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REVISION HISTORY
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R 7.108

R 9.980 i R 18.875

R 15.500

Inches Kettering University
MECH-300-05

T 1TLE

e - ous i ng_bottom

weight = 241.201 1b TTZE] CACE CODE WG NO REV

scae |38 | [seer 2 of 2




REVISION HISTORY
uncal led radi = 0.5 in ZONE|RE V] DESCRIPTION | DATE [APPROVED
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REVISION HISTORY

weight = 253,155 1Ib
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REVISION HISTORY
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MOD [F 1ED REVISION HISTORY
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REVISTON HISTORY
ZONE|REV] DESCRIPT]ON | DATE JAPPROVED
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REVISION HISTORY
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REVISION HISTORY
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N HISTORY
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REVISION HISTORY

ZONE[RE V] DESCRIPT |ON [ DATE [APPROVED
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weight =

REVISION HISTORY
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REVISION HISTORY
ZONE|REV| DESCRIPTION | DATE [APPROVED
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REVISION HISTORY
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Math for applying torque on
individual faces:
Distance from center to edge of face

(‘“ Design Analysis Report of shaft_load is 4.50 overall length/2 =2.25 in

Shaft loads and constraints
(for both unmodified and modified)

20,000lbs . = 2,2221bs
= Applications of Loads

2.25in x 4 faces
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Fu;_, ",W_f' = Continuation of Applications of Loads
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s Applications of Constraints
The part was constrained where it would have
been welded to the shaft_extension.
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cerario_]. Solution |, SUBCASE - STATIC LOADS |
Stress - Element Nodal, Von Mises, Averoged

Min: 1.328e+001, Mox: 2.445e+003 lbf/inAlipsi)
Displocement - Nodal

@n_ w F.E.A. results of unmodified shaft_load

2.4452+003 ) o )
l The maximum stress in this case 1s
B 2.224e+003 2,445psi. This part is over
engineered because having the yield
2.003e+003 strength of rolled steel to be
34,000psi, the safety factor of the
}.7820+003 unmodified shaft load is 13.9.
| 56 1e+003 Proposed changes are to remove
. e+ . .
material from the core. This should
B | 4ce003 reduce cost, yet still provide
sufficient strength.
1.119e+003
I 8.975+002
6.7648+002
4.554e+002
2.343e002
] .329¢+001

scernario.l, Solution [, SUBCASE - STATIC LOADS |
Displacement - Nodal, Magnitude

Min: 0,0000+000, Max: 4.121e-004 1n
Displocemant - Nodal

4.12]e-004

3.,746e-004

-

3.372e-004
NOTE: Since this program shows an over
exaggeration of actual deformation the
displacement results are here for your > B22e-004
reference.

2.997¢-004

W 2.048e2-004
1.873e-004
1.,498e -004
1. 1246 -004
?_ 7.492e - 005

B 3.746e-005

0.000e+000



= F.E.A. results of modified shaft_load

- STATIC LOADS |
Averaged
(psi)

';cer\omonl. Solution |, SUBCASE
Stress - Element Nodal, Von Mises,
Min: 9.271e+000, Max: 4,762e+003 1bl/inhA

Displacement

- Nodal

The square end has a wall thickness
0f 0.45”, and the head was a

4,762e+003 diameter of 4.5” countersunk 3.0”.
l The part originally weighed 51.71bs,
% 4,330e+003 but now weighs 19.098]1bs.

3.898e+003 The safety of factor is higher than

the minimal of 4, but the stress this
3.4666+003 part will see in its lifetime will
slowly wear it down, making it more
3.034e+003 brittle and more prone to failure.
: This is the most expensive part of
2.602¢+003 the shaft subassembly to
manufacture, so I want it to have a
>.170e+003 safety factor greater than 4.
Keeping a decent thickness adds to
1.738e+003 the strength of the part overall, so
that it lasts longer while in use.
1.306a+003 More cost could be cut with more
removal of material, but more
g.735e+002 replacements would be needed.
4.414e+002

9.271e+000 B eoment - Nosal s '&agﬁﬁ.’%ﬁgi | STATIC LORGS

Min: 0,000e+000, Max: 7.524e-004 n
Displacement - Nodal

. . 7.624e-004
The stresses and displacements show up in the same l
locations with the same variations on both the g ©.931e-008
original and modified parts. The only differenceis . ..o 504

that the modified part has an inner surface, so now
the stresses are visible on them, where as before, the 5.545e -004
part of was over engineered with excessive material

so that the stresses still penetrated the part, but were &
soaked up . 4.

