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Reopening Devices Required by ASME
A17.1-2019/CSA B44-19 Section 213.5

Why CEDES chose not to design a 3D light curtain for doors.

by James O’Laughlin

The American Society of Mechanical
Engineers (ASME), an American National
Standards Institute (ANSI)-approved standards
developer, defined new, more prescriptive door
protection requirements in the 2019 Elevator
Safety Codel! (“Code”) to help mitigate the
hazards associated with the landing doors in an
elevator. The requirements were updated for
reopening devices used in horizontal door
applications due, in part, to the number of
injuries that are still caused by people being
struck by elevator doors. Based on reviews of the

Learning Objectives

After reading this article, you should
have learned:

4 What the 2019 version of the Code
requires for reopening door devices in
horizontal door applications.

¢ The number of moving lines(s) of
detection based on the type of door
opening and how the moving line(s) of
detection is defined.

¢ How variations in the gap between the
doors, the landing door thickness and
the detection means location affect
device performance.

¢ Why the 225-mm (9-in.) distance is so
important.

¢ Why CEDES decided to go with infrared
Time-of-Flight technology.

U.S. Consumer Products Safety Commission
(CPSC) National Electronic Injury Surveillance
System (NEISS) database, elevator passenger
injuries documented across all age groups were
significant during the periods evaluated.?CI4
Data from subsequent years affirm the
conclusions drawn from the data sets remain
valid.

Elevator Safety Code Requirements

This 2019 version of the Code requires
reopening devices used in horizontal door
applications must fulfill:

4 A means of detecting a person or object in the
path of the elevator cab door(s); and

4 A means of detecting a person or object
approaching the elevator cab entrance.

The requirements in Section 2.13.5.3 of the
Code provide prescriptive detail on what the
detection field must detect for persons or objects
approaching the elevator cab entrance. The
requirements in this section were new in the
2019 Code. At a minimum, persons or objects
must be detected at some point along a defined
moving line(s) of detection (Figure 1). This
moving line(s) of detection is defined relative to
the landing side of the leading edge of the
landing door (the hazard). Hence, there are two
moving lines of detection in center-opening
applications and one moving line of detection for
side-opening applications.

As the door(s) is closing, the moving line(s) of
detection move(s) with the landing door(s) until
it (they) have reached a position 18 in. (450 mm)
from full close, at which point the approaching
object detection means can be rendered
inoperative. This point is where the two moving
lines of detection in a center-opening elevator
application come together. Prior to the render
inoperative position, a person or object on the
moving line(s) must generate a door reopen
signal. Figure 1 provides a visual representation
of what the Code requires in center-opening
applications.
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Figure 1: Code requirements for the moving lines of detection for
approaching object detection means. The circles shown represent the
cylinders that represent an ambulatory child.

Once the Code requirements became clear, CEDES
investigated several solutions that would fulfill the Code,
including a solution that incorporates approaching object
detection (3D) into the same housing as the object between the
doors detection (2D). This solution is often referred to as a 3D
light curtain. After careful design review, it was determined
that a light curtain was not viable for a significant number of
elevator applications. To better understand why this is the case,
this white paper walks you through the decision-making
criteria that led to this conclusion and, thus, CEDES’ pursuit of a
transom-mounted detection means to fulfill the approaching
objects detection requirements defined in the Code.

As we began our investigation into a 3D light curtain to
fulfill the Code, we put together a diagram similar to what is
shown in Figure 2.

Elevator Cab
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Gap Between Doors

225 mm (9 in)

500 mm (20 in)
500 mm (20 in)

225 mm (@ in) 225mm @ in)

Moving Lines of
Detection

Figure 2: Determining the angles of the approaching object detection means
and moving lines of detection for a center-opening elevator application

The hazard recognized by the Code is the leading edge of the
landing side of the landing door(s) (reference the purple
triangles in Figure 2). With the light curtain mounted on the
cab door(s), and not on the landing door(s), care must be taken
to consider additional factors that affect device performance,
including:
¢ The gap between the doors [Gap CD-LD]
¢ The thickness of the landing door(s) [LDT],
¢ The detection means location [DML] relative to the car door,

and ...
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Based on our Voice of the Customer discussions, minimum
and maximum values were compiled for these parameters.
Basic trigonometry was then used to determine the minimum
(225 mm) and maximum (@500 mm) angles that would need
to be considered in order to fulfill Code requirements based on
the formula:

Oy am = TN (Opposite / Adjacent)
=Tan! [(Point on the Moving Line + Gap CD-LD + LDT—DML) / 225].

