& FDCrocco. 10
Confidential

EXPLOSION VENTING DEVICES
FOR EXHAUST GAS SYSTEM

FDC Co., Ltd.



& FDCrocco. 100

Confidential

CONTENTS

1. PURPOSE OF INSTALLATION

THE LEADER OF 2. SHIP CLASSIFICATION REQUIREMENT

SAFETY EQUIPMENT
3. PRODUCT SPECIFICATIONS AND FEATURES

4. PRODUCT COMPARISON DATA
5. FACILITIES STATUS

6. PRODUCT CERTIFICATE



1. PURPOSE OF INSTALLATION

The Need for Explosion Venting Device
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2. SHIP CLASSIFACATION REQUIREMENTS
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IACS Requirements (IACS UR M82 : 2023.03)

M82

M82 Type Testing Procedure of Explosion Relief
Mar2023 - Devices for Combustion Air Inlet and Exhaust
Gas Manifolds of I.C. Engines Using Gas as Fuel

IACS RULE

These are the IACS rules for explosions inside exhaust pipes, the draft data of which is used by each

classification company (DNVGL, ABS, LR, etc.) as the only test standard for safety devices against explosions in

exhaust pipes.

2021.01 IACS UR

2023.03 IACS UR M82

The standards for safety devices installed in

engine exhaust systems were ambiguous.

This was not a mandatory requirement of the
classification society as it only specified

safety devices installed on the manifold.

Details on the safety devices installed in the

engine exhaust system have been confirmed.

Safety devices that have received new
classification certification must be installed
to comply with the revised RULE
standards.(Required application for ships
Contract from 1 July 2024)
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IACS Requirements (IACS UR M82 : 2023.03)

1  Scope

To specify testing procedure for explosion relief devices for combustion air inlet manifold and
exhaust gas manifold of internal combustion engines using gas as fuel.

2 Definitions

Definitions addressing gas as fuel as given in the UR M78, Safety of Internal Combustion
Engines Supplied with Low Pressure Gas, apply.

Explosion relief device (ERD) means a device to protect a component against a determined
overpressure in the event of a gas explosion. The device is fitted with a flame arrester and
may be a valve| a rupture disclor other, as applicable.




3. PRODUCT SPECIHCATIONS AND FEATURES
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Applicable Size and Part List APPLICABLE S
YARD CABLE Exh'GAS PIPE SIZE EE'ZT;’EE IEEER:;S‘I';E;
RUPTURE DISC with
JUNCTION BOX 400A~800A 400A 200mbarg or
500mbarg
850A~1200A 700A @ Max. 600°C
NO | ITEM NAME MODEL
01 RUPTURE DISC KSRPR
BURST
02 R KSBS-C-H1
FLAME
03 ARRESTER KSEVPL
< PRODUCT INSTALLATION REFERENCE > FLAME
04 ARRESTER A-TYPE

COVER
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Characteristics of Explosion Venting Device

Instant operation and Safe discharge

Exhaust gas pipe ' ' * The safest explosion protection device that instantly

% releases the maximum amount of explosive

expansion gas and pressure.

* Blocks flame and releases only pressure and smoke

Safe design

* Leak-free and non-fragment design

i
i i

Temperature shielding structure

* Blocks the temperature inside the exhaust pipe

Cost reduction

- ® Ignition of combustible gasin . A fyll opening Rupture disc with Excellent Venting

the exhaust syst - -
© exhatist system Efficiency allows the only one set of rupture disc is

enough per Engine.

® Spread of explosion flame
Easy to install

 Easy to install and assemble
’I» © Flames are blocked through
! Live monitoring

E " an anti-flame filter and
t"*uv:E pressure inside the exhaust * Real-time status monitoring possible by applying an

system is relieved. integrated sensor disc 7
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Explosion Venting Device Comparison Table

RUPTURE DISC

FLAME ARRESTER

EXPLOSION RELIEF VALVE

proof area (Zone 1)

