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Abstract. This paper describes the results of experiments to study the effects of the temperature of a proportional
gas valve on its main technical characteristics - the output gas flow and the width of the hysteresis loop. A com-
parative analysis of the results of measurements of the output gas flow rate for the Russian valve being developed
and the most popular models of foreign valves - ASCO 202 and Norgren IMI FAS was carried out.

Keywords: proportional gas valve, output gas flow, temperature characteristics
For citation: D.M. Ivankov, A.S. Lomakin, S.P. Bychkov, A.A. Kopylov. Temperature operating

modes of proportional gas valves. NANOINDUSTRY. 2023. V. 16, no. 7-8. PP. 476-480. https://doi.org/
10.22184/1993-8578.2023.16.7-8.476.480.

1 MOCKOBCKMIA FOCYAAPCTBEHHbIN TEXHUYECKUIA YHUBEPCUMTET MMeHn H.D. BaymaHa, Mockea, Poccma / Bauman Moscow State Technical University,
Moscow, Russia

oM e 7-
HAHO MHAVCTPUA Tom 16 Ne 7-8 2023



EQUIPMENT FOR NANOINDUSTRY

Tepmonapa
Thermocouple

220B|V

—————————— I L
'I_‘IponopuMOHaanbn?l knanan |
Proportional gas valve | ’

I,

ay

Pacxopomep
Flow meter

Kaptpuax
Cartridge

L

MynbTumeTp
Multimeter

P Bbixog,
Poutput

bnok-ycunutens redeparop

+—&  |||IM-cMrHana &
220B|V

Amplifier unit

3MeeBUK
Pipe coil

Kamepa Tenna v xonoaa
Heat and cold chamber

<Dv1anp—Bnaroomen ntTesb
Moisture separator

& PWM signal 1

generator

P Bxop
Pinput

Puc.1. Cxema skcnepumeHmanbHoU yCMAaHos8Ku
Fig.1. Schematic of the experimental setup

BBE/JLEHUE

[Inpokoe IpUMeHeHHe IIPONOPIMOHATbHBIX [a30-
BBIX KJIAIIaHOB JHUKTyeT Heo6XO0QUMOCTb IIPOBeie-
HUS JOMOMTHUTENbHBIX UCIIBITAHUN IIPH Pa3iny-
HBIX YC/IOBUSIX PabOTHI.

OOHUM K3 BaKHEHIIUX BHEMHUX GaKTOPOB,
OKa3bIBAIOUMX BIHUSHHE HAa paboTy TaKkoro Kjia-
IaHa, CYUTAeTCs TeMIepaTypa OKpPYXKalIlem
cpenbl, IIPU KOTOPOM 3KCILIyaTUPyeTCs KIallaH.

Llenbio JaHHOM pPaboTHl SIBIASIeTCS MCCIe[0Ba-
HHe BJIMSIHUS TeMIlepaTyphl KJlallaHa Ha ero KiIo-
YeBble XapaKTePUCTHUKH, 3 HUMEHHO Ha BBIXOJ-
HOM pacxoj rasa, MMUPHUHY MeTJH FHCTepe3uca
U TMHEeHNHOCTb paboThl. Pe3yabTaThl UCCIe[0Ba-
HHUU M03BOJIST CKOPPEKTHPOBATh PeSKKM MBI HCIIBI-
TAaHUI Ha 3Talle IPOU3BOACTBA.

OMUCAHME 3KCNEPUMEHTA

JKCIlepUMeHTaIbHAS YyCTAHOBKA IO Ol pefere-
HHIO Pacxofa rasa nNporopLHoHaJbHOIO KaalaHa
B 3aBUCHUMOCTH OT TeMIlepaTyphbl OKPY>Kalomie
cpensl, cxeMa KOTOpoM m3obpaskeHa Ha puc.l,
npezncTaBiasieT cobor KaMepy TeIlsla U X0Jio4a,
B KOTOPOM yCTaHOBJ/IEH IIPOIIOPIMOHAIBHBI ra30-
BBIM KJIalaH. Kamepa Tema U Xo0Jofa I103BOJSIET
yCTaHaBJIHUBAaTh HeobxomHMMyI0 pabouyio TeMIle-
paTypy cpenbl. B KaMepy BBOASITCS ra3oBasi Mark-
CTpab, KJIeMMBI IOAKJIIOUEHHU S KIallaHa K ITHUTa-
HHIO U LY TepMoIapbl. BXxogHoe maBleHHe
peryaupyercs ¢ MOMOIIbI0 QUABTPA-peryasiTopa.

