL 240348 » ML b AE5ETN,
URRITIRIEN 45 £ 12 B 15 B 1I5BE 52 Td o ko #R
1T 12 min 40s T o7,
HRRAERKCET L2310 , + OEEREAL, A,
hoS— FEHLE kA= PR ERO/MEBRIEIC L AR,
B#% e L UETOMBSE%2TN, FIB OF Y27 &
D5 L BNERE DIBB T & » 00 UTIKE ORITERER
OEBRKL LUEOKBLE M r » PHRERN Do
RATEEBR O~ v a— £ —|C L b5k % Figure 2327
CRT o

(1) EBERfTIHK
<> Run 41 ( Figure 23)

W o= B M 42 s , 60 s
E X B K 1.5m , 15m
A% R B % B 0——15m(#), 30 (&1)—0m
EHRHER IEE 0.055¢g, 0.185¢
® T E E 19151890 kg , 18651820 kg
FHRE (&K ) 3.0m/s (4.0 m/%)
oy R om Al (ArVER D
<> Run 44 ( Figure 24)
woE B M 2 min 36 s
®E K B K 1.5m
A BB & B 4.5—0m
EHESERIEE  0.085g
m T E E 1925 — 1820 kg
FIEE (B&K) 1.0m/s (44m/s)
oy R om E(AMDBWR)

< Run 48 (Figure 25)

ooz B M 8s , 1min 30s

E K B K 0.5m 1.8m

Btk %8 & A 1.0—0m, 4.5~0m

56 Ho B T DR 0.135 g, 0.085¢g

R T E E 19301925 kg, 1895~1830kg
FHRE (&K) 50m/s (8.0m%)

¥ ¥ R om B(EMAOEVWR)

< Run 52 (Figure 26)
W= B M 2 min 46s
B X B E 2.5m

Al % % B & B 2.5~—1.5m

7 H R B P B 0.085¢g

R 7 E E 19251835 kg

SFHRE (&K ) 3.0m/s (4.8m/5)

oy B oM #E(EMOELWR)
<& Run 53 (Figure 27)

o= B M 3 min 555

E K & E 25m

B % B B & B 4.5 ——1.5m

A IR 0.05g

® T E E 1965 ~~ 1790 kg

EHEE (&K ) 20m.45 (4.4m/5)

¥ o R @ il (mpanE)

(9) EBRZEBE 1 5 R

Run 41 ( Figure 23) (%8 ) ; - TBEFEA
BRE e BEL Tz v VEERN % 11300 rpm 2 T L
FTLEDL KR Lickk, —BT 4 M2 TTTR, 2
EVCE O LT N= 11700 rpm THER L, #4940 s+
SN L TEREL, = IrTA e Lk 40sBRICHE
EgR kS — L, 17sBIC—FEMEIC Y » FLAahiT
CREER L, MEC L 2BE S L UFBRBHIEET43s
BICHEHM o # D N 11200 rpm T LT g Z 1<
¥sH: OEBNFEERON, TAEL e -1 %K
(8,,¢), €x7%(s,, 0) K¥REh 14Hz ,
0.8HzDBEE X EBEBIRD bk, 3—%(9,¢)
CREBESEIRD bhah ok, K- —45HIL86]
C—E L T~ %o

(4 a, bR D | BAFT N+ 11500 rpm THREIDS
LR, BET7v—apBhTnk, & —pdH
HEBEFEOIMCDED, I B (RREOBCET
BELHEPEI R LOBRERANL L DA LEado
oo ROBBAAZ NI 5T H AN, 3—FnD3EHE
hThdl SIKR L%, BERELE AT, GBI
B ANEOITH o, v =N, ¥y FOEBIREIC
DT, T HRET, Q%L %D 270

Run 44 (Figure 24) (#%8 ) : N== 11850 rpm
THER L, *~— ICA o, BERHK 17s BICHK 125 fH#R
MR EFH Lico TOBNMERKICL VBE X I UESR
HEET BB L2, BRREFRT Lo— 1Yy F
DEBEHEENN v s EFETRRLAEZ %>
HBUBRMELIES &, BENRbOhK,

(A48 VR ) | o — v O/MERIE R 1T o728,
€y FEBROWTRATHLT, 2ha—COnTRIZE
AEFTDE Dk, BESEREE (FIRTHR) &
bREL Loty BFRZERLTY, 2=, €9 F0O
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EEHCHE L THRRRICEZZ 5 > 7o

Run 48 ( Figure 25) (8] 2 FEEREA
WS 2 BE LTy v v EREN - REFHERNE T
FFRBE—ETA N2 TS e, DECHA L TTC
HHL, T4 A3 TRE L, TOBRBUINE LEER,
RA—=CA D, IMERREIC S b BE £ L UFERHIE 21T
> THEH Lz, ®lEHr—N, ¥ FIEHK 1.4Hz, 08
Hz oS30 bhe,

(+34m, PR | s — L ORMERR T 5 a—1f
DOEEFFEBCRND, ThEkBETHE , FHRITP
BNERT S, 3 BRI —AOBEEMLABET
NEL Lo F—HIf), BEGIEEL IARARIFL VR
¢, RA—FHEETD D, BHAROEERP Y, FAN
FBTFRE B, n—n, €o FOEBRBES2 VAL
T\, EH ORI RVIOBRINEE O L 50

Run 52 (Figure 26) C#EB ) [ BEA L TH25s
BB FHR L 7s K-S~ L, TOBE &L HIED
IBEIELIT S, BURAA—RETHRMEELH8s HF
WLt DECEE S L MEFIE % 1T - 2 HEH L7,

(48, MR D  FHEREIRun 44 ORFL YK
2\, BEOENNOL2hkOT, BARESEHNE
hrh, 2RMOZZERE RN, = —n, Yy FOHIE
FEF < hTnaBER, 3—FREHU—-1B~NY) 37 2—-&
HNRTHOR EHE, BED2MHEMOBHRET LA
o BEHMRE 2 —RID PR,

Run 53 (Figure 27) (%8 ) BER%E, EL L
THIRONEE2T AN, 2ECELLTEERNEZ
fToko TOR—EBEX*RIFL, TORBUBES L
UBESNEZ 1TEH Lo

(4=, MEFR ] . Run 48 OB L v — 13t %
KRELEL R D oD TR UKD 2 2B, v —1OfEE
KELEBEFLEIND L 9ZRUD Lk, —FRERIKK
BOFENE O bhrbr N, BEE I —BEXNSD
Dnke s, MEFHEHEE TE 5, BEFIEAREED
BEE A~V a 72— 1 h I, BRBHER T -
A NLDRNE BN,

8.6 k/v—iE

LT, BERTERIC ST AHBHLEFHMETO
FONDNE ZEHICDONTRN B,

(1) =vv A&EEoThes L CBRHERE
Figure28 €, 2840 v OEEGEHOThE LU
REEREORMIEAZ AT (REBEELERAR S
S URITHROBRBEIOFAICL B )
BEHOTHIE HARK 300rpm B 5 2%, [E—EBH
Ol x ¥ vy OEERZELZZIF—ELTWVnbD, COEK

FHMOI AT 425 7

P EFCE, FORFPHE— A > MERAKK 27 kgm K
AL, ZRhETHETROICBERGIE ST — IR
A7 -0 64 B &% Do

By 74 Nahbita, BICHR 5EORE
8 F(112.5 gal /min L3IT—E L TELDE 347
Vo ThICY EFEERBBD KK 37.5 kg/Mmin &4,
RTERE C OBRBBEICE > TOHBITHOT, &
K& 1965 — 1790kg (4 mind40s) &% o
(2) BAGIHE 7 — (FAHEE— 4> b REE—
Arh)

SEORITER TRSICKE %2 LA, TERESHL 20
DT, wA—FhOEN JEELE 1 ETNE, FIERG
R LT O OENEN DL, Yy EEREA
11,700 — 12,000 mpm &% 5o THICKHET 5 FIATEE
ZEKEHE AV -3 TRLEO L 9% b

o—n ; PHE  1.40 (1.42~ 1.39) rad&?
v, FEHE 1.02 (0.98—1.06) rad &2
7 — ;FHE 040 (0.40— 0.41) rad 42

(3) BEHIEARE

BEFHEICETAEL05 A — 2DV TOERE
SR ( BREEGTES ) # Figure 29 CRd,

M), b), 280z vy OEEHEN (4N,
ANz ) EBERIBBREZEM (40,) COWTORR
(peak to peak ) DRBRED R %2 7T, 2K L, EHA
O, Ni, Np OV a—gilFOEIICHSL 2L
MBD b LRFIC DN TOH B4 o & 4~ ODHMGIAEFIT
X3Pt E R L, ERRMERIEE S T OB, HkekF &
BOERE T, BERBETHLENVE b, T kBHE
(BRABAEHERTECS ) AN ;+100 rpm, 49,
6% (K 0.48in)TSBH, _rva—LiBEridL
peak fE2: 5 peak TEICELZE(LORIER, o, OMMEHER
2y, 40,~3-4% (024 —0.32in) QX7 » 7H#t%
NS CTEHEN T peak BEICGET 5 L2FEBLEN
OIEXFL, NER o 2ELETRTo ZOBEMIIBL,
DAL MCI N & HIC 48, LAND BB DR A,
ERCERAIN T 2BEGIHBREED &1 ~ & 4N/
40,= 208 rpm,/in LH#EEIH, 8.4©@)THEALKRMM=
422 —490 rpm/inD¥FLLT Lo Tns,

H@ic ASE 7 2 F = = — 2% a, O peak O R/
BARETR T, AHLUEORC 10 2 2L E > 5\ 08
MEDO % Z¥TR . (PILED bIE % & (XA O EhEE )
100 % & LTnb, BREAMEZS 2 (TR ) ;—23
%, BL(ER) ; H11%TH 5, % F—EBRBOR
RIEBE 36 % (TR D 18%, 12.6mm) Td b
7, Ex JUVBOBRRENVED CRREHRT, +h?
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N5 % CHATHIEMNETHRNAEHE ( LUTEAR$E Cik
P& 0% FHE L 1¥5 ) TIEA20% (2T D 10%, 7mm)
E kb

