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61236 Federal Register

VETERANS ADMINISTRATION

Standards for Electrically Powered
Wheelchairs

AGENCY: Veterans Administration.

ACTION: Notice of Publication of
Standards and Request for Comments.

SUMMARY: Notice is hereby given of the
proposed publication of the Veterans
Administration Standards for
Electrically Powered Wheelchairs in the
Bulletin of Prosthetics Research. These
standards are to provide an evaluation
base for electrically powered .
wheelchairs and to ensure a functional
wheelchair which is safe, comfortable
and durable. These Veterans
Administration Standards for
Electrically Powered Wheelchairs
establish minimum standards for the
classification, selection, and purchase of
electric wheelchairs, by the Veterans
Administration, for use by veteran
beneficiaries. The Bulletin of Prosthetics
Research is published by the
Rehabilitation Engineering Research and
Development Service, Department of
Medicine and Surgery, Veterans
Administration. The Bulletin is
published semi-annually and is
available through the Government
Printing Office. These Standards are
scheduled for publication in the Spring,
1982 edition.
DATES: Comments must be received by
December 31, 1981. It is proposed that
all electrically powered wheelchairs
submitted for qualification under these
Standards meet the requirements
contained therein by February 25, 1982.
ADDRESSES: Interested persons are
invited to submit written comments
regarding these Standards to the
address below. Testing equipment and
techniques may also be viewed at the
same site.
Director, VA Rehabilitation Engineering
Center, 252 Seventh Avenue, New
York, NY 10001.

Dzted: December 7, 1981.
Robert P. Nimmo,
Adrinistrator.

VETERANS ADMINISTRATION STANDARDS FOR ELECTRICALLY
POWERED WHEELCHAIRS
These Veterans Administration Standards for Electrically Powered
Wheelchairs establish minimum standards for the classification,
selection, and purchase of electric wheelchairs, by the Veterans
Administration, for use by veteran beneficiaries.
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1.0. Scope, Classification, Limitations, Definitions.

1.1. Scope. This Standard applies to electrically powered wheel-
chairs for use by entitled veteran beneficiaries. Intended for VA use,
this document sets minimum standards for the classification, selec-
tion, and purchase of electric wheelchairs suited to veteran needs.
While other persons and agencies may use this document for refer-
ence, it is to be understood that this document is not intended for
eventual use as an American National Standard. Thus, the VA dis-
claims any responsibility arising from use of the following material
by any person not affiliated with the VA.

1.2. Classification and Qualification. Powered wheelchairs
shall be classified according to performance capability. There shall
be three classes:

Class | wheelchairs carrying a 200-1b (90.7 kg) person shall attain a
maximum speed of between 2.5 and 4.0 mi/h (4.0 and 6.4 km/h) on
level ground, be capable of climbing a slope of not less than 6 deg.,
travel a distance of at least 6 mi (9.7 km) between battery charges,
and be able to clear a 1-inch high obstacle from a moving start.

Class Il wheelchairs carrying a 200-Ib. (30.7 kg) person shall attain
a maximum speed of between 4.0 and 6.0 mifh (6.4 and 9.7 km/h) on
level ground, climb a slope of not less than 9 deg., travel a minimum
distance of 10 mi between battery charges, and clear a 2-in (5.1 cm)
high obstacle from a moving start.

Class lll wheelchairs shall be capable of all the functions per-
formed by Class Il wheelchairs while carrying a 250-1b. (113 kg)
person.

Wheelchairs covered by this Standard shall be classified and
qualified for use by veteran beneficiaries by means of laboratory
and field tests. Compliance with certain Standards shall be deter-
mined by observation, measurement, and inspection. Wheelchairs
deviating from the Standard in some minor fashion that are found to
be satisfactory as a result of clinical testing shall be deemed
acceptable.

1.2.1 Requirements. Electrically powered wheelchairs covered
by this Standard shall meet the same mechanical requirements as
the self-propelled folding wheelchairs covered under Veterans Ad-
ministration Standard (Federal Register, Vol. 42, No. 239, Tuesday,
December 13, 1977) with respect to strength, durability, safety,
adjustability, stability, casters, brakes, locks, and maneuverability.
Curb-drop tests and weight requirements are excluded. They shall
also meet additional Standards, listed below, concerning electrical
and mechanical performance and safety. A manual describing con-
trol and performance characteristics, together with maintenance
guides including wiring diagrams, shall be furnished with each
wheelchair as given in Para. 8.1. (Documentation), below.

Rationale. It is assumed that electrically powered wheelchairs
covered by this Standard will be used in the same environments
where manually propelled (non-powered) wheelchairs are used.
Requirements for structural integrity and stability of powered
wheelchairs, therefore, should be similar to those specified for
manually propelled wheelchairs, notwithstanding the additional
weight of the motors and batteries.

1.2.2. Laboratory Tests. Laboratory tests shall be performed
with motors, controls, and batteries mounted in their normal posi-
tions. Batteries may be filled with water instead of acid electrolyte
during mechanical tests for the convenience and safety of laborato-
ry personnel. Performance tests shall be conducted with fully
charged, mechanically and electrically sound batteries.
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1.2.3. Field Tests. Wheelchairs qualified under this Standard
shall be tested under field conditions in actual use. Observations
and data collected during these field tests shall provide the basis for
evaluating safety, utility, and performance characteristics. These
tests will be conducted in hospital, home, and outdoor environ-
ments. Wheelchairs which do not meet the safety requirements
during laboratory testing will not be field tested. Wheelchairs, cov-
ered by this Standard, which are essentially similar to previously
qualified models may be qualified without field testing.

1.3. Limitations. These Standards do not cover conveyances
designed exclusively for outdoor use.
1.4. Definitions.

1.4.1. Acceleration. The rate of change of velocity with respect
to time expressed in terms of the acceleration (i.e., G) due to gravity.
For example, 0.4 G denotes an acceleration equal to 40 percent of
that due to gravity.

1.4.2. Add-On Power Packs. Assemblies of motors, power
trains, controllers, mounting brackets, and batteries intended for
attachment to manually propelled wheelchairs in order to convert
them to electrically powered wheelchairs.

1.4.3. Anthropomorphic Dummy. A dummy of the dimensions,
proportions, and weight distribution of a typical male body.

1.4.4. Brake. A mechanical or electromechanical system for
applying friction to the wheels or drive system of a wheelchair to
retard its motion. Brakes are different from wheelchair locks which
prevent a stationary wheelchair from moving.

1.4.5. Disengagement. The release of a power train from con-
nection to the drive wheels to permit free wheeling.

1.4.6. Regenerative Braking. Regenerative braking uses the
electromagnetic characteristics of the motors to brake a wheelchair.
The inertial energy of the wheelchair is converted to electrical ener-
gy and, in the process, the motion of the wheelchair is retarded.

1.4.7. Flutter. To move in quick oscillating motion; vibrate. As
used in this Standard, flutter generally refers to the oscillating
movement of caster wheels about a vertical axis.

1.4.8. Jerk. The rate of change of acceleration with respect to
time, or the third derivative of distance with respect to time. This
quantity, a useful measure of the disturbing impetus given the user
when operating the controls, is given in G per second. For example,
a jerk of 5G/sec. means that the rate of change of acceleration is
equal to five times the acceleration due to gravity in one second.

