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EXECUTIVE SUMMARY
On July 26, 1990, the President signed into law the Americans with Disabilities Act (ADA) of
1990 (P.L. 101-336, 42 U.S.C. 12101, et seq). Title II of the ADA requires newly purchased,
leased or remanufactured vehicles used in fixed route bus systems to be readily accessible to an
usable by individuals with disabilities, including individuals who use wheelchairs. Title III
requires public transportation services from private entities to be readily accessible to and usable

by disabled individuals, including individuals who use wheelchairs.

The Act states that the Secretary of Transportation is required to promulgate implementing
regulations for public transit and paratransit buses. NHTSA was designated by the Secretary to
gstablish minimum safety requirements for lift-equipped buses for use by disabled persons in tte
public transportation environment. These lifts are to be used by people who cannot walk up

stairs, people who use a cane or walker, and people in wheelchairs.

FMVSS Nos. 403/404 addresses minimum vehicle safety requirements applicable to lift
equipment designed for purchased, leased or remanufactured transit buses (fixed route),
paratransit buses, and vans (demand response route) as well as personal vans/MPVs, school
buses, over-the-road buses (including remanufactured OTRB) and all types of vehicles equipped
with lifts. The lift equipment requirements are contained in FMVSS No. 403 and the vehicle
requirements are contained in FMVSS No. 404. Although not required by the ADA, NHTSA is
requiring that all motor vehicles, if lift-equipped, meet the minimum safety performance

requirements specified in FMVSS No. 403.
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The annual number of persons injured in lift-equipped bus and van incidences in NEISS i1s smell
248 per year. The agency has not been able to quantify the benefits associated with the Final
Rule because the NEISS accident data lacks adequate and sufficient descriptive information
needed to pinpoint the probable cause of injury. However, there are a number of qualitative
benefits associated with the Final Rule that incorporates the most relevant requirements of
industry standards and guidelines (e.g., Disabled Veterans Administration, Society of
Automotive Engineers and Federal Transit Authority.) Thus, manufacturers need only comply
with one standard rather than several, which will provide a consistent level of safety for all lift
users. The Final Rule sets minimum safety standards for lifts. In addition, the Final Rule

addresses the injury mechanisms that have been identified by the agency.

The total consumer cost of the Final Rule is estimated to be between $3.1M - $4.7M per year.
This was based on cost of $213 per vehicle for (8,288-10,425) Public-Use vehicles, and a cost of

$147 per vehicle for (8,800-17,000) Private-Use vehicles.



I-2
by the Secretary to establish minimum safety requirements for lift-equipped buses for use by
disabled persons in the public transportation environment. These lifts are to be used by people:
who cannot walk up stairs, people who use a cane or walker, and people in wheelchairs. NHTSA

published an NPRM February 26, 1993 (See 58 CFR 11562) entitled Lifts for Accessible

Transportation, FMVSS No 401, which was a vehicle-based standard which included transit

buses, paratransit buses, and school buses, but excluded personal vans/MPVs, trucks, truck
tractor, motor homes and over-the-road-buses (OTRB). In the July 27, 2000 SNPRM (65 CFE.
46228) NHTSA proposed replacing FMVSS No. 401 with FMVSS No. 141 (a lift equipment
standard) and FMVSS No. 142 (a vehicle standard). The agency has subsequently changed the
proposed FMVSS Nos. 141 and 142 with FMVSS No. 403 Platform Lift Systems for Motor

Vehicles and FMVSS No. 404 Platform Lift Installations on Motor Vehicles, in the Final Rule.

FMVSS Nos. 403/404 addresses minimum vehicle safety requirements applicable to lift
equipment designed for purchased, leased or remanufactured transit buses (fixed route),
paratransit buses, and vans (demand response route) as well as personal vans/MPVs, school
buses, over-the-road buses (including remanufactured OTRB) and all types of vehicles equipp:d
with lifts. The lift equipment requirements are contained in FMVSS No. 403 and the vehicle
requirements are contained in FMVSS No. 404. Although not required by the ADA, NHTSA s
requiring that all motor vehicles, if lift-equipped, meet the minimum safety performance

requirements specified in FMVSS No. 403.
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[I. BACKGROUND
Guidelines pertaining to accessibility by the disabled to public transportation were prepared by
the Architectural and Transportation Barrier Compliance Board (ATBCB), which is also referted
to in this regulatory evaluation as the Access Board.! DOT incorporated the Access Board’s
guidelines, requiring compliance with them in a final rule establishing accessibility guidelines.
NHTSA's Final Rule has adopted most of the Access Board's lift performance guidelines (i.e.,
platform size, lift capacity, slip resistance, safety interlocks, edge guard heights, etc.), but
because of the need for objectivity and reproducibility, has expanded some of those
requirements, where necessary, to include further delineation and specificity (i.e., load levels,
load directions, load application points, time durations, dimensions, etc.) necessary to support
compliance tests (i.e., deflection test, working load test, proof load test, ultimate load test,
dynamic outer barrier and overload test, inner roll stop load test, slip resistance test, hand rail
test, etc.). By law, a Federal motor vehicle safety standard has to meet the need for safety and »e
stated in "objective” terms [(15 USC 1392 (a)]. Being stated in "objective" terms assures that “he
lift or bus manufacturers can interpret the requirements without ambiguity and that the proposed
tests are reproducible (e.g., can be conducted in a siinilar manner regardless of the manufacturcr

or test facility location).

