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DOT-E 10016
(FIRST REVISION)

1. ECOLAB, Inc., Mendota Heights, Minnesota, is hereby granted an
exemption from certain provisions of this Department’s Hazardous
to offer packages prescribed herein of
8 materials for transportation in
commerce subject to the limitations and special requirements
specified herein. This exemptlon authorizes the shipment of
liquid hazardous materials in a removable head pelyethylene drum of
five-gallon capacity,. and provides no relief from any relation
NOTE: Reference to 49 CFR
Sections in this exemption are tg regqulations in effect on
September 30, 1991. C ‘

Incorporated’s
in accordance with 49

This exemption is based on ECOLAB,
1994, submitted

2. BASTS.
application dated July 20
CFR 107 105.

3. HAZARDOUS MATERIALS (Descriptor and class).

Corrosive

material, n.o.s, Class 8, for which a DOT Specification 34
polyethylene container 1is prescribed in 49 CFR Part 173; and
flammable liquids, n.o.s., with a flash point above 20°F., classed -

as ‘Class 3, for which the packaging requirements of 49 CFR
173.119(b) are applicable and which are specifically identified to,
and acknowledged in writing by, the Office of Hazardous Materials
Exemptions and Approvals (OHMEA) prior to the first shipment. Only
those commodities which will not react with polyethylene and result
in container failure are authorized. The specific gravity of the
commodity must be no more than 1.5, and vapor pressure may not
exceed 16 psia at 100°F. »

(49 CFR 172.101). Corrosive ‘liquid,

‘Flammable llquld n.o.s.; or the spec1f1c chemical name, as
approprlate

5. REGULATION AFFECTED.

4. PROPER SHIPPING NAME

49 CFR, Part 173. Subparts D‘and F;

178.19

6. MODES CF TRANSPORTATION AUTHORIZED Motor'véhicle, rail
freight and cargo vegsel. _
7. SAFETY CONTROL MEASURES. Packaging prescribed is a non-DOT
Specification removable head ‘molded polyethylene drum, without

overpack, having a rated capacity of five gallons. Each drum must
be constructed of pclyethylene with a° minimum thickness of 0.070
inch measured at any point, and be manufactured in accordance with
ECOLABR Drawing Nos. E1500546 and EL 464727 and technical-
spec1f1catlons, on file with OHMEA.

Fpcasd - MO ?{ el
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a. Drums must be qualified in accordance with the procedures
prescribed in. 4% CFR Part 178.19-7, except that the
requirement for hydrostatlc pressure shall be five psi for
five minutes. -

. Each drum must be marked as specified in 49 CFR 178.19-6
except that "DOT-E 10016" must be used in lieu of DOT-34.

‘Additionally, each drum must be marked "NRC"- - and each

removable head must be embossed "DOT-E 10016".

- 8. SPECIAL PROVISIONS.

a. Pergons who received the packages covered by this
- exemptions may reocffer them for transportation provided no
modifications or changes are made to the packages, all terms

of ‘this exemptions are complied with and the current copy of
this exemption is maintained at each facility from whlch such
- reoffering occurs.

b. Shippers using the packaging covered by this exempticn
comply with all provisions of this exemption, and all other
applicable requ1rements contained in 49 CFR Parts 171 - 180.
reasons who receive packages covered by this exemption may
reship them pursuant to 49 CFR 173.22a.

C. A copy of this exemption must be carried abkoard each
. motor  vehicle, rail freight, and cargo vessel used to
transport packages covered.by this exemption.

d. A copy of this exemption, in its current status, must be
maintained -at ~each manufacturing facility at  which this
packagings is manufactured and must be made. available to a DOT
representatlve upon request..

e. Each packaglng manufacture in ' accordance "with the

- requirements of this exemption must be marked in a manner
which identifies the phys;cal location (city and state) of the
facility at which 1t is manufactured

£. No new construction of this packaglng ldentlfied in
paragraph 7 of this exemption ig authorized after
September 30, 1994. As the holder of this exemption, you may
request a renewal to continue the use of the packaging
manufactured prior to September 30, 159%4. However, the
exemption will not carry an expiratlon date subsequent to
‘September 30, 1996 since use of the packaging is prohibited
_ after that date. This is consistent with the transitional
| provision of 49 CFR Section 171.14 and the implementation of
. the new packaging requirements adopted under Docket HM-181.
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\9 Compllance Fallure by a person- to. comply with any of the
fcllow1ng may result in the suspension or revocation of this
exemption  and penaltles prescribed by the Federal hazardous
-materlals transportatlon laws.

