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!
Instructions générales 
!

87&(!.%'%9!')$+,+%$!-&%!3%(!.7*&:%02(!-&+!'7&(!702!)2)!$%:+(!*7:#$%00%02!;!

<!3%!2%=2%!.&!(&>%2! ! ! ! ! ;!Pages 2 à 11 
<!3?!#@727A$?#@+%!.%!3?!:?*@+0%!B,7$:?2!CDE! ; Annexe 1!
<!3%!(*@):?!.%!3?!:?*@+0%!B,7$:?2!CDE! ! ; Annexe 2!
<!3%!.%((+0!.F%0(%:G3%!.F&0!:702?A%!.F%((?+(! ;!Annexe 3 
<!3%!.7*&:%02!$)#70(%!! ! ! ! ;!Pages 1 à 11 

!
87&(! .%'%9! $)#70.$%! H! 27&2%(! 3%(! -&%(2+70(!%0!&2+3+(?02!3%! .7*&:%02!$)#70(%I!C&*&0!
?&2$%!.7*&:%02!0%!(%$?!?**%#2)I!

!""#$"%&$'(! 87&(! .%'%9! +:#)$?2+'%:%02! +0(*$+$%! '72$%! *7.%! *?0.+.?2! (&$! *@?-&%!
#?A%! .&! .7*&:%02!$)#70(%I! "0! ,+0! .F)#$%&'%6! '7&(!0%! .%'%9!$%0.$%!
-&%! 3%! .7*&:%02! $)#70(%! (&$! 3%-&%3! '7&(! ?&$%9! *733)! 3F)2+-&%22%!
*7$$%(#70.?02%I!

!
Instructions particulières :!
13!%(2!,7$2%:%02!*70(%+33)!.%!3+$%!3?!272?3+2)!.&!(&>%2!?'?02!.%!*7:#7(%$I!J%(!(+=!#?$2+%(!
(702! indépendantes! %2! 072)%(! #$7#7$2+700%33%:%02! ?&! 2%:#(! *70(%+33)! -&+! %(2!
.F%0'+$70!;!

<!KL!:+0&2%(!#7&$!3?!3%*2&$%!.&!(&>%2!
<!DL!:+0&2%(!#7&$!3?!#?$2+%!C!
<!DL!:+0&2%(!#7&$!3?!#?$2+%!M!
<!NL!:+0&2%(!#7&$!3?!#?$2+%!5!
<!OL!:+0&2%(!#7&$!3?!#?$2+%!P!
<!OL!:+0&2%(!#7&$!3?!#?$2+%!"!
<!OL!:+0&2%(!#7&$!3?!#?$2+%!Q!
!
Aucun document n’est autorisé 

!
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!
!

MACHINE  D’ESSAI  UNIVERSELLE  EM 550 
!
!
J?!:?*@+0%!)3%*2$7:)*?0+-&%!&0+'%$(%33%!"V!NNL!B'7+$!#@727A$?#@+%!%0!?00%=%!XE!%(2!
*70Y&%!#7&$!Z2$%!&2+3+()%!.?0(!.%!07:G$%&(%(!?##3+*?2+70(!.F%((?+(!.%!:?2)$+?&=!%2!.%!
(2$&*2&$%(I!"33%!#%$:%2!.%!$)?3+(%$!.%(!%((?+(!.%!2$?*2+706!.%!*7:#$%((+706!.%!,3%=+706!.%!
,?2+A&%6!.%! ,3&?A%6!.%! .&$%2)6! .%! ,$722%:%02!?+0(+!-&%!.%(!2%(2(! (&$! .%(!?((%:G3?A%(!%2!
.%(!(2$&*2&$%(I!

5%22%!:?*@+0%!%(2!*7::%$*+?3+()%!#?$!P"JWCJCMI!"33%!%(2!#$)(%02%!.?0(!3%(!(%$'+*%(!
$%*@%$*@%!%2!.)'%37##%:%02!.%!07:G$%&(%(!%02$%#$+(%(I!

J?!:?*@+0%!.F%((?+(!%(2!$%3+)%!H!&0%!#?$2+%!*7::?0.%!*70(2+2&)%!.F&0!:+*$7<7$.+0?2%&$6!
.F&0%!+:#$+:?02%6!.&!37A+*+%3!P"JWCJCM!%2!.F&0%!+02%$,?*%!37A+*+%3[:?*@+0%!#7&$!3%!
#+372?A%6!3F?*-&+(+2+70!%2!3%!2$?+2%:%02!.%(!.700)%(I!
!
!
Caractéristiques générales  B'7+$!(*@):?!*+0):?2+-&%!%0!?00%=%!KE : 
!
!"#$$%&'"()*+(),"-.&",)"'&)/0&-0!;!NL!\SI!
!"1%.&-0"()*+(),0 !;!X!:I!
!"#2'&)320(02'";!/%$'7:72%&$!H!*7&$?02!*702+0&!?'%*!A)0)$?2$+*%!2?*@]:)2$+-&%I!
!"4&)2-(+--+%2!;!U).&*2%&$!$7&%!%2!'+(!(?0(!,+06!#7&3+%(6!*7&$$7+%!*$?02)%!%2!'+(!H!G+33%(I!
!" 50-.&0" 6." 678,)90(02'!;! 57.%&$! 7#27)3%*2$70+-&%!.%! $)(73&2+70! NLL! #7(+2+70(! #?$!
27&$I!
!"50-.&0"60",:0$$%&'!;!5?#2%&$!H!>?&A%(!.%!.),7$:?2+70(I!
!";,+(02')'+%2";!KDL!8!:707#@?()![!NL!^9!_!X!\`!:?=I!
!"1%.8,0"()*+(),"6."-0&/%(%'0.&!;!O!SI:I!
!
J?!2$?'%$(%!%(2!%0!3+?+(70!A3+((+a$%!#?$!$?##7$2!?&!Gb2+!A$b*%!?&=!D!3+?+(70(!#+'72!A3+((?02!
:702)%(!%0!#?$?33a3%!BK!.%!*@?-&%!*c2)!.%!3?!:?*@+0%EI!
!
Remarque 1 :!J%(!#7&3+%(!(%$'?02!H!3F%02$?d0%:%02!.%(!.%&=!'+(!H!G+33%(!(702!.%!:Z:%!

