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» Etude et dimensionnement de machines tournantes

> Géométrie parfois complexe

> Choix de Cast3M =-maitrise et pérennisation
> Analyses modales (modes R et C) et harmoniques (balourd ...)
> Modélisations : poutre/2D Fourier/3D,

Motivation

Contexte

lL Gas Turbine Modular
Helium Reactor

Développement d’'outils dans logiciel EF

massif/coque,
isotrope/orthotrope ...
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Motivation

Présence de composants au caractere rapidement non-linéaire
(paliers, squeeze-film ...)

=Analyses non-linéaires nécessaires !
» Intégration temporelle
» Analyses dans le domaine fréquentiel (HBM)
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Equations of motion and Newmark scheme
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Intégration temporelle

Equations of motion

Rotor in rotating frame J m

[M]H/ + [QG + CVI'SC]Q/ + [Kelas + Q2Kcent + K(O'O)]ﬂ/ = Féx




Intégration temporelle

Equations of motion

Rotor in rotating frame a;

Mli' + [QG + Cuisclit’ + [Ketas + Q°Keent + K(0°)]u' = Fl,

Linking rotating and non-rotating

frame
U1l 1 0 0 v’ o
U2 | = [0 cosQt —sinQt| - [ U2’
U3 0 sinQt cos Qt U3’
ey

/
U = R(Qt) - W .
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Equations of motion

Rotor in rotating frame

Mli' + [QG + Cuisclit’ + [Ketas + Q°Keent + K(0°)]u' = Fl,

Linking rotating and non-rotating

frame
U1 1 0 0 u1’
U2 0 cosQt —sinQt| - | v2!
U3 0 sinQt cos Qt U3’

u = R(Qt) i

Il
1

A Lagrange multiplier A is introduced :

({0

o oo

=
ko)
=

=

<
Il
o
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Intégration temporelle

The Newmark scheme

1 1 . 1..
m(unﬂ — up) — [mun 4+ (1= ﬁ)u,7

#(Un+l - Un) 4 (1 — %)Un + At(l = %)Un

Upt1 =

L.ln+1 =

/ 40



Intégration temporelle

The Newmark scheme

. 1 1 1.
Upt1 = m(umrl — up) — mun +(1— ﬁ)un
inp1 = ﬁ(um —un)+ (1 — %)un + A1 - %)un

Schemes properties

Scheme ¥ B At /Ate

Central difference 1/2 0 2

Fox and Goodwin 1/2 1/12 2.45

Linear acceleration 1/2 1/6 3.46
Average acceleration 1/2 1/4 (S)
Modified average acceleration | 1/2+a | 1/4(1+ «)? 00

Runge-Kutta 4 - - 2v/2

Fu-De Vogelaere - - 2v2
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Intégration temporelle

The Newmark scheme
1 1 1

un+1 = m(un+l - Un) - mbn + (1 - ﬁ)un
. 8l U5\ Y S\
n = — . \Un — Unp 1— )iy At(l — — n
Unt1 BAt(u +1— Un) + ( B)U + At( 2[3)“
SChemeS properties
Scheme ¥ B At /Ate
Central difference 1/2 0 2
Fox and Goodwin 1/2 1/12 2.45
Linear acceleration 1/2 1/6 3.46
| Avegesccseaton =15 14
Modified average acceleration | 1/2+a | 1/4(1+ «) 00
Runge-Kutta 4 - - 2V2
Fu-De Vogelaere - - 24/2
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Newmark implicit

Plan
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Intégration temporelle

Newmark average acceleration method (implicit)

Application to a linear 4-dof stator-rotor test problem

ek

PN
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Newmark average acceleration method (implicit)

Application to a linear 4-dof stator-rotor test problem

ek

PN

L(Qt)g =0

Equation of motion -+ Kinematics constraint
Kqg+ Cq+Mg=F J

J
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Intégration temporelle

Newmark average acceleration method (implicit)

