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US.Department
of Transportation

400 Seven'h Street SW
Wasmngion DO 20590

Research and
Special Programs
Administration
DOT-E 10847

EXPIRATION DATE: January 15, 19296

(FOR RENEWAL, SEE 49 CFR 107.105.)

1. GRANTEE: Brunswick Composites, Brunswick Corporation,
Lincoln, Nebraska.

2. PURPOSE AND LIMITATIONS: This exemption authorizes the

manufacture, mark and sale of a nen-DOT specification, fibker

reinforced plastic (FRP), hoop wrapped composite (HW) aluminum
cylinder to be used for the transportation in commerce cof Division
2.1 and Division 2.2 gases. This exemption provides no relief from
any regulation other than as specifically stated herein.

3. REGULATORY SVSTEM AFFECTED: 49 CFR Parts 106, 107 and 171~
180.
4. REGULATIONS FROM WHICH EXEMPTELD: 49 CFR Sections

173.302(a) (1), 173.304(a) and (d), 175.3.

5. BASIS: This exemption is based on Brunswick Corporation’s
application dated June 30, 1992, supplemental information dated
August 21, 1982 submitted in accordance with 49 CFR 107.103 and the
public proceeding thereon.

5. HAZARDOUS MATERIALS (49 CFR 172.101):
Hazardeus materials description/ Hazard Class | Identifica | Packing
proper shipping name or Division tion Group
' Number
Alr Compressed Division 2.2 | UN 1002 N/A
Argon, compressed Division 2.2 | UN 1006 N/A
Carbon Dioxide, compressed Division 2.2 { UN 1013 N/A
| Helium, compressed Division 2.2 [ UN 1046 N/A
Necon, compressed Division 2.2 | UN 1065 N/A
Nitrogen, conmpressed Division 2.2 | UN 1066 N/A
Natural Gas, compressed ({(Methane) | Divisicn 2.1 ! UN 1971 N/A
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7.

PACKAGING(S) and SAFETY CCONTROL MEASURES:

a. PACKAGING ~ Packaging prescribed is a non-DOT
specification fiber reinforced plastic (FRP) hoop wrapped
composite (HW) aluminum cylinder made in conformance with the
following:

(a) Brunswick’s drawings # 2400003 & 164284, dated 12-

T T 1a-91, 0 174267 dated May 5, 1992, and the

information provided in +the report of Design
Pualification Tests of Fiber Reinforced Plastic
(FRP) Hoop Wrapped (HW) composite cylinder dated
June 30, 1992 on file with the Office of Hazardous
Materials Exenmptions and Approvals (COHMEA), and

(b) DOT FRP-2 Standard, dated January 15, 1982, (178.BB)
contained in Appendix A of this exemption, except
as follows: .

178.BB-2 Tvpe, size and_service presgsure.

Type 3HW cylinder consisting of resin impregnated
continuous filament windings in a near circuferential
direction having a winding angle not less than 87 degrees
over a seamless aluminum liner made in compliance with
178.BB-6; not over 250 pounds water capaclity; and a
service pressure of at least 900 psi but not greater than
3600 psi. Cylinders having an overall length exceeding 84
inches are not authorized.

178.BB-4 Duties of the Ingpector.

{a) Verify conformance to the regquirements in this
exemption and to DOT FRP-2 Standard dated
January 15, 1982.

(b) Verify conformance of aluminum liner with 178.BB-6.
Verify conformance of the filament and resin system
compeonents with the requirements specified in
178.BB-5 of this exemption.

(c}) thru (g) =* * *,

178.BB-5 Authorized Materials and Identification of materials.

(a) Aluminum liner must be 6061 alloy of Té temper made
from seamless drawh tubing and must conform with
DOT 3AL specification (§178.46) except that:
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(1) Test specimens required by §178.46-12 and

178.46-13 may be obtained from test rings of

same diameter and thickness of the finished

cylinder. The length of the test ring shall

not be less than 16 inches. - The test ring

must have the ends covered by welded end

plates with appropriate openings to simulate -

the heat  treatment of the production

T cylinders. The test ring must be heat treated
along with the production cylinders.

{b) Filament material must be E-Glass conforming to MIL
Specification MIL-R~60346 or an edguivalent
National Standard. The filaments must be tested in
accordance with ASTM-D2343 for strand strength and
must have a minimum average roving strength of
270,000 psi.

