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Number &
Diameter
of
Wires
1/-036
1/:044
3/-029
3/-036
1/-064
7/-029
7/-036
7/-044
7:/052
7/-064
19/-052
19/-064
19/-072
19/-083
37/-004
37/-072
37/-083
37/-093
37/:103
61/-093
61/-103
91/:093
91/:103
12%/°103

APPENDIX

STANDARD CoOPPER CONDUCTORS

Area in
Square
Inches

-001
0015
002
003
003
0045
-007
‘010
‘0145
0225
‘040
-060
"075
-100
120
I50
200
250
-300
-400
*500
600
750

1:000

TABLE 1
Amperes  Weight
at in

IL.EE. Ibs. per

Rating 1,000 yds.
41 117
61 176
78 234
12-0 36-1
12-9 372
18-2 544
24-0 83-8
310 1252
370 1749
46-0 204-9
64-0 475°5
83-0 720°3
970 9110
1180 12110
1300 1403-0
1520 1776-0
1840 23600
2140 29630
2400 36350
2880 4886-0
3320 59940
384-0 72000
461-0 8942-0
5950 124810

213

Resist

in Ohms

per

1,000 yds.

2359

1579

12-36
8-019
7463
5-281
3427
2°295
1-643
1-084
-606
“400
316
238
205
‘162
‘122
"097
079
*059
-048
‘039
‘032
023

Volts
Drop
per
1,000 yds.
967
96-7
96-7
967
967
96-7
88-3
770
65°3
536
417
357
330
303
286
26-3
240
221
204
18-2
171
163
159
147



214 APPENDIX

TABLE 1II
MaxiMuM SAFE Loaps oN CHAINS, WIRE AND HEMP ROPES
CHAINS STEEL WIRE ROPE
Maximum Load on Single Chain. Maximum Load Single Rope.
Dia. of Chain Chain Circumfer- Rope Rope
Chain in Vertical at 45° ence of Rope Vertical at 43°
inches Ibs. 1bs. in inches Ibs. 1bs.
‘1875 550 350 10 750 500
25 1,000 700 1-125 1,000 650
-3125 1,500 1,000 1-25 1,300 850
-375 2,200 1,500 1375 1,750 1,200
*4375 3,000 2,250 1°5 2,250 1,500
‘5 4,000 3,000 1-625 2,600 1,750
-5625 5,000 3,500 175 2,000 1,950
-625 6,000 4,500 1-875 3,200 2,200
-6875 7,500 5,500 2-000 3,500 2,350
75 9,000 6,500 2-125 4,000 2,700
-8125 10,500 7,500 2-25 4,500 3,000
-875 12,000 8,500 2-375 5,000 3,300
‘9375 14,000 10,000 2:500 5,500 3,700
1-00000 16,000  II,500 2-625 6,000 4,000
1-0625 18,000 13,000 275 6,500 4,300
1125 20,000 14,500 2-875 7,000 4,700
1.1875 22,500 16,000 3-0000 7,750 5,250
1-25 25,000 17,500 3-25 8,750 5,750
1-3125 27,500 10,500 35 9,750 6,500
1-375 30,000 21,500 375 11,500 7,750
15 33,500 23,500 4-0000 15,500 10,000
1-625 38,000 26,500 4-25 17,000 11,500
I-75 42,500 30,000 45 18,500 12,500
1-875 48,000 33,500 475 20,500 13,500
2-0000 55,000 38,500 5:0000 21,500 14,500
525 23,500 15,500
55 25,500 17,000
575 27,500 18,500
6-00000 30,000 20,000



Circumference  Rope

of Rope in
inches

10000
15
2-0000
2°5
3-0000

Fusing Cur-
rent, Amps.
I
2

3
4
5
10
15
20
25
30
35
40
45
50
60
70
8o
ol
100
120

FUSE WIRE TABLE III

APPENDIX

HEMP ROPES
Maximum Load Single Rope.

