
USAARL-CNPA-BC--2025-38 

Critical Review of Civilian and Military 
Crashworthy Aircraft Seat  
Performance Requirements (Reprint)

Danielle Rhodes, B. Joseph McEntire, Joseph F. Willett, 
& Valeta Carol Chancey 

DISTRIBUTION STATEMENT A. Approved for public release: distribution is unlimited. 



Notice 

Qualified Requesters 

Qualified requesters may obtain copies from the Defense Technical Information Center (DTIC), 

Fort Belvoir, Virginia 22060. Orders will be expedited if placed through the librarian or other 

person designated to request documents from DTIC. 

Change of Address 

Organizations receiving reports from the U.S. Army Aeromedical Research Laboratory on 

automatic mailing lists should confirm correct address when corresponding about laboratory 

reports. 

Disposition 

Destroy this document when it is no longer needed. Do not return it to the originator. 

Disclaimer 

The views, opinions, and/or findings contained in this report are those of the author(s) and 

should not be construed as an official Department of the Army position, policy, or decision, 

unless so designated by other official documentation. Citation of trade names in this report does 

not constitute an official Department of the Army endorsement or approval of the use of such 

commercial items. 



REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

The public reporting burden for this 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 the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 
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 any 
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

08-08-2025 Briefing Charts 01 OCT 2022 - 30 SEPT 2023
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

Critical Review of Civilian and Military Crashworthy Aircraft Seat 
Performance Requirements (Reprint) 5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

622148BZ7FPCG
6. AUTHOR(S) 5d. PROJECT NUMBER 

Rhodes, D.1,2, McEntire, B. J.1, Willett, J. F.1,2, & Chancey, V. C.1

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

U.S. Army Aeromedical Research Laboratory REPORT NUMBER

P.O. Box 620577 USAARL-CNPA-BC--2025-38
Fort Rucker, AL 36362

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

U.S. Army Medical Research and Development Command USAMRDC
810 Schreider Street
Fort Detrick, MD 21702 11. SPONSOR/MONITOR'S REPORT

NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

DISTRIBUTION STATEMENT A. Approved for public release: distribution is unlimited.

13. SUPPLEMENTARY NOTES
1U.S. Army Aeromedical Research Laboratory, Fort Rucker, AL; 2Katmai Government Solutions, LLC, Anchorage, AK

14. ABSTRACT

U.S. Army rotary-wing seating system specifications, MIL-S-58095A (AV) (pilot and co-pilot) and MIL-S-85510 (AS) (crew and
passenger) provide rigorous safety metrics with the goal of proper occupant protection. Although MIL-S-58095A (AV) has been
canceled and MIL-S-85510 (AS) rendered inactive, they are still referenced by the active MIL-STD-1290A. Civilian standards
provide an appealing alternative due to less rigorous testing conditions and off-the-shelf, mass-produced materiel for seating
systems. Future Vertical Lift (FVL) designers are considering adopting civilian rotary-wing crew seat performance requirements due
to a lack of adequate and active specifications requirements. Static and dynamic requirements of the seating system of the U.S.
Army’s pilot, crew, and troop seat and system requirements/guidance specified in MIL-S-85510, MIL-S-58095A, and JSSG-2010-7
were compared to those of the civilian requirements in SAE AS8049D and SAE AS8049/1 Rev. B.

15. SUBJECT TERMS

Rotary-wing, rotorcraft seating systems, MIL-S-58095A, MIL-S-85510, SAE AS8049D, SAE AS8049/1 rev. B, crashworthiness,
civilian crash standards, military crash standards

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON 
a. REPORT ABSTRACT OFb. ABSTRACT c. THIS PAGE Loraine St. Onge, PhD

PAGES
UNCLAS UNCLASUNCLAS UNCLAS 19b. TELEPHONE NUMBER (Include area code) 

21 334-255-6906
Standard Form 298 (Rev. 8/98) 
Prescribed by ANSI Std. Z39.18 



REPORT DOCUMENTATION PAGE (SF298)
(Continuation Sheet)

13. Supplementary Notes (continued)

Rhodes, D., McEntire, B. J., Willet, J. F., & Chancey, V. C. (2025, 1-6 June). Critical review of civilian and military crashworthy aircraft 
seat performance requirements [Oral presentation]. Aerospace Medical Association Annual Scientific Meeting, Altanta, GA.

14. Abstract (continued)

Researchers found that the testing conditions and performance metrics defined by the civilian rotary-wing seating standards are less rigorous 
than the legacy military seating specifications and, as such, will not replicate the exposures experienced in military operational environments 
and will likely result in increased occupant injury and mortality rates in severe but otherwise survivable military rotary-wing mishaps. As the 
rotary-wing seating system is the occupant’s last line of defense against crash-induced injury, it is imperative that the military rotary-wing 
aircraft seating and occupant restraint systems be designed for and tested against stringent, military-relevant, performance and test standards.