For roving denier determination, the filament
material must be tested in accordance with ASTM
D3317-74 and must be of at least 90% of the

TAFNF T LT

: specified nominal wvalue for the rovings. A
: manufacturer’s certified test results for the
. rovings used in production may be used in lieu of
testing.
(c) thru (e) % * *
b. TESTING - Design gualification tests must be submitted

prior to production for approval by the Assocciate
Administrator for Hazardous Materials safety (AAHMS)} for
cylinders of size different from that authorized in this

exemption.

8. SPECIAYI, PROVISIONS:

a. Cfferors for transportation of the hazardous materials
specified in this exemption may use the packaging described in
this exemption for the transportation of such hazardous
materials so long as no modifications or changes are made to
the packages, all terms of this exemption are complied with,
and a copy of the current exemption is maintained at each
facility from which offering occurs.

b. Shippers using the packaging covered by this exemption
must comply with all provisions of this exemption, and all
other applicable reguirements contained in 49 CFR Parts 171~

180.

. c. Cylinders may not be used for underwater breathing
” purposes.
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d. Cylinders used in oxygen service must conform with 49 CFR
173.302(a) {5) (i) through (a) (5) (iv).

e. Cylinder service life may not exceed 15 years from the
date of manufacture as marked on the cylinder.

f. Each cylinder must be reinspected and hydrostatically
retested every three years 1n accordance with 49 CFR
173.34(e) (13), @8 prescribed for DOT 3HT specification
cylinders, except that the rejection elastic expansion does
not apply and the permanent volumetric expansion may not
exceed 5 percent of the total veolumetric expansion at test
pressure. Retest dates must be stamped on the exposed
metallic surface of the cylinder neck or marked on a label
securely affixed to the cylinder and overcocated with epoxy
near the original test date. Reheat treatment or repair of
rejected cylinders is not authorized. When a hydrostatic
retest is repeated as provided for in 49 CFR 173.34(e) (3),
only two such retests are permitted.

g. No person may perform inspection and testing of cylinders
subject to this exemption unless that person (1) holds a
current copy of this exemption at the location of such

. inspection and testing, and (2) complies with all the terms
and conditions of this exemption. The mwarking of the
retester’s symbol on the cylinders certifies compliance with
all of the terms and conditions of this exemption.

h. A cylinder that has been subjected to fire may not be
returned to service.

i. Transportation of methane by cargo aircraft only is
limited to 150 kilograms (330 pounds).

Fe Cylinders must be packaged in accordance with 49 CFR
173.301(K).

k. A copy of this exemption, in its current status, must be
maintained at each manufacturing facility at which this
packaging is manufactured and must be made availabkle to a DOT
representative upon reqguest.

1. Each packaging manufactured under the authority of this
exemption must be either (1) marked with the name of the
manufacturer and location (city and state) of the facility at
which it is manufactured or (2) marked with a registration -
symbol designated for a specific manufacturing facility.
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m., The cylinders described in this exemption are authorized
only for normal transportation as an article of commerce i.e.,
the movement of hazardous materials packages from consignor to
consignee. No cylinder may be transported in a partially
filled condition other than full or empty per 49 CFR 173.29,
unless it is equipped with a pressure relief device designed,
mnufactured and tested for partially filled cylinders.

n. Filling requirements are subject to all terms contained
in 49 CFR 173.302 for 3AL specification cylinders.

g. MODES OF TRANSPORTATION AUTHORIZED. Mctor vehicle, rail
freight, and cargo-aircraft only. (See paragraph 8(i) of this
exemption.)

10. MODAT, REQUIREMENTS: A copy of this exemption must be
carried aboard each aircraft used to transport packages covered by

this exemption. In accordance with the provisions of 49 CFR Part
107, Appendix B to Subpart B, paragraph 3, the shipper shall
furnish a copy of this exemption to the air carrier before or at
the time the shipment is tendered.

11. COMPLIANCE. Fajlure by a person to comply with any of the
following may result in suspension or revocation of this exemption
. and penalties prescribed by the Hazardous Materials Transportation
Act:
e All terms and conditions prescribed in this exemption and
the Hazardous Materials Regulations, Parts 171~180.
® Registration reguired by 49 CFR 107.601 gt seg., when
applicable.

