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Structure de l’épreuve 
"A0+1#'>#!62/+21$#!B',$1#!+,1$@#(!@.&0+#.&,.$#(!C!
�! 7!D!Analyse de la gestion des tâches du système ; 
�! 9!D!Synthèse de la commande d’un outil de formage ;!
�! <!D!Etude du comportement cinématique ;!
�! =!D!Dimensionnement ;!
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Les réponses finales doivent être encadrées. 
 
Les candidats sont invités à formuler toutes les hypothèses qu’ils jugeront nécessaires pour répondre aux 
questions posées. 
Si, au cours de l’épreuve, un candidat repère ce qui lui semble être une erreur d’énoncé, il le signale dans 
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PRÉSENTATION 
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X21/,-#!3!H12@&!X@?!12.&!C!
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"#!(F($V/# C!
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A -  ANALYSE DE LA GESTION DES TÂCHES DU SYSTEME 
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G,P?#!&#(!(21$@#(!
Y.0/2.@B'#! =0(@- .,$@2.! G#6E.2?2-@#!
PPR X#1/#$'1#!&#!?,!+@.6#!&#!+10E#.(@2.!&'!1#?#>#'1! /2.2($,P?#!
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vhps d01@.!E21@j2.$,?!&#!$1,.(H#1$!#.!+2(@$@2.!(21$@#!
ptpat I10(#.6#!$'P#!#.!+2($#!,$$#.$#!$1,.(H#1$!
ptprt I10(#.6#!$'P#!#.!+2($#!106#+$@2.!$1,.(H#1$!
!
I2($#!2'$@?(!C!
=V(!,++,1@$@2.!&A'.!$'P#!#.!+2($#!106#+$@2.!$1,.(H#1$!*ptprt48!?#!>01@.!&A#.-,-#/#.$!&#!$'P#!(21$!
*VET+45!I'@(!P1@&,-#!&'!$'P#!*VBT+45!
Q.('@$#!$12@(!(01@#(!&#!$b6E#(!(2.$!10,?@(0#(!#.!+,1,??V?#(!C!

:D! d01@.!&c061,(#/#.$!&12@$!*VED4!k!
;D! Q61,(#/#.$!#$!+?@,-#!-,'6E#!* VEPG4!+'@(!6#.$1,-#!&'!$'P#!*(21$@#!&#!?,!H2'16E#$$#!&#!

6#.$1,-#!* VFC+44!+'@(!+2@.S2..,-#!*VP4!k!
LD! d01@.!&A#.-,-#/#.$!1#.$1#!*VET-45!

Q.H@.!&0P1@&,-#!&'!$'P#!$#1/@.0!*VBT-4!#$!0>,6',$@2.!*VEV+45!
!
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G,P?#!&#(!(21$@#(!
Y.0/2.@B'#! =0(@- .,$@2.! G#6E.2?2-@#!
VET+ Z21$@1!>01@.!#.-,-#/#.$!&'!$'P#! P@($,P?#!
VET- O#.$1#1!>01@.!#.-,-#/#.$!&'!$'P#! P@($,P?#!
VBT+ Z21$@1!>01@.!P1@&,-#!&'!$'P#! P@($,P?#!
VBT- O#.$1#1!>01@.!P1@&,-#!&'!$'P#! P@($,P?#!
VFC+ Z21$@1!H2'16E#$$#!&#!6#.$1,-#!&'!$'P#! P@($,P?#!
VFC- O#.$1#1!H2'16E#$$#!&#!6#.$1,-#!&'!$'P#! P@($,P?#!
VED+ Z21$@1!>01@.!061,(#/#.$!&12@$! P@($,P?#!
VED- O#.$1#1!>01@.!061,(#/#.$!&12@$! P@($,P?#!
VEPG+ Z21$@1!>01@.!061,(#/#.$!+?@,-#!-,'6E#! P@($,P?#!
VEPG- O#.$1#1!>01@.!061,(#/#.$!+?@,-#!-,'6E#! P@($,P?#!
VP+ Z21$@1!d01@.!&#!+2@.S2..,-#! P@($,P?#!
VP- O#.$1#1!d01@.!&#!+2@.S2..,-#! P@($,P?#!
VEV+ Z21$@1!>01@.!0>,6',$@2.!&'!$'P#! P@($,P?#!
VEV- O#.$1#1!>01@.!0>,6',$@2.!&'!$'P#! P@($,P?#!
!
G,P?#!&#(!#.$10#(!
Y.0/2.@B'#! =0(@-.,$@2.!
vets d01@.!#.-,-#/#.$!&'!$'P#!(21$@!
vetr d01@.!#.-,-#/#.$!&'!$'P#!1#.$10!
vbs G'P#!P1@&0!
vbr G'P#!&0P1@&0!
vfcs X2'16E#$$#!&#!6#.$1,-#!&'!$'P#!(21$@#!
vfcr X2'16E#$$#!&#!6#.$1,-#!&'!$'P#!1#.$10#!
veds d01@.!061,(#/#.$!&12@$!(21$@!
vedr d01@.!061,(#/#.$!&12@$!1#.$10!
vepgs d01@.!061,(#/#.$!+?@,-#!-,'6E#!(21$@!
vepgr d01@.!061,(#/#.$!+?@,-#!-,'6E#!1#.$10!
vps d01@.!&#!+2@.S2..,-#!(21$@!
vpr d01@.!&#!+2@.S2..,-#!1#.$10!
vevs d01@.!&A0>,6',$@2.!(21$@!
vevr d01@.!&A0>,6',$@2.!1#.$10!
ptprt I10(#.6#!$'P#!#.!+2($#!106#+$@2.!$1,.(H#1$!
!

A.1 Modélisation par grafcets du système en production 
!
"#!(F($V/#!#($!+@?2$0!+,1!'.!,'$2/ ,$#!+12-1,//,P?#!@.&'($1@#?5!
I2'1!?#!H2.6$@2..#/#.$!,'$2/,$@B'#8!B',$ 1#!-1,H6#$(!2.$!0$0!/@(!#.!+?,6#!C!

-! h.!-1,H6#$!&#!/@(#!#.!12'$#5!
-! h.!-1,H6#$!10-@((,.$!?#!H2.6$@2..#/#.$!&'!1#?#>#'15!
-! h.!-1,H6#$!10-@((,.$!?#!H2.6$@2..#/#.$!&'!+2($#!&#!$1,.(H#1$5!
-! h.!-1,H6#$!10-@((,.$!?#!H2.6$@2..#/#.$!&'!+2($#!2'$@?(5!

!
Question 1 :!7!?A,@&#!&#(!@.&@6,$@2.(!H2'1.@#(!+1060&#//#.$!1#/+?@1!?#(!0?0/#.$(!>@&#(!
*,6$@2.(8!106#+$@>@$0(4!&,.(!?#(!B',$1#!-1,H6#$(!&'!&26'/#.$!10+2.(#!,..#%#!7!
 
 
 
 
 
!



8/30 partie B : automatique 

B -  SYNTHESE DE LA COMMANDE D’UN OUTIL DE FORMAGE 
<#$$#! /,6E@.#! 3! 62'?@((#,'%! /'?$@+?#(! +#'$! -01#1! )'(B'A3! ;a! ,%#(! @.&0+#.&,.$! ,((#1>@(! #.!
+2(@$@2.5!
].!(#!+12+2(#!&#!&0>#?2++#1!'.#!.2'>#??#!($1, $0-@#!&#!62//,.&#!&#(!,%#(!C!62//,.&#!OZG5!
7H@.!&#!/#$$1#!#.!+?,6#!6#$$#!62//,.&#!2.!&0>#?2++#1,!$2'$!&A,P21&!?#!/2&V?#!&A'.!,%#!,>#6!
?A2'$@??,-#!T!061,(#/#.$!&#!$'P#!U!*6H!+,1$@#!7!e!7.,?F(#!&#!?,!-#($@2.!&#(!$b6E#(!&'!(F($V/#!C!
,%#!dQ=45!
!

B.1 Modélisation de l’axe  
h.!(6E0/,!(@/+?@H@0!&'!(F($V/#!,((#1>@!&#!?A,%#!#($!?#!('@>,.$!*6H!H@-'1#!95:4!C!

H@-'1#!95:C!2'$@?!&l061,(#/#.$!m!/2$21@(,$@2.!m!+@?2$,-#

kcna.iref(t) d,1@,$#'1 YZ7I

ia

<5f5!<`9Qn

c(t)
Z

v(t)
x(t)

G'P#

xref(t)

d@(D0612'!*+,(!E!o!a//54 &o:MM//5

&o:MM//5

a

Moe = 11,4kg

ib
Me = 5,6kg

Jv = 9,78kg.cm²

F(t)

(t)

!
!
f2$,$@2.!C!
YZ7I!C!Y,6E@.#!ZF.6E12.#!7'$2+@?2$0#5!
xref(t)!C! 10H01#.6#! &#! +2(@$@2.! H2'1.@#! +,1! ?A@.$#1+2?,$#'1! &#! ?,! <5f5! *<2//,.&#! f'/01@B'#4!
<p9Q"Q<5!
kcna.iref(t)!C!10H01#.6#!&#!62'1,.$!H2'1.@#!+,1!?,!<5f5!<p9Q"Q<!,'!>,1@,$#'1!&#!?,!YZ7I5!
i(t)!C!@/,-#!&'!62'1,.$!+,1!?#!>, 1@,$#'1!&,.(!?#!+?,.!&#!I,1q5!
Z(t) C!+'?(,$@2.!&#!12$,$@2.!&#!?,!YZ7I5!
c(t) C!62'+?#!&#!?,!YZ7I5!
v(t) C!>@$#((#!&#!&0+?,6#/#.$!&#!?A2'$@?!&A061,(#/#.$5!
x(t) C!+2(@$@2.!&#!?A2'$@?!&A061,(#/#.$5!
!
f2$,!C! ",! YZ7I! #($! '.#! /,6E@.#! ,?$#1.,$@>#! *$#.(@2.8! 62'1,.$45! <#+#.&,.$8! ?,! ($1,$0-@#! &#!
+@?2$,-#!*62//,.&#!>#6$21@#??#!3!+,1$@1!&A'.!/2&V?#!&#!I,1q4!+#1/#$!&A2P$#.@1!&#(!0B',$@2.(!&#!
H2.6$@2..#/#.$! (@/@?,@1#(! 3! 6#??#!&A'.#! /,6E@.#! 3! 62'1,.$! 62.$@.'! * c(t) = kt.i(t)! ,>#6! c(t)! ?#!
62'+?#8!i(t)!?#!62'1,.$!#$!kt!62.($,.$#!0?#6$12/06,.@B'#!&#!62'+?,-#45!
!
"A#.(#/P?#! >,1@,$#'18! YZ7I8! d@(D0612'! #$! 2'$@?! &A061,(#/#.$! +2((V&#! ?#(! 6,1,6$01@($@B'#(!
('@>,.$#(!C!
Moe!o!::8Jq-5!C!Y,((#!&#!?A2'$@?!&A061,(#/#.$!m!P@#??#$$#!&#!1#.>2@!&A,.-?#!@.H01@#'1#5!
Me!o!K8aq-5!C!Y,((#!&#!?A0612'!m!P@#??#$$#!&#!1#.>2@!&A,.-?#!('+01@#'1#5!
a o!:M!^MM!f5(R/5!C!<2#HH@6@#.$!&#!H12$$#/#.$!>@(B'#'%!&#!?A2'$@?!('1!?#!Pb$@5!
Jv!o!^8r\!q-56/s!C!`.#1$@#!&#!?,!>@(!#$!&'!12$21!&#!?,!YZ7I5!
kt!o!:8a!f5/R75!C!<2#HH@6@#.$!&#!62'+?,-#!0?#6$12/06,.@B'#!&#!?,!YZ7I5!
h!o!a!//5!C!I,(!&'!(F($V/#!>@(D0612'5!
"A,((26@,$@2.! >,1@,$#'18! +E,(#(! &#! ?,! YZ7I8! 62//,.&#! >#6$21@#??#! &A#.$10#!kcna.iref(t)! #$! &#!
(21$@#!i(t)!3!'.!62/+21$#/#.$!$F+#!: #1!21&1#!&#!-,@.!($,$@B'#!ki!#$!&#!62.($,.$#!&#!$#/+(! We5!