M) LT HuRE Z © peak BHORBELR% 74,
BAIMEE D LR ; 0.02g (0.20m42) , T ;—0.03
g (0.20m/8%) TH 575, REO%HMHEAICE B & LA,
TEEE S 0.018g(018mA2) &R D, & —FD LT
EELER EAEDOEE 0.18m/s2 MTO/NE 2k &
WX b, 3 ER LY TREROFVETE (R >Tn
BH, chid FRmMEE R~y va —g8&0 i,
BHRECH: 6 WBN I ONELTEIN TnhbR
WEELLND,

VTR R& Ihid, ERAF—FOBELLE,
0.3mTd b, yVva—LELBE I 40 » VR
3, ChzEMTTWaE, 2L TERRETH, cht
T 0.1 mO#EEAR IR LA L HBT I h 72,

(4) BHBHIESE

BRI ICEET A58 £ D 5 £ — 2 [CDn T DK Rk
B4 E% Figure 30 I[C/RT,

@), b), cFhFhe—nr, €, 5, 3 -0
6L d,, 0,, 0, ICDONTIRIE (peak to peak) & &L TF
peak EORBEDIERR2 R T, KA LEAFHKICIE3 %
OWRLD B &Y b LUBKERCEHRAI LD/ 4 X%
EroT, COBREOEMME (RIS L EEER
L, TZTE3RUTORINEER Lo SHI -1
FIUY, FRIZE A1, FOEEREELNLED
HBMEAEZ { T ThaH, Th&ROEBMEOH
BDREEL O TERICED, ThHLOEALDEDT
&) o7z,
¥y F, I3 BRI L O
RICH LUREO 7 5 7EMHRE A > TnDHD T, &
feoEROFMOERAREDR, RERBETS 5Lni
B, BIEED 0, 0, C OV TITIESNBRIEIKE &2
R TH2OTHRLAEZWR, §,;16% Tho ko K
RIBIL 8, ; 50% (3Bmm), &, ; 45%(46mm), 6, ; 35%
(27Tmm)T P o %o

peak EDZ 7 7 bR AIRAKBRERIL, ThXh i,
$ (E)—50% % LU (B) +40%, 6, (#L)—3%% »
T (5% ) +40% 0.5 (EBAR ) —16 LU (K
BA ) +28%TH5H L0l B, 2 AFA—ERFORK
BiCEET 0, ;85% (&fTRED42.5%, 64.6 mm),
0,:60%(ZFBD30%, 61.2mm), J,;44 % (&7
BD2%, 33.4mm) THHH, REO %HHE (T
BEBR)CADES,; 45(22.5)%, 6, 530 (15) %,
0,525 (12.5) % & % b K5 Mt ( Rk 90 %#H )

",

@oy, 0, 0, W, £ITROME, +, TUTTHEC
LD ofe, A BICR —n ¥y FTH, & —8KED
FLEELONARRESEORDEEFILS L0—KK
LWz g, *OoThEREXLEN §,; —16,
—15,—10%, &, ;+15, =5, 0% T2, Zh LD
hgd, RICI2EHICRENT 8688 (KD ) G
THEROOBM, RA SR LIATFHEE— A 25T
Tl OOBRMF L CBFROFILEOThEORE L E
Zbhi b, I —HERECFIATNEELS PR T
oo I—Dpeak EQ /S 7LEICHEEDZ 570
RIS B E N> T, Zhid FARB & AEE 2
HIGT 5O THREEROEBAERIET 5 b I AEE
R L THIOAMOBRKELELL, TOKEELDS
B3 GAH CE~NOBRKEIMEIRE 220 0Td 5 (A
HCe —r & €y FTRIBHRAE - SBBITIET 5)0

Hd), eca—n, €550 ASE 72 F = = — 2%
fla,, a, Dpeak EORREALRERT (3%UTFTD
TLEER Do M bR RARAEMEDL 0, s 512 (ET
) —40% & LU L (EET ) +50%, a, ;512 (R
TT)—45% I UL (BHET ) +H40%THBHZ L8
o, E—ERPORKIEBEHAIL q, ; 90% (217
BD45%, 31.5mm), a,; 85% (EFFED 42.5%,
30 mm) T 2038 90 % #WHET ¢, ; 60 (30) %, @, ;
3B(17.5)%ERY, v—n /Y, FOlE 1.7 THHE
OBED15 LD BIREL Z>THBER, Thide —
VNEDIGEER I WD EEL2 bR D, T LK —AT
J7 5 7BEIBHHRT D B0, ¥ FTRFSHELR
L, ace DFRESE0 2OREFPLREOTHER
=10, 13, +2% Th ok, ZDa, DTLER, (i)
DI DOThEOFELE L% DDIRIBITXNET 5 (a3
b OICHPLTENT B2 Y0 cTEI=0 )0 2%
a, DThEBZBEZCHEERNCS - ¢, Hb)D ¢ 0Th
ELBREIACHIGLTWS,

M), @QKa—nr, ¥, FO0REK V= b/ AVRE
ns s One D peak [EORBKES EETT ( 3 %UTOE
{LEEER ), n—r3kide, FORRA/ X1 02BR
Figure 10 OBKFIAHIE v (AERTIX 8.6 Q)OK
K7 &% % )IKstinL, BEO% LA 7D%
B—BTho Lo T THREDOID ) ICHIE <V &
LT~ B oEAINnZBABE A vide —» ;
ET ~65% (0.91 rads2), & _EJ+35% (049rad/
s?), o F ;BT —60% (0.61 rad, %), BLEF+
40%(0.41 rad /$2)TH 5, T ABE—FBRPOHE 7
OFERAFREERIE = — 2 ; 95%(1.33 rad 46%), E»F
1 95% (0.97 rad $2) T 50, RMI0% HETE =
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—L 3 60%, EuF;32%ERD, noATfE, FIX
#2 1 Tdb, ILEREREFRORPDR EFIRE
OThBE, FhEh, 6, —13, —13, =7 %, 0,
i 4+15, +7, +10% Th b, chboThEd, Bz
S LARPHE — 4~ MCRERT A70ICHE L, #if
Bl 727 2— 20T AThEOMEEHR
BOFTEOTHBORFNE L WEEL LN b, BE
i, e—rFTREG@E), @), (0L +3, +2, +3% ¢
» FETREGOL), e, @Lb+10, +9, +8% TH Y,
Brgr One DEZHEG LEOMED LEThEFNCNLEE
Flnk b DIENEEL LN S,

B, (i), (Wa—=n, €. F70RBAENMS, §5
LU s —BEELE( O D peak EORRES K ETTo
Hp o KEES ; (ETV) 25 L (ELRT)
+2.0°, 6 ; (BT ) —25° £ LU (FELET) +2.5°
¢ (EED) -15% &L (AED ) +1.75% T
55, & FE—ERPORKEBHEAL ¢ ; 4.5° 6 ;3.5
¢ ;3.25°%5 ThHHH, BMI0% WETELS; 35 6
;2.3% ¢ 2.5°4 Thb, ThbD 9 HAT 2 H,
FhENBEBRE( 77 F - = — 22178 HEFE
0325.6°(+12.8°) 1 1525.2°(+ 12.6° )D 10 %
BB TH 5, 2 LRBHEEDK0%DHREFPILREDT
hER, ¢.; —0.3° +0.1° +0.4° 6 ; +0.8° —0.35
—04° Th o7 h, PREHIBREOBHETS o/ ¢ &
6 OThEEIHEG), O)Th~<% & o KROEFICHEAT
530LEL NS,

VTR BRI InE, E8&A—FOKFBEIL, L
0.5mTdh, “vva—giFE LU 1a ., MFR
b, ThEEMTTnDE, L TERRETE, thz
+ 0.1 mOBEBERICRLE S L HBT T,

(5) R PLIUT 75 o = — 2LMOBEF

BERITEEO R —1 & ¥, FOBRME, IBLELED
MEL, EUBORRICHL T, »2 VB %228t E
ABEEZ Oh b, TOBMBELAS OIC, BROR
WA LB EAERZVWBAR ST B8R, +—, Bt
FrOBRMERENLL (&, 0, ) DBBR% Figure 31 1€, 24k
BN EE L FOTIF 2z 2R (a,, a, DB
#Figure 32 R o RICRT% ¥ (RILEA» 5
E2BROTHER ) ICHT5 30T 5,
BOZEAE R NBEORMIE O FREE L FH (4
F, koS-, FH#)TH ;#32(36.5, 31.5, 26.5)
% B LU0, %17 (16.1, 13, 20.5)% T b, Lk
RoTEDOH(8,./8,)d#2 (2.3, 24, 1.3) &%
bo B OPOE G, s EMH-11 (-93, —9.3,
—14.3) % L9, ; BEFH 10(9, 11.5, 9.8) %I

TERT RS 425 &

Bbo ALIC0.2s MOBMELD L L, BRKIERS,;
#9 (10, 8, NP IUS, ;%5 (4,5,5) %Th
b, 3RFhFRDO LA 2HFICENTE5 % (6, 3.8mn
8, 5.1 mm) MUTFAELLEIE 9, ;490 (85, 90,
95)% % & UF 9, ; #9100 (100, 100, 100)% TH 5,

ERRICL T, ROBANEEOBRMEOERERED J,;
#45(37.5, 49.5, 48)% x L 1F 0, ;#25(26, 18.5,
20)% LB OEREAEZNBEL DREL E o THABEY,
FOHEHK1.9 (1.4, 27, 1.7)% LELEV, ik
Bico PLoThy 6, EN~-15(-18.8, 8.8, -17
5)% % L 158, ;B T %17 (16, 15.3, 185)% LK%
(Z->Tnhy IHIC0.2s MOBKEEERASLE . B
B g #10010, 9, 12)% LU0, ; $97(7, 5,10)
%THY, 5T EDLEIEL 0, ; #9185 (90, 80,
85)% £ LUK 9, ; #9197 (95, 100, 95)% TH b, T DOfE
Ehabld, ROBESBREORICH LT TR
ThEWR, RVva—gOiHErsbL, BEORIOD
BRMEE e —1 LUy 7R ORFGIRBAVRIERFCE
bhTnb,

