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In the fall of 2003, a team of graduate students was assembled to design and construct a
research-grade inverter. The goal was to have available a set of well-documented
inverters of various ratings capable of quickly implementing a new control algorithm. A
body of research has already resulted from this project, with more in progress. This
technical report contains all of the important specifications and design details required to
use and repair modular inverters.
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Abstract:

This document provides an overview of the modular inverter design project, as well as specifying
interconnects where applicable. It is not intended to be comprehensive, but it does specify
necessary functionality.

The information contained in this Document and the Appendices may not be copied, reproduced, distributed or stored in a retrieval
system without the prior express written permission of the author.
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1. Introduction
The purpose of the modular inverter project is to provide test beds for future projects. Deliverables
include:
e 40A, 30VDC inverter stage
* 20A, 60VDC inverter stage
* 40A, 400VDC inverter stage (possibly pushed off until the spring semester)
e Control box based on a Tl 2812 DSP
* DSP software to provide interface to a PC
* DSP software for VV/Hz operation

The desired time frame is to have functional hardware by the end of the fall semester of 2003, with
at least the output stages thoroughly debugged. At least some software should also be done at this
time. The complete software project should be finished by the beginning of fall *04.

This project is supported by the Grainger Center for Electric Machinery and Electromechanics.

1.1 Scope

The software developed will be primarily limited to minimal functionality such that someone doing
a motor project can get up and running quickly, or someone can develop PC software to implement
an advanced algorithm. Actual vector control algorithms will be implemented by the specific
researcher. It is also desirable to use canned vector control algorithms such that a demo can be
done for ECE333 or ECE468 during spring *04.

The hardware will be rugged and debugged well enough for the average graduate student to use it.
It does not need to be rugged enough for classroom purposes at this time.

The initial designs are for the standard inverter topology. If possible, it would be nice to be able to
change to an SR (switched reluctance) topology. If the added flexibility degrades the performance
of the standard topology, then the SR topology will be pushed off to a future output stage design.

Initially, three of each unit will be built. Eventually, ten control boxes will be built so that many
researchers can do different things at the same time.

1.2 Definitions

Control box: a box containing the DSP and various interface ports, which generates PWM
commands.

Output stage: a box containing four halfbridges, interface to the control box, some logic, and gate
drivers.

Power stage: subsystem of the output stage consisting of only the power handling devices.

Output connector: the connector between the control box and the output stage. Actually two
connectors, one analog, one digital.

1.3 References
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2. Output Connectors

2.1 General Principles

The digital signals are transmitted as RS-422 differential pairs. The output stage should include
pull-up and pull-down resistors such that when the connector is unplugged, the power stage is
open-circuited.

The analog signals use a maximum range of £10V. A Kelvin analog grounds (one or more) are
included. The control box should treat all signals as differential with respect to the Kelvin.

There are two connectors, one analog and one digital. Both are ribbon cables. Latching headers
are preferred. For the digital connector, use Vari-Twist cable, which pairs adjacent conductors.
For the analog connector, consider using shielded ribbon cable if a suitable type can be found.

All of the “GND” connections are tied together at both ends of the cable. Within each box, it is
recommended to separate digital, analog, and power grounds between the cable and the rest of the
circuitry. “GND” is connected to earth via a resistor and a capacitor in parallel (relatively low
impedance).

The power supplies on the connectors are intended to power analog and digital circuitry in the
control box. They originate in the output stage. Current requirements are TBD.

It is assumed that the bus supply to the power stage is at a very different potential than earth. Full
isolation is required between the output connectors and the power stage.

2.2 Digital Connector Pin-out

Pin Signal Pin Signal

1 +5V 18 ~D1

2 GND 19 D2

3 +5V 20 ~D2

4 GND 21 ENABLE

5 Al 22 ~ENABLE

6 ~Al 23 FAULT

7 A2 24 ~FAULT

8 ~A2 25 uC RESET

9 B1 26 ~uC RESET
10 ~B1 27 RESERVED
11 B2 28 RESERVED
12 ~B2 29 RESERVED
13 C1 30 RESERVED
14 ~C1 31 RESERVED
15 C2 32 RESERVED
16 ~C2 33 RESERVED
17 D1 34 RESERVED

2.3 Details of Digital Connector
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Al corresponds to the upper device of phase A. A2 corresponds to the lower device of phase A.
\Al and \A2 are the complements of Al and A2 respectively for RS-422. It is recommended to use
DS26L.S31 transmitters and DS26L.S32 receivers, or equivalent or superior devices. These are
quad line drivers and receivers. Remember to terminate the line properly, as well as inserting
proper pull-up and pull-down resistors to bias the signal in the event of an open-circuit.

Similarly, (\)Bn correspond to phase B, (\)Cn correspond to phase C, and (\)Dn correspond to phase
D. Typically, for a three-phase inverter, phases A, B, and C are used as a positive sequence, but
other topologies and other sequences are possible and allowable.

FAULT, ENABLE, and uC_RESET are similar RS-422 signals. When everything is OK, FAULT
and ENABLE should both be high and uC_RESET should be low. FAULT indicates that a fault
has been detected in the output stage. ENABLE is low until the processor is ready to start
providing PWM commands. uC_RESET pulses to clear a fault.

Note that only the first 26 pins are used at this time. A 34-pin connector is used to distinguish it
from the analog connector, as well as providing room for future expansion. Leave the unused pins
floating at this time. Note that it is possible to use 26-conductor Vari-Twist cable at this time,
which is available from ECE Stores.

2.4 Analog Connector

Pin Signal Pin Signal

1 GND 14 KELVIN2

2 +15V 15 RESERVED
3 -15VvV 16 RESERVED
4 GND 17 RESERVED
5 1A 18 RESERVED
6 IB 19 KELVIN3

7 IC 20 GND

8 ID 21 GND

9 KELVIN1 22 VA

10 VBUS 23 VB

11 T1 24 VC

12 T2 25 VD

13 IBUS 26 KELVIN4

2.5 Details of Analog Connector

IA, IB, IC, and ID correspond to phase currents on phases A, B, C, and D respectively. They are
positive for current going out of the power stage. VA, VB, VC, and VD are phase voltages with
respect to the negative bus, corresponding to phases A, B, C, and D respectively. Vbus is the total
bus voltage. T1 and T2 are relevant temperatures. Scaling is discussed in section 3.

Kelvin ground connections are provided, one for each group of signals. All analog signals should
be treated as differential with respect to the corresponding Kelvin connection. This eliminates
voltage drop and noise in the current-carrying ground wires from influencing the analog
measurements. Note that the groups are in fours, for either quad op amps or two dual op amps per
Kelvin.
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3. Details of Output Stage Logic and Analog

3.1 Logic

At a minimum, the logic must prevent simultaneous turn-on of both devices in a halfbridge.
Preferably, minimum deadtime will be enforced. The minimum deadtime must be specified, so that
the software designer can account for it. Typically, the software will insert deadtime greater than
the minimum, so that the output stage logic is transparent.

Faults will be detected as described in section 3.3. On any fault, the logic must latch, turn off all
devices, and signal a fault on the output connector. Faults are reset on power-up, and only on
power-up.

It is also desired to support a minimal command function, where only the upper device commands
are supplied. This will be jumper selectable. The logic must then perform inversion with deadtime
to generate the lower device commands.

3.2 Analog

The phase currents will be detected by closed-loop Hall-effect devices or equivalent. The analog
circuitry will condition these signals, typically a current that is some fixed ratio of the phase
current, into properly scaled voltage signals. Scaling is such that the rated RMS current (e.g. 20A)
corresponds to 4.5V. This allows proper headroom for overload and ripple below the 10V
maximum. The signals are bipolar, positive for outgoing current. It is desirable to include some
means of reducing the scale factor to correspond to a lower rated RMS current, yielding greater
signal amplitude for smaller machines. This can be a resistor change, a jumper, or changing the
number of turns through the sensor.

