K&S Helicopters, Inc.
d/b/a Paradise Helicopters
73-341 U'u St.
Kailua-Kona, HI 96740

National Transportation Safety Board
490 UEnfant Plaza, SW
Washington, DC 20594
Attn: Aaron Sauer — Lead Investigator

Party Submission: 49 CFR 831.14
Accident Number: ANC22FA041

Proposed Findings

There is a long history of Bell 407 tailboom manufacturing issues that Bell has addressed throughout
the 25+ years of aircraft production. Bell issued at least 16 Bulletins which apply to the accident serial
number. These bulletins address the significant issues with structural integrity of the Bell 407

tailbooms and associated airframe attach points and hardware.

K&S Helicopters, Inc. — N402SH Accident

N402SH tailboom at the time of the accident was installed at 5,780 airframe hours. The aft bulkhead
and upper left longeron was repaired IAW TB 407-12-96 following discovery of a stress fracture in

2014.

On March 23, 2014, one of the operator’s maintenance managers found a stress fracture during an
inspection. It could not be seen during a visible inspection but instead was found through feeling the
affected area. The employee was presented with a safety award for his finding. (see Figure 1)

Paradise Heltcopter's Presents the

' GBrotion Wing G Hnand

For exceptional safety performance during work duties
To:

|

On March 23, 2014, @i discovered an airframe crack in N1.02SH on an inspection. The crack was not |
immediately visible during the nermal routine inspection. Instead @i discovered the crack by feeling it with his |

fingers. After taking a picture with his cell phone and investigating further, a fairly developed stress f(acltnre_wls
discovered that could have proven catastrophic and fatal had the stress fracture led to structural failure in flight.
‘There is no doubt tha vigilance directly contributed to the safety of Paradise pilots and guests A job very
well done‘! Your discovery is an ptional ple and inspiration for everyone in (.he company! Thank

you for your attention to detail, your high situationai ,and your 3 Jism duging your
job performance! / ii ii B
April 80, 2014

T
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According to Phoenix Heliparts Inc. work order No. 1105, signed on July 3, 2014, assistance was
provided to accomplish Bell TB No. 407-12-96 Revision A on the accident helicopter.

The repair station completed a majority of the steps of the TB including steps 8 through 25. These
steps reference the procedure for creation of the drill plate, installation, clamping, gap measurements
and confirmation of correct planing for all longeron fittings.

(See Figure 2)

REpINed CA3Mageda Irame @1 . | /9.00 Oy ratncaung repar cip ana Smim mom 4 UrD 180 UL TUEDE In e OMensions of (N2 Cp 10 300 Taseners
around damage, repair clip replaces PN 208-032-304-007 clip,tabri cales repar doubler from T075T6.032 P.O.10254 o repak damage to douber PIN
208.032.304.029 referencing BHT.ALL-SRIA 3.8.3 application C Trealed and primed all repair parls referencing BHT-ALL-SPM 3.18,

Repaived damaged frame at sta 192.00 by fabncating a doubler from 2024T3.040 P.0.12830 for the forwerd side of the frame and a coubler for the aft sice of
frame from cusiomer supplied 202473.032 referencing BHT-ALL-SRM 3-5-4. Fabricated replacement clips from 202473.040 P.O. 12839 P/N
PH206-032-305.161, -162 and reinstalied, Trealed 2n0 primed all repakr pants refeencing BHT-ALL-SPM 3-18.

Technicians VWho Worked On The ltems Lisied Atove:
Brandon Clausen, Doneid Degray, lsmeel De Lasosa, Ryan Howe, Ted Manchego, Traws Pithoud

The work described in Work Crder 1105, was performed in acoordance with 14 CFR and with respect to thal work, the article described in the referenced Work Order is approved

for retum to service. Pertinant dotalls of s repair 67 on fls a1 Prosaix He Ine. Work Order No. 1105
oare coc: R e v

CRS# XEHRI08Y Prinled by EBls 3 (datcomedia com)

Figure 2
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Additional Work Order documentation from

Aircraft Discrepancy Report

ot R

Phoenix Heliparts Inc. for Work Order 1105 in

T
Wark Order No: [1105 ACReg #: [1105 [ oignatng Evis tem: [3

support of TB 407-12-96 Rev. A. The Work

Order shows that the repair station contacted

Bell Tech support for repair schemes and

technical support for the damage found by the

operator. (See Figure 3)

Discrepancy:

Additional ime needed to support the repair from Phoenix.

