CODE CNIM :
CONCOURS 2018 EPREUVE DE SCIENCE DE L'INGENIEUR

Partie 1 : Vérification des performances cinématiges du concasseur a machoire

Phase de concassage :

Question 1 :(8pts)

0,0, + 0,05 + 050, + 0,0, =0 (2pts)
ToYo + 12Y2 + 13Y3 + 14Ys = 0 (2pts)
1 cos 6@ cos@ cos 6@ _ (0
ro(e) +72 (sin 922) RE (sin 9:) T (sin 9:) = (o) (2pts)

{To +72€0560; +1r3€0803 +140050,=0 (2pts)

r28in0, +1r3sinf3 +1r,sinf, =0

Question 2 :(8pts)

Ona:

—714 €080, = 1y + 1, cOS B, + 13 COS O5
—148in@, = 1, sin 8, + r3 sin O

2 =1¢ + 17 + 712 + 2191, cos O, + 21415 cos O3 + 21,75 cos B, cos O; + 21,75 sin G, sin O,

D’ou la premiére équation de Freudenstein découle:

r2—r2-rZ-r2 7 T
cos(f; — 6,) = % — T—Zcos 0, — T—Zcos 03 (1pt)
2 2 2 2
To To T4_TO_T2_T3 _
= —— = —— === 2 =1+1+
K, ' K, s etK; 2rors (3pts=1+1+1)
De méme :

—73€0803 =19+ 1,080, + 1,080,
—738inf; =1, sinf, + 1, sin 6,

12 =18 + 1} + 1/ + 219715 c0S O, + 21971, €OS 0, + 21,74 cOS B, cos B, + 21,7, sin B, sin O,
D’ou la deuxiéme équation de Freudenstein découle:

2 .2 .2 .2
cos(f, — 0,) =22 _Dn50, —Ccosh, (1pt)

27Ty T4 Ty




ri-—rg-r3-ri

Ky=—21 Ky =—tetK; = (3pts=1+1+1)

21Ty
Question 3 :(8pts)
Af, = 4,1° < 5° =» Cahier des charges vérifié (4pts=2+2)
AfB; = 1,8° < 2° =» Cahier des charges vérifié (4pts=2+2)

Question 4 :(8pts)

6, = 292° (4pts)

Dans cette position, la machoire mobile se rapgdeimaximum de la machoire fixe. (4pts)
Question 5 :(8pts)

0P = 0,0, + 0,05 + 03P = 13y + 1,5, + Yp3Yo + Zp3Zg = (rozl,);m) + 7 (Z‘fjgj) (4pts)
D'ou :

Yp =T+ Yp3 + 1, C08 0,

{Zp = Zp3 + Iy sin 92 (4ptS)

Question 6 :(8pts)

* Le point qui sera utile pour le réglage d&S est le poinD,. (2pts)

* Throw = Az = 15mm (d’aprés la courbe 10(c)) (2pts)

Az = 15mm < 20mm =» Cahier des charges respecté (4pts=2+2)
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Phase de réglage de ’écartement : Closed Side Set (CSS)

Question 7 :(8pts)

0505 + 0504 + 040, + 0,05 =0 (2pts)
aopyo + boZy + 133 + 13Y4 + y(£)ys = 0 (2pts)
a cos O cos 0 cosfs\) _ (0
(bg) RRE (sinG:) T (sinG:) + y(t) (sineg) - (0) (2pts)

{ao +1r3cos0; +rycos0, + y(t)cosO; =0

by +1r3sin@; +r,sin@, + y(t) sinfs = 0 (2pts)

Question 8 :(8pts)

Ona:
ao + r3cos 05 + y(t) cos @ = —r, cos 6,
{bo + 13 sin 05 + y(t) sinfs = —1, sin 6,
12 = (ag + y(t) cos 85)? + (by + y(t) sinBs)? + 12 + 213 cos 05 (ay + y(t) cos O5) + 213 sin 85 (b, +
y(t) sin 6s) (1pt)
Soit encore(1pts)
rZ—rf—(ag+y(t) cos 05)2—(by+y(t) sin 5)% cos 03 (ap+y(t) cosBs) sin 03 (bo+y(t) sin 5)
213+/ (ag+y(t) cos 85)2+(by+y(t) sin 65)2 V(@ao+y(t) cos B5)2+(bo+y(t) sin05)2  /(ag+y(t) cos05)2+(by+y(t) sin B5)2
Soita tel que :

