3-82-0

THEORY OF OPERATION

OF

POWER SUPPLY SYSTEM

FOR

AN/FSQ-7
COMBAT DIRECTION CENTRAL
AND
AN/FSQ-8
COMBAT CONTROL CENTRAL

1 September 1958

This document contains information of a proprietary nature. Any use or repro--
duction of this document for other than government purposes is subject to the
prior consent of International Business Machines Corporation.

MILITARY PRODUCTS DIVISION
INTERNATIONAL BUSINESS MACHINES CORPORATION

KINGSTON, NEW YORK



3-82-0

Reproduction for non-military use of the information or illustrations contained in this publi-
cation is not permitted without specific approval of the issuing service (BuAer or USAF).
The policy for use of classified publications is established for the Air Force in AFR 205-1
and for the Navy in Navy Regulations, Article 1509.

LIST OF REVISED PAGES

INSERT LATEST REVISED PAGES. DESTROY SUPERSEDED PAGES.

NOTE: The portion of the text affected by the current revision is indicated by a vertical rule in the left margin of a left-hand page
and in the right margin of a right-hand page.

#The asterisk indicates pages revised, added or deleted by the current revision.

USAF



PARTS 1 to 7 3-82-0 Contents

CONTENTS

Heading Page
PART 1 introbuctioN 1
CHAPTER T GENERAL ... . 1
1.1 Purpose ... 1
1.2 SCOPE .o 1
1.3 Relationship to Other Manuals ... 1
1.4 Use of References ... SUUUURURUR 1
1.4.1 Paragraphs P 1
1.4.1.1 Within Same Section or Chapter .......................................... 1
1.4.1.2 In Different Chapter or Part ... 1
1.4.2 FIgUIES ... 1
1.4.3 Tables ... 2
1.4.4 Other Manuals ... e 2
1.4.5 Logic Diagrams ...t 2
1.5 Nomenclature ... 2
1.6 Component Identification ... 2
CHAPTER 2 SITE POWER EQUIPMENT ... ... 3
2.1 General ... 3
2.2 Powerhouse ... 3
2.3 Load Centers and Substations ................................. 3
2.3.1 Load Centers ... 3
2.3.2 SubStations ... 3
2.4 Power Supply System ... JT SRS 3
CHAPTER 3 POWER SUPPLY SYSTEM ...................... 5
SECTION T GENERAL ... 5
1.1 Introduction ... 5
1.2 Power Sources ..............ococoiiiiiii 5
1.2.1 Unregulated AC ... 5
1.2.2 Regulated AC ... 5



Contents 3-82-0 PARTS 1 to 7

CONTENTS (cont’d)

Heading Page
1.2.3 D-C POWEE oo 5
1.3 Units of Power Supply System ... ... 6
1.3.1 PCD Units ................ SO TU ST PO STOPURPRUOPO 6
1.3.2 Power Supply Units ... 6
1.3.3 MCD URitS ..o, 6
1.3.4 CB URitS ... e 6
1.3.4.1 Simplex Input CB Units ... ... 6
1.3.4.2 Display Console CB Units ... 7
1.3.5 Simplex Input PD Unit ... 7
1.4 Reliability ... 7
SECTION 2 OPERATING PRINCIPLES ... 8
2.1 Introduction ... 8
2.2 Theory of Operation ... 8
2.3 Functional Description ... 8
2.3.1 Power for Duplex Equipment ... 8
2.3.2 Power for Simplex Equipment ... 8
2.4 Duplex Switching Operations ............................... 8
2.5 Simplex Switching Operations ... 8
SECTION 3 SYSTEM OPERATING CONDITIONS ... 9
3.1 Introduction ... 9
3.2 Power Conditions ... 9
3.2.1 Bus De-energized Condition ... 9
3.2.2 Bus Energized Condition ... 9
3.2.3 AC-Only Condition ... SR U ST U OUPUUPPURRSROROY 9
3.24 Power-On Condition ... .. 9
3.3 Operating Sequence ... 9
3.3.1 Power-On Sequence ... 9
3.3.2 Power-Off Sequence ... 9
34 Condition Changing ... 9
3.4.1 Power On to AC Only ... 9
3.4.2 AC Only to Power On ... 9



PARTS 1 to 7 3-82-0 Contents

CONTENTS (cont’d)
Heading Page

PART 2 RrecuLATION, CONVERSION, AND METERING

EQUIPMENT . ... .l 11
CHAPTER 1 INTRODUCTION ... e 11
1.1 General ... e 11
1.2 Regulation Equipment ... 11
L3 Conversion Equipment ... 11
1.3.1 Magnetic Amplifiers ... 11
1.3.2 High-Frequency Alternator ............................ 11
1.3.3 D-C Power Supplies ... 11
1.4 Metering Equipment ... 11
CHAPTER 2 INDUCTION REGULATORS ...................... 13
2.1 Introduction ... 13
2.2 Components ... 13
22.1 Stator and Rotor ... 13
2.2.2 MOLOL ..o 13
223 Control Switches ... 13
2.2.3.1 Limit Switch ... 13
2.2.3.2 Control-Power and Motor-Power Switches ... 13
2.2.3.3 AUTOMATIC MANUAL Switch ... 14
2.24 Regulating Relay ... 14
2.2.5 Motor-Control Relay ... .. 14
2.3 Theory of Operation ... . 14
2.3.1 Variable Inductor Transformer ... 14
2.3.2 Regulating Relay ... 17
2.3.2.1 Sensitive Element ... 17
2.3.2.2 Holding Coil ... 17
2.3.2.3 Relay Operation ... .. 18
2.4 Typical OPeration ..............cc..ccooeoriiinicineeeeee 18
2.4.1 General ... 18
2.4.2 Regulating Relay ... 18
2.4.3 Variable Transformer ... .. ... ... 19



Contents

3-82-0

CONTENTS (cont'd)

Heading
CHAPTER 3 CONVERSION COMPONENTS . . .. .. .
SECTION 1 MAGNETIC AMPLIFIERS .. . . ...
1.1 Introduction ...
1.2 Saturable Reactors ...
1.2.1 Basic Concepts ...
1.2.2 Basic Saturable Reactor ...
1.2.2.1 Ineffective Control-Current ...
1.2.2.2 Effective Control-Current ...
1.2.3 Typical Saturable Reactor ...
1.2.3.1 Load-Winding Current ...
1.2.3.2 D-C Bias Current ............. PR RUT PP .
1.2.3.3 Control-Winding Current ...
1.3 Magnetic Amplifier Operation ... ...
1.3.1 General ...
1.3.2 Basic Magnetic Amplifier Circuit ...
1.3.2.1 Response Time ...
1.3.2.2 Cascaded Operation .......... JO O SO USURUPPRRUPR PO
1.3.3 Typical Operation ...
1.3.3.1 General .
1.3.3.2 CRICULLLY ..o
1.3.3.3 Voltage Regulation ...
SECTION 2 HIGH-FREQUENCY ALTERNATOR ...
2.1 Introduction ...
2.2 Theory of Operation ...
2.2.1 MOtOL o
2.2.2 High-Frequency Generator ...
223 Typical Manual Operation ...
224 Typical Automatic Operation ...,
CHAPTER 4 D-C POWER SUPPLIES ... ... .. ...
SECTION 1 GENERAL ...,
1.1 Description of Power Supply Units ...,
1.1.1 Physical Description ...

PARTS 1 to 7

Page
21

21
21

21



PARTS 1 to 7

3-82-0

CONTENTS (cont'd)

Heading Page
1.1.2 Functional Description ... 29
1.2 Method of Conversion ... .. 29
SECTION 2 TYPICAL D-C POWER SUPPLY . .. ... .. . . 31
2.1 Introduction ... .| 31
2.2 Input and Conversion Circuitry ... 31
2.2.1 Input Circuitry ... 31
2.2.2 Conversion Circuitry ... ... 31
2.3 Control Circuitry ... 33
2.3.1 General .. . . SO 33
2.3.2 Manual Control Circuitry ... 33
2.3.2.1 General ... 33
2.3.2.2 Reference Voltage Circuit, Manual Mode ... .. 33
2.3.2.3 First-Stage Magnetic Amplifier ... . ... 33
2324 Second-Stage Magnetic Amplifier ... ... 34
2.3.3 Typical Control Circuitry Operation, Manual Mode .......... 34
2.3.3.1 General ... ... BTSN 34
2.3.3.2 Output Voltage Variations ... 34
2.3.3.3 High-Frequency Voltage Variations ... ... 35
2.3.3.4 Output Voltage Surges ... 35
2.3.4 Automatic Control Circuitry ... ..., 35
2.34.1 General ... ... B SR U SUS TR 35
2.3.4.2 Reference to Voltage Circuit, Automatic Mode ... ... 35
2.34.3 First-Stage Magnetic Amplifier ... ... .. 35
2344  Second-Stage Magnetic Amplifier ... 36
2.35 Typical Control Circuit Operation, Automatic Mode ......... 36
2.3.5.1 General ... .. 36
2.3.5.2 Output Voltage Variations ... 36
2.3.5.3 High-frequency Voltage Variations ... 36
2.3.5.4 Output Voltage Surges ... 36
SECTION 3 D-C POWER SUPPLY VARIATIONS .. ... 37
3.1 ‘General ... 37
3.2 Filtering Circuits ... ... 37

Contents



Contents

vi

3-82-0

CONTENTS (cont'd)

Heading Page
CHAPTER 5 METERING EQUIPMENT .. ... 39
SECTION T GENERAL ... 39
1.1 Introduction ... ... 39
1.2 D-C Ammeter . ... 39
1.3 A-C Voltmeter ... ..o 39
1.4 Ripple Voltmeter . ... 40
1.5 D-C Voltmeter ... 40
SECTION 2 RIPPLE VOLTMETER . .. ... . ... 41
2.1 Introduction ... 41
2.2 Voltmeter CharacteriStics ...............cooooiooiii 41
2.3 Theory of Operation ... .. 41
2.3.1 Metering and Feedback Circuitry ... 42
2.3.2 Ripple Voltmeter Power Supply ... 43
PART 3 DuPLEX DISTRIBUTION AND CONTROL ... .. 45
CHAPTER 1 GENERAL ... 45
SECTION 1 INTRODUCTION ..., 45
1.1 SCOPE oo 45
1.2 Description of Units .......ioiiii 45
1.2.1 General .. 45
1.2.2 PCD Unit 63 ..o 45
1.2.2.1 Physical Description ... 45
1.2.2.2 Functional Description ... 45
1.2.3 MOCD URIES ..o 45
1.2.3.1 General 45
1.2.3.2 Physical Description .. ... 48
1.2.3.3 Functional Description ... 48
1.2.4 Load Units ... 50
1.2.4.1 Physical Description ... 50
1.2.4.2 Functional Description ... 50

PARTS 1 to 7



PARTS 1 to 7

Heading

SECTION 2 OVERALL ANALYSIS

2.1
2.2
2.2.1
2.2.2
2.2.3
2.3
2.3.1
2.3.2
2.3.3

3-82-0

CONTENTS (cont’d)

Introduction ...

Unregulated A-C Distribution ...

Regulated A-C Distribution ...
D-C Distribution ...
Power Control ... .
Unregulated A-C Control ...
Regulated A-C Control ... ... ...
D-C Control ...

CHAPTER 2 ANALYSIS OF DUPLEX DISTRIBUTION

CIRCUITRY ... .
SECTION 1 INTRODUCTION ... ... ...
1.1 Scope ... OSSPSR
1.2 General ...l
SECTION 2 UNREGULATED A-C DISTRIBUTION ... .
2.1 General ...
2.2 High-Voltage Distribution .. ... ...
2.2.1 General ... ..
2.2.2 Power Supply Unit 60 ... .. .
2.3 Low-Voltage Distribution ... ... :
2.3.1 General ... . ... ... SOV USROS
2.3.2 Substation ...
2.3.3 MCD Unit 19 ...
2.3.4 Load Unit ...
SECTION 3 REGULATED A-C DISTRIBUTION .
3.1 General ... ..
3.2 PCD Unit ...l
3.3 MCD Unit ..o,
3.4 Load Unit ... ...
SECTION 4 D-C DISTRIBUTION ... . ... .. .
4.1 General ... ...
4.2 Power Supply Unit

Page

51
51
51
51
51
51
51
51
51
51

53

53
53
53

54
54
54
54
55
55
55
55
55
55

57
57
58
58
58

59
59
59

Contents

vii



Contents

viii

3-82-0

CONTENTS (cont'd)

Heading Page
4.3 PCD ULt .o 59
4.4 MO D URBIE e 59
4.5 Load Unit ... 59
SECTION 5 METERING CIRCUIT DISTRIBUTION ... 61
5.1 General ... 61
5.2 Voltage Monitor Relay ... 61
5.3 A-C Voltmeter ... 61
5.4 D-C Ammeter ... 61
5.5 Ripple Voltmeter ... ... 61
5.6 D-C Voltmeter ... 61
SECTION 6 NEUTRAL LINES, RETURNS, AND GROUND .. .. 62
6.1 General ...l 62
6.2 A-C Neutral Lines ... 62
6.2.1 Unregulated AC ...l 62
6.2.2 Regulated AC ............ e 62
6.3 D-C Return Lines ... 62
6.3.1 D-C RetULN ..o 62
6.3.2 Relay Return ... 62
6.4 Equipment Bond ... 62

CHAPTER 3 ANALYSIS OF DUPLEX CONTROL CIRCUITRY ... 63
SECTION 1 INTRODUCTION ..., 63
1.1 SCOPE o 63
1.2 General ... 63
1.3 Controls .. ... 63
1.3.1 Power Supply Unit ... 63
1.3.2 PCD Unit e 63
1.3.2.1 General .. 63
1.3.2.2 Voltage MoNitors ... 63
1.3.3 MCD Units ..................... SO U PR PUPPORP 64
1.3.4 Load Units . ... 64
1.3.5 Duplex Maintenance Console ... 64
14 Indicators ... ... 64

PARTS 1 to 7



PARTS 1 to 7 3-82-0 Contents

CONTENTS (cont'd)

Heading : Page
1.4.1 Power Supply Unit ... 64
1.4.2 PCD Unit ... ... 64
1.4.3 MCD Units ... 66
1.44 Load Units . ... ... 66
1.4.5 Duplex Maintenance Console ..................... . ... . 66
1.5 Interlock Circuits ... 66
1.5.1 General 66
1.5.2 Knife-Switch Interlocks ... ... 66
1.5.3 Circuit Breaker Interlocks . ... ... 66

154 Door Interlocks ... 67
SECTION 2 NORMAL POWER-ON SEQUENCE . . . . 68
2.1 General ... 68
2.2 Prestart Conditions ... e 68
2.3 Power Off to Power On ... .. ... ... 68
24 AC Only to Power On ... 73
SECTION 3 NORMAL POWER-OFF SEQUENCES . ... ... . 74
3.1 General ... ... 74
3.2 Power On to Power Off ... . [T 74
3.3 AC Only to Power Off ... 75
SECTION 4 AC-ONLY SEQUENCES .. . . ... .. 76
4.1 General ... ... 76
4.2 Power Off to ACOnly ... 76
4.3 Power On to ACOnly ... i 76

SECTION 5 ABNORMAL-OFF SEQUENCES ... ... 78

5.1 General ... ... 78
5.2 PCD, MCD, or Power Supply Unit-Off Sequence ............... 78
5.3 Emergency-Off Sequence ... 78
5.4 Automatic Abnormal-Off Sequence ........................... 78
SECTION 6 LOAD UNIT CONTROL ... .. ... 80
6.1 General ... ... . 80
6.2 Prestart Conditions ... .. TP 80
6.3 Normal Power Sequences ... ... v 80



Contents

3-82-0

CONTENTS (cont'd)

Heading Page
6.3.1 Power Off to ACOnly ... ... 80
6.3.2 ACOnly to Power On ... ... 80
6.3.3 Power Onto ACOnly ... ... 81
6.3.4 AC Only to Power Off ... ... ... 81
6.4 Abnormal Power Sequences ... ... 81
6.4.1 General ... . 81
6.4.2 Filament A-C CB Interlock Open ... ... ... 81
6.4.3 Nonmarginal Checking D-C CB Interlock Open ... 81
6.4.4 Marginal Checking D-C CB Interlock Open .. ... 81
SECTION 7 POWER CONTROL VARIATIONS . ... ... 82
7.1 General 82
7.2 Typical 3-Step Sequence ... 82
7.3 Load Unit Interlock ... 82
7.4 Summary of Power Control Variations ... ... ... 82

PART 4 simpLEx POWER DISTRIBUTION AND CONTROL ... 85

CHAPTER 1 GENERAL . ..., 85
SECTION 1 INTRODUCTION ... 85
1.1 SCOPE oo 85
1.2 Description of Units ... ... ... 85
1.2.1 General . 85
1.2.2 PCD Unit G4 ... 85
1.2.2.1 Physical Description ... 85
1.2.2.2 Functional Description ... 85
1.2.3 Display Console CB Unit 48 ... ... 85
1.2.3.1 Physical Description ... I UU TP 85
1.2.3.2 Functional Description ... 85
1.2.4 Simplex Input CB Unit 56 ... ... .. 86
1.2.4.1 Physical Description ... 86
1.2.4.2 Functional Description ... ... 86
1.2.5 Simplex Input PD Unit 55 .. . ... 87
1.2.5.1 Physical Description ... .. 87

PARTS 1 to 7



PARTS 1 to 7 3-82-0 Contents

CONTENTS (cont'd)

Heading Page
1.2.5.2 Functional Description ... 87
1.2.6 Simplex Load Unit ... 88
1.2.6.1 Display Console ... 88
1.2.6.2 Simplex Input Load Unit ... 88
SECTION 2 OVERALL ANALYSIS .. ... 89
2.1 Introduction ... e 89
2.2 Power Distribution and Control for Displays ................. 89
2.3 Power Distribution and Control for Inputs ... 89

CHAPTER 2 POWER DISTRIBUTION FOR DISPLAYS .. . .. . . 91
SECTION 1 INTRODUCTION ... 91
1.1 SCOPE .o 91
1.2 General ...l 91
SECTION 2 UNREGULATED A-C DISTRIBUTION ... 92
2.1 General ... 92
2.2 Primary Distribution ... 92
2.3 Convenience Outlets ... 92
2.3.1 Power Supply Unit 61 ... 92
2.3.2 Display Console CB Unit 48 ..., 92
233 Load UNits ..o 92
2.3.3.1 Typical Display Console ...l 92
2.3.3.2 Projection Unit ...l 92
2.4 Projection Lights, Motors, and Heater ... 93
SECTION 3 REGULATED A-C DISTRIBUTION ... 94
3.1 General ... 94
3.2 PCD Unit 64 ... 94
3.3 CB Unit 48 ...t 94
3.4 Load Units ..ot 94
3.4.1 Typical Display Consoles ..., 94
3.4.2 Projection Unit ... 94
SECTION 4 D-C DISTRIBUTION .. ... 96
4.1 General ... 96

Xi



Contents

Xii

3-82-0

CONTENTS (cont’d)

Heading Page
4.2 Power Supply Unit 61 .. ... 96
4.3 PCD Unit G4 ... 96
44 CBURNIt 48 ... e 96
4.5 Load Units ... 97
45.1 Typical Display Console ... 97
4.5.2 Projection Unit ... 97
SECTION 5 METERING CIRCUIT DISTRIBUTION ... 98
5.1 General ... 98
5.2 MELELS . oottt 98
5.2.1 Introduction ... 98
5.2.2 AC VOltmeter ..ot 98
5.2.2.1 Unregulated AC ... S 98
5.2.2.2 Power Supply Input ... 98
5.2.2.3 Regulated AC ... 98
5.2.3 DC Voltmeter ... 100
5.2.4 Ripple Voltmeter ... ... .. ... 100
5.2.5 DC AMMELEr ..o 100
5.3 Voltage Monitor Relays ... ... 100
5.3.1 IntrodUCHON ..o 100
5.3.2 Power Supply Input Voltage ... 101
5.3.3 Regulated A-C Voltage ... 101
5.3.4 D-C VOItages ... 101
SECTION 6 NEUTRAL LINES, RETURNS, AND GROUNDS ... 102
6.1 | General ... 102
6.2 Neutral LINes ... 102
6.2.1 Unregulated A-C Neutral ... 102
6.2.2 Regulated A-C Neutral ... 102
6.3 D-C Return Lines ..o 102
6.3.1 D-C REtULN ..ot 102
6.3.2 Relay Return ... 102
6.4 Equipment Bond ... ...l 102

PARTS 1 to 7



PARTS 1 to 7 3-82-0 Contents

CONTENTS (cont’d)

Heading Page
CHAPTER 3 POWER CONTROL FOR DISPLAYS ... 103
SECTION 1 INTRODUCTION ... .. ... 103
1.1 SCOPE .o 103
12 General ... e e 103
1.3 Controls ... 103
1.3.1- Power Supply Unit 61 ... 103
1.3.2 PCD Unit 64 ... 103
1.3.3 Display Console CB Unit 48 ... 103
1.3.4 Display Console ... 103
1.3.5 Simplex Maintenance Console Unit 47 ... ... 103
1.3.6 Duplex Switching Console Unit 45 ......................... 104
1.4 Indicators ... U . 104
1.4.1 Power Supply Unit 61 ... 104
14.2 PCD Unit G4 ... 104
14.3 Display Console CB Unit 48 .................ococoociiiiiinin, 104
1.4.4 Display Consoles ... 104
1.4.5 Simplex Maintenance Console Unit 47 ... 104
1.4.5.1 General ... 104
1.4.5.2 Alarm Lamps ... 104
1.4.5.3 Power Control Lamps ........... SO SU RO SRR 105
1.4.54 Status Lamps ... 105
1.4.5.5 Computer Entry Punch Lamps ... 105
1.4.5.6 Simplex Input Load Units ..o 105
1.4.6 Duplex Switching Console Unit 45 ........................... 105
SECTION 2 NORMAL POWER-ON SEQUENCES .. ... .. .. . 106
2.1 General ...l 106
2.2 Prestart Conditions ... 106
2.3 Power Off to Power On ... 106
2.4 AC Only to Power On ... 110
SECTION 3 NORMAL POWER-OFF SEQUENCES .. ... .. 111
3.1 General ... 111
3.2 Power On to Power Off ... 111
3.3 AC Only to Power Off ... 111

Xiii



Contents

Xxiv

3-82-0

CONTENTS (cont'd)

Heading ) Page
SECTION 4 AC-ONLY SEQUENCES . . ... 112
4.1 General .. 112
4.2 Power Off to ACOnly ... 112
4.3 Power Onto ACOnly ... 112
SECTION 5 ABNORMAL-OFF SEQUENCES ... 113
5.1 General ... e 113
5.2 UNIT OFF Pushbuttons ... 113
5.3 EMERGENCY OFF Switch ... 113
5.4 Voltage Monitor Relay ... ... 113
SECTION 6 CONTROL AT DISPLAY CONSOLE ... ... 114
6.1 General ... 114
6.2 Simplex Units of Display Equipment ...l 114
6.3 Photographic Recorder-Reproducer Unit ... 115
6.4 Duplex Unit of Display Equipment ..., 115

CHAPTER 4 POWER DISTRIBUTION FOR INPUTS ... 117
SECTION 1 INTRODUCTION ... 117
1.1 SCOPE oo 117
1.2 General ... 117
SECTION 2 UNREGULATED A-C DISTRIBUTION ... 118
2.1 General .. 118
2.2 Primary Distribution ... 118
2.3 Convenience Outlets ... 118
2.3.1 Power Supply Unit 61 ... 118
2.3.2 Simplex Input CB Unit 56 ... 118
233 Simplex Input PD Unit 55 ... ..., 118
2.3.4 Load Units ... 118
2.3.5 MO UDIE 58 . oo 119
2.3.6 Simplex Maintenance Console Unit 47 ... 119
2.4 Card Entry Punch Units 352, 353,354 ... ... 119
2.5 Amplidyne MOCOL ... ...c..oooioo oo 119

PARTS 1 to 7



PARTS 1 to 7

3-82-0

CONTENTS (cont’'d)

Heading Page
SECTION 3 REGULATED A-C DISTRIBUTION . ... . . . . 121
3.1 General ... .. 121
3.2 PCD Unit 64 ... ... 121
3.3 CBUnNit 56 ... 121
3.4 PD Unit 55 ... 121
3.5 Simplex Load Unit ... ... 121
SECTION 4 D-C DISTRIBUTION ... ...l 123
4.1 General .. 123
4.2 Power Supply Unit 61 ... ... 123
4.3 PCD Unit 64 .. . .. 123
4.4 CB Unit56and PD Unit 55 . ..o 123
4.4.1 Nonmarginal Checking Voltages ... 123
4.4.2 Marginal Checking Voltages ... 125
4.5 Simplex Input Load Unit ... 125
4.5.1 Nonmarginal Checking Voltages ... 125
4.5.2 Marginal Checking Voltages ... 125
SECTION 5 NEUTRAL LINES, RETURNS, AND GROUNDS . . . 126
5.1 General ... 126
5.2 Neutral Lines ... SO USSR 126
5.2.1 Unregulated A-C Neutral ... 126
5.2.2 Regulated A-C Neutral ... B PR 126
5.3 D-C Return Lines ... 126
5.3.1 D-C Return ... 126
5.3.2 Relay Return ... 126
5.4 Equipment Bond ... 126

CHAPTER 5 POWER CONTROL FOR INPUTS .. . . .. 127
SECTION 1 INTRODUCTION .. ... .. ... 127
1.1 SCOPEe .l 127
1.2 General ... s 127
1.3 Controls ... ... 127
1.3.1 Simplex Input CB Unit 56 ... 127
1.3.2 Simplex Input PD Unit 55 U 127

Contents

XV



Contents

xvi

3-82-0

CONTENTS (cont'd)

Heading Page
1.3.3 Other Units ... 127
1.4 Indicators ........................iieieieiiieio 127
1.4.1 Simplex Input CB Unit 56 ... 127
1.4.2 Simplex Input PD Unit 55 ... 127
14.3 Other Units ... 127
SECTION 2 NORMAL POWER-ON SEQUENCES .. ... ... 128
2.1 General ... 128
2.2 Power Off to Power On ... 128
2.3 AC Only to Power On ... 130
SECTION 3 NORMAL POWER-OFF SEQUENCES ... ... 131
3.1 | General ... 131
3.2 Power On to Power Off ... 131
3.3 AC Only to Power Off ... . 131
SECTION 4 AC-ONLY SEQUENCES ... .. . . ... 132
4.1 General ... 132
4.2 Power Off to ACOnly ... 132
4.3 Power On to ACOnly ... 132
SECTION 5 ABNORMAL-OFF SEQUENCES ... .. 132
SECTION 6 CONTROL AT SIMPLEX MAINTENANCE

CONSOLE ..., 133
6.1 General ... 133
6.2 Description of Control Panel ... ... .. 133
6.2.1 Unit Status Switch ... 133
6.2.2 Power Indicators ... 133
6.2.2.1 SIGNAL CONTACTORS CLOSED Lamp ... . 133
6.2.2.2 POWER CONTACTORS CLOSED Lamp ............. 133
6.2.2.3 CIRCUIT BREAKER ALARM Lamp ................. 133
6.3 Indication Circuitry ... 133
6.3.1 Information Signal Lamps ... 133
6.3.2 Power Lamps ... 134
6.3.3 CB Trip Lamps ... 134
6.4 Active Status ...l 134
6.5 Standby MC Status ... . 135

PARTS 1 to 7



PARTS 1 to 7 3-82-0 Contents

CONTENTS (coni’d)

Heading Page
PART 5 systemswitchine 137
CHAPTER 1 INTRODUCTION ... 137
1.1 Scope ... S ST PT 137
1.2 General ... ... 137
1.3 Split-Bus Arrangement ... 137
1.4 Spare Substation ... 137
CHAPTER 2 DUPLEX SWITCHING .. ... ... ... 139
2.1 General ... ... 139
2.2 Duplex Switches on Duplex Switching Console ... 139
2.2.1 ACTIVE Pushbutton ... el 139
2.2.2 INTERLOCK OVERRIDE BYPASS Pushbutton .. .......... 140
2.2.3 OPERATE-TEST OVERRIDE BYPASS Switch ... 140
224 Unit Status Switch ... 140
2.3 Status Lamps on Duplex Switching Panel ... 140
2.3.1 OPERATE Lamp ... 140
2.3.2 ACTIVE Lamp ... 140
2.3.3 STANDBY Lamp ... 140
2.34 TEST Lamp ... 140
2.4 Alarm Lamps on Duplex Switching Panel ...................... 140
2.4.1 OUTPUT SWITCHING Lamp ............cccccoorviiiiie . 140
24.2 VOLTAGE OFF LIMITS Lamp ... 140
2.4.3 NEON Alarm Lamp ... TR 140
24.4 DISABLED Lamp ... 140
2.5 Detailed Duplex Switching Action ... 140
2.5.1 General ... PP RURT 140
2.5.2 Duplex Switching Interlocks ................................ 141
253 Duplex Switching Permitted ............................... 141
2.5.4 Computer B Active ... e 141
2.5.5 MCD Unit 27 Signal Status Relays ... 141
2.5.6 MCD Unit 59 Signal Status Relays ...... TSP 141
2.5.7 Outputs Switching ... 143
2.5.8 Switching Time Delay and Audible Alarm .. ... . 143

xvii



Contents

3-82-0

CONTENTS (cont'd)

Heading Page
2.5.9 System Disabled ... 143
2.5.9.1 Indication ... 143
2.5.9.2 Emergency Switching ... 143
2.5.10 TEST-OPERATE OVERRIDE BYPASS Switch ... 143
2.6 SERVICE OPPOSITE DUPLEX Switch ... 144
2.7 Alarms 144
2.7.1 General 144
2.7.2 Neon Alarm .. ... 144
2.7.3 Voltage Off Limits ... 144

CHAPTER 3 SIMPLEX SWITCHING ... B 145
3.1 General ... ST U U TP PP PRRPROROUPSROPRPR 145
3.2 Simplex Control on Duplex Switching Consoles ............. 145
3.2.1 ACTIVE Pushbutton ... 145
3.2.2 INTERLOCK OVERRIDE BYPASS Pushbutton ... 145
33 Indicators on Simplex Switching Panel ... 145
3.3.1 ON Lamp oo 145
3.3.2 ACTIVE Lamp ..., 145
3.3.3 STANDBY Lamp ..o 145
3.3.4 POWER ALARM Lamp ..., 145
3.4 Detailed Simplex Switching Action ... 145

PART 6 NONSTANDARD VOLTAGE POWER SUPPLIES ... . 149

CHAPTER T INTRODUCTION ... 149
1.1 SCOPE oo 149
1.2 Description of Unit 18 ... ... 149
1.2.1 Physical Description ... 149
1.2.2 Functional Description ... 149

CHAPTER 2 BLOCK DIAGRAM DESCRIPTION ... 151
2.1 General 151
2.2 Tape Power Supply Units ... 151

xviii

PARTS 1 to 7



PARTS 1 to 7 3-82-0 Contents

CONTENTS (cont‘d)

Heading Page
2.3 Power Supplies ... 151
2.4 Tape Power Supply Outputs ... 151

CHAPTER 3 DETAILED CIRCUIT ANALYSIS ... 153
3.1 Introduction ... 153
3.2 Distribution and Control Circuitry ... 153
3.2.1 AC On o 153
3.2.2 DC O oo, 153
3.3 Typical Nonstandard D-C Voltage Power Supply ............... 154
34 Power Circuit ... 154
3.5 Control Section ... 154
3.5.1 Control Chassis Power Supply‘ .............................................. 156
3.5.2 Power Amplifier Stage ... 156
3.5.3 Amplifier Stages ... 156
3.5.3.1 General ... 156
3.5.3.2  Intermediate Amplifier Stage ... .. 157
3.5.3.3 Input Amplifier Stage ... 158
3.5.4 Reference Voltage ... 159
3.5.5 Adaptation of Other Values and Polarity of

Supply Voltage ...........ccccooooioiiiiiiiiii 159
3.5.6 Stabilizing or Anti-Hunting Circuit ... 159
3.5.7 Overvoltage Protection ... 160
3.5.8 Common Circuit Failures ... 160
3.5.8.1 Voltage Regulator Tube V3 ... 160
3.5.8.2 Input Amplifier Tube V4 ... 160
3.5.8.3 Intermediate Amplifier Tube V2 ... 160
3.5.84 Power Tube V1 ... 161
3.5.8.5 Selenium Rectifiers .................ococoriioiiiii 161
3.5.8.6 Electrolytic Capacitors ..o, 161
3.6 Protective Circuits .................................... 161
3.6.1 Power Supply Output Failure ... 161
3.6.2 Overvoltage Circuit Breaker Trip ... 161

Xix



Contents

List of Hlustrations

XX

3-82-0

CONTENTS (cont'd)

Heading
PART 7 An/Fsq-8 DIFFERENCES FROM AN/FSQ-7 ... . ..
7.1 SCOPE oo
7.2 General
7.3 Units Affected In Power Supply System .........................
7.3.1 Introduction ...
7.3.2 Units in Power Systems Aand B ... .. ...
7.3.2.1 Display MCD Unit 27 ...
7.3.2.2 Duplex Input MCD Unit 59 ...
7.3.3 Units in Power Systems Cand D ...
7.3.3.1 Display Console CB Unit 48 ...
7.3.32  Simplex Input CB Unit 56 . ...
7.3.3.3 Simplex Input PD Unit 55 ...
7.4 Units Missing in AN/FSQ-8 ...
7.4.1 Introduction ...
7.4.2 Display System ...
7.4.3 Input System ...
7.4.4 Output SyStem ...
N DD E X oo
LIST OF ILLUSTRATIONS
Figure Title
1—1 Site Power EQUipment ...
1-2 Power Supply System, Simplified Block Diagram ................
1-3 Typical Duplex Power and Distribution System,
Block Diagram ...
1—4 Typical Simplex Power and Distribution System,
Block DIagramm ...
2—1 Induction Regulator, Right Front View ...
22 Induction Regulator, Front View, Covers Removed ...
2—-3 Three-Phase Induction Regulator, Simplified
Schematic Diagram ...
2—4 Typical Autotransformer, Schematic Diagram ...

Page

163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
165

Page

PARTS 1 to 7



PARTS 1 to 7 3-82-0 List of Hlustrations

LIST OF ILLUSTRATIONS (cont'd)

Figure Title Page
2—5 Basic Variable Inductor Transformer ... 15
2—6 Induction Regulator, Rotor Positions and Output

Voltage Vectors ... 16
2—7 Sectional View of Regulating Relay for Induction Regulator ...... 17
2—8 Induction Regulator, Phase I, Schematic Diagram ... ... . .. 18
2—9 Core Magnetization and Reactance Curves ... 21
2—10 Basic Saturable Reactor ... TP 22
2—11 Saturable Reactor, Zero Control Current, and Small A-C

Input Voltage, Waveshapes ... 22
2—12 Saturable Reactor, Zero Control Current, and Large A-C

Input, Waveshapes ... 23
2—-13 Effect of Positive Control Current on Saturable Reactor,

Waveshapes ... 23
2—14 Basic Magnetic Amplifier, Simplified Schematic Diagram .......... 24
2—15 Typical Magnetic Amplifier Control Circuit,

Simplified Schematic ... 25
2—-16 High-Frequency Alternator, Manual Control Circuit,

Simplified Schematic Diagram ... ... 26
2—17 High-Frequency Alternator, Automatic Control Circuitry,

Simplified Schematic Diagram ... 27
2—18 Duplex Power Supply, Unit 60 ... 29
2—19  Typical Input and Conversion Circuitry, Simplified

Schematic Diagram ... 31
2—-20 Typical D-C Power Supply, Simplified Schematic Diagram ... 32
2-21 D-C Power Supply, Manual Control Circuit,

Simplified Schematic ..., 33
2--22 D-C Power Supply, Automatic Control Circuit,

Simplified Schematic ... 33
2—23  PCD Unit Typical Ammeter Circuit, Simplified

Schematic Diagram ... 39
224 Ripple Voltmeter, Simplified Schematic Diagram ... 42
3—1 Power Distribution, AN/FSQ-7, Block Diagram ... . 46
32 Power Distribution, AN/FSQ-8, Block Diagram ... .. 47
3-3 PCD Unit 63 ... 48
3—4 Computer MCD Unit 19 ... 49
3-5 Left Arithmetic Element, Unit 2 ... 50
3—6 High-Voltage A-C Distribution, Block Diagram .. ... ... 54

xxi



List of Wlustrations

Xxii

Figure

3-82-0

LIST OF ILLUSTRATIONS (cont'd)

Title

Low-Voltage Unregulated A-C Distribution, Block Diagram

Regulated A-C Distribution, Block Diagram ....................
Typical D-C Distribution (+150Vdc), Block Diagram ...
Module H, Duplex Maintenance Console ........................

Simplified Schematic, CB Interlock Circuit ...

Power-On Sequence, Switchgear Circuitry, Simplified

SCheMAtIC . oo

Normal Duplex Power-On Sequence, PCD Unit 63, MCD

Unit 19, and Unit 2, Simplified Sequence Chart ...
Bus Duct Sequencing Device, Control Section ...

Bus Duct Sequencing Device, Power Section ...

Normal Duplex Power-Off Sequence, PCD Unit 63, MCD

Unit 19, and Unit 2, Simplified Sequence Chart ...

Abnormal Duplex Power-Off Sequence, PCD Unit 63
(Voltage Monitors), MCD Unit 19, and Unit 2,

Simplified Sequence Chart ...
PCD Unit 64, Left Front View ...
‘Display Console CB Unit 48, Left Front View .....................
Simplex Input CB Unit 56, Left Front View ...
Simplex Input PD Unit 55, Right Front View ... ‘
Power Supply Control Panels on Unit 47 ...
Simplex Normal Power-On Sequence Chart ... :
Types of Unit Status Switches Used in Display Equipment ...
Typical Assembly Wiring Chart ...
Unit Status Switch on Crosstell Panel of Unit 47 ...
Duplex Switching Console Unit 45, Front Panels ...... U
Duplex Switching Circuits ...
Typical Load Unit, Simplified Simplex Switching ...
Magnetic Tape Power Supply Unit 18, Control Panel ...
Magnetic Tape Power Supplies, Block Diagram ... .

Magnetic Tape Drive Unit 14, Simplified Relay Circuit .........

Typical Magnetic Tape Power Supply, Simplified

Schematic Diagram ...

Page
56
57
59
65
67

69

70
71

72

74

79
86
86
87
88
104
107

114

PARTS 1 to 7



PARTS 1 to 7

4—4
4-5

4-—10
4-—11
4—-12
4-—13

4—14

3-82-0

LIST OF TABLES

Title

List of Nomenclature ...
Location of Power Supplies, Units AG0 and BGO ....................
Location of Power Supplies, Units C61 and D61 ...................
Current Ratings, D-C Power Supplies ... T
Characteristics of Ripple Voltmeter ...
Systems Supplied by MCD Units ...
Z Modules for Load Units ...

Unregulated A-C Distribution from Bus Bars 63D3L (L1),

63D3L (L2),and 63D3 (L3) ...
Regulated A-C Distribution to MCD Units ........................c.......

Knife-Switch Contacts Applying D-C Voltages to

MCD Units ...
D-C Power Supply Sequencing ...
Power Control Sequence Variations ...
Unregulated A-C Distribution through PCD Unit 64 ..............
Unregulated A-C Distribution in Unit 48 ...

Typical A-C Distribution to Convenience Outlets in

Display Consoles ...
Typical Regulated A-C Distribution Points to Displays ..........
Bus Bars in Unit 61 for D-C Voltages e
D-C Voltages in Unit 64 for Display Console CB Unit 48 ......
Typical D-C Distribution Points in Unit 48 ... ...
Voltage Applications to A-C Voltmeter ...
Voltage Distribution to D-C Voltmeter ...
Distribution Points to D-C Ammeter . ...
D-C Voltage Applications to Voltage Monitors .................
Unregulated A-C Bus Bars in Unit 56 ...

Unregulated A-C Distribution to Convenience Outlets

N CBUNIE 56 ..

Unregulated A-C Distribution to Convenience Outlets

in PD Unit 55 e

Unregulated A-C Distribution to Convenience Qutlets

in a Typical Load Unit ...

Unregulated A-C Distribution to Convenience Outlets

in MC Unit 58 ...

Page

29
29
30
41
45
49
55

55
58

60
72
82
92
93

93
95
96
96
97
98
929
100
101
118

118

118

119

119

List of Tahles

Xxii



List of Tahles

XXiv

Table

4-17

4—18
4—19

420

4-21
4-22
4-23
4-24
4-25
5—1

3-82-0

LIST OF TABLES (cont’d)

Title
Unregulated A-C Distribution to Convenience Outlets
10 Unit 47
Unregulated A-C Distribution to Units 352, 353, and 354 ...
Unregulated A-C Distribution to Amplidyne Motor ...

Typical Regulated A-C Distribution Points to Simplex
Input Load Units ...

Typical A-C Application to Filament Transformers ...
D-C Voltages in Unit 64 for Simplex Input CB Unit 56 ...
Typical D-C Distribution Points through Units 56 and 55 ...
Power Control Interlock Circuits for Inputs ...
Circuit to Energize Relays K8 and K13 ... .. ...
Active Status Relays for Simplex Input Channels ... .. ..
Interlock Override Circuit ...

Sections of Unit 18 (5.0.3.15) ... ,

Magnetic Tape Power Supply Outputs ...

Page

119
119

120

121

122

PARTS 1 to 7



PART 1
CH 1

3-82-0

Relationship to Other Manuals
1.1-14.2

PART 1
INTRODUCTION

CHAPTER 1
GENERAL

1.1 PURPOSE

This manual contains information that will enable
authorized personnel to become familiar with the theory
of operation of the Power Supply System of both the

AN/FSQ-7 Combat Direction Central and the AN/FSQ-8 .

Combat Control Central. The information is also in-
tended to provide maintenance personnel with the
theoretical knowledge necessary to perform adequate
maintenance.

1.2 SCOPE

This manual describes the theory of operation of
the system and the components that supply, distribute,
control, and regulate power for the computer of a
SAGE site. Power supplied to the air-conditioning and
lighting systems is not discussed.

1.3 RELATIONSHIP TO OTHER MANUALS

The Theory of Operation, Power Supply System
AN/FSQ-7 and -8, 3-82-0 is one manual in the set of
manuals provided to each SAGE site. The set of manuals
provides information on the theory of operation and the
maintenance techniques and procedures for all com-
puter equipment.

The following manuals provide the basic informa-
tion necessary for a complete understanding of SAGE
equipment (par. 1.4.4):

Basic Theory of Computers, TO-31P2-2FSQ7-2
Introduction to AN/FSQ-7 and AN /FSQ-8, 3-12-0
Basic Circuits for AN/FSQ-7 and AN /FSQ-8, 3-22-0

Additional manuals which contain information on spe-
cific systems may be referenced as necessary. When more
detailed information is required on a subject, refer to
the manual entitled Contents. This manual contains a
table of contents for the complete set of manuals and
will direct the reader to the proper manual within the
set.

Thorough analysis of any given circuit requires ref-
erence to the appropriate logic diagrams. The logic

diagrams for the Power Supply System are contained in

the five volumes of Schematics, Power Supply and Mar-
ginal Checking Systems, 3-262-0.

Sequence charts contained in Maintenance Tech-
niques and Procedures of Power Supply and Marginal
Checking, 3-192-0, are helpful in determining relay
functions and circuit operations.

Operating procedures are contained in Operating
Procedures for AN/FSQ-7, TO-31P2-2FSQ7-21; Op-
erating Procedures for AN/FSQ-8, TO-31P2-2FSQ8-21;
Operating Procedures for Maintenance of AN/FSQ-7,
3-122-0; and Operating Procedures for Maintenance of
AN/FSQ-8, 3-122-0. These manuals provide the pro-
cedures required to operate and maintain the equipment
but do not include tactical operating instructions.

1.4 USE OF REFERENCES

The method by which text material, tables, and
illustrations in this manual are referenced, and the
method by which other manuals are referenced, are
given below.

1.4.1 Paragraphs
1.4.1.1 Within Same Section or Chapter

References to paragraphs in the same section or
chapter are preceded by the abbreviation “par.” For
example, within Chapter 2, reference to paragraph
3.2.5.1 of Chapter 2 appears as: (par. 3.2.5.1).

1.4.1.2 In Different Chapter or Part

References to paragraphs in chapters or parts other
than that in which the reference appears are made as
mentioned in paragraph 1.4.11, except that the chapter
or part is specified. For example, within Chapter 2,
reference is made to paragraph 4.2.8.1 of Chapter 3.
This reference appears as: (par. 4.2.8.1, Ch 3). If the
reference is in a different part of the manual, the part is
also mentioned. For example: (par. 4.2.8.1, Part 1,
Ch 3).

1.4.2 Figures

Figure references are similar to paragraph ref-
erences. The part of the book in which the figure ap-

1
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pears is identified by the first number of the reference.
For example: (fig. 3—8) refers to the eighth figure in
Part 3.

1.4.3 Tables

Tables are referenced in the same manner as
figures. For example, reference to the third table in
Part 4 appears as: (table 4—3).

1.4.4 Other Manuals

Other manuals are referred to by manual number.
The manual referenced may be either a military manual,
in which case the manual reference is introduced by the
letters “T.0.” or an IBM manual, in which case the
manual reference is introduced by a number only.

The location of a specific subject may be found by
consulting the index or table of contents of the ref-
erenced manual.

1.4.5 lLogic Diagrams
A logic diagram reference is made by placing the
logic number in parentheses. For example, reference to
logic diagram 5.4.10.1 is made as: (5.4.10.1). Note that
the abbreviation “par.” is not used when referring to
logic diagrams. The reference may be within a sentence,
at the end of a sentence, or within a table.

1.5 NOMENCLATURE

Table 1—1 is a list of the names and numbers of
the units mentioned in this manual.

1.6 COMPONENT IDENTIFICATION

Component location and type are designated by a
coded combination of numerals and letters. Several cod-
ing systems are used since the physical construction of
the units used in the equipment differs widely. In all
coding systems, the numbers which precede the first
upper-case letter designate the unit. The upper-case letter
designates the module or section. Succeeding numbers
and letters indicate the placement and type of the com-
ponents. For example, typical location designation
64B7A1f indicates unit 64, module B, panel 7, row A,
column 1, and terminal f. Relay designation 63C5
(K31)2a indicates unit 63, module C, panel 5, relay K31,
relay-contact set 2, and contact a. Component locations
and designations may be found in the component index
and component location logic diagrams for the unit in
which the component is found.

Note
In this manual, relay contacts are designated
by the electrical points on either side of the
contacts of a single set of relay contacts. For
example, electrical points 63C5(K31)2a and
635C(K31)2c appear in the text as “points
2a-2c¢ of relay 63C5(K31) ....”

PART 1
CH 1

TABLE 1-—1. LIST OF NOMENCLATURE

UNIT NO. COMMON UNIT NAME
1 Duplex Maintenance Console
2 Left Arithmetic
19 Computer MCD
23 MI
27 MI and Display MCD
29 Drum MCD
31 Output MCD
32 Crosstell
34% GFI (Gap-Filler Input)
41% LRI (Long-Range Input)
45 Duplex Switching Console
46 Aux Drum MCD
47 Simplex Maintenance Console
48 Display CB
55 Simplex Input PD
56 Simplex CB-
58 Simplex MC
59 Duplex Input MCD
60 Duplex Power Supply
61 Simplex Power Supply
63 Duplex PCD Unit
64 Simplex PCD Unit
92 Test Pattern Generator
94 and 95 Induction Regulators
169* Display Console
170%* Display Console
251 Projection Unit
252 Projection Unit
750 SD (Situation Display) Console
787% SD Console
833 SD Console
935 Auxiliary Display Console

*Units present in AN/FSQ-7 equipment only.
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Site Power Equipment
21-24

CHAPTER 2
SITE POWER EQUIPMENT

2.1 GENERAL

The site power equipment includes the equipment
located in the powerhouse, the load centers and sub-
stations, and the Power Supply System. This equipment
generates, regulates, and controls the power required
by the site (fig. 1—1).

Each SAGE site has about 3,000 kw of power
available. About one-third of this power is required for
computer operations. The remaining power is needed
for air conditioning and lighting. All SAGE sites are
self-sufficient. Both AN/FSQ-7 and AN/FSQ-8 sites re-
ceive primary power from diesel generators which are
maintained by powerhouse maintenance personnel. The
power equipment at each site is almost identical. There-
fore, a typical site is discussed. Where differences occur
between AN/FSQ-7 and AN/FSQ-8 equipment, such
differences will be discussed.

In combined AN/FSQ-7 and AN/FSQ-8 sites, each
Central is self-contained, but both receive primary power
from the same set of diesel generators. There is no
provision for cross-connecting the Power Supply Sys-
tems; one Power Supply System cannot supply both the
AN/FSQ-7 and the AN/FSQ-8 equipment.

2.2 POWERHOUSE

The primary source of power for a SAGE site is
diesel generators located in the powerhouse. The high
a-c voltage produced by the diesel generators (480Vac)
is fed to bus bars for further distribution to the sub-
stations, the load centers, the bus duct sequencing device,
the air-conditioning system, and the lighting system.
The air-conditioning and lighting systems are not dis-
cussed in this manual.

In an AN/FSQ-7 or an AN/FSQ-8 site, one bus
bar feeds one duplex and one simplex power system;
another bus bar feeds the other duplex and simplex
power system. These bus bars can be connected together
when necessary. In combined sites, one bus bar feeds the
AN/FSQ-7 equipment and another feeds the AN /FSQ-8
equipment. The bus bars in the combined site may be
connected so that any four (or less) diesel generators
will supply both the AN/FSQ-7 and the AN/FSQ-8
equipment.

The powerhouse equipment is not under the cogni-
zance of computer maintenance personnel. However,

close liaison is required between maintenance personnel
at the operations building and those at the powerhouse
(refer to 3-192-0).

2.3 LOAD CENTERS AND SUBSTATIONS

The two load centers and three substations receive
control signals from, and deliver power to, the Power
Supply System. The input to the load centers and sub-
stations is 480Vac.

2.3.1 Load Centers

The two load centers are located on the second
floor of the operations building. Each load center con-
tains a 300-kva, delta-wye-connected transformer and
input and output circuit breakers (CB’s). The trans-
former reduces the 3-phase 480Vac to 120Vac (phase-to-
neutral) 208Vac (phase-to-phase). This unregulated ac
is fed through CB’s to the induction regulators, units
94 and 95.

2.3.2 Substations
Each of the three substations receive 480Vac from

_the powerhouse. This voltage is transformed by a 500-

kva, delta-wye-connected transformer to 208V un-
regulated ac and is fed through CB’s to the Power
Control and distribution (PCD) units. Normally, only
two substations are in use. The third is a spare which
may replace either another substation or a load center.

