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Fatigue and Fracture Analysis of the Welment in Pulley for Belt Conveyor
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1. 4 &

£33 %ol YAY IHF gz ol A¥ EAY ey IHLY g
distorsion®8 & oA AM upEY FE ¢} nispatchingS Fdy 4 Qrh. H3] £
FHolMe & AY AFFHL &3 FTXEY FTHY &S Yoy Fojoyicy.

# dPol- & belt conveyor-§ drive pulley?] side platef} shell Ale] £3 Hglofa
A2 fast fractureol tit Wel& FEEln, 43209 &3 H4L msiyl g BH-S
Y &3, ¢EIAANE, DA AEAE Y N2AES £Astch. =23 wGa" Fdol sl
Y23 ME 538 YAFEde] @ FENAS4EE d&YoeH, Al AU
4719 %t elhE fracture mechanics AL F3 VEIIGc) Fig. 12 drive pulley?]
P& BoErt

2. &3 54 A9
2.1 AE® &y

FUY ZIF AHS T £ AEBL drive pulleyd A2 oo} 22 Lo s gt
slgei1]. &3 Hele £43%Y o o B4 A S (shape factor)E 8517 ¢]8}o
Fig. 28} o] 3712 &% &. £¢o] HAY % (type A, back bead HE}), 20| £F
¥ 739 (type B, back bead 2mm BE HF), 8%o] A}y AL (type C, back bead 2mm
E8)2 FEstdch

2.2 RS &3

WR-SYE &3sl7] ¢le] ASTM E837-920] wiel hole-drilling®¥E 4383l &(2], °l
+ ol Yoz IR-SY WHIL AL A ALY 4 vt &3 AW 1F{ Y &
A2 Fig. 33 o] SR} dFURE Fof ths] AP e, SIY AEHAUL A
A AHSYZ W YL Table 13} Zch

B Aoz 1& J1EoZ AANYS F(plus) o2 h= AT 2N, 8 0 2] WS
Yehdct, olrtA 2 F88 oun®] WS AojA| 3& JIESE o AA WPe R puF
AR Yko] A}

2.3 FEIHAE

AlH-2 CT A ¥ (compact tension specimen) 22 Raje} type A2] &Y U g3y of
A T-L WgoZ Astgdct. AP Aol L 10kNe] AV K YA EA D ZAHIE 21235
3L, ASTM E647-91[31¢] FHol ule} AA|sigict,

Fig 4= ¥ 239 AL SYUTA L ELe] BAE Iris 2Fe] DlZioe, FP28 o]
EajEc} 2352t Aol o =l UeldS ¢ 4 ok A% ma el 4AAEsF
stolMe] FRAAATE 3718 EYL= ko, M2gdele FEIAL TEYYA
T W7 U4 AEANA i3} gL MY AAE AT chal.

da/dN = C(AK)™ (1)
st 2ol c2} ne Ad4olr). Table 2& Fig. 4ol UEhd AEZAZE HLASHE o] L5t
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curve fitting 8fed 7% B4 C ¢ o IS Yehdch

2.4 37 U3 A¥

AR QY H4& FEEI] iste] ASTM E813-89(5]10 wel BA WY& AU
4 (plane strain fracture toughness)& 78517] $1%t JicX €& $85loich

JeAlgoll AREE A1EH S ASTM ES13-890] FBE 2zt AR T Alg™oln, pulley$
AEe TA(14m) & 233H7] slo] AYHL FrE 14mE SHATh

Table 39| A|¥A3to] o3td, AUYXE €3 BV T (HAZ), 2|(base metal), &
H¥-(weldment) 9} L ¢ME Z2PS & 4 olrh

2.5 g4 A¥

£73 whyol ME4Ho] 7XE S gol B #5lo Exigl ¢M dFH [AA &
A Helol oyt mEAE AHE Azsle] HE4E AEE Mastdoh EAE AHS
ASTM E466-82[6]0] HIQtE ‘Continuous Radius Between Ends’ A|¥& Ahg3}dr)

