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r

d2 = 8.25
d3 = 8.45

outer diameter dx of layer x

d(outer) = 9.23
d(inner) = 7.60

d1 = 8.03 d4 = 8.69
d5 = 8.90
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JwdKMTUL �#NtKkPbNLh`M\#Kkue~UN�\V`{PbN[Ib`d~}ZMN¢\bWhN �8�� TsLlZkKkPSTUKMLi\�m	KMIbI�p=N[K : � � `5�#NQZMNQP)\bWhN�Lifem%u=NQP8`Mn ���� ��NJRQKML�IbNQ\�no`MP�\bWYTUI#^YKk\bK%ISKMmEpe~}NRQKML u=N�RQKM~URQfY~UKk\VN[^�KMItn�`MPg\bWhN]��`dLl\VN��)KkPS~U`�RQKMIVNM� � Kkue~}N xMxk� / wdT}ZMN[It\bWhN�^eT��2NQPSN[Ll\tZjKM~sfhN[I9��N�wMNQ\tno`MPg\bWhN�^YKk\bKIbKMmEpe~}NM����IbTULYwt\bWYN�NQ��RQT}N[LYRcq�Rc`dmEpefY\VN[^XnoPb`dm \bWhN{��`dLl\VNE�)KkPS~}`	ISKMmEpe~}N � � x[�r�Ux�|�� ��N�wMNQ\ ,
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�
z / ! * xQy <��



��� � � � ��� �.��� ��� � � ������� � �	� �.� � ��
 � ��� � ��� � x / x

? TUwdfhPbNXxMxk� / , � �	� )���� `Mn)\bWhN	\VPSKMR : �Y\�no`MP�\bWhN �YP.IV\	� ~}NQn�\ !�KMLY^a\bWhN�IbN[Rc`dLY^ �oPST}wdWi\ !�peKkPS\bTURQ~}N	TUL peKMTUPSIQ��RQfh\	x	\V` /KkpYpe~UT}N[^a� � N{zd| \bKkPbwMNQ\Q� x[����NQ�����{u=N[KMm !
���	��
 (kyd� � 1 1
� ��� �� *kyl£
*Mzd£
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� Kkue~}N	xMxk� / , ' fYm{u=NQPSI�PbN[~UNQZjKMLi\�n�`MP,\bWhN%RQKM~URQfY~=`Mn�\bWhN{~UTUm	T}\�`dL]\bWhN � �� NQZMN[Li\bI

? TUwdfhPbN�xMxk�¡z1, ��� � 0 no`MP8\bWhN �YP.IV\¢� ~}NQn�\ !BKMLY^g\bWhN¢IVN[Rc`dLY^v�oPST}wdWi\ ! peKkPb\bTURQ~}N�TULgp�KMT}PSIQ�dRQfh\¢x)\V`tz�KkpYpe~UT}N[^]� � NJzd| \bKkPSwMNQ\Q�x[����NQ�����%u=N[KMm !
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? TUwdfhPbN%xMxk� *1, � TUIb\bKMLYRcNt� RQm !8u=NQ\;��NQN[L�\bWhN,\%�#`tpeKkPb\bTURQ~UN[I8N � \VPSKkp=`d~UKk\VN[^�Kk\ 	 �"y{n�`MP#peKMT}PSI��,T}\bW�RQfY\Jx¢\V` (�Kkpepe~UT}N[^� � Ntzd| \bKkPbwMNQ\Q� x[����NQ�����%u=N[KMm !

? TUwdfhPbNXxMxk� £ ,{�#T}`dL pYPb`Mu�KkueTU~UT}\ qXno`MP �YPSIV\�� ~}NQno\ !�KMLY^aIbN[Rc`dLY^ �oPST}wdWi\ !�peKkPS\bTURQ~}Ngn�`MP%peKMT}PSI"�,TU\bWaRQfh\	xE\V`_xQyXKkpepe~UT}N[^� � Ntzd| \bKkPbwMNQ\Q� x[����NQ�����%u=N[KMm !



