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ø~ù¶ø9ùed fTý^��g	ZëþO�ih]jk�l�����lmn�o no*p?qE/ÔLI+<:J}032)4 ø ?q<-K`032 0;�®�=?;<TM .z.��r�p?q<-K-.=K&ÔL<FE@IE/8-.z<-.Z?q,v²¤?;<-KTG�?;,Â²¶{p.>ALKQE@.>,/CDJ=2698:.1E/8-ÔL��óo<-.>J/J�<-I+ÔLJB.�.=no*p?qE/ÔLI+<gMO.=�=I;Cd.>J
Ì Å� �p� 6lq 4�Ð>9r?Í�L4HÐI9 	 Í�L P Ä QÆ�ò ¾I� ÄFÆ�ò � Q9 	 Ís<ã¾t9 	 Í Q<Q�4HÐ:9 	 Í�L R Î�1\� � ' ?q,~{p.=A)Kê���

Ð�ï �n6iq ÄFÆ�ò� Å �u9@?Ís< Ð:9 	 Ís<��v49Ð:9@?Í�L&�B�-ÎN1\� �Jv¢.Z?q,H{-.=ALKp����»0r2×0r4��?q<-KgE/8-.zALIF?qK-ÔL<-(±<-I+ÔLJB.�E@.=,BCdJ9.��r�p?;<-KgE@I
Ì Å _ � 4ï �n6 q49Ð:9 	 ÍML PU� b Í�L Q9 	 Ís<ã¾t9 	 Í Q<4HÐ:9 	 Í�L ¾ Qb Í�L R ÎN1\� � ' ?;,~{p.>ALKê���
¾�� 6 q� Å � b Ís<
¾ b ÍMLw9 	 Í�<T�-ÎN1\� �uv�.Z?;,9{p.>ALKê���0r2×0+0+�kH8:.=,/. q �>I+<FE�?;Ô)<-J9E@8-.k
�,/.=.><� JHG�*:<-�>E/ÔLI+<NE@.>,/CDJ=|q � ��$��� Å �Â4�Ð:9 	 ÍMLg� Í



