Memorandum


DATE:	� TIME \@ "MMMM d, yyyy" �December 15, 1995�


TO:	PEBB-1 Demonstration Team


FROM:	Joseph Borraccini, NSWC Code 813


RE:	Notes from PEBB Demo-1 breakout meeting - Thursday December 7 1995.


CC:	


The following is a compilation of notes taken by members of NSWC who attended the PEBB Demo-1 breakout meeting during the PEBB Quarterly Progress Review held at DOE , December 6,7,and 8 1995.


Harris Deliverables


Harris deliverables include the following items -


Main switch module with the arrangement.shown in � REF _Ref343500591 \* MERGEFORMAT �Figure 1�


Auxiliary Module with the arrangement shown in � REF _Ref343500609 \* MERGEFORMAT �Figure 2�


Gate driver boards - 1 for each module delivered


Heat sinks


Harris slated initial delivery of the modules and gate drives for February 1996 with followon deliveries continuing up to the August 30, 1996 PEBB-1 demonstration date.
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Features of Harris Deliverables


Main switch MCT’s will be rated at 1200V 500A, 0.6usec turnoff at elevated temperature. Gate drives will have a fiber optic receiver for the interface to Tuan’s digital controller. Heat sinks being delivered by Harris will have the metal “sponge-like” material shown at the September Quarterly Program Review.


Gate drives will include circuitry which will enable the use of a single gate signal to turn on an auxiliary switch and its complementary main switch through two separate gate driver boards. A voltage sensor (2-15v) connected to a latch will hold off the main switch until the auxiliary switch has dropped the voltage across the main to a safe level.


In addition to this holdoff function, the gate driver board includes a capacitor onboard which delays turnon of a switch by 200ns. A second cap delays turnoff by 200ns. These values should be appropriate for the auxiliary switch. However, additional capacitors should be added to the main switch drive so that the delays are closer to 1usec. The equation for adding capacitors to adjust the time is 20pf per microsecond.


Gate drives will need +/-15 volt 10W isolated power supplies connected to each board. NSWC will supply the power supplies. Each gate drive will drive only one of the two switches in the module.


Auxiliary (AC) switch current zero crossing detection may be possible using a shunt resistor mounted inside the module (see � REF _Ref343500640 \* MERGEFORMAT �Figure 3�). This resistor will be used to tell when the current in the AC switch is approaching zero so that the switch can be turned off with minimum transient voltage. Presently each connector coming from the auxiliary switch has 5 pins. This shunt may require the addition of 2 more pins. Harris will investigate. Harris will provide a gate drive for each PEBB module delivered. Voltage feedback will be taken from the terminals of the PEBB modules and hardwired to the gate modules. 


ARCP Implementation Issues


�
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Snubber circuit for aux switches - caps need to be experimentally determined unless we can determine bus inductance. External inductance is our problem. Internal inductance - Harris may be able to add internal caps. Victor proposes to put a nominal value cap inside module (over rate by 2x to account for temp increase). Eric Yang proposed first Harris deliverables not contain caps. NSWC would then experimentally determine proper value and have Harris add it to later deliveries.


Jason Lai proposed the use of a “Spike Killer in place of resonant inductor to reduce reverse recovery transient. The 1uH inductor could be replaced with several cores to get the same or greater inductance value. Jason spoke to Ken Deans about this in more detail. One could use 12 cores (1inch o.d.) [with smaller concentric cores inside?] around six #18 AWG wires. Jason uses powdered iron cores which run warm at 105F. Amorphous metal cores heat too much; ferrite only used for trasnformers but might be acceptable if gapped. Ferrites for “high frequencies”, powdered iron better at lower frequencies [?!?]. MCT will die with a single hard switching every 5 cycles or so.


