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I-Project Updates

Why Intermix with Swagelok

Oct. 18, 1549. C. B. CRAWFORD 2,484,815
- The original two-ferrule fitting patent -
N
Invented by Crawford in 1947, Lig-d RPNPNZE

O

~ \\ \
/4//!///// =

Owned by Swagelok since then. e

/,eJ

- De facto Standard for the industry
Market share more than 60% (best guess)

- Approval from all the major customers in every application

Oil and gas, analytical instrumentation, chemical and petrochemical, pulp and

paper, process instrumentation, power generation, shipbuilding, semiconductor,

and alternative fuels
126

- Swagelok-only patented ferrule design 128

Uniquely modified back ferrule design since late 1990s. 29>

127
-> prove same leak-tight performance

140 124

with DK-Lok own back ferrule design

TDK-LOK Corporation



I-Project Updates

Test Specimens

Components Swagelok #1 #2 #3 #4 #5 #6 #7 A
1 «li-
Swagelok Nut - SN SN SN DKN DKN DKN SN DKN DKN
Swagelok Back Ferrule - SBF SBF DKBF SBF DKBF DKBF SBF SBF DKBF
Swagelok Front Ferrule - SFF |  SFF DKFF DKFF SFF DKFF DKFF SFF SFF @ 2 «ferfunk -
Swagelok Body - SB SB DKB DKB DKBF SB DKB DKB SB ?/ 3 Font
! l
Components #8 #9 #10 #11 #12 #13 #14 DK-Lok
DK Nut -DKN SN DKN SN SN DKN SN SN DKN ‘—BOd)‘ -
DK Back Ferrule - DKBF DKBF SBF DKBF SBF SBF SBF DKBF DKBF
DK Front Ferrule - DKFF SFF DKFF DKFF SFF SFF DKFF SFF DKFF
DK Body - DKB DKBF SB SB DKB SB SB SB DKB

- #1 ~ #14 show all possible intermix combinations between DK-Lok and Swagelok fittings.

- Five different sizes (1/4", 3/8", ¥2", 34", 1”) of the fourteen combinations (#1 ~ #14) make
70 intermixed fittings to be tested.

- Thick wall thickness tube (the harsher tube condition than most) used for all test procedures.

TDK-LOK Corporation
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ASTM F1387

ASTM (American Society of Testing and Materials) F1387 establishes the performance
characteristics required for mechanically attached fittings (MAF) for use in piping and
tubing systems.

Mandatory Tests Supplement Tests
ASTM 1387 | Procedure Comments ASTM 1387 | procedure Comments
section No. section No.
A2 Examination of Specimen Done S2 Thermal Cycling Test Done
A3 Pneumatic Proof Test Done S3 Elevated Temperature Soak Test | -
A4 Hydrostatic Proof Test Done S4 Stress-Corrosion Test -
A5 Impulse Test Done S5 Torsion Test -
A6 Flexure Fatigue Test Done S6 Shock Test -
A7 Tensile Test Done S7 Fire Test -
A8 Hydrostatic Burst Test Done S8 Vibration Test Done
A9 Repeated Assembly Test Done
10 Rotary Flox Tos Sone All tests witnessed by TUV Rheinland.
No failure observed.
All Mercurous Nitrate Test N/A

TDK-LOK Corporation
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Test Procedures (I)

*Tube Working Pressure

Specimen
Preparation

\ 4
Remake Test (A9)
Disassemble/
Re-assemble
2 times

Examination of
Specimen (A2) l

Visual Inspection

Pneumatic Test (A3)
@ 1.25 x W.P

Pneumatic Test (A3) | {0
@ 1.25 x W.P* -

A4

Remake Test (A9)
3 times

TDK-LOK Corporation
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Test Procedures (II)

l

Hydrostatic Test (A4)
@ 1.5 x WP

: \,

Remake .Test (A9) Hydrostatic Burst Test (A8)
1 time @ 4 x W.P.

!

Hydrostatic Test (A4)
@ 1.5 x WP

l

Remake Test (A9)
2 time

!

