


Parametric Studies in
Product Development

using SKF BEAST on
Multi-Processor Platforms

MODPROD 2010, Linkoping, Sweden
Dag Fritzson,

SKF ERC

2010-02-10




Outline of presentations

~

BEAST?
SKF Product Development Process and Simulation

Example of using Design For Six Sigma (DFSS) tools (quality,
parameter studies, and statistics)

Parallel Computation
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BEAST

BEAring Simulation Tool
-The devil is in the details

.\ 4
-f"‘l..
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BEAST - a virtual test rig

e Multi-body simulation software
¢ Specialized in contact problems
¢ Detailed surface description

¢ Accurate tribology

e Application operating conditions

¢ Focus on creating understanding of systems with
contacts

¢ BEAST was originally developed for rolling bearings, but
can be used for any “contacting” machine element
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The Product Development
Process and Simulation
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Product Development Process (PDP)
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PDP and Design for Six Sigma (DfSS)
integrated
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The EASY work process

Requirements
Translation Automatic data \

reduction from
Load case dat€ bases
: 4D/3D to scalar L
10-100 dynamic load cases Performance criteria

utomatic simulation of values 851 oritor
Comprehensive
presentation

Tables or diagrams, load
case versus criteria

/

Design parameters

(e.g., geometry, tolerances,
surface properties, material, etc) \ _

Improve/optimize

Manufacturing process
parameters
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The EASY work process — Concept studies

Requirements
Translation Automatic data \

reduction from
Load case datté bases

4D/3D to scalar o
A few selected load cases Performance criteria

utomatic simulation of values BSL criteria
sele load cases with /
one comm Comprehensive
presentation

Reduced or full model

Tables or diagrams, load
case versus criteria

/

A few main design parameters

(e.g., geometry, tolerances,
surface properties, material, etc) \ _

Improve/optimize

Manufacturing process
parameters

2010-02-10 ©SKF Slide 10 [Code] E K l
SKF [Organisation]




The EASY work process — Detailed design

Requirements
Translation Automatic data \

reduction from
,
Load case date bases AD/3D to scalar -
Selected load cases Performance criteria

utomatic simulation of values 851 oritor
Comprehensive
presentation

Tables or diagrams, load
case versus criteria

/

All relevant design parameters

(e.g., geometry, tolerances,
surface properties, material, etc) \ _

Improve/optimize

Manufacturing process
parameters
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The EASY work process - Verification

Requirements

Translation Automatic data \
reduction from

Load case dafe bases 4D/3D to scalar

Load cases that utomatic simulation of valu Performance criteria

es
[ : BSL criteri
cover requirement space seig load cases with / SL criteria
one comm

Comprehensive

presentation
Reduced or full model

Tables or diagrams, load
case versus criteria

Fixed design parameters
(Possible study of tolerances).

Automatic translation

Fixed manufacturing
process parameters
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Examples of tools that can be used

Minitab statistical software (www.mintab.com)

is a standard SKF DfSS and Six Sigma tool

it covers statistics, DoE, optimization, etc.
DoEBeast/Beauty

it is small but focused on DfSS usage, I.e.,

parametric studies (DoE), sensitivity/robustness analysis

it has import/export to minitab

it has optimal connection/usage of BEAST
modeFRONTIER (www.esteco.com)

Is a general tool focused on optimization
HyperStudy (www.altairhyperworks.com)

Is a general tool
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Conclusion

~

The DFSS supports use of simulation.

There is an expressed intention in SKF to use modelling and
simulation early in the PDP, and to larger extent.
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Examples of a Parametric Study
using DFSS tool
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Setting up a screening design

A BEAST model is turned into a parameter study by adding a
parameter_study node (right click environment):

L SHIBNoaimal

OC

File Edit werifization Properties

Run Arimation Help

[%=Tanl=]

Category

—
Type |

Add PararreterStudy...

Export...
About restore
- L, et _ :
- -, ctlER Edit variables...
: Unselect al
About..