Application to a linear 4-dof stator-rotor test problem

/ 1| AN |
A stator |_| rotor |S
Equation of motion -+ Kinematics constraint
Kg+ Cqg+Mg=F L(Qt)g=0
avec: q' = ()\y Az uy Uz U}', Ué)
0 0 1 0 —cosQt sin Qt
0 0 1 —sinQt —cosQt
k 0 0 0
K= kK0 0
k' 0

sym K

D Prabel, B. Some remarks on time integration of 3D rotor-stator assembly, ECCOMAS 2016
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Newmark average acceleration method (implicit)

Application to a linear 4-dof stator-rotor test problem

ek

Equation of motion J -+ Kinematics constraint J

PN

Kq+ Cq+ Mg =F L(Qt)g =0
avec: q7 = ()\y Az uy Uz owp ué)
0 0 0 0 0 ©O
0 0 0 0 O
c 0 0 O
€= c 0 0
0

0
S

~

sym

9

D Prabel, B. Some remarks on time integration of 3D rotor-stator assembly, ECCOMAS 2016
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Intégration temporelle

Newmark average acceleration method (implicit)

Application to a linear 4-dof stator-rotor test problem

/ T AN |
/1 stator |_| rotor |S
Equation of motion -+ Kinematics constraint
Kq+ Cq+Mg=F L(Qt)g =0
avec: q' = ()\y Az uy Uz U}', Ué)
0 0 0 0 0 0
00 0 0 0
m 0 0 0
M= m 0 0
m 0
sym m’

D Prabel, B. Some remarks on time integration of 3D rotor-stator assembly, ECCOMAS 2016
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Newmark average acceleration method (implicit)

Results of the 4-dof test problem

—VUuY
4 —uy
—Vuz
—uz

IAnAnn
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Newmark average acceleration method (implicit)

Results of the 4-dof test problem

—VUuY
4 —uy
—Vuz
—uz

IAnAnn
L

=-instability of the “unconditionally stable scheme” !
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Newmark average acceleration method (implicit)