_ (ag+y(t) cos 6s)
COS & = aaty(®) cos )7+ (boy (D) in 62
sing = (bo+y(t) sinBs) .
V(ag+y(t) cos 5)2+(bo+y(t) sin 85)2
D'ou :
_ _ rZ-r—(ap+y(t) cos 65)%—(bo+y(t) sin Hs)?
COS(93 0() - 2r3J(a0+y(t) c0s 05)2+(bg+y(t) sin O5)2 (1pt)
_ (ag+y(t) cosbs)
aveca = +acos (\/(ao"'Y(t) <05 0302+ (bo +¥(D) sin 95>2> + 2km (pY
De méme:

ay + 1, cos 0, + y(t) cos s = —r; cos b5
{bo + 1, sin 0, + y(t) sin 65 = —1r3sin 5
rZ = (ay + y(t) cos 05)% + (by + y(t) sinOs)? + 1/ + 2r,(ag + y(t) cos Os) cos 8, + 21, (b, +
y(t) sinfg) sin 6, (Apt)

Soit encore(1pt)
r2—1rZ—(ag+y(t) cos 05)2—(by+y(¢) sin05)% cos 04 (ag+y(t) cos Bs) sin 64 (bo+y(t) sin O5)

2144/ (ag+y(t) cos 85)2+(by+y(t) sin O5)2 V(ao+y(t) cos 85)2+(bo+y(t) sinBs5)2  /(ag+y(t) cosB5)2+(by+y(t) sin O5)2
Soitg tel que :

_ (ag+y(t) cos 6s)
cosf = J(@o+y(0) cos B3)2+(bg+y(0) sin B3)2
. _ (bo+y(¢) sin Os)
sin "~ J(ao+y(©) cos 05)2+(bo+y(0) sin 05)2
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D'ou :
oy _ r3-ri—(ao+y(t) cos 85)%—(bo+y(t) sin 65)?
cos(8, — B) = 214/ (ag+y(t) cos B5)2+(bo+y(t) sin B5)?2

(ap+y(t) cosBs)
V(ag+y(t) cos 85)2+(bo+y(t) sin O5)2

avecf = tacos (

>+2k7r

(1pt)

(1pt)

Question 9 :(8pts)

0(°) = 162-147

_400+700y(mm) + b =0,05y(mm) + b

b =162 — 0,05 x (—400) = 182°

D'ou :

65(°) = 0,05y(mm) + 182° (4pts)
De méme :

0,(°) = %y(mm) + b =0,113y(mm) + b’

b" =236 —0,113 x (—400) = 281,3°
D'ou :

0,(°) = 0,113y(mm) + 281,3° (4pts)
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Question 10 :(8pts)

90

On a:LyZ, = CSSZy + Zy. 0,0, + Z,. 050, (4pts)

Soit encoreLoZ, = CSSZ, — Zo. (740504 — 2, ('v;((?)g’rf 55) Lo = €SS — 1, sin 6, — y(t) sin 6
D’ou:

CSS =Ly +1ssinfy + y(t)sin Oy (4pts)

Question 11 :(8pts)

D’aprés la courbe (a)CSS_min = 12mm et CSS_max = 87mm (2pts)
A partir de la courbe (b), On détermiCSS = 38mm (2pts)

D’aprés la courbe (a), on détermy, = —540mm (2pts)

O CSSRm) | —€SSomax(mm) H-Type Crusher
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=T T ==

(a) Evolution du CSS (Closed Side Set) en fonction de I'allongement y du vérin.
(b) Courbe de production de concasseur type PE400X600

Partie 2: Vérification des performancesdu systemede réglage d €SS

Masse équivalente ramenée sur ’axe du vérin :

Question 12 :(8pts)

Q(S4/Ro) } 2pts)

