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FOREWORD

This is the final contract report pertaining to the flight service evaluation of advanced composite
components on a series of Bell Helicopter Textron, Inc. (Bell) Model 206L LongRanger helicopters.
The work was jointly sponsored by NASA Langley Research Center and the Vehicle Structures
Directorate, Army Research Laboratory under Contract NAS1-15279. Previous reports have
described the fabrication of the parts, as well as periodic test results. This reports contains all of the
test data from the earlier reports, as well as new data collected after 1986. The NASA Langley
Technical Monitor for this program is Mr. Donald J. Baker. The Bell Project Engineer is Mr. Henry
Wilson.

Acknowledgement is made of the 206L commercial operators who have participated in this program,
and who are identified in the body of this report. A special thanks is warranted for the many Bell
Helicopter Customer Support Representatives for their efforts in maintaining accurate records and
conducting thorough inspections.

Material names or codes and suppliers are identified herein for completeness in defining and providing
traceability of the types of materials and processes utilized. In no case does such identification imply
recommendation or endorsement of the material by NASA or Vehicle Structures Diretorate, nor does
it imply that the materials are necessarily the only ones or the best ones available for the purpose of
this program.
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1. INTRODUCTION

The Flight Service Evaluation Program began in
1978 as a joint contract between NASA Langley
Research Center, U.S. Army and Bell Helicopter
Textron, Inc. The primary objective of this pro-
gram was to evaluate composite parts in field
service environments throughout North Amer-

ica. At the time of the program inception, little

was known regarding the performance and
maintainability of composite parts over very long
periods of time. The information obtained from
this program was intended to provide valuable
insight to the potential of using composite mate-
rials in active, and sometimes extremely harsh,
environments for extended periods of time.

There have been two significant phases to this
test program. The first of which was to evaluate
actual flying components on light helicopters in
various operating environments. The aircraft
model chosen for this program was the Bell
Model 206L LongRanger. This model aircraft, as
well as its predecessor the JetRanger, has been
in service throughout the world for over 20 years.
These helicopters often operate in adverse condi-
tions, far removed from advanced maintenance
facilities, thereby requiring a high degree of reli-
ability.

Four distinct operating environments were se-
lected for this program: 1) Arctic Northwestern
(Alaska) for a cold and dry climate; 2) Southwest-
ern United States for a hot and dry climate; 3)
Northeastern United States (New York) and
Eastern Canada for a cold and wet climate; and
4) Gulf of Mexico coastal area for a hot and hu-
mid climate (mostly offshore operation). Figure
1 is a map of the 4 operating regions.

Of the 160 parts initially produced for this pro-
gram, 19 are still in service at this time. One

hundred and one (101) parts have been destruc-
tively tested, 16 parts have been destroyed in
various incidents, and 24 parts have been lost or
transferred to unknown aircraft. Figure 2 is a
pie chart indicating the final status of the parts
in this program. Figure 3 is a histogram of the
components which indicates the approximate
dates at which parts were removed from service.
The second portion of this program was to evalu-
ate exposed test coupons fabricated from materi-
als representative of those used for the helicopter
components. Correlations between the property
retention characteristics of the flight compo-
nents and the test coupons have been a secondary
objective of this program.

Section 2 of this report provides an overview of
the program, description of the selected compo-
nents and their primary functions on the air-
craft, and identification of the predominant load-
ings for each part, Additionally, the program
status is provided by operational regions. The
number of components, number of flight hours,
time of installation, and other component infor-
mation is provided. Section 3 contains descrip-
tions of the service experiences of the compo-
nents. Information regarding operator com-
ments, field repairs, and other problems are in-
cluded. Section 4 presents the results for all of
the destructively tested components which were
recalled from service. Descriptions of testing
procedures are included, as well as discussions of
failure modes. The test data is present in both
tabular and graphical form, sorted by component
type. Section 5 is a summary of the exposure cou-
pon test results and includes a comparison to the
component test data. Final conclusions are pre-
sented in Section 6.
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2. PROGRAM OVERVIEW

2.1 COMPONENT SELECTION

The contract statement of work for this program
set forth several requirements relating to the se-
lection of the components to be studied. They
were: 1) components must be external structure,
fully exposed to operating environments, 2) com-
ponents must be certified by the FAA, 3) parts
must be built in a production environment and 4)
components must be installed on a large enough
sampling of helicopters in diverse environments
to adequately examine environmental effects.
Based upon these requirements, four parts were
selected on the Model 206L: 1) vertical fin, 2) for-
ward fairing, 3) litter door, and 4) | Béggage door.

Figure 4 is a schematic indicating the location of
each of these parts on the 206L helicopter. The
following sections describe the construction of
the parts, as well as their function on the air-
frame. Reference 1 contains detailed descrip-
tions of the parts, as well as the fabrication meth-
ods of each.

2.1.1 Vertical Fin

The vertical fin is attached to the aft end of the
tailboom, and is used for lateral directional sta-
bility. Loads are generally induced into the ver-
tical fin by three sources: 1) distributed aerody-
namic loads along the surface, 2) oscillatory
loads caused primarily by main rotor wake im-
pingement on the surface and by the tailrotor
which rotates just to the left of the vertical fin
(see Figure 4), and from 3) tail down landings.
The vertical fin is a sandwich structure made
from T300/E-788' graphite/epoxy skins over a
hlgh -strength fibertruss fiberglass honeycomb
core?, 1.25 inches in depth. The leading edge is
constructed of Kevlar/epoxy, and the trailing
edge is made of graphite/epoxy. The stinger (tail
bumper) is a filament wound fiberglass tube, at-
tached to the lower end of the fin. Lightning pro-
tection is provided by 200-grid aluminum alloy
screens bonded to the outer surface of each fin
face. Figure 5 is a photograph of the vertical fin.

This part weighed 12.3 Ib, yielding a 19.6%
weight savings over the production aluminum
vertical fin,

2.1.2 Forward Fairing

The forward fairing attaches to the roof of the fu-
selage, providing a smooth surface over the lead-
ing edge of the engine cowling (see Figure 4).
Additionally, this part is often used to mount
communication antennas by the operators in the
field. This part is loaded primarily from aerody-
namic surface loads

The fa1rmg has a smgle curvature at its aft end
that changes to a severe double curvature in the
vicinity of the forward end. Figure 6 is a photo-
graph of this part. The fairing is a sandwich
structure which uses a single ply of 281/CE306°
Kevlar/epoxy for the inner and outer facesheets.
The core is 0.38 inches thick Klegecell foam.*
This part has a weight of 8.6 1b, which is 1.34 1b
less than the production aluminum fairing
(15.6% weight savings).

2.1.3 Litter Door

The litter door is located on the left side of the
aircraft, between the crew and cabin doors. The
cabin door is hinge-mounted on the aft edge of
the litter door, which in turn is mounted on the
airframe by two hinges at the forward edge (see
Figure 7). The litter door is used primarily to
load oversized cargo into the passenger cabin.
This component is constructed by separately cur-
ing the inner and outer skins, and then bonding
them together with Narmeco 1113 adhesive.’ The
outer skin is made from two plies of 281/F-185
Kevlar/epoxy fabric, and one ply of 220/F-185
Kevlar/epoxy fabric. The inner skin is made of
three plies of 281/F-185 Kevlar/epoxy fabric, re-
inforced with unidirectional Kevlar/F-560 tape.?
The inner skins were formed into hat sections to
provide additional stiffness where required. Fig-
ure 8 is a photograph showing the litter door

1 Manufactured by U.S. Polymeric Co., Santa Ana, CA.

2 Manufactured by the Hexcel Corp., Dublin, CA.

3 Manufactured by Ferro Corporation, Culver City, CA.
4 Manufactured by the Klegecell Corporation, Grapevine, TX.
5 Manufactured by Narmco Division of Celanese Corp., Costa Mesa, CA.

w1
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Figure 5. Graphite/Epoxy Vertical Fin
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Figure 6.

Kevlar/Epoxy Forward Fairing
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Figure 8.

Kevlar Epoxy Litter Door, Inner View




construction. The plexiglass window was bonded
directly to the door after the skins were bonded
together. Weight savings on this part was 4.9 1b
(37.4%) over the production metal door.

2.14 Baggage Door

The baggage door is located on the left side of the '

aft section of the fuselage as shown in Figure 4.
In addition to aerodynamic loads, and loads
caused by normal handling of the door, impact
loads may be induced as a result of shifting cargo
or by rotor wake causing an open door to slam
shut. The baggage door was the only component
which was not manufactured by Bell Helicopter.
This part was fabricated by the Brunswick De-
fense Division of Lincoln, Nebraska, using a con-
ventional hand layup of Kevlar-49 fabric/LRF-
277% epoxy over a Nomex honeycomb core. An
adhesive was used between the core and the in-
ner facesheet only, and the entire assembly was
cured together. After the curing process, the part
was trimmed and clean-cut holes for the lock and
latches were made with a water jet cutter. Fig-
ure 9 is a photograph of the finished door. The
composite part had exactly the same weight as
the metal part (2.9 1b).

2.2 PROGRAM STATUS

This sectioncontains a brief summary of the spe-
cific composite parts used in this study. TableIis
a summary of the total flight hours and service

months of the four composite components. This

table also provides a breakdown as to the final
status of each part. Figure 10 is a set of pie
charts depicting this final status. Table II is a
complete listing of every aircraft, and includes
the flight hours and service time (in months) for
each part. The final status of each part is also
listed in this table. For the parts which have
been tested, the reference to the test data is giv-
en. The test results for every part are reported in
Section 4. Table II is broken into five sub-tables:
II-A for the Northwest Region, II-B for the South-
west Region, II-C for the Northeast Region, and
I1-D for the Gulf of Mexico Coastal Region.

A total of 160 parts were placed into service
throughout North America (40 ship sets of four
parts each). Initially, 11 different operating
agencies were issued composite parts as part of

this study. Five operators in the North-eastern
United States and Eastern Canada were issued a
total of 15 ship sets, and four operators in the
gulf coast region were provided a total of 15 ship
sets. The bulk of the parts were placed in these
two regions due to the fact that these regions of
North America had a greater number of operat-
ing aireraft than other regions (primarily oil re-
lated industries). In the Southwest United
States, five ship sets were issued to a single oper-
ator. Similarly, five sets were given to an opera-
tor based in Alaska to study the parts in the arc-
tic regions of North America. Over the course of
this program, four of these companies have
ceased to conduct business; two in Canada, and
two along the gulf coast. Additionally, many of
the aircraft originally in this program have been
sold to other operators with the composite parts
installed. By the end of this program, a total of
20 operators have used aircraft with initial in-
ventory composite parts installed. Each sub-
section below is a summary of the activities in
the operating regions.