¥ 4
IMAGE
- g
_E*g‘.i’
Zero Leakage Zero Leakage.
LEAKAGE * Confirmed in 450°C environment N/A (Applicable only f9r low pressure
operation)
1. Visual inspection 1. Visual inspection Visual inspection
2. Replace with a new product 2. Can be reused (3 times) Self-repair is not possible if
MAINTENANCE after rupture 3. SPARE PART can be replaced if prol?lems occur W.Ith the
3. Burst Sensor can be replaced necessary sealing or flame filter after an
individually explosion.
1. Monitorable sensors 1. Quick pressure release Automatic opening and closing
2. Fast pressure release 2. Mechanical integrity function
3. Maechanical integrity 3. Prevent secondary damage Flame suppression function
4. Prevention of secondary due to flame suppression prevents secondary damage
damage due to addition of function Continuous exhaust gas
flame prevention function 4. No need to install additional emissions occur depending on
5. Application of temperature piping operating pressure
REMARK shielding structure6. Possible 5. Low maintenance costs as only Flame filter cannot be replaced
to install in explosion-proof filter parts can be replaced Since there is a possibility of
area (Zone 1) 6. Possible to install in explosion- continuous exhaust gas

emissions, it is necessary to
install a gas detection facility
for worker safety.




4. PRODUCT COMPARISON DAITA

Dimension Comparison Table-01

FDC

Company ‘F’
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Company ‘H’

A same scale of actual appearance dimension

WEIGHT(KG) : 45

PRODUCT
IMAGE
400A
MODEL : KSEVPL-400A MODEL : GEX-DN400 PN10 MODEL : 565EVM
0.D : @660 O.D : @565 O0.D: 9735
DIMENSION
H : 390mm H : 603mm H:419mm

WEIGHT(KG) : 47.5

WEIGHT(KG) : 250




4. PRODUCT COMPARISON DAITA

Dimension Comparison Table-02

FDC

Company ‘F’
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Company ‘H’

A same scale of actual appearance dimension

WEIGHT(KG) : 92

PRODUCT
IMAGE
700A
MODEL : KSEVPL-700A MODEL : GEX-DN800 PN10 MODEL : 735EVM
0.D : 3935 O.D: @ 1015 O0.D: 92910
DIMENSION
H : 495mm H:1062mm H : 680mm

WEIGHT(KG) : 167

WEIGHT(KG) : 420

10
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Comparison of Test Results — Appearance after Operation ‘

Rupture Disc + Flame Arrester Explosion Relief

< Appearance after
explosion >

< Appearance after < Valve structure

< Open photo > explosion > description >

< Inside the valve > _ \/;|ye internal details >

Sealing parts Sealing parts
. Fastest Pressure Relief among ERDs ) X fragments loss

J

1
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x Pressure Release Approximately 16 times
Comparison of Test Results — Pressure graph PR Y
Faster than RV

4. PRODUCT COMPARISON DATA

I
; Pressure :
0.85 Release Time [
P 2.4 sec I 5
I RD<FA | | .
+ ' :
065 Pressure . /’ ‘i ' :
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0.15 sec below in pressure occurs. ;
! i <Origin‘gﬁlhgraph>
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=0 EXPLOSION | ! :
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Pressure Max
Product . Note
release time pressure
1. The pressure is quickly released
RUPTURE DISC P Juicicy re €
0.15 sec 0.47 barg | 2. Excellent for relieving maximum pressure after

+ FLAME ARRESTER .
explosion

—

. It takes a long time to release the pressure.
2.4 sec 0.9 barg 2. After explosion, the maximum pressure inside the
test pipe becomes very high.

EXPLOSION RELIEF
VALVE

12



5. FAGUTIES STATUS

Based IACS UR M82, Explosion Test Facility

Choose your exam location
[Horizontal] or [Vertical]

=

4

4

Length : 12m // MAX Volume : 4m’

& FDC roc co. 1o

O FDCrce. 1 $2FEE

Test Procedure of
Flame Arrester (KSEVP)

4

<EXTERNAL

Written by Approved by
BHIUNG 15 PARK 1
1. PURPOSE
it s applied to product inspection and explosion test for Explosion Venting Device KSEVR
2 covemast
it it spphed 1o suppled 1o Hyunda

