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revolute joint
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\ªGN<;T Õ9X J¨TK7�Æ9@Bk�Ë�faMd@�7WGUZNJÚ:e^_AL7�ZU@�Ê�T2<_Ê[@BA_^_kN@�ÊQzdJ¨km7$Ê[@BkNÍ�AL7�T2Y�kNM_<�oaV�JbVKï·JbÆ9^_GU@*Ô_z
MO7�>[JbV_Æ,Ô2Ê[@BÆ9GU@B@Bk�<�\+\ªGN@B@�Ê[<9T}ËdPR@�:=<;VdkUJLÊ[@BG*ZUMd@�AL7�T2Y�T2<¿Ê¿@BA37Wk�7KÕ;ÇÛCþYl<;JbV[ZaT�<_Ê[@BA
Òþ7Wk�kNM_<�oaV$J¨V�ï�JbÆ;^dGU@a|®Øc7�VOÊ$o�@aJbVO:=Ab^OÊ[@�Ê$ZNM_@a\�<;AbAb<�oaJ¨VdÆm:=<;V_kNZUG=7�JbV[ZUk�J¨V[ZN<�ZNM_@aT�<_Ê[@SA�_

$ :e<;V_kNZt7�V[Z�Ê[JbkNZt7�Vl:=@�:=<;V_kNZUG=7�JbV[ZUk$nO@BZjo�@B@BV :=<;^_YdA¨@Ski<�\mYl<;JbV[ZUk$J¨V«ZUM_@KT2<¿Ê¿@BAaÒL\�<;G
@eÝd7WT�Y_Ab@HYO<9J¨V[ZNk�w�xi7�VOÊÎw�Õ;ØSË

$ Yl7�Gt7WAbA¨@SA·:=<;V_kNZUG=7�JbV[ZUkmnl@BZjo�@B@BV}Õ$Yl7�JbGUka<W\5Yl<;JbV[ZUk*Ò�nO@SZjo�@B@SV}Yl<;JbV[ZUkm{i7WVOÊ£w�Ç$7�VOÊ
Yl<;JbV[ZUkw�x�7WVOÊ£w�Õ9ØBË

$ :e<�CjY_AL7�VO7WG�:e<;V_kNZUGt7WJbV®ZNknl@BZjo�@S@BV©|K<;G�T�<;GN@Yl<;JbV[ZUkiÒ�YO<9J¨V[ZNk¶w�x_zbw�Õdzbw�Çi7�VlÊR{,7WGU@
:e<;V_kNZUGt7WJbV_@�ÊKZN<�nl@�:=<WCþY_AL7WVO7�G=ØBË

