Advance/NextNVH

Advance/NextNVH

* *%

The solver for large scale eigenvalue problems: Advance/NextNVH
Kiyoshi MATSUBARA* and Takuhito KUWABARA**

Advance/NextNVH

Key words: eigenvalue problems, large-scale, parallel processing, mode synthesis

1
/
[1]
[2][3]
Lanczos
Householder Lanczos
Lanczos

* 5
5% Technical Division, AdvanceSoft Corporation
*% 3

3" Technical Division, AdvanceSoft Corporation

60

1990

[1]

Lanczos

2010.11 Vol.4



[4]
Guyan
reduction
2.
2.1,
n
Kx = AMX nxn
K M A
n X
K M
0
99.9%
n
2.2,

2010.11 Vol.4

Block Lanczos

static condensation

Guyan

(1], [5], [6], [7], [8], [9]

)

(Guyan's
Guyan

61



Advance/NextNVH

1)
> >
>
(@) >
(@) >
O O o
O o o

62

Lanczos

(3
3 (1)
(@]
(@]
(@)
4 1)
MPMD
master-slave
2.3.
[1]
(1)
(2
2010.11 Vol .4



()

(4)

(5)

(2)

— — — — — <

[1]

24.

(3)(4)
(1] P

(1)

2010.11 Vol.4

1 @

2.3

)

®3)

(4)

31
3.1.1.

(1)

—

— — — — —

1)

)

63



Advance/NextNVH

64

I Mllaz Mla ul (2)
= /1 0 MZZ Mza uZ
Mal Ma2 Maa ua
Guyan
Kyu, + Klaua =0
3
K22u2 + KZaua O ( )
D1 Dz
¢ 9
Guyan
D, ¢,

A
T
)
K11U1 =_/1|\/| 11U (@)
Kzzuz =AM 22Us
[ A u,
¢ 9
M
(DtiM(Pj =§ij (5)
#iMg'; =1 (6)
;i ¢ ?,
5
|
M
()]
Guyan
u, = _Kll__llKlaua )
u, = _Kzz K2aua
u u
ua
(M aa M alKllilKla - aszzilKZa).ja (8)
+ (Kaa - KalKll_lKla - KaZKZZ_lKZa)‘la = fa

r e !
M aaua = /’LKaaua

K;a = Kaa - KalKll_lKla - Kaz K22_1K2a 9)
M:;a = Maa - MalKll_lKla - Ma2K22_1K2a

2010.11 Vol.4



4)
Guyan
b ¢ 0
u = _Ku?1 Klaua
ul ¢1 - Ku?l Kla P,
Gla¢a
u, ¢
_K2271K2a¢a G2a¢a
Guyan
Sa
ul ¢l O Gla¢a
u; |= 0 ¢2 Gza¢a égA (10)
u, 0 4
TA
¢l O Gla¢a
T,=|0 ¢, G4, (11)
0 0 4
T,
Kll 0 Kla
TAl { KZZ KZaJTAgA
Kal Kaz Kaa
Mll 0 Mla (12)
=T, M, M, TS,
Mal Maz Maa

2010.11 Vol.4

|

o 0 G\ (K, 0 K,)g 0 Gpo).
o ¢2 GZagoa 0 KZ; KZa 0 (pz G2a¢a é:A
0 0 o K., K, K, )0 0 o
o 0 G (K, 0 K.)o 0 G
HO0 o G || 0 K, K, 10 o G,o/|c,
f? 0 o K K, K N0 0 o
o 0 0K, 0 Ko 0 Go
0 o, 0 K K. ||0 o G.o
(G.0) (G0) o J\K. K, KJ0O 0 ¢
o 0 0) Ko O (K6, +K,)o,
0 . 0| 0 K (K,G, +K, ),
(G.0) (G.p) o Ko K.o (K, +KG, +K,G, )
o 0 0 ) K,¢ 0 0
0 ? 0 K., 0
(G.0) (G.0) o )\K Koo (K, +KG, +KG, )
$'Kiudh 0 0
0 'Ky, 0
(Gla¢a )l K11¢1 + ¢al Kal¢1 (GZa¢a )I K22¢2 + ¢al Ka2¢2 ¢al K;a¢a[
$'Kiudh 0 0
0 4'Kyp 0
0 0 . Ko,
t
ﬂ’l¢l Mll¢1 0 O
t
O /7‘2¢2 M22¢2 O
t ’ t
O O j’a¢a Maa¢a
Al 0 0
0 A4l 0
0 0 Al

