UNCLASSIFIED

AD NUMBER: AD0862478

LIMITATION CHANGES

TO:

Approved for public release; distribution is unlimited.

FROM:

Distribution authorized to U.S. Gov't. agencies and their contractors;
Export Controlled; Oct 1969. Other requests shall be referred to Air Force
Flight Dynamics Laboratory, Wright-Patterson AFB, OH 45433.

AUTHORITY

AFFDL Itr dtd 25 Oct 1972

THIS PAGE IS UNCLASSIFIED




























~

[ HANDIA

TANVd LNINWAYLSNI LHOI'Td AILHOIT LNIDSANINNTOMLO ATA

$1/80A

-:-va-:x_ .

A 0

.‘ .-. .
AV SO

ALIINYNO T3IN4 118 I5an0D

INEVYW

T 6v9-0L
1V olavY

B B B e b b B e b G b b el e e e e

0000

o ww

./r

@.
s

ONINEYM S/¥ HOVYW

poie .“
: ‘
s INOIND NEOM -.IOT{
" heen

more

AXO BIONISSV4 VNNILINY 4HN






















—_———————— ———

S L . e e r— [ o—

€ HYNOIA
JOLVINWIS NI TINVd TH 6¢-L

——

e e e em S e







Sed ook e e BEE EEE 0 S -

-uHHHHHH—‘ﬂ

than optimum readability, Five pieces of equipment were fabricated
for use on this flight test:

a. A portable power supply.
b. A tilting lamp base.
¢. Three test lamps.

This equipment is shown in Figure 4.
Portable Power Supply

The battery-powered supply was designed to be hand-held during the
test. It furnished 1,000-cycle excitation for the lamps. The scale was
graduated from 0 to 100% full scale and the output voltage range of the
power supply was selected to bracket the brightness attained by the
lamps at 250V, 400 cycle. The increased frequency did not cause a
visible color shift on the lamps.

Test Lamps

Three test lamps of varying percent transmission and reflectance

were built. These lamps were compared with the landing sequence
indicator (see Table I). The test lamps were excited with 250V, 400
cycles sine wave. The sequence indicator shown as a reference was
excited with 500V, 400 cycles, sine wave, The test lamps were 1-3/4"
x 3-1/2" x 2/10" thick. They were her:netically sealed, using metal-

- T —

FLIGHT TEST EQUIPMENT
FIGURE 4
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INPUT

DC TORQUERS
FIGURE 11
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Raw data glideslope information is provided by the orange pointer on the
left next to the flight path angle tape.

The two remaining displays on the attitude indicator are the turn rate
display and the inclinometer tube forming a turn and bank indicator
located at the bottom of the indicator.

Various warning flags are associated with the ADI. There is the "off"
flag which annunciates that either power is off to the attitude indicator

or a faulty gyro signal is being received. The flag at the top of the
display provides assurance that the proper information is being presented
on the vertical flight director. The glideslope flag at the left beside the
glideslope pointer provides assurance that the proper information is
being displayed on the glideslope pointer.

The ADI utilizes direct drive DC servo mechanisms to drive the pitch

and roll displays. The Model 4058Y is shown in the photograph in

Figure 13. The DC torquer and an associated synchro follow-up is

coupled directly to the roll axis of the indicator. There are no associated
gears nor idler stages. A similar mechanism is employed inside the
attitude sphere to provide the basic pitch mechanization. A photograph

of the pitch torquer synchro package is shown in Figure 14. A block
diagram schematic of the attitude director indicator showing all its various
functions is given in Figure 15.

MODEL 4058Y ADI MECHANISM
FIGURE 13
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MODEL 4058Y ADI PITCH AXIS
FIGURE 14

D'Arsonval meter mechanisms provide the displays of flight director
commands, glideslope deviation, and turn rate.

A compromise was made to the gearless approach with the flight

path angle display. This was originally intended to be a completely
gearless display, but it was found that making this display gearless
would increase the length of the indicator significantly; therefore, a

path angle mechanization was chosen which reduced the number of gears
over that which would have been required for a similar AC mechanization
but did not eliminate gears altogether. The path angle tape unit provides
satisfactory response under all ambients and still has advantages of
reduced heat and power consumption.

