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EXECUTIVE SUMMARY

This study has evaluated Equivalent Level of Safety (ELOS) Findings and Exemptions relating to
the cabin safety requirements in Title 14 Code of Federal Regulations Part 25 that involved
transport category airplanes with a maximum certificated passenger capacity of up to 60 seats.
The results of this study can be used as an indication of the relevance and applicability of certain
requirements to this airplane category, and could form a basis for future research studies.

A review of the FAA database up to February 2006 found a total of 98 ELOS and Exemption
applications appropriate for this study. The applications were classified under 15 categories, and
the categories having more than 4 original applications were given further consideration. These
categories are related to:

o Occupant protection of multiple-place side-facing seat

o Installation of interior door separating passenger compartments

o The design and location of interior emergency exit marker/locator signs
. Head Injury Criteria for seats aft of bulkheads (“front row” seats)

o Type and arrangement of emergency exits

o Structural and occupant protection requirements for medical stretchers.

It was found that some of these subjects are not exclusive to smaller transport airplanes. This is
mainly because the applications were related to the type of operation and configuration that
require specific features, such as executive interior or air ambulance configuration that can be
installed in both large and smaller transport airplanes. However, some of these issues may be
more prevalent in smaller transport airplanes.

It was also found that other issues are related to the size of the airplane, in that the pertinent
requirements may be considered more appropriate to larger transport airplanes.
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1. INTRODUCTION.

This study is the second part of a research project into the cabin safety issues pertinent to smaller
transport airplanes® carried out on behalf of Transport Canada. The first part of the research
identified the cabin safety-related features unique to smaller transport airplanes and evaluated the
cabin safety requirements of the Canadian Aviation Regulations and U.S. Code of Federal
Regulations.

This study has evaluated Equivalent Level of Safety (ELOS) Findings and Exemptions relating to
the cabin safety requirements in Title 14 Code of Federal Regulations (CFR) Part 25 that
involved transport category airplanes with a maximum certificated passenger capacity of up to 60
seats. The results of this study can be used as an indication of the relevance and applicability of
certain requirements to this airplane category, and to form a basis for future research studies.

2. OBJECTIVES.

The study is intended to analyse and document Equivalent Level of Safety Findings and
Exemptions, pertinent to cabin safety, requested for smaller transport airplanes. The results of
the analysis may be used as an indication of the applicability of certain regulations to these
airplanes and to form a basis for future research studies.

3. SOURCE OF DATA.

3.1 EQUIVALENT LEVEL OF SAFETY.

ELOS findings are made when literal compliance with a certification regulation cannot be shown
and compensating factors exist which can be shown to provide an equivalent level of safety.

The ELOS documents evaluated in this study were obtained from the U.S. Federal Aviation
Administration (FAA) internet-based database (see reference 1), dating back to 1994. This
database contains the FAA Memoranda of the Equivalent Level of Safety Findings, and may be
selected by make, model and date.

Each ELOS document contains:

. A list of the applicable regulations for which an ELOS finding is requested;

o A description of the design features pertinent to the ELOS application;

o A description of any design changes, limitations, or equipment imposed to make the
equivalency;

! For the purpose of this study, “smaller transport airplane” is defined as turbojet/turboprop-powered transport
category airplane (14 CFR Part 25) with maximum certificated passenger seats up to 60.



o An explanation of how the actions taken provide an equivalent level of safety to that
intended by the regulation.

3.2 EXEMPTIONS.

An Exemption is a petition for a request to the certificating authority by an individual or entity
asking for relief from the requirements of a regulation in effect. The authority’s response to the
petition is one of the following: granted, partially granted or denied.

Exemption documents evaluated in this study were obtained from the FAA database (see
reference 2). This database is populated with Exemptions dating back to the mid-1990's, and
may be selected by number, petitioner, CFR Part, make or expiration date.

