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Problem §

An inexperienced designer proposed the detal of a section of a shall
sketched below. A shall of 50 mm diameter cold dravwn 08OMA0 round
el i o have a reduction to.2 40 mm diameter section, with ground
nish, from a shoulder with a2 mm fillt radius, also with ground
Fnish The rotating shaft will carry & constant bending moment.
(stationary with respectfo the machine frame) of 200 N.m and a torque.
fuctuating in regular short cycle time between 150 N.m 2nd 400 N.m.

40

Using the Modified Goodman model fnd the factor of safey.
pplying tothe skeched section with 0.95 rliablity.

Solution 5:

To solve the combined loading problem, one can follow the procedure
siven in the text book. (Shigley)

Firsly necessary materisl properties should be obtained from steel
propertcs able. For 080M40 stel, cold dravn with 50 mm diameter:
Sut=570 MPa Sy = 430 MPa

For the given sha, thee ae two crical sections, shown i the figure
at must be nvestigated.

Section A-A

For cach type of loading, endurance-limit modifying factors should be:
obiained

For bending:

=09 from the formula sheet
85 for $mrs ds SOmm
K, =0.868 from the formula sheet (Table 7.7)
k=1 as temperatureis not mentioned

k=1 as nothing mentioned

1/d=2/40=005
D/d=50/40=1.25 Ke= 195 from Figure A23:9
9=0.75 from Figure 7-13 in the formula sheet

From the equation:
K, =1+g(K, +1)=1+0.75(195- =171
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“Then moifying factor for stress concentraion factor &, can be found

From the equation: Kf=1+g(Kt—1)=1+075(162—1)= 147
“Then, modifying factor for sress-concentration ke can be found as:
KE=17147=068

In order to find the endurance limit of the mechanical element (S ),
st ihe endurance imit of the test specimen ( Se ) must be determined.

05570

85 MPa.

58,

“Table of factors affecting faigue;

Before evaluating Se the alernating and mean siresses should be
determined for both loading cases

Factors For bending For torsion
Ta 09 09
) 085 055
e 0868 0868
d 1 1
e 059 06t
X T 1
ForBy

Constant bending moment gives 3 mean value for bending which is,

e M TS 5y
T

o™, should be modifed by the tress concentration fictor kfor
bending.

L

For Torsion,

To find the altemating mean streses, irstfind the mean and sltemaling
values ofthe torque.

02150

LA =275 N

25 N

Shear tresses due to torsion;

167, _1627510°

o oL BT 2 Me
1612510 o

a0

, should be modifid with fuctors and k, of torsion, sincethesc.
factorsare different among the other fictors for bending and torsion

AN T
- k, 68
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% should also be madified by the siress concentration actor ke for

vendng
S T,
e

‘Then overall sresses are;

Then the Von Mises stresses are;

o35 =537 13322 =776 MPa
o+ 3e = 43175 =300 Mpa

By using modificd Goodman and Goodman equation, we can obtain the
required factor of safty.

One can caleulate Se by using the remaining fotors as;

S,=kokk kS,

19)(0:85)(0.368) ()(1) (285)= 1392 MPa

Then, factor of safety;

200386 gives
50386 gi

e (l;). 211 which i theange offoad ine with xaxis.

‘One can findthe inersection point o Yield and Goodman lines by
solving the following equation set.

G.+0,=5,

Since po, filure oceurs due (o futigue.
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Secton B

The vae st e ceclcuted snd the e vl mist e e for
b siction. The e procedues e e s

=201
Did=dnis2-13

Fortsons

A Eom e A2
9075 from fsre .13 nthe formshct

From e equason, £, =1/, =1/1332075
%, should b reclcised with e rew b vl of rsicn
)

T M

7 should s b recsleued wih e e, valu o torsion

Svesconeenrtonfcor il with he s 1 nd D1 i

K65 fom fge A5
Fromte cqaton, 1, "

. shoud be e by te st cocenttion etk or
endig

i

=K, s M
Themoveralseesics e,
2N
133N

Then he Von Mises s r.

EFET 0 M

= eI T 50 M
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Since >, ifa failure occurs it will be fatigue faure, So the required
factor ofsafey is 3,
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Problem 1: An idealized representation of a machine member is shown in the
figure. 1t s made of steel having a circular cross-scction with machincd finish.
‘The member is subjected to fluctuating bending with maximum and minimum
values given in the figure. Determine the maximum value of M for an infinite
life using a factor of safety of 3 and taking the reliability as 0.90. Use the
‘modified Goodman line. (3, = 600 MPa, Sy = 850 MPa)

Sjlm‘ez

Solutions There are two critical sections to be considered to determine the
maximum value of M. One of them is the shoulder section with 2 mm radius

(section A-A) and the other is the cross-section with the 3 mm hole.

alvsis of the cross-section at A-A:

Since the element in tension is more critical in fatigue failure, an clement

(shown in the figure as (1)) on the upper surface, where 2M moment induces
positive mean stress, will be considered.

