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CFFCG-1

APPENDI X A

BASI C REQUI REMENTS FOR FULLY WRAPPED

CARBON- FI BER REI NFORCED
ALUM NUM LI NED CYLI NDERS( DOT- CFFC)

DATE: NOVEMBER 2000 ( FOURTH REVI SI ON)
TABLE OF CONTENTS:

SCOPE
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SERVI CE LI FE

| NSPECTI ON BY VWHOM AND WHERE

DUTI ES OF | NSPECTOR

AUTHORI ZED MATERI AL AND | DENTI FI CATI ON OF MATERI AL
DESI GN CRI TERI A

OPENI NGS, VALVES, AND PRESSURE RELI EF DEVI CES
DESI GN TYPE AND AUTHORI ZATI ON

DESI GN QUALI FI CATI ON TESTS

QUALI FI CATI ON REQUI REMENTS FOR DESI GN CHANGE

MANUFACTURI NG, QUALI TY ASSURANCE AND LOT QUALI FI CATI ON
TESTS

PRODUCT!I ON TESTS
MARKI NG
| NSPECTOR' S REPORTS

RETENTI ON OF REPORTS

Revi sed Section or Part (1% REVISION, JULY 1997)

Revi sed Section or Part (2" REVISION, JUNE 1998)

Revi sed Section or Part (3¢ REVISION, MARCH 1999)

Revi sed Section or Part (4'" REVISION, NOVEMBER 2000)
#H#

SCOPE: These basic requirenents (DOT-CFFC) cover

desi gn, manufacture, and performance requirenents for
cylinders nmade of a seaml ess alum num | iner over
wrapped with structural |ayers of filanment wound carbon
fi ber and epoxy conposite material .
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CFFC- 2

CFFC- 3

TYPE, SIZE AND SERVI CE PRESSURE:

The CFFC cylinder is a seam ess alum num alloy |iner
wound with carbon fiber and glass fiber reinforced
plastic full conposite |layers and subjected to an
autofrettage pressure. Carbon filanment wound and epoxy
| ayers are the predom nant pressure | oad bearing

el ements. An outer glass filanment wound and epoxy

| ayer provides damage protection. A galvanic corrosion
protection layer is required for the alum numliner

An inner glass filanment wound and epoxy |layer is

al l owed for gal vanic corrosion protection. Together,
the inner and outer glass filanent |ayers nmust carry

| ess than 15 percent of the total pressure |oad at the
m ni mum requi red burst pressure.

The wi nding pattern nmay be a conbinati on of helical
(including near |ongitudinal) and hoop. Layers made up
of nore than one type of fibers are not authorized.

The maxi mum permitted water capacity nay not exceed
90.7 liters (200 pounds).

The marked service pressure may not exceed 34,474 kPa
(5000 psi) at a reference tenperature of 21.1 °C (70°F).
The test pressure is 5/3 tines the design service
pressure. The cylinder nust have a m nimum safety
factor (burst/service pressure ratio) of 3.4.

SERVICE LIFE: Cylinder service life is 15 years from
the date of manufacture. The Associ ate Adm ni strator
for Hazardous Materials Safety (AAHVS) nmay approve an
extension of cylinder service life up to a total
service life of 30 years. A service life extension
approval is made by nodification to the exenption

aut horizing cylinder construction. Approvals of
service life extension will be addressed under the
foll ow ng procedures:

1. The cylinder manufacturer must submit a Service
Life Extension Plan that includes: a cylinder life
cycl e analysis; an in-service inspection and testing
programto nonitor and validate the cylinder life cycle
anal ysis; and a proposal for the periodic reporting of
data to the AAHMS. This Plan nust be submitted as a
part of the original exenption application.

2. The in-service inspection and testing program nust
begin within one year of the date the exenption is
gr ant ed.
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CFFC- 4

CFFC 5

* % k%

3. The manufacturer nust submt a final report based
on data gathered during the in-service inspection and
testing program on cylinders with service lives up to
12 years. This report nust be submtted to the AAHVS
no nore than 13 years after the date the original
exenption is granted.

4. The AAHVS wi |l nmake a decision to approve or
reject a service life extension based on the review of
the final report. The manufacturer will be notified of

the decision within 180 days after the AAHVS receives
the final report.

| NSPECTI ON BY WHOM AND WHERE: | nspection and
verification nust be perfornmed by an i ndependent

i nspection agency approved in witing by the Associate
Adm ni strator for Hazardous Materials Safety (AAHVS) in
accordance with the Code of Federal Regul ations, 49 CFR
173.300a. Chem cal analysis nmust be approved for each
procurenment batch in accordance with 49 CFR Subchapter
C Section 173.300b. Applicable fiber strength
properties must be verified in accordance wi th CFFC
6(b) and approved by the i ndependent inspector for each
procurenment bat ch.

DUTI ES OF | NSPECTOR: The i ndependent inspector shal
performthe followi ng verification procedures to ensure
t hat each cylinder manufactured confornms with the
desi gn and performance paraneters set forth for that
cyl i nder.

(a) Oontain and retain copies of design calcul ations,
drawi ngs, material certifications, and approval
docunents as applicable to each design type.

(b) Determine that all materials and conponents conply
wWith the provisions of this standard. Except when
stated otherwi se, a material identified by the
materials or conponent manufacturer's certified
statement as to meeting the procurenent
specification(s) is acceptable.