1.4.9. lLatching. (Holding) A control method in which a mo-
mentary signal turns a function on until another momentary signal
turns the same function off.

1.4.10. May. Discretionary.

1.4.11. Momentary. A control method which actuates a func-
tion for the duration of an input signal.

1.4.12. Power Train. A system or component to transmit power
from a motor to a drive wheel, i.e., gears, belts, chains, etc.

1.4.13. Quiescent-Energy Drain. The battery-energy dis-
charge through the control circuit when the wheelchair is not in
motion; the main power switch is turned on, and the controller does
not transmit power to the drive system. This is the normal energy-
drain characteristic of proportional electronic controls.

1.4.14. Shall. Mandatory.

1.4.15. Short Circuit. A condition of low resistance between
two points in a circuit resulting in excess current.

1.4.16. Should. Desirable.

1.4.17. Stability. A condition in which a vertical projection of
the center of gravity of a system falls within its base support. As
used in this Standard, it refers to resistance, to toppling or other
unwanted rotational motion.

1.4.18. Steady State. An operational condition which does not
change significantly with time. The term as used in this Standard
refers to uniform rates of energy consumption or uniform velocity.

1.4.19. Surge. A large sudden change of current or voltage.

1.4.20. Volt-Ampere (Watt). An electrical unit equal to the prod-
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uct of one volt and one ampere. DC operation is assumed.

1.4.21. Wheelie. A maneuver in which a wheelchair is momen-
tarily balanced on its rear drive wheels. Given sufficient amplitude of
front wheel lift-off, a condition of catastrophic instability may result
wherein the wheelchair may tilt backward, and the occupant be-
come injured.

2.0. Performance.

2.1. Speed.

2.1.1. Standard. Powered wheelchairs shall attain a certain mini-
mum speed but shall not exceed a maximum. Speed values shall
reflect class designation.

2.1.2. Specification. On smooth level terrain, Class | wheel-
chairs shall attain a maximum speed of not less than 2.5 mi/h (4.0
km/h), but not more than 4.0 mi/h (6.4 km/h), while carrying a test
load of 200 Ibs. (90.7 kg). On similar terrain, Class |l wheelchairs shall
attain a maximum speed greater than 4.0 mi/h (6.4 km/h}, but not
greater than 6.0 mi/h (9.7 km/h), while carrying a 200-1b (90.7 kg) test
load. A Class |l wheelchair shall perform as a Class || wheelchair
while carrying a 250-Ib. (113 kg) load.

Rationale. Normal walking speed is approximately 3.0 mi/h (4.8
km/h). The maximum speed of a Class | wheelchair should be similar
to, or slightly greater than, ordinary walking speed. Properly trained
wheelchair users can safely manage speeds of 6.0 mi/h (9.7 km/h)
provided by Class Il and Class Ill wheelchairs.

2.1.3. Speed Tests. Speed measurements shall be conducted in
a straight line on hard, flat, horizontal surfaces. Test loads shall
consist of an anthropomorphic dummy or a test subject with a
sufficient, additional, inanimate load to meet the weight require-
ments of Para. 2.1.2. Maximum speed shall be measured over a 50-
ft. (16.2 m) distance entered at full speed. An automatic timing
procedure, i.e., optical or load-sensor triggering, is recommended. If
stopwatch time measurements are to be used, the average elapsed
time taken from two independent observations will be obtained. If a
wheelchair is equipped with pneumatic tires, then proper pressure
shall be assured for each tire during the tests.

2.2. Inclined Surfaces.

2.2.1. Standard. Powered wheelchairs shall be capable of as-
cending inclined surfaces.

2.2.2. Specification. Class | wheelchairs shall climb inclined
surfaces of at least 6 deg. (10.5% slope) with a standard test load
(Para. 2.1.2.). Starting from a dead stop, Class | wheelchairs shall
achieve a final velocity of at least 1.5 milh (2.4 km/h). Class Il and
Class Il wheelchairs shall climb inclined surfaces of at least 9 deg.
(15.8% slope) with a final speed of at least 2.0 mifh (3.2 km/h).

Rationale. Most hospital entrance slopes do not exceed 6 deg.
(10.5% slope), and the inclined surface requirements will probably
be adequate to meet most barrier-free environments. (ANSIA117.1-
1951 (R 1971)). The UMPTA Standard for bus ramps is 9.0 deg.
(15.8% slope); Class Il.and Class lll wheelchairs should be capable of
climbing such ramps.

2.2.3. Inclined-Surface Test. The inclined surface shall be hard,
flat, and of the non-skid type. Length shall be sufficient to permit the
wheelchair to be driven 30.0 ft. (9.1 m} in a straight line. The wheel-
chair, plus standard load, shall accelerate from a standing start at
the bottom of the ramp with the controller set at maximum speed.
The time to traverse the central 10-ft (3.05 m) span will be used to
gauge velocity. The means of measuring velocity shall be those
given in Para. 2.1.3.

2.3. Range.

2.3.1. Standard. Powered-wheelchair range (distance traversed
on a single battery charge) shall be suitably large and shall reflect
the classification of the wheelchair.

2.3.2. Specification. Class | wheelchairs shall travel a mini-
mum of 6.0 mi (9.6 km) on hard, flat, horizontal suirfaces on a single
battery charge. Class Il and Class lll wheelchairs shall travel a

minimum distance of 10.0 mi (16.1 km) on a single charge. All
wheelchairs shall achieve the indicated ranges for 20 complete
cycles. Each cycle shall start with the same batteries in a fully
charged state. Weightload conditions shall be as given in Para. 2.1.2.
Manufacturers shall recommend appropriate battery types, sources
of supply, and case sizes to meet range requirements, or the manu-
facturer shall provide appropriate batteries with wheelchairs.

Rationale. Typical, daily, indoor use should not require an
electrically powered wheelchair to travel more than 6.0 mi (9.6 km)
since this distance is comparable to values covered daily by normal
walkers. Thus, a 6.0-mi (9.6 km) range for Class | wheelchairs is
sufficient. Class |l and Class Il wheelchairs offer greater perfor-
mance by definition: the 10-mi (16.1 km) range requirement reflects
the additional performance requirement.

The Range Test, given below, is designed to be conducted in
conjunction with the Electrical-Energy Conductance Test (Para.
3.5.2.).

2.3.3. Range Test. The wheelchair is to be equipped with a
standard test load (Para. 2.1.2.) and driven over a relatively high-
friction, horizontal, flat, hard course at an average speed equal to, or
exceeding, two-thirds maximum speed. Long stops acting to pro-
mote battery recovery and component temperature drop are not
desirable; should the stopped time exceed one minute in the course
of a given range test, the result shall be unacceptable. Course layout
shall employ a tape measure or calibrated odometer. Should the
course be small in comparison to the range, lap counting is an
acceptable measure of distance. The test will terminate when either
the desired range is achieved or the batteries are incapable of
propelling the wheelchair, plus test load, at two-thirds maximum
speed.

2.4. Dynamic Characteristics. Dynamic characteristics refer to
wheelchair performance and stability of the occupant and wheel-
chair when the motion of the wheelchair changes in magnitude
andlor direction.

