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INTRODUCTION
SECTION 1

1.1 INTRODUCTION

This manual is intended to provide accurate information pertaining
to the installation and maintenance of Narco Avionic's solid state/
digital readout DME 890.

1.2 MANUAL ORGANIZATION

Section 1, INTRODUCTION: defines the scope of the manual, its
broad content, how to use, and a consolidated listing of the
DME 890's features,

Section 2, INSTALLATION: provides specifications, wiring diagrams,
and mechanical procedures to install the unit. Section 2 also
includes both electrical and mechanical adjustments that may be
necessary to complete the installation. Operation procedures
provided are directed to the installer/flight test pilot to allow
gquick orientation to the DME's use and readouts.

Section 3, CIRCUIT DESCRIPTION: this Section commences with a
broad discussion of DME's in general and an indepth discussion of
the DME 890. This broad discussion is followed by an indepth des-
cription of all the circuits of the Unit.

Section 4, MAINTENANCE: test equipment required, mechanical
procedures to get to, remove, and replace major subassemblies and
some specific components, is followed by YES-NO troubleshooting flow
diagrams, Alignment procedures are also provided with a listing of
all adjustable components and the setting of them.

Section 5, REPLACEMENT PARTS LIST: this Section is dedicated to
listing and showing all mechanical parts (where possible) that are
considered replaceable., Eleectrical parts not identified on printed
circuit boards as well as those mechanically attached are also
listed.

A1l electrical parts are listed on the reverse side of their related
schematic in Section G,

Section 6, SCHEMATICS: provides an internal electrical wiring
diagram of the Unit, separate but related subassembly (pc board)
schematics, and test information.

To the left of each subassembly schematic is its pc board
identifying each component in position by its symbol number.

Note that both the printed circuit board and schematic are provided
with grid coordinates. Refer to the Electrical Parts List on the
reverse of the schematic, and in line with each electrical component,
will be its pc board and schematic grid coordinates. The component's
location is considered in that grid box wherein the symbol letter
(i.e. CR101, U1l0l1l) is located even though the graphic electrical
symbol may be in a adjacent grid box.

12/80




NARCO AVIONICS DME 890

1.2 Continued .

Update schematics will also contain equivalent lists, however these
will identify: added, changed, and deleted parts along with the
Chassis Level Code identifying when that particular action was
effected on the assembly.

1.3 INSTALLATION MANUALS

Installation Manuals are advance copies or, in effect, reprints of
Section 1 and 2 of the Maintenance Manual. Should the user have
an IM and MM of different dates (see cover), use the most current
manual,

1.4 TFEATURES:

100% modular solid state design...microprocessor controlled.
Professional-style, gas discharge digital readouts.

Instant station lock-on, typically less than 1 second.
Distance accuracy -0.1 nautical mile (nominal) up to full
range.

Panel tuning controls----or optional automatic remote
channeling

Compact low profile, lightweight, self-contained

200 channels, 25 watts nominal

Ident level control .
Fast servicing-easy to get to test points

Automatic readout intensity control

Track type mounting tray




INSTALLATION
SECTION 2

2.1 GENERAL

The Narco Avionics DME 890 is self-contained, operates from either
14 or 28 Vdc, and is designed to be mounted in a standard aircraft
instrument panel radio rack.

The DME's tray is of rail design which provides full length support
to the DME. The tray contains a new type of locking device actuated
by a pin type key.

The antenna, Narco's standard UDA-3 is provided in the overall
DME 890 package.

2.2 UNITS AND ACCESSORIES SUPPLIED

The following list identifies the DME 890 system and the order
number to use to obtain the complete system. Individual items of
the system may be ordered using the part numbers listed opposite
the individual item,

. ITEM ORDER NUMBER DESCRIPTION PART NUMBER
1 03314-0300 DME 890 System
(Unit, Tray, Antenna,
Inst. Kit)

Individual Items:

DME 890 01380-0101
Tray Assy 01372-0103
Installation Kit 03314-0500
Antenna UDA-3 01063-0102

INSTALLATION KIT

03314- See
Item | Part Number Description 0500 Figure
1 56912-0001 Key, Spring Release 1 2-4
2 50042-0001 Tool, Tray Side Rail Spacer 1 2-5
3 50043-0001 Shim, Side Rail 2 2-5
4 41407-0002 Pin, Connector - Strip 24 2-6/2-10
5 41273-0002 Connector, BNC (Plug) 2 - -
[ 4 6 |90072-0002 | cable, Coax, Low Loss, 10 FT. 1 e
7 99453-0001 Tie, Wire, 6 inch 1 - -
2-1
S-1

5‘81




NARCO AVIONICS DME 890

2.3 SPECIFICATIONS

2.3.1 Mechanical

Size: DME 890 with mounting tray . » . See Figure 2-3.
UDA-3 Antenna . . . . . . . . See Figure 2-11,

Weight: DME 80 ., . . . . . + +« « + . . 3.30 1b 1.375 kg
Mounting Tray . « « « « w & &+ o .63 1b ,288 kg
Antenna/cable . . . . . . . . . .5 Ib .21 kg

Electrical

Power requirements . . . « . 4 4 & 4 s 11-32 Vdc, 15W
Transmitter frequency band . . . . 108.00 thru 117,95
palred with 1041 thru 1150 MHz
Transmitter power S, v « + « « o+ 25¥W nominal, 22W min.
Transmitter frequency stablllty « « + +« + + .less than .01%
Number of channels . . . . . . . . . . Boox o w800
Receiver frequency . . . NI 108 00 thru 117.95
palred w1th 978 MHz thru 1213 MH=z
Receiver sensitivity . . . « + « +« . —82 dBm min
Acquisition time, including channeling .« + « « . 1 second
RAAZEE o o % o o 5 9 5 4 % & @ % % &l o5 s owow ow e Q=180 DM
MemoTy¥ & v o & & & ¥ 4 5 ® m ow % s ¥ o7 v & @ «+8-10 seconds
Ident audio output . . . . . . . e b 10 mW, typical
Digitead outputs , , v o« = " 160 O nm in 0.1 nm steps -"
Accuracy, Range . . . . . . =£0.1 nm nomipal/0.4 nm maximum
Ground speed accuracy . . . -5 knots or -5% (std signal
conditions)
Time-to-station . . 5 . ¢ & & % @ « & i 3+ « 0-89 min +1 min
2,3.3 Environment
Temperature Range
Non operating =Low . & « & « & s« s & & & -40°¢C (—4OOF)
~HAIEH o 5w w6 o v 1os s w  #20%  ELBECF)
Continuous Operation
=High & «w o w sy 2« w #B5E (1Bl F)
=LiGW . 2w e s e e =1 (+5 )

Below OOC some degradation in output power may occur, primarily at
the band edges In a cabin environment, Unit internal temperature
will rise to O0°C in approxir.ately 15 minutes,

Altitude:

Non-pressurized . . . « + + .+ + « « + + .+ . B0,000 FT.
Pressurized . ., . « 2 s o ow v » 50,000 FI.,
Not affected by decompr8581on to s o« owow o« o« & 00,000 FT,




INSTALLATION
SECTION 2

2.4 PREINSTALLATION BENCH TEST
2.4.1 Test Equipment Required

As numerous test equipments are being introduced yearly and many
exceed our requirements, the unit(s) referred to are typical and/or
minimal in vintage and scope. Refer to Narco's Service Center
Handbook for '"required equipment" detail listings.

Therefore this list identifies test equipment by functional name
and the predominant function required of the unit to be used in
making the test. Where names and model of units are expressed,
that unit, or one that is at least as equivalent must be used.

a) Power Supply, 5 amp - 0/28 Vdc
b) Test Generator, IFR 1200Y3

¢) Oscilloscope

d) Headphones or Speaker

TEST GENERATOR

0SCILLOSCOPE REAR VIEW
r POWER
EXT NEG SRR £ = * SUPPLY
IN STNC SYNC PWR x%':r ANT, 3 5 '-’o.'
? ? Q Q Q +0Q Q-
A+
A=
IDENT AUDIO _{i]:]
FIGURE 2-1, BENCH TEST SET-UP il

2.3,2 Procedure

Refer to Figure 2-1 and 2-2,

Should the Unit fail to meet the following tests, refer to Section
4 for troubleshooting and repair procedures.

a) Turn the DME's switch to OFF

b) Connect test equipment and DME.

¢) Set test generator to 100 nm range, attenuator to -73 dBm,
reply efficiency to 70%, and squitter to 2700,
Set power supply to aircraft's A+ voltage (14 or 28 Vde).
Set DME's mode switch to FREQ.

d) Then energize the DME by turning the knob into the IDENT
(volume) area.

12/80




NARCO AVIONICS DME 890

2.4.,2 Continued .
MHZ KNOB
r
OME 890 i
FREQ G5/T
oo o Eir.'l:l oo —
SO0, JU0.O0u Qet—L0CK
Sﬂfﬂ'g".?l'f»- ANV NM__AMT T WMHZ WIN 1DENT RELEASE
© ru o
OFF AMY
T xnz xhod

é)

£)

p)

q)

TPOOIOD S

FIGURE 2-2. DME 890 PANEL

Verify that the MHz lamp readout segments illuminate in a
sequential manner through its 108 to 117 range by rotating
the MHz frequency Knob.
Verify that the KHz lamp readout segments illuminate in a
senquential manner through its .00 to .95 range by rotating
the KHz frequency Knob,
Verify that the letters MHZ are illuminated during steps .
e and f.
Set DME 890 and test generator to the same channel (i.e.
112.50 MHz) i +
Verify that the DME's distance readout reads 100 (-.2 nm)
and that the letters NM are illuminated.
Set test generator speed to 240 knots, direction inbound.
Set DME 890 mode switch to GS/T,
Start test generator tracking.
Transmit power should read 30 watts, nominal,
Allow ground speed to stabilize (about five minutes), then
read the knots. This readout should be within -5% of that
indicated on the test generator and that the letters KT
are illuminated.
heck Time-To-Station accuracy. TTS should be within

-1 digit of the following formulas answer:

Distance (DME 890) = 4 = TTS

i.e. 60 NM + 4 15 MIN
Change the DME 890's frequency off of 112.50 and verify
that the KT and MIM displays will switch over and read the
new frequency. The distance readout should BAR. Return
DME to 112,50,
Remove the RF signal from the DME. Verify that, in
approximately 10 seconds, the distance readout will BAR
and then the KT and MIN displays will drop out (change)
and be replaced by the set frequency, 112.50.
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INSTALLATION
SECTION 2

Continued

Activate the remote channeling switch (pull out) and verify
that the display flashes the word E-r or (Error). This
appears in the readout in place of the frequency. The RMT
letters should be illuminated.

NOTE: this test assumes no remote channeling connections.
De-activate the remote channeling switch (push in).

Check IDENT operation on ALL KHz channels. (The volume
level is controlled by the potentiometer section of the
ON/OFF switch).

Check IDENT operation on ALL MHz channels for power and
lock-on.

Check sensitivity during tracking. DME should track

at -82 dBm.

Check the automatic dimmer's operation by covering light
cell opening ~ displays intensity should go low., Shine

a light into the cell, displays should appear brilliant.
RNAV illumination can be achieved by grounding pin J of
P301 (rear connector).

Test complete, turn DME OFF, disconnect set-up.

NOTE :

12/80

The digital system of the DME 890 operates statistically on

a2 TACAN or DME signal. Some test gensrators do not accurately

simulate the ground DME or TACAN signal and may not operate
the DME 890 correctly. The result is improper distance or

ground speed computation, This is usually caused when squitter

or countdown is not produced in a random manner.

2-5
(2-6 Blank)




INSTALLATION

SECTION 2
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INSTALLATION
SECTION 2

2.5 INSTALLATION

This Section provides the mechanical installation steps for mounting
the tray and the wiring at the rear connector. Also provided are
the instructions to install the UDA-3 Antenna.

2.5.1 Tray Lock

The tray has a built-in spring locking device. When the Unit is
positioned into the tray's track and slid into the tray a tension,
locking, spring contacts the Unit. When the Unit's connector(s)
touch the tray connectors an additional set of tension springs can
be felt holding back the inward direction of the Unit. At this
point using firm pressure the Unit will continue inward approxi-
mately a half-inch stopping as the forward tension/locking spring
"clicks'" into position. The Unit is now locked in place.

Removal of the Unit requires an extraction tool. Place the tool
into the small hole provided in the right corner and push into the
hole. This action clears the forward tension spring from the lock-
ing detent, and due to the rear springs, the Unit will "pop" outward
an inch or two. The Unit is now disconnected from the rear connect-
or(s) and the tray lock, and is ready to be slid out of the tray.

2.5.2 Mechanical - Tray

Upon removing the DME 890 from its shipping container, the Unit
must be removed from its mounting tray.

Position the assemblies on a flat surface, place a block behind it
as shown in Figure 2-4, Insert the key straight into the key hole
in the trim panel, exert sufficient pressure to release the spring
lock. Upon release the tension (eject) springs will "pop" the Unit
outward, freeing it. Save the key.

BLOCK( A BOOK, PIECE OF
WOOoD, ETC.}

Kl
SEZIE-OOOI DWG NO TPOO904

"INSIDE CF RAIL

FIGURE 2-4. TRAY LOCK

12/80 2-9




NARCO AVIONICS DME 890

2.5.2 Continued .

Prepare the panel cutout for the tray. Refer to Figure 2-3 that
provides dimensions and a 1:1 template.

The proper position of the tray, when installed, is that where the
edges of the side rails on the open end of the tray will be flush
with the cabin side of the instrument panel.

For convenience, if you are going to remove the connector, mark a
piece of tape "TOP" and apply it to the top of the mounted
connector (P301) before removing it.

Remove the "U' shipping strap (see Figure 2-4) from the tray.
SAVE THE SCREWS, discard the strap and nuts. Handle the tray with
care to avoid deforming the rails.

The installation kit contains a Rail Width Tool. It was designed to
provide a exact width for optiumum unit/tray fit. This tool is to
be positioned during tray installation touching the back of the
nylon blocks on the rails (2-9/16 inches) in. The "U" shims in the
kit are used to fill voids between the forward mounting supports

and the Rails (if required). Due to their simplicity, if additional
shims are required, they can be quickly fabricated by the installer,.

RAIL WIDTH TOOL .

NYLON BLOCK

g

SUPPLIED FRONT
MOUNTING SCREWS

REAR SUPPORY
MOUNTING HOLE

NYLON BLOCK

TRAY HANGER
= a7
Aa2— g ™
SHIM

FRONT MOUNTING
SCREW HEAD
NOT TO EXCEED
HEIGHT SHOWN

TPOD9038

FIGURE 2-5, TRAY TFRONT WIDTH

Attach these ends using the screws that attached the shipping strap.
Should any other screws be used its head cannot be more than .087

high as should it be higher it may be nearly impossible to remove

the unit as the KEY must be able to pass between the screw head and
the Unit to disengage the spring lock! NOTE: DO NOT USE LOCKWASHERS.
Locking "J" nuts or equivalent should bhe used.

Rear support should be provided using the .140 inch diameter holes
shown on the side rails (see Figure 2-3).

Note that the screw head height is very critical a larger head screw .

will allow the Unit to slide in, but the key will not pass.




INSTALLATION
SECTION 2

2.5.3 Electrical Installation
Refer to Figure 2-6 thru 2-9 for appropriate connector wiring.

Use the Molex Crimp type contacts supplied. Refer to crimping
method detailed in Section 2.5.3.1.

Before reinstalling connector previously removed, check that the
cable leads were properly installed and that the key is in the

correct position. Slide the connector through the opening. check that
the marked side is on top, then secure.

ELECTRICAL INSTALLATION

TOP
TOP ARE NUMBERS 1 70 12 —— Ou_l
_?a \ o
BOTTOM ARE LETTERS A TO N——- \_ ol \—SPECIAL LOW LOSS
REAR CONNECTOR P30I ANTENNA CABLE
b
REAR VIEW OF DME 890 TRAY 15 \NCHES LONG
P30| - ‘ CABLE
A | IDENT Auolotsmsu_usnwmmz/s e
| REMOTE CHANNEL KHZ A &~
R335 | B |
330 IDENT " " KHZ B
LEVEL -—c—n " "
Gchpnee v D KHZ C -ALPHA CONTACT
K CR306 E BOTTOM ROW
_2""' " |1} MHZ A
e - KEY INSTALLED
TYPICAL OF ALL R3I5 3 MHZ B e INTO PIN ¢
9 REMOTE CHANNELS < 680K |~ [ " Wiz, & POSITIONSE
| = i DO NOT REMOVE
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CONNECTOR NARCO PN 414 06-0007
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OME 890 NV 1g*
P301 CONNECTOR
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FIGURE 2-10.
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2.5.3.1 Cable Fabrication

1, Strip wire 5/32" for each PIN connection.

2. Open tool (engraved side toward you), from the opposite
side, place the conductor tab section of the pin on Anvil
B. Close tool slightly (until tabs touch the female jaw).

3. Insert stripped conductor until insulation is flush with
outside of jaw. Crimp by squeezing handles together until
jaws are fully closed or sufficient crimp is made.

4, Move leads and pin to Anvil A, Crimp again until jaws are
closed or sufficient crimp is made, so that insulation on
wire is crimped.

5. If necessary, straighten pin while still being held in the
jaw.

Insertion

1. The PIN terminal may now be inserted into the desired pin
location in the connector housing. The pin cannot be
inserted upside down. Right-side-up it slides in effort-
lessly, Be sure to push it all the way in, until a "clieck"
can be felt, or heard.

2. There is no necessity to pull back on the lead itself
except to test for the "locking feature', and then only
with a moderate pull.

Extraction

1. If a pin is erroneously inserted into the wrong housing
position, or if at some later time a circuit change is
desired, the pin can be removed easily, Slip the flat
narrow blade portion of the ejection tool into the mating
side of the housing, under the pin. This action picks up
the locking key and allows the lead and pin to slip out of
its position using a light pulling action in the lead.
Neither pin nor position has heen damaged allowing re-
insertion in the same or another position.

2-14 12/80
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2.5.4 Antenna

The Blade antenna, type UDA-3, is used for both receiving and
transmitting by the DME. This antenna should be mounted on the
bottom surface of the aircraft and located so that it is in the
vertical position when the aircraft is in a level flight attitude.
The mounting surface should be metal, electrically grounded, and
extend at least 6" in all directions from the antenna connector.
(See Figure 2-11). A three (3) foot minimum separation from other
antennas, particularly transponders should be maintained.

Avoid mounting the antenna in the vicinity of aircraft protrusions
as this is 1likely to create some radiation "shadowing' with a
resultant loss in signal strength from both transmitted and reply
signals.

If this antenna is to be used on non-metallic aircraft skin, a
ground plane at least 6" in diameter must be provided. This could
be as simple as aluminum foil cemented inside a wood or fiberglass
skin, or a doubler plate on a fabric-covered aircraft. Such a
ground plane should be either well bonded to the airframe, or well
insulated from it, to prevent erratic operation.

A doubler plate will be needed for an airworthy installation on most
aircraft, Check the airworthiness regulations of the country of
aircraft registry for acceptable mounting methods. Figure 2-11 is
removable for a drilling template.

DO NOT PAINT. This antenna may not be coated with any paint or
other finish.
6"RADIUS, MIN

USE DAILL S12E 18
{.180 HOLE)

(4. 4mm) 7
Ua1o04 AU COMNECTon akc) (22.2mm) |
3=T/B il FOR MOUNTING
(98.0mm) 1=18/16 — {
(4D.2mm) l

78 17/32 D IA

f!; {22.2mm) {13.5mm)

7/8
{22.2mm)
i— 3/4

UDA-3 e (44.5 mm) 180 DIA

gt (4.6 mm)
‘ \ (2  HOLES)

[l ]
TPOOSSE

FULL SIZE \/ TEMPLATE
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2.5,4.1 Antenna Cable

A thirty (30) inch antenna cable comes assembled to the rear of the
case, This cable may be extended by use of the low loss ninety-six
(96) inch cable and the connectors supplied in the Installation Kit.

The cable run should be as direct as possible, having bend radiuses
of 6 inches, minimum. In close areas a BNC 90  Adapter may be
utilized to clear control cables in the vicinity of the antenna,

ANTENNA CABLE LOSS SHOULD BE KEPT AS LOW AS POSSIBLE. The length
and type of cable is critical as the MAXIMUM cable loss should not
exceed 1-1/2 dB.

KEEP THE CABLE AS SHORT AS POSSIBLE AND CUT OFF EXCESS LENGTHS!

If it is necessary to run the antenna cable some distance or should
the cable be changed, refer to the following examples and take note
of their limitations.

Cable Type dB loss per Preferred length Maximum length
100 ft. @ 1000 MH=z 1 dB or less 1-1/2 dB loss

RG 58 A/U 22. (.22 dB per {t) 4-1/2 ft g ft
RG 29 /U 17. (.17 dB per ft) 6 ft 8 ft

. RG 223 /U .
(90092) NARCO 16.4 (.164 dB per ft) 6 £t 9 ft
RG 54 A/U 11.5 (.115 dB per ft) 8-3/4 ft 11 ft
NARCO (90072) 10. MAX. (.10 dB per ft) 10 ft 15 £t
RG 8 /U 8.5 (.085 dB per ft) 11-3/4 ft 17 £t

Figure 2-12 shows the proper method of connecting the BNC connectors
to the antenna cable.

ﬂ“i? [T
i-/‘i i £ | D e

1. Take one clean square cut through 2
cable msulalion, braid and dielec- 4
I, expasing ¥a* ol conducior Slip
nul onlo cable

Dwg No., TP00908

Insent conduclor into tapered, selt
clamping sleeve and comac! sub
assembly, lorce edge of sleeve be
tween dielecinc and brad until insy-
lation nides well onto 1aper Solder
Cautiesyof conduclor 1o contact al solder hole
Bendix Corp.

3. Fit conlact sub-assembly into con
neclor body. screw nul inlo body
binding insulalion and brad highlly
Agamst lapeied sleeve Ihus torm

ng a 51I'Ong wealheiprool connec
lion

A dtastanons eriaiped lor cisedy

FIGURE 2-12., BNC CABLE CONNECTOR .




2.6 OPERATION

INSTALLATION
SECTION 2

This discussion is directed to the installer, and to the pilot who is to perfomm

the flight test of the Unit.

Unless connected to a Remote NAV Receiver or an RNAV, the displays are controlled

directly fram the:

KHz/MHz continuous rotation knobs (CW/CCW)
OFF (ON/OFF) switch portion of the IDENT's potentiometer and its auxiliary

RMT switch
FREQ GS/T (toggle) mode switch

When a Remote NAV Receiver or a RNAV have control, the RMT or RNAV display will

light, as applicable.
TYPICAL DISPLAYS:
ERROR
This display is the result of the PULL
BMT switch being in the OUT position

and there is no Remote NAV Receiver
connected to the DME.

OR

The Remote NAV Receiver is connected,
however, the NAV is not providing a
valid code to the DME's microprocessor.

Toggle Switch Set To FREQ

As either frequency knob is rotated the
NM portion of the display bars and the
MHz portion identifies the frequency
set at that time,

Once rotation ceases, and after lock-on
(1 second or less), the NM portion dis-
plays the distance to the station.

Toggle Switch Set To GS/T

In the GS/T mode and locked-on to a
station NMs, KTs, and MINs will be
displayed.

Frequency may be changed while in GS/T
mode. Rotation of a frequency knob
causes the NMs to bar and the frequency
set to appear,

When locked-on to the set station the
display immediately provides NMs and
within 4 seconds KI's and MINs is
presented.

12/80
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2.7 POST INSTALLATION CHECK

Both the PreFlight check and Flight check are recommended after
installation and major repair.

Use a Ramp Test Signal Generator or a local station of known
distance.

NOTE :

Flight
1)
2)

3)

4)

5)

Channel to proper frequency

Turn mode switch to GS/T

Distance (NM) should be in agreement with that set_ in the
generator or that of the actual station (accuracy -.1 NM).
Check ground speed if using a generator,

Check that audio Ident tone is present.

If included in the installation, check the operation of
Remote Channeling.

Some Test Generators do not simulate actual signals and may
not operate the Unit.

At 10,000 feet altitude, range 10Q NM, check that there
are no dropouts during a flat 360" turn,

At 6,000 feet altitude, range 50 NM, check that there are
no dropouts during a flat 360° turn.

High Angle Check: While flying at a altitude of 6,000 to
10,000 feet (above the station's elevation) and from a
distance of 10 NM, track inbound to the station and then
track the reciprocal course. In each pass check the
accuracy at the critical points... over the station and at
the 10 NM point.

Orbit Approach: At a distance of 10 DME miles fly an orbit
for one (1) minute, There shall be no dropouts. Repeat
this flight in the opposite direction.

Electromagnetic Compatability: The DME should not cause
the performance of other systems aboard the aircraft to
be degraded nor should the DME be adversely affected by
other onboard equipment. This can be checked by turning
such equipments ON and OFF one by one and listening and
viewing tue resultant action., There should be no reactions.
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2.8 LICENSE REQUIREMENTS
Operator:

The Federal Communications Commission requires that the operator of
the transmitter in this equipment hold a Restricted Radio Telephone
Operator Permit, or higher class license. A permit may be obtained
by any U. S, citizen from the nearest field office of the FCC; no
examination is required,

Aircraft:

The DME 890, as installed in the aircraft, requires an Aircraft
Radio Station License. This license is obtained by filing FCC Form
404. The Unit may be operated for up to 30 days without a station
license, after filing the FCC Form 404 and while awaiting receipt

of the station license, providing a copy of the FCC Form 404 is kept
in the aircraft. HOWEVER, if the aircraft has been previously
licensed for a DME, resubmittal of FCC Form 404 is not required.

This equipment has been type accepted by the FCC and entered on
their list of type accepted equipments as '"NARCO DME 890'".

CAUTION

The UHF transmitter in this equipment is guaranteed to
meet Federal Communications Commission approval only
when a NARCO crystal is used. The use of other than
NARCO Crystals will void manufacturers warranty.

12/80 2-19
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CIRCUIT DESCRIPTION
SECTION 3

3.1 BASIC DME GROUND/AIRBORNE OPERATION

A full cycle of DME operation includes the transmission of a radio
signal from the aircraft to the ground station and reply from the
ground station to the aircraft. The time required for this process
is determined by the distance between the aircraft and ground
station. The aircraft transmits a pair of pulses at (approximately)
a 30 Hz repetation rate and the signal is received at the ground
station as shown in Figure 3-1. After a fixed delay of 50 micro-
seconds (us) by the ground station, it transmits a pulse pair back
to the aircraft. The airborn receiver must then confirm that: the
pulse pair is the result of its original transmission, measure the
time taken for this round trip radio signal, and display the time
period as distance in nautical miles, The airborne DME must take
into consideration that the ground station simulates these events
when not being interrogated. The ground station also takes time-out
from replies to transmit its own identification (IDENT) that consists
of regularly spaced pulses (dots and dashes of Morse code) that can
be heard on the aircraft's audio system.

The DME is therefore an instrument that measures the time required
for a radio signal to travel to and from the ground station. The
time required is a function of the distance measured in nautical
miles and the 50 us delay in the transmission of a reply. The radio
wave requires 12.36 us to travel through one nautical mile of space
and return, The DME has a resoultion of 0.1 nm. The 50 us delay
by the ground station is to allow the DME receiver to recover from
the DME transmitter blast. This 50 us delay is the same for all
DME ground station transmitters. The airborne DME compensates for
this 50 us delay. The DME is capable of recognizing the correct
reply, although not every interrogation gets a reply.

The DME ground station has three basic functions: retransmits any
receiver signal, during "off time", generates squitter, and generates
an IDENT signal. When retransmitting, this ground station reply may
be in response to an interrogation from another aircraft, the DME,
however, is able to disregard the other replies, recognize only the
correct reply and process only this signal. If the ground station

is sending IDENT or squitter, or replying to another aircraft, it
will not reply to your DME interrogations.

