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1. PURPOSE. The purpose of this advisory circular (AC) is to
provide guidance on whether particular government aircraft
operations are public aircraft operations or civil aircraft
operations under the new statutory definition of “public
aircraft.” This AC contains the  Federal Aviation
Administration's (FAA) intended application of key terms in the
new statutory definition. For operations that have lost public
aircraft status under the new law, this AC provides information
on bringing those operations into compliance with FAA safety
regulations for civil aircraft. It also provides information on
applying for an exemption. This AC provides acceptable, but not
exclusive, means of complying with the law. Agencies which
conduct public aircraft operations are encouraged to comply with
the Federal Aviation Regulations (FAR), even when they are not
required to do so. They and the flying public will benefit from
their voluntary adherence to the enhanced safety standards set
out in the regulations. The FAA will continue to provide
~assistance to public agencies which seek to voluntarily comply
with the regulatory requirements.

2. REFERENCE. 49 U.S.C. § 40102(a) (37).

3.  RELATED MATERIAL.

a. AC 00-2.8, Advisory Circular Checklist, lists documents -
that provide. guidance on many of the processes required to be
followed in the certification and operation of civil aircraft.

b. AC 00-44FF, Status of Federal Aviation Regulations,
provides the current public status of the Federal Aviation
Regulations (FAR), prices, and order forms. '

. c. AC 20-132, Public Aircraft, provides guidance that
public aircraft status under the Federal Aviation Act does not
permit operations outside the territorial limits of the United
States without a valid airworthiness certificate.
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d. AC 120-12A, Private Carriage.Versus Common Carriage of
Persons or Property, furnishes general guidelines for determining

whether transportation operations by air constitute private or
common carriage. '

e. AC-120-49, Certification of Air Carriers, provides
information and guidance on the certification process for air
carriers under FAR Parts 121 and 135.

f. Guide to. Federal Aviation Administration Publications
provides guidance on identifying and obtaining FAA and other
aviation-related publications issued by the Federal government.

Note: Copies of the above documents may be obtained
from the Department of Transportation, M-45.3, General

- Services Section, Washington, DC 20590.

omas C. Accardi
Director, Flight Standards Service
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CHAPTER 1. DETERMINING WHETHER OPERATIONS ARE PUBLIC OR CIVIL.

1. PUBLIC AJRCRAFT DEFINITION.

a. Background. In recent years, there has been an
increasing interest in matters involving operations of public
aircraft, which are generally exempt from compllance with the
Federal Aviation Regulations.

(1) One area of interest is related to government
‘agencies’ receipt of reimbursement for their operation of
government-owned aircraft. Prior to the enactment of the Public
Law 103-411, the Independent Safety Board Act Amendments of 1994,
“public aircraft” was defined to exclude “any government-owned
aircraft engaged in carrying persons or property for commercial
purposes. (P.L. 100-223, 1987). The FAA's long-standing
interpretation has been that, where there is a receipt of
compensation, such an operation is “for commercial purposes” and
that such an operation therefore is not a public aircraft
operation. This 1nterpretat10n has been applied to
intergovernmental arrangements. wherein one government agency
receives compensation for prov1d1ng aircraft services to another
government agency. . Such services may be provided for
firefighting, search and rescue or other governmental functions.
Many government operators objected to the FAA's interpretation,
claiming that such an interpretation impeded their governmental
missions. They urged that it was impractical or impossible to
obtain the services commercially, and that it was too costly to
conduct their operations under the Federal Aviation Regulations
as civil aircraft.

. (2) On -October 9, 1994, Congress passed the
Independent Safety Board Act Amendments, Pub. L. 103-411, which
changed the definition of the term “public aircraft.” The law
was signed by President Clinton on October 25, 1994. '

(3) On January 26, 1995, the proposed advisory
circular on Government Aircraft Operations was published in the
Federal Register. 60 Fed. Reg. 5237. The proposed advisory
circular set forth the FAA's understanding of the terms set forth
in the new statute and the agency’s intended application of those
terms. . The proposed advisory circular requested comments from
affected parties on the positions taken by the FAA.

(4) Between January 26 and the current date, the FAA-
received and considered numerous comments from federal, state,
and local governmental organizations as well as from
representatives of private aircraft operators. Additionally ,
the FAA received an opinion of the Office of Legal Counsel,

Chap 1 _
Par 1 7 _ 1
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United States Department of Justice. That opinion, dated

March 31, 1995, addresses whether the transport of prisoners on
‘government aircraft falls within the statutory definition of
“public aircraft.” The opinion advised that the position taken
by the FAA in the proposed advisory circular regarding the
transport of prisoners was unnecessarily restrictive. It
discusses generally the terms used in that section of the

" statute which relate to the transporting of passengers in
government-owned aircraft and advises that those terms would more
appropriately be given a slightly broader interpretation than
that in the proposed advisory circular. The FAA has modified its
position to accord with the legal direction received.

b. Legislative History. The general purpose of the new
law, as reflected in the legislative history, is to extend FAA.
requlatory oversight to some government -aircraft operations. In
part, Congress determined that government-owned aircraft, which
operate for commercial purposes or engage in transport of
passengers, should be subject to the regulations applicable to
civil aircraft. The new law (with certain exceptions) preserved
as public aircraft operations, those relating to the performance
of certain governmental functions and, further, allowed public
agencies to receive reimbursement from other public agencies for
.some operations conducted in response to significant and imminent
"threats. The FAA was also authorized to grant exemptions for
operations whose status had changed as a result of the new law.

c. Statutory Text. The_new definition of public aircraft
enacted by Congress is as follows:

“ (1) én aircraft--

(i) wused only for the United States Government;
or ' : '

(ii) owned and operated (except for commercial
purposes) or exclusively leased for at least 90 continuous days
by a government (except the United States Government), including
a State, the District of Columbia, or .a territory or possession
of the United States, or political subdivision of that
government; but ‘

{2) does not include a government-owned aircraft--

v o (i) transporting property for commercial
purposes; or '

(11) transporting passengers other than--

. Chap 1
2 Par 1
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(A) transporting (for other than commercial
purposes) crewmembers or other persons aboard the aircraft whose
presence is requlred to perform, or is.associated with the
performance of, a governmental function such as firefighting,
search and rescue, law enforcement, aeronautical research, or
biological or geological resource management; or

(B) transporting (for other than commercial
purposes) persons aboard the aircraft if the aircraft is operated
by the Armed Forces or an intelligence agency of the United
States. '

(3) An aircraft described in the preceding sentence

shall, notwithstanding any limitation relating to use of the

aircraft for commercial purposes, be considered to be a public
- aircraft for the purposes of this part without regard to whether
the aircraft is operated by a unit of government on behalf of
another unit of government, pursuant to a cost reimbursement
agreement between such units of government, if the unit of
government on whose behalf the operation is conducted certifies
to the Administrator of the Federal Aviation Administration that
the operation was necessary to respond to a significant and
imminent threat to life or property (1nc1ud1ng natural resources)
and that no service by a private operator was reasonably
available to meet the threat.” 49 -U.S.C. 40102 (a) (37).

d. Operational Nature of Definition. The status of an
aircraft as "“public aircraft” or “civil aircraft” depends on its
use in government service and the type of operation that the
aircraft is conducting at the time. Rather than speaking of
particular aircraft as public aircraft or civil aircraft, it is
more precise to speak of particular operations as public or civil
in nature. Example: An aircraft owned by a state government is
used in the morning for a search and rescue mission. During the
search and rescue operation, the aircraft is a public aircraft.
Later that same day, however, the aircraft is used to fly the
‘governor of the state from one meeting to another. At that time,
the aircraft loses its public aircraft status and must be
operated as a civil alrcraft

e. Effective Date. The effective date of the new statute
is April 23, 1995,

2. MEANING OF KEY STATUTORY TERMS. The FAA interprets various
words, phrases, and clauses in the statutory definition (in their
order of appearance in the statute) as follows:

a. = “For Commercial Purposes.” The FAA has consistently
taken the position that this term means “for compensation or
hire”. The test historically applied to determine whether an

Chap 1 :
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operation is for “compensation or hire” is whether the operator
receives direct or indirect payment for the operation. It is not
necessary that a flight be conducted for profit to constitute an
operation for “compensatioh or hire,” the term may be applicable
even where there is no intent or ability to make a profit from
the flight. Even where there is only cost-reimbursement from a
unit of one government to a unit of another for the operation of
an aircraft, such reimbursement constitutes “compensation.”
Accordingly, operations conducted pursuant to cost-reimbursement
arrangements between units of government are considered to be
“for commercial purposes.” The new statute provides a limited
exception allowing for public aircraft status where the unit of
‘government on whose behalf the operation is conducted certifies
that the operation was necessary to respond to a significant and
imminent threat to life or property and that no service by a
private operator was reasonably available to meet the threat. By
- providing this limited exception, Congress clearly recognized-
that operations conducted pursuant to cost-reimbursement
agreements are to be considered “for commercial purposes.”
Generally, a transfer of funds by one element of government to
another element within that same governméent will not be treated
as compensation. Operations conducted pursuant to those
arrangements are not considered “for commercial purposes” where
the reimbursement is essentially an accounting of transactions
within the same unit of government.

(1) One state agency reimburses another agency of the .
same state for conducting operations on its behalf using a state-
owned aircraft. If the two agencies share a common treasury, the
operation is not “for commercial purposes” within the meaning of
"the statute. :

, (2) A federal agency relmburses a state agency for
conductlng aircraft operations on the former’s behalf using
state-owned aircraft. Such an operation is considered to be “for
commercial purposes.” Generally, this operatlon would be a civil
-aircraft operation, unless the federal agency certified that the
operation was necessary to respond to a significant and imminent
threat to life or property (including natural resources) and that
no service by a private operator was reasonably available to meet
the threat. 1In that case, the operation would be considered a
public aircraft operation.

b. ~ “Whose Presence is Requlred to Perform.” This phrase
means that the person is aboard the aircraft for the purpose of
performing a task or duty directly related to an ongoing
governmental function of the sort enumerated in the statute. It
indicates that the person’s presence is essential to the
performance of that function.

Chap 1
4 _ Par 2
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(1) Exémples:

(1) Firefighters who are being transported for
the purpose of engaging in a current firefighting activity are
considered persons whose presence is essential for the
performance of that activity. The transport of firefighters
directly to a firefront by aircraft as part of a mission for
which the use of an aircraft is necessary would constitute an
accepted activity. Similarly, the transport of firefighters to a
base camp by aircraft where they are to be dispersed to the
firefront may be viewed in the same manner. '

(ii) Officials who are conducting law enforcement
operations while in an aircraft would be considered as being
required for the performance of that governmental function.

Thus, the carriage of law enforcement personnel performing aerial
surveillance would be considered as necessary to perform the law
enforcement function. So too, might officials who are being
transported for the purpose of engaging in a.law enforcement
activity. For example, the carriage of officers to the scene of
a public disturbance for the purpose of performing riot control
duty on the ground would also be included if the effectiveness of
riot control would be compromised by inability to use the
aircraft. The movement of law enforcement personnel for
administrative purposes would not be considered necessary for the
performance of an excepted government function.

, (1ii) Persons engaging in search and rescue
operations from an aircraft would be considered necessary for the
performance of the governmental function. Alsoc included would
be persons who are being carried to a remote search area from
which they would conduct ground search and rescue operations,
provided that the use of the aircraft is necessary for the
performance of that mission.

(iv) Persons on board aircraft conducting
aeronautical research who are engaged in the airborne gathering
of data or information are necessary for performance of the
governmental  function.

(v) Persons on board an-aircraft that is engaged
in biological and geological resource management would be
included, so long as they perform biological and geological
resource management-related duties on the aircraft. Also
included would be persons carried to a location from which they
would engage in an ongoing operation or mission.

Chap 1 '
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c. “Associated with the Performance of.” This clause
operates to include persons who, while not directly engaged in
performing the governmental function, are present on the
aircraft in connection with that function.

(1) Examples:

(i) An official who accompanies firefighters to a
fire to oversee or assess the success of the operation and/or the
need to commit further resources to the fire fight would be
associated with the performance of the governmental function.

(ii}) A ground crew that accompanieés a weather
research aircraft to the theater of operations for the purpose of-
maintaining the aircraft and equipment would be associated with
the performance of the governmental function.

"(iii) Prisoners who are being transported aboard an
aircraft are associated with the performance of a law enforcement
function. ‘

(iv) Persons who are rescued during a search and
.rescue operation are associated with that function. Also
included are members of a ground rescue party which assists in
the search and rescue operation.

- d. “Governmental Function Such As...” The term “such

: as,” when used in the clause “a governmental function such as
firefighting, search and rescue, law enforcement, aeronautical
research, or biological or geological resource management”
indicates that the listed functions are not exhaustive and that
the exception may apply to other governmental functions as well.
However, the exception is limited to those other governmental
functions that are comparable to and consistent with the listed.
functions. The unifying characteristic shared by the
governmental functions listed in the statute is that they each
involve the carriage of persons as part of a mission for which
the use of an aircraft is necessary. Thus, it is not sufficient
to merely show that the passengers are being transported to
perform one of the functions Jlisted in the statute; the use of
the aircraft must be necessary for the performance of the
mission. The aircraft would be necessary for the performance of
a mission if the inability to use the aircraft would compromlse
the effectiveness of that mission,

(1) Examples:

(1) The use of an aircraft for administrative
travel, such as to attend meetings or make speeches, would not
be considered necessary for the performance of a listed or

: , Chap 1
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comparable governmental mission. Such an operation would not
qualify for the exception.

(i1} Training flights would be included if the
persons on board are being trained on the aircraft to perform one
of the functions listed in the statute. Flights to transport
persons to receive ground training would not be included.

(2) “Firefighting.” This term includes the dispensing
of water or fire retardants on a fire. It also includes the
transport of firefighters and equipment to a fire or to a base
camp from which they would be dispersed to conduct the
firefighting activities.

(3) ™“Search and Rescue.” This term is commonly used
to mean operations conducted to locate and rescue persons who are
lost, injured, and/or exposed to some degree of danger or harm.
Generally, the use of an aircraft is indispensable to the search
effort or is the only feasible means of recovering the victim.
Persons rescued would be considered “associated with” the
activity.

(4) “Law Enforcement.” - Operations requiring the use
of an aircraft, such as aerial surveillance, fugitive
apprehension, and riot control would be included. Also included
- would be:other situations where the use of an aircraft is
essential for -the performance of an ongoing law enforcement
mission. For instance, deployment of SWAT teams to the theater
of operations by aircraft would be included when the use of an
aircraft. is essentlal for the successful performance of the
mission.

(5) ™“Aeronautical Research.” This term would include
flights to measure the performance of aircraft or aeronautical
components. It would 'also include atmospheric research,
meteorological observation and airborne astronomy.

(6) ™“Biological and Geological Resource Management.”
This term would include operations which require the use of an
aircraft for the successful performance of the mission. For
example, counting wildlife from an aircraft would be included.

{(7) “Other Governmental Functions - Examples:”

, (1) Medical evacuation. While this term is not
considered synonymous with “search and rescue,” it may be an
included governmental function, depending on the particular
circumstances of the operation. Again, the use of an aircraft

Chap 1
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must be essential to the successful performance of the mission.
It is unlikely that the use of an aircraft would be essential for
a medical evacuation operation in an urban area where other means
of transportation are routinely available.

(ii) Aerial Survey. Operations conducted to
assure compliance with state or local laws or codes are included
if the inability to use an aircraft would compromise the
effectiveness of the mission.  Examples:

(A) The identification of environmental
polluters would be included if the use of an aircraft was
necessary to locate the offenders.

(B) Rerial patrol of nuclear test sites to
deter or locate trespassers would be included.

: e. “Cost-Reimbursement Agreement.” This term means any
agreement, oral or written, providing for reimbursement of all or
part of the costs of an aircraft operation. Any charge or
payment in excess of the cost of the operation would not
constitute a cost-reimbursement agreement.

f. “Unit of Government.” ' This term means a government
body. Generally, the singular characteristic of a unit of
government in this context is its common treasury. Reimbursement
for flight operations between two elements of the same unit of
government would not be considered an operation. for “compensation
or hire.” However, the receipt of reimbursement for a flight
. operation from an element of one unit of government to an element

of a separate unit of government would constitute an operation

“for commercial purposes.” Such operation would be considered a
civil aircraft operation, except when the government unit, which
"receives the benefit of the operation, certifies that there is a
significant and immediate threat to life or property and that no
private operator is reasonably available.

g. “Certifies.” The certification that there is a
significant and immediate threat to life or property and that no
private operator is reasonably available should be made by the
unit of government on whose behalf the operation is conducted.’
Without the certification, the unit of government who receives
reimbursement for conducting the operation will be assumed to
have conducted the operation “for commercial purposes.” Such an
operation will be considered a civil aircraft operation and may
~ require compliance with FAR Part 121, 125, 133, 135, or 137.

(1) The certification should include: the date of the
operation, a description of the flight operation conducted, a
description of the significant or immediate threat, and an

4Chap 1
8 Par 2



4/19/95 | ~ AC 00-1.1

explanation of why it was determined that no service by a prlvate
operator was reasonably available.

(2) The certification is the responsibility of the
unit of government which provides the flight operations. It is
suggested that the certification be completed contemporaneously
with the operation and be retained by the unit of government
which operated the aircraft.

h. “Significant and Imminent Threat.” This term refers to
a situation where the public agency responsible for responding to
a threat has determined that serious injury or death, or
significant damage to property (including natural resources) is
present. The dgency must also determine that the use of an
aircraft is necessary to respond to the threat.

i. “No Service by a Private Operator was Reasonably
Available.” This term means that the public agency responsible
for responding to a threat has reasonably determined that, at the
time of the response;,; no private operator was available ‘and
capable of responding to the threat in a timely manner.

Chap 1 ' .
Par 2 9 (and 10)



4/19/95 AC 00-1.1
CHAPTER 2. BRINGING OPERATIONS INTO COMPLIANCE.

3. "BASIC TYPES QF CIVIL AIRCRAFT OPERATIONS. The government
operator should contact the nearest FAA Flight Standards district
office (FSDO) for assistance and guidance in bringing its
operations into compliance with the FAR. For operations
requiring certification, the FSDO manager will assign an FAA
aviation safety inspector to assist the government operator
during the certification process. Initial inquiries about
certification or requests for applications should be in writing
or by personal visit to the FSDO.

a. FAR Part 91,

(1) FAR Part 91 prescribes the general flight rules
for all aircraft operations within the United States, including
the waters within 3 nautical miles of the U.S. coast.
U.S.-registered civil aircraft are required to comply with FAR
Part 91. When over the high seas, they must comply with Annex 2
(Rules of the Alr) to the Convention on International Civil
Aviation.

(2) FAR Part 91 prohibits a pilot from operating a
civil aircraft unless it is in an airworthy condition. The pilot
in command (PIC) is responsible for determining whether the
aircraft is in condition for safe flight. The PIC is required to
terminate the flight when unairworthy mechanical, electrical, or
structural conditions occur. In addition, the PIC may not
operate the aircraft without complying with the operating
limitations specified in the approved Airplane or Rotorcraft
Flight Manual, markings, and placards, or as otherwise prescribed
by the certificating authority of the country of registry.

(3) Under FAR Part 91, the PIC of an aircraft is
directly responsible for, and is the final authority as to the
operation of that aircraft. 1In case of an inflight emergency,
the PIC is authorized to deviate from any rule in FAR .Part 91 to
the extent necessary to meet the emergency. However, any PIC who
deviates from a rule in FAR Part 91 is required, upon the request
of the Administrator, to send a written report of that dev1at10n
to the Administrator.

" b, FAR Part 125. If an operator uses an airplane with a
seating configuration for 20 or more passenger seats or a maximum
payload capacity of 6,000 pounds or more, and is not engaged in
“common carriage,” then FAR Part 125 applies. A person is ,
considered to be engaged in “common carriage” when “holding out”
to the general public or to a segment of the public as willing to
furnish transportation within the limits of its facilities to any

Chap 1 :
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person who wants it. Examples of holding out are as follows:
advertising through telephone yellow pages, billboards,
television, radio, and individual ticketing. FAR

Section 125.11(b) prohibits FAR Part 125 certificate holders from
conducting any operation which results directly or indirectly
from holding out to the general public. Further information
regarding common carriage vs. private carriage can be found in

AC 120-12. 1If the operator is engaged in “common carriage,” then
FAR Part 121 or 135 applies rather than FAR Part 125,

c. FAR Part 121 or 135. When a government-owned aircraft
is operated “for commercial purposes” (see paragraph 2(a) above),
the requirements contained in either FAR Part 121 or 135,
depending on the type of operation, must be met. Generally, FAR
Part 121 applies to domestic, flag, and supplemental air carriers
and commercial operators of large aircraft, while FAR Part 135
applies to air taxi operators and commercial operators. An
operator should consult Special Federal Aviation Regulation
(SFAR) No. 38-2 as well as the applicability provisions of each
part (FAR Sections 121.1 and 135.1) to determine whether it is-
FAR Part 121 or 135 that applies to a particular operation. The
FSDO will provide an applicant for a FAR Part 121 or 135
certificate with a videotape on certification and a copy of
AC 120-49, Certification of Air Carriers. Once the videotape and
the AC have been reviewed, the applicant will complete FAA  Form
8400-6, Preapplication Statement of Intent, and the FSDO manager
will assign a Certification Team to assist the applicant through
each phase of the certification process

d. FAR Part 133. FAR Part 133, Rotorcraft External-Load
Operations, prescribes the airworthiness certification
requirements for rotorcraft, and the operating and certification
rules governing the operation of rotorcraft conducting external-
load operations in the United States by any person. The-
certification rules do not apply to a Federal, state, or local
government conducting operations with a government-owned aircraft
unless it is operating as a civil aircraft due to receipt of
compensation. Federal, state, or local governments must;
however, comply with all of the other rules contained in FAR
- Part 133, even when operating a public aircraft.

_ (1) FAR Part 133 requires that a person must obtain a
Rotorcraft External-Load Operator Certificate issued by the FAA
before any rotorcraft external-load operations in the United
States are begun. This certificate is valid for 24-calendar
months unless it 1is surrendered, suspended, or revoked prior to
the expiration date shown on the certificate.

