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Technology Trends for Small Gasoline Engines
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Engine Charging Technologies
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Solution to Charging Technologies for Small Engines 0 DES
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Dual- Charging

» A turbocharger for higher engine speeds

> A low flow-rate engine speed independent charging system for the lower engine
speeds to boost power and overcome turbo-lag.
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TurboClaw® — A low speed turbocompressor

= TurboClaw® is a patented low speed turbocompressor

= Electrically driven so engine speed independent
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Why can’t we drop the speed of a standard

turbocompressor?
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The TurboClaw compressor

Substantial forward sweep

Ratio C,, to C,, can be as low at 25:1 without stability problems




Electrically Driven Supercharger TurboClaw®

Project Funded by TSB ‘Low Carbon Vehicles’
[EDS TurboClaw™ BS088J] :
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AVL Powertrain

and Turbocam Europe '6‘ > TURBOCAM
V' INTERNATIONAL
Specification:

» Engine 1.0L Engine speed up to 2000 rpm

»Electrically Driven Supercharger: Low cost- durable operation using
TurboClaw® compressor for PR=1.25 and 12.5 g/s

» Electric motor and drive; High efficiency- durable operation- low cost
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Electric Motor and drive

DBS machine is Slotless DC- topology (Sinewave BEMF)
» High efficiency

Ease of manufacture

Smooth Torque Profile

Proprietary dedicated controller chips
Sensorless control

Hysteresis Current Control or Space Vector modulation

vV V V V V VY

For best performance, switching frequency > 50 kHz
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Slotless Brushless DC —Full Load
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Slotless Sine BEMF Motor Rotor Topologies

CAD MODEL
Ring Magnet

= No need for magnet retention

= Ease of rotor construction

= Magnet utilization not optimal

Actual Hardware from
a 500 W motor
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General Motor Layout

Permanent Magnet
- NeBFe

- Very high ag e_t|_cl
energy progluc
- Low tensilg strength

TurboClaw ®

- Low specific speed
- Low cost

igh efficiency
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Diffuser
- Machined aluminium
- Low tolerance

DYNAMIC BOOSTING SYSTEMS

Copper Windings
- Multi-stranded

- Low loss

- Continuous coils
- Large surface area

BLDC Motor
- Simple low cost design

- Grease packed long life bearings
-Changeable control & supply voltage

- Sensorless
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Actual hardware
with a 1 KW motor

This document contains proprietary information that can only be used, copied or disclosed as authorized by

Dynamic Boosting Systems Ltd.
13



ODBS

Controller Design Criteria

Motor Drive Controller

 Wide operating voltage (12 — 56 VDC)

 Wide operating temperature range.

 Low-cost, robust solution.

» Analogue and digital control input (speed demand)
* Possibility for sensorless control

 CAN-bus communication
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Electrically Driven Supercharger “TurboClaw™” Project 0 DES

DeSign and Manufacture DYNAMIC BOOSTING SYSTEMS

Designed by DBS

BLDC motor designed and manufactured by DBS
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Electrically Driven Supercharger “TurboClaw®”
Hardware and Preliminary Data

Hardware
after rig testing
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Hardware in the loop test set-up
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Test Results 0 DBS
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EDS “TurboClaw®” delivers high speed acceleration target performance
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