OEWCRDIZEAERNRED, T7F 12 —20f
BERE T (R, ~—, BH) T, o, 5 #9438
(57, 39, 33)% ¥ LU a, ;21 (18.5, 15.5, 285)
% LBREBENOBE I VPP REDTHL Y, TOK
(ag/a,) d#2.3 (3.1, 25, 1.2)EPPKEL %
TWnb, ¥ EBIFLIE, a s #M3(7, 25, 05) %
PI0aq,;¥—-4 (—23, —58, —4.3) % LRFRE
OB BCHE L TPFILACA 22T b, LK
02s MOKBEE2HI 5&, BRMEGa,; #9113 (14,
4, 1% &LV a,; H7(7, 5, 9)%THb,5% (K
1.8 mm )BT 5 €181 ¢, ; ¥ 63 (55, 65, 70)
%I La,; %90 (90, 95, 85)% BMEDENEL D}
B\,

BHRICBOBANBED, 72 F - = — 2OEBHHEHEE,
EREIC @, ; #4952 (37, 61.5, 58) %% Llfa, ;H32
(30.5, 29, 35.5)% LRDIZ EAERNWHEHEL
TKE (% > TR A, ZOHEK1.6 LAICERDY,
2, DEBEOE MM e, DENE B> TnhbZ LEFR
LT\nwb, 2280t ida, s 1 (3.5, —3.38,
3.5) %% LUa, s #—11(-11.3, —9.5, —-13.3)%¢
B — ML R AIGE D, € s FRRADIZ LA E RS
EOBEFLOTHEFERT TRE IHNTIEE LW,
THI0.2s MOEBEE» 5L, BKER, a;#
16 (16, 16, 15) %+ L Ua, ; $19(7, 9, 12)%TH
b, 5%LTHED HEAIE a, s %63 (65, 60, 65)
%tk UFa,; ¥87(85 90, 85)% LBDITLAERV
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T4 ITTFRMN, Neokoi—EER 93

BAE L VETHRBNEL 25 L 5Th A,

LLERE LT, 88, ~—, BEHCe SR
BRIETAT2F - = —2eB#EE L b/ &<, T
Thim—nibh e, FARIn, BROBENEEE %R
ChoEKRELE D, TABKOPLEBROBELCLY
17 10% FIEERL DFNRTNED, T2F 2 T— KD
B LEROBRNEED Y » ¥ (a,) ZHBRWTRIESP
MAREBECS 5, S LGIEBMORI LU T27F 22—
2OEBIDRITWTh e —r X b, FRNE,
2B L VBEOFNKE W, ROEEKDOWTH,
BOBEE D3 VBEELEDLh 2V, T2 Fa 2—
2CoONnTE, BOd 5550 8NEE I VETREL
hBo, CNOLOEMEBROCEEHRNTE B0+ X
NIV AVNDERLE-FH L Tnbh, ChoBEBEE LU
B ORI AR EHFIMER ( 3 BBEEFigure19)0
BEIIVPBEIRELL 2T A,

9. XRBRICEHI BHEFEE

FTB Ok ~—#t & IUEROERICEE Y B4
WS ODHOBRIFER Y HTF T EOBMEBERRR N5,

9.1 HERESH

£AFY YEBTIE, FTB 2@ ULt LB ah
Ty Or BB {TO0T, Tv9 DY = » MER
ORIC L5 FTB &5, BICH, 24 ¥ ~OEEIEE
ANk, FZTHAMK Y= » MEROMN ERERED
#% Short S. C. 1 OEEIFIF O " b #HE L
(Figure 20), ZTORER, A YBEZX 2 T4F
AARRE T 160 C, B REFEIEST 12, 500 rpm THI200
Cézb, COBEORE LA TR # 1 ¥ QUEHMIC
L BME ERRELZ N, %4 £ 1 ¥ OftEMEIE—HE I
160 C T HEE, #5200 C Tl 6 AHBRENREERE &
INTWhH, £LT FTB OBBRITERTH, ZHE
Ao CEREH 200 CHC R Z BT ERD T ], Th
Llgio 74 FaBEahid# 160 CTH b, B <—% &
DR ROMLED BN T E23H) » 720

9.2 ERAHIR

FTB Tk, HERGTERIKEL T, =¥ v r—EH
BROFEEREICHT IR ERETLENEL - T
ERAGREED o & OHPREEHFEL 4 2 » bO
REERET A LERBEL, 18, FORIES
ZRRACVPAFREL Lo UTEOAZFIBRRELCON
TR~ B,

=1 BREWEE 2,000 kg, BEEREE T
RAA—FIT, TRl BEETSLE ASE o2 ic
LHEFxy O opE LT, BHBOKE N EEBHIE

0.7 %5, TOBHBOHIREIE I XEREIC D &
FTER42masLtr Y, TORECRIETLEER, #%
BEEOEBEIIC LY, 28mbk b, chitd T8
SE 2.5 mEHIRE & Lic, BEORINENE &+ LU
EoE=2—F7 vl LT ERERICE S,

(&%) B—rEkid ey FORPEICHF L
TAKFIBEBE 2 RE T 5o KFREXEHMEICEE Y
Exbo L LEBBOERELEZBNL <12, MLE -
THhAVERETH D, Lo TERAOEEZ B
TN EZd o THIEEE L,

(frfE ) KFES lom BET L0, &
o —rild e, FORBASTs5sHFETLEL
o IEOBRIEXZEBITNIECOBERIE % B, BIED
FR%EED 2B THEEMAIRE T10m& L, TOM
et FoReR.CHCERTHT I &K Lr,

(R FERRS5mAs 110 mA OF TG
EHIEIELROCLBERZEBAR e -1, €oFED
SELETh ZhE1° 6 SUH4° TH b, Chitd &F
WTEES m/s THIBRME & LAadt, CEEERRTOHMT
HEL L,

(zrv>] v I OEBEHMEERTEAE
LW bABHOHTD b, BAFERICL D, B,
PRRE, BEENZXRE Lo

9.3 HExEH

BBRITERORICIE, BRifEE, ASE, B v -
*% EABECHET HLENRS LY, Th O
¥, RITHERE, EREB, B cHRL 0¥

DL OIEDK,
(1) HHEEE O 278
o — L ERIRERR + 76 mm (Middle)
e s, F +102 mm ( Middle)
EERY + 76 mm (Middle)
BESMEARHE 203 mm ( Log)

AR FNFh Long, Middle, Short © 3R
D LBIR Lo ‘

(2) ASEZ 4~

T2 Fa x—R2FM HZATD>

u — v A H f 2. 73 mm/deg (8)

o — L ERELE S 3.64 mm, deg/s (4)
B—NRTF 4y 7

E D 0 mm/ mm—stick

=Ry A I~
E— AV PF L, T
F B K F
¥y FALNTEHS

1. 39 mm/mm_“deg s-pitch
2.78 mm,deg (8)
3.70 mm, deg. s  (4)

£ o
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2% iz RN
Cy FRT 49 7

Fore7 0 mm,/mm-stick

o ForAnm

E—AY NEF T 0.51 mm/mm deg §-rol |

a —AHEE L H 11.74 mm deg$ (3)
BEMEE LA 6.65 mm,/m4%  (8)
BENEESTEED 13.03 mm/Mm/s (3)

(YRBY 1B —2Y) 24, FOEBSERL,
SEEEDHR L HBIR Lt RT 4 v 2% » 250001
OFF %77,

(3) ASE MBEREOLE v~

o — 1.7+0.2V
e, F 1.7+02V
3 — 3.0%£0.2V
B E 3.51£0.2V

T2 F o z— 2 O2FTRE 8.5 VICHILT 5,
(4) ASE 7 r2BEEH

s —ABRELES T, 0.08s
€y FERELESY T, 0.08s
BEMRETELB/S> T 10s

ThHRWTR L SBEOY — FOFLLRE Lo

(5) HWotr 2 =—5 LU 7 v —FBBEK

g 7y—-(rtrz=—%L)

M BEFAMa=02 (brs=—%L)

9.4 BBERTHOIRE)

Figure 23 —27 ORFELFH >, FTB OEFOF
KREFNFRORICL o TERLZ LAPEC S HREIO D
LBl pHoko FLTNAWNE R AT A= R LDNT,
FRFRORY -2 b dt—bavasiareR
», zhrFn-FhFigure 33, 34 [CRFo LT O™
Mz iic, ThthOROER OEBICOWT, BE
B(2AERB) L2OREIK W THEICR~N S,

(1) m=rFR(8,, O, ¢)

0o, Oy WHEM1L4H: OEE LAEEEENR Oh
BB, ThERTEFCEPNTIFZELEDRL TV S,
COWBICHE <48 5 MIAELTNELD, EBERLE
fETerLnoins, xORERE LTRD 2 O0E
2 bh b, Fldxy v Bk ECER S 2HEED
B m, b EBLTRERICEDY, Thiti-T
ASE #E0RBHERLBHESHIETEH Y, TOB
BEZER - 10, \OFHOBRRE L E 2 A HE
Tdb, B2 ASE 28 BBHIHRLE M2 » M
PAV—ZEBE LTE D, ThICHELZ Ep b bk
BEEVERLTY 10, + BHFORBEELET,
BRI IR E LR A L R FRICELT5 20

%

PR 425 7

KIEEHHE L, TORERE ASE # SLE&HE%ED
BEAERBBICGENEE 2 2BETH S, T ORBIIHRE
BOBYAHCI > TEL, FHRLTRBLALSHEL
7z (Figure24), BERBWTNTD 5 03 % +HMAR
BB ETD 5,

thoDA—raversaht, BESs (0.2Hz)
DOEF S 90034503, Thid-34 = » OB
LBEBEEL bh BN

(2 ¥s57%(3, a,, O, 0)