2.2.1 Northwest Region

ERA Helicopters was the only operator partici-
pating in this region. ERA is based in Anchor-
age, Alaska, with aircraft operating throughout
Alaska. They were issued five ship sets of parts
(20 total) at the beginning of this program.
These 20 parts accumulated a total of 24,869

- flight hours over the course of the program;

yielding an average of 1,243 hours per part. The
average part spent approximately 43 months in
operation (see Table II-A). The litter doors did
not record a significant amount of flight time due
to early problems with the hinges. The adverse
weather conditions in this region did not cause
any apparent problems peculiar to these compos-
ite parts. Two parts from this region are listed as
“unknown.” Both parts (one vertical fin and one
litter door) were removed from their respective
helicopters for scheduled repainting, and the op-
erator was unable to locate them, ERA still has
three forward fairings in operation, which had
recorded a total of 5,734 flight hours as of the last
inspection. The fairing on A/C 45108 has record-
ed the most flight time in this region - 2,631
flight hours at the last inspection, and has been
operating on this helicopter for approximately 10

6 Kevlar/epoxy matrix manufactured by the Brunswick Defense Division, Lincoln, NB.
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TABLE I. TOTAL PROGRAM SUMMARY '

NUMBER OF PARTS

TOTAL TOTAL
COMPONENT FLIGHT MONTHS
TESTED | IN SERVICE | DESTROYED | UNKNOWN HOURS INSTALLED
VERTICAL FIN 25 3 7 5 133,818 2,243
FWD FAIRING 23 9 3 5 151,729 2,628
LITTER DOOR 26 6 2 6 116,539 1,881
BAGGAGE DOOR 27 1 4 8 87,789 1,642
TOTALS 101 19 16 24 489,875 8,394
AVG/PART 3062 52

11
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years. One vertical fin was returned in 1983 due
to excessive cracking along the leading edge.
The part was not repaired or tested by BHTI. A
total of 14 parts from this region have been test-
ed: 3 vertical fins, 2 forward fairings, 4 litter
doors, and 5 baggage doors.

2.2.2 Southwest Region

Air Services International (ASI), based in Scotts-
dale, Arizona, was the only operator participat-
ing in this region. The aircraft operated by ASI,
served a large region in the Western United
States, including Colorado, Utah, Wyoming and
Arizona. They were issued 5 ship sets of parts
(20 total) at the beginning of this program.
These twenty parts accumulated a total of 20,079
flight hours over the course of the program;
yielding an average of 1,004 hours per part. The
average part spent only 29 months in operation
(see Table II-B). These totals represent the low-
est numbers of any of the four regions. This fact
is traced to two significant factors. First, two of
the five aircraft experienced hard landings with
less than two years in the program. All of the
parts on these two helicopters (S/N 45609 and
45614) were removed from service after these
separate accidents. Secondly, the litter doors on
each aircraft in this region were removed after
approximately seven months of service due to
warping of the door frames. This problem was
discussed extensively in Reference 2 (page 23).
Although all of the doors were repaired by BHTI
and returned to ASI, they were not all reinstal-

tors were located in Canada: Heli-Voyageur,
Transport Canada (Canadian Coast Guard), Roy-
al Canadian Mounted Police, and Trans-Quebec
Helicopters. The fifth operator in this region was
Island Helicopters located on Long Island, New
York. Heli-Voyageur ceased operation in 1984,
and all parts were returned to BHTI for testing.
One of the five sets of parts operated by Trans-
Quebec was returned after 15 months of service
for testing (see Reference 2). The other four sets
were on aircraft sold to other operators after
Trans-Quebec ceased to conduct business. The
other original operators have continued to par-
ticipate in this program. The operators in this
region have recorded very few operational prob-
lems, as compared to the other regions. The 15
ship sets in this region recorded over 36,000
hours (see Table II-C). The average part spent
over four and one-half years in service, recording
over 2,400 flight hours. The forward fairings
spent the greatest number of hours installed on
the aireraft (3,207 each), followed by the vertical
fins, with an average of 2,326 hours each. The
baggage doors recorded slightly more flight time
than the litter doors, even though all baggage
doors were recalled from service in 1986. The op-
erators in this region had numerous problems
with installation of the litter doors early in the
program, which resulted in a significant amount
of down time for these composite parts.

2.2.4 Gulf of Mexico Coastal Region

- This region recorded more flight time on the com-

led. All parts were recalled from ASI, and four of

these litter doors were returned after spending
most of the time in storage at ASI. The fifth lit-
ter door was never located by ASI personnel. The
litter doors recorded an average of 240 flight
hours with an average service time of only 9
months. The vertical fins and forward fairings
recorded an average of almost 1,500 hours each,
and did not experience any problems peculiar to
this region. The baggage doors performed well,
recording an average of approximately 800 hours
prior to being recalled in 1986 (see section 3.4).

2.2.3 Northeast U.S. and Eastern Canada
Region

A total of five operators were originally chosen to
participate in this region, which at the time of
the program inception, was one of the busiest re-
gions for helicopter activity. Four of the opera-

21

posite parts than the other three regions com-
bined (see Table II-D). One operator, Air Logis-
tics, recorded over 46,000 total flight hours on six
aircraft, for an average of 7,708 flight hours per
part. PHI, the second busiest operator (also in
this region), averaged 5,015 hours per part. Each
part in this region averaged five years of service,
recording almost 1000 flight hours per year. In
contrast, the aircraft in the Northeast Region
averaged 519 flight hours per year. The other
two regions (Southwest and Northwest) aver-
aged about 400 flight hours per year. The dra-
matic difference in flight hours is a reflection of
the amount of time the aircraft spent in the air in
the respective regions, as well as a reflection of
the continuous operations of Air Logistics and
PHI over the past 10 years.

The individual parts with the greatest time in
service have operated in this region. Eleven



parts in this region have recorded over 10,000
flight hours. All of these parts are flown on Air
Logistics aircraft. The part with the greatest
amount of flight hours is the forward fairing on
aircraft serial number (S/N) 45449, with 14,687
hours over a period of 10 years. This part is still
in service and is not reported as having any prob-
lems at all. A litter door still in service on air-
craft S/N 45546 has accumulated 13,128 flight
hours also over 10 years. The vertical fin from
S/N 45266, which was recently tested, had re-
corded 11,974 flight hours in almost 12 years of
service. Two baggage doors recorded over 6,700
flight hours prior to their recall - one with Air
Logistics (6,765 hours), and one with PHI
(6,750). The part with the greatest amount of
time in service is the litter door on Air Logistics
aircraft S/N 45266, with 147 months of service
(over 12 years).

Two operators in this region ceased operation
during this program: Commercial and Houston
Helicopters. Three sets were issued to Houston
Helicopters, but only one set was installed. All
three sets were returned to BHTI, with the ex-
ception of two parts which were not located (see
Table II-D). The set which had been installed
was subsequently tested. The other two sets
were issued to other operators for installation on
different aircraft. The set from S/N 45458 was
sent to Air Services International in Arizona, to

replace the parts damaged from a hard landing
on one of its aircraft. However, they did not in-
stall these parts prior to returning all of the parts
for final testing. The other unused set was is-
sued to Air Logistics in Louisiana to replace a set
of parts which were recalled for annual testing
(Reference 3). These parts were installed on S/N
45524, where they accumulated an average of
8,272 flight hours.

2. 3 TOTAL PROGRAM SUMMARY

Flgure 10 represents the final status and distri-
bution of all parts used in this program. Twenty—
four (24) parts are listed with an “unknown” sta-
tus. Nine of the parts were removed by the oper-
ators for various reasons and never re-installed
or located, seven parts were never recovered
after the operators ceased operation, and eight
parts were supposedly returned to BHTI for var-
ious reasons, but never recelved

S1xteen (16) parts are hsted as bemg “destroyed.”
This category includes parts which were da-
maged for various reasons to an extent which
prevented testing or expedient repair. The rea-
sons for these parts being removed from the pro-
gram are listed in Table III

Currently, there are 19 parts still operating at
various locations. All of these parts have been

TABLE IIl. SUMMARY OF DESTROYED PARTS

S/N REGION PART(S) DESCRIPTION

45115 N.W. US. Fin Minor Damage

45609 SW.US. Fin, Baggage Hard Landing

45450 NE.US. Baggage Door Ifnpact Damage

45026 E. Canada All Parts A/C Burned in Hangar Fu‘e

45134 E. Canada Fin Minor Damage

45160 Gulf Coast All Parts Crashed Into Gulf of Mexico

45330 | Gulf Coast Fairing Mid-Air Collision

45331 Gulif Coast Fin Highway Accident During Ground
Transportation

45449 Gulf Coast Fin Minor Damage

[N N Y]
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recalled within the past year but have not been = This represents over 60 percent of all parts origi-
removed from the respective aircraft. A total of nally issued. The results of the test data for
101 parts have been tested during this program. these components are presented in Section 4.
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3. SERVICE EXPERII;NCES

A total of 82 discrepancies were reported on the
160 parts in this program. These reports are
categorized as problems with the composite parts
themselves, and do not include damage to parts
as a result of aircraft incidents which likely
would have destroyed a metal part as well (e.g.,
hard landings, etc.). The problems ranged from
paint cracking to delaminations, and are dis-
cussed for each part below.

3.1 VERTICAL FIN

There were a total of 29 reported problems on the
40 vertical fins. Of these 29 problems, 22 de-
scribed paint cracking on the leading and/or
trailing edges of the fin. This problem was re-
ported frequently throughout each region. Al-
most every operator attributed the paint crack-
ing to the ground handling of the aircraft. In
normal towing situations, a ground crew mem-
ber walks behind the aircraft, balancing the aft
end of the aircraft by holding onto the tail bump-
er (stinger). Additionally, the operator may
grasp the leading or trailing edge for extra sta-
bility. The working of the stinger in the lower
section of the vertical fin, as well as the handling
of the flexible Kevlar leading edge, caused local
paint cracking on the fin. Although the cracking
of the paint on these parts did not degrade the
structure, it did result in additional time re-
quired for painting of these fins. Metal fins may
well have suffered similar paint degradation.

