


GENERAL SECTION

IGNITRONS

RECTIFIERS AND
INDUSTRIAL THYRATRONS

VOLTAGE STABILIZERS

OTHER PRODUCTS




The Valve Data Book comprises ten bound volumes, made up as follows:

° IGNITRONS
RECTIFIERS
INDUSTRIAL THYRATRONS
VOLTAGE STABILIZERS
OTHER PRODUCTS

] TRIODES
° TETRODES AND PENTODE

° MODULATORS
Hydrogen Thyratrons
Pulse Tetrodes

° MAGNETRONS
® AMPLIFIER KLYSTRONS

°® OSCILLATOR KLYSTRONS
TRAVELLING WAVE TUBES
BACKWARD WAVE OSCILLATORS

® DUPLEXER DEVICES
MONITOR DIODES
NOISE TUBES

o LIGHT CONVERSION DEVICES
Television Camera Tubes
Swrage Cathode Ray Tubes
Laser and Flash Tubes
Glow Modulators

® VACUUM CAPACITORS

Thewe bouancd woburmes replace the previous loose-leaf books and will be
reanmd a2 saervals.  When the most recent data are required for equipment
denge puspomes,. the sxdmadual sheets should be obtained.
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Caracas

Saigon

English Electric Valve Company Limited

Chelmsford, Essex, England

Overseas Representatives

Page 3



-

- —_——

EQUIVALENTS
INDEX

IGNITRONS, RECTIFIERS
INDUSTRIAL THYRATRONS
COLD CATHODE TUBES

Type to be EEV Type to be EEV
replaced replacement replaced replacement
0A2 0A2 4HBBA* AH221
0A2WA OA2WA 5HEI9R™ 869B

0B2 0B2 EH51* AH2511
0B2WA OB2WA TH57* AH205/857B
0C2 0C2 11TA31* 0A2

0G3* QS1209/5651 17 5557
1K24* 3B24W 21N13 5559

2G57 5557 BT5
2V/474C AH238 24B1 24B9

2V /490C* AH221 24B9 24B9
2V/500C AH221 57 5659
2V/531E* 8698 75B1 QS75/20
3B24W 3B24W 75C1, 75C1

3B29* 3B24W 8bA2 QS1209/5651
3V/340B BT19 90C1 QS1215
3V/390A 5559 9bA1 QS95/10
3Vv/390B* BTH5 108C1 0B2
3V/490A* BT17 150B2 QS1200
3V/500A* BT95 150B3 QS150/15
4H73* AH221 150C2 0A2

* Near equivalent
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Type to be EEV Type to be EEV

replaced replacement replaced replacement

150C4 . 150C4 4049D AH221

272 55657 4078A* 8698

287AF 5557 4261 5557

309 5557 5550 BK66/5550

517 5557 5551A BK42/5551A

575A% AH2511 5552A BK24/5552A

631* 5559 5553B BK 146/5553B
BTH5 5554 BK44 /5554

632B* 5559 5555 BK46/5555
BTH 5657 5557

651 BK24/5552A 5559 5559

652 BK42/5551A 5651* QS1209/5651

656 BK24/5552A 565TWA QS1212

657 BK42/5551A 5720*% 5559

673* AH2511 5728* 5559

676* BT17 5822A BK168/5822A

715 5557 5830* BT69

857B* AH205/857B 6031 5559

869B 869B 6073 OA2WA

967 5557 6074 0B2

1163 68506 6346* BK42/5551A

1257 5559 6347* BK24/5552A

1295* 5559 6348* BK 146/5553B
BTH5 6354 QS1200

3078A* 869B 6511* BK168/5822A

* Near equivalent

lg, Rect, Thyr. Equivalents
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Type to be EEV Type to be EEV
replaced replacement replaced replacement
651 2*. BK44/5554 AH213* 8698

6513* BK46/5555 AH221 AH221
06626* OA2WA AH238 AH238
6627* 0B2WA AH2511 AH2511
6693 AH2511 AJH551 BK42/5551A
7669 BK442/7669 AJbbb2 BK24/5552A
7671 BK444/7671 AJ6346* BK42/5551A
7673 BK446/7673 AJB347* BK24/5552A
7703 7703 AR10T BK24/5552A
38217 5557 AR14T BK42/5551A
55306 ZD 100551 AR31 BK66/5550
68506 68506 ASGH017 5557

A207 A207 BD10 BD10

A237 A237 BD12 BD12

A239 3B24W BK24 BK24/5552A
A292 A292 BK24/5552A BK24/5552A
AF X203 AFX2Q3 BK42 BK42/5551A
AGB69B 869B BK42/5551A BK42/5551A
AG5H209 QS1209/5651 BK44 BK44/5554
AGbH210 0B2 BK44/5554 BK44/5554
AGbH211 0A2 BK46 BK46/5555
AH205 AH205/857B BK46/5555 BK46/5555
AH205/8578B AH205/8578B BK66 BK66/5550
AH211 AH211A BK66/5550 BK66/5550
AH211A AH211A BK146 BK146/5553B

* Near equivalent

lg, Rect, Thyr. Equivalents
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Type to be EEV Type to be EEV
replaced replacement replaced replacement
BK146/5553B BK146/5553B BS68 GXA80
BK168 ’ BK168/5822A BS90 GXA95
BK168/5822A BK168/5822A BS112 GXAG60
BK178 BK178 BS136 GXES8
BK394 BK394 BS142 GXB160
BK396 BK472 BS192 GXFb5
BK416 7703 BS208 GXE15
BK416/7703 7703 BS408 GXF15
BK428 BK472 BS422 GXF25
BK442 BK442/7669 BS436 GXF22
BK442/7669 BK442/7669 BS470 GXE30
BK444 BK444/7671 BS598 GXF17
BK444/7671 BK444/7671 BT5 BTH5
BK446 BK446/7673 BT17 BT17
BK446/7673 BK446/7673 BT19 BT19
BK448/5551A BK448/5551A BT29 BT29
BK472 BK472 BT69 BT69
BK474 BK474 BT89 BT89
BK476 BK476 BT95 BT95
BK484 BK484 C1A* AFX203
BK542/1081 BK542/1081 CE309 5557
BK544 BK544 CE869B 869B
BS4A GXA160 CT1-500 BT19
BSH5 GXA50 CT1-2500 5559
BSH4 GXA85 BTH5

* Near equivalent

Ig, Rect, Thyr. Equivalents
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Type to be EEV Type to be EEV

replaced replacement replaced replacement

CVb5 AH221 CVv2109 BT89 —
Cv233 GXAS50 cv2124 BK 24/5552A =
Ccv284 QS75/20 CV2160 A207 5
CVv286 QS95/10 CVv2225 QS1200

Cv287 QS150/15 CV2673 AH205/8578B

CVv295 GXA85 CVv2775 68506

CV395 QS150/45 Cv2858 3B24W

CVv402 GXA80 CVv2868 AF X203

Cv422 QS108/45 CVv2957 5557

Cv434 QS75/60 CV4020 OA2WA

Cv449 QS1209/5651 CVv4028 OB2WA

Cv482 A237 CVv4048 QSs1212

Cv488 GXA95 CVv4053 QS1203

CVvb32 AH211A CVv4054 QS1213

Cv1144 BT19 CV4080 75C1

Cv1147 BT5 CVv4100 0A2WA

CVv1420* 8698 CV4101 0B2WA

CV1435 AH221 Cv5027 5559

Cv1629 AH238 Cv5083* QS75/20

CV1742 BK44/5554 CVv5141 BT95

CV1743 GXAB0 CVv5173 QS1215

Cv1832 0A2 Cv5285 QS1212

Cv1833 0B2 CVv5998 A292

CVv 1859 GXA160 Cv6173 24B9

Cv2012* QS1209/5651 CVv8051 A207

* Near equivalent

Ig, Rect, Thyr. Equivalents
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Type to be EEV Type to be EEV
replaced replacement replaced replacement
cveielr 0A2 FG17 5557
CVv8162 0B2 FG27A* 5559
Cv8168 0A2WA FG33 5559
CVv8296 GXB160 FG57 5559
Cv8766 0C2 FG81A* BT89
DCG4/5000* AH221 FGI8A* BT89

AH238 FG235 BK24/5552A
DCG6-18 AH2511 FG2388B BK46/5555
DCG9-20* 8698 FG258A BK146/5553B
DQ4* AH238 FG271 BK42/5551A
DQ4a* AH221 G40* 8698
DQo6 8698 G100A* AH205/857B
DQ7* AH205/857B G180/2M QS150/45
DR857B* AH205/8578B GD75P* 75C1
DR869B 869B GD85M/S QS1209/5651
EE17 5557 GD85PR/S QS1212
EE869B 8698 GD90OM QS1215
ESU77* A207 GD 150M 150C4
ESUT11* 8698 GD150M/S 0A2
ESU150* AH238 GD150P/S QS1200
ESU200* AH221 GL57 5559
F60 68506 GL678* BT95
FB575A* AH2511 GL857B* AH205/857B
F857B* AH205/857B GL8698B 8698
F869B 8698 GL5550 BK66/5550

* Near equivalent

lg, Rect, Thyr. Equivalents
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Type to be EEV Type to be EEV
replaced replacement replaced replacement
GLB551A BK42/5551A GX/SG15 GX/SG15
GL6§52A BK24/5552A GXAbBO GXAbBO
GL5553B BK146/5553B GXA6B0 GXAB0
GL55%4 BK44/5554 GXA80 GXAS80
G L5555 BK46/5555 GXA85 GXA85
GL5720 55569 GXA95 GXA95
GL5822A BK168/5822A GXA160 GXA160
GL7669 BK442/7669 GXB160 GXB160
GL7671 BK444/7671 GXES8 GXES8
GL7703 7703 GXE15 GXE15
Gle15000/1.5/6*  AH238 GXE30 GXE30
Gle15000/3/12 AH2511 GXFb5 GXF5
Gle20000/2.5/10* 8698 GXF15 GXF15
GTR95M/S QS95/10 GXF17 GXF17
GTR150M/S QS150/15 GXF22 GXF22
GuU18 AH238 GXF25 GXF25
GU20/21 AH221 M8098 QS1212
GuU23* AH221 M8142 QS1213
GX/SG4 GX/SG4 M8223 O0A2WA
GX/SGH GX/SGb M8224 OB2WA
GX/SG10 GX/SG10 ME 1504 5559
GX/SG11 GX/SG11 ME 1505 BT19
GX/SG12 GX/SG12 ML857B* AH205/8578B
GX/SG13 GX/SG13 ML869B 8698
GX/SG14 GX/SG14 MT17 55657

* Near equivalent

Ig, Rect, Thyr. Equivalents
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Type to be EEV Type to be EEV

replaced replacement replaced replacement
MT57 5559 PL5557 5557
MT5557 ’ 5557 PL5559 5559
MT5559 5559 PL5822A BK168/5822A
NFT1 NFT1 QS75/20 QS75/20
NFT2 NFT2 QS75/60 QS75/60
NFT3 NFT3 QS83/3 QS1209/5651
NFT4 NFT4 QS95/10 QS95/10
NFT5 NFT5 QS108/45 QS108/45
NL715 5557 QS150/15 QS150/15
NL1022A BK168/5822A QS150/45 QS150/45
NL1051A BK42/5551A QS1200 QS1200
NL1052A BK24/5552A QS1203 QS1203
NL1053A BK146/5553B QS1207 0A2

NL1061 BK442/7669 QS1208 0B2

NL1062 BK444/7671 QS1209 QS1209/5651
NL1063* BK446/7673 QS1209/5651  QS1209/5651
NL1081 BK542/1081 QS1210 0A2WA
NL5550 BK66/5550 QS1211 OB2WA

PL17 5557 QS1212 Qs1212
PL57 5559 QS1213 QS1213
PL255* BT29 QS1215 QS1215
PL5551A BK42/5551A QT 1256 QT 1256
PL5552A BK24/5552A QT 1257 QT 1257
PL5553B BK146/5553B RG3-1250 AH238
PL5555 BK46/5555 RG4-1250 AH221

* Near equivalent

lg, Rect, Thyr. Equivalents
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Type to be EEV Type to be EEV

replaced replacement replaced replacement

RG4-3000 AH2511 TQ2* 5567

RL17 .5557 TT17 5557 .
RL57 5569 TX920 5559 =
Ste1000/2.5/15 5559 UE967 5557 =
Ste2500/05/2 5557 WL575A* AH2511
StR85/10* QS1209/5651 WL624* BT17 |
StR108/30* 0B2 WL6328* 5559

StR150/30* 0A2 BT5

STV85/10 QS1209/5651 WL651/656 BK 24/5552A

STV108/30 082 WL652 BK42/5551A

STV150/30 0A2 WL655 BK 146/5553B

T149* BT17 WL681* BK 66/5550

TH3B24W 3B24W wL8578* AH205/857B

TH5040 8698 WL8698B 8698

TH6011 5557 WL5550 BK66/5550

TH6031 5559 WL5551A BK42/5551A

TH6120* BT17 WL5552A BK24/5552A

TH7010 BK 66/5550 WL5553B BK 146/5553B

TH7020 BK42/5551A WL5559 5559

TH7021* BK42/5551A WL 7669 BK442/7669

TH7030 BK 24/5552A WL7671 BK444/7671

TH7031* BK 24/5552A WL7673 BK446/7673

TH7040 BK 146/5553B WT-210-0015 5557

TH7041* BK 146/5553B WT-210-0051  0A2

TH7050 BK472 WT-210-0056 5559

* Near equivalent

Ig, Rect, Thyr. Equivalénts
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Type to be EEV Type to be EEV

replaced replacement replaced replacement
WT-21 0006.9 5557 | WT-210-0249 BK42/5551A
WT-210-0070 BK66/5550 WT-210-0252 BK24/5552A
WT-210-0071 BK42/5551A WT-210-0285 BK444/7671
WT-210-0072 BK24/5552A WT-210-0290 BK442/7669
WT-210-0073 BK146/5553B WT-210-0306 BK146/5553B
WT-210-0075 BK168/5822A WTTT1 5559
WT-210-0147 BK24/5552A WTT117 5557
WT-210-0149 BK42/5551A XG1-2500 5569
WT-210-0152 BK146/5553B XG2-12* BT29
WT-210-0170 BK168/5822A XG2-500 BT19
WT-210-0274 BK442/7669 XG2-6400* BT17
WT-210-0275 BK444/7671 XG5-500 5557
WT-210-0156 BK42/5551A XG15-12 BT69
WT-210-0157 BK24/5552A ZX1051 BK42/5551A
WT-210-0158 BK42/5551A ZX1052 BK24/5552A
WT-210-0159 BK24/5552A ZX1053 BK146/5553B
WT-210-0165 BK146/5553B

* Near equivalent

English Electric Valve Company Limited

Chelmsford, Essex, England

lg, Rect, Thyr. Equivalents
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TABULATED
DATA

IGNITRONS

A.C. RESISTANCE WELDING

Three-phase service

Single-phase servicei (at 1500V peak)
Corres- Corres-
ponding Maximum Maximum ponding
average average peak average
Maximum anode anode anode anode
EEV demand current current current current
type Size (kVA) (A) (A) (A) (A)
BK24/
55562A C 1200 75.6 140 — —
BK42/
5551A B 600 30.2 56 480 4.0
BK66/
5550 A 300 12.1 22.4 — —
BK 146/
55538 D 2400 192 355 2400 32
BK168/
5822A C - — — 1200 16
BK442/
7669 B Coaxial version of BK42/5551A
BK444/
7671 C Coaxial version of BK24/5552A
BK446/
7673 D Coaxial version of BK146/5553B
BK448/
556561A B Version of BK42/55651A with helical cooling
BK542/
1081 B 1000 43 75 — —

1 Ratings are for two tubes in inverse parallel, at any voltage from 250 to 600V, m, s.
Ignitor requirements (anode firing) 12A, 200V, for all types.

June 1971

I



POWER RECTIFICATION AND CONTROL

Maximum Maximum Maximum

Maximum average peak average
peak contin- auxiliary  auxiliary
¢ anode uous anode anode
EEV current current current current
type Size (A) (A) (A) (A)
BK44/ 900* 100*
5554 ¢ 600+ 75F 30 3.0
BK46/ 1800* 200*
5555 D 12007F 1507 30 9.0

CAPACITOR DISCHARGE, PULSE DUTY

Maximum Ratings

Peak

forward

or Ampere-

inverse Peak Mean seconds

anode anode anode per
EEV voltage current current pulse
type Size (kV) (kA) (A) (A.s)
7703% A 20 100 0.75 10
BK178 D 20 100 40 200
BK394 C 25 A 100 10 50
BK472** A 20 100 0.75 10
BK474+1T A 20 100 0.75 10
BK4761 % A 20 100 0.75 10

* At peak anode voltage (forward and inverse} = 900V.

T At peak anode voltage (forward and inverse) = 2100V.

I For use with high voltage and high current reversal.
*¥* For reduced degree of current reversal and switching applications.
T+ For current reversal at reduced voltage and current.
11 For zero current reversal

English Electric Valve Company Limited Ignitron T.D.
Chelmsford, Essex, England . Page 2
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PREAMBLE

IGNITRONS

INTRODUCTION

The ignitron is a high-current rectifier with a mercury pool cathode, usually
in a water-cooled steel envelope. In its simplest form it consists of a
cylindrical vacuum envelope with a heavy anode supported from the top by a
glass insulator and a small ignitor electrode, also glass-insulated, dipping into
the mercury pool at the bottom. For some applications, tubes may be
provided with additional ignitors, auxiliary anodes and internal baffles.

A selection from the range of EEV ignitrons

Ignitrons are used in applications calling for high current levels, particularly
in resistance welding and high power rectification, where the high efficiency,
long life and ease of control of these tubes are of great value. There are also
types intended for very high current single-pulse operation such as discharging
capacitor banks; these are used to pulse particle accelerator magnet coils, for
electro-magnetic forming of metals, and similar applications.

March 1971
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SIZE CLASSIFICATION

Ignitrons are usually classified into groups according to size, as determined by
the body diameter. The groups are identified by letters as follows.

Size . A B. C D E

Approximate.diameter
in inches 2 2% 4 5% 9

PRINCIPLES OF OPERATION

The ignitron operates as a controlled rectifier. The action is similar to a
thyratron in that a control signal is needed to start conduction, which then
continues until the current falls to zero. Where the tube is operating as an a.c.
rectifier it conducts during one half-cycle of the supply frequency and must
be ignited every alternate half-cycle for as long as it is required to conduct.

3401
ANODE
INSULATOR
VACUUM
| __ENVELOPE
ANODE
MERCURY IGNITOR
POOL  ~]

Fig. 1 Essential components of a simple ignitron

The ignitor is a small rod of semi-conducting material, with a pointed end
dipping into the cathode pool. When a suitable current pulse is passed
through the ignitor-mercury junction, the ignitor being positive, a cathode
spot is formed on the surface of the mercury and free electrons are emitted.
If the anode is sufficiently positive with respect to cathode at this time, an
arc will form between cathode and anode. Once the arc has struck the
ignitor has no further control and the tube continues to conduct until the
voltage across it falls below the ionization potential of the mercury vapour.

Ignitron Preamble
Page 2
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The internal construction of an ignitron varies according to the application
for which it is intended. Tubes used in single-phase welding control equip-
ment need only the basic elements shown in Fig. 1, but other applications
usually require additional components. In a three-phase welding control
circuit, the ignitron must de-ionize quickly in order to hold off the high
invetse voltage which immediately follows the conduction cycle. This is
accomplished by including a baffle which operates at cathode potential; no
additional connections are involved but the voltage drop across the tube is
increased slightly.

3402
ANODE
TERMINAL

!,
GLASS “
BUSHING '@
WATER
OUTLET
WATER
ANODE \ | UACKET
I !
| /ENVELOPE
: DEIONISING
o
<PLASH gy /BAFFLE
BAFFLE ' A
IGNITOR
AUX IéIEARY | i ARC RETAINING
ANO !
L RING
" " MERCURY POOL
[ CATHODE
WATER
INLET ]
CATHODE— | |
TERMINAL

Fig. 2 Cross-section of a rectifier ignitron

For power rectification at higher voltages, more elaborate baffles may be used
and an auxiliary anode is also provided. The auxiliary anode is used to strike
a small arc in a low-voltage circuit separate from the main load. This main-
tains the cathode spot at low load currents, ensuring stable operation under
these conditions. Power rectifier service places a continuous heavy load on
the ignitor, and ignitrons intended for this duty are normally fitted with two
ignitors which may be used in succession, although both tend to deteriorate
together.

