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Aviation Investigation Final Report

Location: Viosca Knoll 989, Incident Number: CEN15IA046
Date & Time: November 11, 2014, 13:55 Local Registration: N373RL
Aircraft: Bell 407 Aircraft Damage: None
Defining Event: Powerplant sys/comp malf/fail Injuries: 4 None

Flight Conducted Under: Part 135: Air taxi & commuter - Non-scheduled

Analysis

The pilot reported that, about 30 seconds after takeoff from an off-shore platform, about 400 ft mean sea
level, the helicopter experienced a series of compressor stalls and engine surges. The pilot adjusted the
collective pitch and began a slow descent. After the pilot decreased the engine power, the surges and
stalls ceased. However, when the pilot began increasing power while attempting to return to the
platform, the surges and stalls recurred. The pilot reported hearing the low rpm horn and observing that
the power turbine gauge was near the redline. The pilot subsequently entered an autorotation, inflated
the floats, flared the helicopter, and then landed it on the water.

The engine was test run with an exemplar engine control unit (ECU) and T1 sensor installed and found
to be operational, and no surges were noted. Although the engine produced 2 percent less power than
specified on its power assurance chart, it could not be determined whether this affected the engine
during the flight. Although the engine's bleed air valve closed early during the test run, the valve would
have been closed per specification during the incident sequence of events.

The ECU had been removed from the engine and was examined separately. An acceptance test
procedure and a vibration test were conducted with no discrepancies noted. Although the ECU failed an
initial pressure check, after the ambient pressure sensor was recalibrated, it passed the check. A review
of the ECU's recorded data indicated that the engine experienced an engine surge condition during the
flight. However, the data did not reveal any anomalies that would have caused the engine power surges.

Probable Cause and Findings
The National Transportation Safety Board determines the probable cause(s) of this incident to be:

Engine power surges during takeoff for reasons that could not be determined during postaccident testing
of the engine and the engine control unit.
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Findings
-]
Aircraft (general) - Malfunction

Not determined (general) - Unknown/Not determined
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Factual Information

History of Flight

Takeoff Powerplant sys/comp malf/fail (Defining event)
Takeoff Loss of engine power (partial)
Emergency descent Off-field or emergency landing

On November 11, 2014, about 1355 central standard time, a Bell 407 helicopter, N373RL, was landed
on the Gulf of Mexico, Louisiana, following a droop in engine power. The pilot and three passengers
were uninjured. The helicopter sustained no damage during the water-landing. The helicopter was
registered to and operated by Rotorcraft Leasing Company LLC, under the provisions of 14 Code of
Federal Regulations Part 135, as a passenger flight. Day visual flight rules (VFR) conditions prevailed
for the flight, which operated on a company VFR flight plan. The flight originated from Viosca Knoll
989 (VK 989), an offshore platform in the Gulf of Mexico, and was destined for Main Pass 301 (MP
301), another offshore platform in the Gulf of Mexico.

According to the operator's incident report, the pilot reported that approximately 30 seconds after takeoff
at about 400 feet above sea level, a series of compressor stalls and engine surges began. The pilot
adjusted the collective pitch and began a slow decent. After lowering the engine power, the surges and
stalls ceased and the pilot's plan, at this point, was to try to attempt to fly the helicopter back to VK 989.
At approximately 250 feet — 300 feet, the pilot began increasing the collective to regain some power, but
the engine surges and stalls reoccurred. The pilot reported hearing the low RPM horn and when he
observed the rotor RPM gauge (Nr), the Nr was about 90 percent and the power turbine gauge (N2)
indicated it was running high; at or near redline. At this point, the pilot made the decision to land the
helicopter in the water in the Gulf of Mexico. He fully lowered the collective to salvage the RPM. The
engine was still surging at flat pitch so he rolled the throttle to idle and entered an autorotation. The pilot
prepared the passengers for the landing and radioed a mayday notification to the operator's flight
following station. He then activated the float inflation handle, pressed the aircraft quick position button,
flared the helicopter, and landed on the water. The pilot estimated from the time of the initial
compressor stall to water contact was approximately 15 to 30 seconds.