Debug: Swtch visibiliy selection mode, currsnt=0

body Ring
bady S3B CEJ3
body S3B_CEJ3 |=
[ I [«I+]
Variable | |Value
S5 & ¥ 2000%rom=209.£395102393 _
NOfRew & ¥ 10 5
RotTime & * 2%p /SFS=0.03
WwriteTime & % RotTima/360=8.3333333333 ]
MaxTimeStep & # WriteTime/2.0=4.166665666
Dt & #¥ 0.2%RotTime=0.006
time = O¢
StartwrizeTime [m] % 0.1*RotTime*NCfRev+5)=0.
timeEnd [E ¥ Rotime*{NOfRev+5)=0.45
S mulatewlrat [=] 0O Real simulation
Startstetewha: = O Worinal
writeThisOften [m] % :z20 |
writeTimeStep E # WriteTime=8.333333333333 %
: il = = L=

-1 Mcvie M Cclorize
X-R| Visibilty | srap| ] Deform

i
[ [

] [«I»]

[ Applyto child nodes

Help... |

Clipping IPier | Motion | Magnify Surfaces |Magnify Motion | Magnify Deformation |

Flnd:l

[AJI varianles

i”AII velues

[0 reg.exor | Apply I
][5y ]

Adjust clip plane
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Screening...(cont.)

= SRB_original

File Edit ‘“erification Properties Run Animation Help

= =

ICatagory |TYFﬂ = SELU TS e S Ly oEN ™

environment —Parameters

P meter_study | Parameter name

I User variable name | In category I Reference wvalue I StcDeviation |

implicit_coordinate...

[1 Aapply to child nodes

O L ce implicit_coordinate... Img
[ model S
- 1, cc coordinate_systerm  Fixe
- L, ctlir coordinate_system  Fur]
- L, ctlER coordinate_systerm  Fun =
- B @il bLw body_set{19} Rroll ]
- B (il bRw body_set{19} Rroll
- @ bR body Rir Remowve parameter] IHOW to add a parameter?]
- @ bER body Riry
- @ bGR body RN —parameter study
- @ bLC body SRE
| I} | Type: [Sensm\nty analysis experimental design ﬂ
variable [ Jwvalue Junit | comment Increment factor: |30 :
Parameterstudy” Descrip[m] mumber of parameters: 4]
rumber of simulations: 1
oK ] ] [ Cancel ]

r
Crag tqe splitte- to adjust layout|
[

-1 | 1:1 =| Mowvie| [ Colorize

ﬁ‘ | visibility

] [Snap] [ peform

1

Clipping IPer I Mction I Magnify Surfaces IMagnif’y Motion |Magnif’y Deformation |

Find:l

_1 Reg.expr
Adjust clip plane

[AII wariables

i] [AII waues
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Screening...(cont.)

=5 G
File Edit “erification Properties Run Animation Helg
—
MName | Category IType .
HAVTd ervironment E
4 parameter_study sensitivity] a
implicit_coordinate.. ImplicitCo =
irplicit_coordinate.. ImplicitCo
model SModel
-0 1z, cc coordinate_system  FixedCt Po[ |
- 1, ctlz coordinate_systerm  FuncTime
- [ 1-, ctlER coordinate_systerm  FuncTime
(il bLw bcdy_set{19} RollerRESH
Bl bRw bedy _set{19} RollerRESH
@ bR bedy Ring
® bER bedy Ring
® bGz bedy Ring .
® bLC bedy SRBicEJC{%
[ i I L]
Vvariable | |Va|ue
RadClear - ¥ 58*um=6.8e-5 —
noRE - ¥ 1o n
ORcury e ¥ F0*um=Z%e-5
IRcury & P S0*um=5e-5 |
REC Add to parameter study 00025
axiz Edit in dialag
rad Add to favourites
mu
mu Remowve from fawvourites
[l Clear favourites
drm Irfo ﬂ Movie|  Colorize
i !
RalR & ¥ 0.08%um=0e-2 = E” wisibility ”Snap] [1 Deform
LYY 3 LY LT LT L = I L
[ I I [«T+] clipping IPier | Motion | Magnify Surfaces | Magnify Motion | Magnify Deformation |
1 Apply to child nodes Help... I =)
Find:l [ Reg.expr | 2pply I . .
[AII wvariables i] [AII values iJ el i e Lee
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Screening...(cont.)

ﬂ L:-} S yRiey BAz gl Ry PR e e Ny |
—Parameters
Parameter name Userwvariablz name |In category | Reference value | StdDeviation ]
1 wls
2 |REcurv REcurv model -250%4m
3 |RalR RalR model 0.09%um
4 |RaRE RaRE model 0.048%um =
5 |FilmThick FilmThick model 0.1%um
& |RaCage RaCage model 0.2%um
7 |RaGR RaGR model 0.2%um

Remowve parameter] IHow to add a parameter?]