'36 CFR Part 1192 - Americans with Disabilities Act (ADA) Accessibility Guidelines for Transportatior
Vehicles, Proposed Guidelines, Subpart B - Large Buses and Systems (GVWR greater than 19,500 Ibs.) and Suby art
G - Vans and Small Buses (GVWR less than or equal to 19,500 lbs.), prepared by the Architectural and
Transportation Barriers Control Board (ATBCB), 56 FR 11824-11871. Also see Final Guidelines, Subpart B-Bu:es,
Vans and Systems (56 FR 45529-45581) and 49 CFR Parts 27, 37,and 38, Transportation for Individuals with
Disabilities, Final Rule, Department of Transportation (DOT)(56 FR 45584-454804)
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In developing the Final Rule, NHTSA has relied extensively on the Access Board and Federal
Transit Administration (FTA) sponsored guidelines, as well as standards and recommended
practices/procedures of other organizations, such as the Department of Veteran Affairs (DVA)
[formerly the Veterans Administration (VA)] and the Society of Automotive Engineers
(SAE).>**? The DVA requirements and the SAE draft recommended practices are intended for

the private, personally-licensed lift user (e.g., a disabled person with a modified van or MPV).

The Access Board's guidelines were adopted from FT A sponsored active and passive lift
guidelines, and are believed to reflect the capabilities of lift equipment on the market today. The
FTA guidelines were developed by a large panel of regulators; transit bus owners/operators; usars
and bus manufacturers in the 1986-87 time frame.* NHTSA added requirements beyond the
Board's guidelines that are based on the FTA guidelines. Most lifts are currently being market::d
and designed around the FTA's guidelines, and the improvements required by NHTSA in the

Final Rule are not expected to increase lift costs significantly.

The agency identified a number of reasonable safety improvements in the SNPRM, not contair ed

in the Access Board's guidelines. These improvements include: upgraded outer barrier height

%y A Standard Design and Test Criteria for Safety and Quality of Automotive Wheelchair Lift Systems for
Passenger Motor Vehicles, VAPC-A-7708-3, June 28, 1977

3National Workshop on the Bus-Wheelchair Accessibility, Guideline Specifications for Active Wheelchuir
(WCQ) Lifts, Passive WC Lifts, WC Ramps, and WC Securement Device , UMTA Publication-UMTA-IT06-0322- 87,
May 1986

“National Workshop on the Bus-Wheelchair Accessibility, Guideline Specifications for Active Wheelchuir
(WC) Lifts, Passive WC Lifts, WC Ramps, and WC Securement Device , UMTA Publication-UMTA-IT06-0322. 87,
May 1986
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and strength; control panel lettering size and illumination; high contrast platform markings for
standees; threshold warning device; anti-crush interlock; outer barrier and inner roll stop
interlock devices; and a bridging interlock device. The final rule included all these
improvements except for the anti crush interlock and the bridging interlock device. The SNPRM
also proposed a number of safety tests, which include: slip resistance test; wheelchair retention
test; handrail test; corrosion resistance test; and fatigue endurance test. In no area did the agen:y

propose a less stringent requirement than specified by the Access Board.
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HI. SAFETY NEED
Although some of the Final Rule requirements can be justified on the basis of accident and inj ary
data, the agency's rule is based on Access Board and FTA sponsored guidelines and
recommendations as well as SAE practices and procedures. The FTA sponsored guidelines wre
developed in consultation with bus drivers and transit system operators and reflect engineering,
judgment and common practice. The requirements being proposed are consistent with those
published by many organizations concerned with bus lift systems for the disabled, e.g., the FTA,

the Department of Veteran Affairs (DVA), the Society of Automotive Engineers (SAE).

NHTSA estimates 1,238 lift-related accidents and injuries occurred in vehicles covered by this
Final Rule (vans and buses) in 1991-95 or 248 injuries per year. NHTSA analyzed the most
recent NEISS data (1991-95) from the Consumer Product safety Commission concerning the
incidence of hft-related accidents and injuries and found 972 and 266 incidences for vans and
buses, respectively, compared to the same data studied in 1986-90 which found 381 and 140
incidences, respectively.' All things being equal, the agency believes there has been an
increasing trend in lift-related injuries of 2.5 X and 1.9 X, respectively, for vans and buses for
these two five year increments of time. NHTSA believes the increase 1s due to increased
ridership/usage due to the ADA and not a decrease in lift safety. The agency can not pin point

the cause of these particular lift-related incidences, whether lift operator or equipment related.

! Wheelchair Users Injuries and Deaths Associated with Motor Vehicle Related Inciderits,
Research Note, September 1997 National Center for Statistics and Analysis, Research and
Development, NHTSA, 400 7" Street SW, Washington, DC 20590. Also see School Transpott
News, February 1998, for same data page 1 and page 18.
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Generally, there 1s very little information regarding WC lift accidents and injuries. Very few lift
related accidents or injuries can be associated directly with the requirements except by anecdotal
information or defect investigations conducted by the agency. NHTSA has conducted a few
defect investigations concerning WC lifts in the 10-12 years prior to the SNPRM. The
commenters presented little, if any, lift user injury data (WC user or otherwise). A recent TRE:
article on tort liability arising out of the ADA shows that for the 1991-1995 period there have
been a limited number of tort claims, out of millions of fare trips, filed against a sample of 43
transit companies involving disabled riders involving wheclchairs.” WC lifts were not implicz ted

as a source of injury or the subject of a tort in this study.

Since implementation of the ADA, there has been a doubling in “disabled riders” from 7,534,002
(1991) to 16,839,291 (1995) based on the responses of 43 transit agencies responding to a TCRP
survey. For the same agencies (1991-1995), WC ridership, based on the number of trips,
increased by a factor of 5 [from 298,912 (1991) to 1,498,395)].> There are 6,000 agencies that
provide public transportation in the U.S. and they have probably experienced similar increases.
Although the number of WC related tort claims increased for the same 43 agencies from 1 to 27

from 1991 to 1995, lifts/ramps are not mentioned as a source of injury or a tort liability issue.

? Potential Tort Liability for Transit Agencies Arising Out of the Americans with
Disabilities Act, Transit Cooperative Research Project (TCRP), Legal Research Digest, No 11,
July 1998, Transportation Research Board (TRB), National Research Council.

