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I. Discussion

The following note analyzes stresses and deformation in the Hilman roller guides used in
the NOVA block pivitor. The block pivitor will roll on two parallel tracks, which are taken to
have a maximum variance of ¥2’” relative to each other. The basic concept of the roller guides is
to keep the pivitor moving on the tracks by a Camrol heavy duty bearing on each side, both on
the front and back. There are two different basic roller guides; the “double guide”, allows both
Camrol bearings to travel forward and backward against the spring washers, and the “single
guide” which allows motion in only one bearing.

Parallel Tracks

/ \i

< @ —>
“Single Guide”
Block Pivitor )<
“Double Guide”
<« o1 —>
Camrol
Bearings
< Max d taken to be V4™’

<«— Direction of possible
Camrol bearing travel
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1. .Pdf’s (previous pages) and Discussion of Solid Model Used in Analysis

It can be seen from the above engineering drawings that there are two different Hilman
Roller guides used for the block pivitor. The first shown is the “double guide” (the second is the
double guide’s weldment), which allows for the pre-load brace and Camrol roller motion on both
sides. The third and fourth drawings shown are the “single guide” and its weldment. The single
guide only has the ability for motion on one side. With the weldment being the element under
investigation, and with the single and double weldment undergoing similar and or symmetrical
type stresses; the single guide weldment (engineering drawing 486394) was chosen as the best
model to analyze. Two versions of the model were analyzed; and loads, restraints, stresses, and
deformations will be detailed in section IV.

Model used for analysis shown above. This is the single guide weldment, with the back slot used
for bearing motion, and the front hole used for the immobile bearing.



I11. Load Calculation and Allowable Stresses

The movable bearings in the guides are set up to move against a set of sixteen spring
washers on each side as illustrated below. These spring washers are the sole transmitter of load
to the weldment, and the inner/outer diameters are illustrated in the model which can be seen as
the yellow rings in the previous figure. Stresses to be examined are all weld stresses.

N\

16 Spring
washers
(detail

below)
/

\ 4

10



Spring washer detail

Disc Springs

This product matches all of your selections.

Part Mumber: 9712K482
Type
Material

=D ! Steel Type
H

Minimum Inside Diameter

H—GD _,,_IT Maximum Cutside Diameter
Thickness

Cverall Height

Load

Deflection at Load

Flat Load

Specifications Met

T
)
=

Belleville Disc Springs
Steel

Grade 1074 High-Carbon Steel
1.937

3750

281

360

16,890 Ibs.

063

24 348 |bs.

Mot Rated

—>With the total variance of the tracks taken to be ¥2’” max, and with 16 spring washers

on each side:

—->The spring washers k coefficient can be determined with the given information in the

spec:

Allowable Stresses: The AISC Manual of Steel Construction; Allowable Stress design, 9"
edition, chapter 5 section J, Table J2.5 “Allowable Stress on Welds”; lists the max allowable
stress on fillet welds with shear on the effective area as 0.30 x nominal tensile strength of weld

material in ksi. E70XX filler rod to be used.

=» 0.30 x 70 ksi =

11



IV. FEA Analysis

A. The two models

Two models were analyzed. The geometric structures of both models are exactly
the same, with the key difference being the way the component connections were set up. Close
ups of the connections are shown below. The realistic model, of which most of the analysis will
focus, is the top screen capture. It can be seen that the welds are modeled as triangular entities
with a small (0.05”) gap left between the components to focus the stresses on the welds as in
reality. The second model (bottom screen capture) is modeled without welds as a solid
component. This less realistic model is used for comparison to the “weld model”, where the
small gaps cause geometry induced high stress concentrations.

' “Weld model”

Load plate;
Ya’* welds

Triangular welds with 0.05”’
gap to focus stresses on welds

All welds are 3/8°" E70XX filler
rod, with the exception of the
welds on the load plate which has
Yy ET0OXX filler rod welds.

“No weld model”

12




B. Restraints, load, and mesh

The restraints and loads can be seen below. The restraints are located on the surfaces of
the two bolt holes on the attachment lips. They are restrained against translation and rotation in
all directions. The loads are located on the surface the spring washers are in contact with (shown

in orange), with an inner diameter of 1.937” and an outer diameter of 3.75’’, at a magnitude of
4,189 Ibs on each side as calculated above.

