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KING RADIO MAINTENANCE MANUAL REVISION INSTRUCTIONS AND HISTORY
MANUAL KX 170A/B-Kx 1758/KY 195B KPN 006-5053-06

REVISION 6. December, 1977

Where R&R appears in the action column, remove the page now in the maintenance manual and

replace it with the enclosed page; otherwise, ADD or DESTROY pages as listed. Retain these
instructions in the front of the maintenance manual as a Record of Revisions.

PAGE ACTION REASON FOR CHANGE
Cover R &R Updated transmitter and audio assembly and schematic to latest revision.
Rev. Hist. ADD
5-67A ADD
6-61 R &R
6-62 R&R
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KING RADIO MAINTENANCE MANUAL REVISION INSTRUCTIONS AND HISTORY

MANUAL
REVISION

KX 170A/175 - KX 1708/175B - KY 195/1958
5, July, 1976

Where R&R appears in the action column, remove the page now in the maintenance manual and
replace it with the enclosed page; otherwise, ADD or DESTROY pages as lisied. Retain these
instructions in the front of the maintenance manual as a Record of Revisions.

PAGE ACTION REASON FOR CHANGE
front R &R Revision No. changed
KX 1758 ADD Add behind Green Tab
-05 (KX 170BE/175BE - KY 195BE)
& 1958
-04
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KING RADIO MAINTENANCE MANUAL REVISION INSTRUCTIONS AND HISTORY
MANUAL  «x 170A/8 - KX 175/B - KY 195/B

REVISION 4

Where R&R appears in the action column, remove the page now in the maintenance manual and
replace it with the enclosed page; otherwise, ADD or DESTROY pages as listed.

Retain these

instructions in the front of the maintenance manual as a Record of Revisions.

PAGE ACTION REASON FOR CHANGE
Front R&R Revision No. Change
Rev. History § ADD New Rev. Added. Place all History Pages between front page and Green
Tab (KX 170A/KX 175).
Service Place new and old Service Bulletins behind Rev. History Pages.
Bulletin ADD Mod. to Eliminate 400Hz Interference
Service
Bulietin ADD Mod. to Eliminate Lock Up
Service .
Bulletin ADD Mod. to Narrow Bandpass Selectivity
Service
Bulletin ADD Mod. to Eliminate VOR Error
Service
Memo #157 ADD Mod. to Eliminate VHF Comm Noise Squelch
Service
Memo #158 ADD Disc Capacitor Reliability
Service
Memo #162 ADD Transistor 007-0046-00 Substitution Information
Service
Memo #177 ADD Improved Faceplate Assembly
Service
Memo #178 ADD Discontinuance of Transistor KPN 007-0184-01
Red Tab ADD Place Behind Green Tab (KX 170A/KX 175)
Front Page
, KX 170A/175
‘ KY 195 DESTROY
Installation
Manual R&R Remove Tabs and Text of First 3 Sections and Replace with New Install.
Manual.
Blue Tab ADD Place Behind Installation Manual.
Front Page
KX 170A/KX 1758 ADD Place Behind Blue Tab
Pages i thru
viii ADD Place Behind Front Page
5-1 R&R Change in Para. 5.2.1(k)
5-30 R&R Flow Chart Updated
5-143 ADD Schematic Updated
6-3 thru 6-5 ] R&R B/M and Drawing Updated
6-11 thru 6-22§ R&R B/M and Drawing Updated
6-41 thru 6-50] R&R B/M Updated
6-57 thru 6-60f R&R B/M Updated
Red Tab ADD Place Behind Green Tab (KY 195)
Installation
Manual R&R Remove Tabs and Text of First 3 Sections and Replace with New Install.
Manual. Remove lable of Contents.
Blue Tab ADD Place Behind Install Manual
Front Page
KY 195 ADD Place Behind Blue Tab
i & i ADD Place Behind Front Page
5-3 thru 5-4B | R&R B/M Updated
(KA 47)
19 thru 21 R&R Drawing Updated
(KX 170B/KX 175B)
Installation
' Manual R&R New Revision
' i thru iv R&R Contents Revised
5-7/5-8 R&R Change in Para. 5.2.1(j)
5-13/5-14 R&R Change in Para. 5.2.5.8(c)
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REASON FOR CHANGE

PAGE ACTION |
5-25 R&R Flow Chart Revised
5-63A ADD Schematic and Drawing Revised
5-65 ADD Schematic and Drawing Revised
5-67A ADD Schematic and Drawing Revised
5-69 ADD Schematic and Drawing Revised
5-71 ADD Schematic Revised
5-73 ADD Schematic Revised :
6-1 thru 6-28 | R&R B/M and Drawings- Update
6-31 thru 6-38] R&R B/M and Drawings Updated
6-41 thru 6-501 R&R B/M and Drawings Updated
6-57 thru 6-67] R&R

B/M and Drawings Updated
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KING RADIO MAINTENANCE MANUAL REVISION INSTRUCTIONS AND HISTORY
MANUAL KX 170 A/B - KX 175/B - KY 195/B

REVISION 3 August 1973

Where R&R appears in the action column, remove the page now in the maintenance manual and

replace it with the enclosed page; otherwise, ADD or DESTROY pages as listed.
instructions in the front of the maintenance manual as a Record of Revisions.

Page

PAGE ACTION REASON FOR CHANGE
Front R&R Revision No, Change
KX 170BE Destroy |Replaced with new tab at rear of manual
Tab
KX 170BE Destroy |Replaced by updated information
Page
KX 170BE New Tab covering all "BE" Units
KX 175BE Add (Place tab at rear of Manual)
KY 195BE
Tab
KX 170BE Add Revised Data
Page
KX 175BE Add New Data Add Pages behind KX 170BE/ KX 175BE/
Page KY 195BE Tab
KY 195BE Add New Data

Retain these
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KING RADIO MAINTENANCE MANUAL REVISION INSTRUCTIONS AND HISTORY

MANUAL KX 170A/KX 175/KY 195

REVISION LEVEL: 2, December, 1972

WhereR&R appears in the action column, remove the page now in the maintenance manual and
replace it with the enclosed page; otherwise, ADD or DESTROY pages as listed. Retain these
instructions in the front of the maintenance manual as a Record of Revisions.

PAGE

ACTION

REASON FOR CHANGE

THIS MANUAL IS A COMPLETE REPRINT. DESTROY OLD
MANUAL. THE NEXT 2 PAGES INDICATE WHAT CHANGES
HAVE BEEN MADE IN THE KX 170A/KX 175/KY 185 MANUAL
(REVISION 2),

Page 1 0f 3
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KING RADIO MAINTENANCE MANUAL REVISION INSTRUCTIONS AND HISTORY

MANUAL KX 170A/KX 175/KY 195

REVISION LEVEL; 2, December, 1972

Where R&R appears in the action column,remove the page now in the maintenance manual and

replace it with the enclosed page; otherwise, ADD or DESTROY pages as listed. Retain these
instructions in the front of the maintenance manual as a Record of Revisions.

PAGE ACTION .- REASON FOR CHANGE
Front Page Add (KX 170A/B-KX 175/BNKY 195/B)
Front Page R&R To correspond with new revision
Warranty R&R To correspond with new revision
Record of :

Revision Destroy Manual Format Change
Service

Bulletin

Record Destroy Manual Format Change
Manual Rev.

Instructions

& History Add Manual Format Change
Service

Bulletin &

Memo "Add Manual Format Change
vi R&R Page numbers (Section VI) changed Ry
1-2 R&R Word "OPTIONAL" added
1-9 R&R Word change

1-12 R&R Deletion of information
2-13 Add Interconnect updated
2-13A Add Interconnect updated
2-15 Add Interconnect updated
2-17 Add Interconnect updated
4-19 R&R Figure 4-12 changed
4-22 R&R Figure 4-15 changed
4-23 R&R Figure 4-17 changed
4-26 R&R Figure 4-21 changed
4-27 R&R Figure 4-22 changed

5-1 R&R Test equipment updated
5-2 R&R Information deleted

5-3 R&R Information change

5-4 R&R Information deleted

5-5 R&R Information change

5-37 R&R Table 5-7 updated

5-40 R&R Table 5-8 updated

5-42 R&R Table 5-9 updated

5-59 R&R Schematic updated

5-91 R&R Table 5-13 updated

5-95 R&R Paragraph 5. 7. 4 updated
5-106 R&R Paragraph d. updated
5-107 R&R Table 5-14 updated
5-111 R&R Paragraph 5. 8. 4 updated
5-113 R&R Schematic updated

Page 2 of 3



PAGE ACTION REASON FOR CHANGE
5-116 R&R Photo updated
5-125 R&R Schematic updated
5-139
thru
5-149 Add Schematics updated
Section V1
Tab R&R Contents updated
6-1
thru
6-10 R&R Parts list updated
6-15
thru
6-24 R&R Parts list updated
6-29
thru
6-36 R&R Parts list updated
6-41
thru
6~-75 R&R Parts list updated
Section V
Tab R&R Contents updated
Section V R&R Parts list updated, parts list revision record pages inserted,
remove and replace entire section,
5 Add Interconnect updated
7 Add Schematic updated
11
thru
21 R&R Parts list & Assembly drawings updated
Addendum Add New (KX 170B/KX 175B/KY 195B) Maintenance Manual

Page 3 of 3




KX 170A/KX 175
NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

INSTALLATION MANUAL
006-0057-03

REV. 3 JANUARY, 1976




Paragraph

= e S pmd e
« s 2 e e e s s

PPN NN
~Nooswrno

wWwwww
i o

co~NOYOTPR_ W

e’
KING
KX 170A/KX 175

NAVIGATION RECEIVER/COMMUNICATIONS TRANSCEIVER

TABLE OF CONTENTS

SECTION |

GENERAL INFORMATION

Introduction

Purpose of Equipment

Design Features

Power Requirements

Technical Characteristics

Units and Accessories Supplied
Accessories Required, But Not Supplied
License Requirements

SECTION 1l
INSTALLATION
General

Unpacking and Inspecting Equipment
KX 170A/KX 175 Installation

KX 39 Installation

KI 201C/KI 211C Installation
Antenna Installation

Cabling

SECTION Wi
OPERATION

General

KX 170A/KX 175 NAV/COMM Controls

KI 201C/KI 211C Indicator Control arid Function
KI 201C/KI 211C Operation

Post-Installation Checkout
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KX 170A/KX 175
NAVIGATION RECEIVER/COMMUNICATIONS TRANSCEIVER

HISTORY OF REVISIONS

Rev. 3, January, 1976

Page Reason for Change

Front Page Added

Table of Contents Added

2-1 Paragraph 2.3(b) revised
2-6A Antenna Cable Assembly added
2-13 Interconnect Updated

2-15 Interconnect Updated

2-17 Interconnect Updated

2-19 Added

2-21 Added
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KX lm 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

SECTION |
GENERAL INFORMATION

1.1  INTRODUCTION

This manual contains information relative to the physical, mechanical and electrical
characteristics of the King Radio Corporation Silver Crown KX 170A/KX 175, KI 201C
and KI 211C and interconnect information for various NAV/COMM system options,

1.2 PURPOSE OF EQUIPMENT

The King KX 170A/KX 175 NAV/COMM combines in a single panel mounted unit a 360
channel VHF COMM Transceiver and an independent 200 channel VHF NAV receiver.
The NAV Receiver supplies VOR/LOC information to navigational converters and
provides frequency selection for remote mounted Distance Measuring Equipment and
Glideslope Receivers.

The KI 201C VOR Indicator is designed to operate with VHF navigational equipment
(such as the KX 170A) to provide OMNI (VOR) or LOCALIZER (L.OC) information.

The VHF navigational receiver receives and detects the omni or localizer information.
The KI 201C converts this information to dc signals which drive the LEFT-RIGHT
needle and the TO-OFF-FROM flag of the visual indicator,

The KI 211C ILS Indicator performs the same functions as the KI 201C. In addition,

it contains a glideslope receiver and the visual indicator includes an UP-DOWN
glideslope needle with an OFF warning flag.

1.3 DESIGN FEATURES
1.3.1 KX 170A/KX 175
A, Controls

1. On-Off switches are independent of volume control settings allowing
the volume to remain at desired levels.

2. Separate NAV and COMM ON-OFF switches (KX 175 NAV and COMM
are electrically independent),

March, 1971 Page 1-1
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KING
KX 17T0A/KX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

Automatic squelch eliminates pilot responsibility for continuously
monitoring squelch adjustments. Squelch threshold automatically
adjusts to open on readable signals, Test position opens squelch to
test COMM receiver sensitivity and to listen to extremely weak signals,

Ident-Voice switch filters station ident from receiver audio.
Frequency selector mechanism features human engineered concentric

knobs, airline type drum readout, and blue-white or red back lighting.
Glideslope and DME switching is provided.

Electronics

Varactor diode tuned filters eliminates use of mechanical tuning shafts
and mechanisms.

Balanced mixers for superior intermodulation, cross modulation, and
L. O, radiation performance provide true 1 + 1 operation.

Transistorized transmitter provides 5 watts minimum output power
and long term reliability superior to tube designs.

The digital frequency synthesizers utilize state of the art integrated
circuits to replace all but 6 crystals (KX 170A) and 7 crystals (KX 175),
providing improved mean time between failure.

Crystal filter selectivity both NAV and COMM,

Carrier to noise squelch with carrier squelch back up functionally
described above,

Tight AGC (typically 0. 5db from 10uv to 20, 000uv) minimizes audio
level variations,

Construction

Modular construction for ease of maintenance.
Rack mounted, removable from the front panel.

Anti-theft locking mechanism. (Optional)

Rev. 2, December, 1972
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KING
KX 170A/KX 175
NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

4, Provisions for identifying radios as COMM 1, NAV 1 and COMM 2,
NAV 2 in dual installations.
1.3.2 KI201C/KI 211C
A. Solid state
B. Wedge lighting (blue-white or red)
C. Autopilot couple capability.
D. Automatic switching from VOR to ILS mode.
E. Proven reliability of KI 201/211 series indicators.
G. Internal glideslope (KI 211C)

1.4 POWER REQUIREMENTS

The KX 170A/KX 175 requires 13, 75 volts for proper operation. Aircraft having
electrical power plants producing 27, 5 volts require the installation of a voltage
converter. The KA 39 Voltage Converter, designed to separately convert NAV
and COMM 27, 5 volts to 13. 75 volts, may be conveniently remote mounted in the
aircraft.

The KI 201C/211C may be operated from either a 27. 5 or 13, 75 volt aircraft supply
voltage.

1.5 TECHNICAL CHARACTERISTICS

KX 170A TRANSCEIVER

SPECIFICATION CHARACTERISTIC
GENERAL
MOUNTING: Panel mounted, no shock mounting required!
SIZE:
KX 170A NAV/COMM 6.312 X 2,600 X 14, 15 inches w/connectors.
(16. 03 X 6. 60 X 35. 94 centimeters.)

March, 1971 Page 1-3




KING
KX 170A/KX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

SPECIFICATION

CHARACTERISTIC

WEIGHT: KX 170A NAV/COMM

POWER REQUIREMENTS:
COMM Receive
COMM Transmit (Tone)
NAV Receiver
Lamps
Max Total Current

COMM TRANSCEIVER

CRYSTAL CONTROLLED:
FREQUENCY RANGE:

FREQUENCY STABILITY:

VHF POWER OUTPUT:

MODULATION:

MICROPHONE:

SIDETONE:

DUTY CYCLE:

SENSITIVITY:

TRANSMITTER

RECEIVER

7. 0 Ibs excluding external connectors
and harness.

13. 75V (or 27. 5V with KA 39)

0. 65 amps

4,5 amps (2, 8 amps unmodulated)
0. 45 amps

0. 16 amps (13. 75Vdc), 0,08 amps (27. 5Vdc)
5.1 amps (Transmit tone mod, NAV Rec.
Lamps)

360 channels
118, 00 to 135, 95MHz with 50kHz spacing

+0. 005%

5 watts minimum, 50 ohm load

85% modulation capability with 90% limiting
provided

Dynamic mike containing transistorized
pre-amp or carbon {(must provide at least

120mVrms into 500 load.

Adjustable up to 4mw into 500 ohm head-
phones

1 minute on, 4 minutes off (20%)

1. 5uv (s0oft) will provide a 6db minimum

signal plus noise to noise ratio (1kHz, 30%
mod)

Page 1-4
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KX 170A/KX 175
NAVIGATION RECEIVER/

COMMUNICATIONS TRANSCEIVER

SPECIFICATION

CHARACTERISTIC

SELECTIVITY:
SPURIOUS RESPONSES:

SQUELCH:

AGC CHARACTERISTICS:

CRYSTAL CONTROLLED:

FREQUENCY RANGE:

SENSITIVITY:

Navigation

SELECTIVITY:

SPURIOUS RESPONSES:

IDENT FILTER:

AGC CHARACTERISTICS:

NAV RECEIVER ACCURACY:

NAV OUTPUT:

NAV RECEIVER

Typical 6db at +15kHz, 65db at £+50kHz
Down at least 60db

Automatic squelch (carrier to noise) with
manual disable and carrier squelch override,

From 10uv to 20, 000 v audio output will not
vary more than 3db.

200 channels.
108. 00 to 117, 95MHz with 50kHz spacing.
1. 5uv (soft) will provide a half-flag indication

1. Ouv (soft) will provide a 6db signal + noise
noise

ratio,

Typical 6db at +19kHz
50db at +50kHz

Down at least 60db
Tone rejection, 15db, minimum

From 10uv to 20, 000uv audio output will
not vary more than 3db.

Two sigma limit, +1, 5°
With LOC adjusted for 0. 35Vrms, VOR

= 0, 5Vrms (typical) into 20K2 or greater
load impedance,

Rev. 1 January, 1972
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KING
KX 170A/KX 175
NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

SPECIFICATION CHARACTERISTIC
DME CHANNELING:
108 - - 0 - . 0X o 0 - - . X0 -
109 - - - 0 L 1X 0O o0 o0 - . X5 0
110 0 - - - . 2X 0o 0 0o O
111 o 0 - - . 3X - 0 0 0
112 o 0 0 - . 4X - - 0 o0
113 - 0 0 0 . 9X - -0
114 o - 0 0 . 6X - 0 - -
115 - 0 - 0 . 1X - - 0 -
116 0o - 0 - . 8X - - - 0
117 0 O - 0 . 9X - - -
NOTE: (-) = OPEN, (0) - DME COMMON.

ILS ENERGIZE:

GLIDESLOPE

108
109
110
111
112
113
114
115
116
117

NOTE:

CHANNELING:

GS GS GS GS

108 109 110 111

o - - - . 0X
-0 - - . 1X
- - 0 - . 2X
- - - 0 . 3X
- - - - .4X
- - - - . 5X
- - - - . 6X
- - - - X
- - - - . 8X
- - - - . 9X

(0) = ILS commuon, (-) -open, (1) = either KN 70 A+ (KN 70 Installations)
or KX 170A/KX 175 A+ with 1K source resistance (KI[ 211C/KI 212

installations).

GS GS GS GS GS GS
0.1 0.3 0.5 0.7 0.9 S50kHz
- - - - - . X0 -
- - - - . X5 0
- - - 1 -
- - - - 1

The ILS energize wire is connected to the
ILS common wire when the MHz selector
is in either the 108, 109, 110, or 111
position AND SIMULTANEOUSLY the kHz
selector is in either the 0. 1Q, 0. 15, 0. 30,
0.35, 0.50, 0.55, 0,70, 0.75, 0.90 or 0. 95
position.

Page i-6
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KING
KX 170A/KX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

SPECIFICATION

CHARACTERISTIC

AUXILARY AUDIO INPUTS:

FREQUENCY RESPONSES:
HEADPHONE OUTPUT:

SPEAKER OUTPUT:

TSO COMPLIANCE:

COMM T ransmit
COMM Receive
VOR

LOC

Environmental
MOUNT ING:

SIZE:

WEIGHT:

POWER REQUIREMENTS:
COMM Receive
COMM T ransmit (Tone)
NAV Receive
Lamps
Max. total current

AUDIO

KX 175 TRANSCEIVER

Three (3) 500 ohms with 30db isolation be-
tween any two.

Within 6db from 350Hz to 2500Hz,
50mw into 500 ohm

4, 5Vrms into auxilary input produces 5
watts audio output.

C37b (DO-110, Class II)
C38b (DO-109)
C40a (DO-114)
C36c¢c (DO-131, Class C)

DAPBAAXXXXXX
Panel mounted, no shock mounting requiredJ

6.312 X 2.600 X 14, 15 inches w/connectors.
(16.03 X 6. 60 X 35, 94 centimeters)

7.0 lbs excluding external connectors and
harness.

13, 75V (or 27. 5V with KA 39)

0. 65 amps

4.5 amps (2, 8 amps unmodulated)
0.45 amps

0. 16 amps (13. 75Vdc), 0. 08 amps (27, 5Vdc)
5.1 amps (Transmit tone mod, NAV Rec,
Lamps)

March, 1971
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KING
KX 170A/KX 175
NAVIGATION RECEIVER/

CRYSTAL CONTROLLED:
FREQUENCY RANGE:

FREQUENCY STABILITY:

VHF POWER OUTPUT:

MODULATION:

MICROPHONE:

SIDETONE:

DUTY CYCLE:

SENSITIVITY:

SELECTIVITY:
SPURIOUS RESPONSES:

SQUELCH:

AGC CHARACTERISTICS:

CRYSTAL CONTROLLED:

¥
COMM TRANSCEIVER

360 channels

10, 005%

TRANSMITTER

phones

RECEIVER

NAV RECEIVER

200 channels,

Down at least 60db

118. 00 to 135, 95MHz with 50kHz spacing

5 watts minimum, 50 ohm load

85% modulation capability with 90% limiting,
less than 15% distortion at 80% mod.

Carbon or dynamic mike containing trans-
istorized pre-amp (must provide at least

120mvymg into 500 load).

Adjustable up to 4mw into 500 ohm head-

1 minute on, 4 minutes off (20%)

1. 5uv (soft) will provide a 6db minimum
signal plus noise to noise ratio

Typical 6db at +15kHz, 65db at +50kHz

Automatic squelch (carrier to noise) with
manual disable and carrier squelch override.

From 10uv to 20, 000uv audio output will
not vary more than 3db.

Page 1-8
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KING
KX 170A /KX 175
. NAVIGATION RECEIVER/
COMMUNICAT IONS TRANSCEIVER

SPECIFICATION CHARACTERISTIC
FREQUENCY RANGE: 108. 00 to 117, 95MHz with 50kHz spacing.
SENSITIVITY:
Navigation 1, 5uv (soft) will provide a half-flag indication
1. Ouv (soft) will provide a 6db signal + noise
noise
SELECTIVITY: Typical 6db at £19kHz
75db at +50kHz
SPURIOUS RESPONSES: Down at least 60db
IDENT FILTER: Tone rejection, 15db, minimum
AGC CHARACTERISTICS: From 10uv to 20, 000uv audio output will
not vary more than 3db
ACCURACY: Two sigma limit, +1, 0°
. NAV OUTPUT: With LOC adjusted for 0, 35Vrms, VOR
= 0. 5Vrms (typical) into 20K2 or greater
load impedance.
DME CHANNELING:

My My My Mg Ko K; Ky K3 50kHz
108 - - 0o - . 0X 0 o - - . X0 1
109 - - -  1X 0 0o o - . X5 0
110 0 - - - .2X 0 0 0 O
111 0 0 - - .3X - 0 0 o
112 0 0 0o - . 4X - - 0 O
113 - 0 0 0 . 9X 0 - -0
114 0 - 0 0 . 6X - - -
115 - 0 - 0 . TX - - 0 -
116 0 - 0 - . 8X - - -0
117 0 0 0 . 9X 0 - - -

NOTE: (-) = OPEN, (0) = DME COMMON,

‘ Rev. 2, December, 1972 Page 1-9
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KX 170A/KX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

SPECIFICATION CHARACTERISTIC

ILS ENERGIZE: The ILS energize wire is connected to the
ILS common wire when the MHz selector

is in either the 108, 109, 110,0r 111
position AND SIMULTANEQUSLY the kHz
selector is in either the 0.10, 0. 15, 0. 30,
0. 35, 0.50, 0.55, 0.70, 0.75, 0.90 or 0. 95

position,
GLIDESLOPE CHANNELING:
GS GS GS GS GS GS GS GS GS GS
108 109 110 111 0.1 0.3 0.5 0.7 0.9 50kHz
108 0 - - - . 0X - - - - - . X0 -
109 - 0 ~ - C1X 1 - - - - . X5 0
110 - - 0 - . 2X - - - - -
111 - - - q . 3X - 1 - - -
112 - - - - . 4X - - - - -
113 - - -~ - . 5X - - 1 - -
114 - - ~ - . BX - - - - -
115 - - - - L TX - - - 1 -
116 - - -~ - . 8X - - - - -
117 - - - = . 9X - ~ - -

NOTE: (0) = ILS common, (-) =open, (1) = either KN 70 A+ (KN 70 Installations)
or KX 170A, KX 175 A+ with 1KQ source resistance (KI 211C/KI 212

installations).
AUDIO

AUXILARY AUDIO INPUTS: Three (3) 500 ohms with 30db isolation be-
tween any two.

FREQUENCY RESPONSES: Within 6db from 350Hz to 2500Hz.

HEADPHONE OUTPUT: 50mw into 500 ohm

SPEAKER OUTPUT: 4, 5Vrms into auxilary input produces 5
watts audio output

Page 1-10 March, 1971



gy
KING
KX 170A /KX 175
. NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

KI 201C/KI 211C INDICATOR

SPECIFICATION CHARACTERISTIC
GENERAL
SIZE:
KI 201C VOR Indicator: 3.25 X 3, 25 X 8. 3 inches
(8, 255 X 8, 255 x 21, 082 centimeters)
KI 211C ILS Indicator: 3.25 X 3. 25 X 8. 3 inches

(8,255 X 8. 255 X 21. 082 centimeters)

WEIGHT:
KI 201C VOR Indicator: 2.5 1bs.
KI 211C ILS Indicator: 3. 0 1bs.

POWER REQUIREMENTS:

KI 201C VOR Indicator: 100ma (day) 100ma (day)
‘ 220ma (night) 160ma (night)
KI 211C ILS Indicator: 200ma (day) 200ma (day)
320ma (night) 260ma (night)
VOR/LOC
LOCALIZER CENTERING: Within +10% of standard deflection (£ 1/2

needle width)

LOCALIZER SENSITIVITY: 4db tone rétio will give 4 dot scale deflection
* two needle widths
OMNI ACCURACY: +2°
OMNI SENSITIVITY: 10° of course width gives full scale deflection
INPUT LEVELS: LOC . 35Vrms
GLIDESLOPE
SENSITIVITY: 20uv (soft) for half flag and 60% of standard

deflection (1 dot)

‘ March, 1971 Page 1-11
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KING
KX 170A/KX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

SPECIFICATION CHARACTERISTIC

CENTERING: Within 10% of standard deflection (200uv to
30, 000uv) (1 needles width)

SPURIOUS RESPONSES: At least 40db down,

SELECTIVITY: 150kHz minimum 6db bandwidth
600kHz maximum 40db bandwidth

EXTERNAL LOAD: Will operate an external autopilot load.
KA 39 VOLTAGE CONVERTER

SIZE: 3. 500 X 2,000 X 5, 500 inches
(8.889 X 5,18 X 13, 87 centimeters)

WEIGHT: 1.1 lbs. excluding harness

POWER: A B
Input Volts 27, 5vde 27, 5vdc
Output Volts 13. 75vdc 13, 75vdc

(nominal) (nominal)
Input Current continuous
Input Current 40% duty = -——————--
Output Current continuous 1. 5A 0. 75A
Output Current 40% duty 5.0A  --------

1.6  UNITS AND ACCESSORIES SUPPLIED

A. King KX 170A NAV/COMM (069-1017-00)
B. King KX 175 NAV/COMM (069-1016-00)

C. King KX 170A/KX 175 Installation Kit (050-1142-00) includes:

035-0061-00 Connector, Antenna (TED 9-10-2)
030-1019-00 Clamp, Cable Hall

030-2101-04 Connector, 42 pin (Amphenol 26-190-42)
047-1743-01 Plate, Connector Mounting

047-1851-00 Cover, Connector Mounting Plate
057-1214-00 Decal, COMM 1

Page 1-12 Rev. 2, December, 1972
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057-1214-01
057-1214-02
057-1214-03
0858-0136-01
089-2188-22
089-5523-05
089-5903-05
089-5907-05
089-6008-04
089-8025-30
089-8094-30
090-0019-07
092-5021-00
155-2013-00

Decal, COMM 2

Decal, NAV 1

Decal, NAV 2

Filter, Red Lamp

#4 ESNA Nut

Screw, #4-40 X 5/16 Fil HP
Screw, #4-40 X 5/16 PHP
Screw, #6-32 X 5/16 PHP
Screw, #4-40 X 1/4 FHP
Flat Washer

Flat Washer

Ring, Retainer

Rivet, Blind

Installation Cable Assembly

1.7 ACCESSORIES REQUIRED, BUT NOT SUPPLIED

A,

B.

Rev. 1 January, 1972

Communication and navigation antenna and cables,

Headphones and speaker:

1.

2.

Headphones:

Low impedance types, 300 to 1, 000 ohms.

Speaker: Voice coil impedance 3 to 6 ohms nominal.

KA 39 Voltage Converter, 27,5V to 13. 75V (required in 27, 5V
installation only),

Microphone:

Low impedance carbon, or dynamic with-transistor pre-

amp, such as King KA 14,

VOR/LOC converter and indicator. Various King Options include:

1. KI 201C VOR Indicator (VOR/LOC only)
2. KI 211C ILS Indicator (VOR/LOC Glideslope)
3. (a) KN 71 VOR/LOC Converter, with KNI 520 Navigation Indicator
(b) KN 71 VOR/LOC Converter, with KPI 550 Pictorial Navigation
System

4. (a) KN 70 Glideslope Receiver - VOR/LOC Converter with KNI 520

Navigation Indicator

Page 1-13
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(b) KN 70 Glideslope Receiver - VOR/LOC Converter with KPI 550
Pictorial Navigation System

5. (a) KN 74 Area Navigation Computer with KI 212 CDI and Glideslope
Receiver,
(b) KN 74 Area Navigation Computer with KN 70 Glideslope Receiver
VOR/LOC Converter and KPI 550A Pictorial Navigation System.

1.8 LICENSE REQUIREMENTS

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

This equipment has been type accepted by the FCC and entered on their list of type

accepted equipments as King KX 170A/KX 175 and must be identified as King KX 170A
or King KX 175,

—CAUTION -
The VHF transmitter in this equipment is guar-
anteed to meet Federal Communications Comm-

ission approval only when King crystals are used.