The small number of gear passes will not contribute significantly to
the reliability factor of the overall unit. A picture of the flight path
angle drive mechanism is shown in Figure 16. This mechanism is a
module and can be detached from the overall attitude indicator for
repair and/or replacement as necessary.

Figure 17 shows the ADI lighting subassembly. Electroluminescent
lamps, mounted at the top and the sides of the indicator wedge, pump
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FLIGHT PATH ANGLE MECHANISM
FIGURE 16

ADI EL LIGHTING SUBASSEMBLY
FIGURE 17
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HSI EL LIGHTING WEDGE
FIGURE 21

MODEL 4076K HSI MECHANISM
FIGURE 22
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MODEL 7725E ALTITUDE/VERTICAL VELOCITY INDICATOR
FIGURE 26

This unit is transilluminated by electroluminescent lamps located
behind the display scale. These lamps transmit light up through the
display scale, where it renders the scale visible under night operating
conditions. The light is also piped out through the plastic scale to both
the lighted [ shaped marker and the radar altitude column.

A block diagram schematic of the Model 7725E Altitude/Vertical Velocity
Indicator is shown in Figure 27.

This unit includes follow-up amplifiers mounted within the indicator
proper. It is unique because of its narrowness (one inch) and because
of the locking feature of the vertical velocity pointer as it moves up and
locks into position beside the vertical velocity tape window.
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MODEL 7725E AVVI SUBASSEMBLIES
FIGURE 28
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EL LIGHTING ASSEMBLY FOR THE INDICATED AIRSPEED,
ALTITUDE AND VERTICAL VELOCITY INDICATORS
FIGURE 30
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ALTIMETER INSTALLATION DATA
FIGURE 31
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TYPICAL LIGHTED PANEL
FIGURE 37

ENGINE INSTRUMENT SUBSYSTEM

Display Description

The engine displays for the T-39 consist of five vertical scale EL bar
graphs. These displays are:

Thrust (ETP)

Exhaust Gas Temperature (EGT)
Engine RPM (RPM)

Fuel Flow

Fuel Quantity

They are shown in Figure 38. There are two basic display formats - -
a four-inch display, and a six-inch display. Each unit contains a dis-
play for two engines. This display shares a single set of display
markings or legends. The moving column bar graph is the dynamic
element in each display and is identified by the numeral 1 and 2 beneath
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EL ENGINE DISPLAY
FIGURE 38
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ENGINE INSTRUMENT SYSTEM CONVERTER
FIGURE 41

ETP Conversion

As was previously indicated, a mechanical conversion was selected to
perform the analog-to-digital conversion. An "integrated" servo package
called a Torqusyn and produced by the Vernitron Corporation was pur-
chased for this conversion. This package contains a high efficiency DC
torquer directly coupled to a synchro control transformer. Included in
the package are all of the necessary electronics for driving the DC
torquer. To complete the conversion to digital, a shaft angle encoder

is geared to the Torqusyn. A single turn, self select type encoder is
used and has output lines compatible with diode-transistor logic (DTL).

Fuel Flow Conversion
This conversion was obtained using a device similar to that used for

EPT. The only difference is in the gearing to shaft angle encoder, to
allow differences in scale factor requirements.

Emd el e i

e I B S B S Ry —

S
.



























B e el e e RN R e

b

— et

LANDING INSTRUMENT SUBSYSTEM

General

The Landing Instrument Subsystem consists of a landing sequence
indicator (LSI Model 8703D), a speed error indicator (LSI Model 2717C),
a runway displacement indicator (LSI Model 2716C), and a converter
(LLSI Model 8360H). A power module and a test box are also provided.

All units of the subsystem are completely solid state; the indicators are
mechanized utilizing the latest techniques in electroluminescence.

The subsystem provides landing information to the pilot in formats which
utilize certain of the unique advantages of electroluminescence (EL).

The three indicators are grouped around the attitude director indicator
and overlap the bezel to minimize pilot scan area during approach and
landing. (See Figure 48.)

LANDING INSTRUMENT SUBSYSTEM
FIGURE 47
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LANDING SEQUENCE

FLARE | HFPE | GITN | OO |
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SPEED ERROR

SPEED ERROR RATE

HEADING ERROR

SIMULATED RUNWAY

LANDING INDICATORS GROUPING
FIGURE 48
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Display Philosophy

The program objective was to develop an experimental display panel
capable of presenting clear and unambiguous flight control information
under all lighting conditions through the use of advanced solid state and
electromechanical display techniques.

