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A Study on the Development of Data Acquisition System for Gas Flow and
Combustion Analysis in Engines
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Abstract

For the improvement of an engine performance, it is required to understand the effect of various
controlling parameters. To accomplish this goal, precise measurement of the experimental data is
essential. Recently, with the progress in micro-electronic technology, microprocessors are begun to used
to improve the accuracy as well as the efficiency of the experimental measurements. In this research, an
efficient and accurate A/D converter along with a high-speed data acquisition system is developed to
analyze the characteristics of internal combustion engines. Corresponding softwares are also developed.

The performance of the developed data acquisition system is demonstrated by measuring (1) the
pressure variations in cylinder, (2) needle valve lift in fuel injection valve and (3) the pressure variations in
intake pipe. The accuracy and efficiency of the developed system are confirmed. From the analysis of
experimental data several suggestions are made to improve the volumetric efficiency of the internal

combustion engines.
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A0 -A23 : Address bus number A/D : Analog to digital
BDC : Bottom dead center CPU : Central processing unit
D0 - D15 : Data bus number EC : Exhaust valve close
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EO : Exhaust valve open IC : Intake valve close
IO : Intake valve open IORC :1/0 read command
I0OWC : 1/0 write command I/0 : Input/Output
LSB : Least significant bit MRDC : Memory read command
MWTC  : Memory write command OP : Operational amplifier
P : Pressure RPM  : Revolution per minute
TDC : Top dead center A" : Volume
6 : Crank angle
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Fig. 1 Block diagram of A/D converter.
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2 Y2 v2
1/0 Address Control signal 2 ¢
Y3
DX Register YO Y1 Y2 ::-
0200H 0 1 1 Y6
Y" L
0201H 1 0 1
0202H 1 1 0 7415138

Fig. 4 Address decoder logic circuit.
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05 1 0 1 CH5 e :
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Fig. 5 Analog multiplexer logic circuit.
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Table 3 Characteristics of A/D converter
741532 N —
vo 1A _[ 741508 L Number of Analog Inputs 8 Channel
Y1 1A RD n2——m————— D2
o t 8 vebeH s 1 —_ 5 Input Voltage Range -5V—+5V
18 Dé—y1ar vl D4 Input Current 3.5mA
- an D5—1A2 1Y2 D5 -
D6t—{1a3 1Y3 D6 Resolution 12 BIT
1/0 READY- BUSY D7 1a4 1vdie D7 Nonlinearity + 11BS
Gl Differential-Nonlinearity + 1LBS
G2
Offset Error 25T + 3LBS
UNUSED 2A1 2Y1
UNUSED 242 2vz{ 0°~70¢C + 6 LBS
5" PULSE 243 23— Full Scale Error + 10LBS
Z PULSE 2A4 2Y41—
A/D Conversion Time 5 us
7415244 A/D Conversion Speed 120,000
Fig. 6 A/D conversion start and data input to System Memory (Sample/Sec)
circuit.

Table 4 Construction of 16 bit data

External Pulse ] A/D Conversion Data (12 Bit)

High Byte Low Byte
D7 D6 | D5 | D4a| D3| D2| D1} Do| D7| De| D5| D4| D3| D2 | D1 | DO
D15| D14 | D13| Di12| D11| D1o| D9| D8 D7| D6 | D5| D4| D3 | D2 | D1 | DO

L— L = Unused

» Shaft Encoder B' Pulse
—» Shaft Encoder Z Pulse

—269—



8 — BEEXHEMACE 28 (1992 8)
1681 = dlolel 74 wolw glch

3. HEEx #4

T AR dolsh £ N2dFYL AYAPIR, Rabgsl, IHEE 24 U HAS A%
A, A5 A4k Ns2A e AXFUE, ada 92 A2, FABNF A2RA, 2G4
M ASYA 222 166 = Had AFEAE % A/D HWr)2 A0 Fig T4 W A
290 He AFEE 2oln glonf Fig 82 A A2se) AL Holw gloh.