(c) Verify the chem cal conposition of each heat of
liner material either by analysis or by obtaining the
materials manufacturer's certified analysis. A
certification by the cylinder manufacturer indicating
conpliance with the above requirenent is acceptable
provided (I) the certification is verified by a check
anal ysis on one sanple liner taken out of each | ot of
200 or less liners successively produced, and (ii) the
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traceability of that material to its manufacturer is
est abl i shed.

(d) Verify all fiber materials for conformance with
the cylinder manufacturer’s material specification(s),
and for uniformand consistent quality.

(e) Verify all resin materials, and other

chem cals for conformance with the cylinder
manufacturer’s material specification(s), and for
uni form and consi stent quality.

(f) Verify liners with all requirenents
I ncl udi ng di nensi ons, inner surface snoothness,
heat treatnment, threads, and corrosion protection.

(g) Verify filanment wi nding and curing procedures.

(h) Verify cylinders for conformance with al

requi renments including marking, dinensions, inner
surface finish, heat treatnent, threads, and gal vanic
corrosion protection in accordance with manufacturer’s
speci fications and draw ngs.

* ok (i) Wtness all tests and pressurization on conpl eted
cylinders, obtain copies of all test results and
certifications; report volunetric capacity, elastic
expansi on, and total expansion at autofrettage stage
and subsequent test pressure, liner weight, and the
conpl eted cyl i nder weight.

(j) Conplete inspector's reports as prescribed in
CFFC- 15 of this standard. Provide a copy of the reports
to the cylinder manufacturer and upon request to the
pur chaser.

(k) Prior to the initial shipnment of any specific
desi gn or design change, verify that design
qgqualification tests prescribed in CFFC-10 of this
standard have been perfornmed with acceptable results.

CFFC-6 AUTHORI ZED MATERI AL _AND | DENTI FI CATI ON OF MATERI AL .

(a) VLiner: The liner nust be a seanl ess cylinder
made of al um num alloy 6061 of T-6 tenper.

(i) The liner may be produced by cold or hot
backward extrusion; cold draw ng; or from an
extruded tube with swaged or spun ends.

(ii) The material conposition of the alloy used
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must be within the imts prescribed herein:

ELENMENT ALLOY 6061
MN % | MAX %
Silicon 0.40 0. 80
| ron 0.70
Copper 0.15 0. 40
Manganese 0.15
Maghesi um 0. 80 1.20
Chr om um 0. 04 0.35
Zi nc 0.25
Ti tani um 0.15
Lead 0. 005
Bi snut h 0. 005
Q hers Each 0. 05
O hers Tot al 0.15
Al um num Renai nder

(iii1) The liner interior surface shall be snooth.
Any fold in the neck region due to the formng or
spi nni ng process nust not be sharp or deep or
detrimental to the integrity of the cylinder.

| nner surface defects may be renoved by nmachini ng
or other nmethod, provided the netal loss is
mnimal and the mnimumrequired wall thickness is
mai nt ai ned.

(iv) Liner ends nust be concave to pressure.

(v) Prior to any test, all cylinders must be
subjected to a solution heat treatnent and agi ng
heat treatnment appropriate for alum num all oy
6061. The process nust produce |liners of uniform
tenper and properties.

(vi) The Iimts for the nechanical properties of
alloy 6061 T6 tenper prior to filanment w ndi ng
shall be as foll ows:

6061- T6
Yield Strength (M n) 241, 316 kPa
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(35,000 psi)
Tensile Strength (M n) 262, 001 kPa
(38,000 psi)
El ongation 5.1 cn(2"gage) (M n) 14%
El ongation (24t X 6t) 10%

(vii) The outer surface of each liner nust be
protected from any gal vani c corrosion that may
occur due to dissimlar materials (alum num and
carbon fibers) in contact. A suitable polyner

coat i

ng or gl ass-fiber/epoxy conposite | ayer may

be used for this purpose.

(Viii

) Physical tests. To determne yield

strength, tensile strength and el ongati on of the

al um
only.

num liner material. Applies to alum numliner

(A) Required on 2 specinens cut from one

| i ner taken at random out of each |ot of 200
liners or less. A "lot" means a group of
cylindrical liners successively produced
havi ng the sane: size and configuration,
speci fied material of construction, process
of manufacture and heat treatnment process
condi ti ons.

(B) Specinens nust be: Gauge length of 5.1
cm (2 inches) with width not over 3.8 cm (1-
1/2 inches); or gauge length of 4 tines the
speci men di aneter (4D bar); a specinmen with
gauge length at least 24 tines the thickness
with the width not over 6 tinmes the thickness
I's al so authorized when the liner wall is not
over 0.48 cm (3/16 inch) thick. The

speci men, exclusive of grip ends, nust not be
flattened. Gip ends may be flattened to
wthin 2.5 cm (one inch) of each end of the
reduced section. Wen the size of the liner
does not permt securing straight specinens,
t he speci nens may be taken in any | ocation or
direction and nay be strai ghtened or
flattened cold and by pressure only, not by
bl ows. Wen such specinens are used, the

i nspector’'s report nust show that the

speci nens were so taken and prepared.

Heati ng of specinens for any purpose is not
aut hori zed.

(C The yield strength in tension shall be
the stress corresponding to a pernanent
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(b)

strain of 0.2 percent of the gauge |ength.