42� ��� à��_áªÜ¯ß�Õ:ÖÞá � Ü�Ù9ß��



x y z|{~}���� �
�5� { ��� � ����}Wz�}I�����

�.=<:.=,@?qAxÔLJBJ/*-.>J�IqG\Ô)Cd�-A).=CD.=<FE�?�E@ÔLI;<%?;<:KgI;� .>,@?qE/ÔLI+<T?;,B.��=I+<:J/ÔLK:.=,/.>K&Ô)<QE@8-Ô)J9��8p?;�r²E/.=,>2íµ¦<í(;.=<-.>,@?;A»|¤E@8:.g<o*-CD.=,BÔL�=?;A9,/I+*rE@ÔL<:.=JD*-J/.>K�?;,B.&Mp?qJ/.=K�I+<�E@8-.TkHÔLJB.gk¤I+,/K:JIqG}©7,B.=J/JD.>E=2´?;A»2�Ô)<:v¢*-CD.=,BÔL�Z?qA���.>�=Ô)� .>J=|H��4s���»|¤?;A)E/8-I+*-(+8´µ18p?Zm+.><��Ed*:J/.=K�E@8:.=ÔL,,BI+*:E/ÔL<-.>J�JBI®E@8p?qEHE/8-.z�=I3K-.z�Z?;<TMO.zG�,B.=.>A)PN,B.=K-Ô)JBE@,BÔLM-*rE@.=K�2
�TS&� � [}Vde [¢c7a��
698:.®(+.=I+CD.>E/,/Ô)�±K-.�{p<-Ô)E/ÔLI+<:J�?;,/.?;J_G�I+ALA)IskHJ=2�698-.®�-,BI+�O.=ALA).=,¢(+.=I+CD.>E/,BP&ÔLJ¢K-.>{p<:.=KÔ)<T?®,/ÔL(;8oE/8p?;<-K:.=KNG�,@?;CD._kHÔ)E/8QE@8-.�E/8-,/.>.1M-?;J/Ô)J~m+.=��E@I+,BJc�� | �� ?;<-K �� 2 �� ÔLJ~?;ALÔ)(+<-.=KkHÔ$E@8TE@8-."?��rÔLJHI;G\,/I;E@?qE@Ô)I+<NI;GªE@8-.1�-,/I;� .>ALAL.>,=2 �� ?;<-K �� ?q,/.1J/.>E¢J/ItE@8-?qEHkH8-.=< �� ÔLJ?qALÔL(;<-.=KQkHÔ$E@8NE@8-.k��²¦?��rÔLJ9I;G�E@8-.1(+A)I+Mp?;A �=I3I+,/K-Ô)<p?qE/.�JBP3JBE/.=Cg|-E@8-.�PTALÔL._?;ALI+<:(E@8-. Á?q<-KG�D?��r.=J~,B.=JB� .>�>E@Ô$m+.>A)P+2 �� Ô)J¤JB� .>�=Ô${p.=KNÔ)<dE@8:.}(+A)I+Mp?;Aê�=I3I+,BK-ÔL<p?�E@.�JBP3JBE/.=Cg|U�� ?;<:K�� ,BI;E�?�E@._kHÔ)E/8NE@8-.zM-AL?;K-.;2698-.NI;M-J/.>,Bm+.>,®� I;J/Ô)E/ÔLI+<�ÔLJ"J/�O.=�>Ô){p.>K´ÔL<§E/8-.%(+A)I+Mp?;A¯�>IrI+,BK-ÔL<-?qE@.dJBP3JBE/.=C ?qJ±ÔLJE/8-.1�-,/I+�O.=A)AL.>,983*:M`� I;J/Ô)E/ÔLI+<�2£698:.±8o*-M��OI+JBÔ)E@Ô)I+<TÔLJHJ/�O.=�>Ô){p.>Ki?;J9E@8:.1�¤� �DÔL<-Ô$E@Ô?qA�OI+JBÔ)E@Ô)I+<T?;<-Kg?®E@,/?;<-J/AL?qE@Ô)I+<p?;Aêm+.>ALI3�=Ô$E¦P+2
�TS�R � [_^`[�a7b��«XZYyYyj`[�Y
µ¦<±K-.>m;.=ALI;�-ÔL<-(�E@8-.l�=I3K-.;|�E@8-.¤C%?;Ô)<±?qÔLCÞ8p?;JªM .>.=<E/I_?;A)ALIsk§wp.��rÔLM-Ô)ALÔ)E¦P_ÔL<±(;.=I+CD.>E/,BP��I+M-JB.=,Bm;.=,£?;<-Kt�-,BI+�O.=ALA).=,ª� I+JBÔ)E/ÔLI+<x|�G�I+,y.��-?qCd�-A).s�\?q<-K®I+�O.=,@?�E@ÔL<:(��=I+<-K:Ô)E@Ô)I+<-J~��wpIskK:ÔL,/.>�>E/ÔLI+<NJ/?sP:��2¤698-Ô)JH8p?;JHCd.=?;<FE9E@,/?;K-ÔL<:(®I;Ó�J/I+CD.�.��D�>ÔL.=<:�>P+26�I�?;ALA)I�k G�I+,"E@8-Ô)Jwp.��rÔLM:ÔLALÔ$E¦P+|#�~?q,BE@.>J/ÔL?;<��=I3I+,/K-Ô)<p?qE/.=Jt?;,B.N*-J/.>K«E/8-,/I+*:(+8-I+*:EkHÔ$E@8`m;.=�>E/I+,�<-I;E@?qE@Ô)I+<i?;<:KiI+� .>,@?qE/ÔLI+<:J_� .>,BG�I+,BCd.>K`ÔL<`E/8-.=JB.®�=I3I+,/K:ÔL<p?qE/.=J>|x,@?qE/8-.=,E/8p?;<�ÔL<�?T�>P3ALÔ)<-K-,/Ô)�Z?;A\�=I3I+,/K-Ô)<p?qE/.®J/�p?;�>.%?qJ1Ô)JzCdI+,B.®�=I+CDCDI+<x2t698-.DC%?;Ô)<iKp?qE@?E¦P3�O.&*:J/.=KíÔLJ®�Z?qALAL.>KI n¡�¢D£.¤$¥�kH8:ÔL��8íÔ)J�¦B*-JBE%?I§¨£N¥!©=¢D£��>I+<FE�?;Ô)<-(iE@8-,B.=.TwpIF?qE/ÔL<-(
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� I+Ô)<FE}<o*-CMO.=,BJ=|OU®+|�¯g?q<-K5N°p2�6~klITI+�O.=,/?qE@Ô)I+<-J¢?;,/.K:.>{p<-.>KiE@IQ�=?;AL�>*-A?qE/.±K-IqE?;<-KT�=,BI+J/J±��m;.=�>E/I+,��~�-,BIrK:*-�>E/J¢I;G�E@8:.=J/.zE¦P3� .>J=2
�gS±� ² a7Vt]Da¯b±e ³�Vµ´
698-.®(+.=<:.=,@?qA\wpIsk IqG£E/8-.�-,BI+(+,/?;C Ô)J�?;J_G�I+A)ALIskHJ=| J/.>.tE/8-.JBI+*-,/�>.t�=I3K-.±G�I+,_CDI+,B.K-.>E@?;ÔLA)J~I;GªÔLCD�-AL.>Cd.><oE@?qE@Ô)I+<x2
4+2�¶r.>E¤K-.�G�?;*-A)E£mq?;AL*:.=J¯G�I+,£mq?;,BÔLI+*:J¤(+.>I+CD.>E@,BÔL��?;<-K%K:P3<p?;CDÔL�9mq?;,/ÔL?;M-AL.>Jl?q<-KdE/8-.wpIsk �>I+<-K-Ô$E@ÔLI;<-Jz�»ï�|+Ì è ?;<-K Ä ?qCdI+<:(DIqE@8-.>,/J���2
0r2���.=?;KTI+M-JB.=,Bm;.=,¢� I+JBÔ)E/ÔLI+<%G�,BI+C�E/8-.z�=I+CDC%?q<-KNALÔ)<-.;2%:2���.=?;KNE@8-.zI+�O.=,/?qE@Ô)<-(®Kp?qE@?