Fuel Flow Dynemometer| RPM Meter
Meter Cantrol
Unit
[a] Data acquisition parts
Intake Air Dynamo—|
Engine meter
Flow Meter
Amp. nit Sensors Ro
Encoder
A/D Converter 16 Bit PC Printer
[B] Engine parts
Fig. 7 Block diagram of engine data acquisition Fig. 8 Experimental setup.
3.1 Alag 74

D A" 0 394 441012 A7) o) w Table 5= AMiabr| B AdL Baid
2 IA  ¥AAAE AV SHAE ol P on, BAEYAe)s VA2, AF wmr 2E
BAdEe £ 9 H93de] A=EEHE 2H 2 A4
9 HAAEE 54 g HAF ASRA  HAS 24 AE FahgA Toe] RaEe dom 2~
T3, A" AAF AR, HAS A4ANZ TS g},
Y AT A} AE 244 T FUE: ANZE Fo)BN 4 24 Ay 4y 4
—270—



B ERRET mEREe A% dolst KEEE MR BT HRE -9

Table 5 Specification of test engine

Type 4 Cycle, Diesel Engine
Cooling System Air Cooled

No. of Cylinder 1

Bore x Stroke 69.85 mm x 57.15 mm
Compression Ratio 17

Swept Volume 219cc

Combustion Chamber Air - Cell

Fuel Pump Bosch Type

Injection Nozzle Single Hole

Rated Output 2.6 kW/3600 RPM
Intake Diameter 25 mm

Valve Open Period 30° bTDC - 46° aBDC
Exhaust | Diameter 25 mm

Valve Open Period 55° bBDC - 21° aTDC
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29 2 AZSHY) A%l A
f3lgern ZAYA Fo 710181—3— 1:18 3¢
gols) WER ARt

A H3 Az Ak

Type : TRD-J360-RZ

Pulse number/Rotation : 360

Maximum response frequency(KHz) : 18
Output pulse : A Pulse, B Pulse, Z Pulse
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Fig. 9 Conversion circuit from B to B' pulse.

Fig. 10 Timing chart of Z, B, B’ pulse.
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1. Fortran program for data sampling

* ok ok ok ok ok Kk sk ok ok ok ok Kk koK ok ko k Kk k ok k Kk k Kk k Kk k Kk K %X K %
* % % PROGRAM NAME : ANGL1.FOR * ok k
* k% PROGRAMER : KIM JAE - PARK x ok ok

* ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok k k k ok ok k ok k k k k Kk Xk

INTEGER * 2 DATA(30000), CHANNEL, NUMBER, SEL
WRITE( *, *)’ CHANNEL SELECTION NUMBER?’
READ( *, x ) CHANNEL

WRITE(*, *)" A-D CONVERSION DATA NUMBER ?’
WRITE(*,+*) NUMBER = 1-- 20’

READ( *, ») NUMBER

NUMBER=-NUMBER * 720

WRITE( *, * )’ SAMPLING START

CALL ADCON (CHANNEL, DATA(1), NUMBER)
WRITE(*, *)’ SAMPLING DATA NAME ? DATA’
WRITE (1,10) (AD(D), I = 1,NUMBER)
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10 FORMAT(10(6,1X))

STOP
END

2. Assembler program for data sampling

PUBLIC ADCON

CODE SEGMENT PUBLIC ' CODE’
ASSUME CS : CODE

ADCON PROC FAR

PUSH BP

MOV BPSP

LESSI, [BP+6] ; SetA-D Conversion number
MOV CX,ES : [SI]

LESSI, [BP+14] ; Channel select
MOV ALES: [SI]

MOV DX,202H

OUT DXAL

LESSI, [BP+10] ; Set Store Address
MOV BX, 0000H

CLI

AGAIN :

MOV DX,201H

IN AL,DX

AND AL,80H

CMP AL,00H ; Start signal check(TDC)
JE AGAIN

NEXT :

MOV DX,201H

IN AL,DX

AND AL 40H

CMP AL,00H ; Start signal check(angle)
JE NEXT

MOV DX,0200H ; Conversion start

IN AX,DX

AND AX,8FFFH

MOVES: [BX+9SI] ,AX
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ADD BX,0002H

LOOP NEXT ; Conversion end check
STI

POP BP

RET 12

ADCON ENDP

CODE ENDS

END
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