(1) The yield strength shall be
determ ned by the "offset"” nethod as
prescribed by ASTM St andard E8-78.

(2) For the purpose of strain
measurenment, the initial strain shall be
set while the specinmen is under a stress
of 41,369 kPa (6,000 psi), the strain

i ndi cator readi ng being set at the

cal cul ated correspondi ng strain.

(3) Cross-head speed of the testing
machi ne shall not exceed 0.32 cm (1/8
I nch) per mnute during yield strength
determ nati on.

Fil anent material s:

(i) Carbon fibers: Miust be polyacrylonitrile
(PAN) based carbon fiber tows havi ng nechani ca
properties nmeeting a specified procurenent
docunent. The nechanical properties of the fibers
must be established for each procurenent batch by
testing in accordance with ASTM D-4018-93 and have
a mninmum strand strength specified in the
cylinder manufacturer’s nmaterial specification
docunment. The tensile strength may not exceed
5,171,068 kPa (750,000 psi), the nodul us of

el asticity may not exceed 290 mllion kPa (42
mllion psi), and the strain to failure may not be
| ess than 1 percent.

(ii) dass fibers: Only type S and type E gl ass

fibers are authorized. Filanents nust be tested in
accordance with ASTM D-2343-95 and have a m ni num
strand strength as foll ows:

Type S dass ----2,757,903 kPa (400, 000 psi)
Type E-d ass ----1,378,951 kPa (200, 000 psi)
(ii1) Fiber strength: In lieu of testing for

fiber strength by the cylinder manufacturer, a
certificate by the fiber manufacturer is

accept abl e provided that the cylinder
manufacturer’s material specification docunent
specifies strength and quality requirenents and
that the supplied material neets those
requirements.
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e (c) Resin matrix materials: Resin matrix systens nust
be epoxy or nodified epoxy type having a pot life
conpatible with the filament w ndi ng process used. The
resin matrix system sel ected nust have sufficient
ductility so that cracking of the resin matrix system
does not occur during the manufacturing of the cylinder
or during normal operation for the useful life of the
cylinder. The cylinder manufacturer shall verify that
each batch of resin/hardener mx is of satisfactory
quality and properties within specified tol erances, and
shall maintain such records as needed to be able to
identify the cylinders manufactured from each batch of
mat eri al s.

(d) Overwapped: The conposite overwap shall be
formed by | ayers of continuous fibers in a matrix.
Hel i cal or near |ongitudinal w ndings nmust cover the
entire surface of the liner. Wen circunferenti al

| ayers are interspersed for strengthening the side
wal |, physical discontinuity between the | ayers nust be
m nim zed.

(i) Co-mngled fibers are not authori zed.
Each | ayer may contain one type of fibers
only.

(ii) Both wet w nding and pre-inpregnated
filament winding is authorized.

(ii1) For each design type cylinder the follow ng
paraneters shall be defined and recorded:

(A)  Number of strands used

(B) Wnding tension

(C© Wnding pattern (angles, pitch and order
of | ayers)

(D) Wnding speed

(E) Curing cycle

(F) Resin content

(G Quality assurance procedures

CFFCG- 7 DESI GN CRI TERI A:

*okox ok (a) General: The design and stress analysis of a CFFC
cylinder is conplex because of the varying | oad bearing
| ayers, the varying orientation and thickness of
conmposite layers, and the necessity that the al um num
liner is subjected to above yield strains at the tine
of autofrettage pressure cycle.

A reliable nodel of the cylinder nust be used in order
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to calculate the maxi num stress at any point in the
liner and fibers; and | oad distribution between |iner
and fibers at zero pressure, service pressure, test
pressure, and burst pressure. For these purposes, as a
m ni num the nodel used to anal yze the cylinder body
nmust be based on thin shell theory, nust account for
non-|i near material behavior and nonlinear geonetric
changes, and it must account for both circunferential
and | ongi tudi nal pressure stresses. Only the cylinder
body must be anal yzed. Note: maxi num stresses in the
cylinder ends nmust always be | ess than the maxi mum
stresses in the cylinder body to pass burst tests.

This analysis will require that finite el enent

t echni ques be used to satisfactorily analyze the
stresses in the fibers. The nodel and anal ysis
procedure nust be specifically described and
docunented. The maxi mum cal cul ated tensile stress in
any fibers (carbon or glass) may not exceed 30 percent
of the fiber stress corresponding to the m ni num

requi red burst pressure.

(b) Stress Distribution requirenents:

(i) The maxi num cal cul ated tensile stress at
any point in the liner at the service
pressure may not exceed 60 percent of the
yield strength of the |iner as neasured
according to section 6(a) of this docunent.
The conpressive stress in the sidewall of the
| i ner at zero pressure nust be at |east 60
percent but no nore than 95 percent of the

m nimumyield strength of the liner material
as determ ned per CFFC 6(a)(viii).

(i1) Gass fibers used for gal vanic corrosion
protection of the liner and for danage protection
of the cylinder nmust be such that its net | oad
sharing capability may not exceed 15 percent of
the total pressure load in the cylinder at m ninmum
requi red burst pressure.

(iii) The maxi mum fi ber stress at service
pressure of the carbon fibers or glass fibers may
not exceed 30 percent of the fiber stress
corresponding to the m ni mumrequired burst
pressure.

