2%

bR, i

.
e
}
’
|
.
¥
E <
:
®
L y
k
| -
; E
1

Tos

W,
RN

e YA A

ST SRS

et dm e e

e e

-~ -~
= : —— < R
s - K
~ N, v g -
- M s
% T S T : «
- . > -
< e ~ - e 7
o o = =
- - X, o s -~
-2 L
= 2 ~

-~
3 -
-

G~

oY A
{
/
[

b

\

|
¥




REPORT No.___

& ALBRCRAET LIASITED
| O SHEET NO

M A TON N'T A g

AIRCRAFT:

—*-—LECHL“%EWTQEEABI_MEFI_ e g A ST e

FORM 1319 A

This brochure presents the investigations carried out on the

pzoblem of emergency provision of electrical and hydraulic power
aiter double engine flame-~out.

10

Report 7/3200/1 and its Appendix

This report covers the investigation into the best met od

of providing sufficient electrical A.C. power to bring the
aircraft into the engine relight zone during double engine |
Ilame-out. In this case sufficient hydraulic power for limited |
flying control actuation is provided by the windmilling engine(s)

|
1

The results show that a hydraulic driven alternator is preferred;
Report P/Systems/35 and its Appendix

This report covers the investigation into the use of & ram air
driven turbine to provide sufficient electrical A.C. and
hydraulic power to land the aircraft after a double engine
flame~-out.
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Report on the eeneral problem of emersency control, with parti-
cular reference to item 3.8 (B) of the minutes of the 29th |
mecting of CF-105 Development Coordinatine Committee.

1. The attached csravph sheets 12-52 and 12-105 of report 7-3200-1
showa the flyine control hyvdraulic system and the electrical
svstem limitations durine double enrine flame-out conditions.

2. Flvineg Control Hydraulic oystem

The horizontal line near the bottom of eraph 12-52 at the 3 GPM |
level defines the lower limit of what is considered to Dbe
adequate aircraft trim control for both enrines windmilling.
BRelow this line, control of the aircraft becomes marginal,
and it is apparent that a landing procedure could not ve expected
during a case of double engine flame-out. Graph 12-105 shows
the additional limitations due to one ensgine seized, one
windmilling.

3. BElectrical System

The solid curved line near the top of graph 12-52 defines
the lower 1limit of output from the engine driven alternators. ;
Below this line the alternator power source is cut out because
of the under speed input to the constant speed drive.

To overcome the A/C power limitation it is proposed to install
and emercency Power Pack which will supply the essential damp-~

ing system and electronic loads during the ovent of twin engine |
flame-out. |

L. Fmergency Alternatineg Current Power Pack i

(a) The emercency electrical power requirements are siven |
in the appendix to this revort. i

FORM 1319A
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(b) There are two alt@rnatlve means of emergency power supply
under consideration:

(a) Wind driven turbine alternator

(b) Hydraulic motor driven alternator.

(¢) Wind-driven Turbine Alternator

Description

The wind driven turbine alternator is approximately 11"
in length with 9" diam. turbine blades and has a weight
of about 25 1lbs, irnstalled.,’ (Ref. Airesearch Mfe. Co.
Report No. FT-A51.MR.)

The proposed location is on the floor in the forward part
of the armament rack.

On A.C. power failure, this set would automatically thrust
downwards into the airstream and would begin to senerate |
’ A.C. power. 3

Advantaces

1. Will operate independently of the other aircraft
systems.

Disadvantages

1. Relatively heavy

2. Cannot be readily zround tested. |

3. Inherently difficult installatior with regards to the |
mechanism for thrusting the unit out into the airstream
and providing necessary skin cut-outs.

(d) Hydraulic Motor Driven Alternator

Description

This unit is about 10" X 10", and weirghs about 17 lbs.;
installed. |

The provosed location is in the vicinity of the left hand
speed hrake actuator.

SECR
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The unit consists of an alternator driven by a constant
speed hydraulic motor, which will be powered from the
utility hydraulic ovstem. I'he hydraulic power supply
from the two utllltv pumps will be driven by the w1ndmllllng
englnes during conditions of double engine flame-out.

