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Application:

Application:

Switching Power Converter in Oceanographic Instrument System

Isolation:

500 V (no safety approval, this is to break ground loops)

Input Voltage:

42-60 VDC

Output Voltage:
13.5 VDC

Output Current:
1.5 A nominal (20 watts)

Current Limit

12 A (short term if necessary, e.g. 1 minute rating)

Temperature:

0 to 50 degrees C, still air

Shock/Vibration
10 g shock, 2 g vibration 10-100 Hz, any axis

Size/Mount

Thru-Hole PWB Mount




Height above board 1.1” max (possibly 1.4”)




Board area 2 sq in max







Circuit:

Topology:

Half Bridge (half of Vin applied to primary)

Switching Freq:
50 kHz (rate of transistor switching)

Transformer Freq:
25 kHz (rate of flux cycles)

Duty Cycle:

99% max (on time 20 usec)

Rectification

Full Wave, Center Tap Secondary

Transformer:

Approximate Voltage and Current per winding

(Disregarding magnetizing current and leakage inductance)





Vpk, max
Vpk, min
Irms, max
Irms, nom

Main Primary


30 V

21 V

5.6

0.7

Primary Bias Winding

18 

11.5

<.01

<.01

Main Secondary (each half)
20

14

8.4

1.1


Secondary Gate Drive

12

8

<.01

<.01


Leakage Inductance:

as small as possible


Magnetizing Inductance:
no spec, larger is better


Core loss at Vin,max:

50 mW or less


Copper loss at Iout,nom
100 mW or less


17 October 2003

Mr. John S Conklin, P.E.

Marketing Manager

Magnetic Circuit Elements Inc.

Salinas Airport Business Center

1540 Moffett Street

Salinas CA 93905

831-757-8752 voice

831-757-5478 fax

Dear Mr. Conklin:

With apologies for the delay, here is a preliminary Specification for the switchmode power transformer that we discussed on the phone the other day.  I will also send a stripped-down schematic of the proposed power stage of the converter, and a sample transformer “designed” by Power 4-5-6, the CAD program I have been using.  The specification and schematic can be amended based on your feedback, and the trial design thrown out the window at your discretion… I have just been using it to gain a feel for the tradeoffs available with this converter topology.

Please review these materials at your convenience, and contact me to discuss changes or to request additional information.   I would be happy to meet, either at MCE or here at MBARI, to discuss details if needed.  I haven’t done this kind of design in few years, so I am open to any and all comments or suggestions regarding both the transformer and the overall circuit implementation.  I look forward to working with you on this project, and hopefully on a couple of more coming up in the next months here at MBARI.

Thanks,

Ed Mellinger

Electrical Engineer

831-775-1730

meed@mbari.org
Monterey Bay Aquarium Research Institute (MBARI)

Transformer for 48-400 Converter for MOOS Program – Revised Specs

Ed Mellinger
831-775-1730 phone/ 831-775-1646 fax

Rev 2.2
22 June 2004

Application:

Application:

Switching Power Converter in Oceanographic Instrument System

Isolation:

2500V (for safety purposes; no agency approvals required)

Input Voltage:

42-60 VDC

Output Voltage:
400 VDC

Output Current:
50 mA nominal (20 watts)

Current Limit

400 mA (short term if necessary, e.g. 1 minute rating)

Temperature:

0 to 50 degrees C, still air

Shock/Vibration
10 g shock, 2 g vibration 10-100 Hz, any axis

Size/Mount

Thru-Hole PWB Mount




Height above board 1.4” max




Board area 4 sq in max










Present transformer has EE625 core and horizontal PWB bobbin; 

(retain if possible)

Circuit:

Topology:

Half Bridge (half of Vin applied to primary in alternating rectangular pulses)

Transformer Freq:
25 kHz (frequency of flux cycles)

Duty Cycle:

49% max (maximum ‘On’ time 20 usec)

Rectification

Full Wave Bridge

Transformer:

Approximate Voltage and Current per winding

(Disregarding magnetizing current, leakage inductance, and intrawinding capacitance)





Vpk, max
Vpk, min
Irms, max
Irms, nom

Main Primary


30   V

21   V

8.0   A

1.0   A

Primary Bias Winding

18 

11.5

.01

.01

Secondary


570

400

0.40

.05

Secondary Gate Drive

--- none ---

Priorities:


1) low no-load losses (e.g. core loss, distributed capacitance loss)


2) low nominal-load loss (e.g. copper loss)


3) fit existing E625 footprint


4) not a cost-sensitive application

8 June 2004

Mr. John S Conklin, P.E.

