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transportation. These doors provide entrance and exit £ .. srm. =ase’ ,ger boarding and detraining, as well as
an emergency egress/access path. This standard sets | i1t requir-ments and references regarding the design of
this type of passenger door systems intended for« :e . specific tions for the procurement of new passenger
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Scope and purpose: This standard s' ... . ~usec ™ specifications for the procurement of new passenger
cars. The requirements outlined herein' re fo* ne:vly inanufactured door systems and should not be applied to
door systems in use that may have vari_ i< .s in1 rformance due to wear, etc. Passenger compartment doors
(end frame and vestibule doors>* .. mal,, »=2 .ced doors, galley doors, room access, locker doors, equipment
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1. Structure of standard

The design and operation of a powered door involves a complex system. Interfaces occur at individual doors,
on a car basis and on a train basis. This standard is segregated to address design requirements that occur at
these different levels:

+ Section 2 addresses design requirements for individual side door openings.
+ Section 3 addresses system design requirements for an individual car.

» Section 4 addresses system design requirements for a coupled train.

» Section 5 addresses overall system safety requirements.

2. Passenger exterior side door design requirements
This section provides design requirements for powered doors at an individual side door: 1y.

2.1 Door control station

A door control station may be provided in a car with powered doors to ¢« trol « = .ijorme operation of the
exterior side doors, or other doors on that car or other cars in the train ¥ ='.. "alinc _ol signals.

A crew key or other secure device shall be required to enable a door ¢ »trol sta .1 in order to prevent
unauthorized use. The key shall be captive while the station is< .. *ea.. === ,al of the key or device shall
prohibit input of open and close commands at the station.

Door status indicators may be incorporated into the de”. < ntrc =tati<, to display the open or closed status of
the doors at that doorway or on the car, and/or the sti us of the‘door-closed summary circuit. If indicators are
provided on the door control station, a test featur” sh. ' be inc¢ porated to provide a method of identifying
failed indicators.

2.2 Door operators

A mechanical latching device shall be| co ora’ d into the design of the powered door operator to ensure that
the doors will not open in the absence ¢ n oper command or upon loss of power.

2.3 Closed and latche *

At the end of the close ¢y 'e, a « =rsk' .l be fully closed and mechanically latched to prevent an
uncommanded door opening

Detectio snali be prov. 'ed fe  each side door panel to indicate when the door is closed and latched. The
detecti( 1 shall b=~ of .0 door summary circuit.

2.4 Door manu# opening and closing force

When power .. _.ioved from the door motor and the door latch is released, door panel friction, including
seals and hangers, shall allow the doors to be opened or closed manually with as low a force as practicable.

© 2011 American Public Transportation Association 1
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2.5 Obstruction detection

The door system design shall incorporate a method to detect an obstruction in the path of a closing door. The
force exerted on an obstacle required to trigger the detection of an obstruction shall not exceed the following
when the door is powered to close:

+ Peak force (F,): 68 Ibf
» Effective force (Fe): 45 Ibf

Appendix A defines these values and a test procedure that shall be used to measure then:' 2 a required test.

When an obstruction is detected, the door system shall react in a manner that will allow #* _ oc “ruction to be
released. A method for detecting an obstruction and preventing the closure of a powere  door sh. " be
included as part of the design of the door controls. The doors shall not close and latch to. =rmit a :10sed-door
indication if an obstruction is detected.

2.5.1 Sensitivity

The sensitivity of the obstruction detection system shall be demonstrat’ . as >fine. _, the following test

procedure when a door is commanded to close:

*  The system shall detect a rigid flat bar, %4 in. wide and > . igh, " oetween and perpendicular to
the door panels or between and perpendicular to the ' anel< .1d <oorframe (for a single panel door
opening). This sensitivity shall be required alonge the' - :sth of 1e panel except the uppermost 3 in.
and the lowermost 1 in. of the door leading e _es.

*  The system shall detect a rigid rod, 3 in. in ¢ ameter,? >ld between and perpendicular to the door
panels or between and perpendicular to/ . p. =l and ! e doorframe (for a single panel door opening)
at all locations along the length of the'  or leadi._ " uges, except the uppermost 3 in. and lowermost
1 in. of the seal.