Chap 1
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(2} Rotorcraft used in external-load operations must
have been type certificated and must continue to meet the
requirements of FAR Part 27 or 29 or of FAR Section 21.25.
Rotorcraft must also comply with the airworthiness requirements
contained in Subpart D of FAR Part 133 and must have a valid
standard or restricted category airworthiness certificate. At
the present time, only rotorcraft of U.S. registry are eligible
for external-load operations.

(3) Pilots.conducting rotorcraft external-load
operations must have at least a current commercial pilot
certificate with a rating appropriate to the rotorcraft being
used, and a Second Class Medical Certificate.

e. FAR Part 137. FAR Part 137, Agricultural Aircraft
Operations, prescribes the rules which govern the certification
~and operation of agricultural aircraft operated in the United
States, and the issuance of either a private or commercial
agricultural aircraft operator certificate for those operations.
In a public emergency, a person who conducts agricultural
. aircraft operations may, where necessary, deviate from any
operating rule contained in FAR Part 137 for relief and welfare
activities approved by an agency of the United States or of a
state or local government. However, each person who deviates
from a rule shall complete a report of the aircraft operation
1nvolved within 10 days, 1nclud1ng a description of the operation
and the reasons for it, to the nearest FAA FSDO.

(1) As defined in FAR Part 137, an agricultural
aircraft operation means the operation of an aircraft for the
purpose of:

(i) dispensing any economic poison;

{ii) * dispensing any other substance intended for
plant nourishment, soil treatment, propagation of plant life, or
pest control; or

(iii) engaging in dispensing activities directly
affecting agriculture, horticulture, or forest preservation. It
does not include the dispensing of live insects. Forest
firefighting is considered to be an agricultural alrcraft

operation.

(2) FAR Part 137 requires that a person must obtain an
Agricultural Aircraft Operator Certificate issued by the FAA
before any agricultural aircraft operations in the United States
are begun. A rotorcraft may conduct agricultural aircraft
operations with external dispensing equipment in place without a
rotorcraft external-load operator certificate. However, an

Chap'l
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operator with a rotorcraft external-load operator certificate may
conduct agricultural aircraft operations if it disperses only
water on forest fires by rotorcraft external-load means without
an agricultural aircraft operator certificate. A Federal, state,
or local government conducting agricultural aircraft operations
is not required to obtain an Agricultural Aircraft Operator
Certificate. They must; however, comply with all of the other
rules contained in FAR Part 137. :

(3) Aircraft used in agricultural aircraft operations
must be certificated and airworthy, and equipped for agricultural
operation. They must be equipped with a suitable and properly
installed shoulder harness for use by each pilot.

(4) Operators conducting agricultural aircraft
operations must have the services of one person who has at least
a current U.S. commercial pilot certificate and who is properly
rated for the aircraft to be used.

4. ~ PILOT CERTIFICATION.

a. Generally. All civil aircraft are required to be
operated by pilots certificated under FAR Part 61, Certification:
Pilots And Flight Instructors. FAR Part 61 prescribes the '
requirements for issuing pilot certificates and ratings, the
conditions under which those certificates and ratings are
necessary, and the privileges and limitations of those
.certificates and ratings.

b. Domestic Aircraft. Pilots operating civil aircraft of
U.S. registry are required to have in their personal possession a
current pilot certificate issued to them under FAR Part 61.
U.S.~-registered aircraft may be operated in a forelgn country
‘with a pilot llcense issued by that country.

c. Foreign Alrcraft.- Foreign aircraft may be operated in
the U.S. by pilots who have in their personal possession current
pilot certificates issued under FAR Part 61 or a pilot license
issued to them or validated for them by the country in whlch the
-aircraft is registered.

d. Medical Certificate. Pilots operating U.S.-registered
civil aircraft are required to have in their personal possession
. an appropriate current medical certificate issued to them under
FAR Part 67, Medical Standards and Certification. FAR Part 67
prescribes the medical standards for issuing medical
certificates. A Third Class Medical Certificate is required for
Private Pilot certification. A Second Class Medical Certificate
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is required for Commerdial Pilot certification. A First Class
Medical Certificate is required for Airline Transport Pilot
Certification. A

A e. Instrument Rating. Pilots operating civil aircraft
under instrument flight rules or in weather conditions less than
the minimums prescribed for Visual Flight Rules are required to
" hold an Instrument Rating or an Airline Transport Pilot
Certificate appropriate for the aircraft flown.

5. AIRCRAFT CERTIFICATION.

a. Generally. Government aircraft operations that dre no
longer eligible for public aircraft status must now meet the
civil airworthiness standards for certification of aircraft.

This includes the aircraft's engines and propellers as well as
the aircraft as a whole. A civil aircraft must have a current
airworthiness certificate to operate in the National Airspace
System. Additionally, all civil aircraft must meet the following
‘requirements: ' '

(1) The aircraft must have an effective U.S.
registration certificate on board during all operations as
requlred by FAR Section 91.203.

. (2) BAn appropriate and current airworthiness
certificate must be displayed in accordance with FAR
Section 91.203(c). An airworthiness certificate is effective as
long as the maintenance, preventative maintenance, and
alterations are performed in accordance with FAR Parts 21, 43,
and 91, as appropriate, and the aircraft is registered in the
United States. : '

(3) The aircraft must have been inspected in |
accordance with FAR Section 91.409 w1th1n the preceding
l12-calendar months.

(i) If the government agency plans to use a
progressive inspection program, it must submit a written request
to the FAA. The request must be sent to the FSDO having
jurisdiction over the area in which the applicant is located and
the applicant must be able to meet the requlrements identified in
FAR Section 91.409(d).

(1i) Large airplanes, turbojet multiengine
airplanes, turbopropeller-powered multiengine airplanes, and
turbine-powered rotorcraft must have a program approved that
meets the requirements of FAR Section 91.409(e).
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(4) All maintenance and required inspections must have
been completed by a person authorized under FAR Sections 43.3 and
43.7. Additionally, the maintenance and inspections performed
must be recorded in accordance with FAR Sections 43.9 and 43.11.
FAR Part 43 prescribes the rules governing the maintenance,
preventative maintenance, rebuilding, and alteration of civil
U.S.-registered aircraft.

{5) Any alterations to the alrcraft must have been
accompllshed and returned to service by an appropriately
certified and authorized person under FAR Part 43.

. (6) Aircraft operations for compensation or hire must
be performed in accordance with the appropriate Air Operatlons
‘Certificate, e.g., FAR Part 125, 135, etc.

b. Type Certification. Prior to airworthiness
certification, the type design must be certificated by the FAA.
Section 603 (c) of the Federal Aviation Act of 1958 makes a type
certificate a prerequisite for issuance of airworthiness
certificates. Each government operator who wishes to determine
- the eligibility of its aircraft for civil operations must contact
- the responsible geographic Aircraft Certification Office {(ACO)

for assistance in seeking either:

{1} design approval for aircraft that have been type
certificated in the past; or

(2) type certification approval of aircraft that have
been operated in the past under publlc aircraft status without a
type certificate.

: c. Aircraft Previously Type Certificated. TIf the aircraft
was originally built to an FAA type certificate, the Aircraft
Certification Office will review the type certificate data and
make a comparison with the alrcraft s current design and
condition.

(1) The applicant should provide the FAA Aircraft
Certification Office with the technlcal information to assist 1n
the follow1ng

(i) a review of type design for any
engineering changes or modifications;

(ii) a review of replacement parts and
technical data on the replacement parts;

(iii) a review of applicable Airworthiness
Directives (AD):
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(iv) " a review of previous operating regimes;

(v) if needed, application of later
regulatory amendments or special conditions for any changes found
necessary to establish current airworthiness standards for safe
design.

, (2) The applicant must provide accurate records of any
changes from the approved type design that are necessary to
establish the current design. The applicant should update all
naintenance manuals as necessary. If there has been a
substantial change in the type design, e.g., in the
configuration, power, power limitations, speed limitations, or
weight that have proven so extensive that a substantially
complete investigation of compliance with the applicable’
regulations is required, the owner will be required to apply for
a new type certificate.

d. Aircraft with No Prior Certification. It may be
difficult to obtain type certification of -aircraft that have no
history of civil certification. However, if a government
operator wishes to apply for type certification, it should file
an application for a type certificate on FAA Form 8110.12. The.
applicant must submit the application and all type design data
for the aircraft, including the aircraft's engines and
propellers, to the Aircraft Certification Office in. its
geographic area for approval. The application form must be
accompanied by a three-view drawing and available basic data so
that a preliminary regulatory certification basis may be
established. The applicable airworthiness certification
regulations, i.e., FAR Part 23, 25, 27, 29, 33, 35, etc., will be
those that are in effect on the date of application for the
certificate, unless otherwise noted in the regulations. The.
applicant must submit the type design, test reports, and
computations necessary to show that the product to be
certificated meets the applicable airworthiness, aircraft noise,
fuel venting, and exhaust emission requirements of the FAR. Upon
examining the data and test reports, participating in testing,
and inspecting the prototype aircraft, the Administrator must be
able to find that the type design in fact complies with the
above-mentioned regulations.

e. Airworthiness Certification. BAn operator of an aircraft
that has been operated in public aircraft status cannot obtain a
standard airworthiness certificate or return the aircraft to
civil operations without showing that the aircraft meets all the
criteria for that airworthiness certificate as prescribed by the
regulations. Making that showing may be difficult when the
aircraft has not been maintained, altered, or inspected in
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accordance with the FAR. In order to receive a standard
airworthiness cert;ficate, the operator should show that the
aircraft has been maintained according to the manufacturer's
instructions, and that any modifications to the aircraft either
were removed or approved by the FAA. Before a standard
airworthiness certificate can be issued, the applicant must show
that:

(1) The aircraft conforms to its approved type design
and is in condition for safe operation.

(2) Any alterations were accomplished in accordance
with an approved supplemental type certificate (STC) or other FAA
approved data, such as a field approval as reflected by the
issuance of an FAA Form 337, Major Repalr or Alteration.

(3) All applicable AD's have been complied with.

(4) If altered while in another category, the aircraft
continues to meet, or has been returned to, its approved type
design configuration and is in a condition for safe operation.

f. Procedures for Obtaining Certificate. Applicants
interested in obtaining an airworthiness certificate must follow
the following procedures.

() Applicants are required to submit a properly
executed Application for-Airworthiness, FAA Form 8130-6, and any
other documents called for in FAR Parts 21 and 45 for
certification. An applicant may obtain an FAA Form 8130-6,
“Application for ARirworthiness” from the local Manufacturing
Inspection district office (MIDO) or FSDO. The applicant must
have completed and signed the approprlate sections prior to
submitting it to the FAA.

(2) The applicant is requifed to make available for
inspection and review the aircraft, aircraft records, and any
other data necessary to establish conformity to its type design.

(3) The applicdnt must properly register the aircraft
in accordance with FAR Part 47, Aircraft Registration.

(4) The applicant is also required to show that the
aircraft complies with the noise standards of FAR
Sections 21.93(b), 21.183(e), Part 36, or Part 91, as
appropriate. This may be demonstrated through the use of data.
Also, the applicant is required to show that the aircraft's fuel
venting and exhaust emission systems comply with the requirements
of FAR Part 34. 1In addition, the applicant must show the
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aircraft meets the applicable passenger emergency exit
requirements of FAR Section 21.183(f) and SFAR No. 41.

(5) During the course of the certification process, the
FAA will review records and documentation to the extent necessary
to establish that:

(1) All of the requlred records and
documentation are provided for the aircraft; i.e., an up-to- date
approved flight manual, a current weight and balance report,
equipment list, maintenance records, FAA-accepted Instructions
for Continued Airworthiness (ICAW) and/or FAA-acceptance
maintenance manual(s) (MM), and any other manuals required by FAR
Sections 21.31, 21.50, 23.1529, 25.1529, 27.1529, 29.1529, 33.4,
and 35.4. These documents must be in the English language.

(ii) The applicant should ensure that the
appropriate markings are present in accordance with FAR Part 45.
The applicant should make available the Type Certificate Data
Sheets (TCDS), aircraft specification, or aircraft listing that
is applicable.

(1ii) The inspection records and technical data
should reflect that the aircraft conforms to the type design, and
.all required inspections, including those provided for in FAR
Section 21.183(d) (2), which provides for a 100-hour inspection,
as described in FAR Section 43.15 and Appendix.D. The applicant
must also show that the tests the aircraft has been subjected to
have been satisfactorily completed, the records completed, and
reflect no unapproved design changes.

(iv) The aircraft has been flight tested, if
required. If it has not been flight tested, the FAA may issue a
special airworthiness certificate as provided for in FAR
Sections 21.35 and 21.191(b). The flight test must be recorded
in the aircraft records in accordance with FAR
Section 91.417(a) (2) (1) as time in service as defined in FAR
Part 1. Aircraft assembled by a person other than the
manufacturer (e.g., a dealer or distributor) must have been
assembled and, when applicable, flight tested in accordance with
the manufacturer's FAA-approved procedures.

(v) Large alrplanes, turbOJet, or
turbopropeller multiengined airplanes must comply with the
inspection program requirements of Subpart C of FAR Part 91 or
other FAR referenced therein. A supplemental structural
inspection program is also required for certain large transport
category airplanes. Reference AC 91-56, Supplemental Structural
Inspection Program for Large Transport Category Airplanes.
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(6) Inspection of the aircraft. Aircraft submitted by
the applicant for inspection will be inspected for the following:

(i) The nationality and registration marks and
identification plate should be displayed and marked in
accordance with FAR Part 45.. The information presented should
agree with the application for airworthiness certification.

(ii) All equipment, both required and optional,
should be properly installed and listed in the aircraft equipment
list. - '

(1ii) Instruments and placards should be located in
the appropriate places, installed, and properly marked in the
English language.

(iv) All applicable AD's must have been'complied
with and appropriately recorded.

. (v} The aircraft should éonform to its approved
U.S. type certificate and should be in a condition for safe
operation.

(vi) All aircraft systems should have been
satisfactorily checked for proper operation. The operation of
the engine(s) and propeller(s) should be checked in accordance’
with the aircraft manufacturer's.instructions.
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CHAPTER 3. APPLYING FOR AN EXEMPTICN.

6. ADMINISTRATOR'S EXEMPTION AUTHORITY.

a. In General. The FAA Administrator has the authority to
grant exemptions, provided certain requirements are met, to units
of government for operations that do not have public aircraft
status. The Independent Safety Board Act Amendments of 1994
Pub. L. 103-411, provide, in pertinent part:

(1) AUTHORITY TO GRANT STATUTORY EXEMPTIONS.

: (1) 1IN GENERAL. The Administrator of the Federal
Aviation Administration may grant an exemption to any unit of
Federal, State, or local government from any requirement of
part A of subtitle VII of title 49, United States Code, that
would otherwise be applicable to current or future aircraft of
such unit of government as a result of the amendment made by

' subsection (a) of this section (the revised “public aircraft”
definition).

Note: The above provision authorizes exemptions from the United
States Code--specifically, the Federal Aviation Act of 1958, as
amended and recodified--rather than from the regulations. The
above provision authorizes such exemptions only for operations
whose status has changed as a result of the revised definition of
public aircraft. This authorization does not apply to operations
conducted for commercial purposes, in as much as they were
considered civil aircraft operations under both the original and
rev1sed definitions.

b. Statutory Requirements. The statute provides as
follows: ' '

(1) The Administrator may grant an exemptlon [to a
unit of government] ... only if--

(i) the Administrator finds that granting the
exemption is necessary to prevent an undue economlc burden on the
unit of government and

(ii) the Administrator certifies that the aviation
safety program of the unit of government is effective and
appropriate to ensure safe operations of the type of aircraft
operated by the unit of government.

Independent Safety Board Act Amendments of 1994, Section (b) (2),
Pub. L. 103-411 (empha51s added) . :
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c. Delegation of Authority. In the interest of

. administrative efficiency, the Administrator's authority to grant
exemptions to units of government has been delegated to the
Director, Flight Standards Service, and the Director, Aircraft
Certification Service. FAR Section 11.25(b) (6). ' '

7. KEY STATUTORY TERMS.

a. “The Administrator Finds ... and ... Certifies.” This
language indicates that the Administrator, or his or her
delegate, is to make an independent determination as to whether:
the statutory requirements for granting an exemption have been
met. This is in contrast to an earlier portion of the statute in
which the unit of government rather than the Administrator makes
the required certifications (that the operation was necessary to
respond to a significant and imminent threat, and that no private
operator was reasonably available to meet the threat).

_ b. “Undue Economic Burden.” One finding that the
Administrator or his or her delegate must make before granting an
exemption is that the exemption is necessary to prevent an undue
economic burden on the unit of government. “Undue economic
burden” means that it would cost substantially more to comply
with FAA regulations than with “an aviation safety program that
is effective and appropriate to ensure safe operations of the
type of ailrcraft operated by the unit of government” under the

'statute’s exemption provision. To show “substantial additional
.costs,” a petitioner for exemption should submit information that
will allow the FAA to compare the cost of operating in compliance
with Part A of Subtitle VII of Title 49 of the United States Code
with comparable costs if an exemption were granted.

c.  MAviation Safety Program.” The Administrator or the
Administrator's delegate may not grant an exemption to a unit of
government without certifying that the aviation safety program of
the unit of government is “effective and appropriate to ensure
safe operations of the type of aircraft operated by the unit of
government.” As a result, 'in the petition for an exemption, the
petitioner must show to the Administrator's satisfaction that the
petitioner's aviation safety program is effective and appropriate
to ensure safe operations of the type of aircraft operated by the
petitioner. Example: .A unit of government applies for an
exemption on an aircraft whose wings were modified to carry
external pods for various surveillance activities. 1In its
proposed aviation safety program, the unit of government would
need to identify how the continued airworthiness of the
modification will be accomplished. At minimum, the following may
be required: a special structural inspection at the wing attach
points, additional training for pilots operating the aircraft
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during pod installations, and flight manual changes to reflect
any new operating llmltatlons that may be necessary due to the
modifications.

'd. Aircraft with No Previous FAA Type Certification. It
may be difficult for units of government to show that, for
aircraft having no previous FAA type certification, e.g., _
military surplus aircraft, they have “an aviation safety program
that is effective and appropriate to ensure safe operations of
the type of aircraft operated by the unit of government.” In
order to make the “effective and appropriate aviation safety
program” finding, the FAA must be assured that the safety of the
aircraft in question is comparable to that provided by the FAR.
Aircraft that have no history of civil certification often '
present significant “unknowns” when it comes to such critical
safety matters as life-limited parts and aircraft design. Thus,
such aircraft often do not have the basis on which to build an
aviation safety program that is effective and appropriate to
ensure safe operations. A unit of government developing a
proposal for an aviation safety program may find the information
below helpful:

(1) Generally. Subpart E of FAR Part 91 prescribes
the rules governing the maintenance, preventative maintenance,
and alterations of U.S.-registered aircraft civil aircraft
operating within and outside the United States. FAR
Section 91.403 states that the owner or operator of an aircraft
is primarily responsible for maintaining that aircraft in an
airworthy condition, including compliance with FAR Part 39. FAR
Part 39 describes the requirements: for compliance to AD's issued
by the FAA. ' '

(2) Inspection Programs. Operators of large aircraft,
turbojet multiengine airplanes, or turbopropeller powered
-multiengine airplanes, should select and use one of the four
inspection program options outllned in FAR Sections 91.409(e) and
(f).

(i) For one of the four inspection program
options, that identified in FAR Section 91.409(f) (4), the
inspection program submitted should be compared with the
‘manufacturer's recommended program. Where there is no
manufacturer's program, a time-tested program should be utilized.
The program developed must provide a level of safety equivalent
to or greater than that provided by the other inspection optlons
identified in FAR Section 91.409(f).

(11) For the other three inspection options
outlined in FAR Sections 91.409(e) and (f), the basis for the
development of the inspection program or the instructions for
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continued airworthiness, including the detail of the parts and
areas of the airplane to be inspected, is the manufacturer's
recommendations. In the case of surplus military aircraft, the
manufacturers provide this basic information to the specific
military service that has contracted for the airplane. The
military service then develops a reliability-centered maintenance
program to meet its needs and environment which are often
comparable to the continuous airworthiness maintenance programs
developed by air carriers.

: (1ii) In many cases, manufacturers may be unwilling.
or unable to provide instructions for continued airworthiness for
operation of the airplane in other than a military environment.
Therefore, in keeping with existing policy as provided by the.
FAA, the only reasonable basis that for detailing the inspection
criteria for the aircraft to be inspected, as required by FAR
Section 91.409(g) (1), is the scope and detail developed by the
applicable military service.

(iv) In addition to the “field” level inspection
requirements set forth in the military maintenance program, the
“depot” level inspection requirements should also be included in
any inspection program approved under FAR Section .91.409(f) (4).
The military “field” level maintenance is roughly equivalent to
the civil terminology that air carriers use to describe “A, B or
C” checks. The military “depot” level maintenance is comparable
to the “heavy C or D” checks used by air carriers. Some air
carriers may use a numerical description verses the’ alphabetlcal
identifier for 1nspectlon checks.

(v) The inspection frequency and program
structure established by the military may not be appropriate for
use in a civilian environment. Therefore, inspectlon frequency
and program structure may require adjustment to meet the ‘
government operator's requirement.  However, facts and sound
judgment must form the basis for any inspection frequency
adjustment beyond that whlch has been establlshed for use by the
military.

(vi)- An alternate means of compliance for
individual specific inspection requirements, in lieu of that
which is called for in the military “field” or “depot” level
programs, may be approved following evaluation of the applicant's
~inspection process instructions.

(vii) Revisions to an operator’s existing approved
inspection program can be requested by the Administrator in
accordance with FAR Section 91.415.
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{(3) Persons Conducting Inspections and Maintenance.
The program proposed by the petitioner should include procedures
to insure that inspections and maintenance tasks are performed by
persons authorized by FAR Sections 43.5 and 43.7.

(4) Modifications and Repairs. The program must
identify all major modifications and repairs accomplished since
the aircraft was put into service. Additionally, all further
modifications and major repairs will need to be approved in the
same format as required for civil aircraft under the regulations.

