' CAUTION

® 151 COMM receiver antenna connectors are also
useil tor the COMM transmitter connector. Precau-
tions should be taken not to key the transmitter
with the COMM antenna connector connected to
the NAV-IQ1L/-102AP RF Output Connector. Trans-
mitter output signals at this connector may
cause damage o ihe Attenuator and Signal Gen-
erator System

¢
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®Do not key transmitter into th¢ Modulation Input/
External Frequency Counter Inpur Connector,
the RF Qutput (uvnnector, or the connectors on the
Rear Panel. IlInternal damage mayv result.

® Do not exceed 196G W max input power.

®Do not exceed ITuput Power Versus Time Limits
of Table 1-1/SECTION I).
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GENERAL DESCRIPTION AND SPECIFICATIONS

NAV-401L SECTION 1

1 Description.

1-1 The NAV-401L is an FCC Type-Accepted bench and ramp test set
designed to meet the electronic functional test requirements of
Category I and Category II ILS Systems, Communication (COMM) ,
Navigation (NAV), and Marker (MKR) Systems.

1-2 The NAV-401lL is housed in a compact, portable case. It in-
cludes a signal generator with a variable attenuator which can
be connected to the equipment under test by a radiated signal
from a self-contained antenna or by a coax line. It can be
operated under either crystal frequency control or in variable
frequency mode in each band.

1-3 The NAV-401lL generator can be modulated internally by a 1020Hz
Indent tone, Marker, VHF Omnidirectional Range (VOR), Localizer
(LOC) or Glide Slope (G/S) tones, or by an external signal.

1-4 The NAV-40lL includes a six-digit counter\,which indicates the
RF frequency of the signal generator on any band, the frequency
of a COMM transmitter under test, any external signal input
from 1 MHz to at least 300 MHz, or the VOR bearing selected by
Bearing Select Switches, :

~1-5 An RF power meter is built-in to measure COMM transmitter power
from 0-10W or 0-100W either peak or average power by selecting

a switch position located on the Front Panel. A COMM transmitter
demodulation output permits viewing or listening to COMM modu-
lation.

1-6 A built-in Modulation Meter measures Signal Generator Percent
of Modulation on any frequency band from 0-30% or 0-100%. Front
Panel controls permit quick setting of modulation percentages.

1-7 A 90° bvearing check monitor allows quick verification of basic
VOR bearing from the VOR democd signal.

1-8 A nickel-cadmium battery and built-in charging system permit
completely portable operation for up to 2 hours continuous duty
with the counter off, one hour continuous duty with the counter
on. Any time the set is plugged to an AC line, the battery is
being charged. In battery operation, an antomatic timer turns
the set off after 6 to 10 minutes. The set can be recycled by
pressing power switch to BAT position.

1-1/1-2 blag%







NAV-401L/402AP SPECIFICATIONS
Y NAV-401L (S/N 1500 and On)
. NAV-402AP (8/N 101 and On)

2 Specifications.
2-1 RF OUTPUT

Power : Continuocusly variable from
-7 dBm to -110 dBm (0.1 V to
0.709 uVv) )
Accuracy: 2 dB from -30 dBm to -110

dBm (See enclosed -7 to
-30 dBm Attenuator Correction
Chart)

Frequency Range: MKR. . . 72 MHz to 78 MHz
VOR/LOC. 107 MHz to 120 MHz
COMM LO: 118 MHz to 136 MHz

HI: 134 MHz to 156 MHz

G/S. . . 327 MHz to 337 MHz
Standard Crystal
Frequencies: MKR XTL . . . 75.000 MHz
VOR XTL . . . 108.000 MHz
LOC XTL . ., . 108.100 MHz
; G/S XTL . . . 334,700 MHz
.s COMM XTL. . . 126.900 MHz
NOTE

Any channel frequency crystal
may be custom installed in any
of the bands.

RF Frequency Accuracy: Variable Frequency Mode with
Digital Display indication:
e e e e 0.002%

Phase Lock Operation:
25 kHz increments in MKR,
LOC, VOR, and COMM bands:
50 kHz increments in G/S
band:
... 0.002%

Crystal Control Mode: 0.005%

2-2 MKR SIGNAL

Tones: 1020 Hz (+1%) Ident
_ 400 Hz (+1%)
. 1300 Hz (+1%)
3000 Hz (*1%)
December 1978 Revision 1;?




2-2 MKR SIGNAL (cont'd)

NAV-401L/402AP SPECIFICATIONS

Modulation: Calibrated to 95%(x5%) for each
tone. Variable from 3% to 96%. -
2-3 VOR SIGNAL
Tones: 30 Hz (i0.0Z%) Reference

30 Hz (+0.02%) Variable Phase
9,96 kHz (%0.02%),
480 (+25) Hz Deviation
(S/N 1500 and above)
1020 Hz (+1%) Ident

Modulation:

Calibrated to 30(x2%) for each
tone. Variable from 3% to 55%.

Bearing: 3599 digitally derived courses
in 0.1 degree increments. Course
Accuracy: 0.1 degree
2-4 LOC SIGNAL
Tones: 90 Hz (20.02%)

150 Hz (*0.02%) .
1020 Hz (+1%) Ident

Modulation: 90 Hz and 150 Hz modulation levels
calibrated to 20%(*2%). Variable
from 3% to 35%.
Audio Tone modulation levels
calibrated to 30%(:2%). Variable
from 3% to 55%.
0.093, 0.155 and 0.200 DDM, and

DDM:

Tone Delete. Accuracy: +0.0013 DDM
(1.3 uA). Variable Control: *C.4 DDM.
(See Table in SECTION 3)

1-4 December 1978 Revision




2-4 LOC SIGNAL

(cont.)

Phase Shift:

NAV-401L/402AP SPECIFICATIONS

90 Hz and 150 Hz phase locked
to 5 times VOR BEARING SELECT
SWITCH setting. 150 Hz seleet-
able (Ref. to 90 Hz) in five
degree increments. Accuracy:
+1°9 Typical. (See Table in
SECTION 3)

2-5 G/S SIGNAL

Tones: 90 Hz (£0.02%)
150 Hz (+0.02%
Modulation: Calibrated to 40% (:2%) for each
tone. Variable from 3% to 75%.
DDM : 0.091, 0.175, and 0.40 DDM, and

Tone Delete.
Accuracy: #0.0024 DDM (*2.0 pA)

Variable Control: +0.8 DDM.
(See Table in SECTION 3)

Phase Shift:

90 Hz and 150 Hz phase locked
to 5 times VOR BEARING SELECT
SWITCH setting. 150 Hz select-
able (Ref. to 90 Hz) in five
degree increments.

Accuracy: +10 Typical. (See
Table in SECTION 3)

Auxiliary Localizer Signal:

Simultaneously selected and paired

with G/S Crystal Signal. Output

typically -18 dBm, independent of
OUTPUT ATTENUATOR CONTROL setting.

Standard Frequency: 108.100 MHz
Frequency Accuracy: *0.005%

2-6 COMM SIGNAL

Tones:

December 1978 Revision

1020 Hz (+1%) Ident
400 Hz (+1%)
1300 Hz (+1%)
3000 Hz (+1%)




NAV-401L/402AP SPECIFICATIONS

2-6 COMM SIGNAL (cont.)

Modulation: Calibrated to 30%(*2%) for each
tone. Variable from 3% to 55%.

2-7 EXTERNAL MODULATION: A 10 Hz to 20 kHz, 5 Volts peak
to peak signal will typically

produce 30% modulation for VOR,
LOC, and COMM Signals, and 95%
modulation for MKR Signals.

G/S Signals cannot be externally
modulated. '

External modulation of VOR, LOC,
COMM, and MKR Signals can be
varied over the same ranges as
the internal modulations dis-
cussed above.

At Back Panel Demodulated Outputs

2-8 DISTORTION :
with Filter (Figure 1-1):

1020 Hz . 1.00% Max
400 H=z . 1.00% Max
1300 Hz . 1,00% Max
3000 Hz . 1.00% Max
30 Hz . 0.65% Max
90 Hz . 0.65% Max
150 Hz . 0.65% Max

At Back Panel Demodulated Outputs
without Filter:

1020 Hz 2.50% Max
400 Hz 2.50%- Max
1300 Hz 2.50% Max
3000 Hz 2.50% Max
30 Hz . . 2.00% Max
90 Hz . . 2.00% Max
150 Hz . 2.00% Max
INPUT @& AN ———e OUTPUT
: 1K .I _
;E Jduf

Figure 1-1 Low Pass Filter

December 1978 Revision



NAV-401L/402AP SPECIFICATIONS

2-9 COUNTER CEARACTERISTICS
Functions: Measures internal signal genera-

tor frequencies.

Measures frequency of external

COMM transmitter.

P

Measures frequency of external
signal at Counter Input.

Displays internal VOR Bearing
as selected on Front Panel.

Clock Oscillator
Frequency: 10 MH=z

Clock Oscillator
Frequency Accuracy: Accurate within +0.002%
(Typically $0.0005% over
normal temperature and
period of use).

Counter Resolution: Hz . . . . . . . .1 Hz
kHz . . ., , . . . 10 Hz
kHz . . ., . . . . 100 Hz
MHZ . . ., . . . . .1 kHz

External Input: ‘
Range: Hz, kHz: 1 MHz to 10 MHz
kHz, MHz: 10 MHz to 300 MHz

Impedance: 908 a.c. terminated.
Sensitivity: 0.08 V rms (-9 dBm) @ 10 MH=z

0.15 V rms (-3 dBm) @ 200 MHz
0.23 V.rms ( © dBm) @ 300 MHz

Maximum Counter

Input Power: 250 mW RF, or +24 dBm.
CAUTION

DO NOT EXCEED MAXIMUM INPUT
POWER LEVEL (250 mW RF, or
+24 dBm) TO COUNTER OR DAMAGE
TO UNIT MAY RESULT.