Use of other than King crystals is considered an
unauthorized modification,

Page 1-14 Rev, 1 January, 1972
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SECTION 1i
INSTALLATION

2.1 GENERAL

This section contains suggestions and factors to consider before installing the KX 170A/
KX 175 NAV/COMM unit, KA 39 Voltage Converter (27. 5V installations only), and

KI 201C/KI 211C Indicator. Close adherence to these suggestions will assure a more
satisfactory performance from the equipment.

2.2 UNPACKING AND INSPECTING EQUIPMENT

Exercise extreme care when unpacking each unit. Make a visual inspection of each unit
for evidence of damage incurred during shipment. If a claim for damage is to be made,
save the shipping container to substantiate the claim. When all equipment is removed,
place in the shipping container all packing materials for use in unit storage or reship-
ment. The KX 170A /KX 175 installation will conform to standards designated by the
customer, installing agency and existing conditions as to unit location and type of install-
ation.

2.3 KX 170A/KX 175 INSTALLATION

Listed below are factors and suggestions to consider before installing your KX 170A/
KX 175 system. Close adherence to these suggestions will assure more satisfactory
performance from your equipment,

(a) The KX 17T0A /KX 175 is mounted rigid in the aircraft panel. Mark and cut the
mounting hole as shown in Figure 2-7. The purpose of the "behind aircraft panel
mount cutout is to allow a margin of error in cutout size and prevent the mount-
ing tray front edge from being visible. The mounting tray bottom lip should ex-
tend through the mounting hole flush with the instrument panel to insure proper
plug pin engagement.

(b) Avoid mounting close to any high external heat source. If this is done, no blower

or ram air cooling will be required. For blower or Ram Air cooling. see
Figures 2-11 and 2-12.

(c) Remember to allow adequate space for installation of cables and connectors.

(d) Secure the mounting rack to instrument panel per Figure 2-7, The rear mount-
ing bosses should be attached to the airframe by means of support brackets.

Rev. 3, January, 1976 Page 2-1
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(e) Slide the KX 170A /KX 175 into the rack and secure by turning locking screw on
the front panel.

—CAUTION -
Do not force locking tab screw.

(f) Each KX 170A/KX 175 installation kit contains a locking bar (KPN 047-1720-00),
bracket (KPN 047-1721-00) and two rivets (KPN 092-5021-00). These may be
installed at customer's option to provide a means of locking the radio to the in-
strument panel with a padlock located on the lower rear corner of the mounting
tray,

Installation consists of riveting the bracket to the mounting tray as shown in
Figure 2-7. After the radio installation is complete, the locking bar may be
inserted and a small padlock affixed to deter theft.

(g The installing agency will supply and fabricate all external cables. The plugs
required are supplied by King Radio.

24 KA 39 INSTALLATION (For use in 27,5 volt installations only)

(a) Select the KA 39 location considering good thermal conductivity to the airframe,

convenient cable routing, proximity to the KX 170A/KX 175 and separation from
other heat sources.

(b) Refer to Figure 2-6 for the KA 39 mounting dimensions.
(c) Secure the KA 39 firmly in place.
(d) The installing agency will supply and fabricate external cables.

25 K1 201C/KI 211C INSTALLATION

(a) Carefully select the KI 201C/211C panel location for unobstructed vision, mini-
mum parallax and adequate clearance for the instrument case and installation
of cables and connectors.

(b) Refer to Figure 2-5 for the KI 201C/211C mounting dimensions.

(c) A standard 3 1/8'" instrument hole is required.
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Secure the KI 201C/211C firmly in place.

The installing agency will supply and fabricate the external cable. The plugs
required are supplied by King Radio.

Autopilot connection: The KI 201C/211C are capable of driving an autopilot load
of 1K, The deflection sensitivity of the KI 211C Glideslope should be readjust-
ed. Potentiometer R465, located in the KI 211C unit, is used to compensate for
the additional 1K load. No adjustment is necessary if the autopilot is of the high
impedance type (over 10KS). No adjustment is necessary in the KI 201C or

KI 211C VOR/LOC with the addition of an autopilot load (1K) because the com-
parator circuit has a very low output impedance. With the addition of a 1K load
the deflection sensitivity will change from 20° course width to approximately 22°

An omni error adjust potentiometer, R316, is accessible from the front of the
indicator by removing the OBS knob. This is for final calibration of the omni
system after installing in aircraft. The range of the error pot is approximately
+5°. It should be noted that this potentiometer does not affect localizer center-
ing.

RG-188/U coaxial cable is recommended for the glideslope antenna interconnect.
Refer to Figure 2-3 for connector assembly.

2.6 ANTENNA INSTALLATION

(a)

Conventional 50 ohm horizontally polarized NAV and vertically polarized COMM
antennas are required with the KX 170A/KX 175. Vertical bent whip antennas
are not recommended. Wideband COMM antennas (KA 31 and KA 31A) provide
efficient operation over the COMM band. Antennas should be installed per manu-
facturers recommendations. Additional recommendations are as follow:

COMM ANTENNA

1. Mount antenna on flat metal surface or install a ground plane at least
18 inches square.

2. The antenna should be well removed from any projections and the
engine(s) and propeller.

3. NAV and COMM Antennas must be well separated to minimize COMM
interference to NAV while transmitting.
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NAV ANTENNA

1. The location should be well removed from other antenna, projections and
engine(s). It should have a clear line of sight area if possible.

2. The antenna MUST BE mounted symmetrically with the centerline of the
aircraft.

3. Avoid running other coaxial cables and wires with the NAV antenna cable.

The antenna connectors on the KX 170A /KX 175 unit are identified on the rear
die casting.

—NOTE-

With the KX 170A /KX 175 viewed from the rear
the NAV antenna connector is on the right and
the COMM antenna connector is on the left. This
means that the NAV frequency selector and NAV
antenna are on opposite sides of the radio. The
COMM frequency selector and COMM antenna
connector are also on opposite sides of the radio.

—CAUTION -

Review the above information carefully. Inter-
changed antenna connections will cause erroneous
NAV operation and in some installations could in-
troduce 7 watts of transmitter power into a NAV
receiver causing damage to that unit.

Refer to Figure 2-4 for a dual omni antenna installation if two navigation receiv-
ers are used. VOR antenna duplexers normally cause a 3db signal loss.

Refer to Figure 2-2 for the COMM and NAV antenna cable connector assembly.
Solder tack the snap on shield to the connector base at two points to insure that
a good electrical ground is made,.

2.7 CABLING

(a)

Page 2-4 March, 1971 ‘
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(b) Fabricate the external cables in accordance with the installation drawing that
fulfills the system requirement.

—NOTE-

Use good quality stranded wire that will not
support a flame and with at least 600 volt
insulation. It is recommended that the mike
audio line be in a shielded-twisted pair.

(c) Since other radio and navigation equipment will possibly utilize the same speaker
circuits for muting, speaker selection and microphone switching must be devised
by the installing agency. The KX 170A/KX 175 does not shunt the speaker line of
other equipment when the off-on-test switch is turned "off"'.

T
] CONNECTOR VIEWED
FROM CABLE END.

PITH
KPN 030-2101-04
696-6002-00 (R-0)

FIGURE 2-1 KX-170A/KX 175 CONNECTOR PIN LOCATIONS
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.300—'1 r—
Trim coax cable outer insulation as shown.

Fold braid back over outer cover of coax.
Do not cross strands.

Solder center conductor to center pin of
conductor. Make sure front end of braid
(Point of fold) is even with bottom of con-
nector. {Shown by arrows)

Slide connector cap, with clearance hole in
position to clear dielectric, on to connector
until it snaps in place.

Push braid forward and flatten against con-
nector cap and solder.

Solder tac connector cap to connector in at
least two places to insure good electrical
contact.

696-6003-00
FIGURE 2-2 ANTENNA CABLE ASSEMBLY
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KING
KX 170A/KX 175

CONNECTOR ASSEMBLY INSTRUCTIONS

DOCUMENT 006-1058-00, OCT, i972

.50

A\

H.zs
=7

425

Z8 a

Z

%SOLDER

Trim coax outer insulation as shown.

Trim braid but not center conductor

or insulation back 0.25".

Strip insulation back 0.125".

Insert cable through side wall of
connector and solder center conductor
to center pin of connector. Heat

the outside of the connector sleeve
and at the same time apply solder
between braid and sleeve. Continue
to apply heat until the solder flows.
Insert connector cap into end of fit-

ting and tack solder in 2 places.

FIGURE 2-2A ANTENNA CABLE ASSEMBLY
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CABLE
RG-188/U

GASKET —\

WASHER \\ \

RG-58/U

WASHER NO. 2

GASKET

CONTACT WASHER

WASMER NO. |
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SUIDE PARTS ON CABLE,
TAPERED END OF CLAMP
TOWARD NUT, 45 SHOWN
TRIM_VINYL JACKET, COMB
OuUT BRAID

WITH CLAMP FLUSH WITH
EDGE OF JACKET. FOLD BRAID
OVER CLAMP WITH OUT CROSSING
STRANDS, THEN TRIM

SLIDE WASHERS AND GASKET
OVER DIELECTRIC INTO
POSITION. CUT DIELECTRIC
45 SHOWN. TIN CENTER
CONDUCTOR, PRESS WASHERS
AND GASKET FIRMLY AGAINST
BRAID.

SULIDE PARTS ON CABLE
AS SHOWN. TRIM VINYL
JACKET, COMB OUT
aRaID.

SLIDE CONTACT WASHER FLUSH
WITH END OF JACKET. FOLO
BRAID OVER WASHER. SLIDE
WASHER NO. | OVER DIELECTRIC
FLUSH AGAINST BRAID. TRi
BRAID. SLIDE GASKET AND
WASHER NO.2 INTO POSITION
CUT DIELECTRIC AS SHOW
AND TIN CENTER CONDUCTOR.
WNEN TRIMMING BRAID DO NOT
ALLOW STRANDS TO CROSS.

iy

INSULATOR

CONTACT

(NSULATOR

696-6004-00

SLIDE INSULATOR OVER
OELECTRIC AS SHOWN.
SLIDE CONTACT OVER
CONCUCTOR UNTIL FLUSH
AGAINST INSULATOR,
SOLDER IN PLACE

SLIDE CABLE ASS'Y
INTO CONNECTOR SHELL
TIGHTEN NUT.

SUIDE INSULATOR OVER
DIELECTRIC AS SMOWN
SLIDE CONTACT OVER
CCNOUCTOR UNTIL FLUSH
AGAINST INSULATOR.
SOLDER (N PLACE

SLIDE CABLE ASS'Y
INTC CONNECTOR SHELL
TIGHTEN NUT.

FIGURE 2-3 GLIDESLOPE ANTENNA CABLE CONNECTOR ASSEMBLY

March, 1971
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NAV UNIT L NAV UNIT
" —l "2

g
KING.

KA-13
108-118 MH2
RECEIVER
ODUPLEXER

071-1005-00

“BNC” JACK

17" 15 174 WAVE LENGTH OF COAX CORRECTED FOR
POLYETHYLENE DIELECTRIC

3
S

i

NAV UNIT, l' L JJ NAYV UNIT
"l I / ~—‘ \ 1 "2
RG-59/U K Ro-50/0

“T"CONNECTOR

RG-58/U /

696-6005-00

Ve
TC NAV
ANTENNA

FIGURE 2-4 DUAL OMNI ANTENNA INSTALLATION
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I75R.,2PLCS.
(444}

093R 2PLCS.
(.236) NOTES:
I ALL DIMENSIONS IN PARENTHESIS ARE IN CENTIMETERS,

2.WEIGHT: 1.1 Ibs
3. TERMINALS WILL TAKE 16 TO22 AWG WIRE.
L410 4. TERMINALS ARE 15-40X|/4 BD. HD. SCREWS.

4875 312
(12.382) (792) WARNING
5500 _
13.870] DO NOT MOUNT IN CLOSE PROXIMITY
TO HEATER DUCT OR OTHER SOURCES OF HEAT

2 820

155-5076-00 (R- ) ! {7162)

3500
! 8.890) A

FIGURE 2-6 KA 39 ‘

VOLTAGE CONVERTER OUTLINE AND MOUNTING DRAWING
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6.100 pu ®
(15.50)
CUTOUT DIMENSIONS FOR
o BEHIND AIRCRAFT PANEL MOUNT ~ oR © @ F ©
P33 1) [N )
on »Q NG
e o8 ©=
] 3100
1 787
— v
6.281 L ®
(15.98) M k J
—
S~ 218551 DIA.L PLC.
{LOCKING PIN HOLE)
S5 CUTOUT DIMENSIONS FOR
:: FRONT AIRCRAFT PANEL MOUNT
e 1,850 1500 1000 pe—
4.19 (29.21) (2.54)
LONG LOCKING BAR
— (BAR MAYBE CUT TO DESIRED LENGTH)
437 10.000 e
win (25.40) o 047-1720-01
| : | _ SHORT LOCKING BAR
l - 047-1720-00
— |
a2z | N
=3 f'-)\ | |
- T X
o {
ap N2 / \ I
95 & _= 7z by
38 Ze H
P t
\ ¥
oD "
™ 1 |
I
I
S ANTI-THEFT BRACKET
e 0471721~
L 1300 047-1721-00
NOTES: 87 | oLacE (3.30) CUSTOMER SUPPLIED
. DIMENSIONS IN PARENTHES!S ARE IN CENTIMETERS 87 (.47) DIA., 6 PLACES PADLOCK
2. WEIGHT: 6.9LBS 5.500
3. IN INSTALLATIONS INVOLVING 2 OR MORE KING SILVER CROWN UNITS 3.97)
STACKED VERTICALLY, IT 1S POSSIBLE TO SPOT WELD THE MOUNTING
TRAYS TOGETHER PRIOR TO INSTALLATION, THUS PROVIDING A RIGID TRAY ASSY.
4, REAR CONNECTOR MTG. BOX MAY BE REMOVED FROM TRAY FOR WIRING CONVENIENCE.
5. ANTI THEFT MECHANISM MAY BE INSTALLED AT CUSTOMER OPTION. FASTEN ANGLE
BRACKET(047-1721-00) TO MTG. TRAY WITH POP RIVETS (092-5021-00) SUPPLIED, USE
SHORT LOCKING BAR FOR SINGLE INSTALLATIONS, LONG BAR FOR MULTIPLE
INSTALLATION. CUSTOMER MAY USE ANY PADLOCK HAVING 3/16"DIA. HASP OR SMALLER,
FIGURE 2-7 KX 170A/175 OUTLINE AND MOUNTING DRAWING
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KX 170A/KX 175

NAVIGATION RECEIVER/COMMUNICATIONS TRANSCEIVER

/.375 DIA. HOLE 30 PLCS. /|3o DIA. HOLE 4 PLCS.
le— 1.500 —of 9 SPACES EACH 1.0OO APART = 9.000
S i & i 4 &
PART B ) AN M P o o o N
4 \J/ / _/ -/ </ \J N\ ./ / N
@!.\ D OO+t O O +O—6—O0O+O8 3.000
"N Note 2 o OTo O OO OO T 2500
N Jn fa Ja o\ o\ Ja Jay N\ a
N’ N7 N’ N/ ~_7 ~_7 N_7 N_7 N_7 N3/
—— - - T - — -7 4 V- - = T -~ —4— - - - - — - - 4 -T- | —1
p R Ty e R el SIS R il g O v I T e T, G ety T
jo— 1,000
——— 3000 —+
NOTE 4 7 NOTES: 6.000
) _—_—m
I. MAKE ONE OF EACH PART SHOWN.
2. POP RIVET TOGETHER 8 PLCS. 9.000
3.POP RIVET RAM AIR TUBE TO DIFFUSER 1.066 ——————*
HOUSING. -
4. DUCK TAPE ALL SEAMS OF DIFFUSER.
AND SEAL IN TUBE.
625 DIA. HOLE PART A
5. THE LENGTH OF DIFFUSER, AND NUMBER 250 DIA. HOLE 9 PLCS
OF HOLES. DEPENDS ON THE HEIGHT OF CENTERED "ON BEND LINE!
RADIO STACK OR AIRCRAFT PANEL. £ ENERED DN EEND s e -
6. SEE SHEET 2 FOR SUGGESTED ¢
INSTALLATION.
P, P S Ry S Ny Sguyp—
l——— 9 SPACES EACH 1.000 APART =9.000 —
DUCK '
TAPE |
‘ ,,
4 N
1 P ¢ $
3.000
| | ! } 2.500
130 DIA. HOLE ,
4 PLCS .
126 DIA. HOLE o
4 PLCS ‘\—\< ) Py 4
\ __ X __ __ __ . ____r_ ____ ____ . __ 3 _ o ____._F ] 250
|
3.000 !
FINAL ASSY. 6.000 —————
e 9.000 — |
NOTES 3 84
1.000
/ ¥
750
BEND \BEND UP TO MAKE
093 DIA. HOLE, 2 PLCS END.
MOUNTING OF UNIT OPTIONAL,TO
_________ . INSTALLER.
126 DIA. HOLE
. FIGURE 2-11 COOLING DIFFUSER FOR RADIO STACKS
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KING
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NAVIGATION RECEIVER/COMMUNICATIONS TRANSCEIVER

/PANEL
@
KR 86 (@)
p
KT 76 /78 ¢
)
A\
KX 1758 (@) §
o
KX 1758 (O} §

£
o\

DUCT, TUBING TO
KAI6 RAM AIR KIT
(150-0083-00)

TYPICAL INSTALLATION

KA 16-KPN(O71-400I-00) AND DIFFUSER STACK

BEND TABS OVER MANIFOLD
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SECTION 1li
OPERATION

3.1 GENERAL

All controls required to operate the KX 170A/KX 175 and the KI 201C/211C are located
on the unit front panels,

3.2 KX 170A/KX 175 NAV/COMM CONTROLS
3.2,1 COMM ON-OFF TEST CONTROL

The ON-OFF-TEST control is located directly above the COMM channel selector.
Power is supplied to the COMM when this control is either in the ON or TEST position,
The TEST position is used to defeat the COMM automatic squelch for both test purposes
and listening to extremely weak signals.

3.2.2 COMM VOLUME CONTROL

‘ The Volume (VOL) control, located on the lower left side of the KX 170A/KX 175 is
used to adjust the transceiver audio volume. The KX 170A/KX 175 system power ON/
OFF switch is independent of this control, allowing the COMM volume to remain at a
desired preset level.

3.2.3 COMM FREQUENCY SELECTOR

The two concentric knobs under the COMM frequency window are used to dial COMM
frequencies. The larger knob selects MHz and the smaller knob selects kHz, The
transceiver is inoperable in the two unused MHz positions between 118MHz and 135MHz.
Clockwise rotation selects higher frequencies, The dial mechanism has no stops, per-
mitting continuous rotation,

3.2.4 NAV OFF-VOICE-IDENT CONTROL

The OFF-VOICE-IDENT control is located directly above the NAV channel selector.
Power is supplied to the NAV when this control is either in VOICE or IDENT position.
NAV operation is independent of COMM. With the switch on IDENT, the ground station
voice and identification tone are coupled to the aircraft speaker and/or headphone cir-
cuitry., With the switch on VOICE the identification tone is eliminated, permitting the
pilot to monitor the VOR’gr‘ound station for voice transmissions without receiving the
VOR ident tone,
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3.2.5 NAV VOLUME CONTROL

The navigation receiver volume (VOL) control, on the right side of the KX 170A/

KX 175, is used to control the level of the audio and/or identification tone output from
the navigation receiver, This control is also independent of the system power switch
allowing the NAV volume to remain at a desired preset level,

3.2.6 NAV FREQUENCY SELECTOR CONTROLS

The two concentric knobs under the NAV frequency window are used to dial NAV freq-
uencies, The larger knob selects MHz and the smaller knob kHz. Clockwise rotation
selects higher frequencies., Remote DME, Glideslope, and ILS channeling are also
performed by this control.

COMM. FREQUENCY READOUT

MHz FREQUENCY SELECTOR
KHz FREQUENCY SELECTOR

NAV. FREQUENCY READOUT

KX 175

’,_T!_—_B-__(.;o“‘ orr ou TEST l log—-o—o—‘ 0F v.VOKE mem

e

-

COMM. VOLUME NAV. VOLUME

KHz FREQUENCY SELECTOR

696 -6006-00 MHz FREQUENCY SELECTOR

FIGURE 3-1 KX 170A/175 CONTROL FUNCTIONS
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3.3 KI 201C/KI 211C INDICATOR CONTROL AND FUNCTION
3.3.1 OMNI BEARING SELECTOR (OBS)

The Omni Bearing Selector knob rotates the azimuth card on which the desired course
is selected. The course selected serves as a reference for all VOR indications.

3.3.2 VOR/LOC DEVIATION INDICATOR

The VOR/LOC deviation needle indicates the direction and amount of deviation from the
selected VOR course or localizer path., The angular deviation is toward the proper
flight path in normal operation,

The VOR/LOC warning flag is fully visible when the VOR or LOC signal is unreliable.
The VOR TO/FROM flag indicates the direction '"to'" or "from' the VOR station.
3.3.3 GLIDESLOPE DEVIATION INDICATOR (KI 211C)

The glideslope deviation needle indicates the direction and amount of deflection from
the glide path, The deflection is toward the direction of flight required to maintain

the proper decent path, The glideslope warning flag is visible when the glideslope
signal is unreliable or the receiver has malfunctioned.

COURSE INDEX

VOR/LOC
WARNING
FLAG
GLIDE SLOPE
WARNING FLAG VOR/LOC
DEVIATION
INDICATOR
GLIDE SLOPE
DEVIATION INDICATOR
TO-FROM
FLAG
OMNI
BEARING
SELECTOR 696-6007-00

FIGURE 3-2 KI 201/211C CONTROL FUNCTIONS
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3.4 Kl 201C/KI 211C OPERATION
3.4.1 VOR OPERATION

Select the desired VOR station frequency with the NAV frequency controls. The NAV
receiver volume control can then be adjusted to positively identify the station or listen to
FSS reports.

To intercept a selected VOR radial (from the station) and fly outbound, turn the OBS
control to set the desired radial under the top indicator index. Maneuver the aircraft
to fly the selected radial magnetic heading plus a 45° intercept angle which will provide
a sufficient intercept angle. The intercept angle should be reduced as the deviation
needle approaches an on course condition (center) to prevent excessive course bracket-
ing.

To determine the bearing and fly "to'" a selected VOR station, turn the OBS control until

the "To-From'" flag indicates ""To'' and the deviation needle is centered. Read the ''to"
bearing under the top indicator index and maneuver the aircraft to approximately fly the
magnetic course ''to'' the station. If the deviation needle moves to the right, the aircraft
course must be adjusted 5 or 10 degrees to the right. Similarly, if the deviation needle,
goes to the left, the aircraft course must be adjusted to the left. Maintaining a centered
deviation needle will provide automatic course compensation for wind drift. .

While flying a selected VOR course often times it can be noted that the deviation needle
moves erratically about the center or moves a few degrees to one side and eventually
returns to center. This action is refered to as VOR scalloping or course bends.
Scalloping is generally caused by irregularities in terrain and metal objects located near
the VOR station. Scalloping is more noticable at lower altitudes and in any case should
be ignored.

Aircraft position can be easily determined by consecutively selecting two VOR stations
and determining the "from'' radial. By projecting appropriate radial lines from the VOR
station the aircraft location may be identified as the intersection of the two radial lines.

3.4.2 KI 201C/KI 211C LOCALIZER OPERATION
Localizer circuits are automatically energized when an ILS frequency is selected on the
KX 170A/KX 175 NAV receiver. By adjusting the NAV volume level the localizer station

can be identified and in some cases ATIS information received. The localizer flag
should disappear from view indicating the signal is reliable,

Maneuver the aircraft to fly an on course centered needle. While flying a front course
approach or out bound on the back course approach, magnetic heading corrections are
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made toward the needle deflection. Similarly, while flying the back course approach
or outbound on the front course approach, corrections are made away from the needle
deflection,

The localizer course width is narrow compared to VOR course width and requires much
smaller course corrections to center the deviation needle. When intercepting the
localizer course, the aircraft turn into the localizer course should be started when the
needle moves off the meter stop.

A helpful quick reference reminder of the localizer course is to set the course on the
Omni bearing readout.

3.4.3 KI 211C GLIDESLOPE OPERATION

The glideslope (horizontal) needle provides the pilot vertical steering information
during ILS approaches. The glideslope circuitry is energized when the associated
localizer frequency is selected on the navigation receiver, observe that the glideslope
warning flag is concealed. The glideslope needle deflects toward the direction the
pilot must fly to remain on the glideslope. If the glideslope needle deflects upward the
aircraft is below the glideslope and must climb to center the needle. If the needle
deflects downward the aircraft is above the glide path and must descent to remain on
‘ the glide path. When the needle is centered the aircraft is on the glide path.

3.5 POST-INSTALLATION CHECKOUT

An operational performance flight test is recommended after the installation is com-
pleted to insure satisfactory performance of the equipment in its normal environment.

To check the communications transceiver, maintain an appropriate altitude and contact
a ground station facility at a range of at least fifty nautical miles. Contact a ground
station close in. Place the squelch knob in the test position and listed for any unusual
electrical noise which would reduce the COMM receiver sensitivity by increasing the
squelch threshold. If possible, verify the communications capability on both the HIGH
and LOW ends of the VHF COMM band.

To check the VOR/ILS System select a VOR frequency within a forty nautical mile range.
Listen to the VOR audio and insure that no electrical interference such as magneto noise
is present. Check the tone identifier filter operation. Fly inbound or outbound on a
selected VOR radial and check for proper LEFT-RIGHT and TO-FROM indications.
Check the VOR accuracy.

—NOTE-

At low altitudes VOR ground station
scalloping may be present.
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Flight test the ILS operation by flying a simulated ILS approach. Check localizer
LEFT-RIGHT deflection and, if applicable, glideslope deflection. Check the localizer
accuracy in relation to the ILS runway. Check the glideslope accuracy in relation to

the published ILS approach altitude.
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The information in this maintenance manual does not profess to include all the details
of design, production, or variations of the equipment, or to cover all the possible
contingencies which may arise during operation, installation, or maintenance. Should
special problems arise or further information be desired, please contact the KING
Customer Service Department.
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SECTION 1V

THEORY OF OPERATION
4.1 GENERAL

The KX 17T0A/KX 175 unit incorporates a 200 channel navigation receiver, a 360 channel
communications transceiver and a 5 watt audio system. The KI 201C is an OMNI/LOC
converter and indicator. The KI 211C includes the KI 201C capability plus a 20 channel
glideslope receiver with indicator. The KA 39 is a dual series regulator, 3eparately
converting 27, 5VDC to 13.75VDC for the COMM and NAV.

For discussion purposes, the KX 170A/KX 175 system is split into subsystems and
treated on the basis of block diagram theory and detailed circuit theory. Subsysterus
are defined as Frequency Synthesizers (COMM and NAV), COMM Transceiver, NAV
Receiver and KA 39 Voltage Converter,

4.2 FREQUENCY SYNTHESIZERS
4.2, 1 SMO BLOCK DIAGRAM
4,2, 1.1 | Simplified Block Diagram.

The KX 170A/KX 175 uses a stabilized master oscillator (SMO) for frequency generation.
A feedback loop is used to slave a voltage controlled oscillator (VCO) to the selected
multiple frequency of a crystal controlled reference oscillator. The simplified block
diagram of Figure 4-1 illustrates the principle of operation of the COMM SMO and NAV
SMO.

‘I'he VCO output frequency is divided by two, mixed with the High Frequency Crystal
Oscillator, divided by N, and compared in frequency and phase with the Low Frequency
Crystal Oscillator. The filtered error signal biases the VCO. The error signal is a

« high voltage when the VCO frequency is low and a low voltage when the VCO frequency
is above the desired frequency. According to the VCO transfer function (Figure 4-2b)
this error signal drives the VCO toward the selected frequency. When the VCO gets
within +400KIIz of the desired frequency, the loop captures the VCO and pulls it into
phase lock (fyco =f selected). In this condition the loop establishes an error signal
that is a 25KHz square wave. The low pass filter recovers the dc component and biase.
the VCO to maintain the selected output frequency. The square wave duty factor, and
thus the filtered D-C VCO bias voltage, varies according to the selected VCO frequency.
Transfer functions of the various blocks are illustrated in Figure 4-2,
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4.2.1.2 NAV SMO Block Diagram.

The NAV SMO is a 200 channel frequency synthesizer covering the band from 92.8125 -
102. 7625MHz in 50KHz steps. The block diagram is the red shaded portion of Figure
5-48, The basic frequencies appearing in the NAV SMO are tabulated in Table 4-2 and
.also appear on the block diagram.

The VCO converts a dc bias voltage to a VHF frequency. The buffer amplifiers isolate
the VCO from reverse conducted electrical interference signals and provide 10mw out-
put levels for mixer injection. The Implicit Divide by Two circuit halves the VCO
frequency. A mixer is used to heterodyne the halved VCO frequency and the High
F'requency Reference Oscillator. The Mixer Low Pass Filter passes the difference
frequency and filters any spurious mixer products. In the Squaring Amplifier the analog
difference frequency is amplified and clipped to provide a 4. 5V square wave. The
Programmable Divider generates one output pulse for every N input pulses. Selection
of the divide ratio, N, is determined by the wafer switch coding. The 400KHz Reference
Oscillator is divided by 16 in the Phase and Frequency Comparator block to obtain a
25KHz reference. This block also compares the Programmable Counter output in fre-
quency and phase with the 25KHz reference frequency and generates an appropriate
feedback signal to slew the loop until this variable frequency is locked to the 25KHz
reference. The Voltage Translator shifts the level of the error voltage from the Phase
and Frequency Comparator., The VCO Low Pass Filter is used to recover the D-C
component of the phase detected, variable duty cycle, 25KHz square wave and to provide
steady state and dynamic loop stabilization. The formula for the synthesized frequency
is: fy00 =2 (53.93125 - . 025N) MHz where N may be any number from 102 to 301.

4.2,1.3 COMM SMO Block Diagram.