8,, @p, O, 2»H#0.8 Hz OFEERESLS, 240
OF—taversshbERAK 8s (0.125 Hz ) OIRSY
MBOBBL b n—AREER, MEDE 12 » FDE
BROARCHNEL TR AR TS b, BHEL2FHT
LIREAEBEL, BER M e, F OMEFRIFEIC L5
wEEE L bR b,

(3) a—% (o, ¢)

5, Pl e—r R, FRICR bhkBEE%ES
A oo T PDA—b rvasTahs
AR 7s (0.13 Hz) OBREID O Hp3& 593, zhid
YDA AR M ATERAMEA 0.1 He KBHBEEE
L, COEBIE M m ., FOBBAEFIFEIKC L AES
EBbh b,

(4) BEX(O,, Z)

ZORY xR b bF— T VEST ADKBIC
2—-5H;: BEORWEEBNR LA 523, chidzr vy
YOEERICERT 5B EESEEL bR b, Th L5
€o, L ZICiZ# 0.2 —0.3Hz DEBNR LN B8, T
WE -4 m ., b e FUBEMEROESEBbh b, T
NIC DWW 18) THIHE Sh T b, 25 0.2
Hz L 0.3Hz B XhFh A—tave s a0kEeEM
BHHIGL, chE 1 e, P OBMERCHIETS0T,
oz ER e b ESHHEROESE 1,
MCE-TRZLZLEEFEICOR LAA—PIENZ B,

100 & 9 U

Lk, FTB OBRB4IEMEER, 214480 v EB b
LU HHERT R —FBRICON TR~k ChEBEHT
LEDEQLEVTDHA,

(1) RBE, T TFHRE2EEHIEARERERICRD
M T, BRBREC L ABREEERECOERIE &L
CF2HBETOR— A2 LUK YE » FX7 » 7T IREER
5E%{T\W, DERHEREORELLIA2 »LF3HH
EORZHIERR 1201 £ 17 7c0 TORMGEB LS
BLTEREOBER LB 24 £y YER4B 51T - ko
BHCEhRRETH K2 DL UahART S B 2T
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TIALIF AN, P - R 25

2 7o

(2) LBHIEMRERR T, ATEIESR SFERICERL -
7, SHAEZ TH AR %5, TOBRES OFP
TREECH LT, n—n, ¥, F, 3 —OBELINTL
PIRMEB OFTROISPUT CHATHLE L3 -
o

(8) #2145y EERE, BEci HICREL 7Y,
vV BRI L AR S L REHEE OHRE & BREE
BECHL UL LEALEE BT EL 2N T LRI N,
(4) BERTH—FEBRE, 28012, PCIs
T, BKEE 2.5 m, EARTEMH 3min 555, R
TR 51 12 min 40s %E&H Lo

(5) HAA—HEEEBREF T, BE4-8ms OFTY,
EEARET ETHBEE 0.3 m, KFEHBEE 0.5 mEAK
RbBZ EMTE, Kb OEORT T, EERED D
ET, BMEELOBE % + 0.1 mUAICR LB L LT
INBICE] o7, HIESREIE LA CERTE, HRT
BE 0.5mTOK S —PHEELIBTL TH ok, 11
y PO B —, € FOBRBEIFEE NIZAFCEN,
7 - IUBEFMEENE~ )2 72— LA LOHE
Thotko L LEBOFIRREICLRRFERARERDL,
SHBEOMKRER L V6 BREO BARTERO S
D YOREN (H26) T A= Ko

(6) HMAIRBHCE L T, # kTx vy RS, H
=82 11,500 rpm FFATC 5 HZRE ORENIDFR L L /2 7%,
ZOEEM FEB TN IIESINE 20T, ZOME%:
BENCBEBTHLIOCDEDR, Tk S—,
vy FRIUBERIK, Thth 1.4 Hz, 0.8
Hz 10702 —0.3 Hz BEOHEZIRENR bh e
2, 2RS4 e P BEEBRCNEL TN BHBE,
BEIEBHCHE L T2 BE0EBEEL O, 0
THRUBEHER L FRT LBLAEHER Lt L LAt
LZNLOEEIE 12 PESEDEIZCELZN
L9 THotk,
FEBROEMICY - T, BELETEE, AIBE
BETXG®), BXER &), GOEAEH, B®To
HHOCAIFNKE, CCRBEERZIBEERT 5o
2 TEBATOR« KEKE AHZBENWKE, 6
& TE LR L BT % o EBRICEAE ST 02 HEAYE
NeEnkRni, B L CRBOERIIHE MEHE 2
s —7OMBRKEE, HEMER, E7 7+ —70
EBREEREOBNK L o7,

U‘—jl/,

X it
1) BEREA ;754772 F(FTB)KD

2)

3)

4)

5)

6

7)

8)

9)

10)

11)

12)

13)

14)

20)

WT, BAMMEESE, 71%, 5985 (1968 11)
FIRIMZEME ; 7541 277 X by NOFHE —
EED v 2T aFVA4 v, HIEEHFHRE TR-154
(196875 )

EREA, N0, Bl%—, BER%, B
Wk, PEEKR, BEABRA, JHE—, BEEE,
BEER ; 7 5427 F RN, NER HIEE
K -84 KER, FEHRSE TR -402(1975/
1) '

Alan E. Eeye Jr; Attitude control requirements
for hovering determined through the use of
piloted simulator, NASA TN D-792 (1964/4)
HBRBEA, EXgA, FEEX, BIH—, &F
MRek, /IR, BEEMR, NEE—, BERE,
BHER, 794752y FEERIEAR
EER -5 3 WER, MRS TR-358(1974
3)

AR EE, ARk, HEGA, HEEIR; 751 >~
77 A bRy N EBRERE tRE AR (1) — BERE
HEAERER, MRPTER TM-217 (1972/7)
AN, BEEE, TEEA, BEKR 754~
77 A b= PEBREEBEEERR D - &R
AT RERER, MUEHTERTM-218 (1972,7)
B R, HER, )IGMS ; 7514 77X}
~ oy MERECRHHER, MRPTER TM-227
(1972,/7) '

BEERK, THL; 774772 VER
R AR, MEER TM-232(1972,79)
BEEZEA, JIGHE, PRAE, RERAEE ;7
A4 vITRE Ry FEQE - CHER, M
R TM-233 (1972,/11)

Hlg—, JERZ, JIGMB ;754> 772
by MERECREARR, MEFTER TM-214
(1972,/2)

NEFE—, Hsh, M EE, 754 TR b
» NT VA — 2HEERER, MEPEER TM-220
(1972,5)

BREA, BERE, /DB, B3R, $
BE, EXAEA, HUH—, HTRMZ, NNFE—
37 94 7T R bR, VRAMEREOSE,
RS TR—306 (1972,11)

(30 Hikoo<()
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e Fa R A e AT 425 %

26
Table 5 Operational records
Date |Start Run | Case|Weather Pa { Ta a w Bw O perator PsCkg/em*Gl| ¢, tf ti
(1970) | Time (mmHg)| (C)|(%])|(ms]| C°)] No. 1 |{No.2 |No-1 {No1 |No.1
Dec.6[10:26] 1 0| cloudy | 760.0 5.5 68 | 0.8 135 |Hatakeyama | 6.4 — 0"y — —
3 10:30| 2 0 ” 4 v 64 | 7 |Yamaguchi —| 6.4 - - -
< 10:41 3 1 " 750.8 | 5.6 | 61 | 1.0 | 105 |Hatakeyama | 6.4 — o’ | 1’ 517
g 10:56] 4 2 | rainy 759. 7 6.1 69 1.2 # Yamaguchi — 6.5 — - —
2 11:41] 5 3 " 759.3 | 5.8 | L0 [345 | Oike 6.5 | 6.0 0” | 23" | 1705”
E 14:36| 6 4 " ’ 49| 72 | 0.8 | 315 | Goto 6.4 | 5.4 0" | 14"
~ 15:21] 7 5| cloudy | 759.9 | 7 67 | ” Suz uki 6.5 | 5.5 0" | 16"
7014:35 8 0| clear | 759.2 | 9.0 | 53 | 1.8 | 195 | Oike - 0" | — -
14:41) 9 0 " " 8.7 | 55 | " " — - — -
14 :47] 10 6 " 759.0 | 85 | 56 | " ” - 0” | 28" | 1745"
15:01 | 11 7| cloudy | 758.9 | 83 | 57 | 7 g " - - - -
15:59| 12 8 " " 8.0 " 180 " 0" | 22" | 1730"
16:35| 13 0 " 758.0 | 5.8 | 6l " — 0’
16:40 | 14 0 " " " " " - - - -
’; 16:55 | 15 0 ” 7 " " ” — o’ — —
g 8(10:58| 16 0| snowy | 752.1 | 4 53 | 3.0 | 300 | Oike — 0" | — -
B 11 00 17 0 n # 4 60 " " " —_— — — —
= 11:07]| 18 8 " " 3 67 | " " 0” | 18" | 1700"
é 13:37| 19 8| clear | " 50 | 5.0 |285 v 0" | 22" | 1715"
3 14:53] 20 9 " 753.0 | 4.4 | 40 | 3.5 [270 | Goto 0o” | 18" | 1700"
s 16:15| 21 10 " 752.1 | 2.5 | 48 | 4.0 7| Suzuki 0" | 18"
7 9(10:49 | 22 0| clear |756.9 | 5.0 | 51 | 4.0 |270 “ - o’ | — ~
8 10 54 23 0 " # " 49 " " i — — p— —_
E 1:06]24 | 10] 7 " ro| e | " ’ 0" | 20" | 1705"
“ 11:26 | 25 10 " 756.7 | 6.0 | 46 | 7 " " 0” | 20”
15:37| 26 11 " 758.0 | 5.1 | 67 | 10 " Goto 0” | 22" | 1717"
10110:49 | 27 0| clear | 763.1 | 5.5 | 54 | 0.5 | 180 | Suzuki - 0" | — -
10:55 | 28 0 " " " 7 | 1.0 {360 " — — - -
11:04 | 29 12 " 762.7 | 6.5 | 53 | 7 " " 0" | 23" 55"
12 :00| 30 11 " " " " " " Goto 0" | 19" | 1715”
14:35 | 31 12 " 763.3 | 6.8 | 48 | 2.0 [270 | Suzuki 0" | 20"
13 |10:48 | 32 0| clear |751.3 |13.2 | 81 | 25 | 90 | Oike = o7 — =
] 10:50 | 33 " o140 | 77 | on v " - - = -
i‘ 1:07| 34 | 17 v 751.7 (14.6 | 75 | " “ - 0" | 18" | 1715"
§ 11:35| 35 18 " 762.0 [14.7 " " 4 " 0" | 26" | 1740"
o 14:30 | 36 19 " 748.0 |13.5 | 58 | 5.0 |270 | Goto 0" | 19" | 1710"
& 5:42|37 | 20| » |746.9 [10.0 | 51 | ¥ 7| Suzuki 0" | 18"
15112:29 | 38 0] clear [ 759.0 | 9.9 48 | 4.5 {270 Goto - 0" — -
12:34 | 39 0 " " 10.0 | 50 | " " - - - -
12:46| 40 | 22 v 758.7 [11.0 | 59 | 2.0 | 90 " 0" | 24" | 1705"
15:52 | 41 23 " 759.6 | 8.6 | 46 | 3.0 | 305 " 0" | 17"
16 {10 :47 | 42 0| clear |763.6 | 9.0 | 58 | 2.0 [120 | Goto - 0" | — -
10:50 | 43 0 " " 10.0 | 55 | 1.5 " " - - - -
= 10:59 | 44 24 " " 10.7 | 48 | 1.0 90 " 0" | 18" | 1715”
& 15:08| 45 | 26 ” 762.8 [12.0 | 51 | 1.5 | 180 | Suzuki 0" 21" | 1700"
5 17 [10 :45 | 46 0| clear | 759.0 | 9.0 | 63 | 2.2 90 | Suzuki - 0" | — -
i 10:49 | 47 0| 758.8 (10.0 | 62 | 2.5 | " - - - -
g 10:58 | 48 | 27 " 758.3 |12.9 | 61 | 5.0 | 7 " 0" | 23" | 1700"
o 18{11:25 | 49 0| clear | 757.1 |11.4 | 47 | 3.5 [270 | Goto ~ o" | — -
11 :31 | 50 0 " " 1.8 | 46 |.3.0 " " - 0" | - -
11:35] 51 0 " 756.8 [12.0 | 45 | " " - - -~ -
11:45(52 | 24 " 756.6 (12.6 | 43 | " " 0" | 25" | 1'20"
15:45( 53 | 28 " 757.6 | 8.4 | 46 | 2.0 | 315 | Suzuki 0" | 19" 55"