- No person may use or apply this exemption, including display

’ of its number, when the exemption has expired or is otherwise

' no longer in effect unless a regulation has keen amended
making the exemption no longer necessary.

12. REPCORTING REQUIREMENTS. The carrier is required to report any
incident involwving loss of packaging contents or packaging failure
to the AAHMS as soon as practicable. {49 CFR 171.15 and 171.16
apply to any activity undertaken under the authority of this
exemption.)}) In addition, the holder of this exemption must inform
the AAHMS, in writing, of any incidents involving the package and
shipments made under the terms of this exemption.

Issued at Washington, D.C.:

MAY 2 7 1nna

(DATE)

Associate Administrator
for Hazardous Materials Safety
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Address all inquiries to: Assoclate Administrator for Hazardous
Materials Safety, Research and Special Programs Administration,
Department of Transportation, Washington, D.C. 20590,

Attention: DHM-31.

The original of this exemption is on file at the above aoffice.

Photo reproductions and legible reductions of this exemption are
permitted. Any alteration of this exemption is prohibited.

Dist: FHWA, FRA, FAA.

e
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&

US depo_ﬂmenr '
of Tronsporianch
Research and

Special Programs  ~ .
Administration BASIC REQUIREMENTS

APPENDTX A DATE: January 15, 1982

FOR

FRP TYFE 3HW COMPOSITE CYLINDERS

178.BB Fiber reinforced plastic (FRP) hoop wrapped compoesite (HW)
cylinders made of definitely prescribed materials.

178.BB-1 Conpliance. Cylinders must be in campliance with these basic
requirements and the specific requirements of the applicable exerp—

ticn.

178.BB-2 1Type size and service pressure. Type 3HW cylinder consisting
of resin impregnated continuoug filament windings in the circum-
ferential direction only over a seamless alumimm liner mede in
compliance with §178.BB~6(a); not over 200 pounds water capacity:
~ and service pressure at least 300 pSI kut mot greater than 5,000

P3I.

178.BB~3 Inspection by whom and where.

Inspection and verifications must be performed by an inderendent
inspection agency approved in writing by the Associate Director for
OHMR, in accordance with §173.300a of this subchapter, Chemical |
analyses and tests as specified must be made within the United
States unless otherwise approved in writing by the Associate Director
for GEMR in accordance with §173.300b of this subchapter.

178.BB-4 Duties of Inspector

(a) Determine that all materials comply with the provisions
f this standard before releasing those materials for cylinder

OL Whi

manufacture.

{(h) Verify compliance of aluminum liner with §178.BB-6(a).
Verify compliance of filament and resin syst&m componernts with the

requirements specified in 178.EB-5.

(¢} Prior to the initial shipment of any specific camposite
cylirder design, verify that design qualification tests prescribed
in 178.BB~18 of this standard have been perfcrrmed with acceptzhle
results.
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(d) Verify compliance of campleted cylinders with all re-
quirements including marking.

(e) Verify winding process to assure that composite material”
is unifomm, of required thickness and pattern, and in accordance
with the composite structure present in cylinders subjected to the
design qualification tests.

(f) wWitness all tests and pressurizations, obtain copies of
all test results and certification; report volumetric capacity,
permanent expansion and campleted composite cylinder weight,

(g) Furnish complete inspector's report (178.2B-16) to the
maker of the cylinder and upon request, to the purchaser, (See
§178.BB~17.)

178,BB-5 Authorized Material and Identification of Material.

(a) Aluminum liner must be 6351 or 6061 alloy and T6 temper.

(b) Filarent material nust be camercial Type-S or commercizal
Typre-E fiberglass. Filaments must be tested in accordance with
ASTM D~2343-67 and have minimum strand strencth as follows:

(1) Type-S Glass-——400,000 PSI
(2} Type-E Glass—-~-200,000 PSI

(c) Resin system must ke epoxy or modified epoxy type. Resin
system shall be tested on a sample courcn representative of the
composite overwrap in accordance with ASTM D-2344-76 for water roil
shear test, and have a minimzn shear strength of 5,000 PSI.

(d) Material must be identified by a suitakle metind during
manufacture.

