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Eﬂ?l 3 Torsional fatigue can develop parallel to the

principal shear stresses (top), or perpendicular to the
principal tensile stresses (bottom), (Form D.J.Wulpi,
"How Components Fail,"American Society for Metais,

Metais Park, Ohio, 1966.)
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E’ﬁ; 5 bending f fact.ures usually develop on surfaces and normal to the
stress direction. Sharp fillets concentrate bending stresses, causing
cracks to develop more rapidly. Arrows indicate bending direction. (From
D. J. Wulpi, "How Components Fail," American Society for Metals. Metals
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zﬂﬁ 15 Fracture appearances of bending-fatigue failures. Final

fracture zones are shown as crosshatched areas. (From Machine Design.

The Penton Publishing Co.,Cleveland,Nov. 27, 1869.)
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Rupture z-e2

Eﬂﬁ 16 'The degree of notch sensitivity affects the manmer in which
beach marks develop. In notch-sensitive alloys, Such as high-Strength
steel, these marks curve;gway from the source of filure (left). The
reyerse is true in notch-insensitive material (right). (From D.J.Wulpi,

"How Components Fail,"American Society for Metais, Metals Park, Ohio,

1966.) B aini|
——
@ Crack

zﬂ% 17 Fatigue cracks in keyways of loosely fitting members may peel

around the shaft under the surface. (From D.J.Wulpi, "How Components

Fail, "American Society for Metals Park, Ohio, 1966.)

Eﬂﬁ 18 Fatigue cracks tend to follow paths of maximum stress
concentration. Circular lines indicate stresses. In splines and
keyways, the stresses concentrate at inner corners. (a)Spline, (From

D.J.Wulpi, “How Components Fail,"American Society for Metals, Metals

Park, Ohio, 1966.)
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zﬂﬁ 19 Light tractograph of the fatigue-fracture
surface of a key Shaft of 1648 Stee)

zﬂ# 2¢ This 1850 shaft, 1.94 in,in, diameter, broke in
reversed bending fatigue. A shard fillet concentrated the
bending stresses, causing a crack to develop on opposite
stdes with final fracture in the micdle. (Courtesy of D.J.

Wulpi, International Harvester Company.)
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;:ﬂ?'\ 21 Some rotating bending-fatigue cegin beneath surfaces. In
this induction-nardened axle snaft, fracture started at A and moved
into the cross section, meeting another subsurface crack that started
at B resulting in final fracture. (Courtesy of D.J .Wulpl, International
Harvester Company.)
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LMan, uuéqqzuisnauaéﬁuﬂaanﬁvgﬂ

@1 on  iiluAn Stress ﬁﬂzTHTunﬂﬁnaﬁauﬁaq Tasusna 1 0.4-0.6 mav
Tensile Strength lasssuimetdeda u gastuneRamiTEN 200 KSi wiatvenl
1400 N/m.m.~
lwﬂﬁw&uﬁ'\ on 840 N/m.m.z

§unﬂﬂau§Lﬁud1§u§naﬁqﬁssuﬂm 0.3 - 0.5 tHuAtung

M o = ggg : 840 = gg¥
tw1ﬁsa&u1nLuuéﬁgg§1§30ﬁdﬁtﬁqﬁu 10208 N.n.5.
wnliiwiingae 250 i (gea) Andi Tttt

M Nxa: = 250 xa auuiese a = 42 n.m.

e

Vv
Eanaq1ﬁssasﬁsn1ﬂqgmn1auwnunnujangu 42 m.m.
Vv
fadas ararmpwinssadiaiwiinfiiemn - 42 mom.
iaan
° @ ¢ M < ., 4
nﬁﬂwnLwannaiuﬁmztnutﬁuuﬂguanawq 45 m.m. VU1 6 m.m. NAVLNARIIU
) v oo o - ~ v
18mie 43.5 m.m. wAdRTANEMBAULTY  Hama

