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Development of U-shaped Metal Bellows design software based on
MATLAB
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Abstract Bellows product is an important part in the area of plant engineering, shipbuilding and petrochemistry. For
safety and durability it is necessary to consider lots of factors when designing it. This research developed a U-shaped
metal bellows design software based on EJMA 9th Edition manual. This GUI software was developed by using Matlab
software and can be able to design four types of bellows, Unreinforced Single Bellows, Unreinforced Double Bellows,
Reinforced Single Bellows and Reinforced Double Bellows. The already proven bellows model was designed to verify
this software. We investigated the behavior while changing the thickness of the bellows. As the thickness of bellows
increases, spring rate, thrust force, stress increase and fatigue life decreases. This software will be helpful design
engineers save time and effort.

Key Words : Bellows, EJIMA, Fatigue Life, Matlab GUI, Stress

1. M2 WEG2E A5 sl @il Hatstk]

HEoR Q1P WS WYL, el ot

2 9-ZBellows)= AZY, FAUE, HF3sh, Bd 3 F9ey w24y, Hs]ews = Ao e
2, BFE AL, 29, AHeA BE WA ], A dojEE el b Age oEgel itk Waex
W AE A, Aol vl B A8 (Bellows) AAARE dhte) AES A & S
Hi= ok MEg2e o) Al o3t S WY o senje 5] & WAsH FARkel A wHEAQ)
ofvf EEMsh AAs TOoRNH AHE HEE F AukE afajof gk o)2A) AAlE ME S (Bellows)i=
Ao AAh A7ALe] wlzer A o) HlE &R Qs AlEe] A1F

B ATE FA7I9A A AdehE 20149 Ak 35 7] /EAR] (No. C01813260100413545) 0] A3 22 Q1% A7HEels vryvrh
*Corresponding Author : BongChoon Jang(Andong National Univ.)

Tel: +82-10-5132-4081 email: bjang@andong.ac.kr

Received December 10, 2014 Revised (Ist February 17, 2015, 2nd March 20, 2015)

Accepted April 9, 2015 Published April 30, 2015

2379



2 AAE A2 AT F v AAAEE AXE
dloje] o] @

Aol A AR UAY 55 e A A

Edo]= W EM(MATLAB) GUI[7]E ©]&
o} olE ZRIH F= gig JIdS &olshA sl
ZROH QRVVSAE FHasleluA TR ALEA
7F A7 HERAE WSS A f4A E1FE 5 e
A WAL golaAl & 5 UA =Tk

2. MA|0|2 (EJMA 9th Edition)

F 9, DIY P, wAlE, 8, A2FEA U@ A4S
Ase] 71&3 Aolth
a9 18 Wz gze] glE do|(L,), BRI 4]

ARDol(Ly), BAES] 97(D,), A Fol(w), JIH(q),
Zete) ol(L,), 2k F(L), W= AN
Z(n), WEE= Al dE Ve Pns

EAG Aol

BELLOWS
Li—et Ly o I,

oW A e
%:J u‘ LJ LJ \_#k

D
Fig. 1. Geometric Parameters of Bellows
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N, = Fatigue life, number of cycles to failure & F J&=Z 7THCh
o T S =
(cycles) W2z A7 AZEF oIS Aty 98] E ]
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N, = (15) - - 1=
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2}3)(Collar Ring)e] Iepily  JERE, HAE
o TEO Reinforcing Ring)9] 2ty JHFE, 3pxuv
3. M2ex M AZEY o] ( g Ring)sl ARlE GRFE, s
(Fastner)®] f2tule] g R-i oz /35 o] vk B7d
- o )= = S
Qo] A= MATLAB GUIE o] 43 M2 9= A 32 39, sy WAo] 9lom, o7]4 gads &
A A5t AZEY 0] Bellows Designers 712383) e Adste] aGAT= gdEs s
o 09 29 A5 Wz929) AR, Ao)z, AR
= . . S - ° =) o
Al Z o] -5 ¥H(Expansion Joint)> H|R7Z; T AlZo] 5, 25, o 59 gEEHES d8ste 9ol 5
. . 5 = o . . . - -
S(Unreinforced Single Type), HH7 &2 AlZo]e =& W7 ¥(Reinforcing Ring)ll that A2, gt~y
. > B sz 5} 5
(Unreinforced Double Type), B7 @ AlZo]g  (Fastener) 759 ARgol¥:, Ale]=, Tg]a 5219 A
. . S ° =
(Reinforced ~ Single Type), H7Z B2 AZo]g A, Alo]z= T& Yt dHolth
)] Design - = SUS 304 v
SUS 304
3 9th EJMA. =
Bellows Designer ‘o SUS 316
PROJECT NAME Hyundai DWG. NO. 101 Colllar SIS 316L
Tag No. v233 AR 07-12-2013 Collar material Collarm sUS 321
Size 2504 x TEOL AR Y.SKm Colllar Thickness ColT 2 ncology 825
) Step 1: Inputs Collar Length ColL 15 AS1ETO
Bellows Material SUS 304 n Collar gusset Number ng 12 AZ40-3105
Bellows Matenal Property Selection sUS=1 v Collar Mod. Of Elasticity at R-Temp. Ech 14,03
Bellows Heat Treatment YES v Collar allowable stress{hot) Sach 1408 Inconel 625 )
Bellows Forming Rol v Collar weld. Efficiency Cwi, Cwe T Example Material
Bellows In.diameter Db 19
Design Temperature Td 200 Reinforcing Ring SUS=1 v
Design Pressure Pd 5 Reinforcing Fin al A —
Axial Extension Xe 30 LI Gl
Axial Compression *e 2 Rei g Ring Mod. Of Elasticity at R-Temp. Erh 1950155 Nickel alloy = 2
Axial Pre-set pre [] Rei g Ring ) Sarh 14,08 The Others =3
Lateral Deflection - ¥ Y [] )
Lateral Deflection - 7 B Reinf. Ring Fastener Type RRFType | intergral ¥
Angular Rotation 8, theta o Reinforcing Ring T RRT Round Bar v =
Required Life Cycle cycle 3000 Y ) b iES]
No. of plies n 2 Round Bar Tube Root Ring _
Thk. of 1 ply t 08 D= 0 OutD=| 217 Area = 32
Height of Bellows convolution ] k] Area= 314,16 InD = 174 Roll W
Pitch of Bellows convalution q £l Area=| 13205 Roll
No. of Bellows comvolution N [ Reinforcing Ring Area Ar 1203409 n
Total length of Bellows (Universal) Lu 6
Tangent Length Lt 15 Fastener
Young's Mod. Of Elasticity at R-Temp. Ebe Intergral w
Young's Mod. Of Elasticity at D.-Temp. Ebh Fastener matenal FasMat
Allowable Stress at R-Temp. Sabe Fastener Mod. Of Elasticity at R-Temp. Efh 1409 L
Allowable Stress at D-Temp. Sabh Fastener allowable stress(hot) Safh 14,09 Fastener
Yield Stress at R-Temp. Syc
Yield Stress at D.Temp. Syh R = 24 Round Bar v
Material strength factor Cm 15 Fastener Area {Af] = 4523893 II
Long'l seam efficiency Cwb i Fastener Effective Length (Lf) = 40 >y
upe
Step 2: Calculation Run & Check Outputs Run & See Reports Q Root Ring