The bus voltage and phase voltage sensing circuits must be isolated from the main analog circuitry.
The lowest-tech way to perform isolation is through differential amplifiers with large resistors. In
this case, the resistors must be sized so that at maximum voltage rating of the power stage, the
resistor current is less than 5 mA. Take some care in designing the remainder of the circuit,
particularly in choosing an op amp, to account for large resistor values with tolerance. These
signals are mostly unipolar, although phase voltage does extend below the negative bus by at least a
diode drop. These signals should be scaled so that maximum voltage rating corresponds to an 8V
signal, for headroom.

Minimize the filtering on voltage and current signals. The control box is responsible for low-pass
filtering to prevent aliasing of the A/D converter. Since the output stage designer has no control
over the sampling rate, achieve the highest bandwidth possible in the analog signals and let the
control box designer make the filtering decisions.

There is also allowance for up to two temperature feedback signals. These should be scaled so that
0°C =0V, 100°C =5V. The sensors should be placed in relevant positions on e.g. the heat sink.

3.3 Fault Detection

Within the output stage, the following faults should be detected and latched:

* Short-circuit. This is sensed via desaturation detection. Even in MOSFET-based designs,
short-circuits can be destructive and require shutdown within 10 ps.

Modular Inverter System Specification Status: Work in Progress
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e Overcurrent. Trip at 9.75V of current feedback. Some filtering is allowable, but shutdown
within 100 ps is advised.

e Overvoltage. Trip at an appropriate level that will prevent damage to any of the devices in
the system. This should be above the 8V signal level, but perhaps not by much.

When a fault is detected, the priority is to turn off all of the devices. Some gate drivers include soft
turn-off for short-circuit, which is fine. Presumably, before the logic can turn off the rest of the
devices, the gate driver has completed its soft turn-off. The second priority is to alert the control
box via the FAULT signal. The third priority is to indicate the fault in some way, such as an LED
indicator (one for each type of fault for each halfbridge).

Modular Inverter System Specification Status: Work in Progress
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4. Power Stage Design Principles

4.1 Topology

The power stage will be composed of four halfbridges. Each halfbridge is composed of two
controlled switches (MOSFETSs or IGBTSs) with anti-parallel diodes. Although a MOSFET
includes an integral body diode, it is advisable to include a place to insert a Schottky rectifier. This
need may be eliminated by using a MOSFET co-packed with a Schottky, similar to an IGBT/diode
co-pack. Three halfbridges are almost always used; the fourth may be for a brake or to control the
neutral.

It is advisable to include a large diode on the input for reverse-polarity protection. In certain cases,
this diode is not needed, and actually is a hindrance. For these cases, a jumper must be provided to
allow bidirectional current flow. Additionally, there should be a relay that is powered from the
same 120V feed that runs the logic supply. The normally-open contacts should be in series with
the DC supply; the normally-closed contacts should connect a resistor across the bus to bleed down
any capacitive energy.

As previously mentioned, it is desired to include a reconfiguration possibility for an SR topology,
in which the halfbridge is split into two halves. If this compromises the performance of the normal
halfbridge, then SR will be pushed to a future project.

It is necessary to be able to sense many voltages within the system. It is advisable to provide non-
current-carrying binding post connections to every relevant voltage point.

4.2 Bus Capacitors

The input to the power stage is assumed to be well-filtered DC (ripple less than 5%), such as a
Kenwood, HP or MagnaPower supply or an HP programmable load. It is necessary to at least
include a snubber capacitor, a reasonably sized film capacitor close to the IGBTs/MOSFETSs. It is
also advisable to include a place to add some bulk capacitance (electrolytic) if that becomes
necessary. A good rule of thumb is to size the bulk capacitance for approximately 6 ms of energy
storage. Inrush control is necessary for the bulk capacitors as well. Note that regeneration will
typically require some bus capacitance in order to maintain stability.

4.3 Thermal Design

Each power stage will have a continuous current rating (e.g. 20A) and a maximum bus voltage
rating (e.g. 60VDC). Thermally, it must be possible to operate at these maxima indefinitely with
junction temperatures below 100°C in lab ambient (25°C). Full rating is at 10 kHz switching for
power stages under 100V, 5 kHz switching for higher voltages.

In addition, the power stage must be capable of overloads up to 125% of the continuous current
rating (e.g. 25A) for 10 s with junction temperatures below 135°C. It is recommended to provide a
derate curve, current vs. overload time, based on the final design, based on a maximum junction
temperature of 135°C. It is anticipated that this will follow a curve of constant (I{,m,a,2 - I,atedz)xtOL,
or possibly some similar form with a different exponent, or possibly two curves to cover the total

range.
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Some thought should be given to the removal of the heat from the box. For example, if the heat
sink is entirely contained within the box, the total thermal resistance to ambient includes the
thermal resistance of the box. This can lead to high internal ambient temperatures, inappropriate
for maintaining high-performance analog circuitry.

The ratings chosen are generally larger than what is necessary, “just in case.” Thermally, the
design will probably be overkill for many applications. Consider using a thermostat to control the
fan to reduce noise during low-power operation.

4.4 Power Supply

Each gate driver needs a power supply, possibly bipolar, referenced to the associated emitter/source
connection. Several possibilities exist:

e One supply referenced to the negative bus, with bootstrap capacitors to power the upper
devices. Not recommended due to uncertainty of the upper supply voltages.

* One supply referenced to the negative bus, with a switcher (forward, flyback) to generate
the upper supplies.

e One supply referenced to approximately earth, with a switcher (forward, flyback) to
generate all of the isolated supplies. This same supply can then be used for other “GND”
referenced functions.

In any event, the source supply can be an off-the-shelf supply (of which we have cases). Before
trying the second option, verify the isolation of the supply.
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5. Control Box Functional Requirements

5.1 Hardware

The control box must be highly flexible. To that end, it will contain a board with:
e Output connectors, which are RS-422 digital and £10V differential analog
* Adigital connector that is TTL
* An analog connector that is 10V single-ended
* An analog connector that is 0-3V single-ended
* A connector for a keypad or similar user interface
* Anencoder input and an encoder re-transmit

The TTL digital signals will be pass-throughs of the output connector, encoder input, and the
keypad connector for use by a microprocessor, DSP, or PC via a DAQ card. Logic families should
be 3.3V. The single-ended analog connectors will also be essentially pass-throughs, but with
protection against overvoltages and other potentially harmful conditions.

This board will be in a box that has space reserved for a T1 2812 eZdsp board. The box will also
have means to mount a keypad TBD.

Potential systems in this scheme include:
* A 2812 eZdsp running V/Hz, vector control, or other advanced control scheme
* A PC running xPC derived from a Simulink design

* A microcontroller and CPLD running some other control scheme

5.2 Software

It is anticipated that a typical project flow includes a quick design in Simulink followed by a
detailed design in C on a 2812 DSP. To that end, software modules should be designed to assist a
new user:

e Simulink subsystems for interfacing to the hardware, including fault and overload
monitoring

* DSP subsystems for interfacing to the hardware, including fault and overload monitoring

e DSP functions that are generally useful, such as PWM generation, Park-Clarke
transformations, PID loops

* DSP interface to the keypad, including parameter storage

Additionally, for people doing motor work, it is desired to have a simple VV/Hz algorithm
implemented in the DSP available. It should generate precise sine waves, including dead-time
compensation and other means of attaining high fidelity.

