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The Swagelok *
Tube Fitting Advantage
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Swagelok Tube Fittings

= Patented back ferrule geometry
= Patented back ferrule case-hardening process

= Comprehensive and on-going product testing

Swoa



Design Features

= Controlled-phased sequential pull-up

» Patented recessed and contoured geometry

= Patented case-hardening process

= Hinging colleting action
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Design Features

= Controlled-phased sequential pull-up

» Patented recessed and contoured geometry

= Patented case-hardening process

* Hinging colleting action
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Design Features

Enhanced Factors of Performance

= Robust tube grip
= |_eak-tight gas seal

= Excellent vibration resistance

Swoa



Design Differences
Tube Grip

Robust grip over a wide range of installations
= Tubing
- Hardness
- Wall Thickness
- Dimensions
- Material
= Quality
= Pull-up

Swagelok Tube Fitting

Swoa



Design Differences

Gas Seal

Swagelok Tube Fitting

Swoa
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Design Differences

Vibration Resistance

Swagelok Tube Fitting

Swoa



Swagelok Tube Fitting

Vibration Resistance

Colleting region

Tube fracture

Stress riser

© 2005 Swagelok Company. Sﬁﬁgﬁﬁk



Design Differences
Summary of Advantages

= Enhanced factors of installed tube fitting performance
= QOver a wide range of installations

= Ease of installation

Swoa



Finite Element Analysis (FEA )

Finite element analysis (FEA) is a
computer aided mathematical
technique that realistically models
the elastic and plastic deformations
of tube fitting component shapes and
materials, In this case 316 stainless
steel, under the applied loads.

SwaoRo



Pete Willlams
Chief Scientist

= 30 years in material science and
fluid system development

Over 40 U.S. patents and many
more patents globally

= Leading developer of contoured
ferrule geometry and LTCSS
case hardening process

= Licensed Professional Engineer

© 2005 Swagelok Company.



Swagelok Tube Fitting Technology

Performance essentials

Patented back ferrule geometry provides the hinging
collecting action

Patented heat-treating process creates:
— Extraordinary hardness
— Corrosion resistance

— Retained ductility

Swoa



Swagelok Case-Hardening Process

= Low-temperature carburization of stainless steel
= Developed and patented by Swagelok
= Technical studies published by Case Western Reserve University

= Disclosed and published
= Customers have visited and audited our production facilities

© 2005 Swagelok Company.




Swagelok Case-Hardening Process
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Carburization

What is carburization, and why do we need it?
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Carburization

What is carburization, and why do we need it?
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Surface Carburization Technology

e Patented
» Customer audited

» Two-stage process

 Applied to finished components k0 T

» No distortion or /( g &, .
dimensional change ﬁ“*M A Rt

s

e Increased hardness i -r-:_'-"i'r'-%_:'i:

. o § ' ,':1‘ e e L T ]
« Enhanced corrosion st i S =
resistance i IR et L N




Hardness Depth Profile

Hardness similar to tool steel

1200

900

Hardness (HV25)
(o))
o
(@)

300

Distance from surface ( m)
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Low-Temperature Carburization

Temperature (°C)

© 2005 Swagelok Company.

Time-Temperature-Transformation Diagram
1200
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Corrosion Resistance

Pitting corrosion resistance similar to high nickel alloys
1600
1200
LTCSS
//
g 800
@ Pitting
E Onset
'C_EE 400
g .
— 316 SS
0
-400 1 T T 1
1m0t 1o 1 rho”’ 1m0 102 1 rho?
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Corrosion Resistance

Dramatically greater and more consistent pitting re sistance

1000
o— ¥ —w— o o LTCSS

Average * Std. Dev
800 945 + 13 mV

600

400 Untreated 316 SS
L Average * Std. Dev

344 #1111 mV
200 >

Potential (mV, SSC)

0 | | | |

Samples
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Corrosion Resistance

Untreated Specimen LTCSS Carburized Specimen

ASTM G61 test for electrochemical pitting potential (Ep) in chloride solution

© 2005 Swagelok Company. SNQQQ\Q&



e
Corrosion Resistance

Crevice Corrosion Test

1.E-01

1.E-02

1.E-03

1.E-04

Total Current (1)