Results of the 4-dof test problem

10 - : q10
—VuY
|| —ur
10° | —uz 10
—uz 1o
o || —1y
10 Lz
g
. o 10
107 il
.
510" P { f 10° =
ul
10° /7 ; .
7 {10
107°F /‘( \(
~~~~~~ 1
T “
S B S N R S
[ 05 1 15 25 3 35

2
t(s)

=-instability of the “unconditionally stable scheme” !
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Intégration temporelle

Newmark average acceleration method (implicit)

Results of the 4-dof test problem

10° - 110
—VuY
|| —ur
10° §—uz .
—uz 0
o || —1y
10 Lz
s
10
10° A
T
510" P ‘( 10° =
ul
10 <7
/\( 10
p
1072°F /‘{
------ 1
10
1
S B ‘ ©
[ 05 1 15 25 3 35

=>instability of the “unconditionally stable scheme” !
=-Lagrange multipliers are suspected...
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Intégration temporelle

Newmark average acceleration method (implicit)

After long thinking...
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Intégration temporelle

Newmark average acceleration method (implicit)

... the solution was written !

Cardona, A., & Geradin, M. (1989). Time integration of the equations of motion in mechanism analysis.
Computers & structures, 33(3), 801-820

“Newmark trapezoidal rule is unconditionally unstable in the presence of constraints”
(analysis based on the computation of the eigenvalues and eigenvectors of the
amplification matrix A of a constrained system)
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Intégration temporelle

Newmark average acceleration method (implicit)

... the solution was written !

Cardona, A., & Geradin, M. (1989). Time integration of the equations of motion in mechanism analysis.
Computers & structures, 33(3), 801-820

“Newmark trapezoidal rule is unconditionally unstable in the presence of constraints”
(analysis based on the computation of the eigenvalues and eigenvectors of the
amplification matrix A of a constrained system)

=Proposed solution : use time integrator with controlled numerical damping.

12 / 40



Intégration temporelle

Implicit schemes with numerical damping

Hilber-Hughes-Taylor and a-generalized methods

(1 — am)Miin1 + amMin + (1 — af)Cint1 + afCin + (1 — ar)Kupt1 + arKup
= (]_ — ozf)stl 4+ C!fF;Xt

13/
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Implicit schemes with numerical damping

Hilber-Hughes-Taylor and a-generalized methods

(1 — am)Miin1 + amMin + (1 — af)Cint1 + afCin + (1 — ar)Kupt1 + arKup

= (1 — )R + ok

Spectral radius

102p
Ng W‘* (X3
N 9.
N o
098 .
e Y o
T \ o
g \
& 0.961 o o
g | e
g [ ®
t \
0.94] | o
[ o,
\
Average Acceleration '\ o
0.927 _ _ _ pamped Newmark (a=0.05]  \ + N
+ HHT (a=0.05) Nt 00
9 Generalized-a (p°=0.9048) S b ek
0.
107 10" 10° 10" 10 10°
wAt

Numerical damping

004
Average Acceleration
- - - Damped Newmark (a=0.05]
00351 HHT (0=0.09) R
© Generalized-a (p=0.9048) PP

w 003 -
] -
2 0025 B
b} e
£ "
3 o002 .
2 oo . R
3
]
2
£ o0
S . +
g ,

0.005 et

o3 % b
0.005, . . . , ,
0 05 1 15 2 25
wAt
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...................................

Results of the 4-dof test problem

(il lv ,u\l\\




Intégration temporelle
Implicit schemes with numerical damping
Results of the 4-dof test problem

z
L]

ol [nd [d
R S R
T x

-2.5
0

| '\“ ,’ ,"\'\'

© No more instability
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Intégration temporelle

Implicit schemes with numerical damping

Results of the 4-dof test problem

7

x 10
19427
—o- HHT At=T/64 o
1.94] —+ HHT At=T/256 PP
- - Gen-a At=T/64 -
1938} - + - Gen-a At=T/25¢ -
1.936 Lo~
. a
1.934f
T 1932F .
o) -
193¢ .
1928 °
! P
1.926f e
’ e o
1.924f - hET
- .
_- ——
1.922 . . . . ! ]
0 01 02 03 04 05 06 07 08 09 1
o

© No more instability
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Intégration temporelle
Implicit schemes with numerical damping
Results of the 4-dof test problem

7

x 10
19427
—o- HHT At=T/64 o