Vertical
Ibs.
8o
160
280
450
650
875
1,125
1,425
1,750
2,125
2,500
3,000
3,500
COPPER
Dia. S.W.G
in. {app.)
0021 47
"0034 43
0044 41
"0053 39
0062 38
0008 33
‘0129 30
0156 28
0181 26
0205 25
0227 24
0248 23
0268 22
-0288 22
0325 21
0360 20
0304 19
0426 19
‘0457 18
0516

Rope
at 45°

1bs.
50
110
200
300
450
625
800
1,000
1,250
1,500
1,750
2,100
2,500

PART 1
ALUMINIUM
Dia. S.W.G.
in. (app.)
0026 46
0041 42
*0054 39
-0065 37
0076 36
0120 30
0158 28
0191 25
-0222 24
-0250 23
0277 22
-0303 21
0328 21
‘0352 20
0397 19
*0440 19
0481 18
0520 18
-0558 17
0630 16

215
Takes load
of two
single
ropes or
chains.
Takes load
of four
single
ropes or
chains,
PLATINOID
Dia. S.W.G.
in. (app-)
"0035 43
0056 39
0074 36
0089 35
‘0104 33
-0164 27
0215 24
0261 23
-0303 21
‘0342 20
‘0379 20
‘0414 19
0448 19
0480 13
0542 17
0601 16
‘0657 16
0711 15
‘0762 14
-0861 13
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Fusing Cur-
rent, Amps.

Dia.

in.

0072
0113
‘0149
0181
-0210
‘0334
"0437
-0529
0614
0694
-0769
0840
*090g
‘0975
‘II0I
-1220
1334
‘1443
1548
1748

TIN

S.W.G.
(app.)
37
31
28
26
25
21
19
17
16
I5
I4
I4
13
13
II
10
10

9
3

7

APPENDIX

PART 11
ALLO-TIN
Dia. S.W.G
in. (app.)
0083 35

‘0132 29
‘0173 27
-0210 25
"0243 23
-0386 19
0506 18
0613 16
0711 15
-0803 14
-08g0 13
'0973 13
-1052 12
1129 11
1275 10
‘1413 9
‘1544 8
1671 8
*1792 7
2024 6

LEAD
Dia. S.W.G.
in. {app.)
0081 35
0128 30
0168 27
-0203 25
0236 23
"0375 20
‘0491 18
"0595 17
-0690 15
0779 14
0864 13
"0944 13
1021 12
-10095 12
1237 10
1371 9
'1499 9
1621 8
1739 7
1964 6
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INDEX

ACCIDENT report book, 174
A.C. relays, 37, 38, 86, 140

Air break switches, 34

Air filter, 40

Alternator, 15, 118, 119

Ambulance perquisites, 174

Anode, arms, 3, 97

baffles, 47

coolers, 140, 145, 148, 160

fuses, 34

impurities, 3, 49

inductance coil, 15, 34, 35, 132

load factor, 31, 33

protection, 47, 50, 52

rating, 24, 49, 111

shields, 47, 48, 49, 50, 176

stem draining, 103

stress, 49

temperature, 49, 102

voltage drop, 12

Arc commutation, 11, 13, 15, 180,
190

T

control by grids, 176

stability, 50, 51, 52, 62, 142

striking of, 2, 36, 37, 38, 78, 84,

131, 138, 142, 144, 157, 158, 175,

177, 187

voltage drop, 1, 4, 12, 15, 27,
62, 67, 93, 145, 150, 151, 153, 178

Architecture, 67

Arcing tips, 116

Artificial loading, 3, 26

Atmospheric pressure, 53

Automatic features, 65, 78, 79, 8o,
81, 82, 83, 84, 85, 86, 87, 88, 156

shut off valve, 54, 58, 112, 132,

134, 136, 137, 148, 157, 160

sub-stations, 78

Auto-reclose circuit breakers, 79, 8o

Auto-transformers, 40, 42

BACK-FIRES, 2, 15, 40, 49, 50,
52, 62, 84, 95, 113, 143, 180, 181
Bake-out, adjustments, 147

Bake-out, divided, 146

emergency, 147

—— final, 136, 146, 147

——— final instructions, 148

full wave, 144

—— half wave, 143

instructions prior to, 99, 137,

140

overload, 146

resister, 142, 144

—— what it is and does, 3, 143

windings, 74

Balancer-rotary, 93, 113, 2035

Barometric seal, 57, 133

pressure, 57, 122

Backing pump. See rotary vacuum
pump.