(iv) The burst failure node shall initiate in the
cylinder side wall.
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CFFCG-8 OPENI NGS, VALVES, AND PRESSURE RELI EF DEVI CES:

(a) Openings:

(i) Openings are permtted on heads only. The
centerline of the openings nust coincide with the
centerline of the cylinder.

(ii) Threads nust be clean cut, even, wthout
checks, and nust be designed in conpliance with
the requirenents of the Federal Standard FED STD-
H28, Appendi x AS5.

(ii1) Tapered threads are not permtted.

(iv) Straight threads having at | east 6 threads
must have a cal culated factor of safety in shear
of at least 10 at the test pressure for the
cylinder. The threads nust extend conpletely

t hrough the neck.

(b) Valves, pressure relief devices, connections, and
val ve protection:

Sel ection of valves and pressure relief devices nust
conformto the requirenents in Conpressed Gas

Associ ation (CGA) Panphlet S-1.1, 1994 edition and nust
be in conpliance with the requirenents in 49 CFR
173.34(d) and 173.301(g) except that the adequacy of
the pressure relief device is determ ned by bonfire
test as prescribed in CFFC-10. The rated bursting
pressure of a rupture disk at anbi ent tenperature nust
be not |ess than 83 percent nor nore than 100 percent
of the cylinder test pressure.

CFFC-9 DESI GN TYPE AND AUTHORI ZATI ON:

(a) For each original cylinder design type, an
application for a Departnment of Transportation
Exenption shall be submtted in accordance with 49 CFR
107.105. Application may be made for nultiple design
types in one exenption application, provided there are
variations in size and pressure only. An exenption
nust be granted in order for the cylinder to be

aut hori zed for the transportati on of hazardous

mat eri al s.

(b) For each original cylinder design type, detailed
drawi ngs show ng di nmensions, including tolerances, bil
of materials, a description of manufacturing and

gual ity assurance procedures, and results of design
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qgualification tests nust be submitted to the Ofice of
Exenptions and Approvals (OHVEA) before first shipnent.

(c) A design type neans cylinders of the sane
configuration (dianeter, water capacity, service
pressure, wi nding pattern), material specifications,
desi gn anal ysi s procedures, nmanufacturing process, and
manufacturing facility.

(d) A cylinder is not considered to be of a new design
type, and no additional application or tests are
required, if the deviation fromthe original design
type is as foll ows:

(i) the change in dianeter or service
pressure is 10 percent or |less, or the change
In water capacity is 30 percent or |ess;

(ii) there are mnor changes in the manufacturing
process, quality assurance procedures, naterial
properties, or wi nding pattern that have no
significant effect on cylinder quality or

per f or mance.

(e) Cylinders representing design changes fromthe
original design type (other than those in paragraph
(d)) rust be subjected to testing in accordance wth
CFFC-11. The applicant nust nake a request for

nodi fication to the exenption in order for the
cylinders representing the design change to be listed
as authorized cylinders. Detailed draw ngs and design
qualification test results nust be on file with the
OHVEA before first shipnent.

CFFC- 10 DESI GN QUALI FI CATI ON TESTS AND ACCEPTABLE TEST RESULTS:

* % % %

Prior to initial shipment of any cylinder design type,
qualification tests as prescribed herein shall have
been performed with satisfactory results. For each
design type qualification a sufficient nunber of
cylinders shall be produced in a batch to permt al
qualification tests to be carried out. Cylinders nust
be produced using the sane materials, manufacturing
equi pmrent types, manufacturing processes and quality
assurance procedures as used for production. The

I ndependent i nspector nust witness all design
qualification tests. Fromthe above batch of cylinders
t he i ndependent inspector will select cylinders at
random for each qualification test.

(a) Resin System The resin systemshall be tested on a
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sanpl e coupon representative of the conposite over

wr apped in accordance with ASTM D-2344-89 for water

boil shear test. The m ninum shear strength may not be
| ess than 34,474 kPa (5000 psi).

(b) Burst Test: The mininmumrequired burst pressure is
3.4 times the marked service pressure marked on the
cylinder. A mninmmof three cylinders nust be
hydrostatically tested in accordance with the
fol | owi ng:

(i) Procedure: Pressurize each cylinder at a
uniformrate up to 3.4 tinmes the marked service
pressure marked on the cylinder, and hold at that
pressure for a mninmmof 60 seconds. The rate of
pressurization may not exceed 1,379 kPa (200 psi)
per second. Increase the pressure to failure and
record the pressure at the onset of failure.
Cylinders used in the anbient tenperature cycling
test may be used for the burst test.

(i1) Acceptable test results: In no case may the
burst pressure of any cylinder be |ess than the
requi red m ni num burst pressure. The failure
initiation nust be in the cylindrical part of the
cylinders.

(c) Drop Test: At a mininmum one enpty cylinder
conplete with val ve but uncharged nust be subjected to
a drop test froma height of 3 neters (10 feet) onto a
concrete surface in accordance with the foll ow ng:

(i) Procedure:

Drop 1: The cylinder shall be dropped vertically
onto the end.

Drop 2: The cylinder shall be dropped horizontally
onto the sidewall.

Drop 3: The cylinder shall be dropped

hori zontally onto a 3.8 x 0.48 cm (1% x 3/16 inch)
pi ece of angle iron, with the included angle in
the downward position. The cylinder shall |and at
ri ght angles to and on the heel edge of the angle
I ron, inpacting approxinmately in the center of the
si dewal | .