N2AES APt QAR HAGLF o2 AAsigdon, AHI)= 245kN 3] A
ZIRAH M BA Y& o83ttt TEAYLS A|He Fdo] HAEe] ¥A nido] dojd
g E4gos s, 2 x 10° AlolE 71x] MBAIP L $8T Algne T
o] dojuix] ¢lod AP E FTisln, ol E nimvie s FstAtt

2 dollM AHEE S7HEY(0g)2 BFEYY ¥9E 23 4% Goodnand]g ©]-835}
o] Alarstgon TAAL o Ychal,

Oa * Ot
O = FT— 2)

8 AelA o B2 ABZE, 6t $HUEF, 0,2 BF-EY o]

Fig. 5t ¥2AYH Z}E 4% Goodman 571833} ME4FHL] AR Uehd sNAx
ojt. &FAE B type2 SN2 &0l FEU ol wio] EXSHFH LR Hie]
el & &Y AFol WA= A%l C type X} T 24| W3] BWA Yelyich

3. Fracture mechanics analysis

Catastrophic fracture ¥Ate] FHE ¢side FZRE FUHE 88, F2E &4
she A 37|, R e 1 FEAARY Fol FuH Ao} sted, & dpMe
welding standards policy committeeol] 2J3§A 1991d =X ¥ BSI standards PD 6493:1991
(718 F38& L35l drive pulleyel #H-&3E YA FE Z7i(critical crack size)e}
QAFEAII7IX] FEo] JAsHEY Hele FEANALB S Lotz ot

3.1 dAFEAI ¢&

T8 ol &zl Fdol i3l gstes Y § 71 ¥4l 2 22 mode I
(opening mode)©| B2, drive pulley?] catastrophic failure ¥4} 73S $i3lA W4
mode I Fgol tisiy Uotrri2 ¥rl =Y FAYPS A planar crack} non-planar
crack 22 8% 4 &, ¥ Fol A& planar crackol] thsjAgt ¢olrr]2 gt

BSI standardsol 2]3}19¥ fracture assessmentd& level 1 & KE level 3 7}x] 3TUA=S
BRI 9on], level 1 & ZTEHLT 3l Qlt). Level 13} level 2, level 38 7}3 &
2ol A& level 1M E A §¥3kS el WhH, level 29} level 3 oA = FZEQ
T Beolqe] §3 FulE TPrhs Hojth B AFoiME dAH] HAS 95t
level 1 fracture assessment of] =¥}IsI7| 2 ),

Drive pulley$} Z-2 cylinder ¥4to] RuHAoe Lehles Fdo #A4he 43R Fig.
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6(a), E= Fig. 6(b)o]t}. Fig. 604 B + shell plated] S 14mmof Zjtgic),
ol 3¢ 2.4%800M AFE AR K, AYII] o, 2] AFEH 0 2ol BAE
thEaje g 3¢ 4 Qlr)
2
Ke= Mm o v 2= (%) 2

01 Mn w3 (3)

3l Aol &= Fig. 604 H&= uig} o] 2y B4, & a2ct] Y45 FAHE gt
2 3 BAE Fig. 7949 Url M E o} AY Yo ulel dElAle W4EM ®Y
F¥(surface flaw)o} tidld Fig, 83} Zo| Fshcl,
0y 2 2A thg 37X E gd"ch

1) Primary stress : Drive pulley® % belt Ao [Julx|= 2ol FPo A
ol o8] ),

2) Secondary stress : o] Z-9o] §Ho2 Y €3 QU AFZHE guiyrct 2.2
oA ¢ gloch.

3) Peak stress : LR E o] £A5}= local discontinuity® s = ot} &
S P FA4s7 e E oo} i),

Drive pulley?] 73-$-of= weld root H-$loflM fracturest AlZE 20T FAFVAL root
Felele $H9AFAsE 2asloiol girt. R EYIBIo)E contact angled] Fslof w}
2} weld root ¥¢lojMe] A FA4E Al on, B dFdAE BIFAE g¥US
A 7& AHE-371 2 ot

AYAQ drive pulley o TPH FAE Fig. 9ol HoiEcl IPo=XE dIURS
Y 2P NolM Fgol AAsIn YAZolo] TR ¥ shell plated] EHRFoT F
go] AAFo] HFujcle] =Yt A& & 4 cl.