‘The modifying factors should be determined in order to find the endurance
Timit ofthe machine member.

Surface Factor: k, =0.7 (from formula sheet Figure 7.8; Machined surface,
Su=850 MPa). This value is applied for both the fillet and the hole.

Size Factor: The member is a non-rotating solid cylindrical part. Therefore, an
effective value for the diameter must be used for calculating k.
4,=037-D=037.20=74mm (from the textbook for non rotating part
having circular cross-section)

Then k, =1 (ford s 8mm, the formula sheet)
Reliability Eactor, k, =0.897 (for a reliability of 0.90; Table 7-7 the formula
sheet)

Temperature Factor. &, =1 (nothing mentioned)

Stess Concentrotion Factor: &, = o1~ where Ky is ftigue siess concentration
"

factorandK, =1+q-(K, 1)

r/d=01
brai

42085 (Figure 7.13, the formula shee)

7 (Figure A-23-9, the formula sheer)

Then K, =14085-(1.7~1)=1595 = k, =

Miscellaneous Effets Factor: £, =1 (nothing mentioned)

“Then, the endurance limit of the machine member can be calculated
5, =055,

Sk, -y ok ok, gL =S, =k, oKy ok Ky K k058,
Then, S, =07-10.0.897-1-0631.0.5-850
5. =1681MPa

“The bending stress a the change of cross-section is o

and

4 atthe suace
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Then, o= ZM12710% sl
127007 (M) =1 27107 0

40700
M serzrjmostin
M

254 4127190107 30

2

Slope ofthe load line is 5= tan”'(2, /0,) = an™ (3)=71.6°
“The intrsecton point of the modified Goodman and th Yield lnes i
0 0u_1
5,/mand Zo.4 2
s

Selving o, +,

foro, & o, gives

™ 51pa
o) 014 =65

Sice 5 he s wil b et e Thereor fatigue fles rera
shouldbe s

o, =205MPasnda,

064107 4
50 168

190107001

Lonaaera=t
3

M= 273547 Vs 776 5

Avalusie of the secton with the hle
“The sufuce factor K valus willnot change (k,=0.7)

“The ffective diameter fo the size fctor is &, =037-D=037.30 11 L mm

“Then, from the formula shect, ky =0.85 (negicing the hole are) for
B zd2s0mm

Reliabilit, temperature and misellaneous effcts uctors remain the same
therefore K, = 0.897, = 1 and k= |

The s conenion modiing Bt shou be rcaletated o e Ko
o

o
b5
K =105,
K arvoss@-pazin

L

MR
S,mk ko by by kK 055, 207085007 104710550
s.-wseinm

From the fgurs A-2311in the ormula sheet: o

=01K, 223 (Figure A-23-11, fonnula sheet)

S S,
EEnS
=

Foran clement on the ouer surface:
M

M
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“The criial moment value obtained fom the change of cross-ecton s ower
{han the value obtaind from th nalyss of the crosssecton with the hole.
Theretre, the value of M should ot exceed 27.6 Nanfor infinite I

Peablem 2: A fst siel part machined fiom  plate, having 3 rctangular
cros-secion and made of AIST 1050 CD seel wil be sbjected (o load F,
‘which luctuaes beween 4KN and 10KN, in  working environment o 100°C
Determine the minimum thickness of the part for an e operaton lfe
{aking facor of saety a2 and relability 2 095 according f0 the modified
Goodman lin.

-F

‘Solution: The most ciial sction of the part i setion A-A dus 10t high
bending scess ofthe curved geometry. Therfore the sction A-A should be
considered to determine the minimu hcknes ¢

“The fiee body diagram ofthe part o the section A-A can bs drzwn.

o)

The unknown force P and moment M can be
calclated using state quilibrium cquatons

O
Ty =05 F(125425)- M =0 M =150 F

A ‘Then the minimum and the maximu fore and
moment can he witen 35
P = AON Dy =1010N
My = 4000-150 = 6.10°N- e
»,

10000-150=15-10'N -

At sccton A-A, he partis subjectd 1o both axial and bending sresses. The
maimum snd the minimum values of thse srsses can be obained in erms
of tickness 1.

il Stess

By 4100 _80
bt 30 b= S0mm Then,, =43
e e R o

P 10100 _2%0

Similary ..., === 10 =20

Bending s

For a rectanglar coss scton:

Fom e bere s SOmm, § = 257 and 7, =1+ =T givs , =45 Smm,
i)

-
Tension is more cricalthan compresson fo faigue design. Addiionally, he
stress o the inner fiber is igher than the outer one. Therefore stress at the
inside fiberofthe curved part vl be consdered
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FoeAST 030 CD st 5, = 508470 305, = 000

T, =055, =5 =08 590= 29500
T g Gtrs ot h s i o et c e Gt

Sutae Facto 4, 2075 (Fom ot st Fir 75, Mackined s,
Sum s

i Fuctr: The merber s 8 o st sl rcanubr pr. Theefos,
e i orth dtr it b 1 o B

T e Gt o 3 g i e st s
e 4, 08081.] 1 e 1 i ks Threoe the e of o
e it cans e o ind s o £ cr.