Hydrostatic Test (A4)
@ 1.5 x WP

IDK-LOK Corporation
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Burst Test Results for All 70 Specimen

TDK-LOK Corporation
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Test Results (withessed by TUV Rheinland)

T S e sasomer TUVRheinland®
Test Section Description Results | Comment A
order No 3" party witnessing intermix test report

for DK-Lok Corporation

1 A2 Visual Examination Pass RoportNo. ;133045302

Name of test ¢ Intermix test of DK-Lok tube fitting

Applicant DK-Lok Corporation

2 A3 Pneumatlc Proof Test Pass 7, Golden root-ro 129beon-gil, Juchon-myeon, Gimhae-si, do, Korea

ZIP-CODE : 50969

Trade mark MDX-LOM Corporation

3 A9 Repeated Assembly Test x 2 Pass

Manufacturer As above

Test location As above

4 A3 Pneumatic Proof Test Pass

Test date Apr. 05~18, 2016

5 A9 Repeated Assembly Test x 3 Pass P e e, v, 2. 3,

Requirements 1) ASTM F1387 - A3 for Pneumatic Proof Testing, A4 for Hydrostatic Proof Testing

6 A4 Hydrostatic Proof Test Pass | Witnessed S ik
by TUV 2) Test Condition

- Temperature : Room temperature

. - Test pressure : 1.25 X workir ressure for pneumatic proof test
7 A9 Repeated Assem bly Test X 1 Pass Rhe| N Ia nd & ane.msnngﬁ:p:msmeovpseba«&reommg time of Sminutes

1.5 x working pressure for hydrostatic proof test

after testing with pressure of 6.8 bar & holding time of Sminutes
4 x working pressure for hydrostatic burst test
- Internal test fluid : N2 for pneumatic test and water for hydrostatic & burst test

8 A4 H yd rosta ti C P ro of Te St Pa SS - Leakage checking : Soak into waler in case of prieunalic test and visual checking In other (ests

Detail 1) Tube Fittings
information - Size : 1/4", /8", 1/2", 3/4", 1*

A9 Repeated Assembly Test x 2 Pass b ol Mool bl S
9 P y

- Manufacturer : DK-Lok and Swagelok

2) Tubes

10 A4 Hydrostatic Proof Test Pass S AT S

- Wall thickness : 0.049" (1/4" 0.D), 0.049°(3/8" O.D), 0.065'(1/2" 0.D), S
0.095°(3/4" 0.D), 0.109"(1" O.D) 5 ..’ \
)

11 A8 Hydrostatic Burst Test Pass ARG )

(G
| =

TUV Rheinland Korea Tel : +82 2 860 9850
41-40, Paryong-dong, Uichang-gu, Fax : +82 2 860 9851
Changwon, Gyeongsangnam-do, 51390, Korea Home page : www.kor tuv.ocm

Pass: No leakage observed for all the 14 intermixed fittings for the 5 different sizes.
IDK-LOK Corporation
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Additional Tests

section | Procedure Description
No.
A5 Impulse Test 1,000,000 cycle x 1 (sec/cycle),

Remake at 25%, 50%, 75% of the full cycle

A6 Flexure Fatigue Test | 30,000 cycle x 0.5 (sec/cycle),
Remake at 25%, 50%, 75% of the full cycle

A7 Tensile Test Tensile Load > minimum
A10 | Rotary Flex Test 1,000,000 cycle x 1750 rpm

S2 Thermal Cycling Test | 3 x High Temp. (204°C = 400°F) cycling (6hr/cycle),
3 x Low Temp. (-17.8°C = 0°F) cycling (6hr/cycle)

S8 Vibration Test 4Hz -> 60Hz by 1Hz at 5 min/Hz,
60Hz for 2 hours (Endurance Test)

TDK-LOK Corporation
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Impulse Test (A5)

Section No. | Description

A5 1,000,000 cycle x 1 (sec/cycle) > (11.6 days),
Pressure up to 133 + 5% of working pressure &
down to no greater than 20 + 5%,

Remake at 250K, 500K, 750K cycles.

Pressure impulse
shown in the
test machine screen

FUNCRION

mg;ainm' I EE T E T ETIEL <—— Obar

~

| g
250 cycle (250 sec = 4min 10sec) IDK-LOK Corporation
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Flexure Fatigue Test (A6)

Section No.

Description

A6

30,000 cycle (1 cycle = 1 left and 1 right move),
Remake at 25%, 50%, 75% of the full cycle

offset
Left |<—>|<—>‘ Right
Yy

P

Strain gauge

Offset to ensure tube strain
larger than preset minimum

IDK-LOK Corporation
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Tensile Test (A7)

Section No.

