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A Study on the Quality Assessment Using QFD & FMEA
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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.
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2. Performance—Safety Analysis

Model
AF/ A 2Ee] FAE Frheled JoA F4E A4
ST kAo R FESNA, olE FAlY #AEke

Performance- Safety Analysis Model(PSAM)S #|A| 3}
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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
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% "Enable cargo handling"®] 3}9] WlIAlZ YEPd  "Good reliability of sub-system & component"9} =
"Move hatch cover"?] scoreE T3 HEE S} o] 7] % IA(0) 18] "Safe to operator or crew" b= °F
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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
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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
L 2 T 5
o) = n 3 |e HE o |8
=z 2 3|25 13 _|E |5 - S
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Provide entrance 2.3 © O PN
Generate power 1.1 ©
Enable cargo Transmit power 2.2 O A
handling Move hatch cover 3.6 o) o ()
Provide controls 12.3 )
Stow hatch cover 2.9
Fasten opened hatch cover 5.0 o ©
FUNCTION OF Provide cover 28| O
HATCH WAY Fasten closed hatch cover 5.4 O
Protect Provide watertightness 1.5 (€] (e}
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 8.0| O ®]
strength or safety |[Keep transverse stability of ship 9.2 (@] (e}
Provide attachment to ship 5.7 OO
Importance Score 3 =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|44|11(1.3|86]|22]|22(22(19]69]|6.9|73|84]27]|48
Percentage Importance Score (%)
23.591 19.925 19.489 29.443 7.552

Fig. 4. Function-structure relation matrix

= A PHollA skt ZF 7]5 9 satisfying score  Table 3. Severity rating scales
o Whmgolth o] scored Vw0 Fh F AT Description Definition Rating
2 We pxyl 293 Aow AuE = git) Catastrophic | - Loss of the ship and/or fatalities 10

Significant damage to cargo
Major degradation of the ship strength

_ Major Mator i in th ional duti 7
3 3 FMEAol _J'k_30 - Major increase in the operational duties
of the crew

e FYrEs dela s BA5) - Minor damage to cargo

= = =1 = = - 1_ - Minor degradation of the ship strength
[°) X = & ol 3t} H o M= Ab
A3 FMEAS Fasfof @t & Aol 2 o Minor (local damage to the structure) 4
o] FZxEolH o]lZ JfAEly] Y3t EF o] = - Increase in the operational duties of the

crew
15 0] 3
DeSIgn FMEA(DFMEA)O” HT: o]—lﬂ ﬁ ] /\]'{:E‘:‘ ‘l §]- - Failure which can be readily compensated
E%]':Il% 57}‘X] HE. /\]Z:%]_Q_E ‘/]'l,:jf_ ] H_ﬂ-‘,)/] ]/\1 UE" Insignificant by the crew |
= . o _ - No significant harm to people, property

}\g & T 9‘/1 u}'i] H2Es ’4—01—0} OLH’]H = /\]'%6]'93\7] and the environment
w1zoll Top-down 2loje} & 4= Q).

AA SR EE 4371A7) BotESlon oo A Table 4. Occurrence rating scales
oo] o kA " 3 AFA e Hr= KeX)
e ox = gHel o APl Brke el Description Definition Rating
Table 3, Table 4, Table 5& 7|22 3%t} T F e Likely to happen yearly or more 10

requen
=1 7:]4_ ojo] \:ﬂ kA H]—tﬂ Oﬂ ‘:His_ LH%.;}_ 0]%94 ;(C-’]ac}; q frequently
_ Reasonably | - Likely to happen during the life of

;ﬁl 3017 }‘Oﬂ EH?J.’ Oﬂ}‘]T‘:’ Appendix%zf @'36}5% t:’j.":]' Probable a bulk carrier 7

Unlikely but not unknown to happen

Remote during the life of a bulk carrier 4
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
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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
Stucture ek ohjel A9 Baels wedstel Brhet
Cover plate, Longi. & Girder, _ _
Coaming plate, Rubber packing Cover P late, % OU‘—] AEAY SEZT A& dAoA PSAM
Performance &  Compression  bar, Cleat Longi. & > L— A = ==
. P ’ ’ Girder, o] HF A= AT A SHNA FosH
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 o2 ﬁ}‘%‘% Zﬂ%o] &
bar, Cleat, Ventilator ’ o - N -
sk, ol5 et S FAlO A
A 5 e FARFEOIRR AR 4A A
=3l oz A FAA] ol HEAELo m _ _ _
5 PHA BHA FHotd FAES s Olaifﬂ'lﬁxﬂ\f}-ﬁﬁq] O] WO wAlS zky XS
2.9] Table 87 7o = HHo| ZXEH O 7 v} - _
ol e el we e v omM AFALWS FAL N F AL A
2|2+ cover plate, longi. & girder, coaming plate .
A plate, longi. & girder, g plate, o= woc
rubber packing & compression bar, cleat 7} 312
Table 8914 &1 4= Slth.
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