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Chang-Kyu Park
Dept. of Ship & Ocean, VISION University, College of Jeonju

@ 540w

1, 19

e e

=R o]
s 1
lo

&
A

o 1
17K QFD)E ©]-&-3}
el ﬁA}ﬂoﬂ e £ %

7

B

(Fallure Mode) % °§5
AL, 3 ol

200 YAZ el 45
e}

X (o dd o

[ mY p& ool my N
oo %
IH?J_&

ﬂrﬁﬂ

> >
o ‘D’
a2
iy
o

lo

Abstract Recently, the quality of a product or system has becoming increasingly important as it means customer
satisfaction. The function, which is recognized as a nature of this quality, means how it functions well so it is the
closest to the customer satisfaction. On the other hand, it is becoming more important as safety is closely related
to destruction or human injury from accidents for engineers who handle large-scaled structures, such as ships. This
study analyzed the function using quality function development (QFD) and considering the function and safety, which
are being recognized as important in the structure. In addition, the safety and the quality analysis method based on
the customers' needs was analyzed using failure mode and influence analysis (FMEA). In addition, the supplementary
materials that are important in terms of the aspect of safety and function for the quality enhancement of a hatchway
system were determined by applying a bulk carrier and hatchway. As a result, there are commonly understood items
in important supplementary materials and parts, which are determined individually in terms of function and safety,
because they can enhance both the function and safety simultaneously. This study shows that designers can improve
the quality of products and systems by enhancing these supplementary materials and parts with greater interest.

Keywords : Failure Mode, FMEA, Hatchway System, Quality Assessment, QFD
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2. Performance—Safety Analysis

Model
AF/ A 2Ee] FAE Frheled JoA F4E A4
T3 ckAAor FEsla, o]E FAld B

Performance- Safety Analysis Model(PSAM)S #|A| 3}
Fig. 1°] YepfSATE
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The abstract flow of PSAM

Fig. 1.
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Table 1. Importance of customer requirements
. Import.
Customer Requirements Rating
1. Strong enough to endure external forces 4
2. Easy to cargo handling 4
3. Good reliability of control 8
4. Good reliability of sub-systems & components 6
5. Perfect prevention of water ingress to cargo hold 10
6. Proper protection of cargo 8
7. Safe to operator or crew 10
8. Proper cargo monitoring system 6
9. User friendly operating system 6

8o 7159 e Table 29 o] B
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% "Enable cargo handling"®] 3}9] WlIAlZ YEPd  "Good reliability of sub-system & component"9} =
"Move hatch cover"?] scoreE T HE=Z g} o] 7] % IA(0) 18] "Safe to operator or crew" b= °F
S Al 7 1o a2 AE o= oty ALY} V& YERAT] gH o] %o et 85
9o "Easy to cargo handling"¥+= 743 #AA(O), Al FoE+ 22 474, 64, 108S BoF)h 73