.+?:a2$%!#$+:+2+,!-&%!3?!#7&3+%!,+=)%!H!3F%=2$):+2)!.%!3F?$G$%!.%!(7$2+%!.&!
$).&*2%&$I! J%! $?##7$2! .%! 2$?0(:+((+70! .%! 3F%0(%:G3%! #7&3+%(! *7&$$7+%!
*$?02)%!%(2!.70*!.%!XI!

!
Remarque 2 :!J%(!'+(!H!G+33%(!#7((a.%02!&0!*7%,,+*+%02!.%!,$722%:%02!.%!$7&3%:%02!2$a(!

,?+G3%I!J%!$%0.%:%02!.%!*%(!'+(!%(2!2$a(!G70!BL6e�d�K�dL6eNEI!5%(!'+(!(702!
.70*! $)'%$(+G3%(I! 5F%(2<H<.+$%! -&F&0! %,,7$2! ?=+?3! (&$! 3F)*$7&! #%&2!
%02$?d0%$!3?!'+(!%0!$72?2+70I!

!
Remarque 3 :!W7&(!3%(!$)(&32?2(!0&:)$+-&%(!(%$702!.700)(!%0!&0+2)!/I1I!
!
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!
)*+!+,*)'!'-./0.1+.-'('
!
W7$(%&$!*+0):?2+-&%!$%3?2+,!?&!:7&'%:%02!.&!(73+.%!1!#?$!$?##7$2!?&!(73+.%!f!)*$+2!?&!
#7+02!4!.?0(!3?!G?(%!B96]6= E!;!

� ^ � `
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W7$(%&$!(2?2+-&%!$%3?2+,!H!3F?*2+70!:)*?0+-&%!%=%$*)%!#?$!3%!(73+.%!1!(&$!3%!(73+.%!f!)*$+2!
?&!#7+02!4!.?0(!3?!G?(%!B96]6= E!;!
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!
!
!

A- ETUDE CINEMATIQUE 
!

Objectif de cette étude : <7&+$+0&"90&')+20-" /+'0--0-"60"=,+--0(02'" )$+2"60"9>%+-+&"
9%&&09'0(02'" ,0-" ()'7&+).*" 0'" ,0-" 9&+'?&0-" 60" &.=%-+'7"
60-" -.&$)90-" 02" 9%2')9'" ()+-" ).--+" ,0-" 9%26+'+%2-" 60"
,.@&+$+9)'+%2A!

!
A.1.! "*$+$%! 3%! 27$(%&$! *+0):?2+-&%6!?&! #7+02! C6! .?0(! 3?! G?(%! B96]6= E6! .%! 3?! 3+?+(70!

@)3+*7j.?3%!B2/1)!(+!3?!'+(!%(2!H!@)3+*%!H!.$7+2%I!P700%$!3%!$)(&32?2!%0!,70*2+70!.%!�ZBC!
B'+2%((%!.%!$72?2+70!.%!2!#?$!$?##7$2!H!0E!%2!.%!8!B#?(!.%!3?!'+(EI!

!
A.2.! "*$+$%! 3%! 27$(%&$! *+0):?2+-&%6!?&! #7+02! 56! .?0(! 3?! G?(%! B96]6= E6! .%! 3?! 3+?+(70!

A3+((+a$%!B1/0)I!P700%$!3%!$)(&32?2!%0!,70*2+70!.%!�ZBC"B'+2%((%!.%!$72?2+70!.%!2!#?$!
$?##7$2!H!0E!%2!.%!8!B#?(!.%!3?!'+(EI!

!
A.3.!P)2%$:+0%$!3?! '+2%((%!.%!A3+((%:%02!%0!56!.%!3?!2$?'%$(%!1,!#?$!$?##7$2!?&!Gb2+!0I!

P700%$!3%!$)(&32?2!%0! ,70*2+70! .%!�Z( !B'+2%((%!?0A&3?+$%!.%!3F?$G$%!:72%&$E6! .%!D!
B$?##7$2!.%!$).&*2+70!.&!$).&*2%&$!;!�Z( E�ZBC"F"DE!%2!.%!8!B#?(!.%!3?!'+(EI!

!
A.4.! 5?3*&3%$! 3%! :7.&3%! .%! *%22%! '+2%((%! (+!;!G( kOLLL! 2$[:+0! B'+2%((%! .%! $72?2+70! .&!

:72%&$E6!DkOL!%2!8kN!::I!
!
!
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!
A.5.! J?! 3+?+(70! @)3+*7j.?3%!%(2! *70Y&%6! .?0(! &0! #$%:+%$! 2%:#(6! ?'%*! &0%! '+(!2! %2! &0!

)*$7&!1I!J?!'+(!%(2!&(+0)%!?'%*!&0!,+3%2?A%!2$?#)97j.?3!?&!#?(!.%!N!::!H!@)3+*%!H!
.$7+2%I!JF)*$7&!%(2!%0!3+?+(70!%0*?(2$%:%02!?'%*!3?!2$?'%$(%!1I!R0!072%!1!&0!#7+02!
?##?$2%0?02!H!3?!'+(!2!#3?*)!(&$!3%!.+?:a2$%!:7]%0!B'7+$!.7*&:%02!$)#70(%EI!"*$+$%!
3?! $%3?2+70! .700?02! 3?! '+2%((%! .%! A3+((%:%02! ?&! #7+02! 1! .%! 3?! '+(!2! #?$! $?##7$2! H!
3F)*$7&!1!%0!,70*2+70!.%!6(%H6!86!�Z( !%2!DI!P700%$!3%!$)(&32?2!.?0(!3%!$%#a$%!3+)!H!3?!
'+(!.),+0+!(&$!3%!.7*&:%02!$)#70(%I!

