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Abstract

This article compares and analyzes the structure principle, the characteristics of the force balance
and the impact it has on key performance of the two typical structures (lever type and internal
balance bar type) of low to low gas pressure regulating installation currently used in the market
for medium to low voltage households. Through analyzing and calculating the influence of the ba-
sic structure of the lever type and the internal balance bar type low to low gas pressure regulating
installation have on safety and reliability, force balance relationship, force balance and force con-
dition, spring force loss and its key performance, the relationship between the two indicators,
finding the differences in key performance indicators such as safety and reliability, voltage stabi-
lization accuracy, closing pressure level, circulation capacity, etc., analyzing the shortcomings of
the low to low pressure operating conditions existing in the lever type gas pressure regulating in-
stallation, and conducting physical test verification. Results prove that under low to low voltage
operating conditions, the internal balance bar type is better than the lever type in terms of safety,
reliability, voltage stabilization accuracy, circulation capacity and closing performance.
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1. 51§

FETTBAAT BRI R FNE 3T R S K IR B, ERBE AV R, AR
PEU EE AR 35 A — 0 R TR 28459 B8Rl N H

i HE IR SO s 4% [ AR ME GB 27790-2011 [1TFISSAESA S ¥ 1T EE GB 50028-2006 [2], ik - /&
VAR % —BAE ) T N: P15~10 kPa, P2 2.16 kPa, i EMl 1~6 Nm'/h, FEFEESS: AC1S, KM
JE 7159 SG25 [3].

A P9 A2 AR - AR R 88— I A 5 B 20 ATAT U -~ AT . AR R 28 1
THAEYE, @ EATA SO R 2T KATATF I N AN SR R, &S REZE, MR ER
ANEOAE R 0. A — R R R 28 B T AT S TR 2520 kPa BAR), — B K BRI D ANTFREE . 5 P4
MUK BT, SR BIAUEAE f1. R RS FE A DG PH Itk BE S5 Mk RE PR AR R [4]. AL AT = U8 2% Hh T 1 1 L
AN, AP RIS PRACRIEY), AN F 2480 /N e 2248 PR
ERATAT 2R R B AR S T B8 as IR S, REHIERIL T RS “HE” IRERE A RK
R G151, WP EAT R R 38 SATATFRAH LG, AAAE P LA AT R 7 a5 B R AR = i 7, (H
FEHME - IR T, EREREE . SCHTERE. RIERET) . A nl Sk & U7 I #A B 2.

ASCERX PP R - IR FEAS , WERS Bordr T = 0 AR S B (RS R AR S50 Ik 3l 75 5X)
JIPER R 52100, FEESRIEATIONE, AT ARG - KA T PP B = 22 4]
FEME. RO REAEG  CH R A O RE AR TALAT R 2518 .
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2. GEHFn[RIE

PR - R RS AR T 8 USRS, FZ AR & ImIE . R, WO, WO, Lahgsi
Beo MFEITE R TR R 50N 7E B & SC I AR ] (0 22 ML R o TR 25 A% B REREARAE H 1100
FIP2)AE Ak, il i O FFFE R A R F3 284k [6]. 45 e S B2 S B AR R ARG (19 52 1 PADIRES . 4
FRR 28 H UK A A e, X2 B 70 s I AR IR . 3 NS A Bz O X PP
AR RS2 T — R CPERR ), B AR R 2 D T 1R IR 1152 38 R 28N 0 7 A8 A0t 1 s 284
FEPE(E TSNS BRI, W ORI,

FLAF AU - R 28 R B . WAL, MRS, . TR Bk, WO, RO, #
FFv ATHE AEZIHUA S TE AR B 1) T B ) 338 77 Fkx, F M R o1 ) P2 A H 2
F A AR E R ) FP2SA. fEIE A FRE TAER, Fkx — E#fizg, FP2SA ¥4 Fkx REFF
i, 1 IOES ORI B ORREE S . 2 R E N ORI, &R DR ) P2 R, Fkx KT FP2SA, *
JE R Im) N BN, ARSI SIAT AT 8 T B, AL ShAEAF e A #2208 i 0555 18 R I EEAR R
TS P2 38K AR, 4 FIFRERCVNET, &R O &) P2 EFF, Fkx /NT FP2SA, FE ) B
B, FEBIHA A ANALA 1B B, ADAR s ST ) A B 2, AR 5 R O T R AR N, AT P2
B A o

wWoA RO#  # F A F 1&3hs

Figure 1. Structure principle of lever type low to low gas pressure regulating installation

