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( l) XNTMWL'IICN

an experiment to measure the pressure distribution round a tube in :- crass—now

in the presence of an intense acoustic field was to he carried out. 11m com—

pressed air driven wind tunnel had a limited rlmtims whidl made manual data

logging inpractical. An automatic data logging system was therefore designed.

h "Nascom 2" microprocessor system was available and was interfaced to control

the rotation of the tube and acquisition of data from the pressure transducer

system. The interface was designed to enable the data to be viewed on an

- oscilloscope after ead‘ run, and then output in a format suitable for inputtlng

to the mainlramo computer "CI. 2910) . The data is then analysed «I Ihe

ICE. 2970 and output in graphical form. .

(2) I251!!! OJNSIISM'HCNS

The system was designed around a "Naswm 2" microprocessor system (using a zoo

C.P.U.) with 43K at dynamic ILL". 'No parallel input/output (r.l.0.) ports

were available for control and data transfer and a serial 1/0 port was

available for use with a teletype. The only available method or datn transfer

between the microprocessor system and the main computer was by means of paper

tape. A paper tape mm and reader were interfaced to the microprocessor

system to produce oowutar canpstflale output. The P.1.D. ports were used in a

control mode to reduce the handshake interfacing requirements. The system

cost was kept to a minimum and the only peripheral equipment that‘wna user] was

either already available or inexpensive to purchase or construct.

(J) HEPPBR “UPON WTIOHER

The stepper motor controller was designed to repeatedly rotate an instru—

mnted tube through a preset anis and take measurements until the tube had

been rotated through 360 degrees. The stepper motor controller Ir. independent

at the microprocessor system so that the processor was not directly controlling

the motor. This would permit the processing or output of data to he carried

out while the tube was being rotated to its next position. A variable fro—

quency clock drives a counter whidl counts down a preset number of cycles [set

up on D.l.l.. switches) before inhibiting the output from the clock. The in-

hibit signal triggers a timer whidI controls the period during which measure-

ments are taken before reloading the counter and turning oil the inhibit signal.

The output has the clock gate is fed to a further counter which drives the

stepper motor decode logic to produce four phases. These signals swltch four

darlington transistors connected to the motor coils. The number nE pulses '

output ead| time the programmable counter is loaded governs the angle through

whidl the stepper motor rotates. The acquisition time can be controlled by

the microprocessor by switdling out the timer and connecting the counter load

signal to one ottha 7.1.0. ports. when the I'.l.0. port is stroked the

stepper motor rotates throuin a preset angle and stops. An interrupt in then
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generated which initiates the acquisition of data. The software to drive the

stepper motor controller contains an interrupt handling routine which sets a

test byte to zero. This byte is tested in a awn: subroutine uhid: initiates

the acquisition or data when the byte is set to zero. After acquisition is

completed histable 5 loads the programmable counter. activating the stepper

motor. '

i4) I’N'ER 'i'N'JLPlNClI‘ "BAUER Nil) mleL

 

'l‘he punch and reader are controlled by P.l.D. B. ‘11“! 4 11.5.8. of P.l.0. D drive

a 4 to 16 line demuluplexfl- Seven lines are available as output lines to

control other devices and I) lines are used to toggle 8 J—K histabies. The last

line clears the blstabies. The buffer data and enable lines are used to switch

9 darllnqton transistors which directly drive the hole punch relays. nistable

2 drives a transistor switch which operates the pundi clutdl release solenoid

to punch a character. The paper tape reader is selected by bistable J and

histabie 4 drives the tape advance solenoid after a character has been read.

The software used to drive the pmlcll and reader does not have to run very fast

so was written in 1351C for ease of programming. The main routines ere as

follows:

(a) A delay routine so that data is not transmitted or received faster than

the olectromodjanlcnl relays in the devices can operata.

(bl Output formatting routines which arrange the data in men-wry in a suitably

formatted job (or the tel. 2970 when output on tape.

to) input formatting routines which allow data [rem a previous run to be input

to the microprocessor for viewing on an oscilloscope.

Id) An output routine which transfers data stored in anamory to the pundl via

P.l.0. It and controls the punch clutch.

(e) An input routine which transients data from the reader via P.i.D. A to

memory and controls the paper advance.

(5] ANALOGUE 1") DIGITAL AND DIGITAL 'l'O NIAWUE WVERI‘ER

A data acquisition system with a sampling rate of at least 50 kn: was required

so that several 1 lute signals could he acquired using an analogue multiplexer

controlled by the precessor. An 0-bit data acquisition system was designed

wi IJI the maximum sampling rate governed by the rate at which the processor could .1

input data to memory. The successive approximation It to D converter is con-

trolled hy an I300 kllz clock derived from the 4 Hits microprocessor system clock.

This allows the A to D converter to be synchronised with the microprocessor 1/0

via the parallel ports. The sampling and n to D conversion circuitry is free

running. The rate of sampling is preset by 0.1.1.. suitdlea on a programmable

counter. At any time a hold and conversion cycle can be initiated by clearing

the programmable counter using a port on P.l.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 conversion is started. Ten clock cycles alter the acquire pulse the date

is latched ready for transfer to the processor via P.l.o. A. The sample and

hold circuitry Immediately switches into the sample state as soon as a con-

versibn is complete ready for the next hold state. The maximum sampling rate  Ill.
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in CD kllz. The D to A converter is controlled by Least Siqnlflcaut Hit 0 i
"5301) of LLO. A. To change the analogue output the data on PJ.0. A is
lotdled onto thn D to A latch by ntrnhinq ISBN of l'.l.0. B. The D to A
converter drives a buffer nnwllfinr uhidl ie connector! to the V input amplifier
0! an oscilloscope. An appropriate time base frequency in Relnctml manually
and the sweep is triggered by bistable 5. This allows the acquired data to he
viqwed directly on an oscilloscope. The software for the A to n and D to A
converters was written in assembler language and converted to machine code using
a zoo assembler. The A to D routine in time dependent nnd the cxncl: number of
clock cycles need in executing end: instruction was calculated on that the A to
D couverlion and processor input Vin l".l.0. A were synchronised. The A to D
routine in a simple loop with an input instruction cnll'ed from HASH). The n to
A noituare is a loop with an output instruction And delay routlm- called from
BASIC.

(6) cmcusuu

A relatively inexpensive and flexible control and data acquisition syutem for
automatically carrying out experiments in a wind tunnel has Imvu :‘Iesiqnod using
the minimum of expensive peripheralequipment.

(1) lemmas

l. unsmn 19m unseen Microcomputer System Documentation.

2. NATICNAL 1916 National Semiconductor 111. Data nook.
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Figure 1: Mock Diaqrnm oi the Stepper Motor Controller.

  



  

Proceedings of The ln$lilule ol Acouslics

A HICROPROVJISSOR [USED mNTROh AND DATA AQUISITIW SYSTEM FOR
PRESSURE MEASUHEHEHTS IN AN ACOLE'I'IC HlND TUNNEL

BISTABLB 6 10

   
    

  

{EMULTI I‘LEXHR_ Bls’rnmzs “sums 5 7°
R 1'0 D CIRCUle

'I‘O S'I'EPPER

"l' 'l' IIIITROL

   Fm"
LATCH 3157MB 6BUFFER

AMPLIFIER
  

   

    
4 MI: (2le PRO“ IIP.______
FROM I) lS'I’AlHK 5

.—__

mlos’rnnuz

Figure 3: Block Dlagxam of the A to D and D to A Circuitry.
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