_ \
(Gla¢a )t K11¢1 = _(Kll 1K1a¢a) K11¢1
= _¢at Klat Kn_l K11¢1 = _¢at Klat¢l

(G2a¢a )t K22¢2 = _(K22_1K2a¢a) K22¢2
= _¢at Kzat K22_1K22¢2 = _¢at Kzat¢2

(13)

(14)

(15)

(16)

65



Advance/NextNVH

9,
= 0

Il
o

)

(6)

66

{ 9

0 o,

(6.0) (60) o
0

' .
(G.0) (c.0)
oMo,

(/)(MG +M ) g
0 o
|

Mo 0 Go 3.1.2.
“M”i:IS f ] (1)
0 MG +M )o
M o ( gM:G”JrM:’;q;) ]
M M +MG +M G
e e, )q,]“’ (17)
] o (M Gu +M )(p
M,) o Mg
9 (MG, +M,)g,
0!(M.C. +M.)o |5 (18)
A 4
D,
Guyan
D, N
¢ b 4
0, T
Ta
:TAfA (19)
)
Kiiui = }“Miiui
¢,
1<i<8
()]
Guyan

Dl
[}

Dl D8
(20)

2010.11 Vol 4



~—~
—l
N
~—

!
aaua

U, =K

!
a

M

!

’

aa

aa

4)

aaaaaaaa

[OROVRUNCRCRORORO)

Ooooooo go
OO0 O0OO goo
Ooo00O goo o
OooOo ggoooo
Oo0O0 gooooo
OO goooooo
O gooooooo

NeNeolololoNeNoNo)

555555555

5 3 53303055 5

<
DOU
< 3
a) =)
G 2l
< < O
<t
)
Dl
™
N <
<
@
X
|
3 <
| N
Il
o
o
)

P

o
<
N
\Al./
N
N
<
T
<C
) Gy
<
T
I
<

D4

Dl

¢ 9
bo
¢a ¢b ¢A

¢

3.1.3.

(1)

67

2010.11 Vol.4



Advance/NextNVH

2
Kiiui = /1Miiui (25)
¢
3
Guyan
MU, = AK U, (26)
M., K,
#,
4
3 T
Kx = AMx (27)
K =T'KT (28)
M =T'MT (29)
K M
T
Guyan
wl O O 0 GIS¢5 O G17 + GISGSI7 ¢7
0 wz O 0 GZS 5 O G27 +GZSG5'7 ¢)7
0 0 ¢3 O 0 G36¢6 G37 + GSSGI; ¢7
T = 0 O 0 ¢4 0 G36¢6 G47 + GASGG,7 ¢7 (30)
0 0 0 0 ¢ 0 N7
0o 0 0 0 O ?, G, o,
0 0 0 0 O 0 ®,
! r -1 ’
GSZ = _KSS K57T 1 T a
K5'5 = K55 - KlST K1171K15 - K25T K2271K25
K57 - K57 B K15 Kll K17 - K25 KZZ K27 (31)
GI — —K ’ —lKV
677 66 67T -1 T -1
K6'6 = KGG - K36T K33_1K36 - K46T K44_1K46
K67 = K67 - K36 K33 K37 - K46 K44 K47
Kx = AMx
K M
68

[oNeNo)
[eNeNoNo]

Al
Il
N
cocooco

Al
sym a2

- O O

<
I

| sym

s =M,Gi+M
25 = MpGos + My
36 = M33Ggs + My
w6 =M G+ My

=

(33)

<| =l =| =

I
< L <

11(G17 + GGy )+ MsGg; + My,
2 (Gz7 + GGy )+ M Gg, + M,
33(637 + Gaeeé7)+ M4Gg, + My,
M., (G47 +G,Gg )+ MG + My
57 = MésGé7 + Mé7

67 = MgGgr + M,

-
3

w
J

(34)

N
hay)

< =R ECRE

M G

()

¢A = TAf A (35)

2010.11 Vol.4



3.2.
3.2.1.
(30)
(¢ 0 0 0 G 0 (G
0 ¢ 0 0 G 0 (G
00 o 0 0 Gy (G
T={0 0 0 ¢ 0 Gy (G
00 0 0 ¢ O
00 0 0 0 o
00 0 0 O 0
1,7) T
G G
(1,5)
3.2.2.
)
G
1
2 2
1+2
1+2
201011 Vol.4

