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SEMINOLE ENGINE MOUNT Piger
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ENLARGED VIEW OF GUSSETPtper
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METHODOLOGY OF ANALYSIS Piger

CORRELATED PRODUCTION
CONFIGURATION WITH ONE
SET OF GUSSETS

i 1

CONFIGURATION
WITHOUT ANY GUSSETS

i 1

PROPOSED
CONFIGURATION WITH

TWO SETS OF GUSSETS
.

IMPROVED
CONFIGURATION WITH
THREE SETS OF GUSSETS
T

OPTIMALCONFIGURATION
WITH FOUR SETS OF

GUSSETS
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SURFACE UG MODEL OF PA-44pys%s,
GINE MOUNT

L
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FINITE ELEMENT MODEL OF PA 4dpizes,
ENGINE MOUNT

Z
#

Output Set MSCHASTRAN Caze b
Contour: Plate Top Yorises Stress
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FINITE ELEMENT MODELING piger
DETAILS OF PA 44 ENGINE MOUNT

» Tube clusters and gussets are modeled using
plate elements for thin walled structure.

 Portion of the tube clusters connecting leg
area are modeled using beam elements.

— This simplifies the model by reducing number
of plate elements and still retaining stiffness
properties.

 The end of the beam elements are connected
to tubes by rigid body elements

05/04/05 FEM Analysis of PA 44 Engine Mount



FINITE ELEMENT MODELING piger
DETAILS OF PA 44 ENGINE MOUNT

* Rigid body elements are used to transfer
forces between beam and plate elements

 Loads and boundary conditions are applied
according to static test conducted previously

* The model is analyzed using NASTRAN
for Windows®, version 2002

e The results are plotted using FEMAP®,
which Is the pre and post processor of the
FEM package
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Proposed gusset cluster pses,
In Red)
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Current gusset cluster oo,
(critical area In Red)

Output Set MSC/MASTRAN Casze b
Contour: Plate Top MajoiPm Shess
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Principle Stresses In the area of the proposed i sea,-

gussets with no gussets on the model
The max stress Is 108 Ksi
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Plate Top MajorPm 5

' Mode 21157 = B7h22 2
MNode 21158 = 93590 48
‘ MNode 21160 = 93813.47
- \H.dw 21159 = 71522 89
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Principle Stresses in the area of current PipBer
gussets with no gussets in the model
The max stress Is 142 Ksi
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e Elernent 24271 - PLATE
: '_‘ Property 1 - Untitled
== Material 1 - Untitled

Flate Top MajorPm Stress = 1427741

Node 25225 = 1115728

Mode 25224 = 6477317

Node 20226 = BEZ33.24

Node 25227 =115124.4
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Principle Stresses In the area of proposed Piper

gussets with current production gussets in the model
The max stress Is 104 Ksi

Element 20160 - PLATE
Property 1 - Untitled
e Matenial 1 - Untitled [
Plate Top MajorPr Stess = 104507 4 .-"I
Mode 21157 = BR163.77 '
Mode 21158 = 89901.55
| Mode21160=90153.23
| MNode 21159 = 43403.21
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Principle Stresses In the area of current g ses,-
production one set(2) gussets in the model




Principle Stresses In the area of proposed psea,-

gussets with two sets of gussets in the model
The max stress Is 57 Ksi
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Principle Stresses In the area of current g ses,-
production gussets with two additional sets of
ussets in the model

Dutput Set MSCAHASTRARN Caze 5
Contpur: Plate Top MajoiFip Skezs
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Von Mises Stresses In the Cluster located pgses,-
below proposed gussets with two additional

sets of gussets In the model

The max stress iIs 91.5 Ks

Element 43533 - PLATE
Property 12 - Untitled

Material 1 - Untitled
Plate Top Yonkdizes Stress = 9149355

Mode 2209 = 42654.03

Mode 1844 = 75505.23

Mode 51563 = 77800.43
Mode 51553 = 53608.77
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Summary Of Predicted Raised Piser
Principle Tensile Stress