4. METHODOLOGY.

A review of the FAA database up to February 2006 found a total of 98 ELOS Findings and
Exemptions relating to cabin safety requirements for smaller transport airplanes. They consist of:

14 ELOS

38 Exemptions (Granted)

36 Exemptions (Partially Granted)
. 10 Exemptions (Denied)

For the purpose of this study, ELOS and Exemptions have been classified into 15 categories
based on their subject matter. One ELOS or Exemption can be classified into more than one
category. The airplane types related to each application were identified. Exemption extension
applications have been identified as a “repeat”. Exemption applications for the same
regulation(s) on the same airplane type, but from different applicants, are also annotated as a
“repeat”.

The 15 categories are explained as follows.

o Door to Cargo Compartment - This refers to the installation of an internal door to a
main deck cargo compartment which provides in-flight access to the compartment.

o Dynamic Seat Testing - This refers to the required dynamic testing of crew and
passenger seats and occupant protection systems under emergency landing loading
conditions.

. Emergency Exit (Access) - This refers to the access to emergency exits, and includes

deviations from the required passageway width, obstruction of the projected opening of
the exits, etc.

o Emergency Exit (type and arrangement) - This refers to the emergency exit type
(dimensions, design and construction), number and location in the cabin.



Emergency Exit Marking (exterior) - This refers to the exterior emergency exit
marking (e.g. emergency exit outline bands).

Emergency Exit Marking (Operation Instruction) - This refers to the operation
instruction marking of emergency exits (e.g. arrow marking).

Emergency Exit — Ditching Scenario - This relates to the required ditching emergency
exits.

Exit signs — visibility - This refers to the legibility and visibility of emergency exit
markings and locator signs with regard to the letter height/background requirement, and
the location of the signs in the cabin. It also relates to the use of the signs as both an exit
marking sign and an exit location sign.

Floor Distortion Test — Crew Seats - This refers to the floor distortion test requirement,
specifically for flight crew seats.

Head Injury Criterion (HIC) for Front Row Seats - This refers to the protection of
occupants of front row seats (seats located aft of a structure/bulkhead) in relation to the
Head Injury Criterion (HIC) requirement.

Interior Door - This refers to the installation of doors in the passenger cabin between
passenger compartments, including the installation of a belted passenger seat in the
lavatory/vanity area which is separated from the main cabin section.

Multiple-Place Side-Facing Seat - This refers to the installation of a side-facing divan
(multiple occupancy seat), which involves occupant protection pass/fail criteria associated
with the dynamic testing of the seat.

Stretcher - This refers to the structural and occupant protection requirements for
stretchers under the associated dynamic test conditions.

Width of Aisle — Evacuation - This refers to aisle widths that do not meet the
dimensions specified by the regulation or by the distortion of seats under dynamic loading
conditions.

Width of Aisle — Executive Seats - This refers to the aisle width that is affected by the
installation of executive seats (seats that can swivel and move forward and backward).



5. RESULTS AND DISCUSSIONS.

5.1 RESULTS.

Table 1 shows the number of ELOS/Exemption Applications and the associated requirements by
Category. The number of ELOS/Original Exemption Applications, the number of Repeat
Exemption Applications and the total number of Applications are shown for each Category. The
affected CFR Sections are also shown for each Category. The Categories are ranked based on the
number of ELOS/Original Exemption Applications.

Table 2 lists the airplane models for which the ELOS and/or Exemptions were requested for each
of the Categories.

The six highest ranked Categories, based on the number of original applications, are discussed in
section 5.2. Section 5.2 provides a review of the regulations affected by the ELOS or Exemption
Applications, taking into account the context of the application (e.g. type of operation). The six
Categories reviewed are:

Multiple-place side-facing seat

Interior door

Exit signs — visibility

Head Injury Criterion for front row seats
Emergency exit (type and arrangement)
Stretcher

ok wn P

It should be noted that this review was limited to documents available in the FAA database,
which covers a limited period of time. Therefore, the sample of applications reviewed in this
study, may not be representative of the cabin safety-related ELOS/Exemptions applications over
a longer period of time.