UNCLASSIFIEDUSAARL  1

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

Danielle Rhodes1,2, B. Joseph McEntire1, Joseph Willett1,2, Valeta Carol Chancey1

1U.S. Army Aeromedical Research Laboratory (USAARL), Fort Rucker, AL
2Chenega Corporation, Anchorage, AK

Aerospace Medical Association 2025 Annual Scientific Meeting

June 1-6, 2025

Atlanta, GA

Civilian Versus Military Rotorcraft 
Crashworthy Seat Standards for Crash Protection

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.



UNCLASSIFIEDUSAARL             2

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY



UNCLASSIFIEDUSAARL             3

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

The views, opinions, and/or findings contained in this presentation are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy, or decision, unless so designated 
by other official documentation. Citation of trade names in this presentation 
does not constitute an official Department of the Army endorsement or 
approval of the use of such commercial items.
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• Since the 1960s, the U.S. Army has been 
investigating U.S. Army helicopter 
mishaps and resulting injuries while also 
researching means to reduce aviation 
mishap morbidity and mortality.

• Many of the findings and results were 
incorporated into the U.S. Army Aircraft 
Crash Survival Design Guide [ACSDG].

• Information from the ACSDG was 
leveraged in the military standards and 
specifications.

Introduction
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Introduction

• Performance requirements and testing 
conditions differ depending on the function of 
the seat (i.e., pilot/co-pilot, crew/passenger) 
and the aviation environment for which the 
seating system is designed.

• MIL-S-58095A (AV) – Pilot and co-pilot seating 
systems

• MIL-S-85510 (AS) – Crew and passenger seating 
systems 

• MIL-S-58095A and MIL-S-85510 were 
canceled and rendered inactive, respectively, 
in 1996; however, they are referenced in MIL-
STD-1290A, which is still active.



UNCLASSIFIEDUSAARL             6

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

• As a result, Army Program Managers are forced 
to consider other military guides that define seat 
performance standards for new aircraft and seat 
development efforts.

• Joint Service Specification Guide (JSSG)-2010-7

• Civilian standards like the SAE International 
AS8049TMD

• Future Vertical Lift (FVL) designers are 
considering adopting civilian standards as seat 
performance requirements in lieu of active military 
specifications.

Introduction

While civilian seat standards provide an alternative for off-the-shelf commercial 

seating systems, their performance requirements are less rigorous.
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Static and dynamic test requirements for military and civilian energy attenuating rotary-wing seating 

systems were reviewed for static strength requirements, dynamic test conditions (peak 

acceleration, velocity change, etc.), and the corresponding pass/fail criteria to include 

anthropomorphic test device (ATD) response measures*:

U.S. Army seat performance standards
• MIL-S-58095A (AV) (1986) - Pilot and Co-pilot seating system specification for U.S. Army rotorcraft

• Canceled in 1996

• MIL-S-85510 (AS) (1981) - Crew and passenger seating system specification for U.S. Army rotorcraft

• Rendered inactive for new design in 1996

Guidance and Civilian seat performance standards
• JSSG-2010-7 (1998) - Crew systems crash protection handbook for U.S. military (Guidance)

• SAE AS8049TMD (2020) - Crew and passenger seating system standard for civilian rotorcraft

• SAE AS8049TM/1B (2023) - Amendment to AS8049TMD to accommodate sideward facing seats

*Reviewed specification and standards were chosen for relevance to helicopter aircrew seat crashworthiness and are not inclusive of all military and civilian specifications and standards.

Methods
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Occupant 

Representative 

Size

MIL-S-58095A JSSG-2010-7 MIL-S-85510 SAE AS8049TMD
Gordon et al., 

2014

Gordon et al., 

2016

Seat Occupant Weight Requirements (pounds [lb])
Soldier Weight

(lb)

Pilot Weight
(lb)

5th Male 140 133.4 126.3 NS 142 152.3

50th Male NS 170.5 156.3 170 186.5 192.2

95th Male 250* 211.7 201.9 NS 244.1 244.1

5th Female NS 102.8 NS NS 113.1 115.5

50th Female NS 131.4 NS NS 147.3 146.8

95th Female NS 164.3 NS NS 192 185.6

Representative Occupant Weight Specifications Compared to Updated Soldier Anthropometry

Notes. NS = Not Specified

*The 250 lb referenced in MIL-S-58095A is an encumbered weight representing the 95th percentile male with equipment.

Standards vs. Real World
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Static Loading Requirements

Body and Equipment Weight Requirements

*Body block weight is inclusive of the 95th percentile male Soldier with 40.3 lb of equipment.

+Effective weight (80%) of a 250 lb occupant.