1.E-05

HE0 Altoy C-22 :
Titanium 6-4 y Carburized 316 SS

1.E_07 | TP VT ST s

1.E-08

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000 550000 600000
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e
Wear Testing

~100 times more wear resistant than untreated 316 S S

ASTM G-99:
Ball-on-Disk Unidirectional Sliding

Wear Rate (mm 3/N-m)

Ball Disk
2.9 x 106 1.6 x 10°
LTCSS 9.2 x 10 3.0x 10
carburized
8.3x10° 1.9x10°
Non-treated 6.3 x104 2.1 x104
on-Ee 6.1 x 10 2.5 x 10

Test condition: 5 N load, 0.1 m/s sliding speed, 500 m sliding distance.




e
Ductility

LTCSS carburized stainless steel maintains ductilit vy

LTCSS



-
Quality Control Program

Metallurgical analysis evaluates:
Case hardness
Case depth
Case consistency

Product test reports (PTRS)

Demonstrate robust
tube fitting performance



Product Testing
Product Test Reports (PTRS)

Provides extensive evidence performance reliability

The Big Three:
Tube Grip
Gas Seal
Vibration Resistance

Thermal shock and corrosion resistance

Continuous testing of randomly selected samples from
production



-
Product Testing

Continuous Testing

Tube Grip
PTR 382 Hydraulic Pressure Test

Gas Seal
PTR 396 Gas Pressure Test



-
Product Testing

Vibration

Rotary Flex Test Example
% in. x 0.035 stainless steel tubing
Alternating stress 16550 psi (1140 bar)
Working pressure 2600 psig (180 bar)
3500 rpm



-
Product Testing

Swagelok Tube Fitting Robustness

PTR 385

Hydrostatic Pressure Test Installation of Swagelok Tube Fitting on Extra-Hard Tubing
With the Tube Fitting With the Tube Fitting Bottomed and Not Bottomed

PTR 390

Hydrostatic Pressure Test Installation of Swagelok Tube Fittings with 1 and % Turns of
the Nut Assembly on Normal to Extra Heavy Wall Tubing With the Tube Fitting
Bottomed and Not Bottomed

PTR 391

Hydrostatic Pressure Test Installation of Swagelok Tube Fitting on Extra-Heavy Wall
Tubing

PTR 394

Hydrostatic Pressure Test Installation of Swagelok Tube Fittings with 1 Turn of the Nut
Assembly on Normal to Extra-Heavy Wall Tubing



-
Third-Party Testing

TUV [ECE R110]

DNV

Lloyds Register

American Bureau of Shipping

ASTM F1387

as witnessed and approved
by the U.S. Navy



Swagelok Limited Lifetime Warranty
Replacement and installation

www.swagelok.com

Swagelok and its authorized distributors hereby warrant to the purchaser of their
Products that the non-electrical components shall be free from defects in material and
workmanship for the lifetime of the Products. All electrical components in or on the
Product are warranted to be free from defects in material and workmanship for twelve
months from the date of purchase.

The purchaser’s remedies shall be limited to the replacement and installation of any
parts that fail through a defect in material and workmanship.

All customer-specified components carry the applicable manufacturer’'s warranty

ALL OTHER REPRESENTATIONS, EXPRESSED OR IMPLIED, WA RRANTY, OR
LIABILITY RELATING TO THE CONDITION OR USE OF THE P RODUCT ARE
SPECIFICALLY DISAVOWED, AND IN NO EVENT SHALL SWAGE LOK AND ITS
AUTHORIZED DISTRIBUTORS BE LIABLE TO PURCHASER, OR ANY THIRD
PARTY, FOR ANY DIRECT OR INDIRECT CONSEQUENTIAL OR INCIDENTAL
DAMAGES.

Swagelok — TM Swagelok Company, © 2002, 2005 Swagelok Company Printed in U.S.A. GLI. April 2005 R1 MS-19-129

© 2005 Swagelok Company.



Interchange and Intermix

No commercial design standard __exists for fitting
components. Each company makes components to its own

design standards.

Interchanging and intermixing tube fitting components will
cause unpredictable performance, may increase cost, and

can be dangerous in critical applications.



e
Real World Results

“When Lloyd’s Register came up for final
approval — done. Not an issue. Not with one
fitting. And we had more than 10 000 fittings
on each rig.”

Mike Wallace
Instrumentation Superintendent, Cianbro Corporation