This objective was applied to the landing displays utilizing several novel
presentations of flight control information.

Landing Sequence Indicator (Model 8703D)

The landing sequence indicator, shown in Figure 49, provides annun-
ciator type information of aircraft progress during approach and landing.
Information sequentially moves from right to left. The amber flashing
dot at the far right advises the pilot that additional information has been
added to the display. Information displayed includes:

a. Checkpoints

OM (Outer Marker)
MM (Middle Marker)
100 (100 ft. altitude)
50 (50 ft. altitude)
///1/7//// (touchdown)

b. Autopilot Gain Status

Initial
Final
100

100

: M
FLARE | BEEH | EIRAL | | @
® .

A 8¢

LANDING SEQUENCE INDICATOR
FIGURE 49
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c. Action Command

Flare
Go Around

All legends are green except the flashing dot and "GO AROUND" which
are amber.

The landing sequence indicator utilizes LSI high-contrast electrolumi-
nescence to insure readability and minimize panel clutter in the off
state.

Speed Error Indicator (Model 2717C)

The speed error indicator provides under and overspeed information to
the pilot as an aid in controlling a preset nominal approach speed.

On Specd Under Speed

SPEED ERROR INDICATOR
FIGURE 50
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RUNWAY DISPLACEMENT INDICATOR
FIGURE 52
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RUNWAY DISPLACEMENT INDICATOR WITH
UPPER ACCESS PLATE REMOVED
FIGURE 54

The indicator drive electronics consists mainly of high voltage silicon
controlled rectifiers (SCR) and steering diodes. No potted modules
are used and each discrete component is individually replaceable. This
philosophy is in contrast to that utilized on the engine instruments and
is purposely done to allow evaluation of each concept under real world
flight line conditions.

The Landing Instrument Converter, Model 8360H, contains eighteen
4-1/2 x 5 inch plug-in circuit boards. (See Figure 55.)

Operations within the converter are functionally divided and accom-
plished on a board-by-board basis. (See Figure 56.)

Each board is removable and can be serviced easily by using the
incorporated card extender.

All variable parameters are adjustable via potentiometers located at
the upper end of the 2ssociated circuit board.

Four connectors provide electrical access to and from the converter:
J1 - Connection to the runway displacement indicator

J2 - Connection to the landing sequence indicator and speed
error indicator

8
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CONVERTER WITH CARD EXTENDED

FIGURE 55
J3 - Connection to aircraft signal and power or test unit
J26 - Connection (input to and ocutput from) to powar module.

The converter is a short three-quarter ATR (7. 500" W x 7. 625 x
12. 563) including dust cover.

The solid-state components used are widely accepted and well suited to
the requirements. Commonly used semiconductors include:

MC1530 and MC1531 operational amplifier
MC848 DTL flip flop

MC832 DTL gate

2N2222 npn switching transistor

2N3977 pnp chopper transistor

C3DX20 silicon controlled rectifier
1N4154 logic diode

The converter utilizes a 200 kHz basic clock crystal oscillator as a
reference for internal digital conversions and signal processing.
Although the Landing Instrument Subsystem receives several analog
inputs, they are eventually converted to digital and the system can be
considered to be basically digital.
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FIGURE 65

POWER SUPPLY MODULE

FIGURE 66
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The test unit supplies a simulated signal for each parameter and func-
tion in the Landing Instrument Subsystem and is readily controlled from
the front panel of the unit.

TEST UNIT
FIGURE 67

Solid State Clock

Functional Description

The solid-state clock, shown in Figure 68, consists of two separate
timing systems that display real time and event time. Both displays
consist of seven-stroke numeric characters. Real time is displayed
in hours, minutes and seconds by the top set of characters. Event
time is displayed in minutes and seconds up to one hour by the bottom
set of characters.

The time base for both systems is an Accutron Model TE-11 battery-
operated cycle timer. This unit provides one pulse per second with
an accuracy of + 2 second per day.

The function switch for the real time contains RUN, DISPLAY and
SET positions. In the RUN position real time is being accumulated
but the seven-stroke EL segments are not lighted. The display is
lighted and time is accumulated when the switch is in the DISPLAY
position. When the switch is in the SET position the seconds are
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