2.4.1. Standard. Wheelchair dynamic characteristics shall not
cause discomfort or loss of stability to the user.

2.4.2. Specification. The horizontal acceleration of a powered
wheelchair shall be essentially uniform and not cause any distur-
bance which may adversely affect the occupant’s control over his
motion and stability and of the wheelchair. Maximum, horizontal,
wheelchair acceleration shall not exceed 0.6 G. Horizontal jerk shall
not exceed 10.0 G/sec.

Rationale. Sudden changes in motion (acceleration or decel-
eration) by a marginally stable wheelchair with an occupant, espe-
cially on inclines, may create a dangerous condition; this may be
exacerbated by users with atypical, anatomical, weight distribution
such as amputees.

2.4.3. Dynamic-Characteristic Test. The acceleration value to
be measured is the maximum value developed from a standing start
by the wheelchair while carrying a standard test load consisting of a
male driver, plus sufficient dead load, to bring the total to specified
standards (Para. 2.1.2). A commercial servoaccelerometer is to be
fastened firmly to the frame of the wheelchair. The control stick is to
be moved forward as rapidly as possible by the wheelchair occu-
pant. Accelerometer results are to be recorded as a function of time
using an appropriate high-frequency response oscillograph or an
oscilloscope. Should the base line shift in the course of the run, the
implication is that the accelerometer attitude has changed; the test
is unacceptable. An average of five successful readings is required
to establish the desired acceleration value. Jerk is to be determined
by graphically differentiating the acceleration versus time record,
described above, in the conventional manner,

2.5. Level Braking.

2.5.1. Standard. The powered wheelchair shall be capable of
decelerating in a safe comfortable manner from maximum velocity.

2.5.2. Specification. Class | wheelchairs shall not roll less
than 1 ft (.30 m), or more than 3 ft {91 m), on a smooth, hard,



PAGE 133

horizontal surface after release of the speed control while undergo-
ing maximum velocity under rated load conditions (Para. 1.2.).

Class Il wheelchairs shall not roll less than 3 ft (.91 m), or more
than 6 ft (1.83 m), on a horizontal surface after release of the speed
control while undergoing maximum velocity under rated load con-
ditions (Para. 1.2.).

Class lll wheelchairs shall not roll less than 4 ft (1.22 m), or more
than 8 ft (3.05 m), on a horizontal surface after release of the speed
control while undergoing maximum velocity under rated load con-
ditions (Para. 1.2.).

Maximum deceleration in each class test shall notexceed 0.6 G.

Rationale. With power suddenly removed, whether or not in-
tended (e.g., zero-command input), wheelchairs in motion may stop
abruptly or tend to coast excessively. Such potentially undesirable
motions should be controlled to assure the safety and comfort of the
occupant. Regenerative braking or other types of braking involving
the mechanical resistance of gear trains and the sliding contact of
high-friction surfaces are all acceptable means of decelerating the
wheelchair.

2.5.3. Level-Braking Test. The wheelchair, plus proper test
load, shall be driven at maximum velocity on a hard, flat, horizontal
surface. When a marker is reached, the driver is to release the
control. The distance traversed in coasting to a full stop, obtained
through use of a tape measure, is the required, level-braking, test
measurement.

2.6. Ramp Braking.

2.6.1. Standard. Power failure on a ramp shall not produce
dangerous forward rolling or backward motion.

2.6.2. Specification. Powered wheelchairs carrying proper
test loads (Para. 1.2.), when released from a standing start, shall not
roll down a 6.0-deg. incline faster than 0.5 mi/h (0.8 km/h).

2.6.3. Ramp-Braking Test. The ramp shall be hard, flat, and of a
non-skid surface type. Length shall be sufficient to permit the wheel-
chair to coast 15.0 ft (4.58 m) in a straight line from the point of
release. The time required to traverse the last half of the ramp will be
used to gauge velocity. The means of measuring velocity shall be
those given in Para 2.1.2. The starting velocity, at the top of the
ramp, shall be zero. Runs are to be conducted with the control
system in the “on"” position and in the "“off"” position so as to seek
that condition producing the largest ramp-descent velocity. If there
is a difference, the largest value measured is to be employed as the
final value. The user is not to activate the joystick or other speed
regulating means in the course of this test.

3.0. Electrical Characteristics and Requirements.
3.1. Level Ground.

3.1.1. Standard. Electrical consumption rates, expressed in
watts, shall reflect reasonable efficiency. Extraordinary power de-
mands are undesirable.

3.1.2. Specification. Level ground electrical-energy drain of
all powered wheelchairs shall not exceed 600 watts during steady-
state operating conditions or 1500 watts during surges.

Rationale. Surge conditions follow immediately upon the ap-
plication of power to the drive motors; steady-state conditions exist
when the wheelchair achieves uniform motion. Permissible electri-
cal-power values, given above, reflect measurements obtained with
the most common powered-drive systems.

It is appreciated that the test, given immediately below (Para.
3.1.3.), may not be precise at low-energy consumption levels. How-
ever, it is believed that the testing error is negligible at the maxi-
mum-energy levels sought.

3.1.3. Level Ground Electrical-Consumption Test. Measure-
ments shall be made with fully charged batteries. The test drive
surface shall be hard, flat, and horizontal. The wheelchair shall carry
an appropriate test load (Para. 2.1.2.). Voltage and current readings
shall be made with meters offering a sufficiently fast response time.
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Both steady-state and surge-power readings are to be obtained

under conditions of full power application to the wheelchair. Surge

readings shall be obtained with the wheelchair initially at rest.
3.2, Ramp Ascent.

3.2.1. Standard. Ramp ascent shall be conducted in an efficient
manner.

3.2.2. Specifications. Ramp-ascent electrical-energy con-
sumption shall not exceed 1000 watts during steady-state condi-
tions or 15600 watts during surges.

3.2.3. Ramp-Ascent Electrical-Consumption Test. The test
procedure shall be as given in Para. 3.1.3., with the substitution of an
appropriate ramp for the prior level surface. Proper ramp angles
shall be chosen for each wheelchair class from that description
given in Para. 1.2.

3.3. Quiescent-Energy Drain.

3.3.+. Standard. Quiescent-energy drain shall be minimal.

3.3.2. Specification. Quiescent-energy drain shall not exceed
5.0 watts. Indicator lamps, if used, shall not consume more than 0.5
watts each. No current drain shall exist when the main power switch
is turned off.

Rationale. Excessive quiescent-energy drain leading to prema-
turely depleted batteries is clearly undesirable.

3.3.3. Quiescent-Energy Drain Test. Conventional voltage and
current meters shall be arranged to monitor battery output.

With the main power switch on and all other controls inactive,
readings are those of quiescent-energy loss.

3.4. Short Circuit Protection.

3.4.1. Standard. Wheelchair controllers shall incorporate rea-
sonably accessible short circuit protection elements, such as man-
ually resettable circuit breakers or fuses, to prevent inordinately
large or potentially dangerous battery discharge currents.

3.4.2. Specification. Manually resettable circuit breakers are
permitted. Automatic resetting circuit breakers shall not be accept-
able. Fuses are also permissible but shall be clearly labeled with
respect to pertinent electrical rating for proper replacement. It is
recommended that if fuses are employed, their proper replacements
should be housed in the controller.

Short circuit protective components shall be located adjacent to
the wheelchair battery.