MRBORNE DME [ __ DMEGROUND STATION
‘ l

RECEIVER -
] s Lol | |

~

T Te } I
' |
i
|=msm|cz e | I
Sk iaTion | TRANSMITTER IBENT I
| PULSE PAIR S :
| 0 O e B

ey W, TINOARD

FIGURE 3-1. ELEMENTARY AIR/GROUND DME
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3.2 DME 890 AIRBORNE OPERATION ,‘ﬂ

The DME transmitter operates within the frequency range of 1041
through 1150 MHz and the receiver frequencies are Y78 through

1213 MHz; transmit and receive frequencies on any given channel
are offset by 63 MHz, the receiver IF frequency. These operating
frequencies are paired to operate with the associated OMNI channel
as shown in Table 3.1 The DME channel is selected by the setting
of the DME's MHz and KHz channel select switches, or by a remote
NAV Receiver if the DME's remote channeling capability is used.
VOR channels 108.00 through 117.95 MHz are indicated as they are
paired directly with the DME ground station located at VORTAC or
VOR ground stations. The channeling lines which are ARINC 2-out-
of-5, are connected directly to the search track counters as shown
in Figure 3-2. The synthesizer operating frequency is 1/2 the
transmit output frequency. The pulse repetition frequency (PRF)
source is the microprocessor that turns on the transmitter pulse
modulator at approximately 30 Hz rate. The DME operates in a simul-
taneously displayed distance, velocity and time-to-station (TTS)
mode, or a displayed frequency and distance.

i‘-
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SECTION 3

v
TABLE 3.1, VOR/DME CHANNEL PAIRING AND OPERATING FREQUENCIES
o - Alrborne Ground Ruply Alrhorne Ground Reply
Channetlch \ ;}“-rmlltl’w .. veo Interrogating| Reply Tulag Interrogating veo Interrogating] Reply Pulse
N'u.mgn y ;nl':N‘ requoency Frequancy | Pulse Code |Frequency|Spacing Channel |[Channel | Frequaency Frequency| Pulse Code |Frequency|Spacing
er (MHz) {MHz) (Mitz) (us) (HHz) {us) Number | (MHz) MHz) (MHz) {un) {MHz) (um)
+iTX 108,00 1041 520,50 12 a8 12 anx 108,80 1050 528.50 1z 9946 12
1Y 108,05 1041 520,50 38 1104 30 35y 108,85 1058 528.50 38 1122 a0
18X 108.10 1042 521.00 12 a9 12 36X 109.80 1060 530.00 12 wt 12
18Y 108,15 1042 521,00 18 11056 30 a6Y 109,65 1060 530,00 36 1123 30
19X 108,20 1043 521,50 12 80 12 aTx 110.00 1061 530.50 12 998 12
18Y 108,25 1043 521,50 38 1106 a0 an 110,05 1061 530,50 16 1124 30
20X 108.30 1044 5822.00 12 881 12 38X 110,10 1062 531,00 12 a9y 12
20Y 108.35 1044 522,00 38 1107 30 J8Y 110,15 1062 531.00 36 1125 a0
2”5 108.40 1045 522,50 12 pR2 12 a9x 110, 20 1063 531.50 12 1000 13
21Y 108,45 1045 522.50 38 1108 30 39Y 110,25 1063 531.50 36 1126 30
?23 108,50 1046 523,00 12 983 12 40X 110,30 1084 532,00 12 1001 12
22y 108,55 1048 $23.00 ] 11089 30 40Y 110,35 1064 532.00 36 1127 ao
23X 108,60 1047 523.50 12 884 12 41X 110.40 1065 532,50 12 1002 12
23y 108.065 1047 523.50 kil 1110 Jo0 41Y 110.45 1065 532.50 36 1128 30
24X 108,70 1048 524,00 12 885 1? 42% 110,50 1066 533.00 12 1003 12
24Y 108.75 1048 524,00 38 1111 30 42y 110.55 1066 533.00 36 1129 a0
25X 10A. 80 1049 524,50 12 888 12 43X 110.60 1067 533.50 12 1004 12
26Y 104,85 1040 524.50 3a 1112 30 43y 110.65 1067 533,50 a6 1130 10
26X 108.980 1050 525,00 12 987 12 44% 110.70 10R8 §534.00 12 1005 12
26Y 108,85 1050 525.00 36 1113 30 44Y 110.76 1064 534,00 a6 1131 a0
27X 109.00 1061 §526.50 12 988 12 45X 110, 80 1069 534.50 12 1006 12
27Y 109,05 1051 525.50 36 1114 30 45Y 110,85 1069 534,50 K1 1132 a0
2HX 108,10 1052 526,00 12 980 12 16X 110,80 1070 535.00 12 1067 12
28Y 109,15 1052 H26,00 a6 11156 30 46Y 110,95 1070 £35.00 36 1133 30
28X 109,20 1053 526,60 12 980 12 47X 111.00 1071 535,50 12 1008 12
289Y 100.25 1053 526,50 36 1116 30 47Y 111,05 1071 535,50 36 1139 30
30X 108,30 1054 527.00 12 891 12 48X 111.10 1072 536.00 12 1008 12
0¥ 108,35 1054 527.00 36 1117 30 48Y 111.15 1072 516,00 36 1135 30
31X 109.40 1055 527,50 12 f862 12 49% 111.20 1073 516. 50 12 1010 12
31y 108.45 1055 527.50 38 1118 30 49Y 111.25 1073 536, 50 36 1136 30
3z2x 108,50 1056 528.00 12 983 12 50X 111.30 1074 537.00 12 1011 12
azy 108.55 1056 528,00 38 1119 J0 50¥ 111,35 1074 537.00 a6 1137 30
33X 109.60 1057 528,50 12 784 12 51% 111.40 1075 537.50 12 1012 12
a3y 108,65 1057 528,560 38 1120 30 51Y 111.45 1075 517,50 36 1138 J0
J4X 108.70 1058 520,00 12 285 12 58K 111.50 1076 538.00 12 1013 12
34Y 109,75 1054 520,00 38 1124 30 52y 111.55 1076 5318.00 46 1138 a0
Alrborne Ground Reply - Alrborne Ground Reply
Interrogating veo Interrogating| Heply Pulse Interrogating vea Interrogating| Reply Pulse
Channel |Channel | Frequency Frequency | Pulae Code Frequency [Spucing Channel |Channel | Frequency Frequency| Pulse Code Frequency|Spacing
Number | (MHz) (Milz) (Mlz) (us) (dilz) (us) Humber | (WHz) (MHz) (MHz) (us) {MHz) (us)
53X 111,60 1077 538,50 12 1014 12 81X 113.40 1105 552.50 12 1168 12
53Y 111,85 1077 518, 50 38 1140 10 B1Y  113.45 1105 552, 50 36 1042 30
54X 111.70 1078 535,00 12 1015 12 B2X 113.50 1106 553.00 12 1169 12
54Y  111.75 1074 534,00 36 1141 a0 82y 113.55 1106 553.00 16 1043 30
55X 111,80 1078 539,50 12 1016 12 83X  113.60 1107 553. 50 12 1170 12
65Y 111,85 1079 538 80 38 1142 30 83¥ 113.85 1107 553.50 16 1044 30
56X 111.80 1080 540.00 12 1017 12 B4X 113.70 1108 554.00 12 1171 12
56Y 111,85 10R0 540,00 36 1143 20 B4Y 113,75 1108 554 .00 38 1045 30
STX 112,00 1081 540,50 12 1018 12 85% 113,80 1109 554 .50 12 1172 12
57Y 112,05 1081 540,50 16 1144 0 B5Y 113.85 1109 554,50 36 1048 30
58X 112,10 1082 541.00 12 1019 12 86X 113.90 1110 555,00 12 1173 12
58Y 112,15 1082 541,00 16 1145 a0 B8Y 113.85 1110 555.00 ] 1047 30
58X 112,20 1083 541,50 12 1020 12 B7X 114.00 1111 555,50 12 1174 12
50Y 112,25 1083 541,50 36 1148 30 H7Y 114,05 1111 585.50 a8 1048 30
70X 112,30 1094 547.00 12 1157 12 BBX 114,10 1112 556,00 12 1175 12
e 70Y 112.35 1094 547,00 16 1031 a0 HBY 114,15 1112 556.00 36 1048 30
71X 112.40 1085 547,50 12 1158 12 #9% 114,20 1113 556.50 12 1176 12
a7y 112.45 1095 547.50 16 1032 30 BOY 114,25 1113 556,50 38 1050 30
72X 112,50 1088 548,00 12 1150 12 B0X 114,30 1114 557.00 12 1177 12
eeT2Y 112,55 1088 548,00 36 1033 0 a0y 114,35 1114 6557.00 36 1051 30
73% 112,60 1097 548, 50 12 1160 12 41X 114,40 1115 557.50 12 1178 12
ee73Y 112.65 1087 548,50 906 1034 a0 o1y 114.45 1115 557.50 34 1052 10
74% 112.70 1088 549,00 12 1181 12 92X 114,50 1116 558,00 12 1178 12
se74Y 112,75 1068 549,00 a6 1036 10 o2y 114,556 1118 558,00 ki3 1053 a0
75X 112,80 1089 548,50 1z 1162 12 8ax 114,60 1117 558,50 12 1180 12
*e75Y 112,85 1089 549,50 16 1036 0 23y 114,65 1117 558,50 36 1054 30
76X 112.90 1100 550.00 12 1163 12 a4x 114,70 1118 559,00 12 1181 12
*s76Y 112,85 1100 550,00 36 1037 30 94Y  114.75 111K 554, 00 a6 1055 10
T 113,00 1101 550,50 12 1164 12 95% 114,80 1119 559,50 12 1182 12
e 77Y 113.05 1101 550,50 a6 1038 a0 95y 114,85 1119 559, 50 16 1056 30
78X 113,10 1102 551,00 12 1165 12 a6x% 114,90 1120 560,00 12 11683 12
**7RY 113,15 1102 §551,00 a6 1039 an 96Y 114,95 1120 560,00 a6 1057 30
79% 113,20 1103 551,50 12 1166 12 TR 115,00 1121 560,50 12 1184 12
s 079 113,25 1103 551,50 16 1040 30 ary 115.05 1121 6560, 50 36 105H 30
HOX 113.30 1104 552,00 12 1187 12 98X 115.10 1122 561,00 12 1185 12
BOY 113,35 1104 552,00 36 1041 a0 g8y  115.15 1122 561,00 36 1058 30

SEE BLOW.UP
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TABLE 3.1. Continued

Afrbhoras Ground Reply
Interrogating VD Interrogut ing Heply Pulse
Channel {Channel | Freguency Frequeacy | Pulse Code Frequaney |Specing
Number (Mliz) (Mltz) 2 (us) (MH2) (EEJ

9ox 115,20 1123 G 12 ee 12

9uY 115,25 1129 ! a6 1060 30
100X 115,30 1124 H62, 00 12 1187 12
100Y 115,45 1124 562,00 16 1061 30

101X 115,40 1185 562,60 12 1188 12
101Y 115.45 1125 562, 50 31 1062 40

102X 115,50 1126 BG4 00 12 1189

102Y 115,565 1120 a6 a0R3
103X 115,60 127 : 1140

103¥ 115,65 1127 ) e 30
104X 115,70 1128 864,00 1191 12
104Y lli:__f) 1128 H64.00 1065 J40

106X 115,80 1129 564,50 1192 12
106Y 115,45 § ! 1066 30

106X 115.00 ) 565, ( 1193
106Y  115.05 ] 565,00 1067

J07X 116,00 : 565,50 ¥ 1194
107Y 116,08 3 565, 50 o 1068

108X 116,10 1192 566,00 . 1185
10RY 116.15 1132 566,00 1069
106X 116,20 1133 566, 50 1186
108Y 116,25 1133 566, 50 1070
110X 116.30 1134 567,00 1197
110Y 116.35 11344 h67.00 1071

111X 116,40 1135 H67.50 1198
111Y 114.45 1135 567.50 1072

112X 116,00 1126 564,00 1149
112y 116,55 1136 bR, 00 1073

113X 116.60 1137 568,50 1200
113y 116,65 1137 H6H, 50 . 1074

114X 116.740 1138 H69,00 i 1201
114Y 116. 75 1138 L6y, 00 1075

116X 116.80 1110 669,50 1202
115Y 116,85 1139 569,50 1076

116X 116.90 1140 570,00 1203
116Y 116,05 1140 570,00 1077

Alrborne Ground Reply
Interrogating veo Interrognting Heply Pulse
{hannel |Channel | Frequency Frequency | Pulse Code Frequency |Sproing
Number (MHz) (MHz) (M) (us) (MH2z) {us)

117X 117,00 1141 570,50 12 1304 12
117Y 117.05 1141 570,50 46 1078 Ju

118X 117,10 1142 571,00 12 1206 12
11B8Y 117.15 1142 571,00 A6 1079 30

119X 117,20 1143 571,50 12 1206 12
119Y 117,25 1143 571.50 36 1080 30

120X 117.30 1144 572,00 12 1207 12
1207 117.35 1144 H72.00 36 1081 40

121X 117.40 1145 HTe 12 1204 12
121Y 117,45 1145 : 50 a6 1082 30

122X 117.50 1146 : 12 1200 12
122Y  117.56 1148 573,00 36 1083 40
1249% 117,60 1147 . 12 1210 12
123Y 117,65 1147 EYEN 16 1084 50
124X 117.70 1148 n74.00 12 1211 12
*e124Y 117,756 1148 574,00 36 1045 40
125X 117.80 1148 574,60 12 1212 12
*0125Y 117,85 1144 H74.50 36 1086 J0

126X 117,00 1150 575,00 12 121 12
*s126Y 115,95 H 75,00 a6 1087

SEE BLOW.UP




. TABLE 3.2, X/Y MODES FREQUENCY CORRELATION SUMMARY
VHF Channel | Frequency DME Operation L0 Frequency
Number (MHz) Receive Transmit | 3 X Synth, freq.
108.0 878
TO TO X
112,2 1020 Above
(0.1 Mliz) receiver
eyt frequency
: 108,0 1041 (receiv .r freq. +63)
TO TO X
112,2 10R32
112.3 1004
TO TO X
117. 0 1150
(0.1 WHz, Helow
raceiver
112.3 1187 frequency
TO T X (recelver freq. -63)
117.8 1213

108.05 1041
TO Y

112,25 1083 Below
receiver
113,35 1104 frequency
TO TO Y {recelver freg. =63)
117.55 1146
112,35 1084
TO TO Y
117,85 1150 Above
receliver
112,35 1031 frequency
TO TO Y (recelver freq. +683)
117.85 1087
Dwg. Ho, TPODS78
Gpacing between pulse paire
X = 12 microsec (0,1 MHz Chenpels)---------- Both
Y = 38 microsec (0,05 MHz Channels)--Air to Ground
. Y = 30 wmicrosec (0,05 MHz Channels)--Ground to Alr

12/80
SEE BLOW-UP
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SECTION 3
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NAV ~ NAV  NAv
X-Y MHZ  KHZ

i } REMOTE CHANNEL
BUFFERS
EXCITER [—{TRANSMITTER DIPLEXER
LOCAL
I/2 TRANSMITTERFREQ. | . oo MHZ SW
63MHZ LOCAL
[ KHZ SW
iF
RECEIVER LOCAL
RCVR RCVR ey
AGC viD10
X-Y CHANNEL CONTROL
~| DECODER
X/Y
SELECT
CLOCK 1uS
=4 (1uS)| CLOCK+4 ol L
CLOCK 16 it
IDENT SEARCH/ TRACK
COUNTERS ]
VAL1D DECODE
AND
ECHO SUPPRESS :
(DEAD TIME) LATCHES
i 5 #
=2
@x
RNAY o &
d| =
adiahg] 5,B,C,DIGIT SELECT LINES & B =| @ mg
Q| z x
gl ulg| 9zl %
INHIBIT] of 5| =4l |d 216 (4u5)
ALPHANUMERIC|, |8 CHANNEL GiMbERE L 20E: | B & 9% wlZ _ DATA CLEAR REFERENCE
LOGIC DIGIT SELECT —\ 4 g%l @ Jz I——“—
> b & ™ z
e CLOCK
319
MICROPROCESSO]
ALPHANUMERIC DIGIT SEGMENT L _MICROERIGESSOR; DATA
DRIV DRIVE | | [SELECTOR[™ o g =N | _|PHasE LockeD
bore]
= } l SEGMENT  DISTANCE COMPUTE G‘DQ‘,CSFELECT COUNTERS LoopP
NGEIRUS IGITS VELOCITY COMPUTE
' SEGMENT TTS COMPUTE 2
! “DRIVE DATA SMOOTH g=| x
TRANSISTORS TRANSMIT PRF N E
i BAR COMPUTE grlo
S SEGMENTS abgedalig SYNTH FREQ DATA AND CLOCK > =
IT DISPLAY, PRF AND MULTIPLEX = =
B FULSEPARS __ENCODE! | ocAL- REMOTE CHANNGL SENSING PRESCALER|"|PRESCALER
FREQ-VEL/TTS MODE SENSING
I/2 TRANSMITTER FREQ. - VOO CONTHOL VOUTHSE
SYNTH Dag No. TPOORKIA

FIGURE 3-2. DME 890 FUNCTIONAL BLOCK DIAGRAM
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CIRCUIT DESCRIPTION
SECTION 3

3.3 OPERATION IN THE GS/T MODE (NM, KT, MIN)

Thg distance/velocity/time-to-station (GS/T) will be described
using Figure 3-2 as a guide. (GS/T also referred to as ground
speed/time).

When the mode switch on the front panel is placed in the GS/T
position the information displayed will be Distance to station
(nautical miles), Velocity (nautical miles per hour) and Time-to-
Station in minutes. All are displayed simultaneously.

The transmitter is turned on as follows: The microprocessor (U319)
generates pairs of pulses, 12 or 36 microseconds (us), at a PRF of
30 Hz. These pulse pairs are present at the "Encode'" port of the
microprocessor and act as reset pulses for the decoder and as
trigger pulses for the transmit pulse width modulator. The pulse
pair from the modulator turns on the transmitter. The Exciter stage
of the transmitter runs continuously, whereas the first and final
pulse stages and the Diplexer of the transmitter are turned on by
the pair of 50V pulses from the Modulator. The Diplexer connects
either the receiver or transmitter to a single antenna and protects
the receiver from damage due to overload when the transmitter
operates. The RF output from the antenna is pairs of pulses of RF
energy at a selected frequency between 1041 and 1150 MHz. The
pulses are 3.5 us wide having 12 us spacing on 0,1 MHz ("X" channels)
and 36 us spacing on 0.05 MHz ("Y" channels). The synthesizer which
operates at 1/2 the transmitter frequency, is injected into the
Exciter section of the transmitter. The second buffer stage of the
Exciter injects the 1/2 frequency into the Mixer where it is doubled
and mixed with the incoming reply signal to give a 63 MHz IF that is
now injected into the Receiver. Example: when the selected channel
is 108.00, the transmit frequency is 1041 MHz, the synthesizer
(Exciter) output is 520.5 MHz, and the receiver frequency 978 MHz,
The received pulse pair (978 MHz) and Exciter frequency 520.5 MHz
are combined in the mixer where the Exciter frequency is doubled

(2 X 520.5 = 1041 MHz) and heterodyned with the received frequency
of 978 MHz (1041 - 978 = 63 MHz). The pulse pairs are repeated at

a 30 Hz rate. Approximateiy 50 us (equal to the ground station
fixed delay) after the second pulse from the modulator turns on the
transmitter, the microprocessor's search enable port enables the
Dead Time Multivibrator, and turns on the search track counters.

Now 1 us clock pulses feed three search track counters whose terminal
count is 2048 us. The 1 us clock corresponds to the time required
for the transmitted signal to travel 0.1 of a nautical mile and
return, During the period that the Receiver is awaiting a reply
from the ground station, the search track counters are.,measuring the
time as they are being loaded with a train of clock pulses, one
pulse for each 0.1 nautical mile to the ground station. With the
modulation pulses removed from the Diplexer, the Receiver awaits

the pulse pair reply from the ground station.

12/80 2
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3.3 Continued

This 63 MHz IF frequency is amplified, detected, and converted to a
logic level and fed to the Decoder. The Decoder confirms that the
pulses of the received pulse pair are separated by the desired
interval (12 or 30 us). The decoded reply is used as a clock pulse
to transfer the accumulated count (present at the output of the
Search Track Counters at the time of the received reply) into a
latch. The microprocessor will accept this data only if the "Valid
Decode'" port goes logic low at the time of data from the latch
transfer. The "Valid Decode'" line is controlled by a Dead Time
Multivibrator which is triggered by the decoded reply pulse. The
Dead Time is approximately 60 us, Upon the initial trigger of this
multivibrator, the microprocessor accepts the Search Track Counter
Data, but during the 60 us Dead Time, any received decoded replies
are ignored by the microprocessor. This Dead Time is used as an
"Echo Suppression'" (Signal Multipath), by holding off the decoder.

The microprocessor now compares this valid data with the valid data
from a previous interrogation, if occurring at a synchronous rate,
the microprocessor will do the following: compute the time between
valid data which is equivalent to DME distance to ground station,
compute the rate of change of distance with time which is velocity,
and compute the time-to-station by calculating T= Distance + Velocity.
The displayed information of Velocity and Time are accurate only when
flying directly to or from the station. When the Search Track
Counters are started, they count through to the terminal count of
2048. The decoded reply does not stop the counters, only the
instantanious condition of the counters is sampled and stored.

The microprocessor encodes the digit and segment lines used to
illuminate the Display on the front panel. If there are no valid
decoded replies for approximately 10 seconds the panel Display will
signal a fault by displaying ''bars'" in place of the numerical
distance display. This signifies to the pilot there is no accurate
or useful information received by the DME,

During the Ground Speed/Time (GS/T) mode of operation, the
microprocessor samples the frequency control lines at a 30 Hz rate
but does not normally display this information, however, if there
is a loss of signal either permanently or temporarily (greater than
10 seconds) the distance section of the display will show ''hars"
and the frequency the set is tuned to will be displayed in place of
the velocity and time-to-station. Also, if the pilot changes the
frequency, the distance will bar and the selected frequency will
appear temporarily until the DME '"locks on'" at the new frequency
and gpproximately 4 seconds later the display reverts back to its
previous presentation.

12/80
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3.4 OPERATION IN FREQUENCY MODE (MHz)

In the Frequency mode, the DME continues to operate as in the
distance mode, however, only distance and frequency information
are displayed. The microprocessor senses that the mode switch is
in a frequency position and encodes the proper alphanumeric, digit
and segment lines of the display to present only distance and
frequency.

3.5 REMOTE CHANNEL OPERATION

The DME 890 has a built-in capability of being remotely channeled

by those NAV receivers whose remote channeling lines conform to the
ARINC (2/5) Code. The "Remote" switch is located on the front panel
and is pulled to activate, at that time the letters "RMT" appear on
the display to alert the pilot that the DME is in Remote Mode. The
DME's frequency select switches are also rendered inactive and the
remote channeling buffers are activated, coupling the frequency
control lines to the remote NAV Receiver. If the "Remote'" switch

is activated when there is no actual remote NAV Receiver connected
to the DME 890, the microprocessor, which has sensed that the
Remote switch has been activated, will print the word "Error'" in the
numerical part of the display and cause the display to flash at a

3 Hz rate.

3.6 AREA NAVIGATION MODE (RNAV)

The DME 890 has area navigatdion (RNAV) capability, but only with a
future NARCO designed RNAV. There are four input/output lines
concisting of: RNAV Mode Control, RNAV data out, RNAV data in,
and RNAV clock out. When the RNAV Mode Control line goes to logic
low, the following events will occur: the letters "RNAV" will
appear in the display alerting the pilot that the DME is in RNAV
Mode, the microprocessor will send a serial clock and serial data
(distance to VORTAC) to the RNAV, and accept serial input data
(computed distance to the waypoint) from the RNAV., The distance
displayed will be nautical miles to the RNAV WAYPOINT.
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3.7 GENERAL v

This circuit description supports the search track counters and the
associated components necessary to present the microprocessor with
valid information so it can compute the distance, velocity and
time-to-station. Subsequent subsections separate these components
and describe their operation in detail.

3.7.1 Microprocessor Cycle of Operation

To facilitate the understanding of a Search Track Epic *, a routine
the microprocessor follows will be described. Figure 3.3 is used
as a guide. ’

1. The cycle begins with the microprocessor "Encode" port
sending 12 or 36 us pulse pairs to the transmit modulator
to turn on the transmitter.

2. 53 us later (this time is measured from the leading edge of
the second encode pulse to the leading edge of the search
enable pulse) the "Search Enable'" line enables the Search
Track counters for the terminal count (0-160 miles) of
2048 us. During the microprocessor's cycle of operation
there will be a total of 15 terminal counts, however, it
is only during the first terminal count, known as the
"Search Track Epic'", that valid information can be received
in response to the transmission that occured 53 us prior to
the beginning of the search track epic. The search enable "
line also enables the Dead Time multivibrator.

3. Concurrent with the search enable line, the '"data clear"
line is encoded and releases the latches and Search Track
counters from their reset state. This line is active logic
high for the Terminal Count.

4, At ta: termination of the count (2048 us), a pulse, EXT.
INT. («xternal interrupt), is sent to the microprocessor.
This pulse is used by the microprocessor in two ways:

a. To signal the microprocessor to encode the digit and
segment lines for the display.

b, As a clock to 1limit the number of external interrupt
pulses to 15, at which time the microprocessor will
take time out to do math calculations, read the ground
station squitter which will be used to establish the
transmitter PRF, and set up the Channel Read pulse
pairs and the Encode pulse pairs,

* A Search Track Epic is defined as a transmission from the DME to

the ground station, the reception and decoding of the ground

stations reply transmission, an on-the-fly sampling of the Search

Track counters elasped time between transmission and reply, and i'
the end of the 0-160 mile count (Terminal), }
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3.7.1 Continued

5. The cycle ends with the microprocessor generating a pair
of "Channel Read" pulses which are used to sample the
frequency control lines.

MICROPROCESSOR(uP) SEQUENCE FOR TRANSMIT, SEARCH T."ACK, AND DISPLAY INITIATE

I 12 u5 "X CHANNEL _ e NG

up m:onsJ 36uS"Y" CHANNEL z “ S
' 2 PULSES AT 20 uS SPACING

uP CHANNEL READ 500uS BEYORE Pl-P2 ———| == 3047 RATE
l=—START SEQUENCE o END SEQUENCE &

|+ THE SEQUENCE BEGINS WITH THE ENCODE PULSE PAIR AND ENDS WITH THE CHANNEL READ PULSE PAIR
|

4P SEARCH/ENABLE 2mS SEARCH TRACK EPICISEE NOTE 1) = =
sausoravoi o ﬂiE L L A A I B S5 VI I VA VR
8045 uP READS DATA THOM COUNTERS DURING THIS TIME

READS SQUITTER FROM GROUND STATION TO
STABLISH PRF FOR ENCODE l_Vnﬂ‘ﬂNG TIME )

fls
uPDATM:LEARU u U ” “ ” | || | || || “ “ |-lz_';i U U ]
RESET COUNTERS

TIME FOR uP TO DO MATH CALCULATION AND
INITIATE CHANNEL READ AND ENCOOE

o e TR PULSES USED TO INITIATE THE DISPLAY

M

(U310, Q3) || || H || H | ]| H I || || | | H I I | H

I 2 3 4 5 6 T 8 9 10 Il 12 i3 14 I8 2 3 4

NOTE |. ALTHOUGH THE SEARCH TRACK COUNTER WILL GO THRQUGH 15 EPIC COUNTS, IT 1S ONLY DURING THE FIRST EPIC
THAT VALID DATA CAN BE RECEIVED IN RESPONSE TO THE DME TRANSMISSION

theg N TEOORHSN

FIGURE 3-3. MICROPROCESSOR
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1 Receiven
ENCODE | TIME TO GROUND STATION HECODED
(XMIT PULSES) |AND RETURN TO BE MEASURED[ P REPLY

|

VALID DECODE

2 DATA LINES [N

6 DATA LINES IN

g

r
‘STROBE L~

6 BIT LATCH 6 BIT LATCH

[ | ] | ] |

Qo [ai Jaz |o3 lao [a) a2 |as Qo [a1 [e2

SEARCH/TRACK SEARCH/TRACK SEARCH/TRACK
+5ye—IET +I16  TC CET =16 TC CET +—8

CEP R_PE C CEP__R_PE C CEPC R PEQ
SEARCH ENABLE START)) | | ! 7 1 ‘
EXTERNAL INTERRUPT {STOP)

CHANNEL READ
DATA CLEAR

-

|
c
R
0
P
R
0
c
E
S
S
9]
R

4MHZ
CLOCK

4
|
DIGIT A | ' X |‘/IOF B8 DIGITS

DIGIT B 8 CHANNEL|B8 LINES ONE LINE FOR_|
DIGIT C MUX ouT EACH DIGIT |

= ] e ¢
STROBE .__E‘E l |
]

d
- Y

SEGMENT
SELECTOR

7 LINES |SEGMENT | 7 LINES OUT
IN DRIVE | TO SEGMENTS

e

Dwg No. TPOOHHG

\7 SEGMENT LINES

FIGURE 3-4. SEARCH TRACK EPIC
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3.7.2 Search Track Epic

The front panel display includes 8 digits and the extreme left digit
never increases beyond "1". The display is the result of the valid
data acquired from the +2048 search track counters during the search
track epic. The capability of the display is considered to be 160
nautical miles. For the purpose of an explaination, one complete
Search Track Epic will be described showing the method of data
acquisition, the starting and stopping of the counters, and the
display of the digits. The mode switch on the front panel is assumed
to be in the GS/T position. (Refer to Figures 3-3, 3-4, 3-5)

During actual operation, the display is in increments of 0.1
nautical mile. The Search Track Counters count increments of 1.0
microseconds obtained from the divided down (+4) crystal controlled
4 MHz clock. The counters are started by the '"Search Enable' port
from the microprocessor 53 us after the "encode' port has turned on
the transmitter. The 1 MHz clock pulses are fed into the counters
without interruption. A single Search Track counter consists of
four edge triggered '"D" flip-flops (F-F) in series, capable of 16
counts with an output line from the output of each of the four flip-
flops. The counters output is in a binary format. Each of the
four output lines is capable of indicating the logic state of its
associated F-F, a '"1" (high) or "0" (low). Also there is a
Terminal Count (TC) output line which is fully decoded and is high
only on the 15th count and returns to logic low on the 16th count.
The TC output from the first counter is connected to the '"Count
Enable Trickel'" (CET) input of the second counter, and the TC output
of the second counter is connected to the CET input of the third
counter. The Count Enable Trickle input must be logic high to
enable the counter. A logic low at the CET input inhibits the
count sequence and freezes the output lines in their existing
states at the time the CET input goes logic low. The condition of
each output line is shown in Figure 3-05.

To satisfy these operating conditions, apply the control signals
to the Search Track Counters. The '"data clear" line from the
microprocessor has set all the counters and latches to their zero
state (all four output lines are logic low). The uninterrupted

1 MHz clock is present at the clock input of the counters. The
ngearch enable" line from the miecroprocessor goes to logic high,
enabling the counters. As the clock pulses are loaded into the
counter, the count progresses in a binary sequence as shown in
Figure 3-5 and Table 3.3.
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FIGURE 3-5, SEARCH TRACK TIMING DIAGRAM
».
TABLE 3.3. 4 BIT BINARY COUNTER
COUNT OUTPUT
Qo Q1 Q2 Q3
Reset O L L L L
1 H L L L
2 7 H i L
3 H H L L
4 L L H K
5 H L H 3
8 L H H £
7 H H H 1
8 L L i H
9 B L L H
10 L H L H
11 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H
16 L L L L
L= Low H=High »
Dwg. No. TP00879 "'
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3.7.2 Continued

If, at the count of 9, a reply strobe pulse is fed into the 6 bit
latches, as shown in Figure 3-4 and Figure 3-5, the data at the

latch inputs (Q0/Q3 are high, Q1/Q2 are low) will be transferred

to the latch outputs for the microprocessor to read. At the same
time the latches are being strobed, the "Dead Time'" multivibrator

is triggered (60 us), and its output is the '"Valid Decode' input to
the microprocessor. Upon receipt of the Valid Decode, the micro-
processor accepts the data from the latches and during the 60 micro-
second duration of the multivibrator it will not accept any new data.
This 60 us Dead Time is to suppress echoes (signal multipath).

The counter continues the count sequence and upon reaching the 15th
count the Terminal Count (TC) line goes logic high and enables the
next counter. On the 16th count, the QO output of the 2nd counter
changes state, and the TC line of the first counter goes logic low
and freezes the 2nd counter while the 1st counter again starts its
count sequence., Thus it can be seen that the 2nd counter is being
enabled on by only 1-out-of-16 pulses so that in order to reach its
terminal count of 16, there must be a total of 256 pulses (16 X 16).
The 3rd counter needs 2048 pulses (256 X 8) in order for its Q3 out-
put line to go high on its count of 8. This Q3 output from the 3rd
counter is fed to the "External Interrupt" (EXT. INT.) port of the
microprocessor and is used by the microprocessor in two principle
ways:

1. As a command to light the display.
2. As a clock to limit the number of external interrupt
pulses to 15.

At the conclusion of the Epic, the "data clear'" and '"search enable"
lines go logic low to clear the counters and shut them down. After

a period of approximately 90 us, the two lines go logic high to start
another count. The microprocessor will initate fifteen more terminal
counts and at the conclusion of the 16th terminal count (see Figure
3-3), will shut down the Search Track counters for approximately 1 ms,
During this off period, the microprocessor is doing math calcula-
tions and setting up the sequence of reading ground station squitter,
initiating channel read and encode pulse pairs. At the conclusion

of the 1 ms shutdown, the microprocessor starts the Search Track
Counters and samples the ground station squitter which it will use

to establish the "Encode'" PRF rate. Next, the microprocessor shuts
down and clears the Search Track Counters and then issues a '"channel
read" command consisting of 2 pulses. The first pulse will load the
frequency control lines data into the Search Track Counters and upon
receipt of the next Search Track Counter 1 MHz clock pulse, transfers
this data to the inputs of the 6 bit latches. The 2nd '"channel read"
pulse strobes the 6 bit latches and transfers this data into the
microprocessor where it is compared to the previous "Channel Read"
data. As was stated previously, the mode switch is in the GS/T
position,
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3.7.2 Continued &

During the '"Channel Read" command, the microprocessor reads the

"EXT. INT.'" line to sense which frequency mode the pilot has selected,
If the EXT. INT. line is logic high, the mode switch is in the "FREQ"
position whereas a logic low indicates the GS/T position. In the GS/T
mode, the display is Distance, Velocity, and Time-to-Station. When
the microprocessor compares the current data with the previous data
and they agree, no change will occur in the display. However, if

the data does not agree because the pilot has selected a new
frequency, then the microprocessor will initiate the following action:

1. Encode the synthesizer channel data and clock lines to
update the synthesizer frequency. This occurs only once.

2, Cause "bars'" to appear in the distance section of the
display.

3. Temporarily display the new frequency selected. When the
DME locks on to the new station approximately 4 seconds
later, the display will automatically revert back and read
Distance, Velocity, and Time-to-Station.

Upon receipt of each EXT. INT, pulse at the end of each terminal

count the microprocessor will send a "strobe'" pulse to the display
"DIMMER MULTIVIBRATOR" and encode the digit and segment lines to

light the display. The digits are not lighted in sequence (i.e. O,

1, 2, 3, ---- 7), rather they are selected in a specific sequence

to prevent a possible ripple effect that may be seen by the human b
eye. The digits and segments are strobed for approximately 2 ms

each at a 60 Hz rate.
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3.8 DETAILED CIRCUIT DESCRIPTION
3.8.1 Modulator

The Modulator turns on the transmitter when directed to by the
Encode port of the microprocessor (U319). The Modulator is
separated into a pulse width control section and a driver section
as shown in Figure 3-6. The Encode port triggers the pulse width
multivibrator (U316) at a PRF of 30 Hz with a pair of pulses whose
spacings are 12 microseconds (us) (X channel), or 36 us (Y channel).
The period of U316 is adjusted by R356 to set the width of the
transmitter's output pulses to 3.5 us.