Contact Bell Tech support for repair R h repairs in the 407 M Tech | support
Envered by: [\ | pate: [5/12/14

2.

Planned Action:

Per the NTSB Factual Report:

According to Bell Alert Service Bulletin (ASB) No.
407-11-95 and Federal Aviation Administration

(FAA) Airworthiness Directive (AD) No. 2015-05-04,

PHP Rework — No charge to customer | Auditand Action Form # |
Esthrs: |15 | Entored by: ] oate: [5/12/14
3.InspectionOA

installation of upper-left longeron assembly P/N 206-
031-314-237B and installing three external strap

Fom 421# [N/A

i

Repair: [] Attration: [] NA: [l | Major (] Mnoc (] NA

doublers constitutes terminating action for the ASB

and AD, respectively. Revision D of Bell ASB No. 407-

11-95, issued on August 21, 2020, introduced a new

2-piece upper-left longeron assembly, P/N 407-030-
067-105, which could be installed via Bell Technical
Bulletin (TB) No. 407-17-125.

8110-3 Required: Yes 0O No . Inspector: Date: | 5/12/14
101 Scanned 10 EDIS: ougrumng se) [l
0ot IPlanning e |3 Gors | T IN/A
*Est EngDER/OSR §: IN/A I Quote#: INIA Ebis Quale attached: Yes QN[ NA[
u_nsFigure 3
Required approval by date: | | “Total |-
** Customer Approval Signatwe: Date:

S. PHP C.
Ebis Item App and 101 App by: Date:
to Biling item: Yes ] No [] I |

On May 4, 2022, AD2012-18-09 was
performed to comply with the 300 hour torque
checks of the tailboom attach bolts. No
discrepancies were noted 34 days prior to the

“Eatmate basad on PHP rojecton of the work 1 ho pedormaed and may not tover sy addinnal pars and/or labor which may bo foqured
after the werk has begun.
** Phoenix Helpans Inc. wil not proceed whou Cusmer Aproval Signatuss.

Form 101 - Rov. NC - /12/2014 |_File Name: | Form 101 |

accident. The torque values were in range and all bolts were installed. 114.2 hours later, the aircraft

accident occurred.
(see Figure 4)

AIRCRAFT MAINTENANCE WORKSHEET

AIRCRAFT TYPE: B407 [REGISTRATION: N402SH
DISCREPANCY a

#]
9100 HOURAFS INLET BARRIER FILTER 9
| N P STC
SRO9368RC.

AFS ICAAF
SIGNATURE

CORRECTIVE ACTIOR/SIGNATURE/CERT.#/ACTT OR ENG TT.
COMPLETED 100 HOUR AFS INLET BARRIER INSPECTION A W.

[onE__SI7AZ0TZ

REPANCIES NOTED AT THIS TIME.

ACTT?

| 10100 HOURAIR CONDITIONING DRIVE RINGAND |10

COMPLIED WITH 100 HOUR AIR CONDITIONING DRIVE RING AND PULLEY

PULLEY INSPECTION DUE PER SB 407-300-1. INSPECTION LLAW. BELL IL 407-14-108 AND AIR COMM
SB 407-300-1. EPANCIES NOTED.
SIGNATURE: CERT: ACTT: 22+

-

1|AD 2015-05-04 DUE.

-

1

COMPLIED WITH AD 2015-05-04 BY VISUALLY INSPECTING THE

AFT FUSELAGE UPPER SKIN AND LONGERON FOR CRACKS.

NO DISCREP @ TED AT THIS TIME.
SIGNATURE: | CERT. Y ACTT. a.

1221 DAY ENGINE WASH DUE.

-

SIGNATURE:

PERFORMED 21 DAY ENGINE WASH IRW RR25)-CA78 MM CH. 72.

CERT: ACTT: 724 24,

| 13| CEB A-72-6085 DUE.

