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Residual Propellant Calculation of Parallel Tanks Based
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Abstract: The traditional methods cannot calculate the residual propellant in parallel tanks. The innovative
methods need additional equipment and have disadvantages of big weight and high cost. To overcome the ahove
problems and according to the relationship of engine disturbance torque, satellite mass center and tank residual
propellant, a residual propellant calculation method of parallel tanks based on engine disturbance torque is pro-
posed. Firstly, the computational model is given, and the relationship between engine disturbance torque and re-
sidual propellant of each tank is determined. The numerical calculation process is given. Secondly, the calcula-
tion under different conditions is carried out, and the results indicate that the satellite mass center is shifted with
the unbalance masses of propellant in parallel tanks, as a result, the disturbance torque increases. Lastly, the er-
ror analysis is carried out, and the comprehensive root mean square error is about 1% with considering the input
parameters engineering practical errors.

Key words: Satellite; Propulsion subsystem; Residual propellant; Orbit control engine; Disturbance

torque; Error analysis

* WARBEH: 2021-07-31; fEITHM: 2021-12-01.
BIRESE . FMER, B4, ECTRIE, FRIESEh TR B R s AR
SRR IMEME, Ml JEMAT, 55 E?Eiﬁmjﬂjﬁﬁ%ﬁ O3 M IR I AR TR R T Ak [0 ], HEERIR ,2022,43(12)
210585. (SUN Heng—chao, HAO Yan-yan, PEI Sheng—wei, et al. Residual Propellant Calculation of Parallel Tanks
Based on Engine Disturbance TorquelJ . Journal of Propulsion Technology,2022,43(12):210585.)

210585-1



B4zt 2l ot

#HoR

2022 4F

1 35

AT A Ok B A TR A 0 T 45 7 0 i K TR A Y
oAl , Bk B Z W e R G LR T
TR AR 7 58, BRI 4% R 2 65 024 23 1) 2 330 4 Ak 770
BRI R , ) Gn bt 8k =5 A Bl 4 R T AL S TUARLT
B RS -4 TR,

TR il R oA R R A A R SR T AN T
RN FmNEZT/EZ —. HEA 2 M7 %
A LATF SR R T A e, RO A SR A B 3R 25
o3BT WF G R A O T 4R T T A EEC 1R (Book-
Keeping, BK) | J& JJ /& B B 1% (Pressure—Volume—
Temperature, PVT) Al # & 3 Jill % (Thermal Gauging
Method , TGM ) 45 Y A 4 7F 70 78 %0 900 A% 5 I H0OR o
BLAE W A5 43 0 T 3 A2 G LR A6 45 48 1Y 4 32F 571
o 4 i T 5 1 0k 22 0 A O IR S5 A Y A 0 L 4R
TR TR T, 0 AR P I A MR TE A
FE Rl U6 5 L A BT TORE B R R DR R A R T
I3 AT T T 6 A TR R B 22 S e R AT
8 25 R 10 5 ), X SR R 7 R i R R
TR TR IR B TR R PVT I BKIETEMT K
i B A 5 iy 1 18] AN [6] i 399 4 6 T O R IEAT T FY
P& T 3 P i Y 8 R 7 VR A T 58 RN T R
VL B A5 T R R vk T P T AR A )
AR T E I B 5 R R BAR UG T A A R s ]
I3 AT R BE 5 L SR A T A N A 2 A Bt A
e R AT L AR R R A BT 7 A G
BoAR o 0 2 SR ELE 4 B AN 56 56 IE A 45 A
75 ¥ E ST T R Ay i A B R U B R
W0 S5 OR R A PR 3R R figp D it 5 ) R, AR AR 4y
BT 1 A ARUIR Dl v ) AR A ) Y DL T R T
Hb AL PEAG T R 2%

o A F A L A% SR BKUPVT MBI JBE 315 R
SCHE 2 AR O TR 45 1 1Y) e 2 R R A R OO B T Y
P U T AR R A T LUTE S A B A R
HEF T Ay it (B R 2 TR TG B & AR 9] 4
FEOPE U D TR A RS R BB BH A AR A
B

AR SO & s AIL T 40 0 - TR o0 - 4 4
BER R AR B = Z B R C R T —Fh T R 5
B 0 HE T 55 10 I A 0 50 R Ay B T s
TR ST T 55 B I 15 I A A 5 R Ay R 2
FRSC &, il TRBUETE R R AR . PR T T T
R IFIEAT TRZE T .