INTRODUCTION

The widespread use of proportional gas valves neces-
sitates additional testing under various operating
conditions.

One of the most important external factors affecting
on such valve performance is the ambient temperature
while a valve is operated.

The purpose of this work is to study the effect of valve
temperature on its key characteristics, namely, output
gas flow rate, hysteresis loop width and operation
linearity. The study results will allow adjusting the
testing modes at the production stage.

EXPERIMENT DESCRIPTION
The experimental setup for determining the gas flow
rate of the proportional valve depending on the ambi-
ent temperature, is shown on the diagram in Fig.1, isa
heat and cold chamber where proportional gas valve is
installed. The heat and cold chamber allows setting the
required operating temperature of the medium. The gas
line, terminals for connecting the valve to the power
supply and a thermocouple probe are introduced into
the chamber. The inlet pressure is regulated by the fil-
ter regulator. The flow rate from the valve is recorded by
a flow meter mounted at the outlet of the heat and cold
chamber. The temperature of the valve is determined
by means of a multimeter receiving the signal from the
thermocouple.

The experiment was conducted in a KTH-20M heat and
cold chamber (Fig.2), which allows for precise setting of
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Puc.2. a - kamepa menaa u xonoda KTX-20M; b — nonoxkeHue KAanaHa 8 Kamepe menaa u xon00a

Fig.2. a - KTX-20M heat and cold chamber; b - Valve position in the heat and cold chamber

Pacxom Bo3oyxa M3 KjiamaHa QUKCUPYETCS pacxo-
IOMEpPOM, YCTAHOBJI€HHBIM Ha BHIXOJEe M3 KaMephl
Temia ¥ Xojnoga. C MOMOIbIO MY/IbTHMETPA, IPH-
HHMaIoIero CUrHasa C TepMOIlaphl, OnpeneseTcs
TeMIlepaTypa caMoro KJjialaHa.

DKCIepUMEeHT HPOBOAMJICI B KaMepe Temja
U xonoma KTX-20M (pHC.Z), II03BOJISIOIIEN TOYHO
3aZlaBaTh TeMIlepaTypy OKPYy’Kalollek Cpenbl
U pabouylo TeMIepaTypy INPOIMOPLHOHAIBHOIO
Ki1amnaHa (puc.3).

B KaMepe ObIT yCTaHOBJIEH MaHUOB/ C O/~
KJIIOYeHHBIM K HeMy KjIallaHOM. Bo3ayx B MaHU-
donba momnamaeT yepes ra3oByo TPyOKy-3MeeBUK,
HaMOTaHHYIO Ha IIOACTaBKy MaHUonbma. Takoe
pacmnosoxkeHHe TPyOKHU I0O3BO/sIeT YCTAHOBUTH
TeMIepaTrypy Bo3Ayxa, HOCTYHAWIero B Kja-
naH, 611M3KOM K TeMIlepaType Bo3[yxa B KaMepe.
Ha BpIXOJe M3 KjallaHa BO3AYyX Yepe3 JaMHHATOP
[I0TOKA IIOCTyIaeT B pacxomomep CITREX H4 [1].