Two fins were reported to have separated trailing
edges. However, it is noted that several other
fins returned for testing showed similar prob-
lems. The aft portion of the fin consists of two
graphite/epoxy face sheets bonded together.
Over a period of time, this bond was found to de-
teriorate, especially in the areas which are han-
dled during towing operations. It is noted that
this damage did not degrade the load carrying ca-
pabilities of the fin, and no repairs were required
for these fins. -

Two vertical fins were reported as being struck
by lightning. A detailed report on the fin from
aircraft S/N 45450 operating in New York is con-
tained in Reference 3. Static tests of this part in-
dicated that there was no structural degradation
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as a result of this lightning strike. The other
lightning-strike fin was recorded on aireraft S/N
45373 in the Gulf of Mexico. This part was visu-
ally inspected at PHI and allowed to continue op-
erations. This fin was recalled as part of the first
annual test process. The test results indicate no
loss in strength due to the lightning strike (Ref-
erence 2).

Only one vertical fin sustained repairable dam-
age during operations. The fin from aircraft /N
45385 operating in the Gulf of Mexico broke loose
from its moorings during high winds in 1982.
The helicopter was blown into a piece of equip-
ment and punctured the vertical fin. The repair
of this fin is outlined in Reference 2. The part
was returned to service and has recorded over
7000 additional flight hours without any addi-
tional problems being reported. This part is still
operating on this aircraft.

Three reports have indicated problems in the
area of the stinger attachment. Two of these re-
ports were for minor cracking, which did not re-
quire any repairs. The cause of this damage was
most likely due to ground handling operations,
previously discussed. The third incident was a
report of a damaged stinger. The stinger is a fila-
ment wound fiberglass tube, which attaches to a
fitting in the lower end of the fin. The stinger on
this aircraft had worn to a flattened area at the
attachment location. The repair was made by ap-
plying three layers of EPON 28 Fiberglass to the
worn area. After curing, the area was sanded
smooth to the original shape, and re-installed
without further incident.

Finally, one operator in Canada noted that the
composite vertical fins became discolored from
engine exhaust more so than the aluminum fins.
Although the parts were easy to clean, it did re-
quire additional effort from the ground mainten-
ance crew.

The vertical fin has had the most positive re-
sponse from all operators, especially those along
the coastlines (Texas, Louisiana and the Nor-
theastern Seaboard). Most of the comments cen-
ter around the corrosion resistance of these com-
posite parts. An operator in Louisiana reported
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that the metal fins are sometimes covered with
patches after about 6 years as a result of
corrosion-related repairs. Additionally, the ver-
tical fin had a significant weight savings over
the metal parts (15%, Reference 1), which at its
position at the aft end of the aircraft, provides a
significant shift forward of the aircraft center of
gravity. Since the LongRanger has an aft c.g.
problem with nose ballast, this gives a multi-
pling effect of the weight savings.

3.2 FORWARD FAIRINGS

The forward fairings have had the fewest report-
ed problems of the four composite parts. Since
this part does not experience high oscillatory
flight loads (such as the vertical fin), and is not
frequently handled (such as the baggage door), it
was not expected to have many service problems.
Only aircraft S/N 45546 reported any damage to
the forward fairing. This part was observed to
have a small crack near the right hand side
Iatch. The damage did not require repair, and
the part continued to record over 10,000 flight
hours. This part was recalled from service and
destructively tested in 1992. The test data from
this part indicates that there was no apparent
loss in strength of this part.

The only other comment frequently received on
this part was regarding use of the fairing as an
antenna base. Many operators generally use this
part as an electrical ground for a HF antenna.
Since the Kevlar fairing is non-metallic, a metal
sheet had to be bonded to the inner surface of the
part. Most operators bonded very thin aluminum
sheets which added a negligible amount of
weight. Although these modifications are minor,
it is a factor which must be considered in manu-
facturing composite components.

3.3 LITTER DOORS

There were twenty-five reported incidents in-
volving the composite litter doors. Four reports
from the Southwest indicated that thermal buck-
ling was occurring on the outer skins near the
windows, causing the windows to break their
seal. The aircraft at this location have been re-
ported to experience external temperatures up to
250° F on comparable metal doors while sitting
on the tarmac. The difference in thermal expan-
sion between the Kevlar skins, and the windows
caused the buckling problem to become apparent
to the operator. A rubber seal was inserted be-
tween the glass and the Kevlar, to allow neces-
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sary expansion to éccur. The litter doors were re-
paired and returned to service where they accu-
mulated approximately 100 additional flight
hours. Reference 2 contains a detailed descrip-
tion of this problem and subsequent repair. It is
noted that this problem was the only environ-
mentally related incident throughout this pro-

gram.

Ten reports indicated that the litter doors had
broken corners at various locations. This prob-
lem was directly related to handling incidents,
and was also evident in the baggage doors. Al-
though this did not cause any reduction in capa-
bility of the door, it did hinder the proper struc-
tural sealing of the door, as well as present aes-
thetic problems. The area which was breaking
was outside of the hat sections, where the face
sheets are bonded together to form the edge. For
production purposes, this problem could be elimi-
nated by locally strengthening the corners with
additional material.

There were four reports of minor cracking in the
local area around the hinge attach points. This
was due to local flexibility at these locations,
which allowed the hinges to be excessively
worked during handling of the door. Of these
four reports, none of the doors were required to
be removed for repair. One of the operators, how-
ever, filled in the area around the attach point
with a metal set to prevent additional cracking.

The most frequent problem with the litter doors
was discovered early in the program, at the time
of door installation. The original hinges used to
attach the litter door to the passenger door were
found to be under-designed. Almost every opera-
tor reported at least one incident of improper fit
with these hinges, or broken hinges within a
short period of time. These parts were replaced
in 1985 with larger hinges which were found to
solve all of the field hinge problems.

The litter door was rarely singled out by the op-
erators as being any different from their metal
counterparts. However, other than the early
hinge problems, and the thermal buckling prob-
lems (which were all rectified), there were no
complaints about the composite litter doors. This
part, however, did represent the largest percent-
age weight savings of any of the four parts (37%,
Reference 1), making it a very attractive compos-
ite application.



3.4 BAGGAGE DOORS

The baggage doors had the poorest service record
of the four components in this study. As a result
of the resin problems discussed in detail in Refer-
ence 3, all baggage doors were recalled from op-
eration in December of 1986. Before that time,
there had been twelve reported cases of extensive
delaminations in these doors. The only other
problem with these doors was with broken cor-
ners, a problem identical to that discussed in the
litter door section. A total of ten cases were re-
ported in which the baggage door corners had
broken (10 separate doors). This problem was
also discussed in Reference 3.

Despite the unsatisfactory performance of these
baggage doors, many of the operators were
pleased with them prior to the recall. The

26

majority of the positive comments referred to
the impact resistance of the Kevlar doors. Bag-
gage doors are often subject to impact loads from
shifting cargo, causing dents in the metal
doors. These dents and scratches may subse-
quently spawn corrosive growth, as well as
present a poor appearance of the door. The
Kevlar doors did not experience any corrosion
problems, and generally did not show dents as a
result of minor impacts. It is noted that one bag-
gage door is still in service in Northeast Canada,
and has recorded almost 4500 flight hours, and
has shown no signs of damage.

Future production considerations should obvi-
ously include a better resin system than that
used on these doors. Additionally, the corners of
the doors should be locally stiffened, as discussed
with the litter doors.



4. COMPONENT TESTING

This section contains all of the test data acquired
for the component testing over the course of this
program. Test data gathered at the time of struc-

tural certification was used to establish the base-

line strength and stiffness values of the four dif-
ferent parts (Reference 1).

4.1 TESTING PROCEDURES

All components were placed in fixtures which du-
plicated their attachment to the actual airframe,

4.1.1 Vertical Fin

‘The vertical fin was attached to a large base

structure, simulating the fin-to-fuselage instal-
lation, as shown in Figure 11. Load was applied
to the fin by incrementally adding lead shot bags
across the surface of the vertical fin, in a manner
similar to an aerodynamic loading. Displace-

“ment was measured at the upper tip of the fin,

using a tube scale. A total of 25 vertical fins
were tested. Failure of every vertical fin oc-

and statically tested to determine strength and  curred approximately 10 inches above the upper

stiffness. The design loads are given in Table IV-

A. The stiffness data presented in this section is
a linear curve fit of applied load vs. deflection at
the point of greatest deflection for each part. Ini-
tial readings were made, followed by increment-
al static loading up to a value of 100 percent of
the design limit load. The parts were then un-
loaded to record residual displacements, if any.
The displacement gauges were then removed,
and the parts were loaded to failure, to determine
the ultimate strength of each part. Each section
below describes in brief detail the testing proce-
dures for each of the four components. A compre-
hensive description of the testing methods is
found in Reference 1.

“set of fuselage attach bolts in bending compres-

sion of the facesheet (Figure 12).

4.1.2 Forward Fairing

Figure 13 displays the test apparatus for the fair-
ing. Due to the shape of this part, aerodynamic
pressure testing had to be conducted using a
vacuum chamber. Deflection measurements
were made at the center of the upper side of the
fairing as shown in Figure 14. The fairing was
found to deflect very little for the design limit
load, thereby making deflection comparisons dif-
ficult. There were two distinet failure modes for
the forward fairings. A total of 23 fairings were

TABLE IV-A. DESIGN LOADS FOR FLIGHT SERVICE COMPONENTS

Vertical Fin Forward Fairing Litter Door Baggage Door
Limit 0.50 PSI 0.20 PSI 0.20 PSI + 0.33 PSI
53.01b Upper Hinge
140.0 Ib Lower Hinge
Ultimate 0.75 PSI 0.30 PSI 0.30 PSI 0.50 PSI
79.5 1b Upper Hinge
210.0 Ib Lower Hinge
Knockdown Factor 1.40 1.62 1.94 1.39
Required Strength* 1.05 PSI 0.49 PSI” 0.58 PSI 0.70
154.0 Ib Upper Hinge
407.0 b Lower Hinge

* Required Strength = Ultimate x Knockdown Factor
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Figure 12. Vertical Fin Static Failure Mode
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Figure 13. Forward Fairing Test Set-Up
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Figure 14. Forward Fairing Deflection Measurement Location
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tested. The first, and most common, was a local
failure around the latches., Approximately five
of the fairings failed along the upper corner radi-
us on the inner surface.

4.1.3 Litter Door

The litter door was attached to a fixture which

simulated attachment to a door frame 051 one
dynamlc loads from the passenger door were in-
troduced as point loads on the aft hinges, and as
distributed loads on the door surface. The point

loads represented the reactions of the hingesasa -

result of the aerodynamic loads on the adjacent
cabin door. Six dial indicators were placed

ure 17). The baggage doors, however, did not re-
quire point loads at the hinges since the baggage
door attaches directly to the airframe on both
sides. Loads were applied to the baggage doors
by applying lead shot bags over the surface of the
door. Displacement was measured at the geo-
metric center of the door. A total of 27 baggage
doors were tested. Several failure modes were
found to occur with this part, and are discussed
in detail in the baggage door test results section
(Sec. 4.2.5).