The COMM SMO is a 360 channel, frequency synthesizer covering the band of frequencies
from 118.00 to 135.95MHz in 50KHz steps. The block diagram is the red shaded portion
of figure 5-49. The basic frequencies appearing in the COMM SMO are tabulated in '
Table 4 -2 and also appear on the block diagram. '

Basic theory of the NAV SMO (Section 4. 2. 1. 2) applies to the COMM SMO. In order to
obtain 360 channels and transmit-receive sidestep transitions, the COMM band is split
into two 9MHz Bands (118.00 - 126. 95MHz and 127.00 - 135. 95MHz). Requirements for
T/R switching are summarized in Table 4-1.
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Selected Band Selected Band

118.00-126. 95MHz 127.00-135. 95MHz
VCO=118.00-126. 95MHz VCO0O=127.00-135.95MHz

VCO=127.00-135. 95MHz VCO=118.00-126. 95MHz

TABLE 4-1 T-R SWITCHING REQUIREMENTS
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SMO HIGH BAND SMO LOW BAND
Selected Channel 108.00 - 117. 95MH= ©118.00 - 126.95 R 127.00 - 135.95 Ry,
(50KHz steps) - 127.00 - 135.95 T 118.00 - 126.95 T
VCO Frequency 92.8125 - 102, 7625MHz 127.00 - 135.95MHz ©118.00 - 126. 95MHz
(50KHz steps)
Implicit + 2 Freq 46.40625 - 51.38125MHz, 63.500 - 67.975MHz 59.000 - 63.475MHz
(25KHz steps
H. F. REF Frequency 53.93125MHz : 71.025MHz 66.525MHz
Mix Output Frequency | 7.525 - 2. 550MHz 7.525 - 3.050MHz 7.525- 3. 050MHz
Divide Ratio 301 - 102 ' 301 - 122 301 - 122
L. F. REF Frequency 40(;2(Hz - 95KHz 400112Hz = 95K Hz 4OOII§HZ - 95KHz
Approx. VCO Bias 2.95 - 7.20 Volts 2.50 - 7.00 Volts 2.50 - 7.00 Volts:
Approx. Receiver
tuning voltage. 2.95 - 7.20 Volts : 2.95 - 17.80
1st 1. F. Frequency 15, 1875MHz 9.0000MHz
2nd 1. F. Frequency 1, 1857MHz 861. 2500KHz
2nd L. O. Frequency 14,0018 MHz 8. 13875MHz

TABLE 4-2 FREQUENCIES APPEARING IN THE KX 170A/KX 175
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®

The phase locked loop synthesizes 180 channels in each 9MHz band and is switched be-
tween high and low bands with the High Reference Oscillator crystals and the VCQO band
switch, This system provides 360 channels with a 180 digit counter and fast T-R transi-
tions without requiring special coding of the Programmable Divider. Note that the
receiver uses a combination of high and low side injection and that the first I-F frequency
is restricted to 9. 0MHz.

The Out of Lock Disable block turns off the receiver buffer and transmitter buffer when
the SMO is out of lock or is the receive condition, The VCO is disabled in the two
unused MHz positions of the frequency selector.

Formulas for the synthesized frequencies are:
(Low band) fyco =2 (66.525 - . 025N) MHz

(High band) fVCO =2 (71.025 - .025N) MHz

where N is any selected number from 122 to 301.

4,2,2 SMO Circuit Theory

‘ 4.2.2.1 Circuit Theory

Elements Common to NAV and COMM SMOS. Due to the similarity in function, the
Mixer Low Pass Filter, Squaring Amplifier, Programmable Divider, Phase and
Frequency Comparator, Square Wave Voltage Translator, and VCO Low Pass Filter
circuitry is of common design in the NAV SMO and COMM SMO. The differences in
counter divide ratios are handled in the COMM and NAV wafer switching, The simi-
larity of design makes possible trouble shooting methods employing comparison
techniques. This is discussed in detail in Section V. In the following discussion, NAV
schematic reference numbers appear without brackets and COMM schematic reference
numbers appear with brackets.

BALANCED MIXER

The balanced mixer configuration was chosen to minimize spurious generation and to
provide isolation between the digital circuitry, the VCO, and the high reference os-
cillator. The balanced mixer consists of transformers, T206 (T304), T207 (T306),
diode quad CR207 (CR309) thru CR210 (CR312) and capacitors C232 (C364) and C233
(C365). Bifilar wound helical transformers and low capacitance, low noise, hot carrier,
mixer diodes are used to maintain mixer balance.

‘ March, 1971 Page 4-7
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Horizontal: 20nsec /DIV Horizontal: _ 20nsec/DIV
Trace: TP204 Trace: Pin 6 T207
Vertical: 200mv/DIV Vertical: 100mv/DIV
Selected Freq.: 112.50MHz Selected Freq. : 112. 500MHz
Actual Freq. : 48.65625MHz Actual Freq. : 53.93125MHz
696-6010-00

FIGURE 4-3 BALANCED MIXER

MIXER LOW PASS FILTER

Capacitors C239 (C375), C240 (C376) and inductor 1.204 (L305) comprise a basic pi-
section low pass filter, which is used to remove high frequency mixer products.

Page 4-8 : March, 1971 ‘
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MIXER LOW PASS
FILTER

Horizontal: 0.05usec/DIV
Trace: C241
Vertical: 50mV/DIV
Selected Freq. : 112. 50MHz

FIGURE 4-4 MIXER LOW PASS FILTER  696-6011-00
SQUARING AMPLIFIER
Transistors Q208 (Q312) and Q209 (Q313) are used in a complementary configuration to

provide wide band amplification and clipping. The output waveform is a 4 volt square
wave as indicated in Figure4 -5,

Horizontal: 0.05usec/DIV Horizontal: 0.05usec/DIV
Trace: ) Base Q208 Trace: TP206
Vertical: 50mv/DIV Vertical: 1V/DIV
Selected Freq.: 112.50MHz Selected Freq. : 112.50MHz
. Actual Freq: 5.275MHz Actual Freq: 5.275MHz
696-6012-00

FIGURE 4-5 SQUARING AMPLIFIER
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400KHz REFERENCE

The low frequency reference oscillator and its waveform are illustrated in Figure 4-86.
Transistors Q210 (Q315) and Q211 (Q316) are connected as an astable multivibrator.
Crystal Y202 (Y303 KX 175 only) acts as a series resonant element controlling the
oscillation of the multivibrator, The 400KHz low frequency reference signal is applied
to both the COMM and NAV phase and frequency discriminator circuits,

R242 Rz260

470 +5vDC 180 wHT +8.0VDC :
———" 48 :
1c246 :

:
H
32,1 bRza3 . .
Tiov $ai0 ------% ...... P— .....
\
\
I BUSY "R,
d
[
\
{)
b - - -
.
]
)

7--

R245 I
47K )

—

DL

l

Y202 a7
400 KHz %2| M

CJ201

DH EDTPZOS

—»{2.5psecle—

L.F REFERENCE 0SC.

696-6013-00

FIGURE 4-6 400KHz REFERENCE OSCILLATOR
DIGITAL CIRCUITRY
A. LOGIC REVIEW

Two types of logic circuitry are used in the KX 170A, KX 175, these are, Resistor-
Transistor Logic (RTL) and Transistor-Transistor Logic (TTL). Typical gate
schematics are shown in Figure 4-7. Typical supply voltages are 3. 6 volts for
RTL and 5.0 volts for TTL. Basic gates and JK Flip Flop are defined symbolically
and functionally in Figure 4-8. Inthe KX 170A /KX 175the Nand gates are TTL,
the Nor gates are RTL, and the J-K flip-flops are TTL.
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TTL
VCC
|
-
| —
OUTPUT ponin
RTL
- b Ve
o TN
.’ 1 .-7N
YN LT OUTPUT
ot .
LA N
' L s_
= ) = NOR
s 2 GATE
4 ﬁ _—
1 ;
[ :
696-6014-00

FIGURE 4-7 TYPICAL GATE CIRCUITS
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I. GATES _
Inputs Outputs
A. NAND All high (1) Low (0)
___DD— Any low (0) High (1)
B. NOR All low (0) High (1)
D Any high (1) Low (0)
C. AND All high (1) High (1)
-—ﬂ} Any low (0) Low (0)
D. OR All low (0) Low (0)

D Any high (1) High (1)

II. CLOCKED J-K FLIP FLOPS

RTL TTL . ‘

Q after

S C J K K next clock pulse —{ds) QF—
11 00 1 Output unchanged 0

01 010 0

0 0 110 Output changes state Ke) Q
10 101 1

RTL Change of state caused by clock pulse negative transition. :
TTL Change of state caused by clock pulse positive transition (KX 170A/KX 175
flip-flops).
: 696-6015-00
FIGURE 4-8 BASIC LOGIC FUNCTIONS

In a J-K flip-flop, output changes are initiated by the clock pulse according to the state
of the J-K inputs at the time of the clock pulse transition.

B. COUNTER REVIEW

The function of the counter is to provide one output pulse for every N input pulses.
This means F (out) = F(in)/N. In a programmable counter N may be selected from’
any one of several choices. Programmable counters are divided into two' classifi-
cations; reset counters and preset counters. The reset counter uses the principle
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that when the counter reaches a selected load state it sets to a fixed reset state
and then recycles. The preset counter reaches a fixed load state, sets to a select-
ed preset state and recycles.

Counters are further specified on the basis of the count method employed. The
most common method used is to establish a decimal weighted code for each flip-
flop and to gate the respective outputs accordingly. Refer to Figure 4-9a.

Typical of this method would be a binary counter. The KX 170A/KX 175 incorpor-
ates a shift-counter. In this system, the information is shifted from left to right
through the register giving a cyclical code. A typical shift counter is shown in
Figure 4-9b.

A) BINARY RESET B) SHIFT PRESET
. +
COUNTER SvDC COUNTER
T T —-4—oO INPUT
— a J Q J o»_l v @ I—J Q |_J Q J Q J Q
c c l—c C
‘ P cp cP cP cP 320 320 320 320
Lk Q K Q K @Q K Q K Q K K Q X o-—-l
(1 (2) 4) (8)
(A) (B) (C) (D)
WEIGHTED CODE I 2 4 8 WEIGHTED CODE A B C D
RESET STATE O 0o o0 o0 © o © 0 o0 o
] I o o o 1 i o0 0 o
(z o 1 o0 o© 2 o I o o
3 1 I o o 3 tf 0 1 o0
4 o o0 1 o© 4 o | o 1
5 b o 1 0 SELECTED | S o o 1 o
6 0 | ] 0 PRESET { 6 | o o 1
STATES
SELECTED | 7 | I 1 0 7 | I o o
LOAD 8 [ o o o 1 e | o 1 1 o
STATES 9 | 0 o) | 9 i 0 | |
10 o I o0 | 10 I e |
I | | 0 I 1" i | | o
12 0 0 | | 12 0 | | I
13 I o i | 13 o 0o 1 i
Lu o} 1 | I LOAD STATE |4 0 0O o0 |
15 Vo b
‘ FIGURE 4-9 RESET AND PRESET COUNTERS 696-6016-00
‘March, 1971 Page 4-13
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C. PROGRAMMABLE DIVIDER

RLOCKR D SUINILS oTLCC LIOI (=38 10%

by 15 (MHz selection) which provides a total of 300 states (2x10x 15). Since one
input pulse is used to strobe preset information into the registers, the counter has
a total of 301 available states (2x10x15)+1. Each input pulse steps the counter to
the next state. To divide by N, the counter is preset N states away from the load
state. After N input pulses, the load state is reached, an'output pulse is generated,
the counter is preset, and the count cycle is repeated. The division ratios are

301-102 (NAV) and 301-122 (COMM). The charts relating preset state and select-
ed channel for NAV and COMM SMOS appear as Tables 4-3 and 4-4.

N, MHz M, M; M, My Ny KHz Koo Ko K1 Kp K

— PRESET — — — — — PRESET —— 3
280 108 1 1 1 0 20 .00 1 1 1 1 0
260 109 0 1 1 1 19 .05 0 1 1 1 0
240 110 0 0 1 1 18 .10 1 0 1 1 1
220 111 0 0 0 1 17 . 15 0 0 1 1 1
200 112 0 0 0 0 16 . 20 1 0 0 1 1
180 113 1 0 0 0 15 .25 0 0 0 1 1
160 114 0 o1 0 0 14 . 30 -1 0 0 0 1
140 115 1 "0 1 0 13 .35 0 0 0 0 1
120 1186 0 1 0 1 12 .40 1 0 0 0 0
100 117 0 o 1 0 11 .45 0 0 0 0 0
80 1 0 0 1 10 .50 1 1 0 0 0
60 1 1 0 0. 9 .55 0 1 0 0 0
40 0 1 1 0 8 . 60 1 1 1 0 0
20 1 0 1 1 7 .65 0 1 1 0 0
6 .70 1 0 1 1 0
(Load State) 1 1 0 1 5 .75 0 0 1 1 0
' : 4 .80 1 1 0 1 1
3 .85 0 1 0 1 1
2 .90 1 1 1 0 1
1(Load. 95 0 1 1 0 1

State) ‘

Selected Frequency Division (N) = Ny + N9 + 1

TABLE 4-3 NAV PROGRAMMABLE COUNTER CODING _ '
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N; MHz My M; Mg Mg N, KHz Koo Ko K; Ky Kg
— PRESET — - — - — PRESET - — —
280 118, 127 1 1 1 0 20 .00 1 1 1 1 0
260 119,128 O 1 1 1 19 .05 0 1 1 1 0
240 120,129 0 0 1 1 18 . 10 1 0 1 1 1
220 121,130 O 0 0 1 17 .15 0 0 1 1 1
200 122,131 0 0 0 0 16 . 20 1 0 0 1 1
180 123, 132 1 0 0 0 15 .25 0 0 0 1 1
160 124,133 0 1 0 0 14 .30 1 0 0 0 1
140 125, 134 1 0 1 0 13 .35 0 0 0 0 1
120 126,135 0 1 0 1 12 .40 1 0 0 0 0
100 0 0 1 0 11 .45 0 0 0 0 0
80 1 0 0 1 10 .50 1 1 0 0 0
60 1 1 0 0 9 .bH 0 1 0 0 0
40 0 1 1 0 8 .60 1 1 1 0 0
20 1 0 1 1 7 .65 0 1 1 0 0
(Load State) 1 1 0 1 6 .70 1 0 1 1 0
5 .75 0 0 1 1 0
4 .80 1 1 0 1 1
3 .85 0 1 0 1 1
. 2 .90 1 1 1 0 1
1(Load. 95 0 1 1 0 1
State)

Selected Frequency Division (N) = Ny + Ng + 1

TABLE 4-4 COMM PROGRAMMABLE COUNTER CODING

Figures 5-50 and 5-51 show the integrated circuits in the relationship that they appear
on the NAV SMO and COMM SMO printed circuit boards. The Counter Timing Diagram
appears in Figure 5-32. Figure 4-13 presents the digital circuitry symbolically. The
black line portion is the programmable divider. J-K flip-flop 1 1201 (I301) performs the
divide by 2 function. During normal operation, the J-K inputs, Pins 3, 5, and 15 are
high and Pin 4, the K input, is low. Reference to the truth table of Figure 4-8, reveals
that in this mode of operation, the J-K flip-flop toggles on every positive transition of the
clock pulse. Each time the Q1 output (Pin 6) goes positive, the clock pulse line of the
9300 1206 (I306) is clocked.

Flip-flop 2 presets flip-flop 1 when the counter reaches the load state. During normal

operation the J9 inputs, Pin 13 and 14 are high, the Ko input, Pin 12, is high, and
flip-flop 2 remains with Qg high, regardless of the Kpqg input to pin 11. When the load
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A T 4
KING
KX 170A /KX 175

T AART T3 Tl 7T 1T T 11y

COMMUNICATIONS TRANSCEIVER

state is reached, pin 6 of the 9004 1204 (I304) goes negative. If the preset input, pin

11 is high, the preset clock-pulse will drive Qg low. If the preset input, pin 11, has
been low the next pulse would leave Qg2 high. If pin 10 (Q9) remains high then the K input
to flip-flop 1 remains high and flip-flop 1 continues to act as a toggle flip-flop. However,
if pin 10 goes low, flip-flop 1 automatically shifts a high state to the Q1 output at pin 6.
The divide by 2 function and the preset waveform are illustrated in Figure 5-32.

The 9300 is a synchronous, 4 flip-flop shift register. Serial entry is available through
the J-K inputs during positive clock transitions. Parallel entry is through Pg, Py, Py,
and Pg3 inputs when simultaneously: the Parallel Enable (PE) port is low and the clock
pulse (Cp) makes a positive transition. Outputs Rp, Q1, Qe, Q3, C_Q3 and an asynchro-
nous master reset (MR) are externally available. The 9300 internal logic is shown in
Figure 4-10,

;
Y

Po

Q3

696-6017-00

FIGURE 4-10 9300 LOGIC

-Two input nand Gate D 1203 (I303) and the KHz 9300 1206 (I306) are connected to_provide
a 10 state shift counter, The 9004, Section B of 1204 (I1304), is used to monitor Q1

of flip-flop 1 and Qgp, Q1 and Q3 of the KHz 9300. When the 4 inputs are high, the out-
put goes low. The next clock pulse toggles flip-flop 1 causing the output of the 4 input
nand gate to go high providing the clock pulse to the MHz 9300 1202 (I302) . The 9004
provides 1 output pulse for every 20 input pulses to flip-flop 1. See Figure 5-32,
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The J and K gates on the MHz 9300 are wired to provide a 15 state counter. Section
A of the 9004, 1204 (I304), monitors the inverted clock pulse and Qg, @1, and Qg of
the-MHz 9300. The counter load state occurs when all of these inputs are high. In
the load state the 9004 output goes to a low voltage, providing a parallel enable to
the 9020 and the 9300's. The next clock pulse transition strobes in the preset in-
formation.

Note that the 9300 has a persistent all one state. This means that if for any reason
QO, Q1, Qg, and Qg3 all have ones, the 9300 will continue to shift ones to the input.
This undesirable mode of operation could cause the +10 or +15 counters to latch in
the all ones state. If this situation occurs in either 9300, the associated 9004 gate
output pulses with every clock pulse to quickly toggle to the load state. When the
load state is reached, the preset information is strobed into the 9300's and flip-flop
1, correcting the persistent all one state in the 9300. Normal operation ensues.

PHASE AND FREQUENCY COMPARATOR

Schematics 5-50 and 5-51 show the integrated circuits in the relationship that they
appear on the NAV SMO and COMM SMO printed circuit boards. 'The Phase and
Frequency Comparator Timing Diagram appears in Figure 5-33. The red line
portion of Figure 4-13 presents the Phase and Frequency Comparator symbolically.

The 400KHz low reference oscillator square wave is divided by the 9989 1205 (1305)
to provide a 25KHz reference. Two input nor gates B and C in MC817P #2 1208(1308)
are interconnected as a set-reset flip-flop. This flip-flop is used to provide phase
comparison of the programmable counter output pulse and the 25KHz reference pulse.
When the loop is properly phase locked, there is a one for one pulse relationship
between the 25KHz reference and the programmable divider 25KHz output, and their
relative phase is constant. A positive going pulse at Pin 6 of 1208 (I308) causes

Pin 5 to go negative and resets the flip-flop. A positive going pulse from the counter
to Pin 9 causes Pin 5 to go positive and sets the flip-flop. The output of the flip-
flop during phase lock conditions is a square wave with a duty cycle proportional to
the relative phase of the two pulse trains.

When the system is out of lock, the programmable counter output frequency need
not equal 25KHz. More pulses are received at one port of the set-reset flip-flop
than the other. If a pulse is received at one set-reset port, and the associated
frequency divider counts to a load state again before a pulse appears at the other
set-reset port, the divider latches and waits for the desired pulse on the second
port. When a pulse is finally received at the second port, the counter unlatches
from its load state and immediately pulses the first port. This type of operation
results in a set-reset flip-flop output that is nearly all high or all low depending on
whether the counter is below or above the desired frequency. See Figures 4-11
and 5-33.
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LATCH
AMMA LOAD LOAD STATE
O S L
SENSE COMPARATOR
)
— S Q
—»R Q ~_—><—o——OUTPUT
400 KHz LOAD LOAD STATE
400KHz —» ——e—» STATE —» RESET
DIVIDER SENSE COMPARATOR
ILATCH
696-6018-00

FIGURE 4-11 BASIC PHASE AND FREQUENCY COMPARATOR SYSTEM
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The programmable counter latches when pin 14 of 1201 (I-301) goes negative. Gates B
and C in 1203 (I1303) and B in 1207 (I307) are used to sense coincidence of the counter
load state and the flip-flop set state.

The divide by 16 1205 (I305) latches when pin 1 of gate A in 1207 (I307) goes positive.
Gates C and D of 1207 (I307) and A of 1208 (I308) are used to sense the divide by 16
load state and the flip-flop reset state coincidence,

The basic transfer function of the Phase and Frequency Comparator is illustrated in
Figure 4-2C and 5-33. If power is turned on or channels are changed the appropriate
high or low voltage is generated to sweep the VCO toward the selected channel frequency,
whereupon the VCO is captured by the reference frequency with phase sensitive detector
action.

E. OUT OF LOCK TX DISABLE

When Q307 is biased off, the Transmit Buffer, Q306, and Receiver Buffer, Q303,
are disabled. During proper phase lock operation, the base of Q307 is high,
saturating the transistor and enabling the Transmit and Receive Buffers.

If the loop fails to lock, the frequency discriminator supplies a latch signal to either

’ the Programmable Frequency Divider or the 400KHz divide by 16. The latch signal
causes either pin 12 or 13 of 1308 to go positive, causing the gate output, pin 14, to
go to ground. Failure modes occur that could cause pulsations to occur on the gate
output at pin 14. Capacitor C564 holds the low voltage peaks at pin 14, turning Q307
off and disabling the Transmit and Receive Buffers.

F. VOLTAGE TRANSLATION CIRCUIT

Transistors Q204 (Q308) and Q205 (Q309) are used to amplify the set-reset flip-flop
output and to provide voltage translation to obtain the proper voltage for the VCO
bias.

TP202
R2/3
Q204 EIE
10%

R215
Q205 el

28 KHz  lrae
VOLTAGE $ 0%
TRANSLATO R

CR202

+
+C214 234
Bapt Tiov
ov ESPZ =

FIGURE 4-12 VOLTAGE TRANSLATOR CIRCUIT (NAV)
(Dwg. No. 696-6019-00)
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1/4 9002

+5VDC :}- 172 9004

Ul |

Koo PRESET

174 MC 8ITP
13

(7) 1207,(1307)
2ce (8) I208,(1308)

_ A » Koo
914 K PRESET ENABLE

Ko K| Ka Ky
9020 s I . 29 1a |s e |7

J €D ql® r_LJPE fy P Py Py L 2]

CLOCK T l = Ll
PULSE - £ cp | 10 KHz 10
3

1]

cp ()

INPUT 9300

MR Qg Q) 02 Qp

N G CRCR(E v 5 haTs ||2
ol 123 8l 2

5 I !

3 5
+10 (I00KHz) A
2 +15 (MHz)

sept
IN2T70 %4.7»(

__ COMPARATOR
> ouTPuT

FIGURE 4-13 SIMPLIFIED PROGRAMMABLE DIVIDER
PHASE AND FREQUENCY COMPARATOR
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108. 00 MHz

118. 00MHz . 122, 50MHz 126. 95MHz

127.00MHz 131. 50MHz 135. 95MHz

Low Pass Filter Input (Square wave) and Filtered Output (D-C)
Base Line 0 Volts
Vertical 2 Volts/DIV
Horizontal  10usec/DIV

696-6021-00
FIGURE 4-14 TYPICAL WAVEFORMS

VCO LOW PASS FILTER
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G. VCO LOW PASS FILTER

The filter includes an elliptic low pass section to recover D-C voltage from the 25KHz
square wave and a lead-lag section to provide loop stability. See Figure 4-14 and 4-15.

vCO
LOW PASS FILTER

— A R210 TP
R209
P20 820 LK 202

R2IH
390

13

+
= & c2i =62
VT Bagpt C_Dé.luf

FIGURE 4-15 VCO LOW PASS FILTER
(Dwg. No. 696-6022-00)
4.2.2.2 Circuit Theory - SMO RF Circuits

VOLTAGE CONTROLLED OSCILLATORS

The VCO-is an inductively tuned, Colpitts oscillator. See Figure 4-16.

TUNING
VOLTAGE

(a) (b) = ()

FIGURE 4-16 BASIC VCO PRINCIPLES
(Dwg. No. 696-6023-00)
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A parallel tuned circuit is formed in (a) by Ly, and the series combination of Cye and
Cec- Regeneration is provided by positive feedback from the emitter to base. Tuning
is accomplished by varying the inductance of Ly, .. Since w Ly, = wlLq - ‘wl in (b),
tuning may be done by varying the bias on Cy. R, in (c) is used as an oscillator pickoff
point. Refer to Figures 4-17 and 4-18 for circuitry. :

+8.5vVDC

T c268 lCZG?

/_L\ 470 TO.Ipf

C20l

R203
470
‘ *c202 | L Cc205
2ot €203 56
1OV j_\ .5Kpf Cc204
= 1 56 Q201=

> VHF OUT
R20S
! NAV
L 20! = - ROV

TUNING
Rlz}?8|0°/ R207 500 VOLTAGE

;_*_‘ ° 2.0K 'TUNING
= I VOLTAGE

c208 €209

/lxeso O. Ipf

FIGURE 4-17 NAV VCO

: (Dwg. No. 696-6024-00)
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FIGURE 4-18 COMM VCO
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The COMM VCO is switched from the high band (127, 00 - 135, 95MHz) to the low band
(118, 00 - 126. 95MHz) by switching in trimmer capacitor C314, The bias ground returns
(cathodes of CR301 and CR302) are opened to disable the COMM VCO in the two unused
MHz positions, L201, (C314) and (C315) provide an alignment adjustment for the NAV
and COMM VCO's,

BUFFER AMPLIFIERS
The buffers are class A, broadband amplifier stages. NAV buffer stages include Q202

and Q203, COMM buffer stages include Q303, Q304 and Q306. The COMM transmitter
buffer stage Q306 is disabled during receive by Q305 and during SMO failure by Q307.

Q304

RECEIVER BUFFER y asie
TR 330 T2 MIXER
+8.5vDC TX. ENABLE SWITCH
R318
470 Q305

TRANSMIT |
ENABLE . e
switen T 630! R3I7 a3
1500 27K e

10% = 470

+8.5vDCO

h 27
q TRANSMIT

ig?;‘ BUFFER
33 : kzz';(z)z' Tl %g%'é '

Q307
€96-6026-00 j:\‘g%go -

FIGURE 4-19 COMM SMO BUFFER AMPLIFIERS
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IMPLICIT DIVIDE BY 2

This circuit includes a mixer and an amplifier connected as shown. Regeneration occurs
if the gain of the amplifier is greater than the insertion loss of the mixer. The only
stable condition occurs when fou¢ = 1/2j,. A balanced mixer configuration is used to
provide isolation. The amplifier is a low Q tuned amplifier. The implicit divide by two
block diagram is shown in Figure 4-20. '

-

in/z

Fou\‘ = Fin —Fout
F|n = 2 Fout

FIGURE 4-20 IMPLICIT DIVIDE BY 2 DIAGRAM
(Dwg. No. 696-6027-00)

Horizontal: 10nsec/DIV
Upper trace: TP203
Vertical: 0.5V /DIV
Lower trace: TP204
Vertical: 0.2V /DIV

Selected freq: 108.65MHz

FIGURE 4-21 NAV IMPLICIT DIVIDE BY 2 CIRCUIT

(Dwg. No. 696-6028-~00) ‘
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° +88 vDC

£355
_1_%35?
R334 Iy
% loo T +2 AMPL.
Laszs Lcas? 303

39K T 1500 @310

2}
&
Ayl

+2 MIXER
CR307

FIGURE 4-22 COMM IMPLICIT DIVIDE BY 2 CIRCUIT
‘ (Dwg. No. 696-6029-00)

REFERENCE OSCILLATOR
A Colpitts oscillator configuration is used. The crystal forms a parallel tuned circuit

with the series combination of Cpe and Cgg. Cbe provides regenerative feedback to the
base.

o
1
=
O
3
=
o

FIGURE 4-23 SIMPLIFIED COLPITTS OSCILLATOR
(Dwg. No. 696-6030-00)
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The parailel combination of X .-Xy,1 is selected to be capacitive at the desired crystal
overtone frequency and inductive at lower frequencies to suppress oscillations at the
fundamental and lower overtone frequencies.

In the COMM High Reference Oscillator the 71. 025MHz crystal is selected for high SMO

band (127.00 - 135.95MHz) and 66. 525MHz is selected for low SMO band. (118.00-126, 95-
MHz) operation. See Table 4-2 for corresponding receive and transmit frequencies.

a) NAV HIGH REF. OSC. +8.9v0C

R232 4
300

Mi

Lo

§

§ —I656 — || 7

b) COMM HIGH REF. OSC. X 190,10% o

R348 R346
18K 36X 10%

Y302 U n3er?
66 525 M7 ot  Yew
= 0%

L_c3n

TO.IM

696-6031-00
FIGURE 4-24 HIGH REFERENCE OSCILLATORS
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4.3 COMM TRANSCEIVER
4.3.1 BLOCK DIAGRAM THEORY (Figure 5-49)

The KX 170A/KX 175 COMM receiver section is a dual conversion, superheterodyne
receiver with a 9, 0MHz first [-F and a 861, 25KHz second I-F frequency. 360 channels
are synthesized at the first mixer. Low side injection is used for channels 127. 00 -
135, 95MHz and high side for 118, 00 - 126, 95MHz,

The received antenna signal is coupled to the preselector through a diode T/R switch.
A 2-pole, varactor tuned, R-F filter couples the antenna to the R-F stage. A second
varactor tuned filter couples the amplified R-F signal to the 1st mixer and supplies
additional image and 1/2 I-F spurious rejection. The amplified R-F signal is mixed
with the synthesized injection frequency in a balanced mixer. A two pole crystal filter
couples the difference frequency to the second mixer and provides image and 1/2 I-F
selectivity, The 8. 13875 MHz crystal controlled 2nd local oscillator develops injection
for the 2nd mixer. The 2nd I-F contains two integrated circuit (I-C) amplifiers with
three double-tuned interstage networks for additional receiver selectivity. An active
detector/noise limiter provides audio gain, rate noise limiting, and 90% AM clipping of
noise spikes. A two stage AGC amplifier is used to AGC the R-F stage, and the 1st
I-C amplifier in the 2nd I-F strip. '

The receiver is approximately 6db into AGC with no input signal. This eliminates con-
ventional gain threshold effects and establishes a constant ""Signal plus noise ' at the
detector output., The detector noise bandwidth is approximately 15KHz, A noise filter
passes white noise containing frequency components above TKHz. The filtered noise

is amplified and used to operate a squelch gate. When detected white noise drops below
a preset threshold, the squelch gate opens. If a detected audio tone falls within the
filter passband, it is treated as noise and blocks the squelch. A carrier squelch over-
comes this problem by opening the squelch gate when the AGC exceeds a predetermined
voltage. Receiver Audio passes through the volume control, an audio amplifier and is
coupled to the audio summing junction.

The summing junction accepts four auxilary audio inputs including NAV. A diode switch
mutes the summing junction and connects the mike element to the audio power amplifier
during transmit. Headphone/sidetone is capacitively coupled from the audio drive amp-
lifier to the phone jack and is still operable with a blown fuse and shorted audio output
or R-F power transistors. The push-pull audio amplifier supplied 6 watts to the
balanced primary of the output transistor. The secondary includes separate speaker
and modulation windings.