GS7 ¢7

25 GS7 ¢7
G, )e,
G !

(36)

1+2+3
2
1
1 2
¢2 1 0 GlB,1¢B,l
[T]= 0 ¢2,2 st,1¢B,1
0 0 Pe1
T Py
¢B,1+2
_¢3,1 0 0 0 GlB,l+2¢B,l+2
0 ¢3,2 0 0 st,1+2¢5,1+2
[T ] =0 ¢3,3 0 Gss,1+2¢5,1+2
0 0 0 ¢3,4 G4B,l+2¢B,l+2
(0 0 0 0 4y,
¢)B,1+2+3+4

(37)

(38)

69



Advance/NextNVH

70

¢4‘1 0 0 0 0 0 0 0 GlBl>2>3¢Bl>2>3
0 goA,Z 0 0 0 0 0 0 GZB‘1\Z\3¢B‘1\2\3
0 0 (pA‘S 0 O O 0 0 GKB‘1+2+3¢B‘1+2+3
0 0 0 (pu O O 0 0 GAB‘1+Z+3¢B 1+2+3
[T]=f0 0 0 0 ¢, 0 0 0 G,,0,.,.,
0 0 0 0 0 ¢, 0 0 G, ...
0 0 0 0 0 0 ¢, 0 G,.,.0..,
0 0 0 0 0 0 0 @, Gibtoin
|0 0 0 0 0 0 0 0 Poros |
(39)
G
G P ) T
T
2
T
.
I m]T]
I 0 0 O ¢1T (MllelB + MlB)¢B
I 0 0 ¢;— (M ZZGZB + M ZB)¢B (40)
= I 0 ¢; (MssGsB +M 3B)¢B
I ¢I (M4AG4B +M4B)¢B
| sym. [ |
T
¢1 (MllGlB + MlB)¢B
GlB 1 M 1B
.
¢1 (M llGlB¢B + MlB¢B)
160
B
GlB¢B 1 M lB¢B 30
M11G18¢B 9
# x 2

1 1 1
512
lsec 1G
2,000sec
3000sec
1
@)
1
5
A
(41 0 0 0 0]
0 4l 0 0 O
0 0 A4l 0 O
0 0 0 41 O
0 0 0 0 Al
e e S [n]=0
I 0 0 0 ¢ (MyG;+My)d, (41)
I 0O ¢2T(M22623+M23)¢B
-4 I 0 4 (MyGap + Myg)s
I ¢I (MMG4B + M4B)¢B
| sym. I i
Ao A
2010.11 Vol .4



2
A0 0
o A4l O
0 0 Al
I O ¢TaT (I\Waac_;aB + '\WaB )53
-1 I ¢7bT (MbbgbB + I\WbB)¢B
sym. |
3.2.3.
3.3
3.3.1.
M;aua = ﬂK;aUa

Kea = Kaa = KalKll_lKla - Ka2K22_1K2a (43)

Me’\a = Maa - MalKllilKla - Maszzilea

LDU

LDU

fill-in

2010.11 Vol.4

3.3.2. Strum
LU
[7]=0 (42)  Strum
Strum
a Kx = AMX
a
K-aM LDU LDU
D
Kx = AMX a
Strum
Strum
3.3.3.
MeTiS
MeTiS

71



Advance/NextNVH

4,
3
4.1.
4.1.1.
X n
K M
D* p
D4(i=1 p,)
DlB,j(j =1) D% D',
D% D}
D' (i # j)
DlB,j(j =1) D (i =1 pl) D's,
Dl
D} (i =1 pl)
D'.i(j=1) D4(i=1 p,)
D%4(i=11p,)
DZBJ(J— =1, pl)
D% DY

D" (i=1p,)

Dm+1i (l Zl, pm+1) Dm+lB’j (J Zl, pm)

D" Dmi (l =1, pm(l))

D'~ D%;(j=1) - D%;(j=1p,) -
- DmB,i(j =1 pm—l) - Dmi(j =1 pm) 49
DlB,j(j 21) 1 DZB,J’(J- =1 pl)

72

2 DmB,](j =1 pm—l) m
D" (j=1p,) m+l

D
Kx = AMX
0 Kx = AMXx; D
D
dim(D)
Kx = AMX; (ui L, D" )u D", (45)

dim(D", ;) + Xz, dim(D",)

Ziap dim ( Dmi )

W @ dim(D"s ;)

(U, D" )UD", D"

B.j

Kx = AMx; D"s

Guyan

4.1.2.