3 Ibid
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NHTSA's large scale, nationally representative accident data bases (FARS, NASS) do not reveal
any bus lift accidents or injuries as these data systems are used to record accident, injury and
fatality information for vehicles in transport. Since lifts are operated only when the vehicle is not

in transport, lift accidents and injuries are excluded from these databases.

The agency reviewed the 1991-1995 WC user injury data from the Consumer Product Safety
Commission, National Electronic Injury Surveillance System (NEISS). This is considered to be
a nationally representative database. Out of 7,121 WC injuries involving motor vehicles as
shown in Tables III-1 and III-2, 48 percent involved vans and 12 percent involved buses (e.g.,
school buses, transit buses and OTRB). The motor vehicle injury incidence types involving W Cs
were as follows: 35 percent were WC securement related, 26 percent involved collisions with 1
motor vehicle, 19 percent (1,366/7,121) were lift related, 15 percent were related to transferring

to and from a WC and 6 percent were ramp related.

The wheelchair lift-related injuries predominantly happen on lift-equipped vans (71 percent
972/1,366) and buses (19 percent 266/1,366). While passenger cars were involved in about (8
percent 111/1366) of the incidents, and ambulances/ambulettes were involved in (1 percent
17/1366) of the incidents. For these lift-related motor vehicle incidents, 3.1 percent resulted in
serious injuries while 69.5 percent were moderate and 27.3 percent were minor. Over 95 percent
of WC incidents were reported in the category of "released without treatment," while the other 5
percent were hospitalized. For ramps, 90 percent of the incidents involved vans and 10 percent

automobiles.
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Table III-1
Preliminary Nationwide Estimate of Wheelchair Occupants
Injured in Motor Vehicle-Related Incidents
By Type of Wheelchair Incident and Body Type of Motor Vehicle
NEISS Data Files: 1991-95

Body Type of Motor Vehicle(1 Total Wheelchair
Occuparnt
Type of Wheelchair Incident | Auto | Van Bus | Ambulance | Truck

Securement(2) 0, 1,617 | 422 455 0 2,494
- non/improper securement 0 1,478 422 402 0 2,302
- securement unknown 0 139 0 53 0 192
Collision with MV 1,511 122 34 0 152 1,819
Hydraulic Lift 111 972 | 266 17 0 1,366
Transferring(3) 488 3351 134 34 44 1,035
Ramp 43 364 0 0 0 407
TOTAL 2,153 | 3,410 | 856 506 196 7,121
Total Wheelchair Incidents 1991-95(4) 299,734

Source: U.S. Consumer Product Safety Commission

(1) Ambulance category includes ambulettes.

(2) Refers to securement within the vehicle; either the assisted or unassisted by others, generally without lift or
ramp involvement.

(3) While transferring to or from a motor vehicle, either assisted or unassisted by others, generally without lift
or ramp involvement.

(4) All wheelchair cases whether motor vehicle-related or not such as falling out of the wheelchair or injured
while in it, at home, in resident institutions, outdoors, etc.
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Table I11-2

Preliminary Nationwide Estimate of Wheelchair Occupants Injured in Motor Vehicle Related Incidents
By Type of Wheelchair Incident, Severity of Injury and Medical Disposition of Case Neiss Data Files: 1991-95

Medical Disposition of Case

Injury Severity Treated & Hospitalized Fatality Total Cases | Percent of Total
Released
All Five Types
Minor Injuries 1,826 .34 0 1,860 26.1
Moderate Injuries 4335 368 0 4,703 66.1
Serious Injuries 225 290 0 515 7.2
Died(1) 0 0 43 43 0.6
Total 6,386 692 43 7,121 100.0
% 89.7 9.7 0.6 100.0
Securement
Minor Injuries 705 0 0 705 28.3
Moderate Injuries 1,435 172 0 1,607 64.4
Serious Injuries 122 60 0 182 7.3
Died(1) 0 0 0 0 0
Total 2,262 232 0 2,494 100
% 90.7 9.3 0 100.0
Collision with Motor Vehicle
Minor Injuries 532 34 0 568 31.2
Moderate Injuries 831 120 0 951 523
Serious Injuries 103 154 0 257 14.1
Died(1) 0 0 43 43 24
Total 1,468 308 43 1,819 100.0
% 80.7 16.9 24 100.0
Hydraulic Lift
Minor Injuries 373 0 0 37 273
Moderate Injuries 933 17 0 950 69.5
Serious Injuries 0 43 0 43 3.1
Died(1) 0 0 0 0 0
Total 1,306 60 0 1,366 100.0
% 95.6 44 0 100.0
Transferring
Minor Injuries 128 0 0 128 12.4
Moderate Injuries 815 59 0 874 84.4
Serious Injuries 0 33 0 33 32
Died(1) 0 0 0 0 0
Total 943 92 0 1,035 100.0
% 91.1 8.9 0 100.00
Ramp
Minor Injuries 86 0 0 86 21.1
Moderate Injuries 321 0 0 321 78.9
Serious Injuries 0 0 0 0 0
Died(1) 0 0 0 0 0
Total 407 0 0 407 100.0
% 100.0 0 0 100.0

Source: U.S. Consumer Product Safety Commission.

(1) Either dead-on-arrival (DOA) or died in the hospital emergency room.
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The NEISS database lacks the necessary detail in order to identify the Iift malfunction type/mcde
or the operator failure modes responsible for each accident. NHTSA also examined the NEIS!;
Death Certificate file from July 1973 to present and identified two fatalities involving wheelct air
lifts; (1) the occupant fell from the wheelchair on a hydraulic lift while boarding a bus
(11-21-81), (2) the wheelchair occupant was pinned under the van's hydraulic lift (5-17-90). A
national estimate of lift related fatalities can not be extrapolated from these two cases. In the
1991-95 NEISS study, 12 wheelchair users died in motor-vehicle related incidences, but none
involved a lift malfunction or falling on to/off of a ramp (e.g., 9 involved a direct collision
between a wheelchair and a motor vehicle, 2 were from improper or no WC securement and 1

was from transferring to or from a motor vehicle).