�»?F�·�H.Z?;KÒE/8-.%Kp?�E�?`8-.=?;K-.=,>|ykH8-ÔL��8´�>I+<FE�?;Ô)<-J"E/8-.QKp?�E�?�JB� .>�=Ô){-.=K´ÔL<§J/.=��²E@Ô)I+<¹¸}2��Mê�¹¶3E@?;,BEH,B.Z?;K-Ô)<-(®E@8-.zM-AL?;K-.�(+.>I+CD.>E@,vPNKp?qE@?:2���s�N�}A)ALI3�Z?qE/._JBE/I+,@?q(+._G�I+,HM-A?qK-.�(+.=I;Cd.�E@,BPQ?;<-K&?;.=,BIrKrPr<-?;CdÔ)�_Kp?qE@?:2��Kê�w�H.Z?;K�E/8-.±M:A?;K-.1<-I3Kp?;A��OI+J/Ô$E@ÔLI;<&Kp?�E�?dG�I+A)ALIsk¤.=KgMoPgE@8:.±�-,B.=J/JB*-,/.?;<-Km+.>ALI3�=Ô$E¦PNKp?qE@?:2�-2�¶r.>E�*-�NE/8-.z(+.=I+CD.>E/,/Ô)��Kp?qE�?r2
�»?F�w¶r.�E¢*:�gE/8-.zALÔLJvE9I;Gª<-I3K-.=JHG�I+,9.Z?q��8&.>AL.=CD.=<FE=2��Mê�¹�~?;A)�=*-AL?qE@._E/8-.zJ/*-,vG�?;�=.z<-I+,BC%?qA�G�I+,9.Z?q��8&<-I3K-.q2Cr2��~?;AL�>*-A?�E@.}E/8-.z<-I+ÔLJB.�G�I+,9.Z?;��8TE@Ô)Cd.}JBE@.>�x2
�»?F�w¶3E/.=�gI�m;.=,HE@8-.zJB� .>�=Ô){-.=KTE@ÔLCD.�,@?q<-(+.;2��Mê�N�~E®.=?;��8ÒE@Ô)Cd.D� I;ÔL<FEJvE@.=�´E/8-,/I+*:(+8§E@8:.QALÔ)JBE"I;GH<-I3K-.=J®?q<-K´�Z?;A)�=*-AL?qE@.E@8:.1A)IF?;K-Ô)<-(t?;<-KNE/8-ÔL��óo<-.>J/J}<:I+ÔLJB._G�*-<-�>E/ÔLI+<:JHG�I;,9.Z?;��8x2���s�¹¶3E/.=�%E/8-,/I+*:(+8%E@8:.}.=A).=CD.=<FE@J¤?;<-K%ÔL<FE@.>(+,@?qE/.¢Ism;.=,~.=?;��8QI+<-.�E@I1{p<-K%E/8-.E@IqE�?;AxA)IF?;K-Ô)<-(t?;<-KNE/8-ÔL��óo<-.>J/J}<:I+ÔLJB.;2ª:2�¶r8-Ô$GÇE£?;<-K%JB*-C¥E@8:.�E/ÔLCD.9,/.=�>I+,/KDE@Iz{p<-KDE@8-.�<-.>E£E@Ô)Cd.9,B.=�>I+,/KDG�I+,7E@8-.HkH8-I+A).�-,/I;� .>ALAL.>,=2



«oÖF«3Öt�¯ß�ÙzÝ�ßHà�â»º�¬£Ù½¼ 4&¾d9ùedHùvú ¿À�¤ý	���ãþOY#gÂþÂÁcg^YÃmpý^�l��~?qAL�=*:A?qE/ÔLI+<QIqGªE/8-.z<-I+ÔLJB.�G�,/I+C�?t<:IrK-.z�-,BIr�>.=.>K-J}?qJHG�I;ALALIskHJ>2
4+2��~?;AL�>*-A?qE/.E@8-.tMp?qJ/ÔL�®mq?;,BÔ?;M-A).=J_G�I+,_E/8-.t<-I3K-.D?qEzE@ÔLCD.��2t698-.=JB.Q?;,B. q |O"x|¼ q ½;¼ "x|ê�ÄÆÅÈÇÊÉ;ËÊÌ^É;Ë¡ÐÒ�ÇÊÄÆÍÈËÏÎ;É�|p� Å |pÎo� Å ½ Î!"x|79 	 ?;<-K Q9 	 2
0r2��~?;AL�>*-A?qE/.¢E/8-.�M-A?qK-.�J/*-,vG�?;�=.��:,/I+�O.=,vE@ÔL.>J9?qE9E/8-.�<-I3K-.�?qE9E/ÔLCD.�"x|rE@8-.>J/.1?;,/.Ì¡|pÎZÌ ½ Î!"x| Æ�ò ?;<:K�Î Æ�ò ½ Î!"�2%:2��~?;AL�>*-A?qE/.}E@8:.1A)IF?;K-Ô)<-(t?;<-KTE@8:ÔL��óo<-.=JBJ¢<:I+ÔLJB.��=I+<FE@,BÔLM-*rE@ÔLI;<-J~G�I+,~E@8:.1<:IrK-.q2