The summary of the review of the ELOS and Exemption documents is attached as appendix A to
this report. The regulations affected by the ELOS and Exemptions in the six Categories, and
their amendment list, are attached as appendix B to this report.



Table 1. ELOS/Exemption Applications Pertinent to Cabin Safety Requirements on Smaller Transport Airplanes

ELN(;Jé?g(arl;g?Lal Numbgr o_f Repeat TotaI_Nu_mber of l\_lo. of Affected CER
Rank Category - Applications for Applications for | Aircraft .
Exempt!on Exemption ELOS/Exemption | Models REgUEers
Applications
1 Multiple-place side-facing seat 13 10 23 11 25.785, 25.562
2 Interior Door 8 6 14 g* 25.813
3 Exit signs - visibility 6 6 9* 25.811, 25.812
4 HIC for front row seats 5 13 18 5 25.785, 25.562
5 Emergency exit (type and arrangement) 5 1 6 6* 25.807, 25.783, 25.809
6 Stretcher 5 8 5 25.785, 25.562
7 Dynamic Seat Testing 4 4 4 25.562
8 Emergency exit - ditching scenario 4 4 6* 25.807, 25.1557
9 Emergency exit (Access) 2 2 1 25.813
10 Floor Distortion Test - Crew Seats 2 4 6 2 25.562
11 Width of Aisle - Evacuation 2 2 2 25.815
12 Width of Aisle - Executive Seats 2 2 2 25.815
13 Door to cargo compartment 1 1 1 25.857, 25.1447
14 Emergency Exit Marking (Exterior) 1 1 1 25.811
15 Emergency Exit Marking (Operating 1 1 1 25 811

Instruction)

* There are application(s) for more than one aircraft models




Table 2. Smaller Transport Airplane Models Pertinent to the ELOS/Exemptions
Applications Reviewed in This Study

Multiple-place side-facing seat
(11)

Bombardier BD-100-1A10 (Challenger 300), Bombardier BD700-
1A10 Global Express, Bombardier BD700-1A11 Global 5000,
Cessna Model 680, Cessna Model 750 (Citation X), Dassault
Falcon Model 2000, Dassault Falcon Model 2000EX, Embraer
Model EMB135-BJ Legacy, Gulfstream Model 200 / IAl Galaxy,
Gulfstream Model G150, Israel Aircraft Industries Galaxy (AS3NM)
model (same as Gulfstream Model 200)

Interior Door (9)

Bombardier BD-100-1A10 (Challenger 300), Bombardier BD700-
1A10 Global Express, Bombardier BD700-1A11 Global 5000,
Cessna Model 560XL, Cessna Model 680, Dassault Falcon Models
Mystere Falcon 900 and Falcon 900EX, Gulfstream Model GV-SP

Exit signs - visibility (9)

Bombardier BD-100-1A10 (Challenger 300), Bombardier BD700-
1A10 Global Express, Cessna Model 680, Cessna Model 750
(Citation X), Dassault Falcon Models 50, 900, and 900EX,
Gulfstream Model GV-SP and GIV-X

HIC for front row seats (5)

Dornier 328, Embraer EMB-145, Jetstream Series 4100, Learjet
Model 45, SAAB 2000

Emergency exit (type and
arrangement) (6)

Embraer EMB-120 [EMB-120, -120RT, -120ER], Gulfstream Model
GIV-X, Gulfstream Model GV-SP, Learjet Model 45

Stretcher (5)

Cessna Model 560XL, Cessna Model 750 (Citation X), Dassault
Falcon Model 2000, Gulfstream Model G-V, Learjet Model 45 Serial
Number 168

Dynamic Seat Testing (4)

Bombardier BD700-1A10 Global Express, Cessna Model 750
(Citation X), Dornier 328-100, Jetstream Series 4100

