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Comparison of Autodesk Simulation tools to NAFEMS Benchmarks

Introduction

This document contains 10 cases that com(gare results calculated in Autodesk® Inventor®
2011 Stress Analysis and Autodesk® Algor® Simulation 2011 against NAFEMS Benchmarks.

Each case contains several sections: case description, material data, dimensions, load value,
mesh settings, results computed and corresponding references. Comparisons against stress,
deformation and natural frequency are included in this document. All cases used the Sl
system of units.

All analyses are conducted with certain mesh settings. Better accuracy of results can be
achieved with fine-tuning of settings, such as local mesh, convergence, and so on.

The summarized comparison shows the results calculated in Inventor 2011 Stress Analysis
and Algor Simulation 2011 are close to NAFEMS Benchmarks.

Cases Differences Compared to NAFEMS
Case number Case type Inventor Stress Analysis 2011 Algor simulation 2011
1 Static Stress 2.13% 2.74%
2 Static Stress 0.25% 1.88%
3 Static Stress 1.43% 1.05%
4 Static Stress 0.76% 0.49%
5 Static Stress 0.00% 0.98%
6 Static Stress 0.25% 1.12%
7 Static Stress 3.25% 2.09%
8 Static Stress 2.04% 3.90%
9% Natural frequency 0.04% 0.10%
10* Natural frequency 3.83% 2.95%

* For natural frequency cases, only comparison results of first natural frequency are listed here.
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1. E|||pt|c p|ate under Material data Mesh Settings
tensile Steel Atz Mesh size
type
Lo Young's Modulus 2.1e+005 MPa Inventor
Case descri ption - - - 2011 Tetrahedra Default
Poisson's Ratio 0.3 -

ipti i i i Algor 2011 Bricks and Default
An elliptic plate with thickness tis Mass Density 7.85e-006 kg/mm? Tetrahedra
supported to a uniform outward pressure P —
on the outer elliptic cylindrical face, and Tensile Yield 207.0 MPa .
unloaded at inner face. The plate is Strength Results comparison

symmetric about YZ plane and ZX plane.

Determine the tangential edge stress at

H H Tangential Stress(ay,) at point D
corner point D on middle plane. Dimensions o ga (G) atp
rapetson | 92.7 MPa
a=2000 mm
b =1000 mm Inventor Value 90.73 MPa
B _ ¢ =3250 mm 2011 Percentage
d=2750 mm Difference | >13%
£= 100 mm Value 90.16 MPa
Algor 2011
Percentage | , 0
Load value Difference
d * Reference: NAFEMS Benchmark Test LE1
A P =10 MPa
b AY
1o I
I
- (= -
Results display in Inventor 2011 Results display in Algor 2011
Modes: 745
Elernents:326 =
Type: Stress Y'Y tress
Urit; MPa Tensor Y-
12/7/2010, 5:14 MAmm*2)
91.52 Max 98 71
85 63
7291 76.54
FR.B1
54.31 5553
45.55
35.7 35.52
25.42
17.09 18.45
3424
-1.52 Min -1.808
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2. Cylindrical shell
patch under
moment

Case description

A cylindrical shell patch with thickness t is
subjected to a uniform normal moment M
on one side, including edge CD. The shell
is fully constrained on the other side,
including edge AB, and symmetrical about
two ends. Determine the tangential stress
at point E on outer surface of shell. Here
the tangential direction at point E is along
X axis by modeling.

Results display in Inventor 2011

Nodes 2743

Elernents: 1294

Type: Stress Xix

Unit; MPa

12/9/2010, 9:18:02 PM
69,78 Max

43,48 )
17.17
-9.14

-35.45

61,76 Min

Material data

Steel

Young's Modulus

2.1e+005 MPa

Poisson's Ratio

0.3

Mass Density 7.85e-006 kg/mm3

Tensile Yield

Strength 207.0 MPa

Dimensions

L =500 mm

r=1000 mm

h =300 mm

a=20°

8=30°

t=10 mm

Load value

M = 5x10° Nemm

Stress
Tensor 4-¥

MA(mm®2)
5278
EE.E3
43.47
30.32
17.16
4.01
9144
=223
-35.45
-48.61
£1.76

Mesh Settings

Element

type Mesh size
Inventor
2011 Tetrahedra Default
Algor 2011 Plate Default

Results comparison

Tangential Stress at point E (stress 0yy)

Comparison
results* 60.0 MPa
Value 59.85 MPa
Inventor
2011 Percentage N
Difference 0.25%
Value 58.87 MPa
Algor 2011
Pgrcentage 1.88 %
Difference

* Reference: NAFEMS Benchmark Test LE2

Results display in Algor 2011
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3. Cylindrical shell patch
under pressure

Case description

A cylindrical shell patch with thickness tis
subjected to a uniform outward pressure
P, on top surface ABCD, and tangential
outward pressure P, on the side including
edge CD. The shell is fully constrained on
the other side, including edge AB, and
symmetrical about two ends. Determine
the tangential stress at point E on outer
surface of shell. Here the tangential
direction at point E is along X axis by
modeling.