��?F�N698-.}A)IF?;K-Ô)<-("<:I+ÔLJB.¢Ô)J¤�=?;AL�>*-A?qE/.=KdMoPD{p<-K:ÔL<-(1E@8-.¢�=*-,B,/.=<FE~mq?;A)*-.�I;GxE@8:.J/*-,vG�?;�=.&<-I+,/Cd?;A»|~?;<-K«E@8-.><��Z?qAL�=*:A?qE/ÔL<-(�E@8-.&�=I+<FE/,/ÔLM:*:E@Ô)I+<«G�,BI+C E@8:.<-IrK:.�*-J/Ô)<-(DE/8-.�G�I+,/C±*-A?qE/ÔLI+<dK-.>E@?;ÔLA).=KTÔL<T��8p?q�:E@.>,}032��Mê�N698-.9E@8-Ô)��ó3<:.=J/J£<-I+Ô)J/.9,B.=no*-ÔL,B.=J£<-I�G�*-,BE/8-.=,¯�=?;AL�>*-A?qE/ÔLI+<?;<-K®E@8-.9G�I+,BC*r²A?qE/ÔLI+<QIqG\��8p?q�:E@.>,_0�Z?q<&MO.z?;�-�-A)ÔL.>KgÔ)CdCD.=K:Ô?qE/.=A)P;2
698-.tÔ)<oE/.=(+,/?qE@Ô)I+<`E@IN{p<:K�E/8-.t<-I+Ô)J/.G�,/I;C ?;<�.=A).=CD.=<FEzÔLJ}� .>,BG�I+,BCd.>K�?q<p?;A)PoE/Ô$²�=?;ALA$P®*-JBÔL<-(1E@8-.�G�I+,/C*:A?z(+Ô)m;.=<%MFPG
z.>,/.¢?;<-KQ69Ô)CdI;J/8-.><-ó;I±G�I;,¤Ô)<oE/.=(+,/?qE@Ô)I+<DI�m;.=,l?E/,/ÔL?;<-(+*-AL?;,H.=A).=CD.=<FEZ2_µ¶E_ÔLJ¢?;J/JB*-Cd.>KiE@8p?qE¢E@8-.±ALIF?;K:ÔL<-(d?;<-K`E/8-ÔL��óo<-.>J/J�<-I+Ô)J/."�=I+<r²E/,/Ô)M-*:E@Ô)I+<%mq?;,BÔL.=J¤ALÔ)<-.Z?;,BA)PDIsm+.>,H?±E@,/ÔL?;<-(+*:A?;,£�p?qE/��8x27µ¤Cd?ZP%I;,lCd?sPd<-I;E~K-.=�>ÔLK-._E/IK:IdJBI+Cd.�E@8-Ô)<-(®CDI+,/.�JBI+�-8-Ô)JBE@Ô)�Z?qE/.=KTÔL<g?G�*:E/*-,/.�m+.>,/JBÔLI+<x2

d9ùedHù¶ø Ð(g	��hÑ���lm�gvý^�NmÒ\i�����ÂÓ.YÃmpý^�i�
j j+1

i

i+1

j+1j

' ÔL(+*:,/.c%:2$4+5 o AL.>Cd.><FE¢JB.>E/*-�&�>I+<Fm+.><oE/ÔLI+<:J
' ÔL(+*-,B.w%:2$4&JB8-IskHJDE/8-.g?;J/JBÔL(+<-CD.=<FEDI;G}<-IrK:.=J®E@I�E@8-.T.>AL.=CD.=<FEDJ/8:I�kH<�2 ' I+,E@8:.?q,/.Z?MOI+*-<:K-.=KTMFP%E/8-.c`»E/8&?q<-K·`p¾�4=E/8NM-A?;K:._J/.>�>E@Ô)I+<-J>|p?;<-KQE/8-.aÔ+E@8g?;<-KVÔ�¾í4=E/8�OI+Ô)<oE/J%I;Gz.=?;��8ìI;G�E/8-I+J/.�J/.=��E@Ô)I+<-J=|9E/8-.�E¦k¤IÒE@,@?qÔ?;<-(;*-A?;,t.>AL.=CD.=<FE/JdG�I+,BCd.>Kì?;,/.Õ �;`/�ÆÔ3�¡�;`�¾�4+�ÆÔ�¾�4��¡�J`O¾É4+�ÆÔ3�aÖ ?;<-K Õ �;`/�ÆÔ3�¡�;`/�ÆÔ}¾ç4��¡�J`O¾É4+�ÆÔ_¾É4��9?;JHJ/8-IskH<Ô)<N{p(+*-,B.×%:2×0r2+v¢IqE@.�E@8p?�E�E/8-.zI+,/K:.=,/Ô)<-(DI;G\<:IrK-.>J¢Ô)<g?;<&.>AL.>Cd.><oE�Ô)JH?;<FE@ÔL�>ALI3��óFkHÔLJ/.G�I;,9M I;E/8T.=AL.>Cd.><FE@J=2
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' ÔL(;*-,/.c%r2 0r5#v�IrK-?;A¡I+,/K:.=,/Ô)<-(®�=I;<om;.=<FE@Ô)I+<dHùedHùed ¿À�aZcY#gØ���iÓ7hÑY#gÙ\+�����ÂÓ.YÃmpý^�l�v¢I+,BC%?;A)JQ?;,B.`�Z?qAL�=*:A?qE/.=KíG�I+,%.Z?;��8É<-I3K-.`MFP�E�?qó3Ô)<-(§E/8-.i�=,BI+J/JN�-,BIrK:*-�>ETI;GzE/8-.m+.=��E@I+,BJlG�,/I;C ?"<-I3K-.HE@I±Ô$E@J£<-.=Ô)(+8oM I;*-,/J>2���698-Ô)J¤Ô)J¤<-IqE~?zm+.=,vP%�>AL.=?;<dkl?ZP%I;GxK-I+ÔL<:(E@8-Ô)<-(+J7?;<:KDJB8-I+*-A)K®,/.=?;ALA$P"MO.9ÔLCD�-,BI�m;.=Kx|FM:*:E¯Ô)EB�¨A)Ar8p?Zm;.HE/I_k~?qÔ)E7*-<FE/ÔLA:µ�(+.�E£?;,/I+*:<-KE@IgÔ)EZ2×� ' ÔL(;*-,/.V%:2�%&JB8-IskHJ"E/8-.dJB.>E/*-�§G�I+,�{p<-K:ÔL<-(&?&<-I;,/Cd?;AyG�I+,z<-I3K-.`�;`/�ÆÔ3��2d�
j

