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A - ANALYSE DE LA GESTION DES TACHES DU SYSTEME
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VEV+ Z21$@1'>01@.!0>,6',$@2.'&"1$'P#! P@($,P?#!
VEV- O#.$1#1'>01@.'0>,6',$@2.'&"$'P#! P@($,P?#!

!

G,P2#&#(1#.$10#(!

Y.0/2.@B'#! 30(@-.,$@2.!

vets dO1@.\#.-,-#/#.3!&"1$'P#!(21$@!

vetr dO1@.!#.-,-#/#.$!&'|$'P#!1#.$10!

vbs G'P#P1@&0!

vbr G'P#!&0P1@&0!

vfcs X2'16E#$S#!&#!6#.51,-#!1&'1$'P#!(21$@#!

vfcr X2'16E#SS#!&#16#.$1 ,-#1&"1$'P#! 1#.$10#!

veds d01@.!1061,(#/#.$'&12@%$!(213@!

vedr d01@.!061,(#/#.$!&12@%$'1#.$10!

vepgs d01@.1061, (#/#.$1+°@,-#-, 6E#!(21$@!

vepgr d01@.!061,(#/#.$!+?@,-#!-,'6E#!1#.$10!

vps d01@.1&#1+2@.S2..,-#(21$@!

vpr d01@.1&#!+2@.S2..,-#!1#.$10!

vevs d01@.!&A0>,6',$@2.!(21$@!

vevr d01@.!&A0>,6'$@2.!1#.$10!

ptprt |10(#.641$ P#I#.1+2($# 106#+$@2.1$1, .(HHLS!
|

A.1 Modélisation par grafcets du systéme en production
!
"HI(F(SVH#(SI+@722$01+,11".1,'$2/  $#!+12-1,//, P?#@.&'($1@#7?5!
12'112#1H2.6$@2. . #/#.$!,'$2/, $@B'#8!B",$ 1#!-1,H6#$(12.$10$01/@ (1#.!+?,6#!C!
1 hu-1 HE#$I&H @ (#1#.112'$#5!
21 -1, HB#$110-@((,.$124H2.6$@2. . #/#.$1& 1 1#2#> 115!
21 h-1,HE#$110-@((,. $!1 24363 @2. . #/#.$18'1+2($#I8#1$1 . (H#1$5!
-1 hU-1,HE#$110-@((,.$1742.63@2. #/#.$18'1+2($#12'$@?(5!
!
Question 1 :171?A, @&#!&#(1@.&@6,$@2.(\H2' DE@DAHHE.$!1#/+2@ 11 2#(10?0/#.$(1> @ &#(!
* 6$@2.(8!1064#+$@>@$0(4!&,.(17#(1BI$AFHS(1&'1&26'/#.$110+2.(#!,. #%#1 7!
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B - SYNTHESE DE LA COMMANDE D’UN OUTIL DE FORMAGE

<#$$#! ,6E@ #! 3! 62' 2@ ((#,'%! I'"2$@+2#(! +#'$! -01#1! )'(B'A3! ;a! . %(! @.&0+#.&,.$! ,(#1>@ (! #.!
+2(@%$@2.5!

(#1242 &H#I &OSH?22++#11 #1.2'>#22#1($1, $0-@#1&#162//,.&#1&#(!,%o#(!C162//,.8#10ZG5!
TH@.| &#! [#SS1#1#.1+2 611 6#SSH#162//,.&#12.1&0>#22++1#, | $2'$I&A, P21&! 2#112&V ?#1 &A' . %ot >#6!
2A2'S@7?7,-#I TI061, (#/#.5! &#! S PHNOH! +,1$@#! 7'e! 7., 2F (#1&#1?,1-#($@2.! &#(! Sh6E#(1 &' (F($V/#! C!
%#1dQ=45!

|

B.1 Modélisation de I’axe
h.(6E0/,(@/+?@H@O!& (F($V/#!,(#1>@!&B, %ot ($ 2#!( @>,. $I*6HIH@-'1#!95:4!C!

d@(D0612"*+ (IElola//54 &0:MM//5
<5190 0<t | kena.irefit . |
5f5!<p9QQ<! d,1@,$#'1 | 0O T \N\N\\\W] _
o\ = |
xref(t) ne &0:MMI/5
ia| ib c(t) — ‘ S
o Me = 5,6kg r
Jv =9,78kg.cm?
Moe = 11,4kg | At ‘—E
(\‘/‘ ‘ a
G'P#
v(t) <J<<
W x(t)
H@-'1#!195:C!12'$@7?!&I061, (#/#.$!m!/2$21@(,$@2.!m!+@?2$, 4

|

2$,$@2.!C!

YZ7I!ClY,6E@ #!ZF.6E12.#!7'$2+@?22$0#5!

xref(t)IC! 10HO1#.6#! &#! +2(@$@2.! H2'1.@#! +,1P2/G@ & 2,1 <551 *<2//, &#! fI01@B'#4!
<p9Q"Q<3!
kena.iref(t)|C110HO1#.6#1&#162'1,.$IH2'1. @#!+, HBf6!<p9Q"Q<!,'1>,1@,$#'11&#!?,1YZ 715!
i()ICI@/,-#1&'162'1,.$!+,112#1>, 1@,$#'11&,.(1?#1+7?,.1&#11,195!

o(t) Cl+2($@2.1&#112$,$@2.1&#!?,1YZ 715!

c(t) C162'+2#1&#1?,1YZ715!

v(t) CI1>@S$H((#'&#&0+7?,64#/#.$1&#1?7A2'$S@?'&A06 1, (#/#.$5!

x(t) CH+2(@3$@2.!1&#1?A2'$@?!&A06 L, (#/#.$5!

|

f28,IC1" L YZTIN #($! ' # [, GE@.# 2$H#1. $@>H! *$#.(@2.8! 62'1,.$45! <#+#.&,.$81 2, ($1,$0-@#! &#!
+@722$,-#1*62//, &H >HE$21 @H#? 74131+, 1S@ 11 QAMPHI&H!, 1q4+#1/4SI&APE 11&#(10B', $@2. (184!
H2.6$@2..#/#.$! (@/@7?,@1#(! 3! 6870#1 |, 6E@.#! 3! 62'1,.$! 62.$@." * c(f) = kti(t)! ,>#6! c(t)! 24!
62'+2#8I(1)12#162'1, $IHSKI62.($,. $#10274#6$12/06,. @ B'#1&H#162'+7?,-#45!

|

:'A#.(#/P?#! >1@,$#'18! YZ718! d@0612' #$! 2'$@7?! &A061,(#/# 82((V&#! 2#(! 6,1,6301@ ($@B'#(!
(@>,.$#(!C!
Moe!0!::8Jg-5!CIY,(#&#?2A2'S@A06 1, (#/#.5!MIP@#? 2#$$#I&#11#.>2@1&A, .- 2#@ . HO1 @# 145!
Me!0!K8ag-5!C!Y, ((#!&#12A0612'|m! PR@BERHI&#! 1#.>2@&A, .- 2#1(+01@#' 1#5!

a o:M"MMIf5(R/5!CI<2#HH Q@B@H#H $2$$#/#.$!>@ (B'H %1@A2'S@?!('1! ?#!Pb$@5!
JV01"8N\IQ-56/SICI" #1$@#I&H#IS@ (11$1&'112$211&#1?,1Y Z715!
ktlo!:8alf5/R75!CI<2#HH @6 @#.8182:16:02#6$12/06,.@B'#!8&#1?,IYZ715!
hlolal//5ICHI,(1& 1 (F($V/#!>@(D0612'5!

"A((26@,$@2.! >,1@,$#'18! +E, (#(! &ANZT18! 62//,.&#! >#6$21 @#?7?7#! &A#.$10#tna.iref(t)! #$! &#!
(21$@)!3!".162/+21$#/# $ISF+#1:  "121&1#1&H#-, @ .1($,$ @ BAHSI&#162.($, $H#I &#IS#/+(! 75!
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!

95:5:1 Y280?@(,$@2.1&#17,16E,R#0 #1-@#!>, 1@, $#1Im!YZ71t@(D0612''m!2'$S@?'&A06 L, (#/4.$!
"IYZTIH(SIH+ @280+, 111> 1@, $#' 1!, #6110-'2,$@2.1&#162'1,.$! @.$0-1045!

"HI(F(SV/H!>@ (D612 1*10>#1(@P2#4134 . BH/#.$!. @S, @ 1#! >#6!' 1+ (1&#1>@ (h!0'a//5!

|

Z@/+?@H@6,3@2.8'EF+2$EV(#(!C
2.162.(@&V1#! &#t! H,@P?#(1 &0+7?,6#/#.5(! ,'$2'1! &#122(@$@2.! &AOB'@?@P1#! *6H! H@-'1#! 95:!
&AOBL,(#/#.$'m/2$21@(,$@2.!m!+@?2$,-#45!
"IS@$H((# #$2,1+2(@$@2.! (WHARH! 2A0612' &' (F($V/# >@ (D06I2!$! @&#.$@B'#(13!?,! >@$H#((#!
VOS2, 142(@S@R)('11?A2'$@7?1&A061, (#/#.$5!
"IL(I&H(IH?,(BH(I&1IH.> 2@!&A,.-2#1#($!.0-?2@-#,P?#5!
|
Z2@$! ?#! (6E0/,DP?26! 1#+10(#.$! 2,1 6E,g.#! &AQ.#1#E&AH#.$10#C! 1OHO1#.6#! &#162'1,.$! H2'1. @#!
+,11?,1<5f51<p9Q"Q<!,'! >1@,$# 1! &#! 2,1 YZTI!Ckena.iref(t)1#$! &#! (21$@#! ?,! +2(@$@2.! &#! 2A2'$
&A061,(#/#.$ x(t) C!

