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Unit-11

CoterJoint
v Acoterisaflatwedgeshapedpieceofrectangularcross-sectionanditswidthis

tapered(eitherononesideorbothsides)fromoneendtoanotherforaneasy adjustment.

v' Thetapervariesfromlin48tolin24anditmaybeincreaseduptolin8,ifa
lockingdeviceisprovided.

v Thecoterisusualymadeofmildsteelorwroughtiron.

v Acoterjointisatemporaryfasteningandisusedtoconnectrigidlytwoco-axial
rodsorbarswhicharesubjectedtoaxialtensileorcompressiveforces.

v’ ltisusualyusedinconnectingapistonrodtothecrossheadofareciprocating
steamengine,apistonrodanditsextensionasatailorpumprod,strapendof
connectingrodetc.

TypesofCoterJoints
Folowingarethethreecommonlyusedcoterjointsoconnecttworodsbyacoter:

v' Socketandspigotcoterjoint,

v' Sleeveandcoterjoint,and

v' Gibandcoterjoint.

SocketandSpigotCoterJoint

v Inasocketandspigototerjoint,oneendoftherods(sayA)isprovidedwitha

sockettypeofendasshowninFig.andtheotherendoftheotherrod(sayB)is

insertedintoasockt.

Clearance Loter
(2 to 3 mm) T/' Socket collar
Socket

A
N
WA
§\\ N

\\\ \\

2\
o b
////////A_

et

v' Theendoftherodwhichgoesintoasocketisalsocaledspigot.Arectangular
holeismadeinthesocketandspigot.

v Acoteristhendriventightlythroughaholeinordertomakethetemporary
connectionbetweenthetworods.



v' Theloadisusualyactingaxialy,butitchangesitsdirectionandhencethecoter
jointmustbedesignedtocarryboththetensileandcompressiveloads.The
compressiveloadistakenupbythecolaronthespigot.

DesignofSocketandSpigotCoterJoint

The socket and spigot cotter joint 1s shown mn Fig. 12.1.
Let P = Load carried by the rods,
d = Diameter of the rods.
d, = Outside diameter of socket.
d, = Diameter of spigot or inside diameter of socket.
d; = Outside diameter of spigot collar.
t; = Thickness of spigot collar,
d, = Diameter of socket collar,

4
¢ = Thickness of socket collar.

b = Mean width of cotter.
t = Thickness of cotter.

! = Length of cotter.
a = Distance from the end of the slot to the end of rod.

0, = Permussible tensile stress for the rods material.

T = Permussible shear stress for the cotter matenal. and

0, = Permussible crushing stress for the cotter material.

1.Failureoftherodsintension

TherodsmayfailintnsionduetothetensileloadP.Weknowthat

Area resisting tearing
- ® d*
.. Teaning strength of the rods.
~Ixa*xo,
4
Equating this to load (P). we have
T )
P = Z Xd® X0,
Fromthisequation,diameteroftherods(d)maybedetermined.
2.Failureofspigotintensionacrosstheweakestsection(orslot):

Sincetheweakestsectionofthespigotisthatsectionwhichhasaslotinitfor

thecoter,asshowninFig.therefore



2

(d1)

T .
— — {5 AT

1 2
Arearesistingtearingofthespigotacrosstheslotandtearingstrengthofthe

spigotacrosstheslot

Equatingthistoload(P),wehave
. T 7
— B d‘! T - d-\
L (d,) s X r} o,

Fromthisequation,thediameterofspigotorinsidediameterofsocket(d2)may
bedetermined.

P =E (dy)* - d, xr} o,

Fromthisequation,thediameterofspigotorinsidediameterofsocket(d2)may
bedetermined.
3.Failureoftherodorcoterincrushing
Weknowthattheareathatresistscrushingofarodorcoter
=d2xt

Crushingstrength=d2xtxac

Equatingthistoload(P),wehave
P=d2xtxoc

Fromthisequation,theindued rushingstressmaybechecked.

4 Failureofthesocketintnsionacrosstheslot

Weknowthattheresistingareaofthesocketacrosstheslot,asshowninFig.
.-Tearingstrengthofthesocketacrosstheslot

’ Frax2  ,3:2T1 /2 X I
= E [(d)? - (d5)*] - (d, — d») r} o,
Equatingthistoload(P),wehave
' | g o) ) s
P ={: [(d))” — (dy)°] - (dy — d3) f} o,

Fromthisequation,outsidediameterofsocket(d1)maybedetermined
5.Failureofcoterinshear

Consideringthefailureofcoterinshearsincethecoterisindoubleshear,



thereforeshearingareaofthecoter
=2bxt
andshearingstrengthofthecoter
=2bxtxr
Equatingthistoload(P),wehave
P=2bxtxr
Fromthisequation,widthofcoter(b)isdetermined
6.Failureofthesocketcolarincrushing
ConsideringthefailureofsocketcolarincrushingasshowninFig.Weknow
thatareathatresistscrushingofsocketcolar
=(da—d2)t
andcrushingstrength=(ds—d2)txoc
Equatingthistoload(P),wehave
P=(ds—d2)tx0c
Fromthisequation,thediameterofsocketcolar(d4)maybeobtained.
7.Failureofsocketendinshearing
Sincethesocketendisindoubleshear,therefreareathatresistsshearingof
socketcolar
=2(ds—d2)c
andshearingstrengthofsoketolar
=2(da—d2) x71
Equatingthistoload(P),w have
P=2(ds—d2)cxr
Fromthisequation,thethicknessofsocketcolar(c)maybeobtained.
8.Failureofrodendinshear
Sincetherodendisindoubleshear,thereforethearearesistingshearoftherod
end
=2axd2
Andshearstrengthoftherodend
=2axd2xr1
Equatingthistoload(P),wehave
P=2axd2xr
Fromthisequation,thedistancefromtheendoftheslottotheendoftherod(a)

maybeobtained.



9.Failureofspigotcolarincrushing
ConsideringthefailureofthespigotcolarincrushingWeknowthatareathat

resistscrushingofthecolar
. T 9 2
= [(ds)' = (dz)']

Andcrushingstrengthofthecolar

= %[(ds)l - (d)*] .

Equatingthistoload(P),wehave
T 7 )
P = q [(d3)' = (dz)'] O,

Fromthisequation,thediameterofthespigotcolar(d3)maybeobtained.

10.Failureofthespigotcolarinshearing
ConsideringthefailureofthespigotcolarinsharingW knowthatareathat

resistsshearingofthecolar
=mrd2xt1
Andshearingstrengthofthecolar,
=mrd2xt1 %1
Equatingthistoload(P)we ave
P=mrd2xt1xr
Fromthisequation,thethiknessofspigotcolar(tl)maybeobtained.

11.Failureofcoterinbending
ThemaximumbendingmomentoccursattheCentreofthecoterandisgivenby

M .=£lled4—d:+d_ll:_£)(ﬁ
max-- 2\3 2 203 4
_P"d'4—d3+d2 dy\ P(dy—d,  d,
2 6 2 4) 2\ 6 4 )
Weknowthatsectionmodulusofthecoter,
' Z=txb2/6
P(dy—d, +6‘_:\I
szM,,m.zzl 6 4,,=P(d4+0.5d:)
7 txb> /6 2t x b

Thisbendingstressinducedinthecotershouldbelessthanthealowablebending

stressofthecoter.



12.Thelengthofcoter(l)istakenas4d.
13.Thetaperincotershouldnotexceedlin24.Ilncasethegreatertaperisrequired,
thenalockingdevicemustbeprovided.

14.Thedrawofcoterisgeneralytakenas2to3mm.

Problems
1.Designanddrawacoterjointtosupportaloadvaryingfrom30kNincompression
to30kNintension. Thematerialusediscarbonsteelforwhichthefolowing
alowablestressesmaybeused.Theloadisappliedstaticaly.Tensilestress=
compressivestress=50MPa;shearstress=35MPaandcrushingstress=90MPa.
Solution.Given:P=30kN=30x10>N;0:=50MPa=50N/mm?;7=35MPa=35N
Imm?;0¢=90MPa=90N/mm”
1.Diameteroftherods
Letd=Diameteroftherods.