The helicopter did not sink. The pilot subsequently deployed the life rafts and got a verbal response from

all the passengers that they were "ok." He directed the passengers to collect their belongings and a first
aid kit in case it was needed. They got into the life raft on the left hand side of the helicopter.
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Pilot Information

Certificate: Commercial Age: 30

Airplane Rating(s): Single-engine land Seat Occupied: Right

Other Aircraft Rating(s):  Helicopter Restraint Used: 3-point
Instrument Rating(s): Helicopter Second Pilot Present: No

Instructor Rating(s): None Toxicology Performed: No

Medical Certification: Class 2 Without Last FAA Medical Exam: December 9, 2013

waivers/limitations

Occupational Pilot: Yes Last Flight Review or Equivalent: January 20, 2014

Flight Time: 2211 hours (Total, all aircraft), 1064 hours (Total, this make and model)

The pilot, age 30, held a commercial pilot certificate with airplane single engine land, rotorcraft-
helicopter, and instrument helicopter ratings. His most recent second-class medical certificate
was issued on December 9, 2013, with no limitations. The most recent pilot's flight review was
accomplished on January 20, 2014. According to the operator, the pilot had accrued a total of
approximately 2,211 hours of flight time, including 1,064 hours as pilot-in-command in the Bell

407. He accumulated 145 hours of flight time in the Bell 407 in the 90 days prior to the
accident and 67 hours of flight time in the Bell 407 in the 30 days prior to the accident.

Aircraft and Owner/Operator Information

Aircraft Make:
Model/Series:

Year of Manufacture:
Airworthiness Certificate:
Landing Gear Type:

Date/Type of Last
Inspection:

Time Since Last Inspection:

Airframe Total Time:
ELT:

Registered Owner:

Operator:

Operator Does Business As:
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Bell

407

1999

Normal

N/A; Skid

October 27,2014 AAIP

7216 Hrs at time of accident
Installed, not activated

ROTORCRAFT LEASING CO
LLC

ROTORCRAFT LEASING CO
LLC

Registration:
Aircraft Category:
Amateur Built:
Serial Number:
Seats:

Certified Max Gross Wt.:

Engines:
Engine Manufacturer:
Engine Model/Series:

Rated Power:

Operating Certificate(s)
Held:

Operator Designator Code:

N373RL

Helicopter

53373
7
5250 Ibs

1 Turbo shaft
Rolls Royce
250-C47B

650 Horsepower

On-demand air taxi (135)

YTRA
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N373RL was a 1999, Bell 407 helicopter with serial number 53373. The single-engine helicopter was
powered by a Rolls-Royce model 250-C47B turbo shaft engine with serial number CAE847835, which
drove a four-bladed main rotor system and a two-bladed tail rotor. The engine's type certificate data
sheet indicated it had a takeoff rating of 650 shaft horsepower for five minutes and a rating of 600 shaft
horsepower for continuous operations. The helicopter was configured to carry one pilot and six
passengers. The operator reported its maximum gross weight was 5,250 pounds and that it weighed
4,306 pounds at the time of the incident.

According to the operator, the helicopter was maintained in accordance with an approved inspection
program. The helicopter's last inspection was completed on October 27, 2014. The operator indicated
that the helicopter's total time at the time of the incident was 7,216 hours.

A FAA major repair and alteration form, dated February 6, 2012, showed that the helicopter was fitted
with a FDC Aerofilter engine inlet barrier filter.

The Rolls Royce Model 250-C47B engine incorporates a Triumph Engine Control Systems model
EMC-35R Full Authority Digital Electronic Control (FADEC) system that electronically controls engine
fuel flow via a Hydro-mechanical Unit (HMU), and Electronic Control Unit (ECU).

The function of the FADEC System is to assist the pilot by controlling the engine RPM as a part of
maintaining the rotor rpm as variations in engine loading result from helicopter operational maneuvers.
At any time, the pilot may de-select the FADEC System and acquire complete control of engine fuel
modulation (a back-up mode of operation).

The FADEC ECU contains two embedded processor systems that execute application specific engine
control software. The primary system operates by sensing the pilot controlled, collective twist-grip
throttle position (Power Level Angle -PLA), among other engine sensor inputs to determine the engine
fuel flow requirements necessary to maintain efficient engine operation. The reversionary system is a
second level of electronic fuel control governing that will be automatically switched to, should certain
fault conditions be detected in the primary system. Both the ECU primary and reversionary systems
control an electric motor in the HMU that modulates fuel flow to the engine.

