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Research on the Accuracy of Measurement Methods for On-orbit Satellite Propellant
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Abstract: The accurate measurement of on-orbit satellite propellant refueling quantity is one of the key
technologies for on-orbit refueling missions. In this paper, based on engineering practice, two mathematical models for
the measurement of on-orbit satellite propellant refueling quantity are proposed, i.e., the pressure-volume- temperature
(PVT) method and the ultrasonic flowmeter method. The PVT method is an indirect measurement method relying on
the remaining amount of the tank before and after on-orbit refueling, while the ultrasonic flowmeter method is a direct
measurement method relying on the forward and reverse current phase difference. Based on the propellant refueling
quantity models, two analytical models for the accuracy analyses of the two measurement methods are put forward by
means of variation. The analytical models can be used not only to qualitatively analyze the factors affecting the
measurement accuracy but also to quantitatively evaluate the effect of each factor on the measurement accuracy.
Finally, the measurement accuracy of these two methods is quantitatively analyzed by means of the accuracy level and
the analytical models for accuracy analysis. The results demonstrate the effectiveness of the methods.
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Fig.1 Schematic diagram of the principle for on-orbit

propellant replenishment
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Fig.2 Schematic diagram of measurement by the PVT

measurement method
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Fig.3 Schematic diagram of measurement by the ultrasonic flowmeter measurement method

T b T 2 70 R R T A S g SRl LR
TE 3 2o 78 3 T BOHE ST 2 R 7 1 K5 BE 23 B 14 fige i
BERY o3 A 2 b D7 7 RS BE 2 R D] R o

2 MEAE 2

2.1 PVTlEi%x

PVT i ok b IA J5 52 4 TR P48 () RS
TR 2 S5 SF ] 422 0] 45t 41 32 500 R o, X 3 i
TR 1 DAk AR R SR IR 43 1 5 1, 6F (1) B

— B 22 5y

T
T op,T oT
é\Vo(l_Po 1)_ Pol O_Po 1V0+
T T T
T T
Loty op+ L ve, (3)
piT piT

T OV I 0 iy A AR R 2
Spo J AN T I A A0 0 AR T g B0 e SR AR R 2% 5
Opy AN T A8 A s g ) I B OR AR R 25 50T
Sy AR DY AR R R B DR S R AR R 22 50T N
A T A R L B B R OR R DR 22 5 0V O AN

SR 40 o T R 25

FLF PVT (400 I 50K B 32 2 Bk F A2 #L
ANINHT 0po O To B KN ,AEFANING 0p1 0T 1Y K/
DL e Jn v T 4R B Sz M T0 R I AR S A RR e )
KB .

AR S EE A R T B R R I R R b o
F14 0 RS B R R, T AR (3) R I A — IS R

SAV ) .
%M&za%xzvdﬂWT%%mN%m5mE
R, ]

MVR_%JH,_MMH

piT

—= Vo+
AV T, !

T] y 0T| OTI
2 Vﬁ%+p2WﬁHL/W@—j)ﬂ%)

P%To piTs piTo
il 1) Ak 1 % A R

8AV é\ ()Tl / oé\Tl (JTI

(p o Pl
AV piT piT piT

poT, ( P()Tl)
5 oT, 1—"— (5)
Ty )/ 2V

1 (4) (2 (5) TPV T 35 X A o i 0 i K
JEE = B FAE FUANITHT 0po 0 To MK /N, LA K A



9540 % 2023 4E45 2 1

AR Spy 0T B K/,
0T Y /IS e B v A X om0 6

18 AL IS 0po 0Ty 0p:

22 BEEREITNEE

P I T R T I R I A —
P, O6F T Ry R E Y 40 A R R A S ok
BCAR 43 1 5 i 6 2 (2) BC— B A 43

“A D-
8(]8(( ga‘ )

1617k,
2cApD? et “8(Ap)D* | 2°ApDOD
16Lfk, ¢ 16L /R, 16L/R,
*NoD? ANoD?

¢ — L2y (6)
16L° fk, 16Lf7k,

3z 0 Sy Ik B R BRI o ) I R 2 O Sk R U
P 0 1R 22 5 0 (A ) Ry M3 AH XoF A A7 22 B4 )
iR 20D A I H AR R R 22 0L A K
I k5% 2 5 O 7 U AT I T R 2

S X b T 0 RS M fEX iﬂ

R P OB A A 11 I R X R i ) R U"J

0q | [ 2¢A¢D" 8(Ag)D —+
g |\ 16Lf%, 16Lf%,

2¢*ApDOD  ¢*ApD* SL—

16L1k, 16L% fhy
DD’ cApD?
)
16Lf %k, 4 )/ ( 16Lfk, )] 0

A TRT T R X b o 00 kS 2 S

@ZZ&JF o(Ag) @7617%

q ¢ Agp D L f

BE T U T A I IR X I RS 2

SR 7T b P IR AE A TR A e R T 53 R AN 22

AR VB IR RS R A OIS S 0 AH X B R

o R R TR AR PR R A R AR

PR B 7 R A A A 0 R T A R R T A D

Z&, AT I A T AR AE 25 R IX 26 i 22, 0 B A B E TR

L T P I T A IR AR X N RS 4 S R

TG 3 A A7 22 1) AH R RS BE o

0q:  O0(Ag)

PRV (9)

N T 5 PVT kB 73 B RO — B, T 240

FIF AR T A T e 0 2 A g R RS A T I R K R )

(8)

ZEE AR, S5 - 10 R BIUHE TR R im0 R B A 5T 155
MrdiAl . T 0AV = 0qy:¢, AV = qr, W 75 % i &
T B4 R X 2 0 RS R A
SAV  bq,.  0(Ag)
_ {Jﬁ’: 1% (10)
AV q Ag

A oAV g BRI R 22 AV O R A
SR DU A S A T IR R A S A T DS O A X A
A3 22 FR R X 0 A

3 FEITE

G 2 BLAT TE SR AR 19 2 1L BF 380 A S A
SO AT 28 2R AL S BT 2 R 7R B R B
V1 TR L 5 R AT 2 R 7 o T R E T
S

(5 AT, PVT S0 & 0k JE B Z R F
FE 77 8 AR T 4 T B W BORG 45 4 BT %
PR TR A 0 iR AU I o K DL R 2 R T AL
f BT R AT ) 2R (5) AL 407 PVT A X
TR TR B 3% 1

®1 PVIERMNMMENERE
Tab.1 Measurement accuracy of relative refueling

quantity by the PVT method
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Tab.2 Measurement accuracy of relative refueling

quantity by the ultrasonic flowmeter method
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