The transmitter is a solid state, 4 stage, broadband, 30db gain, R-F power amplifier.
Collector modulation is applied to the driver and final stages. The low pass filter
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provides harmonic spurious rejection. COMM SMO band switching, speaker/modulator
headphone/sidetone and antenna connections are controlled with a T/R relay. A series
regulator supplies 8.5 volts to R-F/audio circuitry, and a zener regulator maintains
5.0 volts to digital circuitry used in the frequency synthesizers.

E

4.3.2 COMM TRANSCEIVER CIRCUIT THEORY

4,3.2,1 PRESELECTOR (Figure 5-52)

The R-F input signal is coupled to Q411 through the top coupled, two pole filter.
Varactor diodes CR416 and CR417 tune the filter in 2MHz steps according to the bias
voltage received from the MHz tuning wafer. Variable inductors 1.407 and L409

provide filter alignment, Inductive coupling (L408) is used to maintain a fairly con-
stant coefficient of coupling over the band., Fixed capacitance is designed into the tanks
to absorb transistor capacitance. The filtered R-F signal is amplified by R-F Amplifier
Q411, Forward AGC voltage is applied to the base. The amplified R-F signal is further
- filtered by CR418, CR419, L411 and L413 and coupled to balanced mixer transformer,
T412. The COMM frequency synthesizer develops 10mw of Local Oscillator power
across the primary of T413. Capacitor C482 matches the characteristic impedance of
the crystal filter.

H

4,3.2,2 FIRST I-F FILTER (Figure 5-52)

The difference frequency (9MHz) is coupled through the two pole crystal filter (FL403)
and applied to the base of the 2nd mixer, Q413. Tuned circuits, T414 and T415 provide
reactive tuning of the crystal filter.

4.3.2.3 SECOND LOCAL OSCILLATOR (Figure 5-52)

The second Local Oscillator (Q409) is a Pierce oscillator. Crystal Y402 forms a
parallel resonant circuit with the series combination of C463 and C460. The tap be-
tween C463 and C460 provides 180° phase inversion of the collector feedback signal to
provide regeneration.

I

Rfc
Y402

Q409

C463
C460 I

696-6033-00
FIGURE 4-25 SIMPLIFIED PIERCE OSCILLATOR
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4.3.2.4 Second Mixer, (Figure 5-52)

The 1st I-F and the 2nd Local Oscillator signals are injected on the base of the second
mixer, Q413. The difference frequency appears at the collector.

4.3.2.5 Second I-F (Figure 5-52)

The three top coupled, double tuned filters, consisting of T416-421 and C484, C487 and
C491 provide receiver selectivity. Load resistors across T416-421 swamp variations
in active device impedances to provide uniform band pass characteristics. Integrated
circuits 1404 and 1405 are differential amplifiers with constant current sources, internal
biasing and decoupling resistors. See Figure 4-26. A positive voltage applied to R474
causes a differential unbalance and AGC action in 1404. In addition diode CR425 is
providing a variable resistance, shunt path to ground through C490. Resistor R473 is
used to minimize ''deQing' of T417 with AGC action.

R
8 50n
+o AN ' O |
8
4: R2 V +
;» 2.5KN OUTPUT I 7
3 DECOUPLING OUTPUT

Q4
5 3 5
o——4 Ql ‘ INPUT INPUT

LOwW
HIGH 6ND

4
(TOP VIEW)
[_{:' GNO 696-6034-00

* o
FIGURE 4-26 SECOND I-F INTEGRATED CIRCUIT SCHEMA'I'IC

4.3.2.6 Detector/Noise Limiter (Figure 5-52)

CR426 and R481 develop a trickle bias for collector detection transistor, Q414. Emit-
ter feedback resistor, R482, provides a high base impedance to minimize the loading

of T421. Detected audio voltage gain is determined by the ratio of the effective collector
resistance and R482, C496 establishes the collector time constant in conjunction with
the parallel collector resistance.

Noise limiter action occurs when CR427 is back biased. Detected audio is attenuated
by R489 and R490. Resistors R488 and R492 establish a forward bias current through
CR427. The charge storage of C498 establishes a D-C reference. Positive noise peaks
back bias CR427 when the cathode rises to within 0.6 volts of the D-C reference.

R492 and C499 establish a time constant that restricts the rate of change of voltage at
the anode of CR427. The rate limiting effect rounds off the leading edges of fast rise
time noise spikes. C499 couples the audio signal to the squelch gate.
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4.3.2.7 AGC Amplifier (Figures 4-27, 5-52)

. "+8.5vDC
0" s AGC AMPL
% § CR432
5.6V
| L %,
SR485  Ragg
b3S Q4i6
7892 30 R499
A 100
R49 u 5333%
C497
2.2k 2\5,1 15v 5% <
RF AMPL. .C;,,”I rag? , Pt TX DISABLE
15V CR428
FROM
DETECTOR -
LNi9)
[ Gl
e 130
| 12 5%
L=
. case |3
0.1yt
e Py
8K car? =
SRA62 8 T graes )
SIK = $100 €490 Solo
T o2yt T~
S R4TS
“R424 : 5
€3V 5%
AGC ] AGC
+8.5V0C 696-6035-00

FIGURE 4-27 COMM AGC SYSTEM

During radio turn on, the voltage at TP411 is approximately 1 volt and is established by

the R-F, and I-F bias currents flowing through R493 to ground. R487 and C495 filter 2
the detector output and apply the resultant D-C to the base of Q415. Q415 compares the

AGC threshold reference voltage generated by R484, CR432, R485, and R486 with the

filtered detector signal. Q415 and Q416 jointly provide AGC amplification; C497 prov1des
additional AGC filtering. Zener diode, CR424, provides R-F AGC delay to assure

proper receiver quieting.
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4.3.2.8 Noise AMP and Filter. (Figure 5-52)

C501, C502, C503, R500, L414 and the input impedance of Q419 form an elliptic high
pass filter that rejects frequencies below TKHz. Q419 amplifies the noise. R504 and
RT501 provide temperature compensation. R483, the Carrier/Noise Squelch Adjust,
controls the amount of filtered noise at the tie point of R504 and RT501.

4.3.2.9 Carrier to Noise Squelch Gate (Figure 5-52)

Q420 and CR429 develop 7. 5VDC across C508 when the peak to peak voltage of the white
noise exceeds the sum of the forward voltages of the junctions of Q420 and CR429
(approximately 1.3V p-p). On positive voltage swings, Q420, charges C508., On nega-
tive swings, CR429 clamps C507 against the new voltage on C508. Each positive noise
peak is integrated, increasing the D-C voltage across C508 until Q420 saturates at an
emitter voltage of approximately 7.5 volts. When the noise falls below the squelch
threshold, R506 discharges C508 causing squelch gate diode CR431 to pass audio signals.

4.3.2.10 Carrier Squelch. (Figure 5-52)

Q417 and Q418 form a differential amplifier for comparison of the AGC voltage with the
carrier squelch adjustment, When the AGC voltage exceeds the reference voltage, the
collector of Q418 goes negative, forward biasing squelch diode CR431.

4.3.2.11 Squelch Test. (Figure 5-52)

The test switch grounds the cathode of CR430 causing the squelch gate diode, CR431, to
pass received signals.

4.3.2.12 Audio Preamp/Volume Control. (Figure 5-52)

Audio passes from the squelch gate to the volume control located on the front panel,
and back to class A audio amplifier, Q410. The amplifier audio is connected to summing
junction resistor R703.

4.3.2.13 - Summing Junction T/R Diode Switch. (Figure 5-53)

Resistor R703-7C7 and R722 provide a summing junction. In the receive condition,
CR701 is reverse biased and CR702 is forward biased, passing audio to the audio pre-
driver stage, Q701. When the mike is keyed, the T/R relay grounds R721, which
mutes CR702 audio and forward biases CR701 applying mike audio to Q701,

4.3.2.14 Audio Power Amplifier. (Figure 5-53)

Transistors Q701-706 are connected in a conventional audio power amplifier configura-
tion. Headphone sidetone is coupled from the collector of Q702 through C709. Headphone
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sidetone is obtained by connecting resistor R719 in series and variable resistor R726 in
shunt with the headphone during transmit. Failure of the fuse F701 makes the T/R
relay (K701), the transmitter (Q601-604) and the push-pull audio amplifier (Q703-Q706)
-inoperable. Headphone audio remains functional. '

4.3.2.15 Transmitter. (¥Figure 5-53)

The inputs to the VHF power amplifier are, the R-F output from the buffer amplifier in
the COMM/SMO and audio from the audio modulator. When the microphone switch is
depressed, a CW signal is coupled through C602 to the base of Q0L Q601 output from
transformer T601 is coupled through C605 to the base of Q602, the pre-driver amp-
lifier., The output of Q602 consists of the tuned circuit of T602, C609, and C610 and
couples to the base of the driver amplifier Q603.

The driver amplifier Q603, has dual emitters which are R-F by-passed by C611 and
C612. The ouiput tuned circuit T603, C618 and C619 drives the final amplifier. R613 is
used to de-Q transformer T603. Transformer T604 and capacitor C622 match the
transmitter to the low pass filter through capacitor, C623.

RF Amplifiers Q601 and Q602 are supplied a filtered voltage from the radio D-C power .
source,

The resistor and diode combination of R608, R615, CR601 and CR602 provides. full
modulation to Q604 and upward modulation only to Q603.

<

4.5.2.16 Low Pass Filter. (Figure 5-53)

The low pass filter is a 3 section elliptical filter made up of sections FL601, FL602,
and FL603. TIts purpose is to greatly reduce the harmonic output signals from the power
amplifier. The filter output couples directly to the antenna jack J172.

The resistor and diode combination used in the first two sections provide T-R switching.
In the receive condition the relay K701 supplies a positive D-C voltage to diodes CR603
and CR604 through resistors R616 and R617. The capacitors C625 and C626 are VHF
bypasses, and choke L604 provides a D-C voltage return. Received signals pass through
the 3rd filter section FL603, diode CR804, and then to the receiver. Diode CR603 acts
to minimize the insertion loss of the T/R switch. [n the transmit condition, the D-C
voltage is removed from the resistor, diode combination by relay K701 and the R-F
power from the transmitter reverse biases diodes CR603 and CR604 due to self-
rectification.

Page 4-34 . ' March, 1971




. | KX lmX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

4, 3.2, 17 Input Power Line Filter

The 13. 75V input power line is filtered by an L section low pass filter network, using a
series inductor L701 with shunt capacitors C711 and C712 (See Figure 4-28)., The R-F
Transmitter, Audio Driver and Audio Output derive power from the filtered 13, 75VDC

buss, The COMM voltage regulator input is also obtained from this filtered supply.

L70!
Imh P/O PITI
o _T_ ~vr_ (ORN/WHT) +13.75VDC_IN 18
j—c7|| c712 GND

1900pf 680 2l
T T T

696-6036-00

FIGURE 4-28 INPUT POWER LINE FILTER
4,3.2.18 COMM Voltage Regulator. Fig, 4-29

the attenuated output voltage at the wiper of pot R132 with the reference voltage at the
cathode of zener diode CR103. Additionally Q104 amplifies the error signal and provides
negative feedback to the base of Q105, -

‘ Transistors Q102 and Q105 form a series regulator element, Transistor Q104 compares

4,3.2.19 NAV Voltage Regulator. Fig, 4-29

Transistors Q101 and Q103 are connected to form a series pass element. Zener diode
CR102, provides reference voltage to the series pass element,
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NAV. +13.75VDC  YEL/WHT @ FROM NAV FILTER
INPUT +13.75vDC

Qtol

NAV. +8.5VDC REG.  GRY 29) 7O NAV. REC., NAV. SMO,
OUTPUT SI0S FOR G.S. SWITCHING.

CRI02 +8.0VDC WHT /2~ TO AUDIO BOARD AND
NAV SMO 400K.C. OSC

COMM. +i3.75vDC ORN/WHT@ FROM COMM. FILTER
INPUT o +13.75vDC
Cl03 -
100ut |
16V
COMM. +8.5vDC  ORN/GRY 47 TO COMM. REC., COMM. SMO,
REG. QUTPUT SI02 TUNING VOLT.
RI31
470
5% -
696-6037-00
RI32
> 1K
Qio4 JC.W
R130
CRIO3 I. 5K
5.1v 5%

FIGURE 4-29 REGULATOR SCHEMATICS
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4.4 NAV RECEIVER
4.4.1 BLOCK DIAGRAM THEORY (Figure 5-48)

The KX 170A/KX 175 NAV receiver section is a dual conversion, superheterodyne
receiver with a 15, 1875MHz first I-F and a 1. 1857TMHz second I-F frequency. The 200
channels are synthesized at the first mixer and low side injection is used for all channels,

A 2 pole, varactor tuned, R-F filter couples the antenna to the R-F stage . A single
pole, varactor tuned filter, couples the amplified R-F signal to the 1st mixer and
supplies additional image and 1/2 I-F spurious rejection. The amplified R-F signal is
mixed with the synthesized injection frequency in a balanced mixer.

A crystal filter couples the difference frequency to the second mixer and provides
image and 1/2 [-F selectivity. The 14, 0018MHz, crystal controlled, 2nd Local Oscil-
lator develops injection for the 2nd mixer. , The 2nd I-F contains two [-C amplifiers
with three double tuned interstage networks for receiver selectivity. An active detector
provides audio gain. An emitter follower couples the detector signal to the noise limit-
er and the AGC amplifier., The noise limiter clips noise peaks corresponding to greater
than 90% AM modulation and provides rate limiting. A two stage, AGC amplifier is used
‘ to AGC the R-F stage, and the 2nd I-F strip.

The receiver is approximately 6db into AGC with no input signal. This eliminates con-
ventional receiver gain threshold effects. The audio signal from the rate noise limiter
nasses through a panel switch controlled 1020Hz ident filter, the volume control and
then to an I-C audio amplifier providing a 50mw 600 ohm output.

4.4.2 NAV RECEIVER CIRCUIT THEORY
1.4.2.1 Preselector (Figure 5-52)

The R-F input signal is coupled to the R-F amplifier Q401, through a capacitor coupled
two pole filter. Variable inductors, L401 and L403 provide filter alignment. Varactor
diodes CR401 and CR402 tune the filter continuously according to the bias voltage
received from the NAV VCO. The filtered R-1" signal is amplified by R-F amplifier,
(401, and gain is controlled by applying forward AGC voltage to the base. ‘T‘he amp-
lifted -t signal is filtered by 1.405 and CR403, tuned by the bias voltage from the
NAV SMO, and coupled to the balanced mixer transformer, T401. The NAV frequency
synthesizer develops 10mw of L.ocal Oscillator power across the primary of mixer
transformer 1402,
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4.4.2.2 First I-F Filter (Figure 5-52)

The difference frequency 15. 1875MHz generated by the balanced mixer, CR404-407,
T401, and T402 is matched to the crystal filter through C415. The crystal filter output
is capacitively coupled {(C41i7) to the base of the second mixer Q403.

4.4.2.3 Second Local Oscillator (Q408) is-a Pierce oscillator. (Figure 5-52)

Crystal Y401 forms a parallel resonant circuit with the series combination of C448 and
C447. The tap between C448 and C447 provides 180° phase inversion of the collector
feedback signal to provide regeneration. (See Figure 4-27) :

4.4.2.4 Second Mixer (Figure 5-52)

The 1lst I. F. and the 2nd Local Oscillator signals are injected on the base of the second
mixer, Q403. The difference frequency appears at the collector. -

4.4.2.5 SecondI. F. ( Figure 5-52)

The three capacitor coupled, double tuned filters consisting of T405 - 410 and C419,
C424 and C428 provide receiver selectivity. Load resistors across T405-4190

swamp variations in active device impedances to provide uniform band pass character-
istics. Integrated circuits [401 and 1402 are differential amplifiers with a constant
current source, internal biasing and a decoupling resistor. See Figure 4-28. A
positive voltage applied to R414 causes a differential unbalance and AGC action in 1401.
In addition diode CR409 is forward biased, providing an AGC'd shunt path to ground
through C422. Resistor R413 is used to minimize "de Q ing"' of T406 with AGC action,

4,4.2,6 DETECTOR/NOISE LIMITER., (Figure 5-52)

CR410and R421 developa trickle bias for collector detection transistor, Q404. Emitter
feedback resistor, R424, provides a high base impedance to minimize loading of T410,
Voltage gain of the detected audio is determined by the ratio of the effective collector
resistance and R424. (437 establishes the collector time constant in conjunction with
the parallel collector resistance. Emitter follower, Q405, serves to minimize the
loading effect of the noise limiter on the detector (Q404) output.

Noise Limiter action occurs when CR411 is reverse biased. Detected audio is attenuated
by R428 and R427, Resistors R429 and R430, and diode CR412, establish a bias current
through CR411. The charge storage of C440 establishes a DC reference. Positive noise
peaks back bias CR411 when the cathode rises to within 0, 6 volts of the DC reference.,
R429, (439 and C438 establish a time constant that restricts the rate of change of volt-
age at the anode of CR411, The rate limiting effect rounds off the corners of fast rise
time noise spikes., (439 couples the audio signal to the ident filter.
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4,4,2,7 VOR/LOC OUTPUT (Figure 5-52)

The VOR/LOC signal is available at the collector of detection transistor Q404. R425
is provided to set the VOR/LOC output level that is coupled through C443 to the rear
connector of the KX 170A/KX 175,

4.4.2.8 AGC AMPLIFIER (Figures 5-52, 4-30)

During radio turn on, the voltage at TP406 is approximately 1 volt and is established
by the R-F, and I-F bias currents flowing through R437 to ground. R431 and R432 with
C444 and C441 filters the detector output and applies the resultant D-C to the base of
Q406, Q406 compares the AGC threshold reference voltage at the junction of RT502
and R434 with the filtered detector signal.

Q406 and Q407 jointly provide AGC amplification, C442 provides additional filtering,
A trade off is made between AGC response time and AGC line filtering of the 30Hz
component of the detector signal., The AGC amplifier/filier network shifts the 30Hz
residue 180° from the detected 30Hz, which minimizes phase distortion of the 30Hz AM
component of the VOR signal. '

Zener diode CR408 initially conducts in the forward direction applying full AGC to the

‘ I-F. As signal level increases, CR408 is biased off applying full AGC to the RF stage,
A further increase of the RF signal causes the diode to conduct in the reverse direction
applying AGC to both the R-F and I-F stages.

+8.5vDC

RF AMPL. razs &

40| 5 TP406
i B
Ra3I = R438
g K
S . S
= TP4|
AMPL 4 + R437
\ 1 ca44 cas ca42 Ao
S R403 [ . Tlospt T is0p T 50t 3
S 1K Sl gR414 cgﬁz = = ov = ov 5%
5% ;Isé/:( I: 0Zpt =
::§43I5
CR4OB  J a5t
3.3V
AGC AGC
+8.5V0C
696-6038-00

FIGURE 4-30 NAV AGC SYSTEM
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4.4.2.9 IDENT FILTER/VOLUME CONTROL. (Figure 5-52)

C439 counles the audio signal to the Ident Filter. The 1020 Hz tone filter L.703 and C716
are switched in or out by the front panel Ident Switch. The audio signal passes from the
Ident Filter to the volume control on the front panel and back to the I-C audio amplifier
[403. Components R448, R449, L406 and C454-C457, form an elliptic low pass filter
providing a sharp frequency rolloff above 3KHz. R450 and C458 develop negative feed-
back to stabilize gain and minimize broadband output noise. Transformer T411 trans-
forms the output impedance of audio amplifier [403 to 500 ohms and this audio output is
provided at the rear connector of the KX 170A/KX 175. The voltage supply for 1403 is
stabilized by zener diode CR414 and filtered by C452,

4.5 KA 39 VOLTAGE CONVERTER (Figure 5-56)

The KA 39 consists of dual series regulators, converting 27. 5VDC to 13, 75VDC, The
"A'" regulator provides COMM excitation, while the "B" regulator provides NAV
excitation, Zener diodes CR101 and CR104 provide reference voltages to the darlington
series pass elements Q102 - Q101 and Q104 - Q103 respectively. Diodes CR102 and
CR103 offer transient and reverse power application protection,

INPUT 128

L TST=2
4+27.5VDC »—1—O-

|
|
l

+27.5VDC »—f

CRIO2

QIOZ

CYCLE

— KA-39 CONVERTER I

002-0162-00 (R-2)

FIGURE 4-31 KA39 VOLTAGE CONVERTER SCHEMATIC DIAGRAM
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SECTION V
MAINTENANCE

5.1 TEST EQUIPMENT ; /

The following test equipment, or equivalent, is required to properly align and test the
KX 170A/KX 175 system. All test equipment must be properly calibrated before align-
ment and tests are started.

a, Major Power Supply: Electro Model NF'B (Filtered)
b. Auxilary Power Supply: Heath Model IP-20
c. Digital Voltmeter: Eldorado 1820A
d. VITVM: Heath Model IM-13
e. Audio Wattmeter Witﬁ Load: Eico Model 261
f. VHF Wattmeter With 500 Lioad: Bird Termaline Model 611
g. Frequency Counter: ELDORADO Model 1615 with option C.
h. VHEF Signal Generator: Boonton Model 211A
i, HEF Signal Generator: Hewlett Packard Model 606A
j- Audio Oscillator: Hewlett Packard Model 200CD .
k. VOR/LOC Signal Generator: Collins .Model 4795-3
L. Oscilloscope: (30MHz Dual Trace Minimum) Tektronix Model 454
Recommended
m. VHF AM Detector: (See Figure 5-9)
n. KX 170A /KX 175 Bench Test Set (See Figure 5-11)
Rev. 2, December, 1972 Page 5-1
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5.2 ALIGNMENT AND TEST PROCEDURE
5.2.1 NAV SMO ALIGNMENT AND TEST (Figures 5-1, 5-3)

a. Remove the dust covers.

(%]

" raw
— - - b
- . T i WG . .
o B4
. - ~ . H

ake hididh: Remove three screws on each side of the COMM SMO tray and one screw
at the front. Pivot the COMM SMO up and over the front of the radio.
c. Remove two screws in center area of NAV SMO cover and remove cover,
d. Connect a digital voltmeter to CR214 (5. 1V Zener Diode)
e. Apply 13. 75 volts to NAV Receiver (switch power on NAV only) and observe
voltage at CR214, if greater than 5.75 volts, switch power off to avoid 1. C.
damage. If OK proceed to next step.

f.  Connect a digital voltmeter to the anode lead of CR101 at NAV Voltage
Regulator and observe an 8.5 . 5 volts indication on voltmeter.

g. NAV Receiver power requirements are 13.75 volts input at .45 amp with no
modulated RF signal present.

h. Set the NAV frequency selector to 117. 950MHz.

i. Connect a digital voltmeter to TP 201 and adjust L.201 for 7. 200 VDC tuning
(VCO) voltage.

j. Do not attempt field alignment of the 25KHz filter T201.

k. (Optional) NAV SMO frequency stability and tuning (VCO) voltage may be
observed simultaneously by connecting a frequency counter to the coax
side of C231 10 pf disc capacitor) and connecting a digital voltmeter to
the tuning voltage line (red wire at C258 feed thru capacitor).

696-6040-00

FIGURE 5-1 NAV SMO TEST POINT AND ALIGNMENT LOCATIONS

Page 5-2 Rev. 4, January, 1976




Channel

108.
109.
110.
111.
112,
113.
114,
115.
116.
117.
117,

TABLE 5-1 NAV CHANNEL-SMO FREQUENCY-VCO TUNING VOLTAGE

00
00
00
00
00
00
00
00
00
00
95

N 4

KING

KX 170A /KX 175
NAVIGATION RECEIVER

COMMUNICATIONS TRANSCEIVER

Channel the NAV frequency selector through the following frequencies, com-

paring the frequency and tuning (VCO) voltage with Table 5-1.

1,

SMO Frequency

92,
93.
94,
95.
96.
917.
98.
99.
100.
101.
102.

8125
8125
8125
83125
8125
8125
8125
8125
8125
8125
7625

MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz
MHz

Tuning (VCO) Voltage

=IO U U R W W W N

Typical

.84
.15
.49
.85
.24
.66
.11
.58
. 10
. 66
. 20

vDC
VDC
VDC
vDC
vDC
vDC
vDC
vDC
vDC
vDC
vVDC

Replace NAV SMO cover and install the two screws previously removed.

Rev. 2, December, 1972
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FIGURE 5-2 COMM SMO TEST POINT AND ALIGNMENT LOCATIONS
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COMMUNICATIONS TRANSCEIVER

5.2.2 . COMM SMO ALIGNMENT AND TEST (Figures 5-2, 5-3) -

a.

b.

Page 5-4

Remove the two screws and top cover from the COMM SMO. |
Temporarily remount COMM SMO with a screw in center at each side.
Connect a digital voltmeter at CR319 (5. 1V zener diode)

Apply 13.75 volts to COMM Receiver (switch power on COMM only) and
observe voltage at CR319, if greater than 5. 75 volts, switch power off to
avoid I.C. damage. If OK proceed to next step.

Connect a digital voitmeter to the anode lead of CR104 at COMM Vﬁltage
Regulator and adjust R132 for 8. 500 VDC.

Recheck voltage at CR319 for 5.1 + .5V, if out of tolerance switch power
off and check. '

COMM Receiver power requirements are 13.75 volts input at . 65 amp with
no modulated RF signal present.

Connect a digital voltmeter to TP301. ‘

Set the COMM frequency selector to 126. 95MHz and adjust C315 for 7. 00
VDC VCO tuning voltage at TP301.

Set the COMM frequency selector to 135. 95MHz and adjust C314 for 7.00
VDC VCO tuning voltage at TP301. '

Recheck previous adjustments "i'" and '"j".

Do not attempt field alignment of the 25KHz Filter T307.
(Optional) COMM SMO frequency stability and VCO voltage may be observ-

ed simultaneously by connecting a frequency counter to TP303 and connect-
ing a digital voltmeter to TP301. ‘

Rev, 2, December, 1972 .
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Channel the COMM frequency selector through the following frequencies,
comparing the frequency and VCO voltage with Table 5-2.

Channel Receive SMO Frequency
118. 00 127,00 MHz
119.00 128.00 MHz
120. 00 129.00 MHz
121.00 130.00 MHz
122.00 131.00 MHz
123. 00 132.00 MHz
124.00 133.00 MHz
125. 00 ' 134.00 MHz
126. 00 135.00 MHz
126. 95 135.95 MHz
127. 00 118.00 MHz
128.00 119.00 MHz
129. 00 120.00 MHz
130. 00 121.00 MH
131.00 122,00 MHz
132.00 123.00 MHz
133. 00 124.00 MHz
134. 00 125.00 MHz
135. 00 126.00 MHz
135. 95 126.95 MHz

VCO Voltage
Typical

SOOI R WWNN=ID O U D WwwNn N

. 58
.93
. 30
.71
. 16
. 66
. 18
LT
. 38
. 00
. 58
.93
. 30
.71
. 16
. 66
.18
LT
. 38
. 00

vDC
vDC
vDC
vDC
vDC
vDC
vDC
vDC
VvDC
vDC
vVDC
vDC
vDC
vDC
vDC
vDC
vDC
vDC
vDC
vDC

TABLE 5-2 COMM CHANNEL-RECEIVE SMO FREQUENCY -

VCO TUNING VOLTAGE

Remove the temporary mounting screws and position COMM SMO cover in

place with the two screws previously removed.

Mount the COMM SMO tray with three screws on each side and one screw

at the front.

Rev. 2, December, 1972
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FIGURE 5-4 NAV VCO TUNING ADJUSTMENT LOCATION
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NAV/COMM RECEIVER PRELIMINARY ALIGNMENT TE: T

a.

Remove the receiver board retaining screws (5 places) noting the position
of the ground lug. Loosen the two hinge pivot screws, pivot the board 90¢°
and retighten the hinge pivot screws. '

Set channel selector to 117.95 MHz and connect a digital voltmeter to the
NAYV receiver tuning voltage test point (TP401 of Figure 5-6B) and obs. rve
7.20 VDC. If correct verify the tuning voltage versus channel frequency
of Table 5-3. If not 7.20 VDC. L201 may be adjusted through access
hole in bottom of NAV SMO tray (Figure 5-4). Refer to 5.2.1 for adjust-
ment procedure. ' :

Connect a frequency counter to point X' of Figure 5-6A and verify the
SMO frequency versus channel frequency of Table 5-3. '

Channel SMO Frequency Receiver Tuning
Voltage Typical
108.00 92.8125 MHz 2.84 VDC ,
109. 00 93.8125 MHz 3.15 VDC ‘
110.00 94.8125 MHz 3.49 VDC '
111,00 95.8125 MHz ,3.85 VDC :
112.00 96.8125 MHz 4.24 VDC
113.00 97.8125 MHz 4.66 VDC
114.00 98.8125 MHz 5.11 VDC
115,00 99.8125 MHz 5.59 VDC
116. 00 100.8125 MHz 6. 10 VDC
117.00 101.8125 MHz 6.66 VDC
117.95 102.7625 MHz 7.20 VDC

TABLE 5-3 NAV CHANNEL-SMO FREQUENCY -
RECEIVER TUNING VOLTAGE

March, 1971 ‘
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d. Connect a digital voltmeter to the COMM receiver tuning voltage test point
(TP408 of Figure 5-6B) and verify the tuning voltage versus channel fre-
quency of Table 5-4.

e. Connect a frequency counter to point "Y' of Figure 5-6A and verify the
SMO frequency versus channel frequency of Table 5-4.

Channel SMO Frequency Tuning Voltage
Typical
118.00 127.00 MHz 2.94 VDC
119. 00 128. 00 MHz 2.94 VDC
120. 00 129. 00 MHz 3.34 VDC
121.00 130.00 MHz 3.34 VDC
122,00 131. 00 MHz 3.80 VDC
123.00 132. 00 MHz 3.80 VDC
124.00 133.00 MHz 4.31 vDC
125.00 134.00 MHz 4.31 vDC
126. 00 135.00 MHz 4.87 VDC
126. 95 135.95 MHz 4,87 VDC
‘ 1217. 00 118.00 MHz 4.87 VDC
128.00 119.00 MHz 5.50 VDC
129.00 120.00 MHz 5.50 VDC
130.00 121. 00 MHz 6.20 VDC
131. 00 122.00 MHz 6.20 VDC
132,00 123.00 MHz 6.99 VDC
133.00 124.00 MHz 6.99 VDC
134. 00 125.00 MHz 7.86 VDC
135. 00 126.00 MHz 7.86 VDC
135.95 126.95 MHz 7.86 VDC

TABLE 5-4 COMM CHANNEL-RECEIVE SMO FREQUENCY -
TUNING VOLTAGE

. March, 1971 Page 5-7
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FIGURE 5-5 NAV IDENT FILTER ADJUSTMENT LOCATION
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5.2.4.1

5.2.4.2
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NAV RECEIVER ALIGNMENT (KX 170A/KX 175)

—NOTE -

DO NOT attempt to align the NAV Receiver without
first reading the alignment procedure in full,

PRELIMINARY PROCEDURE

Test points and alignment references may be located on Figures 5-5 5-6A
and 5-6B.

