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Abstract. The principle of the inductance displacement sensor oradperture synthesis telescope is given with a measure-
ment of mutual inductance to deduce the axial distancelufitibtes an effective modelling and calculation methagedaon
Partial Element Equivalent Circuit (PEEC). PEEC is the roétto calculate mutual inductances between coils utilipiagial
parameter concept. Simulation for the change of mutualdtashees is done which is prepared for the next step work.
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1. Introduction

Optical aperture synthesis (OAS) technology [1,2] is a kiffsrocess technology which joints available
small diameter mirrors to form a large diameter telescopecHically, it is a technology of arranging,
supporting, detecting and controlling several small dimsub-mirrors, which can work equivalently
as a bigger diameter telescope, and obtains high resolitisarvation.

One of the key techniques for the OAS telescope is how to miaieach sub-aperture mirror surface’s
position, or how to detect and control each sub-mirror catfoand co-phase. Nowadays, there are three
types of displacement sensors successfully implicatdttiségmented mirrors [3]: the capacitance type,
the inductance type and the photoelectricity type. Emshiagblaced on the inductance displacement
sensor in this paper whose advantages are smaller volughtediweight and the reasonable price.

Figure 1 shows sensor geometry for differential distancasuement [4]. The sensor requires that
pairs of inductors be installed on the opposite edges of gighbouring segments. One pair of these
inductorsis referred to as the “Passive” side since it dbesguire power and is not physically connected
to the other pair which is referred to as the “Active” side.e$h two pairs of coils, or the active and
passive sides of the sensor, are separated by the gap betdiaeant segments. They are located on the
opposing faces of these segments such that they are gegatigtoipposite to each other when the two
segments are properly aligned. Flat spiral wound coils eratttive side couple inductively to identical
coils on the passive side.
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Fig. 1. Coils geometry for differential distance measuneime
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Fig. 2. Schematic diagram for the principle of PEEC.

The principle of inductance type is: once the mirror migsaftem a particular position, the axial
distance of the coils can be deduced from the change in mimattance(impedance change in coils)
coursed by the movement of the coils installed at the edgeighboring mirror surfaces (as shown in
Fig. 1).

Based on experiments about the model and the position o, ¢bis paper using flat spiral polygon
coils approaching circular spiral coils, simulated the maliinductance changes of coils caused by the
coil migration, using partial parameter concept as wellwsdssision principle of PEEC. So that the
guantity changes of the coil mutual inductance caused bgdlresponding displacement change can be
obtained, which would be proved in the following work by dgsng the examination system.

2. Mutual inductance calculation based on PEEC

The mutual inductance between the loops depends on thestwifse, spatial location and current
distribution in the wire, which is often calculated accaglihe Formula Neumann. However, use of
analytical formulas to calculate mutual inductance is nitedble any more in cases if the shape of wire
is rather complicated or if the current distribution in wisenon-uniform because of eddy effect. Finite
element method [5] can accurately model the irregular varel calculate the effect of eddy exactly,
but it isn’t a smart enough to calculate the three-dimeradiopen-domain model for the reason that the
work load for finite element modelling and calculating is bug is an effective method to use PEEC [6]
to calculate the mutual inductance which is numerical camatmn method through partial parameters
and partition.

1 1 4 4 4
M:ZMM""ZMiQ’+ZMi3’+ZMi4’:ZZMij (1)
=1 i=1 =1 =1

i=1 j=1

Figure 2 briefly illustrates the principle of calculationtveen coils based on PEEC. As showed in
Fig. 2(a), two filaments consist of two rectangular loop i @ (can be equivalent for the current
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Fig. 3. Two parallel equilong lines.
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Fig. 4. Two parallel straight lines in general case.

filaments), each loop consists of four straight lines. Adowy to PEEC theory, there is partial mutual
inductance between every two straight lines. Thereforaualinductance could be obtained through
summing up the total partial mutual inductances.

Regarding quite complex wire situation, for example, theflgure of Fig. 2(b), the rectangular coll
formation could be subdivided into some similar currentifidants loop as the chart a, b and ¢ show. The
current in every filament is part of total current throughwhee, so the mutual inductance of entire loop
i1 and i2 could be calculated by the Formula Eqg. (2).

M =M, + LM, + M, )
11 11 11

Where Ma, Mb and Mc are the mutual inductances among filanae bt and filament i2 respectively,
could be calculated by the formula Eq. (1), i, and . are the current through each filament. Obviously,
through appropriate subdivision and calculation of thetipemutual inductance on complex wire,
finally the mutual inductance can be obtained by summing agtrtial mutual inductances. In order
to guarantee that the current of filaments are equal, it isastgd that subdivision needs to defer to the
actual current distribution. What's more, thinner the figarhis, smaller the error become. The analysis
formulas [7] are used to approximately calculate partialualinductances.

Calculation formulas for different situations are givetdve

1. Figures 3 and 4 show the two statements of parallel striiggs.
Calculation formula for two parallel equilong lines is givas Eq. (3):

2 2 2 2
M:M—OZ In l+vP+R*) VIE+h +ﬁ 3)
T h h l
2. Calculation formula for two parallel straight lined inrgeal case (as shown in Fig. 4) is given as
Eq. (4):
M = Z—i[aln(a + Va2 +h?) = BB+ 2+ h?) — yln(y + V42 + k%) +
4

SIn(d + /02 + h2) — Va2 + h2 + /B2 + h2 + /42 + h2 — /62 + h?]
wherea+a+d+b;0=a+d;y=b+d;é =d;
3. Figure 5 shows the situation where two lines which are tallghin a plane. The formula in this
situation is given in Eq. (5).