December 1978 Revision 1
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NAV-401L/402AP SPECIFICATIONS

2-10 MONITOR METER CHARACTERISTICS

Power Meter:

Fanction: Measures COMM
transmitter power
from O to 100

Watts.
Scales: 0 to 100 Watts
0 to 10 Watts -
Accuracy: +3% of full scale,
plus 5% of meter
indication.
Maximum Input 20 Watts CW
Power: ‘Continucus Duty
TABLE 1-1
INPUT POWER VERSUS TIME LIMITS'
Input Power ON Time Limit Maximum
(Watts) (Minutes) Duty Cycle
20 to 40 5.0 , 50%
40 to 80 1.0 20%
80 to 100 0.5 o 10%
RF Level Monitor: Center of scale indicates
proper transmitter RF
level

Battery Level:

Scale: 0 to 30 Volts
Accuracy: +5% of reading
2-11 Bearing Monitor Circuit: _
Range: +0.5 degrees
(0 degrees at meter
center)
1-8 December 1978 Revision




NAV-401L/402AP SPECIFICATIONS

2-12 SPECTRAL PURITY
Harmonics: At least 15 dB below carrier
level at -30 dBm output level,
over entire frequency range,
Broadband Noise: At least 70 dB below carrier
level at -30 dBm output at
50 kHz.
Spectrum Analyzer Set-up:
10 kHz Frequency Span,
300 Hz Bandwidth,
10 Hz Video Filter.
2719 POWER y An internal NICAD batt
Battery: n interna A attery
system permits a continuous
duty cycle for 1.5 hours.
The battery charger con-
tinuously charges the battery
whenever the test set is
connected to AC power.
AC Line: 105 to 120 Vac or 220 to 250
Vac, 50 to 400 Hz, 25 Watts.
2-14 PHYSICAL CHARACTERISTICS
Weight: 17 1bs. (7.7 kg.) complete
Width: 11.375 in (28.9 cm)
Height: 5.125 in (13.0 cm)
Depth: 16.125 in (41.0 cm)




NAV-401L/402AP SPECIFICATIONS

Table 1-2 Tone Modulation Levels

TONE
AND
30Hz 9060HZz | 90Hz | 150Hz | 1020Hz | 400Hz 1300Hz | 3000Hz | Ext*
MKR XX XX XX XX 95% 95% 95% 95% 95%
VOR 30% 30% XX XX 30% 30% 30% 30% 30%
LOC XX XX 20% 20% 30% 30% 30% 30% 30%
G/S XX XX 40% { 40% XX XX XX XX XX
COMM XX XX XX XX 30% 30% 30% 30% 30%
NOTE: 95% Modulation accuracy +5%. except EXT
40% Modulation accuracy +2% except EXT
30% Modulation accuracy 2% except EXT
20% Modulation accuracy 2% except EXT

XX - Tone not available

*Fxternal Input approximately 5Vp-p.
series_with 33uf.

Input impedance is 20Kf} in




INSPECTION AND INSTALLATION
NAV-401L/402AP SECTION 2

1 Introduction.

1-1 Fach IFR Precision Simulator is carefully inspected

for mechanical and electrical quality before shipment from the
factory. On receipt, the instrument should be physically

free of mars and scratches, and in perfect mechanical and ~
electrical order.

2 Grounding Requirements.

2-1 To protect operating personnel, the National Electrical
Manufacturer's Association (NEMA) recommends that the instru-
ment panel and cabinet be grounded. All IFR instruments are
equipped with a three-conductor power cord which, when plugged
into an appropriate receptacle, grounds the instrument.

The offset pin on the power cord three-prong connector is the
ground pin,

2-2 To preserve this protection feature when operating the
instrument from a two-contact outlet, use a three-prong to
two-prong adapter and connect the green pigtail on the adapt-
er to ground.

3 Installation,

3-1 No special installation procedures are necessary for
this equipment.

4 Initial Inspection.

4-1 The instrument should be inspected immediately for
possible in-transit physical damage. A check for supplied
accessories, and a test of the electrical performance of
the instrument (as outlined in SECTION 5 of this manual)
should also be made. Any damage or deficiency should be
reported immediately to the carrier and a claim filed, if
necessary. Refer to the LIMITED WARRANTY AND SERVICE
INSTRUCTIONS of this manual for delineation of responsi-
bilities and liabilities. Follow the directions in the LIMITED
WARRANTY AND SERVICE INSTRUCTIONS when it becomes necessary
to ship the instrument.




NAV-401L/402AP INSPECTICH

5 Cleaning.

5-1 It is wise to clean the dust, cobwebs, and other debris
out of the test set prior to periodic inspection, repair or
calibration. Some shops clean their test equipment on a
regular basis such as piannual or annual proof-of-performance

checks.

o

5-2 Internal chassis parts and frame should be wiped with a
lint-free cloth moistened with rubbing alcohol. The Front _
Panel may also be cleaned with rubbing alcohol. Safety solvent
should be used to remove tar and oil from the outside case.

5-3 Dust removal is best done w%th a hand contrglled dry air
jet of 25 to 50 psi (1.827 kg/cm”™ to 3.653 kg/em®). The
Rear Panel should be cleaned with a dry cloth only.

5-4 CARE MUST BE TAKEN TO AVOID BREAKING WIRES OR SHORTING
COMPONENT LEADS TOGETHER DURING CLEANING.

6 Inspection Procedures.

6-1 General. Inspection is necessary to determine the
general condition of the test set. It has been determined
through hard experience that deliberate moving, however
slight, of the discrete components on the various PC Boards
and other assemblies often causes unnecessary circuit problems
and can quickly change simple problems into complex ones.
Therefore, IFR recommends ONLY A VISUAL INSPECTION without
touching the components. Test set owners and operators

should be aware that ANY opening of the instrument casing can
result in calibration deviations. Complex modules, such as RF
modules, should NOT be opened during Preliminary Inspection.

6-2 Chassis. Inspect the chassis for tightness of subas-
semblies, damaged chassis-mounted connectors, and corrosion
or damage to the metal gurface. Surface damage may indicate
further damage to parts in the area.

6-3 Capacitors. Inspect all readily available capacitors for
loose mounting, deformities or obvious physical damage, and
ieakage or corrosion around the leads.

6-4 Connectors. Examine all readily accessible coax connectors
for loose or broken parts, cracked insulation, and bad con-
tacts. DO NOT disassemble connectors within the test set.

trol that feels rough when rotated should be checked with an

6-5 Dotentiometer Controls. Any Front Panel potentiometer con- .
;
ohmmeter for proper operation.




NAV-401L/402AP INSPECTION

6-6 DPrinted Circuit (PC) Boards. (Readily accessible PC
Boards only). Check the connectors and mating plugs for
corrosion and damage. Inspect all mounted components,
including crystals and IC's for damage. The PC Boards
should be free of all foreign material.

6-7 Resistors. Inspect all readily available resistors for
cracked, broken, charred, or blistered bodies and loose or
corroded soldering connections. :

6-8 Semiconductors. Inspect all readily available diodes,
rectifiers, and transistors for cracked, broken, charred,
or discolored bodies. Check the ends of the components

to see that the seals around the leads are in place and

in good condition.

6-9 Switches. Examine all readily available toggle switches
for loose levers, terminals, and switch body connections to
frame. The line switch contacts should not be bent or the
switch action too loose.

6-10 Transformer. Inspect the transformer for signs of
excessive heating, broken or charred insulation, and loose
mounting hardware.

6-11 Wiring. Inspect all the wiring of the chassis for
broken or loose ends and connections and for proper dress
relative to other chassis parts. All the laced wiring
should be tight with the ends Securely tied.

7 Repacking for Shipping.

7-1 The LIMITED WARRANTY AND SERVICE INSTRUCTIONS contain
detailed directions for repacking and shipping. Additional
questions may be directed to the IFR Shipping Department.

7-2 Any instrument shipped to IFR for any reason MUST be tagged
with: (1) its owner's identification, (2) the service or
repair required, (3) its model number, and (4) its full
serial number. Identify the instrument by prefix, model,
and serial number in ALL correspondence.

7-3 IFR Precision Equipment should be shipped ONLY in their
original containers. If the original container is not
available, contact IFR for shipping instrunctions.

7-4 DO NOT return an instrument or its component parts to
IFR without first receiving authorization from the IFR
Customer Service Department. Refer to the LIMITED WARRANTY
AND SERVICE INSTRUCTIONS for complete directions.

2-3/2-4 blag?







OPERATION
NAV-401L. SECTION 3

o }

1 Introduction.

1-1 This section contains notes on general usage, tables used in
operation of the NAV-401L; illustrations and descriptions of
all controls, indicators and connectors; description of signals
simulated, and operation brocedures. '

-

2 Signals Simulated.

2-1 The NAV-40l1L is a completely self-contained bench and ramp test
instrument for: MARKER, VOR, ILS, and COMM equipment. The
NAV-401lL simulates MARKER signals with Inner (3000 Hz), Middle
(1300 Hz) and Outer (400 Hz) tones. VOR Ground Station signals
are simulated by an RF signal modulated by a 30 Hz reference
signal, a variable 30 Hz signal, and a 9960 Hz signal. Localizer
(LOC) signals are simulated by RF modulated by 90 and 150 Hz
tones. Glide Slope (G/S) signals are simulated by modulating RF
with 90 and 150 Hz tones. A second localizer frequency paired
with G/8 frequency is available as an option on the NAV-401L
(standard on the NAV-402AP). COMM signals are simulated by RF
modulated by the 400, 1300, or 3000 Hg MARKER tones or the 1020
Hz IDENT tone. IDENT may also be applied to MARKER, VOR, or
Localizer signals.

'5' 3 General Usage of NAV-401L.

3-1 Connection to equipment under test, operation of NAV-401L controls
and calibration of LOC and G/8 course centering accuracy has been
made as simple as possible. Bench and ramp operation of the
NAV-401L are very similar. Differences in bench and ramp opera-
tion are given in the following two paragraphs.