. ,
N "o ‘~All terms and condltlons prescrlbed in this exemptlon
" and the Hazardous Materlals Regulatlons, 49 CFR Parts
171 180

‘o “‘Reglstratlon requlred by 49 CFR 107. 601 se s‘g when
applicable. '

No'person.mayluse or apply'this.exemption, including display
of its number, when the exemption has.expired or is otherwise no
longer in effect unless a . regulatlon has been amended maklng the
exemptlon no longer: necessary

- 10, REPORTING REQUIREMENTS The carrier is requlred to report any
~ incident involving loss of packaging contents or packaging failure

to the . Associate Administrator for Hazardous Materials Safety
. (AAHMS) as soon as practicable. (49 CFR 171.15 and 171.16 apply to
any activity undertaken under the authority of this exemption.) 1In
addition, the holder(s) of this exemption must inform the AAHMS, in
writing, of any incidents involving the package and shipments made
under the terms of this exemption. ‘

’ll. EXPIRATION DATE. August 31, 1956.

_Issued at Washlngton, D.C.:

SEP 30 1004
{DATE)

ssociate Administrator
: or'Hazardous Materials Safety .

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

Attention: DHM-31. ' : ‘ o

The original of this exemption is on file at the above office.
" Photo reproductlons and legible reductions of thlS exemption are
permltted Any alteratlon of thls exemptlon is prohlblted

Dist;_ USCG, FHWA, FRA




OOT FRP - 1 STANDAD
OATE: Original; July 1, 1981
Revision 1; March 15, 1982
Revision 2; February 15, 1987

BASIC RECUIRIVENTS ROR FRP TYPE 3FC SOMRSITE CYL INDERS

§ 178.AA Fiber reinforced piastic {FRP) full twrapped) conmmsiite (RD)
cyl inders made of definitely prescribed materials.

§ 178.AA-1 General.

Each cylinder mmust conformwith these basic requirerents and the
specific requirgrents of the applicable exarption.

§ 178.5A-2 Type, size and service pressure.

Type 3FC cylinder consisting of resin impregnated continuous filarent
“windings in both longitudinal and circurferential directions only over a
seanless aluminum iiner; not over 200 pounds water capacity; and service
pressure at least 900 PS! but not greater than 5000 PSI,

§ 178.AA-3 Inspection by whan and where.,

Inspections and verifications must be perfomed by an independent
.inspection agency approved inwriting by the Director for the Office of
Hazardous Mbterials Transportation (OMF), in accordance with 49 CFR 173.300Ca.
Chemical analyses and tests must be mede in the United States unless otherwise
approved inwriting by the Director for GMI in accordance with 49 CFR
173.300b.

§ 178.AA-4 Duties of the inspector.

{a). Detemmnine that all materials conformwith the provisions of this
standard before releasing them for cytinder manufacture.

(b} \Merify chanical analysis of each heat of |iner material by
analysis or by obtaining producers certified analysis. A certification fram
the manufacturer .indicating confommance with this requirerent is acceptable
when verified by check analysis on one sarple taken framone cylinder |iner
out of each inspection lot of 200 cylinders or less. Verify confomance of
filarent and resin system carponents with the requirerents specified in §
178.2A-5,

{c) Prior to the initial shigrent of any specific corposite cylinder
design, verify that the design qualification tests prescribed in § 178.AA-18
‘have been performred with acceptabie results. '

(d) Verify conformance of campleted cylinder with all reqguirerents
including marking, condition of inside, heat treatment, and threads. Report
minirmun thickness of |iner wall noted.
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{e) Verifv windilng process to assure that camposite material is
unifomm, of required thickness and pattern, and in accordance with the
carposite structure present in cylinders subjected to the design qualification
tests,

(f) Witness all tests and pressurization, obtain copies of all test
results and certifications; report voluretric capacuty, pernrenent expansion
and carpleted corposite cylinder weight,

{g) Furnish carpleted inspector’s report (§ 178.AA-16) to the meker of
the cylinder and upon request, to the purchaser. (See § 178.AA-17).

§ 178.AA-5 Authorized material and identification of material.

{a) Aluninum liner must be 6351 or 6061 alloy and TG tamer.

(b} Filarent material must be camercial Type-S or camercial Type-E
fiberglass. Filarents must be tested in accordance with ASTM D-2343-79 and
have minimum strand strength as folloas:

(1)  Type-S Giass ---- 400,000 PSI,
{2) Type-E Glass ---- 200,000 PSI.