<5f5!<p9Q"Q<!
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!
95:5:! Y2&0?@(,$@2.!&#!?,!6E,g.#!&!c0.#1-@#!>,1@,$#'1!m!YZ7I!m!>@(D0612'!m!2'$@?!&A061,(#/#.$!
",!YZ7I!#($!+@?2$0#!+,1!'.!>,1@,$#'1!,>#6!10-'?,$@2.!&#!62'1,.$!@.$0-10#5!
"#!(F($V/#!>@(D0612'!*10>#1(@P?#4!3!'.!1#.&#/#.$!'.@$,@1#!,>#6!'.!+,(!&#!>@(!h!o!a//5!
!
Z@/+?@H@6,$@2.8!EF+2$EV(#(!C!
2.! 62.(@&V1#! &#! H,@P?#(! &0+?,6#/#.$(! ,'$2'1! &#! ?,! +2(@$@2.! &A0B'@?@P1#! *6H! H@-'1#! 95:!C! 2'$@?!
&A061,(#/#.$!m!/2$21@(,$@2.!m!+@?2$,-#45!
",!>@$#((#!#$!?,!+2(@$@2.!('1!?A,%#!&#!?A0612'!&'!(F($V/#!>@(D0612'!(2.$!@&#.$@B'#(!3!?,!>@$#((#!
v(t)!#$!?,!+2(@$@2.!x(t)!('1!?A2'$@?!&A061,(#/#.$5!
",!/,((#!&#(!H?,(B'#(!&'!1#.> 2@!&A,.-?#!#($!.0-?@-#,P?#5!
!
Z2@$! ?#! (6E0/,DP?26! 1#+10(#.$,.$! ?,! 6E,g.#! &A0.#1-@#! &A#.$10#C! 10H01#.6#! &#! 62'1,.$! H2'1.@#!
+,1!?,! <5f5!<p9Q"Q<! ,'! >,1@,$#'1!&#!?,!YZ7I!C kcna.iref(t)!#$!&#! (21$@#!?,! +2(@$@2.!&#!?A2'$@?!
&A061,(#/#.$  x(t) C!

H@-'1#!95:5:C!Z6E0/,!P?26!&#!?,!+,1$@#!&#!?,!6E,g.#!&l0.#1-@#!62/+1#.,.$!>,1@,$#'1!m!YZ7I!m!2'$@?!&l061,(#/#.$

:kcna.Iref(p)
<E,1-#!1,/#.0#

I(p) C(p)
YZ7I

V(p)
d@(D0612'

X(p)
d,1@,$#'1

Cr(p)

kveJtr, fr
(p)

!
!
7H@.!&#!(@/+?@H@#1!?#! /2&V?#!2.!6E2@(@$!&#!1,/#.#1!?#! /06,.@(/#!&A061,(#/#.$!('1!?A,%#!&#!?,!
YZ7I! *?A@.#1$@#! 0B'@>,?#.$#! $2$,?#! 1,/#.0#!Jtr! 6211#(+2.&1,! ,'%! /,((#(! &#(! P@#??#$$#(8! 2'$@?!
&A061,(#/#.$!#$!0612'!1,/#.0(! ,'!$1,>#1(!&'! (F($V/ #!>@(D0612'!k!?#!62#HH@6@#.$!&#!H12$$#/#.$!
>@(B'#'%!0B'@>,?#.$!fr 6211#(+2.&1,!,'!62#HH@6@#.$!&#!H12$$#/#.$!>@(B'#'%!a!1,/#.0!,'!$1,>#1(!
&'!(F($V/#!>@(D0612'!k!?#!62'+?#!10(@($,.$!cr(t)!6211#(+2.&1,!3!?A#HH21$!&#!?A2'$@?!&A061,(#/#.$!('1!
?#!$'P#!F(t)45!
!

Question B.1.1.1 Q$,P?@18! (,.(! ?,! 10(2'&1#8! ?A0B',$@2.! &@HH01#.$@#??#! 1#?@,.$! ?#! 62'1,.$!i(t) 3! ?,!
10H01#.6#!kcna.iref(t)5!ZA,-@$D@?!&A,66'/'?,$@2.!&A0.#1-@#!6@.0$@B'#!2'!+2$#.$@#??#!t!
!

Question B.1.1.2 =2..#1! ?A0B',$@2.! ?@$$01,?#! 1#?@,.$! ?#! 62'+?#!c(t)! ,'! 62'1,.$! i(t)5! <2//#.$!
.2//#!$D2.!6#$$#!$1,.(H21/,$@2.5!
!

Question B.1.1.3 Q$,P?@18! (,.(! ?,! 10(2'&1#8! ?A0B',$@2.! &@HH01#.$@#??#! 1#?@,.$! ?,! +'?(,$@2.! &#!
12$,$@2.!Z(t)!,'%!>,1@,P?#(!&#!62'+?#!c(t)!#$!cr(t)5!].!+106@(#1,!?#(!(2?@&#(!@(2?0(8!?#(!$E021V/#(!
'$@?@(0(! #$! ?#(! EF+2$EV(#(! 0>#.$'#??#(5! ZA,-@$D@?! &A,66'/'?,$@2.! &A0.#1-@#! 6@.0$@B'#! 2'!
+2$#.$@#??#!t!
!

Question B.1.1.4 =0$#1/@.#1!?,!>,?#'1! .'/01@B'#!&#!kve = v(t)/Z(t)! ,((26@0#!,'! (F($V/#!>@(D
0612'5!
!

Question B.1.1.5 =2..#1!?A0B',$@2.8!(,.(!?,!10(2'&1#8!&2..,.$! x(t)!#.!H2.6$@2.!&#!v(t).!
!

Question B.1.1.6 =0$#1/@.#18!(2'(!H21/#!?@$$01,?#8!?A@.#1$@#!0B'@>,?#.$#!1,/#.0#!('1!?A,1P1#!&#!
?,!YZ7I! Jmr!!&#(!/,((#(!&#!?A2'$@?!&A061,(#/#.$!m!P@#??#$$#!&#!1#.>2@!&A,.-?#!@.H01@#'1#!*/,((#!
Moe o! ::8Jq-54!#$! &#! ?A0612'! m! P@#??#$$#!&#! 1#.>2@! &A,.-?#! ('+01@#'1#! */,((#!Me! o! K8aq-54!#.!
H2.6$@2.!&#!Moe, Me #$!kve5!
!

Question B.1.1.7 =0$#1/@.#1!(2'(!H21/#!.'/01@B'#!?A@.#1$@#!0B'@>,?#.$#!$2$,?#!Jtr!62/+1#.,.$!
?A@.#1$@#!0B'@>,?#.$#!1,/#.0#!&#(!/,((#(!Jmr!#$!?A@.#1$@#!&#!?,!>@(!#$!&'!12$21!&#!?,!YZ7I!Jv5!
!
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Question B.1.1.8 =0$#1/@.#18! (2'(! H21/#! ?@$$01,?#8! ?#! 62#HH@6@#.$! &#! H12$$#/#.$! >@(B'#'%!
0B'@>,?#.$!1,/#.0!('1!?A,1P1#!&#!?,!YZ7I! fr8!&'!62#HH@6@#.$!&#!H12$$#/#.$!>@(B'#'%!a!('1!?A2'$@?!
&A061,(#/#.$8!#.!H2.6$@2.!&#!a!#$!kve5!
!

Question B.1.1.9 =0$#1/@.#1! ?A,++?@6,$@2.! .'/01@B'#! &'! 62#HH@6@#.$! &#! H12$$#/#.$! >@(B'#'%!
0B'@>,?#.$!fr. 
!
95:5;! N1,+E#!&#!62//,.&#8!(6E0/,!P?26!&#!?A,((#1>@((#/#.$!
].!&0(@1#!+@?2$#1!#.!+2(@$@2.!#$!#.!>@$#((#!?A2'$@?5!].!6E#16E#!3!/#$$1#!#.!+?,6#!'.#!($1,$0-@#!&#!
62//,.&#!+,1!@.>#1(@2.!&#!?,!6E,g.#!&A0.#1-@#5!
Z2@$!?,!($1'6$'1#!(6E0/,DP?26!&#!?,!6E,g.#!&A0.#1-@#8!@.$#1H,6#!#$!62//,.&#!C!

H@-'1#!95:5;C!(6E0/,DP?26!&#!?,!6E,g.#!&l0.#1-@#!10-'?0!#.!+2(@$@2.!#$!>@$#((#

`.$#1H,6#

: X(p)

Xref(p)Vref(p)refCref(p) :Iref(p)

<2//,.&#

6,+$#'1!&#

+'?(,$@2.!&#!12$,$@2. 6,+$#'1!&#!+2(@$@2.(21$@#!&#!62//,.&#

<E,g.#!&l0.#1-@#

kcna.Iref(p)
<E,1-#!1,/#.0#

I(p) C(p)
YZ7I

V(p)
d@(D0612'

X(p)
d,1@,$#'1

Cr(p)

kve
:

Jtr, fr

(p)

(p)

(p)

!

Nota : ].!.2$#!
^

)t(x !?,!-1,.&#'1!#($@/0#!H2'1.@#!+,1!'.!6,+$#'1!&#!/#('1#!&#!?,!>,1@,P?#!x(t). 
!

Question B.1.2.1 =2..#1! ?#! 62.$#.'! ?@$$01,?! +'@(! .'/01@B'#! &#! ?,! 1#?,$@2.! &#! 62//,.&#!
&2..,.$!?,!62.(@-.#!&#!+'?(,$@2.!&#!12$,$@2.!&#!?,!YZ7I!Zref(t)!#.!H2.6$@2.!&#!?,!62.(@-.#!&#!
>@$#((#! ?@.0,@1#! &#! &0+?,6#/#.$! &#! ?A2'$@?! &A061,(#/#.$!vref(t)! #.! 1#(+#6$,.$! ?,! ($1,$0-@#!
0.2.60#!6@D&#(('(!*62//,.&#!+,1!@.>#1(@2.!&#!?,!6E,g.#!&A0.#1-@#45!
!

Question B.1.2.2 =2..#1! ?#! 62.$#.'! ?@$$01,?! +'@(! .'/01@B'#! &#! ?,! 1#?,$@2.! &#! 62//,.&#!
&2..,.$!?,!62.(@-.#!&#!62'1,.$!&#!?,!YZ7I! iref(t)!#.!H2.6$@2.!&#!?,!62.(@-.#!&#!62'+?#!&#!?,!
YZ7I! cref(t)! #.! 1#(+#6$,.$! ?,! ($1,$0-@#! 0.2.60#! 6@D&#(('(! *62//,.&#! +,1! @.>#1(@2.! &#! ?,!
6E,g.#!&A0.#1-@#45!
!
95:5;5L!<2.($1'6$@2.!&'!(6E0/,!P?26!62/+?#$!