For example, using the following values:
¢ Gap CD-LD: 50.8 mm (2 in.),
LDT: 25.4 mm (1in.), and
¢ DML: 15.0 mm (0.59 in.) off the car door,
Leads to:

Olzss e = Tan™ (Opposite [ Adjacent) = Tan! [(225 + 50.8 + 25.4— 15) / 225] =51.7
Olsop mm = Tan ! (Opposite / Adjacent) = Tan! [(500 + 50.8 + 25.4— 15) / 225] = 68.1

<&

Using only these parameters, the angle necessary to fulfill
the Code using a 3D light curtain would need to be between
51.7° for the 225-mm (9-in.) point and 68.1° for the 500-mm
(20-in.) point.

However, to make things more challenging, the parameters
used are not fixed and do vary from application to application.
Nominal values, based on Voice of Customer, revealed that the
values ranged:

O (325 ) frOm 49.2° to 59.4° or more; and
O 500 mmy Trom 67.2° to 71.1° or more.

The design could not be based on a single set of parameters,
and it was clear that a larger range of values was required. By
increasing the angle (o) used, up to a point, more applications
could fulfill the Code. However, the larger the angle, the more
likely other issues could arise. In particular, if the landing door
leads the cab door during the closing process, it prevents the 3D
from working properly. This scenario is shown in Figure 3.

\ Where is the actual detection

5 means located in the sensor
housing and where the sensor
is mounted relative to the edge
of the cab door impacts
compliance with the Code.

[
Gap between |

H
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[
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Door thickness

Dangerous point
Figure 3: Landing door leads car door during door closing cycle.

This poses significant challenges, since OEM customers
indicated that the landing door could lead the car door by up to
25.4 mm (1in.) for new installations. Furthermore, we have seen
several modernization applications where the landing door led
the cab door by even greater distances. Using wider angles of
divergence/acceptance might mitigate some risk, but the
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inability to see around the landing door(s) in many applications
could not be mitigated.

Alternatively, we could choose to look across to the other
side of the opening rather than outward from the same side of
the opening (see Figure 4). This would help mitigate a leading
landing door and even looks plausible to fulfill the Code
requirements for approaching object detection. The details,
however, prove otherwise.

Elevator Cab Door

=~ 3D Light Curtain (red rectan

ator Landing Door

“Hazard Point (purple triang!

338 mm g8 in)

500 mm (20 in)

500 mm (20 in)

e mm (9 in)
Moving Lines of
Detection

Figure 4: Approaching object detection means looking at the moving line on
the opposite side when the doors are fully open.

Figure 4 shows that when the doors are in their fully open
position, the approaching object detection means could be
designed to detect along the moving lines of detection defined
by Code. However, the approaching object detection means
does not move relative to the moving line of detection
associated with the opposing door. Before the approaching
object detection means could be rendered inoperative
according to the Code, it no longer detects the moving line(s) of
detection required by the Code. This is shown in Figure 5.

Elevator Cab
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Figure 5. Approaching object detection means looking at the opposite side of
the opening just prior to the render inoperative point (i.e., render inoperative
point occurs when the two moving lines of detection meet).

In this scenario, the sensor does not, and indeed cannot,
meet the Code requirements. We can use the same parameters
from our earlier calculation to determine the details. Namely,
¢ Gap CD-LD: 50.8 mm (2 in.),
¢ LDT: 254 mm (1in.), and
¢ DML: 15.0 mm (0.59 in.) off the car door
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The location of the 225-mm (9-in.) point on the moving line
of detection is perpendicular to the landing side of the landing
door and serves as the minimum detection distance defined by
the Code. In the following calculation, we will define this point
as the Opposite distance.

Opposite = Gap CD-LD + LDT — DML

=225mm (9 in.) + 50.8 mm (2 in.)
+254 mm (lin.)-15mm (0.59 in.)
=286.2 mm (11.27 in.)

The distance parallel to the landing door can be defined as
the Adjacent distance, and s calculated based on:
Tan (0) = Opposite [ Adjacent.