Table 2. Satisfying rating & check lists of functions

i . Satisfyi
Functions Check Lists .y g
Rating
Provide entrance Coaming size, Stowage room size 0.8
Generate power Power capacity, Cover weight 1.0
Enabl Transmit power Transmit type 0.7
nable cargo - - p
. € Move hatch cover Velocity, Moving time 0.9
handling -
Provide controls Accuracy, ease 0.6
Stow hatch cover Stowage room size 0.8
Fasten opened hatch cover Fixing method(stopper) 0.9
Provide cover Cover type 1.0
Fasten closed hatch cover Cleat type, (required time) 1.0
Provide watertightness Packing related, material 0.8
Protect cargo - - . - -
Drain water & impurities Drainage type (single, double) 0.9
Ventilate cargo hold Ventilator type (manual, automatic) 0.8
Provide enough cover strength Plate thickness, longi/girder size 0.9
Contribute longitudinal strength Coaming length, Longi length 0.8
Contribute ship Contribute transverse strength Coaming breadth, Girder length 0.8
strength or safety Keep transverse stability of ship Cover type, dimension, weight 0.7
Provide attachment to ship Coaming welding condition 0.8
Function of Hatchway
9
o Contribute shi
= 3 Enable cargo handling Protect cargo ontribute ship
Py 1 strength or safety
c | = £
. . slEle|z |-
g : g I
° S @ S o = 2 = I}
S £ 3 2 | o ] = & [ 8 |=Z
. | = 2 ls|e|s|8|=|s |8 |8
PO [ I - R I - s |2 2 RN A
Q ] 5 3 £ 2 o 212 ° 5 =3 g @
slz|ls|c|1€|8|e|ls|B |5 | |2|3|5|[c|s |5
wlz|a|8|s|s8|s|cs|z|8& ||z |82 |=]|a]|d]%
[ I 2 = @ o 4 5 © S = T o @ = 5 § ©
slele|El<e|-|slelelelc|2|e|e]2]|5]®
Elels|e|2|8|2|a|c|&8|s|cs|5|2|s5(5|8]|¢
o Lo o] = = a 5 il a w o =) = o o o X a
o
Satisfaction Rating S |o8|1.0|0.7 [0.9|0.6|0.8 |0.9|1.0]1.0]0.8[0.9]|0.8]|0.90.80.8]0.7 0.8
Strong enough to endure external force 4 o o)
Easy to cargo handling 4 A (o] (@] [(
Good reliability of control 8
Customer Good reliability of sub-system & component 6 O o o A o o e} O
Requirement |[Perfect prevention of water ingress to hold 10 O O e}
Proper protection of cargo 8 o (e} @] [@] @] O ]
Safe to operator or crew 10 o} e} O
Proper cargo monitoring system 6
User friendly operating system 6
Importance Score ¥ = 1580, M = 92.94 36 | 22 | 30 | 64 |144| 46 | 88 | 54 |106[180|180| 72 | 90 |126]|126]126( 90
2.278|1.392| 1.899 4.051] 9.114| 2.911| 5.57 | 3.418| 6.709| 11.39] 11.89| 4.557| 5.696| 7.975| 7.975| 7.975| 5.696
Percentage Importance Score (%)
27.215 43.165 29.620
Satisfaction Score ¥ = 1959, M =115.2 45 | 22 | 43 | 71 |240| 58 | 98 | 54 | 106 |225|200| 90 |100|158|158|180(113
Percentage Satisfacton Score (%) 23|11]2.2]|36|12 29| 5 |2.8|54 |11 |10 |4.6]|5.1 8 8 [9.2]5.7

Fig. 2. VOC-Function Relation Matrix
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’ Hatchway System of Bulk Carrier l]

Hatch Cover

Hatch Coaming Coaming Top Plate
‘Coaming Plate & Stiffener
Coaming Stay & End Bracket

—( Drive Assembly

Wheel Assembly
_Rail Related < Railway >

Packing Device

Drainage Way

Ventilator
Stopper

Security Arrangement

Miscellaneous Fittings

Fig. 3. Hatchway system of bulk carrier
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STRUCTURE OF

