Le4

Body Dynamics Computer Modeling:

Prototyping of Safety Systems
and

Laboratory Tests

Ed Sieveka, Ph.D.
NAVAIR Human Systems Department

Crashworthy Systems Branch
4.6.7.2

A




Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display a currently valid OMB control number.

1. REPORT DATE
SEP 2004

2. REPORT TYPE
N/A

3. DATES COVERED

4. TITLEAND SUBTITLE

Body Dynamics Computer Modeling: Prototyping of Safety Systems and

Laboratory Tests

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
NAVAIR Human Systems Department Crashworthy Systems Branch
4.6.7.2 47123 Buse RD Patuxent River, Md.

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

Published in the Proceedings of the Forty Second Annual SAFE Association Symposium, Held in the Salt
L ake City, Utah, September 27-28, 2004. SAFE Association, Post Office Box 130, Creswell, OR 97426-0130.
http://www.safeassociation.org. , The original document contains color images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a. REPORT
unclassified

b. ABSTRACT
unclassified

c. THISPAGE
unclassified

17. LIMITATION OF
ABSTRACT

SAR

18. NUMBER | 19a. NAME OF
OF PAGES RESPONSIBLE PERSON

24

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



oca

Modeling and Simulation: A Crashworthy
Systems Perspective

1. How does the human body move during
highly dynamic events?

2. What loads does the body experience?

3. How can motion be controlled and loads
reduced to enhance safety and survivability”?
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Modeling and Simulation: Specifics for
System or Experiment Prototyping

What limits on body motion are acceptable for a safety
system?

What range-of-motion must be accommodated by a
proposed test fixture?

What are the approximate peak loads on the body and the
equipment?

For systems, how well do various approaches control
motion and reduce loads?

For experiments, what safety precautions are needed to
protect test dummies and equipment?
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Understanding Motion: Kinematics Visualization
iIs a Powerful Prototyping Tool

* Highly dynamic events are hard to visualize
and comprehend because they are so
beyond our everyday experience

 Modeling lets us “experience” these events
so that our search for safety improvements,
or our experiment design, is bounded by
actual kinematics
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Simulation Examples: MADYMO™ Models

(Pictures and Videos Produced with the HyperView™ Postprocessor)

H-60 Cockpit & Pilot:
Crash Protection System

Ejection Seat Parachute
Opening Snatch Loads:
Horizontal Accelerator (HA) Test

H-60 Cabin & Mobile Crewman:
Safety Tether System
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H-60 Cockpit & Pilot:
Crash Protection System

| Time = 0.000000




H-60 Cockpit & Pilot: Model Components

Helmet
Glare Shield & T NVGs / 5-point
Instrument Panel [ - Y Harness
Cyclic P :
- | | Energy Absorbing
l Stroking Seat
A/
4
A | Collective
Rudder Pedals R Hybrid-3 Dummy



H-60 Cockpit & Pilot: Crash Protection System
Performance in a 36G, 30° Pitch-down Crash

Standard Harness and
Energy-absorbing Seat

i f || \\ - % ; _ — 1| Time= 0.000000

Inflating Harness and
Energy-absorbing Seat ==




H-60 Cockpit & Pilot: Maximum Head Flail
in a 36G, 30° Pitch-down Crash

& Standard Harness and
' Energy-absorbing Seat

Inflating Harness and
Energy-absorbing Seat




H-60 Seahawk Cabin & Mobile Crewman:
_Mission Enwronmen_ AN
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H-60 Cabin & Mobile Crewman:
Qdel Components




Current System with Full-Length Tether: Medium
Severity Crash (10G Vertical, 10G Horizontal at 45°)

Time = 0.000000




Current System with Short Tether: Medium Severity
Crash (10G Vertical, 10G Horizontal at 45°)

Time = 0.000000




New System with Retractor and Better Anchor Point:
Medium Severity Crash (10G Vertical, 10G Horizontal at 45°)

Time = 0.000000
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Future Safety Tether Improvements:
Connect Tether to Lifting Harness




Chest Strap Tether vs. Harness Tether:
Torso Excursion and Chest Compression

Chest Strap Interface

Harness Interface




Ejection Seat Parachute Opening Snatch Loads:
Horizontal Accelerator (HA) Test

Time =

n.000000




Ejection Seat Parachute Opening Snatch Load Test:
Model Components

_ NACES Ejection Seat and
Hybrid-3 Dummy and Survival Pack

Parachute Harness

J‘! Riser Lines

Seat Support

Frame \

7




Parachute Opening Snatch Load Test: Phases

Time = 0.000000 Time = 0.310000

Time = 0.675000




Snatch Load Test: 30° Pitch Simulation

Sled Reference Frame

| Time = 0.000000




Snatch Load Test: 90° Pitch Simulation without Safety Tethers

Sled Reference Frame

| Time = 0.000000




Snatch Load Test: 90° Pitch Simulation with Safety Tethers

Sled Reference Frame

| Time = 0.000000
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Conclusions:
Benefits of Modeling and Simulation for
Safety System Prototyping

« Understand the safety issues
 Evaluate current system performance
« Establish realistic performance bounds

* Explore potential improvements
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Conclusions:
Benefits of Modeling and Simulation
for Lab Experiment Prototyping
» Conceptualize proposed experiment
» Evaluate probable dynamics and loads
 Guide fixture fabrication

 Establish realistic test parameters

 Provide a reality check for test results
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