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{1} INTRODUCTLON

An experiment to weasure the pressure dlstribution round a tube In a croas-flow
in the presence of an intense acoustic fleld was to ba carried out. The com-
preased alr driven wind tunnel had a limited runtime which made manual data
logging impracttical. A automatic data logging system was thercfore daalgned.
A "Hascom 2" microprocessor system was avallable and was interfaced to control
the rotatlon of the tube and acquisition of data from the pressure krannducer
system. The interface was deaiqned to enable the data to be viewed on an

- oscllloscope after each run, and then output in a format aultable for fnputting
to the malnframe computer (ICL 2970) . The data ls then analysed on the
ICL 2970 and output in graphicsl Form. .

(2) IESIGH CONSILERATIONS

The syatem was designed arcund a "Mascom 2" microprocessor Bystem (wsing a THC
C.P.U.) with 48X of dynamic R.A.M. Two parallel input foutput (P.T.0.) ports
wore svallable for control and data tranafer and a perial I/0 port was
availsble for use with a teletype. The only availshle method of data transfar
between the microprocessor system and the maln computer was by means of poper
tape. A paper tape punch and readar were interfaced to the microprocessor
system to produce computer compat{ble output. The P.I1.0. ports were uzed in a
control mode ta reduce the handshake intevfacling requirements. The system
cost was kept to a minimum and the only peripheral equipment that wan used Was
elther already avalleble or inexpensive to purchase or construct.

{J) FETEPPER MOTOR CONTROLLER

‘The stepper motor controller was designed to repeatedly rotate an instru-
mented tube through a preset engle and take maasurements until the tube had
been rotated through 360 degrees. The stepper motor controller ir indnpendent
of the microprocessor system so that the procassor wal not directly controlling
tha motor. This would permit the processing or output of data to be carrled
out while the tube was being rotated to its next position. A varlable fre-
quency clock drives a counter wiilch counts down a preset number of cycles [eet
up on N.I.L. switches) before inhibiting the output from the clock. The 1n-
hiblt signal triggers & timer which controls the perlod durlng which measure-
menta are taken before reloading the counter ond turning off the Inhibit signal.
The output from the clock gate 1s fad to a Eurther counter which drives the
stepper motor decode loglc to produca four phases. Thesa signals swltch four
darlington transiators connaéted to the motor colla.  The nwtber of pulses
output each time the programmable counter ia loaded governs the angle throngh
which the ptepper motor rotates. The acquiaition ttme can be controlled by
the mlcroprocessor by switching out the timer and connecting the counter load
eignal to ome of the P.1.0. ports. When the P.1.0. pork is strabed the
gteprer motor rotates through a preset angle and stops. An interrupt in then
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gencrated whildh initiates the acqulsltion of data. The software to drive the
gtepper moltor controller contalns an Interrupt handling routine which sets a
test byte to zero. This byte 15 tested ln a BASIC subroutine which initiates
the acquisition of data when the byte ls set to zero. After aogqulsition 1s
conpleted bistable 5 loads the programmabhle counter, activating the stepper
motor. .

(1) PAER TAFE PAHNCH, READER AD CONTROL

The punch and reader are controlled by P,I.0. B. The 4 M.5.B. of P,1,0, B drive
a 4 to 16 line demultiplexer. Seven lines are available as output lines to
cuntrol other devices and U llnes are used to toggle 8 J-K bistables. The last
line clears the blatables. ‘The buffer data and enable lines are used to switch
9 darllngton translstors which directly drive the hole punch relays. Blstable
2 drives a transistor switch which operates the punch clutch release scolenold
to punch a character. The paper tape raeader ls selected by blstable 3 and
bistable 4 drives the tape advance solenoid after a character has been read.

The software used bto drive the punch and reader does not have to run very fast
so was written in BASIC for ease of programming. Tha main routines are as
follows:

(a) A delay routlne so that daLta ls not transmitted or recelved faster than
the electromechanical relays In the devices can operata.

{b) oOutput formattlny routines which arrange the data in memory in a sultably
formatted job for the TICL 2970 when output on tape.

{c) lnput formatting routines which allow data Erom a previcus run to be input
to the mlcroprocessor for viewing on an oscllloscope.

{d) An outpub routine which transfers data stored in memory to the punch via
P.1.0. A and controls the punch clutch.

{e) An input routine which transfers data from the reader via P.J¥.0. A to
memory and controls the paper advance.

(5] ANALOGUE 10 DIGI'VAL AHND DIGITAL TC MIALOGUE OONVERTER

A data acquisition system with a sampling rate of at least 50 kilz was requlred
so that several 3 kilz signals could be scjulred using an analoyue multiplexex
controlled by the processor. An 0-bit dakta acquisition system was designed
with the maxboum sanpling rate governed by the rate at which the proceasor could
Input data to wemory. The successive approximation A to D converter 18 con-
trolled Ly an OO0 kiiz clock derlved from the 4 Miz microprocessor system clock,
4his allows the A to D converter to be synchronised with the microprocessor 1/0
via the parallel ports. The sampling and A to D conversion clrcultry is free
running. The rate of sampling is preset by D.I.L, switches on a programmable
counter. At any time a hold and conversion cycle can bhe initlated by clearing
the programmable counter using a port on P.1.0. B. When a sample is requested
the sample and hold gate goes Into a hold state and one clock cycle later the A
to D converslon ls started. Ten clock cycles after the acquire pulse the data
is latched rxeady for transfer to the processor via P.1.0. A, The sample and
hold clrcultry Immediately switches into the sasmpla state as scon as a con-
versitn ls complete ready for the next hold state. The maximun sampling rate

18.




Proceedings of The Instilute of Acoustics

A MICROPROCESSOR BASED CONTROL PN DATA AMQUISITION SYSTEM FOI
TRESSUNE MEASUREMENTS IN AN ACOUSTIC WIND TUINEL

is 00 kliz. The D to A converter is controlled by Least Signlficant Bik + L
(158+1) of P.I.0. . To change the analogue cutput the data on P.T.0, A s
latched onto the D to A latch by strobing LSA+) of P.1.0. B, ‘The D to A
converter drives a butfer ampliflar whidh is connected to the ¥ Input amplifier
of an oacillescops. An Bppropriate time base frequency 1s selectnd manually
and the sweep is triggered by bistable 5. This allows the acmired data to he
vinwed dlrectly on an oascliloscope. Tha software for the A to D and D to A
converters was written in assembler language and converted to machine code walng
a Z0D assembler. The A to D routine 15 time dependent and the exact number of
clock cycles used in exacuting ench instruction was calculated o that the A to
D conversion and processor input via P.1.0. A were synchronised. 7The A to D
zoutine 18 a simple loop with an input Instructlon called [rom BASTC, The D to
A poftware 15 a loop with an output instructlon and delay routine called from
BASIC,

16) coNcLusS1oM

A relatively lnexpensive and Flexible control and data acqulsitinn system Ffor
sutomatically carrying out experimenta in a wind tunnel has bren desiqned using
tha mwinimum of expensive pexipheral equipmant.
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Figure 1: Block Diagram of the Stepper Motor Controller.
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2: Block Diagram of tho Paper Tope Punch and Control Clreuitry.
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Figure 3: PBlock Dlagram of the A to D and D to A Clreuitry.
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