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Composite Cylinder Usage

« Composite Cylinders have been used in the United States
under DOT Special Permits for over 25 years for the
transportation of various compressed gases.

« Composite Cylinders are also authorized under DOT 49 CFR
In §178.71 and in United Nation Model Regulations for over
10 years.

See Disclaimer



' Composite Cylinder Standards Authorized
Under Special Permits

« Special Permits - DOT-FRP 1
« Special Permits - DOT-FRP 2
« Special Permits - DOT-CFFC

« Special Permits - with Various Exceptions from CFFC,
FRP-1 Standards

« Special Permits - Large Cylinders (Tubes)



 1SO 11119-1
 1SO 11119-2
 1SO 11119-3




Fiber Reinforced Plastic Fully Wrapped
Composite Cylinder (FRP-1)

Liner — Seamless Aluminum

Shell — Glass Fiber

Maximum water volume — 200 Ibs. (90 I)

Maximum service pressure — 5,000 psi

Design service life — 15 years

Safety factor (Min. burst/service pressure ratio) = 3.0



Fiber Reinforced Plastic Hopped Wrapped
Composite Cylinder (FRP-2)

Liner — Seamless Aluminum

Shell — Glass Fiber

Maximum water volume — 200 Ibs. (90 I)

Maximum service pressure — 5,000 psi

Design service life — 15 years

Safety factor (Min. burst/service pressure ratio) = 3.0



Fully Wrapped Carbon-fiber Reinforced
Aluminum Lined Cylinder (CFFC)

Liner — Seamless Aluminum

Shell — Carbon fiber and glass fiber
reinforced plastic

Maximum water volume — 200 Ibs. (90 |)

Maximum service pressure — 5,000 psi

Design service life — 15 years

Safety factor (Min. burst/service pressure ratio) = 3.4



Hooped Wrapped Metallic Liner
Composite Cylinder (1SO 11119-1)

Liner — Seamless metallic (Steel or Aluminum)
Shell — Carbon fiber or aramid fiber or glass fiber
Maximum water volume — 1,000 Ibs. (450 |)

Maximum service pressure — 9,425 psi (650 bar)

Design service life — Up to 38 years

Safety factor (Min. burst/service pressure ratio) = 3




Fully Wrapped Metallic Liner
Composite Cylinder (1ISO 11119-2)

Liner — Seamless metallic (Steel or Aluminum)
Shell — Carbon fiber or aramid fiber or glass fiber
Maximum water volume — 1,000 Ibs. (450 |)
Maximum service pressure — 9,425 psi (650 bar)
Design service life — Up to 38 years

Safety factor (Min. burst/service pressure ratio) = 3



http://www.google.com/imgres?um=1&hl=en&sa=N&biw=1390&bih=492&tbm=isch&tbnid=Yc9eELGPQlLNAM:&imgrefurl=http://www.chesterfieldcylinders.com/cylinder-products/composites&docid=-AZM7I0PjLm0XM&imgurl=http://www.chesterfieldcylinders.com/uploads/Image/products-composites.jpg&w=350&h=276&ei=52IIUKKiB4KC8ASoubyTBA&zoom=1&iact=hc&vpx=282&vpy=191&dur=1060&hovh=199&hovw=253&tx=188&ty=134&sig=104479082952525929753&page=1&tbnh=136&tbnw=167&start=0&ndsp=14&ved=1t:429,r:8,s:0,i:100

Side by Side Design Qualification
Evaluation of FRP-1 & CFFC Design Criteria
with 1SO 11119-2

« PHMSA Engineering made a comprehensive
side-by-side Design Qualification Comparison of
(FRP-1 & CFFC) Design Criteria and the 1ISO 11119-2.

 Copies are available.
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Performance Evaluation of DOT FRP-1
and CFFC Using ISO 11119-2 Criteria

« PHMSA also evaluated the performance of FRP-1 and
CFFC cylinders Using ISO 11119-2 Criteria.

« 84 cylinders were randomly selected from a population of
50,000 FRP-1 and CFFC cylinders, which were approaching
the end of their 15-year service life.

« Sample cylinders were subjected to ISO 11119-2 design
gualification testing such as burst, pressure cycling, flaw
tolerance and drop testing.

