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A Study on Analysis and Improvement of Nonconformity Case

by Final Inspection in APl Pump

Kim Doo Yong

Department of Mechanical Design Engineering, The Graduate School,

Pukyong National University

Abstract

Pump ‘Inspection/ process is divided Incoming, Intermediate,
Performance, Final 'stage and pump manufacturers and customers
commonly had' interest about result of performance’ up to
recently. But as pump models are gradually to be patterned and
standardized, “customers-having many operating experience are
concerned more exterior of pump- than performance test.
Moreover because customers can first identify visual condition
such as appearance, dimension, painting, packing as soon as
pump is delivered at the site, it 1s important to minimize
incidence rate of nonconformity at final inspection stage.
Consequently global pump manufacturers constantly effort to

improve pump quality at final inspection process.



As nonconformity case occurred at site is annually increasing
and complicating, manufactures always realize that customer’s
judgement level is higher than their criterion. And customers
decide quality level of pump manufacturer according to their
standard that it was designated as nonconformity even parts
considered as minor points for the manufacturer. Especially
because API pump was designed complex assembly structure and
severe inspection criterion, various and unpredictable
nonconformity factors occasionally exist at final inspection
process.

Therefore this thesis first counts and-arranges monconformity
data detected at final inspection process for several vyears
recently, and classify these data to eleven nonconformity cases
occurred. frequently, “Auxiliary Piping, Rust, Bolt/Nut, Driving,
Painting, Packing, 'Document, Main Part, Accessary, Plugging,
Auxiliary Part”, then analyze about the detailed items and main
cause as per incidence rate. Finally as considering the analysing
result, it will be. suggested ‘the improvement ~of follow—up
measure & preliminary action and show cases applied actually at
final inspection process of pump manufacturer. As s result, these
ways will resolve many serious problem such as increase of

F-Cost, delay of customer deadline, failure of customer trust.
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Table 1.1 FHAAL AlF- H BFE

2007 2008 2009 2010 2011
0.10 0.15 0.33 0.26
0.13 041 0.33 0.66 0.51
0.08 0.07 0.06 0.08

Table 1.2 SIHAAL Al H B2FFE

2007 2008 2009 2010 2011
5.69 6.28 5.55 12.21
430 5.66 3.82 311 7.27
0.97 0.67 1.81 5.35

Tablg 1.3 ASAA A2y EFE

2007 2008 2009 2010 2011
0.21 10.48 2.35 12.03
0.87 1.98 6.80 842 9.38
040 7.92 551 731

Table 1.4 &3HAL AlFv E 2FE

2007 2008 2009 2010 2011
4.63 1.90 16.85 21.03
0.76 0.00 0.00 14.33 20.75
278 0.61 22.10 33.85
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Table 2.1 A -f3}3+&

Centrifugal Pump Classification Type Identification [API 610]

Pump Type Orientation Type
Foot-mounted OH1
Horizontal Centerline-
. OH2
Flexibly coupled supported
Vertical in-line with
! OH3
Overhung bearing bracket
Rigidly coupled Vertical 'in-line OH4
Vertical in-line OH5
Closed-coupled High-speed
- OH6
integrally geared
Axially split BB1
1-and 2-stage
Radially split BB2
Between- - -
. Axially, split BB3
bearings
Multistage Single casing BB4
Radially split
Double casing BB5
Diffuser VSl
Discharge through
Volute VS2
column
Single casing Axial flow VS3
Vertical -
Line shaft VsS4
suspended Separate discharge
Cantilever VS5
Diffuser VS6
Double casing
Volute VS7




Fig. 2.3 A#stehg A8 Abg §uo n 72 wel 2Fd
2398 Uehyy, 9w o2 OHI, OH2, BB2, VS6, BB3, BB4,
BB5 Type?] RelEo] U] AFEE L ¢

B

Type OH1 Type 0OH2
Service 1O Process Pump Service API Process Pump
Structure Single Suction Volute Pump Structure Single Suction Velute Pump

Type BB2

BB2
Service API Process Pump Service API Process Pump
Structure| . Single Suction One Stage Pump Structure|  Single Suction Two Stage Pump

Type Vsé Type BB3
Service API Process Pump Service API Process Pump
Structure Barrel Pump Structure| Axial Split Multi-stage Volute Pump

