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ARTICLE INFO ABSTRACT

Keywords: A design for a truss mechanism of a secondary mirror based on robotics is proposed. This design

truss mechanism of secondary mirror would allow for the construction of larger vehicle-mobile telescopes. As the new truss mechanism

wavefront aberration combines the original support structure and adjustment mechanism, the problems in designing

screw theory . . . A

) new structures needs to be overcome. In this paper, the basic form of the truss mechanism is

geometric algebra . .. . . .
determined by finite element method, and the number of limbs meeting the requirements of
resonance frequencies and stiffness is obtained. Degrees-of-freedom of the new truss mechanism is
calculated by motion space based on geometry algebra and screw theory, It can provide more
accurate and specific results compared with the G-K formula. The optimal structure is calculated
to meet the requirement in degrees-of-freedom with the minimum possible limbs and kinematic
pairs. After the form and the value of joints are determined, the deformations are calculated by
stiffness evaluation index. Wavefront aberrations simulated with Zernike polynomials are used to
verify the structure.

1. Introduction

Telescopes can either be fixed stationary or movable. Vehicle-mobile telescopes have a great advantage over ground-based tele-
scopes in terms of mobility and efficiency. However, it is not possible to transport large telescopes by road as they do not meet height
requirements of bridges and culverts. Therefore, vehicle-mobile telescopes remain in the scale of 1 m, which restricts the development
of their diameter.

Secondary mirrors are generally fixed to the telescope by Serrurier truss as the supporting component and a secondary mirror
assembly is installed above the Serrurier truss via Stewart platform, which adjusts the position of the mirror in six-dimensional motion
[1-3]. In this type of structure, the Serrurier truss accounts for about half of the total height of the telescope, which is the main reason
for over height of vehicle telescopes. As the telescope is not operated during transportation, the secondary mirror does not have to
remain in the working position.

This paper presents the concept of truss mechanism in the form of robotic arms, which integrates the supporting part of traditional
Serrurier truss and the adjusting part of the Stewart platform. The new designed truss has both positioning and freedom adjustment
functions; thus it is necessary for the platform to have the 5 degrees-of-freedom (DOFs) except the rotation along z-axis to adjust the
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Fig. 1. view of JWST truss mechanism’s expansion.
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Fig. 2. finite element model of truss. (a) mechanical arm finite element models; (b) Deformation of gravity parallel to the optical axis;(c)

Deformation of gravity vertical to the optical axis; (d) First-order resonant frequency cloud.

position of the secondary mirror. When the telescope is in operation, the secondary mirror assembly is placed at the specified position
by the motion of the truss. When the telescope is not in operation or being transported, the secondary mirror assembly moves with the
motion of the robotic arm, and the truss is placed on the side of the telescope. The height of the telescope can be reduced by half, so the
overall height of the telescope is only considered from the azimuth and horizontal axis. For example, for a telescope at the scale of 2 m,
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Table 1

Deformation and resonant frequency of the secondary mirror.
Deformation of gravity parallel Deformation of gravity vertical Resonant frequency
to the optical axis to the optical axis
0.059 mm 0.12 mm 45.4 Hz

the overall height can be controlled to 4.2 m including the vehicle, so that it can be transported. The resolution and light collection
capabilities of the 2 m diameter telescope increases more exponentially than the 1 m diameter telescope. The newly designed truss
takes into account the image quality and mobility of the telescope, and the design has broad application prospects [4-6].

The truss mechanism based on the robotic arm cannot be constructed, because the accuracy of robotics did not meet the re-
quirements. With advancements in technology, the accuracy has been improved. The IRB120’s accuracy of ABB based on truemove and
quickmove controlling software can reach 0.01 mm, which meets telescope requirements [7]. However, the robotic arm used as a truss
mechanism in telescopes is very rare. A similar structure was used in the James Webber Space Telescope(JWST). The truss is folded in
rocket when it is launched, and opens up when it is on track. (Fig. 1) The foldable mechanism only has 3 DOFs of rotation. Highly
accuracy positioning can be achieved but it does not have the adjustment function [8-11]. The truss integrated with positioning and
adjusting functions has not appeared yet.

The new truss mechanism has the function of the 6-DOFs platform. That is to say, the new robotic arm truss mechanism not only
needs to meet the function of positioning the secondary mirror, but also have the 6-DOFs adjustment function. So it is necessary to
calculate the number of DOF of the manipulator theoretically and design the appropriate number of limbs to take account of the
stiffness and weight of the parallel mechanism. DOF of each limb and the motion subspace of the parallel structure should be optimized
after meeting the freedom requirements of the secondary mirror.