L AIARR - (REBERSHRIEE
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Fly RO AT AR (L 2). R it 705038 ) Frx, ERER T /108 P2 /EF 3|
FE A R AR 77 FP2SA . 7R R4 Fe e TAERS, Fkx — ELIfiE , FP2SA #45 Fkx fR¥7F-1,
1] 18 5 1) R TR FEARRR A € o 4 R B RIS, s plth K /) P2 N F%, Fkx KT FP2SA, F R [A)
B, SRR A, MR OERSE ORFEARR, MRAE P2 3K AR, 4RI RN,
R O ES) P2 B, Fkx /NT FP2SA, FJE 1 E#EN, wrahiiTrm Ereal, {4 i 85 i O A
AN, INTIAE P2 B

3. RETREMSH

Sl L 25 R UL 25 0 1 % P A P 38 0 SRR AR PR ) 1 A AU A L B ARAE T
F A, FERRIEA T P R A R R BT RN RBE R T4, BT % AT St
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Figure 2. Structure principle of internal balance bar type low to low gas pressure regulating installation
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Figure 3. Force balance of lever type low to low gas pressure regulating installation
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Figure 4. Force balance of internal balance bar type low to low gas pressure regulating installation
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RURAR — 8 #3338 1 6 77 P1AITHE 1)K 7 P2 2[R Z A AN 2 IR K (P ASHB L 20 kPa P2:2.16 kPa),
DAL b % b 7 2 1) (9 22 A AN /N o AR MR R A BRI Ty — I T e 2% %5 G B PR R s, 5 22
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Table 1. List of conditional assumption in the calculation of force balance

= 1. DPEXRTEIEFHRARIR

0 & 77 P1 il (kPa) 5~20(4rHIHL 5, 10, 20)
H O 7 P2(kPa) 2.16
TR ROZ S EAE A(mm) 60
& 11 B 4% a(cm) 1
AJT 77 1 kgflem® 9.8N
ZIHAR F=P*S*98(FR&K), PREAE, SREZIIH)
FLATEL L1/L2 1:4

2) WHELFE 2)

Table 2. Summary of the calculation of two structures gas pressure regulating installation

2. MMERNITEILRE

HHE AR FLAFR W EFR
% 77 P1(bar) / 0.05 0.1 0.2 0.05 0.1 0.2
tH H K 7 P2(bar) / 0.0216 0.0216
WIT 1 FP1Sa(N) Pl *Sa*9.8 0.385 0.769 1.539 0.385 0.769 1.539
F T /1 FP2SA(N) P2*SA *9.8 5.982 5.982 5.982 5.982 5.982 5.982
FJE R 43 77 FP2SA2(N) FP2SA2 = FP1Sa 0.385 0.769 1.539 0.385 0.769 1.539
ALFFEE /7 FL1/L2(N) FP2SA2 * (L1/L2) 0.096 0.192 0.385 ¥
FHE 43 77 FP2SA1(N) FP2SA-FP2SA2 5.886 5.79 5.597 FP2SA1 =FP2SA

43. REREER

1) FERIEE KM E

H T AL AT 2R Py~ AT SOM T B S P fe DA ZE AR, B A RS A = AL, WRHA]
FRFEINIRE 38 o MR8 IR TSSO A2 k4. BAR . AR, A S0 75 5% 3 I 2 ~0.18N/mm (5
HIIAFRSEHUE A —E R ZE).

2) BORFEESREIRER

FEI VBT RE RE, BEEITEERIHER, SRR, SR 8B, 8 ) Fkx HiZ
BAZ /N o ATFT 2R IR 1 T2 5 3 A R R NG FORAZATAT USRS, A RAZALATLE 1:4 KT,
W 4T 1 mm, FREMK 4 mms A8 EAF B TR SR AALAR 450, OO S s K a2 101
kR, BV ORIT | mm, SEEMK 1 mm. 8 MHRE R O HCR W% 3:
Table 3. The relationship between the loss of spring force and the valve pad
3. BENMESRMORLER

PEEESHSe: HENIEE 0.18 N/mm, FHAH 1 mm, 3> 0.18 N
FLAF WA BT
i) 1 E T B B NBRGERR) ] T B2 FEIBRAAGRR)

1 mm 0.72 N 1 mm 0.18 N
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Continued
2 mm 144N 2 mm 0.36 N
3 mm 2.16 N 3 mm 0.54 N
4 mm 2.88 N 4 mm 0.72N

3) BB A T RN E R
HE ) Fkx Bk, K-S P2 T, HIERIFE AN AP2 = AF/(SA * 9.8). R#E & 1 /1% @ {E
N 2.16kPa, AJDAEHHEFESTRRIERERXR KRR, k4,