& st BFR 4ol Exshe Y E Fig. 103} o] radial B3 pulley o]
Wgo s 3zl dstrlz it

2382 crack a, off A AUWMEY, o] Z-LolL primary stress ¢l radial stress o;
(Res Az} 2.25 wPad) BH FFEY 0 71 ZL81A "Ll 0 £ transverse
AF-EES nigitt B Mo 0 ST 2280l EABH - Aol n{eH
o} 2/3%& A EI7= RITH9l. o] Yol root F-HoM e SHHFATE s a o
A% 0 I o Yok

2

Gz = 7 X Op + Onp = 7 X 225 + 3 x 280.7 = 2029 MPa 4)

as2c?] RIHA] 9ol ohs] Fig. 72 ¥E ¢& F3813, Fig. 84 M & o] ol& 4l
(4)s} ©#) A 3)oll cidshd 2 ol iyt YAFEZOE Table 4%} Zo] 7% 4 ol
Tl o] Z-% pulley Tt Fado] Y4HA| Uol o8 71A] as2c o Ffoll iyt S A
stoict. Reh FHUR NS ¢jstn, B doTe Aluciy] FHeA wiehd FAabe| B
o] "W43o|c},

3.2 FdEAALE oAS s

2.3"ojA AFY FEAAXYEAAL (1) & 2IFEdHo] aet HFEFEYo] ar of
3 AEsPE, Fdo] Az vtH u 7ix|e] FHEAA,E N & vk Lol Y 4
glri4).

R da
Ne= [ o . ®

21(5)ollA Ak FEZo) U $AA T (correction factor)?] go|BE £x]2 Ko o)s]
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FEAASE L ol&stoiof Pt ¥ AFoNE FEIAATTAFGS A3 oAy ¢
FEAAAY d3} F FEAALo] 713 wHE 2] tyt 44 C. v o3k

2139”0l a; £ giteos vzt AAE B3 HASHE HLPol zmE FPYIA
3, HFFEYol a & YN F AAFEHol a & AHE3IACL Table 58 RIIA|
AAFEZolol iyt FEAAFTY A& AE HoErh

Table 5ol EHFEL] ¥dulo] wel tier)= slAIRt a=2m o4 AAF Lol 744
AAst=d Al AlelE 4= 55000~72000 Ate] S 2 wi-¢- Frh. .

& vjmta] Aol Fdol AEEY FA dAFEol7tA] Ao mAe] oj2A H
& ouigch 2y £ 7N FEAASEL vfe 2 SHZEAFEAN HEste B
£2 oj&Egong AARcks FA d&=Hgen, & o IUY FANA4EY d&E
#3AE pulleyo] E&3te AMAF S FAYslo] o] &3lojof Rirh

4.3 &

Belt conveyor-& drive pulley®] ¥ E2u}a3|4of #{t AFE sl olelis} 2 AE
£ ot

1. BAJPAE A3 AEH FAV 14amE AT O] Aol AEAS RASIA] et
gt £ @AYE, 2z, AR SMZ QPRI 4B £33 ggnye] v
A4 27} vl AA et A2 I3 ol4 e 220 ¥Ee] 2 o] &
2 gt

2. 23] mELg ZXEe FYS Yol s Baiet Mtx] Sy Helol cft
Azl WIEAHL AAFl Zze) s-¥ MEE psidon, ABATA LFHe e

Sdgeloll wiet M 2ago] 2 AlolE UEhdE Uittt 53] §LETC] 25l A
FYE 7INEE &3 A AEY FHE 7lslol & Zog Amdch
3. 4AEY A BHAAM YL =AUt dAZE AolE FIdrh AdA ZFd

Zolo] 71F & 9L uAE THLS &P T &3l transverse UREYAS HA3]
drh 3 thEe = root FHelMY FHYFLE AW FHAFVIE FAY 4+ A
Belt FY o2 AU Y2 918 F FYGJEo vlsl njustadct. whepy dAZHLlE
F7HI717] M §HBREHE Ecle WHULE £HFHY Jido] a1t