2010.11 Vol.4



1 K
K" 0 0 0 0 K" ]
0 0 0 0 :
0 0 K' 0 0 K"
0 0 0o - 0 : (47)
o 0 0 0 K., K
Kmlle I<mi jT Km . ‘jT P<mBYj
K", =K"s _Zizl,p“)m Kmi,jTKmiilei,j (48)
K
1
M
M" 0 0 0 0 M" ]
0 0 0 0 :
0 0 M" 0 0 M"
o o0 o0 - 0 : (49)
o 0 0 0 M, M",
M mlij M mI jT M mpm JT M mBYj
M vaj’ _ M mB‘j zi:mem M mi’jT KmiM mi Kmi—lM mi’j (50)
M
K" 0 0 0 0 K",
0o . 0 0 0 :
0 0 K" 0 0 K",
0 0 0 0 X
0o 0 0 0 K, K
K" .. K" .. K", K",
M” 0 0 0 0 M" (51)
o0 . 0 0 0 :
0 0 M" 0 0 M"
=4 0 0o o0 . 0 X
o 0 0 0 M, M
K™, Xx=AM"gj X (52)
K",
’I’YJ] m m - m (53)
=K B ~ Zidp, K i,jTK i 'K i

2010.11 Vol.4

M

B

— I\A'rlnﬁ‘j _ Ziﬂ‘pm“ M mi‘jT KmiM mi Kmi—lM mi‘j (54)

m m
(ui=l,pm(j) D i)u D B,j

1)
Kx = AMx; D"s
Kx = AMx; D™
(
)

Kx = AMx; (U, ) D™ Ju D",

(2)

(55)

n
X X=Tn
Kx = AMx
(T7KT )y = AT ™MT )
Kx = AMx; D™

0" (i=1p,")

P, ]

Kx=AMx; D" |

4.1.3.

Kx = AMx; D™
¢mi(i ~1, pm('))
¢"s.i

o =(¢™ 0 0 0 0 Of

Kx = AMX; D"s,

" =0 0 ¢"% 0 0 of

T

", =0 0 0 0 g0 0

dJmB,iT:((fﬁmB,J(l) - ¢"s,"

73



Advance/NextNVH

K" 0 0 0 0 S
0 . 0 0 0 :
0 0 K 0 0 K", |l o, @
0 0 0 0 =0 (59)
0 0 0 0 K, K, g0
Kml_lT Km IT Km'Jm ‘JT KmBJ w,}\EJ
i -1
#"s" = K" K™ g s, (60)
T=(@™ - ®" - ®"0 ")
KX = AMXx Xx=Tn
(TTKT )y = A(T™MT )y
x=Tn
¢rnB’j(l) — _Kmiilei’j¢va]~ Kmi—l
m i m - m m m
¢B,j():_K ilK ii? s K™
P"s. K
K™
1
A0 0 0 0
0 41 0 0 0
0 06 A1 0 0
0 0 0 A1 ©
00 0 0 4l ~
I 00 0 gMG,+M, ) ]lM=0  (61)
I 0 O ¢2T (MZZGZB + MZB)wE
_ﬂ/ l O w;(MSZGSE + Mﬁﬂ)wB
I wAT (M44G4B + MAE )wﬂ
sym. |
4.1.4.
1)
k=m
Kx = AMx; D™

74

2 (k-1 )
Kx = AMx; D¥s,;
k
D's (I =1,m)

k=1

B.j

Kx = ﬂMx;(ui:m“, D", ) U D

(4)

(UHW”DﬂyJDk

B.j

(5)1

k+1

@)

4.2,
4.2.1.

(1)

2010.11 Vol.4



pmei" = —K™ K™ g

Kx = AMx
nxn K M
D! DlB,j(j =1) - DZB,J(J- =1 pl)
. ~D";(j=1p,,)-D"i(i=1p,)
D";(j =1 p,)
k=m

k 1
D's.i(j=1)
DZB,J’(J- =1, pl)
Dkl(j:]" pk)
k=m
Kx = AMX
4.2.2.
Kx = AMx

2010.11 Vol.4

A 0
|
0 A,
00 *
M=1+/0 0 *
000

%(Kl/zx): (K—1/2MK—1/2XK1/2X)
(K ¥?MK*?)