To enable the use of a DAQ card, one seat of Real-Time Workshop and one seat of xPC Target will
be purchased.
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6. Project Goals and Timeline

6.1 Output Stage Hardware and Software (as necessary)

Block diagram and preliminary part selection: September 12,
Breadboard prototypes of critical circuits: October 10

2003

Complete schematic, with all part selection and footprints assigned: October 31

0 Order parts at this point for 1 week delivery or longer

Layout complete and reviewed: November 14
Boards stuffed and tested: December 12

Next round of boards designed: January 16, 2004

6.2 Control Box Hardware

Block diagram and preliminary part selection: September 12,

Breadboard prototypes of relevant circuits: October 3

2003

Complete schematic, with all part selection and footprints assigned: October 24

0 Order parts at this point for 1 week delivery or longer

Layout complete and reviewed: November 14

Boards stuffed and tested: December 12

6.3 Control Box Software

Architecture defined and tasks partitioned: September 12, 2003

Next task?

Usable V/Hz system debugged: December 12
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Abstract:

The modular inverter project front-end module was designed to supply a clean, stable dc bus to
the inverter stage of the project. The front-end consists of a passive rectifier (1 or 3 phase) and an
active dc-dc converter (typically boost). The control board of the converter was designed to be
flexible in the control method and implementation. The board also performs signal conditioning
of data points related to the front-end operation and controls necessary mechanical switching of
power.

The information contained in this Document and the Appendices may not be copied, reproduced, distributed or stored in a retrieval
system without the prior express written permission of the author.

Copyright  Wayne Weaver 2005. All Rights Reserved
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1. Introduction

This project provides ac to dc conversion module to supply the motor inverter stage of the project.
However the load of the front-end is not necessarily limited to the modular inverter. For research
purposes the front-end could supply power to any required dc load.

1.1 Scope

The front-end module was designed as half of the modular motor inverter project. The input to the
front end is an ac power source and the output is a stable dc bus. The input ac power source can be
a single or three phase source.

Because of the need to process high power levels all power processing devices are not physically
located on the control board. The rectification device, converter switches and filtering devices are
stand alone.

1.2 Definitions

Control Board — SK0041 rev C PCB that controls the contactors and gate drive of the front end
unit.

DSP Daughter Board — SK0045 rev 1 that can be used as intelligent control and connects to the
control board via J12, J13, J14, and J16.

Front-End Shelf — Bottom shelf of the modular inverter box that contains all the 208 3phase ac to
400Vdc hardware.

1.3 References

Front End Control Board Schematic: SK0041 rev C

Front End Control Board Layouts: PB0041 rev C

Front End Shelf Schematic: SK0068 rev 1

DSP Daughter Board Schematic: SK0054 rev 1

DSP Daughter Board Layout: PB0054 rev A

Modular Inverter Control Board Design Document DD00007-000
Analog PWM Daughterboard DD00008-000

eZDSP TMS320F28121 DSP Daughterboard DD00009-000
Modular Inverter Power Stage DD00010-000
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2. Known Issues / Revision Suggestions

1. Ground Pins 4&5 of U3 are not connected to the board analog ground. A jumper wire
needs to be soldered from these pins to ground to ensure proper operation and limit the
voltage applied to the GPIO of the eZDSP Board.

2. The 3.3V regulator (U21) has a bad placement on the PCB. The heat sink interferes with
R27 and the DSP Daughter board.

3. Test points should be added at Bus high indicator (U26A-1) and the time delay for the
inrush current control (R4-2).

4. For PB0041-C the Inrush contactor control logic is triggered off of the Vbus signal. While
the bus capacitor is discharging after shutdown this causes an excessive amount of time
before the inrush resistors are switched back in line in preparation of a restart. A better way
is to use the Vrec signal since the voltage level drops quickly after shutdown. A
modification to board PB0041-C is to cut trace from D21-1/U1-3 and jumper between U1-3
and D17-1.

3. Control Board Design Motivations

The control board was designed for maximum flexibility in the control of the gate of the front-end
unit. Three analog gate drive signal schemes are on the board. Control signals external to the
board can be used including from the DSP daughter board, Matlab xPC, from the inverter stage,
or other sources. Digital control signals can be buffered and filtered in order to accept a broader
range of signal types. A spare contactor control was included for use in experiments that may
involve simulating a “fault’ on the system. The inductor current sensor LA55-P was chosen
because it prevents the need for high voltage high current of the main power flow to go through
the control board.

4. Gate Drive Control Modes

Three modes of control are designed with analog circuitry on the control board. In addition other
methods can be implemented via external interfaces. The gate drive signal is selected by JIMP7 then
optically isolated through U14 before being gated by enable logic (section 5.1) and over-voltage
protection (section 5.2). If the gate drive is enabled then MI1C4420 U15 drives the gate connected
to MTA100 J3.

4.1 External

An externally generated gate signal can be used to drive the converter gate. This signal can come
from a connected DSP, the inverter stage, or some other external source (J15) and is selected by
JMP4. Since the quality and voltage range of said signal is unknown, it is digitally buffered by an
MIC4420 (U9 sheet 5). The MIC4420 can accept a wide range of inputs and standardize the output
signal to the +15V board source regulated by zener D8.

4.2 Autonomous Feedback
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This mode is laid out on sheet 10 of SK0041C. In this control mode no external interface is
required. The controlled system variable can be either the bus voltage or inductor current (chosen
by JMP8). The chosen variable is compared to a reference set by R48, and then using a Pl gain is
generated into PWM by TL494 chip U17. The frequency of the PWM signal is controlled by R49.
The gain of the PI loop is controlled by R45, with a time constant dictated by C27. Since the
system was designed primarily around a boost converter, a upper limit on the PWM duty cycle was
built into the circuit. The upper limit on the duty cycle is controlled by R50.

As an example: If the user wants to control the desired bus voltage to be 400Vdc, then JMP8
should be in 1-2 position. Adjust R48 so that the voltage on TP37=400V*(.013/2)=2.6V.

4.3 Hysteretic Feedback

This mode is laid out on sheet 9 of SK0041C. The controlled system variable can be either the bus
voltage or inductor current (chosen by JMP8). For example, if the dc-dc converter is a boost, then
the inductor current would be chosen, and if the converter is a buck, then the bus voltage can be
used. This mode uses an externally supplied reference signal compared to the system variable
through a Schmitt trigger hysteretic circuit to generate the gate switching signals. The hysteretic
band around the reference signal is controlled by R41.

4.4 External Reference PWM

This mode is laid out on sheetll of SKO041C. This is an open loop control mode that uses an
externally supplied reference to generate the PWM signal via a TL494 (U18). R56 trims the
references signal. R57 controls the frequency of the generated PWM, and R59 sets an upper limit
on the PWM duty cycle.

5. Gate Enable and Over-voltage Protection

The gate drive must be enabled by and enabling circuit, and the over-voltage protection circuit.
These signals are gated by CMOS AND gate U12 before passing to the gate drive U15.

5.1 Enable

The converter gate enable signal is chosen among three options: bypass, DSP, external, and inrush
control enable. The selection is by JMP6 then is optically isolated before being logically gated
with the over-voltage protection signal and the gate signals. The bypass jumper setting
permanently enables the gate.

5.2 Over-voltage Protection

Because a boost converter is unstable at light loads, over-voltage protection is required to keep the
bus voltage from running away while the inverter stage or an alternative load is not active. This
situation typically occurs during start-up, where the front end would be active before the load.
Alternatively, a ballast load is required on the dc bus, usually in the form of a power resistor. This
circuitry is shown on sheet 8 of SK0041, and consists of a Schmitt trigger hysteretic circuit. R34
sets the threshold, and R37 controls the band around the threshold. When the bus voltage exceeds
the high threshold band, the gate is disabled until the voltage falls below the low band.