3-2 The NAV-401L is an FCC Type accepted instrument and cannot be
used in VAR (variable) frequency modes during ramp use. Any
test signals radiated from the antenna must be crystal controlled.
IFR does not authorize the NAV-401L to be externally modulated on
any band during ramp use. This includes microphones, audio
generators, etc,

3-3 During ramp testing, it is recommended to conserve battery power
by operating the counter readout only when necessary. A push-~
button switeh that controls power to the readout assembly is
part of Counter Mode Switch.

=




NAV-401L OPERATION

4  Ramp Operation.

4-1

With the possible exception of Marker Beacon, most NAV COMM
systems of a typical avionics package may be checked while
NAV-401L is placed in a vertical position in the cockpit. The
antenna is extended from two to three feet vertically. With
the antenna on the RF Output Jack (10), the VOR, LOC, and G/S
modes of NAV COMM Receivers may be checked and indicators ’
operated through their limits. The COMM Receiver may also be
operated, if desired, modulating the NAV-401L with either the
400, 1300, or 3000 Hz tones or the 1020 Hz IDENT tone.

On some installations, the Marker Antenna is located far aft on
the fuselage. When this situation occurs, and receiver sensi-
tivity is low (-35 to -45 dBm); the NAV-401L situated in the
cockpit does not radiate enough RF to operate the Receiver.
Moving the NAV-401L outside the aircraft will normally give more
than enough signal strength to. completely check Marker audio and

lights.

To check COMM transmitter frequencies from cockpit, connect
COMM Transmitter Output to COMM Transmitter Input Connector (11)
and select MHz on Counter Mode Switeh (3). Test set will read
out the COMM Tramsmitter frequency when Transmitter is keyed.

5 Bench Operation.

5-1

Bench testing and alignment procedures usually dictate use of
direct coax connections between the NAV-401L and equipment under
test. NAV-401L Attenuator Dial readout is the RF level in dBm
present at RF Output Connector (10) into 50 Ohms. To make
accurate sensitivity measurements, the loss in dBm of the con-
necting coaxes must be known.

CAUTION
Most COMM Receiver Antenna Connectors are
also used for the COMM Transmitter Connector.
Precautions should be taken not to key the
Transmitter with the CCMM Antenna Connector
connected to the NAV-401L RF Output Connector
(10). Damage to the Attenuator and Signal
Generator System may result.

6 General Purpose Counter Operation.

6-1 With Tone Select Switch in the CTR IN position, NAV-401L Counter

may be utilized as a general utility counter. Frequencies from
1 MHz to 300 MHz can be measured.

. ‘,




NAV-401L OPERATION

6-1

(Cont.) Counter Mode Switch (3) can be used in any of four
time base positions; Hz, kHz, kHz, or MHz.

7 Portable Operation.

7-1

Built-in battery supply permits completely portable ramp
operation for up to two hours with Counter Readout off and one
hour with Counter Readout on. Timer allows ample time for-
most ramp equipment checks but protects against battery being
drained by set.

Between periods of ramp use, battery should be charged to
maintain long life. Charger operation is automatic and is on
whenever NAV-401L is connected to a.c. power. The set does

not have to be turned on. The charger automatically causes
charging current to be proportional to battery charge condition.
Overnight charging is recommended.

e —

OTE
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If the NAV-401L test set is used only for
bench operation, the NICAD batteries can
lose their storage ability. The test set
should be periodically operated on battery
power to allow the batteries to partially
discharge.

Battery voltage is measured by placing the Monitor Meter Function
Switch (30) in BAT position. The 0 to 30% scale shows battery
voltage. Less than 12.5 V indicates a discharged battery.
Portable operation should never be attempted at this voltage
level. An automatic low voltage cutoff circuit will turn the
NAV-401L off just below this level. Normal battery charged
condition will be indicated as 15 V or greater,

To operate ‘the LOC and G/S outputs simultaneously, first adjust
all controls for normal G/S operation (G/S XTAL mode, only). The
Output Attenuator varies the RF level of the G/S signal; and G/S
DDM Controls vary the DDM of G/S signal. Next, select LOC with
the AVG/PEAK LOC XMTR ON Switch (12). This activates a separate
Localizer generator within the NAV-401L. This generator output
is combined with the G/S output at the RF Output Connector (10)
at the fixed level of ~18 dBm (approx.). The Attenuator does

not affect LOC output level in this mode., LOC DDM Controls vary
the DDM of Localizer signal.,

3-3/3-4 blag%
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Table 3-1. Correspondence Chart for Decibels, Volts, and Watts
(509 load)

Decibels Volts Watts Decibels Volts Watts
+40dBw 709V 10, 000W +9dBw 20.0V| ., 7.94W
+39dBw 633V 7,9840W +8dBw 17.8V 6.32W
+38dBw 563V 6,320W +7dBw 15.9V 5.00W
+37dBw 501v 5, 000w +6dBw 14.1v 3.98w
+36dBw 447V 3,980W +5dBw 12.6V 3.16W
+35dBw 399V 3,160W

+4dBw 11.2V 2.51W
+34dBw 355V 2,510W +3dBw 10.0V 2.00W
+33dBw 317V 2,000W +2dBw 8.91v 1.59%
+32dBw 282V 1,590W +1dBw 7.95V 1.26W
+31dBw 252V 1,260W 0dBw = 1.00W =
+30dBw 224V 1,000W +30dBm 7.09V 1000mw
+29dBw 200V 794W +29dBm 6.33V 794mwW
+28dBw 178V 632W +28dBm 5.63V 632mW
+27dBw 159V 500W +27dBm 5.01V 500mw
+26dBw 141V 398W +26dBm 4.47v 298mW
+25dBw 126V 316W +25dBm 3.99V 316mwW

+24dBm 3.55V 251mW
+24dBw 112v 251w +23dBm 3.17v 200mW
+23dBw 100V 200w +22dBm 2.82v 159mw
+22dBw 89.1V - 159W +21dBm 2.52V 126mW
+21dBw 79.5V 126w +20dBm 2.24V 100mW
+20dBw 70.8V 100W
+19dBw 63.3V 79.4W +19dBm 2.00V 79.4mW
+18dBw 56.3V 63.2W +18dBm 1.78V 63.2mvV
+17dBw 50.1V 50.0W +17dBm 1.59V 50.0mW
+16dBw 44 .7V 39.8W +186dBm 1.41V 39.8mW
+15dBw 39.9V 31.6YW +15dBm 1.26V 31.6mW

+14dBm 1.12v 25.1mW
+14dBw 35.5V 25.1w +13dBm |1.00V = 20.0mW
+13dBw 31.7V 20.0W 1000mv
+12dBw 28.2v 15.9W +12dBm 891mv 15.9mW
+113Bw 25.2vV 12.6W +11dBm 795mv 12.6mw
+10dBw 22 .4V 10.0W +10dBm 709mvV 10.OmW
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Table 3-1 (cont.)

Decibles Volts Watts Decibels Volts Watts
+9dBm 6833mV 7.94mW ~26dBm 11.2mV 2.51uw
+8dBm 563mV 6.32mW -27dBm 10.0mV 2.00uwW
+7dBm 501mV 5. 00mW ~28dBm 8.9mV 1.59uW
+6dBm 447mV 3.98mW -29dBm 7.95mV 1.26uW
+5dBm 399mV 3.16mW -30dBm 7.09mV 1.00u¥W =

1000nwW
+4dBm 355mvV 2.51mW -31dBm 6.33mV 794nW
+3dBm 317mvV 2.00mW -32dBm 5.63mV 632nW
+2dBm 282mvV 1.50mW -33dBm 5.01mV 500nW
+1dBm 252mV 1.26mW -34dBm 4 .47mV 398nW
0dBm 224mV | 1.00mW = ~35dBm 3.99mV. 316nW
1000uw
-1dBm 200mvV 794uW ~36dBm 3.56mvV 251nW
-2dBm 178mV 632uW ~37dBm 3.17mV 200nWw
-3dBm 159mV 500uW -38dBm- 2.82mV 159nW
-4dBm 141mV 398uW ~39dBm 2.52mV 126nW
-5dBm 126mV 316uW -40dBm 2.24mV 100nW
L - 79.4nW
-8dBm 122mV 251uW -41dBm 2.00mV 63.2nW
~7dBm 100mv 200uW -42dBm 1.78mV 50.0nW
-8dBm 89mV 159uw -43dBm 1.59mV ' 39.8nW
-9dBm 79mV 126uW ~44dBm 1.41mV 31.6nW
-10dBm 70.9mV 100uW -45dBm 1.26mV
-11dBm 63.3mV 79.4uW -46dBm : 1.12mV 25.1nW
-12dBm 56 . 3mV 63 . 2uW —-47dBm | 1.00mV = 20.0nW
-13dBm 50.1mV 50.0uwW 1,000uvV
-14dBm 44 , 7mV 39.8uW -48dBm . 891uv 15.9nW
-15dBm 39.9mV 31.6uw -49dBm 795uV 12.6nW
-50dBm 7090V 10.0nW
-16dBm 35.5mV 25.1uW -51dBm 633uV 7.94nW
-17dBm 31.7mV 20.0uw -52dBm 563uV 6.32nW.
~18dBm 28.2mV 15.9uW -53dBm 501uV 5.00nW
-19dBm 25.2mvV 12.6uW -54dBm 447uV 3.98nW
-20dBm 22 .4mV 10.0uWw -55dBm 399uV 3.16nW
~21dBm 20.0mV 7.94uW '
-22dBm 17.8mV 6.32uW -56dBm 355uV 2.51nW
-23dBm 15.9mV 5.00uW -57dBm 317uVv 2.00nW
-24dBm 14.imV 3.98uW -58dBm 282uV 1.59nW
-25dBm 12.6mvV 3.16uwW -59dBm 252uV 1.26nW
~60dBm 224uvV 1.00nW =
100pW
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Decibles Volts Watts - Decibels Volts Watts
-61dBm 200uv 794 oW -96dBm 3.55uv 251fW
~-82dBm 178uv 632pW - =97dBm 3.17uv 200fW
-63dBm 159uv S500pW -98dBm 2.82uv 1590fw
~-64dBm 141uv 398pW ~99dBm 2.52uv 126w
-65dBm 128uv 316pW -100dBm 2.24uv 100fw
-66dBm 112uv 251pwW ~101dBm 2.00uv 79.4fW
-67dBm 100uv 200pW -102dBm 1.78uV 83.2fW
~-68dBm 89, 1uv 159pW ~103dBm 1.5V 50.0fW
-69dBm 79.5uv 126pW -104dBm 1.41uv 39.8fwW
~70dBm 70.9uVv 100pW -105dBm 1.26uV 31.6fW