At o 4, < S0m. 0
Foctundng £ =035

Forsual b, =1 (fomihe ol shect

o il sie i, e wil b 5 5 s o Gt
3k n ncues ik megion il ke .

el e %, D368 o by of 035, Tal - the ol
o)

R —

09 (fr T=100°, tom the formala sheet)

Stiss Conemtion Faiar Thre & o s concendon e
[y i e ]

Muclineoo e Facr. £ =1 (ot mentioned)

T s e st of e i e canbe el
Smk bk, b by S Dun, 5 =07510368 09,1195

Th e st svcsss r i ad e oding e

Nt s s s e ke o scoust i e dtrmiion of
o e s v o s 8 b e ¢ e,

i e o eing o s .
e

Sopeotie atline s

o, 1o )= 0308 =203
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The inersection oint o the modified Goodman and the Yieldlines s
o1

Sling o, 7, =, /nsnd %ot

foro, &a, gives
LS T e

2= 07MPa snd o, = 2MPa
=t o) m ' (0092)= 5280

Sinee 3> the alure will b due o atigue, Therfor ftgue e critera
Should be used

19960, 396201 _1
ms w2

cion of the bove quaion o  ives [ ETEEan] whic i the i
il of hickess noder o hae nfte e of peation.

ssumprion ofthe effetiv diameter should b checked.
S08-(1-1)"* = 0.08-(50-36.6) = 34.5mm

Sines 8345 50mm the assumpton s cortec.

Inthe mechanisn, the pover of 15 KW is being transfrred with 750 pm from.
the puly with diameter 4,-S00mm 10 fhe pinion Wih damete G,=200mm.
‘Assume that,the force Fy that activtes the puley is the times reater han
he foce F, which i the sack sde of the bell.The weght of the pulle is 75
Kigand the weight of the pinion can be neglcted. Th angle of ressure of the
pinion . i5 20°.The fr5es Fege a0 F s 1ot 31 g0ing 10 3 o piion arc
defined s ollows:

M,
M,
Frugee =Fe =5

Fosy =F, =Fy inx

“The shaft materal has th ul
of 450 MPa. (Relsbiliy 099, ki
a. Detemuine Fy Iy Fr and
b, Find the endurance it o the stafl
€. Detemnine he diameterofte shaf.

3

e strength of $90 MPa and he ield sreagh
85,k71,03)
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d, _2:19110°
7 T
3, F=F-F

764N

In the mechanism, the power of 15 kW is being transferred with 750
rpm from the pulley with diameter dg=500mm to the pinion with
diameter do=200mm. Assume that, the force Fy that activates the pulley

is three times greater than the force F; which is the slack side of the Fe(lsyes=1146 N

belt The weight o the pulley is 75 kg and the weight of the pinion can 764

‘be neglected. The angle of pressure of the pinion a is 20°. The forces F =" 3N

P and s that re going to act on pinion are defined as fllows —

; M, Fouy=F =Fot F, =200 S 910N
o = s =F, = tana FRR—T

‘The shaft material has the ultimate strength of 590 MPa and the yield
strength of 490 MPa. (Reliability 0.99, ky=0.85, k=1, n=3)
a. Determine Fy, i, Frand F, ‘The endurance limit of the test specimen S, is,
b.. Find the endurance limit of the shaft
¢ Determine the diameter of the shaft.

F,=F, tna = (1910) tan 20" = 6952 N

5(590) = 295 MPa

"To find the endurance limit of the machine element, the endurance limit
modifying factors should be determined.
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‘Surface Factor
element wihs,, = $90MPa,k,

From Figure 7.8, in the formula sheet,for machined
076

Size Factor: k, =085 given in the problem.

Relsbilty Factor For eliability 0£0.99, rom Table 7.7 in the formula
sheet the eliabilty factor can be found s, k, = 0.814.

Temperau K, =1 a5 nothing is mentioned.
Stzess Concentration Factor: ¥, =1 a5 there is no siress concentration

Miscellaneous Factor k, =1 as nothing is mentioned.

“Then, 5. can be taken as:

LK S, = 0760 850 81495 =155 1MPa

S0
F1150)-, 000/~ GG00) <0
Fas2OSN Belom7sN

T,

FalO00) IS0 ~(F 4100 =0 Fy =19T6N  E =5256N
My = /(306225 +(247680)° = 393851.6 Nomm
M, = (4775007 + (738007 =508146.3 Nnma

M i the critical moment 5o it will be used (0 determine the diameter
ofthe shaft

_ o),
e

‘There is a steady torsion and fully reversed bending. Thercfore,
“The von Misesalterating stress is,
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“The von Mises steady-stess is,

*]:.y

Failure will be due to fatigue becausca <, Therefore, the Goodman
Tine can be used.

NN
2lg

3508
o
1851

“Then the shaft diameter is chosen as 48 mm

Fa 5.8
0, =119 MPa o, =1514 MPa

“The slope of the inersection point
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