Cr(p)

d,1@,$#1 YZ7I <E,1-#11,/#.0# d@(D0612'
kena.Iref(p) I(p) C(p) 2(p) V(p) X(p)
— —> Jtr, fr kve —

H@-'1#!95:5:CIZ6E0/,!P?26!&#!?,!+,1$@#!&#!?,!16E,g.#!&I0.#1-@#!62/+1#.,.$!>,1@,$#'1!m!YZ71Im!2'$@?!&I06 1, (#{}#.$

TH@.!&#! (@/+?@H@#1! ?#! 28V ?#1 2.1 6E2@(@$! &4 D @L(/#! &AO6 L, (#/#.$! (11 2A %ot &1,
YZ711*2A@ #1$@#! OB'@>,74#.$#! $2$,2#! 1,/H08211#(+2.81,1 ,'%! /,((#(! &#(! P@H#H?2HSSH(8! 2'$@7?!
&AOBL,(#/#.$1#$10612'1 1/#.0(1,1$1,>#1(1&1(F($V/  #>@(D0612'k! 2#! 62#HH@6@#.$! &#! H12$$
>@(B'#'%!0B'@>, 2#M6211#(+2.&1,!'162#HH@ 6 GRHSH12$$#/#.$!>@ (B'#'S0L /#.0,'1$1,>#1(!
&'(F(SV/H#!>@(D0612'KI2#162'+2#110(@ (Srf)! 621 1#(+2.&1, 131 2AHHH2 1 SRS @21 &A06 1, (#/#.$! (‘1!
4 PHE(1)45!

|

Question B.1.1.1 Q$,P?@18!(,.(!?,'10(2'&1#8! ?A0B!|B@HHO1#.$@#??#! 1#?@,.$! ?#{HBL2.I!
10HO1#.6#Kcna.iref(t)5!1ZA,-@$D@7?!&A,66'/'?,$@2.| E@GBD .0$@B'#!12'+2$#.$@#? 2#!t!
I

Question B.1.1.2 =2.#11 ?2A0B',$@2.! ?@$$D142@,.$! 2#! 62+ 2! 1 62'1,.$!  i(t)5! <2//#.$!

211#'$D2.16#$$#!$1,.(H21/,$@2.5!
!

Question B.1.1.3 Q$,P?@18! (,.(! ?,! 10(2'&1#8! ?2A0B',$@2.! &@HHO1#.$@#?2# 1#2@,.$! 2,! +'2|
12$,3@20[1)!,'%!>, 1@, P2#(1 &#162'+ 241 #SLr(1)5!].1+106 @ (#1,1 2#(1 (22 @ &H#(! @ (2?0(8! 2#(! SE021V/#(
'$@?@(0(1 #$! 2#(I EF+2SEV(#(I 0>#.$#272#(51SD@T® &A,66'/2,$@2.! &A0#1-@# 6@.0$@B#!
+2$#.$@# 22!

|

Question B.1.1.4 =0$#1/@.#11?,1>,2#11 //01@B'# &#kve = v(t)/w(t)!,(26@0# ) (F(SV/# >@(D
0612'5!
|

Question B.1.1.5 =2. #117A0B", $@2.8!(,.(1?,!10(2'&1#81&2..,.$! x(1)!#.1H2.6$@2.1&#{1).!
|

Question B.1.1.6 =0$#1/@ .#18! (2'('H21/#! ? @%K368! ?2A@ .#1$@#!0B'@>,?#.$#! 1,/#.0#! (11 ?A, 1P 1#!
2UYZ7I JmA18# (1, (#(1&H12A2'S@? &AOBL [ $IMIP @#2 24 $$H#1 81 LARR@PH @ . HOL@# L#1%/, (!
Moe 0!::8J0-54'#3$! &#! ?2A0612' m! P@#R#HBHE2@! &A,.-?#! (‘(+01@#'1#! */,((#'Me! 0! K8ag-54!4#.!
H2.6$@2.!&8¥be, Me #$kveb!

|

Question B.1.1.7 =0$#1/@ .#1!(2'('H21/#!.'/01@B'#! 7A@ .#1$@#!0B'@>,?#.$#! $RH2#14#.,.$!

?2A@ #13@#!0B'@>,?#.$#!1,/#.0#1&# (), ((hr'#$?A@ #1$@#!1&#1?,1>@ (1#$!&'112$2 11 &HAYIN Z7 1!
!
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Question B.1.1.8 =0$#1/@.#18! (2'(! H21/#! ?@$$01,?#8RAHAHID6@#.$! SBFAALS! >@ (B'#'%!
0B'@>,?#.$! 1,/#.0! (L1 ?2A, 1P1#!1 &#!1 2\ YZT7I! fr8! &'1 6 2#HH @6 @#.$! &#!' H12$$#/#.$! > @(BIH#PAR'$@?!
&A061,(#/#.$81#.1H2.6$@2.! & Skve5!

I

Question B.1.1.9 =0$#1/@ #1! ?2A ++?@6,$@2.! ./01@B'# B @6@#.$! &#! H12$$#/#.$! >@(B'#
0B'@>,74.$

|

95:5;1 N1,+E#1&#162//,.&#8!(6E0/,|P?26!&#12A, (#1>@ ((#/#.$!
11&O(@1#1+@?2$#11#.1+2(@$@2. 1#$!#.1> @ S ASPNBBHLOEH I HSSLH#1#.1+7 641" #1($1,$0-@#! &H#!
62//,.&#1+,11@.>#1(@2.1&#1?,16E,g. #I&A0.#1-@#5!

Z2@$!?,/($1'6$'1#!(6EQ/, DP?26!&#6E!g.#1&A0.#1-@#8!@.$#1H,64#14#$!62//,.&#!C!

<E,q.#!&I0.#1-@# Cr(p)
d,1@,$#'1 YZ71 <E,1-#11,/#.0# d@(D0612'
kena.lref(p) I(p) C(p) 2(p) V(p) X(p)
| Jtr, fr kve
$#1H,6#
6,+$#'11&#
(213@#!&#!62//,.&%# +2($@2.184112$,$@2 6,+$#'11&#!+2(@$@P.
A A
2(p) X(p)
<2/,.&%#
Iref(p) Cref(p) 5 —_ 2 Qref (p) Vref(p) : —_ ; Xref(p)
H@-'1#195:5,C!(6E0/,DP?26!&#!?,!16E,9.#1&I0 #1-@#!10-"20#.1+2(@$@2. H$!> @$H#((ff

A
Nota : [.L.2$#! x(t)12,]-1,.&# 1I#(S@/OHIH2'1. @#!+, 1116 +S# LI&HIH( 1#1&#12,1> 1@, P2#k (D).
|

Question B.1.2.1 =2..#1! ?# 62.$#."1 2@$$01,?! +@( ./A@B'# &#! ?,! 1#?2,$@2.! &# 62//,.&#!
&2..,.$12,162.(@-# &H#+'2($@2.1&#!12$,$@2.1 &#!?,| Y Z T llwref() #.1H2.6$@2.1 &#1?,162.(@- #! &#!
>@$H((# 2@.0,@1# &#! &0+?,6HEHS 2A2'S@7?! &AOBL, (HIHMEBH()! #.! 1#(+#6$,.$! ?,! ($1,$0-Q#!
0.2.60#16 @D&H(('(*62//,.&#1+,11@ >HL(@2.1&#1?,16E,9.#I&A0 #1-@#45!

|

Question B.1.2.2 =2.#1! 2#! 62.$#.1 2@$$01,?! +@(! ./0L@B'#! &#! 2,1 1#2,$@2.! &#! 62//,. &H!
&2..,.$172,162.(@-#1&#162'1,.$1&H# 2,1YZTI!  iref(t) #./H2.6$@2.! &#1 2,1 62.(@-.#! &# 62'+?# &#1? |
YZ7Il cref(t)! #.) 1#(+#6$,.$! ?,! ($1,$0-@#! 0.2.60#! 6BH(((! *62//,.8#! +1! @.>H#1(@2.! &#! ?,!
6E,g.#I&A0.#1-@#45!

|

95:5:5L1<2.($1'6$@2.18'(BEQ/,IP?226162/+ 243!

9:5;5L5:I<E,q.#!&A0.#1-@#!
Z2@$!?#!(6E0/,DP?26!&+#!?,16E,9.#!&A0.#1-@#!C!

Cr(p)

d,1@,$#1 YZ71 <E,1-#11,/4#.0# d@(Do612'
kena.lref(p) I(p) C(p) 2(p) Vip) X(p)
D Jtr, fr kve -~

H@-'1#195:5;5L5:CIZ6E0/,|P?26!&#!?,1+,1$@#!&#!?,|6E,9.#1&I0.#1-@#!62/+1#.,.$!>,1@,$#'1!m!YZ7!mI2'$@?!&I06 1, (#/#.$ |
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Question B.1.2.3.1.1 =2, #11(2(IH21/#12@$$01, 214816, 2. @BH12,1$1, (| @$$, 68— P13
kena.lref(p)

H2.63@2.! &k $lre. !
!