Type BB4 Type BB5
Service Boiler Feed Water Pump Service Boiler Feed Water Pump
Structure Multi-stage Turhine Pump Structure Multi-stage Turbine Pump

Fig. 2.3 %5818 B9l AHg $Eot yy 72
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A FAHoR QIFH A wEt dAE ok drh odF B9

API 610 Code¥ell #3}o] Al=td A43}s} X
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Table 2.2 A@3letg Hmo] 7|2 HA. 2A

Code API 610

Design High Temperature & High Pressure
Plant Oil Refineries, Petrochemical Industry
Service Heavy Duty Service Pump

2.1.3.1 OH2 Type

Centerline mounted single-stage pump T+%Y¢] Single bearing
housingS 7} HZ=Z Centerline mounted ¥4 OH1 Typed

E7b GEEA 2o e, 1 #4249 S dE b ol gEe

43T,

—

i)

Mounting " olgtar 8 4= v} Table 2.3 OH2 Type HZS &

A& HolFr

M

_10_



Table 2.3 OH2 Type Hxo] &4

Max. Bore Dia.(mm) 300 Max. Flow Rate(m3/h) 2,000
Max. Head(m) 380 Max. Working Press.(Bar) 52
Application Oil Refineries, Petrochemical Industry

Lubrication : Flinger, Ring oil type, Purge oil mist

Characteristic
Mechanical Seal : API 682

2.1.3.2 BB2 Type

Radially split, one and two stage, between bearing pump %%

s

7HR 322 BBl Typed 5¢s & ¢ FA9 AHS 7HIAx
oA API 6109 4]/ 238l Centerline mounted®] F4F AA <
,AA 2% 5o 2S EF 2530 QI 2 BB Typed] B=7}

FEotEHA e g HEE &
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o Journal bearing, Lube oil unit(FA-&&Fx))3 2o E3F
Al

I BE BAREEHT JoH, HE S+ Wl T3S
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o

—

A9F ¢ Qe wAANE FHE o RASE At 2ok

ol

t}. Table 2.4= BB2 Type B3X9 EALS HoFET}

%2

Table 2.4 BB2 Type X £

Max. Bore Dia.(mm) 500 Max. Flow Rate(m3/h) 5,500
Max. Head(m) 550 Max. Working Press.(Bar) 52
Application Oil Refineries, Petrochemical Industry

Lubrication : Ring oil type, Purge/Pure oil mist

Characteristic
Mechanical Seal : API 682

_11_




2.1.3.3 V56 Type

ofk

da HI A AR EHE Double-casinge 45 HolFE 7|5S
ZHAAL glew, o] NPSH#t¥ <dddd. <& =, @49
NPSHavgkeol WA AAHAAY e A A §29 Aoz <)
Suction Condition®] @etslrtd Lo FojX|= NPSHavit< s
FHlo] glom ® Pumping®] E7}5d &Eo] ozt 1dgM VS6
Typed] HZE M= Aol FAE FobrFes 728 7M1 9
o, Barrel®d F 4dol= FHxe] NPSHreztdl- oaiA ZAA=rc)
Table 2.5 VS6 Type HXo] 548 HojFoh

Table 2.5 VS6 Type #HZo EX

Max. Bore Dia.(mm) 600 Max. Flow Rate(m3/h) 5,500
Max. Head(m) 1,000 Max. Working Press.(Bar) 150
Oil and gas production, Oil Refineries,
Application
Petrochemical Industry, Electric utilities etc
Suction Can(Barrel) : The highly reliable welded
Characteristic barrel can easily meet local standards_governing

treatment of high pressure gasses:

_12_




2.1.4 H-735-8 P29 AL

2.1.4.1 24, "5 AA}

HE Ao A 7S Z7)ol et GAR, ai7e] 8943k A9
A F-o] HEEAEA Feks Aot A A S FAA L
2 A3H F4(Code)s 7]1+22 CMTR(Certified Material Test
Report)E 7 E3s}aL PMI(Positive Material Identification)HAFS A A
st FES Aot HI] Axle 2A9 JheE EHO EAlEke
2%e AEs7] 9 PTE-AAlstaL loew, W] i 23k A
Z37] fl8l RT, UT MTE F7H4 22 AANH. Table 2.6 F=
o] F8 HFol Agshe Hlvty Ao HEPS YebdTh