1.94] —+ HHT At=T/256 PP
- - Gen-a At=T/64 _
1938} - + - Gen-a At=T/25¢ -
1.936 Lo~
a
1.934f N
T 1932F
o)
193¢
1928 °
. P
1.926f e
’ P -+7 - ‘o
1.924f - hET
- .
- N
1.922 . . . ]
0 01 02 03 04 05 06 07 08 09 1
o

© No more instability

© Small dependance of the solution to the numerical damping
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Implicit schemes with numerical damping

Application to a linear 3D rotor-stator assembly
Mode shape constituting the CMS base :

—~
— e

15 / 40



HHT

a-generalized

X102
100

Intégration temporelle

Implicit schemes with numerical damping
Application to a linear 3D rotor-stator assembly

Ace moy (Phys)

Ace moy (Phys)
Ace moy (Modal)
Gen.-a. p=0.9

i
[
il
: i
350 4.00
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Implicit schemes with numerical damping
Application to a linear 3D rotor-stator assembly

X107 x107?
100 ‘100
e moy (Phys) T T eomer (e
o060 | | 300 L Acc moy (Modal)
T 020001
0.20 i 200 HHT @=0.00
A R
20’ Al I b 100
| { A
- 060 | VR 000
T 5 -100] 5 -100]
T 10| ! 200].
—180 | [t 00|
a0 Tt s
| b
MW W
260 Yo 7 0 \/ -5.00
300 i : -6.00
SR T im s 2@ 3% 3 o 5
t(s)
X107 X107
100 )
i ——— ficc moy (Phys)
060 i 300 \cc moy (Modal)
RERSEE! e, 0205
020 ol R o be07
SRR
] AR
2 020 LR
B 0y 4
N oo AT
@ =1 i
[ 0 i
9] a0 |
c | i
19} 10| Vi a0 i
) Vi A |
é 220 bEL R \ -4.00 i
[ RINEYVIE Y i
. N i
eor [V e :
200 N I i 00 :
0 o 10 18 200 28 800 3% 4o 2% 3% 3w 36
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Implicit schemes with numer
Application to a linear 3D rotor-stator

ical damping
assembly

X107 X107
100 400
cc moy (Phys) T hcomoy (i)
| 100 [ 1
- i i 000 LT i
T > 100 i
T 200 i
00| i
h -a00] 4
f &
¥/ 00| i
\ \ Iy
-6.00 L 1
3603 o0 35 3% 3 I 370 a5 3w 3% 3% 3% A
t(s)
x107 x10
100 400
Acc moy (Phys) i ——— ficc moy (Phys) -4\
060 L .. Acc moy (Modal) ! i 300 (. pcc moy (Modal) Y\ B
- Gen.-a. p=09 i A i ; en.-a. p=0.9 N
0z G gy [F YA I X S o7 | p
] | A N
3 020 ‘ W LR 100 [ / ) i
Wy ] I n.-a. p= ! \
N -0s0 AT oo | TITTERTENS \ ]
_ | - i !
E > -100 ! 3 100 ! N 4
v 140 i -200 i
o i
quD 180 [ 4 300 o 4
é 220 “ - i 400 | H 4
P R | i
260 ] . 00| i ‘ i
-a00 LA R v 600 il :
000 TGS T 180 200 28 300 3% 400 25 3% 3w 9% 970 a5 3w 3% 3% 3% 4w

© No more instability

® Dependance of the solution to the numerical damping

s
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Il. Intégration temporelle

Newmark explicit

17 / 40



Intégration temporelle

Newmark central difference method (explicit)

Simple 3D rotor test problem
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Newmark central difference method (explicit)

Simple 3D rotor test problem

—o—At=TI256 —o— AL=TI256
-0 At=TI640 0.022f] -0~ At=T/640
© At=T/1280 < Bt=T/1280)
~ £~ At=TIB400) - & - At=T/6400) /
/ \
JERVEES \
/ P £ \\\x\
[ 7/:\;;;7 LT ‘Q\
e \\
o
[ \ /
|7 /
/ /
4
il
7
a
175 18
t(s)

18 / 40




Intégration temporelle

Newmark central difference method (explicit)

Cause of numerical instability ?
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Intégration temporelle

Newmark central difference method (explicit)

Cause of numerical instability ?

“Classical” simplification in explicit software

At ] . .
[M + TC] Upt1 = F;itl — Ku,,+1 - CUIH-%

19/
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Newmark central difference method (explicit)

Cause of numerical instability 7

“Classical” simplification in explicit software

t,
M +}@ iins1 = Fy — Kunya — ity 3

M diagonal =-no matrix inversion !

/ 40



Intégration temporelle
Newmark central difference method (explicit)

Cause of numerical instability 7

“Classical” simplification in explicit software

t,
M +}@ iins1 = Fy — Kunya — ity 3

M diagonal =-no matrix inversion !
C includes Gyroscopic effect = At \\ if neglected

40



Intégration temporelle
Newmark central difference method (explicit)