The modulator driver receives +60 volts from the power supply and
Zener diode, CR323, regulates this at 51V. This 51V is the supply
voltage for the transmitter and Modulator drive transistor, Q301.

In the quiescent state, the base of Q301 is clamped one diode
junction above the 51V Zener voltage and is sitting at 51.,7V. Clamp
diode, CR324, prevents the base/emitter voltage of Q301 from
exceeding its rated_reverse breakdown of 5V. When U316 is triggered,
its Q2 (pin 5) and Q2 (pin 12) outputs turn on Q302. Q302 pulls the
base voltage at Q301 down, thereby turning on Q301. Q301's collector
rises to 50V for a period of 3.5 us for each trigger pulse. (These
pulses are used to modulate Q206, the pedestal modulator, in the
Exciter section of the transmitter and Q103, the final transmitter
modulator).

+51
TO XMIT CIIT 301 CR324 cslal
£309 24054

+80
FROM EGOB I

R343
+5v

5

R34 c3i8 R3S R3se
UL

XMIT PULSE ]——) Lok
WIDTH 6 T ADJ.

|
|
| 9 [Cext2  REXTE
|

PULSE
TO XMITCIIB

2 c
o EXT |, R392
7418123 a2 Q302
ol B 1= 2N885|
| B2 . pp @2
| c324 (0
+5V
[, e st s S —.
ENCODE PULSES FROM U3i9 pug No, TPOOARH

FIGURE 3-6. TRANSMIT PULSE MODULATOR
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3.8.2 Transmitter

The Transmitter amplifies the RF excitation from the Synthesizer

and doubles it's frequency when pulsed by the Modulator. The
transmitter comprises 4 basic functional areas as shown in Figure
3-7, CW amplifiers Q201, Q202, Q203, and Q204, first pulse amplifier
Q205, frequency doubler Q101, and final amplifier Q102. When
provided with an excitation level of +3 dBm at 550 MHz, the exciter
output frequency range is from 520.5 through 575 MHz and the trans-
mitter output from 1041 to 1150 MHz, however, to simplify this
description, the input and output frequencies will be 550 and 1100
MHz respectivily.

o —_—— e ———— — —
| l_—( EXCITER »————‘ l—(mmsmnem—l |
CWAMPS  Lo0dam v oMz |

+3 dbmFROM BUFFER (0dB 2202 m| PULSE AMP |PULSE [FREQ.DOUBLER FINAL AMP| 25W
SYNTHESIZER Q201 "1 203 0204 Q203 !0l Q02  [TRANSMITTER
: OUTPUT TO
DIPLEXER
| 50V PULSE PAIR |

FROM MODULATO

J —_— =

Iy No, TROOKRG

FIGURE 3-7. RF TRANSMITTER FUNCTIONAL BLOCK DIAGRAM

3.8.2,1 Exciter (low level RF amplifier) Refer to Schematic Fig. 6-2

The Exciter is a & transistor RF amplifier that provides 1 watt

(+30 dBm) of pulsed drive to the frequency doubler, Q101. A
resistive attenuator (R201, R202, R203) provides isolation between
transmitter and synthesizer. C301 is the coupling capacitor to the
input buffer stage, Q201. Q201's output is RC coupled to Q202, Q203,
Q204, Q205, Q101, Q102. These capacitors, together with inductors
L201, L202, L204, and L206 form the interstage matching networks.
L207 and L101 are RF chokes.

Functionally, the Q202/Q203, Q203/Q204, and Q204/Q205 interstage
coupling are identical., Each output stage uses a pair of capacitors
as a divider network with one of the capacitors being adjustable

so as to match the impedance between stages for maximum transfer of
power. The output of Q202 is delivered to a special 50 ohm power
splitter, T201, whose purpose is to split the signal into two paths,
one going to the mixer at a 0 dBm level, and the other to Q203 at
the same 0 dBm level. Q203 delivers a +10 dBm level to Q204 and
Q204 delivers +20 dBm level to Q205. Part of the interstage coup-
ling network between Q205 and the frequency doubler Q101 is a coax-
ial cable (72201) cut to 1/4 wavelength which transforms the high
impedance required at Q205's output, to a low impedance at Q101's
input. This type of matching is necessary because the impedance
looking into the emitter of Q101 is very low. L207 acts as a DC
return for the emitter of Q101 and C221 is used to parallel the
inductive component of the input impedance of Q101,

@’
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3.8.2.1 Continued

Separate decoupling circuits are used in Q202 and Q203 stages.
C206 and C211 are used for RF bypass and R210 and R218 are used
for decoupling from the +14 volt power supply.

All 5 stages ol thu Exciter receive base bias through voltage
dividers (i.e. Q201 uses R206 and R205), and operate as Class A
amplifiers. However, with no DC bias, Q101 and Q102 operate as
Class C amplifiers. Upon receipt of a pair of 50 volt pulses f rom
the pulse modulator, the pedestal modulator transistor, Q206, is
turned on. These 50 volt pulses are Zener regulated down to 33
volts by CR201. The 550 MHz RF is continuously applied to Q205's
input, when the 33 volt pulses are applied to the collector, the RF
is gated on and this output is applied to the transmitter frequency
doubler, Q101, The drive into Q101 is 1 watt of pulsed power.

3.8.2,2 Transmitter Doubler and Final Amplifier

The negative excursions of the pulsed RF applied to the emitter of
Q101 turn this frequency doubler on. The 550 MHz is half-wave
rectified, and according to theory, contains all the discrete
numbered multiples (i.e. 1-2-3-4----) of the fundamental applied
frequency, 550 MHz., At the collector of Q101 is a 1/4 wavelength,
open coaxial cable (Z2101) that acts as a RF short to the 550 MHz
and as a high impedance to the 2nd harmonic, 1100 MHz. The power
developed at the collector of Q101 is 4 watts and is coupled into
the final amplifier, Q102. The impedance matching network coupling
Q101 and Q102 consists of etched printed circuit transmission lines
with adjustable capacitors, C102 and C118, providing the means for
making an optimun match.

At the same time the pedestal modulator transistor (Q206) is turned
on, the final amplifier modulator (Q103) is also turned on, however,
the combination of R104 and L102 form a delay network to insure that
the pulsed RF energy from Q101 will arrive at Q102 before Q102 is
gated on, The reason for this is to insure that the final trans-
mitted pulse pair will have the correct shape. The purpose of L107
at the emitter of Q103 is to provide a DC return path, The output
from Q102 is 25 watts of pulse power. This is coupled through
etched printed circuit transmission lines to the Diplexer.
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3.8.3 Diplexer Receiver and AGC Circuits

Shown in Figure 3-8 are the receiver circuits in block form. RF
energy is routed to the Band Pass Filter (BPF) by the Diplexer.

BPF output energy is amplified by the RF amplifier and then mixed
with the local oscillator signal from the power splitter T201, to
produce a 63 MHz IF signal. This signal is then amplified in the
receiver's 63 MHz IF amplifier, video detected, amplified and clipped
to a 5 volt logic level and then sent to the Decoder,

The Decoder delays the video data for 12 microseconds (us) on X
channels or 30 us on Y channels. Properly spaced pulse pairs will
result in delayed data from the Decoder, and Video data to the
Decoder, arriving coincidently at U313's AND gate inputs. A pulse
from the AND gate will then enable the Sample and Hold AGC circuit
that will then sample the Video amplifier's pulse amplitude and
produce an AGC voltage for the 63 MHz IF circuits.

3.8.3.1 Diplexer and Band Pass Filter

The Diplexer alternately connects the antenna to the receiver or
the transmitter as directed by the 33 volt pedestal modulator pulse
pair. In the transmit mode, the positive going pedestal pulses will
forward bias PIN diodes CR102 and CR103. Diode CR102 connects the
transmitter output, through C106, to the antenna while CR103 is
tapped to an etched printed circuit transmission line at the 1/4
wavelength point resulting in a high impedance to the transmitted
frequencies.

This provides the necessary isolation between the transmitter and
receiver. The purpose of L108 and C119 is to parallel resonate
with the parasitic capacity of PIN diode, CR102. The purpose of
Cl110 is to series resonate with the inductive component of PIN
diode CR103. Inductor L103 is the DC return path for the diodes.

Y

DIPLEXER ANDPASS RF Mi XER LOCAL OSCILLATGR
FROM - BAN ~
TRANSMITTER E';:gg FILTER 5‘.’3‘; E,';',gg FROM T20I
FROM

PEDESTAL MODULATOR

63 MHZ
1F VIDEO VIDEO LOGIC
Q706 DETECTOR AMP Dg_lr\giﬁ DATA TO DECODER
TO CRTGI Q703
Q710 L Q705

SAMPLE AND HOLD
AGC u3i3 DELAYED DATA
Q702,Q70I ~"FROM DECODER

(IR

ey Bo. TR

FIGURE 3-8, RECEIVER BLOCK DIAGRAM
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3.8.3.2 RF Amplifier and Mixer

The RF amplifier consists of a low noise UHF transistor, Q104, stage
which provides a gain of 8 dB over the frequency range of 978 to
1213 MHz. In addition to increasing the level of the incoming RF
signal, it also acts as a isolation to the local oscillator signal
in the mixer, preventing CW antenna radiation. L104 parallel
resonates the parasitic capacity of Q104 and C113 couples the
received signal into the mixer,

The local oscillator (L0O) injection, which is 1/2 the frequency of the
the transmitter, is coupled into the mixer through the series resonant
combination of C114 and L105. The harmonics generated in the mixer
will be isolated from the Exciter as this series L and C is seen as

a high impedance to these freguencies. Mixing occurs in diodes CR104
and CR105 where the LO and Receiver RF signals are heterodyned, the
ond harmonic of the LO with the received frequency provides a dif-
ference frequency of 63 MHz. The inductor L106 is a low impedance

to 63 Mz and passes this signal to the IF Amplifier, however, its
impedance to higher frequencies effectively isolates them from the

IF Amplifier.

3.8.3.3 1IF Amplifier and Detector (Refer to Figure 6-5)

The five stage IF amplifier, Q706 thru Q710, is comprised of a 63 MHz
6 pole filter consisting of 3 double-tuned interstage networks and

a single tuned coil, L701. AGC voltage is applied to each of the IF
transistors with the gain being proportional to the amount of AGC
voltage available to supply base current to each transistor. The

+14 volt supply to each collector is RF bypassed by a 1000 pF
capacitor and decoupled by a 100 ohm resistor.

The 63 MHz energy from the Mixer is amplified and filtered by Q708,
Q709, Q710, and further amplified by the two stage amplifier, Q706
and Q707. The signal at the collector of Q706 is coupled into a
series resonant combination consisting of C708 and L701. This
combination is broadly resonant at 63 MHz and the amplitude of the
signal across L701 is greater than that across C708, This RF signal
must now be video detected which is the purpose of Schottky diode,
CR701. In addition to resonating with C708, 701 is the DC return
for CR701.

The signal to be detected consists of two 3.5 microsecond (us)
Gaussian bursts of 63 MHz energy. The negative excursion of the
signal turns on CR701 and charges C702. The RC time constant of

R702 and C702 is slightly greater than 3.5 us and far greater than
the time of one cycle of 63 MHz. Thus when CR701 is initially

turned on, C702 receives a negative charge, then, during the positive
excursion the RF signal back biases CR701. C702 does not have enough
time to recover its positive charge and C702 remains negative until
the signal ends and C702 regains its positive potential. Therefore,
the detection process is the formation of a negative pulse at C705
whose width is equal to the 3.5 us burst.

The purpose of L702 is to block 63 MHz energy from the Video Amplifier.
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3,8.3.4 Video Amplifier and Logic Driver (Refer to Figure 6-5) &

Video amplifier, Q703 is normally biased on, thus operaling Class A,
while logic drivers Q704 and Q708 are biased off. The gain of Q703
is approximately 200 which increases the detected video pulse
amplitude to about 1 volt peak-to-peak. The negative detected pulse
at C705 reduces the base current in Q703 generating a positive pulse
at it's collector turning Q704 on. As Q704 turns on, its collector
goes negative with respect to the emitter of PNP Q705 and turns on
Q705 pulling the junction of R708 and R711 up to 7 volts.

This squared pair of 7 volt peak-to-peak pulses is ol correct logic
level to drive the decoder, U306. Diode CR702 clamps to ground any
negative pulses, which would interfere with the AGC Sample and Hold
circuitry.

3.8.3.5 Sample and Hold AGC (Refer to Figure 6-2 and Figure G-5)

The Sample and Hold AGC controls the IF gain to produce uniform
amplitude pulses at the output of the Video amplifier. In addition,
only properly spaced pulses will enable AGC action. Proper pulse
spacing is determined by AND gate U313, The receiver video pulses
are applied to U306, the Dlecoder, and U313. The Decoder delays the
receiver video pulses 12 us on X channels or 30 us on Y channels.
Delayed data from the Decoder is applied to U313. If properly
spaced, the second Video pulse from the receiver will occur coin- b
| cident with the delayed first video pulse from the Decoder thereby
i generating a single pulse at the output of U313, This pulse will

turn on Q702, and as a result, video pulses from the voltage divider
R704 and R709 are gated from the collector of Q702 to the emitter
and charged up holding capacitor C703. These sampled video pulses
cause Q701 to conduct. Normally, transistors Q708 thru Q710 receive
bias from the +14 volt supply which is divided down by R701 and each
470K base resistor (R714, R717, R720, R723, R726). When video pulses
turn on Q701, the AGC voltage is reduced according to the amplitude
of these pulses. Therefore, the gain of the II' stages is automatically
controlled.
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. 3.8.4 Decoder

3.8.4.1 General

The purpose of the Decoder is to examine the received signals for
proper pulse spacing (i.e. either 12 or 30 us). Incorrectly spaced
pulse pairs are rejected while correctly spaced pulse pairs are
accepted and routed to the IDENT multivibrator, Receiver AGC
circuitry, and Dead Time multivibrator.

3.8.4.2 Theory (Refer to Figure 3-9 and Figure 6-2)

The Decoder is comprised of a shift register (delay line) U306,
Coincident AND gate U313D, and X-Y channel select inverter U314A

as shown in Figure 3-9. The shift register functions as a digital
delay line operating in a serial-in/serial-out mode with clock
pulses shifting the data at a 1 microsecond rate. The length (delay)
may be programmed to any number of bits between 1 and 64 by applying
the proper logic 1 (high) or logic 0 (low) to the control inputs

(L1, L2, L4, L8, L16, L32). (See Table 3.4)

AGC CONTROL PULSE

GATE GATE

J COINCIDENT AND OR LATCH
. IF RECE IVER REYRVIDEQISHIFT REGISTE e el U308

u3oeé
o125 DELAY U3 13D U3 U307 u3oe
Y«30uSDELA
CLOCK %X~-Y CHANNEL FRONT PANEL
SELECT GATE | FREQ.SELECT
1us U3|4A SW30l
Dwg No. TPOOBBE

FIGURE 3-9. DECODER BLOCK DIAGRAM

TABLE 3.4. U306 PROGRAM

CONTROL IMPUTS REGISTER LENGTH CHANNEL

L32 |L16| LB | L4 | L2 | L1 MICROSECONDS

0 0 1 1 0 0 12 X
0 1 1 1 1 0 30 Y

Dwg. No. TPOOBSO
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3.8.4.2 Continued
Table 3.4 shows the programming for the X-Y channels.

When the shift register (U306 is programmed for an X channel the
register is clocked at a 1 us rate and 12 clock pulses thus provides
a delay of 12 us. Y channel is represented by 30 clock pulses
equaling a 30 us delay.

For example: Select zero KHz (X channel). The X-Y channel control
select gate input (U314A, pin 1) will be logic 1.
This is inverted by U314A (to logic 0) and applied to
U306 control input's L2 and L16, (See Figure 3-10)
providing a 12 us delay at its Q output, pin 10,

At the beginning of a Search Track Epic, the Encode port (pin 3) of
the microprocessor U319 sends 2 pulses to the reset (R) input of
U306 and Q output (pin 10) will be set to logic 0, When a reply is
received, the first receiver Video pulse (P1l) is differentiated by
314 and R342 and applied to U306, pin 6. Diode CR319 clamps the
negative differentiated spike to ground which protects the CMOS U306.
The 1 us clock pulses begin to shift (delay) the data (Pl). After
12 us, P1 appears at the Q output of U306 and is applied to pin 12
of U313D (Coincident AND Gate). At the same time, the second
receiver Video pulse (P2) appears and is applied to pin 13 of U313D.
Since both P1 and P2 are present at the same time, a single pulse
appears at the output of U313D, pin 11, Thus, only properly spaced
replies can pass through 313D,

The decoder reply from U313D is used in four ways:

(1) It is used by the IF Receiver to enable the AGC sample-
and-Hold (AGC control pulse).

(2) It is used as a trigger for U312A the IDENT Generator.

(3) It is used as a trigger for U312B the Deud Time
Multivibrator.

(4) It is used as a strobe for the latches, U308 and U309.

When U312B (Dead Time) is triggered, U306 will be shut down for
approximately 60 us as the Q, output from U312B, pin 5 is applied
to the reset (R) of U306.
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3.8.4.3 Dead Time Multivibrator (U312B) (Figure 6-3 and Figure 3-10)

The Dead Time Multivibrator, U312B, serves to reduce the possibility
of synchronizing the DME to a reflection path (Echoes). The chances
of this happening at shorter ranges is much greater than at longer
ranges, hence, the Dead Time of 60 us corresponds to a range of
approximately 5 nautical miles.

U312B is a retriggerable, resettable multivibrator. Table 3.5
shows the A-B excitation and the response to those inputs,

At the start of a Search-Track Epic, the Search Enable line is logic
low and prevents U312B from being triggered. 53 us later the Search
Enable line goes logic high for the duration of the 0-160 mile count,
and is inverted by U314B. U312B is now primed and ready to be
triggered. Upon receipt of a valid decoded pulse (trigger) from

AND gate U313C, U312B is triggered for a dead time of 60 us. The

Q output of U312B is OR'ed by U307A and shuts down the Decoder, U306.
The Q output of U312B is the Valid Decode input signaling the micro-
processor (U319) to accept the data from the latches.

TABLE 3.5, U312 EXCITATION

IRPUTS vai1z2 _L_ This symbol means an input
spres <— transition from Logic High
PON
HESPONSE to Logic Low.
HO TRIGGER

This symbol means &n input
TRIGGER <— tranaition from Logic Low

B

L

H

I~ | no TRIGGER to Logiec High.
o i

TRIGGER H=Logic High, L=Loglc Low
Dwg No. TPOOBBZA

:—:rll.la-
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3.8.5 Search Track Counters and Latches

The microprocessor commands the Search Track Counters and Latches to
operate in either of three modes: Search Track, Channel Read, and
display interrupt. The microprocessor has a routine that it has
been programmed to follow. This was explained in Section 3 T
Briefly that sequence is as follows: the microprocessor will
initiate 15, 0-160 mile counts (a 0-160 mile count is the time taken
by the counter chain to reach its terminal (end) count), and then
briefly interrupt this sequence to perform various calculations,

and then issue a Channel Read command.

3.8.5.1 Search Track Sequence Mode

The purpose of the Search Track Mode of operation is to measure the
elapsed time between the DME transmission and the ground station
reply. This is accomplished by counting 1 microsecond intervals
(equivalent to 0.08 mn) between airborne transmission and ground
reply with a delay that cancels the Ground Stations delay.

Before proceeding with the circuit theory, a functional description

of a 74LS174 latch and 74LS161 counter will be given so that their
operation may be fully understood.

ldale lils b

cP

Do D) D2 Dz D4q D5
U308, U309
7415174

The 74LS174 is a high speed Hex D Flip-Flop. The information
on D inputs (DO to D5) is transferred to storage (Q0 to Q5)
during the LOW to HIGH clock transition (CP). The device has
a Master Reset (MR). A logic LOW to the MR input will force
all Q outputs to logic LOW, independent of clock or data
inputs. (Refer to Figure 6-3, and Table 3.6)
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3.8.5.1 Continued
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The 74LS161 is a 4 bit synchronous binary counter that counts
up to 16 in a binary sequence., It features a synchronous
Parallel Enable (load). All changes of the Q outputs occur as

a result of, and synchronous with, the LOW to HIGH transition
of a Clock input (CP).

Three control inputs, Paralled Enable (PE), Count Enable
Parallel (CEP) and Count Enable Trickle (CET) select the mode
of operation. The Count Mode is enabled when the CEP, CET
and PE inputs are logic HIGH. When the PE is logic LOW, the
the counters will synchronously LOAD the data from the
parallel inputs (PO, P1, P2, P3) into the counter on the LOW
to HIGH transition of the clock, Either the CEP or CET can
be used to inhibit (HOLD) the count sequence, With the PE
held logic HIGH, a logic LOW on either the CEP or CET inputs
will cause the existing output states (QO0, Ql1, Q2, Q@3) to be
retained.

The Terminal Count (TC) output is logic HIGH when the CET
input is HIGH and the counter is in the 15th count of its
sequence, On the 16th count, the TC returns to LOV.

The Reset (R) input, when logic LOW, overrides all other
input conditions and sets the Q outputs to logic LOW.
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. 3.8.5.1 Continued

53 microseconds after the Encode port of U319, pin 3 has initiated
| a DME transmission, the Search Enable port (U319 pin 5) goes logic
| HIGH and enables the Search Track chain. Concurrent with the Search
Enable line, the data clear line goes logic HIGH releasing the
counters and latches from their reset state. The Channel Read line,
which is normally LOW is inverted by U314E and sets the counters to
the Count Mode.

U301 feeds 1 us clock pulses continuously to the counters (U304,
U305, U310) which run uninterrupted to the final count of 2048,

TABLE 3.6, BINARY CODE
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3.8.5.1 Continued &

U305 and U310 are initially inhibited since their CET inputs are
connected to the TC output of the preceeding counter and are in

a logic LOW state. (Refer to Figures 3-11, 3-12, 3-13) U304 begins
counting and at the 15th clock pulse its TC output goes logic HIGH.
This releases U305 from its HOLD state and upon receipt of the 16th
clock pulse, QO of U305 goes to logic HIGH, and the TC output of
U304 goes back to logic LOW and puts U305 back in the HOLD state.
U304 again goes through its count sequence which results in the Q1
output of U305 changing to logic HIGH. It has taken 32 clock pulses
for U305 to reach the count of 2. In order for U305 to reach the
count of 15 and release U310 from its HOLD state, it will take 255
clock pulses. During one 0-160 mile count, there will be 128 TC
output pulses from U304 and 8 TC output pulses from U305, The Q3
output from U310 is connacted to the External Interrupt (EXT INT)
port, pin 38, of U319. A logic HIGH signals the microprocessor to
end the 0-160 mile count, start another and initiate the display.
Since Q3 of U310 will go logic HIGH on its count of 8, it will take
a total of 2048 (256 X 8) clock pulses to end the count. The micro-
processor will use the EXT INT pulse as a display initiate and as a
clock to 1limit the number of 0-160 mile counts to 15, at which time
it briefly enters into a different routine. The Data Clear (counters
reset) time between each of the 15 counts is approximately 90 us,

A reply pulse pair that is received during a Search Track epic and is \
recognized by the decoder, will strobe latches, U308 and U309, and
U312B the Dead Time Multivibrator. The outputs from the counters,

at the time of the latch strobe from U307B, will be transferred to

the latch outputs for the microprocessor to read., The latch strobe
does not stop the counters, it only samples their outputs.

During a later routine in its program, the microprocessor will re-
view all this stored data in its memory banks and make comparisions
to sort out the valid synchronous replies from the noise and ground
station squitter, This data will be smoothed and used by the micro-
processor to compute distance, velocity and time-to-station infor-
mation. If for any reason, valid replys are not received for 10
seconds or longer, the microprocessor will signal a fault by causing
"bars" to be displayed in place of the distance readout.
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3.8.5.2 Channel Read Sequence Mode (Refer to Figures 6-3, 3-11, 3-13)

The purpose of the Channel Read Sequence is to sample the frequency
control lines at a 30 Hz rate and latch this information for the
microprocessor to read. At this point serial data can be sent to
the digital control section of the synthesizer, in the event
frequency has been changed.

In addition the following are also sampled at a (30 PRF): The RNV
mode line, X-Y channel line, local-remote channel line, and the GS/T
mode line,

As shown in Figure 3-11, the last routine in the microprocessor's
cycle is to issue a Channel Read command. This consists of a pair
or positive pulses from the Channel Read port, pin 16, of U319
which initiates the following action:

a) The Channel Read pulses are inverted by U31l4E and fed
to the Parallel Enable (PE) inputs of the Search Track
Counters, A logic LOW into the PE sets the counters into
a LOAD condition and upon the receipt of the next 1 us
clock pulse, the data present at the parallel inputs (PO-
P3) is transferred to the outputs (Q0-Q3).

b) The channel read pulses are OR'ed by U307B and strobes
the latches U308, U309, which transfers the data present
at DO to D5 to the latch outputs where it is read by the
microprocessor.

When a frequency is first selected, the microprocessor will issue
only one set of data to the synthesizer digital logic control.
Thereafter, as it samples the frequency control lines, it will
compare new data to the old, and if the same, will take no action.
However, when a new frequency is selected, the new data will not
compare with the old so the microprocessor will again issue only
one set of new data to the synthesizer logic.

The DME 890 uses 4 lines of the ARINC 2/5 code for frequency
selection. Local or Remote Mode of frequency selection is made via
the PULL RMT switch (SW304) on the front panel. Pushed in, the DME's
frequencies are selected by its MHz and KHz frequency knobs. Pulled
out, the DME's frequencies are selected at a remote (separate) NAV
receiver,
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3.8.5.2.1 Local Channeling (Refer to Figure 6-3)

The Local Channeling circuitry consists of SW304 (Local/Remote-PULL
RMT) and SW301 (Frequency/Select), isolation diodes CR310 to CR318,
and pull-up resistors R320 to R328. Figure 6-3 shows SW301l in the
108,00 position and Local/Remote switch, SW304, in the local position.
The complete ARINC Code for the MHz and KHz section of SW301 are
printed on the schematic in tabular form and show which 2-out-of-5
lines will have continuity to ground. The third section of SW301 is
the X-Y channel select.

The example that follows relates the events of a channel 108.00
setting:

SW301's pin 10 (MHz), pin 13 (KHz), and pin 12 (X-Y) are connected
and identified as the Co line in Figure 6-3. The contact of each
pin is always making contact with its respective rotating tab. Line
Co is connected to ground through the LOCAL contact of SW304.

Figure 6-3's MHz tabulation shows that, in addition to line Co being
grounded, the A and D lines are grounded. The schematic pictorially
shows the mating of the contact and rotating tab connected to ground
(pins 3, 9, and 10).

A ground at pins 3 and 9 will pull the junctions of CR314/R325 and
CR317/R328 to a logic LOW. These signals enter counter U305 at pins
6 and 3 respectively.

Figure 6-3's KHz tabulation identifies that the Co line and the B
line are grounded while the Y line (channel) is open (logic HIGH).
Pictorially pin 3's contact is mating the rotating tab and thus
grounded via the Co line (pin 13). This pulls the junction of
CR312/R322 (KHz B, pin 3) to logic LOVW.

SW301's X-Y section pin 8 shown pictorially NOT making contact with
the rotating tab and the junction of CR318/R324 is pulled-up to +5
volts (logic HIGH).

The X-Y channel line, is connected to counter U310, and also connected
to inverter U314A that programs decoder U306 for an X channel delay

of 12 microseconds or a Y channel delay of 30 microseconds, Counters
U304 and U305 are used to extract the ARINC channe _ing data for the
microprocessor while counter U310 is used to sense four special
operating conditions:

1. Input PO of U310 senses the logic state of the X-Y channel
line. A logic HIGH (X channel) signals the microprocessor
to Encode a pulse pair of 12 microsecond spacing while
the logic LOW (Y channel) will Encode a pulse pair of 36
microsecond spacing.
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3.8.5.2.1 Continued

2. Input Pl of U310 senses the logic state of the RNV Mode
control line. A logic LOW sigrals the microprocessor to
activate the RNAV data lines. The input ¢o P1 is also
routed to NAND gate U311D and is used to i'luminate the
letters RNV in the display.

3. Input P2 of U310 senses the positiun of tae Local/Remote
(RMT) Mode switch (SW304). The juaction of R329/R331
determines the logic sta*e of the serszing line as it is
connected to P2, With SW304 in the J)CAL position, P2 ls
pulled to logic HIGH (5 volts) through pull-up resistor
R331. When SW304 is in the Remote position, R329 is
grounded pulling the junction of R829/R321 LOW, thus
providing a logic LOW to P2 of U310. This logic LOW
signals the microprocessor to light the letters "RMT" in
the display.

4. The P3 input to U310 senses the position of the GS/T
FREQ. Mode switch (SW302). When the switch is in the GS/T
position, P3 is grounded through R332 and gives a logic
LOW input. This signals the microprocessor to display
distance, velocity, and time-to-station information and
illuminates the letters NM, KT, and MIN. When the switch
is in the FREQ position, P3 input is connected to +5 volts
(logic HIGH). This signals the microprocessor to display
distance and frequency information and illuminate the
letters NM and MHz,

3.8.5.2.2 Remote Channeling (Refer to Figure 6-3)

The DME 890 is capable of being remotely channeled by those NAV
receivers that use the ARINC 2/5 code in their remote channeling
switches,

The remote channeling circuitry consists of isolation diodes CR301
to CR309, pull-up resistors R310 to R318, isolation resistors R301
to R309, remote channeling buffers U302 and U303, and the Local/
Remote Mode switch (SW304).

When SW304 is in the LOCAL position, the outputs of buffers U302

and U303 are in a high impedance state, as a logic HIGH of 5 volts
through resistors R330 and R331 turns them off, This isolates the
Remote Mode from the Local Mode. When SW304 is placed in the Remote
position, the junction of R329/R331 goes logic LOW activating the
buffers and connecting the remote channeling lines to counters U304
and U305. With SW304 in the Remote position, the common Co line
from SW301 (front panel frequency select) is removed from ground,
rendering the Local Mode inoperative.
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3.8.5.2.2 Continued

When SW304 is in the Remote position and there are no connections

to the remote channeling lines, then they will all be pulled up to
logic HIGH (5 volts). The microprocessor has been programmed to
sense this unique condition and will signal a fault by causing the
display to flash, at a 3 Hz rate, the word "Error'". When a remote
receiver is connected and being used to channel the DME an incorrect
ARINC code will cause the Display to read, "Error'.

3.8.6 Ident Generator

The Ident generator (U312A, pin 2) is toggled by the signal obtained
from the decoder AND gate, U313D. This can be noise, squitter, or
Ident. The Ident signal is a Morse code identification of the ground
station at 1350 Hz, actually, a regular PRF of 2700 Hz (1350 double
pulses). When not transmitting Ident, the ground station transmits
squitter, a random output of approximately 2700 pulse pairs per sec.

The Ident generator, R812A, is a retriggerable multivibrator (see
Figure 6-3)., When U312A is triggered at a regular rate, the output
is approximately a 30-70% duty cycle 1350 Hz square wave as deter-
mined by the time constant of R349 and C317.

The trigger input from U313D is a positive decoded pulse comprising
2700 squitter pulses per second. Since these pulses are random,
the Ident output sound is similar to that of noise. However, when
Ident is being transmitted, the sound of the 1350 pulse pairs per
second tone resembles the output of a tone generator.

