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High Precision Measurement of Cartridge Volume
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Abstract. A phenomenon that liquid level is low at the edge and high in the middle appears to cause the
measuring errors due to the surface tension of the injected liquid when the cartridge volume is measured
by water injection weighing method. A high precision measuring system based on the water injection weig-
hing method is proposed. In the proposed system, the array electrodes are used to measure liquid level to
overcome the effect of the liquid surface tension. The sensor signal is picked up by a specially made elec-
trode, and then it is transmitted to a computer through a wireless module to control the flow until the car-
tridge is filled with the water, so as to achieve the purpose of accurate measurement. The accuracy of the
system is analyzed. The analysis result shows that the accuracy of the system is up to 0.01% , which
meets the requirement of precision index.
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Fig.1 Principle flow chart
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Fig. 1 The principle chart of liquid level measuring device
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Fig.3 Control unit of detection system of cartridge volume
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Fig.5 Interrupt program setup program ladder diagram

PEFE L
Rl 1 FEAHA

SM0.0 MOV_W

e ——— Eno—

6 Bl R ARSI B

Fig.6 Data acquisition ladder diagram

LD SMO . 1
CALL SBR_0 :SBRO

|E
_§5§ 0 T[%o l%gﬁiﬂl

LI SMO . 0
MOVR VD40O, LD2
vvioo, Lvo
CALL FTDO_IN!TOSBRI, LVo., ID2. 16 0. 0 1. IV1l
AQW

MOVW Ivii.

Rt Hak s
PIDO_INIT [ SBAT T4t POU g 57200 IRSTo1=8) 1D S

7 PID 45> AR
Fig.7 PID control part of the main

program ladder diagram

0 5 R 1) A P o BT AR T AR % Sk 5K A JE 5K, BP
VB A5 5 3 ek TG £ 3 TR B K Y 5 e S AR R
W A 1R 5 K, A/D B S 2 it AL, R
JG KB WA A TE L. K 8 P,

b || ke || e
Kol ff SR [ Fel

P8 oLkl iRAE R T AR R
Fig.8 Schematic diagram of the wireless

communication module

5 2RFIRENN
BEIH AT R4 AR A B R R AT I A X HORY B

SRARANA], U] 25 96 75 LI B S5 B O 0. 04 ~25 L, 257

AR ERE MERE<I mL,MEAR V<1 L;

MEIRE<1% x V,MERXB V>1 L

5.1 ZEIRE MRERESEMNRZE AV,
PR 22 4% 3 8

AVmp=\/(§;V)zAm2+ (%:;/)ZApz s

1 2 2 m 2
J(;) K 5 (‘7) Ad%, (3)
U om A 25 UK B T Am R FREIR 2 5p
R RE s Ap N ERRE RS, H0.000 1 g/mL;
W B B 25 B8 1L K&k 1000 g fh
i =

= () an s ()
\/(:—)Zx0.12+ (l??O) x0.000 17 =

0. 14 mL.

155 mm #2525 BUME /N T 25 L, P B 4 e K
HRUR 25 L, 55 K 8 i R 25 000 g, o B FR B R 25
Am $30.5 g it .

AV,’,,,,=\/(~ll)—)2Am2 + (?) Ap? =

\/(:—)2 x0.5 + (251(200) x0.000 1° =2.55 mL.

5.2 ROLFIESIERIRZE AV,

0 TH g SR A% ) SO () % 0 O K BE R SO,
FU AL ) FLAR (R K AL, WL 2) 2 ¢8 mm, ]
BT UR 2N

Avh=w(§)2Ah, (4)

e D g H T 7 B AL (B EKALALR)
D =8 mm;Ah =50 pm R FIWTRZE, W AV, =7

(g)zAh =0, 002 5 nil.

5.3 BELZASIEMIRE AV,

H T 2K T S TS IR AR AR /D, I HoOK 7R IR B
BN 51 B 8 BE AR AR /N, BT i SR P i R
2 Tt P AT 2808 R R 22 , AT B S AN T o
5.4 BHNEIRE AV

A% L L W&, W AV = JAV, +AV, =

J0.14> +0.002 5° =0. 14 mL.
A 25 LW & et W AV = JAV, +AV, =

©

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



762 5 X & #

%36 &

J/02.55% +0.002 5% =2. 55 mL.
&R At ey - 23

7 =m =0.010 2%.
GLEFRR, REWEEERTER,
6 it

B SCER(1 2] 2, H AL B 7 %R W A
WEMHERAFEO. 1% ~0.2% WEE W, T A A
XN ER BB LIAE 0.01% HWEE, &
FA LB RRH AT RRERIBA T RE
REKAFFIRHREMBRERORE , FUE
BEXBERES. XN TREARSHAVEHRER
HERABX,

& % 3k ( References)

[1] #ZEW, DH. REGEFRFARAUNFHII]. ET%
i#, 1999, 20(1) .19 -23.
BAI Feng-ming, MA Li. A sonic testing instrument for bomb
chamber volume[ J]. Acta Armamentarii, 1999, 20(1) ;19 -23.
(in Chinese)

[2] Z=EHV, BE REGEARRUSOH LI FEREE
iR B RBFER/, 2001, 15(4) ;328 -330.
LI Guo-ping, ZHAO Yan. A new method of examining the bomb
chamber volume[ J]. Journal of Jinan University: Science, 2001,
15(4) ;328 -330. (in Chinese)

(3] BHE, &, K5 SHAERAFIBRURE N EHE

[4]

(5]

(6]

(7]

[8]

SRAI]. R FHRS5{XHEEM, 2010, 24(10) :964 -968.
WEI Kai-xia, LI Bin, ZHU Xin-cheng. Research on level meas-
urement technique of conductive liquid and it’ s application[J].
Journal of Electronic Measurement and Instrument, 2010, 24(10);
964 —968. (in Chinese)

B, BRI KANRAEBENTH)]. WERASTFEE
2432013, 19(3):1 —4.

DENG Liu. Study on the design of electrode type water level sensor
[J]. Journal of HuiBei Adult Education Institute, 2013, 19(3):1 -
4. (in Chinese)

BAY, BB LHESKRAGRERBE]]. WEH
AR, 1998, 17(1) .49 -50.

XU Yue-ming, HONG Shu-peng. Several liquid-level control sys-
tems based on the conductive principle{ J]. Measurement & Con-
trol Technology, 1998, 17(1) :49 —50. (in Chinese)

4, Rk BUMNBERBERAORT SR
YL B 541, 2009, 17(11) ;2131 -2133.

LI Shu-qi, SHEN Jin-rong. Design and implementation of sensor
system about liquid-level measurement[ J]. Computer Measure-
ment & Control, 2009, 17(11) ;2131 ~2133. (in Chinese)
HE, %5 —#ET PLC A PID MBEHERITI]. #dt
KEZH HARBIEIR, 2007, 29(1) :44 - 46.

XIAO Lei, XIE Ju-fang. The PID control system of flow measuring
based on PLC[J]. Journal of Hubei University: Natural Science,
2007, 29(1) :44 - 46. (in Chinese)

BR, BUE, HE. —HERRBREHNAENEH{I). B
HIER, 2009(24) ;25 - 28,

QIAN Jun, HOU Yi-feng, XIAO Lei. Design of a liquid flow control
system[ J]. Science & Technology Information, 2009(24):25 -28.
(in Chinese)



