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ZERTIFIKAT & CERTIFICATE ¢

Industrie Service

ZERTIFIKAT
Certificate

EG-Baumusterpriifung (Modul B) nach Richtlinie 97/23/EG

EC Type-examination (Module B) according to Directive 97/23/EC

Zertifikat-Nr.: Z-1IS-DDB-MAN-14-07-100327437-01
Certificate No.:

Gultigkeit / Validity: bis 23. Mai 2023/ till 23th of May 2023

Bevollméachtigter gemaR RL 97/23/EG: RegO GmbH
Authorized Reprasentativ: Industriestrale 9
D-35075 Gladenbach

Hiermit wird bescheinigt, dass das unten genannte EG-Baumuster die Anfor-

derungen der Richtlinie 97/23/EG erfiilit.
We herewith certify that the type mentioned below meets the requirements of the Directive 97/23/EC.

Priifbericht Nr.: P-IS-DDG-MUC-13-07-100327-437-

Test report No.: 005-005 Rev. 1

Geltungsbereich: Direkt wirkende federbelastete

Scope of examination: Sicherheitsventile, Typen AR,
PRV, SS, NR fiir LPG und tiefkal-
te Gase

Fertigungsstatte / Hersteller: Engineered Controls Interna-

Manufacturing plant / manufacturer tional, LLC, 100 Rego Drive

Elon, NC 27244
United States of America

TUV SUD Industrie Service

GmbH
_____ Zertifizierungsstelle
Mannheim, 14, Juli 2014 /T Serigy i Hmokgegate
(Ort, Datum) ; ;

(Place, date)

=
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Bitte beachten Sie die Hinweise auf der zw gn Selte. 6 B?nannle Stelle, Kennnummer 0036

Please note the remarks on the second pagé.. 3 |/ Notified Body, No. 0036
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TOV Industrie Service GmbH ,2119,395-289 Mitglied der

Abteilung Druckbehdlter Fax: -21)°395-594 CONFEDERATION EUROPEEN
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D-68167 Mannheim



P-1S-DDG-MUC-13-07-100327-437-005-005 Rev.1

Type test of safety valves
for LPG and cryogenic service

®

Industrie Service

Choose certainty,
Add value.

Reason for revision:

Manufacturer:

Products:

Types:

Headquarters: Munich

Trade Regisler Munich HRB 96 869
VAT ID No. DE129484218
Information pursuant to Seclion 2(1)
DL-InfoV (Germany) at

www luev-sued com/imprint

Addition of type AR4104

RegO GmbH
Industriestralle 9
D-35075 Gladenbach

Safety Valves for LPG
Safety Valves for cryogenic service

AR4104, AR4106, AR4108, AR4112, PRV9432,

Dale: 2013-11-18

Qur reference:
1S-DDG-MUCHa

Reporl No. P-IS-DDG-MUC-13-
07-100327-437-005-005 Rev. 1

This document consists of
9 Pages.
Page 10/ 9

Excerpls from this document may
only be reproduced and used for
advertising purposes with the
express writlen approval of

TOV SUD Industrie Service GmiH,

The test resulls refer exclusively
1o the units under lest.

PRV9433, PRV9434, SS9432, SS9433, 559434,

NR9432, NR9434, PRV19432, PRV19433,

PRV19434, PRV29432, PRV29433, PRV29434

Supenvisory Board: Phone; +49 89 5791-2672
Karslen Xander (Chairman) Fax:  +49 89 5791-1291

Board of Management: www.tuev-sued.delis
Ferdinand Neuwieser (CEQ), o s ®
Dr. Ulrich Klotz, Themas Kainz TUV

et

l"‘\‘\w ’“""g
swissTs
v

/50 900

TV SUD Industrie Service GmbH
Department of

Gas Systems - Hydrogen Technology
Weslendslrasse 199

80686 Munich

Germany



Page 20l 9
Relerenca/Date: IS-0DG-MUCHa [ 2013-11-18
Reporl Ho. P-15-D0G-MUC-13-07-100327-437-005-005 Rev.1

