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Elements that need to be verified within demonstrations

Some of the consensus items
What are benefits and barriers of increased penetration of VSDs for HMW Motors?
· 60-70% of motors do not use VSD – no one accounts for energy savings, only focus on capitol cost. 

· Other considerations:

· Reliability and downtime

· Footprint

· Soft start

· Motor and drive integrated to integrate higher speed motor
· High RPM motor applications
What and why are VSDs used for HMW Motors today?
· Gas Turbine Starters
· – up to 30 MW 

· -switching frequency not that high
· Present tech is based on 1970s tech. can sic enable advancement here.

· Reliability is very important.
· Compressors -  15 MW

· VSD needs to provide fault shutdown

· Subsea pump

· High reliability

· Have long distance power delivery so have step up and step down transformer

· 1-3 MW

· Submersible pump

· No step-down transformer needed

· <750 HP

· Subsea transmission/distribution

· 8-15 MW

· Unique packaging, cooling, EMI

· Marine

· 10 kV motor

· HVAC compressors

· screw type need VSD, 

· Centrifugal requires mechanical + VSD
· Metal, 

· Mills

· Mine winders

· Traction
What is the pay-back period that would generate strong market interest?
Business case
· In long term they must be low cost, but in short term the functionality benefits might drive early adoption.
· Need to quantify savings and project over time.
What are efficiency benefits that would warrant incentives?
· HVAC new standard required part load efficiency’s.

· There are efficiency requirements in Europe that have mixed support.

· All HMW VSD could benefit from HVHF.

· Siemens locomotives will save 300 M over 20 years

· There are other applications that are not doing this

· Navy can save 12 through 24 % if we use hybrid electric drive

· The cases are there but we need to define them more clearly.

· VSCF is more efficient, for example Turbine could run at optimum speed to save energy if not synchronized with 60 Hz+-. SiC is good match for high speed high power. 
· Wind turbine business case may not justify capturing the most efficient method. SiC could provide efficiency benefit.

· How big incentive to change the business case.

· Related issues:

· Line fed is efficient for some applications.

· This should also consider loss impact on cooling system requirements.

· Soft switching hits 99.4 % efficiency. SiC might have similar advantages. Would incentives drive toward these types of more efficiency approaches?
Power quality is another driver besides efficiency.
Are there VSDs/Converters on the market that incorporate SiC and what is benefit? 

· 70 % of power semiconductors go to power train applications

· Power semiconductors are the key enabler to new topology

· Evolved from 1970s thyristor, Darlington, GTOs, to IGCT. 

· The last revolution was IGBT:

· Gate drive like digital

· Short circuit

· Fast switching

· No snubber 

· Easer switching

· Evolved digital controls, digital communication, vector control

· With IGBT We are now in an evolution

· The next revolution is SiC HVHF 

· SiC provides:

· Higher voltage, faster speed, lighter weight, lower cost

· Switching speed is key limitation for medium voltage drives – without high speed, must find other method

· For Medium voltage drives - SiC diode gives definite benefit (hybrid module) 40 % improved switching loss. 

· Don’t know for full SiC solution

· Simpler topology, reliability, size/weight, regeneration, higher frequency gives benefits to passives, smaller, less distortion

· VSD must be low loss for acceptance in HMW motors. SiC can help that.

Are demonstration projects needed to confirm performance, reliability, and payback period estimates?
· text
Is there a large retrofit market for installation of SiC-based VSD?
· SiC for HVDC, FACTS – reduce the number of series levels, losses. Switching frequency is 1 kHz for IGBTs. Reduce number of levels and increase frequency proportionally to reduce levels.

· First adopter markets, where higher frequency are useful-

· High frequency motor

· Subsea pump, but needs high reliable

· For mining cooling is the issue. Higher operating temperature can help with this but would be less reliable.