Ignitron Preamble
Page 3



The large tubes designed for single-pulse operation are also fitted with two
ignitors and an auxiliary anode which may be used to prolong the ignition arc.
Little or no baffling is used so as to keep the arc voltage drop as low as
possible.

STORAGE, INSTALLATION AND MAINTENANCE

Where ignitrons are to be stored for extended periods, they should be kept in
the original packing under dry conditions. All high voitage ignitrons should
be kept upright at all times, to prevent mercury reaching the upper parts of
the tube which may subsequently cause voltage breakdown. It is particularly
important that high voltage ignitrons should not be inverted after they have
been used, as there is a danger of the mercury leaving a conducting film on
the glass. It is not harmful to invert a new ignitron and no damage will be
done provided the anode end is warmed before use. This precaution is not
necessary unless the tube is to be operated at a voltage above 600V, ps.
When an ignitron is being installed, or handled for any other reason, it should
be remembered that it has at least two glass-to-metal seals. Any excessive
shock to the ignitron, or strain on the terminals, might fracture the glass and
admit air which would destroy the tube.

3403 %
“a.’ ANODE

TERMINAL

BOTTOM VIEW OF FLANGE

f\ANODE
TERMINAL

CATHODE
f TERMINAL
CATHODE /L,O\J L/\_\J
TERMINAL

STANDARD TYPE COAXIAL TYPE

Fig. 3 Standard and coaxial type cathode terminals

Ignitrons are normally mounted by the cathode terminal; the latter may be
either a heavy metal bar extending downwards from the base of the tube or,
on alternative coaxial types, a slotted flange at the top of the envelope
(see Fig. 3). In the coaxial type, the current flows via the arc from anode to
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cathode, then returns up the wall of the envelope to the cathode terminal.
This has the effect of neutralizing the magnetic field which would otherwise
tend to deflect the arc towards the envelope walls at high peak currents.

All types of ignitron should be mounted in a vertical position, within 3°, to
ensurg, correct operation. It is essential that the connections to anode and
cathode have very low resistance, owing to the large currents carried. The
contact areas should be cleaned when a tube is installed, and the terminals
securely bolted together. Shakeproof washers or nuts should be used, in.case
of vibration in the equipment.

Ignitrons used for capacitor discharge require special attention when first
installed in an equipment. Since these tubes may have to hold off very high
voltages, it is particularly important that there should be no mercury con-
densed in the region of the anode seal. This is ensured by maintaining the seal
region at a temperature well above that of the rest of the ignitron not only
for a period before operation but also while the equipment is operating and
during short shut-down periods. A newly installed tube should also be aged,
after heating the anode seal, to hold off a voltage higher than the working
voltage of the equipment. Details of this process are given in individual data
sheets.

An ignitron should not normally require any maintenance. If deposits of
carbonate scale or silt collect in the water jacket they can be cleaned with
acetic acid diluted at 50%. The normal precautions should be taken when
handling acids, such as the use of rubber gloves and goggles, and the acid
should be poured slowly into the water jacket as there might be extensive
bubbling at first. After cleaning wash out the water jacket very thoroughly
with clean water and test with litmus until all acid is removed.

COOLING

The water for cooling ignitrons must be clean and free from corrosive
chemicals. Tap water suitable for drinking is normally satisfactory. The
stainless steel used for the ignitrons resists corrosion because of a passive
oxide film which is formed on the surface. If the film is broken corrosion can
occur, but provided oxygen is present the film is capable of being repaired.
Sometimes the attack is very localized and small pits are formed which may
fairly quickly lead to perforation. This is because the water in a pit is not
circulating properly, and becomes stagnant and low in oxygen. Halogen ions
and especially chlorides tend to cause pitting, and are probably the most
harmful of the impurities commonly present. Chloride ion concentrations
exceeding 20 parts per million are likely to cause corrosion of the water
jacket. It is advisable to fit a filter in the water system as deposits of dirt or
silt will result in pockets of stagnant water being formed, and these may lead
to pitting. In extreme cases dirt may cause a blockage and prevent proper
circulation of the water. |f a suitable water supply is not available, then a
closed circuit system should be used with a heat exchanger.
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Two types of water connector as shown in Fig. 4 are used on EEV ignitrons,
either aplain pipe or a screwed union being available as required.

WATER PIPE
®

T INTERNAL
., _CLAMP CONE |
ANGLE 37

WATER PIPE 3404

v

ADAPTOR
THREADED
3/8'BSP

NIPPLE

HOSE NUT .

CLAMP '
HOSE

Fig. 4 Alternative water connections

The normal circuit arrangement results in the water jackets being at mains
voltage with respect to earth; therefore connections to the water supply must
be made via insulating tubing. Up to three water jackets may be connected in
series, provided the outlet water temperature does not exceed the rated value.

THERMOSTAT

MOUNTING
PLATFORM

= IGNITRON
/ \/ ENVELOPE

Fig. 5 Thermostat mounting arrangement

L ] 1
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Ignitrons designed for use in welders, where the operation may be of an
intermittent nature, are usually fitted with a thermostat mounting platform.
This is a metal plate attached to the side of the tube and making good
thermal contact with the inner vacuum envelope. A thermostat mounted on
this platform may be used to switch on the water flow when the tube reaches
a cemain temperature and the water saving can be appreciable. To guard
against overheating, which would result from blockages or failures in the
water supply, another thermostat is used to switch off the mains voltage
before the temperature reaches a dangerous level. In a typical welder the
water jackets of two or three tubes are connected in series and the over-
temperature protection thermostat is mounted on the last tube in the line
(the hottest). Only one thermostat can be fitted to each tube.

WATER ' WATER 3406
INLET OUTLET
N ADJUSTING SUPPLY M
VALVE 220V
~ ANODE
THERMOSTAT
BY-PASS
SWITCH
s .
:W\ ﬁ
WATER SAVING
THERMOSTAT
2DI00552 l | To
= PROTECTIVE
| || CIRCUIT
\\S,f"_'fgo'o PROTECTIVE
Q \—] THERMOSTAT
2D10055|

Fig. 6 Typical cooling system

There is a short time-lag in the operation of the thermostat, and if the equip-
ment is switched on at full load while the water jacket is empty the ignitron
may be damaged before the thermostat can operate. This can happen when a
tube is removed from the equipment for checking or replacement, or if the
water outlet position is such that the contents of a water jacket can be
siphoned out when the water is turned off. Since the water control valve is
operated by the water saving thermostat, it prevents an immediate flow of
water when the equipment is switched on from cold, and other means must
be provided to fill the water jackets before the equipment is switched on.

When an ignitron is operating near maximum ratings, the anode may become
red-hot. If the flow of cooling water is stopped simultaneously with switch-
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ing off the load, the heat stored in the hot anode may be sufficient to damage
the tube. The data sheet for each ignitron type gives a minimum time for
which the water flow must be maintained after switching off.

RATINGS °*

The method used to determine the ratings of an ignitron varies according to
the application and it is necessary to consider the various types separately. It
must be understood that the ratings given in individual data sheets are
absolute limits. They are not design centre ratings and it is the responsibility
of the equipment designer to ensure that they cannot be exceeded under the
worst possible conditions of component tolerance, mains voltage fluctuation
and load variation. Transient over-voltages in the mains supply may be
neglected unless the contrary is stated.

Single-phase Welding Control

Ignitrons for this application normally have non-simultaneous maximum
ratings for average anode current and demand kVVA. These ratings are shown
in graphical form in the data sheets, the region enclosed by the line being the
permitted operating area. Another graph is used to relate the maximum
ratings for line demand current and duty cycle at various voltages.

In cases where phase control is used, the average anode current must be
calculated for the full-cycle conduction condition, even if it is not used in
practice, and the duty cycle is to be defined as the percentage of supply
frequency cycles during which conduction occurs. The reason for this is that
delayed firing of an ignitron in the usual inverse parallel welding circuit
applies a high inverse voltage to the other tube, which has just ceased con-
ducting. In order to compensate for the increased risk of arc-back it is
necessary to de-rate the tubes under these conditions and this is done by
requiring full-cycle conduction to be assumed in calculations.

Three-phase Welding Control

In this case there are non-simultaneous maximum ratings for peak anode
current and average anode current, and a graph is provided in the data sheets
to show the permitted operating area.

Power Rectifiers

These ignitrons have maximum peak and average anode current ratings given
for two values of peak anode voltage. Short-period average anode current
ratings are also quoted. Tubes designed for power rectifier service may also
be used for resistance welding control at high voltages, and the ratings quoted
for this purpose are applied in the same way as those for the normal welder
ignitrons.
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Capacitor Discharge

The maximum coulomb-per-second transfer capability of the ignitron is
basically constant. In uni-directional current applications, this capability is
defined by specifying the maximum average anode current and the averaging
time. .ln applications with current reversal (ringing), it is more convenient to
specify the maximum energy that can be switched per minute as a function of
peak anode voltage and percentage reversal. A maximum peak anode current
rating is also given.

IGNITOR FIRING

Anode Firing

This is the less expensive form of ignitor control and is used in most welder
circuits. Fig. 7 shows a typical single phase welder circuit with a thyristor
used as the control switch. In this circuit, as the anode of ignitron 1 goes

3407 <—— AC SUPPLY —*™

CONTROL
CIRCUIT

Supply voltage (r.m.s.) 250 440 600 1000 2000 2500 volts
Resistance R 2 3 4 10 35 50 ohms

Fig. 7 Single phase welder circuit, with SCR. ignitor firing

positive, current may flow via D4, the thyristor, the zener diode and D¢ to
the ignitor of ignitron 1. By controlling the gate voltage of the thyristor the
firing can be stopped completely or delayed to any desired point in the
positive half cycle. On the succeeding half cycle the process is repeated
through D3, D5, and ignitron 2. As soon as the ignitron fires the ignitron
anode voltage falls to the arc drop value and the ignitor voltage is reduced
correspondingly. It is necessary to put a zener diode in series with the thy-
ristor as the voltage drop across the thyristor is considerably less than the arc
voltage of the ignitron and an excessive current would otherwise persist for
the entire period of conduction. The diodes D¢y and D5 are necessary to
prevent inverse voltage appearing across the ignitor. A failure of any of the
four diodes would allow the full power current to flow and so fuses must be
incorporated as a protection.
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The maximum dissipation rating of the zener diode should be at least 75W,
and it should have a breakdown voltage of 20V. The four diodes and the
thyristor should be rated for at least 10A mean current. The fuses should not
be less than 5A HRC. The voltage ratings of these components will depend
on the supply, but should be generous.

®

Separate Excitation

Separate excitation must be used when the anode voltage of the ignitron is
not sufficient for anode firing to be used. Separate excitation is also used in
some high voltage applications where precise and exact firing of the ignitron
Is required. A capacitor is discharged through the ignitor to cause ignition
(see Fig. 8). An inductance of about 0.5mH is used in series so that a
resonant circuit is formed which supplies a single current pulse of approxi-
mately sinusoidal shape. The pulse width is n\/_LTZ and the short circuit
current VA/C/L where V, L and C are in volts, henries and farads respectively.
The size of the capacitor and the voltage to which it is charged is a matter of
choice to suit the particular requirements. A firing time of less than 100
microseconds is satisfactory for many applications and so a low capacitor
voltage can be used. The ignitron data sheets give the minimum requirements
of voltage, current and time. Suitable minimum values of capacitance and
voltage are 5uF at 600V, or 12uF at 450V.

3408

LI

I oo

Fig. 8 Typical capacitor firing circuit

If quick firing of the order of one microsecond is required it is necessary to
raise the capacitor voltage to at least 1500 volts and limit the current with a
small resistor of about 4€2 instead of the inductance. The ignitor fires so
quickly that a small capacitor is sufficient. Suitable values of capacitance and
voltage are 0.25uF and 1500 to 4000V.

In capacitor discharge circuits the ignitron has to pass a very high current and
the conditions are naturally harmful to the ignitron. The mercury pool and
the ignitor itself will become contaminated and the best life will only be
obtained if a high voltage is applied to the ignitor. Under these conditions
the capacitor should be 0.25uF charged to at least 1500V even if fast firing is
not required.
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IGNITRON CIRCUITS

Welding Control

A typical spot or seam welder incorporates a power transformer which pro-
vides the high welding current at a low voltage. Switching on and off is
accompli8hed by ignitrons in the high voltage side of the circuit. Coarse
adjustment can be provided by transformer taps but fine control is only
achieved with ignitrons. For seam welding the number of non-conducting
cycles must also be closely controlled. For welding some materials it is
necessary to allow for a preheat cycle, consisting of a few conduction cycles
at a low power level to heat the weld area before the actual weld is made.
During the weld pressure may be reduced in order to obtain higher effective
resistance and then a post-heating period with increased pressure may be use-
ful to forge the weld. Fig. 9 shows a typical welding cycle for spot welding
thick steel sheets.

3409
~—————— By ~——————-- hY
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Fig. 9 Example of current and pressure sequence for a spot welder

Single-Phase Welding Control

The usual circuit for this application provides full wave control by connecting
two ignitrons in inverse parallel as shown in Fig. 7. As the load is inductive
the current will lag behind the voltage, and under steady state conditions
there would be a natural delay angle ¢ between the voltage and current. |If
the ignitron is first fired at the natural point of zero current, that is ¢ after
voltage zero, the current will rise smoothly from zero and reach its natural
peak level. If, however, the ignitron is fired earlier the current will be excess-
ive in the first half cycle and could reach twice the normal peak current. This
will set up transient surges which may damage electrical components and also
cause a d.c. component in the transformer primary which may result in
saturation. Therefore for full cycle conduction the ignitron is fired at a time
¢ after voltage zero. Later firing than this (phase delay) is used to reduce the
weld current and will not cause any serious transients provided the firing
angle is the same for each conducting cycle.
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It is important that both ignitrons fire for an equal number of half cycles as
otherwise there would be a d.c. component of current which might saturate
the transformer core after repeated welds.

At low duty these effects may not be serious, but for heavy duty it is
essential to have synchronous control to ensure correct timing of every cycle,
especially tH® first.

Three-phase Welding Control

Although the single-phase system described above is very widely used, it has
serious disadvantages for very large welding equipments. As the physical
dimensions of the welder are increased the secondary circuit reactance
becomes appreciable, giving a poor power factor, and the current loads
involved are sufficient to seriously unbalance the supply if taken from a
single phase. Both of these problems can be overcome by the three-phase
frequency changing system, which produces a synthesized single-phase voltage
at a frequency lower than that of the mains supply. The simplest method of
doing this requires a four-wire supply, and the neutral wire has to carry the
full primary current, so that it may be more economical to have a local delta-
star transformer to supply the welding load only, as in Fig. 10.

LOAD

Fig. 10 Three-phase welder with local delta-star transformer

If the welding transformer is provided with three isolated primary windings
and a single secondary, the ignitron pairs can be delta connected directly to
the supply lines with a primary winding in series with each ignitron pair.
Both circuits operate by firing the ignitrons in sequence, so that a rectified
voltage pulse of approximately square waveform is applied to the transformer.
For example, if the ignitrons numbered 1, 3 and 5 are fired in sequence, each
conducts for one-half of a supply voltage cycle, the half-cycle pulse over-
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lapping during commutation. The three tubes are fired in sequence until the
required pulse length is achieved; then after a short non-conducting interval
the other three tubes are fired to pass the second half of the low-frequency
cycle. The interval between the long pulses is necessary so that the last tube

® SUPPLY

N
W
I
(V]
o

]

"TO00 - LOAD

Fig. 11 Three-phase welder with delta connected primary circuit

to carry the current has time to extinguish; as the current cannot transfer to
another phase it continues to flow for an extended period. The current also
increases steadily during the long pulse so that the last tube to conduct carries
a much larger total current than the other two. If the same tube terminates
every alternate long pulse, the average current in this tube will be the limiting
factor in the ratings.

3412

SUPPLY
VOLTAGE

FIRING
SEQUENCE | | 3 5 2 4 6

LOAD 5
CURRENT |

Fig. 12 Waveforms in a three-phase frequency changing welder
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Power Rectification

Rectifier ignitrons can supply large d.c. loads from single phase or multiphase
a.c. mains. The provision of variable phase delay of ignitor firing allows
control of the output voltage over a wide range.

Where the Ibad presents a counter e.m.f. as in battery charging, the driving
voltage may be relatively low, being the value of the supply less the counter
e.m.f., and at low values of ignitron main anode current it may be necessary
to use the auxiliary anode to maintain conduction. If the load is a d.c.
motor, this also presents a counter e.m.f. and the current may fall to a low
value when the motor is lightly loaded. In cases where a counter e.m.f. is
present this must be allowed for when considering the inverse voltage across
the ignitrons. ’

It is not possible to operate ignitrons in parallel to obtain higher currents,
unless each tube has sufficient impedance connected in series to ensure that
both will conduct. Without this series impedance, the fall in voltage as the
first arc strikes will prevent the second arc from establishing itself.

3413

Fig. 13 Auxiliary anode supplies for a three-phase rectifier

The usual half-wave and full-wave rectifier circuits can be employed, with
additional transformer windings to supply the auxiliary anodes and ignitor
firing circuits. In multiphase equipments, the phase delay of the ignitor
circuits may be controlled by a phase-shifting transformer. - The circuits for
the auxiliary anodes must observe the maximum voltage and current ratings
given in the tube data sheets, and must also meet the minimum requirements

Ignitron Preamble

Page 14

1 4

PO .



necessary to strike and maintain the auxiliary arc.

A voltage of 55 to

110V, m.s. Will normally give satisfactory operation but it should be noted
that operation at low temperatures may involve compromising on stability

SO as to observe the ratings.

In order to meet the limits on inverse voltage, a

diode #nay be necessary in the lead to the auxiliary anode of each tube.

Basic circuits for rectifier service

The values given do not allow for arc loss, phase delay, commutation or

voltage drops in transformers.

Jm

Fig. P.1.V. on
Circuit no. Vim.s. | av ignitron
Single-phase half-wave 14  2.22 x Vg4 lde 3.14 x Vg
Single-phase full-wave 15 1.11 x Vge 0.5 x lgc 3.14 x Vg4
Single-phase bridge 16 1.11 x Vg4e 0.5x lge 1.57 x Ve
Three-phase half-wave 17 0.855x Vg 0.333x lge 2.09 x Vg4
Three-phase full-wave 18 0427 xVge  0.333x Ige 1.045x Vg
Six-phase half-wave 19 0.741 x Vg 0.167 x Ige  2.09 x Vgc
lav f ldc 3414
\ 1 ° + A
~ %“ vrms
Vde

Fig. 14 Single-phase half-wave circuit
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Basic circuits for rectifier service (continued)

lav

d S

Ide 3415

vdc

Fig. 15 Single-phase full-wave circuit

3416

lde

!
+
>

Vdc

Fig. 16 Single-phase bridge circuit
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Basic circuits for rectifier service (continued)

3417

[ ]
lav
vrms
Idc
—
+
Vde
, -
Fig. 17 Three-phase half-wave circuit
I
2
: 3418
lav
!
'
: vrms *- +

*————
lde
Vdc

Fig. 18 Three-phase full-wave circuit
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Basic circuits for rectifier service (continued)

3419

lav

(il

vrms

Idc

vdc

Fig. 19 Six-phase half-wave circuit

Capacitor Discharge

Ignitrons used for capacitor discharge service may be required to reach a
fully conductive state very quickly and at an accurately controlled point in
time. To achieve this it is usual to fire the ignitors by discharging a small
capacitor, charged to a voltage high enough to ensure rapid firing, through the
ignitor. Individual tube data sheets give details of the recommended values.

This type of application frequently involves a highly inductive load, such as a
magnet coil, and it is necessary either to allow for an oscillatory current
through the ignitron or to prevent it by including a clamping tube in parallel
with the load.

In Fig. 20, firing Sq discharges the capacitor into the load, and as the capaci-
tor voltage reaches zero the load current is transferred to Sy, which can be
fired simultaneously with S; and held conductive by an arc to the auxiliary
anode. In order to ensure rapid commutation of the current from Sy to Sy
the auxiliary anode current may be quite large, about 50A. In a typical case a
30uF capacitor charged to 200V is discharged through the auxiliary anode
circuit and a limiting resistance. A series inductance may be included to
improve the shape of the auxiliary current pulse. The load current decays
exponentially after transferring to Sy, and it should be noted that the
ampere-second product carried by So may considerably exceed the original
charge on the capacitor.
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The current carrying capacity of each ignitron is a function of the energy
dissipated per pulse. This is the product of the average arc voltage drop, the
pulse length and the current, and is measured in joules. At the high peak
currents involved, the arc drop may be considerably higher than in other
ignitgon applications, particularly during ionization at the start of the current
pulse. High rates of rise of current cause severe conditions and lead to shorter
life.