2. Mechanical formulation

The truss mechanism is a key component of the telescope’s structure. It’s dimensional accuracy and stability directly affect the
positioning accuracy of the secondary mirror. The truss mechanism produces different degrees of deflection at different positions in
gravity. The telescope system needs to have sufficient stability against wind load and other problems during observation. All this
indicates that the secondary mirror assembly and truss structure need to have sufficient structure stiffness [12-15].

Parallel mechanisms can lead to higher system resonant frequency and stiffness, which makes the truss a greater mass. Therefore,
parameters and the number of limbs of the truss need to be adjusted to meet the stiffness of the system and limited quality re-
quirements. In order to achieve rigidity requirement with minimum quality, structures using one limb or two limbs cannot meet the
resonant frequency and the system stiffness requirements. Using three parallel limbs meets the requirements with minimum quality.

The finite element model was established to calculate the characteristics of the system. The secondary mirror is simplified as a mass
point, and the mass point is set to 30 kg. Truss mechanisms are simulated as beam units and released by the corresponding rotation
DOF as shown in Fig. 2(a). By establishing the finite element model shown in Fig. 2(a), gravity parallel and vertical to the optical axis is
applied to the model, and the deformation and resonant frequency is verified as shown in Table 1.

The results show that the deformation of gravity parallel to the optical axis is 0.059 mm when the gravity is parallel to the optical
axis as shown in Fig. 2(b). The deformation of gravity vertical to the optical axis is 0.12 mm when the gravity is parallel to the optical
axis as shown in Fig. 2(c). The first order resonance is 45.4 Hz. (Fig. 2(d))

3. kinematic pair design of the truss and DOF calculation in parallel

After the theoretical analysis and verification of the finite element model, the truss mechanism is determined in the form of three
parallel limbs. In order to obtain the DOF of the parallel structure, the paper designed the DOF in parallel to meet adjustment re-
quirements by designing the type and number of DOFs of each limb based on screw theory and geometric algebra. The secondary
mirror needs to have 5 DOFs except the z-axis rotation to achieve the adjustment function. The DOF of the truss mechanism is changed
and compared with the requirements to obtain the optimal solution by adjusting the number of kinematic pairs on each limb.

3.1. Definitions

3.1.1. Geometric algebra and algorithm

Geometric algebra was proposed by Clifford: In real number field R, an n-dimensional vector space is recorded as V,. Geometric
algebra field G, = G(V,) is a vector space composed of geometric products V; space [17,18].

N-dimensional geometric algebra space G, is composed of orthogonal groups {e;, ey, ..., e, }; however, the base vectors are only
algebra elements in G, and not basis algebra elements[19]. The basis algebra element of geometric algebra is blade. A k-blade is made
up of the composition of the outer product by k(k < n) vectors a;, az, ..., ax :

(Ar) =ar Nay A ... Nay (€}

where k is the order of the blade; therefore (A), is also known as the k-order blade. (A), represents a directional subspace formed by
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SO —hS

Fig. 3. axis of screw.

these k-vectors. In particular, when k = 0, (A), represents a scalar, when k =1, (A); represents a vector [20-22]. N-dimensional
geometric algebra G, is composed of 0-n order blade.

The geometric product is a unique algorithm of geometric algebra and defined as ab, which is composed of the sum of the inner and
outer products of vectors a and b.

ab=a-b+aNhb 2
a-b is the inner product of a and b, a A b is the outer product of a and b.

3.1.2. Relationship establishment between screw theory and geometric algebra

According to the definition of the screw theory [23,24], a screw may represent the motion and force of a rigid body, which is the
speed or the force of the rigid body. Screw is a line vector with a pitch, and the equation of the screw isr x S = S — hS (Fig. 3), written
in Pliicker coordinates as (S;S° — hS).