3 PRODUCT SHAPE(EXTERNAL f INTERNAL)

£% PRESSURE RELIEF

&
FLAME ARRESTER

(-

St =

H [ xsom o cson
= asstaacy
"l

=
=" bn =
= pewoson S
Fe

ECTION METHOD

st size © 450A/600A - KSEVP & KSRPR ASSEMBLY

E MIXTURE - A VOLUMETRIC METHANE CONCENTRATION OF 95%40.5%

‘or PROPANE MIXTURE CONCENTRATION OF 42% £02%

Test Procedure
Flasme Asrester [RSEVP)

GFOCHcc. w PEFRFE S 2ME BEC

Test Procedure of I
Flame Asrgstir (KSEWP)

Test Procedure of
Flame Arrester (KSEVP)

Coembiring the resuit mesued during e Tt weh the Righapesd cames e
aralysis recoets 10 coeane 8 fral Creation of negection spons and recoed bessing of

BHAMNG 15.mmx 1

Ju.u... ]

< Self-assessment criteria and testing equipment >

13



5. FAGUTIES STATUS

< High-speed.shooting data >

T

.

< Gﬁnera“l shagtlng dq}

Based IACS UR M82, Explosion Test and Analysis #1 ‘

OFDC
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’.’J

Environmental Measurement Result Data

1.0m Front 0.5m Front 1.0m Side 0.5m Side 1.0m
Distance Noise Discharge Pressure | Discharge Pressure | Discharge Pressure | Discharge Pressure
126 dB 0.032 barg 0.046barg 0.16 barg 0.058barg

< Results of Explosion test >

1> No flames are generated outside the product

2> No damage to KSEVPL product by opening of Rupture Disc

14
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Based IACS UR M82, Explosion Test and Analysis #2 ‘

Analysis Results

1> As a result of the performance test of KSEVPL anti-inflammatory performance was satisfied.
2> There is no problem with durability even when used with a Rupture Disc at 0.5 barg open conditions.
3> Confirm that KSEVPL satisfies IACS UR M82 requirements.

4> As a result of testing the possibility of casualties when the explosion pressure was released using a

mannequin, there was no damage to the mannequin.

{
0
o

< Mannequin photo after test >

15



Classification

DNV

TYPE APPROVAL CERT

This is to certify:

that the Explosion relief device.

with type designation(s)

Bursting disc KSRPR with flame arrester KSEVI'
isued o

FDC Co. Ltd.

Gimhae-si, Gyeongsangnam-do, Korea

is found to comply wiy
DNV rules for classification - Ships Pt4 Cn3 ¢

Application:

Explosion rellef davice st an exhaust pipe for 4 |

Issued st Hamburg on 20240126
This Certicats s vasa unti 20290125
DAY o<l unit

Appreval Engineer: Sven Neddaenien

contom oeetnat Ay vir
ppovs Excsfesa s et 5

ABS

CERTIFICATE OF

Product Design A

This s 1o sl 1hat a ropressns

c aftlus Bus

FD

129, GOLDEN RCOT-F
GIMHA

pane 3nd Aot for #he b hasy liged
of complianze e dessu =xlabits Wil spplica
clsification pocediics manired by AR Rk
centificate by sisslf, does oot seflect Ul ee pio
devailaxtan e puages attached w this cent

amcss A

Preduct: Explosion Reliet Valve wl
Meast: KSRPR with KSEVPL.
Endorsements

T 2-PDA Issuad

This Product Dsign Asscasmict (PDA} (cmfi
in Ih: asscssmend arc scy iecd or unil thert i d

Accsphancs of produst is lmied 19 the *Inicude)
Standands,

This Canifizaus is valid for mstsllanion of the Vs

om or previons1o fhe cfMeative dane of the ARS T
8 00 ALYS GRS 15 sublecL 10 gacetens betvc

6. PRODUCT CERTIHCATE

SERTIACATE NLVAFR
FEPRGT ym nATS
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DNV

DNV

LR

Type Approval Certifical

Manufacturer

Address

Type

Description

Trade Name

Application

Spacified Standard

Ratings

Other Conditions

T Farchusch Street, London, LCMABS,
bingsor

£ cartiy 1Rt the UAGRINOLES Productis) N
the relevant requirements of the Lioyd's Register T

et

FDC Co., |

9. Goiden
o, 50989, 50

Explosion Re!

