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Introduction

® Engine valves are primarily used to open
and close the intake port in order to facilitate
air to flow into or out of the cylinder.

® These valves are subjected to oscillating
tensile and compressive loads.

® Tensile loads on the valve loads are larger in
magnitude this is mainly due to pre-tensions
applied to the valve springs and the impact
loading on the valve when valve returns
back to close position during high engine
speed operations.

® Compressive Loads are primarily caused to
inertial forces acting on the valve stock
during high engine speed operation.

® Pre-tension is used to create an air-tight
hydrostatic seal at the intake.




Stress Concentration

It refers to the place in which stresses on an object concentrate due to the
geometry of the object.

It usual occurs at notches, cracks and near holes in the geometry.
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Material Properties

® High grade Alloy Steel (42CrMo4).

® Known for its excellent Wear Resistance, and low Co-efficient of
friction.

Primarily used in high-stressed valves.

O]

Young's Modulus = 210 GPa
Poison’s Ratio = 0.32

Yield Strength = 800 MPa
Density = 7830 Kg/m?
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Problem Definition

Valves are manufactured by turning solid bar of
metal to the desired geometry which takes and
lot of time and resources.

To study the effect of fillet radius on
stress concentration on the fillet angle we are
simulating only pre-tension loads on the valve
stock.

This type of loading is only observed when the
engine is not running and the valve is in closed
position.

Compressive loads can be ignored since they
are caused only due to inertial loading and are §
small in magnitude.

Pre-tension force was calculated by using
minimum compression of spring at valve close
position and spring rate.




Geometry

® Avalve typically has its fillet
radius equal to its stock
diameter.

@ Several fillet angles where
considered including a 45°
angle.

A=31.75 mm
B=111.91mm

C=7.8486mm
D=45°

Volume = 7.8406 cc
Mass = 61.392 g



Boundary Conditions

E-valve model filet NNSY(S

Force
Time: L s
8/9/2012 7:52 PM

E: valve model fillet
Fixed Support

Time: L s

8/9/2012 7:43 PM

. Force: 900, N
Components: 0,, 900, 0. N

Fixed Support

0.000 ‘ 0.040 (rr) Q&n {cm)
I 000

e

A tensile force of 900N was applied on the upper The colored region also known as the valve
surface. This is approximately the Pre-tension

force exerted on the valve when the spring seating Is assumed to be a fixed support.

having spring rate of 300 Ibs/in is compressed
by 0.703 inches.



Meshing

® Mesh method was set to Mesh
8/9/2012 8:02 PM

tetrahedron elements and a
relevance of 100 was used.

® Mesh sizing properties where
also set to fine to generate a
finer mesh

® Mesh statistics:

e Nodes: 51665
e Elements: 31018







Normal stress along Y-axis (No fillet)

D: Static Structural non e
Normal Stress Y . Type: Normal Stress (Y Axis )
Type: Normal Stress (Y Axis) Unit: MPa
Unit: MPa L Global Coordinate System
Global Coordinate System Time: 1
Time: 1 8/9/2012 8:24 PM
8/9/2012 8:23 PM 80,104 Max

80.104 Max o

38.007
68.432 20,455

56.88 " 20,904

45.268 . 12.353

33.656 A0

22,044 j | 47487
-13.3

10.432 i -24.404 Min

-1.1798

-12.792

-24.404 Min

30,00 {mm)

T.
z/\ X

10.000 {mm)




Normal stress along Y-axis (45° degree chamfer)

: : INJSVAS "
F: valve model chamfer AN\SY F: valve model chamfer
MNormal Stress Y Normal Stress Y

Type: Normal Stress (Y Axis ) Type: Normal Stress (Y Axis )
Unit: MPa Unit: MPa

Global Coordinate System Global Coordinate System
Time: 1 Time: 1

8/9/2012 8:29 PM 8/9/2012 8:29 PM

35.439 Max
20.193
19.269
12.246
5.2235
2.5973
-0.028943
-2.6552
-5.2814
-13.857 Min

35.439 Max
20,193
19.269
12,246
5.2235
2.5973
-0.028943
-2.6552
-5.2814
-13.857 Min

30.00 (mm) 10,000 (mm)
X _:




Normal stress along Y-axis (Fillet Radius=7.8486mm)

: E: valve model fillet S | E: valve model fillet

MNormal Stress Y Normal Stress Y

Type: Normal Stress ('Y Axis ) Type: Normal Stress (Y Axis )
Unit: MPa Unit: MPa

Global Coordinate System Global Coordinate System
Time: 1 Time: L

8/9/2012 8:42 PM 8/9/2012 :41 PM

21.244 Max
19.643

18.042 18.042

16.441 16.441
10.838 10.838
5.2355 5.2355
-0.36733 -0.36733

-5.9702 —1 -5.9702
-11.573 -1L.573
-17.176 Min -17.176 Min

21.244 Max
19.643

- [
30,00 (rmm) 10,000 (rmm) Zn—I’i
| [




Equivalent stresses (No Fillet)

Equivalent Stress . ' Equivalent Stress

Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa : Unit: MPa

Time: 1 Time: L

8/9/2012 8:54 PM 8/9/2012 8:56 PM

69.363 Max 69.363 Max
45.324 45.324
30,744 39.744
34,164 34.164
26.583 . 28.583
23.003 i 23.003
17.422 b 17.422
11842 i 11.842
6.2614 ] 6.2614
0.68095 Min _ 0.68095 Min

10.000 (rmm)




Equivalent stresses (45° degree chamfer)

F: valve model chamfer F: valve model chamfer
Equivalent Stress Equivalent Stress

Type: Equivalent (von-Mises) Stress ' Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa

Time: 1 Time: 1

8/9/2012 8:58 PM 8/9/2012 8:57 PM

31.76 Max 31.76 Max
22,592 22,592
19.997 19,997
17.401 17.401
14,805 14.805
12,209 12.209
9.613 9.613

1 7.0171 70171

d 44212 44212
1.8253 Min 1.8253 Min

0. 30.00 {mm)

0 .
| 7 10.000 (mm)
15.00 | I




Equivalent stresses (Fillet Radius=7.8486mm)

E: valve model fillet
Equivalent Stress
Type: Equivalent (von-Mises) Stress

E: valve model fillet
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa Unit: MPa
Time: 1 Time: 1
8/9/2012 9:00 PM 8/9/2012 9:00 PM

“1':',9;’94 L 20.974 Max
: 18,77

16.585 16 545
143091 L6301
L.197 12.197
LA 10.002

1.8081 7.8081
3.6138 5.6138

3.4195 . 3.4195
1.2253 Min 1.2253 Min

10,000 {mm)




Overall Results

X (mm)

Chamfer(45° angle) 11.605 0.010084

No fillet 76.998 0.014087

1 mm 83.111 0.013691

2 mm 54.456 0.013189

3 mm 42.282 0.012706

4 mm 33.902 0.012261

5mm 27.066 0.011849

6 mm 22.978 0.011491

7 mm 19.72 0.011171

7.8786 mm 17.057 0.010937




Maximum Stress Values
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Total Deformation(mm)
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Model Limitations

Transient Analysis could not be performed due in adequate
computational resources thus time dependent inertial loads
where ignored.

Model only simulates static loading that is conditions when
engine is not running.

Impact loads that could occur during engine operation where
not considered .

This analysis can only be used to observe stress
concentration effects on different geometry.



Conclusion

Stress concentration occurs at the notch of the valve.

Chamfering reduces normal stress along X and Z direction
but normal stresses along Y directions are not affected
greatly.

Filleting the notch helps greatly reduces and the stress
concentration and distributes the stress equally among other
directions as well.

Maximum stress values reduces with increase In fillet radius.