Bedding in switch contacts, 1135, 129

Bela Schafer, 5

Benzine, 100, 107

Birmingham, 5

Board of Trade Regulations, r14

Borosilicate glass, 4

Breathers, calcium chloride, 166

silica gel, 166

Brief history of rectifiers, 1

British Broadcasting Corporation,
212

British Thomson-Houston Co., 6

British patents, 1, 2

British standard testing needles, 117

Brown Boveri Co., 5

B.S.S. 109 air break switches, 129

110 air circuit breakers, 129

1598 bus bars, 129

358 sphere gaps, 120, 121

Buildings, 70, 71, 75, 76, 205

costs, 68, 77

Bulbs, adjustments to, 37, 97, 131,
155

artificial cooling, 3, 4. 39
—— blackening, 155

—— handling, 97

seals, 5

219
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Bulbs, strains, 4, 5
production, 4, 5
transport, g7

working in, 40, 132, 155
Bus bar expansion, 129, 130

(CABLES, 71, 73, 75, 96, 97, 108,
109, III, 114

calculation of sizes, 31, 32, 111

specification, 32, 63, 110, 111

creapage clearance, I11I

Calcium chloride breathers, 166

Calibration of high speed breakers,
163

Capital costs, 27, 65, 66, 68, 90, 207

Cathode inductance coil, 35, 39, 132,
192

voltage drop, 12

Choice of type of plant, 64, 69

Commercial production of bulbs, 4

Commutator-less motors, 198, 199

Comparative costs, 207

Compensating reactor, 27

—— valve, 56, 139

Contact tips of H.S. breakers, 161,
162

Contact making relays, 56

Control circuits, 85, 86, 206

—— of cooling fan speed, 39, 40

of voltage by grids, 41, 176

transformers, 85, go

Cooling, artificial, 3, 4, 39

water, 47

water systems, 57, 58, 59, 100,
10I, 102, 103, 104, 105, 106

Copper-oxide rectifiers, 51, 87

Creed vacuum relay, 140

Critical value of load current, 62

Current, conduction, 1

—— limitation, 5, 27, 39, 49, 50

relays, 26, 39, 65, 74, 80

transformers, 123, 125, 126, 151

limiting resistances, 85, 9o

D.C., bus bars, 129

reactor, 60, 61, 108, 112, 141
relays, 37, 38, 39, 131
switchgear, 129
Dielectric tests on oil, 165
Diffuser pump. See mercury pump.
Diode valve, 6, 176
Direct acting relays, 181, 182
Discriminative protection, 92, 153
Displacement factor, 192

INDEX

Distortion factor, 192
Divided bake-out, 146
Dixon’s compound, 104
Draining anode stems, 103
Drawing office staff, g6

EARTHING, 96, 97, 104, 106, 112,
113, 115, 119, 121

Earth leakage relay, 85, 86, 111, 123,
148

Economic rating, 65, 66, 67, 69, 207

Edison Effect, x

Efficiency, 65, 67, 93, 149, 150, 153,
202

all day, 66, 203

curves, 66, 200

of rotary converters, 67, 202

Electric Construction Co., 212

Electro-magnetic ignition, 36, 37, 38,

39
Electrolysis, 58, 59, 62, 65, 103
Electrostatic field, 7, 12
Emergency bake-out, 147
door, 71
Excitation chokes, 36, 38, 52, 131,
155