If we use an emitting/receiving angle of 40° for the value of
q, the Adjacent Distance is calculated as:

Adjacent = Opposite [ Tan (40°)
=286.2 mm (11.27 in.) [ 0.839
=341 mm (1342 in.)

For a center-opening application, the Adjacent value is
doubled since it applies to both doors and both moving lines of
detection. The Code allows the approaching object detection
means to be rendered inoperative at 450 mm (18 in.) from the
fully closed position. For Adjacent distance multiplied by two,
the distance where the approaching object detection means
becomes ineffective is 682 mm (26.8 in.), a value that is fully
incompatible with the render inoperative position allowed
by the Code.

We must also consider that this value is based on a single,
somewhat favorable, scenario. If the gap between the doors
increases or the door thickness increases or the detection
means location decreases, the Adjacent distance increases
accordingly.

As it turns out, the point just before the approaching object
detection means can be rendered inoperative as allowed by the
Code — the angle required for looking across to the other side
of the opening is exactly the same as the angle required for
looking outward from the same side of the opening since
application geometry for looking across to the other side of the
opening is identical just prior to rendering inoperative.

Why the 225-mm (9-in.) Distance Is So
Important

The location of the moving lines of detection defined in the
Code was based on allowing for sufficient time to have the
doors stop and reverse once a person or object has been
detected. If this occurs too close to the doors or if there are
sufficient time delays, e.g., as shown in Figure 5, it can lead to a
person being struck by the doors. This scenario is particularly
viable since persons/objects often approach the elevator as the
doors are closing.

Other Performance Requirements

The Code also defines detection capability based on the
technology used. For the 2019 Code, the properties were defined
based on the use of infrared technology in the detection means
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for both approaching objects and objects located in the door
path. The 2022 Code changed this language to “and detectable
properties of a human applicable for the technology used.”
Regardless of which version, it is reasonable to expect that the
detection means is capable of detecting persons or objects,
regardless of color or type of clothing.

In order to fulfill this requirement using infrared technology,
CEDES determined that the use of distance-measuring
technology (e.g., Time-of-Flight [TOF]) is necessary to minimize
measurement variations caused by different reflectivity
properties (e.g., color of clothing). Without distance
measurement, the detection of approaching objects on the
moving line(s) of detection cannot be effective.

Test results of an infrared photoelectric device (a 3D light
curtain) are shown in Figure 6. Currently, the manufacturer of
this device does not have a published third-party test certificate
but claims compliance to the 2019 Code requirements just the
same.

The cylindrical objects used in the testing had reflectivity
properties defined by the 2019 Code. These test cylinders were
also used for the testing of the CEDES CabSafe™ system, which
has been third-party certified as Code compliant. The results for
the competitive 3D light curtain are shown in Figure 6. Note
that the black test body (purple boxes and dots) was not
detected by this system as required by the Code [see Section
2.13.5.3 (a)].
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Figure 6: CEDES test results for the detection of approaching objects of a
competitive 3D light curtain using standard infrared technology

The red circles shown in Figure 6 refer to measurements
associated with a glossy white test object (minimum 90% IR
reflectance), and the purple circles are measurements
associated with a black test object (maximum 5% IR reflectance)
defined by Code. The circles indicate first detection of the test
object as it approaches the elevator entrance. Note the
significant numbers of first detection that occur at the
detection means for objects between the doors (i.e., there was
no detection by the approaching object detection means).

Based on these findings, CEDES determined that traditional
infrared transmitters and receivers could not reliably fulfill
Code requirements on their own unless, e.g., infrared TOF
technology, was used.
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Summary and Conclusions

Based on the application requirements, both from the Code’s
and our customers’ perspectives, CEDES determined that
incorporating the approaching object detection means into the
same housing as the objects in the door path detection means
(i.e., developing a 3D light curtain) would not solve a significant
number of elevator installations. The following points weighed
heavily in this discussion:

4 Figure 1shows that the hazard is defined as the leading edge
of the landing side of the landing door. The angles required
to fulfill the approaching object detection means defined by
the Code must account for several uncontrolled parameters,
including:

4 the gap between the doors,

4 the landing door thickness,

4 the location of the detection means relative to the above

parameters.

4 Figures 2,4 and 5, and the associated calculations presented
in this paper show:

4 The angle required needs to be greater than 50° outward

relative from the plane of the doors to fulfill a minimum

number of applications.