Cause of numerical instability 7

“Classical” simplification in explicit software

At ] . .
M P 7C:| Upt1 = Fﬁ:fl — Ku,,+1 - Cun+%
Solution : “Full” explicit scheme:
=Inversion of [M—i— %C] required
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Intégration temporelle
Newmark central difference method (explicit)

Cause of numerical instability 7

“Classical” simplification in explicit software

At ] . .
[M P 7C:| Upt1 = Fﬁ:fl — Ku,,+1 - Cun+%
Solution : “Full” explicit scheme:
=Inversion of [M—i— %C] required

—e— At=T/256 —e— At=T/256
~0- At=TIB40 0.022ff -0~ A t=T/640
At=T/1280) At=T/1280)
& AETI6400 - &~ A1=T/6400)
005}
e
_—
0.018
N
N ’5‘ / \
/ \
0.014 //
/
-0, 0.012
0 05 1 15 2 25 3 35 4 17 175 18 185
t(s) t(s)
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Il. Intégration temporelle

Taking into account the non-linearity
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Newmark central difference method (explicit)

» Test case of Zhu et al.

(a)

DN Centralising

spring

{2
Journal
= |

@ Oil film

Grandeur a b c d
0.1 0.267 0.1 0.1
0.05 0.287 0.25 0.01
0.0005 | 0.0005 | 0.0005 | 0.0005
0.2 0.45 0.2 0.3
0.05 0.145 0.01 0.025

40
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Newmark central difference method (explicit)

» Test case of Zhu et al.

(a) /
DN Centralising

spring

Disc L

{2
Journal

» Unbalance force

%@ Oil film

Grandeur a b c d
0.1 0.267 0.1 0.1
0.05 0.287 0.25 0.01
0.0005 | 0.0005 | 0.0005 | 0.0005
0.2 0.45 0.2 0.3
0.05 0.145 0.01 0.025

and wy = \V kshaft/mdisc

40
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Newmark central difference method (explicit)

Test case of Zhu et al.

(a)

DN Centralising

spring

{2
Journal

Unbalance force

Nonlinear force:

%@ Oil film

Grandeur a b c d
0.1 0.267 0.1 0.1
0.05 0.287 0.25 0.01
0.0005 | 0.0005 | 0.0005 | 0.0005
0.2 0.45 0.2 0.3
0.05 0.145 0.01 0.025

and wo = 4/ kshaft/mdisc

due to pressure distribution in squeeze-film (short bearing assumption):

p(ev Z) =

61 C
R

(

LZ
T

—22) (écosO—l—eq'bsinG) with h = C(1 4 ecos0)

40
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Newmark central difference method (explicit)

» Test case of Zhu et al.

, Disc L
{2
Journal
= |

%@ Oil film

Unbalance force

v

» Nonlinear force:

Grandeur a b c d
0.1 0.267 0.1 0.1
0.05 0.287 0.25 0.01
0.0005 | 0.0005 | 0.0005 | 0.0005
0.2 0.45 0.2 0.3
0.05 0.145 0.01 0.025

and wo = 4/ kshaft/mdisc

due to pressure distribution in squeeze-film (short bearing assumption):
p(6,z) = —%4E (ﬁ — 22) (écosO—I— eq'bsinG) with h = C(1 + ecosf)

h3 4

» Goal = determine the response for every speed of rotation §2
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Newmark central difference method (explicit)

» Référence (Zhu et al.)

12
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Newmark central difference method (explicit)

» Référence (Zhu et al.)

12

» Cast3M

1.0

09 NL - min-max |
NL - avg

Linear

06 4. o8
b 0.7

0.6

|uyc

05

04|

0.3

0-6

00 05 10 15 20 25 30 35 40 45 50
Qlay
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Newmark central difference method (explicit)

» Référence (Zhu et al.)

12

» Cast3M

A |

Qley=0.4
Q/ewy=0.5
Q/6=0.8

Q=33

22
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Conclusions
» Implicit integration =numerically damped scheme
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Conclusions
» Implicit integration =numerically damped scheme
» Explicit integration = “full” scheme
» It takes often a long (computational) time to reach steady state

= Choice of efficient explicit computation on modal basis (DYNE
operator of Cast3M) ©
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Conclusions

Implicit integration =-numerically damped scheme

Explicit integration =-“full” scheme

It takes often a long (computational) time to reach steady state