Industrie Service

1. Task

The RegO GmbH is manufacturer of different types of valves and safety valves for LPG and cryo-
genic service. RegO aspires to get VD-TUV Bauteilkennzeichen for following products:

Venil I Valve | Zeichnung / Drawing Ps [bar] Ts [°C]
AR4104 AR4104A SER, Rev.C, 11/19/2013 | 41,4 -196/74
AR4106 AR4106A SER, Rev.C, 6/11/2012 | 41,4 -196/74
AR4108 AR4108A SER, Rev.C, 6/11/2012 | 41,4 -196/74
AR4112 AR4112A SER, Rev.C, 6/11/2012 | 41,4 -196/74
PRV9432 PRV9432XX-XB, Rev.E, 10-15-09 | 41,4 -196/74
PRV9433 PRV9433XX-XB, Rev.E, 10-15-09 | 41,4 -196/74
PRV9434 PRV9434XX-XB, Rev.E, 10-15-09 | 414 -196/74
$59432 SS9432XX-XB, Rev.C, 7-24-09 41,4 -196/74
559433 SS9433XX-XB, Rev.C, 7-24-09 41,4 -196/74
$59434 SS9434XX-XB, Rev.C, 7-24-09 41,4 -196/74
NR9432 NR9432 SER, Rev./, 6-10-09 41,4 -196/74
NR9434 NR9434 SER, Rev./, 6-10-09 414 -196/74
PRV19432 | PRV19430XXXXX, Rev.J, 2-23-09 | 41,4 -196/74
PRV19433 | PRV19430XXXXX, Rev.J, 2-23-09 | 41,4 -196/74
PRV19434 | PRV19430XXXXX, Rev.J, 2-23-09 | 41,4 -196/74
PRV29432 | PRV29430XXXXX, Rev.J, 3-11-11 | 41,4 -196/74
PRV29433 | PRV29430XXXXX, Rev.J, 3-11-11 | 41,4 -196/74
PRV29434 | PRV29430XXXXX, Rev.J, 3-11-11 | 41,4 -196/74

Therefore, the company RegO GmbH, Industriestrale 9, 35075 Gladenbach applies by letter,
dated 2013-02-05, for a module B certification in accordance to 97/23/EG. By letter, dated 2013-
11-05, RegO applies for the addition of type AR4104 to the type approval.

TUV SUD Industrie Service GmbH was assigned to perform type tests for the mentioned prod-
ucts.

2. Requlations

The examination of the valves was based on following regulations:
- VdTUV-Merkblatt ,Sicherheitsventil 100"
- VdTUV-Merkblatt ,Allgemeines 002"
- Pressure Equipment Directive 97/23/EC

The tests were performed based on following standards:
- ENISO 4126-1:2004
Safety devices for protection against excessive pressure — Part 1: Safety valves
- EN 13648-1:2008
Cryogenic vessels — Safety devices for protection against excessive pressure — Part 1:
Safety valves for cryogenic service

The following report will give a summary of the performed tests and show the resuilts.
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3. Design

The design of the safety valves have been checked in accordance to EN ISO 4126-1:2004, chap-
ter 5.1 and 5.2. A. All applicable requirements have been fulfilled.

The main drawings of all types of safety valves are attached to this report.

4. Springs

Spings have to be in accordance to EN ISO 4126-7:2004.
The spring types and the corresponding pressure range are given in the following table:

Spring Prin [Psi] Pmax [PSi] | Pmin [bar]l | Pmax [bar]
BX250-025 10 39 0,7 2,7
BX250-065 40 89 2,8 6,1
BX250-115 90 139 6,2 9,6
BX250-180 140 199 9,7 13,7
BX250-260 200 299 13,8 20,6
BX250-340 300 379 20,7 26,1
BX250-420 380 459 26,2 31,6
BX250-500 460 600 31,7 41,4
AR004108A-681SS 301 400 20,7 27,6
AR004106A-62SS 80 129 5,5 8,9
AR004106A-63SS 130 199 9,0 13,7
ARO004106A-6SS 200 300 13,8 20,7
AR004112A-6SS 200 300 13,8 20,7

All applicable requirements of EN ISO 4126-7:2004 are fulfilled. The drawings of the springs are
attached to this test report.