Table 4. The relationship between voltage drop and voltage regulation accuracy of two structures gas pressure regulating in-

stallation
4. AMEREMRSRERBENR AR
AL P45 ELAT R
N e N o 2.16 kPa X [ S, N o 2.16 kPa X [
B OEFFE ORIk P2 KM kPa @?ﬁﬁ B OEFFE ORIk P2 KM kPa ﬂ%ﬁg
hictiA hictiA
1 mm 0.72N 0.26 —-12% 1 mm 0.18N 0.065 3%
2 mm 1.44 N 0.52 —-24.1% 2 mm 036N 0.13 —6.0%
3 mm 2.16 N 0.78 -36.1% 3 mm 0.54N 0.195 -9.0%
4 mm 2.88 N 1.04 —48.1% 4 mm 0.72N 0.26 -12.0%

4.4. XAEINESR

N T TRT R ELL, AR IR I SRR s et g g%, AR R iR B 1 1 S PO g e 7T RS PR R s
A5 4.2 5, 25 PLRAESERIN, T B2 8K X FALAT Cmid, ATF /7 FL1/L2 tEE2 3K,
TR e e W SR A SRR T, A BERAESR P o 10 28 A 3 oRIR T P2 AR 2 A 2452 01
B, Hrp sz AR, B ESRAA R BT J1, mte AUE S e i) P2 AU E, B P2 AR5 R iR 4 e
KW #F 2, KA PLIEKIR, SRHE M BRI E . T AP EAT =0k, B PL
WIER, FOTIBREZ IR, (B PR I thREZ K, LS HOT ARG, Rk, P2 AHIHER
AT DAGRAE DG FAT,  BISCHA AR
5. WRHBS 54

IR, FEIEFF RS AR - AR R, DT AT SRS e T /0, Hl 0 RSl L
FLRFRCEE R, TR IR SRR I RS ORLAT 2 4 7 fho R e R, IR AR R A PRI AR (1
S - AR ERR (O mbRs g A F1B), Rt TALAT i He #e R m] Be b viv i _E PR RS DR R A 0077

45 PRI i S5

Table 5. List of parameters of the two structures samples

5. mMEERE~RHNSH

ES: A mpiEEa T BT ER(A) FLATH(B)

g I B 4% (mm) 11 4

F I H BAE (mm) 71 85

1% 1 T £ (mm) 2.8 1.6
FLAFLE TCALHF 1:5.8

DOI: 10.12677/met.2020.95054 504 IR N EASE N


https://doi.org/10.12677/met.2020.95054

HEA

TE PRI 7= S AEAE — B R R ~F Z R AR T, ASCEE- X HE L. REZEMRKEZEZE T
DLHEAT RS [9].
5.1. HRIARIEHHE

TMZH: Pl=5~20kPa, P2=2.16kPa
ALAF =0(B) IR GG s 14 2R (LI 5):

3.00 -
SG
2.50 I e
ggs ] . +AC (3231
X == = =AGAC (ZLilD
J_‘Ejj . —pP1 . i
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-14.6% 2W0kpa
| . int: !
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0.00 ' ‘ L ' '
0.0 1.0 3.0 4.0 5.0

2% (many

Figure 5. Static characteristic curve of lever type (B) low to low gas pressure regulating installation
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PP BT (A R BRI 2o (L 6):

3.00 -
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2.50 +AC
P2s2.16 N== 5 +AC (S
2.00
EH =AC-AC (SEiil)
(kPa).50 1 sEUAC: +2.3% ——P1max: 20.0kPa
—— Plint: 12.S5kHa
oo { o B ——P1min: 5.0kPa
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0.50 - 5100, .4
7.87
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Figure 6. Static characteristic curve of internal balance bar type (A) low to low gas pressure regulating installation

6. FREEETFN (AR FRFIErhZ

R 2 BT (LK 6):

Table 6. Analysis of two type static characteristic curves

6. PITRLEMIRRT IR AT

TiH P15 ELAFER(A) FLATE(B)
5 5 1.25
VRIEHE /I (m*/h) P1(kPa) 12.5 5.44 2.94
20 7.87 3.61
T mE +2.3% +4.6%
TR }
Tz -13.9% -14.6%
KT 42 9.7
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5.2. (pEERWEAE O

TS $: Pl=3~5kPa, P2=2.16kPa
ALAF =B IRLE R RE M 2R (LI 7):