(ii) Acceptable test results, if one cylinder
tested: The cylinder nust be subjected to 1,000
pressure cycles fromnot greater than 10 percent
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(d)

of service pressure and the service pressure at a
rate not to exceed 10 cycles per mnute. The
mninmumdwell tine in the pressure range between
90 and 100 percent of the service pressure may not
be I ess than 1.2 seconds. The test cylinder nust
W thstand the cycling pressurization test w thout
any evidence of visually observabl e | eakage or
damage grow h during or after the pressure cycle
test. After successfully passing the cycling test,
the cylinder nust be burst tested in accordance
with the procedure described in CFFC 10(b) (i) of
this standard. The residual burst strength of the
cylinder nmust be at |east 90 percent of the

requi red m ni num burst pressure (3.06 tines
service pressure). The cycling and burst pressure
test data nust be submtted to the DOT for the

i nformati on data base.

(iii) Acceptable test results, if two cylinders
tested: One cylinder nust be subjected to 1,000
pressure cycles fromnot greater than 10 percent
of service pressure and the service pressure at a
rate not to exceed 10 cycles per mnute. The
mnimumdwell tinme in the pressure range between
90 and 100 percent of the service pressure may not
be |l ess than 1.2 seconds. The test cylinder nust
wi t hstand the cycling pressurization test w thout
any evidence of visually observabl e | eakage or
damage growt h during or after the pressure cycle
test. After successfully passing the cycling test,
the cylinder nust be burst tested. The rate of
pressurization may not exceed 1,379 kPa (200 psi)
per second. Increase the pressure to failure and
record the pressure at the onset of failure. The
burst pressure nust be recorded.

The ot her cylinder nust be burst tested in
accordance with with the procedure described in
CFFC-10(b) (i) of this standard. The residual burst
strength of the cylinder nust be at |east 90
percent of the required m ni mum burst pressure
(3.06 tines service pressure). The cycling and
burst pressure test data for both cylinders nust
be submtted to the DOT for the information data
base.

Anbi ent tenperature cycling pressurization test:

At a mnimum two cylinders nust be subjected to
cycling pressurization tests in accordance with the
fol | owi ng:
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(i) Procedure: Pressurize the cylinder between a
pressure not greater than 10 percent of service
pressure and the service pressure at a rate not to
exceed 10 cycles per mnute. The m ni mum dwel |
time in the pressure range between 90 and 100
percent of the service pressure may not be |ess
than 1.2 seconds. Each cylinder nust be subjected
to a mninmumof 10,000 cycles. Follow ng the
cycling test to service pressure, each cylinder
nmust be subjected to a m nimum of 30
pressurization cycles by pressurizing between
approxi mately zero and the m nimumrequired test
pressure. The dwell tine between 90 and 100
percent of the maxi numtest pressure nmay not be

| ess than 1.2 seconds.

(i1) Acceptable test results: Each test cylinder nust
wi t hstand the cycling pressurization test w thout any
evi dence of visually observabl e damage, distortion or
| eakage. After successfully passing the cycling test,
the cylinder nust be burst tested in accordance with

t he procedure described in CFFC-10(b) (i) of this
standard. The residual burst strength of the cylinder
must be at |east 90 percent of the required m ni num
burst pressure (3.06 tinmes service pressure).

(e) Environnental cycling tests: Two cylinders nust be
cycle tested in accordance with the foll ow ng:

(i) Procedure: The cycling rate nay not exceed 10
cycles per mnute. The dwell time between 90 and
100 percent of the maxi mum cycling pressure may
not be less than 1.2 seconds:

Step 1. Condition for 48 hours at zero
pressure, 60°C (140°F), and 95 percent
hum dity

Step 2. Pressurize fromzero to service pressure
for 5000 cycles at 60°C (140°F) or higher, and 95
percent or greater humdity.

***  Step 3. Stabilize at zero pressure and at
anbi ent conditions. Place in an environnental
chanber at minus 51.6°C (minus 60°F) or |ower and
then pressurize fromzero to service pressure.
The cylinder shall be subjected to a m ni num of
5000 pressurization cycles.
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Step 4. Stabilize at zero pressure and at

anbi ent conditions, and then pressurize from zero
to test pressure at anbient tenperature. The
cylinder shall be subjected to a m ni num of 30
pressurization cycles.

* Step 5. After successfully passing the cycling
test, the cylinder shall be burst tested in
accordance with the procedure described in CFFC
10(b) (i) of this standard.

*(i1) Acceptable test results: Each test cylinder
must withstand the cycling pressurization test

wi t hout any evi dence of visually observabl e damage,
distortion or | eakage. In addition, the residual
burst strength of the cylinder nust be at |east 90
percent of the required m nimum burst pressure
(3.06 tines service pressure). The outer surface
of the liner nust show no evidence of corrosion or
def ects such as cracking, |eakage, etc.

Thermal cycling test: Two cylinders shall be cycle

tested in accordance with the foll ow ng:

(i) Procedure: The cycling rate may not exceed 10
cycles per mnute. The dwell time between 90 and
100 percent of the maxi numtest pressure nay not be
| ess than 1.2 seconds.

Step 1. Cycle test at anbient tenperature by
pressurizing from approxi mately zero pressure to
service pressure for 10,000 cycl es.

