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g1 il fIRIR Sire WRaep, a1l 3R BIvR I bl FHARINTT HRT & o Teb FTdialr aed
2 | gl BT T fRIYAT $9 RIS 3R THRRT SE, REISARAT, URATY] Sl HA3],
g 8 | il &S wifaed & aifs S99 &S bR P =R MM & | U el AfWdhed g &
foq enfia s1fieed urarell &1 99+ T Aecaqut ffeT v 7 | did- f9TeT R & Ja8R 3iR
S 3JdeT Bl A P [T 37 2N UF H U fItherdl & 37edd= W gl o T8 2 | CPVC
SIS H STANT AT S aTelT U e fIR ST Ud 9y & iR doit & favwet 87 7147 | #ewayof
S BT IS 3R T dpford Ao BT Foira (g1 AT | T favhel gl &1 e &1 g AR
EB THBRYT YISO A=A BT A facliep fbar 11| EIMA 6196 & 31-IR ich=i1 3ff¥ed
TOMET BT TS | il Afidhed BT FEPL A9 31fidhed ATCdIR & AT 41 Sifar 137 | HRiEid
SHIg I AgATe RIf GRARFT & & fog wue A b 11| Hifded f[Awerdr sia & Raers
HHIE R @ forg eifep=il i =rep ff Heeayqol € | ufshar iR ufshar S~ Gurfde fawerdn drs
& IR H 9 @ forw va ufdhar fAwardr Are iR prdl fagersor (PFEMA) far war | SiRad
grrfAdar | (RPN) 200 9 $WR 84 IR FHIAdT [Awerar @ el & Racllh Jaedd dRars of
TS & AR 396 URVIMHERY IUTE 1 el H FoIR & Hew § U1ed aRermd iR fawerd & g
BT B PR [T | ST <sh S T ORI H eieb=i1 B Y& Bl GHad R & forg I8f v M3
SfRCPIoT BT IUINT AT AT & | AOIg (SOleT 98 & Sil AR BRBI & ART HH FdaIeidl 8l &
3IR 3191 SfEd BRI BT HAT © | AT AR W L UGhd SIfHed &I ATl W) SR <l © |
gRferd ey & forg ATl gl @l SR AT | Ui aRemEl & el b Jgehierd
AT BT A1 FAaT fhar T |

Abstract

Metal bellow expansion joint is a flexible element to accommodate linear, lateral & angular
movements. Bellow's flexibility characteristic makes it applicable to use in the piping layout of
chemical & processing industries, refineries, nuclear power plants, cement plants & many other
industries for absorbing thermal expansion. Bellows design is a critical one because of variety of
variable are involved. To make a correct design the selection of the governing design parameters
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play an important role. To understand the behavior of the bellows design variables & their optimization
a failure case study is discussed in this research paper. A bellow expansion joint used in the CPVC
unit failed rapidly within a year. The critical investigation is carried out & suggested an optimized
design. A failed bellows are visually examined & also observed the some processing piping layout.
Bellows manual design calculation carried out as per EIMA standard. Bellows design also checked
with FEPL standard design software. To ensure the resonant condition of the working unit a vibration
measurement carried out. Bellows manufacturing cycle is also important one to review against the
critical failure investigation. In order to understand about the process & processes oriented potential
failure modes a process failure modes & effective analysis (PFEMA) carried out. Necessary action
taken against the potential failure modes against RPN above 200 and obtained result in terms of
enhanced the product quality & reduces the risk of the failure. A mixed approach has been used
here to ensure about the bellows performance at each stages of product cycle. Robust design is one
which is less sensitive to noise factors & performs its intended functions. Taguchi methods in general
emphasize the robustness of the design. Taguchi methodology adopted for optimized design. An
optimized design was also verified with the Experimental results. As an outcome shows that the
product quality improvised as well as the bellows useful life also increased.