· Light weight is beneficial for maintenance and replacement on ships for example

· If it is an optimized motor/drive is the benefit, does retrofit does not make. Drop in may not make since.
· 10 yr life cycle. Replacmet could use SiC but would need efficiency and/or cost benefit.
Are there specific barriers for HMW applications of SiC for HV-HF switching?

Dv/dt

Single supplier…
What Advanced VSD/converter performance characteristics are required to achieve system benefits and desired payback estimates?

· High electrical frequency & High density:

· 1) High speed motors

· 2) High pole count for higher torque etc. (high torque, low speed) 
· Integration of power system interface (replace transformer).
· 3) Enables use less expensive motor (insulation, rare earth)

· Power Slew rate

· Better conversion capability can reduce balance of plant by reducing cabling cost

· Need Switch mode power conversion system that is cheaper than no vsd 

· Balance between efficiency and filter size

· Now MV drives are custom specialized. 

· Barrior to VSD is 

· system integration since can pass the buck to the motor

· Understanding of operation cost

· First one to implement is disadvantage, so need a demonstration. Also cost of components is higher before market is established.

· Define todays function specs so retrofit would not change motor requirements.

· Advantages:

· Easier to shutdown with VSD than mechanical

· Is SiC the way to achieve high voltage.

What additional technology and advanced device performance are needed for HMW VSDs (for example which SiC or Si devices type/voltages etc. would be most beneficial)?
· Fail safe, fail conducting
· Bypass mode
· *Short circuit withstand, 
· RBSOA needed, UIS not required
· Short circuit withstand time limited to microsecond (due to active volume)
· Active gate control
· Common mode currents

· Maximum allowable negative gate voltage

· EMC

· For HVDC we want 20 kV and greater (therefore IGBT)

· Challenges:

· Shoot through is more difficult to prevent due to high switching speeds, more cross talk that may result in more losses – so we slow it down

· Mining machine needs better cooling 
· Aux power supply

· Isolated gate drive

· Common mode isolation is difficult
· Dv/dt
· Cooling is difficult

· *Need output filter for motor and cable, so do we still need short circuit capability. Needed for bad installation. If we add filter for HF switching then we have inductance and have one less constraint for short circuit capability and change device optimization. *Some attendees feel that Short circuit is still needed.
· System integration between motor and drive

· Devices are reliable but Modules are not reliable enough yet 

· Similarly the phase leg and assembly need to be develop to take advantage of this

· Need different devices/types for high power fault current interrupt.

Are there other technologies needed for HMW drive/converters (passives components, gate drives, sensors, controls, and protection devices – contactors, breakers)?
· Market and business case analysis study/roadmap

· Advanced Package cooling and inductance

· DC caps, film capacitors – hard to reduce footprint
· Can gain power density from power inverter stack

· Output Filter cabinet 

· Need dv/dt filter etc. long cables

· Cooling unit
What analysis is needed to define the most promising options for HMW VSDs? 
· What is benefit tradeoff between using higher voltage of 20 kV SiC IGBT versus 10 kV SiC MOSFETS versus 3.3 kV Si MOSFETS, given different performance of each device type
· Tradeoffs for series devices versus larger voltage device (need for balancing)
· Key trade-offs: Cost, failure rate, efficiency, power density/weight, power loss
· For MV drives would like 10 kV SiC with a few kHz switching speed, with equal loss to few 100 Hz Silicon

· Need to define what the correct voltage is including margins, over voltages etc.

· How does short circuit requirement impact on-state voltage, and switching speed

· dv/dt issues due to HVHF being for 3 to 10 times larger than silicon
· Cost model for overall system with or without SiC for full motor/drive system. Not just lowest cost. Cost versus performance model to pass along to system integrator.

· Need include efficiency of motor/drive and system, not just converter efficiency.

· Cost model for the converter, cost model for the motor need to interact.

· SOA, pulse current rating, dynamic thermal impedance, loading, thermal limits need to be re analyzed

What are the most promising motor technologies that will complement or be enabled by HMW VSDs?
· What is the tradeoff of insulation versus cooper in the motor selecting voltage?