2.4 POWER SUPPLY SYSTEM

The power Supply System for the computer load
receives 480- and 208Vac. The system regulates ac,
produces dc, and controls and distributes all the a-c and
d-c power required for the operation of a SAGE com-
puter.

The Power Supply System is composed of the induc-
tion regulators, PCD units, marginal checking and
distribution (MCD) units, CB units, power distribution
(PD) units, and a simplex marginal checking (MC)
unit. The units of the Power Supply System are discussed
in paragraph 3.3, Chapter 3.

The Power Supply System supplies the power re-
quired by the load units of the other systems (fig. 1—1).
A load unit may be a single console or a unit composed
of several modules. Power is distributed to the load
unit through CB’s and bus bars and is monitored and
controlled by meters, indicators, and switches.
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Figure 1—1. Site Power Equipment
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Power Supply System
1.1-1.23

CHAPTER 3
POWER SUPPLY SYSTEM

SECTION 1
GENERAL

1.1 INTRODUCTION

The Power Supply System for the SAGE equipment
is divided into four independent groups. Power systems
A and B supply duplex equipment A and B, respectively.
Power Systems C and D supply the simplex equipment
(ig. 1-2).

Two simplex power supplies are provided to prevent
loss of all simplex equipment in the event of a simplex
power-system failure. The simplex and duplex power
systems function independently. Separate induction
regulators and d-c power supplies are provided for
each system. Switching circuits permit only one duplex
and one simplex power system to be in the active status
at any given time. The two remaining systems are in
the standby status. The status of the simplex and the
duplex power systems can be switched independently.
Refer to Part 4 for a discussion of the simplex system.

1.2 POWER SOURCES

1.2.1 Unregulated AC

Unregulated high-voltage ac is produced by the
diesel generators in the powerhouse (figs. 1—3 and
1—4). Transformers in the substations and load centers
reduce this high voltage to 120/208Vac (Sect. 2, Part
3, Ch 2). The output of the transformers is distributed
to convenience outlets, test and metering circuits, and
the induction regulators.

1.2.2 Regulated AC
The induction regulators regulate the unregulated
a-c voltage to 120/208Vac =1 percent for load-center
transformer output-voltage variations of =10 percent.
The output of the induction regulators is distributed
to the filament transformers in the load units.

1.2.3 D-C Power
The d-c power supplies convert unregulated 480Vac

FROM LOAD CENTERS SUBSTATIONS & BUS DUCT DEVICES

A

r )
O (8] (&)
o < o < o 2 o <
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8 < w < w '& w 5
= ] = - = ] [ ]
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J o J © J o] = 5]
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r.\:+ =) @ =) x =) 3 =
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Figure 1—2. Power Supply System, Simplified Block Diagram
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Figure 1-3. Typical Duplex Power and
Distribution System, Block Diagram

to 11 d-c voltages. All 11 d-c voltages are used in
duplex equipment; only 10 are used in simplex equip-
ment.

1.3 UNITS OF POWER SUPPLY SYSTEM

The Power Supply System includes PCD, power
supply, MCD, and CB units, and the PD unit. These
units are discussed below and in Section 2.

1.3.1 PCD Units

There are four PCD units in each Central. Two of
these (units A63 and B63) are associated with the
duplex equipment. The other two (units C64 and D64)
are associated with the simplex equipment. The PCD
units receive d-c power from the power supply units,
regulated ac from the induction regulators, and un-
regulated ac from the substation transformers. Each
of the PCD units monitors, controls, and distributes
power to the MCD units (for duplex equipment) and
to the CB units (for simplex equipment).

1.3.2 Power Supply Units
The four power supply units receive unregulated
ac from the diesel bus bars and produce the regulated
d-c voltages required by the Central. Duplex power
supply units AG0 and BG60 produce 11 d-c voltages;
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simplex power supply units C61 and D61 produce only
10 d-c voltages since simplex equipment does not require
+72Vdec.
1.3.3 MCD Units
Power systems A and B each contain six MCD
units: units 19, 29, 46, 31, 27, and 59. These units serve
as secondary power distribution points and contain re-

lays, contactors, and CB’s for distribution and control of
power to load units.

1.3.4 CB Units

1.3.4.1 Simplex Input CB Units
The two simplex input CB units (units C56 and
D5G) contain the CB’s necessary to control power to the
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(S Al
7 LOAD | s ouer ]
SUBSTATION CENTER | SEQUENCING |
DEVICE
L__.[__
INDUCTION POWER SUPPLY
REGULATOR UNIT 6l
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ERE
- I
- l
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DISPLAY CONSOLE SIMPLEX INPUT MC
CB UNIT 48 CBUNIT 56 UNIT 58
T
b [
. |
| | SIMPLEX INPUT _
I PD UNIT 55
| I :
| 1
_a__l-—}..——__—-i—.———-———
‘ + Y Y
DISPLAY SIMPLEX '
CONSOLE LOAD UNIT LOADS
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HIGH VOLTAGE AC
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Figure 1—4. Typical Simplex Power and
Distribution System, Biock Diagram
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simplex maintenance console and simplex equipment
(fig. 1—4). These units also contain the signal-status
relays. for inputs.

1.3.4.2 Display Console CB Units

The two display console CB units (units C48 and
D48) contain the a-c and d-c CB’s required to supply
power to the various display consoles of the simplex
equipment (fig. 1—4). These units also contain the
signal-status relays for displays.

1.3.5 Simplex input PD Unit

Simplex input PD unit 55 contains relays and
contactors to select power from power systems C or D

3-82-0

Reliability
1.341-14

for simplex input units as designated by the UNIT
STATUS switches and the power supply status.

1.4 RELIABILITY

Reliable operation of a SAGE site depends largely
on the reliability of the Power Supply System. In the
event of total power failure, the site would be in-
operative. To prevent total power failure, four in-
dependent power sources are incorporated in the equip-
ment. If the active duplex power system fails, the standby
power system and standby computer can take over al-
most immediately. If the active simplex power system
fails, the standby simplex power system can be switched
to the active status to supply power to the active simplex
equipment.
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SECTION 2
OPERATING PRINCIPLES

2.1 INTRODUCTION

This section describes the basic functional princi-
ples of the Power Supply System. The description cov-
ers the four power systems, their divisions into power
for duplex and simplex equipment, and various switch-
ing operations.

2.2 THEORY OF OPERATION

The power requitements of the Central Computer
determine the operational characteristics of the Power
Supply System. To ensure long life for the electron
tubes in the load units, power is applied in several
steps. Filament heater power is applied at a low volt-
age and gradually increased to rated value. After the
filament heater power is at the rated voltage, the d-c
voltages are applied in several steps. Power is removed
in the reverse order; d-c voltages are removed before
the filament heater power.

Other sequencing requirements are determined by
the load unit circuitry. All MCD unit relay circuits
which apply power to load units require —48Vdc con-
trol power to operate. Therefore, the —48Vdc power
supply must be at rated voltage before any power (fila-
ment or dc) can reach the load units.

2.3 FUNCTIONAL DESCRIPTION

2.3.1 Power for Duplex Equipment

The principal control unit of a power system is
the PCD unit. Unregulated and regulated ac and the d-c
voltages are supplied to the PCD unit directly from the
substation transformers, induction regulators, and d-c
power supplies, respectively. The PCD units control
and distribute these voltages to the six MCD units. An
MCD unit distributes the above power only to its asso-
ciated load units. During MC operations, an amplidyne
introduces a variable voltage in series with one of five
standard voltages through the MC voltage contactor in
the MCD unit.

2.3.2 Power for Simplex Equipment
Unregulated and regulated a-c and d-c power are
supplied to the simplex PCD unit directly from the

power sources. The simplex PCD unit distributes 10 d-c
voltages (4-72V power is not used) through the dis-
play console CB unit to the display console and through
the simplex input CB unit to the simplex input PD unit.
The PD unit takes power from the active simplex power
supply and distributes it to all simplex load units in the
active status.

2.4 DUPLEX SWITCHING OPERATIONS

Duplex switching operations are accomplished by
switching the active or standby status of duplex equip-
ment A and B. Since power supplies A and B are per-
manently connected to duplex equipment A and B, re-
spectively, power lines are not involved in duplex
switching. The duplex switching operation energizes re-
lays which cause the information line from the simplex
equipment to be directed to the active duplex equip-
ment. The latter is the duplex equipment which is in
direct communication with the active simplex equip-
ment. The active equipment (both simplex and duplex)
is that equipment which is performing the air defense
function.

If a power failure occurs in the active duplex equip-
ment, duplex switching is required to transfer the air-
defense function to the other computer. Maintenance
can then be performed on the power system connected
to the now standby duplex equipment without inter-
rupting the air defense function.

2.5 SIMPLEX SWITCHING OPERATIONS

Simplex units may be switched from the active to
the standby status, or vice versa, by means of the UNIT
STATUS switch. If this switch is in the ACTIVE posi-
tion, unit power is furnished by the active power system
(C or D). If it is in the STANDBY position, unit power
is furnished by the standby system. The ACTIVE push-
button on the duplex switching console (unit 45) des-
ignates which of the simplex power systems (C or D) is
active and connects all active simplex units to this sup-
ply. All standby simplex units are connected to the
standby power system.
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SECTION 3
SYSTEM OPERATING CONDITIONS

3.1 INTRODUCTION

This section contains definitions of the various
conditions or statuses in which the Power Supply Sys-
tem may be placed and the method of changing from
one condition to another.

3.2 POWER CONDITIONS
There are four distinct power conditions:
a. Bus de-energized
b. Bus energized
c. A-c only
d. Power on

3.2.1 Bus De-energized Condition

In the bus de-energized condition, all power is re-
moved from the load centers, substations, and the d-c
power supplies. The diesel generators may be running
and connected to the diesel switchgear. In this condi-
tion, the —130 Vdc control voltage supplied by the sta-
tion battery is available if the battery-disconnect switch
is closed.

3.2.2 Bus-Energized Condition
In the bus-energized condition, power is supplied
to the substations. No power is delivered to the in-
duction regulators or the d-c power supplies. The
—130Vdc control voltage may be available (par. 3.2.1).
Unregulated 208Vac may also be available.

3.2.3 AC-Only Condition
In the ac-only condition, all regulated and unregu-
lated ac and the d-c voltages are available at the PCD
unit and the MCD units. However, only the a-c power
and the —48Vdc control voltage is distributed to the
load units.

3.2.4 Power-On Condition

In the power-on condition, all unregulated ac and
regulated ac and the d-c voltages are distributed
through the Power Supply System to the load units.

3.3 OPERATING SEQUENCES

3.3.1 Power-On Sequence
The power-on sequence can be initiated only if the
high-voltage bus is energized. When the bus is ener-
gized, the power-on sequence is initiated by depressing

the POWER ON pushbutton at the maintenance con-
sole. This causes relays in the PCD unit to complete
circuits that send an oz signal to the d-c power supply
start relays. The input CB to the d-c power supplies
closes and the d-c power supplies begin to cycle up. To
reduce high initial currents, the d-c power supplies are
sequenced on in four groups (par. 2.3, Part 3, Ch 3).

Two seconds after the input CB closes, the ac-start
and ac-hold circuits are energized. These circuits apply
50 percent of rated voltage to the tube filaments. Forty-
five seconds later, contactors close, and rated voltage
is applied to the filaments. About one minute after the
ac-start and ac-hold signals are applied, the dc-start
and dc-hold signals are applied, and the ac-start signal
is removed. Five seconds later, the dc-start signal is re-
moved. The dc-start and dc-hold signals are required
to apply the dc voltages to the computer loads.

3.3.2 Power-Off Sequence

Depressing the POWER OFF pushbutton at the
maintenance console actuates relays in the PCD unit
and the switchgear. The d-c contactors in the MCD
units are opened and all d-c power supplies are discon-
nected from their loads. Since the o» signal is no longer
present, the CB’s feeding the d-c power supplies and
the filaments open and de-energize all the relays in the
PCD and MCD units (par. 3.2, Part 3, Ch 3).

3.4 CONDITION CHANGING

Since d-c voltages are removed from units before
maintenance is attempted, provision has been made to
place the system in the ac-only status and to return the
system to the power-on status.

3.4.1 Power On to AC Only
Depressing the AC ONLY pushbutton interrupts
the dc-hold circuits to the load units. D-c power is re-
moved from the units and the units are in the ac-only
status (par. 4.3, Part 3, Ch 3).

3.4.2 AC Only to Power On
To re-establish the power-on condition, the
POWER ON pushbutton is depressed. The dc-start and
dc-hold signals are initiated, and d-c power is supplied
to all units (par. 2.4, Part 3, Ch 3).
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PART 2
REGULATION, CONVERSION AND METERING EQUIPMENT

CHAPTER 1
INTRODUCTION

1.1 GENERAL

Regulation equipment consists of the induction
regulators which regulate the ac required by the Cen-
- tral.

Conversion equipment consists of components
which produce, control, and regulate the d-c voltages.
This equipment includes magnetic amplifiers, high-fre-
quency alternators, and d-c power supplies.

Metering equipment consists of the various meters
used to monitor both the a-c and the d-c voltages. In-
cluded in the metering equipment are d-c voltmeters,
d-c ammeters, a-c voltmeters, and ripple voltmeters.

1.2 REGULATION EQUIPMENT

The ac produced by the diesel generators in the
powerhouse is regulated by the induction regulators in
the operations building. The regulated ac is trans-
formed by the filament transformers of the load units
and distributed to the filaments of those tubes which
require regulated a-c filament voltages.

1.3 CONVERSION EQUIPMENT

1.3.1 Magnetic Amplifiers
A magnetic amplifier is a static device which em-

ploys an iron core and windings to control voltage or
current. Magnetic amplifiers are used to control the
output of the d-c power supplies (Sect. 1, Ch 3).

1.3.2 High-Frequency Alternator

The high-frequency alternator is a motor-driven,
self-excited a-c generator which produces the 1,440-cycle
ac used by the magnetic amplifiers (Sect. 2, Ch 3).

1.3.3 D-C Power Supplies

The d-c power supplies use rectifiers, magnetic am-
plifiers, and a high-frequency alternator input to
convert 480Vac to the 11 d-c voltages required in the
Central (Ch 4).

1.4 METERING EQUIPMENT

Meters are installed on the PCD units and the con-
trol chassis of each d-c power supply. The meters on
the PCD units are equipped with a selector switch so
that one meter may monitor any appropriate voltage
or current. The meters on the power-supply control
chassis monitor only the output voltage of that partic-
ular power supply (Ch 5).

1!
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CHAPTER 2
INDUCTION REGULATORS

2.1 INTRODUCTION

Induction regulators (figs. 2—1 and 2—2) are used
to regulate the 208Vac output of the load centers be-
cause the induction regulators introduce no a-c wave-
form distortion or d-c ripple, have a high power factor,
and are easy to maintain.

An induction regulator is a variable inductor
transformer which uses a motor-driven core or rotor as
a regulating device. Each induction-regulator cabinet
contains six transformers (two for each a-c phase)
stacked vertically in two 3-transformer assemblies. The
bottom, middle, and top unit of one 3-transformer as-
sembly is electrically in series with, and mechanically
interconnected to, the bottom, middle, and top unit, re-
spectively, of the other 3-transformer assembly. The in-
terconnected units are in series and control one phase
of ac. Two cores are used for each a-c phase to provide
the necessary mechanical strength for the cores to with-
stand the mechanical stress of a 20,000-amp short-
circuit current.

Figure 2—1. Induction Regulator, Right Front View

This discussion of induction regulators is limited
to a consideration of a single inductor transformer con-
trolling one a-c phase. Each of the six transformer as-
semblies in the induction regulator operates in the man-
ner described below. Both of the series-connected trans-
formers controlling one a-c phase operate in electrical
and mechanical unison.

2.2 COMPONENTS

The induction regulator consists of a stator and ro-
tor, a reversible electric motor, control switches, a reg-
ulating relay, and a motor-control relay.

2.2.1 Stator and Rotor

Each induction regulator unit contains a laminated
steel stator (transformer secondary) upon which a reg-
ulating winding is wound and a laminated steel rotor
(transformer primary) upon which the excitation wind-
ing is wound. The rotor (primary) windings are in par-
allel with the load; the stator (secondary) windings are
in series with the load (fig. 2—3).

2.2.2 Motor

The fractional-horsepower motor is a reversible,
single-phase capacitor-type motor and is used to change
the position of the rotor in relation to the stator.

2.2.3 Control Switches
2.2.3.1 Limit Switch

The limit switch limits the travel of the rotor to
180 degrees. This switch consists of two single-pole,
single-throw switches. One switch is in the circuit which
causes the motor to turn the rotor and raise the output
voltage. The other is in the circuit which causes the mo-
tor to turn and lower the output voltage. Tripping de-
vices on the rotor shaft open the switch and stop the
motor when the rotor reaches the maximum permissible
rotation.

2.2.3.2 Control-Power and Motor-Power
Switches

The control-power switch is a single-pole toggle
switch which will open the automatic control circuit but
not the motor circuit. The motor-control switch controls
power to the motor. When this switch and the control-
power switch are open, neither the motor nor the con-
trol device receive power.

13
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Figure 2—2. Induction Regulator, Front View, Covers Removed

2.2.3.3 AUTOMATIC MANUAL Switch

This switch provides for automatic or manual
voltage control. When the switch is in the MANUAL
position, the output voltage is controlled by the
manual-operation levers of the motor-control relay
(par. 2.2.5). When the switch is in the AUTOMATIC
position, the output voltage is automatically controlled
by the regulating relay. Normally, the switch is in the
AUTOMATIC position.

2.2.4 Regulating Relay

This device is both a relay and a sensing instru-
ment. It continually senses the output voltage of the in-
duction regulator. If the voltage begins to vary, it acts
as a relay to control the electric motor and return the
output voltage to normal (par. 2.3.2).

2.2.5 Motor-Control Relay

The motor-control relay is controlled by the con-
tacts of the regulating relay through two coils. Each
coil consists of a winding with a tapped section which
energizes the holding coil of the regulating relay (par.
2.3.2.2). The contacts of the motor-control relay com-
plete the circuit to the motor. Two levers on the front

14

panel are used to operate the contacts manually when-
ever the AUTOMATIC MANUAL switch is in the
MANUAL position.

2.3 THEORY OF OPERATION

The principal components of the induction regula-
tor are the variable inductor transformer and the reg-
ulating relay. The theory of operation of these compo-
nents is discussed below.

Note
In this discussion, raise and lower refer to the
effect which these functions have on the out-
put voltage. For example, the lower contacts
on the regulating relay, when closed, permit
the motor to turn the rotor in such a direction
that the output voltage is lowered.

2.3.1 Variable Inductor Transformer
The variable inductor transformer is the voltage-
regulating component of the induction regulator. The
primary of this transformer is in parallel with the load;
the secondary is in series with the load. Output voltage
variation is obtained by rotating the rotor inside the
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Figure 2—3. Three-Phase Induction Regulator, Simplified Schematic Diagram

stator to change the flux linkage connecting them. Ro-
tation is accomplished by a small electric motor.

The basic operation of the variable inductor trans-
former may be compared to that of a common auto-
transformer. In one configuration of the common auto-
transformer (fig. 2—4), the secondary voltage aids the
primary voltage so that the output voltage is higher
than the input. Reversing the leads of either the primary
or the secondary (but not both), causes the secondary
voltage to buck the primary voltage so that the output

is lower than the input. In the variable inductor trans-
former (fig. 2—5), rather than reverse the leads, the

SECONDARY
P LYY Y I
INPUT REGULATED
PRIMARY OUTPUT LOAD
VOLTAGE VOLIAGE I

Figure 2—4. Typical Avutotransformer, Schematic
Diagram

PRIMARY

SECONDARY

Figure 2—5. Basic Variable Inductor Transformer
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Fig. 2-6

output voltage is adjusted by automatically changing
the flux linkage between the primary and the secondary
windings in both amount and direction. A small motor
changes the position of the rotor and stator with re-
spect to each other so that the secondary voltage either
aids or bucks the primary voltage.

In the inductor transformer, the output voltage is
at a maximum when the secondary voltage is at a max-
imum and in phase with the primary. When the wind-
ings are in the relative position shown in A of figure
2—06, the flux linkage between the stator and the rotor
windings is a maximum, and the output voltage is also a
maximum (fig. 2—6,B). In this position, the mutual
inductance of the two windings is in phase and produces
the greatest output from the secondary (stator) wind-
ings.

If the windings are positioned as shown in C of
figure 2—6, there is still some additive mutual induc-

SECONDARY WINDINGS
PRIMARY WINDINGS
STATOR

ROTOR

PRIMARY WINDINGS
SECONDARY WINDINGS

A. ROTOR POSITION

MAXIMUM OUTPUT VOLTAGE

C. ROTOR POSITION

TYPICAL OUTPUT VOLTAGE

E. ROTOR POSITION
MINIMUM OUTPUT VOLTAGE
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tance between the windings. The output voltage is now
somewhat lower than maximum (fig. 2—6,D).

At the midpoint of rotor movement, the coupling
between the primary and the secondary is zero, and the
induced secondary voltage is zero. Therefore, when the
ptimary and secondary windings are displaced by 90
degrees, the input and output voltages are essentially
the same.

The output voltage of the variable inductor trans-
former is at a minimum when the secondary voltage is
at a maximum but 180 degrees out of phase with the
primary voltage. When the windings are in the relative
positions shown in E of figure 2—6, the flux linkage is
again the greatest, but since the direction of current flow
in the primary windings has been reversed from that
shown in A of figure 2—G, the flux linkage opposes the
flow of output voltage, and the output voltage (fig.
2—6,F) is at a minimum.

| LOAD VOLTAGE |
r ' RERY
OLTAGE | 1
VoL
ROTOR
VOLTAGE

B. VECTOR DIAGRAM
MAXIMUM OUTPUT VOLTAGE

I LOAD VOLTAGE

[ STATOR VOLTAGE |
ROTOR
VOLTAGE

D. VECTOR DIAGRAM
TYPICAL OUTPUT VOLTAGE

ROTOR
VOLTAGE

LOAD
VOLTAGE e

STATOR VOLTAGE

F. VECTOR DIAGRAM
MINIMUM OUTPUT VOLTAGE

Figure 2—6. Induction Regulator, Rotor Positions and Output Voltage Vectors
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2.3.2 Regulating Relay

The regulating relay (fig. 2—7) is used to sense
the output voltage and to permit the motor to drive the
rotor in a voltage-correcting direction.

2.3.2.1 Sensitive Element

The sensitive element of this relay is an iron-core
solenoid. The core is suspended on a spring. The sole-
noid current is made proportional to the voltage by
inserting a ballast resistor in series with the ‘solenoid

. Adjusting nut for compensating spring
. Compensating spring

. Solenoid case assembly

. Solenoid core

. Solenoid and holding coil

I Y R

3-82-0

Regulating Relay
23.2-23.22

coil. In this manner, the solenoid current remains con-
stant for a given voltage and changes with the voltage
to be regulated.

2.3.2.2 Holding Coil

A holding coil is wound over the solenoid coil
and in the opposite direction. The holding coil is ex-
cited through the tapped section of the motor-control-
relay coils. The holding coil modifies the pull of the
solenoid and holds the contacts closed until the varia-
ble transformer has corrected the output voltage.

St
e

6. Contact beam with pivots, shunt connector, coupling spring
and contacts

7. Stationary contacts with insulated tips

8. Locking plate and connector for stationary contacts

Figure 2—7. Sectional View of Regulating Relay for Induction Regulator
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2.3.2.3 Relay Operation

When the relay (fig. 2—7) is in operation, the puil
of the solenoid (which varies with relay current) and
the pull of the compensating spring are balanced
against the weight of the solenoid core. The solenoid
operates a set of single-pole, double-throw contacts as-
sembled on a pivoted beam. The left-hand contact closes
when the output is too high, and the right-hand con-
tact closes when the output is too low. This action causes
the regulator relay to operate the motor and correct
the output voltage.

Assume that the output voltage of the variable
transformer increases above 208V. The current in the
solenoid coil increases, pulling the core up. The com-
pensating spring is relaxed, and the left-hand contact
closes. The closed contact completes the circuit to the
motor to run it in the lower direction. As the
rotor turns, less voltage is induced in the stator wind-
ings, and the output decreases. As this occurs, the cur-
rent in the solenoid coil decreases, and the core is
pulled down. At a predetermined voltage (sensed by
coil current) the contact opens, and the motor stops.

If the output voltage drops, the current in the
coil will drop; the solenoid core will move down and

3-82-0
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close the raise-relay points; the raise-relay contacts will
be closed; the motor will run in the raise direction;
and the voltage will be returned to normal.

2.4 TYPICAL OPERATION
2.4.1 General

In operation, two variable transformers are placed
in the line of each phase of ac (par. 2.1). The output
of these variable transformers is sensed by the regulat-
ing relay (par. 2.3.2). The regulating relay causes the
motot-control relay (par. 2.2.5) to close the motor cir-
cuit. The motor is driven in the direction necessary to
compensate for output voltage variation (fig. 2—8).

2.4.2 Regulating Relay

Assume that the output voltage increases. The in-
creased voltage causes an increased current to flow in
the solenoid coil of the regulating relay (par. 2.3.2.1).
The current pulls the solenoid core into the coil and re-
laxes the tension on the compensating spring. When
the output voltage increases sufficiently, the left-hand
contact on the regulating relay closes (par. 2.3.2.3),
When this contact closes, the motor-control relay is ac-
tuated to drive the motor in the lower direction.
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N N
UNREGULATED rfrff/\'\\
AC q
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T REGULATED ¢2
$3 REGULATED ¢3
LEGEND

8 CONTROL POWER SWITCH
8X  MOTOR POWER SWITCH
90 VOLTAGE REGULATING RELAY

B—I‘-\ BALLAST RESISTOR

52 BALLAST RHEOSTAT
43 AUTO-MAN SWITCH
90X MOTOR CONTROL RELAY
HC HOLDING COIL FOR 90

HCR HOLDING COIL RHEOSTAT
LS LIMIT SWITCH s s e
84 MOTOR ARC SUPPRESSOR 7T"R CH
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Figure 2—8. Induction Regulator, Phase I, Schematic Diagram
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2.4.3 Variable Transformer

When the regulating relay is actuated, the motor
begins to turn; in this case, in the lower direction, since
the output voltage is assumed to be high. The motor
turns the rotor of the variable transformer so that
there is less flux linkage between the primary and the
secondary. Since the output voltage varies with the flux
linkage, reducing the flux linkage reduces the output

3-82-0

Variable Transformer
243

voltage. The rotor will be turned until the output
voltage is no longer excessive. This occurs when the
regulating-relay-coil current (proportional to output
voltage, par. 2.3.2) and the spring tension balance the
weight of the core and open the lower points of the
relay. When the lower points are no longer closed, the
motor circuit is opened, the motor stops, and the rotor
remains stationary until further voltage deviation occurs.
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CHAPTER 3
CONVERSION COMPONENTS

SECTION 1
MAGNETIC AMPLIFIERS

1.1 INTRODUCTION

A magnetic amplifier is an amplifying device in
which the gain may be as high as 10%:1. Magnetic am-
plifiers are used to regulate the output voltage of the
d-c power supplies. These amplifiers are used instead of
vacuum tubes because the magnetic amplifiers have no
moving parts or any other parts subject to deteriora-
tion. Therefore, magnetic amplifiers are highly relia-
ble, virtually maintenance-free devices.

The principal component of a magnetic amplifier
is a saturable reactor. This reactor consists of one or
more coils of wire, or windings, placed on an iron core
which has special magnetic properties.

1.2 SATURABLE REACTORS

1.2.1 Basic Concepts

A saturable reactor resembles a transformer in that
several windings are wound on an iron core. However,
it differs from a transformer in that the reactor oper-
ates in the region of core saturation during part of
each a-c input cycle.

Since a saturable reactor is composed of coils
wound on an iron core, the basic operating principle of
the device is that of self-induction. Self-induction is
that electromagnetic characteristic whereby an induc-
tive reactance (X)) is produced in a circuit by varying
the flux density of a magnetic field associated with the
circuit. Inductive reactance always opposes the a-c in-
put to a circuit and tends to prevent current changes in
the circuit. In an iron-core choke, for example, a coil is
wound on an iron core. Current in the wire produces a
magnetic field around the wire. This field concentrates
in the iron core, thereby increasing the flux density in
the core. Flux density in the core varies directly with
the a-c input to the coil up to the point of core satura-
tion. When the core is saturated, an increase in current
in the coil no longer increases the flux density of the
core (fig. 2—9,A).

A simple iron-core choke consists of a piece of mag-
netic material upon which several turns of wire are
wound. Assume that in such an arrangement the wire
is carrying ac and that the current is zero. When the

current begins to rise, the magnetic field surrounding
the core starts to expand and cuts the turns of the coil.
Since, in effect, a wire is cutting a magnetic field, a cur-
rent is induced in the wire. This current opposes the
rising ac and tends to keep the current in the wire at a
low value. The amount of opposition is the inductive
reactance (X) measured in ohms. The magnitude of X,
is a function of the rate of change of the flux density.
Since the flux density varies with the current, and since
X, is a function of the rate of flux density change, then

+B CORE SATURATION
POINT

Y~KNEE OF CURVE

-B

A. FLUX DENSITY (B) VS CURRENT (I)

XL

CORE SATURATION

/ POINT

+I

B. INDUCTIVE REACTANCE (X} VS CURRENT (I)

Figure 2—9. Core Magnetization and Reactance
Curves
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X, is a function of the rate of current change; that is,
the a-c frequency. When the core is saturated, X, is
zero, because the rate of change of flux density is zero
(fig. 2—9,B).

While the amount of ac through the coil is increas-
ing, the impedance (a-c resistance) of the coil is high
and permits little current to flow. When the core sat-
urates, there is no longer a change in flux density; the
impedance becomes zero, the coil has only the d-c re-
sistance of the wire, and a large current flows through
the coil. Conversely, assume that the ac in the wire is
at its maximum value and begins to fall. The falling
current will cause the magnetic field to collapse and
cut the turns of the coil. Again a current is induced in
the coil. This current is opposite in direction to that
which was induced in the wire by the rising a-c current
and the expanding magnetic field. Consequently, the
current induced by the collapsing field tends to keep
the current in the wire at a high value even though the
ac is decreasing towards zero.

1.2.2 Basic Saturable Reactor

A basic saturable reactor is different from the iron-
core choke in that there are two windings associated
with the core. One of these windings is the control
winding and may be considered to be the input winding.
The other winding is the load winding. The load wind-
ing may be considered to be the output winding and
is connected to some load resistance and an a-c source
(fig. 2—10).

1.2.2.1 Ineffective Control Current

Assume that no cutrent is supplied to the control
winding of the saturable reactor shown in figure 2—10,
and that the a-c voltage impressed on the core through
the load winding is not large enough to drive the core
to saturation. The total a-c input voltage (fig. 2—11,B)
appears across the saturable reactor (fig. 2—11,C).
Since the magnetic core never saturates (fig. 2—11, D),
the impedance of the reactor remains high and the volt-
age across the load remains small (fig. 2—11,E).

Assume now that the control current is still zero
and that the a-c input voltage (fig. 2—12,A and B) is
sufficient to drive the core to saturation during part of

22

||‘ +1
X
i
A
1

~#max C>INPUT CURRENT
I
- +

A. IDEALIZED CORE
MAGNETIZATION CURVE

N
AV

a
VY
™M
U YU

C. SATURABLE REACTOR
VOLTAGE

i \//\U

-$

D. MAGNETIC CORE
FLUX

+
oi%‘%
E. LOAD VOLTAGE

Figure 2—11. Saturable Reactor, Zero Control
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the a-c cycle. A portion of the a-c input voltage appears
across the saturable reactor (fig. 2—12, C and D), and
the core now saturates during the first half-cycle of the
a-c input (fig. 2—12,D). However, before the satura-
tion point is reached, a voltage which opposes the flow
of a-c to the load is induced in the winding. Since the
impedance of this winding is large, very little voltage
reaches the load (fig. 2—12,E). When the core satu-
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rates, the flux density no longer changes and there is no
opposing voltage induced in the load winding. The
impedance of the output winding drops to the d-c re-
sistance value of the wire, and a large voltage flows
through the load winding of the load.

1.2.2.2 Effective Control Current

Assume that a positive control current I, (fig.
2—-10) is applied to the saturable reactor. The mag-
netic core flux is now displaced towards positive satura-
tion. If a large a-c input is now applied to the control
windings, the core will saturate sooner during the posi-
tive half-cycle of a-c input voltage and later during the
negative half-cycle of a-c input voltage. A smaller
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Figs. 2-12, 2-13

portion of the positive half-cycle appeats across the sat-
urable reactor and a larger portion appears across the
load (fig. 2—13,C and E). During the negative half-
cycle, a larger voltage appears across the saturable re-
actor and a smaller voltage appears across the load. Re-
versing the polarity of control current I, displaces the
core flux toward negative saturation and reverses the
above process so that the small portion of the voltage
appears across the load during the positive half-cycle
and across the reactor during the negative half-cycle.
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1.2.3 Typical Saturable Reactor

A typical saturable reactor differs from the basic
saturable reactor (par. 1.2.2) in that: (a) The core is
driven to saturation by applying pulsating dc (full-
wave-rectified ac) through the load windings. (b) A
bias current is introduced to desaturate the core to an
operating point on the knee of the saturation curve
(fig. 2—9). (c) The control current varies the core
saturation about the operating point established by the
bias current.

1.2.3.1 Load-Winding Current

The load wind of a typical saturable reactor does
not carry ac but pulsating dc. Dc is used for two reasons:

a. The current must be capable of keeping the
core saturated.

b. Dc is required in the load circuit. The load cir-
cuit of a saturable reactor in d-c power supply
applications is the control circuit of another
saturable reactor.

Normally, the dc used in the load winding is the
rectified output of an a-c generator. The dc carried by
the load winding is sufficient, if not opposed, to drive
the core to saturation and thereby permit the total volt-
age to be applied to the load after being rectified.

1.2.3.2 D-C Bias Current

In order to be useful regulating devices, saturable
reactors must operate at the knee of the magnetization
curve. To keep the core at the knee of the saturation
curve rather than fully saturated, a d-c bias current is
introduced into the core. This bias current opposes
the current in the load windings and drives the core
from saturation to an operating point at the knee of the
saturation curve. This operating point is near enough
to the saturation point to permit high gain character-
istics in the saturable reactor without permitting exces-
sive distortion of the a-c waveform. Also, this point is
far enough below the saturation point to permit con-
trol of the output without driving the core to satura-
tion.

In operation, the bias current acts as an effective
control current (par. 1.2.2.2).

1.2.3.3 Control-Winding Current

In a typical saturable reactor, the control-winding
current is dc obtained from a d-c source associated
with the device being controlled. The control current
varies with the d-c source current and increases or de-
creases the saturation of the core away from the op-
erating point established by the bias winding. Changing
the core saturation changes the flux density of the core
and the impedance of the windings on the core (par.
1.2.1). The control winding is wound so that the flux
produced by it is aiding the flux produced by the load
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winding and opposing the flux produced by the bias
winding.

1.3 MAGNETIC AMPLIFIER OPERATION

1.3.1 General

A magnetic amplifier is a refined saturable reactor.
The magnetic amplifier has control, bias, and load wind-
ings which operate in the manner discussed in paragraph
1.2.3. In addition, the magnetic amplifier makes use of a
high-frequency a-c input to the load windings to de-
crease response time. Further refinements include the
use of additional windings.

1.3.2 Basic Magnetic Amplifier Circuit
A magnetic amplifier is a saturable reactor whose
output has been rectified so that a small d-c input
controls a large d-c output. Figure 2—14 is a simplified

schematic of a basic magnetic amplifier circuit.

1.3.2.1 Response Time

In a magnetic amplifier, as in any control device,
there is a time delay between the application of a change
in control-winding current and the response of the
output current to this change. The theoretical response
time of a magnetic amplifier is the time for one-half
cycle of the a-c input to be applied to the load windings.
Because the unrectified output current appears as a pulse
occurring once each cycle, a change in average output
current cannot be observed until the next pulse appears
after the control signal is applied to the control wind-
ings. Consequently, increasing the frequency of the a-c
input to the load windings increases the number of
pulses per second and decreases the response time. For
example, if a 60-cycle a-c input were rectified, 120 pulses
would be impressed on the core each second. If the
frequency of the a-c input were increased to 1,440 cycles,
2,880 pulses would be impressed on the core each
second, and the response time would decrease from
1/120 second to 1/2880 second.

1.3.2.2 Cascaded Operation

In the d-c power supplies, two magnetic amplifiers
are used for control. The control winding of the first-
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Figure 2—14. Basic Magnetic Amplifier,
Simplified Schematic Diagram
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stage magnetic amplifier senses changes in power supply
output. The load winding of this magnetic amplifier is
the control winding of the second-stage magnetic ampli-
fier. The gain of the first magnetic amplifier is therefore
multiplied by the gain of the second to produce an
overall gain of about 10%. The load winding of the
second-stage magnetic amplifier is the control winding
of the power reactors.

1.3.3 Typical Operation

1.3.3.1 General

Assume that the magnetic-amplifier control circuit
shown in figure 2—15 maintains regulated 50Vdc
through R;. _

This control circuit is a simplified version of the
control circuitry used in the d-c power supplies.

1.3.3.2 Circuitry

The Zener diode is used as a constant source of
bias current. In the simplified power suppfy, first-stage
magnetic amplifier L1C is held at its operating
point by the control winding and the bias winding.
This bias current is produced by the output of CR4C
which is fed by the auxiliary a-c input. The first-stage
bias is controlled by potentiometer R14. Since the auxil-
iary a-c input current is assumed to be constant, the
biasing current and the resultant flux are also constant.

The second-stage amplifier, L2C, receives control
current from the load windings of L1C and bias current

3-82-0
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from a battery. The output of the load windings is
rectified and applied, to the load.

1.3.3.3 Voltage Regulation

Assume that the load voltage is exactly 50Vdc. The
various windings on both magnetic-amplifier stages per-
mit exactly 50Vdc to flow through RL.

Note
The bias current for L1C and L2C is assumed
to be constant.

If the output of the power supply increases to a
value above 50V, the voltage difference between the
Zener diode and the control winding decreases, and in
the control winding the current also decreases. The
flux density of the core of L1C decreases and, con-
sequently, the output current decreases. The output cur-
rent of L1C is rectified and applied to L2C as a control
current. The second-stage magnetic amplifier responds
in the same manner as L1C. ’

Since the flux density of L2C is reduced, the voltage
in the output winding is also reduced. Since the rectified
output of the load winding is the d-c voltage of the
power supply, reducing the flux density of L2C reduces
the power supply output.

If the output decreases below 50Vdc, the current in
the control winding of L1C is increased and the above
process is reserved.
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Figure 2—15. Typical Magnetic Amplifier Control Circuit, Simplified Schematic
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SECTION 2
HIGH-FREQUENCY ALTERNATOR

2.1 INTRODUCTION

The high-frequency alternator supplies 1,440-cycle,
110Vac to the magnetic amplifiers of the d-c power
supplies. The high-frequency input is used because the
response time of a magnetic amplifier varies inversely
with input frequency. Performance is therefore improved
by increasing the input frequency. For example, a mag-
netic amplifier with a 0.5-cycle response time and a 60-
cycle input frequency requires 83 ms to respond to
changes in output current. The same magnetic amplifier
with a 1,440-cycle input will respond in 347 usec (0.347
ms).

The high-frequency alternator is a motor-driven, d-c
excited, a-c generator. The motor and generator are
mechanically coupled by a common shaft. The motor
receives a 208V, 3-phase, 60-cycle input. The generator
delivers 110V, 1,440-cycle, single-phase ac to the trans-
former which feeds the two magnetic amplifier stages
of each d-c power supply.

2.2 THEORY OF OPERATION
2.2.1 Motor
The motor is a standard 3-phase, low-slip induction
motor which operates on a 208V, 3-phase a-c input.
The motor is directly connected to the rotor of the
high-frequency generator through a flexible coupling.

2.2.2 High-Frequency Generator

The high-frequency generator is a dc-excited
generator whose armature-winding flux, when cut by the
rotor windings, produces a 1,440-cycle output. The out-
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208V AC $3 A
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put voltage is proportional to magnetic field strength.
The output frequency is proportional to the speed of
the motor. Since the motor is of a low-slip design, the
output frequency varies with frequency variations in the
208Vac input. The output voltage is independent of
input voltage variations since the generator is self-
excited at operating speeds.

The control circuitry permits either automatic or
manual output control.

2.2.3 Typical Manual Operation

In the manual mode of operation (fig. 2—16), trans-
former T6 supplies power to the winding of MANUAL
ADJUST autotransformer T7. The output winding of
T7 is the a-c source for bridge rectifier CR1A. This
rectifier supplies d-c current to the field. The magnitude
of this current, and, consequently, the output voltage,
is varied by the MANUAL ADJUST control of T7 dur-
ing manual operation.

Note
MANUAL ADJUST autotransformer T7 is not
disconnected during automatic operation. How-
ever, since there is no load on it under this
mode of operation, the current it draws from
the secondary of T6 is small.

2.2.4 Typical Automatic Operation
The magnetic-amplifier control circuitry operates
in the same manner as that discussed in Section 1 except
that, in this case, the current in the generator field is
being controlled.
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Figure 2—16. High-Frequency Alternator, Manual Control Circuit, Simplified Schematic Diagram
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Phase 2 of the a-c input supplies power to trans-
former T6. The secondary voltage of the center tap
(fig. 2—17) is applied to rectifier CR1A which, during
the starting period, delivers current to the alternator
field. As the alternator speeds up, the output voltage
of the regulating section increases. When the output
voltage of this section (across CR1A) exceeds the recti-
fied line-to-center-tap secondary voltage of TG, CR1A
cuts off. Thus, CR1A supplies current to the alternator
field at the start and the regulating circuit supplies
current to the field after the alternator is at operating
speed.

The a-c feedback winding of the magnetic amplifier
establishes the magnetic state of the core. The d-c bias
winding is wound so that the flux developed by it
opposes the flux developed by the a-c feedback reference

O
o
]

winding; thus, an increase in current in the d-c bias
winding desaturates the core.

Assume that the alternator output rises above its
normal 110V level. As a result, the current through
R3 and the voltage across it increase. Because of the
increased voltage across R3, which is the a-c output to
bridge rectifier CR3A, the d-c output of the rectifier
(filtered by inductor L1) increases. Therefore, the cur-
rent through the d-c bias winding increases. This in-
crease in current desaturates the core slightly and in-
creases the impedance of load windings 2 and 3 of the
amplifier. The magnetic-amplifier output, and, hence, the
voltage across the alternator field, decreases. The field
current decreases, and the alternator output is reduced
to.the normal level.
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Figure 2—17. High-Frequency Alternator, Automatic Control Circuitry, Simplified Schematic Diagram
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CHAPTER 4
D-C POWER SUPPLIES

SECTION 1
GENERAL
1.1 DESCRIPTION OF POWER SUPPLY UNITS roller slides so that the controls are readily accessible.
1.1.1 Physical Description A high-frequency alternator (Sect. 2, Part 2, Ch 3) is

The duplex power supply units (fig. 2—18) are mounted in module B of each unit.

designated units A60 and BG60. The simplex power

supply units are designated units C61 and D61. Each TABLE 2—1. LOCATION OF POWER
of the four units is composed of three cubicles: modules SUPPLIES, UNITS A60 AND B60
A, B, and C. UNIT OFF pushbuttons are located on !

the front and rear door of each module. MODULE POWER SUPPLIES

Since each module contains more than one power
supply (tables 2—1 and 2—2), components associated
with a particular power supply are, wherever possible, B 4600V, 472V, 410V, —15V, —30V
placed together in the module. Rectifiers, saturable
power reactors, transformers, and filter capacitors are
mounted on subassemblies which can be replaced as a
unit. The control chassis (regulator section) of each
power supply is a drawer-type subassembly mounted on

A 490V, —150V

C 4250V, 4150V, —48V, —300V

TABLE 2—2. LOCATION OF POWER
SUPPLIES, UNITS C61 AND D61

MODULE POWER SUPPLIES
A 4600V, —300V
B 490V, 410V, —15V, —30V
C 4250V, 4150V, —48V, —150V

1.1.2. Functional Description

Each power supply unit receives unregulated ac
from the bus-duct sequencing device and converts it to
11 d-c voltages for duplex equipment. Only 10 volt-
ages are developed in the simplex power supply units
since the simplex equipment does not require +72Vdc.
The current rating of each supply is given in table
2—-3.

In addition to converting 480Vac to the required
d-c voltages, the d-c power supplies also regulate the
d-c voltages which they produce.

1.2 METHOD OF CONVERSION

The 480Vac generated by the diesel generators is
fed to the d-c power supplies through the bus-duct se-
Figure 2—18. Duplex Power Supply, Unit 60 quencing device. In each individual power supply, this
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3-phase, 4-wire ac is fed to the wye-connected primary transformer is rectified by stacks of selenium rectifiers.
of an input transformer. The wye-connected, 3-wire, 3- The d-c output of the rectifiers is controlled by saturable
phase a-c output is at approximately the -potential of reactors. The latter are controlled by two magnetic-
the d-c voltage of the d-c supply. The output of the amplifier stages in the control section.

TABLE 2—3. CURRENT RATINGS, D-C
POWER SUPPLIES
RATED CURRENT (AMP) RATED CURRENT (AMP)
VOLTAGE SIMPLEX DUPLEX VOLTAGE SIMPLEX DUPLEX
1600V 85 3 —30V 70 120
+250V 50 65 —150V 80 225
+150V 75 120
—300V 30 55
+90V 60 130
410V 100 45 —48V 560 450
—15V 10 20 +72V - 13
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SECTION 2
TYPICAL D-C POWER SUPPLY

2.1 INTRODUCTION

Since all the d-c power supplies produce and con-
trol the d-c voltages in a similar manner, only a typical
power supply, the duplex +150Vdc supply (5.2.1.2),
is discussed in detail. Variations between this supply
and other supplies are discussed in Section 3.

2.2 INPUT AND CONVERSION CIRCUITRY
2.2.1 Input Circuitry
Regulated 480 Vac is fed to the primary of
wye-connected input transformer T1 (5.2.1.2 and fig.
2—19). The secondary voltage of T1, which is slightly
higher than the d-c output voltage, is fed to the load
windings of power reactors L1 through L6.
2.2.2 Conversion Circuitry
The output of the load windings of the power
reactors is fed to the power rectifiers. These rectifiers
and the saturable reactors are arranged so that the

load winding of each reactor receives only a half-wave
of one phase of current from the output of T1. For
example, saturable reactors L1 and L2 are connected
only to phase 1 of the transformer secondary. Because
of the arrangement of the power rectifiers, the load
winding of L2 receives only the positive half-cycle of
current from phase 1. While the load winding of L2 is
receiving current, the load winding of L1 is prevented
from receiving current because of the orientation of its
associated power rectifier. During the negative half-
cycle of current, the load winding of L1 receives current
and the load winding of L2 is isolated from the current
source. Similarly, the load windings of saturable reactors
L4 and L6 receive only the positive half-cycle of the
current of phases 2 and 3, respectively. The load wind-
ings of saturable reactors L3 and L5 receive only the
negative half-cycles of the current of phases 2 and 3,
respectively.
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Figure 2—19. Typical Input and Conversion Circuitry, Simplified Schematic Diagram
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The output of the saturable reactors is the d-c
voltage of the supply. This voltage is controlled by
the magnetic amplifiers in the control section of the
supply. The output of the supply is filtered by filter
capacitor C(4150V).

2.3 CONTROL CIRCUITRY
2.3.1 General

The d-c power supplies may be controlled either
manually or automatically. The control circuitry for
both modes of control consists of a 2-stage magnetic-
amplifier control circuit and associated components. The
various components, their functions, the controls as-
sociated with the circuitry, and typical manual- and
automatic-mode circuit operations are discussed below
(5.2.1.2 and fig. 2—20).

2.3.2 Manual Control Circuitry
2.3.2.1 General

In manual control, the output of the power supply
is monitored by voltmeter VM1. When VM1 indicates
that the output voltage is incorrect, MANUAL OUT-
PUT ADJUST potentiometer R8 is adjusted to return
the power supply output to normal (fig. 2—21).

2.3.2.2 Reference Voltage Circuit,
Manual Mode
The reference voltage circuit during manual control
consists of a Zener diode, resistor Rz, resistor R7,
MANUAL OUTPUT ADJUST potentiometer RS,
AUTO-MAN switch S2, and reference switch S1.

When the power supply is in operation, the Zener
diode provides a constant voltage of about 8.4V. The
exact voltage is between 8.2V and 8.6V, depending on
the d-c supply. The output voltage of the Zener diode
acts as a constant voltage source for potentiometer
R8 (5.2.1.2). Changes in power supply output do not
change the output of the Zener diode or the voltage
available at R8. The amount of voltage tapped off at

+ 150V RETURN BUS +150V BUS

VOLTMETER i

Lic

Figure 2—21. D-C Power Supply, Manual Control
Circuit, Simplified Schematic
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R8 determines the current which flows through the con-
trol winding of first-stage magnetic amplifier L1C. Nor-
mally, this current is adjusted by GAIN CONTROL
potentiometer R6 to about 1 ma. If the power supply
output increases, the movable arm of MANUAL AD-
JUST potentiometer R8 must be varied so that the volt-
age fed to the control winding from the diode decreases.
This decrease in voltage results in a smaller control
current which will return the power supply output to
normal.

Conversely, if the power supply output decreases,
the movable arm of R8 must be varied to increase the
amount of current applied to the control winding.

2.3.2.3 First-Stage Magnetic Amplifier

The first-stage magnetic amplifier, LIC (fig. 2—20),
is essentially the same as the magnetic amplifier dis-
cussed in Part 1, Chapter 3. Additional windings are
required on L1C, however, because of its use in a d-c
power supply as the first stage of a 2-stage control cir-
cuit. These additional windings are the high-frequency-
voltage compensation, transient-feedback, degenerative-
feedback, and ac-bias windings. These windings plus
the control, dc-bias, and load (output) windings are
discussed below.

A. Control Winding

The control winding of L1C is designed so that a
change in the control current causes a similar change in
the flux density of the core.

Note
The cores of the magnetic amplifiers are not
normally saturated. The magnetic amplifiers
are operated at the knee of the magnetization
curve of the core (par. 1.2.3.2, Part 2, Ch 3).

Changes in control-winding current cause propor-
tional flux density changes which, in turn, cause similar
changes in the output (load) windings because of the
changed impedence of the core of the high-frequency
input.

B. Dc-Bias Winding

The core is partially desaturated at all times with
the dc induced in it through the dc-bias windings. The
biasing current is obtained by rectifying a portion of
the high-frequency input with full-wave bridge rectifier
CR4C. Changes in bias current result in inverse changes
in the magnetic-amplifier output. The dc-bias current is
controlled by FIRST STAGE BIAS CONTROL poten-
tiometer R14.