8. PETITION FOR EXEMPTION.

a. Procedure. FAR Section 11.25--contains the procedures
to be followed by a unit of government seeking any kind of
exemption. The petition for exemption should be submitted in
duplicate to the Rules Docket (AGC-10), Federal Aviation
Administration, 800 Independence Avenue, SW., Washington, DC
20591.  Under FAR Part 11, petitions for exemption are published
in the Federal Register for notice and comment period.

b. Contents. The petition for statutory exemption must
set forth the text or substance of the statute from which the
exemption is sought. {As noted above, Congress authorized
exemptions from the statute--the Federal Aviation Act of 1958, as
amended and recodified--rather than from the regulations). The
petition for exemption must contain any information, views, or
analysis available to the petitioner to show that the statutory
requirements for granting an exemption have been met--i.e.:

(1) that the exemption is necessary to prevent an
undue economic-burden on the unit of government; and

(2) that the aviation safety program of the unit of

" government is effective and appropriate to ensure safe operations
of the type of aircraft operated by the unit of government.
Individuals drafting a petition for exemption on behalf of a unit
of government should familiarize themselves with FAR Part 11.

Chap 1
Par 7 : 25



US.Department
}31‘ Transportation

_—Federal Aviation
Administration

800 Independence Ave., S.W.
Washington, D.C. 20591

FORWARDING AND RETURN
POSTAGE GUARANTEED

Official Business
Panalty for Private Use $300

BULK MAIL
POSTAGE & FEES PAID
FEDERAL AVIATION
ADMINISTRATION
PERMIT NO. G4




Interagency
Helicopter
Operations
Guide

NFES 1885

March 2006




O

'|nteragency Helicopter Operatiohs Guide - March 2006
Chapter 15

CHAPTER 15: HELIBASE AND HELISPOT MANAGEMENT AND OPERATIONS.

Introduction. : : _
To achieve the maximum degree of safety and efficiency in helispot and helibase operations,
personnel must be able to anticipate current and future needs, plan effectively to meet those

needs, supervise and monitor the operation, and take timely corrective action in response to
problems encountered.

Most of the preceding s'ecti'ons of the Interagency Helicopter Operations Guide discuss specific
methods, procedures, and tasks which, if performed safely and effectively, will contribute to the
success of helibase and helispot operations. -

Helibase complexity can range from a simple, single-helicopter operation to a complex muitiple-
helicopter one, with as many as 10-20 aircraft working from an airport or large field. Helispot
complexity can range from a location with limited use to a location servicing considerable
personnel and/or cargo transport missions.
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Q The 8:1 slope limit measured from the edge of the safety circle, may be used as
' a guideline for obstruction removal when the terrain is relatively flat and level.

Chart 8-1: Specifications For Planning And Constructing Helispots3 3
Type 1T 2 ' -3

Touchdown Pad - 30' x 30 20' x 20 15 x 15
Dimension A
Safety Circle Diameter - 1Mo _ . 75

4. Approach-Departure Path. (See Exhibits 8-1 and 8-2.) Site selection should provide
for approaches and departures in several directions. If the site is not located on a
ridge top, an approach-departure path aligned with the prevailing wind should be
constructed. If possible, avoid one-way helispots, although these landing sites are not
[inherently unsafe provided correct piloting techniques are followed.

a. Wind Direction. Always attempt to locate landing areas so that takeoffs and
-landings may be made into the prevailing winds.

b.  Almost-Vertical (Full Performance) Approaches and Takeoffs. (See Exhibit 8-6.)
‘ Almost-vertical approaches and departures are not inherently unsafe, but should
Q be avoided if possible, especially on an extended-use basis. Remember that
most small helicopters must be at approximately 400" AGL at zero airspeed to
execute a safe autorotation in the event of engine failure.

- Exhibit 8-6: Full Performance TakeofflLanding‘

c.  Minimum Width. An adequate minimum width for an approach-departure path
is the diameter of the safety circle. Construction starts at the edge of the safety
circle and extends in the takeoff direction far enough to permit normal no-wind
takeoffs for the expected density altitudes. Safety is increased if the paths can
be widened as they leave the circle.

Q See Chart 6-1 in Chapter 6 for performance and seating specifications for Types 1-3 helicopters.
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Hand Construction. Hand construction methods are best since there is less ground
disturbance than that created by mechanized construction. There are measures
which can be implemented during construction of a helibase or helispot that will lessen
the workload during rehabilitation, and help ensure that the objective of restoration to
as close to a natural state as possible is achieved. These include:

. Cut trees or shags closé to the ground, leaving stump heights of 0-3 inches. (ltis-
recognized that this may not always be possnble durmg mxttal construction; follow
up flush cutting will be necessary.) -

. If possible, and only if it can be performed safely, fell trees or other vegetation
so that some cut trees and snags will be in a crlsscrossed or natural appearing
arrangement.

. Buck up onIy what‘is necessary to achieve a safe operation in and around the
touchdown pad and in the approach-departure path(s). Excessive bucked-up
pieces are unnatural. They also increase the workload of camouflaging cutfaces
during helispot rehabilitation. :

. Limb only what is necessary to achieve a safe operation in and areund the
touchdown pad and in the approach-departure path(s). If possible, breaking of
limbs is preferred to sawing. Excessive limbing results in additional, smooth-cut
spots along the boles. It also creates an increased amount of limbs to either
dispose of in the timbered area or to arrange in a fashion that resembles a
natural ecosystem floor. ' :

Mechanized Construction. Basic requirements are the same as those for hand
construction. If large rocks are dislodged, they should be removed and placed in an
area where they appear to be natural. Hand work is frequently necessary to cut the
fringe of brush left by bulldozers. Dozer-constructed landing areas generally have soil
that.is disturbed, requiring dust abatement procedures. Unless absolutely necessary,

“mechanized construction or improvement is to be avoided.

C. General Locations For Helispots and Unimproved Landing Site.

1,

Ridge tdpé (See Exhibit 8-1.) An exposed knob on a ridge offers the best location,
especially if approach/departure is available from all or several directions. Consider
the foIIowmg

o Minimum approach/departure path should be no less than the required safety
circle. :

. Avond cuttlng tlmber keyhole helispots visible from scenic roads, towns, scenic
rivers etc.

- Clear brush and trees below the level of the landing area. Jumbled brush and
limbs tend to dissipate the ground-effect cushlon resultmg in an abrupt transition
to out-of-ground-effect flight.

8-9



Interagency Helicopter Operations Guide - March 2006
Chapter 8

1. Accommodation for Different Helicopter Types (Sizes). All permanent facilities
should, at a minimum, be built to accommodate one Type 2 (medium) helicopter.

2. Planning and Construction Specifications. The planning and construction of |
permanent helibases shall be according to agency-specific and/or FAA policy and
specifications, as well as applicable local, state, and federal regulations.

Temporary Helibases and Helispots. .

Helibase or helispot construction, especially in wilderness or similar sensitive areas, can
cause a double impact -- the impact of an abrupt or an unnatural-appearing opening in a
vegetation-covered landscape, and the impact resultlng from cut-faces of stumps and boles .
of trees or shrubs.

The following issues should be. addressed and actrons performed during the planmng stage

for hellbases and hehspots

1. Initial Planning Actions at an Incident or Project. Project helibases and helispots

: can be adequately planned well in advance of the project start. Incident helibases and
helispots, on the other hand, are established and become operational in a very short
time frame. The rapidity of incident response ‘does not, however, relieve the Helibase
or Helispot Manager from performing basic planning actions. -

. Upbn arrival, the Helibase Manager should gather intelligence by obtaining maps
from the dispatch office, talking to local inhabitants, flying a reconnaissance, etc.

- Check with the local Resource Advisor to ensure that the sites for the helibase(s)
and helispots are acceptable from.an environmental standpomt Factors to
consider include but are not limited to:

. Impact of construction andraerial activity on threatened and endangered
species or on wilderness or similar values;

. Hazardous mate.rials (fuel) handli'ng.
«  The Helibase Manager should reference Appe‘ndixﬂ H, Helibase Manager’s
Reminders List, Section | (Helibase Site Selection and Layout) and Section li

(Helispot Site Selection and Layout) for factors to consider. These sections
include one-time items for both the Helibase Manager and Helispot Manager
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E. Flre Extinguisher.
A fire extinguisher meeting the requnrements of the procurement document shall be
mstalled in the helicopter.

Crash-Rescue Equipment for Helicopter Landing Sites.
The following requirements apply to helicopter landing sites on incidents or projects. Consult

Appendix K for ordering information. Chapter 12 contains additional crash-rescue information

and discussion.

A. Reqmrements for Fire Extinguishers, Evacuatlon Kits, and Crash Rescue Kits at
.Helicopter Landing Sites.
Personnel must be trained and briefed in the use of crash-rescue eqmpment Chart 9-7
specifies required numbers and types for helibases (for Helispot requirements, see Chart .
9-2). Thereis no extinguisher requ:rement for an unimproved landing site unless the site is
used on a recurring basis.

Chart 9-7: EXtinguisher, Crash-Rescue, and Evacuation Kit Requirements for Helibases

No. Of L No. Of Crash- No. Of Evacuation
Helicopters Number And Type Extinguishers rescue Kits Kits

1 20-pound 40-B:C :
1-4 - ' 1 1
Extinguisher per landing pad

1 20-pound 40-B:C
5-10 ' 2 2
Extinguisher per landing pad

1 20-pound 40-B:C 1Kitperevery5 | 1 Kit per every

e helicopters 5 helicopters

Extinguisher pér landing pad

9-13
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Table 1, SkyConnect data (Page 2)

lsttude- . spesd hesding Mltitude v POOP HDOP
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‘Table 2 Speed Position Analysis and Comparison on 3-D Cam Servo:
Columbia Hamilton Sundstrand
: (Depth, Engine RPM, Ng) (Depth, Engine RPM, Ng).
- 3
FCU'1 | Measurement depth 5. =0.725" | Measurement depth: 0.718
Ng servo displacement: = 0.322” Depth at bottom: 0.960°
: : Difference: 0.242>
2600 rpm--62% Ng 2700 rpm = about 64% Ng
FCU 2 | Measurement depth: = 0.900” Measurement depth:  0.896
Ng servo displacement: = 0.147 Depth at bottom: 0.958’
Difference: 0.62”
1900 rpm — 45% Ng 1950 rpm = about 46% N (sub idle)
Delta 0.175” 0.178”
Note:  According to a Hamilton Sundstrand representative, the position of the cam is not
an indication of the final engine speed. Cam rest position can vary greatly.
35

The measurement depth from the FCU housing to the 3-D Cam face (0.725 and 0.900 inches) is

compared to a Columbia datum reference of 1.047 inches. The delta (0.322 and 0.147 inches) is the Ng
servo displacement. Hamilton Sundstrand Overhaul Manual SEI-185, Figure 3-5, Gas Generator (Ng)
Servo Calibration Curve, was then used to convert this displacement into a corresponding Ng -Control

rpm.
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GENERAL SYNOPSIS ,

The purpose of this flight test was to evaluate and document the flight performance capability of
a Sikorsky S-61N helicopter equipped and configured like N612AZ under conditions similar to
those experienced by NE612AZ during the accident takeoff from Helispot 44 on the iron Complex
Fire on 5 August 08. If the flight conditions could not be replicated due to weather issues, any
adjustments were made toward the more critical side of the flight envelope.

TEST FLIGHT PREPARATIONS

Toset the stage for this- g}m}@ﬁ? there were '@ number ofissues that needed to be addressed in
order to ensure accuracy In assessing the capabilitiss of-an SK-61N set up similar to N612AZ.
These issues are addressed below. :

SK-61 N (# N261F) AIRCRAFT EQUIPMENT

Aircraft was. equipped with the new {parformance anhamzmg) Carson composite main rotor
blades: ‘

Aircraft was equipped with a riew load cell for the cargo hook on 09 September 2009, aircraft
total time 26,121.5 hrs, work orderfJourney Log page # 00915. Load cell was calibrated
successfully after installation.

Aircraft was equipped with "L model” fixed landing gear.”

Aireraft was equipped with an adjustable load, 700-US gallon “Fasit” water bucket with 200-foot
long-line. - : _

(See Appendices 3, 4, & 5)

WEIGHT & BALANCE

Aircraii N261F was defueled empned of contents, and rolled into the Tac-Air hangar at Reno-
Stead airport for weighing.

Neptune Revere aircraft scales, serial # 53564, last calibrated 9-28-09, were used to establish
the current weight o"f-the airciaft.

A calibrated fevel was used to ensure the aircralt was level {fore-and aft and lglerally) at each
waighing.

Aircraft was weighed utitizing the three jack points (Left Main, Right Main & Aft), four different

times following the procedure specified in the Carson Helicopters maintenance manual, Fach

scale (Red, Blue & Yellow) was moved one posttion clock-wise to a different jack-point for each

different weighing. Load distribution devices were utilized between the jack fift points and the
scale load cells.

The Carson Helicopters General Maintenance Manual recognized procedures and formulas
were used to compute and average the individual weighing values to arrive al an aircraft weight
of 121983 lbs.

¥




Equinped weight of both pilofs was computed to be 385 ibs.
{Ses Appendices 2 & 6)

FUELING ISSUES

Alreraft was refueled after weighing from an alrpert FBO fuel ruck with 469 gallons of Jet A
{3189.2 bs.}.

- MAINTENANCE ISSUES

D.AR. David Swan did the necessary preparation and paperwork to certify the aircraft in the
EXPERIMENTAL CATEGORY prior to the performance test flights.

Total time since. major overhaul (TTSMOH) for the General Electric CT-58-140 turbine engines
installed on N 261F were as follows: No. 1 engirie = 285.9hrs. // No.. 2 engine = 415.5 hrs.

Aircraft was flown.and both engine topping limits were adjusted to match the engine topping
-values of N6 12AZ-as recorded on 8/4/08. These engine fopping values were as foliows: No. 1
engine = 101.8 Ng/ 708C T5 // No. 2 engine = 101.5 Ng / 708C T5.

PILOT ISSUES

The pilots for this project were experienced long-line pilots who were familiar with flying an SK-
61 helicopter at high gross weight, relatively high density altitude, at little or no airspeed without
“dver-controlling” the aircraft, Over-controlling the aircraft in these conditions could hinder the
aircraft's ability to operate efficiently and, thereby, compromise the ability to assess the true
capabilities of the aircraft accurately. The left seat "fiving pilot” was Tyler Hupp. The righl seat
“pilot not fiving” was Jim Stone.

SAFETY ISSUES

Prior to starting the aircraft, the Command Pilot gave a thorough aircraft briefing to all aircraft
occupants.

WEATHER INFORMATION ISSUES

“The aircraft had three calibrated OAT gauges. Reno Stead AWOS was reporiing 71F and, after
_converting to Centigrade, we found that two of the three OAT gauges were exactly accurate,
Those two OAT gauges were the only ones used for DA computations.

There were 4 GPS units. in the aircraft and the "0" ground speed indication on the Garmin 530
GPS was chosen to verify we were not moving over the ground while in our 400-foot AGL
testing hovers.

The aircraft alrspeed indicator and the “glassy calm” lake were used fo cross-reference the wind
spead/direction while in the lesting hovers. During the entire tesling period, the lake surface
remained “glassy calm” which was desirable for flight-testing purposes.




PERFORMANCE FLIGHT TESTS

N261F was flown 1.5 hours {divided into two separate flights) to accomplish the desired testing.
The first flight-was used to adjust the engine topping values and to do a preliminary flight test to
familiarize the pilots with the desired flight procedures and (o confirm that they were comfortable
with the helicopter's performance during the flighi procedures before boarding the ramaining
flight evaluators. The second flight consisted of eight separate hover performance test
Mangeuvers.

The area around Frenchman Lake was chosen to conduct the testing. The lake was an
excellent-indicator of wind direction and speed and a convenient source for filling the water
bucket to adjust the aircraft-weight, and the terrain surrounding the lake was very similar to the
terrain surrounding Helispot 44:0n the iron’ Complex Fire;

FLIGHT NO. 1

After depamng Reno Stead airport at 1510 hours, the engme topping adjustments were made in
flight while the aircraft was enroute to the testing-area over Frenchman Lake, elevation

5,588 MSL (mean sea level). As documented in the o7i-board technical observer's notes, the
first performance testmgﬁsafe%y flight started at a siabilized OGE {out of ground effect) hover,
200 feet over Frenchmaﬁ Lakeé while the lake surface was indicating glassy-calm wind
conditions. '

The alrcraft had 2,800 Ibs. of fuel; the two pilots’ combined weight of 385 Ibs., and the combined
weight for one technical ghserver and one aircraft mechanic of 520 bs. on board. With the
aircraft waight of 12,198 ibs., the total aircraft weight was 15,803 bs.  Since the desired testing
gross weight was 19,100 ibs., the "Fast” water bucket (on a 200-foot long-line attached to the
load-cell equipped cargo hook) was lowered into the [ake to fill the bucket. The bucket was then
lifted vertically out of the water weighing approximately 4,300 ibs., measured on the load cell.

Al this point, the water level was adjusted by releasing sorme of the water until the bucket load of
water weighed 3,200 Ibs , giving the aircraft a total gross weight of 19,103 tbs.

Utilizing normal pilot inputs and techniques, a normal takeoff and climb was then initiated 1o
climb from approximately 5,800 ft. MSL up the ridge line to the desired pressure altitude of
8,700 feet. The aircraft was then stabilized in a 400-foot OGE hover and the OAT (outside air
femperature) was reconfirmed to be 18C. To figure the operating density altitude, the right seat
three-pointer sensitive.altimeter was adjusted so that il indicated 29.92 in the Kollsman window
ensuring that the altimeter would indicate when the aircraft was at 6,700 fi. pressure altitude.
The 6.700 ft. pressure altitude was corrected for the 19C OAT, utilizing. both an electronic
density altitude computer as well as a Jeppesen CSG-1A “Slide Graphic™ (“whiz-wheel”) fhght
computer, both of which computed a density altiude of 8 673 f1,

The aircraft was able to maintain 103% NR with 94% Tq while hoiding a stabilized OGE hover,
at a density altitude of 8,673 fi, with little or no wind - ail while weighing 18,103 Ibs.’

At this point, the collective pitch control was slowly and intentionally pulled UP to the control's
TOP PHYSICAL STOP in order to bleed the NR down as far as it would go. Engine instruments
indicated both engine topping limits were reached duning this collective pull at: 101.8 Ng
{compressor speed)/ 710C T5 (turbine temparature) for the #1 engine and 101.5 Ng/ 715C for
the #2 engine. With the collective control at the top physical stop, the torques went up 10 85%
Tq #1 engine and 96% Tq #2 engine. The NR {main rotor RPM) decayed down to 94% NR and



stabilized there, not gaing any lower. (NR Precautionary Range = 100% to 91% NR) The IVS!
(instantaneous vertical speed indicator) was indicating a slight vertical rate-of-climb of up to
200 FPM {foot-per-minute),

While in the 200-FPM stabilized climb, the following pawer-zfa n values werg noted: 94% NR;
95% Tq #1 engine, $6% Tq #2 enging; 710C T8 #1 engine, 715C T5#2 engine: 101.8% Ng #1
engine, 101.5 Ng #2 engine. To complete the test, the collective was then pushed down 1 inch
which resulted in'a 2% decrease in engine torque and the NR increasing to 100% NR in

2 seconds.

Only normal pitot inputs arid technigues were used dufing the test.

The aircraft then flew back to Reno-Stead airport, off-loaded the aircraft mechanic and loaded
three more technical observers, With the passenger change (new passenger weight of 860 Ibs.)
and, considering the fuel burmn fram the first flight, the aircraft weight was re-calculated to.be
15,743 lbs.

FLIGHT NO. 2

The second flight was used to accomplish eight separate hover performarnce tests that were
similar to the hover §..,ea'formraﬂ(;@ test maneuver done on the first safety fight. The first five tests
were (o be done at the desired test weight of 18,500 Ibs GW (gross weight). These tests were
all done at slightly different GWs due to the weight of the fuel'being burnied during the tasts;
therefore, the aircraft’s GW was slightly higher than 18,500 ibs. at the beginning of the five tests
and slightly lower atthe end. With the aircraft weighing 15,743 Ibs. before picking up water,
2,757 Ibs. of water in the buckel was needad o bring the alrcrafl GW up 1o the desired testing
weight of 18,500 Ibs.

With the 15,743-1b. alrcralt back over ?" renchman Lake in a 200-foct stabiiized hover, the water
bucket was igware{ﬁ nia the | ake to fill it. The water buck&t was then Sfteci vemcaﬁy cut of ihe

P

to 2, 900 ibs. giving a gmss asrc,raf* we;ght of 18,643 Ibs. fgr the first of the next five tests.

Utilizing normal pilot inputs and techniques, a normal takeoff-and climb was initiated to climb the
ridge line 1o the desired pressure allitude of 6,550 feet. The aircraft was then stabilized in a
400-foot OGE hover and the OAT was reconfirmed to be 190 To figure the operating density
altitude, the right seat three-painter sensitive altimeter was still adjusted so that it indicated
29.92 in the Kollsman window ensuring that the altimeter. would indicate when the aircraft was at
6,550 ft. pressure altitude. The 8,550 fi. pressure allitude was corrected for the 19C OAT,
ulitizing both an efetironic computer’ aswell as a Jeppesen CSG-1A “Stide Graphic” (*whiz-
wheel") flight computer; both of which, yielded a density altitude of 8,490 .

The aircraft was able fo hold 103% NR wilh 92% Tq while holding a stabilized OGE hover at a
density altitude of 8,673 ft; with little or no wind ata weight of 18,643 Ibs. On all the test flights,
the wind speed was constantly being evaluated by cross-checking the glassy-calm surface of
the lake, the airspeed indicator, the aircraft position over the ground visually, and the ground
speed readout of the aircraft’'s Garmin 530 GPS.