(NoteJ No.1, No.2; E/G No.

— ; No operat ion,

Blank ; No data
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TZIAYTTAINy Nk —FEES
#E B F %
ts ¢ ¢ ) ¢ Vg
No.2 No].’Z No. 2 Operation t, to Nool e No 3 Cke) Remarks
— — — [No. 1 dry motoring - 47" | 200" -
0" — — |No. 2 " - 31" - {215
— — — |No- 1 E,/G Check 415" | 459" | 211" — 87
0" 14" 11°09" |No.2 7 540" | 7 52" — | 226" 133
115" {1417 | 2 12" | Che ck 610" | 714" | 217" | 217" 217
104" | 1'20" | 1" 47" |Rol 1 & pitch 554" | 637" | 2'17" | 2'19” 204
100" |17 18" | 2 00" " 610" | 71" {217 217" 223
- - — |No. 1 dry motor ing - 40" | 2' 28" —
0" - — |No. 2 " - 26" — 1 219"
- - — I|No. 1 E/G check 4'20" | 5'33" | 2'10” - 77
0”1 22" (1 40" |No.2 " 4"30" | 533" — | 218" 93
1 40" — 402" | 2'1” 56 Call off; No.2 low fuel pressure
— - — [No. 1 dry motoring - 31" | 2'09” -
0" No. 2 " — 36" — | 2'19”
- — — |No. 1 " - 24" | 2'10” -~
- — ~ |No. 1 " — 30" | 2'01” - After fuel pressure check
0" No. 2 " - 39" — | 218" “
110" | 1'33" {2 25" — 533" | 2'14” | 222" 155 Call off; air turbine hunting
150" | 2" 00" | 2" 10" | Che ck 810" | 802" | 221" | 2'2¢" 232
115" | 1'30" | 2° 15" | Roll & pitch 800" | 946" | 217" | 2717" 300 Exhibition test
U’ 27" — 4'32" 1 150" | 1'50" 90 Call off; pitch caution
— - — |No. 1 dry motor ing - 50" | 2'06” -
0" — ~ |No. 2 " — 32" - | 22’
112" - 2'31" | 233" | 2°05" 28 Call off; No.2 E/G fault start
Roll & pitch 204
122" [ 140" | 3 00" | Roll, pitch, yaw {11700” {11'23" | 2"16” | 2"12" 381
- - — {No. 1 dry motoring — 36" | 203" -
0" — ~ |No. 2 " — 36" - | 2"18”
110" | 1730” | 2' 00" | Roll, pitch, yaw [10°00” |11°09" | 2'18” | 215" 359 | Master caution; low fuel 7
133" | 1" 49" | 2’ 30" " 10°44” (1131”7 | 2'16” | 2'14" 390
105" 11 20" | 2 30” " 10°45” [11740" | 217" | 2" 13" 393
- - — |No. 1 dry motoring - 39" 1 2706" —
0" - — |No. 2 ” - 37" — | 225"
- - — | Check 2'30" | 2" 12" - 31
150" |2 07" " 815" | 831" | 2'23" | 2'27" 232 Generator caution
120" [1738" |2 257 700" | 733" | 218" | 2718 220
111" |17 25" | 2 30 " 700" | 804" | 219" | 2"15" 245
- - — |No- 1 dry motoring — 25" [ 2703”7 —
0" — — | No. 2 " - 25" — | 222"
128" | 1" 46" Check 543" | 218" | 2'33" 136
110" | 1" 26" | 3" 45" | Lift off & hover 641" | 217" | 224" 198 | Maiden flight
- - — |No. 1 dry motor ing - 23" | 2'02” -
0" - — [No. 2 " — 21" - | 2'19"
124" | 1" 40" Lift off & hover 6'54” | 2'18" | 2'28" 204
115" {1’ 32" Check 344" | 2'19" | 232" 68
- - — | No. 1 dry motoring - 25" | 2'03” -
0" ~ — {No. 2 " — 30" - | 221"
120" | 1" 38" Lift off & hover 654" | 222" | 2'25" 204
- — ~ | No. 1 dry motoring - 34" | 1'59” - LowN(1000rpm) i twist of hose
- - — " n - 18" | 2'00” -
0” - ~ | No. 2 " - 18” — | 222
122" |1 40" Lift off & hover 638" | 220" | 231" 198 | Exhibition test
112" |1 28" " 7317 | 214" | 2'20" 238
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Figure 19 Stick and actuator displacement locus at semi-constrained hover test
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Figure 20 Surface temperature at tie down test
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Figure 21 Engine characteristics at tie down test
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Figure 22 Hysteresis of attitude controls at tie down test
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Table 6 Experimental results

N Crpm) dy, [deg) Pp (kg/cm?G) P3 (kg/em?G] Na |Pp
Run | Case 9T Mo 1 No.27 | No-2 | No 1 No-2 Now1 7| Now 1 [No 27| No. 2 [No 17 [No- 1 [No-2 ¥ [No- 2 |Crpm])|Cgal )
3 1 9850 9878 — — | idle — 731 79 — —10.721 1.0 - —| 8190 | 146
11070 11085 — - 75 — 1 85| 89 - —|1.13] 1.43 - ~—| 8370 | 140
12080 | 12061 - - 90 —[10.7]11.4 — —11.47 1.78 - - 136
12600 | 12524 — - 100 —113.5]14.3 - —11.704{20 - — 18310 |130
13090| 13020 - - 110 —116.8|18.9 - —11.82] 2.28 - - 128
9900| 9888 - — | idle - 7.2 et —10.73] 1.0 - —1{ 7950 | 123
4 2 - — | 10030 | 10079 — | idle - —| 7.4 | 8.6 - —{ 0.9 {107 117
- — 1 11000 | 11012 - 73 - —1 84 9.3 — —| 1.22 | 1.43 114
- — | 11970 11970 - 88 - —111.0 |11.8 - ~| 1.60 ] 1.78 106
- - 12491 - 98 - — 14.3 - — 2.07
- - 12936 - 105 - — 18.6 - - 2.14
- - 10180 — | idle - - - - 1.07
5 3 9880 | 9869 | 10050 | 10046 | idle | idle| 7.3| 7.9| 75| 8610.73 1.0 | 0.87 | 1.07
11120| 11088 | 11020 11015 72 71 8.4 9.3 82| 9.61.10] 1.36| 1.17| 1.43
12080 12012 12050} 12001 88 88 (10.5(11.8110.5{11.8|1.45 1.55
125701 12502 | 12470 | 12425 98| 100|13.0(14.1|12.5|13.6|1.66| 2.07| 1.73|2.14
10020| 9992 | 10220 | 10182 | idle | dle| 7.3] 7.9 7.5 | 8.6]0.75| 1.0 | 0.90 | 1.07
6 4 9720 9807) 993010004 | idle | idle| 8.8 7.5| 9.2 .610.98| 1.0 1.07 | 8175 | 154
10970 | 11072 | 10830 | 10923 72 70 1 10.4 .9]10.2 .311.40| 1.36 1.43 | 8175 | 132
12180 | 12208 | 12070 | 12109 92 90 [ 13.5]12.5113.0 (12.1[1.82] 1.86| 1.82 | 2.00 | 8370 | 115
9930 | 10009 | 10070 | 10162 | idle | idle | 9.0 .51 9.3 8211.06] 1.07| 1.15} 1.14 | 7830 | 100
7 5 9800 | 99101 10000| 10072 | idle | idle| 8.8| 7.5 9.2 | 7.9/0.98| 0.93| 1.08 | 1.07 [ 8130 | 150
11080 | 11145 10970 | 11026 73 74110.2 | 89| 9.7 9.3|1.40( 1.43| 1.40{ 1.43| 8310 {136
12180 | 12257 | 12170| 12200 93 92113.712.513.2 112.5]1.83} 1.21| 1.85] 1.27 | 8430 | 114
9940 10047 | 10140{ 10184 | idle | idle| 9.0 7.5} 9.2 | 7.9{1.05(1.0 | 1.13(1.14 | 7845 | 92
N 1% . H * * *
Run | Case fa ¢; |dagmax | 40, amax| 4¢ max | d¢ max | Ty I, M, max | ¢ max
Crpm) | (gall (deg] (%] (deg 5] | (deg) | (s J{Ckgms?) | (kgm) | (1423
6 4 | 10850 133 +4 +28.5 |+ 30 +3.2 +4 1.1 154.7 113 0.73
" 129 Return | —28.5 |— 30 —-3.2 - 3.3 1.0 153.8 113 0.74
10850 127 +22.0 |+ 20 +1.7 +0.5 153.3 113 0.74
N 125 -17.0 |—-20 -1.0 - 0.2 152.9 113 0.74
12050 117 +4 +29.0 |+ 30 +3.8 +4.2 1.2 151.0 157 1.04
" 113 Return|{ —29.0 |- 30 —-3.5 - 3.5 1.2 150.1 157 1.04
12100 110 +20.0 |+ 15 +1.25 + 0.5 149.4 159 1.06
" 108 -17.0 |- 20 —1.25 — 0.5 149.0 159 1.07
7 5] 11000 129 +4 +25.6 |+ 30 +3.25 +4.25 | 1.1 153.8 119 0.774
# 127 Return| —25.6 |- 30 -3.25 -4.25 |13 153. 3 119 0.775
11000 125 +20.0 |+ 20 +1.0 +0.5 152.9 119 0.78
v 123 ~17.0 |- 20 -1.0 - 0.5 152. 4 119 0.78
12150 112 +4 +28.5 |+ 30 +3.8 +4.7 1.0 149. 9 161 1.07
" 110 Retum | —28.5 |— 30 —-3.6 - 4.0 0.8 149.4 161 1.08
12150 106 +20.0 |+ 20 +1.5 + 0.25 148.5 161 1.085
” 104 -20.0 |- 20 -~ 1.5 - 0.25 148.0 161 1.090