!
A.6.!5?3*&3%$!3%!:7.&3%!.%!*%22%!'+2%((%!(+!;!G( kOLLL!2$[:+06!DkOL!%2!6(%HkOO6N!::I!!
!

-.2!-34.'( ! J%! $%0.%:%02! .%! 3?! '+(! %2! .%! 3F)*$7&! ?&! #?(! 2$?#)97j.?3! %(2!
%=2$Z:%:%02! :?&'?+(!B.%!3F7$.$%! .%!L6X!H!L6KEI!Le constructeur a 
donc choisi d’utiliser des vis à billes au pas de 5 mm.!

!
A.7.!P?0(!3%!*?(!.%!3F&2+3+(?2+70!.%!'+(!H!G+33%(6!.700%$!?&!:7+0(!&0%!$?+(70!2%*@0+-&%!

-&+!>&(2+,+%!3%!*@7+=!.F&0!$).&*2%&$!$7&%!%2!'+(!(?0(!,+0!#7&$!%02$?d0%$!3%(!#7&3+%(!
3+)%(!?&=!'+(I!

!
A.8.!f&(2+,+%$!3%!*@7+=!.%!.%&=!'+(!H!*+$*&3?2+70!.%!G+33%(!?&!3+%&!.F&0%!(%&3%I!
!
A.9.!47&$!2$?0(:%22$%!3%!:7&'%:%02!?&=!.%&=!'+(!H!G+33%(6!3%!*70(2$&*2%&$!?!&2+3+()!&0%!

(%&3%! *7&$$7+%! *$?02)%!6I! f&(2+,+%$! 3%! *@7+=! .%! *%! 2]#%! .%! *7&$$7+%! #3&2c2! -&F&0%!
*7&$$7+%!2$?#)97j.?3%!7&!&0%!*7&$$7+%!#3?2%I!

!
!
!
!
!

B- ETUDE STATIQUE!
!

Objectif de cette étude : I2"-0"8&%8%-0"60"9),9.,0&",0-")9'+%2-"6)2-",0-"&%.,0(02'-"
J.+" 8)&'+9+802'" )." =.+6)=0" 60",)" /+-" K" @+,,0-" )$+2" 60"
9>%+-+&" ,0" 'H80" 60" &%.,0(02'-" ,0" (+0.*" )6)8'7" 8%.&"
-.88%&'0&" ,0-" 0$$%&'-" 0'" =)&)2'+&" ,)" 6.&70" 60" /+0"
9%&&0-8%26)2'")."9)>+0&"60-"9>)&=0-A!

!
J?!'+(!H!G+33%(!2!%(2!%0!3+?+(70!#+'72!?'%*!3%!Gb2+I!"33%!%(2!%02$?d0)%!%0!$72?2+70!#?$!&0%!
#7&3+%!*$?02)%!.%!.+?:a2$%!#$+:+2+,!L"k!lX6O!::I!R0!.700%! hI]RM M� 6!?'%*!]M!k!<mL!
::I! B87+$! 3%! .7*&:%02! ?00%=%!KEI! R0! *702+0&%$?! .F?##%3%$!2! 3?! '+(! %2! 3?! #7&3+%!
?((7*+)%I!

R0!0)A3+A%!3%!#7+.(!.%!2!B'+(!n!#7&3+%E!?+0(+!-&%!3%(!%,,%2(!.]0?:+-&%(I!R0!*70(+.)$%$?!
-&%!27&2%(!3%(!3+?+(70(!(702!#?$,?+2%(I!
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!
J%(!.+(#7(+2+70(!#$+(%(!#?$!3%!*70(2$&*2%&$!#7&$!3?!3+?+(70!1![!2!(702!2%33%(!-&%!;!
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!
J%(!?*2+70(!:)*?0+-&%(!(%$702!:?=+:?3%(!.?0(!3?!3+?+(70!#+'72!.%!3?!'+(!2!B%0!RE6!.70*!
(&$!3%(!$7&3%:%02(6!37$(-&%!;!

J?!*7&$$7+%!6!%=%$*%!&0!%,,7$2!! iIWqq" Kr ��� �o !!%2!! LqqP Kr � �o I!

J?!2$?'%$(%!1!%=%$*%!&0!%,,7$2!!hXK!k!hFXKF!k!25000 N!!?'%*!!VCXK!k!VCFXKFI!
!

J7$(-&%!.%&=!(73+.%(!1!%2!f!(702!%0!3+?+(70!#?$,?+2%6!3?!$%3?2+70!(&+'?02%!%(2!')$+,+)%!;!

�^ �` �^ �` LW8 1ff[1 � �x �o !
!
B.1.! 5?3*&3%$! 3+22)$?3%:%02! 3?! *7:#7(?02%! .%" 5; MB! #&+(! $)?3+(%$! 3F?##3+*?2+70!

0&:)$+-&%I!

!
B.2.!V702$%$!-&%!! iIW" Kr � �o !!%2!! iIWIKP Kr � �o I!

!
B.3.! 1(73%$!2! B'+(! H! G+33%(! %2! #7&3+%! *$?02)%E! #&+(! )*$+$%! 27&(! 3%(! 27$(%&$(! .%(! ?*2+70(!

:)*?0+-&%(!-&+!(F%=%$*%02!(&$!*%2!%0(%:G3%!?&!#7+02!R6!.?0(!3?!G?(%!o96]6=p I!
!
B.4.!"*$+$%!3+22)$?3%:%02!3%(!r!)-&?2+70(!(*?3?+$%(!2$?.&+(?02!3F)-&+3+G$%!.%!3F%0(%:G3%!2I!
!
B.5.!5?3*&3%$!0&:)$+-&%:%02!3%(!*7:#7(?02%(!.%(!?*2+70(!:)*?0+-&%(!%=%$*)%(!#?$!3%!

