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mesh gbox

Class A aggregates class B

Notation :

the client’s constraints and preferences(e.g. maximize efficiency).  
Constrained objects can be used to help an engineer design a drive that meets

between shafts while reducing angular speed. A pair of gears engaged together 
form a mesh; a gear train is an assembly of meshes enclosed in a gear box. 

n

1

1

1

B

BAclass_name
Class A is a subclass of class Binheritance

A gear train is a special type of drive whose purpose is to transmit rotary power

Aconstraints
preferences

attributes

Reverted_train Compound_train

Nb, Ns, Ng, l, w, h

Epicyclic_train
Nb = 2 * Ns

Gear_box

Tin, Tout, Hin, Hout, Nin, Nout, E, R

E < 1

Drive

Belt_drive Gear_Train

gbox, mesh

Chain_drive

Tin = 63025 * Hin / Nin
Tout = 63025 * Hout/Nout

E = Hout / Hin

max E

R = Nin / Nout

Mesh

g1, g2, r

g1.N >= 17
r = g2.N / g1.N
g1.P = g2.P
g1.F = g2.F
g1.PA = g2.PA
r <= 5

Max r

Ri : Speed reduction ratio of mesh i
R : Speed reduction ratio
Npi : Number of teeth of the pinion in mesh i
Ngi : Number of teeth of the gear in mesh i
F: Face width
d : Pitch diameter
N : Number of teeth
P : Diametral pitch
E : Efficiency
Nin : Input angular speed

R = prod m in mesh : m.r

m.g2.s = next(m).g1.s

, sP, N, d, F, PA

Gear

forall m in mesh : 