The supply voltage to U312A is only +5 volts, making the output
insufficient to generate enough audio power, therefore, U311B, an
open collector NAND gate, 1s used to translate the output level up
to 414 volts through pull-up resistor R333. This signal is then

AC coupled through C321 to the ldent level potentiometer R354, which
is part of the OFF-IDENT-PULL RMT switeh located on the front panel.
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3.8.7 Clock Generator

The clock generator provides timing pulses to the microprocessor,
decoder, search track counters and the phase locked loop of the
synthesizer. The clock generator comprises a crystal controlled
4.000 MHz oscillator driving the microprocessor and a 4 bit ripple
counter as shown in Figure 3-14,

In the following description, the pulse periods are given on the
basis of the interval between the leading edge of adjacent pulses,

The period is much easier to read and check from the calibrated time
base of an oscilloscope. Refer to Figure 6-3.

The crystal oscillator comprises two inverters within U314, The
first section, U314F utilizes R350 to set the operating range in
its linear region. The second stage, U314D, serves as an inverter,
whose ouput, through capacitor C319 and crystal Y301 provides the
positive feedback necessary to sustain oscillation at the crystal
frequency. The clock drives the microprocessor U319, and counter
U301,

U301 is a 74LS93 4 bit ripple counter. The master resets (pins 2
and 3) are grounded permanently, enabling the counter, The 4 MHz
clock pulses are applied to input CPO. Simultaneous divisions of
2, 4, 8 and 16 are performed at Q0, Ql, Q2, and Q3 outputs when the
output of Q0 is externally connected to input CP1.

The divide by 4 output (Q2) provides 1 us clock pulses to the
decoder U306, and Search Track counters U304, U305, and U310. The
1 us period is equivalent to 0.08 nautical mile. The divide by 16
output (Q3) provides a 4 us (250 KHz) reference clock to the phase
locked loop, U403,

0,25u5
XTAL 0S¢ MICROPROCESSOR
4,000 MHZ u3g
U314D, UIK4F
4BIT RIPPLE COUNTER |
3 v3o|
148 (+4) | ijs(%w170u4oa

70 U304,U305,U308U310 )
Dwg No, TPOOBD4

FIGURE 3-14. CLOCK GENERATOR BLOCK DIAGRAM
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3.8.8 Display Assembly

For ease of discussion, Figure 3-15 is provided to identify the
sections of the display.

The Display Assembly consists of two parts of a gas-discharge
display: one part for the numerics, identified as digit #0 through
#7: the other for the legends below the numerics located in digits
#0, #1, #2, #4, #5, and #7. The decimal points are located in
digits 1 and 5.

The numerics use the standard single numeral seven segment format,
except for digit #0. Digit #0 has two numerals to display, the
hundreds (2 segments) and the tens of miles (7 segments). When
below one hundred miles the hundred numeral blanks out, below ten
miles the complete digit #0 is blank. Digits #3 and #6 will blank
out when their reading is less than zero

The decimal point located between digits #1 and #2 provide distance
resolution of 0.1 NM, while the point between digits #5 and #6
provides the frequency resolution of .05 MHz and lights only in the
FREQ mode.

The Display readout is subject to the mode control switch's setting:
FREQ - distance (NM) and frequency (MHz) or GS/T - distance (NM),
Velocity (KT), and time-to-station (MIN).

A "bar" readout in the Display, indicating a no signal condition,
will be seen by the illumination of the "g" segment of digits #0,
#1, and #2.

DIGIT... #0  #£1  #2 #3  #4 #5  #6  #HT
= T = I = I e = e [ e Y e (= B
al | ol | O || of | i
nomeers...f =L | =L [ =L H T B W CoD)
| U U L U | Ll (B L
LEGENDS..[RNv | | NM | o [RMT kT | [muz { MIN
IDECIMAL POINT DECIMAL PoINT MODE, CONTROL

Dwg No. TPOOB99

FIGURE 3-15. DISPLAY
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3.8.8 Continued

Refer to Figure 6-3, 3-15, 3-16, 3-17, and 3-18 for the following
circuit discussion.

When the microprocessor (uP) receives an external interrupt pulse from
Q3 of U310, it iniates a display by encoding the A, B, C digit select
lines, the segment lines, and the strobe line. All the digits and
legends are not lit simultaneously, they are multiplexed. They are
not multiplexed in a straight sequence (i.e. 0-1-2-3) as this might
lead to a ripple effect that could be detected by the human eye.

The microprocessor has been programmed to address the digits and
legends in the following sequence: O, 3, 6, 1, 4, 7, 2, 5.

Since there are eight digits (#0 thru #7) and the external interrupt
pulse occurs approximately every 2 milliseconds, it takes 16 milli-
seconds to complete the lighting sequence. Thus, each digit is
selected once every 16 milliseconds for an address frequency of
1/.016 sec = 62 Hz. As each digit is selected, +100 Vdc is applied
to its anode. Whatever segments are required for this digit's number
must have -100 Vdc applied to their cathodes. Thus with the anode

at +100 Vdc and the cathode at -100 Vdc the gas is ionized, illumin-
ating the segment. (The intensity of the display is automatically
controlled by the photocell R378, located on the front panel).

As an example of how a number is illuminated, a frequency of 111,05
MHa was selected and from that frequency, the number chosen is the
last "1" of 111.05. This number (1) will be seen in digit #5's
position. Follow the explanation closely with reference to Table
3.7 and Figures 3-16 and 3-17.

Forty microseconds after the receipt of the external interrupt pulse,
U319 will activete segments lines "b" and '"c" (Logic 1) as the
numeral 1 is to be displayed in digit 5. These segment lines turn

on U320, a high voltage segment driver. The outputs of U320 are
connected to the emitters of Q312 and Q316 and are pulled down to
approximately -100 Vde. The collectors of Q312 and Q316 are connect-
ed to the cathodes of segments "c¢" and "b'". When the emitters go

to -100 Vde, base current drive from Q303 in the dimmer circuit turns
on Q312 and Q316 connecting the segment cathodes to current limiting
resistors R368/R372. These are referenced to -100 volts at pins

13 and 16 of U320,

In order to light digit 5, an anode voltage of +100 Vdc must be
applied while the cathode is at a potential of -100 Vdec.
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3.8.8 Continued

Approximately 10 microseconds after the segment lines are activated,
the A, B, C digit select lines are encoded. These 3 digit select
lines are used to program U317, an 8 channel multiplexer, so as to
address the digits in the sequence of 0, 3, 6, 1, 4, 7, 2, 5.

Table 3.7 gives the programming for U317,

TABLE 3.7, U317 PROGRAM

CONTROL INPUTS | SWITCHES| DIGIT
I, [c B8] ON  |SEQUENCE
0 0o]olo X0 0

0 0 l1]1 X3 3

0 1]1]o0 X6 8

0 0 lof1 X1 1

0 1]o]o X4 4

0 1111 X7 7

0 0l1]o X2 2

0 1o |1 X5 5

1 x [x]x NONE :

Dwg. No, TPOOBO1

The multiplexer (U317), a CMOS 14051, effectively implements an
8 PST electronic switch. As shown below, all the poles are tied
to a common point (pin 3) X and referenced to +5 volts,

o9 X —e 48y
3

13 o0——n—9p

~N—uc

4 0—o Dwg No. Tpooson

FIGURE 3-17, CMOS 14051, U317
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3.8.8 Continued

Since digit 5 is to be activated (illuminating numeral 1), switch
section X5 must be closed. According to Table 3.7, this section

will be turned on when digit selector line A is logic 1, B is logic

0 and C is logic 1. (Figure 3-16). When X5 is closed, 5 volts is
applied to pin 5 of U315, the high voltage (+100 Vdec) digit driver.
Pin 18 of U315 then applies +100 volts to the anode (pin 4) of digit
#5. The gas in segments "b" and "c¢'" now ionize and illuminate the
numeral 1. Included in digit #5 is the legend '"MHz" that must be

1it at this time. When switch X5 is closed, all other switch
sections are off (logic 0). The output from switch X0 is applied to
noninverting buffer U303F into pin 4 of AND gate U313B and shuts this
gate off, Buffer U303F is also applied to inverting gate U314C

which presents a logic 1 to AND gate U313A (pin 1). Pin 2 of U313A
is tied to the decimal select line of U319 (pin 27) and will also

be at a logic 1 level (see Figure 3-16). Coincidence pulses at pins
1 and 2, turn on U313A and its output is applied to the passed on by
OR gate U307C. The 5 volts from U307 turns on U318, a high voltage
(-100V) character driver. The outputs of U318 apply -100 volts to
the emitters of Q305, Q306, and Q307. Base drive from Q303 in the
dimmer circuit, turns on Q305, Q306, and Q307 connecting the charact-
er's cathodes to a -100 Vdc potential through current limiting resis-
tors R360, R361, and R364. The characters MHz are now illuminated.

As shown in Figure 3-16, the maximum time that a digit could be
illuminated would be 2 milliseconds, the time between external
interrupt pulses. Figure 3-16 shows the segment and digit select
data lines changing their status every 2 milliseconds. Each of

the 8 digits are selezted to be active for 2-out-of-16 milliseconds
which is approximately a 12% duty cycle. However, the actual time
the digit may be illuminated during its 2 millisecond period is
modified by the dimmer circuit.
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3.8.8.1 Dimmer

The Dimmer circuit is comprised of U316A, (a one shot multivibrator),
photocell R378, transistors Q303, Q304 and associated resistors.
Refer to Figure 3-18, The dimmer circuit has a twofold duty to
perform: it must control the base drive to the segment and character
transistors (Q305 to Q316) which affects the intensity of the digits
by controlling the current, and it must enable the multiplexer U317
which also affects the intensity by controlling the duty cycle.

During the 2 millisecond period a digit is active, the segment and
character cathodes have a continuously applied negative potential

on them. However, the Q output of U316A will inhibit the multi-
plexer (U317) for a portion of the 2 millisecond period depending

on the brightness. Table 3.7 shows that when U317 receives a logic

1 to the logic high inhibit (INH) input, all the switch sections are
turned off. This removes the anode voltage from the digit and shuts
it off. The Dimmer circuit operation will be described using Figures
3-16 and 3-17 as guides.

The photocell (R378), located on the front panel, 1is used to establish
the base voltage at Q303 and the potential at the junction of R336/
R337. The photocell can encounter two extreme boundries: namely,
brilliant sunshine and low intensity light from the instrument panel
during night flying. Under brilliant light conditions, the digits
must be at their highest intensity which means the multi, U316A, will
have a long "on" time. Dark conditions require a short "on" time.

The ohmic value of photocell R378 can change from several megohms
under dark conditions to less than 1K ohms under brilliant sunlight.
if the light in the cabin is very bright then R378 will clamp the base
voltage at Q303 to approximately 7 volts. This turns on Q303 relative-
ly hard, which increases the base drive to the segment and character
transistors. This will result in a greater current flow through the
segments and characters which will raise their intensity,
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3.8.8.1 Continued

Resistor R357 and transistor Q304 in conjunction with capacitor
C326 form the external RC timing circuit which determines the "on"
time of U316A. The voltage potential at the junction of R336/R337,
(controlled by R378), determines how fast C326 (timing capacitor)
charges up. A low voltage at R336/R337 results in a longer charge
time which increases the '"on" time to U316A. A higher voltage
results in a shorter "on" time,

As shown in Figure 3-16, less than 1 microsecond after the digit
selector lines are activated, the microprocessor issues a strobe
pulse (pin 7, U319) to U316A (pin 1). This triggers the multi-
vibrator and its Q@ output (that was logic HIGH prior to the trigger)
releases U317 from its inhibit state, Under very bright light, the
"on" time of U316A may be very close to the total 2 millisecond
period the digit is active. Under dark conditions, the '"on'" time
may be as low as 200 microseconds. Thus the digit's intensity is
controlled by regulating the current and actual '"on'" time. Resistor
R359, is adjusted at the factory to set the upper limit of intensity.

Resistor R339 is accessible through the front panel and the display
intensity can be adjusted according to the pilot's preference at
the dark end only, This adjustment is minimal,

The Display Assembly has a Keep Alive feature that provides the
digits with a voltage to keep the gas in a constant state of low
level ionization. This feature assures instantanious illumination,
especially in a cold environment,

The Keep Alive circuit consists of two sections: Left and Right as
shown in Figure 3-17. Resistors R375/R376 connect to the +100 Vdc
to the anodes, and resistors R377/R363 connect the -100 Vdc to the
cathodes.
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3.8.9 TFrequency Synthesizer Description

The frequency synthesizer drives the Exciter section of the trans-
mitter and provides a local oscillator (LO) signal to the super-
heterodyne receiver. The synthesizer, operates from 520.5 to 575.00
MHz, that is 1/2 of the transmitters frequency range of 1041

through 1150 MHz.

The basic frequency of the +N digital synthesizer is controlled by
the 4 microsecond (0.25 MHz) reference pulses from U301, the output
frequency, however, is selected via frequency channel select knobs.

The calibrations of the channel selector are 108.00 through 117,95
MHz, the VHF frequencies of the paired VOR/DME channels. The actual
paired DME transmit frequencies are 1041 through 1150 MHz. Table
3.1 provides paired frequency versus VCO frequency information.
When the pilot sets his frequency controls, the synthesizer logic
produces a VCO control voltage that sets the VCO to the required
operating frequency for that channel. The fontrol voltage applied
to voltage variable capacitor CR401 determines what its effective
capacitance will be. This capacitor and C404 are series connected
across L401 to form a tank circuit that determines the frequency of
the VCO,

The following describes synthesizer operation when channel 116.9 MHz
(see Table 3-8: 116 X = VOR 116,9-- transmitter 1140 MHz, synthe-
sizer 570 MHz) is selected by the front panel MHz and KHz knobs.
Refer to Figure 6-3 schematic and Figures 3-19 and 3-20.

TABLE 3.8, ARINC TO SYNTHESIZER CODE CONVERSION

Input from || Output from Input from || Output from
MHz 8W301 uaz1 Kiz S¥301 U3zl
A|BC D [[ABTA4 TAZ AL A]B|C |D (/BB [B4 [BZ [BI
108 olx xloflxl olol X[].o |X|o|Xx[X] x| 0] 0] X
109 olxlx|xIx] oflo]oll.1 |ojojx|x}jx}j0ofo0] 0
110 x|ofxlxllo] x| x| x{].2 lojxjolxfo]|] X| X| X
111 ololxlxllo] x| x| of .3 {x]ofo|xf{o] x| X]| 0
112¢.07.2) o [xlo|x{lo| x| o] X[|.4 |x]|O|XxfOjfoO| X} O]ZX
112¢.3/.0) lo|x|o|x)lo|l x| o] oj].6 |x|x]ojOojjoj X]O0]0O
113 xloflolxllo]l o x| x{{[.6 |x|x|ofx]ofof X|X
114 xlolx| ofof of x| of .7 [x|x|xJojjo] o] X]| O
115 x|xlo]l oflo] o] o] x{|.8 jo|x|xlojffo]of 0] X
118 x|xlolxllol o|loflofl.e Jofx[x[x)lo]ojo0l0DO
117 x|x|x| of x| x| X] X
X= LOGIC HIGH 0= LOGIC LOW Dwg. No, TPOOS1D

12/80 3-45




NARCO AVIONICS DME 890

3.8.9 Continued b

The VCO is locked at 570 MHz, 1/2 the transmitted frequency, by the
VCO control voltage obtained from the logic. The 570 MHz frequency
is connected through buffer Q402 to RF amplifier Q403, into a +2
prescaler, The prescaler is a push-pull oscillator comprised of
Q404, Q405 and L406. With the 570 MHz input the prescaler output
is 285 MHz and is fed to the =N counter chain. For the example
chosen, "N" is equal to 1140,

The panel's MHz/KHz selection switches are not in binary form, they
are in the ARINC 2/5 code form., Additionally, there is a transmitter
output frequency of 11 MHz jump between 112.2 and 112.3 Miz. A code
conversion is required to change these switch outputs to the required
Binary format. The microprocessor is programmed to provide this code
conversion. Table 3.8 shows the input to output code.

Continuing the example, 116.9 MHz was chosen. When this frequency
is set, the microprocessor will send a channel clock and serial data
to U321, a serial in/parallel out shift register., This data and
clock is sent only one time per frequency selection, Note in Table
3.8 that the MHz code lines (A8, A4, A2, Al) from U321 are all logic
LOYW as are the KHz code lines (B8, B4, B2, Bl). These data lines
are connected to the inputs of U405, U407, and U408, that are 4 bit
high speed binary counters that count by 16. Refer to Figure 6-3.

: - ; I
The 285 MHz from the +2 prescaler is capacitive coupled into U401, |
an ECL 11C90 650 MHZ =10/11 prescaler. The Mode Control (M2 pin 3)
input contr-1s the count sequence, A logic HIGH to M2 sets U401 in
the +10 mode while a logic LOW sets it to a +11 sequence. The out-
put from U401, (QTTL pin 11) serves as a clock for the 4 bit counters,
U405, U407 and U408,
ARINC 2/3CODE
SELECT
ST TRy [ s el
Uz MHZ KHZ SERIAL DATA OUT SHIFT: REG U3OM,PINII
MICROPROCESSOR {CODE CONVERTED) 4uS REF PULSE
(B)KHZ (AIMHZ{
PER e e e e A i A
| : wos | |
SEH R0L laTtL Bl vaos el ~ie (C iy S L AL O
l PRESCALER [5- CONTROL | Q3 | LOCKED LOOP R4 16,R41T
U406C
| ‘ e [ 1 i-tu,
=10/
| MODE | vCo
| on CONTROL cp | 383;:52
l__c_b_un_r_zg_____________________J Lk Ll
pnggcz,nLEn ﬂz::; BlYI-EIPER C:g%l
Q404,040 Q402 Q40!
L406 '
lrag No. TPO0OY) i

FIGURE 3-19., SYNTHESIZER BLOCK DIAGRAM
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3.8.9 Continued

When the +N counter has reached its end count, Q3 (pin 11) of U405
goes logic LOW, Q3 is connected to the parallel enable (PE) inputs
of U405, U407, U408, When the PE input is logic HIGH the counters
are set in the Count Mode, when PE is logic LOW, the counters are
set in the Load Sequence. In our example, the +N number is 1140
and the count sequence will begin after the counters are loaded.
Refer to Figure 3-19 and 3-20.

PULSE# = | 180 340 800 660 820 980 1140

U401 cP "—T_"|__l——_—'—___

PULSE#=0 (816 3132 4748 63 64 79 80 9596 I111120
U401 QTTL ,ﬂ_ﬂ_"_‘ RESTART
PULSE# > i 5 7

mmﬂﬁﬁﬁﬂﬁﬂ:_
2L

|
| | END
U403 Q3 |CWNT"{
| | U405,U4 07, U408 LOAD
U408 ¢ | | TOU403, PIN3

Dwg No. TPOOR1S

FIGURE 3-20. SYNTHESIZER DIGITAL TIMING FOR 116.90 Miiz

When Q3 of U405 goes logic LOW, upon a receipt of the next clock
pulse from U401, the data at the inputs to the counters are-trans-
ferred to the outputs. KHz lines B8 to Bl and MHz lines A8 to Al
are logic LOW. MHz lines A8 to A4 are connected to NAND gate U406B
which inverts the inputs and gives a logic HIGH to PO (pin 3) of
U405. Note that P1 and P2 are tied to ground and P3 is tied to +5
volts. This presets into the inputs of U405 the number 9 (1001).
Therefore this counter only needs to count from 9 to 16 to finish
its count.

™~
When the inputs are transferred to the outputs, Q3 of U405 goes
logic HIGH and sets the counters in the Count Mode. Q3 and Q1 of
U407 go logic LOW. This is inverted by NAND gate U406C and sets the
Count Enable Parallel (CEP) to logic HIGH which enables the U407
counter. The logic LOW at Q3 and Q1 will pull the junction of R420,
R421, and R422 to logic LOW which sets U401 (M2 pin 3) in the =11
count mode. Note that the Count Enable Parallel (CEP pin 7) input
to U405 is tied to the Terminal Count (TC pin 15) output of Q408,
A logic HIGH to a CEP will enable the counter while a logic LOW
input will put the counter in the "HOLD'" mode, freezing the outputs
at the state prior to the HOLD command. A TC output is a fully de-
coded output and will go logic HIGH on the count of 15 and return to
logic LOW on the 16th count. Since U405 only needs to count from
9 (preset) to 16, it will require 7 TC pulses from U408 that will
enable U405 to count for the period that the TC output is logic HIGH.

12/80 3-47




NARCO AVIONICS DME 890

3.8.9 Continued '

As the count begins, the 285 MHz pulses into U401 are being divided
by 11. The Q3 (+16) and Q1 (+4) outputs are connected to NAND gate
U408C and as shown in Figure 3-19 when both are logic HIGH, the qut-
put of U406C goes logic LOW, freezing (HOLD) the counter U407. The
logic HIGH at Q1 and Q3 allows the junction of R420/R421/R422 to
rise to +5 volts which now sets U401 in the 10 mode. U401 is now
locked in the +10 mode for the rest of the count. At this point in
time note that 120 of the 285 MHz pulses have been counted and U401
has put out 11 clock pulses. On the 15th clock pulse from U401, the
TC (pin 15) output of U408 goes HIGH and on the 16th clock pulse goes
LOW.

PASEw | 0 z2 120 180 -

e LA e T S R

e oy U g PO P A o PO = e O oy T oy B o el ol e _[e8] ol

u407 nm - ] ST IMM_J _—_“T‘_s_}{,"'{'—_ " {“ umﬂ-ﬂ( TOLDCK )

b I Y
.y - \

U407 u;l =186 I

wonre] | e

Iy N TEYRRL

FIGURE 3-21. +10/11 MODE CONTROL SEQUENCE

This is the first of 7 TC pulses needed by U405 to complete its
count. At this point in time, 180 of the 258 MHz pulses have bheen
counted. Since U401l is now dividing by 10, it will take 160 of the
185 MHz pulses to give a TC output. Since 6 TC pulses are still
needed, then 960 (160 X 6) of the 285 MHz pulses are required to
complete the count. The total number of pulses counted will be 1140
(180, first TC, + 960, 6TC). On the 1140th pulse, Q3 of U405 goes
LOW, commanding the counters to LOAD and count sequence will begin
again.

The decoded TC output from U405 is applied to the Phase Comparator

B (PCB pin 3) input of the phase locked loop, U403, In addition,

a 4 microsecond (.25 MHz) reference is applied to the Phase Compara-
tor A (PCA) input. If any differnece in frequency exists (out-or-
lock mode), the comparison of this 4 us clock against the divided
down VCO frequency produces an error signal from the Phase Comparator
2 (PC2 pin 13) output. The error signal is filtered by C423, R416,
R417, and C425 and applied to Varicap CR401 that controls the freq-
uency of the VCO. This closed loop causes the output (TC) of U405
(in-lock-mode) to be a 4 us repetitious waveform into the PCB input
of U403. ;

“ .
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. 3.8.9 Continued

Referring to Figure 6-3, the VCO has two output paths. The first

path is through L401, L402 and buffer Q402. The direct high-level
output of the buffer, through impedance matching inductor L1403, serves
as an excitation of approximately +2 dBm into the exciter section

of the transmitter. The purpose of inductor L404 is to purallel
resonate with the parasitic capacity of Q402 that raises the

impedance at the collector.

The second path is from the buffer Q402 into the RF Amplifier Q403.
The gain of the amplifier is approximately 20 dBm. L405 is used

to parallel resonate the parasitic capacity of Q403. The output of
Q403 is coupled into the +2 oscillator through capacitor C414 and
serves to lock the oscillator to 1/2 the VCO frequency.

Q404 and Q405 act as a push-pull oscillator that will run free at
some frequency near the center of the band (270 MHz). Circuit
operation is as follows: Inductor L407 is a high impedance to the
270 MHz and a DC return path for the biasing network. Current
drawn through L407 passes through diodes CR402 and CR403, resistors
R412 and R413, and also through resistor R401, back to -14 volts.
This establishes approximately -5.5 volts at the junction of R401
and R409 that is the common bias line for all the transistors in

. the VCO. chain.

Inductor L406 has a parasitic capacity distributed across its
windings which forms a tank circuit in the collectors of Q404 and
Q405 whose resonant frequency is 270 MHz., Because of dissimilar
Betas (hFe) in Q404 and Q405, one will turn on before the other.
Assume that Q404 turns on first. The collector of Q404 is pulled
down toward -14 volts and the parasitic capacitor across L406
begins to charge toward -14 volts. Initially, the rate of change
or charging current generates an EMF in L406. When the charging
current drops off to the steady state (quiescent), the stored
energy in the inductor collapses and generates a counter EMF at the
junction of L406 and L407. This negative voltage transition back
biases CR404 and is coupled through the parasitic capacitor associat-
ed with this diode and turns off Q404, As the magnetic field in
LL406 is collapsing, the collector of Q404 falls back toward ground
potential, When Q404 is turned off, Q405 turns on and repeats the
sequence. The VCO frequency (550 MHz) is coupled into the common
emitters and locks the oscillator to 1/2 the VCO frequency.

Capacitor C416 (across L407) is used to balance the oscillator coil,

L406, as the other side of L406 is capacitive coupled into the
+10/11 prescaler, U401.
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3.9 POWER SUPPLY
Refer to Figures 3-22 and 6-4.

The power supply section consists of: a switching regulator,‘a
DC/DC converter, two 5V regulators, and a 8V regulator. The input
voltage, 14 or 28 Vdc, is connected to the switching regulator that
supplies a highly regulated, low ripple +7.5 Vdc to the DC/DC
converter and two +5V regulators.

The DC/DC converter provides:

-14V to the Synthesizer VCO +60V to the Modulator
+14V to the Receiver, Ident, +100V £ Gas Discharge Display
and Transmitter -100V ] Bl = B 2
e SWITCHING
R@%%Xﬁ"/ o——| REGULATOR
BATTERY uU601,Q603,0604

®——+{U322,5V REG |—=MAIN PC BOARD

+7.5V

$——+1U404,5V REG —=MAIN PC BOARD

| — 14V(SYNTHESIZER VCO)
DC/DC [~ +I4V(RCVRXMIT, IDENT)— U402\ o MAIN
nggfgggg — -+ 60V(MODULATOR)
' L + 100V [ GAS DISCHARGE e S A
E ot DISPL AY J %108+ ¥RAGD1 2

FIGURE 3-22. POWER SUPPLY BLOCK DIAGRAM

3.9.1 Switching Regulator
Refer to Figure 3-23 and Figure 6-4.

The method by which an LM205 (U601) voltage regulator is used as a
switching regulator can be explained with the aid of Figure 3-22.

Basic operation is controlled by U601 (LM205), If a difference of
potential is sensed when the output voltage is compared with an
internal Zener diode, the output from the regulator will turn on
Q603 and Q604 by means of a pulse waveform with a given duty cycle,
The voltage divider, comprising R607/R608/R609, provides the
voltage sensing input (pin 6) to the voltage regulator.

Sp20 12/80

(




CIRCUIT DESCRIPTION
SECTION 3

3.9.1 Continued

The control pulses from the voltage, regulator (pin 2 turn on Q604,
which supplies base drive to Q603 and turns on Q603,.

The voltage at the emitter of Q603 will be as shown in Figure 3-23.

During the on time (t on), storage capacitor C608 will charge up to
7.5 volts. When the output voltage is correct, there is no error
voltage to sense so the voltage regulator turns off Q604 and Q603.
During the off time (t off), the magnetic field in the storage coil
L602 will reverse its polarity. The voltage potential at the junc-
tion of L602 and CR611 now becomes negative and is clamped to ground
by catch diode CR611, The field in L602 now collapses and supplies a
charging current to C608 which tries to maintain a constant output
voltage level. However, the current demand from the DME will cause

a decrease in the output voltage level. This imbalance will be
sensed by the regulator and Q603/Q604 will again turn on and charge
up C608. The output of the LC filter (C608, L602) will be the average
value of the switched waveform, Changes in input voltage can be
compensated for by varying the duty cycle of the switched waveform.

The internal amplifier loop gain controls the ripple content of the
output voltage. TFeedback resistor R612 sets the differential
amplifier loop gain and is selected to give maximum stability of the
loop, which is maximum gain with minimum noise and ripple.

Resistor R611 establishes the base drive for Q604. Resistor R610
protects U601 under conditions of high current demand. Resistor
R606 is used to help the regulator maintain a constant 7.5 volts at
its output when the input voltage is at the upper limit. A high
voltage at the imput is divided down by R606 and R607/R608/R609 and
slightly raises the sensing input level at pin 6 of U601. When the
7.5 volt output falls below its desired level, then the increase in
level at pin 6 or U601 requires less of an increase of the duty
cycle from the regulator.
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FIGURE 3-23. STEP-DOWN SWITCHING REGULATOR
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3.9.2 DC/DC Converter .
Refer to Figure 6-4,

The DC/DC Converter increases the +7.5 volts to +14, -14, +100, -100
and +60 volts DC. The converter is comprised of switching transistors
Q601/Q602, transformer T601, and rectifier diodes CR601 through CRG610,
The transformer secondaries provide a voltage step-up of the 7.5 Vdc
input. The rectifiers provide full wave rectification for all output
voltages.

When power is first applied to PNP transistors QGOI/QGO2, one will
turn on first because of a dissimilarity between their turn on
times. For example, assume Q602 turns on first,

Q602 is initially turned on by the current from the 7.5 Vdec flowing
via R603/R604 to ground, and through T601's pins 40/41 to its base,
@602 is held on for the balance of the first half cycle by the
negative voltage induced in T801l's windings (pins 40/41) by trans-
former coupling to the primary (T601 pins 13/14). An opposite
polarity voltage is induced at T601 pins 47/48 during the time Q602
is on and holds Q601 off.

As long as Q602 is on and in saturation, there is a constant voltage
across the primary which generates a linear rise of current. This
rate of change of current with respect to time (di/dt) flowing in the ’
primary inductance (L) generates a voltage (E = Ldi/dt) in all the
secondary windings. The transformer core of T601 exhibits a square
magnetic hysteresis loop and when the transformer flux density reaches
saturation there can be no further generated voltages in the windings.
The induced voltages in the windings now collapse and reverse their
polarity. Thus the base of Q601 is now driven negative which turns

it on while the base of Q602 is driven positive which turns it off.
The same collapse of the base drive to Q601 occurs as the transformer
core saturates in the other direction and the same flipover to turn

on Q602 occurs. This process continues with the transformer moving
cyclically over its entire hysteresis loop. This design is known as

a push-pull square wave power converter,
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3.9.2 Continued

Each of T601's ten windings are highlighted by a dot. (See Figure
6-4), The significance of the dots relate to the polarity of each
winding and are for reference purposes.

Figure 3-24 shows some of the waveforms of the DC/DC converter. The
square waves of voltage that drive the primary of T601 yield square

waves of voltage at the secondaries. These secondaries, followed by
rectifiers, generate positive and negative DC output voltages. The

output beyond the rectifier diode will have a DC level of one diode

drop below the peak secondary voltage., Filter capacitors are placed
at the output of each pair of rectifier diodes. The operating frea-
uency of this circuit is approximately 15 KHz.

w__lore [ 1 [Te
WiF o [LOFF BASE Q8O
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I:: K —I OFF I I BASE Q602

ov
6.3V

oV— === |==|=-=|—=
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6.5V— —
oV——|=—|——=|——|-—

ON <
6.5V COLLECTOR Q602
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+100YV — —
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FIGURE 3-24, DC/DC CONVERTER WAVETFORMS
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SECTION 4

. 4.1 THE MICROPROCESSOR CONTROLLED DME 890

Semiconductor manufacturers have given the avionics designers a
powerful new tool with which to advance the '"state-of-the-art' in
avionics, the microprocessor. The use of a microprocessor in a
design means that, the unit will weigh less, grow smaller in size,
have a much higher functional density, use less power to accomplish
the same tasks, and exhibit greater reliability.