Table 2.6 A= HE H H|ut3] ZHAF 9

Part Inspection | Methods Acceptance, Criteria
. ASME.SEC. V, Art.6 i
Casing PT, RT ASME SEC. VI, Div.1, App.7
ASME SEC. V, Art. 2
Impeller PT ASME SEC. V, Art. 6 ASME_SEC. VI, Div.1, App.7
Shaft ut ASME~SA388 ASME -SEC. VI, Div.2, AM203.2
Weld Area | PT ASME SEC. -V, Art. 6 ASME SEC. VI, Div.1, App.8

2.1.4.2 7F&A9 AA

Hgol gny BE G| gate] UL JFon A5E I

= A4 FAel, AR Helt MY wi 23A 7 glojok @k

_13_




}(Spec.)9]

[<]

o

7H o] W= Ao] A uEd]
E93 QA

AR BRI, £ AAel AEHE 5

1

R

],

S

1

1

3}o

A%

(e]

=

9] Rotor¥-$ ol A
214 &%= Eg®(Trimming)”}
A FAL guld o=R [SO 194098 A 835t}

bl rolig

oz v
1
=
=

2.1.4.4 vHE HA

2.1.4.3. &4 A
2.1.45 A4

o
3]

s

‘%H

=13
=

Mg o]

s

A B FalARE et

T

)
ol

tol A

©

2 NPFOR o%

)
B
olo

_H.O_l

oF

X

i

o
Ea
il

_
7ol

Jo
n_AlO

o
ruge]

Al
el

1.

9
yul

Rk

=

=

_14_

°] -9, API 610 Code°ll wet 6782 F3F 3olA A



23 A4

2.14.6

Ao,

S

Aee gl
a2 Abelel o

ol A AL

X7
of

ol

ah

=13
=

ko3
T

7F AAE

<

=N

X7

X

= 1¥ 1 Seal Leakaged 4
of A A}

o
e, e, <

ol

AR
=

~
;oo

EREES

=
=

]
“

2.1.4.7 B3 AAr

=

oAy

SE

o=

o] A

AL Aol

e

3l o]
B i WS

bl

E71) w2l

S

€r 00 SR

1 Rotor

ok &

1 AA

45

Fape] ol Wol Q= BAE 9

Ae

]

Fob el 28l AL BdolA

S

8

Ll

_15_



A

kel
=

1

R

A

K&

bt

S

L4

o128 ol

i

=Ry

A 0] 2 744
ol Aux. Piping T4
o] B

AL
g

A

1
R

4]

)

b el

oz v
2 et

x| 7]
=A17171 9l
toh. Fig. 2.4+
AtE S AES Ve

93

7] 0]

2.1.4.8 &, A= AA

1

R

i

]

el
~

o
ol

ol

sed, ALg

Ao A

S

S 4 5 of o

el o

S

171 &©]

3|

A Al A AR 2o wel Zo] AAHER

Aus A A AR

o

I

ol A
Aol ek e 9

7}

o]

AHE B

il

=

A
H

il 2] A 7}

3]

H)

R ERE

Q83

AL oy,
_16_

1
R

7F 89

ol



2.1.4.9 £ AA}

S QEs wge Hge HAst ol BP0 BL Az
AEe 2 Qe A FAL AT AAol sl AATAA

Adsh= B5-7F B2, Az ASFe] FHes Aol 2T F

a2
e
~
>,
&,

l
o
>

l
T
6]
L
ins
B
N
X
Fl
o
i)
By
-3
of
>,
)
=
o
tlo
N
5
ol

z

A3 A AlgE A gE e Packing ListE 722 &A1 A
& ANEe] ool BA BES T oslek siu, x

9% Shipping Marke] 745 S2¢#|ef =30 AR S FespA &<l
sto] FA oA EAHA] FEH

shehg W) AA} ¥R HAeE R Al E Awne

—

-
Jo

roh
=

_17_



zo) RAF AL

< ¥

3}
of

2.2 A3

2.2.1 AALEAR 2 AT A

2.2.1.1 24, "l5m AA}

Ho

A

s

A

Q]
=

o A, 9%, A m=rle] AR

SE
=3

FH= 5= Al

L
fite)

]
BH

gl

= Ede] 240 A} oF

55
=

2471714

ol 4%
A

SE
=3

24, A

SRVEXY

=
=

}od

S

=
=

UTHA}

o

il

_18_



!