To permit adequate time for compliance with these Standards,
the effective date shall be one year from the date of their publication
in the Federal Register.

Rationale. Short circuit protection components are clearly de-
sirable since they offer protection against excessive, undesirable,
electrical loads as well as short circuits. The resetting feature of
automatic resetting circuit breakers is unacceptable since a possible
danger may exist for the wheelchair user if inordinately high electri-
cal current, caused by a malfunction, is maintained.

3.4.3. Short Circuit Protection Test. The adequacy of short
circuit protection shall be determined by inspection of the submitted
wheelchair, plus circuit diagrams.

3.5. Electrical-Energy Conductance.

3.5.1. Standard. All electrical components shall transmit cur-
rent safely without developing excessive local temperatures.

3.5.2. Specification. The wheelchair shall be capable of oper-
ating at maximum slope-ascent current-drain conditions for 10 min-
utes, and at maximum speed on level terrain for one-quarter hour,
with complete safety and without excessive heat generation. User-
accessible surfaces will not exceed 50 deg. C. Temperature tests
shall be conducted in such a manner so as to preclude undesirable
ambient-temperature effects, e.g., indoors or outdoors on cloudy or
cool days. The wheelchair chassis shall not be employed to conduct
electrical current. All electrical components and assemblies shall be
rated for that condition corresponding to maximum slope-ascent
current.

3.5.3. Electrical-Energy Conductance Test. At the conclusion of
the Range Test (para. 2.3.), user accessible portions of the wheel-
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chair shall be examined with a thermometer to measure surface
temperature; temperatures greater than 122 deg. F. (50 deg. C) are
unacceptable. Circuit boards, insulation, etc., shall be inspected for
signs of excessive temperature such as discoloration. Electrical
current between the battery and wheelchair frame shall not be
permissible. Inspection of connector contacts is required to assure
no loss of electrical effectiveness as a result of the Range Test.
3.6. Rain Operation.

3.6.1. Standard. Powered wheelchairs intended for outdoor us-
age shall be capable of operating in heavy rain without mechanical
or electrical difficulties.

3.6.2. Specification. Rain shall not impair the function of
Class lll electric wheelchairs aside from reduction of traction result-
ing from wet surfaces.

3.6.3. Rain Operation Test. A Class |ll wheelchair, under test,
shall be sprayed by a shower or equivalent spray device. Cold fresh
water shall be used in amounts simulating heavy rain intensity, 3/16
in (4.756 mm), during a 10-minute period, after which the wheelchair
is to be driven immediately. Observations of function during the
subseqguent period shall focus on possible power loss and control
difficulties. Any significant reduction in performance, control, or
safety caused by the simulated rain is unacceptable, with the single
exception of that natural reduction in available traction resulting
from wet tires.

Class | and Class Il wheelchairs are exempted from this test.

4.0. Power Drives.

4.1. Disengagement.

4.1.1. Standard. All electrically powered wheelchairs shall roll
when a moderate force is applied to the push handles by an
attendant.

4.1.2. Specification. Wheelchairs shall be acceptable if the
maximum push force, to maintain motion, does not exceed 20 |bs
(89 N) when pushing the wheelchair by the push handles in a
straight line on a horizontal, hard, flat surface at a negligible speed.
This may be accomplished by the use of an easily accessible disen-
gagement mechanism for attendants to release the drive wheels
from the power-drive system. Removal or addition of components
or subassemblies to achieve this requirement shall not be
acceptable.

Rationale. It is imperative that an attendant be able to readily
push a disabled wheelchair. The 20-Ib (89N) force is four times that
required to initiate movement in a manually propelled wheelchair
according to Veterans Administration Standard (Federal Register,
Vol. 42, No. 239, Tuesday, December 13, 1977), Para. 3.2.5.4.2.)

4.1.3. Power-Drive Disengagement Test. The powered wheel-
chair, plus standard test load (Para. 1.2.), shall be placed in a simu-
lated power-failure condition upon a flat, horizontal, hard surface.
The drive disengagement device, if any, shall be employed. (Active
disassembly of the wheelchair, or any portion thereof, shall not be
acceptable as a form of disengagement device.) The force required
to propel the chair at a negligible speed shall be measured with a
suitable force gauge such as a dial push-pull gauge. The measured
force magnitude must not exceed 20 Ibs. (89N).

4.2. Types and Appropriate Safeguards. Although different
power-drive systems may be used, each shall provide maximum
safety for the user.

4.2.1. Belts. Belts are used to transfer power from motors or
speed reducers to drive wheels. The wheelchair shall incorporate
guards, covers, side panels, and any other suitable safeguards that
preclude pinching, jamming, and catching the occupant’s anatomy
and clothing.

4.2.2. Chains. Suitable guards shall be incorporated to pre-
clude contact between the chain drive and the occupant’s anatomy
and clothing. Dripping of lubricants from the wheelchair is
unacceptable.

4.2.3. Friction Gear and Other Exposed Drives. Suitable
guards or side panels shall be employed with friction drives to
preclude contact between the drive components and any part of the
occupant's anatomy or clothing. Only automatically adjusting
mechanisms which engage the friction drives with the tires shall be
acceptable.

Rationale. Friction drives are subject to inordinate tire wear and
gouging for several reasons including low tire pressure, chassis
flexion, and wheel concentricity. Spring-loaded mechanisms, for
instance, ameliorate these problems.

4.2.4. Tires. All requirements of Veterans Administration Stan-
dard (Federal Register, Vol. 42, No. 239, Tuesday, December 13,
1977) shall be met.

4.25. Powered Wheels. These drive mechanisms are housed
within drive wheels or hubs. Safety considerations shall match
those for conventional wheelchairs. (Veterans Administration Stan-
dard, Federal Register, Vol. 42, No. 239, Tuesday, December 13,
1977.)

Rationale. Protective arrangements, such as guards or shields,
are required to assure safety of the wheelchair occupant from all
types of drive configurations. Exceptions are powered wheels, since
their configurations are not unlike conventional wheelchairs. How-
ever, these chairs should incorporate side panels and any other
protective features similar to conventional wheelchairs.

4.2.6. Add-On Power Packages. The manufacturer shall be re-
quired to list all manually propelled wheelchairs that are claimed as
suitable and compatible with the add-on power pack. Listed data
shall include the manufacturer, style, model name, and model num-
ber of the wheelchair.

4.2.7. Power-Drive Safeguard Test. The adequacy of power-
drive safeguards shall be determined through inspection of the
submitted wheelchair by qualified professional personnel. Any de-
sign configuration leading to contact between the user and wheel-
chair segments capable of causing soft tissue or other trauma shall
be rejected. Similarly, any design configuration leading to contact
between the user and wheelchair segments capable of tearing or
soiling the clothing of the user shall be rejected, except in the case of
accidentally loose or trailing clothing.

5.0. Stability.
5.1. Occupant Stability. Class |l and Class Ill wheelchairs shall be
equipped with body restraints such as seat belts or torso harnesses.
Rationale. The higher speeds and accelerations of Class Il and
Class Il wheelchairs require the use of body restraints to offer
adequate user stability. Those occupants lacking natural stability are
in particular need of such restraints.