9:5;5L5:!<E,g.#!&A0.#1-@#!
Z2@$!?#!(6E0/,DP?26!&#!?,!6E,g.#!&A0.#1-@#!C!

kcna.Iref(p)
<E,1-#!1,/#.0#

I(p) C(p)
YZ7I

V(p)
d@(D0612'

X(p)
d,1@,$#'1

Cr(p)

kve
:

H@-'1#!95:5;5L5:C!Z6E0/,!P?26!&#!?,!+,1$@#!&#!?,!6E,g.#!&l0.#1-@#!62/+1#.,.$!>,1@,$#'1!m!YZ7I!m!2'$@?!&l061,(#/#.$

Jtr, fr
(p)

!
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Question B.1.2.3.1.1 =2..#1!(2'(!H21/#!?@$$01,?#!#$!6,.2.@B'#!?,!$1,.(/@$$,.6#!
)p(I.k

)p(I
refcna

!#.!

H2.6$@2.!&#!ki!#$!We.!
!

Question B.1.2.3.1.2 =2..#1! (2'(! H21/#! ?@$$01,?#! #$! 6,.2.@B'#! ?,! $1,.(/@$$,.6#!
)p(C
)p(:

! #.!

H2.6$@2.!&#!fr!#$!Wm5!].!+2(#1,!
r

tr
m

f
J

 W 5!

!

Question B.1.2.3.1.3 =2..#1!(2'(!H21/#!.'/01@B'#!?,!$1,.(/@$$,.6#!
)p(C
)p(:

5!

!

Question B.1.2.3.1.4 =2..#1!(2'(!H21/#!?@$$01,?#!#$!6,.2.@B'#!?,!$1,.(/@$$,.6#!
)p(V
)p(X
5!

!

Question B.1.2.3.1.5 Z'1!?#!&26'/#.$!10+2.(#!9:  1#/+?@1!?#!62.$#.'!&#(!P?26(! ,((26@0(!3!?,!
6E,g.#!&A0.#1-@#!(2'(!H21/#!?@$$01,?#!#$!6,.2.@B'#5!
!
!

95:5;5L5;!`.$#1H,6#!
Z2@$!?#!(6E0/,!P?26!C!

`.$#1H,6#

: X(p)

6,+$#'1!&#

+'?(,$@2.!&#!12$,$@2. 6,+$#'1!&#!+2(@$@2.(21$@#!&#!62//,.&#

: X(p)

Iref(p)

kcna.Iref(p)

H@-'1#!95:5;5L5;C!(6E0/,!P?26!&#!?l@.$#1H,6#

(p)

(p)

!
Question B.1.2.3.2.1 Z'1!?#!&26'/#.$!10+2.(#!9:  &2..#1!?#!62.$#.'!.'/01@B'#!&#(!-,@.(!&#(!
P?26(!,((26@0(!3!?A@.$#1H,6#!*$2'$#!?#(!-1,.&#'1(!(#12.$!3!1,/ #.#1!#.!'.@$0!/q(,45!
].!.2$#!C! kcna o!-,@.!&#!?,!(21$@#!,.,?2-@B'#!&#!?,!<5f5!*r:MdR;:a 45!

kcap:!o!-,@.!&'!6,+$#'1!+'?(,$@2.!&#!12$,$@2.!*JM^a!$2+(R$2'145!
kcapx!o!-,@.!&'!6,+$#'1!+2( @$@2.!*JM^a!$2+(R//45!

!

95:5;5L5L!e!<2//,.&#!
Z2@$!?#!(6E0/,!P?26!&#!?,!62//,.&#!

: X(p)

Xref(p)Vref(p)refCref(p) :Iref(p)

<2//,.&#

H@-'1#!95:5;5L5LC!(6E0/,!P?26!&'!+126#(('(!10-'?0!#.!+2(@$@2.

Bloc1Bloc2

(p)

(p)

!
 
Question B.1.2.3.3.1 I,1! ,.,?F(#! &#! 6#! (6E0/,! P?26! B'#??#(! H2.6$@2.(! ,'12.$! ?#(! 9?26:! #$!
9?26;!t!
!
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<#$$#! ($1'6$'1#! &#! 62//,.&#! #($! '.#! ($1'6$'1#! (@ /+?#! &#! 6211#6$@2.! 6,1! #??#! .A,-@$! B'#! ('1!
?A#11#'15!
",! .2'>#??#!($1'6$'1#!&#!+@?2$,-#!&#!?,!<5f5!+#1/#$!&A@.$0-1#1!&#(! ($1'6$'1#(!&#!6211#6$@2.!&#!
$F+#!OZG5!<#(! ($1'6$'1#(!+#1/#$$#.$!&A,-@18!3!?,!H2@(! ('1! ?A#11#'1! /,@(! ,'((@! ('1! ?,! >,1@,P?#!3!
10-'?#1!#$!?,!62.(@-.#!&#!10-?,-#5!
",! (F.$EV(#! &#(! 6211#6$#'1(! OZG! 62.(@($#!&2.6! 3! 1#6E#16E#1! $12@(! +2?F.u/#(! *R(p)! o!
$1,@$#/#.$! &#! ?,!-1,.&#'1! 3! 10-'?#18! S(p)! o! $1,@$#/#.$! &#! ?A#11#'1! #$!T(p)! o! $1,@$#/#.$! &#! ?,!
62.(@-.#4!+2'1!2P$#.@1!?,!$1,.(/@$$,.6#!#.!P2'6?#!H#1/0#!&0(@10#!#.!,((#1>@((#/#.$5!
=,.(! 6#$$#! +,1$@#! 2.! (#! +12+2(#! &#! /#$$1#!#.! +?,6#! '.#! /0$E2&#! &#! (F.$EV(#! &#! 6#! $F+#!
&A,16E@$#6$'1#!&#!6211#6$#'15!
!

B.2 Correction avec structure RST  
95;5:! Y2&0?@(,$@2.!&#!?,!P2'6?#!&#!62'1,.$!

"#!>,1@,$#'1!,(('1#!'.#!10-'?,$@2.!#.!62'1,.$!&#!?,!YZ7I!&A#.$10#! kcna.iref(t4!#$!&#!(21$@#!i(t).!
h.! #((,@! 12$21! 6,?0! *?#! 12$21! &#! ?,! YZ7I! P1@&0#4! #.! 10+2.(#! 3! ?A06E#?2.! '.@$,@1#! ,! &2..0! ?#!
10('?$,$!('@>,.$!C!

!
!

].!&06@&#!&A,++12%@/#1!?,!P2'6?#!&#!62'1,.$!3!'.!+1#/@#1!21&1#!&#!-,@.!($,$@B'#!.2$0!ki!#$!&#!
62.($,.$#!&#!$#/+(!.2$0#! We5!
 
Question B.2.1.1 `&#.$@H@#1! ('1! ?#! &26'/#.$! 10+2.(#!9; ?,! H2.6$@2.! &#! $1,.(H#1$! &'! >,1@,$#'1!
,>#6!?,!YZ7I5!].!H#1,!,++,1,g$1#!?,!62.($1'6$@2.!('1!?,!62'1P#5!
!
Question B.2.1.2 <2/+,1#1! ?,! >,?#'1! .'/01@B'#! &#! ?,! 62.($,.$#! &#! $#/+(! &#! ?,! P2'6?#! &#!
62'1,.$! We!,>#6!?,!>,?#'1!.'/01@B'#!&#!?,!62.($,.$ #!&#!$#/+(!&#!?,!+,1$@#!/06,.@B'#!1,/#.0#!
('1!?A,1P1#!&#!?,!YZ7I!Wm 2P$#.'#!3!?,!B'#($@2.!95:5;5L5:5L5!<2.6?'1#5!

 i(t) 

t (s.) 

O0+2.(#!3!?A06E#?2.!'.@$,@1#!#.!kcna.Iref(t)!
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=,.(!?,!('@$#!&'!(')#$!?#!(6E0/,!P?26!6@D&#((2'(!(#1,!,&2+$0!C!

:k

p

1

1 +    m.pW

(p) kve V(p) X(p)

Schéma bloc de la partie de la chaîne d'énergie comprenant variateur + MSAP + outil d'écrasement

:

Iref(p)

(p)

X(p)

kcap:

kcapx

:

+ capteur de pulsation de rotation et de position et sortie analogique C.N.
 
Question B.2.1.3 7!+,1$@1!&#(!10('?$,$(!&#!?,!B'#($@2.!95:5;5L5:5K8!&0$#1/@.#1!k:!#.!H2.6$@2.!&#!
kcna, ki, kt!#$!fr.!=2..#1!?A,++?@6,$@2.!.'/01@B'#5!!
!
95;5;! I1@.6@+#!&#!?,!6211#6$@2.!OZG!
].!62.(@&V1#!'.!+126#(('(!&l#.$10#! U(p)!#$!&#!(21$@#!Y(p),!(2'/@(!3!'.#!+#1$'1P,$@2.!P(p).!
",!(21$@#!#($!&0H@.@#!+,1!C!Y(p) = G(p).U(p) + H(p).P(p4!,>#6!?,!$1,.(/@$$,.6#!#.!P2'6?#!2'>#1$#!C!!

)p(A
)p(B

p.a

p.b

)p(G n

0i

i
i

m

0i

i
i

  

¦

¦

 

 

!

",!H21/#!-0.01,?#!&'!6211#6$#'1!OZG!@.$0-10#!&,.(!?,!62//,.&#!.'/01@B'#!*<5f54!#($!&2..0#!
+,1!?,!H@-'1#!('@>,.$#!C!

Y(p)

S(p)

H@-'1#!95;5;!C!($1'6$'1#!OZG

Yref(s) T(p)
A(p)

B(p)
G(s)=

1 U(s)

R(p)

H(p)
P(p)

+126#(('(!m!6,+$#'1(
<5f5

!
2v!R(p), S(p), T(p)!(2.$!&#(!+2?F.u/#(!B'#!?l2.!6,?6'?#! +2'1!2P$#.@1!?,!$1,.(/@$$,.6#!#.!P2'6?#!

H#1/0#!&0(@10#!#.!,((#1>@((#/#.$!*+#1$'1P,$@2.!62.($,.$#4
! )p(Ad

)p(Bd
)p(Y

)p(Y)p(FTBFd
ref

  !

Bd(p)!#$!Ad(p)!(2.$!?#(!+2?F.u/#(!&0(@10(!+2'1!?#!62/+21$#/#.$!#.!P2'6?#!H#1/0#5!

Yref(p) U(p)
G(p) =



14/30 partie B : automatique 

!
"#(!+2?F.u/#(!(#12.$!&#!?,!H21/#!C!
I126#(('(! A(p)=a0+a1.p+a2.p²+…+an.pn 

B(p)=b0+b1.p+b2.p²+…+bm.pm!
<211#6$#'1! R(p)=r0+r1.p+r2.p ²+…+rj.pj 

S(p)=s0+s1.p+s2.p²+…+sk.pk 
T(p)=t0+t1.p+t2.p²+…+tl.pl!

I126#(('(!&0(@10! Ad(p)=ad0+ad1.p+ad2.p²+…+ade.pe 
Bd(p)=bd0+bd1.p+bd2.p²+…+bdf.pf!

!
La perturbation p(t) est considérée comme nulle.!