& &5 : 1] e [ARR e, [A%erdr &9, SoITHy TUMET, HUH, AR TR B e

Keywords : Metal Bellow Expansion Joint, Failure Case, EJMA Calculation, Vibration, Taguchi
Design of Experiments

Ry

grq el fIR Siie ool SRl & A1 ATlaR ARG 8 | il &l it adiel!
ATER W S5 14, HUF 3R T BT AHAT PR DI JAFART Tl & | 37D AN, &1 eeheil
wRIS, S, AT SR g4 & AfcRIE 8 | iReHie®d W (austenitic steel), T8 &1 3R 37
AR &7 ITART AR WR &7 e & Ydbel a7 ag—u=d A1 # far Srar 8 | gormedt gara
SR & ¢ @ & Ty o7g faaR Sirel @1 3if¥ebed= # BreddR BT SUANT fhar S Havd
2 | fariy fauml 4 amaeds T &1 A1 & SR WR 97 did f[aWR Srel & fafi=1 7oR % |
gl fawR SiTs yaRI 4 R, gfada, fEre, frae ik ver dof wnfie € | siferifes,
T, IR, oHd AR AT I, REIgRI, B iR AR T, g Taaded 3k
B I Aled P SN dih1l B IUANT B & | (ST <qmd, fESre a4M, i iR yars
HTEH [T i1 & TR 3R AABed & FA1d Bl JAIAT R © | ATHY, STd JUART faRiy
w9 FEqyol B ©, A1 gidAl fidhed iR ifded urael &1 g1a 31fere #gedqul 8idl & |

[’L‘ N ™ Db = 3iidR% card Do = ared car
e n =TS 61 & q=T=r
w = Haad s t= TS Alers
| Lt = TaR@r s Lc = ok didTs
::L N = §deH 6 dr r=%¢ 3R fRArar & B

-1 efet &1 AHHRT
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IR SR AR Td S MR T, IR o1g diedl AR el @1 wifad Aot fagersor

el ¥ deaT § &3 Urdel e 8Id & | SATHd AIGs! oI fdh Faer= (convolution) &
AT, Haeds ® ST, gie B Aers, el & Al e & wvma eie & gei= &l
AT HRar © [1] | € &I O, TexTs, daTs, AlCTs, URal &l AT, Faeld &1 AT 3R qres)
& B A Ry U fE 1@ srgeR ffds far a7

i1l FMRIA: Hgel T AT BISRIBIHT dhiId §IRT §18 Il © | I8 ofd Ho AW IR T4
HRAT © Sl el @ fIRIyamsli @ Arer sffidheus Rerfadl & d8d i & Ue3H &R fAwerar &
UTerelt Bl T @ forg @Y 18 & | fhsl Y fafd &1 SUanT ek eli=1 991 99 S8 I, 31efiy
BIs R IAR® ard BT ASId IFUT 3Mavad § | S fhfl ¥ Urael &7 A1 ey T |
SR IOHT ST &, Al 71 AU 7Y ST BT IS &5 AR ITelu BT FGHT BT © | SHBT
g1 UHTa RS 9%, Breuige SR el & I W) ISl © [2] | Bes & FHT6aT & HIRT,
Iod IS W BT AN AT dTel &7 il BT F7or e Rt & uf Jgg daeeie 2 |
g1q il I F9I U & G H S8 Tid 3R el BIST Bl R &= &1l wgagel
2 | I9HT AfIRD A FT gl el § et &7 HRYT 99T & 3R il & e TR Ageagul
TG ST & [3] | AT IFUTT BT SIBIFT HishadT & fIwet 8F & foy sifosideTela 2 | Safd
Teh BIC AR U S IRVIHERY T8 P AL W dicpel [Jhetdl Bl 8, U al 3T AJuT
hFR & AEIH § dide] f[Awerd BT SR 99901 7 [4] | 91g did (IR, Sirst &1 fesis &<
HT T AR Aeaypl g OhM R AR 2| 59 91 # fIeus ¥R &7 g9 811 8, ST 3favR
FHII TG DI R ST & | gRATe iR =07 fesmg= faeivarsii &1 ie- g% Sias iR J+1d
e B

