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Introduction

The goal of this design was to provide two efficient and compact boost converters to step up the voltage of a single cell lithium-polymer (LiPo) cell to drive six motors at 8V and six servos at 5V.
We begin with a discussion of the existing HappyBoard power electronics, and proceed to explain the design of the new power supply.

Motor Drivers

The 6.270 motors are driven by the three L6205 dual H-bridges.  The part is not cheap ($7-8 in bulk on Digikey), and requires a supply voltage of at least 8V.  We have considered alternatives (such as the L298, $3 at the time of writing), but the truth of the matter is that the L6205 out-performs competitors of the same size by a substantial margin.

The RDS(on) is 300 mΩ - fairly small for an H-bridge with internal switches.  At a normal load (2 channels at 500mA), the internal power dissipation of the part is 

4x(ILOAD)2xRDS(on) = 75mW,

With a θJA of about 56°C/W, this corresponds to a temperature rise of about 4°C over ambient.  Given a maximum TJ of 125°C, we find that the chip can source up to 1.2A into two channels before thermal shutdown will kick in.  [A DIP heat sink (typ. θJA: 30°C/W) would increase this figure only modestly, to about 1.5-1.6A/ch]
For comparison, we consider the L298.  Because it is implemented in a bipolar process, the switch dissipation is better modeled by considering the VCE(sat) of the switches – which is about 1V.  At the same load (2 channels at 500mA), the power dissipation is equal to
2x(2V)x(500mA) = 2W.

The L298 is typically packaged in a Multiwatt15 package, which offers a somewhat lower θJA of 35°C/W, but the resulting temperature rise is still large: 70°C.  The maximum TJ for this part is 30°C, which limits the L298 to dual loads of 750mA/ch.
The difference in efficiency is very directly related to the device physics of CMOS and bipolar.  MOSFETs act like resistive channels at low drain-to-source voltages, whereas bipolar transistors act more like diodes.  It is only when we consider somewhat larger load currents (3-4A/ch) that the L298 begins to outperform the efficiency of the L6205N.  [And at these currents, both chips would require substantial heatsinks.]
Motors

We have used two motors in recent contests: the MJ413A (available from Electronic Goldmine), and the Banebots FF-050SK-1490 (available from Robot Shop).  The stall current for the Banebots motors (with 6V applied voltage) was found to be roughly 1.1A, while the stall current of the MJ413A was closer to 1.25A.  With no load, the Banebots motor drew about 60mA (no data available for the MJ413A).

Typical-use data was collected for the MJ413A motor, which drew about 250mA on 125:3 LEGO geartrain (no load) and about 300mA under the load of a small robot.  With the same robot stalled against the wall, the current drawn was about 650 mA.

Based on these measurements it is reasonable to allot 24W to the motors.  This corresponds to four motors under heavy load and two motors under light load.

Servos
The standard 6.270 servos are Futaba S3003, although we are distributing MX-400 servos at the moment to make use of our old - but still entirely functional – supply of parts.  

Both servos draw less than 10mA under no load.  When stalled, the S3003 servo draws about 500mA (out of an 8V supply 1 ), while the MX-400 draws about 1A.  These figures give a sense for the maximum power requirements, but impart little knowledge about its behavior in a typical application.
In 6.270, contestants often use servos to steer the wheels of syncro-drive robots, to move claws and perform other object manipulation, and to position distance sensors.  In these applications, the opposing torque is fairly light, but the servos move frequently.  To determine the effect of this dynamic power loss, we measured the “slewing” current of both servos – that is, the current drawn as the servo is repositioned.  For the S3003 servo, this current is approximately 150-200mA under no load (again, out of an 8V supply), and about 300mA when loaded.  The “heavy load” condition was gripped by hand until the servo struggled to move (a qualitative condition, to be sure, but a not entirely unrealistic one.)  The MX-400 drew 200mA-250mA slewing current under no load, and approximately 400mA under heavy load.
We can reasonably specify an 8W power limit for the servos based on these figures, which allows for the simultaneous operation of one servo under heavy load and two servos under light load.
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1.  The HappyBoard is powered with 8V, but this voltage is stepped down to 5V to control servos by a buck converter.  Hence the servo current draw is related to the power supply draw by a factor of about 8/5=1.6 (neglecting inefficiencies).