{19(54/R0)}G4 = {17(64 € S./Ry)
((S4/Ro) = 647,  (3pts)
V(Gy € Sa/Rg) = V(01 € S4/Ry) + U(S4/Ro) A 01Gy = =y (D)5 + 4% A —Y6a¥s = —Y (V5 — Y64BaZa (3ptS)
0,7, }

{9(54/Ro)}6, = {—jl(t)y_; —y.,047;
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Question 13 :(8pts)

_ m47(64 € S4/Ro)
{C(S4/Ro)}c, = { Gor(Sa/R0) } (2pts)
064(Sa/Ro) = [164-]-(_1)(54-/R0) = A,0,%, (3pts)
muV (Gy € Su/Ro) = —ma(3(O)F; +,8473) (3pts)

—m4(y(t)}75) + y64é4z_4—))}
A49470

{C(S4/Ro)}¢, = {

Question 14 :(8pts)

E.(Z/Ry) = Ec(S3/Ro) + E.(S4/Ro) + Ec(S5/Ry) (1pt)
Ec(S3/Ro) = 5 A363 (1pt)
Ec(Ss/Ro) = 3ms(t)? (1pt)

_1 _1 64%, _m4()"(t)37)5 + }’64942_4))}
Ec(S4/Ro) =5 {9(S4/Ro)}s, ® {C(S4/Ro)}e, =3 {_W)ﬁ = F} { b,
Ee(S4/Ro) = 3 (448, + my (50 + 7,26,% + 275,508, sin(65 - 0.) ) (1pY)

Be(3/Ro) = 3 (msi(0)% + 4567 + A40," + i (50 +,,20," + 270,500, sin(0s - 6)) ) (1pD)
Soit encore :

E.(Z/Ry) = %(ms + my + Aga,? + Azad + m4y642a42 +2myy ., a, sin(fs — 64))3'1(15)2 (1pt)
Ec(2/Ro) = 7 Meqi(t)?

Avec :

Meq = ms + my + A4a42 + Agaé + m4y642a42 + 2m4y64a4 sin(05 — 04_) (Zpt)
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Question 15 :(8pts)

AM,, = 681 — 651 = 30Kg (4pts)

L’hypothése d’un systéeme invariant n’est plus vedatar la masse équivalente varie dans le domar
fonctionnement du vérin. (4pts)

Asservissement de position du systeme de réglage de l’écartement
CSS:

Modélisation du comportement du (Vérin + Masse équivalente)

Question 16 :(8pts)

Théoréme de la résultante dynamique donne :
R(M - M) = My(t)
. d
M) = —Kny () + Ky J; &2 dv = £, 22— F(0) (4pts)
Soit finalement :

dy(t)

MF(®) + fo 22+ Kny(®) = Ky [; 22 dz — F(8) (4pts)

Question 17 :(8pts)

Y()MP? + fyp + K) = 22— F(p)

_ 1 KnQi(p)
Y(p) = (Mp2+fvp+1<h)< S1p F(p)) (4pts)
2pts F(p) 2pts
Q1(p) . , 1 Y(p)
—) h > n
S.p + (Mp? + fop + Kp) i
Question 18 :(8pts)
F
U@ =0,Fp) =2
_ —F(p) _ —Fp
Yip) = (Mp2+f,p+Kp)  p(Mp2+f,p+Kp)
i . —F F
By = im0 pY () = limy o (s = — 5 (4pts)
AN :
F 5.102 -
|Ay| = K—‘; =T =10 ‘m = 0,1mm (2pts)

|Ay| = 0,1mm > 0,05mm =» Cahier des charges non respecté (2pts=1+1)
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Modélisation du systéme bouclé avec perturbation

Question 19 :(8pts)

F(p)
1pts 2pts
lpts U, (p) 1pts @ ®) 2pts
Y.(p) U.(p) K - 1 Y(p)
— K, K, K, —h (Mp? + f,p + Ky) >
+ NS 51p +
Us(p)
K, <
1pts
Question 20 :(8pts)
Yc(p) = 0’
N S
_Y® _ (MpZ+7op+Kp) _ _ PS1
POP) =5 = 1 L KnKeRpRe = KyKeKpKc+pS1i(Mp2+fup+Kp) (8pts)