LUWR

Tensile Strength 470 N/m.m.z

Lﬁanwﬁnﬁﬁthﬁnﬁaunauﬁqiﬂ Yield 360 N/m.m. -
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1 /2
T = 18, [(Mm + Kfoy Ma)® + (Tm + Kfsty Ta)~ ] r (1)
i's} on Tn
g = 32 Mn - Tm = 16tn
1& fe& -
o= 32 M ™ = 16 ta
= =
14a 4
Tusndduim : 10308 - (-10308) = 20616 = 10308 N.m.m.
2 .
Ma = Mmax-~-Mnmin
2 ¢ o ’
Tsuniadg Mm =  Mmax + Mmin : 10308 + €10308) = O
LAY [RENaIMATAW N TIALaY
£ =0
WA~ tm,> ta =0
ANTARIINIRAINMINTY (5ﬁn¥nﬂﬁanaé 50 %) NTINAUGR 0.5 u
@ulfenaa Ka (navw) 0.78 ... U -1
@lsvnaumine Ko 0.85 (8 < d < 500
flenausy Ko 1.00  (@wmTunitae) ... 3 -4
8
M on = (0.5 (0.78) (0.85) (470)
= 155.8 N/m.m.-
Kf = 1 + q (Kf -1) : g = @27 l37aut3e
Kf  @2UT2naumnuminuuusIasan 1.6
T 1. (iw v =16 [ (1.6) (360) (10308) J ——mmmemmem (2)
3
155.8 ,
an B 04360 = 180  umuaae uannng (2) TamiAanl N=3
2n W T
3
4> = 3234.81

) - ] I's -
At d = 14.8 NARLUAT , LﬁaﬂqﬁnuﬂmLwaﬂnﬁuwﬂquanaﬂﬁ 15 NRALURT

- . .
\Ran Single-Row Deep-Groove Ball Bearing 6202

02 JAW 15 TAaanT  wIwWatalTEiiu 5.87 1 lanaeu DetthieuTe
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W N = 6 gtd = oy uaz t4 = 0.6 otd
N

std = 60 N/m.m.z d =36/m.m.2

ATiaaume td = F/A .
X do z
wnTumiy 4 = 21d

4 Y

td = E% = 3 = 260 x 2

¥ 2149 e

W sauw  do = 2.1 m.m.
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1N1h1ﬂ3nﬁ (Micro-switch sensor)
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Horse Power = 1 Rmp = 1430
Pole = 2 Ins class E
Cyele () = 50 Prame = 80
Voltage = 220 V. rotor C

Cnrrent 3.1 Amp. rateing Constant
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AT MmN Load Bending Stress

Diameter of Speciment ¢

m.m.

_25.

= 2 m.ni.;

Distance between Load Supporting Poi?xts : L m.m. = 42 m.m.

Weight : N Wéu =

Uniform Bending Moment:M =

Bending Stress give to Specimen

Tensile Strength : N/m.m.z
Reversed Stress N/m.m.z 3

Tensile Strength : N/m.m.z e

I}

Reversed Stress : N/m.m.z

SaasIenITeuM ¢ LNAaNelE u.u 1 Kg
AMNgAT = 32M = 32(5) (42)

3

14’ 1 (2)

v o “ﬂ'
Tﬂﬂﬂ‘fﬂﬂs‘lﬂﬂﬂumﬁﬁ’\\iﬂﬂu

5N , 15N ,

0.5 (550) =

20N , 30N , 45N

N x L. N.m.m.

2 2
oN/m.m. = 32M N/m.m.
oul = 550 N/m.m. -

2

275 N/m.n.
cu2 = 861.25 N/m.m.
... ANSI Martensite 431
on 2 = 430.625 N/m.m.”
(Wronght, Stainless Steel)

ou = 125 KSi
5N

= 267.38 N/m.m.

