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Quality Assessment of Hatchway Using QFD & FMEA

Seung-Min Kwon*, Young-Soon Yang** and Chan-Ho Shin***
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Abstract

The quality of a product/system is getting more important concept nowadays.
"Performance’, as one of the quality characteristics, means how well a product
carries out its given functions and is the most adjacent characteristics to the
customer satisfaction. To an engineer, however, who deals with large structures
such as ships, 'Safety’ is actually getting more important because of its direct
relationship with failures of a product/system itself and human injuries when an
accident occurs. In this study, therefore, we consider both performance and safety
recognized the most important elements in dealing with structures and present a
quality analysis method based on customer requirements by using QFD for
performance analysis and FMEA for safety analysis respectively. Applying these
methods to the hatchway of a bulk carrier, we could find 8 and 12 important parts
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based on performance and safety respectively. Among these, only 7 parts were
pointed out commonly critical. From these, we can suggest that designers should
pay more attention to these 7 parts and thus give a high priority of concerns to
them when trying to improve the quality of system.
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Fig. 1 The abstract flow of PSAM
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Table 1 Importance of customer require-
ments

Customer Requirements I[r{r;xt)g]r;
1. Strong enough to endure external forces 4 1
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
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“Perfect prevention of water ingress to
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“Provide cover” ¥ “Fasten closed hatch
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Table 2 Satisfying rating & check lists of functions

Functions Check Lists Saquy ng

Rating ‘
Provide entrance Coaming size, Stowage room size 0.8
Generate power Power capacity, Cover weight 1.0
Enable cargo Transmit power Trans.mit typg . 0.7
handling Move hatch cover Velocity, Moving time 09
Provide controls Accuracy, ease 0.6
Stow hatch cover Stowage room size 08
Fasten opened hatch cover Fixing method(stopper) 09
Provide cover Cover type 1.0
Fasten closed hatch cover Cleat _type, (required time) LO
Protect cargo Provide watertightness Packing related, material 0.8
Drain water & impurities Drainage type (single, double) 09
Ventilate cargo hold Ventilator type (manual, automatic) 0.8
Provide enough cover strength Plate thickness, longi/girder size 09
Contribute longitudinal strength Coaming length, Longi length 08
Contribute ship | Contribute transverse strength Coaming breadth, Girder length 0.8
strength or safety | Keep transverse stability of ship Cover type, dimension, weight 07
Provide attachment to ship Coam welding condition 0.8
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Function of Hatchway
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Swong enough o endure external torce 4 & o z <
Easy to cargo handling 4 < - o] <
Good reliability of control 8 z
Customer  ]Good reliability of sub-system & component [ - < < o o) o o
Requirement [FPertect prevention of water ingress to hold 10 o e z =
Proper protection ot cargo 8 z < = < < o o - <
Safe to operator or crew 10 & a < z < k) 2 <
Proper carge monitoring system [
User friandly operating system 8 )
Importance Score ¥ = 1580, M = 92.94 36 {22 | 3064 46 | 88 | 54 72 | 90 90
2.278] 4.39271.809) 4.051 2.811} 557 | 3.418 4.55715.696 5.606.
Percentage Importance Score (%)
27.215 : 29.620
Salisfaction Score § = 1959, M =115.2 45 ) 22 1 43 [ 71 |240)58 | 98 | 54 (1062251200} 90 {100}158 158 |180({113
Percentage Satisfacton Score (%) 23|11 )22 a6(12]2.09] 5 |28|saf11f10]a6|51]8 |8 [ez]|s7

Fig. 2 VOC-Function Relation Matrix
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| Hatchway System of Bulk Carrier l
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Security Arangement§