Emergency exit - ditching
scenario (6)

Cessna Model 680, de Havilland DHC-8-311

Emergency exit (Access) (1)

Astra SPX

Floor Distortion Test - Crew
Seats (2)

Dornier 328, SAAB 2000

Width of Aisle - Evacuation (2)

Bombardier BD700-1A10 Global Express, Cessna Model 560XL

Width of Aisle - Executive Seats

)

Gulfstream Model G-IV , Gulfstream Model G-V

Door to cargo compartment (1)

Embraer EMB-135BJ

Emergency Exit Marking
(Exterior) (1)

Learjet Model 31A Serial Number 084

Emergency Exit Marking
(Operating Instruction) (1)

Cessna Model 680




5.2 FURTHER ANALYSIS OF THE MOST FREQUENT CATEGORIES.

5.2.1 Multiple-Place Side-Facing Seat.

The 23 applications pertinent to multiple-place side-facing seat consist of:

o 11 Granted Exemptions (2 original applications)
o 12 Partially Granted Exemptions (11 original applications)

The regulations requiring Exemption applications, as mentioned in the documents, are:

8 CFR 25.562 Amendment 25-64

8 CFR 25.562(c) Amendment 25-64
8 CFR 25.785(a) Amendment 25-64
8 CFR 25.785(b) Amendment 25-64
8 CFR 25.785(b) Amendment 25-88

Section 25.562 Amendment 25-64 contains the requirement for dynamic testing for all seats
approved for occupancy during takeoff and landing as well as the related occupant injury criteria.
It should be noted that § 25.562 Amendment 25-64 is currently applicable.

The text of § 25.785(a) Amendment 25-64 is the same as § 25.785(b) Amendment 25-72 and
Amendment 25-88, which is currently applicable (see appendix B). This section requires that
each seat, berth, safety belt, harness, and adjacent part of the airplane at each station designated
as occupiable during takeoff and landing must be designed so that a person making proper use of
those facilities will not suffer serious injury in an emergency landing as a result of inertia forces
specified in § 25.561 and § 25.562.

The dynamic responses experienced by occupants seated on side-facing seats are different from
those experienced by occupants seated on forward/aft-facing seats. Although the dynamic test
conditions provided by 8§ 25.562 Amendment 25-64 are considered applicable to side-facing
seats, the pass/fail (compliance) criteria for occupant injury requirement set out in this section
may not be appropriate for side-facing seats, especially for multiple occupancy. Consequently,
this necessitates an exemption from 8§ 25.785(a) Amendment 25-64/8 25.785(b) Amendment 25-
88 in the certification process.

The FAA stated that side-facing seats are considered a novel design for transport category
airplanes that include Amendment 25-64 in their certification bases, which were not considered
when this airworthiness requirement was formulated. The FAA produced Issue Paper CI-1 dated
November 12, 1997 entitled “Dynamic Test Requirements for Side-Facing Divans (Sofas)”,
which addressed the injury criteria particular to multiple-place side-facing seat. Transport
Canada has also issued a Policy Letter on side-facing seats for Transport Category Airplanes (PL
No. 525-003, effective date 1 December 2003), which provides guidelines concerning the
application of airworthiness standards required for the approval of side-facing seats. Although
these authorities have acknowledged the problem, a grant of exemption is not automatic and



applicants must justify their request for exemptions. The Authorities intend to continue to refine
the compliance criteria for multiple occupancy, side-facing seating.

“Multiple-place side facing seat” applications are essentially related to corporate/executive
interior configurations, which can involve both large and smaller transport airplanes. Therefore,
such applications are not exclusive to smaller transport airplanes (e.g. Exemption 7392 for the
installation of multiple-place side-facing seats on Boeing Model 777-2AN).