Choice of efficient explicit computation on modal basis (DYNE
operator of Cast3M) ©

An alternative would be the computation of the nonlinear
response in frequency domain...

23 / 40



Plan

I1l. Equilibrage harmonique

24 /40



Plan

I1l. Equilibrage harmonique
Intégration dans Cast3M

25 /40



HBM

Intégration dans Cast3M

=-discretization, model definition,
boundary condition, loading,
eigenmodes basis, ...

OPb to solve:
—r=Mii+ Cio+ Ku— f"(i,u) — &t =0
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HBM

Intégration dans Cast3M

OPb to solve: =-discretization, model definition,

—r = Mii+ Cit+ Ku — £ (i, u) — £ = 0 b.oundary COndIt.IOI"I, loading,
eigenmodes basis, ...

OFourier serie decomposition:
u(t) = Up + Ek:l..H Uy cos kwt + Vj sin kwt =HBM procedur
—R(U,w) = Z(w)U — F"(U) — F&t =0

40



HBM

Intégration dans Cast3M
SPb to solve: ?dls;retlzatlodr.wt,. mo?el ;J.efmltlon,
—r=Mi+ Ci+ Ku— f"(is,u) — f&t =0 oundary condition, foading,
eigenmodes basis, ...

OFourier serie decomposition:
u(t) = Up + Ek:l..H Uy cos kwt + Vj sin kwt =HBM procedur
—R(U,w) = Z(w)U — F"(U) — F&t =0

<&Continuation solving method:

=CONTINU + AFT procedur
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HBM

Intégration dans Cast3M

=-discretization, model definition,
boundary condition, loading,
eigenmodes basis, ...

OPb to solve:
—r=Mii+ Cio+ Ku— f"(i,u) — &t =0

OFourier serie decomposition:

u(t) = Up + Ek:l..H Uy cos kwt + Vj sin kwt =HBM procedur
—R(U,w) = Z(w)U — F"(U) — F&t =0

<&Continuation solving method:

=CONTINU + AFT procedur

<OStability analysis (Floquet exponents with

Hill's method): : =FLOQUET procedur
[A0 +AA1L+X28,] 0 =0

40
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I1l. Equilibrage harmonique

Exemples académiques
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HBM

Duffing oscillator

» Duffing equation of motion:
i1+ 26wo it + wiu + pud = pw3 coswt

Fixed values: £ =5%, wp =1 and p = 0.5.
Continuation with respect to w.
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HBM

Duffing oscillator
» Duffing equation of motion:
i1+ 26wo it + wiu + pud = pw3 coswt

Fixed values: £ =5%, wp =1 and p = 0.5.
Continuation with respect to w.

» Results for y = 5:

max|u(t)]
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» Duffing equation of motion:
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HBM

Duffing oscillator

» Duffing equation of motion:

i1+ 2€wop

i+ wiu 4 pu® = pwl coswt

Fixed values: £ =5%, wp =1 and p = 0.5.
Continuation with respect to w.

» Results for H = 11:
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Duffing oscillator

» Duffing equation of motion:
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HBM

Duffing oscillator

» Duffing equation of motion:
i1+ 26wo it + wiu + pud = pw3 coswt
Fixed values: £ =5%, wp =1 and p = 0.5.

Continuation with respect to w.
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HBM

Duffing oscillator

» Duffing equation of motion:
i1+ 26wo it + wiu + pud = pw3 coswt

Fixed values: £ =5%, wp =1 and p = 0.5.
Continuation with respect to p.
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HBM

Duffing oscillator

» Duffing equation of motion:
i1+ 26wo it + wiu + pud = pw3 coswt

Fixed values: £ =5%, wp =1 and p = 0.5.
Continuation with respect to p.

» Results for w/wy = 1.6:
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HBM

Forced Van der Pol oscillator
» Forced Van der Pol equation of motion:

i—a(l-0? iU+ u= pcoswt

Fixed values: @ = 1% and w = 1. Continuation with respect to p.
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HBM

Forced Van der Pol oscillator

» Forced Van der Pol equation of motion:

i—a(l-0? iU+ u= pcoswt

Fixed values: @ = 1% and w = 1. Continuation with respect to p.
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HBM