42 TESTRESULTS

4.2.1 Methodology

around the door as shown in Figure 15. The stift- ~ The baseline strength ‘data were established by

ness data which is reported in this section is from
gauge number 2, located at the center of the door
along the aft edge
greatest deflections for the applied limit load.

This gauge produced the

The failure mode of the l1tter door was found to

be related to the compressive buckling of the in-
ner skin at the center of the door. Under load,
the the inner surface of the door would buckle
slightly under compression, forming a crease at
the center of the door. The door would then de-
flect excessively, pulling the pins out of the fix-
ture, resulting in part failure (see Figure 16).

There were two methods used to determine the
strength of the litter doors. During the certifica-
tion process, four of the doors were tested by in-
crementally increasing the hinge point loads and
the distributed loads beyond 100 percent limit, to
the failure point. This method was also used dur-
ing the 3-year and 5-year test intervals. The sec-
ond method kept the hinge point loads at the 100
percent limit level, and only increased the aero-
dynamic load on the surface of the door. This
method was used in the 8-, 11- and 11.5-year test-
ing intervals. The latter method produces a
higher failure load (point loads plus distributed
loads) since the concentrated load near the at-
tach pins is much lower. All comparisons to
baseline data have been corrected to reflect the
appropriate testing method. It is noted that the
method to determine stiffness was identical for
all litter door specimens.

4.1.4 Baggage Door

The test apparatus for the baggage doors was
similar to that used for the litter doors (see Fig-
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destructively testing five sample parts for each
component. A baseline scatter of the strength

were determined from thlS data (Ref. 1, pe. 64)

~ this basehne scatter v were determmed to have no
measurable change in strength. Baseline stiff-
ness measurements were made on all parts ex-
cept for the vertical fin. These initial stiffness
values were the result of only a single sample for
each component. Therefore, there is no scatter
for which to base subsequent test results.

Tests were conducted at five different intervals
after initial part installation: 3, 5, 8, 11 and 11.5
years. The data for the 3-year testing was report-
ed in Reference 2, and the data from the 5-year
testing was reported in Reference 3. The data for
the 8-year testing is found in Appendix A, and
the data for the 11- and 11.5-year testing is found
in Appendix B. Tables IV-C through IV-F repre-
sent all of the acquired test data for the vertical
fins, forward fairings, litter doors, and baggage
doors, respectively. The information in each ta-
ble includes the laboratory specimen number (or
test data reference source for 3- and 5-year speci-
mens), aircraft serial number, operator and oper-
ating region, service time in both flight hours
and months, and the date at which the part was
tested (used to calculate age of parts). A list of
helicopter operator abbreviations applicable to
these tables can be found on page 32. The test
data in these tables represents the measured fail-
ure load (strength) and the measured stiffness.
Stiffness was calculated based on a linear curve
fit of load versus deflection measured between
zero and 100 percent of limit load. Strength and
stiffness are also tabulated as a percentage of the
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Figure 15. Litter Door Test Set-Up

2-L513

Figure 16. Litter Door Static Failure Mode
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~~ TABLEIV-B. HELICOPTER OPERATOR ABBRIEVIATION KEY

Abbreviation Operator
HOUSTON Houston Helicopters
HELI-VOYAG Heli-Voyageur
ERA ERA Helicopter
ASI Air Services International
PHI Petroleum Helicopters Incorporated
AIRLOG ” Air Logisties
COMM Commercial Helicopters
ISLAND Island Helicopters
TMNS—QUEBEC Trans Quebec Helicopters
RCMP Royal Canadian Mounted Police
COAST GUARD Ministry of Transport Canada
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baseline data (where applicable). It is noted that
several of the parts tested at the 3-year interval
did not have deflection measurements recorded.
The baseline data and required strength for each
part are shown above the respective tables.

Figures 18 through 21 are property retention
plots for the vertical fins, forward fairings, litter
doors and baggage doors, respectively. Each fig-
ure contains 4 plots each. Sub-plots A and B indi-
cate strength and stiffness as a function of re-
corded flight hours. Any deterioration of struc-
tural properties due to repeated flight loads
would be evident on these plots. Sub-plots C and
D indicate strength and stiffness as a function of
the age of the parts. Where applicable, the base-
line data is presented on the plots. The strength
plots contain dashed lines defining the baseline
envelope, and the stiffness plots contain a single
solid line representing the stiffness of the single
component measured prior to initial service. The

strength plots (A and C) also contain a solid line

which indicates the required strength necessary
for certification. Parts with data below this line,
have strength values which have degraded to an
unacceptable point. The data associated with the
four different components are discussed in the
following sections.

4.2.2 Vertical Fin

Twenty-five (25) vertical fins have been destruc-
tively tested during this program: 10 from the
northeast, 8 from the Gulf Coast, 4 from the
southwest, and 3 from the northwest. Since de-
flections were not recorded during the certifica-
tion process, there is no baseline stiffness data to
be used for comparison. Therefore, Figures 18B
and 18D, are plots of the actual stiffness values,
and are not in terms of percent of the baseline.

There is no apparent trend developed which
would indicate vertical fin strength degradation
as a function of either flight hours or part age
(Figures 18A and 18C). For example, two parts
which operated in the gulfcoast region with over
11,500 flight hours and 11.5 years in service,
have shown no loss in strength. Additionally,
there is no evidence which would indicate that
property retention differed between the various
regions. All of the tested vertical fins main-
tained strength values greater than the required
value necessary for certification.

41

Four vertical fins were scanned using a through
transmission squirter technique to determine if
any field damage had occurred prior to destrue-
tive testing (Appendix C). Only one fin was
found to have any noticeable damage (Figure 3A
of App. C). Test data revealed no loss in strength
for this specimen (ML-22). This was expected
since the damage was found near the tip of the
fin, away from the heavily loaded sections.

Since there was no baseline stiffness data record-
ed for the vertical fin, conclusions on stiffness re-
tention are difficult to assess. It is noted, howev-
er, that the two high-time fins from the gulf-
coast, have stiffness measurements greater than
the average of the tested parts. The four parts
with the lowest stiffness measurements (2 from
the southwest, and 2 from the northeast) were
found to have retained strength values within
the baseline scatter.

4,2.3 Forward Fairing

Figure 19A indicates that there was a great deal
of scatter in the strength measurements of the
forward fairings. The data gathered early in the
program have strength values generally below
the baseline scatter (Figure 19C). At the time of
the 8 year testing, the strength data is widely
scattered both above and below the baseline
range. It is noted that none of the points from
this test interval fell within the baseline scatter.
The results from the destructive testing have
shown that the strength of the forward fairing,
even when degraded by almost 50 percent, is well
above the required strength for this part. It is
noted that the non-destructive evaluation of a
random sampling of the fairings found no signs
of field damage (Appendix C).

The stiffness measurements are extremely scat-
tered, ranging from 40 percent of baseline, to al-
most 150 percent of baseline. This wide range of
data is a result of the manner in which stiffness
measurements are collected for this part. At 100
percent limit load, there is generally very little
deflection at the critical location on the forward
fairing. The measurement device (dial indicator)
used during these tests, was not sensitive enough
to register very small amounts of deflection.
Therefore, small deviations in the measured de-
flection from specimen to specimen, resulted in
large differences in recorded stiffness. Itis noted
that between the 8-year and 11-year test inter-
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Figure 18A. Strength vs. Flight Hours
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Figure 18. Vertical Fin Test Data
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Figure 18C. Vertical Fin Test Data
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Figure 18. Vertical Fin Test Data (Continued)
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Figure 19A. Strength vs. Flight Hours
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Figure 19. Forward Fairing Test Data
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Figure 19C. Strength vs. Part Age
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Figure 19. Forward Fairing Test Data (Continued)
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Figure 20A. Strength vs. Flight Hours
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Figure 20. Litter Door Test Data

46



PCT OF BASELINE

Figure 20C. Strength vs. Part Age
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Figure 20. Litter Door Test Data (Continued)
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Figure 21A. Strength vs. Flight Hours
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Figure 21. Baggage Door Test Data
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Figure 21C. Strength vs. Part Age
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Figure 21. Baggage Door Test Data (Continued)
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vals, a new vacuum chamber was manufactured
in which to perform these tests. The stiffness
data between these two intervals is vastly differ-
ent (Figure 19D). The deflections measured with
the newer vacuum chamber were greater than
those measured with the original chamber. The
difference in deflection measurements may very
well have been a function of the two chamber
constructions.

4.2.4 Litter Door

Twenty-six litter doors were returned for testing:
12 from the northeast, 6 from the Gulf Coast, 4
from the northwest, and 4 from the southwest.
Two of the litter doors which were returned were
not tested due to missing hinge pins. Since the
litter doors generally fail by pulling the hinge

pins out of the fixture, it was felt that installing
pins just for the test would affect the resulting
data. One of the doors which was returned was
missing the window in the center of the panel. It
was determined that installing a new window for
the sole purpose of obtaining test data on this
part was not cost effective.

A very high percentage of the tested parts record-
ed strength values well above the original base-
line data (Figures 20A and 20C). It was noted in
a previous section that the doors operating in the
southwest region had experienced thermal buck-
ling problems early in the program. Although
these parts did not record many subsequent
flight hours, there does not appear to be any
property degradation as a function of age (Fig-
ures 20C and 20D, circular symbols). Also, the
door rework to remove the buckles did not sig-
nificantly effect the residual strength or stiff-
ness.

The stiffness retention plots (Figures 20B and
20D) indicate that most of the components had
stiffness values well below the baseline stiffness.
Non-destructive investigation of the litter doors
found that the doors had experienced significant
delaminations in small areas near the edges and
hinges (Appendix C). This local softening of the
structure over a period of time, may have lead to
the reduction in measured stiffness of the litter
door. Additionally, the baseline stiffness (which
is based on only one test component) may not
have been completely representative of the origi-
nal stiffness of this part.
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4.2.5 Baggage Door

A total of 27 baggage doors were tested over the
course of the program. Many of these doors had
significant delaminations at the time of return.
The non-destructive testing reported in Appen-
dix C indicated that two of the four examined
doors had measurable delamination. The two
doors which had no delaminated areas (speci-
mens ML-19 and ML-182), recorded the highest
strength of all of the doors tested during the 8-
year interval.