HATCH WAY
9
3 Hatch Hatch Actuating/operating Security Misce.
A 1 cover coaming system arrangement |[fittings
2 o
§ % NS 2 £ lo 3 jé g |8 -
| olel (5121821 0elsl8] (Elale] |2
S (sl etz el sle]elsle] [8]z]:
Slelela|s|s|s|Elelele|S|Z|2(81E]al]z]8
s o 5| = o o o > o3 s | £ = T | 2 S s | 2 o] S 9
= Ja|dlolJolJlo|lo|T|la|lo|l=|o|la |b|lae|o|O|ag]|l=>1|d
Provide entrance 2.3 © o A
Generate power 1.1 ©
Enable cargo Transmit power 2.2 (@] A
handling Move hatch cover 3.6 [( [(
Provide controls 12.3
Stow hatch cover 2.9
Fasten opened hatch cover 5.0 (e} Q
FUNCTION OF Provide cover 28| ©
HATCH WAY Fasten closed hatch cover 5.4 O
Protect Provide watertightness 1.5 © O
cargos Drain water and impurities 10.2
Ventilate cargo hold 4.6 @
Provide enough cover strength 51
Contribute longitudinal strength 8.0 @]
Contribute ship |Contribute transverse strength 80| O o
strength or safety |Keep fransverse stability of ship 9.2 O (@)
Provide attachment to ship 5.7
Importance Score ¥ =1507.5, M =79.3 | 119| 118] 118 183| 52 | 66 | 17 [ 20 | 130| 33 | 33 | 33 | 29 | 103 [ 103| 111 | 126] 41 [ 72
79| 78| 78] 12]|3.4|44f1.1|13]86]|22]|22|22|19]69]|69]|73]|84|27]4s8
Percentage Importance Score (%)
23.591 19.925 19.489 29.443 7.552
Fig. 4. Function-structure relation matrix
T AR FHoA gkt 7k 7]59 satisfying score  Table 3. Severity rating scales
o] MlX g o ole]s Z 7|F0 2 F o A — — -
o] Mlgoltt. o]e g score S 7| OR St w2 A Description Definition Rating
2 de 1zl 93 Aow Aud = 9t Catastrophic | - Loss of the ship and/or fatalities 10
- Significant damage to cargo
Major - Major degradation of the ship strength 4
3.3 FME Aol _J'k_ %o - Major increase in the operational duties
of the crew
BEA 1o Hynes vy drs A6 - Minor damage to cargo
- = ) = - - - Minor degradation of the ship strength
o) & & =2 2= &flof st} X o A= 1 Ak
3 5] .
—'4 H 1 FMEAS T H Fe 1— b ‘—‘Iloﬂ - EH © Minor (local damage to the structure) 4
o] FxToly o]F JfAsly] Y3t EFH o] = - Increase in the operational duties of the
crew
t}5) % A 2~d"lo] 3 - - -
DeSIgn FMEA(DFMEA)O” H o]—lﬂ ‘j ﬂ ]”‘ H ‘l §l’ - Failure which can be readily compensated
A= N A =1 - )
E;é]"ll—a‘ 57}‘X] HE- }\]Z:Eﬂj]gi L]'Tj’— O] H-ﬂ‘r] ]}‘1 HEL Insignificant by thef' cr'ew 1
N o1 R - s PP - No significant harm to people, property
}‘36 T AT u}‘-"] = J’]’ 0} W= /\]' (S) 0]’)\)\7] and the environment
5L 2=
wizoll Top-down HAole} & 4 Q).
AA g RE== 43714 7) ghetEglon o]o] Ayl Table 4. Occurrence rating scales
5 b: o)
Al H o el dig ARl ks e — ” ,
Description Definition Rating
P -
Table 3, Table 4, Table 55 7|22 F3H}, vy - |- Likely o happen yearly or more o
_ requen
=, 23, ¢ 2o el tigh 8- o] 5] A frequently , ,
Reasonably | - Likely to happen during the life of 7
AN = L PR S =] =
;ﬁl l1017}‘01] EHES_].' Oﬂ}\]f AppendIXT:: %10}1{% tﬂ."j’ Probable a bulk carrier
- Unlikely but not unknown to happen
Remote . Y . . PP 4
during the life of a bulk carrier
Extremely | - Only likely to happen in exceptional 1
Remote circumstances
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Table 5. Detection rating scales

Description Definition Rating
Absolutely | - The defect is not detectable or 10
Uncertain no inspection done
Low - Detected by periodical inspection 7
by class
- Detected by occasional check by crew
Moderate | - Detected whenever defect occurs, 4
but not right away
- The defect is detectable as soon
Almost .
. as it occurs 1
Certain .
- Observer is always ready to detect

EE #7137] 98k A E R.P.N.
3 &k (severity) 2} 2HAY B]L:_(occurrence)
(detection)®] ¥o2 AXE =T =