Apply 13.75 VDC to unit and place the NAV "OFF-VOICE-IDENT" switch
in the "IDENT'" position.

Set the NAV frequency selector to 108, 00MHz,
Connect a digital voltmeter to TP406 (NAV AGC test point).

Set the RF signal generator output for 10uv hard at a frequency of 108, 00
MHz (use frequency counter) and connect to NAV antenna input connector.

ALIGNMENT PROCEDURE

Preliminary - If receiver is badly out of alignment, peak all tuning adjust-
ments (2nd IF, 1st IF and RF).

Loading and tuning is necessary to obtain desired bandpass characteristics.

2nd I. F. ALIGNMENT

Load point N (T409) with 3, 3K and peak (T410)
Load point M (T410) with 3, 3KQ and peak (T409)
Load point P (T407) with 3, 3K a;ld peak (T408)
Load point O (T408) with 3. 3K and péak (T407)
Load point R (T405) with 3. 3KQand peak (T406)

Load point Q (T406) with 3. 3K and peak (T405)

Rev. 1 January, 1972
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5.2.4.4 1stI. F. ALIGNMENT (KX 170A Only)

a. Load point T (T403) to ground with 3. 3K and peak (T404).

b. Load point S (T404) to ground with 3. 3K and peak (T403).
1st I. F. ALIGNMENT (KX 175 Only)

Repetitively peak (T403) and (T404) until no further improvement., (No
load used)
5.2.4.5 PRESELECTOR ALIGNMENT

a. Load point W (L.401) to ground with 22092 and repetitively peak (L403)
and (L.405) until no further improvement.

b. Load point V (L403) to ground with 22092 and peak (L401).

5.2.4.6 AUDIO FILTER L406 ADJUSTMENT |

a. RF input, 30% externally modulated with 6. 48KHz audio signal. (Use
frequency counter).

b. Adjust 1406 for minimum audio output,

5.2.4.7 IDENT FILTER L703 ADJUSTMENT (See Figure 5-5)

a. Set the NAV "OFF-VOICE-IDENT" switch in the "VOICE' position. RF
input, 30% externally modulated with 1020Hz audio signal. (Use fre-
quency counter).

b. Adjust L703 for minimum audio output.

5.2.4.8 VOR/LOC OUTPUT LEVEL ADJUSTMENT R425 (See Notes)

a. Modulate the VHEF generator with a Standard LOC Modulation Signal
from the VOR/LOC generator,

b. Connect an RMS A-C voltmeter at TP407 (VOR/LOC output).

c. VOR/LOC output must be loaded with a KI 201C or KI 211C Indicator.

d. Adjust R425 for 0. 35 volt RMS LOC output at TP407 (VOR/LOC output).

March, 1971 Page 5-9
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COMM RECEIVER ALIGNMENT (KX 170A/KX 175)

 —NOTE-

Do Not attempt to align the COMM Receiver without
first reading the alignment procedure in full ! Do Not
depress the mike button when signal generator is
connected to the antenna connector!!

PRELIMINARY PROCEDURE

a. Test points.and alignment references may be located on Figures 5-6A

and 5-6B.

b. Apply 13.75 VDC to unit and place the "OFF-ON-TEST" switch in the

"TEST" position (squelch open).

c. Set the COMM frequency selector to 127. 00 MHz.

d. Connect a digital voltmeter to TP411 (COMM AGC test point).

e. Set the RF signal generator output for 20 uv hard at a frequency of

127.00MHz (use frequency counter) and connect to COMM antenna input

connector,

ALIGNMENT PROCEDURE

a. Preliminary-If receiver is badly out of alignment, peak all tuning adjust-

ments (2nd IF, 1lst IF and RF).

b. Loading and tuning is necessary to obtain desired bandpass characteristics.

2nd . F. ALIGNMENT

a.  Load point B (T420) with 3. 3K and peak (T421).
b. Load point A (T421) with 3. 3KQ and peak (T420).
C. Load point D (T418) with 3. 3K and peak (T419),
d.  Load point C (T419) with 3. 3K and peak (T418).
e. Load point F (T416) with 3. 3K and peak (T417).
f; Load point E (T417) with 3. 3K$2 and peak (T4186).

March,

1971
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5.2,5,4 1st1. F. ALIGNMENT
a. Load point I (T414) to ground with 2202 and peak (T415).

b. Load point G (T415) to ground with 2202 and peak (T414).
R
5.2.5.5 PRESELECTOR ALIGNMENT
a. Load point J (L411) to ground with 2202 and peak (L413). S
b. Load point I (L413) to ground with 22022 and peak (L411). Q
c. Load point L (L407) to ground with 2202 and peak (L409). T
Load point K (L.409) to ground with 22082 and peak (L407). P
5.2.5.6 NOISE AMPLIFIER L414 ADJUSTMENT X
a. Signal Generator R-F, 85% externally modulated with a 10. 0 KHz audio 0
signal. N
b. Connect oscilloscope probe at collector of noise amplifier Q419. M
c. Adjust L414 for maximum amplitude and, or maximum clipping observ- v
ed on oscilloscope.
5.2.5.7 CARRIER/NOISE SQUELCH ADJUST R483 v
a. Set the COMM "OFF-ON-TEST'" switch to the ""ON'" position (squelch
operative).
b. Set the COMM Frequency selector to 118. 00 MHz,
Set the RF signal generator to 118,00 MHz, modulated 30% with a 1000Hz
audio signal, to 3 hard uv output.
d. Adjust R483 to the squelch threshold.
5.2.5.8 CARRIER SQUELCH ADJUST R495
a. The COMM "OFF-ON-TEST'" switch remains in the "ON'' position.
b. Set the COMM Frequency selector to 126. 70 MHz.
C. Set the R-F signal generator to 126. 70 MHz, 85% externally modulated - ' : - 696 -6046-00
with a 10. 0 KHz audio signal, to 15 hard uv output. 696-6045-00 TP413

R R495
d. Adjust R495 to the squelch threshold. NAV RECEIVER COMM RECEIVE

FIGURE 5-6A RECEIVER ALIGNMENT LOADING POINTS FIGURE 5-6B RECEIVER TEST POINT AND ALIGNMENT LOCATIONS

March, 1971 Page 5-11
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TRANSMITTER ALIGNMENT

TRANSMITTER POWER AMPLIFIER ALIGNMENT (Figure 5-7A)

a.

b.

g.

Remove the top dust cover (4 screws).
Remove the transmitter cover (4 screws).

Connect the bench test set for COMM transmitter tests (Figure 5-11)
and apply 13.75 volts.

Set the COMM frequency selector to 126. 7T0MHz and depress the micro -
phone key.

Using a nonmetallic tuning tool, adjust trimmer capacitors C610, C619
and C622 for maximum CW power,

Check the output power at the band edges (118.00, 135.95MHz) for
symmetrical roll-off.

Repeak C622 as necessary to equalize the power at the band edges.

MICROPHONE GAIN ADJUST R709 (Figure 5-7B)

a.

b.

Obtain a Standard Modulation Signal for mike audio input. (See Note)

Simultaneously key the transmitter, apply a Standard Modulation Signal
and observe the detector waveform on the oscilloscope.

Adjust the mike gain control (R709) so that modulation peaks are on the
threshold of clipping. (See Figure 5-8)

COMM Transmitter Power requirements are 13.75 volts input at 2. 8 amp
unmodulated and 4.5 amps tone modulated.

SIDETONE LEVEL ADJUST R726 (See Figure 5-7B)

a.

Simultaneously key the transmitter and apply a Standard Modulation
Signal. (See Note)

Adjust the sidetone level control, R726 for 1. 0 milliwatt undistorted
output, across a 600 ohm load at COMM 500 ohm output.

March, 1871
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NOTES: Standard Signals

1.

1971

A standard omni signal is an R. F. carrier amplitude modulated simul-
taneously with (a) 30% by a 9960Hz subcarrier which is, in turn, freq-
uency modulated at a deviation ratio of 16 by a 30Hz reference phase
signal, (b) 30% by a 30Hz variable phase signal which can be varied in
phase with respect to the reference phase signal and (c¢) 15% by an
optional Ident tone signal.

A standard localizer test signal is an R. F. carrier amplitude modulated
simultaneously with (a) 90 + . 3% and 150 + . 3%Hz signals so that the

sum of their separate modulation percentages equals 40 +2%, and (b) an
optional 1020Hz, 15% Ident tone.

All Navigation Receiver measurements (both Omni and Localizer) are to
be made only after the VOR/LOC output level of the KX 170A/KX 175 has
been properly set. With the KX 170A/KX 175 connected to either a

KI 201C or KI 211C and a standard LOC signal of 1000uv (hard) applied
and the receiver adjusted for 0.35 VRMS LOC output. This output level
is correct for both omni and localizer operation.

A transmitter standard modulation signal is a 1KHz tone with 0.4 VRMS
open circuit voltage as illustrated in the test circuit. ( Figure 5-7C)

180~
0.4VRMS
600 1. 33 _?_ OPEN CIRCUIT
HEWLETT =
PACKARD =
200CD

696-6032-00

FIGURES5 -7C TEST CIRCUIT

Page 5-13
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C610 Q603 C619 Q604 C622

FIGURE 5-7A

5 AMP FUSE R726 R709

FIGURE 5-7B

FIGURE 5-7 TRANSMITTER ALIGNMENT AND AUDIO BOARD
ADJUSTMENT LOCATIONS
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a) Under Modulation b) Proper Modulation Level

c) I'xcessive Modulation Level

696-6048-00
PFIGURE 5-8 MICROPIHONI GAIN ADJUST DETECTOR WAVEFORMS

Page 5-14 March, 1971
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IN270
BNC IOK 47K
INPUT)— WA D‘l 'Olih
100 pf ARBON S% BNC
'f;{? 10K — " —olTRuUT
(NO TERMIN—AL FOR =
MINIMUM . STRAY IN270
CAPACITANCE)

[

l. ALL LEADS SHOULD BE SHORT AS POSSIBLE.

2. DETECTOR SHOULD BE HOUSED IN SMALL SHIELDED
MINIBOX.

3. ALL RESISTORS ARE 1/4W,5% CARBON.
. 696-6049-00
FIGURE 5-9 DETECTOR SCHEMATIC DIAGRAM

BIRD
TERMALINE
r =
82K |
1/2W
RF ATTENUATED
INPUT 51
RF OUTP
| Daw | OUTPUT
L - —
696-6050-00

FIGURE 5-10 RF ATTENUATOR SCHEMATIC DIAGRAM

‘ March, 1971
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42PIN AMPHENOL

1
L JNAV. +13.75vDC
POWER INPUT
K 20 : + +13.75VDC
X 43 | _LAMP DIM'R.
I POWER GND,
7 21 _ —9- » GROUND
0 g |_LAMP DIM'R. GND. = -—————
/}\' 17 |_COMM. SWITCHED BUSS 33K VOR/LOC
| IMPEDANCE
K 18 |_COMM. +13.75VDC J - _l
X | 0.35VRMS |
I ) VOR/LOC OUTPUT - I LOC SIGNAL
g 26 |_AUX. AUDIO #1 IN = b+-——— ——
NAV. PHONE
/ 45 L_NAV. 500n0UT - l A £ )
|$ 41 |_SPKR. 4Nn0UT =
SPKR.
! SPKR. GND. %600«&'
g 34 [_COMM. 500 OUT L | L COMM. PHONE
40 |-MIKE KEY 5 —
L~ 39 |_MIKE AUDIO “ MIKE
TRANSMITTER
J172 TEST BNC
TEE
N A WATT
MM —
(cor) ) 7 T METER
M
|
\__\4 y
RCVR. LINEAR
TEST ) DETECTOR OSCILLOSCOPE
J173
MODULATION BOONTON
(NAV) SQURCE 2114
. 696- 605|-00
FIGURE 5-11 KX 170A/KX 175 BENCH TEST SETUP
March, 1971
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8 KX 170A/KX 175 & Test Data

(Refer to the Installation Manual for Technical Characteristics)

COMMUNICATIONS TRANSCEIVER

Serial No.
Date
Preliminary Visual Inspection:
a. Hardware: (ok) b. Paperwork (ok)
Input Voltage: VDC
1. Receiver Sensitivity:
a. s+n/n: 118. 00MHz db 134. 00MHz db
119. 95MHz=z db 135. 95MHz db
126. T0MHz db
b. Quieting: db (frequency = 126, 7)
2. AGC Characteristics: db (frequency = 126, 7)
3. Selectivity:
a. 6db Bandwidth: 126. 70MHz: Above KHz Below KHz
62. 5db Bandwidth: 126. T0MHz: AGC reference voltage VDC
126. T6MHz: db 126. 65MHz db
4. Manual Gain Control: mw max. watts min.
Transmitter Frequency Stability:
118.00 KHz 125.35 KHz 131.70 KHz
118.05 KHz 125. 40 KHz 132,75 KHz
119. 10 KHz 126. 45 KHz 133.80 KHz
120. 15 KHz 127. 50 KHz 134.85 KHz
121. 20 KHz 128. 55 KHz 135. 90 KHz
122, 25 KHz 129. 60 KHz 135.95 KHz
123. 30 KHz 130. 65 KHz

Rev. 4, January, 1976
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5. Headphone Audio: mw
6. Squelch: a. Carrier/Noise Squelch set for uv
b. Carrier/Squelch set for uv
c. Squelch Test (ok)
7. Aux. Audio: #1 “watts min.
#2 watts min.
#3 watts min.
#4 watts min.
Transmitter:
1. Power QOut:
118. 00MHz watts 126.45MHz watts 135. 90MHz watts

Low Voltage:

118. 00MHz watts 126.45MHz watts 135. 90MHz watts
2. Modulation: Capabilities ’
a. Microphone: Input VRMS
b. 118.00MHz %  126. 50MHz %o
127. 50 MHz % 135.95MHz Yo
c. Sidetone: mw min. mw max. (2.2.7)

mw final adjust

Hardware ok

Paperwork ok

Glyptol ok

Test Stamp ok
3. Transmitter Frequency Stability:
118.00 KHz 124.35 KHz 131.70 KHz
118.05 KHz 125. 40 KHz 132.75 KHz
119. 10 KHz 126. 45 KHz 133. 80 KHz
120. 15 KHz 127, 50 KHz 134. 85 KHz
121. 20 KHz 128,55 : KHz 135. 20 KHz
122, 25 Kz 129. 60 KHz 135. 95 KHz
123. 30 KHz 130.65 KHz

Page 5-18 Rev. 4, January, 1976
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NAVIGATION RECEIVER

Preliminary Visual Inspection

a. Hardware (ok) b. Paperwork (ok)
Input voltage . VDC
OMNI
1. SMO Test: All channels checked (ok)
108. 00 MHz (frequency) 117. 95 MHz (frequency)
(92. 1825MHz +2KHz) (102.7625MHz +2KHz)
2. LOC Input Level: Set for VRMS
3. AGC Characteristic: ua.,
4, Course Accuracy: A 0, B 0
5. Sensitivity: 117, 95MHz Uv,
LOCALIZER
1, Sensitivity: 108, 10MHz uv
2. Centering Accuracy: A , B needles width
3. Low Voltage Characteristic: needles width
AUDIO
1. Sensitivity:
108. 10MHz db 117.95MHz db
2. Quieting:
3. AGC Characteristic:
4. Audio Output: .
watts min, undistorted mw max, fully CCW
4.1 Headphone Output: mw,

Rev., 1, January 1972
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5. Ident/Voice: db tone ratio !

6. Selectivity:

6db Bandwidth 112, 50MHz reference, + ‘ KHz - KHz
Bandwidth at 112, 50MHz reference AGC Ref. Voltage
112. 55MH=z db 112. 45MHz db
MECHANICAL:
1, Numeral Alignment: (ok)
2. DME Switching: MHz (ok) kHz ) (ok)
3. Glideslope Switching: MHz (ok) kHz (ok)
4, ILS Energize: (ok)
5. 50KHz ILS: (ok)
6. Pilot Lamps: (ok)
Hardware (ok)
Paperwork (ok)
Glyptol - (ok)
Test Stamp - (ok)
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KX 170A/KX 175 TEMPERATURE SPECIFICATIONS

Temperature requirements -30 minutes stabilization period at +55°C and -20°C. At -
-20°C the unit shall be allowed to run for 15 minutes before data is taken.

Test data at +55°C and -20°C

1. Transmitter Power Out {4 watts min.)
A. 118.0 MHz=z -20°C watts
B. 126.5 MHz -20°C watts
C. 135. 95MHz -20°C watts

2. Crystal Frequency .005%

A. 135.0MHz 134. 99325 -20°C
135. 00675
B. 126. 0MHz 125, 99370 -20°C
126. 00630
‘ 3.  Modulation (90%) min
A. 126. 5MHz -20°C %
4, Nav Sensitivity (6db min.)
A. 108.0 MHz -20°C db
B. 111. 35MHz -20°C db
C. 117, 95MHz -20°C db
5, Comm Sensitivity (6db min)
A. 108.0 MHz -20°C db
B. 126. 7T0MHz -20°C db
C. 135. 95MHz -20°C db

6. Comm SMO Lockup

A. All MHz and KHz -20°C db
7. Squelch min, 1luv, Max 5uv
A, 126. TOMHz -20°C db

Rev. 1, January 1972

+55°C

+55°C

+55°C

+55°C
+55°C
+55°C

+55°C
+55°C
+55°C
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+55°C
+55°C
+55°C

%o

db
db
db

db
db
db

watts
watts
watts

(ok)
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5.3 GENERAL MAINTENANCE

Maintenance information contained in this section includes inspection procedures, clean-
ing, semiconductor replacement, and troubleshooting procedures.

5.3.1 VISUAL INSPECTION

The following visual inspection procedures should be performed during the course of
maintenance operations.

a. Inspect all wiring and coax cables for damaged insulation and proper termination
{broken strands and solder joint).

b. Check connectors cable connections, making sure they are free from corrosion
and are properly secured.

c. Check all components for evidence of overheating, discoloration, bulges or
cracked housing.

d. Check all components for evidence of vibration, lead breakage and broken or in-
secure mounting,

e. Inspect relaLy and switch contacts for pits or arcing.

. 3.2 CLEANING

w

a. Using a clean lint-free cloth lightly moistened with an approved cleaning solvent
remove the foreign matter from the equipment case and unit front panels. Wipe
dry using a clean, dry, lint-free cloth.

b. Using a hand controlled dry air jet (not more than 15 psi), blow the dust from
inaccessible areas. Care should be taken to prevent damage by the air blast.

c. Clean electrical contacts with a burnishing tool or cloth lightly moistened with an
approved contact cleaner.

d. Clean the receptacles and plugs with a hand controlled dry air jet (not more than
25 psi) and a clean lint-free cloth lightly moistened with an approved cleaning
solvent. Wipe dry with a clean, dry, lint-free cloth.

5.3.3 SEMICONDUCTOR REPLACEMENT

It is recommended that semiconductors not be tested or replaced until unsatisfactory
performance is observed.
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5.3.4 SEMICONDUCTOR MAINTENANCE

5.3.4.1 GENERAL

Due to the wide utilization of semiconductors in this electronic equipment, somewhat
different techniques are necessary in maintenance procedures. In solid state circuits
the impedance and resistances encountered are of much lower values than those encoun-
tered in vacuum-tube circuits. Therefore, a few ohms discrepancy can greatly affect
the performance of the equipment. Also, coupling and filter capacitors are of larger
values and usually are of the tantalum type. Hence, when measuring resistances, an
instrument very accurate in the low resistance ranges must be used, and when measur-
ing values of capacitors, an instrument accurate in the high ranges must be employed.
Capacitor polarity must be observed when measuring resistance. More accurate
measurements can be obtained if the semiconductors are removed or disconnected from

the circuit.

—NOTE-

A reverse voltage in excess of . 5VDC on any solid
slug tantalum (King Family 096-1030-) will cause

a catistrophic failure. Therefore, any time trouble
is located, be sure that all tantalum capacitors in
the immedieate area have not had excess reverse
voltage.

>.3.4.2 SEMICONDUCTOR TEST EQUIPMENT

a. Damage to semiconductors by test equipment is usually the result of accidentally
applying too much current or voltage to the elements. Common causes of damage
from test equipment are discussed in the following paragraphs.

b. Transformerless Power Supplies. Test equipment with transformerless power
supplies is one source of high current. However, this type of test equipment can
be used by employing an isolation transformer in the AC power line.

C. Line Filter. It is still possible to damage semiconductors from line current,
even though the test equipment has a power transformer in the power supply, if
the test equipment is provided with a line filter. This filter may function as a
voltage divider and apply half voltage to the semiconductor. To eliminate this
condition, connect a ground wire from the chassis of the test equipment to the
chassis of the equipment under test before making any other connections.
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d. Low-Sensitivity Multimeters. Another cause of semiconductor damage is a multi-
meter that requires excessive current to provide adequate indications. Multi-
meters with sensitivities of less than 20, 000-ohms-per-volt should not be used on
semiconductors. A multimeter with low sensitivity will draw too much current
through many types of small semiconductors, causing damage. When in doubt as
to the amount of current supplied by a multimeter, check the multimeter circuits
on all scales with an external, low-resistance multimeter connected in series
with the multimeter leads. If more than one milliampere is drawn by the multi-
meter on any range, this range cannot be safely used on small semiconductors.

e. Power Supply. When using a battery-type power supply, always use fresh bat-
teries of the proper value. Make certain that the polarity of the power supply is
correct for the equipment under test. Do not use power supplies having poor

voltage regulation.

2.3.5 SEMICONDUCTOR VOLTAGE AND RESISTANCE MEASUREMENTS

5.3.5.1 TRANSISTORS

When rmeasuring voltage or resistances in circuits containing semiconductor devices,
remember that these components are polarity and voltage conscious, Since the values
‘ of capacitors used in semiconductor circuits are usually large (especially in audio,
servo, or power circuits) time is required to charge these capacitors when an ohmeter
is connected to a circuit in which they appear. Thus, any reading obtained is subjected
to error if sufficient time is not allowed for the capacitor to fully charge. When in
doubt it may be best in some cases to isolate the components in question and measure

them individually.
5.3.5.2 TESTING OF TRANSISTORS

a. A transistor checker should be used to properly evaluate transistors. If a transis-
tor testor is not available, a good multimeter may be used. Make sure that the
multimeter meets the requirements outlined in preceding paragraph (d). Always
check the value of the bias resistors in series with the various transistor elements.
A transistor is very sensitive to improper bias voltage; therefore, a short or open
circuit in the bias resistance may damage the transistor. For this reason, do not
troubleshoot by shorting the various points in the circuit to ground and listening

for clicks.
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—~CAUTION -

If a transistor is found to be defective,
make certain that the circuit is in good.
operating order before installing a re-
placement transistor. If a short or a
defective bias resistance exists in the
circuit, putting in another transistor will
most likely result in burning out the new
component. Do not depend upon fuses to
protect transistors.

PNP Transistor. To check a PNP transistor, connect the positive lead of the
multimeter to the base of the transistor and the negative lead to the emitter:
Generally, a resistance reading of -50, 000 ohms or more should be obtained.
Reconnect the multimeter with the negative lead to the base. With the positive
lead connected to the emitter a resistance value of 500 ohms or less should be
obtained. When the positive lead is connected to the collector a value of 500 ohms
or less should be likewise obtained.

NPN Transistor. Similar tests made on an NPN transistor should produce the

following results: With the negative lead of the multimeter connected to the base .
of the transistor the value of resistance between the base and the collector should

be high. With the positive lead of the multimeter connected to the base, the value

of resistance between the base and the emitter or base and the collector should be

low. If these results are not obtained, the transistor is probably defective and

should be replaced.

.3 REPLACING TRANSISTORS

Never remove or replace a plug-in semiconductor with the supply voltage turned
on. Transients thus produced may damage the semiconductor or others remain-
ing in the circuit. If a semiconductor is to be evaluated in an external test circuit,
be sure that no more voltage is applied to the semiconductor than normally is used
in the circuit from which it came.

Use only a low heat soldering iron when installing or removing soldered-in-parts.
Use care in the handling of printed circuit boards. When removing a part from a
printed circuit board, first unbend the crimped leads. Use only the necessary
amount of heat to unsolder the part. Clear excess solder from mounting eyelets,
making sure that mounting holes are clear before installing new parts. When
removing a transformer or other part having a multiple number of leads, straight-
en (unbend) all leads first and then heat leads one at a time, working around the -
part, until the part can be gently 'rocked out'.
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Wheén installing or removing a soldered-in semiconductor grasp the lead to which
heat is applied between the solder joint and the semiconductor with long-nosed
pliers. This will dissipate some of the heat that would otherwise conduct into the

- semiconductor from the soldering iron. Make certain that all wires soldered to

semiconductor terminals have first been properly tinned so that the necessary
connection can be made quickly. Excessive heat will permanently damage a semi-
conductor.

When soldering is required to remove a component from a semiconductor socket,
remove the semiconductor to prevent damage to the semiconductor.

In some cases, power transistors are mounted on heat-sinks that are designed to
dissipate heat away from them. In some power circuits, the transistor must also
be insulated from ground. Often, this insulating is accomplished by means of
insulating washers made of fiber and mica. When replacing transistors mounted
in this manner, be sure that the insulating washers are replaced in proper order.
Before installing the mica washers, treat them with a film of silicone grease.
This treatment heips in the transfer of heat. After the transistor is mounted, and
before making any connections, check from the case of the transistor to ground
with a multimeter to see that the insulation is effective.

5.3.5.4 DIGITAL INTEGRATED CIRCUITS

Precision voltage measurements are not needed in testing digital I. C. 's other than to
see that the voltage is a HI level or a LO level. An oscilloscope with a calibrated ver-
tical and horizontal axis is normally used in order to measure voltages of short dura-
tion or to measure the relationship of two voltage pulses.

J.

a.

.5 TESTING O DIGITAL INTEGRATED CIRCUITS

A Truth Table of the logic element under question is the primary tool to be used.
When checking input and output levels of a logic element under question it should
be remerkered that an input or output may not agree with its truth table not be-
cause it has malfuncticned but because some other component connected to the
same point has shorted to ground or to V... This is not uncommon when an out-
put of one element is connected to an input or output of another. It may be nec-
essary to isolate the gate under question by unsoldering the necessary 1. C. pins.
A majority of digital I. C. failures can be grouped into three categories.

(1) Input(s) or output shorted to ground pin of I. C.
(2) [nput{s} or output shorted to V.. pin of I. C.
(3) Open input(s) or output.
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An input or output shorted to ground would be a constant LLO and an input or output
shorted to Vae would be a constant HI. An open input would not cause any change
in the output state. An open output would be less than 0. 5VDC.

b. Other failures common in digital I. C.'s are:

(4) Ground pin open.
(5) V.c pin open.
(6) Inputs shorted together.

An open ground pin would not allow a LO on the output.

An open Vq¢ pin would not allow a HI on the output.

(Remember to isolate the device from other components connected to it). Two or
more inputs shorted together can be checked by grounding one of the inputs under
question. If the other input also goes to ground they are probably shorted.

5.3.5.6 REPLACING INTEGRATED CIRCUITS

If an I. C. is known to be defective, the easiest way to remove it is to cut off each of

its pins, remove the case, and then unsolder the remaining pins from the integrated

circuit card one by one. This is preferable over removing the I. C. intact because '
attempts to remove the 1. C. intact may result in damage to the printed circuit board. ‘
If it is desired to remove an 1. C. intact, a soldering iron with a special tip may be used

that will heat all the pins on the backside of the card at the same time. After removal

the holes of the card should be cleaned of solder so that the replacement 1. C. may be

installed. Note the marking identation of the [.C. before removal, and replace the new

one with the same orientation as the one removed.

—CAUTION -

If an I. C. is found to be defective, verify that
there is no greater than V.. +10% on any of the
I.C. holes on the board or a ground on an I. C.
hole that should not be grounded, before install-
ing a replacement . C.

Never remove or replace a plug in [. C. with the supply voltage turned on. Transients
thus produced may damage the I. C. or others remaining in the circuit. If an [.C. is to
be evaluated in an external test circuit, be sure no more voltagé is applied to the I. C.
than normally is used in the circuit from which it came.
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FIGURE 5-12 TROUBLESHOOTING FLOW CHART
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54 TROUBLESHOOTING THE KX 170A/KX 175

Figure 5-12 is a troubleshooting flow chart designed to aid the technician in sectionalizing
or localizing sources of trouble, NAV and COMM block diagrams Figure 5-48 and 5-49
appearing at the end of Section 5 may also aid in localizing the malfunction. The trouble-
shooting charts (Table 5-5 thru 5-9) are given as a quick guide in pinpointing probable
problem areas along with their associated remedies. A list of possible SMO malfunctions
is given in the Preliminary Evaluation section of the respective SMO discussions (NAV
SMO, Section 5,5, COMM SMO, Section 5. 6).

Individual circuit tracing and isolation of a defective component is most easily accomp-

lished by use of the individual troubleshooting sections, along with appropriate schematic
diagrams appearing at the end of Section 5,
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NAV SMO TROUBLE CHART

PROBABLE CAUSE

REMEDY

INDICATION

Low or no output from
Receiver Buffer

Correct output on lower
frequencies only.

Frequency incorrect on
some positions of NAV
MHz and KHz frequency
control,

Frequency error and/or
jitter in Receiver Buffer
output.

Voltage Regulated Supply
(8. 5 and 5. 0 volts) com-
ponent failure,

Receiver Buffer com-
ponent failure,

VCO adjusted incorrectly.

Switching wafer defective,

Programmable Divider
component failure

Phase and Frequency com-
parator component failure,

Check Q101, Q103 and
CR214 voltages and
associated components.

Check Q202 voltages and
associated components.

Check VCO adjustment
1.201. See Alignment
Procedure.

Check switch wafer S107
rear for MHz error. See
Table 4-3.

Check switch wafer S105
for KHz error. See Table
4-3.

Check 1201, 1202, I203,°
[204 and 1206. A com-
parison can be made be-
tween the COMM and NAV
SMO's using a signal gen-
erator to drive the Squaring
Amplifier and an oscillo-
scope as a signal tracer.
See Troubleshooting Pro-
cedure,

Check 1205, 1207 and 1208
voltages and associated
components,

Check output at R215 with
an oscilloscope and observe

- waveform when switching
NAV MHz frequency contrcil,
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NAV SMO TROUBLE CHART (Cont)

INDICATION

PROBABLE CAUSE

REMEDY

Frequency error in
Receiver Buffer output.

Loow Reference Oscillator
400KHz component failure,

High Reference Oscillator
53. 93125MHz component
failure. .

Divide by 2 Mixer and
amplifier component failure.