S 3420
—D

CAPACITOR
BANK

l__‘

|

ANAAA
VVVVV

LOAD

e

S3 S2 R

AN
VvV

Fig. 20 Typical capacitor discharge circuit

For S; the current pulse approximates to one-quarter of a sine wave cycle,
the current rising to a peak value

= v /=
L

The ampere-second product of the Sq pulse = CV, the initial capacitor charge.

The ampere-second product of the S, pulse is IL/R. The rate of rise of
current in Sp during commutation is also very high, and since So must also be
able to hold off the full capacitor voltage in the inverse direction when Sy is
fired and Sy itself may have been fired simultaneously on the auxiliary anode,
the clamping tube operates in all respects under the most severe conditions of
the three. The discharge tube, Sg, is included so that the capacitor can be
discharged quickly under fault conditions or when the load is disconnected.

DEFINITIONS

Average Anode Current

The arithmetic mean anode current, averaged over a time not exceeding the
rated Maximum Averaging Time.

Maximum Fault Current
The highest anode current that the ignitron can carry for a short time without
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serious damage. The maximum time for which this current may be carried is
also quoted.

Repeated fault current loadings may reduce the life of a tube.

Line Demanq Current

The r.m.s. current passed by a pair of ignitrons connected in inverse parallel,
under full-cycle conduction conditions.

Demand kVA
The product of the Line Demand Current and the r.m.s. line voltage.

Duty Cycle
The percentage of mains-voltage cycles for which the ignitrons conduct during
a period not exceeding the Maximum Averaging Time.

Maximum Averaging Time

The longest period over which the anode current may be integrated to deter-
mine its average value.

Arc Voltage Drop

The potential difference between anode and cathode during normal con-
duction.

Voltage Polarities

A forward voltage on any electrode of the ignitron is one which makes that
electrode positive with respect to the cathode.

Full Cycle Conduction

The condition where each ignitron is ignited as early as possible in its forward
voltage cycle.

Ignitor Circuit Requirements

The minimum values of ignitor voltage and current given are those which will
produce ignition within the specified time.

Ignition
The production of an arc between the cathode and the upper end of the
ignitor, accompanied by a drop in ignitor voltage.

English Electric Valve Company Limited Ignitron Preamble
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7703 BK472
BK474 BK476

IGNITRONS

INTRODUCTION: Ignitrons for Switching Applications

The choice of an ignitron for switching service is dependent upon several
conditions. One of the most important is the extent of current reversal in
ringing circuits and a molybdenum anode type is generally considered to be
best for this usage. For high reliability at high voltage a type with a complex
anode seal may be used. In applications requiring the use of several ignitrons
in parallel, then high triggering reliability is essential if the ignitrons are to
fire simultaneously or in a predetermined sequence, and here again a molyb-
denum anode is preferred.

If current reversal is limited, or if reduced life is acceptable, then a tube with
a less expensive anode material of stainless steel or graphite can be used.

All four ignitrons have the same ratings; the 7703 will give the best life under
arduous conditions and the others are intended for less severe applications.

Brief details of the ignitrons are as follows:

7703 employs a molybdenum anode and complex anode seal for the most
severe applications of high voltage and high current reversal (up to 85%). The
area around the anode seal is potted.

BK472 employs a stainless steel anode and simpler anode seal with slightly
increased length. It is therefore suitable for a reduced degree of current
reversal and for d.c. switching applications.

BK474 retains the simpler anode seal but includes a molybdenum anode and
is therefore most suitable for ringing applications at a reduced voltage and
current.

BK476 also has the simpler anode seal but includes a graphite anode. It is
suitable for applications where current reversal is zero, and although rated at
20kV may require careful ageing to hold off more than 15kV on repeated
switching.
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GENERAL DATA

Electrical
Number of electrodes:

mainanode, . . . . . . . . . . . . . . 1

cathode (mercury pool) . . . . . . . . . . . 1

ignitor s
Mechanical
Overall length (7703) . . . . . . 7.813 inches (198.5mm) max
Overall length (BK472, BK474, BK476) . . 8375 inches (212.7mm) max
Body diameter . . . . . . . . . . . 22inches (55.88mm) max
Net weight . e 2 pounds (0.9kg) approx
Mounting position (see note 1) . . . . . . vertical, anode terminal up

Accessories
lgnitorlead . . . . . . . . . . . . . . . . . ZD100222
Water-cooled clamp e . ... ... . . . . . . ZD100365

MAXIMUM AND MINIMUM RATINGS (Absolute values)

Capacitor Discharge Service (These ratings do not apply to BK476)
Intermittent pulse duty, ringing applications

Min Max
Peak forward anode voltage (see note2) . . 0.1 20 kV
Peak inverse anode voltage (seenote 2) . . — 20 kV
Peak anode current (see graph, page4) . . — 100 kA
lonizationtime . . . . . . . . . . . . 05b MUS approx
Tube inductance .o . . . . . 004 MH approx
Discharge rate per minute (see note 3) .= 2
D.C. Short-circuiting Switch Service

Min Max
Peak forward voltage (seenote2) . . . . 0.1 20 kV
Peak inverse voltage (seenote2) . . . . -— 20 kV
Peak anode current e e e e = 35 kA
Average anode current e 0.25 A
Averaging time . . . . . . . . . . — 1.0 minute
lonizationtime . . . . . . . . . . . . 0b Us apprcx
Tube inductance S O N 0 MH approx

7703, BK472/4/6
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Ignitor Circuit Requirements

The recommended excitation circuit consists of a 0.25uF capacitor, charged
to a voltage between 1500 and 4000V and discharged through the ignitor-
catho.de circuit and a current limiting resistor of 2 to 6 ohms. The inverse
ignitor voltage must never exceed 5.0V.

Cooling (see note 4)

Min Max
Cooling clamp temperature . . . . . . 10 30 °C
Cathode temperature . . . . . . . . — 37 °C
Anode insulator temperature . . . . . — 70 °C

NOTES

1. The life of the ignitron will be improved if operated in a space free from
magnetic fields. Such fields tend to force the arc towards the envelope
from which sputtering may occur, resulting in ignitor wetting. A coaxial
form of mounting is recommended.

2. After heat-conditioning (see note 4) and before the ignitron is put into
operation, it is recommended that it be aged to withstand a voltage of 30
to 35kV without breakdown. This may be accomplished by the appli-
cation of a variable voltage, preferably d.c. through a current limiting
resistor of about 100k§2. It is useful to connect a capacitor of approxi-
mately bOOpF directly between anode and cathode.

The ignitron may not withstand the full rated voltage immediately after
conducting. A delay of 1 to 10 seconds is recommended.

3. The ignitrons may be operated at higher repetition rates if the voltage or
current is reduced. Users are recommended to apply for advice in these
circumstances.

4. The anode insulator temperature must be higher than the cathode temper-
ature at all times. The anode end must be heated before operation to
vaporize any mercury in the area of the anode seal. When first installed
the anode stud should be heated to about 100°C for two hours. Care is
needed during cooling to ensure a cathode temperature lower than the
anode seal temperature, to prevent mercury condensation in the anode
region.

7703, BK472/4/6
Page 3

T




MAXIMUM PEAK CURRENT IN KILOAMPERES

ANODE CURRENT — PULSE DURATION LIMITS
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7703, BK472/4/6
Page 4
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OUTLINE FOR 7703

2034
) THREADED
/ 112 BSF
C ?
INSULATING
T ( ) COMPOUND
A
® |
© |
(®) CLAMPING
DIA. AREA
IGNITOR TERA'MNAL
(Foa.
Ref Inches Millimetres Ref Inches Millimetres
A 5.687 + 0.125 144.4 + 3.2 F 0.250 + 0.005 6.35+0.13
B 2.130+0.010 54,10+ 0.25 G 0.250 max 6.35 max
C 1.375+ 0.125 3493+ 3.18 H 0.375 9.53
D 0.375+ 0.062 9.63+ 1.67 J 1.750 min 44.45 min
E 0.500 max 12.70 max K 4187 +0.125 106.3 + 3.2

Millimetre dimensions have been derived from inches.

7703, BK472/4/6
Page 5
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OUTLINE FOR BK472, BK474 AND BK476

2036

THREADED

/ 12’ BSF

CLAMPING
AREA
® '
________ _
) | |
IGNITOR TERMINAL
(P Dia.
Ref Inches Millimetres Ref Inches Milametres
A 7.625 + 0.250 193.7+ 6.4 F 0.250 6B
B 2130+ 0.010 ©° 54.10+ 0.25 G 0.250 max 635 max
C 1.000+0.125 25.40 + 3.18 H 0.375 nom 9.53 nom
D 4.500 + 0.250 114.3+ 6.4 J 1.750 min 44 45 suin
E 0.500 max 12.7 max
Millimetre dimensions have been derived from inches.
English Electric Valve Company Limited 7703. BK472/4/6
Chelmsford, Essex, England Sage 6
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BK24/5552A

IGNITRON

Equivalent to 5552A
The data should be read in conjunction with the Ignitron Preambile.

ABRIDGED DATA

Size C, stainless-steel-jacketed, water-cooled ignitron intended primarily for
single-phase resistance welding control applications. It has a platform for
mounting a detachable thermostat for temperature control.

For an electrically identical version with coaxial cathode terminal see
BK444/7671.

Supply voltage (rm.s.) . . . . . . 250to600 \
Maximum demand (2 ignitrons in inverse parallel,
average current not exceeding 75.6A) . . . . . . 1200 kVA
Maximum average anode current (for demand
not exceeding 400kVA) . . . . . . . . . . 140 A
GENERAL
Electrical
Number of electrodes:
main anode . . . o 1
cathode (mercury pool) e
ignitor .o C e 1
Arc voltage drop (approx)
at 440A peak current . . . . . . . . . . . . 14 \%
at 6800A peak current . . . . . . . . . . . 28 \%
Mechanical
Overall length (excluding
flexiblelead) . . . . . . . . . . . 14750 inches (374.7mm) max
Overall width .. . . . . . . . . 171250 inches (184.2mm) max
Body diameter . . . . . . . . . . 4.625inches (117.5mm) max
Net weight .. . . . . . . . . . . 8Ypounds (3.9kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

Accessories
Water control thermostat (normally open,

closes at 36°C approx) . . .. . . . ZD100552
Over- temperatu re thermostat (normally closed
opens at 52°Capprox) . . . . . . . . . . . . . . ZD100551

Continued on page 2

February 1971
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Accessories (continued)
Thermostat contact ratings:

a.c.voltage . . . . . . 125 250 440 600 V max
accurrent . . . . . . . 30 1.5 1.0 0.5 A max
voltage between switch contacts

and ignitron envelope (peak) . . . . . . . . . . 1.0 kV max
lgnitorlead . . . . . . . . . . . . . . . . . ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)

Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

fiin Max
Anode
Supply voltage (r.m.s.) (frequency range
25to 60Hz) . . . . . . . . . 250 600 V
Demand (for average current not exceeding
75.6A) . . . . . . ... 1200 kVA
Anode current (average) (for demand not
exceeding 400k VA) e 140 A
Anode current averaging time:
at600Vems - - - . . . .. = 5.9 S
at440Vi s - - - o . ..o 8.0 S
at 250Vims - - - . oo = 14 s
Fault current (peak):
ate00Vims - - - . . . L. 5600 A
at 250V, m s O 13450 A
Duration of faultcurrent . . . . . . . . - 0.15 s
Ignitor
Peak forward ignitor voltage e Anode voltage
Peak inverse ignitor voltage . . . . . . . — 5.0 V
Ignitor current:
peak forward . . . . . . . . . . . = 100 A
rms. . . . . . .= 10 A
average . . . . . . . .= 1.0 A
averaging time . . . . . . . . . . . = 5.0 S
BK24/55562A

Page 2
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IGNITOR CIRCUIT REQUIREMENTS
Anode Firing

Ignitor voltage required to fire

Ignitor qurrent required to fire

Typical current at ignition .
Starting time at required voltage or current

Separate Excitation

Open-circuit voltage of excitation circuit
Short-circuit current of excitation circuit

Firing pulse length (approx. sine wave,
average anode current greater than 20A)

Recommended pulse length (approx
sine wave)

COOLING

Minimum water flow rate (see note)
Inlet water temperature

Outlet water temperature
Temperature rise across jacket

Note

200 V min
.12 A min
5to 8 A

100 MS max

450 V min

45 A min

150 _ Msmin

500 us

1.5 imp.gal/min

7.0 [./min
10 °C min
40 °C max

6.0 °C max

At the minimum flow rate of 1.5 imp.gal/min, the pressure drop across the
jacket will be 4.5 Ib/in? (0.32kg/cm?) approx. The water flow must be main-

tained for 15 minutes after switching off.

BK24/5552A
Page 3
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DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts

DEMAND IN kVA (2 TUBES IN INVERSE PARALLEL)

wol

10 20 0 50 70 100

AVERAGE ANODE CURRENT PER TUBE IN AMPERES

200

BK24/5552A
Page 4
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control

1OOWI 3265A
q
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5000 [50Vems.
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OUTLINE (All dimensions without limits are nominal)

3389A "—©
+—©
\ T - fr - VIEW FROM BELOW
ANODE /
TERMINAL [ \
17 FLEXIBLE
[E LEAD
N n
(M)DiA.
y
@) THERMOSTAT
PLATFORM
;VS;LEQT DETAIL OF
g@ 118 BSP CATHODE TERMINAL
WATER INLET
CCD 1/8 BS.P
D /_/1
l —l||e—F) T Mte
)
/ N v U
IGNITOR TERMINAL ' CATHODE —l -W)
(X)Dia. TERMINAL -—Q)
Ref Inches Millimetres Ref Inches Millimetres
A 24.250 min 617.0 min N 2.500 max 63.50 max
B 14.750 max 374.7 max P 3.625 max 92.08 max
C 12.500 max 317.5 max Q 5.500 + 0.375 139.7 + 9.53
D 10.750 273.1 R 3.000 max 76.20 max
E 2.375 min 60.33 min S 1.250 max 31.75 max
G 3.750 95.25 T 1.000 max 25.40 max
H 0.500 + 0.031 12.70+ 0.79 u 0.437 + 0.062 11.10 + 1.57
J 1.250 + 0.062 31.75+ 1.57 \Y 0.437 + 0.031 11.10+ 0.79
K 0.625 + 0.062 15.68 + 1.67 W 0.437 + 0.031 11.10+0.79
L 1.000 + 0.031 25.40+ 0.79 X 0.250 + 0.005 6.356+0.13
M 4.625 max 117.5 max
Millimetre dimensions have been derived from inches.
BK24/5552A

Page 6
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Thermostat Mounting Plate (All dimensions without limits are nominal)

2072

2 SLOTS (AC) WIDE

BY DEEP

Ref Inches Millimetres
AA 2.750 69.85

AB 1.250 31.75

AC 0.219 5.56

AD 0.375 9.53

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited

Chelmsford, Essex, England

BK24/5552A
Page 7
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BK42/5551A

IGNITRON

Equivalent to 5551A
The data should be read in conjunction with the Ignitron Preambile.

ABRIDGED DATA

Size B, stainless-steel jacketed, water-cooled ignitron intended primarily for
single-phase or three-phase (frequency changing) resistance welding control
applications. It has a platform for mounting a detachable thermostat for
temperature control.

For an electrically identical version with coaxial cathode terminal see
BK442/7669.

Supply voltage (r.m.s.) . . . . . . 250to0600 \%
Maximum demand (2 ignitrons in inverse parallel
average current not exceeding 30.2A) . . . . . . . 600 kVA
Maximum average anode current (for demand
not exceeding 200kVA) . . . . . . . . . . . . 56 A
GENERAL
Electrical
Number of electrodes:
main anode . . . . 1
cathode (mercury pool) e e
ignitor - Ce e e 1
Arc voltage drop (approx)
at 150A peak current N 1 \%
at 3400A peak current . . . . . . . . . . . . 26 \%
Mechanical
Overall length (excluding
flexiblelead) . . . . . . . . . . . 13.000 inches (330.2mm) max
Overall width . . . . . . . . . . b750inches(146.1mm) max
Body diameter . . . . . . . . . . 3.250inches (82.55mm) max
Netweight . . . . . . . . . . . . .3%pounds(1.7kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

Accessories
Water control thermostat (normally open,

closes at 36°C approx) . . . . . . . . ZD100552
Over- temperature thermostat (normally closed
opens at 52°Capprox) . . . . . . . . . . . . . . ZD100551

Continued on page 2

February 1971
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Accessories (continued)
Thermostat contact ratings:

a.c.voltage . . . . . . 125 250 440 600 V max

a.c.current . . . . . . 30 1.5 1.0 0.5 A max

voltage betygveen SWItCh contacts

and ignitron envelope (peak) . . . . . . . . . . 1.0 kV max
Ignitorlead . . . . . . . . . . . . . . . . . ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)
Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

Min Max
Anode
Supply voltage (r.m.s.) (frequency range
25to60Hz) . . . . . 250 600 V
Demand (for average current not exceedmg
30.2A) . . . . . .= 800 kVA
Anode current (average) (for demand not
exceeding 200k VA) = 56 A
Anode current averaging time:
ate600Vems - - - - . ... L= 7.5 S
at440Vems - - - - - .= 10.2 S
at 250V, m.s. e = 18 S
Fault current (peak):
at 600Vyms - - - o« . . oL = 2800 A
at 250Vyms - - T 6720 A
Duration of fault current . . . . . . . — 0.15 S
Three-phase (Frequency Changing) Welding Control
or Power Rectifier Service (Intermittent Duty)
Anode
Peak anode Peak anode
voltage 1.2kV voltage 1.5kV
Anode current (peak) . . . . . . . 600 480 A max
correspondingaverage . . . . . . . 50 4.0 A max
Anode current (average) . . . . . . . 225 18 A max
correspondingpeak . . . . . . . 135 108 A max
Averagingtime . . . . . . . . . . 10 10 smax
Peak faultcurrent . . . . . . . . 7500 6000 A max
Duration of faultcurrent . . . . . . . 0.15 0.15s max
Frequency range .. . . . . . . . b0-60 50-60 Hz
3K42/5551A

Page 2
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MAXIMUM AND MINIMUM RATINGS (Continued)

Ignitor
Peak forward ignitorvoltage . . . . . . . . Anodevoltage max
Peak inxerse ignitorvoltage . . . . . . . . . . bO V max
lgnitor current:
peak forward . . . . . . . . . . . . . 100 A max
rms. . . . . . . . . . . . . . . . . .10 A max
average . . . . . . . . . . . . . . . .10 A max
averagingtime . . . . . . . . . . . . . . 5O S max ,

I

B

IGNITOR CIRCUIT REQUIREMENTS
Anode Firing

Ignitor voltage required to fire . . . . . . . . 200 V min
Ignitor current required to fire . . . . . . . . . 12 A min
Typical current at ignition . . e 5to8 A
Starting time at required voltage or current . . . . 100 MS max

Separate Excitation

Open-circuit voltage of excitation circuit o 450 V min
Short-circuit current of excitation circuit . . . . . 45 A min

Firing pulse length (approx. sine wave,
average anode current greater than

20A) S S 150 Ms min

Recommended pulse Iength (approx

sine wave) C 500 MS

COOLING

Minimum water flow rate (seenote) . . . . . . . 1.0 imp.gal/min
4.5 l./min

Inlet water temperature . . . . . . . . . . . 10 °C min

Outlet water temperature . . . . . . . . . . 40 °C max

Temperature rise across jacket . . . . . . . . . 40 °C max

Note

At the minimum flow rate of 1.0 imp.gal/min, the pressure drop across the
jacket will be 1.8 Ib/in? (0.13kg/cm?) approx. The water flow must be main-
tained for 10 minutes after switching off.