Question B.2.2.1 =0$#1/@.#1!?,!H2.6$@2.!&#!$1,.(H#1$!#.!P2'6?#!H#1/0#
)p(Y

)p(Y)p(FTBFd
ref

 !#.!

H2.6$@2.!&#!R(p), S(p), T(p), A(p), B(p).!!
!
Question B.2.2.2 Q.!&0&'@1#!Bd(p)!#$!Ad(p)!#.!H2.6$@2.!&#!R(p), S(p), T(p), A(p), B(p).!
 
].!6E#16E#1,!&2.6!3!&0$#1/@.#1!?#(!&#-10(!#$!?#(!62#HH@6@#.$(!&#(!+2?F.u/#(!R(p), S(p)!#$!T(p)!
+2'1!2P$#.@1!?#(!+#1H21/,.6#(!&0(@10#(!&'!(F($V/#!#.!P2'6?#!H#1/0#8!#.!&@($@.-',.$!L!$F+#(!&#!
(+06@H@6,$@2.!C!

x! ?#!+?,6#/#.$!&#(!+u?#(!&#!?,!$1,.(/@$$,.6#!&'!(F($V/#!#.!P2'6?#!H#1/0#!*6E2@%!&#!?,!
&F.,/@B'#8!-#($@2.!&#!?A#HH#$!&#(!+u?#(!('1!?#!&0+,((#/#.$55545!

x! ?l0?@/@.,$@2.!&#!?l06,1$!($,$@B'#5!
x! ?,! 62/+#.(,$@2.!&#(! j012(!&#!?,! $1,.(/@$$,.6#!#.!P2'6?#!2'>#1$#! *('++1#((@2.!&'!

&0+,((#/#.$!-0.010!+,1!?#(!j012(45!
!!
95;5L! I?,6#/#.$!&#(!+u?#(!C!I1@.6@+#8!6E2@%!&'!&#-10!&#(!+2?F.u/#(!
"#(!+#1H21/,.6#(!&0(@10#(!&'!(F($V/#!#.!P2'6?#!H#1/0#8!#%+1@/0#(!#.!$#1/#(!&#!62.($,.$#(!
&#!$#/+(!#$!&l,/21$@((#/#.$8!(2.$!+1@.6@+,?#/#.$!&0H@.@#(!+,1!?#(!+u?#(!&#!?,!$1,.(/@$$,.6#!&'!
(F($V/#! #.! P2'6?#! H#1/0#! * FTBFd(p))5! <#(! +u?#(8! (2?'$@2.(! &'! &0.2/@.,$#'1! &#! 6#$$#!
$1,.(/@$$,.6#8! +#1/#$$#.$! &#! &0$#1/@.#1! ?#(! 62#HH@6@#.$(! &'! +2?F.u/#! 6,1,6$01@($@B'#! &#! ?,!
FTBFd(p) *?#!&0.2/@.,$#'1!Ad(p)45!!
!
Convention de notation : On notera le degré du polynôme A(p) par deg[A(p)]. 
!
Question B.2.3.1!=0$#1/@.#1!?A0B',$@2.!&#!U(p)!#.!H2.6$@2.!&#!R(p), S(p), T(p), Yref(p) #$!Y(p) 
 
"#(!$1,.(/@$$,.6#(!.#!+#'>#.$!+,(![$1#!,.$ @6@+,$@>#(!*+1@.6@+#!&#!6,'(,?@$045!

O,++#?!C!
)p(A
)p(B)p(G  !

!
Question B.2.3.2 =2..#1!?#(!@.0B',$@2.(!1#?@,.$!?#(!&#-10(!&#(!+2?F.u/#(!C!

A(p)!,>#6!B(p).!
S(p)!,>#6!R(p).!
T(p)!,>#6!S(p).!

!
Question B.2.3.3 =2..#1! ?A0B',$@2.! &2..,.$ ! ?#! &#-10! &'! +2?F.u/#! Ad(p)! #.! H2.6$@2.! &#(!
&#-10(!&#(!+2?F.u/#(! A(p)! #$!S(p)! #.!H,@(,.$!@.$#1>#.@1!?#(!&#-10(!&#(!+2?F.u/#(! 62.$#.'(!
&,.(!?A0B',$@2.!Ad(p) = S(p).A(p) + R(p).B(p)!
!
"#! .2/P1#!&l0B',$@2.(8!&0H@.@!+,1!?#! .2/P1#!&#!62#HH@6@#.$(!@/+2(0(!+,1!?#!&0.2/@.,$#'1!#.!
P2'6?#! H#1/0#! 6E2@(@#!Ad(p)8! &2@$! [$1#! 0-,?! ,'! .2/P1#! &l@.62..'#(! 6211#(+2.&,.$! ,'%!
62#HH@6@#.$(!&#(!+2?F.u/#(!R(p)!#$!S(p)!+2'1!2P$#.@1!?l'.@6@$0!&#!?,!(2?'$@2.5!
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!
Question B.2.3.4 7H@.!&A,(('1#1!?A'.@6@$0!&#!?,!(2?'$@2.8!&2..#1!?A0B',$@2.!&2..,.$!?#!&#-10!&'!
+2?F.u/#! Ad(p)! #.! H2.6$@2.! &#(! &#-10(! &#(! +2?F.u/#(! R(p)! #$!S(p)! #.! H,@(,.$! @.$#1>#.@1! ?#!
.2/P1#!&#!+,1,/V$1#(!3!2P$#.@1!+2'1!&0$#1/@.#1!?#(!+2?F.u/#(!Ad(p), R(p)!#$!S(p).!

!
Question B.2.3.5 =#(!&#'%!0B',$@2.(!+1060&#.$#(!#.!&0&'@1#!?#!&#-10!&'!+2?F.u/#!R(p)!#.!
H2.6$@2.!&'!&#-10!&'!+2?F.u/#!&#!A(p)!
].!+2(#! n!?A21&1#!&'!+2?F.u/#!A(p)5!
!
Question B.2.3.6 =0&'@1#8! &#! ?,! 1#?,$@2.! +1060&#.$#! #$! &#!?,! 1#?,$@2.! &#! 6,'(,?@$0! 1#?@,.$! ?#!
&#-10 S(p)! ,'! &#-10! &#! R(p),! ?A@.0B',$@2.! 1#?@,.$! ?#! &#-10! &'! +2?F.u/#! S(p)! #.! H2.6$@2.! &'!
&#-10!&'!+2?F.u/#!&#! A(p)!
].!+2(#! n!?A21&1#!&'!+2?F.u/#!A(p)5!
!
Question B.2.3.7 Q.! &0&'@1#! ?A@.0B',$@2.! 1#?@,.$! ?#! &#-10! &'! +2?F.u/#! Ad(p)! #.! H2.6$@2.! &'!
&#-10!&'!+2?F.u/#!&#! A(p)!
].!+2(#! n!?A21&1#!&'!+2?F.u/#!A(p)5!
!
Question B.2.3.8 Y2.$1#1! B'#8! +2'1! ?l21&1#! /@.@/,?!&'! (F($V/#! 6211@-08! ?#(! &#-10(! &#(!
+2?F.u/#(!(2.$!*,>#6! n ordre!&'!+2?F.u/#! A(p)4C!

n-1 +2'1!R(p)5!
n-1 +2'1!S(p)5 
2.n-1 +2'1!Ad(p)5!

!
95;5J! 7++?@6,$@2.!,'!10-?,-#!&#!?,!P2'6?#!&#!>@$#((#!

(p)

S(p)

H@-'1#!95;5J!C!P2'6?#!&#!>@$#((#

ref(p) T(p)
A(p)

B(p)
G(s)=          =

1 U(p)

R(p)

H(p)
P(p)

6E,g.#!&l0.#1-@#!m!6,+$#'1(<5f5

::

1+  m.p

k

W

kcap:

:

2v!! k:! o! M8MMJ^! d51,&R(! C! -,@.! ($,$@B'#! &#! ?,! 6E,g.#! &@1#6$#! &#! ?,! P2'6?#! &#! +'?(,$@2.! &#!
12$,$@2.5!!

Wm!o!M8:(5!C!62.($,.$#!&#!$#/+(!&#!?,!+,1$@#!/06,.@B'#!1,/#.0#!('1!?A,%#!&#!?,!YZ7I5!
kcap:!o!aK;!d5(R1,&!C!-,@.!&'!6,+$#'1!&#!>@$#((#!

!
<,E@#1!&#(!6E,1-#(!C!].!(2'E,@$#!B'#!?#!(F($V/#!6211@-0!(#!62/+21$#!62//#!'.!+1#/@#1!21&1#!
,>#6!'.#!62.($,.$#!&#!$#/+(!&0(@10#! Wd!*$#?!B'#!?#!$#/+(!&#!10+2.(#!3!Kw!#.!P2'6?#!H#1/0#!
(2@$!B',$1#!H2@(!+?'(!H,@P?#!B'#!6#?'@!&#!?,!P2'6?#!2'>#1$#4!#$!'.!-,@.!($,$@B'#!'.@$,@1#5!
!
Question B.2.4.1 =0$#1/@.#1! ?#(! &#-10(! &#(! +2?F.u/#(! R(p), S(p)! #$ T(p). Q.! &0&'@1#! ?#(!
&#-10(!&#!Ad(p)!#$!Bd(p)!*2.!(#!+?,6#1,!&,.(!?#!6,(!&#!?,! 1#6E#16E#!&A'.!21&1#!/@.@/,?!+2'1!?#!
(F($V/#!6211@-045!
!
Question B.2.4.2 Q.!&0&'@1#!?,!H21/#!&#(!+2?F.u/#(!R(p), S(p), T(p), Bd(p) #$!Ad(p)!*6H!95;5;4.!

G(p) =
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Question B.2.4.3 =0$#1/@.#1! ?,! H2.6$@2.! &#! $1,.(H#1$! #.! P2'6?#! H#1/0#! &0(@10#!FTBFd(p)!
(,$@(H,@(,.$! ?#(! (+06@H@6,$@2.(! &'! 6,E@#1! &#(! 6E,1-#(! *].! (2'E,@$#! B'#! ?#! (F($V/#! 6211@-0!
,&/#$$#!'.#!62.($,.$#!&#!$#/+(! Wd!#$!'.!-,@.!($,$@B'#!'.@$,@1#45!
",! FTBFd(p)!(#1,!+10(#.$0#!(2'(!H21/#!6,.2.@B'#5!
].!+106@(#1,!?,!>,?#'1!&'!+u?#!&#!?,!FTBFd(p)5!
Q.!&0&'@1#8!+,1!@&#.$@H@6,$@2.!+,1,/0$1@B'#8!?#(!62#HH@6@#.$(!&#!Bd(p)!#$!Ad(p) &#!?,!FTBFd(p).!
!
Question B.2.4.4 I,1! @&#.$@H@6,$@2.! +,1,/0$1@B'#! &#(! &#'%!0B',$@2.(! 2P$#.'#(! 3! ?,! B'#($@2.!
95;5;5;8! &0$#1/@.#1! ?#(! H21/#(! ?@$$01,?#(! &#(! +2?F.u/#(!R(p), S(p)! #$!T(p)! #.! H2.6$@2.! &#!k:, 
kcap:, Wm, Wd5!
!
].! &0(@1#! '.! $#/+(! &#! 10+2.(#! 3! Kw! B',$1#! H2@(!+?'(! H,@P?#! #.! P2'6?#! H#1/0#! B'#! 6#?'@! &'!
+126#(('(!#.!P2'6?#!2'>#1$#5!
!
Question B.2.4.5 =0$#1/@.#1! ?A#%+1#((@2.!?@$$01,?#! #.! H2.6$@2.! &#!Wm8! +'@(! ?A,++?@6,$@2.!
.'/01@B'#8!&#!Wd5!
!
Question B.2.4.6 =0$#1/@.#1!?A,++?@6,$@2.!.'/01@B'#!&#(!+2?F.u/#(!R(p), S(p)!#$!T(p)5!
 