5. Materials
AR Series PRV Series NR Series SS Series
Body Bronze ASTM B61 Brass ASTM B16 Brass ASTM B16 1.4404
Seat &Stem | Brass ASTM B16 Brass ASTM B16 Brass ASTM B16 1.4404
Bushing Teflon - - -
Gasket PTFE ASTM D4894 | PTFE ASTM D4894 PTFE ASTM D4894 | PTFE ASTM D4894
Spring ASTM A313 —17-7 ASTM A313 — 17-7 ASTM A313 —17-7 | ASTM A313 —17-7

For the used materials, particular material appraisals (PMA), have been provided and are at-
tached to this report.
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6. Tests of Safety Valves acc. to EN ISO 4126 + EN 13648

The safety valves for the cryogenic service have been tested in accordance to EN ISO 4126-
1:2004 and EN 13648-1:2008:

The tests have been performed in Gladenbach from 2012-08-03 to 2012-08-05 and in Elon, North
Carolina, from 2012-11-12 to 2012-11-16. In Gladenbach, the test for the functional parameters
and the hydraulic pressure tests have been performed. In Elon, North Carolina, the test regarding
the spring requirements, the flow characteristics, the seat leakage, the influence of rain water and
the cryogenic tests have been performed.

Remark: The only deviation between type AR4104 and AR4106 is a modification of the lower
thread (inlet). Therefore, the flow characteristics and the functional parameters of AR4104 are
similar to type AR4106.

6.1. ENISO 4126-1:2004, 6.3, Hydraulic pressure tests:

The portion of the valve from the inlet to the seat shall be tested to a pressure 1.5 times the
manufacturer's stated maximum pressure for which the safety valve is designed.

The shell on the discharge side of the seat shall be tested to 1.5 times the manufacturer’s stated
maximum back pressure for which the valve is designed.

Type Valve Test pressure | time result
AR4112A 62 bar 180 s No leak, no deformation
AR4106A 62 bar 180 s No leak, no deformation
AR4104A 62 bar 180 s No leak, no deformation
sV PRV9434 80 bar 180 s No leak, no deformation
PRV9432 80 bar 180 s No leak, no deformation
559432 80 bar 180 s No leak, no deformation
$59434 80 bar 180 s No leak, no deformation

The requirements according to EN 1SO 4126-1:2004 have been fulfilled.

In addition, the pressure bearing parts of the safety valves have been tested to a pressure 5.0
times the manufacturer’s stated maximum pressure for which the safety valve is designed.

The reason for the hydraulic pressure test with an elevated test pressure was the verification of
design of the safety valves, as substitute for a design examination. The time for the pressure test
has been 300 s. The results are shown in the following table:

Type Valve Test pressure | time result
AR4112A 210 bar 300 s No leak, no deformation
AR4106A 210 bar 300s | No leak, no deformation
S\ AR4104A 210 bar 300 s No leak, no deformation
PRV9434 210 bar 300s No leak, no deformation
S5S59434 210 bar 300 s No leak, no deformation

The requirements according to EN I1SO 4126-1:2004 have been fulfilled.
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6.2. ENISO 4126-1:2004, 7.2, Functional parameters:

The set pressures at which the operating characteristics are determined shall be the minimum
and maximum set pressures for which the spring is designed.