Gb2+!0 (&$!3?!'+(!2!?+0(+!-&%!3F%,,7$2!.%!2%0(+70!%=%$*)!#?$!3?!*7&$$7+%!*$?02)%!(&$!3?!
#7&3+%I!R0!.700%!5; MB!k!<KL!SI:!B'?3%&$!.700)%!+0.)#%0.?02%!.&!$)(&32?2!2$7&')!
H!3?!-&%(2+70!B.1.EI!

!
!

C- ETUDE D’UNE SOLUTION TECHNIQUE!
!

Objectifs de cette étude : 1),9.,0&" ,0" 6+)(?'&0" 0*'7&+0.&" (+2+()," 60-" 2%+*" 6."
(%2')=0"6:0--)+-"60"9+-)+,,0(02'A"

L79%60&".2"60--+2"6:02-0(@,0"-+(8,0A"

!
R0!'%&2!&2+3+(%$!*%22%!:?*@+0%!#7&$!$)?3+(%$!.%(!2%(2(!.%!,?2+A&%!%2[7&!.%!*+(?+33%:%02!(&$!
.+,,)$%02(!2]#%(! .F?=%(!%2!A7&#+33%(! *]3+0.$+-&%(!?##%3)(! )#$7&'%22%(I!5%(! )#$7&'%22%(!
(702!$)?3+()%(!%0!.+,,)$%02(!:?2)$+?&=I!J%&$!.+?:a2$%!#%&2!'?$+%$!.%!O!H!r!::I!
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!
J%(! ,3?(-&%(!%2!3%(!07+=! (702!+02%$*@?0A%?G3%(I!J%&$! .+?:a2$%!%=2)$+%&$!L !%(2! .70*!3%!
:Z:%!#7&$!27&(!3%(! ,3?(-&%(!%2!27&2%(!3%(!07+=!?37$(! -&%!3%&$! .+?:a2$%!+02)$+%&$!6!%(2!
,70*2+70!.&!.+?:a2$%!.%(!)#$7&'%22%(I!

R0!(%!#$7#7(%!.%!*?3*&3%$!3%!.+?:a2$%!%=2)$+%&$!:+0+:?3!.%(!07+=!.&!:702?A%!.F%((?+(!
?,+0! -&%! 3%&$! .),7$:?2+70! $%(2%! 0)A3+A%?G3%! (7&(! 3F%,,7$2! :?=+:?3! %=%$*)! #?$! 3?!
:?*@+0%I!
!

Principe de l’essai 
!
X<! R0! #3?*%! &0! ?=%! H! 2%(2%$! B)#$7&'%22%E!

.?0(!3%!:702?A%!.F%((?+(I!

K<! R0! *7::?0.%! 3?! 2$?'%$(%! ?,+0! -&F%33%!
%=%$*%! *%$2?+0(! *]*3%(! #%$:%22?02! .%!
.)2%$:+0%$! 3%! *7:#7$2%:%02! .%(! ?=%(!
?&! *+(?+33%:%02! :?+(! )A?3%:%02! H! 3?!
,?2+A&%I!

O<!R0!?0?3](%!3%(!$)(&32?2(!%0$%A+(2$)(!%2!70!
$)?3+(%! 27&2%(! 3%(! :%(&$%(! %2!
7G(%$'?2+70(! (&$! 3%(! ?=%(! .),7$:)(! 7&!
*+(?+33)(I!

!

Montage 

"#$7&'%22%�I!
P

S7+=BCE

BME

F

F

Q3?(-&%

!

!

J%! :7.a3%! .%! $)#?$2+2+70! .%! #$%((+70!8)

%02$%!3?!07+=!%2!3?!#+a*%!A!$%2%0&!%(2!;!

�x��T0+,7$:%!#7&$! �»�¼
�º

�«�¬
�ª �S

��
�S

���•�T
K

6
K

!

�x��S&3!#7&$! �»�¼
�º

�«�¬
�ª �S

��
�S

�•�T
K
IO

6
K

!

�x��T0+,7$:%!(&+'?02!i !
!

!

�I!
P

X

Y

J

Y
�T0

Z

!
!
!

!
C.1.!5?3*&3%$!3F%,,7$2!Q!-&%!#%&2!(&##7$2%$!3?!07+=!(73+.?+$%!.%!3?!#+a*%!A!%0!,70*2+70!

.%!;!8)6!N!%2!L I!
C.2.!5?3*&3%$!3?!'?3%&$!.&!.+?:a2$%!L !:+0+:?3!(+!;!8) !k!XLL!V4?6!O!k!NLLLL!S!%2!N!k!

KL!::I!
!
C.3.!C#$a(!?'7+$!)2&.+)!3%!.%((+0!.F%0(%:G3%!.&!:702?A%!.F%((?+(!B'7+$!?00%=%(!K!%2!OE6!

*7:#3)2%$!3%! .+?A$?::%!QICI/IW!%0!+0.+-&?02! .?0(!3%(! *?(%(! '+%$A%(!3?! (73&2+70!
2%*@0+-&%!$%2%0&%!#?$!3%!*70*%#2%&$!.&!#$7.&+2I!
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C.4.!P%((+0%$!H!:?+0!3%')%!%2!H!3?!:Z:%!)*@%33%!B%0'+$70!X[KE6!3%!.%((+0!.%!3?!#+a*%!A!

%0!#$7>%*2+70!BK!'&%(!:+0+:&:EI!
!
C.5.!J?!07+=!%(2!$)?3+()%!%0!.%&=!#?$2+%(!B'7+$!3%!.%((+0!.F%0(%:G3%!?00%=%!OEI!f&(2+,+%$!

3%!*@7+=!.%!*%22%!(73&2+70I!
!
C.6.!J%!2$7&!$%*%'?02!3?!A7&#+33%!.?0(!3?!#+a*%!BCE!%(2!7G370AI!f&(2+,+%$!*%22%!,7$:%I!
!
!

D- ETUDE DE L’ASSERVISSEMENT EN EFFORT!
!
!