On A.C. electric power failure, a solenoid operated stop
valve will open directine fluid from the pumps to the

motor, and A.C. ‘Power will be generated.

Advantases

1. Relatively licht installation

2. Relatively simple installation
3, EKasy to ground test.

Disadvantaces

1. Depends on a serviceable hvdraulic utility system

2. Will not operate with both encines seized.

aBCUMMENDATIONS

It is recommended that the hydraulic motor driven alternaton
be used. The advantaces given are apparent and the dis-
advantages arise only when considering improbable cir-
cumstances.

1. W%While the system depends on a serviceable utility
hydraulic system, there exists the two pump re-
liability feature.

The system operation is limited to a defined range,
but this is compatible with the limitations of the
aircraft power control supply.

The fact that it will not orerate with both engines |
seized 1s not considered a serious disadvantarge ;
because of the improbability of this case arising. {

-
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1.

FORM 1319A

Under Partial Loss of Power or Jingle Engine Failure all

requirements listed are supplied by the remaining Generator

and Transformer - HRectifier Ul G

Under the Double Engine Failure condition, the
are supplied as noted in the following:«~

(a) Heceiver, Transmitter, Interphone (AIC-10)

Interim A/C ARC-34 (Su?plied from Battery)
A.G. 5?[; i

Production A/C ARC-52

IFF - Interim A/C APX-6 Production A/C APY-19 Required -

Flieht Instruments

Radio Compass or Tacan

kjection
Relight
(D.C. Battery)

Stores Jettison Capability
(D.C. Battery)

W/S Demisting

cECRE

(AMTS/DA ENG) of 21 September

requirements

Required -
supplied

«C o)

Supplied
Recuired - Supplied

Required

Heading reference supplied
in accordance with 51038/
105/5 (ACE) of 27 Mar. /56

Required ;

Surnlied (Mechanical) |

Required =~ Supplied
Required - Supplied

Required ,
Not supplied - The W/S
zlass is heated and the \
temperature is thermostatical
controlled to prevent W/S
misting. On loss of elactric
power the thermal lag will
keep the glass warm enough
to prevent misting during
descent to the ensine relicht
area. | '

5
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(1) Cockpit and Instrument lichting Required
Emergency spot
lights supplied; |
operated off |
battery under
these conditions.

(j) Override of AFCS Required
A.C. & D.C. Yaw Jamping
supplied.

(k)AUto Transmit of RT & I.F.F. |
A/C Abandoned Required - Supplied y

(1) Capability of firing missiles Not required.
if in final stages

In addition to the Electrical requirements listed in (2)

’
Emergency power is supplied for the following:-

(a) Speed Brakes operation_should not be operated unless
absolutely essential; as they take hydraulic power from
the A.C. emergency alternator.

(b) Engine Emerrency Fuel Selection

(¢c) Canopy Seal Valve |

(d) Fire Extinguishing

Under a single engine seized and the second engine windmilling 4
Emergency power is supplied in accordance with FPar, (2) and (3).
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1. INTRODUCTION SECRET

The purpose of this report is to investigate the use of a ram
air turbine to supply emergency A.C. electrical and hydraulic

power in the event of double engine flame-out, including the
single engine seized case.

The windmilling engines are capable of providing sufficient
hydraulic power to control the aircraft down to .4 Mach No. |
at 5/L or to about .85 Mach No. at 55,000 ft. (See graph |
7~3200-1 sht. 12-52 attached). The windmilling engine rpm
falls below the minimum required to supply 400 cps A.C. 3
electrical power at about 1.0 Mach No. at 3/L and 1.5 Mach |
No. at 55,000 ft; at speeds below these the engine driven
alternators cut-out, and it is necessary to supply A.C. power
from an emergency source. The relationship between these
figures and the engine relight area is shown on graphs
7-3200-1 shts. 12-52 and 12-105 attached.

