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Development of U-shaped Metal Bellows design software based on
MATLAB

BongChoon Jang”, Sung-Chul Kim'
'Department of Mechanical Engineering, Andong National University
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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.
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Fig. 1. Geometric Parameters of Bellows
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fi= 1T (4)
w Cf
fo=f forS, <158, (5)

=0.67f; forS >1.55,

EUeE 8, 2ds g8 L QUEE A 6910 20| HASHC
F,=fue. (6)
z:% (for lateral movement) (7)
M, = % (for lateral movement) (8)
M, = fwlzmeo (for angular rotation) (9)

I BESA(S)S A 10149

Puw
Sy ont, (10)
_Plwl?
54—%(5) C, (11)
5, = Bhe (12)
b 2w3C’f
5Kt e
5y = 2 (13)
3w C,
S, =0.7(8+5,) + (S +5;) (14)

N, = Fatigue life, number of cycles to failure (cycles)

NC:(SC_b) (15)
t
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i &Gt L.

41 = 0] 8 2 (Expansion Joint)2 HI 22 &2 &= 0| & (Unreinforced Single Type), HI 22 =4 A =F0|
S (Unreinforced Double Type), 22 =2 &I=0| S (Reinforced Single Type), 22& =4 A=F0/3
(Reinforced Universal Type)2 & 72 & %= ULk Bellows Designer= 9 491X 2242 HE2LXE &)
g = JASE HEJALCH

H2LX S 2ZE/HE G| ?cH HEBUHA H2LE S 2ZEAUHE 2 A
21 08 201 LIEFH HiQ 20 222X S AZEYH =JIstH0 HEHHCD. =)t 2
HEeX Itet0l e 2822, 22t (Collar Ring)2l Htet0lEH 222, 22 & (Reinforcing Ring)2l
otet0le Y822, stA U (Fastner)2 Met0IH YEREE22 2HEN JAL BE2E2 SEE,
AL ZAO0 A2H, HIIM stAHE E2E S MZoHH DE A= &= &,

g 29 =2 H2LE29 ME, MOIEZ, EHelR, 28, 24 S92 Ilct0lHSS 46t
= 290l =2 2 & (Reinforcing Ring)0l CH & TH &, 3t A L (Fastener) R Z 2 AFE 0=, ALOI
A, JdelD AU ME, AIOIE S 8ot 290/ 0.

OO Z WX 20l AF2ot= ME2 S L A0 CHEt CIOIEl= HEY ItY
o 002 2A8E 9d M2d2 dEEN JUC O 200 HES L85t 29, S8 H =0
et OOIHE Hts22 HUolE=ETT

g 29 ot S=0M Run & See Reports’ HES 2 B2 X A oA 200 HE=2

a Design - - IEH SUS 304 v
: iy susaoe
Bellows Desi ONEIr 211 agenas SU5 216
PROJECT NAME Hyuridai DWG. NO. 101 Colllar SIS 316L
Tag Mo. Y3 e 07-12-2013 Collar material Collarm SUS 33
Size 2504 x 750L AR [¥.S.Km Colllar Thickness Coll 2 Incology 825
. Step 1: Inputs Collar Length Coll 15 AS16-70

Bellows Material SUS 204 v Collar qusset Number ng 2 2403105

Bellows Material Property Selection SUS=1 Collar Mod. Of Elasticity at R-Temp. Ech 1409

Bellows Heat Treatment =] v Collar allowable stress(hot) Sach 1409 Inconel 625 _

Bellows Forming Rol v Collar weld. Efficiency Cwi, Cwe T Example Material

Bellows In-diameter Db 338

Design Temperature Td 200 Reinforcing Ring SUS=1 v

Design Pressure Pd 5 Reinforcing R ial RRM T

Axial Extension Xe 30 aorcing Sing | inata

Axial Compression Xc 20 Reil g Ring Mod. Of Elasticity at R-Temp. Erh 15501.55 Nickel alloy = 2