��� � � � ��� �.��� ��� � � ������� � �	� �.� � ��
 � ��� � ��� � x / 1

?�T}wdfhPSNgxMxk� 9 , # LlZkKkPSTUKMLi\¢m	KMIbI%� ��NQ����� � !�no`MP¢peKMTUPSIQ�hRQfh\bI%x�\V`�xQy	KkpYpe~sT}N[^a� � Ntzd| \bKkPbwMNQ\Q� x[����NQ�����%u=N[KMm !

? TUwdfhPbN%xMxk� (1,�?�T}\#`Mn2\bWYNJTULiZjKkP.TUKMLl\#m	KMIbIJ� ��NQ����� � !Bn�`MP#peKMT}PSI[�lRQfh\bI�x¢\V`�xQy{KkpYpe~UTUN[^4�,T}\bWEPSNQwdT}`dL / yMy 	 *kyMy	��NQ����� �N � RQ~Ufe^hN[^ � � N{zd| \bKkPbwMNQ\Q� x[����NQ�����{u2N[KMm !
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? TUwdfhPbN�xMxk�UxQy , # LiZjKkPSTsKMLl\%m�KMIbI�� ��NQ����� � !�Kkn�\VNQPtueKMR : wMPb`dfYLe^ IbfYuY\VPSKMRc\bT}`dL_n�`MP{peKMT}PSI9�,T}\bW RQfh\bI�x	\V`OxQyvKkpepe~UT}N[^� � Ntzd| \bKkPbwMNQ\Q� x[����NQ�����%u=N[KMm !
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� WhN � N	zd|�KMLY^�xQyMyl|�� � ��� Kk\gx[�X��NQ�����gu=N[KMm ^YKk\bK�IVNQ\�pYPb` ZrTs^hN[^�urqX\bWhN � 
�
J��N � p=NQPSTsmEN[Ll\�WYK�ZMNgIbNQPbZMN[^ \V`IV\bfY^hqa\bWhN�PbN[Rc`dLYIb\VPSfYRc\bT}`dL NQ��RQT}N[LYRcq_`Mn,K�ZMNQPS\VN � �Y\{ueKMIVN[^O`dL K	��KM~sm	KML �Y\V\VNQPgpYPS`rRcN[^YfYPbN�no`MP{\bWYN ' � �)IgKMLY^\bWhN � ����^YNQ\VN[Rc\V`MPSIQ� 2 WhNQPbN[KMIJIV`dmEN%TsmEpYPb` ZMN[mEN[Ll\bI,KkPbN%LhNQN[^hN[^�TUL�\bWhN�PbN[Rc`dLYIb\VPSfYRc\bT}`dL]\V`��Y\¢Rc`MPbPbN[Rc\b~}q�\bWhN � ���\VPSKMR : I@�,TU\bW]\bWhN
��KM~sm	KML�\VPSKMR : �e\Q���#N9�#NQPbN{Kkue~}N�\V`	N[IV\bTsm	Kk\VN%\bWhN%NQ��RQT}N[LYRcq�`Mn�\bWhN�ZMNQPb\VN � no`MP¢\bWhN ' � �)I¢\VP.KMR : In�Pb`dm ��`dLi\VN��)KkPS~}`]IbTUmtfY~UKk\bTU`dLA� # \�TsIJN � p=N[Rc\VN[^a\bWYKk\�IV`dm	NgTsmEpYPb` ZMN[mEN[Ll\�TsLv\bWYNgRQKM~sT}uYPSKk\bT}`dLG�=KMLe^aKM~UT}wdLYmEN[Li\�KMI�#N[~U~AKMI,\bWhN�m	KkwdLhNQ\bTsR �YN[~U^]m	KkpepeTULhw ��`dfY~U^]WhN[~}p]\V`�`MuY\bKMTUL]u=NQ\V\VNQP,PSN[IbfY~}\bI)no`MP¢\bWhN�ZMNQPS\VN � �e\Q� ' NQZMNQPS\bWhN[~}N[IbI,`dLYRcN\bWhN{\VP.KMR : TULhw �,TU~U~�u=N{ZkKM~UTU^YKk\VN[^vno`MP�u=`M\bW ^hNQ\VN[Rc\V`MPSI[�GK�^YNQ\bKMTU~}N[^ KMLY^�IVqrIb\VN[m	Kk\bTURgIV\bfY^hq�`Mn8\bWhNETULhpefY\¢peKkPSKMmENQ\VNQP.I\V`a\bWhN��Y\V\VNQP[�#KMI �#N[~U~)KMIg\bWhN]PSNQn�NQPbN[LeRcNXIbfhPbn KMRcN]KMRQRcNQpY\bKMLYRcN ��`dfY~U^Ou=N�PbN��ifeT}PbN[^A� � WYTUI �#`dfY~s^OWYN[~}p�\V`auefYTU~U^ KPb`MuefYIV\#ZMNQPb\VN � �e\V\VNQP�\bWeKk\)RQKML �Y\�pYPSTsm	KkPbqEKMLY^�IVN[Rc`dLY^YKkPbq�ZMNQPb\bTURcN[I�KMLY^�KM~U~}`5��no`MP)\VPSKMR : PbN��VN[Rc\bT}`dL�\bWhPb`dfhwdW�\bWhN � �Rc`dmEpefh\bKk\bT}`dLG�
JIJKEZjKM~sTU^YKk\bT}`dL�`Mn�\bWhN � 
 