BK42/5551A
Page 3



DEMAND KVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts
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BK42/5551A
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control service
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PEAK CURRENT — AVERAGE CURRENT PER IGNITRON
(MAXIMUM RATINGS)

Three-phase welder control service
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OUTLINE (All dimensions without limits are nominal)

3394A — “—®
— ©
L VIEW FROM BELOW
‘ T P '
‘ TERMINAL
£ g-\ FLEXIBLE
LEAD
(M)DIA.
. THERMOSTAT
@5 %E PLATFORM
@ WATER INLET DETAIL OF
CB) WATER 1/8 BSP CATHODE TERMINAL
OUTLET
@ @5 118°B.S.P
U%
IGNITOR TERMINAL ' “CATHODE — “—@
(X DA, TERMINAL )
Ref Inches Millimetres Ref Inches Millimetres
A 21.750 min 552.5 min M 3.250 max 82.55 max
' B 13.000 max 330.2 max N 2.500 max 63.50 max
C 11.000 max 279.4 max P 2.875 max 73.03 max
¢ D 9.500 241.3 Q 5.125 + 0.250 130.18 + 6.35
i E 2.375 min 60.33 min R 2.375 max 60.33 max
. F 2.000 min 50.80 min S 1.000 max 25.40 max
Y G 3.625 92.08 T 0.812 max 20.62 max
H 0.375 + 0.031 9.563+0.79 U 0.406 + 0.031 10.31 + 0.79
J 1.000 + 0.062 25.40 + 1.57 \Yj 0.437 + 0.031 11.10+ 0.79
K 0.500 + 0.062 12.70 + 1.57 w 0.437 + 0.031 11.10+0.79
L 1.000 + 0.031 25.40+ 0.79 X 0.250 + 0.005 6.35+0.13
Millimetre dimensions have been derived from inches.
b,
‘ BK42/5551A

Page 7
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Thermostat Mounting Plate (All dimensions without limits are nominal)

2072

2 SLOTS (AC) WIDE
BY (AD) DEEP
) /

Ref Inches Millimetres
AA 2.750 69.85

AB 1.250 31.75

AC 0.219 5.56

AD 0.375 9.53

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited

Chelmsford, Essex, England

BK42/5551A
Page 8
Printed in England



BK44/5554

IGNITRON

Service Type CV1742 Equivalent to 5554
The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

Size C, stainless-steel-jacketed, water-cooled ignitron intended primarily for
rectifier service. |t is also suitable for high-voltage resistance welding control.

Power Rectifier Service

Peak anode voltage . . . .o 900 2100

Maximum continuous average anode

current . . . . . . . . . L. 100 75 A
Welder Control Service

Supply voltage (r.m.s.) - . . . . 2400 Vv

Maximum demand (2 ignitrons m mverse

parallel, average current not exceeding

75A) . . .. .. . . . . 1200 kVA
Maximum average anode current (for

demand not exceeding 600kVA) . . . . . . . 113 A

GENERAL

Electrical

Number of electrodes:
main anode .
cathode (mercury pooI)
ignitors
auxiliary anode

Arc voltage drop (approx)

= AN =

at 300A peak current 14 \%
at 600A peak current 17 Vv
Mechanical
Overall length (excluding flexible lead) . . .17.000 inches (432mm) max
Overall width . -« « .« .« . . . . 171290 inches (184.2mm) max
Body diameter . . . . . . . . . . 4.125inches (104.8mm) max
Net weight .« « .« .« . . . . . . . 13pounds (5.9kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up
Accessories
Ignitor lead . . Ce e e . ..o ... ZD100222
Auxiliary anode lead C e e e oL .. ZD100222

January 1971




MAXIMUM AND MINIMUM RATINGS (Absolute values)

Anode Ratings — Power Rectifier Service

Peak anode Peak anode
voltage 0.9kV voltage 2.1kV

Peak anod®current . . . . . . . . 900 600 A max
Average anode current:

continuous . . A 100 75 A max

two hours (averaglng time 2 mmutes) . 180 113 A max

one minute (averaging time 1 minute) . 200 150 A max
Fault current (peak) 6000 4500 A max
Duration of faultcurrent . . . . . . . 0.15 0.15s max
Frequency range 25-60 25—60 Hz

Anode Ratings — Welder Control Service

Ratings are for two ignitrons connected in inverse parallel.

duction must be assumed whether phase control is used or not.

Full cycle con-

Supply voltage (r.m.s.) . . 2400 \%
Freqguency range . . 25 to 60 Hz
Demand (for average current not exceedlng 75A) 1200 kVA max
Anode current (average) (for demand not
exceeding 600kVA) X 113 A max
Anode current averaging time (at 24OOV) . 15 S max
Fault current (peak) - 3000 A max
Duration of fault current 0.15 S max
Auxiliary Anode
Peak forward voltage 160 V max
Peak inverse voltage:
main anode conducting . 25 V max
main anode not conducting 160 V max
Current:
peak 30 A max
r.m.s. 15 A max
average 9 A max
averaging time 10 S max
Ignitor
Peak forward ignitor voltage . anode voltage max
Peak inverse ignitor voltage 5.0 V max
[gnitor current:
peak 100 A max
r.m.s. 15 A max
average 2.0 A max
averaging time 10 S max
BK44/5554

Page 2
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MAXIMUM AND MINIMUM RATINGS (Continued)

IGNITOR CIRCUIT REQUIREMENTS

Anode Firing

Ignitor®oltage required to fire . . . . . . . 250
Ignitor current required tofire . . . . . . . . 25
Typical current at ignition . . . . . . . 6to12
Starting time at required voltage or current . . . 100

Separate Excitation

Open-circuit voltage of excitation circuit S 450
Short-circuit current of excitation circuit . . . . 4b
Firing pulse length (approx sine wave,
average anode current greater than 20A) . . . . 500
Recommended pulse length (approx
sinewave) . . . . . . . . . . . . .. 800
COOLING
Minimum water flow rate (seenote) . . . . . . 15
7.0
Inlet water temperature . . . . . . . . . . 6.0
Outlet water temperature:
rectifier serviceatQO0V . . . . . . . . . . 60
rectifier serviceat 2100V. . . . . . . . . . 45
welder service at 2400V . . . . . . . . . 3
Temperature rise across jacket . . . . . . . . 6.0
Note

V min
A min

MS max

V min
A min

MS min

S

imp. gal/min
[./min
°C min

°C max
°C max
°C max
°C max

At the minimum flow rate of 1.5 imp. gal/min, the pressure drop across the
jacket will be 5 Ib/in? (0.35kg/cm?) approx. The water flow must be main-

tained for 15 minutes after switching off.

BK44/5554
Page 3
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DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 2400 volts

700¢

g

DEMAND IN kVA (2 TUBES IN INVERSE PARALLEL)

:

20 30 50 70 100 200 300 500 1000

3

AVERAGE ANODE CURRENT PER TUBE IN AMPERES

BK44/5554
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)

Two ignitrons in inverse parallel for welder control at 2400 volts

RM.S. LINE DEMAND CURRENT IN AMPERES

500

1001L

PER CENT DUTY CYCLE

2

3

50 70 100

BK44/5554
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OUTLINE (All dimensions without limits are nominal)

)
LEAD £ L WATER
i . OUTLET
il LaBSP
| Sj
®
‘_—
@5 VIEW FROM BELOW
c IGNITOR
© WATER ' s1a—Mpia. TERMINALS
Ir'l'LET CD>
LgBSP
- - ] HOLE
“HHE2 @i
o= " ANODE
TERMINAL
Yy vV 0V [ Y (o
CATHODE Qz)
TERMINAL
Ref Inches Millimetres Ref Inches Millimetres
A 25.187 min 639.7 min M 4.000+0.125 101.6 + 3.2
B 17.000 max 431.8 max N 2.500 max 63.50 max
C 15.250 max 387.4 max P 3.625 max 92.08 max
D 12.750 323.9 R 3.000 max 76.20 max
E 2.375 min 60.33 min S 1.250 max 31.75 max
G 3.750 95.25 T 1.000 max 25.40 max
H 0.500 + 0.031 12.70+ 0.79 U 0.437 + 0.062 11.10+ 1.57
J 1.250 + 0.062 31.75 + 1.57 \Y) 0.437 + 0.031 11.10+ 0.79
K 0.625 + 0.062 165.88 + 1.67 W 0.437 + 0.031 11.10+0.79
L 1.000 + 0.031 25.40+ 0.79 X 0.250 + 0.005 6.35+0.13
Millimetre dimensions have been derived from inches.
English Electric Valve Company Limited BK44/55%4
Chelmsford, Essex, England Page 6
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BK46/5555

IGNITRON

Equivalent to 5555
The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

Size D, stainless-steel-jacketed, water-cooled ignitron intended primarily for :,,v
rectifier service. It is also suitable for high-voltage resistance welding control. =%
Power Rectifier Service i
Peak anodevoltage . . . . . . . . 900 2100 V

Maximum continuous average

anode current C e e e e e 200 150 A

Welder Control Service

Supply voltage (r.m.s.) - . . . . . 2400 V

Maximum demand (2 ignitrons m mverse

parallel, average current not exceeding

135A) . . . . . . . . . . 2400 kVA
Maximum average anode current (for

demand not exceeding 1105kVA) . . . . . . . 207 A

GENERAL

Electrical |

Number of electrodes:
main anode )
cathode (mercury pool)
ignitors .
auxiliary anode -

Arc voltage drop (approx):

—_N—= -

at 600A peak current 16 V
at 1200A peak current 19 \%
Mechanical
Overall length (excluding flexible lead) . . 21.000 inches (533.4mm) max
Overall width . . -« . . . . . . 8625inches (219.1mm) max
Body diameter . . . . . . . . . . 5750 inches (146.1mm) max
Net weight . .« « . . . . . . . . 25pounds(11.3kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up
Accessories
Ignitor lead . . e e e ... ZD100222
Auxiliary anode Iead e e e e .. ... .. . . . ZD100222
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MAXIMUM AND MINIMUM RATINGS (Absolute values)

Anode Ratings — Power Rectifier Service

Peak anode eurrent
Average anode current:
cohtinuous

two hours (averagmg time 2 mmutes)
one minute (averaging time 1 minute)

Fault current (peak)
Duration of fault current .
Frequency range

Anode Ratings — Welder Control Service
Ratings are for two ignitrons connected in inverse parallel.

Peak anode
voltage 0.9kV

0.15

Peak anode
voltage 2.1kV
1200 A max
150 A max
225 A max
300 A max
9000 A max
0.15smax

25—-60 Hz

duction must be assumed whether phase control is used or not.

Full cycle con-

Supply voltage (r.m.s.) . 2400 Vv
Frequency range . . .o 25 to 60 Hz
Demand (for average current not exceedmg 135A) . 2400 kVA max
Anode current (average) (for demand not .
exceeding 1105kVA) 207 A max
Anode current averaging time . 1.66 S max
Fault current (peak) 6000 A max
Duration of fault current . 0.15 S max
Auxiliary Anode
Peak forward voltage 160 V max
Peak inverse voltage:
main anode conducting 25 V max
main anode not conducting 160 V max
Current:
peak 30 A max
r.m.s. 15 A max
average . 9.0 A max
averaging time 10 S max
Ignitor
Peak forward ignitor voltage . anode voltage max
Peak inverse ignitor voltage 5.0 V max
Ignitor current:
peak 100 A max
r.m.s. 15 A max
average 2.0 A max
averaging time 10 S max
BK46/5555
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MAXIMUM AND MINIMUM RATINGS (Continued)

IGNITOR CIRCUIT REQUIREMENTS
Anode Firing

Ignitor Yoltage required to fire . . . . . . . 250 V min
Ignitor current requiredtofire . . . . . . . . 25 A min
Typical current at ignition . . . . . . . 6to12 A
Starting time at required voltage or current . . . 100 MS max
Separate Excitation Eﬁ
Open-circuit voltage of excitation circuit . . . 450 V min
Short-circuit current of excitationcircuit . . . . 45 A min
Firing pulse length (approx sine wave,
average anode current greater than 20A) . . . . 500 Ms min
Recommended pulse length (approx
sine wave) e e e 800 MS
COOLING
Minimum water flow rate (seenote) . . . . . . 3.0 imp.gal/min ,
14 |./min
Inlet water temperature . . . . . . . . . . 6.0 °C min “
Outlet water temperature:
rectifier serviceat900V . . . . . . . . . . 60 °C max
rectifier serviceat 2100V . . . . . . . . . 45 °C max
welder serviceat 2400V . . . . . . . . . . 30 °C max
Temperature rise across jacket . . . . . . . . 45 °C max
Note

At the minimum flow rate of 3.0 imp. gal/min, the pressure drop across the
jacket will be 6.0 Ib/in? (0.42kg/cm?) max. The water flow must be main-
tained for 30 minutes after switching off.

BK46/5555
Page 3
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DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 2400 volts

10000{ 3338

2000t

DEMAND IN kVA (2 TUBES IN INVERSE PARALLEL )

10 20 30 50 70 100 200 300 500 700 1000

AVERAGE ANODE CURRENT PER TUBE IN AMPERES

BK46/5555
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)

Two ignitrons in inverse parallel for welder control at 2400 volts
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OUTLINE (All dimensions without limits are nominal)

AUXILIARY ANODE
TERMINAL (X)DlA.

Y v v Y ON (2)PCDIA.
CATHODE
TERMINAL ol [+ @)
Ref Inches Millimetres Ref Inches Millimetres
A 27.375 min 695.3 min N 3.000 max 76.20 max
B 21.000 max 533.4 max P 4.312 max 109.5 max
C 17.500 max 444.5 max R 3.750 max 95.25 max
D 14.500 368.3 S 1.750 max 44.45 max
E 3.125 min 79.38 min T 1.500 max 38.10 max
G 5.126 130.2 U 0.562 + 0.062 14.27 + 1.57
H 0.500 + 0.031 12.70+ 0.79 \ 0.562 + 0.031 14.27 + 0.79
J 1.750 + 0.062 44.45 + 1.57 w 0.562 + 0.031 14.27 + 0.79
K 0.750 + 0.062 19.05 + 1.67 X 0.250 + 0.005 6.35+0.13
L 1.750 + 0.031 44.45 + 0.79 Y 0.312 7.93
M 5.750 max 146.1 max V4 2.250 57.15
Millimetre dimensions have been derived frorn inches.
English Electric Valve Company Limited BK46/5555

Chelmsford, Essex, England
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BK66/5550

IGNITRON

Equivalent to 5550
The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

Size A, stainless-steel-envelope ignitron intended primarily for single-phase
resistance welding control applications. It is cooled by means of a removable
water cooled clamp which also acts as a cathode terminal and provides means
for mounting the ignitron.

Supply voltage (r.m.s.) . 250 to 600 \Y;

Maximum demand (2 ignitrons in inverse parallel,
average current not exceeding 12.1A) . . . . . . 300 kVA

Maximum average anode current (for demand

not exceeding 100kVA)

GENERAL

Electrical

Number of electrodes:
main anode i
cathode (mercury pool)
ignitor

Arc voltage drop (approx):

at 70A peak current
at 1700A peak current

Mechanical

Overall length (excluding
flexible lead)

Body diameter
Net weight
Mounting position

Accessories

Water-cooled clamp
Ignitor lead

22.4 A

12 Vv
25 Vv

9.000 inches (228.6mm) max
2.140 inches (54.35mm) max

. 1% pounds (0.68kg) approx

vertical, anode terminal up

ZD100365
ZD100222

January 1971
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MAXIMUM AND MINIMUM RATINGS (Absolute values)

Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

Anode

Supply voltage (r.m.s.) (frequency range
25 to 60Hz)
Demand (for average current not exceed|ng
12.1A)
Anode current (average) (for demand not
exceeding 100k VA)
Anode current averaging time:

at 600V, m.s.

at 440V, m s

at 250V, ms )
Fault current (peak):

at 600V, s

at 250V m.s.
Duration of fault current

Ignitor
Peak forward ignitor voltage
Peak inverse ignitor voltage
Ignitor current:

peak

r.m.s.

average

averaging time

IGNITOR CIRCUIT REQUIREMENTS

Anode Firing

Ignitor voltage required to fire

fgnitor current required to fire

Typical current at ignition

Starting time at required voltage or current

Separate Excitation

Open-circuit voltage of excitation circuit
Short-circuit current of excitation circuit
Firing pulse length (approx sine wave,
average anode current greater than 20A)
Recommended pulse length (approx

sine wave)

Min

250

Max
600 V
300 kVA
22.4 A
9.2 S
11 S
22 S
1400 A
3360 A
0.15 S

anode voltage

5.0 V
100 A
10 A
1.0 A
5.0 S
200 V min
12 A min
5 to 8 A

100 MS max
450 V min
45 A min
150 MS min

500 Ms

BK66/5550
Page 2
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COOLING

Minimum water flow rate (see note)
Cooling clamp temperature:

max i hum
minimum

Caution

1.0
4.5

10

imp. gal/min
[./min

°C
°C

The cooling clamp must be in good thermal contact with the ignitron
envelope. Accidental damage to the inside of the clamp may produce areas
of poor contact. The ignitron and clamp should both be wiped clean before
assembly, as small dirt particles can cause severe local heating.

Note

It is essential that the flow of water be maintained for 5 minutes after

switching off.

BK66/5550
Page 3
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DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts

DEMAND N kVA (2 TUBES IN INVERSE PARALLEL)

500]
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AVERAGE ANODE CURRENT PER TUBE IN AMPERES

BK66/5550
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)

Two ignitrons in inverse parallel for welder control
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OUTLINE (All dimensions without limits are nominal)

3343 C? —™ l‘_@ ANODE
_ TERMINAL
) hd ? I
@
FLEXIBLE
= LEAD
'
1
|
®
®
CLAMPING
? AREA
Ly v C? R

0

}

’ IGNITOR TERMINAL (W)DIA.

Ref Inches Millimetres Ref Inches Millimetres

A 14.375 min 365.1 min M 2.130+0.010 54.10+ 0.25

B 8.250 max 209.6 max R 2.375 max 60.33 max

C 5500+ 0.125 139.7+ 3.2 S 1.000 max 25.40 max

D 1.750 min 44.45 min T 0.812 max 20.62 max

F 0.750 max 19.05 max U 0.406 + 0.031 10.31 +0.79

G 0.375 9.53 w 0.250 + 0.005 6.35+0.13
Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited BK66/5550
Chelmsford, Essex, England Page 6
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BK146/5553B

IGNITRON

Equivalent to 5553B
The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

Size D, stainless-steel-jacketed, water-cooled ignitron intended primarily for
single-phase or three-phase (frequency changing) resistance welding control
applications. It has a platform for mounting a detachable thermostat for
temperature control.

For an electrically identical version with coaxial cathode terminal see
BK446/7673.

Supply voltage (r.m.s.) . . . . . . 250to0600 V
Maximum demand (2 ignitrons in mverse parallel,

average current.not exceeding 192A) . . . . . . 2400 kVA
Maximum average anode current (for demand

not exceeding 800kVA) . . . . . . . . . . 355 A

GENERAL

Electrical

Number of electrodes:
main anode . . . e e e 1
cathode (mercury pool) e e e e e
ignitor .. e e e e s
Arc voltage drop (approx):
at 1115A peak current . . . . . . . . . . . 17
at 13 600A peak current G &

Mechanical

Overall length (excluding

flexiblelead) . . . . . . . . . . . 20.000 inches (508.0mm) max
Overall width . . . . . . . . . . 9375inches (238.1mm) max
Body diameter . . . . . . . . . . 7.125inches (181.0mm) max
Netweight . . . . . . . . . . . . 21pounds (9.5kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

<<

Accessories

Water control thermostat (normally open,

closes at 36°C approx) . . . . . . . . ZD100552
Over- temperature thermostat (normally closed

opensat 52°Capprox) . . . . . . . . . . . . . . ZD100551

Continued on page 2

January 1971
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Accessories (continued)
Thermostat contact ratings:

a.c.voltage . . . . 125 250 440 600 V max

a.c.current . . . . 3.0 1.5 1.0 0.5 A max

voltage between switch contacts

and ignitrof envelope (peak) . . . . . . . . . . 1.0 kV max
Ignitorlead . . . . . . . . . . . . . . . . . ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)

Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

Min Max
Anode
Supply voltage (r.m.s.) (frequency range
25to 60Hz) . . . i 250 600 \Y
Demand (for average current not exceedlng
192A) . . . e 2400 kVA
Anode current (average) (for demand not
exceeding 800kVA) . . . . . . . . . - 355 A
Anoae current averaging time:
ate600Vyms - - - . . . . ... L = 4.6 S
at440Vims . - - . . ... = 6.3 S
at 250V, ms - e 11 S
Fault current (peak)
at 600V, m 5. R 11.2 kA
at 250V; m s, ) e 27 kA
Duration of fault current e = 0.15 s
Three-phase (Frequency Changing) Welding Control
or Power Rectifier Service (Intermittent Duty)
Anode
Peak Peak Peak
anode anode anode
voltage voltage voltage
0.6kV 1.2kV 1.5kV
Anode current (peak) . . . . . 4.0 3.0 2.4 kA max
Corresponding average ... . A 40 32 A max
Anode current (average) . . . 190 140 112 A max
Corresponding peak . . . . Mo 840 672 A max
Averagingtime . . . . . . . 6.25 6.25 6.25 smax
Peak faultcurrent . . . . . . B0 37.5 30 kA max
Duration of faultcurrent . . . . 0.15 0.15 0.15 smax
Frequencyrange . . . . . 50—60 50—60 50—60 Hz
BK146/5553B

Page 2
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MAXIMUM AND MINIMUM RATINGS (Continued)

Ignitor
Peak forward ignitor voltage .
Peak inverse ignitor voltage
lgnit(.)r current:

peak

r.m.s.

average

averaging time

IGNITOR CIRCUIT REQUIREMENTS

Anode Firing

Ignitor voltage required to fire
Ignitor current required to fire
Typical current at ignition .
Starting time at required voltage or current

Separate Excitation

Open-circuit voltage of excitation circuit
Short-circuit current of excitation circuit

Firing pulse length (approx sine wave,
average anode current greater than
20A) .o :

Recommended pulse length (approx.
sine wave)

COOLING

Minimum water flow rate (see note)

Inlet water temperature
QOutlet water temperature
Temperature rise across jacket

Note

anode voltage
5.0

100

10
1.0
5.0

200
.12
5to 8

100

450
45

150

500

3.0
14
10
40

9.0

max
V max

A max
A max

A max
S max

V min
A min

MS max

V min
A min

MS min

us

imp. gal/min

l./min
°C min

o]

C max
o

C max

At the minimum flow rate of 3.0 imp. gal/min, the pressure drop across the
jacket will be 5.0 Ib/in? (0.35kg/cm?) approx. The water flow must be main-

tained for 30 minutes after switching off.