^Downward loading in MIL-S-85510 is representative of the 50th percentile male Soldier with 40.3 lb of equipment. 

Loading 

Direction

MIL-S-58095A/

JSSG-2010-7
MIL-S-85510 SAE AS8049TMD

Body Weight 

for Load 

Determination 
(lb)

Equipment 

Weight 
(lb)

Body Weight 

for Load 

Determination* 
(lb)

Equipment 

Weight
(lb)

Body Weight 

for Load 

Determination 
(lb)

Equipment 

Weight
(lb)

Forward 250
Combat gear 

weight 

included in 

body weight 

determination

242
Combat gear 

weight 

included in 

body weight 

determination

170

No Gear 

Required by 

Civilian 

Standard

Aftward 250 242

Lateral 250 242

Downward 200+ 196.6^

Upward 250 242
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Static Testing Parameters (Load Factors)

Loading 

Direction

MIL-S-58095A 

JSSG-2010-7
MIL-S-85510 SAE AS8049TMD

Forward 35 30 16

Aftward 12 12 1.5

Lateral 20 20 8

Downward 25 14.5 20

Upward 8 8 4

Combined

Forward 25 30 NA

Lateral 9 9 NA

Downward a 14.5 NA

Note. NA = Not Applicable

a. Static load factor as necessary to meet dynamic test criteria, Table III, 

MIL-S-58095A.

A civilian seat exposed to loads expected in military 

rotary-wing mishaps will likely fail.

Combined loading ensures the seat’s design and 

construction is sufficient to withstand the combined 

forward and lateral loads without degrading the seat’s 

capability to absorb vertical impact conditions.
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Seated Occupant Requirements

Note: The 5th male ATD referenced in MIL-S-58095A and JSSG-2010-7 is a 50th male ATD with arms removed to represent a 5th 

male weight. 

Testing with a 95th percentile male vs. a 50th percentile male requires the seat to have a more robust construction.

Dynamic Loading Requirements
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Specified Angles
Θ = pitch, Φ = roll, Ψ = yaw  

• Condition 1 represents a 30° pitch,

nose down, impact condition;

however, all three military

documents include a 10° roll angle

while the SAE AS8049D has no roll

(Φ)

• Condition 2 that represents an offset

frontal impact, all three military

documents require a 30° yaw

condition while only a 10° yaw is

specified in SAE AS8049D

• Conditions 3 and 4 (vertical loading)

are required by MIL-S-58095A and

JSSG-2010-7, but they are not

required in the other documents

Dynamic Loading Requirements

MIL-S-58095A SAE 
Test Condition MIL-S-85510

JSSG-2010-7 AS8049TMD

Θ = 30 Θ = 30 Θ = 30

1 Φ = 10 Φ = 10 Φ = 0

Ψ = 0 Ψ = 0 Ψ = 0

Θ = 0 Θ = 0 Θ = 0

2 Φ = 0 Φ = 0 Φ = 0

Ψ = 30 Ψ = 30 Ψ = 10

Θ = 0
Θ = 0

Φ = 0
Φ = 0

Ψ = 0
Ψ = 0

Vertical 
Conditions 3 

loading 
3 & 4 & 4 differ only Not Required

condition is 
by

an additional 
simulated 

requirement if 
occupant 

substituted for 
weight.

a static test.
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Test Condition
MIL-S-58095A

JSSG-2010-7
MIL-S-85510

SAE 

AS8049TMD

1 46 G 32 G 30 G

2 28 G 22 G 18.4 G

3 & 4 46 G* 32 G** Not Required

Δ =
(𝑝𝑒𝑎𝑘 𝑎𝑐𝑐𝑒𝑙𝑎𝑙𝑡.𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 − 𝑝𝑒𝑎𝑘 𝑎𝑐𝑐𝑒𝑙𝑀𝐼𝐿−𝑆−58095𝐴)

𝑝𝑒𝑎𝑘 𝑎𝑐𝑐𝑒𝑙𝑀𝐼𝐿−𝑆−58095𝐴
Peak Minimum Acceleration

• The acceleration parameters

specified in MIL-S-58095A

(and JSSG-2010-7) are the

most rigorous and were used

to calculate the percent

change for the MIL-S-85510

and SAE AS8049TMD

• Both MIL-S-85510 (AS) and

SAE AS8049D showed

reductions in G minimum, SAE

AS8049TMD showed the

greatest reduction at 34% for

conditions 1 and 2 parameters

*Conditions 3 & 4 differ only by simulated occupant weight.