Fig. 2. Parameters input process
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Analysi - o IEE -
a nalysis UnReinforced Single v
: e 9th EJMA
Bellows Design Analysis 3u1sagenda UnReinforced Single
PROJECT NAME  |Hyundsi DWG. NO. 101 5
TAG NO. Y233 DATE 07122013 UnReinforced Universal
SIZE 2504 x TS0L Reinforced Single
BELLOWS TYPE Reinforced Single |v | Equi Axial per C Reinforced Universal
| Desi Max Axial Compression 33 mm
ign Requirement
| Bellows Material SUS 304 Max. Adal Edension s mm
. Bellows Material Property Sus Total 833 (w1
| Bellows Heat Treatment YES Stress Calculation due to Pressure
| Bellows In.diameter 338 mm Tangent Circurm. Membrance Stress ( S1) 02 Kg/mm*2
| Design Temperature 200 Deg.C Collar Circum, Membrance Stress (1) o Kgimm2
|| Design Pressure s KgiCm Collar c:rc.um Bending Stress (517) ? Kg.'mrn“:
Axial Extension 0 T Bellows Circum. Membrance Stress (S2) Kg/mm*,
Axial Compression 20 - Reinf member Circum. Membrance Stress ( 52°) o Kg/mm*2
Fastener. Membrance Stress ( 827) 0 Kg/imm~2
Axial Pre-set ] mm
Lateral Deflection . ¥ T Bellows Meridi. Membrance Stress (S3 ) 923 Kg/mm"2
R ) i Bellows Meridl. Bending Stress (S4) 286 Kg/mm*2
Lateral Deflection - Z 0 mm 83484 T Kgimm2
Angular Rotation L Deg. Stress Calculation due to Deflection
| Required Life Cycle 3000 Cycle Bellows Meridi. Membrance Stress (S5) PR Kg/mm'2
| 8:,"“;’ Shope . o Bellows Meridi. Bending Stress (S6) zse | Kofmme2
i
Ead D:': :r 1 oy 0.7(33+84) +85 +86 (St) 221 | Komm2
i 4335
Height of Bellows convolution F: mm e . - CYCLES
| Pitch of Bellows comvolution 30 mm e e
No. of Bellows comvolution & AXIAL SPRING RATE 1773 Kg/mm  FORCE 5318 Kg
| Total length of Bellows (Universal) 8 mm LATERAL SPRING RATE 13884 | Kg/mm FORCE [ Eﬂ .
i Tangent Length 15 mm MOMENT [ G
| | Eeiiaal o ANGULAR MOMENTRATE 2562 |Kgm/Deg. MOMENT| 0 G0
Material Strength Factor cm 15 Miscell
aneous
Allowable Stress at R-Temp. 19802 Kg/Crm2
Limiting Pd based on Column Instability
Allowable Stress at D-Temp. 18664 Kg/Crm2 . . - ‘:81: :gczg
1 Yield Stress at R-Temp. 14.06 KgiCm*2 AT, i L g/C
AMlowable Torsional Rotation Torque 51,7 Kg-m
| Yield Stress at D-Temp. 129 | KQICm2 | oy vable Angle of Twist 006 Deg.
| Young's Mod. Of Elasticity at R-Temp. 214 Kg/Cm*2 Thrust Force due to Pressure 248 Ka
Young's Mod. Of Elasticity at D-Temp. 14,68 Kg/iCmr2 Total Axial Force 10587 Kg

Fig. 3. Analysis and calculation process
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Fig. 4. Bellows model
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Table 1. Calculation result

Thickness 0.8 1 12 1.4 1.6
Fatigue Life 283295 | 59690 | 19941 | 9013 4706
Thrust Force 4936.7 | 4937.8 | 4938.9 | 4940 | 4941.1

Axial Spring Rate 4948 | 9.277 | 15.582 | 24.477 | 36.222
Lateral Spring Rate | 5.791 | 10.858 | 18.243 | 28.664 | 42.427
Total Stress 70.58 | 89.52 | 109.12 | 127.83 | 146.75
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Fig. 5. Axial spring rate with varying thickness
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