—Parameter study

Type: Sensitivity analysis experimenta design =

Increrment factor: nsitivity analysis exper mental design E
Fractional factoria desigr

Murmber of parameters:
Mumber of simulations:

Full factorial design
Sohol sequence dzsign
Latin Hyper Cube design

] I Imported Expe'_r'l_rgantal design — cancel ]

DK
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Screening...(cont.)

Choose fractional factorial and enter the lower and upper limits

of your parameters #simulations = 2(parameters - #generators)

—Paramatars
| Parameter name | User variable name | In category |Parameter levels | Reference value | StdDevwiation

1 [IRcurny IRcury model [-50%um,50%um] | S0%um

2 |REcurvy REcury model [-200%um,-200%urr -250%um

3 |RalR Ralk. model [CL01+urm, 0. 2%um] 0.08+um =
4 |RaRE RaRE model [0.02%um,0.05%umr 0.048%um

5 | FilmThick FilmThick rmodel [0, 1%umm, 0. 4%urm] 0. *Fun

6 |RaCage RaCage model [0.1%um,0.3*%um] | 0.2%urmr

Rernowe parameter] ‘ How to add a parameter?]

—Parameter study

Type: [Fractionel factorial design i] [ Generate Designl

[ include referance simulation

Numberofgenerators:ll [ Clear Design ]

Mumber of parameters: f
Mumber of simulations: 64 [ ]

| || Aply || cancel ] = ac =



Screening...(cont.)

SRB_eriginal

x

2=

»
X

User variable name |In category |Parame‘ter levels |Reference walue | StdDewiation

=
File Edit “erification Propert e setup Parameterstudy
—Paramesters
I'w..lame Parameter name
= p=3 IRcurv IRcurv model
+ REcurv REcurv ot
Ok cG RalR RalR <
O L. cB RaRE RaRE
=] & FilmThick FilmThick
-0 L, cc RaCage RaCage
O L ctin
-0 1, ctlER

Remove parameter] IHow to add a param

—Parameter study

Type:

Fractional factorii

[1 Include reference simulation

MNumber of generators |4

Variable | |VS|ue

RalR 3 0.05%un Number of parameters: 7
RaER & 3% 0.25%un Number of simulations: 64
RaRE & 2 0.048*U

RaCage - % 0.2Fvum:

RaGR - ¥ 0.2%um:

SideFilm - 2 0.0%um

FilmThick - ¥ 0.1¥um=Te-

hMNomRE & ¥ FilmThick=1e-7

hMNomER & ¥ FilmThick=1e-7

hMomiIR & ¥ FilmThick=1e-7

hMomcage J& S Sidefilm

hMomGR & S Sidefilm

hMomREside g ¥ SideFilm

I
TN

[-50*urm,50*urn]

[T

50%um
2O P E

Design has reselution : 1l
Design generators : D = AB,E = AC, F = BC, G = ABC.
Complete alias Structure :

A +BD + CE+ FG + BCG + BEF + CDF + DEG + AECF + ABEG +
ACDG + ADEF + ABCDE + ABDFG + ACEFG + BCDEFG

B +AD + CF+ EG + ACG + AEF + CDE + DFG + ABCE + ABFG +
BCDG + BDEF + ABCDF + ABDEG + BCEFG + ACDEFG

C +AE +BF + DG+ ABG + ADF + BDE + EFG + ABCD + ACFG +
BCEG + CDEF + ABCEF + ACDEG + BECDFG + ABDEFG

D +AB + CG + EF + ACF + AEG + BCE + BFG + ACDE + ADFG +
BCDF + BDEG + ABCDG + ABDEF + CDEFG + ABCEFG

E + AC +BG + DF + ABF + ADG + BCD + CFG + ABDE + AEFG +
BCEF + CDEG + ABCEG + ACDEF + BDEFG + ABCDFG

F+AG + BC + DE + ABE + ACD + BDG + CEG + ABDF + ACEF +
EBEFG + CDFG + ABCFG + ADEFG + BCDEF + ABCDEG

G + AF + BE + CD + ABC + ADE + BDF + CEF + ABDG + ACEG +
BCFG + DEFG + ABEFG + ACDFG + BECDEG + ABCDEF

1 + ABD + ACE + AFG + BCF + BEG + CDG + DEF + ABCG + ABEF
+ ACDF + ADEG + BCDE + BDFG + CEFG + ABCDEFG

R
1[I}

1 Apply to child nodes

Find:l

[«1+] Clipping | Pixel | Motion | Magnify Surfaces | magnify Motion | Magnify Deformation
Help... | L)
1.00

[0 Reg.expr | Apply I

[AII variables

i] [Allvalues

Adjust clip plane
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Screening...(cont.)