Restraints and loads shown

Mesh shown. Mesh size: 0.35”’

13



C. Stresses

STRESS Von Mises Unaveraged Top shell
Min: 1.02E+00 Ib/in~2 Max: 4.35E+04 Ibi/In~2

Points of interest defined:

A: Back load plate weld (sec. 2)
B: Front load plate weld (sec. 3)
C. Top gusset weld (sec. 4)

D. Front gusset weld (sec. 5)

E. Attachment lip (sec. 6)

Ibffin~2

4.385E+04

3.94E+04

3.72E+04

3.51E+04

3.29E+04 1

3.07E+04

2.85E+04 1

2.63E+04

2.41E+04 1

2.19E+04

1.97E+04 1

1.75E+04 1

1.53E+04

1.31E+04

1.10E+04

B8.77TE+03
6.57E+03
4.38E+03
2.19E+03

1.02E+00

14




The stress views explained:

Contour view: The unaveraged contour view shows stresses of each element partially
blended into each other and is semi-realistic. The averaged contour view shows stress of
each element blended together, and blended within each element. This view usually
gives the most realistic results.

Elemental view: The elemental view shows the stresses computed for each individual
element in the mesh. Maximum stresses and average stresses within the element are

shown. This view is useful in illustrating where the stresses are resulting from, and in
comparison with the contour views to illustrate the true concentrations of the stresses.

1. Reaction Forces

Ibf

5.12E+02
REACTION FORCE NMagnitude Unaveraged Top shell
Min: 0.00E+00 Ibf Max: 5.12E+02 Ibf m

Nﬁ\\ 4.61E+02
—— T 4.35E+02 +

4.10E+02 1

4.86E+02

3.84E+02 1

3.59E+02 1

3.33E+02 1

3.08E+02 1

2.82E+02 1

2.57E+02 1

2.31E+02 1

2.06E+02 1

1.80E+02 1

1.55E+02 1

1.29E+02 1

1.04E+02 1

7.83E+01
5.28E+01
2.73E+01

1.85E+00

S

The reaction forces shown are relatively low, with a localized maximum of 512 Ibs.

15



2. Back load plate weld (point of interest A)

IbTIn~2

Contour view; unaveraged top shell Contour view; averaged top shell 4.38E+04

4.16E+04
3.94E+04
3.72E+04
3.51E+04
3.29E+04
3.07E+04
2.35E+04

2.63E+04

241E+04

Flemental view, average stress 2.19E+04

1.97E+04

1.75E+04
1.53E+04
1.31E+04

1.10E+04

. ' 8.77E+03
6.57E+03
4.38E+03

¥Wz2.19E+03

1.02E+00

-

*Note for the averaged contour view, the color bar must be scaled down, with a max stress
(red) of 39 ksi, yellow at 27-30 ksi, green at 17-27 ksi, and teal at 16-8 ksi.

Point of interest A (back load plate weld) is shown in four different views. In the averaged
contour view, the geometry of the gaps left to concentrate stresses on welds causes an unrealistic
stress pocket, which would not exist without the gap. The 40 ksi + stresses only exist in a tiny
pocket within the gap element, and it can be seen from the average elemental view that the
average stress within this element is relatively lower (22 ksi) than the max. Going back to the
averaged contour view with this in mind, it can be seen most of the weld has stresses under 13
ksi, with a small realistic concentration of about 21 ksi in the corner. The average elemental
view illustrates that the average stress in each element including the non-gap corner element are
under 17 ksi, and the maximum stress elemental view illustrates that even the maximum stress
within most elements is under 21 ksi

16




3. Front load plate weld (point of interest B)

Contour view; unaveraged top shell B Contour view; averaged top shell IbfinA2

4.36E+04
4.16E+04
3.94E+04
3.72E+04
F.51E+04
3.29E+04
3.07E+04
2.85E+04
2.63E+04
2.41E+04
2.19E+04
1-o7Ered
1.75E+04
1.53E+04
1.31E+04
1.10E+04
8.77E+03
6.57E+03
4.3FE+03
2.19E+03

1.02E+00

-

*Note for the averaged contour view, the color bar must be scaled down, with a max stress
(red) of 39 ksi, yellow at 27-30 ksi, green at 17-27 ksi, and teal at 16-8 ksi.