ol

A

[e]

2.2.1.2

| "oix= &

Ho
=]

ol
H

Aol =] 9]

1
R

3t

©

lkes

3]

Pressure Partol

M

el

1

s

A 7hs2t

A

il

st 3

S

A R o
— 19 —

b= Spec. ZAGO1Y 727 2 ALg A9
[e)

_t"q

]
=

=13

AT 8T
9] Pumping . %

—
a

A 71A9 237 Rotor®] Un-balance

oz v
o —
3 AeS AU=E

sk

=

=

,?.

o



A7

X

2.2.14 9#, A5, &%,

by

9] Claim®] 7

7

al

= @A

A

e

)

o}
H)
el

tol AAe 2

3|

ol
N

nh

hikded

=
-

A B

o
T

X
_,AO

N

=K

o
|
—_

AR
hl

i+

—_—

X

file)
gl
w
n
o
ol

il

o
0

o
n

A

]
oF
ol
Ho
o

4

B

0
o
el
;oo

ol
T
iy
o)
XO

o HEgE WA AFAGE F

w=e
o

Spare Part, Shipping /Mark

c
0 (=
-1
7]
o
al
n
i=
-
c
0o
@
=
[0
£
[a]

Packing Inspection

Visual Inspection

Painting Inspection

_20_



2.2.2 E5AS 2AF A

2.2.2.1 234419 s

R

1517 Qe wAelA 5

J|

3 %
1A EE A

J|

Final Inspectione A&7 A} o]

ANz

=
(]

Arb sAHoR =

He=

Ao, H Hydro 7] o]

gJ o] ¥

8 7kel Aol

uzel

il

ZS

%)

i

At AA AAE

™

Ll A

%43

=
=

As) 7

LR

o]
H

stk g A

st7] A=k

3L (e}
=S Qe

of el A

2.

= Bx vy

FH =

2 FFL O

p=ye)
= 1

b Al

S

-
=

|
BH
olo

Tor

7,

o] tjFHol7] uj

T

5
vl

e
[€]

7}

d5 &

al

3}7)

s AR

Fo] Ao 2]

J|

of o

Al = At

293

ol

_21_



AALE]
Plantel]

e

I gd713ke] A/S nl&3%

9]

88 FAUA
Claim9]

Hof we Ate} v

ol

=
-

A

7} =2

=
o

?}

W HaLell A 2y

FaL Sl

A 23]

}11)%

o
R

=0

H

T

i
1

o
=0

[e)

HAE E7gel M o

o

A

A

B

b

ol A A

ruge]

Mo
A

3

ol

H)
gl

ol
o

of AAel Aot ek B Ao

gl

<= AA

Y
=0

H}o

Tl

A

At tiste] A
el

q 3}

I

il

oA WAy

ruge]

Ho

L
A}

5

i =]

9]

WA

A 3

3

A

N

e

A

A v |
X

7] )

_22_



2.2.2.2 37X BAZ AL

1712 ge 2. oI 4

I, O, 22|, X2 FH H=, HH Tag
HZEE LEAME o]
HEFE L BHEd
7H5H HE A

\J o 232 7Hee)
' ' ATE BEHa
Alignment 4El

ol |2

Jack Bolt, Earth Lug

AEE Bxod

SUEE AR L= k]
Gap-Ring 20 = |
EL o b= C& gt
EZE/HE YiEAHz Spare Part]
S5/HE HEHE Loose Part|
AEL, HEE - & Packing List|
® AW S
o1& HH FIEd 2el=zd
LR =¥ 24 EHERM 2EHE
HTE S He| =Y~ HEY
SHx| HzolH Shipping Mark|
3. Bl HEY 4, X E T Ml

Fig. 2.7 F34F 391 8 39 A4

_23_



A3 A EAAAY RAG A Y L 13

HARZE #elshs 2 gtR o 2007358 T 5330 S8H3A
SAAA A" FAF AL T EFEC] /M & AF3Ehe A=
| skl dHeolHE 48tk o T FAY Aol FAREE 5
Grouping 3}¢lom, 72} IS xd 4 v 4 I35 WS 49
shoivh. rejal - HR A Aol FEEA BAE As-E A
o] e FAE YehdE Atd 117K E 27 5 gleley, o] &
55 EskaAbl o8 2HHE Aw3teg d=e txAd FAY
At = AR ekl