The allowable tolerances or limits as applicable on the operating characteristics are as follows:

a) set pressure : £ 3 % of set pressure or £ 0,15 bar whichever is the greater;

b) lift: not lower than the value specified by the manufacturer;

c) overpressure: the value stated by the manufacturer but not exceeding 10 % of set pressure or
0,1 bar whichever is greater,

d) blowdown: not greater than the value stated by the manufacturer, but within the following lim-
its
compressible fluids : minimum : 2,0 % (not applicable to safety valves with proportional open-
ing characteristics according to 7.2.1 f); maximum : 15 % or 0,3 bar, whichever is greater;
incompressible fluids : minimum : 2,5 % (not applicable to valves with proportional opening
characteristics according to 7.2.1 f); maximum : 20 % or 0,6 bar, whichever is greater ;

e) overpressure and blowdown of restricted lift valves shall have the same tolerances or limits as
the unrestricted lift valves;

f) overpressure and blowdown of valves with proportional opening characteristic shall be verified
and be stable for various lifts between the minimum and maximum stated by the manufac-
turer. A curve shall be established for valve lift versus overpressure.

Every safety valve was activated at least three times, in accordance to the requirement given in
EN ISO 4126-1:2004, chapter 7.2.4.

Pe: set pressure [bar] Po: pressure valve completely open [bar]
Pa: opening pressure [bar] Ps: reseating pressure [bar]
1,2,3: 1.Measurement / 2.Measurement / 3.Measurement

Valve Pe Pas Po1 Pss Paz Ps2 Ps2 Pas Pos Pss3

AR 1721165 [ 18,2 |- 157 (17,7 | 12,5 | 14,7 [ 17,5 [ 12,2
4112A 13,8138 | 14,5 | 12,0 | 14,1 [ 145 | 11,8 [ 14,0 | 14,5 | 11,9
207|211 | 215 | 182 [ 21,2 | 21,7 | 184 | 20,8 | 21,7 | 184

AR 1721174 [179 | 163 | 17.4 | 180 | 16,2 | 17,5 | 18,1 | 162
4106A 138|139 | 145 | 125 | 13,7 | 14,5 | 12,4 | 13,7 | 14,4 | 123
20,7208 |21.6 | 196 | 20,8 | 21,8 | 19,6 | 20,9 | 21,7 | 19,6

PRV9432 |07 0,7 |0,75 |05 |065 |075 |05 |065 |07 |0,55

FAB 25 (255 (27 |23 [245 (265 |23 |25 [265 |23
PRV9434 (0,7 |07 |08 |065 |07 |08 |065 |07 |075 |065
FAB 25 |25 [265 (24 |25 |26 |24 |25 (26 |24
Ss9432 |07 |o7 |o8 |07 |07 |075 |07 |07 |08 |07
FAB 25 |25 |265 245 |25 |26 [245 |25 |265 (245
Ss9434 |07 |07 |08 |065 |07 |08 |065 |07 [0,75 |0,65
FAB 25 |25 |26 |24 |25 |265 (|24 |25 |26 |24
PRV9432 | 32,0 | 32,0 | 32,6 | 30,5 | 32,1 [ 32,6 [30,0 [31,9 | 325 | 303
THB 385|385 | 39,3 | 36,0 | 38,7 | 39,4 | 36,0 | 38,7 | 395 | 358

PRV9434 | 32,0 32,1 | 33,5 [28,5 31,9 [332 282 [320 |335 | 283
THB 385|386 | 40,0 | 34,5 | 38,7 | 40,0 | 34,5 | 38,9 [ 40,0 | 345
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SS9432 [32,0(132,0 (333 (28,8 (319 {334 |290 |322 |334 |291
THB 38,5(38,4 (39,3 |36,0 |388 |40,0 | 36,4 |392 40,0 | 36,5
SS9434 |32,0(31,9 (32,5 [30,2 [319 | 334 |30,2 |319 |324 |304
THB 385|384 (39,2 (353 (383 (391|356 |384 |390 |356

All tests have been carried out successfully. The requirements according to EN 1ISO 4126-1:2004,
chapter 7.2, have been fulfilled.

6.3. ENISO 4126-1:2004, 7.3, Flow Characteristics

After the operating characteristics (see above) have been satisfactorily established, nitrogen has
been used as the fluid for flow characteristic tests.