5.1.2. Occupant Stability Test. The adequacy of occupant sta-
bility shall be determined by inspection of the body restraint incor-
porated into the configuration of Class Il and Class Il wheelchairs.

5.2. Wheelies.

5.2.1. Standard. Maximum wheelchair acceleration shall not
cause uncontrolled or unrestricted lifting of wheels during normal
use.

5.2.2. Specification. This requirement shall apply on level
surfaces, as well as on inclines, reflecting the ascending capability of
the wheeichair with an actual or simulated wheelchair occupant.
Wheelies shall be limited by any reasonable means, e.g., accelera-
tion limiters or antitipping devices mounted on the rear of the
wheelchair.

Antitipping devices or any other mechanical methods that are
used to limit wheelies action shall not prevent the wheelchair from
traversing such common obstacles as door saddles, curb cuts, or
short inclined surfaces.

5.2.3. Wheelies Test. The wheelchair shall be accelerated to
the greatest extent possible in reverse and forward directions so as
to seek that combination of consecutive accelerations producing the
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greatest front wheel lift-off. Regenerative brakes or automatic
brakes are to be employed in this procedure; wheel locks or manual
brakes are not to be applied. The maximum lift-off observed shall
not exceed 3.0 in (7.6 cm) between the ground and the bottoms of
the caster wheels if no means to limit wheelies is evident. Maximum
lift-off may be greater if some effective means to limit wheelies is
evident. Under no circumstances shall the wheelchair topple in any
direction. This test shall be conducted on a flat, horizontal, non-slip
surface at standard load (Para. 1.2.) and half-standard load weight
conditions. This test shall also be conducted on an inclined surface
at an angle corresponding to the class capabilities given in Para.
2.2.2.
5.3. Turning on a Ramp.

5.3.1. Standard. Electrically powered wheelchairs shall be
capable of turning on an incline while providing adequate stability
to the occupant.

5.3.2. Specification. Electrically powered wheelchairs with a
200-1b {80.7 kg) test load shall be capable of 180-deg. turns on a
ramp.

Rationale. A powered wheelchair with its occupant must be
able to change direction safely or accelerate on a ramp. The wheel-
chair may exhibit an increased tendency toward instability at maxi-
mum inclination, especially with occupants who have unusual
bodyweight distributions. Narrow wheelchairs with small bases
may exhibit an undesirable tendency to tip over sideways at maxi-
mum inclination even at low speeds.

5.3.3. Turning on a Ramp Test. The wheelchair, carrying a
standard load (Para. 1.2.), shall execute half-turns (180 deg.) or
broken U-turns upon a ramp of standard slope (Para. 1.2.). Turns
shall be performed in both uphill and downhill direction. Velocity
during the turn shall be reasonably small to preclude significant
inertial effects. Lift-off of any wheel exceeding 0.4 in (1 cm) shall not
be acceptable.

5.4. Caster-Wheel Flutter.

5.4.1. Standard. Caster-wheel flutter shall not be acceptable.

5.4.2. Specification. Caster-wheel flutter which cannot be re-
moved with relatively minor action shall not be acceptable.

Rationale. The effect of flutter, especially at higher speeds, is to
induce wheelchair vibration to decrease the stability of the wheel-
chair and to diminish the control which may be exercised by the
user. Additional drag may also result.

5.4.3. Caster-Wheel Flutter Test. The caster wheels shall be
observed over the full range of velocities and loading conditions;
the test driver shall accelerate the wheelchair so as to seek that
combination of velocity, load, and acceleration, if any, capable of
causing flutter. Loading is to be varied in the range from half to full
test load by employing drivers of different weights and/or suitable
inanimate loads. All tests shall be conducted on smooth level ter-
rain. Observations of flutter shall be conducted by the wheelchair
driver or an observer from a short distance.

If flutter is evident but subsequent minor adjustments to the
caster-wheel assembly eliminate such flutter, then the wheelchair
under test shall be considered free of flutter.

5.5. Tracking.

5.5.1. Standard. Sudden removal of power from the drive mo-
tors shall not result in excessive veering of the wheelchair.

5.5.2. Specification. Powered wheelchairs shall not deviate
from a straight line path by more than 10 deg. following the shut-
down of power.

5.5.3. Tracking Test. A sheet of paper, roughly 4 ft (122 cm) by 8
ft (244 cm), which serves as test record, is taped to a flat horizontal
floor. The wheelchair, while carrying a full test load, is driven on a
straight path at a maximum speed over the paper in the direction of
the long dimension. After the paper is initially traversed, the con-
trols are released, and the wheelchair comes to a stop. Tire tracks
(dirt) on the paper permit construction of the wheel path.

Veering is shown by an angular difference between before and

after braking portions of the tracks and is measured by a protractor.
The angle to be measured is that between the ideal straight line
path, if veering did not occur, and the line drawn between the wheel-
chair location when power was removed and the final wheelchair
location.

Should the wheelchair be equipped with a braking means other
than regenerative, capable of reducing velocity upon manual or
other actuation, such brakes will also be tested in the manner given
above. Application of such brakes will be made initially traversing
the paper. Veering will be measured as given above.

Parking and other locking type brakes shall not be employed
during this test.

5.6. Obstacles and Ground Clearance.

5.6.1. Standard. The wheelchair and occupant shall remain
stable while surmounting and traversing obstacles. Ground clear-
ance shall be adequate to traverse curb cuts and uneven terrain.

5.6.2. Specification. Class | wheelchairs shall traverse obsta-
cles 1.0 in (2.5 cm) high and 4.0 in (10.2 cm) wide with rounded
corners (i.e., 0.25 in or 6.0 mm radius). The wheelchair must negoti-
ate these obstacles in either the forward or reverse direction from a
maximum running start of 2.0 ft (0.6 m). Class Il and Class llI
wheelchairs shall traverse obstacles thatare 2.0 in (6.1 cm) high with
rounded corners as given above.

Rationale. It is expected that powered wheelchairs will be
required to traverse small obstacles, such as door saddles, during a
normal day’s activity. The requirement to traverse a rounded edge is
intended to preclude tire damage. Class Il and Class Ill wheelchairs
are expected to negotiate curb cuts and poor driveway alignments.

5.6.3. Obstacle and Ground Clearance Test. Suitable wooden
obstacles are to be prepared from the cross-sectional dimensions
given in Para. 5.6.2. The obstacle length should equal, or exceed, the
width of known wheelchairs. Fastening of obstacles to a smooth
horizontal floor shall be accomplished with rigid fasteners such as
screws or bolts. The wheelchair should be positioned at right angles
to the obstacle with the appropriate wheel center (either caster
wheel or drive wheel), 2.0 ft (0.61 m), in a horizontal sense from the
obstacle leading edge. Tests are to be conducted with the wheel-
chair operating in either forward or reverse directions. Carrying a
standard test load (Para. 1.2.), the wheelchair is to accelerate to-
wards and surmount the obstacle from a standing start without
damage to any portion of the wheelchair. Contact with any part of
the wheelchair, exclusive of the wheels or antitipping devices, shall
be viewed as evidence of inadequate ground clearance.

6.0. Structural Requirements. The structural requirements of a
powered wheelchair shall be commensurate with its overall perfor-
mance and intended purpose. The higher performance wheelchairs,
Class Il and Class Ill, intended for use outdoors or on mildly uneven
terrain, shall be sufficiently strong to withstand the stresses of
higher performance.