Axial Pre-set pre 0 Rei g Ring (hot) Sarh 1408 The Others =3

Lateral Deflection - ¥ Y 0 )

nf F T RRFT ntergrai

Lateral Deflection - Z Z 0 I (I W = e %

Angular Rotation B, theta o Reinforcing Ring T RRT; Round Bar v =

Required Life Cycle cycle 3000 i ib b i

No. of plies n 2 Round Bar Tube Root Ring _

Thk. of 1 ply t [F] D= 20 OutD = 217 Area = 312

Height of Bellows convolution w 25 Area = 314,16 InD = 174 Roll v

Pitch of Bellows comvolution q £l Area=| 13205 Roll

No. of Bellows convalution N 3 Reinforcing Ring Area Ar 1203409 3

Total length of Bellows (Universal) Lu 6

Tangent Length Lt 15 Fastener

Young's Mod. Of Elasticity at R-Temp. Ebe Intergral v

Young's Mod. OF Elasticity at D.-Temp.  Ebh Fastener material Fashlat

Allowable Stress at R-Temp. Sabc Fastener Mod. Of Elasticity at R-Temp. Efh 14.08 g

Allowable Stress at D-Temp. Sabh Fastener allowable stress(hot) Saf T Fastener

Yield Stress at R-Temp. Syc _

Yield Stress at D-Temp. Syh AT Ellarnele:: = 24 Round Bar ¥

Material strength factor Cm 15 P A2 3883 =

Long'l seam efficiency Cwb 1 Fastener Effective Length (Lf) = a0 Tube

Step 2: Calculation Run & Check Outputs Run & See Reports Q Root Ring

Fig. 2. Parameters input process
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a Analysis pr— - UnReinforced Single v
Bellows Design Analysis 311 agenda UiRbioread Singls
PROJECT NAME  Hyundai DWG.NO. 101 5
TAG NO. 233 DATE 07122003 UnReinforced Universal
SIZE 2504 x 7S0L Reinforced Single

BELLOWS TYPE Reinforced Single |v | Equi Axial M per C Reinforced Universal
‘ Design Requirement Max Adal Compression 333 mm
! Bellows Material SUS 304 Max. Axal Extension s mm
. Bellows Material Property sus Total 83 e
| Bellows Heat Treatment YES Stress Calculation due to Pressure
| Bellows In-diameter 339 mm Tangent Circurn. Membranca Stress (S1) 026 Kg/mma2
| Design Temperature 200 Deg.C Collar Circum, Membrance Stress (S1') 0 Kg/mme2

Design Pressura s KgiCm | Colar Circum, Bending Stess (S1°) I <oz

Axial Extension 30 vl Bellows Circum. Membrance Stress ( S2) ¢ Kg/mm*2

Axial Compression 20 T Reinf. member Circum. Membrance Stress (S2') o Kg/mm*2

Axial Pre.set 0 R Fastener. Membrance Stress ( $2°) o Kg/mma2

Lateral Deflect v 5 Bellows Meridi. Membrance Strees (83 ) 023 Kg/mma2

atera o _an ’ . mm Bellows Meridi. Bending Stress (54 ) 286 Kg/mnr2

Lateral Deflection - Z mm 83484 209 Kg/mm2

Angular Rotation L Deg. Stress Calculation due to Deflection
| Required Life Cycle 3000 Cycle Bellows Meridi. Membrance Stress (S5) PR Kg/mm*2
| 8;“0':: sllape 3 e Bellows Meridi. Bending Stress (S6) 22599 Komars

T:k o::'i:y os oy 0.7(53+54) +55 +56 (5t) 2323 Kgimm'2

Height of Bellows convolution 2% mm Fifipea Life o CYCLES
| Pitch of Bellows convolution £ mm Spring Lhores SMome s

Mo of Bellows convolution & AXIAL SPRING RATE 1773 Kg/mm  FORCE 5318 Kg

Total length of Bellows (Universal) & mm LATERAL SPRINGRATE | 13884 |Kg/mm  FORGCE 0 Qﬂ .
| Tangent Length 15 mm MOMENT | o <
| Bellows Material Properties ANGULAR MOMENTRATE 2962 | Kg-m/Deg. MOMENT 0 Kg-m