MNodes: 2729
Elernents:1284
Type: Stress XX
Unit: MPa
2011/1/24, 15:50:19

33.1Min

Material data

Mesh Settings

Element

Steel
Young's Modulus 2.1e+005 MPa
Poisson's Ratio 0.3
Mass Density 7.85e-006 kg/mm3
Tensile Yield
Strength 207.0 MPa

Mesh size
type
Default
Inventor All without
2011 Tetrahedra | curved
mesh
Algor 2011 Plate Default

Dimensions

L =500 mm
r=1000 mm
h =300 mm
a=20°
6=30°
t=10 mm

Load value

P,=0.6 MPa
P, =60 MPa

Results comparison

Tangential Stress at point E (stress 0yy)

Comparison 60.0 MPa
results*
Value 60.86 MPa
Inventor
2011 P_ercentage 1.43%
Difference
Value 60.63 MPa
Algor 2011
Pgrcentage 1.05%
Difference

* Reference: NAFEMS Benchmark Test LE2

Results display in Algor 2011

Stress
Tensor 3K
M/ (mmaZ)

7817
70.96
BE.78
B2.55
558.34
a4.14
4893
4672
4151
7.3
331

Stress XX : 60.86 MPa
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4. Hemisphere shell
under concentrated
loads

Case description

A hemisphere shell with thickness t is fixed
at top point E and subjected to
concentrated radial loads applied
outwards at point A, and inwards at point
C. Due to symmetry, one quarter of the
hemisphere is modeled for analysis.
Determine the X displacement at point A.

Results display in Inventor 2011

Type: X Displacement

Unit: mm

1/24/2011, 4:33:51 PM
183.6 Max

1469

1101

734

367

Material data

Mesh Settings

Steel

Young's Modulus

68.25e+003 MPa

Poisson's Ratio

0.3

Mass Density

2.710E-006kg/mm3

Dimensions

r = 10000 mm
t=40 mm
Load value

Fa=2000 N
Fc=2000 N

-0.1 Min

| X Displacement : 183.6 mm

iz Mesh size
type
Default
Inventor without
2011 Tetrahedra curved
mesh
Algor 2011 Plate Default
Results comparison
X displacement at point A
Comparison 185.0 mm
results*
Value 183.6 mm
Inventor
2011 Percentage
Difference 0.76%
Value 184.1 mm
Algor 2011 Percenta
ge 0
Difference 0.49%

Results display in Algor 2011

Displacement
¥ Cormponent
mrm

154.1

18.41
a

162.7
147.3
1289
1105
92.06
7364
5523
36.82

* Reference: NAFEMS Benchmark Test LE3




Mesh size
0.05
Default

Tetrahedra

All
Tetrahedra

Element
type

with
Middleside
nodes

Mesh Settings
Inventor

2011

Algor 2011

Results comparison

108.0 MPa
0.98%

0.00%
106.94
MPa

* Reference: NAFEMS Benchmark Test LES

Percentage

108 MPa
Value
Difference
Value
Percentage
Difference

Axial stress(0yy) at point A on mid-surface

Comparison
results*
Inventor
2011

Algor 2011

2.1e+005 MPa
7.85e-006 kg/mm3

0.3
207.0 MPa

Steel

Material data
Young's Modulus
Poisson's Ratio
Mass Density
Tensile Yield
Strength
Dimensions

Comparison of Autodesk Simulation tools to NAFEMS Benchmarks
under torsion

A cantilever Z section beam with thickness

tis subjected to a 1.2E+006 Nem torque
on one end. Determine the axial stress of

point A at middle surface.

5. Z section beam

Case description

N e
LAy

Stress

Results display in Algor 2011
Tensor ¥-%

NN Aavay
£y
BN A s
ISR A
Y e
e
ﬁ«ﬁ%"dwﬂﬁ%‘&\
e
AT ) (L AVavsravay 4
oA SRS
N%&Wﬁ«u«n«m}i

10000 mm
1000 mm
2000 mm
1000 mm
2500 mm
100 mm
600000 N

Load value

w

L
a
b
c
d
t

Stress XX : -108 MPa

Results display in Inventor 2011
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6. Skew plate under
normal pressure

Case description

A rhombic skew plate with thickness t and
length L is subjected to a normal pressure
P on top face. The plate is simply
supported on four side faces. Determine
the maximum principle stress at plate
center point E on bottom surface.