C. High Frequency-Voltage-Compensation
Winding
Since the bias windings receive current from the
high-frequency alternator, any change in alternator
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voltage results in a change in bias current. The high-
frequency-voltage-compensation winding produces a
flux change equal and opposite to that produced in the
bias winding by a high-frequency voltage variation.
Thus, the effects of high-frequency-voltage variations
are nullified by the high-frequency-voltage-compensa-
tion winding. Current for this winding is obtained by
rectifying a portion of the high-frequency input with
full-wave bridge rectifier CR7C. The current flow is
controlled by HIGH FREQUENCY VOLTAGE COM-
PENSATION CONTROL potentiometer R22.

D. Load Windings

The load windings receive voltage from the sec-
ondary of HIGH-FREQUENCY INPUT TRANS-

FORMER TiC. The current in the load windings is

determinéd by the magnetic state of the core which, in
turn, is determined by the various currents in the other
windings. The current in the load windings varies with
the flux density in the core. The output current is
rectified by diodes CR1C and CR2C and is applied to
the control windings of the second-stage magnetic
amplifier.

E. Ac-Bias Winding

Ac-bias windings are added to a saturable reactor
to keep the permanent core saturation low and to pre-
vent permanent core magnetization. When the control
current is zero, the load current flowing through the
load winding magnetically actuates the core unneces-
sarily. This magnetizes the core and limits the effects of
the dc-bias windings. The current in the ac-bias winding
reduces the amount of control current required by the
magnetic amplifier. The winding is connected between
the center taps of the load windings.

F. Transient Feedback Winding

The transient feedback winding senses any tran-
sient voltage changes in the output of the d-c power
supply and biases the core to compensate for transient
voltages which are of too short a duration to be felt
by the control windings. The transient feedback wind-
ing may be considered as a second control winding
which responds to changes which are too rapid to be
felt by the control winding. The coil of the transient
feedback winding and capacitor C3 form a tuned circuit
which responds only to high-frequency transients.
Changes in current in this winding cause rapid and
compensating changes in the ouiput of the magnetic
amplifier.

G. Degenerative Feedback Winding

The degenerative feedback winding provides a
means of reducing hunting and oscillation and of in-
creasing the speed and linearity of power supply re-
sponse. The degenerative feedback current is the recti-
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fied output (rectified by CR5C) of the second-stage
magnetic amplifier. The feedback current is controlled
by DEGENERATIVE FDBK CONTROL potentiometer
R20.

2.3.2.4 Second-Stage Magnetic Amplifier

The second-stage magnetic amplifier, L2C, contains
control, dc-bias, ac-bias, and load windings. These wind-
ings are discussed below.

A. Control Winding

The current in the load windings of L1C is applied
to the control winding of L2C through CR1C and
CR2C. Capacitors C1C and C2C compensate for the in-
ductive character of the control winding of L2C.
Changes in control-winding current cause correspond-
ing changes in the load windings of L2C.

B. Dc-Bias Winding

The dc-bias windings of L2C perform the same
function and operate in the same manner as the dc-bias
winding of L1C (B of par. 2.3.2.3). The bias current is
regulated by SECOND-STAGE BIAS CONTROL po-
tentiometer R12.

C. Ac-Bias Winding

The ac-bias windings of L2C perform the same

- function and operate in the same manner as the ac-bias

winding of L1C (E of par. 2.3.2.3).

D. Load Winding

The load windings receive voltage from HIGH-
FREQUENCY INPUT TRANSFORMER T1C. The cur-
rent in the load winding of L2C is rectified by rectifier
CR3C and is applied to the degenerative feedback wind-
ing of L1C (G of par. 2.3.2.3) and to the control wind-
ings of the saturable power reactors in the conversion
section. Changes in the output current of L2C cause
corresponding changes in the output of the d-c power
supply.

2.3.3 Typical Control Circuitry Operation,
Manual Mode

2.3.3.1 General

Assume that the AUTO-MAN switch, S2 (fig.
2—21), is in the MAN position. The reference circuit
is now connected as discussed in paragraph 2.3.2.2, and
the d-c power supply is operating in the manual mode
of voltage control. With the switch in the MAN posi-
tion, the output voltage can be varied only by changing
the setting of potentiometer R8; the output voltage will
not correct itself automatically.

2.3.3.2 Output Voltage Variations

Assume that the power supply is in mmanual control
and the output voltage increases. The voltage across
the Zener diode will remain constant at about 8.4V.
The voltage at potentiometer R8 and the current in the
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control winding of L1C will therefore remain constant.
When the operator observes that the power supply out-
put voltage (read on VM1) has increased, he will vary
the setting of R8 so that less current will be applied
to the control winding.

A decrease in control current tends to reduce the
flux density of the core and increase the impedance of
the load windings. Since the output current is inversely
proportional to the impedance of the winding, the out-
put current decreases. The rectified output is applied to
the control winding of the second-stage magnetic am-
plifier.

When the current in the control winding of L2C
decreases, the flux density of the core is reduced, the
impedance of the load winding is increased, and the
output is decreased. The output curtent of L2C is recti-
fied and fed to the control winding of each of the
power reactors in the conversion section. '

The power reactors respond to the decreased con-
trol current in the same manner as the first- and second-
stage magnetic amplifiers. Since the output of the satu-
rable power reactors is the d-c voltage of the supply,
reducing the control current on the reactors reduces the
output of the supply. When the output of the power
supply decreases, R8 is varied to increase the control
current of the first stage with a consequent increase in
stage output. The second-stage output increases, and
the power supply output increases to normal voltage.

2.3.3.3 High-Frequency Voltage Variations

The high-frequency-voltage-compensation winding
(C of par. 2.3.2.3) compensates for variations in the
110Vac output of the high-frequency alternator. The
rectified output of the alternator is applied to the com-
pensation winding so that a change in current (propor-
tional to an a-c voltage change) offsets the effects of the
change in the d-c bias current. The net result is that
there is no change in the output of the magnetic ampli-
fier.

2.3.3.4 Ovutput Voltage Surges

The transient feedback windings compensate for
sudden changes in output voltage. If the d-c output
increases, the current in this winding increases and tends
to reduce the output of the magnetic amplifier stage.

2.3.4 Automatic Control Circuitry

2.3.4.1 General

Automatic voltage control differs from manual con-
trol in that the control current for L1C is not obtained
from the Zener diode but by sensing changes in the
power supply output.

During automatic operations, the AUTO-MAN
switch is in the AUTO position. Normally, the d-c
power supplies are automatically controlled.

3-82-0

Automatic Control Circuitry
233.2-2343

2.3.4.2 Reference Voltage Circuit,
Avtomatic Mode

In automatic operations, the reference input circuit
consists of the Zener diode, resistor Rz, a voltage-
divider network composed of resistors R1 and R2,
AUTOMATIC VOLTAGE ADJUST potentiometer RS,
AUTO-MAN switch 82, and reference switch S1 (fig.
2-22).

The output voltage of the Zener diode is opposed
by the portion of the d-c supply voltage tapped across
the voltage divider network composed of R1 and R2
(fig. 2—22). The voltage across the Zener diode is
higher than that across the voltage divider network.
Under automatic voltage control, any change in the
power supply output voltage results in a similar change
across the voltage divider. The difference between the
voltage across the divider and the output voltage of the
Zener diode determines the current which flows through
the control winding of the first-stage magnetic ampli-
fier. Since the Zener diode voltage is higher, an increase
in voltage across the voltage divider network (i.e., an
increase in d-c output voltage) decreases the difference
in voltage between the Zener diode output and the
voltage output of the voltage divider network. This
decrease in voltage results in a smaller control current.
Conversely, a decrease in d-c output voltage results in a
greater control current.

2.3.4.3 First-Stage Magnetic Amplifier

The operation of the first-stage magnetic amplifier
is the same in automatic control as it is in manual con-

+150V RETURN BUS +150V BUS
R2 Ri
N NV
R5
‘W’
Ii AUTO
s2
O MANUAL Lic

Figure 2-22. D-C Power Supply, Automatic
Control Circuit, Simplified Schematic
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trol (par. 2.3.2.3). The only difference is in the method
used to obtain control current for this stage.

2.3.4.4 Second-Stage Magnetic Amplifier

The operation of the second-stage magnetic ampli-
fier is the same under either mode of control. Refer to
paragraph 2.3.2.4. '

2.3.5 Typical Control Circuit Operation,
Automatic Mode

2.3.5.1 General

In the automatic mode of operation, the power
supply will automatically produce a closely regulated
d-c voltage. The automatic mode is the normal operat-
ing mode for the power supplies.

2.3.5.2 Ovutput Voltage Variations

Assume that the output of the typical d-c power
supply increases above the nominal output voltage.
When the output rises, the voltage at the midpoint of
voltage divider R1 and R2 (5.2.1.2 and fig. 2—20) also
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rises. The difference between this voltage and the out-
put of the Zener diode determines the current in the
control winding of L1C. An increase in d-c output volt-
age increases the voltage at the midpoint of the divider
and decreases the voltage difference between the diode
and the divider. Since the load on the circuit remains
constant, the normal 1-ma current in the control wind-
ing of L1C decreases. The first- and second-stage mag-
netic amplifiers react to this decreased control current
in the manner discussed in paragraph 2.3.3.2 to bring
the power supply output down to normal.

2.3.5.3 High-Frequency Voltage Variations

The control circuitry responds to variations in
high-frequency voltage in the same manner in either
mode of control. Refer to paragraph 2.3.3.3.

'2.3.5.4 Output Voltage Surges

The control circuitry responds to output voltage

surges in the same manner in either mode of control.
Refer to paragraph 2.3.3.4.
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SECTION 3
D-C POWER SUPPLY VARIATIONS

3.1 GENERAL

Although the d-c power supplies are similar in
operation, there are variations in the filtering circuits.
These variations are discussed below.

3.2 FILTERING CIRCUITS

All of the d-c power supply outputs are filtered by
banks of filter capacitors. In addition to the capacitors,
the duplex +4-10V and both —30V power supplies
(5.2.1.4, 52.1.6, and C/D 5.2.1.6) have a choke-coil
filter installed in series with the output. This filter is
required on these low-voltage, high-current power sup-

plies to prevent the power supply output from oscillating
when the load is comparatively small.

The induction filter also partially isolates the power
reactors from the line transients. Assume a heavy load
is placed on the output. The output current drops and
the filter capacitors discharge. The inductance of the
coil changes the time constant of the circuit so that the
effect of the current change is felt by the control cir-
cuits before it is felt by the power reactors. As a result,
the control circuits have time to correct the output volt-
age before the transient is felt by the power reactor
circuits.

Ky}
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CHAPTER 5
METERING EQUIPMENT

SECTION 1
GENERAL

1.1 INTRODUCTION

The d-c and a-c voltages are monitored by am-
meters and voltmeters installed on the PCD units. A
voltmeter is also installed on the front panel of the
control chassis of each d-c power supply.

The four meters on the PCD units are the DC
AMMETER which indicates output current of the se-
lected d-c power supply; the AC VOLTMETER which
indicates the a-c voltage of the selected a-c power; the
RIPPLE VOLTMETER which indicates the peak-to-
peak ripple voltage (a-c component) in the d-c output;
and the DC VOLTMETER which indicates d-c output
voltage. These meters are discussed in this section. The
ripple voltmeter, as a typical meter, is discussed in
Section 2. The voltage monitor relays are discussed in
Section 1, Part 3, Chapter 3.

1.2 D-C AMMETER

Each power supply has an ammeter shunt in its
d-c return lead. When the selector switch is operated
to any of its positions (except position 1), the meter is
placed in parallel with the shunt of the power supply
selected. For example (fig. 2—23), if the selector switch
is operated to position 10, current flows from the d-c
return through a shunt to the 4150V supply. Meter
current flows from the d-c return through contacts
10-1a of the middle deck, through the meter terminals,
and through contacts 10-1a of the rear deck to the
4150V supply. The ammeter circuits for the other
power supplies are similar.

1.3 A-C VOLTMETER
The contacts of the selector switch associated with
the a-c voltmeter are divided into four groups. One

DC AMMETER

63C36G4

DC AMMETER
SELECTOR SWITCH
(MIDDLE DECK) &
63C3H4B
o § o2
+250 310 +90
+150

DC AMMETER
SELECTOR SWITCH
A (REAR DECK)
63C3H4C
110 1; g+90
+250 Q10
T+|50

< RELAY RETURN

DC RETURN @~

+150 V SHUNT

NOTE:

THE AMMETER IS INSERTED IN THE RETURN LINE IN ORDER
TO MEASURE THE POWER SUPPLY CURRENT

Figure 2—23. PCD Unit, Typical Ammeter Circvit, Simplified Schematic Diagram
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group, consisting of contacts 2, 3, and 4, connects the
meter to measure phase-to-phase voltages. For example,
if the selector switch is placed in position 2, the voltage
between phase 3 and phase 1 of the unregulated d-c
line is indicated. Terminal b of the voltmeter is con-
nected to phase 3 as follows: From terminal b of the
voltmeter, the circuit to the phase-1 line is completed
through contacts a-2 of the middle deck, contacts a-2 of
the front deck, and contacts 7 and 4 of the rear deck.
The phase-3 line is connected through contacts a-2 of
the rear deck to terminal a of the meter. At position 3
of the selector switch, the voltmeter is connected across
the phase-2 and -3 lines. At position 4, the meter is
connected across the phase-1 and -2 lines.

A second group of contacts of the selector switch
connects the meter across any one of three unregulated
a-c voltage lines and neutral. Contacts 5, 6, and 7 of the
middle deck connect to the unregulated a-c neutral line.
These same contacts on the rear deck tie into contacts
2, 3, and 4 of the rear deck and make connections to
the unregulated a-c voltages.

The third group, contacts 8, 9, and 10, places the
voltmeter for phase-to-phase readings of the a-c input
to the d-c power supplies. The interconnections of con-
tacts 10, 9, and 8 of the middle deck insert a resistance
in the circuit so that the meter can be used to read the
high-phase-to-phase voltage. The same contacts on the
rear deck connect the meter to phases 1, 2, and 3,
respectively.

Contacts 1, 11, and 12 compose the fourth group.
These contacts place the voltmeter across regulated a-c
neutral and one of the three regulated a-c phases. At
position 1, for example, the voltmeter indicates regu-
lated a-c voltage between regulated a-c neutral and
regulated a-c phase 1.

1.4 RIPPLE VOLTMETER

The ripple voltmeter (Sect. 2) is connected across
the outputs of the d-c supplies. One side of the meter
is connected to the d-c return. The other side is con-
nected to the particular voltage supply selected through
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the voltage divider circuit. The meter has its own small

power supply.

The front deck of the selector switch connects the
meter to the d-c return at all 12 positions. The middle
deck selects the desired power supply. The rear deck
provides voltage-divider selection. Varying the moving
contact on the rear deck either adds or removes resist-
ance in the voltage-divider circuit. However, each switch
position always includes the 10K and 240K resistors
and the capacitor.

To measure the amount of ripple present in the
+4-600V supply, the selector switch is placed in position
12. A d-c return is immediately available from the front
deck at position 12. Contact 12 on the middle deck of
the selector switch, connects the meter to the G600V
power supply. Contact 12 on the rear deck connects the
entire voltage divider network (except the 1K resistor)
to the meter circuit.

1.5 D-C VOLTMETER

The selector switch associated with the d-c volt-
meter connects the meter across the power supply to be
measured and selects the appropriate multiplier resistor
for that power supply. For the positive power supplies,
the middle deck of the switch connects terminal a of
the meter to the power supply through the selected
multiplier resistor; the rear deck connects terminal b of
the meter to d-c return. For the negative supplies, ter-
minal a is connected to d-c return by the middle deck;
terminal b is connected to the supply through the
multiplier resistor. For example, consider the metering
circuit for the 4600V supply. When the selector switch
is rotated to position 1, electron flow is from the d-c
return through contact 2 of the middle deck to contact
1 of the rear deck. From this point, the current flows
through contact 13, the meter terminals, contacts 13-1
of the middle deck, and the 750K multiplier resistor to
the positive side of the 4600V supply. The metering
circuits for the remaining power supplies and for the
130V battery supply are similar to the circuit described
above.
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SECTION 2
RIPPLE VOLTMETER

2.1 INTRODUCTION

The ripple voltmeter (fig. 2—24) is an a-c, vacuum-
tube voltmeter (VIVM) consisting of a peak-to-peak
reading voltmeter (the voltmeter is actually an rms-
reading meter calibrated in volts, peak to peak), a 2-
tube negative feedback amplifier, and a power supply.

The purpose of this voltmeter is to measure directly
the ripple component associated with any of the 11 d-c
voltages supplied by the d-c power supply unit. A selec-
tor switch permits the selection of any of these 11 volt-
ages for ripple component measurement. Multipliers as-
sociated with the particular range selected are auto-
matically inserted in the input circuit by the selector
switch.,

2.2 VOLTMETER CHARACTERISTICS
The characteristics of the ripple voltmeter are listed
in table 2—4.

2.3 THEORY OF OPERATION

Excessive ripple (pulsations in d-c voltage caused
by unfiltered a-c harmonic components) causes noise,
signal distortion, and other undesirable effects which

usually prevent electronic equipment from functioning
properly. For this reason, it is often found necessary to
measure the amount of ripple present in a d-c supply
output voltage and to determine whether or not the
ripple is excessive.

When a d-c voltage is to be examined to determine
the magnitude of ripple voltage, the selector switch is
set to the range required to measure the selected volt-
age (fig. 2—23). Voltage is then applied through the
selected multiplier and the 0.047-uf capacitor to the
control grid of the 5702 tube, the first voltage amplifier.
The 0.047-uf capacitor blocks all d-c voltages, permit-
ting only the ripple component to be applied between
the grid and the cathode of the first voltage amplifier.
The 1-megohm input resistor has the dual function of
setting the input impedance at approximately 1 meg-
ohm and bypassing the input dc to ground.

The ripple voltage is amplified by the first voltage
amplifier and applied through a 0.047-uf capacitor to
the control grid of the 5719 power amplifier tube. The
output voltage of this final amplifier stage is then de-
veloped across the 47K plate load resistor. The output

TABLE 2—-4. CHARACTERISTICS OF RIPPLE VOLTMETER

CHARACTERISTIC

SPECIFICATION

Frequency range

Scale indication

Scales (or multiples thereof)
Scale divisions for both scales 0.5V
Sensitivity
Accuracy

Power requirements

20-50,000 cps

Scale reads peak-to-peak volts based on a sine-wave input

1V and 0-2.5V

10-mv rms for full-scale deflection
3% of full-scale reading
6.3Vac, 60 cycles at 0.45 amp for tube filaments. 125-200Vdc at

1.5 ma =209, for the tube plate supply

Input impedance 1 megohm
Tubes used:
First voltage amplifier stage 5702 tube
Output stage 5719 tube

Bridge rectifier

Four 1N51 crystal rectifiers
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Figure 2—24. Ripple Voltmeter, Simplified Schematic Diagram

voltage of this 2-stage amplifier (amplified ripple volt-
age) is then applied, through series-blocking capacitor
C104, across the series combination of a bridge rectifier
and a network of resistors in the cathode circuit of the
first voltage amplifier.

2.3.1 Metering and Feedback Circuitry
The bridge rectifier is a full-wave rectifier. An rms-
reading voltmeter with the scale calibrated in volts,
peak to peak, is connected across the bridge rectifier
output terminals. The rectified amplifier-output voltage
therefore actuates the voltmeter, and the meter reading
is proportional to the amount of ripple voltage present.

42

A portion of the return path for the output ripple
voltage consists of the network of 680-, 390-, and 37-ohm
resistors in the cathode circuit of the first voltage am-
plifier tube. The amplified output is therefore fed back
to the cathode of the input stage approximately 360
degrees out of phase with the input voltage (degenera-
tive feedback). Because of the even number of stages
involved, feedback is most conveniently introduced into
the cathode circuit of the first voltage amplifier.

The use of a degenerative amplifier allows the
ripple voltmeter amplifier to be independent of gain
variations caused by tube aging, supply voltage varia-
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tions, and circuit component value changes. Noise or
hum voltage components introduced by the amplifier
itself are also greatly reduced. Therefore, a highly
stable, reliable, and accurate ripple voltmeter is ob-
tained with the aid of negative feedback.

2.3.2 Ripple Voltmeter Power Supply
The B+ and filament power is supplied to the

3-82-0

Ripple Voltmeter Power Supply
23.1-23.2

ripple voltmeter’s amplifier by a small power supply
especially built for this purpose. Except for six output
and input soldering terminals, the supply is a com-
pletely sealed unit. Input voltage supplied to the two
line terminals is 120Vac, 60 cycles. Output voltages
and currents are 125 to 160Vdc, at 15 ma for B
power and 5.5 to 7.0Vac, 60 cycles, at 0.5 amp for
filament power.
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PART 3
DUPLEX DISTRIBUTION AND CONTROL

CHAPTER 1
GENERAL

SECTION 1
INTRODUCTION

1.1 SCOPE

The same units are used for both distribution and
control within the Power Supply System. Distribution
and control are discussed in Chapters 2 and 3 of this
part. The discussion explains the flow of power from
the powerhouse to the load units. Each type of power
(regulated ac, unregulated ac and dc) is discussed sep-
arately, and the distribution and control circuitry for
each is traced from its source to the load units (figs.
3—1 and 3-2).

Only the duplex distribution and control circuitry
and the duplex PCD, MCD, and load units are dis-
cussed in this part. For a discussion of simplex control
and distribution circuitry, refer to Part 4.

1.2 DESCRIPTION OF UNITS

1.2.1 General
The units described below are associated with du-
plex equipment A and B. Therefore, there are two of
each unit described, one associated with each computer.
Since units A and B are identical, the following de-
scriptions apply to both. The duplex power supply
units are described in Section 1 of Part 2, Chapter 4.

1.2.2 PCD Unit 63

1.2.2.1 Physical Description

Each PCD unit 63 (fig. 3—3) is divided into mod-
ules A, B, C, and D, in that order, from left to right
as viewed from the rear. Module A contains the duplex
MC equipment. Module B, covered by five doors, con-
tains knife switches, knife-switch interlocks, and power
distribution circuitry. Module C contains the indicators
and controls associated with power distribution to the
duplex equipment. Module D is the CB module. The
CB’s contained herein are associated with the regulated-
ac circuits of the MCD units, the amplidyne (duplex
MC generator), and the a-c voltmeter; and with the
unregulated-ac circuits of the MCD units, the card ma-

chines, the drum motors, the convenience outlets, and
the tape drive motors.

1.2.2.2 Functional Description

Unit 63 receives 11 d-c voltages from unit 60 (par.
1.1.2, Part 2, Ch 4), unregulated 208Vac from the sub-
stations, regulated 208Vac from the induction regula-
tors, and controls and distributes this power to the
duplex equipment. Although some power is distributed
directly to the load units, most of the power is sent to
the MCD units for further distribution to the load
units (figs. 3—1 and 3-2).

Knife switches are provided in the PCD unit to
permit removal of power close to the source. The PCD
unit also contains CB’s, switches, indicators, and meter-
ing circuits to permit observation and control of the
power distribution circuitry.

1.2.3 MCD Units

1.2.3.1 General

There are six pairs of MCD units associated with
the duplex equipment. Each MCD unit distributes and
controls the power distributed to its associated load
units. The MCD units and their associated equipment
groups are listed in table 3—1.

TABLE 3—1. SYSTEMS SUPPLIED BY MCD UNITS

MCD UNIT SYSTEM OR PORTION

19 Ceantral Computer

27 Display, Manual Input, and Warning
Light

29 Main Drum

46 Auxiliary Drum

31 Output

59 Common equipment input
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Functional Description
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Figure 3—3. PCD Unit 63

1.2.3.2 Physical Description

Each MCD unit is unique in external dimensions
and internal divisions. Some are divided into modules
and others are divided into sections. Component loca-
tion logic shows the placement of components within
the MCD units. A typical MCD unit (unit 19) is shown
in figure 3—4. All MCD units contain contactors, dis-
tribution and MC relays, line CB’s, MC CB’s, and con-
trol components and indicators.

1.2.3.3 Functional Description
The MCD units control and distribute power to

48

the load units (table 3—2) and introduce a variable
voltage during MC operations. Besides the functions
listed in table 3—2, units 27, 31, and 59 serve an
additional function in signal status switching. Unit 27
provides a signal which initiates the power switching
operation for display consoles when the ACTIVE push-
button is depressed in the alternate control panel of
the duplex switching console. Unit 31 serves a similar
function for outputs. Unit 59 performs a similar function
for input common equipment in units 32, 34, and 41
under similar conditions. Module E of unit 59 functions
as the power module for these input load units.
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Figure 3—4. Computer MCD Unit 19

TABLE 3—-2. Z MODULES FOR LOAD UNITS

UNIT UNIT
CONTAINING ASSOCIATED CONTAINING ASSOCIATED
MCD UNIT Z MODULE LOAD UNITS MCD UNIT Z MODULE " LOAD UNITS
19 2 22
’ 3 None Drum motors
4 31 33
5 42
6 46 20
9 7 and 8
- 59
12 10 and 11 i ( , ) )
‘ e
13 18, 14, 15, 16, and 17 59 module E 32 (common equipmen
only)
27 23 30 34 (common equipment
24 only)
25 41 (common equipment
29 21 only)

Note: Units 34 .and 41 are found only in AN/FSQ-7 equipment.
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Load Units
1.2.3.3-1.24.2

Note
In AN/FS8Q-8 equipment, there is no unit 34
or 41. These units appear only in AN/FSQ-7
equipment.

1.2.4 Load Units

1.2.4.1 Physical Description

There are many types of load units all of which are
divided into modules. The left arithmetic element, unit
2, is a typical load unit (fig. 3—5). At one end is the
Z module which contains CB’s, bus bars, switches, and
indicators for distribution and control of power to the
entire unit. Three filament transformers (one for each
phase of regulated ac) are mounted in the top of most
modules. The filament transformers receive regulated,
single-phase 120Vac from the induction regulator and

Swoe

o

—

.
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produce two regulated 6.3Vac outputs at 35 amperes
each. The 6.3Vac outputs may be used in series, in
parallel, or separately.

1.2.4.2 Functional Description

The load units perform the functions of the SAGE
equipment. The function of each load unit is discussed
in the manual pertaining to the system in which the
unit is included.

The Z module receives power from the MCD unit
and distributes it through CB’s to the other modules in
the unit. Consequently, the status of the load unit may
be controlled from the Z module.

The three transformers in each module transform
the regulated ac to the filament voltages required by
the electron tubes in that module.

oot i

S o I —

—

Figure 3—5. Left Arithmetic Element, Unit 2
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Overall Analysis
2.1-233

SECTION 2
OVERALL ANALYSIS

2.1 INTRODUCTION

The distribution and control circuitry is identical in
both portions of the duplex equipment. Power system
A is used as a typical example. The power distributed
includes unregulated ac, regulated ac, and 11 d-c volt-
ages.

2.2 POWER DISTRIBUTION
2.2.1 Unregulated A-C Distribution

Unregulated 480Vac is produced by the diesel gen-
erators. This high a-c voltage is fed to the d-c power
supplies, the substations, and the load centers. The d-c
power supplies convert the unregulated ac to 11 d-c
voltages. The substations and load centers transform
the 480Vac to unregulated 208Vac. The output of the
load center is regulated by the induction regulators; the
output of the substation is distributed to the PCD unit,
the MCD units, and the convenience outlets at the base
of the load units. Since this voltage is used during main-
tenance activities, it is not removed by a normal power-
off sequence. Unregulated ac is also used to operate the
drum motors, magnetic tape drive motors, amplidyne
motor, and for other applications.

2.2.2 Regulated A-C Distribution

Regulated 208Vac is the output of the induction
regulators. This voltage is distributed to PCD unit 63
and the load units. The regulated ac fed to the PCD
unit is distributed to the MCD units and the tube cir-
cuits in the load units. The regulated ac, fed directly to
the load units from the induction regulators, is distrib-
uted to the filament transformers in the load modules.
The filament transformers step the regulated ac down
to 6.3V and 12.6V regulated ac for use by the tube fila-
ments.

2.2.3 D-C Distribution
The d-c voltages produced by unit 60 are fed to
PCD unit 63. The PCD unit distributes the 11 d-c volt-
ages to the six MCD units and the load units for ap-
plication to the electronic circuitry.

2.3 POWER CONTROL

2.3.1 Unregulated A-C Control
Unregulated ac is controlled by a CB in unit 63
and by CB’s in the MCD units. Separate unregulated-ac
CB’s are used to control this voltage to each drum mo-
tor and tape drive ‘motor. Since the load units do not
have unregulated-ac CB’s, this voltage is removed from
the load unit by the CB in the associated MCD unit.

2.3.2 Regulated A-C Control

During a normal power-on sequence, regulated ac
is applied to the load units before any dc is applied
This procedure permits the tubes to warm up before be-
ing subjected to operating voltages. An ac-on signal
may be initiated at unit 63 for all the associated duplex
equipment, at an MCD unit for the associated load
units, or at the Z module of a load unit for that load
unit. The regulated ac may be removed by opening the
regulated-ac CB’s in the PCD unit, the MCD units, or
the Z module of the load units.

2.3.3 D-C Control

The voltages are applied to the tubes in at least
two steps after the tubes have been warmed up by regu-
lated ac. The application of the d-c voltages is initiated
by a dc-on signal during a normal power-on sequence.
The d-c voltages may be removed by opening the knife
switches in the PCD unit, the CB’s in the MCD units,
or the CB’s or the DC ON — DC OFF switch at the Z
module of the load units.
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PART 3, CH 2 3-82-0 Introduction
SECT. 1 1.1-12
CHAPTER 2
ANALYSIS OF DUPLEX DISTRIBUTION CIRCUITRY
SECTION 1
INTRODUCTION
1.1 SCOPE powerhouse the unregulated 480Vac output of the

This chapter describes the circuitry which distrib-
utes the unregulated and regulated ac and the d-c volt-
ages throughout the duplex portion of the Power Sup-
ply System. A block diagram analysis of the distribution
facilities provides an overall description of power dis-
tribution for the duplex load equipment. The detailed
analysis of duplex distribution circuitry describes the
distribution of the a-c voltages and a typical d-c volt-
age through typical power supply units.

1.2 GENERAL
The same units are used to distribute and control

power. These units are described in Chapter 1, Section
1. Power distribution begins in the powerhouse. In the

diesel generators is applied to bus bars for distribution
to the Operations (Computer) Building.

In the Operations Building, a portion of the un-
regulated high-voltage ac is transformed to a lower
voltage. A portion of the lower-voltage ac is regulated;
the remainder is distributed to the load units as un-
regulated ac. The remaining unregulated high voltage
is fed to the d-c power supplies; unit 60, where it is
rectified to 11 d-c voltages. The dc voltages are then
distributed to the load units. The following discussion
of distribution circuitry includes only that equipment
under the cognizance of IBM personnel. The distribu-
tion circuitry within the powerhouse is not discussed.
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SECTION 2
UNREGULATED A-C DISTRIBUTION

2.1 GENERAL

Unregulated high-voltage ac is used as the input
to the d-c power supplies, the load centers, and the
substations. The load centers and substations reduce
the 480Vac to 120/208Vac. The unregulated low volt-
age produced by the substation is distributed to con-
venience outlets and to various motors. The voltage
produced by the load centers is regulated by the induc-
tion regulators,

The following discussion traces the distribution of
480Vac to the d-c power supplies and the distribution
of 208Vac from the load centers and the substations to

PCD unit 63, typical MCD unit 19, and a typical load
unit, left arithmetic element, unit 2.

2.2 HIGH-VOLTAGE DISTRIBUTION

2.2.1 General

The 480Vac produced by the diesel generators is
distributed to the d-c power supplies, the load centers,
and the substations (fig. 3—G). Only the d-c power
supplies are under IBM cognizance. The distribution
circuitry between the high-voltage bus bar and this unit
is discussed below.

DIESEL GENERATORS

HIGH=-VOLTAGE
BUS BAR

-
BUS DUCT |
SEQUENCING
pevice |

L——

-3

POWER
SUPPLY
UNITS

'

D-C VOLTAGES
TO PCD UNIT

-3

LOAD
CENTERS SUBSTATIONS
1207208V 120/208V
UNREGULATED UNREGULATED
AC TO AC TO PCD UNIT
INDUCTION
REGULATORS

Figure 3—6. High-Voltage A-C Distribution, Block Diagram
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2.2.2 Power Supply Unit 60
From the high-voltage bus bar (5.2.1.13), the
480Vac is distributed to the individual d-c power sup-
plies in unit 60 through 3-phase CB’s (table 3—3).

Note
Although logics 5.2.1.13 and 5.2.1.14 indicate
that the 480Vac is regulated, it is considered
unregulated in this manual. Only the 208Vac
output of the induction regulators is consid-
ered to be regulated ac.

TABLE 3—3. 480VAC DISTRIBUTION
CIRCUIT BREAKERS

CB's POWER SUPPLIES FED
A (CB1) 490V, —150V
B (CB2) 4600V, +10V, —15V, —30V, 472V,

high-frequency altetnator
C (CB 3) +250V, 4150V, —48V

C (CB5)  —48V

2.3 LOW-VOLTAGE DISTRIBUTION

2.3.1 General
The output of the load centers and substations (fig.
3—7) is unregulated 208Vac. The output of the load
centers is fed to the induction regulators for regulation.
The output of the substation is fed to the PCD unit for
distribution through the system.

2.3.2 Substation

The output of the substation is applied to a 208Vac
bus bar through a 3-phase CB. From the bus bar, the
208Vac is distributed through a 3-phase CB to bus bars
63D3L(L1), 63D3L(L2), and 63D3L(L3) in PCD unit
63. One bus bar is used for each a-c phase. From these
bus bars, the unregulated ac passes through a set of six
3-phase CB’s. One CB controls all three phases of the
unregulated ac distributed to each of the MCD units
(table 3—4). Since MCD unit 19 is typical, the distribu-
tion to this unit is discussed. The CB which controls un-
regulated ac to MCD unit 19 is 63D3G3 (5.3.2.2, sheet
1, and table 3—4). From this CB, unregulated ac is fed
to the bus bars in unit 19,

2.3.3 MCD Unit 19

From 3-phase CB 63D3G3 in unit 63, each phase of
unregulated ac is fed to a separate bus bar in unit 19.

3-82-0

Low-Voltage Distribution
222-2.34

Phase 1 is fed to bus bar 19B1R1; phase 2, to 19B1R2;
and phase 3, to 19B1R3 (5.3.3.1, sheet 1).

Phase 1 of 120V (phase-to-neutral) ac is applied
through CB’s to convenience outlets in units 1, 2, 5, 10,
11, and 12 (par. 2.3.4). Phase 2 is distributed through
CB’s to convenience outlets in units 3, 6, and 13. Phase
3 is distributed through CB’s 19B1L1 and 19B1L2 to
convenience outlets in locations 4A1 and 8B1 of sec-
tions C through K of MCD unit 19 (5.3.3.1, sheet 1).
Phase 3 is also distributed to units 4, 7, 8, and 9.

2.3.4 Load Unit

Two lines of phase 1 of 120V unregulated ac from
MCD unit 19 are connected through CB’s 19B1C1 and
19B1C2 to junction boxes at the top and bottom of the
Z module of unit 2 (5.3.2.2, sheet 2). The line from
19B1C1 is connected to convenience outlets N2 and 2L
on the tube side of the unit. Additional outlets may be
connected- at 2], 2G, 2E, and 2C. The line from 19B1C2
is connected to outlets 2P, 2M, 2D, and 2B on the wir-
ing side of unit 2. Additional outlets may be installed
at 2K, 2H, and 2F. The neutral lines from both branches
join at a junction box and return to the MCD unit as a
common unregulated a-c neutral.

TABLE 3—4. UNREGULATED A-C DISTRIBUTION
FROM BUS BARS 63D3L(L1), 63D3L(L2),
AND 63D3L(L3)

3-PHASE
CB NO. LOCATION DESTINATION
CB 12 63D3G3 MCD unit 19
CB 13 63D3G2 MCD unit 27
CB 14 63D3H3 MCD unit 46 and 29
CB 15 63D3H2 MCD unit 31
CB 16 63D3]3 MCD unit 59
CB 17 63D3]2 Printer unit 52
CB 18 63D3K3 MCD unit 46 for drum
motors
CB 19 63D3K2 Amplidyne unit 77
CB 20 63D3L3 Internal and miscellaneous
CB 21 63D3L2 Adapter unit 13
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SUBSTATION
120 /208 V 3¢
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Figure 3—7. Low-Voltage Unregulated A-C Distribution, Block Diagram
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REGULATED A-C DISTRIBUTION

Regulated AC Distribution
31

3.1 GENERAL

Regulated ac from the induction regulator is fed to
PCD unit 63 (fig. 3—8) for internal distribution within
that unit and for distribution through the MCD units

INDUCTION
REGULATOR

and the Z modules to the filament transformers of the
load units, The flow of regulated ac among these units
and the protective devices used are similar to those em-
ployed in the distribution of unregulated ac.

120 7 208 Vv
REGULATED AC

! ¥2| $3
)_ __________________ _)_ __________________ _) 34c8 PCD UNIT
| 63D3B (L!) l I 63D3B (L2) l 63D38B (L3)
|
cB6 ) —® METERING
# AND MONITOR
» CIRCUITS
cal
34CB

MCD UNI

T T/ — T T|9|

I9A2K6 19A2L6 19A2M6 (TYPICAL)

l 1982H10

) T —— Fomm e ) I l

34 CB

scel 19C6(K2) _L'IQCG(KZ) —LISCG(KZ) TO DUPLEX

MAINTENANCE
CONSOLE
|9¢5(K|)__r 19C(R2) 19C5(KN 2= 19C(R2) 19C5(KI) = I9C(R2)
I ks

r - LOAD UNIT

I 2Z3Al I I 2Z3B! l
SINGLE PHASE

.CcB's ) )

FILAMENT
TRANSFORMER

FILAMENT
TRANSFORMER

F’__f__

‘z!:,’c:' (TYPICAL)

)

FILAMENT
TRANSFORMER

- ]

Figure 3—8. Regulated A-C Distribution, Block Diagram
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MCD Unit
32-34

3.2 PCD UNIT

The 3-phase regulated a-c output of the induction
regulator is fed to bus bars 63D3B(L1), 63D3B(L2),
and 63D3B(L3) in PCD unit 63 (5.3.2.2).

Phase 1 is fed to 63D3B(L1); phase 2, to
63D3B(L2); and phase 3, to 63D3B(L3). From the
bus bars, the regulated ac is distributed to the internal
circuits of the PCD unit and to the MCD units through
3-phase CB’s (table 3—5). ,

Within PCD unit 63, phase 1 is fed to module A
through CB 6. This phase drives the motors in the MC
cam timing units. All three phases are fed to module C
through CB 7. Phase 1 of this voltage is metered by the
a-c voltmeter. Phases 2 and 3 are fed to the coil of the
warning level relay of the input voltage monitor relay.

3.3 MCD UNIT
Regulated ac is fed to typical MCD unit 19 through

3-82-0
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CB 1. All three a-c phases are distributed to the MCD
unit. Phase 1 is connected to bus bar 19A2K6; phase 2,
to 19A2L6; and phase 3, to 19A2MG. From these bus
bars, each phase is distributed to filament transformers
in the various load units. The three phases are distrib-
uted to typical load unit 2 through 19A2K5 (5.3.3.2).

Phase 3 is also distributed from bus bar 19B2M6
through CB 19B2H10 to the duplex maintenance con-
sole (5.3.3.10).

3.4 LOAD UNIT

The load units receive all three phases of ac from
the MCD unit. The left arithmetic element, unit 2, re-
ceives ac through CB 19A2K5 at bus bars 2Z3Al,
2Z3B1, and 2Z3C1 (5.3.3.2, sheet 2). From these bus
bars, regulated ac is distributed to the filament trans-
formers through single-phase CB’s. One CB is asso-
ciated with each filament transformer.

TABLE 3—5. REGULATED A-C DISTRIBUTION TO MCD UNITS

3-PHASE CB NO. LOCATION DESTINATION

‘CB 1 63D3A2 MCD unit 19
CB 2 63D3B3 MCD unit 27
CB 3 63D3B2 MCD units 46 and 29
CB 4 63D3C3 MCD unit 31
CB 5 63D3C2 MCD unit 59
CB 6 63D3D3 Module A PCD unit 63 for marginal checking
CB 7 63D3D2 PCD unit 63 and miscellaneous
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D-C Distribution
4.1-45

SECTION 4
D-C DISTRIBUTION

4.1 GENERAL

The 11 d-c voltages produced by the power supply
units are applied to bus bars in unit 63. Most of these
voltages are distributed to the MCD units as non-MC
dc. Five of the voltages are fed through relays to the
output of an amplidyne which varies the voltages ap-
plied to the load units during MC operations (refer to
3-92-0).

The distribution of non-MC d-c voltages is dis-
cussed in this section. The 4-150Vdc circuit is discussed
as a typical circuit. The distribution of MC voltages is
discussed in Theory of Operation of Marginal Checking
System for AN/FSQ-7 and -8, 3-92-0.

4.2 POWER SUPPLY UNIT

The output of each d-c power supply is fed to a
bus bar (fig. 3—9) in the power supply unit. From this
bus bar, the voltage is fed to the 9-pole knife switches
in the PCD unit.

4.3 PCD UNIT

In the PCD unit, one knife switch provides the
power to each MCD unit (5.3.2.1). The MCD units do
not all receive the same voltages, since no unit requires
both +600V and +72Vdc (table 3—G). A separate bus
bar and knife switch applies the —48Vdc control volt-
age to the MCD units.

The +4-150Vdc is distributed to MCD unit 19
through knife-switch contacts 63B3D1 and 63B3D2
(5.3.2.1). Table 3—6 lists the knife-switch contacts
which apply the various voltages to the MCD units.

4.4 MCD UNIT

From the PCD unit knife switches, the -4-150Vdc is
distributed to CB 19A2C9 in the MCD unit (5.3.3.2).
From the CB, the 4-150V line passes through points of
relay 19C6(K3). During normal operation, these points
are closed and the corresponding points of relay
19C6(K4) are open. During MC operation, the condi-
tion of these relays is reversed. The voltage is now fed
to a bus bar in the load unit.

4.5 LOAD UNIT

After passing through the CB and the MC relay
in the MCD unit, +150Vdc is distributed to bus bar

273]21 in the Z module of the typical load unit. From
this bus bar, the d-c voltage is distributed to CB’s
273]8 through 273]J20 and from the CB’s to modules
B,C,D,E FG,H, ], K, L, M, N, and P, respectively,
of unit 2. The 4-150V, 410V, and —30Vdc are dis-
tributed to the duplex maintenance console from their
respective bus bars in unit 2.
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TABLE 3—6. KNIFE-SWITCH CONTACTS APPLYING D-C VOLTAGES TO MCD UNITS
UNIT 29
VOLTAGE UNIT 19 UNIT 27 AND 46 UNIT 31 UNIT 59
+600 — 63B3A4-3 - 63B3A8-7 -
+250 63B3C2-1 63B3C4-3 63B3C6-5 63B3C8-7 63B3C10-9
+150 63B3D2-1 63B3D4-3 63B3D6-5 63B3D8-7 63B3D10-9
+90 63B3E2-1 63B3E4-3 63B3E6-5 63B3E8-7 63B3E10-9
+10 63B3G2-1 63B3G4-3 63B3G6-5 63B3G8-7 63B3G10-9
—15 63B3H2-1 63B3H4-3 63B3H6-5 63B3H8-7 63B3H10-9
—30 63B3J2-1 63B3J4-3 63B3)6-5 63B3]8-7 63B3]10-9
—150 63B3K2-1 63B3K4-3 63B3K6-5 63B3K8-7 63B3K10-9
—300 63B3L2-1 63B3L4-3 63B3L6-5 63B3L8-7 63B3L10-9
+72 63B3A2-1 - - - -
—48 63B3N2-1 63B3N4-3 63B3N6-5 63B3N8-7 63B3N10-9

Note: Contacts A through L for each unit are nine poles of separate knife switches.
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Metering Circuit Distribution
5.1-5.6

SECTION 5
METERING CIRCUIT DISTRIBUTION

5.1 GENERAL

The circuitry for the various metering circuits is
discussed below. In the instances where several voltages
are monitored by several meters (e.g., voltage monitor
relays), a typical circuit is discussed.

5.2 VOLTAGE MONITOR RELAY

The warning-level and shutdown-level voltage
monitor relay circuits for each of the d-c power supplies
and for the regulated a-c and power supply input volt-
ages are essentially the same. The 4-150Vdc monitor
circuit is typical.

The +4-150Vdc is distributed to the voltage moni-
tor relays from the bus bar in PCD unit 63 (5.4.2.2).
From this bus bar, the voltage is fed to the moving
coils of the warning-level and the shutdown-level re-
lays. If the 4-150Vdc deviates to the warning level, the
pointer on the relay meter makes contact (par. 1.3.2.2,
Part 3, Ch 3) and the 4130Vdc from the station bat-
tery picks relay K14. Points of K14 complete the circuit
to the VOLTAGE OFF LIMITS light at the PCD unit
and the maintenance console. If the shutdown level is
reached, relay K50 is dropped; the --150Vdc power
supply is shut off immediately; the other d-c power
supplies are cycled down; and the system is placed in
the ac-only status.

5.3 A-C VOLTMETER

The a-c voltmeter can be connected to all phases of
regulated 208Vac, unregulated 208Vac, and the 480V
power supply input. The voltmeter receives the input
voltages from the bus bars in unit 63 and the bus-duct
sequencing device. A selector switch permits selection
of any phase-to-phase or phase-to-neutral voltage for
metering (5.4.2.4). For point-to-point distribution, re-
fer to par. 5.2.2, Part 4, Chapter 2.

5.4 D-C AMMETER

The d-c ammeter is connected in the ammeter shunt
circuit. The +4-150Vdc circuit is typical. This circuit

originates at bus bar 63B7B7 in module B of unit 63
(5.3.2.1). The shunt line is connected to the ammeter
selector switch at 63C7C3C (5.4.2.4). This point is in
the middle deck of the ammeter selector switch. The
ammeter is connected between this point and 63C7A3u
in the rear deck of the switch when the 4150V current
is being measured (Part 4, Ch 2). The shunt return line
is connected between the rear deck and junction box
63B7A7b in module B (5.3.2.1).

5.5 RIPPLE VOLTMETER

The ripple voltmeter circuit consists of a voltmeter
power supply, a voltage selector switch, an RC filtering
network, and a ripple voltage range selector switch.

The voltmeter power supply (5.4.2.4) is connected
between phase 1 and neutral of the unregulated a-c cir-
cuit fed from bus bar 63D3(L1). The RC filter circuit
filters out the d-c power supply voltage to permit meas-
urement of the a-c component. The ripple voltmeter
circuit is connected to the knife switches in unit 63. This
circuit also supplies the voltage monitor relays, but the
ripple voltmeter is connected into the circuit prior to
distribution to the voltage monitor relays.

The typical 4-150Vdc line is connected to the knife
switches at 63B3D10a (5.3.2.1). From the knife
switches, the -}-150V line is connected where the d-c
voltage is filtered out to the RC network. Between the
RC network and the ripple voltmeter, the a-c compo-
nent passes through a 3-position range selector switch.
This switch regulates the full-scale' voltmeter deflection
to 0.25V, 1V, or 2.5V.

5.6 D-C VOLTMETER

The 4-150Vdc is fed through a 300K resistor in
the d-c voltage multiplier circuit to point 11 in the mid-
dle deck of the d-c voltmeter selector switch. From this
point, the voltage passes through the voltmeter mech-
anism to point 11 of the rear deck. From the rear deck,
the voltage is returned to the front deck of the selector
switch,
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SECTION 6
NEUTRAL LINES, RETURNS, AND GROUND

6.1 GENERAL

In place of a ground for electrical returns, the
AN/FSQ-7 and -8 equipment uses four special electrical
systems. Two systems provide neutral lines for regulated
and unregulated ac; one system provides a return for all
d-c voltages except the —48V relay voltage; the fourth
system provides the —48Vdc return. Ground is an
equipment bond which eliminates the danger of high
voltages collecting on a unit.

6.2 A-C NEUTRAL LINES

6.2.1 Unregulated AC

The unregulated a-c neutral line for the duplex
equipment is connected to the unregulated a-c feeder
CB neutral in the substation. From this point, the neu-
tral line is connected to the unregulated a-c neutral bus
bar in the PCD unit. From this bus bar, neutral lines
are connected to the line printer, five of the MCD units
(the neutral line for unit 46 is connected through unit
29), and to unit 63 for internal grounding.

From the MCD units, the neutral line is fed to
junction boxes in the Z module of the load units asso-
ciated with the MCD unit. The unregulated a-c neutral
is the return line for the convenience outlets in the
units.

6.2,2 Regulated AC

Regulated a-c neutral is connected to the neutral
side of the induction regulator. In PCD unit 63, this
neutral line is connected to the regulated a-c neutral
bus bar. From the bus bar, neutral lines are distributed
to the MCD units in the same manner as the unregu-
lated a-c neutral lines. In a typical load unit, unit 2, the
regulated a-c neutral is connected to bus bar 2Z1(TB2)a

62

in the Z module. A filament return loop is connected to
the bus bar. This loop is connected to the neutral point
of each filament transformer in the load unit.

6.3 D-C RETURN LINES

6.3.1 D-C Return

The d-c return lines are distributed throughout the
load units and the Power Supply System. Returning
from the load units, the d-c return lines for each volt-
age are connected together and returned to the MCD
units. At the MCD units, the return line for a typical
voltage is connected to the return lines of that voltage
which are coming from other load units. This line is
returned to the d-c power supply through the PCD
unit.

6.3.2 Relay Return
Relay return lines are connected to the relay re-
turn line in the MCD unit. From the MCD unit, the re-
turn lines are connected to the relay return bus bar in
unit 63. From this bus bar, the return line is returned
to the d-c supply. ’

6.4 EQUIPMENT BOND

The equipment bond grounds the frame of each
unit in the equipment. The equipment bond terminates
at terminal 47J3(E31)h in simplex maintenance con-
sole unit 47. The equipment bonds of the units in each
power system are connected to a bus bar in the MCD
unit. The MCD unit bus bars are connected to the
grounded frames of their associated PCD units.

The equipment bonds of power systems A and B
are connected together at the simplex load units where
they are connected to a common equipment bond for
systems C and D.
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CHAPTER 3
ANALYSIS OF DUPLEX CONTROL CIRCUITING
‘ SECTION 1
INTRODUCTION
1.1 SCOPE the power system is energized. The CB’s, when opened,

This chapter contains a detailed analysis of the cir-
cuitry required to operate the duplex power supply
equipment. The controls and indicators on the units are
discussed. The various power statuses for each unit and
the normal power-on, power-off, and abnormal power-
off sequences are described. The various power se-
quences are discussed in the sections devoted to the
status of the equipment after the sequence is completed.
For example, the power-on to ac-only sequence is dis-
cussed in the section dealing with ac-only sequences.