Al this point, the collective. pitch control wsss!cwly and intentionally pulled up to the control’s
top physical slop in arder 1o bleed the NR down as far as it would go. Engine instruments
indicated both engine topping limits were reached during this coliective pull at: 101.8 Ng/708C



T5 for the #1 engine and 101.5 Ng / 709C T5 for the # 2 engine. With the collective control al
the top physical stop, the torgues went up to 97% Tq for #1 engine and 97% Tg for #2 engine.
The NR decayed down 10.94% NR, stabilized there and would not go below that point. (NR -
Precautionary Range = 100% to 91% NR) The IVS| was md;catmg a slight vertical rate-of-climb
of up to 100 FPM.

To complete test #1, the collective pitch was then pushed down 1 inch that resulted in a 2%
decrease in torque which, in turn, resulted in the NR increasing to 100% NR within 2 seconds.
Test data for tests #2, 3,4, and 5 were very similar to the test data for test #1. On every hover
test in this group of 5 tests at the approximate iest GW of 18,500 Ibs, the aircraft was able to
hold a hover at 103% NR with 92% Tq with fio indication of wind.  Every time the collective pitch
control was pulled up to:the top physieal stop, the engines read the same topping numbers of
708C T5 and 101.8% Ng for engine #1 and 709C T5 and 101.5% Ng for engine #2. Both
engine torques read 97% each and the NR decayed down (o {and stabilized at) 94% NR but
would not go lower than 94% NR. At the end of each test, each time the collective was lowered
1 inch (approximately 2% Tg), the NR recovered to 100% within 2 seconds.

(See Appendix 1 for test result data)

The second battery of performance hover tests in flight # 2 consisted of three test hovers at a
desired aircraft: GW of 18,100 Ibs. or more. These tests were all at slightly different GWs due to
the weight of the fuél being burmed during the tests; therefore, the load of water for these final
three tests was inténtionally adjusted to bring the gross weight of the aircraft to approximately
19,400 GW or-higher.

At this point in the flight, the aircraft, piiots, test observers, and the remaining 1,800 ibs. of fuel
weighed 15:343 Ibs. To bring the aircraft weight up to 19,400 lbs., the Joad of water in the
bucket neaded to weigh 4,057 ibs. With the aircrafl over Frenchman Lake in a 200-foot
stabilized hover. the water bucket was lowerad into the lake. The water bucket was then lifted
vertically out of the waterweighing approximately 4,500 bs. measured by the load cell. The
water load was then intentionally adjustad to 4 200 Ibs., making the gross aircraft weight
19,543 Ibs. for the first of the last three tests.

Utilizing normal pilot inputs-and techniques. a8 normal takeoff and climb was initiated to climb the
ridge line to the desired pressure altitude of 6,600 feet. When the aircraft reached 6,600 ft. PA,
the-aircraft was never ac!uaiiy stabilized a1 the planned 400-foot OGE hover before beginning
the hover test maneuver. The IVS! indicated that the aircraft had a rate of desceni of 150 FPM
when the test was initiated. Due to the existing rate of descent with no wind at the beginning of
the maximum collective pitch pull, the aircraft showed signs of “setlling with power” and the
descent rale Increased to 300 FPM, At this point, the pilots slected to abort the test sequence
since they wouldr't be able to arrest the increasing rate of descent without increasing airspeed
and reducing collective pitch, either 6f which would compromise the tést results.

Hover test #7 was performed at-an aircraft GW of 19,493 Ibs. When the aircraft was in a
stabilized hover at.a density altitude of 8,490 #, it was able to maintain the stabilized hover with
power settings of 94% Tq and 103% NR. However, once the collective was slowly pulied up to
its physical stop, the NR decayed to and stabilized at 94% NR. At 94% NR, both torque
readings at 97% Tq and both engines at their topping Iimits, a sustained 300-FPM rate of
descent developed. To complete test #7, the collective pitch was lowered 1 inch and the NR
recovered to-100% NR within 2 seconds and the pilot applied cyciic to establish forward flight
and the helicopter began climbing.




The last test (test #8) was done at an aircraft GW of 18,393 Ibs. and a density aliitude of

8,551 feet. (6,800 ft. PA and 19C OAT) With the aircrafl maintaining a stabilized hover at

6,600 feet PA, the collective pitch was slowly pulled up to its top physiéal stop. Durlng this
collective pitch pull, both engines reached their topping limits of. 101.8% Ng / 708C 15 for
engine #1 and 101.5 Ng / 709C T5 for engine #2. Boih engine lorques were indicating 97% Tq.
The NR decayed 1o 94% NR and stabilized there with a slight 100-FPM rate of descent
developing. As previously planned, the right-seat pilot then reduced the #2 S8L (speed selector
tever} which reduced the #2 engine torque down to 70% Tq. With the 27% torque loss of the #2
engine, the NR rapidly decayed down to 82% NR without stabilizing and the aircraft quickly
developed a 500- to 600-foot rate of descent. At that point (ssmui{aneausiy} the collective pitoh
was reduced slightly as the SSL was being pushed full forward to fegain NR_ the nose of the
aircraft was loweredto gain enwgh airspeed to reécover from the test maneuver, and the aurcraft
was flown into a climb.

Flight test # 8 concluded all of the planned performance test flight maneuvers.

On all the:test flights; the wind spse«. was being constantly. evaluated by cross-checking the
glassy-calm surface of the lake; the.airspeed indicator, aircraft position over the ground visually,
‘and the ground speed readout of the-aircraft's Garmin 530 GPS.

Documentation of fiight data for the ezght test flight maneuvers in flight # 2 was accomplished by
video tape of the instrument panelindications. two technical observers taking noles and the.
pitot's verbal callout of data. Post-flight discussions also took place between the Tive pilots on
board the test flight gircraft to discuss the flight characleristics abserved. The five pilots’ total
helicopter flight time is estimated 0 be in excess of 0,000 hours. The videc recording of the
instrument panel was reviewed dozens of times fo confinm the flight data noted during the
performance test flights.

- {See Appendix # 1 for fiight data)

Feport By

Russell G Viiipple
Eiople Aviation &efwc&s LLG
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Appendix 1

FLIGHT 82

Hi PERFORMAMNCE TEST FLIGHT
REMO, NY 7 11-03-08
Sﬁ G N Tall Mumber N 281 F et ?%M% B Tiast Filam el Tyag Fllght &
FLIGHT "”R?TERM . i i
Prassure Alituce ‘6550 FT 8550 FY 6650 FT 6600 FT
Culzide Air Tempargture 19C 189G 18C 18C
Denaity Altilude ) BAGDFT O BALOFT B8,500F7 8,450 FT-
Wind Sosed. 0 TO:3 MPH O TO-3MPH BDTOAMPH 0TO 3 MPKH
AIRCRAFT GROSS WE WEIQH: a“é“}'} , 18,643 LBS AR5181LBS 18.418LB5S 18.368 185
FUEL LOAL LOAD ] isYe fo M BOAHD B8 2300 /1 2800 2375 112900 207571 4500 2025 /f 2800
HIGHESY TORQUES (Bjema i R e H9vY TR 8% 8% 4 87% 97%.4 97%
TURBINE TEMPs ¥ Jonn il ¥4 9l : 8 TORC H 7080 FosE 7680 70805 1090 |
GAS PRODUCER RPM (1 enc /2 eng 1 101.8% 11 01 5%. 1058% 4101.5% 1 101.8%/7101.5% 101.8% # 101 5%
LOWEST MAIN ROTOR RPM (hR) 84% MR 94% NR ) 94% NR 894% NR :
ARATE QF CLIMB [+ +100 FPM 0 FPM v 100 FPM +100 FPM
o : ! |
FLIGHT CRITERIA TestFiights s - L 0 Togl Flipht 88
|
Pressure Altitude BEQ0 FT B350 F7 6500 7
Outside Air Tembarature 18 ] 18C | 1961
Density Altilude 855157 . BASOFT B4YOFT 8550 FT
Winc Speus 0T IMPH 0703 MPH G TO 3IMPH 07O 3 MPH
AIRCRAFT GRQSS‘WQGHI’-{GWT;& 18,200 .85 19 543 LBS | 18,493LBS 19,383 LBS
FUEL LOAD # H20 ON BOARDLBS 18507 2900 1900 /7 4200 1880 4 4200 17580 17 4200
HCHEST TORQUES 4#1 mx, f1#2 em ) B7% 1 87%. Q7% 4 97% 978631 971% Q7% 1 70%°
TURBINE TEMPs (81 sr F #2 wngd 708C 7080 FOBC 7 7100 708C # 7100 7080 ) 600C
GAL PRODUCER RPM 181 ene /4 2.. A01.8%.4 101.5% 101.8% 4101 5% 101.8%47 161.5% 101.8% 4 $01.5%
LOWEST MAIN ROTOR‘ RPM s’ NEG B4% MR "94% NR ‘4% MR Q2% NR™™
RATE OF CLIMB [+ + 300 FP - 250 FPM -300 FPM -§00 FPM
! % | i
g2 Enging pulied
84% NR recovered {0 Y00% NR wiihin hack 16.70% 7O
2 seoonds v @ slight reduction of &t end of tast 10
coftective pitch In all £ test fights. otmerve N ALY loss
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121 WEIGHT CONTROL PROCEDURES, GENERAL 1..covcontr e s ©
122 | UBOALES e i e e
12.3 PREWEIGHING CHECRUISTBI288) oo e e
FORMBO-ZBA i e 2
FORM B0-282 .o oo en oo eere o oscstes st ectosemsom s orcossonss 3

Q : FORM BO-B3 it oo sssesmsmns s sois st s e 3

WEIGHING AIRCRAFY ... . §

124 PROCEDURES F
125 ACTUAL WEIGHT AND BALANCE REPORT (802870 o . &
FORM BO-287 {CHART BL oo T

126 WEIGHT AND BALANCE EQUIPMENT CHANGE Li&

FORMB0-285 (CHART CY . .. ... ... . . ..§

12-7 DERIVATION OF BASIC OPERATING WEIGHT {B0-280) e 10

FORM 80-290 (CHART L S, & )

Flie: 12-GMM CONTENTS, CONTROL AND & PREFACE

Date:  3/20/2009 Rev IR CHAPTER 1244

O




INTENANCE MANUAL

Weight and Balance

12-1. WEIGHT CONTROL PROCEDURES, GENERAL

{a} Alrgrafi cpersted by ow company shall be weighed every ihiy-giz 438} calendar months lo
determine the @xmaﬁ 5 amply weight and corresponding center of gravity poswars

(b} 1t shall be the responsibifity of the Director of Malrienance 1o monitor and record all weight
changes, in %ig squipment sy, affecti ing the airerafl,

{t}  Whaen the accumulaied changes to the amrazmg or basic waight andior center of gravity: position
exceed plus-or minus one-hall of one persint {172 of 1%} of the maximem landing weight the.
oadmg dala must be revised accordingly to reflect the- changes,

{d}  The resuits of an actual weighing or the re-established weight-as deseritisd above will be recorded
on Form, No. 80-285, One copy will be retained in the Aircraft Flight Manual and one in ithe
matnlenance department as part ¢f the-alrerall permanent records.

12-2. SCALES

Any accwptama scale may be used for weighing ;}m@w they are properly calibrated and used in

acsorgance with the manu! amwms instructions. Scales will be calibrated by the maniufacturer or other
cettifying agency within one {1} year prior to welthing an alrcral or 88 approved for the repav facifly
performing theweighing unless otherwise indicated.

12-3. PREWEIGHING CHECKLISY
O {Form No. 80-284)

ig;  Pror ko aclust airersl waighing, the Frewsighing checklizl (Form 80-284) will be completed In iis
eniirety by the mainienance deparment,

wi] De reteined 0 the manignance depariment yngl the

{)  The complated Prowsighlng checkly
dirgrafl is rewsighed.
{&}  If aircraft wighing Is baing performed by a repair {acility whizh is on the st of approved tepair
facilitiag it is accéptable to use their preweigh checklist. provided therr checklist Insludes updating
of the equipment checkiist and the scale calibration date is recorded,

{8y The compiefionof this form s self-axplanatory,

e} Insure A/C i5 configured in aocordance with approved data,

fle 12GMM CONTENTS, CONTROL AND & PREFACE

Date:  3/20/2009 : Rey iR CHAPTER 12-2

O
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GENERAL MAINTENANCE MANUAL

Weight and Balence

Faen BO-284

Alrcralt Number forcrall Serig Noo Location:

N &L é ! 7;7 2 §’§"Q:&,s§. A’ffé"?l Q\%»‘\G

TECHNICIAN
IHITIALS

ACTION

1. Alrcraftclgan ang dry.

12 Arcesf configursd UAM Maintenante Manual

«i; ad

5. Areral placed T normal Tight configuration WAMW Maintenance Manuat

:
. ;ﬁﬁ
9% £ \E? MY Bl

Q 6. Record the weighing points to be used ininches and tenths from the datum
point as per the appropriate maintenance manual.
LeR Right Nose/Tail
7. Scale panufaciurer Lobyn Botrpm e Reyn op
Sceie Sarial No. PEFY R epr ¥ L %
Scale Type LendCed LoedColl  Lwad ool
Curent Calibration Dale ¥-26-27 G2 Y B8

8. Read and foliow any instrucions given by the scate ranufacturer,

B

‘B Thealrosl and scales are ready for weighing.

Technigian Name: . | Technician Signéz%;ézéa Dete;

[Tibe A Thorator R o 2

Fie' 12-GMMm CONTENTS, CONTROL AND & PREFACE

O Date:

320i2008 Hev, IR CHAPTER 123




@\ma§ er Do I Pl

LARSON

ANCE MANUAL

fa}'eﬁggh( and Balance

Weight and Balance Notes #1
Form BG-282

Y

sl Reg# nf g g7 £ Alroraf Sedal Number & { 327 L%m@mﬂ: $icad Aip. t B0

{Car}

(B R b
{ondoey

(S8 P o oY usiuea

BERETEIN EYEIT

b (o hrbend 226 B 0y 0 2233 - 0e99Fn- 22312

Wailgh &2 © o Walghe il

HBLZ v Quumnan HE95°0 15425 Hn- 48 164

e . ot (Co -

93wy 4 Rivt Maln

{Colon B a‘{mm;

{Codor) (Colar)

Toted Wit

3
I S

Scale Verification
{Raotate load zells 1 lack clockwisa! -

far)

Colorl
{3 Tal
{Uoiot}

TOTAL

sRMdain > 6 7 3 18s 1 R R

i

1194.3 1as totaL 120 ¥F lesorr e s |

Lui VerBostion Pasding

HA o)

{‘$ cvar 223 ias oesen -2 .

{Coler:

Techniclan Name: Tré. T

‘%d AT Signature’

sto 8 5.7

CONTENTS, CONTROL AND & PREFACE

Rev R CHAPTER 124



L MAINTENANCE MANUAL

Weight and Balance

Weight and Balance Notes #2
Form 80-283

Airciaf Reg B | Aircratt Serial Number: Location:

Q | | Calculations

Notable Equipment List Changes

Fla: 12-GMM | CONTENTS, CONTROL AND & PREFACE

Q Date: 22008 Rev. IR CHAPTER 12-5
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NANCE MANUAL

Weight and Baiance

+ Technician Nams;

Signature:.

Cenificate & &

Fhie: 12-5MM

Date: 372072009

CONTENTS, CONTROL AND & PREFACE

Rev, IR
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AL MAINTENANCE MANUAL

Weight and Balance

12-4. ~ PROCEDURES FOR WEIGHING AIRCRAFT

{a}  The aircrafl will be welohed in & zer0 wing ?afﬁ&, usually ina ¢ asezﬁ hangar. There are several
aocemﬁb a methods of welghing an airéralt. Main} ly. the gifference. is causes by type of scales,

(b}  When slectric scales are used, the aircraR will be weighad at the Jackpoinis an ¢ i the fight level
;F{;&%*Q;Z}fz UAIW the:applicabie aacraft Malntenance Manual

CAUTION: Ii should bé noted that becsuse leveling s extramely c/iticat close attention should be
given:tg this-action. and siict adherence to appi}cabie aireeall model leveling procedures shall be

followed,

(c} When plattorm scales are usod, e aircraflis welnhed at the main end taid wheels,

g} Wnen the alroraR is weighed at e jark panis, the station reference wit s adegusle to establish
the arms as they are-at e posifion Sﬁ the aircraft, Tris is the grefered mathod of weighing owr
slrarafl’

{8) Wvrmn the 8

2 %e %*:m& waighing points
of the struls or b»
@ BhE MeRMEE.

NOTE: Tnere are other methods 1o weigh an alfrcraft and that S Riture may bring new and

O diffierent equipment o the weliting procedurs. Qur company reserses he right o use other
equipment ther referanced above and #evelop new procedures as nestiss, These new procedures
will, #f used, become a part of this manual by way of revision

(s The aircralt shall be weighed three (3} tmes. The sum of which shall be dividad by three {3} and
considered as the true & sireraft weight. Betwean each welghing ensure the foad cells are completaly
urinadag and zeroed as per weighing systerm manual.

(@) Load Cell Verication Procedure: ARer the weighing procedure has been campletsd.iz; the sum of
{3) three weighings has been annotated. Rolate load cei's clockwise (1) one position. Rewsigh. If
the welghts oblalned FPom. individual celis differ the average of pfawous weighings by Plus+ or
Minus 20 pounds the waizhing procedure must be considared & ia flawed. Reread instructions to
ensure procedures are baing followed comectly, if the results remain the same the scales must be
considered suspect and tagged end sentin for callbration. The aircraft will need to have.its weaght
and balance completed on 8 acceplable set of scales,

{r)  Notes Page: Thiz page shall be used during the dirgraf welghing procedurs far all your
measurements, caiculations, and notes. it shall ba submitted a2 2 part of your waight and balahes
documantation package

File: 12-GMM CONTENTS, CONTROL AND & PREFACE

O Date:  3/2072008 Rav. IR CHAFPTER 12-6




12-8. AIRCRAFT ACTUAL WEIGHT AND HORIZONTAL BALANCE REPORT,
CHART B (Form 80-287:

CE MANUAL

W&;ggbf and Balance

{a) iho Alrcraft Weight and Balance Report will be used each lime an aircraft is weighed. Jt @ the -
fasponsiblmy of the Director of Maintenance i verify the actual weighing and completion of Form
8{}»287 An A&P mechanic who has been ftrained in company GMM wei: aht and balance

X1 signesito perform the waianing, '
;x?wVGTgsﬂmﬁ ;

Form §0:267 is. smciﬁc 1o the Sikorsky S-51N and Is usedin thix manual asan axampls. Cther aircrafl types
will differ in Station Numbers and W@@ghi Paint Locations. Forms containing squivelent data are
&@€&§§8§}3§

‘hy  If alreraft weighing is being performed. by a repair taciiity which i on the list ¢f approved repair
facllities it I8 scceptable-to use. théir Airzraft Weight and Balance ! %e;:m b &8 csn!a*ns aquivalent
data,

ic} One copy of CHART B {f@m’z 80-287) wil m& sstained In the maintenance depariment as parl of the
shreralt peimphent records and Soe copy will be **“"‘%n?zﬁ i the Afrorall Fllght Manyst ‘

{thh,  Form: 80-287 Wil becomplated asfollows:

$

ARCRAFT WEISHT AND BALANCE REPORT Page tof &
{1} Emarthengme of he &gg{}ﬁy ur persen perfounig he wephing procodiuin
12y Ender the date the mﬁr‘ﬁm-m% plate hée ’
Q {3} Enler the giorak rogibirsbion number here,
14} Emer AIRGRAFT SEMAL NUMBER
15} Enter LEFT MAIN SCALE number here,
6] Erger the LEFT MAINSIDE SCALE READING here
(7} Euterihe TARE reading tere.
H

Subtratt the TARE froem the LEFT MARNSIDE SCALE READING b wrive @ s NET WEIGHT s
anter hais,

(9] Enler KIGHT MAIN SCALE munber here.

{14 Enter by RIGHT MAIN/SIDE SCALE READING herg,
19} Enter the TARE resding hars:

1i2:  Entar TAIL SCALE nusBer herg.

4% Bnigrlhe ROBEMAIL 3CALE READING bare.

rig}  Enter the TARE here

{15} Sublract the TARE readi:
gy hars,

{150 Tom! LEFT MAIN, RIGHY MAR, AND NOSEITAL WEIGHT ard snlet hare

: WOSESTAL SCALE READING o arive al 2 NET WEIGHT ang

File: 12-GHM CONTENTS, CONTROL AND & PREFACE

Date: 372072008 Rev IR ' CHAFTER 12-7
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CARSOM K

ERAL MAINTENANCE MANUAL

Waioht and Balance

AIRCRAFT ACTUAL WEIGHT AND HORIZONTAL BALANCE, CHART B
5-61N MODEL HELICOPTER 'L” GEAR INSTALLED {Ferm 80-287)

£ Ty i
£ I T e

Reg No. NG L F Secaine & B
BOBLE SCALE

SCALE POSITION Mo READING | TARE | SYMBOL NET.
(ibs}  WEIGHT

o T

(EFT MAINFPOINT | N ey ; D
‘ M3z 99264 | @ | w4669

TRIGHT VAN | |
POIN FOIE9 S@%%, #on @ Wr CPE8.7 -
NOSEITAIL POINT

@i732.22.33.2 1 @ W [2233.2
11981 L oow. [tzi9gd

o 30257, "”3 Bodny Shalr

TOTAL WEIGHT

E=zay” FR23E" d
el , AR
Geck Paind * * Juek Poalng

Welnisng on Whasls B ¥
Waighmg on Juck Poinds E+WisF

CORBEGTED WEIGHT AND HORIZONTAL 551 ANCE

{TEMS ADDED & SUBTRALDTED | WEIGHT - HORLZENTAL ST MOMENT
s} fin) ©,45. TOFWE BATIS To.in.1

Alrerafl as Weighad

Plus -

Plinus -

TOTAL EMPTYIGROSS

WEIGHT

BALANCE Monzontal Dist - 5= in, FwdiAf of Miin Rolor Centrold
iworrectad

Form i BO-287

Witnessed By

Fi: 12-GMM |  CONTENTS, CONTROL AND & PREFACE

Date: 3/20/2009 Rey. IR CHAPTER 12-8
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"NERAL MAINTENANCE MANUAL

Chapter - 12 Weight and Balance

12-6. WEIGHT AND BALANCE | EQUIPMENT CHANGE LIST (CHART C)
{Form 80-285)

(@) Thepurpose of Form 80-285 s to provide a record of changes to an individual aboraflls waight
ant balance end dein on carrent basit operating weight and center of grevily incatics broughs
aboul by modifications, i ferations, vepairs, of shenges 1 configuration with accumulated
changes to the operating weight. exceadng p us o minus ong-hall of one percent (U2 of 1% of
the msx&wm aiding welght .