BT Sia TR SR JHTET Bl ST B T8, 3R I8 R 17 o Sri—ois gl @l Broar
gedl B, fawerar & ashl & Aar Rad wu A AR St ® [5] 1 U@ dide fRdR S &7 &1t
ATIAT Qe Aeayul faaroiy fdg § | &R & aroee iR Sed aigH WR Eide] & a8k HRd]
2, 39 IR F A S & U, U SitaT ash TIeToT foham 717 off | SR—aR WeH (H0) B BRI
it TRIY & ATUHH TR fAwdt 1 SI1aT 8, STafd Yo Udell & $ed argde IR gidgAT af b
IR AT 2 [6] | RN & 01 & HROT S YA TR i BT Sia @b 31fdds BiaT 2 | Siafe g9
# 9gTa | i BT Sias I HH 81 STl © [7] | el arg favarR Sirel @1 fawerar @ Sirad
BT BT IR 7T & 3R RRI & Y& & 3R B &) G BT ol B B T 8 | $ U IT el
Il I TR Uerd & WY 3R FRAR U # 1 WR Ial Bl @S fAhd 84 ¥ Ud dhdl
2| 59 IIfARxH, AT el I HETROT &b SRIRT Bl b FhdT & [8] |

Sl TR R BN AR &HAT DI Haed ol HeaT § g gfg & AT Igrm <
|HAT B [9] | Haod &1 w1 # gy fAeror a9ra 3 gig 2, Safe e 7 gig o ok gwmg a1
BT & [10] | <919 3R fAeoor smeR qra Heaidre amt # Sfrft (meridional) g arel Tra <ferof
f3reet ara & 1fde o [11] | uRe fRreell a91a o Agcaye! f3reell a91a § S eiee & aRT 3R
IR # FeIdT & | g B SIS GReTl & foll, T8 A WIdrd I1d | HF 81 a1y [12] |
TE YIRS S A 91T 77 {6 Afha Qi BT IR B aTel Urgul & A1 id=1 &I SUANT urgy
@ e qIE BT [AHRIT A & fog &7 81 1w o [13] |
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TG FeTRoT &-R, o7 3R fF3ier & @ a1 e d4 iR va faRkre gafereii R
BT IRIR fehaT & URvIERay A8t a1 &1 e & | iR ifed et Wa il & =g HeTRoT
BT TP D JATF I U4 31 [14] RT 63T 147 1 | GeH e 1S eqa  Udl gl © b
IR Sirel & o SURIRT @1 ST aTel faferior fafer T2 ofiR Jerell | avRi & <YfFerie R TR
& forg amaead argeH ReIfcl &1 Ua™ &< & fory eR o [14] | Tfoeflier \ifeam & |rer W=
el IRIET0T el H IUANT fhy ST aTel il & ol e iR fawerdr fagelyor sRad favam T o |
JETI & ITTAR, HAZ ¥ HAG-Teiel GeH AT dfes?T & SR did & I [id @ ITold START &
GROTHRGSY & Tl © |

SADIART 825 AT F T U ToldR I s 9ch | el did-1 [Ahaerarsii & Yo si@el
DI S DI TS | U GeH GaT ATHU B AR, RIS ST FETROT gl & HROT BNl & |
IR HERY THEH B, Ta! Sl & Bici, Ied Sl THD, T4 757 a1 825 o1 Adsl (50 fS3h
AT 3 31fdd), 3R MHR <7 BT Ufhar & SR i Armfl # SIS TV aRie a=ral & are
Y IR I @ FUD D HROT 37T & | RAFIHT FeTROT AR IR B GIRI BT HROT BIAT ©
[16] | faSTaT TisT Ud 37 [17] 5 U& Ugiferad RWIE=R & WIR WUl aTed (PSV) # gwiHTel Bl
ST aTel! il o et &1 STd &1 | fIwe dic=l &1 argdd Siid A udl =ell fd T+ 1a HefRoT
TR (SCC) fABerdr &7 HROT AT IS IMAHeus Uihar & MRY # &1 fAherdr &1 AdT ST Adbva]
2| fel Y Tif3d gcd @l siidfoqd wxd T7a R ArfsT Rerfadl, aes gaf iR aRaeig ==t
BT &1 F X AR |