1.2 GENERAL

Control of power condition and unit status is pos-
sible from various units. The status of the entire duplex
power supply may be controlled by pushbuttons at the
PCD unit or at the duplex maintenance console. Push-
buttons and switches at the MCD units permit control
of -the associated load units. Controls at the Z module
of a load unit determine the status of the entire load
unit,

Note

In the following discussion, when the control

circuitry involves several MCD and load units,

MCD unit 19 and left arithmetic element, unit

2, are discussed as a typical MCD unit and a

typical load unit, respectively.

1.3 CONTROLS

1.3.1 Power Supply Unit
Since the d-c power supplies are remotely con-

trolled, power supply unit 60 has no external controls
except UNIT OFF pushbuttons (par. 1.1.1, Part 2, Ch
4). The operating controls required for maintenance
are installed on the internally mounted control chassis
of each d-c supply. These controls are discussed in
Maintenance Techniques and Procedures, Power Supply
and Marginal Checking System, AN/FSQ-7 and -8, 3-
192-0.

1.3.2 PCD Unit

1.3.2.1 General
The CB’s in module D and the BATTERY DIS-
CONNECT switch in module C must be closed before

de-energize the regulated and unregulated a-c circuits
to the MCD units and the load units. The BATTERY
DISCONNECT  switch controls the output of the
-+130Vdc station battery. This 130Vdc is a control
voltage which operates relays before the —48Vdc power
supply is energized.

The UNIT OFF pushbutton for PCD unit 63 is in
module C. Depressing this pushbutton shuts down,
without sequencing, all d-c and regulated a-c voltages
distributed from this unit. Unregulated ac is distributed
to the convenience outlets regardless of the power sta-
tus of the PCD unit. The CB’s and knife switches in the
PCD unit are enclosed by the doors on the unit. Inter-
locks on the doors initiate a normal power-off sequence
when a door is opened. The CB’s and knife switches
must be closed and the door secured before the power
system is energized.

1.3.2.2 Voltage Monitors

Each voltage monitor (5.4.2.2) in module C is a
suppressed-zero, D’Arsonval movement microammeter
with series resistor multipliers; monitors are used to
indicate variations in all d-c voltages. The relays warn of
small voltage changes and shut down equipment in the
event of large variations. The a-c voltage monitor relays
are equipped with a bridge-type rectifier in addition to
the multiplier resistors. The pointer on the instrument
indicates the voltage level on a scale calibrated in per-
cent-rated volts. In addition, the pointer acts as a mov-
ing contact by closing at either end of the travel. At-
traction between the magnetic moving contact and the
magnetized stationary contact makes this possible.

A. Switches

Each voltage monitor has an associated TEST-
NORMAL switch. A single reset switch, located on
module C, transfers the reset coils of all voltage moni-
tors from their normal position to the 130Vdc line
through contacts 3a-3c of either relay 63C5(K31) or
63C5(K33). Each TEST-NORMAL switch shorts out
the voltage monitor relay contacts feeding 63C5(K35)
and permits adjustments to be made in the power sys-
tem under test without causing the voltage monitor re-
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Indicators
13.2.2-14.2

lays to shut down the system. In the TEST position, a
citcuit is completed to ac-only relay 63C5(K32) through
closed contacts 7a-7c of 63C5(K33). With the switch in
this position, it is not possible to reach a power-on
status.

B. Normal Operation

In the power-on sequence, closing contacts 3a-3c of
either ac-only relay energizes the reset coils which open
the voltage monitor relay reset switch contacts. Before
the power-on signal is initiated, the warning level and
shutdown level relays are clamped in the midposition
of the scale. After all d-c power supplies are energized,
the relays are unclamped and begin to monitor the d-c
power supply voltages.

C. Warning Level

The operation of a voltage monitor relay at the
warning level occurs when a voltage deviation reaches
=+5 percent for all d-c power supplies except the —48
and 472V power supplies. The warning level of —48
and 472V power supplies and the regulated ac for the
power supplies is =10 percent of the rated voltage.
The warning level of the filament-regulated ac is +5
petcent of the recommended voltage.

When the warning level is reached, an appropriate
lamp lights on duplex PCD unit 63 and on duplex main-
tenance console unit 1, thus providing a visual indica-
tion of the trouble location. For example, if the
+600Vdc reaches the warning level, the {600V warn-
ing level voltage monitor relay contacts close (5.4.2.2)
and associated relay 63C5(K12) de-energizes. Power is
applied to the 600 OFF LIMIT lamp on unit 63
through now closed contacts 6 and 13 of this relay. At
the same time, power is applied to the VOLTAGE OFF
LIMITS lamp at unit 1 (5.4.2.3) through now closed
contacts 4 and 12 of 63C5(K12) and at unit 45 (7.2.1)
through contacts 1a-1c of 1F2(K7). No other action oc-
curs.

D. Shutdown Level

Operation of the 4600V voltage monitor relay
(5.4.2.2) at the shutdown level causes its associated re-
lay 63C5(K1) to drop. This action initiates a power-off
sequence which first removes the 4600V supply from
the circuit and then removes all operation power from
the equipment. When power is removed, the POWER
ON lamp is extinguished and the POWER OFF lamp is
lit. (Refer to par. 5.4.)

1.3.3 MCD Units
The CB’s in each MCD unit control the power dis-
tributed by that MCD unit. By means of the CB’s, in-
dividual d-c service voltages and MC voltages may be
disconnected from any load unit associated with the
MCD unit. However, opening any d-c CB will cause the
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d-c contactors to open. This will cause the removal of
all d-c power from the associated load units. The UNIT
OFF pushbutton removes, without sequencing, all
power (except unregulated ac) distributed by an MCD
unit to its associated load units.

1.3.4 Load Units

Most of the load units have similar control cir-
cuitry, Left arithmetic element (unit 2) is described
herein as a typical load unit. The load unit is controlled
from the Z module. Circuit breakers in the Z module
permit removal of any voltage from any other module
of the load unit. However, opening any d-c CB opens
the associated d-c contactor and causes all d-c power to
be removed from the load unit.

A control and indication panel is located on the
rear of the Z module. The AC ON-AC OFF and DC
ON-DC OFF switches permit the load unit to be placed
in the off, a-c only, or power-on status. The UNIT
POWER OFF pushbutton, when depressed, or the AC
ON-AC OFF switch, when placed in the AC OFF posi-
tion, shuts off all power on the load unit except the un-
regulated ac at convenience outlets.

1.3.5 Duplex Maintenance Console

One maintenance console is provided for duplex
equipment A and one for duplex equipment B. The
power controls are located on module H of the duplex
maintenance console (fig. 3—10). The indicator lamps
on this module are discussed in 1.4.5.

Module H contains the following POWER
GROUP pushbuttons :

a. UNIT OFF pushbutton—initiates power-off se-
quence units 60 and 63 and, consequently, all
of the associated portion of duplex equipment.

b. POWER OFF pushbutton—initiates a power-off
sequence for the associated power system.

c. AC ONLY pushbutton — initiates a dc-off se-
quence in the power system and leaves ac on the
filaments of the tubes, at convenience outlets,
and on motors.

d. POWER ON pushbutton—initiates a power-on
sequence for the associated power system.

1.4 INDICATORS
1.4.1 Power Supply Unit

There are no visible indicators on the duplex
power supply unit. A d-c voltmeter is installed in the
control chassis of each d-c power supply to indicate the
output of the supply. During normal operation, the
voltmeters are behind the closed doors of the unit.

1.4.2 PCD Unit

Module C of PCD unit 63 contains all of the power
supply indicators except those required for marginal
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checking. In the upper left corner are two power status
lamps: FIL INPUT DE-ENERGIZED and POWER
OFF. In the upper right corner are the AC ONLY and
the POWER ON power status lamps. Between the pairs
of power status lamps are voltage monitor relays asso-
ciated with the a-c filament voltage shutdown level, the
a-c filament voltage warning level, and the power sup-
ply input. The remaining voltage monitor relays in-
clude 11 shutdown level monitor relays and 11 watn-
ing level monitor relays for the d-c power supplies
(par. 1.3.2.2).

The off-limit lamps include the FILAMENT
VOLTAGE lamp, the INPUT TO SUPPLIES lamp, and
one lamp for each of the 11 d-c power supplies.

Four meters permit accurate reading of all volt-
ages. The AC VOLTMETER provides a visual indica-
tion of a-c voltages. The multiple-position controls on
the DC AMMETER, the RIPPLE VOLTMETER, and
the DC VOLTMETER provide a means of determining
the voltage, amperage, and the ripple voltage of each of
the 11 d-c supplies.

1.4.3 MCD Units
Every MCD unit has one of each of the following:
a. Green RESET lamp
b. Red AC CB TRIP lamp
c. Red DC CB TRIP lamp
d. Green ALL UNITS ON lamp

In addition, each MCD unit contains one amber UNIT
OFF lamp for each unit associated with the MCD unit.
Fach MCD unit also contains one single-stroke CB
alarm bell.

1.4.4 Load Units

The indicators for a load unit are on the control
and indication panel located on the rear of the Z mod-
ule of that load unit. Four lamps indicate the following
conditions: AC FILAMENT CB TRIP, DC-NON-
MARGINAL CHECK CB TRIP, DC MARGINAL
CHECK CB TRIP, and UNIT OFF. Lamps are also lo-
cated above and below the AC ON-OFF and DC ON-
OFF switches to indicate the following conditions: AC
ON, AC OFF, DC ON, and DC OFF. The a-c time on
(elapsed time) indicator is located beside the UNIT
POWER OFF switch.

1.4.5 Duplex Maintenance Console

Indicators on the duplex maintenance console
which apply to the Power Supply System are the alarm
lamps located on module G. These lamps are listed be-
low:

a. MCD AC BREAKER
b. NEON ALARM
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c. VOLTAGE OFF LIMITS ALARM
d. MAINT CONSOLE AC BREAKER
e. COMPUTER MCD
f. PCD UNIT
g AC SWITCH GEAR
h. TAPE ADAPTER
i. DISPLAY MI MCD
OUTPUT MCD
. DRUM MCD
TAPE POWER SUPPLY
m. AUXILIARY DRUM MCD
n. DUPLEX INPUT MCD
Module G also contains the computer status lamp.

Module H contains POWER GROUP indicator
lamps associated with the POWER OFF, POWER ON,
and AC ONLY pushbuttons. A single lamp is asso-
ciated with the operation of each pushbutton.

-

1.5 INTERLOCK CIRCUITS

1.5.1 General

The interlock circuits ensure that power is applied
to the various portions of the equipment only when
there is no danger of injury to personnel or of damage
to the equipment. The interlocks consist of micro-
switches operated by CB’s or knife switches. These
microswitches control contactors which permit the flow
of power to various portions of the equipment. Sepa-
rate interlock circuits are provided for a-c and d-c cir-
cuits. In the d-c circuits, there are separate interlocks
for the MC and the non-MC lines.

1.5.2 Knife-Switch Interlocks

The 9-pole and 5-pole knife switches in the PCD
unit are interlocked with the dc-hold circuit (5.4.6.1).
All knife switches must be closed before the dc-hold re-
lay in each MCD unit can be picked. In addition, since
the microswitch contacts are normally open when the
knife switches are closed, opening a knife switch causes
all d-c power for the associated system to cycle down
and causes an interlock to close to complete a circuit to
the PCD TROUBLE lamp at the duplex maintenance
console.

1.5.3 Circuit Breaker Interlocks

Figure 3—11 is a simplified schematic of the CB
interlocks at a typical MCD unit. As shown in this figure,
an ac-on sequence cannot be initiated, even if the AC
ON switch is closed, unless relay K6 is picked. This re-
lay cannot be picked unless the filament a-c CB inter-
lock is closed. Similarly, the MC and non-MC CB inter-
locks, as well as the a-c CB interlocks, must be closed
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before a d-c power-on sequence can be initiated. Also,
the interlocks are so arranged that a-c filament power
must be present before any of the d-c voltages can be
applied.

1.5.4 Door Interlocks

These interlocks prevent operation of the equip-
ment with the console doors open. Since dangerous

3-82-0

Door Interlocks
1.5.3-1.54

high voltages exist inside the equipment when it is in
operation, microswitches mounted on the doors ener-
gize contactors when the doors are opened. The door
interlock contactors operate in the same manner as the
knife-switch interlock to open normally closed points
in the power circuitry and prevent power from being
applied or to cause all d-c power fcr the associated sys-
tem to cycle down.

~48V DC
MCD
NON MC
——c8 AC ON DC ON
INTERLOCK
K7
McD LOAD UNIT LOAD UNIT LOAD UNIT
FIL AC MCD. | FIL AC NON MC MC DC
- - MCCB - —_—CB ——cB - Ks K8
INTERLOCK INTERLOCK INTERLOCK INTERLOCK INTERLOCK I
I K10
I Kl
Ki2
o] AC ON DC ON
K |xe K | k7 K | ks Kt K | ki2 K | rRELAY K | RELAY
K 10 K13
[ I_

—48V DC RETURN

Figure 3—11. Simplified Schematic, CB Interlock Circuit
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SECTION 2
NORMAL POWER-ON SEQUENCES

2.1 GENERAL

PCD units A63 and B63 control all the power dis-
tributed to the duplex portions of the SAGE equipment.
The PCD units monitor all regulated and unregulated
_ a-c and d-c voltages and also supply the switchgear and
the MCD units with power-sequencing signals.

Control power is supplied to each PCD unit by the
130Vdc battery in the powerhouse. This voltage is sup-
plied through the BATTERY DISCONNECT CB and
the BATTERY DISCONNECT switch.

This section discusses the prestart conditions, the
power-off to power-on sequence, and the ac-only to
power-on sequence for one of the duplex systems.

2.2 PRESTART CONDITIONS

Before power sequences can be initiated, the fol-
lowing manual operations must be accomplished:

a. The diesel generators must be running, and the
high-voltage bus in the powerhouse must be en-
ergized.

'b. The BATTERY DISCONNECT switch and the
BATTERY DISCONNECT CB must be closed.

¢. The AC FEED CB’s to the substations must be
closed.

d. The load center control switch must be closed.

e. The knife switches and the CB’s in the PCD unit
and the CB’s in the MCD units and the load
units must be closed.

f. All interlocked doors must be closed.

When the conditions listed in a, b, ¢, and d, above,
are accomplished, the system is in a power-available
status. The battery voltage is fed to the CLOSE CB in
the load center through the manually closed load cen-
ter control switch and through auxiliaty contacts of the
AC FEED CB of the substation. These conditions close
the normally open point in the POWER AVAILABLE
phantom (5.4.2.1).

2.3 POWER OFF TO POWER ON

When the prestart conditions have been fulfilled,
and the power available signal is present at the PCD
unit (par. 2.2), a power-on sequence may be initiated.
This sequence is automatic after the POWER ON push-
button on the maintenance console is depressed.

Note
So that all duplex load units may receive
power automatically, both the AC ON-AC
OFF and the DC ON-DC OFF switches on all
load units must be in the center position.

The +130Vdc essential control voltage is applied
to one side of POWER ON pushbutton 1H3(S3)
through the now closed POWER-AVAILABLE points
(phantom, 5.4.2.1), door interlocks B3AA1l through
B3AA10 of unit 63, and POWER OFF pushbutton
1H3(S5). Depressing the POWER ON pushbutton
causes simultaneous actions to occur in the switchgear
and the PCD unit.

In the switchgear, depressing the POWER ON
pushbutton completes the 130Vdc circuit to relay 1A
(fig. 3—12) through relays K33, K63, and K46. Points
of 1A and auxiliary contacts of the load center CB
(closed when the load center control switch was oper-
ated) complete the circuit to CLOSE CB 52A. Points of
52A complete the circuit to the d-c supply input CB.
The CB closes and energizes the 480Vac bus duct
(5.2.1.13).

Note

Switchgear components are designated by a

number and the letter designating the system

with which the component is associated. For
example, relay 1A is associated with duplex
system A; relay 1B performs the same func-

tion as 1A but is associated with system B.

System A is used as a typical duplex system.

Completion of this action closes the opened points
in the phantom labeled DC SUPPLY INPUT
BREAKER CLOSED (5.4.2.1) and supplies 480Vac to
the high-frequency alternator and the —48Vdc powet
supply. When the CLOSE CB 52A in the load center
closes, ac is fed to the induction regulator for regula-
tion and distribution to the PCD unit. At this time, the
FILAMENT INPUT DE-ENERGIZED light on unit 63
is extinguished, and the POWER OFF lights at unit 63
and the duplex maintenance console are lighted
(5:4.2.3).

In the PCD unit, depressing the POWER ON
pushbutton completes the -}-130Vdc circuit between
IH3(E22)c and IH3(E22)e to pick power-on relay
63C5K31 (fig. 3—13).
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Figure 3—12. Power-On Sequence, Switchgear Circuitry, Simplified Schematic

Note
In the following discussion, precede all relay
designations with 63C5 and all other designa-
tions with 63 unless complete designations are
given.

When relay K31 picks, its points 1a-1c close. These
points hold the relay energized when the POWER ON
pushbutton is released. Points 3a-3c close to complete
the circuit which energizes the reset coils of the voltage
monitor relays. Energizing these coils prevents the volt-
age monitor relays from functioning until the d-c power
supplies have reached operating voltage. Points 4a-4c of
K31 (5.4.2.3) close, permitting the battery voltage to
sound the audible alarm.

Points 5a-5¢ of K31 (5.4.2.3) close in the circuit to
the POWER ON lamp, but this lamp is not illuminated
because points of relay K33 are open. Points Ga-Gb
open in the circuit supplying the AC ONLY lamp.
Points 2a-2¢ (5.4.2.1) close to complete the circuit to
time delay relay K61. Points of K61 operate 5 seconds
after the coil is energized. Points 1-2 of K61 close to
complete the circuit to K33. When K33 picks, its points
6a-6b (5.4.2.3) open, and the audible alarm is silenced.
Points 10a-10c of K33 (5.4.2.1) close to complete the
circuit to relay K63.

When K63 picks, its points 1-2 close to complete
the circuit to K46. Points 2a-2c of K46 close and com-

plete the circuit which transmits the power-on signal to
bus duct time delay relay 60A (K4) (5.2.1.14).

Points 1a-1c and 4a-4c of K46 complete circuits to
voltage monitor relays K1 through K25. These relays
are actuated but do not shut down the power supply be-
cause the moving contacts of the voltage monitors are
clamped by the now energized voltage monitor reset
coils (5.4.2.1). Points 5-12 of K1 through K11 and
points 7-13 of K25 close to complete the circuit to K35.
Points 2a-2c of K35 complete the circuit to K44, but
this relay does not actuate because points 1a-1c of K43
are not yet closed.

During the preceding sequence in the PCD unit,
the switchgear-unit circuit has been completed by points
of K46 to close the d-c supply input CB. When this CB
is closed, relay K64 is energized. When K64 picks, its
points 1-2 close to complete the energizing path to K36
and K65. Relays K37, K39, K38, K40, and K41 are
picked through now closed points 1a-1c of K36, points
8-14 of K25, and auxiliaty points of regulated a-c CB’s
in units 19, 27, 29, and 46 (interlocked), 31, and 59,
respectively. Relay K42 is picked through now closed
points 2a-2c of K33 and normally closed points 3a-3b
of K43.

After 1 minute, K65 picks and its points 1-2 close
in the energizing circuit of K43. When K43 picks, its
points 1a-1c close and complete the pick path to K44,
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K62, and K45. Relays 44, and 45 pick immediately;
K62 delays 5 seconds before picking.

Points of relays K42, K37, K45, and K44 complete
the pick circuits to the ac-start, ac-hold, dc-start, and
dc-hold relays, respectively, in unit 19. The latter relays
are energized by the —48Vdc control voltage.

Before d-c power is distributed to the MCD units,
the d-c power supplies must be energized. The power
supplies are sequenced on by the sequencing device in
unit 60 (5.2.1.14). When relay 60A(K4) is picked (fig.
3—14) by a circuit completed through points 2a-2¢ of
K46 and points 4a-4c of K35, its points 9-10 close after
5 seconds (table 3—7). When these points close, the
—48Vdc control voltage energizes relay G60A(K1).
Points 5-6 of 60A (K1) complete the cricuit to 5-second
time-delay relay 60B(K5). Points K1-L1, K2-L2, and
K3-L3 of 60A(K1) (5.2.1.13) complete the 480Vac cit-
cuit to the 490V and —150Vdc power supplies (fig.
3—15). When points 9-10 of 60B(K5) close (5.2.1.14),
relay 60B(K2) is picked. Points 5-6 of 60B(K2) com-
plete the circuit to 60B(KG). Points T1-L1, T2-L2, and
T3-L3 of 60B(K2) close to complete the 480Vac circuit

THERMAL OVERLOAD RELAYS
(ONE PER PHASE FOR EACH FEEDER CIRCUIT}
A
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Fig. 3-14

to the 600V, 410V, —15V, —30V, and +72Vdc
power supplies. When 60B(K6) picks, its points 15-16
close to complete the circuit to relay 60C(K3). Points
5-6 of 60C(K3) close in the pick path of 5-second time-
delay relay 60C(K?7). Points K1-L1, K2-L2, and K3-L3
of 60C(K3) close to complete the 480Vac circuit to the
4250V, 4150V, and —300Vdc power supplies.

When relay 60C(K7) picks, its normally closed
points 9-10 (5.4.2.1) open and interrupt the circuit to
the reset coils of the voltage monitor relays. De-ener-
gizing the coils releases the pointers, and the voltage
monitors begin to monitor the outputs of their respec-
tive supplies.

When relay K42 picked, its points 2a-2c closed to
complete the —48V path to ac-start relay 19A2(K1)
and relay 19B2(K1) in MCD unit 19 (5.4.3.1). In a
similar manner, points 3a-3c, la-1c, and 4a-4c of relays
K37, K45, and K44, respectively, close to complete cir-
cuits to ac-hold relay 19A2(K2) and auxiliary relay
19B2(K2), to dc-start relay 19A2(K3) and auxiliary
relay 19B2(K2), and to dc-hold relay 19A2(K4), and
auxiliary relay 19B2(K4). In the typical load unit, left
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Figure 3—14. Bus Duci Sequencing Device, Control Section
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SECT. 2
TABLE 3—7. D-C POWER SUPPLY SEQUENCING
GROUP VOLTAGE UNIT 60 VOLTAGE UNIT 61 WHEN ENERGIZED
Group 1 —48V and high-frequency —48V and high-frequency When dc input CB closes, (par.
alternator alternator 2.3.1)
Group 2 +90 +600 5 seconds after Group 1
—150 . —300
Group 3 +250 +250 5 seconds after Group 2
+150 4150
—300 —150
Group 4 -+600 +90 5 seconds after Group 3
+72 +10
+10 —15
—15 —30
—30
) 480V, 34, 3 WIRE BUS DUCT
C
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) ° >
( I
)"‘)"9 (clfljs oucT) )'_)"9 ?E?uzs DuCT) »-+- ?BBUSS DucT)
0———} o——}
ALTERNATOR —48v
MODULE A MODULE B cB6 MODULE C cB5
(INUNIT 60) {INUNIT 60)
=T KI-L ST Ke-L2 =TT K3-L3

-T T p———

& Py

— —_— ! Y Y —_— Y ——
-150v +90vV +600V +I0v -5V =30V +72v +250V +I150v =300V

THERMAL OVERLOAD RELAYS

ol ©

6
7
S8
9
10
S24
S30

Sl2
Sl4
7
Si8
19
S21
S23

S3

St
5

s4
7
20
erSZO
,x/ S22
20

S25
b
X
X
,xJ S29

Figure 3—15. Bus Duct Sequencing Device, Power Section
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arithmetic element unit 2, the —48Vdc control voltage
is applied through CB 19A2C1 (5.4.3.2) and now
closed points 1a-1c of ac-hold relay 19A2(K2), the OFF
position of the AC ON-AC OFF switch 2Z1Cl11, now
closed points 1a-1c.of ac-start relay 19A2(K1), and now
closed points la-1c of filament a-c CB interlock relay
19C6(K6) to relay 19C6(K2). Points 1-2 of 19C6(K2)
close to hold the relay energized when the ac-start sig-
nal is released. Points 5-6 close to illuminate the AC
ON (green) lamp, while points 7-8 open to extinguish
the AC OFF (red) lamp. Points 3-4 of 19C6(K2) close
to complete the energizing circuit to 19C6(XK10). Points
3-4 of 19C6(K10) close to energize 19C6(K9).

The —48Vdc control voltage also energizes 19C6
(K13) through the following points:

a. la-1c of dc-hold relay 19A2(K4)

b. 1a-1c of CB interlock relays 19C6(K7), 19C6

(K8), 19C6(K11), and 19C6(K12)

¢. 3-4 of relay 19C6(K9)

d. 7-8 of relay 19C6(K10)

e. OFF position of the DC ON-DC OFF switch

271C3

f. la-1c of dc-start relay 19A2(K3)

Points 1-2 of relay 19C6(K10) complete the ener-
gizing circuit to 19C5(K1). Points 1-2 of low-voltage
d-c contactor 19C5(K1) and now closed points 2a-2¢ of
19C6(K13) complete the circuit to 19C6(K1). Now
closed points 1-2 of 19C6(K1) and 4a-4c of 19C6(K13)
complete the circuit to high-voltage d-c contactor 19C6
(K3) and MC d-c contactor 19C6(K4).

Points 3-4 of 19C6(K1), 19C6(K3), and 19C6(K4)
hold 19C6(K9) energized when slow-release points 3-4
of 19C6(K10) open, and 19C6(K13) picks to open

3-82-0
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points 3a-3c of that relay. Points 1-2 of relays 19C6(K3)
and 19C6(K4) hold 19C6(K1) energized when 19C5
(K1) is de-energized by points 1-2 of 19C6(X10).

2.4 AC ONLY TO POWER ON

A power supply system in the ac-only status is
placed in the power-on status by depressing the
POWER ON pushbutton on the duplex maintenance
console. Refer to paragraph 4.2 for action of switches,
relays and indicators utilized in reaching ac-only status.

When the POWER ON pushbutton is depressed,
relay K31 (5.4..1) is energized through the same path
as it is for a power-off to power-on sequence (par. 2.3).
At the same time, the energizing path to relay K32 is
opened. Points 4a-4c of K32 open to prevent the relay
from being re-energized when the POWER ON push-
button is released. Points 5a-5b of K32 close in the en-
ergizing paths of dc-start relay K45, dc-hold relay K44,
and relay K62. Points 2a-2¢ of both K31 and K32 are
in parallel in the energizing path to K61. Conse-
quently, this relay is not de-energized during this
change in power status.

When relay K44 is energized, its points 4a-4c com-
plete the energizing circuit to relays 19A2(K4) and
19B2(K4). Points la-1c of K45 complete the energizing
circuit to 19A2(K3) and 19B2(K3). Since 19A2(K3)
and 19A2(K4) are the dc-start and dc-hold relays, re-
spectively, for MCD unit 19 and its associated load
units, energizing these relays completes the circuits
which permit the d-c voltages to be distributed to the
load units. The relay sequence in typical load unit 2 is
the same as that discussed in paragraph 2.3.

When this sequence is completed, d-c power is be-
ing distributed to the load units and the power supply
system is in a power-on status.

K]
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SECTION 3
NORMAL POWER-OFF SEQUENCES

3.1 GENERAL

All voltages are removed in the reverse order of
their application. The d-¢ voltages ate removed from
the tubes; then the a-c filament voltages are removed.
The +130Vdc control voltage and the unregulated
208Vac are not removed by a normal power-off se-
quence.

This section discusses the normal sequence for re-
moving the above voltages from power system A or B
when it is in either the power-on or the ac-only status.
The discussions are limited to the typical units pre-
viously discussed; viz., PCD unit 63, MCD unit 19, and
left arithmetic element, unit 2.

3.2 POWER ON TO POWER OFF

Power is normally removed by depressing the
POWER OFF pushbutton at the duplex maintenance
console. When this pushbutton (5.4.2.1) is depressed,
relays 63C5(K31) and 63C5(K33) are de-energized (fig.
3—16).

Note

In the following discussion, precede all PCD
unit relay designations by 63C5 and all other
component designations (except switchgear
components) by 63 unless a complete designa-
tion is given. Switchgear components are desig-
nated in full.

OWER OFF PUSHBUTTON

_121
NOTE 2 ——K3I

| K33 NOTE i
i AC ONLY —]—K62 ——Ka4 |
LIGHTS (DC HOLD) :
J( POWER OFF | POWER ON _|_
LIGHTS LIGHTS 1oAzKa | | SEC DELAY
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Figure 3—16. Normal Duplex Power-Off Sequence, PCD Unit 63, MCD Unit 19, and Unit 2,
Simplified Sequence Chart
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De-energizing relay K31 opens points 3a-3c in the
circuit to dc-hold relay K44. Points of K44 open and
de-energize dc-hold relay 19A2(K4) and auxiliary re-
lay 19B2(K4). Points of these two relays open the dc-
power circuits to remove all the d-c voltages from the
MCD and load units. Points 2a-2c of K31 open to de-
energize K61. Points 10a-10c of K33 open to de-energize
K63. Relay K63 delays 1 second before opening points
1-2 to de-energize K46.

In the switchgear, de-energizing K46 causes switch-
gear relay 1A to be de-energized. When 1A drops, it
energizes the trip coils of load center CB 52A (output
CB) and power supply input CB 52A (input CB). This
action opens the point in the DC SUPPLY INPUT
BREAKER CLOSED phantom (5.4.2.1) and removes
the input to the induction regulators, thereby removing
regulated ac from the system.

Note
There are two switchgear components desig-
nated 52A. They are distinguished by the
parenthetical reference to their respective func-
tions,

3-82-0
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When the d-c supply input CB opens, all the d-c
supplies are de-energized because the -480Vac input is
removed, and relay K64 (5.4.2.1) is de-energized. Points
1-2 of K64 open to de-energize relays K36 and K65.
Points 1a-1c of K36 open and de-energize the ac-hold
relays for the MCD units.

The system is in the power-off status as soon as the
load center output CB trips. The relay actions occurring
after this action prepare the system for the next power-
on sequence.

3.3 AC ONLY TO POWER OFF

When the system is in the ac-only status, d-c power
has been removed from the load units, but the d-c
power supplies are still energized.

Depressing the POWER OFF pushbutton de-
energizes relay K32 which de-energizes relay K61 by
opening points 2a-2c. Points 1-2 of K61 open and per-
mit K33 to drop. Simultaneously, the previously dis-
cussed switchgear sequence (par. 3.2) takes place, a-c
power is removed; the d-c power supplies are de-
energized; and the system is in the power-off status.

15
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SECTION 4
AC-ONLY SEQUENCES

4.1 GENERAL

The power-off to ac-only sequence is similar to the
power-on sequence. However, no d-c power is distributed
to the load units because the dc-start and dc-hold relays
in the MCD units are not energized.

Before the power-off to ac-only sequence can be
initiated, the prestart conditions which are required for
a power-on sequence must be accomplished (par. 2.2,
Sect. 2). The sequence is initiated by the AC ONLY
pushbutton at the duplex maintenance console.

The ac-only to power-off sequence is similar to the
power-off sequence. In the power-on to power-off se-
quence, both a-c and d-c power are present before the
sequence is initiated. In the ac-only to power-off se-
quence, the d-c voltages have been removed before the
sequence is initiated. The POWER OFF pushbutton ini-
tiates this sequence.

4.2 POWER OFF TO AC ONLY

The {130Vdc control power is fed through the
BATTERY DISCONNECT switch, the door interlock,
and the normal positions of both the POWER OFF
and the POWER ON pushbuttons to the AC ONLY
pushbutton (5.4.2.1). Depressing the pushbutton com-
pletes the circuit to relay K32.

Note
In the following discussion, precede all relay
designations by 63C5 and all component desig-
nations by 63C unless a complete designation
is given.

When K32 is energized, its normally closed points
la-1b open. Since these points are in the energizing
path of power-on relay K31, that relay cannot be ener-
gized. Points 3a-3c of K32 close to complete the circuit
to the voltage monitor reset coils, causing the coils to
prevent action of the voltage monitor relays. Points
4a-4c of K32 close to hold the relay energized when
the AC ONLY pushbutton is released. Normally closed
points 5a-5b ‘of K32 open when the relay is energized.
Since points 5a-5b are in the energizing path of dc-hold
relay K44 and dc-start relay K45, neither of these relays
can be energized. Consequently, no d-c power is distrib-
uted to the load units. Points 2a-2c of K32 complete
the energizing path to K61.

Relay K61 delays 5 seconds before actuating. When
K61 picks, its points 1-2 close to complete the circuit to
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relay K33. Points 1a-1c of K33 close and the relay is
now held by these contacts. When K33 is energized,
points 10a-10c close and complete the circuit to K63.
Points 1-2 of K63 complete the circuit to relay K46.
When K46 is energized, its points 2a-2c close to com-
plete the circuit for the power-on signal to the power-
house. The d-c supply input CB closes (par. 2.3, Sect.
2) and, as a result, relay K64 is picked. When K64
picks, its points 1-2 close in the energizing path of
relays K36 and K65. Points 1a-1c of K36 close and
complete the energizing circuit to ac-start relay K42
and to ac-hold relays K37, K38, K39, K40, and K41.
Points of the latter relays close in MCD units 19, 27,
29 and 46, 31, and 59, respectively, and permit regu-
lated ac to be distributed to the filament transformers
and to the filaments of the tubes in the load units as-
sociated with the MCD units.

When K65 is energized, its points 1-2 close in the
energizing path of K43. When K43 is energized, its
points 1a-1c close and prepare the circuit for the ap-
plication of d-c power.

The ac-only sequence is now complete as regards
the circuitry in the PCD unit. Relays K37 and K42,
when actuated, close points 3a-3c and 2a-2¢, respec-
tively, in typical MCD unit 19. When these points
closed, the —48Vdc circuits were completed to ac-hold
relay 19A2(K2) and ac-start relay 19A2(K1), respec-
tively, and auxiliary relays 19B2(K2) and 19B2(K1).

In the typical load unit, left arithmetic element unit
2, points of relays 19A2(K1), 19A2(K2), 19B2(K1),
19B2(K2), and 19C6(K6) and the OFF position of the
AC ON-AC OFF switch complete the circuit to relay
19C6(K2). Points 3-4 of 19C6(K2) complete the ener-
gizing path to relay 19C6(X10).

Points 1-2 of 19C6(K10) complete the circuit to
19C5(K1). The ac-only sequence is now complete. The
AC ON lamp (green) on unit 2 is illuminated through
now closed points 5-6 of 19C6(K2), and the AC OFF
lamp (red) is extinguished when points 7-8 of this
relay open.

4.3 POWER ON TO AC ONLY

The power-on to ac-only sequence is initiated by
depressing the AC ONLY pushbutton at the duplex
maintenance console. When the sequence is initiated,
the Power Supply System is in the power-on status.
This sequence removes all d-c power but leaves regu-
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lated ac on the filaments of the tubes and unregulated
ac on the convenience outlets. The ac-only status is the
normal power status for maintenance.

Note

In the following discussion, precede all relay
designations with 63C5 and all other compo-
nent designations with 63 unless a complete
designation is given.

The power-on to ac-only sequence is initiated by
depressing the AC ONLY pushbutton at the mainte-
nance console (5.4.2.1). When the pushbutton is de-
pressed, relay K32 is energized by the 4-130Vdc battery
current through the door interlocks and the normal
positions of both the POWER OFF and POWER ON
pushbuttons. When K32 is energized, its normally
closed points 1a-1b open in the energizing path of K31
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and de-energize that relay. Points 5a-5b of K32 open
in the energizing circuit of relays K44 and K62. These
relays are de-energized. Points 4a-4c of K44 open
(5.4.3.1) and de-energize dc-hold relay 19A2(K4) and
auxiliary relay 19B2(K4). Points 1-2 of K62 close in
the energizing path of dc-start relay K45(5.4.2.1). This
relay is not energized because the points of K62 are in
series with now opened points 5a-5b of K32.

Points 1a-1c of 19A2(K4) open in the path of relay
19C6(K13) and this relay is de-energized. Points 7a-7b
of 19C6(K13) close to illuminate the red DC OFF light
for unit 2; points 6a-Gc open to extinguish the green
DC ON light for the unit. Points 4a-4c open and cause
19C6(K3) and 19C6(K4) to de-energize. The equip-
ment is now in the ac-only status. The —48Vdc control
voltage is present and the d-c power supplies are operat-
ing. No d-c power is distributed to the MCD or the
load units.

n
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SECTION 5
ABNORMAL-OFF SEQUENCES

5.1 GENERAL

The abnormal-off (or emergency-off) sequences re-
move all power from a power system without regard to
sequencing in the load units. These sequences are ini-
tiated automatically by the shutdown-level voltage mon-
itor relays or manually by maintenance personnel. The
emergency-off sequence is initiated by depressing an
EMERGENCY-OFF pushbutton or a UNIT OFF push-
button on any of the following units:

a. Power supply units
b. PCD units
¢. MCD units

The EMERGENCY-OFF pushbuttons are located
on various pillars throughout the operations building.
This sequence should be used only when extensive and
severe damage to a site is to be avoided or when power
must be removed to avoid serious injury or death to
personnel.

5.2 PCD, MCD, OR POWER SUPPLY UNIT-OFF
SEQUENCE

Note

Depressing the UNIT OFF pushbutton on
either the PCD or the MCD unit removes
power only from the associated power system.
Depressing an EMERGENCY-OFF pushbutton
removes power from all power systems.

When any of the UNIT OFF pushbuttons men-
tioned above are depressed (par. 5.1), switchgear relay
5 for the associated power system is de-energized. Points
of relay 5 energize lockout device 86 and de-energize
the undervoltage device in the circuit supplying unreg-
ulated ac to the PCD unit. The unregulated ac is re-
moved from the associated power system. Simultane-
ously, points of device 86 open and de-energize switch-
gear relay 1. When relay 1 drops, both switchgear de-
vices 52 (par. 3.2) drop and remove regulated a-c and
d-c power at the induction regulator and bus-duct se-
quencing device, respectively. The actions caused by
switchgear relay 1 in this sequence are the same as
those caused by relay 1 during a normal power-off
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sequence. The principal difference is in the method by
which relay 1 is de-energized.

5.3 EMERGENCY-OFF SEQUENCE

When an EMERGENCY-OFF pushbutton is de-
pressed, all switchgear relays 5 are de-energized. Each
relay 5 causes the same action in its own power system
as described in paragraph 5.2. As a result, all power is
removed from all simplex and duplex power systems.

5.4 AUTOMATIC ABNORMAL-OFF SEQUENCE

The voltage monitor relays automatically shut
down the Power Supply System when the d-c power
supplies deviate =20 percent from normal or when the
regulated ac deviates =10 percent. In the following
discussion, the 4150V dc circuit is discussed as a typical
circuit (fig. 3—17).

Operation of the 150V voltage monitor relay
(5.4.2.2) at the shutdown level causes its associated
relay 63C5(K3) to drop. This action initiates a power-
off sequence which first removes the 4150V supply
from the circuit and then removes all operating power
from the equipment.

When 63C5(K3) drops (5.4.2.1), its contacts 5-12
open, thus dropping relay 63C5(K35). This action enet-
gizes 63C5(K35) (5.4.2.2) through closed contacts 3a-3b
of 63C5(K35), contacts 3a-3b of 63C5(K36), contacts
4a-4c of 63C5(K46), contacts 6-13 of 63C5(K3), and
contacts 2a-2b of shutdown relays 63C5(K49) through
63C5(K59). The 4150V CB shunt trip coil is energized
through closed contacts la-1c of 63C5(K50); the CB
contacts open, and the 150Vdc power is removed
from the equipment.

When relay 63C5(K35) drops (5.4.2.1), the overall
shutdown sequence is initiated as follows: ' contacts
2a-2c of 63C5(K35) open, dropping dc-hold relay
63C5(K44). When contacts 2a-2c of 63C5(K44) open,
power is removed from the POWER ON lamp (5.4.2.3)
which extinguishes. Contacts 3a-3b of the same relay
close, applying power to the POWER OFF lamp which
lights. Contacts 5a-5c¢ of 63C5(K35) (5.4.2.1) open,
dropping 63C5(K31). This action initiates a normal-off
sequence (par. 3.2, Sect. 3) which removes all operating
power from the equipment.
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Figure 3—17. Abnormal Duplex Power-Off Sequence, PCD Unit 63 (Voltage Monitors), MCD Unit 19, and
Unit 2, Simplified Sequence Chart
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SECTION 6
LOAD UNIT CONTROL

6.1 GENERAL

After a duplex power system is operating, the in-
dividual load units can be turned off as necessary. The
power-off, power-on, or ac-only status can be obtained
by actuating the proper controls on the rear of the Z
module of the load unit. The operation of circuit com-
ponents in achieving the desired power condition is
automatic. Unregulated ac and —48 and |130Vdc can-
not be controlled from the Z module of the load unit
and may be present in the unit when all indicators show
that the unit is off. The lamps on the rear of the Z
module indicate the power status of any tripped CD’s.

In the following discussion, it is assumed that
power has been removed from a typical unit, left arith-
metic element, unit 2, and that the PCD unit and MCD
unit 19 are in a power-on status.

Note
The power-on sequences initiated at the load
units require two steps: ac on and dc on.
Each step must be initiated by the proper
switch. An a-c power-on sequence must be
initiated before d-c power can be obtained at
the load unit.

Power may be removed by reversing the above
procedure, by depressing the UNIT OFF push-
button, or by removing a-c power.

6.2 PRESTART CONDITIONS

All the CB’s on the front of the Z module must be
closed if a normal-on sequence of power is desired. If
either the DC NONMARGINAL CHECK CB TRIP
lamp or DC MARGINAL CHECK CB TRIP lamp is
lighted, only the a-c power can be applied. If the AC
FILAMENT CB TRIP lamp is lighted, one of the a-c
filament CB’s is open and neither a-c nor d-c power
can be applied. Unregulated ac and —48 and 4-130Vdc
have been applied during control at the PCD and MCD
units.

MCD unit 19 must be on and operating properly
to enable power to be applied to unit 2. During the
usual normal-on sequence, the AC ON-AC OFF and
DC ON-DC OFF switches on unit 2 would have been
in the central position, and power would have been ap-
plied to unit 2 when it was applied to MCD unit 19
and all other associated load units. However, when the
power to the load unit is removed or the AC ON-
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AC OFF switch is left in the AC OFF position, power
is not applied to that load unit when power is applied
to the MCD unit and the associated load units.

6.3 NORMAL POWER SEQUENCES

6.3.1 Power Off to AC Only

The circuitry which applies regulated ac to a load
unit during load unit control does not involve an ac-
start signal from the PCD unit nor does the voltage
cycle up gradually.

Placing the AC ON-AC OFF switch (5.4.3.2) mo-
mentarily in the AC ON position energizes relay 19C6
(K2) through points 1a-1c of ac-hold relay 19A2(K2),
points 1a-1c of filament a-c CB interlock relay
19A2(K6), and points la-1b and 3a-3c of AC ON-
AC OFF switch 2Z1C11.

When 19C6(K2) picks, the following sequences
occur:

a. Points L1-T1, L2-T2, and L3-T3 (5.3.3.2) apply

phases 1, 2, and 3, respectively, of regulated ac
at full voltage for distribution through unit 2.

b. Points 1-2 close (5.4.3.2), providing a hold cir-
cuit for 19C6(K2) when the AC ON-AC OFF
switch is released.

c. Points 3-4 close, energizing 19C6(K10). This re-
lay picks and completes the same circuits now as
it does in a power-off to power-on sequence.

d. Points 5-6 close, applying power to light the
green AC ON lamp, 2Z1B11, and to operate the
AC TIME ON (elapsed time) indicator, 2Z1C9.

e. Points 7-8 open, removing power from the red
AC OFF lamp, 2Z1D11. Unit 2 is now in the
ac-only status.

6.3.2 AC Only to Power On

The circuitry which applies the d-c voltages is the
same as that used in a normal power-on sequence except
that the dc-start signal is not involved.

Momentarily placing the DC ON-DC OFF switch
(5.4.3.2) in the DC ON position energizes d-c control
relay 19C6(K13) through the following, now closed
points:

a. Points la-1c of interlock relays 19C6(K7) and

19C6(K12)

b. Points 1a-1c of dc-hold relay 19A2(K4)

¢. Points 3-4 of 19C6(K9)
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d. Points 7-8 of 19C6(K10)
e. Points 1a-1b and 3a-3c of DC ON-DC OFF
switch 2Z1C3.
Relay 19C6(K13) picks and completes the same circuits
now as it does in a normal power-off to power-on
sequence.

6.3.3 Power On to AC Only
Placing the DC ON-DC OFF switch in the DC
OFF position opens the circuit to 19C6(K13). When
this relay drops, the d-c voltages are immediately re-
moved from unit 2. The lamps indicate that the unit is
in the ac-only status.

6.3.4 AC Only to Power Off

Moving the AC ON-AC OFF switch (5.4.3.2) into
the AC OFF position opens points 1a-1b of the switch
and drops relays 19C6(K2) and 19C6(K10). The regu-
lated ac is removed immediately from unit 2 in the
same manner as that described in the ac-only to powet-
off sequence (par. 2.3, Sect. 2). If the AC ON-AC OFF
switch is operated before the DC ON-DC OFF switch,
the d-c power will also be removed from unit 2 without
operating the DC ON-DC OFF switch.

Note
Depressing the UNIT OFF pushbutton causes

the same sequence because this pushbutton and
the AC ON-AC OFF switch are in series in the
energizing circuit to relay 19C6(K2).

6.4 ABNORMAL POWER SEQUENCES

6.4.1 General
An abnormal power-off sequence is initiated when-
ever a CB interlock is opened. The CB interlocks which
cause an abnormal power-off sequence are discussed
below.

3-82-0

Abnormal Pewer Sequences
6.3.2-6.4.4

6.4.2 Filament A-C CB Interlock Open
The filament a-c CB’s in the load units have intet-
lock contacts which close when the CB is closed. When
any one of filament a-c CB’s 2Z3A8 through 27Z3A20,
273B8 through 2Z3B20, or 2Z3C8 through 2Z3C20
open, its interlock contacts open (5.4.3.2) and de-
enetgize filament a-c CB interlock relay 19C6(K8).

When this relay drops, the following occurs:

a. Points 3a-3b close to illuminate the red FIL AC
CB TRIP lamp 2Z1A11.

b. Points 1a-1c open and permit 19C6(K13) to de-
energize. This removes all d-c power from the
unit. The red DC OFF lamp, 2Z1D3, is also
illuminated through points 7a-7b.

6.4.3 Nonmarginal Checking D-C CB
Interlock Open

In the non-MC d-c CB interlock circuit, contacts
b-d of CB’s 2Z3D20 through 2Z3M20 must be closed to
keep relay 19C6(K11) energized. If this relay is de-
energized, points la-Ic open and d-c control relay
19C6(K13) is de-energized, thereby removing d-c
power and illuminating the DC OFF lamp. The red
NMC DC CB TRIP lamp is illuminated through now
closed points 3a-3b of 19C6(K11).

6.4.4 Marginal Checking D-C CB
Interlock Open

In the MC d-¢ CB interlock circuit, CB’s 2Z3N16
through 273516 must be closed to keep MC d-c CB trip
relay 19C6(K12) energized. If this relay is de-energized,
its points la-1c open in the energizing circuit of 19C6-
(K13). De-energizing relay 19C6(K12) lights the red
MC DC TRIP lamp, 2Z1A9, through now closed points
3a-3b. De-energizing 19C6(K13) removes all d-c power
and illuminates the red DC OFF lamp.
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SECTION 7
POWER CONTROL VARIATIONS

7.1 GENERAL

Variations of the standard 2-step power control
sequence exist in the equipment. These variations divide
the standard 2-step control sequence into a 3-step con-
trol sequence which applies high-voltage dc in two
parts.

7.2 TYPICAL 3-STEP SEQUENCE

The manner in which MCD unit 31 (5.4.6.1) con-
trols the application of d-c power to output storage
unit 33 (5.4.6.3) is typical of the standard 3-step se-
quence.

Note

In the following discussion, the portion of a

relay designation in parentheses indicates equi-

valence to the similarly designated relay in unit

59. Relay 31C6(K3) (5.4.6.3) performs the

same function in unit 31 as relay 59G6(K3)

(5.4.7.5) does in unit 59.

The control of ac and low-voltage dc in unit 31 is
similar to that described for unit 19. However, an
additional relay, 31C6(K5) (5.4.6.3), is included in
unit 31. This relay, which is picked by 31C6(K1), ap-
plies the following non-MC d-c voltages to unit 33:

490V, —150V, and —300V. This is the second step in
the 3-step sequence. The third step is the application of
the remaining non-MC dc and all of the MC dc. This
step is accomplished when 31C6(K5) picks 31C6(K3)
and 31C6(K4). These relays apply the non-MC and
MC dc, respectively, to the load unit.

7.3 LOAD UNIT INTERLOCK

Another variation in power control consists of in-
terlocking load units so that one will receive power
before the other. For example, units 33 and 42 are
interlocked so that unit 42 receives power from output
MCD unit 31 before unit 33 is energized. This interlock-
ing is accomplished by placing points 5a-5c¢ of relay
31B6(K13) (5.4.6.2), the d-c control relay for unit 42,
in the d-c control circuit for unit 33 (5.4.6.3). There-
fore, power cannot be applied to unit 33 until the d-c
control relay for unit 42 is picked.

7.4 SUMMARY OF POWER CONTROL
VARIATIONS
Table 3—8 summarizes the variations in power con-
trol sequencing that exist in the equipment. The table
indicates, in general, the type of variations for the
different units. Full details can be obtained by examina-
tion of the referenced logic diagrams.

TABLE 3—8. POWER CONTROL SEQUENCE VARIATIONS

UNIT LOAD
MCD UNIT LOGIC REMARKS
19 2,3,4,5,6 5.4.3.1 Standard control circuit, 2-step sequence
through
5.4.3.6
19 7,8,9 5.4.3.7 Standard control circuit, 3-step sequence
- 10,11,12 5.4.3.8 Standard control circuit, 3-step sequence
- 13 5.4.3.9 The control for tape adapter unit 13 includes the standard control
circuitry. However, additional control circuitry is required for the
nonstandard voltages from the tape power supplies. These volt-
ages cannot be supplied until the sequence for the standard
voltages has been completed. Control circuitry is provided for all
of the tape drives.
27 167,168,169, 5.4.4.6 One set of control relays and contactors is provided in unit 27 for
171,174 these consoles. Although this control is basically standard, each

console also has individual controls similar to those of the display
consoles in the duplex area.
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TABLE 3—8. POWER CONTROL SEQUENCE VARIATIONS (Cont'd)
UNIT LOAD
MCD UNIT LOGIC REMARKS
29 21,22 5.4.5.2, Both of these units require a modified 3-step sequence control cir-
5.4.5.3 cuit. Basically, the circuit is the same as the standard 3-step se-
quence. It differs from the standard in that the two load units are
interlocked so that the sequence must be complete for unit 21
before it can start for unit 22. After the completion of the third
step for unit 22, —150V is applied to the model A flip-flops in
both units. ‘
46 20 5.4.8.2 Modified 3-step sequence control similar to the one described for
units 21 and 22. Consists of a standard 3-step sequence circuit
with an additional step for the —150V to the model A flip-flops.
31 33,42 5.4.6.1 Standard control circuit, 3-step sequence. However, the two load
through units are interlocked so that the sequence for unit 42 is complete
5.4.6.3 before it can start for unit 33.