4.852e-004
158e-004
3.466e-00
2,772 -004

@ :

1 .386e-004

.07%e-004

5.93]1e-005

0.000e+000




@._ Design Analysis Report of shaft_extension
Shaft loads and constraints
= Applications of Loads

This would be the
axial load felt on
the face of the

extension from the
shaft_load.

The inner face was
subdivided by a
datum plane offset
one inch of the
face on which the
axial load was
applied. This was
to provide a more
accurate F.E.A.
result.

The shaft_impeller sits inside
the shaft_extension. The
contact to the inner face is 1”
deep. This information was
used to subdivide the face to
apply the torque, as shown
above.



W Constraints

e Destination: Solution 1

[tued(l)

| Type | TranslatonRotation |
Apply To Face ¥

Transiation _x

Translation_y

IQ
G
; | Translation 2 IG
IG
—

| Retation _

w Applications of Constraints

® Name  [tixed(2)
~ Type [Transtatonmotaton »]

' Standard Types ———
:f:_‘;"ﬂ“ﬂ |
£ smply Supported |

| Transiation_x 0 -
! Transistion 2 Ir]_—
| Rotation _x IC‘
. —
Transiation Units In 'I
Creste Hard Poirt I ;
(o] _aowty | _esos | conce|

The shaft_extension was fixed in the

same way that it would have been butted

and welded to the shaft_impeller.

Destination: Sohution |

Apply To Face ~

" User Defined

| Poned

Flare lwp;r_ vI
|>.'Y2 Components 'I




= F.E.A. results of shaft_extension

scerario.l, Sclution 1, SUBCASE - STATIC LOADS |
Stress - Element Nodal, Von Mises, Averaged

Min: [.751e+001, Max: 5.43B9+003 160/ inAlipsi]

Displocement - Nodal

5.438e+003

& 4 .945e+003

Doing Finite Element
Analysis shows that
this part is engineered
well enough that it
does not require any

4.4525+003 modifications. The
factor of safety isa

e o ot little over 6. The

e shaft_extension is
such a long part

o T compared to the
others of the shaft

} >.4810+003 subassembly, that its

integrity is important.

1.9890+003 If the load is not
applied perfectly

I.496e+003 parallel, then the

| 6030+003 exten§ion could bend
or twist when a large

5.103e+002 force is used.

1.7619+001]

seamario.l, Soliution 1, SUBCASE - STATIC LOADS |
Displacement - Nodal, Mognitude
. . Mir: 0.000e+000, Max: 4.229e-003 in
It is the heaviest out of the three, Displacement - Modal

weighing in at 61.6881b, but the
shaft_extension is the largest.

o 4.229-003
The stress and deformation is not I
even despite the part being a ¥ 3.8450-003
simple cylindrical extrusion with
chamfered ends. Notice how the 3.4600-003
most displacement is on the upper 2076603
right end of the extension. The
stress is not consistent either.  2.691e-003
If the shaft_extension was thinner,
. 2+,307e-003
it would have a greater chance of
having even more inconsistent | 26063
stress and strain.
}.5380-003
The shaft_extension will be left the
B - .. . 1.153e-003
way it was originally designed.
7.689e-004
3.845e-004

0.000e+000




("‘ . Design Analysis Report of shaft_load
- Shaft loads and constraints
(for both unmodified and modified)
~ Application of Loads

(o] oo | _sea: | conce Math for applying torque on individual
subdivided face in the keyway:
Distance from center to middle of
vertical face is 1.627

)

20.000lbs . = 12,293 lbs
1.627in x 1 face

- ‘- i S— "-'-'-~
5 000 1|
Destingtion:  Subcase - Stab Loads |
Name orce (1)

Type ]F\-‘r(e 'I
Ageky To |hu- 'I

Normal To -

‘ Fn |1Z‘293 -

The face inside the right
vertical face was subdivided
using datum planes offset
3.5” from face the axial force
was applied to and then 4.0”
from there.