Stresses with no
Gussets

Stresses with one
set of Gussets

Stresses with two
set of Gussets
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Proposed Gusset Current
area (Ksi) production gusset
area (Ksi)
108 142
104 107
57 66
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UPPER HALF OF THE ENGINE MOUNT pzsea,-
IN TENSION

Bt~ YISO
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LOWER HALF OF THE ENGINE MOUN Trazs®a,-
IN COMPRESSION
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Direct Stress Comparisons

45% reduction In stresses In the proposed

cluster of gusset addition versus no gusset
design

28% reduction In stresses 1n the current
production gusset cluster set

Transfer of load path from proposed gusset
area to the clusters right below it should be
Investigated
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Principle Stresses In the area of proposed . TN
gussets with three gusset sets

er

I T T T

Output Set MSCMASTRAN Caze b
Contour: Plate Top MajisyPrm Shess
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Principle Stresses In the area of current g ses,-
production gusset set with three gusset sets
The max stress Is 65 Ksi
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Von Mises stresses In the area of third set Ofpgsen,-
""i;_r_l_e_ _r[};'x s’trsss IS 52 Ksi
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Von Mises stresses In the area of fourth  pgses,-
cluster with three gusset sets
The max stress |s 83 Ksi

Element 40842 - PLATE

Property 17 - Untitled

Material 1 - Untitled

ate Top Yonhdizes Stress = 82767 .63
ode 41934 = 5859379
ode 41995 = 54273.4
ode 42152 = BRE0R 67
ode 42064 = 59791 .37
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Major Principle stresses in the area of g gea,-
Proposed added gusset with four gusset sets
— v_‘@ max stress IS 57 Ksi
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Major Principle stresses In the area of curreniozsea,-
production gusset set with four gusset sets

__The max stress 1s 67 Ksi |
St -—"v'r’i |
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s Material 1 - Untitled e B
._.z" Flate Top MajorPm Stress = BR395.03
— Mode 25225 = B0153.24
Mode 25224 = 28174.98 ol
Mode 25226 = 2996434
Mode 25227 = 52208.15 |
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Von Mises stresses In the area of third set Ofpgsen,-
gussets with four gusset sets
The max stress is 51 Ksi
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Von Mises stresses In the area of fourth set oj,,. p‘é,-
gussets with four gusset sets
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Observations
« Addition of third set of gussets reduces the
Von Mises stress at that cluster

* |ncreases the stresses to the fourth cluster

 Addition of fourth set of gussets reduces the
stresses In that cluster

 Upper half clusters increase in stress with
the addition of the lower 2 sets of gussets
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Stresses at different clusters riser

Upper Half Lower Half
Proposed Current Third Cluster, Fourth
Gusset area, Gusset area, Max Von Cluster, Max
Max Principle Max Principle Mises Stress Von Mises
Stress (Ksi) Stress (Ksi) (Ksi) Stress (Ksi)
Stress with 108 142 93 84
no Gusset
Stress with 104 107 90 86
one set of
Gusset
Stress with 57 67 01 85
two set of
Gusset
Stress with 59 65 52 83
three set of
gusset
Stress with 57 67 51 51
four set of
Gusset
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Conclusions Piper

The Finite Element Model peak predicted stress
correlates to the location of service cracking observed

— This validates the FEM to substantiate this product
enhancement

Reduction in production stresses in the upper cluster
failing cluster with added gussets

Reduction in production stresses in all clusters with

U

0

added gussets.

per half clusters are subjected to tensile loading and

the lower half to compressive for critical fatigue design
condition.

The Load path movement is predictive using FEM
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Piper
Recommendations

« Addition of gussets to the next cluster in the
load path

 Improving welding process to reduce the
heat affected zone

e Conduct a fatigue test to study the fatigue
loads and life of the mount
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