L

(62)

(63)

(64)

(65)

(66)

(67)

75



Advance/NextNVH

76

= 2K Y% T M (K%, )
%X? = (K "MK+ (69)
K(K¥2% )= AM (K ¥?%,) (70)
2 (K*%)
Kx=4AMx M
Kx = AMX
%(KW):(K-’/ZMK-W)(KWx) (71)
AX = AX
Alx= lx
2
(1)
(2) Ax = Ax
3) slice
3
slice
%(K’/zx): (K V2MK 2| K¥2x)
A=KY2MK¥2 (72)
X' = K¥2x (73)
A =X
(AT = A X = (A= 4 )X (74)

Lanczos

U
(A*—z1 ) =U (75)
V A
V =(1-4,A) AU (76)

(1-4A)" A M

4.2.3.
D)
Block Lanczos
subspace

Householder

Householder

Block Lanczos

slice
0.5% (200 1
) Block Lanczos
subspace
subspace
Jacobi
Block Lanczos
Housholder
3

Block Lanczos

2010.11 Vol.4



Householder

2)

Householder

Householder
1

Householder W,

Householder

1 Householder

Householder

ARPACK
(Arnoldi Package ) SLEPc (Scalable Library for
Eigenvalue Problem Computations) MUMPS
(MUIltifrontal Massively Parallel sparse direct
Solver) PETSc (Portable, Extensible Toolkit for
Scientific Computation) LAPACK (Linear
Algebra PACKage) Scal APACK (Scalable
LAPACK) [10] [11] [12] [13] [24]
[15]

2010.11 Vol.4

5
BlockLanczos o o =
BlockLanczos o o
BlockLanczos o
subspace =<
Householder >
Householder
(@] >
5.
5.1.
51.1.
A 1 1 2

1 5000
1

5

32
20
1,2,3
1,2,3 0
77




Advance /NextNVH

Householder

Block Lanczos
Blocked Lanczos
Householder

il | S
millini | gl
il ((((WUHHMW umlmmmm&\w %
//////////f/ﬁ\%‘:\?\l\ﬂillrlﬂ 1\1\1\1\:\\\|l)1\4\y})\) mﬂl?\/\«

..................
5555555555555555555555555555555555555

................
11111111111111111111111111111111111111

...................
222222222222222222222222222222222222

A Iy
///////////}m\n&«)&lll#’llll////////// Ml H d |

.................
33333333333333333333333333333333333333

6

1 2 3 10

5.1.2.

Block Lanczos

Householder

78

Block Lanczos
Block Lanczos

Householder
Householder

Block Lanczos

Block Lanczos

Householder

15 15
30

Block Lanczos

2010.11 Vol.4




[10]

5.1.3.