S
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(‘ = Applications of Constraints

P

-~ CIT— X
R D The shaft_impeller was constrained
t :" h the same way as the
N\ a:ro F:;:] shaft_extension, where it would be
e typically welded.
50 | € User Defined D
= Fued
' Smghy Supported
 Symewtry
S Pw-d.
[
—
—
[— To get the desired result, the hole
I for the HexSocketHeadl was
" pinned, to allow rotation of this
'I'rdmuls m .
R — part. Otherwise, the F.E.A. results
J were usually just bending
moments. It does still bend, but
Lol amv] s | cons) not as severe.

.“l’mﬂt ¥ x|
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= F.E.A. results of unmodified shaft_impeller

ceenario.). Solution |, SUBCASE - STATIC LOADS )

Stress - Element Nodal, Von Mises, Averaged

Minz 7,850e+000, Mox: 2.024e+004 1bF/inAllipsi]

Displacement - Nodal The shaft_load was over

engineered, the shaft_extension
was engineered well, but the
shaft_impeller is under
engineered. The yield strength of
steel is 34,000psi. This part
comes close to failing. It
definitely does not fall within the
safety factor of 2.

2.024e+004
g 1.840e+004
1.656e+004

1.472a+004
The changes to make this pass

F.E.A. would be to make the key
longer, and mirror the key feature
to the other side.

| .288e+004
_ 1.]104e+004

9.203e+003 Something that is not necessary,
but should reduce weight and cost,
would be a large diameter hole
drilled into the head that goes no
more than 3.0”
Forces do act on the head of the

shaft_impeller, but they are only
minimal.

.‘I 7.364e+003

© 5.5254+003

C: 1.686e+003

}.847e+003

7.950e+000

scerario.)l, Solution [, SUBCASE - STATIC LOADS |
Dispiocement - Nodal, Magn)tude

Min: 0,000e+Q00, Max: |,663e-003 n
Displacement - Nodal

1.663e-003

1.512e-003
. 1.361e-003

1.210e-003
. 1.058e -003
9.072e-004
7.560e -004
6 .048e -004
4.5366 - 004
3.024=-004

1.5 2e-004

Q. 000e+000



C‘ = F.E.A. results of modified shaft_impeller
“ocenario.]

. Solution |, SUBCASE - STATIC LOADS The same loads and constraints
Stress - Element Nodal, Von Mises, Averaged .
Min: O.1816+000, Mox: 6.913e+003 ibf/inAZ(psi) were applied to the
Uhsclie S aenci s corresponding faces of the

modified shaft_impeller. The
only difference was the force of
the torque. The key hole was

6.913=+003 ¢
I made deeper, which changed
& ©6.285+003 one distance and added a face.
5.658e+003 Math ff)r applyin_g torque on individual
subdivided face in the keyway:
5.0308+003 Distance from center to middle of
vertical face is 1.462
| 4.402e+003
u 20,000lbs . = 6,840 lbs
3.775e+003 1.462in x 2 faces
3.147e+003
I 2.520e+003
l 1.8926+003
(ﬂ ). 264e+003
i 6.368¢+002
9. 181e+000

scenarico.}l, Sclution |, SUBCASE - STATIC LOADS |
Displacemant - Nodal, hzﬂogg.tude

The result is a shaft_impeller that passes 107 ,9:9002:000, Mox® 2.382¢-003 in
with a safety factor of almost 5.

Making the keyway deeper and adding
another one, takes out weight, but then it’s
added back in the assembly when the keys
are in place. The modified shaft_impeller
is 13.2651b lighter than the original.

2.382e-003

2. 166e-003

R

|, 949 -003
1.733-003
§.S16e-003
® | .299= 003
}.083e-003
g ©.563e 004
;j 6.497a- 004
'i 4.331e-004

@ 2. 166e-004

0. 000e +000