6.1. Class | Wheelchairs. This class of wheelchairs shall meet the
requirements of the structural tests for non-powered wheelchairs,
excluding drop tests. These tests shall be performed with batteries,
motors, and controllers installed. Where applicable, maximum ve-

 locities shall be used. Such tests are detailed in the Veterans Admin-

istration Standard (Federal Register, Vol. 42, No. 239, December 13,
1977).

6.2. Class Il Wheelchairs. These higher performance wheel-
chairs shall undergo structural tests similar to those for Class |
wheelchairs.

Rationale. Higher performance, Class I, powered wheelchairs,
compared to Class | types, will encounter greater stress due to
greater speeds and increased drive torques to traverse uneven
terrain and to climb steeper inclines.

6.3. Class I/l Wheelchairs. This class of wheelchairs shall be
subjected to the same test requirements as Class | and Class II.
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However, the load, i.e., person or anthropomorphic dummy, require-
ments shall be increased by 25 percent.

Rationale. Twenty-five percent additional occupant load is esti-
mated to represent the stresses imposed by operating on the un-
even terrain for which these chairs are intended.

6.4. Foldability and Portability. It shall not be mandatory that
powered wheelchairs of all classes be foldable. Wheelchairs which
require assembly shall be readily assembled without need for spe-
cial tools or fixtures.

Rationale. Powered wheelchairs typically weigh 150 Ibs. when
fully assembled. Such bulk is not readily portable and, therefore,
need not be foldable. From extensive clinical evaluation, it is deter-
mined that most powered wheelchairs are rarely transported from
one place to another. Exceptions are wheelchair users who have
access to vans with power lifts.

6.5. Battery Security and Accessibility. Battery trays and bat-
teries shall be secure on the wheelchair frame. While the batteries
may be enclosed, reasonable access for routine maintenance is to
be provided. Special tools shall not be required to assure security or
to provide maintenance.

7.0. Battery Chargers. Battery chargers are considered to be part of
the powered-wheelchair system and subject to the following
requirements.

7.1. General Characteristics. Battery chargers shall be separate
and distinct units that are not physically, electrically, or in any
manner permanently connected to the wheelchair chassis. Only low
magnitude DC voltages shall be transmitted to the wheelchair bat-
tery. The powered wheelchair shall not be operational when the
charger is connected to the chair.

Exceptions to the concept of entirely separate charger and wheel-
chair devices (as compared to built-in or bolted-on) shall be permit-
ted only for those combined chargers and wheelchairs able to
achieve Underwriter Laboratory listing under appropriate mobile-
use hospital and home test categories.

Rationale. Because of potential shock hazard, battery chargers
comprising a portion of the wheelchair chassis or permanently
connected to the chassis are not encouraged. Typical battery char-
gers are neither designed nor intended for mobile use.

7.1.1. Cables and Connectors. The DC voltage pair shall be of
such design and configuration that electrical connection shall be
permitted directly to the wheelchair battery only from the output
{low-voltage) side of the charger. The high-voltage line shall permit
electrical connection only to standard, wall-mounted, grounded,
power receptacles on the input (high-voltage) side of the charger. All
connector contacts shall be appropriately designed to avoid poten-
tial short circuits.

Rationale. These precautions should be taken in order to avoid
possible electrical shocks to wheelchair users or attendants.

7.1.2. Voltage and Current. Maximum charging rates and
charging procedures shall be clearly shown on the front panel of the
battery charger. The charger shall provide only one output voltage.
Leakage current tests shall be performed and shall not exceed 0.5
ma.

7.2. Battery-Charger Tests. Only automatic battery chargers shall
be recognized. These chargers shall incorporate ammeters that
clearly show charging current; the face of the ammeter shall be
labeled with charging current in amperes or qualitative words such
as low, medium, and high.

Rationale. Battery chargers that do not automatically reduce the
charging rate to near zero as the battery becomes fully charged,
reduce the useful life of a battery because of evaporation of electro-
lyte. Automatic timers do not necessarily correct this problem.

7.2.1. Charging Rates. The automatic battery charger shall re-
duce the charging rate to less than one-half amp when a normal,
physically and electrically sound battery attains a full charge. Fol-

lowing the initial surge current, maximum battery-charge rate shall
be approximately c/10 (energy storage capacity divided by 10
hours). If two batteries are charged in parallel, then charge-sharing
features shall be incorporated into the system to preclude one
battery from discharging into the other. Sequential charging is
unacceptable if two or more batteries are used on one chair.

Rationale. Charging current limitations are based upon battery
life and safety considerations.

7.2.2. Overload Protectors. A circuit breaker or fuse shall be
incorporated into the charger. The circuit breaker shall be a manual-
reset type.

8.0. Control Systems and Components.

8.1. Documentation. Powered-wheelchair shipments shall in-
clude schematics, operational and maintenance manuals, and com-
plete parts lists providing sources of components, if other than the
wheelchair manufacturer. Each and every part is to be listed. Model
and serial numbers shall be permanently affixed and clearly visible
on the wheelchair.

8.2. General.

8.2.1. Control Interfaces. The control interface (e.g., joystick,
pneumatic tube, microswitch), if attached to or suspended from any
part of the wheelchair occupant’s anatomy, shall not cause skin
abrasion or irritation when used according to design. The position of
the control interface shall remain essentially constant.

8.2.2. On-Off Switch. The wheelchair shall have a reasonably
accessible and easily operable, main power control available for its
user,

8.3. Speed Controls. Electrically powered wheelchairs are nor-
mally equipped with proportional, variable, or adjustable speed
controls. All powered wheelchairs submitted for evaluation must
offer the occupant at least two distinct speeds. Wheelchairs that
provide only one constant speed shall not be acceptable. All controls
and switches shall be clearly labeled.

8.3.1. Proportional. A proportional speed control permits a
wheelchair occupant to select speeds between zero and maximum
in infinitesimal steps that depend on joystick excursion or force. This
method is most desirable.

Rationale. A proportional control is preferred since it is easiest
to operate. A proportional control also provides smoother wheel-
chair response and promotes optimal wheelchair speed usage.

8.3.2. Variable. A variable speed control permits the occupant
to dial a single speed between zero and maximum infinitesimal
steps; the selected speed is maintained by the wheelchair until the
occupant selects a new setting.

8.3.3. Adjustable. An adjustable speed control permits a wheel-
chair user to select one of two or more available fixed speeds. Under
no circumstances shall this method be acceptable for a wheelchair
with maximum speed over 3.0 milh (4.8 km/h). Power may be
switched on and off with common switching components such as
relays, microswitches, or toggle switches.

Rationale. Adjustable speed controls are generally acceptable
for low speeds since jostling of the wheelchair occupant is generally
minimal. However, at speeds in excess of approximately 3.0 mi/h (4.8
kmih), acceleration may be large; patients with flaccid muscles or
tremors usually find such controls extremely difficult to operate
under such circumstances.