IK@�7WkU^_GN@BT�@SV®ZNk+<�\QZUMd@mÇ;X«Ab<¿:S7�ZUJb<9V�<W\OZUM_@aYl<;JbV[ZUk+7WVOÊZNM_@aT�@�7�kU^dGU@BT2@BV[Z·^_VO:e@BGUZ=7�JbV[Zjr
o�@BGU@2<;n_Z=7�JbV_@�ÊÎ\ªGN<;T'kUZN@BGU@S<}JbT,7WÆ;@Yl7�JbGUk�Ë·faM_Jbk�Êd7�Zt72JbkV_<9JbkUrRÊ[^_@�ZN<}Ê[JbÆ;JbZNJ¨g�7�ZUJb<9V·z
JbVO:=<9V_kUJbkUZN@BV[Z�AbJbÆ;M[ZUJbV_Æ£7�VOÊ«JbT�Y_GN@�:=JbkU@2\ª@�7�ZU^dGU@KT,7WZt:NM_JbV_ÆOË�faM_@K^_VO:e@BGUZ=7�JbV[Zjr Ê¿^_@KZU<
V_<9J¨kN@oa7�kmT2<_Ê[@BAb@�ÊK7;:B:e<;GtÊ¿J¨VdÆ�ZU<iZNM_@i7�^_ZN<�CU:=<;GNGU@BAL7�ZNJb<;VK<�\+ZUMd@JbT,7�Æ9@a\ª@�7�ZU^dGU@BkiÓbwB|�×UË
PR@�@BkUZNJ¨TK7�ZN@�Ê*ZUMd@aYO<9kU@a<�\lZUM_@aAL7�T2Y:=<;T2YO<9V_@BV[ZUk \ªGU<9TéZUM_@aV_<9JbkUr�Ç9X©T2@�7�kN^_GU@ST�@BV[ZUk
7�VlÊÎ\ªGU<9T0ZUM_@�:=<9V_kUZNGt7WJ¨V[ZNk�^_kNJbV_ÆK<;^_G*ZU@�:UMdV_J��;^d@;Ë·faMd@i@B>;7�Ab^O7WZU@�ÊÎ>;@�:eZU<;G�J¨k$7,Õ9Çlx;Ç
Ê[JbT�@SV_kUJb<;Vl7�A·Ab<_:B7WZUJb<;V£>;@�:eZU<;G$:=<;T2YO<9kU@�ÊÎ<�\�ZNM_@�Õ;Ç2Ab<_:B7�ZNJb<;V_k*<�\�ZUM_@iT2<¿Ê¿@BA�YO<9J¨V[ZNk�Ë
ï�JbÆ;^_GN@Bk8Ô97�7WVOÊ�ÔWn�kNM_<�oðÕ�@=ÝO7�T2Y_Ab@Bk+<W\3AL7�T2Y�JbT,7WÆ;@BkcMO7�>[J¨VdÆ�Õ�Ê¿J³²Q@BGN@BV[ZaYO<9kUJbZUJb<;Vdk�Ë
ï�JbÆ;^_GN@Bk8Ô9:�7WVOÊRÔ;Ê£kNM_<�oÉZUM_@K:=<;GNGU@BkNYO<9VOÊ[JbV_Æ£GU@BkN^_AbZUk�7�k�kUr[V[ZUM_@BZNJL:iJbT,7WÆ;@Bk:=GN@�7�ZN@�Ê
\ªGN<;TÐZNM_@�@BkNZUJbT,7WZU@�Ê A¨<_:B7WZUJb<;V«>;@�:eZU<;G�Ë+ÏHk�:B7�V	nl@,kN@B@BV·z�ZNM_@BGU@ÎJ¨k$M_JbÆ;M	:=<;GNGU@BAL7WZUJb<;V
nl@BZjo�@S@BV}ZNM_@*GU@�7WA·T2<¿Ê¿@BAOAb<_:B7WZUJb<;VK7�VOÊ2ZUMd@kUr[V[ZUM_@SkUJbgB@�ÊKGN@�:=<9V_kUZNGU^O:=ZNJb<;V·Ë

Ï*Ê_Ê[JbZUJb<;Vl7�AbAbr®z�ZNM_@�7WV_Æ;Ab@Bk�%�Y�7�VlÊ&% Ü Ò�kUM_<�oaVKJbV�ï·JbÆ9^_GU@H|®Ø�o�@BGU@YdM®r[kNJÚ:S7�AbAbriT�@�7ÛC
kU^dGU@�Ê!J¨VikN@B>;@SGt7�AlYl<;kUJbZNJ¨<9V_k+<W\ÖZNM_@mAL7�T2Y·ËBfaMd@BkU@H>;7�Ab^_@Bk+o�@BGN@�7�AbkN<�@eÝ¿ZNGt79:=ZU@�Ê!\ªGN<;T ZUM_@
Yl<;kU@i@SkUZUJbTK7�ZU@$<;ndZt7�JbV_@�Ê�oaJbZUM£<;^dGT�@BZNM_<_ÊQËlfaM_@iGU@�7�A+>;7WA¨^d@Bk7�VOÊÎZUM_@�:e<;V_kNZUGU^l:=ZU@�Ê
>;7�Ab^_@Sk�\ª<;G�\ª<9^_G�Zjr®YdJÚ:S7�AQ@=ÝO7�T2Y_Ab@Bka7�GU@:=<9T�YO7WGU@�Ê2JbV�ZNM_@*\ª<9AbA¨<�oaJbV_Æ*Z=7�n_Ab@�_
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YO<9kU@*Ï Yl<;kN@�Ñ Yl<;kN@�] Yl<;kN@�X
y4@�7�A %�Y w�udË x w�Õ_Ë�x wS|OË�x Õ;v_Ë�x
-�7�Ab^_@Bk % Ü v_w9Ë x w�x9Ç_Ë�x 	W|OË�x Ô;v_Ë�x

y4@�:=<;VdkUZUGN^O:=ZN@�Ê.-�7�Ab^_@Bk % Y Õ;xdË Õ w�Ç_Ë�v w�Ç_Ë�u Õ;{_Ë�Ç
P¤JbZUMd<;^_Za]�<;V_kNZUG=7�JbV[ZUk % Ü Ô/	dË | w�xW|OË�v 	9x_Ë�Õ Ô;Ç_Ë |
y4@�:=<;VdkUZUGN^O:=ZN@�Ê.-�7�Ab^_@Bk % Y w�vdË Ô w�Õ_Ë�Ç wS|OËbw Õ;Ô_Ë
	