H AF = “Auxiliary. Piping, Rust, Bolt/Nut, Driver, Painting,
Packing, Document, ‘Main Part, Accessary, Plugging, Auxiliary
Part” 2] F23t At#lel]l diste] GAdES B Fo9US E46H] A

o = ZhAAgRel tiste] el it

10

=13
=

tlo
)
z
N

| NCR |

I}

| Final Inspection |

It

| Pewro-Chemical Pump |

v

| Grouping |

J

| Definition |

l

| Counting & Classification |

y

| Selection |

Fig. 3.1 &8sk be] 45 Abell A4 )

_24_



3.1 Auxiliary Piping

Fig. 3.2% 2874 3404 278 24% A% 33007 5 #4
ghr Ao Auxiliary Piping¥} ¥

AAEE 2 AFES YEkt AR SN SAEHT SAA7E AL

o
ol
o,
2
N
o
—
oo
ofl
tfu
(i,
-z

T 2
e
>
>
e}
lo,

facs

1
H7E Plug= v gl &
o] wa} 3% Maintenance
3l Ydo] 2 3l

mSoIEC U

AN HEE

LT oo o

L k=

II:
i
i
I

]
froop fromH

Fig. 3.2 Auxiliary Piping $-48t Alglel AAetE H H/-&

_25_



R

A

o
o

<

loltt.
H< %A

=
L

3L
[¢)

)

S
R

A=
7

1

R

]_

i O RN T ER

S

©

o %1

1

b Abg o]t

™
“

]

°

1

gl
A

A% 917k

=13
=

I
shef

©

©

™, 9]o] ¥
2]

L

N

i

3

4

S

A]

REEE!
o AN wwvt B

L
R
A

3}

S

%
A=
Tag Plated]

1

oA

o] A%
R
EIEL.

8] e

1

il

S
s

SE
™

il

Table 3.13}
FA, W

A

©

2}
H Zuj

],

S

4]

sHA ekt

0

N
el

2~
T

M
o
0
<Jo
ol
0

HIE(%)

52

12

10

o] aH}

il

Al
2

ES|

1

9
i

319

F ALael

o

Kk

<+
Kk

B

_

(]

AR eal 2
Axeel =X

<+
Kk
KH
~N

il

oo

H

o,

=

=<}

o)

5]

23]

HAL A

©

t Bending

)

<]

ZMX| Serration

I/ J=3

T
il
pa

oo

Table 3.1 Auxiliary Piping ¥4

Auxiliary
Piping

100

_26_

HZRH| 2 Support F+2f




3.2 Rust

A3 Abe 330071 F RA

HfES eItk AAZ RN Bzl J1F Wel WAR At 82
o JbY e wEs ANsn o nruw % BEME R
9, mx PA, A%, s £o® wEel AAsA Yee & 5 9l

H3E g A&s| Fol| wel 7ba-Hel Rust7h A%
AR, &3 ARo] AlFsle] WA A e E oA v A

Hom QI3 AL Wt 8 A% 9

2
lo
e

N BE B BN
I S 7
L T I
Mo &£y
s T g
I 18

\E

I

m

E

Fig. 3.4 Rust™43 Alde] Mg 5 dFs

-

-

a 4B

™~

L] | )

Fig. 3.5 Rust 43 Alzle] oA

| |

_27_



=

Rust

[e]

ks

1

5 1o

oF

H4

S

=

=

K353

1

R

b2

gl
1

R

pu

2

WA

T enR zgiate]l Feorh gtk aeal B
ol

R I

=

1

R

deol 8+

Table 3.29F #t}.
=], A7, |l

A}
2}

23
20
18
15
100

_28_

Hl=

RO ®R <
W= on| &
aiz e

i -
A =
oA G
ol rd "
..LE HL zT =i
O
= W U]
M o o | of LA
W w | KT
0 Gl
oBR hw m%
% < o
W om T
3 = wﬂ TR
SR _mﬁ
— B ° HT N
X = " 70
2 % 9 |z
e o) = = | 2| B
= L R
DI Mo
o’ % ~
o g el
N T ) Q __J“._ﬁ__
b J Zﬂ JL ..w R
o g CE
2 5 N
H) = ol
w Rr
o= ol

Rust
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3.10 Plugging
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3.11 Auxiliary Part
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