Ho b
M= "=cosp X | zoArth———— + yp Arth—— —
or ¥ ( ? Doy + Doy b2 Doy + Doy
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Fig. 6. Two lines in general case.
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Where O, D12, Doy, Doo represent the distances shown in Fig. 5:

D} =2t +yi —2z1y1cos (6)
Diy = 2§ +y5 — 2x1y2cos @ (7)
D3y = x5 + yi — 2way1 cos @ (8)
D3y = 23 + Y5 — 2w9y2 cOS @ 9)

4. Two lines in general case. As shown in Fig. 6, two paralaigs could always be found in which
containing two lines in general case (as shown in Fig.s)s the Included angle between lines
(0< ¢ < w); x and y is the axial of coordinate; x1, x2, y1, y2 are the hagig and terminal
coordinates of the wire; 3, D12, Do1, Dos are the distances between the corrdinates.

b
M= 5—0 cos p X <562A’I“th7 + yo Arth a
T

Doy + D Doy + Doy
b 22 21 2hz 21 (10)
a
r1 Arth—— — y1 Arth + —A
! D11 + Do u Di1 4+ Dyy  sing >
where
D D
A = aretg (m—i—y;—k Htg§> + aretg <m2+y2+ 22tg§> B

(11)
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Table 1
Legnth of outmost side in different ge-
omety
Geomety Dimension
Quadrilateral spiral coils 20 mm
Hexagonal spiral coils 10 mm
Octagonal sprial coils 12 mm

Dodecagonal sprial coils 7.5 mm
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Fig. 7. Another view of the coils construction.

r1+y2+ Do, @ o +y1 + Do
arctg| ———tg—= | —arctg| ————tg—~

h 2 h 2
D3 = 2% +y} — 2z1y; cosp + h? (12)
D}y = ai +y3 — 212 cos p + b (13)
D3, = x3 + y} — 229y cos p + h? (14)
D3y = @} +y3 — 2wz cos p + h? (15)

3. Simulation example

As the demand of the sensor system, the flat circular spirah@@oils whose size is at millimetre
magnitude are preferred. Figure 7 is anther view of the coitsstruction when the coaxial distance d is
changed.

We know that, in theory, when the number of a polygon’s sidesl$ to infinity, the polygon is equal
to a circle. In this paper, spiral polygon is used to appraagital circle through increasing the number
of polygon edges gradually. We supposed that the currerstityen lines is equal. So, the filamants are
equally subdivided in a line. By using the equations metibakove, the mutual inductance between
two spiral polygon coils can be calculated. Thus, the muhdaictance between two spiral circle wound
coils at different coaxial distance is approached by a pmiygith the certain number sides.

A simulation example is given here to evalute the validityhef method. The primary and secondary
coils are indentical. The geogetric and characteristiampaters of the spiral coils are given: copper
track width is 0.2 mm, copper track separation is 0.5 mm amdbar of turns is 8. And legnth of outer
most side in different geomety are given in Table 1.
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Fig. 8. Mutual inductance as a function of axial distance.
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Fig. 9. Non-coaxial circular filaments.

The axial distance d is changed from 0 mm to 20 mm, while otheampeters are kept constant and
the air gap is fixed at 2 mm. The calculation of mutual inductaas a function of axial distance for
different geometries is shown in Fig. 8.

As illustrated in Fig. 8, the calculated mutual inductanuaeve is compared with anthor simulated
results which use concentric circles equal circular spu@lind coils [7]. As shown in Fig. 9 formula
for circular filaments with parallel axes but lateral migalinent is

1 (™ fM
M=- :
m™Jo A2

v (16)
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Where
a 2 a
A=1+(2) —22c0s0 17
+ <R2> 7,008 (17)
f=1-2cosv (18)
Ry

is the mutual indutance for coaxial circular filaments (théius of which are Rand) which is shown as
below,

Mﬁ/ = }LO\/Rlp |:<% - k‘> K- %E:| (19)

4Ry p

K= ———"
(Ra+p)?+ 22

(20)

Then, the mutual inductances of coils are obtained throwghnsing up the total partial mutual
inductances.

As shown in Fig. 8, it can be seen that calculated mutual irathoes with increasing number of
polygon’s side are approaching with the concentric cirsiesulated results. And with the increasing
number of polygon’s side, the mutual inductance changesdmat polygons are declined. The change
between mutual inductance curves of octagon sprial coifsdotdecagon sprial coils is just a little.
The error between circle calculation and dodecagon spoid s less than 10%. At the beginning of
calculation and polygon approaching curves, the two cuaveslmost coincident. It can be seen that
polygon with certain number sides are almost to be a ciraeledagon sprial coils are equal to the
circular spiral wound coils.

Figure 10 is the mutual inductance difference as a functi@xial distance which is the output of the
coils on the Fig. 1. It is shown that the curve is nearly liitgarThe target range of the displacement
sensor on optical aperture synthesis telescope systemns@0ns. As shown in Fig. 10, coils are
supposed to be positioned as d is 5 mm as the start positioensbss. In this situation, the mutual
inductance difference in every 50 nm displacement is91D~'? H according to the calculation. So the
next step of building this sensor system is to design theiitita detect the mutual inductance difference.

4. Conclusion

In this paper, specific to the coils of inductance displag@nsensor on optical aperture synthesis
telescope, mutual inductance calculation based on PEE@ythe established and verified. It can
quickly determine the mutual coupling of two coils on segitsan dfferent relative positions. The
relationship between mutual inductance and the correspgmtisplacement is obtained, which is used
for designing the examination system.
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Fig. 10. Mutual inductance different as a function of axiastance.
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