Choose Chart of Effects from menu. We decide to look at

E slip_perf:

- S DOEBESST BN Y
Fle |\Miew | Setup Halp
Sensitivity matrix. . J IRcun.'l =IRcur'|.r| REcunv | =REcur\r| RalR | =RaIR| h_wear_perf E slip_perf P_slip_min_perf

Robustness calculation. ..

m
x
=
[1¢]
=

DoE/MewStart/DoETutorial/simpleSRB_screening frf7 8

Parallel Coordinates...

-3.939732451 385688

-1.94376696777340e+3

-3.18163341340480

-4,819063192940]1 2e-B

-2.48074243164060e4+3

-3.63581629041480

-4,40701946047284e-8

-1.98626733398430e+3

-4,16433050730990

-4,10655616178701ae-8

-2.60866043359370e+3

-4,26429371417530

-4.0947622181875e-8

-3.08500244140620e+3

-3.95007475617604e-8

-2.02893298339840e+3

-3.27176617580350

-4,18959125170204e-8

-3.00618896484370e+3

-4,95328924871620

(% s Chart of Effects. .. L |-5e5 |-5es5 -0.00032 |-0,0002 [leB8 le-8
% s Pareto Front.., ? | Se-S Se-5 -0.0003 |-0,0003 [le-B |le-B
[® simpleSRB_screening_fif7_8 PS5 3 |-5e5 |-5es5 -0.0002 |-0.0002 |le-8 |le-8
% simpleSRB_screening_frf7_8_P5_4 |5e5 |5e-5 -0.0002 |-0.0002 |le-8 le-8
[ simpleSRB_screening_frf7_8_P5_5 |-5e-5 |-5e-5 -0.0003 |-0.0003 |2e-7 |2e-7
% simpleSRB_screening_frf7_8 PS5 6 |Se-5 |5e-5 -0.0003 |-0.0003 |2e-7 |2e-7
[ simpleSRB_screening_frf7_8_P5_7 |-5e5 |-5es5 -0.0002 {-0.0002 |2e-7 2e-7
[ simpleSRB_screening_frf7_8_PS5_8 |5e-5 |5e-5 -0.0002 |-0.0002 |2e-7 |2e-7

-4,042815504590]1 8e-8

-2.08093139648430e+3

-3.40129935062420

1
1
1
1
-4.995463643?58402'
1
1
1
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Screening...(cont.)

Graph displaying Pareto effects (N.B. Only first order \
effects are shown):

P arero Effechs chhart

E_slip_perf
(fractionalFactorial 24(7-4))
E |==8z0.4
C | C=300.2
r:y | A=200.7
B 3=80.55
D D=58.81
G S=239
A=IRcurv
B=REcurv
C=RalR
D=RaRE
E=FilmThick
F=RaCage
G=RaGR
(o] 2.0e+02 4 0e+02 6.0e+02 8.0e+02 1.0e-03
[E_slip_perf |v]
[ Sawve image ] [ Close ]
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Sorting out confounding factors

To make sure we are not being fooled by confounded effects

we run a full factorial with the top three factors:
I S s 1 1< W)

—Parameters
| Parameter name | User variable name | In category | Parameter levels | Reference value | StdDeviation
1 |IRcury IRcury model [-50%um, 50%um] | S0%um
2 |REcurv REcury model [-300kurm, -200%ur -250%kum
3 |RalR RalR model [0.01*um, 0.2%um’ 0.09%um
4 |RaRE RaRE model [0.02%urm, 0.06%un 0.04 8%um =
5 |kl hick Filrmithick rmodel [U. *urm, 0.4%um] O, 1*um
6 |RaCage NaCage model [0.1%urn, 0.3%um] 0.2%um
7 Tracr RacR medsl Jlo.arum 0zvmllozrom |

Remowve parameter] I How to add a parameter?]

!Removes the selected parameters!
—Parameter study

lype: [ Fractional factorial design i] [ Generate Design]

O Include reference simulation

Murmber of generators ! I.ﬂ I Clear Design ]

Mumber of parameters: 7 . .
rumber of simulations: & [ Wiew Dasign... ]

o | | Cancel ]
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Confounding...(cont.)

We first remove all parameters except the ones with top \

three effects according to the screening design...:

—Parametears
Farameter name User variable name |In category | Parameter levels | Reference value | StdDeviation
1 0 0 0
2 |RalR RalR rmodel [O.01%urn,  0O.2%0 0.08%0m
3 |FilmThick FilmThick model [o.1*urn,  0.4%un 0.1*um

IHow to add a paramctcr?]