NHTSA's Office of Defects Investigation (ODI) has reported two cases in 1985 and 1989
(EA85-030 and PE89-144) in which accidents occurred on bus lifts due to operator and
maintenance error. In the first case, the lift operator accidentally tried to stow a passive lift with
the disabled user still on the lift. For a passive lift, the platform is converted to steps when in the
stowed position. The lift user was thrown to the pavement and died from serious injuries. As a
result of this accident, the passive lift manufacturer built-in a load sensing device to prevent
premature stowage. In the second ODI case, the automatic outer barrier malfunctioned and the
wheelchair and its 6ccupant tumbled off the lift onto a pedestrian standing next to the lift. Both
persons were hospitalized. The problem was caused by insufficient outer roll stop maintenancs.

Maintenance practices were subsequently modified to include more periodic inspection intervals.
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Personal Use Vehicles - The National Mobility Equipment Dealers Association (NMEDA)

estimates 20,000 vehicles of all types (e.g., automobiles, vans, trucks etc.) are modified with
adaptive driving equipment annually by some 450 conversion companies. According to the
Census Bureau, 4 percent of Americans ages 17 - 75 or some 7.3 million people, have physical
disabilities that limit their mobility.* About half of these people use wheelchairs, scooters, or
other mobility devices. The Exemption from Make Inoperative Prohibition NPRM (63 FR
51547, September 28, 1998) estimated that there are about 383,000 vehicles on U.S. roads
modified with adaptive equipment to accommodate persons with disabilities.” Some percentay:e

of these vehicles are personal use vehicles, equipped with lifts and ramps. Based on a United

Kingdom figure of 250,000 disabled drivers (See Automotive Engineering International, March
1998), the agency extrapolates there could easily be over 1 million disabled drivers in the U.S.
population. The proportion of personal vehicles lift-equipped is unknown, and the number of
WC users who dnive (and need a lift) is unknown and the number of wheelchair users who are

passengers (and need a lift) is unknown.

* “In a Wheelchair and Behind the Wheel,” Specialty Market Magazine, September 20,
1998. New York Times Web Site.

> “Estimating the Number of Vehicles Adapted for Use by Persons with Disabilities,”
NHTSA Research Note, January 1997, NCSA/ NHTSA.
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Public Transit & Paratransit Buses - According to the APTA, some 6,000,000 people use tran:it

buses on a typical weekday. Of these, about 1.2 percent or 72,000 are estimated to have
disabilities.® In addition, it is estimated there are 1,411,000 wheelchair users, 64,000 users of
scooters, 1,687,000 users of walkers, and 5 million users of canes/crutches in the U.S. all of

which could potentially use lifts on public transportation vehicles.’

® American Public Transit Association, APTA 1997 Fact Book

7 “Assistive Technology Devices and Home Accessibility Features: Prevalence, Payment,
Need and Trends,” La Plante, M.P., Hendershot, G.E., and Moss, A.J., National Center for He:lth
Statistics, Hyattsville, MD 1992.



IV. FINAL RULE REQUIREMENTS

There are two types of lifts: passive and active. In transit-type buses, where passive type lifts ire
typically used, the lift is often located in the front door so that disabled and non-disabled perscns
can use the same service door. In this case, the steps can be converted to a horizontal lifting

surface. The width of the service door structure constrains the width of the passive lifts that ciin

be installed (e.g., if the lifts are too wide the transit buses would have to be redesigned).

In active lift systems, the lift is separate from the front service door (typically in the right side,
rear of paratransit and school buses) and there is much greater flexibility in the widths of the lifts
that can be installed. When folded into the stowed position, this lift normally blocks the door in
which it is installed. For both lifts types, the operator is within very close visual range of the 1ift
user when operating the controls. The agency believes that the same level of safety is needed “or
both active and passive lifts.' Figures 1, 2 and 3 in the Appendix show the basic lift
components and terminology to be used in the subject regulatory evaluation, while Figures 4 and
5 in the Appendix show the basic wheelchair dimensions and terminology used in sizing the 1ift

platform.2 In addition, a diagram of a Braun lift has been added to the Appendix of this repor!

I Active Lift - The lift is located in a separate doorway, other than the service door, such
as a right-rear side door of a paratransit bus or school bus. Passive Lift - The lift is located in "he
service door opening of the transit bus. The service door steps convert to a horizontal lifting
surface.

? Preliminary Regulatory Evaluation, Lift Systems for Accessible Transportation, FMVSS
No. 401, November, 1992, National Highway Traffic Safety Administration, Office of
Regulatory Analysis, Docket No. 91-19-N01-002.
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identifying the relevant lift components and parts. The purpose of this section is to summarize:
each part of the agency's Final Rule and to: (1) provide a rationale or justification for each
requirement in the Final Rule, particularly the objective performance measures, (2) identify
where the agency's Final Rule differs from the Access Board's final guidelines, (3) delineate
where lift manufacturers currently do or do not meet the specifications, and (4) identify each aea

where costs may be incurred by either the lift or bus manufacturers. The costs will be quantifi:d

in Section VI. Cost.

Applicability - FMVSS No. 403, the equipment standard, divides the applicable safety
requirements into two basic categories. The first category applies to lifts designed for installation
on MPVs, except for motor homes, with a GVWR >4,540 kg (10,000 1bs.) and buses. This
category applies to lifts for commercial and public-use vehicles including transit buses,
paratransit buses, school buses and most paratransit MPVs. The second category applies mostly
to lifts designed for installation on MPVs intended for personal use. There are fewer
requirements for personal use vehicles, as hand rails, platform volume/size, lighting, platform
marking, inner roll stop, controls illumination requirements do not apply and fatigue enduranc:
requirements have been reduced. However, there is an exception. There is an optional inner
roll stop requirement for lifts designed for personal use vehicles [<= 4,540 kg (10,000 1bs.)
GVWR]. The reduction in requirements for personal lifts reflects the agency’s belief that
user/operator familiarity with their personal van’s lift equipm:ent outweighs any increased safe'y
risk. FMVSS No. 404 is a vehicle standard requiring that all new lift-equipped vehicles have a

FMVSS No. 403 compliant lift. Personal use vehicles do not have to be ADA compliant.