Material data

Mesh Settings

Steel

Element
type

Mesh size

Young's Modulus

2.1e+005 MPa

Poisson's Ratio

0.3

Inventor All
2011 Tetrahedra 0.03

Mass Density 7.85e-006 kg/mm3
Tensile Yield
Strength 207.0 MPa

Dimensions

L =1000 mm
t=10 mm

Load value

P =0.0007 MPa

Results display in Inventor 2011

Modes: 9364

Elernents 5333
Type: lst Frindpal Stress

All
Tetradedra
Algor 2011 with 30%
middleside
nodes

Results comparison

Maximum principle stress at point E

Comparison | 4 555 \pa
results
Value 0.804 MPa
Inventor
2011 Percentage 0.25%
Difference )
Value 0.811 MPa
Algor 2011 Percentage
Difference 1.12%

* Reference: NAFEMS Benchmark Test LE6

Results display in Algor 2011

Maximum Principal

1st Principal Stress : 0.804 MPa

Unit; MPa
12/8/2010, 11:21:33 PM
1.695 Max
’VA
1334 Th
ElEer]
Rl
0973 RNy
RN
ERIZG!
S
'HPA""
0511 v
0.25
-0,112 Min

-0.04602
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7. Axisymmetric
cylinder/sphere shell
under pressure

Case description

An axisymmetric shell composed of
cylinder and hemisphere with thickness t is
subjected to an inner pressure valued P.
The shell is symmetric about bottom
surface. Determine the axial stress at point
D on outer surface.

Material data

Mesh Settings

Steel

Young's Modulus 2.1e+005 MPa

Mesh
Element type o
Inventor
2011 All Tetrahedra Default
2D
Algor 2011 Axisymmetry 10 mm

Poisson's Ratio 0.3

Mass Density 7.85e-006 kg/mm3
Tensile Yield

Strength 207.0 MPa

Dimensions

h =1500 mm
r=1000 mm

L =1403.4 mm
t=25mm

Load value

P =1MPa

Results display in Inventor 2011

Type: Stress 27

Unit: MPa

2/15/2011, 5:25:3
55 Max A
20,19

14.88

957

4% \

1,04 Min \\

T

——

Results comparison

Axial stress (0,;) at point D on outer
surface

Comparison
results* 25.86 MPa
Value 25.02 MPa
Inventor
2011 Percentage N
Difference 3:25%
Value 25.32 MPa
Algor 2011
Pgrcentage 2.09%
Difference

* Reference: NAFEMS Benchmark Test LE7

Results display in Algor 2011

Stress

Tensor Z-Z

MNArmm )

2539
2271
20.04
17.36
14.69
12.01
9.339
6.663
3.988
1.313
-1.362
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8. Thick elliptic plate Material data Mesh Settings
under normal v 532.3,“ o e
pressure Young's Modulus 2.1e+005 MPa Inventor All
2011 Tetrahedra Default
Case descri ptio n Poisson's Ratio 0.3 Bricks and
N Algor 2011 Default
A thick elliptic plate with thickness tis Mass Density 7.85€-006 kg/mm?® tetrahedra
subjected to a normal pressure P on its Tensile Yield 207.0 MPa
top surface. Face CC'D'D, ABB'A’ and Strength ) Results comparison
middle surface have no Y, X and Z
direction displacement, and X and Y : n
displacement of face BCC'B’ are fixed. el strfess(cyy) CHI
Determine the direct stress along Y Dimensions Comparison | g 36 \1ps
direction at point D. results*
a=1000 mm |nventor Value 5.27 MPa
b =2000 mm 2011 Percentage
¢ =1750 mm Difference 2.04%
fj elozc??nmm Value 5.59 MPa
Algor 2011 Percentage | 5 500
Difference el
Load value * Reference: NAFEMS Benchmark Test LE10
P =1 MPa
(o
Results display in Inventor 2011 Results display in Algor 2011
Modes: 1506
Elerments 850
Type: Stress Y'Y Stress
Urit: MPa Tensor =¥
12/9/2010, 12:51:0; Himm*2)
1555 Max L2 1251
9995
9,09 r.474a
4 962
2446
263 -0.07061
-2.587
-3.82 -5.103
-T.62
-10.14
-10.23
-12.65
-16,74 Min
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9. In-plane vibration of
a pin-ended double