COMPLIED WITH lNSPECTICW OF OUTER COMBUSTION CASE FOR
CRACKS IRW CES g

CIES NOTED AT THIS TIME

SIGNATURE:

100 HOUR RADAR ALTIMETER MOUNT KIT 14

COMPLETED 100 HOUR INSPECTION OF AERCNAUTICAL ACCESSORIES

|__|INSPECTION DUE FOR STC SR02162LA.

RADAR ALTIMETER MOUNT KIT IAW AA-TBA-16-008 INSTRUCTIONS

FOR CONTNUED AIRWORTHINESS. NO DISCREPANCIES NOTED AT

THIS TIME.
SIGNATURE: CERT. ACTT22 17¢.
_ARCHAFT WANTOUICE WOSKSNEET - MK 1 REv3- ey
Figure 4
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In addition to this torque check, multiple Airworthiness Directives for the Tailboom and Longeron were

completed including AD2012-18-09, AD2015-05-04, AD2013-12-07, ASB 407-21-123 with no defects
noted.

Despite the operator completing the terminating action for the ASB and AD referenced above, the
operator continued to perform AD2015-05-04 inspection. The inspection for the AD was last
performed on May 29, 2022 - 10 days prior to the accident (See Figure 5). This inspection required a
mechanic to physically look at the interior area of the tailboom at the location of longerons to
specifically look for cracking and perform a visual inspection every 50 hours. 10 days prior to the
accident, even after a terminating action was performed in 2014, two Bell-approved forms of
inspection; a repair constituting a terminating action and repeated visual inspections, did not lead to
the identification of any longeron cracking, notice of a bolt missing, misalignment or any other
potential cause for a catastrophic structural failure that was just days away from happening.

AIRCRAFT MAINTENANCE WORKSHEET
AIRCRAFT TYPE: B407 [N402SH [oATE: G-Y-202Z
10[100 HOUR AIR CONDITIONING DRIVE RINGAND _|10{COMPLIED WITH 100 HOUR AR CONDITIONING DRIVE RING AND PULLEY
PULLEY INSPECTION DUE PER SB 407-300-1. INSPECTION LA.W. BELL IL 407-14-106 AND AIR COMM
SB 407-300- REPANCIES NOTED.
SIGNATURE| CERT. ACTT: 7229414
11300 HOUR HYDRAULIC FILTER REPLACENENT __| 11| COMPLETED 300 HOUR HYDRAULIC FILTER REPLACEMENT LAW.
|DUE. BHT-407-MM-1 CH. 29.
| SIGNATURE: CERT. ACTT: 72G41:
12300 HOUR OPTIONAL EQUIPMENT INSPECTION 12| COMPLIED WITH 300 HOUR OPTIONAL EQUIPMENT INSPECTION LA.W.
[ |DUE. | [BHT-407-MM-1 CH. 5. NO DISCREPANCIES NOTED. -
siGNATURE: I CERT, ﬁ ACTT: ZZ 041!
i L
13[AD 2012-18-09 RE-TORQUE OF TAILBOOM 13{COMPLETED RE-TORQUE OF TAILBOOM ATTACH NUTS LAW.
ATTACH NUTS DUE. AD 2012-18-09.
sicNaTURE: [ CERT @  ACTT. 7290114
14300 HOUR HELI-ACCESS STEP INSPECTION 14 |COMPLIED WITH 300 HOUR HELI-ACCESS STEP INSPECTION LA.W.
DUE PER ICA FOR STC SR00915SE. | _[DART ICAIMM 28. NO DISCREPANCIES NOTED.
SIGNATURE: CERT. mm—— ACTT: 2299149
|
15/300 HOUR HIGH VISIBILITY DOOR KIT 15| COMPLIED WITH 300 HOUR HIGH VISIBILTY DOOR KIT INSPECTION
| [INSPECTION DUE PER ICA FOR STC 1.AW. AERONAUTICAL ACCESSORIES ICAAA-05158. NO
SR09376RC-D. DISCREPANCIES NOTED.
sionaTuRE. [ CERT. g ACTT. 7741
16/300 HOUR COMPASS INSPECTION PER ICA 16/COMPLIED WITH 300 HOUR COMPASS INSPECTION I.A.W. PARAVION
FOR STC SRO0486DE. ICAPR-407LS- ISCREPANCIES NOTED.
SIGNATURE:! CERT: M ACTT: "“ZS'. ] | U(
17/300 HOUR PULSELITE INSPECTION DUE PER 17/COMPLIED WITH 300 HOUR PULSELITE INSPECTION IAW.
ICAFOR STC SAD0560SE. PRECISEFLIGHT JCA 015PMANO001. NO DISCREPANCIES NOTED.
:su;m‘rm CERT: ACTT: 228319
181300 HOUR CROSSTUBES INSPECTION DUE 18{COMPLIED WITH 300 HOUR CROSSTUBES INSPECTION LA.W.
PER ICA FOR STC SR09330RC. |[AERONAUTICALACCESSORIES ICA AA-00061. NO DISCREPANCIES NOTED.
SIGNATURE: - CERT:m ACTT. ""’ i ‘ ] l'vj