B JIeFIT

AT T2 H, MO RAHR A5 A IS P dal bl 8l W8 ¥, [ora gRomd W@y CPVC
AT BT JHA FAT | S A5 BT 1 AIAM MR Ta1d B 60°C AR 0.5 kg/em? AT | FaTeld
& O 7 918, i 71 AT Ugel! fAwerar &l Jrgwa e | IRfYS fherar & B8 72 @ Hia”
elfep=il T gael faam wam | bR Y, f[Awerdn & X8, 3R Ueb 99 & SR, A1 STeT—3fert fawberard
8% | A R S IR W, €Il Bl Jol Tl W bs IRGT RR U 78 | f[A%e i &1 =
o 2 % =oifr R B | e & o Wl fqaRer A <1 g arferar 14 @ Mg

arferdr—1 arg ef e faawor

AT fFavr (200NB)
1 | it = 219 ot
2 | gt = 264 ot
3 | wfwa F4rs 136.5 fadt
4 | g T HET 7
5 | ot =it | SA240 Gr.304
6 | ™TE WrETE 0.6 Taredt
1| aefia vl 20 et
8 | urd Wi 3 oy
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(i) g2 rdiegor

JAISIE T2 BT SRT BRI THY, FO <ol <l T8 | Q1 il Ader Bl 58 ¥ fahe 81 T8
off | |1y &1 URRERTT feemsii # S’R ba g of | yars fa=m A ugel |aer & gRd dTe, b f[aba
& T | 39 AfARE, i &) qEd Aasl W §Y IS T W Y, S 741 { AgE 9 B ufa
&g DI Wl DI S & | Wb Arge R wsfiT s wrawen # @afds dud iR sied W
Y Y | TPl MR SAART o) IS B W U H g B HRT AwUT TG & Ahar 2 | Wi
aRReIfl # gH@! FRRAT &1 e & & foly gid &1 IfidHedT &1 qamd= faar 17 |
IISUl & FREATHS AGSdT Bl AT B & oIt Su= A &1 A1 AT far 13|

(i) 3rf¥r®ed TvET (EJMA WX 3memiRa)

U 3TfHHe T EJMA 10 d EERHR0T & IR Bl T8 3iR IR0 $I Thsued (FEPL)
AM® NG AIICIIR BT STIART HRG AT fHar 1ar |

1. iiepit Toefoar gReT f3reell o= S,

S, =2P(D, +nt)’L E k /2(ntL E, (D, +nt) + E_.L D t k) =2.54(2.54)MPa (1)
2. BieR IR f3reefl a+ma S,

S' =PDLE k/2(ntL,E, (D, +nt)+E LD, t k) =2.6(2.59)MPa (2)
3. qE1d & PR dicp1 TR et g S,

S,=PD_K,q/2A, =4(3.47)MPa (3)
4. <919 B HRY dicpl ARSI f3reetl T S,

S, =Pw/2nt, =0.94(0.94)MPa (%)
5. <41d © BR Hicb=l ARSI b1 BT a1 S,

S,=P/2n(w|t,)’C, =24.68(24.78)MPa (5)
6. fAedor @ HROT el ARSI f3reet @ S,

S; =E,t’e/2w’C, =9.908(9.88)MPa .(6)
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7. Ao & BROT el ARSI Febel BT 14 S,

S, =5E,t,e/3w’C, =1135(1124)MPa A7)
8. Gl G S,

S, =0.7(S3+S4) + (S5 +S6) =1163(1152)MPa ..(8)
9. TUdhel gidl & fory W IRGRAT & MR R ARG AfAHT Tq1d BT AT BT

P_ =0.34xf, C,/N’q=0.94(0.93)MPa > 0.75MPa ..(9)

10391 9T & A1 & dUHN R §9—0i TRRAT IR THAIIAT & MR WR AARE AfAheq
TG Bl AT BT |

P, =13AS, /K D qo” =1.08(1.05)MPa > 0.75MPa .(10)