Question B.1.2.3.1.2 =2.#1! (2'(! H21/#! 2@%$$01,?#! #$! 6,.2.@B'#! ?,! $1,.(/@$$,.6ﬁ% F#.1

H2.6$@2.1&HHSm5!]. 1+ 2(#1,! = %5!
r

Question B.1.2.3.1.3 =2..#1!(2'('H21/#!.'/01@B'#!?,!$1,.(/ @$$,.6#! M5!

C(p)
!

Question B.1.2.3.1.4 =2 #1!1(2'('H21/#1?@$$01,?#485.2. @B'#!?,!1$1,.(/ @$$,.6#! %5!

Question B.1.2.3.1.5 Z'112#1&26'/#.$1 10+2.(#19:  1#+?@1!2#162.$#.1&#R226(!,((26@0(!3!?,!
6E,g.#1&AD.H#1-@#!(2'(IH2L/#?@$$01, 241#$16,.2. @B'#5!
|

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

“$#1H,64# /]\ \|/Q(p) \I/X(p)
kcna.lref(p)

6,+$#'11&#
(21$@#\&#162//,.&# +2($@2.18#1128,$@2 6,+$#'11&#!+2(@3 @Y.

N\ N\
Iref(p) Q(p) X(p)

H@-'1#195:5;5L5;C!(6E0/,!P?26!&#!?1@.$#1H,6# |

Question B.1.2.3.2.1 Z'11?7#1&26'/#.$110+2.(#19:  &2.#117#162.$#.1./01@B# &#(-, @.('&#(!

P226(1,((26@0(13!?2A@ .$#1H,6#*$2'$11 Bt (1 (#12.$1311,/  #.#11%.1'. @$0!/q(,45!

L.2$#IC!  kcna ol-,@.1&#12,1(21$@#!,.,22-@B'#!&#!1?,1<5f5KdR;? 45
kcap20!-,@.1&"16,+$#'11+'2(,$@2.18#!12$,$@2.1* IM al$2+(R$2'145!
kcapxlol-,@.1&'16,+$#'11+2( @$@2.1*IM al$2+(R//45!

95:5:5L5L!e!l<2//,.&#!
Z2@3'?#!(6E0/,'P?26!&#!?,162//,.&#!

<2/l,.&#

N
2\
2(p) X(p)

Iref(p) Cref(p) Qref (p) Vref(p)
Bloc2 Bloc1 Xref(p)

H@-'1#195:5;5L5LCI(6E0/,!P?26!&'1+126#(('(110-20#.1+2(@%$@2. ||

Question B.1.2.3.3.1 I,1!,.,2F(#! &#! 6#! (6E0/,! P?26! B'#?22#(! H2.6$@2.(! ,'12.$! 2#(! 9226:! #$!
9726;!t!
!
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<HSSH! (SL'6$'1H#! &#1 621/, &# #($!' # (PL'6S1# (@ [+2#! &#! 6211#6$@2.! 6,1 #22# A,-@$! B'#! (1!
2AH11#15!

"12SHPH ($1'6$ 1 &#I + @728, -#1 &H#1 2,1 <551 +#1/81 &A@ .$0-1#1! &#(! (SLIRSEH 6211#6$@ 2.1 &#!
SF+# OZG5! <#(1 ($1'6$ 1#(! +#1HSSHIBA,-@18! 312, H2@(! (1! 2A#11#11/,@( ' (@' (1! 2, >,1@,P?#
10-'2#11#$1?,162.(@-.#18&#110-?,-#5!

"1 (FSEVH# &#(! 6211#6$#1(1 OZG! 62.(@($#82.6! 3! 1#6E#16EH#L! $12@(1 +2?F.UHR(p)! O!
$1,@$H/#.$! & 21, &#'11 31 10-2#18! S(p)! 0! $1,@$H/#.$! &# 2A#LI# ITHHN 0! $1, @SH/H.$! &#! 2!
62.(@-.#41+2'112P$#.@117,1$1,.(/ @$$,.6#HPR'6 2HIH#1/0#180(@ 108! (#1>@ ((#/#.$5!

=,.(| GHSSH + 1S@#! 2.1 (#! +12+2(#! &#) [HSSLH.! +7 641 # JOSE28#) &#) (F.SEV(#! &#! 6#! SF+#!

&A, 16E@S$HES$' 1#!&#1621 1#6$#'15!

|

B.2 Correction avec structure RST
95;5:! Y2&0?7?@(,$@2.!&@#P2'6?#!&#!62'1,.$!
"> 1@, 511! (14" #1102, $@2.1#.162'1, $1&#1?,IYZTII&A#.$10#!  kcna.iref(tA1#$I&# (21$ @

h.1#((,@! 12$21! 6,201 *2#1 12$211 &#1 2,1 YZ7I! PL@&O#A! #.1 10+2.(# 31 2A06E#22.!".@$, @1#! ,! &2..0!
10(2$,3/(@>,.$'C!

O0+2.(#1312A06E#22.!". @$, @ L#k#ida. Iref(t)!

.........................................................................

!
|.1806@&HI&A, ++12%@/#11?,|P2'62#&#162' BIS!+ 1# @#1121& 18-, @.1($, S @B #! . 23 A1I#S$! &#!
62.($, $HI&HISH/+(1.2$0#! 765!

Question B.2.1.1 &#.$@H@#1! ('1! ?#! &26'/#.$! 10+2.(#'2,! H2.63@2.! &#! $1,.(H#13$! &' >, 1@, $#'1!
SHEI? IYZTI51IHAL, ++,1,0$1#!2,162.($1'6$@2.1('1!?,162' L P#5!
I

buestion B.2.1.2 <2/+,1#1!?,!>2# 11 'I01@B'#! &#! ?,! 62.($,.$#! &#! $#/+(1 &#! ?,! P2'6?7#! &#!
62'1,.$! 7e!,>#6!?,1>2#'11.'/01@B#!&#!?,162.($,.$ #&#ISH#/+(1&#1?,1+,1$@#!/06,.@B'#!1,/#.0#!
(11?A,1P1#1&#1?,1YZ71\tm 2P$#.'#!31?,|B'#($@2.1955;5L.5:5L.5!<2.6?'1#5!
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=,.(12,)(@S$H &' ()#$!2#(6E0/,1P?226!6 @D&H((2'((#1,!,8&2+$0!C!

Iref(p) kQ Q(p ke | V(P 1 X(p)
1+ mp p
N
& kcapg2
N\
& kcapx

Schéma bloc de la partie de la chaine d'énergie comprenant variateur + MSAP + outil d'écrasement
+ capteur de pulsation de rotation et de position et sortie analogique C.N.

Question B.2.1.3 71+,1$@1!&#(110('?$,$(1&#!?,|B$@2.195:5;5L5:5K 81 &0$#1/ @MLIH2.6$@2.18#
kena, ki, kii#$F.1=2. #112A ++2@6,$@2.1./01@B#5!!

!

955 11@.6@+#&#!?,16211#6$@2.10ZG!

1.162.(@&V1#! 1+ 126#(((&I#.$10#  U(p)#$I&#(21$@),!(21@ (13! #1+#1$'1P,$@2.1 P(p).!
"1(21$@#1#($'&0H@.@#W(A)E!G(p).U(p) + H(p).P(p4,>#6!2,1$1,.(/@$$,.641#.1P2'6 2412 >#1$#IC!!

Zbi .pi

G(p) = 20— - iggj
Za,- .p’
i=0

",!H21/#!-0.01,?#!&'!6211#6$#'1!OZG!@.$O-10&',.(!?,!62//,.&;#!.'/01@B'#!*<5f54!#($!&2..0#!
+,11?,H@-'1#!( @>,.$#!C!

' P(p 3

| H(p) |

" Yref(p) 1| U B Y(o)
| T(e) - o= 22 B,
| St) |+ A(p) 3
| R & 1
| N +126#(('(Im!6,+$#'1( 3
s — e
H@-'1#195;5;!C!($1'6$'1#!0ZG |

2VIR(p), S(p), T(0)!(2.$!&#(1+27F.U#(IB'#!?12.16,26'2# +2'112P$#.@1!72,!$1,.(/@$S$,.6#!#.1P2'62#!

HHLIOHIRO(@LOML (1> @ ((## $+#181P S@2.162.(8, SHTBFdp) = Y(p) _Bd(p),
Yref(p) Ad(p)
Bal(p) SR ()1 (2. 8174(1+ 27F . UlH#(180(@L0(1+ 2" 112462/+ 21584 $1# IP2'6 241 HL/0#51
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!
"H(I+2?F. U (#12.9!&#1?,IH21/#!C!

11264(('(! A(p)=a0+a1.p+a2.p?+...+an.p"
B(p)=b0+b1.p+b2.p%*+...+bm.p™
<211#6%#'1! R(p)=rO+r1.p+r2.p %...+r.p/

S(p)=s0+s1.p+s2.p2+...+sk.p"
T(p)=tO+t1.p+t2.p?+.. +tl.p'

1126#(('('&0(@10! Ad(p)=ad0+ad1.p+ad2.p?+...+ade.p®
Bd(p)=bd0+bd1.p+bd2.p?+...+bdfpl

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

Question B.2.2.1 =0$#1/@ #11?,1H2.65@2.18&#1$1,.(H#1$1#.1P262# HETBEd (p) = — (P)_ 1.