- {e) The materials must be of uniform cuality. Materials with
injuricus defects are not authorized.
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178.8BB~6 Manufacture

(2) Liner. Aluminum liner without overwrap must be suitable
for a marked service pressurs of at least 50 percent of the service

pressure marked on the camposite cylinder, and must ke in full
compliance with DOT 3AL specification (49 CFR 178.46) except:

(1) Mo marking is to be applied to the cylinder excep
as gpecifically authorized in §178.BB-153, ard

{2) HBydrostatic test prior to applying the filament
wrap is not authorized.

(b) Composite Cylinder, The composite cylinder must be

fabricated from an aluminum liner circumferentially wrapped over

the entire cylindrical portion with resin impregnated continuous

filament windings. Winding pattern to ke "hoop" wrap, applied

under controlled tension to develop the design composite thickness.

, After winding is complete, the camposite must be cured by a con-

: trolled temperature profile, and autofrettaged by pressurizing to

“not less than 105 and not grsater than 115 percent of the prescribed

minimm test pressure. No defect is acceptable that is likely to
weaken the finished cylinder appreciably.

(¢) Welding or Brazing. Welding or krazing for any purpose
whatscever is prohibited.

{d} Iot Size

(1) Liner only. A "lot" means a group of liners succes-
sively produced having the same: size and configuration,
specified material of constructieon, process of manufacture and
heat treatment, equipment of manufacture and heat treatment,
and conditions of time, temperature arnd atmosphere during heat

treatment.

{2) Composite cylinder only. A "lot" means a group
of cylinders successively produced from qualified liners,
having the same size and configuration, the same specified
materials of constructicn, the same process of mamufacture to
the same cylinder specification and autofrettaged under the
same conditions cf time, temperature and pressure,

(3} In o case may the lot size exceed 200 wmits;
however, any unit processed for use in the required destruc-
tive tests need not be counted as one of the 200, but rmust
have been processed with the lot.

Design qualification tests. Pricr fto initial shiprent

(e}
. of any specific cylinder design, qualification tests as prescribed
in 178.BB-18 shall have been performed with satisfactory results.
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178.8B~-7 Wall thickness.

(a) Minimum thickness of the liner must be at least egqual to
the minimun design thickness (178.BB-18(h)) and ke such that after -
autofrettage, the compressive stress in the sidewall of the liner
) at zero pressure will not exceed 95 percent of the minimm yield
strength of the aluminum as determined in §178.46-13 or 95 percent
cf the minimum design yield strength shown in 178.B8-18(h). The
maximm tensile stress of the liner at operating pressure rust not
exceed 60% of the yield strength.

(b) The maximum filament stress at service pressure must not
exceed 40% of the filament stress at the virgin hburst pressure of

? the lot test cylinder,

(c) The end designs st incorporate added materials to
assure the stresses in these areas ot supported by the hoop wrap
g Are less than the stresses found in the cylindrical portion.

. . (d) Stresses shall be computed from Carputer Code MASA
CF-72]124 "Computer Program for the Analysis of Filament-Wound
Reinforced Metal Shell Pressure Vessels" May 1966, or other suit-

able analysis techniques.

178.BB-8 Openings.

(a} Cpenings are permitted in heads anly. Centerline of
cpenings must coincide with the longitudinal axis of the cylinder.

(b) Threads required, to b= clean cut, even, without checks,
and to gauge.

{c) Tapered threads are nct permitted.

(d} Straight threads conforming with Naticnal Gas Straight
thread (NGS) standards are authorized. These threads must be
in compliance with the reguirements of FED-STD-E28 {1978).
Other straight threads having at least 6 engaged threads are
authorized provided the calculated shear strength is at least
10 times the test pressure of the cylirder,

178.88~9 Thermal Treatment.

(a) The resin must be cured at the temperature specified and
by the process set forth in the cvlinder ranufacturer's specifi-
o cations and noted in the Inspector's report. Curing temperature
alng_pr?ggss must correspord with that applied to the ovlinders
subjected to ification tests. The i £ £1 n
iy 3500?.%"-’31 The curing terperature mist not
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178.B8-10 Pressure Relief Devices and protection for valves, relief
devices, and other comnections.