Objectif de cette étude : <7&+$+0&",)"80&$%&()290"60",)"()9>+20A"

!
!
!
J7$(-&%!3?!2$?'%$(%!.%!3?!:?*@+0%!.F%((?+!%=%$*%!&0!
%,,7$2! Q6! *%33%<*+! 0%! G7&A%! #3&(! B?&=! .),7$:?2+70(!
0)A3+A%?G3%(! #$a(EI! J%! :72%&$! 2$?'?+33%! .70*! H!
'+2%((%! 0&33%I! 13! %(2! ?3+:%02)! #?$! 3?! (7$2+%! .&!
*7$$%*2%&$!5B#E!?&!2$?'%$(!.F&0!?:#3+,+*?2%&$!CB#EI!
J%! *7&#3%! 5:! #$7.&+2! #?$! 3%! :72%&$! .)#%0.! .%! 3?!
2%0(+70! T! ?##3+-&)%! H! 3F%02$)%! .%! 3F?:#3+,+*?2%&$I!
87+$!*7&$G%!*+<*702$%I!
!

5:!BSI:E

T!B8E

O

r
L

!

JF?((%$'+((%:%02!%0!%,,7$2!%(2!.700)!#?$!3%!(*@):?!G37*(!*+<.%((7&(I!R0!?.:%22$?!-&%!
3%!(](2a:%!%(2!3+0)?+$%!%2!+0'?$+?02I!
!

Q*70(B#E

^XB#E
5B#E

^KB#E ^OB#E ^DB#E ^NB#E

^rB#E

CB#E

!
J%! *?#2%&$! .%! ,7$*%! %(2! .%! A?+0! #&$!;! sQ! k! XL<D! 8[SI! 13! .)3+'$%! .70*! &0%! 2%0(+70!
#$7#7$2+700%33%!H!3F%,,7$2!QI!

!

!

!
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!
R0!$?##%33%!-&%!;!

J%! $?##7$2! .%! $).&*2+70! .&! $).&*2%&$! $7&%! %2! '+(! (?0(! ,+0! %(2! .%! OL! ?'%*! &0!
$%0.%:%02!.%!L6N6!-&%3-&%!(7+2!3?!'+2%((%!B0&33%!7&!.+,,)$%02%!.%!9)$7EI!

J%(!#7&3+%(!.%!2$?0(:+((+70!(702!.%!:Z:%!.+?:a2$%!#$+:+2+,I!

J%(!'+(!H!*+$*&3?2+70!.%!G+33%(!(702!?&!#?(!.%!N!::I!

J%!G37*!C.?#2!#%$:%2! .%!#7&'7+$! *7:#?$%$! .%&=!A$?0.%&$(! .%! :Z:%!0?2&$%!;!
Q*70(B#E!%2!QB#EI!

!
D.1.!P700%$!0&:)$+-&%:%02!3?!,70*2+70!.%!2$?0(,%$26!.?0(!3%!.7:?+0%!.%!J?#3?*%6!.%(!

.+,,)$%02(!G37*(!p(?&,!5B#E!%2!CB#EoI!4$)*+(%$!3F&0+2)!.%!*@?-&%!,70*2+70!.%!2$?0(,%$2!
%2!+0.+-&%$!3?!A$?0.%&$!#@](+-&%!%2!(70!&0+2)!-&+!(7$2!.%!*@?-&%!G37*I!

!

D.2.!5?3*&3%$!3?!,70*2+70!.%!2$?0(,%$2!%0!G7&*3%!,%$:)%!
E#BQ

E#BQ
E#Bt

*70(
� !(+!3%!*7$$%*2%&$!

#I
X

E#B5
�W

� B%=#$%((+70! (+:#3+,+)%E! %2! CB#E! k!XI! V702$%$! -&%! *%22%! ,70*2+70! .%!

2$?0(,%$2!#%&2!(%!:%22$%!(7&(!3?!,7$:%!
#IWX

s(
E#Bt

��
� I!

!

D.3.!W$?*%$!3F?33&$%!.%!3?!(7$2+%!QB2E!(+!WkL6K!(!%2!(+!Q*70(!%(2!&0!)*@%370!.%!NLLLL!SI!"0!
.).&+$%!3?!'?3%&$!.%!3F%$$%&$I!

!
!
!

E- ETUDE DE LA TRACABILITE DES AXES!
!