Fig. 3 Hatchway system of bulk carrier
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STRUCTURE OF
HATCH WAY
2 9
o] 3 Haich Hatch Actuating/operating Securily Misce.
Fay 1 cover coaming system arrangement [fittings
w 2
] - 2
[} ala E
ole}le a 18], 5 | .
5 2 HH M s |8
g slsps |4 HEERER K |3
= SEEH B RS s|l51213 2la
Provide enltrance 23 z o
Generate power 1.1 o
Enable cargo |lransmitpower 22 THE 2
handling Move halch cover 36 = o]
Provide controls 12.3 <
Stow halch cover 29 <
Fasten opened hatch cover 5.0 o
FUNCTION OF Provide cover 281 ©
HATCH WAY Fasten closed hatch cover 5.4 z ]
Protect Provide waterightness 1.5 (ol e
cargos Drain water and impurities 10.2 Z
Ventilate cargo hold 46
Provide enough cover srength st|S |2 &
Contribute longitudinal srength go| & | & )
Contribute ship JContribute tansverse strength 80} = Z Lz
strength or salety Keep transverse stability of ship 9.2 - =
Provide attachment to ship 5.7 e
Importance Score ¥ =1507.5, M = 79.3 52 17 29 3 4172
34} 44f11 1.9 4] 27)48
b
Percentage lmportance Score (%) 23,501 19,955 19.450 7562
Fig. 4 Function-structure relation matrix
3.3 FMEAS] +& Table 3 Severity rating scales
“ Description Definition Rating
A= 2 dlbx e} Z Bi
%’8’?‘9—] E}‘P’]Ea e‘hﬂl‘}]:ﬂ— "’]%EE L% ':1 Catastrophic | - Loss of the ship and/or fatalities 10
3].7] _?,]3}]/\-1 FMEA% :":835}]0]: ?}E}. .E. qﬂ:rloﬂ - Significant damage to cargo
= ~ . Mai - Major degradation of the ship strength 7
}‘1\":“ 1 EH)E}O] ?—5—%0]‘1‘ o]“é’ 7“41'5}'7] ‘?’:l'@' vaor - Major increase in the operational duties
= . 5 f the crew
B Ro] 7tslu u
il —i ] A=A Design FMEA(DFMEA)] o - Minor damage to cargo
\%]-—3}.[;1 , ;ﬂ }“ )\] iEﬂO‘_]_ ﬂ%ig—:?%_ 57}1‘ )\1_1:_!_ }\] . - Minor degradation of the ship strength
- LalEL A - Minor (local damage to the structure) 4
—/:Ely-gi l’] Tal 0] %%q1*1 ‘?’:‘.l‘gg T 9\)]\'E‘ ;q' - Increase in the operational duties of the
'7E‘C§_ gersl= upHe. A =) =] crew
"4 = AL]—-}’G}t- otg = ]-8—0}-95‘7] IIH—‘EO]] - Failure which can be readily
— A &F 2~ ©
TOD down %JO]E} Q’ T Alq Insignificant —C(I)\Jrzp:ings:itgga:ty }::remcrtiwpeople property !
1{17-‘“ EII-.TL]E_E_E- 437]';(]7}‘ 3}9'}'5]31—9-]1] 019] and the environment
— T .
23, 99 2 A el o AR Hrke Table 4 Occurrence rating scales
t}3e] Table 3, Table 4. Table 5% 7|Fo& m—— — ot
-’Fs@%u}. E}‘S"]E.. @iq‘. %?J. ‘;‘l E?‘.'E Hohﬁoﬂ Frequent - Likely to happen vearly or more 10
= o = o akx = | frequently
EH?} L:H%J'}' O] E’-"] ;S‘ °© ':1 :%‘7}0“ EH i3 oﬂ}\]t Reasonably |- Likely to happen during the life of a 7
Appendix& A0 e g Fiol Probable _bulk carrier
N . . Remot Unlikely but not unknown to happen 4
FMEAYIME AE8EE H7s] 9% A= “MO | during the life of a bulk carrier
- " . Extremcly {- Only likely to happen in exceptional
R.P.N.% }\}%{]’q o]l\_:_' ogsﬁ(seventy)‘?'} ‘%-}- Remote circunmces !
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Table 5 Detection rating scales

Description Definition Rating
Absolutely [- The defect is not detectable or no

Uncertain__|_inspection done
- Detected by periodical inspection by

10

Low 7
- Detected by occasional check by crew
Moderate |- Detected whenever defect occurs, buf 4
not right away
- The defect is detectable as soon as it
Almost
Certain oceurs 1

- Observer is always readv to detect

MU E (occurrence) 212]3 U5 (detection)
o] Foz Aided S FXNUFE HA¥=}
&g utt el HExze i
R.P.N.9} d¥ Appendix®] FMEA Worksheet
g Fagh

A F& RP.N. FA& ALE ¥z
we} 783} B Table 63 220 BWAAEE

3 Bro RP.N. £ ue} FadA AAA]

t sEc [DE ekl

Table 6 R.P.N. & Its Occurrence number

RPN.| 10 | 16 28
Occurr.
Num, 1 2 8
113 23
D |16] 1313133
112] 34 43
45 54

3.4 7Y QAR HrR=2o] FAHYH

oln] dFFEo] FMEAS R.P.N.& o|&%
A8 e 3] FERle] Ayl i
Z Aol ¢rAAL FAo F BAL ARske
g2 pe Elax E@siopdt 3ot upeA
E AAE A e Bielel e AEH
AHNE FAld THPsIEE i) viotd syrc
7} Bgoz Q8 B Wi d7Rsg Fom
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Apgtat v)mEtAA gIinorl AT A9 )
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Fig. 5904 2749l 87A14-g Jvehlle WS
£ Table 18, IHR=E Yehlie De
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cargo hold”$} "Proper protection of cargo”l
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& 71&22 3l ‘Catastrophic’& 73 &7
(©:9%) ke 49 7158 Al 38Tt