—Parameter study

Type: [ Full factorial design i] | Szt Bl b ]

[ inelude reference simulation I Clear Design ]

Murnber of parameters: 2
Mumber of simulations: 8 I View Design... ]

| oK || Apply | Cancel | : F




Confounding...(cont.)

Read the results into DoEBeast and again display the
Pareto effects:

O POEREaST

File Wiew Setup Help

Experiment IRcurey | =IRcury RalR =FalR | FilmThick | =FilmThick h_wear_perf E_slip_pe

Experiment set:jscratch/stefan/work/Doz/NewStart/2oETutcrial/simpleSRE_dealiasing_fuf3_8

simpleSRB_dealiasing_fuf3_8 PS_1 |-0.00005 |-5e-5 0.00000001 |1le-B8 0.Co00004 -4,10617850832296e-8 |-2.0677727050

simpleSRE_dealiasing_fuf3_8_P5_2 |-0.00005 |-S5e5 0.00000001 |le-82 |0.CO00001 -4,5152042105201e-8  |-2,6330207529C

simpleSRB_dealiasing_fuf3_8 PS_3 |-0.00005 |-5e-5 0.0000002 - 0.Co00004 -4,04519795438318e-8 |-2.09377734375

simpleSRE_dealiosing_ fuf2 2 PS 4 | 000005 | 55 0.0000002 0.CO00001 4.1203201 76260106 B

simpleSRE_dealiasing_fuf3_8_PS5_5 0.CO0CS |Se-5 0.00000001 - 0.COo00004 -4,046625079467096e-8 | -1,9195222402

simpleSRE_dealiasing_fuf3_8 PS5 6 0.CO0CS |Se-5 0.00000001 - 0.COo00001 -4,46522285812588%e-8 |-Z.61.88.1035

simpleSRE_dealiasing_fuf3_8_PS_7 |0.CO0CS |Se-5 0.0000002 - 0.COo00004 -4, 005866571 787092e-8 |-Z.0528176269C

3
]
3
*
%]
£
%]
£

simpleSRE_dealiasing_fuf3_8 PS5 8 0.CO0CS |Se-5 0.0000002 - 0.COo00001 -4.07141556024726e-8 |-2.95404663085
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Confounding...(cont.)

Aha! Ircurv was confounded by the second order effect \
RalR*FllmTh/ck

P aneLo] =R Chst Chian

E_slip_perf
(fullFactorial 2°3)
C |lc=794.6
B | B=244.9
BC | BC=165.8
A A=72.39
ABC ABC=40.84
AC AC=22.72
AB AB=12.31
A=IRzurv
B=RalR
C=Film Thick
0 1.0e+02 2.0e+02 30e+02 4.0e+02 5.08+02 6.0e+02 7.0e+02 8.0e+0Z
[ | (1]

BKF

| Sawve image H Close




Optimising with response surface

Only two factors left. Let’s optimise the model with regard
to them. Use a space-filling design (Sobol):

ﬂ I Seliip Pararmeter sy

—Parameters

20 _ = B x|

Parameter name
1 ] = i
Z |FilmThic< FilmThick model [0.1*um, 0. 4*ur 0, 1*um

User variable name |In category | Parameter levels |Reference value | StdDevistion
Q2

Remowve pa'ameter] [How to add a pa'ameter?]

—Parameter study

Type: [Sobol sequence design i] [Generate DES'Q”]

How many experiments 7; I-ﬂD

Mumber of parameters: 2 |‘v’ou have to give the nurmber of wanted e:-:periments|
Mumber of simulations: 40

I Clear Design ]

[ Wiew Design... ]

[ oK ] [ Apply ] [ Cancel ] F



Optimising...(cont.)