{a) Pressure relief devices and protection for valves and other
connections must be in compliance with 49 CFR 173.34(d), ard 173.301(g),
except that the adequacy of the pressure relieving devices for each
design may be verified in accordance with 178.BB-18(g).

178.B5~11 Norndestructive tests

(a) Hydrostatic test

- (1) By water-ijacket, operated so as to cbtain accurate
: data. Pressure gauge must permit reading to accuracy of 1
percent in the range of 80 percent to 120 percent of test
pressure, Expansion gauge must permit reading of total expan-
sion to accuracy either 1 percent or 0.1 cubic centimeter. -

by pericdic recalibration. Records must be maintained to
verify that the test equipment is calibrated on a regular

hasis.

, . (2) The accuracy of the test egquipment must be maintained

(i) A calilration cylinder capable of verifying the
equipment accuracy for the materizl, size and test pressure
of the cylinders to be tested must be used for checking
the equipment at the beginning of each day.

{3) Pressure must be maintained for 30 seconds and suf-
ficiently lcnger to insure complete expansion. Any internal
pressure applied after avtofrettage and previocus to the official
test must not exceed 90 percent of the test pressure. If, due
to failure of the test apparatus, the test pressure cannot be
maintained, the test may be repeated at a pressure increased
by 10 percent or 100 pourds per square inch, whichever is the
lower. Not more than 2 such repeated tests are permitited.

(4) Each cylinder must be tested to at least 5/3 times
service pressure. In no case may the test pressure exceed the
autofrettage pressure.

178.BB-12 Destructive tests
(a) Cycling test.

. - (1) One cylinder taken at rardam out of each let of 200
. cylinders must be subjected to cyclic pressurization test by
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hydrostatically pressurizing the cylinder between approximately
zero psig and the designated pressure at a rate rot to exceed

4 cycles per minute. Adequate reccrding instrumentation must

be provided if equipment is to be left unattended for pericds

of time. all cylinders used in the cycle test must be destrovyed.

{c}) Burst test.

(1) One cylinder taken at randem out of each lot of
cylinders shall be hydrostatically tested to destruction by
pressurizing at a uniform rate up to minimum prescribed burst
pressure, holding the pressure congtant at minimm urst
pressure for 60 secords; and increasing the pressure o fail-
ure. The rate of pressurization rust not exceed 200 psi per
second. The cylinder cycle tested in paragraph (b) (1) above
may be used for this burst test.

Acceptable results of tests.

(a) Hydrostatic test.

(1) The permaznent volumetric expansion of the cylinder
must not exceed 5 percent of the total volumetric expansion at

test pressure,

(2) All cylinders failing to pass the hydrostatic test
must be rejected..
Applies to aluminmum liner only.

(b} Physical test.

(1) Elongation rmust ke at least 14 rercent; except that
an elongaticn of 10 vercent is acceptable when the auvthorized

specimen size is 24t x 6t,

ar=Y

2

(2) when the test results fail to meet recuw!rements,
liner lot must be rejected.

(3} A retest of a rejected lot is authorized if an
improper test was made due to the presence of a defect in the
specimen or if the equipment or procedure was faclt The

ad.vwy.,

retest must be performed on specimens taken from the same
cylinder liner,

{c}] Cycling test.

(1) Each test cylinder must withstand at lesast 10,000
pressurizations between approximately zero and service pressure
followed by at least 30 pressurizations between zero and test
pressure, without evidence of distortion or failure.

(2} When the test cylinder fails tn withstand the cvele
test, the lot represented mist be reiected. )
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{(d) Burst test.’

(1) Burst pressure shall be at least 2-1/2 times the
T service pressure. Failure must initiate in the cylinder
sidewall. Cylinders with a marked service pressure not exceeding
2200 psi must ramain in one piece. Actual burst pressure must

be recorded.

(2) when the test cylinder fails to withstand pressure
up to the minimm prescribed burst pressure, the lot repre-
sented must be rejected.

178.BB~14 PRejected liners and cylinders.

w»

(a) Physical test.

(1) Reheat treattent of aluninum liner is authorized
-~ subgsequent thereto, acceptable liners must pass all prescribed

. tests,
(b) Hydrostatic test.

{1) PBRejected cylinders mast not be placed in sexrvice.

(c) Cycle test.

(1) Cylinders of rejected lots mast not be placed in
service.

