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1. Introduction

This document describes principle of operation, basic characteristics and programming of operation of multichannel system of gathering of the information from angular position gauges (resolvers). The device is designed with VME bus interface. The device provides galvanic decoupling of measuring circuits from the computer bus.

2. Principle of operation of the device

The device is intended for conversion of the signals coming from angular position gauges of the resolver type to a digital code of an angle. The device allows to connect up to 16 resolvers and to process all channels simultaneously. 

The block diagram of the device is shown on fig. 1


Fig. 1 Block diagram of the device.


The principle of operation of the device is explained with the block diagram presented on fig. 1. 

The device can use as a reference the sine wave signal coming either from the internal signal generator located on the board or from an external source. A source of a reference signal is selected by the jumpers settings on the device PCB.

Peak value of an output voltage of the resolvers connected to the device depends on modificaton. By changing the values of elements of input circuits of measuring blocks it can be adjusted to voltages from 10 V up to 170 V.

The galvanic decoupling of measuring blocks from VME bus essentially increases noise immunity of measurements and facilitates connection of resolvers. A voltage between isolated elements should be no more than 1000 V.

The digital signal processor calculates a code of an angle of turn of a rotor of the resolver on the basis of the sequences of codes of instant values of signals of sine and cosine windings of the resolver received from the measuring block during one period of a reference signal. Measurement is made simultaneously for all channels. Frequency of conversion is a constant value within the limits of one period of a reference signal. Frequency of conversion depends on frequency of a reference signal and varies so that analog-digital conversion was made during whole period of a reference signal and with the same number of samples for each period. On each period of a reference signal, alongside with measurement, the device performs calculation of codes of angles according to results of measurements on the previous period. Thus, codes of angles for all resolvers connected to the device are calculated in each period of a reference voltage. 

The device allows to test the integrity of circuits of connection of windings of resolvers. Input circuits of each measuring channel are constructed in such a manner that to an output signal of resolvers the small DC component is added. If integrity of a winding is broken, the DC voltage value will increase, that is an attribute of malfunction and it is determined by algorithm of processing.

The device has the mechanism of tracking amplitude of the voltage feeding the resolver. In case of this voltage becomes less than 25 % from maximal, the device sets an attribute of probable reduction in accuracy. The similar attribute is set in case of overvoltage on any input.

The device has the mechanism of tracking frequency of a reference signal. Frequency should lay in a range from 300 Hz up to 500 Hz. In case of frequency falls outside the limits the device sets an attribute of infringement of this requirement. The similar attribute is set at absence of a reference signal.

The light-emitting diode indicator informs on infringement of operating conditions of the device. It is highlighted under following conditions: 

frequency of a reference signal is more 500 Hz;

frequency of a reference signal is less 300 Hz;

absence of a reference signal.

The device is capable to perform internal testing that allows to check channels. In this mode for each channel the signal with greater amplitude from sine or cosine inputs is connected to both inputs of the channel. In such a way the position of the resolver corresponding to an angle of 45 degrees is simulated. For correct execution of the internal test there should be signals from the resolver on inputs of channels, and a reference signal of admissible frequency should be on an input of synchronization of the device. The test is performed during two periods of a reference signal.

3. The basic characteristics of the device
Quantity of connected resolvers (depends on modificaton)……………………….. 1 to 16

Admissible range of output voltage of the resolver

(depends on modificaton) …………………………………………………………… 10 V to 170 V

Frequency of measured voltage ………………………………………………300 Hz to 500 Hz

Average value of an error of conversion ………………..….... no more than 2 arc minutes

Root-mean-square deviation of an error of conversion ……. no more than 2 arc minutes

Additional error of conversion 

on every 10ºС deviation of 

ambient temperature from 25ºС ……………………...…. no more ±0,4 arc minutes

Time of measurement of angular position (one period of a reference voltage)………………2,5 ms

Power supply requirements ………………………………………..…………………5 V (±5%)

The current consumed from a source 5V for the device with one channel, no more.………......1,0 A

with the further increase in consumption 140 mA on each additional channel.

Dimensions ………………………………………………………………......262*186*20 mm

4. Programming of operation of the device
The device has the interface of VME bus supporting operations of reading and writing in a format "word" with address modifiers $39, $3A, $3D, $3E. 

Results of conversion are read out through area of 512 bytes memory with the available base addresses presented in table 1.

The device supervises address lines A1-A23.

Table 1

Distribution of addresses of memory.

	Base address
	End address
	Jumpers

	
	
	JP6
	JP5
	JP4

	$00C5 0E00
	$00C5 0FFF
	off
	off
	off

	$00C5 0C00
	$00C5 0DFF
	off
	off
	on

	$00C5 0A00
	$00C5 0BFF
	off
	on
	off

	$00C5 0800
	$00C5 09FF
	off
	on
	on

	$00C5 0600
	$00C5 07FF
	on
	off
	off

	$00C5 0400
	$00C5 05FF
	on
	off
	on

	$00C5 0200
	$00C5 03FF
	on
	on
	off

	$00C5 0000
	$00C5 01FF
	on
	on
	on


Data in the memory are organized as follows:

The first 16 words (addresses 0 to $1E from base) contain results of conversion for channels 1 to 16 accordingly. 

The second 16 words (addresses $20 to $3E from base) contain results of conversion in the internal test mode for channels 1 to 16 accordingly.