Modular Inverter Front-End Status : Released
= Page 6 of 21 Printed 4/24/2006: 7:11:41 PM
‘E = Copyright ~ Wayne Weaver 2005



Modular Inverter Front-End
Design Document Issue 001 DDO00005

6. Contactor Control

Because of the potential for relatively high voltage (>200Vac) and high power (>100W)
mechanical contactors are required to control the flow of power at the ac input of the front-end
module. All 3 contactor control contacts can share a single power source via selection of JMP9.
The connections of the main power contactor and inrush current control contactor can be seen in
SK0068. Connections for the general contactor are left up to the user, based on usage.

6.1 Main Contactor

The main contactor is the primary power disconnect of the front-end module. The control board
circuit is laid out on sheet 4 of SK0041. One of three sources can be chosen to actuate the main
contactor through JMP3. The first is from a connection to a switch on the front panel of the
module J6. The second is a signal from a connected DSP, and the third is from an alternative
external source J15. Since all three possible sources are not necessarily of the same signal type, the
chosen signal is buffered through a MIC4420 (U7). Because larger mechanical contactors usually
have a 120Vac coil, a PCB relay (U8) is actuated by the signal buffer. The connection to the PCB
relay can then be connected to the appropriate power source and the contactor coil.

6.2 General Contactor

For research purposes circuitry similar to that described in section 6.1 is included to actuate a spare
or general contactor. This general contactor is signaled by either the DSP or an external signal
through JMP2. Foreseeable uses of the general contactor include switching ‘fault’ resistors into the
ac power lines to simulate a fault in the system, to study the response of the converter.

6.3 Inrush Current Control

Due to bus capacitance, a large inrush current can result when the main power is initially
connected. To mitigate this, circuitry on sheet3 of SK0041 actuates a contactor to switch in extra
resistance to the ac power lines, until the bus capacitance is appropriately charged. This circuit
compares the conditioned bus voltage signal described in section 9.1.2 through an adjustable (R4)
time delay with a reference threshold (R1) and hysteretic band (R5). When the rectified voltage
has met the requirements then the inrush contactor is actuated, effectively switching out the added
line resistance.

7. DSP Interface

The front-end module is designed to interface and operate with Modular Inverter DSP Daughter
Board (SK0054). The control board can be configured to accept a direct gate drive signal from the
DSP, or to filter the DSP PWM into an analog signal for use as a reference in the analog gate logic
of section 4.

7.1 DSP/External Interface
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Circuitry shown on sheet 6 of SK0041_C is the interface between the DSP and any given external
source. Three generic digital 10 points are provided, as well as analog signal from the external
source to the DSP. The analog signal is voltage divided from a 0-10V range to a 0-3V range, then
buffered with a op-amp follower (U10).

7.2 Control Board/DSP Analog Interface

Three generic analog reference signals to the DSP daughter board are shown on sheet 6 of SK0041.
R105, 106 and 107 trim a 0-3.3V signal to the DSP on VBUS_LOW, T1 _LOW, and T2_LOW
shown on Sheet 2 of SK0054. These signals can be used to adjust DSP parameters without a
change in DSP programming.

7.3 Inverter Interface

The DSP unit can communicate with the inverter stage via differential 10 lines generated by a
DS26L.32AC (U20) and DS26L.S31C (U19) shown on sheet 12. Four IO lines are from the Inverter
to the front end. They are ENABLE, FAULT, RESET, and GENERIC. The functionality of these
10 is up to the user to implement. A single 10 line from the front-end to the inverter is also
provided

8. External Interface

The external interface connection J15 was primarily designed to operate with a Matlab xPC Target
system using a National Instruments 6025E data acquisition card. However, any external source or
instrument can be used if the proper pinout (see section 11.1) is used.

9. Signal Conditioning

9.1 Voltage

Both voltage measurements are accomplished using op-amp (TL082) gain to bring anticipated
measurements into the desired range. The first stage brings the voltage to a 0-10V range for use by
external xPC. A second stage divides the signal again by a third to a 0-3.3V range for use by the
DSP. Both stages have clamping Zener diodes to guarantee the voltage range is not violated. In
addition, a position for a filtering capacitor is provided at the input to the second stage.

Note: Resistances can be changed for any range of input voltage.

9.1.1 Vbus

For a nominal of Vbus=400 the nominal output of stage 1 is 5V. Using standard resistor values:
R80=R82=1M Q
R79=R83=13k Q

This yield a nominal output of 5.2V and maximum input voltage of 769V for the 0-10V
conditioned signal.
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9.1.2 Vrec

For a nominal of Vrec=285 the nominal output of stage 1 is 5V. using standard resistor values:
R80=R82=1M Q
R79=R83=18k Q

This yield a nominal output of 5.13V and maximum input voltage of 555V for the 0-10V
conditioned signal.

9.2 Inductor Current

The LA55-P current sensor has a 0-50A input range (U23). The output of this sensor is a current
source at 1/1000 of the input. A burden resistor of 100Q (R90) is used to produce a voltage signal.
The voltage signal is then amplified with adjustable gain set by R91. The measurement range can
also be modified by increasing the number of turns through the sensors window. However, using
12 AWG wire, 6 turns is the maximum.

10. Setup and Testing

The following are procedures for setting up and testing the control board (PB0041_C) and the
complete front end shelf (SK0068). These procedures are not all inclusive; rather they establish a
framework for future users to start with. All setup and test procedures are assuming a nominal bus
voltage of 400V and 3-phase 208V input to the rectifier.

10.1 Offline Control board

This section includes procedures to test and setup the functionality of the control board alone
(PB0041_C). All procedures are done offline (not connected as in SK0068). The only connections
to the board should be power (J9, J10), and those outlined below.

10.1.1 Power
Connect power to J9 (see section 11.1 for pinout). LED’s D13, D15 and D16 should light up.

10.1.2 Contactors

10.1.2.1 Inrush

1. Switch Out resistors at Vbus>200V (200*(13000/1000000)=2.6V=S0)

2. Switch In resistors at Vbus<20V (200*(13000/1000000)=.26V=SI)

3. Connect signal generator to TP64 with square signal ~1Hz, 4Vp-p, 5V offset
4. Connect Scope

a. ChlTP64
b. Ch2 R2-1
c. Ch3TP5

5. Jumper JMP1 1-2
6. Adjust R4 until ch2 crosses SO at desired delay (250ms)
7. Adjust R1, R5 until desired SO and Sl achieved (iterative)
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10.1.2.2 Main Power

5. Remove jumper on JMP3
6. Jumper +5to TP13
7. D3 should be lit and Relay U8 closed

10.1.2.3 Spare

1. Remove jumper on JMP2
2. Jumper +5to TP9
3. D2 should lit on and Relay U6 closed

10.1.3 Bus High Indicator

1. Jumper +1V (1V/.013= 76Vbus) to TP64
2. Adjust R102 threshold until D23 is lit

10.1.4 Gate Drive Analog Control Modes

10.1.4.1 Analog Reference PWM

Jumper +5 to TP19

Scope TP41

Adjust frequency R57 ) to 10kHz
Adjust upper limit to ~35% R59
Trim reference with R56

ok~ bR

10.1.4.2 Autonomous Closed-loop PWM

Jumper +5 to post 2 on JMP8
Scope TP38

Adjust frequency (R49) to 10kHz
Max Duty Cycle (R50) ~35%

M owbd e

10.1.4.3 Hysteretic Control

Connect signal generator (sinusoid,100Hz, 1Vp-p, 2.5V offset) to post 2 of IMP8
Connect +5 to TP19

Scope TP35 (band) and TP34 (output)

Adjust hysteretic band (R41)

A ow R

10.1.5 Over-voltage Protection

1. Connect signal generator (sinusoid,100Hz, 1Vp-p, 2.5V offset) to TP64
2. Set threshold and band for hysteretic (R34, R37)

a. Over voltage at 420 (420*(13000/1000000)=5.46V)
b. Resume at 380 (380*(13000/1000000)=4.94V)
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10.1

10.2

10.2

3. Verify at TP32

Power gate drive (PWR-B)

Enable gate (JMP6 1-2)

Use Reference or autonomous PWM circuit to generate pwm to Gate drive.
Verify over-voltage protection (it is disabling gate) at TP 28.