» The test specimens for the aboy . requ eme. :shall be of sufficient length to span the door seals.

2.5.2 Pushback

Provisions may be provided tc allow . oot panel to be manually pushed back to permit an obstruction to be
removed.

The force required to push. <k a. or panel shall not exceed 45 Ibf.

2.6 Intr ,ur status ndic tors

Each d >roper™  all be equipped with a means of identifying if a door is not closed and latched. This may
be by ai. _ator at i ¢ affected door or in the vestibule.

A car-level d _Jdc monitor may be used in addition to or in lieu of the interior indicator.

2.7 Closing warning

Audible and visual warnings shall be initiated at each doorway to warn the passengers that the door has been
commanded to close.

© 2011 American Public Transportation Association 2
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2.8 Mechanical lock and latch
2.8.1 Door isolation lock

A lock (cutout/lockout) mechanism shall be installed at each door panel to secure a door in the closed and
locked position, to provide a door-closed indication to the summary circuit, and to remove power from the
door motor or door motor controls.

The door isolation lock shall be key operated or require a key to access and shall not be readily accessible to
unauthorized personnel.

The device shall be capable of being overridden by the door emergency release mechanism

2.8.2 Mechanical door latch

A mechanical device shall be incorporated into the design of the door mechanispa = =eve “the’ oor from
opening until an open command is received or the door emergency release is a¢ aated he mechanical latch
shall be engaged at the end of the door closing cycle and shall activate . > dooi 'a* .ied s 1sor. The latch shall
prevent doors from opening should the connection between the drive mec: aisn. »d th' door supports
become compromised.

2.9 Emergency release

A manual interior and exterior emergency release mechanisn shall“ e rrovided at each exterior side door. The
emergency release mechanism, when activated, shall unlatch. ¢ .oor, isengage or unlock the door isolation
lock (if engaged), remove power from the door operat” . u. con. 's.2” 4 move the door toward the open
position such that there is a minimum 1.5 in. gap at t : leading =dge of the door.

2.9.1 Design considerations

An emergency release actuation device sh2!l be p. vided immediately adjacent to the door opening on the
interior and exterior of the doorway. Ez n aci .ior s. !l be readily accessible to a person located inside or
outside the door opening.

The actuation device shall be ¢ verc. “y a < _urly labeled, frangible or hinged panel, to reduce nuisance
operations.

The emergency release ac. »tion« .ce shall be readily accessible, without the use of tools or other
implement, as per 4> CFR Pa 238,  ail) Passenger Equipment Safety Standards.

The em’ gency release i ' .aism shall be capable of unlocking and releasing the door so that the door can
be mar. ally e .cu ithout power.

The force necessary” 0 actuate the interior emergency release mechanism shall not exceed 20 Ibf. The force
necessary to a......€ the exterior emergency release mechanism shall not exceed 30 Ibf using a lever type
mechanism or 50 Ibf using a “T”” handle type mechanism.

The emergency release mechanism shall not require the availability of electric or pneumatic power. Neither
shall the emergency release mechanism require the presence of any interlock signals (e.g. “low speed” or
“zero speed” signals) for actuation. When actuated, the emergency release mechanism shall override any
locks, and it shall be possible to manually open the released door with a force not to exceed 35 Ibf.

The emergency release mechanism shall require manual reset.

© 2011 American Public Transportation Association 3
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2.10 Markings
2.10.1 Door identification
At or near each door location, there shall be a unique door identifier clearly displayed inside the car.

2.10.2 Emergency egress markings

The emergency release actuation device shall be clearly marked to show its purpose and method of operation
as per APTA SS-PS-002-98, Rev 2, Standard for Emergency Signage for Egress/Access of Passenger Rail
Equipment; 49 CFR Part 239, Passenger Train Emergency Preparedness; and 49 CFR Pa=t 238, (Rail)
Passenger Equipment Safety Standards.

3. Car-level door design
3.1 Door control stations

One or more door control stations may be provided in a car with powered door' to ce’ .rol the normal
operation of the exterior side doors, other doors on that car or other car. = the' ai< via ti inline control
signals.

