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Abstract

Piston pressure gauges are currently the only pressure measuring instruments that are traceable
to SI base units over a wide range. At present, most piston pressure gauges use hydraulic oil as the
working medium, and pressurize and add code manually. The liquid type has various disadvan-
tages: the viscosity is greatly affected by temperature changes, the accuracy is low, the pressure
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output stability is poor, and it is easy to leak. The gas piston pressure gauge can measure and cali-
brate the gauge pressure, absolute pressure, vacuum pressure, etc. of the pressure gauge. It has
high gas sensitivity, strong flow performance, small frictional resistance, small error value, and
accurate and reliable detection data. There are few domestic gas piston pressure gauges. In order
to solve this problem and meet the market demand, a fully automatic gas piston pressure gauge
using gas as the working medium is designed. Through the design of the hardware circuit and the
writing of the software program, the fully automatic gas piston pressure gauge control system de-
signed in this paper can realize the output of any gas pressure of high-pressure gas at 0 ~ 6 MPa.
Finally, the validity of the design of the gas pressure gauge is verified by comparing the stability of
the pressure output with the liquid piston pressure gauge of the same specification.
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1. 518

B P 773 K 2 A P A QU DT AT R SR T AR . TERSRIRAE T, Ry nEms i i 1A s
ZAREGE T NBATEAE, B ERAEES, BBt sE, THELGRMIEREMR, TIESERKT. [
B, F TEESIERABE N NIRE, 15 BI7 I AL B DR IS € 1 et ol FE 25 s B2 TN AT AT,
ANE G o PR AUE P e R v . B A AR ZE R 0 0 B S AP A R, T R AR B A M R A
7, B, 2T A A SR B RIEAT R R E  R A HE .

FPG8601 s il i is 2 0% /11T [1], tH DH AFAE=, &8N 0~15 KPa, AfHT3RIE. 4k Al
ZIREEE, DUSA RN TAEA B, 40 #2 54 0.001 Pa, JIEAHEE N 0.003%, REHRALALIEIEZEISE,
WA E, IEESH S R REE NS

i WIKA 7] CPB8000 4> H ahiE ZE Uk 7t A B Sk K g B 225Kk, n] DAghAT & 75
BACGRN) A S UL, RN AT CASeBR 2 v o B A 5 2 9 BB 1 20 ppm; Ssh AL i
i Al LUk #] 100 MPa.

Furness Controls /A @] 7= ] FRS5 ZUMUE A MG e % uit, A —E 0T L7 [ EAE I B SRl &
g8, (EARESVEE WA R mAOHER . WESEE Y 0~11 KPa, AHiEfEN 0.02 Pa+7 x 10° Pa, FJE
HEgkaliE, —MAE 2~170 KPa Z [A][2].

JE I B A AR P (&R R TR B, AR ZE S T R R Rk v, IR AR AR D
P/ IN FED s B4 T R Y S

PE R FEVANRBHARA A RS PUEICRARAF . Berb R AR AR RigEEE sl
A PRA TSR E N vE 2E AR AT ThRE . A R S FE E e DB E AL, WA 7 B e s R 3,
HEDAE . W FRESATHA T RN,

TS ARG A, KA PID FiEHHATIL, PWM S HRARIE I HE RS e fiES:, &
SEPLHE EAE 0~6 MPa ik Ju Bl N AT BT, RS WA R vk AT R s R SRkt b, SERR e, Ak
WA S R BT RCR, R T ER.
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2.1 MERS TIEREBMEIT AR

ARSI A H B SAAE 28 2UH ) 1E SR F R v e U I I v 3l A1 O IR R S 7 S =38 6 e
PAS SR s AR IR AR LR Al 1 B SR IR 3 70 IR BRI, DROR ks 1AL B0 3 AR AR, 42l kG
FEENAERf . TAEJREER A PID HiEF PWM ik % - HI[3] [4]F 10 MPa Zc 43 1 IS8, i@ &
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B HLURIEAE 5o HARE /N T B0E I, 3L RS, F AR R, BRI
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Figure 1. Schematic diagram of the barometric pressure part
E 1 SEMERSREE