In addition, the FADEC ECU monitors engine condition and will record and store engine operating
exceedances and system fault information in a non-volatile memory device in the ECU. For certain
system failures, the FADEC systems will automatically de-select the FADEC operation and transition to
back-up (pilot control) operation.

The HMU consists of a gearbox mounted fuel pump, a motor driven fuel metering valve, a back-up fuel
control system, a PLA input shaft, and feedback position sensors. The HMU contains components that
receive electrical signals to/from the ECU as a part of the FADEC operation and is the point of fuel flow
in the FADEC or back-up modes of operation.
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Meteorological Information and Flight Plan
____________________________________________________________________________________________________________________________________________|

Conditions at Accident Site: Visual (VMC) Condition of Light: Day

Observation Facility, Elevation: KHUM,9 ft msl Distance from Accident Site: 112 Nautical Miles

Observation Time: 13:50 Local Direction from Accident Site: 289°

Lowest Cloud Condition: Scattered / 4200 ft AGL Visibility 7 miles

Lowest Ceiling: Broken / 6500 ft AGL Visibility (RVR):

Wind Speed/Gusts: 7 knots / Turbulence Type /
Forecast/Actual:

Wind Direction: 190° Turbulence Severity /
Forecast/Actual:

Altimeter Setting: 29.95 inches Hg Temperature/Dew Point: 26°C/16°C

Precipitation and Obscuration:

Departure Point: VK 989, GM Type of Flight Plan Filed: Company VFR
Destination: MP 301, GM Type of Clearance: None
Departure Time: 13:55 Local Type of Airspace:

At 1350, the recorded weather at the Houma-Terrebonne Airport, near Houma, Louisiana, was:
Wind 190 degrees at 7 knots; visibility 7 statute miles; sky condition scattered clouds at 4,200
feet, broken clouds at 6,500 feet; temperature 26 degrees C; dew point 16 degrees C; altimeter
29.96 inches of mercury.

Wreckage and Impact Information
___________________________________________________________________________________________________________________________________|

Crew Injuries: 1 None Aircraft Damage: None

Passenger 3 None Aircraft Fire: None

Injuries:

Ground Injuries: N/A Aircraft Explosion: None

Total Injuries: 4 None Latitude, 28.973054,-88.626113(est)
Longitude:

Tests and Research

Under the supervision of the National Transportation Safety Board (NTSB) investigator-in-charge, the
incident engine was examined at Rolls Royce, near Indianapolis, Indiana, on December 2, 2014. The
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examination revealed that the engine was shipped without its ECU and T1sensor. The engine was
subsequently fitted with an exemplar ECU and sensor. The engine was test run in a test cell and was
found to be operational during testing where at no time was it observed that the ECU requested
maximum fuel flow. The bleed valve was found during the test run to be closing early prior to its
schedule. Additionally, the engine was found to be seven percent below new engine performance
standards, which is two percent below the minimum required by the power assurance chart when the
engine is in service. Engine accelerations and decelerations during the test run did not produce any
surging.

The incident ECU, part number 115220-2A5-24, serial number JG8 ALK 0486, was sent to Triumph
Engine Control Systems, near West Hartford, Connecticut, by its operator for repairs. The ECU was
subsequently examined there under the supervision of a FAA inspector. The examination revealed that
the ECU sustained no physical damage and both of its tamper seals were intact. An acceptance test
procedure was completed with no discrepancies noted. The unit passed a vibration test. A pressure check
was conducted, which the unit did not pass. The effect of this failed pressure test would be a lower
acceleration schedule and an approximate five percent reduction in the maximum fuel flow limit. The
sensor was recalibrated and it subsequently passed the pressure test. The recorded incident data
indicated that the engine encountered an engine surge condition during its last flight. The data also
showed that N2 and Nr rpm remained joined throughout the flight with no evidence of a split between
the two. N2/Nr rpm both initially droop to about 89 percent. Message coding in the incident recorder
data indicated the ECU was requesting maximum fuel flow but an expected increase in N2/Nr did not
occur. When collective is reduced, both N2/Nr rpm return to 100 percent and above. The N2/Nr
remained joined and begin to droop again when the collective was increased near the end of the flight.
The incident recorder data showed that the throttle was not rolled to idle until after touchdown on the
water.