Performance Requirements

1. Threshold Warning Signal (S6.1)’

This requirement 1s designed to warn deboarding lift users, at the lift door, that the lift platforra is
not at vehicle floor level. Located on the floor of the transit or paratransit bus at the lift door
opening, the platform threshold area 1s 457 mm (18 in.) deep measured from the edge of the li't
door and as wide as the lift door. Except in cases where the platform is loaded over the vehiclz
floor such as with a personal rotary lift, a visual or audible warning is to activate: (1) if portions
of a passenger’s body or mobility aid is on the “platform threshold area™ and (2) if the lift
platform is more than 25 mm (1") below the “floor reference plane”. Once a warning signal is
activated, it must continue to operate until the “platform threshold area” is vacated, or the lift is

returned to the vehicle floor level. (See Figure IV-1)

If a visual warning is used to comply (S85.1.1), it is to consist of a flashing red beacon with 20
candela (minimum) power and be visible to a wheelchair user backing onto the lift. The flash
rate specified by (S6.1.4) is between 1 to 2 Hz. Typically, the warning light would be located
inside the bus or MPV inside the lift door opening. The waming beacon accommodates hearing
impaired and deaf pedestrians standing near the lift. The red beacon’s intensity is to be measurzd

914 mm (3") above the centroid of the platform threshold area as shown in Figure IV-1.

3 The alpha-numeric in parentheses refers to the pertinent section of the regulatory text.
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If an audible warning is used to comply (S6.1.2), the intensity of the audible warning (>=85 dI3A
@ 500-3000 Hz) is to be measured at 914 mm (3') above the center of the “platform thresholc
area.” The audible warning signal is continuous until the lift user vacates the platform threshcld

area. Threshold Warning Signal (S6.1), is currently contained in SAE personal lift requiremerts,

but would be new for transit and paratransit buses. This type of warning is important in the
public transportation environment where a lift might be sequentially used by several patrons and
it is important to personal vans particularly if the lift is rear mounted and the user backs on to “he

lift. This requirement does not apply to rotary lifts because their lift platform is rotated over the

van/MPV’s floor when being loaded.

2. Lift Operational Requirements (86.2)

Maximum Velocity (S6.2.2) and Acceleration (S6.2.3) - This requirement is concerned with tte

maximum allowable operating velocity and acceleration of the lift, both horizontally and
vertically, as well as the lift stowage/deploy velocities. The operating velocities and
accelerations are measured unloaded and loaded (0 1bs. and 272 kg mass (600 1bs.)), respectively.
The stowage/deploy velocities are measured unloaded. The vertical and horizontal velocity
components of the lift platform are not to exceed 152 mm/s (6 in./s) horizontally or vertically :ind
the acceleration of the platform is not to exceed 0.30 g's horizontally or vertically. The

horizontal/vertical components of the stow/deploy velocity are not to exceed 305 mmy/s (12 in.’s).
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Acceleration 1s to be measured per SAE J211, October 1988, with a CFC filter requirement of Fy
=3 Hz and Fy =5 Hz. The accelerometer for this test is located at the centroid of the lift
platform. NHTSA studied the applicability of the CFC 60 filter proposed in the NPRM and
determined that it was insufficient. They studied existing University of Virginia (UVA) and
VRTC data and determined that a CFC 3 filter was sufficient to attenuate the acceleration sigrial
to a level below the 0.3 g’s limit and, therefore, is recommended for use. A copy of the NHTS A

study entitled “Determination of Electronic Filtering for Post-Processing of Wheelchair Lift

Acceleration Data, June 1996” has been placed in the Docket No. NHTSA-98-4511.

These minimum performance requirements are consistent with the Access Board's guidelines.
The speed and accelerations are designed to be compatible with existing equipment and should

not place a new design requirement on lift manufacturers.

Interior Maximum Operating Noise Level (S6.2.4) - This requirement sets a maximum lift

operating noise level of 80 dBA inside the bus at a fixed operator position or in the area of the lift
platform, during the lift operating cycle. This will allow for the communication of instruction
between the lift operator and lift user (or vice versa) during both normal and emergency lift usz.
Assuming a maximum communication range of 913 mm (3') (which should be sufficient during
lift operation), 80 dBA would be the maximum allowable lift operating noise. (See VRTC

reference Human Factors Design Handbook, Second Edition, W.E. Woodson, B. Tillman, and P.
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Tillman and Figure TV-2 taken from that reference). Measurements are to be made at the fixed

operator position at the lift controls and anywhere on the lift platform.

VRTC measured 85 dBA ambient noise at 305 mm (1') from a Braun Lift electric motor and 78
dBA and 75 dBA, respectively, for a TMC bus lift being raised and interior ambient noise with
the engine running. Also, VRTC measured the ambient noise levels at 6 bus stops and found in
average of 79 dBA. The 75 dBA level has been used by the San Diego Transit Corporation in its
lift specifications and was adopted by FTA in their guidelines for both passive and active lifts.
The 85 dBA warning signal outside the bus would be completed within 4-8 seconds and would
not interfere with, or contribute to, the 80 dBA maximum allowable equipment operating nois:
level. This maximum noise level does not apply to the deploying or stowing aspects of the lif:
equipment when the lift platform is unoccupied. A maximum lift noise level is not contained
the Access Board's final guidelines. It is believed that all lift equipment would comply, hence 1o

cost impact is anticipated.