The tests have been carried out with the springs fitted. Tests have been conducted at various
pressures to establish that no variations of the coefficient of discharge with the relevant positions
of the adjusting rings, occurs. Flow tests with the springs installed have been carried out at a set
pressure plus overpressure as used to determine operating characteristics with atmospheric back
pressure.,

No adjustment to the valve shall be made during the tests. Following any changes or deviation in
the test conditions, a sufficient period of time shall be allowed to permit the rate of flow, tempera-
ture and pressure to reach stable conditions before readings are taken.

In all the methods described for flow characteristics testing, all final results shall be within + 5 % of
the arithmetic average.The test equipment is designed and operated such that the actual test
flowing capacity measurements is accurate to within + 2 %.

The test records include all observations, measurements, instrument readings for the objective of
the tests. Original test records remain in the custody of the test establishment in Elon. Copies of
all test records have been supplied to the notified body and are attached to this test report.

Valve D (inlet) D (outlet) D (min) o
AR4104 415inch | 10,5 mm 1.120inch | 28,5 mm | .415inch | 10,56 mm 0.56
AR4106 S51inch | 13 mm 1.120inch | 28,5 mm | .415inch | 10,5 mm 0.71
AR4108 BStlinch |13 mm 1.461 inch | 37 mm 415 inch | 10,5 mm 0.62
AR4112 1.18 inch | 30 mm 2.163 inch | 55 mm .91 inch 23 mm 0.63
PRV9432 | .281inch | 7 mm .696 inch 17,5 mm | .281 inch [ 7 mm 0.70
PRV9433 | .281inch | 7 mm .696 inch 17,5 mm | .281inch | 7 mm 0.70
PRV9434 | .281 inch [ 7 mm 696 inch 17,5 mm | .281inch | 7 mm 0.70
§$59432 281 inch | 7 mm .696 inch 17,5 mm | .281inch | 7 mm 0.70
SS9433 | .281inch | 7 mm 696inch | 17,5mm | .281inch | 7 mm 0.70
559434 281 inch | 7 mm .696 inch 17,5 mm | .281inch | 7 mm 0.70
NR9432 .281inch | 7 mm 696 inch 17,5 mm | .281inch | 7 mm 017 |
NR9434 .281inch | 7 mm .696 inch 17,5 mm | .281inch | 7 mm 0.17
PRV19432 | 281 inch | 7 mm .696 inch 17,5mm | .281inch | 7 mm 0.70
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PRV19433 | .281 inch | 7 mm .696 inch 17,5 mm | .281 inch | 7 mm 0.70
PRV19434 | .281 inch | 7 mm .696 inch 17,5mm | .281inch | 7 mm 0.70
PRV29432 | .281inch | 7 mm .696 inch 17,5mm | .281inch | 7 mm 0.70
PRV29433 | .281inch | 7 mm .696 inch 17,5 mm | .281inch | 7 mm 0.70
PRV29434 | 281inch | 7mm | .696inch | 17,5mm |[.281inch [ 7 mm 0.70

D (inlet): Diameter at inlet of valve

D (outlet): Diameter at outlet of valve
D (min): Minimum flow diameter

a: Coefficient of discharge

The selection of the samples and the number of tests were based on the requirements according
to EN ISO 4126-1:2004.The flow characteristics have been determined in accordance to EN ISO
4126-1:2004, chapter 7.

The requirements according to EN SO 4126-1:2004 are fulfilled.
6.4. DIN EN 13648-1:2009-02, 5.2.2, Seat leakage test:

These tests have been executed in order to have a particular valve design specified in accor-
dance with DIN EN 13648-1:2009-02. Any modification of the design that could have an effect on
the results of these tests (for example a different design of the valve disc) will necessitate a new
series of tests.

The selection of size and number of valves for type testing has been in accordance with the re-
quirements of EN ISO 4126-1:2004.

Safety valves of category A shall be lifted to their manufacturer's specified maximum overpres-
sure and re-seated a minimum of 1 000 times. The valves shall then be leak tested at 90 % of the
set pressure using air or nitrogen at ambient temperature and the leak rate shall not exceed 3
mm?®/s DN.

