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1. SUMMARY 

This report describes the design of a 10,000A/lOOOVdc dump switch for the 
superconducting magnet test program at Fermilab. The switch inserts a dump 
resistor (Ref. 1) in series with a charged superconducting magnet when a magnet 
quenches or other faults are detected. The dump resistor dissipates the majority of 
the magnetically stored energy after the dump switch has opened. 

The switch uses 6 parallel inverter type run SCR's which get commutated off 
via a dump SCR and stored energy in a dump capacitor. Switching time is less then 
150 x 10-6sec. All switch power components are water cooled and mounted in a 72"H 
x 36" W x 30"D steel enclosure. 

The controls have provisions for 8 dump command inputs, with a first fault 
latch. They also provide reference limit control resulting from SCR turn on failure 
or unacceptable dump resistor tap selection. Dump failure detection and 24 
interlocks are provided. All controls are mounted in a relay rack. Quench detection 
is provided by the magnet test facility. Two 5000 A power supplies are operated in 
parallel to provide 10,000 Ade. 

2. DESIGN REQUIREMENTS AND CIRCUIT CHOICE 

The general design requirements requested by the magnet test facility were as 
follows: 

SWITCH 

CONTROL UPS 
REDUNDANT CIRCUIT 
BACKUP 
CONTROL/RESET 
REMOTE STATUS 
REMOTE DUMP COMMANDS 

Solid state, indoor 
10,000A, lOOOV 
None 
None 
None 
Via power supplies 
Yes 
Closed contact permit 

Drawing #ATV052488 shows various possible dump switch schemes in Figs. 1 
through 6. The switch arrangements shown in Figs. 2 and 3 do not interrupt the 
current flow through the power supplies, and thus allow an escape path for the 
stored energy at the power supply side. 

This amount of stored energy can be substantial and it needs to go 
somewhere. Large capacitors or varistors could be installed to absorb this energy if 
the escape path is interrupted. Figure 2 and 3 do not have this problem, but need 
some extra interlocks at the dump resistor to protect against run SCR turn-on 
failure. Run SCR turn-on failure forces the load current through the dump resistor. 
The dump switch scheme of Fig. 2 was chosen because of its simplicity. 
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Other components then SCR's were considered for the switch. They are 
briefly summarized below. 

SC R's 

IGBT's 

GTO's 

Mechanical Switches 

2 

Need 6 in parallel 
Forward drop - 1.6 V 
Cost $600 each 
Need stored energy to switch 

off, -$4000 total 
Practical 

Need 40 in parallel 
Forward drop -3V 
Cost -$400 each 
Low voltage rating 
Does not need stored energy 

to switch off 
Not practical 

Need -10 in parallel 
Forward drop -2.6V 
Cost -$2000 each 
Needs little stored energy to 

switch off 
Expensive, high losses 

Need 2 - SOOOA switches in 
parallel 

Forward drop -OV 
Cost -$7000 each 
Does not need stored energy 

to switch off 
Simple controls 
Limited life 
Switching time -100 m sec 
A practical cost effective 

solution, especially for 
back up 



3. CHOOSING THE SWITCH COMPONENTS 

The dump switch schematic is shown in its most basic form in Fig. 7. 

D1 
---r:-1 

REMOTE DUMP RESISTOR L _.: ....... J:--.--..... t-_.. -_-_-_-Ir-DUMP DIODE 

10-1n_sHARING RESISTOR-+--~ 

10,000 ADC 

I> 

DUMP CAPACITOR 

DUMP CHARGE P.S. ---t---... 

P.S. + 

D3 
S1 

S6 

SD 

Figure 7. Dump Switch 

/---If-- RUN SCR 

\ 
DUMPSCR 
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E> 

The run SCR's carry up to 10,000ADC continuous. They get turned off 
(reverse biased) when the dump SCR releases the stored charge in the dump 
capacitor. A soaking reactor limits the rate of current rise di/dt through the dump 
SCR at turn on. There must be enough charge in the dump capacitor to supply a 
reverse bias across the run SCR's for a period longer than their turn off time. The 
dump diodes prevent dump capacitor discharge through the dump resistor. 