20
470Hz

470Hz

470Hz

Block Lanczos
Block Lanczos

Block Lanczos

2010.11 Vol.4

10
470Hz 20
10000Hz
5
1
Block Lanczos
10
15, 20, 30
7 ; 10
1 5 5 5 5 5 5 5
10 10 10 10 10 10 10
1000 400 600 1000 2000 3000 5000 | 10000
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 28.0 28.2 282 28.2 282 28.2 28.2 28.2
5 48.2 48.6 48.6 48.6 48.6 48.6 48.6 48.6
6 69.7 69.9 69.9 69.9 69.9 69.9 69.9 69.9
7 95.0 95.3 95.3 95.3 95.3 95.3 95.3 95.3
8 155.4 156.3 156.3 156.3 156.3 156.3 156.3 156.2
9 159.4 161.0 161.0 161.0 161.0 161.0 160.9 160.9
10 167.7 169.2 169.2 169.2 169.2 169.2 169.1 169.1
11 195.1 195.3 195.3 195.3 195.3 195.3 195.3 195.2
12 207.7 209.0 209.0 208.9 208.9 208.9 208.8 208.8
13 274.8 277.1 2775 276.9 276.8 276.6 276.5 276.5
14 307.3 309.8 309.8 309.6 309.5 309.3 309.2 309.1
15 329.9 3318 3318 3316 3315 3313 3312 3311
16 333.7 338.1 3376 337.3 337.2 337.0 336.8 336.8
17 382.2 384.1 383.9 383.8 383.6 3834 3833
18 413.6 4189 416.0 4157 415.3 415.1 415.0
19 432.0 469.5 438.3 4375 437.0 436.6 436.6
20 461.8 562.6 466.6 466.1 465.5 465.2 465.2
8 ; 10
1 5 5 5 5 5 5 5
10 10 10 10 10 10 10
1000 400 600 1000 2000 3000 5000 | 10000
1 0.0 - - - - - - -
2 0.0 - - - - - - -
3 0.0 - - - - - - -
4 28.0 0.45% 0.45% 0.45% 0.45% 0.45% 0.45% 0.45%
5 48.2 0.72% 0.72% 0.72% 0.72% 0.72% 0.72% 0.72%
6 69.7 0.35% 0.35% 0.34% 0.34% 0.34% 0.34% 0.34%
7 95.0 0.26% 0.26% 0.25% 0.25% 0.25% 0.25% 0.25%
8 155.4 0.61% 0.61% 0.61% 0.61% 0.59% 0.58% 0.58%
9 159.4 1.00% 1.00% 0.99% 0.99% 0.98% 0.97% 0.97%
10 167.7 0.87% 0.87% 0.86% 0.86% 0.85% 0.83% 0.83%
11 195.1 0.10% 0.10% 0.09% 0.09% 0.08% 0.07% 0.07%
12 207.7 0.61% 0.63% 0.58% 0.58% 0.55% 0.53% 0.53%
13 274.8 0.84% 0.97% 0.75% 0.71% 0.65% 0.61% 0.60%
14 307.3 0.79% 0.80% 0.73% 0.70% 0.63% 0.60% 0.59%
15 329.9 0.58% 0.58% 0.53% 0.50% 0.43% 0.39% 0.39%
16 333.7 1.31% 117% 1.10% 1.06% 1.01% 0.93% 0.92%
17 3822 - 0.50% 0.44% 0.42% 0.35% 0.31% 0.29%
18 413.6 - 127% 0.56% 0.49% 0.40% 0.34% 0.34%
19 432.0 - 8.66% 1.45% 1.26% 1.16% 1.06% 1.05%
20 461.8 - 21.83% 1.04% 0.95% 0.81% 0.75% 0.74%
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9 ; 15 12 ; 20
1 5 5 5 5 5 5 5 1 5 5 5 5 5 5 5
15 15 15 15 15 15 15 20 20 20 20 20 20 20
1000 400 600 1000 2000 3000 5000 10000 1000 400 600 1000 2000 3000 5000 | 10000
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.0 - - - - - - -
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 0.0 - - - - - - -
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3 0.0 - - - - - - -
4 28.0 28.2 28.2 28.2 28.2 282 28.2 28.2 4 28.0 0.45% 0.45% 0.45% 0.45% 0.45% 0.45% 0.45%
5 48.2 48.6 48.6 48.6 48.6 48.6 48.6 48.6 5 48.2 0.72% 0.72% 0.72% 0.72% 0.72% 0.72% 0.72%
6 69.7 69.9 69.9 69.9 69.9 69.9 69.9 69.9 6 69.7 0.34% 0.34% 0.34% 0.34% 0.34% 0.34% 0.34%
7 95.0 95.3 95.3 95.3 95.3 953 95.3 95.3 7 95.0 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 0.25%
8 155.4 156.3 156.3 156.3 156.3 156.3 156.3 156.2 8 155.4 0.58% 0.58% 0.58% 0.58% 0.58% 0.58% 0.58%