Consideringthefailureoftherodintension.Weknow haload(P),

30%10° = -}x d* x @, =§>< d* x 50 =393 42

d? =30%x103/393=763 or d=27.6say28mm Ans.

2.Diameterofspigotandthicknessofcoter
Letd2=Diameterofspigotorinsidediameterofsocket,and
t=Thicknessofcoter.ltmaybetakenasd2/4.

Consideringthefailureofspigotintensionacrosstheweakestsection.Weknowthat load(P),

Let d, = Diameter of spigot or inside diameter of socket. and
t = Thickness of cotter. It may be taken as d,/ 4.

Considering the failure of spigot in tension across the weakest section. We know that load (P).

N T - 0] — .
30%10° = 12 (dy) dy X {] o, = 12 (d) dy X 3 ] 50 =268 (d,)?
(dy)* =30x10°/26.8=11194 or dy=33.4say34mm
. d, 34
and thickness of cotter, = T‘ = o =8.5mm

Let us now check the induced crushing stress. We know that load (P),
30x10° = d,x (%0, =34%8.5%x0,=2890,
0. = 30x%10°/289=103.8 N/mm’
Sincethisvalueofocismorethanthegivenvalueofoc=90N/mmZ2,thereforethe
dimensionsd2=34mmandt=8.5mmarenotsafe.Nowletusfindthevaluesofd2

andtbysubstitutingthevalueofac=90N/mmZ2intheaboveexpression,i.e.



d .
30%10% = dy % T’ x 90 =22.5 (d,)?
(dy)? =30%10°/225=1333 or d,=36.5say40mm Ans.
and t = d, {4 =40/4=10mm Ans.
3.outsidediameterofsocket
Let d1=Outsidediameterofsocket.

Consideringthefailureofthesocketintensionacrosstheslot. Weknowthatload(P),

T
30x10° = | 7 {(@)’ - @)’} - (4 - d) (]o
= %{(d) — (40)? ;-(d1—40)10} 50
30 % 10%/50 = 0.7854 (d;)*— 1256.6— 10 d, +400

or (d))*-12.7d,-1854.6 =0

_127%027)7 +4x18546 127 £87.1
2 B 2

49.9 say 50 mm Ans. ...(Taking +ve sign)

dl

4. Widthofcoter

Letb=Widthofcoter.
Consideringthefailureofthecoterinshear.Sincethecoterisindoubleshear,
thereforeload(P),

30x10° =2bxtx1=2b%x10%x35=700b
b =30x10%/700 = 43 mm Ans.
5.Diameterofsocketcolar
Letd4=Diameterofsocktcolar.
Consideringthefailureofthesocketcolarandcoterincrushing.Weknowthatload(P),
30><103:(d4—dz)txoc:(d4—40)10><902(d4—40)900

-+d4—40=30x103/900=33.30rd4=33.3+40=73.3say75mmAns.

6.Thicknessofsocketcolar
Letc=Thicknessofsocketcolar.
Consideringthefailureofthesocketendinshearing.Sincethesocketendisindouble
shear,thereforeload(P),

30x103=2(ds—d2)cx7=2(75-40)cx35=2450C

+€=30x103/2450=12mmAns.

7.Distancefromtheendoftheslottotheendoftherod
Leta=Distancefromtheendofslottotheendoftherod.

Consideringthefailureoftherodendinshear.Sincetherodendisindoubleshear,



therefore
load(P),
30x10°%=2axd2xr=2ax40x35=2800a

+:a=30%10%2800=10.7sayl1mmAns.

8.Diameterofspigotcolar
Letds=Diameterofspigotcolar.

Consideringthefailureofspigotcolarincrushing.Weknowthatload(P),

T ) ol nTr > p)
30% 103 = :[((13)- ~(dy)*] o. = L@) - (40)* ] 90
(d?— (40)° 30 % 10° x 4 404
or 13)"— = e 7/
3~ 90 X T

(d)* = 424+(40)°=2024 or d; =45mm Ans.

9.Thicknessofspigotcolar
Lettl=Thicknessofspigotcolar.

C%nsideringthefaiIureofspigotcolarinshearing.Weknowthatload(P),
30%x107=1rd2xt1 X7=1Tx40%{1x35=4400t1 -:t1=30%x103/4400=6.8say8mmAns.

10.Thelengthofcoter(l)istakenas4d.

<1=40d=4x28=112mmAns.

11.Thedimensioneistakenas1.2d.

-@=1.2x28=33.65ay34mmAns.

GibandCoterJoint

v" AGibandcoterjointisusualyusedinstrapend(orbigend)ofaconnectingrod
asshowninFig.below.

v" whenthecoteralone(i.e.withoutGib)isdriven,thefrictionbetweenitsends
andtheinsideoftheslotsinthestraptendstocausethesidesofthestrapto
springopen(orspread)outwardsasshowndotedinFig.12.11(a).

v Inordertopreventthis,gibsasshowninFig.12.11(b)and(c),areusedwhich
holdtogethertheendsofthestrap.Gibsprovidealargerbearingsurfaceforthe
cotertoslideon,duetotheincreasedholdingpower.

v' Thus,thetendencyofcotertoslackenbackowingtofrictionisconsiderably

decreased.Thejib,also,enablesparalelholestobeused.



() Cotter without gib. (b} Cotter with one gib, {¢) Cotter with double gib.

DesignofGibandCoterJointforSquareRods
v' ConsideragibandcoterjointforsquarerodsasshowninFig.above.Therods

maybesubjectedtoatensileorcompressiveload.

Cotter B

Gib !
Strap l qé— *l r 4
L

Sq. rod

8 0 2
| [ ‘ '. I _L,l
‘:t“:& 1

Gib and cotter joint for square rods.

v' Alcomponentsofthejointareassumedtobeofthesamematerial

Let P = Load carned by the rods,
x = Each side of the rod.
B = Total width of gib and cotter,
B, = Width of the strap,
t = Thickness of cotter,
t; = Thickness of the strap, and
0,. Tand 0_ = Pernussible tensile, shear and crushing stresses.
In designing a gib and cotter joint, the following modes of failure are considered.

1. Failure of the rod in tension
The rod may fail in tension due to the tensile load P. We know that
Area resisting tearng = x X x= x°
*. Tearing strength of the rod
=x2xg,
Equating this to the load (P), we have
P=xxg,



From this equation, the side of the square rod (x) may be determined. The other dimensions are

fixed as under :

Width of strap, B, = Side of the square rod = x
1
Thickness of cotter, t= 7 width of strap = %
Thickness of gib = Thickness of cotter (7)
Height (t,) and length of gib head (/,)
= Thickness of cotter (7)

2. Failure of the gib and cotter in shearing
Since the gib and cotter are in double shear, therefore,

Area resisting failure =2Bxt
and resisting strength =2Bxtx1t
Equating this to the load (F), we have

P=2Bxtxt

From this equation, the width of gib and cotter (5) may be obtained. In the joint, as shown in Fig.
12.13, one gib 1s used, the proportions of which are

Width of gib, bl =0.55 B: and width of cotter, h=045 B
In case two gibs are used, then
Width of each gib =0.3 F; and width of cotter=04 B

3. Failure of the strap end in tension at the location of gib and cotter
Area resisting failure =2[Bxty -ty < f=2[xxt,—t, x 1] (" By=x)
.. Resisting strength =2[xxt;,-,*10,
Equating this to the load (P). we have
P=2[xxt;-, %10,
From this equation, the thickness of strap (¢,) may be determined.



4. Failure of the strap or gib in crushing
The strap or gib (at the strap hole) may fail due to crushing.
Area resisting failure =24 %t
Resisting strength =24 %tx0,
Equating this to the load (P), we have
P=24xtx0,
From this equation, the induced crushing stress may be checked.

‘h

. Failure of the rod end in shearing
Since the rod 1s in double shear, therefore

Area resisting failure =21 xx
Resisting strength =2 xxx1
Equating this to the load (P), we have
P=21xxx1

From this equation, the dimension /; may be determined.
6. Failure of the strap end in shearing

Since the length of rod (/) 1s 1n double shearing, therefore

Area resisting failure =2x2hLx4

Resisting strength =2x2Lxtx1
Equating this to the load (P), we have
P=2x2Lxtx1
From this equation, the length of rod (/,) may be determined. The length /; of the strap end 1s
proportioned as %rd of side of the rod. The clearance 1s usually kept 3 mm. The length of cotter 1s
generally taken as 4 times the side of the rod.