Description

A7

Tensile Load larger than minimum

File Path

Date / Tester
Customer
PoNo
Material
Test Procedure

Data

NO. & Lot.

DKQAP-1001 (Rev.10)

AZFAE HHA
Tensile Test Report

C:WisersWuserWDesktopW/ASTM F1387 INTERMIX TESTH1-2 inch¥¥1-2 inch #1.Cod
12017.04.25/ WM.CHOIL

NA
NA

_ASTM A276 TYPE 316/316L

OKTE-005(Rev.1)

AR _Y
n. Box
(Dameter) (sact. Area)

4.8

Report No
Heat / HON
Test Equip
JUDGEMENT
Remark

Sy
B3 ne
Gauge ) (1o2a)

8.00 9.60

DK-Lok Corporation

A

A | wr-dioy | g4 e | Tk

as
(Strengeh) Load)

4 | A=
2 4 71>
7 #E | 2|1 Sk

TTX50-170425-029
1-2 Inch / #1

U.T.M;2005-49(EXP DATE:Mar.17.2018)
ACCEPT.

0.29%0ffset, Gauge Length:50mm

ne us

: BEAFAY

A4(210x297)

TDK-LOK Corporation



I-Project Updates

Rotary Flexure Test (A10)

Section No. | Description
Al10 1,000,000 cycle x 1750 rpm

OFF-SET TO PROPER FREE PIPE/TUBE LENGTH {MIN.}

STRAIN GAGE STRESS /_ FIVE TIMES (5X) PIPE/TUBE 0.0.
)} N =
ROTATION
- — Pl = 5 o
__? __:_T‘.-K__ {\“— - - -‘E_- I-]-I;IL'I.L-'_'-:.—_-__:'_

STRAIN GAGE

Axial offset to ensure tube strain larger than preset minimum

TDK-LOK Corporation
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Thermal Cycling Test (S2)

Section No.

Description

S2 3 x High Temp. (204°C= 400°F) cycling, (6hr/cycle),
3 x Low Temp. (-17.8°C = 0°F) cycling, (6hr/cycle)
High-Temperature Graph Low-Temperature Graph
wa¥yrc T T 20°C —.
{=400F)
W0 — I % o N
1 - -+ ~ : =0F L | . |
1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour 1 Hour 2 Hour
1 Cycle ¥ 3 Cycles
I 1 Cycle ¥ 3 Cycles

TDK-LOK Corporation
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Vibration Test (S8)

Section No. | Description

S8

respectively,

4Hz -> 60Hz by 1Hz at 5 min/Hz (Frequency Increase) x, y, z axis

60Hz for 2 hours (Endurance at maximum frequency) at z axis

S

|
—  —~
_I=L]. T | — = FJ—\‘:LI
O o] Q

FIG. S8.1 Vibration Test Specimen Geometry

Frequency Amplitude

Range (Hz) (inch)
4 to 15 0.031+.006
16 to 25 0.020+.004
26 to 33 0.010+.002
34 to 40 0.005+.001
41 to 50 0.003+.000
50 to 60 0.002+.000

TDK-LOK Corporation
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Vibration Test Bed & Graph

MName: Sine Test X axis 1inch No.1-5(2017.05.20)
Test Type: Sine Test

1 Sweep
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Demand Peak: 0.3681 g Control Peak: 0.3681 g Drive Peak: 0.0685%  Level: 100 %

Vibration Test Acceleration vs. Frequency (4~60Hz)
Equipment

TDK-LOK Corporation
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TUV Rheinland Test Report