The strength data indicates that the strength of
the baggage doors degraded significantly over
the course of this program. From Figure 21C, it
is noticed that the three specimens tested at the
5-year interval, and one specimen tested at the 3-
year interval had strength values significantly
greater than the baseline strength. Two distinet
failure modes have been reported in References 1
and 2. The first mode was failure of the metal
hinge, which occurred during the certification
process as well as at the 3-year test interval. The
other mode, which was observed on all specimens
at the 8- and 11-year intervals, was disbonding of
the outer skin from the core. The response of the
structure under static loading is to deflect exces-
sively, resulting in a large crease in the outer
skin. One specimen tested at the 8-year interval
was loaded beyond this point to investigate the
additional load carrying capability of the door
after the disbonding became evident. The part
continued to carry load up to approximately 200
percent of the baseline (see Table IV-D, specimen
ML-52), at which point the creased skin failed
completely. Although the door was found to car-

was felt that the excessive deflection and the
creased skin constituted part failure. It is postu-
lated that this phenomena occurred during the 5-
year test interval, and the failure point was in-
terpreted to be at the much greater load. There-
fore, the data gathered for the baggage doors at
the 5-year interval should be discounted. The
single point taken at the 3-year test interval
which is much greater than the baseline data has
been documented as a hinge failure, thus ex-
plaining the higher strength value.
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5. EXPOSURE COUPON TESTING

5.1 DISCUSSION

This section contains a brief summary of the ex-
posure coupon testing which was conducted in
conjunction with the component testing. This
portion of the program has been monitored by

NASA-Langley, and detailed reports of the test

setup and results can be found in Reference 4.
The following paragraphs have been extracted
from Reference 4 for convenience.

Material test specimens were exposed at five lo-
cations on the North American Continent (Fig-
ure 22). The selected locations are in the general
areas where the composite components were
flown. Each location contains one rack as shown
in Figure 23. The racks were installed in 1980
and contain five trays, each for removal after 1,
3,5, 7, and 10 years of exposure. A tray contains
24 each of tension, short-beam-shear (SBS), and
Illinois Institute of Technology Research Insti-
tute (IITRI) compression specimens and four 2.0-
in-wide specimens to provide information on the

weathering characteristics of each material sys-

tem. The tension, compression, and SBS speci-
mens are painted with a polyurethane paint
(IMIRON)' that is used on the flight service heli-
copters.

The four composite material systems in the
ground exposure program are given as follows:
(1) Kevlar-49 fabric (style 281)/F-185 epoxy
[0/45/0]s ; (2) Kevlar-49 fabric (style 120)/LRF-
277 epoxy [0/90/+45]s ; (3) Kevlar-49 fabric
(style 281)/CE-306 [0/90]; ; and (4) T-300/E-788
[0/+45/0] graphite/epoxy. These material

systems correspond to those used for the litter
door, baggage door, forward fairing, and vertical
fin, respectively.

5.2 RESULTS

Figures 24a through 24¢ indicate the various
property retention characteristics of the different
material systems. The data indicates that the
Kevlar-49/LRF-277 material has the lowest com-
pressive and short-beam-shear strength of the
four systems (Figures 21a and 21b ). It is noted
at the 7-year test interval, the Kevlar-49/F-185
and T-300/E-788 materials fell to a value of 93
percent, which was slightly below the lower edge
of the baseline scatter. The residual tension
strength of all material systems equals or ex-
ceeds the baseline strength (Figure 21c).

5.3 COMPARISONS TO COMPONENT
TEST RESULTS

The problems associated with the matrix system
used to manufacture the baggage doors with the
Kevlar-49/LRF-277 material are apparent in
both the component and coupon testing. The dis-
bonding of the facesheets and the core by the
components, lead to degraded strength on almost
every part. Similarly, the compressive and shear
strengths (matrix-dominant properties) of the
coupons for this system degraded a significant
amount. The retention of properties by the cou-
pons produced from the other material systems
agrees with the property retention of the vertical
fins, litter doors and fairings.

7 IMIRON: Trademark of E. I. du Pont de Nemours & Co., Inc.

51



Cameron, LA

/A

Ofishore oil platiorm

Figq;'e 22. Distribution Mép of Exposure Coupons

52

Hampton, VA

IR



y}oey 159, uodno)) aansodxy -

£ dandyy

15913

53



G VO R B R T B T B A I I [ O O 1 A A O

suodno)) aansodxq jo yjBuarig [enpisey pg oandyy

b i i “ ik ! i ; .
i | | m __ ﬁ,, o N y
W A ) " ¥
| S o | | SR
i THER I . SN
5 i ﬁ ¢ siedh ‘awn dunsodx3
, P | , ; 3‘
| pueq 13J1eds sulaseq 3 ﬁ o.p w o rp co AR
Axods ggz-g/enydesb gog-L o %_, {1  buiaseq

?a%mmv&:mﬁu_.ﬁ:s_%z_u .S.;:eaa_
Axoda 172-4471(021) duqe; lejaay v | 1 ‘wbusns
fxode 90g-30/(182) duqey tenoy O | jlenpisay

uoisuaj -

siedh ‘awn ainsodxg , | ~ sJedh ‘awny aunsodx3 ww
0.8 9 ¥ 2 0 0L 8 9 v T 0

] | ,T:__wv.mn
: SN | 10v | juediad
. | 1 'Yyybuans
K % 3 x108 j|enpisay

i
,
i
|
|
_
!
_
i
|
|
i

° _
'

-4

U .
]

leays weaq 3io0ys -q uoissaidwo) ‘e

54



6. CONCLUSIONS

A total of 160 flight components were installed
on 40 aircraft, and accumulated 490,000 total
flight hours over a period of almost 13 years. The
part with the greatest number of flight hours
was a forward fairing operating in the Gulf of
Mexico Coastal Region, with over 14,000 hours.

The following conclusions are drawn from the
evaluation of the four selected helicopter compo-
nents fabricated of different composite materials
and subjected to various field environments in
four regions of North America. The operating re-
gimes were represented by 20 operators over a
12-year period.

6.1 FIELD ENVIRONMENTAL EFFECTS

The study has indicated that, in general, compos-
ite materials subjected to normal environmental
conditions can retain structural characteristics
(strength and stiffness) over a significant period
of time (at least 10 years).

Composite materials, as compared to metal, were
shown to be significantly less affected by corro-
sion; in fact, corrosion was essentially nonexis-
tent on the composite parts studied in this pro-

gram.

Limited data has indicated that composites may
survive lightning strike when provided with an
adequate means of grounding.

Composite materials were shown to present oper-
ational problems when directly bonded to parts
with significantly different coefficients of ther-
mal expansion (Kevlar to plexiglass). An inter-
mediate bonding layer (rubber) was found to
solve this problem.

6.2 MATERIAL EFFECTS

Three of the four material systems chosen for
this study displayed adequate capabilities to op-
erate in normal environmental conditions with-
out undue degradation. One Kevlar component

fabricated with LRF-277 epoxy was found to suf-

55

fer significant delaminations. However, this res-
in system was found to be unacceptable for pro-
duction usage and was never used outside of an
experimental program.

6.3 REGIONAL EFFECTS

The study has shown no major differences in
structural characteristics or other effects be-
tween the four operating regions.

6.4 OPERATIONAL DURATION (FLIGHT
HOURS)

There was no evidence that the structural capa-
bilities of the four components was adversely af-
fected with the accumulation of flight hours.

6.5 COMPONENT AGE

The age of the parts was not shown to affect the
property retention capabilities of the four select-
ed components.

In summary, this program has demonstrated
that composite materials are viable for helicopter
operations in various environments, and in some
cases, provide significant advantages over metal
parts.
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26 May 1989
Memo To: Scott Smith
Copy To: Henry Wilson,
Lab Files
Subject:  FIELD SERVICE EVALUATION OF COMPOSITE COMPONENTS

References: (a) BHTI Report No. 599-335-063, "206L Composite Components
Stiffness and Static Tests"”
(b) BHTI Report No. 599-098-015, "Structural Tests of the
599-335-048-1 Composite Vertical Fin Assembly for the
Model 206L and 206L-1"
(c) BHTI Engineering Laboratory Notebook N86-117

INTRODUCTION

This report presents the results of static tests conducted to determine the
structural quality of four composite components of the Model 206L helicopter.
A total of forty-nine parts were received for test; twenty 599-335-054-101
baggage doors, eleven 599-356-001-101 1itter doors, nine 599-335-068-101
forward fairings, and nine 599-355-048-1 vertical fins were tested under
simulated aerodynamic loading. Two 599-356-001-101 litter doors were missing
droduction hardware and mounting points and were not tested.

Testing was conducted in a manner similar to that used in two previous
programs, Ref. (a) and (b). In each test a specimen was mounted in a test
fixture, and loads were applied evenly over one surface of the specimen.
Methods of applying the loads are discussed in Ref. (a) and (b). The loads
were reacted at normal aircraft attachment points using production hardware.

Testing was conducted in the Structural Test Laboratory of Bell He]ipopter
Textron, Inc., Fort Worth, Texas, between January 16, 1989, and April 14,
1989. A1l test data can be found in Ref. (c).

RESULTS

The results of static tests of 47 specimens are presented in Table I.
Deflection data is presented in Tables II, III, IV and V. Dial indicator
‘ocaticns are as described in Ref. (a) and (b). Dial indicator sumber 5 was
the only dial indicator used on the 599-335-054-101 baggage door and the 599-
335-068-101 fairing assembly.

PRECEDING PAGE BLANK NOT FILMED
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TEST SPECIMEN

A detailed description of the 599-335-054-101 baggage door, the 599-356-001-
101 litter door, and the 599-335-068-101 forward fairing are presented in the
Test Specimen section of BHTI. Report No. 599-335-063, Ref. (a). A
description of the £599-335-048-1 vertical fin is presented in the Test
Specimen section of BHTI Report No. 599-098-015, Ref. (b).