59 32,34,41% 5.4.7.1 Standard control circuit, 2-step sequence. However, module E of
and unit 59 acts as the Z module for these units.
5.4.7.3

*Units 34 and 41 are present only in AN /FSQ-7 equipment.
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PART 4
SIMPLEX POWER DISTRIBUTION AND CONTROL

CHAPTER 1
GENERAL

SECTION 1
INTRODUCTION

1.1 SCOPE

This part describes the power systems used to pro-
vide power for the simplex equipment of SAGE. Physi-
cal and functional descriptions are given for all units
used in distribution and control of power for the sim-
plex equipment. The overall analysis is divided into
power distribution and control for displays and power
distribution and control for inputs. Detailed analysis
appear in the other four chapters:

Chapter 2 — Power Distribution for Displays
Chapter 3 — Power Control for Displays
Chapter 4 — Power Distribution for Inputs
Chapter 5 — Power Control for Inputs

1.2 DESCRIPTION OF UNITS

1.2.1 General

Some units in the Power Supply System provide
power for the simplex equipment only. Since two sys-
tems are used to provide power for the simplex equip-
ment, two of each of power supply unit 61, PCD unit
64, display console CB unit 48, and simplex input CB
unit 56 are required and designated C or D, depending
on whether the units are in power system C or D. One
other unit, simplex input PD unit 55, performs the
input functions for both systems C and D and, conse-
quently, is not duplicated. The power supply units are
described in Part 2, Chapter 4, Section 1.

1.2.2 PCD Unit 64

1.2.2.1 Physical Description

Each PCD unit 64 (fig. 4—1) is divided into three
modules, A, B, and C, in that order from right to left
as viewed from the front. Module A is covered by two
doors and one combination-type lock at the front and
also at the rear. Module A contains knife switches
and bus bars for the distribution of power. Module

B contains the indicators and controls to monitor the
power that is available for distribution. Module C con-
tains the main CB’s that are used to interrupt the a-c
power as follows: regulated ac to CB unit 48, CB unit
56, and the a-c voltage monitors; unregulated ac to
CB unit 48, CB unit 56, internal convenience outlets
and ripple voltmeter power supply, and projector units
251 and 252.

1.2.2,2 Functional Description

Power control and distribution unit 64, which re-
ceives unregulated ac from the substation, regulated ac
from the line regulator, and dc from power supply unit
61, distributes and controls this power for the simplex
equipment. The power is applied to CB units 48 and
56 for distribution to the simplex load units.

Knife switches are provided in unit 64 to permit
removal of power close to the source. Bus bars have
numerous terminals for distribution of power, and CB’s
protect the circuits against overloads. Switches, indica-
tors, and metering circuits permit observation and con-
trol of the distribution circuitry.

1.2.3 Display Console CB Unit 48

1.2.3.1 Physical Description

Each display console CB unit 48 (fig. 4—2) com-
prises' 10 modules, A through K (the letter I is not
used), from left to right as viewed from the front.
Module A contains the UNIT OFF pushbutton, the
AC CB TRIP and DC CB TRIP lamps, and CB’s. Mod-
ule B contains CB’s. The remaining eight modules con-
tain numerous CB’s and a CB TRIP lamp for each dis-
play console.

1.2.3.2 Functional Description
Display console unit 48 provides for distribution

of power to the display consoles and protects the distri-
bution circuitry with CB’s. The AC CB TRIP lamp or
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Figure 4—2. Display Console CB Unit 48,
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Figure 4—1. PCD Unit 64, Left Front View
F— . , the DC CB TRIP lamp lights whenever a CB opens.
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The CB TRIP lamps in the last eight modules of unit
48 indicate which display consoles are inoperative
because of open CB’s.

Circuit breakers in module A can remove power
received from PCD unit 64 as follows:

a. Unregulated ac for projector units 251 and 252

b. All regulated ac for distribution modules of

unit 48

c. Plus 600Vdc for distribution modules of unit 48
Circuit breakers in module B can remove the dc from
the distribution modules. The CB'’s in the other eight
modules control the power to the display consoles.

1.2.4 Simplex Input CB Unit 56

1.2.4.1 Physical Description

Each simplex input CB unit 56 (fig. 4—3) com-
prises six modules, A through F, from left to right as
viewed from the front. Module A contains the UNIT
OFF pushbutton, the AC CB TRIP, DC CB TRIP, and
MC CB TRIP lamps, and CB’s. Module B contains CB’s.
The remaining four modules contain numerous CB’s
and a CB TRIP lamp for each channel.

-

-
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o
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1.2.4.2 Functional Description
Simplex input CB unit 56 provides for distribution
of power to the input channels and protects the distri-

Left Front View bution circuitry with CB’s. The AC CB TRIP, DC CB
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Figure 4—3. Simplex Input CB Unit 56, Left Front View

TRIP, or MC CB TRIP lamp lights whenever a CB
opens. The CB TRIP lamps in the last four modules of
unit 56 indicate which channels are inoperative because
of open CB’s.

Circuit breakers in module A can remove the fol-
lowing power received from PCD unit 64: unregulated
ac for the convenience outlets, the computer entry
punches, and the amplidyne motor; regulated ac for the
distribution modules of unit 56.

Module B contains the d-c backup CB’s for the
distribution modules and simplex maintenance console
unit 47 and d-c distribution CB’s for MC unit 58.
Module C contains the unregulated a-c distribution CB’s
in addition to the regulated a-c and d-c distribution
CB’s located in the remaining three modules.

1.2.5 Simplex Input PD Unit 55

1.2.5.1 Physical Description

Simplex input PD unit 55 (fig. 4—4) comprises 12
modules, A through M (the letter I is not used), from
left to right as viewed from the front. Module A con-
tains three sliding units. Each of the remaining modules
contains six sliding units. The front of each module is
closed by a combination-type locking door. Above the
doors and above each sliding unit are two POWER ON
lamps and an AC ELAPSED TIME indicator.

1.2.5.2 Functional Description

Power distribution unit 55 contains circuitry that
selects the power from power system C or D and dis-
tributes that power to the simplex input load units. The
relays that transfer the power are in the sliding units,
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Figure 4—4. Simplex Input PD Unit 55, Right Front View

each of which provides the power for one channel as
marked on the front of PD unit 55. The AC ELAPSED
TIME indicator records the time during which the regu-
lated ac (filament power) is applied to the channel
equipment. When dc is applied to that channel, one of
the POWER ON lamps, above the AC ELAPSED TIME
indicator, lights. The upper lamp is lighted when power
system C is providing the power; the lower lamp, when
system D is providing the power.

1.2.6 Simplex Load Unit

1.2.6.1 Display Console

All units that take power from CB unit 48 are
called display consoles in this manual regardless of the
actual function of each unit. When specific load units
are mentioned, the titles are the same as those on the

list of nomenclature (table 1—1). For descriptions of
display consoles, refer to Theory of Operation, Display
System, AN/FSQ-7 and -8, 3-62-0.

1.2.6.2 Simplex Input Load Unit

Some of the input load units and portions of several
others are simplex equipment. These units receive their
power from simplex input PD unit 55, which received
the power from system C or D through the respective
CB unit 56. The duplex portions of these divided load
units receive the power from system A or B through
the respective MCD unit 59 (Part 3). Titles of specific
simplex input load units appear on the list of nomen-
clature (table 1—1). For descriptions of the input load
units, refer to Theory of Operation, Input System, AN/
FSQ-7 and -8, 3-52-0.
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SECTION 2
OVERALL ANALYSIS

2.1 INTRODUCTION

This overall analysis is a general description of
the Power Supply System to show the distribution and
control features. System C is listed as a typical power
system, eliminating the need for labeling the units C or
D. The power that is distributed includes unregulated
ac, regulated ac, and 10 d-c voltages.

The sources of power for simplex equipment are
similar to the power for duplex equipment. Power is
received from the powerhouse (fig. 3—6) and supplied
to substations, load centers, and sequencing devices for
the power supply unit.

The substation transforms high-voltage ac into 3-
phase unregulated 120/208Vac, which is supplied to the
PCD unit (fig. 1—4) for distribution to units that con-
tain convenience outlets, electric motors, heating ele-
ments, and arc lights.

The load center transforms high-voltage ac into 3-
phase unregulated 120/208Vac, which is regulated by
the induction regulator and supplied to the PCD unit.
The PCD and subsequent units distribute this regulated
120/208Vac to the projector units and to the transform-
ers in the load units for further reduction in voltage
and application to the filaments of the electron tubes.

The power supply unit receives 3-phase unregu-
lated 480Vac from the bus duct sequencing device and
rectifies the ac into 10 d-c voltages. One of these d-c
voltages is used as a control voltage throughout the
equipment. The other voltages are distributed to the
load units for use in the electronic circuits.

The distribution and control of simplex power is
arranged in two patterns, one for displays and one for
inputs.

2.2 POWER DISTRIBUTION AND CONTROL

FOR DISPLAYS

Most of the display consoles receive their power
from either simplex power system, as determined by
the power system (C or D) that is active and the posi-
tion of the unit status switch on the display console.

The power delivered to the power system is applied
to PCD unit 64, except for some unregulated ac, which
is applied to power supply unit 61 and rectified into
d-c voltages before it is applied to PCD unit 64. From
unit 64, the unregulated ac, regulated ac, and 10 d-c

voltages for displays are applied to CB unit 48 and
then to the simplex display consoles. Unit 48 has CB’s
that protect the distribution circuits to the display con-
soles.

Power supply unit 61 receives unregulated ac, for
convenience outlets only, from PCD unit 64.

Power for the duplex display consoles is applied
from MCD unit 27 (fig. 3—1) to CB unit 48 and then
distributed to those display consoles.

The voltage monitors in PCD unit 64 automatically
sense and indicate the power supply input voltage, the
regulated a-c voltages for filament power, and the 10
d-c voltages. When excessive deviations are sensed, ac-
tions are initiated for warnings or an abnormal shut-
down sequence. Through the meters provided, the above
voltages and the current of any of the 10 d-c power
supplies can be observed. The power for displays can
be controlled from PCD unit 64, display console CB
unit 48, or the display console involved.

No facilities are provided for marginal checking
the display consoles.

2.3 POWER DISTRIBUTION AND CONTROL
FOR INPUTS

Some input units have duplex loads and simplex
loads in the same unit. These units receive power from
several power systems. Refer to Theory of Operation,
Input System, AN/FSQ-7 and -8, 3-52-0. A voltmeter
must be used to determine whether all power is off
particular units when maintenance activities are necessary.

Power distribution and control for the duplex
equipment is provided through MCD unit 59 (table
3—1). The description in Part 4 is limited to simplex
equipment.

The power flow to PCD unit 64 is the same for
inputs as for displays (par. 2.2). However, from unit
64, the power is applied to CB unit 56. The unregu-
lated ac is applied directly to the simplex load units
(GFI, XTL, LRI, etc.). During normal operation, the
regulated ac and the nine d-c voltages are applied
through simplex input PD unit 55 to the load units.
Switching to the active power system is performed by
relays in the sliding units within PD unit 55. Only
eight of the d-c voltages are used in the electronic cir-
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cuitry of the load units. The —48Vdc is used to control
the relays.

For marginal checking purposes, five of the d-c
voltages are distributed from CB unit 56, through MC
unit 58, where the variation is introduced to the one
voltage at a time, and then through PD unit 55 to the
simplex load unit. Overall control of the power applied
to the simplex input load units is effected at PCD unit
64. The monitoring equipment is explained in the de-
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SECT. 2

scription for displays (par. 2.2) since the same voltages
are used for inputs.

Circuit breakers in CB unit 56 protect the distri-
bution circuitry and can also be opened or closed manu-
ally to control power to the input load units. The status
of each channel of the load units is determined at the
appropriate control panel on the simplex maintenance
console.



PART 4, CH 2 3-82-0 Introduction
SECT. 1 1.1-12
CHAPTER 2
POWER DISTRIBUTION FOR DISPLAYS
SECTION 1
INTRODUCTION
1.7 SCOPE PCD unit 64. Unregulated 120/208Vac is distributed at

Chapter 2 presents a detailed analysis of the cir-
cuitry used in distributing power to the display con-
soles. This analysis is divided into separate sections for
unregulated a-c distribution, regulated a-c distribution,
d-c distribution, metering circuit distribution, and neu-
tral lines, returns, and grounds. The last section ex-
plains only the overall arrangements of the neutral
lines, returns, and grounds, individual neutral lines and
returns being listed in conjunction with the specific dis-
tribution circuits.

1.2 GENERAL
The distribution of power for displays begins at

unit 64 to convenience outlets in PCD unit 64, power
supply unit 61, and display console CB unit 48, and
from CB unit 48 to the load units (display consoles).

Regulated 120/208Vac is distributed from PCD
unit 64, through CB unit 48, where additional CB’s pro-
tect the circuits, and then to the projection units and
display consoles for application to filament transform-
ers.

The 10 d-c voltages from power supply unit 61 are
received at unit 64 and distributed through CB unit 48
to the display consoles.
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SECTION 2
UNREGULATED A-C DISTRIBUTION

2.1 GENERAL

Unregulated 120/208Vac is provided at conven-
ience outlets on most units for drop lights and power
tools and at projector units 251 and 252 for the arc
lights, motors, and an electric heater. This power is also
distributed to meters for visual indications when read-
ings are desired (Sect. 5). Primary distribution involves
the distribution through the 3-phase CB’s in PCD unit
64. Distribution to convenience outlets involves typical
circuits in power supply unit 61, display console CB
unit 48, and typical display consoles. The 120V (phase
to neutral) is used for unregulated ac, but normal dis-
tribution voltage drop reduces the usable voltage to ap-
proximately 115V.

2.2 PRIMARY DISTRIBUTION

Three-phase unregulated ac is applied from the
substation feeder breaker to bus bars 64C9L1, L2, and
L3 (CD 5.3.2.2) in PCD unit 64. Unregulated ac is dis-
tributed through 3-phase CB’s to other locations. Table
4—1 lists these CB’s and the destinations.

TABLE 4—1. UNREGULATED A-C DISTRIBUTION
THROUGH PCD UNIT 64

3-PHASE CB
CB NO. LOCATION DESTINATION

CB 9 64C7F2 CB unit 48

CB 12 64C7G1 CB unit 48 for projec-
tor units 251 and
252

CB 11 64C7G2 PCD unit 64, meters,
and unit 61

Note: See logic diagram CD 5.3.2.2 for the circuits listed
above,

The unregulated a-c neutral lines are returned to
terminals 64C5A12-15 on the unregulated a-c neutral
bus bar.

2.3 CONVENIENCE OUTLETS
2.3.1 Power Supply Unit 61

Twelve convenience outlets in unit 61 receive un-
regulated ac. Three-phase CB 64C7G2 (CB 11) protects
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the unregulated a-c lines to the metering circuits in unit
64 and the convenience outlets in unit 61. Phase 3 is ap-
plied to terminal 64B7C5u (CD 5.4.2.4), then to ter-
minal 61C(TB35)9 (CD 5.2.1.1) and to four conven-
ience outlets, and then to additional outlets (CD 5.2.1.9
and CD 5.2.1.7). The a-c neutral lines return to ter-
minal 64(TB35)10 (CD 5.2.1.1) and connect to ter-
minal 64B7C51 (CD 5.4.2.4).

2.3.2 Display Console CB Unit 48
Unregulated ac from CB 64C7F2 (CB9) (CD
5.3.2.2) is applied to bus bars 48C3E1, 48D3E1, and
48E3E1 (CD 5.3.9.1). Individual phases are then dis-
tributed to convenience outlets in display console CB
unit 48 (table 4—2) and to the display consoles (table
4—3).

2.3.3 Load Units

2.3.3.1 Typical Display Console

Unregulated a-c distribution through the display
consoles can be traced on Display System logic diagrams
that show power distribution (Schematics for Display
System of AN/FSQ-7 and -8, 3-252-0).

For example, unregulated 120Vac (phase 1 to neu-
tral) (table 4—3) is applied to situation display con-
sole unit 169 (S 4.2.6) at pins 30 and 31 of jack con-
nector J5 from power system C. This unregulated ac is
applied to convenience outlets J13. The unregulated ac
received from power system D at pins 30 and 31 of jack
connector J12 is applied to convenience outlets J14.
Either of these two sources of unregulated ac can be
switched by the number 4 contacts of relay K1C or
K1D to apply power to panel light and cigarette
lighter transformer T1. The unregulated a-c neutral
from T1 is connected to the neutral side of J14. This
neutral is connected to pin 22 of J12 and returned to
neutral bus bar terminal 48E1B2-1 (CD 5.3.9.1).

2.3.3.2 Projection Unit

The unregulated 120Vac is applied to projection
unit 251 (4.8.6) at pins 30 and 31 of J5 from power
system C. This unregulated ac is applied to convenience
outlets X11, X12, X15, and X16. The unregulated ac
received from power system D at pins 30 and 31 of J12
is applied to convenience outlets X13, X14, X17, and
X18. The unregulated a-c neutral lines are connected to
pins 22 and 23 of J5 and J12 and returned to terminal
8 on neutral bus bar 48E1B2 (CD 5.3.9.1).
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TABLE 4—2. UNREGULATED A-C DISTRIBUTION IN UNIT 48
PHASE INPUT BUS BAR DISTRIBUTION BUS BAR CB CONVENIENCE OUTLET
1 48E3E1 48A1A1 ' 48A1B1 48C1F2
48A1F1 48F1F2
48A1E2 48K1F2
48A1B2 48G1F2
2 48D3E1 48A1A2 48A1C1 48D1F2
48A1C2 48H1F2
3 48C3E1 48A1A3 48A1D1 48E1F2
48A1D2 48]1F2
Neutral 48A1K ‘ - - -

Note: See logic diagram CD 5.3.9.1 for the circuits listed above.

TABLE 4-3. TYPICAL A-C DISTRIBUTION TO CONVENIENCE OUTLETS IN DISPLAY CONSOLES

UNIT 48 INTERMEDIATE FINAL COLUMN LOGIC
INPUT DISTRIBUTION  DISTRIBUTION  (CONNECTION cB CONSOLE  DIAGRAM
BUS BAR BUS BAR BUS BAR POINT) UNIT NO. NO.
48F3E1 - 48E2F 21 48E2F21 169 426
for Phase 1 20 48F2F20 750 426
etc. etc.
14 48E2F14 251 486
13 48E2F13 252 4.8.6
etc. etc.
2 48E2F2 833 42.6
48H3E1 48H2F 21 48H2F21 787 426
etc. etc.
2 48H2F2 935 442

Note: Additional distribution points can be found on logic diagrams CD 5.3.9.1, sheet 2, and S 5.0.9.10.

The unregulated a-c circuits in the other load units
can be traced by the same procedure.

2.4 PROJECTION LIGHTS, MOTORS, AND
HEATER
Unregulated ac from CB 64C7G1 (CB 12) (CD
5.3.2.2) is applied to bus bars 48A2A2, 48A2A3, and

48A2A4 (CD 5.3.9.1). The 3-phase CB 48A2B3 pro-
tects the unregulated a-c circuits for the arc light, mo-
tors, and an electric heater in projection unit 251. Plug
connector P1 in power system C connects to a cable
that conducts the power to J1 (4.8.5 in Schematics for
Display System of AN/FSQ-7 and -8, 3-252-0).
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SECTION 3
REGULATED A-C DISTRIBUTION

3.1 GENERAL

The 3-phase regulated 120/208Vac is provided to
filament transformers in the load units, where the volt-
age is stepped down and applied to the filaments of the
tubes. A typical circuit is used to trace regulated ac
through PCD unit 64 and CB unit 48 into a display
console. Regulated ac in the PCD unit is also distributed
to the AC VOLTMETER for visual indications and to
voltage monitor relays for automatic monitoring of
changes in voltage (par. 5.3.3).

3.2 PCD UNIT 64

Three-phase regulated ac is applied from induc-
tion regulator unit 95 to bus bars 64C9L1, L2, and L3
(CD 5.3.2.2) in PCD unit 64. Regulated ac is distrib-
uted through 3-phase CB 64C7A1 (CB1) to display
console CB unit 48 for further distribution and through
CB 64C7C2 (CB3) for distribution to the metering cir-
cuits in PCD unit 64 (Sect. 5).

3.3 CB UNIT 48

Regulated ac from CB 64C7A1 (CB1) (CD 5.3.2.2)
is applied to bus bars 48AGB1, B2, and B3 (CD 5.3.9.1)
for phases 3, 2, and 1, respectively. Distribution pro-
ceeds from these bus bars, through 3-phase CB’s, to
other bus bars, through single-phase CB’s and to plug
connectors that apply the power to interunit cables for
distribution to the display consoles (table 4—4).

94

The regulated a-c neutral lines return from the dis-
play consoles on pins 28, 32, and 35, tie to bus bars in
CB unit 48 (CD 5.3.9.1), return to regulated a-c neutral
bus bar 48A6B4, and connect to bus bar terminal
64C5B9 (CD 5.3.2.2).

3.4 LOAD UNITS
3.4.1 Typical Display Console

The regulated a-c distribution through the display
consoles can be traced on Display System logic dia-
grams that show power distribution (Schematics for
Display System of AN/FSQ-7 and -8, 3-252-0).

For example, regulated 120Vac (phase 1 to neu-
tral in table 4—4) is applied to situation display con-
sole unit 753 (S 4.2.6) at pins 20, 24, and 26 of J5 from
power system C.

Note

Some incorrect logic may show phase 3 on

these pins.

The number 3 contacts of K1C apply 120Vac to J37-
S9. When power system D provides the power, K1D is
energized and K1C is de-energized.

3.4.2 Projection Unit
Projection units receive regulated ac in a manner
similar to the display consoles. Phase 1 (table 4—4) is
applied to pins 20, 24, and 26 of J5 from power system
C. In projection unit 251, this power is applied across
the number 3 contacts of K1C (4.8.6) to J37-S9.
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TABLE 4—4. TYPICAL REGULATED A-C DISTRIBUTION POINTS TO DISPLAYS

PLUG
3-PHASE DISTRIBUTION SINGLE- CONNECTOR CONSOLE LOGIC
BUS BAR CB TERMINAL  BUS BAR BUS BAR TERMINALS PHASE CB PIN NO. UNIT NO. NO.
48A6B3 48A6C2 e 48C3D1 48C2E1 48C2E21 48C2E21 20, 24, or 26 753 S 4.2.6
(Phase 1 48A6C2 e 48C3D1 48C2E1 48C2E20 48C2E20 20, 24, or 26 754 S 4.2.6
?fop nl]'ed 48AG6C2 e 48C3D1 48C2E1 48C2E19 48C2E19 20, 24, or 26 755 S 42,6
terminal etc. etc. Same etc.
64C7A1d) 48A6D2 e 48E3D1 48E2E1 48E2E14 48E2E14 20, 24, or 26 251 4.8.6
48A6D2 e 48E3D1 48E2E1 48E2F13 48E2E13 20, 24, or 26 252 4.8.6
etc. etc. Same etc.
(See (See note (See (See (See (See (See (See
Column on CD Column Column Column Column 5.0.9.10 Schematics
5 0n CD 5.3.9.1, 8on CD 11 on CD 18 on CD 19 on CD for correct  for
5.3.9.1, sheet 2) 5.3.9.1, 5.3.9.1, 5.3.9.1, 5.3.9.1, site Display
sheet 2) sheet 2) sheet 2) sheet 2) sheet 2) applica- System)
. tion)
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SECTION 4
D-C DISTRIBUTION

4.1. GENERAL

The d-c power is used during the operation of
SAGE equipment. Nine d-c voltages (4600, 4-250,
4150, 4-90, 410, —15, —30, —150, and —300V) are
distributed to the display consoles for use in the elec-
tronic circuits. The 10th voltage (—48V) is used as a
control voltage to energize relay coils. A battery source
of 130Vdc is also used as control power; however, this
voltage is mentioned only with control functions and is
not discussed in these distribution circuits. Display con-
soles are not marginally checked; therefore, only non-
MC voltages are distributed to the display consoles.

4.2 POWER SUPPLY UNIT 61

The d-c power is rectified from a-c power (Part 2,
Ch 4) by the d-c power supplies in unit 61. The 10 d-c
power supplies apply their d-c voltage to bus bars in
unit 61 (table 4—5), from which the voltages are ap-
plied to PCD unit 64.

TABLE 4-5. BUS BARS IN UNIT 61
FOR D-C VOLTAGES

VOLTAGE BUS BAR MODULE
+600 TB100-6 A
+250 TB100-4 C
+150 TB100-8 C
+90 , TB100-15 B
+10 TB100-9 B
—15 TB100-14 B
—30 TB100-12 B
—150 TB100-5 C
—300 TB100-7 A
—48 TB100-1 C

4.3 PCD UNIT 64

Nine of the 10 simplex d-c voltages developed in
unit 61 (CD 5.3.2.1) are applied to nine bus bars in
PCD unit 64 (table 4—5). The 4600V line is connected,

not to a bus bar, but directly to a contact of the 9-pole
knife switch that supplies d-c power to display console
CB unit 48. Eight of the nine bus bars (excluding the
—48V bus bar) are connected to the other eight con-
tacts of the 9-pole knife switch. The —48 bus bar is
connected to a double-pole knife switch to provide con-
trol power for CB unit 48 and its load units.

Table 4—6 shows the knife switch contacts that
apply the d-c voltages to display console CB unit 48.
(Distribution of d-c voltages to the metering circuits is
described in Sect. 5.)

TABLE 4—6. D-C VOLTAGES IN UNIT 64
FOR DISPLAY CONSOLE CB UNIT 48

CONTACTS OF KNIFE

VOLTAGE SWITCH 64A6
+600 B7-B8
+250 D7-D8
+150 E7-E8
+90 F7-F8
+10 G7-G8
—15 H7-Hs8
—30 J7-J8
—150 K7-K8
—300 L7-L8
—48 M7-M9

N7-N9

Note: See logic diagram CD 5.3.2.1 for the circuitry that
shows the points listed above.

4.4 CB UNIT 48

Nine d-c service voltages and the —48V control
voltage are applied from the knife switch (table 4—6)
in unit 64 to the main bus bars in display console CB
unit 48 (CD 5.3.9.2., sheet 1). Each voltage is then
applied from its main bus bar through CB’s to bus bars
in other modules of unit 48 for distribution to the
display consoles.
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For example, +250Vdc is taken from contact DS
of knife switch 64A6 (CD 5.3.2.1) and applied to
terminal 1 on main bus bar 48B2B5 (table 4—7 and
CD 5.3.9.2, sheet 1). One line then proceeds from the
main bus bar through CB 48B2C5 to terminal 1 on bus
bar 48C2L. The line from terminal 48C2L21a applies
+250V to CB 48C2L21 (CD 5.3.9.3). Pin 4 of every
plug connector P5 for power system C or plug connector
P12 for power system D is used to apply the 250V to
each display console. The d-c returns connect at pins
11, 12, and 13 of P5 and P12 (CD 5.3.9.3) and return
to bus bar 48C1D2-1.

4.5 LOAD UNITS
4.5.1 Typical Display Console

The d-c distribution through the display consoles
can be traced on Display System logic diagrams
Schematics for Display System of AN/FSQ-7 and -8,
3-252-0).

For example, 4250V (table 4—7) is applied to
situation display console unit 753 (S 4.2.6) at pin 4 of

3-82-0

D-C Distribution
4.4-4.5.2

J5 from power system C. When unit 753 is receiving
power, the 250V is applied through contacts 2 of K4C
and is available for the electronic circuits discussed in
Theory of Operation, Display System of AN/FSQ-7 and
-8, 3-62-0. When power system D supplies the power,
contacts 2 of K4C are open and contacts 2 of K4D are
closed.

The chassis ground of the display console provides
the d-c return and connects to pins 11, 12, and 13 of
J5 and J12. Pins 16 and 17 are also grounded to the
chassis and provide the equipment bond.

4.5.2 Projection Unit

The d-c distribution through the projection units
can be traced in the same way as any display console
(par. 4.5.1).

The +250Vdc (table 4—7) applied on pin 4 of J5
or J12 (4.8.6) passes through contacts 2 of K4C when
K4C is energized and appears at J37-U6 and other
connected terminals.

TABLE 4—7. TYPICAL D-C DISTRIBUTION POINTS IN UNIT 48

PLUG
MAIN DESIRED DISTRIBUTION CONNECTOR
VOLTAGE BUS BAR CB CONSOLE BUS BAR TERMINAL CcB PIN NO.
-+250 48B2B5 48B2C5 753 48C2L 21 48C2L21 4
48B2B5 48B2C5 754 48C2L 20 48C2L.20 4
48B2B5 48B2C5 755 48C2L 19 48C2L19 4
(See logic diagram CD 5.3.9.2 for these and comparative (See (See CD 5.3.9.3,
distribution points) Column sheet 3)
19 on CD
(See Column 5 on CD 5.3.9.3,
5.3.9-3, Sheet 1) Sheet 1)
48B2B5 48B2E5 251 48E2G 14 48E2L14 4
48B2B5 48B2E5 252 48E2G 13 48E2113 4

9
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SECTION 5
METERING CIRCUIT DISTRIBUTION

5.1 GENERAL

Equipment for manual and automatic monitoring
of simplex power is provided in PCD unit 64. The four
meters for readings can be switched manually. Voltage
monitors operate automatically to sense and indicate
the voltages applied to them.

5.2 METERS

5.2.1 Introduction
Four meters on PCD unit 64, which are equipped
with circuit selection switches, enable the operators to
observe the precision of the power supplied. These
meters are the AC VOLTMETER, DC VOLTMETER,
RIPPLE VOLTMETER, and DC AMMETER. In the
paragraphs that follow, voltage applications will be
traced to each meter. (Refer to Part 2, Ch 5, for the

theory of the meters.)

5.2.2 AC Volimeter

The a-c voltages are applied to terminals on the
three decks of the ac voltmeter selector switch.

5.2.2.1 Unregulated AC

Three-phase unregulated ac from CB 64C7G2
(CD 5.3.2.2) is applied to terminals 64B7C5d, s, and
u (CD 5.4.2.4). (Refer to table 4—8 for the application
of each phase to the terminals of the a-c voltmeter
selector switch.) The unregulated a-c neutral lines con-
nect to terminal 64B7C51 and return to terminal
64C5A14 (CD 5.3.2.2) on the neutral bus bar.

5.2.2.2 Power Supply Input

Bus ducts (CD 5.2.1.13) provide 480V 3-phase ac
for the d-c power supplies in unit 61. Some of this
power is also applied through three switches and fuses
to terminals 64B7C5j, h, and g (CD 5.4.2.4). (Refer
to table 4—8 for the application of each phase to the
terminals of the a-c voltmeter selector switch.)

5.2.2.3 Regulated AC

Three-phase regulated ac from CB 64C7C2
(CD 5.3.2.2) is applied to terminals 64B7C5c, b, and a
(CD 5.4.2.4). (Refer to table 4—8 for the application

TABLE 4—8. VOLTAGE APPLICATIONS TO A-C VOLTMETER

TERMINAL OF TERMINAL OF
TYPE OF DISTRIBUTION REAR DECK FRONT DECK
VOLTAGE PHASE TERMINAL 64B3H5C 64B3H5A
Unregulated ac 1 64B7C5d 4,7 2
2 s 3.6 4
3 u 2,5 3
Neutral 1 - 5,6,7
Power supply input 1 64B7C5j 10 8
2 - h 9 10
3 g 8 9
Regulated ac 1 64B7C5c¢ 1 —
2 b 12 —_
3 a 11 -
Neutral m — 1,12,11

Note: See logic diagram CD 5.4.2.4 for the circuits of the points listed above.

98



TABLE 4—9. VOLTAGE DISTRIBUTION TO D-C VOLTMETER

G "133S

Z HO 't l¥vd

RIPPLE METER CONTACTS OF D-C
TERMINAL ON : SELECTION SW D-C VOLTMETER VOLTMETER SELECTOR SWITCH
KNIFE SWITCH - DISTRIBUTION MIDDLE DECK MULTIPLIER MIDDLE DECK REAR DECK
VOLTAGE 64A6 FUSE TERMINAL TERMINAL (RESISTOR) 64B3H3B 64B3H3C
4250 ' D5 64B2C1 64B2D4a 11 300K 12 -
-4-150 E5 i 64B2F1 64B2D4d 10 300K 11 -
-+90 Fs 64B2G1 64B2H4a 9 150K 9 -
-+10 G5 64B2L1 64B2M4a 7 15K 7 -
—15 Hs 64B2P1 64B2M4d 6 30K - 6
—30 J5 64B2R1 64B2S4a 5 75K - 5
—150 K5 64B2U1 64B284d 3 300K — 3
—300 Ls 64B2V1 64B2W4a 2 750K - 2
—48 N5 64B2Y1 64B2W4d 4 75K - 4
+600 B7 64B2A1 64B2B4a 12 750K 1 —
D-c returns Ammeter - 64B7A3j — — 2,3,5,6 7,9,11,12,1
circuit
—48V returns Ammeter — 64B7A3h - — 4 -
circuit
(See CD 5.3.2.1) (SeeCD 5.4.2.2) (See logic diagram CD 54.2.4 for these points)
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DC Voltmeter
5.2.2-53.1

of each phase to the terminals of the a-c voltmeter
selector switch.) The regulated a-c neutral from ter-
minal 64B7C5m returns to terminal 64C5B10 on the
neutral bus.

5.2.3 D-C Voltmeter

Eleven d-c voltages are applied to the contacts of
the d-c voltmeter selector switch. Any of 10 d-c voltages
(4250, 4150, 490, 410, —15, —30, —150, —300,
—48, and 4600V (table 4—9) from unit 61 or the
-+130V from a battery source can be observed on the
DC VOLTMETER (par. 1.5, Part 2, Ch 5).

A nonessential line of 130V control power from
terminal d of battery disconnect switch 64B5B11
(CD 5.4.2.1) is applied to distribution terminal
64B6H2s (CD 5.4.2.3) and then to contact 10 of middle
deck 64B3H3B of the d-c voltmeter selector switch
(CD 54.2.4). The return for the 130V battery power
is contact 10 of the rear deck, through the 150K-ohm
resistor, to terminal 64B6H3r (CD 5.4.2.3), and back
to the power source. The selector switch has 12 contacts,
but contact 8 is not used,

5.2.4 Ripple Voltmeter

Ten d-c voltages are applied to the contacts of the
ripple meter selector switch. Any of these voltages
(4250, 4150, 1-90, 410, —15, —30, —150, — 300,
—48, and +600V) can be observed on the RIPPLE
VOLTMETER (par. 1.4, Part 2, Ch. 5) when connected
to the meter circuit by the selector switch. The distribu-
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tion points of these circuits are listed in table 4—9. Any
voltage selected at the middle deck of the ripple meter
selector switch (CD 5.4.2.4) is applied to ripple meter
divider circuit 64B3H1ID and RANGE SELECTOR
switch 64B3H2A before it is applied to the movement
of RIPPLE VOLTMETER 63B3Gl.

The d-c return lines from the meter movement and
the divider circuit connect to the front deck of the
ripple meter selector switch to terminals on the d-c
voltmeter selector switch and ‘to d-c return or relay
return lines. Positions 1 and 8 have no connections,
and either position can be used for the off position.

5.2.5 D-C Ammeter

The d-c ammeter can be switched into the circuit
of any of the 10 d-c power supplies in unit 61. An
appropriate ammeter shunt (CD 5.3.2.1) is located in
the d-c return line of each d-c power supply (par. 1.2,
Part 2, Ch 5). The shunts connect to a common d-c
return bus bar, which connects to the d-c return (cold)
lines from CB units 48 in power systems C and D. Refer
to table 4—10 for distribution points to the d-c ammeter.

5.3 VOLTAGE MONITORS
5.3.1 Introduction
PCD unit 64 contains 23 voltage monitors (par.
1.3.2.2, Part 3, Ch 3). The a-c and d-c voltages that
are distributed throughout the simplex equipment are
applied to these voltage monitors (CD 5.4.2.2) for
automatic monitoring of the voltages.

TABLE 4—10. DISTRIBUTION POINTS TO D-C AMMETER

TERMINAL ON

POWER SUPPLY POWER SUPPLY D-C AMMETER TERMINAL ON
RETURN SIDE OF SELECTOR SWITCH D-C RETURN
VOLTAGE TERMINAL AMMETER SHUNT TERMINALS BUS
+ 250 61C(TB100)3 64A5B3 11 64A5C3
+ 150 61C(TB100)7 64A5B4 10 64A5C4
+ 9 61B(TB100)16 64A5B5 9 64A5C5
+ 10 61B(TB100)10 64A5B6 7 64A5C6
— 15 61B(TB100)13 64A5B7 6 64A5C7
— 30 61B(TB100)11 64A5B8 5 64A5C8
— 150 61C(TB100)6 64A5B9 3 64A5C9
— 300 61A(TB100)8 64A5B10 2 64A5C10
— 48 61C(TB100)2 64A5C13 4 64A5D13
+ 600 61A(TB100)5 64A5B2 12 64A5C2

(See CD 5.3.2.1)

(See CD 5.4.2.4)

(See CD 5.3.2.1)
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5.3.2 Power Supply Input Voltage

Phases 2 and 3 of the power supply input voltage
are applied to voltage monitor 64B3AS5.

Phase 2 from terminal 9 of the a-c voltmeter selector
switch (table 4—8) is applied to terminal e of voltage
monitor 64B3A5 (CD 5.4.2.2), and phase 3 from ter-
minal 8 of the a-c voltmeter selector switch is applied
to terminal c.

5.3.3 Regulated A-C Voltage
The regulated ac (filament heater power) is ap-

plied to warning level voltage monitor 64B3A4 and
shutdown level voltage monitor 64B3AG.
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Phase 2 is applied from terminal 64B7C5b (CD
5.4.24) to the e terminals of voltage monitors 64B3A4
(CD 54.2.2) and 64B3A6. Phase 3 is applied from
64B7C5a (CD 5.4.2.4) to the terminals on the two
voltage monitors (CD 5.4.2.2)

5.3.4 D-C Voltages

The 10 d-c voltages for simplex equipment are
monitored by 20 voltage monitors. Each voltage (table
4—11) is applied across resistors to a warning level
voltage monitor and across other resistors to a shut-
down level voltage monitor.

TABLE 4—-11. D-C VOLTAGE APPLICATIONS TO VOLTAGE MONITORS

WARNING LEVEL

SHUTDOWN LEVEL

RESISTORS VOLTAGE RESISTORS VOLTAGE

VOLTAGE FUSE (Prefixed by 64) MONITORS (Prefixed by 64) MONITORS
+ 250 64B2C1 B2Ds5, B2Dé6 64B3B2 B2D1, B2D2 64B3B8
-+ 150 64B2F1 B2E6, B2E5 64B3C1 B2E2, B2E1 64B3C9
+ 90 64B2G1 B2Hs5, B2H6 64B3C2 B2H1, B2H2 64B3C8
+ 10 64B2L1 B2M5, B2ZM6 64B3D2 B2M1, B2M2 64B3D8
— 15 64B2P1 B2N5 — 64B3D3 B2N1 - 64B3D7
— 30 64B2R1 B2S5, B286 64B3C3 B2S1, B2S2 64B3C7
— 150 64B2U1 B2T6, B2T5 64B3B3 B2T2, B2T1 64B3B7
— 300 64B2V1 B2Ws5, B2W6 64B3B4 B2W1, B2W2 64B3B6
— 48 64B2Y1 B2X6, B2X5 64B3C4 B2X2, B2X1 64B3C6
+ 600 64B2A1 B2Bs5, B2B6 64B3B1 B2B1, B2B2 64B3B9
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SECTION 6
NEUTRAL LINES, RETURNS, AND GROUNDS

6.1 GENERAL

Instead of using a ground for electrical returns,
four special electrical systems are installed. Two systems
provide neutral lines for the ac, one for unregulated
and one for regulated. Two systems provide d-c returns:
one system for all d-c voltages, except the relay voltage,
and one system for the relay return. Ground is an
equipment bond that eliminates the danger of a high
voltage collecting on any unit.

6.2 NEUTRAL LINES

6.2.1 Unregulated A-C Neutral

The unregulated a-c neutral line of each' simplex
power system connects PCD unit 64 to a feeder breaker
at the substation (CD 5.3.2.2.). From the bus bar in unit
64, two neutral lines connect to neutral bus bars in
display console CB unit 48 (CD 5.3.9.1), one for
convenience outlets and one for the projection units.
One line connects to terminal 64B7C51 (CD 5.4.2.4).
From these locations, the unregulated a-c neutral lines
are distributed throughout the simplex equipment as
described in conjunction with unregulated a-c distribu-
tion for displays.

6.2.2 Regulated A-C Neutral

The regulated a-c neutral line of each simplex
power system connects a bus bar in PCD unit 64
(CD 5.3.2.2) to the particular induction regulator
neutral (power system C to induction regulator C95, and
power system D to induction regulator D95). From the
bus bar in unit 64, one neutral line connects to a
regulated a-c neutral bus bar in CB unit 48 (CD 5.3.9.1,
sheet 2), and one line connects to terminal 64B7C5m
(CD 5.4.2.4). From these locations, the regulated a-c
neutral lines are distributed throughout the simplex
equipment as described in conjunction with regulated
a-c distribution.
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6.3 D-C RETURN LINES
6.3.1 D-C Return

Returns for dc are distributed throughout the units
of the power system and the display area. Throughout
the units, d-c return lines are common for all d-c volt-
ages except the —48V (relay power).

Returning from the display consoles, the d-c return
lines are connected together, returned to CB unit 48,
and returned to d-c return bus bar 64A5 (CD 5.3.2.1).
From this bus bar, the returning dc is conducted to its
respecnve d-c power supply after passing through the

appropriate ammeter shunt in PCD unit 64..

6.3.2 Relay Return

Relay return lines are provided throughout the
units of the power systems, display consoles, and the
other control units to return the —48Vdc. From the
display consoles, the relay return lines connect to bus bar
48B3A2 (CD. 5.3.9.2, sheet 4). Relay return lines from
the CB unit and the PCD unit control equipment con-
nect to relay return bus bar 64A5 (CD 5.3.2.1). The
—48Vdc then passes through the ammeter shunt in
PCD unit 64 and returns to the —48V power supply in
unit 61.

6.4 EQUIPMENT BOND

The equipment bond grounds the frame of each
display console. One or more conductors in the power
cable to each display console connect to chassis ground
of the console. These conductors connect to equipment
bond bus bars in the different modules of CB unit 48
(CD 5.3.9.2, sheet 5). The bus bars in the different
modules of CB unit 48 connect to bus bar 48B1A1. One
equipment bond line connects to equipment bond bus
bar 64C5, which is grounded (par. 5.4, Ch 4).
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CHAPTER 3
POWER CONTROL FOR DISPLAYS
SECTION 1
INTRODUCTION

1.1 SCOPE 1.3.2 PCD Unit 64

In this chapter the control circuitry is described in
detail, and the operation of controls, indicators, and
components is explained. The controls and indicators
are described first; then the various conditions of each
unit and the normal-on, normal-off, and abnormal-off
sequences are explained.

1.2 GENERAL

When power system C or D is turned on to provide
power for the simplex displays, the power is also
brought up for the simplex inputs on the same system,
unless the appropriate knife switches and CB’s are
opened to prevent power from being distributed to the
inputs.

Controls on simplex maintenance console unit 47
provide for most of the control of the power for the
simplex displays. Power system C or D is brought indi-
vidually to power-on or ac-only status by depressing
the correct pushbutton on the simplex maintenance
console. Each power system is normally shut down from
the simplex maintenance console. Pushbuttons on sev-
eral units in each power system permit quick shutdown
of that power system. Emergency switches located on
columns throughout the operations building shut down
all power systems simultaneously.

The operator at duplex switching console unit 45
selects the active power system by depressing the cor-
rect ACTIVE pushbutton. The power status of each dis-
play console can be selected by means of the unit status
switch on each console.

1.3 CONTROLS

1.3.1 Power Supply Unit 61

Power supply unit 61 has a UNIT OFF pushbut-
ton on each module. Depressing this pushbutton shuts
down all power distributed from the associated power
system without sequencing. The d-c power supplies are
remotely controlled and require no individual operat-
ing controls.

The UNIT OFF pushbutton for PCD unit 64 is in
module B. The CB’s in module C (fig. 4—1) are nor-
mally closed before the power system is energized, un-
less some units are faulty. These CB’s, when opened,
keep regulated or unregulated ac from the CB unit or
other equipment, as is designated above the control.

Voltage monitors (Sensitrols) indicate deviations
from the rated voltage. When a deviation occurs which
causes the indicating needle to touch the magnetized pin
at either end, the indicating needle remains on the
pin and shorts out a relay coil. If the de-energized
relay is in a warning circuit, a lamp is lighted. If the de-
energized relay is in a shutdown circuit, the source of
power for the power supply unit is disconnected. One
RESET switch is provided to center the indicating nee-
dles of all voltage monitors. A TEST-NORMAL switch
is provided for each voltage monitor. This switch by-
passes the voltage monitor to permit adjustment of that
particular d-c power supply.

The d-c knife switches in the PCD unit are pro-
tected by doors on the unit. Since interlocks on the
doors shut off the power when a door is opened, these
knife switches must be positioned as desired and the
door secured before the power system is energized.

1.3.3 Display Console CB Unit 48
Display console CB unit 48 (fig. 4—2) has a UNIT
OFF pushbutton, located on module A, in addition to
the CB’s. The remaining modules have rows of CB'’s.

1.3.4 Display Console
Power on a display console can be controlled at
each display console by means of the UNIT STATUS
switch (Sect. 6).

1.3.5 Simplex Maintenance Console Unit 47
Power controls on the simplex maintenance con-
sole are located on module H (fig. 4—5). In the power
control group are three pushbuttons: POWER ON,
POWER OFF, and AC ONLY. These are used to
initiate sequences to place the associated power system
in the desired power status. In the status group is the
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Figure 4—5. Power Supply Control Panels on Unit 47

RESET AUDIBLE ALARM pushbutton, which silences
the audible alarm that was set off by any circuit on the
power control panel. The audible alarms circuit is auto-
matically restored to active status when the trouble
is cleared. At the bottom of the power supply control
panel is the SERVICE OPPOSITE SIMPLEX SWITCH.
When maintenance on the inactive power system is
contemplated, the SERVICE OPPOSITE SIMPLEX
SWITCH on the active power system is shifted down-
ward to remove the —48V control power from the cir-
cuitry in the system requiring maintenance.

1.3.6 Duplex Switching Console Unit 45
The ACTIVE pushbuttons on the simplex switch-
ing panels of the duplex switching console are used to
select the power system that will be active. This push-
button is described with the other controls on the du-
plex switching console (par. 3.2.1, Part 5).

1.4 INDICATORS

1.4.1 Power Supply Unit 61
There are no visible indicators on the power sup-
ply unit for simplex equipment. A d-c voltmeter is in-
stalled in the control chassis of each d-c power supply
to indicate the output of the supply. In normal opera-
tion, the voltmeters are behind the closed doors of unit
61.
1.4.2 PCD Unit 64
Module B in PCD unit 64 (fig. 4—1) contains all
the indicators. In the upper left corner are two power
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status lamps: FIL INPUT DE-ENERGIZED and
POWER OFF. In the upper right hand corner are the
AC ONLY and the POWER ON lamps. Between the
pairs of power status lamps are the a-c voltage moni-
tors. These include the shutdown level filament ac, the
power supply input, and the warning level filament ac.
The other voltage monitors include 10 shutdown level
and 10 warning level voltage monitors for the d-c
power supplies.

The off-limit lamps include the FILAMENT
VOLTAGE lamp, the INPUT TO SUPPLIES lamp, and
one lamp for each of the 10 d-c power supplies. The
four meters permit accurate reading of all voltages. The
multiple-position control on the AC VOLTMETER
provides a visual indication of any a-c voltage. The
multiple-position controls on the DC AMMETER, the
RIPPLE VOLTMETER, and the DC VOLTMETER
provide individual readings of the 10 d-c voltages.

1.4.3 Display Console CB Unit 48
Numerous indicators on the front side of CB unit
48 (fig. 4—2) show which display console has power
applied. Near the UNIT OFF pushbutton in module A
are the AC CB TRIP lamp and the DC CB TRIP lamp.
Numerous other CB TRIP lamps are located at the top
of modules C through K. One CB TRIP lamp is located

above each column of circuit breakers.

1.4.4 Display Consoles
A column of panel lamps illuminates the column
of controls for the display console. These lights can be
dimmed by a series potentiometer. A row of lamps illu-
minates the desk at the front of the display console.
These lights can also be dimmed by a series potentiometer.

1.4.5 Simplex Maintenance Console Unit 47
1.4.5.1 General

Numerous lamps on the simplex maintenance con-

sole indicate the status of power in power systems C
and D and in the channels of the simplex input load
units. The power supply control panels (fig. 4—5) for
power systems C and D are located in module H. The
lamps on these two panels are grouped according to the
functions under alarm, power control, and status.

Other descriptions of these indicators are con-

tained in Theory of Operation, Input System for AN/
FSQ-7 and -8, 3-52-0.

1.4.5.2 Alarm Lamps

The seven alarm lamps are described below:

a. PCD UNIT ALARM — Indicates a failure in
the PCD unit and, when lighted, is accompa-
nied by an audible alarm.

b. SWITCH GEAR UNIT ALARM — Indicates a
failure in the a-c switchgear and is accompanied
by an audible alarm when lighted.
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c. AC BACKUP CB UNIT 56 — Indicates an open
backup CB that normally provides ac to the LRI,
GFI, or XTL unit. There are two a-c backup
CB’s for LRI, each supplying half of the chan-
nels, one for XTL and one for GFL

d. DC BACKUP OR —48V CB UNIT 56 — Indi-
cates that one of the backup CB’s that supply
dc to LRI, XTL, or GFI is open. There are two
sets of d-c backup CB’s for LRI, one for XTL
and one for GFI. This lamp also indicates an
open CB in the —48V line supplying the interlock
relays and the status relays.

e. AC BACKUP CB UNIT 48 — Indicates an open
a-c backup CB for displays. There is an a-c
backup CB for every 20 display consoles.

f. DC BACKUP OR —48 CB UNIT 48 — Indi-
cates that one of the backup CB’s that supply dc
to the displays is open. There is a group of CB’s
for every 20 display units. This lamp also indi-
cates an open CB in the —48V line supplying
the interlock relays and the status relays.

g VOLTAGE OFF LIMITS ALARM — Lights
whenever the VOLTAGE OFF LIMITS lamp in
the PCD unit lights.