The microprocessor in the DME 890 accomplishes in one chip what it
took two boards full of integrated circuits in the DME 190/195 to
accomplish, The use of a microprocessor that controls the DME may
create a very poor type of troubleshooting practice among those
avionics technicians who feel inadequately trained in the new
generation of microcircuitry. This poor troubleshooting practice
is called "BLAME THE MICROPROCESSOR'". What this means, of course,
is that if a malfunction occurs in the DME, then its got to be the
microprocessor's fault. This type of oversimplification must be
avoided by the avionic service technician., Narco has great contidence
in the 3872 microprocessor and feels that it is the least liksly
component to fail.

This maintenance section provides information, in the form of

troubleshooting flow charts that provide a systematic approach to

remedy a malfunctioning circuit or component., In addition, align-
. ment and adjustment procedures are given in Section 4.5.

4,1.1 The 3872 Single-Chip Microprocessor (uP)

The 3872 is a complete 8-bit microprocessor on a single MOS inte-
grated circuit. The device features: 4032 bytes of ROM, 64 bytes
of scratchpad RAM, 64 bytes of executable RAM, a programmable binary
timer, 32 bits of I/0, and a single +5 volt power supply require-
ment.

The four complete bidirectional input/output (I/0) ports (PO, P1,
P4, P5) consisting of 32 lines which are divided into groups of 8,
can be individually used as either TTL compatible inputs, or as
latched outputs. The standard output configuration of these lines
are shown in Figure 4-1. The Reset and External Interrupt lines
are an open drain type, (See Figure 4-1).

vcc

6K
TYP

<OQUTPUT QUTPUT

STANDARD OUTPUT OPEN DRAIN
. Ivg No, TPDOD28

FIGURE 4-1., RESET AND EXTERNAL INTERRUPT
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4,1.1 Continued

CAUTION: All the standard precautions that apply to MOS
devices should be observed. Any output line shorted
directly to a voltage source will destroy the output
port.

WARNING: It is not recommended that a ohmmeter be used to
troubleshoot this device as the meter's high battery
voltage may cause damage.

CAUTION: If it becomes necessary to replace the microprocessor
the following procedure is recommended:

1. Read Section 4.1.2,

2. Cut every pin on the microprocessor as close to
the top of the chip as possible, This will leave
a pin length long enough to be handled by a long
nose plier.

3. While unsoldering each pin, pull the pin from
the PC board with the long nose plier as soon
as the solder melts.

4,1.2 A Word About Soldering Irons:

Probably every service technician, who worked on printed circuit
boards, has at sometime during his career, ruined a board by using
a soldering iron that was so hot that it destroyed the bond between
the track and the board, Separation of the conducting path or
plated through holes can be avoided by using a soldering iron
controlled by Powerstats, Variacs, or soldering irons having
temperature sensing tips.

Tip temperature of the iron should not exceed 600°F to safely
remove components from a PC board.

A few temperature controlled soldering irons (and tips) are:

Ungar Type 50T6 600°F (120 Vdc)
Ungar Type 60T6 600°F (24V)
Weller Type WTCDN w/ 600°F Temp Sensing Tip(s)

Above irons selected from Catalog 104: Newark Electronics
500 N. Pulaski Rd.
Chicago, I11 60624
(312-638-4411)




MAINTENANCE
SECTION 4

4,2 WIRING

The DME 890's construction is modular with a wiring harness inter-

connecting the Main PC Board to the Transmitter, Receiver, and

Power Supply modules. Wires in the harness are connected to the PC

boards by solder.

TABLE 4.1 PC BOARD IDENTIFIERS

Symbol Number Circuit Schematic
Series IFigure No.
100's Transmitter 6-2
200's Exciter 6-2
300's Main PC Board 6-3
400's Synthesizer (on Main PC Board) 6-3
600's Power Supply 6-4
700's Receiver 6-5
800's Miscellaneous

(Internal Interconnect Wiring) 6-1

4,3 MAINTENANCE
4.3.1 Basic DME Control Circuits
Before attempting to isolate any trouble in the DME, knowledge

the circuit operation is necessary, refer to Section 3 for the
Circuit Descriptions. As shown in Figures 4-2, 4-3, and 4-4,

of

some

circuits provide basic clock and control signals that are necessary
to the operation of other circuits. The basic conditions required

for circuit operation are discussed in the following text.
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4,3.1.1 RF Generation and Control ()

Refer to Figure 4-2. The clock generator (U314 D/F) provides
timing signals for the microprocessor and synthesizer, however,

+5 Vde operating power must be obtained from two 5 volt regulators
which receives its operating voltage of +7.5 Vdc from the switching
regulator. The DC/DC converter requires +7.5 Vdec from the switching
regulator to produce higher operating voltages. The synthesizer
provides the correct frequency to the exciter section of the trans-
mitter only when channel clock and data have been sent to the
synthesizer digital section from the microprocessor. A synthesizer
or microprocessor malfunction would affect both the receiver and
transmitter. The transmitter provides an output when the following
takes place:

1. An encode pulse pair from the microprocessor enables the
modulator.

2. The modulator pulse pair (X channel = 12 us, Y channel =
36 us) are applied to the transmitter to develop the RF
power.

3. The microprocessor sends channel clock and data to the
digital section of the synthesizer.

4, The RF synthesizer sends 1/2 transmit frequency energy to
the transmitter,

A clock generator malfunction would affect the microprocessor, .
receiver, and transmitter operation.

These operating characteristics may be utilized in planning an
approach to troubleshoot the DME 890's transmitter or receiver.
An overall check is as follows.

A check for +14 volts, -14 volts, +60 volts from the DC/DC converter
confirms operation of the switching regulator (7.5 volts) and DC/DC
converter.

A check for transmitter output confirms: operation of the DC/DC
converter, 5 volt regulators, 8 volt regulator, microprocessor,
pulse modulator, synthesizer, exciter transmitter, and frequency
(ARINC) data lines.
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FREQUENCY CONTROL 8]\' 5V
DATA FROM LATCHES
LO TO RECEIVER
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FIGURE 4-2. RF GENERATION AND CONTROL
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4,3.1.2 Receiver/Search-Track Sequence ‘.

Refer to Figure 4-3. The basic receive cycle starts when a reply
from a ground station has been received at the diplexer and is fed
to the receiver. The receiver detects the reply and the decoder
processes the video by recognizing the pulse spacing (X = 12 us,

Y = 30 us). This decoded data (a single pulse) then activates the
receiver AGC, triggers the IDENT, triggers the DEAD TIME (valid

decode) and strobes the latches.

53 microseconds following a encode pulse pair, the search enable
and data clear lines from the microprocessor are activated and the
counters begin counting. Any received reply that is processed
properly by the decoder, will provide a strobe to the data latches
which will sample the state of the counters at this time. Also at
this time the dead time multivibrator is strobed and the decoder
is inhibited for approximately 60 us. A clock malfunction at U314
D/F would affect: the uP, search-track counters, and the decoder
operation. A synthesizer malfunction would affect: synthesizer,
receiver, and search/track operation. These operating character-
istics may be utilized in planning an approach to troubleshooting
the receiver or search/track operation. An overall check of the
receive/search track sequence is as follows:

A check for receiver video pulses confirms operation of the receiver

with its AGC circuits. A check for the data latch strobe confirms
operation of the decoder and 1 us clock circuits. A check of the .
uP external interrupt line confirms operation of the microprocessor,
counters, dead time, and clock circuits.
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‘ MODE SELECT (X/Y)
VIDEQ_PULSES
JLhE

| PLEXER DECODER CLOCK
[oipLexer |—=f receiver :]—-—T e
Lo INJECTION—J

FROM EXCITER
SEARCH ENABLE 1

ENCODE

INHIBIT

4
=

VALID DECODE

'J UL CHANNEL READ

LATCH STROBE

LATCHES

ATA CLEAR|

foama

SEARCH-TRACK
COUNTERS

Dag No, TRODGI0

FIGURE 4-3. RECEIVE/SEARCH-TRACK SEQUENCL
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4,3,1.3 Display Operating Sequence
Refer to Figure 4-4.

The basic display sequence begins when the external interrupt pulse
from the search track counter is received by the microprocessor.
The microprocessor will: encode first the segment lines, second
the digit select lines, and then the strobe line. The microprocessor
has been programmed to select the digits and characters in the
following sequence: 0, 3, 6, 1, 4, 7, 2, 5§ (digits are numbered

0 thru 7). When a digit is selected, +100 volts is applied to its
anode and concurrently, whatever segments are required for that
digit, the segment lines apply a negative volt to the cathodes.
Each digit is active for approximately 2 milliseconds. Since there
are 8 digits, it will take 16 milliseconds to run through a light-
ing sequence.

Automatic dimming is accomplished by means of a photocell located

on the front panel of the DME 890, This photocell controls two
functions in the dimmer circuit. The first function is a multi-
vibrator which is being triggered approximately every 2 milliseconds
by the strobe pulse from the microprocessor, The photocell deter-
mines the "ON'" time of the multivibrator whose output is connected
to the inhibit port of the 8 channel multiplexer. This will
directly affect how long a digit will have its anode connected to
+100 volts and, therefore its intensity.

The second function controlled is a transistor whose purpose is to
supply base drive to the segment driver transistors. By controll-
ing the segment drivers, the current flow through the gas-discharge
display is controlled and therefore, its intensity.

A malfunction of the clock, microprocessor, search track counter,
and DC/DC converter would affect the display operation. An overall
check of the display is as follows:

(1) A check of the strobe pulses confirms the operation of the
search track counters and microprocessor.

(2) A check at the digits character and segment drivers con-
firms operation of the microprocessor, DC/DC converter, 8
channel multiplexer, and dimmer circuit.

(3) A check of the photocell by blocking light from it, con-

firms operation of the dimmer circuit.
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FIGURE 4-4., DISPLAY SEQUENCE

4,4 TROUBLESHOOTING FLOW CHARTS

The troubleshooting procedures are given in flow charts, TFigures
4-8 thru 4-14, The first flow chart, Figure 4-8, provides a test-
ing sequence for an operational checkout without removing the DME's
dust covers. Subsequent flow charts provide a testing sequence of
all the DME circuitry.

The flow of the charts leads the user down the page as each question
is answered YES. A reply of NO directs the user to the right. This
organization also allows quick recognition of interdependent circuits,

Troubleshooting sometimes requires leaving one circuit (Flow chart)
to go to another. Thus the charts have related cross reference
notations referred to as KEYs., Each key number is used twice, once
on the originating drawing and at its destination drawing.

4.4.1 Functional Checkout Flow Chart (Figure 4-8)

This first level flow chart permits checkout of the DME 890 in the
"Frequency'" mode, or "GS/T'" mode without removing the dust covers,
The DME Signal Generator permits simulating operating conditions
and observing the front panel display for each function. 1If each
decision has a "YES" answer the DME operation is correct. If any
decision has a "NO" response, the DME is not operating properly and
the ""NO" line identifies what flow chart to consult.

4.4,2 Trouble Isolation Flow Charts, Component and Circuit Level

Having confirmed that the DME is not operating properly through the
use of the Functional Checkout Flow Chart, Figure 4-8, a specific
flow chart is then used to locate the circuit or component at fault,
These flow charts must be used in conjunction with the wavelorms in
Section 4.6 for signal interpretation. It is considered that a
great percentage of DME faults will be evident at the points
indicated in the flow charts.
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4,5 ALIGNMENT AND ADJUSTMENT v

Connect equipment as shown in Figure 4-5,

POWER SUPPLY

OSCILLOSCOPE S\E)ETL%EDEB?P&?E
- N%G SYNC XMT/RCV] DME IS TURNED CN

[

DME 890
VTVM
FREQUENCY RF
COUNTER VOLTMETER

Ivapg Mo 1§ NGNS

FIGURE 4-5, TYPICAL BENCH SET-UP
4,5.1 Frequency and Pulse Measurements
4.5.1.1 Clock Generator Checkout and Adjustment

(a) Apply power to DME 890.
(b) Connect frequency counter to crystal oscillator output
U314D pin 8. N .
(¢) Trequency should be 4.000000 =100 Hz (+4.000100; =-3,999900),
(d) If frequency is not within these limits, change value of
capacitor C319 to obtain correct clock frequency.

4.5.1.2 Synthesizer Checkout and Adjustment

The frequency synthesizer checkout comprises a check of the VCO
frequencies and power at P401, throughout the band. See Table 3.1
for a list of the VCO frequencies. The procedure for adjusting the
VCO control voltage and power output is as follows:

(a) Connect frequency counter to VCO buffer output at P401,

(b) Set channel switch to 117,90 Mlz. The frequency counter
reading shall be 575.0 MHz -50 ppm* (28.75 Kllz).

(¢) Connect a DC voltmeter to VCO contrgl line (junction of
R416/R417). Voltage should be 7.2 -0.3 Vdec.

(d) Set channe] switch to 108.00 MHz. The frequency shall be
520.5 MHz -50 ppm* (26.03 KHz).

(e) The VCO voltage should not be less than 0.5 Vdc.

(f) If the VCO voltages are out of tolerance at 117.,9 and
108.00, set the cgannel switch to 117,90 Mlz. Adjust
L401 for 7.2 Vde -0.3 Vde.

(g) DPower Adjustment:
Connect RF milliwattmeter to P401.
Adjust L402 for 2.0 -0.5 mw across the band. -~

¥ parts per million - ie: Tolerance X Frequency = Hz
50 X 575.,0 = 28,750 Hz = 28,75 KHz
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4,5.1.3 RF Transmitter Pulse Width Measurement and Adjustment

The transmitter pulse width is factory aligned and normally does

not require field alignment, However, transmitter or modulator
circuit problems that require the replacing of circuit components
may necessitate a transmitter pulse width adjustment. The procedure
for measurement and adjustment is given below:

(a) Set the DME channel switch to 117.5 Miz,

(b) Monitor the detected transmitter pulse pair on an
oscilloscope.

(c) Measure the transmitter pulse width at the 50% point of
the pulses, N

(d) Pulse width should be 3.5 -0.5 us.

(e) If adjustment is required, adjust width with R356 located
on the main board,

4.5,1.4 Dead Time Measurement and Adjustment

(a) Connect an oscilloscope to U312B-5,
(b) Make the following settings on the DME Signal generator:
1., Turn squitter off
2, Set reply efficiency to 100%
3. Set Mode Switch to "Range"
9 Set Distance to 5 nm
5. Set Attenuator to 78 dBm
6. Turn IDENT off
7. Trigger to "EXT",
Pulse width should be 60 us +15 -0 us.
If adjustment is required, adjust width with R347 located
on the main board.

I~

c
d
4.5.1.5 Display Intensity Adjustment

The maximum display intensity is set at the factory and should not
require field adjustment. The pilot has a limited adjustment of the
intensity through an access hole in the front panel., The alignment
procedure is given below, but it is suggested that an alignment be
performed only when a dissatisfaction with the maximum intensity

has been expressed by tae pilot,

(a) Set R339, the pilot dim adjust, to midrange.

(b) Connect a digital voltmeter to the base of Q316,

(c) Using a black nontransparent material, block the light
from the photocell, R378, and adjust R3569 for -90 Vdc.

(d) With the photocell still covered, check R339 dim adjust

for display brightness variation., (It will only be slight).

(e) Reset R339 to midrange.
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4,5.1,6 Power Supply Checkout and Adjustment

The power supply check confirms operation of the switching regulator
and DC/DC converter, The output of the switching regulator shall be
8.0 Vdc maximum and 7.2 Vde minimum, and, the output ol the +14 volt
line of the DC/DC converter shall be 14 -0.3 Vde with an input ot

14 or 28 volts, If not, connect a digital voltmeter to EGO1 and
proceed as follows:

(a) Note the value of the selected RGOS, Remove RGOSR {from
the circuit,
(h) Connect a resistor test box across RG09 set to the value
of the removed RGOS, "
(c¢) Vary the resistance until a +14 -0,3 Vde reading 1is obtained,
(d) Check that the voltage at EGO2 is between 7.2 Vde min to
8,0 Vdc max.
(e¢) Solder an equivalent value resistor across RGO9,

4.5,2 RF Alignment

The alignment procedures are provided as a method of checking the
tuning of RF circuits in the DME 890 after circuit components (RF
transistors, capacitors) have been changed,

4,5,.2.1 63 MHz 1V Receiver Alignment

In the 1IF alignment, L7044 through L709 arc¢ tuned by adjusting the
coil's cores (slug), to provide a maximum detected pulse level.

The cores can be rotated for tuning, however, after tuning in and
out for a peak many times, this excessive core movement will loosen
the fit of the threads in the coil's body and thus the coil can
become sensitive to vibration. If the core becomes loose, it should
be removed, a single strand of lacing cord or equivalent inserted
into the coils body and then replace the core (and adjust), Under
no conditions should cement be used to secure the core,

Procedure:

(a) Connect the DME B90 for a standard bench test.

(b) Connect a scope probe to the collector of Q703. The cover
over the top ol the IF strip must be removed,

(c) Set the DME Signal Generator output attenuator to produce
a 1 volt peak-to-peak pulse pair,

(d) Tune L704 through L709 and as the tuning progresscs, reduce
the DME Signal Generator's RF level to maintain a 1 volt
peak-to-peak pulse pair,

(e) Reinstall the cover,
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4,5,2,2 RF Transmitter Exciter Alignment

If an RF transistor or capacitor has been changed in the transmitter,
the following procedure should be used to check proper operation and
realign the repaired stage,

NOTE: Either the DME 890's synthesizer, if operating properly, or
an RF Signal Generator may be used, All steps using
Generator are enclosed in parenthesis ().

(a) Set DME 890 to 112.5 MHz.
(Connect the RF Signal Generator to P102, set generator
frequency to 550 MHz CW and output attenuator to +3 dBm,)

(b) Using a 27K isolation resistor, connect a VIVM to the base
of Q205 at resistor RT201,

(e¢) If the exciter is working properly, the voltage will be
approximately +0.2 Vde,

(d) Disconnect P102,
(Reduce the Signal Generator level by 20 db.)
The voltage should rise to +1 Vde. This shows that stages
Q1 through Q4 are operating correctly.

(e) If one of the transistors, Q202 thru Q205 has been changed,

' the voltage in step "d" may be used to check alignment as

follows:

1. Set the DME 890 to 108.0 MHz,

(Set the Signal Generator to 520 MHz at a +3 dBm level.)

2, Observe the voltage at the base of Q205.

3. Change the DME 890 frequency to 117.9 Miz,

(Change the Signal Generator frequency to 575 MHz.)

4, Observe the voltage at the base of Q205.

5., Both voltage readings should be approximately 0.2 Vdc
or slightly less,

6, If at one frequency the voltage is considerably higher
then the other, tune the coil associated with the changed
component by spreading or compressing the coil,

7. By this means it is possible to equalize the voltage at
Q205 at both ends of the band.

4,6 TEST REQUIRED AFTER MODULE REPLACEMENT

The following are the recommended checks to perform after replacing
a module in the DME 890, Only those checks pertaining to that
module being replaced need be checked.
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4.6,1 Gas Discharge Display Module

Display readings must be within tolerance, If not, recompensate per
Section 4,5,1.6,

HUNDRED TENS UNITS TENTHS

M | Il
AERNRERERGRE

NM RMT KT MHZ MiN

Ci_t
it |
|:|:I -

oo

Lt
=

0 I 2 3 4 ] 6 7
Dwa NO TPOO®IY

FIGURE <1-6. DISPLAY

(a) Set DME 890 Mode Switch to "FREQ" position,

(b) Set DME Generator and DME 890 to 108.0 MHz,

(c) Set DME Generator Mode Switch to "RANGE'".

(d) Set DME Distance to 0.1 nm, check digit #2 (tenths)

for 0-9 capability., (NOTE 1)

(e) Set DME Distance to 1.0 nm, check digit #1 (units)
for 0-9 capability. (NOTE 1)

(f) Set DME Distance to 10,0 nm, check digit #0 (tens)
for 0-9 capability. (NOTE 1)

(g) Set DME Distance to 110.0 nm, check digit #0 (hundred)
for the numeral "1",

(h) Check bars in digits 0, 1, 2, by setting generator to
200 nm.

(1) Check digits #3, #4, #5, #6, #7 by channeling the DME 890
from 108,0- to 117.95 MHz,

NOTE 1: Rechannel the DME after each distance change.
4.6.2 Power Supply Module

(a) Check for +14 Y0.3 Vde at LGO1.
(b) Check for +7.2 to 8.0 Vdec at LE602.

4.6.3 63 MHz IF Receiver Module.

After replacing this module check "lock-on" sensitivity at high and
low frequencies. 1t should be -82 dBm minimum. If this sensitivity
checks OK, unit is operating properly. If lock-on is less than -82
dBm, listen to IDENT, adjust RF level if noisy., Retune IF coils
L704 thru L709 for maximum IDENT volume.

4.6,4 Transmitter Module

Check only for proper pulse width and power output, If defective,
return it to the factory for exchange.
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4.7 TRANSMITTER OUTPUT AND RECEIVER SENSITIVITY CHECK

(a)

Set the DME Generator to 108,00 MHz and -86G dBm level.
Check the following while channeling the unit from 108.00
to 108,50 by KHz, 108.50 to 117,50 MHz by MHz, and 117.5
to 117.90 by KHz:

1., Minimum transmitter power to be 22 watts

2., Standard transmitter pulse shape

3 Transmitt pedestal NOT to exceed 10% of pulse amplitude

4, Receiver sensitivity -82 dBm or less

5. PRF meter reading of 25 to 30 Hz 4

6., Pulse spacing of 12 -,1 us on X channels, 36 -.1 us on

Y channels o

7. Pulse width at 50% point shall be 3.5 -.5 us

8. Audio output: Set generator 20 dB above minimum lock-
on sensitivity and check audio output. Nominal 5 mw
into a 600 ohm load.

4,7.1 Range, Velocity, and Time-To-Station Check

Set the DME generator to -72 dBm, range to 60 miles:

(a)
(b)

(c)
(d)

(e)

(f)

(g)

(h)

(1)

12/80

The DME shall read 60.0 f.z miles,+change setting to

-82 dBm. Reading shall be within -,1 miles of that
observed in step '"a'.

Increase genexator to -10 dBm, distance shall not change
by more than -,1 mile of the reading observed in step '"a'".
Set RF level to -78 dBm.

Check memory time by setting the generator's IDENT to 1350.
The distance shall remain for 6 seconds (minimum) and

bar before 15 seconds.

Turn generator's IDENT off.

§et the distance to 000.0 miles. All readings shall be
-0.2 miles (RF level at -78 dBm),

1. Rotate the tenths mile dial through all 10 positions.
Leave dial in .0 position

2., Repeat for units, and tens

3. Set the hundreds dial to 1

4, Set the hundreds dial to 2.

Set the generator's distance/velocity switch to velocity,
the RF level to -72 dBm, the velocity to 100 KTs, and the
IN/OUT switch to outbound.

Turn the DME 890 off for 5 seconds then turn it on and
observe: within 3 minutes the ground speed display shall
read hetween 95 and 105 KTs.

Change generator's velocity to 360 KTs and reverse the
direction (to inbound). Within 4 minutes the ground speed
must read between 342 and 378 KTs,.

Change generator's velocity to 60 KTs, within 4 minutes the
ground speed must read between 55 and 65 KTs.
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4,8 WAVEFORMS

Waveforms and test locations are identified on the schematics in

Section 6 by means of a reference number in a diamond-shape
These waveforms are also referenced in the trouble-
shooting flow charts Figures 4-8 thru 4-14.

enclosure,

DIGIT DIGIT DIGIT
a0 | 2

?Nogg LINE
+100V)-
\

DIGIT DIGIT DIGIT
w3 e Wi

DIGIT DIGIT
6 *7

DUAL DIGIT

';—._‘:L ,.’-_.JI:‘} J!-ir’; :;-!L"l

”.—. ] — I—-Hhﬁ !I_—

i Sl i e U
u&.L.JhYlTLZJ L>ﬂi

et

5

b DECIMAL
POINT

weco
wce Z
wem <

FIGURE 4-7.

4-16

GAS DISCHARGE DISPLAY

SEE BLOW-UP

INTERNAL WIRING

LEGEND
/

CA
7-&LL SEOMENT LINES
ARE PARALLEL

COMMECTED TO ALL DIGITS

UL
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Connvct DME BOO for
Atandard test, See NOTE!

MAINTENANCE

SECTION 4

Sun Key q)pr* vides the logical
YES troublesfooting tios from one
e figure to another.
I:m DME 8O0 Mode switch to rum-—l (;? relatos to the equally
2 nurt red waveform located on
i YES the Achemall N |
Verify all Wiz and KHz frequencies
and legends for correct display,
i YES
Are all freq. and NO NO wo Doy the display
Legends d!n;tinyed Are incorrect s ‘““l"“p d flash and print
ol o ) ’
correctly? digits displayed? blanked of the word krror
* VES lYES }\'i:s
YES Sew l\'ny(.L
Set DME H90 Fig. 4-12 Digplay See Key
to 112.5 Wiz, e —— See hey (2 Fig, 4-13 Di¥lance
[Fig. 4-13 Diwtance
l YES
gum nte ?901 NO Are incorrect HO Poes the distance l NO 15 the distance
fetance jndicate ) L - = = (bars)T——"7] display blank”
156.6 KU °.37 digits displayed? oW J
i YES {YES *\'t.ﬁ *
Set DME 600 Mode See Key b 1 g o Ko wnd
" " y Turn DME signal Son Key
awitch to "GS/T. Fig. 4-13 Dl(:)tnnm- Gen. IDENT "ON', Fig. 4-17 DispTay
+ YES *
— Tor hey[n
et Sig, Gen, to E e NO Fi 10 Hepeiver
Velocity Mode n‘“;'n;.;‘.?f,"m > e N..._é
tracking inbound - Fig, 4-14 DiMtance
1 vES v*";s
Dows DME Track NO See Key
v Is valid decode
inbound smoothly? Fig. 4-13 Di¥tance (UA128) working™
{YES {
Allow § minutes o "
i Sve Key
for stabilizution, Fig, 4-13 DiEtance
In calculanted time Does DME indicated *
to station correct, No| Hee Key velocity mgree with T S1g. Ge
TTS = DME DISTANCE = MINF—] Fig. 4-17 [NOlihe Sig. Gen, 180 KT? TOERE T
+ bistance Spec: ts9 or 5 KT :
Spee: -1 MIN whichever is greater
I YES YE!LI
(]
Does the DME B80
transmitter pulse —
pair meat upec? NO lF:Jr:e h:}g@
= g. -
<T> POWER= 25W NOM, Transmitter
WIDTH= 3.5 -5 us
SPACING: X= 12 us
Y= 36 us
TVES
NOTES
e A T e [ TN E) I STANMARD TEST coniTions
0 dBm maximum tracking (AGC Check) Fig. 4-10 Receiver (A) DME Sig. Gen., Settings
1. Frequency = 112.5 MHz
2, Mode Switch = DME
3. Squitter = 2700
ES 4. DME 0/0 reply = 70
5. IDENT = OFF
Check photocell operation, NO 6. Attenuator = 78 dim
Place finger over photocell, 7. Range/Velocity = RANGL
Does display get dimmer? B. Dist INJOUT = IN (inhound)
L 9, DME P2 Diev us = 0
LVES 10. Velocity = 140 KT
11 = 156,68 NM
Shine flashiight on photocell, NO_ & See Key 2. Microprocessor = up < U318
Does display get brighter? Fig. 4-12 Didplay
‘YES
Place finger over photocell, NO
rotate pilot dimmer potentiometer,

Does intensity change?

‘YES

DME operation
is correct,

FIGURE 4-8.
12/80

SEE BLOW-UP
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FUNCTIONAL CHECKOUT FLOW CHART




NARCO AVIONICS DME 890
Connect for '
standard test.
YES NOTES®
Check 1. The DC operating voltages at the bane and
e emitter of Q205 with P102 disconnected (no AF
¥ ’ Is clock present U314D0/F. signal) shall be within 20% of the indicated
<: li';;\-l:lll“::1\“}‘(5-'”:k oy L but incorrect %0 | yaor, values: DBawe = 0.47 Vde emittor = 1,25 Vdc,
¥ frequency? Open C119, -
Shorted PC 2. The DC operating voltages at the base and
: bosrd track emitter of Q205 with P102 connected (RF wignal
YES ! resent) shall be within 20% of the indicated
i
YES values emitter = 0,84 Vdc, bawe = 0,12 Vde,
Check 3. QIO1 is not field replaceable, Send DME to

Ya01, Narco for repalr,

Shorted C319, 4. An RF signal generator may be wubistituted for
the synthesizer injection. Inject a +1 dbm
signal at PlO2, See Tuble J=1 for list oi
{roquencies,

. " q Check 5. The DC operating voltages, with an applied R}
@—-;::H:::”f: s;t;:: a7 o :: l.ll; It:\“] & Ao Shorted C328 Algnal, are given lwlm..fnr the exciier SURges.
f - o orte ' q : . .- i 3
minimum? R358 broken. Voltages listed have a =20% tolerance
Q ] b c
YES YES 20T 5 N 7.8 | AMensured st junction
YES . 202 0, ] .‘I.Loq of R210/R212
203 0,7 24 11.0 : €
eMensured at junction
204 3. 3.8 |14 o H21H, H21E
Is ul pin 3 Are pulses present Ses Key @ X ;
' o 8, If a defective exciter transistor 1s replaced,
Atia constant By L]ac: HI0ILE 1g. 4-13 Distance first check the power output across the band,
YES If sdjustment is indicated, only adjust the
YES inductor and capacitors wysoCiated with that
transiastor stage,
Isolate uf pin 3 from PC chsek 7. When seerching for an open RF capacitor, use
board. If pin 3 reads 1. Check the encode PC board the following technique: Tape an HF capacitor,
+5V, change uP. 1f not, track for a short (o equel to or close in value to the capacitor
check PC board track ground, Isolate U318-3 being checked, to & small wood, plastic, or
for mshort to 5V, from the PC board track. fiberglass stick, Trim the capacitor leads to
If the track check is OK, 1/18 inch, Bridge the suspected capacitor with
Key @ then the uP is defective. the test capacitor,
Are 50V modul Chbok b, RARNING: There are no plated through holes on
Cloes present T HOl1. vsien fatlure. g the transmit PC board,
B s PLEasA 12, Q301 fatlure. T .
at Q301 collector? 3. Q302 failure CAUTION: hen replacing R cerumic trapezodia »
4’ +80 Vde at r':mg capacitor auch as C203, C208, etc, =
YES 5. Shones CR3Z3. care must be taken Lo ensure that .
: ; Check the soldering irgn temperature is not
8. 8hort in tranamitter Lheck 800 level will
2 Are 33V pulses module., greater than 600°F am this level w
5 rensnt &t KO 1, +14 Yde at FL101. stress crack the capacitor,
N [B208 emitter? = 2, +50 Vdc at FL103,
e L 3, Shorted CR201, Sep Hey@pru\'lden the logtical
’ YES Theck 4, Shorted C104. troublesfooting flow from one
et 5. Q208 failure. figure to another,
2 Ate 50V pulnea] yo |1. Q103 failure, =R
present at 0 2. 50 vde at FL1OZ, relates to the equally
Q103 emitter? 3. L102 open, nufibered waveform located on
s [ 4. Q102 shorted, the schemmtic(s),
1e8 1, Check RT201,
Are negative ) 1s 1208 operating - ?giaép::uogzu
pulsea 2“"“‘ - Lo ncordance - fncorrect value
. .
1 Sl xdthi HOTE 17 2. Check Q205
for failure,
YES YYES
18 synthesizer
1s Q205 operating NO | tnjection at P102 N
in accordance correct frequency ! See Koy g{? |
with NOTE 27 and level (+3 dbm)? Fig. 4-14 Syhthesizer
See NOTE 4.
h YEB
q YES
@ Check
t., Check resistors
1, C218 open, Are exciter
| 2, C221 open. transistors DO NO 2y ;{“o Hhowing
3, 7201 open. voltages in - 2;“ I‘Tl \ "
Chack ;5;""‘""“‘ with i fn:‘l:ty ::::e“or "
AL T .
<1> "'7 ":"-':"'" HO | 1. C108 open. YES E 57 See NOTE 8.
=1 pulees present 2. CR102 open.
RIZRI0IT 3. CR103 open, If above components p VES
YES 4. Q102 failure, check OK then Q101
é:";'mé.;:u;l' 1. Check for open
Transmitter < mt:tr;{ bypass
il correct. capacitors,
2. Check for open
coupling
capacitors,
See NOTE 7 and 8.
DwG NO TPOQ919
A r r
FIGURE 4-9. TRANSMITTER TROUBLE ISOLATION FLOW CHART
SEE BLOW-UP




MAINTENANCE
SECTION 4

. lConnect DME for standard tent.| Kay

[Receiver 1a working but weak. |—————e—t Key @

— -3 ——I No T o Receiver Video ia |
III +14 Vdc present at C7347? |— - 1Check Power Supply working correctly.|

YES ®

NO e )

Ise Raceiver Video mluutnzl | Is Receiver AGC o See AGC block
(-82 dBm) at C7337 S to Apecification? ln this chart.