Problem

DesignaGibandcoterjointasshowninFig.12.13,tocarryamaximumloadof35kN.
AssumingthattheGib,coterandrodareofsamematerialandhavethefolowing
alowablestresses:

0,= 20 MPa ;1= 15MPa ; and 6,= 50 MPa

Solution. Given : P=35kN=35000N : ¢,=20 MPa =20 N/mm?; 1= 15 MPa= 15 N/mm’:
0,=50 MPa= 50 N/mm?
1. Side of the square rod

Let x = Each side of the square rod.

Considering the failure of the rod in tension. We know that load (P),

35000 = X x 0,=x x20=20x"
x* =35000/20=1750 or x = 41.8 say 42 mm Ans.
Other dimensions are fixed as follows :
Width of strap, B, = x= 42 mm Ans.

: 42
Thickness of cotter, t=—= M 10.5 say 12 mm Ans.



Thickness of gib = Thickness of cotter = 12 mm Ans.
Height () and length of gib head (/)
= Thickness of cotter= 12 mm Ans.
2. Width of gib and cotter

Let B = Width of gib and cotter.
Considering the failure of the gib and cotter 1n double shear. We know that load (P).

35000 =2Bxtx1t=2Bx12x15=3608B

B = 35000/360=97.2 say 100 mm Ans.

Since one gib 1s used, therefore

Width of gib, b, = 0.55B=0.55x100=>55mm Ans.
and width of cotter, b =045B=045x100=45mm Ans.
3. Thickness of strap

Let t; = Thickness of strap.

Considering the failure of the strap end in tension at the location of the gib and cotter. We know
that load (P).

35000 =2 (xxt;, -, x0)0,=2(42x ;- 1, x 12)20=1200 ¢,
t; = 35000/1200=29.1 say 30 mm Ans.

Now the induced crushing stress may be checked by considering the failure of the strap or gib
in crushing. We know that load (P),

35000 =24, x %0, =2x30 12X 0,=7200,
A O, = 35000/720=48. 6 N/mm?
Smce the induced crushing stress 1s less than the given crushing stress. therefore the joint 1s safe.

4. Length (1,) of the rod
Considering the failure of the rod end in shearing. Since the rod 1s in double shear, therefore load

P).
35000 = 2/ x xx T=21 x42x15=1260,

1, =35000/1260=27.7 say 28 mm Ans.
5. Length (1,) of the rod

Considering the failure of the strap end in shearing. Since the length of the rod (/,) 1s in double
shear, therefore load (P),

35000 =2x2 L xt;xt=2x21x30x15=18001,

& 1, =35000/1800=19.4 say 20 mm Ans.
Length (/;) of the strap end _
= %X X=§X 42 =28 mm Ans.

and length of cotter 4x=4x42=168 mm Ans.



KnuckleJoint

v

\

Aknucklejointisusedtoconnecttworodswhichareundertheactionoftensile loads.

However,ifthejointisguided,therodsmaysupportacompressiveload.
Aknucklejointmaybereadilydisconnectedforadjustmentsorrepairs.
Itsusemaybefoundinthelinkofacyclechain,tierodjointforrooftruss,valve
rodjointwitheccentricrod, pumprodjoint,tensionlinkinbridgestructureand

leverandrodconnectionsofvarioustypes.
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DimensionsofVariousPartsoftheKnuckleJoint

v

v

Thedimensionsofvariouspartsoftheknucklejointarefixedbyempirical
relationsasgivenbelow.

Itmaybenotedthatalthepartsshouldbemadeofthesamemateriali.e.mild
steelorwroughtiron.

Ifdisthediameterofrod,thendiameterofpin,

di=d

Outerdiameterofeye,

d>=2d

Diameterofknucklepinheadandcolar,

ds=1.5d

Thicknessofsingleeyeorrodend,



t=1.25d
Thicknessoffork,t1=0.75d
Thicknessofpinhead,t2=0.5d

Otherdimensionsofthejointareshownabove.

MethodsofFailureofKnuckleJoint

ConsideraknucklejointasshowninFig.

Let P=Tensileloadactingontherod,
d=Diameteroftherod,
d1=Diameterofthepin,
d2=Outerdiameterofeye,
t=Thicknessofsingleeye,
t1=Thicknessoffork.

oy, Tandoc=Permissiblestressesforthejointmaterialintension,shear
andrushingrespectively.

Indeterminingthestrengthofthejointforthevariousm hodsoffailure,itisassumed that

1.Thereisnostressconcentration,and
2.Theloadisuniformlydistributedovereachpartofthejoint.
Folowingarethevariousmethodsoffailureofthejoint:

1. Failure of the solid rod in tension

Since the rods are subjected to direct tensile load, therefore tensile strength of the rod.
= Ixd?x a,
4
Equating this to the load (P) acting on the rod. we have

p= gxdzxo,



From this equation, diameter of the rod ( d) 1s obtained.
2. Failure of the knuckle pin in shear

Since the pin 1s in double shear. therefore cross-sectional area of the pin under shearing

= 2x 2 ()’
and the shear strength of the pin

s 2
=2X—=(d) =
7 ()
Equating this to the load (F) acting on the rod. we have

P= ZX;(dl)z‘r

From this equation. diameter of the knuckle pin (d,) 1s obtained. This assumes that there 1s no
slack and clearance between the pin and the fork and hence there is no bending of the pin. But, in

. Maximum bending (tensile) stress,

From this expression, the value of d| may be obtained.

3. Failure of the single eye or rod end in tension

The single eye or rod end may tear off due to the tensile load. We know that area resisting
tearing =(dy—d)t

.. Teaning strength of single eye or rod end
=(d,—-d) tx0,
Equating this to the load (P) we have
P = (d,-d)) txg,
From this equation, the induced tensile stress (0,) for the single eye or rod end may be checked.

In case the induced tensile stress 1s more than the allowable working stress, then increase the outer
diameter of the eye (d,).

4. Failure of the single eye or rod end in shearing

The single eye or rod end may fail in shearing due to tensile load. We know that area resisting
shearing =(d,—d)t

Shearing strength of single eye or rod end
= (d,—-d)tx1
Equating this to the load (P), we have
P=(d,-d)txt
From this equation, the induced shear stress (7) for the single eye or rod end may be checked.



5. Failure of the single eye or rod end in crushing

The single eye or pin may fail i crushing due to the tensile load. We know that area resisting
crushing =d; xt

.. Crushing strength of single eye or rod end

=d, *xtx0_

Equating this to the load (P). we have

P=d xtxg,

From this equation, the induced crushing stress (¢_) for the single eye or pin may be checked. In
case the induced crushing stress in more than the allowable working stress, then increase the
thickness of the single eye ().

6. Failure of the forked end in tension
The forked end or double eye may fail in tension due to the tensile load. We know that area
resisting tearing
=(dy—-d))x2 4
*. Tearing strength of the forked end
=(d,-d) x24%0,
Equating this to the load (P), we have
P =(d,-d)) x2t *0,
From this equation. the induced tensile stress for the forked end may be checked.

7. Failure of the forked end in shear
The forked end may fail in shearing due to the tensile load. We know that area resisting shearing
=(dy— d;) ¥ 24,
. Sheanng strength of the forked end
=(d,—d)) x2t; x1
Equating this to the load (P), we have
P = (dy-d)) x2t; x1
From this equation, the induced shear stress for the forked end may be checked. In case, the
induced shear stress 1s more than the allowable working stress. then thickness of the fork () 1s
increased.

8. Failure of the forked end in crushing
The forked end or pin may fail 1n crushing due to the tensile load. We know that area resisting
crushing =d;x24
.. Crushing strength of the forked end
=d,*x21, %0,
Equating this to the load (P). we have
P=dx2tx0_
From this equation, the induced crushing stress for the forked end may be checked.