7 {c) Resin systammust be epoxy or rmodified epoxy type. Resin Systen
must be tested on sarple coupons representative of the carposite over-wrap in
accordance with ASTM D-2344-67 for water boil shear test, and have a minimm
shear strength of 5,000 PSI.

{d} ~ Materials rrust be identified by a suitable method during

menufacture.

(e) Materials must be of uniform quality. Materials with injurious
defects are not authorized.

§ 178.M-6 Manufacture.

(a) Liner. Aluminum |iner rrust have dirt and scale ramoved as
necessary to afford proper inspection; no defect that is |ikely to weaken the
finished liner appreciably is authorized; reasonably stooth and uniform
surface finish is required. No interior folding in the neck area is pemitted;
grooth gathering of the meterial in the neck inwhich there are no sharp
rooted folds is acceptable. If not originally free fram such defect, the
liner surface rmay be mechined or otherwise treated to el iminate these defects
provided the required minimmwall thickness is meintained. Liner end contour
must be concave to pressure.

(b} Carposite cylinder. The cgrposite cylinder must be fabricated
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fran an aluminum liner fully ovenarapped with resin impregrated continuous
filarent windings. Winding pattern rmust be "helical™ or "in plane and hoop”
wrap, applied under controlled tension to develop the design camosite
thickness. After winding is carplete, the carposite must be cured by a
controi led terperature profile, and auto-frettaged by pressurizing to not less
than 105 and not greater than 115 percent of the prescribed minimumn test
pressure. No defect that is fikely to weaken the finished cylinder
appreciably is acceptable.

(c} Welding or brazing. Weiding or brazing for any purpose
whatsoever is prohibited.

(d} Lot size.

{1} Liner lot size. A "liner lot" means a group of liners
successively produced having the sare: size and configuration;
specified material of construction; process of manufacture and heat
treatment; equipTent of manufacture and heat treatrent; and conditions
of time, terperature and atrosphere during heat treatrent.

{(2) Caomposite cylinder lot size. A "carposite cylinder lot”
means a group of cylinders successively produced franqualified liners,
having the sare size and configuration, the sare specified materials of
construction, the sare process of manufacture to the sare cylinder
specification and auto-frettaged under the sare conditions of
tgrperature, time and pressure.

(3) in no case rmay the ot size exceed 200 units; honever, any
unit processed for use in the required destructive tests need not be
counted as one of the 200, but must have been processed with the lot.

(e} Design qualification tests. Prior to initial shiprent of any
specific cylinder design, quaiification tests as prescribed in § 178.2A-18
must have been perfomred with satisfactory results.

§ 178.AA-7 WAI! thickness.

{a) Minimum thickness of the |iner must be such that after auto-
frettage, -the campressive stress in the sidenal!| of the liner at zero pressure
will not exceed 95 percent of the minimumyield strength of the aluminun as
detemnined in § 178.AA-12(a} or 95 percent of the minimum design yield
strength shoan in § 178.AA-18(h). The meximum tensile stress of the liner at
operating pressure must not exceed €0 percent of the yield strength.

(b}  The meximum filarent stress at service pressure must not exceed 30
percent of the filarent stress at the virgin burst pressure of the lot test
cylinder.

{c) The end designs must incorporate added materials to assure the
stresses in these areas are less than the stresses found in the cylindrical
portion, _
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(d}  Stresses sha!l be carputed fram Carputer Code NASA CF-72124
"Camputer Program for the Analysis of FilarentWbound Reinfarced Metal Shell
Pressure Vessels" May 1966, or other suitable analysis techniques. '

§ 178./A-8 Openings.

(a} Openings are pemitted on the headg only. Center iine of openings
must coincide with the longitudinal axis of the cylinder.

(b} Threads are required. Threads must be clean cut, even, without
checks and to gauge.

{c} Tapered threads are not pemirtted.

{d)  Straight threads conforming with Nationa! Gas Straight (NGS)
thread standard are authorized. These threads must conform to the
requirerents of Federal Standard (FED-STD}-H2B (1978). Other straight threads
having at least 6 engaged threads are authorized provided that the calculated
shear strength is at least 10 times the test pressure of the cy!inder.

§ 178.AA-9 Thermrmal treatment.

