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The study of plant growth and development during spaceflight is very
important in promoting fundamental and applied research. The
calculation of mutual inductance has widespread applications in
microelectromechanical systems (MEMS) sensors and wireless power
transfer in microchips. Flat coil structures are commonly employed for
implementing coils in micro dimensions. MEMS sensors and microchips
with flat coil structures have found applications in various industries,
including medical, robotics, and aerospace, in the electromagnetic
systems field. Mutual inductance is a crucial factor in the design of flat
coil windings used in these sensors, significantly affecting their
performance quality. In this paper, a comprehensive analytical solution
based on the partial inductance method is presented for calculating the
mutual inductance between two co-centric flat coils with an arbitrary
angular orientation relative to each other. Using the partial inductance
method and rotation matrices, the mutual inductance relations for two flat
coils with arbitrary angular orientation in space are derived. The results of
the proposed method are validated against ANSYS Maxwell software
simulations, demonstrating acceptable computational errors. The error for
six-sided and eight-sided flat coils is, respectively, a maximum of 13.3%
and 1.52%, affirming the accuracy of the proposed method.
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Fig. 7. Comparison of mutual inductance values of the method
presented in this article with values obtained from simulation
between two hexagonal coils with angular misalignments
around the x-axis.
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Fig. 8. Effect of rotation angles around three axes on mutual
induction between two hexagonal flat coils.
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Fig. 6. Comparison of the results of the presented method with
the results of Grover's formula for calculating mutual induction
between two hexagonal rings with a side length of 10 cm.

9 om Sl W wypm g alejlil, ¥ LY
agly b Ao 93 g (ASLRG Freew
2 4 S 01955 (655 51,8
2 (V) 5 (YY) odel Comdey balgy 9 =¥V 9 V=¥V ido & avg5 b
— i e 93 0w Rlite (Il oal cunda polie Lisu oyl
oo VO mopes ooy b (Aloiia muem 90 9 (Ao
10 e (512190 2 Aol 109,50 YO (EN) gy sl
by cov wlite g ghs ol g V (N) 499 olass cjie s
@l b il (g3g0s Aol b g jome dw o o il Sgd
Cadossh duslin < JguSia i) J35lp5 93 05 o] (sl g luodens
e 93 O Jlite Wl polie 5 4 (V) o 5 (V) o
ly cibsee (Sl (sbly; cod alocuin g 9 9 (oL @
e Gl Jade o @ (M) 5 (M) Joloo ool o imdo ol
(Ms) 5 silotend Sog) 9 Alio cpl > 0 1)) b, 5l el Cnnay
S e s ol Auslia imde L |y gumpomw gSI Sas
Gl 223 YV Sl dllde () 5 o plosl (giludie gls (gllas
L osd pbsl (gilo e & C8)5 wn (g S5l 4 d2g b
) @ 90 On Jlite Wl 0olo gy b g (oYL Jhes B>
@ ilodns )l odal cunday blize Wl polis (V) JS5
Sl i gl > ord &l gy 5l odel Camsdty yolie ol e
(sblss IS5 ol 0 losd o3l L5 @ St (sl Ao
dold g a3 Ve gV iy Cl Z 9 Y e Joo (g
g Wlodd 43S e )3 pte Blu B ply mowesw 93 Om 90



Ladlgn (odige 5 (559l
vy / Y 5)led A 8y MFF Lo

Table 1. Mutual induction values between two hexagonal coils under different rotation angles and vertical distances.

e Sy olgpds Cundan b pdans (Zeyle ol (ol Bl sl Lloo adllas

oy |y [em | N e [@m [ 9] ¥ | aky | ar | EToree

Case 1 0.25 35 10 10 | 10 | 78.3 2 6 7 0.025 3.13 792.51 817.32
Case 2 0.25 35 45 45 | 45 | 78.3 5 6 7 0.025 | 0.63 152.62 153.58
Case 3 0.25 35 60 0 10 | 78.3 2 6 7 0.025 2.29 788.8 806.9
Case 4 0.25 35 45 20 | 30 | 78.3 3 6 7 0.025 2.25 498.59 509.83
Case 5 0.25 35 20 30 | 45 78.3 4 6 7 0.025 1.94 281.79 287.27
Case 6 0.25 35 0 0 0 78.3 4 6 7 0.025 2.84 283.95 292.03
Case 7 0.25 35 0 0 90 | 78.3 5 6 7 0.025 - 0.76 0

L alises $d908 J.obs ) @l»: dlgb)' s Lf;l..ow T 95 O J;La...n <l ﬁbL'oln -y Jg.\:-

Table 2. Mutual induction values between two octagonal coils under different rotation angles and vertical distances.

w th S h 1, o o o M, M, T

em) | (um) | @m) [N em | em | LY @y | @Ry | BTeree)

0.25 35 0.025 | 7 8 2 271 | 10 | 10 | 10 | 775.47 | 763.82 1.52
Case 1

0.25 35 0.025 | 7 8 5 271 | 45 | 45 | 45 | 140.58 | 141.29 0.5
Case 2

0.25 35 0.025 | 7 8 2 271 | 10 0 60 | 765.47 | 759.38 0.8
Case 3

0.25 35 0.025 | 7 8 3 271 | 30 | 20 | 45 | 477.09 | 474.18 0.61
Case 4

0.25 35 0.025 | 7 8 4 271 | 45 | 30 | 20 | 264.81 | 262.78 0.77
Case 5

0.25 35 0.025 | 7 8 4 2.71 0 0 0 272.39 | 269.52 1.03
Case 6

0.25 35 0.025 | 7 8 5 271 | 90 0 0 0 0.41 -
Case 7
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