(Note] No.1, No.2 ; E/G No., C-12; T2 etc; O’ clock position(from tail)at compressor
[—; Step input, 4; Difference between input and steady state output, *; from figure 10,
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EBR &R (Run 3—-7)

Pr| PR |Paal | Pae|BCC Ts (T) ¥ oo Y| NoiS Cmil) No. 28 (mi 1)
(kg/cm?G) No 1 [No.1¥|No I [No.2¥|No.2| (TC) |C-12 |C-9 [T-1}|T-5 |C-12|C-9 |T-11 |T-3
0.92| 1.1 [0.98{ 0.87| 4.0 566 | 525 - — | 110 0.7] 0.5 0.9} 0.7 - —_ — -
1.38{ 1.6 [1.50| 1.34| 4.0 | 570 | 540 — —{ 133 113 | 0.8 0.3] 0.9] 1.0 - - ~ -
1.75 2.0 11.90| 1.70| 4.5 608 | 590 - — | 151 1331 0.5 0.5 0.9] 1.2 - — - —
2.0 2.2 |2.15] 1.90| 3.5 | 655 | 620 - —| 165 | 148 | 0.5| 0.6 0.9} 1.4 - — - -
2.15| 2.4 [2.35} 2.10| 4.0 | 698 | 655 - —~ 1 175 157 | 0.6 | 0.7 1.0 1.5 — - - -
0.95] 1.1 {1.02( 0.90| 5.0 | 568 - - 13 105 - - - -
1.06{ 1.1 }{1.06( 0.9514.5 - —| 535 | 500 | 109 - - — ~ 1 0.4} 1L.O| 0.7 0.7
1.42] 1.5 11.40{ 1.26}14.0 - —| 538 | 505 | 126 100 - - - — 108} 04| 0.7 0.7
1.85] 1.9 {1.90 !.67 14.0 — —| 576 | 535 | 144 115 nd - - —| 06! 0.8] 1.L0O| 1.0
2.1 - - 565 - - - —1 0.8} 1.2} 1.0] 0.9
2.3 - - 605 - - — —| 10| L.6| 1.0 1.0
1.2 - — - — - -
1.05{ 1.2 [1.10] 0.88} 6.0 572 | 510 548 | 490 | 114 110 1.2 1.3 0.8} 0.9 0.2 0.7| 0.6 0.8
1.421 1.6 [1.43] 1.22] 6.0 585 | 545 | 577 505 | 145 142 | 0.7 0.5 0.8/ 0.9 0.6{ 0.5 0.7 0.7
1.86| 2.1 |1.87| 1.60} 5.2 | 623 | 580 | 605 | 530 | 161 157 0.5| 0.6 0.9 1.2 | 0.45 0.5 0.9 0.8
2.08] 2.2 12.12| 1.80] 4.0 | 650 | 615{ 620 | 545°| 168 | 164 | 0.5| 0.7 1.0| 1.3 ] 0.6] 0.9 1.0| 0.9
1.10] 1.20/1.07| 0.91} 6.5 | 580 | 525| 560 | 500 | 139 | 124 | 0.5| 0.6 | 0.6 | 0.8 | 0.6 | 0.8] 0.6 | 0.7
1.23 1.24( 1.03} 7.5 | 473 | 520 | 437 | 500 0.8) 0.6| 0.4| 0.5 0.8 0.8| 0.8 0.7
1.65 1.70| 1.45] 6.5 | 485 | 550 | 458 | 495 | 105 98| 0.5] 0.5| 0.6 0.7 0.8| 0.9 0.8| 0.8
2.12 2.15( 1.90{ 7.2 | 532 | 590 | 513 | 535 | 124 | 116 | 0.5} 0.6 | 0.5| 0.8 | 0.7 0.7| 0.6 | 0.7
1.33 11.30| 1.15} 6.0 | 465 | 520 | 459 | 490 | 100 97
1.25 1.27| 1.07] 7.0 | 460 | 515 | 430 | 490 1.2] 0.2 1.2} 0.6 { 0.8 0.3] 0.7 0.8
1.65 1.70| 1.42| 6.5 | 480 | 540 | 460 | 495 0.7 0.5| 0.7 0.5| 0.8 0.7| 0.7 0.7
2.18 2,231 1.921 7.0 | 544 | 590 | 520 | 840 | 125 | 112 0.5| 0.5 0.7 0.8 | 0.8{ 0.9| 0.8 0.8
1.33 1.30] 1.10] 7.0 | 470 | 520 | 467 | 490 | 100 971 0.5| 0.5| 0.5| 0.6 ] 0.77 0.6{ 0.7] 0.7
ZP** lg * 1 Tg,  |dae max 49, , max 46 max |46max | T, Iy* Memax™* | 6max* mq""F ma**
(L) |(16%) | (deg] (%) (deg/s) |(deg) | (s ] | (kgms?®)|(kgm] | (1/5%) |(L%] (152
4.35 3.26 -11.4 | - 5.0 -0.9 |-0.25 486. 6 263.0 | 0.54 3.26 2.45
4.37 3.28 +11.4 | +10.0 +1.0 [+0.25 486. 3 263.0 | 0.54 3.26 2.45
4. 39 3.29 +4 +28.5 | +40.0 +3.5 |+4.5 1.0 486. 1 263.0 | 0.54 3.26 2.45
4. 40 3.30 Return|—28.5 | —30.0 —3.5 [-4.5 1.0 485.9 263.0 | 0.54 3.26 2.45
6.19 4.64 —-17.0 | —=10.0 -1.2 |—-02 485.3 388.0 [ 0.80 4.82 3.62
6.23 4.67 +17.0 { +10.0 +1.0 [+0.2 484.9 388.0 { 0.80 4.83 3.62
6. 33 4.75 +4 +34.0 | +25.0 +3.5 |+4.5 0.7 484. 6 393.0 | 0.81 4.89 3.67
6. 35 4.76 Return|—31.0 | -30.0 —4.0 |-4.0 0.6 484. 4 393.0 | 0.81 4.89 3.67
4.61 3.45 - 8.6 | —10.0 —-1.0 — 486. 3 278.0 | 0.572 3.45 2.59
4. 62 3.47 + 8.6 |+ 5.0 +1.0 - 486. 1 278.0 | 0.572 - 3.45 2.59
4.63 3.47 +4 +28.5 | +30.0 +3.3 |+4.25 1.0 485.9 278.0 | 0.572 3.45 2.59
4. 65 3.49 Return|{—-28.5 | —30.0 -3.0 [-35 0.8 485.7 278.0 | 0.572 3.45 2.59
6. 39 4.79 -11.5 | —10.0 -~1.25 |~ 0.5 484. 8 399.0 | 0.824 4. 96 3.72
6. 41 4.81 -11.5 | + 5.0 +0.25 |[+0.5 484. 6 399.0 | 0.824 4.97 3.72
6.45 4.84 +4 +28.5 | +30.0 +3.75 {+3.5 0.6 484.3 399.0 | 0.825 4.97 3.73
6. 47 4.86 Return| -=23.0 | —30.0 ~-3.5 |-3.8 0.2 484.1 399.0 | 0.825 4. 97 3.73
or turbine casing, —; No operation, Blank; No data

#x ; from figure 11, ¢>0etc; Clockwise to nose, @>0Oetc; Noseup
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Table 7 Experimental results