Material data

Mesh Settings

Stee! Element
cross Young's Modulus | 2.0e+005 MPa type Wizsln Sl
; N - Inventor All
Case description Poisson's Ratio | 0.3 2011 Tetrahedra | 201
i " 3 5
A part of double cross with square section Mass Density 8e-006 kg/mm segments
of side w is pined at 8 ends, and is Algor 2011 | Beam on each
constrained to vibrate in plane. Determine . . branch
the first 16 natural frequencies of this Dimensions
model.
L =5000 mm
w= 125 mm
c
£ D Load value
. None
Y —a. -—
-
Ep =
A x | I
H
G
- L 1 L N
Results Comparison
First 16 natural frequencies F1 F2 F3 F4 F5 F6 F7 F8
Comparison results* 11.336 HZ 17.709 HZ 17.709 HZ 17.709 HZ 17.709 HZ 17.709 HZ 17.709 HZ 17.709 HZ
Value 11.34 HZ 18.55 HZ 18.57 HZ 18.57 HZ 18.57 HZ 18.58 HZ 18.58 HZ 18.60 HZ
Inventor 2011
gﬁ;gf:;ige 0.04% 4.75% 4.86% 4.86% 4.86% 4.92% 4.92% 5.03%
Value 11.325 HZ 17.631 HZ 17.631 HZ 17.659 HZ 17.659 HZ 17.659 HZ 17.659 HZ 17.659 HZ
Algor 2011
Eﬁ;gfg‘;ige 0.10% 0.44% 0.44% 0.28% 0.28% 0.28% 0.28% 0.28%
First 16 natural frequencies F9 F10 F11 F12 F13 F14 F15 F16
Comparison results* 45.345 HZ 57.390 HZ 57.390 HZ 57.390 HZ 57.390 HZ 57.390 HZ 57.390 HZ 57.390 HZ
Value 45.22 HZ 59.72 HZ 59.83 HZ 59.87 HZ 59.87 HZ 59.90 HZ 59.94 HZ 59.95 HZ
Inventor 2011
Bf"f;;fg‘;ige 0.28% 4.06% 4.25% 4.32% 4.32% 4.371% 4.44% 4.46%
Value 44.882 HZ 55.772 HZ 55.772 HZ 56.052 HZ 56.052 HZ 56.052 HZ 56.052 HZ 56.052 HZ
Algor 2011
Percentage 1.02% 2.82% 2.82% 2.33% 2.33% 2.33% 2.33% 2.33%

10

* Reference: NAFEMS Benchmark Test FV2
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Results display in Inventor 2011

1* mode shape 9" mode shape

Results display in Algor 2011

1* mode shape 9" mode shape

11
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10. Vibration of a simply Material data Mesh Settings
supported square Steel Element Mesh
type size
plate Young's Modulus | 2.0e+005 MPa Inventor Al
Default
Poisson's Ratio 0.3 2011 Tetrahedra
All
Case description Mass Density 8e-006 kg/mm? Tetrahedra
Algor 2011 with Default
A square plate with thickness t is simply middleside
supported at four edges of the bottom . . nodes
surface. Determine the fourth to eighth Dimensions
natural frequencies of this plate.
L = 10000 mm
t=1000 mm
Load value
None
Results Comparison
4"Mto 8" natural frequencies F4 F5 F6 F7 F8
Comparison results* 45.897 HZ 109.44 HZ | 109.44 HZ | 167.89 HZ | 193.59 HZ
Value 44.14 HZ 106.48 HZ 107.57 HZ 160.14 HZ 194.06 HZ
Inventor 2011
B’ff;;’f;:‘zge 3.83% 2.70% 1.71% 4.62% 0.24%
Value 44.544 HZ 107.48 HZ 107.85 HZ 164.43 HZ 192.88 HZ
Algor 2011
Elef;gf;:ige 2.95% 1.79% 1.45% 2.06% 0.37%
* Reference: NAFEMS Benchmark Test FV52
Results display in Inventor 2011
4" mode shape 5" mode shape

12
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8" mode shape

Results display in Algor 2011

4"mode shape 5" mode shape

6" mode shape 7" mode shape

13



Comparison of Autodesk Simulation tools to NAFEMS Benchmarks

Autodesk, Algor, and Inventor are registered trademarks or trademarks of Autodesk, Inc., and/or its
subsidiaries and/or affiliates in the USA and/or other countries. All other brand names, product names,
or trademarks belong to their respective holders. Autodesk reserves the right to alter product and
services offerings and specifications and pricing at any time without notice, and is not responsible for
typographical or graphical errors that may appear in this document.

© 2011 Autodesk, Inc. All rights reserved.
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