5.2.2 Interior Door.

The 14 applications pertinent to the installation of interior door consist of:

. 2 ELOS

. 9 Granted Exemptions (4 original applications)

. 2 Partially Granted Exemptions (1 original application)
. 1 Denied Exemption (1 original application)

The regulations affected, as mentioned in the ELOS/Exemption documents, are:

. § 25.813(e) Amendment 25-56
. § 25.813(e) Amendment 25-82
. § 25.813(e) Amendment 25-88
. § 25.813(e) Amendment 25-116

Section 25.813(e) at amendment numbers 25-56, 25-82, 25-88 stated that no door may be
installed in any partition between passenger compartments. At Amendment 25-116, which is
currently applicable, this section states:

“(e) No door may be installed between any passenger seat that is occupiable for
takeoff and landing and any passenger emergency exit, such that the door crosses
any egress path (including aisles, crossaisles and passageways).”

All of the Exemption petitions for interior door are related to executive configurations, which are
normally configured with passenger seats less than the maximum certificated number of seats.
The need for an interior door that divides passenger compartments originated from customer
requests to allow private business meetings during cruise. The grant or denial of exemption took
into consideration the locations of emergency exits in the cabin, the design of the door, and the
type of operation the aircraft is intended for. Operational and design provisions normally
accompany the granting of the exemption.

Most applications stressed that “the difference between the commercial Transport Category
aircraft used in airline operation and aircraft specifically used for corporate operations (whether
private or non-scheduled commercial), was not segregated in the FAR Part 25 rules”. Applicants
also argued that corporate fleets utilising 14 CFR Part 25 aircraft “has now grown to a point
where it is contended that the certification agencies need to consider new revised design rules for



aircraft involved in this class of operation.” However, the FAA considers that the emphasis is not
on whether the aircraft is intended for airline or corporate operation, but whether it is intended
for commercial or private use. Therefore, in granting the exemptions, the FAA required that the
aircraft is not operated for hire or offered for common carriage (although it does not preclude the
operator from receiving remuneration to the extent consistent with 14 CFR Part 125 and 14 CFR
Part 91, subpart F, as applicable).

The FAA has acknowledged that there are differences between commercial and private use
(whether by an individual or a corporation) of transport category airplanes that warrant
consideration of the appropriate level of safety. The FAA has identified several regulatory
requirements, including installation of interior doors, which may need to be revised to address
the safety issues revealed by these differences. The FAA intends to develop alternative
regulatory standards that specifically apply to privately operated airplanes, primarily relating to
cabin safety issues.

As with applications related to multiple-place side facing seats, interior door—related applications
were essentially related to corporate/executive interior configuration, which may also involve
larger transport airplanes. Therefore, this type of application is not exclusive to smaller transport
airplanes (e.g. Exemption 8616 for installation of interior door in a B747-400 equipped with
executive interior).

There are two ELOS for placing a belted passenger seat in the lavatory/vanity area during taxi,
takeoff and landing. This type of application is likely to be more particular to smaller transport
airplanes, due to their limited space.

5.2.3 Exit Signs — Visibility.

The 6 applications pertinent to the visibility of exit signs consist of:

. 5ELOS
o 1 Denied Exemption (1 original application)

The regulations affected, as mentioned in the ELOS/Exemption documents, are:

J § 25.811 Amendment 25-88

J § 25.811(d)(1) Amendment 25-79
J § 25.811(d)(1) Amendment 25-88
J § 25.811(d)(2) Amendment 25-88
J § 25.812 Amendment 25-88

J § 25.812(b) Amendment 25-88

Section 25.811(d)(1) Amendment 25-79 and 25-88 state that there must be a passenger
emergency exit locator sign above the aisle near each passenger emergency exit, or at another
overhead location if it is more practical because of low headroom, which is visible to occupants
approaching along the main passenger aisle.