{a) The aluminum !iner must be solution heat treated and aged to the
T-6 tarper after all foming operations and prior to pressurizing and’
overwrapping. '

(b} The resin rmust be cured at the tamerature specified and by the
process set forth in the cylinder manufacturer’s specification and noted in
the Inspector’s report. Curing terperature and process rmust correspond with

~that applied to the cylinders subjected to the qualification tests. The

curing terperature must not exceed 350 ° F.

§ 178.AA-10 Pressure relief devices and protection for wallves, meiliief
devices, and other comnections.

Pressure relief devices and protection for valves and other connections
must conformwith 49 CFR 173.34(d) and 173.301{g), except that the adequacy of
the pressure relief devices for each design mey be verified in accordance with

. § 178.A7-18{q).

§ 178.AA-11 Nondestructive tests.
{a) Hydrostatic test.

{11} By water-jacket, operated so as to obtain accurate data.
Pressure gauge must pemit reading to accuracy of 1 percent in the range
of 80 percent to 120 percent of test pressure. Expansion gauge rrust
permit reading of total expansion to an accuracy of either 1 percent or
0.1 cubic centimeter.

(2)  The accuracy of thee test egquiprent must be meintained by
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periodic recalibration. Records must be maintained to verify that the
test equiprent is calibrated on a reqular basis. A calibration cylinder
capable of verifying the equiprent accuracy for the material, size and
test pressure of the cylinders to be tested must be used for checking
the equipgrent at the beglnnlng of each day.

{3) Pressure must be maintained fpr 30 seconds and sufficiently
longer to insure carplete expansion. Any internal pressure applied
after auto-frettage and previous to the official test must not exceed 90
percent of the test pressure. |f, due to faiiure of test apparatus, the
test pressure cen not be meintained, the test may be repeated at a
pressure increased by 10 percent or 100 PSI, whichever is loaer. Not

"more than 2 such repeated tests are permmitted.

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

§ 178.AA-12 Destructive tests.

{a) Physical tests. To determine yield strength, tensile strength
and elongation of the aluminum liner material. Applies to aluminun liner only.

(1). Required on 2 specimens cut fram one |iner taken'at_ randan
out of each lot of 200 liners or less.

{2) Specimens must be: gauge length of 2 inches with width nor
over 1-1/2 inches; or gauge length of 4 times the specimen diareter (4D
bar), provided that a specimen with gauge length at ieast 24 times
thickness with width not over B times thickness is authorized when |iner
wall is not over 3/16 inch thick. The specimen, exciusive of grip ends,
must not be flattened. Grip ends mey be flattened toc within one inch of
each end of the reduced section. When size of |iner does not pemit
securing straight specimens, the specimens rmay be taken in any location
or direction and rmay be straightened or flattened cold and by pressure
only, not by bloas. When such specimens are used, the inspector’s
report must show that the specimens were so taken and prepared. Meating
of specimens for any purpcse i§ not authorized.

{3) The yield strength in tension shall be the stress
corresponding to & pemrenent strain of 0.2 percent of the gauge Iength

{i) The vield strength shall be determined by either the

"offset"” method or the "extension under lcad" method as prescr:bed
by ASTM Standard E8-78.

(ii) In using the "extension under {oad" method, the total
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strain or "extension under load" corresponding to the stress at
which the 0.2 percent permanent strain occurs may be detemined
with sufficient accuracy by calculating the elastic extension of
the gauge length under appropriate load and adding thereto 0.2
perceni of the gauge length. Elastic extension calculations shall
be based on an elastic modulius of 10,000,000, In the event of
controversy, the entire stress-stradn diagram shall be plotted and
the yield strength detemined fran the 0.2 percent offset.

{iii) For the purpose of strain measurerent, the initial
strain shall be set while the specimen is under a stress of 6,000
pounds per sguare inch, the strain indicator reading being set at
the calculated corresponding strain.

{ivl Cross-head speed of the testing rnachine shall not
exceed 1/8 inch per minute during yield strength detemination.

(b} Cycling test. One cylinder taken at randam out of each lot of
200 cylinders must be subjected to cyclic pressurization test by
. hydrostatical ly pressurizing the cylinder between approximately zero PSIG and
the designated pressure at a rate noi to exceed 4 cycles per minute. Adequate
recording instrurentation rmust be provided if the equiprent is to be left
unattended for periods of time. All cylinders used in the cycle test must be
destroyed. : '

{c) Burst test. One cylinder taken at randamn out of each lot of
cyiinders shall be hydrostatically tested to destruction by pressurizing at a
uniform rate up to minimum prescribed burst pressure, holding the pressure
constant at minimum burst pressure for 60 seconds; and increasing the pressure

to failure. The rate of pressurization must not exceed 200 PS!| per second.
The cylinder cycle tested in paragraph (b){1) above mBy be used for this burst
test.