,� PbN[Rc`dLYIV\VPSfeRc\bT}`dLA�eKMLY^ �,T}\bW�\bWhN%WY`Mp2N�\V`�pYPb` ZrTU^YN�LifYm{u=NQPSI)`dLX\bWYN9���� pYPb`�^YfYRc\bT}`dLn�`MP%Rc`dLiZMN[Li\bT}`dLYKM~�LhN[fh\VPSTULY`�u=N[KMm	I[� KXIVN[KkP.RSW n�`MP � �� TUL zkyl| `Mn)\bWhN � N�zd| x[����NQ������u2N[KMm�IVNQ\V\bTULhwvWYKMI�u=NQN[Lp2NQPSn�`MPSm	N[^A� 
 �X`dLi\VN �)KkPS~U` wMN[LhNQP.Kk\V`MPXWYKMI�p2NQP.m	T}\V\VN[^ �YPSIV\�\V`�ZjKM~UTs^YKk\VNv\bWYN TsLlZkKkPSTUKMLi\�m�KMIbI�PbN[Rc`dLYIV\VPSfeRc\bT}`dLNQ��RQT}N[LYRcq�no`MPBRSWYKkPSwMN[^EpeT}`dLYI Rc`dm	TULYwJnoPb`dm � �� �,T}\bWt^hN �eLYN[^ : TULhN[m�Kk\bTURQIQ� 
 WYKM^hPb`dLeTUR#��`dLl\VNJ��KkPS~}`�wMN[LhNQPSKk\V`MP��)KMIfYIVN[^g\V`�N[IV\bTsm	Kk\VN¢\bWhN¢Rc`dm{ueTULYKk\V`MP.TUKM~�peT}`dLgueKMR : wMPS`dfYLY^EKMLY^E\bWYN@�8�� PbN[Rc`dLeIV\VPSfYRc\bT}`dL	NQ��RQT}N[LYRcqM� � WYTsI p=NQPSm�T}\V\VN[^g\V`IVNQ\¢Lifem%u=NQP�`Mn=� �� NQZMN[Ll\bIJTUL�\bWhN � N%zd|0^eKk\bKEIbKMmEpe~}N�\V` � � �
�
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�
z / ! * xQy <�� KMLY^�TUL�\bWhN%��`dLl\VN{��KkPS~}`IbKMmEpe~}Nt\V` � � �
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�
*0( ��x