-106dBm 1.12uV 25.1fW
~71dBm 63.3uv 79.4pW -107dBm | 1.00uv = 20.0fW
-72dBm 56. 3uV 63.2pW 1,000nv
-73dBm 50. luVv 50.0pW -108dBm 891nVv 15.91W
-74dBm 44 . 7uv 39.8pW -109dBm 795nV 12.8fW
~-75dBm 39.9uVv 31.6pW -110dBm 709nV 10w

. =76dBm 35.5uv 25.1pW
~77dBm 31, 7uv 20.0pwW -111dBm 633nV 7.94fwW
-78dBm 28.2uV 15.9pW ~-112dBm 563nV 6.32fW
~-79dBm 25.2uv 12.6pW -113dBm 501nVv 5.00fW
-80dBm 22.4uv 10.0pW -114dBm 447nvV 3.98fW

' ~115dBm 399nV 3.16fW
~81dBm 20.,0uv 7.94pW -116dBm 355nVv 2.51fW
-82dBm 17.8uV 6.32pW ~-117dBm 317nv 2.00fwW
-83dBm 15.9uVv 5.00pW -118dBm 282nV 1.59fwW
-84dBm 14, 1uv 3.98pW -119dBm 252nV 1.261fW
~-85dBm 12.6uv 3.16pW ~-120dBm 224nvV 1.00fW =

1000aW
-86dBm 11.2uv 2.51pW
-87dBm 10.0uv 2.00pW .
-88dBm 89.1uV 1.5%pW -121dBm 200nV 794awW
~-89dBm 7.95uv 1.26pW -122dBm 178nvV 632aW
-90dBm 7.09uvV|{1.00pW = -123dBm 159nV 500aw
1000fW ~-124dBm 141nV 398aWw

-125dBm - 1286nV 316aW
-91dBm 6.33uv 794 1W ~126dBm 112nVv 251law
-92dBm 5.63uv 632fW ~127dBm 100nv 200aW
~93dBm 5.01uVv 500fwW -128dBm 89.1nvVv 150aW
-94dBm 4.47uV 3981w ~129dBm 79.5nV 126aW
-95dBm 3.99uv - 316fW -130dBm 70.9nV 100awW
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Table 3-1 (cont.)

Decibles Volts Watts Decibels Volts Watts

-131dBm 63.3nV 79.4aW -136dBm 35.5nV 25.1aW

-~132dBm 56.3nV | 63.2aW -137dBm 31.7nV 20.0aW
-~133dBm 50.1nV | 50.0aW -138dBm 28.2nV 15.9aW
~134dBm 44.7nV | 39.8aW ~-139dBm 25,2nV 12.6aW

-135dBm 39.9nV 31.6aW ~140dBm 22.4nV 10.0aW

dBw - decibels referenced to one watt
dBPm - decibels referenced to one milliwatt

v ~ yvolts

mV - millivolts (volts X 10-?%)
uV - microvolts (volts X 10-%)
nV - nanovolts (volts x 10-°)
w - watts

mW - milliwatts (watts X 10-2%)
uW - microwatts (watts X 10-%)
nW - nanowatts (watts x 10-%)
pW - picowatts (watts x 10-12)
fW - femtowatts (watts X 10-1%)
aW - attowatts (watts x 10-'%)

3-8
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Correspondence Charts for 90Hz and 150Hz Tones

Tone Difference Values

Course Deviation Indicator

90Hz and 150Hz

% Modulation DDM Decibels Deflection | Microamps
20.00, 20.00 0 0 Centered 0
15.35, 24.85 .093 4,114 Standard 90
12.25, 27.75 155 7.101 Full Scale 150
10.00, 30.00 200 9,bH42 More than full 194
scale
0.00, 40.00 .4 Infinity Full one tone 387

delete other

NOTE:

movement).
-Deflections in microamps apply to indicators with full
scale deflection current of 150uA.

*Standard ODI deflection =

50% of full scale (linear

GLIDE SLOPE

Tone Difference Values G/S Deviation Indicator
90Hz and 150Hz . . .
% Modulation DDM Decibels Deflection Microamps
40,00, 40.00 0 0 Centered 0
-35.45, 44.55 . 091 1.987 Standard 78
31.25, 48.75 175 3.862 Full Secale 150
20.00, 60.00 .400 9.542 More than full 343
scale
0.00, 80.00 .8 Infinity Full one tone 686
delete other
NOTE: -Standard G/S indicator deflection = 53% of full scale

(linear movement).
‘Deflections in microamps apply to indicators with full
scale deflection current of 150uA.
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Table 3-3. 150Hz and 90Hz Tones Variable Phase Relationships .}

VOR BRG 150Hz Phase

Switch Relative

Position to 90Hz
000.0 0° ‘
001.0 +5°
002.0 +10°
003.0 +15°
004.0 +20°
005.0 +2570
006.0 +30°
007.0 +35°¢
008.0 +40°
009.0 +450
010.0 +50°
011.0 +55°
012.0 +60°
013.0 +65°
014.0 +70°
015.0 +75°
016.0 +80°
017.0 +85°
018.0 +90°
019.0 +95°
020.0 +100°
021.0 +105°
022.0 +110°¢
023.0 +115°
024.0 +120° or 0° *

* +120° will have the same phase relationship
as 0°%; therefore, only 1° through 12° BRG
switch positions need be used.
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1 2 34 5

Fig. 3-2

CONTROL/INDICATOR /CONNECTOR

FUNCTION

1. Frequency Mode Switch

2. Display Time Control

3. Counter Mode Switch

Selects frequency band to be used: .E
MARKER (MKR), VOR, Localizer (LOC),

Glide Slope (G/S), or COMM. Each

band except COMM is divided into

two positions: a crystal controlled
frequency position, and a variable
frequency position, COMM band

utilizes three switch positions:

a crystal controlled position, and

two variable frequency positions.

Varies Counter update time. CCYW
rotation causes interval between
updates to decrease. In full cw
position, the count is held in-
definitely.

Selects source of signal to be
counted. In GEN position, displays
frequency of internal signal gen-
erator. 1In Hz, kHz, kHz, or MH=z
positions, Counter measures freqg-
yency of a COMM Transmitter con-
nected to XMTR IN Connector, or
external signal source. External ,
signal .

3-12 Table 3-4 Controls, Indicators & Connectors
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OPERATION

. CONTROL/INDICATOR/ CONNECTOR

FUNCTION

3.

(Cont.) Counter Mode Switch

Meter Bearing Center
Adjust

Variable Frequency
Controls

must be applied to MOD IN/CTR IN

‘Connector (18). In BRG (Bearing)

position, the input to Counter is
the output of digital bearing
determining circuitry. Display“
should equal VOR BRG Switch (27)
indication. This provides a check
on bearing selection circuits. 1In
BRG position, bearing monitor
circuitry also checks VOR modu-
lation for proper operation at 90°.

A pushbutton switch is incorporated
into Counter Mode Switch which

applies power to Counter Readout

in either battery or a.c. operation.
This switch is activated by depressing
Counter Mode Switch Knob. It is
highly recommended during portable
operation to use Counter Readout

only when necessary.

‘Used to center Monitor Meter (29)

to set a reference level in internal
bearing check operation. Monitor
Meter Function Switch (30) should be
in the BRG position and Counter
Mode Switch (3) should be in any
position except BRG while the Meter
is being centered.

Coarse and fine controls used to
manually sweep the Internal Signal
Generator frequency. CW rotation
of these controls increases the
frequency. Frequency Mode Switch
(1) must be in a VAR position for
manual sweeping. Coarse Control,
larger knob, gives from 1 to 2 MHz
deviation per turn. Fine Control,
smaller knob, gives approximately
20 to 40 kHz deviation per turn.

Table 3-4 (Cont.) 3-13
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5
6
1
9
9a
8
Fig. 3-3
CONTROL/INDICATOR/CONNECTOR FUNCTION
5. (Cont.) Variable Fre- : Phase Lock Circuit. Phase Lock Cir-
quency Controls cuit is activated by turning the

Fine Variable Freguency Control full
CCH, into the detent position.

Phase lock can be obtained every 25
kHz in variable frequency modes,
except for G/S. G/S frequencies are
phase locked in 50 kHz increments.

Coarse Variable Frequency Control is
used to select desired phase locked
frequencies. Phase lock is indi-
cated by proper count on the Fre-
quency Counter (31). It is neces-
sary to adjust for phase locked
steps since pull-in range of phase
lock circuit is less than 25 kHz.

A phase lock on any frequency other
than 25 or 50 kHz steps is not valid
and will have severe frequency modu-
lation (FM).

NOTE

Variable Frequency Oscillator should
not be adjusted to a frequency
within 5 kHz of an XTAL frequency
to avoid interaction between
osciliator circuits.