Fig. 5olA scores 1749l E4gvre Wit
Roz ¥ o HPH @AT a7 F8
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tl o]+ scored R.P.N. scale F3ld A4lst
€ oz nAF FR] Ayt T 7ol
ot gl YAE=E R.P.N. scored 7IEez
griete®  #tt,. RPN.#} score 281
R.P.N. scorec] 9j&}f #etd F83% gARC=E
Table 73 2t}

3.5 8|83+ (Hatchway)® &2 87}

B A A BEE sERTF A8
#3710 AAE olA IFIMT. QFDE ©f
g3l Al (performance)S #AsIgon,
FMEAE ol&3ld H¥x(risk) & E4srt.
a8 o] FuE olgdlq 4T A F8
g HASE doli =g it

4 QFDE B3 ¥4dE Ay dd¥E F8
2A4g gelgitt mAel g pAReN Edsled
158 AA sERT FER7A] ANE FHA
YA (Fig. 4 FAD)L o83 A & + Ut
Fig. 4% EBW 8K FA7F getsled
hatch cover® plate$} longi. ¥ girder 18]
1 hatch coaming®] plate, rubber packing




Failure Mode | D. | o 131415 77118 1.9 [110)1.11
R.P.N. é £ » 16 | 112]112 112112 112} 112§ 280
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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.

I.D. Failure Modes Score RPN Score
1.1 | Excessive Deflection of Hatch Cover 1.416% 294

1.2 | Excessive Deflection of Hatch Cover 0.607 12.6 1.259
1.6 | Excessive Deflection of Hatch Cover for Ballast Holds a8 S04 b 8 |

1.11 [ Wearing-out of Coating/Painting at Hatch Cover

1.13 | Global Tearing-out of Hatch Cover

1.14 | Detachment of Stiffencr from Plate

1.15 | Damage to Cross-Joint between Panels

1.16 | Loss of Hatch Cover

2.1 | Excessive Deflection of Hatch Coaming

2.2 | Excessive Deflection of Hatch Coaming

25 | Excessive Deflection of 1latch Coaming 196
2.6 | Wearing-out of Coating/Painting at Hatch Coaming Plate 106
2.10 | Wearing-out of Coating/Painting at llatch Coaming Stav 60
2.11 | Tearing-out from Deck Plate 196
2.12 | Damage to Top Face Bar of Hatch Coaming 112
3.1 | Failure in Power Supply 28
3.2 | Damage to Pressure Pipes 112
4.1 | Loosening of Packing 112
4.2 | Loosening of Packing 112
4.3 | Defect of Drainage Channel 28
4.4 | Damage of Cleat during Passage 112
4.7 | Neglection of Closing or Cleating Access Hatch & Opening 112
5.1 | Ventilator is Open Prior to Rough Weather 112
5.2 | Damage of Ventilator or Sounding Pipe 112
53 | Wearing-out of Ventilator 196
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Table 8 Comparison of critical structures

Common
Related Structure Structure
Cover plate, Longi. &
Girder, Coaming plate,
Performance {| Rubber packing &
Compression bar, Cleat, Cover plate,
Drainage way Longi. & Girder
Coaming plate,

Cover plate, Longi. &
Girder, Cover cross joint,
Coaming plate & stay &
top face, Pressure pipe,
Rubber packing &
Compression bar, Cleat,

Rubber packing
& Compression

Safety bar, Cleat

(R.P.N)

Ventilator
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Appendix An example of FMEA worksheet
Failure Modes & Effects Analysis(FMEA) Worksheet
Sub-System 1.
L. Effects of Causes of .
1D [Failure Mod Fail Mod Sev Failure Mode Oce Current Controls Det | RP.N.
- Vulnerable to Greater
Excessive Potential Structural Application of - glca:aslixoix[:lm\lfailsfz;\; g]assk by Crew
11| CREESSYE S pamage 7 | Inadequate 4 eck B 7] 1%

Deflection | Unable to Open/Close

Hatch Cover

Design Criteria

- Inspection by Class Surveyor during
Periodical Surveys

- Vulnerable to Greater

s . Potential Structural

| Excessive

121 Deftection | D2mage 7
- Unable to Open/Close

Hatch Cover

Inadequate

of

Quality Control

Constructions

- Survey by Class
4 - Occasional Visual Check by Crew 7 196
- Inspection during Construction

- Vulnerable to Greater

. . Potential Structural Ir\adequate
Excessive Control of
1.3 Deflection Damage 4 Cargo
- Unable to Open/Close Handling

Hatch Cover

- Visual Inspection by Ship Staff afte
Each Cargo Discharge

4 ~ Inspection by Class Surveyor during| 1 16
Periodical Surveys

-Check Using Piano Wire or Transit
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