Figure 5
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K&S Helicopters, Inc. - N807PH

After the accident occurred, the operator conducted eddy-current non-destructive inspection (NDI) on
the aft fuselage longerons of their remaining Bell 407 helicopter fleet. On N807PH, NDI found cracking
indications on the aft faying surface of the lower-left longeron bolt hole and within the bolt hole of the
upper-left longeron. (See Figure 6)

Outlined in red these are the Hairline
cracks identified during the
inspection, the crack completely
protruded through the bore of the
hole exiting out and continuing its
progression. These are the cracks
categorized as catastrophic due to
the nature of the cracks and how
spontaneously they can result in
complete breakthrough and system
failure.

| Lower LH #4

Upper LH #2

Figure 6

At the request of the NTSB, the Bell FI Lab conducted an examination of the two longerons, and
concluded that the cracks were the result of fatigue.

N807PH tailboom at the time of the NDI in June of 2022 was the original tailboom installed at time of
manufacturing.

On March 28, 2022, AD2012-18-09 Torque check of tailboom attach bolts was satisfactorily
completed.

On May 10, 2022, AD 2015-05-04 was completed through visual inspection of aft fuselage upper skin
and longeron for cracks. No discrepancies were noted.

N807PH did not have any maintenance record of completion of TB407-07-78 or TB 407-12-96. The
operator's executive team reviewed all company historical maintenance records related to the aircraft
and could not find a time when work was performed on the tailboom, longerons nor aft fuselage
bulkhead that could result in misalignment of the aft fuselage bulkhead. The only known time the
tailboom was removed was for shipping the helicopter to the operator.

The Bell Field Investigations Laboratory performed analyses on an additional two separate aircraft
related to issues with Model 407 tail boom attach fittings that were not related to the accident
operator.

Aircraft with Lower Left Cracked Fitting
Per the NTSB Group Chair’s Factual Report - Addendum document:

One report covered a lower-left fitting that had a relatively slower growing fatigue crack without any coinciding
issues at the upper-left location (FI Report: 40708M-007). A comparison of the fatigue features indicated that the
lower-left fitting covered in this report experienced relatively higher loads than an aircraft with a properly fastened
upper-left joint.
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Bell 407 S/N 53563 — Bolt Fracture
Per the NTSB Group Chair’s Factual Report - Addendum document:

The second report covered a fractured bolt at the upper-left location with no coinciding cracks in the lower-left
fitting (FI Report: 40719M-071). This occurrence indicated that a bolt fracture at the upper-left location can occur
without a crack having formed in the lower-left fitting.

Neither of the previous issues resulted in an incident, and both were discovered during inspections.

The Airworthiness Group Chair’s Factual Report for this investigation, dated October 24, 2022 and found in the
docket for this investigation, discussed a past occurrence involving a Bell 407 in which the operator found a
fractured upper-left attachment bolt during a scheduled 300-hour recurring torque check. Metallography of the
fractured bolt found multiple-origin fatigue cracking through about 2/3 of the fracture cross-section, with the
remainder of the fracture cross-section in overload. The location of the fracture on the bolt was estimated to be co-
located with the aft face of the aft fuselage bulkhead.

The fractured bolt found on Bell 407 S/N 53563. (Image courtesy of Bell)

B407 — Finding Commonality

In reviewing the records and known information of the 3 primary Bell 407 events that have the most
similar results, it is difficult to find a common trend that ultimately shows the direct cause or scenario
that leads to the opportunity for misalignment.