1.4.5.3 Power Control Lamps

These three lamps, POWER ON, POWER OFF,
and AC ONLY, indicate the same conditions as in the
PCD unit.

1.4.5.4 Status Lamps

The five status lamps are described below:

a. ACTIVE — Lights at the same time as the AC-
TIVE lamp on the duplex switching console
(par. 2.3.2., part 5,) and indicates when that
power system is active.
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b. STANDBY — Lights whenever the STANDBY
lamp on the simplex panel of the duplex switch-
ing console lights.

c. —48V UNIT 48 — Lights whenever the —48V
control power is applied to CB unit 48, and
shows that the CB which provides —48V to the
indication circuits in unit 48 is closed. An audi-
ble alarm is sounded whenever this light is ex-
tinguished by opening of the indication CB.

d. —48V UNIT 56 — Lights whenever the —48V
control power is applied to CB unit 56, and
shows that the CB which provides —48V to the
indication circuits in unit 56 is closed. An audi-
ble alarm is sounded whenever this light is ex-
tinguished by opening of the indication CB.

e. MASTER READY — Indicates that all power
has been applied to the simplex load units con-
nected to this power system and that a time de-
lay has been allowed to stabilize the compo-
nents.

1.4.5.5 Computer Entry Punch Lamps

The power indicators on this panel are described
in the description of these units in Theory of Opera-
tion, Input System for AN/FSQ-7 and -8, 3-52-0.

1.4.5.6 Simplex Input Load Units

The power indicators on the simplex load units
(XTL, LRI, GFI, etc.) are described along with the
other indicators of the appropriate channels in Theory
of Operation, Input System for AN/FSQ-7 and -8,
3-52-0.

1.4.6 Duplex Switching Console Unit 45

The power indicators on the simplex panels of the
duplex switching console are described along with the
other indicators on unit 45 in paragraph 3.3, part 5.
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SECTION 2
NORMAL POWER-ON SEQUENCES

2.1 GENERAL

This section is divided into prestart conditions, the
power-off to power-on sequence, and the ac-only to
power-on sequence. If detailed information on the op-
erations of the following sequences are desired, refer to

the appropriate sequence charts in Maintenance Tech-

niques and Procedures, Power Supply and Marginal
Checking, AN/FSQ-7 and -8, 3-192-0.

The power-on sequence is initiated by the operator
of simplex maintenance console unit 47 after the pre-
start conditions have been fulfilled. The PCD unit
monitors all unregulated and regulated a-c and d-c
voltages, and also supplies the switchgear with power-
sequencing signals. Control power is supplied to the
PCD unit by the 130Vdc battery in the powerhouse.
This voltage is supplied through the BATTERY DIS-
CONNECT CB and the BATTERY DISCONNECT
switch.

Since most of the components involved in the con-
trol of power for the simplex equipment are located in
PCD unit 64, the relay designations in this section
should be prefixed by 64B5 and all other designations
by 64 unless complete designations are given.

2.2 PRESTART CONDITIONS

Before any power sequences are initiated, the fol-

lowing manual operations should be accomplished:

a. The diesel generators must be running, and the
high-voltage bus in the powerhouse must be en-
ergized.

b. The BATTERY DISCONNECT switch and the
BATTERY DISCONNECT CB must be closed.

c. The AC FEED CB’s to the substations must be
closed.

d. The load center control switch must be closed.

e. The knife switches and the CB’s in the PCD
unit, and the CB’s in the CB units and the load
units, must be positioned as desired.

f. All interlocked doors must be closed.

Note
To prevent power from being applied
to the inputs when the power-on se-
quence is begun, change the procedure
in step e. Open the 9-pole knife switch,
contacts D2-D3 to L2-L3 (table 4—22),
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to keep the d-c voltages from CB unit
56; open CB 64C7B1 (par. 3.2, Ch 4)
to keep regulated ac from unit 56. Do
not open the 2-pole knife switch, con-
tacts M1-M3 and N1-N3, as the —48V
control power is required for some
power-on sequences.

When the operations listed in a, b, ¢, and d are ac-
complished, the system is in a power-available status.
The battery voltage is fed to the CLOSE CB in the load
center through the manually closed load center control
switch and auxiliary contacts of the AC FEED CB of
the substation. These conditions close the normally
open points in the power available phantom block (CD
5.4.2.1).

The +130Vdc nonessential control power from
BATTERY DISCONNECT switch B5B11 is applied
through resistor R16 (CD 5.4.2.3) and a normally

‘closed point in the load center to FILAMENT INPUT

DE-ENERGIZED lamp B3A9, which lights. When the
filament input at the load center is applied, the nor-
mally closed contacts (in the phantom block on CD
5.4.2.3) open and the normally open contacts close.
The FILAMENT INPUT DE-ENERGIZED lamp is ex-
tinguished, and POWER OFF lamp B3A8 is lighted.

2.3 POWER OFF TO POWER ON

After the prestart operations have been completed,
a power-on sequence (fig. 4—G) may be initiated. This
sequence is automatic after the POWER ON pushbut-
ton on simplex maintenance console unit 47 has been
depressed.

When the power-available points are closed, the
+130Vdc essential control voltage is applied through
POWER OFF switch 47H3(J6 or J5)S2 (CD 5.4.2.1)
to terminal a of POWER ON pushbutton 47H3S1. De-
pressing the POWER ON pushbutton applies the
+-130Vdc to terminal ¢, which energizes signal relay
K31. Points 1a-1c of K31 provide a hold circuit when
the POWER ON pushbutton is released. Points 3a-3c
provide the 4-130Vdc through normally closed contacts
9-10 of the bus duct sequencing relay K7 (CD 5.2.1.14) to
the voltage monitor reset coils (CD 5.4.2.1). The volt-
age monitors are clamped. Points 4a-4c of K31 (CD
5.4.2.3) complete the circuit of 4-130Vdc nonessential
control power through normally closed contacts 6a-Gb
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Figure 4—6. Simplex Normal Power-On Sequence Chart

of K33, sounding the 5-second AUDIBLE HORN.
Points 2a-2c¢ of K31 (CD 5.4.2.1) energize time-delay
relay Ko61.

After a 5-second delay, points B5]J1v-w of K61
close, completing the circuit that energizes signal relay
K33. Points 1a-1c of K33 provide a hold circuit when
K61 is de-energized later. Points 6a-6b (CD 5.4.2.3)
open and interrupt the circuit to the 5-second AUDI-
BLE HORN, which silences. Points 8a-8c complete
the circuit through resistor R37, points 5a-5¢ of K31

which were closed five seconds earlier, and normally
closed points 7a-7b of K32 to light POWER ON
lamps B3A1 in unit 64 and 47H3(X9) in the simplex
maintenance console. Points 10a-10c of K33 (CD
5.4.2.1) complete the circuit to energize K62,

Points B5Jin-m of K62 complete the circuit that
energizes K42. Points 1a-1c of K42 (CD 5.4.2.2) close,
completing the circuits to voltage monitor relays K1
through K23. The actions of points on these relays are
explained later.
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Points 2a-2c of K42 (CD 5.4.2.1) close, sending
power-on signals through normally closed points 5a-
5b of K36 to load center C or D and to bus duct time
delay relay K4 (CD 5.2.1.14). The power-on signal causes
the CB in the input to the induction regulator to close,
which then closes the CB in the input to the d-c power
supplies.

Note

Some logic diagrams incorrectly refer to CD
5.2.1.13 for relay K4.

Points 5-12 of voltage monitor relays K1 through
K10 and K23 (shutdown level) close (CD 5.4.2.1), en-
ergizing signal relay K35.

Relay K35 has points 4a-4c in the circuits of the
power-on signals to the load centers and the power
supply input bus duct. These points close and maintain
the power-on signal when K36 is energized. Points 5a-
5¢ of K35 close and maintain the power-available sig-
nal from the load center when K36 is energized. Nor-
mally closed points 1a-1b of K35 open, de-energizing
K61, which drops immediately but has no effect on any
other circuit.

The power to the d-c power supplies in unit 61 is
applied in the same manner as in unit 60 (par. 2.3, Part
3, Ch 3), with the power supplies arranged in groups
(Table 3—10) for sequencing.

When the d-c power supply input CB is closed (CD
5.4.2.1) time delay relay K63 is energized. After 10 sec-
onds, points B5]le-f close, completing the circuits to
energize time delay relay K64, which requires 1 minute
to close its points, and signal relay K36.

Points 4a-4c of K36 (CD 54.2.3) provide a
source of relay power through points 5a-5c of K33,
previously closed, for the individual voltage-off-limit
lamps in PCD unit 64. If any of warning level voltage
monitor relays K11 through K22 are de-energized by
the pinning of the moving contacts after being un-
clamped by bus duct sequencing relay K7 (phantom
block on CD 5.4.2.1), their points 6-13 (CD 5.4.2.3)
will close and provide power to light their respective
VOLTAGE OFF LIMITS lamp.

Relay K36 closes its points la-1c (CD 5.4.2.1),
completing the circuit to energize K39 and K37 if reg-
ulated a-c CB 64C7A1 (CB1) (CD 5.3.2.2) is closed
and K38 if CB 64C7B1 (CB2) is closed. Points of K39
and K37 (CD 5.4.9.1) provide control power to ener-
gize relays in the application of power to simplex dis-
play load units. Points of K39 and K38 (CD 5.4.10.1)
provide control signals to apply power to the simplex
input load units.

The following description applies to simplex dis-
play power only. Since most of the components in the
following description are located in CB unit 48,
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the component designations should be prefixed by 48
except when complete designations are provided. (Re-
fer to par. 2.3, Ch 5, for a comparable description of
simplex input power.)

When the CB’s are closed (step e in par. 2.2) in
display console CB unit 48, auxiliary (interlock) points
b-d are closed and points c-d are opened. The
—48Vdc from the —48Vdc power supply is distributed
(Ch 2, Sect. 4) to bus bar 48B2L10 (CD 5.4.9.1, sheet
1). From CB 48B2L8, the —48V is applied to terminal
B2M3n and to the interlock circuits to energize status
control relays C3K2, D3K2, E3K2, F3K2, G3K2, H3K2,
J3K2, and K3K2. Relay C3K2, for example, is ener-
gized by the application of —48V control power from
terminal B2M3n, to terminal A6C1ld, and through
points b-d of CB’s A6C2, A6H2, B2C9, B2C8, B2C7,
B2C6, B2C5, B2C4, B2C3, B2C2, and B2C1. When the
above relays are energized, their points la-1c (CD
5.4.9.1, sheet 2), 2a-2¢, 3a-3c, and 4a-4c close, pre-
paring other relay circuits for signals from the simplex
maintenance console.

The —48V control power is applied to bus bar
56B2L10 (CD 5.4.10.1) in simplex input CB unit 56 at
the same time as simplex display CB unit 48. From CB
56B2L6, the —48V is applied to terminal e on barrier
strip E1, point 3a of SERVICE OPPOSITE SIMPLEX
SWITCH 47H3 (S6), point 2a of relay 47H3 (K3)
(S5.4.11.1), points 1c of relays 47H3(K2), K3, K4, and
K5, point 1b of relay 47H3(K6), pin A27 of the cable
connector on the simplex maintenance console, pin B
of a cable connector on the duplex switching console,
and point lc of 45K1, through points 3c-3a of 45K1
(when K1 was not tripped) to energize K2. Whenever
—48V is applied to point 1c of 45K1, the ON lamp
(X4) on that simplex switching panel of the duplex
switching console is lighted.

The above procedure is used if the power-on se-
quence follows the shutdown of power during active
status. For other conditions, the ACTIVE pushbutton
must be depressed to trip K1 of the active power system
and to pick K1 of the standby power system. The SER-
VICE OPPOSITE SIMPLEX switches (S6) are consid-
ered in the normal position.

If power system C is active, switching relay 45C-
(K1) is latched (all transfer points are up). The —48V
is applied across points la-1c of 45C(K1) to light the
ACTIVE lamp (X3) on the switching panel of power
system C of the duplex switching console and ACTIVE
lamp 47H3(X13) on the C power supply control panel
on the simplex maintenance console. This latter circuit
can be traced from point 1a of 45C(K1) to pin C of J1
on the duplex switching console, to pin A26 of P1 on
the simplex maintenance console, across normally
closed points 1a—1b of 47H3(K7), across 150-ohm R1,
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to energize 47H3(K10). Points 7-5 of 47H3 (K10)
close, completing the circuit to light ACTIVE lamp
47H3 (X13). Points 7-5 of 47H3 (K10), when closed,
also complete the circuit to energize 47H3(K7). Trans-
fer point 1a of K7 then provides a hold circuit through
point Ic to keep K7 energized and the ACTIVE lamp
lighted. Points 1a-1b open, dropping 47H3 (K10).
However, the circuits that were completed through
points 7-5 of L10 are now completed through points
la-1c of K7.

When 45C(K2) is energized, the following action
occurs. Points 1a-1b open to de-energize the pick coil
of 45D (K1) (in the other power system). Points 2a-2c
of 45C(K2) close, applying —48V to energize the a-c
control relays in CB unit 56 (par. 2.2, Ch 5). Points
3a-3c close, applying —48V to energize the a-c control
relays in CB unit 48 (circuit traced from point to point
in the following text). Points 4a-4c and 5a-5b close,
completing circuits that apply —48V from power sys-
tem D (the alternate system) to the standby control
relays in CB units 56 and 48, respectively, of system D
when power is on in power system D. The SERVICE
OPPOSITE SIMPLEX SWITCH, when shifted to off,
interrupts the —48V circuits to the standby control re-
lays.

Regulated ac is applied to the display console CB
unit when K37 and K39 (CD 5.4.2.1) are energized.
From bus bar 48B2L10 (CD 5.4.9.1, sheet 1), —48V is
applied across CB 48B2L9, across now closed points
la-1c of CB interlock relay K37 and points 2a-2¢c of
ac-on signal relay K39, to pin B9 of the plug connector
on the simplex maintenance console, to point 2a of
SERVICE OPPOSITE SIMPLEX switch 47H3 (S6), to
pin B17 of the cable connector on the simplex mainte-
nance console, to pin F of the cable connector on the
duplex switching console, across now closed points 3c-
3a of 45K2, to pin G of the cable connector on the
duplex switching console, to pin B36 of the cable con-
nector on the simplex maintenance console, to terminal
b of barrier strip E1, to pin A7 of the plug connector
on the simplex maintenance console, across now closed
points 2a-2c of 48C3K2 (CD 5.4.9.1, sheet 2), D3K2,
E3K2, F3K2, H3K2, J3K2, and K3K2, to energize a-c
active status relays C3E2, C3C2, D3D2, etc. (CD 5.4.9.1,
sheet 2).

If all the regulated a-c CB’s are closed in a display
console, auxiliary (interlock) points d-b (lines 4—7 on
CD 5.4.9.2) are closed, and —48V is applied from the
appropriate CB (CD 5.3.9.2) across points of relays
C3E2, C3C2, D3E2, etc. (above) to pin 44 of the cable
connector for the desired display console.

Refer to Schematics for Display System of
AN/FSQ-7 and -8, 3-252.-0, for the appropriate power
logic diagram. For example, —48V is received on pin
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44 of connector J5 (S 4.2.6) and applied through UNIT
STATUS switch S29 (must be in the active position) to
energize relay K1C. Contactors of K1C apply regulated
ac to the electronic circuitry of the display console.
The regulated ac for the filaments is now on the display
consoles.

One minute after time delay relay K64 is energized,
its contacts B5J1c-d close (CD 5.4.2.1), energizing relay
K40. Points 1a-1c of K40 close, providing a circuit
through now closed points 3a-3c of K31, normally
closed points 5a-5b of K32, and now closed points
2a-2c of K35, to energize K41.

Relay K41 has points 4a-4c (CD 5.4.9.1) in the dec-
on (active) signal circuit to the simplex maintenance
console (type 78004 panel, schematic diagram) and the
duplex switching console from display console CB unit
48. Points 5a-5c are in the dc-on (standby) signal
circuit. These circuits are used in switching the power
status of power systems C and D at the duplex switching
console,

When K41 is picked, its points 3a-3b open (CD
5.4.2.3), and POWER OFF lamps B3A8 and 47H3
(X10) are extinguished.

Points 4a-4c of K41 close (CD 5.4.9.1), completing
the circuit from terminal b of barrier strip E1 in the
simplex maintenance console (CD 5.4.11.1) (—48V was
applied to terminal b of barrier strip E1 during the ac-
on procedure) through pin A52 of the plug connector
on the simplex maintenance console, through K41 and
points 4a-4c of relays 48C3K2 (CD 5.4.9.1, sheet 2),
D3K2, E3K2, F3K2, G3K2, H3K2, J3K2, and K3K2, to
energize signal relays C3J2, C3G2, D3]J2, etc. (CD
5.4.9.1, sheet 2).

If all the d-c CB’s are closed in a display console,
auxiliary points b-d (lines 15-24 on CD 5.4.9.2) are
closed, and —48V is applied from the appropriate CB
(CD 5.3.9.2) across points of relays C3]2, C3Gz2, D3]J2,
etc. (above) to pin 46 of the cable connector for the
desired console.

Refer to Schematics for Display System of AN/FSQ-7
and -8, 3-252-0, for the appropriate power logic dia-
grams. For example, —48V is received on pin 46 of
connector J5 (S 4.2.6) and applied through UNIT
STATUS switch S29 (must be in the active position),
across now closed contacts of KI1C, to energize K2C.
Points of K2C apply —48V to K3C, which applied the
low d-c voltages first. Relay K4C is then energized
through points of K2C and K3C and applies the high
d-c voltages to that display console.

The display consoles that have their UNIT STATUS
switches in the active position will now be in the power-
on status.
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2.4 AC ONLY TO POWER ON

A Power Supply System in the ac-only status is
placed in the power-on status by depressing the POWER
ON pushbutton on the simplex maintenance console.
Refer to paragraph 4.2 to determine the condition of
switches, relays, and indicators for the ac-only status.

When POWER ON pushbutton 47H3(S1) (CD
5.4.2.1) is depressed, relay 64B5K32 is de-energized
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and K31 is energized. Points la-1c of K31 provide a
hold circuit when the POWER ON pushbutton is re-
leased. Relays K61, K33, K62, K42, K1 through K23,
K35, K63, K36, K64, K37, K38, K39, and K40 are
energized. Points 5a-5b of K32 close, completing the
path to energize K41. The points of K41 (CD 5.4.9.1
and S 5.4.11.1) then enable the d-c-on signals to reach
the display consoles and energize the signal relays that
apply the d-c voltages (par. 2.3).
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SECTION 3
NORMAL POWER-OFF SEQUENCE

3.1 GENERAL

In the normal power-off sequences, the power is
removed in steps. First the d-c voltages and then the
a-c filament power are removed. The 4-130Vdc battery
voltage for control circuits and the unregulated 120/
208Vac are not removed during the normal power-off
sequences. However, the methods of removing these
voltages are described in the same paragraphs, follow-
ing the automatic procedures, so that all power can be
removed.

This section describes the normal sequence for re-
moving the power from power system C or D when it is
in either the power-on or the power-off status.

3.2 POWER ON TO POWER OFF

This sequence is similar to the power-on to power-
off sequence for duplex equipment (par. 3.2, Part 3,
Ch 3) and is automatic after the POWER OFF push-
button on the simplex maintenance console is depressed.

Relays K31 and K33 (CD 5.4.2.1) are de-energized
when POWER OFF pushbutton 47H3(S2) is depressed.
Points of K31 interrupt circuits to de-energize K61 and
K41 and extinguish the POWER ON lamps (CD 5.4.2.3).
Normally closed points of K41 complete the circuits to
the POWER OFF lamps, which light, and other points
interrupt the circuits (CD 5.49.1 and CD 5.4.11.1),
which remove the d-c voltages from the display con-
soles and the simplex input load units. Points of K33
open (CD 5.4.2.1), de-energizing K62. One second later,
the points of K62 de-energize K42. Points of K42 inter-
rupt the power-on signals, shutting off the inputs to
the d-c power supplies and the induction regulator.

The d-c voltages and the regulated a-c power are re-
moved from PCD unit 64 and the distribution circuitry.

The unregulated ac can be removed from particular
display consoles by opening the proper CB at both CB
units 48. Unregulated ac is removed from one CB unit
48 by opening CB 9 (table 4—1) and from PCD unit
64 by opening the substation unregulated a-c feeder
breaker (CD 5.3.2.2).

3.3 AC ONLY TO POWER OFF

Power system C or D was placed in ac-only status
by sequencing from power off to ac only (par. 4.2)
or from power on to ac only (par. 4.3). In either case,
the relays, switches, and indicators will be in the same
condition.

The power-off sequence from ac-omly status is
initiated by depressing the POWER OFF pushbutton.
Relays K32 and K33 (CD 5.4.2.1) are de-energized when
POWER OFF pushbutton 47H3 (82) is depressed.
Points of K32 interrupt circuits to de-energize K61 and
to extinguish the AC ONLY lamps (CD 5.4.2.3). Points
of K33 open (CD 5.4.2.1), de-energizing K62. One
second later, the points of K62 de-energize K42. The
points of K42 interrupt the power-on signals, shutting
off the inputs to the d-c power supplies and the induc-
tion regulator. The d-c voltages are removed from
PCD unit 64, and the regulated ac is removed from all
power system C or D and from all display consoles con-
nected to the power system being shut down.

The unregulated ac can be removed as described
in the power-on to power-off sequence (par. 3.2).
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SECTION 4
AC-ONLY SEQUENCES

4.1 GENERAL

In this section, a simplex power system is placed
in the ac-only status from either the power-off or the
power-on status. These sequences are initiated by the
AC ONLY pushbutton on the simplex maintenance con-
sole and proceed automatically to the ac-only status.

4.2 POWER OFF TO AC ONLY

When the power available points in the load center
are closed, the +130Vdc essential control voltage is
applied through POWER OFF switch 47H3(S2) (CD
5.4.2.1), through points a-b of POWER ON switch
47H3(S1), to point 2 of AC ONLY switch 47H3(S3).
Depressing the AC ONLY switch applies the 130Vdc
to point ¢ and energizes signal relay K32. Points 4a-4c
of K32 provide a hold circuit when the AC ONLY
pushbutton is released.

The following procedure is similar to a portion
of the power-off to power-on sequence (par. 2.3) as is
summarized below.

Relay K32 completes the circuits to energize the
voltage monitor reset coils, which clamp the voltage
monitor relays, to energize time delay relay K61, to
light AC ONLY lamp B3A2 (CD 5.4.2.3), and to sound
the 5-second AUDIBLE HORN. After a 5-second delay,
the points of K61 (CD 5.4.2.1) close, energizing K33.
Points of K33 silence the 5-second AUDIBLE HORN
(CD 5.4.2.3) and energize K62 (CD 5.4.2.1), which
energizes K42. Relay K42 energizes voltage monitor re-
lays K1 through K23 (CD 5.4.2.2) and sends the power-
on signal (CD 5.4.2.1) to the load center and to bus duct
time delay relay K4 (CD 5.2.1.14). Points of K1 through
K10 and K23 (CD 5.4.2.1) energize K35.

Since —48V is used for control power in applying
regulated ac to the display consoles, the d-c power
supplies must be sequenced on (par. 2.3, Part 3, Ch 3)
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and the d-c input breaker closed before time delay relay
K63 can be energized. Ten seconds after K63 is
energized, the points close and apply 130Vdc to the
coils of signal relay K36 and time delay relay K64. Relay
K36 energizes K37, K38, and K39. The regulated ac is
then applied to the display consoles in the same manner-
as described in the power-off to power-on sequence
(par. 2.3). '

One minute after K64 is energized, its points close
and energize K40. However, points 5a-5b of K32 are
now open and prevent K41 from being energized. The
relay sequence stops with PCD unit 64, display console
CB unit 48, simplex input CB unit 56, the display
consoles, and the simplex input load units in ac-only
status.

4.3 POWER ON TO AC ONLY

If power system C or D is in the power-on status,
the power system can be placed in ac-only status by
depressing the AC ONLY pushbutton on the simplex
maintenance console. To determine the condition of
the relays involved in this procedure, refer to the power-
off to power-on sequence (par. 2.3).

Relay K32 (CD 5.4.2.1) is energized when AC ON-
LY pushbutton 47H3(S3) is depressed or the voltage-
monitor test switch is operated. Points of K32 de-
energize K31, while the other points of K32 are sub-
stituted for points of K31. Relay K41 is also de-energized,
which interrupts the circuits to the d-c control circuits
in the display consoles. The d-c voltages are removed
from the display consoles. Points 8a-8¢ of K32 (CD
5.4.2.3) complete the circuit to illuminate the AC ONLY
lamps, while points 7a-7b interrupt the circuit to the
POWER ON lamps. PCD unit 64, CB units 48 and 56,
simplex input unit 55, and the simplex loads are now
in ac-only status.
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SECTION 5
ABNORMAL-OFF SEQUENCES

5.1 GENERAL

The abnormal-off sequences remove all power (ex-
cept +130Vdc battery control power) from a power
system without regard to sequencing. Some sequencing
of relays occurs after the power is off. These sequences
should be used only when extensive and severe damage to
equipment is to be avoided, or when power must be
removed to avoid serious injury or death to personnel.

The abnormal-off sequence that is initiated by a
UNIT OFF switch on PCD unit 64, power supply unit
61 or a CB unit removes the power from that particular
power system. When an EMERGENCY OFF switch lo-
cated on columns throughout the site is activated, the
abnormal-off sequence occurs simultaneously in all
power systems. The shutdown level voltage monitors
automatically initiate an abnormal sequence only in the
particular power systems which they monitor.

5.2 UNIT OFF PUSHBUTTONS
When a UNIT OFF pushbutton (CD 5.4.2.2) is

depressed on PCD unit 64, CB unit 48, CB unit 56, or
power supply unit 61, the circuit of essential 4-130Vdc
to the switchgear is interrupted. The resulting action
(par. 5.2, Part 3, Ch 3) removes all power from the
power system involved.

5.3 EMERGENCY OFF SWITCH

A number of EMERGENCY OFF switches are lo-
cated on columns throughout the operations building
to remove power from all systems in extreme emer-
gencies. The break-glass-type switches effect a total
power shutdown of the entire Power Supply System by
removing battery power from all switchgear systems
(par. 5.3, Part 3, Ch 3).

5.4 VOLTAGE MONITOR

The shutdown level voltage monitor circuits auto-
matically shut down a power system when the d-c power
supplies deviate =20 percent from recommended volt-
age or when the regulated ac for the filaments deviates
#+10 percent (par. 5.4, Part 3, Ch 3).
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SECTION 6
CONTROL AT DISPLAY CONSOLE

6.1 GENERAL

The individual display consoles can be switched at
any time from active to off or any other condition by
rotating the UNIT STATUS switch. Some display con-
soles are duplex and are connected permanently to one
of the two Central Computers. (Refer to Theory of
Operation, Display System, AN /FSQ-7 and -8, 3-62-0).
These duplex display consoles also have unit status
switches but have SIG in place of the standby position.
Three types of unit status switches are described below.

6.2 SIMPLEX UNITS OF DISPLAY EQUIPMENT
The UNIT STATUS switch designated as type A

in figure 4—7 is used on display units which are sim-
plex. This type of switch is used because each display
console which is simplex must operate with either of
the computers; therefore, status selection is necessary
at the individual console. Power and signal lines of a
unit using this type of switch are switched for the five
switch positions as indicated below:

a. ACTIVE — Ac and d-c power lines are con-
nected from the active simplex power. supply
system. Signal lines are connected between the
active Central Computer and the unit containing
the switch.

b. OFF — All power and signal lines are discon-
nected from the unit containing the switch.

c. STANDBY — A-c and d-c power lines are con-
nected from the standby simplex power supply
system. Signal lines are connected between the
standby Central Computer and the unit contain-
ing the switch.

d. POWER — A-c and d-c power lines are con-
nected from the standby simplex power supply
system. All signal lines are disconnected from
the unit containing the switch.

e. AC— A-c power lines are connected from the
standby simplex power supply system. All signal
lines and d-c power lines are disconnected from
the unit containing the switch. ‘

This type of switch is used on the Command Post con-
sole desk section, and on all situation display (SD) con-
soles and auxiliary (aux) display consoles having unit
numbers higher than 175.
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6.3 PHOTOGRAPHIC RECORDER-REPRODUCER

UNIT

The UNIT STATUS switch indicated as type B in
figure 47 is used on photographic recorder-reproducer
(PRR) units 251 and 252. The PRR unit is a simplex
unit of display equipment, and, therefore, provision is
made to connect this unit to either the active or the
standby Central Computer. The power and signal lines of
the PRR unit are switched for the five positions of the
switch as indicated below:

a. AC — A-c power lines are connected to the PRR
unit from the standby simplex power supply sys-
tem. All d-c power lines and signal lines are
disconnected from the PRR unit.

b. PWR — A-c and d-c power lines are connected
to the PRR unit from the standby simplex power
supply system. All signal lines are disconnected
from the PRR unit.

c. STDBY — A-c and d-c power lines are connected
to the PRR unit from the standby simplex power
supply system. Signal lines are connected be-
tween the PRR unit and the standby Central
Computer.

d. OFF — All power lines are disconnected from
the PRR unit. All signal lines are disconnected
from the PRR unit.

e. ACT — A-c and d-c power lines are connected to
the PRR unit from the active simplex power
supply system. Signal lines are connected be-
tween the PRR unit and the active Central Com-
puter.

6.4 DUPLEX UNIT OF DISPLAY EQUIPMENT

The UNIT STATUS switch designated as type C
in figure 4—7 is used on display consoles which are
duplex. This type of switch is used because each display
console which is duplex is permanently connected to
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one Central Computer, and status selection is not neces-
sary at the individual console. Power and signal lines
of a unit using this type of switch are switched for
the four different switch positions as indicated below:

a. AC — A-c power lines are connected from the
duplex power supply system of the computer to
which the console is connected. All signal and
d-c power lines are disconnected.

b. POWER — A-c and d-¢ power lines are con-
nected from the duplex power supply system of
the computer to which the console is connected.
All signal lines are disconnected.

c. SIG — A-c and d-c power lines are connected
from the duplex power supply system of the
computer to which the console is connected. Sig-
nal lines are connected between the console and
the Central Computer having the same designa-
tion as the console. For example, signal lines
are connected between unit A168 and the A
computer when the UNIT STATUS switch on
unit 168 is placed in the SIG position.

d. OFF — All power and signal lines are discon-
nected at the console.

This type of unit status switch is used on the following
units of display equipment:

A45 Al171
B45 B171
A167 Al74
B167 B174
A168 A175
B168 B175

The UNIT STATUS switch on duplex switching
console unit 45 controls the distribution of signal and
power lines to the display portion of unit 45 only.
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3-82-0 Power Distribution, Introduction
SECT. 1 1.1-1.2
CHAPTER 4
POWER DISTRIBUTION FOR INPUTS
SECTION 1
INTRODUCTION
1.1 SCOPE unit 56 and PD unit 55, to the simplex input load units.

Chapter 4 presents a detailed analysis of the circuitry
used in distributing power to the simplex input load
units. This presentation is divided into separate sections
for unregulated a-c distribution, regulated a-c distribu-
tion, d-c distribution, and neutral lines, returns, and
grounds. The last section explains only the overall ar-
rangements of the neutral lines, returns, and grounds,
individual neutral lines and returns being listed in
conjunction with the specific distribution circuits.

1.2 GENERAL

The distribution of power for inputs begins at
PCD unit 64 (fig. 3—1). Unregulated 120/208Vac is
distributed from unit 64 to convenience outlets in CB
unit 56, PD unit 55, MC unit 58, the simplex input
load units, and simplex maintenance console unit 47.
The unregulated ac is applied to each load unit directly
from CB unit 56 without passing through PD unit 55.
Power systems C and D each supply unregulated ac to
one-half of the convenience outlets in PD unit 55 and
in -every simplex input load unit. Both power systems
also supply unregulated ac to the motor of the ampli-
dyne and to the computer entry punches.

Regulated 120/208Vac is distributed from PCD unit
64, through CB unit 56, through PD unit 55, to the
simplex load units.

Ten d-c voltages are received at PCD unit 64, only
nine of which are used in the simplex input equipment.
The voltages are distributed from unit 64, through CB

The control voltage (—48V) is also distributed to MC
unit 58 and to simplex maintenance console unit 47.
Some of the simplex input load units have facilities
for marginal checking. During marginal checking, any
of five of the d-c voltages is applied through CB unit
56, to MC unit 58, where voltage variations are in-
troduced, through PD unit 55, and then to the simplex
input load.

Simplex input CB unit 56 contains the necessary
CB’s to supply power to the following units:

a. Load units
XTL unit 32
GFI unit 34
LRI unit 41
Test pattern generator unit 92

Computer entry punch units 352, 353, and 354

Note

Units 34 and 41 are not used in
AN/FSQ-8. Refer to Part 7.

b. Control units

Simplex maintenance console unit 47
Simplex marginal checking unit 58

Simplex input PD unit 55
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SECTION 2
UNREGULATED A-C DISTRIBUTION

2.1 GENERAL

Unregulated 120/208Vac is provided at numerous
units for distribution to convenience outlets, for use by
card entry punch units 352, 353, and 354, and to supply
power for the prime mover of the simplex marginal
checking generator (amplidyne). Primary distribution
involves the distribution through the 3-phase CB’s in
PCD unit 64. Distribution to convenience outlets is
shown in the tables for simplex input CB unit 56,
simplex input PD unit 55, one typical load unit, MC
unit 58, and simplex maintenance console unit 47. One
phase of unregulated ac is distributed to card entry
punch units 352, 353, and 354. Three-phase un-
regulated ac is supplied to the motor of the amplidyne.

Distribution to metering circuits is described in
Chapter 2, Section 5.

2.2 PRIMARY DISTRIBUTION

Three-phase unregulated ac is applied from the
substation feeder breaker to bus bars 64C9L1, L2, and
L3 (CD 5.3.2.2) in PCD unit 64. The unregulated ac is
distributed through 3-phase CB 64C7F1 (CB 10) to
bus bars (table 4—12).

TABLE 4—12. UNREGULATED A-C BUS BARS

(table 4—13). The neutral side is connected to terminal
10 on unregulated a-c neutral bus bar 56A1K1
(S 5.3.10.2).

TABLE 4—13. UNREGULATED A-C DISTRIBUTION
TO CONVENIENCE OUTLETS IN CB UNIT 56

CONVENIENCE
BUS BAR CB OUTLETS
56A1A2 56H1 56C1
56A1A2 56H1 56D1
56A1A2 56H5 56E1
56A1A2 56H5 56F1

Note: See logic diagram $.3.10.2 for these components.

2.3.3 Simplex Input PD Unit 55
Simplex input PD unit 55 receives unregulated ac
from both simplex input CB units (C and D). Phase
3 from the main bus bar 56A1A2 (S 5.3.10.2) of power
system C and of power system D provides unregulated
ac for the convenience outlets in unit 55 (table 4—14).

IN UNIT 56
INPUT MAIN TATBOLEC:):"IVIIE. UEP:II::EEGgI.ATEED,SAI-C DISTRIBUTION
PHASE BUS BAR BUS BAR NI UTLETS IN PD UNIT 5335
1 56A6H3 56A1A4 POWER CONVENIENCE
) SGAGH?2 SGA1A3 SYSTEM CB OUTLETS
3 56AGH1 56A1A2 C 56A1B1 55A1, 55B1, 55C1
56A1B5 55D1, 55E1, 55F1
Neutral — 56A1K1
D 56A1B1 55G1, 55H1, 55]1
56A1B5 55K1, 55L1, 55M1

Note: See logic diagram S 5.3.10.2 for these components.

2.3 CONVENIENCE OUTLETS

2.3.1 Power Supply Unit 61
Refer to paragraph 2.3.1, Chapter 2, for this in-
formation.
2.3.2 Simplex Input CB Unit 56

Phase 3 to neutral provides 120V unregulated ac
for the convenience outlets in simplex input CB unit 56
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Note: See logic diagram §5.3.10.2 for these components.

2.3.4 Load Units
Unregulated ac to the convenience outlets on the
load units is applied directly from both simplex input
CB units 56 without passing through PD unit 55. The
distribution to XTL unit 32 (S 5.3.10.2) is listed in table
4—15 as a typical load unit.



PART 4, CH 4
SECT. 2

TABLE 4—15. UNREGULATED A-C DISTRIBUTION
TO CONVENIENCE OUTLETS IN A
TYPICAL LOAD UNIT

3-82-0

POWER CONVENIENCE
SYSTEM cB OUTLETS
C 56A1ES 324, 32C, 32E
56A1E1 32L, 32N, 32R
D 56A1E5 32B, 32D, 32F
56A1E1 32M, 32P, 328

Note: See logic diagram $5.3.10.2 for these components.

2.3.5 MC Unit 58
Unregulated ac to the convenience outlets on MC

unit 58 (S 5.3.10.2) is applied from both simplex input
CB units 56 (table 4—16).

TABLE 4-—-16. UNREGULATED A-C DISTRIBUTION
TO CONVENIENCE OUTLETS IN MC UNIT 58

POWER CONVENIENCE
SYSTEM CcB OUTLETS
C 56A1C1 58B8A
56A1C5 58D8A
D 56A1C1 58B4A
56A1C5 58D4A

Note: See logic diagram S5.3.10.2 for these components.

Tables 4—15 to 4—18

2.3.6 Simplex Maintenance Console Unit 47
Unregulated ac to the convenience outlets on
simplex maintenance console unit 47 (S 5.3.10.2) is
applied from both simplex input CB units 56 (table
4—17).

TABLE 4—-17. UNREGULATED A-C DISTRIBUTION
TO CONVENIENCE OUTLETS IN UNIT 47

POWER CONVENIENCE
SYSTEM cB OUTLETS
C 56A1D1  47B1E1, 47C1E1, 47D1E1
56A1D5  47E1E1, 47F1E1, 47)5F1
D 56A1D1  47G1H1, 47H1E1
56A1D5  47K1E1, 47J1E1, 47KSE1

2.4 CARD ENTRY PUNCH UNITS 352, 353,

AND 354

Phase 1 to neutral of 120V unregulated ac is
supplied to card entry punch units 352, 353, and 354
(logic diagram 2.2.1.2 and table 4—18). Each card
entry punch is supplied through a power connector
(PC) with the same terminal number.

2.5 AMPLIDYNE MOTOR
All three phases of 208V (phase-to-phase) un-

- regulated ac are supplied to the amplidyne to power

the motor (table 4—19).

TABLE 4—18. UNREGULATED A-C DISTRIBUTION TO UNITS 352, 353, AND 354

TERMINAL NEUTRAL BUS
POWER ON BUS BAR BAR 56A1K1 PC UNIT
SYSTEM 56C2F1 cs TERMINAL TERMINAL NO.
C 21 56C2F21 — PC3 352
— - 1 PC4 352
20 56C2F20 — PC3 353
- — 2 PC4 353
19 56C2F19 - PC3 354
- - 3 PC4 354
D 21 56C2F21 — PC1 352
— — 1 PC2 352
20 56C2F20 —_ PC1 353
— - 2 PC2 353
19 56C2F19 — PC1 354
— — 3 PC2 354

Note: See logic diagram $5.3.10.2 for these points.
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Tahle 4-19 3-82-0 PART 4, CH 4
SECT. 2
TABLE 4—19. UNREGULATED A-C DISTRIBUTION TO AMPLIDYNE MOTOR
POWER cB MOTOR
PHASE SYSTEM BUS BAR TERMINAL CONTACTORS  CONNECTION
1 C 56AGH3 e 58B6A2(L3-T3) T3
2 S6AGH2 £ 58B6A2(L3-T3) T3
3 56AG6H1 g 58B6A2(L1-T1) Tt
1 D 56AGH3 e 58B2A4(L3-T3) T3
2 56AGH2 f 58B2A4(L2-T2) T2
3 56AGH1 g 58B2A4(L1-T1) T1

(See $5.3.10.4)

Note: See logic diagram $5.3.10.2 for these poiﬁt&.
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Regulated A-C Distribution
3.1-35

SECTION 3
REGULATED A-C DISTRIBUTION

3.1 GENERAL

Three-phase regulated 120/208Vac is applied to
filament transformers in the load units, where the voltage
is stepped down and applied to the filaments of the
electron tubes. A typical circuit is used to trace regulated
ac through PCD unit 64, CB unit 56, and PD unit 55,
and into a simplex load unit.

3.2 PCD UNIT 64

Three-phase regulated ac is applied from induction
regulator unit 95 to bus bars 64C9L1, L2, and
L3 (CD 5.3.2.2) in PCD unit 64. The regulated ac is
distributed through 3-phase CB64C7B1 (CB2) to sim-
plex input CB unit 56 for further distribution. The
distribution of regulated ac to the metering circuits is
presented in paragraph 5.2.2.3, Chapter 2.

3.3 CB UNIT 56

Regulated ac from CB 64C7B1 (CB2) (CD 5.3.2.2)
is applied to bus bars, 56A6B1, B2, and B3 (85.3.1.0.1),
for phases 3, 2, and 1, respectively. Distribution pro-
ceeds from these bus bars (table 4—20) through 3-phase

CB to other bus bars, through single-phase CB’s to the
leads that conduct the power to simplex input PD unit 55.

3.4 PD UNIT 55

Regulated ac from simplex input CB unit 56 (table
4-20) is applied to simplex input PD unit 55.
Contactors in sliding units (S 5.3.10.1) within unit 55
connect power system C or D to provide the regulated
ac for the load units that are operating. The regulated
ac provided by power system C or D is applied to
leads in cables and conducted to simplex load units.

3.5 SIMPLEX LOAD UNIT

The load units (XTL unit 32, GFI unit 34, LRI
unit 41, and test pattern generator unit 92) receive
3-phase regulated 120Vac (S 5.3.10.1) through power
cables from simplex input PD unit 55. This unregulated
ac is applied to terminals of the filament transformers
(table 4—21) in the numerous modules of the load .
units.

Terminals of the secondary windings on the filament

transformers provide the low-voltage ac for the filaments
of the electron tubes.

TABLE 4—20. TYPICAL REGULATED A-C DISTRIBUTION POINTS TO SIMPLEX INPUT LOAD UNITS

3-PHASE SINGLE- PIN ON PU
3-PHASE CB PHASE CONNECTOR
BUS BAR CcB TERMINAL BUS BAR  BUS BAR CB P3 P2A CHANNEL
C 56A6B3 56A6C2 g 56C3B1 56C2C1 56C2C16 14 7&50 XTL
15 GFI
(Phase 1 (See (See (See 14 LRI
applied Column 6 Column 7 Column 8 56C2C13 14 7850 XTL 1
from on on on etc etc
terminal §5.3.10.1) $5.3.10.1) $5.3.10.1) (See ’ (See ’
64C7B1f) Column 10) Column 1)
C 56A6B2 56A6C2 f 56C3C1 56C2D1 56C2D16 13 14&43 XTL
1 GFI
(Phase 2 (See (See (See 1451 LRI
applied Column 6 Columa Column < b13 13 14&43 XTL 1
from on 12 on 13 on etc etc
terminal §$5.3.10.1) §5.3.10.1) $5.3.10.1) (See ’ (See ’
64C7B1e) Column 15) Column 1)
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TABLE 4-—-20. TYPICAL REGULATED A-C DISTRIBUTION POINTS TO SIMPLEX INPUT LOAD UNITS (cont'd)

3-PHASE SINGLE- PIN ON PU
3-PHASE CcB PHASE CONNECTOR
BUS BAR CB  TERMINAL BUS BAR  BUS BAR CcB P3  P2A CHANNEL
C 56A6B1 56A6C2 e 56C3D1 " 56C2E1 56C2E16 11 41&42 XTL
(Phase3  (See (See (See 15 GFI
applied Column 6 Col Col 14 LRI
PP oluma otumn oMM 56C2E13 11 41&42 XTL 1
from on 17 on 18 on etc etc
terminal $5.3.10.1) $5.3.10.1) $5.3.10.1) ’ )
64C7B1d) : (See (See
"~ Column 20) Column 1)
TABLE 4—21. TYPICAL A-C APPLICATION TO FILAMENT TRANSFORMERS
CHANNEL IN
UNIT 32 PHASE 1 PHASE 2 PHASE 3 NEUTRAL
1 32A(T3)6 32A(T2)6 32A(T1)6 32A(T1)1
2 32B(T2)6 - 32B(T1)6 32B(T3)6 32B(T1)1
3 32C(T1)6 32C(T3)6 32C(T2)6 32C(T1)1
etc. etc. etc. etc. etc.

Note: Seelogic diagram S 5.3.10.1 for these locations.
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CB Unit 56, PD Unit 55
4.1-4.4.1

SECTION 4
D-C DISTRIBUTION

4.1 GENERAL

The Power Supply System provides d-c power for the
electronic circuits.  Eight d-c voltages (4250, 4150,
-+90, +10, —15, —30, —150, and —300V) are dis-
tributed to the input equipment. The ninth voltage,
—48YV, is used as a control voltage to energize relay
coils. A battery source of 130Vdc is also used as control
power; however, this voltage is mentioned only with
control functions and is not discussed in these distribu-
tion circuits. Five of these voltages (4-250, 4150, 490,
—150, and —300V) are also routed through special
circuits for use in marginal checking certain simplex
- load units. A typical marginal checking application is
covered in paragraph 4.4.2. For more details regarding
marginal checking, refer to the Theory of Operation,
Marginal Checking System, AN/FSQ-7 and -8, 3-92-0.

4.2 POWER SUPPLY UNIT 61

The d-c power is rectified from a-c power (Part 2,
Ch 4) by d-c power supplies in unit 61. Only 9 of the
10 d-c voltages (table 4—5) are used in the input
equipment. The 4600V power is not required.

4.3 PCD UNIT 64

Eight contacts of a 9-pole knife switch connect the
distribution lines of simplex input CB unit 56 to the
d-c voltage bus bars in PCD unit 64 (table 4—22).
A double-pole knife switch provides the —48V for
control power.

Distribution of d-c voltages to the metering circuits
is described in Chapter 2, Section 5.

4.4 CB UNIT 56 AND PD UNIT 55
4.4.1 Nonmarginal Checking Voltages

Eight d-c service voltages and the —48V control
voltage are applied from the knife switch (table 4—22)
in unit 64 to the main bus bars in simplex input CB
unit 56 (CD 5.3.10.3). Each voltage is then applied
from its main bus bar through CB’s to bus bars in other
modules of unit 56 for distribution to the input load
units.

For example, the 4-250V is taken from contact
D2 of knife switch 64A6 (CD 5.3.2.1) and applied to
terminal 1 on main bus bar 56B2B5 (table 4—23 and

TABLE 4—22. D-C VOLTAGES IN UNIT 64 FOR
SIMPLEX INPUT CB UNIT 56

CONTACTS OF KNIFE

VOLTAGE SWITCH 64A6
4250 D2-D3
4150 E2-E3
+ 90 F2-F3
+ 10 G2-G3
— 15 H2-H3
— 30 J2-J3
—150 K2-K3
—300 L2-L3
_ 48 Mi1-M3

N1-N3

Note: Seelogic diagram CD 5.3.2.1 for these points.

CD 5.3.10.3). One line then proceeds from terminal 2
on the main bus bar through CB 56B2C5 to terminal 1
on bus bar 56C2L1. The line from terminal 13 then
applies the 4250V to CB56C2L13 (S 5.3.10.5, sheet 1),

* to connection 55B6C4h in PD unit 55, to pin 4 in plug

connector P3 of type 78019 sliding unit 55B-4, to pin
49 in jack connector J2A, to connection 55B6A1lh to
terminal 32AZ4b. Contacts 1a-1c of K2 in the pluggable
unit apply the 4-250V when power system C is active.
Contacts 1a-1c of K11 apply the 4250V when power
system D is active.

Other distribution lines can be traced in the same
manner. The one d-c return line for each channel
(S 5.3.10.7) provides the return for all d-c voltages.

In card entry punch units 352, 353, and 354, only
+10 and —48Vdc are distributed. The —48 is dis-
tributed for control voltage (S 5.4.10.4). For unit 352,
the 410V is applied across CB 56C2H21 (S 5.3.10.6)
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TABLE 4—23. TYPICAL D-C DISTRIBUTION POINTS THROUGH UNITS 56 AND 55

TYPICAL
CHANNEL XTL 1 GFI 1, 2 GFl 1, 2
Voltage +250 V +250V +150V
Main Bus Bar 56B2B5S 56B2B5 56B2B4
(CD 5.3.10.3)
Backup CB 56B2Cs 56B2D5 56B2C4
(CD 5.3.10.3)
Distribution Bus Bar 56C2L1 56D2L1 56D2M2
(CD 5.3.10.3)
Distribution Terminal 56C2L13 56D2L20 56D2M20
(CD 5.3.10.3)
Distribution CB 56C2L13 56D2L20 56D2M20
(S5.3.10.5) (Sheet 1, line 23) (Sheet 2, line 23) (Sheet 2, line 53)
Unit 55 Connection 55B6C4h 55D6C4h 55D6C4;j
(S5.3.10.5) (Sheet 1, line 24) (Sheet 2, line 24) (Sheet 2, line 54)
Sliding Unit 55B-4 55D-4 55D-4
($5.3.10.5) (Sheet 1, line 2) (Sheet 2, line 2) (Sheet 2, line 2)
Input Connector I3 J3 )3
~ §5.3.10.5, sheet 8)
Input Connector Pin 4 4 2
System C Contractor Relay K2 K2 K2
System C Relay Contacts la-1c la-1c 2a-2¢
Output Connector J2A J2A J2A
Output Connector Pin 49 49 31
Cable Connection 55B6A1h 55D6A1h 55D6A1j
(§5.3.10.5) (Sheet 1, line 26) (Sheet 1, line 26) (Sheet 2, line 56)
Load Unit Connection 32AZ4b 34AZ4b 34A”Z4c

(55.3.10.5)

(Sheet 1, line 27)

(Sheet 2, line 27)

(Sheet 2, line 27)
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SECT. 4 ‘ 4.4.1-45.2
to pin 27 of a power connector (PC) cable, and then
to relay contacts 12BL (2.2.1.2, Sect. 10B). Relay con- SHEET 16 OF 2I
. . . . . FRAME NO. 25 [moouLE | E
tacts in unit 352 apply the -}-10Vdc to unit 23, which in TTLE SERVICE WIRE SPECIAL
turn connects to other load units. The d-c return line, FROM i
. . w [ g
consequentl.y, is provided through the d-c returns for g5, g g;g_, . z AP g2
duplex equipment. 828\ & ||%==|E 2|58 |8 3%
a a
. . Y D2 Y Fl {-30 BLUE 3002514
4.4.2 Marginal Checking Voltages
Z | Y | A4 [ [ BLAK 3002502
) The voltages used for marginal checking t.he 51mple.x — 5 5 Tiso o 005
equipment are taken from the main bus bars in CB unit Z_| sc 2 4d [+90 | GRAY 3002510
56 (par. 4.4.1). Each voltage is protected by a CB in unit Y1 G V| 29 [-48 |wwowvom| | 3003998
o . . . Y _| H5 Y| 2e | -48 |wi/orven 3003998
56 before it is applied to MC unit 58. For marginal
. . . . . v A8 Y E5 |-30 BLUE 3002514
checking, the output of the amplidyne is switched in
. . . \4 E2 v G7 | +90 | WH/GRY 300251t
series with the selected voltage and applied to the x & ][ x |®6
selected circuits. 2 e
B6 05
g D5 D6
E 5
4.5 SIMPLEX INPUT LOAD UNIT 3 s s
] G6 G7
[
4.5.1 Nonmarginal Checking Voltages z e
. . . . B6 05
The distribution of d-c voltages through the simplex b D5 05
. . - . . @« i
input load units (XTL unit 32, GFI unit 34, LRI unit 65 G6
. H G6 H G7
41, and test pattern generator unit 92) can be traced e J |85
on the standard wiring charts (fig. 4—8). (Refer to B 55
Military Reference Data Standards, subsection 1-2-4-2 % o
par. 7, on the interpretation of standard wiring charts). -
For example, in XTL 1, the 250V is applied to unit o S i
32 at terminal 32AZ4b (table 4—23) and then dis- e L s|e|e]efe
tributed to terminal E4 (fig. 4—8) in other locations bs s Eggg‘g
of that load unit. K | 66 K| 67 | +90 | WH/GRY 3002511 gum:nm
sdslklalo
» 3|7f3|%)*
4.5.2 Marginal Checking Voltages «lulB]z]s
S Rk
The distribution of MC voltages through the sim- si? #°
plex input load units can be traced on unit supplement g|°fm]|®
charts in Schematics for Input System of AN/FSQ-7
and Q-8, 3-232-0. Refer to MRD Standards, subsection
1-2-4-2, paragraph 7 for useful instructions. Figure 4—8. Typical Assembly Wiring Chart
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SECTION 5
NEUTRAL LINES, RETURNS, AND GROUNDS

5.1 GENERAL ,

Like the duplex and display equipment, the input
and output equipment has a-c neutral lines, d-c returns,
and equipment bonds.