Objectif de cette étude :!#'.6+0&".2"-H-'?(0"60",09'.&0")/09"9%60-"K"@)&&0-A!
!
J%! 3?G7$?27+$%! &2+3+(?2%&$! .%! 3?! :?*@+0%!"V! NNL6! $)?3+(%! .+,,)$%02(! %((?+(! (&$! .%(!
)#$7&'%22%(! .%! .+,,)$%02%(! :?2+a$%(6! #$7'%0?02! .%! ,7&$0+((%&$(! .+,,)$%02(I! 47&$! &0!
:?2)$+?&!.700)6!&0!,7&$0+((%&$!.700)!%2!&0!2]#%!.q%((?+!H!%,,%*2&%$6!3%!2%*@0+*+%0!$)?3+(%!
N!%((?+(I!5@?-&%!)#$7&'%22%!.%!3q%((?+!%(2!$)#%$27$+)%!#?$!&0!*7.%!H!G?$$%(!*7:#7()!.%!
*?$?*2a$%(!?3#@?0&:)$+-&%(!#$7#$%(!H!3q%02$%#$+(%I!5%!*7.%!$%0(%+A0%!(&$!3%!,7&$0+((%&$!
B&0!*?$?*2a$%E6!3%!:?2)$+?&!B&0!*?$?*2a$%E6!3%!2]#%!.F%((?+!B&0!*?$?*2a$%E!%2!3%!0&:)$7!.%!
3q)#$7&'%22%!B&0!*@+,,$%!*7:#$+(!%02$%!X!%2!NEI!
J%!*7.%!H!G?$$%(!$%2%0&!%(2!3%!*7.%!uOeuI!5%!*7.%!%(2!*70(2+2&)!#7&$!*@?-&%!*?$?*2a$%!
?3#@?0&:)$+-&%6!.%!N!G?$$%(!07+$%(!)2$7+2%(!7&!3?$A%(!()#?$)%(!.q&0!%(#?*%!G3?0*!)2$7+2!
7&!3?$A%I!T0%!G?$$%!)2$7+2%!*7$$%(#70.!H!3?!'?3%&$!G+0?+$%!L!%2!&0%!G?$$%!3?$A%!H!3?!'?3%&$!
G+0?+$%!XI!P%! :Z:%!&0!%(#?*%!)2$7+2!*7$$%(#70.!H!L!%2!&0!%(#?*%!3?$A%!H!XI!R0!*7.%!
.70*!&0!*?$?*2a$%!?3#@?0&:)$+-&%!(&$!e!.+A+2(!BN!G?$$%(!%2!D!%(#?*%(EI!P?0(!*%!*7.%6!70!
.)07:G$%!K!G?$$%(!07+$%(!3?$A%(!%2!X!%(#?*%!G3?0*!3?$A%6!(7+2!O!'?3%&$(!.%!X!#?$:+!3%(!eI!!
!
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!
J%(!.+A+2(!(702!$%A$7&#)(!%0!.%&=!:72(6!3q&06!P6!.%!N!G+2(!B*7$$%(#70.?02!?&=!N!G?$$%(!
07+$%(E6!3q?&2$%6!#6!.%!D!G+2(!B*7$$%(#70.?02!?&=!D!%(#?*%(!G3?0*(EI!R0!?((7*+%!.%!#3&(!H!
*@?-&%!*?$?*2a$%!?3#@?0&:)$+-&%!&0%!'?$+?G3%!QI!87+$!2?G3%?&!*+<.%((7&(I!
5@?-&%!*7.%!%(2!*70(2+2&)!.q&0!%(#?*%6!.q&0!*?$?*2a$%!.%!.)G&26!.%(!*?$?*2a$%(!.&!*7.%!
#$7#$%:%02!.+26!.q&0!*?$?*2a$%!.%!*702$c3%!%2!.q&0!*?$?*2a$%!.%!,+0I!
J%!*?$?*2a$%!.%!*702$c3%!%(2!2%3!-&%!(?!'?$+?G3%!Q!%(2!)A?3%!H!3?!(7::%!:7.&37!DO!.%(!
'?$+?G3%(!Q!.%(!*?$?*2a$%(!.%!3?!#?$2+%!*70(+.)$)%!.&!*7.%I!
!

57.%!H!G?$$%(!v!Oe!w!

�D! M! "! i! �D! M! "! i!

X! XLLLX! LXLL! X! V! XXLLL! LLLX! KK!

K! LXLLX! LXLL! K! S! LLXLX! LLLX! KO!

O! XXLLL! LXLL! O! R! XLXLL! LLLX! KD!

D! LLXLX! LXLL! D! 4! LXXLL! LLLX! KN!

N! XLXLL! LXLL! N! x! LLLXX! LLLX! Kr!

r! LXXLL! LXLL! r! U! XLLXL! LLLX! Kl!

l! LLLXX! LXLL! l! /! LXLXL! LLLX! Km!

m! XLLXL! LXLL! m! W! LLXXL! LLLX! Ke!

e! LXLXL! LXLL! e! T! XLLLX! XLLL! OL!

L! LLXXL! LXLL! L! 8! LXLLX! XLLL! OX!

C! XLLLX! LLXL! XL! `! XXLLL! XLLL! OK!

M! LXLLX! LLXL! XX! i! LLXLX! XLLL! OO!

5! XXLLL! LLXL! XK! h! XLXLL! XLLL! OD!

P! LLXLX! LLXL! XO! g! LXXLL! XLLL! ON!

"! XLXLL! LLXL! XD! <! LLLXX! XLLL! Or!

Q! LXXLL! LLXL! XN! I! XLLXL! XLLL! Ol!

t! LLLXX! LLXL! Xr! "(#! LXLXL! XLLL! Om!

^! XLLXL! LLXL! Xl! y! LLXXL! XLLL! !

1! LXLXL! LLXL! Xm! z! LLLLL! XXXL! Oe!

f! LLXXL! LLXL! Xe! [! LLLLL! XXLX! DL!

s! XLLLX! LLLX! KL! n! LLLLL! XLXX! DX!

J! LXLLX! LLLX! KX! {! LLLLL! LXXX! DK!

!
E.1.!47&$!*%!-&+!(&+26!70!0%!2+%02!#?(!*7:#2%!.%(!%(#?*%(!%2!*?$?*2a$%(!.%!.)G&2!%2!.%!,+0I!

J%!*7.%!H!G?$$%(!H!*733%$!(&$!&0%!)#$7&'%22%!%(2!3%!(&+'?02!;!

! ! ! !

|!

Q7&$0+((%&$! V?2+a$%! "((?+!S}!)#$7&'%22%! 5702$c3%!

57:#3)2%$!3%!2?G3%?&!,+A&$?02!(&$!3?!,%&+33%!$)#70(%!;! .700%$!#7&$!*@?-&%!*7.%!H!
G?$$%(!%2!#7&$!3%!*?$?*2a$%!.%!*702$c3%!3%(!:72(!P!%2!#R!3%!*?$?*2a$%!?3#@?0&:)$+-&%!
*7$$%(#70.?02!%2!3?!'?3%&$!.%!QI!

!

E.2.!R0! (q+02)$%((%! :?+02%0?02!?&!2$?0(*7.%&$!#%$:%22?02! .%!#?((%$!#7&$!3%(!0&:)$7(!
.q)#$7&'%22%! .&! *7.%! uOeu! ?&! *7.%! G+0?+$%! 0?2&$%3I! J%(! *@+,,$%(! &2+3+()(! #7&$! 3%!
0&:)$7!.%!3q)#$7&'%22%!(702!X6!K6!O6!D!%2!NI!J%(!?&2$%(!0%!(702!#?(!&2+3+()(I!57:G+%0!
&0!:72!G+0?+$%!0?2&$%3!.7+2<+3!*7:#7$2%$!.%!G+2(!#7&$!*7.%$!3%(!*@+,,$%(!.%!X!H!N!|!
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E.3.!R0!072%!M!k!GD!GO!GK!GX!GL6!"!k!%O!%K!%X!%L!%2!S!k!00!00<XIII0X!0L!3%!:72!G+0?+$%!0?2&$%3!