3.1 Run SCR Selection 

The run SCR's are mounted at water cooled heatsinks. Several 
SCR's need to be operated in parallel so they can carry 10,000A total. 
The run SCR's also should have a short "turn off" time tq, which is 
common for inverter type SCR's. Shorter turn-off times allow a 
smaller dump capacitor choice. Dump capacitors are rather expensive, 
since they have to withstand the full lOOOV dump voltage developed 
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across the external dump resistor. Capacitor size reductions of a factor 
of two are practical by choosing an inverter SCR (tq = 100 µs) versus a 

regular SCR (tq = 200 µs). Inverter SCR's are somewhat more 
expensive, but cost savings are still about $3000, not counting the extra 
volume needed to mount more dump capacitors. 

The run SCR's need a voltage rating of about 2000V for a 
blocking voltage safety factor of 2, at a dump voltage of lOOOV. Several 
inverter SCR's (GE, Westcode, IR) rated 2000 Ade, 1800 V are 
commercially available. Choosing 6 SCR's in parallel permits 
mounting them in pairs and allows for some unequal current 
distribution. Current balancing resistors of 1 x 10-3 Q are installed to 
force current sharing and enchance turn on of all SCR's. There will 
always be one SCR that turns on first. The low forward drop across the 
one SCR makes it difficult for other parallel SCR's to start conduction. 
The sharing resistor raises the anode to cathode voltage across the non­
conducting SCR's and they will all come on before the current in any 
conducting SCR exceeds 2000 Ade. 

The run SCR junction temperature is rated 125oc (IR#88-6563). 
Calculate the maximum junction temperature as follows: 

Thermal resistance 
junction to case; 
double side cooling 

Case to sink 

Sink to water 

Total 

SCR losses at 2000 A: 

SCR junction temperature rise: 

R0J-C = 0.011 oC/W 

Rec-s = 0.006 oe;w 

Res-W = 0.0045 OC/W 

ReJ-W = 0.0215 OC/W 

2000 x 1.65 = 3300 w 

3300 x 0.0215 = 71oc 

The cooling water runs in series through the SCR's and arrives 
at the last SCR at s1oc with an inlet water temperature of 4ooc. The 
maximum SCR junction temperature would therefore be 71 + 51 = 
122oc. This is a rather conservative estimate because each SCR runs in 
reality at about 1700 Ade maximum. 
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3.2 Dump SCR Selection 

The dump SCR can be a regular SCR rated for high di/dt and 
2000 V. The dump SCR needs to handle the dump current to force 
commutation of the run SCR's and must also carry the reverse 
charging current into the dump capacitor. The dump current out of 
dump capacitor could last 400 µsec at 10,000 A, when a dump charge 
safety margin of 4 is used. Reverse charging could take another 400 
µsec, so the dump SCR current may be approximated by a 10,000 A 
square wave pulse that lasts 1 m sec (Fig. 8). 

AMP 

T 
10,000 

Fig. 8. Dump SCR current pulse used for 
junction temperature estimates. 

SCR #IR S77R18A is used as the dump SCR. The forward drop at 10,000 
A is 1.55 V resulting in 15,500 W losses for a duration of 1 m sec. The 
junction temperature rise can now be calculated as follows: 

Transient thermal impedance ReJ-C at 1 m sec is: 0.00045 oc;w 

~T = 0.00045 x 15,500 = 70C 
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The junction temperature is 51 + 7 = 580C after a dump. The rated 
junction temperature is 125oc. 

3.3 Dump Diode Selection 

The dump diodes must be able to withstand large exponentially 
decaying current pulses, because a large variety of load and dump 
resistor combinations are possible. The worst dump pulse could be a 
10,000 A pulse, exponentially decaying with a 0.5 sec. time constant. 
This approaches almost DC operation as far as the dump diode 
operating temperature is concerned. It may be prudent to use the long 
duration thermal impedance for junction temperature calculation, to 
cover for unforeseen dump current pulses. This approach would 
require about a 30% dump diode rating increase, and probably does not 
cost much more. 

Choose therefore the long term thermal impedance to calculate 
the dump diode junction temperature. Packaging is simpler using one 
or three dump diodes. One dump diode cannot handle a 10,000 A 
pulse, so we will choose 3. The maximum current pulse would be 3500 
A peak, to allow for some imbalance. The diode used is Marconi 
#052103 SW20, rated 2000 V, 5700 A RMS. This is a very big diode but 
it was more competatively priced than the smaller specified 77 mm 
units. 