Problem
1.Designaknucklejointtotransmit150kN.Thedesignstressesmaybetakenas75MPa

intension,60MPainshearand150MPaincompression.
Given:P=150kN=150x10°N;0=75MPa=75N/mmZ;7=60MPa=60N/mm2;0c=
150MPa=150N/mm?



Thejointisdesignedbyconsideringthevariousmethodsoffailureasdiscussed below:

1. Failure of the solid rod in tension
Let d = Diameter of the rod.
We know that the load transmitted (P).

n n
150x103 = :x d"xol =Zx d* x 75 =592

d* =150x103/59 = 2540 or d= 504say 52mm Ans.
Now the various dimensions are fixed as follows :
Diameter of knuckle pmn,

dy =d=52mm
Outer diameter of eye, dy=2d=2x52=104mm
Diameter of knuckle pin head and collar,

dy; =15d=15%52=78mm
Thickness of single eye or rod end,

t=125d=125x52=65mm

Thickness of fork. t, =0.75d=0.75x 52 = 39 say 40mm
Thickness of pin head, t, =05d=05x52=26mm

2. Failure of the knuckle pin in shear
Since the knuckle pin 1s in double shear, therefore load (P),

b T )
150x 103 = ZXZX(d1)21=2><;><(52)‘t = 42481



T = 150=10°/4248 = 353 N/mm? = 353 MPa

. Failure of the single eye or rod end in tension

LFV )

The single eye or rod end may fail in tension due to the load. We know that load (F).
150 % 10° = (dy,—d}) £ % 0,= (104 -52) 65 = §,= 33800,
0, = 150%10°/3380=44 4N/mm’ = 44 4 MPa
4. Failure of the single eye or rod end in shearing
The single eve or rod end may fail in shearing due to the load. We know that load (F).
150 = 10° = (dy—d)) txT=(104-52)65= T=33801
T = 150 % 10°/3380=44.4 N/mm” = 44.4 MPa

. Failure of the single eye or rod end in crushing

th

The single eye or rod end may fail in crushing due to the load. We know that load (F),
150 x10° = d, x tx g, =52% 65 x 0,=3380 0,
0, = 150 % 10°/3380 =44 4 N/mm’ = 444 MPa
6. Failure of the forked end in tension
The forked end may fail i tension due to the load. We know that load (F).
150 % 10° = (dy—d)) 2 (; * 6,= (104 —-52) 2 x 40 x 5,= 4160 7,
@, = 150= 10°/4160 = 36 N/mm? = 36 MPa
. Failure of the forked end in shear
The forked end may fail in shearing due to the load. We know that load (F),
150 % 10° = (dy—d) 2 £;x T=(104—52) 2 x 40 x T=4160 T
o T =150%10°/4160= 36 N/mm’ = 36 MPa
8. Failure of the forked end in crushing
The forked end may fail in crushing due to the load. We know that load (F),
150%10° = d; %24, =52%2%40 % g _=41600_
o, = 150 10°/4180=36 N/mm’ = 36 MPa
From above, we see that the induced stresses are less than the given design stresses, therefore
the joint 1s safe.

~1

2.Designaknucklejointforatierodofacircularsectiontosustainamaximumpulof70
kN.Theultimatestrengthofthematerialoftherodagainsttearingis420MPa.The
ultimatetensileandshearingstrengthofthepinmaterialare510MPaand396MPa

respectively.Determinethetierodsectionandpinsection. Takefactorofsafety=6.

Solution. Given : P=70kN=70000N : ¢, forrod =420 MPa : *¢,, for pn =510 MPa
1,=396MPa; FS =6
We know that the permuissible tensile stress for the rod material,
0, forrod _ 420

C, = 7S, 5 =70 MPa=70N/mm-

and permissible shear stress for the pin matenial.

T, 396 o,
= T =66 MPa=66N/mm-




We chall now consider the various methods of fatlure of the joint as discussed below:
1. Failure of the rod in tension

Let d = Diameter of the rod.

We know that the load (F).

T T 2
70000 = zxdlxcs,:Zxd‘x?D:ESdz

d? =70000/55=1273 or d= 35. Tsay 36 mm Ans,
The other dimensions of the joint are fixed as given below :
Diameter of the knuckle pin.

d, = d=36mm
Outer diameter of the eve,

dy,=2d=2x%36 =72mm
Diameter of knuckle pin head and collar,

dl =15d=15%36=54mm
Thickness of single eve or rod end,

f=125d=125=36 = 45mm

Thickness of fork, t;y = 075d=1075%36 =27 mm
Now we shall check for the induced streses as discussed below :

2. Failure of the knuckle pin in shear
Since the knuckle pin 15 in double shear. therefore load (F).

s m
70000 = 2x (d)Pt=2x% " (36)2 T = 20361
T = 70 000/2036 = 34.4 N/mm?>

3. Failure of the single eve or rod end in tension
The single eye or rod end may fail in tension due to the load. We know that load (F).
70000 = (dy—d))tx0,=(72-36)450,=16200,
@, = 70 000 /1620 = 432 N/mm*
4. Failure of the forked end in tension
The forked end may fail in tension due to the load. We know that load (F),
70 000 =(d,—d,)2 f; x 0,=(72—36) x 2% 27 x 6,= 1944 G,
0, =70 000/1944 = 36 N/mm’

From above we see that the induced stresses are less than given permissible stresses, therefore
the joint 1s safe.



3. Failure of the single eye or rod end in tension
The single eye or rod end mayv fail in tension due to the load. We know that load (F),
70 000 = (d,—d;) tx0,=(72-36) 456, 16200,
@, = 70 000/1620 = 43.2 N/mm’
4. Failure of the forked end in tension
The forked end may fail in tension due to the load. We know that load (F),

70 000 =(d,—d))2 §; x 0,=(72—36) x2 x 27 x G, = 1944 g,
G, =70 000/1944 = 36 N/mm?’
From above we see that the induced stresses are less than given permissible stresses, therefore
the joint 1s safe.

Sleeveandcoterjoint

v' AsleeveandcoterjointasshowninFig.isusedtoconnecttworoundrodsor
bars.

v Inthistypeofjoint,asleeveormuffisusedoverthetworodsandthentwo
coters(oneoneachrodend)areinsertedinthehole providedfortheminthe
sleeveandrods.

v' Thetaperofcoterisusualylin24.

v Itmaybenotedthatthetapersidesofthetw ctersshouldfaceeachotheras
showninFig.below.

v' Theclearanceissoadjustedthatwhenthecotersaredrivenin,thetworods

comeclosertoeachothertusmakingthejointtight.
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Thevariousproportionsforthesleeveandcoterjointintermsofthediameterofrod(d)
areasfolows:
Outsidediameterofsleeve,
d1=2.5d
Diameterofenlargedendofrod,
d2=Insidediameterofsleeve=1.25d

Lengthofsleeve,L=8d



Thicknessofcoter,t=d2/40r0.31d
Widthofcoter,b=1.25d
Lengthofcoter,|=4d
Distanceoftherodend(a)fromthebeginningtothecoterhole(insidethe
sleeveend)=Distanceoftherodend(c)fromitsendtothecoterhole
=1.25d
DesignofSleeveandCoterJoint

1.Failureoftherodsintension

The rods may fail in tension due to the tensile load P. We know that

o . ] 2
Area resisting tearing = 7 X d*
.. Tearing strength of the rods
n
= —x d2 X 0,
4
Equating this to load (P). we have
n )
P==xd*x%o,
4
From this equation, diameter of the rods (d) may be obtained.

2.Failureoftherodintensionacrosstheweakestsection(i.e.slot)

Since the weakest section 1s that section of the rod which has a slot 1n 1t for the cotter. therefore
area resisting tearing of the rod across the slot

T 2
= :(dl)- —d'_\ Xt

and tearing strength of the rod across the slot

= ;(dz)z—dzxt o,

Equating this to load (P), we have

|9
B :(dz)z—-dzxz G,

From this equation, the diameter of enlarged end of the rod (d,) may be obtamed.

3.Failureoftherodorcoterincrushing

We know that the area that resists crushing of a rod or cotter
=d,xt
: Crushing strength = d, xtx g,
Equating this to load (P). we have
P=d,xtxg,
From this equation, the imnduced crushing stress may be checked.