-11 -



U.S. Department of Transportation
Pipeline and Hazardous Materials
Safety Administration

Cylinders notched (per ISO),

Cylinders
and burst, 4 Cycled to 24K
Cylinders notched (per 150}, cycles anfi
cycled and burst, 4 \ Ieakec.l during
cycling or
burst, 12

Cylindersimpacted (perISO)
and burst, 4

Cylinderimpacted (perISO),

cycled 10K and burst, 4 Cylinders Cycled to 10K cycles

and burst, 19

Cylinders Dropped (3M) and
burst, 3

Cylinder dropped (3M), cycled
10K and leaked during cycling
or burst, 3

Cylinders dropped (3M), cycled /
10K and burst, 1

EOL Cylinders Burst, 20

\ Cylinders Cycled to 10K cycles

and leaked during cycling or
Cylinders dropped (3M), burst, 1

additional impacts and burst, 1 -12 -



L

U.S. Department of Transportation

Pipeline and Hazardous Materials
Safety Administration

RP-1, CFFC Cylinders used in this project were new.
2sting consisted of:

Burst of used or end-of-life vessels

10,000 pressure cycles then burst

— Dropped and burst

— Dropped and cycled

— Notched and burst

— Notched and cycled

— Cycling pressure = Max. Developed Pressure for SCBA

*Test results and information only represent Navy Cylinders and their application.
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ipeline and Hazardous Materials

rst Pressures Results for

Un-Cycled Cylinders

o Lo Lo veere L Sioe

16744
18455
20594
20075

14972
16988
16805
18333

13500
13500
15300
15300

16078
17911
19036
19555

606
1671
741
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Pipeline and Hazardous Materials

Burst Pressures Results for
Cylinders Subjected to 10,000 Cycles
(P = Max. Developed Pressure)

o o s Lse | Soe

16683
16866
20785
20625

15399
15094
16225
19372

13500
13500
15300
15300

15919
16139
19380
20037

644
1896
571
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ipeline and Hazardous Materials

aw Tolerance Test
dotched Cylinder Criteria

1.200 0.132 0.04
1.350 0.149 0.04
1.125 0.124 0.04

1.025 0.113 0.04
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FRP-1
FRP-1
CFFC
CFFC

Tolerance Test
Pressure Results

Burst Pressure, psi

14544
13597
17111
16011
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U.S. Department of Transportation

Pipeline and Hazardous Materials
Safety Administration




U.S. Department of Transportation
Pipeline and Hazardous Materials
Safety Administration

Drop Test Criteria
Per Requirements of 1ISO 11119-2

* Cylinder (FRP-1/CFFC) filled with water to 50% capacity

* Dropped on 9 positions (boss, side, shoulder and base,
twice each location)

* Dropped from 1.2 meters
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asults After Drop Test
equired in I1ISO 11119-2

ylinder was subjected to 10,000 pressure cycles
200 to 5200 psi (Max Developed pressure).

All Cylinders passed the cycling tests with no leak and
no burst.
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Conclusion — Performance of DOT FRP-
1&CFFC As Required in 1SO 11119-2

 All FRP-1 & CFFC cylinders passed 10,000 pressure
Cycling Test (200-5200 psi) and met the minimum burst
pressure requirement.

 All FRP-1 & CFFC cylinders passed 1000 pressure

cycles and met the minimum burst pressure requirement.

 All FRP-1 & CFFC cylinders passed post drop cycling
and minimum burst pressure requirement.
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-oncerns for Switching to
11119-2 from FRP-1, CFFC

esentative Criteria for Fatigue Performance (Max.
)eveloped Service Pressure)

* Representative Criteria for Drop Testing
« Addition of Damage (Flaw) Tolerance Testing

 Fear of Unknowns
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U.S. Department of Transportation
Pipeline and Hazardous Materials
Safety Administration

Benefits for Switching to
ISO 11119-2 from FRP-1, CFFC

« Consistent Regulation and Enforcement practice

« Keeping up with global competition

* Periodic revision of the Standard by global experts
* Options for making larger Cylinders (5 times)

« Options for making higher pressure Cylinders

« Options for having various performance designs (e.g. 15, 20,
30 years)

« Potential for a longer service life (e.g. 38 years or indefinite)

* Meeting requirements of MAP-21 & Global Harmonization

-23 -



DISCLAIMER

The information in this presentation is
based on test data from cylinders in
special limited-use application. Itisin no
way to be construed as a conclusion or
recommendation to use composite
cylinders beyond their current service life
limit of 15 years.”