=7t =55 ofnjgiet 242t u}AEg
+ Appendix2] FMEA Worksheet

FMEAI A= 918 %
< ARESH o) 9

:LE]I_' wATE

i)

o ek
@ pee

ID=

@& RPN 25 ALtd W%
Table 63 Zow HAALE
RPN. 3o wg} FasH] AR+ JFRE
[RESRRI =

=
=

i o -4
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RP.N. | 10 28 40 112 160 196 | 280
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Num. 1 2 8 1

20 1 8 2
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1.8 1.9
1.10 1.15
2427
2.8 2.12
3241
42 44
4.6 4.7
5.152
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9] stay, ID 2.12% hatch coaming®] top plate9} ¥z 0] #xo] 2t} Ventilatore W ®E= ID 5.13 529 3%
Ao ID 3.2+ pressure pipe, ID 4.13} 4.2+ rubber HE FAjoot
Failure Mode I.D. | o 11|12 [13 |14 |15 | 46] 17| 18] 19 [110]111[1.12)148]1.14[1.15]1.16
R.P.N. 8 =lioe{ o6 16 [112]vi2|ial r1a]112f12]1r2]2s0] 16 [F@8 280 112] 10
RPN.SCALE |= =] o7 [ 07006l oa]osloa]oaloaloa]os] 1+ Joosloa] 1+ [o0a]o0s
1 4 ©) O A O A ©) O ©) © A © © 9
2 4 O 3
3 8 O A O A O O A O (@] A A A1
4 6 N A A O O A @) O O
VOC 5 10 © ©)
6 8 O A
7 | 10 A A
8 6 O
9 6
SCORE(3 = 2966) 42 | 18 | 12 [ 36 | 18 | 126 36 | 18 | 18 | 24 | 18 | 46 | 270 26 | 68 | 288
% 1.42]0.61] 0.4 [1.21]o.61]425]1.21]0.61]0.61]0.81]0.61]1.55] 94 [0.88][2.29]9.71
RPN Score(1000.4) 29.4|12.6]|0.69]|14.4] 7.2 |504|14.4]| 72| 72| 96 | 18 |2.63] 22| 26 |27.2] 10.3
% 294|126 0.07[1.4a]0.72]50a] 1 44072 0.72 [ 0.96| 1.8 [ 026 27| 26 [2.72] 103

Failure Mode I.D. |. o] 21|22 |23 |24|25]26]|27]|28]|29([210]211]212
R.P.N. é% 196|196 28 | 1121196 196 | 112 | 112| 40 | 160|196 | 112
R.P.N. SCALE = Tlo7]o07]|o01|o4f07|07]04]04]014]057]07] 04
1 4 OlO]la]l0O| O OlO] O
2 4
3 8 O]l O0]10]10] 0O Al a @)
4 6 VAN VAN O O VAN VAN O VAN VAN
VOC 5 10 A ©
6 8 O
7 10 VAN A AN AN
8 6
9 6
SCORE(>= 2966) 42 | 42| 28 | 36 [108| 18 | 18 | 24 | 34 | 30 | 166 | 100
% 1.42(1.4210.94|1.21[8.64]/0.61]0.61|0.81]1.15|1.01| 5.6 [3.37
RPN Score(1000.4) 29.4|29.4| 28 |14.4|756|126| 72| 0.6 |4.86|17.1]| 116 | 40
% 294(294|0.28|1.44|7.56]|1.26|0.72]0.96|0.49|1.71|11.6]| 4
Failure Mode I.D. | o] 31 |32[33|34]41]|42]|43|44a|las5]|46]|4a7]61]|52[53]54
R.P.N. é% 28 | 112 28 | 28 | 112 | 112| 28 | 112] 28 | 112|112 112| 112|196 | 28
R.P.N. SCALE = Tlo1]o04]|o1|o1)oafloaflo1]|]04a]o0o1]04]04a]04a|04]07]01
1 4 O]l0O]| a Ol O @) @)
2 4 Ol O] O] O
3 8 Ol a| O] O O
4 6 Al O] O ©)] @) O
VOC 5 10 OlO0]©O0]O0 Ololo]| O
6 8 O[O |1 O] a Al OO O
7 10 A
8 6
9 6 O]l O]O] O O
SCORE(>= 2966) 90 | 60 | 66 | 40 | 168| 114| 132| 74 | 54 | 56 | 132 132| 66 | 18 | 54
% 3.03|2.02|2.23[1.35|5.66|3.84| 4.45|2.49]|1.82| 1.89] 4.45]4.45| 2.23]0.61]1.82
RPN Score(1000.4) 9 | 24 | 6.6 | 4 |67.2]45.6|13.2|29.6| 5.4 |22.4|52.8|52.8]|26.4|12.6]| 5.4
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Fig. 5. VOC-failure mode relation matrix
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Table 7. Comparison before with after introducing R.P.N.