T
t
NAME TENSILE : , BENDING STRESS GIVEN TO SPECIMEN ( adH
t on
STRENGTH i 5N 10N 15N 20N 30N 45N
1
( ou) 1
|
PRIMAFIXE 550 ; 275 267.38 |534.76 {802.14 | 1069.52 |1604.28 2406.42
I -
i ~
i
ANSTIA31 ﬁ61.25:430.63 267.38 |534.76 |802.14 | 1069.52 |1604.28 2406. 42
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1.1. Rutile and semi volatile rutile coated electrodes 31
Anatysis of
Name & classifications Characteristics & Applications deposited metal M";‘““M”
Typical values (%) ypical
e c oo TS, : 550N/’
PRIMAFIXE z::cnfﬂfem;svmr?nm:ﬂ posttions of steel grades of Mn - 0.50 ¥Sas 1 4BONMmAT
ASMENCSFAS.1: E6013 n S :035 £44d : 26%
AFNORS1-309 : E43212R11 370 to 500 N/ Assembty of bady sheets CharyV O°C : 504
B8S 639 LE432RT contamined by paint, corroston. etc. Specially adapted for
DIN 1913 | E4322R(01 very low-yoltage open circuit weiding sets.
150 2560 : E432R1
NBNF31-001 : E43.2R-1
uiCcsg? E4322R21 Operating characteristics
=z ~45V
WELDING POSITIONS
Az ]elE1relr7 e
— © Rt C :005 TS. : 550N/mm
FRSOUDORECORD Coating: Rutle o - Mn : 060 YSp - 480N
ASME ICSFAS.1: E6012 Application: Assembly welding in all positions of steel S 035 E/4d : 24%
AFNORE1-300 © E43212AR 22 graces 470 0 520 N’ CrampyV 0 : 504
BS639 | EQ2RAR2 bty acoptadon, \ | |
DIN 1913 . E4322RRE ~ Fillet beads in horizontal position
1502560 N E432RR22 - Butt welds of thin and medium sheets
NENF31-001 : E43.2RR-2 = Vertical bunt and filet welds.
! e Excellent resistance to fissuring compared with other Operating characeristics
electrodes with rutile coating.
= ~50V
. 120°C/TH min
WELDING POSITIONS
T2 1 3]] H5”6H7”8
% SODOMETAL.
7/
1.2. Cellulosic coated electrodes
> Anaiysis of
Neme & classifications Cheracteristics & Applications deposited matal WM
Typical values (%) e
CELLOCITOPL 2 Coating: Celiulosic C :012 TS. : 530 N/
A 2 Mn : 055 Y.Sqq ¢ 435N/
ASMEIICSFAS.1: E601Q Application: Ascermbly weiding, specialy ¥ vertical o Si ;020 Eiad : 26%
AFNOR81-308 : E4332610 m“mmmmm”‘em ChamyV 0%C : 704
DIN1913 L E4332C4 - Aaserntly Wilog OFEP butt wekdy rea gDy 20°C ¢ 304
BS639(1986) : E4332C10 good Wg“‘“m in tha first pass in vertical downward
1502560 | E433C10 position. First passes on steel pipés with & high yield
NENF31-001 : E43.3C-1 strength (XG0 steel) to ensure a high ductity in the firs :
pass and to obtain sound X-rays, even if the grinding is Operating characteristics
imparfect.
£.g.: Pipe-fines and ducts of all types and all Giameters, =
such as pipelines for transport of fiquids and gas under (= ~ recomended for first passes)
pressure. WELDING POSITIONS
T e lfs1re 1 1rs]
Coating: c :0m TS, : 625N/ma
CELLOCITOPL S 2 Celh:vo:;ng in vertical do positon of Mn : 0.60 Y.Sqz @ 535N/mny
: wrward i 0. 4d :
ASMEIIC SFAS.5: E9010- pipes and ducts of sieel with high yield strength (520 to- DY P,z,:,, o 20
850 N/mn?). . heat-reatment 2t
Principally used for filing of chamfers over a first pass 620°C/1H
made with the CELLOCITO PL2 slectrade.
Operating characteristics
T
. WELDING POSITIONS
1 ” I l 4 l 5 | 6 l l 8

a AN
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71379 A=l nmauﬂ‘mawﬁ'\ﬁn
I = Ty s 8evssuuny x-x , J = Tuiwuaniaw oo 1sdsaunnuguaniy
z = I/c = Tug¥emusmuovguindousouunu x-x , Z' = J/c = Tug¥anuadn (8w
a1, k = YI/A = ¥ la v s ‘
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e T ‘ | X
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Forrcst, P.G. the Fatigue of Metals Pergamon Press (1962)
George E Dieter Mechanical Metallurgy S.I.Metric Edition,
Mc Graw-Hill (1988)

Japanies Standard Association. JIS Handbook 1986 Ferrous
Meterials and Metallurgy  Copyright (1986)

Manual on Fatigur Testing A.S.T.M.Sp. Tech-Publication
(1979}

William F. Smith. Principle of Meterial Science'and
Engineering Mc-Graw Hill Internation Edition (1986)
Skidney H. Avner Introduction to Physical Metallurgy
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