N o o s

.6 DSP interface

Testing of the analog functions of the board should be done and verified first before the eZDSP is
used. The programming of the eZDSP board can be accomplished via the Matlab Simulink RTW
toolbox, or manually via the code composer studio (see eZDSP TMS320F28121 DSP
Daughterboard design document DD00009-000 for details)

It is recommended that the control of the inrush current contactor and main power contactor stay a
function of the analog control board. However, these function can be controlled by the eZDSP via
a change in jumper (see section 11.2).

Front End Commissioning

It is assumed that all desired control board functions were setup, tested and verified by the user
before the control board is integrated into the front end shelf unit (SK0068).

WARNING, operate unit with great caution, nominal
voltages are at dangerous levels.

.1 Contactor

Connect system as indicated in SK0068, with exception of the connection power to inverter unit
(use resistive load).

1. Press main power button on front panel, and verify power and inrush current contactor
operation.

2. Make adjustments to delay (R4) and thresholds (R4,R1) as needed.

Figure 1 shows oscilloscope screen capture of a startup with inrush current control, the
autonomous feedback control is used to drive the IGBT gate. Channel 1 is bus voltage measured
directly from a differential scope probe, channel 2 is the conditioned bus voltage signal from TP64
of the control board, channel 3 is the rectified voltage conditioned signal from TP58 and channel 4
is the conditioned inductor current signal on TP61. Note at time Osec when the inrush resistors are
first switched out, the bus voltage overprotection disables the gate and the voltage drops until it
reaches the turn on limit, then the system settles to the nominal set-point.
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Figure 1. Startup with inrush current control.

10.2.2 Signal Conditioning

10.2.2.1 Bus Voltage

Measure bus voltage with DVM and verify 0-10V bus voltage conditioned signal at TP 64
(Vbus_signal~.013*Vbus), and 0-3.3V signal at TP67.

10.2.2.2 Rectified Voltage

Measure rectified voltage with DVM and verify 0-10V rectified voltage conditioned signal at TP
58 (Vrec_signal~.018*Vrec), and 0-3.3V signal at TP60.

10.2.2.3 Inductor Current

Operate system at rated load and adjust current signal gain (R91) until conditioned signal (TP61) is
at desired level (~5V on 0-10V range). Verify signal on 0-3.3V output (TP63).

10.2.3 Over-Voltage Protection

Operate converter with a bus voltage set-point above the over-voltage limit set in section 10.1.5 and
verify over-voltage operation. LED D11 should flicker as the IGBT gate is disabled and enabled.
The frequency is dependent on the values of the energy storage elements of the converter.
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11. Appendix
11.1 Control Board (SK0041 rev C) Pin-out
pin
Connector | Name | Description In/Out | pin [ description
J1 Vrec Rectified Voltage Measurement In 1 + Vrec
2 -Vrec
J2 Vbus Bus Voltage Measurement In 1 + Vbus
2 - Vbus
J3 Gate Converter Gate Drive out 1 | +Gate drive
Isolated ground
2 (gnd b)
Bus
J4 High Bus Energized fron pannel indicator out 1 Bus High signal
2 Ground
J5 Inrush Inrush contactor coil relay contacts out 1
2
Front
Pannel
Power
J6 Switch Front Pannel Power Switch In 1 Switch in
2 +15Va
Main Power contactor coil relay
J7 Main contacts out 1
2
J8 Spare Spare contactor coil relay contacts out 1
2
J9 Power A | Main power board connection in 1] +15V
2 | Ground
3| -15V
4| +5V
J10 Power B | Isolated gate drive power in 1] +15V
Isolated ground
2 | (gnd b)
J11 CON10 Inverter stage communications out 1] Gin
out 2| ~Gin
in 3 | Gout
in 4 | ~Gout
in 5 | ~Enable
in 6 | Enable
in 7 | ~Reset
in 8 | Reset
in 9 | Fault
in 10 | ~Fault
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Primary General I/0O connection to Inrush contactor
J13 CON20 DSP in 1 | control
Main power
in 2 | contactor control
General/Spare
in 3 | contactor control
in 4 | Enable Gate
General from
in 5 | Inverter stage
General to
out 6 | Inverter Stage
Enable from
in 7 | Inverter
Reset from
in 8 | Inverter
Fault from
in 9 | Inverter
Generic to
external
out 10 | connector J15
11 | no connection
Generic to
external
i/o 12 | connector J15
13-
15 no connection
Generic to
external
i/o 16 | connector J15
17-

20 no connection

Secondary General I/O connection to

J14 CON16 DSP i/o 1-5 | no connection
Gate control
6 | signal
7-

16 no connection

CONN Low Voltage Analog Connection to

J12 34 DSP out 1 | Vbus signal
2 | Analog Ground
out 3 | Vrec signal
4 [ Analog Ground
Inductor current
out 5 | signal

6 | Analog Ground
general analog
out 7 | from external

8 | Analog Ground

general analog
from control

out 9 | board
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10

Analog Ground

out

11

general analog
from control
board

12

Analog Ground

out

13

general analog
from control
board

14-
34

Analog Ground

J16

CONN
14

DSP Power Connection

out

+15V

Analog Ground

out

-15V

Analog Ground

out

+5V

Digital Ground

out

+5V

Analog Ground

out

OO |IN|o O~ |WIN |-

+3.3V

=Y
o

Digital Ground

out

=
=

+3.3V

[EnN
N

Analog Ground

=Y
w

Digital Ground

'—\
N

Analog Ground

J15

XPC

External (XPC) i/o connection

Analog Ground

Analog Ground

out

Vbus signal

out

AW IN |-

Vrec signal

out

Inductor current
signal

6-
19

no connection

20

Analog reference

21

General DSP
analog signal

22

no connection

23

Analog Ground

24

Digital Ground

25

External Digital
Control signal

26

Inrush contactor
control

27

Main power
contactor control

28

General/Spare
contactor control
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in 29 | Enable Gate
Generic Digital io
i/0 30 | to DSP
Generic Digital io
i/0 31 | to DSP
Generic Digital io
i/0 32 | to DSP
33 | Digital Ground
34-
50 [ no connection
11.2 Control Board Jumpers
Jumper Sheet Description Pos 1-2 3-4 5-6 7-8
On-board
Source of analog
JMP1 3 Inrush Control | comparator | DSP External
Spare
Contactor
JMP2 4 Control DSP External
Main Power Front
Contactor Panel
JMP3 4 Control Switch DSP External
Digital Buffer Inverter
JMP4 5 Input Stage DSP External
Analog Filtered
Reference Digital
JMP5 5 Signal Source | Buffer External
On-Board
Inrush
JMP6 7 Gate Enable Bypass DSP External Control
Gate Drive Autonomous Referenced
JMP7 7 Source External PWM Hysteretic | PWM
Control
Variable Bus Inductor
JMP8 10 Selection Voltage Current
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11.3 Potentiometers

Pot | Sheet | Value | Function

Threshold value of schmitt trigger comparator inrush current
R1 3|10k contactor
R3 3| 2M band for schmitt trigger comparator inrush current contactor
R4 3 | 100k Time delay of inrush contactor

nominal value for schmitt trigger comparator for bus over-voltage
R34 8 | 2k protection

band forschmitt trigger comparator for bus over-voltage
R37 8 | 2M protection

band for schmitt trigger comparator of hysteretic gate control
R41 9| 2M mode
R45 10 | 5k PI1 gain for autonomous pwm gate drive control mode