3-14 Table 3-4 (Cont.)
08 )
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OPERATION

. CONTROL/INDICATOR /CONNECTOR

FUNCTION

6. Tune Indicator

7. Tune Control

8. Fine Tune Switch

9. Qutput Attenuator
Control

Indicates proper Signal Generator
tuning. Tune Indicator is extin-
guished when Generator is properly
tuned,

Adjusts Signal Generator for opti-
mum tuning. It must be readjusted
whenever a different frequency band
is used or when Variable Frequency
Controls (5) change frequency more
than a few MHz in any one band.
Tune Control should also be adjusted
whenever Attenuator (9) is set for
an output level from -15 dBm to max
output level available, or whenever
setting of Attenuator is changed
within this range.

Fine tunes the Transmitter when
tuning is within fine tune range and
the Tune Indicator (7) is extin-
guished. When Fine Tune Switch is
pressed, Tune Control (6) is
adjusted for a minimum indication on
Monitor Meter (29).

Used to adjust RF level of Signal
Generator Output at the RF Output
Connector (10) into-a 509 load.
Attenuator Dial is calibrated in
~dBm or dB below 1 mW. The dial is
accurate for output levels below -30
dBm. An Attenuator Correction Chart
is included with each instrument.
Also included is a chart converting
-dBm to soft microvolts.

NOT

m|

Soft Microvelts - microvolts as
measured with 500 loading.

Hard Microvolts - microvolts as

measured through a 6 dB pad, into
50 Ohms.

Table 3-4 (Cont.)
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Fig. 3-4
CONTROL/INDICATOR /CONNECTOR FUNCTION
Ga. A-100 Amp Voltage : Provides power supply vo1tage for
Supply Connector A-100 Amp.
CAUTION

CONNECTOR IS NOT TO BE USED FOR
ANY AUXILIARY EQUIPMENT EXCEPT
THE A-100 AMP.

10. RF Qutput Connector Provides Attenuated Signal Generator
' Qutput to equipment under test.

This connector is diode protected
against a COMM Transmitter being
accidently keyed, but steps should
be taken to make sure than keying
does not occur. Output is source
terminated in 50 Ohms.

11. COMM Transmitter Input to Monitor Meter (29). It
Input Connector is connected with a 5002 cable to

a COMM Transmitter for power and
frequency measurement purposes.
Power indicated is either peak or
average power, COMM Transmitter
frequency is indicated on Digi- .,
tal Display (31) with Counter .

3-16 Table 3-4 (Cont.)
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. CONTROL/INDICATOR/CONNECTOR FUNCTION
11. (Cont.) COMM Transmitter - Mode Switch (3) in Hz, kHz, kHz, or
Input Connector MHz positions. An internal 25 dB

pad is used in series with Power
Monitor Circuit.

NOTE

See SECTION 1, Technical Summary
for Power Meter input power vs.
time requirements.

12, AVG/PEAK LOC XMTR ON Selects function of Power Meter (29).
Switch In PEAK position, the Power Meter
' indicates peak power amplitude of a
COMM Transmitter with modulation
applied. Peak Position also provides
output from the separate Localizer
Transmitter simultaneously with the
Glide Slope signal, with Frequency
Mode Switch (1) in the G/S XTAL
position (for checking Autopilots

._ : or Course Computers).

In AVG position, Power Meter indicates
average RF power of a COMM Transmitter
and disregards power changes due to
proper modulation.

13. 90/150 Hz Variable When Variable Phase (¢) Switch is

DPhase (¢) Switch depressed, phase of 150 Hz tone can
be varied in 5° steps by use of VOR
Bearing Select Switches (27). Nor-
mally, 150 and 90 Hz tones used for
LOC and G/S modulation are phase-
locked together. If VOR Bearing
Select Switches are set to 000.0°,
depressing Variable Phase (¢) Switch
produces no change of phase. For
each 1° step of VOR Bearing Select
Switch, 150 Hz tone is shifted +5°
relative to the 90 Hz tone. 90 Hz
tone always remains constant in phase
with respect to 000.0° VOR Bearing
Select Switch position.

Table 3-4 (Cont.) 3-17
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17

14 15 16 13
| Fig. 3-5

CONTROL/INDICATOR/CONNECTOR

FUNCTION

13.

14.

(Cont.) 90/150 Hz
Variable Phase (¢)
Switch

Glide Slope DDM
Control

When 24° VOR Bearing is selected,
90 and 150 Hz tones are at their
original phase relationships. When
a 12% VOR Bearing is selected, amp-
litude summation of the 90 and 150
Hz tones is at maximum magnitude.

Selects amount of G/S pointer
deviation on ILS Indicator under
test. Calibrations in DDM (Dif-
ference in Depth of Modulation)
represent standard deflection, full
scale, and greater than full scale
deflections. CW rotation of control
gives upward deflection.

In either 90 Hz or 150 Hz positions,
the opposite tone is deleted and
selected tone is at the same level
as the on-course value (40%) so that
a flag test can be made. Localizer
DDM Control (21) should not be in
the 90 or 150 Hz position when using
Glide Slope function. This would
cause either 90 or 150 Hz tone to be
deleted by LOC DDM Control (21).

Table 3-4 (Cont.)
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OPERATION

CONTROL / INDICATOR / CONNECTOR

FUNCTION

14,

15.

16.

17,

18.

19.

(Cont.) Glide Siope
DDM Control

Glide Slope Centering
Adjust Control

Glide Slope Variable
DDM Control

Tone Select Switch

Modulation Input/
External Frequency
Counter Input Connector

Localizer Centering
Adjust

Continuous Wave (CW) operation can
be obtained by placing G/S DDM
Control (14) on 150 Hz and LOC
DDM Control (21) on 90 Hz or vice
versa. ' ,

Varies the amplitude of 90 Hz

tone and is used as an exact course
centering control for Glide Slope
modulation.

Continuously varies G/S pointer
deflection from 0.8 DDM, down
through O DDM to 0.8 DDM up. CW
rotation of this control gives
upward pointer deflection. G/S

DDM Control (14) must be in arrow
position (index mark down, directly
toward G/S Variable DDM Control).

Selects modulation input to
internal Signal Generator or input
to the Counter. In the MOD IN
position, Modulation Input/External
Frequency Counter Input Connector
(18) is used as input to the Signal
Generator. 1In any of four tone
positions, a tone is selected to
modulate various frequency bands
selected by the Frequency Mode
Switch (1). Glide Slope band cannot
be externally modulated.

When CTR (Counter) IN position is
selected, Modulation Input/External
Frequency Counter Input Connector
(18) is used as input to the Digital
Counter.

External input to the Counter or
external input to the Signal
Generator. See paragraphs on
Counter Mode Switch (3) and Tone
Select Switeh (17) for further
information.

Varies amplitude of 90 Hz tone
and is used as an exact course
centering control for Localizer
modulation,

Table 3-4 (Cont.) ' 3-19
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Fig. 3-6

CONTROL/INDICATOR/CONNECTOR

FUNCTION

éb. Localizer Vafiable
DDM Control

21, lLocalizer DDM Control

Continuously varies LOC pointer
deflection from 0.4 DDM left through
O DDM to 0.4 DDM right. CW rotation
of 0 control gives right pointer
deflection. LOC DDM Control (21)
must be in arrow position (index
mark down, directly toward LOC
Variable DDM Control).

Selects amount of deviation of LOC
pointer of an ILS Indicator under
test. Calibrated in DDM, switch
positions correspond to standard
deflection, full scale, and greater
than full scale deflections.

In either 90 or 150 Hz position,

the opposite tone is deleted and
selected tone is at the same level
as the on course value (20%) so that
a flag test can be made. The G/S
DDM Control (14) should not be in
the 90 or 150 Hz position when using
the Localizer function. This would
cause the 90 or 150 Hz tone to be .
deleted by G/S control. .

3-20 Table 3-4 (Cont.)
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.\% CONTROL/INDICATOR/CONNECTOR

FUNCTION

21. (Cont.) Localizer DDM
Control

22, 30 Hz VAR Level
Control

23. 9960 Hz REF lLevel
Control

24, Master Mcdulation
Level Control

25. AC/Battery Power
Switch

.-. 26, Power On Indicator

Continuous wave (CW) operation can
be obtained by placing G/S DDM
Control (14) on 150 Hz and LOC DDM
Control (21) in 90 Hz position or
vice versa.

Changes percentage of modulation of
30 Hz VAR tone of VOR Composite
Signal from 0 to 30%. It reaches
30% when knob is turned past the
30% line to the stop.

Changes percentage of modulation of
9.960 kHz tone of VOR Composite
Signal from 0 to 30%. It reaches
30% when the knob is turned past
30% line to-the stop.

Controls modulation level of all
modulating tones. In CAL (detent)
position (full cew), modulation
levels of each type of signal (LOC,
G/S, etc.) are fixed at their proper
values of 20%, 30%, 40%, 95%, etc.

In other than CAL position, control
varies level of modulation of any
signal from O to approximately twice
normal level for that signal. For
example, VOR IDENT tone is 30% in
CAL position, and 0 to 60% in
variable operation.

Controls power to NAV-401lL. It is

a three position, center off switch.
When AC is selected, test set is
powered from a.c, line. When switch
is depressed to BATT, which is a
momentary position battery timer is
activated. Test set will now oper-
ate on battery power until timer
turns test set off, or until AC/
Battery Power Sw1tch is again de-
pressed to BATT position. Time limit
for battery timer is from 6 to 10
minutes.

Illuminates when ac or battery
power is applied to the set.

Table 3-4 (Cont.) 3-21
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CONTROL/INDICATOR/CONNECTOR

FUNCTION

27. VOR Bearing Select
Switches

28. YVOR Bearing TO/FROM
Switch

29, Monitor Meter

Four thumbwheel switches select VOR
Bearing that is to be simulated by
the NAV~401L.. The Hundreds Digit
Thumbwheel Switch (on left) is
stopped at 3. Bearing indications
from 360 through 399.9° are not
valid.