DKCIOePUMEHTHI IIPOBOSMIIMCH AJis TpeX Kjalla-
HoB: Norgren IMI FAS [2], ASCO 202 [3] u kn1anaHa,
paspabareiBaemoro AO "IlnyToH". )i KasKZOro
KjallaHa B Auara3oHe Temmoeparyp oT 0 go 60 °C
c marom B 5 °C 6b1/1M MOy4YeHbl TPAaQUKU 3aBHUCH-
MOCTH pacxofa oT yCTAaHOBJIEHHOU Ha reHepaTope
Tektronix AFG3021C cKBa>kHOCTH YIPABIISIOLIETO
IMHM-curHana [4].

YTobbl TeMIlepaTypa B KaMepe U Ha KJjallaHe
cTabuyin3upoBasach, U3MepeHHUsS HaUYHUHATHUCh
TOJIBKO 4Yepe3 25 MUH II0CjJe YCTAaHOBKU TeM-
nepaTyphsl Ha maHenau ynpaBiaeHus KTX-20M.
CKBa>KHOCTb H3MeHsJ1ach oT 0 10 99 % c marom
B 5 %. Jlyigd Kaskaoro rpapuka Takke GUKCUPOBa-
JIUCh TeMIIepPATyphl Ha KjallaHe [0 U II0CJIe IIPo-
BeJleHH s U3MepeHUH.
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the ambient temperature and the proportional valve
operating temperature (Fig.3).

A manifold with a valve connected to it was installed
in the chamber. Air enters the manifold through a
gas tube coil wrapped around the manifold base. This
arrangement of the tube allows the temperature of air
entering the valve to be set close to air temperature in
the chamber. At the valve outlet, the air enters the
CITREX H4 flow meter through the flow laminator [1].

Experiments were conducted for three valves: Norgren
IMI FAS [2], ASCO 202 [3] and a valve being developed by
Pluton JSC. For each valve in the temperature range from
0 to 60 °C with a step of 5 °C, diagrams of the flow rate
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Puc.3. 3asucumocmpb makcumanbH020 Nnomoka om memnepa-
mypbl 0451 KnaHa Norgren IMI FAS

Fig.3. 3asucumocmp makcumanbH020 NomoKa om memnepamypbl
0451 knaHa Norgren IMI FAS
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Fig.4. Temperature dependence of maximum flow for ASCO 202
valve

PE3VY/IbTATDI
Pe3ynbTaThl K3MePeHUH IIpe[CTaBIeHbl Ha JHaA-
rpaMmax (puc.3-8).

BbIBO/1bl

[IpoBe/leHHBIE B paMKaX JaHHOM PaboThl Kccile0Ba~
HUS BBISIBUJIU YBeJIMUeHHe BBIXOJHOTO Pacxoja rasa
C yBeJIM4YeHHeM TeMIIePaTypbl OKPY>KaIOIIeH Cpe/bl.

Puc.5. 3asucumocmpb makcumanbH020 NomMoKa om memnepa-
mypsl 0451 KnanaHa AO "IaymoH"

Fig.5. Temperature dependence of the maximum flow for the
Pluton valve

dependence on the PWM control signal width set on
the Tektronix AFG3021C generator [4] were obtained. To
stabilize temperature in the chamber and at the valve,
measurements were not started until 25 minutes after
the temperature was set on the KTX-20M control panel.
The RMS was varied from 0 to 99 % in steps of 5 %. For
each graph, the valve temperatures before and after the
measurements were also recorded.
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Puc.6. Tpaguk 3asucumocmu 8bIX00H020 pacxoda 2asd om
ckeaxkHocmu u memnepamypbl 9ast Norgren IMI FAS

Fig.6. Diagram of output gas flow rate vs. flow rate and tem-
perature for Norgren IMI FAS

Puc.7. Tpaguk 3a8ucumocmu 8bIX00H020 pacxoda 2asd om
cK8aXxHocmu U memnepamypbl 045 KaanaHa ASCO 202

Fig.7. Graph of output gas flow rate vs. flow rate and temperature
for ASCO 202
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OIHaKO IPU 3TOM yBeJMYeHHe TeMIlepaTyphl
OKpY>Kalolller cpeibl OTPHUIIATelbHO CKa3blBAETCS
Ha CTabunapHOCTH paboThl NPOIOPLIMOHAIBHBIX
ra3oBbIX KJIaIlIaHOB.