Bus Voltage set-point for autonomous pwm gate drive control
R48 10 | 5k mode

Frequency of PWM in autonomous PWM gate drive control
R49 10 | 10k mode

Duty cycle upper limit for autonomous PWM gate drive control
R50 10 | 5k mode

Reference trim for external reference PWM gate drive control
R56 11 | 5k mode

Frequency of PWM in external reference PWM gate drive control
R57 11 | 100k mode

Duty cycle upper limit for external reference PWM gate drive
R59 11 | 5k control mode
R91 14 | 50k Gain for inductor current sensor
R102 15 | 2k Threshold for front panel bus high indicator

11.4 Test Points

Test
Point # | Sheet | Description

Threshold voltage of schmitt trigger

1 3 comparator for inrush current control
Onboard analog inrush contactor
2 3 signal

voltage band of schmitt trigger
comparator for inrush current control

Input to inrush contactor driver
Output of inrush contactor driver
Inrush Relay contact 1

Inrush Relay contact 2

Spare Relay contact 1

Input to spare contactor driver
Output of spare contactor driver
Spare Relay contact 2

AP WWW|WW
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12 4 Main power Relay contact 1
13 4 Input to main power contactor driver
14 4 Output of main power contactor driver
15 4 Main power Relay contact 2
16
17 5 Input to digital gate buffer
18 5 Output of digital gate buffer
19 5 Analog reference signal
20 6 Generic Digital 10 1
21 6 Generic Digital 10 2
22 6 Generic Digital 10 3
23 7 Overvoltage opto-isolator output
24 7 Overvoltage / Enable And gate output
25 7 Gate enable opto-isolator input
26 7 Gate enable opto-isolator output
27 7 Gate driver input
28 7 Gate driver output
29 7 Gate drive opto-isolator input
30 7 Gate drive opto-isolator output
Threshold voltage of schmitt trigger
31 8 comparator for overvoltage protection
32 8 Overvoltage output signal
Voltage band of schmitt trigger
33 8 comparator for overvoltage protection
34 9 Hysteretic gate signal
35 9 Hysteretic band
36 10 Control signal divider
37 10 Reference voltage
38 10 Autonomous gate signal
39 10 Upper duty cycle limit
40 10 Pl voltage
41 11 Reference gate signal
42 11 reference trim
43 11 Upper duty cycle limit
44 12 To inverter generic output
45 12 From inverter generic input
46 12 From inverter reset input
47 12 From inverter fault input
48 12 From inverter enable input
49 13 +15V source A
50 13 +15V source B
51 13 Ground source A
52 13 Ground source B
53 13 +5V source A
54 13 +3.3V regulator output
55 13 -15V Source A
56 13 +15V analog power
57 13 Analog ground
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58 14 Vrec signal (0-10V)

59 14 Vrec + input

60 14 Vrec signal (0-3.3V)

61 14 Amplified current signal (0-10V)
62 14 Current sensor output

63 14 Amplified current signal (0-3.3V)
64 15 Vbus signal (0-10V)

65 15 Vbus + input

66 15 Vbus - input

67 15 Vbus signal (0-3.3V)

68 15 Bus high threshold (on 0-10V range)

11.5 DSP Interface Connections and Simulink Blocks

Simulink Embedded
Target for TI C2000

Function SK0041C| SKO0054 ezDSP DSP

0 ol le 18] [§ S ° B

= 0|3 |25 3|8 5 s

8 S 8 S -8 8 S -g 3

o o = o o

- - - =]
Inrush contactor SPI_SDI/
Control J13 1 J1 |1 P2 2-3 |P8|23|SPISIMOA C28x GPIO DO|GIOF 0
Main Contactor SPI_SDO/
Control J13 2 J1 |2 [JP12-3 |P8|24/SPISOMOA C28x GPIO DO|GIOF 1
General Contactor SPI_SCK/
Control J13 3 J1 |3 |JP42-3 |P8|25/SPICLKA C28x GPIO DO|GIOF 2

SPI_SS 1/

Gate Enable J13 4 J1 |4 |JP52-3 |P8|26|SPISTEA C28x GPIO DO|GIOF 3
Inverter stage
generic
communicationin  |J13 5 U1 |5 P4| 2|XINT2/ADCSOC|C28x GPIO DO|GIOE 1
Inverter stage
generic
communication out  |J13 6 J1 |6 P8| 5XINT1n/XBIOn |C28x GPIO DO|GIOE 0
Inverter stage
enable J13 7 P17 P8| 6|CAP1/QEP1 C28x GPIO DO|GIOA 8
Inverter stage reset |J13 8 N1 8 P8| 7|CAP2/QEP2 C28x GPIO DO|GIOA 9
Inverter stage fault |J13 9 U1 9 P8| 8|CAP3/QEP11 |C28x GPIO DO|GIOA 10
External Generic
Communication1  |J13 10 J1 10 P8| 9PWM1 C28x GPIO DO|GIOA 0
External Generic
Communication 2 |J13 12 J1 |12 P8|11|PWM3 C28x GPIO DO|GIOA 1
External Generic
Communication 3 |J13 16 J1 |16 P8| 15[TIPWM/TICMP |C28x GPIO DO|GIOA 6
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C28xPWM or |Outputl

Gate Drive Control  |J14 6 [J5 |6 P8 | 30PWM7 C28x GPIO DOJjor GPIOB
Vbus Signal J12 1 PJ11ja P9| 2/ADCINAOQ C28x ADC ADCINAOQ
Vrec Signal J12 3 J11 3 P9| 4/ADCINAL C28x ADC ADCINAL
Inductor Current J12 5 J11 5 P9| 6|ADCINA2 C28x ADC ADCINA2
External Analog J12 7 117 P9| 8JADCINA3 C28x ADC ADCINA3
Generic Analog

(R105) J12 9 J11 9 P9 | 10/ADCINA4 C28x ADC ADCINA4
Generic Analog

(R106) J12 11 J11 )11 P9 | 12/ADCINAS C28x ADC ADCINAS
Generic Analog

(R107) J12 13 J11 |13 P9 | 14/ADCINAG6 C28x ADC ADCINAG
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11.6 Picture of Front-End Shelf

FUBL

A | Three Phase Rectifier w/ Heat sink K | Main Power Push Button

B | IGBT w/ Heat sink L | Emergency Stop

C | Fuse Block M | eZdsp Board TMS320F2812

D | Inductor N | DSP Daughter Board PB0054 rev A

E | Positive Bus Bar O | Front-End Control Board PB0041 rev C

F | Negative Bus Bar P | XPC/External interface

G | Bus Capacitor Q | 120Vac power

H | Main Power Contactor R | eZdsp parallel port programming interface

I | Inrush Current Control Contactor S | Inverter/Front-end SPI Buss interface

J | Inrush Current Control Resistors
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1. Introduction

The control board for the modular inverter provides an interface between the power stage, the
front-end and the main control circuit (daughterboard). Analog information together with status
information is collected from the power stage and the front-end and is conditioned and made
available to the main control circuit (i.e., the daughterboard). The switching signals are routed to
the power stage. Additionally, interfaces for ISP peripherals, keypad, encoder and hall sensors are
available.

1.1 Scope

The control board is intended to be used as part of the modular inverter, together with the power
stage. Front-end is optional since an external dc source can be used. Primary use is for research.

Most of the functionality is available when the CPLD is properly programmed. The final user is
responsible for correctly programming the CPLD.