5.2 NEUTRAL LINES

5.2.1 Unregulated A-C Neutral

An unregulated a-c neutral line from each PCD
unit 64 (CD 5.3.2.2) connects to bus bar 56A1K1
(S 5.3.10.2) in simplex input CB unit 56. From this
bus bar, the neutral lines are distributed throughout the
simplex input equipment as described in conjunction
with unregulated a-c distribution (Sect. 2).

5.2.2 Regulated A-C Nevtral
A regulated a-c neutral line from each PCD unit
64 (CD 5.3.2.2.) connects to bus bar 56A2A1 (S 5.3.10.1)
in simplex input CB unit 56. From this bus bar, the
neutral lines are distributed throughout the simplex
input equipment as described in conjunction with reg-
ulated a-c distribution (Sect. 3).

5.3 D-C RETURN LINES

5.3.1 D-C Return

Returns for dc are distributed throughout the units
of the power system and the loads. One d-c return
arrangement is common for all d-c voltages except the
—48V (relay power).

Returning from the load units, the d-c return lines
are connected together, returned to CB unit 56, and
returned to d-c return bus bar 64A5 (CD 5.3.2.1.). From
this bus bar, the returning d-c is conducted to its respec-
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tive d-c power supply after passing through the ap-
propriate ammeter shunt in PCD unit 64.

5.3.2 Relay Return

Relay return lines are provided throughout the
units of the power systems, load units, and the other
control units to return the —48Vdc. From the input
load units, the relay return lines connect to bus bar
56B3A2 (S 5.3.10.7). The —48V return lines from this
bus bar return to bus bar 64A5 (CD 5.3.2.1.). The
—48Vdc then passes through the ammeter shunt in
PCD unit 64 and returns to the —48V power supply
in unit 61.

5.4 EQUIPMENT BOND

The equipment bond grounds the frame of each
unit in the equipment, except for the maintenance con-
sole. The equipment bond in simplex maintenance con-
sole unit 47 ends at terminal 47)J3(E31)h (S 5.3.10.7).
The equipment bonds of the units in each power system
are connected through their respective CB unit to equip-
ment bond bus bar 64C5 (CD 5.3.2.1.). The equipment
bonds of power systems A, B, C, and D are connected
together at simplex input load units. Equipment bonds
from ground bus bars of the load units connect to equip-
ment bond bus bars in PD unit 55, and other bonds
from ground plates in the load units (5.3.7.2, 5.3.7.3,
and 5.3.7.4) connect to MCD unit 59. One line connects
d-c return bus bar 64AS5 to equipment bond bus bar
64C5. The frames of sections A, B, and C of PCD unit
64 are also connected to this equipment bond bus bar.
This bus bar then connects to the equipment bond ter-
minal of line regulator C95 or DY5.
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SECT. 1 1.1-143
CHAPTER 5
POWER CONTROL FOR INPUTS
SECTION 1
INTRODUCTION
1.1 SCOPE OFF pushbutton, located on module A, in addition to

In this chapter the control circuitry is described in
detail, and the operation of controls, indicators, and
components is explained. Only descriptions of controls
and indicators on units 56 and 55 are provided in this
chapter. The controls and indicators on the other units
involved in power control for inputs are described
under controls (par. 1.3, Ch 3) and indicators (par.
1.4, Ch 3) for displays. The conditions of various circuits
during the normal-on, normal-off, and abnormal-off
sequences are explained in detail.

1.2 GENERAL

When power system C or D is turned on to supply
power for the simplex inputs, the power is also brought
up for the simplex displays on the same system, unless
the appropriate knife switches and CB’s are opened to
prevent power from being distributed to the displays.

The operator at simplex maintenance console unit
47 initiates the normal sequences in the control of the
power for the simplex inputs. Power system C or D is
brought individually to power-on or ac-only status by
depressing the correct pushbutton on the simplex main-
tenance console. Each power system is normally shut
down from the simplex maintenance console. Push-
buttons on several units in each power system permit
immediate shutdown of that power system. Emergency
switches located on columns throughout. the operations
building shut down all power systems simultaneously.

The operator at duplex switching console unit 45
selects the power system that is to be active by depressing
the correct ACTIVE pushbutton. The power status of
each input channel can be selected by means of the
unit status switch of that channel on pluggable panels
in the simplex maintenance console.

1.3 CONTROLS

1.3.1 Simplex Input CB Unit 56
Simplex input CB unit 56 (fig. 4—3) has a UNIT

the CB’s.

1.3.2 Simplex Input PD Unit 55
Simplex input PD unit 55 (fig. 4—4) has no
external controls to operate the simplex equipment.
All sliding units are covered by doors that are locked
with combination-type locks.

1.3.3 Other Units
Several units are used in controlling power for
displays as well as for inputs. The controls on those
units are described in paragraph 1.3, Chapter 3. The
controls on the duplex switching console are described
in paragraph 2.2.1, Part 5.

1.4 INDICATORS

1.4.1 Simplex Input CB Unit 56
CB unit 56 (fig. 4—3) has indicators on the front
of modules A, C, D, E, and F to show which channels
have power applied. Near the UNIT OFF switch in
module A are the AC CB TRIP lamp, the DC CB
TRIP lamp, the MC CB TRIP lamp, and the spare
lamp.
1.4.2 Simplex Input PD Unit 55
POWER ON lamps on PD unit 55 (fig. 4—4)
indicate whether the sliding units receive power from
system C or D. The upper lamp, when lighted, indicates
that power for the sliding unit is received from system
C; the lower lamp indicates that power is received
from system D. Every module contains one pair of
lamps for every sliding unit in that module (par. 1.2.5,
Ch 1). Below each pair of lamps is an AC TIME ON
(elapsed time) indicator for every sliding unit.

1.4.3 Other Units

The indicators on other units involved in controlling
power for displays are described in paragraph 1.4,
Chapter 3. The indicators on the duplex switching con-
sole are described in paragraphs 2, 3, and 2.4, Part 5.
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SECT. 2

SECTION 2
NORMAL POWER-ON SEQUENCE

2.1 GENERAL

The normal power-on sequences for inputs occur
simultaneously with the power-on sequences for displays
when the POWER ON push-button on the simplex main-
tenance console is depressed. Therefore, the same pre-
start conditions (par. 2.2, Ch 3) must exist. To prevent
the application of power to displays, the following
steps can be performed in conjunction with the pre-
start conditions:

1. Open contacts of knife switch 64A6(table 4—G)
to keep d-c voltages from CB unit 48.

2. Open CB 64C7A1 (par. 3.2, Ch 2) to keep
regulated ac from unit 48.

2.2 POWER OFF TO POWER ON

This sequence is automatic after the POWER ON
pushbutton on simplex maintenance console unit 47 has
been depressed. The operation of the relays in PCD
unit 64 and the indications on units 64 and 47 are the
same as the power-on sequence for displays (par. 2.3,
Ch 3).

Since most of the components in the following
description are located in CB unit 56, the component
designations should be prefixed by 56 except when
complete designations are provided.

The —48V control power is applied to bus bar
B2L10 when the —48Vdc power supply produces the
power. When the CB’s in simplex input CB unit 56 are
closed (step e in par. 2.2, Ch 3), auxiliary (interlock)
points b-d (CD 5.4.10.1) are closed and points c-d are
opened. The control relay in each interlock circuit can
then energize (table 4—24) when —48V control power
is applied. For example, —48Vdc from CB B2L8 is
applied across auxiliary points b-d of CB’s A6C2 and
B2C1 through B2C9 to energize status control relay
C3K2.

The —48V control power from CB B2L6 is ap-
plied through pin B30 of the plug connector of the
simplex maintenance console (S 5.4.11.1), to terminal
e on barrier strip 47H3E1, to point 3a of SERVICE
OPPOSITE SIMPLEX SWITCH 47H3(S6), to point 2a
of relay 47H3K3, to points 1c of relays 47H3K2, K3, K4,
and K5, and point 1b of relay 47H3KG, to pin A27 of the
plug connector on the simplex maintenance console, to
pin B of a cable connector on the duplex switching
console, to point lc of relay 45K1, across now closed
points 3a-3c of 45K1 (when relay K1 was not tripped)
to energize 45K2.

The above procedure is used if the power-on se-
quence follows the shutdown of power during active
status. For other conditions, the ACTIVE pushbutton

TABLE 4—-24. POWER CONTROL INTERLOCK CIRCUITS FOR INPUTS

BACKUP CB’s IN UNIT 56

N INTER- REGU-

CHANNEL LOCK LATED

IN GROUP RELAY ~ AC —48V 10V —15V —30V 250V 4150V 90V —150V —300V
CE 352, 353, 354 C3K2 A6C2 B2C9 B2Cs8 B2C7 B2C6 B2C5 B2C4 B2C3 B2C2 B2C1

GFI Monitor,

Test Pattern

Generator,

XTL
GFI D3K2 A6C3 B2D9 B2Ds8 B2D7 B2D6 B2D5 B2D4 B2D3 B2D2 B2D1
LRI 1 through 18 E3K2 A6D2 B2E9 B2E8 B2E7 B2E6 B2E5 B2E4 B2E3 B2E2 B2E1l
LRI 19 and up F3K2 A6D3 B2F9 B2F8 B2F7 B2F6 B2F5s B2F4 B2F3 B2F2 B2F1

(CD (85.3.10.1) (Circuits containing these CB’s are found on logic diagram

5.4.10.1)

CD 5.3.10.3.)
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must be depressed to trip K1 of the active power system
and to pick K1 of the standby power system. The
service opposite simplex switches are assumed to be in
the normal position,

If CB 64C7B1 (par. 3.2, Ch 4) is closed, auxiliary
puints 3a-3c are closed (CD 5.4.2.1) and enable points
la-1c of relay 64B5K36 to complete the circuit to
energize relay G4B5K38. Points of 64B5K39 and
64B5K38 (CD 5.4.10.1) complete the circuit to apply
power to the simplex input load units.

The —48Vac-on signal from CB 56B2L9 energizes
the a-c control relays (CD 5.4.10.1). This circuit can
be traced as follows: across now closed points la-1c
of relay 64B5K38, across now closed points 3a-3c of
relay 64B5K39, to pin Bl11 of the plug connector on
the simplex maintenance console (S 5.4.11.1), to point
la of the SERVICE OPPOSITE SIMPLEX SWITCH,
to pin B13 of the plug connector on the simplex main-
tenance console, to' pin D of a cable connector on the
duplex switching console, across now closed points 2a-
2¢ of relay 45CK2, to pin E of a cable connector on the
duplex switching console, to pin B38 of the plug con-
nector on the simplex maintenance console, to terminal a
on barrier strip 47H3EL, to pin A5 of the plug connector
on the simplex maintenance console, across now closed
points of the interlock relays (table 4—24), to the
coil of the a-c active status relays (CD 5.4.10.1),

Points of the a-c active status relays (S 5.4.10.3,
blocks 9 and 10) complete the circuit for the ac-control
voltage to energize a-c contactor relays K1 in sliding
units which are part of PD unit 55. This circuit can be
traced as follows. The —48V that is distributed from
bus bars in CB unit 56 (CD 5.3.10.3) is applied
(S 5.4.10.3, block 88) across a CB (block 33), across
now closed auxiliary points b-d of a-c distribution CB’s
for all three phases, following the dotted line (for
marginal checked units, Note XI), across now closed
points of relay C3C2 or C3E2, to pin A8 of a cable
connector to contact 1 on wafer A of the unit status
switch on the simplex maintenance console. When the
unit status switch of a channel is in the ACT position,
—48V is applied to pin A7 of the cable connector, to
pin 14 of the plug connector on the sliding unit
(S 5.4.10.3, sheet 9) which is part of PD unit 55,
through normally closed points 7a-7b of relay K12
(when power system C is active) to energize a-c con-
tactor relay 55K1. Power contactors la-lc, 2a-2c, and
3a-3c of 55K1 (S 5.3.10.1) apply regulated ac to the
filament transformers in the simplex input load units.

Approximately 1 minute after the regulated ac is
applied to the simplex input equipment, the d-c voltages
are applied in two steps: first the low voltages (410,
—15, —30V), and then the high voltages (250,
4150, 490, —150, —300V).
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One minute after time delay relay 64B5K64 is ener-
gized (par. 2.3, Ch 3), its contacts close (CD 5.4.2.1),
energizing 64B5K40. Points 1a-1c of relay K40 complete
the circuit that energizes 64B5K41.

The interlock relays (table 4—25) are energized if
the interlock circuits are complete. Also —48V control
voltage had been applied previously to terminal a of
barrier strip 47H3E1 (S 5.4.11.1). This control voltage,
a dc-on signal, is now applied from terminal a of bar-
rier strip 47H3E1, across now closed points Ga-6c of
64B5K41, across now closed points of the interlock re-
lays (table 4—24) to energize the d-c active status relays
(CD 5.4.10.1).

Points of the d-c active status relays (S 5.4.10.3,
blocks 14 and 15) complete the circuit to provide dc-
control voltage to energize dc-control relays K4 in the
sliding units which are part of PD unit 55. This circuit
can be traced as follows. The —48V from the CB
(S 5.4.10.3, block 33) is applied across now closed auxil-
iary points b-d of the d-c distribution CB’s (blocks
22-29), across points of the d-c status relays (blocks
14 and 15), to pin A3 of a cable connector, to contact 1
on wafer B of the unit status switch, to pin A4 of a
cable connector, to pin 15 of the plug connector on
the sliding unit which is part of PD unit 55, across
now closed points 8a-8c of K1, across normally closed
points 2a-2b of K8, and across normally closed points
la-1b of K9 to energize dc-control relay K4 in the
sliding unit.

When the points of K1 closed, time delay relay K7
was energized. Relay K7 functions to delay the applica-
tion of d-c power 45 seconds after the a-c power was
applied if the power control is exercised at the unit
status switch (par. 6.3). Points 2-3 of K7 complete the
circuit to energize K16.

Points 5a-5¢ of K16 are now closed, and the circuit
to energize K3 is completed through now closed points
2a-2c of K4 and closed points 7a-7b of K10. The low-
voltage d-c contactor relay (S 5.3.10.5) completes the
distribution circuits to apply the 410, —15, and —30V
to the associated channel of simplex input loads.

Auxiliary points 8a-8c of low-voltage d-c contactor
relay K3 (S 5.4.10.3) complete the circuit through now
closed points 3a-3c of K4 and closed points 8a-8b of
K11 to energize high-voltage d-c contactor relay K2.
Relay K2 (8 5.3.10.5) completes the distribution circuits
to apply the high d-c voltage to the associated load
channel. All power is now applied to the simplex input
channel. Points 9a-9c of K2 (S 5.4.10.3) close, complet-
ing the circuit to light the lamp (block 58) that shows
that system C is furnishing the power to that channel.

When system D furnishes the power for the chan-
nel, relays K12, K9, K10, K11, etc., are substituted for
the relays mentioned above.
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2.3 AC ONLY TO POWER ON

This sequence is the same as the ac-only to power-
on sequence for displays (par. 2.4. Ch 3).

The points of relay 64B5K41 (CD 5.4.10.1 and
S 5.4.11.1) enable the dc-on signals to reach d-c con-
tactor relays K3 and K2 in the sliding units of PD unit
55. (Refer to the last portion of par. 2.2.) Low-voltage
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d-c contractor relay K3 (CD 5.4.10.1) is energized first,
applying the 410, —15, and —30V to the simplex in-
put load channel. After the normally open points of
K3 are closed, high-voltage d-c contactor relay K2 is
energized, applying the other d-c voltages to that chan-
nel. Points 9a-9c of K2 complete the circuit to light the
lamp that shows that system C is furnishing the power
to that channel.
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SECTION 3
NORMAL POWER-OFF SEQUENCES

3.1 GENERAL

The normal power-off sequence for inputs is the
same as for displays (Ch 3). First the d-c voltages and
then the a-c filament power are removed. The +4-130Vdc
battery voltage for control circuits and the unregulated
120/208Vac are not removed during the normal power-
off sequences. Additional CB’s and switches must be
opened to remove the remaining powet.

3.2 POWER ON TO POWER OFF

This sequence is similar to the power-on to power-
off sequence for duplex equipment (par. 3.2, Part 3,
Ch 3) and is automatic after the POWER OFF push-
button on the simplex maintenance console is depressed.

Relays K31 and K33 (CD 5.4.2.1) are de-energized
when POWER OFF pushbutton 47H3(S2) is depressed.
Points of K31 interrupt circuits to de-energize K61 and
K41 and extinguish the POWER ON lamps (CD
5.4.2.3). Normally closed points of K41 complete the
circuits to the POWER OFF lamps, which light, and
other points interrupt the circuits (CD 5.4.10.1) which
remove the d-c voltages from the displays and the sim-
plex input load units.

Points of K33 open (CD 5.4.2.1), de-energizing
K62. One second later, the points of K62 de-energize
K42. Points of K42 interrupt the power-on signals,
shutting off the inputs to the d-c power supplies and
the induction regulator. This removes the d-c voltages
and the regulated a-c power from PCD unit 64 and the
distribution circuitry.

The unregulated ac can be removed from particu-
lar simplex input channels by opening the proper CB at
the C and D CB unit 48. The unregulated ac is removed
from one CB unit 48 by opening CB 10 in PCD unit
64 (par. 2.2, Ch 4) and from PCD unit 64 by opening
the substation unregulated a-c feeder breaker (CD
5.3.2.2).

3.3 AC ONLY TO POWER OFF

Power system C or D was placed in ac-only status
by sequencing from power off to ac only (par. 4.2) or
from power on to ac only (par. 4.3). In either case, the
relays, switches, and indicators will be in the same con-
dition.

The power-off sequence from ac-only status is ini-
tiated by depressing the POWER OFF pushbutton. Re-
lays K32 and K33 (CD 5.4.2.1) are de-energized when
POWER OFF pushbutton 47H3(S2) is depressed.
Points of K32 interrupt circuits to de-energize K61 and
to extinguish the AC ONLY lamps (CD 5.4.2.3).

Points of K33 open (CD 5.4.2.1), de-energizing
K62. One second later, the points of K62 de-energize
K42. The points of K42 interrupt the power-on signals,
shutting off the inputs to the d-c power supplies and
the induction regulator. The d-c voltages are removed
from PCD unit 64, and the regulated ac is removed
from all power system C or D and from all simplex in-
put channels connected to the power system being shut
down.

The unregulated ac can be removed as described in
the power-on to power-off sequence (par. 3.2).

131



AC-Only Sequences
41-43

© 3-82-0

PART 4, CH §
SECTS. 4, 5

SECTION 4
AC-ONLY SEQUENCES

4.1 GENERAL

Power system C or D is placed in the ac-only status
from either the power-off or the power-on status. These
sequences are initiated by the AC ONLY pushbuttons
on the simplex maintenance console and proceed auto-
matically to the ac-only status.

4.2 POWER OFF TO AC ONLY

This sequence for inputs is the same as the power-
off to ac-only sequence for displays (par. 4.2, Ch 3),
except different points on relay 64B5K39 are used in
other circuits to apply regulated ac to the simplex input
load units.

The —48V from CB 56B2L9 (CD 5.4.10.1) is ap-
plied across now closed points 1a-1c of relay 64B5K38

and points 3a-3c of relay 64B5K39 to provide the con-
trol power at terminal a of barrier strip E1 in the sim-
plex maintenance console and to provide the ac-on
signal across now closed points of the status control
relays to energize a-c active status relays 56C3C2, C3E2,
D3C2, D3E2, etc. (CD 5.4.10.1). These a-c status relays
complete the circuits through the interlock points of the
CB’s (S 5.4.10.3, sheet 9) to energize a-c contactor re-
lays K1 in the sliding units of PD unit 55. Relays K1
apply the regulated ac to the simplex input channels.

4.3 POWER ON TO AC ONLY

This sequence for inputs is the same as the power-
on to ac-only sequence for displays (par. 4.3, Ch 3),
except different points on 64B5K41 interrupt the d-c
control circuits to the simplex input channels.

SECTION 5
ABNORMAL-OFF SEQUENCES

The abnormal-off sequences for inputs are the same
as the sequences described for displays (Sect. 5, Ch 3).
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SECTION 6
CONTROL AT SIMPLEX MAINTENANCE CONSOLE

6.1 GENERAL
Power system C or D is placed in the power-on,
power-off, or ac-only status from the simplex mainte-
nance console by depressing the correct pushbutton to
initiate the desired sequence (Sects. 2 through 4).
When a power system is in power-on status and is
not active, the associated ACTIVE pushbutton on the

duplex switching console must be depressed to place’

that power system in active status.

All other controlling operations for a particular
simplex input channel are performed -at its particular
. panel on the simplex maintenance console. The status
of the particular channel is selected by means of the
UNIT STATUS switch. Power conditions of the asso-
ciated channel can be observed on indicators in the
power group of six lamps, three for power system C
and three for power system D. The UNIT STATUS
switch and these three pairs of lamps are described be-
low. The other controls and indicators on these panels
are described in the Theory of Operation, Input System,
AN/FSQ-7 and -8, 3-52-0.

6.2 DESCRIPTION OF CONTROL PANEL

6.2.1 Unit Status Switch
Each pluggable panel on the simplex maintenance
console associated with a simplex input channel con-
tains a unit status switch for control of power distribu-
tion to that channel. The upper portion of an XTL
pluggable panel (fig. 4—9) is shown as a typical panel.

The non-MC voltage lines, MC lines, and signal
lines are switched, as listed below, for the six positions
of the unit status switch:

a. ACTIVE — The non-MC power lines are con-
nected to the non-MC power bus bars from the
active power supply. The MC lines are connected
to the non-MC power bus bars from the active
power system. The a-c power lines are connected
to the a-c bus bars from the active power system.
The signal lines are connected to the active
computer.

b. STANDBY — The non-MC power lines are con-
nected to the non-MC power bus bars from the
standby power system. The MC power lines are
connected to the non-MC power bus bars from
the standby power system. The a-c power lines
are connected to the a-c bus bars from the

standby power system. The signal lines are con-
nected to the standby computer.

¢. STANDBY-MC — The non-MC power lines are
connected to the non-MC power bus bars from
the standby power system. The MC power lines
are connected to the MC bus bars from the
standby power system by the MC relays in the
simplex MC unit. The a-c power lines are con-
nected to the a-c bus bars from the standby
power system. The signal lines are connected to
the standby computer. '

d. POWER ON — The non-MC power lines are
connected to the non-MC power bus bars from
the standby power system. The MC lines are
connected to the non-MC bus bars from the
standby power system. The a-c power lines are
connected to the a-c bus bars from the standby
power system. The signal lines are disconnected.

e. AC ONLY — All d-c lines are disconnected. The
a-c power lines are connected to the a-c power
bus bars from the standby power system. The
signal lines are disconnected.

f. OFF — All power lines and signal lines are dis-
connected for the associated unit of simplex
equipment.

6.2.2 Power Indicators

6.2.2.1 SIGNAL CONTACTORS CLOSED Lamp

Lamp A is lighted when computer A is receiving
information from that particular input channel; lamp
B, when computer B receives the information.

6.2.2,2 POWER CONTACTORS CLOSED Lamp

Lamp C is lighted when power system C is supply-
ing the power for this channel; lamp D, when power
system D is supplying the power.

6.2.2.3 CIRCUIT BREAKER ALARM Lamp

Lamp C or D is lighted when one or more of the
associated CB’s in CB unit 56 are tripped.

6.3 INDICATION CIRCUITRY

6.3.1 Information Signal Lamps
The circuitry that explains the operation of the
SIGNAL CONTACTORS CLOSED lamps (X8) and
(X12) (par. 6.2.2.1) on the power indication panel of
the simplex maintenance console are described in
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TACTORS CLOSED lamp D (X13) is controlled by
K11.
I CROSSTELL I 6.3.3 CB Trip Lamps

A L ARMS
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SPARE PARITY
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UNIT
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P O WER

CiRCUIY POWER SIGNAL
BREAKER CONTACTORS CONVACTORS
ALARM CLOSED CLOSED SPARE

(4 c A

[+] ] [ ] SPARE
Figure 4—9. Unit Status Switch on Crosstell Panel
of Unit 47

Theory of Operation, Input System, AN/FSQ-7 and -8,
3-52-0.

6.3.2 Power Lamps

The POWER CONTACTORS CLOSED lamp C
(X9) on the simplex maintenance console (S 5.4.10.3)
and the C POWER ON lamp on PD unit 55 (par. 1.4.2)
are lighted when points 9a-9c of high-voltage d-c con-
tactor relay close (par. 2.2 or 6.3). The POWER CON-
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The CIRCUIT BREAKER ALARM lamp C (X10)
on the simplex maintenance console and the associated
CB TRIP lamp on CB unit 56 are lighted by points
c-d (S 5.4.10.3, block 21), which close when the CB
(block 33) is opened.

6.4 ACTIVE STATUS

A simplex input channel can be switched from off
to active status by turning the appropriate UNIT
STATUS switch on the simplex maintenance console
(fig. 4-9) to the active position when power is applied
to the simplex input load units from power system C
or D.

Regulated ac is applied through CB’s (S 5.3.10.1)
to sliding units in PD unit 55. The d-c voltages are ap-
plied across CB’s (S 5.3.10.5) to the units. When a unit
status switch for a particular channel is in the OFF
position, the relays in the associated sliding unit are de-
energized and the power contactors are open. Conse-
quently, the channel is not operative.

During the power-on sequence for inputs (par.
2.2), regulated ac (S 5.3.10.1) was applied first and
blocked by open contactors of K1 (system C) and K12
(system D). Then the d-c voltages (S 5.3.10.5) are ap-
plied to one side of the open contacts of K2 and K3
(system C) and K10 and K11 (system D). The a-c and
d-c control relays were also energized during the power-
on sequence (par. 2.2).

The —48V (a-c active) control voltage is applied
across the now closed points (S 5.4.10.3, blocks 9 and
10) of the a-c control relays to pin A8 of the plug con-
nector on the simplex maintenance console, and to con-

tact 1 on wafer A of the UNIT STATUS switch.

When the UNIT STATUS switch (S 5.4.10.3) is
placed in the ACT position, the —48V is picked by
movable contactor a, applied to pin A7 of the plug con-
nector on the simplex maintenance console and to pin
14 of plug connector P2B on the sliding unit in PD
unit 55 to energize a-c contactor relay K1. Regulated ac
is applied to the filament transformers at reduced volt-
age because of resistors R10, R11, and R12 (S 5.3.10.1).

Points 6a-6c of K1 close to energize time delay
relay K7, and points 8a-8c close to energize dc-control
relay K4 through wafer B of the UNIT STATUS switch.
Points 2a-2c of K4 now set up the circuit to energize
low-voltage d-c contactor relay K3 as soon as K7 func-
tions. After a 45-second delay, points 2-3 of K7 close
to energize K16. Points 1c-1a, 2¢-2a, and 3c-3a of K16
(8 5.3.10.1) now short out R10, R11, and R12, provid-
ing rated a-c voltage to the filament transformers.
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Points 5a-5c of relay now close, completing the cir-
cuit to energize K3. The contactors of K3 (S 5.3.10.5)
apply 410V, —15V, and —30V to the associated chan-
nel of ‘the simplex input loads. Auxiliary points 8a-8c
of low-voltage d-c contactor relay K3 (S 5.4.10.3) then
complete the circuit to energize high-voltage d-c con-
tactor relay K2.

When power system D provides the power, wafers
F and E are substituted for the control, above, offered
by wafers A and B, respectively. Wafers G and H utilize
signals from duplex power system A or B. Wafer D is
not used for active status.

6.5 STANDBY MC STATUS

Marginal checking is performed when the unit sta-
tus switch is in the STANDBY MC position. While
marginal checking is in progress, the power status of
the channel involved cannot be changed until the ex-
cursion-on relays are de-energized.

To reach the standby MC status (S 5.4.10.3, sheet
9), the d-c contactor relays (K3 and K2 for power sys-
tem C or K10 and K11 for power system D) are not
energized, as wafer B of the unit status switch has no
connection for position 4. Regulated ac is applied in the
same manner as in active status (par. 6.4). After K1
(for power system C) or K12 (for power system D) is
energized, K8 and K13 are energized. The circuit for
power system C is traced in table 4—25.

After K8 and K13 are energized through the cir-
cuit completed by position 4 on wafer D of the unit
status switch, points 5c-5a of K13 provide a hold circuit
through points la-1c of an excursion-on (MC) relay
(S 5.4.10.3, blocks 82 and 81). As long as the associ-
ated excursion-on relay is energized during marginal
checking, K8 and K13 will remain energized.

Points 1c-1a of K8 provide a hold circuit for a-c
contactor relay K1. Points 2b-2a prevent d-c control
relay K4 from being energized. Points 3c-3a provide a
circuit to energize low-voltage d-c contactor relay K3
through points 9c-9a of K1 after points 5¢-5a of K16
are closed following the action of time delay relay K7.
Points 4c-4a of K8 provide a circuit for points 8c-8a of
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K3 to energize high-voltage d-c contactor relay K2.
These circuits all remain complete, regardless of the
movement at the unit status switch, until K8 and K13
are de-energized.

TABLE 4—25. CIRCUIT TO ENERGIZE
RELAYS K8 AND K13

POINT OR BLOCK NO.
TERMINAL COMPONENT ON S 5.4.10.3

e CB 33

d-b D-C CB 29, 28, 27, 26,

25, 24, 23, 22

Terminal 18

Points Control relay 17-16

Terminal 13

Terminal 20

Terminal 65

16 J3-P3

10¢-10a K1

10a K12

5c K13

48 P2B-]J2B

Terminal 64

Al17 Connector 118

4 Unit Status

a Wafer D

Al6 Connector i 119

Terminal 83

Points Control relay 79-80

Terminal 77

40 J2B-P2B

4b-4a K9

4b-4a K4

Y K8 and K13
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PART 5
SYSTEM SWITCHING

CHAPTER 1
INTRODUCTION

1.1 SCOPE

This part describes the substitute facilities that en-
able the SAGE equipment to remain operative when
some major components fail. The various switching
functions are explained.

1.2 GENERAL

The Power Supply System is designed with suffi-
cient switching flexibility so that the total loss (failure)
of any major component does not permanently affect
the operation of the SAGE Site. The switching facilities
are:

a. Primary split bus bars in the powerhouse which

can be connected together

b. Spare diesel generators which can be connected
to either bus

¢. A spare substation which can replace either a
load center or another substation

d. Duplex switching which transfers information
flow to either computer ‘

e. Simplex switching which transfers the simplex
equipment to either of two power sources

The facilities listed in a through ¢ allow for the
loss of one-half of the primary bus system while still
being able to maintain both computer power systems
and one simplex power system.

1.3 SPLIT-BUS ARRANGEMENT

The high-voltage bus bars are divided into two
sections, bus A and bus B, with a CB in the center. The
system is normally operated with this CB open so that a
fault on one side of the bus bars does not directly af-
fect the other. If a fault occurs in the left half of the
bus bars, power systems A and C are disabled. Power
systems B and D are still operating, and these two
power systems can energize duplex equipment B and
the simplex equipment, thereby enabling the site to pet-
form its function. However, the spare diesel generator
can be tied to either half of the high-voltage bus bars
and provide power for either of the formerly disabled
power systems.

1.4 SPARE SUBSTATION

In addition to the two substations that normally
supply the four power systems, a spare substation can
be switched to assume the load of either of the other
substations or of either of the load centers.
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Duplex Switching, General

CHAPTER 2
DUPLEX SWITCHING

2.1 GENERAL

Duplex switching controls which of the two duplex
equipments, A or B, is in the active status. The alter-
nate duplex equipment is in the standby status.

If a failure occurs in the power system supplying
the active equipment, duplex switching is necessary to
transfer the alternate duplex equipment to the active
status. Maintenance can then be performed on the
power system connected to the standby duplex equip-
ment without interruption of the air defense function.

Power systems A and B are turned on at the duplex
maintenance console. However, they are permanently
connected to their respective computers. The operator
at the duplex switching console (fig. 5—1) decides
which computer will be active. Status and alarm lamps
indicate the condition of each power system.

2.2 DUPLEX SWITCHES ON DUPLEX SWITCHING
CONSOLE
2.2.1 ACTIVE Pushbution
The ACTIVE pushbutton on either duplex signal
switching panel, when depressed, initiates the switching
action which makes the associated equipment active by
performing the following functions:

a. Sends a signal to that particular computer to in-
dicate it has been placed in active status.

b. Sends a signal to place the other computer in
standby status.

c. Places MCD units 27 and 59 in active or standby
status, depending on whether equipment A or B
is active. These MCD signals, in turn, operate
relays which supply —48Vdc to the display con-

Figure 5—1. Duplex Switching Console Unit 45, Front Panels

\
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Status and Alarm Lamps
2.2.1-2.5.1

soles, to determine which computer information
will be displayed, and to the XTL input channel.

d. Switches output storage unit 33 by means of an
output active signal that determines whether the
output information is to be sent over telephone
lines or used for testing purposes when unit 33
is in the standby status. :

2.2.2 INTERLOCK OVERRIDE BYPASS
Pushbution

The INTERLOCK OVERRIDE BYPASS pushbut-
ton allows the operator of the duplex switching console
to bypass any open power interlock which would pre-
vent duplex switching. In the event that an emergency
condition occurs, this switch enables the operator to
apply —48Vdc to the ACTIVE pushbutton. This push-
button is located in a recessed position and cannot be
depressed accidentally during normal operating proce-
dure.

2.2.3 OPERATE-TEST OVERRIDE BYPASS Switch
The switch allows an active computer and its as-
sociated power system to be placed in the test mode.
Usually, the computer is placed in the test mode only
when the computer is in the standby status. This signal
is applied to the master TEST-OPERATE COMPUTER
switch located on the duplex maintenance console.
The OPERATE-TEST OVERRIDE BYPASS switch
is operated with a key which remains in the custody of
the maintenance supervisor.

2.2.4 Unit Status Switch

The unit status switch controls the distribution of

the control and signal lines only for the display portion

of the duplex switching console. Refer to Part 4, Chapter
3, fora description of this switch.

2.3 STATUS LAMPS ON DUPLEX SWITCHING
PANEL
2.3.1 OPERATE Lamp
This lamp is lighted when the associated computer
is not in the test mode or is not disabled.
2.3.2 ACTIVE Lamp
This lamp is lighted when the associated computer
has received a switching-complete signal.
2.3.3 STANDBY Lamp

This lamp is lighted when the associated computer
is in the standby status, and can be tested, marginally
checked, or utilized for regular computer functions not
involved in the air defense program.

2.,3.4 TEST Lamp

This lamp is lighted when the particular computer
is in the test mode. Normally, this lamp is lighted when
the STANDBY lamp is also lit; but if the computer is
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in the active status with the ACTIVE lamp lighted, the
TEST lamp is lighted by means of the OPERATE-TEST
OVERRIDE BYPASS pushbutton and air defense func-
tions are not being performed.

2.4 ALARM LAMPS ON DUPLEX SWITCHING
PANEL

2.4.1 OUTPUT SWITCHING Lamp

When the OUTPUT SWITCHING lamp is lighted,
one of the relays in output storage unit 33 has not
transferred, and computer information is not being sent
out on telephone lines. This malfunction will occur only
during switching from the standby to the active status.

2.4.2 VOLTAGE OFF LIMITS Lamp

Whenever one of the power supplies deviates more
than =+5 percent from the regulated output, the as-
sociated voltage monitor relay in the PCD unit com-
pletes a circuit that lights the VOLTAGE OFF LIMITS
lamp on the duplex switching console. This lamp is
only an alarm and indicates that a search would be
initiated to determine the deviating power supply and
the cause of the malfunction. When the deviation
reaches =20 percent, there will be an automatic shut-
down of power from the power supply unit and PCD
unit involved.

2.4.3 NEON Alarm Lamp

The NEON alarm lamp on the duplex switching
console is lighted when the NEON ALARM lamp on
the duplex maintenance console is lighted, indicating
some alarm condition in one or more of the duplex
load units.

2.4.4 DISABLED Lamp

An open power contactor in the MCD unit associ-
ated with its respective Central Computer, Drum, Dis-
play, Input, or Output System lights the DISABLED
lamp. This signal is routed through PCD unit 63 and is
sent to the duplex maintenance console as an inter-
locked signal that prevents duplex switching and lights
the DISABLED lamp on the duplex switching console.

2.5 DETAILED DUPLEX SWITCHING ACTION

2.5.1 General

Duplex switching is the changing of the standby
computer (and associated power supply and other du-
plex equipment) to the active status. Refer to Theory of
Operation, Central Computer, AN /FSQ-7 and -8, 3-32-0,
for more details.

Depressing the ACTIVE pushbutton on the appro-
priate duplex switching panel of the duplex switching
console initiates a relay sequence that performs the
switching operation. Assume that computer A is active
and computer B is in standby status.
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2.5.2 Duplex Switching Interlocks
When all the interlocks are closed, points 1a-1b of
relays 1E2(K8) and 1E2(K14) (7.1.14 in Schematics
for Central Computer of AN/FSQ-7 and -8, 3-212-0),
points 2a-2b of relays 1G4(K14) and 1G4(K15) and
interlock contacts in the duplex power equipment are
open, leaving interlock relay 1F3(K7) de-energized.

2.5.3 Duplex Switching Permitted

A —48V duplex-switching-permitted signal (7.1.4)
is then applied across points 4-7 of relay 1F3(K7)
(7.1.14), pin S of cable connector J2 on the duplex
switching console (7.2.1), across contacts a-c of the de-
pressed ACTIVE pushbutton 45B(S2), to pin F of P1
on panel B of the duplex switching console, to pin A of
P1 on panel A of the duplex switching console, to
energize the trip coil of latching-type switching relay
45A(K1) (fig. 5-2), placing computer A in standby
status.

2.5.4 Computer B Active

Points 1a-1c of 45A(K1) (7.2.1) open, interrupt-
ing the circuits to the ACTIVE lamps for system A.
Points 2a-2c open, interrupting the circuit to the
STANDBY lamps for system B. The above lamps are
extinguished. Points 3a-3c of 45A(K1) open, de-ener-
gizing 45A(K2).

Normally closed points la-1b of 45A(K2) now
close, providing —48V to pin E of P1 on panel A of
the duplex switching console, to pin D of P1 on panel
B, to energize pick coil of switching relay 45B(K1).

Points 1c-1a of 45B(K1) close, completing the cir-
cuits to light the ACTIVE lamps for system B. Points
2c-2a close, completing the circuits to light the STAND-
BY lamps for system A. Points 3a-3c of 45B(K1) close,
energizing 45B(K2).

The action of the other points on 45B(K2) and
45A(K2) activates relays that perform other duplex
switching functions.

2.5.5 MCD Unit 27 Signal Status Relays

Points 2a-2c of 45B(K2) close, energizing active
status relays in MCD unit 27 (5.4.4.7). This circuit is
traced from CB 27J2G9, to terminal 27K2A2N, to ter-
minal 1G3(E34)a (7.2.1), to pin D of J2 on the com-
puter B switching panel of unit 45, across now closed
contacts 2c-2a of 45B(K2), to pin E of J2, to tzrminal
1G3(E34)b, to terminal 27N1Jla (5.4.4.7) in MCD
unit 27 for system B, to the coils of active status relays
27N1A2 through 27N1H2 and 27N3A2 through
27N3H2 for system B duplex display consoles.

The standby status relays for system A duplex dis-
play console are energized through points 5c-5a of
45B(K2). This circuit can be traced from terminal
1G3(E34)a (7.2.1) in the duplex maintenance console
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for system A, across normally closed contacts 1a-1b of the
SERVICE OPPOSITE DUPLEX SWITCH 1G3(S21),
to terminal 1G3(E34)e, to pin C of J3 in the computer
B switching panel of unit 45, across now closed points
5c-52 of 45B(K2), to pin D of J3, to terminal 1G3(E34)
in the duplex maintenance console for system A, to the
coils of standby status relays 27N1A3 through 27N1H3
and 27N3A3 through 27N3H3 for system A duplex
display consoles. When the SERVICE OPPOSITE DU-
PLEX SWITCH is switched off, contacts 1a-1b are
opened and the standby status relays cannot be ener-
gized.

2.5.6 MCD Unit 59 Signal Status Relays

Points 3c-3a of 45B(K2) complete the circuits to
energize the active status relays for the simplex input
load units.

This circuit can be traced from CB 59A2H3
(5.4.7.6) in MCD unit 59 of power system B to ter-
minal 1G3(E34)c (7.2.1) in the duplex maintenance
console for system B, to pin F of J3 on the computer B
switching panel of unit 45, across now closed contacts
3c-3a of 45B(K2), to pin G of J3, to terminal 1G3
(E34)d in the duplex maintenance console for system
B, to terminal 59B6A4d (5.4.7.6) in MCD unit 59 of
power system B, to the coil of relay 59F3E2 for the
test pattern generators of computer entry punch units
352, 353, and 354, and across now closed points 5-6 of
high-voltage d-c contactor relays K3 in locations 59B6,
59C6, 59D6, and 59G6 (applied the high-voltage d-c to
the load units from MCD unit 59 when these relays
were energized during duplex power-on sequence) to
the coils of the other active status relays (table 5—1).

TABLE 5—1. ACTIVE STATUS RELAYS FOR
SIMPLEX INPUT CHANNELS

D-C
CONTACTOR ACTIVE STATUS LOAD UNIT
RELAY RELAYS CHANNEL
None 59F3E2 CEP Units
352, 353, 354
59B6(K3) 59F1A2 LRI
59F1B2
59F3A2
59F3B2
59C6(K3) 59F1C2 XTL
59F3C2
59D6(K3) 59F1D2 ‘GFI
59F3D2

Note: See logic diagram 5.4.7.6 for these locations,
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Figure 5—2. Duplex Switching Circuits
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Standby status relays 59F1A3, 59F1A3, 59F1B3,
59F3A3, 59F3B3, in MCD unit 59 of power system A,
can be energized through points 6c-6a of relay 45B(K2)
(7.2.1) and a circuit similar to the standby status relays
in MCD unit 27, if the MC contactor relays K4 (5.4.7.6)
are energized.

2.5.7 Outputs Switching
Points 4c-4a of 45B(K2) (7.2.1) initiate the out-
puts switching by completing the circuits that energize
the outputs active relays. Whenever one of the active
relays fails to pick, the OUTPUTS SWITCHING alarm
lamps are lighted.

2.5.8 Switching Time Delay and Audible Alarm

At the same time that the ACTIVE lamps (7.1.15)
on the duplex maintenance console are lighted (points
1c-1a of 45BK1 close), relay 1F4(K10) is energized
through normally closed points 1a-1b of 1F4(K11).
Points 1c-1a of 1F4 (K10) close, applying 120Vac to
the Haydon Timer* 1F3(E35) (7.2.1). Points 2a-2¢ of
1F4(K10) (7.1.15) close, applying a —48V surge to
the 5-uf capacitor (7.1.14) between terminals 27 and
28 on terminal board 1F3(E2). The surge is transmitted
across the diode between terminals 32 and 31, to ener-
gize relay 1F3(K8) momentarily. Points 5-7 of 1F3(X8)
then hold the relay energized, providing an audible
alarm to indicate that the computer is active. This
alarm is stopped by depressing the RESET AUDIBLE
ALARM pushbutton 1G3(832), opening contacts 1a-1b
and shorting out the relay coil with contacts 2a-2c. The
other circuits activate this alarm in a similar manner.

Points 3a-3c of 1F4(K10) (7.1.15) provide a
ground circuit for the grid of the thyratron pulse gener-
ator in the Central Computer. The output of this gen-
erator sets up the controls to indicate that duplex
switching is initiated.

At the end of the time delay set by the Haydon
Timer 1F3 (E35), points a-c of the timer close, applying
—48V to 1F4(K11). Points 1a-1b of 1F4(K11) open,
dropping 1F4(K10). Points 2a-2c of 1F4(K11) provide
a hold circuit when the Haydon Timer is de-energized
by points la-1c of relay 1F4(K10) opening. Points
4a-4c send a duplex-switching-completed signal to selec-
tion control unit 5 of the Central Computer. Points
2a-2c of 1F4(K12) provide a ground circuit for the
grid of the thyratron pulse generator in instruction
control unit 4 of the Central Computer. The output of
this gencrator sets up the controls to indicate that
duplex switching is completed. Points 3a-3c of 1F4-
(K10) were opened, breaking the circuit to the grid on
the thyratron pulse generator that sets up the controls
to indicate that duplex switching was initiated. The
floating grid stops the thyratron pulse generator.

*Trademark, AW . Haydon Co., Waterbury, Conn.
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The comparable relays in the duplex maintenance
console for computer A (1F4K11 and 1F4K12) are de-
energized when the ACTIVE lamps are extinguished by
points 1a-1c of 45A(K1) in the computer A switching
panel of unit 45.

2.5.9 System Disabled

2.5.9.1 Indication

The DISABLED lamp, X9, on a duplex switching
panel of unit 45 is lighted whenever an interlock is
open (par. 2.5.2) and relay 1F3(K7) (7.1.14) is ener-
gized. The —48V is then applied along the duplex
switching interlocked line from point 2a of 1G4(K15),
across now closed points 5-7 of 1F3(K7), to terminal
1H3(E25)c, to pin R of )2 on the duplex switching
console, to the DISABLED lamp.

2.5.9.2 Emergency Switching

An INTERLOCK OVERRIDE pushbutton is pro-
vided in the event that duplex switching is required
when an interlock is open and the DISABLED lamp is
lighted.

If interlock relay 1F3(K7) (7.1.14) is energized
(an interlock is open, par. 2.5.2), contacts 4-5 will be
open and the duplex-switching-permitted signal will be
interrupted. Contact of the ACTIVE switch S2 on the
duplex switching console will have no voltage applied.
When INTERLOCK OVERRIDE pushbutton S3 and
ACTIVE pushbutton S2 are depressed, —48V is applied
through the following circuit (table 5—2). Trip coil
UL of 45A(K1) will initiate the switching sequence to
make computer B active.

2.5.10 TEST-OPERATE OVERRIDE BYPASS
SWITCH

When the STANDBY lamps on the duplex mainte-
nance console for system B are extinguished (above),
1F2(K16) (7.1.15) is de-energized. Points a-c of 1F2
(K16) (7.2.1) are then open, which prevents any test-
ing operations on the active computer unless the TEST-
OPERATE OVERRIDE BYPASS switch 45B(S1) is
closed with the key. If this switch is closed, —48V can
be applied to computer test relays 1G4(K17) and
1G2(K5) by shifting the OPERATE COMPUTER-TEST
switch to the TEST position. The circuit can be traced
from point 3c of duplex switching relay 45B(K1), across
points a-c of the bypass switch, to pin T of J2 on the
computer B switching panel of unit 45, to terminal
1F3(E18)a in the duplex maintenance console for sys-
tem B, to point ¢ of 1F2(K16), across contacts 4b-4a of
OPERATE COMPUTER-TEST switch 1G3(S9), and
across now closed contacts 2a-2b to the coils of 1G4
(K17) and 1G2(KS5).

TEST lamps 1G3(X179) and X2 in duplex switch-
ing console unit 45 are lighted when points 2a-2c of
1G3(K5) close. OPERATE lamps 1G3(X180) and X5
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TABLE 5—2. INTERLOCK OVERRIDE CIRCUIT

POINT OR LOGIC
TERMINAL COMPONENT DIAGRAM

e CB 19B2H1 5.3.3.10
£ 1G3(E33) 7.1.4
1c 1F2(K7) 7.2.1
1c 1F4(K12)
c 1F2(K16)
1c 1G2(K9) 7.2.1
7 1F3(K5) 7.1.14
7 1F3(K4)
7 1F3(K3)
7 1F3(K1) 7.1.14
3b 1G4(K17) 7.1.7
2a 1G2(XK5) 7.1.7
2a 1G3(821) 7.2.1

| 1H3(E25)
B P2.]2
1c 45B(K1)
3c 45B(K1)
ca 45B(S3)
a-c 45B(S2)
F J1-P1

(Computer B)
A P1-J1
(Computer A)

y’ 45A(K1) UL 7.2.1

in unit 45 are lighted when 1G4(K17) is de-energized,
normally closed points 3a-3b are closed, and —48V is
provided by the closing of points la-lc of duplex
switching relay 45B(K1) in computer B switching panel
of unit 45.