T

2 TEER

2.1 HEWHDELEH

IR0 A Ak 27 4 0 2R 40 0 DB AT LA S 2 Sk
[13-14] , JF B A DRSS R B E 1R
2 G AL 4 (MON=-a, MON=b) 1 2 &5 BR B2 5 I 46
(MMH-a, MMH-b) ¥ T & 2 B FR A B . B & 3h
Bl (Engine) %% 76 TR G AR h o . TR AR B i &
SAL K A T, T s AE A RS P 4 2R
SEIVURARE o AR KA br RS TR
A B 2R 0 X Y saBeat > Bt kK SRR AL R R OengXeng eng-
2 BN HURE T BT AL AR TR 0,080V eaeZenbe o

Fig.1 Schematic diagram of structure of parallel tanks

satellite
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Fig.2 Schematic diagram of thrust vector of orbit control

engine
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Table 1 Precision measurement of orbit control engine

Precision measuring Mechanical

mirror coordinate coordinate system

system
¥y X y z
eng eng eng
b 1e1 1 1T
Precision measuring mirror z_, & ¢ &,
Precision measuring mirror y,_ ¥, ¥, Wy
Precision measuring mirror x v v v
cube 1 2 3
Coordinates of nozzle exit center of
orbit control engine in mechanical A, A, A,

coordinate system/mm
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Propellant masses of every tank when equal expulsion of parallel tanks
m, =0.5[m , +m  -m n/(rt1)], m =0.5[m, +m , -m /(n+1)]

plo_ " p30 p20 " pao Y

‘ Maximum of unbalance mass: 6 =a min(m_ ,m_ ) |
pbo> 1 pbf

p max  max

‘ Quantity of dispersed unbalance mass: n=ceil((5p /m_ ) |

 max' " p_step

E
‘ Unbalance masses of MON and MMH: 6 =m__j,. 6=m

v

Calculation of the mass of propellant in every tank:

b siep /3

mpl=mpbu+045(5u, mpzzmperrO.S(Sr, mPBZmeU—O.S(SU, m, 4:mpbf_0'56l'

v

Mass center coordinates of propellant in

every tank by interpolation: 21 Zons Zor B

Mass of satellite and x, y, z coordinates of mass center
m=mtm +m +m +m
pl P2 p3 p4

x=[mx +m x tm X tm X tm p‘,)cw]/ml,...

pI”pl
v

Engine disturbance torque:
TR 2 F D), F X P2), -F Y ) (P~
v

Residual error of engine disturbance torque:
o~ITM-T,, OHPHT 2T, ,, 2P}
v

Record the datas: ans (7,1 :S)Z[mp], m,,m.,m

Set j, plus 1

]

pa T |

Query the minimum residual error of engine

disturbance torque: [a b]=min[ans (:,5)]

]

| Output the mass of propellant in every tank: ans,=ans (b,1:4)

End

Fig. 3 Calculation process of residual propellant of parallel

tanks based on engine disturbance torque
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Table 2 Input parameters, values and calculation error

Error of input  Error of calculation

Ttem Input parameter Nominal value parameter result/%
Density of MON/(kg/L) 1.44474965 0.004978 <0.0001
Property of propellant
Density of MMH/(kg/L.) 0.87397325 0.00189 <0.0001
Mass properties of satellite Mass/kg 3500 +1 0.0013
without propellant Coordinates of mass center/mm [-3.5,-12,2550] +0.5 0.4013
Coordinates in x direction/mm [-500,500,500,-500] +1 0.2729
Coordinates in y direction/mm [700,-700,700,-700] S 0.1953
Parameters of 4 tanks Coordinates in z direction of tank bottom/mm [120,120,120,120] +1 <0.0001
Initial propellant mass/kg [1107,1097,675,665] *1 0.2689
Height of propellant mass center with different Table 3 1 <0.0001
propellant volume/mm

Specific impulse/s 314 +1% 0.7357
Deflection angle of thrust/(*) 0.03 +0.005 0.1311
Position angle of thrust/(*) 54 +1 0.0067
Position angle of thrust deflection/(*) 321 +1 0.0090
Displacement of thrust/mm 0.45 +0.05 0.0277
Parameters of orbit control ~ Distance of mounting surface and nozzle exit/mm 517 +1 0.0013
engine Mixing ratio of propellant 1.65 +0.5% 0.2350
Total time of engine ignition/s 9280 +3 0.0246
Angle matrix of precision measurement/(*) Table 4 +0.05 0.0012
Test data of disturbance torque/(N+-m) [-1.0,-2.0] +2% 0.0489
Calculation control Precision of mass/kg 0.01 +0.01 <0.0001
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Fig.4 Residual propellant of each tank and difference of

parallel tanks with different total time of engine ignition
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Fig. 5 Residual propellant of each tank and difference of
parallel tanks with different disturbance torques in y
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Table 3 Height of propellant mass center (/) with different propellant volume () in propellant tank
No. VIL h/mm No. VIL h/mm No. VIL h/mm No. VIL h/mm No. VIL h/mm
1 880 793 6 660 642 11 440 489 16 220 330 21 18.7 159.2
2 836 762 7 616 611 12 396 459 17 176 296 22 17.6 155.5
3 792 731 8 572 581 13 352 428 18 132 258 23 15.0 146.3
4 748 701 9 528 550 14 308 396 19 88 227 24 13.2 140.1
5 704 672 10 484 520 15 264 363 20 22 169.5 25 8.8 121.8
Table 4 Precision measurement results of orbit control engine
Precision measuring Mechanical coordinate system
mirror coordinate system Xy ¥ eng Z g
Precision measuring mirror z,, /() 2.2580 87.7420 90.0147
Precision measuring mirror y_, /(*) 87.7419 177.7418 90.0032
Precision measuring mirror x_, /(*) 90.0147 89.9974 179.9851
Coordinates of nozzle exit center of orbit control engine in mechanical coordinate system/mm -0.039 0.150 -412.152
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