TUV Rheinand Korea

Industrie Service - (KOREA) i} : ®
vy /2. TOVRheiniand
rd
3" party witnessing intermix test report
for DK-Lok Corporation
Report No. 133050164
Name of test Intermix test of DK-Lok & Swagelok tube fittings
Applicant fD_K-I.ok Corporation
7, Golden root-ro 128beon-gil, Juch y Gimhae-si, do, Korea
ZIP-CODE : 50969
Trade mark VDI~ L© 8¢ Corporation
Manufacturer As above
Testlocation  [As above
Testdate April 05 ~ 18, 2016 / April 25 ~ December 18, 2017
DK-Lok & Swagelok Tube Fittings
orucis feeiad - Size : 114", 38", 112", 304", 1*
Requirements 1) ASTM F1387-99 Standard Specdication for Performance of Piping and Tubing Mechanically Attached Fittings
- A3 for Pneumnatic Proof Test
- A4 for Hydrostatic Proof Test
= A5 for Impulse Test
- A6 for Flexure Fatigue Test
- AT for Tensile Test
- AB for Hydrostatic Burst Test
- A9 for Repeated Assembly Test
- A10 for Rotary Flex Test
- 82 for Thermal Cycling Test
- 88 for Vibration Test
2) Test Condition
Intesrnix Matrix #1 2 #3 #4 #5 6 7
DK Nut-DKN SN DKN DKN DKN SN DKN DKN
DK Back Farule - DKBF DKSF SBF DKBF DK8F SBF SBF DKBF
DK Front Femue - DKFF DKFF DKFF SFF DKFF DKFF SFF SFF
DK-Body - DKE DXB DKB DKB SB DK8 DKB SB
#8 #9 #10 #11 #12 #13 #14
Swagelok Nut-SN SN OKN SN SN DKN SN SN
elok Back Ferrule - SBF|  DKBF SBF DKBF SBF SBF SBF DXBF
Swagelok Front Ferrule - SFF SFF DKFF DKFF SFF SFF OKFF SFF
Swngrink-Body - GR iR ) SR ) o) SR SR
#1 ~ #14 show all possible intermix conbinations between DK-Lok and Swagelok fittings.
Five different sizes ( 1/4", 3/4°, 1/2", 3/4", 1) of the fourteen combinations { #1 ~ #14 ) make
70 intermixed fittings 1o be tested.
Detall 1) Tube Fittings
information - Size : 174", 3/8", 1/2°, 34", 1*
of test specimen - Grade : ASTM A276/A479 TP316/316L Stainless Steel
- Type : Double Ferrule Compression Fitting
- DK-Lok and Q¢
2) Tubes
- Material : ASTM A213/A269 TP316/316L Stainless Steel B i)
- Size : 1/4°, 3/8", 1/2°, 34", 1*
- Wall thickness : 0,035" (1/4" 0.D), 0.048°(3/8" O.D), 0.0657(1/2" 0.D), "
0.085'(3/4" 0.0), 0.108°(1" O.0) (9

e o2

Report No.

Tewsng Lasosaiony for Prassur Equpment

Tol - +82 2 860 9850

Uchang-gu, Fax : +82 2 860 95651

H'Jw LT Luv otm

133050164

A TUVRheinland®

Cocumantation

Tests camed oul

2. imputse Test
Test report: DKTRANT-17-006 Reference ASTM F1387 Annex AS

4. Tonsile Test
Test regort: DKTR-INT-17-002 Reference ASTM F1387 Armex A7

& Flexure Fatigus Test
Test report: DKTRANT- 17004 Reference ASTM F13587 Arrex AS

6 Rowry Flax Test
Test repot DKTR-INT-17-00G Referancs ASTM F1387 Annex A0

7. Treemsl Cyciing Tes|
Test report DKTR-INT-17-006 Rederence ASTM F1357 Annex §2

8. Vibraton Test
Test report DKTR-INT-17.001 Reference ASTM F1337 Annex S8

1. Pneumatic Proof Test & Hydrostatic Proofl Test & Hyorosiale Burst Tes|
Test report: DKTR-160418-001 Refernnce ASTM F1387 Annex AJ, A4 AR

3. Repamod Assembly Test ( Included Flaxure Fatgue & impuise Test )
Test raport; DKTR-INT-17-004~005 Referancs ASTM F1387 Annax AQ

Tes! resuls Regqurements
No leakage from the above tests
Results
There was no observabile leakage during the above tests.
Final decision Al the test spocimens meet the above requirement of ASTM F1387.99.

Changwon, Kores / Dec. 18, 2017

TUV Rhesfand Korea

Indusyrisl ServicaFrassum Eqipment

& Plarx Tochpology
—

[ sy
J HTeong(ispector)

===

TOV Rherand Korea
41-40, Paryong-cong, Uicharggu.
Changwon, Gysongsangnam-do, 51390, Koraa

Tol © +82 2 660 0850
Fax +62 2 860 9851

Home page | www kortuv.com

3rd-party witnessing test report,
showing no leakage during all the tests.

IDK-LOK Corporation
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Test Specimen, Partially Shown
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DK-LOK Corporation
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