4 Failureofsleeveintensionacrosstheslot.




We know that the resisting area of sleeve across the slot

- ;[ @) — (@)’ ] -(d - dy)t

. Teanng strength of the sleeve across the slot

= l:% [(d])2 = (d2)2] E (dl - d.‘!) r:l G,

Equating this to load (P), we have

|8 2 2
= (7 [(d)" - ()] - (d - ) ¢ |0,
From this equation, the outside diameter of sleeve (d,) may be obtained.

5.Failureofcoterinshear

Since the cotter 1s in double shear. therefore shearing area of the cotter

=2bxt
and shear strength of the cotter
=2bxtxt
Equating this to load (P). we have
P=2bxtx1

From this equation, width of cotter (») may be determined.

6.Failureofrodendinshear

Sincetherodendisindoubleshear,thereforearearesistingshearoftherodend
=2axd2
andshearstrengthoftherodend
=2axd2xr
Equatingthistoload(P),w have
P=2axd2xr
Fromthisequation,distance(a)maybedetermined.

7.Failureofsleeveendinshear

Since the sleeve end 1s in double shear. therefore the area resisting shear of the sleeve end
=2(d,—-d,)c
and shear strength of the sleeve end
=2(d,-d,)cx1
Equating this to load (P). we have
P=2(d-d,)cxt

From this equation, distance (¢) may be determined.
Problem:

Designasleeveandcoterjointtoresistatensileloadof60kN.Alpartsofthe

jointaremadeofthesamematerialwiththefolowingal owablestresses:ot=60



MPa;1=70MPa;andoc=125MPa.
Solution:Given:P=60kN=60x103N;0:=60MPa=60N/mm?;7=70MPa=70

N/mm2;0.=125MPa=125N/mm2

1.Diameteroftherods

Let d = Diameter of the rods.
Considerning the failure of the rods in tension. We know that load (P).

60x10° = %xd2 X O, =_}xa’2 X 60 =471342
d? =60%103/47.13=1273 or d=35.7say36mm

2.Diameterofenlargedendofrodandthicknessofcoter

Let d, = Diameter of enlarged end of rod. and
t = Thickness of cotter. It may be taken as d,/ 4.

Considering the failure of the rod in tension across the weakest section (i.e. slot). We know that
load (P).
[n ] n d
60 10° = h (dy)? = d; X t] o= [? (dy)* — dy % T’} 60 =32.13 (d,)?

(dy)* = 60x10°/32.13=1867 or d,=43.2say44mm Ans.
and thickness of cotter.

Let us now check the induced crushing stress in the rod or cotter. We know that load (P).
60x10° =d,x tx g =44x11x0, =4840,
0, = 60 10°/484 =124 N/mm’
Since the mnduced crushing stress is less than the given value of 125 N/mm?, therefore the
dimensions d, and rare within safe limits.

3.0utsidediameterofsleeve

Letdi=Outsidediameterofsleeve.

Considering the failure of sleeve in tension across the slot. We know that load (P)

60%10° = {g [(d)? = (dy)] - (d - d») 1] o,
= {% [(d)? - (44)*] - (dy — 44) 11] 60

60 % 10%/60 = 0.7854(d,)*~1520.7—11d, + 484
or  (d)*-14d,-2593 =0

PN J4? +4x2593 1441028

<~

= 584 say 60 mm Ans. ...(Taking +ve sign)

4 Widthofcoter



Let b = Width of cotter.
Considering the failure of cotter in shear. Since the cotter 1s in double shear, therefore load (F),
60107 =2hxtxt=2xbhx11%x70=1540h
b = 60 = 10%/1540 = 38.96 say 40 mm Ans.

5.Distanceoftherodfromthebeginningtothecoterhole(insidethesleeveend)

Let a = Required distance.
Considering the failure of the rod end in shear. Since the rod end 1s in double shear, therefore

load (P).
60x10°=2axd,xT=2a%x44x70=6160a
a = 60x103/6160=9.74 say 10 mm Ans.

6.Distanceoftherodendfromitsendtothecoterhole

Let ¢ = Required distance.
Considering the failure of the sleeve end in shear. Since the sleeve end 1s in double shear.
therefore load (P).
60 % 10° = 2 (d,—d,) cx T=2(60-44) c x 70=2240 ¢
¢ = 60x10%/2240=26.78 say 28 mm Ans.
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Knuckle Joint
1. Designaknucklejointtotransmit150kN.Thedesignstresses may betakenas 75MPaintension,
60 MPa in shear and 150 MPa in compression.
Given: P = 150 kN = 150 x 103 N; 01= 75 MPa = 75 N/mm?; 1 = 60 MPa = 60 N/mm2; o.= 150 MPa =
150 N/mm?
The joint is designed by considering the various methods of failure as discussed below:

1. Failure of the solid rod in tension
Let d = Diameter of the rod.
We know that the load transmitted (F),

T 2 m -
150% 103 = i d- x o, =" d* x 75 =59 ¢

d* =150%10%/59 = 2540 or d= 504say 52mm Ans.
Now the various dimensions are fixed as follows :
Diameter of knuckle pin.

dy =d=532mm
Outer diameter of eye, d, =2d=2x52=104mm
Diameter of knuckle pin head and collar,

dy =1.5d=1.5%52 =78 mm
Thickness of single eye or rod end,

i=125d=125=%52 = 65mm

Thickness of fork. t) =0.75d=075=52 =39 say 40mm
Thickness of pin head, t,=05d=05%52=26mm

2. Failure of the knuckle pin in shear
Since the knuckle pin 1s in double shear, therefore load (F),
150 % 10° = 2“;“(‘3'1}21 = 2::{;}({52)2 T = 42481
T =150 % 10°/4248 = 353 N/mm” = 35.3 MPa
3. Failure of the single eye or rod end in tension

The single eye or rod end may fail in tension due to the load. We know that load (F),
150 x 103 = (d,—d)) tx 0,= (104 —52) 65 x 5,= 33800,
g, =150=x 10°/3380 =44 4N/ mm* = 44.4 MPa
4. Failure of the single eye or rod end in shearing
The single eye or rod end may fail in shearing due to the load. We know that load (F),
150 x 103 = (d,—d,) £ T=(104—52) 65 x T=33801
T =150 % 10°/3380=44.4N/mm’ = 44.4 MPa
. Failure of the single eye or rod end in crushing

h

The single eye or rod end may fail in crushing due to the load. We know that load (F),
150 % 103 = d) x 1% 0, =52 %65 x 0_=33800,
0, = 150 % 10°/3380 =44 4 N/mm’ = 44.4 MPa



6. Failure of the forked end in tension
The forked end mayv fail 1n tension due to the load. We know that load (F),
150 % 10° = (dy—d}) 2 £, * 6,= (104—52) 2 x 40 x 5, = 4160 7,
0, = 150 % 10°/4160 = 36 N'mm? = 36 MPa

7. Failure of the forked end in shear
The forked end may fail in shearing due to the load. We know that load (FP).
150 x10% = (d,—d;)2 ;x 1=(104—52)2 x40 x T=4160 T
T = 150 % 10°/4160= 36 N/'mm’ = 36 MPa
8. Failure of the forked end in crushing
The forked end may fail in crushing due to the load. We know that load (P),
150x10° = d, x2 ;% 6,=52x2 x40 % 0,=41600,
0, = 150 x 10°/4180=36 N/mm’ = 36 MPa
From above, we see that the induced stresses are less than the given design stresses. therefore
the joint 1s safe.
Design a knuckle joint for a tie rod of a circular section to sustain a maximum pull of 70 kN. The
ultimate strength of the material of the rod against tearing is 420 MPa. The ultimate tensile and
shearing strength of the pin material are 510 MPa and 396 MPa respectively. Determine the tie rod
section and pin section. Take factor of safety = 6.

Solution. Given: P=70kN=70000N : ¢, forrod=420MPa: *g,, for pin=510 MPa
1,=396MPa: ES =6
We know that the permussible tensile stress for the rod material,

.IJM for rod 420
0, = =

= = Il 2
. s 6 70 MPa=70N/mm

and permissible shear stress for the pin material.
Y390 _ o5 \ipa=66N/mm?