Squaring Amplifier com-
ponent failure,

Voltage Translator com-
ponent failure,

VCO Low Pass Filter com-
ponent failure,

Check Q210 and Q211 volt-
ages and associated comp-
onents,

Check Y202 frequency at
TP205

Check Q207 voltages and
associated components,

Check Y201 frequency at
junction of R230 and R231.

Check Q206 voltages and
associated components,

Check for frequency input
at TP203 and for divide by
2 frequency output at TP20

Check Q208 and Q209 volt-
ages and associated comp-
onents, Use an oscillo-
scope and check for an

essentially square wave
output at TP206,

Check Q204 and Q205 volt-
ages and associated comp-
onents, Connect oscill-
oscope to TP202 and
observe waveforms when
switching NAV MHz freq-
uency control,

Check at TP201 for a dc
voltage change as the NAV
MHz frequency control is
switched.

March, 1971
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COMM SMO TROUBLE CHART

INDICAT ION

PROBABLE CAUSE

REMEDY

Low or no output from
JReceiver Buffer

Receiver Buffer output
but no Transmit Buffer
output in Transmit
condition.

Transmit Buffer output
in Receive condition,

Receiver Buffer and/or
Transmit Buffer, fre-
quency incorrect from
118, 00 to 126, 95MHz
but OK from 127, 00 to
135MHz or vice versa,

Voltage Regulated Supply
(8. 5 and 5. 0 volts) com-
ponent failure,

Receiver Buffer component
failure. '

Transmit Buffer component
failure.

" Transmit Enable Switch

component failure.

Out of Lock Disable

Transmit Enable Tran-
sistor open.

COMM MHz HI-LO switch
wafer.

Transmit-Receive Relay

High Reference Crystals

HI-LO VCO Switch

Check Q102, Q105, Q104
and CR319 voltages and
associated components,

Check Q303 voltage and
associated components,

Check Q306 voltages and
associated components,

Check Q305 voltages and
associated components.

Check Q307 and input to

R323 with an oscilloscope,

Check Q305 voltages.
Check switch wafer S103,

Check relay K701,

Check Y301 and Y302 and
associated components,

Check switching diodes
CR313 and CR314 bias
voltages.

Check switching diodes
CR301 and CR302 bias
voltages,
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TABLE 5-6

COMM SMO TROUBLE CHART (Cont)

INDICATION

PROBABLE CAUSE

REMEDY

Frequency incorrect
on some positions of
COMM MHz and/or
KHz frequency control.

Stable frequency error
in Receiver and Trans-
mit Buffer output.

Frequency error and/or
jitter in Receiver and
Transmitter Buffer output.

V CO adjusted incorrectly,

Switching Wafer defective.

Programmable Divider
component failure,

Low Reference Oscillator
400KHz, (in NAV SMO
KX 170A) (in COMM SMO
KX 175).

High Reference Oscillator
component failure,

Phase and Frequency
Comparator component
failure,

March, 1971

Check VCO adjustments
(314 and C315. See
Alignment Procedure,.

Check switch wafer S103
and S104 for MHz error.

Check switch wafer S101
for KHz error. See Table
4-4.

Check 1301, 1302, 1303,
I304 and 1306. A comp-
arison can be made bet-
ween the COMM and NAV
SMO's, using a signal
generator to drive the
Squaring Amplifier and an
oscilloscope as a signal
tracer. See Trouble-
shooting Procedure,

Check for 400KHz input to
TP305 (from NAV SMO
KX 170A) (Q315 and Q316
voltages and associated
components KX 175),

Check Q311 voltages and
associated components,

Check output at junction of
CJ301 and CJ302,

Check [305, I307 and 1308
voltages and associated
components,

Check output at R323 with
an oscilloscope and observe
waveform when switching
COMM MHz frequency

control.
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COMM SMO TROUBLE CHART (Cont,)

INDICATION

PROBABLE CAUSE

REMEDY

Frequency error and/or
jitter in Receiver and
Transmitter Buffer output.

Low Reference Oscillator

400KHz (in NAV SMO KX 1704)

(in COMM SMO KX 175)

High Reference Oscillator
component failure,

Divide by 2 Mixer and
Amplifier component
failure.

Squaring Amplifier com-
ponent failure,

Voltage T ranslator com-
ponent failure,

VCO Low Pass Filter
component failure.

Check for 400KHz input to
TP305. , '

Check Q311 voltages and
associated components.

Check output at junction
of C€J301 and CJ302,

Check Q310 voltages and
associated components.

Check for frequency input
at Q304 collector and for
divide by 2 frequency out-
put at TP304.

Check Q312 and Q313 volt-
ages and associated comp-
onents. Use an oscillo-
scope and check for an
essentially square wave
output at TP306,

Check Q308 and Q309
voltages and associated
components, (onnect
oscilloscope to TP302 and
observe waveform when
switching COMM MHz
trequency control.

Check at TP301 for a dc
voltage change as the
COMM MHz frequency
control is switched,
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NAV RECEIVER TROUBLE CHART

INDICATION

PROBABLE CAUSE

REMEDY

No reception

Headphone output but
low or no speaker
output.

"OFF-ON'" switch

8. bvdc regulator

5. Ovdc regulator

Receiver board com-
ponents,

NAV SMO no local os-

cillator output or wrong
frequency.

NAV Receiver, second
local oscillator,

Fuse blown

COMM Speaker "OFF-ON"
switch in "OFF" position
or defective,
Transmit-Receive relay
Audio board component

failure,

Audio Output transistor

Check switch S112

Check Q101 and Q103 volt-
ages and associated comp-
onents.

Check CR214

Check voltages and com-
ponents,

Check voltages and low
frequency reference os-
cillator Q210, Q211 and
high frequency reference

oscillator Q207 frequencies.

Check VCO adjustment
1.201. See Alignment
Procedure.

Check Q408 voltages and
Y401 frequency.

Check fuse F701
(KX 170A /KX 175 Only)

Check switch S110,

Check relay K701

n

Check CR701, CR702, Q701,

Q702 voltages and associat-

ed component,

Check Q703, Q704, Q705
and Q706

Rev. 2, December, 1972
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TABLE 5-7 NAV RECEIVER TROUBLE CHART (CONT)

INDICATION

PROBABLE CAUSE

REMEDY

Receiver sensitivity
weak

Audio weak or distorted

AGC circuit inoperative
Indicator error on strong
signals

AGC motorboating

No attenuation of VOR
ident signal with ""Voice/
Ident" switch in '"Voice"
position,

No VOR/LOC signal
output

Defective component in
R-F or I-F amplifier
circuits or alignment

Low SMO signal to 1st
mixer,

Audio amplifier on
receiver board

Audio board component
failure

Audio output transistors

AGC transistors

AGC capacitors open
Voice/Ident switch

Ident filter

VOR/LOC level adjust-
ment control or output
coupling capacitor open

Check voltage and compon-
ents. See Alignment
Procedure.

Check NAV SMO

Check 1403 voltages and
associated components.

Check CR701, CR702,
Q701, Q702 voltages and °

associated components,

Check Q703, Q704, Q705
and Q706.

Check Q406, Q407, CR413
and associated componenti
Check C441 and C442
Check switch S111

Check 1.703 and C716
[L703 not adjusted to 1020
KHz. See Alignment

Procedure,

Check adjustment of R425.
See Alignment Procedure,

Check C443
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COMM RECEIVER TROUBLE CHART

INDICATION

PROBABLE CAUSE

No recention
INO receptior

No reception from
118, 00 to 126. 95MHz
but OK from 127, 00
to 135, 95MHz or vice
versa,

"QFF-ON" gwitch

8. 5vdc regulator

5. Ovdc regulator

Receiver board component
failure,

COMM SMO 400KHz refer-

ence oscillator

COMM SMO no local oscil-
lator output or wrong freg-
uency

Audio board component
failure.

COMM Receiver second
local oscillator

COMM SMO High Freqg-
uency crystals

COMM SMO HI-LO VCO
switch

COMM MHz HI-LO switch
wafer

T ransmit-Receiver relay

Check Q102, Q105 and Q104
voltages and associated
components,

Check CR319

Check voltages and com-
ponents,

Check Q315, Q316, Y303
and associated components

Check voltages, reference
frequencies and VCO ad-

justments C314 and C315.
See Alignment Procedure,

Check CR701, CR702,Q701,
Q702 voltages and assoc-
iated components.

Check Q409 voltages and
Y402 frequency.

Check CR313 and CR314
bias voltages.

Check Y301 and Y302 and
associated components.

Check CR301 and CR302
bias voltages and VCO

adjustments (314 and C313.
See Alignment Procedure,

Check switch wafer S103

Check relay K701
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COMM RECEIVER TROUBLE CHART (Cont)

INDICATION

PROBABLE CAUSE

REMEDY

Headphone output but low Fuse blown

or no speaker output

Receiver sensitivity
weak

Audio weak or distorted

AGC circuit inoperative,
distortion on. strong
signals,

Carrier Squelch

Carrier/Noise Squelch

COMM speaker "OFF-ON"
switch

Transmit-Receive relay
Audio output transistors
Defective component in R-F
or I-F amplifier circuits or
alignment

Low SMO signal to 1st mixer

Audio output transistors,

AGC transistors

Squelch "Test" switch,

Carrier squelch control
set incorrectly

Carrier squelch transistor
and squelch gate diode.
Squelch "Test" switch

Carrier/Noise squelch
control (set incorrectly)

Noise Amplifier transistor '
Carrier/Noise transistor
and squelch gate diode

Check fuse F701
(KX 170A /KX 175 Only)
Check switch S110

Check relay K701

Check Q703,Q704, Q705 and
Q706,

Check voltages and compon-
ents. See Alignment Pro-
cedure,

Check COMM SMO

Check Q703,Q704, Q705 and
Q706 and bias,

Check Q415 and Q416, CR432
voltages and associated com-
ponents,

Check S109

Check and adjust R495,
See Adjustment Procedure,

Check Q417,Q418 and CR431
voltages and associated com-
ponents,

Check S109

Check and adjust R483,
See Adjustment Procedure.

Check Q419,Q420 and CR431
voltages and associated com-
ponents.
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TABLE 5-9 COMM TRANSMITTER TROUBLE CHART

INDICATION

PROBABLE CAUSE

REMEDY

No transmitter CW output

No transmitter CW output
from 118, 00 to 126. 95MHz
but OK from 127, 00 to
135, 95MHz or vice versa

Low CW output

No excitation from COMM
SMO

Transmitter component
failure

Supply voltage or D-C
bias incorrect

Diode T-R switch shorted

COMM SMO high frequency
reference crystals

COMM SMO HI-LO VCO
switch

COMM MHz HI-LO switch
wafer

Transmit-Receive Relay

Transmitter component
failure

Check transmit buffer, Q306,
transmit disable Q307 volt-
ages and associated compon-
ents.

Trace R-F signal with oscil-
loscope probe from input thru
Q601,Q602,Q603 and Q604.

Remove RF excitation from
transmitter by setting COMM
MHz frequency control at un-
marked positions between
118, 00 to 135, O0MHz,

Check D-C bias on Q601,
Q602 and Q603.

Check diode CR603

Check CR313 and CR314 bias
voltages

Check Y301 and Y302 bias
voltages and VCO adjustments
C314 and C315. See align-
ment procedure,

Check switch wafer S103

Check relay K701

Check R-F signal and gain
with oscilloscope probe from
input thru Q601,Q602, Q603,
Q604 and low pass filter out-
put.
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COMM TRANSMITTER TROUBLE CHART (Cont)

INDICATION

PROBABLE CAUSE

REMEDY

Low CW output (cont)

LLow or no modulation

L.ow or no sidetone

Transmitter misalignment
Mike gain control
No mike current

Audio board component
failure

Audio output transistor
Transmit-Receive relay
Output coupling capacitor
open

Sidetone level control

Transmit-Receive relay

Align transmitter, See
Alignment Procedure

Check and adjust R709, See
Adjustment Procedure,

Check mike bias as Pin #39
on rear connector J171

Check CR701 and CR702 bias
Q7Ql and Q702 voltages and
associated components

Check Q703, Q704, Q705 and
Q706 and bias

Check relay K701

Check C709 (CT17 inKX 170B
KX 175B)

Check and adjust R726. See
adjustment procedure.

Check relay K701
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The NAV SMO synthesizes 200 frequencies, providing a power level of 10mw into a 502
load. The relationship of channel frequency to synthesized frequency is illustrated in

Table 5-10, Theory of operation is presented in Section 4. 2,

Selected Channel
(MHz)

Synthesized
Frequency (MHz)

108,
108.
108,
108.
108.
108.
108.
108.
108.
108,
108,
108,
108,
108,
108,
108,
108.
108,
108.
108,
109.
110,
111,
112,
113,
114.
115,
116,
117,

TABLE 5-10

March, 1971

00
05
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
95
95
95
95
95
95
95
95
95

NAV SMO SYNTHESIZER FREQUENCIES

92.
92,
92.
92.
93.
93.
93.
93.
93.
93.
93.
93.
93.
93.
93.
93.
93.
93.
93.
93.
94,
95,
96.
917.
98.
99.
100.
101,
102,

8125
8625
9125
9625
0125
0625
1125
1625
2125
2625
3125
3625
4125
4625
5125
5625
6125
6625
7125
7625
7625
7625
7625
7625
7625
7625
7625
7625
7625

Page 5-43




v
KING
KX 170A/KX 175
NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

5 5.1 PRELIMINARY EVALUATION (Figure 5-50)

A, Verify the NAV SMO failure!
1, Perfo.rrn the alignment procedure of Section 5. 2. 1.
2. Does the NAV SMO supply 10mw to a 50 ohm load?

3. Is the synthesized frequency correct when dialing through all KHz (20 each)
and all MHz (10 each) positions with both clockwise and counterclockwise
rotation? '

B, Is the failure external from the NAV SMO enclosure?

1. Check all power and control lines to the NAV SMO for proper operation,
Wire color and feedthru assignments are shown in Figure 5-50.
Control wire functions are defined in Table 4-3 where '"'0" is ground potential
and "1" is 5vdc,

2. Is there a short circuit in the COMM SMO disabling the 400KHz oscillator in
the NAV SMO (KX 170A only)? .

5.5.2 NAV SMO DIAGNOSTIC PROCEDURE
If the tests of 5. 5. 1 substantiate the NAV SMO failure, proceed as follows:

A Open the Loop
—NOTE -

To properly troubleshoot the NAV SMO, it
is imperative that the feedback loop be dis-
abled. This is accomplished very simply
by applying a positive, 0-10 volt adjustable
D-C voltage from a low impedance source
to TP201, the VCO bias point.

B. Is the High Reference Oscillator Operating Properly?
Using a 1Kpf capacitor, connect a VHF frequency counter to the junction of R230 and R231

in the High Reference Oscillator and check for 53. 93125MHz, If the oscillator is inoper-
ative or off frequency, refer to section 5, 5, 11 for servicing information,
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C. Is the Low Reference Oscillator Operational?

Connect a frequency counter to TP205 in the Low Reference Oscillator and measure
400. 000KHz. Remove the counter coax, connect an oscilloscope to TP205 and observe
the waveform of Figure 5-13, If a malfunction is observed, refer to Section 5.5, 5 for
servicing instructions,

..... L] T

3v

l

© 696-6053-00

FIGURE 5-13 LOW REFERENCE OSCILLATOR OUTPUT
‘ D, Does the VCO and Receiver Buffer Perform Properly?

Dial 116. 70MHz on the NAV frequency selector and adjust the VCO bias voltage to
6.50V. Connect a VHF counter to the VCO Buffer, TP203, and adjust 1.201 to obtain a
frequency of approximately 101, 5125MHz, Erratic or improper tuning, or low output
should be corrected by troubleshooting the VCO and/or VCO Buffer as outlined in
Sections 5. 5, 6 and 5, 5, 10,

E. Is the Implicit Divide by 2 Halving the VCO Frequency?
Without altering the tuning voltage or the channel frequency setting connect the VHF
counter to TP204 and read a frequency of approximately 50, 756 MHz, If a malfunction is

observed, the circuit may be serviced as outlined in the troubleshooting instructions of
Section 5, 5, 12,
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F. Is the Mixer Working Properly?

With 116, 70MHz selected and 6. 50vdc bias applied to the V.CO as in previous steps, con-
nect an oscilloscope to the junction of 1.204, C240 and C241. The waveform should be of
the approximate amplitude and frequency of Figure 5-14. Failure to obtain the desired
trace would indicate a malfunction in the Mixer circuit which can be serviced as outlined
in the troubleshooting instructions of Section 5. 5. 13.

Vertical: . 0. 05V/div
Horizontal: 0. lusec/div
Selected Freq.: 116, T0MHz

696-6054-00
FIGURE 5-14 MIXER OUTPUT

G. Is the Squaring Amplifier in Good Health?

With the VCO oscillating near 101, 5125MHz (NAV frequency selector at 116, T0OMHz)

monitor the Squaring Amplifier output, TP206, with an oscilloscope having a bandwidth

of at least 30MHz. I[f the high reference oscillator is functioning properly, the wave-

~form will appear as in Figure 5-15, If not, troubleshoot the squaring amplifier as in
Section 5, 5, 15, :
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Vertical: 1V/DIV
Horizontal: . lusec/DIV
Selected Freq: 116, 700MHz
Squaring Amp, Freq.: 3. 175MHz

696-6055-00
FIGURE 5-15 SQUARING AMPLIFIER OUTPUT

H. Does the Programmable Divider Provide Proper Frequency Division?

Short, test points, TP207, TP208, and TP209, This disables the phase and frequency
comparator to permit testing of the programmable counter. Maintain the channel
setting and the VCO tuning voltage of Steps D through G, Attach the oscilloscope probe
to Pin 9 of 1202 or 1206 to monitor the counter output, The waveform of Figure 5-16
should be obtained, Note the pulse period of approximately 40usec, Dial the ten MHz
positions, leaving the VCO bias unchanged, and look for the counter output pulse rate to
increase uniformly as lower channel frequencies are dialed, Return the MHz dial to the
116 MHz position and dial through the twenty KHz positions, Observe a gradual advance
in output pulse rate as numbers are dialed from the 0, 95 to . 00 using counterclockwise
rotation,

If erroneous operation of the Programmable Counter is observed, service the counter
using the procedure of Section 5. 5. 3. Upon completion of the counter checks, remove
the shorting connections from test points TP207, TP208 and TP209,
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Horizontal: busec/Div
$4.7K Trace: (€250, C248, CR213
" Vertical: 2V/Div

696 -6056 -00
FIGURE 5-16 PROGRAMMABLE DIVIDER OUTPUT

L Is the Phase and Frequency Comparator Operational?

Connect the oscilloscope probe to the junction of Pins 1, 5 and 10 of 1208 and R215 to
monitor the Phase and Frequency Comparator output. With the channel selector at

116, 70MHz, vary the VCO bias voltage above and below 6. 50 volts. The output voltage
on the scope should be dominately high when the VCO bias is low, and low when the

VCO bias is high. Waveforms are illustrated on the "set-reset' output "Q' of the Phase
and Frequency Comparator Timing Diagrams of Figure 5-33. If a malfunction is noted,
troubleshoot the circuit as illustrated in Section 5. 5. 4,

J. Does the Voltage Translator Operate Properly?
Repeat the test of Step I but with the oscilloscope probe attached to TP202, Waveforms

are illustrated in Figure 5-17. Service the circuit as required using the reference infor-
mation of Section 5. 5, 8.
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Horizontal: 5usec/Div

Upper Trace: Comparator Output (Pins 1,5, and 10 of
1208)

Upper vertical: 1V/Div

Lower Trace: Translator Output (TP202)

‘ Lower Vertical: 2V/Div

FIGURE 5-17 VOLTAGE TRANSLATOR

696-6057-00

K. What if no Problems are Observed?

Troubleshoot the remaining block, the VCO Low Pass Filter per the discussion of
Section 5, 5. 7.
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5.5.3 PROGRAMMABLE DIVIDER (FIGURE 5-19)
The Prégrammable Divider consists of integrated circuits 1201, 1202, 1204, 1206 and
gates A and D in [203, Reference material includes the divider theory of Section 4
and the Timing Diagram of Figure 5-32,
~NOTE-—
If the COMM SMO is functioning properly,
the servicing technician has the option of
using comparison techniques in trouble-
shooting the NAV SMO,
5.5,3.1 Troubleshooting Procedure,
1 Test Setup
A, "Open either end of 1.204, the Mixer Low Pass Filter choke.
B. Short Pins TP207, TP208 and TP209 together.

C. Use a coaxial pigtail to connect an HP 606A, or equivalent, to the tie point
of C240 and C241,

IL Equipment Adjustments
A, Using a frequency counter, set the 606A, to a CW frequency of 3. 175MHz,
B. Adjust the HP 606 A CW level to obtain a crisp square wave (0 volts base
line, 4 volts peak line) at TP206, when viewed by a 30MHz bandwidth or

wider oscilloscope.

C. Dial the NAV channel selector to 116, 70MHz, ' If comparison techniques are
to be used select either 126, 60MHz or 135, 70MHz for the COMM channel.

II1. Observations
A. Use a 30MHz bandwidth (or wider) oscilloscope. Provide external sync
from the leading edge of the pulse appearing at the junction of R248 and
CR213.

B. Compare the waveform at Pin 6 of the 1204 to the equivalent point in the
COMM SMO or to the timing diagrams, The desired output is a pulse train
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with a 4 volt reference level, a 40usec period (25KHz rep rate), negative
pulse width of approximately 210nsec, and O volts negative excursion,

C. If the desired oscilloscope trace was obtained in B, the counter is operational
at 116, 7T0MHz, Dial 117, 950MHz. With the oscilloscope sync as in A on
preceeding page, simultaneously monitor TP206 and Pin 9 of 1208. Note the
relationship of the pulses as the dial is rotated sequencially to the next low-
est channel, The output pulse (Pin 9 of 1208) should step 1 input pulse in-
crement with each 50KHz step in dialing. See Figure 5-18. If the counter
meets the above requirements it is operational.

s, e e

R N

i N Y Y Y VYUY ;o
VIVEVRVEVEVEVEVEVH URVEVRVRUR “YMMULWUVVBLB VLYY

Selected Freq. = 116, T0MHz Selected Freq. = 116. 65MHz

Vertical: Top-1V/div (TP206)
Bottom - 0:5V/div (Pin 9 of 1208)
Horizontal: 0. 5usec/div
696-6106-00

FIGURE 5-18 PROGRAMMABLE DIVIDER

D. Failure to meet the requirements of Step B requires a complete check of the
I-C input/output timing as defined in either the Timing Diagram (Figure
5-32 or an operable COMM or NAV SMO.

E. Failure to meet the requirements of Step C implies a problem with the preset
function of the Programmable Divider, Make a complete check of the divider
flip-flops immediately preceeding and following the preset enable pulse
(negative pulse on Pin 6 of 1204. The desired preset states are defined in
Table 4-3, where 0 is ground and 1is b volts, and should occur immediately
following the preset enable pulse, Also review Figure 5-32,

F. Replace components and make repairs as necessary to obtain the desired
counter operation,
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5.5.4 PHASE AND FREQUENCY COMPARATOR (Figure 5-19)

The Phase and Frequency Comparator consists of integrated circuits 1205, 1207, 1208,
gates C and B of [203 and wave shaping networks composed of €249, C250, C269, R247, .
R248 and CR213. Reference information sources include the Phase and Frequency
Comparator Timing Diagrams of Figure 5-33 and the theory of Section 4, 2,

—NOTE-—

If the COMM SMO is operating properly
it may be used to provide supplementary
information using comparison techniques.

5,5.4.1 T roubleshooting Procedure

A, Connect an external power supply to the VCO bias test point TP201,

B. Monitor the Comparator output (Pins 1,5, or 10 of 1208) on an oscilloscope.

C. Adjust the VCO bias voltage low (less than 6. 50 volts) and look for a high out-
put voltage (around 1, 5 volts). Refer to Figure 5-33 for the appropriate timing
diagram,

D, Adjust the VCO bias voltage high (greater than 6, 50 volts) and look for a low

voltage output voltage (near ground potential), Refer to Figure 5-33 for the
appropriate timing,

E. Failure to meet the conditions of Steps C and D requires a systematic com-
parison of the input (output) relationships obtained to those appearing in either
the Timing Diagram or the functioning COMM SMO.

1. Disable the counter hold pulses by shorting test points TP207, TP208 and
TP209 and check the divide by 16 block (I1205) for proper 2, 4, 8 and 16 ripple
counter operation.

2. Check the differentiation networks for proper waveshaping (tie point of 250,
CR213, R248 and the tie point of C249 and R247).

3. Remove the shorting connections at test points TP207, TP208 and TP209,
Repeat the tests of Steps C and D. If proper operation is still not obtained
monitor the gates of the MC817P's (1207 and [208) and B and C of 1204
for proper operation,
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5.5.5 LOW REFERENCE OSCILLATOR (Figure 5-19 NAV) (5-29, COMM)

The Low Reference Oscillator consists of transistors Q210 (Q315) and Q211 (Q316),
with crystal Y202 (Y303) as the frequency determining element. The Low Reference
Oscillator serves both the NAV and COMM SMO's, (KX 170A only).

5.5.5.1 Troubleshooting Procedures, Using an oscilloscope check TP205 (T P305)
for a square wave output (See Figure 5-13)., Capacitively couple a frequency counter
to TP205 (TP305) and check for 400KHz. Check Q210 (Q315) and Q211 (Q316) and the
associated circuitry. See Figure 5-50 and 5-51 for typical D-C operating voltage levels.
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9.5.6 VOLTAGE CONTROLLED OSCILLATOR (VCO) (Figure 5-20)

The Voltage Controlled Oscillator (Q201) is a Colpitts oscillator, Frequency determining
elements include CR201, L201, C204 and C205. Basic theory appears in Section 4. 2, 2, 2,

5.5.6.1 Troubleshooting Procedure, Compare the supply and bias voltages for Q201
with those appearing in Figure 5-50 and replace components as necessary to obtain pro-
per bias. Apply a 7. 2 volt tuning bias voltage, from a low impedance source, to TP201
and use a frequency counter to monitor the frequency at the collector of Q201. Adjust
L201 to obtain a frequency of approximately 102, 7625, The VCO frequency should vary
proportionately as the tuning voltage is varied. If erratic or erroneous operation is
obtained, check the frequency determining elements. Failure of the VCO to oscillate
implies an open varactor diode (CR201), an open trimmer coil (L.201), or a bad transis-
tor (Q201).

53.5.7 VCO LOW PASS FILTER (Figure 5-20)

The VCO Low Pass Filter consisting of T201, C211, C212 and C213 is an elliptic low
pass filter designed to recover the D-C voltage from the output of the 25KHz Voltage
Translator. It has been factory adjusted and no attempt should be made to readjust in
the field, :

5.5, 7.1 Troubleshooting Procedure, Using an oscilloscope, check for a sqliare wave
input at TP202. Using a D-C voltmeter, check for a D-C voltage at TP201 (7. 20VDC at
117. 95MHz to 2, 84VDC at 108. 00MHz,

5.5.8 25KHz VOLTAGE TRANSLATOR (Figure 5-20)

The Voltage Translator consists of transistors Q204 and Q205 which shifts the error
voltage level from the Phase and Frequency Comparators to a level sufficient to operate
the VCO,

5.5.8.1 Troubleshooting Procedure. Using an oscilloscope trace the input signal
from R215 to the output of TP202. See Figure 5-50 for typical D-C operating voltage
levels.

5.5.9 RECEIVER BUFFER (Figure 5-20)
The Receiver Buffer consists of transistor, Q202, with output transformer, T202.
5.5.9.1 Troubleshooting Procedure. Using an oscilloscope, trace the input signal

from C216 to the output at Pin 2 of T202. See Figure 5-50 for typical D-C operating
voltage levels.
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5.5.10 VCO BUFFER (Figure 5-20)
The VCO Buffer consists of transistor Q203 with output transformer T203.

5.5,10.1 - Troubleshooting Procedure. Using an oscilloscope, trace the input signal
from C220 to the output at T203, See Figure 5-50 for typical D-C operating voltage
levels,
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5.5.11 HIGH REFERENCE OSCILLATOR (Figure 5-21)

The High Frequency Oscillator consists of transistor Q207 connected in a typical Col-
pitts configuration with crystal Y201 determining the operating frequency.

5,5.11.1 Troubleshooting Procedure, Check Pin 6 of T207 for oscillator output,
Check supply and biasing voltage (See Figure 5-50 for typical D-C operating voltage
levels).

5.5.12 IMPLICIT DIVIDE BY 2 CIRCUIT (Figure 5-21)

The Implicit Divide by 2 circuit consists of balanced mixer CR203, CR204, CR205 and
CR206 and amplifier Q206, For circuit theory refer to Section 4, 2,

5.5.12.1 Troubleshooting Procedure, Using an oscilloscope verify the output of VCO
Buffer at Pin 6 of T204. See Figure 5-50 for typical D-C operating voltage levels.

5.5.13 2ND MIXER (Figure 5-21)

This is a balanced mixer consisting of transformer T206 and T207 with diodes CR207,
CR208, CR209 and CR210,

5.5.13.1 Troubleshooting Procedure. With the power removed from the KX 170A/
KX 175, and using an ohmmeter, check all diodes for a possible open. Check all trans-
former windings for D-C continuity,

5.5.14 MIXER LOW PASS FILTER (Figure 6-10)

The Mixer Low Pass Filter is a basic pi- section low pass filter consisting of inductor
1.204 and capacitors €239 and (240,

5.5.14.1 Troubleshooting Procedure. Using an oscilloscope trace the signal from the
output of the 2nd Mixer (Pin 2 of T206) to the input of the Squaring Amplifier (base Q208),

5.5, 15 SQUARING AMPLIFIER (Figure 5-21)

The Squaring Amplifier consists of transistors Q208 and Q209.