P¤JbZUMK]�<;V_kNZUG=7�JbV[ZUk % Ü v;xdË 	 w�xW|OË�Õ 	W|OË�u Ô;u_Ë |

faM_@*Z=7�n_Ab@*>;7�Ab^_@Bk�kUMd<�o�ZNM_@*J¨T2Y_GU<�>9@BT�@SV®ZcJ¨V2ZUM_@*GN@�:=<;VdkUZUGN^O:=ZN@�ÊR7�V_Æ9Ab@m>;7�Ab^_@SkaoaM_@BV
ZNM_@a\ª^dkUJb<;V2J¨Vl:=Ab^OÊ[@BkaZNM_@:=<;V_kNZUG=7�JbV[ZUk�Ë[faMd@�Ê¿J³²Q@BGN@BVO:=@nl@BZjo�@B@BVKZUMd@�GN@�7�A·7WV_Æ;Ab@H>;7�Ab^_@Bk
7WVOÊ$ZUM_@HGU@�:e<;V_kNZUGU^l:=ZU@�Ê¯>;7�Ab^_@Bk�Ê¿@�:=GU@�7�kU@SkmoaM_@BViZNM_@�:e<;V_kNZUGt7WJbV®ZNk87WGU@4\ª^_kU@�ÊQË;faMd@mk�Ë Z�Ë Ê
<W\3ZUMd@BkU@iÊ[Jô²Ö@SGU@BVO:e@Bk*J¨kmÕdË�v;x�\ª<;GaZNM_@GU@�:=<;V_kNZUGN^O:=ZUJb<9V}oaJbZUMd<;^_Zc\ª^_kNJ¨VdÆiZUM_@�:e<;V_kNZUGt7WJbV®ZNk
7WVOÊ�xdË u9Ç*\�<;GaZUMd@�GN@�:=<9V_kUZNGU^O:=ZNJb<;V£oaJ¨ZNM,:=<9V_kUZNGt7WJ¨V[Z�\ª^dkUJb<;V·Ë

faM_@$JbT�Yl<;GUZ=7�VO:e@<�\�YdGU<;Yl7�Æ®7WZUJbV_ÆiZNM_@iYO<9kU@$JbV[\ª<;GNT,7WZUJb<;V2<�\�@�79:NM :=<9T�Yl<;V_@SV®ZHZU<
JbZUkcV_@BJbÆ;M[nl<;GUJbV_Æ$:=<;T2YO<9V_@BV[ZUk�z;Jbk�kUM_<�oaV2J¨V�ï�JbÆ;^dGU@Bkav7�VlÊ�u_Ë[ï�JbÆ;^_GN@mvkNM_<�oak�kN@B>;@SGt7�A
>[Jb@Boak�<�\Ö7HkNr®V[ZNM_@BkUJbgB@�ÊiAL7�T2Y�GN@�:=<9V_kUZNGU^O:=ZN@�Ê2<;V_AbrH\ªGN<;TqZNM_@aÇ;X	T2@�7�kN^_GU@BT2@BV[ZUk�Zt7�Í9@BV
<9V}ZNM_@�AL7�T2Y�kUMd<�oaVRJ¨V©ï�JbÆ;^dGU@mÔ�n�Ë3ï�JbÆ;^_GN@muKkUMd<�oakZUM_@2kt7WT�@$>®Jb@Boak$7�\ªZN@BG�Ti^dZU^O7WA
JbV[\ª<9GUTK7�ZUJb<9V�oa7�kY_GN<;YO7WÆ®7WZU@�ÊÎnO@SZjo�@B@SV©ZUMd@�:=<;T2YO<9V_@BV[ZUkZNM_GU<9^_Æ;M£ZUMd@�:=<;V_kNZUG=7�JbV[ZUk�Ë
faM_@*JbT�YdGU<�>;@ST�@BV[Z�JbkakUJbÆ;V_Jô�Ö:S7�V[Z�z_7WkmÊ[@BT�<9V_kUZNGt7WZU@�ÊQË
0 À}À+¼mÃ�6NÂ@:[ÄUÀc¼
faM_Jbk*YO7WYO@BG$Y_GN@BkU@BV[ZN@�Ê	7i\�Gt7�T2@Bo�<;GUÍKnO7WkU@�Ê <;VJ-*7�AbT,7WV{�OAbZU@BGNJbV_Æ2\ª<;GT2<_Ê[@BA�nO7�kN@�Ê
Yl<;kN@i@BkUZNJ¨TK7�ZNJ¨<9V}7�VlÊ�JbV[ZU@BGNY_GU@SZt7�ZNJb<;VRZUMl7�ZJbk*Æ;@BVd@BGt7WA�@BVd<;^_Æ9MRZU<�:=<�>;@SG�7�GNZUJL:=^_AL7�ZN@�Ê
7WVOÊK<;ZNM_@BG*Zjr[YO@Sk�<W\�V_<9V[CþGNJbÆ;JLÊ[Abr,:=<9V_kUZNGt7WJ¨Vd@�Ê�T2<_Ê[@BAbk�ËdfaM_@�:=<9V_kUZNGt7�JbV[ZUk$7�GU@�Æ;@BV_@SGt7�A
7WVOÊ©:B7WV	nO@}7WkUkN<¿:eJÚ7WZU@�Ê«oaJbZUM	7�V[r©V[^_Tinl@BG$<�\Ê[Jô²Ö@BGN@BV[Z�YO7WGUZNki<�\�ZNM_@KT�<_Ê[@BAjË�faM_@
>;7WA¨JLÊ[JbZjr<W\+ZUM_@H\ªG=7�T�@So�<9GUÍ$o87WkakUM_<�oaVK<;VKGN@�7�A�7�VOÊ!kUJbTi^_AL7�ZN@�ÊiJbT,7WÆ;@Bk�Ë