**Vertical loading condition is an additional requirement if substituted for a static test.

Δ -30% Δ -35%

Δ -21% Δ -34%

Δ -30%

Dynamic Loading Requirements
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in Velocity (Δv = area under the acceleration pulse)

ed Energy = Change in Velocity Squared (Δv2)

 the “normalized 

ing the change in 

uared allows for 

n between 

regardless of the 

 ATD 

Test Condition Parameter
MIL-S-58095A

JSSG-2010-7
MIL-S-85510

SAE 

AS8049TM

D

1

Δv (ft/s) 50 50 30

Normalized 

Energy (ft2/s2)
2500 2500 900

2

Δv (ft/s) 50 50 42

Normalized 

Energy (ft2/s2)
2500 2500 1764

3&4

Δv (ft/s) 42
Conditions 3 & 4 

differ only by

simulated occupant 

weight.

42
Vertical 

loading 

condition is 

an additional 

requirement 

if substituted 

for a static 

test.

Not Required
Normalized 

Energy (ft2/s2) 
1764 1764

Δ =
(Δv2

𝑎𝑙𝑡.𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 − Δv2
𝑀𝐼𝐿−𝑆−58095𝐴)

Δv2
𝑀𝐼𝐿−𝑆−58095𝐴

Δ -64%

Δ -29%

Change 

Normaliz

• Calculating

energy” us

velocity sq

compariso

standards 

size of the

Dynamic Loading Requirements



UNCLASSIFIEDUSAARL   15

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

• MIL-S-58095A

• Only required on structure; no instrumentation on surrogate

• Accelerometer fixed to the lower seat pan (5.5 inches forward of the seat reference point [SRP] for
dynamic test Conditions 3 and 4)

• No requirements to assess injury risk

• JSSG-2010-7

• No instrumentation requirements

• Document used for guidance only

• No requirements to assess injury risk

• MIL-S-85510

• No instrumentation requirements

• Contractor must document and provide instrumentation details in test plan

• No requirements to assess injury risk

• SAE 8049TMD and 8049TM/1B

• ATD head accelerations, femur forces, pelvic/lumbar column force, neck forces and moments, and
chest accelerations are collected via data channels that could potentially assess injury risk.

• Sled and drop tower acceleration data and restraint system/seat attachment point loads

• Photo and video documentation (for ATD kinematics)

Minimum Instrumentation
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• When military rotorcraft seating specifications are canceled or rendered inactive, confusion is 
created when these specifications are referenced in active standards (MIL-STD-1290A)

• Seats developed according to, or conforming to, civilian standards provide an alternative over military 
specifications.

• Off-the-shelf availability

• Mass-produced materials

• Less rigorous requirements

• Exposure requirements are not representative of the military environment, to the detriment of occupant safety

• Military seat specifications should be updated and re-activated to ensure Soldier safety in training and 
operational environments.

• Specifications should be updated to reflect and accommodate revised male and female Soldier anthropometric 
measurements, including combat duty kit weights.

• The load application point for static testing should be updated to reflect updated seat and equipment dimensions 
and Soldier anthropometry.

• Expand dynamic testing requirements and update to accommodate different occupant sizes (i.e., 5F, 50M, and 
95M) with equipment weight to evaluate seat performance.

• MIL-S-58095A dynamic testing parameters should be used for seat evaluation performance for all seat systems 
including aircrew and troops.

• Military seating standards should consider injury assessment reference values recommended by Rhodes, Flath, et 
al. (2022) and Rhodes, Willet, et al. (2022) for ATDs to assess injury risk to the occupant.

Discussion
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• Aviators are still experiencing spinal injuries in mishaps 
with rotary-wing seats designed to MIL-S-58095A and 
MIL-S-85510. 

• Brozoski et al. (2020) reported that Army aviators were 
still at risk for thoracolumbar injuries in potentially 
survivable mishaps between January 1990 and 
December 2014.

• While military standards were sufficient at first, Soldier 
anthropometry and equipment weights have increased 
over the last 30 years (Rhodes et al., 2021).

• Losing pilots and crewmembers due to spinal injuries 
reduces unit readiness and could cost more than $9 
million per pilot (General Accounting Office, 1999).

• USAARL is currently using ATDs to investigate 
thoracolumbar injury tolerance in potentially survivable 
mishaps to assess injury risk.

Number of 

Injuries

2

2

7

3

0

5

7

17

32

21

7

11

1

Discussion
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Military aircraft seats are the Soldier’s last defense in a crash.

• Rotary-wing crashworthy seat test conditions that are less rigorous 
than the legacy military requirements reduce occupant protection 
and increase injury risks.

• Opportunity should be taken to update and improve military seat 
crashworthiness standards.

• Full Technical Report: McEntire, B. J., Willett, J., Rhodes, D., 
Chancey, V. C. (2024). Critical review of civilian and military 
crashworthy aircraft seat performance requirements (USAARL-
TECH-FR--2025-02). U.S. Army Aeromedical Research Laboratory.

Take Aways
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