"(Mp2+fyp+Kp)  S1p
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Question 21 :(8pts)
*F(D) = Fu(®) > F(p) ==
Ay = limy_o pY (p) = limy_o pP(p)F(p) =0 (3pts)

* F(t) = Fytu(t) & F(p) = ;—

. . . P(p)F, S1F
|Ay| = lim,_, pY (p) = lim,_, pP(p)F(p) = lim,,, Z; 0 = KthK(;Kc (3pts)

Afin de pallier a cette perturbation on utilise eorrecteur a action intégral€(p) = % (2pts)

Modélisation du systeme bouclé sans perturbation

Question 22 :(8pts)

25

* FTBO(p) = o) (2pts)
* Classe 1 (3pts)
* Systeme précis (3pts)
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Question 23 :(8pts)

trso, = 5,75 =» cahier des charges non respecté (1,5pts=1+0,5)

D% =~ 100 x

780—450

o 73,3% =» cahier des charges non respecté (1,5pts=1+0,5)

MG = 400 =» cahier des charges respecté (1,5pts=1+0,5)

M@ = 10° < 45° =» cahier des charges non respecté (1,5pts=1+0,5)

800

y (mm)

Amplitude (dB)

Phase (%)

700+

600+

500 1

400+

300+

200

100+

780mm

\\\\\\\
**************************************************************************

*******************************************************

—————————————————————————————————————————————

———————————————————————————————————————————————————————————————————————

t t t f t t t t
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10

Réponse indicielle pour un échelon de position y. = 450mm, C(p)=1

50
0 Pulsation (rad/s)
— . ——— . — ; : ; :
2 2 A El o ! ] 1 2
1 5.0x10 10 5.0¢10 10 5.0%10 10 5.0x10 10
1
1
50 \
1
1
-2 -2 -1 -1 0 ! v} 1 1 2
10 5.0x10 10 5.0¢10 10 5.0x10 10 5.0x10 10
L | 1 1 1y 1 1 ]
1
-100+ I .
| Pulsation (rad/s)
120 !
1
1
1404 1
1
-160 !
Mg = 10° yoo-o !
S1B0m i e i i i

Diagramme de Bode de la FTBO, C(p)=1
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Question 24 :(8pts)
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(4pts)

6

a=?5,
7T =~ 0,08s

{

1+ 0,45p
1+0,08p
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4 GdB

2pt

2pt

0,
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Question 25 :(8pts)

trs0, = 0,55 =» cahier des charges respecté (1,5pts=1+0,5)

D% ~ 100 x 22 350 = 26% =» cahier des charges non respecté  (1,5pts=1+0,5)

MG = 400 =» cahier des charges respecté (1,5pts=1+0,5)

M@ = 50° > 45° =» cahier des charges respecté (1,5pts=1+0,5)

300, ,,,,,, 1 Fo___ [ L_o____ R oo~ Ao [ Lo Lo A oo L_o____ a_ [ o [ Lo [P
250 g S g S S P Ay Ry
' 1 ' ' 1 ' 1 ' ' ' ' ' ' ' ' ' ' ' '
I ' ' I ' I ' ' ' ' ' ' ' ' ' ' ' '
200 - o S O U NNt NN SOOI MUSUpUpUONS- SUOIOIpIO SUSIpUp N SOOI SRS NN
f i ' ' I ' i ' ' ' ' ' ' ' ' ' ' ' '
I

150 +---- U R U R LN R U R R LR R U RN boeeen LR R U e

|
i | i i | i i i i i i i i i i | | | |
100 7--f-3-mm A A T s s e e St s S Ay S
it

A T 1 T T O A

0 t I t : t t t t t t t t t t t t t t T

0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2

1+0,47p
1+0,08p

Réponse indicielle pour un échelon de position y, = 450mm, C(p) =

401

204
Pulsation (rad/s)

1 2
5.0410 10

10 50010 10 5.0x10°
_20 .

Amplitude (dB)

10 50010 10 5.0x10° 10 5.0x10" 10
. .

Pulsation (rad/s)

140

Phase (%)

-160+

B0 e e e

1+0,47p

Diagramme de Bode de la FTBO, C(p) = Tr008p
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