(b}  This form is initiated and is keplcumant by the maintenance personinel assigned o the aicraft A
copy will be entered in the Ajrcraft Fl hgh‘ Manual and be current o the-aircrafl configuration prior
1o all fights,. Anylime the Chart' C'ls amended a copy shall bz submitted to the main office as
per Chap 3 para 3:-2, with ths coresponding AFML page conlalning the returs lo service sign off
far ihf* Reni removed ar indlallad.

wiZ be completed as follows:

{cy  The Weight and BalanceEquipmant’ Vhaﬁge ik
{1}  Enler make and modet.of -aszcraﬁ
{3y . Enl@r’_éér&mﬁ ragistrativnnumber or oty igeniification reference
{8} Enfer sinrall serdal number
31 Enter page numbiér fcoresponding with previous page if epplicahie)
5 - Ender airoralt date, weight, momeat, and ceiter of gravity from "Chart B-Form 80280
Q {5y Enter dale welght and balarce change was macs

1) Check i charge ko 8 removal o7 instalialion and enter description of temns removed or
nstalieg

{11) Enter weight of Remis] removed or instalieg with proper sigs {+ or <} lor removal or
installaion

8}0&0?&0*8
i welght of ltem to be remoived or instalied is not isted on Chari "A”
weight must be obtained by physical weighing of individual Rem{s).

{42} Enter grmeof Yem removed or istalied
{13} Mulliply weight by arm and enta? moment

{14) Compute all Weights baihg carefu! Io observe » of - signs and enlsr newly estabished
basic empty weighl

{15} Aud st Mpmenis, being careful 10 observe 01 - signs end enter new moment
{18) Divide moment by basic.empty weighl ard enter new center of gravity

WEIGHT AND BALANCE

Fig: 125

O Date:  3/20/2008  Rev.IR Chapter 12-9
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ERAL MAINTENANCE MANUAL

Chapter - 12 Waight and Balance

12.7. DERIVATION OF BASIC OPERATING WEIGHT CHARTD

Onee the aircra® has baen weighed and 2 Bave Equipped Welght has been estabisned and
computed, | will be necessary 1. compute a Basic Opseating Weight (BOW).  For procsdurs in
dstarmining the Begic Opefsting Waliht reter 10 the Carson Melicopter Servicas, Inc. Genespd
Ope'as,éem Manual Appeadix B “Weafgm and Bﬁéa*am

C Fller 12-GMM fﬁ;&&%«%? AND BALANCE

Date: 372072009 ' Rev. (R | Chapter 12-11
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APPENDIX 4

N261F Chart B Reverse
Dated 10-14-09
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APPENDIX 5

N261F Chart C
Dated 10-14-09
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APPENDIX 6

* Aircraft Calibration Certificate
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APPENDIX 7

Reference Pictures
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M HELICOPTER:

Carsqn Helicopters Flight Evaluation with S61N Helicopter

RE: Weaverville Helicopter Accident N612AZ; Summary of 3 November 2009 Flight Test

1. Basic Description of Evaluation

On 3 November 2009, a flight performance evaluation was done by Whipple Aviation Services
in conjunction with VIH Cougar Helicopters on behalf of Carson Helicopters, Inc. The evaluation
utilized an S-61N helicopter equipped similarly to helicopter N612AZ when it crashed near
Weaverville, CA on 5 August, 2008. The purpose of the evaluation was to assess the |
helicopter’s performance when configured like N612AZ and flown at a density altitude similar
to that experienced by N612AZ during the takeoffs from Helispot 44. The aircraft was also
flown at gross weight conditions significantly in excess of the NTSB'’s theoretical weight of
N612AZ during the accident takeoff. » '

The test aircraft was an S-61N long body, fixed gear helicopter equipped in firefighting
configuration with a 700 gallon water bucket and 200 ft. longline. The use of the longline
attached to a calibrated load cell on the aircraft allowed precise metering of the water/weight
load to allow accurate control of the flown weights. The aircraft was de-fueled and weighed at
Reno the day of the test utilizing calibrated scales and witnessed by an FAA Designated
Airworthiness Representative prior to being placed in the Experimental Category for purposes
of the test. The load cell was calibrated on 9/9/09. The engines were tuned and calibrated to
match the topping limits and power output of N612AZ as of 8/4/08 (the last power check
performed prior to the accident). Winds were calm for the evaluation flights. The flights were
monitored by an independent aviation consultant and were videotaped. The helicopter was
flown by VIH Cougar pilots. The five onboard pilots observing the flights from three different
firms had combined flight experience in excess of 60,000 hours.

Carson disputes the meteorological conditions during the accident takeoff that are reported in
the NTSB accident group investigation reports. For comparison purposes, the NTSB estimates
the takeoff conditions as 5,980 ft. pressure altitude and 23 deg. C temperature, for a density
altitude of 8,476 ft., with no wind. N612AZ lifted off from H44 in ground effect, came to a short



hover about 50 — 60 ft. above ground level (AGL), in or near ground effect, then transitioned to
forward flight. Carson’s analysis is that the temperature was 20 degrees C., with a quartering
headwind of 3 -5 knots. The NTSB's listed conditions are based on meteorological analysis of
extrapolated data taken from weather stations located several miles from the accident site.
Carson’s analysis is based on instrument readings taken from the cockpit‘ voice recorder from
the accident aircraft, ground witnesses who were qualified weather observers, and analysis of
local conditions by an independent meteorologist.

Carson also disputes the current listed weight for N612AZ as formulated by the NTSB
investigators. The NTSB postulates that the takeoff weight of N612AZ was approximately
19,010 Ibs. Carson’s reconstruction and analysis shows that the aircraft wéighed approximately
18,600 Ibs. Despite any confusion regarding the weight or weather conditions of N612AZ at the
time of the accident, the 3 November 2009 flight test shows that with normally operating
engines and rotor system N612AZ should have had sufficient power to safely take off and
conduct its mission at the time of the accident, even at the higher weight the NTSB has
ascribed to the aircraft.

The test aircraft was flown at density altitudes ranging from 8,450 ft. to 8,551 ft., with all but
one test point exceeding the NTSB's theoretical density altitude for the accident. The winds at
the location and altitude of the test were negligible, matching the conditions stated in the

Group Operations report.

On each test run, the aircraft picked up its water/weight load from a lake at 5,588 ft. above
mean sea level (MSL) and then ascended to the desired pressure altitude of 6,700 ft. above MSL
to achieve the desired density altitude. The aircraft then came to a hover at 400 ft. AGL,
completely out-of-ground effect (OGE). The collective pitch control was then pulled up to its
Maximum Stop in order to bleed Main Rotor RPM down as low as possible and held there to
duplicate sustained maximum rotor droop conditions.

2. Primary Observations from the Test

Full detailed results are contained in the Whipple Aviation Services Report, but several
important facts should be highlighted:

1% Test Run — aircraft weight 19,100 Ibs. — from a stabilized out-of-ground effect hover, full
collective was pulled up, Main Rotor RPM (NR) decayed to 94% and stabilized there; Main Rotor
RPM would not droop below 94%. Aircraft was still exhibiting a 200 feet per minute (FPM)
positive rate of climb. A one inch deflection (lowering) of the collective resulted in Main Rotor
RPM recovery to 100% within 2 seconds. '

2" Test Run — Eight separate hover performance tests were conducted during this test run as
“outlined below. Each test was at slightly different gross weight due to fuel consumption.



Tests 1 to 5 — Aircraft weight ranged from 18,643 lbs. to 18,300 Ibs. From a stabilized out-of-
ground effect hover at 400 ft. above ground level, full collective was pulled up and sustained at
the stop; Main Rotor RPM drooped-to 94%, then stabilized and would not decay below 94%.
The aircraft exhibited rates of climb varying from neutral to +300 FPM. One inch of collective
deflection brought the Main Rotor RPM back to 100% or above within two seconds.

Tests 6 to 8 — Aircraft weight ranged from 19,543 to 19,393 Ibs. Aircraft flew from the lake up
to 400 ft. above ground level and came to a stabilized hover out-of-ground effect. With full
collective pulled up, Main Rotor RPM drooped to 94%, but would not decay below 94%. The
aircraft very slowly settled, with power, with a negative rate of climb of -250 FPM. One inch
deflection of collective restored Main Rotor RPM to 100% or above, and the aircraft exhibited
immediate positive rates of climb.

Test 8 — This test was performed by pulling up maximum collective as in the prior tests, but the
speed selector lever — throttle (SSL) for the number 2 engine was then reduced, bringing the
“engine output torque down to 70%. The Main Rotor RPM rapidlx} decayed below 91% without
stabilizing or hesitating and the aircraft developed a rapid -500 to -600 FPM rate of descent.

~ The collective was then reduced, the SSL advanced to restore power to the number 2 engine,
and the aircraft recovered torque and Main Rotor RPM and was flown into a climb.

3. Key Conclusions

A. In every case, even at weights exceeding 19,500 Ibs. (well above what the
accident aircraft could have weighed), the test helicoptei’ successfully (i) picked
up water weight from a lake at 5588 ft.; (ii) flew up to 400 ft. above ground level;
and (iii) came to a stabilized hover.

B. From a stabilized out-of-ground effect hover, maximum sustained collective -
' input representing maximum rotor droop conditions beyond what would
normally be applied, resulted in a droop to a stabilized 94% Main Rotor RPM,
beyond which the rotor system would not droop. Even at this maximum
condition, the aircraft exhibited positive rates of climb.

C. The most minor collective correction by the pilots resulted in recovery of the
rotor system within 2 seconds to 100% Main Rotor RPM or above, and positive
rates of climb.

D. Even at weiéhts several hundred pounds greater than the weight of N612AZ at
the time of the accident, the one and only condition in which rapid rotor droop
below 94% Main Rotor RPM with unrecoverable flight conditions could be
induced was by reducing power to one engine by approximately 25%.




Restoration of power and minimal collective drop resulted in immediate
recovery of the Main Rotor RPM and a positive rate of climb, even at 19,400 Ibs.

The evaluation cleafly demonstrates that even with an aircraft loaded to weights beyond the
accident aircraft, an exemplar helicopter at the same density altitude with the composite main
rotor system could repeatedly:

- Safely ascend and come to a hover well out of ground effect and fly the loads effectively with
normal pilot input. '

- Maintain a 94% Main Rotor RPM and hover even with maximum droop induced by maximum
collective input. At all but the heaviest possible weights, the aircraft still maintained a positive
rate of climb under these maximum droop conditions.

- Recover Main Rotor RPM to 100% in less than 2 seconds and immediately register positive
rates of climb with a very minimal deflection of collective input.

The only condition under which this aircraft could mimic the rapid Main Rotor RPM decay
below 91% as shown on the cockpit voice recorder spectrum analysis of the accident aircraft
and not effectively fly the heaviest loads encountered was when power was rolled off of one
engine by 25%. The flight test indicates that at the time of the accident, N612AZ should have
been able to successfully take off and complete its mission absent an event resulting in loss of
power to the rotor. '




Whipple Aviation Services LLC

Russell Whipple is an independent contract pilot and aviation safety consultant. He has owned
and operated Whipple Aviation Services for 15 years and specializes in operational efficiency as
well as safety and risk management issues for both fixed wing and helicopter operations
worldwide. He has several major industry clients in the energy sector, and has done consulting
work for auditing aviation operations for government agencies. He has been called upon to
conduct safety audits, construct safety programs, and engage in pilot training operations, as
well as appear as an expert witness for aviation related matters.

Mr. Whipple is certified as both a US and Canadian Airline Transport Pilot and is type rated in
the SK-64,5K-61, HU-500, B-206. ’

He has been a professional pilot for more than 40 years flying a variety of missions all over the
world, in mountain conditions, beginning in Vietnam in 1969 as an AH1-G Cobra pilot.

He has worked for a variety of commercial operators in addition to his own consulting business,
engaging in a mix of external load and part 135 transport operations.

Major Flight time
Sikorsky CH-54,SK-64 E & F: SK-61 A,V,LL& N 12,550+ hours

Bell AH-1 G,J, F Cobra; B-204,B-205 A-1, Bell 214 B-1 5,100 hours
Bell 206,Bell 47, B-1, UH-1 A,B,,C,D, H, M

Hughes 269-A; HU-300 C; HU-500 A,C,D,E,F 3,800 hours
Assorted Fixed wing airplane time 900+ hours

Total approximate flight time 22,350 + hours
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From: . Confldentlal & Propnetary
Sent: Monday, June 09, 2008 8:36 AM
To; Brandon VanAtta.

Subject: TEARDOWN REPORT PO# 2080722
Attachments: CARSON P5308-T.pdf

Don. & Jeif- v

Attached is 4 teardown repart on your Fuel Control, S/N 89674BR, PO# 2080722, WO# P5308,

Contamination found in-all-areas of Fuel Control mspected Due to the amount of contamination we require
approval to disassemble-& clean for a contamination repaxr ‘and-estimate. Warranty is not accepted due to this
contamination.

We will await your approval to pfovceed.

Brandon Van Atta

Propulsion Systems | Maintenance Marketing Representative

14452 Amdt Road NElvAurOral Or.eion 97002

"Any quote for work or sale of goods contained in thls message is subject to final acceptance of the-work or sale
of goods by CHL. ltems shlpped without final acceptance will be returned at sender’s expense, plus handling
charges. Finat acceptancé-is-conditioned upon confirmation of comphance with U.S. import and export rules and
regulations, including International Traffic in Arms Regulations.”

Quote Subject to U.S. Export Control Laws

The terms of-this quote and the aircraft parts, technical data, and/or repair, maintenance,
and/or overhau! services they contain may be subject to U.S. export control laws,
including eitherthe International Traffic in Arms Regulations (ITAR) {military) or the
Export Administration Regulations {EAR) (strictly civil). Prior to CHi enteringinto an
agreement to supply the parts, technical data, and/or services contained in this quote,
CHI must verify the end user of the part, technical data, and/or service and, if required,
obtain export approval from the U.S. Department of State or the U.S. Department of
Commerce. The terms of this quote are conditioned or

2” aondn(y  FRo M (”3211? .

)*? ;{ R

6/9/2008
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Form No. CHI-M-737

82432403
04/07/03

COLUMBIA HELICOPTERS, INC.
AURORA AIRPORT
AURORA, OREGON 37002
FAR APPROVED REPAIR STATION #CHIRB23C

OVERHAUL/REPAIR REPORT

P/N: 725725-5 5/N: 89674BR DATE: 05-23-08

TSO: 45.1 TT: UNK W/0#: P5308

CUSTOMER INSTRUCTIONS:WARRANTY REPAIR CONSIDERATION REQUESTED

REASON FOR REMCVAL:LOST POWER, DID NOT RESPOND TO SPEED SELECTOR OR MANUAL THROTTLE
EXTERNAL CONDITION:GOOD

COVERS INSTALLED:YES PRESERVED : NO
TEST BEFORE STRIP:NO
STRIP REPORT SUMMARY

COMPONENT PART NO. CONDITION

WORK UNDERTAKEN:INSPECTED FILTER, PRESSURE REGULATING VALVE, AND THROTTLE VALVE END
CAP. .

REMARKS:FOUND CONTAMINATION (METAL AND OTHER MATERIAL} IN ALL AREAS INSPECTED. DUE
TO CONTAMINATION WARRANTY IS NOT ACCEPTED.

mecuantes stenarure: . Confidential & Proprietary oars:0s-04-08

Page 1 of 1

COL 002488
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A/C Reg. No/Comp No. Comp. S/N: AJC/Comp TT: Work Order No.: | Shop:
725725-5 24928 Dbk P5350 ENG
Item No. Dale Discrepancy R.IL (Check if Corrective Action
2}“1 7 / / / O/? required)
LEAD 1AQ URNE MID SUETVE | REPLEOED g Oon SLERIS 1A, gg
TIeES oed 185 REV 13 Seertow [3-20-6 8
pr5733%0 o)
| W)
Ser. No. Off Ser. No. On Date Corrected >
170 52'7 7 1l 03| T
| Discovered B rrected By .| Inspecied By { "y -
Confidential §( Proprietary | g <
Iiem No, D?e Dlscrepancy R.LL (Check if Corrective Action S
f-2 ] 103 required) =
PRV S Qe HAZ N OF 3785 | Reeisesn, Pov SiFBVE biio 9
P uALUE O OF 23771 PCSuLNG (35 REV IS SECTTOU TR-90-G 2
ho . O0)Y NFRACE 8
PN 734G ( <
Ser, No. Off Ser. No. On Date Correctled )
L8 AP 7 12108 | T
I Discnvered By Correcterd By o rQ(:qu By w
~ Confidential & Proprietary = | \3g o
llem No. | Dale | Discrepancy R.LL (Check if =71 Corrective Action trd
-3 ;7 i TOR reguired) )
AN Z(-18 O 1x0F Cortrlit=) with (;;/w A F1¥-0% %
=
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‘ 71 2 108 |
1. Discavered Ry ] Correcied Ry . . " Inspected By, "/‘f) ]
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Bureau de la sécurité des transports
du Canada

AVIATION INVESTIGATION REPORT
A02P0320 |

2

LOSS OF ENGINE POWER / COLLISION WITH TREE

HAYES HELICOPTER SERVICES LIMITED
SIKORSKY S-61N (SHORTSKY) HELICOPTER C-FHHD
LAKE ERROCK, BRITISH COLUMBIA

16 DECEMBER 2002

Canada



The Transportation Safety Board of Canada (TSB) investigated this occurrence for the purpose of
advancing transportation safety. It is not the function of the Board to assign fault or determine
civil or criminal liability.

Aviation Investigation Report
Loss of Engine Power / Collision with Tree

Hayes Helicopter Services Limited

Sikorsky S-61N (Shortsky) Helicopter C-FHHD
Lake Errock, British Columbia

16 December 2002

Report Number A02P0320

Summary

At about 1200 Pacific standard time, the Sikorsky S-61N helicopter, C-FHHD, serial number
61490, took off from the service landing area near Lake Errock, British Columbia, with two pilots
and an aircraft maintenance engineer on board to carry out performance adjustments to the
engines. Two minutes later, while the helicopter was climbing through about 1000 feet above sea
level (asl) at about 65 knots, the crew became aware of an intensifying whining sound which
was followed by a single, loud bang, Immediately the number 1 engine lost power and the
number 2 engine did not automatically compensate for the power loss. .

The pilot-in-command (PIC) lowered the collective lever to enter autorotation and pushed the
cyclic stick forward. Acrid smoke filled the cockpit, and flames appeared from the lower left
section of the main rotor gearbox in the cabin. The PIC manoeuvred the helicopter for a
southwest autorotative landing on a vacant and straight segment of Highway 7 near the Lake
Errock village. During the last seconds before touchdown, the pilots saw powerlines across the
road, and the PIC increased the collective to reduce the descent to avoid them. The helicopter
was landed on the road at about 20 knots ground speed and the wheel brakes were applied.
During the roll-out, the helicopter struck other powerlines across the road, and the main rotor
blades severed a large tree on the left side of the road. The helicopter veered right and the tail
rotor and tail pylon struck the same tree and broke away from the fuselage. The helicopter then
started to vibrate severely, with large airframe oscillations, but it remained upright and stopped
at the right-hand edge of the road. The three occupants received minor injuries, and the
helicopter was substantially damaged. The in-flight fire in the cabin roof was brief and localised,
and it self-extinguished.

Ce rapport est également disponible en frangais.



Other Factual Information

Pilots

The pilots were trained and licensed appropriately for the helicopter and the mission. They were
each experienced and qualified heli-logging pilots and had worked for the operator for several
years.

Both pilots were wearing seat lap-belts and protective helmets, however, neither was wearing
the available shoulder harness. Their helmets sustained damage from multiple strikes with the
cockpit interior during the oscillations on the ground that likely would have caused serious
injuries to an unprotected head. The aircraft maintenance engineer was not seated and was
injured as a result of repeated contact with the interior cabin structure near the cockpit entry.

General Information

No formal weather obsefvation exists for the area of the accident; however, the general weather
conditions were an overcast sky with fog patches and light wind.

A review of the aircraft technical logs indicates that the helicopter was certificated and
maintained according to the required Transport Canada (TC) standards.

After the accident, the two fuel gauges on the cockpit instrument panel each showed a fuel
quantity of about 1000 pounds. Given that the flight lasted only two minutes, the helicopter took
off with a total fuel quantity in the order of 2100 pounds. Fuel samples were examined from the
refuelling source, the helicopter tanks, and all the engine fuel control components. As a result of
these tests, it was concluded that the fuel on-board the helicopter at the time of the accident was
not contaminated and was not a factor in the accident.

Using the most recent weight and balance records, it was determined that the helicopter was
about 13 300 pounds at take-off with a centre of gravity (CG) about 270 inches aft of the datum.
The maximum allowable weight 4 :

of the helicopter is 22 000 pounds |
with a CG range of 258 to 276
inches aft of the datum.
Accordingly, weight and balance
were not factors in this accident.

Sikorsky S-61N C-FHHD

C-FHHD was owned and
operated by Hayes Helicopter
Services Limited of Duncan,
British Columbia (B.C.), and was
principally engaged in heli-
logging activities in B.C. The

Photo 1. C-FHHD on Highway 7 after the accident
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helicopter was originally manufactured by Sikorsky Aircraft in 1971, and was later modified by
Heli-Pro Corporation in March 1996 to the shorter, civilian Shortsky model, similar in size to the
military SH-3 “Sea King” helicopter. Sikorsky Aircraft Design Engineering was not involved in
the modification, and Hel-Pro Corporation was not Sikorsky-approved. The modification was
not approved by Sikorsky; however, it was approved by Transport Canada (TC). The helicopter
is equipped with two General Electric Aircraft Engines (GEAE) model CT58-140-1 gas-turbine
engines. At the time of the accident, the helicopter had accumulated about 30 323 hours total
flight time as both original and modified airframes.