Step 2. Pressurize and maintain the cylinder at
service pressure and subject the cylinder to a

m ni mum of 20 thermal cycles at each tenperature of
93. 3°C (200 F) and minus 51.6°C (minus 60°F)

mai ntai ning the dwell tine at each extrene
tenperature to a mnimumof 10 m nutes.

Step 3. After successfully passing the cycling
test, the cylinder shall be burst tested in
accordance with the procedure described in CFFC
10(b) (i) of this standard.

(ii) Acceptable test results: The test cylinder
must withstand the thermal cycling test w thout any
evi dence of visually observabl e danage, distortion
or |l eakage. |In addition, the residual burst
strength of the cylinder nust be at |east 90
percent of the required m nimum burst pressure
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(3.06 tines service pressure).

(g) Qunfire test: One cylinder nust be tested in
accordance with the foll ow ng

(i) Procedure: The cylinder nust be charged with
air or nitrogen to service pressure and shall be

| npacted by a 0.30 caliber arnor piercing
projectile having a velocity of about 853.4 neters
(2800 feet) per second. The cylinder shall be

posi tioned in such a way that the inpact point
shall be in the cylinder sidewall at an angle of
45° to the longitudinal axis of the cylinder and
aimed to exit the sidewall on the opposite side of
the cylinder. The distance fromthe firing

| ocation to the cylinder may not exceed 45.7 neters
(150 feet).

(ii) Acceptable test results: The cylinder shal

not fail by fragnentation. The approxi mte size of
the entrance and exit penetrations shall be
recorded.

(h) Bonfire test: Two cylinders nust be tested in
accordance with the follow ng

(i) Procedure: Cylinders nust be fitted with the
val ves and pressure relief devices as specified in
CFFC-8 of this standard, set to discharge at a
pressure between 83 percent and 100 percent of the
cylinder test pressure at anbient conditions.
Cylinders nmust be charged with nitrogen or air to
service pressure. The required bonfire test
procedure shall be in accordance with the
Conpressed Gas Associ ation (CGA) Panphlet CEA C- 14-
1992. The test shall be perforned wth the
cylinder placed in an upright position. The
cylinder shall be exposed to fire until the
contents are fully vented.

(ii) Acceptable test results: The venting of
the gas nust be predom nantly through the
pressure relief device. Cylinders nust be

I ntact at the conpletion of venting.
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**xx CFFC-11 QUALI FI CATI ON REQUI REMENTS FOR DESI GN CHANGE: Cylinders representative of each
desi gn and design change (fromthe original design) nmust be subjected to the foll ow ng
qualification tests and stress anal ysi s:

DESI GN CHANGE
Mat eri al Di aneter or Wat er capacity Manuf ac- Li ner

Type of Servi ce Pressure turing Facility

Test or Origi nal

Requi re- Desi gn Any 10 to G eater 30 to 50 Greater than Any Change Reduction in done or

ment Change 20 t han 20 per cent 50 percent wal | thickness
percen per cent change change
t change
change
Resin X X
Shear Test
Cycling- X X X X X X X X
Anmbi ent
Tenp.
Cycling- X X - X - X X
Envi ronmen
tal
Cycling- X X - X - X X
Ther nal
Hydrostati X X X X X X X X
c Burst
Qunfire X X X X X X X
Bonfire X X X X X X X
* Drop X X X X X X X X
Test
Stress X X X X - X - X
Analysis
X = Applies - = Does not apply

CFFC- 12 MANUFACTURI NG, QUALI TY ASSURANCE, AND LOT QUALI FI CATI ON TESTS:




DOT- CFFC BASI C REQUI REMENTS ( FOURTH REVI SI ON) PAGE 18

* % k%

(a)

Manuf act uri ng:

(i) The manufacturer is responsible for total
conpliance with this standard and as prescri bed
in the DOT exenption.

(ii) Al materials, manufacturing equi pnent
types, fabrication processes, and quality
control procedures for production cylinders
shall conformin all aspects with those used in
t he manufacture of the cylinders used in design
qualification tests.

(i11) The manufacturer shall retain production
data, including lot qualification test results
for each ot of 200 cylinders successively
produced, and retain the records for the
cylinder’s approved service life.

(b) Quality Control Procedures:

(c)

(d)

(i) The manufacturer shall establish and

mai ntain for each design type a docunented
quality assurance system described fully with
control features in a quality manual

(ii) The manufacturer shall establish
procedures for conpliance with all contro
features to the satisfaction of the independent
I nspector.

Lot definition:

(i) Conpleted cylinders: A "lot" neans a group
of cylinders successively produced as conpl eted
cylinders.

(i1) Unless approved in witing by AAHVS, in
no case shall the |lot size exceed 200 cylinders
excluding the cylinders used for |ot
qgual i fication tests.

Lot qualification tests: For each |ot of

conpl eted cylinders, qualification tests as
prescri bed herein shall be performed with
satisfactory results.

(i) Burst test: One cylinder (randomy

sel ected) fromeach |ot of conpleted cylinders
must be hydrostatically tested in accordance
with the foll ow ng:

(A) Procedure: Cylinder nust be tested in
accordance with CFFC-10(b) (i) of this



DOT- CFFC BASI C REQUI REMENTS ( FOURTH REVI SI ON) PAGE 19

standard. A cylinder used in the cycling
test may be used for the burst test.