A crew key or other secure device shall be required to enable a door ¢ ntrol sta = in order to prevent
unauthorized use. The key shall be captive while the station is ac*xatec. Reme’ al of the key or device shall
prohibit input of open and close commands at the station.

Door status indicators may be incorporated into the docm ~nt.  statico’ to display the open or closed status of
the doors at that doorway or on the car, and/or the ste’ is of the avc. Closed summary circuit. If indicators are
provided on the door control station, a test feature.sh 1 be incc porated to provide a method of identifying
failed indicators.

3.2 Crew door

Provisions may be provided to allow a ocal< vorto remain open or to be opened, when commanded by a
crew member, when the door is adjace. * an er bled door control station and train speed is below 20 mph.

The door shall automatically.c ose anc. atch when train speed is above 20 mph or the door control station is
deactivated while the train is' . motion, ‘he door shall remain closed and latched when train speed drops
below 20 mph, until the ¢ >t cor. ~l- .tion is enabled and a new open command is initiated.

3.3 No ma*an/z ~0 sSpe . 1 sys.em

1,

A syste’ . shall be nrovic detect when the car is in motion. Motion detection may be local or trainlined.

When mu..oi is detee 2d, opening of all doors on the car (except crew doors) shall be prevented.

3.3.1 Car nc ...otion bypass

If car-level motion detection is provided, a local bypass switch may be provided to permit local car doors to
be opened with a no-motion system failure. The bypass switch shall be located in an area inaccessible to
unauthorized personnel and shall have provisions for sealing in the normal position.

3.4 Exterior indicators

Each vehicle shall be fitted with a minimum of two exterior indicators, one on each side of the vehicle, to
visually display that a door is open on that vehicle.

© 2011 American Public Transportation Association 4
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4. Train-level door design

4.1 Door control

Door control stations may be provided in the cab of a passenger locomotive or control cab car. If provided,
the functions, indicators and signage nomenclature shall be equivalent to the door control stations in the cars.

If the door control station is not provided elsewhere, the door control station shall be provided in the
locomotive or control cab car.

4.2 Door summary circuit

A trainline door summary circuit shall be provided to give an indication in the controllin cac € the train that
all exterior side doors are closed and latched, and/or locked out with a door isolation lo

The door summary circuit shall include a traction inhibit feature that prevents tb< .a. fro.. ' .g traction
power when the train is stopped and until all doors are closed and latchad and ; moy'  troction power from
the train should any door open while the train is in motion, except asno. in & =" on 3.2 Crew door.

4.2.1 Door summary circuit bypass

Operating cabs shall be equipped with a door summary circuit bypass'. vitch th t, when activated, overrides
the door summary circuit.

The summary circuit bypass switch shall have provisions for' » .ng in he normal position and shall provide
an indication, visible to the engineer while seated in t' . normai == .ing position, when the train is operating
in door summary bypass. The switch may be used to. verride e door summary circuit in the event a
defective door fails to close and latch and the su® .nai_circuit annot be completed when that defective door
is secured using the door isolation lock mecha. ~ m, or 0. " ..ainline failure of the summary circuit. The door
summary bypass switch shall have an effect only om the cab controlling the train.

When operating in bypass, the overrid. of 1. su"»mary circuit shall not compromise any other door safety
features.

4.3 No-motion
No-motion protection sh’ "' be . ~vider cither on a local car-level basis or on a train-level basis.

When train motion® detectec. ~oeni. of all doors in the train, with the exception of the crew door(s), shall
be prever .

4.3.1. 2-r .onL pass

A bypass switch mar’ e provided to permit doors to open with a no-motion detection system failure. The
bypass switc’ < Jvided, shall have provisions for sealing in the normal position and shall have an indicator
to indicate when the train is being operated in bypass.

If provided on a train-level basis, the bypass switch shall have an effect only from the cab controlling the
train.

4.4 End-of-train detection

Provisions shall be included to denote the end of the train so that all side passenger doors are protected by the
door summary circuit.

© 2011 American Public Transportation Association 5
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If end-of-train switches are used, then the switches shall be secured in a manner to prevent access by
unauthorized personnel.