Main Rotor Gearbox

The main rotor gearbox (MGB) had been most recently overhauled by the TC-approved Hayes
overhaul facility in Duncan and was installed in C-FHHD on 29 September 2002. At the time of
the accident, it had accumulated 361 hours in service since overhaul, for a total service life of
27 220 hours. Following the accident, the MGB was removed from the airframe and inspected,
disassembled, and examined at a TC-approved overhaul facility in Richmond, B.C,, under the
direct supervision of TSB investigators. '

'The MGB attachment fittings on the fuselage
were intact. The MGB was undamaged, with
the exception of the Number 1 (left)' input
pinion gear (Photo 2) which had fractured
just forward of the forward bearing journal,
and its associated forward plain bearing
(located in the MGB cover) which had mostly
disintegrated. The splined coupling showed
severe rub on the gimbal ring.

Number 1 Input Pinion Gear oto 2. Fractured left input pinion

Once the number 1 plain bearing began to fail, the adjacent carbon seal broke down, allowing oil
to spray out from the MGB. Without sufficient Tubricant, the number 1 pinion rapidly
overheated and weakened, leading to thermal distress, distortion, and subsequent fracture. The
pinion fracture surface exhibits equiaxed ductile dimples, indicating tensile or bending overload,
rather than torsional overload. Accordingly, the torque on the pinion was low when it broke.
While components adjacent to the fracture were covered with soot, oil, and grease, the fracture
surface itself was free of contamination, which may indicate that the break occurred after the
grease and oil sprayed from the damaged bearing and coupling, and after the fire.

Dimensional examinations revealed about four degrees of bend on the pinion and about four
degrees of bend in the high-speed shaft. By design, the splined coupling accommodates about
four degrees of deflection before either the high-speed shaft or the pinion starts to bend. As well,
the forward end of the shaft exhibits damage that occurred when the forward flexible coupling
was bent beyond normal limits, and while the shaft was still rotating. Theoretically, it is likely

! For consistency, the term “Number 1" refers to the left-hand MGB input components:

similarly “Number 2" refers to the right-hand components.
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that about eight degrees of misalignment existed, and likely less since the deviation was a
dynamic whirl, not static bending. Such misalignment may have been possible with intact
engine mounts and MGB attachment fittings.

Structural analyses of the stresses present at the fracture site revealed that the initial effect of
lubricant loss was severe and rapid friction wear between the pinion gear and the bearing. As
the wear progressed, the gear radially displaced from the centerline of rotation, allowing the
entire shaft assembly to orbit, creating a centrifugal load imbalance that would have been
manifest as a high-frequency vibration. The imbalance would have also created a remarkable
bending load on the components, forming the highest stress at the fracture point on the pinion.
Calculations showed that such centrifugal forces can create bending loads that exceed the
ultimate tensile strength of the pinion with about three degrees of coupling misalignment. Since
the pinion was subjected to thermal distress as well, the ultimate tensile strength would have
been reduced, and the misalignment required to fail the component would have been
proportionally less. Given this situation, it could be said that the misalignment could have
occurred with intact engine mounts; although a possibility, there is insufficient information to be
conclusive.

Input Freewheel Units

The input freewheel units (IFWU) were installed in the MGB on 26 November 2002 at

30 303 airframe hours, and each had accumulated 20 hours in service at the time of the accident.
The IFWUs demonstrated normal wear with no evidence of slip or spit-out. There are, however,
inconclusive marks of skidding on roller G on the number 1 IFWU. Damage to such specific
areas can indicate IFWU slip or roller spit-out; absence of such evidence is not conclusive that
slip or spit-out did not occur. As well, a small amount of fine debris from the disintegrated plain
bearing was found in both IFWUs; such contamination can cause IFWU slip.

Rotor BZades

The main- and tail-rotor blades exhibited damage patterns and overload fractures that are
consistent with considerable rotor rpm at impact with an object, and characteristic of blades that
were not being driven at impact. One main rotor blade fractured about four feet from the blade
root, and other pieces of the main rotor blades were found several hundred feet away. Such:
blade damage caused massive main rotor dynamic imbalance and led to the severe vibration and
airframe oscillations experienced on the ground.

CT58-140-1 Engines - General

The two gas-turbine engines are the GEAE CT58-140-1 model, serial numbers 280309KL
(Number 1) and 280324KL (Number 2). The number 1 engine was installed in C-FHHD on

12 August 2002 at 29 571 airframe hours, with 998 hours since major overhaul; at the time of the
accident it had accumulated another 752 hours, for a total time of 1750 hours since overhaul. The
number 2 engine was installed in C-FHHD on 27 November 2002 at 30 303 airframe hours
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with zero hours since major overhaul; at the time of the accident it had accumulated 20 hours
total time since overhaul. Both engines had been most recently overhauled by TC-approved
Aero Turbine Support Limited (ATS) of Richmond, B.C.

Both engines were taken to the TSB regional wreckage examination facility in Richmond and
inspected, disassembled, and examined in detail. In summary, the examinations of the two
engines revealed several anomalies, as described in the following paragraphs.

The CT58-140-1 engine is equipped with an overspeed shutoff valve that by design interrupts
the fuel flow in the fuel control unit (FCU) in the event of a free power turbine overspeed.
Activation of this overspeed protection does not leave any mechanical indication that the engine
shut down, and it could not be determined if an overspeed shutdown occurred in either engine.
The overspeed shutoff valve closes when the power turbine speed exceeds 23 400 rpm (123%Nf{)
. The valve re-opens when the turbine speed reduces, and introduces fuel into the combustion
chamber. Since the engine does not have re-ignition, the fuel will not ignite, and as a result, the
combustion area can become wet with the unburnt fuel. Such fuel wetting or staining in the
combustion section of the engine may indicate an overspeed shut down from a high power
setting. In this installation, the engine speed reached when the overspeed protection functions
is such that no dimensional or metallurgical changes to the power turbine would be expected to
occur. Dimensional and metallurgical examinations® of the 1% stage turbine rotor disc and the
power turbine rotor disc, of both engines, revealed no indication of either overspeed or over-
temperature conditions.

According to the engine manufacturer, GEAE, the T58-GE-5 military engine can be converted to
the commercial variant CT58-140 provided the “Special Workscope for Conversion of T58 Engines to
CT58-140" is complied with. In part, the workscope (item 7) prescribes the following”Replace
nameplate and mark with CT58 engine model. Use the same engine serial number and mark with an “R”
after the serial number to indicate the engine is converted.” The serial number on the nameplates
(dataplates) on these two engines had not been so marked.

Furthermore, GEAE advises that the use of military parts on commercial engines is not
recommended; however, using the military power section assembly is acceptable provided that
the rotating components within the assembly are replaced with new or commercial components,
and a new data plate is attached to record such change.

Number 1 Engine (280309KL)

The number 1 engine was intact and free to rotate. The three airframe engine mounts—two
front mounts and the aft gimbal ring on the support tube—had broken in overload. The engine
had disconnected from the MGB at the fractured input pinion. The variable inlet guide vanes
(VIGV) were found in the closed position; as gas generator speed drops through about 64%
during a normal engine shutdown, reducing fuel pressure causes the vane actuator piston to
fully retract causing these vanes to rotate to the closed position and remain there during coast
down. The vanes are closed at engine idle speed, which is about 54%.

Reference: GE SEI manual, part 183
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The compressor rotor was not damaged, although a small amount of mixed debris was present
and slight blade tip rub was indicated on the casing. The debris comprised particles of fibreglass,

stainless steel, white paint, and probably Teflon(c).

The lower combustion and aft compressor areas of the number 1 engine were wet and stained
with unburnt fuel, which can indicate an overspeed shutdown. Post-accident manipulation of
the engine may also have spread any residual fuel internally.

The data plate on the power turbine section of this engine had been modified in that the model
number had been changed to CT58-140, the power turbine assembly number had been changed,
and the serial number had been intentionally obliterated. For this particular turbine section,
records show that the rotating components had been replaced with commercial components, as
required by GEAE.

Number 2 Engine (280324KL)

The number 2 engine was also intact and free to rotate. Both forward engine mounts had broken
in overload, but the aft gimbal ring mount was intact. The input drive shaft and attachment
fittings were not damaged. The VIGVs were found in the closed position. The main oil filter
contained carbon and metal debris. The compressor and turbine sections had both sustained
considerable damage by foreign objects and contained debris comprised mainly of fibreglass and
titanium. Many of the compressor blades and stator vanes were damaged.

The 3" stage turbine nozzle and the power turbine blades exhibited significant amounts of
molten titanium alloy splatter. Metallurgical analyses determined that this could only happen
when an engine is operating, that is, with the combustion process occurring, not just residual
heat following shutdown. The titanium and fibreglass found in the power turbine section
matched material from the firewall, centre engine mount, and the foreign object damage (FOD)

* shield, all of which had been damaged.

The data plate on the power turbine section of this engine recorded the model number as
T58-GE-100, where the -100 portion of the model number had been vibro-peened on, the serial
number recorded as GE-273, and the power turbine assembly number had not been recorded.
For this particular turbine section, records show that the rotating components had been replaced
with commercial components, as required by GEAE.

Compressor Disc Shaft Locknut

In each engine, the torque on the locknut of the number 1 bearing on the front compressor disc
shaft was significantly higher than the value specified by the engine manufacturer and a specific
assembly tool would not function properly. Subsequent research showed that such overtorque
likely weakens the locknut, but certainly collapses the hollow disc shaft and creates a smaller
inside diameter, thereby jamming the inserted tool. Had the locknut or shaft separated during
engine operation, it is likely that catastrophic engine damage would have occurred. During
overhaul assembly, ATS had routinely applied extra torque to the locknut on all CT58 engines,
unaware that the dimension was being affected. This anomaly did not contribute to the accident.



Engine Test Cell Runs

To examine the operation and performance of the various fuel delivery components of each
engine in their undisturbed state, the components were attached to a slave engine and runin a
test cell at an independent, approved engine overhaul facility in Richmond. The components
included the FCU, flow divider, fuel purifier, and stator vane actuator (SVA). The Ng and Nf
tach-generators were also tested; all four operated normally.

The test cell runs were unremarkable with two minor exceptions. When the number 1 engine
components were run, the engine “rumbled” during acceleration tests, likely as a result of poor
airflow. When the number 2 engine components were run, the engine ran too cool, requiring
adjustment to the SVA linkage, and the normal topping limit was not reached.

FCU and Component Examinations

The same components were then bench-tested and disassembled by an FAA’-approved facility
in the United States under the direct supervision of TSB investigators. With the exception of the
FCU from the number 2 engine, all the components tested within specification limits and were
unremarkable. The number 2 engine FCU failed the bench test and the anomalies found are
discussed in the following paragraphs.

The FCU is a Hamilton Standard JFC26 and is standard equipment on the GEAE T58/CT58
model gas-turbine engine. The SVA on the number 2 engine was out-of-adjustment such that
the stator vanes would have begun to open sooner than required. Upon disassembly of the Ng
governor unit, the flyweight spring and bearings were found to have been worn to limit. Such
wear would have affected the SVA set points during the bench tests and, in part, given rise to
the anomalous readings. Furthermore, this wear may have caused inconsistent FCU
performance.

Specific tests to assess the topping and bottoming calibrations revealed several defects: the
internal fuel pressure differential (delta-P) was unstable; the minimum fuel flow (bottoming)
was abnormally low; and the maximum fuel flow (topping) was grossly below normal (486 pph
vice 650 pph). The topping adjustment screw was then manually turned to achieve the 650 pph
bench-mark. The individual effect of the low bottoming setting would have caused the engine to
idle at lower than normal rpm.

A review of the most recent series of topping adjustments showed that the operator had
adjusted the topping screw on the number 2 engine in an effort to match the lower performing
number 1 engine. Adjusting the topping screw conforms to conventional engine performance
balancing techniques for this helicopter type in the field. As well, the operator had experienced
occasional difficulties when starting the engine.

Federal Administration Authority of the United States of America
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The number 2 FCU fuel filter contained a significant amount of mixed contaminants; however, it
could not be determined if the filter had gone into bypass. Further disassembly revealed that the
pressure regulating valve (PRV) in the FCU was jammed with contaminant significantly
different to that found in the filter. Earlier bench tests had showed that the PRV was sticking; a
sticking or immoveable PRV would cause unstable SVA operation, engine starting difficulties,
and inconsistent topping settings. Collective experience from US operators of this FCU show
that sticking or jammed PRV also lead to unpredictable and degraded engine performance.

Microscopic and infra-red analysis of the debris found in the PRV determined that it comprised
particulates of chip board*, bleached cellulose’, paint, and metal; the FCU filter contaminant
comprised cellulose, paint, human hair, and unidentifiable fibres. Laboratory examination of the
debris found in the airframe fuel filter and the aft fuel tank boost pump revealed particulates of
mainly chip-board, cellulose, paint, silk, human hair, and polyethylene. The source(s) of these
various contaminants, or the time of their introduction, could not be determined. The aft fuel
tank had been removed, repaired, and replaced on 27 November 2002. '

Plain Bearing Monitoring

The operator’s field experience with this helicopter type led them to assess that new plain
bearings in the MGB appear to fail within a period of about 30 service hours following the
removal and installation of the input pinion gear—regardless of the TSN of the bearing; bearings
that pass this milestone usually survive to their scheduled replacement cycle. Indeed, an
informal study of similar events tends to support this view. As part of the normal process to
monitor the plain bearing following their installation, temperature probes were temporarily
attached to the unit to identify excessive temperatures in the bearing, which are reliable
indications of impending bearing failure. After a “run-in” period, the probes were removed.
Following this accident, Hayes Helicopter Services opted to keep the bearing temperature
portion of the approved MGB run-in test equipment in their 5-61 helicopters to monitor the
temperatures of the bearings at all times, in an attempt to identify a failing plain bearing.

Analysis

General

Some of the physical evidence gathered during this investigation is conflicting, and does not
lead to a conclusive determination of the sequence of events. While the initiating event is clearly
the failure of the plain bearing in the MGB cover for the number 1 input pinion gear, there are
two scenarios concerning the fracture sequence of the input pinion gear itself, and each is
discussed in the following paragraphs.

Pressed wood particle board

Lignin-free paper fibre



Plain Bearing Failure

The initial failure of the plain bearing was a rapid degeneration, with loss of lubrication leading
to rapid overheating, massive wear, and diverging rotational imbalance. As a result, the pinion
bearing journal wore down, resulting in the high frequency vibration and the whining sound.
At the same time, the input pinion gear began weakening because of the overheating and
bending forces. The high-speed shaft, the input pinion gear, and the couplings all exhibit
considerable bending. In turn, the carbon seal for the plain bearing disintegrated, allowing MGB
oil to spray onto the pinion. The sprayed oil ignited on the overheated pinion and led to the fire
at the base of the transmission.

Scenario 1: Input Pinion Fracture In Flight

Following the failure of the plain bearing, the overheated and weakened input pinion gear then
fractured in flight as a result of the severe and rapid bending forces it was experiencing during
the imbalance, causing the loud bang heard by the crew. This in turn would have led to the
immediate overspeed and shutdown of the number 1 engine. The whirling and bending of the
shaft and couplings require the engine and MGB to have been still connected but misaligned by
about three degrees. Such displacement is within the limits of coupling flexion, and is possible
with intact engine mounts. In this scenario, the pinion would likely have been exposed to a
moderate-to-high torque load and, had it failed while so loaded, the fracture surface would be
expected to exhibit torsional fracture characteristics, such as rotational smearing. These qualities,
however, were not found.

Scenario 2: Input Pinion Fracture On the Ground

Following the failure of the plain bearing, the number 1 IFWU slipped®, leading to the overspeed
and shutdown of the number 1 engine in flight, and after touch down, the overheated pinion
fractured during the violent airframe oscillations on the ground. For this to have occurred,
however, the bending of the shaft and couplings require the engine and MGB to have been
intact but misaligned to the order of eight degrees; displacement of this magnitude is unlikely
with intact engine mounts. In this scenario, the pinion would have been exposed to a low torque
load since the engine had shut down, and had it failed while so loaded, the fracture surface
would be expected to exhibit tensile fracturing with little rotation or smearing. The equiaxed
dimpling observed on the fracture surfaces is consistent with these qualities.

Engine Mounts

To break the engine mounts and misalign the engine in flight would require considerable and
obvious forces. Concomitantly, the forces required to fracture the number 1 engine mounts
would also have fractured the number 2 engine mounts in flight. The flight crew did not
experience such forces in flight—but they did so on the ground-——nor was there reasonable

It is possible that the number 1 IFWU slipped from contamination and caused an
overspeed shutdown of the number 1 engine; however, no definitive evidence of [IFWU
slip exists, nor does the FCU record an overspeed shutdown, had it occurred.
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mechanical explanation for such failures to have occurred in flight. Wreckage analysis supports
that the FOD shield and the engine mounts were damaged and broken during the violent
airframe oscillations on the ground, and that fragments passed into both engines.

Number 1 Engine

If the number 1 engine had shut down as a result of an overspeed when the pinion broke on the
ground, it would have ingested similar fragments of the engine mounts and the FOD shield that
the number 2 engine ingested, because it would have still been operating at moderate power
when the mounts and shield broke up. The foreign object ingestion by the number 1 engine,
however, is considerably less than the number 2 engine, indicating that the engine was not
turning at high speed when the ingestion occurred. As well, the slight blade tip rub indicates
that the engine was turning at low rpm when the rub occurred; it is most likely that the rub
occurred during the ground oscillations. Had the number 1 engine mounts broken in flight, the
violence of the disconnection would likely have caused the blades to leave conclusive witness
marks. Itis most likely, therefore, that this engine had shut down in flight. near the beginning
of the sequence of events.

Number 2 Engine

As a result of the number 1 engine shutting down, the total power being transmitted to the MGB
was reduced. The number 2 engine then tried to compensate for the sudden power loss of the
number 1 engine. This should have been instantaneous, but because of the misadjusted FCU
and sticking PRV, it was incapable of assuming the load rapidly and producing its rated power.
At this point, the pilot-in-command reacted to the power loss and cabin fire, and lowered the
collective lever to maintain rotor rpm and to enter autorotation. The number 2 engine
apparently continued to operate at low rpm, which coincidently was possible owing to the PRV
malfunction. '

Furthermore, the molten titanium splatter in and the foreign object damage to the number 2
engine is a convincing argument that this engine was operating when fractured pieces of
airframe firewall and FOD shield entered the compressor inlet. It is highly unlikely that the
airframe damage—including the engine mounts failing—occurred in flight, and thus the
number 2 engine was operating during the oscillations on the ground.

Collison With Tree

The autorotation and landing portion of the flight was, in a technical sense, relatively straight

- forward. The pilot-in-command manoeuvred the helicopter to a successful touch down on the
road, but could not prevent the helicopter from striking the tree. This collision resulted in the tail
pylon damage and precipitated the main rotor blade damage and resultant dynamic imbalance
that caused the large airframe oscillations on the ground. This flailing led to the fracture of the
engine mounts, the firewall, and the FOD shield.
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Conclusion Regarding Engine Power Loss

In consideration of all the factual information at hand, it is solely the lack of smearing of the
fracture surface on the input pinion that supports the circumstances of Scenario 2. While it
cannot be said with certainty, the preponderance of the evidence supports the circumstances
postulated in Scenario 1, that is, that the failure of the plain bearing in the main gearbox cover
for the number 1 input pinion led to the in-flight fracture of the input pinion, which
immediately caused the number 1 engine to over speed and shut down. The number 2 engine
was incapable of assuming the sudden load demand and did not produce its rated power. Asa
result of this combined power loss, the pilot entered autorotation to maintain rotor rpm and
carried out a forced landing on the road.

Use of Shoulder Harness by the Pilots

On helicopters used in vertical reference flying, such as the 5-61, cockpit dimensions and
fuselage width require the pilot-flying to lean markedly to one side to be able to clearly see the
longline and load suspended below the helicopter. Because such a body position is physically
impossible to achieve by a pilot wearing the shoulder harness of the seat restraints, it is a wide-
spread practice for the pilot manoeuvring the helicopter to use the seat belt portion only. In
helicopters dedicated to vertical-reference flying, it is common for the shoulder straps to be
semi-permanently stowed behind the seat back to prevent them from interfering with the pilot’s
movements.

Accident investigation and research carried out by the TSB has consistently shown that the use
of the shoulder harness portion of the seat restraint system is effective in reducing or preventing
injury during moderate impact forces. Given that vertical reference flying necessitates upper-
body freedom of movement, the universal dismissal of the shoulder harness, in its present
configuration, is almost inevitable. In consideration of potential injury and human survivability
in an aircraft during in-flight upset or collision with the terrain, an unrestrained person is
certainly exposed to the greatest risk of injury.

Findings as to Causes and Contributing Factors

1. The plain bearing in the main gearbox cover for the number 1 input pinion failed, lost
lubrication, and disintegrated, resulting in diverging rotational imbalance and causing
the input pinion gear to overheat and weaken.

2. This rotational imbalance created bending forces that exceeded the strength of the
input pinion gear causing it to fracture in overload, thereby resulting in number 1
engine overspeed and shutdown.

3. At the same time, the carbon seal for the failed plain bearing disintegrated, allowing
main gearbox oil to spray onto the pinion, where the oil ignited and caused the fire at
the base of the transmission.
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Movement of the pressure regulating valve in the number 2 fuel control unit was
restricted by contamination, thereby causing unstable stator vane actuator operation,
engine starting difficulties, inconsistent topping settings, and unpredictable and
degraded engine performance.

The combination of the misadjusted stator vane actuator, the fuel control unit topping
settings, and a sticking pressure regulating valve prevented the number 2 engine,
when number 1 engine lost power, from assuming the total load.

After the helicopter landed, the rotor blades and tail section struck a tree creating
severe oscillations on the ground, which resulted in both engines breaking free from
the airframe, causing the engines to injest varying amounts of debris from the broken
engine mounts and foreign object damage shield.

Findings as to Risk

1.

The aircraft maintenance engineer was not secured in the cabin seat and, as a result,
was injured by repeated contact with the interior cabin structure near the cockpit
entry.

Although the pilots were not injured during the severe ground oscillations, the
damage to their protective helmets—and the potential risk of serious head
injuries—would have been lessened had they been wearing their available shoulder
harnesses.