�
yMy ! * xQy < � � � WhN[IbNt\%�#`XLrfYm{u=NQP�KkPSNgRc`dm	peKk\bT}ue~}Ntu=NQ\;��NQN[L \bWhN[m*KMLY^ Rc`dmEpeKk\bTUue~}N�,T}\bW��QNQPS`����� NQZMN[Ll\bIQ� 2 N]WYK�ZMN�^YN[mE`dLYIV\VPSKk\VN[^ �,TU\bW_\bWhN]��`dLl\VN��)KkPS~U`vIbKMmEp�~}N�\bWYKk\ ��N�KkPSN�Lh`M\gKkue~}N�\V` �eLY^� �� NQZMN[Ll\bI%Kk\�pePbN[IVN[Li\Q� � `���NQZMNQP[� K�pYPSN[RQTUIVNgfYLY^hNQPSIb\bKMLY^YTULhw�`Mn8\bWhN	�X`dLi\VN��)KkPS~}`�wMN[LhNQPSKk\V`MP{KMLY^vRc`MPSPbN[Rc\bT}`dLYI�no`MPfYLhN � p2N[Rc\VN[^�noN[Kk\bfhPbN[I)TUL�T}\ �#`dfe~U^�WYN[~}p�\V`ERc`dmEp�fh\VN"�,T}\bW�KMRQRQfhPSKMRcq�\bWhN�Rc`dm{ueTULeKk\V`MPSTUKM~2peT}`dL�ueKMR : wMPb`dfYLe^A��
�L�\bWhNPbN[Rc`dLYIV\VPSfeRc\bT}`dL IbTU^YNM��RQKM~UT}uYP.Kk\bT}`dL `Mn)\bWhN	peKkPb\bTsRQ~}N	TU^hN[Li\bT��eRQKk\bT}`dLa^YNQ\VN[Rc\V`MPSI{KMLe^apYPbN[RQTUIbN	KM~UT}wdLYmEN[Li\�`Mn)\bWhN ' � �)I�#`dfY~s^�p=NQPSm�T}\)\V`EwdKMTULXTUL�PbN[IV`d~sfh\bT}`dL]KMLY^�`MueIbNQPbZMN%TUL�\bWhN�n fh\bfhPbN�K � �� IbT}wdLYKM~�� � WhN�NQ��RQT}N[LYRQTUN[I)`Mn \bWYN�IbTUmtfY~UKk\bT}`dLKMLY^�PbN[Rc`dLYIV\VPSfeRc\bT}`dL n�`MP�\bWYNg^eT��2NQPSN[Ll\�^hNQ\VN[Rc\V`MPSI%KkPbNgPbN��ifeT}PbN[^ TUL�`MPS^hNQP�\V`]wMNQ\�K�pYPb`Mp=NQP�Lh`MPSm	KM~sT��[Kk\bT}`dL�u=NQ\;��NQN[L\bWhN�^YKk\bKgKMLY^�\bWhN��X`dLi\VN{�)KkPS~U`h��� �=`MPb\bI�KkPbN�pefhPSISfhN[^�Kk\)pYPSN[IVN[Ll\�TUL�`MPS^YNQP�\V`EN[Li\VNQP¢\bWhN�^hNQ\VN[Rc\V`MP,PbN[IVp=`dLYIVN�TUL�\bWhNIbTUmtfY~UKk\bT}`dLvpeKkPb\�KMLY^ wM`r`r^�pYPb`MwMPSN[IbI�WYK[ZMNEu=NQN[L ^h`dLhNtno`MP�LifYm	NQPb`dfYI � 
 