(d) Burst test. )
(1) Cylinders of rejected lots must not be placed in
service,
178.BB-15 Marking.

(a) Each cylinder rust be permanently marked {other than
stamping} in the composite wrap on the side near the end of the
cylinder containing the valve outlet.

(b} PRequired markings are as follows:

(1) DOT-E ****-YYYY (where * = Exemption Number,
and Y = service pressure in psig.)

L
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{2) A serial number and an identifving sywiol (letters);
lecation of number to ke just below or immediately following
the DOT mark; location of symbol to be just below or immediately
— —--  following the numzer. The symbol and numbers mast ke those of
the maker. The symbol must be registered with the Associate
Director for OHMR; duplications wnauthorized.

(3} The Inspector's official mark must k= placed rear
the serial number.

(4) Date of test (month and year).

(3) Exanples of cylinder marking:

DOT-E ****-2000

1234 - XY
: " 2
. 3-81
. or; DOT=E **** 2000-1234-XY-AB-3-81

(c) Size of marks to ke at least 1/4" high if space permits.

{d), 2dditional markings are permitted in the composite, or
may be stamped in low stress areas of the alumimmm liner, cther
than the sidewall, provided the markings are rot of a size and
depth that will create harmful stress concentrations.

() PRetest dates may be stamped in low stress areas of
the top head. .
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178.BB~-16 Inspector's Report

(a) Required to be clear, legible and in accoréance with the
following form:

REPORT OF MANUTACIURE CF FIBER
REINFORCED PLASTIC (FRP) 3HW HOOP WRAPPED COMPOSITE (HW)
ALUMINUM-LINED COMPRESSED GAS CYLINDERS

(Place}

(Date)

{Exemption numoer)
Manufactured For
Tocation at
Manufactured by
Location at
Congigned to

Location at
Quantity Size inches outside diameter by inches long.

Marks placed on of the cylinder are:

DOT-E
Serial Numbers to inclusive
Identifying Symbol (Registered)
Inspector's Mark
Test Date
Other Marks (if any)

Each composite cylinder was made by circumferentially overwrapping a seam-
less aluminmum liner with resin impregnated filament reinfercement. Com-
posite overwrap was made by winding resin irmpregnated continu-

ous filament over this liner in the circumferential direczion only, followed
by curing the resin at controlled temperature. The liners are in corpliance
with §178.8B-6(a) of this exemption for unwrapped cylinders having a service
pressure of psig. Compliance of the liners with §178.8BB~6(a] was
verified by performance of the prescribed tests or by cbtaining the report
oI the inspector performing the prescribed tests.

Filament and resin were certified by the manufacturers, ifentified bv package
number, Filament was verified as to strand strength., Coposite was verified
as to shear strength. After wrapping composite was cured in the manufacturer's

. specification.
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Autofrettage and hydrostatic test, as precribed, were nade in the presence
of the inspector. All cylinders accepted are in campliance with recuire-

ments,

Tensile stress on the aluminum liner is calculated to ke
service pressure. Filament stress is calculated to ke

&t service pressure.

sl at —
psi

I hereby certify that all of these cylinders proved satisfactory in every
way and conply with the regquirements of DOT~E __ _ ; except as follows:

Exceptions taken to any reporting or testing requirement of this section are:

. (Signed)
T Inspector
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RECORD OF CHEMICAL ANALYSIS OF MATERIAL FOR CYLINDER LINZR

(Place)

(late)

(Exemption number)
Numbered to inclusive. .
Size inches outside dlameter by inches long.
Made by Campany.

Carpany .

For
Material Description

Any anission of analyses by heats, 1f authorized, must be accounted

NOTE:
for by notation hereon reading "The prescribed certificate of the
manufacturer of material has been secured, found satisfactory, and
placed on file” or by attaching a copy of the certificata,
[ Cylinders
Mili Check Represent=d
Heat Yeat | Analy— {8erial Chemical Analysis
Code Xo. sis No. | Numkers) Qu JS1] Fe [ M | Zn| Ti | Ccoher
. l ! C
( i i

Material was manufactured and mill analysis made by
Criginals of the certified mill analysis reports are in fi.es of the menufacturer.

