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S-76 Transmission System
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S-92 Transmission System
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Project Overview w N Atictpesign
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= S-92 Gearbox Optimization Objective A sl Tochologs Gompary

* Substitute Aluminum for Magnesium in the S-92 gearbox with the
overall goal a weight neutral change. This investigation is to address
marine air corrosion and frequent maintenance intervals for the current
Magnesium design on production aircratft.

= 2-Phase Optimization Approach

* The first phase was considered a Proof-of-Concept phase, and the
problem statement was kept simple. Optimization was conducted to
enhance the stress performance of the housing without further
iIncreasing the weight of the baseline Aluminum design.

* The second phase was to design a minimum-weight aluminum housing
with fatigue performance that is better or equivalent to that of the
baseline Magnesium design. In order to keep optimization simple, the
ratio of 0,,,,/ 0,y Was used as a basic measure of fatigue. The second
phase is documented in this presentation though both phases follow a
similar approach.
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= QOptimization Methodology ———
* FE Model Setup
* Loadcase Details
* Baseline Results
* Topology Optimization
* Design Interpretation
* Free Shape Optimization
* Final Design

= Analytical Model Solver Details

* Baseline Analysis & Design Validation

— Nonlinear analysis including contacts employing 2nd order elements
(C3D10M) using ABAQUS

* Optimization
— Linear analysis employing 1st order elements using OPTISTRUCT



FE Model Setup
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Loadcase Details w ﬂﬁg&unw

= Radial and axial bearing loads (supplied
by Sikorsky) applied in a local cylindrical
coordinate system.
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Baseline Results
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Topology Optimization
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Objective: Minimize strain energy of the Aluminum gear box assembly

Constraint: Total mass of the three Aluminum gear boxes < 18.9 Ib

Input Housing Middle Housing Output Housing
Baseline MG: 3.9 b Baseline MG: 7.6 |Ib Baseline MG: 7.3 1b
Baseline AL: 5.9 1b Baseline AL: 11.51b Baseline AL: 109 |b
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Topology Optimization Results
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Design Interpretation w ﬁﬁg&mw
Topology Load Path Interpreted Design AL (4.682 Ib) Z Sikorsky
(Conceptual Design) Reduce A Unlod o ogos Gorpary
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14



Copyright © 2006 Altair Engineering, Inc. All rights reserved

Design Interpretation (cont.)

2 Sikorsky

Topology Load Path Interpreted Design AL
(Conceptual Design) (8.512 Ib)
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Middle Housing: Walls

Baseline MG: 7.671 |b
Baseline AL: 11.508 Ib
Int. Design AL: 8.512 |b Add Interior Pockets
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Design Interpretation (cont.)

Topology Load Path Interpreted Design AL 2 Sikorsky
(Conceptual DeS|gn) (5526 Ib) A United Technol ogies Gompany
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Output Housing:

Baseline MG: 7.269 Ib
Baseline AL: 10.903 Ib
Int. Design AL: 5.526 Ib

Baseline Interpreted Design
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Interpreted Design Evaluation

= Generate FEA models of the interpreted design and
evaluate radial and axial bearing loadcase.
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Free Shape Optimization w g [

2. Sikorsky
Objectlve: Minimize strain energy of the il

Aluminum gear box assembly (input housing,
center housing, and output housing).

Constraint: Scaled local stress ratio < 0.8

Design Space

Design Space

Similar free shape
optimization was
performed on these areas
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Final Design

Baseline Design

Interpreted Design

Final Design

Middle Housing:

Baseline MG:7.671 Ib
Baseline AL:11.508 Ib
Int. Design AL: 8.512 Ib
Final Design AL: 8.532 Ib
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Final Design (cont.) w ‘%?%&nnw

Z Sikorsky
Output Housing:
Baseline MG: 7.269 Ib
Baseline AL: 10.903 Ib
Int. Design AL: 5.526 Ib
Final Design AL: 6.257 Ib
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Final Design (cont.)
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Results Summary

Design Omax ffﬁvield
Input Middle Qutput
Gear Gear Gear
Box Box Box
Easeline Design MG 1.3 1.34 052
Easeline Design AL 072 (.60 .21
Interpreted Design AL (.56 1.17 1.25
Final Design AL 0387 0.79 085"
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Ohax - Maximum Von Mises Stress (elements attached to rigids excluded)

0]

y

o1q - Yield stress

* In order to have a balance between weight reduction and performance, the final
design of the output housing was targeted to a similar stress ratio as the input
and middle housings.

Design Input Middle Qutput Total Change with | Change with
Gear Gear Gear respectto respectto
Box Box Box Baseline MG | Baseline AL

Baseline Design MG [ 29511 | 76711b 72691k | 158911k

Baseline Design AL 59271 [ 115081k [ 1089031k | 2683381k | +50%

Interpreted Design AL [ 46821 [85121h 55260k 187200k |-089% -34 %

Final Design AL 468210 |85321h 62571 | 194711b | +3% -31 %
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S-92 Gearbox Optimization

1 =

= 31% reduction in mass over directly substituting aluminum into
the existing design.

= Increased durability, reduced maintenance and downtime
= Savings in design cycle times

* Typical manual optimization process ~ 6 months
* S-92 Gearbox Optimization ~ 1 month

= Method viable for wide range of helicopter systems
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