LD. Failure Modes RPN Score RPN Score
1.1 | Excessive Deflection of Hatch Cover 196 42 1.416% 29.4 2.939%
1.2 | Excessive Deflection of Hatch Cover 196 18 0.607 12.6 1.259
1.6 | Excessive Deflection of Hatch Cover for Ballast Holds 112 126 4.248 50.4 5.038
1.11 | Wearing-out of Coating/Painting at Hatch Cover 280 18 0.607 18 1.799
1.13 | Global Tearing-out of Hatch Cover 28 270 9.103 27 2.699
1.14 | Detachment of Stiffener from Plate 280 26 0.877 26 2.599
1.15 | Damage to Cross-Joint between Panels 112 68 2.293 27.2 2.719
1.16 | Loss of Hatch Cover 10 288 9.71 10.29 1.028
2.1 | Excessive Deflection of Hatch Coaming 196 42 1.416 294 2.939
2.2 | Excessive Deflection of Hatch Coaming 196 42 1.416 29.4 2.939
2.5 | Excessive Deflection of Hatch Coaming 196 108 3.641 75.6 7.557
2.6 | Wearing-out of Coating/Painting at Hatch Coaming Plate 196 18 0.607 12.6 1.259
2.10 | Wearing-out of Coating/Painting at Hatch Coaming Stay 160 30 1.011 17.14 1.714
2.11 | Tearing-out from Deck Plate 196 166 5.597 116.2 11.62
2.12 | Damage to Top Face Bar of Hatch Coaming 112 100 3.372 40 3.998
3.1 | Failure in Power Supply 28 90 3.034 9 0.9
3.2 | Damage to Pressure Pipes 112 60 2.023 24 2.399
4.1 | Loosening of Packing 112 168 5.664 67.2 6.717
4.2 | Loosening of Packing 112 114 3.844 45.6 4.558
4.3 | Defect of Drainage Channel 28 132 4.45 13.2 1.319
4.4 | Damage of Cleat during Passage 112 74 2.495 29.6 2.959
4.7 | Neglection of Closing or Cleating Access Hatch & Opening 112 132 4.45 52.8 5.278
5.1 | Ventilator is Open Prior to Rough Weather 112 132 4.45 52.8 5.278
5.2 | Damage of Ventilator or Sounding Pipe 112 66 2.225 26.4 2.639
5.3 | Wearing-out of Ventilator 196 18 0.607 12.6 1.259
Table 8. Comparison of critical structures
e G 1. FMEAE 3l dtetd gares adtate] e
elated Structure
Structure ek ohel 9] BaxelhA) welstel Hobe)
Cover plate, Longi. & Girder, _ _
Coaming plate, Rubber packing Cover P late, % OU‘—] AEAY SEZT AL A4 PSAM
Performance & Compression bar. Cleat Longi. & ~ = ‘_ - o
Compressionbar, — Cleacf " o A% Aske A5t ey SR F850
Drainage way Coaming plate B HIE O ylols
Cover plate, Longi. & Girder, Rubgbel; ’ tFojof gt FAF-ES Thetstatt
Safety Cover cross joint, Coaming p?ate packing & 2. A5 obAA % =] oﬂ /H K] ;9' o T]_o_']_% =9
RPN) & stay & top face, Pressure pipe, Compression
o Rubber packing & Compression barpCleat ?‘ZH/E*%% %oﬂ% %%@1 o= ﬁ}‘%‘% Zﬂ%o] &
bar, Cleat, Ventilator ’ o - N -
Ak, ol5S e S Tl A
A 5 e FARFEOIRR AR 4A A
=3l olx A FAA] ol BEAQEL AglshH _ _ _
5 PHA BHA FHotd FAES s Olaifﬂ'lﬁxﬂ\f}-ﬁﬁq] O] WO wAlS zky XS
9] Table 83} Zow F WHo| FEHo= Las = .
HHEE] Table 83 EEU T SHe] B0 o o= AT FAS FPNL F 912 A
2|2+ cover plate, longi. & girder, coaming plate .
A plate, longi. & girder, g plate, o= woc
rubber packing & compression bar, cleat 7} $lo™
Table 8914 &1 4= Slth.
References
P . ivenko, uali ontro. or anagement,
4, B=E 1] K. Kivenk lity Control For Manag
Prentice-Hall, Inc., 1984.
B Ao A= AT/ 2B A4S AT oA [2] D. A. Garvin, What Does Product Quality Really Mean,
o5 Lpro] 717 o9 = o gshe] BA3) Sloan Management Review, pp. 25-43, 1984.
S 2 o] 7S QFDSF FMEAE o &35to] #4138
T = - e s
. o jl =Q ° L [3] M. Larry Shillito, Advanced QFD: Linking Technology
= BHE AN eH, eI 2ol QoK% itk to Market and Company Needs, John Wiley & Sons