y

i

i+1

j
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x

' ÔL(+*-,B.c%:2�%:5+v¢I3K-.=J9G�I+,9�=?;AL�>*-A?�E@ÔLI;<QI;Gª<-IrK-?;Ax<-I+,BC%?qA
ÔLJ¢E/8-.±m;.=�>E/I+,_G�,/I;C <-I3K-.T�;`/�ÆÔ3�9E@IN<-I3K-.T�;`/�ÆÔz¾Ê4���?;<-K5 «E@8-."m+.=��E@I+,_G�,BI+Cº<-I3K-.�J`/�ÚÔr�¤E/It<-IrK:.%�;`O¾É4+�ÚÔr��27698-.=<gE@8-.z*-<:Ô)EH<-I+,BC%?qA �� 	 ÔLJ�� � �WÛ¹ · �WÛ¹ �·' I+,¡E/8-.¯<-IrK:.=Jª?qE�E@8-.£M-A?qK-.7E@ÔL��E/8-.£m;.=��E@I+,BJy?;,B.£�=?;AL�>*-A?�E@.=K1CDI�m3Ô)<-(HÔL<oM I+?;,/KNÜÔ�2 .;2yE@8:.%�;`¡Ðì4+�ÆÔ3�~?;<-K��;`/�ÆÔ}¾É4��~<-I3K-.=J�?;,B.�*-J/.>K�Ô)<-JBE/.Z?;Kx2�gS	Ý Þ�j�c[ßij�c h`b1cybdHù;à}ùvú á�þO�iÁ��Nm-ývþâZcYÃm�Y698-.1?;�=I+*:JBE@Ô)�zKp?qE�?®I+*rE@�-*:E¢?;,B.ã ALIF?qK-ÔL<-(±<-I+ÔLJB._G�I+,9I+<-.zM-AL?;K-.q2



«oÖFä3ÖÊÙtæ9á��1æ9á«åHà}á:à 4Z¬ã ALIF?;K:ÔL<-(<:I+ÔLJB.zG�I;,aå M:A?;K-.>J=2ã E@8-Ô)��ó3<:.=J/J�<-I+Ô)J/.�G�I+,9I+<:.1M:A?;K-.q2ã E@8-Ô)��ó3<:.=J/J�<-I+Ô)J/.�G�I+,aå M-AL?;K-.=J>2d9ù;à}ù¶ø æç�m�Y[Ó.Zc��Zè�:ü�Y#j×�
Retarded shape

3487 RPM, 0.9m diameter

' Ô)(+*-,B.µ%:2��:5#��.�E�?;,BK-.=KgJ/8p?q� .zI;GªAL.=?;K-ÔL<:(®.=K-(+.�G�I+,9JB*-M-JBI+<-ÔL�1�-,BI+�698:.�*:J/.=,T�=?;<�J/.=A).=��E�?q<ÉI;�:E@Ô)I+<�E@I´kH,/Ô$E@.�?réB,B.>E�?q,/K-.>KÉJB8p?;�O.Bê�E@IÒ{pA).�?;JQE@8:.�=?;AL�>*-A?�E@ÔLI;<��-,BIr�>.=.>K-J=2`698:ÔLJÔ)J±?�,B.=�>I+,/K´I;GlE@8-.Q�OI+JBÔ)E@Ô)I+<�I;G�?�J/.�E®I;G9�OI+Ô)<oE/J?qEE/8-.1,/.>E@?;,/K:.=K&E/ÔLCD._G�I+,9J/.>AL.>�>E@.>K�E@Ô)Cd.�JvE@.>�-J=2~µ¶EB�¨J�ALÔ)ó;.�A)IrI+óoÔ)<-(D?qEHE@8-.zM-AL?;K-.�kHÔ)E/8A)ÔL(+8FE9E/8p?qEHE@,/?sm;.=A)J}?qEHE/8-."JB� .>.=K`IqGyJ/I;*-<-Kx2~µ¦<5ëDìíïîÂð�ñ7ò�E/8-.1J/8p?;�O.1I;G\E/8-."M:A?;K-.?q<-K`J/I;Cd.1I;E@8:.=,}�-?;,@?;CD.>E/.=,BJ¢�=?;<`MO."kH,/Ô$E/E/.=<&E/IQ?t{pAL.Q��I+,HE@IdJBE�?q<-Kp?;,BK`I+*:E/�-*:E��?�E%JB.=AL.>�>E/.=KíE/ÔLCD.gJvE@.>�-J=2�698-.&,/.>E@?;,/K:.=K�JB8p?;�O.��Z?q<í(+Ô$m+.&?�*-JB.>G�*-A�ÔL<-JBÔL(+8FEdÔL<FE@IE/8-.%�:8oP3JBÔL�=J>|7.=JB� .>�=Ô?qALA)PiG�I;,"8-Ô)(+8§JB� .>.=KÒ,BI;E@I;,/J=|\MoP�,B.=A?�E@ÔL<:(gE/8-.%,B.>E�?q,/K-.>K§E@Ô)Cd.M-?;��ó®E@I±E/8-.¢(;.=I+CD.>E/,BPDI;GxE/8-.¢JvP3JBE@.>C�Ô)<dE@8:.�E/ÔLCD.�K:I+C%?qÔL<x2Ãó¢J/Ô)<-("E/8-.cô!¥tI+�:E/ÔLI+<E/8-.}*:J/.=,lJ/�O.=�=Ô${p.=Jl8-Isk�I;GÇE@.><%E@8-.¢,/.�E�?;,BK-.=KQJB8p?;�O._J/8:I+*-ALKdM .�kH,/Ô$E/E@.><%E@IØ§D£�õn¤D©N£O2µ¶G¢�iÔLJ"J/�O.=�>Ô){p.>K«E/8-.N,/.�E�?;,BK-.=K�J/8-?;� .NÔ)J<-I;E±kH,/Ô)EBE@.><x2�698:.NI+�:E@Ô)I+<öô�÷Dø#ùÏúüû=ý�þ�ú?qALALIskHJ�E@8-.*:J/.=,_E/INJ/�O.=�>Ô)GÇP�?%{pAL.><p?;CD."G�I+,�E@8-.K-?qE�?:2z698-.>,/.®Ô)J_?Q�OI+JBE/�-,/I3�=.>J/J/I;,��J/.>.i��8p?;�:E/.=,3C+�DkH8-Ô)��8ìkHÔLALA��-,BIr�>.=J/JQE/8-.i,/.�E�?;,BK-.=K�Kp?�E�?§{pA).=JT?;<-Kì(;.=<-.>,@?qE/.�?ÿ ¡�¤��� ��$¡��T{pAL._G�I;,~mrÔ)J/*p?qALÔLJ/?qE@Ô)I+<Q�-*:,/�OI+J/.>J=2