C yBenu4YeHHeM TeMIIepaTypbl MakKCUMaJbHBIH
IIOTOK IMHEHMHO POC TOJIBKO Yy KianaHa Norgren IMI
FAS (puc.3). Ons knanaHoB ASCO u AO "IInyTon"
XapaKTepHO CKauKooOpa3HOe IIOBHIIIeHHE MAKCH-
MaJIbBHOTO IIOTOKA (pI/IC.4, 5).

C yBellM4eHHeM TeMIIepPaTypbl OKpy KalolleH
cpenbl 3HaueHHe CKBA>KHOCTH, IPU KOTOPOM KJa-
[MaHBl HAYWHAIOT paboTaTh THHENHO, CMellaeTcs
6inmske K 99 % (puc.6-8). DTO TOBOPUT O TOM, UTO
IIPH BBICOKHX TeMIlepaTypax IIPOIOPLIMOHAIbHEIE
KJIaIlaHBl Xy>Ke OTKPBIBAIOTCS HAa HU3KUX 3Haue-
HUSIX CKBAa>XKHOCTH.

[ToBBIIIIEHME TeMIIePATyPbl OKPY>KaIOIIeH Cpebl
HeraTUBHO CKa3biBaeTCs HAa MAaTrHUTHBIX CBOM-
CTBax MaTepHaJIoB JeTajlell MaTrHUTO3aMKHYTOI0
KOHTYpa [5], @ Tak’Ke Ha COIIPOTHUBIEHHUH 0OMOTKH
KaTYIIKH UHAYKTUBHOCTH, YTO [IPUBOJUT K CHU-
SKeHUI0 ee MAaTHUTOJBHKYIIleH CHUJ/Ibl, OTKPBIBAIO-
LIeH KjaalaH.

WHO®OPMALIMUA O PELLEH3UPOBAHUN

Pemakuus 6arofapuT aHOHHMHOTO pelleH3eHTa
(pelieH3eHTOB) 3a UX BKJIAaJ B pelleH3UPOBAHHUE
3TOM paboThl, a Tak>ke 3a pa3MelleHHe CTaTeHn
Ha camTe XXypHaJa U IIepefadyy UX B 3JIeKTPOHHOM
Buge B HOb eLIBRARY.RU.

Jekaapauus o KoH$AUKMe UHMepecos. AsMopbl 3a28A510M
06 omcymcmeuu KOHPAUKITO8 UHMEPecos UAL AUYHBIX 0MHO-
wieHuil, Komopble moz2Au bbl nosausme Ha pabomy, npedcmas-
AeHHYt0 8 daHHOU cmambe.
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Puc.8. Tpaguk 3a8ucumocmu 8bix00H020 pacxoda zda3za om
cK8aXxHocmu u memnepamypsl 045 KnanaHa AO "IaymoH"
Fig.8. Diagram of dependence of output gas flow rate on flow rate
and temperature for Pluton valve

RESULTS
The results of measurements are presented in the dia-
grams (Fig.3-8).

CONCLUSIONS

The studies conducted in this work revealed an increase
in the output gas flow rate with increasing ambient tem-
perature. However, the increase in ambient temperature
has a negative effect on stability of the proportional gas
valves.

While temperature grows, the maximum flow
increased linearly only for the Norgren IMI FAS valve
(Fig.3). ASCO and AS Pluton valves are characterized by a
jump-like increase in maximum flow (Fig.4, 5).

As the ambient temperature increases, the slope at
which the valves begin to operate linearly shifts closer to
99 % (Figs.6-8). This indicates that at high temperatures,
the proportional valves open more poorly at lower slots.