9 159.4 161.0 161.0 161.0 161.0 161.0 160.9 160.9 9 159.4 0.97% 0.97% 0.97% 0.97% 0.97% 0.97% 0.97%
10 167.7 169.2 169.2 169.2 169.2 169.1 169.1 169.1 10 167.7 0.84% 0.84% 0.84% 0.84% 0.84% 0.83% 0.83%
11 195.1 195.3 195.3 195.3 195.3 1953 195.2 195.2 11 195.1 0.08% 0.08% 0.08% 0.07% 0.07% 0.07% 0.07%
12 207.7 208.9 208.9 208.9 208.9 208.8 208.8 208.8 12 207.7 0.54% 0.54% 0.54% 0.54% 0.54% 0.53% 0.53%
13 274.8 276.7 276.6 276.6 276.6 276.6 276.5 276.5 13 274.8 0.65% 0.64% 0.63% 0.63% 0.63% 0.61% 0.60%
14 307.3 309.4 309.4 309.3 309.3 309.2 309.2 309.1 14 307.3 0.63% 0.64% 0.62% 0.61% 0.61% 0.59% 0.59%
15 329.9 3315 3314 331.3 3313 3312 331.2 3311 15 329.9 0.45% 0.45% 0.42% 0.41% 0.41% 0.39% 0.39%
16 3337 337.7 337.3 337.0 337.0 336.9 336.8 336.8 16 333.7 1.06% 1.05% 0.96% 0.95% 0.95% 0.93% 0.92%
17 382.2 383.7 383.6 383.6 3835 383.4 3833 17 3822 - 0.38% 0.33% 0.33% 0.32% 0.30% 0.29%
18 413.6 4165 415.6 4153 4152 415.1 415.0 18 413.6 - 0.67% 0.44% 0.38% 0.37% 0.34% 0.33%
19 432.0 438.6 4375 437.0 436.9 436.6 436.6 19 432.0 - 1.45% 1.20% 1.13% 1.11% 1.06% 1.05%
20 461.8 469.8 465.9 465.7 465.4 465.2 465.2 20 461.8 - 171% 0.85% 0.81% 0.78% 0.75% 0.74%
10 ; 15 13 ; 30
1 5 5 5 5 5 5 5 1 5 5 5 5 5 5 5
15 15 15 15 15 15 15 30 30 30 30 30 30 30
1000 400 600 1000 2000 3000 5000 10000 1000 400 600 1000 2000 3000 5000 | 10000
1 0.0 - - - - - - - 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 - - - - - - - 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 - - - - - - - 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 28.0 0.45% 0.45% 0.45% 0.45% 0.45% 0.45% 0.45% 4 28.0 28.2 282 28.2 282 28.2 28.2 28.2
5 48.2 0.72% 0.72% 0.72% 0.72% 0.72% 0.72% 0.72% 5 48.2 48.6 48.6 48.6 48.6 48.6 48.6 48.6
6 69.7 0.34% 0.34% 0.34% 0.34% 0.34% 0.34% 0.34% 6 69.7 69.9 69.9 69.9 69.9 69.9 69.9 69.9
7 95.0 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 7 95.0 95.3 95.3 95.3 95.3 95.3 95.3 95.3
8 155.4 0.59% 0.59% 0.59% 0.59% 0.58% 0.58% 0.58% 8 155.4 156.3 156.3 156.3 156.3 156.3 156.3 156.2
9 159.4 0.98% 0.98% 0.98% 0.98% 0.97% 0.97% 0.97% 9 159.4 160.9 160.9 160.9 160.9 160.9 160.9 160.9
10 167.7 0.84% 0.84% 0.84% 0.84% 0.84% 0.83% 0.83% 10 167.7 169.1 169.1 169.1 169.1 169.1 169.1 169.1
11 195.1 0.09% 0.09% 0.08% 0.08% 0.08% 0.07% 0.07% 11 195.1 195.3 195.3 195.3 195.3 195.3 195.2 195.2
12 207.7 0.56% 0.55% 0.55% 0.55% 0.54% 0.53% 0.53% 12 207.7 208.8 208.8 208.8 208.8 208.8 208.8 208.8
13 274.8 0.68% 0.66% 0.65% 0.65% 0.63% 0.61% 0.60% 13 274.8 276.5 276.5 276.5 276.5 276.5 276.5 276.5
14 307.3 0.68% 0.66% 0.64% 0.63% 0.62% 0.59% 0.59% 14 307.3 309.2 309.2 309.2 309.2 309.2 309.2 309.1
15 329.9 0.49% 0.47% 0.45% 0.44% 0.42% 0.39% 0.38% 15 329.9 3312 3312 3312 3312 3312 3311 3311
16 333.7 121% 1.08% 1.00% 0.99% 0.96% 0.93% 0.92% 16 333.7 336.9 336.9 336.8 336.8 336.8 336.8 336.8
17 382.2 - 0.40% 0.37% 0.36% 0.33% 0.30% 0.29% 17 3822 3835 3835 383.4 3834 3834 3834 383.3
18 413.6 - 0.70% 0.48% 0.41% 0.39% 0.34% 0.33% 18 413.6 416.0 416.0 415.4 4151 415.1 415.0 415.0