0;� ��� à��}áªÜ¯ß�«3Ö�Úvâ(�#¬�Ü£â�Ü¯Øtá:à}á�Ú�ÙHØ
Retarded shape

7300 RPM, 0.9m diameter

' ÔL(+*:,/.c%:2MCr5#�H.>E@?;,/K-.>K�JB8p?;�O.1IqG\A).Z?;K-Ô)<-(®.=K:(+.�G�I+,~E@,/?;<-J/I;<-ÔL���-,BI+�
' ÔL(+*-,B.=Ja%:2s�D?;<-K3%:2MCtJB8-Isk ,/.�E�?;,BK-.=K&J/8p?q� .>J�G�I+,~E/8-.zAL.=?;K-ÔL<:(®.=K-(+.zI;Gy?®M-A?;K:.I+� .>,@?qE/ÔL<-(�JB*-M-J/I;<-ÔL�=?;ALA$P«?;<-K�E/,@?;<:J/I+<-Ô)�Z?;A)A)P�G�I+,D?;<íI+M:J/.=,vm+.>,QÔL<�E@8-.g<-.=?;,d{p.>ALKx2698-.}M-AL?;K-.�� I;J/Ô)E/ÔLI+<:J£Ô)<D{-(+*-,/.�%:2s�±?;,B.}CDI+,/.HI+,£AL.>J/J¤.>m+.><-A)PDJB�p?;�=.>KT?;J¯P+I+*QCDÔL(;8oE.��r� .>�>E¯G�I+,7?�JB*-M-J/I;<-ÔL�H�-,BI+� .>ALA).=,\M:*:E¯ÔL<®{p(+*:,/.a%:2MC¢E@8-.>,/.HÔLJ¯?_�OI+Ô)<oE=|o?;MOI+*:E7<-Ô)<-.>E¦PK-.=(+,B.=.>J"MO.>G�I+,B.DE/8-.DI+M-J/.>,Bm;.=,±�OI+JBÔ)E@Ô)I+<x|xkH8-.>,/.tE@8-.DM-AL?;K-.t� I;J/Ô)E/ÔLI+<:J¹éBJ/.>�p?;,@?�E@.Bê:2698-ÔLJ"�=I+,B,/.=JB� I;<-K-JE@I&E@8-.d� I+Ô)<FEI;G9Cd?��rÔLC±*-CëM-A?qK-.dm;.=ALI3�=Ô$E¦P�E@Isk~?q,/K-J±E/8-.QI+M3²J/.=,vm+.>,=2
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¸¤Ô��Z?q,/,/.H?qJ£Ô$E¯C%?ZP±J/.=.>C&|FE/8-.=,B.¢?q,/.HJ/I+CD.H� .>I+�-A).~kH8-I"CDÔL(;8oE\k~?;<FE¯E@I1�-,B.=K-Ô)�>E7E@8:.<:I+ÔLJB.±G�,/I+C J/I+CD.>E/8-ÔL<:(QkH8-ÔL��8�K-I3.=J�<-IqE�(+IN,/I;*-<-K�?;<-K�,/I;*-<-Kx2"µ¦<�E/8-.®ÔL<FE/.=,/.>JBE/JIqGlJB*-��8§�OIrI;,_ALI+JvEzJ/8-.>.=�x|�E@8:ÔLJ�(+I3IrKiJB8-.=�:8-.=,BK§�-,BI�m3Ô)K-.=JzJ/I;Cd.®8-Ô)<FE@JzI+<�8-Isk E/I(;Id?qM I+*rEHJ/*-��8�?tE@?;J/ó%kHÔ$E@8NE@8:.1CDÔL<:ÔLC*-C I;Gª.��3E/,@?t�-,/I+(;,@?;CDCdÔ)<-(-2
Ý`S&� �WV½´ cyVëjiY\[����	����� ²����+VDa ji^i^`b"cyjia7b��Øßijia! ß§VDY\[�Y
698:."JvE@.=�:J¢?q,/.�G�?;ÔL,BA)PdJ/Ô)Cd�-A).;24+2#"£I+*%kHÔLA)Aê<-.=.>KTE/I®?;A$E@.=,£E@8-.�G�*-<-��E@ÔLI;<-J~ÔL<dE@8-.}{-AL.%$&�('n¡)�+*�£&�'¢ §!, ¢E/I,/.�E@*-,B<E@8-.Q�OI+JBÔ)E@Ô)I+<Ò?q<-KÒm+.>ALI3�=Ô)E¦P�I;G¢?�CD.=JB8´� I;ÔL<FEZ2i698-.%I+� .>,@?qE/ÔLI+<:J?;,B.N?;ALA£ÔL<�~?;,BE/.=J/ÔL?;<T�=I3I+,/K:ÔL<p?qE/.=JHJ/ItÔ$EHJ/8-I+*:ALK-<��E�M ._E/IrItK-Ô �D�=*-A$EZ2+¶rI+CD.�Kp?ZPNµ¤C%?ZP.>m+.><�(+.>Et?q,/I+*-<:KÒE@I�kH,BÔ)E@Ô)<-(`?qALA¯E@8-Ô)J®?;J?`A)ÔLM-,/?;,BPiE/IiM .%ALÔL<:ó;.=K�E@I`*-JB.=,Â²J/*-�-�:ALÔL.>KNG�*-<-�>E/ÔLI+<:J�M:*:E�K-I+<��EH.��r�O.=�>E}?;<FPoE@8-Ô)<-(tE@I3I®J/I3I+<x20r2���.>�=I+CD�-ÔLA).µëDìíïîÂð�ñ7ò�2%:2.-_IDE/8-.±?q.=,/I3K:P3<p?;CDÔL���=?;AL�>*-A?�E@ÔLI;<§�ÇP+I+*ï�¨A)A¡8p?Zm+."E/I%*-JB.1P;I+*-,�IskH<�G�?;�=Ô)ALÔ$E@ÔL.>JE@ItK-ItE@8-Ô)J���2�-2�¶r.>E�*-�TE@8-.zKp?�E�?{pAL.z?qJ�JB8-IskH<�Ô)<&?q�-� .><-K-Ôð�w¸É?;<-KTG�.=.=KgÔ)ElE@I�ë¨ìïíïîÂð�ñ7ò�2Cr2H6ª,vPQE@I®k¤I+,/óNI+*rE9kH8p?qEHE@8-.1?;<:JBk¤.=,�Cd.=?;<-J=2�H.=CD.=CMO.=,"E@8p?qEÙëDìíUîÂð�ñ7ò9K:Ir.>J/<��EZ|£?;JP;.>EZ|£8p?;<:K-AL.QJB*-�O.=,/JBI+<-Ô)�gJBI+*-,B�=.=JtJBIK:I+<��E�E/,BPdE@I®klI;,/óNI+*:E9E/8-.z<-I+Ô)J/._G�,/I;Cu?tJ/�O.=.=K:ÔL<-(tM-*-A)AL.�EHI+,H?;<T.=<-(;ÔL<-.>.=,HI+<T8-ÔLJkl?ZPdE/I±E@8:._Mp?;,>2y698-.�?;*rE@8-I+,£klI;*-ALKQMO.}Ô)<FE@.=,B.=JvE@.=KTÔ)<%8-.=?;,/Ô)<-("G�,BI+C ?;<FP+I+<-.¢kH8-I*:J/.=J�ëDìíïîÂð�ñ7ò¡ALÔ)ó;._E@8:ÔLJH?;<-K&?;��E@*p?;A)A)Pd(+.>E/JHJ/I+CD.�*-J/.�G�*-A�,/.>J/*-A$E@JHI+*:E=2