Forced Van der Pol oscillator

» Phase portrait for p = 0.5:
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HBM

Forced Van der Pol oscillator

» Phase portrait for p = 0.5:

HBM (H = 11) Time integration (At > 0 and At < 0)
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I1l. Equilibrage harmonique

Flexible rotor on nonlinear squeeze-film damper
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Bifurcation tracking
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HBM

0. Calcul de la courbe de réponse

(v o)

1. Localisation des points de bifurcation

© o o)

2. Suivi des points de bifurcation

B
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Xie, L. Baguet S., Prabel, B. and Dufour, R., Numerical Tracking of Limit Points for Direct Parametric Analysis
in Nonlinear Rotordynamics, Journal of Vibration and Acoustics, 138(2)-2016

Xie, L. Baguet S., Prabel, B. and Dufour, R., Bifurcation tracking by Harmonic Balance Method for performance
tuning of nonlinear dynamical systems, Mechanical Systems and Signal Processing, accepted
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1. Localisation des points de bifurcation

1. Localisation des points de bifurcation

New unknown : eigenvector ¢
New equation : stability equation

Limit Point Branch Point

(A =0) (A=0)
{o R=0
Ru-¢=0 Ryu-¢=0
8To=1 R @ =0

‘ ¢Tp=1

Neimark-Sacker Point

()\1,2 = :f:/i)

R=0

Dg - ¢r — KA1 - ¢ — K> Do - g =0
Do ¢+ KA1 dr— KDy - ¢ =0
q ¢r =1

q ;=0

v
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New unknown : parameter «

Prediction : along ¢

New equation (correction steps) : pseudo-arc-length equation :
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2. Suivi des points de bifurcation

2. Suivi des points de bifurcation

New unknown : parameter «

Prediction : along ¢
New equation (correction steps) : pseudo-arc-length equation

(AU Aw  Aa)- (U bw 601)7—:.0

Example: Jeffcott rotor (2 dof system) submitted to

contact with friction
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Response for 1 = 0.05
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HBM

2. Suivi des points de bifurcation

Response for ;1 = 0.11
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2. Suivi des points de bifurcation

Response for ;1 = 0.20
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2. Suivi des points de bifurcation

Response for different values of p
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HBM

2. Suivi des points de bifurcation

Limit Point tracking (new parameter = 1)

Stable

Instable

Point limite
Neimark-Sacker (NS)

® = N w b 0o N
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2. Suivi des points de bifurcation

Neimark-Sacker tracking (new parameter = 1)

Amplitude r/h
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2. Suivi des points de bifurcation

LP and NS tracking

Suivi des points limites :
" Suivi des bifurcations NS .=—=—

® = N W A& U N
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2. Suivi des points de bifurcation

LP and NS tracking

0.4 ~

0.35 4 LP tracking
NS tracking
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Conclusions et Perspectives

HHT and a-generalized implicit schemes implemented in
Cast3M (only for linear analysis)

Efficient explicit schemes available for nonlinear rotordynamics
in Cast3M

© Continuation + HBM + AFT + Stability analysis implemented
in Cast3M

@ limited for now to (relatively small) and forced system

© Numerical method developped to follow LP, BP and NS
bifurcations

® Not yet implemented in Cast3M

Future : Change  into  and explore collocation method,

quasi-periodic motion computation, ...
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Thank you for your attention !
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