member(PA, [14.5, 20, 25])
N >= 18
P = N / d

9 / P <= F <= 13 / P

Tin : Input torque
Hin : Input transmission power
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QSRwO�TwRwQ\X8nF{ßQkTwO�gW��pWOc®_P8QSXeg_b}X8ifTU¦@OèQkTUTURwb �@^@TUO�n?ZS[1Q+a	{dQYnUn�TUZ´bdX8a	{}^8g@O�TU¦8OMQkTUTURwb �8^_TUO�n�ZS[(b}Twn�nU^@PeO�Rwa	{dQYnUn,"��M^8Q\XjTUb '8O�g�Q\X8g
QSiYi\RwO	ijQkTUbdZ\XWacZYX8nFTUR"QSbdXYT"n�§�¡�£Y�@�_¢�¢@~@�� \�:~SO	TwaG"à©=QSRwO�TUR"QSX8nU{ßQkTUO�g'TUZ�P@RUO�g_bßa	QkTwO�ac{ßQS^enFO�n�TU¦eQkTêboTwO	R"QkTUO�Zkm\O	R=O	{dO	VWO	XjT"n�ZS[1Q\X
O	X�^@VWO�RwQSTUO�gxTqp�PeO;"+P°Of^8nUO¯TU¦@Of^@Xeg_O	Rw{}p�bdX@iá]X�1¥M§1Y�©�O�X@i\bdX@Oè[ìZ\RMacZ\XenqTwRwQ\b}XjT�¦8QSXeg_{}bdX@i	"�PðO+Q\RUO¯P@RwO�nUO	XjTw{}p�O	®�TUO	Xeg_b}X8i
TU¦8O¯TUZ�Z\{|TwZ�¦8QSX8g@{}O¯P@RwOc[ìO�RUO�X8acO�n#"
�� G�� ) P°Oá¦eQ�m\Oág@O	m\O�{}ZYPeO�g Q°acZ\XenqTwRwQ\b}XjTF�<�8QYnFO�gðO	®�TUO	XjTwb}ZYX ZS[�TU¦@Ol�X@b '8O�g ��Z_g_O�{}bdX@iE�1QSX8i\^8Q\i\O R}��UT8" 9ê¦@bßn�O	®��
TUO�X8nUb}ZYX(~=a�QS{d{}O�gu]�l��)�?~�Q\{}{dZks�n�ZYX@O�TUZ g_O6'8X8OðQkTUTURwb �8^_TUO�n	~êacZYX8nqTwRwQ\b}XjT"n	~?Q\X8g P@RwOc[ìO�RUO�X8acO�nxQ\nwnUZ�a	bdQSTUO�g s�b}TU¦ O	m\O�RUp
acZYX8nFTUR"QSbdX@O�g Z&���qO�aÍTxa	{dQYnUn�g_O#'8X@b}TUbdZ\X "X9ê¦@OTUZ�ZY{�i\O�X@O	R"QkTwO�n'TUO	®�TU^8Q\{�O�j^@bdmkQS{dO	XjT�ZS[¯TU¦8Oð]�l��)� nUP�O�acb 'ea�QkTUbdZ\X "?±�b}i\�
^@RwO�«xb}{d{}^enqTwRwQSTUO�n�TU¦8O�]�lM�)� X8ZSTwQSTUbdZ\X�[ìZYR�Tw¦@O'i\O�Q\R�TwRwQ\b}XâO	®@QSVWP@{dO&"1]�l��)� [÷Q\a	b}{dboT"QkTwO�n��j^@bda"v�Q\X8g�O	RwRwZ\RU��[ìRwO	O+a	Z�g@O
g_O�m\O	{dZ\P8V'O�XjT,"�9ê¦@OfX@Z\TwQSTUbdZ\X��eO�b}X@iWO�V'P8{}ZkpYO�gábdn�O	®_P@{dQ\b}X8O�gÎQkTêTU¦@O=��ZSTUTUZYV�ZS[�±�b}iY^@RwO¯«+"
3 ��45�6�7�98&:;$�'<�=%>��'�?+���@&�BADC����=$���%&�B'0$ ) ]=^@RwRUO�XYTw{}p°s�O�¦8Q�m\OáQâg_Z\V�Q\b}X_�¬nUPeO�acb 'ea�m�bdnU^8Q\{=bdXjTUO	RU[÷Q\a	O�TUZ�ZY{�[ìZ\RW�@^@bd{ßg_b}X8i
O	{dO�acTURwbdafa	b}R"ac^8boT"n�QSX8gÎiYO	X@O�RwQSTUbdX@i´TwOc®�TU^eQS{)]=Z;��acZ_g_O¯TU¦eQkT�bdX8nqT"QSXjTUbßQkTwO�nêTw¦@O+QSP8P@RUZYP@RwbdQSTUOfac{ßQ\nwnFO�n#"�9ê¦8bdn�bdXjTUO�RF[÷QYacO¯bdn�Q
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P8Q\{}O	TFTUO�ZS[��8^_TFTwZ\X8n)QSXeg+g_R"Q�s�b}X@i�P@RUbdVWboTwb}mYO�n1[ìZ\R)acRwO�QSTUbdX@i�bdX8nqT"QSX8a	O�n:ZS[@O�{}O�aÍTURwbßa	QS{�acZYVWPeZYX@O	XjTwn:{db}vYO �8QSTFTUO�RUbdO�n�~�RUO�nFbßnqTwZ\R"n
QSXegs�b}RwO�n,"eh=Q\a"¦�acZYV'P�Z\X8O	XjT�¦8QYn�QWP@RwO�g_O#'8X@O�gð]=Z&�âa	{dQYnUn�g@O6'8X@b}TUbdZ\XðQSX8gÎTw¦@O+mkQS{d^@O+Z\[?QSX�pxZ\[)b}TwnèQkTUTURwb �8^_TUO�n´§ìO;" i	"}~
ac^8RURwO	XjT�TU¦8RUZY^@i\¦ Q s�b}RwO�Z\R�mYZ\{}TwQ\i\OZS[+Q �8QkTUTUO�RUp@©Í~�a	Q\X ��OânUPeO�acb '8O�g<Tw¦@RUZY^@i\¦<Tw¦@bdn�b}XjTUO�RF[÷QYacO;" 9ê¦@O�a	Z\VWPeZYX@O	XjT"n
a	Q\X[��O�P@{ßQ\a	O�g b}X QSX�p g_O�nFbdRwO�g<acZ\X�'8i\^@R"QkTwb}ZYX QSXeg Tw¦@O�QSP@P8RUZYP@RUbßQkTwOÎa	{dQYnUnUO�n'RwO	P@RwO�nUO	XjTwb}X@iðTU¦8bdn�a	Z\X�'8iY^@R"QkTUbdZ\X<QSRwO
QS^@TUZ\V�QSTUbßa	QS{d{dp�b}XenqT"QSXjTUbßQkTwO�g�"%�MXeacOfQWVWZ�g@O	{ /kacZYX�'8iY^@RwQSTUbdZ\Xábdn�a	RUO�QkTwO�gH~_b}T�bßnêTUR"QSX8nU{ßQkTUO�gx^enFbdX@iWTU¦8O�]=Z&��acZYV'P8b}{dO	RêTwZ
]X�1¥M§1Y�©èa	Z�g@O&" 9ê¦@O�acZYX8nFTUR"QSbdXYT"nèZS[?Tw¦@O�VWZ_g_O	{�Q\RUO�TU¦@O�X°nUZ\{dm\O�gH~(QSXegâmkQS{d^@O�n¯Z\[�QSTFTURwb7�@^_TUO�n¯ZS[êQS{d{)TU¦@O�a	Z\VWPeZYX@O	XjT"n
QSRwOWg_bdnUP@{ßQ�p\O�g�"S!�[?TU¦8O�V'Z_g_O�{�¦8Q\n¯Q\XðbdX8acZYX8nUbdnFTUO�X8acp §�nFZYV'O�a	Z\X8nFTUR"QSbdXjTèa	Q\X@X@Z\T ��O�nUQSTUbßn 'eO�g8©c~HboTfbßnfg_OcTwO�aÍTwO�g g_^@RwbdX@i
TU¦8bdnW2,+ 2430M�58N1-:F�Z\[)TU¦@O+VWZ_g_O�{K"H]=Z�g@O+i\O�X@O	R"QkTwb}ZYXÎQ\X8gÎV'Z_g_O�{1O	®�O�ac^_Twb}ZYXâQSRwO¯b}VWP�Z\RUTwQSXjTMa�QSP8Q&�@bd{}b}TUbdO�n�Z\[)TU¦@bßn�TwZjZY{(X@Z\T
P@RwO�nUO	XjT�b}X�g_R"Q�s�bdX@i´TwZ�Z\{ßnê{}bdv\O=$�^@TUZ�]X$MN�"
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9ê¦@OWacZYX8acO�P_TèZ\[?acZYX8nqTwRwQ\b}X8O�g�Z;���qO�acTwnMbdnC�@RwZYQYg_{}p�Q\P@P@{dbda�QG�@{dO´bdXâTw¦@O�VWZ_g_O�{}bdX@iÎZS[=a	Z\VWP@{dOc®�O	X@iYb}X8O	O	RwbdX@iánFTURw^8aÍTw^@RwO�n,"
P°Ox¦8Q�mYO�b}{d{}^enqTwRwQSTUO�g°Tw¦@bßn´P�Z\bdXjT´b}X TU¦@bßn+P8Q\PeO�R+Tw¦@RUZY^@i\¦ Qâm�Q\RUbdOcTqpðZS[�O	®_Q\VWP@{}O�n#" PðO �eO�{}bdO	mYO�TU¦@O�]=Z&� g_O#'8X@b}TUbdZ\X8n
P@RwO�nUO	XjTUO�gáQ\RUOfa	Z\X8a	bdnUOfQSX8gac{dO�Q\R,"�P b}TU¦Tw¦@O+QSbßgÎZS[�g_Z\V�Q\b}X_�¬nUPeO�acb 'eaèmjbßnU^8QS{HbdXjTUO	RU[÷Q\a	O�n�~�TU¦@O´RUO�nF^@{}TUbdX@iWP8Q\RwQYg_b}iYV ¦8QYn
acZYX8nUbdg_O�RwQ&�@{dOMP�ZSTwO	XjTUbßQS{H[ìZYR��eZ\TU¦�P�O�g@Q\i\ZYi\bßa�P@^8RUP�ZYnUO�n�QYnês=O�{}{1QYn�[ìZ\R�VWZ\RwOfQ\g_mkQ\X8acO�gáQ\P@P@{dbda�QkTUbdZ\Xen#"	�MX�Q�TUO�a"¦@X@bßa	QS{
{dO	m\O�{�~�ZY^@RW{dQ\X@i\^eQSi\OÎQ\g_mkQ\X8acO�n�P8RUO�mjbdZ\^en�s�Z\Rwv ��p nU¦@Zks�b}X8i�Tw¦@O^8nFOZ\[èQðXj^8V���O	R�ZS[èX@O	s�[ìO�QSTU^@RwO�nWbdX VWZ_g_O�{}bdX@i8~
O�nUP�O�acbßQS{d{dpxacZYX8g_b}TUbdZ\X8Q\{(QSX8g �j^8QSXjTUb '8O�gÎa	Z\X8nFTUR"QSbdXjTwn�~_Q\nês�O	{d{(Q\nêP@RwOc[ìO�RUO�X8acO�n#"

