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Text S1
Gravity compensation

The weight of a Single Motor-driven Focusing mechanism with Flexure
Hinges (SMFH) can be neglected on the targeted orbit. However, since the
developed experimental setups are performed on Earth, deflection of the
Flexure hinges (FlexHe) could occur due to the gravity. Such undesired
deformation may lead to an inaccurate evaluation of their performance. In
other words, the variation of MTF relates to the De-space, De-center, and Tilt;
therefore, any indistinct deflections that are caused by the gravity should be
removed.

This section describes how the geometry of SMFH is manipulated by means
of gravity compensation. First, by exploiting the cartesian coordinates, five
spots (A, B, C, x, and y) were determined. For each spot, LVDT sensors were
attached to obtain the displacement of the secondary mirror supporter, as
shown in Figure Sla. Then, by vectorizing three spots (A, B, C) from origin O
(0, 0, 0), the Tilt of SMFH was obtained (Figure S1b). Second, gravity affects all
orientations of the SMFH and displaces along the X, y, or z-axis, as shown in
Figure S1. Hence, according to various three-dimensional gravity directions,
six cases should be determined, with respect to each axis e.g., (£ x, 0, 0), (0, +y,
0), and (0, 0, +z)).
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Figure S1. (a) Five spots for obtaining displacement data and (b) notation of coordinate and vector
directions.

For instance, if SMFH is oriented as shown in Figure S2a, the gravity acts
along the -z-direction, which is one of 6 cases. Table S1 summarizes all
parameters and nomenclature used in gravity compensation.

(a) (b)

Figure S2. Examples of the SMFH orientation with the gravity that acts along (a) -z-direction and (b) -x-
direction.
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Table S1. Parameters for gravity compensation

Nomenclatures Description

h Length of the flexure hinge

x and y measured displacement based

Xi, Vi . . . .
¥ on gravity direction of i

Average of A, B, and C measured
Zi displacement based on gravity
direction of i

Displacement error caused by gravity

Ax, Ay, Az)i
(A&x, Ay, Az) direction of i
N Deflected angle of the SMFH caused by
1 gravity direction of i
5 > o Vector of A, B, and C considering
A,B,C -
compensated z-axis displacement
v, Norm vector on z-axis, [0 0 1]

Where, i=+x, +y, +z.

To simplify the analysis, we assumed that the gravity causing x and y
displacement is negligible when gravity acts along the -z-axis. With this
assumption, the average displacements with respect to x and y-axis are
determined as reference displacements of x and y.

x+Z + x—Z y+Z + y—Z (1)
2 ’ 2

The displacements along the x and y-axes include the errors that could be
induced by the deflections. Such undesired deformations are caused by the
structure’s own weight, while the gravity is acting on x and y-axis. Thus, the
displacement error of x and y can be written as:

Xiz+X_;

AXjy = Xyx — - 5
2
XiztX_g @)

Ax_, = X_, — —
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Yiz T Y-z
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Therefore, the deflected angle (a) of the SMFH can be written by the
following inverse triangular function, with respect to the length of the FlexHe

(r):
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a = 1774
+x = sinTt—
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Then, the displacement error along the z-axis can be written as a function of
the deflected angle, as:

Az, = h(cosa,, —1)

Az_, = h(cosa_, — 1)

(4)

Azy, = h(cosa,, — 1)
Az_, = h(cosa_, — 1)

Similarly, if gravity acts along with other directions, a function of the
deflected angle can be obtained. By exploiting Eq (4) with respect to all three-
dimensional directions, the deflections of SMFH are then eliminated. The De-
space can be written as:
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Z; — AZl'
2. : ®)
i=tx,ry,tz

Since the closed vectors are equal to a triangular scheme, the De-center can
also be written as:

2 2
<Z X — Axi) + (z Vi — A%) ©)
i=tx,ty,+z 6 i=tx,ty,tz 6

The Tilt corresponds to the norm vector of the secondary mirror supporter;

therefore, it can be obtained through a calculation of the vectors, as shown in
Figure S2b. As a result, the Tilt is derived from Eq (5) to Eq (9), by using linear
algebra.

V,=B-C ®)
V=0xV )
— 7 (10)
V
Vr: : VJ = cos Oy (11)
Accordingly, the Tilt (O:ir) can be written as:
Orite = Cos_l(vn) ) I_/;) (12)