95;5K! Q?@/@.,$@2.!&#!?A#11#'1!($,$@B'#!
iF+2$EV(#!C!].!('++2(#!B'#!M!.l#($!+,(!+u?#!&#! H(p)5!
Soit p(t) l’échelon unitaire et Zref(t)=0 
95;5K5:!Y@(#!#.!0>@&#.6#!

(p)

S(p)

H@-'1#!95;5K5:!C!P2'6?#!&#!>@$#((#!,>#6!+#1$'1P,$@2.

ref(p) T(p)
A(p)

B(p)
G(s)=          =

1 U(p)

R(p)

H(p)
P(p)

6E,g.#!&l0.#1-@#!m!6,+$#'1(<5f5

::

1+  m.p

k

W

kcap:

:

 

Question B.2.5.1.1!=0$#1/@.#1!?,!H2.6$@2.!&#!$1,.(H#1$!
)p(P
)p(:

!#.!H2.6$@2.!&#!A(p), B(p), H(p), 

R(p), S(p) #$ kcap:. 
 
Question B.2.5.1.2! I,1! ,++?@6,$@2.!&'!$E021V/#!&#!?,!>,?#'1!H@.,?#8!#.!10+2.(#!3! '.!06E#?2.!
&#!+#1$'1P,$@2.!p(t)!'.@$,@1#!&2..#1!Z(tof). <2.6?'1#!
!

].! &0(@1#! 1#.&1#! @.(#.(@P?#! ?,! (21$@#!Z(t)! 3! '.#! +#1$'1P,$@2.!p(t) #.! 06E#?2.! +2'1! ?#! 10-@/#!
+#1/,.#.$5!
!
95;5K5;!I1@.6@+#!
I2'1! ,..'?#1! ?l#11#'1! ($,$@B'#! &'#! 3! ?,! +#1$'1P,$@2.8!@?! H,'$! @.$12&'@1#! '.! .2/P1#! ('HH@(,.$!
&l@.$0-1,$@2.*(4! &,.(! ?,! 6E,g.#!&@1#6$#5! =,.(! ?#! 6,(! &l'.#! +#1$'1P,$@2.! 62.($,.$#8! '.#! (#'?#!
@.$0-1,$@2.!('HH@$5!
].!+2(#! S(p)=p.S’(p).!
Q$!S’(p)!(#1,!&#!?,!H21/#!S’(p)=s0+s1.p+s2.p²+…+sk.pk 

G(p) =
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Question B.2.5.2.1!=0$#1/@.#1!?,!H2.6$@2.!&#!$1,.(H#1$!
)p(P
)p(:

!#.!H2.6$@2.!&#!R(p), S’(p), kcap:, 

H(p), A(p) #$!B(p). 
 
Question B.2.5.2.2! I,1! ,++?@6,$@2.!&'!$E021V/#!&#!?,!>,?#'1!H@.,?#8!#.!10+2.(#!3! '.!06E#?2.!
&#!+#1$'1P,$@2.!'.@$,@1#!&2..#1!Z(tof). <2.6?'1#!
 
Question B.2.5.2.3!Q.!(A@.(+@1,.$!&#!?,!&0/,16E#!&0>#?2++0#!&,.(!?,!+,1$@#!95;5L!&2..#18!+2'1!
?l21&1#!/@.@/,?!&'!(F($V/#!6211@-08!?#(!&#-10(!&#(!+2?F.u/#(!R(p), S’(p) #$!Ad(p)!#.!H2.6$@2.!
&'!&#-10!&#!A(p). 
].!+2(#! n!?A21&1#!&'!+2?F.u/#!A(p)5!
!
95;5K5L!7++?@6,$@2.!3!?,!P2'6?#!&#!>@$#((#!
"#!+126#(('(!#($!?#!('@>,.$!C!

(p)

p.S'(p)

H@-'1#!95;5K5L!C!P2'6?#!&#!>@$#((#

ref(p) T(p)
A(p)

B(p)
G(p)=          =

1 U(p)

R(p)

H(p)
P(p)

6E,g.#!&l0.#1-@#!m!6,+$#'1(<5f5

::

1+  m.p

k

W

kcap:

:

2v!! k:! o! M8MMJ^! d51,&R(! C! -,@.! ($,$@B'#! &#! ?,! 6E,g.#! &@1#6$#! &#! ?,! P2'6?#! &#! +'?(,$@2.! &#!
12$,$@2.5!!

Wm!o!M8:(5!C!62.($,.$#!&#!$#/+(!&#!?,!+,1$@#!/06,.@B'#!1,/#.0#!('1!?A,%#!&#!?,!YZ7I5!
kcap:!o!aK;!d5(R1,&!C!-,@.!&'!6,+$#'1!&#!>@$#((#!

!
<,E@#1!&#(!6E,1-#(!C!
].!(2'E,@$#!C!

�! B'#! ?#! (F($V/#! P2'6?0! ,&/#$$#! $2')2'1(! '.! $#/+(! &#! 10+2.(#! 3! Kw! #.! P2'6?#!
H#1/0#!J!H2@(!+?'(!H,@P?#!B'#!6#?'@!&'!+126#(('(!#.!P2'6?#!2'>#1$#5!

�! '.! ,/21$@((#/#.$! 61@$@B'#! *+,(! &#! &0+,((#/#.$! &#! ?, ! 10+2.(#! (2'/@(#! 3! '.!
06E#?2.!('1!?A#.$10#!&#!62.(@-.#!Zref(t)!$2'$!#.!2+$@/@(,.$!?#!$#/+(!&#!10+2.(#!3!
Kw45! "#! (F($V/#! P2'6?0! (#1,! &2.6! 62/ +2(0! &#! +u?#(! 10#?(! &#! 62.($,.$#! &#!
$#/+(! Wd.!

�! '.!06,1$!($,$@B'#! .'?!#.!+10(#.6#!&l'.#!62 .(@-.#!#$!&l'.#!+#1$'1P,$@2.!0>2?',.$!
#.!06E#?2.5!

�! h.!-,@.!($,$@B'#!'.@$,@1#5!
!
Question B.2.5.3.1 7!+,1$@1!&#(!10('?$,$(!&#!?,!B'#($@2.!95;5K5;5L8!&0$#1/@.#1!.'/01@B'#/#.$!
?#(! &#-10(! &#(! +2?F.u/#(! R(p), S(p)! #$ T(p)! +2'1! ?A21&1#! /@.@/,?! &'!(F($V/#! P2'6?0! #$! &'!
+2?F.u/#! T(p). Q.!&0&'@1#!?#(!&#-10(!&#!Ad(p)!#$!Bd(p)5!
!
Question B.2.5.3.2 Q.! &0&'@1#! ?,! H21/#! &#(! +2?F.u/#(!R(p), S(p), T(p), Bd(p) #$!Ad(p)! *6H5!
x95;5;!#$!x95;5K5;4.!
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Question B.2.5.3.3 7! +,1$@1! &#(! (+06@H@6,$@2.(! &'! 6,E@#1! &#(! 6E,1-#(! H2'1.@! ,'! x95;5K5L8!
&0$#1/@.#1!?#!+2?F.u/#!Ad(p)!#.!H2.6$@2.!&#!Wd. 
I,1/@!?#(!6E2@%!&#!Ad(p) 2.!+1#.&1,  Ad(p) $#?!B'#!ad2 = 1!
!
Question B.2.5.3.4 7! +,1$@1! &#(! (+06@H@6,$@2.(! &'! 6,E@#1! &#(! 6E,1-#(! H2'1.@! ,'! x95;5K5L8!
&0$#1/@.#1!?,!H2.6$@2.!&#!$1,.(H#1$!#.!P2'6?#!H#1/0#!&0(@10#!FTBFd(p)5!
!
Question B.2.5.3.5 Q.! (A@.(+@1,.$! &'! 10('?$,$! &#! ?,! B'#($@2.! 95;5;5;8! &0$#1/@.#1! (2'(! H21/#!
?@$$01,?#!?#(!+2?F.u/#(!R(p) #.!H2.6$@2.!&# k:, kcap:, Wd, Wm ; S(p) #.!H2.6$@2.!&# Wm!#$!T(p) #.!
H2.6$@2.!&# k:, Wd 5!
!
Question B.2.5.3.6 =0$#1/@.#1! *#.! '$@?@(,.$! ?A,P,B'#! &#(!$#/+(! &#! 10+2.(#! 3! Kw! 10&'@$! 6@D
&#((2'(4!?,!>,?#'1!.'/01@B'#!&#! Wd!+#1/#$$,.$!&A,>2@1!'.!$#/+(!&#!10+2.(#!3!Kw!J!H2@(!+?'(!
H,@P?#!B'#!6#?'@!&'!+126#(('(!#.!P2'6?#!2'>#1$#5!

!
!
Question B.2.5.3.7 =0$#1/@.#1!?A,++?@6,$@2.!.'/01@B'#!&#(!+2?F.u/#(!R(p), S(p)!#$!T(p)5!
!
",!+12P?0/,$@B'#!&#!6#$$#! (F.$EV(#!#($!B'A#??#!+#'$!H,@1#! ,++,1,g$1#!&#(!$1,.(/@$$,.6#(!R(p), 
S(p)!#$!T(p)!.2.!6,'(,?#(8!&2.6!.2.!10,?@(,P?#(!+EF(@B'#/#.$5!
 
Question B.2.5.3.8 I,1/@!?#(!$1,.(/@$$,.6#(!2P$#.'#(! R(p), S(p)!#$!T(p)8!6#1$,@.#(! (2.$D#??#(!
.2.!6,'(,?#(!t!Z@!2'@!?#(B'#?(!t!
!
].! 6E2@(@$! &#! /2&@H@#1! ?,! ($1,$0-@#! &#! 62//,.&#! #.! @.(01,.$! '.! +2?F.u/#! ,'%@?@,@1#! Filtre(p)!
($,P?#!&#!&#-10!0-,?!3!6#?'@!&#!S(p)!$1,.(H21/,.$!?,!?2@!&#!62//,.&#!&#!?,!H,S2.!('@>,.$#!C!
!

¸̧
¹

·
¨̈
©

§
� )p(.k.

)p(Filtre
)p(R)p(.

)p(Filtre
)p(T.

)p(S
)p(Filtre)p(U capref :: : !

!

].!6E2@(@!C!Filtre(p)=1+Wf.p5!
 
Question B.2.5.3.9 <#$! ,1$@H@6#! ('1! ?,! ($1,$0-@#! ,! $D@?! +#1/@(! &#! 610#1! &#(! P?26! 6,'(,'%!t!
Q%+?@B'#15!!
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95;5a! y?@/@.,$@2.!&#!?A#HH#$!&'!j012!
95;5a5:!`.H?'#.6#!&'!j012!
].! 10,?@(#! '.! #((,@! ('1! ?,! /,6E@.#!3!62'?@((#,' %! /'?$@+?#(! ,>#6!6#!10-?,-#!&#!?,!P2'6?#!&#!
>@$#((#!&#!?,!+,1$@#!95;5K!*6H!H@-'1#!95;5a45!