* The Vehicle Research and Test Center (VRTC) is located in East Liberty, OH and is
part of NHTSA'’s Office of Research and Development.
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3. Platform Requirements (S6.4)
Unobstructed Platform Operating Volume (S6.4.2) — The Final Rule requires that the lift

platform have a minimum clear width of 762 mm (30 in.) measured from the platform surface to
762 mm (30 in.) above the platform, and a minimum clear length of 1,219 mm (48 in.) measued
from 51 mm (2 in.) above the surface of the platform to 762 mm (30 in.) above the surface of "he
platform. This represents an unobstructed volume of length, width and height 1,219 X 762 X

724 mm (48" X 30" X 28.5"). See Figure 6 in the Appendix.

NHTSA’s unobstructed platform operating volume is based on the Access Board's requirements.
The size of the lift platform was determined by the length and width of the population of
wheelchairs-in-use and constrained by the known distance between structural members (A anc B
pillars) of doors in buses. In addition, at least 1,219 mm (48 in.) of length is also needed to
accommodate three-wheeled mobility aids called “scooters” which are longer than most
traditional wheelchairs and as long as the larger wheelchairs. NHTSA'’s requirement is believed
to accommodate 90-95 percent of the wheelchair population and nearly 100 percent of the

scooter population. This requirement is consistent with the Access Board’s guidelines.

The requirements would apply to lifts on vehicles greater than 4,540 kg (10,000 1bs.) GVWR us
these would be commercial vehicles serving the public with a variety of wheelchair/mobility aid
sizes and configurations. No platform volume or size is required for MPV lifts or lifts on

vehicles 4,540 kg (<=10,000 lbs.) GVWR such as trucks, truck tractors, or motor homes as it is

believed platform size is tailored to the preference of the individual user, the mobility aid size,
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and vehicle size. This requirement is consistent with the Access Board's guidelines. All buses,
except the ones with narrow entrance ways mentioned above, can accommodate a 762 X 1,219

mm (30" X 48") platform, hence, there is no FMVSS cost impact of this requirement.

Platform Slip Resistance (56.4.12 and S7.2) A minimum platform surface slip resistance of 0.55

is required to prevent wheelchairs and people using walkers and canes from slipping on the
platform's surface, particularly when wet. A slip resistant surface reduces the accident potential
for people standing on the lift and provides traction for a wheelchair. A performance test (S7.2)
measures the slip resistance of the lift loading platform when wet using a friction block rather
than a specific wheelchair design as proposed in the NPRM. The Friction Block Method
proposed in the SNPRM and adopted in the Final Rule has been shown to be practicable,

objective and repeatable.

The Department of Transportation (DOT) regulations for disabled individuals are contained in 49
CFR, Part 38 - Americans with Disabilities Act (ADA) Accessibility Specifications for
Transportation Vehicles. Section 38.23(b) is concerned with vehicle lifts and states “...the
platform surface shall be slip resistant.” The Federal Transit Administration=s (FTA)
procurement guidelines for bus lifts also requires slip resistant surfaces. The Department of
Veterans Affairs (DVA) standard for wheelchair lifts specifies that the lift platform surfaces must
provide “adequate tire traction.” The same requirement is contained in the SAE draft standard
for wheelchair lifts. However, none of the requirements stated above provide an objective test

procedure for determining the adequacy of the slip resistance of the lift platform.
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During the development of an NPRM for vehicles with wheelchair lifts (previously called
FMVSS No. 401), the agency proposed a procedure for measuring platform resistance in which a
loaded power wheelchair would be placed on a wet, 30 degree inclined lift surface until sliding
occurred. This was believed to occur at about a 0.60 coefficient of friction (COF).
Unfortunately, testing at VRTC (Docket No. NHTSA-98-4511) revealed that this was not an
effective method because, in many cases, the wheelchair tipped over before sliding could occur.

Subsequently, VRTC staff conducted a literature search to determine other test procedures, which

might be useful in determining slip resistance and selected ANSI/RESNA WC13 - 1991

Determination of Coefficient of Friction of Test Surfaces for further investigation. NHTSA

proposed the ANSI/RESNA WC13-1991 coefficient of friction (COF) test procedure with the

following modifications:

Procedural Changes to ANSI/RESNA WC/13:

1. The test surface area 450 X 100 mm (17.5" X 3.94") is horizontal and clean from dust, dirt and
debris.

2. Pull the test block by a mechanical means to achieve a pull rate of 20 +/- 2 mm/s.

3. Pull the test block for a minimum of 13 seconds and use only the last 10 seconds of force diita
to calculate the average force, which is to have 2% accuracy i the 25N - 100 N range.

4. Collect force data at a frequency of >= 10 Hz.

5. The link between the test block and pulling mechanism shall have a stiffness>= 1 X 10° N/in.
6. Evenly spray 3 ml (0.10 oz.) of distilled water per 100 cm? (15.5 in.?) of test surface area.

Begin the test within 30 seconds of the water spray.
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7. Prepare test block friction surface by lightly abrading with waterproof silicon carbide paper.
grade P120, weight D (120 wet and dry).
8. Pull the block in only one direction with pull force parallel to test sample surface.
9. Determine the average pull force from a minimum of five trials over any area.
10. Performance Criterion: Any area of a lift platform surface must have a coefficient of friction

>=().65 as measured by the test procedure.

11. The lift surface can be tested in any direction using the test block and different surfaces on

the same lift platform must meet the same minimum requirements.

For further details on the lift platform COF test procedure, a report prepared by the agency has
been placed in the docket (Docket No. NHTSA-98-4511) entitled “Evaluation of ANSI/RESMA

WC/13 To Determine the Coefficient of Friction of Wheelchair Lift Platforms, June 6, 1996.”