Calculate the junction temperature rise as follows: 

Losses are 1.2 V x 3500 A 4200 w 

Thermal impedance ReJ-C = 0.0115 oc;w 

Thermal impedance Rec-w = 0.005 °c1w 

The junction temperature rise is: 4200 x 0.0165 = 7ooc 

The maximum junction temperature with 4ooc water would be 11ooc. 
The rated junction temperature is 175oc blocking and 2oooc 
conducting. Three diodes are more than adequate. 
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3.4 General Solid State Component Choice Comment 

All SCR's and diodes are choosen to fit the same size 
watercooled heatsink and mounting clamp. They can all use the same 
mounting force. This simplifies mechanical packaging. Each SCR and 
diode is equiped with a snubber for transient suppression. The forward 
drop of parallel SCR's or parallel diodes does not need matching. 

3.5 Design of the Current Sharing Resistors for the Run SCR's 

The sharing resistors are used to force current balancing and also 
SCR turn on below 2000 A per SCR maximum operating current. A 1 x 
10-3 n sharing resistor yields a maximum voltage drop of 2V at 2000A 
across the resistor in addition to a 1.6V drop across the SCR. This total 
voltage drop of 3.6 V should be enough for other parallel SCR's to turn 
on. The sharing resistor is therefore chosen to be 1 x 10-3 n at 2ooc. It is 
made from 304 stainless steel pipe, 3/4", 11 gage, 0.8074 lbs/ft A 12" 
long piece of 1 inch2 stainless steel has a resistance of 0.34 x 10-3 n at 
20oC and weighs 3.4 lbs. 

The length needed for 1 x 10-3 n is therefore: 

L 3.4 _
3 

_
3 

12 x 0.8074 x o.34 x 10 = 10 n 

L = 8.4" 

A final pipe length of 10" was used to make the resistors, because 
the material was measured at 10-3 n for a 10" length. Drawing 
ATV040389 MTF (Sheets 1,2 and 3) shows the water cooled sharing 
resistors with brazed on flags to connect them to the heatsinks and 
power bus. 

3.6 Design of the Soaking Reactor for the Dump SCR 

The rate of current rise through the dump SCR should be 
limited to less than 400 A/µsec for repetative pulses, with 0.5 µsec, 20 V 
gate drive pulses. 

7 



A 1 µH stray inductance in the in the dump SCR discharge 
circuit at 400 V dump charge would limit the rate of current rise di/dt 
to: 

di V dump cap. 
dt= L 

di 
dt = 400 A/µsec 

The dump capacitor discharge circuit has most likely an 
estimated inductance of 0.5 to 2 µH. It is therefore possible to exceed 
the SCR di/dt ratings, especially since higher dump voltages can be set. 
A soaking reactor of several µH should be installed in series with the 
dump SCR, to limit the rate of current rise to within acceptable limits. 
The reactor can be made from 4 mil silectron steel cores with a small 
air gap of about 20 mil. The airgap reduces the remnant field in the core 
shown in Fig. 9, to about 200 Gauss. This remnant field would be about 
12 kG after the first pulse without an air gap. A high remnant field 
renders the core inductance ineffective for further pulses of the same 
polarity. 

inner diam. - 1.5 inches 
outer diam. - 3.5 inches 
length - 3.0 inches 

gap - 0.02 inches 
material - 4 mil silectron steel 

Arnold Eng. Type L4 

Fig. 9. Soaking Reactor Core 
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Effective di/dt limiting at dump SCR turn on is obtained by 
passing the discharge wires from the dump capacitors through the 
center hole of two cores. The inductance of the cores can be calculated 
from: 

NCI> 
L=-1-Henry 

and is plotted as a function of the current in Fig. 10 for 2 cores in series. 

,all 

t12~~~~~·=1=·' ~·~~t-~~,' ~· ''§~jili ''' 

, .r .~ • ' 

' 
., 

'' 

'' 

;- ' ' 

Fig. 10. Soaking reactor inductance for 
two cores per figure 9. 

A 9.5 µH inductance will limit the initial di/dt to about 40 
A/µsec. 