§ 178.AA-13 Acceptable results of tests.
{a) Hydrostatic test.

{1} The permanent voluretric expansion of the cy!inder rrust not
exceed 5 percent of the tota! voluretric expansion at test pressure.

{2) All cylinders failing to pass the hydrostatic test must be
rejected. :

(b} Physical test. Applies to aluminum {iner oniy.

. (1) Elongation must be at feast 14 percent; except that an
elongation of 10 percent is acceptable when the authorized specimen size
is 24t x Bt. ,

(2) \Ahen the test results fail to meet requirerents, the lot
must be rejected.
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. (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
equiprent or procedure was faulty. The retest must be perfonred on
specimens -taken fram the sare cylinder liner.

(c} Cycling test.

(1) Each test cylinder must withstand at teast 10,000
pressurization between aparoximately zero and service pressure folloned
by at feast 30 pressurizations between zero and test pressure, without
evidence of distortion or failure.

{2} When the test cylinder fails to withstahd the cycle test,
the lot represented must be rejected.

(d) Burst test.

{1} Burst pressure shal! be at least 3 times the service .
pressure and in no case less than the value necessary to meet the stress
criteria of § 178.AA-7(b). Failure must initiate in the cylinder

sideng!!. Cylinders with marked service pressure not exceeding 2,200
PSI must ravein in one piece. Actual burst pressure must be recorded.

' (2}  When the test cylinder fails to withstand pressure up to the
. ‘ minirrum prescribed burst pressure, the lot represented rrust be rejected.

§ 178.AA-14 Rejected liners and cylinders.

(a) Physical test.  Reheat treawrent of aluminum liners that failed
the physical test is authorized. Subsequent thereto, acceptable liners rmust
pass al! prescribed tests. :

(b) .. Hydrostatic test. Cylinders rejected by the hydrostatic test rmust
not be placed in service.

(¢} Cycle test. Cy! inders of lots rejected by the cycle test.must not-
be placed in service. '

(d) Burst test. Cylinders of lots rejected by the burst test rmust not
be placed in service.

§ 178.AA-15 Marking.

(a} Each cylinder must be permmanently marked (other than starping in
the filarent wrap) in the epoxy coating on the side near the end of the
cylinder containing the valve outler.

(b} - Required markings are. as follons:

o (1)l BOT-E ****. YWY (\Ahere- ***xFxarption nurber, and YYYY =




. service pressure in PSIG).

{2) A serial nurber and an identifying syrbol {letters);
location of serial nurber to be iust belawv or immediately following the
00T mark; location of sytbol to be just below or imrediately following
the nutber. The sywbol and nuther must be those of the maker. The

syrhol must be reg|stered with the Directpr for GMI; duplications not
authorized.

{3) The Inspector’s official mark must be placed near the serial
nurber .

’

{4) D[ate of test {month and year) so placed that dates of
subsequent tests can be easily added.

{8) Exarples of cylinder marking:
OOT-E ****-2000

1234-XY
AB
3-81
or,
COT-E ****-2000-1234-XY-AB-3-81
. {c) Size of merks must be at least 1/4 inch high if space permits.

{d) Additionat markings are permitted (in the epoxy coating).
§ 178.AA-16 Inspector’s report. '

fa) The inspector frust prepare a raport that is clear, legible and in
accordance with the fol lowing form:

. REFCRT OF MANLFACTLRE OF FIBER REINFCRCED PLASTIC (FRP) TYPE 3RC
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RLL OMRSITE (FC) AUMINM LINED OMPRESSED (S CYLINDER.

(Piace)
{Cate)
(Exgmption nurber)
Bnufactured for ' Campany.
Located at

Menufactured by Carpany.
Located at
Consigned to Carpany .
Located at ‘

Quantity Size inches outside diareter by __ inches long

Marks blaced an the of the cy!inder are:

0oT-E ‘
Serial nurbers 1{¢] inclusive.
ldentifying syrbo!l (Registered)
Inspectar’s mark {Registered)
Test date(s)
Other marks {if any)

Each cavposite cyiinder was mede by campletely overarapping a seaniess
aluninum liner with resin impregnated filarent reinforcerent. Carposite
ovenwrap was rrade by mﬂnding resin impregnated cont inuous
filarent over this liner in both longitudinal and circunferential dlrectlons
folloned by curing the resin at control led terperature.