(Signed)

Inspector

RECORD OF PHYSICAL TESTS OF MATERTAL FCOR CYLINDER LINERS

(Place).
{(Date)
Exemption numbser) ,
tumberead == mclusive,
Size incnes outside alamster by Inches long.
Made Dy‘ ATy,
For Camsany.
Test Specimen Description i
Cylinders Yield strength Tensilie T 1
Represented at 0.2 Percent Strength
by test Offset (pounds (pounds EZlongation

Lot Code |{Serial Numbers) | per sguare inch) | per scuarve inch) | (percent:

(Signed)

—r T
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REPORT CF COMPCSITE ANALYSIS

re_2 18

(Place)

(Date)

{Exerption namber]

- Materials
Manufactured by

For
Nunmbered
Filament designaticn and specification
Manufactured by

Manufacturing ' Inter Laminar

Package Number Tensile Strength Shear Strength
o
[
¢

RESIN SYSTEM COMPONENTS
MANUFACTURING BATCH NUMBERS
[ Regin -+ Curing Agent Accelerator
ifcb:ch Namber | Type ¢ Batch Number Tvyre Zatch Number’ Tyoe
L !
L | ] ]
Signed }
inspecior
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178.BB.17 Retention of inspectcr's repcrts

(é) The inspector's report (178.8BB-16) rmust ke retained for
15 years from the original test date on the cylinders by the meker

and the inspector. -
178.BB-18 Design gualification tests

{a) General ~ Except as authorized in 178.8B8-10{a), quali-
ficaticon tests as prescribed in this paragraph shall have keen
performed on representative cylinders of each specific design
prior to the initial shipment. All cylinders used for design
cualification tests nust be fabricated con the same equipment and
subjected to the same processes as is used to produce cylinders
intended for charging ard shipment. 2All tests must be witnessed by
an independent inspector. Test reports mast ke kept on file by the
cylinder maker and made available to the independent inspector and

the OHMR upcn reguast.

(b) Design Changes ~ For purposes of this section a design
chance is any c¢hange in material; a 10 percent or greater change in
diameter or service pressure; or a 30 percent or greater change in

water capacity.

(¢) Test Requirements - Cylinders representative of each
design and design change must be subjected to tests as prescribed

in the following table:

l DESIGN CHANGE
| ORIGINAL Diameter, or
: DESIGN | Material] Service Pressure | Water Capacity
!
| Greater Greater
10 to 20 than 30 to 50 than
Any percent 20 percent 50
Type of Test Change change percent | change percent
change change
Cycling -
Ambient Temp. X b X X X X
Cyeling -
! Environmental X X - % - x
rzycling -
Thermal X X - x - X
1
. Hvdraulie Burst x X x X X X
Gunfire X X J X x X X
Bonfire x X J x X x X
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(d} Pressure cycling tests, All cycling tests shall be per-
formed by hydrostatically pressurizing the cylinder hetween approxi-
mately zero psig and the designated pressure at a rate not in
excess of 4 cycles per minute. All cylinders used in cycle tests
must be destroved. Adequate recording instrumentation must be -
provided if eguimment is to he left unattended Zor pericds of time,

(1) Cycling test at ambient temperature. - Cne repre-
gentative cylinder shall be cycle tested at ambisnt tenmperature

without showing evidence of distortion, detericraticn or
failure, as follows: pressurize from § to service pressure
for 10,000 cycles; then pressurize from 0 to test pressure for
- 30 cycles. After successfully passing this test the cylinder
. must be pressurized to kurst in accordance with paragraph
(e} (1) of this section and the burst pressure recorded.

(2) Environmental Cycling Test., One representative
cylinder free of any protective coating shall be cycle tested,
without showing evidence of distortion, deterioration or

. failure, as follows:
v (i) Cordition for 48 hours at zero pressure, 140°F

or higher ard 85% or greater relative humidity.

(ii) Pressurize from zerc tc service pressure for
5000 cycles at 140°F or higher and 95% or greater rela-
tive humidity.