.%!3?!-&%(2+70!#$)*).%02%I!P700%$!3%(!)-&?2+70(!3%(!#3&(!(+:#3%(!#7((+G3%(!.%!;!
006! 00<X6I~0X! %2! 0L! %0! ,70*2+70! .%(! G+! %2! %+I! W7&(! 3%(! G+! %2! %+! 0q+02%$'+%00%02! #?(!
,7$*):%02I!

!
!

F- ÉTUDE DU CODEUR OPTIQUE 
 

Objectif :!<7&+$+0&",)"8&79+-+%2"-.&",)"8%-+'+%2"60",)"'&)/0&-0"(%@+,0A!
!
J?! :%(&$%! .&! .)#3?*%:%02! .%!3?! 2$?'%$(%! %2! .%! (?!
'+2%((%! %(2! $)?3+()%! A$b*%!H! &0! *?#2%&$! +0*$):%02?3!
NLL!#7(+2+70(!.702!3%!#$+0*+#%!%(2!.700)!*+<*702$%I!
J%! (*@):?! $%#$)(%02%! #?$2+%33%:%02! 3%! .+(-&%! .&!
*?#2%&$! +0*$):%02?3! %2! 3%(! .%&=! *%33&3%(!
#@727)3%*2$+-&%(!C1!%2!C2I!
5%! .+(-&%! *7:#7$2%! &0%! #+(2%! 7•!
?32%$0%02! .%(! 970%(! 7#?-&%(!
B07+$%(!(&$!3%!(*@):?E!%2!.%(!970%(!
2$?0(#?$%02%(! BG3?0*@%(! (&$! 3%!
(*@):?EI! J%(! *%33&3%(!C1! 7&!C2!
B%0! A$+(! (&$! 3%! (*@):?E! $%0'7+%02!
&0! (+A0?3!M!7&!C! (%370! -&q%33%(! (%!
2$7&'%02! $%(#%*2+'%:%02! %0! ,?*%!
.q&0%! 970%! 2$?0(#?$%02%! 7&! .F&0%!
970%!7#?-&%I!
J%(! .%&=! *%33&3%(!C1! %2!C2! (702!
#3?*)%(! .%! 2%33%! :?0+a$%! -&%! 3%(!
(+A0?&=! -&q%33%(! .)3+'$%02! (702!
.)*?3)(!.q&0!-&?$2!.%!#)$+7.%I!
!
F.1. P700%$!3q)2?2!.%(!(+A0?&=!G+0?+$%(!SM!%2!SB!$%(#%*2+'%:%02!?((7*+)(!H!C1!%2!C2!

#7&$!3%(!970%(!?6!G6!*6!.6!%6!,!%2!A6!*7$$%(#70.?02!?&!(%0(!.%!.)#3?*%:%02!.%!3?!
2$?'%$(%!'%$(!3%!@?&2I!

!
F.2.!J%!*?#2%&$!+0*$):%02?3!&2+3+()!(&$!3?!:?*@+0%!.)3+'$%!NLL!#7(+2+70(I!57:G+%0!.7+2<

+3!]!?'7+$!.%!*7&#3%(!.%!970%(!B07+$!n!G3?0*E!(&$!3?!#+(2%!.&!.+(-&%!|!
!
F.3.! J%! *?#2%&$! +0*$):%02?3! %(2! :702)! .+$%*2%:%02! %0! G7&2! .%! 3q&0%! .%(! '+(! .%!

.)#3?*%:%02!.%!3?!2$?'%$(%!.702!3%!#?(!%(2!.%!N!::I!C'%*!-&%33%!#$)*+(+70!#%&2<
70!*700?d2$%!3?!#7(+2+70!.%!3?!2$?'%$(%!|!

!
 

/*@):?!.&!*?#2%&$!+0*$):%02?3!

5X
5K

X K

!
Q7$:%!.%(!(+A0?&=!.)3+'$)(!#?$!3%(!.%&=!*%33&3%(!

5X!%2!5K!

X

L

X

L

5%33&3%!5K!;!/+A0?3!/K

5%33&3%!5X;!/+A0?3!/X

? G * . % , A

W

W[D

!
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F.4.!!T0%!#)$+7.%!*7$$%(#70.!H!3q+02%$'?33%!4!(&$!3%!(*@):?I!Jq+02)$Z2!.%!.)*?3%$!3%(!.%&=!

(+A0?&=! .q&0! -&?$2! .%! #)$+7.%! %(2! .%! #7&'7+$! .)2%*2%$! 3%! (%0(! .%! $72?2+70! .&!
.+(-&%I!57:#2%!2%0&!.%!3?!,7$:%!#$7#7()%!.%(!(+A0?&=!%2!.%!3?!#7(+2+70!.%(!.%&=!
*%33&3%(!C1! %2!C26! .?0(! -&%3! (%0(! 3%! .+(-&%! 27&$0%! 2<+3! BX! 7&! KE! |! f&(2+,+%$! 3?!
$)#70(%I!