It is intended to install a ram air driven turbine on the f
first three aircraft of each mark (i.e. aircrafts 1,2,3 and |
|
|

6,7,8). This will provide the power to land the aircraft

and thereby give the necessary insurance on the early aircraft

using relatively undeveloped engines. Bevond these aircraft

serial nos. the reliability of the enrines and associated |

systems will have been more adequately proven and it should I

then only be necessary to supply emergency electrical power, |
e
|

2, DESCRIPTION OF INSTALLATION

2.1 A single ram air turbine is being used to power an electrical
alternator and a hydraulic pump on a common drive shaft. %

It is being installed on the left hand side of the aircraft
between stations 255.0 and 292.0 and is to be extended
horizontally out of the side of the fuselage.

The turbine is to be stored inside the aircraft until
emergency power is required at which time it would be

thrust into the slipstream.

2.2 Mha hydraulic schematics for unit extension an@ connection
| ggto ghe flying control hydraulic system are given in

fig. 1 and 2 attached.

| .
2.2.1 The first problem is concerned with tgsiggzgif?zal
Oy requirements of the aircraft. On a double engine
-out the input speed to the constant speed
rapidly until the C.S3.U. can no |
longer maintain the main aircraft alternators at |

;- | red operating speed. The main electrical|
o gﬁg;gyrggu%hen cﬁt-off. It is therefore essential

flame
drive drops 5%
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2+2.1 for damping system requirements that at high Mach
number the emergency power be available within 2

to 3 seconds after main supply failure.

The existing signal which indicates main A.C. supply|
failure is to be used to initiate the actuation of |
the turbine extension mechanism. | |
|
%

2:i0.2 Thg aircraft speed at which the windmilline engines
fail to provide enoush power to operate the main A.C.
supply is about Mach 1.0 at sea level and 1.5 at |
55,000 ft. (These are Arrow I values but should |
be reasonably close to Arrow 2 figures). At this
aircraft speed the ram air turbine will accelerate
to operating RPM in about % second. This allows
about 2 seconds maximum to get the unit out into the |
slipstream after the initiating signal is received.

The best power source for extension and retraction
appears to be the utility hydraulic system. At the
time the unit is needed, the hydraulic system pressure
is being maintained by the windmilling engines. f

The additional hydraulic equipment required to per-
form this function is: » )

1. A solenoid operated selector valve .

2. A hydraulic actuator
3, POWER REQUIREMENTS

3.1 Flying Control Hydraulic Power Reguirements

The windmilling engine(s) will supply sufficient power to
the hydraulic pumps to bring the aircraft into the engine
relight zone; but not sufficient to land the aircraft.

The hydraulic power required to land the aircraft based on
stability and control requirements can be supplied by a

GPM 00 psi pressure pump, supplying power to one
%gying’cgntrgl hydraulic system. This gives an input H.P.
rg%uifement of 3.25 assuming an overall pump efficiency of
90%.

SECRE?

q3 ~ The details-of the electrical power requirements are given
in appendix of this report. i

and 3, the power required is 0.425KVA
gsuming a power factor of 0.9 and an

3.2 Electricél Power Requirements

For aircraft 1,2,
which is 0.64 H.P. &

1319 A
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3.2 Continued.

alternator efficiency of 80%. SECRE-]
For aircrafts 6,7 and 8 the i i

: 1e power required is 1.4
KV%, which is 2.11 H.P. at a power fgctor of 0.9
and an alternator efficiency of 80%. '

3.3 Ram Air Turbine Power Requirements

The total power required is then for aircrafts 1,2, and
3 = 3.89 H.P. for aircrafts 6,7, and 8 = 5.36 H.P.

The landing speed of the aircraft at minimum weight is
120 knots. Due to the location of the unit when extended
into the airstream, the effective forward speed of the
turbine is 105 knots. This is due to the boundary layer
effect on a 10° adverse yaw condition. ‘

At this speed (i.e. 105 knots) the blade diameter of a
unit to produce 5.63 H.P. is of the order of 18 to 19
inches.

The compromise on this requirement it is possible to
lay down a landing speed of 140 knots minimum, under
double engine out conditions. This is the minimum
landing speed at maximum landing weight, and is |
obviously higher than the minimum landing speed at a
lower weicht. This gives an effective turbine forward
speed of 123 knots. This reduces the blade diameter to

about 15 inches to supply 5.63 H.P. ,

L. Attached also are two graphs (fig. 3 and 4) from report
P/Performance/125 showing gliding time and distance from
60,000 ft. to sea lével after double engine flame out.