Safety valves of category B shall be lifted at their specified set pressure and re-seated a minimum
of 20 times. The valves shall then be leak-tested at 90 % of the set pressure using air or nitrogen
at ambient temperature and the leak rate shall not exceed 3 mm®s DN.

The testes safety valves are safety valves of category B:
“safety valve which would not be expected to relieve during normal operation due to the provision
of an alternative relieving or control device”

Valve Cycles Temp. [F] Press. [PSIG] | Leakage rate Result
66 225 No leak Ok
AR 4108 20
66 225 No leak Ok
60 225 No leak Ok
PRV9432 20
64 225 No leak Ok
61 270 No leak Ok
NR9432 20
64 270 No leak Ok
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589434

20

61

270 No leak

Ok

64

270 No leak

Ok

The requirements have been fulfilled.

6.5. DINEN 13648-1:2009-02, 5.2.3, Cryogenic Tests:

Each safety valve tested in accordance to 5.2.2 has been subjected to a cryogenic test.
The sample safety valves have been connected to a reservoir of liquid nitrogen and opened and
closed repeatedly.

The orientation of the valve during the test has been in accordance with the installation instruc-
tions on the manufacturer's data sheet.

All tests have been completed sequentially and there was no delay between tests. The sample
valve opened without restriction and re-seated audibly leak tight within its specified pressure tol-

erances.

Valve Temp. | Pe Pas Po1 Pcs Paz Po: Pc2 Pas Pos Pca

AR 4108A | -196 250 | 254 270 | 230 255 | 270 | 230 258 270 | 230

PRV9432 | -196 250 | 252 | 265 | 240 261 270 220 | 230 | 270 | 220
559434 -196 300 | 309 | 320 | 280 300 | 320 | 270 310 | 315 | 280
NR9434 -196 300 | 304 315 | 280 | 300 325 2.80 310 | 330 | 270

The requirements have been fulfilled.

6.6. DIN EN 13648-1:2009-02, 5.2.3.4, Influence of Rainwater:

If agreed between the parties, an assessment that the operational characteristics of the valve will
not be affected by rain can be done by reviewing drawings and any other suitable information
about the valve to eliminate the water spraying during this test.

Valve

Comment / Result

AR 4112A

AR 4108A

AR 4106A

AR 4104X

PRV9432

PRV9434

559432

559434

All equipped with drain holes and caps, no influence of water

= No rainwater influence due to construction

=» No spraying during cryogenic test

The main drawings of the valves are attached to this report.

The requirements have been fulfilled.
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7. Summary

The RegO GmbH is manufacturer of different types of valves and safety valves for LPG and cryo-
genic service. RegO aspires to get a VdTUV Bauteilkennzeichen for Safety Valves for cryogenic
service.

Therefore, TUV SUD Industrie Service GmbH was assigned to perform type tests for the men-
tioned products.

The examination of the valves was based on following regulations:
- VdTUV-Merkblatt ,Sicherheitsventil 100"
- VdTUV-Merkblatt ,Allgemeines 002"
- Pressure Equipment Directive 97/23/EC

The tests were performed based on following standards:
- ENISO 4126-1:2004
Safety devices for protection against excessive pressure — Part 1: Safety valves
- EN 13648-1:2008
Cryogenic vessels — Safety devices for protection against excessive pressure — Part 1:
Safety valves for cryogenic service

All technical tests have been performed successfully.
The requirements in accordance to the applied regulations are fulfilled.

The marking of the safety valves has to be in accordance to 97/23/EC and shall contain the set
pressure, the minimum flow diameter and the coefficient of discharge.

Inspector of the Notified Body

(_Jli’i_"/ﬂ_,_.‘.__._ ( f,a.-,{/'/

Tim Faber

Annexes:

1. Drawings of safely valves (14 pages)

2. Drawings of springs (12 pages)

3. Tesl protocols of flow characteristics (38 pages)
4. PMAs for used materials (9 pages)