Rapid explos:
outiet) for ag|
plastor is an
Porizontal

iplosion Rel
Marine

Lioyd's Regi
Parts, Chapt|

#NPSI2004

5. The
nter]
fora

< CLASSIFICATION CERTIFICATE >

Page1/2

Cerficate number: 77350/40 BY
File number-
Product code: 22284

T e
Conposed of T sectons

Marina & Offshore

W vensiar.com

TYPE APPROVAL CERTIFICATE

s corticat s i 85
FDC CO., LTD.
Gyeongsangnam.do - KOREA (REPUBLIC OF)
fr the ype of procict
BURSTING DISCS
Bursting Disc KSRPR with Flame arrester KSEVPL ( DN200/ DN40O / ONT00 )

Requirements.
uraau Vartas Ruies for the Classfieaton of Steel Shps

Fop—

o e g e e e

This certificate wi

xpire on: 07 Oct 2029

For Bureau Veritas Marine & Offshore.
AUBV PUSAN, on €7 Oct 202¢

This certficase was creased electronically and s valid without
signature

T ——

or crssions wnon

CJ 1
Seeiely o 0 5 AQEFS 7 SSIGIMPERt o AL S Tk DOruEFS 370 1 CEreCin WER Iy ACEERS o AR £ 7] VR

BV Mod ASE £30 June 2017 Ths carsfcate consss of 2 pageds)

16
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EU-Type Examination Certificate - IBExXU GmbH

IBExU Institut fiir Sicherheitstechnik GmbH
An-Institut der TU Bergakademie Freiberg

EU-TYPE EXAMINATION CERTIFICATE - Translation @
£

o number IBEXU19ATEX2040 X | Issue 0

nting devices
SEV

IBExU Institut fiir Sicherheitstechnik GmbH
An-Institut der TU Bergakademie Freiberg

111 EU-TYPE EXAMINATION CERTIFICATE - Translation

moitstechnk GmbH

RD+FA Test

< IBEXU TEST REPORT >
17




6. PRODUCT CERTIHCATE
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Product Performance Verification Test - Czech FTZU(DNV)

Fi‘lu Physical-T: ical Testing , S.p.
E‘ National Authority 210, Testing laboratory No. 1019
accredited by CAl according to EN ISONEC 170252018

TEST REPORT No.: 23.0231-47

Test Explosion Test

Applicant FDC CO., Ltd.
99 Seobu-ro 1283beon-gil Juchon-myeon Gimhae-si
Gyeongsangnam-do 50877 Korea

Producer: FDC CO, Ltd.
99 Seobu-ro 1293beon-gil Juchon-myson Gimhae-si
Gyeongsangnam-do 50877 Korea

Tested Subject Flameless explosion relief device (ERD)
Type: KSEVPL-200A

Design of Sample: -
Sample Number 22654/1
Certificate Number wi
Delivery of Samplo o100

Location of Performance
of the Test Premise
Testing Method MB82 (Mar 2023) IACS Rog. 2023

Test performed within the scope of flexible accreditation
Deviation of the Test
Method None

Prasent at the test Mr. Byung Hyun, Jung, Mr. Woo Rae, Jo, FOC Co., Ltd.
M. Tomss Plontgk, DNV Czech Ropublic
)

Responsible person: Ing. Pete2apiatal
: {
owe LR

Elaborated by: Ing Toma Stula, Ph.D

Date of issue: 05.09.2023 | % S Page: 119
TR Number of annexes: 44DVD

< FTZU TEST REPORT >

‘ Test Report No.  23.0231-47 Page No. 6

Test Report No. 23.0231-47 Page No. 5

Explosion pictures:

Test Report No. 23.0231-47 Page No. 8 ]

After Test No. 3

PhysicalTechnic
el +420 558 223 111

Test rests rerionae i I st regrt reaba 0 e sl
i reprce sk et e

e sl

Sample No., 22654/1 - After Test No. &

Test hh b repoet 3 In ey case e
et repor Shof 1oL b repecrvo), et n . mihut 1 weon acrovl i atorstory, The lbcratry shal rt b
Feagonsible or e Tber, WECHEE by I CLSIOT-r 87 1S POSAILI Al N Valilly o .