3.00 4
SG
2.50 +AC
P25 2.16 \ +AC (I
Jj_ijj SACAC (S
(kPa)so |  SEMAC: +2.3%—Plmax:
-13.3% 5.0kPa
100 SYISG: 8.3 Plint: 4.0kPa
=—P1min:
3.0kPa 2.29
0.50 4 191
1.40
0.00 T T T T T )
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Figure 7. Static characteristic curve of lever type (B) low to low gas pressure regulating installation

7. ALAFR(B) NI FREF I L

PP~ AT (A ) e A 8 fh 2o (L4 8):

3.00 -
SG
2.50 e
P25 216 +AC (=YD
2. |
i “AGAC (SEl)
(kPd).50 1 SZMIAC: +2.3%—— P1max:
-14.1%  5.0kPa
1.00 4  S%SG:6.9 —— Plint: 4.0kPa
0.50 1 ——P1min: 7.87
3.0kPa 5.11 692
0.00 . . . , .
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Figure 8. Static characteristic curve of internal balance bar type (A) low to low gas pressure regulating installation

8. MFEEM (AR FRHFIE Lk

FRFIE R 7 T (L 7))

Table 7. Analysis of two type static characteristic curves

7. PRTREEAERT I B AT

Wi H P F ELAT 2(A) FLAFR(B)
3 5.11 1.4
i AE 7J (m*/h) P1(kPa) 4 6.92 1.91
5 7.87 2.29
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w2z +2.3% +2.3%
Tz -14.19% -13.3%
KK S 6.9 8.3

R IR AE RIS IR T HISC 4.4 AT AAE P1REAACS F A P A i Remin, RIVHT Holimg, ALAT
I LA 5T S R IT 0, F 0 2 I ERRHES ), TR 1 MR 5 9088 70 2 1) (4 5145
ERAS S AR, [Ny, ATFFUAE PLARAITSOLN, SRMITEREEE S Rz, P11, ALFFAORHITERE
LT

5.3. KEERWHAETH

THBH: BT - (RERESN R R RO EAES, N T REEIEA T, KEZE
R, B4 AEANEOE VR, #% Pl &R0 1:4 #4700,
AT AB) R FF R E (UL 9): P1 AL 1:4
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1 SG
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200 - 53
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Figure 9. Static characteristic curve of lever type (B) low to low gas pressure regulating installation
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Figure 10. Static characteristic curve of internal balance bar type (A) low to low gas pressure regulating installation
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Table 8. Analysis of circulation capacity

8. MIBRENON

i (Nm’/h) i (Nm®/h)
P1 (kPa) P1(kPa)
PP ELAFEU(A) FLAF(B)
4 5 20 221
125 5.44 60 5.01
20 7.87 100 6.91
shie GG E -  C N S G & = WA b i S oA

L B, IEA AT RE SR S T BT SO A AR, A IR AT v T 9 P L
FEEUM PL S A
2) FREKEE AT 9)

Table 9. Analysis of voltage stabilization accuracy

F 9. RERESH

TR WFAT EATR(A) FLATE(B)
K w22 +2.3% +6.5%
KR N 22 —-14.3% —14.0%

i SRAS B IR I (R0 B s 22 P e BT o

PR — AR A 28 7E SR B RV BT (10K B2 1 s 22 LU Asc i, U B VR S R 3 00 1R 47 1) 7 ~F- 1l
GERE o T PSP B SRR B b 22 B R AR T AT AR, 32 B Rt FATAT e AR S = il R i, T
HEKR, FHHOEEmMB TATAFR TS, BRI BT RS TR, SEUTIRE M
P2 L e E s i, JF iz b 25z e T NP EAT

3) KRHESIFELR (2 10)

Table 10. Analysis of closing pressure

= 10. XHAEDFRSH

eIk WP LT SU(A) FATA(B)
SG 8G6.9 SG22.7
ik FAT PL R, KPR R

6. B4

R LA BS54 73 AN 52 770 55 S Bl Bl 1) 70 A, AR BTR mT DUAS HE DR 46

1) WP EAT QR 28 T 2 T e

TP BT AR BT Rl R 1, A ORI R, AN G HEREIE AR, S HR AL
TR R AL, AR P AT A D 2 BRI R A (AN S DR R BT s S PR e, A e A mT SRk B v

2) AP AT 2R e A AT S v AR A LS . S AR DR AL I 0 S R BE K (R At e

FLAF I8 SRS, R R TF AR, DIATAT BUBOR 1 BB A%, kBB BT 4
RITFEERINLRS, W SBOEMAK T 4 FITERKE . HEMIGRE, B IHRGHRE . 88T/
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