=—= a=66N/mm-
F.S. 6

T =
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Problem 1 unit-v

A machine component is subjected to a flexural stress which fluctuates between + 300
MN/m2 and — 150 MN/m2. Determine the value of minimum ultimate strength according to
Goodman relation; and Soderberg relation. Take yield strength = 0.55 Ultimate strength;
Endurance strength = 0.5 Ultimate strength; and factor of safety = 2. Solution.

Given : 61 = 300 MN/m? ; 52 = — 150 MN/m? ; oy = 0.55 6u ; 6-1 = 0.5 oy ; F.S. = 2
Let 0, = Minimum ultimate strength 1 MN/m’.

We know that the mean or average stress.
~ 61 +G: _3004-(—150) oz

-

- > 5 =75 MN/m
A 0, — 0, _ 300 - (-150 . o2
and variable stress, Og=———= g s 225 MN/m”

According te Goodman relation

We know that according to modified Goodman relation.

1 e 6
rS Oy ©Oa
S 225 525
or e -

According to Soderberg relation

We know that according to Soderberg relation.

1 _O=x 02
FS g, 0.1
1 75 255 586.36
or —_— s — —
2 0550, 050, g,
&= 2 x586.36=1172.72 MN/m* Ans
Problem 2

A bar of circular cross-section is subjected to alternating tensile forces varying from a
minimum of 200 kN to a maximum of 500 kN. It is to be manufactured of a material with
an ultimate tensile strength of 900 MPa and an endurance limit of 700 MPa. Determine the
diameter of bar using safety factors of 3.5 related to ultimate tensile strength and 4 related
to endurance limit and a stress concentration factor of 1.65 for fatigue load. Use Goodman

straight line as basis for design.

Solution. Given : W, =200kN ; 7, .. =500 kN : 6, =900 MPa =900 N/mm” ;
(FS),=35:(FS),=4: K,=165:0,4=700MPa =700 N'mm":

Let d = Diameter of bar in mm

Ar = gx d? = 0.7854 d* mm?

We know that mean or average force.

W W 5 7 -
w, = oo * T 00+ 200 _ 350 4oy = 350 x10° N




W, _ 350x10° _ 446x10° N/ a?

4 078544 @ 4°

Mean stress. o,

Ve i ‘
Vanable force, 15 = W e = W i = SR =150 KN =150x10° N
. W, 150x10° 191 10° -
Vanable stress, 0,= 4= - = < N/mm-
A 07854d° d-
We know that according to Goodman's formula.
O3 S Om Ky
0.1/(F.5), o, /(F.5.),
191>'<’10J +46>i10‘ %165
d* Sl T
700/ 4 900/3.5
1100 2860 1100 + 2860
= or —_— =1
d- a- da-

d? =3960 or d=62.9say63 mm Ans.

Problem 3

Determine the thickness of a 120 mm wide uniform pla for safe continuous operation if the
plate is to be subjected to a tensile load that has a maximum value of 250 kN and a
minimum value of 100 kN. The properties of the plate material are as follows: Endurance
limit stress = 225 MPa, and Yield point stress = 300 MPa. The factor of safety based on
yield point may be taken as 1.5.

Solution. Given : b=120mm ; W, =250kN: W _ =100kN ;=225 MPa=225 Nimm? :
0, =300 MPa = 300 N/mm*; F§. =1.5
© Let 1 = Thickness of the plate in mm.
Area 4 = b= =120 rmm?®
We know that mean or average load.

. W.. 250 + E]
w, = —ner T 200 51y =175 % 10° N
W, 175x10¢° )
Mean stress,. g = — = = il Nimm™
T4 1201
— i — "
Variable load, 7, = 22 T _ 22010 _ 75 4¢ _ 7510° ¥
Variable stress. 0, = Wa_BX10 i
4 120

Accordmg to Soderberg’s formula.
1 _0,,0%

FS g 0.1

1 175 x 10° 75%10° 486 278 764
— = + = +

1.5 120¢=300 120¢x225 - i ?' f
t=T64x15=11465av 11 5mm Ans.




Problem 4
Determine the diameter of a circular rod made of ductile material with a fatigue strength
(complete stress reversal), 6-1 = 265 MPa and a tensile yield strength of 350 MPa. The
member is subjected to a varying axial load from Wmin = - 300 x 10 3N to Wmax = 700 x
10 3 N and has a stress concentration factor = 1.8. Use factor of safety as 2.0.
Selution. Given :0.1 =265 MPa=265 N/'mm’ ; 6, =350 MPa=350 N/'mm’ ; ¥, . =—300 x 10°N ;

W =700 % 1°N: K, =18 FS =2 '

Let d = Diameter of the circular rod n mm

Area 4 = gxd: =0.7854 4* mm°

We know that the mean or average load.

W.. +W, 700 x 10° + (- 300 x 10*)

B = > =200x10° N
W, 200x10° 2546x10° .,
Mean stress, 0, = —— = p —— = - N/mm’
: 4 078544~ d-
A o Wi e A » .
Vanable load. Ma=—2& — = il (7 nxie) =500%x10° N
_ W  500x10°  6365x10° _,
~. Vanable stress, 6:,:——3: — = < N/mm-~
A 07854d° d-
We know that according to Soderberg's formula.
1 _0n, %aXK
FS. o, 0.1
1_2546x10° 6365x10°x18 727 4323 _ 5050
2 4*x350 d* x 265 &2 &
d? =35050%x2=10100 or d=100.5mm Ans.

Problem 5

A circular bar of 500 mm length is supported freely at its two ends. It is acted upon by a
central concentrated cyclic load having a minimum value of 20 KN and a maximum value
of 50 kN. Determine the diameter of bar by taking a factor of safety of 1.5, size effect of
0.85, surface finish factor of 0.9. The material properties of bars are given by: ultimate
strength of 650 MPa, yield strength of 500 MPa and endurance strength of 350 MPa.
Solution. Given - /=500mm W, =20kN=20x 10°N: W =50 kN =50 = 10° N :
FS.=15:K.=085:K,,=09:0, =650 MPa = 650 N/mm’ ; 6, = 500 MPa = 500 N/mm’
0.1= 350 MPa =350 N/mmr
Let d = Diameter of the bar in mm.
We know that the maximum bending moment.
v = Pna %1 _ 50 % 10° % 500

- = 6250 % 10° N-mm
fidead 4 4




and mummum bending moment.
s P X1 20 x10° x 500
"Imm - -
4 4
.. Mean or average bending moment.
4 ) 2 572 3
Mog + My _ 6250X10° +2500%10° _ e o oa o

2 R

=2550x10° N-mm

M, =

and vanable bending moment.
v = Mmae — M _ 6250 10° — 2500 x 10°
i a " ~

Section modulus of the bar, . -
7 = 3_’:x 4 = 0.0082 ¢° mm’

=1875%10° N-mm

[S]

.. Mean or average bending stress.
M, _4375x10° _445x10°

(]

o. = = — = N/mm
m~ Z  0.09824d° a
and vanable bending stress.
6_&_1875“0’ 19.1x10° o o
T Z  009824° a&

We know that according to Goodman's formula,
L _ G_m i Og % Kf
FS. On OaxKo %K.
L=44>><10° 19.1x10° x1 (Taking K= 1)
15 d*x650 d° x350%09x085 ;
_<ss><1o3 71x10° _ 139x10°
PR & &
d3=139x10°x15=209%10° or d=59.3mm
and accordmg to Soderbera’s formmla.
3 %, K%
FS. ©, 01X Km XK,

, s 6
L 445x%x10 4 19.1x10° x1 ‘,.(I'akingk}=l)

15 d*x500 d°x350x09x%x085
_89x10°  71x10° _ 160 x10°
T T e
; d3=160x10°x15=240x10° or d=62.1mm
Takmz larger of the two values. we have 4=62.1 mm Ans.

Problem 6

A 50 mm diameter shaft is made from carbon steel having ultimate tensile strength of 630
MPa. It is subjected to a torque which fluctuates between 2000 N-m to — 800 N-m. Using
Soderberg method, calculate the factor of safety. Assume suitable values for any other data

needed.