!

!
!

X@-'1#!95;5a!C!Q((,@!#.!P2'6?#!H#1/0#!&#!?,!P2'6?#!&#!>@$#((#
!
Question B.2.6.1.1! ",!10+2.(#!2P$#.'#!#($D#??#!6#??#!#(+010#!#.!62/+,1,@(2.!&'! /2&V?#!&#!
62..,@((,.6#!&#!?,!6E,1-#!&0>#?2++0!3!?,!+,1$@#!95;5:!#$!&'!6,E@#1!&#(!6E,1-#(!&'!6211#6$#'1!
OZG!/@(!#.!+?,6#!3!?,!+,1$@#!95;5K!t!71-'/#.$#15!
!
h.#!@&#.$@H@6,$@2.!&#!?,!6E,g.#!&A0.#1-@#!,!&2..0!?#!10('?$,$!('@>,.$!C!

22
z

refcna )p.2,01(
)p.1,01.(005,0

)p.2,01(
)p.1.(005,0

)p(I.k
)p(

�

�
 

�

�
 

W:
!

"A0?0/#.$!+#1$'1P,$#'1!-0.01,$#'1!&#!&0+,((#/#.$!#($!?#!j012!&#!6#$$#!$1,.(/@$$,.6#5!

Question B.2.6.1.2! ",!$1,.(/@$$,.6#! 22
z

refcna )p.2,01(
)p.1,01.(005,0

)p.2,01(
)p.1.(005,0

)p(I.k
)p(

�

�
 

�

�
 

W:
!+2((V&#!

'.!j0125!Q($D@?!62/+#.(,P?#!+,1!'.!+u?#!($,P?#!t!71-'/#.$#15!
!

Z(t) 

t(s.) 

O0+2.(#!3!?A06E#?2.!'.@$,@1#!#.!!Zref(t)!#$!p(t)=0!
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iF+2$EV(#!C! ].! ('++2(#! $2')2'1(! B'#! M! .l#($! +,(! +u?#! &#! H(p)5! ].! 6E#16E#! $2')2'1(! 3!
62/+#.(#1!?A#11#'1!($,$@B'#!?@0#!3!'.#!+#1$'1P,$@2.5!
!

(p)

S(p)

H@-'1#!95;5a5:!C!P2'6?#!&#!>@$#((#!,>#6!+#1$'1P,$@2.

ref(p) T(p)
A(p)

B(p)
G(p)=          =

1 U(p)

R(p)

H(p)
P(p)

6E,g.#!&l0.#1-@#!m!6,+$#'1(<5f5

::

(1+0,2.p)²

kcap:

:k     .(1+.  z.p)W

 
!
95;5a5;!I1@.6@+#!
",!H21/#!-0.01,?#!&'!6211#6$#'1!OZG!#( $!1,++#?0#!+,1!?,!H@-'1#!('@>,.$#!C!

Y(p)

S(p)

H@-'1#!95;5a5;!C!($1'6$'1#!OZG

Yref(p) T(p)
A(p)

B(p)
G(p)=

1 U(s)

R(p)

H(p)
P(p)

6E,g.#!&l0.#1-@#!m!6,+$#'1(
<5f5

!
2v!R(p), S(p), T(p)!(2.$!&#(!+2?F.u/#(!B'#!?l2.!6,?6'?#! +2'1!2P$#.@1!?,!$1,.(/@$$,.6#!#.!P2'6?#!

H#1/0#!&0(@10#!#.!,((#1>@((#/#.$!*+#1$'1P,$@2.!#.!06E#?2.45
! )p(Ad

)p(Bd
)p(Y

)p(Y)p(FTBFd
ref

  !

Bd(p)!#$!Ad(p)!(2.$!?#(!+2?F.u/#(!&0(@10(!+2'1!?#!62/+21$#/#.$!#.!P2'6?#!H#1/0#5!
=,.(!?#!6,(!&#!j012(!62/+#.(,P?#!2.!+2(#! S(p) = B(p).p.S’(p)!
 
La perturbation p(t) est considérée comme nulle 

Question B.2.6.2.1!=0$#1/@.#1!?,!$1,.(/@$$,.6#!
)p(Y

)p(Y)p(FTBF
ref

 !#.!H2.6$@2.!&#!A(p), R(p), 

S’(p), T(p) et p.!
!
I2'1! 62/+#.(#1! ?#(! j012(! 62/+#.(,P?#(! &#! G(p)8! ?#(! +2?F.u/#(! R(p), S(p), T(p) &2@>#.$!
(,$@(H,@1#!?#(!1#?,$@2.(!('@>,.$#(!C!
!

)p(Ad)p(R)p(A).p(S.p)'b(
)p(Bd)p(T)a(

)p(S.p).p(B)p(S

 �c
 

c 

!

!

 

U(p)



21/30 partie B : automatique 

Question B.2.6.2.2!Q.!(A@.(+@1,.$!&#!?,!&0/,16E#!&0>#?2++0#!&,.(!?,!+,1$@#!95;5L!&2..#18!+2'1!
?l21&1#!/@.@/,?!&'!(F($V/#!6211@-08!?#(!&#-10(!&#(!+2?F.u/#(!R(p), S’(p) #$!Ad(p)!#.!H2.6$@2.!
&'!&#-10!&#!A(p)5!
].!+2(#! n!?A21&1#!&'!+2?F.u/#!A(p)!#$!m!?A21&1#!&'!+2?F.u/#!B(p)5!
!
95;5a5L!7++?@6,$@2.!3!?,!P2'6?#!&#!>@$#((#!
"#!+126#(('(!#($!?#!('@>,.$!C!

(p)

B(p).p.S'(p)

H@-'1#!95;5a5L!C!P2'6?#!&#!>@$#((#!,>#6!+#1$'1P,$@2.

ref(p) T(p)
A(p)

B(p)
G(p)=          =

1 U(p)

R(p)

H(p)
P(p)

6E,g.#!&l0.#1-@#!m!6,+$#'1(<5f5

::

(1+0,2.p)²

kcap:

k    .(1+   z.p)W

Wz=0,1 s.

:

!
2v!! k:!!o!M8MMK!d51,&R(!C!-,@.!($,$@B'#!&#!?,!6E,g.#!&@1#6$#!&#!?,!P2'6?#!&#!+'?(,$@2.!&#!12$,$@2.5!!

Wz=M8:(5!C! 62.($,.$#! &#! $#/+(! &'! j012! &#! ?,! +,1$@#! /06,.@B'#! 1,/#.0#! ('1! ?A,%#! &#! ?,!
YZ7I5!

kcap:!o!aK;!d5(R1,&!C!-,@.!&'!6,+$#'1!&#!>@$#((#!
!

<,E@#1!&#(!6E,1-#(!C!
].!(2'E,@$#!C!

�! B'#! ?#! (F($V/#! P2'6?0! ,&/#$$#! $2')2'1(! '.! $#/+(! &#! 10+2.(#! 3! Kw! #.! P2'6?#!
H#1/0#!J!H2@(!+?'(!H,@P?#!B'#!6#?'@!&'!+126#(('(!#.!P2'6?#! 2'>#1$#!2P$#.'! 3!?,!
+,1$@#!x95;5:5!

�! '.! ,/21$@((#/#.$! 61@$@B'#! *+,(! &#! &0+,((#/#.$! &#! ?, ! 10+2.(#! (2'/@(#! 3! '.!
06E#?2.!('1!?A#.$10#!&#!62.(@-.#!Zref(t)!$2'$!#.!2+$@/@(,.$!?#!$#/+(!&#!10+2.(#!3!
Kw45! "#! (F($V/#! P2'6?0! (#1,! &2.6! 62/ +2(0! &#! +u?#(! 10#?(! &#! 62.($,.$#! &#!
$#/+(! Wd.!

�! '.!06,1$!($,$@B'#! .'?!#.!+10(#.6#!&l'.#!62 .(@-.#!#$!&l'.#!+#1$'1P,$@2.!0>2?',.$!
#.!06E#?2.5!

�! h.!-,@.!($,$@B'#!'.@$,@1#5!
!
Question B.2.6.3.1 =0$#1/@.#1!?#(!&#-10(!&#(!+2?F.u/#(!R(p), S’(p)! #$ T(p). Q.!&0&'@1#!?#(!
&#-10(!&#!Ad(p)!#$!Bd(p)5!
!
Question B.2.6.3.2 Q.! &0&'@1#! ?,! H21/#! &#(! +2?F.u/#(!R(p), S(p), T(p), Bd(p) #$!Ad(p)! *6H!
x95;5;!#$!x95;5a5;4.!
!
Question B.2.6.3.3 =0$#1/@.#1!?#!+2?F.u/#!Ad(p)!#.!H2.6$@2.!&#!Wd. 
I,1/@!?#(!6E2@%!&#!Ad(p) 2.!+1#.&1,  Ad(p) $#?!B'#!ad3 = 1!
!
Question B.2.6.3.4 =0$#1/@.#1!?,!H2.6$@2.!&#!$1,.(H#1$!#.!P2'6?#!H#1/0#!&0(@10#!FTBFd(p)!#.!
H2.6$@2.!&#!Wd >01@H@,.$!?#(!(+06@H@6,$@2.(5!
!
Question B.2.6.3.5 Q.! (A@.(+@1,.$! &'! 10('?$,$! &#! ?,! B'#($@2.! 95;5;5;8! &0$#1/@.#1! (2'(! H21/#!
?@$$01,?#!?#(!+2?F.u/#(!R(p) #.!H2.6$@2.!&# kcap:, Wd ; S(p) #$!T(p) #.!H2.6$@2.!&# Wd 5!
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Question B.2.6.3.6 "A@/+?,.$,$@2.! &#(! 10('?$,$(! .'/01@B'#(! &'! 6211#6$#'1! OZG! &#! ?,! +,1$@#!
95;5a! &2..#! ?,! 10+2.(#! 3! ?A06E#?2.! '.@$,@1#! #.!Zref(t)! *,((#1>@((#/#.$4! +'@(! ?,! 10+2.(#! 3!
?A06E#?2.!'.@$,@1#!#.!p(t) = cr(t)!*10-'?,$@2.4!C!
!

!
!

!
!

X@-'1#!95;5a5L5a!C!10+2.(#!#.!>@$#((#!,'%!06E#?2.(!'.@$,@1#(!
&#!>@$#((#!&#!10H01#.6#!Zref(t) #$!&#!+#1$'1P,$@2.!p(t)=cr(t).

!
I,1!,.,?F(#!&#(!62'1P#(!/2.$1#1!B'#!?#!62 11#6$#'1!10+2.&!,'!6,E@#1!&#(!6E,1-#(!
!

O0+2.(#!3!?A06E#?2.!'.@$,@1#!#.!Zref(t) #$!p(t)=0 

O0+2.(#!3!?A06E#?2.!'.@$,@1#!#.!p(t)=cr(t) #$!Zref(t)=0!Z(t) 

t(s.) 

t(s.) 

Z(t) 



!

23/30 partie C : Comportement cinématique 

C -  ETUDE DU COMPORTEMENT CINÉMATIQUE 
!
f2'(!,??2.(!.2'(!@.$01#((#1!&#!+?'(!+1V(!3!;!,%#( !&#!?,!/,6E@.#!3!62'?@((#,'%!/'?$@+?#(5!f2'(!
,??2.(!>01@H@#1!6#1$,@.#(!EF+2$EV(#(!0.2.60#(!&,.(!?#(!+,1$@#(!+1060&#.$#(5!
!