4 The angle required needs to be greater than 60° outward

relative from the plane of the doors to encompass a

significant number of applications, but not all, due to larger

gaps between the doors.

4 An approaching object detection elevator cab door

door-mounted sensor (i.e., 3D light curtain) that utilizes

transmission/receive angles of less than 50° cannot fulfill

Code requirements — a majority, if any at all, elevator

applications.

4 Asshown in Figure 3, when the landing doors lead the
elevator car doors, larger transmission/receive angles may
not allow an approaching object detection means in
fulfilling Code requirements, i.e., the detection means
cannot see past the landing doors.

¢ Asshown in Figure 6, avoiding variations in effective
distances caused by, e.g., color of clothing, requires the use
of distance measurement technology. A person approaching
an elevator entrance in a black shirt and blue jeans (low IR
reflectance) should be just as important as a person
approaching the entrance wearing a white shirt and khakis
(higher IR reflectance).

4 Other historical performance issues associated with direct
sunlight also affected this decision.

Based on these points, CEDES chose to develop its Infrared
(IR) TOF transom-mounted CabSafe system as a solution for
approaching object detection defined in Code.

CEDES insisted on third-party certification of the CabSafe
System to provide customers the confidence that the CabSafe
system, indeed, fulfills the 2019 Code requirements. Many
customers also tested the CabSafe system on their own and
validated the test results, coming to the same conclusions.

Liftinstituut reviewed the CabSafe design, documentation
and test results. Upon completion of the investigation, it
certified that CEDES CabSafe, indeed, fulfills the 2019 and 2022
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Elevator Safety Code requirements defined in Section 2.13.5
Reopening Devices for Horizontal Elevator Doors when installed
according to the CabSafe installation and operation
instructions. The Liftinstituut certificate, along with overview,
technical support, operating instructions and other
information, are available at cedes.com/en/products/cabsafe].
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Learning-Reinforcement Questions
Use the below learning-reinforcement questions to study

for the Continuing Education Assessment Exam available

online at elevatorbooks.com or on p. 127 of this issue.

¢ Why is the 225-mm (9-in.) distance so important?

¢ Why did CECES determine that traditional infrared
transmitters and receivers could not reliably fulfill Code
requirements on their own unless, e.g., infrared TOF
technology, was used?

4 What do the 2019 and the 2022 Code require for
reopening door devices in horizontal door applications?

4 How many moving lines(s) of detection are there for
each type of door opening and how are these defined?

4 How do the variations in the gap between the doors,
landing door thickness and detection means location
affect device performance?

Accounting of Time for Article
¢ Learning Objectives:
30 Minutes (Page 101)
4 Elevator Safety Code Requirements:
30 Minutes ( Page 101 - 106)



1. Section 2.13.5 of ASME A17.1-2019/CSA
B44:19 Safety Code for Elevators and
Escalators (“Code”) defines the
requirements for:

a. Power closing of vertically sliding
hoistway doors and vertically sliding
car doors or gates

b. Reopening device(s) for power-
operated horizontally sliding doors
and gates

c. Power opening of car doors or gates
d. None of the above

2. New requirements defined in the
Section 2.13.5 of the Code include:
a. Reopening devices that are effective
for the full vertical opening of the
door
b. A means of detecting persons or
objects approaching the elevator cab
entrance
c. A means of detecting persons or
objects in the path of the elevator cab
door(s)
d. Both b. and c.
e. All of the above

3. Section 2.13.5 of the Code was updated
based on door-strike injuries that
continued to occur as documented
from what source?

a. National Safety Council

b. World Health Organization — Office
of Occupational Health

c. Consumer Product Safety
Commission

d. National Association of Safety
Professionals

4. Section 2.13.5.3 requires that persons
and objects approaching the elevator
entrance must be detected, at a
minimum, when:

a. A person or object infringes
somewhere on a moving line of
detection located 225 mm in front of

ELEVATOR WORLD Continuing Education
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Read the article “Reopening Devices Required by ASME A17.1-2019/CSA
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and 225 mm to 500 mm out from the
leading edge of the landing side of
the elevator landing door.

b. A person or object infringes
somewhere on a moving line of
detection located 225 mm in front of
and 225 mm to 500 mm out from the
leading edge of the landing side of
the elevator cab door.

c. There is no approaching object
requirement.