BK146/5553B

Page 3
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DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control service
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PEAK CURRENT — AVERAGE CURRENT PER IGNITRON

(MAXIMUM RATINGS)
Three-phase welder control service
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OUTLINE (All dimensions without limits are nominal)

T h
—

o

vi BEL
® -t
ANODE TERMINAL
®
FLEXIBLE
LEAD
l ®
IGNITOR
. . @)D TERMINAL (X)DIA.
®
P ) THERMOSTAT
PLATFORM
WATER
® OUTLET DETAIL_OF
o | liese - CATHODE TERMINAL
® |
CATHODE
TERMINAL
Yy YY1y
—
Ref Inches Millimetres Ref Inches Millimetres
A 27.375 min 695.3 min N 3.000 max 76.20 max
B 20.000 max 508.0 max P 4.687 max 119.0 max
C 17.000 max 431.8 max Q 8.125 + 0.500 206.4 + 12.7
D 14.000 355.6 R 3.750 max 95.25 max
E 3.125 min. 79.38 min S 1.750 max 44.45 max
G 5.000 127.0 T 1.500 max 38.10 max
H 0.500 + 0.031 12.70+ 0.79 ] 0.562 + 0.062 14.27 + 1.57
J 1.750 + 0.062 44 .45 + 157 Vv 0.562 + 0.031 14.27 + 0.79
K 0.750 + 0.062 19.05 + 1.67 w 0.562 + 0.031 14.27 + 0.79
L 1.750 + 0.031 44.45 + 0.79 X 0.250 + 0.005 6.35+0.13
M 7.125 max 181.0 max
Millimetre dimensions have been derived from inches.
BK146/5553B
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Thermostat Mounting Plate (All dimensions without limits are nominal)

2072

—(AA)-

o

| 2 SLOTS (AC) WIDE -
_8Y (AD) DEEP

- T, ®

AB -
Ref Inches Millimetres
AA 2.750 69.85
AB 1.250 31.75
AC 0.219 5.56
AD 0.375. 9.53

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited BK 146/5553B
Chelmsford, Essex, England Page 8




BK168/5822A

IGNITRON

Equivalent to 5822A
The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA
Size C, stainless-steel-jacketed, water-cooled ignitron intended primarily for

three-phase (frequency-changing) resistance welding control applications. It
has a platform for mounting a detachable thermostat for temperature control.

For an electrically identical version with coaxial cathode terminal see
BK468/7672.

Peak forward or inverse anode voltage . 1200 1500 \
Maximum peak anode current . . . . 1500 1200 A

correspondingaverage . . . . . . . 20 16 A
Maximum average anodecurrent . . . . 70 56 A

correspondingpeak . . . . . . . 420 336 A
GENERAL
Electrical
Number of electrodes:

main anode 1

cathode (mercury pool) 1

ignitor . . . e e 1
Arc voltage drop (approx) at 1500A peak . . . . . 25 Vv
Mechanical
Overall length (excluding

flexiblelead) . . . . . . . . . . 14.750 inches (374.7mm) max
Overall width e e e e o o oo o . 1.250 inches (184.2mm) max
Body diameter . . . . . . . . . . 4.625inches (117.5mm) max
Net weight .+« . .« . . . . . . . 8rpounds (3.9kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up
Accessories
Water control thermostat (normally open,

closes at 36°C approx) .o . . . . . ZD100552
Over-temperature thermostat (normally closed

opens at 52°C approx) e e . ... ... . ZD100551

Continued on page 2

February 1971

Il




Accessories (Continued)
Thermostat contact ratings:

a.c. voltage 125 250 440 600 V max

a.c. current 3.0 1.5 1.0 0.5 A max

voltage ketween switch contacts

and ignitron envelope (peak) . 1.0 kV max
Ignitor lead ZD100222
MAXIMUM AND MINIMUM RATINGS (Absolute values)
Three-phase (Frequency Changing) Welding Control
or Power Rectifier Service (Intermittent Duty)
Anode

Peak anode Peak anode
voltage 1.2kV voltage 1.5kV

Anode current (peak) 1500 1200 A max

corresponding average . 20 16 A max
Anode current (average) . 70 56 A max

corresponding peak 420 336 A max
Averaging time . . ©6.25 6.25 s max
Peak fault current 18 750 15000 A max
Duration of fault current . . 015 0.15 smax
Frequency range . 50—-60 50-60 Hz

Ignitor
Peak forward ignitor voltage

anode voltage max

Peak inverse ignitor voltage 5.0 V max
Ignitor current:
peak 100 A max
r.m.s. 10 A max
average 1.0 A max
averaging time 5.0 S max
IGNITOR CIRCUIT REQUIREMENTS
Anode Firing
lgnitor voltage required to fire 200 V min
Ignitor current required to fire 12 A min
Typical current at ignition 5 to 8 A
Starting time at required voltage or current 100 MS max
Continued on page 3
BK168/5822A
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IGNITOR CIRCUIT REQUIREMENTS (Continued)

Separate Excitation

Open-circuit voltage of excitation circuit . . . . . 450 V min
Short-gjrcuit current of excitation circuit . . . . . 45 A min

Firing pulse length (approx. sine wave,
average anode current greater than

20A) e e e e 150 Ms min
Recommended pulse length (approx.

sinewave) . . . . . . . . . . . . .. 500 MS
COOLING
Minimum water flow rate (seenote) . . . . . . . 1.5 imp.gal/min

7.0 l./min

Inlet water temperature . . . . . . . . . . . 10 °C min
Outlet water temperature . . . . . . . . . . 40 °C max
Temperature rise across jacket . . . . . . . . . 6.0 °C max
Note

At the minimum flow rate of 1.5 imp.gal/min, the pressure drop across the
jacket will be 4.5 Ib/in? (0.32kg/cm?) approx. The water flow must be main-
tained for 15 minutes after switching off.

BK168/5822A
Page 3
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PEAK CURRENT — AVERAGE CURRENT PER IGNITRON
(MAXIMUM RATINGS)
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OUTLINE (All dimensions without limits are nominal)

- ?qpn
!

i VIEW FROM BELOW
ANODE TERMINAL
®
FLEXIBLE
LEAD
)
® .
|
- L_ I
THERMOSTAT DETAIL oF
PLATFORM CATHODE_TERMINAL
@) WATER
@ QUTLET |
D g BSP WATER INLET
- —][/ la BSP
©
— ‘—@
B I ) N Y
IGNITOR TERMINAL ' CATHODE
(X)DIA. TERMINAL
Ref Inches Millimetres Ref Inches Millimetres
A 24.250 min 617.0 min N 2.500 max 63.50 max
B 14.750 max 374.7 max P 3.625 max 92.08 max
C 12.500 max 317.5 max Q 5.500 + 0.375 139.7 + 9.63
D 10.750 273.1 R 3.000 max 76.20 max
E 2.375 min 60.33 min S 1.250 max 31.75 max
G 3.750 95.25 T 1.000 max 25.40 max
H 0.500 + 0.031 12.70+ 0.79 u 0.437 + 0.062 11.10+ 1.57
J 1.250 + 0.062 31.75+ 1.57 \Y/ 0.437 + 0.031 11.10+ 0.79
K 0.625 + 0.062 15.88 + 1.57 w 0.437 + 0.031 11.10+ 0.79
L 1.000 + 0.031 25.40+ 0.79 X 0.250 + 0.005 6.35+0.13
M 4.625 max 117.5 max
Millimetre dimensions have been derived from inches.
BK 168/5822A
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Thermostat Mounting Plate (All dimensions are nominal)

2 SLOTS wuos

/ev DEEP

Ref Inches Millimetres
AA 2.750 69.85

AB 1.250 31.75

AC 0.219 5.56

AD 0.375 9.63

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited

Chelmsford, Essex, England

BK 168/5822A
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BK178

IGNITRON

The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

Size D, stainless-steel-jacketed, water-cooled ignitron intended primarily for

use as a switch in capacitor discharge circuits.

Maximum peak forward anode voltage 25 kV
Maximum peak inverse anode voltage . 25 kV
Maximum peak anode current 100 kA
Maximum ampére-seconds per pulse 200 As

Maximum pulse repetition rate

GENERAL

Electrical

Number of electrodes:
main anode .
cathode (mercury pool)
ignitors
auxiliary anode

Arc voltage drop (approx):

1 pulse per second

—_ N = -

instantaneous current . 5 10 20 30 40 kA
voltage drop .. . . . 20 25 35 45 60 \Y
Mechanical

Overall length 21.000 inches (533.4mm) max

Overall width 8.625 inches (219.1Tmm) max
Body diameter 5.750 inches (146.1mm) max
Net weight 21 pounds (9.5kg) approx

Mounting position vertical, anode terminal up

Accessories

ZD100222
ZD100222

Ignitor lead
Auxiliary anode lead

February 1971




MAXIMUM AND MINIMUM RATINGS (Absolute values)

CAPACITOR DISCHARGE SERVICE

Main Anode

Peak forwar¥ or inverse anode voltage .. . . . . 25 kV max
Peak anode current . . . . . . . . .. . . 100 kA max
Rate of rise of current .. . . . . . . . . 1000 A/us max
Ampere-seconds per pulse L 200 A.s max
Duration of pulse . . . . . . . . . . . . 150 ms max
Pulse repetition rate . . . . . . . . . . 1pulseper second max

Auxiliary Anode

Peak forwardvoltage . . . . . . . . . . . 160 V max
Peak inverse voltage:
main anode conducting . . . . . . . . . . . 25 V max
main anode not conducting o 160 V max
Current:
peak . . . . . . . . . . . . . . . . .3 A max
rms. . . . . . . . . . . . . .. . . . .15 A max
average . . . . . . . . . . . . . . . . 90 A max
averaging time L0 S max

Ignitor Circuit Requirements

The recommended excitation circuit consists of a 0.25uF capacitor, charged
to between 1500 and 4000 volts and discharged through the ignitor-cathode
circuit and a current limiting resistor of 2 to 6 ohms. The peak inverse ignitor
voltage must never exceed 5.0 volts.

Cooling

Minimum water flow rate (see note) . . . . . . . 1.0 imp. gal/min
4.5 I./min

Inlet water temperature . . . . . . . . . . . 15 °C min

Outlet water temperature . . . . . . . . . . 30 °C max

Temperature rise across jacket . . . . . . . . . 40 °C max

Note

At the minimum flow rate of 1.0gal/min, the pressure drop across the jacket
will be 0.5 Ib/in? (0.04kg/cm?) approx.

BK178
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OPERATING INSTRUCTIONS

Care should be taken to keep the glass bushing, the anode lead and the stress
shields free from mercury. The ignitron should always be kept upright and
not tilte.d far enough to allow mercury to flow into the anode end. Before
the ignitron is operated, the bushing and anode terminal assembly should be
heated, for example by infra-red lamps, long enough to disperse any mercury
condensed on or clinging to them; it may be desirable to continue the heating
throughout the period of operation. During short shut-down periods, it may
be advantageous to maintain the heating or to shield the anode bushing from
draughts, in order to reduce the possibility of mercury condensation which
would necessitate further heating.

It is recommended that before an ignitron is put into service, it should be
aged to withstand a peak voltage of 30 to 35kV in either direction for one
minute without breakdown. This may be accomplished by the application of
a variable voltage, either a.c. or d.c., through a current limiting resistance of
0.1 to 0.2 megohm. It is useful to connect a capacitor of around 500pF
between anode and cathode, and when the supply is d.c. the series resistance
may be increased to some tens of megohms, to limit the frequency of break-
downs for convenience of observation.

In exceptional circumstances, for example when currents of excessive peak
value have been carried, the ignitron may suffer deterioration in its ability to
withstand high voltage. In such cases, it is often possible to restore the high
voltage characteristics by operating the ignitron in a low-voltage circuit at
supply frequency, so that it carries a mean current of 20 to 30A for 10 to 30
minutes; the flow of cooling water should be maintained at 0.5gal/min during
this process. The ignitron should be allowed to cool to atmospheric tempera-
ture before high voltage is applied.

BK178
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OUTLINE (All dimensions without limits are nominal)

3269 0 0 — > C
} ‘/ANODE TERMINAL
! * J 25,/2 HOLES (U)DIA.
A+l.  WATER OUTLET
L) V% B.S.P
@P |
® n——#ﬂ—@om
©) WATER
r }/PiL:sTP QDD
| HOLE |-
@DuA./ '4'}
Yy v 1 ﬁ |
caTHODE W'l Cg &)
TERMINAL  (J)—sta—s

VIEW FROM ABOVE

VIEW FROM BELOW

IGNITOR
TERMINALS (X)DIA.

Y AUXILIARY ANODE

TERMINAL @om.

Ref Inches Millimetres Ref Inches Miltimetres

A 20.250+0.750 514.4+ 191 N 3.000 max 76.20 max

B 18.500 max 469.9 max P 4.312 max 109.5 max

C 15.375+ 0.750 390.5 + 19.1 R 1.000 + 0.031 25.40 + 0.79

D 14.000 355.6 S 1.000 + 0.062 25.40 + 1.57

E 3.125 min 79.38 min T 0.500 + 0.062 12.70 + 1.57

G 5.000 127.0 U 0.500 + 0.031 12.70+ 0.79

H 0.500 + 0.031 12.70+ 0.79 Vv 0.562 + 0.031 14.27 + 0.79

J 1.750 + 0.062 44 .45 + 157 w 0.562 + 0.031 14.27 + 0.79

K 0.750 + 0.062 19.05 + 1.57 X 0.250 + 0.005 6.35+0.13

L 1.750 + 0.031 44.45 + 0.79 Y 0.500 + 0.031 1270+ 0.79

M 5.750 max 146.1 max

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited BK178
Chelmsford, Essex, England Page 4
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BK394

IGNITRON

The data should be read in conjunction with the Ignitron Preamble.

DESCRIPTION

Size C, stainless-steel-jacketed, water-cooled ignitron intended primarily for
use as a switch in capacitor discharge circuits.

e

GENERAL DATA

Electrical
Number of electrodes:

mainanode . . . . . . . . . . . . . . 1

cathode (mercury pool) . . . . . . . . . . 1

ignitor . . . . . . . . . . . . . . .1
Mechanical
Overall length (excluding flexible lead) . . 14.750 inches (374.7mm) max
Overall width . . o« « . .« . . . . 7250 inches (184.2mm) max
Body diameter . . . . . . . . . . 4.625inches(117.5mm) max
Net weight . e . . . . . . . . . . B8rpounds (3.9kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

MAXIMUM RATINGS (Absolute values)

CAPACITOR DISCHARGE SERVICE
(Unidirectional current without reversal)

Main Anode

Peak forward anodevoltage . . . . . . . . . . 25 kV max
Peak inverse anodevoltage . . . . . . . . . . 25 kV max
Peak anode current e e e e e 100 kA max
Average anode current T N ¢ A max
Ampere-seconds per pulse . e e . . . . . . . B0 A.s max
Pulse repetitionrate . . . . . . . . . . . . 1 p.p.S. max

April 1971




Ignitor Circuit Requirements

The recommended excitation circuit consists of a 0.25uF capacitor, charged
to between 1500 and 4000V and discharged through the ignitor-cathode
circuit and a current limiting resistor of 2 to 6 ohms. The peak inverse ignitor
voltage muse never exceed 5.0V.

Cooling

Minimum water flow rate .. . . . . . . . . 0.5 imp.gal/min
2.3 l./min

Inlet water temperature . . . . . . . . . . . 15 °C min

Outlet water temperature G 0 °C max

OPERATING INSTRUCTIONS

Before the ignitron is operated, the glass anode insulation should be heated,
for example by infra-red lamps, long enough to disperse any mercury con-

densed in this region of the ignitron. It may be desirable to continue the

heating during operation, especially if high anode voltages are used.

BK394
Page 2
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OUTLINE

2542

)
‘ .
[
ANODE TERMINAL j ]
o R
A Q
FLEXIBLE
LEAD
il
@
=
Q{D | v || | {(MDIA.
.
| NG DETAIL OF
1 B 7 CATHODE TERMINAL
r WATER
<C> w O”UTLET ! W'I}TER INLET
© 1p8se lg BS.P l///]
yan i ) yl_ : | HOLE
ERN G
(E /:u <—(H) o "(V)DiA.
| | il
' ‘ y uu\ ! d
IGNITOR TERMINAL CATHODE —pl (W)
(X)DIA. TERMINAL L & )
Ref Inches Millimetres Ref Inches Millimetres
A 24.250 min 617.0 min M 4.625 max 117.5 max
B 14.750 max 374.7 max N 2.500 max 63.50 max
C 12.500 max 317.5 max P 3.625 max 92.08 max
D 10.750 273.1 R 3.000 max 76.20 max
E 2.375 min 60.33 min S 1.250 max 31.75 max
G 3.750 95.25 T 1.000 max 25.40 max
H 0.500 + 0.031 12.70+ 0.79 U 0.437 + 0.062 11.10 + 1.57
J 1.250 + 0.062 31.75+ 1.57 \Y) 0.437 + 0.031 11.10+ 0.79
K 0.625 + 0.062 15.88 + 1.57 w 0.437 + 0.031 11.10+ 0.79
L 1.000 + 0.031 25.40+ 0.79 X 0.250 + 0.005 6.35+0.13

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited

Chelmsford, Essex, England
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BK442/7669

IGNITRON

Equivalent to 7669
The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

Size B, stainless-steel-jacketed, water-cooled ignitron intended primarily for
single-phase or three-phase (frequency changing) resistance welding control
applications. It features a coaxial cathode terminal and has a platform for
mounting a detachable thermostat for temperature control. It is electrically
identical with BK42/5551A.