2.6 SERVICE OPPOSITE DUPLEX SWITCH

When one computer and associated equipment are
shut down for maintenance, the associated duplex
switching panel of unit 45 still receives —48V through
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several circuits from the active duplex maintenance con-
sole. This —48V power can be removed by switching
off the SERVICE OPPOSITE DUPLEX SWITCH on
the active duplex maintenance console. The contacts
listed below are then opened, interrupting the circuits
that would be provided in the normal position.

Contacts 1a-1b of the SERVICE OPPOSITE DU-
PLEX SWITCH are closed in the normal position. The
circuit can then be completed to energize the standby
status relays in standby MCD unit 27 (par. 2.5.5) with
— 48V from the active MCD unit 27. Contacts 2a-2b,
when closed in the normal position during standby
status, provide —48V to light the standby lamps (par.
2.5.4). Contacts 3a-3b provide —48V from active MCD
unit 59 to energize the standby status relays in standby
MCD unit 59 (par. 2.5.6).

2.7 ALARMS

2.7.1 General

Alarm conditions are indicated by lamps on the
duplex maintenance console and the duplex switching
console. Alarm buzzers in the duplex maintenance con-
sole provide audible alarms.

2.7.2 Neon Alarm

The NEON ALARM lamp, 1G3(XG6), on the du-
plex maintenance console (7.2.1) and the associated
NEON lamp in the alarm group on the duplex switch-
ing console light whenever an alarm condition occurs.
The —48V is provided to these lamps when 1G2(K9)
is energized. This circuit proceeds from CB 19B2H1
(5.3.3.10), to terminal 1G3(E33)f (7.1.4), to point 1c
of 1F4(K12), to point ¢ of 1F2(K16), and across now
closed points 1c-1a of 1G2(K9) to the lamps.

Relay 1G2(K9) is energized whenever any alarm
relays 1F3(K1), (K3), (K4), or (K5) is energized as
the result of a condition that causes a drum alarm,
computer alarm, outputs alarm, or an angular position
counter (APC) alarm in the drums.

2.7.3 Voltage Off Limits

The VOLTAGE OFF LIMITS lamp, 1G3(X7), on
the duplex maintenance console (7.2.1) is lighted, and
1F2(K7) is energized when any of the voltage monitor
relays in PCD unit 63 detects an excessive voltage devia-
tion (par, 1.3.2.2, Part 3, Ch 3). Points 1c-1a of 1F2-
(K7) close, applying —48V from CB 19B2H1 (5.3.3.10),
across now closed points 1c-1a of 1F2(K7) (7.2.1), to
terminal 1G3(E8)f, to pin N of J2 on computer B
switching panel of unit 45, to VOLTAGE OFF LIMITS
lamp X11.
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CHAPTER 3
SIMPLEX SWITCHING

3.1 GENERAL

Simplex switching, performed at the duplex switch-
ing console (fig. 5—1), controls which of the two sim-
plex power systems, C or D, is connected to the active
simplex equipment and which is connected to the sim-
plex units in the standby status. If a failure occurs in
the system supplying power to the active simplex units,
simplex switching is necessary to interchange the active
and the standby power systems. After switching, mainte-
nance is performed on the system connected to the
standby simplex equipment, without interrupting the
air defense function.

These power systems are turned on at the simplex
maintenance console. The operator at the duplex switch-
ing console decides which system will be active and
which standby. Status and alarm lamps indicate the
conditions of each power system.

3.2 SIMPLEX CONTROLS ON DUPLEX
SWITCHING CONSOLE

3.2.1 ACTIVE Pushbution

The ACTIVE pushbutton on either simplex power
switching panel, when depressed, places the associated
simplex power system in the active status and auto-
matically places the other simplex power system in the
standby status.

3.2.2 INTERLOCK OVERRIDE BYPASS
Pushbutton

When any power supply in the simplex power sup-
ply unit deviates more than a fixed amount, an off-
limits alarm is activated and provides an interlock that
prevents switching the standby power system for sim-
plex equipment to the active status. The INTERLOCK
OVERRIDE BYPASS pushbutton allows the operator
at the duplex switching console to bypass the power
interlock and switch the standby power system to the
active status.

3.3 INDICATORS ON SIMPLEX SWITCHING
PANEL

3.3.1 ON Lamp

The ON lamp is lighted when the associated power
system is on. The on-off status of the power system is

controlled by the operator at the simplex maintenance
console.

3.3.2 ACTIVE Lamp
If the ACTIVE pushbutton is depressed when the

ON lamp is lighted, the power system will become active
and the ACTIVE lamp will light.

3.3.3 STANDBY Lamp
The STANDBY lamp indicates a standby status
and lights when the particular power system is on and
the ACTIVE pushbutton on the alternate power system
is depressed.

3.3.4 POWER ALARM Lamp

The POWER ALARM lamp lights when a regu-
lated voltage from the simplex power supply unit de-
viates more than =5 percent from its normal output.
The POWER ALARM lamp also lights when the power
is shut down.

3.4 DETAILED SIMPLEX SWITCHING ACTION

Simplex switching operations involve power trans-
fer and are accomplished as follows (fig. 5—3): power
system C is assumed to be the active system, and power
system D the standby system. To place the simplex
power equipment in this status, ACTIVE pushbutton
45C(82) is depressed to pick 45C(K1) and 45C(K2).
Power is transmitted through points of ac-on control
relay 64B5K39 and dc-on control relay 64B5K41 to pick
active status relay 56C3J2 from system C. Points of the
active status relay apply —48V power through the unit
status switch (in the ACTIVE position) on unit 47 to
the d-c contactor. A typical d-c voltage from power sys-
tem C is then applied to the simplex load. The —48V
power from system D is transmitted through points 4
of 45C(K2) of system C to standby status relay 56C3H2
of system D.

When ACTIVE pushbutton 45D(S2) on the power
system D switching panel of unit 45 is depressed,
45C(K1) is tripped and 45C(K2) is unlatched. Relay
45D(K1) is energized through points 1b-1a of 45C(K2).
Points 1c-1a of 45D(K1) (S 5.4.11.1) close to light the
ACTIVE lamps associated with power system D. Points
2c-2a close to light the STANDBY lamps associated
with power system C. Points 3c-3a close to energize
45D(K).

145



Detailed Simplex Switching Action
34

Relay 45D(K2) completes circuits that activate sta-
tus relays for displays and simplex inputs. Points 2c-2a
complete the circuits that energize the active status re-
associated with power system D. A typical d-c voltage
lays (56C2]J2, etc) in CB unit 56. Power from system D
is applied through points of 56C3J2 and the ACTIVE
position of the unit status switch on the associated panel
of the simplex maintenance console to the d-c contactor
is then applied through this contactor to a simplex in-
put load. Points 3c-3a complete the circuits that ener-
gize the active status relays in CB unit 48. The —48V
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that energizes the standby status relay in CB unit 56
for power system C is controlled by points 4c-4a of
45D(K2) after crossing contacts 1a-1b of the SERVICE
OPPOSITE SIMPLEX SWITCH on power system D
control panel on the simplex maintenance console.
Points 5c-5a control the standby status relays in CB
unit 48 for power system C after the —48V is provided
across contacts 2a-2b of the SERVICE OPPOSITE SIM-
PLEX SWITCH. This switch must be in the normal
position to energize the standby status relays of power
system C.
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Figure 5—3. Typical Load Unit, Simplified Simplex Switching
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When power system C is shut down and mainte-
nance is desired on the power system C switching panel
of unit 45, the —48V is removed from the plug connec-
tors by switching off the SERVICE OPPOSITE SIM-
PLEX SWITCH on the power system D control panel

34

of the simplex maintenance console. In addition to in-
terrupting the two circuits listed above, the switch also
opens contacts 3a-3b and removes the —48V that ap-
peats as far as the open circuit ending at point 2c of
45C(K1).
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Description of Unit 18
1.1-1.2.2

PART 6
NONSTANDARD VOLTAGE POWER SUPPLIES

CHAPTER 1
INTRODUCTION

1.1 SCOPE

Part 6 deals exclusively with nonstandard voltage
power supply unit 18 and the associated control and
distribution circuitry. The MC portion of this unit and
the excursions applied to these nonstandard voltages
are described in Theory of Operation, Marginal Check-
ing System AN /FSQ-7 and -8, 3-92-0.

1.2 DESCRIPTION OF UNIT 18

1.2.1 Physical Description
Unit 18 is 32 inches wide, 44 inches deep, and 68
inches high, and weighs approximately 1,500 pounds.
The unit is provided with casters to permit easy move-
ment. Indicators, CB’s and CB-trip lights, MC controls,
a voltmeter, and a line selection switch are mounted on
the control panel (fig. 6—1) of unit 18.

TABLE 6—1. SECTIONS OF UNIT 18 (5.0.3.15)

SECTION FUNCTION

Power control panel
MC control
Terminal board
—270V dc control
—270V dc supply
MC supply

—130V dc control
—130V dc supply
4270V dc control
-+270V dc supply
—60V dc control
—60V dc supply
3-5-kva autotransformer
4140V dc control
+ 140V dc rectifier
4-140V dc supply
Capacitor drawer

HvwxmTZ2Z2E AR QORETIO® >

This unit is divided into shelf-like sections to pro-
vide maintenance personnel ready access to specific pot-
tions of the unit. Logic diagram 5.0.3.15 indicates the
location of the various sections; table 6—1 lists the
functions of each section within unit 18. All connec-
tions to this unit are made through one multiple-pin-
type plug connector and cable from unit 13.

1.2.2 Functional Description

Magnetic tape power supply unit 18 provides the
tape drive units and the tape adapter unit with five
nonstandard d-c voltages and an a-c filament voltage.
There are three tape power supply units, one associated
with each computer and one spare. Each tape power -
supply unit contains five d-c power supplies, a marginal
checking d-c power supply, an a-c supply, and a portion
of the tape power distribution and control circuits. The
five d-c power supplies are of the saturable-reactor
selenium rectifier type, with electronic voltage control.
The MC supply is of the selenium rectifier type. The
tape drive a-c filament voltage is developed across the
autotransformer.

The tape power supply output voltages are listed
in table 6—2. Voltages are applied to the four IBM
728 tape drive units (units 14, 15, 16, 17, 26, and 40)
and tape adapter unit 13.

TABLE 6—2. MAGNETIC TAPE POWER
SUPPLY OUTPUTS

REGULATED VOLTAGE CURRENT

(VOLTS) (AMP)

+270 dc 075

4140 dc 6.5

— 60 dc 2

—130 dc 3

—270 dc 0.2
236 ac 15

—30 to 430 dc 15
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Note

Units 26 and 40 are spare units and are not
installed in AN/FSQ-8 equipment.

Each of the d-c output voltages can be monitored
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by a VOLTMETER located on the tape power supply
control panel. A RANGE SELECTOR switch is pro-
vided to switch the voltmeter across any of the d-c out-
put voltages, This VOLTMETER is also used during
marginal checking to measure the excursion.
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Figure 6—1. Magnetic Tape Power Supply Unit 18, Control Panel
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CHAPTER 2
BLOCK DIAGRAM DESCRIPTION

2.1 GENERAL

The three magnetic tape power supply units are
identical and function in a similar manner. Figure 6—2
is an overall block diagram of a single unit and its
related components.

2.2 TAPE POWER SUPPLY INPUTS

Three-phase, 60-cycle regulated 208Vac is applied
to the tape power supply through unit 13 from MCD
19. This 3-phase power supplies the basic power re-
quirements of the tape power supply. Various voltages
are tapped from this main supply to feed specific cir-
cuits within the tape power supplies.

The input to the zero-sense MC circuit is 120V
single-phase, 60-cycle ac. This voltage is also applied to
the reversible drive motor used to drive the MC auto-
transformer.

The tape-power-supply control tube filaments are
supplied with 108V, single-phase, G0-cycle ac. This
power is also applied to the 236Vac autotransformer,
which supplies filament voltage to the tape drive units.

2.3 POWER SUPPLIES

The five d-c power supplies in unit 18 are similar
and provide the following nonstandard d-c voltages:

a. 4270V
b. 4140V
c. —60V
d. —130V
e. —270V

As shown in figure 6—2, the input voltages to these
power supplies are 208Vac single-phase and 208Vac
3-phase with the exception of the —270Vdc supply,
which does not utilize the 3-phase input. The 4-140Vac
power supply is described below as a typical example of
power supply operation.

Three-phase, 208Vac is applied to the 3-phase trans-
former; the output is applied to the 3-phase series
saturable reactors. The saturable reactors develop the
required output voltage of the power supply. (For a
detailed discussion of magnetic amplifiers, refer to Part
3, Ch 3.) This voltage is rectified by the 3-phase sele-
nium rectifiers providing 140Vac. The bias windings
and control windings of the reactors are supplied cur-
rent from the d-c control section to regulate the d-c
output voltage. This d-c control section is an electron
tube chassis which utilizes the 208Vac single-phase in-
put to furnish operating voltages. ;

The time-delay and control circuits in the Z mod-
ule of unit 13 apply the input voltages to the non-
standard d-c power supplied.

2.4 TAPE POWER SUPPLY OUTPUTS

The five d-c output voltages from the power sup-
ply in unit 18 are applied through the normally closed
contacts of MC relays contained within the MC portion
of the unit to the Z module of unit 13. (Refer to
Theory of Operation, Marginal Checking System, AN/
F$Q-7 and -8, 3-92-0, for a description of the MC cir-
cuits.) In addition, the 236Vac single-phase output from
the autotransformer is also applied to this module.
These voltages are then distributed to the tape drive
units and load modules.
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Figure 6—2. Magnetic Tape Power Supplies,

Block Diagram
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CHAPTER 3
DETAILED CIRCUIT ANALYSIS

3.1 INTRODUCTION

This chapter provides a detailed circuit analysis of
the tape power supply control and distribution circuits.
A detailed analysis of a typical d-c power supply and
its d-c control chassis is also included.

3.2 DISTRIBUTION AND CONTROL CIRCUITRY

Three-phase 208Vac power is applied to the mag-
netic tape power supply in two steps. The fitst step ap-
plies power to the d-c control sections of the d-c power
supplies in unit 18, and the autotransformer is then
applied to the tape drive units. After a 1-minute warm-
up period, 3-phase, 208Vac is applied in the second
step to the power transformer of the d-c power supplies
in unit 18 and the d-c outputs are distributed to the
tape drive units. This power-on sequence is initiated by
the a-c and d-c power-on signals at MCD 19 and by
the time delay and protection circuits of unit 13.

3.2.1 ACOn

Applying ac-start and hold signals from unit 63
(54.3.9, sheet 1) energizes relays 19R(K12) and 19R
(K13), respectively, in MCD unit 19. A —48V circuit
is now completed through CB 19BJ1, contacts 19 and
20 of 19R(K13), contacts 3 and 4 of 19R(K131), the
UNIT OFF and AC ON-OFF switches on unit 13, and
contacts 19 and 20 of 19R(K12), to the coil of relay
19A(K136). This relay picks and energizes relay 19R
(ITD131) through contacts 3 and 4. Contacts 1 and 2
of K136 complete a hold circuit for both of these relays
when a-c start relay 19R(K12) drops.

Relay 19A(K136), when energized, applies 3-phase
208Vac to unit 13 (5.3.3.9, sheet 3), which distributes
this power to the autotransformer and d-c control sec-
tions in unit 18 (5.3.3.11, sheet 1). In addition, 120Vac
is supplied to the MC power supply.

3.2.2 DCOn

Relay 19R (TD131) (5.4.3.9, sheet 1) and d-c start
and bold relays 19R(K14) and 19R(K15), respectively,
complete the circuit to 19R(K137). This pick circuit is
completed through CB19BJ1, contacts 19 and 20 of
19R(K15), contacts 3 and 4 of 19R(K132) through
(K135), contacts 3 and 4 of 19R(TD132), contacts 7
and 8 of 19 (TD131), the DC ON OFF switch on unit
13, and contacts 19 and 20 of 19R(K14), to the coil
of 19R(K137). This relay, in conjunction with 19R-

(TD131), picks 19R(K138) after a 45-second time de-
lay. Relays K138 and K137 now pick 19R(K139). Ener-
gizing relays K137 and K139 completes a —48V circuit
to 13Z2(K19) in unit 13 which controls the application
of 208Vac to the d-c power supplies of unit 18 (5.4.3.9,
sheet 2). Figure 6—3 is a simplified schematic diagram
of this circuit.

Minus 48Vdc is applied through contacts of K137
and K139, the now closed contacts of 18B(K15), and
the AC ON-OFF switch to the coil of 13Z2(K19). In
addition, —48Vdc is applied through this same circuit
and the contacts of 13Z2(K11) to the coil of 13Z2(K2)
and 1372(K3). When 13Z2(K19) picks, —48Vdc is ap-
plied through CB’s to 13Z5(K20), 13Z2(K12), 13Z2-
(K4), 13Z22(K5), and 13Z2(K13). Minus 48Vdc is ap-
plied to these relays along three separate paths, as
shown in figure 6—3. Relay K12 is a time-delay relay
and remains de-energized for one minute.

When 13Z5(K20) picks, 3-phase, 208Vac is ap-
plied through contacts of 19A(K136) and 13Z5(K20)
to the power transformers of the d-c power supplies
in unit 18 (5.3.3.9, sheet 3).

When 13Z2(K4) picks, power is applied through
contacts of 13Z2(K19), 13Z2(K4), 1372(K12), and
13Z5(K20) to 13Z2(K19), 13Z2 (K4), 13Z2(K12), and
applied through contacts of 13Z2(K19), 13Z2(K4),
and 137Z5(K21) to 13Z5(K22). Relays K22 and K21
are interlocked and hold as long as they are energized.
When K22 picks, the NONSTANDARD D-C OFF
lamp is extinguished and the ON lamp is lit on unit 13
(5.4.3.9, sheet 1). When K5 and K13 pick, —48Vdc is
applied through the contacts of 1372(K19), 13Z2(K13).
1372(K5), and 13Z2(K2) to the coil of 13Z5(K23).
When K23 picks, —48Vdc is applied through the con-
tacts of 1372 (K19), 13Z2(K13), 13Z2(K5), and 13Z5-
(K23) to 13Z5(K24). Relays K24 and K23 are inter-
locked and hold as long as both relays are energized.
Relays K24 and K23 (5.3.3.9, sheet 2) connect the d-c
output of the power supplies in unit 18 to tape drive
unit 14 (fig. 6—4). In addition, the NONSTANDARD
DC OFF lamp for unit 14 is extinguished and the ON
lamp is lit. (The other tape drive units are supplied dc
in a similar manner, as shown in 5.4.3.9 and 5.3.3.9.)

Each d-c power supply in unit 18 has a relay ener-
gized in its output (5.3.3.11, sheet 8). The contacts of
these relays are in parallel and form a series circuit
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Figure 6—3. Magnetic Tape Drive Unit 14, Simplified Relay Circuit

with the coil of 18B(K15). Should any d-c output fail,
its associated relay drops and picks K15 (5.3.3.11, sheet
9). The contacts of this relay are normally closed, al-
lowing 13Z2(K19) to energize in order to sequence
d-c power on, as described above. Energizing K15 breaks
the circuit to K19, causing all relays to drop. This re-
moves the d-c inputs to the tape drive units and the
3-phase, 208Vac input to the d-c power supplies.

3.3 TYPICAL NONSTANDARD D-C VOLTAGE
POWER SUPPLY

Since the five power supplies of the magnetic tape
power supply unit are similar, the 4140V power sup-
ply is described below as a typical example of their
operation (fig. 6—4). This power supply is shown on
logic 5.3.3.11, sheet 3. (Note that the —270V power
supply uses a single-phase power input and, in this
respect, differs from the other power supplies.)

3.4 POWER CIRCUIT

The 208Vac input to the 140V power supply is
applied to the primary windings of transformer 18§
(T1). The a-c output from the 3-phase secondary of
this transformer is applied through the gate windings
of saturable reactors 18S(L1), 185(L2), and 18S(L3) to

154

a 3-phase full-wave rectifier circuit consisting of rectifier
stacks 18R(CR1) and 18R(CR2).

The impedance of the saturable reactor gate wind-
ings, in conjunction with 185(T1), determines the a-c
output voltage that is to be rectified by the full-wave
rectifier. The rectified output is 140V at terminals 18R
(TB1) and 18R(TB1)d. This d-c output voltage is then
filtered by a bank of 24, 900-uf capacitors.

As the impedance of the reactor gate windings is
increased or decreased by means of the control and
bias windings, the resultant d-c output voltage is in-
creased or decreased. The control section of the power
supply furnishes the control currents to these windings
in response to control signals which maintain the output
voltage at 140V regardless of line or load fluctuations.

3.5 CONTROL SECTION

A typical control unit is designed to derive its
excitation from a 208V single-phase, 60-cycle, a-c volt-
age source. The input voltage is connected to terminals
18E(TB1)e and 18E(TB1)f (5.3.3.11, sheet 3). This
typical control unit is designed to provide approxi-
mately 5 ma of d-c excitation at approximately 462V
for the bias windings of the saturable reactors, which
are in series with a resistor of approximately 50 kil-
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Control Section
35-35.3.1

ohms (K). This bias circuit is connected between ter-
minals 18P(TB1)b (positive) and 18P(TB1)c (nega-
tive).

The control unit also furnishes variable excitation
of 0 to 70 ma for the control windings of the saturable
reactors. The circuit is supplied between terminals 18P
(TB1)b (positive) and 18P(TB1)a (negative). This

control circuit is controlled by vacuum tube 18P(V1), a_

type 6146 beam-power tube.

The input signal by which the current through the
control winding is adjusted is connected to terminals
18P(TB1)c (positive) and 18P(TB1)d (negative).
Through the medium of the first amplifier tube, 18P
(V4), a type 6072 dual triode, this signal voltage is
compared with a reselected portion of a reference volt-
age across a regulator tube, 18P (V3), a type 5783W3
tube.

3.5.1 Control Chassis Power Supply

The d-c operating voltages for the control chassis
are obtained from an auxiliary rectifier circuit. This
rectifier circuit derives its a-c input from the center-
tapped secondary winding of input power transformer
18P(T1) (5.3.3.11, sheet 3). The voltage rating of this
winding is approximately 219V, terminal to terminal.
This winding supplies two selenium rectifier stacks,
18P(CR1) and 18P(CR2). These are center-tapped
rectifiers of the voltage-doubler type. The two stacks
are connected to form a bridge-type rectifier circuit.
The output is connected directly to a 16-uf, 600V elec-
trolytic capacitor, 18P(C5). The positive terminal of
this capacitor is referred to as the positive bus; the
negative terminal is referred to as the negative bus.
These are positive and negative voltages with reference
to the center tap of the transformer winding, which is
referred to as the neutral bus. Between the positive bus
and the neutral bus is another electrolytic capacitor,
18P(C2), rated at 15-uf, 450Vdc. Between the neutral
bus and the negative bus is a similar electrolytic capaci-
tor, 18P(C1), with the same rating. The various vac-
uum tubes operate between these three d-c lines.

The neutral bus is not grounded because it is con-
nected to one of the output terminals of the power
supply being controlled, and the power supply terminal
may ot may not be grounded. Hence, capacitor 18P-
(C1) is connected between the neutral bus and ground
to prevent changing currents, voltages, etc, from affect-
ing the control circuits. '

Two filament windings on power transformer
18P(T1) supply the filaments of amplifier tubes 18P-
(V2) and 18P(V4) and power tube 18P(V1). Neither
of these filament windings is grounded.
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3.5.2 Power Amplifier Stage

The 6146 beam-power tube is operated as a triode
by connecting the screen grid (terminal 3) to the plate
cap.

The plate voltage source for this tube is taken from
the positive bus to the neutral bus. This is approxi-
mately 231V under load conditions. The cathode (ter-
minal 1) is directly connected to the neutral bus. The
neutral bus then becomes the cathode reference level.
The plate of this tube is connected through the control
windings of the saturable reactors in series with an -
external resistor to the positive bus. The control grid of
this tube (terminal 5) has its potential referenced to
the neutral bus. Since the grid potential is not driven
positive, the range of grid voltage control is from 0 to
approximately —60V. This voltage is sufficient to cut
off the plate current through the tube. Then this tube
is supplying the control windings of the saturable reac-
tors, and voltages are induced in the control windings
by the action of the gate windings. These induced volt-
ages may affect the plate voltage applied to the tube.
For this reason, the control grid voltage required to
cut off the plate current may be greater than that which
would be required to cut off the tube with d-c supply
voltage only.

The control of this tube is such that, when the grid
is made more negative with respect to the cathode, the
plate current through the tube will decrease and thereby
decrease the control current to the saturable reactor.
The impedance of the gate windings increases, and the
output voltage from the power supply being controlled
also decreases. Conversely, a positive grid  signal in-
creases the plate current, causing the gate winding im-
pedance to decrease and, hence, the output voltage to
increase.

3.5.3 Amplifier Stages

3.5.3.1 General

The type of amplifier circuit used in the control
section is a cathode-coupled type amplifier. The type
6072 dual triode amplifier tubes have a common cathode
resistor which has an appreciable voltage drop across
its length. This voltage drop is produced by the sum of
the two cathode currents of the twin triode elements.
These cathode currents are the plate currents of the
respective triode sections. In series with each plate lead
is a plate resistor. For symmetry, both plate circuit
resistors are alike in value, The supply voltage for an
amplifier stage is applied between the common ends of
the plate resistor and the common cathode resistor.

The behavior of this circuit is predicated on the
assumption that the current through the common ca-
thode resistor is constant; that is, the sum of the two
cathode currents is a constant quantity. Thus, if the
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one grid-to-cathode voltage tends to reduce the plate
current in that half-tube, the current in the other half-
tube will increase to keep the sum of two currents con-
stant. However, the plate current through the input
section may change more than the current through the
output section because the voltage drop across the com-
mon cathode resistor cannot be constant if the cathode
potential drops slightly to influence the grid-to-cathode
potential of the output triode, whose grid potential is
fixed.
Note

To explain the operation of the various ampli-

fier stages, voltage will be assumed for neces-

sary points. The actual voltages may not be

in agreement with these assumed values. This

system will be used to explain all amplifier

stages.

3.5.3.2 Intermediate Amplifier Stage

This amplifier stage supplies the grid circuit of the
6146 beam-power tube in response to an amplified
signal of input voltage received from the input voltage
amplifier. This stage receives a double input and de-
livers a single output.

The intermediate amplifier derives its supply volt-
age from a positive point on a resistance voltage divider,
18P(R5) and 18P(R11), connected between the positive
bus and the neutral bus. This allows the positive end
of the triode supply voltage to be about 50V more
positive than the neutral bus, so that, when neither
triode is cut off, its plate potential has a tendency to
rise above the potential of the neutral bus. The common
cathode resistor of this amplifier stage is connected to
the negative bus. Thus, the supply voltage for this stage
is of greater magnitude than the voltage between the
neutral bus and the negative bus.

For a given supply voltage, the choice of values for
the plate resistors in combination with the input voltage-
input current (e, -1i,) characteristics of the triode ele-
ments determines the resistance required in the common
cathode resistor circuit. These values are selected so
that, when the grid-to-cathode voltage on the input
triode becomes more negative than the quiescent value,
the grid-to-cathode voltage of the output triode be-
comes less negative than the quiescent value. Both grid
voltages should change by equal amounts. The plate
current of the input triode then decreases by a given
amount, and the plate current of the output triode in-
creases by a like amount, so that the grid-to-cathode
voltage of the 6146 tube tends to become negative by
an amount sufficient to cut off the plate current through
the tube. In other words, the plate of the output triode
of this intermediate amplifier tube must be capable of
being reduced in potential by about 60V to 100V negative
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with respect to the neutral bus. When the grid potential
is reversed, so that the plate current of the input triode
increases and the plate current of the output triode
decreases, the plate potential of the output triode tends
to seek a level of voltage above that of the neutral bus.
The grid-to-cathode potential of the 6146 tube will not
be driven in a positive direction to the full 50V level
above the neutral bus because the grid current through
the 6146 and the plate resistor, 18P(R13), of the output
triode section causes a voltage drop which tends to
maintain the grid-to-cathode potential of the 6146 tube
at the approximate level of the neutral bus. Until the
grid current of the 6146 tube becomes appreciable, the
cathode-coupled amplifier circuit remains reasonably
well balanced. When the grid current becomes ap-
preciable, this balance is no longer maintained. The
normal operation of this circuit is such that the inter-
mediate amplifier stage operates in a balanced fashion.

The voltage drop across the common cathode
resistor, 18P(R10), and across 18P(R17) determines
the quiescent operating level of the two input signals
to the two control grids (terminal 2 of the input triode
section and terminal 7 of the output triode section).
Any increase in the quiescent amount of current
through this common cathode resistor increases the
voltage drop across the two plate resistors, and vice
versa. Since the voltage drop across the plate resistor
of the output triode should change between 50V (cor-
responding to zero-grid voltage on the 6146 beam
power tube) and 110V (corresponding to —GOV grid
voltage on the 6146 tube), the quiescent level of voltage
across this plate resistor should be approximately 80V.
For example, assume the quiescent voltage to be 75V,
which, across a 150K resistor, requires a plate current
of 0.5 ma through that triode element. The plate cur-
rent of the other triode element will likewise be 0.5 ma.
Hence, the common cathode current will be 1 ma. This
current through the 111K common cathode resistor will
develop a voltage drop of 111V, measured from the
negative bus. If the negative bus voltage is —231V, the
quiescent level of the cathodes is —120V with respect to
the neutral bus. Since the cathodes are 111V positive
from the negative bus, and the plates are 25V negative
from the neutral bus, it leaves a plate-to-cathode voltage
of approximately 95V for each triode. One of a family of
grid voltage curves of the e, - i, characteristics for that
triode element will pass through the operating point of
95V at 0.5 ma and will determine the grid-to-cathode
voltage value for this operating point. Suppose this value
is 10V; the input signal level to the two control grids
(terminals 2 and 7) will be 111V minus 10V, or 101V,
above the negative bus. This will be the output level of
the preceding amplifier stage, measured in terms of
voltage above the negative bus.
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The control sense of this intermediate amplifier
stage, tube 18P(V2), (5.3.3.11, sheet 3) is such that
a decrease in the one input voltage, measured between
the grid (terminal 2) and the negative bus, and a cor-
responding increase in the other input voltage, measured
between the grid (terminal 7) and the negative bus, has
the effect of making the grid-to-cathode voltage (ter-
minals 2 and 3) of the input triode more negative; this
tends to decrease its plate current while making the
grid-to-cathode voltage (terminals 7 and 8) of the out-
put triode less negative, which tends to increase its plate
current. Thus, the plate voltage (terminals 1 and 3)
_of the input triode is increased while the plate voltage
(terminals 6 and 8) of the output triode is decreased.
That is, the decrease of plate current through the input
triode decreases the voltage drop across its plate resistor
18P(R12) and raises the potential of the resistor-and-
plate-terminal toward 50V above the neutral bus; the
increase of plate current through the output triode in-
creases the voltage drop across its plate resistor 18P (R13)
and lowers the potential of the resistor-and-plate terminal
away from its reference point of 50V above the neutral
bus. This change of potential across 18P(R13) has the
effect of making the grid-to-cathode potential of the
1646 beam power tube more negative, which decreases its
plate current, reducing the control current excitation to
the saturable reactors and decreasing the output voltage
of the power supply.

3.5.3.3 Input Amplifier Stage

This is a cathode-coupled amplifier with a different
supply voltage than that of the intermediate stage to
which it supplies signal voltages. The stage operates as
a single input with double output. Since the quiescent
plate voltage of 111V above the negative bus has been
determined by the voltage drop across the common-
cathode resistor of the intermediate stage, it follows
that the range of plate voltage change need be only a
few volts above or below this quiescent value. The
quiescent value is already approximately 120V below
the level of the neutral bus, so the plate voltage excut-
sion need never rise above this neutral-bus voltage;
hence, the neutral-bus-to-negative-bus voltage may be
used to supply this input stage.

The selection of resistor values for this input ampli-
fier stage is based on the minimum value of input volt-
age signal which will be used with these control units,
namely that of the —G60V power supply. Hence, the
input voltage will never be less than —G60V nominal
value; and, since the specifications usually call for a
range of adjustment of =10 percent, the —10 percent
value sets the minimum input voltage at 54V. The grids
of the input stage will operate at a potential which is
negative relative to their cathodes; hence, the voltage

158

3-82-0

PART 6
CH3

drop across the common cathode resistor, 18P(R9),
would be a few volts greater than the input signal volt-
age. However, design consideration dictates a voltage
value in the order of 54.5V, at which value the quiescent
current through the 33K common cathode resistor is
approximately 1.65 ma. If this current is equally divided
between the two plate circuits, the plate current of each
triode section is 0.825 ma. This current produces a
voltage drop of 123.75V across each plate resistor,
18P(R14) and 18P(R15), of 150K measured down
from the neutral bus which corresponds to 107.25V up
from the —231V negative bus. This is a value close
enough to the 111V value selected for the cathode drop
of the intermediate stage (it allows about —37.5V quies-
cent value of grid-to-cathode potential on the inter-
mediate triode sections) to show how the circuit es-
tablished an equilibrium operating point in the vicinity
of these values.

The signal voltage is applied to the grid (terminal
7) of this dual triode tube, 18P(V4), thus making
this element the input triode. This signal voltage is the
voltage measured between the grid (terminal 7) and
the negative bus. The potential of the grid (terminal 2)
of the other triode is determined by a reference voltage
which is the standard of comparison for the input volt-
age signal. This reference voltage is the preselected
amount of voltage between the slider of the voltage-ad-
justing potentiometer, 18P(R2), which connects to grid
terminal 2 and the negative bus. The order of magnitude
of this reference voltage is the voltage at which the
signal on the input grid (terminal 7 to negative bus)
is to operate. (This amplifier stage might be considered
to be in its quiescent state when the input grid (terminal
7) is connected to, or is at the same potential as, the
other grid (terminal 2) of the trailing element.)

When the input signal voltage changes, by an in-
crease in the voltage between the input grid (terminal
7) and the negative bus, it has the effect of making the
grid-to-cathode voltage (terminals 7 and 8) less nega-
tive so that the cathode current of that triode section
increases. This increase in cathode current tends to in-
crease the total curtent through common cathode resistor
18P(R9) and raises the potential of the cathodes.
Assume that this cathode potential is raised by half the
amount of voltage change applied to the grid-to-neutral-
bus circuit. Then, if voltage in the grid-to-neutral-bus
circuit of the output triode (terminal 2 to neutral bus)
is unchanged, the grid-to-cathode voltage (terminals
2 to 3) will have changed by the same half-amount
as the signal change applied to the input grid circuit,
except that the direction of change will have been such
that the grid (terminal 2) is more negative with respect
to its cathode (terminal 3). This decreases the cathode
current through this output triode section. The sum of
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the two cathode currents (the lesser than quiescent
amount from cathode 3 and the greater than quiescent
amount from cathode 7) is now slightly greater than
the quiescent sum because the cathode potential has in-
creased slightly to effect the operation of the output
triode section, Generally, the increased amount of cur-
rent through the input triode is greater than the de-
creased amount of current through the output triode.
Thus, the two output potentials measured across the
plate resistors have not changed by equal amounts; but
the error is not great, and the larger the voltage drop
across the common cathode resistor, the smaller the
error.

The control sense of this input amplifier stage tube,
18P(V4), is such that an increase in the magnitude of
the input voltage (an increase in the value of output
voltage of the power being controlled), measured be-
tween the grid (terminal 7) and the negative bus, has
the effect of making the grid-to-cathode voltage less
negative. This causes an increase in plate current
through this input triode section and plate resistor
18P(R15), thereby decreasing the plate potential.
Similarly, and simultaneously, there is a decrease in the
plate current of the output triode section, which causes
a decrease in the voltage drop across plate resistor R14
and an increase in the output plate potential. Since
these two plates are connected to the input triode grid
and the output triode grid, respectively, of the inter-
mediate amplifier stage, the decrease in potential of the
one plate and the increase in potential of the other
serve to unbalance the intermediate amplifier and pro-
duce an amplified decrease in the voltage applied to
the grid-to-cathode circuit of the beam-power stage so
as to decrease its plate current. This, in turn, decreases
the control current to the saturable reactors, increasing
the gate winding impedances and thereby reducing the
output voltage of the power supply. Thus, an increase
in signal voltage tends to decrease the source of this
very signal voltage, which is a stable operating condi-
tion leading to a new equilibrium condition at a skghtly
increased value of signal voltage.

3.5.4 Reference Voltage

The terminal voltage of a cold-cathode, glow-dis-
charge type voltage regulator tube changes little when
its plate current is changed appreciably. It is desirable
that this voltage remain constant over the expected life
of the tube and that any changes which take place do
so very gradually over the life of the tube. Because of
their constant voltage characteristics, these tubes must
be supplied from constant potential sources through
current-limiting resistors. Otherwise, minor increases of
voltage about the normal operating value would in-
crease the current through the tube and permanently
damage it. Resistor 18P(R8) is this series-connected
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ballast resistor. The series combination of tube and
resistor is supplied with current from the neutral-to-
negative bus voltage. If the voltage source is 231V and
the tube’s voltage drops 87V, the difference voltage,
144V, would be applied across 68K of R8 and would
indicate 2.1 ma of current flowing through the tube.
However, as low a value as 54V might be required for
the reference voltage applied to the grid circuit (ter-
minal 7 to negative bus) of the input amplifier, tube
180(V4), and as high a voltage as 66V. Hence, some
means must be provided to reduce the 87V potential of
this tube to between 54V and 66V. This is accomplished
by a voltage divider connected across the terminals of
the tube. The voltage divider comprises the series con-
nection of a fixed resistor, 18P(R7), of 33K, a 100K
potentiometer, 18P(R2), with adjustable slider, and a
47K resistor, 18P(R16). With 87V across this tube, the
voltage divider draws 0.48 ma of current, which is sub-
tracted from the 2.1 ma which would flow through the
tube in the absence of the circuit across its terminals,
leaving approximately 1.62 ma through the tube.

Since the voltage across the regulator tube is
constant, the voltage across the voltage divider is
constant, and, if no current is drawn from the slider tap
of the voltage divider, the output voltage of this divider
(slider to negative bus voltage) is also constant. Moving
the slider towards the R7 end increases the reference
voltage and causes the signal voltage to operate at a
correspondingly higher level. Moving the slider towards
the R16 end decreases the reference voltage and causes
the signal voltage to operate at a lower level.

3.5.5 Adaptation to Other Values and Polarity
of Supply Voltage

When the input signal voltage is in excess of the
nominal 60V, as in this case 140V, a voltage divider
is used across the power supply output to provide a
60V input which will be proportional to the 140V
source. Adjustable resistor 18P(R8) between terminals
18R(TB1)c and 18R(TB1)d provides this 60V signal
input.

The positive terminal of the input signal voltage
is connected to input terminal d of the control unit; the
negative terminal of the signal voltage is connected to
input terminals 18P(TBl)c and 18P(TB1)d for the
+ 140V supply.

3.5.6 Stabilizing or Anti-Hunting Circuit

The single and hunting circuit comprises circuit
elements 18P(R1), 18P(R4), and 18P(C4), connected
in series between the positive bus and the reference
voltage grid (terminal 2) of input amplifier tube
18P(V4). Of these elements, 18P(R1) is an adjustable
potentiometer connected as a rheostat. The function of
this series resistance-capacitance (RC) circuit is to in-
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troduce into the grid circuit (terminal 2 to negative
bus) of the output section of tube 18P(V4) an adjusta-
ble amount of the 120-cycle ripple voltage which
appears on the auxiliary direct potential between the
positive and negative buses. This has the effect of nulli-
fying, or actually producing a phase reversal of, a
somewhat similar 120-cycle voltage which appears at
this grid point, as the result of a portion of a 120-cycle
component of the input signal voltage appearing at this
point. This 120-cycle ripple voltage, introduced by the
RC citcuit, is amplified by the intermediate amplifier
stage and appears greatly magnified at the grid of the
output stage. This varies the ratio of the average value
of grid voltage on the 6146 tube to the average value
of the input signal which is fed back from the output of
the power supply. Thus it affects the pattern of behav-
ior of the plate current of the 6146 tube on the con-
trol winding of the saturable reactor.

This RC anti-hunting circuit has a pronounced
effect on the pattern of response of the output voltage
to changes in a-c supply voltage and in load current; it
is for this reason, more so than for stabilizing the out-
put voltage during steady-state operation, that the cit-
cuit is important.

3.5.7 Overvoltage Protection

With no protection, the plate current of the beam-
power tube would increase, causing an uncontrollable
increase of the output voltage of the power supply
when one of the following conditions occurs:

a. Certain tubes, triode elements, or circuit points
fail by short-circuiting anode-to-cathode, grid-
to-plate, or grid-to-cathode, as in the case of
input section 1-2-3 of intermediate amplifier
tube 18P(V2) or output element 1-2-3 of input
amplifier tube 18P(V4).

b. Input terminals 18P(TB1)c and 18P(TB1)d
short-circuit.

c. Voltage-regulating divider resistor 18P(R7)
short-circuits.

d. Fail by open-circuiting or loss of emission as in
the case of output element 6-7-8 of intermediate
amplifier tube 18P(V2), input element 6-7-8 of
input amplifier tube 18P(V4), or voltage reg-
ulator tube 18P(V3).

e. The reference voltage divider along 18P(R16)
and open-circuits. '

In the event of overvoltage on the output termi-
nals of the power supply, the trip-coil circuit of CB 18P
(CB 1) (whose coil circuit is connected to control unit
terminals 18P(TB1)g and 18P(TB1)c in series with ex-
ternal calibrating resistor 18P(R3) across the output
voltage of the power supply) will be sufficiently ener-
gized to trip its mechanism, Its main contacts, in series
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with the trip coil, will open to de-energize the trip cir-
cuit so that the mechanism must be reset manually. Its
auxiliary normally closed contacts 5 and 3 will open,
and auxiliary normally open contacts 5 and 4 will close
to transfer the grid of the beam-power tube via resistor
(RG) to the potential of the negative bus. This is more
than an adequate value of negative grid voltage to shut
off the plate current and reduce the output voltage of
the power supply to a low value.

3.5.8 Common Circuit Failures
The effects produced by open- and short-circuit
conditions were discussed in 3.5.7. A normal pattern
of change would lie in between these extremes. The
change to be expected as a result of tube aging is a de-
crease in either peak cathode-emission values or aver-
age cathode-emission values.

3.5.8.1 Voltage Regulator Tube V3

This is the key tube in this control circuit since the
voltage which is being maintained is dependent on the
stability of the tube’s constant voltage characteristic.
Most probably, as the tube ages, the cathode emitting
surface area will decrease and the terminal voltage will
increase. This effect should take place gradually over
the expected life of the tube rather than suddenly at
some unexpected moment. The end of useful life is
when the terminal voltage of the tube exceeds the limits
or range set by the manufacturer. Actually, the tube
could be operated until the range of voltage adjustment
on potentiometer R2 had been used up, provided the
terminal voltage is stable at these higher values.

3.5.8.2 Input Amplifier Tube V4

This stage is complicated by the fact that it is
really two triode elements which may not, and proba-
bly will not, age equally. Again, it will be assumed that
emission losses increase with tube aging. Should either
triode element, alone, lose emission, it will require dif-
ferent grid-to-cathode potentials to achieve balanced
output voltages. This would shift the level of the input
signal voltage on the one grid relative to the reference
voltage on the other grid, the grid of the tube having
the lower emission value nearer to its cathode in poten-
tial. In any event, the effect will be to raise the level of
the output voltage with respect to the negative bus;
this may have the effect of dropping the operating level
of the output of the intermediate amplifier, which means
that it might not be possible to turn on the 6146 tube
as much as might be required to achieve full output
from the power supply, particularly under low line
voltage conditions.

3.5.8.3 Intermediate Amplifier Tube V2

This is analyzed much like the input stage except
that a loss of emission will tend to raise the output volt-
age level with respect to the negative bus; this may
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make it difficult to turn off the 6146 tube as much as
might be required to keep the output voltage down to
the desired level under low load and/or high line volt-
age conditions. Simultaneously, the tendency for the
output voltage level of this amplifier to be higher
would mean that the input voltage level would be re-
quired to be raised to compensate; this would require a
slightly higher value of voltage to be regulated at the
input terminals of the input stage.

3.5.8.4 Power Tube V1

Low emission on this tube limits the amount of
plate cutrent, peak value, and/or average value, which
this tube could furnish to saturate the saturable reactor.
Hence, the rated full load output from the power sup-
ply could not be achieved.

.3.5.8.5 Selenium Rectifiers

These rectifiers age by a gradual increase in inter-
nal resistance in the current-conducting (forward) di-
rection. The end-of-useful life of selenium rectifiers is
said to be reached when the forward resistance doubles
in value. However, the voltage loss due to this resist-
ance increase is but a few percent of the output voltage,
so that doubling this increase only changes the output
voltage by a minor amount. Lowering the positive
and negative bus voltages will affect the operating lev-
els of the output voltages of the input and intermediate
amplifiers, which may require readjustment of the ref-
erence voltage potentiometer to maintain a particular
value of output voltage from the power supply. An ap-
preciable lowering of the positive bus voltage will de-
crease the amount of saturating current which is availa-
ble from the 6146 power tube; this may lower the rated
full-load output of the power supply. A decrease in the
negative bus voltage may raise the output voltage level
of the intermediate and input amplifier stages so much
that it affects the minimum value of plate current from
the 6146 tube and allows the power supply voltage to
rise above the preset level under light load conditions.

3.5.8.6 Electrolytic Capacitors

These devices age by drying out and thus by suf-
fering a decrease in capacitance. The primary effect of
the latter will be to cause an increase in ripple voltage
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and a lowering of the average voltage level of the posi-
tive and negative bus voltage.

An increase in the ripple content of the auxiliary
positive and negative bus voltages will cause this ripple
to be amplified by the amplifier stages which will drive
these stages out of balanced operation, with a conse-
quent change in the rates of average output voltage to
average input voltage and with an ultimate effect of
shifting the level of the power supply output voltage.
The equipment will no longer operate desirably under
transient conditions of line and/or load change.

3.6 PROTECTIVE UNITS

Unit 18 has two protective circuits, one in case of
overvoltage and the other in case of nonstandard power
supply output failure. Each will be discussed separately
below.

3.6.1 Power Supply Output Failure

If anyone of the power supplies fails (no output
voltage developed, a short circuit across the output),
the relay connected across its output (K16 through
K20) drops and its contacts close. When the contacts
close, —48V is applied through the now closed contacts
of the output relay (K16-K20) to the coil of relay K15
(unit 18). After a delay, this relay picks and its con-
tacts open. This action removes power from the coil of
relay K19 (fig. 6—3), and the relay drops. When relay
K19 drops, its contacts open, causing the input power
to be removed from the saturable reactors and causing
the d-c outputs of all the power supplies to be discon-
nected from the load. High a-c voltages for filament
transformers and for marginal checking are still con-
nected.

3.6.2 Overvoltage Circuit Breaker Trip

In the control section of each power supply, CB 1
is placed and adjusted to trip at no more than 15 per-
cent over the rated d-c output voltage of the supply. In
the event that 15 percent overvoltage exceeds the rated
voltage of the capacitors, CB 1 is adjusted to trip at less
than rated capacitor voltage. Whenever an overvoltage
causes CB 1 to trip, the supply shuts down as described
in 3.5.7. This, in turn, causes all the power supplies to be
shut down as described in 3.6.1.
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PART 7
AN/FSQ-8 DIFFERENCES FROM AN/FSQ-7

7.1 SCOPE

This part summarizes the differences between the
AN/FSQ-7 equipment, which is described in the preced-
ing parts, and the AN/FSQ-8 equipment.

7.2 GENERAL

Most of the AN/FSQ-8 equipment is the same as
the AN/FSQ-7 equipment. Certain units, however, are
not provided in the AN/FSQ-8 equipment. These ab-
sences also affect some of the existing units because nu-
merous components within these units are not used. The
~ sizes of the cabinets are not changed, but several mod-
ules (or sections) have no external wiring.

If the correct logic diagrams are used to trace the
desired circuits, the typical examples provided in the
previous parts can be used as helpful guides.

7.3 UNITS AFFECTED IN POWER SUPPLY
SYSTEM

7.3.1 Introduction
All the units of the Power Supply System are pro-
vided for the AN/FSQ-8 equipment. However, several
units contain fewer components. The units affected in-
clude display MCD unit 27, duplex injut MCD unit 59,
display console CB unit 48, simplex input CB unit 56,
and simplex input PD unit 55.

7.3.2 Units in Power Systems A and B
7.3.2.1 Display MCD Unit 27
In AN/FSQ-8 equipment, display console units 169,
170, and 787 are not employed. In unit 27, there are no
changes in wiring. The changes necessitated by the re-
moval of these units are effected in display console CB
unit 48.

7.3.2.2 Duplex Input MCD Unit 59

Module E of unit 59 contains the CB’s which dis-
tribute power to units 32, 34, and 41 in AN/FSQ-7
equipment. Since units 34 and 41 are not present in
AN/FSQ-8 equipment, there are only those CB’s asso-
ciated with unit 32. The lines normally associated with
units 34 and 41 are taken only to the bars in mod-
ule A of unit 59.

7.3.3 Units in Power Systems C and D
7.3.3.1 Display Console CB Unit 48
Modules F through K of CB unit 48 are not used

since fewer CB’s and bus bars are required to supply
power to the limited number of display consoles. The
unused CB’s and bus bars are wired within unit 48, but
wiring leading from the unused modules is not provided.

7.3.3.2 Simplex Input CB Unit 56
Modules D, E, and F of CB unit 56 are not used.
The components are provided, and the internal wiring
is complete, but the external wiring from modules D, E,
and F is missing.

7.3.3.3 Simplex Input PD Unit 55

Modules D through M of PD unit 55 are not used.
The sliding units and other components are provided,
and the internal wiring is complete, but external wiring
from modules D through M to CB unit 56 and the load
units is missing.

7.4 UNITS MISSING IN AN/FSQ-8

7.4.1 Introduction
Many units in the Display System and the Input
System are not provided for AN/FSQ-8. Several units
in the Output System are provided but not utilized.

7.4.2 Display System
The following units mentioned in the preced-
ing parts of this manual are not provided for AN/
FSQ-8 sites: SD console units 169 and 170, and SD con-
sole unit 787.

Refer to Theory of Operation, Display System,
AN/FSQ-7 and -8 for complete explanations on the dif-
ferences of the display equipment in AN/FSQ-7 and
AN/FSQ-8.

7.4.3 Input System

The following units mentioned in the preced-
ing parts of this manual are not provided for AN/FSQ-8
sites: GFI unit 34 and LRI unit 41.

Refer to Theory of Operation, Inpus System AN/
FS$Q-7 and -8 for complete explanations on the differ-
ences of the input equipment in AN/FSQ-7 and AN/
FSQ-8.

7.4.4 Output System
Refer to Theory of Operation, OQutput System,
AN/FSQ-7 and -8 for information on the difference of
the output equipment in AN/FSQ-7 and AN/FSQ-8.
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