Solution. Given : d=50 mm ; 6, =630 MPa= 630 N/mny” ; T, .=2000N-m:7 =-800N-m
‘We know that the mean or average torque,

g 2 = 5
Tn + Ty _ 2000+ (300) _ 6 N-m = 600 10° N-mm

=

2
.. Mean or average sheg.r stress,
R 161:,,, = 16><600>i10’ — 244 N/ i ‘ T=£>’t?-'d3 l
nd’ n(50) \ 16 J

Vanable torque,

=1400 N-m = 1400 x 10° N-nm

T — Toun _ 2000 — (— 800)
2

5

IE‘.:

16 T, 161400 x 10°

. Vanable shear stress, T,= Td’ x (50)3 =57 N/mm*

Since the endurance limit in reversed bending (c,) is taken as one-half the ultimate tensile
strength (i.e. 6,= 0.5 ¢, ) and the endurance limit in shear (1)) is taken as 0.55 ¢, therefore

1, =05506,=055%x050,=0.2750,
= ().275 x 630 = 173.25 N/mm’®
Assume the yield stress (c,) for carbon steel in reversed bending as 510 N/mm?, surface finish

factor (K_,) as 0.87, size factor (K) as 0.85 and fatigue stress concentration factor (K ) as 1.

Since the yield stress in shear (1)) for shear loading is taken as one-half the yield stress in
reversed bending (G ), therefore ’

1, =050,=0.5 x 510 =255 N/mm*
Let F.S. = Factor of safety.

We know that according to Soderberg's formula,

L, S%XKs 24 57x1

= .
FS. 1, T,XKg XK. 255 17325x0.87x0.85
0.096 + 0.445 = 0.541
1/0.541 =185 Ans.

ES.

A cantilever beam made of cold drawn carbon steel of circular cross-section as shown in
Fig. 6.18, is subjected to a load which varies from — F to 3 F. Determine the maximum load
that this member can withstand for an indefinite life using a factor of safety as 2. The
theoretical stress concentration factor is 1.42 and the notch sensitivity is 0.9. Assume the
following values:

Ultimate stress = 550 MPa
Yield stress = 470 MPa
Endurance limit = 275 MPa
Size factor = 0.85

Surface finish factor= 0.89




Solution. Given : W, =—F. W, =3F.F5.=2:K,=142;¢=09; 0, =550 MPa
= 550 N/mm’ ; 6, =470 MPa =470 N/'mm’ ; 6.,=275 MPa=275 N/mny’ : K_=085:K =089

The beam as shown m Fig. 1s subjected to a reversed bending load only. Since the pomnt 4
at the change of cross section 1s cnitical, therefore we shall find the bending moment at point 4.
We know that maximum bending moment at pomnt A4,
M, =W, x125=3Fx125=375 FN-nm
and minimum bending moment at pomnt 4.
M, =W, x125=—Fx125=-125 FN-mm

. Mean or average bending moment.
Myn +M,;,, 375F +(-125F)

M = = = - =125F N-mm
and vaniable bending moment,
M, =.M"""r ;M""’" LMD '5'125 F) 2507 N-mm
Sectionmodilus: z= %x @ =33 37 =2157 mm® (. 4=13 mm)
. Mean bending stress, 0, = MT"' =% =0.58 F N/mm’
and vanable bending stress, G = % - % =1.16 F N/mm?

Fatigue stress concentration factor.Kf= 1+g(K,-1)=1+09(142-1)=1378
We know that according to Goodman's formula
3w o, x K,
S. o XK XK
1_0S8F 116Fx1378
2 550 275%0.89x 0.85
=0.00105 F+0.007 68 F=0.008 73 F
1

F=———=513N
2 x 0.00873

and according to Soderberg’s formula.
1 Om 0% K,
F

S 0y 04x Ky x K

1_058F 3 1.16 F x1.378

2 470  275x089x085
=0.00123 F+0.007 68 F=0.008 91 F

1
F=—————=5N
2x0.008 91

Taking larger of the two values, we have F=57.3 N Aus.
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Unit-V

Amachinecomponentissubjectedtoaflexuralstresswhichfluctuatesbetween+300
MN/m2and - 150MN/m2.Determinethevalueofminimum ultimatestrength
accordingtoGoodmanrelation;andSoderbergrelation. Takeyieldstrength=0.55
Ultimatestrength;Endurancestrength=0.5Ultimatestrength;andfactorofsafety=2.

Solution.

Given: m=300MN/m?: z=—150MN/m?;,=0.550u: 1=0.5 ou;F.S.=2
Let 6, = Minimum ultimate strength in MN/m’.

We know that the mean or average stress,
_ 0, +0, 300+ (-150) _ 2

" 3 > 75 MN/m"~
. 01 -0, 300 — 150 K
and vanable stress, Op=— == ( ) 225 MN/m”

2 2

According to Goodman relation
We know that according to modified Goodman relation,
1 o

- o, 050, O,
0, =2 x 525=1050 MN/m* Ans.
According to Soderberg relation
We know that according to Soderberg relation,
1 o, O3
FS o, 01
1 75 255 586.36
or —_= — - =
2 0550, 050, O,
0, =2 x586.36=1172.72 MN/m? Ans.

Abarofcircularcross-sectionissubjectedtoalternatingtensileforcesvaryingfroma
minimumof200kNtoamaximumof500kN.ltistobemanufacturedofamaterial
withanultimatetensilestrengthof900MPaandanendurancelimitof700MPa.
Determinethediameterofbarusingsafetyfactorsof3.5relatedtoultimatetensile
strengthand4relatedtoendurancelimitandastressconcentrationfactorofl.65for
fatigueload.UseGoodmanstraightlineasbasisfordesign.

Solution. Given : I¥,,, =200kN ; 7, ., = 500kN : ¢, =900 MPa =900 N/mm? ;

(FS.),=35:(FS),=4; K,=1.65:0.,=700MPa =700 N/mm?;
Let d = Diameter of bar in mm

A e gx d? = 07854 d° mm>



We know that mean or average force,

Wi + Woin 500 + 200
IT;”= max H]H= 5

3

W, _350x10° 446 x10°

4 0785447 d?

W, — W, _ 500-200
y.J

W, 150x10° _191x10°
—a - — = - N/mm
4 07854d- d-

We know that according to Goodman's formula,

Mean stress, o, =

Vanable force, 175

Vanable stress, 0,

Oa _,__ OmK,
0.1 /(F.5), o,/ (F.5),
191 x 10° 446 x 10° _
- - x1.65
> __,___d
700/4 900/3.5
1100 2860 1100 + 2860
- = 1 = ~ or 2 = 1
d’ d’ d*

d? =3960 or d=62.9say63 mm Ans.

Determinethethicknessofal20mmwideuniformplateforsafecontinuousoperation
iftheplateistobesubjectedtoatensileloadthathasamaximumvalueof250kNand

valueof100kN.Thepropertiesoftheplatematerialareasfolows:

Endurancelimitstress=225MPa,andYieldpointstress=300MPa.Thefactorof

safetybasedonyieldpointmayb takenasl.5.

=350 kN =350x10° N

N/mm-*

=150 KN =150x10° N

aminimum



Solution. Given : 5=120mm : ¥, =250kN; W _=100kN ;g ;=225 MPa=225 Nimm®
@, =300 MPa = 300 N/mm?; F.5. = 1.5
Lt t = Thickness of the plate 1n mm.
Area 4 = b= =120 t mm?
We know that mean or average load.

W + Wi 250 + 100

W, = = =175 kN=175=10° N
2 2
. o175x%10° 5
Mean stress. 0, = 7”' = ~30i N'mm-”
. W —W.. 250 -100 ;
Variable load. 77, = H:fﬂsmz?smwzq
. T 75x10° ;
Vaniable stress, 0, = a_ 15 %10 ™N/mm-”
a4 120¢

Accordmng to Soderberg’s formula,
1 _Ow, 0

-«

FS. o, 01
175x10°  75x10° _486 278 _ 764

1
15 120¢%300 120¢x225 ¢ t ¢
F=764x15=1146sav 11.5mm Ans.

Determinethediameterofacircularrodmadeofductilematerialwithafatiguestrength
(completestressreversal),0-1=265MPaandatensileyieldstrengthof350MPa.The

memberissu bjectedtoavaryingaxialIoadfromein:—BOOx1O3Ntonax=7OO><
103Nandhasastressconcentrationfator:1.8.UsefactorofsafetyasZ.O.