The aluninumwas identified by heat nurbers and verified as to chemical
analysis, record thereof is attached hereto. Liners fabricated fram the
aluminumwere solution heat treated and artificially aged to T-6 terper.
Prysical tests were rmade in the presence of the inspector and report of test
resufts is attached hereto.

Each™ | iner was inspected before and after closing in the ends. All that
were inspected were found to be free from sears, cracks, lamination and other
defects which might prove injuricus to the strength of the cylinder.

Liner walls were neasufed and the minimum thickness noted was at least
equal to the minimum design thickness. the outside diareter vas found by a
close approximation to be inches.

Filarent and resinwere certified by the menufacturers, and identified
by package nutber. Filarent was verified as to strand strength. Camposite
vwas verified as to shear strength. After wrapping, carmposite was cured per
manufacturers’s specification.

Prescribed auto-frettage and hydrostatic tests were mede in the presence
of the inspector. Ali cylinders accepted conformwith the specification

requirerents. Results of auto-frettage and hydrostatic tests are attached
hereto.
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Tensile stress on the aluminunm liner is calculated to be P3| at
service pressure. Filarent stress is calculated to be __ PS| in the hoop
direction and PSi in the fongitudinal direction at service pressure.

| hereby certify that all of these cylinders proved satisfactory in
every way and confornwvvrth the requirerents of OOT-E ; except as

fol lons: -
Exceptions taken to any reporting or testing requirarents of this
exgrption are:

(Signed)

{ Inspector)

RECCRD OF CHEMICAL ANALYSES OF MATERIAL KR LINER

{(Place)

(Date)

(Exgrption nurtber)

Serial nurbers 10 inclusive.
Size inches outside diareter by . inches long.

Made by Carpany .
For Carpany .
Material description

NJTE: Any amission of analyses by heats, if authorized, rrust 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.

Alloy Cylinders
Designation Represented Chemical_Analyses
. Others

(Serial __Others
Norbers) Si Fe Cu Mh Mg Cr Zn Ti_ Ea. Total

Al

‘ Material was manufactured and mill analyses nade by
Originals of the certified mill analyses reports are in files of the ﬂaterla[

menufacturer.
(Signed)

{inspector)

REQOAD OF PHYSICAL TESTS OF MATERIAL FOR LINERS.
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. {Piace)

(Date)
-[Exarption Nurber}
Serial nurbers to inclisive.
Size inches outside diareter by inches long.
Mede by Carpany
For - Carpany
Test specimen description —

Cylinders Yield Strength Tensile

Represented at 0.2 percent Strength .

by Test. Offset {pounds {pounds per Elongation

Lot Code (Serial Nos) per_square_inch} sguare_inch] (percent)
{Signed)
{{nspector)
REFCRT OF QOVACSITE ANALYSES
{Flace)
{Date)
{Exemption nurber)
NMeterials '
fMenufactured by Carpany
. For - Corpany
' Numhered :
Filarent specification and designation
Menufactured by ‘ Carpany
~Menufacturing Inter-laninar
_package nurber Tensile strength shear strenath_

RESIN SYSTEVI COVACNENTS
MEALFACTUR ING BATCH NUVBERS

Resin Cur ing agent ~ Accelerator

Batch nuvber Type Batch nurber Type Batch nurber Type

Signed
Inspector

REFCRT (F HYCHOSTATIC TEST RR FRP_TYPE 3FC OYLINCERS
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{Place)
(Date)

(Exerption nutber)
" Manufactured by:

Located at:
Manufactured for: -
Located at:
Serial nurhers: 10 inclusive.
Syrbol :
Minimum prescribed test pressure psig.
Weight - pounds Hydrostatic test
{without vaivel}
Pemre- ‘
Auto- Tota! nent Ratio Actual
~ frettage expan- expan- of PE  test
Serial Campo- - Molure pressure sion  sion  to TE

sure

nurber  Liner site  Total cu.in__ psig cu.in__cu.in_ percent psiq

LOT CYCLING AD BLRST TESTS

Nuber of ‘
Serial pressurizations Burst
Type of Nurber of 10 service 10 test pressure
test cylinder pressure__ pressure {psig)

Cvcling

Virdin Burst

. ' § 178.AA-17 Retention of inspector’s report.
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The inspector’s report (8§ 178.AA-16).must be retained for 15 years fram
the original test date on the cylinder by the maker and the inspector.