Changes selected VOR Bearing to
reciprocal bearing for flag tests,
etc.

Provides analogue indication of RF
power, Signal Generator RF Output
Level, battery voltage, percent
modulation of Si%nal Generator, and
indication at 90° that VOR bearing
circuitry is functioning properly.

3-22 Table 3-4 (Cont.)
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. CONTROL/ INDICATOR/CONNECTOR FUNCTION
30. Monitor Meter Function Selects Monitor Meter function.
Switch COMM Transmitter Power is measured

on two scales: 0-10 Watts and
0-100 Watts. RF position is used
to indicate proper RF leveling of
Signal Generator. In BATT
position, the 0 to 30% scale is
used to read battery voltage.
Less than 12.0 V indicates a dig-
charged battery. A fully charged
battery should indicate more than
15 v,

30% and 100% switch positions are
used to measure modulation level
of Signal Generator.

BRG switch position allows VOR
“Generator to be checked at 90°.
Canter of the band indicates a ¢°
bearing error. Left and right

‘ meter scale limits indicate VOR
.i Bearing errors of t0Q.5%.

31. Digital Display Provides digital readout of:
Selected VOR Bearing, Internsal
Generator frequency, external
signal source frequency, or COMEm
Transmitter frequency. Function
displayed is eontrolled by Counter
Mode Switch (3). For details of
operation, sece paragraphs on
Counter Mode Switch (3) and Display
Time Control (2).

Table 3-4 (Cont.) 3-23
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OPERATION

A B

REAR PANEL
CONTROL/INDICATOR/CONNECTOR

FUNCTION

A. NAV Tones Demodulated
OQutput Connector

B. Signal Generator
Demodulated Output
Connector

3~24 Table 3-4

provides audio output used to test
VOR Bearing Circuits O Deviation
Circuits of LOC and G/S NAV Receiv-
ers. Output level is varied by use
of Master Mod Control (24) from
approximately 0 to 7 Vp-p into 1000
ohms. The connector also provides
asccess to the audio modulation of
MARKER and COMM signals. The
connector is internally connected to
the NAV-401L Modulator.

Provides demodulated output of
Signal Generator. This output is to
be used as a monitoring capability
and is not intended to feed VOR and
1L8 Converters. If output voltage
available is adequate and the
approximately +4.25 Vde. component
is not objectionable, the output can
be used to drive a Converter.

(Cont.)
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OPERATION

CONTROL/INDICATOR /CONNECTOR

REAR PANEL

FUNCTION

C.

COMM Transmitter
Demodulated Output
Connector

Fuseholder

AC Power Connector

Provides access to demodulated
output of a COMM Transmitter. This
may be used to display modulation

on an Oscilloscope or to listen to
modulation via an External Amplifier

Table 3-4 (Cont.) 3-25
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-9 NAV-401L Front Panel Controls, Indicators
and Connectors (all)




NAV-~401L

MARKER OPERATION

OPERATION

Monitor Meter & Switch
(29) & (30)

RF - To verify proper leveling
of Signal Generator.

100% - Use to verify 95% mod-
ulation of Signal Generator.

Counter Mode Switch (3)

GEN - To read out frequency of
Generator in crystal or Vari-
able modes.

Frequency Mode Switch (1)

MKR XTAL - Mandatory in ramp
operation; used on bench for
standard Marker center fre-

gquency.

MKR VAR - Useful to check re-
ceiver bandwidths, etc.
phase-locked in 25 kHz steps.

Can be

VAR Freq Controls (5)

Use as necessary in MKR VAR to
check bandwidth of Receijiver.

Tune Controls (7) & (8)

Tune Generator output for Tune
Indicator (6) off, and dip on
Monitor Meter (29).

Output Attenuator (9)

Use as necessary to establish
receiver sensitivities.

RF Out Connector (10)

Connect to RECEIVER ANTENNA
Connector, or attach Antenna in
ramp operation.

Tone Select Switch (17)

Select tone - 1020 (Ident tone)
400, 1300, 3000 Hz as desired.

Master Mod level
Control (24)

Set to CAL for 95% or variable
from ¢ to 98%.

Power Switch (25)

AC or Battery as desired.

Table 3-5 Typical Test Control Settings




2.

VOR OPERATION

NAV-4011, OPERATION

Monitor Meter & Switch
(29) & (30)

RF - To verify proper leveling
of Signal Generator.

30% or 100% - Used to verify or
set 30% modulation of each VOR -
modulating tone.

BRG - Use to verify operation
of bearing signal at 90° (Inter-
nally).

Counter Mode Switch (3)

GEN - To read out frequency of
GJenerator in crystal or variable
modes,

Frequency Mode Switch (1)

VOR XTAL - Mandatory in ramp
operation; used on bench for a
very stable channel center fre-
quency.

VOR VAR - Can be phase-locked
in 25 kHz steps for all channel
pench operation or to check re-
ceiver bandwidths, etc.

VAR Freq Controls (5)

Use in VOR VAR Mode to change
VOR frequency either in 25 kHz
steps or to continuously sweep
frequency.

Tune Controls (7) & (8)

Tune Generator output for Tune

Indicator (6) out and dip on meter

(29).

Output Attenuator (9)

Use as necessary to establish
receiver sensitivities.

RF Out Connector (10)

To Receiver Antenna Connector, or

attach Antenna in ramp operation.

Tone Select Switch (17)

Select IDENT tone - 1020 Hz (or
others if desired)

30 Hz VAR Level Control (22)

Use to vary the modulation level of
the 30 Hz component from O to 30%.

l

9.96 KHz REF Level Control
(23)

Use to vary the modulation level of
the 9.96 kHz component from 0 to 30%.

el

Table 3-5 (Cont.)




NAV-401L. OPERATION

Master Mod Level Control
(2%)

Set to CAL for 30% each VOR
tone or variable from 0 to 60%
each tone.

Power Switch (25)

AC or Battery as desired.

VOR BRG Select Switches (27)

To bearing desired for radiail
testing and alignment. .

VOR Bearing TO/FROM Switch
(28)

Use to achieve exact reciprocals
of bearings selected and for flag
test of Indicators.

LOC- OPERATION

Monitor Meter & Switch
(29) & (30)

RF - To verify proper leveling
of Signal Generator.,

30% - Verify or set 20% modu-
lation of each modulating tone
and set course centering,

Counter Mode Switch (3)

GEN -~ To read out frequency of
Generator in crystal or vari-
able mode.

Frequency Mode Switch (1)

LOC XTAL - Mandatory in ramp
operation: used on bench for
a very stable channel center
frequency.

LOC VAR - Can be phase-locked in
25 kHz steps foirr all channel
bench operation or to check re-
ceiver bandwidths, etc.

VAR Freq Controls (5)

Use in LOC VAR mode.  Change LOC
frequency either in 25 kHz steps
or to continuously sweep fre-
quency.

Tune Controls (7) & (8)

Tune Generator output for Tune
Indicator (6) out and dip on meter
(29).

Output Attenuator (9)

Use as necessary to establish
receiver sensitivities.

RF Out Connector (10)

To Receiver Antenna Connector, or
attach Antenna in ramp operation.

Tone Select Switch (17)

Select IDENT Tone - 1020 Hz (or
others if desired).

Table 3-5 (Cont.) 3-29
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@

LOC DDM Control (21) & (20) Steppéd - Used for precise
amounts of deflection and flag
tests.

VAR - Used for checking Auto-
Pilot Servos, meter stickiness,
ete.

Master Mod Level Control (24) Set to CAL for 20% each course
tone and 30% Ident Tone, or
variable 0 to 40% each course
tone and 0 to 60% Ident Tone.

Power Switch (25) AC or Battery as desired.

4. G/S OPERATION

Monitor Meter & Switch RF - To verify proper leveling
(29) & (30) of Signal Generator.

100% - Verify or set 40% mod-
ulation of each modulating tone
and set course centering.

Counter Mode Switch (3) GEN - To read out frequency of
Generator ‘in crystal or vari-
able mode.

Frequency Mode Switch (1) G/S XTAL - Mandatory in ramp
operation; used on bench for
a very stable channel center
frequency.

G/8 VAR - G/S can be phase locked
in 50 kHz steps for all channel
bench operation or to check re-
ceiver bandwidths, etc.

VAR Freq Controls (5) Use in G/S VAR mode to change
G/8 frequency either in 50 kH=z
steps or to continuously sweep

frequency.
Tine Controls (7) & (8) Tune Generator output for Tune
Indicator (6) off and dip on
meter (29).
Output Attenuator (9) Use as necessary to establish

receiver sensitivities.

RF Qut Connector (10) To Receiver Antenna Connector,
or to attach Antenna in ramp
operation.

ol
Lol |

30 Table 3-5 (Cont.)
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G/S DDM Control (14) & (16)

Stepped - Used for precise
amount of deflection and flag
tests.

VAR - Used for checking auto-
pilot servos, meter stickiness,
ete,

Master Mod Level Control (24)

Set to CAL for 40% each course
tone, or variable 0 to 80%. '

Power Switch (25)

AC or Battery as desired.

AVG/PEAK LOC XMTR Switch
(12)

LOC position if simultaneous
G/S and LOC output desired.
NOTE: Frequency Mode Switch
should be in G/S XTAL position.

COMM OPERATION (RECEIVER TESTS)

Monitor Meter and Switch
(29) & (30)

RF - To verify proper leveling of
signal Generator.

30% or 100% - Verify or set 30%
sine-wave modulation tone.

Counter Mode Switch (3)

GEN - To read out frequency of
Generator in crystal or wvariable
mode . :

Frequency Mode Switch (1)

COMM XTAL - Mandatory in ramp
operation; used on bench for
a very stable channel center
frequency.

COMM VAR LO - Use to check COMM
Receiver channels 118.0 to
135.95 MH=z.

to check COMM
134.0 to 150

COMM VAR HI -~ Use
Receiver channels
MH=z.