Te roauls aoply © a sarple as recurved

PhysicaTechnical Tasting Instiute, 0., Piartskd 1337/7, 716 07 Ostrava-Radhanice
1ok #420 565 223 111, +420 604 203 825, e-mal: f21711721.C2. Intemet: v Rz

18



6. PRODUCT CERTIHCATE

CE-ATEX Certificate

un

i

EU - Type Examination Ci
EQUIent 853 potectvm systam infended for use in potentaly axoh
EU - Type Examastion Cerbfcala Number
EPS 13 ATEX 1 577 X
Burst sensor, type: KSBS-A. KSBS-8 KSBS
FDC CO. L

Addross

obu-1o 1203b00n-gl, Juchon-myesn
-5, GyoorgLangam-do

Tris equipment and an Scceplable variation thervio are specife
documentation therain referTed 1o

au Vertas Comsumer Products Services Gemmasy GmbH, noti
hroctios 20147M4/EU of the European Partamant and
quoment has been found o comply with e essanil hal

rvensin Annex [l of the Diroctive. Tho SxamInation and fest fesuts ard
dnciet e teferonce rumber 1ATHOTEA

Compliance wih the essential hoalth and safety requmements has bes

ENIEC 0079.0:2018

11t sign X" = placed afier T certicate number. i indicates that in
for safe use $pacified i the annex fo tha cortficate,

Tris, EU - Typa Exarmunation Certficaln rolstes only 10 the design a
accorsance wih 1434/EU. Futher requremants of s
@0t and it placeg on tho markel. Those requrements ara not

T macking of ha squipmnent shal inchudo the following:

KSBS-A KSBS Ksas-C:

1126 Exib HC T8 o 12GExil

& 1120 Ex 1o WC T135°C 0D & V20 Ent
KSBS.CHY

@ [ECT
120 Exit

18

[BurEAuy |
VERITAS

Annex
EU - Type Examination Certificate EPS 13 ATEX 1 577 X
Descrpton of equgen
Burst sensor (KSBS-A) instasied i the Loper e of Rupture Disc

on When Rupture Disc 1 bursied by Eeing ovor pressute i Tank
Off whh is shown thioghout Menacring Device

Burst sensor (XSBS-B) instatied wih Rupturo Disc 5 for nuphure-s:
Dist is Dutstet by bewig over-prassure in Tank or Pipe, Sensor Fi

75t sensar (KSBS-C. KSBS-C-H1) imagraisd win Ruphure &
by lumed on. Wihes Rupture Disc i beng over-pressure i
1m643 o which is shown Hhroughou Mondoring Devce.

o axa

G Dust
w | v | m [T .
EX I 0zsea |
2 02s0a |
v 02504 | |

Ci negigtie

Ui’ negigbie

Reference

< CE ATEX CERTIFICATE >

[BuREAU ]
[VERITAS]

EU. Type Examination Cartificats EPS 13 ATEX 1 577 X

Snecial condibans for sae use:

Tha burst sensors have 1o ba

ith n ininnscaly sae power susgly.

0 amiant tamparatures for the c
are as follows

Amceent temosrature Temperature ciass (gas)

[0 CsTwosrsc e
BT | D

005 T 4125°C I T
[0 csTms mc [ n
[0S T s om0 I ™
Ty ksesCHI 1

20°C 5 Ton 5 4445 °C T

Essantal hoaith and safety requiramants

Mat by complance win stansards

Ti00°C
Tasc
T200°C
Ta00°C

Tas0'c

Tusknam,

Revision 3

3pondng lamparalure classes of ypa KSBS-C and KSBS-C-H1

2022.0502

& FDCrocco. 1
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We are making a company of

trust with a unified heart.

& FDCroc co. 11a.

Headquarters and 1st factory

129, Golden Route 129beon-gil, Juchon-myeon, Gimhae-si, Gyeongsangnam-do
R&D Insitute and 2nd Factory

199, Seobu-ro 1293beon-gil, Juchon-myeon, Gimhae-si, Gyeongsangnam-do

&S 82-(0)55-337-0852 () +82-(0)55-337-0858 [

=] finedisc@finedisc.co.kr @ www.finedisc.co.kr