Yref(p)
H2.6$@2.!&p), S(p), T(p), Alp), B(p)."!
|

Question B.2.2.2 Q.1&0&' @1#8d(p) #$Ad(p)#.1H2.63@2.1&R(p), S(p), T(v), A(p), B(p).

].I6E#16E#1,!&2.6!3!1&0$#1/@ #1!2#(1&#-10¢$! 2#(162#HH@6 @#.$(1&#(1+2?2F R(BI! S(p)'#$T(p)!
+2'112P$#. @ 11 2#(1+#1H21/,.6#(| &A@ (& | (F(SV/#1#.1P2'6 2# I H#1/0#81#.1& @ ($@.-',. $ILISF+#(1&#!
(+06@H@6,$@2.!C!
o #1472 6#/#.$I&H(1+UH(18#12,1$1,.(| @ $BH#! &' (F(SV/#1#.1P2'6 2# H#1/0#*6E2 @ %! &#17?,!
&F.,|@B'#8!-#($@2.18#!1 2 A#HH#SI&#(1+u2#(1 (11 2#1 &0+, (#/#.$55545!
o/ 2107@/@.,$@228,13$!($,$@B'#5!
ol 2162/+#.(,$@2.! &#(1j012(1 &#!?,! $1,.(/@$$,.6#! #.1 P2'62#! 2'>S#1SH#! *(++1#((@2.! &'
&O+,((#/#.$1-0.0101+,112#(1j012(45!
I
95:5L! 1?,6#/#.$18&#(1+u?#(IC!11@.6@8!6E2@%!&'1&#-101&#(1+272F .u/#(!
"#(1+#1H21/,.64#(1&0(@10#(1 &' (F(SV/I#!#.1P2'62# HE#1/0#81 #%+1 @/0#(1#. 1 S#L/#(1 &#162.($, $#(!
&HISH+(1#$1&1,/1213@ ((#/#.$8! (2.$3!+1@.6 @+, ?#/85! &OH@ . @# (1 +, 11 2#(1 +u?#(1&#1?,1$1,.(/ @$$,.6#! &'!
(F(SV/#! #. P2'62#! H#1/0#! * FTBFd(p))5! <#(! +u?#(8! (2?'$@2.(! &'! &0.2/@.,$#'1! &#! 64#$$H!
$1,.(/@$$,.6#8! +#1/#$$#.$! &#! &0$#1/@ .#1! ?#(! BRHD6@#.$(! &'! +2?F.u/#! 6,1,6301@ ($@B'#! &#!
FTBFd(p) *?#'&0.2/@.,$#1!Ad(p)45!!
|

Convention de notation : On notera le degré du polynéme A(p) par deg[A(p)].
!

Question B.2.3.11=0$#1/@ #11?A0B" $@2.184t) #.1H2.6$@2.188(p), S(b), T(p), Yref(p) #$¥(p)

"H($1,.(/@$S$, 6#( H+H>H S+ ([$1#,.$ @6@+ S@>H(1*+1@.6@+#!&#16,'(,?@$045!

B(p)
O,++#?10B(p) = —~ |

A(p)
|

Question B.2.3.2 =2 #11?#(!@.0B",$@2.(11#? @ 28(!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.#11 2A0B",$@2.! &2..,.$! 24! &#-10! &'l +22F.u/#! Ad(p)! #.! H2.6$@2.1 &#(!
&#-10(1 &#(1 +22F.UMH(! A(p)!#$IS(p)!#.1H,@(,.$! @ .$#1>#.@ 1! 2HUBHEH(! +22F.ul#(1 62.$4.'(!
&,.(1?A0B", $@2 Ad(p) = S(p).A(p) + R(p).B(p)!

|

"#1 2/P1# &I0B' $@2.(8! &OH@.@! +,11 2#! 2/P1# 82¥HH@6@#.$(! @/+2(0(PHIR0.2/@. SH# 1! #.
P2'67#! H#1/0#! 6E2@(@#(p)8! &2@$! [$1#! 0-,?! ' .2/P1# &I@.62..'#(! 6211#(+2.&,.$! ,'%!
62#HH@6@#.$(18H#(1+27F. R{Y)HS5 (0)!1+2' 112P$#. @ 117 @6 @$01&#1?,1(22'$@2.5!
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Question B.2.3.4 7TH@.1&A ((1#112A". @6@3$0! &#12,1 (27'$@2.8!82. #11?2A0B" $@2.1&2..., ! 2#1 &#-1(
+22F.U/# Ad(p)! #.! H2.63@2.! &#(! &#-10(! &#(! +2?F.u#(' R(p)! #$!S(p)! #.! H,@(,.$! @.$#1>#.@1! 2#!
2IPL#I&H!+ 1, /VS1#(1312P$H#. @ 11+2' 1&0$HL/ @ #112#(1+2?2F.u#Ad(p), R(p)#$B(p).!

|

Question B.2.3.5 =#(1&#%! 0B’ $@2. (I +10608#.$#(I#.| &0&' @ 1#! 2# &#-101 &1 +22F U/HR (p)\ #.
H2.6$@2.1&'1&#-101&'1+22F. U/#&HA(D)!

420 nI?A21&1#1&'1+22F.ulA(p)5!

|

Question B.2.3.6 =0&'@1#8! &#!?,! 1#2,$@2.! +1060&#.$#! 13! &#P $@2.! &#! 6,0 @S0! 1#7@,.$! 2#!
&#-10 S(p)! " &#-10! &#! R(p),! ?A@.0B'$@2.! 1#?@ &+-20! &' +2?F.u/# S(p)! #.! H2.6$@2.! &'
&#-101&8'1+22F.u/#1&#! A(p)!

42 n1?A21&1#1&'1+22F.ul#(p)5!

|

Question B.2.3.7 Q.| &08'@1# ?A@.0B' $@2.5L22@#-10! &' +22F.u/#! Ad(p)!#.| H2.65@2.! &
&#-101&'1+22F.u/#&#! A(p)!

42 n1?A21&81#1&'1+2?2F.ulA(p)5!

|

Question B.2.3.8 Y2.$1#1! B'#8! +2'1! ?121&1#! /|@.@/&" (F($V/#! 6211@-08! ?#(! &#-10(! &#(!
+2?F.ul#(1(2.$"*,>#6! n ordre!&''+2?F.u/#! A(p)4C!

n-1+2'11R(p)5!

n-1+2'11S(p)5

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

95;5J! 7++?@6,3@2.!,"110-?,-#!&#!1? |P2'6?#!&#!>@ $#((#!

P(p 3

l H(p) |
- Qref(p 1|y Bp) k@ Q@)
LA —G(p) = — = e
| S(p) | A(p) T+zm.p |
1 R®) | keape2 |
| <5f5 L leegmaoss@nmesr
77777777777777777777777777777777777777777777 H@-'1#!95;5JICIP2'6 ?2#!&#!>@ $#((#

2Vl kol o!MBMMJMN d51,&R(! C! -, @. (@B &#! ?,! 6E,g.#! @@ SH! &#! 2, P2'6?7#! &#!1 +'2(,$@2.! &#!
12$,$@2.5!!
m!0!M8:(5!C!62.($, $#!&#!$#/+(1&#1?,!1+,13@06,. @B'#!1,/#.0#!('11?A,%#1&#1?,1YZ 715!
kcapo'aK;!d5(R1,&!C!-,@&!'6,+$#'11&#!1>@ $#((#!
I
< E@#1I&H#(16E,1-#(IC!(2'E, @$#!IB'H#!?2#!(F(SV/#!16211@-0!(A62/+21$#!162//#!" 1+ 1#/ @#1!121& 1#!
SHE H162.(8, $H &#IS#/+(1&0(@10#!  7a!*$#7?! B'H#! 24! $#/+(1 &#110+2.(#! 31 KW!#.1P2'6 2#! H#1/0#!
(2@3%$'B"$1#H2@(1+?'('H, @P?#!B'#16#?' BR&HA2' >#1$#41#$!'.]- @ ./($,$@B#!". @$, @ 1#5!
I

Question B.2.4.1 =0$#1/@ #1! 2#(1 84#-10@H#( +22F.U(! R(p), S(p)!#$ T(p). Q.| &0& @1#! P#(
&#-10(1&HIAd (D) HSBA(p)1*2.1 (#1472 6#1,1&,.(12#16,(18#12,]  1#EE#1BEH#IGA 121&1#/@.@/,?1+2'117#!
(F($V/#16211@-045!

|

Question B.2.4.2 Q.1&0&'@1#12,IH21/#18#(1+22F.ul#(R(p), S(b), T(p), Bd(p) #$Ad(p)*6H195:5:4
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Question B.2.4.3 =0$#1/@.#1! ?,! H2.63@2.! &#! SHHLS! #.! P2'62#! H#1/0#! &0(@ VBFBFd(p)!
($QH,@(,.$' 2#( (+06@H@6SBRE@#1! &#(! 6E,1-#( *].! (2'E,@$#! B# 2#! (F(SV/# 6211@-0!
SIHSSH! #162.($, SHEHSH+( HS!'\)-,@./($,$@BH'.@$,@1#45!

"1 FTBFd(p)(#1,1+10(#.$0#1(2'(IH21/#16,.2. @B'#5!

|.1+106@ (#1,12,!1>, 24 11& 1+U?#1&#1? FTBFd(p)5!