2.2. IBEES TIEREBMEH AR

4 A B AR FE 30U D R A 22 A, R AT 4 HE K BN BB AR N, B A S (1 BLAR
AN, R, LTS ], AR BT R RARD A IR SR U e FE AR R R 6 =
R, s AR E NS, SRR R ki g . S REE N, T RERS B D
FR4E A, B AY . RERS NGRS EAR, BB ELAEES, AL AT SRR SEE R
FERD R & PR, EAL I — NS, RIURAE IS SEFE A A 235 — M BRI A . R ISFTA K
N, I TR B AR A o B RN RS A 0 A AT, X R ASRE SR HEAT R . I S S I [
2 Frwo

WA 3 Fras N HIE D JEHE, S RS TE 220V, 24V, £12V, 5V M 33V fitf, L4, 220V
AZU A F T shRERD e 5 i LR B HLBR B 24 VB HE T v 38 B 491 R ) DA S HL g S A B o = 3 46
B, BRI RAR ST £12 V BB H Y RCVA20 % F I PR ISR O $ A A F %
5V [EHE T RS485, RS232, 1IC, SPI&idfE, B LA, ALK NELT; 3.3 V HIH
FH Ny STM32F429 i Fr E4T At et .
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Figure 2. Schematic diagram of the control part
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Figure 3. Schematic diagram of the power part
E 3. iRy RIEE

2.3. BRI
2.3.1. RRAIEFESE

TFiEtRIR

iBEEfERER

BEIRR

FerafEmias

Bk STM32F429 it 1, RFH3ETF ARM Cortex M4 %, 4T FPU M LRI DSP 544, EA

256KB SRAM. 1024KB FLASH. 12 4™ 16 i€l 85, 2 4> 32 [ @i #5. 2 1~ DMA #=Hil#%. 6 1~ SPI. 2
AT 12S. 14 SAL 3 1IC. 8 MH L 2 4> USB (52#F HOST/SLAVE). 2 4~ CAN. 3 /> 12 fi ADC.
24~ 12 i DAC. 1 /> RTC (if H Jizhg)~ 1 4> SDIO #1114~ FMC #1. 1 4~ TFTLCD =i #$(LTDC).
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Figure 4. Block diagram of minimum system composition

Bl 4. s RGHEMIEE

AR LS R ELFE DC B 24 V 12V L, 24 V 5V RLER . R IERC AR N AR R H,
SR N GBI 7E B 46 TR 4T 1 e r AR th 2 (R AR 22 4x, AR 1 s F S F S & Fa s 0 T
{5 F T ¢ BRIEDRS 220 V ACT B BLRE S AR N LR 24 V B R R o HOAT DA RO B A, R AR
MR, RO, BEmthedr, FREm .

LI 24 V #: 5V g, SR SEE E o AR A R A P2 1 LM2576 SERute Rt i, Hos i A\ FLE
40V, I 75%~88%, W& H 52 KHz [ MRS # 1.23 V B R 4%, JFHA S8 1R
LK, A FLAL PR ) S RO I R B A5, R FH 3 R 5 WD () A1 BBl 2 A4 (6 P A4 Rl vy 2808 s L [5]

2.3.3. NEBTFiE=S R BRI

EEPROM X H 2 KB A& 518 24C02 5t v, 3% 256 1, F T El v FH 24 88 AN
BN, AR HADKE &N

NAND FLASH i%&F] MT29F4G08 %15, 785~ 512M 15, 5 STM32F429 [f] FMC # ITAHE, Kok
P T STM32 Bt =% [, AT DASE it & HiE A7k -

SDRAM i#id 5 MCU L) FMC 251 5| AHE, SRSCHLEER M ERAE 5 KRE. & L1 VDD
1 VDDQ #O At R, A JLiE I R B AR S O HARE, SRIFTIEMAER, TR ERA S, 4t
—KH 104 R UEV . VSS M VSSQ #ih DQ Hi, N T BRI, R0 BT TRRES, EEE K.