An auxiliary tum passed through the cores produces a pulse to 
latch the run SCR gates negative when a dump occurs, and another 
tum can be used to supply a convenient trigger pulse for oscilloscopes 
or other equipment. 
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3.7 Choosing the Dump Capacitor 

When the dump charge stored in the dump capacitors is 
released, it reverse biases the run SCR's until all the charge has bled off. 
This charge bleed off time must be longer than the turn off time of the 
run SCR's. Another way to look at this is to say that the dump 
capacitors must have enough charge to supply 10,000 Amp for a 
duration of at least tq seconds. Removal of the run SCR gate drive and 
reverse biasing the run SCR's for a period longer than tq turns them 
off. 

The charge voltage of the dump capacitor is chosen at 400 V, but 
higher or lower charge voltages can also be used. The 400 V charge 
allows reasonable component choices and dump discharge di/ dt 
values. The capacitor has to withstand a reverse dump voltage of 1000 
V peak, be bi-polar and have a good surge current rating. A charge 
safety factor yielding a reverse bias time of about 4 times tq has been 
chosen for initial design, but this may be very conservative. The listed 
tq for the run SCR's is 100 µsec, thus the dump capacitor must be able to 

supply 10,000 A for 400 x 10-6 sec (safety factor of 4) at 400 V initial 
charge. 

Q=CV 

400 
10,000 = c 400 x 10-6 

c = 10,000 µF 

Choose 4 capapcitors GE #17L611NJ rated 2232 µF, 1000 V peak each. 
These capacitors have an overpressure interlock and are bi-polar. They 
are well suited for this dump switch application. A dump charge 
voltage of 400 V and a low dump charge interlock set at 375 V is used 
for all load current values. Successful dumps at load currents below 
10,000 A can be obtained with less dump charge as shown in Fig. 11. 
Figure 11 has been adjusted for a 9000 µF dump capacitor and a 
measured tq of about 120 µsec. It shows the required charge for a safety 
factor of 3 and also the minimum required charge. 
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2. Charge voltage needed for tq safety factor 3. 
3. Minimum needed charge voltage for a dump. 

• - tested point yielding a dump failure (see 6.7). 
o - tested point yielding a successful dump (see 6.7) 

Conditions: dump capacitor 9000 µF 
SCR turn off time tq = 120 µsec. 
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Fig. 11. Required charge voltage versus load current 

4. DESCRIITION OF THE SWITCH CQNTROLS 

' 
''' 

The attached drawings #ATV061489MTF Sheets 1 through 27 show all switch 
controls. Sheets 1 and 2 describe the switch quite well. Sheet 1 shows two standard 
beamline power supplies on the right hand side. Both power supplies have the 
same input phasing, one is used as a master power supply and the other as a slave. 
The slave power supply has its current regulator disabled and receives synchronized 
firing pulses (Sheet 4) from the master power supply for each phase. Current 
regulation is 0.05%. 

The load current passes through the dump switch run SCR's to the load. The 
power supply current reference control runs via a reference control card (Sheet 15). 
This card limits the power supply output current in 2000 A steps, regardless of the 
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input reference demand current. These steps are obtained from current sensors 
(proximity switches) mounted at each run SCR sharing resistor. Higher load 
currents are automatically permitted as more run SCR's start conducting their share 
of the load current. This control prevents operation of run SCR's above their 2000 A 
rating, which could be caused by a gate drive failure. Another reference limit control 
comes from the dump resistor tap setting (Ref. 1). The dump resistor taps make it 
possible to select dump resistors from 25 x io-3 n to 300 x 10-3 n. A combination of 
high operating currents and high dump resistor values is destructive, when the 
dump voltage exceeds 1000 V. Tap sensing at the dump resistor automatically limits 
the power supply current to: 

IRn < 1000 V 

regardless of the demand current. 

Running the P.S. reference via the reference control card is a must. An 
interlock is provided to prevent operation of the P.S. from the built in local current 
reference. 

The output current of each power supply is summed and available for remote 
readout at a scale factor of 1000 A/V (Sheet 16). Power supply on/off/reset 
commands come in via the power supplies (required by the MTF). The short reset 
command pulse needs to be stretched (Sheet 17) to allow enough time for interlock 
relays to pickup and complete the loop before the reset pulse stops. 

The center of Sheet 1 shows the interlocks which come in at 12 channel 
interlock summation cards shown in Sheets 13 and 14. The interlock summation 
trips the power supplies and fires the dump switch. Local and remote status shows 
which interlocks tripped, but there will always be several interlocks, e.g. "low 
capacitor dump charge", "dump resistor current high", etc. that will register a trip 
when the dump fires. 