Q.1808' @1#8!+,1! @&#.$@H@B,LBND B#8!7#(162#HH @6 @HBIBMESAd(p) &#12,FTBFd(p).!

|

duestion B.2.4.4 |1 @&#.3@H@6,5@2.! +,1,/031 @B'#! &#OBR4#P@2.(! 2P$#.'#(! 3! ?,! B#($@2.!
95;5;5;8! &0$#1/@ .#1! 2#(' H21/#(1 ?2@$$0L, ?#(! &#(1 +2?F R(P)! S(p)! #3'T(p)' #.!H2.6$@2.! &#l2,
kcap, tm, 7d5!

!

|1 &O(@1#! N $#/+(1 &#! 10+2.(#! 3! Kw! B, $1#! H2@ (! +?'(' H,@P?#! #.! P2'6?2#! H#1/0#! B'#! 6#?'@! &'!
+126#(('(1#.1P2'6 2#!2'>#1$#5!

I

Question B.2.4.5 =0$#1/@ #1! 2A#%+1#((@@$$0L,2#! #.! H2.63@2. 183 +'@(! ?A,++?@6,$@2.
101@B'#81&#! 7d5!

!

Question B.2.4.6 =0$#1/@ #1!?A,++?@6,$@2.!./01@B'#!&#(1+2?F.UR#0), S(p)#$T(p)5!

95;5K! Q7?@/@.,3&22A#11#'1!($,$@B'#!
IF+23EV(#!A).I(++2(#BH#IMLIA(S!+,(1+u?#1&#!  H(p)5!
Soit p(t) I’échelon unitaire et wref(t)=0
95;5K5:1Y @ (#!#.10>@&#.6#!

ref 1 N

2refRL) (o) — ———>{G(p) =—— =

| S(p) o A(p) 1+rm.p

| R(p) i i kcap2

| <5f5 o 6E,g.#1&I0.#1-@#IMI6 +$#1(

H@-'1#195;5K5:ICIP2'6 ?#!&#!>@$#((#! ,>#6!+#1$'1P,$@2.

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

R(p), S(p) #$kcap.

Question B.2.5.1.2!1,1! ++?@6,$@2.! &' SE021V/#! &#1? | ¥ 2 H@., ?#8!#.1 10+2.(#1 3!".| 06E#?2.
&H+#1$'1P, $S@RY!". @S, @ 1#1&2. HdNt—>00). <2.67'1#!

1.1 &O(@1#! 1#.&1#! @H(@P?#! 2, (21$@H)! 3! ".# +#1$'1P,$@2.b(t) #.! 06E#22.1 +2'11 ?#! 10-@/#!
+#1/,.#.$5!

|

95:5K5;111@.6@+#!

1211, 2411 21141 ($,3@B# &#! 3! 2,1 +#1$'1P,$@2.8?! H,'$! @.$12&'@1#! '.! .2/P1#! (HH@(,.$!
&@.$0-1,$@2.%(4! &,.(1 2,! 6E,q.B@1#6$#5! =,.(1 2#! 6,(1 &I'.#! +#1HP,$@2.! 62.(3,.$#8! ' #! (# ?#!
@.$0-1,3@2.!(HH@$5!

1.+2# S(p)=p.S’(p).

Q$8’(p)!(#1,1&#12 \H21/#1S’(p) =s0+s1.p+s2.p2+.. . +sk.p
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Question B.2.5.2.1!:0$;f¢1/@,b.;:&1!?,!H2.6$@2.!&#!$1,.(|~II%%§)Z 1#.1H2.6$@2.!1&R(p), S'(p), kcaps
H(p), A(p) #$B(p).

Question B.2.5.2.2!1,1! ++?@6,$@2.! &' SE021V/#! &#!?,| ¥ 2H@.,?#8!#.110+2.(#! 3! .| 06E#?2.!
&H#I+#1$'1P,$@2."". @$, @ 1#!&2uftth ). <2.67'1#!

Question B.2.5.2.31Q./(A@.(+@1,.$!&#1?,180/, 16EH&O>#224#48,.(1?, 1+, 1S @#195L1&2. #181+2'1!
221&1#/@.@/,?1 &' (F(SV/# 621 @-08! 2#(1 &#-10(1 &#(1 +22F.U/#R(p), S'(p) #$Ad(p)'#./H2.63@2.!
&1&#-101&H#IA(p).

42 n1?A21&1#1&'1+22F.UlA(p)5!

|

95:5K5LI7++2@6,$@2.1312,IP2'6 2#1&H#1> @ $H#((#!
"#14+126#(((H#($I1?# (@>,.$!C!

P(p. 1

1 H(p) |
i Qref(p 1 i iU B(p kQ 0 i
2Pl 1) v B0 &
3 p-S'p) | Alp) T+rm.p 3
i R(p) : i kcap i
<t I 6E g #1&I0.#1-@#!m!6,+$#'1(
********************************************* H@-'1#195;5K5LICIP2'6 2#1&#!> @ $#((

2vIl k2 0ol MBMMJMN d51,&R(! C! -, @.! BBS@¥! 2, 6E,9.#! &@1#6SH! &# 2, P2'67#! &#! +2(,$@2.! &#!
12$,$@2.5!!
TmIOIM8:(5ICI62.($, . $HI&HISH/+(1&#12, 1+, 1$1E06,. @B'HIL, /#.0#1( 112A,%#1&#12, 1Y Z715!
kcap20!ak;1d5(R1,&IC!- @86, +$#' 11&H#>@$H((#!
|
< E@#11&#(16E,1-#(C!
|.I(2'E,@$#!C!
sl B 28 (F(SV/H# P2'6720! &/HSSH $2)2'1(1 "1 $#/+(1 &#1 10+2.(# 31 Kw! #. P2'62#!
H#L/0#1JIH2@(1+7'(1H, @ P?#IB'#164#?' @181+ 126#(('(#.|P2'6 2#1 2 >#1$#5!
sl 1 21S@((HES 6L@SBI *+,(1 &#! &O+ ((HIH£.S &#1 2,  110+2.(# (2/@# 3!
06E#722.1("L12A#.$10# &#162.(@-.#ref(t) $2'$I#.1 2+$ @/ @ (,.$! 24! $#/+(1 &#110+2. (#1 3!
Kw45! "#1 (F(SV/IH# P2'620! (#1,1 82.6! 62/ +2(0! &#! +U2#(! 10#2(! &#! 62.($, $#! &#1
$H#+(! 70!
=l 106,18! ($,$@B'#! .2V +10(#.64#1 &1 #162 .(@-H#SI &I # +#1$'1P,$@2.10>27',.9!
#.106E#722.5!
sl hl-@.1($,$@B#'.@$,@1#5!

|

Question B.2.5.3.1 7!+,1$@1! &#(1 10('?$,$(1 &#!?,! BH($S@2585:5L8! &0$#1/@ #1! /01 @B'#/#.$!
(1 &#-10(1 &#(1 +22F.UI#(1 R(p), S(p)!#$ T(p)! +2'11 2A21&1# /@.@/,?! R(SV/# P2'670! #$! &'
+22F.U# T(p). Q.1&0& @1#17#(1&#-10(!&Ab(p) #$Bd(p)5!

|

Question B.2.5.3.2 Q.1 &0&'@1#1 2,1 H21/# &#(1 +22F.u#(R(p), S(p), T(v), Bd(p) #$1Ad(p)! *6HS5!
x95:5:1#$!x95:5K5:4
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Question B.2.5.3.3 7! +,1$@1! &#(! (+06@H@6,$@2.(! &' GE@BE 1-#(! H2'1.@! ,! x95;5K5L8!
&O$HLI@ H#112#1+22F. ul#id(p) #.1H2.6$@2. 1 &#4.

,1/@!?2#(16E2@%! &#p) 2.1+1#.81, Ad(p) $#?\B'#ad2 = 1!

|

Question B.2.5.3.4 7! +1$@1! &#(! (+06@H@6,3@2.(! &' BEE@BE1-#(! H2'1.@! ! x95:5K5L8!
&O$#1/@ #11?,1H2.65@2.1&# S $1H#.|P2'6 24 H#1/0#18.0(@ FFBFd(p)5!
|

Question B.2.5.3.5 Q.| (A@.(+@1,.$! &! 10("?$,$! &#! 2, B#@2.! 955:5:8! &ABHD #1! (2'(! H21/#!
2@$$01, 2#1 2#(1+22F.URP) #.1H2.6$@2.18#0, kcap2, d, Tm ; S(p) #.1H2.6$@2.1&#mI#$T(p) #.!

H2.63@2.!&#, 7d 5!
I

Question B.2.5.3.6 =0$#1/@ .#1!*#.!'$@?@(,.$! ?A,P,B'#! &+ (! &#! 10+2.(#! 3! Kw! 10&'@%$! 6@D
&#((2'(4!?,!>,2#'11'/01@B'#! &#!  d +#1/#$$,.$! &A,>2@ 1" 1 $#/+(1 &#! 10+2.(#! KW JITH2@ (1 +?'(!
H,@P?#!B'#!6#?' @!&'I+126#(('(1#./P2'6 2#!2'>#1$#5!

Abagque des temps de reponse réduits Tr.we

[ L
o o

o LN

h
L]

jiu}
=
s

temps de reponse réduit Trwe
=)
i

=
=

N
o
T
=]

(S

0,01 oos o041 05 1 2 5 10 S0 100
facteur d'amortissement |

Question B.2.5.3.7 =0$#1/@ #117A,++?@6,$@2... /0L @B #18#(1+2?F.uRkg), S(p)HS$T(p)5!
|

" 1+12P20/, S@B'#! &1 64S$H! (F.SEV(H#1#($! B'AHAES H, @1#! ++,1,9$141 &#(1$1,.( @$$,.6/(D),
S(p)#$T(p)!.2.16,'(,2#(8!&2.6!.2.110,?@(,P?#(I+EF (@B #/#.$5!