N [rpm) P3 (kg/cm?G] PRY 757 (T |No. 18 Ny | Vp

Run | Cas el 9T o T [No 2 7] No.2 | No 17| No.1|No-29] No2|lkg/a?GINo- 1 [Ne 2 |C-9Cmi 1)|CrpmD|Cgal )
10 6{ 9600 9726 - - 0.90 0.93 - — 0.90 554 - 0.7 — 155
10900 10995 - - 1. 32 1.36 - — 1. 38 543 — 0.4 — 150

12020 12006 — - 1.73 1.78 - — 1. 85 584 - 0.7 — 143

12400 12433 - — 1. 88 — — 2.0 625 & - 0.7 —_ 137

9850 9901 — — 0.95 0.93 — — 1.0 548 - — 132

11 7 — — 10000 10665 — — | 1.0 1.07 1. 06 — | 530 0.75 — 125
—_ — 10930 10998 - — | 1.35 ] 1.43 1. 40 - 530 0.6 — 120

— — 11970 12002 — — 1 .70 | 1.86 1. 88 — 575 0. — 117

— — 12420 12434 - — | 1.88 | 2.00 2. 10 - 600 1.2 — 112

— — 10080 10128 - — | 1.05 | 1.07 1. 10 — 530 — 107

18 8| 10120 9994 1.13 1.07 { 1.20 | 1.14 1.25 543 538 8145 137
10950 10819 1. 40 1.29 1} 1.40 | 1.43 1. 50 542 543 8460 128

12010 11866 1.82 1.85 2.00 526 526 0.6 8115 107

19 8| 10000 9989 10080 10132 1. 15 1.0 1.20 | 1.14 1. 20 488 | 485 8220 140
10880 10846 10780 10808 1. 35 1.29 ] 1.35 { 1.36 1. 50 510 505 0.4 8205 127

11870 11830 11770 11847 1.73 1. 71 1.73 | 1.78 1.85 540 542 0.45 | 8100 113

12360 12331 12250 12358 1.92 1.93 ] 1.95 | 2.00 2.10 574 572 0.95 | 8310 102

10120 10073 10170 10210 1.07 L0 1.15 | 1. 14 1. 20 535 528 7620 9%

20 9| 10000 9964 10150 10094 1.07 1.0 1.13 | 1.14 1.15 482 483 8175 135
10860 10837 10770 10772 1.35 1.29 | 1.35 | 1.36 1.45 485 | 480 7950 130

12100 12161 12100 12160 1.75 1.86 | 1.75 | 2.0 1.97 552 560 8010 97

10100 10109 10190 10224 1.25 1. 20 1.35 509 | 497 7755 75
Run | Case N Vi dai Ta: daamax |4 e max| 46 max | 4¢ max Ty Ix* Ma*max (.b.max *

(epm) | (gat) | (%] | (s) (%) (deg/s)| (deg) | (s3] (kgms?) kgm)| (159

20 9 1 10800 108 +35 0.8 - 31 + 30 + 2.8 +4 1.2 149. 0 111 0. 745
” 108 + 23 + 20 149.0 111 0. 745

’ 106 - 29 — 55 148.5 111 0.748

104 - 11 - 35 148.0 111 - 0.750

104 + 17 + 40 148. 0 111 0. 750

12050 90 + 50 0.3 - 66 + 70 +6.0 + 5.5 0.9 144.8 157 1. 085

12130 83 —55 0.3 + 45 — 30 - 3.0 - 6.5 1.3 144, 3 160 1. 110

12100 81 + 75 0.3 - 80 + 50 + 6.0 + 170 0.9 142.7 159 1. 110

" ” + 31 + 50 142.7 159 1. 115

(Note] See note in table 6
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E B & 2 (Run 10-31)

N (rpm] Ps (kg/cm?G) PrY | 75Y(C) [No1S | Na |Fr
Run | Case o3 T 1oz ¥ [No 2 [No1 Y| No 1 |No.2Y] No. 2 |(kg/en?Q[No. I |No.2 |C-9(mi1]|(rpm)|(gal]

21 10 10003 10142 1.00 1. 14 8055
251 101 9990 | 9978| 10080 |10059 | 1.00 | 1.00 {1.05 | 1.07 2.05 | 470 | 456 8175 | 127
11000 | 10958 10900 |10881 | 1.38 | 1.36 {1.32 | 1.43 2.44 | 462 | 460 8325 | 112
12220 12249 12280 | 12252 1.75 1.78 |1.75 1. 86 2. 96 550 555 7740 81
10100 | 10092 10170 |10192 | 1.12 | 1.07 {1.12 |1.07 2.17 | 505 | 500 8250 | 58
26 11 10030 9940 10100 | 10024 1.05 1.00 |1.07 1.07 2.13 455 450 8100 136
11070 | 10930 | 10960 | 10845 | 1.40 | 1.36 [1.40 | 1.43 2.52 | 466 | 470 8250 | 120
12300 | 12137 12220 {12158 | 1.85 | 1.86 {1.83 {2.07 3.06 | 536 | 545 8010 | 87
10440 | 10390 | 10230 10219 | 1.15 1.17 2.23 | 495 | 495 8295 | 37
29 | 12| 10080 | 98631 10030 | 9988 | 1.00 | 1.00 |1.04 | 1.07 1.10 | 480 | 455 8070 | 132
11170 10953 10950 | 10905 1.35 1.36 {1.35 1.43 1. 45 497 470 8145 126
12130 12004 12150 | 12003 1.75 1.78 |1.75 1. 86 1. 95 545 532 8100 86
11120 | 11113 | 11000 | 11014 | 1.42 1. 40 1.55 | 522 | 502 52
10000 | 10011 | 10120 [10149 | 1.10 |1.07 |15 |1.07 1.20 | 520 | 502 8130 | 40
30 | 11| 9900 | 9921 10080 [10028 | 1.00 |1.00 |1.05 |1.07 1.08 | 460 | 432 8145 | 133
11080 11036 11000 | 10965 1.40 1.43 |1.35 1. 50 1. 50 500 480 8160 111
12370 | 12171 ] 12350 [12222 | 1.85 |1.86 |1.80 |2.00 2.10 | 557 | 555 8400 | 82
10000 | 10026 | 10140 {10138 | 1.10 [ 1.07 [1.10 | 1.14 1.17 | 515 | 500 7755 | 30
31| 12| 9880 | 9877| 10050 {10047 [ 0.98 [1.00 {1.04 |1.07 1.09 | 500 | 465 7875 | 134
10920 | 10879 | 10880 |10869 | 1.37 |1.36 |1.33 | 1.43 1.40 | 498 | 485 8205 | 123

11723 11604

10290 | 10280 | 11160 [10167 | 1.07 [1.07 |1.10 | 1.07 1.15 | 530 | 525 8160 | 25
é;* Z¢** [3.: T,; |daemax {40nemax 48 max | 46max T, Iy* M. max ¥ max” mq** me
(43 | (1L%2) | (%) (s) (%) (deg-s) | (deg] (s) |(kgms®)| (kgm] [C(L42) |(15) | (157D
4.43 | 3.33 - 17 - 20 484.4 | 259 |0.535 | 3.23 | 2.42
4.43 | 3.33 | +30 | 0.3 | -34 + 60 +25|+45| 1.6 | 484.4 | 259 10.535 | 3.23 | 2.42
4.45 | 3.34 | —30 | 0.4 +43 | —50 ~30|—-23] 1.0 | 484.3| 250 |0.535 |3.23 | 2.42
4.46 | 3.35 | —30 | 0.4 +29 | —35 1701 =301 1.5 | 48a.1| 259 |0.535 |3.23 | 2.42
4.46 | 3.35 | +33 | 0.6 | —46 | +20 +3.1 | +40 | 1.1 | 4841} 259 |0.535 |3.23 | 2.42
6.45 | 4.84 - 26 ~ 50 482.9 | 388 [0.804 | 4.85 | 3.63
6.60 | 4.95 + 11 + 30 482.7 | 396 |0.822 |4.95 | 3.71
6.63 | 4.97 17 | =30 482.1 | 393 |0.815 | 4.92 | 3.69
6.63 | 4.97 | +47 | 0.3 | —51 +75 +4.8|+55 | 12 | 4821 39 0.816 | 4.92 | 3.69
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ERED, HENBERERNESBEFERE 71 2
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ch bOFIBRREEET 18K D 5, ¥ ORE %L LELOIRIK
LidioT2o I3 TN, Ti—EERELEIC

—
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12.
13.
14.
15.
16.

17

18.
19.
20.
21
22.
23.
24.
25.
26.
27
28.
29.

() 263 LR HIEHREREFOL RN

® N U oe W N

T34 TTANN Y Ve sk —EER o

EEBAFIRE

PNnTE, TOMERO» % LT, FERTE, REH
Ay FRELUPIK Ty I IRBBX 4 » FOEBRIERSIE.
NREPLELT, SEROFR S LUV 1 Fary —
NAFINDAA » FROBEBBRL % Toko ThITE
T W R RN ARTFIER * KIBIC, 3 thBhsiE
EFIBRERL LUERFIER T BETE Lk,

PaBhAN BRAE R itk FIR

BRI E B, ASE AR
e SV SN Y = PR
BRAERR, ~s kg

4\ BFEE U R

Ehastie SW

ASE, AT SW

BATT, GEN SW

FUEL, HYD, COMP, INV SW

CIRCUIT BRAKER

ASE CLUTCH ENGAGE LIGHT

ENGAGE LOCK LIGHT
RED FLASH

WARNING, CAUTION, INDICATING LIGHT

INVERTER SW
EGT IND

FUEL PRESS IND
HYD PRESS IND
FUEL Q' ty IND

RyEt

IAT

THROTTLE LEVER
HEIGHT CONTROL STICK
DISENGAGE HANDLE
ENGAGE PIN

BT IEE

7 v—%SW

B|IE 26.5—27V (28 —29Y)
ZRHE &N

RERET

O EMEER
— S IEEEOFIR
() #AlfsEOFIR
5C THER
R
2 HEER
ON FER
OFF &
ON (OFF ) B2
ON FER
OFF &
IN B2
TBATRERR
T ATHER
EREX
TEST
ON
REBUT
EERER
S ERER
PR B R
BHtaes
REBELLT
CUT OFF fIfEesd
RIEGEER
LOCK ®e&
5la tt LesR
Britesl
OFF mER
FER
i
AR A
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BU7E T AT S 425 5