Export the results to a file readable by Minitab:

- CDOEEEasL

Fle | View Setup Help

Open.. Ctr+0 jent

RalR

=RalR

FilmThick

=FilmThick

Export...
Exit

nfstefanfwork/DCoE/MewSt art/DoETutorialfsimpleSRE_responsesurf Sobol 40

Ctri+Q

1.4453125e-8

1.4453125e-8

21853125e-7

2.18953125e-7

-4,10584668486

simpleSRE_responsesurf Sobol 40 PS5 2

1.09453125¢e-7

1,094353125e-7

3.69531l25e-7

3.6953125e-7

-3,82418080252

simpleSRB_responsesurf Sobol 40 PS 3

1.56953125e-7

1.56953125&-7

1.4453125e-7

1.4453125e-7

-3.9677309550812!

simpleSREB _responsesurf Sobol 40 PS5 4

5.18953125e-8

6,18953125e-8

294531 25e-7

2.9453125e-7

-3.9058596431 6!

simpleSREB _responsesurf Sobol 40 PS5 S

8.5703125e-8

8.5703125e-8

1.0703125e-7

1.0703125e-7

-4,05336351150:

simpleSRE_responsesurf Sobol 40 PS5 &

1,80703125e-7

1,80703125e-7

227031 25e-7

2.2703125e-7

-3,87504862279

simpleSRB_responsesurf Sobol 40 PS 7

1.33203125e-7

1.33203125e-7

1.8203125e-7

1.8203125e-7

-3.92809052011 70

simpleSREB _responsesurf Sobol 40 PS5 8

3.8203125e-8

3.8203125e-8

3.3203125e-7

3.3203125e-7

-3.90238508915

simpleSREB _responsesurf Sobol 40 PS5 9

5.0078125e-8

5,0078125e-8

1563281 25e-7

1.6328125e-7

-4,05206606046

simpleSRE_responsesurf Sobol 40 PS ..

1.,45078125e-7

1,45078l25e-7

3.1328l25e-7

3.1328lace-7

| b
®
®
®
x
®
®
®
x
®

4]
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Optimising...(cont.)

The response surface:

Surface Plot of E_slip_perf vs FilmThick, RalR

= 2000
~2250
E_slip_perf
25500
L 0.0000004

EREEEEEAE

o, D000 FilmThick

ﬂ.c-:-:-:-:rng 000000

0090925 00000020
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Sensitivity analysis:

If the user knows the standard deviations of his model
parameters he can setup a design that lets DoEBeast
compute approximations of the mean and standard
deviations of output data.

Derivatives are computed as finite-differences.
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Other features: Parallel coordinate plot

DoEBeast can plot results in several ways.

Parallel coordinate plot:

m m - m
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Parallel coordinate plot, cont ...

Restrict FilmThick and RalR
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Other features: Pareto optimal plot

Pareto optimal front. Useful when more than one criteria is

Important:
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Conclusion - Practical DFSS simulation

~

Reduce the number of parameters, i.e., screening designs.
Investigate confounding effects.
Do full DoE for remaining parameters (very few).

Investigate robustness.
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Parallel Computation
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Spherical Roller Thrust Bearing (SRTB)
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DEA Cluster — 356 cores

1U rack nodes [76 cores]:
» 16 x Opteron 248 (single core 2.2GHz), 2GB memory
» 60 x Opteron 250 (single core 2.4GHz), 2GB memory

IBM Blade Centers [280 cores]:
» 3 x 14st IBM BladeServer HS21 XM
e 2 x AMD Opteron 2218 (Dual core 2.6GHz) [3*14*2*2 = 168 Cores]
* 4GB RAM [168GB]
» 1 x 14st IBM BladeServer HS21 XM
« 2 x Intel XEON E5420 (Quad core 2.5GHz) [14*2*4 = 112 Cores]
* 16GB RAM (8 x 2GB) [224GB]

IBM BladeCenter®
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Neolith cluster at NSC - 6440 cores

Hardware and Performance:

» 805 Nodes (HP ProLiant DL140 G3)
*Two Intel Xeon E5345 Quad Core Processor 2.33GHz per Node
*16GB or 32GB RAM per node

eInfiniband ConnectX interconnect

Combined peak performance of 60 Tflops

Software:

*Operating System: CentOS 5 x86_64
*Resource Manager: SLURM
*Scheduler: MOAB

*MPI: OpenMPI and Scali MPI
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NVIDIA FERMI a future platform?

Hardware and Performance:
» 16 Streaming Multiprocessors (SM)

*32 CUDA cores per SM

4 Special Function Units per SM

*64 KB Shared Memory/L1 Cache
*ECC Memory Support
*Single Precision Floating Point Capability: 512 FMA ops/clock
*Double Precision Floating Point Capability: 256 FMA ops/clock
*Support for up to 16 concurrent Kernels
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Summary




Summary

~

Use simulation early in the product development process.
The Six Sigma/DFSS effort stimulate use of analytical tools.
Heavy simulations & Parametric studies:

eEliminate parameters with screening designs.

eFind optima with space filling designs.

*Check robustness in design points.
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