general information, 33, 36, 51,

52, T41

relays, 78

transformer, 37, 75, 84, 106,
111, 157

Expansion reservoir, 103, 104, 16I

FACTORY Act, 174
Failure of E.H.T. supplies, 46, 84,
94, 133, 158

Fan motor circuits, 39

speed control, 39, 40

Final bake-out, 136, 146, 147

Fire insurance, 77

risk, 70, 71, 77, 78, 174

First principles, 8

Fleming, Sir Ambrose, I

Foreign gases, 3, 52, 56

Frequency conversion, 196

high, 196

variation, 60, 110, 149

Full wave bake-out, 144

Fuses, E.H.T., 85, 9o, 116

L.T., 34, 37, 85, 90, 110, 130,

131

G.E.C. of America, 5
G.E.C., British, go



INDEX

Generator, D.C., 75, 129, 160, 185
Grid, arrangement of, 176

methods of exciting, 171, 178,
184, 185, 186, 187, 188

protection, 180

Grid control, of arc, 177

of voltage, 183
principles, 175
Guntheschultze, 3

}{ARMONICS, 18, 19, 25, 206, 27,
28, 29, 61, 62, 63, 149, 184, 192,

203

Heavy duty rectifiers, 3, 8, 27, 65, 68

Hendon sub-station, 6

Hewitt, Peter Cooper, 1

Hewittic Electric Co., 5

High frequency current, 196

oscillation, 121

High speed breakers, 83, 86, 90, 91,
92, 111, 112, 113, 183

calibration, 163

operation and main-

tenance, 161
High voltage tests, 116, 149
calculations, 122,

123

form factor, 122
induction regulator

control, 118
measurements, 120
methods of apply-

ing, 117
—— on transformers,
114, 126
—— precautions, 116,
118
—— ——— rheostat control, 118
—_ —— series resistance con-
trol, 118
_— —— types of, 117
—— —— voltage regulation,
118

—_ sphere gaps, 117
High voltage operation, 41, 212
transmission, 83

IGNITION, 35, 36, 51, 131
and excitation circuits, 36,

Inglined potential control, 188
Industrial service, 64, 70
Induction heaters, 53, 134
regulators, 41

221

Inductive loop, 61, 62

Insulation tests, 116, 119, 126, 138

Insulating pads, 98

Installation of plant, g6

Interconnecting cables, 15

Interference. 29, 6o, 61, 62, 193. 203

Intermediate vacuum chamber, 67,
133, 136

Internal cooling system, 47

Interphase reactor, 135, 21, 23, 24, 25,
26, 27, 29, 30, 42, 74, 157, 184

Inverse time limit relay, 34, 80, 91,
123

Inverted operation, 189, 193

JOINTING pipe work, 104

KICK test, 123
Kirtchoff, 22

ABOUR costs, 03, 210
Langmuir, Dr., 52
Lay-out of sub-stations, 70, 71, 72,
73, 74, 75, 76, 96
Leakage current, 58, 102, 114, 118
Limit of emission, 7

© Limit switches, 46

L.M.S. Railway Co., 212

L. & N.E. Railway Co., 212
Load factor, 208

sharing, 27, 35, 74, 157
relay, 74

! Loading resistance, 26

Lock-out relay, 85, 87

London Electric Railway Co., 6

London Passenger Transport Board,
212

Losses, 53, 93, 210

of revenue, 94

in excitation circuit, 52

in induction regulator, 41

in interphase reactor, 26

in transformers, 108, 152

Low power plant, 64

l\d;\INTEN:\NCE of automatic
features, 95, 168

buildings, 173

glass bulb rectifiers, 63,

139, 172, 205

— high speed breakers, 161

—— —— relays, 171

steel tank rectifiers, 73,

159, 172, 205
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Maintenance, switchgear, 93, 171, 172

transformers, 77, 164, 172

McLeod vacuum gauge, 535, 98, 106,
134, 135, 136, 139, 140, 144

Medium power plant, 64

Mercury, addition to a valve, 7

pump, 51, 52, 57, 58, 59, 84,

87, 101, 103, 133, I34, 136, 138,

158, 160

seals, 50, 98, 100, 145

Micalex seals, 50

Micron meter, 56

Micron, value of, 55, 57

Midworth repeater, 88, 89, go

Minister of Transport, 6

Molybdenum, 4

Motor generators, 51, 87

NATIONAL Grid, 95, 194
Negative space charge, 6, 7
Nicol prism, 4
Noise, 204
North Eastern Electric Supply Co.,
212