The Final Rule requires that a modified ANSI/RESNA WC/13 test procedure to determine the
slip resistance or the coefficient of friction (p,) of WC lift platforms. The agency believes that
this procedure is objective, repeatable, practicable and meets the need for safety. In addition, :t is
believed that the majority of lifts currently marketed in the U.S. can meet or exceed the requir:d
0.65 value for p, , when the platform is wet. Platform Markings (56.4.10) must be slip resistant
as well. There could be multiple friction surfaces on a lift platform, therefore, the coefficient of
friction must be>=0.65 anywhere on the lift platform surface including the platform markings.
All lifts come equipped with neoprene rubber mats or other slip resistant surfaces and it is

expected that industry would comply, as a whole, without changes or modifications.



Platform Protrusions (S6.4.3) - Protrusions on the lift platform make it difficult for wheelchair

boarding/deboarding. For an electric wheelchair, additional propulsive power may be needed "o
overcome a floor level obstruction, but the sudden acceleration could result in loss of control and
an accident. NHTSA is proposing that when the lift's outer barrier (wheelchair retention device)
or inner roll stop is down, movement on or off the lift platform should be easy and uninhibited.
For buses and MPVs (>4540 kg (10,000 Ibs.) GVWR), NHTSA is proposing in the SNPRM that
lift platform surfaces are not to have protrusions which rise more than 6.5 mm (0.25") when
measured perpendicular to the platform surface. For personal use vehicles, lift platform surfaces
are not to have protrusions, which rise more than 13 mm (0.5") when measured perpendicular [o
the platform surface. All portions of the sides of a protrusion that are between 6.5 mm (0.25")

and 13 mm (0.50") above the platform are to have slopes not exceeding a 1:2 ratio.

For buses and MPVs>4,540 kg (10,000 1bs.) GVWR, NHTSA's SNPRM is consistent with all
aspects of the ADA including for protrusion height. The Access Board has a 6.25 mm (0.25")
maximum, which NHTSA has adopted. Lift manufacturers have indicated that mechanisms tc.
hold the required outer barrier in-place may require protrusions through the lift platform when
the outer barrier is up. Such protrusions would be allowable in the subject SNPRM. The Acc:ss
Board, FTA and SAE all have protrusion limitations and NHTSA is adopting the Access Board's

specifications. All currently manufactured lift equipment would be expected to comply.
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Gaps, Transitions and Openings (S6.4.4) NHTSA is concerned about vertical transitions

entering or exiting the platform at the ground/floor levels, slopes between transitioning verticel
planes, vertical gaps, horizontal gaps, platform surface openings and edge guards gaps. Poor
vertical transitions can be an impediment to power as well as manually operated wheelchairs. In
addition, vertical gaps, which are too large, can impede boarding/deboarding passengers.

The small tires of the Wheelchair could get caught in hortzontal gaps or platform openings. The

requirements are as follows:

S6.4.4.1 Vertical Transitions - For ground level loading, the maximum vertical transition heig it

1s 6.5 mm (0.25") and for lift to bus floor transitions, the maximum vertical height is 6.5 mm

(0.25").

S6.4.4.2 Slopes - No vertical transition can be more than 6.5 mm (0.25") at either the ground «r
vehicle level. Horizontal gaps are limited to13 mm (0.50"). Between 6.5mm and 13 mm (0.25"-
0.50") rise, the platform or vehicle surface slope can not exceed a 1:2 ratio. Above a 13 mm
(0.50™) rise, the slope an not exceed 1:8 ratio. The total allowable rise is limited to 76 mm

(3.0™). (See Figure IV-3 - Allowable Transition Dimensions and Slopes for Platform Entranc:

and Exit at Vehicle and Ground Level.)

S6.4.4.3 Vertical Gaps - For the inner roll stop and outer barrier (e.g., Wheelchair Retaining
Device) in the upright, deployed position, the SNPRM defines a Block Test 15.9 X 15.9 X 102!

mm (0.625" X 0.625" X 4") where the long axis is held perpendicular to the “platform reference
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plane” to measure maximum allowable clearances. The block device can not pass between any

gaps.

S6.4.4.4. Horizontal Gaps - The SNPRM specifies that horizontal gaps are to be designed sucl

that they do not pass a sphere of 13 mm (0.50") diameter, with the lift at ground level or at floor

level.

S6.4.4.5 Platform Surface Openings - Some platforms employ steel mesh surfaces normally

covered with a rubber mat. The exposed openings in the mesh can be an impediment to a
wheelchair if too large. This Final Rule specifies that platform openings are to be designed such

that they do not pass a sphere of 19 mm (0.75") diameter.

S6.4.4.6 Edge Guards - The vertical gaps between the lift platform and the “moving” edge
guards (those mounted to the platform structure) can not pass a sphere of 13 mm (0.50")
diameter. For horizontal gaps between the lift platform and fixed edge guards (those mounted to

the vehicle structure or lift frame) can not exceed a sphere of 6.5 mm (0.25") diameter.

The maximum gap distances are to be measured when the lift is loaded with 272 kg mass (60C
Ibs.). NHTSA is adopting the Access Board's gap specifications and it is believed that all lift
equipment can be installed to operate within these tolerances without further modifications or

adjustments to either the lift design or installation. No additional manufacturer costs are

anticipated due to this requirement.
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The DVA and the Access Board specify a 31.25 mm (0.625") maximum vertical gap and 25 nm
(0.50") maximum horizontal gap between the lift and the bus body. The FTA-sponsored
guidelines and SAE draft recommended practice all have maximum bus body to lift gap

allowances.

Platform Deflection (S6.4.5) — The Final Rule allows no more than 1.8 degree maximum lift

platform deflection angle, measured relative to the bus floor, for the entire unloaded range of
operation of the lift and 3 degrees maximum deviation from its unloaded position when loade«l
with 272 kg mass (600 Ibs.). The angle is measured between an axis perpendicular to the lift
platform surface and an axis perpendicular to the vehicle floor. The maximum allowable charige
in the angle is 4.8 degrees measured in any direction, between the axis perpendicular to the
vehicle floor and platform reference planes when loaded with 272 kg mass (600 Ibs.). The
standee or wheelchair lift user's weight on the lift platform causes deflection of the lift relative: to
the bus floor, similar to the deflection of a cantilever beam. Establishing a maximum platform
deflection level assures stability for the user, particularly someone with a walker, and controls the
ramp or grade of the lift so an unattended person can manually roll the wheelchair off the lift into
the bus. Lift deflection is measured independent of bus roll. The agency believes that all

personal and commercial lift products will pass the deflection test.

