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NIOSH Disclaimer 

TheThe findings and conclusions in thisfindings and conclusions in thisThe The findings and conclusions in this findings and conclusions in this 
presentation have not been formally presentation have not been formally 
disseminated by the National Institute disseminated by the National Institute 
for Occupational Safety and Health and for Occupational Safety and Health and 
should not be construed to represent should not be construed to represent 

d t i ti lid t i ti liany agency determination or policyany agency determination or policy..



Ambulance Design - Then



Ambulance Design - Now



Why do we seek opportunities for 
improvement?improvement?

Post crash (rollover) equipment and Prior to crash equipment and gurney 
gurney positions drastically changedeither mounted or stowed in cabinets
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Crash Standard Development
________________

Vehicle Response Provides Foundation 
f F t W kfor Future Work



Automotive Testing Expertise Applied

• Testing performed by three private companies at five 
different crash test facilities from Wisconsin to Virginiag
– Center for Advanced Product Evaluation (CAPE)

– MGA Research

– Transportation Research Center 

• Government research support 
– National Highway Traffic Safety Administration’s

• Vehicle Research Test Center, East Liberty, Ohio

• Office of Vehicle Crashworthiness Research, Washington, DC

– Federal Aviation Administration’s

• Crash Dynamics FAA Aviation Safety• Crash Dynamics, FAA Aviation Safety

• Civil Aerospace Medical Institute



We needed to understand the loading 
applied to the ambulance body at impactapplied to the ambulance body at impact

≈ 30 mph – likely survivable ≈ 60 mph – likely not survivable

"Ride of your Life: What you Can’t Afford Not to Know About Ambulance Safety“ Levick"Ride of your Life: What you Can t Afford Not to Know About Ambulance Safety , Levick, 
N.  Presented at TSJC/RETAC EMS Symposium "Making A Difference" February 11, 
2012, Alamosa, Colorado 



Testing Criteria –
Frontal Side & Rear ImpactFrontal, Side & Rear Impact

• NIOSH conducted 3 frontal (2003), 4 side (2010), 2 rear 
(2013) impact tests, and 3 roll tests (2013/14) 

• Used test data to define vehicle response as a test corridor 
- published as SAE Recommended Practices

• Corridors used by test facilities to evaluate seating, litters, 
equipment mounts under repeatable conditions



Frontal, Side & Rear Impact 
Provide Underlying Testing CriteriaProvide Underlying Testing Criteria

• Frontal crash loading matched Federal Standard for• Frontal crash loading matched Federal Standard for 
passenger vehicles – 30 mph full frontal impact

• Side and rear impact tests matched the Insurance Institute• Side and rear impact tests matched the Insurance Institute 
for Highway Safety Side Impact Test

• Impact velocity 50 Kph 31 mph• Impact velocity 50 Kph – 31 mph

• 3300 lb moving deformable barrier

• Collected vehicle response on frame, floor, and roof to 
understand internal reactions of vehicle during impact



Forward Barrier Crash, 30 mph, 1999 Type III, 
Unrestrained and Lap BeltsUnrestrained and Lap Belts



Unrestrained and LBO Bench Seat Unrestrained and LBO Bench Seat 
O tO tOccupantsOccupants

**  Lap belts should always be used in conjunction with net  **



Testing Criteria – Side Impact – Type II

• Impact Velocity 50 km/hr = 31.1 mph
• Weight of Impacting MDB: 1500 kg = 3300 lbsWeight of Impacting MDB: 1500 kg  3300 lbs



Testing Criteria – Rear Impact – Type III

• Impact Velocity 50 km/hr = 31.1 mph
• Weight of Impacting MDB: 1500 kg = 3300 lbsWeight of Impacting MDB: 1500 kg  3300 lbs



Testing Criteria – Frontal & Side ImpactTesting Criteria Frontal & Side Impact

SAE J2917- Ambulance Patient SAE J2956- Ambulance Patient 
Compartment Frontal HYGE Sled 
Pulse, May 2010

Compartment Lateral HYGE Sled 
Pulse, June 2011



Testing Criteria – Rear Impact

Crash response of two vehicles used to develop new SAE 
J3044 Recommended Practice for Rear Impact Testing

SAE J3044                        
P bli h d i J 2014Published  in June 2014 



Cot Design – Patient Restraint Team

Key Elements in

SAE J3027 Published  in July 2014 

Key Elements in 
Recommended 
Practice

• Dynamic, crash 
testing is required

Cot cot mounting• Cot, cot mounting 
and restraints 
structurally sound 
during simulated g
crash loading