OFFICE records, 173
Oil circuit breakers, 34, 78-86,
90, 95, 113, I30

Oil dash pots, 44

Oil dielectric strength, 108, 126, 127,
165

Qil trap, 133

Qil storage, 108

Operation of glass bulb rectifiers, 155

steel tank rectifiers, 156

Overflow pipes, 104

Overhead costs, 210

Overlap, 13, 15, 21, 22, 23

effects of, 14

Overload bake-out, 146

general information, 49, 66, 8o,

84, 91

ratings, 69, 70

relays, 34, 86, 91, 123, 130, 148

PARALLELING, 25, 80, 94, 132,
156, 157, 158, 206

Parallel operation, 35, 44, 64, 83, 86

Peaking transformer, 186

Phase rotation, 141, 144

Phase shift of ignition, 178, 179

Phasing out, 141

Pirani vacuum gauge, 56, 75, 87, 112,

138, 142, 148

INDEX

Plant capacity, 65, 69

Power factor, 27, 42, 149, 153, 183,
191, 192, 203

——— meters, 149

Portland cement, 98

Pressure rise, control of, 26

-—— —— no-load, 25, 30, 33, 157,
184

relays, 41, 43, 74, 80, 81, 133

tests, 63, 108, 114, 116

Principles of rectification, 8

grid control, 157

Protection, 84, 83, 86, 95, 123

Protective enclosures, 75, 103, 112,
119

QUARTZ, 49

RAILVVAY Electricity Committee's

Report, 6
Rates, 210
Reactance. See also overlap, 12, 18,

21, 23, 24, 25, 27, 153, 157, 184

effect of, 14

in external circuit, 15

Reactive K.V.A,, 191, 192, 195, 196,
200

Reactor, compensating, 27

interphase, 15, 21, 23-30, 42,

74, 157, 184

D.C., 60, 61, 108, 112, 141

Recoolers, 58, 59, 75, 103, 104, 105,
138, 149, 157, 160, 161

Records, 173

Rectification, principles of, 8

Regeneration, 197

Regulation, 15, 17, 18, 25, 27, 41,
47, 157, 179, 184, 204

Relays, 78-88

testing, 123

Remote control, 41, 08, 74, 78, 84,
85, 88, 95

Replacement costs, 65

Resistance heaters, 52, 53

temperature coefficient, 56

Resonance, 120

Resonant shunts. See
circuits.

Reverse current trips, 84

Rotating converters, 5, 66, 69, 148

Rotary vacuum pump, 54, 55, 57, 75,
84, 85, 87, 106, 112, 132, 134, 136,
148, 158, 160, 161

