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A Microcomputer-Based Data Acquistion/Control System for Engine

Performance Test(I)
—Automation of Engine Performance Test and Data Acquistion—
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K. H. Ryu, C.J.Chung, B.S. Park

Summary

This study was carried out to develop a microcomputer-based data acquisition and control

system which was able to collect the data of engine performance test automatically and control

the speed and load of the engine.
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The results of the study are summarized as follows:

The signal processing devices, which were able to measure cylinder pressure, coolant tem-
perature, compositions of exhaust gas, fuel consumption, engine rpm and torque etc., were
developed. The results of calibration showed that all of devices had high accuracy ranging
from 0.3% to 0.69% respectively,

The PIA (peripheral interface adapter) for interfacing digital signal and PTM (programmable
timer module) for displaying real time every 0.0408 sec were designed and developed.

An engine-speed control system using a stepping motor and driver was developed. The con-
trol system had the stability, and faster settling time than the manual control system.

The automatic control system of electrical dynamometer, which was able to control the
speed and load of dynamometer, was developed with a SSD (shackleton system driver) and
D/A converter.

The computer programs, which were able to collect and process the data of engine tests,

were developed using both the machine language and BASIC.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Measurand and type of signal.

Measurand Sensor Type of signal Interface device
1) Engine torque Load cell analog ADC
2) Exhaust gas (HC) NDIR analog ADC
3) Exhaust gas (CO) NDIR analog ADC
4) Inlet air temp. Thermal Resistance analog ADC
5) Coolant temp. Thermal Resistance analog ADC
6) Exhaust gas temp. Thermal Resistance analog ADC
7) Cylinder pressure Pressure pickup analog ADC
8) Engine speed Magnetic pickup pulse PLA
9) Fuel consumption Flow meter pulse PIA

10) Time pulse PTM
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Item Regression eq, Y X Accuracy
Load cell Y =6.577X + 0,0092 N.m Volt +£0.59% FS
Exhaust gas
HC Y =2.83X2 +169.71X + 0.4172 VPM Volt +0.59% FS
co Y =0.044X2 +0,3622X + 0.0204 % Volt +0.42% FS
Temperature
inlet air Y =9.9991X — 0.10966 °c Volt +0.49% FS
coolant Y = 20X — 0.48656 *c Volt +0.69% FS
exhaust gas Y =99.94X — 11.594 *c Volt +0.69% FS
Pressure pickup Y = 9.484X kg/cm? Volt +0.42% FS
Fuel meter Y =0.2278X* — 0.3044X + 0,609 (X<0.1) cc pulse +0.3% FS
Y =05X (x>0.1) cc pulse +05% FS
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Table 3. Values of components for calculating torque of speed controller.

Force Coeff. of Weight of gear Outer dia. of gear Reduction
(Fy) friction (M) (D) ratio
Kgf () KGf cm (i)

1.0 0.3 0.012 0.5 4.2

Table 4. Values of components for calculating moment of inertia of speed controller.

Gear 1 Gear 2
Inner Outer Length Inner Outer Length Density Reduction
dia, dia. (L) cm dia, dia. (L) cm 1) ratio
(D 1)em | (D 2)em (D 1)em | (D 2)em Kg/cm® (i)
0.2 0.5 0.46 0.5 1.75 2.16 1.1x 107 4.2
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between manual control and computer con-
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Fig. 7. Comparinon of settling time of load control

between manual and computer control.
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Fig.10. Cylinder pressure curve of full-load test.
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| ENGINE PERFORMANCE TEST DATA

TORQUE, (N-M)
POWER = (2*3.14*TOR*RPM)/(60*1000), (kW)
BSFC = (0.999*FUEL (CC)*0.75*3600)/

(TIME (SEC)*POW (kW)), (g/kW. H)

RPM TORQUE BSFC POWER
1729 17.88 418.21 3.24
1560 18.86 314.56 3.08
1363 19.1 402.77 2,72
1192 18.94 436.55 2.36
911 18.61 473.14 1,77
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Fig. 11. Engine performance curve of full-load

test,

| ENGINE PERFORMANCE TEST DATA

TORQUE, (N-M)
HC = 0.4172+169.71¥X+2.83*X 2, (VPM)
CO =0.033+0,1581*X

+0.0598*X 2+0.0024*X 3, (VOL%)

RPM TORQUE HC co
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911 16.17 206.414 452
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Fig. 12, Exhaust gas composition of full-load test.
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ENGINE PERFORMANCE TEST DATA

TORQUE, (N-M)
COOL FIN TEMP = 9,9991X—0,10966, (degC)
EXHAUST GAS TEMP = 20X+0,48656, (degC)

RPM TORQUE COOL FIN EXH. GAS
1729 18.6 84.774 479,688
1560 18.92 80.372 475,203
1363 18.01 84.37 464.425
1192 17.28 86.4 470.585
911 16.17 90.969 481.082
00 (DEGCEL)  COOL-FIN TEMP 0
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; S -
s _
B Ef :
4 | Il
ﬂ o -
g-nilllllﬁnJlllllIlllllllllllllllllll.‘
0.0 (DEGCEL)  EXHAUST GAS TEMP 500
Fig.13. Coolant and exhaust gas temperature

of full-load test.
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