Marketing Manager

Magnetic Circuit Elements Inc.

Salinas Airport Business Center

1540 Moffett Street

Salinas CA 93905

831-757-8752 voice

831-757-5478 fax

Dear John:

You may recall building several custom E625 transformers for MBARI last year (MCE O-2116), for use aboard an oceanographic buoy.   The buoy is now at sea (if you are interested it is described at the MBARI website (http://www.mbari.org/news/homepage/moosII.html .).  The low voltage transformers worked well (and are aboard the buoy as I write), but we had problems with the high voltage units.  I would like to re-open this project and try to arrive at a transformer design that is better suited to our application.

The high voltage transformers were MCE p/n O-2116T2 (20 turn primary, 800 turn secondary, on EE625 core), for use in a 48V-to-400V DC/DC converter.  (+/- 24V square wave on primary, at 25 kHz).  The transformers appear to be built to spec, in terms of turns ratio and resistance.  We had three main problems with the units when operating in-circuit:

1) self resonance, with output voltage overshoot (damped oscillations) of nearly 100%

2) winding overheating, even with secondary open-circuited

3) insulation breakdown resulting in visible arcing within the secondary winding.

To begin modifying this design, I have changed the output rectifier from center-tap to full wave bridge, which cuts the required secondary voltage in half.  I would like to ask you what steps could be taken in the transformer itself to reduce the parasitics and stored energy.  I am hoping that modified winding and/or interleaving will be able to provide some benefit.  .  It is also possible that I could increase the operating frequency, in order to to reduce core excitation and allow lower turns counts, if that would help.

I have modified MBARI’s original spec for this transformer to reflect the altered output voltage, and will fax it along with this letter.  Please look these over and let me know what changes you think could be made.to reduce losses and improve performance.  I am optimistic that there must be a solution, since the world is full of line-operated switching power supplies that operate with 400-volt levels on one or more of their windings!

Thanks,

Ed Mellinger

Electrical Engineer

831-775-1730

meed@mbari.org
10 June 2004

Mr. Aaron Shipo.

The Marketing Company

3408 Ramstad Drive

San Jose CA 95127-4321

408-272-6836 voice

408-259-7376 fax

Dear Aaron:

Attached please find basic specs for a small power transformer for a 48V-400V DC/DC converter that was designed here at MBARI.  Please review and provide me with estimates for lead time, NRE cost, and production cost for a small run (10 pieces) of this part.  As always, please also reply with questions if you need more information, or would like to clarify priorities in the design.

At this time we have a prototype of this power supply running using a transformer from another vendor.  Performance is adequate, however there have been problems with high losses due to distributed capacitance in the secondary, plus high voltage breakdown in the windings, so we would like to see if another vendor might have other approaches.  The present transformer (and PCB layout) uses an E-E 625 ferrite core and 12-pin horizontal bobbin; if you could use that as a starting point for your design that would give some possibility of re-using the existing PCB.  However if you see an alternate core shape or size with better performance, we would definitely like to hear about it.

The attached spec cites two operating points, one nominal at 20 watts output, and one “emergency” at 160 watts output.  (The latter condition is a short-term rating for a time, such as 60 seconds, that will depend on the transformer copper losses.)  Our overriding priority with the overall design is to keep the no-load standby losses as low as possible, and the overall efficiency as high as possible… which is the reason for the low operating frequency of 25 kHz.    Ideally we would like to hold the no-load losses in the transformer to a few tenths of a watt, and the full-load losses to a few watts.

Sincerely,

Ed Mellinger

Electrical Engineer

831-775-1730

meed@mbari.org