A screw can thus be expressed as:

§=(5;5°

= (8;8° — hs) + (0;hS)
(837 X s+ hs)

(L m,n;p,q,r)

3

r represents a position vector of a point on a line, h represents a pitch, ,m,n,p, q,r are set as the Pliicker coordinates of the screw.
Contact is established between screw theory and algebraic geometry to solve for the degrees of freedom. The screw S can be written as

S=s+4+rAs+ hizs

=vie; + ve; +v3es + (viy — mz)e,Aes + (viz — vax)esAey
+(vax — viy)e,Ney + hvieyNes + hvaesNey + hvse  Aes

= vie; + vex +vies + bie,Nes + bresNey + bze ey

(€))

b; is a scalar, by = vsy — va2+ hvi, by = viy — v32+ hvy, bs = voy — v12+ hvs. The method is extended from the three-dimensional
representation to R(6 0) geometric algebraic space, R(6 0) is a six-dimensional geometric algebra space, e, ez, e3,e4,e€s5,¢€6 is a set
of orthogonal base units of R®, and set

ey = e,\e3 es = ez/\ej, e = €,\ey

, 5

== =c =ci=c:=1,ee=—eei(i#]) ®
The screw can then be represented by geometric algebra as:

S:V|€] +V2€2+V3€3 +b1€4+b2€5 +h3€(, (6)

3.2. DOF design of the truss mechanism limb

It is difficult to obtain symbols or analytical expressions when solving the DOF problem using the modified G-K formula [12]. In this
paper, the screw theory combined with geometric algebra is used to obtain the motion subspace on the moving platform by the union of
the twists on the limbs.

The optimal process to meet the requirement of secondary mirror adjustment with few joints is shown in Fig. 4.

Step 1, set the initial kinematic pair type and the number n.
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Design kinematic pairs and
the number n
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Fig. 4. process of limb kinematic pair design.

Fig. 5. Structure of parallel truss mechanism.

Step 2, establish the position vector of each kinematic pair.

Step 3, calculate each twist on each limb.

Step 4, calculate the motion space of the end of each limb.

Step 5, solve the motion space of the moving platform, verify whether the moving platform contains the five DOFs in addition to the
rotation along z-axis. If the kinematics meets the requirements, the kinematic pair of the limb is reduced to n-1. If the kinematics do not
meet the requirements, the kinematic pair of the last loop is the optimal solution.

As secondary mirror adjustment mechanism needs to be isotropic for adjustment, symmetrical parallel mechanism is used in this
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Table 2
Position vector and twist in a fixed coordinate system.
position vector coordinates twist
oM, [r,0,0] Suty s Sus
OM; 1 V3 Sty > Sy
[-5r5 1.0
272
OM; 1 V3 Stz > SMzo
[=5r —=-10]
2 2

OAx [xa, . ya, -2, ] Sute

0Az [Xa,.¥a, 24, ] Sty

OAs [xa, . Ya, -2, St

OB, [x, Y8, 28, | Shns

OB, (xB,,YB, 2B, S

OB3 (xB,,YB: 2B, S

0C; [Xc. e 2a] Strs » Sy
0c; (X, Y6 2c,) Shs » iz
0Cs [xcs5¥es:2¢) Shzs > SMzg
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study. Three limbs of truss are circumferentially distributed on the four-way body, the beginning and the end of the robotic arms seem
to be equilateral triangles. The forms of the kinematic pairs are generally revolute pair R, prismatic pair P, spherical pair S. To reduce
the overall weight of the truss structure, torque motors are used in this structure, thus revolute pairs are used. The R pair can provide
one relative DOF. In this paper, the initial value is set to 6; thus, the initial DOF of each limb is 6. Establishment of the coordinate

system is shown in Fig. 5, where the origin is at the center of the fixed platform plane.

Radius of the platform is set to r, and the coordinate points A1, Az, As, By, Ba, B3, C1, C3, and Cs are set as shown in Table 2. Point M;
is provided with two revolute pairs, the axes of screw are parallel to the z-axis and y-axis. A; is provided with one revolute pair, the axis
of the screw is parallel to the y-axis ; B; is provided with one revolute pair, the axis of the screw is located in the xz plane; C; is provided
with two revolute pairs, the axes of screw are parallel to the z-axis and y-axis. The screw system of the other two limbs can be obtained

from rotation about the z-axis.
According to Eq. (6), each twist on the first limb can be written as:

Suy, = €3

Suy, = € + reg

Smyy, = € — 24,84 + Xa, €6
Sm, = €1+ 2g,es — yp €6
Suys = € — Z¢,es + X¢, €6
Suie = €3 +Yc,€4 — Xc, €6

(7)

The motion subspace of the first limb can be regarded as series of independent kinematic pairs on the limb, then the union of the

twists is:

SM! = SMH USM!Z USMIJ USMM uSMls USMI@
= St N Suiy A Suy NSty AN Sas N Sy
=ae; Ney Nes Nesg Nes N\ eg

(8)

Among them, a is a scalar, a = x¢, (Ya, — 2¢c, — 2a,Yc, + 'Za, )- Eq. (8) represents the motion subspace at the end of the kinematic
chain on the first limb is a 6-blade. Similarly, according to Eq. (8), each twist on the second limb can be written as:

Smy = €3
1
SM22 = 76] +§6’2 — reg
V31
SM23 = 7@] + 56’2 - EZA2€4 + 7@4265 — XA, €6
301 V3
Sity = _Eel + 762 + EZ3265 + 723264 — ¥B,€6
V3o 3
Sits = 761 + Eez - 520294 + 5 %685 Xc, €6

Sy = €3 +Yc,e4 — Xcyes
The motion subspace of the second limb is the union of the twists:

Snt, = Sty U Saty, U Sty U Sayy U Sayg U Sy
= Satzr N Sitay N Satyy N Sty N Satrs N Sy
:bel Ney Nes Ney Nes N eg

©)]

(10)
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among them, b is a scalar,

V3 13 3 V3

3
b=yc, (TZAZXCQ - *(*ZAZ)’BZ — —Xa,ZB, +——1Zp, + 7rZA2)

24 4 4 4
*?ZC: (xa, = 1) + ?(?@x:ysz - %XAZ B, + %rzg2 - %rzAz))
+xc, (*%Xcz - %(?ZAZ)’BZ - %xA:sz + % r— %r%) + %Zcz (xa, — 1)
+§(*%ZAZYBZ - ?XAZ 25, + ? rZp, +2a,))

Each twist on the third limb can be written as:

Suy, = €3

Suy, = \?el — %ez + reg

Swmyy = ?el - %éz + %ZA364 + 73@3 es — X4,
Smy = %31 + \/7§€2 —5imes + 73233 €4 — Ypy€6
Shys = ?el - %62 + %ZQ eq + 73203 €5 — Xc, €6

Smys = €3 +Yc,e4 — Xcye5
The motion subspace of the third limb is the union of the twists:

SM3 = SM}I U SM32 U SM33 U SMS-’l U SMJS U SM36
= Stz N Sutsy A Sutzy N Sty N Swgs N S
=ce; Ney; Nes Neyg Nes N\eg

among them, c is a scalar.

V3 13 3 3 3
C=Yc,; (7ZA3xC3 + *(*ZA;}'B; + XAy 2By +— T2, +—— VZAJ)

2 2°4 4 4 4
V3 1 V3, V3 1 1 3
o (x4, — EV) + 7(*7%)'83 Tt T B + ZVZAK))
1.V3 3 1
+xc (5/‘63 + E(TZAJBS T T gt ;) — 5% (a3 — 3" )
V3, 1 V3 V3
+7(*ZZA3}’B3 + Tx/h 2By + T ¥Zp, + 243 ))
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an

12)

n-dimensional geometric algebra G, comprises a 0-n order blade, wherein the blade of 0 order is a scalar. It is then easy to obtain the

following equation:

Sy = Sy, NSy, N Sy
=me; Ney Nes Neyg Nes N eg

13

m can be calculated by Egs. (8),(10),(12), and m is a scalar that does not influence the result. Therefore, if the DOF of each limb is 6,
the DOF in parallel is 6 with 3DOFs of translation and 3DOFs of rotation. Thus the mechanism meets the requirement of secondary

mirror adjustment.

Because it is not necessary to have rotation DOF along the z-axis, in order to minimize the number of kinematic pair and obtain an
optimal solution, the z-axis rotation freedom in three limbs is removed, which is the revolute pair parallel to the z-axis in C;, C, and Cs3

in Fig.5. The primary mechanism is changed to 3-RRRRR parallel mechanism and DOF is calculated again.
According to the data in Table 2, the motion subspace of the first limb is the union of the twists:

SM! = SMH USM!Z USMIJ U SMM U SMIS
= Sy N Swiy A Suig NSy A Sty
=aje; Ney Nes Neg Neg+ares Nes Ney N\es \eg

Among them, a;, a, are scalar.
The motion subspace of the second limb is the union of the twists:

14
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SMz = SM2| USMzz USMZ‘& U SM24 U SMzs

= Sle A SMzz A SMZJ /\SM24 /\SMzs

=e NeaNesNeg Nes+breg Neay Nes Ney Neg+brey Nes Ney Nes N eg
+bsey Ney Nes Nes Neg+byey Nes Ney Nes N eg