1.2 References

Schematic: SKO0038 rev 2

Layout: PB0038 rev B

Specification document: SD0004, Modular Inverter System Specification
Front-end: SK0041 and PB0041

Power stage: SK0031 and PB0031

Analog PWM daughterboard: SK0048 and PB0048

DSP daughterboard: SK0054 and PB0054

1.3 Known Issues

There are no ground test points near the analog signal processing blocks.

The resistors specified in the schematic for the unipolar analog blocks, where the signal is reduced
to 3 V (voltage divider before the ouput buffer) are wrong. Resistor values of 23.2k and 10k should
work.

The bus current signal from the Inverter Board is never routed from the connector. If required, it
can be made available by cutting a trace (signal B1 from J17 pin 6 is recommended) and then
connecting the signal (pin 13 from J16) to it. Notice that this signal was not present in the original
specification document for the modular inverter.

2. Main Board

2.1 Power Stage Interface
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The interface to the power stage is made through connectors J7 (digital signals) and J16 (analog
signals). For details on the signals refer to the modular inverter system specification document.
Analog signals can be in the range £15 V, but the used range is only £10 V. Digital signals are
differential in the range 0 to 5 V.

If the digital cable is not connected the FAULT signal defaults to active (faulted). The CPLD
implementation must always make use of this signal to send switching signals to the power stage.

2.2 Interface Logic

2.2.1 CPLD

A CPLD is used mainly as a multiplexer to route digital signals between the interfaces, the
daughterboard, the front end and the power stage. Pins intended to interface to the daughterboard
are mostly generic I/O although some pins on the CPLD are optimized for particular applications
(global set/reset and global clocks).

Since the modular inverter is intended primarily as a research tool, the final user is responsible for
programming the CPLD to guarantee proper operation. A generic CPLD template is available as
SWO0022.

A JTAG interface (J19) is available for in-circuit programming.

2.2.2 Microcontroller

The microcontroller is primarily intended to communicate with the keypad and additional SPI
devices. Extra pins are routed to the CPLD for flexibility, with some pins routed via jumpers (JP3,
JP4) to make almost all the functionality of the microcontroller available.

The microcontroller clock is 10 MHz, the maximum for the 3.3 V part. The device has to be
correctly configured for the oscillator and the logic voltage (the device has an under-voltage
lockout function).

An ICD (in-circuit debugger) and ICP (in-circuit programmer) interface is available (J22).

2.3 Analog Signal Conditioning

The analog signals from the power stage and the generic analog connector are conditioned into 10
V and 0-3 V levels for generic use (high voltage) and DSP specific (low voltage), respectively.

Each analog signal goes through a conditioning block. Clamp and offset voltages are created with
zener diodes and a precision voltage reference, respectively. Depending on the signal, a bipolar or
unipolar conditioning block is used for bipolar signals (e.g. currents) or unipolar signals (e.g.
temperature, voltages) to make optimal use of the input range of the DSP’s A/Ds. Bipolar signal
range is £10 V, unipolar range is 0 to 10 V.

Within the signal conditioning block, a jumper allows the selection of filtering or no filtering.
Filtering is done by a second-order low-pass filter, whose cut-off frequency can be changed by
changing components (see the schematic for details).

It was a design choice not to implement integration of channels (e.g. flux estimation) because it is
not compatible with unipolar blocks. Any additional analog processing is intended to be done in the
daughterboard implementation.
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2.4 Digital Signal Conditioning

This section translates between differential signals and TTL compatible signals. Both signals are in
the range of 0 to 5 V. The FAULT signal defaults to active (faulted) if the digital cable is not
connected.

2.5 Encoder and Hall Sensor Interface

The encoder interface consists of differential and TTL inputs (selected via jumper JP1) and encoder
retransmit (differential only). The hall-effect sensor interface has both differential and TTL inputs
(selected via jumper JP2) but no retransmit. All signals are in the range 0 to 5 V.

The encoder retransmit signals are routed first to the CPLD to provide any required processing
(e.q., to convert from quadrature signals to direction + clock). The final user is responsible for
making sure that the CPLD is correctly configured to use the encoder retransmit.

The TTL inputs have pull-up resistors (10 k) and are routed through Schmitt-trigger inverters to
allow slow transitions of the input voltage.

The encoder input connector (J6) has power (5 V, pin 10) and ground (pin 11) available to power
an encoder.

2.6 Front-End Interface

The front-end interface reroutes the enable, fault, and reset signals of the power stage to the front-
end. Additionally, generic digital input and output signals are provided (signal level between 0 and
5 V). Analog interfacing can be done via the generic analog connector.

2.7 SPI Bus Interface

Provides a SPI clock, data in, data out and enable signals for a generic SPI peripheral. Uses
differential signaling (0 to 5 V).

SPI devices must be configured as slaves, since the microcontroller is setup as a master. The SPI
bus connects the external SPI interface, the keypad interface and the daughterboard SPI interface to
the microcontroller.

2.8 Keypad Interface

An interface for a Baldor keypad (smart motor keypad) is provided. Communication is done via the
microcontroller, which is configured as a master. A basic communication template for the keypad
is available (SW0020). Interface signaling is TTL compatible.

2.9 Enable Signals

Each inverter phase can be disabled via dip switch SW1. Additionally, a master enable signal is
available, intended to be controlled by a panel-mount switch.

The functionality of these signals must be programmed into the CPLD.
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3. Daughter Board Interface

3.1 Physical Layout

Daughter boards are intended to be about 5 inches wide and at least 9 inches long. The length can
be extended, but no extra mounting holes are provided on the control board for mechanical support.
It is not recommended to extend the width of the daughterboard.

Mounting holes are available every 4 inches in a 4x8 inch section.

With respect to the front of the control board (the edge that has the front panel connectors), the
relative position of the daughterboard connectors is as follows (in mils):

1. The left bottom mounting hole is defined to be at (0,0)
Power connector pin 1 is at (1200,0)

Low voltage analog connector pin 1 is at (2100,400)
High voltage analog connector pin 1 is at (4900,900)
Primary general 1/0O connector pin 1 is at (4600,3700)

o o~ w b

Secondary general 1/0 connector pin 1 is at (1800,3700)

3.2 Digital Interface

Generic digital signals are available in two connectors, J2 and J5. The primary connector J2 has
generic clock, and set/reset signal capabilities, but they can still be used as generic 1/O. There is no
particular definition of signals. Routing must be programmed within the CPLD.

3.3 Analog Interface

The processed analog signals are available in low voltage (J15, 0-3 V intended for the DSP
daughterboard) and high voltage (J18, £10 V for generic use). All analog signals (i.e., power stage
and generic ones) are available.

3.4 Power

All power levels (15 V, 5 V and 3.3 V) are available to the daughter board. Digital and analog
grounds are available. The 3.3 V source is a TO-220 regulator fed from the 5 V source (1 A max).
Refer to Table 1 for maximum power available to the daughterboard.

Table 1. Daughterboard design power with Kyosan KVL40-02 power supply (40 W)

Control Board (typical) Daughterboard (max)
+15V now 20 W
-15V 22W 22W
5V 6 W (includes 3.3 V power) 9 W (including 3.3 V power)
3.3V 1L.7W 1.7 W (independent of power
supply rating)
Modular Inverter Control Board Status : Issued
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Combined (15 V and 5 V) 18W 22 W
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1. Introduction

The analog PWM daughterboard is one of the control modules for the modular inverter. It provides
four sine-triangle PWM channels with pulse-by-pulse over-current protection. The triangular
waveform is obtained from a discrete IC to have better stability and linearity.

1.1 Scope

The analog PWM daughterboard is intended to be used as part of the modular inverter, together
with the control board. Primary use is for research.

The over-current functionality is only available when the control board CPLD is programmed to
synchronize the over-current signal with the PWM clock. The signal cannot be used directly to
disable transistors.