In all three cases, the only common event is the removal and reinstallation of the tailboom at some point
in the aircraft maintenance history. (See Figure 7)

N402SH [Accident A/C] N807PH [Operator] B407 SN 53563
(Bolt Hole Cracks) (Fractured Bolt)

X
X X
X(re) X (shippine) X(®)

Figure 7

Upon review of Bell Maintenance Manual Chapter 53 for Tailboom installation instructions, Step 1 of the
Procedure is to “Support the tailboom with an acceptable support device”. There is no further details to
provide any more specific or detailed instructions to avoid possible misalignment and resulting fractures
in the tailboom assembly and components during tailboom installation. (See Figure 8)
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TAILBOOM

nstallation
[DMC-407-A-53-01-00-00A-720A-A, Issue 001 - 2020/01/06, ECCN EARS9)

List of figures

Figure L Figure title
Figure 1 Taiboom Assembly

Preliminary requirements

Required Conditions
Action/Condition Data module/Technical Publication Applicability
None
Support equipment
Hame Identification/Ref Quantity Remark Applicability

Socket [or equivalent) 407-230-001-101 1

Consumables, materials and expendables

Name Identification/Ref, Q i Remark Applicability
Corrosion preventive C-586 AR Corrosion
compound preventive

compound (C-

128) may be

used asan

alternate to

corrosion

preventive

compound (C-

586).

Spares
Name Identification/References Quantity Remark Applicability
None.
Safety conditions
None.
Procedure
1 Support the tailboom (13, Figure 1) with an acceptable support device and put itin position behind the aft
fuselage.
Figure 8

Proposed Probable Cause

Catastrophic material failure of upper left hand tailboom bolt leading to the transfer of load and ultimate
separation of the tailboom from the fuselage.

Contributing Factors:

Failure of Bell to design and manufacture damage-tolerant longerons and tailboom bolts under normal
operation.

Lack of any required inspections mandated by Bell and the FAA that have the capability to identify
corrosion, subsurface damage or material abnormalities in the tailboom bolts, bolt holes, longerons and
longeron fittings that can lead to fatigue and ultimate structural failure.

Failure by manufacture to require measurement of any gap after installation of the longeron to confirm
proper installation when incorporating TB 407-12-96.

Lack of procedures or inspections that would confidently identify a misaligned longeron fitting or aft
bulkhead following replacement.
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Proposed Safety Recommendations
Minimum Required Action:

e Reduction of 300hr torque checks under AD2012-18-09 reduced to less than 100 hour
interval
o Recommend performance at every maintenance Event (50 hours)
o Recommend change to calculating time between torque checks to 100 cycles
including cargo hook loads.

Additional Preventative Action:

Recurring eddy Current NDI inspection of Bell 407 fleet with tailboom removed for access and
inspections of misalignment or gaps, and inspection or replacement of hardware.

Revise TB 407-12-96 and TB 407-07-78 to incorporate the review and measurement of any gap following
installation of the longeron to confirm proper planing.

Revise Bell 407 Maintenance manual to provide more specific instructions on the proper support of the
tailboom during installation with procedures that will eliminate the potential for misalignment.

Final Comments

Following its investigation, the NTSB recommended that operators of Bell 407 helicopters immediately
conduct (1) a torque check of the tailboom attachment hardware, and (2) a visual inspection of the
tailboom attachment fittings for evidence of cracks and fractures. Id. at 6-7. In addition, the NTSB
recommended that the Federal Aviation Administration (“FAA”) require operators of Bell 407 helicopters
to conduct all ensuing tailboom torque checks and visual inspections at an interval significantly less than
what was previously required. To date, the FAA and Bell have not implemented anything beyond a one-
time inspection and torque check.

The actions taken by Bell and the FAA to date will not prevent this accident from occurring again to
another operator.

There is a known issue with the Bell 407 tailboom, aft bulkhead, longerons and non-standard alignments
causing cracking in the critical structures of the tailboom leading to the failure of tailboom bolts. Today,
there are no required inspections that would allow for the identification of a problem, at any point in the
chain reaction, leading to another accident. A break in the error chain needs to be implemented
immediately. Miraculously, 6 people survived an un-survivable accident. The next group won’t be as
fortunate if we allow there to be a “next time”.
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