034



0+0 ��� à��}áªÜ¯ß äoÖ � à �!/ ÚÂØ±ÝÞÛ � ß®æ\â3�¯Úà}ùvú¤ùvú 0��mNmpý	��\ m-ü��@���iÁ�ÓpþO�rj×�i�:ýÆm-ý^�l�µ¦<TE/8-.�G�*-<-��E@ÔLI;<21�¤D©�¥.¢!¡�3.¤N§4�D£&�!¤5' | E@8:.�� I+JBÔ)E/ÔLI+<NI;G�E/8-.z�=*-,B,/.=<FE�<-I3K-.d��JB� .>�=Ô){-.=KMoP�E@8-.i(;ALI+Mp?qAHmq?;,BÔ?;M:AL.=J¹§�¡n¢D£&�!¤5'�|.'=¤$õ�¡o�%ÔLJ%G�I;*-<-K�G�I+,%E/ÔLCD.3£&�6�.¡Ê�»?q<ìÔL<-�-*rE�p?;,@?qCd.�E@.=,@��2�"£I;*É�=?;<�J/.�EgE/8-ÔLJT?q<oPík~?ZPìP+I;*çA)ÔLó;.´��Ô)EQK-Ir.>J/<��Eg.>m;.=<Ê8-?sm;.�E/I��8p?;<-(+.9kHÔ$E@8®E@Ô)Cd.Z��2�µ¦<�ëDìíUîÂð�ñ7òpE/8-ÔLJyG�*-<:�>E@Ô)I+<®J/.�E@J£J/I+CD.9I;E/8-.=,ymq?;,BÔ?;M-A).=J\kH8:ÔL��8?;,/.�*-JB.=KTMFPQE@8:._m+.=A)Ir�>Ô)E¦P%�Z?;A)�=*-AL?qE@Ô)I+<dG�*-<:�>E@Ô)I+<TM-*:E9E/8-.=,B.�ÔLJ9<-I®,B.Z?;JBI+<gkH8FPQP;I+*klI+*:ALKN8p?Zm+._E/I®*-J/._E/8-.=C�?;<-KQE/8-.=,B.�ÔLJ~<-I®,B.Z?;JBI+<NkH8FP%P+I;*g�=?;<��E9K-I®JBI+Cd.}I;E@8-.>,C%?;<:ÔL�-*-AL?qE@Ô)I+<-J¤?;J9kl.>ALA»2à}ùvú¤ù¶ø 0��mNmpý	��\ m-ü��@���iÁ�ÓpþO�87l��g^��þ�ýÚm:9698-.=,B.�Ô)J7?;A)J/I�?_G�*-<-��E@Ô)I+<®�Z?;A)AL.>K;1�¤¨©�¥.¢�¡�<n¡>= ¤N¢4�D£4?®kH8-.>,/.9E@8-.~m;.=A)Ir�>Ô)E¦P±?;<-KD?;�=�>.=Að².=,@?�E@ÔLI;<&I;G7E/8-.±�>*-,/,B.=<FE�<-I3K-."?;,/."J/.�EZ2}698:ÔLJ�ÔLJ_?tG�?;ÔL,BA)PNJBÔLCD�-AL.�E@?;J/óTÔL<5ëDìíïîÂð�ñ7ò?;J�CdI;JBE�I;G£E@8:.®8p?;,/Kik¤I+,/ó�8p?;J�MO.=.=<�K-I+<:.®ÔL<`E@8:.DJBI+*-,B�=.t� I;J/Ô)E/ÔLI+<��Z?;A)�=*-AL?qE@Ô)I+<x2698-ÔLJ9Cd?ZPQmq?;,BPQG�I;,~P+I+*x2à}ùvú¤ùed 0��mNmpý	��\ m-ü��@���iÁ�ÓpþO�@YA@��Â�698-.=,B.®ÔLJ_?qALJ/IT?DG�*-<-�>E/ÔLI+<iÔ)<2$&�('.¡)�B*�£&� ¢ §A, ¢T�Z?;A)AL.>KC1 ¡!£4D �¡�§r21698-Ô)J�ÔLJ}�=?;ALA).=Ki?�EE@8-.®JvE�?;,vEzI;G¤E/8-.®�-,BI+(+,@?qC E@ITJB.>E1*-�iE@8-.tJBI+*-,/�>.�²¶�=.=<FE/,/.=K��=I3I+,/K:ÔL<p?qE/.