2.3.4. NEBTFiE=S R BRIR T

4 B B AE ZE R ST THE A SHT21-X 8450518 AL A& kA%, SHT21-X 77 2@t 11C $: 15 51 5y Lk
AT AT e o A A FH 1IC 2R 32 1 BR S 505 - ADUM1250 [ 5 . ADUM1250 S — Bl i Ui 18 g 25 2% ,
P ARG IR RS, AT R O R AR A TR R PR A T . 8-SOIC HA%, SCREXURESS, TAEM
Rty = AJ 3% 1000 KHz [6].

2.3.5. MIANHIH 10 BRI
BN Input St N, GBI 1A PREG 223 RY 5, E BZTOVIS Bk T, HEREN51V. &
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FAFHHEP R LED ST IR IF =4 mA B, HEZ8 VF =11V, X aflh =4 mifih 1IC=0.8
mA, =20 HI4E AR R S B VCE = 0.1 V. Z05 0805 I+ —# % D10 7 FEJf A 0.8 mA I AJ BAIE
WG, WL 2 V.
R =V/I15:
R28=(5.1-1.1)/4 =1kQ (1)
R27=(3.3-0.1-2)/0.8 =1.5kQ (2)
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Figure 5. Schematic diagram of the input port circuit
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Figure 6. Schematic diagram of outlet circuit
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2.3.6. 4~20 mA ¥ 0~5 V B B&EiT

b 25 R % — MR P e R AT (S SRR S [7] [8]. HI T A 1T R Al AD7606-6 it [y 4 B A% 15 ks
IR B A 28 MRS 5 T Bl R BB 7 R 0 3 e, AD7606 At 0~5 V [HLE(S 547 b3 . Fr
PR B THHH — A KA I 4 1Y) 4~20 mA [RARHE FBLIRE 55 0~5 V HIARIE HLEAS 5 [ Lz

45
gt IN- v |38 R
cT RCVEB
TN I@-20mA) e RCVOUT (3 ) TINIESY)
vee12v — V- RCVCOM |3
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L %8 | REFIRIM NC 2
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Figure 7. 4~20 mA to 0~5 V circuit
B 7.4~20 A 0~5V E R

RCVA420 A% HIRM S B R A £12 V R b, 200 R R R LIRS, BEEER A 1.5V,
Ty FER RIS, XoF B 42 ) AR AR 80OR 75 8 7 At IR AR a6 88 B R (37 B A IR IR 35 . RCV420 AR
Bt Z o, BiRESEIL L ThRE, HE A R8G5 AV B DR E VR N . iRIE RCVA420 F5 %
I ES L Fr 1) DATESHEET H g it sl 22 s i, K C23. C24 MAE N L uF. Wl 7 fos
R 4~20 mA # 0~5V HLi.

2.3.7. J&E# PCB &1t
PCB X F] IE S M TH A 2k, Sk 7 SRR ZR T8 > HIEL T > (55285 e BRI T %t
S ELAE ] 0.254 mm TEE, 3.3V HIEELEH 05 mm %A, 5V HEFEELMEH 1 mm SEE, 24V

YR EZRAE A 1.5 mm 565 . BT ELAREE /MIBER MMM, ELMAE KT 007l it trE kit
JEAR PCB HLER U 8 Tz .
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Figure 8. Front and back of PCB bottom plate
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Figure 9. Schematic diagram of PID algorithm
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Figure 10. PWM control flow chart
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Figure 11. Flow chart of the pressurized part
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Table 1. Voltage output comparison table
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24V # 33V 3V 32V

Figure 12. Full automatic gas piston pressure
gauge physical diagram
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Figure 13. Debugging interface of temperature and humidity sensor
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Figure 14. Simulation comparison of pressure output stability
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Figure 15. Experimental comparison of pressure output stability
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