The left hand side of Sheet 1 shows what happens when the 8 channel dump 
command distribution card (Sheet 11) receives a dump command. The dump 
distribution card fires the dump SCR via a fiber optic cable (Sheet 5), it latches on to 
the first channel where the dump command came in, it activates the dump failure 
detector (sheet 12), it inhibits dump capacitor charging and it unclamps the negative 
gate bias at the run SCR's during the period between 30 and 70 seconds after a dump. 
The negative gate bias at the run SCR's (sheet 5) is initiated by the dump capacitor 
discharge itself, and can only be reset by removing the a.c. for the gate drive circuits 
for a period of about 40 second duration. The negative gate bias makes it very hard 
for noise to retrigger the run SCR's while they block the forward dump voltage 
across the dump resistor. 
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The dump failure detector (Sheet 12) is enabled at 8 x 10-3 sec. after a dump for 
a duration of 30 seconds. A dump failure occurs when one or several run SCR's 
conduct current during a period immediately following a dump command. 
Proximity switches CS1B through CS6B mounted close to the sharing resistors sense 
the presence of current, which makes them switch on. This activates and latches an 
optically coupled SCR and interlock relay (Sheet 12). The cause of a dump failure 
should be investigated and a dump failure should not be reset remotely. The dump 
failure detector provides a trigger pulse for external use and registers which SCR(s) 
failed. Low current dump failures of less then about 150 A/SCR will not register. 
High current dump failures through one SCR will destroy it. Firing a backup switch 
could save the SCR but there is most likely something wrong anyway. The run 
SCR's must be checked after dump failures at high currents. 

The dump pulse distribution card and first fault latch (Sheet 11) respond only 
to the first dump command that occurs .. Subsequent dump commands do not come 
through. The system is built for high isolation and high noise immunity at the 
input and output side. The dump SCR receives its trigger via a fiber optic link. Reset 
of the dump distribution card occurs along with resets to the other circuits. A 
permanent reset command, as a result of a relay failure, will still allow a dump 
pulse to come through and complete a successful dump. 

The charging power supply is shown on Sheet 6. The dump capacitor stores a 
lethal amount of energy. This charge is automatically removed via K3 when the 
doors are opened or the a.c. is interrupted. A grounding stick is supplied to short the 
capacitor bank and must be applied, in addition to "lock out and tag out" procedures 
when the system is being worked on. 

Pressure switches at the capacitors indicate capacitors failures. Charge 
regulation (Sheet 6) takes place at the primary side of the charging transformer via a 
soft start solid state relay. This avoids high inrush currents, which can be a nuisance 
by causing circuit breaker trips. The charge regulator regulates better than 1 % above 
50 V and allows setting of various charge and low charge interlock levels. Normally 
used levels are 400 V charge and 375 V trip. 

A water leak detector (Sheet 7) mounted in the dump switch cabinet trips an 
interlock and can ring a bell when water is present. 

The rest of the sheets show interconnection and wiring information. Sheet 
18 shows a proposed magnet quench detector. It has not been further developed 
because the MTF supplies their own quench and lead voltage detectors. A good 
understanding of the dump switch can be obtained by studying the drawings. 
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5. MECHANICAL CONSTRUCTION 

All switch components (Sheet 2) are mounted in a 72"H x 36"W x 30"0 steel 
cabinet and require front access only. The controls are in a relay rack that can be 
mounted remotely. Power and cooling water are supplied via 2 copper power buses 
of 1" x 6" x 59" long. Each copper bus has a 7 /16" diameter cooling water hole drilled 
through its entire length. All cooling water is supplied via the power buses and runs 
serially through all components (Sheet 2). This method saves cooling water, but 
requires that the cooling water inlet is at the positive bus, so that it reaches the 
diodes and SCR's first. The estimated flow is about 4.2 gallons per minute at 100 PSI 
differential pressure. The switch can withstand 300 PSI test pressure. Temperature 
rises can be calculated from: 

0 
3.8xKW 

t.T( C) = GPM 

The SCR heatsinks and sharing resistors are directly bolted to predrilled holes in the 
power buses. The power buses are mounted vertically with insulators to a back plate 
and protrude through the top of the cabinet. The dump capacitors are mounted at 
the bottom. 