§ 178.AA-18 Design qualification tests.

{a) General - Except as authorized in § 178.8A-10(a), the
qual ification tests as prescribed in this paragraph shall have been performred
on representative cylinders of each specific des:gn prior to any initial
shigrent. All cylinders used for design qualification tests must be
fabricated on-the sare equiprent and subjected to the sare processes as 1§
used to produce cylinders intended for charging and shipgrent. Al tests rmust
be witnessed by an independent inspector. Test reports must be kept on file
by the cy!inder meker and nmede available to the independent inspector and the
CHVII upon request.

(b) Design changes. For purposes of this standard, a design change
is: (1) any change inmaterial; (2) a 10 percent or greater change in diareter
or service pressure; or (3) a 30 percent or greater change in water capacity.

{c) Test requirarents. Each cylinder design or any design change to
an approved cy!linder design must be qualified by subjecting representatlve
cylinders to the tests prescribed in the fOllONlng table:

CRIGINAL
DESICN EESIGN  CHANE
- Diareter or
Material Service pressure Water_capacity
Greater Greater
101020 than 20 30 10 50 than 50 .
Type of Any percent percent percent percent
test change change change change change_
Cycling- ‘
Arbient X X X X X X
Cycling- : :
Env.ron-
mental X X X - X
Cycling-
Thenral X X - X - - X
Hydraulic
burst X X X X X X
Gunfire X X X X X X
Bonfire X X X X X X

{d) Pressure cycling tests. All cycling tests shall be perfonmred by
hydrostatically pressurizing the cylinder between approximately zero and’
designated pressure at a rate not in excess of 4 cycies per minute. All
cylinders used in cycle tests must be destroyed. Adequate recording
instrurentation must be provided if eguipTent is to be left unattended for
periods of tirre.

{1) Cycling test at arbient tarperature. One representative




cylinder shall be cycle tested at avbient tavperature without showing
evidence of distoertion, deterioration or faiiure, as fol!lons:
pressurize fram approxirately zero to service pressurs for 10,000
cycles; then pressurize frgm approxirrately zaro 10 test pressure for st
least 30 cycles. Aftear successfufly passing this test the cylinder must
be pressurized to burst in accordance with paragraph (e)(1) of this
section and the burst pressure recorded. : '

(2) Enwvirommental cyciing test. QOne representative cylinder
free of any protective costing shel!l be cycle tested without showing
gvidence aof distartion, deterioration or failure as follans. Any
cylinder subjected to this cycling test must be destroyed.

{i) Condition the cylinder for 48 hours at zero pressure,
140 °F. or higher and 95 percent or greater relative humidity.

{ii) Pressurize frgn zero to service pressure for 5,000
cycles at 140 °F. or higher and 95 percent or greater relative
hunidity.

(iii) Stabilize at zero pressure and arbient conditions.

{iv) Then pressurize form zero to service pressure for
5,000 cycles at -80 °F. or loner.

iv) Stabilize at zero pressure and amient te@rperature
conditions.

{vi) Then pressurize from zero to test pressure for 30
cyGles at arbient tevperature, ,

(3} Thenmel cycling test. One representative cylinder shall be
tested withoyt showing evidence of distortion, deterioration or failure
as folloas. After successful ly passing this test, the cylinder must be
pressurized to burst in accordance with paragraph {e){1} of this saction
and burst pressure recorded.

{i}. Cycle test at arbient terperature by performing 10,000
prassurizations fran approximeisly zerc 10 sarvice pressure and at
least 30 pressurizations from zero to test pressure,

(ii) Then hydrostatically pressurize to service pressure;
and submerge the pressurized cylinder in 200 °F. fluid, soak for
10 minutes; transfer and subrerge in -60 °F. fluid and soak fram
10 minutes. Subject cy!inder to 20 such cycles restricting the
transfar time to at least ona minute but not more than 3 minutes.
The pressure In the cylinder may be control led so that it does not
axceed test pressurs nor less than marked service pressure.

() Hydraulic burst test.