C.1 Paramétrage (schémas cinématiques pages 28 & 30) 
!

"#(!/06,.@(/#(!0$'&@0(!&,.(!6#$$#!+,1$@#!(2.$!62.($@$'0(!&#!a!2'!&#!\!(2?@&#(!#$!&l'.!Pb$@!C!

9b$@!M! O#+V1#!�- ! ),,,( gggsta zyxO &&& ggsta ydxLOO &&
.. 010110 � !k!

ggg zdyLxdOO &&&
... 0302023010 �� !

Z$,$21! O#+V1#! ),,,( MMMsta zyxO &&&
MMecrsta xLOO &

. !

O2$21D0612'! O#+V1#! ),,,( mmMecr zyxO &&&
! !

d@(! O#+V1#! ),,,( MMMvis zyxO &&&
MMvisecr xxOO &

. !*&0+?,6#/#.$!&#!?,!>@(!&,.(!?l0612'4

9,(6'?#'1!: ! O#+V1#! ),,,( 11110 zyxO &&&
! 1110 .ydOO vis

&
 !k! 111210 .xdOO &

 !

9@#??#$$#!&#!1#.>2@!;! O#+V1#! ),,,( 22212 zyxO &&&
! 221223 .ydOO &

 !*,%#!d=Q4!#$! 221223 .'' ydOO &
 *,%#!dI4

I2@.S2.! O#+V1#! ),,,( 23 poipoipoi zyxO &&& F+2@5 poiy& !C!&0+?,6#/#.$!>#1$@6,?!&'!+2@.S2.!

P+2@!C!>,?#'1!/,%@/,?#!&' !&0+?,6#/#.$!F +2@!

I2'((2@1!L! O#+V1#! ),,,( 33334 zyxO &&&
! 33332330 .. zzydOO &&

�� !k! 333034 .zLOO &
 !

z,/P#!J ! O#+V1#! ),,,( 44445 zyxO &&&
! 443445 .zLOO &

 !

Y,$1@6#!K! O#+V1#! ),,,( 55545 zyxO &&&
! j K!C!&0+?,6#/#.$!&#!?l#%$10/@$0!&#!?,!/,$1@6#!K!

' H21/!C!>,?#'1!/,%@/,?#!&'!&0+?,6#/#.$! j K!
!

 Centre Orientation absolue 
Q.$1#!d@(!#$!�- ! ] ($, ! ),( MgM xx &&

 T !

Q.$1#!:!#$!�- ! ] :M! ),( 11 xxg
&&

 T !

Q.$1#!;!#$!�- ! !
),( 22 xxg

&&
 T !

),( 22 zzg
&&

 M !

Q.$1#!L!#$!�- ! ] LM! ),( 33 yyg
&&

 M !

Q.$1#!J!#$!�- ! ] JK! ),( 44 yyg
&&

 M !
!

Dimensions Valeurs 
numériques 

 Caractéristiques Valeurs 
numériques 

" M:! a^M!//! ! d @/+! D:!/R(!
" M;! :L;M!//! ! I,(!&#!?,!>@(!*/2$#'14! a!//!
" L! K;!//! ! ! !
" J! J\!//! ! ! !
" Y ! KJM!//! ! ! !
&M:! ;aM!//! ! ! !
&M;! ;aM!//! ! ! !
&ML! a;!//! ! ! !
&: ! ;aM!//! ! ! !
&; ! \J:!//! ! &l ; ! ::MM!//!
&L! Jr!//! ! j L! a;!//!
P+2@! DKr8^!//! ! ! !
' H21/! ;:!//! ! ! !



!
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C.2 Vérification d'hypothèses sur la modélisation de l’axe VED 
! =,.(!?,!+,1$@#!98!.2'(!,>2.(!0$'&@0!?,! 62//,.&#!&#!?l,%#!dQ=!#.!# HH#6$',.$!6#1$,@.#(!
EF+2$EV(#(!62//#!6#??#!&l'.!62/+21$#/#.$!+'1#/ #.$!#.!$1,.(?,$@2.!&#!?A2'$@?!&A061,(#/#.$!#$!
&#!?,!P@#??#$$#!&#!1#.>2@!&A,.-?#!@.H01@#'1#!*<H!H@-'1#!95:45!
I2'1! >01@H@#1! 6#1$,@.#(! EF+2$EV(#(8! .2'(! ,??2.(! 1#+1#.&1#! ?,! /2&0?@(,$@2.! #.! 10,?@(,.$! '.!
(6E0/,!6@.0/,$@B'#!+?'(!+106@(!&#!?l,%#!dQ=5!
!
<5;5:! Y2&0?@(,$@2.!6@.0/,$@B'#!&#!?l,%#!dQ=!C!+,1$@#!/2$#'1!*7..#%#!<4!
! !

Question C.2.1.1 <2/+?0$#1! ?#! (6E0/,! 6@.0/,$@B'#! #.! +12+2(,.$! '.#! /2&0?@(,$@2.!
6@.0/,$@B'#!&'!/2$#'1!0?#6$1@B'#5!

Question C.2.1.2 7'!+2@.$! ] ($,8! '.#!?@,@(2.!+@>2$!#($!+12+2(0#5!z'($@H@#1!?,!+10(#.6#!&#!6#$$#!
?@,@(2.!&,.(!?#!H2.6$@2..#/#.$!&'!(F($V/#5!

Question C.2.1.3 7'!+2@.$! ] >@(8! '.#!?@,@(2.!+@>2$!#($!+12+2(0#5!z'($@H@#1!?,!+10(#.6#!&#!6#$$#!
?@,@(2.!&,.(!?#!H2.6$@2..#/#.$!&'!(F($V/#5 
Question C.2.1.4 <2.6?'1#!('1!?#!/2'>#/#.$!&#!?l,%#!&'!/2$#'1!&#!62//,.&#5  
!
! I2'1! 62..,g$1#! ?l@.H?'#.6#! &#! ?,! 12$,$@2.! &#! ?l,%#! *]($,8! ] >@(48! .2'(! ,??2.(! 6E#16E#1! 3!
6,?6'?#1!?,!>,?#'1!/,%@/,?#!&#!?A,.-?#!&#!6#$$#!12$,$@2.5!f2'(!H#12.(!?lEF+2$EV(#!B'#!?#(!?@,@(2.(!
(2.$!+,1H,@$#(5!

Question C.2.1.5 <,?6'?#1! ?#(! ;! 1#?,$@2.(! &#! H#1/#$'1#! -02/0$1@B'#! 1#?@,.$! ?#(! ,.-?#(!
);( MgM xx &&

 T 8! );( 11 xxg
&&

 T !#$!?,!?2.-'#'1!&#!(21$@#!&#!?,!>@(!+,1!1,++21$!,'!12$21D0612'!%Y8!,@.(@!

B'#!?#(!,'$1#(!&@/#.(@2.(5!

Question C.2.1.6 Z@!2.!.2$#! )( MM xLX � !#$!#.!0?@/@.,.$!1T 8!#.!&0&'@1#!'.#!1#?,$@2.!#.$1#!X !
#$! MT .!

Question C.2.1.7 Z@! 2.! .2$#!ĳ! $#?! B'#!
L01

(L01
2 � d01

2)
 cosM ! ,@.(@! B'#! Msin

)( 2
01

2
01

01  
� dL

d
8!

10(2'&1#!?l0B',$@2.!+1060&#.$#!,H@.!&#!&2..#1! )cos( MT �M !#.!H2.6$@2.!n5!
!
! ",!?2@!&#!X !#($!&@1#6$#/#.$!&0$#1/@.,P?#!3!+,1$@1!&#!?,!62..,@((,.6#!&#!?,!?2@!&#!Mx !#$!
&2.6!&#!?,!62//,.&#!&'!/2$#'15!

Question C.2.1.8 Z'1! ?l,..#%#! <8! $1,6#1! ?,! 62'1P#! &#! )cos( MT �M ! #.! H2.6$@2.! &#!X 8! ('1!
?l@.$#1>,??#! {a^M//!k!r;M//|! *H2.6$@2..#/#.$! .2 1/,?45! <2.6?'1#! ,?21(! ('1! ?l@.H?'#.6#! &#! ?,!
12$,$@2.!MT !&#!?l,%#!&'!/2$#'15!
!
!
<5;5;! Y2&0?@(,$@2.!6@.0/,$@B'#!&#!?l,%#!dQ=!C!+,1$@#!P@#??#$$#!&#!1#.>2@!
! I2'1! +2'>2@1! 061,(#1! ?#! $'P#! #HH@6,6#/#.$8!@?! H,'$! &@(+2(#1! &l'.#! 6#1$,@.#! >@$#((#! ,'!
.@>#,'!&'!+2@.S2.! ,H@.!&l2P$#.@1!('HH@(,//#.$!&l0.#1-@#!3!?l@/+,6$5!",! .21/#!&#!6#$$#!>@$#((#!
0$,.$! 62..'#! *d @/+48! .2'(! ,??2.(! 6E#16E#1! ?,! >@$#((#! &#! 62//,.&#! &#! &0+?,6#/#.$! &#! ?,!
P@#??#$$#!&#!1#.>2@5!].! ('++2(#!B'l,'!&0/,11,-#! gM xxxxx &&&&&

    321 #$!B'#!F+2@!o!M!*+2@.S2.!

1#?#>045!

Question C.2.2.1 =0$#1/@.#1!?,!&@1#6$@2.!&'!>#6$#'1!>@$#((#!!
gOV �� /112

&
!3!$2'$!@.($,.$!$5!

Question C.2.2.2 Q.!&0&'@1#!?,!&@1#6$@2.!&'!>#6$#'1!>@$#((#!
gOV �� /212

&
!3!$2'$!@.($,.$!$5!



!
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Question C.2.2.3 =0$#1/@.#1!?,!&@1#6$@2.!&'!>#6$#'1!>@$#((#!
�

&�
V O23 �3 /�g

!3!$2'$!@.($,.$!$5!

Question C.2.2.4 Q.!&0&'@1#!?,!&@1#6$@2.!&'!>#6$#'1!>@$#((#!
�

&�
V O23 �2 /�g

!3!$2'$!@.($,.$!$5!

Question C.2.2.5 7!?l,@&#!&'!(6E0/,!6@.0/,$@B'#!&#!?,!+,-#!;\8!)'($@H@#1!B'#!?,!12$,$@2.!2M !&#!
?,!P@#??#$$#!;!!#($!.'??#8!3!$2'$!@.($,.$!$5!!

Question C.2.2.6 7!?l,@&#!&l'.#!H#1/#$'1#!-02/0$1@B'#8!0$,P?@1!?#(!1#?,$@2.(!#.$1#!?#(!,.-?#(!1T !
#$! 2T !#$!F+2@!3!$2'$!@.($,.$!$5!*F+2@!0-,?!3!M!#.!+2(@$@2.!1#?#>0#45!

Question C.2.2.7 Y2.$1#1!B'#!
��

&�
V O12 �1/�g

 d1.T
$

1 .
&�
y 1 !3!$2'$!@.($,.$!$5!

Question C.2.2.8 =0&'@1#!&#(!B'#($@2.(!+1060&#.$#(!?,! .21/#!&#!?,!+'?(,$@2.!&#!12$,$@2.!2
$

T !
&#!?,!P@#??#$$#!;!&,.(!?#!+?,.! );( gg yx &&

!#.!H2.6$@2.!&#(!,.-?#(! 1T !#$! 2T 8!&#(!&@/#.(@2.(!#$!&#!?,!