4.5 Interoperability between fleets

To the extent practical, door systems shall operate in a consistent manner throughout a passenger railroad
rolling stock.

4.6 Nomenclature

To the extent practical, the design of the doors system shall incorporate consistent label 1. menclature and
indicator coloring among control cab cars, coaches and locomotives.

4.7 Trainline interface

Discrete, dedicated trainlines shall be used for door-open and door-close comme: .., »or- 2-" (if used),
door-closed summary circuit, and no motion, if trainlined. Selected docr comn' nds.< .ay he transmitted by
network.

5. System safety

The door system shall be designed in a fail-safe manner such that no s. ~le poir : of failure shall cause an
unsafe condition. In the event of any door system failure, the < ,ors fen. = .. default to a safe condition.
A valid door-open command, a valid enable signal (if used) a_* . valic 10 motion signal shall be required to
allow a door to open when a door-open signal is gene’ .ea from Jvated door control station.

5.1 Fault tolerance
No single-point failure in the door system, inter. ! to the car or train, shall cause:

any door to unlatch or open;

a door-open command to be tr s .cted| r responded to when the train is in motion;

a door-closed indication* e ti. =mitt’ 1 when any door is unlatched or open; or

a door-closed indicati¢ a to be anstuitted when an unlatched or opening command is stored anywhere
in the system.

el

A hazard analysis shall be | -forn. to validate system safety.

5.2 De . yn valida. an

Proof ¢ desigr< . “hall ve conducted to demonstrate that the door system complies with the performance
and func . require aents specified in this document. A comprehensive series of measurements shall be
taken and recorded f . all parameters essential to show compliance with this document. These tests shall
demonstrate © .« specified characteristics and functions are achieved within the specified performance
values.

5.3 Labeling consistency

Signage for the side door emergency release actuation device shall comply with the requirements of APTA PR
-PS-S-002-98, Standard for Emergency Signage for Egress/Access of Passenger Rail Equipment, and 49 CFR
Parts 238 and 239.

Door signage and indicator functions/colors shall be consistent throughout the train to the extent practical.

© 2011 American Public Transportation Association 6
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Appendix A: Door closing force measurement
Door closing force

The commanded closing of a power-operated door is a dynamic process, and when the leading edge of a
moving door hits an obstacle, the result is a time-dependent dynamic reaction force. The resulting time
domain load history profile is influenced by several factors, including but not limited to mass of the door,
door acceleration and door dimensions. The following sections define a process for measuring the mean
effective door closing force (F.) and peak force (Fp), as referenced in Section 2.5.

Terms and definitions
closing force (F(t))
Time-dependent force function, measured at the closing edges of the door.

Pulse duration (T)
Time between t; and t;

T= tz' — tl

Where, t; is the threshold of sensitivity at a point in time where the clo ng forc st exceeds 11.25 Ibfand t;
is the time after t; at which the closing force first becomes less .iai. 2d v 7.5 less than 11.25 1bf.

Peak force (Fp)
Maximum value of the closing force measured withir' .ae pulse « = .on.

Effective force (Fe)
Average value of the closing force measured w. in the puise duration.

ta

F =%J-F(t)dt

t

© 2011 American Public Transportation Association 7
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Parameter relation

The parameters noted above are depicted in Figure 1 below, where the time-based closing force curve
represents an arbitrary shape that may not conform to actual profiles seen in practice. Actual profiles may
vary depending on system design and operating specifications.

FIGURE 1
Example Closing Force Load Profile

Closing Force Load Profile fitime)
Fp T T g B, T T

Force {Ibf)

11.25 |

L 1 L
T (seconds)

Mean effective force (Fg)
The arithmetical mean value of the eff :tive orets, measured at the same measuring point for several trials

(n).

n_(E);
F — i=1 e/l
E n
Force measuring device
The forcs ucacaring ¢ ice st ll utilize a load cell for capturing closing force data measured over time. See
Figure’ for a demation ¢ .1 example measuring device.

The measuring devic' shall have the following characteristics:

o It shali consist of two housings with an outer dimension of 3.94 in. (100 mm) in diameter and 4.53 in.
(115 mm) in width.