(B) Acceptable test results: The
nmeasur ed burst pressure may not be

| ess than the m ni mum required burst
pressure. Failure nmust initiate in
the cylinder sidewall

(i1) Anbient tenperature cycling
pressurization tests: One cylinder (randomy
sel ected) fromeach |lot of conpleted cylinders
must be subjected to cyclic pressurization
testing in accordance with the foll ow ng:

(A) Procedure: The cylinder shall be
cycled to service pressure in accordance
wth CFFC-10(d) (i) of this standard.
Adequat e recordi ng instrunmentati on nust be
provided if the test is expected to run
unattended for any period of tine
exceedi ng two hours.

(B) Acceptable test results: Test
results nust be in accordance with CFFC
10(d)(ii) of this standard.

(e) Lot acceptance criteria:

(i) Al cylinders in alot that did not neet
the required lot qualification test results
nmust be rej ect ed.

(i1) However, when a cylinder fails a test,
five additional cylinders selected randomy may
be subjected to the sane test. |If all five
cylinders pass, the lot may be accepted. |If
one or nore of the cylinders fails, the | ot

nmust be rej ect ed.

CFFC-13  PRODUCTI ON TESTS: The foll owi ng nondestructive
tests and inspections shall be performed on al
conmpl eted cylinders in each |ot.

(a) Hydrostatic test. Each cylinder nust be
hydrostatically pressurized to test pressure after

t he cylinder has been autofrettaged. The test
pressure nust be maintained for a m nimum of 60
seconds and as nuch | onger as may be necessary to
ensure stable volunetric expansion. The elastic and
total volumetric expansions nmust be determ ned.
Cylinders that show evidence of | eakage or

di stortion nust be rejected.

(i) The hydrostatic test nust be by the water
j acket method. The system nust be cali brated
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and operated so as to obtain accurate data.

The pressure readi ng nust be accurate within
one percent in the range of 80 percent to 120
percent of the test pressure, and the

vol unetri c expansi on measurenent nust be
accurate to within one percent of the total
expansi on established when in system
calibration, or 0.1 cubic centineter. Records
must be mai ntai ned as evidence of the equi pment
cal i brati on.

*(i1) The hydrostatic test system nust be
cal i brated at the beginning of each day
prior to testing using a Calibrated
Cylinder follow ng procedures specified in
CGA panphlet C1 “Methods of Hydrostatic
Testing of Conpressed Gas Cylinders.”

(b) Visual inspection and marking: All cylinders
I n each | ot nmust be subjected to a thorough visua

i nspection for quality and for conformance with the
mar ki ng requi renents.

CFFC-14 NMARKI NG

(a) Each cylinder that is made in conformance with
this standard and the applicabl e DOT exenption nust
be permanently marked (other than stanping) in the
conmposite overwap on the sidewall. The marking
nmust be easily visible and nust be protected from
external damage due to the environment and handl i ng.

(b) The details of the marking nust conformto the
requi renments of this standard and the DOT exenption
under which the cylinders are manufactured. The
mar ki ng nust contain the foll ow ng:

(i) DOTr Exenption nunmber (DOT E- XXXXX)
foll owed by service pressure expressed in
pounds per square inch gauge (psig).

(i1) A serial nunber and the manufacturer's

i dentification nunmber or a symbol as obtai ned
fromthe Associate Adm nistrator for Hazardous
Materials safety, |ocated just bel ow or

I mredi ately follow ng the DOT mar ki ng above.

(iii) The DOT inspector’s official mark
nmust be placed near the serial nunber. The
mar ki ng nust contain date (nonth and year) of
the initial hydrostatic test for that cylinder.

* (iv) Rejection elastic expansion (REE)
marking in cubic centinmeters. The REE for each
design type cylinder is obtained as foll ows:
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CFFC- 15

1. Perform hydrostatic testing on a |ot of
cylinders and record el asti c expansi on
(EE) of each cylinder.

2. Find the nean value of the EE for all
cylinders tested in item 1.

3. Mark each cylinder with REE which is
| ess than or equal to 10% above the nean
val ue obtained in item?2

(v) The size of the letters and nunbers used
must be at |east 0.64cm (1/4 inch) high if
space permts.

(vi) The follow ng are the authorized formats
for marking:

DOT- E xxxxx- PPPP
1234-MM (or synbol)
[1-MMYY REE

and, DOT- E xxxxx- PPPP-1234- MM - MM YY REE NNN

(vii) Additional markings are permitted in the
conposite, provided the additional markings do
not obscure the required markings and are not
detrinmental to the integrity of the cylinder.

(vii) Provisions for marking of the required
retest dates and retester information nust be
made near the cylinder markings.

| NSPECTOR' S REPORTS:

The inspector must prepare a report that is

clear, legible and in accordance with the follow ng

PAGE 21
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REPORT OF MANUFACTURE OF CARBON FI BER RElI NFORCED PLASTI C
FULL COVPGCSI TE CYLI NDERS ( CFFC)

(Pl ace)
(Dat e)
(Exenpti on nunber)
Manuf act ured for
Conpany.

Locat ed at
Manuf act ured by
Conpany.
Locat ed at
Consi gned to
Conpany.
Locat ed at

_ Quantity Si ze i nches outside dianeter by
_ inches | ong

Mar ki ng pl aced on the of the cylinder is:

DOT- E
Serial nunbers to
i ncl usi ve.