Table 2

Purpose of addresses of words in memory.
	Offset from the base address
	Access
	Purpose

	07Eh
	
	Not used

	…
	
	…

	060h
	
	Not used

	05Eh
	write
	Test start

	…
	…
	…

	040h
	write
	Test start

	03Eh
	read
	Result of test of channel 16

	…
	…
	…

	024h
	read
	Result of test of channel 3 

	022h
	read
	Result of test of channel 2 

	020h
	read
	Result of test of channel 1 

	01Eh
	read
	Result of measurement of channel 16 

	…
	…
	…

	004h
	read
	Result of measurement of channel 3 

	002h
	read
	Result of measurement of channel 2 

	000h
	read
	Result of measurement of channel 1 


The result of conversion represents 16-bit number in the following format. Bits 0-13 (MSB) contain a code of an angle - a number in interval 0 to 16383, that corresponds to an angle from 0 to 360 (360/16384) degrees. Weight of upper bit 13 (MSB) is 180 degrees. Weight of lower bit 0 (LSB) is 45/2048 degrees. The bit 14 is always equal 0 and is used for a check of operation of the interface of the device. The bit 15 is equal 1 at correct operating conditions of the channel and is equal 0 at following errors:

amplitude of a signal of a cosine or sine winding of the channel has exceeded the maximal value (excess of admissible amplitude of an input signal);

constant component of a signal of a cosine or sine winding of the channel above limiting value (probably breakage of output windings of the resolver);
amplitude of the first harmonic less than admissible value (malfunction in a circuit of an input winding of the resolver is probable);

frequency of a reference signal is above 500 Hz;

frequency of a reference signal is below 300 Hz;

there is no a reference signal.

Table 3

Meaning of bits of conversion results.

	Bit
	Weight of bit in degrees
	Meaning

	15 (MSB)
	
	attribute of reliability of result

	14
	
	0 - check of answer of the device

	13
	180
	angle code

	12
	90
	…

	11
	45
	…

	10
	45/2
	…

	9
	45/4
	…

	8
	45/8
	…

	7
	45/16
	…

	6
	45/32
	…

	5
	45/64
	…

	4
	45/128
	…

	3
	45/256
	…

	2
	45/512
	…

	1
	45/1024
	…

	0 (LSB)
	45/2048
	angle code


The internal test of the device allows to test channels. For start of the internal test it is necessary to execute a cycle of writing of a word in a range of addresses with offset from $40 to $5E from base. In this mode for each channel the signal with greater amplitude from sine or cosine inputs is connected to both inputs of the channel. In such a way the position of the resolver corresponding to an angle of 45 degrees is simulated. For correct execution of the internal test there should be signals from the resolver on inputs of channels, and a reference signal of admissible frequency should be on an input of synchronization of the device.

The test is performed during two periods of a reference signal. Results of current conversions in the test mode lay in the second group of 16 words. Coding of results is the same as for the basic operating mode. After the end of the test there are results of last conversion in this area.
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Fig. 3. Layout of the device.

Connection of the resolvers and the external generator of a reference signal is made through connectors CN2, CN3, CN4 of DSUB-25M type.

Pinout of connectors is given in tables 4 and 5.

The system of synchronization can work from an external source of a reference signal (pins R_IN, R_GND of connector CN4). Jumper JP1 should be removed for this mode and JP2 should be set. 
For operation of synchronization from the internal generator jumper JP2 should be removed and JP1 should be set. The signal from the internal generator comes on connector CN4 (pins R_OUT, R_GND) at any state of jumpers.

Jumper JP3 is used for the technological purposes and at normal operation is not set.

Jumpers JP4, JP5, JP6 are used for setting the base address of the device according to table 1.

Table 4

CN2, CN3 connectors pinout.

	
	Net name
	Channel number on CN2
	Channel number on CN3
	Pin number

	S1
	SIN+
	
	
	1

	S3
	GND
	1
	7
	2

	S4
	GND
	
	
	15

	S2
	COS-
	
	
	14

	S1
	SIN+
	
	
	3

	S3
	GND
	2
	8
	4

	S4
	GND
	
	
	17

	S2
	COS-
	
	
	16

	S1
	SIN+
	
	
	5

	S3
	GND
	3
	9
	6

	S4
	GND
	
	
	19

	S2
	COS-
	
	
	18

	S1
	SIN+
	
	
	7

	S2
	GND
	4
	10
	8

	S3
	GND
	
	
	21

	S2
	COS-
	
	
	20

	S1
	SIN+
	
	
	9

	S3
	GND
	5
	11
	10

	S4
	GND
	
	
	23

	S2
	COS-
	
	
	22

	S1
	SIN+
	
	
	11

	S3
	GND
	6
	12
	12

	S4
	GND
	
	
	25

	S2
	COS-
	
	
	24


Table 5

CN4 connector pinout.

	
	Net name
	Channel number on CN4
	Pin number

	S1
	SIN+
	
	1

	S3
	GND
	13
	2

	S4
	GND
	
	15

	S2
	COS-
	
	14

	S1
	SIN+
	
	3

	S3
	GND
	14
	4

	S4
	GND
	
	17

	S2
	COS-
	
	16

	S1
	SIN+
	
	5

	S3
	GND
	15
	6

	S4
	GND
	
	19

	S2
	COS-
	
	18

	S1
	SIN+
	
	7

	S3
	GND
	16
	8

	S4
	GND
	
	21

	S2
	COS-
	
	20

	
	R_IN
	reference input
	11

	
	R_GND
	reference common
	10

	
	R_OUT
	internal generator output
	9


In the revisions 1.0, 1.1, 1.2, and 1.3 of this document the numbering of channels began with zero (from 0-th to 15-th channel). Since the revision 1.4 the numbering of channels begins with one (from 1-st to 16-th channel).
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