Point of interest B (front load plate weld) is shown in four different views. In the averaged
contour view, the geometry of the gaps left to concentrate stresses on welds causes an unrealistic
stress pocket, which would not exist without the gap. The 32 ksi + stresses only exist in a tiny
pocket within the gap element, and it can be seen from the average elemental view that the
average stress within this element is relatively lower (< 20 ksi) than the max. Going back to the
averaged contour view with this in mind, it can be seen most of the weld has stresses under 15
ksi, with a small realistic concentration of about 19 ksi in the corner. The average elemental
view illustrates that the average stress in each element including the non-gap corner element are
under 15 ksi, and the maximum stress elemental view illustrates that even the maximum stress
within most elements is under 17 ksi.

17



4. Top gusset weld (point of interest C)

Ibf/ln~2
4.38E+04

4.16E+04

- 3.94E+04
3.72E+04
3.51E+04 -
3.29E+04 -
3.07E+04 -
2.835E+04 -

2.41E+04 1
Contour view, unaveraged top shell 2.19E+04
1.97E+04
1.75E+04
1.53E+04
1.31E+04
1.10E+04
8.77E+03
6.57E+03
4_.38E+03
2.19E+03

1.02E+00

Flemental view, maximum stress Flemental view; average stress =

2.63E+04 1

*Note for the averaged contour view, the color bar must be scaled down, with a max stress
(red) of 39 ksi, yellow at 27-30 ksi, green at 17-27 ksi, and teal at 16-8 ksi.

Point of interest C (top gusset weld) is shown in four different views. In the averaged contour
view, the geometry of the gaps left to concentrate stresses on welds causes an unrealistic stress
pocket, which would not exist without the gap. The 40 ksi + stresses only exist in a tiny pocket
within the gap element, and it can be seen from the average elemental view that the average
stress within this element is relatively lower (< 17 ksi) than the max. Going back to the averaged
contour view with this in mind, it can be seen most of the weld has stresses under 20 ksi, with a
small realistic concentration of about 22 ksi in the corner. The average elemental view illustrates
that the average stress in each element including the non-gap corner element are under 15 ksi,
and the maximum stress elemental view illustrates that even the maximum stress within most
elements is under 20 ksi.

18



5. Front gusset weld (point of interest D)

Contour view; unaveraged top shell

Contour view; averaged top shell

Flemental view, maximum stress [Flemental view; average stress

i/ /int2

LIGE+D4

L 16E+04

LS4E+04

LTZE+04

LS51E+04

LZ9E+04

L.O7E+04

LOSE+D4

LGIE+04

LA1E+04

L 1SE+04

LSTE+D4

LTSE+04

.53E+04

L31E+04

L 10E+04

LTTE+DG

LSTE+OG

LIEEHO0E

L1SE+03

LDZE+00

*Note for the averaged contour view, the color bar must be scaled down, with a max stress

(red) of 39 ksi, yellow at 27-30 ksi, green at 17-27 ksi, and teal at 16-8 ksi.

Point of interest D (front gusset weld) is shown in four different views. In the averaged contour
view, the geometry of the gaps left to concentrate stresses on welds causes an unrealistic stress
pocket, which would not exist without the gap. The 35 ksi + stresses only exist in a tiny pocket

within the gap element, and it can be seen from the average elemental view that the average

stress within this element is relatively lower (< 13 ksi) than the max. Going back to the averaged
contour view with this in mind, it can be seen most of the weld has stresses under 16 ksi, with a
small realistic concentration of about 20 ksi in the corner. The average elemental view illustrates

that the average stress in each element including the non-gap corner element are under 13 ksi,
and the maximum stress elemental view illustrates that even the maximum stress within most
elements is under 16 ksi.

19
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6. Attachment lip (point of interest E)

Ibf/in~2
4.30E+04

Contour view, unaveraged top shell

4.16E+04

Contour view, averaged top she

=

3.94E+04

3.72E+04

3.51E+04 1

3.29E+04 —

3.07E+04 1

2.85E+04

2.63E+04 1

2.41E+04

2.19E+04
1.97E+04
1.75E+04
1.53E+04
1.31E+04
1.10E+04

Cutting
plane,
averaged
contour 4_38E+03
veiw

8.77E+03

6.57E+03

2.19E+03

1.02E+00

T

*Note for the averaged contour view, the color bar must be scaled down, with a max stress
(red) of 39 ksi, yellow at 27-30 ksi, green at 17-27 ksi, and teal at 16-8 ksi.

Stresses shown at point of interest E (attachment lip). It can be seen that the attachment stresses
are all relatively low (< 15 ksi) in most places, with a small higher (< 25 ksi) concentration
around the hole. The cutting plane illustrates the stresses are contained to the surface for the
most part.