5 UNIT WEIGHTS

The estimated weight of a urit to supply 5.63 H.P. @ 105
knots, plus the hydraulic equipmegt required~t9 ac;uate it
is about LO lbs. Added to this w;ll be the weight of :
structural strengthening required to absorb the air loads

on the turbine, plus levers and locks.

6. CONCLUSION SECRFT

e use of a ram air turbine, to provide
jcal and hydraulic power to land the

It is concluded that th

enough emergency electr
aircraft after double e

neine failure is a feasible proposition.
£
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EMERGENCY BLECTRICAL LOADSSECRET

{
A.C. Damping (Yaw) 29 VA I
Art. Horizon 67 VA
J4 Comp. 99 VA =
IFF (APX-64) 224 VA
Hinge moment limiter 6 va |
425 |
D.C. Damping (Yaw) 1.36 Amps ‘
Turn & Slip ; :
3peed Brakes + 70 ]
Interphone (AIC-10) 2.55 (possibly high) |
IFF (APX-6a) 1.45 i
Canopy Seal 1.00 f
Relight (10a for 20-30 sec.) .20 averape |
Emerg. Flood lights .60 (if used)
Misc. Relay Control .80
Hinge Moment Limiter 1.50
U.H.F. (ARC 34) 18.00
28.36 Amps. ‘
Additional connected loads - normally not used
Fire Protection - Engine Emerg. fuel select - Bail out indication,

The 15 A.H. battery would supply the Arrow I loads for approximately |
20 minutes considering the cut-off point at 1k volts. (battery j
discharged)

From the graph of descent vs. time for the Arrow I A/C (esseqtially ?
the same ?orpthe Arrow II) the max. time from 60,000 ft. to S.L.
18 15 minutes. The speed at 60,000 ft. was cons%dered at M = .9
nd therefore an additional minute would be required for battery
Ese as the main power system would be lost at approximately M = 1.5.:

e . 1 SRED 8 - 1 TR

S
A/C 1,2,3 Arrow I
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ARROW II A/C 6,7, & 8

EMERGEECY ELECTRICAL LOAE§HE(:;§E:7W

Phase A (V.A.)

A.C. Damping (Yaw) 28
AN /APX-254 f
AN/ARC-52 (XN-4) 147
Roll Stabllized J4 69
GG-48 vert. gyro 18.3
Air Data Computer 165
FD/A & Mach. Meter

LeDudn

Hinge Moment Limiter
Fuel & Oxygen Capacitance32

4L53.3
Emergency Generator Hating 1.4 KVA P.F

The fuel & oxygen capacitance pgauges are

TR N

3.5 3.5
245.0
147 147
15 15
18.73 18.3
72
<00
6.0
L3L.8 1558

.85 lagging to unity.

connected to ithe A.C.

emergency supply only to cater for a main bus fault condition.

Under this condition the ram air turbine wlll be axtended into the

slipstream even though both the engines arg operating normally.
The D.C. supply to these indicators is obtained from the main
D.C. source in this case. ' This awplles only to: Arrow II-

aireraft, and the probability of it occurmT is conaidered to be

very remote.

B.C, Damplng (Yaw) | 1.36 amps
Turn and Slip ; +20

R0 Ty | L. 45 | _
U.H.F. (ARC-52(XN-4) ) 1.00 for 2 min
I.F.F, 1.80

Speed brakes | +70
Interphone AIC-10 2455

Canopy seal 1.00

Misc. Helay contrcl . 80

Relight 12-14 amps/engine

for 20-30 secs. .70 average
Engine services L .00

U/C indication (when down) .50
Emergency flood lights .60 (if used)
Pitch Trim ( 1A for 20 secs '

over 20 min period) .02 averacge
Hinge moment limiter

continuous load _1.50

18.18

.6 for 30 min..
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pAdditional connected loads (normally not used) 181

Fire Protection, kngine Emergency Fuel Selection, Stores
Jettison Bail out Indication.

Fe T

- 1:4
|

The 15 A.H. Battery would suprly the Arrow Il loads for approx.
LO ~ &5 minutes. | iy g
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