Question B.2.5.3.8 |,1/@! 2#(1$1,.(/@$$,.6#(1 2P$#.#(! R(p), S(p)!#$IT(0)8!6#1$,@ #(! (2.$D#?2#(!
2.16,(,24(1Z@12'@'?#(B'#2(1t
|

1.1 6E2@(@$! &#! 128@H@#1! 2, ($1,50- GHIBHISL@. (01, 5! "1 +22F.u# '%@?@,@1#! Filtre(p)!
($,P2#1&H#1&H#-1010-,?1316#2'@!&3¢D)'$1,.(H21/,.$12,122@!&#162//, &#&#?,IH,S2.1( @>,.$#!C!

U(p) = Ftre(p) ( T(P)  cyer(p)——LP)_ keapor.o(p )J!

S(p) \Filtre(p) Filtre(p)
j.!6E2@(@F€‘J!re(p)=1+zf.p5!

Question B.2.5.3.9 <#$! 1$@H@6#! (‘1! ?,! ($1,$0-@#! ,! SD@7?! +#1/@(! &#! 610#1! &#(! P?26! 6,(
Q%+?@B'#15!!
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95;5a! y?@/@.,$@2.1&#!1?A#HH#$!&1j012!

95:5a5:1" . H?'#.6#1&'012!

1.110,2@@#! "1 #((,@! (1! ?2,!/,6E@.#1 31 62'2@((#, %! I"?$@+2#(1 ,>#6! 6#110-2,-#1 &#1 2,1 P2'67#1 &1

>@$H((#18#1?,1+,1$@#195;5K *6HIH @-'1#195;5a45!
|

oo+’2.(#!3!?AdsE#?2.!'.@$,@1#!#raf(t)!#$p(zf)=0!

!
X@-'1#195;5a!C!Q((,@#.1P2'6 2#!H#1/0#1&#1? |P2'6 2#!&# !> @BH#((#

!

Question B.2.6.1.1!",110+2.(#! 2P$#.'#! #(SD#?2?2#! 6#22# #(+0#! #.162/+,1, @ (2.! &' [2&V ?#! &#!
62..,@((,.6#!&#!?,16E,1-#!&0>#?2++013!?,1+ 1$@#! I5 ! #$! &'1 6, E@#1! &#(16E,1-#(1 &1 621 1#6$#'1!
OZGl@('#.1+?,6#!131?,1+ 1$@#!95;5K!t!71-'/#.$#15!

I

h#1@&#.$@H@6,3@2.18#12,16E, g 41GN0 182..0124#110(2$,$!(@>,.$!C!
Q(p) _0,005.(1+7p) _0,005.(1+0,1.p),

kenalref(p) — (1+0,2.p)2 (1+02p)°%

"AO?0/#.$IHHLSLP, $#11-0.01, S 1I&HIO+ (/4. $14(SI 4012141645511, (| @$$, 645!

Question B.2.6.1.21" 11, (@$$, 68 — 2(P) _0005.(1+wp) _0,005.(1+0.1.p), 5 gu

kcna.lref(p) (1+ 0,2_p)2 (1+ 0,2.p)2

' j01251Q($D@7?!62/+#.(,P2#1+, TN+U24($, PPN T 1-/#.$#15!
!
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IF-+2SEVH#IT ]! (++2(#! $2')2'1(1 B MIK($! +,(1 +u?#! &% H(p)5! |.! BE#L6EH# $2')2'1(! 3!
62/+#.(#112A#11#11($, |2 @O#!3! #+#1$'1P,$@2.5!
|

U( _B(p) k2 (14 zp) Q@

QreBL) 7 L YR -
i S(p) i Alp)  (1+0,2.p)?
R(p) keap

H@- 1#'95 5a5:ICIP2' 6”#'&#'>@$#((#' >#6‘+#1$ 1P $@2.

95:5a5:111@.6 @+#!
"IH21/#!-0.01,?#!&'16211#6$#'1!OZGI#( $!1,++#?20#!+,11? H@-'1#!('@>,.$#!C!

P(p
| H(p) |
' Yref(p) 1| ue B(p) Y(p)
—> TP —>{6p)= —— &
3 S(p) |1 A(p) |
3 Rp) |l 3
: ®) s 3 6E,g #1810 #1-@#IM16, +$#1( |
sss = e
H@-'1#195;5a5;C!($1'6$1#10ZG

2VIR(p), S(p), T(p)\(2.$18#(1+27F . U#(IB#1712.16,26"2# +2'112P$#.@117,151, (/@$$, 6#1#.1P2674!
HAL/0#I80(@ 104! (#1>@ (/4 $+#1$'1P $@2.14.106E#?2. #FBFd(p) = (P} _ BA(P),
| Yref(p) Ad(p)
Bd(p) #$Ad(p)!(2.517#(1+22F UH(1&0(@10(1+2"11246.2/+ 2 1 $#/# $14.IP2'6 2# H#1/0#5!
=, (12#16,(1&#1J012(162/+#.(,P2#12.1+2(#  S(p) = B(p).p.S'(p)!

La perturbation p(t) est considérée comme nulle
Question B.2.6.2.1!:O$#1/@.#1!’?,!$1,.(/@$$,.6¢#FTBF(p)=%!#.!H2.6$@2.!&ﬂ(p), R(p),
ref(p

IS’(p), T(p) etp.!

12'11 62/+#.(#11 2#(1 J012(1 62/-+#.(P2H#( & G(p)8! 2#(! +22F.ul#(! R(p), S(p), T(p) &2@>#.$!
($@(H,@1#12#(11#2,$@2.((@>, $#(C!
S(p)=B(p).p.S'(p)

(a) T(p)=Bd(p) |
(b') pS'(p)A(p)+R(p)=Ad(p)
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Question B.2.6.2.21Q./(A@.(+@1,.$!&#1?,1&0/, 16E#I&O>#224#48, (17, 1+, 1S @#19BL1&2. #181+2'1!
2121&1#/@.@/,?1 &' (F(SV/# 621 @-08! 2#(1 &#-10(! &#(1 +2?F.U/#R(p), S'(p) #$Ad(p)'#./H2.63@2.!
&'1&#-101&#!A(p)5!

42 n1?A21&1H1& 1+22F. U/ () #SMI?A21&1#1& 1+22F.u/B(p)5!

|

95:5a5L17++2@6,$@2.1317,1P2'6 2418:41> @ $H((H!
"#1+126#(((H#($I12# (@>,.$!C!

EP(p 1
A ;
D i 7z=0,1 s. i
' orefp 1 UG B(p) ko .(1+7zp) o)) |
:% T(p) i (o) _ r %1
| B(p)-p-S'(p) l i A(p)  (1+0,2.p)? |
R(o) L keapo
<5 i 6E,g.#1210.41-@H#IM!6,+$#'1(
77777777777777777777777777777777777777 H@-'1#195;5a5LICIP2'62#1&#1>@$H((#, >#61+#1$1P,$@2. |,

2v!! k.Q!!0!M8MMK!d51,&R(!C!-,@.Eﬁﬁ,ﬂﬁ@!?,!6E,g.#!&@1#6$#!&#!?,!P2'6?#!&#!+"?(,$@2.!&#!12$,$@2.
7z=M8:(5!C! 62.($,.$#! &#! $#/+(1 &'1j012! &#! ?,! +,13@#! /06,.@B'#! 1,/#.0#! (‘1! ?2A,%#! &#! ?,!
YZ715!
kcapalolaK;!d5(R1,&!C!-,@&"6,+$#' 11 &#!>@$H#((#!

<,E@#1!1&#(16E,1-#(C
1.{(2'E,@%$#!C!
sl B'#2# (F(SV/# P2'620! &/H#$$#! $2)2'1(1 "1 $#/+(1 &#1 10+2.(#! 31 Kw! #.! P2'62#!
H#1/0#1 JTH2@ (1 +?'('H,@P2#! B'#! 6#2' @BH(((1#.1P2'62#!  2'>#1$#! 2P$#.'1312,!
+,15@#!x95;5:5!
sl 21$@((##.S 61@SBW! *+,(! &#! &O+,((#1#.$! &#1 2,  110+2.(# (2/@(#! 3!".!
O06E#?2.1("11 2A#.$10#! &#162.(@-.thef(1)! $2'S1#.12+$@/ @ (,.$! ?#! $#/+(1 &#! 10+2.(#! 3!
Kw45! "#! (F($V/#! P2'620! (#1,! &2.6! 62/ +2(0! &#! +u?#(! 10#2(1 &#! 62.($,.$#! &#!
$#/+(! 7d.!
=l '106,1$!($,$@B#! .21 #.1+10(#.6#1 &I' #162 .(@-.# #$! &I # +#1$'1P,$@2.10>27?",.9!
#.106E#22.5!
I h!-@.!($$S@B#". @$,@1#5!

!