4. vmAAEez Fe AE7bed ZHAI(AEEE 2m)E FE AAZF L] 71x Y
2V A+Y 2 55900~72000 cycleZ o&E girt. weld Fdo] &V Fole 2dd A
< J1YZo] 27HL}

5 RARY ALAE $3iM = pulley A A e} FHolN dA /A 2tR ojop ¥
th & AZFE F 2 dFolM AHEH AHES A AP 22 AEEE 5L
HEdlojo} it EY AGALS FE0IA M FolE FU14 22 uin APPE Ftod
2y /%, 37 55 FAEA| 2™k

5. 3 Fd

1.0]%4& 9], “Belt Conveyor-f Drive Pulley?] M £3}2] 3]4" KIM QTR ITA,

BSI 908-1815.C, 1993

2. "Standard Test Method for Determining Residual Stresses by the Hole-Drilling
Strain-Gage Method, " ASTM Designation : E837-92, Annual Book of ASTM Standard, 1992
3. "Standard Test Method for Measurement of Fatigue Crack Growth Rates, ” ASTM
Designation : E647-91, Annual BooK of ASTM Standard, 1992

4. H. 0. Fuchs, R. I. Stephens, “Metal Fatigue Engineering, " John Wiley & Sons, 1980
5. "Standard Test Method for Jic, A Measure of Fracture Toughnesss, " ASTM

—205—



Designation :

E813-89, Annual Book of ASTM Standard, 1992

6. “Standard Practice for Conducting Constant Amplitude Axial Fatigue Tests of
Metallic Materials, ” ASIM Designation : E466-82, Amual Book of ASTM Standard, 1992
7. "Guidance on Methods for Assenssing the Acceptability of Flaws in Fusion Welded
Structures, " PD 6493:1991, BSI Standards
8. T. R. Gurney, "Fatigue of Welded Structres,” Cambridge Univ. Press, 1979

9. K. Masubushi, “Analysis of Welded Structures, ”

Table 1 Measured strain and calculated residual stresses

Pergamon Press, 1980

Residual stresses

Position Strain(it) Angle(deg.) (MPa)
(2] g2 g3 B Omax Omin
bead 411 -2 -513 ~-86.67 280.7 -1835
HAZ 52 -87 -234 -89.20 1583 153

Table 2 Contants C and m in fatigue
crack grcwth rate equation

Table 3 Fracture toughness test results

. stress . Jo Kaq
Specimen ratio C m Specimen [N/mm]| [MPa + vm]
base -9 base metal 3015 80.9
metal | 03 14420 x 107 | 3132 Type AT 1116 o1
01 [1598 x 10| 5188 weldment|Type B| 1868 635
bead | 0.3 [4.066 x 10%] 5158 Type C| 184.3 63.1
05 1.0 x 107 | 3678 gaz | Lype B| 5290 106.9
HAZ | 03 [7.841 x 10°"[ 4176 Type C| 4876 | 1026
Table 4 Critical surface crack length{mm)
a/2c 0.05 0.1 0.15 0.2 0.25
a 6.49 838 951 11.00 _
@B | 0 | ©0s» | woe | om | BEW
Table 5 Fatigue crack growth lives
a/2c 0.05 01 0.15 0.2 0.25
a 6.49 838 951 11.01 _
@B | ©4 | ©59 | ©e | o7 | B9
Nelcycle) 55900 64600 63300 72000 -
11501
'—7 Type & 2 s 3wwv onon
: I nmuﬁl ! *
14 :{ ‘ SN\ wmces R
m t o Type B N Inwy o, oW j
A ______}____ _% x-m._)%'ﬂ_}%
! ° Type C = inwwoaes
l e TCew ' %__‘i_
| N A

Fig. 1 A schematic of drive pulley
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Fig.3 Positions of residual stresses Fig.4 Relation between crack growth rate
measurement and stress intensity factor range

in base metal, bead and HAZ (R=0.3)
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Fig. 5 Equivalent stress vs. fatigue lives of planar crack
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Fig. 7 Elliptical integral 9 as Fig. 8 Stress intensity magnification

a function of a/c factor M, for surface flaws
3 HTE in tension
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Fig. 10 Decomposition of general
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Fig. 9 Fracture sface of planar crack into radial and
drive pulley longitudinal components
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