*  Aspart of the device, a compression spring shall be fitted between the two housings to permit
displacement of the load cell along its width in proportion to the magnitude of load applied. The
stiffness of this spring shall be 57.1 + 1.14 1bf/in. (10 £ 0.2 N/mm), with a deflection range sufficient
to accommodate maximum peak forces greater than 68 1bf (300 N).

© 2011 American Public Transportation Association
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FIGURE 2
Rendition of Example Closing Force (Load Cell) Measuring Device

le 4.53 (115 mm)

—p [—>12131lmm)

. 3.94 (100mm)

Mov e Spr. >

Load Cell Loadea ‘~men

‘¢— Handle

Force measurement procedure
Conditions of measurement

»  Temperature range: 50 °F to 86 °F.
*  The vehicle shall be positioned on a hot .onta ‘evel s face.
*  The powered door system shall be ope. ing in a..c.inal condition.

Measurement method

Using a force measuring device (see p. vi< .s se. ion) held between closing edges of the door, time dependent
measurements of the door closip= “>rce. the d or middle height shall be taken. Measurement time shall be
sufficient to contain the pulse / aratio. ‘T).

Closing force data provi¢ d by . = mes uring device used for calculations of pulse duration (T), effective
force (F.), mean effective 1¢ =e (F; and peak force (F}) shall be filtered using a low-pass filter with a corner
frequency of 100 H.

To con’ ate a mea=effec. . rorce (Fg) as defined above and referenced in Section 2, at least three separate
measur. ner* .1 =73 shall be taken at the measuring point.
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Definitions
bypass: A device designed to override a func. 0.

cutout: A device designed to remove/ teatr . or fu :tion from operation.

diagnostic monitor: A moniterthat ¢ nlays  ie fault status of the systems on a car or a car within the train
consist.

door control station:<\ corn. ~l pan’ , activated by a crew key, that provides a train crew the ability to
control exterior power ope. ‘ed si.uoors either locally and/or via trainline.

door ise” ...« i lock A cutc ivlockout mechanism installed at each exterior side door panel (leaf) used to
secure / Joor in the closc  d latched position, to provide a door-closed indication to the summary circuit,
and to . mov< ouwer rom the door motor or door motor controls.

door pocket: A «* apartment into which a door panel is retracted when in the open position.

door status indicator: A device visible to the train crew and/or passengers that provides an indication of
the status (open or closed) of the door.

door summary bypass: A device designed to override the door summary circuit.

door summary circuit: A trainline door circuit that provides an indication in the controlling cab of the
train that all exterior side doors are closed and latched, and/ or locked out with door isolation lock.

enable: A design feature controlled automatically or manually by the train crew operation of the door.
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end-of-train feature: A feature used to determine the end of the train or the last passenger car in the train
for the door summary circuit.

exterior side door(s): The door(s) on the side of the passenger car normally used for passenger access and
egress.

fail-safe: A design feature that shall maintain or result in a safe condition in the event of malfunction or
system failure.

inhibit: To prevent the operation of a feature or function.

interface: A point at which two or more systems, subsystems or structures meet to trar ter enc ~y and/or
information.

latch: A mechanical device used to secure a door in the closed position in norr” al op- ation.

leading edge: The edge of a door leading a closing movement.

lock: A mechanical device used to secure a door in the closed positic  when ti = door is taken out of service.
no-motion system (zero speed): A system that detects n*".uon “the . i or vehicle.

power operation: Door capability that results in the dear 0, “.ing or .losing by means of an electric or
pneumatic mechanism or a combination thereof contr’ .1ed from _r more locations.

pushback: A door function that allows the do¢ pan to be r oved a specified distance in the open direction
by applying a force to the leading edge.

train crew: People authorized to carry’ sut ti. dutic of operating the train.

trainline door circuit: A circuit usec.  convs  door signals over the length of the train.

Abbreviations and at ynym.

ADA Americans v, _h D1s hilitic  Act

APTA American Publ. Tran._ortation Association
CFR Caode 0, “ederal k& mlatic

IEC Imernatior. " Eler rotechnical Commission
IEEE Inst* of Eiccuical and Electronic Engineers
Ibf ~und-fo e

MIL-STD Military/ candards

N I
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