faM_@*kU^dÆ;Æ;@SkUZU@�Ê�T2@BZUM_<_Ê!MO7�kakN@B>;@BG=7�A�7;Ê[>;7WV®Z=7�Æ9@Bk�<�>9@BGa@=Ý_JbkUZNJ¨VdÆiT�@BZNM_<_Ê[k�_
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w9Ë�hjV£7�V[rKYO<9kU@$@BkUZNJ¨TK7�ZNJ¨<9V�T2@BZUM_<_ÊQzd@=Ý_Y_Ab<;JbZUJbV_ÆiZNM_@JbV[\ª<9GUTK7�ZUJb<9V�kU^dY_Y_AbJb@�ÊKn[rKZUM_@
T2@�7�kN^_GU@ST�@BV[Z+GN@��9^_JbGU@Bka7�Ê¿@+�OV_JbZUJb<9Vi<�\·ZUMd@a\ª^_Vl:=ZUJb<;Vl7�AOÊ[@SYO@BVlÊ[@BVO:=@$nl@BZjo�@S@BVKZUM_@
T2@�7�kN^_GU@ST�@BV[ZQ7�VOÊHZUMd@+@BkUZNJbT,7�ZN@�ÊHYO7�G=7�T2@BZU@BGNk�ËShjV�ZNM_@+YO7WGt7WT�@BZNGUJL:�T�@BZNM_<_Ê[k·Òj`[@�:NC
ZNJb<;V�Ç9ØBz�ZUM_Jbk�Ê[@BYl@BVOÊ[@BVl:=@mJbk�V_<;Z�kUJbT�YdA¨@�kNJ¨Vl:=@�JbZ�Ti^_kUZQJbVO:=Ab^OÊ¿@87WA¨A9ZUM_@�YO7WGt7�T2@BZU@SGUk
<9V}oaMdJÚ:NM£ZUM_@iT2@�7�kN^_GU@ST�@BV[Z�Ê¿@BYO@SVOÊ[k�Ë�Ï*Ê_Ê[JbZUJb<9VO7�AbAbr®z[ZNM_@i<;G=Ê[@BG<W\8ZNM_@$V_<;V_AbJbV[C
@�7�GUJbZjr<W\ÖZNM_@mÊ[@BYl@BVOÊ¿@BVO:=@*@��9^O7WZUJb<;V_k�JbVO:=GN@�7�kN@Bk�oaJ¨ZNM�ZNM_@aV[^_Tinl@BG�<�\QYO7�G=7�T�@SZU@BGNk�Ë
hjV£<;^dGT�@BZNM_<_ÊQzlZUM_@$\�^_VO:=ZNJ¨<9VO7�A+Ê[@SYO@BVlÊ[@BVO:=@ÎJ¨Vl:=Ab^OÊ[@Bk*<;VdA¨rÎZUM_@iAb<_:B7�AcYO7�G=7�T�@eC
ZN@BGUkHÒªJjË @;Ë�<;VdA¨r�ZUM_@aYO7WGt7WT�@BZN@BGUk+ZNMO7�Z�Ê[@+�OV_@aZNM_@mZNGt7WV_kj\ª<9GUTK7�ZUJb<9V�<W\ÖZNM_@aT�@�7�kU^dGU@�Ê
:e<;T�Yl<;Vd@BV[ZtØ�kUJbVO:e@�ZNM_@�Ê[@BYl@BVOÊ¿@BVO:=@i<W\5ZNM_@$T�@�7WkU^_GN@BT�@BV[Z�<;V�<9ZUM_@SGmYO7WGt7�T2@BZU@SGUk
Jbka@=Ý_Y_GN@BkUkN@�Ê£ZUMdGU<;^dÆ;MKZUM_@$:=<;V_kNZUG=7�JbV[ZUkm<W\+ZUM_@T2<_Ê[@BAjË[faM_JbkaAb<¿:S7�A·Ê[@BYl@BVOÊ¿@BVO:=@iJbk
kNJbT�Y_Abr�Ê[@��OV_@�ÊK7�VlÊ�Jbk�V_<;Za7�k�M_JbÆ;MdA¨r$V_<9V_AbJ¨Vd@�7�Ga7�k�<;n_Z=7�JbV_@�Ê!n[riZUM_@*YO7WGt7�T2@BZUGNJL:
T2@BZUMd<¿Ê¿k�ËlÏ�Ê_Ê¿J¨ZNJb<;VO7WA¨Abr[z;ZNM_@BGN@iJ¨k*V_<2V_@B@�Ê£ZN<�GN@�Ê[^O:=@2ZUM_@i:=<9V_kUZNGt7�JbV_@�Ê£YO7�G=7�T�@eC
ZN@BG$kUYO79:=@KJ¨V[ZN<¯7¯kU@BZi<W\a\ªGU@B@2YO7�G=7�T2@BZU@BGNkiÒþ7Wk�JbkYl@BGF\ª<;GNT�@�Ê£JbVRZUMd@�YO7WGt7�T2@BZUGNJL:
T2@BZUMd<¿Ê¿ktØBz�ZUM[^_k$ZUMd@,Ê[@+�lV_JbZUJb<;V«<�\mZUMd@�kU@SZi<�\mYO7WGt7�T2@BZU@SGUk$ZU<�nl@K@BkUZNJ¨TK7�ZN@�ÊQzQJbk
kNJbT�Y_Ab@;Ë