· Motor insulation voltage

· Vernier motor (Lipo)
· Advantage

· 20% less cooper

· More torque

· More efficiency than a rare earth machine

· Ferrite magnets so no need for rare earth

· Downside

· At normal speed will need higher frequency.

· Can easily run at 3600 rpm but need several hundred Hz fundamental frequency (good match for SiC).

· Motor generator (ABB)
· Wind Turbine
· In many cases drive and motor are from different vendor

· Often turbine OEM want multiple suppliers

· For wind low speed is gearless, whereas for compressor high speed is gearless. The key issue is gear less power train is the goal.

· Gearless mill drive: 20s MW
· High voltage motors:

· Motorformer for HVDC and oil and Gas

· Motor key points

· For oil and gas reliability is most important

· Don’t want to be first to try so advanced technology developer needs partner (possibly a demonstration).

· Integrated motor and drive close together.

· Performance versus cost

· Would like integrated motor/vsd but in many cases spec drive and motor separately.

· Motor concept (Longya)

· Basic concept
· Two MMF on stator

· plus rotor segments
· magnets on both sides

· behaves like magnetic gears

· duel mechanical ports

· Multi-thread winding can aid in resiliency but complex and a lot of cables.

What are power train integration (and electrical systems) approaches that will be enabled by HVHF power conversion and have maximum system benefit?

· Elements to be integrated

· Grid interface

· VSD

· Machine
· Gears
· Transformerless Medium voltage drive can reduce balance of plant by reducing need for transformer

· high voltage to low voltage DC transformer as core element

· HVAC drivers

· Lower filter requirements
· Eliminating transformer: less cabling and less transformer magnetics; weight 

· In dense cities, size can be an issues

· Enable a higher fundamental frequency in the motor that can improve motor efficiency

· Cost and efficiency sensitive
· Power electronic transformer is a good application but machine does not want high voltage. SiC can solve this dilemma!

· Power Train Game changers

· >10 kV, is that the game changer?

· High voltage is only good for higher distances

· Future DC distribution so would need DC compatible drives.

· So want high voltage and DC for input and low voltage machine optimization.

· One power train integration issue is what is the role of the transformer?

· We may not want to forget the gearbox. There may be a role for better gear boxes.

· Shipboard compatible drive:

· Space is limited 

· Permanent magnet motor is more dense.

· The present thinking of avoiding high voltage, leads to multiple poles >3 and more drive cost.

· Serviceability, modular design such as multiple poles
· MVDC is a future platform to integrate with. Solid state transformer is a key enabler for this and otherwise. One benefit is modularity.
· Toshiba

· Many motor types and applications up to 50 k HP

· Energy storage/ PV 

· UPS

· All these products under one roof. 

· Toshiba motor and drive integrated into one system is not as integrated as we would like.

· MV Drive is ramping up in the last 15 years and now accelerating.

· Oil, gas, and mining is biggest market

· Need to accept high input voltage from power delivery, have higher power, and customized design with module footprint the same.
· SST applications for power train integration.

· Good in dc to dc stage

· SST can be used for integration into multiple system voltages

· Want to move dc system bus from 1k V to10kV in many applications (e.g. Navy)
· HMW VSD including HF AC-AC stage to integrate machine into different types of medium voltage AC or DC Electric Power System (may have similar voltage but different interconnection needs.
· Offshore wind needs higher voltage. Turbine turns slow so need a gearbox. High power, high voltage VSD would help here.

· Solid state transformer for traction application; because silicon SST has many level and 5 kHz switching that has audible noise. Want to get rid of oil. 

· For DC power systems, we need an analog to 20 kV to 1k V transformer with galvanic isolation.

· What are applications that can use SST. What other functions are needed beyond what a transformer can provide to serve as an early adopter until cost is comparable to transformers.

· If you need MV DC 

· Solar need to raise voltage on LV side within HF conversion stage rather than a LF transformer.

· Async. Link

· integrated protection

· microgrid interconnection