8.3.4, Speed Selection. Manually manipulated joystick assem-
blies with microswitches shall provide a minimum of two speeds for
the occupant.-The speed selections shall provide maximum speed
and approximately half maximum speed. If three speed selections
are available, then maximum speed and approximately two-thirds
and one-third maximum speed shall be provided. The speed selec-
tion switch shall be readily accessible and easily operable by the:
user,

8.4. Joystick Control. Joystick controls may be operated by hand’
or finger manipulation, chin excursion, or any cother convenient
anatomical motion by the occupant. All controls shall provide read-
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ily accessible, main-power switches for wheelchair occupant use.
Joystick controls shall be readily adaptable for left- or right-handed
operation and readily adjustable. Joysticks shall provide the user
with easy, convenient, and safe control of wheelchair movement.
Their use shall not require excessive force, extremely fine motions,
or extensively occupy the user's attention. Observation by experi-
enced clinicians will be used to determine compliance with this
Standard.

Rationale. In general, most quadriplegics experience
some difficulty manipulating joystick assemblies incorporat-
ing microswitches.

8.4.1. Manual Types. Manually manipulated joysticks may be
used to operate microswitch assemblies or proportional controls.
Proportional controls are optional for use on Class | wheelchairs,
suitable for indoor use, but shall be required for Class Il and Class Il
wheelchairs. Joystick assemblies with microswitches are optional
for Class | wheelchairs, suitable for indoor use, but shall be pre-
cluded from use on other types.

Rationale. Class Il and Class lll wheelchairs provide ample
evidence that proportional controls are necessary to effectively
modulate vehicular speed and enhance control; proportional con-
trols also permit smoother acceleration than their microswitch
counterparts.

8.4.2. Chin Types. Chin-manipulated joysticks shall be readily
mounted on suitable adjustable brackets in close proximity to the
wheelchair occupant’s chin. Additional requirements, previously set
forth, also apply.

8.4.3. Oral Types. Orally manipulated joystick controls, utilizing
lips, tongue, or teeth, shall be avoided if possible. When absolutely
necessary, oral controls shall be used only on Class | wheelchairs,
suitable for indoor use. Orally manipulated controls shall be suffi-
ciently flexible to preclude injury to any portion of the occupant’s
anatomy. Elements introduced into the mouth shall be readily
cleaned or easily replaced. Requirements covered in preceding con-
trol sections shall apply.

Rationale. Occasionally, mouthstick-manipulated joysticks are
prescribed for patient use. When these patients are fitted with
conventional chin-control models, acceptance levels are higher due
to increased comfort and cosmesis. Clinical experiences demon-
strate that mouthstick and tongue switches are usually rejected by
patients when more suitable alternative controls are available. To
this extent, pneumatic controls may be subject to the same recep-
tion, but the flexibility of a pneumatic actuator tube is a decided
improvement over hand levels or joysticks. Pneumatic controls also
require less head motion and are especially useful for the more
severely disabled.

8.5. Pneumatic (Breath) Controls. Two types of pneumatic con-
trols, momentary and latching, are recognized. The former requires
continuous positive or negative air pressure to achieve and main-
tain wheelchair motion. Latching controls require momentary or
intermittent, positive or negative air pressure to achieve, change, or
cease wheelchair motion. A combination of momentary and latch-
ing actuators are acceptable in a single control system. Actuating
pressures shall not require the active use of the diaphragm. Maxi-
mum actuating pressure shall not exceed 0.5 psi. An adjustable
support bracket for the pneumatic tube(s) shall maintain its position
under ordinary operating conditions.

8.5.1. Momentary. Momentary pneumatic controls may be
used on all types of Class | wheelchairs. A choice of at least two
speeds or an infinitesimally variable speed, adjustable from zero to
maximum, shall be readily accessible to the wheelchair occupant. If
two speeds are provided, then the lower speed shall be approxi-
mately half that of maximum.

Rationale. Momentary controls are inherently safe since cessa-
tion of pneumatically induced signals or commands cuts off power
to the drive motors.

8.5.2. Latching (Holding). A Class | wheelchair with a maxi-

mum speed of up to 3.0 mifh (4.8 km/h) shall provide either a variable
speed mechanism or a selection of at least two fixed speeds, as
described above. If maximum speed exceeds 3.0 mi/h (4.8 km/h),
then the speed control shall incorporate a variable speed mecha-
nism or a selection of at least three fixed speeds, each of which
incorporates acceleration limitation. Pneumatic latching controls
shall incorporate a convenient and easily operable actuator for
selection of power on-off and any automatic reset modes. This may
be achieved with a pneumatic switch, microswitch, or any other
actuator or auxiliary switch for power selection readily accessible to
the wheelchair occupant.

Rationale. Latching controls are not as physically demanding
(fatiguing) as momentary controls but require increased attention.
For instance, cessation of pneumatic pressure in a momentary
control immediately turns off power to the drive system of the
wheelchair; a latching control requires some additional action on
the part of the wheelchair user to effect the same action. Another
consideration is that uneven surfaces or small obstacles may cause
a wheelchair occupant to lose access to the pneumatic controller
and create a potentially dangerous situation. Since this would not
occur with a momentary controller, it is recommended that higher
speed wheelchairs, which incorporate latching mechanisms, should
be confined to essentially hard flat surfaces (not exceed 0.5 psi, Para.
8.5.).

Field tests will supply supplementary data concerning the inter-
facing of controls with users. In particular, the possibility of control
limitations or restrictions arising from the various forms of handicap
will be explored.

In the event of conflict between laboratory and field test results,
field test work will be assigned the decisive role. Thus, control
systems found inadequate for sufficient reason, by users, will be
deemed unacceptable regardless of the outcome of laboratory tests.

8.6. Other Types of Controls.

8.6.1. Standard. Miscellaneous controls, i.e., those not specifi-
cally referenced in these Standards, shall be acceptable only upon
demonstration of safety and utility.

8.6.2. Specification. By definition, specifications cannot be
prepared for a novel control system; only lengthy clinical experi-
ence permits the construction of useful specifications.

Rationale. Experience has shown that sequential selection of
wheelchair modes (e.g., forward, reverse, right turn, left turn, stop,
etc.) has not been successful. Similarly, controls that rely on eyeball
motion, such as ocular controls or automatic sequencing systems,
have been found undesirable because of awkward operation and
increased reaction time. Thus, unconventional controls, no matter
how ingenious, require searching field tests to establish merit.

8.6.3. Miscellaneous Control Tests. Miscellaneous control sys-
tems are required to prove utility and safety characteristics through
extensive field and laboratory tests. Test protocols are to be pre-
pared to reflect the precise characteristics of a given system. Ex-
emptions from the general tests for ruggedness and sturdiness,
contained within these Standards, may be sought for those control
systems clearly intended for limited use. For example, devices
limited to apartment use only may be exempted from certain struc-
tural tests.

8.7. Support Brackets.

8.7.1. Standard. All wheelchair controls shall be mounted on
suitable support brackets.

8.7.2. Specification. Brackets shall be sufficiently adjustable
to fit all standard wheelchair configurations, including straight-back
and semi-reclining, but retain sufficient rigidity to hold a preselected
orientation throughout the course of typical day's use. The support
bracket shall not prohibit patient entry or egress. No special tools
shall be required to achieve desirable position and orientation of
support brackets.