(15)

Among them, by, b,, bs, by are scalar.
The motion subspace of the third limb is the union of the twists:

SM} = SMJI USMJZ USMJJ U SM34 U SMzs

= SMJ! A SM32 A SM33 /\SM34 /\SM35

=e NeyNes Neg Nes+crep Ney Nes Neg Neg+crep Nes Neg Nes N eg
+c3eg Ney Nes Nes N\eg+caer Nes Ney Nes Neg

(16)

Among them, c;, ¢s, c3, ¢4 are scalar.
The union of twists on the 3 limbs is 5-blades from the observations of Egs. (14),(15),(16).

SM == SM| n SM2 N SM3
= (S, N Su,)Ig" ) N Sy 17)

=ajoe; Nes Ney+ axe Ne, \es~+ase, Nes Ney

Decompose the equation according to the blade decomposition method

1
Sl = —(azoel + 64)
aszo

1 18
Sy = —(apey + €) (18)
aso

S3:€3

Among them, a0, s, @z are scalar, which has no impact on the results and can be obtained according to equations (16),(17), and
(18).

In Eq. (20), 3-RRRRR is shown as a 3-blade, and its motion subspace comprises S;, Sz, and Ss. Therefore, this parallel mechanism of
3-RRRRR has 3DOFs. S; indicates that the Pliicker coordinates of the screw are (azg 1 0;0 0 0), the pitch is 1/azo; S2 is a DOF of
rotation and the Pliicker coordinatesis (azo 1 0;0 0 0);Ssindicatesa DOF of translation along the z-axis. The calculation result
shows that 3-RRRRR does not meet the DOF of secondary mirror requirement. The 3-6R in Eq. (15) has 6-DOFs in motion subspace and
meets the requirement of the secondary mirror adjustment, thus the 3-6R is the optimal solution.

4. Verification

Although stiffness and resonance frequencies are simulated in Section 2, the value and the position of joints has changed after the
DOF calculation in Section 3, the stiffness of the truss changes as well. So stiffness evaluation index is used to verify the stiffness in this
paper. The truss system is simulated with gravities along different orientations in matlab. Rotation and translation deformations are
used to analysis wavefront aberrations. The result is compared with system requirement to verify the performance.

4.1. Stiffness evaluation index
Because the truss is a symmetric parallel mechanism, one limb is optimized in this paper instead of the whole parallel mechanism to

make the analysis easier, and the parallel stiffness matrix is calculated after the optimization. The enhanced stiffness model proposed
by Ref. [16] is expressed as:

K=JT(Ky—Ke)J" 19

Where K¢ denotes a complementary stiffness matrix. Ky is defined as:

k0 - 0
{0 k - O] _|Ku Kn
Ko = R {Km Kzz} (20)
0 0 - Kk

Where k;(i = 1,2, ...,6) is the stiffness of J;, K11, K12, K21 and Ky, are 3 x 3 submatrices of Kj.

It can be seen that calculation of the inverse Jacobian matrix is involved from Eq. (21), which inevitably introduces a calculation
error when the robot is close to singularities. To solve such problem, a compliance model derived by Ref. [25] was proposed and
defined as:

C=JK;'\J" = @1

cr o,

Cu C]
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Fig. 6. DHm parameterization of the limb and the position of joints.

Table 3
DHm parameters of the limb and the position of joints.
J1 J2 J3 J4 J5 Jé
6;(rad) 6, 7z _r 04 =0 05 =0 3
0y = — T 05 5
a;(deg) —90° 0° -90° 90° -90° as
a;(mm) a; = 200 a; = 1700 az = 1800 as =0 as = 200 as
di(mm) 0 ds ds 0 0 ds

Where Cy, Cr and C,, are the 3 x 3 translational, coupling and rotational compliance submatrices, which are not the inverse of the
stiffness submatrix [26].

By neglecting the toque applied to the end-effector(EE) [27], the overall compliance of the robot is proportional to the volume of
the translational compliance ellipsoid. Thus, the performance index of the robot stiffness proposed by Ref. [28] can be defined as:

1 1

kx[ = = (22)
VT det(Cy) /detUnK, T + JnKoy K)
where Jy; and Jy5 are 3 x 3 submatrices of J, which can be written as:
J] 1 JIZ
J= 23
{le Jzz} (23)

The proposed methodology aims at calculating the translational deformation Ax and rotational deformation A9 of the secondary
mirror, which is defined as:

Ax o Cy 'f‘ef
A9 |

Cofre
Obviously, to calculate the deformation, the compliance matrix C needs to be calculated with different force direction e;. Different
es is used to verify the wavefront aberrations caused by gravity. As Ref. [28] described, the compliance performance index can be used
to evaluate the stiffness in one position.