I dentifying synbol (Registered)
| nspector's mark (Registered)
Test date(s)
G her marks (if any)

Each conposite cylinder was nmade by conpl etely over
wrappi ng a seam ess alumnumliner with resin inpregnated
filament reinforcement. Conposite overwap was nade by w ndi ng
resin inpregnated continuous filanment over this
l'iner in both Iongitudinal and circunferential directions,
followed by curing the resin at controlled tenperature.

The alumi num|liner was identified by heat nunmbers and
verified as to chem cal analysis, record thereof is attached
hereto. Liners fabricated fromthe al um num were sol ution
heat treated and artificially aged to T-6 tenper. Physical
tests were made in the presence of the inspector and report of
test results is attached hereto.

Each |iner was inspected before and after closing in the
ends. Al that were inspected were found to be free from
seans, cracks, lam nations and ot her defects which m ght prove
injurious to the strength of the cylinder.

Li ner walls were nmeasured and the m ni numthi ckness not ed
was at | east equal to the m ni num design thickness. The
out si de di aneter was found by a cl ose approximtion to be

I nches.
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Fil anent and resin were certified by the manufacturers,
and identified by package nunber. Filanment was verified as to
strand strength. Conposite was verified as to shear strength.
After w apping, conposite was cured per nmanufacturers's
speci fication.

Prescri bed autofrettage and hydrostatic tests were nade
In the presence of the inspector. Al cylinders accepted
conformwi th the specification requirenments. Results of
autofrettage and hydrostatic tests are attached hereto.

Tensile stress on the alum numliner in the hoop

direction is calculated to be psi at service pressure.
Carbon fiber stress is calculated to be psi in the
hoop direction and psi in the longitudinal direction at

servi ce pressure.

| hereby certify that all of these cylinders proved
satisfactory in every way and conformw th the requirenents of
DOT- E ; except as follows:

Exceptions taken to any reporting or testing requirenments
of this exenption are:

(Sidned)

(I nspector)
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RECORD OF CHEM CAL ANALYSES OF MATERI AL FOR LI NER

(Pl ace) (Dat e)
(Exenption nunber)

Serial nunbers to i ncl usi ve.
Size I nches outside dianeter by I nches | ong.

Made by Conpany.

For Conpany.

Mat eri al description

NOTE: Any om ssion of anal yses by heats, if authorized, nust be accounted for by
notation herein 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
certificate.

Al | oy Cylinders Cheni cal Anal ysis
Desi gnati on Repr esent ed
(Per (Serial Nos.) O hers
Al um num
Assoc.) Si Fe [Cu (M [ Mg | Cr | Pb | Bi |2Zn | Ti Each Tot al Al
Renmai nder
Material was manufactured and m |l anal yses made by _ . Originals of the
certified mll analyses reports are in files of the material manufacturer.
(Si gned)

(I nspector)

RECCRD OF PHYSI CAL TESTS OF MATERI AL FOR LI NERS.

(Pl ace) (Dat e)
(Exenption Nunber)

Serial nunbers to i ncl usi ve.
Size i nches outside dianeter by i nches | ong.

Made by Conpany
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For
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Conpany

Test speci nen description

Lot Code Cylinders Yield Tensil e El ongati on
Represented | strength at strength (percent)
by test 0. 2 percent (psi)
(Seri al of f set
Nunber s) (psi)
(Si gned)

(I'nspector)
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REPORT OF COWPOSI TE ANALYSES

(Pl ace) (Dat e)
(Exenption nunber)
Materi al s
Manuf act ured by Conpany
For Conpany
Nunber ed

Fi | ament specification and desi gnation
Manuf act ured by Conpany

* k k%
Filanent materials
Manuf act uri ng Package Nunber Tensile Strength

RESI N SYSTEM COVPONENTS
MANUFACTURI NG BATCH NUMBERS

Resin Curing Agent Accel erat or
Bat ch Type | I nterlam nar Bat ch Type Bat ch Type
Nunber Shear Nunber Nunber
Strength
Si gned

(I nspector)

REPORT OF HYDROSTATI C TEST FOR CFFC TYPE CYL| NDERS
(Pl ace) (Date)
(Exenpti on nunber)
Manuf act ured by:
Located at:
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Manuf act ured for:
Locat ed at:

Serial nunbers: to I ncl usi ve.
Synbol _ _
M ni mum prescri bed test pressure psi g.
* k k%
Seri al Wei ght (1 bs) Vol Aut of rett age HYDROSTATI C TEST
No. (wi t hout val ve) (in?
Li ner | Conp- | Total Press | Total El ast . Act ual Tota
osite (Psi) | Expan- | Expan- Test Expan-
sion sion Press. sion

(CO) (C0) (CO)




DOT- CFFC BASI C REQUI REMENTS ( FOURTH REVI SI ON) PACGE 28
LOT CYCLI NG AND BURST TESTS
Type of Seri al Nunmber of Pressuri zation Bur st
Test Nunmber of - Pressure
Cyl i nder To Service To Test (psig)
Pressure Pressure
Cycling
Virgin
Bur st
Si gned:
(I'nspector)
CFFC- 16 RETENTI ON OF REPORTS: The inspector’s report (CFFC-15) nust

approved service |ife of the cylinder

be retained for the

by the maker and the inspector.