Rationale. Chin-control brackets must be sufficiently rigid to
maintain the joystick assembly in close proximity to the occupant'’s
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chin and to resist forces generated by the occupant’s chin during the
course of daily activities. Early chin-control brackets did not offer
this feature, and it was not uncommon for patients to be marooned
after approximately three-quarters of an hour of use. Certain control
elements, such as pneumatic tubes, are not subject to significant
forces and must simply maintain the control element in close prox-
imity to the occupant’s mount. In this situation, goosenecks or
flexible metal rods, if sufficiently rigid, shall be acceptable. All
control devices, including manually manipulated joysticks, should

Calendar of Events

be suspended on readily adjustable brackets and not require atten-
dants to use special adjustment tools.

8.7.3. Support Bracket Tests. The safety, utility, and perfor-
mance of support brackets will be determined from field test results
(Para. 1.2.3.) in which handicapped users will employ test units on a
trial basis. Any displacement, as distinguished from deflection, of
the bracket shall be unacceptable. Should unusual tools be required
to position the bracket, the bracket shall be deemed unacceptable.

International Conference on Medical and Biological Engineering,
13th, and the 6th International Conference on Medigal Physics,
Hamburg, W. Germany, Sept. 5—11, 1982. (For information: Ham-
burg Messe und Congress GmbH, Postfach 30 23 60, D—2000
Hamburg 36, Federal Republic of Germany.)

Bioelectrical Repair and Growth Society, 2nd Annual Meeting, Ox-
ford, England, Sept. 20—22, 1982. (For information: N. Thiede, Ex-
ecutive Secr., Bioelectrical Repair and Growth Society, 425 Medi-
cal Education Bldg., 36th and Hamilton Walk, Philadelphia, PA
19104.)

Alliance for Engineering in Medicine and Biology, 35th Annual
Conference on Engineering in Medicine and Biology, Philadelphia,
PA, Sept. 22—24, 1982. (For information: AEMB, 4405 East-West
Highway, Suite 311, Bethesda, MD 20014.)

American Orthoti¢ and Prosthetic Association (AOPA) National
Assembly, Houston, Texas, Oct. 17—24, 1982. (For information:
AOQOPA, 717 Pendleton St., Alexandria, VA 22314.)

Optical Society of America, Annual Meeting, Tucson, Arizona, Oct,
18—22, 1982, (For information: Optical Society of America, 1816
Jefferson Place, N.W., Washington, D.C. 20036.)

Association for the Advancement of Medical Instrumentation,
AAMIFDA Conference on Medical Device Regulation, Washing-
ton, D.C., Nov. 8—10, 1982. (For information: AAMI, 1901 N. Fort
Myer Drive, Suite 602, Arlington, VA 22209.)

American Society of Mechanical Engineers, Winter Annual Meet-
ing, Hyatt-Regency Hotel, Hotel Adams, Phoenix, Arizona, Novem-
ber 14—-19, 1982. (For information: ASME, 345 East 47th St., New
York, N.Y. 10017.)

National Council on Aging Annual Conference, Detroit, Michigan,
March 12—16, 1983. (For information: Ms. Nancy Peavy, NCOA,
600 Maryland Ave. SW, West Wing 100, Washington, D.C. 20024.)

Rehabilitation International Asia and Pacific Regional Conference,
7th, Kuala Lumpur, Malaysia, April 10—16, 1983. (For information:
Malaysian Council for Rehabilitation, 12 Lengkongan Jenjarom,
Off Jalan Klang, Kuala Lumpur, Selangor, Malaysia.)

Society for Biomaterials, 9th Annual Meeting, and International
Biomaterials Symposium, 15th, Birmingham, Alabama, April 27—
May 1, 1983. (For information: Dr. Robert Craig, Dept. of Dental
Materials, Univ. of Michigan, School of Dentistry, Ann Arbor,
Michigan 48109.)

Association for the Advancement of Medical Instrumentation,
18th Annual Meeting, Dallas, TX, May 22—25, 1983. (For informa-
tion: AAMI, 1901 N. Fort Myer Drive, Suite 602, Arlington, VA
22209.)

Canadian Physiotherapy Association Annual Congress, Winnipeg,
Manitoba, Canada, May 24—28, 1983. (For information: Ms. N.
Christie, CPA, 25 Imperial St., Toronto, Ont., Canada M5P 1B9.)

American Association for the Advancement of Science, Detroit,
Michigan, May 26—31, 1983. (For information: AAAS, 1776 Massa-
chusetts Ave., NW, Washington, D.C. 20036.}

National Rehabilitation Conference, 27th Annual, Charleston,
South Carolina, June 1983. (For information: Hooly Cormack,
Chmn, 400 S. Merritt Ave., Salisbury, NC 28144.)

American Physical Therapy Association, Annual Conference, Lou-
isville, Kentucky, June 13—16, 1983. (For information: Ms. Diane F.
Coleson, APTA, 1156 15th St., NW, Washington, D.C. 20005.)

International Confederation for Plastic and Reconstructive Sur-
gery, 8th International Congress, Montreal, Canada, June 26—July
1, 1983. (For information: Dr. Jean Paul Bosse, 3875 St. Urbain,
Suite 602, Montreal H2W 1V1, Canada.)

Congress of the International Catholic Deaf Association, New Or-
leans, Louisiana, July 1983. (For information: James Herron, 2512
Wedgemer St., Pittsburgh, Pa. 15226.)

Mediterranean Conference on Medicine and Biological Engineer-
ing, 3rd., Opatija, Yugoslavia, Sept. 1983. (For information: Dr.
Stanko Tonkovic, Elektrotehnicki Faculteit Sveucilista U Zagrebu,
41000 Zagreb, Unska ul. 17, Yugoslavia.)

International Society for Prosthetics and Orthotics, 4th World
Congress, London, England, Sept. 4—9, 1983. (For information:
Prof. John Hughes, National Center for Training and Education in
Prosthetics and Orthotics, Univ. of Strathclyde, 73 Rottenrow,
Glasgow G4 ONG, Scotland.)

Alliance for Engineering in Medicine and Biology, 36th Annual
Conference on Engineering in Medicine and Biology, Columbus,
Ohio, Sept. 9—14, 1983. (For information: Ms. P.I. Horner, AEMB,
4405 East-West Highway, Suite 311, Bethesda, MD 20014.)

International Symposium on Design for the Disabled, 2nd, Israel,
Nov. 13—18, 1983. (For information: Design for Disabled Secretar-
iat, P.O. Box 29784, Tel Aviv 61297, Israel.)

American Speech-Language-Hearing Association, Annual Conven-
tion, Cincinnati, Ohio, Nov. 18—21, 1983. (For information: Fran-
ces J. Johnson, ASHA, 10801 Rockville Pike, Rockville, MD 20852.)

American Association for the Advancement of Science, New York,
New York, May 2429, 1984. (For information: AAAS, 1776 Mas-
sachusetts Ave., NW, Washington, D.C. 20036.)

International Federation of Physical Medicine and Rehabilitation,
Conference, Jerusalem, Israel, 1984. (For information: Internation-
al Federation of Physical Medicine and Rehabilitation, 3001 West
Watertown Plan Rd., Milwaukee, Wis.)

Rehabilitation International, 15th World Congress, Lisbon, Portu-
gal, 1984. (For information: Rehabilitation International, 432 Park
Ave. South, New York, N.Y. 10016.)
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