VAR Freq Controls (5)

Use in COMM VAR modes to change
COMM frequency in 25 kHz steps
or to continuously sweep fre-
quency.

Tune Controls (7) & (8)

Tune Generator output for Tune
Indicator (6) out and dip on Meter
(29).

Output Attenuator (9)

Use as necessary to establish
receiver sensitivities.

Table 3-5 (Cont.)
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RF Qut Connector (10)

To Receiver Antenna Connector,
or attach Antenna in ramp oper-
ation.

Tone Select Switch (17)

Use to select tone frequency
desired or for external mod- .
ulation input (bench testing
only).

MOD IN/EXT FREQ CTR IN
Connector (18)

Use to apply external modulation
to Signal Generator.

Master Mod Level Control

Set to CAL for 30% each tone
selected or variable 0 to 60%
modulation each tone.

Power Switch (25)

AC or Battery as desired.

6. COMM OPERATION (TRANSMITTER TESTS)

Monitor Meter & Switch
(29) & (30)

10W or 100W - Use to measure
transmitter power.

CAUTION
Observe power versus

time limits of power
meter (SECTION I).

Counter Mode Switch (3)

Hz, kHz - Use to measure Trans-
mitter frequency - kHz, MHz,
HF or VHF bands.

AVG/PEAK LOC XMTR Switch
(12)

Peak - Use to indicate increase
in power during modulation.

_ Avg - Use to indicate Avg power

only disregarding modulation.

MOD IN/EXT FREQ CTR IN
Connector (18)

Attach Whip Antenna for COMM

frequency measurements in port-

able operation,

Tone Select Switch (17)

To CTR IN position.

Power Switeh (25)

AC or Battery as desired.

COMM XMTR IN Connector (11)

Connect to COMM Transmitter
output.

Table 3-5 (Cont.)




THEORY OF OPERATION
NAV-401L SECTION 4

—

1 In:iroduction.

1-1 This section gives information about the general theory of
NAV-401L circuit operation. Descriptions of Glide Slope,
Localizer, COMM, Marker, and VOR Ground Station simulation
signal generation are followed by theories of various sSystems
and modules, .

2 Marker Signal Generation. (ref. Simplified Overall Block Diagram)

2-1 The signal used to simulate the ILS Inner, Middle and Outer
Marker Beacons consists of RF modulated by the appropriate audio
tone. Typical RF frequency used by the NAV-401L is 75 MHz.

2-2 Three Marker tones (400, 1300, and 3000 Hz) and 1020 Hz IDENT
tone are generated on the Regulator-Timer Board (PC-2). Desired
tone is selected by the Tone Select Switch (S7B). After rass-
ing through the Tone Select Switch, the selected tone is re-
turned to PC-2 where it is converted from a square wave to a
low distortion sine wave. This tone output is applied to the
30 Hz Sine Board (PC-4) via Tone Select Switch (S74). On PC-4,
the Marker tone may be combined with VOR, COMM, or Localizer

modulation. In Marker mode, only Marker tone is present,
- Marker tone is passed through Frequency Mode Switch (8701) to
. Combination Sine Board (PC-3). On PC-3, the Marker tone is

processed through a fixed or a variable level buffer amplifier.

! 2-3 The output of the buffer amp on PC-3 is applied to the Audio
Signal Input of the Modulator and Power Amplifier (Assy. 6) and
is used to modulate the RF output.

2-4 The Marker (or IDENT) tone output of the Combination Sine Board
1s also supplied through a separate buffer amp to the NAV Tones
Output Connector (J1102). The Modulator and Power Amplifier
provides a demodulated tone output which is available at the
Signal Generator Demodulated Output Connector (J1104). This
signal is 180° out of phase with the signal at the NAV Tones
Output Connector.

3 COMM Signal Generation. (ref. Simplified Overall Block Diagram)

3-1 COMM signal generation is very similar to Marker signal
generation. A different RF frequency is used (126.9 MHz typ.)
and percent of RF modulation is different.
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. i ‘g_
4 VOR Signa! Generation. (ref. Simplified Overall Block Diagram) 6

4-1 The 30 Hz Variable and 30Hz Reference signals are generated on
Bearing Logic PC Board (PC-5). When a VOR bearing other than
0.0° is selected on Bearing Selector Switches (82), the 30 Hz
VAR signal is phase shifted with respect to the 30 Hz REF signal.

4-2 Two 30 Hz square-wave VAR signals 180° out of phase are routed
to 30 Hz Sine Board (PC-4) via TO/FROM Switch (S3). The 30 Hz
REF signal is applied to PC-4 directly. On PC-4, 30 Hz VAR and
REF signals are processed into low distortion sine waves. The
30 Hz REF signal is applied to the 9960 Hz Oscillator circuit
on PC-4 where it is used to phase lock and frequency modulate
the 9960 Hz signal. This produces 2 30 Hz FM modulated, 9960 Hz
signal with a *480 Hz deviation. The modulated 9960 Hz, and
30 Hz VAR signal are summed on PC-4., This composite VOR modu-
lation signal is applied to Frequency Mode Switch (S701).

4-3 From the MODE Switch, the selected VOR modulation signal is
applied to Combination Sine Board (PC-3). On PC-3, the VOR
signal is processed through a fixed or a variable level buffer
amplifier. The output of this buffer amp is applied to the Audio
Signal Input of the Modulator and Power Amplifier (Assy. 6)
where it is used to modulate the RF output.

4-4 The VOR modulation signal output of the Combination Sine Board
is also supplied through a separate buffer amp to NAV Tones
Output Connector (J1102). The Modulator and Power Amplifier
provides a demodulated tone output which is available at the
Signal Generator Demodulated Output Connector (J1104). This
signal is 180° out of phase with the signal at the NAV Tones
Output Connector.

5 Localizer and Glide Slope Signal Generation. (ref. Simplified
Overall Block Diagram)

5.1 90 and 150 Hz tones for G/S and LOC are generated on Bearing
Logic Board (PC-5). Circuitry of PC-5 allows the 150 Hz tone
to be phase shiited with respect to the 90 Hz tone when the
90/150 Hz Variable Phase Switeh (S9) is depressed and a bearing
petween 0.0° and 360° is selected on Bearing Select Switches (82).
Amount of phase-shift is controlled by the Bearing Select
Switches.

5-2 The 90 and 150 Hz square-wave outputs of PC-5 are applied to
Combination Sine Board (PC-3). The 90 and 150 Hz square-waves
are converted to low distortion sine waves by sine synthesizing
circuits on PC-3. The 90 Hz sine wave is applied to LOC and G/S
Centering Controls (R4 & R6), routed back to PC-3 where the
signal is buffered, and applied to LOC & G/S DDM Switches

(S8 & S5). The 150 Hz sine wave 1is applied directly to LOC & .
G/S DDM Switches via a buffer.
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5-3 The 90 and 150 Hz tones are summed at LOC and G/S DDM Switches

and applied to 30 Hz Sine Board (PC-4). These LOC and G/8
deviation signals are buffered on PC-4 and applied to Frequency
Mode Switch (8701). The output of the MODE Switch is reapplied
to PC~4 where it may be combined with MKR or IDENT tones
(Localizer only). The G/S or LOC signal is then processed
through a fixed or a variable buffer amplifier on PC-3. .

Output of the buffer amp on PC-3 is appnlied to the Audio Signal
Input of the Modulator and Power Amplifier (Assy. 6) where it
is used to modulate the RF output.

The selected LOC or G/S deviation signal output of the combi-
nation Sine Board is also applied through a separate buffer amp
to NAV Tones Output Connector (J1102). The Modulator P.A.
provides a demodulated tone output which is available at Signal
Generator Demodulated Output Connector (J1104). This signal is
180° out of phase with the signal at the NAV Tones Output
Connector,

6 Bearing Generator. (ref. Simplified Bearing Generator Block
Diagram)
6-1 VOR bearing is generated by a crystal-controlled digital count-

6-4

ing system. All of the Circuitry (except the Bearing Select
Switches) is located on Bearing lLogic Board (PC-5). The 90 and
150 Hz LOC and G/S tones are also generated on the Bearing Logic
Board as a side product of the bearing counters.

The clock signal is generated by crystal oscillator and a divider
circuit on PC-5. ZEach clock pulse is equivalent to 0.1° of
bearing. Clock pulses are applied to a counter that counts 3600
clock pulses and then resets to another count cycle. Gates and
other logic circuit are used as count control for the counter.
The output of the count control circuit is used as the 30 Hz
reference square-wave output.

Four Bearing Select Switches (S2) select counts in the bearing
counter corresponding to bearings from 000.1° to 359.9°. Switch
outputs are summed together via a common:gate and applied as a
start pulse to a counter,

When the start pulse is applied, the counter begins counting
clock pulses at a 0.1° rate. After 1800 pulses have been counted,
a counter control circuit stops the clock input and resets the
counter. Output of the 180° counter system is a 30 Hz square
wave. It is delayed from the start of the 30 Hz Reference signal
by the number of degrees selected on the VOR BRG SEL Switches.

Two outputs are available 180° apart to simulate a TO or FROM
signal,
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90 and 50 Hz square waves are generated by picking off
counts from the bearing counter and adding further
divisions. By this method, the 90 and 150 Hz frequencies
are both crystal controlled and phase locked together.

The phase relationship between 90 and 150 Hz tones can be
varied by a special circuit. By using the reset from the
30 Hz VAR output signal, the 150 Hz tone can be stepped in
59 increments relative to the 90 Hz tone. VOR BRG SEL
Switches are used to vary this Bhase relationship. Each
10 of bearing selected causes 5° of 150 Hz phase shift.

7 RF Section. (ref. simplified RF Block Diagram)

7-1

All RF energy is generated by the Oscillator Assembly
(Assy.5). Within the Assembly are five crystal-
controlled oscillators and one variable-frequency
oscillator. The variable-frequency oscillator is band
switched to cover 72-78 MHz and 107-156 MHz bands.
Crystal frequencies supplied as standard are those
authorized for ramp use by the FAA. Special frequencies
can be substituted if required.