YES YES

i = St ——

Increase S1g, Gen. level to -80 dBml LHO 1s trnnnmnmrl_‘ Ruecelver section
Is Receiver video now at C7337 gl working? I isn OK

\’ES? YES ’

YES

Ila Transmitter waak? I—HQ——lnelngn Receiver per Section 4..5_! ‘.m In Synthesizer | NO Seo Key @
working? Fig, 4-14 SyntRésizar
Yuli * f
|

Check VCO injection to Tranamitter Ia Receiver stil]l weak? -
See Note 4 in Fig., 4-8B, | See Key @ |
YES | | Fig. 4-8 Tranemitter |
I v A
Remove 83 MHz injection lead
from E704, Substitute a pulse See Ner@rrm‘tdun the logical
modulated RF Sig. Gen. set to troublesTooting flow from one
?3 MHz and s 10 uv level, figure to another,
nject 3ig, into E704, Remove
' d relates to the equally
the receiver video and AGC ms?m-rr'd waveform located on

pulse leads from C733 and €732,
Solder a 10K resistor from
C733 to C732,

the schematic(s)

[ ] Check
NO —_—
Are 1V pulses N0 | Are pulsaes &{ Are transiator N0 1. Transistor
present &t presont but DC voltages failure.
Q703 collector? less than 1 volt? according to NOTE 17 2, Open bias
reglstor.
3. Q701 shorted.

@ 0 YES YES
. ‘ Check

Check the clreuit NO | 1, CR701 open

for AGC operation. Check Is anode of
Seo K ] NO r— “RT "8 vde? or ahort,
;Jo:: tﬂaagé voltage 1, Q701 fmilure, EHTOL KE .6 = Open L702.

2.
4, Q702 fmllure, 3. Open R702.
3, C703 ahort, YES

4. R707 open.

decrease as the RF
level 18 increanes?

Check
YES =
. 1. Isolate problem
stage, See NOTE 2,
YES Incresse the RF Then check for open
81g. Gen, level. capacitors or cold
Will the puldes solder joints.
at Q703 collector
rise to 1 volt? NOTES:

YES T. BC operating voltages, with no signkl applied,
are given below for transjators Q703 through

hatar - Q710. All voltages VDC, -20%.
gf‘:‘: fsﬁ,’;"wﬁ’é‘ 2) Nase | Collector Q Base | Collector
and check for: 701 0 7.2 g W N
1, Weak tranaistor. 703 82 3,2 A A
2, Wesk CR701 704 ] 14 9 i1
J06 14 0 _110 = 0,
53 () 708 | .72 8.8
Check : 2. To lacilitate the troubleshooting of the three
Are BY pulses NO o filter stages RF injection levels are given
present at E7027? ;' g;é‘ gg:?;ﬂ'. below for the three coupling capacitora €725,
, 708 fail 4 C717, and C710. To inject m RF aignal, remove
YES 3.9 L 1“"' one leand of the capacitor from the PC board at
4. Open resistor, the tuning coil end and inject signal into
Problem e insufficient 8. Shorted receiver thie lead: remove the video and AGC lesds
83 MHz IF injection video ‘line,. from C733 and C732 and substitute s 10K
. resistor across them,
i“‘ Chack InJecél n_Point |RF A I.enunnr Q7 );il.gm
NO Lheck k T0uVI =
Is Q104 base voltage .8 Vde? C
&4 1. Q104 fallure. (=54dBz) laga
1s Q104 collector voltage 10 Vdc? 2. R108/R107 open. €710 1, 2oV (-43dBm) V Pulses
§vEs 3. Cold solder joints. 3. AGC voltage levels are given below using a
ke i aTralaies puéna modu;uad RF Sig, Gen. set to 63 MHz
NO and the vidio and AGC leads remove from C733
CR104/CR105 open | MGuf Is C113/C114 open? and C732 and & 10X resistor mubstituted
or shprted? See NOTE 7 in Fig, 4-9, Is CR103 lhortad?l s e Bubstitute
YES ‘YEB YES [51g, Gen. Attenuator | AGC volte (Q701 collector
i WV (=BT e i [ C—
s capacitor, Q uV (-70 6_Ydc
Repihswidiate; Bon NOTE & tn Plg. 4-8. lRepllce dlode-l 300 uv_(=57 dbm 5 Vg
2 mV (=41 dbm 4 Vdc

DWG NO.TPOO920
FIGURE 4-10. RECEIVER TROUBLE ISOLATION FLOW CHART
12/80 4-19

SEE BLOW-UP
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Apply powsr
(14 or 28Y) to DME,

+\'ES Remove L3071 lead from . a
1 ' PC hoard at Jjunction o Check <
E;na; present at "g E;‘;g" :s‘:.‘rm NO | c312 and €313, ludmf ﬂ-l ;1—02—0““
prNEiEat Ei.'i_ﬂl? i f;gggnt IR 2, C31l shorted,
'YI‘S - 3. Connector lault,
YES
§ VES Check i

1. ON/OFF switch open.
2. CB0D shorted,
CR612 shorted,

w

Check

1. C31 wshorted.
2, C31i shorted.

Are switching |NO 1a volta n] N
ge at EB02| ¢
laes present f-ad B it
D ERBIL? zero volts DC? hg802

ls voltage at

.8 to 1V?

YES

‘/\j‘> YES
NO
YES Hae QB03 failed? Replace UBO1.

YE3

]Raplaca QSOILl

Is tuse F@01|NO

Haa QA04 failed? |—esdRaplace UBOI.

NO

blown?
YES YES
Replace QB04.
h : Doe 603
Remove wire Is C324 or 39 Is CB07 or 49 Qggg glve <:r _‘.;9_ 2:5: 3801 1?: s
L E3shte arted) C808 shorted?| = | emitter/collector c:olle(‘t:;,:'1 uh::/t?
short? =
G
YES YES 1 YES YES

Is voltage at EB02| .o | If voltage st E602

Replace part >
and fuse,

7.2 to B.0 Vde? e 18 Blightly out of
(use digital VM) specification,
select HBO0B per
}YES Sectlion 4.5.
Are switching
:;T:a:"ﬁrsglif““" NO | 1s base blas voltage| .. Check
& present at junction 1. Ca08 shorted
on Q801/Q802 . L
B C0L/oRD @ of H603/RE0A? Bl st
J T\‘ES
YES Has Q601 or Q602 NO | Are any transformer [ 0] Are any rectified KO
@ failed? voltage output lines diodes shorted? Replace T801,
shorted? . r
@ ) ? YES J YES
Heplace part, Remove wire from
1ine indicating | Replace diode. !
the short.

Are base and emitter O
waveforma on both Replace T801,
Q601 and Q802 identical?

YES
3';‘{:.:2“::: KO |Recompensate
r -N
,lpocltlcnlon-?hpa Heetion inb
*‘I’EB
Do all other NO im the volinge
voltages meet at B50% of rated
specifications? value?
| ves YES
Power supply ie Check for open

working correctly, rectifier diode,

*YES

To isolate the module

In the filter N0 lwhich the short s on,
capacitor shorted? Bee Interconnect
Diagram Fig. 8-1,

YES

lncpllce Cnpaclqu

See Key@prc\'idea the logieal
troubleshooting flow from one
figure to another,

‘@ relates to the equally
nufibered waveform located on
the schematic(s).

Dwg. No. TP00925

FIGURE 4-11., POWER SUPPLY TROUBLE ISOLATION FLOW CHART

4-20
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MAINTENANCE
SECTION 4

v Key(e)g fen th slva
Tiga ¥
. 0 ting « 11 “
[ECamect oW for_wrandura tes ] oot mioating
Vi { [ elate L] the eygLa ¥
t ered wavel! | dled T
{'u'r'. y Gimnplay opera n‘l taommal
lostlined in Svotiun “ai.e |
YES
== - oliG e
Are asl digits
[F it 1

ity

I one digit NO Are al! legends | N
11 —— L —
brilltant 1it? t1lumineted?

tiantly 11 hy |

|
g — 1 YES [
12l < - t S,
T f—g——t Ry (&) r——— —— vl Lver
| e ' Indicative ul 8O T ”"“;_J"
- ’ . po—-—— == ’
conntant applied dinplay ntensity | B
anode voltage yul dimmer?
. , e w©® |
tahibie pin ¢ Are | v, ' N ——— yes i
Lay? mt nnt sl t pew————aq i .‘.;\ - 117 ¥ qefective r - - ==
Vi ike ae BTN < M R T
| — [ " 1, U7 shorted output (+5V) ——do—
I 1 !‘ 2. UMb shorted cutput 100V ‘lace finger o Ne
- mmerm—— i, PC board track nhorted ta $100V Adj
| l LAECA ‘ e g ook dis
1. 2100 Vde (allure ‘ |intensily change?
0 fu ir ! N —_——

| ' 4 ta re 47 VR
VES | lll. G404 fal fure | | |‘|-|‘l{m rRing
- - - Dinpl I wo 1y
——h ey = T —] — correctly.
™\ Afe miro PUuihen Al - . L TreNent ) e “.——
’\ L x 3 Y 5 - . .A.F,f'\ ¢ pPUulnos present N e ‘-.@
1 SeaT st pitple i LRI _-.:]'4'{‘;.! _i-14 DYStance
‘ Ll —_— - - o
| YRS 43 i
| - - S e — - = S e,
| A N "-ur

r S T 15 NO ldentify legends,
IOA 1a ate up pin 7 ( . DL ektd l\‘;!'f"dh - Sen DINpiay
detective Gy trobe putsen [ SI0L L ed } Diakid o1 Fig. -7
proesent at ul’ pin 7 PC bowrd track before : '\‘1 g
| — installyng new uP. YES -
" — Bl N s Check !
Yn. e [
—— s B Haw Q105, QI06, Q307
| 1 heck r failed?
| Iy | Have soitter resistors opened?
| w i | Will UJIB outputs pull down
I el il to -100V?
4 track L ——— ———~
| —r— -~
= =k : . P uP s defective,
W1l mill ,,:.‘,,.n;,, X0 | 18 oaly one | 1:.,:-\[- ,:um NOTE
in digits 0 to —{ LogEent Lo ope ; . ' all [ NO pin <7 . 5O | Ccheck TT board
Aliusinates d1git tnoperstive? | 1ts Snop catd ';J f\rll' d:r::‘i: o] clreutt. AT | track tor short
: S ML AR illumin ¢ p‘”"f‘f‘,“ ul vefore installing
YES YES pin 477 new ul. |
| -~ ] YES
| Display in Iy the | i L bk 2 '
defective, 1 | Chvek
—d 1, IC board track short
YES o, ] ——————— £, Shorted U320 ipput.
I —— = : f.l s defective J. dhorted UJ1H input,
! present | oge | I-‘:‘f-- k PC boara track 1. Shorted UJI3A taput.
| B R for short Lo ef a— -
| | 2 {ms " NO apat
ey j l l:. fore instaliling Are pulses present Ua00F
S new ul at o ldefective,
Y
LK BT
Are pulses present NO | gotoctive,
wt UA140-67 U an
input short.
?H..\
o Are pulses present NO [pataa
Has segment Y Wt D13A-47 dofuective.
‘ drive t1ransi W reosdd et {
a7 = 'ES
| fﬂ’:}f'"_____r_ L urrent 4 will output YE o | vaore
| SUing rekistor ] f U320 £ i prese ¢ defective,
ase - / Are pulses present .
YE the emitter 1 pull down ¢ -_fl\:, = ‘-'_“,H-_”ﬁ UILR
1 SANRRE to -100 Vde? input short.
\' {H'- f'ﬂ:l
| _ : - ———y Will vutpurs of NO =
Heplace Repluce V18 pull down - L ”"A:H
transistar. resistor, ta =100V7 defective .
? 1 — g So. TI0OH]
L= e ——— . — e  — .

FIGURE 4-12, DISPLAY TROUBLE ISOLATION FLOW CHART (sheet 1 of 2)
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ll‘unn--c"l UKME for stundard lm-ﬂ

YES o
Verify display operstion as
outlined 1 Section 2.

Are all dlult.‘l

G Kl‘k‘"'i'l"“’l‘i":‘ the logt
troublesTooting flow from one

Pigure to another,

-~
Cay pelutes to the egquall

cul

v

nnﬁnn-rml wavoltorm located on

the schematiets)

YES

I

Check
1. Q304 furlure,

i f ALTERNATE ME THOD
illuminnted?
@) See Display — NO
Fig., 1-7 5 e
by Key(] REE e s Arv more than o
) Koy (@ digtt Llanked of1? digit blanked off
?‘H{.‘;
dentity T -
digit number, Using an oser lhiseope
See Display N0 (I coupled), check
Fig. 4-7 logie condition of
——ce = ==S T gt select Lines (ARC).
YYF‘S I+ ane or more of
—= the Lipes at o a constunt
Is pulse present logre e
Wt U7 output ———
correspomndng
to blanked digit e
YES (%, 0, Xy =1, X,4% prte.) U7 defective or Paolate the Line(n)
Y ¥ ? I__~.n.r|-|--l l'v‘__l_u_mr(! track, Li—l ""h.r ulr. ]
ey 4 .
"”’»1 }\y YES
Dawss Lhe )
15 pulse present %0 ‘||.-|| ::-I:f:‘n.r SO
at output of US| g} S defective or B, e

corresponding
to hlaonked digit?

i YES

Display defective,
Check for cold
solder joint uat
display assembly
befare replacing.

Will all segments KO
in digits 0 to 7
il luminate?

15 only one
segment in one
digtt tnoperat ive?

*w}s

Displuy s
defective,

shorted M

noard track,

Te
segment

s
o

YES [ 3
i wm_ 1 o _ e ub 15 defective.
pulses prosent | oy, t the up Check PC board track
Wl far from the MO ) tar short to +16Y
oty Aree pulses betore installing
= now present new ul!
YES e -
YES
Ehock
Lo PO bowrd track
short to ground.
2. Shorted input
- ) in U2, <§;>
W osegment - N
drive transistor | Ko
"“_i""' - N I current Will output
YES Limiting reststor | NO | G yaan MO lyazo is
o3 i the emittor pull down defective,

[ |
[Ero i

s5) remain -1,

mntant
,

logie o

Check

Shorted U317 tnput.
Sharted PC hourd track,

HIRgILY Ahoporat pve”

=

ub defective,
SOTE

Check PC bourd

short

installing

hefore
new ub,

Lol «

to =100 Vde?

|

I:Repnce

resistor.
— )

YES

2, CH26 shore,
Photocell lead
open,

H339 open.,
334 open,

1s one digit LY Are all legends NO
brilliuntly 1402~ illuminated?
’vns Vies
Mace [inger over
Indicative of NO photocell. Does the| SO
constant applied[— =" |giuplay intensity =2
anode voltage., gt dimmer?
‘ Key
YES
Chuck YES i
1. U7 shorted output (+6V),
2. UdlH shorted output (+100V). Place finger over i
4, PC board track shorted to +100V, photocell, Adjust :
B339,  Does display
intensity change?

YES

Displ
c

correctly.

ay 18 working

f

Are all

legends NO

Identify legend
See Display

blanked off?

YES

Are decimals |NO

Fig. 1-7

Yol

1.

Check

Ham Q305, Qi06, Q307
falled?

2. Havo emitter resistors opened?
3, Will U31B outputs pull down

to -100V?

t1luminnted?

YES

Isolate uP
pin 27 from NO

ul is defactive,

Cheek PC board

circuit, Are
pulses at WP

track for short
before instelling

pin 277 new uP,
Vs
Check
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REPLACEMENT PARTS LIST
SECTION 5

5.1 GENERAL

This Section provides simplified exploded view drawings of the
DME 890,

The lists represent a complete hypothetical complete disassembly
of the Unit. Parts that are attached by hardware are related to
that hardware by being listed following the words ATTACHING PARTS.
The symbol - - - - * - - - - designates the ending of that set of
hardware,

Only those electrical parts that are related to mechanical parts are
listed to show their relationship, all remaining electrical parts
will be found in the Electrical Parts List on the reverse side of
the schematic in Section 6,

Before attempting any disassembly review the exploded views, to
provide foresight - disassemble only those parts required to be
removed,

The lists present piece parts individually. At times such indivi-
dual parts are not available as they are assembled into process
assemblies for future assembly. The reason for this is because, in
most cases, special fixtures are required to do the job properly.
When ordering any mechanical part please identify it by part number
and relate it to its figure and item number,

5.2 MODULES

Narco has added the DME 890's three replacement modules to its
module replacement program, The modules are available for your
stock, ready when the need calls. The object of the program is
obvious - to provide fast customer service,

Replacement modules may be ordered by using their complete and
tested replacement module part number.

MODULE ORDER NO.,
IT" Receiver 01375-1390
Transmitter 01376-1390
Power Supply Assy 01379-1390
12/80 5-1
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REPLACEMENT PARTS LIST
SECTION 5

DME 890
MECHANICAL PARTS LIST

Part
Number Description

01380-0101 DME 890
04912-0001 LABEL, Nameplate
04920-0001 LABEL, Modification
04911-0001 LABEL, Warranty Identification
50217-0001 COVER, Top
( ATTACHING PARTS)
828G69-0701 SCREW, Mach, Taptite, SS, Phil Hd,
4-40 X 3/16 3
= = W s = e
50217-0001 COVER, Bottom 1
(ATTACHING PARTS)
82869-0701 SCREW, Mach, Taptite, SS, Phil Hd,
4-40 X 3/16 3
S e
83038-0001 INSULATOR, Phenolic 1
11454-0003 7Z801/Z806 BEAD, Ferrite 6
84540-0001 GASKET, 9 inches long (EMI/RFI)
01377-0101 TOP FRAME ASSY (See Figure 5.2
for breakdown)
(ATTACHING PARTS)
82892-0402 SCREW, Mach, SS, Phil Hd,
4-40 X 3/16
84536-0702 SCREW, Mach, SS, Phil Hd,
4-40 X 3/16 3
82802-0702 WASHER, Lock, Int. Tooth, S8,
NO. 4 3
e A s
88238-0001 KNOB, .128 OD X .46 lg (KHz) 1
(ATTACHING PARTS)
82863-0718 SETSCREW, 4 flutes, S8S, 4-40 X 1/8 2
S e mnred AW e e
88237-0001 KNOB, .255 OD X .46 1lg (MH=z) 1
(ATTACHING PARTS)
82863-0718 SETSCREW, 4 flutes, 5SS, 4-40 X 1/8 2
R e
50244-0111 PANEL, Trim 1
(ATTACHING PARTS)
82809-0306 SCREW, Mach, Black, Nylon, Flat Hd,
4-40 X 7/16 4
= e e m K el
50276-0001 SHIELD, Toggle Switch 2
50277-0001 SHIELD, Switch Support 1
01379-0101 POWER SUPPLY AND RIGHT SIDE PANEL
(See Figure 5-5 for
breakdown)




NARCO AVIONICS DME 890

Dwg No. TPUOI1T74

FIGURE 5-1, DME 890
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REPLACEMENT PARTS LIST

SECTION 5
DME 890
MECHANICAL PARTS LIST
Fig
and Part Symbol
Index |[Number Number Description Qty
(ATTACHING PARTS)
-24 84537-0702 SCREW, Mach, Taptite, S5, Phil Hd,
Undercut, 4-40 X 3/16 2
-25 82869-0704 SCREW, Mach, Taptite, SS, Phil Hd,
4-40 X 3/8 1
VNN R R
-26 50205-0002 PLATE, Rear 1
(ATTACHING PARTS)
-27 82869-0704 SCREW, Mach, Taptite, SS, Phil Hd,
4-40 X 3/8 2
-28 82869-0704 SCREW, Mach, Taptite, SS, Phil Hd,
4-40 X 1/4 1
i e e Wy e
-29 50015-0101 PANEL, Left Side 1!
(ATTACHING PARTS)
-30 82884-0504 SCREW, Mach, SS, Phil Hd,
4-40 X 5/16 2
P ke T
-31 01378-0101 MAIN PC BOARD (See Figure 5-6 for

breakdown)




NARCO AVIONICS DME 890

Dug No. TPO0O1175

FIGURE 5-2,

TOP FRAME ASSEMBLY
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REPLACEMENT PARTS LIST

SECTION 5
DME 890
MECHANICAL PARTS LIST
Fig.
and Part Symbol
Index | Number Number Description Qty
5.2 01377-0101 TOP FRAME ASSEMBLY (See Figure
5.1-11 for next higher
assembly) Ref
-1 See Item 4 COVER, IF Receiver (part of
IF Receiver Assy) -
(ATTACHING PARTS) ,
-2 82892-0402 SCREW, Mach, S1, Pan Hd,
4-40 X 3/16 2
-3 82802-0703 WASHER, Lock, Int. Tooth, No.4 2
Ay o ben i b [k e
-4 01375-0101 RECEIVER, IF ASSY (See Figure
5.3 for breakdown) 1
(ATTACHING PARTS)
-5 81342-0011 SPACER, Threaded, 4-40,
.500 lg Hex body 2
-6 81312-0016 WASHER, Spring 2
o e es ) WL aan el
-7 See Item 9 COVER, (Part of Trans/Mod/
Presel/Recv Mixer) -
(ATTACHING PARTS)
-8 82892-0402 SCREW, Mach, S1, Pan Hd,
4-40 X 3/16 6
S o = o el e e
-9 01376-0101 TRANSMITTER/MODULATOR/
PRESELECTOR/RECEIVER MIXER
ASSY ( See Figure 5.4 for
breakdown) 1
(ATTACHING PARTS)
-10 81342-0012 SPACER, Threaded, 4-40,
.437 1lg Hex body 3
-11 81810-0001 WASHER, Shoulder 3
-12 81312-0016 WASHER, Spring 3
-13 81342-0013 SPACER, Threaded, 4-40,
.375 1lg Hex body 3
-14 82969-0004 WASHER, Lock, Split, No. 4 3
-15 81312-0016 WASHER, Spring 3
-16 84532-0702 SCREW, Mach, Phillips, Flat Hd,
2-56 X 3/16 2
— e e M L e
-17 50026-0101 PLATE, Mounting 1
NOTES: 1. IF Receiver Subassy (items 1 thru G6) available

12/80

as a tested subassy - Order No.

01375-1390.

2. Transmitter/Modulator/Preselector/Receiver Mixer
Assy available as a tested subassy - includes

items 7 thru 17,

Order No.

01376-1390.




NARCO AVIONICS DME 890

pwg No, TOOO1177

FIGURE 5-3. IF RECEIVER ASSEMBLY
DME 890
MECHANICAL PARTS LIST
Fig.
and Part Symbol
Index |Number Number Description Qty
5.3 01375-0101 RECEIVER, IF ASSY (See Figure 5-2,
item 4 for next higher
assembly) Ref
-1 50022-0001 COVER, Top 1
-2 50022-0002 COVER, Bottom 1
-3 84047-0003 CRADLE, Mount (P401/P402) 1
-4 50021-0001 SHIELD, Wraparound 1
-5 50038-0001 SHIELD, Can, IF coil (L704-
L709 6
-6 83037-0002 PAD, Transistor Mounting
Q706-Q710 5
-7 81808-0104 TERMINAL, Square Post 1
-8 50027-0001 PC BOARD (Less Components) NP
NOTES: 1. NP - Non-Procureable
2, See List 5-2's Note 1 for
replacement module part number,
5-8
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REPLACEMENT PARTS LIST

SECTION 5
DME 890
MECHANICAL PARTS LIST
Fig.
and Part Symbol
Index |Number Number Description Qty
5.4 01376-0101 TRANSMITTER/MODULATOR/PRESELECTOR/
RECEIVER MIXER ASSY (See
Figure 5.2, item -9 for next
higher assembly) Ref
-1 50020-0001 COVER, Trans (Top) i |
(ATTACHING PARTS)
-2 84533-0702 SCREW, Mach, SS, Phillips Hd,
2-56 X 3/16 2
o mee T EE i xm et
-3 50020-0002 COVER, Bottom 1
-4 50019-0001 COVER, Exciter 1
-5 41244-0001 P102 CONNECTOR, Plug 1
-6 90078-0001 COAX CABLE, Double Shielded 7" 1
-7 41318-0001 P101 CONNECTOR, Coax, BNC, TFemale 1
-8 82863-0718 SETSCREW, 4 Flutes, 4-40 X 1/8 1
-9 81213-0139 SPACER, Al, ,500 OD X ,390 ID X
.070 lg 1
i S e =
-10 75638-0007 Q103 TRANSISTOR, Darlington J.
(ATTACHING PARTS)
-11 82888-0003 SCREW, Pan Hd, Nylon, 4-40 X 1/4 1
-12 82925-0001 NUT, Hex, Nylon 4-40 1
T R A
-13 50049-0001 PLATE, Coupling 1
-14 88239-0001 KNOB, Tuning Adjust 1
(ATTACHING PARTS)
-15 82813-0006 SCREW, Mach, Bind Hd,
2-56 X 7/16 ik
e L | YA D e e
-16 50025-0001 SUPPORT, Rear 1
(ATTACHING PARTS)
-17 84533-0702 SCREW, Mach, SS, Phillips Hd,
2-56 X 3/16 1
-18 84533-0703 SCREW, Mach, SS, Phillips Hd,
2-56 X 1/4 2
-19 82969-0002 WASHER, Lock, Split, No. 2 3
-20 81810-0002 WASHER, Shoulder 2
-21 84533-0702 SCREW, Mach, SS, Phillips Hd,
2-56 X 3/16 4
_ e = = K o o = =
-22 50018-0001 SHIELD, Internal Support 1
-23 50051-0002 CLIP, Spring, 9 inches long
(w/filter holes) 1
-24 50050-0001 SPACER, (Spring Clip)7+ inches
long 1
-25 50051-0003 CLIP, Spring, 2.5 inches long
(rear) 1
12/80 5-9




NARCO AVIONICS DME 890

Dwg No. TPOOILTH

FIGURE 5-4. TRANSMITTER/MODULATOR/PRESELECTOR/RECEIVER MIXER ASSY
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REPLACEMENT PARTS LIST
SECTION 5

DME 890

MECHANICAL PARTS LIST

Fig.
and Part Symbol
Index [Number Number Description Qry
-26 50050-C003 SPACER, (Spring Clip) 2.5
inches long 1
-27 50051-0001 CLIP, Spring, 9 inches long 1
-28 50050-0002 SPACER (Spring Clip) 9 inches
long 1
(ATTACHING PARTS)
-29 81254-0037 EYELET 1
-30 81254-0033 EYELET 13
-31 50017-0001 SHIELD, Wraparound 1
-32 50012-0001 PC BOARD (Less Components) NP
ITEMS NOT SHOWN
83011-0014 INSULATOR, GLASS EPOXY,
1-1/16 X 7/16 with hole 1
84540-0001 GASKETING, EMI/RFI, 2-3/4 inch 1
90039-0014 STRIP, Electrical, 3/8 long X
_ 3/32 wide X .005, Silver 2
NOTES: 1. NP - Non-Procureable
2. See List 5-2's Note 2 for replacement
module part number,
12/80 5-11




NARCO AVIONICS DME 890

Deg No. TPOO13TR

FIGURE 5-5. POWER SUPPLY AND RIGHT SIDE PANEL
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REPLACEMENT PARTS LIST
SECTION &

DME 890
. MECHANICAL PARTS LIST
Fig.
and Part Symbol
Index |Number Number Descriprion Qty
5.6 01379-0101 POWER SUPPLY AND RIGHT SIDE
PANEL (See Figure 5-1, item
-23 for next higher assembly) Ref
-1 11879-0001 LG01 CHORE, Toroid 1
(ATTACHING PARTS)
-2 B2888-0009 SCREW, Nyvlon, Bind ld,
4=40 X 3/4 ]
-3 82025-0001 NUT, Hex, Nvlon, 4-40 1
- w w we B o mowm w
-4 11880-0001 LGO2 CHOKE, Toroid 1
(ATTACHING PARTS)
-5 84536-0709 SCREW, Mach, Phil Hd,
4=-40 X 3/4 1
-G 81335-0019 INSULATOR, Shoulder 2
- = wm e ¥ m om owm =
-7 11833-0001 TRANSFORMER, DC vo DC 1
(ATTACHING PARTS)
-8  84536-0709 SCREW, Mach, Phil Hd,
4-40 X 3/4 1
. -9 91335-0019 INSULATOR, Shoulder 2
-10 50011-0101 PC BOARD (Less Components) NP
(ATTACHING PARTS)
-11 84536-0703 SCREW, Mach, Phil Hd,
4=40 X 1/4 2
=12 B2802-0703 WASHER, Lock, Internal Tooth
No, 4 2
- e e em ¥ o m = =
-13 75625~-0001 QG601 TRANSISTOR, Silicon, PNP,
2NG109 1
-14 75625-0001 QG602 TRANSISTOR, Silicon, PNP,
2NG10Y 1
-15 75659-0002 Q603 TRANSISTOR, Silicon, NPN,
TIP31A 1
(ATTACHING PARTS)
-16 B8288B4-0507 SCREW, Mach, Flat Hd, Undercut,
4-40 X 1/2 3
-17 83031-0003 INSULATOR, Transistor 3
-18 81335-0012 INSULATOR, Shoulder 3
-19 81307-0123 WASHER, Flat, Al, ,187 OD X
.116 ID X .025 thk 3
-20 82969-0004 WASHER, Lock, Split, No. 1 3
-21 81207-0075 SPACER, Hex, Threaded thru,
4-40 (Nut) 3
e e R S e
. -22 50016-0101 PANEL, Right Side 1
NOTE: Power Supply and Right Side Panel available as a tested subassy.
Order No, 01379-1390,
5-13
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g No, TPOO1200

FIGURE 5-6. MAIN PC BOARD
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REPLACEMENT PARTS LIST

SECTION 5
DME 890
MECHANICAL PARTS LIST
Fig
and Part Symbol
Index |Number Number Description Qty
5.6 01378-0101 MAIN PC BOARD (See Figure 5-1,
item -31 for next higher
assembly) Ref
-1 61658-0001 SW301 SWITCH, Frequency 1
(ATTACHING PARTS)
-2 82900-0723 NUT, Hex, S/S, 3/8-32 1
-3 828B02-0735 WASHER, Lock, Int Tooth, 3/8 1
-4 81213-0137 SPACER, Al, .390 ID X .500 OD
X .070 1lg 1
-5 99065-0004 TAPE, Double Sided 1
poy poy gy f o pES WA S e
-6 50216-0001 BRACKET, Switch (SW302) 1
(ATTACHING PARTS)
-7 81254-0002 EYELET 2
- am e e B wm we e
-8 50242-0001 KNOB, ON-OFF-Vol- IDENT 1
-9 50014-0001 DISPLAY, Gas Discharge 1
(ATTACHING PARTS)
-10 8B1297-0011 RING, Retaining, Self-locking 8
gt et = e i N ] e ) S
-11 50223-0001 SUPPORT, Display 1
(ATTACHING PARTS)
-12 82869-0702 SCREW, Taptite, S/S, Pan Hd,
4-40 X 1/4 1
-13 82869-0703 SCREW, Taptite, S/S, Pan Hd,
4-40 X 5/16 1
-14 82969-0004 WASHER, Lock, Split, S/S, No, 4 2
-15 81307-0086 WASHER, Flat, Special 2
i ael mmlemi M em Tee e =
-16 50040-0001 HEATSINK (IC) 1
(ATTACHING PARTS)
-17 84536-0703 SCREW, Mach, Pan Hd, S/S,
4-40 X 1/4 2
) e N S e
-18 50039-0001 HEATSINK (U322/U0404) 2
(ATTACHING PARTS)
-19 84536-0703 SCREW, Mach, Pan Hd, S/S,
4-40 X 1/4 2
-20 82969-0004 WASHER, Lock, Split, S/S, No. 4 2
-21 82884-0502 SCREW, Mach, Flat Hd, Undercut,
4-40 X 3/16 2
-22 83040-0001 INSULATOR, Phenolic 2
e e e e




REPLACEMENT PARTS LIST
SECTION 5

DME 890
MECHANICAL PARTS LIST
Fig.
and Part Symbol
Index |Number Number Description Qty
-23 52726-0001 TRANSIPAD (Q301) 1
-24 83038-0002 INSULATOR, Phenolic 1
-25 50024-0001 COVER, (Synthesizer -
Component side) 1
-26 50047-0001 COVER, (Synthesizer -
Circuit side) 1
-27 83038-0002 INSULATOR, Phenolic 1
-28 83037-0003 PAD, Transistor (Q401/Q405) 5
-29 41244-0002 P401 CONNECTOR, Male 1
-30 90078-0001 COAX CABLE, Double Shielded 2
-31 50023-0001 SHIELD, Wraparound 1
-32 50231-0001 J302 CONNECTOR, L 'swulay 1
-33 50009-0001 PC BOARD (Les , Components) NP
NP - Non-Procureable
|
I
|
|
|
|
|
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NARCO AVIONICS DME 890

TABLE OF CONTENTS

**CTION PAGE ATP BLOW-U!
ABER TOPI1C NUMBER GRID FICHE
6.1 GENERAL . . . . T 6-1 1x04
6.1,.1 Internal Interconnect Dlagram ah el il e et
| 6.1.2 Component Location Drawings . . . . . .« « « . . . 6-1
6.1.3 Electrical Parts List , . . . o % % ® w @ e s ©B=1
6.1:,3.1 Using The Electrical Parts List I - !
6.2 MODIFICATION LABEL , . . . 6=2 1705
6.3 SERIAL NUMBER v/s CHASSIS LEVDL CONFIGURATION CODE. 6-2
LIST OF ILLUSTRATIONS
FIGURE PAGE
NUMBER TITLE NUMBER
6-1 INTERNAL WIRING (INTERCONNECT) DIAGRAM . . . . . . 6-3 1K07HC-LN?
6-2 TRAI\SMI'I‘Thll/MODULATOR/PRESELECTOR/MIXER. .+ + . . 6=5 1KLL NC Jd02
6-3 MAIN PC BOARD , . . . .+ s+ s « » s = « 6=9 1LO1NC J402
6-4 POWER SUPPLY AND RIGHT SIDE PANFL e s e e e e e s o 6-11 1LO9nc 9403
F‘S IF RECEIVE . . . . . . . . L] . . . 3 . . - . . . . 6_13 ll"lll N(‘ J‘]US
LIST OF TABLES
PAGE
TITLE , NUMBER
ELECTRICAL PARTS LIST OF TRANSMITTER/MODULATOR/PRESELECTOR/
MIXER . . . . . . . . . 6-6 lKl?
ELECTRICAL PARTS LIST OF MAIN PC BOARD . s = s e a = s o+ » + ©6-10 1LO05
ELECTRICAL PARTS LIST OF POWER SUPPLY . . . +. « « « &« &« + + . 6=12 1L13
ELECTRICAL PARTS LIST OF IF RECEIVER . . . . « . +« « « + . . 6-14 1119
12/80 6-1
(6-ii Blank)




SCHEMATICS
SECTION 6

6.1 GENERAL

This Section contains a set of Schematics and support information
for the DME 890. Such support information comprises:

e An internal interconnect diagram

e Component location drawings with "solder track"

e Voltage test points

e Waveforms

e llectrical Parts List on the reverse side of the schematic

6.1.1 Internal Interconnect Diagram

Figure 6-1, the internal interconnect diagram shows point-to-point
wiring. This figure's To/From Wiring List is a redundant list, that
is, the left column contains, in alphanumeric sequence, both ends of
a lead, allowing one to find the opposite end of a lead quickly.
Lead functions and wire colors are given, (Note: wire colors may
be changed without notice).