Supply voltage (r.m.s.) . . . . . . . 250to600 V
Maximum demand (2 ignitrons in mverse parallel,

average current not exceeding 30.2A) . . . . . 600 kVA
Maximum average anode current (for demand

not exceeding 200kVA) . . . . . . . . . . b6 A
GENERAL
Electrical
Number of electrodes:

main anode . . .

cathode (mercury pool) e e e e

ignitor . . . e e e e e e 1
Arc voltage drop (approx)

at 150A peak current . . . . . . . . . . . 13 \%

at 3400A peak current . . . . ... ... 26 VvV
Mechanical
Overall length (excluding

flexiblelead) . . . . . . . . . 11.625 inches (295.3mm) max
Overall width . o« o« « . . . . . . 8125inches (206.4mm) max
Body diameter . . . . . . . . . . 3.250 inches (82.55mm) max
Net weight . - . . . . . . . . . . 3%pounds (1.7kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

Accessories
Water control thermostat (normally open,

closes at 36°C approx) . . . . . . . ZD100552
Over—temperature thermostat (normally closed
opens at 52°Capprox) . . . . . . . . . . . . . ZD100551

Continued on page 2
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Accessories (continued)
Thermostat contact ratings:

a.c.voltage . . . . . 125 250 440 600 V max

ac.current . . . . . . 3.0 1.5 1.0 0.5 A max

voltage Qetween switch contacts

and ignitron envelope (peak) . . . . . . . . . 1.0 kVmax
Ignitorlead . . . . . . . . . . . L L. ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)
Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

Min Max

Anode
Supply voltage (r.m.s.) (frequency range

25to 60Hz) . . . . . 250 600 V
Demand (for average current not exceedmg

30.2A) . . . . .= 600 kVA
Anode current (average) (for demand not

exceeding 200kVA) . . . . . . . . — 56 A
Anode current averaging time:

ate00V,y ms, - - - - . . . . . . = 7.5 S

atd440Vims - - - o . o . ... = 10.2 s

at250Vims - - - - o . ... = 18
Fault current (peak): .

at600V,ms - - - . . . . L. L = 2800 A

at 250V, s, - - e e e = 6720 A
Duration of fault current B 0.15 S

Three-phase (Frequency Changing) Welding Control
or Power Rectifier Service (Intermittent Duty)

Anode
Peak anode Peak anode
voltage 1.2kV  voltage 1.5kV

Anode current (peak) . . . . . . . 600 480 A max
corresponding average . . . . . . 5o 4.0 A max
Anode current (average) . . . . . . . 225 18 A max
corresponding peak . . . . . . . 135 108 A max
Averagingtime . . . . . . . . . . 10 10 s max
Peak faultcurrent . . . . . . . . 7500 6000 A max
Duration of faultcurrent . . . . . . . 0.15 0.15s max
Frequency range .« . . . . . . . B0-60 50—60 Hz
BK442/7669
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MAXIMUM AND MINIMUM RATINGS (Continued)

Ignitor
Peak forward ignitor voltage .
Peak invgrse ignitor voltage
Ignitor current:

peak

r.m.s.

average

averaging time

IGNITOR CIRCUIT REQUIREMENTS

Anode Firing

Ignitor voltage required to fire
Ignitor current required to fire
Typical current at ignition .o
Starting time at required voltage or current

Separate Excitation

Open-circuit voltage of excitation circuit
Short-circuit current of excitation circuit

Firing pulse length (approx. sine wave,
average anode current greater than
20A)

Recommended pulse length (approx.
sine wave)

COOLING
Minimum water flow rate (see note)

Inlet water temperature
Outlet water temperature
Temperature rise across jacket

Note

anode voltage max

50 V max
100 A max
10 A max
1.0 A max

5.0 S max

. 200 V min
.12 A min
5to 8 A
100 US max
450 V min
45 A min
150 MS min
500 US

1.0 imp.gal/min

4.5 I./min
10 °C min
40 °C max

4.0 °C max

At the minimum flow rate of 1.0 imp.gal/min, the pressure drop across the
jacket will be 1.8 Ib/in® (0.13kg/cm?) approx. The water flow must be main-

tained for 10 minutes after switching off.

BK442/7669
Page 3

ik




DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control service

10000 =0
°
7000
5000
3000
[BVems
‘\
2000 ‘\
I“OVzm.s, \\
0 GOOVr:Es:I \ \\
10 q \
NN
700
\\\
\\
m 500
@
a \
z N\
Z
E 300
w
e
[id
o]
: \
o
5 200 \
=
3 \
-
v
s
« 1001 2 3 5 7 10 20 30 50 70 100
PER CENT DUTY CYCLE
BK442/7669

Page 5



PEAK CURRENT — AVERAGE CURRENT PER IGNITRON
(MAXIMUM RATINGS)
Three-phase welder control service
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OUTLINE (All dimensions without limits are nominal)
3388

. ?

ANODE
TERMINAL

U
? FLEXIBLE
LEAD

COAXIAL CATHODE
TERMINAL

®F

t

ER
(v)vl?ILET /4//{ (@
lg BSP Q
R

CLEARANCE,
LEAD |
BENT 90

=N
:
R ———

' 4 QL .
L
THERMOSTAT
PLATFORM =
@ WATER INLET
-/ —— g BS.P
\45"\_]
DIA.
Ref Inches Millimetres Ref Inches Millimetres
A 9.000 max 228.6 max K 1.250 max 31.75 max
B 10.500+ 0.500 266.7 + 12.7 L 0.125 3.18
C 3.250 max 82.55 max M 1.500 38.10
D 0.812 max 20.62 max N 4.000 min 101.6 min
E 1.000 max 25.40 max P 5.875 max 149.2 max
F 0.406 + 0.031 10.31+ 0.79 Q 2.500 max 63.50 max
G 2.375 max 60.33 max R 6.250 158.8
Millimetre dimensions have been derived from inches.
BK442/7669
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OUTLINE DETAILS (All dimensions without limits are nominal)

View from below

3393

RAD. *
IGNITOR
TERMINAL
(S)oiA.
Thermostat Mounting Plate
2072 e ‘ I
2 SLOTS (AC) WIDE
F : l /ev @ DEEP
p
\ 2
Ref Inches Millimetres Ref Inches Millimetres
S 0.250 + 0.005 6.35+0.13 X 2.625 max 66.68 max
T 0.219 5.56 AA 2750 69.85
U 8.125 max 206.4 max AB 1.250 31.75
\VJ 6.500 + 0.032 165.1+ 0.8 AC 0.219 5.56
w 3.750 max 95.25 max AD 0.375 9.653
Millimetre dimensions have been derived from inches.
English Electric Valve Company Limited BK442/7669
Chelmsford, Essex, England Page 8
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BK444/7671

IGNITRON

Equivalent to 7671
The data should be read in conjunction with the Ignitron Preambile.

ABRIDGED DATA

Size C, stainless-steel-jacketed, water-cooled ignitron intended primarily for
single-phase resistance welding control applications. |t features a coaxial
cathode terminal and has a platform for mounting a detachable thermostat
for temperature control. It is electrically identical with BK24/5552A.

Supply voltage (r.m.s.) . . . . . 250to0600 V
Maximum demand (2 |gmtrons |n mverse parallel

average current not exceeding 75.6A) . . . . . . . 1200 kVA
Maximum average anode current (for demand

not exceeding 400kVA) . . . . . . . . . . . 140 A

GENERAL

Electrical

Number of electrodes:
main anode .
cathode (mercury pool) C
ignitor .o Ce e 1
Arc voltage drop (approx):
at 440A peak current . . . . . . . . . . . . . 14
at 6800A peak current . . . . . . . . . . . . 28

<<

Mechanical

Overall length (excluding

flexiblelead) . . . . . . . . . . . 12750 inches (323.9mm) max
Overall width .. . . . . . . . . 8.125inches (206.4mm) max
Body diameter . . . . . . . . . . 4625inches(117.5mm) max
Netweight . . . . . . . . . . . . 8%pounds(3.9kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

Accessories

Water control thermostat (normally open,

closes at 36°C approx) . . . . . . . ZD100552
Over- temperature thermostat ( normally closed

opens at 52°Capprox) . . . . . . . . . . . . . . ZD100551

Continued on page 2
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Accessories (continued)

Thermostat contact ratings:

a.c. voltage . . . 125 250 440 600 V max
ac.current . . . . 30 1.5 1.0 0.5 A max
Voltage between switch contacts
and ignitron envelope (peak) S 1.0 kV max
lgnitorlead . . . . . . . . . . . . . . . . . ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)

Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

Min Max
Anode
Supply voltage (r.m.s.) (frequency range
25to 60Hz) . . . . . : 250 600 V
Demand (for average current not exceedlng
75.6A) . . . . . S = 1200 kVA
Anode current (average) lfor demand not
exceeding 400k VA) e = 140 A
Anode current averaging time:
ato00V,ms - - . . . . L= 59 S
at440V, s - . - . . oL = 8.0 S
at250Vyms - - . . . oo 14 S
Fault current (peak):
at600Vyms - - - . . . . . L L. = 5600 A
at 250Vyms - - S 13450 A
Duration of fault current e 0.15 S
Ignitor
Peak inverse ignitor voltage . . . . . . . — 5.0 \Y
Ignitor current:
peak . . . . . . . . ... - 100 A
FCMUS. . L 10 A
average . . . . . ... = 1.0 A
averaging time . . . . . . . . . . . = 50 s
BK444/7671
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IGNITOR CIRCUIT REQUIREMENTS
Anode Firing

Ignitor voltage required to fire

Ignitgr current required to fire

Typical current at ignition .
Starting time at required voltage or current

Separate Excitation

Open-circuit voltage of excitation circuit
Short-circuit current of excitation circuit

Firing pulse length (approx sine wave,
average anode current greater than 20A)

Recommended pulse length (approx
sine wave)

COOLING

Minimum water flow rate (see note)
Inlet water temperature

Outlet water temperature
Temperature rise across jacket

Note

200
.12
bto 8

100

450
45

150

500

1.5
7.0

10
40

6.0

V min
A min

MS maXx

V min
A min

MS min

us

imp.gal/min
|./min

°C min

°C max

°C max

At the minimum flow rate of 1.5 imp.gal/min, the pressure drop across the
jacket will be 4.5 Ib/in? (0.32kg/cm?) approx. The water flow must be

maintained for 15 minutes after switching off.

BK444/7671
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DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control
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OUTLINE (All dimensions without limits are nominal)

3262

E
. Jnme®
?E'SSFNA\ 'L J’*
! T __é) Eé%lal.e
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TERMINAL )
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& ?@\ o P 8 o
L_\I%=L
Tt .

WATER @
® OUTLET [ —|
g BS.P | ]
® | |
THERMOSTAT K
PLATFORM - -
WATER INLET
) . N/ lgBSP
DIA.
Ref Inches Millimetres Ref Inches Millimetres
A 9.500 max 241.3 max K 1.250 max 31.75 max
B 10.500+ 0.500 266.7 + 12.7 L 0.125 3.18
C 4.625 max 117.5 max M 1.500 38.10
D 1.000 max 25.40 max N 4.750 min 120.7 min
E 1.250 max 31.75 max P 6.875 max 174.6 max
F 0.437 + 0.062 11.10+ 1.57 Q 2.500 max 63.50 max
G 3.000 max 76.20 max R 7.500 190.5

Millimetre dimensions have been derived from inches.
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OUTLINE DETAILS (All dimensions without limits are nominal)

View from below

3263 ] ol
rf —VY)

IGNITOR v
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Thermostat Mounting Plate

a4)

2 SLOTS wnos
/ By DEEP

Ref Inches Mitlimetres Ref Inches Millimetres

S 0.250 + 0.005 6.35+0.13 X 3.375 max 85.73 max

T 0.219 5.56 AA 2750 69.85

U 8.125 max 206.4 max AB 1.250 31.75

Vv 6.500 + 0.032 165.1+ 0.8 AC 0.219 5.56

w 5.125 max 130.2 max AD 0.375 9.63

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited BK444/7671

Chelmsford, Essex, England
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BK446/7673

IGNITRON

Equivalent to 7673

he data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

Size D, stainless-steel-jacketed, water-cooled ignitron intended primarily for
single-phase or three-phase (frequency changing) resistance welding control
applications. It features a coaxial cathode terminal and has a platform for
mounting a detachable thermostat for temperature control. It is electrically
identical with BK 146/5553B.

Supply voltage (r.m.s.) . . .

Maximum demand (2 ignitrons in lnverse parallel,
average current not exceeding 192A) . . . . . 2400 kVA

Maximum average anode current (for demand

250 to 600 \

not exceeding 800kVA)

GENERAL

Electrical

Number of electrodes:
main anode
cathode (mercury pool)
ignitor )

Arc voltage drop (approx)
at 1115A peak current
at 13 600A peak current

Mechanical

Overall length (excluding
flexible lead)

Overall width .

Body diameter

Net weight

Mounting position

Accessories

Water control thermostat (normally open,

closes at 36°C approx) .

Over- temperature thermostat (normally closed

opens at 52°C approx) .
Continued on page 2

355 A

17
36

<<

16.875 inches (428.6mm) max
11.375 inches (288.9mm) max
7.125 inches (181.0mm) max
21 pounds (9.5kg) approx
vertical, anode terminal up

ZD100552

ZD100551
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Accessories (continued)
Thermostat contact ratings:

a.c.voltage . . . 125 250 440 600 V max

a.c.current . . . 30 1.5 1.0 0.5 A max

voltage petween switch contacts

and ignitron envelope (peak) . . . . . . . . . . 1.0 kVmax
Ignitorlead . . . . . . . . . . . . . . . . . ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)

Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

Min Max

Anode
Supply voltage (r.m.s.) (frequency range

25to 60Hz) . . . X 250 600 \Y
Demand (for average current not exceedlng

192A) . . . I 2400 kVA
Anode current (average) (for demand not

exceeding 800k VA) O 3565 A
Anode current averaging time:

at600Vims - -« « -« . o . ... = 4.6 s

at440Vims - - - - - - o ... — 6.3 S

at250Vims - - . . . . . . . .. = 11
Fault current (peak):

at600V,ms. - - -+ -t o . . ... = 11.2 kA

at 250V ms. - - O 27 kA
Duration of fault current o 0.15 S

Three-phase (Frequency Changing) Welding Control
or Power Rectifier Service (Intermittent Duty)

Anode
Peak Peak Peak
anode anode anode
voltage voltage voltage
0.6kV 1.2kV 1.5kV
Anode current (peak) . . . . . 4.0 3.0 2.4 kA max
Corresponding average R o 40 32 A max
Anode current (average) . . . 190 140 112 A max
Corresponding peak . . . . 140 840 672 A max
Averagingtime . . . . . . . 06.25 0.25 6.25 smax
Peak faultcurrent . . . . . . B0 37.5 30 kA max
Duration of fault current . . . . 0.15 0.15 0.15 s max
Frequency range . . . . .b0-60 50—60 50—60 Hz
BK446/7673
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MAXIMUM AND MINIMUM RATINGS (Continued)

Ignitor
Peak forward ignitor voltage .
Peak inve.rse ignitor voltage
Ignitor current:

peak

r.m.s.

average

averaging time

IGNITOR CIRCUIT REQUIREMENTS
Anode Firing

Ignitor voltage required to fire

Ignitor current required to fire

Typical current at ignition .o
Starting time at required voltage or current

Separate Excitation

Open-circuit voltage of excitation circuit
Short-circuit current of excitation circuit

Firing pulse length (approx sine wave,
average anode current greater than
20A)

Recommended pulse Iength (approx
sine wave)

COOLING

Minimum water flow rate (see note)

Inlet water temperature
Outlet water temperature
Temperature rise across jacket

Note

anode voltage
5.0

100

10
1.0
5.0

200
.12
5to 8

100

450
45

150

500

3.0
14
10
40

9.0

max
V max

A max
A max

A max
S max

V min
A min

MS max

V min
A min

Ms min

us

imp.gal/min

I./min

°C min
°C max
°C max

At the minimum flow rate of 3.0 imp. gal/min, the pressure drop across the
jacket will be 5.0 Ib/in? (0.35kg/cm?) approx. The water flow must be main-

tained for 30 minutes after switching off.

BK446/7673
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DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)

Two ignitrons in inverse parallel for welder control service

50 OOOJ 1345
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PEAK CURRENT — AVERAGE CURRENT PER IGNITRON
(MAXIMUM RATINGS)

Three-phase welder control service
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OUTLINE (All dimensions without limits are nominal)

320 aOas
™o
* |
anooe "] FLEXIBLE
TERMINAL ” Q LEAD
B P—
X —
CLP CLEARANCE, pm—
? LEAD BENT 90 p—
i @:D ®
COAXIAL _ l -
CATHODE % ]
TERMINAL 'T.
WATER
OUTLET
14 BS.P.
®
THERMOSTAT
PLATFORM
WATER
INLET
~1/4 B.S.P
Ref Inches Millimetres Ref Inches Millimetres
A 12.750 max 323.9 max K 0.625+0.125 15.88 + 3.18
B 15.000 min 381.0 min L 0.125 3.18
C 7.125 max 181.0 max M 1.875 47.63
D 1.250 max 31.75 max N 6.500 min 165.1 min
E 1.750 max 44.45 max P 7.625 + 0.500 193.7 + 12.7
F 0.562 + 0.032 14.27 + 0.81 Q 3.000 max 76.20 max
G 3.500 max 88.90 max R 9.312 236.5
Millimetre dimensions have been derived from inches.
BK446/7673
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OUTLINE DETALILS (All dimensions without limits are nominal)

View from below

3301 Py
@ E
IGNITOR W)
TERMINAL D, 'l
(S)DlA.
Do
o.
g% |
s+s X
15 -d

2 SLOTS wnoe

Ref Inches Millimetres Ref Inches Millimetres

S 0.250 + 0.005 6.35+0.13 X 4.500 max 114.3 max

T 0.281 7.14 AA 2.750 69.85

U 11.375 max 288.9 max AB 1.250 31.75

vV 9.000 + 0.032 228.6 + 0.8 AC 0.219 5.56

w 7.125 max 181.0 max AD 0.375 9.53

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited BK446/7673
Chelmsford, Essex, England Page 8
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BK448/5551A

IGNITRON

Electrically equivalent to 5551A

The data should be read in conjunction with the Ignitron Preamble.
ABRIDGED DATA

Size B, steel-jacketed, water-cooled ignitron intended primarily for single-
phase resistance welding control applications. Cooling is by means of a
copper tube attached in a coil to the envelope. A thermostat platform is
fitted for temperature control. The BK448/5551A is particularly suitable for
use where the quality of the cooling water is inferior to that recommended in
the Ignitron Preamble. A plastic coated version is available.

Supply voltage (rm.s.) . . . .. . 250to600 V
Maximum demand (2 ignitrons in inverse parallel,
average current not exceeding 30.2A) . . . . . . 600 kVA
Maximum average anode current (for demand
not exceeding 200kVA) . . . . . . . . . . . 56 A
GENERAL
Electrical
Number of electrodes:
main anode o S
cathode (mercury pool) o
ignitor . C 1
Arc voltage drop (approx)
at 150A peak current R G Vv
at 3400A peak current . . . . . . . . . . . 26 V
Mechanical
Overall length (excluding
flexiblelead) . . . . . . . . . . . 13.000 inches (330.2mm) max
Overallwidth . . . . . . . . . . . 5b750inches (146.1mm) max
Body diameter . . . . . . . . . . 3.250 inches (82.55mm) max
Net weight . . . . . . . . . . . . Q3Ypounds(1.6kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

Accessories
Water control thermostat (normally open,

closes at 36°C approx) .. .. . . . ZD100552
Over- temperature thermostat (normally closed
opens at 52°C approx) 4 D) [0 01515}

Continued on page 2
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Accessories (continued)
Thermostat contact ratings:

a.c.voltage . . . . . . 125 250 440 600 V max
a.c.current . . . . . . 30 1.5 1.0 0.5 A max
voltage between swrtch contacts.

and ignitron envelope (peak) . . . . . . . . . . 1.0 kVmax
lgnitorlead . . . . . . . . . . . . . . . . . ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)
Single-phase Resistance Welding Control Service

Ratings are for two ignitrons connected in inverse parallel. Full cycle con-
duction must be assumed whether phase control is used or not.