Question B.2.6.3.1 =0$#1/@.#1! 2#(1 &#-10( &#(1 +2?F.u#(IR(p), S'(p)!#$ T(p). Q.!&0&' @1#! 2#(!
&#-10(1&H!Ad(p) #$Bd(p)5!

|

Question B.2.6.3.2 Q.| &0& @1#! 2, H21/# &#(1 +22F.u#(R(p), S(p), T(p), Bd(p) #$1Ad(p)! *6H!

x95;5;1#$!x95:5a5;4
I

Question B.2.6.3.3 =0$#1/@ .#1!?#!+2?F.u/#Ad(p)'#./H2.63@2.!&##4.
|,1/@!?#(16E2@%! &#(p) 2.1+1#.&1, Ad(p) $#?\B'#ad3 = 1!
!

Question B.2.6.3.4 =0$#1/@ #11?,1H2.68@2.! &#1$1,.(H#1$!#.| P2'6 74 H#1/0# &OFDROH|p) .

H2.6$@2.182 >01@H@,.$!?#((+06@H@6,$@2.(5!
|

Question B.2.6.3.5 Q.| (A@.(+@1,.$! &1 10(?$,$! &#! 2, B#@2.! 95:5:5:8! &AM #1! (2'(! H2L/#!
2@$$01, 2#12#(1+27F . URIP) #.1H2.6$@2.|&Kcap, 7d ; S(p) #$T(p) #./H2.6$@2.1&#d 5!
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Question B.2.6.3.6 "A@/+?,.$,$@2.! &#(! 10('?$,$(' ./O1@H#(! &' 6211#6%#'1! OZG! &#! 2,! +,1$@#!
95:5al &2..#! 2,1 10+2.(# 3! 2A06E#?2.! .@$,@ Ltkakel(t)! * (#1>@((##.$4! +@(! 2,! 10+2.(#! 3!

?A06E#?2.".@%,@1##).'= cr(t)!*10-?,$@2.4!C!
!

00+2.(#1317A06E#22.1 @S, @ L#ister(Y #$b(t)=0

X @-'1#195;5a50 5a!C110+2. (#14.1@%96106E#22.(I'. @, @ 1#(!
&H1>@$H((# &4 LOHOL#GHH(D) #$&H#1+#1$' 1P, S@AN =cr(t).

!
[, ?F(#I&H#(162'LP#(1/2.$1#11B'#I?#162  11#6$#'1110+2.&!,'16,E@#1I&#(16E, 1-#(!
!
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C -

ETUDE DU COMPORTEMENT CINEMATIQUE

£2(1,222.(1.2'(1@.$OL#((#LI&#+2'(1+1V (131 96t(  1&#12,1/,6E@ #13162"2 @, %! 2$@+2#(512(
222.(1>01@H@#1!6#1$,@ #(IEF+2SEV/(#(10.2.60#(1&, . (12#(1+, 1S @#(1+10608&#.$#(5!

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

|

"#(1/06,.@(/#(103'&@0(1&,.(164#$$#!+, 1$@#1(2.$162.($@$'0(18&#1a1 2184\ (2?2 @ &H(14$181 . IPb$@!C!

—_—

9b$@!M O#H+VIIR.1 (0,3, ¥, Z,) @ = Lm.icg —dm.{g Ik! ]
01003 =dy X, — Ly Yy +dy 2, !
Z$,$21! O#+VIH(O,,. % s FyoZy) |00 =L, %!
02$21D0612' | O#+VIHO,,.. %\, 7,,Z,)! |
do@(! O#+VIH O, Xy, VigsZy) [0, 0, = X, X, 1580+2,64/#.$18#12,1>@(1&.,.(12106 12
9,(6"2#11: _! O#+VI#(0,, %, 3,.7) ! |0,40,, =d,.5,'K0,,0,, = d, 5,
Q@#?H$SHI&H 1#.3F@OH+VIH 0,5, %y, 5,,7,) ! [0,,0,, = d,.5, oma=Qd#$I0' ), O, = d', .5, weiaia

Fi28) ,,; |CRO+2 641 $I>#1$@6,21&'1+2@.S2.!

IZ@SZI O#+Vl#(023afpoiaJ_}poiangi)
PiodC3,2#11,%@/,2#1&' 18&0+2,6#/#.$IF b
12'(2@1!L! O#+V1#0;,.%,,75.2,) ! |0,,0,, = —d, .3, +2,2,KI0,,0,, = L, Z,!
z,/P#1J _! O#+V1I#H0,5,%,,7,,2,)! (0,0, = L, 2, !
. O#+V1# 2 521 | KCI&0+? 6#/#.$1&#I21#%$10/@$01&#1?,1/ $1@6#IK
Y. $1@6#1K 05, %5, 75,%5) " | Ho1ACI> 2#'11] %@/, ?#18'1&0+72, 6#/#.$! | «!
!
Centre Orientation absolue
Q.$1#1d@ (118! ] ! 0, =(%,,%,)!
Q.$1H#LIHSNR. ! ] 6 =(x,,%)!
Q.SIHLIHSR | ! %= %)

. a . @, =(2,,%,)!
Q.S1AIHSN. ! 1 @3 =V, 03)!
Q.$1AIHSN. ! ] ! Py =(Vgs )]

|
. . Valeurs L e Valeurs
Dimensions . Caractéristiques .
numeériques numeériques
" ! a"M!//! ! d g D:/R(!
"m:! L; M/ FIL(&#? 1 >@(1*/2$#' 14! al//l
" K;!// ! ! !
" 5! J\//! ! ! !
"y! KJIMI//! ! !
&:! ;aM!//! ! ! !
&:! ;aM!//! ! ! !
Ewl! a;l ! ! !
& ! ;aM!//! ! ! !
& ! \J:I/N ! &l . MM/
& ! Jri// ! J L! al/l!
Piob DKr8M//! ! !
" H21/ ! ! [ !

23/30 partie C : Comportement cinématique



C.2 Vérification d'hypothéses sur la modélisation de I’'axe VED

! =,.(1?,1+,13@#!98!.2'(!,>2.(10$'&@0! ?,! 62//,.&# &#!?1,%#!dQ=!#.1%# HH#6$',.$!6#1%5,@.#(!
F+2$EV(#('62//#'6#’?7#'&I 162/+21$#/#.$1+' 11 #.$1#.1$1,.(2,$@2.1&#! 2A2'$@7?! &AD61, (#/#.$!#$!

&#1? \P@#??7#3$#&# 1#.>2 EE . HO1@#' 1#!*<HIH@-'1#!195:45!

12'1! >01@H@#1! 6#1$,@ .#(! EF+2SEV(#(8! .2'((!, 2221#.&1#! 2,! [2&07@$@2.! #.! 10,7@(,.$! ".!

(6E0/,'6@.0/,3@B'#!+?'(1+106 @ (!&#!?1,%#!dQ=5!

|

<5511 Y2807@(,$@2.16@ 0B #18#12], %61 dQ=ICI+HAREH 11%7. #%H1<4]

! !

Question C.2.1.1 <2/+?0$#1! ?#! (6E0/,! 6@.0/,$@'# #. +12+2(,.$! "#! /2807@($@2.!
6@.0/,$@BH&/2$#110?74#6$1 @ B'#5!

Question C.2.1.2 71+2@.$!]5.8! #17@,@ (2. +@>2$! #($! + 12+ 2(OBEH@#1! 2,1 + 10(#. 64 &#! GHS$?
2@,@(2.1&,.(12HHBE2. #/#.$1&' | (F(SV/H5!

Question C.2.1.3 71+2@.$!]-c8! " # 2@ @ (2.1 +@>2$! #($! +12+2(OLB@H@#1! 2,1 +10(#. 64 & 6HS$?
2@,@(2.1&,.(12#H2.6$@2. #/#.$1& | (F($V/#5

Question C.2.1.4 <2.67' 1#I( 112#1/2'>#/#.$18#171 Yot &' 2$# 118#162//, &#5

!

! 12'11 62..,9$1#! 21@.H?'#.6# &#! 2,1 12$,$@2.! &#! 21, %#181] 48! .2'(1 ,222.(! 6E#16E#1! 3!
6,26'2#112,1> 24 11/ %@/, P#I&H#1PA, -2 &HIGHSSH D 2.5!f2' (IH#12.(12IEF+2$EV(# BH?#(1?@,@(2.(!
(2.$1+,1H, @$#(5!

Question C.2.1.5 <,26'2#1! 2#(! ;| 1#2,$@2.(! &#! H#LHS -02/0$1@B'#H! 1#°2@,.$! 2#(! ,.-2#(!

0, = (%,3%, ) 816, = (3,3 %) 1#$12,122. ~#'11&# (21$@# &#13@(1+,1! 1,++21$!,112$21D06128%@ .(@!
B'#12#(,'$1#(1&@/#.(@2.(5!

Question C.2.1.6 Z@!2.1.2%#X = (L,, +x,,) [#$!#.10?@/@.,. ¥ 8!#.1&0&' @ 1#!" #11#?,$@2.1#.$ W
40, !

Lo =cosp! ,@.(@! B#'d——sm(p8|

V(Lo +dy) V(Lo +dy,")

10(2'&1#1?10B',$@2.!1+1060&#.$#!, H@.|&#1&2. #H(0,, + ¢) 1#.1H2.6$@2.In5!

!

! " 122@!&HY (S &@1#6$H/#.$! &OSHLI@ ., P2#! 3B@ILI &#1?,162.., @ ((,.64#1 &#1?,| 22 @ )G HHES!
&2.61&#172,162//,. &#1&"1/2$#'15!