FLIGHT REQUEST No. I

1 o—nr 25, 7 ASION, OFF =27
2 ¥, ¥ 27 v 7Z7AJON, OFF e
3 thE A mR
4 No. 1, No.2 ENG MHBVFIE (&% ) Ei
5 ENG 741 Fa =1
6 EHEYE (SEN AN, BHAEE) i
7 ENG B5EAK R
8 ENG 11,000 rpmz%%E &
9 7 — kg =27
10 o —nr x5 5, 70N, OFF =27 ]
11 v, #25 5, 70N, OFF =27
12 ~ENG #EAKX R
13 ENG 12,200 rpm XE a3
14 o— x5 570N, OFF et
15 ¥, ¥ X7 » 70N, OFF i
16 ENG JBuEEH RER
17 ENG 741 Far &
18 7 v — *BEEE&H R
19 No. 1, No.2 ENG & FR (3% ) ey
FLIGHT REQUEST No. 2
1 m — AR ( —#F) E
2 €y FRERERIE (—) ESYid
3 B— ATy 78RE (L, 20 mm, P37, £420 mm, BT ) Ef
4 €y F X7 5 7HBAE (32, 31825 mm, 7, #4925 mm, P17 ) EHf
5 No. 1, No.2 ENG m&=FIE £y
6 BEM e
7 ENG 11,000 rpm FE
8 7V — R R a
9 7V —*BHRETAH TR
10 B — MEERRIE (BHAE5°) E
11 vy FERBRE (B8 MA5°) i
12 n—/vzv‘--yz"j?‘éﬁ’E(FPS_Z, #9520 mm, H37, E%ZOmm,CPIZ)%m
e —an 2 7, 0N
13 Ey FAT 5 ZHEE (B2, 318925 mm, P, #4925 mm, PIL) gp
®wheY.,F25, FON
14 ENG 12,200 rpm BE
15 B — AR (L% A5°) e
16 €. FERERIE (L% A5°) i
17 B—n 2T o, 7HEE (P37, A2 mm, B2, £#20 mm, 7 ) EH
18 Ky F 25 » 78ME (F3z, 51425 mm, F3Z, #4925 mm, 37 ) £
19 ENG 741 Fn e
20 ~4+ 2%y FON £
21 Fv— *EE =
22 TV —-xBETTEM R
23 No. 1, No.2 ENG #E(FIE £
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FLIGHT REQUEST No. 3

57

1 o — EHE (B4, 28—, ¥4 270 ) =
2 vy FEE (B, 32—, ¥120) EH
3 2~ (8, 28—, v470) EYi
4 No. 1, No. 2 ENG t48FIE EY
5 BHEUM |
6 ENG 11,000 rpm W
7 7 v —* B R A
8 7 v — B TR e
9 P EBRFER 105 =
10 o— R (LBASCETIRPe -7 5, FONK20H £
11 €. FHBBI (BB AT T)RPE . F 75 5 FONK20H  Eif
12 a—-HihEE (BBAB10°2CHRF 1127, FONK20H £
13 RN BEICC ENG 12,200 rpm ®nE
14 P EBRFEN 108 Ei
15 o—n R (B#A°ET) EH
16 €, FHERME (L8 H5°2T) K
17 - Bt (BEA5°ET) EH
18 I EFWCTENG 74 Fa R/RE
19 TU —FEE &
20 7 v—*xEETTEH R
21 No. 1, No.2 ENG #ELFE EH
FLIGHT REQUEST No. 4
i n— vt (B—, %, ¥4 71 ) EH
2 v 7t (B—HF, 82—, ¥1710) K
3 g — it (B, &%, r127r0) £
4 No. 1, No.2 ENG #&8FIR ES i
5 BEUS &K
6 m— A (4, &, A1) e
7 Yo Tt (B, 8, ¥4 720) g
8 T — it (B—H, &—, ¥4 270) B
9 ENG 11,000 rpm BE
10" w— R (B, B, ¥120) %1
1’ . FRE (B, 8K, v120) e
12" 5 — 3l (8 —HF, &4, ¥4 7n) %18
13 ENG 12,000 rpm HE
14" | o — A (BHF, &, Y124) % i
15" €y FRIE (B, &—HF, v470) B
16" 5 — it (B —#, 28—, v 421) e
17 ENG 74 Fn J/E
18 No. 1, No.2 ENG & LFIE X1

GE) *H), X<ChHefE
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ML F M AT R 425 5

FLIGHT REQUEST No. 5

1 o — it (-3, B—F, $1270) % #
2 €, 7 (B, B, ¥1270) £
3 7 — it (B—4F, 82—, ¥4 20) EYi
4 No. 1 ENG #&FIH e
5 No. 1 ENG 74 Frfy1 5 REF
6 No. 1 ENG #iLFIE EY
FLIGHT REQUEST No. 6
1 n—n gt (E—H, 23—, ¥4 70) EH
2 v, FHEE (B, 84K, v120) £
3 I~ (B, 82—, ¥4270) i
4 No. 1, No.2 ENG t&E/FIE E i
5 BE &H
6 o — R EARME (BRI, A 20 mn, 3, & 20 mm, ) £
7 €y FERBIE (P, 5125 mm, B, #25 mm, PI) £
8 T — BB (P37, A 20 mm, 7, £ 20mm, ) ESYi
9 No.1, No.2 ENG {&i-F/E EY
FLIGHT REQUEST No. 7
1 = — A fft (B, 83—, v1270) EYi
2 €y FHRIE (B, 32—, y1270) ES i
3 I—8it (B, 82—, Fy12720) £
4 No.1, No.2 ENG m&FIRE E 1
5 BEM =
6 B2 ENG e
7 ENG #11,500 rpm{CT#520 % REF
8 ENG 74 Fr3THE e
9 B2ICENG HE EY]
10 Y7+ 47 (ENG 11,800 «— 12,000 rpm) E
11 ENG 74 Fr 2 TEE L
12 )7 b# 7 (ENG 11,800 ~ 12,000 rpm) % 1
13 V7 A7 bR (BERE) £
14 ENG 74 FrETHE £y
15 No. 1, No.2 ENG ELFIE S
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FLIGHT REQUEST No. 8

59

1 B — A8t (B4R, &, y12720) £
2 o, TR (8K, &4, ¥1270) £
3 3 —8Bft (B—HK, &, 1270 ) EY
4 No. 1, No.2 ENG ##FIE Y
5 BE &H
6 EHICENG #5558 % 1
7 ENG # 11,500 rpm{CTH10F REF
8 )7 b4 7 ( ENG 11,800 — 12,000 rpm) E
9 BMT#0.5—1m3% TELC LR e
10 hoS—H#30 B K 1
1 B LB TR, ~1 MMERE K308 ey
12 B I TR 1
13 B, FEY EY i
14 ENG 74 Fr# CHE 1t
15 No. 1, No.2 ENG f&-FIE R
ENG F5 4 —2 1) >~ Z7FIR
1—5 <XBEB)ORETAFEERDO1 -5 KFEL>
* 6. No. 1 (No. 2) ENG #1000 RPM
START IGN SW No. 1 (No. 2)
7—10 <XBREB)DOFIET AFIERO 7 10 ICE L>
*11. START IGN SW OFF
1215 <XERB)OXIET A FIEERD 12 —15 KR L>
(&) < MeOWETLFERO(EIKEL>
ENG #iifthe— %) » 7FR
1—4 <XBB)OMIETAHFIEERD 1 -4 KFL>
5. START IGN SW No.1 (No- 2)
68 <XBRE)OWIETSFIERD 6 -8 LFAL>
9. START IGN SW OFF
1015 <XERQB)DxIET 5 FIBED 1015 ICE L >
ENG B 1% A 8 F &
1—4 <XBB)DOXIET 2FERO 1 —4 KEL>
5. No.1(No.2) ENG # 1000 RPM
START IGN SW No.1(No. 2)
68 <XEBDOWIGTHFIREERDE6 —8ICEL>
9. No. 1 (No- 2) ENG 8000 RPM H E
ERE L &R
START IGN SW OFF
10. <XBRB)DSHIE T A FIEERD 10 <@ U>
11. CAUTION LIGHT RESET
HITHER
(&) FUEL, HYD EMERGENCY CIRCUIT SW OFF
COMPARE SIGNAL OUT PUT SW OFF
ASE,A/T SW OFF
DISENGAGE HANDLE LOCK
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113
(&)

28

2—3

2 F EIR MRS 425 5

ENG @& ® 1 FIH

CHR@NCfE U >

No.1, No.2 ENG f&HFIR

CERB)DWIET BFIEED 1 —4 ICFE L >
No. 1 ENG # 1000 RPM
RO T HFEIFFED 6 —~14 KFE U >
No. 2 ENG #91000 RPM
<ERB)DWIET AFIEFED 1620 IKF L>
DISENGAGE HANDLE

No. 1,No. 2 xm y b o

BIE 28 —29V

FUEL EMERGENCY CIRCUIT SW
HYD EMERGENCY CIRCUIT SW
COMP ARE SIGNAL OUT PUT SW
CAUTION LIGHT

CLUTCH ENGAGE LIGHT

No. 1, No.2 ENG #i-FR

<XERRDOXIET AFRIERC 1 ~13 KFE L >
RO IGET AFIEFEO (EIKEL >

TR &BR ECERGICE L

WARNING LIGHT #8C3.0IL FLASH &
INDICATING LIGHT #8X b 2. OIL FLASH AUk
INDICATOR # L+ b 3.CDP DROP HAlif

v vEBELEFIE

RaEkE
XERB)DORIIET 5FIEEFEDO 1 —7 KB L >

Ty yEEELFIR

b
<XBRB)DHIET AFIEEO1 -2 KA L >

START IGN SW No. 1

START IGN SW No. 2

FREE
Ty —
ON

ON

ON
HXTHERR
HATHESS

ESyii

e}
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