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EJECTION SYSTEM CAD/PAD OPTIMIZATION

INTRODUCTION

- The development of ejection systems and
integration of CAD/PAD devices involves
complex interactions between mechanical,
electronic, and energetic sub-systems.

- Optimization of the system architecture,
design, and integration to the aircraft
requires the use of sophisticated
techniques including a system of systems
approach and multi-physics simulation
across the product lifecycle.

CAD/PAD optimization requires modeling & testing system interactions across the product lifecycle
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METHODS

Ejection System CAD/PAD Optimization using MBSE Principals and Monte-Carlo Simulation Techniques
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS

- Implementation of the “V-diagram” product development lifecycle
model, Model Based Systems Engineering (MBSE) principals, and
system of systems modeling practices are used in ejection system
development, CAD/PAD device integration, and aircraft escape
system compatibility verification.

- Multi-physics model construction and simulation validation are used,
including the use of Monte-Carlo techniques.

MBSE combines the strengths of analytical and empirical methods to drive efficiency & optimization
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - OVERALL APPROACH

FCA/PCA

LO Requirements: Operational Validation
Customer Spec System Effective & Suitable

Operational Test

Functional Baseline Final Product Baseline

L1 Definition: System Verification & System Integration &
System Validation Test

L2 Definition: Subsystem Subsystem
Subsystem Verification Integration & Test

Allocated Baseline

L3 Definition: Subassembly Subassembly
Subassembly Verification Integration & Test

Initial Product Baseline

Component

Detailed Design Verification

Component Test

Hardware Fabrication
Firmware Development

Key

Build

Develop Validate

“V-diagram” approach is used to rapidly develop and validate solutions with progressive maturity
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ARCHITECTURE
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System boundaries, actors, interactions, & platform variants are modeled
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ARCHITECTURE
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Functional architecture of mission pre-flight, flight, & post-flight use cases are modeled
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS -
ARCHITECTURE
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Functional architecture of mishap initiation, ejection, recover

Recover

, & crash safety use cases are modeled
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ARCHITECTURE
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Functional architecture of storage, display, maintenance, install & removal use cases are modeled
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ARCHITECTURE
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Requirements decomposition and derivation informs the system CAD/PAD hierarchy development
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ARCHITECTURE
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ARCHITECTURE
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CAD/PAD Devices within Stabilization Sub-Systems
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - EMPERICAL

ACES Stabilization Package (STAPAC) Function

STAPAC Generates
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CAD/PAD devices are essential to ejection seat propulsion, stabilization, and other critical functions
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - EMPERICAL
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - EMPERICAL
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - EMPERICAL
BPIR Test Data (LAT histogram - not to scale)

BPIR Ballistic Haulback Functional Overview

High-pressure gas
forces liquified
grease through the
grease tube

Ballistic gas initiates Propellants ignite in
percussion primers IRGG creating hot,
on IRGG high-pressure gas

The piston drives a
ball nut over a ball
screw, causing the
ball screw to rotate,
creating torque

Liquified grease acts A rupture disk opens,
on a piston in the IR, S allowing the oil to
pressurizing an oil flow out and the IR to
damping fluid begin function

The rotation of the
ball screw hauls back
the straps via gear
train and accelerates
the torso

© 2024 Collins Aerospace | This document does not contain any U.S. export controlled technical data | Approved for Public Release | xClass: CLS46085424



EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ANALYTICAL

- Computational Fluid Dynamics (CFD) simulations are useful for characterizing
potential differences between sled test and aircraft environments upon emergence

into airstream.

— Removal of camera booms and ground/track effects
— Addition of aero surfaces not present on sled

- Fluid Structure Interaction (FSI) modeling combines aerodynamic and structural
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ANALYTICAL

- Non-linear Finite Element Analysis (FEA) modeling enables structural interface
optimization for one-time use load cases (e.g., strength, stiffness, deflections)

— Used in quasi-static and dynamic analyses
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

METHODS - ANALYTICAL

Pre-Ejection (Fwd Cockpit — Left) vs Post-Catapult Stroke (Aft Cockpit — Right)

Large
Occupant
(LARD)

Small
Occupant
(LOIS)




RESULTS & DISCUSSION

Ejection System CAD/PAD Optimization using MBSE Principals and Monte-Carlo Simulation Techniques
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

RESULTS & DISCUSSION

- Ejection system rigid body six-degree-of-freedom (6-DOF)
simulation is constructed in the Collins Aerospace proprietary
Dynamic Escape System Simulator (DESS) software using simple
sub-system models with low computational cost.

- Empirical data from sub-system testing, sled testing, and wind
tunnel testing is augmented with other higher computational cost
simulations such FEA (e.qg., stiffness) and CFD (i.e., aero) and used
in the validation of high-fidelity sub-system models.

High fidelity sub-system models are validated with extensive empirical & analytical data




EJECTION SYSTEM CAD/PAD OPTIMIZATION

RESULTS & DISCUSSION

_ * Review sequencer data
|nVeStlgate + Review manikin data
Empirical * Does the data correlate. Is the data valid? If there are

Data outliers, is the explanation known? Do the trends
match the technical baseline and design intent?

Investigate

Validate * Import data
Digital Twin [ Run digital twin simulations of each test

Model(s) * lterate to find best fit model parameters
+ Select best overall fit for parameter

Validate

Utilize * Modify digital twin sub-system model
Simulation * Run simulations across envelope
Outputs * lterate to derive intended outputs
* Report derived values

Multi-physics 6-DOF model validation requires extensive interrogation of all available data
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

RESULTS & DISCUSSION

- The resulting digital-twin model is run iteratively with the
randomization of variables for the evaluation of statistical variation,
variable sensitivity studies, design trade studies, and to inform
verification approaches.

- Design parameters, specification control limits, and functional
algorithms are modulated to establish optimized CAD/PAD (e.qg.,
location, orientation, tolerances), sub-system designs, and overall
system performance, while balancing this with verification testing
considerations.

CAD/PAD device integration can be optimized with visibility to macro-effects of tolerances

N
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

RESULTS & DISCUSSION
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Randomized variable distributions, such as PAD nozzle tolerance parameters, are used as the
foundation for Monte Carlo digital twin simulations
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

RESULTS & DISCUSSION

- Monte Carlo simulations of low computational-cost, high fidelity 6-DOF multi-physics
models enable evaluating tens of thousand of ejection scenarios in minutes

— Allows for rapid iteration of baseline and change state candidates to identify sensitivities & optimums

Baseline State Change State

T NG SR AT T e 0 S W NI R R L BT
A R T T
. i i:}- 5 _ < . . o + hﬁlﬂ ]1

4 o B

b e e

------

Multi-parameter optimization of candidate change states is enabled by rapid iteration & goal
seeking in relation to key figures of merit, such as stability, clearance, and injury risk metrics
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

RESULTS & DISCUSSION
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EJECTION SYSTEM CAD/PAD OPTIMIZATION

RESULTS & DISCUSSION
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