Dave Harrell brought up the issue of what happens during boost cycle. Main switch (already on, drawing say 100A) will see a 300-400A/usec current rate of rise (assuming 1uH inductor) when a boost is required for turnoff. This boost time is a variable which is dependent on the requirements for that particular cycle. Since the MCTs can only safely turn off 500A and they take upwards of 0.6usec to turn off, how can we safely control this boost cycle without killing the switches? This lead to discussion about raising value of inductor or possibly adjusting the speed vs. voltage drop characteristics of the MCT’s to give us some headroom.
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Terry proposed that we generate a tradeoff arrangement so that parameters can be varied to produce a compromised result. These would include the following: (1) Raise the resonant inductor value to slow down the current rate of rise (this would force us to raise the values of our snubber capacitors); (2) Raise the input bus voltage to allow us to more easily get a clean 450VAC sinusoid (this would affect the input filter cap voltage requirements); (3) Lower the output voltage from 450VAC to 220VAC to get a cleaner sinewave for a given input bus voltage (this would force us to use transformer for 450V demos - may affect validity of demos); (4) Lower switching frequency (this would impact output filtering and fidelity); (5) Speed up the MCTs at the expense of voltage drop so that the inductor can be kept at 1uH (Victor’s equation for switching speed vs voltage drop may only be applicable at times greater than .6usec).


Eric Yang stated that 0.5uF may be the minimum acceptable for ARCP resonant capacitors (1.0uF for both capacitors). Harris needed to perform further studies to verify this. A discussion between he and Bill Ruby, Vic Temple, Dave Harrell and Tuan Duong regarding switching speeds, losses, safe operating area, and resonant capacitors protecting active devices from SOA failure led to the following consensus - (1) the 1uH resonant inductor was too low a value given the switching speed of the MCT’s; (2) hard switching events can kill the snubber caps. Resonant inductor may have to be increased to 2-4uH or thereabouts. Terry reiterated that whatever we do, it must be completed in August 1996.


The ARCP would probably serve well as a frequency changer but not as a motor drive because of problems at low speeds. Jason and Eric discussed the fact that the ARCP with its floating middle bus can become unbalanced during a low speed motor start. This could result in the input filter capacitors seeing a voltage higher than their rating and hard to predict peak resonant currents. Victor mentioned in an offline discussion with Bill Ruby that an active switch(es) can be added to the circuit to regulate the voltage level of the middle bus to prevent this from happening. Also, an alternative to the ARCP topology was presented by Jason (� REF _Ref343500535 \* MERGEFORMAT �Figure 4�). The topology uses a simpler control circuit than the ARCP, using a fixed boost time as opposed to a variable one, and has no floating midpoint bus. It requires two extra diodes and a dual wound inductor, however, the inductor value can be kept at 1uH since it requires only a fixed boost time. VPI has published a report that may discuss this topology in more detail.





Issues - these questions arose after the breakout meeting


Will NSWC be getting a heat sink for each and every module Harris is delivering?


The gate delay vs capacitor value was stated as 20 pF/usec - is this correct, or did we misunderstand? 20 pF is a very small amount of change in capacitance to change the time delay by a relatively large 1 us. NSWC desires to adjust delays in the 10’s of nanosecond range.


NSWC was given a 2 terminal blue box PEBB mockup. It includes 1/4 - 20 captive nuts as the bus tie down points. Will this hold true for the 3 terminal PEBB-1 deliverables?  If not, NSWC needs to know terminal configurations, thread sizes, length of bolt, etc. in order to continue the brassboard design.


NSWC needs to know the hole spacing of the three power terminals and power tab widths on top of the two modules in order to finish hardware layout of PEBB-1 demonstrator.


In order to manufacture and test 5 PEBB-1 demo units, NSWC needs a minimum 15 of each type of PEBB-1 Harris deliverable including heatsinks and gate drives. Harris indicated initial deliveries to occur in February 1996. What quantiites should we expect then and approximately when would follow-on deliveries occur?


Vic’s presentation stated that the Main Switches can turn off 500A. Can the Auxiliary Switches (AC switches) also turn off 500A?


Vic stated that it may be possi