19 432.0 - 1.53% 1.27% 1.16% 1.13% 1.06% 1.05% 19 432.0 437.4 437.4 437.1 436.7 436.7 436.6 436.6
20 461.8 - 1.74% 0.91% 0.85% 0.79% 0.75% 0.74% 20 461.8 466.3 466.3 465.7 465.3 465.3 465.2 465.2
11 ; 20 14 ; 30
1 5 5 5 5 5 5 5 1 5 5 5 5 5 5 5
20 20 20 20 20 20 20 30 30 30 30 30 30 30
1000 400 600 1000 2000 3000 5000 10000 1000 400 600 1000 2000 3000 5000 | 10000
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.0 - - - - - - -
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 0.0 - - - - - - -
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3 0.0 - - - - - - -
4 28.0 282 28.2 28.2 28.2 282 28.2 28.2 4 28.0 0.45% 0.45% 0.45% 0.45% 0.45% 0.45% 0.45%
5 48.2 48.6 48.6 48.6 48.6 48.6 48.6 48.6 5 48.2 0.72% 0.72% 0.72% 0.72% 0.72% 0.72% 0.72%
6 69.7 69.9 69.9 69.9 69.9 69.9 69.9 69.9 6 69.7 0.34% 0.34% 0.34% 0.34% 0.34% 0.34% 0.34%
7 95.0 95.3 95.3 95.3 95.3 95.3 95.3 95.3 7 95.0 0.25% 0.25% 0.25% 0.25% 0.25% 0.25% 0.25%
8 155.4 156.3 156.3 156.3 156.3 156.3 156.3 156.2 8 155.4 0.58% 0.58% 0.58% 0.58% 0.58% 0.58% 0.58%
9 159.4 161.0 160.9 160.9 160.9 160.9 160.9 160.9 9 159.4 0.97% 0.97% 0.97% 0.97% 0.97% 0.97% 0.97%
10 167.7 169.1 169.1 169.1 169.1 169.1 169.1 169.1 10 167.7 0.83% 0.83% 0.83% 0.83% 0.83% 0.83% 0.83%
11 195.1 195.3 195.3 195.3 195.3 1953 195.2 195.2 11 195.1 0.07% 0.07% 0.07% 0.07% 0.07% 0.07% 0.07%
12 207.7 208.8 208.8 208.8 208.8 208.8 208.8 208.8 12 207.7 0.54% 0.54% 0.54% 0.54% 0.54% 0.53% 0.53%
13 274.8 276.6 276.6 276.6 276.5 276.5 276.5 276.5 13 274.8 0.62% 0.62% 0.62% 0.61% 0.61% 0.61% 0.60%
14 307.3 309.3 309.3 309.2 309.2 309.2 309.2 309.1 14 307.3 0.61% 0.61% 0.61% 0.60% 0.60% 0.59% 0.59%
15 329.9 3313 3313 331.2 3312 3312 3311 3311 15 329.9 0.42% 0.42% 0.41% 0.40% 0.40% 0.39% 0.39%
16 333.7 337.2 3372 336.9 336.9 336.8 336.8 336.8 16 333.7 0.95% 0.95% 0.95% 0.93% 0.93% 0.93% 0.92%
17 382.2 383.7 383.7 3835 3835 3835 383.4 383.3 17 3822 - 0.34% 0.32% 0.31% 0.31% 0.30% 0.29%
18 413.6 416.9 416.4 4155 415.2 4152 415.1 415.0 18 413.6 - 0.57% 0.42% 0.36% 0.35% 0.34% 0.33%
19 432.0 439.0 438.3 437.2 436.9 436.8 436.6 436.6 19 432.0 - 1.24% 1.18% 1.08% 1.07% 1.06% 1.05%
20 461.8 4929 469.7 465.7 465.5 465.4 465.2 465.2 20 461.8 - 0.98% 0.86% 0.78% 0.77% 0.75% 0.74%
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5.1.4.

Block Lanczos

10

5.2. B
5.2.1.
B 160
Strum
Strum
Strum
S
5.2.2. Strum
Strum
Strum
2010.11 Vol.4

50Hz 100Hz 120Hz 200Hz
Strum

Strum

Strum

100Hz

Strum

Strum

250.0
O Strum Sequence |
2000 /O/
N
L. 150.0
> /D/
(&)
c
()
>
g 1000 r /
[V
500 |
0.0
0 250 500 750 1000 1250 1500
N-th eigen value [-]
7 Strum
105.0
104.0 W
O Strum Sequence
103.0
L
1020
N
L. 1010
&
< 1000 r
()
>
g 990 |
w
980 M
97.0 PODOQJ"D(
960
95.0
410 420 430 440 450 460
N-th eigen value [-]
8 Strum

81



Advance/NextNVH

5.2.3.
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5.2.4.
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5.2.5.
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5.2.6.
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