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Table S1 List of D-H parameters
Name Links (i — j) Qi ai dj 0;
Oy — Lins 0 0 0 0123
Li23 — Lioa 0 1 0 0124
Li2a — P2a - /2 0 0 6125
Py — Pay 0 3r/2 0 /2
P, — L3 —27/3 0 V3r 0231
KCi La31 — Loz -z /2 0 0 0232
La3z — L33 0 1 0 0233
Lo33z — Loz /2 0 1 O34
Lo3a — La3s - /2 0 0 6235
L5 — P3 - /2 0 0 B36
P;— 0O, -7 /2 r 0 0
Oxyz — Li21 0 1 0 0122
L1 — Pia - /2 0 0 6121
Pia — Py 0 3r/2 0 /2
Py — Liu —27/3 0 3r 0141
Lyt = L /2 0 0 0142
KRG L = L3 0 1 0 0143
L4z = L w2 0 1 0144
Liaa = Liass /2 0 0 0145
Lisa = Ps - /2 0 0 646
Py — O —/2 r 0 0
Pry = Py 0 3r/2 0 /2
P, = Loa 27/3 0 3 6hat
Loa1 — Loap /2 0 0 a2
Loy — Loz 0 1 0 G243
KG Loz — Loaa 7l2 0 1 Or44
Loas — Loas - /2 0 0 645
Lras — Py - /2 0 0 64
Py—~ Oy, - /2 r 0 0
Pia— Pip 0 3r/2 0 /2
Piv— L 27/3 0 —3r 0131
KC, Lizsi = Lixn -7 /2 0 0 0132
Lz =~ Li3s 0 1 0 0133
L3z = Liza 7l2 0 1 0134
Liza = Lizs - /2 0 0 6h3s



Lizs = P3a /2 0 0 O136

P3a — P3p 0 3r/2 0 /2
Py = L4 =27/3 0 3r G341
L3a1 = Lsa -m/2 0 0 0342
L3 — L3ss 0 1 0 6343
L343 = L3aa 0 1 0 0344
L3as — P4 - /2 0 0 B345
Py — O, - /2 r 0 0
KCs Lz = R = 0 0 2r O
L343
O = Oy - /2 r 0
Ons —~ O, -7 /2 r 0
Others OL — Lig /6 0 —r-tan% 0141

OL — L3 -7 /6 0 —V-tan% 0131




Equations (S1) and (S2) are listed as follows:

lg;R(l,l) =c (c5 (8,8, —c, (€, 8,8, —¢,6,¢4)) = 85(c,C, 8, +clc3s2))—s6 (c4s1 +5,(¢,8,8, —clc2c3))
TR(,2) = —Co (8, +5,(€,5,5, —€,6,¢,)) — S, (c:.,(sls4 —c,(¢,8,8; —€,6,¢5)) — S5(€,C, 84 +c10352))
SRa,3 = g (s1s4 —¢, (5,5, —c,cy0; ))+c5 (e85 +058,)
wRen=c;(4+B)+s, (34 (03 (S2 12+ 3¢,s, /2)+s3 (cz /2= Bs,s, /2))+ Vee, /2)
A=s, (03 (cz /Z—x/gslsz /2)—s3 (s2 /2+ \/gczsl /2))
B =c (04 (C3 (s2 /2+\/§CZS1 /2)+s3 (02 /12— \/gslsz /2))— \/§01S4/2)
%R =C+D+s,(c, /1 2=Bs,s, 1 2))—Beys, 12)
C=c,(s,(c;(s,/2+ \/gczsl 12)+8,(c, /12— \/gsls2 /2))+ x/37c104 /2)
D =—s,(s5(c5(c, 1 2=~3s,5, 1 2) = 5,(s, / 24 Beys, 1 2) + 5 (¢, (cs(s, / 2+ Beys, 12)
SRy =E—c(cs(c, /12— \/gslsz /2)—s,(s,/2 +\/§czsl /2))
E =5,(c,(c;(s, 1 2+3¢,5, 1 2) +55(c, | 2—=~Bs,s, 1 2)) =3e,s, 1 2)
S Ren=F-c, (G+sS (6‘3(5‘15‘2 /2+ \/gcz /2)+8,(cys, /12— \/gsz /2))) (S1)
F =5 ((clc4)/2+s4 (03(czs1 /2—\/§s2 /2)—s,(s,8,/2+ chz /2)))
G =c; ((cls4)/2—c4 (03((:2s1 /2— \/gsz 12)—s,(8,8,/2+ ﬁcz/2)))
O Re.2y= H+1+5,(c;(5,5, 1 2+~B¢, 1 2) +55(¢,5, / 2= 35, / 2)))
H=c,((c,c;)/ 2+5,(c; (s, 1 2=Bs, 1 2) = 55(5,5, / 2+ Be, 1 2)))
I =5,(c5((¢,8,) 1 2=c,(c5(c,5, | 2= s, 1 2)=5,(s,5, 1 2+ Be, 1 2)))
O RGa =J —5,((6,5,) ] 2=, (c5(cys, 1 2=~y 12) = s,(s,5, / 2+ Be, 1 2)))
J =ci(cy (5,8, /2-1-\/§c2 /2)+85(c,8, /2—«/§s2 /2))
Sedan =238c,c, —238¢,c,s;, —238¢,c;5,
a2 =119s, +238¢,(c, / 2—Bs,s, 1 2) —238s,(s, / 2+ \Be,s, 12) + K
K=1 19\/§czsl +6924130064655945/140737488355328
Odas = L—238s,(c,s, / 2—3s, /2)—11943s,
L =119c¢,s, —238¢,(s,s, / 2 +~/3c, / 2) — (6924130064655945 x <3) / 1407374 88355328