!
C,+0! .%! #7&'7+$! :%(&$%$! .%(! .)#3?*%:%02(! (&#)$+%&$(!?&!#?(! .%!3?! '+(6!70!&2+3+(%!&0!
*7:#2%&$! *@?$A)! .%! .)07:G$%$! 3%! 07:G$%! .%! #)$+7.%(! .)2%*2)%(! #?$! 3%! *?#2%&$!
+0*$):%02?3I! 5%! *7:#2%&$6! .702!3?! '?$+?G3%!?((7*+)%!%(2!16!%(2! :+(%!H!9)$7! -&?0.!3%(!
(+A0?&=!SM!%2!SB"(702!27&(!3%(!.%&=!H!9)$7!%2!-&?0.!3?!:%(&$%!*7::%0*%I!13!%(2!%0(&+2%!
+0*$):%02)!-&?0.!SM!%2!SB!(702!27&(!3%(!.%&=!H!9)$7I!
!
Protocole de mesure du déplacement pendant un essai : 

P)#3?*%$! 3?! 2$?'%$(%! >&(-&qH! *%! -&%! 3%!*?#2%&$! .%! *@?$A%! .)2%*2%! &0%! *@?$A%!
#$).)2%$:+0)%!#?$!3q&2+3+(?2%&$!*7$$%(#70.?02!?&!.)G&2!.%!:+(%!%0!*@?$A%I!J7$(-&%!
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V%22$%!3q7$+A+0%!.%(!:%(&$%(!H!9)$7!?+0(+!-&%!3%!*7:#2%&$!B1!k!LEI!

P)#3?*%$! 3?! 2$?'%$(%! >&(-&qH! 3?! *70.+2+70! +:#7()%! #?$! 3q&2+3+(?2%&$! B*@?$A%!
#$).)2%$:+0)%6!$&#2&$%!.%!3q)#$7&'%22%6!?$$Z2!'73702?+$%~EI!J7$(-&%!*%22%!*70.+2+70!
%(2!?22%+02%6!3?!'?$+?G3%!G+0?+$%!)&&T'!#?((%!H!XI!
C$$Z2%$!3q%((?+I!
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J7$(-&%!3q7$+A+0%!.%(!:%(&$%(!%(2!:+(%!H!9)$76!3q%0$%A+(2$%:%02!.%!3q%((?+!
*7::%0*%! B%0$%A+(2$%:%02!.&! .)#3?*%:%02! .%! 3?! 2$?'%$(%! %2! .%! 3q%,,7$2!
$)(&32?02EI!13!(q?$$Z2%!-&?0.!3%(!*70.+2+70(!+:#7()%(!#?$!3q&2+3+(?2%&$!(702!
?22%+02%(I!

F.5.!R0!.%:?0.%!.%!$%#$)(%02%$!(7&(!,7$:%!.%!tUCQ5"W!3?!:+(%!H!9)$7!
%2!3q+0*$):%02?2+70!.&!*7:#2%&$!#%$:%22?02!?&!37A+*+%3!.%!*?3*&3%$!3%!
.)#3?*%:%02!.%!3?!2$?'%$(%!#%0.?02!3q%((?+I!
J?!:+(%!H!9)$7!.&!*7:#2%&$!%(2!,?+2%!.a(!-&%!6(9 !'?&2!X!et!-&%!3%(!
(+A0?&=!SM!%2!SB!(702!27&(!3%(!.%&=!H!LI!
Jq?$$Z2!.%!3q%0$%A+(2$%:%02!(%!#$7.&+2!37$(-&%!)&&T'!'?&2!XI!
JF?*2+70!H!#$%0.$%!%0!*7:#2%!%(2!2 !#7&$!3?!*7::?0.%!:72%&$!-&+!%(2!:707(2?G3%I!
J%(!'?$+?G3%(!G+0?+$%(!H!#$%0.$%!%0!*7:#2%!(702!6(9 6!)&&T'6!SM6!SB"%2"1A"
57:#3)2%$! 3%! A$?,*%2! *7::%0*)! (&$! 3?! ,%&+33%! $)#70(%! B7•!+2+'! $%#$)(%02%! 3%(!
*70.+2+70(!+0+2+?3%(!-&+!0%!(702!#?(!H!)2&.+%$EI!N)"-+(8,+9+'7"60",)"-%,.'+%2"8&%8%-70"
-0&)")88&79+70"6."U.&HA!

F.6.!R0!$)?3+(%!&0%!:%(&$%I!x&?0.!3q%((?+!(q?$$Z2%6!3?!'?$+?G3%!*7:#2%&$!1!%(2!H!Xmm6!SM!
%2!SB!(702!$%(#%*2+'%:%02!H!L!%2!XI!P%!*7:G+%0!3?!2$?'%$(%!(q%(2<%33%!.)#3?*)%!|!
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A.3. 

0/1,A0/1,C VV   car 1 est en liaison glissière par rapport à 0 
 

 0/2,A2/1,A0/1,C VVV �   Avec 0V 0/2,A   
 

 1/2,A2/1,A0/1,C VVV �   
 

Y.
K..2

.pV m
0/1,C

S
Z

�  

 
 
A.4. 

Nm = 3000 tr/min o Zm 100.S rd/s 
 
p = 5 mm = 0,005 m 
 

s/m00833,0
.60

x100x005,0V 0/1,A  
S

S
  = 0,5 m/min 

 
Cette vitesse est faible. Elle ne pose  aucun problème particulier de construction. 
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B- ETUDE STATIQUE 
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B.2. 

Le brin de la courroie (C) compris entre E et E’ est en équilibre sous l’action 
de deux forces. Celles-ci sont de même support (EE’), de même intensité et 
de sens opposé. Donc X.T'EE '2C2C  � oo  
 
En projection sur Y , la somme des moments appliqués à 2 est nulle. Donc 

T
D
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En projection sur Y , la somme des moments appliqués à 2’ est nulle. Donc 
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B.3. 

L’ensemble 2 (vis + poulie) est en équilibre statique sous l’action de : 
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0171%

(1) �o  X02 + 3.T = 0 

(2) �o  Y02 + Y12 = 0 

(3) �o  Z02 = 0 

(4) �o  L02 = 0 

(5) �o  M12 + T.D/2 = 0 

(6) �o  N02 – 3.yB.T = 0 
 
 
01&1%
 

(5) �o  N561
0713,0

2x20
D

2.MT 12
��� ��� ���  

(1) �o  X02 = - 3.T= -3 x (-561) = 1683 N 

(2) �o  Y02 = -Y12 = - 25000 N 

(3) �o  Z02 = 0 N 

(4) �o  L02 = 0 N 

(6) �o  N02 = 3.yB.T = 3 x (-0,08) x (-561) = 134,64 N.m 
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