>@$#((#!&#!12$,$@2.!1

$

T 8!3!$2'$!@.($,.$!$.!

Question C.2.2.9 =0&'@1#!&#(!B'#($@2.(!+1060&#.$#(!?,!.21/#!&#!?,!>@$#((#!&#!$1,.(?,$@2.!poiy
$

!

&#!?,!P@#??#$$#!;!,'!+2@.$!] ;L 8!#.!H2.6$@2.!&#(!,.-?#(! 1T !#$! 2T 8!&#(!&@/#.(@2.(!#$!&#!?,!>@$#((#!

&#!12$,$@2.!1
$

T 8!3!$2'$!@.($,.$!$5!

Question C.2.2.10 Q.!0?@/@.,.$!2T !&,.(!?l#%+1#((@2.!+1060&#.$#8!&0$#1/@.#1!?,!>,?#'1!3!&2..#1!

3! 1

$

T !#.!H@.!&#!62'1(#8!6l#($D3D&@1#! q� 101T 8! imppoi Viy  )(max
$

!#$!F+2@*/,%4!o!P+2@5!

].!+1#.&1,!d @/+!o!D:/5( D:8!&: !o!;aM//8!& ; !o!\J://!#$!P +2@!o!DKr8^//5!
!

! ].! ('++2(#! &0(21/,@(! B'#! ?,! >,?#'1! &#! 1

$

T 8! 6,?6'?0#! #.! H@.! &#! 62'1(#8! #($! /,%@/,?#!

* MAX1

$

T 4!#$!0-,?#!3!DJ!1,&5(D:5!

Question C.2.2.11 Q.! &0&'@1#! ?,! .21/#! &#! ?,! >@$#((#! /,%@/,?#! &#! $1,.(?,$@2.! &#! ?,! >@(! +,1!
1,++21$!,'!12$21D0612'5!

Question C.2.2.12 Q.!0?@/@.,.$!2T !&,.(!?l#%+1#((@2.!&#!?,!B'#($@2.!<5;5;5\8!6,?6'?#1!?,!>,?#'1!

/,%@/,?#!&#! 2

$

T 5!
!
! ].!/2.$1#!#.!+2'1('@>,.$!?#(!6,?6'?(!B'#!?,!.2 1/#!?,!>,?#'1!/,%@/,?#!&#!?l,660?01,$@2.!

2

$$

T !#($!>2@(@.#!&#!M8K!1,&5(D;5!

Question C.2.2.13 <,?6'?#1!?,!>,?#'1!/,%@/,?#!&#! 2T !#$!62.6?'1#!('1!?lEF+2$EV(#!H,@$#!&,.(!?,!
+,1$@#!9!('1!?l#HH#$!.0-?@-#,P?#!&#!?,!12$,$@2.!&#!?,!P@#??#$$#!;!('1!?,!&F.,/@B'#!&'!(F($V/#5!
!
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D -  DIMENSIONNEMENT (ANNEXE D) 
!
! f2'(! ,??2.(! &0(21/,@(! .2'(! @.$01#((#1! 3! ?A #HH21$! 3! ,++?@B'#1! +2'1! &0H21/#1! ?#! $'P#! #.!
$2..#,'8! ,H@.! &#! &@/#.(@2..#1! 6211#6$#/#.$! ?#! /2$#'1!&#! 62//,.&#! /,@(! ,'((@! &#!
&@/#.(@2..#1! 6211#6$#/#.$! 6#1$,@.#(! +@V6#(! &#! ?l,%#! dI5! ",! +'@((,.6#! H2'1.@#! &2@$!
#((#.$@#??#/#.$!(#1>@1!3!?,!&0H21/,$@2.!&'!$'P#5!
! "l,%#!dI!,!+2'1!H2.6$@2.!&#!10,?@(#1!'.#!H21/#!&l,/,11,-#!('1!?l#%$10/@$0!&'!$'P#!62//#!
1#+10(#.$0#! ('1! ?,! H@-'1#! =5:5!"#! +1260&0! 1#$#.'! 62.(@($#! 3! 061,(#1! ?#! $'P#! ('@>,.$! (2.! ,%#!
+2'1!+12>2B'#1!(2.!-2.H?#/#.$!#.!H21/#!&#!$2..#,'5!
!

!
X@-'1#!=5:!C!Y@(#!#.!H21/#!+,1!&0H21/,$@2.!,%@,?#!

!
! "#! $'P#! 0$,.$! /,@.$#.'! +,1! ,@ ??#'1(8! ?,! /,$1@6#! &#! ?l,%#!dI! >@#.$! 061,(#1! ?#.$#/#.$!
?A#%$10/@$0! &#! 6#! $'P#! ,>#6! '.! (F($V/#! &#! -#.2'@??V1#! *H@-'1#! =5;45! <#! (F($V/#! *(6E0/,!
6@.0/,$@B'#!+,-#! ;\4!$1,.(H21/#!?#!&0+?,6#/#.$!&l#.$10#!#.! '.#!$1 ,.(?,$@2.!&A,%#!E21@j2.$,?5!
<2..,@((,.$! ?,! +12H2.&#'1! &A061,(#/#.$! &'! $'P#! *' H21/48! 2.! 6E#16E#! 3! &0$#1/@.#1! ?#!
&0+?,6#/#.$!3!62//,.&#1!,'!.@>#,'!&'!/2$#'1! #.!'$@?@(,.$!?,!62..,@((,.6#!&#(!/2'>#/#.$(!
(@/+?#(!&#!6#1$,@.#(!+@V6#(!#$!&#!?,!62.(#1>,$@2.!&#!?,!?2.-'#'1!&#!?,!P@#??#$$#!;5!
!

!
X@-'1#!=5;!C!ZF($V/#!&#!-#.2'@??V1#!

!

D.1 Vérification de l'effort maximum transmis 
f2'(! ,??2.(! >01@H@#1! B'#! ?l#HH#6$#'1! #($! 6211#6$#/#.$! &@/#.(@2..0! +2'1! #%#16#1! ?l#HH21$!
.06#((,@1#!,$$#.&'!,'!.@>#,'!&#!?,!-#.2'@??V1#5!

' H21/!
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=5:5:! QHH21$!$1,.(/@(!3!?,!-#.2'@??V1#!*('1!?l,..#%#!=4!
=,.(!?,!+2(@$@2.!+12+2(0#!('1!?l,..#%#!=!C!

Question D.1.1.1 z'($@H@#1!?#!H,@$!B'#!?,!P@#??#$$#!;!.l#($!(2'/@(#!B'l3!'.!#HH21$!&#!62/+1#((@2.5!

Question D.1.1.2 G1,6#1!?l0B'@?@P1#!&#(!H216#(!('1!?,!),/P#!J5 
Question D.1.1.3 G1,6#1!?l0B'@?@P1#!&#(!H216#(!('1!?#!+2'((2@1!L5 
Question D.1.1.4 Q.!&0&'@1#!?,!>,?#'1!&#!?,!H216#!('1!?,!P@#??#$$#!;5!
!
On supposera dans la suite que 

��

&�
F 3o2  20kN . 

!
=5:5;! QHH21$!$1,.(/@(!+,1!?#!/2$#'1!,'!P,(6'?#'1!:!*&,.(! ?,!+2(@$@2.8!(F($V/#!2'>#1$4!

Question D.1.2.1 Q.! .0-?@-#,.$! ?#! H12$$#/#.$! &,.(! ?#(! ?@,@(2.(8! &2..#1! ?,! 1#?,$@2.! #.$1#! ?,!
.21/#!&#!?,!H216#! 1ovisF

&
!#$!?,!.21/#!&#!?,!H216#! 12oF

&
5!].!)'($@H@#1,!?,!10+2.(#5!

Question D.1.2.2 Q.! &0&'@1#! ?#! 62'+?#! B'#! &2@$! H2'1.@1! ?#! /2$#'1! *2.! ('++2(#1,! @6@! B'#! ?#(!
?@,@(2.(!(2.$!+,1H,@$#(!k!@?!H,'&1,@$!,)2'$#1!3!6#!62'+?#!?#(!62'+?#(!&'(!,'%!H12$$#/#.$(45!
!

D.2 Résistance de la biellette 2 (sur l'annexe D) 
f2'(! ,??2.(! >01@H@#1! B'#! ?,! P@#??#$$#! ;! #($! 6211#6$#/#.$! &@/#.(@2..0#! +2'1! 10(@($#1! 3! ?l#HH21$!
,++?@B'0!,'!.@>#,'!&#!?,!-#.2'@??V1#5!I2'1![$1#!(}1!B'#!?l#HH21$!.#!(#1>@1,!B'l3!&0H21/#1!?#!$'P#8!
2.!(l@.$01#((#!,'!H?,/P#/#.$!&#!?,!P@#??#$$#!;8!('++2(0#!6F?@.&1@B'#!+?#@.#5!

Question D.2.1 Q.! ,++?@B',.$! ?,! H21/'?#! &#! ?,! H216#!61@$@B'#! &#! H?,/P#/#.$! &lQ'?#1! &2..0#!
&,.(!?#!&26'/#.$D10+2.(#!=8!&0$#1/@.#1!?,!(#6$@2.!/@.@/,?#!&#!?,!P@#??#$$#!;5!

Question D.2.2 Z,6E,.$!B'#!?,!(#6$@2.!1#$#.'#!+2'1!?,!P@#??#$$#!;!,!'.!&@,/V$1#!0-,?!3!;\//8!
62.6?'1#!('1!?#!&@/#.(@2..#/#.$!($,$@B'#!*#.!H?,/P#/#.$!#$!#.!62/+1#((@2.45!
!
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Annexe A : Grafcet                                                   (à rendre) 



 

 

Question B.1.2.3.1.5 
�:!"#$ %"#$&'()*!+,-"#$ "#$ ."#$ /"#$

0'123)4567'48,46)4#)+9:,48;4#+7',<<;<4'73 #+,()(94=)+:)9,;+4>4?0@A4>47;9:648B2'+)<,3,(9444  
 
Question B.1.2.3.2.1 Remplir le contenu des blocs associés à l’interface. 

�: /"#$

capteur de
pulsation de rotation capteur de positionsortie de commande

�: /"#$

!+,-"#$

&'()*!+,-"#$

kcna = kcap     =�: kcapx =

"#$

"#$

 
 

On note : &'() 4= gain de la sortie analogique de la C.N. (�r10V/216). 
&')# �:  = gain du capteur pulsation de rotation (4096 tops/tour). 
&')#C  = gain du capteur position (4096 tops/mm). 

 

Annexe B1 : Schéma-bloc de l’interface                       (à rendre)
 
Un essai rotor calé (le rotor de la MSAP bridée) en réponse à l’échelon unitaire a donné le 
résultat suivant : 

 
Question B.2.1.1 Identifier la fonction de transfert du variateur avec la MSAP. On fera 
apparaître la construction sur la courbe ci-dessus. 
 
KI = 
 

�WE =  
 

� 
$#"!*&

$#"!
+,-'()

 

 

Annexe B2 : Modélisation de la boucle de courant      (à rendre) 

4:"9$4

9"<*$4



 

 

 
Question C.2.1.1 : Schéma cinématique partiel de l'axe VED à compléter 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question C.2.1.8 : Graphique de )cos( �M�T ��M  en fonction de X  à compléter 
 
 
 
 

 

Annexe C                                                                 (à rendre)
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