6.1.2 Component Location Drawings

The component drawing adjacent to its schematic is provided to give
quick schematic/unit orientation. The PC runs shown are provided to
aid in tracing and identifying components. Numerous waveform and
voltages are shown on or about the schematic to allow quick trouble-
shooting, in conjunction with the trouble isolation flow charts of
Section 4.

6.1.3 Electrical Parts List

The Electrical Parts List, formerly located in Section 5 will be
found on the reverse side of its schematic. The parts listed are
those parts found in the schematic,

This list contains such data as: the parts effectivity, and an
Action if any, its electrical symbol number, Narco Part Number,
Description, and its component assembly and schematic grid coordinates.

6.1.3.1 Using the FElectrical Parts List

The action column identifies added, changed, and deleted parts, the
effectivity column identifies the Chassis Level Configuration Code

Letter used to identify when the part was effected.

To the far right of the part number /description one will find a grid
coordinate listing for that part, one set of coordinates locates that
part on the component assembly drawing, the second locates the part
within the schematic. Where a part, such as an IC, is broken down
into several subcomponents, each component part is located for the
user.

12/80 6-1




NARCO AVIONICS DME 890

6,1.3.1 Continued

Grid coordinates are shown on both the component assembly drawing
and the schematic. The grids are not, in themselves, shown to avoid
clutter.

The grid coordinate identifies that grid box where in the components
symbol letter is located as shown in the sample below.

I 2 3 , 4 Component Schematic
n-ﬂgL Rl 02 Grid Grid
e tin il Ll B i c101 Al Al
A oL J{ToTh C102 c2 C1
1 i B
& -+ £ e CR101 A4 D1
B Ig um: ciof Q101 A2 B4
T & R101 B2 A2
C e o = g R102 C3 A3
g No. TPOOL178 D |CRIOI — U101 B4 c2

6.2 MODIFICATION LABEL

The modification label affixed to the unit is provided to allow

quick recognition of what modifications where made to that unit,

if any. Thus the block should only be filled in upon completion 'S
of a Narco Service Bulletin Modification Instruction. Fill in

only that block or blocks that the Bulletin designates,

6.3 SERIAL NUMBER v/s CHASSIS LEVEL CONFIGURATION CODE
The Serial Number will be the key factor to identify units. The
Chassis Level Configuration Codes will be used when necessary to

identify specific subassemblies at specific levels,

When a Unit's Chassis Code is presented as a series of letters,

their arrangement reflects:
TRANS /MOD — POWER SUPPLY
_l £— IFT RECEIVER

MAIN PC
R’ !

1lst 2nd 3rd 4th
Ltr Ltr Ltr Ltr

SERIAL NUMBER v/s CODES
10000 A A A A

% 4

6-2 12/80
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NARCO AVIONICS RNAV 860
MODIFICATION INSTRUCTION - 03225-0670

DME 890 MODIFICATION INSTRUCTION
FOR MICROPROCESSOR KIT

Purpose: By the installation of this kit, the DME 890 becomes
compatible wirth the RNAV 86O0.
1.0  PARTS SUPPLIED IN KIT NO. 03225-0500

[tem No. Part Number Desceription Qty

74243-0001 Microprocessor and E Prom (38P70)
412101-0001 40 Pin Carrier

04938-0001 Label, DME 890 MOD.

03225-0670 Modification Instructions (this sheet)

1
1
1l
1

2.0 ‘GENERAL

This Kit contains a microprocessor combined with an E Prom that was
specilically designed to permit the Narco Avionices DME 830 to be
compatible with the Narco Avionies RNAV 860 Area Navigation System.
DME 860's that have this combination installed retain all of their
original specilications and may be used as a standard DME without
the RNAV 860,

INSTALLATION

Installing this Kit consists of replacing the original DME 890
microprocessor (U319) with the supplied uP/E Prom combination and
1 jumper.,

gl PROCEDURI

A, Removal of existing uP.

Gain access to the DME 890 microprocessor (U319). Refer
to the DME 890 maintenance manual. Before removing the
old vP, identify and mark Pin #1 PC board hole to
facilitate the insertion of the new uP.

Cut every pin on the microprocessor as close to the top
of the chip as possible. This will leave a pin length
long enough to be handled by a long nose plier.

While unsoldering each pin, pull the pin from the PC
board with the long nose plier as soon as the solder
melts,

Removing the uP/E Prom combination from its' carrier
observe the following caution:

All the standard precautions that apply to
the handling of MOS devices should be observed.

NOV 81




NARCO AVIONICS RNAV 8GO
MODIFICATION INSTRUCTION - 03225-0G70

3.1 Continued

B, Insertion of uP/E Prom
Identify the location of pin #1 of the uP/E Prom (see
Figure i) and install the new component by aligning pin
#1 to the previously marked Pin #1 PC board hole. J
Using a soldering iron whose tip temperature does not ; _
exceed G600°F, solder all 40 pins, Trim the excess pin i )
length from the printed circuit side of the PC board.

NN E!

/
£__PiN| IS IUENTIFIED BY A SMALL CIRCLE STYLE A

IS IDENTIFIED BY THE SYeLt RN
MERAL | Dwa KO TPOOI4Z}

FIGURE 1., MICROPROCESSOR/E PROM PIN 1 IDENTIFICATION

C. Add Jumper
uP U319 pins 20/21

Jumper:

"Solder-EZE" P
B 1) HIG

Insulated AWG 24
s eppih G
>—J$;::;ooe l—-—-—-—-Jk', Jf-uf"
O\ Y T i - a

D. Completion
1. Fasten the RNAV 860 Modification label to the top dust
cover of the DME 890. This completes this modification.
2. Bench check the DME 890 according to Section 2 of the
DME 890 manual.
3. Bench or ramp test the RNAV 860 system according to the
RNAV 860 manual. : .




NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION: 03314-0670

MODIFICATION INSTRUCTION
FOR
DME 890 SLIP CODE CHANNELING KIT

KIT NUMBER: 03314-0504

I PURPOSE

To provide detailed instructions to modify a NARCO DME 830 to receive
remote channeling information in the form of a SLIP CODE {s/cl.

II GENERAL

This modification basically requires the following:

1.

FIGURE

9/81

L

The layout and connection of eleven (11) jumpers between
the S/C Board and the DME's rear connector (P301).

The layout and connection of a nine (9) wire interconnect
cable between the S/C Board and the NAV Unit.

The check-out of the S/C Board and its installation.
The removal of the DME and its tray from the aircraft.

The addition of a Filter Circuit into the DME 890's
Main PC Board.

The re-installation of the Tray, DME, and the connection
of the interconnect cable to the NAV Unit.

fl
7/
PN 11 JUMPER

FILTER CIRCUIT DWG NO TPOOI387

SLIP CODE CHANNELING KIT MODIFICATION OVERVIEW

Page 1
(10 Pages)




NARCO AVIONICS DME B90
MODIFICATION INSTRUCTION: 03314-0670

ITI NARCQ SUPPLIED ITEMS

The following list of parts may be used to verify the Kits contents:

Item NO. |Narco Part No. Description Oty
1 03314-0670 Modification Instruction (this
Book1et) « = & @ & s & w & o & = 1
2 01403-1300 Slip Code Channeling PC Board Assy 1
3 84536-0706 Screw, Mach, Pan Hd, #4-40 x 7/16 2
4 81324-0023 Washer, Lock, Split, 8S, #4. . 3
5 81206-0042 Spacer, .136 ID x .187 OD x .250
long T - T - 2
6 41407-0002 Pin, Connector 12
7 82010-0014 Clamp, Cable I e 1
8 84536-0704 Screw, Mach, Pan Hd, #4-40 x 5/16. 1
9 B1329-0104 Washer, Flat, S5, #4 & o) 1
10 24551-0002 Capacitor, 470 pF 2
11 11485-0016 Choke, 1.8 uH. 1
12 11454-0003 Ferrite Bead 2
1V INSTALLER SUPPLIED ITEMS

The following list of items are needed for the modification:

Standard electrical shop tools.

A DC voltmeter.

A DC Power Supply.

One 4.7K resistor.

A supply of stranded #22 AWG wire.

A Molex crimping tool, (See DME Manual Figure 2-10).
A Molex pin ejector (See DME Manual Figure 2-10).

U e N
« & s & & s s

Page 2 9/81




NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION: 03314-0670

V PROCEDURE
A. S/C Board to Connector P30l Wiring:

Eleven jumper wires must be soldered to the S/C Board, their
opposite ends terminated with a Molex pin connector. These
jumpers will be routed to P30l and connected.

1. Cut eleven, 6 inch long pieces of stranded #22 AWG wire.

2. Refer to Figure 2 and solder one lead to each EL0l7 thru
£L026 and the eleventh to E1029.

3. Crimp a Molex pin connector to all these leads except
E1025. FE1025 will, during installation be connected
to P301-10 or -L (GND).

B. S/C Board to NAV Unit Wiring:

A nine wire cable must be layed out and soldered to the S/C
Board, their opposite ends terminated at the NAV Unit.

1. Determine the required length of cable between the DME
and the NAV Unit, use {#22 AWG stranded wire.

2. Refer to PFigure 2 and solder one lead each to EL002, 4, 61;
8, 10, 12, 14, 16, and 28.

NOTE : 2

Additional lead connection points (EL001, 3, 5, 7, 9, 11, 13,
15, and 27) are available for those installations whereln

two NAV Units will be used for channeling. A NAV 1 - NAV 2
switch must be provided (see Figures 8 and 9).

S Y O
10 wl~lolol<[-[n[m
- VIele] SEEEEEEE
i 20] |Ele|e|z|zlz|e|e
05‘ U0 0 U000 000 TTT T T T
o = — o
. ocf ? ?o Q00 ol
= Q¢+ O0O00000
i AR AR AL Ill— _______ 4
1\"\\\\|’ D= N0
wM —ppo00C 0
2 SYn Yo Ranm ©00002000
00000000000 jwwuwWwuwuw
GUJTluw|uTIUTTJT 00000000
P 1 b l
o S =x TN S50
=l =g Cooo00oQO o
Z2 WwwwwWwww
mY3222% S ows No TPOOIZES

FIGURE 2. SLIP CODE BOARD COMPONENT LAYOUT




NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION: 03314-0670

C. Pre-Installation Bench Check of the S/C Board.

This check assures that there are no cold solder joints and
that the PROM (U1001) is functioning properly.

1. Connect the S/C Board into the test set-up as shown in

Figure 3.
2. Check each ARINC MHz and KHz code line as follows:
a) Refer to Table 1 and ground the appropriate MHz and .

KHz Slip Code. (These leads are identified by the
letter "X")

b) Refer to Table 2 and touch each appropriate 2/5 code
jumper lead (one at a time) to the test point shown
in Figure 3. The maximum permissible voltage is 0.8
Vdc (logic low). The leads are identified by the
letter "X". At this time the remaining 2/5 code lines
should also be touched to the test point. These leads

should indicate an open circuit (voltmeter reads 5 volts).

[ 1 i Ceek ehannel 108,00
De EI026 (A4} | o SLIP CODE BOARD ,— vt shees ot W0
SET TO POWEF; U001 U= }(.r.ln‘:r: Ll:. H.\-l:: u|’ .§||“1L|"|:‘:"—l‘
XA SUGEL Kz slips KOO LREIOOM) and
Kl TE1OO%) and connect

+ - O ooo o 00O 0000 O| CHANNELING B e R
0000000[QQQ9QQQQQ | GABLE :

Using the voltmeter test

point, check tor .Y max
at ELO21 (A MHz) FI1024

by touerning each jumper ot
the test polnt.

El1025(A-)

RESISTOR \_tgsT pOINT (2/5CODE JUMPERS TOUCHED HERE)
OWG HOD TPODIZSO

FIGURE 3. SLIP CODE BOARD BENCH TEST SET-UP

~ r g | e p— i m— | —T | ook e e, s’y
: u:l oeioib SO o SLIP CODE CHANNELING | DiE 280
10K 9 6 EIOI7 I
| AH & KHZ 8
[ e cl:lom EI1013 : ol I-——} |
N4 T 7 @08 {
ml 1012 Eion) § L 02 i {8 KHZ } i |
f 10K 17 s E0OI9 | " .
| | EI010 1008 Ak B3 T e
2o0E< i oK 5 9 EI020 ||
FIOMY ) giove sioor A yoo = i iD KHZ} iE | Top i
v HUMBERS ™[ """
| ) L Jax 4, PROM L Eo2 1 AR e ee——
| kal oE1008 gi008 AMHI —— ot —
[ 10K 3 2 EB022 X
| EI004 EI003 AC DE O {B MHZ } 3 PY0I RELR VIEW OF
[ B2 10K 3l Ei I | MOUNTEL COKNECTOR
13 | |
EI002 _E100! ! ) ¢ ' o
L\*Ol o - ap or l € MHZ
10K EIO24
| 4 Lan osuo—i————«o MHZ —— 8
RIO0] 10— Divee TELE L0238, {GND } vk
RIOCH 10 l& |£1026
| GND ¥ y +8vde }'—T 7|
|
| | !
E1028 E1027
X/Y IN £1029
FROM NAV l—.—c __“" oy T ﬁﬁ—-’—{lf\' OUT—— H OWE TP DO bee

FIGURE 4. SLIP CODE BOARD SCHEMATIC AND INTERCONNECT WIRING
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NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION: 03314-0670

TABEL 1.

SLIP CODE DME CHANNEL PROGRAMMING

SLIP MHz CHANNELS
MHz CODE
SLIP BOARD 108 109 110 111 112 113 114 115 116 117
My E1010 X X X X X X
M E1012 % X X X X
", E1014 X X X X X
.\13 El01l6 X X X X b
SLIP KHz
KHz CODE
SL1P soarDd |.00|.05(.10].15[.20{.25|.30].35].40].45](.50].55.60].65(.70].75|.80].85].90/.95
Ky E1002 X X X X X A X X X X
K‘ E1004 X X X X X X ¥ X X X
Ky E1006 X X X X X X X X X X
F.3 E1008 X X X X X X X X X X
Y CHAN
ACT. E1028 L Y Y Y ¥ Y Y Y Y ¥
NOTES :
1. "X" indicates continuity to system ground
2. "Y" indicates continuity to system ground via NAV Unit
bwg o, TPOD1384
TABLE 2. DME 890 AND ARINC DME CHANNEL PROGRAMMING
SLip MHz CHANNELS
CODE MHz DME B90
BOARD | ARINC P301 108 109 110 111 112 113 114 115 116 117
| E102] A 2 X X X X
E1022 B 3 X X X b4
E1023 e 4 X X X X
£E1024 D 5 X X X X
SLIP KHz CHANNELS
CODE KHz DME B90
BOARD |ARINC P301 o0l.o5].10|.15].20].25|.30[.35].40].45].50].55 .60|.65.70|.75 [.B0 |.85 (.90 .95
E1017 A B X X X X X X X X
El1018 B C X X X X X X X X
E1019 C D X X X X X X X X
E1020 D E X X X X X X X X
¥ Chan
E1029 | ACT H ¥ Y Y Y Y Y b Y ¥ ¥
NOTES:
1. X" indicates continuity to System Ground
2. "y indicates continuity to System Ground via NAV Unit.
Dwg No. TP0O01383
9/81 Page 5




NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION: 03314-0670

D. Installation of the S§/C Board onto the DME 890 Tray.

It is recommended that the tray be removed from the aircraft
for ease of mounting the S/C Board and the routing of its
interconnect jumpers and cable.

1. If possible do not remove P301 from the tray. Use the
Molex Ejector Tool and remove the power leads from P301-9
and -K, also remove the ground leads from P301-10 and -L.
If Ident Audio, P301-A was installed, remove this lead
also.

2. Remove the front and rear tray mounting screws and remove
the tray. SAVE THE SCREWS AND OTHER HARDWARE NOTING EACH
ITEMS LOCATION FOR EASE OF PROPER RE-INSTALLATION.

3. Mount the S/C Board as shown in Figure 5. Note the jumpers
and the interconnect cable exit thru the unused connector
hole.

THE CABLE CLAMP SUPPLIED MUST BE
USED TO RELIEVE WIRE STRESS AT
THE S/C BOARD CONNECTION POINTS!

4. With the exception of the ground lead jumper from EL025,
connect all the jumpers to P301l. Refer to Figure 2 for
"E" hole identification and Figure 4 the wiring schematic.

E1025 must be connected to the leads going to P301-10 or
-L when the tray has been re-installed.

5. Replace the tray into the aircraft referring to step 2
(any problems, refer to DME 890 Maintenance Manual's
Section 2.5.2).

6. Re-connect the power leads P301-9 and -K, the ground leads
P301-10 and -L, and the Ident Audio P301A (as applicable).

7. Route the NAV Unit channeling cable to the NAV Unit and
make the appropriate connections.

1 (j) FOR ITEM NUMBER PART NUMBER
1 AND DESCRIPTION SEE PAGE 2=

|
|
®
DVIG NO TPQOI33

FIGURE 5. INSTALLATION OF THE S/C BOARD TO TRAY

9/81




NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION: 03314-0670

. E. MODIFICATION TO DME 890 MAIN BOARD: Figure 6 shows the
filter circuit that must be added to the DME 890 Main
Board. The Main Board has been produced in two configura-
tions. The installer must determine which of the two
configurations, "A" or "B", he has. The means by which
the boards are identified is whether there is, or is not,
a PC track connected to J301-7. Figure 7 shows board
configurations "A'" and "B". Both of these configurations
show the "component side" of the Main Board in the area
of the edge connector J301. All DME 890 components have
been deleted from these drawings (except CR301) to avoid
confusion. The components shown are those which must be
added to the Main Board. The following modifications are
for board configurations "A" and "B".

A FILTERED +5V SUPPLY SOURCE FOR

THE SLIP CODE PC BOARD 1S ADDED TO

THE DME 890 MAIN PC BOARD. THE

FILTER CONSISTS OF TWO 470pF CAPACITORS,
TWO FERRITE BEADS AND ONE |.8.uH CHOKE.

DWG NO TPOOI1392

‘ FIGURE 6. FILTER CIRCUIT SCHEMATIC
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NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION: 03314-0670

Board Configuration "A" Modification (Figure 7) .

WARNING: This modification requires the soldering of
components to the tip of J301-7. Be careful and
DO NOT allow the solder to run down that portion of
J301-7 that mates with the connector.

1. Place a ferrite bead on each lead of the 1.8 uH
choke.
2. Solder the choke between the anode of CR301 and
the tip of J301-7. , .
3. Solder one 470 pF capacitor from the anode of
CR301 to the Main Board ground plane.
4. Solder one 470 pF capacitor from the tip of
J301-7 to the Main Board ground plane.

Board Configuration "B" Modification (Figure 7)

Board Configuration "B" will have printed circuit track
and mounting holes to accommodate the filter components.
Solder the components in the holes provided as shown.

This completes the SLIP CODE channeling Board modification.

CONFIGURATION "A" CONFIGUHATIDN '‘a" .
. sl —

pF
F'AC!TOR‘::

D

/ BuH C
“CHOKE (-)

= FERmT_(
BE ADS

FERRITE“

o BEADS
{ ooo?%% pr/»

e LLU

}
H!J

f “BOARD IDENTIF ICATION DENTIF ICATION
! AREA PC TRACK n PC TRACK IS
; NOT CONNECTED CTED 1O

Q TC J301-7 OWG NO TPDOI393
2

FIGURE 7. DME 890 MAIN PC BOARD (Partial View J301 Area)

F. RAMP/FLIGHY TE3T: A ramp or flight test of the system
should be performed to verify proper remote channeling
of the DME 890.
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-NARCO AVIONICS DME 890
MODIFICATION INSTRUCTION:

03314-0670
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10K
1 6 EIOI7
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FIGURE 8. NAV 1/NAV 2 SLIP CODE INTERCONNECT DIAGRAM
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- i i r A RA10 3121K-01R2 Carbon Film, BS K11 v A DI14F Ul.!‘
a3 . - E-02030 Car | 30K
. ‘ S ; T ' = vl LEh B R /4% B3 K11 VA U315 74216-0001 Octal HiVoltage Digit Driver UDNG1S4A Ed |
- ~ ' ¥ i nz ka3 | oA RIIZ D1218-0471 Carbus 1/44 5 RO y A U315 hitl
- s - - 1 Cas l 1 A RBA13 G1218-0471 Carls 1/4% c5 Qo y A U151 y |
X a N I i A R¥14 J1Z1R-0B20 Carbon I Ca 47 VA UAME  T4062-0002 Dual 5.5, Multh 7418123 (LSTSL) b5
G s G A RIS 31218-0182 Curbon 1/4% Py VA Ua1Es Ch
) = : L | K =] 1 b A LU3lop 111
; P # i % i | & 2 tarbon 1/4% AG 47 |
; : 3 | Carbe 1/ 4% Al g1 \
I L (9 1 | Car 1/4% BT D5 N& |
- 4 B QO Cart RET i A E5 gti]
I I {arhon 1) 4w B3 Ki A D& Hiol
s arbon 1/48 K7 A E6 Inz
. { arboan 1/i4w K A Cé L5
. 5 D7 A9
W1 [
A Sa50) - 1 uency b |
4 A A ' § 170007 Tog -GS /T P
A S8 £ i 3|
la A SWi0g d1i4 ¥ 12[80
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INSTALLATION
SECTION 2

A 2,6.,4 Antenna

The Blade antenna, type UDA-3, is used for both receiving and
transmitting by the DME, This antenna should be mounted on the
bottom surface of the aircraft and located so that it is in the
vertical position when the aircraft is in a level flight attitude.
b The mounting surface should be metal, electrically grounded, and

- extend at least 6" in anll directions from the antenna connector,
3 (See Figure 2-11), A three (3) foot minimum separation from other
. 4 antennas, particularly transponders should be maintained.

Avoid mounting the antenna in the vicinity of aircraft protrusions
as this 1s likely to create some radiation "shadowing" with a

Y | I resultant loss in signal strength from both transmitted and reply
signals.,

[  —
géﬁgﬁg‘m || ® [ If this antenna is to be used on non-metallic aircraft skin, a
o
o

08/21T

ground plane at least 6" in diameter must be provided, This could
be as simple as aluminum foil cemented inside a wood or fiberglass
skin, or a doubler plate on a fabric-covered aircraft, Such a
ground plane should be either well bonded to the airframe, or well
insulated from it, to prevent erratic operation,

(¥4 -}
STy

{(c0°281)
3]
(6¥01)
CEry

A doubler plate will be needed for an airworthy installation on most
aireraft., Check the airworthiness regulations of the country of

FL aircraft registry for acceptable mounting methods., Figure 2-11 is
| removable for a drilling template.

"€-2 FMNOIdL

DO NOT PAINT. This antenna may not be coated with any paint or
=== other finish.