5,5.15.1 Troubleshooting Procedure, Using an oscilloscope check for Mixer output at
the base of Q208, Check TP206 for a 4 volt square wave output., Check transistor Q208

and Q209 and associated circuitry. See Figure 5-50 for typical D-C operating voltage
levels (with the base of Q208 bypassed),
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5.6 TROUBLESHOOTING THE COMM SMO

The COMM SMO synthesizes 360 frequencies, providing a power level of 10mw into a
502 load. The relationship of channel frequency to synthesized frequency is illustrated
in Table 5-11. Theory of Operation is presented in Section 4,

LO BAND HI BAND

“Selected Synthesizer: Selected Synthesizer

Channel Frequency Channel Frequency
(MHz) Receiver (MHz) (MHz) Receiver (MHz)

118, 00 127, 00 127. 00 118, 00
118, 05 127, 05 127, 05 118, 05
118.10 127,10 127,10 118. 10
118,15 127,15 127, 15 118, 15
118, 20 127, 20 127, 20 118, 20
118, 25 127, 25 127, 25 118, 25
118. 30 127, 30 127, 30 118, 30
118, 35 127, 35 127, 35 118, 35
118, 40 127. 40 127, 40 118. 40 ‘
118.45 127, 45 127, 45 118, 45
118,50 127, 50 127, 50 118, 50
118,55 127, 55 127, 55 118, 55
118, 60 127, 60 i 127, 60 118, 60

. 118.65 127, 65 127, 65 118, 65
118,70 127, 70 127, 70 118, 70
118,75 127. 75 127, 75 118. 75
118, 80 127, 80 127, 80 118, 80
118, 85 127, 85 127, 85 118, 85
118, 90 127, 90 127, 90 118, 90
118, 95 127, 95 127, 95 118, 95
119; 95 128, 95 128, 95 119, 95
120, 95 129, 95 129, 95 120, 95
121, 95 130. 95 130. 95 121, 95
122, 95 131. 95 131. 95 122, 95
123, 95 132, 95 132. 95 123, 95
124, 95 133. 95 133. 95 124, 95
125, 95 134. 95 134, 95 125, 95

126. 95 135, 95 135, 95 126. 95

TABLE 5-11 COMM SMO SYNTHESIZER FREQUENCIES
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5,6.1 PRELIMINARY EVALUATION (Figure 5-51)
A, Verify the COMM SMO failure!
1. Perform the alignment procedure of Section 5, 2, 2,

2, Does the COMM SMO supply 10mw to a 50 ohm load?

3. Is the synthesized frequency correct when dialing through all KHz (20 ea.)
and all MHz (18 ea.) positions with both clockwise and counterclockwise
rotation,

B. Is the failure external from the COMM SMO enclosure?
1. Check all power and control lines to the COMM SMO for proper operation,

Wire color and feedthru assignment are shown in Figure 5-51. Control
wire functions are defined in Table 4-4 where ""0" is ground and "1" is
5VDC,

2, Does the NAV SMO supply a 400KHz reference to the COMM SMO?

‘ (KX 170A Onl}’)
5.6,2 COMM SMO DIAGNOSTIC PROCEDURE
. If the tests of 5. 6. 1 substantiate the COMM SMO failure, proceed as follows:

A, Open the loop.
—NOTE-

To properly troubleshoot the COMM SMO it
is imperative that the feedback loop be dis-
abled, This is accomplished very simply
by applying a positive, adjustable, D-C volt-
age from a low impedance source to TP301,
the VCO bias point,

B. Is the High Reference Oscillator operating properly?
Using a 1Kpf coupling capacitor connect a VHF frequency counter to the junction of
CJ301 and CJ302 in the High Reference Oscillator and check for 71, 025 +1KHz when a

low band (118. 00 - 126. 95MHz) frequency, or 66. 525 +1KHz when a high band 127, 00-
135. 95MHz frequency has been selected on the COMM frequency dial.
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If the oscillator is inoperative or off frequency, refer to Section 5. 6. 10 for servicing
information.

C. Is the Low Reference Oscillator Operational?
Connect a frequéncy counter to TP305 and measure 400, 000 (+30, -10)Hz. Remove the

counter, connect an oscilloscope to TP305 and observe the waveform., The proper wave-
form is shown in Figure 5-23 below,

Horizontal: 0. 5usec/div
Vertical: 1V/CM '
Selected Freq: 126, 7T0MHz 696-6061-00

FIGURE 5-23 LOW REFERENCE OSCILLATOR OUTPUT

If an incorresct waveform is observed, refer io Section 5. 5. 5 for servicing instructions,
D. Does the VCO and Receiver Buffer perform properly?

Dial 126, 70MHz on the COMM frequency selector, and adjust the VCO bias voltage to
6. 85V, Connect a VHF counter to the Receiver Buffer, TP303, and adJust C315 to
obtain a frequency of approximately 135, TOMHz,

Change the COMM frequency selector dial to 135, 70MHz and adjust C314 to obtain a
frequency of approximately 126. 70MHz, Erratic or improper tuning, or low output
should be corrected by troubleshooting the VCO and/or VCO Buffer as outlined in
Sections 5, 6. 5 and 5, 6. 9,

E. Is the Implicit Divide by 2 halving the VCO frequency?

Without altering the tuning voltage or the channel frequency setting, connect the VHF
counter to TP304 and read a frequency of approximately 63. 86 MHz, Change the COMM
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frequency selector dial back to 126, T0MHz and read a frequency of approximately 67, 85
MHz on the counter, If a malfunction is observed, the circuit may be serviced using the
troubleshooting instructions of Section 5, 6, 11.

F. Is the Mixer Working Properly?
With 126, 70 selected and 6. 85VDC bias applied to the VCO, as in previous steps, connect

an oscilloscope to the junction of L.305, C376 and C377, The waveform should be one of
the approximate amplitude and frequency of Figure 5-24,

Horizontal: 0. lusec/div
Vertical: .05V /div
Selected Freq: 126, 70MHz

696-6062-00
FIGURE 5-24 MIXER OUTPUT

Failure to obtain the desired trace would indicate a malfunction in the Mixer circuit
which can be serviced using the troubleshooting information of Section 5. 6. 12,

G, Is the Squaring Amplifier Working Properly?

With the VCO oscillating at 135, T0OMHz (COMM frequency selector 126. 70MHz), monitor
the Squaring Amplifier output, TP306, with an oscilloscope having a bandwidth of at
least 30MHz. If the reference oscillator is functioning properly, the waveform will
appear as in Figure 5-25, If not, troubleshoot the squaring amplifier as in Section

5, 6. 14, ‘
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Horizontal: 0. lusec/div
Vertical: 1V/div
Selected Freq.: 126, T0MHz

696-6063-00
FIGURE 5-25 SQUARING AMPLI®IER OUTPUT

H. Does the Programmable Divider provide proper frequency division?

Short together test points TP307, TP308 and TP309, This disables the phase and fre- .
quency comparator to permit testing of the programmable counter. Maintain the channel

setting and the VCO tuning voltage of steps D through G. Attach the oscilloscope probe

to the junction point of €384, CR317, R366 and Pin 9 of 1308 to monitor the counter out-

put. The waveform of Figure 5-26 should be obtained, Note the pulse period of 40usec,

Dial the eighteen MHz positions, leaving the VCO bias unchanged, and look for the count-

er output pulse rate to increase uniformly as lower channel frequencies are dialed.

Return the MHz dial to the 126 MHz position and dial through the twenty KHz positions,

Observe a gradual increase in output pulse rate as numbers are dialed from the 0. 95 to

0. 00 using counterclockwise rotation, )

If erroneous operation of the Programmable Counter is observed, service the counter

using the procedure outlined in Section 5. 6. 3. Upon completion of the counter checks,
remove the shorting connections from TP307, TP308 and TP309,

Page 5-68 March, 1971 ‘




A\ v 4
‘ KING
KX 170A/KX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

Horizontal: Susec/div
Vertical: 1, 0V/div
Selected Freq: 126. TMHz
696-6064-00
‘ FIGURE 5-26 PROGRAMMABLE DIVIDER OUTPUT
I Is the Phase and Frequency Comparator Operational?

Connect the oscilloscope probe to the tie point of Pins 1, 5, and 10 of [308 and R333 to
monitor the Phase and Frequency Comparitor output, With the COMM channel selector
at 126, 7T0MHz, vary the VCO bias above and below 6, 85 volts. The output voltage on the
scope should be dominately high when the VCO bias is low, and low when the VCO bias is
high, Waveforms are illustrated on the '"set-reset' output '"Q" of the Phase and Freq-
uency Comparator timing diagrams of Figure 5-33, If a malfunction is noted, trouble-
shoot the circuit as instructed in Section 5. 6. 4.

J. Does the Voltage Translator Operate Properly?
Repeat the test of Step I but with the oscilloscope probe attached to TP302, Waveforms

are illustrated in Figure 5-27, Troubleshoot the circuit as required using the infor-
mation given in Section 5, 6, 7.
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(a) VCO frequency and bias voltage high. (b) VCO frequency and bias voltage low. .
Horizontal: 10usec/div
Vertical: 2V/div
Selected Freq: 126, 7T0MHz

696-6065-00
FIGURE 5-27 VOLTAGE TRANSLATOR

K, What if no Problems are Observed?

Service the remaining block, the VCO Low Pass Filter. Compare waveforms with those
of Figure 4-14 and voltage levels of figure 5-51, Check for continuity.
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5.6.3 PROGRAMMABLE DIVIDER (Figure 5-29)

The Programmable Divider consists of integrated circuits, 1301, [302, 1304, I[306 and
gates A and D in [303, Reference material includes the divider theory of Section 4. 2 (c)
and the Timing Diagram of Figure 5-32.

—NOTE-

If the NAV SMO is functioning properly, the
servicing technician has the option of using
comparison techniques in troubleshooting
the COMM SMO.,

5.6.3.1 T roubleshooting Procedure,
I Test Setup.
A, Open either end of 1.305, the Mixer Low Pass Filter choke,
B. Short Pins TP307, TP308 and TP309 together.
C. Use a coaxial pigtail to connect an H/P B80G6A or equivalent, to the tie
point of C376 and C377.
II. Equipment Adjustments.
A, Using a frequency counter, set the 606A to a CW frequency of 3. 175MHz,
B. Adjust the H/P606A CW level to obtain a crisp square wave (0 volts base
line, 4 volts peak line) at TP306, when viewed by an oscilloscope having
a 30MHz or wider bandwidth,
C. Dial the COMM channel selection to 126. 7T0MHz, If NAV SMO comparison
techniques are to be used, select 116, 7T0MHz for the NAV channel,
IIL Observations
A, Use a 30MHz bandwidth (or wider) oscilloscope. Provide external sync
from the leading edge of the pulse appearing at the junction of R366 and
CR317,
March, 1971 Page 5-71



b
uuuuuuuuuu«iu'«uuu

Page 5-72

M d
KING

KX 170A/KX 175

L5 [V = W A & VAN

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

Compare the waveform at Pin 9 of 1308 to the equivalent point in the NAV

SMO or to the timing diagram (See Figure 5-32). The desired output is a
nilae train with a 2. 5 volt peak level a AN gan rind (25 KW H-

=Y neo "
MUIST vl alil Witil & ¢ VULL pran LTVOL, Q TuuoTu poliivu \(4Luihiia 1I'T

and 0 volts base 11ne.

T
]
i3]

If the desired oscilloscope trace was obtained in B, the counter is opera-
tional at 126, 7T0MHz, Dial 135, 95MHz, With the oscilloscope sync as in
A above, simultaneously monitor TP306 and Pin 9 of 1308, Note the

relationship of the pulses as the dial is rotated sequentially to the next

lowest channel. The output pulse should step 1 input pulse increment with
each 50KHz step in dialing (See Figure 5-28). If the counter meets the
above requirements it is operational,

LR T A S I A

v
LA R R A RV RV R VIV R VR VR VR

\

\\...-\

o

f = 126, 7T0MHz f =126, 65MHz

Vertical: Top-1V/div (T P306)
Bottom-0, 5V/div (Pin 9 of the 1308)
Horizontal: 0. S5usec/div

696-6066-00
FIGURE 5-28 PROGRAMMABLE DIVIDER

Failure to meet the requirements of Step B requires a complete check of
the I-C input/output timing as defined in either the timing diagram (Figure
5-32) or an operable COMM or NAV SMO.

Failure to meet the requirements of Step C implies a problem with the
preset function of the Programmable Divider., A complete check of the
divider flip-flops immediately preceeding and following the preset enable
pulse (negative pulse on Pin 6 of the I304), The desired preset states are
defined in Table 4-4, where 0 is ground and 1 is 5 volts and should occur

immediately following the preset enable pulse,
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Replace components and make repairs as necessary to obtain the desired
counter operation,

5.6.4 PHASE AND FREQUENCY COMPARATOR (Figure 5-29)

The Phase and Frequency Comparator consists of integrated circuits [305, 1307, 1308,
gates B and C of 1303 and wave shaping networks consisting of C383, €384, CR317, C565,
R366 and R367. Reference information sources include the Phase and Frequency Com-
parator Timing Diagram of Figure 5-33 and the theory of Section 4. 2. 2.

5.6.4.1

March, 1971

—NOTE —

If the NAV SMO is operating properly
it may be used to provide supplementary
information using comparison techniques.

T roubleshooting Procedure
Connect an external power supply to the VCO bias test point, TP301,
Monitor the comparitor output (Pins 1, 5, or 10 of 1308) on an oscilloscope.

Adjust the VCO bias voltage low (less than 6, 85 volts with 126, 70 or
135. 7T0MHz selected) and look for a high output voltage (around 1, 5 volts).
Refer to Figure 5-33 for the appropriate timing diagram,

Adjust the VCO bias voltage high (greater than 6. 85 volts) and look for a
low output voltage (near ground potential)., Refer to Figure 5-33 for the
appropriate timing.

Failure to meet the conditions of Steps C and D requires a systematic com-
parison of the input output relationships appearing in either the Timing
Diagram or the functioning NAV SMO,

1. Disable the counter hold pulses by shorting test points TP307, TP308,
and TP309, and check the divide by 16 block (I305) for proper divide
by 2, divide by 4, divide by 8 and divide by 16 ripple counter operation,

2. Check the differentiation networks for proper wave shaping (tie point of
C384, CR317, and R366 and the tie point of C383 and R367.
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3. Remove the shorting connections at test point TP307, TP308 and TP309.
Repeat the tests of Steps C and D above. If proper operation is still
not obtained, monitor the gates of the MC817P'S (I307 and 1308)and B

and C of the 1304 for proper input/output operation.
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c384
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696-6067-00

PHASE AND FREQUENCY COMPARATOR
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5.6.5 VOLTAGE CONTROLLED OSCILLATOR (VCO) (Figure 5-30)

The Voltage Controlled Oscillator (VCO) consists of transistor Q302, Varactor diode
CR303, with frequency adjust capacitors C314 and C315 and HI-LO VCO switching
transistor Q301, Diodes CR301 and CR302 disable the VCO transistor Q302 when the
COMM frequency selector wafer is dialed to a nonvalid COMM channel. In the low
portion of the COMM band (118, 00-126, 95MHz), the Hi line is grounded on receive and
the "Lo" line is grounded on transmit, Therefore, in receive the '"Hi" line forward
biases CR301 applying bias to Q302 for normal operation., CR302 is reverse biased by
R346 (High Reference Oscillator Section). In the high portion of the COMM band (127. 00-
135, 95MHz) the ""Lo'" line is groundéd on receive and the '""Hi'" line is grounded on trans-
mit, Therefore, in receive the '"'Lo" line, forward biases CR302 which again applies
bias to Q302. At the same time, the "Lo'" line enables VCO switch Q301, placing trim-
mer C314 in parallel with C315. CR301 is reverse biased by R347 (High Reference
Oscillator Section),

5.6.5.1 Troubleshooting Procedure, Check the supply and bias voltages of Q302.
Check for proper operation of the Hi-Lo switching wafer and associated diodes CR301
and CR302, (See Section 5. 6. 11) Makeé repairs as necessary to obtain proper operating
conditions., Supply a 7.0 volt bias voltage from a low impedance source to TP301 and
monitor the VCO output frequency by capacitively coupling a frequency counter to the
collector of Q302 with a 100pf diskcap. With the frequency selector at 126. 95MHz adjust
C315 to get a frequency of approximately 135, 950MHz. If this is unattainable, verify
that Q301, is turned off and check the frequency determining elements, C317, C387, C315,
C343, L301, and CR303. Dial 135. 850MHz and adjust C314 to obtain a VCO frequency of
126.950 MHz. If erratic or erroneous operation is noted, check the frequency determin-
ing components and verify that Q301 is saturated, If the VCO fails to operate, check
L.301 and CR303 and Q302. Check the VCO for a proportional change in frequency with
tuning voltage changes on the low and high bands.

5.6.6 VCO LOW PASS FILTER (Figure 5-30)

The VCO Low Pass Filter consisting of T307, €348, C349, and C350 is an elliptic low
pass filter designed to recover D-C voltage from the outpit of the 25KHz Voltage
Translator, It has been factory adjusted and no attempt should be made to readjust in

the field,
5.6.6.1 Troubleshooting Procedure, Using an oscilloscope, check for a square

wave input at TP302, Using a D-C voltmeter, check for a D-C voltage at TP301 (7, 00V
DC at 126. 95MHz to 2, 58V DC at 118, 00MHz,
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5.6.7 25KHz VOLTAGE TRANSLATOR (Figure 5-30)

The Voltage Translator consists of transistors Q308 and Q309 which shift the error
voltage level from the Phase and Frequency Comparator to a level sufficient to operate
the VCO. :

5.6.7.1 Troubleshooting Procedure, Using an oscilloscope, trace the input signal
from pins 1, 5, or 10 of 1308 to the output at TP302. See Figure 5-51 for typical D-C
operating voltage levels. ‘

5.6.8 RECEIVER BUFFER (Figure 5-30)
The Receiver Buffer consists of transistor Q303 with output transformer T301.

5. 6 8.1 Troubleshooting Procedure. Using an oscilloscope, trace the input signal
from R309 to the output at TP303. See Figure 5-51 for typical D-C operating voltage
levels, ’

5.6.9 TRANSMIT BUFFER/TYX ENABLE SWITCH/OUT OF LOCK TX DISABLE

The Transmit Buffer consists of Q306 with output transformer T305, It provides drive ‘
to the transmitter only when both the TX Enable Switch, Q305, is turned off and the
Out of Lock Disable switch Q307 is saturated providing an emitter current path to ground.

5.6,9.1 Troubleshooting Procedure, Key the transmitter and use an oscilloscope
to track the signal from T301 to Pin 2 of the output transformer T305. Using a D-C
voltmeter, check the TX enable switch Q305 for proper operation (Saturated in receive,
open in transmit) and check the Out of Lock Disable Q307 for proper operation (satur-
ated-bringing the emitter resistors of Q303 and Q306 to ground. See Figure 5-51 for
typical D-C operating voltage levels.
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5.6.10 HIGH REFERENCE OSCILLATOR (Figure 5-31)

The High Reference Oscillator consists of transistor Q311 operating in a typical Colpitts
configuration. Crystals Y301 and Y302 determine the operating frequency. In the low
portion of the COMM band (118, 00-126, 95MHz), Y301 is used on receive and Y302 is
used on transmit, In the high portion of the COMM band (127, 00-135, 95MHz), Y302 is
used on receive and Y301 on transmit,

5.6.10.1 Troubleshooting Procedure, Check the oscillator output at Pin 6 of T306.
The following table gives the desired functions under the various conditions encountered,

Low Band (118,00 - 126, 95MHz) High Band (127. 00 - 135, 95MHz)
Receive f="71.025MHz Receive f = 66. 525MHz

"Lo" +8, 5V "Lo'' GND

"Hi" GND "Hi" +8. 5V

CR314 Reverse Biased CR314 Forward Biased

CR313 Forward Biased CR313 Reverse Biased
Transmit f = 66, 525MHz Transmit f="71,025MHz

"Lo" GND "Lo'" +8, 5V

"Hi" +8.5V "Hi'" GND

CR314 Forward Biased CR314 Reverse Biased

CR313 Reverse Biased CR313 Forward Biased

TABRLE 5-12 HIGH REFERENCE OSCILLATOR TROUBLESHOOTING TABLE

Check supply and biasing voltages (See Figure 5-51 for typical D-C operating voltage
levels),

5.6,11 IMPLICIT DIVIDE BY 2 CIRCUIT (5-31)

The Implicit Divide by 2 circuit consists of balanced mixer CR305, CR306, CR307 and
CR308 and amplifier Q310. For circuit theory refer to Section 4, 2,

5,6.11,1 Troubleshooting Procedure, Using an oscilloscope verify output from VCO
Buffer at Pin 6 of T302. Check for signal at the base of Q310 and track through the
amplifier section working toward TP304. See Figure 5-51 for typical D-C operating
voltage levels, Refer to 5.5, 12,1 for procedure for isolating amplifier and mixer
failures,

5.6.12 2ND MIXER (Figure 5-31)
This is a balanced mixer consisting of transformers T304 and T306 and diodes CR309,

CR310, CR311 and CR312.
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5.6.12.1 Troubleshooting Procedure, With the power removed from the KX 170A/
KX 175 using an ohmmeter check all diodes for a possible open. Check all transformer
windings for D-C continuity,

5.6.13 MIXER LOW PASS FILTER (Figure 5-31)

The Mixer Low Pass Filter is a basic pi- section low pass filter consisting of inductor
1.305 and capacitors C375 and C376,

5.6.13.1 Troubleshooting Procedure, Using an oscilloscope trace the signal from’
" the output of the Second Mixer (Pin 2 of T304) to the input of the Squaring Amplifier
_(base of Q312).

5.6. 14 SQUARING AMPLIFIER (Figure 5-31)

The Squaring Amplifier consists of transistors Q312 and Q313.

5.6.14.1 T roubleshooting Procedure, Using an oscilloscope check for mixer output
signal at the base of Q312, Check TP306 for a 4 volt square wave output. Check tran-

sistors Q312 and @313 and associated circuitry (See Figure 5-51 for typical D-C
operating voltage levels),
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5.7 TROUBLESHOOTING THE NAV RECEIVER

Receiver schematic diagram Figure 5-52,

5.7.1 PRELIMINARY EVALUATION (Isolating the malfunction by stage gain measure-
ments)

a. At some convenient channel frequency apply a 10uv RF signal modulated
30% by a 1KHz audio signal,

b. Connect an oscilloscope to the detector TP403 and determine that the out-
put is approximately 1. 7 volts peak-to-peak., If so the failure is in audio
processing, (go to step f). If not, the failure is between the R-F input and
the detector (go to step c).

C. Determine if the failure is within the AGC AMP. Connect a variable
voltage power supply to TP412 through a 1KQ2 resistor. Compare the
input voltage to output voltage relationship with the typical data of Figure
5-34,

IK
+
‘ POWER SUPPLY F—wW—@)TP4 (2 ®TP406
= t Lourpur VOLTAGE

INPUT VOLTAGE

8.50f-----=--=nenunn-

(/2]

5 \
[¢] '
> |
(. 1
2 ]
a d

a 1.35 : !
2 ' '
(o] : 1

2.70 3.35
INPUT VOLTS 696-6072-00

FIGURE 5-34 AGC AMP D-C CHARACTERISTICS

If reasonable correlation is obtained, disconnect the power supply and
proceed to step d. If not, repair the AGC amplifier.
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d. Check the detector for proper operation. Connect TP412 to ground, dis-
abling the AGC Amp. Apply 4. 0Vdc to AGC test point TP406 to provide
receiver quieting. Inject a.7Vrms 1, 1857MHz signal having 30%, 1KHz
amplitude modulation to the base of detector transistor Q404 as shown

(Figure 5-35).

10pt TP4I2 !
AUDIO OSC |—e SIG GEN | (—oBASEOFom @ TPa06 <« 4vDC
‘ o SOURCE
= 5in = ok
696 -6073-00

FIGURE 5+35 DETECTOR TEST SETUP

Using an oscilloscope at the detector collector (TP403) there should be
approximately 3. 5Vdc with a 2, 0V peak to peak signal superimposed. If
this result is not obtained repair the detector refering to the discussion of
5. 7. 8. If the detector operation appears normal, continue to step e.
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e, Locate the malfunctioning R-F/I-F/detector stage by comparing stage gain
of the defective receiver with the typical data appearing in the stage gain
chart, Connect a digital voltmeter to the AGC test point (TP406). Using a
signal generator adjusted to the desired frequency and having 30%, 1KHz
modulation, inject signals to the appropriate points indicated in the chart and
compare results with the chart data.
The tests might logically proceed stage by stage from the detector toward
the RF Amp section, An alternative procedure is to choose a point in the
middle of the gain chain for the initial test and proceed toward the front
end, if the test is passed, or toward the detector if the test has failed. When
the malfunctioning stage is identified, proceed to the specific maintenance
information dealing with that portion of the circuit. Refer to the index.
|10pf
iyl oo —= 10 INJECTION POINT
— 5l
Injection Injection Injection level for
point Freq. Test Setup AGC threshold (typical)
+Q404 (Base) | 1. 1857MHz TP402 Grounded 0, TVrms
1402 (pin 3) 1, 1857MHz TP402 Grounded 10mVrms
1401 (pin 3) 1. 1857TMHz TP402 Grounded 400u Vrms
TP402 1. 1857MHz T407 swamped pins 1-3 with 625u Vrms
2002 and ground removed
from TP402.
TP402 15, 1875MHz T407 swamped ping 1-3 with 60u Vrms
20092 and ground removed
from TP402,
T402 (pin 2) |15. 1875MHz T407 swamped pins 1-3 with 250u Vrms
20002 and ground removed
from TP402
T401 (pin 4) | 112, 5MHz T407 swamped pins 1-3 with 40u Vrms
2002 and ground removed
from TP402
Q401 (base) 112, 5MHz T407 swamped pins 1-3 with 3u Vrms
20092 and ground removed
from TP402
L.401 (tap) 112, 5MHz T407 swamped pins 1-3 with 5u Vrms
20002 and ground removed
from TP402

Rev. 2, December, 1972

TABLE 5-13 NAV STAGE GAIN CHART
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f. Trace the audio signal through the audio processing network to locate the
malfunctioning stage, Refer to 5.7, 8.
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5.7.2 PRESELECTOR/RF AMPLIFIER (Figure 5-36)

The NAV preselector is a three pole filter, consisting of three variable inductors L1401,
1403 and 1.405 in conjunction with varactors CR401, CR402 and CR403 and fixed capac-
itors C401, C407 and C414. The varactors are tuned by a voltage supplied from the
NAV SMO.

TEe‘ga\in of RF Amplifier Q401, is reduced by applying an increasing, positive AGC
voltage to the-base.

—

5.7.2.1 Troubleshooting Procedure. Check for correct tuning voltage. (See tuning
voltage chart, Section 5, 2, 3 Table 5-3.) Check for RF signal at base of Q401. If no
signal appears at Q401, check for RF signal at the input coaxial cable and the top of
1.403. Check coupling inductor L.402 and capacitor C408, If signal appears at the base
of Q401, check for RF signal at the top of L.405, If no signal appears, check RF Amp-
lifier @401, coupling capacitor C411 and associated circuitry (See Figure 5-32 for
operating voltage levels).

5.7.3 18T MIXER (Figure 5-36)

The balanced mixer consists of T401, T402 and CR404 through CR407, The R-F signal
is connected to pin 4 of T401 and the synthesizer injection to pin 4 of T402, The IF
signal appears on pin 2 of T402,

5,7.3.1 Troubleshooting Procedure. Check frequency and amplitude of NAV SMO
Local Oscillator injection at pin 4 of T402, (Point X of Figure 5-4). Check for the
presence of the RF Signal at pin 4 of T401 (after removing L.ocal Oscillator coaxial
cable). If both of the above checks prove satisfactory, check continuity of transformer
windings and diodes CR404 - CR407,

5.7.4 18T I-F (Figure 5-36)

The first I-F consists of a four pole crystal filter (KX 175/KX 175B only) or 2 pole
crystal filter (KX 170A /KX 170B only). Capacitors C415 and C417 provide matching to
the first and second mixers respectively. Transformers T403 and T404 provide proper
reactive terminations to the filter,

5,7.4.1 Troubleshooting Procedure, Remove the 2nd Liocal Oscillator injection from
Q403 by lifting one lead of Local Oscillator coupling capacitor C418, Check for signal
(15. 1875MHz) at the base of the second mixer (TP402), If no signal is present, check
each filter component.
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1.1I857MHz 2nd IF

+8 5vDC

+8 SvDC

.LI857MHz 2nd IF

T 1.1857MHz 2nd IF

FIGURE 5-37 NAV 2ND LOCAL OSCILLATOR, 2ND MIXER, AND 2ND I, F.
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5,7.5 2ND LOCAL OSCILLATOR (L, O.) (Figure 5-37)

The second Local Oscillator consists of a transistor Q408 operating as a Pierce oscillator
with crystal, Y401, determining its operating frequency (14, 0018MHz).

5.7.5.1 Troubleshooting Procedure, Check for proper injection signal at TP402
(400mv peak-to-peak) and if possible, measure frequency with a counter, Check coup-
ling capacitor, C418, If no injection, check Q408 and associated circuitry (See Figure
5-52 for operating voltage level),

5.7.6 2ND MIXER (Figure 5-37)

The second mixer consists of a transistor, Q403, to which both the R-F signal and the
Local Oscillator injection are coupled into the base,

5.7.6.1 Troubleshooting Procedure, If both the 1st [-F signal (See Section 5. 7. 4.1
and Local Oscillator injection (See Section 5, 7. 5. 1) are present at TP402, and if they
are of the correct frequency (IF = 15, 1875MHz, LO = 14, 0018MHz) check Q408 and
circuitry (See Figure 5-52 for operating voltage levels).

‘ 5.7.7 2ND I-F (Figure 5-37)

The second I-F consists of three pairs of double tuned filters T405-T406, T407-T408,
T409-T410, with [-C Amplifiers 1401 and 1402 providing selectivity and I-F gain, AGC
voltage is applied to 1401, The second I-F is tuned to 1, 1857TMHz, Refer to section
4.4. 2, 8 for AGC theory.

5, 7.7.1 Troubleshooting Procedure, Check for proper second [-F signal at Pin 2 of
each I-F transformer, starting with T405 and working towards T410, If no R-F signal
is found at any of the above points, check the associated circuitry between that point
and the last point at which a signal was observed. (For operating voltage levels, see
Figure 5-52,)
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5.7.8 DETECTOR/NOISE LIMITER (Figure 5-38)

The detector consists of transistor Q404 which is operated in the collector detection
mode by the trickle bias supplied by CR410. Isolation amplifier Q405 is an emitter
follower which prevents the noise limiter from loading the detector. For a detailed
description of the noise limiter see paragraph 4. 3. 2. 6.

5.7.8.1 Troubleshooting Procedure, Check the detected signal at TP403. If no
signal is present, check for I-F signal at Pin 2 of T410., Further, check transistor
Q404 and associated circuitry (See Figure 5-52 for operating voltage levels).

For the noise limiter, first check the emitter of Q405 for a detected audio signal. Using
an oscilloscope, check the audio at the junction of CR411 and C439. If no audio exists,
check CR411 for an open or reverse biased condition. (See Figure 5-52 for operating
voltage levels),

5,7.9 AGC AMPLIFIER (Figure 5-38)

The output of the isolation amplifier is filtered (and phase shifted) by the filter network
R431, C444, R432 and C441 and applied to the base of AGC amplifier Q406. Q406 com-
pares this voltage with the AGC threshold reference appearing at the junction of RT502

and R434 and amplifies the difference voltage in conjunction with Q407.

5.7.9.1 Troubleshooting Procedure. An inoperative AGC system can best be check-
ed by comparing the D-C operating voltage levels of the AGC circuitry. These operat-
ing voltage levels are shown in Figure 5-52,

For a motorboating AGC system,check capacitors (441 and C442 for either a capacitance
change or an open circuit to the capacitor.