APPARATUS AND METHOD = -~

Twenty specimens of the 599-335-054-101 baggage doors, nine of the 599-356-
001-101 litter doors, and nine 599-335-068-101 forward fairings were tested
under simulated aerodynamic loading using the methods described in BHTI
Report No. 599-335-063, Ref. (a). ~ o o

Nine specimens of the 599-335-048-1 vertical fin were tested under simulated
aerodynami? ;oading using the methods described in BHTI Report no. 599-098-
015, Ref. (b). T e T o

fog ARy

Larry A. King, Sr,fTestrEzgiqgg;j .
Structural Test Design & Coordination
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Chris Whitlock, Test Engineer
Structural Test Design & Coordination
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. Slack, Group Engineer
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TABLE I. SUMMARY OF TEST RESULTS OF COMPOSITE COMPONENTS

[ FATLURE LOAD

FAILURE LOAD

HINGE PoInTA|
LOADS (LBS)

COMPONENT SERIAL NO. LBS/INZ LIMIT LOAD
UPPER | LOWER
599-356-001-101 ML-A83 .594 2.97 157 420
Litter Door ML-6 1.518 7.59 0 0
Area = 1,153 in2 ML-141 .781 3.90 53 140
Limit Load = .20 psig| ML-142 1.366 6.83 53 140
ML-4 1.127 5.64 53 140
ML-A5 1.236 6.18 53 140
ML-143 1.214 6.07 53 140
ML-A84 1.258 6.29 53 140
ML-400 1.258 6.29 53 140
599-335-054-101 - ML-111 .495 1.50
Baggage Door ML-52 1.365 4,14
Area = 876 in2 ML-13 371 1.12
Limit Load = .33 psig| ML-185 .571 1.73
ML-122 .485 1.47
ML-A82 .542 1.64
ML-A81 .599 1.82
ML-186 .457 1.38
ML-181 .457 1.38
ML-184 .428 1.30
ML-183 .685 2.08
ML- 182 .713 2.16
ML 112 .548 1.66
ML-51 .542 1.64
ML-19 .599 1.82
ML-121 .485 1.47
ML-401 .542 1.64
ML-402 .542 1.64
ML-403 .428 1.30
ML-404 .599 1.82
599-335-068-101 ML-A3 2.70 13.5
Forward Fairing ML-AO1 2.80 14.0
Limit Load = .2 psig ML-1 2.46 12.3
ML-A4 2.11 10.6
ML-16 3.68 18.4
ML-2 3.44 17.2
HL-A2 3.73 18.7
ML-3 3.68 18.4
ML-15 3.93 19.7
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TABLE I. SUMMARY OF TEST RESULTS OF COMPOSITE COMPONENTS

(Concluded)

FAILURE LOAD

FAILURE LOAD

HINGE POINTZSJ

LOADS (LBS)

COMPONENT SERIAL NO. LBS/IN2 LIMIT LOAD
UPPER | LOWER
599-335-048-1 ML-10 1.39 2.78
Vertical Fin ML-24 1.44 2.88
Area = 1,387 in2 ML-08 1.48 2.96
Limit Load = .5 psig ML-20 1.50 3.00
ML-21 1.57 3.14
ML-23 1.41 2.81
ML-17 1.49 2.98
ML-22 1.49 2.98
ML-9 1.49 2.98

sz& Hinge point 1oad§ on 7spe

cimen ML-A83 wére maintained at the same

percent of limit as the distributed loads while loading to failure.
Specimen ML-6 hinge point loads were zero while loading to failure.
For the balance of the specimens, the point loads were maintained at
100% of 1imit values while loading to failure.

1 mm

[
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TABLE II. SUMMARY OF DEFLECTION TEST RESULTS FOR THE 599-335-054-101
COMPOSITE BAGGAGE DOOR

" DEFLECTION (INCHES) A\
SERIAL NO. PERCENT LOAD

0 20 40 60 80 100 20

_ ML-111 0.0 173 .363 .559 | .81l | 1.084 | .264
ML-52 0.0 .173 .364 .567 969 | 1.343 | .557
ML-13 0.0 .224 .579 .894 | 1.292 | 1.626 .331
ML-185 0.0 144 .352 .609 .896 | 1.115 .248
ML-122 0.0 .183 .405 .616 .867 | 1.292 | .545
ML-A82 0.0 .172 .434 .647 944 | 1.584 | .352
ML-A81 0.0 .147 .326 .516 .778 | 1.166 | .323
ML-186 0.0 .159 .323 .524 811 | 1.200 | .291
ML-181 0.0 .209 .437 .670 944 | 1.243 | .326
ML-184 0.0 .099 .275 .504 .804 | 1.254 | .224
ML-183 0.0 .162 .331 .547 .753 | 1.002 | .291
ML-182 0.0 112 .377 .578 812 | 1.110 | .291
ML-112 0.0 .207 .422 .658 | 1.041 | 1.315 | .350
ML-51 0.0 .170 .332 .520 .735 | 1.009 .223
ML-19 0.0 171 .385 .552 791 | 1.080 | .295
ML-121 0.0 .112 .320 .530 .798 | 1.170 | .226
ML-401 0.0 .150 .345 .569 .858 | 1.319 .323
ML-402 0.0 .141 .338 .526 .907 | 1.416 | .236
'ML-403 0.0 .152 .344 .587 .963 | 1.313 .265
ML-404 0.0 .186 .408 .620 .962 1.241 .356

425 Onily dial indicator No. 5 as described in Ref. (a) was used.
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TABLE III. SUMMARY OF DEFLECTION TEST RESULTS FOR THE 599-356-001-101
COMPOSITE LITTER DOOR

DEFLECTIONS (INCHES)
SERIAL LOAD DIAL INDICATOR NO.
NO. % LIMIT
l 2 3 4 5 6
ML-A83 0 0 0 0 0 0 0
20 .027 .051 .028 .036 .010 .001
40 .054 .096 .037 .088 .028 -.005
60 077 .135 .048 117 .045 .006
80 .097 .175 .064 .115 .058 .014
100 .104 .208 .074 .128 .066 .026
20 .043 .064 .035 .083 .038 .004
ML-6 0 0 0 0 0 0 0
20 .057 .040 .015 0 .010 .036
40 .076 .080 .023 .002 .018 .056
60 .088 .119 .026 .005 .013 .066
80 .097 .149 .025 .011 .034 .081
100 .100 .186 .028 .020 .038 .092
20 .097 .054 .019 .005 .020 .042
ML-141 0 0 a 0 0 0 0
20 .039 .C17 .041 .011 .007 .008
40 .065 .072 .067 .021 .015 .011
60 .070 .115 .079 .024 .024 .025
80 .074 .160 .091 .026 .038 .035
100 077 .204 .100 .028 .048 .049
20 .061 .040 .048 .010 .011 .014
ML-142 0 0 0 0 0 0 0
20 .019 .044 .024 .003 .006 .008
40 .048 .090 .042 .005 .014 .022
60 .075 .135 .058 .005 .025 .050
80 .094 177 .074 .004 .031 -066
100 .109 216 .088 .008 .032 .085
20 .046 .072 .037 0 .017 .035
ML-4 0 0 0 0 0 0 0.
' 20 .002 .016 .012 .012 .001 010
40 .008 .045 .025 .019 .006 .018
60 .017 .082 .037 .023 .010 .037
80 .027 .122 .049 .024 .016 .054
100 .036 .161 .064 .024 .020 .073
20 .029 .040 .023 .019 .008 .018

L R S B I INY | [ILNT]
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TABLE IIT. SUMMARY OF DEFLECTION TEST RESULTS FOR THE 599-356-001-101
COMPOSITE LITTER DOOR

(Concluded)
DEFLECTIONS (INCHES)
SERIAL LOAD DIAL INDICATOR NO.
NO. % LIMIT
1l 2 3 4 5 6

ML-A5 0 0 0 0 0 0 0
20 .045 .062 .039 .002 .009 .015
40 .075 .110 .061 0 .031 .047
60 .092 .145 .072 .005 .037 .079
80 .107 .184 .084 .006 .053 .089
100 .120 .216 .094 .016 .057 .099
20 .053 .078 .051 .006 .028 .047

ML-143 0 0 0 0 0 0 0
20 .048 .064 .039 .002 .005 .007
40 .093 .122 .055 0 .010 .019
60 117 .166 .067 0 .018 .040
80 .132 .207 077 -.001 .027 .066
100 .147 .251 .089 0 .036 .080
20 .061 .083 .047 -.002 .006 .018

ML-A84 0 0 0 0 0 0 0
20 .020 .047 .336 .002 .005 .004
40 .052 .088 .049 .005 .010 .010
60 .075 .131 071 .005 .019 .033
80 .092 .169 .084 .004 .030
100 .105 .204 .095 .003 .037
20 .032 .062 .047 -.002 017

ML-400 0 0 0 0 0 -0 0
20 .018 .051 .030 012 007 .005
40 .056 .105 .047 .011 .016 .016
60 .080 .150 .055 .008 .021 .030
80 .095 .186 .060 .009 .026 .052
100 .106 .225 .068 .010 .032 .058
20 .086 .09%4 032 .005 .013 .020

A\ Dial indicator bottomed out after 60% Toad.

A-7
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TABLE IV. SUMMARY OF DEFLECTION TEST RESULTS FOR THE 599-335-068-101
COMPOSITE FAIRING ASSEMBLY

DEFLECTION (INCHES) /1N
SERIAL NO. PERCENT LOAD
0] 2 | 4 | 60 | s | 100 | 125 | 150 | 200
ML-A3 0 |-.003-.001{ .024 | .047 | .065 | .074 | .112 | .156
ML-201 | o 0 0 | .003{ .033 | .048 | J075 | _115 | ‘194
ML-1 0 0 0 0 | .003 | .023 )| 047 | J073 | (123
ML-A4 0 0 o | .o18 | .050 | .075 | Jo98 | 122 | (172
ML-16 0 0 | .018 | .019 | .oag | 073 | 090 | (108 | 146
ML-2 0 | .006 { .016 | .039 | -056 | .069 | .109 | 128 | _1so
ML-A2 O | .024 | 034 | .059 | 074 | 086 | .114 | (134 |  1isa
ML-3 0 | .020 | .035 | .052 | -070 | .092 | -119 | 150 | 200
ML-15 0 | .026 | .0a1 | .066 | .087 | .103 | 136 | 181 | 240
Zi& Only dial indicator No. 5 as described in Ref. (a).
TABLE V. SUMMARY OF DEFLECTION TEST RESULTS FOR THE 599-335-048.1
COMPOSITE CERTICAL FIN ASSEMBLY
DEFLECTION (INCHES)
SERIAL NO. PERCENT LOAD
0 20 a0 60 80 | 100 | 125 | 150
ML-10 0 .54 | 1.03 | 1.55 | 2.15 | 2.75
ML-24 0 ‘a2 .85 | 1.31 | 185 | 2°30
ML-8 0 .38 .84 | 1.25 | 180 | 223
ML-20 0 .28 .85 | 1.20 | 1.55 | 1.95
ML-21 0 49 | 1.10 | 1058 | 1291 | 2788
ML-23 2 .50 65 | .85 | 1.15 | 1.45 | 1.95 1 2.4G
ML-17 0 .28 53 | 1.13 | 1.46 | 1.78 | 2.a8 | 2088
ML-22 0 .20 45 | 1.20 | 1.35 | 1075 | 2030 | 2060
ML-9 0 230 75 | 1.25 | 2.30 | 3.30 | 3090 | 4 75
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MEMO TO: H. Wilson