{1) Qne represantative cy!inder shali be hydrostatically

]
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pressurized to failure as folloas: pressure shall be increased at a
unifomm rate up to minimum prescribed burst pressure; this pressure to
be held for at least 60 seconds; then pressure will be further increased
“to failure., The pressurization rate throughout the test must not exceed
200 psi per second. : ~

{2) Burst pressure rrust be at least 3 times the marked service
pressure, and in no case less than the value necessary to rreet the
stress criteria of § 178.AA-7(b). Failure must initiate in the
sidenal|. Cylinders with marked service pressure not exceeding 2200 psi

. must remain in one piece. Actual burst pressure rmust be recorded.

(f} Gunfire Test. One representative cylinder charged with air or
nitrogen to service pressure shall be impacted by a 0.3C catiber amor-
piercing projectile having a velocity of approximately 2800 feet per second.
Cylinder shall be positioned so that the projectile impact point is in the
cylinder sidenal! having hoop winding, at approximately 45 degree angle and
aired to exit at the cylinder sidenai!. Distance fran firing location to test
cylinder must not exceed 50 vards. Tested cylinder shall reveal no evidence
of a fragrentation failure. Approxirate size of entrance and exit openings
must be recorded.

(gl Bonfire test. Test cylinders must be fitted with pressure.
relief devices in accordance with § 178.AA-10 and charged with the intended
lading to the prescribed filling pressure or density. Charging with nitrogen

or 3ir to service pressure js authorized only if cylinders are to be charged
only with non-ligquefied gases. Fire for the test shal! be generated by
kerosine-soaked wood, gasoiine or JP-4 fuel. The lonest part of the cylinder
shal |l be approximately 4 inches above the base of the fire when wood fire is
used or shall be approximately 4 inches above the |iquid surface if gasoline
or JP-4 fuel is used. Test cylinder shall be exposed to fire unti! carpletely
vented. Time-pressure readings rmust be recorded at 30 second intervals fram
start of fire until venting is covpleted, Test results are not acceptable if
contents vent fram any iocation other than through a pressure relief device.
After successfully passing the fire test, each cylinder must be pressurized to
burst and burst pressure recorded. Tests must be perfomed as follons:

(1} Vertical test. Place test cylinder in its upright
position and subject to total fire engulfrrent but in no case shall the
flare be aliosed be alloned to - inpinge directly on any relief device.
Shielding of pressure relief devices with a metal piate may be used but
is not a requirgrent. For cylinders equipped with relief devices on
both ends, the bottan relief devices must be shielded framany flare
impingeTent. o

{2} Horizontal tests. Place test cylinder in its upright
position and subject the entire length to flate impingerent except that
the flare must not be alloned tc impinge directly on any relief device.
Shielding of the pressure relief devices with a rmretal plate may be used
but is not a requirarent.

(3} Cylinders for liquified gas service. - At least one

T
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. representative cylinder must be subjected t0 the horizontal test and two
to the vertical test.

(4} Cylinders for non-liquefied gas service anly. At least 2
cylinders rmust be subjected 1o the verticai test. Horizontal test is rot

required.

(h] Qualification test results. A report of all tests for each
‘Z1sign qualification, describing test setup, procedure and results rmust be
sugnitted to the M. This report must include at least the following basic
inforrration on each cylinder design tested.

BASIC CYLINDER CESIGN INFORVRT ICON

Dimension, material and pressure_data.

DETe) i
(Examption nurber! ... e
Cvlinder:
Service pressule . .. v, PN PSIG
MO U L e e cu. in.
Qutside digreter of cylinder .. ... ... ... ... .... . inches
Total weight of cylinder ....... ... ... .. ... .. ... pounds
Auto-frettage pressure MNote 1) ... ... ..ot PSIG
Test Pressure ........ovvvinevnn, .. e . PSIG
Minimun prescribed burst pressure ............... PSIG
Calculated burst pressure ..............o.veuenn. PSIG
Nomninal thickness of overwrap ... oo inch
Minimum strand strength of filarent ............. DS i
Minimun shear strength of resin ................. psi
Weight of carposite material ............ o, pounds
Liner: ‘

Weight of liner ........ ... .. ... ... e pounds
Inside digreter ......... ... ... .. e inches
Liner material and tarper .

Filarent material ...........

Resin rraterial .............. .

Minimunwall thickness of |iner {Qual. test cyl}. inch
Minimun design wal | thickness of finer .......... inch
Yield strength of liner (Qua!. test cyl) . ... .. psi

psi

Minimun design yield strength af liner .........

Note 1. For each qualification test cylinder, the total and pemranent
voluretric expansion readings obtained in the auto-frettage pressurizations
must be recorded. '

.\ \ DESIGN STRESSES A\D LOPD DISTRIBUTION