Platform Edge Guard Height (56.4.6) - Edge guards are low, fixed, vertical walls, which run

along the length of both sides of the platform and prevent wheeled mobility aids from rolling,
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sliding or being driven over the side of the platform. They are positioned parallel to the forward
or rearward operating direction of the wheelchair and are designed to deflect the wheelchair's
tires. NHTSA is requiring that during lift operation, the lift platform is to have continuous edye
guards parallel to the direction of loading/unloading along each side. Edge guards mounted or:
the lift platform are to have a minimum height of 38 mm (1.50") measured vertically from the
platform. The previous section (S6.5.4.6) defined the maximum allowable vertical 13 mm
(0.50") and horizontal gaps 6.5 mm (0.25") for fixed and moving edge guards. An edge guard
requirement and minimum edge guard height are required by both the FTA-sponsored guidelines

and the ADA standards (49 CFR 38.23(b)(5)).

The California Administrative Code specifies a one inch minimum height for edge guards, while
the DVA and SAE have no requirement. The Access Board recommends 38 mm (1.5")
(minimum). A 38 mm (1.50") requirement, consistent with the Access Board's guidelines, is
being adopted and applies to any part of the lift platform exposed or operated outside the
perimeter of the bus. For example, an elevator type lift, operated entirely within the outside
perimeter of the bus, would not need edge guards providing gaps between the side of the
platform and the bus structure do not exceed gap requirements. All lift equipment currently in

production are expected to comply.

9. Wheelchair Retention Device (S6.4.7, S7.7 and S7.13) - The outer barrier or wheelchair

retention device of the platform is the only mechanical means which prevents the wheelchair

from rolling, sliding or being driven inadvertently off the platform, when the platform is greater
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than 3 inches off the ground. The outer barrier is the only safety device which can prevent a
wheelchair occupant from accidentally falling from a raised platform and research has shown
electric wheelchairs are capable of climbing over some barriers which are in use today. Lifts can
achieve a height of 40-50 inches off the ground, depending on the bus's floor height with the
result that the top of the head of the wheelchair occupant could be a total of 90-100 inches off the
ground. A fall could cause serious injury. All lifts are designed with a wheelchair retention
device regardless of intended vehicle GVWR. The Final Rule requires a dynamic test,
employing a WC test device, to prevent the WC from climbing over the outer barrier, and an
overload strength test to prevent the WC crushing, bending or plowing-through for the

wheelchair retention device.

In their final guidelines issued September 6, 1991, the Access Board did not specify a safety test
for the outer barrier or WC retention device, but deferred to NHTSA’s expertise, as the agency
was planning to issue proposed safety standards for lifts. In the Access Board’s final rule it is
stated (pg. 45535), ““...the Board feels that NHTSA is the appropriate agency to define safety

tests.”

New WC Retention Test Method

The WC Retention Device or outer barrier can be defeated by (a) WC climbing, (b) loss of
strength and nigidity or (¢) WC tipping. The WC retention device test is designed to address tae
first two failure modes: (a) if traveling too fast, in the rearward direction, the large wheels of the

wheelchair can climb-up and over the outer barrier resulting in occupant injury and (b) if
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traveling too fast, in the forward direction, the smaller caster wheels can deform and bend the
outer barrier such that the wheelchair could plow-through and off the lift platform also resultir g
in occupant injury. Regarding Item (c) above, to prevent tipping would require a 12" - 15" or
higher outer barrier, which would have been too cumbersome and impractical. Running the test
on an 8 degree incline as prescribed in the NPRM accentuated the tipping phenomenon, but did
not cause the higher barriers to be climbed. The agency is requiring a dynamic WC test with zero
ballast and a level lift platform in which a WC Test Device (S7.4.2) impacts the outer barrier «t
approximately 4 mph in a forward or rearward direction and remains upright. This provides tt e
most stringent test for barrier height. Because the dynamic WC Test Device only develops an
impulse loading of 1,200 to 1,400 lbs., a separate 7,117 N (1,600 lbs.) static overload test (S6.10)

is also required for the outer barrier to ensure resistance to deformation, crushing or bending.

The WC Test Device must operate under its own power with speeds 0of 2.0 - 2.1 m/s (4.4 - 4.7
mph) in the forward direction and 1.75 - 1.80 m/s (3.9 - 4.1 mph) in the rearward direction at the
test vehicle floor level (without ballast or added weights). The footrests of the WC are raised 25
mm (1") above the top of the outer barrier. Despite spinning motion of the power wheels, the
WC is to remain upright at the conclusion of the impact test. For lifts designed for buses and

MPVs>4,540 kg GVWR, the tests are conducted in forward and rearward loading directions.

For lifts designed for personal use vehicles <= 4,540 kg (10,000 1bs.) GVWR, trucks, truck
tractors and motor homes, the outer barrier is to be tested either in the forward or rearward

directions depending on the owner’s manual boarding/deboarding instructions. If a rotary lift,
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both outer barrier retention devices are tested. For lifts desi gned for personal use vehicles
<=4,540 kg (10,000 Ibs.) GVWR, trucks, truck tractors and motor homes, perform the dynami:
WC test in the specified loading direction with footrests are adjusted to the shortest possible
position and the platform is 90 mm (3.5 in.) above the ground (e.g., outer barrier deployed).
Because there may be no room for the WC to gain impact momentum, the WC test device is
moved up against the outer barrier and the spee