ÕdË�faMd@+JbV[\ª<;GNT,7WZUJb<;Va<9n_Zt7WJ¨Vd@�Ê*<;V*ZNM_@�Yl<;kNJbZUJb<;V*<�\O7�Æ9J¨>9@BV�:=<9T�Yl<;V_@SV®ZQJbkQY_GN<;YO7WÆ®7WZU@�Ê
ZN<�7�AbA[<;ZNM_@BGa:=<;T2YO<9V_@BV[ZUkc<�\QZUM_@HT�<_Ê[@BA[ZUMdGU<;^dÆ;MiZUMd@�:=<9V_kUZNGt7�JbV[ZUkcnO@BZjo�@B@BVKZNM_@BT}Ë
faM[^_k�ZUMd@�@SkUZUJbTK7�ZU@�Ê$YO<9kU@*<�\37$:=@BGNZt7�JbV�:=<9T�Yl<;V_@BV[Z+Z=7�Í9@Bk�JbV[ZU<$:=<;V_kNJLÊ[@BGt7WZUJb<;V�7WA¨A
ZNM_@i@=Ý_JbkUZNJ¨VdÆ,T2@�7�kN^_GU@ST�@BV[ZUk*7�VOÊ£7�AbA�ZUMd@�Ê[@+�OV_@�ÊR:=<;V_kNZUG=7�JbV[ZUkiÒ�ZUM_Jbk*Jbk�Vd<;Z*ZUGN^_@
JbV2ZUM_@�Ê¿J¨>[JLÊ[@*7�VOÊK:=<9Vv�9^_@BGmT2@BZUMd<¿Ê¿ktØBË

ÇdË�faMd@�YdGU<;Yl<;kN@�ÊKk=:UMd@BT�@@SVO7�n_Ab@Bkm7WVK@+,,:=Jb@BV[ZmkNJ¨Ti^dA¨Z=7�V_@S<;^_k+TK7�Z=:UMdJ¨VdÆY_GU<_:=@�Ê[^_GU@
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