P°O=QSRwO�s�Z\Rwv�b}X@i�ZYX´Q�X�^@VZ�eO�R:Z\[@V'Z_g_O�{}bdX@i�Q\P@P@{dbda�QkTwb}ZYX8n(s�b}TU¦�RUO�nFO�QSR"a"¦@O	R"n|b}X+TU¦@O�acbdmjbd{�~�a"¦@O�VWbda�QS{�~�acZYVWP@^_TUO�R�~
VWO�a"¦8Q\X@bßa	QS{�~eQ\X8gbdX8g_^8nFTURwbdQ\{1O�X@i\bdX@O	O�RUbdX@ixg@O	P8Q\RFTwV'O�XjTwn�bdX�Tw¦@O�l�X@b}mYO	R"nFb}TqpáQSTèy�^_zHQS{dZ+"%9ê¦@O�nUO´QSP8P@{}bßa	QSTUbdZ\X8n�b}Xeac{d^8g_O\�
R"QSP@bßg�P@RwZ_g_^8acTêa	Z\X�'8iY^@R"QkTUbdZ\Xxb}XÎQSi\bd{dOMV�QSX�^_[÷QYaÍTw^@RUbdX@ie~ja	Z\X8nFTUR"QSbdXjTF�<�8Q\nUO�g�P8RUZ_g_^8acTêg@O�nUb}iYX(~�P@¦�p�nUbßa	QS{d{dpY�<�8QYnFO�gWV'Z_g_O�{o�
bdX@i8~Y¦@b}O�RwQ\Rwa"¦8bdaêVWZ_g_O	{dbdX@i+bdXxa"¦@O	VWbßa	Q\{@P@RwZ�a	O�nwn?nUp�XYTw¦@O�nUbßn	~\Q\X8g�nFTURw^8aÍTw^@RwQ\{eg_O�nFbdi\X "Yh�®_P�O	Rwb}O�X8acO�ijQSbdX@O�gWbdXWTU¦8O�nUOMQSRwO�QYn
s�bd{}{�b}XxTU^@RwX�¦@O�{}PxRUO#'8X@OMQ\X8g�QYg_mkQSX8a	O�TU¦@OMP8QSR"Q\g@b}iYVÎ~YV�QSv�b}X8i+boT�Q+VWZYRUO�RwZ&�8^8nqT=P@{dQSTF[ìZYRUV&[ìZ\R=O	X@iYb}X8O	O	RwbdX@i+VWZ_g_O	{db}X8i
QSXegág_O�nFbdi\X "