In each engine, the locknut of the number 1 bearing on the front compressor disc shaft
was intentionally overtorqued during overhaul assembly, collapsing the disc shaft and
likely weakening the locknut. Had the locknut or shaft separated during engine
operation, it is likely that catastrophic engine damage would have occurred.

Other Findings

1.

The flyweight spring and bearings in the Ng governor on the number 2 fuel control
unit were worn to limits, which affected the set points during the bench tests and may
have caused mcons1stent engine performance.

The data plates for the engines and power turbine assemblies each contained
incomplete or inaccurate data, and were not in accordance with the engine
manufacturer’s instructions.

Safety Action

Hayes Helicopter Services has opted to keep the bearing temperature portion of the approved
main rotor gearbox run-in test equipment in their S-61 helicopters to monitor the temperatures
of the bearings at all times, in an attempt to identify a failing plain bearing.



_13-

This report concludes the Transportation Safety Board’s investigation into this occurrence. Consequently,
the Board authorized the release of this report on 15 September 2004.
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Service Difficulty Report

1. submitter Information

{a) Unigque Control #: CA090820007 (b} Difficulty Date: 08/16/2009

{c) Registration # (d} Submitter Type : W ~ FOREIGN PART 129
(e) Submitter Designator: (f) Submission Date: 10/23/2009 6:57:53 AM

2. Codes

{a) Operator Designator : (b} Operator Type : General Aviation
{c) JASC/ATA Code ¢ 7321

(d) Stage of Operation : NR - NOT REPORTED

(e} How Discovered : O ~ Cther

{f} Nature of Condition : R - PARTIAL RPM/PWR LOSS

: J - WARNING INDICATION
{g) Precautionary Procedures: Q - OTHER
{h) FAA Region : CA (i) District Office
3. Major Eguipment Identity
|Manufacturer |Model |Serial Number |Total Time |Tctal Cycles
(a) Aircraft |SKRSKY 1861N | | |
(b) Engine | GE {CT581401 | | |

{(c) Propeller | | i | |

4. Problem Descrlption

(CAN) THE NUMBER ONE ENGINE WAS UP TO OPERATING PEM THEN DEACCELERATED TO FLIGHT IDLE FOR
NO REASON. THE FOLLOWING UNITS WERE REPLACED TO TROUBLE SHOOT THE DEFECT. FUEL CONTROL
P/NT25725-5 $/N 45275 TSO 3531. PILOT VALVE P/N 6028T23G01 S£/N £S530030 TSN: 17726.4 TSO
685.1 FPUEL PUMP P/N 5002T83P(2 S/N 1616A TSN 31772.9 TS50 2667.9 (TC# 20090820007)

5, Specific Part or Structure Causing Difficulty

(a} Part Name : FUEL CONTROL (k) Manufacturer's Name :

{¢} Part Number 7257255 {d) Serial Number :

{e} Part Cendition: MALFUNCTIONED (£) Paxt/Defect Louatlon NR 1 ENGINE
(g} Total Time {h) Total Cycles

(i} Time Since : 3531 OVERHAUL

6. Component/Assembly That Includes Defective Part

{a} Component Name: (b)Y Manufacturer's Name
(¢} Part Number H (d} Serial Number :
(e) Model Number (f) Location :
(g} Total Time {h) Total Cycles

(i) Time Since B

7. Structure Causing Difficulty

{a) Body or Fuselage Station - From/at: To:

(b) Water Line - From/At: To:

(¢} Crack Length {d) Number of Cracks:

{e) Stringer -~ From/At: TG:

{£) Butt Line - From/At: To:

{g) Wing Station -~ From/At: To:

{h) Structural Other: {i} Corrosion Level :
————————————————————————————————————— End OFf Repork —————mm o e e e e
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Service Difficulty Report

1, Submitter Information

{a) Unigue Control #; 2009Fa0000950 (b) Difficulty Date: 11/18/2009
(c} Registration % {d) Submitter Type : B - REPAIR STATICN PART 145
(e) Submitter Designator: (£) Submission Date: 11/18/200% 1:23:35 PM
Z. Codes
{a) Operator Designatox (b) Operatox Type : General Aviation
{c) JASC/ATA Code . 7200
(d) Stage of Operation : NR -~ NOT REPORTED
(e} How Discovered : 0 - Other
{£) Hature of Condition : ¢ - IF.O.D.
R - PARTIAL RPM/PWR LOSS

(g) Precautionary Procedures: O -~ OTHER
(h) FAA Region T WM {i) District Office : 09
3. Major Equipment Identity

iManufacturer [Model {Serial Number |Total Time {Total Cycles
(a) Aircraft [SKRSKY 186N H | !
{b) Engine |GE 1CT581401 | | i

{c) Propeller | } | | |

4. Problem Description

A CT-58 FUEL CONTROL UNIT {FCU) EN 725725-5 SN 29172)) , STATOR VANE ACTUATOR (SVa) PN

4004763610 SN KTR4579BR)) , AND PILOT VALVE (PV} PN 6028723G01 SN KTR3I098BR)) WERE
DELIVERED BY THE NTSB AND CARRIER FOR INSPECTIOW. INITIAL DISASSEMBLY OF THE FECU,
SVA,

AND PV SHOWED CONTAMINATION FROM AN UNKNCWN EXTERNAL SCURCE (WHICH MAY STILL BE PRESENT

ON IN-SERVICE AIRCRAFT)
(WHICH WAS BOT
DELIVERED WITH THE UNIT FOR EXZMINATION).
THAT THE MAIN FUBL

CONTROL FILTER HAD ALSO BEEN REMOVED PRIOR TO DELIVERY TO CHI HOWEVER
THERE WAS ONE SMALL

METALLIC NON-MAGNETIC SLIVER OF DERRIS FOUND IN THE MAIN FUEL CONTROL
FILTER HOUSING. OUR INITIAL

EVALUATION AND DISASSEMBLY OF THESE UNITS REVELED MO EVIDENCE

OF MECHANICAL FPAILURE OR IMPROPER

BSEEMBLY.

BYD POSSIBLE CONTAMINATION FROM THE CENTRIFICAL FUEL PURIFIER

DISASSEMBLY OF THE UNIT REVBALED

5. sSpecific Part or Structure Causing Difficulty

Part Nanme

FUEL CONTROL (b) Manufacturer's Name : HAMSTD
(¢} Part Number 7257255 {d} Serial Numnber 29172
(e} Part Condition: CONTAMINATED (f) Part/Defect Location: ENGINE
(g) Total Time 4000 {h) Total Cycles :
(1) Time Since : 18 CVERHAUL

6. Component/Assembly That Includes Defective Part

(a) Component Nane: (k) Manufacturer's Name :
(c] Part Nuaber (d) Serial Number

(e} Model Number (f) Location

{g) Total Time (h) Total Cycles

{1} Time Since COVERHAUL

7. Structure Causing Difficulty

(a) Body or Fuselage Station - From/At: TO:

(b) Water Line - From/At: To:

{c} Crack Length {d} Number of Cracks:
{e) Stringer - From/At: To:

(£} Butt Line - From/ht: To:

(g) Wing Station - From/AL: To:

{h) Structural Other: (i) Corrosion Level

End Of Report
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Service Difficulty Report

1. Submitter Tnformatlon

(a} Unigque Control #: CHIR0297 (b) Difficulty Date: 11/20/2009

(¢) Registration # {d) Submitter Type : B - REPAIR STATION PART 145
{e) Submitter Designator: CHIR (f) Submission Date: 11/20/2009 7:49:26 PM

2. Codes
(a) Operator Designator CHIA (b} Operator Type : General Aviation
(c) JASC/ATA Code : 7321
(d) Stage of Operation : NR - NOT REPORTED
{e} How Discovered : O - Other
(£f) Nature of Condition : R~ PARTIAL RPM/PWR LOSS
:J -~ WARNING INDICATION

{g) Precautionary Procedures: A — UNSCHED LANDING
(h) FAA Region ¢ NM (1) District Office : 09
3. Major Equipment Identity

[Manufacturer |Model |Serial Wumber {Total Time |Total Cycles
{a) Aircraft |SKRSKY |861N | i
{b) Engine | GE |CT581401 | | |

(¢) Propeller | | | 1 |

4. Problem Description

ON 11/18/05 OUR REPAIR STATION PERFORMED AN INSPECTION ON A FUEL CONTRQOL P/N 7257255,
PILOT VALVE P/N 6028T23G01, THAT WERE IN AN FAR135.415 SERVICE DIFFICULTY REPORT CONTROL
NUMBER CA0S0820007, INCIDENT DATE 8/16/09, REPORT DATE 10/23/2002 6:57:53 AM. OUR INITIAL
INSPECTION REVEALED THIS FCU WAS CONTAMINATED FROM AN EXTERNAL SOURCE (MOST LIKELY CAME
FROM FUEL PURIFIER WHICH WAS NOT PROVIDED FOR INSPECTION).THERE WERE NO MECHANICAL
TRREGULARITIES, OR SIGNS OF IMPROPER ASSEMBLY.

5. 8pecific Part or Structure Causing Difficulty

{a) Part Name FCU (b} Manufacturer's Name : HAMSTD

{c) Part Humber 7257255 {d) Serial Number 45275

{e) Part Condition: CONTAMINATED (f) Part/Defect Locatlon ENGINE

(g) Total Time (h) Total Cycles

(1) Time Since REPAIR

5. Component/Assembly That Includes Defective Part

(a] Component HName: (b} Manufacturer's Name
{c} Part Number (d) Serial Number

{¢) Model Number {f} Location :
(g} Total Time (h) Total Cycles B
(1) Time Since

7. Structure Causing Difficulty

(a) Body or Fuselage Station - From/At: UNK To:

{b) Water Line - From/At: To:

(¢} Crack Length {d) Number of Cracks:

(e} Stringer ~ From/At: To:

(£} Butt Line ~ From/At: To:

{g) Wing Station -~ From/At: To:

(h) Structural Cther: (i) Corrosion Level :
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Trecking #: 06-0800
Date Submitied: 8/2/2006 8:55:00 AM

Aviation Safety Communigue’

EVERT
Date: 7/29/2G06 Locel Time: 1830 Injuries; No Damage:No
Location: WEST TEXAS SUMMER FIRE State: Texas
Operationzi Control:  State > Texas
RISSION
. Fire, Weler Drop (Helcopter )
Type: Fixed-Tank) Other:
Procurement: CWN (Call when needed) Other:
Persons Onboard: 2 Spacial Use: No Hazardous Materials: No
Depariure Point: MWL Destination: MWL
AIRCRAFT
Manufacturer: Sikorsky Wiodel: 61
NARRATIVE

#2 ENGINE TORGUE DROPPED 20% AND FLUCTUATED WHEN AIRCRAFT WAS AT MAX POWER. NG & T5
FLUCTUATED CORRESPONDINGLY. THE PILOT FELT THE ARCRAFT WAS IN FULL CONTROL AT ALL TIMES.
THE PILOT JETTISONED THE LOAD OF WATER AND RETURNED TO BASE WITH NO FUTHER INCIDENT.
HELICOPTER WAS PLACED OUT OF SERVICE.

CORRECYIVE ACTIGHK

THE FUEL CONTROL ON #2 ENGINE WAS CHANGED. ARCRAFT MAINTANCE FLIGHT WAS PREFORMED
SATISFACTORLY UNDER MAX POWER. THIS HAS BEEN AN OFF & ON PROBLEMFOR THE LAST 15 DAYS AND
WILL BE MONITORED CLOSELY. RMI WAS CONTACTED AND THE HELICOPTER WAS PLACED BACK IN SERVICE.

Categories: &

Mainienance:Engine

SAFECOM Home Page | Submit SAFECOM | SAFECOWM Submit Instructions | Search SAFECOMS

Manage SAFECOMS | SAFECOM Contacts | Reset Password | Policies & Disclaimers

Pegelofl



nitps flwwew sefecomgov/serechone acptiD=11008 S/1E/0G 442 AN

Tracking #: 06-0924
Date Submitted: 8/14/2006 12:55:00 PM

7 ,\)‘ O cﬁk ;.
et £ o et N

Aviation Sefely Communigue’

EVERT

Date: 8/12/2006 Locsl Time: 830 tnjuries: No Bamage: No
Location:  Choteau Airport State: Montana

Operational Control:  Forest Senvice (USFS) > Region 01 Northern Rockies Region > Helena NF
IAIS8ION

Type: Fire, Femy/Repositioning Flight  Other:

Procurement: CWN (Cslt when needed) Other:

Persons Onbogrd: 2 Special Use: Yes Hazardous Waterlals:No
Departure Point: Choteau Ajirport Destination: Lincoln Airstrip

AIRCRAFT

Menufacturer: Sikorsky Kodel 61N

RARRATIVE

On start-up the fuel pressure went up then dropped on the number 2 engine below starting capabilites. The
mechanic thought we had a fuel pump failure.

CORRECTIVE ACTION

We wenl non-available, broughtin two engine specialists with parts. They replaced the fuel pump, fuel purifier, fuel
control, pilot valve, and flow divider. We also replaced the oil tank on the number one engine, il had & siow leak and
they found a hairline crack in a welded seam. We notfied the R1 safety mainlenance inspector and described the
problem and then faxed the maintenanoce log book on all work completed. He approved the work and placed the
aircraff on contract avaitability st 15:30. The mainlenance fighl and power check were done and fully operational.

Categories: B
Maintenance:Engine

SAFECOM Home Page | Submit SAFECONM | SAFECOM Submit Instructions | Search SAFECOMS
ianage SAFECOMS | SAFECOM Contacts | Reset Password | Policies & Disclaimers
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e TFRCKING K2 07-0513
Date Submitied: 7/12/2007 4:31:00 PM

oAl g ———
P

y

ALviatian Safety Communigue’
EVENT
Date: 71812007 Locel Time: 1630 Injuries: No Damage:No
Location: Canyon Fire State: lowa
Operational Contrel:  Fores! Senice (USFS) > Region 04 Intermountain Region > Boise NF
MISSIOR
. Fire, Weter Drop (Helicopler .
Type: Fixed-Tank} Other:
Procurement: CWN (Cali when needed) Other:
Persons Onboard: 2 Special Use: Yes Hazardous Materials: No
eparture Point: Lucky Pezak Helibase Destination: Canyon Fire
AIRCRAFT
Manufacturer: Sikorsky Kodal: 61N
NARRATIVE

Helicopter was supporting the fire with waler drops. Helicopter finished it's fuel cycle and had retumed to Lucky Peak
Helibase for fuel. Helicopter had shul down for fuel and during the start up pilot noticed indications of a fue! contral
problem to the #1 engine. Pilot shul helicopter down and notified menager. Crew chief confirmed that#1 fuel control
velve was fauily. Helicopler was putinto contract un-availability status at 1630 hrs and sppropriate personal were
notified.

CORRECTIVE ACTION

#1 Fuel Control was replaced. Leak and Ops check was good. Returned to Contract Availability by R4 A, RAS,
Remarks: No further action.

“ryry

Categories;
Maintenance Engine

SAFECOM Home Page | Submit SAFECOWM | SAFECOM Submit Instructions | Search SAFECOMS

Manage SAFECOMS | SAFECOM Contacts | Reset Password i Policies & Disclaimers
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e 1TECKIDG # 07-0725

i

(g: / .y Date Submitted: 7/30/2007 12:37:00 PM
Aviation Safety Communigue’

EVERT

Date: 712812007 Loczl Time: 1100 tnjuries: No Damage:No
Location: Libby State: Montana

Operationzl Controt:  Forest Senige (USFS) > Region 01 Northern Rockies Region > Kootenai NF

GISSIOR

Fire, Water Drop (Helicopter

Type: Bucket) Other:

Frocurement: CWN (Call when needed) Other:

Persons Onboard: 2 Spaciat Uze: Heeerdous Malerials:
z2parture Point: Libby Destination: Wabuno Fire

AIRCRAFT

fanufacturer: Sikors ky Model: 81N

NARRATIVE

The aircraft had made one buckel drop on a fire when the pilot noticed a "problem with the gauges® and relurned to
the helibase, Afler a tew hours of rouble-shooling (the gauge wes replaced and 2 power check completed), ihe
mechanic defermined that an engine needed {o be replaced.

CORRECTIVE ACTIOR

The sircraft was placed in unavailable slalus, the Regional Maintenance Inspector end Conbract Specialist were
notified. The company fiew in another engine that same evening. As of the time of this submital the installation was
still not completed. FAD foliowup: Engine was instalied. Non-revenue lest flighl was conducted, maintenance
inspeclor was contacted and aircrall was returned to conbrad evailzbility. No further problems. RASMBJB no
addilional action needed

Catsgories: I
Maintenznce:Engine

SAFECOW Home Page ;| Submit SAFECOM { SAFECOM Submit Instructions | Search SAFECOMS

Manage SAFECOMS | SAFECOM Contacts | Resel Password | Policies & Disclaimers
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T =5 Tracking #: 07-0786
- y PV ﬁ_\" Date Submitied: 8/4/2007 2:54:00 Piv

Aviaticn Safety Communique’
EVERT
Date: 8202007 Locel Time: 1000 Injuries: No Damage:No
Location: East Zone Complex State: Idaho
Operationzi Contrel:  Forest Service (USFS) > Region 04 Intermountain Region > Payette NF
FAISSION

. Fire, Weler Drop (Helicopler .
Type: Fired-Tank) Other:
Procurement: Exclusive use confract Other:
Persons Onboard: 2 Special Use: Hazardous Materizis;No
Dapariure Point: Copeland Helibase Destination: FIRE
EIRCRAFT
Wanulacturer: Sikorsky Wiodel 1A
NARRATIVE

Helitanker was dipping oul of lake and pilot fell a slightjerk o the righl. Pilot hil the emergency release button on the
cyalic to open tank doors and release waler. Pilot noticed the #1 engine lorque was 90 end the #2 engine lorque was
at 30, Pilot epplied the #2 emergency throtlie to malch the torques and then fiew oul of the dipsite, He immedistely
nofified air atlack and helibzse thal they had an engine problem but fell they could safely fiy back to helibase. As the
helitanker was about to land at the helibase, pilot noticed the torques split again and the #2 emergency throttle was
not fully engaged. Pilol was able to land helitanker s afely al helibase. Upon inspection of the #2 engine, mechanic
noticed the fuel control was notfunctioning correctly and caused the #2 emergency throttle lo come loose.
Unavailability for the restof the day.

CORRECTIVE ACTION

echanicinstalled a new fuel controt and fuel pump. Amaintenance test flighl wes performed and power check
results were in good operating range. Mainlenance inspector gave permlssmn to return 1o contract availability. RASM
Remarks: Good airmanship by the piloll No further action.

3
%

Categories:
Incident:Precautionary Landing (Mechanical}
Maintenance:Engine

s
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Tracking #: 08-0247
Date Submitted: 5/13/2008 6:24:00 &4

Aviation Safety Communigue’

EVERT
Date: 511/2008 Logal Time: 2000 Injuries: No Bamage:No
Location: MUS SWAMP FIRE Stzie: Floride

Operational Control:  Foresl Senice (USFS) > Region 08 Southern Area Region > National Forests in Florida

[AISSION

Fire, Weter Drop {Helicopler

Typz: Fixed-Tank) Other:

Procurement: CWN (Cali when needed) QOther:

Persons Onboard: 2 Special Use: No Hazrardous Materials: No
Departure Point: TH Destination: FIRE

AIRCRAFT

wanufacturer; Sikorsky W.odel: 61

RARRATIVE

ON RETURN TO TALLAHASSEE HELIBASE PILOT NOTICED AREDUCE IN POWER FOR {#) 2 ENGINE . AFTER
LANDING MECH,S PULLED FUEL FILTERS AND FOUND NO PROBLENMS. ON FURTHER INSPECTIONS THE FUEL
CONTROL VALVE WAS DETERMINED TO BE BAD. PART WAS ORDERED .

CORRECTIVE ACTION

05/12/08 THE {£) 2 ENGINE WAS REMOVED AND NEW FUEL CONTROL VALVE WAS INSTALLED, ENGINE WAS
REINSTALLED AND AIRCRAFT WAS RUN UP AND CPS CHECK WAS GOOD. R-8 MAINT INSP. WAS CALLED AND
INFORMED OF PROBLEM AND THEN SHE CAME BY HELIBASE LATER AND PUT AIRCRAFT BACK ON CONTRACT
AVAILABILITY, RASN note; Caleh 'em early. No furdher adlion required.

Categories:
WMaintenance Engine

SAFECOM Home Pag Z Submii SAFECOM ! SAFECOM Submil Instructions | Search SAFECOMS
Manage SAFECOMS | SAFECOM Contacts | Resst Password | Policies & Disclaimers
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Tracking #: 08-0217
! Date Submitted: 5/13/2008 6:24:00 AM

i
e

'

Aviation Safety Communigque’ -

EVERT

Date: §i11/2008 Local Time: 2000 Injuries: No Damage:No
Location: MUS SWAMP FIRE State: Florida

Operational Control:  Forest Service (USFS) > Region 08 Southem Area Region > National Forests in Florida

[AISSICON

Fire, Water Drop (Helicopter

Typs: Fixed-Tank) Other:

Procurement: CWN (Calt when needed) Other:

Persons Onboard: 2 Special Use: No Hazardous Materials: No
Daparture Point: TLH Destination: FIRE

AIRCRAFT

ianulacturer: Sikorsky Wodel: 61

NARRATIVE

ON RETURN TO TALLAHASSEE HELIBASE PILOT NOTICED ARECUCE IN POWER FOR {8} 2 ENGINE . AFTER
LANDING MECH,S PULLED FUEL FILTERS AND FOUND NO PROBLEMS, ON FURTHER INSPECTIONS THE FUEL
CONTROL VALVE WAS DETERMINED TO BE BAD. PART WAS ORDERED .

CORRECTIVE ACTIOR

05/12/08 THE {#} 2 ENGINE WAS REMOVED AND NEW FUEL CONTROL VALVE WAS INSTALLED, ENGINE WAS
REINSTALLED AND AIRCRAFT WAS RUN UP AND OPS CHECK WAS GOOD. R-8 MAINT INSP, WAS CALLED AND
INFORMED OF PROBLEM AND THEN SHE CAWME BY HELIBASE LATER AND PUT AIRCRAFT BACK ON CONTRACT
AVAILABILITY. RASI nofe: Catch 'em early. No further action tequired.