Min Max
Anode
Supply voltage (r.m.s.) (frequency range
25to 60Hz) . . . . . 250 600 V
Demand (for average current not exceedmg
30.2A) . . .. R 600 kVA
Anode current (average) (for demand not
exceeding 200kVA) . . . . . . . . . — 56 A
Anode current averaging time:
at600Vems - . . . . . . L= 7.5 s
at440V,ems - - - - o .= 10.2 S
at 250V, ms. R — 18 S
Fault current (peak):
at600Vyms . - - . . . ... = 2800 A
at250V,ms . - T 6720 A
Duration of fault current e 0.15 S
Three-phase (Frequency Changing) Welding Control
or Power Rectifier Service (Intermittent Duty)
Anode i
Peak anode Peak anode
voltage 1.2kV voltage 1.5kV
Anode current (peak) . . . . . . . 600 480 A max
correspondingaverage . . . . . . . 50 4.0 A max
Anode current (average) . . . . . . . 225 18 A max
correspondingpeak . . . . . . . 135 108 A max
Averaging time . . . . . . . . . . 10 10 smax
Peak faultcurrent . . . . . . . . 7500 6000 A max
Duration of faultcurrent . . . . . . . 0.15 0.15s max
Frequency range ... 25-60 25-60 Hz
BK448/5551A
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MAXIMUM AND MINIMUM RATINGS (Continued)

lgnitor

Peak forward ignitorvoltage . . . . . . . . Anode voltage max
Peak inverse ignitorvoltage . . . . . . . . . . b0 V max
Ignitor current:

peak forward . . . . . . . . . . . . 100 A max
rms. . . . . . . . . . . . . . . . . .10 A max
average . . . . . . . . . . . . . . . .10 A max
averagingtime . . . . . . . . . . . . . . boO S max

]

IGNITOR CIRCUIT REQUIREMENTS

Anode Firing

Ignitor voltage required to fire . . . . . . . . 200 V min
Ignitor current required to fire . . . . . . . . . 12 A min
Typical current at ignition . . . . . . . . 5to 8 A
Starting time at required voltage or current . . . . 100 MS max

Separate Excitation

Open-circuit voltage of excitation circuit S 450 V min
Short-circuit current of excitation circuit .. . . . 45 A min

Firing pulse length (approx. sine wave,
average anode current greater than

20A) L, 150 MS Mmin

Recommended pulse length (approx.

sinewave) . .. .. 500 MS

COOLING»

Minimum water flow rate (seenote} . . . . . . . 1.0 imp.gal/min
4.5 I./min

Inlet water temperature . . . . . . . . . . . 10 °C min

Outlet water temperature ... ... . . .40 °C max

Temperature rise across jacket . . . . . . . . . 20 °C max

Note

At the minimum flow rate of 1.0 imp.gal/min, the pressure drop across the
jacket will be 5 Ib/in? (0.35kg/cm?) approx. The water flow must be main-
tained for 10 minutes after switching off.

BK448/5551A
Page 3




DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)

Two ignitrons in inverse parallel for welder control at 250 to 600 volts
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LINE DEMAND CURRENT — DUTY CYCLE (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control service
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PEAK CURRENT — AVERAGE CURRENT PER IGNITRON
(MAXIMUM RATINGS)

Three-phase welder control service
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OUTLINE (All dimensions without |imits are nominal)

3262 @ "l =~
)
| . T )
SLOT °
(U)WIDE ANODE “
TERMINAL i
FLEXIBLE -
LEAD f———
IGNITOR ——
N TERMINAL —
Q () oia.
®
r— THERMOSTAT
WATER
OUTLET PLATFORM
<B> VEBSP.
WATER
INLET
@) V8'BSP
CATHODE
TERMINAL
Ref Inches Millimetres Ref Inches Millimetres
A 21.750 min 552.5 min M 3.250 max 82.55 max
B 13.000 max 330.2 max N 2.500 max 63.50 max
C 10.250 max 260.4 max P 2.875 max 73.03 max
D 9.000 228.6 Q 5.125 + 0.250 130.2+6.4
E 3.125 min 79.38 min R 2.375 max 60.33 max
F 2.750 min 69.85 min S 1.000 max 25.40 max
G 4.000 101.6 T 0.812 max 20.62 max
H 0.375 + 0.031 9.53+0.79 U 0.406 + 0.031 10.31 + 0.79
J 1.000 + 0.062 2540+ 1.57 \Y 0.437 + 0.031 11.10+0.79
K 0.500 + 0.062 12,70+ 1.57 w 0.437 + 0.031 11.10+0.79
L 1.000 + 0.031 25.40+ 0.79 X 0.250 + 0.005 6.35+0.13
Millimetre dimensions have been derived from inches.
BK448/5551A
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Thermostat Mounting Plate (All dimensions without limits are nominal)

2072 f\
r_' 44)
2 SLOTS WIDE
L oo
!
Ref Inches Millimetres
AA 2.750 69.85
AB 1.250 31.75
AC 0.219 5.56
AD 0.375 9.63

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited BK448/5551A
Chelmsford, Essex, Engtand Page 8



BK542/1081

IGNITRON

Equivalent to 1081

The data should be read in conjunction with the Ignitron Preamble.

ABRIDGED DATA

High power size B, stainless-steel-jacketed, water cooled ignitron intended
primarily for single-phase resistance welding control applications. It is capa-
ble of controlling 65% more power than the standard size B ignitron (5551A),
while remaining within the same dimensions. It has a platform for mounting
a detachable thermostat for temperature control.

Supply voltage (r.m.s.) . . . . . . 250to600 V
Maximum demand (2 ignitrons in inverse parallel

average current not exceeding43A) . . . . . . 1000 kVA
Maximum average anode current (for demand

not exceeding 200kVA) . . . . . . . . . . . 75 A
GENERAL
Electrical
Number of electrodes:

main anode . . e e e e e 1

cathode (mercury pool) e e e e e

ignitor . . . e e e e 1
Arc voltage drop (approx)

at 160A peak current . . . . . . . . . . . . 13 \%

at 2828A peak current e e e e 22 \%
Mechanical
Overall length (excluding flexible lead) . . 13.000 inches (330.2mm) max
Overallwidth . . . . . . . . . . . 5b750inches(146.1mm) max
Body diameter . . . . . . . . . . 3.250 inches (82.55mm) max
Net weight . . . . . . . . . . . . 4 pounds (1.8kg) approx
Mounting position . . . . . . . . . . vertical, anode terminal up

Accessories
Water control thermostat (normally open,

closes at 36°C approx) . . . . . . . . ZD100552
Over- temperature thermostat (normally closed
opens at 52°Capprox) . . . . . . . . . . . . . ZD100551

Continued on page 2
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Accessories (Continued)

Thermostat contact ratings:

a.c. voltage e 125 250 440 600 V max

a.c. curre;nt .. .. .30 1.5 1.0 0.5 A max

voltage between switch contacts

and ignitron envelope (peak) . . . . . . . . . . 1.0 kVmax
lgnitorlead . . . . . . . . . . . . . . . . . ZD100222

MAXIMUM AND MINIMUM RATINGS (Absolute values)

Maximum Operating Conditions for Single-phase Resistance Welding Control

Ratings are for two ignitrons connected in inverse parallel. Full cycle conduc-
tion must be assumed whether phase control is used or not. Frequency range
25 to 60Hz.

At maximum demand

Supply voltage (r.m.s.) . . . 250 440 500 600 \%
Demand . . . . . . . 500 880 100G 1000 kVA
Demand current (r.m.s.) . . 2000 2000 2000 1667 A
Average anode current . . . . b4 45 43 43 A
Corresponding duty cycle . . 6.0 5.0 4.8 5.8 %
Anode current averaging time . 2/ 15.4 13.5 11.25 S

At maximum average current per ignitron

Supply voltage (r.m.s.) .. 250 440 500 600 \%
Demand . . . . . . . 200 200 200 200 kVA
Demand current (r.m.s.) . . 800 454 400 333 A
Average anode current . . . . /5 75 75 75 A
Corresponding duty cycle .o 2 37 42 50 %
Anode current averaging time . 27/ 15.4 13.5 11.25 S

Ignitor Ratings

Peak forward ignitor voltage . . . . . . . . . anode voltage max
Peak inverse ignitorvoltage . . . . . . . . . . . 50 Vmax

Ignitor current:
peak e 100 A max
rms. . . . . . . . . . . . . . . . . .00 A max
average e e 1.0 A max
averaging time . . . . . . . . . . . . . . boO S max
BK542/1081
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IGNITOR CIRCUIT REQUIREMENTS

Anode Firing

lgnitor voltage required to fire . . . . . . . . 200 V min
lgnitorecurrent required to fire . . . . . . . . . 12 A min
Typical current at ignition . 5t0 8 A
Starting time at required voltage or current . . . . 100 MS max

Separate Excitation
Open-circuit voltage of excitation circuit o 450 V min
Short-circuit current of excitation circuit . . . . . 45 A min

Firing pulse length (approx. sine wave,
average anode current greater than

20A) e 150 MS min
Recommended pulse length (approx.

sinewave) . . . . . . . ... 500 uUs
COOLING
Minimum water flow rate (seenote) . . . . . . . 1.0 imp.gal/min

4.5 l./min

Inlet water temperature . . . . . . . . . . . 10 °C min
Outlet water temperature . . . . . . . . . . 40 °C max
Temperature rise across jacket . . . . . . . . . 40 °C max
Note

At the minimum flow rate of 1.0 imp.gal/min, the pressure drop across the
jacket will be 1.8 Ib/in? (0.13kg/cm?) approx. The water flow must be main-
tained for 10 minutes after switching off. '

BK542/1081
Page 3




DEMAND kVA — AVERAGE ANODE CURRENT (MAXIMUM RATINGS)
Two ignitrons in inverse parallel for welder control at 250 to 600 volts
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OUTLINE
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Detail of Quick Release Hose Adaptors supplied with Ignitron
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Thermostat Mounting Plate

2 SLOTS (AC) WIDE

BY (AD) DEEP
S, ®0)

Outline Dimensions (All dimensions without limits are nominal)

il

Ref  Inches Millimetres Ref Inches Millimetres

A 21.750 min 552.5 min Q 5.125 + 0.250 130.2+ 6.4

B 13.000 max 330.2 max R 2.375 max 60.33 max

C 11.000 max 279.4 max S 1.000 max 25.40 max

D 9.500 241.3 T 0.812 max 20.62 max

E 2.375 min 60.33 min U 0.406 + 0.031 10.31 + 0.79

F 2.000 min 50.80 min \Y% 0.437 + 0.031 11.10+0.79

G 3.625 92.08 W 0.437 + 0.031 11.10+0.79

H 0.375 + 0.031 9.53+0.79 X 0.250 + 0.005 6.35+0.13

J 1.000 + 0.062 25.40 + 1.57 Y 3.375 max 85.73 max

K 0.500 + 0.062 12.70+ 1.57 V4 2.875 max 73.03 max

L 1.000 + 0.031 25.40+ 0.79 AA 2750 69.85

M 3.250 max 82.55 max AB =~ 1.250 31.75

N 1.500 38.10 AC 0.219 5.56

P 2.875 max 73.03 max AD 0.375 9.53

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited BK542/1081
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ZD100365

WATER COOLED

CLAMP
DESCRIPTION
ZD100365 is a water cooled clamp for use with size A ignitrons.
3392 —
1 ——
Oy~ ) —
( 04
1 i
| ©— |—
| DIA.
------- 1 h}
.| | 1o HoLe ®
I e
- I . L)
© gg -—O—
i N\
Ref Inches Millimetres 'H '
- __q _—i__.
A 2.250 57.15 ‘ :
B 4.250 107.9 /
C 1.687 42.85
D 1.000 25.40 '
E 0.187 4.75
F 3.500 min 88.90 min
G 0.344 8.74
H 1.000 25.40 |
J 0.437 11.10 i
K 0.562 14.27 |
L 0.437 11.10

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited March 1971
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ZD100551
ZD100552

THERMOSTATS

The data should be read in conjunction with the Ignitron Preamble.

INTRODUCTION

Two types of thermostat are available for use with those ignitrons fitted with
thermostat platforms. One (ZD100551) is for over temperature protection,
and the other (ZD100552) is for water control.

Provision is made for clamping the thermostat to a copper platform brazed

to the side of the ignitron and making thermal contact with the inner
envelope.

Where more than one ignitron is using the same water supply in series, the
over temperature thermostat should be fitted to the last ignitron in the chain.
Only one thermostat can be mounted on each ignitron.

TEMPERATURE RATINGS

Over temperature thermostat type
ZD100551 (normally closed):

opensat . . . . . . . . . . . . . . . . B2 °Capprox
Water control thermostat type
ZD 100552 {normally open):

closesat . . . . . . . . . . . . . . . . 3 °Capprox

ELECTRICAL RATINGS (Both types)

AC. voltage . . . . . . 125 250 440 600 V max
AC.current . . . . . . . 30 1.5 1.0 0.5 A max
Maximum peak voltage

between switch contacts

and ignitronenvelope . . . . . . . . . . . 1000 V

February 1971
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OUTLINE (All dimensions without limits are nominal)

2194A LEAD CONNECTORS

i y— TO FIT TERMINALS
. ®er©

® - At .

Ref Inches Millimetres

A 2.750 max 69.85 max

B 2.250 max 57.15 max

C 0.875 approx 22.23 approx
D 0.437 approx 11.10 approx
E 1.312 max 33.32 max

F 0.250 6.35

G 0.030 0.76

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited ZD100551/2
Chelmsford, Essex, England Page 2
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Rectifiers and
Industrial Thyratrons




TABULATED
DATA

RECTIFIERS AND
INDUSTRIAL THYRATRONS

MERCURY VAPOUR AND GAS FILLED RECTIFIERS

Max d.c. output
Peak Peak Mean  3-phase

Fila- Fila- inverse anode anode full wave
ment ment  voltage current current
EEV voltage current max max max Voltage Current
type (V) (A) (kV)  (A) (A) (kV) (A)
869B 5.0 19 20 10 2.5 19 7.5
68506 2.3 18 75V, 6.0A d.c. output as half wave rectifier
AH200 2.5 40 20 10 2.5 19 7.5
AH205/
857B 5.0 30 22 40 10 21 30
AH211A 25 30 16 8.0 2.0 16.2 6.0
AH221 40 11 20 5.0 1.25 19 3.75
AH238 4.0 7.0 13 5.0 1.25 12.4 3.75
AH2511 50 11.5 15 12 3.0 14.4 9.0
2.5 20 5.0 2.38 15.0
BD10 5.0 9.0 1.0 25 8.0 0.95 24
BD12% 5.0 35 1.0 2x50 2x16.5 0095 49.5

T Gas filled tungar rectifier

$ Full wave rectifier

June 1971



HIGH VACUUM RECTIFIERS

Peak Peak Mean
inverse anode anode
Bilament Filament voltage current current Nominal

EEV voltage current max max max impedance
type (V) (A) (kV) (A) (mA) ()
3B24W 5.0 3.0 20 0.3 60 1490
A207 4.0 12 45 1.1 350 600
A237 4.0 12 65 1.5 250 1000
INDUSTRIAL THYRATRONS

Peak Peak Peak Mean  Tube

inverse forward anode anode voltage

voltage voltage current current drop
EEV max max max max approx
type Filling (kV) (kV) (A) (A) (V)
5557 M. V. 5.0 2.5 2.0 0.5 16
5559 M.V, 1.5 1.0 15 2.5 16
AFX203 Gas 0.34 0.17 7.7 0.64 1
BT5 M.V. 1.5 1.0 12.5 2.5 16
BT17 M.V. 1.5 1.0 40 6.0 16
BT19 M. V. 25 2.5 2.0 0.5 16
BT29 M.V. 20 2.0 75 12.5 16
BT69 M.V. 15 15 75 12.5 16
BT89 Gas 1.5 1.0 20 0.5 12
BT95 M.V. 15 15 12 1.5 16

Chelmsford, Essex, England

~ English Electric Valve Company Limited

Rect. and Thyr. T.D.
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PREAMBLE

RECTIFIERS
AND THYRATRONS

INTRODUCTION

Hot cathode rectifiers and thyratrons are widely used in high voltage, high
current rectifier circuits where they give reliable and efficient service over
very long periods.

EEV offers a range of mercury vapour rectifiers, with peak ratings up to 22kV
inverse voltage and 40A anode current, together with a series of mercury
vapour and xenon thyratrons which provide an economic means of rectifi-
cation with control of output. High vacuum rectifiers are available for
extremely high voltage applications at lower current levels.

This preamble is intended as a guide to assist users of rectifiers and industrial
thyratrons to make the best use of the published data for these tubes and
thereby obtain optimum performance and life.

A selection from the range of EEV rectifiers

June 1971




MERCURY VAPOUR RECTIFIERS

Installation

Mercury vapour rectifiers must always be mounted vertically with the cathode
connectiong at the bottom. They should be mounted sufficiently far apart to
allow free air circulation; the published heating and cooling characteristics are
only applicable to tubes so mounted.

Surrounding r.f. fields may cause spurious ionization within the tube, giving
rise to flashovers, and it may be necessary to provide screening, due regard
being paid to tube cooling. Similar effects may result from r.f. voltages in the
associated wiring and r.f. filters in the supply leads may be required. These
precautions will also reduce any r.f. interference by the rectifier on adjacent
circuits.

When a mercury vapour rectifier is first installed it should be operated for at
least 30 minutes at normal filament voltage before anode voltage is applied.
This is to ensure that any mercury deposited on the anode or cathode
structure during transit has vaporized. The same precaution should be taken
if the tube has been out of use or in store for a considerable period.

Filament Voltage

The filament voltage should always be kept as close as possible to the correct
value given in the data sheets. Any long-term variations from this value,
particularly reductions in voltage, are liable to reduce the life of the tube and,
unless otherwise specified in the data sheets, such long term variations from
the correct voltage should not exceed +2.5%. Temporary variations up to 5%
should not seriously affect the life of the tube. Jn some cases, temporary
variations over 5% are permissible and are indicated in the data sheet. The
voltage at the pins or leads of the tube (not at the transformer) should be
checked regularly on a high grade meter.

Because of the low voltage drop across mercury vapour rectifiers, the low
potential end of the filament at any instant will contribute more than its fair
share of the anode current. If the anode and filament supplies are either
in-phase or 180° out of phase with each other then throughout each conduct-
ing period it will be the same portion of the filament which is overworked. If,
however, the filament supply is 90° out of phase with the anode supply then
the two ends of the filament will be equally utilized since each in turn
becomes the more negative during conducting periods. For given loading
conditions, such quadrature operation will give longer trouble-free life

Rect. and Thyr. Preamble
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although with small tubes or light loading the improvement will not be so
readily apparent as in the case of the higher power rectifiers operating in
polyphase circuits. Whilst true quadrature operation is preferable, phase
differences of 60° to 120° give worthwhile improvement over in-phase
operation. ®

Condensed Mercury Temperature

The condensed mercury temperature is, for all practical purposes, the temper-
ature of the outside of the envélope in the region where the mercury
condenses. This region lies 7% to % inch above the top of the base. The
condensed mercury temperature can best be measured with a fine wire
thermocouple attached to the envelope at the condensing point. The safe
operation and long life of mercury vapour rectifiers depend largely upon the
condensed mercury temperature, and the limiting temperature range is
published for each type.

If the condensed mercury temperature is too low, and if normal currents are
drawn, the voltage drop across the rectifier will be high enough to damage the
cathode surface.

If the condensed mercury temperature is too high, the peak inverse voltage
that the tube can withstand will be reduced and arc-backs may occur.

Thus, it is most important to keep the condensed mercury temperature
within the specified limits. With some rectifiers, two or even three ratings are
given for different temperature ranges, the maximum peak inverse voltage
varying with the temperature range.

Warming up time

With mercury vapour rectifiers the heating time before the h.t. may be
switched on is dependent upon two factors:

1. The heating time necessary to ensure full emission from the filament. This
is usually 1 minute.

2. The temperature of the condensed mercury, which must be within the
limits given in the individual data sheets. The time required to reach this
temperature may well be considerably in excess of the filament heating
time. ‘

Of the above two heating times, that which is the greater determines the

time which must elapse between switching on the filament and applying the

h.t. voltage.

Rect. and Thyr. Preamble
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Where no air blast is employed and heating is by filament power only, the
time necessary to reach the minimum condensed mercury temperature from
cold may be obtained from the curves of total heating time versus ambient
temperature* which are included in the tube data. [f the tube is not being
started frorp cold, the heating and cooling curves should be consulted. These
curves are given in the data for each mercury vapour rectifier and their use is
illustrated in the following example.

Assume that a rectifier type AH205/857B is to be started up from cold and
the ambient temperature is 20°C. The curve of total heating time versus
ambient temperature shows that 20 minutes must elapse before full h.t. may
be applied.

If the rectifier then runs under full load until maximum envelope temperature
is reached, the heating and cooling curve shows that the final rise of tempera-
ture above ambient will be 15°C. Thus if the ambient temperature remains
constant at 20°C then the condensed mercury temperature is given by
20 + 15 = 35°C. This is within the published working temperature limits. If
the filament supply and h.t. were then switched off, for say 5 minutes, the
cooling curve shows that the temperature above ambient would drop to
13°C. Since the ambient temperature remains 20°C the condensed mercury
temperature would then be 33°C. This is again within the working tempera-
ture range and hence re-application of h.t. would only need to be delayed 1
minute for filament heating.

In the example quoted above, the ambient temperature was such that no
external heating or forced-air cooling was necessary to maintain the required
condensed mercury temperature. Quite often, however, circumstances
require some such additional control of temperature. In this case a ther-
mostatically controlled air blast may be directed on to the rectifier envelope
in the condensation region.

