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Abstract; In order to analyze the effect of injection error on gravitational wave detection, and keep arm
length, breathing angle, arm length variation rate and distance to earth acceptable, the effect of injection error
is investigated. First, the Monte-Carlo and CADET are tested and compared. CADET is proved to be correct.
The effects of position and velocity error on constellations are researched with the CADET method. Experimen-

tal results indicate that the relative error between CADET and Monte-Carlo is less than 6% , and the calculated
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time of CADET is less than 1 min. Radial position error and tangential velocity error have a greater effect on

constellation. If the position error of the three satellites are in same direction, maintaining stability is easier.

The same is true for velocity error. A constellation can remain stable when position error is no more than 160

km and velocity error is no more than 3 ¢cm/s. CADET is appropriate for injection error analysis because of its

accuracy and high efficiency.
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Tab.1 Results comparison of CADET and Monte-Carlo methods
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¥iE MC  3016317.7921 3021 446.3156 2982485.0420 59.204 0 60.4837 60.3121 7.1682 -3.7070 4.3495
CADET 3 015 780.761 7 3 020 993.339 8 2981 955.221 9 59.2058 60.4907 60.3034 7.1470 -3.6995 4.278 4
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CADET J7 ik AT iR 2246 73 Hr

5 & F CADET & 8] 5] 7y s 3K ) UK B AU 2 A o 1 i
ff)’b@iﬁi’%ﬁ%éy\#ﬁ‘ BRZE, T AKX 3K A 28 152 22 X 48 U8 bk 7 A 1 5

WA T 53T o LAZS (6] 51 7 P BRIIAT: 55 R 191, T 4
TR 3 x 10° km , FEIR A AR AL /N T 10 B K AR L
FUNT 10 m/s, BEHLEEES/NT 6.5 x 107 km [ 7]
TA R UG 25 (8] 5 | 0 PR IIAT: 55 255K . Wl tG

e S VB S5 e W B
AL R 9 R 0 A% 20 1y
PR ATRILIER, SO Monte-Carlo 5y g o i1 2.3 it 1 1.2,
ST AR BB R, TEL 0 L e s e e g
VCHIBERIES M T, BRI i 3 s one x 10° b 1608 M8 e
BrAE 2 K ERTE], PEE F1 CADET kXt Fas 60. 37° K ARY 25 F A N 3. 325 m/s, b2
IS W AT FOHE AR, LB Ty



o DA 5512 %

498
6
3015712 1
213
3.01
0.5
3.005
g
g 3 2
= %
2.995
—0.5
2.99
2.985 =
0 1 2 3 4 0 1 2
tly tly
604773 1
60.2 0.5
=~ 60 i’ 0
= ©
59.8 —0.5
59.6 =]
0 1 2 3 4 0 1 2
tly tly
4 1
21 3
A ~ 05
DN ‘{n
2 0
£ o0 g
= =
- ©
=2 —0.5
—4 -1
0 1 2 3 4 0 1 2
tly ily

K2 wrtat

Fig.2 Initial constellations

x2

5.1 REFEIMEERFY

(1) A7 1) B9 AL iR 2

B VLA SCIR 21 B ) s, S IR BN S
Eﬁﬁﬁx~NW¢#%ﬁ$U=%wouﬁ%ﬁ

W4 e, e A 1,2, 3 BOmBE N
100 km , 77 [m] G5 TR AR 1) , V) 1) Rk o 04 1 25 40 A
OB RS o AT 55 R h A TR bR BB AR ifE 22 1
e KR T AR BIAL Y 1) J2 R , TR o LA Oy
M R R AR AR AR LUR SRAS AR R . A4 B AR AL
=R 2 P,

2 [ o) 3 90T AR B AN /IR 5 A 6 R 2
IR, 1R 22 19 7 1) Xof ) 7 A 0 35 5, AR ) R 2
(TP TR AR 9 25 7 A 1R 48 A3z T LA I 4> T 1) 1
R, RN EIRZERIN T TR, T LAy
RIP=A P sl B8 K, R, Ml K 2 & S B 5 1 5
2 R ME [ B RS

(2) AS[R) 7 o) )8 8 1 2

[l TR 1,23 SEIms(EH 1 em/s, J7 1A
Gy B ], D) 1) 0 1] 9 1E 25 430 1 TR 1R 22
FRIASAL AN 3 BN o

[ ) 3 90T AR A IR/ IR 5 A R 1R 22

B IRE T X R AR

Tab.2 Effect of position error direction on constellation

Li,/km Li3/km

v/ vy3/ Vy3/
0,/(°)  6,/(°)  65/(°)

(mes™") (m+s™") (mes™")

1 n] ¥E  3014428.5904 3014 411.9245 3014 041.631 1 60.3284 60.3651 60.3692 3.3349 3.2602 3.3072

FRfEZ 3 117.635 1 3413.799 0

0.0558 0.0566 0.0559 0.6534 0.6357 0.6709

llE| Y 3014 324.06 47 3 014 310.481 6 3014 323.441 0 60.333 3 60.364 9 60.3674 3.3215 3.2547 3.3073

0.0015 0.0015 0.0015 0.0216 0.0215 0.0196

| ¥H  3014354.154 6 3014 250.519 3 3014 323.744 1 60.3327 60.364 6 60.3678 3.3252 3.2521 3.3073

0.0006 0.0006 0.0006 0.0150 0.0152 0.008 2

Frife 2 91.243 0 91.886 3
FrifE% 30.993 0 30.414 5
*x3
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Tab.3 Effect of velocity error direction on constellation

L,/km L;/km

v,/ vy3/ Vy3/
6,/(°)  6,/(°)  6,/(°)

(m-s™') (m-s™!') (m-s™!)