6. DUMP SWITCH TESTS 

Several tests were performed at the dump switch prior to final installation. 
These tests and their results are briefly described hereafter for future reference. 

6.1 Hydrostatic Tests 

Cooling water flow at t.P = 100 PSI is 4.2 GPM 
Pressure test at 300 PSI -OK 

6.2 High Potential Tests Without Water and External Electrical Connection 

SCR's and buswork to ground 
at 2500 V de, 1 min 

Capacitor charging power supply 
to ground at 2500 Vdc, 1 min. 
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Dump capacitor bank to ground 
at 2500 Vdc, 1 min 

Total system without dump 
capacitor bank to ground 
at 250 Vdc, 1 min 

O.SMQ 

125MQ 

6.3 Run SCR Gate Current and Minimum SCR Anode to Cathode Voltage 
V AK-min Needed for SCR to Latch On 

SCR 

SI 
S2 
S3 
S4 
SS 
S6 

Measured de 
gate current 
and voltage 
atVAK = 0 

2.IA I -3V 
2.IA /-2.9V 
1.73 A I -3.7 V 
1.42 A I -3.8 V 
1.65 A I - 3.6 V 
1.73 A I -4 V 

Minimum SCR turn 
on VAK min 

* 

1.57 v 
2.24 v 
1.83 v 
2.01 v 
1.66 v 
1.61 v 

* The switch design allows a V AK min of 3.6 Volt. V AK min is fairly 
constant at gate currents above 1 A but increases about 0.5 V to 1 V at 0.5 A 
gate current. A de gate current of 1.5 to 2.5 A is a good choice. 

6.4 Run SCR Forward Drop and Load Current Sharing Test 

Connect a 5000 Adc/50 Vdc (Transrex) power supply via the 10,000 A 
dump switch to a B2 magnet (7.16 x 10-3 n at 6.1x10-3 H). Install a temporary 
260 x 10-3 n dump resistor. 

SCR turn on test: 

Set 1000 Ade - Sl,S2,S3,S5,S6 - On 
54 - Off 

Set 1400 Ade - All SCR's - On 
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Check SCR forward voltage drop. Run one SCR at a time. 

SCR Forward voltage drop volts at 

No. 100 A 2000A 

Sl 1.59 1.68 
52 1.56 1.62 
S3 1.39 1.62 
S4 1.55 1.62 
S5 1.32 1.5 
S6 1.29 1.48 

The SCR forward drop at 2000 A is around 1.6 V. This is in agreement 
with the data sheet values of 1.9 V at 25oc, however the SCR operating 
temperature is also higher than 25oc. The published forward drop is about 1.6 
V at 2000 A, and 125oc. The SCR clamping pressure is correct. Low clamping 
pressure results in excessive forward drop, which is not the case. 

6.5 Run SCR Heatsink Temperature Test 

Set 4000 Ade and run only SCR's S3 and 54 and measure the heatsink 
temperature on the outside. 

Inlet water temperature 
Center Sink 53, S4 
Outer Sink 53 
Outer Sink S4 
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6.6 SCR Sharing Resistor Tests 

Run one SCR and measure the sharing resistor surface temperature at 
the center of the off the stainless steel resistor tube. 

Water inlet temperature - 260C 

Resistor 

No. 

Rl 
R2 
R3 
R4 
R5 
R6 

Resistor Center Operating Temp oc at 

1700 

86 
84 
86 
82 
80 
78 

1800 A 

92 
90 
92 
88 
86 
84 

2000A 

105 
102 
110 
100 
99 
96 

*Estimated from 1800 A and 2000 A column. 

~voltage drop is 2.63V at 2000A which yields~= 1.3 x 10-3 Q. 

The normal maximum SCR operating current is 1700 A. The maximum 
resistor temperature at 10,000 A with 6 SCR's on and 4ooc water inlet 
temperature at the switch is: 

86 + 14 + 10 + 28oc = 138oc. 

in which: 860C is the resistor temp. with 260C water inlet 
14oc is the addition for 4ooc water inlet. 
1ooc is the addition for water heating from SCR's. 
280C is the addition for water heating at the last 

resistor caused by other series resistors. 