5, 7,10 IDENT FILTER (Figure 5-38)

The NAV Ident Filter consists of a parallel L.-C trap using fixed capacitor, C716 and a
variable inductor L703 to tune the filter to 1020Hz. A switch, S111 located on the trans-
ceiver front panel disables the ident filter by directly shorting across the L-C network
when in-the ""Ident" position,

5.7.10.1 Troubleshooting Procedure. Check for proper operation of switch S111 by
placing an ohmmeter across L703 and switching S111 back and forth between ''Voice" and
""Ident" positions. With the switch in "Voice' position, S111 should be open and the ohm-
meter should read the resistance of LL703 which is approximately 25 ohms. If the ohm-
meter reads open or high, L703 is open. If the chmmeter reads close to zero ohms,
S111 is not opening in the "Voice' position. With S111 in "Ident" position, the ohmmeter
should read zero ohms. Check for proper alignment of .703 by modulating the Signal
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Generator with a variable frequency audio generator. As the audio frequency range is
scanned, a definite dip should be observed in the audio output at the resonate frequency
of the filter. The dip should be observed in the audio output at the resonate frequency
of the filter. If the dip is slightly removed from 1020Hz (use a counter to measure the
audio frequency if available) realignment may be necessary. If no dip is observed and
-the above tests have proven satisfactory, check C716 for an open circuit or an incorrect
value,

5.7.11 AUDIO AMPLIFIER (Figure 5-38)

The NAV Audio Amplifier consists of a decoupled-regulated supply voltage (Zener diode
CR414), I-F audio amp 1403, and output transformer T411. The NAV Audio Volume
Control, R101, is located on the transceiver front panel,

5,7.11.1 Troubleshooting Procedure. Check the D-C operating voltage levels of the
Audio Amplifier 1403 (See Figure 5-52). If the D-C levels are OK, trace the audio from
the ident filter thru the NAV Volume Control R101 (NAV Volume Control should be all
the way clockwise) to Pin 10 of 1403. To check transformer T411, with an oscilloscope
look at Pins 4 and 7 of 1403 to see if a signal exists. If so, and it does not appear at
Pin 35 of J171, check T411 for an open secondary winding or the yellow-orange wire for
an open circuit,
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3.8 TROUBLESHOOTING THE COMM RECEIVER

Receiver schematic diagram Figure 5-52,

9. 8.1 PRELIMINARY EVALUATION (Isolating the malfunction by stage gain measure-
ments),

a, At some convenient channel frequency, apply a 10uv RF signal modulated
30% by a 1KHz audio signal,

b. Connect an oscilloscope to the detector TP410 and determine that the output
is approximately 1. 0 volts peak-to-peak. If so the failure is in audio pro-
*cessing (go to step f). If not the failure is between the R-F input and the
detector (go to step c).

c. Determine if the failure is within the AGC AMPL. Connect a variable volt-
age power supply to TP413 through a 1K$? resistor., Compare the input
voltage to output voltage relationship with the typical data of Figure 5-39,

ik TP4I3 TP4II

' POWER (®— ouTpPUT
‘ SUPPLY | VOLTAGE
L 2.4-3.7V0C
INPUT VOLTAGE

BA4OVf——— == —— — - — -
u |
g |
5' THRESHOLD |
> POINT |
- \ |
g 1.35V ! :

: |

(o] 1 ]

2.40 265

INPUT VOLTAGE
696-6077-00

FIGURE 5-39 AGC AMPL. D-C CHARACTERISTICS

If reasonable correlation is obtained, disconnect the power supply and proceed to step
d. If not, repair the AGC amplifier,
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d. Check the detector for proper operation. Connect TP413 to ground, dis-
abling the AGC AMPL. Apply 4.0Vdc to AGC test point TP411 to provide
receiver quieting. Inject a 0.4Vrms, 861. 25 KHz signal having 30%, 1KHz
amplitude modulation as shown to the base of detector transistor Q414 as

shown. (Figure 5-40). §

1Ot TP4I3 TP41
AuDio | _| SIGNAL (p BSIS:E ®— avoc
OScC. GEN Q404 1 [ _SOURCE
= 5l = =
FIGURE 5-40 DETECTOR TEST SETUP
696-6078-00
Using an oscilloscope at the detector collector,(TP410) should be approx- ‘

imately 2. 5Vdc with a 1. 0V peak to peak signal superimposed. If this result
is not obtained repair the detector refering to the discussion of 5.8.8. Ifthe
detector operation appears normal, continue to step e.
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e. Locate the malfunctioning R-F/I-F/detector stage by comparing stage gain
of the defective receiver with the typical data appearing in the stage gain
chart, Connect a digital voltmeter to the AGC test point (TP411), Using
a signal generator adjusted to the desired frequency and having 30%, 1KHz
modulation,inject signals to the appropriate points indicated in the chart
and compare results with the chart data.

The tests might logically proceed stage by stage from the detector toward
the RF AMPL. section. An alternative procedure is to choose a point in the
middle of the gain chain for the initial test and proceed toward the front
end, if the test is passed, or toward the detector if the test has failed.
When the malfunctioning stage is identified, proceed to the specific main-
tenance information dealing with that portion of the circuit., Refer to the
index.
10pf
CENERATSR o = 70 INVECTION POINT
= S5l
Injection Injection Injection level for
point Freq. Test Setup AGC threshold (typical)
Q414(base) |861, 25KHz | TP409 Grounded 0. 6Vrms
[405(pin 3) (861, 25KHz | TP409 Grounded 9mVrms
1404 (pin 3) |861, 25KHz | TP409 Grounded 250uVrms
TP409 861, 25KHz | T418 swamped pins 1-3 with 2009 400uVrms
and ground removed from TP409
TP409 9, 00MHz | T418 swamped pins 1-3 with 2002 30uVrms
and ground removed from TP409
T413(pin 2) 9. 00MHz | T418 swamped pins 1-3 with 200Q 100uVrms
and ground removed from TP409
T412(pin 4)|126. 50MHz | T418 swamped pins 1-3 with 200Q 40uVrms
and ground removed from TP409
Q411(base) |126, 50MHz | T418 swamped pins 1-3 with 20002 20uVrms
and ground removed from TP409
L.407(tap) |126.50MHz | T418 swamped pins 1-3 with 2002 15uVrms
. and ground removed from TP409
TABLE 5-14 COMM STAGE GAIN CHART
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f. Trace the audio signal through the audio processing network to locate the
malfunctioning stage. Refer to 5. 8. 8.
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FIGURE 5-41 COMM PRESELECTOR, R. F. AMPLIFIER, 1ST MIXER, AND 1ST L F.
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5.8.2 PRESELECTOR/RF AMPLIFIER (Figure 5-41)

The COMM preselector is a four pole filter, consisting of four variable inductors L407,
1409, L1411 and L413 in conjunction with varactor CR416, CR417, CR418, CR419 and
fixed capacitors C469, C474, and C481, The varactors are tuned by a tuning voltage
obtained from a COMM MHz tuning wafer (5102).

The R-F Amplifier Q411 provides RF gain which is reduced by an increasing AGC volt-
age to the base,

5.8.2.1 Troubleshooting Procedure. Check for correct tuning voltage (See tuning
voltage chart Section 5. 2, 3). Check for R-F signal at base of Q411. If no signal appears,
check for R-F signal at the input coaxial cable and the top of 1.407 and L409. Check
coupling elements C468, L1408 and C475, If signal appears at Q411 base, check for

R-F signal at the top of L411 and L1413, If no signal appears at the top of 1.411, check

the R-F amplifier, Q411, coupling components C478 and 1.412 and associated circuitry
(See Figure 5-52 for operating voltage levels),

5,8.3 1ST MIXER (Figure 5-41)

Balanced mixer components include T412, T413, and CR420 through CR423. The R-I
signal is connected to pin 4 of T412 while the COMM SMO receiver injection is applied
to pin 4 of T413. The resultant 1st IF signal appears on pin 2 of T413,

5.8.3.1 Troubleshooting Procedure, Check frequency and amplitude of COMM SMO
L. O. injection at pin 4 of T413 (Point Y of Figure 5-4). Check for the presence of the
R-F signal at pin 4 of T412 (after removing L. O, injection coaxial cable). If both of the
above checks prove satisfactory, check for continuity of transformer windings and diodes
CR420-423.

5.8,4 1ST I-F (Figure 5-41)

The first I-F consists of a two pole crystal filter (KX 170A /KX 175/KX 170B only) or a
six pole crystal filter (KX 175B only) tuned to 9.0000MHz. (T414, T415 and FL403 or
FL405, FL406 and FL407, KX 175B only).

5.8.4.1 Troubleshooting Procedure. Remove the second L. O. injection from Q413
by lifting one lead of L. O. coupling capacitor C467. Check for R-F signal (9. 0000 MHz)
at the base of the second mixer (TP409). If no signal is present, check each filter
component associated coupling capacitors C482 and C483.
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5.8.5 2ND LOCAL OSCILLATOR (Figure 5-42)

The second L. O. consists of a transistor Q409 operating as a Pierce Oscillator with
crystal Y402 determining its operating frequency (8, 13875MHz),

2.8,5,1 Troubleshooting Procedure. Check for proper injection signal and measure
frequency with a counter. Check coupling capacitor C467. If no injection, check Q409
and associated circuitry (See Figure 5-52 for operating voltage levels).

5.8.6 2ND MIXER (Figure 5-42)

The second mixer consists of a transistor, Q413, to which both the R-F signal and the

L. O. injection are coupled into the base.

5.8.6.1 Troubleshooting Procedure, If both the 1st I-F signal (see Section 5. 8, 4)

and the L, O. injection (see Section 5, 8, 5) are present at TP409 and if they are of the
correct frequency, (IF=9. 000MHz, L, O, = 8, 13756MHz) check Q413 and circuitry (see
Figure 5-52 for operating voltage levels),

5.8.7 2ND I-F (Figure 5-42)

The second I-F consists of three pairs of double tuned filters T416-T417, T418-T419,
T420-T421, with [-C amplifiers 1404 and 1405 providing selectivity and I-F gain. AGC
~ voltage is applied to 1404, The second I-F is tuned to 861, 25KHz. Refer to section
4.3. 2.7 for AGC theory.

5.8.7.1 Troubleshooting Procedure, Check for proper second I-F signal at Pin 2
of each I-F transformer, starting with T416 and working towards T421. If no I-F signal
is found at any of the above points, check the associated circuitry between that point

and the last point at which a signal was observed (For operating voltage levels, see
Figure 5-52,

)

Page 5-112 March, 1971




o d
KING
KX 170A/KX 175

NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

Ress R45S R456
_ 5% i R 100 +83vDC 47
Y40 R4Se "LCQGZ
[ P, 5.1k Topt
By -
COMM. 2nd L.O. ca63
TS
RSy
+8.5vDC
0413 B61.25KHz 2nd IF 861.25KHz 2nd IF 861.25KHz 2nd IF
cp4 ca87 a9
5.6 6.2 £
q ; —
R
7’409. Tarr 1620 4' ?
_ I—Mo‘mn 3w 5, 5 |
=1 i S RA7T r 3 1
: | o $130K > DETECTOR
1 12 K , 5% Y | ,D I2 NC :
Loyl (I ’
c483 cdss[3 - | 1904 !
toa O ipf CR423
i 5 1
P T
= 4
coso L S| = T
g =
SR4T0 DZ"',l-\ 1 s w RS
>2,2K - S R476 5% CARRIER 7 NQISE oK
5% Ra7s ;._Zn r c‘w ESEEEE CARRIER SQUELCH SOUELCH ADJ __{___
CRA24 > 2.7K 5003 R494 RA9S ADJUST, RAST
4.3V 1 5% K003 620 w Q417 180 Q418 .
5% L 496 i ; ltkasa sz
1 BK - 47K Tzt
e AGC AGC A AGC - lov
4B 5V +8.5vDC ) +0.3vDC
€505  SR502
JL’csm '%@' ::50-6 R
3 i
Ot up) -2 0 R0a csor 0420
RSOl = 247G 1. BK o2t N
NOISE Lal4 180K Yl o N €509
FILTER BLK —=IC302 -LC504 A / :P'-OH'
012t 82 €506 = 35V
O iyt CR429
csor T {r/- RTSCH
T ' NOISE “MsosAt CARRIER TO Jmsos
- Q419 AMPL. = 1541 j_: NOISE J.-Ig.bl(.

= 15V = SQUELCH

FIGURE 5-42 COMM 2ND L, O., 2ND MIXER, 2ND L F,, AND DETECTOR
(Dwg. No. 696-6080-00)

Rev. 2, December, 1972 Page 5-113



+8.5vDC

+8 5V )/
' DC___ORN/GRY @ FROM COMM, +B 5VDC REG
AGC AMPL
CR432 :
.6V
AGC
. TP4I1
Q4i6 ?
R499
> 100
+ RA493
c4a97 330
. Tlsuf 15V 5% A
= - GRY/WHT
. —Pt- =@ TO MIC KEY
10K CR428
Srcasy  gRas! ~
Tow 3% ragss NOISE
= = 4.7k a7k Cass
4 L 5% {LIMITER Tss, ;2uf
S Ras3 )
CARRIE K / NOISE S CR427 Cc4a99s
SCUELCH ADJ g 10K R490 T+ 1 opt
+ t 5K 3sv
5% L
AGC RS08
3.3K cSl
+8 5vDC 5% 1.0pf
CR43I ™ 7Y
+ WHT/BLU
s e %{:) TO COMM. VOLUME CONTROL
Lroor Lcs:o SQUELCH GATE :,%5,?9
iIS Ox T o2pt 15%
%a = = WHT/ VI
& —Pp— 0 38) TO SQUELCH TEST SWITCH
CR430
AUDIO PRE AMPL.
ca65
R457 I Opf
”f, 35v
5 He—
N a
ca64
L 6.8yt
= 15y -
RASE
75K
5% FSS?
Oy
e ~W_.—("‘T/°RN ::) COMM_AUDIO OUT TO AUDIO AMPL.
+
Q410 & ‘K f\ @FROM COMM VOL CONTROL
4 RIO2 =
10K WHT/BLU

YC"’:" COMM VOLUME CON’ ROL

®
TO COMM REC.

ey
KING
KX 170A/KX 175
NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

S

iy iR 0
{ H
<&
- »
' s
U A -
-
L) v o -
- . [
© ® O g L r:
- L) LJ L)
. L

Page 5-116

FIGTU..& 5-43 NAV DETECTOR/NOISE LIMITER/
AGC AMPLIFIER/AUDIO PREAMPLIFIER

(Dwg. No. 696-6081-00)

Rev. 2, December, 1972




KING
KX 170A/KX 175
NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

5.8.8 DETECTOR/NOISE LIMITER (Figure 5-43)

The detector consists of transistor Q414 which is operated in the collector detection mode
by the trickle bias supplied by CR426. For a detailed description of the noise limiter see
paragraph 4, 3. 2, 6.

5.8.8.1 Troubleshooting Procedure. Check for detected signal at TP410. If no
signal is present, check for 1-F signal at Pin 2 of T421. Further, check transistor
Q414 and associated circuitry, (See Figure 5-52 for operating voltage levels)

For noise limiter operation, first check TP410 for a detected audio signal. Using an
oscilloscope, check the audio at the junction of CR427 and C499. If no audio exists,
check CR427 for an open or reverse biased condition. (See Figure 5-52 for operating
voltage levels),

5.8.9 AGC AMPLIFIER (Figure 5-43)

The detector output is filtered by the filter network R487 and C495 and applied to the base
of AGC amplifier Q415, Q415 compares this voltage with the AGC threshold reference
appearing at the junction of R485 and R486 and the voltage difference controls AGC
transistor Q416,

5.8,9.1 Troubleshooting Procedure. An inoperative AGC system can best be
checked by comparing the D-C operating voltage levels of the AGC circuitry Q415, Q416,
R487, R485, and R486., These operating voltage levels are shown in Figure 5-52,

For a motorboating AGC system, check capacitors C495 and C497 for either a cap-
acitance change or an open circuit to the capacitor.

5. 8. 10 AUDIO PREAMPLIFIER (Figure 5-43)

The COMM audio preamplifier consists of transistor Q410 operating as a Class A Audio
stage. The COMM Audio Volume Control R102 is located on the transceiver front panel,

5.8.10.1 Troubleshooting Procedure, Check for audio existing at the white-blue
wire going to the COMM Volume Control. If no audio is present, refer to paragraph
9, 8.11 for the squelch gate troubleshooting procedure. If audio is present, check for
audio at the coax returning from the volume control (make sure volume control

is all the way clockwise-full volume), If no audio is present check the volume control
for continuity (10K from white-blue wire to ground).

If audio is present at the volume control coax but not on the white-orange

audio out line, check coupling capacitors C466 and (465, If audio exists at the base of
Q410 but not the collector, check Q410 and associated circuitry. (See Figure 5-52 for
operating voltage levels. )
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5.8.11 SQUELCH GATE (Figure 5-44)

The basic squelch gate consists of gating diode CR431 and squelch reference network
R508 and R508. As long as CR431 is forward biased (i. e,, The cathode is dropped to

2 lawear NoC note al +thn tha nde Alah nafaranca v 'I e) the diode acts as an
a ower o-=v po tential than the anode squeLcn reierence vu.u.asc;, e Glo4ac as all

A-C short circuit and audio passes from the noise limiter, through C499, CR431 and
C511 to the COMM Volume Control, If CR431 is reverse biased (i. e., The cathode volt-
age is held at a lower positive D-C potential than the anode squelch reference voltage),
the diode acts as an A-C open circuit and no audio is allowed to pass.

Under normal opneration, there are three conditions which will give an un r:nnp]nhpd
EX ¥ S Wy &) ~ i VY Ada 5 v N AL MLAMS g VA AL aC A

1iiqs VpTialavi LTI T a1 © WiiGALaLLS 1201

receiver; the squelch t t switch in test position, carrier to noise squelch gating and
carrier squelch gating,

5,8.11,1  Troubleshooting Procedure. The squelch gate is most easily checked by
determining what is or is not allowing CR431 to become forward biased. If the re-
ceiver remains unsquelched with no signal, check CR431 for a shorted condition, check
the squelch test switch S109 for proper open circuit condition in "on'' position, check
the carrier to noise squelch for proper operation, (see paragraph 5.8, 13.1 and check
carrier squelch for proper operation, (see paragraph 5, 8. 14, 1). If the receiver re-
mains squelched with signal applied, check CR431, R506 and R507 for an open
condition, and check the carrier to noise and carrier squelch circuits for proper

" operation (see above for appropriate paragraphs).

5.8.12 NOISE AMPLIFIER AND FILTER {Figure 5-44)

T'he noise amplifier and filter consist of the noise amplifier Q419 and the elliptic filter
formed by €503, (€502, 501, 1.414, R500 and the input impedance of Q419, The filter
rejects frequencies below 7KHz and the amplifier is used to amplify the filtered noise
above this frequency.

5.8.12.1 Troubleshooting Procedure. With no signal input to the receiver, check
for amplified (clipped-square wave) noise at the collector of Q419, If no noise exists
(but is present at TP410), check the carrier/noise squelch adjust pot R483 for an open
condition, check the filter network for open components, and check Q419 and associated
circuitry (See Figure 5-52 for operating voltage levels),

5.8.13 CARRIER TO NOISE SQUIILCH (I'igure 5-44)

The carrier to noise squelch consists of transistor Q420 and ('R429 in conjunction with
capacitor C508. For a detailed description of operation see Section 4. 3. 2. 8. The basic
operation is that with no signal input, noise is amplified in transistor Q420, and a volt-
age is developed across (508 which biases squelch gate ('R431 off. With an input signal,
noise is reduced and the voltage developed across C508 drops allowing CR431 to become
forward biased.
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5,8,13.1 Troubleshooting Procedure. With no signal applied to the receiver input,
check for a D~C voltage of approximately 7. 5V across C508, If there is no D-C or if it
is much lower than 7, 5V, check Q420 and all associated circuitry (See Figure 5-52 for
operating voltage levels),

5. 8. 14 CARRIER SQUELCH (Figure 5-44)

The carrier squelch consists of the differential amplifier pair Q417 and Q418. Its prin-
ciple operation is to compare the AGC voltage with a preset carrier squelch reference
voltage (Potentiometer R495). "When the AGC voltage becomes greater than this ref-
erence voltage, Q418 turns on and forward biases squelch gate diode CR431,

5.8.14.1 Troubleshooting Procedure. Check the voltage reference string R494, R495
and R496 for continuity. Check for differential amplifier operation of Q417 and Q418
When an R-F signal is applied to the receiver (above 15uv hard) the AGC voltage on the
base of Q418 should turn it on pulling its collector voltage down and allowing Squelch
Gate diode CR431 to turn on. For approximate D-C operating levels, refer to Figure
5-52. It should be noted there that the given D-C operating voltage levels for the
carrier squelch are only approximate as they are dependent upon the quiescent AGC
level and will vary between units, They are given for comparison purpose only.
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5.9 TROUBLESHOOTING THE AUDIO AMPL (Schematic Diagram Figure 5-53)
5.9.1 SUMMING JUNCTION (Figure 5-45)

The summing junction consists of resistor network R703 thru R707 and R722, Besides
a COMM receiver audio input, it provides up to four external auxilary inputs with approx-
imately 30db of isolation between any two of the external inputs (600%).

5.9.1.1 Troubleshooting Procedure, A direct approach using either an ohmmeter
to check for open resistors and open or shorted paths or an audio oscillator to inject a
1KHz tone into each input port with an oscilioscope to check for the tone is recommended.
Check C704 for proper input coupling.

5.9.2 T-R DIODE SWITCH (Figure 5-45)

The T-K Diode switch consists of switching diodes CR701 and CR702 along with associa-
ted bias circuitry. For receive condition, the audio mute line is open eliminating any
D-C current path to CR701. This, in effect reverse biases CR701 and forward biasing
CR702,

For transmit operations the audio mute line is grounded by K701 allowing CR701 to be-
come forward biased thru R701 and R721, This pulls the anode of CR702 low causing it
to become reverse biased. Thus, summing junction audio is blocked while the mike
audio line is coupled thru C714, CR701 and C705 into the Audio Pre-Driver Amplifier
Q701,

2.9.2.1 Troubleshooting Procedure. Check the reference voltage developed be-
tween R708 and R710. Alternately ground audio mute line (white-grey) and check bias-
ing of diodes CR701 and CR702, For D-C operating voltages under both transmit and
receive conditions, see Figure 5-53, Check for open or shorted diodes CR701 and
CR702 and check coupling capacitor C705.

5.9.3 AUDIO PRE-DRIVER AMPLIFIER (Figure 5-45)

The Audio Pre-Driver Amplifier, Q701 operates as a Class A audio stage. It is used in
both the transmit and receive modes.
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5.9.3.1 T roubleshooting Procedure, Check the coupling capacitors C705 and C706
for proper operation, If audio appears on the base of Q701 but does not appear on the
collector, check Q701 and associated circuitry (See Figure 5-53 for operating voltage
levels).

5.9.4 AUDIO DRIVER AMPLIFIER (Figure 5-45)

The Audio Driver Amplifier Q702 operates as a Class A audio stage having coupling
transformer T701 as its output load. Distortion is reduced and gain stabilized with the
use of feedback network R718, R713 and C715,

5.9.4.1 T roubleshooting Procedure. Check coupling transformer for an open
winding (no D-C on collector of Q702)., If audio appears on the base of Q702 but not on
the collector, check Q702 and associated circuitry (See Figure 5-53 for operating
voltage levels),

5.9,5 AUDIO OUTPUT AMPLIFIER (Figure 5-53)

The Audio Output Amplifier consists of T701, T702 and Q703-Q706. It operates as a
conventional transformer coupled Class B Push-Pull Output Stage, It is used for rec-
eiver audio output and as a modulator for the transmitter, .

5.9.5.1 Troubleshooting Procedure., Check fuse F701 to make sure it has not blown,
The output circuits receive their supply voltage through this fuse. Check transformers
T701 and T702 (open windings - no D-C voltages). Check Q703-Q706 for proper oper-
ation. (See Figure 5-53 for operating voltage levels, )
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5.10 TROUBLESHOOTING THE TRANSMITTER (Schematic Diagram Figure 5-53)
5.10. 1 BUFFER AMPLIFIER (Figure 5-46)

The Buffer Amplifier, Q601, operates as a Class A R-F amplifier. It receives its R-F
drive from the COMM SMO but is active only in the transmit mode when 13. 75V is sup-
plied to its collector thru relay K701, and the COMM SMO Transmit Buffer (Q306) is

activated.

5.10.1.1 Troubleshooting Procedure. Check for R-F excitation from the COMM
SMO at the coaxial cable input. Using a high frequency oscilloscope (being careful not
to load the circuit) check for an R-F signal on the base of Q601, Check for R-F signal
at the collector of Q601. If no signal is present, check Q601 and associated circuitry
(see Figure 5-53 for operating voltage levels),

5.10. 2 PRE-DRIVER AMPLIFIER (Figure 5-46)

The Pre-Driver Amplifier Q602 is also operated as a Class A, R-F amplifier. It is
also active only in the transmit mode since it receives its 13, 75V supply voltage as
‘ does Q601 - thru the transmit relay K701,

5.10.2.1 Troubleshooting Procedure. Check for R-F drive from Q601. If an R-F
signal is present on the base of Q602, but not on the collector, check Q602 and associat-
ed circuitry (See Figure 5-53 for operating voltage levels).

5.10. 3 DRIVER AMPLIFIER (Figure 5-46)

The Driver Amplifier, Q603, is operated as a Class A-B, R-F Amplifier, It is coll-
ector modulated, receiving a modulated supply voltage thru K701, The resistor and
dinde combinations CR601-R608 and CR602-R615 are chosen to linearize modulation by
allowing full upward modulation but limiting the downward modulation of Q603,

5.10. 3.1 Troubleshooting Procedure. Check for R-F drive from Q602. If an R-F
signal is present at the base of Q603 but not at the collector, check Q603 and its associa-
ted circuitry (See Figure 5-53 for D-C operating voltage levels). If no modulation occurs
on the collector, check the modulated supply voltage from K701 for proper modulation
level, check resistor-diode combinations (R608-CR601 and R615-CR602) for open cir-
cuits short circuits or incorrect component value.
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5.10. 4 FINAL AMPLIFIER (Figure 5-46)

The Final Amplifier Q604 is operated as a Class C R-F amplifier. It is also collector
modulated, receiving its modulated supply voltage thru K701 in the transmit mode only.
It receives both upward and downward modulation.

5.10.4.1 Troubleshooting Procedure, Check for R-F drive from Q603. If an R-F
signal is present at the base of Q604 but not the collector, check Q604 and its associated
circuitry (See Figure 5-53 for D-C operating voltage levels). If no modulation occurs
on the collector of Q604, check the modulated supply voltage from K701 for proper mod-

ulation level,
5.10. 5 LOW PASS FILTER/T-R DIODE SWITCHING (Figure 5-46)

The Low Pass Filter is a 3-section elliptical filter designed to reduce the harmonic out-
put of the power amplifier, The T-R Diode Switching is accomplished with diodes CR603
and CR604., In the receive mode, a positive bias voltage is applied to diodes CR603 and.
CR604 thru resistors R616 and R617. The received signal is coupled from the antenna
thru the 3rd pole and diode CR604, to the COMM receiver, Diode CR603 and R-F by-
pass capacitor C626 provide a terminating device to minimize the insertion loss.

In the transmit mode, the D-C bias voltage is removed from the resistor, diode com-
bination by relay K701 and the R-F power from the transmitter reverse biases diodes
CR603 and CR604 due to self-rectification,

5.10.5.1 Troubleshooting Procedure. With power removed, check all resistive
(R616 and R617) and all inductive (L604, FL601, FL602 and FL603) components for D-C
continuity (all inductive components should read approximately zero ohms). In the
receive mode, check for proper forward biasing of diodes CR603 and CR604., In the
transmit mode, check to see if the bias voltage is removed from CR603 and CR604,
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5.11 TROUBLESHOOTING THE REGULATORS
5.11.1 COMM 8.5 VOLT REGULATOR (Figures 5-47 and 5-54)

A complementary configuration using two transistors (Q102 and Q105) as a series pass
element was selected to enhance low supply voltage operation. Transistor Q104 provides
negative feedback to the base of Q105,

5.11.1.1 Troubleshooting Procedure, If no output, check for 13. 75V input on orange-
white wire, If 13, 75V is present, disconnect the orange-grey wires (3 total) and the
white (2 wires), Check the collector of Q102 for 8. 5V, If this has corrected the pro-
blem, replace wires one at a time to isolate the shorted assembly. Erroneous or

erratic adjustment, necessitates checking R130-R132, CR103 and R125.

If output is high (13, 75V), check for shorted transistor Q102, Q105 or an open conn-
ection to Q104,

5.11. 2 8,5V NAV REGULATOR (Figure 5-47 and 5-54)

The 8. 5v NAV regulator is a conventional series regulator consisting of a series control
transistor pair Q101 and Q103 and reference element CR102.

5,11, 2.1 Troubleshooting Procedure, If no output, check for 13, 75V input on yellow/
white wire. If 13, 75V is present, disconnect the grey (3 total) wires, and white (2 total)
wires, and check the collector of Q101 for 8, 5V, If this has corrected the problem,
replace wires one at a time to isolate the shorted assembly. Check the voltage at zener
diode CR102 (approximately 9, 1V).

If output is high, check for shorted transistor Q101 or Q103 or open connection on
zener CR102,

March, 1971 Page 5-133



;i
KING

KX 170A/KX 175
NAVIGATION RECEIVER/
COMMUNICATIONS TRANSCEIVER

5.12 TROUBLESHOOTING THE KA 39 VOLTAGE REGULATOR (Figure 5-56)

The KA 39 Voltage Converter contains dual series regulators converting 27. 5Vdc to
13. 75Vdc. The COMM regulator, "A', incorporates reference element CR101 and the
Darlington series pass configuration consisting of Q101 and Q102. Protection from
reverse voltage connections and negative transients is provided by diode CR102.
Capacitor C101 suppresses spurious oscillations which might otherwise appear with
reactive loads. The NAV regulator, '"'B" functions electrically in the same manner as
the "A'" regulator.

5.12. 1 Troubleshooting Procedure. Compare actual operating voltage with those
specified in Figure 5-56, Low voltage could be caused by a shorted output, a shorted
zener reference diode, an open zener diode bias resistor (R102"A''orR103 "B'"), an
open collector resistor (R101 "A'" or R104 "B'"), or an open series pass transistor.
Conversely, a high voltage could result from shorted series pass transistors, a shorted
capacitor (C101 or C102) an open zener diode, a shorted zener diode bias resistor (R102
or R103) or an out of tolerance zener diode.
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