• Occupant excursion 
reduced to less thanreduced to less than 
14 inches



Standard Gurney – 30 mph Impact

Pre-crash event: 
standard cot, 
restraint and antler 
floor fastener

Mid-crash event: 
patient excursion 
exceeds 30 inches 
or 76 cm



Rigid Cot with new Restraint 
Tested Using J2917 (30 mph)Tested Using J2917 (30 mph)

Pre-crash event: Mid crash event:Pre-crash event: 
rigid cot, new 
restraint applied 
directly to shoulder

Mid-crash event: 
total head excursion 
of 7.8 in / 20 cm



30 MPH Sled Test – Real Time



30 MPH Sled Test – High Speed Video



30 MPH Sled Test – Goal Line Camera



Ramp Roll Test – 30 MPH/48 KPH



Cart Roll Test – 30 MPH/48 KPH



Cot Design – Patient Restraint Team
(SAE J3027 P bli h d i J l 2014)(SAE J3027 Published in July 2014)

T ti C t d C t R t ti S tTesting Cot and Cot Retention Systems

• Both manufacturers have met the requirements of 
th d ft t d d ith t t tthe draft standard with prototype systems

• Cot remained attached to floor mounting device 
without structural failurewithout structural failure

• Patient excursion reduced below 14” goal

• All measured dummy loading for head, neck, 
chest below accepted human tolerance limits



Litter Design – Patient Restraint TeamLitter Design Patient Restraint Team

K Diff N d d t M t Thi St d dKey Differences Needed to Meet This Standard

• The traditional antler has been replaced with a 
t t k ti tcenter track mounting system

• Restraint system modified to engage shoulders of 
ti t i di t lpatient immediately

• Additional longitudinal restraint member 
incorporated with no increase in bucklesincorporated – with no increase in buckles

• No changes to standard sheet required to 
accommodate new restraintaccommodate new restraint











Seat and Worker Restraint  Standard
SAE J3026 in Final Review at SAE and expected to be 

Published  in late August 2014 

Key Elements in 
Recommended Practice

• Dynamic, crash testing is 
required

• Seat and restraint• Seat and restraint 
systems must protect 
occupants to same crash 
standard as automotive 
seating

• Occupant excursion 
mapped during dynamicmapped during dynamic 
test (now SAE J3059)



Demo: Frontal Impact,
Forward and Rear Facing SeatingForward and Rear Facing Seating



Mapping Occupant Excursion



Head Path During Frontal Impact
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Seating and Restraint Data Sheet



Interior Surface Delethalization: 
Design GuidanceDesign Guidance

Progress to date: 30% Complete – Test Contract in DraftProgress to date:  30% Complete Test Contract in Draft

• AMD is now forming a committee to develop guidance 
document

• Goal is to provide information to ambulance builders to 
reduce likelihood of injury when impacting interior surfaces

• Will investigate construction methods, padding, airbags

• This work goes hand-in-hand with seat and cot excursionThis work goes hand-in-hand with seat and cot excursion 
zones definition

• Contract signed in Sept. 2012 – Testing began in spring 2013g p g g p g



Interior Surface Delethalization: 
P ti t t O h d C bi t C t tPatient to Overhead Cabinet Contact



Interior Surface Delethalization: 
P ti t t O h d C bi t C t tPatient to Overhead Cabinet Contact



Equipment Mounting:
Static and Dynamic Test OptionsStatic and Dynamic Test Options

SAE J3043 Published in July 2014 

Key Elements in 
Recommended Practice

• Dynamic testing based on 
published pulses is an 
option

• Static test in lieu of 
dynamic test is also an 
optionoption

• Innovative conversion from 
dynamic to static test 
loading offered



Equipment Mount Test Standard

EquipmentEquipment 
Mount Test 
Standard

Utilizes 
Front and 
Side 
Impact 
Pulses



Equipment Mount Test Standard

Static Test 
Optionp

Steadily 
increasing 
load applied 
one axis at 
a time

St ti L d P k G W i ht 1 5 f tStatic Load = Peak G x Weight x 1.5 amp factor



Specs and Standards Tomorrow ??

SAE 
Standards:Standards:

Test Pulses,
Seats,

Cots, Equipment 
M tMounts, 

Cabinets,
Body Structure 

NFPA 1917 CAASNFPA 1917
Standard for
Automotive

Ambulances
Effective 2016   

2nd Edition

CAAS
GVS-2014

Ambulances
Standard

Effective 2016   
1st Edition2 Edition 1 Edition



Contact Information

Jim Green

NIOSH

304-285-5857

jgreen@cdc.gov

Disclaimer:  The findings and conclusions in this presentation have not been 
formally disseminated by the National Institute for Occupational Safety and Health 
and should not be construed to represent any agency determination or policy.