1.2 References

Schematic: SK0048 rev 1

Layout: PB0048 rev A

Control board: SK0038 and PB0038

CPLD software for Control Board: SW0018

1.3 Known Issues

The over-current protection circuits are active high, must be active low for the wired-OR
configuration to work. Just reverse all the input signals (not the positive feedback) to the
comparators (U1, U3, U4 and U5) by cutting traces and reconnecting.

2. Interface

2.1 Power

The analog PWM daughterboard requires £15 V, +12 V, 5V and 3.3 V. The +12 V supply is used
by the triangle waveform generator and is created from the +15 V supply using zener diodes. The
logic voltage is either 5 V or 3.3 V, selected via jumper JP1.

2.2 Analog Signals

The daughterboard uses the high voltage analog connector. The signals used are the currents (pins
1, 3, 5and 7) and the modulating signals (pins 23, 25, 27 and 29). The current signals must be
preferentially unfiltered for the pulse-by-pulse over-current protection to work properly. All signals
can be up to £15 V, but the range used is £10 V (the carrier is set for this last range).

2.3 Digital Signals
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Only the primary digital connector is used. The PWM signals are available on pins 1-4, the over-
current signal on pin 5 and the PWM clock on pin 6. All digital signals can be in the range of 0 to 5
V.

3. Timing

3.1 Triangle waveform

An LM565 (phase lock loop IC) is used as the triangle waveform source. The IC requires £12 V
which is made available from Zener regulators. The frequency of oscillation is adjustable via an
external panel-mounted pot (20 k) and a timing capacitor (selected via jumper J5). The frequency is
adjustable from 200 Hz up to 100 kHz. (A particular capacitor setting allows a change in frequency
of roughly one decade.)

The stability of the frequency and the linearity of the waveform were significantly better than a
discrete implementation of a triangle waveform oscillator.

The signal on the LM565 has a dc offset, so the signal is buffered and then AC coupled to an
amplifier stage to set the amplitude of the triangle to 10 V.

3.2 PWM Clock

The LM565 IC also provides a clock signal synchronized with the triangle waveform (pin 4), but
has zero dc offset. A comparator is used to make the signal TTL compatible. Resistors R54 and
R56 are typically not required.

4. PWM Channels

The implemented PWM is sine-triangle PWM. The PWM signals are obtained by comparing the
(buffered) modulating signals with the triangle waveform. Small positive feedback is used to avoid
false pulses at the output of the comparator. Signal level is 0to 5V or 0 to 3.3 V, depending on the
selected voltage.

5. Over-current Protection

Pulse-by-pulse over-current protection is implemented in a per-channel basis, but with only a single
over-current signal (flag) available. The over-current signal is intended to directly control the
enable of the power stage, after synchronizing it with the PWM clock (this is done in the control
board CPLD).

The current signal is rectified (the diode drop is not critical since only the peak of the current
waveform is of interest) and compared to an adjustable trip voltage. The current signal goes first
through a first order passive low pass filter, and then fed to both positive and negative half-wave
rectifiers. The resulting signals are then fed to the positive and negative pins of the comparator. The
trip voltage is fed to the negative pin and the positive is connected to an additional balancing
resistor network, with a pot (R8, R16, R29 and R37). The potentiometer must be adjusted to ensure
symmetric over-current detection (i.e., adjust until the over-current signal is active at the same level
on both the positive and negative cycle).
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All the over-current channels are in a wired-OR configuration to create the over-current signal the
goes to the control board. This signal cannot be used directly to control the ENABLE of the power
stage, since it is not synchronized to the PWM clock.

Within the control board CPLD, a D type flip-flop must be used with a 1 on the input, the PWM
clock as the clock input and the over-current signal connected to the asynchronous clear. The
output of the flip-flop directly controls the enable. This disables the gates as long as the over-
current condition is present, but only allows the gates to be enabled in synch with the PWM clock,
i.e., the gates can only be enabled every PWM cycle.

6. Control Board CPLD

The software for the control board CPLD can be found in the Power Design Archives under

Software as SW0018.
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1. Introduction

The eZDSP TMS320F2812 DSP daughterboard is one of the control modules for the modular
inverter. The board provides peripheral circuitry needed to take advantage of many of the
functionalities of the TMS320F2812 core. Extensive information regarding the capabilities of the
DSP core can be found at:

http://focus.ti.com/docs/prod/folders/print/tms320f2812.html

1.1 Scope

The eZDSP TMS320F2812 DSP daughterboard is primarily intended to be used as part of the
modular inverter, together with the control board. Primary use is for research. It should be noted
that the board can be used as a stand alone board to develop code for the DSP as well.

1.2 References

Schematic: SK0048

Layout: PB0048

Control board: SK0038 and PB0038

CPLD software for Control Board: SW0026

Guide to Programming the eZDSP TMS320F2812 DSP through Matlab: TU00003

1.3 Known Issues/Suggested Revisions

e 10 Pin serial headers (J13, J14) should be fixed such that the pin connections match
correctly with a standard serial connector.

e Resistor R2 should be changed to 470 ohms to provide ample current to drive the LED
bank.

e Matlab does not appear to support pin level input/output configuration. It appears that such
configuration is done at the port level. As such, when using Matlab, only the input switches
(SW1) or the output LEDs (D1) can be used at a given time.

e The next revision of the board should improve the label layout on the physical board for
easier reading.

e The physical position of connectors J17 and J18 should be swapped in a future revision.

e A possible addition to the next revision would be to include an improved 16 bit A/D chip
as detailed in:

http://focus.ti.com/docs/apps/catalog/resources/appnoteabstract.jhtml?abstractName=slaal
67.

* A possible addition to the next revision would be to include an actual D/A chip which
could be operated using the SPI bus of the DSP. See Application Note:

http://focus.ti.com/docs/apps/catalog/resources/appnoteabstract.jhtml?abstractName=slaal
76.
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2. Interface

2.1 Control Board Interface

2.1.1 Power

The eZDSP TMS320F2812 DSP Daughterboard requires +15 V, 5 V and 3.3 V as supplied by the
Control Board referenced in SK0038. If desired, the board can be run as a stand alone device by
powering the eZDSP wusing the 5 V power supply provided by Spectrum Digital
(www.spectrumdigital.com)

2.1.2 Analog Signals

The daughterboard uses the low voltage analog connector. DO NOT connect analog signals outside
the 0-3 V range as this may cause damage to the DSP core. All analog signals are passed through a
first order low pass filter. Note that the cutoff frequency was intended to be chosen by the user and
may vary from board to board.

2.1.3 Digital Signals

Both the primary digital and secondary digital connectors are used to route signals to the control
board. All digital signals are TTL compatible 3.3 V CMOS and are NOT 5 V tolerant.

2.2 Daughterboard External Connectors

2.2.1 Communications

SCI communications are available through connectors J13 and J14. SPI communications are
available through connector J13. A CAN interface is available through connector J6. An RS-232
(serial port) communication channel is available through connector J7.

2.2.2 Filtered Analog Outputs

Four PWM channels (PWM1, PWM3, PWMS5 and TIPWM/T1CMP) are available to be used as
D/A converters. The PWM signals are filtered with 4™-order low pass filters (Sallen Key
implementation). Each channel can be connected to the filter with a dedicated jumper such that, if
required, the digital PWM signals can be used directly. The analog signals are available in
connectors J15-J18. The signal range is +10 V.

2.2.3 Digital 1/0

A generic digital input DIP switch (SW1) is available with 8 lines. Three toggle switches (S1-S3)
are available, which can also be controlled with an external switch (J8-J10). Eight digital outputs
are available visually on LEDs (D1). Refer to SK0048 for the specific DSP pins connected to each
digital line. Assume all signals are in the 0 to 3.3 V range.
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