SeRay = ¢ (c5 (5,5, —¢, (65,85 —€,05¢5 )) =55 (1685 +¢658, ))—s6 (s, +5, (65,8, —cie5c; )
SRz = ¢, (0,5, + 5, (1525, —aiesey ) =54 (s (55, =y (@5sss —ciesey )55 sy +ecss, )
SRy =55(8,5, =, (05,8, 0505 ) ) +¢5 (010,85 +ec 5 ,)
2 Ran=—c,(A+B)-s, (s4 (¢35 12=eys, 120453 (e, /24 Nsys, 12) | ~Bee, /2 )

A :ss( (e /2435, 12)=5,(s, /2= \Beys, /2))

(e

(

=55
(e

CS
e ey, /2=, 12)+5,(c, 12+ \Bsys, 12) \/3_0154/2)
% Ren=s,(C+D)—c, (s4 (¢35 12=eys, 124550,/ 2+ Jis,sz/z))—ﬁclc4/z)
ss(es(e, 124385, 1 2)= 5,5, 1 2= \Beys, /2) )
D=c(c,(e5(5, /2= \Beys, 12) 45, (e, 1 24 Bsys, 12) x/S_c|s4/2)
O Ran=E—s (04( (52 /2= NBess, 12} ey 124 B, 12 ) \/3_0154/2)
—cs(c (e /24 Vas,s, /2)- s3(sz/2—\/§czsl/2))
O Ron=c,(F+G)-s ((004)/2+s4 (6 ((exs) 12 B, 12 )=, (515212 ey 12
F= cs((cs4)/2 (e (e 2435, 12 s, ((52) 12— &2/2))) (52)
G:ss(CS((s]sz)/Z—\/gcz/2)+53 (s /2+ x/3_s2/2))
O Rey=H-—s, (I+s5 (s (6152 /2=Be 12 ) 5, ()1 2+ B, /2)))
H :—66((0104)/2+s4 (s (250724335, 12) =5, ((515,) 12 = Ve, /z)))
I=c, ((cls4)/2—c4 (e (@072 s, 12 )5, ((552) /2= "B, /2 )))
PR =J —c, (03((s1s2)/2—\/§cz/2)+s3 ((es)/2+ V’isz/z))
J:ss((cls4)/2—c4 (e (e 124 Bs, 12 )5, (55912 =By 2 )))
A = 238¢,c, - 238¢,c,5, —238¢,6,5,
%442 = K +11943¢,5, — 6924130064655945 / 140737488355328
K =238, (5,/2=Be,5,/2)=238¢, e, / 2+ \Bsys, /2 |- 119,
oda.s = L+2385,((c,5,)/ 2+ \Bs, /2 )-119+Bs,

L =238¢,((5,5,)/2=Be, /1 2) ~119¢,5, —(692413006465 5945 x+/3) /140737488355328
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