P°O�QSRwOP@RUO�nFO�XjTU{dp b}X�mYO�nFTUbdiYQkTwb}X8i Q°[ìO�s bdVWPeZYRFT"QSXjT�bßnUnU^@O�n�RUO�{dQSTUbdX@i°TUZ TU¦8bdnxP8QSR"Q\g_bdi\V��§÷bß©WbdX8a	Z\X8nUbdnFTUO�X8acp
g_O	TUO�acTUbdZ\X(~�§ìbdbß©�b}X8a	RUO�VWO	XjTwQ\{}b}Tqp\~1§÷b}bdbØ©�QG�enqTwRwQYaÍTUbdZ\X "�P ¦@O	X�Tw¦@O´nFTwQSTUOfZS[�QWVWZ_g_O	{:m�b}ZY{dQSTUO�n�boT"n�acZYX8nFTUR"QSbdXYT"n	~@QWRwO�nUP�Z\X8nUO
TUZ'Tw¦@O¯Ocz|O�aÍT�Tw¦8QkT�Q\XáO�RURwZ\R�¦8Q\n�Z_a	a	^@RwO�gábdnêZ\[ØTUO	XÎX@Z\T�nU^ /�acbdO	XjT*"�9ê¦@O¯^@X8g_O�RU{dp�b}X@i�a	Z\VWP@^_T"QkTUbdZ\XeQS{|O	X@iYb}X8O¯nU¦@ZY^@{dg ��O
QG�8{}O�TUZÎP@RwZkmjbßg_O'QxX8Q\RURwZksLR"QSX@iYO+ZS[�PeZjnUnUb �8{}O'P@{ßQ\acO�n�s�¦8O	RwO´Tw¦@OWP@RUZYi\R"QSVWVWO	Rèa	QSXð{}Z�ZYvá[ìZYRfQSX8gðacZ\RwRwO�aÍTMTU¦@OWO�RURwZ\R*"
!�Tfbdn¯Q\{dnUZxP�ZYnwnFb7�@{dO'nUZ\VWO	TUbdV'O�nMTU¦8QSTèTw¦@O	RwOWQSRwO´X@ZnFZY{}^@TUbdZ\X8nMTUZáTU¦8OWa	Z\X8nFTUR"QSbdXjTwn�~�Q\X8g�Tw¦@OWVWZ�g@O	{dO	R¯bdnèbdXjTUO	RwO�nFTUO�gâbdX
^@X8g@O	R"nqT"QSX8g_bdX@i�TU¦@Oa	Q\^8nFOxZS[�Tw¦@bdn�bdX8acZYX8nFbßnFTUO	Xeacp&" 9ê¦@bßn'bdn'QS{ßnFZ�RUO	[ìO	RwRUO�g°TUZ Q\n´Q\X Zkm\O�RF�¬acZYX8nFTUR"QSbdX@O�g nUp�nFTUO�V R ª�T�bdX
TU¦8O'{db}TUO	R"QkTw^@RwO&" $åacZYX8nqTwRwQ\b}XjT¯m�b}ZY{dQSTUbdZ\Xða	Z\^@{ßgâZ_a�ac^@R+g_^8O�TwZ�QSX�bdX8a	Z\RwRUO�aÍTU{dpânFTwQkTwO�g°acZYX8nqTwRwQ\b}XjT�~�ZYRfQSX�bdX8a	Z\X8nUbdnFTUO�XjT
mkQS{d^@O�Q\nwnUb}iYX@O�g�TUZ�Q\X5QkTFTwRUb7�@^_TwO�QSX8g5a�QSXE��O�acZ\RwRwO�aÍTwO�gðs�boTw¦ TU¦@Ox¦@O	{dP5ZS[�TU¦@OxP@RUZYi\R"QSVWO	R*"S!¬X5acZ\XG�q^@X8aÍTwb}ZYX5s�boTw¦5Q
m�bdnU^8Q\{8RwO	P@RwO�nUO	XjTwQSTUbdZ\X�[ìZ\R�acZ\XenqTwRwQ\b}X@O�g'Z&���qO�aÍTwn�~\b}T?bßn?P�ZYnwnUb �@{dOêTUZ�g_O	mYO	{dZ\PWTUO�a"¦@X@b �j^@O�n=nF¦@Zks�bdX@ifs�¦@O�RUO�TU¦@O�a	Z\X8nFTUR"QSbdXjT
m�b}ZY{dQSTUbdZ\XÎZ_a	ac^8RURwO�g�"