121w W 3014364.6937 3014 218.896 0 3014 324.0927 60.3324 60.3645 60.368 0 3.3262 3.2508 3.3072

brufE2z 90.319 9 90.119 2

0.0015 0.0015 0.0015 0.0168 0.0167 0.0187

G| ¥H  3014358.196 1 3014 265.270 6 3 014 292.5174 60.3322 60.3647 60.3679 3.3261 3.2533 3.3072

bRt 1589.610 0 1728.196 7

0.0282 0.0286 0.0285 0.3410 0.3314 0.3379

) WE 3014 351.696 3 3014 250.564 6 3 014 322.426 1 60.3327 60.3647 60.3678 3.3251 3.2528 3.3072

b2z 19.192 6 19.225 4

0.0003 0.0003 0.0003 0.0061 0.0060 0.0081
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Tab.4 Effect of error magnitude on constellation( 7 =4 years)

v,/ vy3/ Vy3/
L,/km L;/km L,;/km 0,/(°)  6,/(°) 6/(°)
(mes™") (m+s™') (m-s™")
BB 100 P 3014 428.590 4 3 014 411.9245 3014 041.631 1 60.3284 60.3651 60.3692 3.3349 3.2602 3.3072
)
i PRfEZ 3117.635 1 3413.799 0 3306.621 0 0.0558 0.0566 0.0559 0.6534 0.6357 0.6709
|2
& 1 000 PME 3015125.864 9 3 015879.464 1 3011 524.2255 60.290 0 60.3953 60.3826 3.4260 3.3296 3.3071
(km) tauE2ZE 31 181.5323 34 145.594 2 33072.501 0 0.5582 0.5665 0.5584 6.5363 6.3577 6.7092
W P 3014 358.196 1 3 014 265.270 6 3 014 292.517 4 60.3322 60.3647 60.3679 3.3261 3.2533 3.3072
& )%
- PRifEZE 1 589.610 0 1728.196 7 1 696.484 1 0.0282 0.0286 0.0285 0.3410 0.3314 0.3379
RZAE
10 HE 3014 420.979 4 3 014 400.901 6 3 014 015.281 3 60.327 8 60.3651 60.3689 3.3376 3.2613 3.3072
(em/s) PRUEZE 15 896.848 4 17 283.056 3 16965.7472 0.2825 0.28066 0.2852 3.4103 3.3145 3.3796
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Tab.5 Effect of error magnitude on constellation( 7 =10 years)

v/ vy3/ Vy3/
Lyy/kim Liy/km Lo/km  6/(°)  6/(°)  6/(°)

(m+s™') (m-s™!') (m-s™!)
B 100 PE 3030 326.996 2 3 026 882.999 7 3 029 905.409 1 60.8126 60.961 1 60.8375 7.1411 7.2893 6.9430
i PRifEZE 6 605.262 9 7 012.686 8 6 858.372 8 0.1139 0.1169 0.1156 1.3682 1.3313 1.3996
PME 3030 641.096 1 3 032443.748 6 3 032228.9126 60.7945 61.0473 60.8809 7.0942 7.3697 7.2116
Clom) 1 OOO)M‘YEE 66 186.719 5 70 279.365 3 68 727.030 2 1.1427 1.1726 1.1569 13.711 8 13.3382 14.028 1
W HIE 3 030296.274 1 3026 334.2106 3 029 681.6722 60.8146 60.9602 60.8332 7.1539 7.2816 6.9430
s PRfEZE 3 302.646 5 3514.742 4 3443.595 4 0.0574 0.0583 0.0580 0.6972 0.6710 0.7019
HIE 3030 333.464 7 3026914.277 1 3029 929.590 2 60.8102 60.961 1 60.8379 7.1228 7.2922 6.9430
(om/s) 10 PRifEZE 33 043.461 5 35 166.530 0 34 453.912 5 0.5747 0.5841 0.5802 6.9759 6.7134 7.0233
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Tab. 6 Effect of direction of relative position error on constellation

v/ vy3/ Vy3/
L;,/km Li3/km Ly;/km 0,/(°)  6,/(°)  65/(°)
(m-s™") (m-s™") (m-s™")
[&] 7] PIE 3014 404.364 8 3014 472.578 8 3014 042.1262 60.3289 60.3653 60.3689 3.3320 3.2621 3.3074
FrifE 2 3 118.707 5 3413.8559 3307.072 1 0.0558 0.0566 0.0559 0.6536 0.6359 0.6709
J2 [ P 3014 880.7725 3017 790.780 4 3 036 402.176 6 60.6157 60.4506 60.691 8 3.3304 2.7014 6.5719
FrifE 2 3118.703 5 3413.773 0 3306.951 0 0.0562 0.0569 0.0568 0.6536 0.6366 0.6719
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Tab.7 Effect of direction of relative velocity error on constellation

v/ v/ v/
Ly,/km L3/km L,3/km 0,/(°)  6,/(°)  65/(°)
(mes™") (m+s™") (m-s™")
) 1] Y 3014 560.508 0 3 014 090.939 2 3 014 013.501 6 60.324 7 60.363 6 60.3710 3.3548 3.2492 3.3070
WRifEZ 15919.053 4 17 283.325 7 16 969.3474 0.2825 0.2867 0.2853 3.4106 3.3168 3.3797
JZ [ Y 3056 876.709 7 3086 759.7153 3016 355.104 0 61.3269 61.6226 60.9532 12.2643 14.3651 3.378 8
WRifEZ 15914.563 5 17 282.0559 16 969.3183 0.2823 0.2878 0.2830 3.4082 3.3101 3.3794
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