smoothing



INDEX

Rubber hose, 38, 102, 103

—— seals, 30

Rupturing capacity of switchgear, 13,
94, 95

Rubbing velocity in pumps, 54

EALS, 2, 3, 4, 5, 50, 52, 08, 106,

148, 160

leakage, 99

current limitation of, 4, 5, 64

Secondary batteries, 86

Sectional rectifiers, 67

Seepage tests, 130

Sequence timing relay, 87

Short circuits, 15, 25, 27, 83, 92, 94,
95, I11I, 182, 183

Silica gel breathers, 166

Sine wave control of grids, 187

Small wiring, 97, 110, 112, 123, 123,
127

Smoothing circuits, 15, 6o, 87, 96,
108, 192

Spares, 210

Spare plant, 65

Specifications, 69, 158

Spectroscopic effect, 5

Sphere gaps, 117

use of, 121

Staff organisation, 168

Static earthing device, 114

Sub-station lay-out, 70, 71, 72, 73,
74, 75, 70, 90

Surge arresters, 03, 75, 96, 110, 140,
I4I, 159, 160

protection, 62, 159

Switchgear, considerations, 15, 94,
114

safety factor, 94, 95
——— purchase of, 94

TAP water, 53, 59, 101, 102
Technical Report on Pressure
Tests, 117

Testing, anode currents, 132

bus bar joints, 130

cathode chokes, 132

circulating pumps, 138

cooling fan motors, 132, 138

excitation currents,also voltage,
35, 37, 131, 141, 155

—— glass bulb rectifiers, 130

—— H.S. circuit breakers, 127, 162

ignition circuits, 131, 158

insulation, 116, 136

.223

Testing, insulating feet, 98

McLeod gauge, 55, 107, 135

oil circuit breakers, 115

phase rotation, 141, 144

phasing and voltage, 131

Pirani gauge, 138, 139

pressure, 116

relays, 123, I24, 125, 126

rotary pumps, 132

seepage, 130

steel tank rectifiers, 132

surge arresters, 140

transformers, 126, 152

vacuum, 136

pipes, 136

water glands, 134

Thermostatic relay, 59, 84, 87, 134,
138, 148, 157, 160

Thermal capacity, 69

Three-wire operation, 47, 93, 204

Thryatron valve, 182

Tilting coil, 37, 38

Time delay relay, 44, 139

Timing sequence relay, 87

Town’s water supply, 58

Traction service, 5, 6, 41, 61, 64, 68,
70, 71, 83, 86, go, 91, 183, 198, 207

Transformers, air cooled, 78

double-three-phase, 26, 27, 184

double triple star, 30

efficiency, 20, 24

end turns, 62

general information, 8, 15, 77,

108, 131, I45

indoor v. outdoor, 77

inductance, 22

K.V.A. ratings, 20, 24, 27, 69

leakage flux, 13, 17

losses, 108, 152

oil, 108

on load tap changing, 41, 157

overheating, 85

peaking, 186

permeability, 19

pressure tests, 114, 126

quadruple zigzag, 26, 29, 184

six-phase delta double star, 18

star double star, 19

triple star, 26, 27

three-phase, 16, 31

zigzag, 17, 31

triple four-phase, 26, 29

utility factor, zo, 24, 30, 33

water-cooled, 167

water tubes, cleaning, 167, 168

LTI

|

PRV IRT T
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Transmission, high voltage, 194
Triple frequency M.M.F., 18, 25, z7
current, 18, 26

UTILITY factor, 20, 24, 30

VALVE action of rectifier, 6
Vacuum chamber, 47, 49, 51, 535,
56

See inter-

interstage reservoir.
stage reservoir.

piping, 75, 76, 102, 104, 106,
107, 134

protection, 87

pumping, 3, 106, 108, 134, 136,

143

relays, 56, 140

Vapour pressure, 4, 7, 12, 35, 37, 52,
62, 139

Variable speed control of fan motors,
39, 40

Ventilation, 40, 70

Voltage drop tests, 111

—— factors, 33

INDEX

| Voltage control, 40, 41, 42, 80, 81,
82, 83, 94

WANDERING hot spot, 49
Ward-Leonard, 197

Water circulating pumps, 5I, 75, 104,
103, 106, 134, 138, 160

Water as an insulator, 58, 103

cooled transformers, 167

cooling, 57, 59, 100, 134

distilled, 59, 104

jacket, 47, 49, 59, 103, 138

supplies, 58, 59, 70, 138

Watt meters, 150

Wave form, 1o, 14, 19, 26, 27, 35, 60,

| 62, 119, 121, 122, 123, 149, 203

distortion, 19, 28, 42, 62,

122, 184, 185, 191, 192

of induced pressure, 21,

{
|
i
i
v

23, 122
Weintraub seal, 51
Welding glass bulbs, 4
Wheatstone bridge, 56, 138
Wireless reception, 6
Working in bulbs, 40, 132, I55
Workman's Compensation Act, 174

PRINTED BY THE LONDON AND NORWICH PRESS, LIMITED, ST. GILES WORKS, NORWICH