20




7. Comparison to the “no weld” model

Ibffin~2
2. 56E+04
STRESS VWon Mises Unaveraged Top shell

Min: 1.50E+00 Ibffinr2 Max: 2.56E+04 Ibffin"2 2.43E+04

2.30E+04
217E+04
2.05E+04 1
1.92E+04
1.79E+04 1
1.66E+04 1

1.53E+04 1

1. 41E+04 1
1.268E+04
1.15E+04
1.02E+04
8.95E+03
7.67E+03
5.40E+03
512E+03
3.84E+03
2.56E+03
1.268E+03

1.50E+00

Y

b

Full view of the “no welds” model. Notice the maximum stress is down to 25.6 ksi without the
small weld gaps creating unreasonable stress consentrations.
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Ibffin~2
2. 56E+04

No Welds Represented

2. 43E+04
2.30E+04
2 A7E+04
2.05E+04
1.92E+04 —
1. 79E+04 —
1.66E+04 —

1.53E+04

1.41E+04
Front weld, unaveraged contour view

Back weld, unaverage contour view 1.28E+04
B

1.15E+04
1.0Z2E+04
8.95E+03
7.67E+03
5. 40E+03
512E+03
3.84E+03
2. 56E+03
1.28E+03

1.50E+00

<

Front weld, averaged contour view Back weld, averaged contour view

The front load plate weld and gusset welds can be seen on the left, with main stresses less to 10
ksi, and concentrations still less than 20 ksi. The same can be said for the back weld shown on
the right. With this “no welds” model, which may be considered a viable FEA solution, it is
apparent that the vast majority of stresses are less than 15 ksi, with real concentrations still under
20 ksi. It is also apparent that the models agree with each other fairly well once the stress
concentrations caused by the weld gaps are neglected.
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D. Deformation

1. Weld model

In
1.15E-02

1.09E-02

1.04E-02

9.79E-03

9.22E-03

3.64E-03

S.06E-03

749E-03

6.91E-03

6.34E-03

5.76E-03

5.18E-03

4.61E-03

4.03E-03

3.46E-03

2.88E-03

2.30E-03

1.73E-03

1.15E-03

5.76E-04

0.00E+00
/T\x
In the model which represents welds, the deformation is shown above by color. It can be seen

the maximum is at the top left corner, at 0.0115’". Deformations at this point and every other are
low.
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2. No welds model

In
1.12E-02

1.06E-02
1.01E-02
9.53E-03
8.97E-03
8.41E-03
7.85E-03
7.29E-03
6.72E-03
6.16E-03
5.60E-03
5.04E-03
4.48E-03
3.92E-03
3.36E-03
2.830E-03
2.24E-03
1.65E-03
1.12E-03
5.60E-04

0.00E+00

—

In the model which does not represent welds, it can be seen the maximum deformation is still at
the upper left corner, slightly lower at 0.0112”. This deformation and all others are very low,
and both models are in good agreement with each other.
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V. Summary

With the analysis of the two models it is clear that the deformation of the load plate and
all other components of the Hilman guides are small and insignificant, with the models agreeing
on a maximum of about 0.0115 inches.

The stress analysis of the two models are also in general agreement with each other once
the unreasonable stress concentration caused by the welds gaps are neglected. Leaving these
weld gaps gives a more realistic stress on the weld, with the exception of the meshed element
closest to the gap. With this particular element being ignored or even averaged, the results
between models are very close. By using the second “no welds” model as a comparison, it can
be seen that without the weld gaps, these concentrations would not exist.

It is apparent from the analysis that the two most critical points for stress build up are the
back load plate weld (poi A), and the top gusset weld (poi C). However when looking at poi A,
the most realistic view (averaged contour view) of the weld model suggests an average stress of
less than 14 ksi and corner concentrations up to about 20 ksi, with the most realistic view of the
“no weld” model suggesting the average stresses are as low as 10 ksi and corner concentrations
as low as 15 ksi. When looking at the top gusset weld on the most realistic view, it suggests an
average stress of about 12 ksi with a large corner concentration as high as 21 ksi. However,
when considering the “no weld” model it suggests the stresses are much lower at an average of
about 10 ksi and a small corner concentration of about 17 ksi. | believe the “no welds” model
can be presumed more accurate at this weld location, as the weld gap left is perpendicular to the
force which is likely causing more unnecessary stress to be shown at this joint.
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