|1 SIffcbey oIS @ YR SR Wi fby MY € | &Hl URomE e €; T B T
=T dael A A 2| (i) § SURIH TUMT FEPL AffedRR—3MeNRA ifided & TR gaffa
TR B | 3AfTY IS B AR el 3ifiiehey T FE B | el &) ofaTE | A BT ST
HictH Read 3R sl e 2real & ST gl © | Refad fAterar @ aRvmHwasy amd 9k W)
IHTeT IR R fedT BIa1 8 | M1 WA ff¥ded  Taral & oy T SR Uelid @ 718 7 |
Raq fawerdr & Adw & forg AT 1iwed Ta1a uieror ga1g & :1fed M1 a1faV | EIMA [18]
% JTAR, dich-l YRIET0T Ta1d dich=1l Afhed Garg BT 1.5 AT BT <112 |
(iii) ®UT gdEor

wic # g¥g e & ugdl 3R & SR §B IfE TR $U 3R Sed W Y | IR
I & fory, Red R W YA 9l U He@qUl HReb © | A=Y UISIORT SUDBRVN I 3YRT §H U
JMYRT & AN el 81 Al © | PH AGREAN W, JIAG HU H Al o Pl 9gd AfeDH FATaT
BN 2 | WM AR TR Ui RReR RSisR @1 I8 RRed o= anfey {6 arsfir Ried &
HYF YR dicoil & D1 BT JbAM 7 UgaA | Teb o1q eichil fIaR ST S2d e & q8d yordl
S W BRI & PR Fhell & | 3 b & {1y, dicheil Bl Urpfcrep IATgRT EIMA [18] & IR RieeH
JATGRT A ST B @T12Q | 31efl 37R ursd U MRl Bl o1 1 fQy Tg FHavom (11) AR
(12) BT START HRP P TS |

311 U (Axial Vibration)

f =C.JK_/m =37.67(Hz) > 10(Hz) (1)
91d HU: (Lateral Vibration)

f =C,D,_/L,JK,/m =168.74(Hz) > 10(Hz) .(12)

T gECT B3T ATeFH, FaT8 ufawy AR urae W e & Bue WR Bl 991 oRe & fory
HE@YO § | ST9 T 954 3fe BIT & Al gl STFANT & IR Yb ST JaTe Ieu~ oIl @ | €l
H U IMAR® NI U B Ydb 31 YT BT HH fhdm ST a1fRy | 99 3MARed MK Ua
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IR SR AR Td S MR T, IR o1g diedl AR el @1 wifad Aot fagersor

TE D1 ST § AT WD JaTg 9 19.8 m/sec W IMAH &I ST AMRY | TATE 9T TTOMT Bl T4
ML AT =11 fQU 1Y rgvasi=g Haei BT STANT dxb dl STl 2 |

IR JarE 9 -V, =0.026gK, /K /m_n =2.08m/sec <19.8m /sec ..(13)
TR IR TR WBRI Jarg o : V, =10.36m/sec <19.8m / sec (14)

T4 gRI-Afdae Targ W @R far Sar 2, v didl a1 AaRe STkl & Aredd 4 3ifdiadH
TATE O BT U FHIBROT (15) BT SUANT PRSP I STl 2 |

ferpeH Jare o ¢V, =K, *V,, (15)

ST8f K, TdT8 @RI BRS & 4 EIMA @1 d1feredt 4.10-2 9 foram /@ €1 3R Vavg die
7 3MTAR® MK & 3R AT I B | T HU ATY dTel SUGT AIgAHIC A HGT 7T o7 | T4
A T 3T 9T IR SMfHTH I B 70T A IRviidg B H B TS T

9@ AfIR®, EIMA & A T WG9 & IJAR, Al Vmax, Valw | & &, a1 faR®
MK & o elieit o SrATe ot RAFY & AT 1 AHT & [18] | FHIHRT (13) 3MR (14) §RT
iR S1fdrman iR g a7 &1 o & AR, fhei ¥ I W STHITH 9T 3FFHT 9T |
I & B | SIRKRB IROMAT & IR, eiid e Rerferdl & dgd &9 781 o & ot |

drfere—2 faftr=1 Yt ux 3itaa vq sifsread A

wH N e AT st e & afernaa
'H"@T Vavgm/sec m a—;l' Vavg m/SEC W a—;l'
(RMS) Vinax = Ke*Vave [Peak} Vimax = Ke*Vavg
m/sec m/sec
1 E-483 Piping System 0.012 0.018 0.75 0.11
2 E-483 Tank 0.01 0.015 0.47 0.07
g | [Packaging Unit Piping 0.013 0.02 0.57 0.085
layout Axial
4 Packaging Unit Tank 0.011 0.017 0.51 0.076