The overtemperature trip is set at 12ooc. This trip may need to be increased to 
1400C for 10,000 A operation and 400C water inlet. Another solution is to 
split the cooling into two parallel circuits. 

Comment 

Future resistors could be made smaller (0.5 x 10-3 Q) by choosing a 
larger 0.D. or shorter stainless steel tube, because SCR turn on is good. This 
would reduce the losses and the operating temperature of the resistor. 
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6.7 Dump Test 

Check for the minimum dump charge voltage needed for a successful 
dump (run SCR shut off). 

Dump Capacitor Run SCR 
Load Current Charge Volt Shut off Completed 

2000 50 Yes 
2500 50 Yes 
3000 50 Yes 
3500 50 Yes 
4000 50 No 
4000 60 Yes 
4500 65 Yes 
4500 60 Yes 

This interesting test could be carried out to 10,000 A, but it could ruin a run 
SCR and it is therefore not recommended. From these tests we may estimate 
that a successful dump at 4500 A requires about 60 V dump charge in 9000 µF. 

This 60 V dump capacitor charge has to supply 4500 A for the duration 
of the turn-off time tq of the dump switch. tq can be estimated from this as 
follows: 

thus: 

Q =CV 

dQ dV 
dt = C dt or: 

i = C charge voltage 
tq 

9000 x 10-6 x 60 
tq - 4500 

tq = 120x10-6 sec 

The run SCR test data sheets lists a tq = 100 µsec at 2000 A, 125oc. 
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The estimated minimum charge voltage V required for a successful 10,000 A 
dump would be: 

9000x 10-6v 
120 x 10-6 = 10000 

V = 133 Volt 

An operating dump capacitor charge voltage of 400 V yields a maximum 
allowed turn off time tq at 400V of: 

9000 x 10-6 x 400 
tq = 10000 

tq = 360 x 10-6 sec maximum at 400V in 9000 µF. 

There is about a turn-off time safety factor of 3 with a 400 V dump capacitor 
charge in a 9000 µF dump capacitor at 10,000A load current. 

6.8 Dump Failure Sensing Circuit Test 

A dump failure occurs when the run SCR's carry current shortly after a 
dump command. Current sensors CSlB through CS6B sense the presence of 
run SCR current. These current sensors have to switch off immediately after 
run SCR conduction stops. Tests were made to measure the elapsed time, 
after a dump command, needed by the current sensors to switch off. The 
dump failure detector is enabled at 8 x 10-3 sec (chosen value) and "switch off 
times" t0 ff larger than 8 x 10-3 sec give therefore a dump failure indication. 

Initial tests for t0 ff. 

Below 2000 A all sensors switch off, and stay off in about toff = 100 µsec. 
Above 2000 A some sensors switched back on after being off for about 150 
µsec. It was concluded that the current sensors were reactivated by stray fields 
from the dump current flowing in the main power buses. A temporary 
magnetic shield was installed to eliminate this stray field effect. 
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Tests for t0 ff with temporary shield at CSlA, CS1B: 

51, 52 

51,52 

51,52,54 

51,55,56 

2000 A 

4000A 

4800A 

4800A 

t0 ff - 400 x 1 o-6 sec 
t0 ff - 400 x 1 o-6 sec* 

t0 ff - 400 x 1 o-6 sec* 

t0 ff - 150 x 10-6 sec 

*some bounce at end. 

Current sensor sensitivity with temporary shield at CS1A, CS1B: 

CS1A pickup at -215 A 
CS1B pickup at -115 A 

False pickup tests with temporary shield in stalled at CS1A, CS1B and run 
SCR's 54, SS, S6 dumping from 4800 A- no stray field pickup. 

CONCLUSION 

The temporary magnetic shield cures the stray field pickup problem up to 
5000 A (test stand limit). Install 6 final shields and perform final false pickup tests 
above SOOOA at the MTF at a later date. 

The pickup sensitivity of the current sensors after installation of the final 
shield was tested and the results are shown below: 

Pickup Amp Dropout Amp 

CS1A 116 92 
CS1B 82 77 
CS2A 138 105 

CS2B 133 107 
CS3A 108 83 
CS3B 114 92 

CS4A 135 109 
CS4B 150 105 
CSSA 112 81 

CSSB 135 94 
CS6A 174 91 
CS6B 142 104 
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