Material Strength Factor Cm 15 Miscell

Allowable Stress at R-Temp. 19902 Kg/Cm2 i =
Allowable Stress at D-Temp. 18864 Kg/Cm*2 Lnitha PEDdod on Colimp Instataly 138,54 Kg/C2

- Limiting Pd based on Inplane Instability HiA Kg/Cm*2
: ‘f!eld Sus=ss Loy 1408 T Allowable Torsional Rotation Torgue §31.7 Kg-m
| Yield Stress at D-Temp 129 Kg/Cm'2 Allowable Angle of Twist 006 Deg.
| Young's Mod. Of Elasticity at R-Temp 211 Kg/Cm2 Thust Force due to Pressure 5249 Kg
. Young's Med. Of Elasticity at D-Temp 1485 Kg/Cm2 Total Axial Force 10567 K
i g
Fig. 3. Analysis and calculation process
= &} ol & (Bellows Design Analysis) 3t ™ 0| & &l C}.

02 300N BE U9 20| BR29X HEHS MG U ol x| A DY 5T
HE, 22 He yol 28 IEY S2E HE, 2 He o0 2& MEE LS HEsS A
ot OIS 4ot MMl =2 E HE(e)S HAMTHH LIEHHCH 8 AT S & =(f)E HAGHAH

w
= = = = o =
LIEFW D 2oz olsh 2Sei(s,)n S8 S2(S,), M 28 A2 (5N 282 8(S) SS
HASHO LEEHHCH Q10 A HAHE S0 et Metxde st 20

8,8, < C.,, WS, (16)

S+8, < C,.8, (Belowthe Creep Range) (17)

Ol =22 2U=E0HA Rotes 2R a2M22 FIHAI S0 E£8 =0 s dAHZA
2 =S Rotle R0 SSM ZDHEADI EC 0l 2 0l SHZ S0 AHTAS B
SAPIEA HEAE == UL
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Table 1. Calculation result
Thickness 0.8 1 1.2 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 4.948 | 9.277 | 15.582 | 24.477 | 36.222
Lateral Spring Rate | 5.791 | 10.858 | 18.243 | 28.664 | 42.427

Total Stress 7058 | 89.52 | 109.12 [ 127.83 [ 146.75

o A 4N A== SN MHMS0 BlalotH S
A 2= Q2 201 22X St SHeE+F A0dE
7-810 20| == S0l SOt O M & 150 A & = 2

Ct. =, SNt SototH S0l SototE 2 18 92 20| D2+

5

w
o

w
o

e
o

_/
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Axial Spring Rate [kgf/mm]
8 3

[=]

0.8 1 12 14
Thickness [mm]

Fig. 5. Axial spring rate with varying thickness
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Fig. 9. Fatigue life with varying thickness
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5. 28
2 ¢ 3P0 M= EIMA 9th Edition2 ZHAS JIZ2 ot E€2RX S s 2ZEYAHQ
Bellows DesignerE HEGIAL. 2 AZEQH= Z208 D0 e 24 06t ot
Z20Y 2FIksds £0l0 Bots UIS 0l &3t A LT,

Gl
Bellows Designer= UXIE S| HWZRXE AlSote HIBY & EI - 2(Unremforced Single Type),
| =)

HE2Z& =4 &= 0| 2 (Unreinforced Double T

X :é

H
o
o
U (0]
=
i

o

4l A= 0|  (Reinforced Universal Type)S S H Y = JUESE Lot A CH

Ol ATEINHE HBSotD| fAch 00| B HHE2RX LE2 &A1) SHE BSAIIIHA
HIRXO =S DECIL. FHIL SIHEN Met 2ZHes F8, 2822 SItot I
= ZAsE ¥ = AULH

Ol Hl Bellows DesignerOfl 2ol HAtE Z20DF HstEXAHAS EF AKX 2ot AHU =210 &
A5 B EX2AHE UEGHA Rotes ER0= 0l SHZ G0 EHEZ2AS HSAMIHA M
SAHE = UL, 2 2ZEY0Hes 2= 28 HXNSHA H2 0 A2ZtEAO g
st dHS szl =2 = ALt
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