Question C.2.1.8 Z'1! ?I,.. #%#! <8! $1,6#1! ?,! 62'1P#! &#cos(6,, +¢)! #.! H2.63@2.! & 8! ('1!
?21@.$#1>,2?2#! {a"M/'k!r;M//|! *H2.6$@2. #/#.$! .2 1/,745! <2.6?'1#! ,221(! (1! ?1@.H?'#.6#! &#! ?,!
12$,3@2), |&#!1?1,%#!&'1/2$#'15!

I

!

<5;5;! Y2&0?7@(,$@2.16 @.0G8B '#!&#1?1,%0#!dQ=!C!+,1$@#!P @#??#$$#!&#!1#.>2@!

! [2'11 +2'>2@1! 061, (#1! ?#! $'P#! #HH@6,6#/#@3! H,'$! &@ (+2(#1! &I'#! 6#1$,@ .#! >@$H((#! ,"
@>#,1&'1+2@.S2.| H@.! &I2P$#.@1! (HH@(,//#.9'&1-@#! 3! ?|@/+,6$5!",! . 21/#! &#! 6#SSH#! >@SH#((#!
0%,.$! 62..'#1 *d /48! .2'(1,7?2.(! BE#L6E#1! ?,! >@$H(EH! 62//,.&#! &#! &O0+7?,6#/#.$! &#! ?,!
P@#?2?7#3%#! &#! 1#.>2@5! . (++2(#!B'l,"N &0/,11,-#\x,, = X, =X, =X, = X, #3! B'#! Fo40! M!*+2@.S2.!

1#?2#>045!
Question C.2.2.1 =0$#1/@ .#1!?,!&@1#6$@2. !&'!>#6$#'1!>@%§E((§; 131$2'$! @.($,.$!$5!

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

Question C.2.2.2 Q.I&0&' @1#1?,18@1#6$3@2.1&1>#6$# 11> @$#((#13!$2'$!@. (8, $!$5!
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Question C.2.2.3 =0$#1/@ #11?,1&@1#63@2.1&"1>#6$# 11>@$H((#113!$2'$1@.($, $1$5!
Question C.2.2.4 Q.1&0& @1#1? |&@1#63@2.1& 1>#63# 11>@BH((#13!$2'$1 @ .($,.$'$5!
Question C.2.2.5 7121, @&#!&'1(6E0/,!6@.0/,$@B#1&#1?,1+,-#\81)' ($@H@#1!B'#1?,112$, $@&#!
2, IP@H#?HISHB!. 224#8131$2'S1@.($,.$!$5!!

Question C.2.2.6 7171, @&#! &I #IH#1/#$'1#1-02/0$1 @ B'#8IPS @11 2#(! 142, $@2.(1#.$1#1 2#(!,.-QH(!
HSW, HSIEL431$2'S1@.($,. 3! $5HD-, 213IMIE. 1+2(@$ @ 2.1 1#2#>0#45!

Question C.2.2.7 Y2.$1#1IB¥ T, . =d,.6.7,131$2'31@.($,.$!$5!

Question C.2.2.8 =08 @1#! &#(|B#(S@2.(1+10608#.$#(1?,| DH#I &#12,1+2(,$@2.1 841 12$,$@2.!
&2, |P@H?HIBHIO 2H+2,.) (5,5 7,) HIH2.6$@2.18#4(!,.-2#(! 0, 1#310, 81 &#(1 8@ /#.(@2.(1#$! 817!

>@$H((H1&H112$,$@BI31$2'31@.($,.$1$

o

Question C.2.2.9 =0&' @1#!&#(!B'#($@2.(!+1060&#.$#(! RILH &H#1?,1>Q@$H#((#&#!$1,.(2,$@2:),, !
&2, P@#?2?2#IPH2@.$!] . 81#.IH2.63@2.1&#(!,.-2#(10, 1#$10, 81 &#(1 & @/#.(@2.(1#3$! &#!1 2,1 >@$H((#!
&#112$,$@P18I31$2'$!@. (3, $I$5!

Question C.2.2.10 Q.10?@/@.,. 9, !&,.(1?1#%+1#((@2.!1+1060&#. $#8 WAL/ @ #1!?,!>,7#'1131&2..#1!
3160, 1. H@.1&#162'1(#8161#($SD3D&ABLH] 0° 8!)0;,7(”. (maxi) =V, #$!F2@ 90! Ps25!

|.1+1#.81,/d @ o!D:/5( P8I&I01aM//81& 1ONJ:/IHSIP  ,40!DKr8n/5!
|

! 11 (+H2(#1 &O(21,@(1 B 2,1 >, 2# 11 &#1  6,816,26"20#1 .1 H@.! &# 62'L(#8 #($! %@/, 7#!
* 01y A1#$10- 2#131DJ11, 886!

Question C.2.2.11 Q.!&0&'@1#! ?,! 21/#! &#! ?,! >S@$H((#! 1% @/, ?#! &#' $1,.(?,$@2.! &#! ?,! >@(! +,1!
1,++21$!,'112$21D0612'5!

Question C.2.2.12 Q.!07@/@.,.$9,!&,.(1 ?H#%+1#((@2.!1 &#!?,| BH#($@Z5;5;5\8!6,76'?#11 2,1 >, 2#'1!
1.%@1,2#1&#! 6, 5!

!

! L2, $18#.1+2'1(@>,.$12#(16,26'2(1B#12,1.2  L/#172,1>,2#'11/,%@/,?#! 8&#171,660701,$@2.!
0, #($1>2@ (@ #1&#IM8K! P&I5(

Question C.2.2.13 <,26'2#112,!> 2#11/,%@/, 24 &#10, 1#$162.67'1#! (11 IEF+2$EV(#IH, @$#&,.(12,!

+,1$@#!19!('11?I#HH#$!.0-?@-#,P2#1&#1?, 1123, PAR@SR?#$$#!;1 (112, |&F.,/@B#!&' (F($V/#5!
!
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D - DIMENSIONNEMENT (ANNEXE D)
!

! f2'(1,222.(1&0(21/,@(" .2'(! @.$OL#((#1! 31 2A #HH21$! 3!, ++?2@B'#1! +2'11 QOH21/#1! 24! $'P#! #.
$2.4,'8 H@.! &# &@/MH.(@2.H! 6211#6SH#.$! 24! 12$#11&# 62//,.8# 1,@( ,'(@! &#!

@M. (@2.#1) 62LIH#6SH/ES! 6#1$,@.#( HANVGH 21,%# dI5! " ! +@(.6# H2'1.@# &2@$!
H((#.S@H72H#.$ (#1>@11317,1&0H21/, $@2.1&1$'P#5!

! "1 %#IdI1 142" 1IH2.6$@2.1&#110,7@ (#1!" #IHBH&I [, 11,-#1( 11?1#%$10/ @$0!181$' P#162//4!
1#+10(#.$0#! (11 2, H@-'1#! =5:511 +12608&0! 1#$#."! 62.(@ ($#! 3! 061, (#1! 28 $PH# (@>,.$! (2.! %!
+2'114+12>2BH11(2.1-2. H2#/#- S I IH2 L1 &H1$2. 4, 5

|

S

%
%
S

|
X@-'1#1=5:ICIY @ (#!1#.JH21/#1+ 11&0H21/, $@2.1, %@, ?#!

|
! "# S'P# 0$,.$! /,@.$4.1+11,@ ??24#1(8! 2,! |, $1@6#! &#! 21, Yt>@#.$! 061,(#1! 2#.$H#/#.$!
2AH%$10/@$0! &#! 6#1 $PHI SHE(SV/H &#! -#.2'@2?VIH! *H@-'1#! =5:45! <# (F($V/#! *(6E0/,!
6@.0/,$@BH! +,-#:\A$1, (H21/#1 2#1 &0+2,64#/#.$! &I#.$10# #.1' #1$1 .(2,$@2. &A %# E21@j2.$,75!
<2..,@((,.$' ?,! +12H2.&#1! &AO0BL,(#/#.$! &1 $P# * 1,148! 2.1 GE#I6EH# 3! &O$H1/@ #1! 2#
&0+7,6¢#/#.$13162//, &#1!,1.@>#,'1&'1/2$#'1] #1$@2@(,.$17,162.., @((,.611 &H(1/2'>##.$(!
(@+2#(1&HI6H#1$,@ #(+@VEH(HSI &ATHE> $@2.18#17,122 - # 11&#17 |P @H#? 24!
|

o
X@-'1#1=5;ICIZF@#&#!-#.2'@??V1#!

D.1 Vérification de I'effort maximum transmis

f2'(1 ,2?22.(! >01@H@#1! B#! ?l#HH#6$#'1! #(3H6RH/#.$! &@/#.(@2..0! +2'1! #%#16#1! ?I#HH21Y
O6#((,@1#),$3#.&',"\.@>#,"&#!? |-#.2' @??V1#5!
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=5:5:1 QHH21$!$1,.(/@(13L22'@?2?VIH*(112l,. #%o#!=4!
=,.(12,142(@$@2.1+12+2(0#! (11 71,. #%#1=1C!

Question D.1.1.1 Z'($@H@#1!2#/H, @$!B'#!?,|P @HERSE(#B'I3!". 1#HH21$!18#162/+ 1#((@2.5!
Question D.1.1.2 G1,6#11?210B'@?@P1#1&#(IH216#(1('1!?,1) BP#1]
Question D.1.1.3 G1,6#11?10B'@?@P1#&#(IH216#(