(L°GE)
carz
|
—
Cro
@
pl

; 23] L2 6"RADIUS, MIN
! zon [R0)

4 11,08 0.%0 1,50 ~ (15¢cm)

: 12008 38,10

o029 J40 DIA NCE USE DAILL BU2E 18

1281,38) d}f{u’a'“ WOLES) ; mrqnuo:-ll' 7/8 \?\ \
==sar |k Fhe st (ezizml| &
L
»

ONIMVUA NOILVTIVLSNI LINN

€3
b ' s = 3=1/0 FOR WOUNTING
bl& =[° =t (90 8ma) (T
(1] Y _°:_‘:“E (49 2mal i
| “ " 17/32 DIA
5,937 .30 I,.E_l £ (22 taa) (13
150,79) “ e | [s,e) - .5mm)
/8
= (22.2mm)
1-3/4
o — UDA-3 FL {44.5 mm) /BODIA
: $ (4.6 mm)
A L (2 HOLES)
.50 <
b - =
R (38.1) wa
& o o
& 6.25 e \
- >
| = (158,7) ; e |
b = m ]
S s e | FULL SIZE \/ TEMPLATE
=]
| PANEL CUT-OUT TEMPLATE |
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i NARCO AVIONICS DME 890
1 MAINTENANCE
: SECTION 4
Lt.'unn;ﬂdlﬂlt :” for @ : ;
tandard test. e ! - y ovides th
4 : 8 WAVEFORMS ’ . t YES 31’:&!!‘)::! -»g:ln: !Ir.: :rvrn‘rlaﬁ:
4 figure to snother.
Set DME 890 Mode mwitch to FREQ. I ? relates to !r.n rqually
Waveforms and test locations are identified on the schematics in } ves refit et
.‘ Section 6 by means of a reference number in a diamond-shape Tyt
enclosure, These waveforms are also referenced in the trouble- YEs '
3 shooting flow charts Figures 4-8 thru 4-14, — e T[0T
brgetan aftbiapts | e dretrecrrect | LR AN, (e firi el
] ‘ correctly? digite displayed? b ! the word: Error?
. YES Yis 15
i 1ES Hee !ey 5 }‘
Set DME A90 Fig. 4-12 Dixblay See Key
o IRy to 112,85 MHz, e " ’:’.g'#. Fig. 1-13 Dixtance
16T g. 4= ance
P el .zl Dl~ﬂ|l1' Dl‘ﬂzl D#lﬁ;l' D‘IB.IT D.IG;T l o
DME BP0 " e . L] -
BB B P | e |2t 2 22000 0] U1 A0
! { ves Jres fres I
' DUAL DIGIT E h90 Mod s
. ot e 5T Rnee T AR O
! i YES
L \.J_ _J J T - i Ter Key (8]
£ u —i - j’?:,‘i_"! li‘-ﬁg l'-".? “Jw r,‘ihd i Yeloelir Node bo L) LB P o T
: [ e g 1 _trul Wl it li_# trackiag iabound 1DENT Fig. 4-13 Divtance
I : .
i I g i | | 141 LEQGEND
PR r"'?‘.:"'“.-: fe = my Ut =177 Ll [ / f YES ins
i j. IP I:\’JM H ::( “M"l\ fi h, | 1A
L 3 (-‘ L B Mgl U I3 JU _I_ZJ 7 \AL LA W o Does DME Track No See Iu@ Is valid decode
lobound smoothly? Fig. 4-13 DiWtance (U3128) working™
! jia {
TYPICAL Allow 5 minutes %
l '7&%: =E.a:L:&vLuuu . { for mtabilization. "‘_’4:1?5.@““
COSECTED TOALL DIGITS : s l
Is calculated time dlKe ES:ZEII‘EI ln:tnt:eh
l J“l e ur iarince = uink™d Fig. 4110 [%0]ihe Sig, Gen. 180 ET? bk LT
g No. TPOOR e SAIAREE Spec: 3% or 8 KT
g No. 922 Spec: -1 NIN whichever im greater
I YES YES ]
[]
G b T E
pair meet spec NO
bit O oms i e
SPACING: X= 12 us
Y= 368 us
FIGURE 4-7. GAS DISCHARGE DISPLAY INTERNAL WIRING i
e b S e counos
0 dBm maximum tracking (AGC Check) Fig. 4-10 Receiver (A) DME Sig. Gen. Settings
1. Frequency = 112.5 MHz
2. Mode Switch = DME
3, Squitter = 2700
Z el it
Check pbotoc-‘l.:l aponnu:. NO 6. Attenustor = 78 dim
Doss dispiay et dimer? ey
‘T[B !?J ?:Euf;!i': :‘:u.xl]"
11. Distance = 156.6 NW
Shine flashlight oo photocell. | ¥O, See Key 2. Microprocessor = uP = (319
Does display get brighter? gu. 4-12 mglu

Place fipger over photocell, 8O
rotate pilot dismer potentiocsetler
Does intensity change” DWG NO.TPOOSIS

YES
‘
ia correct
FIGURE 4-8. FUNCTIONAL CHECKOUT FLOW CHART
4.
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CIRCUIT DESCRIPTION
h Al
SECTION 3
. i TABLE 3.1, VOR/DME CHANNEL PAIRING AND OPERATING FREQUENCIES
Fround Raply Alrbnrne fivound Reply
Interrogating ven ng| Raply Interrogating vm Reply Fulee
Channel|Channel| Frequency Frequency| Pulee Code |Frequency|Bpscing Channe) |[Chanael | Frequency Frequency Frequency [Apeacing
Number (MH=) (M2} {Mig) (us) (WHr) (un) Nusber (WHx) (e} (wMa) (W) (un)
17K 104,00 1041 830,80 12 (20 12 3sx 100,80 1039 B39, 80 [ 17
177 108,08 1041 820,80 38 1104 30 AsY 108,88 1088 Y A28, 50 1131 0
18K 108,10 1042 821.00 12 e 13 A6 108,90 1060 B30, 00 By 12
187 108,18 1042 8321.00 a4 1108 30 ARY 108,95 1040 830,00 1133 30
19X 108,20 1043 831,80 12 [TT] 132 arL. 110,00 1081 B30, 80 (1) 12
10Y 108,28 1042 821,80 38 1100 0 an 110,08 1041 810,80 1134 0
0% 10,30 1044 823,00 13 o8l 12 an 110,10 1082 811,00 L 12
20Y 108,38 1044 522,00 8 1107 30 Y 110,18 1082 511 .00 1138 20 \
1 108,40 10458 823,80 12 (113 12 nx 110,30 1083 831,80 1non 12 .
ay 10R.4% 1043 833.80 38 1108 R[] Y 110.3% 1043 511,80 1134 an
X 108,50 1048 823,00 12 (1 }] 12 40% 110,30 1084 532,00 inol 12
21y 108,85 1048 521,00 kL] 1109 30 407 110,35 1084 5312.00 1127 30
23X 108,80 1047 823,50 12 m 12 41 110,40 1088 533,80 1003 12
237 108,88 1047 821,80 30 1110 30 41Y 110,48 1063 532,80 1128 30
aax 108,70 1040 824,00 12 {11 12 423 110,80 1068 513,00 1003 12
247 10K, 78 1048 834,00 Ja 1 0 437 110,88 1060 531,00 1129 10
25x 108,80 1040 824,80 13 (']1] 12 43X 110,60 1087 033,50 1004 12
28Y 108.85 1049 824,80 ana 1113 30 43Y 110,05 1007 533,50 1130 a0
26X 108,90 1050 825,00 12 (13} 12 44% 110,70 1088 834,00 1008 12
20Y 108,908 1050 415,00 34 1113 30 44y 110,76 1068 534,00 1N a0
arx 108, 00 1051 818,80 12 (11 ] 12 45K 110,80 1049 534,50 1006 12
37y 108,08 1051 538,80 L] 114 30 45Y 110,85 1069 834,50 12 0
anx 109,10 1052 A26,00 12 (1]} 12 46% 110,80 1070 535,00 1oay 12
a8y 109,18 1082 528,00 kL] 1118 30 46Y 110,85 1070 538,00 1 a0 5 -
20X 109,30 1083 526,80 12 0 12 ATK 111.00 1071 535,60 1008 12
20y 109,328 1083 426,80 3d 1118 30 477 111.08% 1071 53%,80 1M an
0% 109,30 1054 837.00 13 [12] 12 4RK 111,10 1072 834,00 1nod 12
oy 109,35 1084 827.00 a8 1117 30 487 111.18 1072 838,00 1138 0
aax 109,40 1088 527,80 12 (1] 12 49K 111,20 1073 834,50 1010 12
Ny 100,45 1088 827,80 a8 1118 30 48Y 111.2% 1073 538,50 1138 0
2% 100,580 1056 82n, 00 12 (13 12 80X 111,30 1074 837,00 1011 12
32Y 109,58 1088 838,00 8 1119 30 B0Y 111,35 1074 537.00 137 an
33x 109,80 1087 A2R, 80 12 (11] 12 S1X 111,40 10756 537,50 1012 12
RS 109,88 1087 828,80 RL] 1120 30 b1y 111,45 1078 537,50 1138 30
{ 34X 109,70 1038 829,00 12 208 12 52X 111.80 1076 838,00 12 1013 12 1
34y 100,78 1058 820, 00 16 1121 30 pay 111,85 1078 538,00 an 1139 30 [
|
|
|
Alrboroe Oround Reply = Alrborne Ground Reply
Interrogating Voo Interrogating| Reply Pulse Interrogating| VOO Interrogating| Reply Pulae
Channel el| Frequency [Prequency| Pulae Code |Frrequency|8pacing Channel|Channel | Frequency  |Frequency| Pulae Code [Frequency|Spacing
{Mumber | (uue) (MHe) (M ) (us) (Miz) (us) Number | (MHz) (Mite) (M2 ) {un) [ (un)
a8 1.00 T BIX 113,40 1108 552,50 12 1188 12
S 1ahies 1011 i I 1348 3 B1Y 113,48 1108 552,80 38 1042 30
s 10 2 BIX 113,50 1108 833,00 12 1189 12
S Gias  dors 339:60 H e 3 37 113188 1ioa 53300 3 0 %
33% 111,80 1079 839, 83K 113,80 1107 851,80 12 170 12
85Y  111.8% 1079 5,,,38 :“: :?:g ;g B3Y  113.83 1107 353,580 36 1044 30
sax 111.00 1080 540, B4x 113,70 1108 554,00 12 umn 12
8oy 111,08 1080 5:0_% ;: :?:; :‘,: a4y 113.758 1104 854.00 8 1048 30
57X 112,00 1083 540,80 12 [ 85X 113,80 1109 354,00 12 1172 12
7Y 112.0% 1081 540.50 38 :?:{ ;[:) 8y "3:'5 1108 854,50 R L] 1048 30
SAX 112,10 1082 841,00 12 1019 12 881 113,90 1110 438,00 12 171 12
88Y  1132.1% 1082 841,00 38 1148 30 L34 113,85 1110 355.00 34 1047 30
0% 113,20 1083 541.80 12 1020 12 87X 114,00 11 555,80 12 1174 12
597 113.3% 1083 541.80 38 1140 30 BTY 114.03 1111 335,80 8 1048 30
7058 112,30 1094 547,00 12 1187 12 88X 114,10 1112 534,00 12 1n7s 12
ee70T 113,33 10904 847.00 38 1031 20 BBY 114,18 1112 834,00 38 1049 30
71X 112,40 1095 547,50 12 1158 12 B9X 114,20 1113 856,50 12 17¢ 12
‘o rly 112.45 1095 547,50 aa 1032 30 ABY 114,28 1113 554,80 3a 1080 30
72X 112.50 10948 548,00 12 1180 12 90X 114,30 1114 537.00 12 nir 12
8727 112,33 1098 548,00 a6 1031 30 20Y 114,35 1114 557.00 kL) 1081 Jo
73X 112,80 1091 548,80 12 1180 12 PIX 114,40 1118 837,50 12 1178 12
*e73Y 112.83 1097 548,50 38 1034 30 o1y 114,45 1118 557,50 38 1082 30
T4X 112,70 L1094 548,00 12 16 12 92K 114,50 1118 558,00 12 1178 12
soT4Y 113,78 1098 849,00 36 1038 0 B2Y 114,53 1118 558,00 38 1083 30
75X 112,80 1089 549,50 12 1162 12 23X 114,60 117 858,50 1z 1180 12
*eT8Y 112,83 1098 549,80 36 1036 an 837 114.65 1117 S8R, 50 a8 1034 30
TéX 112.90 1100 480,00 12 1183 12 4K 114.70 1118 850,00 12 1181 12
‘e 78Y 112,988 1100 850.00 38 1037 30 04y 114,75 1118 539,00 A6 10858 30
7K 113,00 1101 550,80 12 1164 12 05X 114.80 11190 559,50 12 1183 12 e
*e77Y 113,05 1101 530,80 a6 1038 30 95Y 114,85 1iip 550,50 36 1036 10
78X 113,10 1102 551,00 12 1165 12 96X 114,90 1120 860,00 12 1183 12
" *278Y 113.1% 1102 551,00 a6 1039 30 98Y 114,05 1120 560,00 6 1057 30
51, B '
1] 70X 113,20 1103 351,80 12 1166 12 P7X 115,00 1121 560,580 12 1184 12
" 78 113.25 1103 551.80 6 1040 30 7Y 115.058 1121 560,50 36 1038 3o
BOX 113,30 1104 852,00 12 1187 12 08X 115,10 1122 561.00 12 1188 12
BOY 113,38 1104 552,00 38 1041 0 DBY 115,18 1122 561,00 36 1089 a0
12/80 3-3
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NARCO AVIONICS DME 890 MAINTENANCE
SECTION 4
. ] [Cannocl DME for astandard test, | Loy 08
Connect for ¢ | Key gg ' / '
standard n & var Video le
A Lot Rey s +14 Vdc prement at C?342} —m-lchoel Power Supply| correctly.
YES NOTES: YES 4
Check 1, The DC operating voltages at the base and 1s Recaiver Video missing Lt Ta Recetver AGC | "2 [5ee AGE block
In 4 Mtz clock at| ng | 10 clock present vaten/T S kY] Jba e tnin 308 of une iedicated (-03 dma) avcraze. T to speciticationtf| ~"|1n thia ehart;
» z clock s .
L3140 pin 87 ""r':mil::‘f;;'“ X ;:E:'can valuen: Base = 0,47 Vdc emitter = 1.2% Vdc, Yis Yis .
T ¢ 2. The DC operating voltsges at the base axd '
:::::l.gr:gk enltter gl Q!OB'UHI\ P102 connected (RF aignal Increass 8ig, Gen, level to -60 dbm| #o Itl traasmitter [lnclvur ":llonl
YES . present) mhall be within 201 of the lna“:‘,g 1a Receiver video now at C7337 |sorking? is OK
YES values: emitter = 0,84 Vde, Lame = 0,12 Vde,
Cheek 3. G101 49 fot field replaceable, Serd DUE to | b L es
Y301, Harco for repair. Receiver is working but wesk,
Shorted C119. 4. An RF signal generator may be aubstituted for '
the -w:n-;{;;r l:"";‘:?' sl;Ij:Cl :I.‘J d?ﬂ {
tgnal at P102. See Table 3-1 for list o -
;rzqucn:lu, ‘ Realign Receiver per Section 1.5| il KT :jl'mgusz" ga - ‘!:: :lz‘ o 'l
» l—’—’ . 4=
Are eancode pulses NO Is uP pin 39 NO Check 8. The DC operating voltages, with an applied RF orking ] ¥ sizs
A present at uP pin 37 at +2.5V Shorted C328. !lgnll. are given below for the exciter stages.
minimum? R358 brokes. Voltages listed have a -20% tolerance, Check YCO injection to rm-nml 1a Receiver still -nul
° b e | ee Note 4 in Fig. 4-0.
YES YES P A L0 A ed at junction Yis |
YE8 H gq of R210/R212 [ +
k] R 1
@Meraured st Junction
1s uP pin 3 Ate pulses presant - < 1 of R21A/R216 :m';‘r“ MHz injection lesd
I L l o T See key defective exciter transimtor in replaced, rom K704, Substitute a pulss pravides the logical
2b187CORNERREZSONY [" Lhile bl Fﬂh"“ Di¥Tance|® Hr:: check the pover output acrosm mop";nd- podulatediRralsi Gen o chothe e
If adjustrent is Lndicated, only adjust the R
s =20 tnductor and capacitors ssaociated with that | " relates to the equally
transistor stage, | awibered waveform located on
from C73) and C7232.
lsolate uP pin 3 from PC £heck 7. ¥hen mearching for an open RF capacitor, ume older a ;;g reaintor f the wchematic(n).
bg\"d'n 1t 9!; 3 ;:Idl i. cna:: ;m encode PC board the {nlluln: techrique! Tape RF rl;’:lrlmr. C733 to €733, A
+3V, change uP, not trac or a short to equal to or cloee in value to t capacitor |
:hléi PC board track i grouad, holludual'-: being checked, to s small wood, plastic, or [] no Check
or short to BV, from the PC board track. 11 sl stick. Trim the capacitor lesds to v KO
‘I= ":u:"fw'.“;f:.:::?f' :I.fld'l.n:h. B!:‘ll the suspected capacitor with :::a!ntpﬂ'" i :::li::.;:t a{:.';::::::‘" —-ND A }':n;::tur
en uP ia ne test capac . k-
= @ Eheck ; ] :a;gug T:ll‘.‘::. o plated through holes o SLERLL e i) A LU D ~ o"? e
. { u a resiator.
:::lzsvp::g ::Nr NO[1, U31eD failure. 1 the tranemit PC board, . — 3. Q701 shorted.
8t Q301 collector? g g:g; ;‘H“"‘ CAUTION: n replacing & ceramic trspezodial ® ¢
o Y30 vae at P309 ftor such ss €203, C208, ete, “
"rn &, Shorted CRI23 - care must be taken to ensure that A kel i ‘ hec
. £ e circu
Sfstortitnjcransalita; Check :::u:::ﬂ:;::'lg)sg ::'f;?:“n'::.:'-?ﬂ for ASC operation. Cheek Is anode of 1. CR701 open
Are 33V pulsse module. 14 V. See N NO noch vd or ahort.
WO 1. +14 Vdc st FL1OL. stress crack the capacitor, {3ee NOTE 3). CR701 at .8 Vde?
presesnt &t 2. +50 Vde at PL1O3, Does the AGC voltsge 1. Q701 failure. 2. Opea L702.
Q208 emitter? 3. Shorted CR201, Seo Key(#)provides the logical g-cr:nu as the RF : g;gg :;;:‘:"- 3. Opea R702.
2 i"! i QMM! i ;. g;g;‘::lﬂ'ls:. ::::ﬁ':og:;;::o:f" {r4iche reiliniincyusnssl 4. RT07 open.
Are 50V pulses “ atlure, nE A
prasent 2‘ N0 |2) 80 vde st FL102, relates to the equally 1",
Q103 emittar? 3. L102 opesn. nu¥bered wavelors located cn
4 4. Q102 shorted the schematic(s),
* ’ yIs Incresse ulu:v:.; Then check for open *
L L Check HTI0L Illé the pulses’ o PR
R223, an at Q703 collector
Ar;‘::':::::" NO 1s nm: :plllllﬂl N0 for open cr rise to 1 volt?
L 3o dn kaenrosace frcorrect value, NOTES :
at C104 with NOTE 17 2, Cheek Q208 lqu T, BC operating voltages, with no sigoal applied,
: for failure, are given below for trarsjetors Q703 through
TE8 Q710, All voltages VDC, -20%.
YES Isolate proble=
Is synthesizer | otage (See NOTE 2) ""SI Base |Collector Q7 Base | Collector
1 Q205 operatisg | o |ingection at P10z Andchack i fors 2 8 i ;
in accordance correct frequency 1. Weak transiator, rﬁ— a8 s L
with NOTE 27 a8d level (+3 dBm)? 2, Veak CR701 4 2 4
See NOTE 4. 1102 1 1 2 10 Fi 1
}", L5 () - 08 =3 9.6
Check 2. To lacilitate the troubleshooting of the thres
Yis Are 8V pulses ¥ 1. €719 opea filter stages AF injection levels sre given
Check present at E7027 :‘ qt04 J"‘;" below for the three coupling capacitors C728,
1. €218 open. Are exciter 24 3. Q708 failure. C717, and C710. To inject a RF aignal, remove
2. €221 open. trassistora DC NO lln . Open resistor one lead of the capacitor from the PC board at
| 3. 2201 open voltages in P | 5' Snorted 1; the tuning coll end and inject migsal into
e L B SOrasice ULth 2. Check transistor in Problem fs insufficlest e i3 " Fenalvay this lead: remove the video and AGC lesds
Lheck NOTE 57 faulty stage, €3 MHz IT injection. 00 11se. from C733 and C732 and substitute & 10K
- Are :::;::::“ %0 | 1. c108 opes, s See NOTE 8. J e resistor across thems,
pule 2. CR10; en, i ; —‘L—Cy-”—
at P101? 3. Cl]l‘-‘g g:u:. If above components lYIJ ] Check Iajection Poist JAF Attenustor 19703 Cullegtor
4. Q102 failure. check OK then Q101 Is Q104 base voltage .8 Vde? o TE
e fault Is Q104 collector voltage 10 Vde? 1. Q104 failure, <17 1 2 T
s 1. Check for open s 2. R108/R107 open. €710 1,omV(-4508m) P leny
::::T:o;: Lan .r“ 3, Cold solder jointe. 3. AGC voltsge levels are given belos using a
ie correct. x pulee modulated AF Sig. Gen. set to 63 MHz
2. Check for opes dre mixer diod [ and the vidio and AGC lesds remove from C733
coupling CR104/CR103 open Is C113/C114 opea? 7 and C732 and & 10K t b
sapacitors. . or ubprted? Ses NOTE 7 in Fig. 4-9. 1s CR103 shorted bt gt e resistor substituted
See SOTE 7 and 8. -
YES ig. Cen teauator | AGC volts (Q701 collector)
7l e e m—
u - S
| See MOTE 8 1p Fig. €-9. Replace dicde. 300 u: - o By e
- = -
DaG NC TR0 WG NATPOOSZD £
FIGURE 4-9. TRANSMITTER THOUBLE ISOLATION FLOW CHART . :
FIGURE 4-10. RECEIVER TROUBLE ISOLATION FLOW CHART
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NARCO AVIONICS DME B0

¢4
CIRCUIT DESCRIPTION ]
) 'l
SECTION 3 5
. “,‘J!‘
TABLE 3.1. Continued ) :
! TABLE 3.2, X/Y MODES FREQUENCY CORRELATION SUMMARY g
- o —— . 9
Alrborae niround Heply VHF Channel | Prequency DME Operation L0 Frequency "
. Interrogating Vi Interrognting 1 Nusber (MNx) scelve Traosemin) 3 ¢ Spath, freg,
Channel [Channel Frequency | Pulse Code
Number | (Mir) Awie) | es) | 108,0 1l p
Uk 115,20 BAY B0 12 o
B0y Nih, 24 51,80 i (@ }‘:,-':, 1020
100K 115,30 BaR, 00 12 .
100Y 115,35 5,00 an 108,0 1041 l *83)
T0
10ix 1s,. 40 B2 MO 12
101Y 115,48 62,50 n i, Tiony
102X 115,80 543,00 12 12,3 1094 \
102y 115,55 863,00 30 v x .
1038 115,60 A3, M 12 Hnr.e 1180
103Y 115,08 561,50 an (0,1 Wig)
104% 115,70 504,00 12 1.3 187 trequency
104Y 115,78 B4, 00 6 T0 T0  § (recalver freq, -41)
105X 16,80 A4, 50 12 117.9 1211
104y 115,80 B4 BO a6 108,08 1041
1008 116,90 865,00 17 ¥ ™ Y
104Y 116,85 505,00 a8 1067 0 113,28 1003 Below
1 1n,00 S68, 50 12 1104 12 Tacelver
107Y 418,08 84,580 a6 1068 10 113,38 | 1104 frequency
J ™ T (recelvar freq, -81)
108% 16,10 a6, 00 13 1195 12 117.68 1140
_dony 146,158 886,00 i 1040 0
100X 118,20 SR8, 50 12 1196 12 112,38 | 1004 Y
1097 116,24 866, 50 an 1070 30 "‘": Y "{'JM {1
110% 116,30 867,00 12 197 12 :
110Y 116.38 567.00 ana 1071 0 112,38 o0
nix 116,40 BAT. B0 12 1198 12 ™ ™ Y (recelver freq, +a))
1Y 110,45 567,50 6 1072 0 117,93 | 1087
1max 116,50 bos, 00 12 1 12
1127 116,58 56N, 00 36 1073 an Peg, No, TPOONTN
::!l I.:?:g LULE T 12 1200 12
||:: :m.m ::x :: = 32 Spacisg between pulee puirs
1147 116,78 18900 38 118 3 X = 13 microsec (0,1 Wiz ChaRRS]S)s=csncasasBath
116X 116,80 Mn.'m 12 1202 Y = 28 microsee (0,08 Mz Ch #)==Alr to Uro:ld
C o8 12 J A eln)=<Ground to Air
115Y 118,85 560, 80 M 1078 10 Y = 30 mlerosse (0,05 Mg Chanaeln)
1AL 116,90 570,00 12 1203 12 |
1168y 116,85 470,00 an 1077 a0 }
:
i Alrborne Giround Reply ?‘1
Interrogating Voo Interrogating| Heply Pulse g
Channel [Channel | Frequency Frequency | Pulne Code  |Frequency [Spacing i
Number | (MH2) (Mz) | (uHey (us) (MHz) (uw) A .'I
117X 117,00 14 BT0,50 12 1204 12 \
1177 117,08 1141 870,50 36 10TA 30
118K 117,10 42 A471,00 12 1208 12
118Y 117,15 1142 571.00 a4 1079 a0
118X 117.20 1143 671,50 12 1204 12
1107 117,25 1143 571,50 a8 1080 a0
120% 117.30 1144 572,00 12 1207 12
120 117.3% e 172,00 6 1081 an
121% 117,40 1145 872,60 12 1208 12
121¥ 117,45 4L s72,50 a6 102 30
133K 117,50 1140 573,00 12 1209 12
1227 117.88 1140 873,00 a6 1083 0
123X 117,00 1147 873,89 12 1210 12
123 117,605 1147 AT1.50 a8 10R4 a0
124K 117,70 1148 HT4.00 12 21 12
*9124Y 117.75 1148 5T4.00 a6 10RS a0
125x 117.80 1149 874,850 12 1212 12
*0125Y 117,88 1149 = 574,60 28 1086 30
128X 117,90 1130 474,00 12 1213 12
*6128Y 115,045 1150 575,00 J6 10RA7 20
f
NARCO AVIONICS DME 890 TR aTS
MAINTENANCE
s SECTINN 4
Remove 5.301 ;'nn from 1 )
PC board at junction o Check
:-:u:; prewent at| X0 :;;:" ::n:.lr"‘ N0 | ea1a u‘:d "13::;n '.ahl L0 LaniTones ah See Ir'@pruvld;? the logical
. =1 present & end o 28 1 - . e ,
present at E3017 t!ﬂl? 2. €311 mhorted, |connect DME for standard lul1 }.:::rrr:“ (::lt:\:"—u- from one
'us 3, Connector fault. YES
*rrs - “ relates 10 the equally
vEs Lhech lm—ny diupiay operation aw Tﬂb::;;:::::::- lacated on
1. ON/OTF switch open, Ch outlined in Section 2.4.2. I
3, C80P shorted.
3, CR812 shorted, 1. €312 shorted. YES
2, €313 shorted, Are all digitw
illuminated?
) See Display Are all legends
::: :’::ﬁ::t o[ 1e vaitage v £602] X0l 1y vortage st AL ER 111usinatnd?
at CRE11? zero volta bDC? 5802 .8 1o 1V? ) un% : —
c) Key Are all digits] o | YES ™ Chesk
Key Plac (finger over _—
s {!la blanked off? @ , Indicative of NO photucell, Does the| NO |1, Q304 fallure,
. == copstant applied—— display intensity 2. €326 short.
YES Inu Q803 Nlhﬂl—.-liall“ ;_-gm_' l anode voltage. get dimmer? 3. Photocell lead
See Key s lohibit pin 8 |%0 Are pulses present| o r— tv:s —~
Fig. 4-1 of U317 at constant on all outputs of uan7 fecti
Distance +5 Vde (use scope)? U3tT? Key Check YiS *
Yis 1. U317 shorted output (+5V).
L5 2, U315 shorted cutput (+100V). Place finger over %0
Check 3, PC board track shorted to +100V :gol.uclll. l:;un:
39. Does display
1. =100 Vdc tatlure intensity change?
2, U320 failure.
YES 3, Uns :u{uro.
4. Q303 failure,
orkieg
Are strobe pulses No Are pulses present
:;",;2‘ at pia 7 |2t UIt0-117
Remove wire Is €324 or ¥[1e coor or NO 8:;: ﬂffa 2L NO Q601 or Q602 ]'ts
Srom i E8024 C325 shorted? €008 shorted? ezitiar/collect Kayaiatemityns/, ]
ator collector short? uP 1w defective Identify legends)
short? Isolate uP pin 7. SU Lo, . Are all legends See Displa
<> Are strobe pulses ot blanked off? See Disrlay
YES ves reseat at uP pin 77 CHschisUrcANGTLeS e
YES 1E8 P P 5 PC board track before
& ioatalling new uP, YES
YES —_——— Check
() - T D
LR 1. U31eA-1 2. Have saiiter rewistors opened?
. internal short. 3. :llllgg‘lr: outputs pull down
2. PC board track o
T £ M —
i c ERT
(uiot:l(iul Vi) le}cltlﬂﬂ. P11l all segmeatu| w0 !1s only one ‘no |18 the saze T2o1ata R P An d;heuu.
sele ] iIn digits 0 to 7 segment in one segment in all pin 27 trom ;
ct R808 per 1 N no NO | che.a \T board
*“’ Section 4.8, 1lluminate digit inoperative? digits inoperative? Are decimals eircuit, Are Sraih Sorishife
. s
i lluminated? :?:n;;?n up bﬂo::‘ inetalling
aew ul',
2d collector Tn base blas volisge| o Check Display is TES Yres
pulses present present at junction 1. €808 shorted. defective. Theck
B2.GHO1/QN0% of R803/REAT N6t open e
ot f : : 3. Unorted 8330 trpie, |
YES uP is defective * PRty
YIa Are pulses present | yo Isolate ;n- up Check PC board :rack 3 ;::!::: gg;;llnpuh
Haw Q601 or Q802 Are any transformer Are any rectifier] MO oo real AL§cEe ub tor o . T ire Polses |8 for short to +5¥ — input,
n ’ uw ? 2 3
failed? ::;::::Tﬂutpul 1ines diodes shorted? Replace egment Sa% pFeacatt :::n:;.u-uulu I"' Silses)praves bl [ETETS
Yis at U303F-137 defective,
(™ Ir“ J!’ls @ I'L"
Remove wire from Repl diod Check Are pulses presest E::‘cnu.
1ize indicating F 2 1. PC board track at U314C-67 L3138
the ahort, short to ground, input short.|
2, Shorted input 1
in U320,
To isolate th u Are pulses present k
Are bass and emitter  |wo e the filter BN bt Hauiseraiacomen| oY ; at U3134-37 defr tive, |
waveforms on both Replace 7801, capacitor shorted? see Interconnect ! fatlodri s e et
Q601 and Q802 idestical? Disgras Fig. 6-1, L iv‘cm::s"::n:"“wr i .;g‘l";u,pu, wo @] |
YES in the emitter B :U“st,, Are pulses present dufective,
o Iead Open? S0 5100 VaeT at U30TC-117 U318 |
Does the ~14 =Ll L 3|
voltage seet |
specifications? 9ill outputs of NO ’
U31E pull dowr | |

See ln‘@prnvldt. the logteal -100v7
*“5 troublesbooting flow from one I Lo -100% g S, TPOW.2L
Lo all other 0 Is the voltiage figure 1o ancther,
voltages meet |famdst 30% of rated 9 relstes to the equally
i

specifications? value? ered wavefors located on
the schematic(e),
free tru
|| oL
FIGURE 4-11. POWER SUPPLY TROUBLE ISOLATION FLOW CHART FIGURE 4-12. DISPLAY TROUBLE ISOLATION FLOW 1 of 2
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NARCO AVIONICS DME B80 SCHEMATICS
SECTION 6

S IS \ I [ 8 | c_ i | D
i *
1 228
o W A
|| eoe0 -@ | E
et Rna P 184
I | | esos0 OH-0d A o T = e 10 E319
™ O W 2ord ! | = {E04} ° | G s—
1 | tsoe© 0% & ] Y -100v
6070 * neo2 o ! FROM SW303 + C603
Pc00 © - { ° AdJngeonii4V a/180v
Theg, No, | =310 ah — uo’tI- 600 's
2 e, N 1z AT/3BV 10 £309
O EC08
‘ +60V
| 2 “J'.‘.' P
& TO E305 0
—0O E603 W
Solder runs shown in GREY — it E
are Ihose on (ne "BOTTOM' [non-component) RO R
side of the board (SELECT)
2,87 —0 E6O
Solder runs shown in PINK 3 i +14y S
are thoss on the "TOP" (component) U
side ol the board P
0 4 TO E3i8
Eootzag — *—59 ———OE607 P
+7.8 C602  +I00V L
{ CRBI3 1@ ) ’vramov v
4,3V, 5% -
4
| )
CREH @@ — A
4.3,5% I+ = N
O —| Es04 ce07 2 D
e Q01 T0 E307 ;;zzonw
1 A TAGE BHAST SR 1TCHENG VOLTAGE 0,5 R
X0 Prot X0 Pt I
i cous R s 4 G
NOTES H
I. UNLESS OTHERWISE SPECIFIED:
— ALL RESISTANCE IS IN OHM £5%, I/4W T
ALL CAPACITANCE IS IN MICROFARADS
S
¢ 6 I
1 I)
S¥ITCHL 1 e E
X0 T'rot 2. W( CY WITHOUT SIGNA
IN Coupled 1 WAVEFORM REFERENCE
Internal Positive & NUMEER (-;b p
< CABOY A
N
E
L
1 ) nis Al
b 41 )
{ by e 8 FIGURE 6-4. POWER SUPPLY AND RIGHT SIDE PANEL
6-11




SCHEMATICS

NARCO AVIONICS DME 890 ST ToNER
A | B | C | D |
|| sHIELD
= c734 A | 8 | c D | E | F | G H
2
L703 CT34
l 240uH 1000
RT24 72l - W b-—o—o'L +14V
- i NV 1 { 707 ETO3 FROM
i J_ l c718 5.znr FLIO! 700's
g gu&o 20V
R7I9 102 Q708
- $ 1,8K TOoK ZN3138
10,2V 0,72y Qra? TO8 R7I R
EAN RF215
X 713 o Jon 330 cTss E
Soldot runs shown in GREY 2l nu'r?u“ + '°_f o
are those on tho "BOTTOM" (non-component) RAET RECEIVER VIOEO E
8¢ of the bond. 2.20F, 20V £702 g TO E312
Lroz .62 1
3 S8uH '
H 4 :
RTIT
47 R
—
croz2
\X 10
o 4 crs2
VIDID DETYCTOR OUTPLT '\ \ g;glzu l_?-D
Mo drate ) AR E'7.2v Wit to ( -0—0 RECEIVER AGC PULSES
Poteee — NOTES: AGC PULSE AGC PULSE E70) FROM E M|
FRIREBRLEIELL YR Ayt |. UNLESS OTHERWISE SPECIFIED:
ALL RESISTANCE IS IN OHMS, 25 %, |/4W X
ALL CAPACITANCE IS IN PICOFARADS NOTES =
I DCY MEASURED WITH DVM(IOm N Z) +_]’_
5 2. WOS DLV WITHOUT SIGNAL P CTOSF
3. WAVEFORM REFLRENCE NUMBER (##) 6%.&:
© Dwg No. D-02614-C
Q703; tollector —
\ VIDEQ ISVERTER
=Ad s WITH AGU
X
AC (€ d 6
Isternal Negative Syno

&

Qi0d, Collector

VIDED INVERTED
00 gl WITH AlK

X3
AC Coupled
Externsl Negative Syne

FIGURE 6-5 IF RECEIVER

e
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