COPY TO: H. Lawton, Lab Files
SUBJECT: FIELD SERVICE EVALUATION OF COMPOSITE COMPONENTS

REFERENCES: (a) BHTI Report No. 599-335-063, "205L Composite Components
Stiffness and Static Tests* ,

(b) BHTI Report No. 599-098-015, "Structural Tests of the
599-335-048-1 Composite Vertical Fin Assembly for the
Model 206L and 206L-1"

(c) BHTI Report No. 20681M-236, "Field Service Evaluation of
Composite Components”

(d) BHTI Report No. 20682M-109, “Field Service Evaluation of
Composite Components"

(e) BHTI Report No. 0032M-128, “"Field Service Evaluation of
Composite Components"

(f) BHTI Report No. 20685M-038, "Field Service Evaluation of
Composite Components"

(g) BHTI Report No. 20689M-018, "Field Service Evaluation of
Composite Components” ’

(h) BHTI Engineering Laboratory Notebooks N86-117, N92-11,
N86-109, and N90-39

INTRODUCTION

This report presents the results of static tests conducted to determine the
structural quality of four different composite components of the Model 206L
helicopter. These tests were part of the NASA Flight Service Evaluation
Program (Contract NAS1-15279) to certify these components for use on the M206L
helicopter. The objective of these tests is to obtain static stiffness and
strength data on these parts after an extended period of time in service.
Thirty-three parts were received from the field for test, a total of thirty-
two parts were tested; ten 599-356-001-101 litter doors, one 599-335-054-101
baggage door, ten 599-335-068-101 forward fairings, and eleven 599-355-048-1
vertical fins were tested under simulated aerodynamic loading. One 599-356-
001-101 litter door was missing the window and was not tested.

Testing was conducted in a manner similar to that used in three previous
programs, References (a) through (g). In each test a specimen was mounted in
a test fixture, and loads were applied evenly over one surface of the
specimen.. Methods of applying the loads are discussed in References (a) and
(b). The 1loads were reacted at normal aircraft attachment points using
production hardware.

Testing was conducted in the Structural Test Laboratory of Bell Helicopter
Textron, Inc., Fort Worth, Texas, between June 12, 1989, and September 28,
1992. All test data can be found in Ref. (h).

- PRECEDING PAGE BLANK NOT FiLe
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RESULTS

The results of the static test of 32 specimens are presented in Table I.
Deflection data is presented in tabular form in Tables II, III, IV and V and

graphical form in Figures 1 through 15, Dial indicator 1locations
described in References (a) and (b), and shown in Figures 16 and 17.

are
Dial

indicator number 5 was the only dial indicator used on the 599-335-054-101
baggage door and the 599-335-068-101 fairing assembly.

It is concluded that the results pr
of the composite parts tested. :

CONCLUSION

esented in this report are representative

It is further concluded that fhe time in service did not reduce the strength
of the composite parts. The failure loads presented in Table I were slightly
higher for the l1itter doors and baggage doors and slightly lower for the

forward fairing and vertical
baseline specimens presented in Reference (c).

TEST SPECIMEN

fin than the failure loads of the original

A detailed description of the 599-335-054-101 baggage door, the 599-356-001-
101 litter door, and the 599-335-068-101 forward fairing are presented in the

Test Specimen section of BHTI Report No. 599-335-063, Ref. (a).

A description

of the 599-335-048-1 vertical fin is presented in the Test Specimen section of

BHTI Report No. 599-098-015,

Eleven specimens of the 599-356-001-101

Ref. (b).

APPARATUS AND METHOD -

)3-356-0 litter doors, one 599-335-054-101
baggage door, and ten 599-335-068-101 forward fairings were tested under

simulated aerodynamic loading using the methods described in BHTI Report No.

599-335-063, Ref. (a).

Eleven specimens of the 599-335-048-1 vertical fin were tested under simulated
aerodynamic loading using the methods described in BHTI Report No. 599-098-

015, Ref. (b).

CHECKED:

Chris whiélock 7

Test Engineer g
Structural Test Laboratory

APPROVED:
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Jotin R. Slack
Group Engineer
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TABLE I SUMMARY OF TEST RESULTS OF COMPOSITE COMPONENTS

COMPONENT SERIAL NO. FAILURE LOAD F
(LBS/INZ) LIMIT LOAD
599-356~001-101 ML-502 1.27 6.33
Litter Door
Area = 1,153 in® ML3D L17 585
Limit Load = 0.2 Psig ML-BO1 1.37 6.33
Upper Hinge Point Limit Load = 140 Lb
Lower Hinge Poist Limit Load = 53 Lb ML BO2 1.15 5.75
Hinge Point Loads Maintained At Limi Load
While Losding To Fadiure. ML 5% 091 435
ML -BO4 0.98 438
ML-BOS 095 477
ML B0S 074 3.70
MLC05 WINDOW MISSING -
ML-DO3 1.13 5.64
ML-DO4 128 $40
§99-335-054-101 ML-BO7 0.64 1.95
Baggage Door
Area = 876 in?
Limit Load = 0.33 psig
§99-335-068-101 ML-500 3.00 15.0
Forward Fairing
Limit Load = 0.20 psig L= £ 179
ML-BO1 2.75 13.0
ML-B02 2.46 12.3
ML-CO1 3.4 15.7
ML-CD 246 123
ML-C0 3.09 15.5
ML-C04 2.90 14.5
ML -DO1 2.11 10.6
MLDDR —2:25 13
§99-335-048-001 ML-504 1.67 333
Vertical Fin oo
Area = 1,387 im? ML-B01 1.41 2.31
Limit Load = 0.5 psig ML-BC2 1.19 238
ML B3 1.28 2.56
ML B0 1.3 245
i . ML-C06 1.55 .11
ML-C07 1.62 325
ML-CU8 1.34 2.68
MO0 1.57 3.15
MLDGS 1.39 2.78
__MLD0S 1.08 2.16

B-3
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~ TABLEIL SUMMARY OF TEST RESULTS FOR THE 599-356-001-101

PERCENT DEFLECTIONS (INCHES)

SERIAL LIMIT DIAL INDICATOR NUMBER [1]
NUMBER | LOAD DI 1 DI 2 DI 3 DI 4 DI 5 DI 6
1ML-502 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.003 0.034 0.016 0.033 0.017 -0.003
40 0.018 0.087 0.044 0.039 0.027 -0.006
60 0.038 0.128 0.060 0.061 0.041 -0.002
80 0.055 0.168 0.068 0.072 0.051 0.008
100 0.069 0.208 0.076 0.082 0.062 0.014
20 0.015 0.057 0.040 0.072 0.034 -0.002
ML-503 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.011 0.042 0.023 0.000 0.011 0.022
40 0.044 0.093 0.043 -0.002 0.019 0.032
60 0.070 0.142 0.063 -0.002 0.023 0.042
80 0.092 0.189 0.078 0.003 0.024 0.065
100 0.109 0.235 0.091 0.005 0.027 0.083
20 0.033 0.063 0.034 -0.002 0.016 0.027
ML-BO1 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.027 0.059 0.042 -0.008 0.023 0.001
40 0.047 0.112 0.062 -0.013 0.034 0.037
60 0.066 0.157 0.074 -0.016 0.044 0.056
80 0.081 0.192 0.084 -0.017 0.051 0.066
100 0.092 0.227 0.092 -0.018 0.058 0.074
20 0.043 0.078 0.048 -0.003 0.037 0.035
ML-B02 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.022 0.052 0.032 0.004 0.007 0.000
40 0.042 0.104 0.058 0.018 0.010 -0.006
60 0.057 0.134 0.067 0.030 0.021 -0.009
80 0.070 0177 0.074 0.047 0.030 0.004
100 0.082 0.217 0.085 0.045 0.036 0.006
20 0.026 0.060 0.031 0.049 0.018 -0.006
ML-B03 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.028 0.058 0.039 0.008 0.000 0.006
40 0.048 0.105 0.064 0.012 0.013 0.019
60 0.069 0.153 0.080 0.016 0.020 0.022
. 80 0.087 0.194 0.088 0.022 0.030 0.029
100 0.105 0.244 0.097 0.033 0.036 0.050
20 0.047 0.078 0.049 0.026 0.006 -0.001

[1] Dial indicator locations are shown in Figure 16
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TABLE II. SUMMARY OF TEST RESULTS FOR THE 599-356-001-101
M206L. COMPOSITE LITTER DOOR

(concluded)
DEFLECTIONS (INCHES)

SERIAL |PERCENT _ DIAL INDICATOR NUMBER [1}]

NUMBER | LIMIT DI 1 DI 2 DI 3 DI 4 DI § DI 6
LOAD

ML-B04 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.015 0.054 0.034 -0.003 0.000 0.009
40 0.030 0.114 0.067 -0.007 0.010 0.018
60 0.054 0.160 0.079 -0.007 0.016 0.028
80 0.069 0.205 0.087 -0.005 0.021 0.036
100 0.092 0.256 0.091 0.001 0.028 0.044
20 0.054 0.091 0.051 0.002 0.006 0.015
ML-BO5 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.028 0.055 0.043 -0.005 0.008 0.007
40 0.056 0.099 0.054 -0.010 0.018 0.018
60 0.071 0.142 0.072 -0.014 0.026 0.027
80 0.087 0.179 0.082 -0.016 0.031 0.026
100 0.093 0.203 0.087 -0.012 0.034 0.050
20 0.036 0.069 0.051 -0.004 0.013 0.013
ML-B06 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.058 0.089 0.054 -0.008 0.011 0.012
40 0.082 0.140 0.076 -0.011 0.019 0.025
60 0.102 0.181 0.086 -0.013 0.025 0.041
80 0.122 0.232 0.097 -0.015 0.032 0.047
100 0.131 0.272 0.105 -0.012 0.038 0.057
20 0.068 0.103 0.063 -0.006 0.017 0.022
ML-D03 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.035 0.067 0.070 -0.006 0.009 0.017
40 0.060 0.125 0.097 -0.007 0.021 0.016
60 0.090 0.186 0.111 -0.008 0.024 0.028
80 0.103 0.231 0.123 -0.015 0.035 0.031
100 0.111 0.267 0.131 -0.006 0.035 0.056
_ 20 0.056 |  0.086 0.077 -0.008 0.066 0.016
ML-D04 0 0.000 0.000 0.000 0.000 0.000 0.000
20 0.051 0.059 0.026 -0.006 0.027 0.054
40 0.093 0.109 0.036 -0.008 0.036 0.064
60 0.120 0.155 0.046 -0.006 0.042 0.073
80 0.139 0.192 0.056 -0.007 0.044 0.093
100 0.166 0.239 0.064 -0.007 0.051 0.107
20 0.054 0.065 0.027 -0.003 0.032 0.052