The bleed valve was bench tested by the operator. Testing revealed the bleed valve closed early.
Disassembly revealed corrosion was present in the bleed valve and corrosion flakes were found in the
bleed valve exit orifice. Witness marks consistent with wear were found on the bleed valve bellows face
near the exit orifice.

According to the engine manufacturer, the bleed valve closing early would only reduce surge margin in
the Ng (N1) speed range where it would normally be open. The incident recorder data from this event
depicts Ng initially at 95 percent and decelerating to 91 percent, at which time the main rotor has
drooped enough to trigger the incident recorder (<92 percent Nr). Based on the bleed valve closure
chart, the bleed valve would be closed at 95 percent and would not open until just below 88 percent for
the given T1 (80 F). The bleed valve would have been closed per specification during the sequence of
events leading up to the rotor droop. The engine is decelerating at this point, it is not a surge-inducing
condition even with a prematurely closed bleed valve. The potential concern, in reference to engine
surging, for a bleed valve, stuck closed, is during engine acceleration. An early closing bleed valve
could contribute to surging in the Ng range where it would normally be open, engine power at two
percent below power assurance chart levels could contribute to engine surging, and a faulty ECU or T1
sensor could contribute to engine surging. Based on the information available, it cannot be concluded
that they had an effect on the subject engine during the incident event.

Subsequent to the incident, the operator made the decision to revise the bleed valve overhaul schedule
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from 1,500 hours to 750 hours to mitigate recurrence of a similar incident. Additionally, the operator's
managers will increase surveillance on engine water wash and chemical wash procedures to insure
proper techniques are used when performing these tasks.

Administrative Information
|

Investigator In Charge (lIC): Malinowski, Edward
Additional Participating Chris Houghton; Federal Aviation Administration; Baton Rouge, LA
Persons: Trevor Lewis; Triumph Engine Control Systems; West Hartford, CT

Bruce Millar; Triumph Engine Control Systems; West Hartford, CT
Jon-Adam Michael; Rolls Royce; Indianapolis, IN

Beverly Harvey; Transportation Safety Board of Canada; Gatineau
Mark Stuntzner; Bell Helicopter; Fort Worth, TX

Tom Young; RLC, LLC; Broussard, LA

Thomas Parsons; Bell Helicopter; Fort Worth, TX

Original Publish Date: November 30, 2015

Last Revision Date:

Investigation Class: Class
Note:
Investigation Docket: https://data.ntsb.gov/Docket?ProjectID=90389

The National Transportation Safety Board (NTSB) is an independent federal agency charged by Congress with
investigating every civil aviation accident in the United States and significant events in other modes of transportation—
railroad, transit, highway, marine, pipeline, and commercial space. We determine the probable causes of the accidents
and events we investigate, and issue safety recommendations aimed at preventing future occurrences. In addition, we
conduct transportation safety research studies and offer information and other assistance to family members and
survivors for each accident or event we investigate. We also serve as the appellate authority for enforcement actions
involving aviation and mariner certificates issued by the Federal Aviation Administration (FAA) and US Coast Guard, and
we adjudicate appeals of civil penalty actions taken by the FAA.

The NTSB does not assign fault or blame for an accident or incident; rather, as specified by NTSB regulation,
“accident/incident investigations are fact-finding proceedings with no formal issues and no adverse parties ... and are
not conducted for the purpose of determining the rights or liabilities of any person” (Title 49 Code of Federal Regulations
section 831.4). Assignment of fault or legal liability is not relevant to the NTSB'’s statutory mission to improve
transportation safety by investigating accidents and incidents and issuing safety recommendations. In addition,
statutory language prohibits the admission into evidence or use of any part of an NTSB report related to an accident in a
civil action for damages resulting from a matter mentioned in the report (Title 49 United States Code section 1154(b)). A
factual report that may be admissible under 49 United States Code section 1154(b) is available here.
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https://www.ntsb.gov/about/organization/AS/Pages/aviation-classification.aspx
http://data.ntsb.gov/carol-repgen/api/Aviation/ReportMain/GenerateFactualReport/90389/pdf