(iv) ufepar fawerar Ais 3R g41@ fagasor (PFMEA)

AADHT B d1a AT HeedqUl =RV AT 5, foRT fodl A1 ScuTe 1 g AfhaTail | o=
TSl & | 3R Bad 59 TAWHRUT UGHd AR Ureredl bl Sl | FRIfFa foar Sirar 8, a1 Sedre *1uT
sfeed qAHT I QRT HRAT| FMEA G9RT YafRid oxar 2 fd Icre &1 o § gur & fory
TRIRHROT U1 H AT 9 fA%eran S & QR g Al o7 4 o) fbar Sie | FMEA Uab
AT BT SMhel TR & ol T Afshd Ud @raierd gfteadiv &, dife ag iR fear o1 |a
% I8 Fel iR B fawat 8 Aoar 8, T & AR f[Awerarel o1 dmer v, a8 FEiRa o
@ forg {3 o5 ufshan el o Aav S1fiid FRM & STavgdar § | I ol SRl 317 fatwerdn
AIS Pl FaRerd ®Y I UgdH 3R I9d ATUeT SIRGAT BT AFAM T+ & oIy, FMEA T
<fgdrag dfd RhuRe gD 2 [19] | THRABI & RO AR Y9Tdl & dre Heel TIoT, ATl
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B Sferd BRars & fory waH fAdhedl & Ugdar BRA1, SHBT THART $HRAT IR S IR BT,
FMEA [20] & <& 8 | faeeryor # 19 3 3@ 91 arel 941 Uggall # 31+d I drel 3ifidhed 31k
RERTT URIERT B U €1 39 AR W FMEA &_dl 8| FMEA & &_+ & fofg o dR W
f=ferRaa ufshar &1 SuaT fahar SiraT 2?1

(i) 9fhar &1 799 o Ufha & 99 & forg dvifad fawerang U6 Agwqul IR 7 |

(ii) wforar & e N W B S URHAT D TRV B THIET BN IR THD B FRA D
D A gRferd &f |

(iii) HHIIT fawerar Aie WR faaR & : ufehar & F91fad ©u & fawd 89 & TPl 3 g
PN |

(iv) % fawerar A1 & |Iad J¥Tal & Jdl 991 : IS [Aherdr & |Iiad g+mal &
TEH &I TR BN |

(v) TP YN & forg U Rar ST fAfdse & 0 1 9 10 T ST < F99 TR @ forg
10|

(vi) YRS faperdr A8 & forw vap gear e fAfde o : fAwerar 89 &) fhaw |9raeT @
IR 19 10 9@ M fAfde o, Fex 3iftra dwra=r @ forg 10 |

(vii) % fAwetar A1 iR J9a & oy Uah ygame 3T fAfde o : fawerdr & 8F 3 Aae
DI fHa T 8 3R 1 | 10 I yga ST FAfdse ), &8 ggad & o 10 |

(viii) I® 99Td & forg SIIRew snrfiddr Har (RPN) @ 0T & : ST THIRaT, e 3iR
UgdE @ A9 @ UM g |

(ix) PRATE B g fAwmerar Ars &I WIAGAT § - 32 RPN &I Ugel dférd &1 & Taeddl

=

(x) Sed SIRGA fABerar AIS BT HHF B & oIy HRATS BN |
(xi) fAwerdr AIs &H M a1 FAT &M W RO RPN &1 0T & |

(xii) FMEA W T SUIRT P 3R S UST N : T B IR BN AR YIS T19 & RIaT
P TS BRATS BT TITIRNAT Bl STd B | 3R I fAherdl & SNRGH B HH B+ & {10 ufhar
3l fB I <IN |

I &) TS drferat 3 | gl fH0T & IRARpROT RN Bl ARviag fhar 131 8 | e d
T & foy g% dfshar &7 fageivor oee iR 91 dvifaa e A & g & al
AR B |
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IR ISR AR Td S MR ME, IR oTq diedl AR Siel @1 wifae et fagersor
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