(iii) Stabilize at zero pressure and ambient condi-
ticns. :

(iv} Then pressurize from zero to service pres-
sure for 5000 cycles at ~60°F or lower,

(v) Stabilize at zero pressure and zmbient condi-
tions.
{(vi) 7Then pressurize from zerp o test pressure
for 30 cycles at ambient terperature.
Any cylinder subjected to this cycling test rust be
Zestroyed.
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(3) Thermal Cycling Test., One representa-ive Cylind
shall be tested without showing evidence of distor:ion, deteri-
oration or failure as follows:

f=]
-

-
e
bf‘

~

(i) Cycle test, at ambient temperaturs, by perform-
ing 10,000 pressurizations from 0 to service gressure and
30 pressurizations from 0 to test pressure,

(ii) Then hydrostatically pressurize to service
pressure; and sulmerge the pressurized cylinder in 200°F.
fiuid, soak for 10 minutes; transfer and sckmerge in
-60°F. fluid and soak for 10 minutes. Subject the cylinder
to 20 such cycles restricting the transfer time to at
least one minute but not rore than three minutes, The
pressure in the cylinder may be ocontrolled so that it
does not excesd test pressure nor be less than marked

service pressure.

o~
After successfully passing this test, the cylinder must

be pressurized to hurst in accordance with paragraph
{e} (1) of this section and burst pressure recorded.

(2] Hydraulic burst test.

(1) One representative cylinder shall ke hydrostatically
pressurized to fallure as follows: Pressure shall ke increased
at a uniform rate up to minimum prescribed burst pressure,
held constant at minimmm bursi pressure for 60 seconds; and
increased to failure. The pressurization rate throughout the
tast must not exceed 200 psi per secaond.

(2) Burst pressure rmust b2 at least 2.5 times the service
pressure, ard in no case less than the value recessary o meet
the stress criteriz of 178.8B-7(b). Failure must initiate in
the sidewall. Cylinders with marksd service pressire not
exceeding 2200 psi must remain in cne piece. Actual barst
pressure must be recorded.

{£) Gunfire test. (ne representative cylinder charged with
air or nitrogen to sarvice pressure shall be inpacted v a 0.30
caliber armor-piercing projectile Raving a velocity cf aporoximately
2800 feet per second, Cylinder shall so gositioned that the
projectile impact point is in the oylinder sidewall having hoop
winding, at appraximately 45° angle and aimed to exit at the cylinder
side wall, Distance from firing locaticn to test cylirder nct to
exceed 50 yards, Tested cylinder shall reveal no evidence of a
fragmentation failure. Approximate size ¢f entrance ard exit
openings must be recorced.
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BASIC CYLINDER DESIGN INFORMATION

Dimensional, material and pressure data

(Cate)
(Exemption number)

SEIVICE DIESSULE. cuniseseusassivacsasnnansons osig
Autcfrettage pressure (NOTE L)...vvuinvnnennas osig
TeSt PressUre. iceeieee i rrsncenancnnncatnnnsa- psizg
Minimm prescribed burst pressure.....ceeve.. psig
Calculated burst PreSSUre. ..cvavesseraarecnans psig
VO . sttt is s enesnananesacnassonanasananens cu. in.
Insice Glameter. i cieisesessrarecansanssnnrnsas inch
Cutside ciameter of cylinder.....cvirennnrans inch
Liner matexial and temper -

Filament material -

Resin material -

Total weight of cylinder.. ..o iviiiinnnann. Douncs
. Welght ©f liner. vt enrinnnnennnsnnscnns DOUre s
. meight of composite materia.,..ceeneeirenenes DOUncs

Miniram sidewall thickness of liner (Qual. Test cyl) csig

Minimm design wall thickness of liner....... osig

Yield strength cf liner (Qual. test cylincer) rsi

Minimum design yield strength of liner....... osi

Nominal thickness Of OVeIWIaD.i veceeverasesans inch

Minimim strand strength of filament.....oses. i3

psi

Minimm shear strength of resin......cevue...

NCTE 1: For each gualification test cylinder the total and permanent
volunetric expansicn readings obtained in the autcfrettace
cressurizations, must be recorded.

DESIGN STFESSES AID IOAD DISTRIBUTION

J 7 Strecs Ioad

r Directl Dlstribution (BS1)| Cistribution L&)
|Pressure | _ong. rc. [ Zinmer | Cverwrap | _iner | Overwrag
j X - % ]
1Zexro ! - be | !
| % -

{Service - ~ i

{ x| - i

[Tesse - I x .

Mo raimom | % ~ :

Zurst [ - X ; | 1 ]