A petition seeking exemption from the requirements of 8 25.811(d)(1) stated that the intent of
the requirement for an exit locator sign to be placed overhead is “peculiar to aircraft with a much
larger cabin”. Because space or ceiling height is limited, aircraft manufacturers have requested
that the emergency exit marker installed on the sidewall could also function as an emergency exit
locator sign. It was considered that installing an emergency exit locator sign on an “overhead”
location in a cabin with limited ceiling height would create a head-strike hazard to cabin
occupants.

Some ELOS findings relating to emergency exit marker/locator signs are for signs with shorter
letter height and less background area than that required by § 25.812(b) Amendment 25-88.

The ELOS findings and the granting or not granting of the exemption application in this category
were based on the visibility and legibility of the signs. The legibility of the exit marker and
locator signs must be confirmed by person(s) with 20/20 (or worse) eyesight. It must be
determined that the signs are legible by occupants ranging from 5™ percentile (in height) female
to a 95" percentile (in height) male. The evaluation of each marker sign is to be accomplished
from a standing position in the aisle opposite the exit. The evaluation of each locator sign is to
be accomplished from all standing locations in the aisle, forward or aft of the sign, as
appropriate.

This category is not particularly related to any specific configuration or operation. With nine
smaller transport category airplane models seeking exemption/equivalent level of safety finding
for the letter height/background area and location of emergency exit marker/locator sign, it may
be that these requirements are more appropriate to larger transport category airplanes. With
visibility and legibility being the primary consideration in certificating the design and
use/location of emergency exit locator/marker signs, Authorities may need to consider reviewing
the pertinent requirements in order to simplify the certification process.

5.2.4 Head Injury Criterion for Front Row Seats.

The 18 applications pertinent to the Head Injury Criterion (HIC) for front row seats consist of:

o 4 Granted Exemptions (no original applications)
o 12 Partially Granted Exemptions (4 original applications)
o 2 Denied Exemptions (1 original application)

The regulations affected, as mentioned in the Exemption documents, are:

. 8§ 25.562(c)(5) Amendment 25-64
J § 25.785(a) Amendment 25-64

Section 25.562(c)(5) Amendment 25-64 requires that each occupant must be protected from
serious head injury under the conditions prescribed in Section 25.562(b). Where head contact
with seats or other structure can occur, protection must be provided so that the head impact does
not exceed a HIC of 1,000 units.

10



Section 25.785(a) Amendment 25-64 (same as 8§ 25.785(b) Amendment 25-72/25-88), requires
that each seat, berth, safety belt, harness, and adjacent part of the airplane at each station
designated as occupiable during takeoff and landing must be designed so that a person making
proper use of those facilities will not suffer serious injury in an emergency landing as a result of
inertia forces specified in § 25.561 and § 25.562.

The applications for exemption in meeting the HIC requirement for seats aft of bulkheads were
mostly due to the lack of commercially viable design solutions at that time. Removal of seats to
provide more head-strike clearance and restraint systems such as shoulder harness are not
considered commercially viable. Most applications in this Category were for a time extension on
previously granted or partially granted exemptions, in which the applicants were in the process of
developing occupant protection devices for compliance with the Head Injury Criterion that they
would consider commercially acceptable.  Airbags and energy absorbing bulkheads are
considered as optimum solutions.

A report published by the FAA (reference 3) investigated the head injury criteria (HIC)
compliance problem for front-row seating in transport category airplanes. The study investigated
the performance of various padding materials, none of which were found to be satisfactory. It
found, based on simulations and static tests, that energy absorbing bulkheads using a simple
aluminum sheet and an aluminum honeycomb panel with fiberglass facesheets could effectively
attenuate HIC values to non-injurious levels. The report concluded that the HIC value for a
specific design was found to be sensitive to head impact velocity, head impact angle, seat setback
distance, belt properties, and the panel stiffness and strength. The studies also showed that a
minimum of 2-4 in. of bulkhead crush is required to attenuate the HIC values to levels below
1000 during 16-g dynamic sled tests.

HIC compliance for front row seats has also been a problem for some larger transp