Categories: A

Maintenance:Engine
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Tracking #: 08-0224
Date Submitted: 5/19/2008 12:32:00 PM

SAFECOI

Aviation Safety Communiqu

EVERT

Date: 5118/2008 Locel Time: 1230 Injuries: No Diamegz: No
Location: Mustang Fire, Home State: Florida

Operationzi Control:  DO! Aviation Management Directorate (DO1) > National Park Service (NPS)

MISSICK

Type: Fire, Helitack Other:

Procuremeni: CWN (Ca!t when needed) Cther:

Persons Onboard: 2 Speclel Uge; Hazzerdous Weterials:
Departure Point: Bestination:

AIRCRAFT

Manufaclurer: Sikorsky iiodel: 5-81
NARRATIVE

A 1230 HT XXX was doing waler drops on the mustang fire divz Helicopter wentinto the dip site and expericnced &
loss of power and a fluciuation on the fuel guage. They returmed lo Helibase.

CORRECTIVE ACTION

Upon inspection by mechanics they delermined that there was a problem with the kel systern. Agency Regional
inspector was nolified at 1430. Helicopteris awailing parl Aviation Ops Spedialisi comments: Contractor coordinated
with Agencyinspeclor, were abie 1o resolve issue and bring back to availability in short order.

Categories:
Maintenance:Fuel

e

4
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s TraECKING #: 08-0528
Date Submified: 7/9/2008 2:33:00 P

Aviation $afety Cammunique’

EVENT

Date: 71812008 Locel Time: 1300 Injuries: No Damaoe: No
Location: American River Complex Helibas State: California b
Operational Control:  Forest Service (USFS) > Region 05 Pacific Southwest Region > Tahoe NF
MISEION

— Fire, Water Drop (Helicopter .

Type: Bucket) Other:

Procurement: CWN (Cail when needed) Other:

Persons Onboard: 2 Special Use: Yes Hazardous Materials: No
Departure Point: Biue Canyon Helibase Destination: Blue Canyon Helibase
AIRCRAFT

kanufaciurer: Boeing Vertol Modei: 107

NARRATIVE

The ship flew two fuei cycles dropping water and retardant on the American River Complex fire, all operations were
normal. Upon restart of the engine the pilot in command neticed that the speed to temperature ratio on start up and idle
was not normal. No limits were exceeded and the pilot shut the aircraft down to investigate the cause.

CORRECTIVE ACTION

Submitters Comments: The engine of concern was replaced, tests were performed that the new engine was working
properly and the ship was brought back into service. The north zone maintenance inspeclor reviewed the mainienance
iog and approved the work performed.

Categories: .
Maintenance:Engine =

kg2 1vd
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Tracking #: 08-0531
Dete Submitted: 7/9/2008 3:46:00 Pivi

o
b
[
&

[

en Safety C

Aviati

EVERT
Date: 7i8i2008 Local Time: 1800 injuries: No Damage: No
Location: State: California

Operationa! Contrel:  Forest Service (USFS) > Region 05 Pacific Southwest Region > Tahoe NF

MISSION

£ test w

. \ { 1
Fire, Water Drop (Helicopter Other:

Type: Bucket)

Procurement: Exclusive use contract Other:

Persons Onboard: 2 Special Use: No Hazzardous iaterials: No
Departure Point: Blue Canyon Helibase Destinztion: Blue Canyon Helibase
AIRCRAFT

Wianufacturer: Boeing Veriol odel: 107

NARRATIVE

The ship flew 4 fuel cycles {7.4hrs with 3 pilots available} dropping water and retardant on the American River Complex,
all operations were normal. Upon restart the {#}2 engine would not starl. No limits were exceeded and the pilot shut the
aircraft down to investigate the cause.

CORRECTIVE ACTIOR

Submitters Comments: The engine of concern was replaced, tests were performed that the new engine was working
properly and the ship was brought back into service. The north zone maintenance inspector reviewed the maintenance

log and approved work performed.

Categaries: &
Maintenance:Engine
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e Vracking # 08-0817
Date Submitted: 8/21/2008 7:30:00 Pivi

Date: 8/18/2008 Local Time: 1130 injuries: No Damags: No
Location: Glide HLB-North Fork Fire State: Oregon
Operational Control:  Forest Service (USFS) > Region 06 Pacific Northwest Region > Umnpqua NF

MISSION
Fire, Water Drop (Helicopter

Type: Bucket) Other:

Procurement: Exclusive use contract Other:

Persons Onboard: 2 Specizl Use: Hazairdous Materizls:
Departure Point: Glide HLB Destination: Incident # 8125
AIRCRAFT

fianufacturer: Boeing Verto! ifodel: 107

NARRATIVE

On 8-18-2008, at 1130, the helicopter was starling up to go on the first mission of the day. During start up engine {#}1
went from full power for take cff back to idle, the pilols then called Helibase to notify of maintenance issue and would be
shutting down; the helficopter never fifted off the ground.

CORRECGTIVE ACTION

Engine was replaced. AMI(MC)comments: #1 engine was replaced, ops check and run-upltest flight was completed.
This helicopler was returned to contract availability... Local FAO comments: All procedures followed- no issues.

Categories: s
Maintenance:Engine :
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Tracking #: 08-0870
Date Submitted: 10/7/2008 11:12:00 AV

Aviation Safety Communigue’

EVERT
Date: 8/30/2008 Lozai Time: 930 Injuries: No Damage: No
Location; State: California
Operational Control:  Forest Senice (USFS) > Region 05 Pacific Southwest Region > Tahoe NF
REISSION
. Fire, Water Drop (Helicopter R
Type: Bucke() Other:
Frocurement: Exclusive use contract Other:
Persong Onboard: 2 Special Use: Yes Hazardous Materiais:No
Departure Point: Fort Hunter Liggett Destination: Chalk Fire
AIRCRAFT
Menufacturer: Boeing Veriol lhodsel: 107
NARRATIVE

Enroute {o the fire for 8 waler gropping mission the pilots reported 2 uncommanded )1 engine fuel pressure
fluctuation with coresponding NG & lemp increase and relumed back to helibase for further diagnosis, then decided
to replace the {#}1 engine and had one delivered fo helibase that day.

CORRECTIVE ACTIOR

Submitters Comments: The {# 1 enging was replaced, lestwere performed thal the new engine was working
properly and the ship was brought back inlo senice. emailed the maintenance log to RS AMI and he approved the
work preformed.

Categories:
Maintenance:Engine

5
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Tracking #: 08-0176

S A ? E@ @ E\E’é - T Date Submittad: 4/25/2008 4:53:00 P4
Aviation Safety Communique’
EVENT .
Date: 2472009 tocal Time: 1130 Injuries: No Damage: No
Location: Alpine airport State: Texas
Operational Control:  Forest Service (USFS) > Region 08 Southern Area Region
MISSION
Type: Fire, Retardant Drop {Heticopter) Other:
Procurement: Exclusive use contract Other:
Persons Onboard: 2 Speclat Use: No Hazardous Materials:No
Depariure Point: N/A Destination: NJA
AIRCRAFT
Manufacturer: Boeing Verto} Sodel: 107
NARRATIVE
Crew did routine engine wash reguiring an engine run up. On run up the pilot in comand{PIC} noticed excessive C { =
temps on the {{#}}1 engine during start and accelerstion. The PIC immedialely shut down the aircraft and the o ?
mzintance crew diagnosed iLas 2 fuel conlrot problem. The Maintance crew opted to change the {{#)}1 engine Nard 9‘1 e
because it was the most eficientexpedient way to bring the aircraft back fo senvice. ALthattime | made phone calls io Wﬁ
dispatch, the D-AOBD, and the region maintance inspeclor io let them know we were out of senvice and why. ra}(\ﬂ-(
A
CORRECTIVE ACTION a kit

The mantance crew swaped out the {{#]}1 engine thatday and did run ups and lest Rights the lollowing day. Once that
was done the crew chief notified me that the air craft was back in sevice. At thattime | called region mainiance
inspecior io notify them that the aircrafi was ready to be made available, and aiso faxed the mainiance records. The
inspecior approved the work and the aircrafl was brought back te senice, and | made calis to dispaich and the D-
AOBD to let them know thatwe were back in service,

Categories: g
Maintenance:Engine
Maintenance:Fuel
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Aviation

Ron Garman
Turboshaft Engine Project Department
CTS8/T58 International Program Monager
i ;1000 Western Avenue, Mail Drop 34002
Mr. Greg Weinfurter Lynn, Massachusetts 01910
Engine Shop Supervisor USA
Columbia Helicopters, Inc.
PO. Box 3500
Portiand, Oregon 97208

Decermnber 5, 2005

Dear Mr. Weinfurter:

GE has completed an engineering investigation of the fuel control pressure regulating valve [PRV) that
was removed from a fuel control that was installed on a CT58-140-1 engine operated by Carson
Helicopters, Inc. Columbia Helicopters, Inc. sent us the PRV. The GE reference number for this
investigation is Service Revealed Difficulty A-PROJ-04-002.

Background:
On November 7, 2003, Columbia Helicopters notified GE of a stuck PRV that was rernoved from fuel

control P/N 6003T91P15 (725725-6) S/N 90030. According to Columbia, the fuel control had been
removed from an aircraft because of engine Ng fluctuations that were later duplicated on an engine in
the Carson Helicopters test cell. The fuel control time since overhaul was reported to be 1367.0 hours.
The PRV piston and sleeve part numbers were reported to be 543457 and 734913-1, respectively.
Columbia sent the piston and sleeve, still in the stuck condition, to GE for further investigation.

Resuits:
The PRV that was sent to GE was received in the stuck condition. The fuel control fifter was not

availabie for examination at the time of this investigation. The PRV was sent to the fuel control
manufacturer, Hamilton Sundstrand in Windsor Locks, Connecticut for further examination.

Hamilton Internal Correspondence and Lab Analysis Fi-04-56 cite silica fibers (fiberglass), and hard
angular oxides trapped in the clearance area between the inner diameter and outer diameter of the
valve assembly as the cause of the seizure of the PRV. The contamination particle sizes found range in
size from 2.5 micron to 25 micron, which have made their way through the fuel control 40-micron filter
and into the valve tight clearances. The valve geometry met current drawing dimensional
requirements and exhibited normal wear patterns.

(continued)

GE PROPRIETARY INFORMATION
The information contained in this document is GE proprietary informaotion and is disclosed in confidence. 1tis the properiy of GE and shell not

be used, disclosed (0 others or repreduced without the express viritten consent of GE. If consent is givan for reproduction in wiwie or in part,
this notice and notice set ferth on each poge of this document shail agpeor in any such reproduction in whoie ar in parl. The informoiion
contained in this docurnent may also be controlled by the U.S. export control fows. Unauthorized export or re-expart is prohibited.
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Conclusions:
The silica fibers were the dominant contaminants found in the vailve assembly during inspection and

were determined to be root cause of the valve seizure. The silica fibers and other contaminants
passed through the control filter and into the bypass valve. Itis not known if the control filter had
gone into bypass during operation, but the particle sizes found are small enough to go through the
filter when working normally. Changing of the fuel control filter relief pressure will not keep particles

smaller than the filter opening from going through the filter.

The contaminant type that was found is not normally in the fuel system environment and is believed to
have been brought into the fuel system externally, either during servicing of the fuel system hardware
or during bypass of an aircraft fuel filter. Validation of the engine fuel control design was not required
utilizing this type of contaminate, again as it is not normally part of engine fuel system components,
and its performance under these conditions is undetermined. Aithough the valve design is about 40
years old, it still meets current valve design standards for this application,

Recommendations:
The source of the relative abundance of silica {glass) fibers that were found should be investigated:; the

possible use of o glass fiber filter within the aircraft fuel system would appear to be o logical starting
point. It was suggested by Columbia Helicopters that the likely source of the silica fibers would have
been the aircraft fuel piping fireproof coatings. GE recommends that the operators investigate further.
It is also suggested that the aircraft fuel system filtration be reviewed to ensure that adequate
measures are in place to minimize risk of bypassing the aircraft barrier filters (10 micron), thus
minimizing the size of contaminants that can be carried to the tight clearances within the control and
other fuel systemn components. There are no engineering changes to the fuel control filiration and / or
bypass valve being recommended at this time.

Additional Comments:
There was o similar finding involving the same valve design in service with different operator.  Details

are included in the enclosed report from Hamilton Sundstrand. itis understoad thot these two valves
and operators had these events occur in different operating regions. Common factors found during
this investigation would include 1] the use of common aerospace fuel system components, 2) common
type of fuel, and 3) same fuel controt maintenance facility. The findings of the silica fibers in both valve
components, having operated in two different regions, should remain a concern until the source of the

silica fibers in identified.

Regards, -

e o4

Ron Garmon
CT58/T58 International Program Manager

ce Mr. Dave Wolf, Carson Helicopters, Inc.
Mr. Dave Bennett, GE - Aviation Field Service Engineer
Mr. Chuck Beaston, GE - Aviation Customer Support Representative

enc.  Hamilton Sundstrand report FI-04-56 dated November 10, 2004, 17 pages.

GE Proprictory Informotion
Subject Lo restrictions on the cover or first poge
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nilten Sundstrand

A United Technologies Company

Internal Correspondence

F1-04-56
To: C. lani November 10, 2004
cC: D. Augustine 1. Bovsen D. Gmlké T. Yacono
From: Paul Seegert IF 5472-1
Subject: JFC26 Fuel Control - Pressure Regulating Valve (PRV), P/Ns 343461 &

734913-1 (Control P/N 725725)

Background

Two (2) JFC26 Pressure Regulating Valves were recently submitted to Materials Engineering for
investigation into the cause of the spool (p/n 543461) of each valve "sticking” within its mating sleeve (p/n
734913-1). One of the submitted PRVs was installed in conirol s/n 90030 that was removed from a
Sikorsky S-61 operated by Carson Helicopters. This control, which reportedly had accumulated 1367 hrs
since its last overhaul, was removed from service due to NG fluctuations. The PRV was received jammed
in the fully closed position. The second PRV was from a control (unknown hours) that was instatled on a
Sikorsky S-6IN Short (registration C-FHHD) operated by Hayes Forest Services. This valve was
reportedly found to be sticking when the control was disassembled following a non-fatal incident in
December 2002; however, when received for this investigation, the spool moved freely within its sleeve.

Conclusion

o The ingestion of materials, mainly hard angular mineral oxides and sitica (glass) fibers,
into the tight clearance between the spool and sleeve is cited as the likely cause of the
stick-slide operation and/or temporary seizure of the two PRVs.

Material & Process Specifications

Both the spool and sleeve of the subject valve are to be manufactured from type 440C martensitic stainless
steel bar per AMS 3630, as specified on HS drawings 343461 and 734913, respectively. The details are to
be heat treated (hardened and tempered) per HS461 10 a hardness of 53-538 Re. Passivation shall be in
accordance with HS178.

“Examination
Figure | shows the separated spool and sleeve of the Hayes PRV alongside the jammed PRV from Carson
Helicopters.

PRV from Haves Forest Services

Initial examination of the spool under an optical microscope revealed several patches of abrasive-type wear
around the finished outer diameter. As shown in Figure 2, these arcas of wear extended from the
diaphragm end to roughly the midpoint of this interrupted diameter. Closer examination showed that the
appearance of these wear sites varied from fine, uniform abrasion to more distinct axial score marks, or
grooves. The former is characteristic of service wear for this valve induced by side loading of the spool
relative to the sleeve. The sites of rougher abrasion were indicative of surface distress caused by hard
debris/particulate.  Also noteworthy on the spool were three sites of apparent erosive wear that were
equally spaced around and confined to the outer land (i.e. the land at the free end of the spool), and a
considerable amount of debris that had collected in the four balance grooves and in the smaller diameter at
the diaphragm end of the spool. Chemical analysis of a sampling of this debris revealed mainly abrasive
mineral oxides of silicon, aluminum, caleium and magnesium, as well as silica (glass) fibers roughly
0.0001" in diameter, iron-base fines, aluminum alloy fines and scattered organic maierial, Figure 3. The
size of the angular oxides was roughly 251, or 0.001" (note that the specified diametral clearance between
the spool and sleeve is 0.0004"-0.0008™). The diameter of the spool in a relatively unworn area measured
0.3770", which is in accordance with the drawing requirement of 0.3770"/0.3772".




As the view into the sleeve bore was rather limited, this part was sectioned axially 1o expose the inner
diameter surface for examination. Before sectioning, the inner diameter was determined to be 0.3780"
(0.3776"70.3778" is the specified diameter). As shown in Figure 4, the inner diameter surface displayed a
wear pattern that was essentially a silhouette of the mating spool diameter. The areas of wear were
microscopically rough, and were characterized as axial scoring. When matched up with the spool, it was
determined that the wear pattern was produced when the valve was in the open position, Figure 3, and that
minute movement, or dithering, of the spool while the valve was open, in combination with the hard, third-
body abrasive oxides and other particulate, was the likely cause of the wear. Trapped particulate within the
tight clearance between the spool and sleeve was considered to be the likely cause of the reported sticky
operation. It was also noted that the erosion wear on the spool corresponded with similar wear at the three
"ligaments” between the sleeve windows (see Figure 4). This wear was associated with flow into the
clearance when the valve was in the open position.

Chemical analysis of both the spool and sleeve using a Kevex X-ray fluorescence spectrometer showed that
both parts were made of the specified type 440C stainless steel. The hardness of the spool and sleeve was
determined to be 57 Re and 36 Re, respectively, indicating that the parts were properly heat-treated.

PRV from Carson Helicopters

As previously stated, this valve was received stuck in the fully closed position (the flange of the spool was
in contact with the end face of the sleeve). The details were separated by hand with not much cffort, and
examination under an optical microscope revealed a notable amount of silt-like particulate on the mating
diameters, Figure 6. There was also a collection of debris in the smaller diameter at the diaphragm end of
the spool, Figure 7. Both the spool and sleeve of this valve displayed wear marks that were quite similar to
that observed on the Hayes PRV. Specifically, the wear pattern on the sleeve inner diameter mirrored the
contour of the spool in the open position, and evidence of erosion was noted at the spool/slecve "ligament”
interfaces.

Chemical analysis of a sampling of the debris found on the spool showed a significant quantity of silica
(zlass) fibers, Figure 8. The analysis also showed the presence of oxides of aluminum and silicon,
molybdemun disulfide (dry film lubricant) particulate, iron-base fines, discrete zinc and carbon particles,
and a presence of potassium.

The outer diameter of the spool was measured as 0.3770" (meets dimension specified on drawing), while
the sleeve inner diameter was 0.3779” versus the specified 0.3776"/0.3778".

The material of both the spool and sleeve of this valve was confirmed to be type 440C stainless steel, and
the hardness of each detail (37 Re for spool and 56 Re for sleeve) was in accordance with the respective
drawing requirement.

Discussion. The above examinations have shown that both JFC26 Pressure Regulating Valves exhibited
abrasive wear patterns, and contained contamination comprised mainly of (1) hard, angular oxides of
aluminum and silicon and (2) silica (glass) fibers. The presence of such contamination indicates a source(s)
foreign to the control as the design of the JFC26 components does not include these materials, Entrapment
of this debris in the diametral clearance of the valve is the likely cause of the sticking and/or jamming of
the spool within its sleeve. Simultaneous small-amplitude (resonance) axial motion of the spool relative to
the sleeve when the valve was in the open position likely produced the observed axial scoring/abrasion that
mirrored the spool configuration. The examinations revealed no evidence that the malfunction of either
valve was related to a metallurgical defect or improper heat treatment.

It is recommended that the system filtration be reviewed to ensure that adequate measures are in place to
minimize the size of contaminants that can be carried to the tight clearances within the control. The
cleanliness of the fuel supply itself should also be investigated, as should the source of the relative
abundance of unusual silica {glass) fibers observed on both PRV spools.




Carson

FotoNo: 0408A00243

Figure 1

Overview of the two submitted JFC26 Pressure Regulating Valves.
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FotoNo: 0408A00274, 13.7 . 1

Figure 2

o Closer views of the Hayes PRV spool showing a patch of fine abrasive wear extending from
7N the diaphragm (left) end of the finished diameter and localized erosive wear at the opposite

N end.




UTRC Electron Probe
Microanalysis Laborutory

Figure 3
EDS spectrum obtained for contamination collected from the Hayes PRV spool.
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UTRC Electron Probe
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Figure 3 - cont.
Back-scattered electron image of debris and associated elemental distribution maps.
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Figure 3 - cont,
dditional elemental distribution maps.
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Figure 3 — cont.
Additional elemental distribution maps (note that some of the Carbon distribution is attributable to the medium used
to secure the sample).
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FotoNo: 0408A00211, 20.4:1

Figure 4

Upper image: Wear pattern on the inner diameter surface of the Hayes PRV sleeve. With the
exception of the left band, the width of the wear rings corresponded to that of the spool lands
(the wider band on the left is attributed to abrasive wear at the spool end interface as the valve
opened and closed). Lowerimage: Erosive wear on one of the window "ligments”.
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FotoNo: 0408A00244
Figure 5
Aligning of the wear pattern on the sleeve inner diameter to the spool lands for the Hayes PRV
showing that the wear on the sleeve was produced when the valve was in the open position
(reference - rightmost line is inboard of spool seating surface).
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FotoNo: 0408A00166, 13.8: 1 | i
Figure 6
Silt-like debris on the mating diameters of the Carson PRV.
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\ FotoNo: 0408A00316, 5.2 1 | 200 mils— |

Figure 7
PN Close-up views of the spool and sectioned sleeve from the Carson PRV showing the overall

wear pattern, as well as the contamination that had collected on the spool (highlighted area in
N upper image).
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. Figure 8
EDS spectrum obtained for contamination collected from the Carson PRV spool.
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Figure 8 — cont,

UTRC Electron Probe
Microanalysis Laboratory

¢ of debris and associated elemental distribution maps.




Figure 8 — cont.
Additional elemental distribution maps.
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