An increase in ambient temperature negatively
affects the magnetic properties of the materials of the
parts of the magnetically closed circuit [5], as well as the
winding of the inductance coil resistance, which leads to
magnetomotive force decrease that opens the valve.
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30-1 HAYYHO-TEXHUYECKASl KOHOEPEHLINA "BAKYYMHAS HAYKA U TEXHUKA™

MPOLLJIA B MAXAYKANE

C10 no 14 okTs6ps 2023 roga B Maxaukane npotna 30-9 Hay4HO-TexHU4eckas
KOH(epeHLMS C y4acTVEM 3apybeXHbIX CMELMANMCTOB “BakyyMHash Hayka 1 Tex-
HIKa". OpraH3aTopOM KOH®EPEHLYM BbICTYMNAN POCCHIACKOR BaKyyMHOE 0bLLje-
€180 1 000 "IneKTpOBaKyYMHbIe TeXHOMOrMN".

Mo TPAAULIWK, 3Ta Hay4HAS KOH(EPEHLS MPOBOAWTCS EXEroAHO B HaYasIe
0CeHu. B cnepyiolLiem rofy MpoBeAeHMe 04epeHoON KOH(GEpeHLMN 3annaHpo-
BaHO Ha CEHTSOPD.

B pabote KOH(EpeHUMM, MPOXOAVBILEA B  KMBOMWCHOAW  YacTi
Maxadkanbl = B Hay4HO-03L0POBUTENLHOM KOMekce “XKypasiu" — MpuHsn
y4acTie MpeaCTaBATENM BEOYLMX NMPOMBILAEHHBIX MPEATPUSTANA, Y4EOHDIX
W HaY4HbIX MHCTUTYTOB.

B Xoe koHdepeHLM aBTOpamu bbi1 MPe/ACTaBEHbI AOKAAbI MO HAYHHLIM
Hanpae/eHmsIM:

o Quanyeckme SBNIEHNS B BAKYyMe;

*  BakyymHble CUCTeMbI, YCTPOICTBA U TEXHOMOT 4eCKoe 060pyA0BaHNe;

o TOHKOMNIEHOYHbIE MOKPBITIS 1 HAHOCTPYKTYPLI;

*  BakyyMHble TeXHOMOr MY 1 33pOKOCMUHECKWI KOMTIEKC;

*  b1OMeRVLMHCKIE BAKYyMHbIE TEXHOAOTUM;

®  DMUCCUOHHbIE NPOLIECCH 1 UCTOHHIKY 3aPSHKEHHDIX YaCTWILL, B Mprbopax

11 YCTPOVCTBAX.

Bo Bpemst paboTbl KoHdEpeHLM Bbin NPOBeAeH KOHKYPC Hay4HbIX paboT
MONOZbIX CMIELMANCTOB, MO UTOraM KOTOPOTO MPK3epbl ObIM OTMEYeHbI MOYET-
HbIMV FPaMOTaMM OPraHI3aLMOHHOTO KOMUTETA W ACHEXHBIMI MPU3aMU.

B KynbTypHOM Mporpamme KOH®EPEHLIVN Y4aCTHUKY MOAYYN BOSMOXHOCTL
MOCETUTL 11 OCMOTPETb Haubonee MHTEPeCHble JOCTONPUMEYaTENbHOCTI pecry-
6k [larectaH: camblit ApeBHMI ropog Poccun [lepbeHT, paketonnaH JlyHb,
CynakckuiA KaHb0H 1 6apxaH Capbi-Kym.

r

|

Mo utoram paboTbl KOHEPEHLIM NpeaCTaBNeHHbIe AoKnaabl GyayT ony-
OM1KOBAHbI B HAY4HO-TEXHUHECKOM COOPHUKE, BXOASLLEM B POCCHICKMIA MHAEKC
Hay4HorO LTMpoBaHms (PUHLL).

CrioHcopamm: KoHGepeHLnn BbicTynwan 000 "Geppu BarT" (. Kasakb),
000 "IpcrBak” (Mocksa), AQ "WHTek AHaantuka' (CaHkT-Tetepbypr), pynna
KomnaHui Kpuocuctembl (Mocksa), OO0 "IneKTpoBaKyyMHbIE TeXHOMOTUK"

(Mocksa).
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