Solution. Given : 0.1 =265 MPa =265 N/mm? ; 0,=350MPa= 350 N/mm? W, . =—300% 1°N;
Wrnge =700 1°N; K =18 ; FS. =2 '
Let d = Diameter of the circular rod n mm-

Ay A= gxd2 =0.7854 d* mm®

‘We know that the mean or average load,
o ='rr;m + Wi _ 700 X10° + (= 300 X 10°)
= 2 2
'E,,,_z 200x10° _ 254.6x10°
4 0.7854 d* d?

=200x10° N

N/mm?’

Mean stress. 0, =



) . W - (= 4 5
Variable load,  Ta=—22r_—_mn Hox19 ; 300%10°) _500x10° N
) W, s00x10°  6365%10° 5
. Vanable stress. 0= L == 2 N/mm-~
4 07854d d-

We know that according to Soderberg's formula,
1 _Ow, %ax%

5 G, 0.1

1 2546x=10° 6365x10°x18 727 4323 5050
—_— = -+ — — —+ = =
2 47350 4% = 265 a4 d’

d* =5050x2=10100 or 4=100.5mm Ans.

Acircularbarof500mmlengthissupportedfreelyatitstwoends.ltisacteduponbya
centralconcentratedcyclicloadhavingaminimum valueof20kNandamaximum
valueof50kN.Determinethediameterofbarbytakingafactorofsafetyofl.5,size
effectof0.85,surfacefinishfactorof0.9. Thematerialpropertiesofbararegivenby:
ultimatestrengthof650MPa,yieldstrengthof500MPaandendurancestrengthof350 MPa.

Solution. Given : /=500 mm: W, =20kN=20x 10 N: W, =50kN =50 x 10°N;
FS.=15:K,=085; K, ,=09; ¢, =650 MPa = 650 N/mm?’ ; 0, = 500 MPa = 500 N/mm? ;
0.1= 350 MPa = 350 N/mm’

Let d = Diameter of the bar mmm.

We know that the maximum bending moment.

= Ve X1 _ 50 x 10° x 500
— - -
and minimum bending moment,
Woin X1 20%10° x 500
M _ = =
mm 4 4
.. Mean or average bending moment,
A ) 25 49 P .
Myge + My _ 6250X10° +2500X10° _ oo o5

= 6250 x 10° N-mm

=2550%10° N-mm

M = =
- 2 2
and vanable bending moment,
M. 250 x 10° — 2500 x 10° .
= L2 5 Lin = i o 5 okl =1875x10° N-mm
Section modulus of the bar, ) )

7 = 3_’:x d?® = 0.0982 d* mm’

.. Mean or average bending stress,

M, 4375x10° 445x10° _  ,
= = N/mm

O = Z = 009824° d?




and vanable bending stress.

M, 1875x10° 19.1x10°

Z 009824 &
We know that according to Goodman's formmla,

1 _(y_m+ o3 % Ky
F5 Oy OixK_,»=xK_
1 _44.5><1=:F+ 19.1x10° x 1

.

0,= N/mm"~

1.5 d°x650 d° x350%09x085

_ 68x10° . 71x10° _ 139x10°
d* d’ d’
e di=139x10° % 1.5=209 = 10° or d=593mm
and according to Soderberg's formula,

..(Taking K= 1)

L _On,_ %*%s
FS. 0, OaxK,xK_

1 #4s5xa0° . 19.1x10° x 1

== i .(Taking K,=1)
15 _ d” x 500 d? %350% 09 =085

_89x10°  71x10° _160x10°
d? d? d?
A d*=160%10°%15=240=10° or d=62.1mm
Taking larger of the two values, we have 4=62.1 mm Amns,

A50mmdiametershaftismadefromcarbonsteelhavingultimatetensilestrengthof
630MPa.ltissubjectedtoatorquewhichfluctuatesbetween2000N-mto—800N-m.

UsingSoderbergmethod,calculatethefactorofsafety. Assumesuitablevaluesforany
otherdataneeded.

Solution. Given : d=50mm ; 6, =630 MPa=630 N/mny’* ; 7, _=2000N-m: 7, =-800N-m

We know that the mean or average torque.

_ Do + L5 2000 + (— 800)
2

m 2

= 600 N-m = 600 X 10° N-mm

.. Mean or average shear stress,

_ 16T, 16x600x10°

9 - R 3)

, =244 N/mm? 2 s — X1
. " nd n(50)° \ 16 /
Jariable torque.

T —T.  2000-(— .
T, = T = T 2000 7( 500) =1400 N-m = 1400 X 10° N-mm

167, 16x1400 X 10° n
. Vanable shear stress. T = =57 N'mm

a~ nd’ n(50)°



Since the endurance limit in reversed bending (G,) is taken as one-half the ultimate tensile
strength (i.e. 6,= 0.5 ¢, ) and the endurance limit in shear (7)) is taken as 0.55 ¢, therefore

1T, =0550,=055%x050,=0.2750,
= ().275 x 630 = 173.25 N/mm?
Assume the yield stress (6, ) for carbon steel in reversed bending as 510 N/mm?, surface finish
factor (K,,,) as 0.87, size factor (K_,) as 0.85 and fatigue stress concentration factor ( Kn) as 1.

Since the yield stress in shear (1) for shear loading is taken as one-half the yield stress in
reversed bending (0‘_). therefore ‘

1, =0.50,=0.5 x 510 =255 N/mm’
Let F.S. = Factor of safety.

We know that according to Soderberg's formula,

1 T, T, XKy 244 57x%1

= = +
FS. 1, 1,xKg xK; 255 173.25x0.87x0.85
0.096 + 0.445 = 0.541
1/0.541 = 1.85 Ans.

FS.

Acantileverbeammadeofcolddrawncarbonsteelofcircularcross-sectionasshown
inFig.6.18,issubjectedtoaloadwhichvariesfrm—Fto3F.Determinethemaximum
loadthatthismembercanwithstandforanindefinitelifeusingafactorofsafetyas2.
Thetheoreticalstressconcentrationfactoris1.42andthenotchsensitivityis0.9.
Assumethefolowingvalues:

Ultimatestress=550MPa

Yieldstress=470MPa

Endurance limit = 275 MPa

Sizefactor=0.85

Surfacefinishfactor=0.89

Solution. Given : W, , =—-F. W, =3F.FS5.=2:K,=142;¢=09:0,=550 MPa
= 550 N/mn* ; 6, =470 MPa =470 N/mm’ : 6,,= 275 MPa=275 N'mn* : K_=0.85:K_ =0.89



The beam as shown 1 Fig. 1s subjected to a reversed bending load only. Since the pomnt 4
at the change of cross section 1s cntical, therefore we shall find the bending moment at point A.
We know that maximum bending moment at pomnt 4.
M,_ =W, x125=3Fx125=375 FN-mm
and mimimum bending moment at point 4,
M, =W, x*x125=-—Fx125=-125 FN-mm

~. Mean or average bending moment.
Mg + My _ 375 F +(~125 F)

M, = - =125F N-mm
and vanable bending moment, .
= i W
MQ=M"'“" M,,w,=3 5F—( 125F)=250FN-mm
. 2 2
T T
Section modulus, Z=gxd =03 =257 a0’ (- =13 mm)
".  Mean bending stress, o, = % =% =0.58 F N/'mm’
and vanable bending stress, 0, = % = % =1.16 F N/mm?

Fatigue stress concentration factor,K_,= 1+g(K-1)=1+09(142-1)=1378
We know that according to Goodman’s formula

1 5. %K

FS. o 013K, %K.
1_0S8F _116Fx1378
2 550 275x0.89x 0.85
=0.00105 F+0.007 68 F=0.008 73 F

1

F=———=513N
2% 0.00873

and according to Soderberg’s formula,
1 _on, XK
FS. o0, 0.%xK4 xK;
1 .. 0.58 F 4 1.16 F x1.378
2 470 275%x0.89x0.85
=0.00123 F+0.00768 F=0.00891 F

1
=———=5N
o 2x0.008 91
Taking larger of the two values, we have F=57.3 N Ans.
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