A '~ to % inch bore pipe with its open end about %2 inch from the envelope is
often satisfactory. This pipe should include at least a 3-inch length of
insulating material to prevent flashovers. Normally a pressure of about %
inch water gauge will provide sufficient air flow although the higher the
rate of flow the nearer the condensed mercury temperature will approach
that of the air blast irrespective of the ambient temperature.

* The ambient temperature is best checked with an alcohol thermometer hung about 6
inches from the rectifier, with the bulb of the thermometer about % inch above the top
of the tube base. It should, of course, always be checked under equilibrium conditions.

Rect. and Thyr. Preamble
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If the air blast is heated in order to raise the condensed mercury temperature
then it is desirable to employ a shield tube surrounding the lower part of the
rectifier in order to maintain the whole of this region at or near the air-blast
temperature. |If no shield is used the mercury will condense at some point
diametrgcally opposite to that being blown due to the lower temperature at
that point.

Anode Voltage Drop

The value published for the voltage between anode and cathode during
conduction is a typical figure and slight variations will be encountered
according to load conditions. For a new rectifier the voltage drop will be of
the order of 9 to 14 volts but at the end of life it will have risen to the region
of 20 volts.

Parallel Operation

Mercury vapour rectifiers may be operated in parallel but a series resistor or
reactor must be connected in each anode lead to prevent the rectifier with the
lowest voltage drop being overloaded.

Frequency

The ratings apply to operation at frequencies in the range 25 to 60Hz unless
otherwise stated. At very low frequencies the anode current stays at or near
its peak value for longer periods and at high frequencies the period between
positive half cycles allows insufficient time for de-ionization.

Absolute Ratings

All the maximum ratings specified in the data sheets are absolute ratings. This
means that the equipment designer is responsible for seeing that they are not
exceeded, even momentarily, under any conditions of mains fluctuations,
surges or component tolerances. See British Standard Code of Practice
.CP 1005 (1962) ‘The Use of Electronic Valves'.

Peak Inverse Voltage

In determining the peak inverse voltage appearing across a rectifier, allowance
must be made for transients, such as mains or switching surges and oscillations
in the inverse voltage. Since calculation of inverse voltage is difficult, the true
value should be determined by measurement with an oscilloscope.

Rect. and Thyr. Preamble
Page 5

i




Anode Current

The peak anode current must never exceed the rated value.

A maximum averaging time is specified with the published rating for average
anode current. It is permissible to exceed the average current rating |3 max
for periods less than the maximum averaging time -t;, max Provided the
product of average anode current and time does not exceed I3 max X tav max-

The surge current rating applies to a transient condition such as a short
circuit and exceeding the specified value will probably destroy the rectifier.
A number of surges within the maximum rating may reduce the life of the
tube. It is recommended that the surge current should be limited by means
of a series resistance or reactance in the anode circuit.

INDUSTRIAL THYRATRONS

In industrial thyratrons, which may be filled with mercury vapour, xenon, or
argon, the application of a suitable bias to the grid maintains the tube in the
non-conducting condition even when the anode is positive. The grid voltage
necessary to fire the thyratron is critical and is dependent to some extent
upon the anode voltage, as shown in the published control characteristics.

= G

A selection from the range of EEV industrial thyratrons

Rect. and Thyr. Preamble
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If the grid voltage becomes more positive than the critical value corresponding
to the anode voltage at that instant, the thyratron fires and continues to
conduct for as long as the anode remains positive, regardless of what happens
to the g:id voltage. From the moment of firing, the grid has no control what-
ever over the magnitude or duration of the anode current — this almost
immediately becomes dependent upon the anode voltage and anode circuit
impedance.

3491
PEAKING
TRANSFORMER Rq
R ¢ +HT
vV WCH_‘{ l-— T3 |
10k 4uF
LOG.
T
M ]
2k 2k
50Hz
———0000000—
T2 _—_""—‘—'———————i >
50Hz
-HT

Fig. 1 Typical thyratron trigger circuit using peaking transformer

In practical rectifying circuits the tube is fired at the desired instant during
each positive half cycle of anode voltage by the application to the grid of a
voltage pulse of short duration. This is conveniently obtained, as shown in
Figs. 1 and 2, by the use of a peaking transformer supplied from a phase
shifting network. In Fig. 1 two thyratrons are used in single phase full wave
operation.  Transformer Tq is a conventional transformer supplying the
anodes and filaments. Transformer T, supplies a voltage to a phase shifting
network RC, R being variable to provide a phase adjustment in the voltage
supplied to T3. This latter is a peaking transformer which provides a peaked
waveform from its secondary. Such a waveform is desirable for good control

Rect. and Thyr. Preamble
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of firing as can be appreciated from Fig. 2. A peak in excess of the critical
grid voltage is provided and striking takes place at point A on the steep
leading edge where the instantaneous grid voltage is equal to the critical grid
voltage. The position of the striking point, and hence the average output
voltage, is varied by changing the phase of the peaked voltage.

+ 3490

ANODE VOLTAGE
CONDUCTION

CRITICAL
A GRID VOLTAGE

000N

\

-

VARIABLE

PHASE PEAKED
GRID
VOLTAGE

Fig. 2 Voltage relationships in a thyratron using variable phase control and a
peaking transformer.

Control Characteristics

The published control characteristics show the relationship between the
critical grid voltage and the anode voltage and give upper and lower limit
curves between which all tubes will operate within the normal temperature
limits.

Positive ton Current

During conduction, a positive ion current proportional to the anode current is
produced and normally this flows through the negatively biased grid. To
avoid excessive grid current, the grid voltage during conduction must be more
positive than —10V. This may be effected by the use of a suitable series grid
resistor within the range specified on the tube data sheet.

Rect. and Thyr. Preamble
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Recovery Time

After anode current ceases to flow, a recombination of electrons and positive
ions takes place and the gas inside the thyratron becomes de-ionized. The
elapsed time between the cessation of conduction and the re-application of a
positive'anode voltage without conduction occurring is the recovery time. It
is @ function of the degree of ionization present initially, gas pressure and
electrode design. The recovery time can be reduced by making the grid more
negative or reducing the grid circuit impedance.

SMOOTHING FILTERS

In many industrial applications, particularly when three phase full wave
circuits are used, smoothing of the d.c. output by filters is not necessary.

When filters are used with mercury vapour rectifiers, these are usually of the
choke input type in order to limit the peak currents. The filter inductance
must have a value at least equal to the critical inductance if conduction is to
be continuous. Since the theoretical values of the critical inductance are
based on certain assumptions which do not hold in practice (e.g. that there is
no ripple at the output from the first section of the filter) it is advisable in
practice to multiply them by a factor of about 1.25. Both of these values are
given in Table 1 (Columns 3 and 4) on page 11.

When a tube is operated at considerably less than maximum ratings, an
inductance smaller than the critical value may be used, without damage to the
tube, provided that the peak current rating is not exceeded. This would
mean that conduction would not be continuous, a condition usually avoided
where filters are used.

It is necessary, when operating at or near the maximum ratings, to pay
attention to the ratio of peak to mean anode currents. All EEV mercury
vapour rectifiers have maximum ratings based on a ratio of 4:1 peak to mean
anode current. With single phase operation it so happens that, when the
critical inductance is used, the ratio is just 4:1 so that this is a satisfactory
condition of operation. Under these conditions the tube will reach both peak
and mean rating limits simultaneously.

When the critical inductance is used with 3 phase operation it results in a
peak to mean current ratio of 6:1 which is not permissible if the maximum
value of mean current is desired.

Column 5 in Table 1 gives the inductance for a peak to mean current ratio
of 4:1.

Rect. and Thyr. Preamble
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The filter inductance should be proportional to the load resistance. With a
varying load resistance it is usual to adopt a swinging choke which can
generally be designed to give an inductance not less than the desired value at
maximum output and not less than the critical value at all higher values of the
load resistance. In extreme cases where it is impracticable to design a suitable
swinging choke, some other load may be added or a bleed resistor.

The ratio of actual peak to mean anode currents in a tube is given by

peak current

Ratio = K1Ko
mean current
where K1 = theoretical value of peak to mean anode currents with infinite
filter inductance as given in Table 2, namely:
2.0 for Circuits A and B and 3.0 for Circuits C and D.
peak current with actual filter inductance
and Ko =

peak current with infinite filter inductance
given in Fig. 3 as a function of K.

actual filter inductance

where K3 = —— - -
critical filter inductance

In Fig. 3 the points corresponding to a 4:1 current ratio for both single and
three phase operation are marked.

20 SINGLE PHASE 2045

PEAK CURRENT
MEAN CURRENT

=4

THREE PHASE

3 A PEAK CURRENT _
MEAN CURRENT

1.2 -

1.0

0.8

PEAK CURRENT WITH ACTUAL FILTER INDUCTANCE
PEAK CURRENT WITH INFINITE FILTER INDUCTANCE

K,

0.6 1
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10

_ ACTUAL FILTER INDUCTANCE Fia. 3
CRITICAL FILTER INDUCTANCE 19.

3
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TABLE 1 Input Inductance in Choke Input Filters
(Mains frequency 50Hz, L, = critical inductance)

Colump 1 2 3 4 5

Inductance

for

peak/mean

anode

current

Lerit Lerit X 1.25 =41
Circuit Diagram  (H) (H) (H) g
Single Phase Full Wave A RL/950  R_/760  R_/760 —
—_—

Single Phase Bridge B R /950 R, /760 R /760
Three Phase Half Wave C R /3800 R /3000 R /1000
Three Phase Full Wave D RL /31000 R /25000 R, /8300

where R| = load resistance = output voltage/output current.

The design of smoothing filters is given in detail by Lee (Ref. 1, pp. 133—
138). With grid controlled rectifiers the value of the critical inductance is
very much increased — see Overbeck (Ref. 2).

References to Rectifiers and Filters

1. Reuben Lee, ‘Electronic Transformers and Circuits’, John Wiley & Sons
Inc., Chapman & Hall Ltd., 2nd ed. 1955.

2. Overbeck, W.P., ‘Critical inductance and control rectifiers’, Proe. I.R.E.,
Vol. 10, October 1939, p. 655.
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TABLE 2 Voltage, Current and Power Relationships

Circuit C
Full Zero
. Circuit A CircuitB  Load Load  Circuit D
Voltage
(Vdc=1)
Vim.s. 1.11 1.11 0.855 Noted 0.428
Vi 3.14 1.57 2.09 Note4 1.05
VilVe s, 2.83 1.42 245 283 245
—_— Current
-_— L/ \mean 2.0 2.0 3.0 3.0
Power
(Output kVA = 1)
Primary kVA 1.11 1.11 1.21 1.05
Secondary kVA 1.57 1.11 1.48 1.05
Vgc. = Outputvoltage to filter.
Vi ms = Tlransformer secondary voltage per leg.
Vi = Maximum peak inverse voltage across any tube.
I = Load current.
lmean = Average anode current per tube.
Notes

1. Above values are for choke input filter with infinite inductance choke.
2. Voltage drops in rectifiers and transformers are neglected.
3. Sinusoidal input waveform.

4. When, in circuits A, B, C and D, the load current falls to zero there is no
voltage drop across the choke and the voltage across the capacitor follow-
ing the choke builds up to the peak value of the transformer voltage. In
circuits A, B and D this does not increase the peak inverse voltage across
the tubes but in circuit C it increases the peak inverse voltage from
245V, n s 10283V, s For practical purposes the value of Vi/V, m.s.
for intermediate values of load may be obtained by linear interpolation.

Rect. and Thyr. Preamble
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TYPICAL RECTIFIER CIRCUITS FOR CHOKE INPUT FILTERS

2089

=

Circuit A Single phase full wave

2044

OUTPUT
Vd.c.

1 4

INPUT g

Vr.m.s.

R#

OUTPUT

L
I

Circuit B Single phase full wave bridge

Vd.c.

Rect. and Thyr. Preamble
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TYPICAL RECTIFIER CIRCUITS FOR CHOKE INPUT FILTERS

2041

INPUT

@
G

OUTPUT
Vd.c.

Circuit C Three phase half wave

INPUT

Circuit D Three phase full wave

English Electric Valve Company Limited Rect. and Thyr. Preamble

Chelmsford, Essex, England
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3B24W

HIGH VACUUM
RECTIFIER

Service Type CV2858
To be read in conjunction with the Rectifier and Thyratron Preamble.

DESCRIPTION

3B24W is a high vacuum rectifier featuring small size and extremely rugged
construction. It is suitable for use in airborne and similar applications where
vibration and shock are encountered.

MAXIMUM RATINGS

Peak inverse anodevoltage . . . . . . . . . . 20 kV max
Peak anode current e 300 mA max
Mean anode current e ... .6e0 mA max
Bulb temperature . . . . . . . . . . . . 200 °C max

GENERAL DATA

Electrical

Filament (centre-tapped) . thoriated tungsten
Series Parallel

Filament voltage . . . . . . . . boO 2.5 Vv

Filament current .. . . . . . . 30 6.0 A

Mechanical

Overall length .. . . . . . . . . 4812inches (122.2mm) max

Overall diameter e 1.562 inches (39.7mm) max

Netweight . . . . . . . . . . . . . 2ounces(57g) approx

Mounting position . . . . . . . . . . vertical, base up or down

Base . . . . . . . . . . . . . B.S.448-B4G (JEDEC A4-10)

Cooling

If the tube is mounted away from other hot components and free circulation
of cool air is not impeded, natural cooling should be adequate; the use of a
shrouded anode connector is not recommended. |f these conditions cannot
be met, forced-air cooling will be necessary.

April 1971
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TYPICAL ANODE CHARACTERISTIC

350( 3338 /

300

250

200

150

100

50

ANODE CURRENT IN MILLIAMPERES

0 100 200 300 400 500

ANODE VOLTAGE (N VOLTS

3B24W
Page 2




OUTLINE (All dimensions without limits are nominal)

2001

¢

TN

a—(D)DIA.

B)DIA.

BASE BS.448-B4G

(JEDEC A4-10)

Pin Element
1 Filament centre tap
2 Filament
3 No connection
4 Filament
Cap Anode
Ref Inches Millimetres Ref Inches Millimetres
A 4.656 + 0.156 118.3+ 4.0 G 0.629 max 15.98 max
B 1.562 max 39.67 max H 0.125+ 0.003 3.175 + 0.076
C 0.390 + 0.010 9.91+0.25 J 0.437 11.10
D 0.360 + 0.005 9.14+ 0.13 K 0.156 + 0.003 3.962 + 0.076
E 4000+ 0.125 101.6+ 3.2 L 0.640 16.26
F 1.087 max 27.61 max M 0.468 11.89

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limijted

Chelmsford, Essex, England

3B24W
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869B

MERCURY VAPOUR
RECTIFIER

To be read in conjunction with the Rectifier and Thyratron Preamble.

ABRIDGED DATA

Hot cathode mercury vapour rectifier,

Peak inverse anode voltage

Peak anode current (at 20kV p.i.v.)
Mean anode current (at 20kV p.i.v.)
Fault anode current (0.1s max)

GENERAL

Electrical

Filament

Filament voltage

Filament current S
Filament pre-heating time (minimum)

Mechanical

Overall length
Overall diameter
Net weight
Mounting position
Base

Top cap

20 kV max
10 A max
.2.5 A max
100 A max

oxide coated

50 V
19 A
1.0 min

. 14.437 inches (366.7mm) max

5.125 inches (130.2mm) max
1% pounds (800g) approx
vertical, base down

3-pin Jumbo A3-20

C1-9

CONTROL OF CONDENSED MERCURY TEMPERATURE

On the following pages two curves are given showing:

1. Total heating time for any value of ambient temperature. This is for use
when the tube is being switched on from cold.

2. Rise of condensed mercury temperature above ambient plotted against
heating and cooling time. This can be used as indicated by the example in

the Rectifier and Thyratron Preamble.
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MAXIMUM OPERATING CONDITIONS (Absolute values)

Peak Transformer
Condensed inverse Anode secondary
e mercury voltage current voltage Maximum
temp. (50—60Hz) (A) (r.m.s.) d.c. output
Circuit* (°C) (kV) peak mean® (kV) (kV) (A)
A 30—-40 20 10 25 7.0 6.3 50
Single phase 30—50 15 10 25 5.3 47 50
full wave 30-60 10 10 25 3.5 31 5O
B 30-40 20 10 25 14.0 126 50
Single phase 30-50 15 10 2.5 10.6 95 50
bridge 30—-60 10 10 25 7.0 6.3 50
C 30-40 20 10 25 8.1F 95f 7.5
Three phase 30—50 15 10 25 6.1t 7.1% 7.5
half wave 30-60 10 10 2.5 417 471 7.5
DS 30-40 20 10 25 8.1 190 75
Three phase 30-50 15 20 5.0 6.1 14.2 15
full wave 30-60 10 20 5.0 4.1 95 156

See Typical Rectifier Circuits for Choke input filters in the Rectifier and
Thyratron Preamble.

T For operation at constant full load. |f the load resistance is increased, the
peak inverse voltage on the tubes will exceed the ratings unless the trans-
former secondary voltage is reduced. The total reduction required is 14%
at no load and the d.c. output voltage will be correspondingly reduced.

¢ Averaging time 30 seconds maximum.

§ With filament and anode supplies out of phase by 60 to 120°.

X-RAY WARNING

The 869B emits X-rays when it is operated with a peak inverse anode voltage
above 16kV absolute. These rays can constitute a health hazard unless
adequate shielding is provided. This is entirely a function of high voltage
devices and does not reflect upon the design of the tube.

8698
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TOTAL HEATING TIME CHARACTERISTIC
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TYPICAL HEATING AND COOLING CHARACTERISTIC

CONDENSED MERCURY TEMPERATURE RISE IN DEGREES CENTIGRADE
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OUTLINE (All dimensions without limits are nominal)

%)) — r—@mA. . 2023

)

4 p
? - ANODE CAP
C1-9

(B)DIA.

F==r==ooA pgasf
/A3—20

T e T 17
! —% on(H) PCOIA.
e T

Ref Inches Millimetres Ref Inches Millimetres

A 14.250+0.187 362.0+48 H 1.375 34.93
B 5.125 max 130.2 max J 1.031 26.19
C  0800+0.005 20.32+0.13 K 0125 3.18
D 0.813+0010 2065+ 0.25 L 0125 3.18
E 2094 53.19 M 0063 1.60
F 1.000 25.40 N 0750 19.05
G 0312 7.92

Millimetre dimensions have been derived from inches.

English Electric Valve Company Limited 8698
Chelmsford, Essex, England Page 5
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9557

MERCURY VAPOUR
THYRATRON

Service Type CV2957

To be read in conjunction with the Rectifier and Thyratron Preamble.

ABRIDGED DATA

Mercury vapour thyratron for industrial control applications

Peak forward anode voltage
Peak inverse anode voltage
Peak anode current

Mean anode current

GENERAL

Electrical

Filament
Filament voltage
Filament current
Filament pre-heating time (mnmmum)
Inter-electrode capacitances:
grid to anode
grid to filament

Mechanical
Overall length
Overall diameter
Net weight
Mounting position
Base

Top cap

Cooling

CHARACTERISTICS

Voltage drop
lonization time
Recovery time . .
Condensed mercury temperature rise:
at no load
at full load

2.5 kV max
5.0 kV max
2.0 A max
0.5 A max

oxide coated

2.5 \%
5.0 A
10 S
4.0 pF
8.0 pF

6.250 inches (158.8mm) max
2.156 inches (54.76mm) max
3 ounces (85g) approx
vertical, base down
B.S.448-B4G

B.S.448-CT3

natural

16 V approx
10 MS approx
1.0 msapprox

20 °C approx
22 °C approx

April 1971




MAXIMUM AND MINIMUM RATINGS (Absolute values)

Min Max
Peak forward anode voltage — 2.5 kV
Peak invers.e anode voltage — 5.0 kV
Peak anode current — 2.0 A
Mean anode current
(averaging time 15s max) — 0.5 A
Fault anode current (peak) — 40 A
Duration of fault current — 0.1 S
Condensed mercury temperature 40 80 °C
Negative grid voltage:
before conduction — 500 \%
during conduction — 10 \%
Mean grid current — 50 mA
Recommended grid resistor 10 100 k2
Filament pre-heating time 10 - s
Power supply frequency — 150 Hz
5557

Page 2




50

40

30

20

10

Q Q
- ¢ <
S S s
3 >
F r
=
-
24
o v B
w <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>