$�X8ZSTU¦8O	R?bßnwnF^@OMZS[(nUPeO�acbßQS{�b}XjTUO�RUO�nqT=bdn=b}XeacRwO	VWO	XjTwQ\{}b}Tqp&"�`�bdX8acO�Q´VWZ�g@O	{dO	R?s�bd{d{8Tqp�P@bßa	Q\{}{dp�V�Q\v\O�nUO	mYO	R"QS{@a"¦8Q\X@i\O�n
TUZèQSX+bdX@b}TUbßQS{�VWZ_g_O	{�~�b}T)bdn:b}VWP�Z\RUTwQ\XYT:TUZ¯nF^8P@PeZYRFT�b}XeacRwO	VWO	XjTwQ\{Ya	Z\X8nFTUR"QSbdXjT�nwQkTUbßnF[÷Q\aÍTwb}ZYX(~	b8" O&"d~�s�O=nU¦@ZY^@{dgfTURwpMTwZMa	Z\VWP@^_TwO
TU¦8OèX8O	s nFTwQSTUOèZS[1Tw¦@O¯acZ\VWP@{dOc®�Z;���qO�acT�s�b}TU¦8Z\^_T�RwOc�¬nFZY{}m�bdX@i´QS{d{�TU¦@Ofa	Z\X8nFTUR"QSbdXjTwn,";P ¦@O�XÎa	Z\VWP@{dOc®�Z;���qO�acT�bßn�m\O	RwpW{dQ\RUiYO
§ìb8" O&"d~1acZYX8nFbßnFTwnèZS[�VWQ\X�p�nF^+�eZ;���qO�acTwn"©Í~Hb}T+VWQ�p �eOWm\O�RUpTwb}VWO	��a	Z\X8nU^@VWb}X8iáTwZ�g_Z�QÎg@OcTwQ\b}{dO�g°nUb}V�^@{dQSTUbdZ\X "�!¬XðTU¦8bdn+a�Q\nUO
b}T�VWQ�pQ�eO�X@O�acO�nUnwQSRwp TUZ5s�Z\Rwv5s�boTw¦ Q nFbdVWP@{}b '8O�g VWZ_g_O�{�~�b8" O&"d~?Q�Ua	RUZjnUnF��nUO�acTUbdZ\X��âZS[èTU¦@O�VWZ_g_O	{MnFZ5Q\n'TwZ5i\O	T�Q\X
QSP8P@RUZ�®_bdV�QkTUO¯QSXenFs�O	RêbdXÎRwO�QYnFZYX8QG�8{}O�TUbdV'O;"	9ê¦@bßnêP@RwZ&�@{dO	V�VWQ�p �eO+a�QS{d{}O�g V -,T;20N L&/6HI5KJRL;3658N1-:F	"
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