Cuf
Cof

24

4.2. Wavefront Aberrations Verification by Zernike Polynomials

For a truss mechanism in 2 m scale, the joint stiffness of Smart5 NJ 220-2.7 robot is used to analysis in this paper. Then, the K is
identified as diag[1.5727 x 10°, 6.7566 x 10°%, 1.1169 x 10°, 3.3249 x 108, 1.1038 x 108, 4.1444 x 1081(N-mm/rad). For serial
manipulators, the Jacobian matrix is established at the point P of the EE as shown in Fig. 6.

DHm parameters to calculate deformations are shown in Table 3. J6 doesn’t show up in the Jacobian matrix. 8, is set to 0 in order to
make the z-axis of primary mirror and secondary mirror is coaxial.

The 3-6R structure is composed of 3 same limbs. C;, C2, Cs are compliance matrix of the EE. Cy, C3 can be obtained through the
transmission matrix.
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Deformation
of SM

Fig. 7. AZ caused by tip and tilt.

Table 4
deformations and wavefront aberrations caused by gravity.
Zmax (mm) Zin (mm) AZ(mm) LS(nm)
e = [0,0,1]7 1.49856e-3 1.49719e-3 1.37234e-6 2.74467
¢ =[1,0,0" 3.56316e-4 3.55540e-4 7.76540e-7 1.55308
<102 mm <10 i
3.563
10 14088 10"
1.499 3.564 3562
1 2005 14932 3562 3561
1498 356 3.56
1.498
1.4978 3558 el
1.4975 3556
3558
14976
1.497 3.554
mm 300 . mm 3% 3557
200 300 14974 200
100 200 35%
100 14972
0 o
(a) (b)

Fig. 8. Aberrations caused by deformations in gravity(a) gravity parallel to the z-axis(b) gravity parallel to the x-axis.

C, = T%n'Cl 'Té (25)
C = T4TK.C1‘T4_§ (26)

Thus, the parallel flexibility matrix of the structure is

Co=(Cl+Ch+c) (27)

Cor=(Cil +Ch +Cd) (28)

Then, C, and C, is obtained.

2.62003e-4 9.851853e-5  3.55928e-4 2.01576e-8  —1.93230e-7  2.77446e-8
C, = |9.85185e-5 1.78827e-3  —7.15779e-5 C, = | 3.88870e-7 0 6.88193e-7
3.55928e-4 —7.1577%-5 1.49788e-3 —1.46454e-8 —1.29434e-6 —2.01576e-8

After the compliance matrix is obtained, deformation of the secondary mirror in different gravities can be calculated by Eq. (26).
Deformation along each direction is calculated by decomposing Ax and A6. Due to analyzing the rigid body deformation, only piston,
tip and tilt are considered in this paper. First three order aberrations will be obtained after the result is measured by Zernike poly-
nomials. Finally, the value of deviation is compared with the system error requirement.

Because the value of 6 caused by AZ is small enough in Fig. 7, sind = 6. The aberration caused by AZ can be written asLS =0 -f =

10
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4Z.f. According to the results shown in Table 4, the wavefront aberrations caused by the deformation of the secondary mirror are
2.74467 nm and 1.55308 nm under gravity along z-axis and x-axis separately. The result meets the aberration requirement, which
means the design meets the requirement of the telescope system (Fig. 8).

5. Conclusion

This paper presents a concept for truss on large telescopes based on robotics. The newly designed truss mechanism combines
supporting and adjusting mechanisms and makes it possible to construct larger vehicle-mobile telescopes, and also allows for the
secondary mirror to be more conveniently replaced. Based on this idea, this paper obtains and verifies 3 limbs in parallel is the lightest
project to meet the requirement of the system. DOF of the moving platform is calculated and obtained by varying the number of
kinematic pairs in the limb based on screw theory and geometry algebra. The optimal solution is using 3 limbs and each limb has 6
kinematic pairs according to the requirements of the telescope system. The aberration caused by the secondary mirror is verified to
meet the error requirement.
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