±G�,@?qCd.q2±µ¦<ë¨ìïíïîÂð�ñ7ò;E@8-.>,/.¯?;,B.yE@8-,B.=.7mq?;,/ÔL?;M-AL.>J��=?;ALA).=KFE)�>GH*�£JI-|)KLGJ*�£JI_?;<-KNMOGJ*!£JI®� �� è |!�� è ?;<-K�� è ��27698-.=JB.z?;,/.¢,/I;E@?qE@.>KQMFPP1�¤D©�¥.¢!¡�3.¤N§4�D£&�!¤5'TE@I(;.=<-.>,@?qE/.}E@8-.}*-<-Ô)E£m+.>�>E/I+,/J �� |=��?;<-K �� kH8-ÔL��8"?;,/.¯*-JB.=K1E@IH�=I+<Fm;.=,BE\M-A?qK-.�²�{:�r.=K1�=I3I+,/K-Ô)<p?qE/.=JxE@IH(+A)I+Mp?;A;�=I3I+,/K-Ô)<p?qE/.=J=2µ¶GlP+I;*-,"JBI+*-,B�=.%K:Ir.>J/<��E±,BI;E�?�E@.®E@8-.><�P;I+*§Cd?ZPikl.>ALAykl?;<FE±E@IgJ/.�E �� |[�� ?;<-K �� ?�EE@8-.zJBE@?;,BEHIqGªE/8-.z�-,/I+(;,@?;C ?q<-KNG�I+,/(+.�E�?;MOI+*:E9E@8:.=Cº?qGÇE/.=,~E@8-?qEZ2
ÝiS�R Q�a7b±XZ^ � a¯XZh`[SRUT ^ V¤[%Wgb±e ß �=[NX
�}J1?;<�.��:?;CD�-AL.®IqG~8-Isk P;I+*�CdÔ)(+8FE�(+Ig?;MOI+*:E�E@8:ÔLJzóoÔL<-K�I;G£E@8-Ô)<-(-|¡�>I+<-J/Ô)K-.=,�E/8-.�Z?;JB.%I;G~?gE@,/?;ÔL<�(+I;ÔL<-(g,/I+*:<-KÒ?gM .><-K�Y�2Q� M-AL*:.=J1�-A?ZP+.>,±Ô)<�I+<:.dI;G¤E@8-.Dk~?q(+I+<-J>|kH8-.=.Z�=ÔL<:(QE@8-,BI+*-(+8i8-Ô)J}I+A)K`8p?;,BCdI;<-ÔL��óq.=,_Ô)J=|�JBI+CD.>kH8p?qE_ÔLCD�-A?;*:J/ÔLM:A)P+|ê?q*-K-ÔLM:AL."E/IE@8-.¢K-.=�OI;E9?q(+.=<FE9JvE�?;<-K:ÔL<-("<-.��3E~E/I±E@8-.¢ALÔ)<-.;2 � IskìklI+*:ALK%P;I+*N�-,/.>K-ÔL��ElE/8-._J/I;*-<-K8-.z8-.Z?;,BJ\[à}ù¶ø9ùvú 0��iÁ�ÓpþO�@j×�+�-ýÚmpý^�i�698-ÔLJ~Ô)J9?K-I3K-K-A).;2A"£I+*Nóo<-IskÉE@8-.�(+.>I+CD.>E@,vP%IqG�E/8-._E@,/?;��ó%JBIP+I+*Tóo<-IskÊE/8-._�p?�E@8G�I+ALA)I�k¤.=K®MFP"E@8-.9Ô)<-JBE/,/*-CD.=<FEZ2\µ¶G P;I+*®k~?;<FE/.=KtP+I+*D�=I+*:ALK®ÔL<:�=AL*:K-.9?��Z?;A)�=*-AL?qE@Ô)I+<"G�I;,
]_^a`)bdcfehgLi jkbZlmjon)bqprpts%u�vfg5eAjo`5wrxhy5z5n5jkj{`5w|xkw|xk`5v\}~^a}�vZn5p|u.�Zv#bfz�vZn�jkj{`)eA�)�{vZz5pteh�
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