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Gate—delay Method to Achieve Accurate Measurement of Ultra—sonic Flow Gauge

WANG Jia-xiang,CAO Nao-chang, WANG Ying

(College of Aeronautics and Astronautics Engineering, Air Force Engineering University,Xi’an 710038, China)

Abstract: A New method was presented to achieve accurate time—interval. Through measuring the transmission delay

gate circuit of CPLD in internal,an accurate flow measurement in small size pipeline and low flow occasion was re-

alized. The accurate measurement of temperature was reached by measuring the discharge time of circuit. The exper-

iment has proved that its accuracy can reach 300ps. This method has more accuracy and less error calculation than

the common one. This method also meets the requirement of low consumption.

Key words:thermal meter;super sonic flow meter;gate delay;low consumption

TR2 )

:2012-07-13;
(1980—), ,

2013(1)

, TR1
L,

:2012-10-09

)

v,
,TR2

L, L
c+v ey

C>>V, At
L A 2VtL2
T =7

TR1 ,TR2
L TR1  TR2
sTRl ) t2;
C; tl—
At A=t l—tZZ% ,
L+, CL
o =gy
2VL L+ L
= CZ ’tL: 122 E?’ C:
V=LA§ )
2t



I‘_ B _’| Start

TR1i V+C iTR2 ’
5 /> S
L’ V-C § ° StOp
1 °
Fig.1 Schematic diagram of ultra—sonic flow gauge CMOS .
’ L b C b
C, o 32.768 kHz o 32.768 kHz
wD* wD?* . @D At , Start/Stop ,
U=y h=yy =gy ()
L o ’
:D o sk o T
Q . 30517578.125 (ps)
At, , Q, _MI‘XI'Z'X2+M2’2'X2+M3 p
5 D=2 cm,L=10 cm, M, M, s Ms
2OL N Atz123 ns, ;Xl ;X2 o
, 3 25°C.50 C.75 C
) ) 228 T T T T T T T T T
N 226 Fomt AT
224 —— 25 :E 7
N N N ——50C
g2r —=—70°C 1
° 220 F 1
B3l
> ° 218 [oevessssons 1
o 216 9
, 214 | 1
212 [, 1
210 P i i i | | i i
o 10 15 20 25 30 35 40 45 50 55 60
, 2 °
3
Start l1>'T|>—v—| H Fig.3 Single not-gate delay in different temperature
| |
¢ b b
Stop —DI | , 3 s
2 ) )
Fig.2 Principle diagram of micro-time measurement ,
of not-gate delay 32.768 kHz ,
) 4 b b
[4] b ’ 4 ’

m Automation & Instrumentation 2013(1)



250 ps, 1.5 , o

2.4520
24518

m———

2.4516 : | >
24514 i ! .
& -' X X
24512
] 0.6 , 0.8 N 1.5
24510 i
il 1}
2.4508 Hi | i
24506 E 1\.",7 i 5
’ 1y i Fig.5 Signal detection range
2.4504 i 'F;’ i g g g
] [
24502 ! 'i i 1 MHz
!
2.4500 ; : 6
0 40 50 60 Q 3 “,
4 , CPLD,
Fig.4 Signals in different temperature CPLD 5
, 32.768 kHz
) o - 3
3~5 ns, ,
o ) 1 o
o 1
R Tab.1 Standard value and measured value of flow
s /(m*-h™) /(m*-h™) /(m*-h™) /(m*-h™)
. 4.9826 2.6482 0.8890 0.8770
3.9399 2.2982 0.4158 0.5236
’ ’ 3.1012 1.9806 0.2302 0.3581
2.2203 1.6034 0.1354 0.2656
o , 1.5479 1.2734 0.0072 0.1158
o ’
’ ’
o ) . , y=/(t)
o , f(t)=at>+bt+c, MATLAB
) ° polyfit a=
) 0.4612 .6=0.6914 .c=-0.0781 a.b.c
) o ) ) 2 o
2
Tab.2 Fitting flow standard value and measured value
© : /(m*h™) /(m*-h™) /(m*-h™) /(m*-h™)
N ’ 5 o 5.0325 4.9468 0.9638 0.9723
0.6 . 4.1235 4.1547 0.5045 0.5095
3.2143 3.2435 0.2126 0.2147
: 2.0532 2.0421 0.1235 0.1251
0.8 ’ 1.4785 1.4673 0.0043 0.0044
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