86



QFD&} FMEAZ o]-&

)

e

(4]

(5]

Inc., 1994.

M. Martin & K. Ishii, Quality Function Deployment,
ME 217: Product Definition, 1997.

J. K. Yoo, S. Choi, "A Study on the Quality Function
Deployment for TQM Structure", Proceedings of the
Korea Academy-Industrial Cooperation Society Spring
Conference, pp. 233-236, 2003.

[6] Paul Palady, Failiure Modes and Effects Analysis, PT

(7]

(8]

9]

Publications Inc.,1995.

Robin E. McDermott & Raymond J. Mikulak & Michael
R. Beauregard, The Basics of FMEA, Resource
Engineering Inc., 1996.

J. H. Park, "Maintenance Method of Mail Sorting
Machine Based on FMEA", J. of the Korea
Academy-Industrial Cooperation Society, vol. 11, no. 5,
pp. 1601-1607, 2010.

DOI: https://doi.org/10.5762/KAIS.2010.11.5.1601

Y. W. Lee, I. G. Kwon, "A Study on the Applicability
of FMEA and it’s Results for Hand Grenade in
Government Quality Assurance Planning", J. of the
Korea Academy-Industrial Cooperation Society, vol. 17,
no. 2, pp. 252-258, 2016.

DOI: https://doi.org/10.5762/KAIS.2016.17.2.252

[10] The Nautical Institute, Improving Ship Operational

Design, The Nautical Institute, 1998.

[11] Norman J. McCormick, Reliability and Risk Analysis,

[12]

Academic Press Inc. pp. 398-402., 1981.

IACS, HAZard IDentification(HAZID) on the Watertight
Integrity of the Fore End of Bulk Carriers, 1999.

& TH(Chang-Kyu Park) (&3]

020071 8€ : Mgt =AF
EiE At

020079 99 ~ 2008\ 84 : M
gt S| YA|~EFEATA A
A

©2008 11¥€ ~ 2009 24 : LG
Az AdAT4

020091 3€ ~ &A . AFH)AY

st ZAH Y WS

87




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