The oscillator output is fed to the Modulator Power
amplifier Assembly (Assy. 6). Within the Modulator P.A.
Assembly, the modulator and power amplifier are designed 0
as a servo control system with the RF output controlled by
the modulator.

A1l RF is amplified and fed through the power amplifier.
There is no frequency change, except when operating in G/S
mode. In G/S mode, the input carrier frequency is tripled
in the output stage. All power amplifier circuits are
broadtuned (except for the output stage). The amplifier
output stage must be peaked for proper output by Front
Panel Tune Control. Output from the final amplifier stage
is fed directly to an Attenuator. The output of this
attenuator is applied to a Diode Protect Block. This
Block guards against damage to the Attenuator if a
Transmitter is connected to the RF Output Connector.

RF at the attenuator input is detected and applied to the
modulator input. Proper audio modulation is also applied
to the Modulator and Power Amplifier after being buffered
by an amplifier on Combination Sine PC Board (PC-3). The
modulator-collector modulates the output stage of the
power amplifier and requires a certain level of RF ocutput
to meet percentage modulation requirements and RF level
output of the output stage. Each of five modes of '
operation requires a different detected voltage. This

voltage is determined by five gain switches in the

mc?dulator. These switches are driven by Mode Control
Lines from Frequency Mode Switch (S701).
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7-9

10

The modulator output to the power amplifier may be routed to

the Monitor Meter by the Tune Switch (S11). The power amplifier
is in perfect tune when the command voltage from the modulator is
minimum. Therefore; when the Tune Switch is depressed, the Tune
control is adjusted for a dip on the Monitor Meter.

The modulator output is also applied toc a Tune Indicator (L-2).
This indicator is illuminated whenever the modulator requires
more detected RF voltage than the power amplifier is tuned for.
When the power amplifier is adjusted, Tune Indicator is not
illuminated.

Output of the modulator input amplifier is sampled to give

a direct percent of modulation measurement, and a relative
indication of the power amplifier's tune condition. This is
possible because the percentage of modulation is directly
controlled by the modulator. Output of the modulator input
amplifier is applied to three places. It is applied to the
Combination Sine Board (PC-3) where it is used in the Modulation
Monitor circuit and the RF Level Meter circuit. The output

is applied to Signal Generator Demodulated Output Connector
(J1104). The output is applied to Bearing Check Board (PC-1),
During VOR operation, the modulation is demodulated to determine
VOR Relative Bearing Error in the RF output (at 90° bearing only).

A separate Localizer Generator is turned on when AVG/PEAK-LOC
XMTR Switch (510) is in the PEAK-LOC position. The localizer
generator frequency is chosen to pair with the 334.7 MHz (typ.)
G/S XTL frequency. This frequency is fixed at 108.1 MHz.

Audio from the LOC DDM Switch (S5) is applied to the Generator
for output modulation . The Generator output level is approxi-
mately ~-15 to -20 dBm. This output is mixed with G/S XTL RF in
the Diode Protect Block.

When Frequency Mode Switch (S701) is set to any Variable

Frequency position, the Oscillator can be phase locked in 25 kHgz
increments, or operated completely free-running. The phase-lock
circuit is located on Phase Lock/Power Monitor Assembly (Assy. 4).
G/S is phase locked in 50 kHz increments.

In any mode but G/S, the reference frequency for phase lock is
250 Hz taken from the Countcr. The oscillator frequency is
taken from the +100 prescaler output and compared against the
250 Hz reference. The oscillator output frequency is set by
Coarse Variable Frequency Control (R8). When the output
frequency closely equals the nearest 25 kHz step, the oscillator
frequency is locked to that 25 kHz step.
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In G/S mode, the reference frequency for phase lock is 166 Hz,
taken from the Counter. The G/S signal phase locks in 50 kHz
steps.

When phase-lock operation is not desired, Coarse Variable
Frequency Control (R2) gives very large frequency changes for
any rotation and Fine Variable Frequency Control (R10) gilves
small frequency changes.

P

A COMM Transmitter can be connected to XMTR IN Connector (J2).
Signals at this connector are applied to a 25 dB pad. The
output of the pad is applied to the power monitor portion of
Assembly 4. A monitoring circuit drives the Monitor Meter in
one of two ranges, 0 to 10 W, or O to 100 W. The output of
the Power Monitor is applied to Rear Panel COMM Transmitter
Demodulated Qutput Connector (J1103). This allows the COMM-
audioc to be observed on an Oscilloscope or listened to via

an External Amplifier. :

At the XMTR IN Connector (J2), a small sample of the RF is
applied to the Counter to measure COMM Transmitter frequencies.
The frequency may be displayed in any counter mode except GEN
and BRG (Bearing). ‘ '

8 Counter Section. (ref. Simplified Counter Block Diagram) .«3

8-1

All count inputs to the Counter (except Bearing Check) go
through the Prescaler (Assy. 1). There are two inputs to the
Prescaler. One from the Buffer Amplifier Assembly is used as
the count for the internal generator. This count input is
switched to pass through the Prescaler when Counter Mode Switch

is in the GEN position.

The second input to the Counter is from Modulation Input/
External Frequency Counter Input Connector (J1). Also summed
at this input is the XMTR IN Connector so that COMM transmit-
ter frequencies may be measured. This count input is switched
to pass through the Prescaler when Counter Mode Switch is in
any position except GEN or BRG.

Both inputs to the Prescaler result in a direct count output
and a :100 prescaled output. Both of these outputs are applied
to the Counter (PC-6) where the direct output is counted in the
Hz and first kHz positions of the Counter Mode Switch. The
+100 output is counted in the GEN, second kHz, and MHz Counter
Mode Switch positions.

With Counter Mode Switch in BRG position, duration of the count
gate for the Counter is equal to the period of the 30 Hz

Reference square wave from the Bearing Logic Board. The count -~
input is from the Bearing Logic Board. This is the output .‘
of the 0.1° divider gated by VOR Bearing Select Switch output.
A number of 0.1° clock pulses are applied to the counter that
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8-4 (Cont.) correspond to the number of bearing degrees selected.
The pulses are counted and displayed by the Counter with a
resolution of 0.1°,

8-5 Counter clock pulses are generated by a 10 MHz XTAL oscillator.
This oscillator is located on the Bearing Check Board. The oscil-
lator output frequency is divided to 100 kHz (:100) and applied
to the Counter PC Board where it is further divided to gate
times of 0.1 and 1.0 sec.

8-6 In G/S mode, the 0.1 sec. time base is divided by three. This
effectively multiplies the input count by three. (In G/S mode,
the oscillator frequency is multiplied by three in the ocutput
stage of the Power Amplifier.) Since power amplifier input to
the Counter is taken from the input of the power amplifier, that
count must be tripled so that the Counter displays the G/S
frequency output of the power amplifier.

8-7 The minimum recommended operating voltage for the NAV-401L
Display is 160 Vde.

9 Monitoring Section. (ref. Monitoring Section Block Diagram)

9-1 Three monitoring circuits are located on PC-3. Battery voltage
is monitored by one of them.

9-2 The signal generator demodulated output from the power amplifier
is applied to PC-3. The dc level of this signal is sampled and
applied to the Meter for an RF level indication. The demodulated
output is also processed to determine the accurate percentige of
modulation. Two modulation ranges are available, 0 to 30% and
0 to 100%.

9-3 Two monitor circuits are located on the Bearing Check Board
(PC-1). The Power Monitor Assembly (Assy. 4) is applied to PC-1
where it is processed and applied to the Meter in two ranges.
The two ranges are, 0 to 10 W and 0 to 100 W. :

9-4 The other monitor circuit on PC-1 is the Bearing Check system.
The signal generator demodulated output from the power amplifier
is further demodulated and broken down to the two 30 Hz signals
during VOR operation. The phase relationship of the 30 Hz REF
and 30 Hz VAR is compared at 90° and an error signal is produced.
That error voltage is applied to the Monitor Meter for bearing
check information.

10 Power Section. (ref. Power Section Block Diagram)

10-1 The NAV-401L is powered by either an external a ¢ source (115 or
240 Vac.), or an internal 13.75 V NICAD battery pack.
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10-2

10-3

10-4

10-5

The Power Supply Assembly (Assy. 2) is located on the Rear ‘}
Panel. A C power is converted to a lower voltage by a trans-
former. This a ¢ is rectified to +20 Vdc whenever the NAV-401L
is connected to an a c source. The +20 Vdc is applied contin-
uously to the Battery Charging Circuit on Regulator-Timer PC
Board (PC-2). Whenever the test set is connected to ac power,
the NICAD battery pack is being charged. The battery charger
igs self-limiting. This causes & discharged battery to be ‘
charged at a high rate, and a fully-charged battery to be
trickle charged. This self-limiting feature allows the set to
be left on continuously when connected to ac.

During ac power operation, the +20 V is applied through AC/
Battery Power Switch (S2) to PC-2 and the +5 Vdc Power Supply
(Assy. 3). On PC-2, the +20 V is regulated to +11 V. This
+11 V is used throughout the NAV-4011.. Negative voltage
developed by the +3 V Switching Regulator is applied to PC-2
and dropped to -6.2 V.

The +5 V Switching Regulator provides two sources of +5 V,
One is used by the test set as 2 whole and the other (switched)
is supplied to the counter circuitry.

When using battery power, a 6-10 minute timer does the actual .
power switching. The AC/Battery Power Switeh turns the timer .%
on, when the switch is depressed to BATT position. This applies -
battery voltage to the remainder of the power system in place

of the +20 V used in ac operation. After approximately 6 to

10 minutes, the timer turns the set off. Pressing the AC/
Battery Power Switch a second time to BATT position will turn
off the timer and the test set.
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