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Miniaturization of measurement electric circuit for a mass-flow meter using a curved cannula
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Abstract: We have developed a mass-flow meter using a curved cannula for a patient using an artificial heart. However,
the electric circuit was still large. The purpose of this study is to develop a miniaturized electric circuit for the mass-flow
meter. Since the mass-flow meter adopted the strain gauge as the sensor, a Wheatstone bridge circuit was applied, and the
instrumentation amplifier amplified changes in the bridge's differential output voltage. dsPIC microcontroller was applied
to perform the analog-to-digital conversion, the signal processing and the serial communication. Xbee that was wireless
communication module was applied to communicate measured data to the personal computer wirelessly. The size of the
developed electric circuit was 65x45x13 mm. As a result of measurement test, the measurement error was less than 0.7
I/min, and time delay was 0.1 s. We confirmed that the mass-flow meter with the miniaturized electric circuit could

measure the mass-flow rate accurately.

Key Words: Mass-flow meter, Curved cannula, Electric circuit, dsPIC, XBee

1. #%5
HEDREBERFICH LT, LEREOHICHEERITE
1970, ANLUDBOBRIZTAEICHEALTHY . ALk
ZHDIA F T2 BEILIRBEN TOAETED HIEE TOEEMN
AREL o CE I, UL, ATDIEZE#DIA TN BE
DIRBEFL I T B A B BB N LMk 0 BRENIR A8 2 5 e >
LEWT AT, NLODBOBRZET T, AKE
AT 270D AT LOBRENLETH D, £
IEHRD 5 B, FRCtEIL, B o 7 OBRERRIE L RE
DIRHE P BT A DICEECHDH, “hET, AT
DD M B 2 5 -0, BERCER N 2R LT
BB EESRESATHAD, Lo, BEw
RSB ST R Uiz ERH T, FHGERE S o0&
KEEPNEHETH D=0, RV AT AR KRB LR | 7
0 —7 LIS AT AR & AR AT 2 L X N
Thb, —FH. NLOWOMEEN»OHREEHET 5
BHEEEI, MK E OB LR v TNk P X B R
VT OBREEIENELT D L& IREOHEERENAEL D
RREMEDN B D, BEICHIRER A DO T, BB &R
FREWCECHMENEN-, BMANEETHLP, £
T, ARFETIE, KM1IRT LT, AL E EEo .

y
y ./ Native Heart

V' 4
y

Mass-Flow
Sensor

Artificial Heart

Fig.1 Developed miniaturized mass-flow meter
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Fig.3 Previous electric circuit for the mass-flow meter
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Fig.4 Components of the miniaturized electric circuit
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Fig.6 Developed electric circuit for the mass-flow meter
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Fig.7 Mock-up circulation loop to evaluate the measurement
performance of the mass-flow meter
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Fig.8 Measurement test of miniaturized electric circuit using
1-Hz sine wave.
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Fig.10 Relationship between the differential pressure obtained
by two strain gauges and the flow rate
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