5. To fulfill approaching object detection
requirements defined by the Code, an
elevator light curtain mounted on the
elevator cab door that looks to detect
persons or objects on the same side
where:

» The gap between the cab door and
landing door that is 50.8 mm (2 in.),

« The thickness of the landing door
thatis 25.4 mm (1in.), and

« The location of the detection means
relative to the car door is 15 mm (0.59
in.),

would need to transmit/receive light
between what range of angles?

a. 35 and 42°

b. 42 and 47°

c.48 and 51°

d. 52 and 68°

6. A light curtain that looks for persons
or objects on the same side that it
transmits and receives light requires
at an angle less than identified in
Figure 2, can fulfill Section 2.13.5 of
the Code.

a. True
b. False

7. Do the angles required to fulfill the
Code, e.g., as shown in Figure 2,
change based on the thickness of the
landing door, the gap between the
elevator cab door and the landing

door, or the mounting location of the
light curtain?

a. Only affected by the thickness of
the landing door

b. Only affected by the gap between
the elevator cab door and the landing
door

c. Only affected by the mounting
location of the light curtain

d. Affected by all of the above

e. Affected by none of the above

8. Alight curtain that is used for

approaching object detection means
with a detection field on the same
side as the elevator cab door it is
mounted faces which challenge(s)?
a. Mounting location of the light
curtain near the edge of the door

b. Landing doors that lead the
elevator cab door during the closing
process

c. Changes in the application
requirements (e.g., thickness of doors,
gap between doors)

d. Light does not bend around doors
to achieve the required angles.

e. All of the above

9. Alight curtain used for approaching

10.

object detection can look across to the
moving line of detection of the
opposite door to reduce the required
angle and fulfill the requirements of
Section 2.13.5 of ASME A17.1-2019/CSA
B44:19 Safety Code for Elevators and
Escalators.

a. True

b. False

Standard light curtains with
photoelectric sensors that detect both
white and black objects trigger at the
same position along the moving line
of detection.

a. True

b. False



ELEVATOR WORLD Continuing

Education Repo rti ng Form Circle correct answer.
1. a b c d 6. a b
¢DUCY T, Article title: “Reopening Devices 2. a b e d e 7. a b ¢ d ¢
\é’ ), Required by ASME A17.1-2019/csA 3. a2 b ¢ d 8. a b ¢ d e
N) B44-19 Section 2.13.5” (EW, August 4. a b c 9. a b
2k 2024, p. 101 554 b ¢ d 0.2 b
- Continuing-education credit:
A8 | ELEVATOR WORLD . . .
o) This article will earn you one Signature:
O contact hour (0.1 CEU) of elevator-
industry continuing-education credit. Payment options:
Directions: Select one answer for each question in the exam. Check one: 0 $35.00 — Course fee
Completely circle the appropriate letter. A minimum score of 80% Q Payment enclosed
is required to earn credit. (check payable to Elevator World, Inc.)

Chargetomy: 0 VISA

Last name: O MasterCard
First name: Middle initial:

CET®, CAT® or QEI number:
State License number:

O American Express

Card number:

Company name:

Address: City: Expiration date:
State: ZIP code:

Telephone: Fax: Signature:
E-mail:

= To receive your certificate of completion using the mail-in option,
send the completed form with questions answered and payment
information included to: Elevator World, Inc., P.O. Box 6507,
This article is rated for one contact hour of continuing-education =~ Mobile, AL 36660.
credit. Certification regulations require that we verify actual study To receive your certificate of completion online, visit elevatorbooks.
time with all program participants. Please answer the below question.  com and follow the instructions provided for online testing.

How many hours did you spend reading the article and studying
the learning-reinforcement questions?
hours: minutes:

You now have the opportunity to earn Continuing Education contact
oursin magazine. Articles pertain to various
Your Subscription to hours in ELEVATOR WORLD magazine. Articles pertai i
industry topics that appear in the magazine bi-monthly, and for every exam

% E L EVATO R WO R L D you successfully complete, you'll earn 1-3 contact hours.

has just become more valuable

All study materials and online continuing education courses are available at

HJJ ELEVATORBOOKS.COM

Elevator World's Online Bookstore