[1] Dial indicator locations are shown in Figure 16
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TABLE III. SUMMARY OF DEFLECTION TEST RESULTS FOR THE
599-335-054-101 COMPOSITE BAGGAGE DOOR
SERIAL | DEFLECTION OF DIAL INDICATOR NO § (INCHES) [1] ‘
NUMBER PERCENT LIMIT LOAD
0 [ 20 40 60 80 100 125
ML-BO7 | 0.000] 0.190| 0436| 0654 0913] [2] 21 |
[1] Dial indicator locations are shown in Figure 16 - N N
[2] No measurement taken
' TABLEIV. SUMMARY OF DEFLECTION TEST RESULTS FOR THE
~ 599-335-068-101 COMPOSITE FAIRING ASSEMBLY
SERIAL DEFLECTION OF DIAL INDICATOR NO 5 (INCHES) [1]
NUMBER PERCENT LIMIT LOAD
0 20 40 60 80 100 125 150 200

ML-500 0000| 0005{ 0032| 0062 0097 0.109| 0132 0.152| 0.207
ML-501 0000| 0.010{ 0040| 0.075| 0100} 0.120| 0140} 0.165| 0.205
ML-BO1 0000} 0035| 0070 0092 0.113! 0230| 0.265{ 0305| 0380
ML-B02 0000| 0040| 0075 0105| 0135} 0.173| 0215| 0305 | 0355
ML-CO1 0000{ 0054| 0087] 0105 0127 0139 0.160| 0.186| 0.217
ML-C02 0000| 0060} 01334 | 0161 | 0203| 0230 0256} 0275 | 0344
ML-C03 0000} 0018 0044 ) 0071 | 0.087| 0.107| 0127 0.145| 0205
ML-C04 0000} 0021 0056} 0083} 0.137| 0.165] 0238 | 0262 0.298
ML-DO01 0000 0022| 0047) 0067 0092| 0.115| 0139} 0.207 | 0.256
ML-D02 0.000{ 0011} 0024} 0039| 0059| 0078} 0130} 0.191 | 0.235
[1] Dial indicator locations are shown in Figure 17 7 -

- TABLEV. SUMMARY OF DEFLECTION TEST RESULTS FOR THE

599-335-048-101 COMPOSITE VERTICAL FIN ASSEMBLY

SERIAL DEFLECTION (INCHES) [1]
NUMBER | _ PERCENT LIMIT LOAD
0 20 40 60 0 100 | 125 | 150

ML-504 | 0000| 0450| 1.000 | 1.450| 1.850| 2.600| 3.200 | 3.600
ML-BO1 | 0000| 0300 0650 1350) 1.750( 2300| 2.900| 3.650
ML-B0O2 | 0000| 0320| 0600| 1150| 1450| 1.950{ 2500 | 2930
ML-B0O3 | 0.000| 0200| 0650| 1200| 1.600{ 2.000| 2200 2700
~ML-B0O4 | 0000| 0300| 0750| 1300 1.750| 1.850| 2350 2.950
ML-CO6 | 0.000| 0250| 058 | 0.750| 1.000| 1350 2.100| 2600
ML-CO7 | 0.000| 0350| 0750 1000| 1450| 1.700{ 2.050 | 2550
ML-CO8 | 0.000{ 0350( 0500 1.000| 1250| 1.870| 2400 | 2940
ML-CO9 | 0.000| 0400| 0750 0900| 1250| 1.750| 2.100| 2.550
ML-DOS | 0000| 0250| 0650| 0830 1.150{ 1500{ 1.900| 2280
ML-DO6 | 0000] 0270 0750 | 1.020| 1320 1720 2220 2700
[1] Tube Scale locations are shown in Figure 17
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FIGURE 1
Dial Indicator Deflections for the 599-356-001-101 M206L

Composite Litter Door, S/N ML-502, Reference Figure 15
for the Dial Indicator Locations.
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FIGURE 2
Dial Indicator Deflections for the 599-356-001-101 M206L
Composite Litter Door, S/N ML-503, Reference Figure 16
for the Dial Indicator Locations,
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FIGURE 3
Dial Indicator Deflections for the 599-356-001-101 M206L
Composite Litter Door, S/N ML-BOl, Reference Figure 16
for the Dial Indicator Locations.
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FIGURE 4

Dial Indicator Deflections for the 599-356-001-101 M206L
Composite Litter Door, S/N ML-B02, Reference Figure 16
for the Dial Indicator Locations.
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FIGURE 5

Dial Indicator Deflections for the 599-356-001-101 M206L

Composite Litter Door, S/N ML-B03, Reference Figure 16
for the Dial Indicator Locations.
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FIGURE 6

Dial Indicator Deflections for the 599-356-001-101 M206L
Composite Litter Door, S/N ML-B04, Reference Figure 16
for the Dial Indicator Locations.
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FIGURE 7

Dial Indicator Deflections for the 599-356-001-101 M206L
Composite Litter Door, S/N ML-B05, Reference Figure 15
for the Dial Indicator Locations.
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- FIGURE 8

Dial Indicator Deflections for the 599-356-001-101 M206L
Composite Litter Door, S/N ML-B06, Reference Figure 16
for the Dial Indicator Locations.
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FIGURE 9
Dial Indicator Deflections for the 599-356-001-101 M206L
Composite Litter Door, S/N ML-DO03, Reference Figure 16
for the Dial Indicator Locations.
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FIGURE 10
Dial Indicator Deflections for the 599-356-001-101 M206L

Composite Litter Door, S/N ML-D04, Reference Figure 16
_ ~ for the_D1aﬁ Indicator Locations.
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FIGURE 11

Dial Indicator Number 5 Deflections for the 599-335-054-101 M206L

Composite Baggage Door, S/N ML-B0O7, Reference F1gure 16
for the Dial Indicator Llocation.
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FIGURE 12

' Dial Indicator Number 5 Deflectjons for the 599-335-068-101 M206L

Composite Fairing Assembly, S/N's ML-500, ML-501, ML-BO1, ML-B02,
J%d ML-CO1, Ré#erence igure 17 for Dial Indicator Location.
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FIGURE 13
Dial Indicator Number 5 Deflections for the 599-335-068-101 M206L
Composite Fairing Assemb&x, S/N's ML-C02, ML-C03, ML-C04, ML-DO1,
and ML-DO2, Reference Figure 17 for Dial Indicator Location.
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FIGURE 14

Tube Scale Deflections for the 599 335-048-001 M206L
Composite Vertical Fin Assembly, S/N's ML-504, ML-BO1,

ML-B02, ML-B03, ML-B04, and ML-CO06, Ref Fi
for Tube Scale Locatﬁ§1?rence igure 17

B-20



DEFLECTION (INCHES)

H

Report No. 20692M-133
8 December 1992
Page 21 of 23

3.
X /2// —k
R
1.5 2 o /
1
0.5 > %
° 20 40 60 V 80 100 120 140

PERCENT OF REFERENCE LOAD

D6 ML-CO7 -E3- ML-C08 -3~ ML-CO9
== ML-DOE —4+— ML-D0O6

FIGURE 15

Tube Scale Deflections for the 599 335-048 001 M20AL
Composite Vertical Fin Assembly, S/N's ML-C07, ML-C08, ML-C09,
ML-D05, and ML-D05 Reference Figure 17 for Tube Scale Location.
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FIGURE 16

ial Indicator Locations for the Deflection Tests of the
D1(20mp05‘11:e Litter Door and the Composite Baggage Door.
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FIGURE 17

Deflection Measurement Locations for the Deflection Tests of the
_Composite Forward Fairing and the Composite Vertical Fin.
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RR.NO. PAGE 1 o 30
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LABORATORY REPORT an
TITLE NDI OF MODEL 206 COMPOSITE COMPONENTS FOR
FIELD/SERVICE DAMAGE
TEM
SPEC.NO
VENDOR

A total of 18 Model 206 composite components, cowlings (4), vertical
fins (4), baggage doors (5), and litter doors (5) were delivered to
NDT Lab for inspection to detect impact or user damage from the field.
Table 1 is a listing of part numbers, serial numbers, inspection
equipment and results,

Vertical Fins & Baggage Doors

The vertical fins and baggage doors were inspected using a through
transmission squirter technique. This technique used two 1 MHz
transducers in conjunction with a tone bursct pulse. The received
ultrasonic signal was then processed by a computer using a level file
that equated a 1 volt drop to 3 4B steps. This level file created the
scans shown in Figures 1 - 9, by assigning numbers to each volt drop
1. . .9, with 0 being the worst case.

RESULTS

The vertical fin scans are shown in Figures 1 - 4, The vertical Fins
ML-09, ML-17 and ML-23 show no field/service damage. The ML-22 scan
(Figure 3A) shows field/service damage of 1,013 sq. in.

-1e daggage door scans are shown in Figures 5 - 9. ohe baggage doors
ML-19 and ML-182 show no field/service damage. The ML-051 scan
(Figure 6A) shows field/service damage of .763 sqg. in. The ML-112
scan (Figures 7A and B) shows fourteen fleld/service damage areas with
a maximum 43.64 sg. in. Review Figures 72 and B for individual damage
area and dimensions. The ML-121 scan (Figure 8B) shows two
cield/service damage areas with a maximum 4.386 $q. in. Review Figure
3B for individual damage area and dimensions.

PRECEDING PAGE BLANK NCT FILMED
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Litter Doors

were covered on the inside by a hollow interior panel.
interior panels prevented using squirter through transmiss

components.

RESULTS

Photographs 1 - 4 are the 1litter doors with service
identified on the surface. These doors are ML-04,

ML-A084, and ML-143. All four doors had service/field
The majority of the damage was located around the corners.

Cowling

sondicator was required. The sondicator introduces ult
energy at 25 KHz into the material via the transmitter tra

eiectronically evaluated. Changes in the components prop
such as thickness, unbonds, and defects cause change
received energy amplitude and/or phase. The condica
capable of detecting defects of 1/2" diameter and larger.

RESULTS

detected no field/service damage.

The litter doors were thin laminates of varying thickness which

also made pulse echo inspection extremely difficult; therefore,
both tap hammer and visual methods were used to evaluate these

The cowling geometry was such that contact inspection using S1-a

contact tip and propagates through the internal structure. The
transmit energy is sensed through the receivers contact tip and

The contact ultrasonic inspection of 4 cowlings listed in Table 1

These
ion and

damage
ML-AO 5 4
damage.

rasonic
nsducer

erties,
in the
tor 1is
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