,��^hNQ\VN[Rc\V`MPSIQ� # mEpePb`�ZMN[mEN[Li\bI�\bWYKk\"��N�,TU~U~�`MuY\bKMTULXTsL�\bWhN%LhN � \�nofY\bfhPbN �,TU~s~2WYN[~}p]\V` �eLY^]IST}wdLYKM~=noPb`dm�LhN[fh\VP.KM~=peKkPb\bTURQ~}N[I�^YN[RQK[qXIbfYR.WXKMI@� �� �

x / z
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� 5�� 58?�� 1 5�� 5 3 ; /
� N,ZM`dfe^hPSKMT�\V`dfh\�^ - Kku2`MP.^	PbN[mENQP.RQT}NQP�� fYRQT}N���TULYISIVN[L	NQ\ 
J~sKMTUL � ~}`dLY^YN[~ �imEN[I)IbfYp2NQPSZrTUIbN[fhPSIQ�dIbKMLeI �rfYTeRcNQ\V\VN�K�ZMN[Ll\bfhPSN^hN��ifeKk\VPbN%KMLYL�	NQN[IJL - KMfhPSKMT}\ �bKMm	KMTUI¢pef]Rc`dm	mEN[LYRcNQP�LYTAIVN�\VNQP.m	TULhNQP[�
� - KMTUmENQP.KMTGPbN[mENQP.RQT}NQP 
�~U~UKML �)~UKkP : p=`dfhPJK�ZM`dT}PJwMN[Li\bTUmEN[Li\�KMRQRcNQpY\
	N	^hN%n KMT}PbN�p�KkPb\bT}N%^Yf �VfYPbqM��^hNt~UT}PbN�NQ\�^hN �bfhwMNQP�RcN\VPSK[ZkKMTU~ �
� NE\bT}N[LYI��K�PSN[mENQPSRQT}NQP�KMfYISIbT�~}N[I�KMfh\VPbN[I�p�KkPb\bTURQT}peKMLi\bI�^Yf �bfhPbqM� � KMKkp � KMLem	KMLaNQ\ � KMR �ifhN[I � fYm�KkPSRSWhN ��p2`dfYP�~UN[fhPSIRc`dLYIVN[TU~UI
�K�~UKE~}N[Rc\bfhPbN�NQ\��K	~UKERc`MPbPbN[Rc\bTU`dL�^hN�mE`dL�m	KMLifeIbRcPST}\Q�
� N[I p=NQPSIV`dLYLYN[IAN[m%u�KkP �if�	NQN[I�IbfYP�~}N�u�Kk\VN[KMf � 
�
J� � Lh`dm{uYPbN[fYIbN[I�IV`dLi\ RcN[~U~UN[I��K��rfYT �VN#ISfYTUIAPbN[Rc`dLeLYKMTUIbIbKMLi\VN#^YN�m - K[ZM`dTUPnoKMT}\%peKkPb\bKkwMNQPE~}N[fhP�p�KMIbIbT}`dL_p2`dfYP%~UK]peWiq�IbT �rfhNM� ~}N[fYP�N[Ll\bWY`dfYIbTUKMIbm	N�NQ\{~UN[fhP%Rc`dLYLYKMTsIbIbKMLYRcNM����NQPSRQT8N[Li\VPbN�KMfh\VPbNM���K� NQ\VP���`MPbu=`dfYLh` Z�� � N[KML 	 �)~sKMfY^hN��GNQwMP.KMLY^]NQ\J�#T}NQPb`��=feRQRSWhN[~U~sT �ifYT=`dLi\,wdfeTU^�	N�mEN[I¢pePbN[m	T}NQPSI)p�KMI,^YKMLYI,~ - N � p�	NQP.T}N[LYRcNIbfhPB~}N[IBRSWeKMm%uYPSN[I8m{fe~}\bT 	 �e~UI��K�Rc`dmEpY\VN[fYPBpYPb`Mp=`MPb\bT}`dLYLYN[~2� � 2 �)�@! NQ\8~UK�RSWeKMm%uYPSN��K�pYPb` �VN[Rc\bT}`dLg\VN[mEp=`MPbN[~U~}N�� � �)�@!.�KMTULYIbT �rf - K ��m�TU~UT}`�
,KM^YTsRQT}`dLYT=Lh`M\VPbN%m�K�� �}\VPbN � 
 2t��XNQPSRQT��K��)~UKMfY^YN � NQ\VPSK �M� � `dI�	Nt��fY~U`dL]NQ\J�vKkPST}` ��RQKMLY^efhPbPSKtp=`dfhP¢~}N[fhP¢^eTUIVp=`dLYT}ueTs~UT}\
	N,NQ\,~UN[I�u=`dLYI�mE`dmEN[Li\bI¢peKMISI
	N[IN[LYIVN[m{ue~}NM� KMTsLYIbT �rf -��K]\V`dfh\t~}N[I�mEN[m{uYPbN[I{^hN�~ -�	N��rfYT}p=N	^hN�IbfYpYp=`MPb\�\VN[RSWYLYT �ifhN � 
tx�^Yf � ��
 ' �rfYT8Lh`dfYI%K�IbfYTUZrT}N^YKMLYI¢RcN�ZM` qdKkwMNM��XNQPSRQTAK���~UKMfY^hN���Ts~U~}NQPSTUL�NQ\ ' TsRc`d~}N 2 KMf��ifeT}NQP�^hN�~ - Kk\VN[~UT}NQP¢^hN�mE`dLi\bKkwMN�	N[~}N[Rc\VPb`dLeT �ifYN�NQ\¢IV`dfY^YfhPSN�^YfX� � 
 ' KMTULYIbT
�if -��KE~UN[fhPSI�Rc`d~U~��NQwdfhN[I��rfYT=`dLl\JIV`df �=NQPb\bI�p=N[LY^YKMLi\¢~UKgp�	NQPST}`�^hN�^hN�m	`dLl\bKkwMNt^Yf]^�	NQ\VN[Rc\VN[fhP[��XNQPSRQT��K�� fYRQTUKMLh`E�vfYIbKgNQ\ 
¢`Mu=NQPb\V`��)KMm	peKkwdLh`d~}`E^hN�~UK � �)��^ - 
 ��#V� ��p2`dfYP)~UN[fhP�IbfhpYp=`MPb\Q��Lh`dm{uYPbN[f � Rc`dfYpeI�^hNm	KMTULYI)NQ\,Rc`dLeIVN[TU~UI�IbfYP,~}N[I�RQKkPb\VN[I�^hN�~}N[Rc\bfhPSN[I¢^hN�~UK � �)��^h`dLi\¢Lh`dfYI¢K�ZM`dLYIJpeKkPb\bKkw!	N{~ -�	N[~}N[Rc\VPS`dLYT �rfhNM��XNQPSRQT��K	�vKkP : fYI � `r`dI�NQ\ � KMmEN[I 
¢`dfYNQ\¢^hN�~ -"	N��ifYTUp2N�^hN�IbfYpYp=`MPb\�^YN[I�IVqrIb\#�N[m	N[I$	N[~}N[Rc\VPb`dLYT �ifhN�^ef]� ��
 ' p=`dfhP�~}N[fhPKMTU^hN�pYP%	N[RQT}N[feIVN�^YKMLYI¢~UN�^�	NQZMN[~}`MpYp=N[mEN[Li\,^hN[I¢~}`MwdTsRQT}N[~UI�^hN�~}N[Rc\bfYPbN%^hN�~ -�	N[~}N[Rc\VPS`dLYT �rfhN�~UK � �)����XNQPSRQT��K 
JLeIVN[~UmE`v��NQPSZMNQPSK�� mE`dL_m	K�� �}\VPbN&�K]p=N[LYIbNQP�^YfaZMNQPb\VN � � p=`dfhP�ISK�peKk\bT}N[LYRcN	NQ\{IbK]^YTUIVp=`dLYTUueTU~UT}\�	Nt~}`MPSI �rf - TU~��KnoKM~U~sf�^YN[IbRcN[LY^hPbN�^eKMLYI¢~ - KkP'�N[LhN%p2`dfYP�N[mEp=`dT}wdLhNQP¢~}N�\bKMfhPSN[KMf ��KM~Um�KMLA��XNQPSRQT(�K¢mEN[IGRc`d~U~��NQwdfYN[I�^hN � 
�
J� ��^h`�Rc\V`MPSKMLl\bI�`df �VN[fYLhN[IA^h`�Rc\VN[fhPSI[� � N[KML
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