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(a) Single riveted lap joint.
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(b) Double riveted lap joint (¢) Double riveted lap
(Chain riveting). joint (Zig-zag riveting).

Single and double riveted lap joints,



(a) Chain riveting. (b) Zig-zag riveting.

Triple riveted lap joint.
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« Single riveted double strap butt joint.
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(a) Chain riveting.
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(b) Zig-zag riveting.

Double riveted double strap (equal) butt joints.
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3.~ ‘). Double riveted double strap (unequal) butt joint with zig-zag riveting.
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Fig. 9.11. Triple riveted double strap (unequal) butt joint.
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Caulking tool
Fullering tool

Caulked nivet

B

(a) Caulking.
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(b) Fullering.

Fig. 9.12. Caulking and fullering.
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A double riveted double cover butt joint in plates 20 mm thick is made with
25 mm diameter rivers at 100 mm pitch. The permissible stresses are :
o, = 120 MPa; T = 100 MPa; o= 150 MPa
Find the ¢fficiency of joint, taking the strength of the rivet in double shear as twice than that of
ungle shear.
Solution. Given : 7 =20 mm: d = 25 mm : p'= 100 mm ; o, = 120 MPa = 120 N/mm?;
- =100 MPa = 100 N/mm- ; o.= 150 MPa =150 N/mm?
First of all. let us find the tearing resistance of the plate, shearing resistance and crushing
resistance ot the rivet.
i g resisiance of the plare
We know that tearing resistance of the plate per pitch length,
" P, = (p—-d)txo,=(100-25)20x120= 180000 N
©Siearing resSistance :3_}' the rivets .
Since the joint is double riveted butt joint, therefore the strength of two rivets in double shear is
taken. We know that shearing resistance of the rivets,

' T
Py=nx2x 7 xd?x1=2x2x 2 (257 100= 196375 N

(shing resistance of the rivets

Since the joint is double riveted, therefore the strength of two rivets is taken. We know that

crushing resistance of the rivets, |
P =nxdxtxo =2x25x20x150=150000N

. Strength of the joint ) (  Control lever
= Leastof P, P and P, r
i ~ 150 000 N | p
ficiency of the joint i i{
Wé know that the strength of the unriveted or solid plate, I _ i Cylinder
p:pxlxolzl()()XZOX]zO } Air in ;!
=240 000 N ' : ‘v{ Piston repeat-
} Air out edly forced up

Efficiency of the joint
Least of P, P, and I}

and down by

150 000 air

— —A—MW’_T__N " 240000 jDiapir‘mragm Anvil
- 0.625 or 62.5% Ans. changes the

| route of the
B e . com R I T I oG T T compressed air
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Table 9.3. Size of rivet diameters for rivet hole diameter as per
IS:1928 - 1961 (Reaffirmed 1996).
“Rasicsize |

of rivet 12 14 | 16 18 | 20 | 22| 24 | 27 30 33 36 39 42 | 48
mm

T

- Rivet hole

. diameter 13 15 17 19 21 23| 25 | 285 31.5 34.5| 37.5 4] 44
(min) mm

50

According to IS : 1928 — 1961 (Reaffirmed 1996) the tahle an the aext maom (Talda O A« e



rreierred numbers are indicated by x.
Table 9.5. Values of constant C.

S i

Butt Jjoint (double strap)

|
|

Number of rivets per Lap joint Butt joint (single strap)
pitch length

-

1 1.31 1.53 1.75 j

2 2.62 3.06 3.50 I

3 3.47 4.05 4.63 ;

4 4.17 = 5.52 ;

3 = - 6.00 |

|
J




el |
. / Example 9.4 4 double riveted lap joint with zig-zag rivering is to be designed for 13 mm
hick plates. Assume
G, =80 MPa 1t =60MPa;andc, =120 MPa
State how the joint will fail and find the efficiency of the joint.
Solution. Given : 7= 13 mm: 6, = 80 MPa = 80 N'mm-: T = 60 MPa = 60 N'mm-:
o_= 120 MPa = 120 N'mm- . : .

1. Diameter of rivet

Since the thickness of plate is greater than 8 mm, therefore diameter of rivet hole.
d‘= 6J; = 6J§ =21.6 mm

From Table 9.3, we find that according to IS : 1928 — 1961 (Reaffirmed 1996), the standard size
of the rivet hole (d ) is 23 mm and the corresponding diameter of the rivet is 22 mm. Ans.
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2. Pitch of rivets )
Let p = Pitch of the nvctS: veting [See Fig. 9.6 (c)], therefore
Since the joint is a double riveted lap joint Wltb Z*%’Za% int, the rivets are in single shear.
there are two rivets per pitch length, i.e. n = 2. Also, in a lapJ
We know that tearing resistance of the plate. Cp2H 137 g0 = (p - 23) 1040 N
P =(p-d)~0,~ P

and shearing resistance of the rivets,

T (23)* 60 = 49 864 N
sznx%xd2x1:2xz(23) 60 =49 8

(- There are tWo rivets in single shear)

From equations (/) and (/7). we get
| p—23 = 49864/1040=48 or p=48+23=71mm
The maximum pitch is given by,
Py = C t+41.28 mm
From Table 9.5, we find that for 2 rivets per pitch length, the value of Cis 2.62.
P = 262 x 13 +41.28 =75.28 mm
Since p, _is more than p, therefore we shall adopt
p =71 mm \ns
3. Distance between the rows of rivets
We know that the distance between the rows of rivets (for zig-zag riveting),
p, =033p+0.67d=0.33 x71 +0.67 x 23 mm
= 38.8 say 40 mm \ns
4. Margin
We know that the margin,
m =15d=15x23=34.5say 35 mm \ns.
Failure of the joint

Now let us find the tearing resistance of the plate, shearin

| g resistance and crushing resistance of
the rivets.

We know that tearing resistance of the plate,

Pr=(p = d) 1x0,=(71-23)13 x 80 = 49 920 N
Shearing resistance of the rivets,

n
_ T, n ,
P, nx4><d XT—2><—4 (23)° 60 =49 864 N

and crushing resistance of the rivets,

. Pc:nxdxtxc‘_.:2x23><13x
The least of P, P and P is P,

rivets. Ans

= 120 =71 760 N
= 49 864 N. Hence the joint will fail due 1o shearing of the

Efficiency of the joint

We know that strength of the unriveted or solid plate

P = p Xt x g = 71 x 13 - 8
.. 0= .
-, Efficiency of the joint, : 73 840 N
" _ R 49864
P 73 840 = 0675 or 6750/0 Ans,



fail due to tearing off the plate. S .
bu/ﬁ’lm ple 9.6. Two plates of 10 mm thickness each are to be joined by mean; ya HREH f’ne‘ted
uble strap butt joint. Determine the rivet diameter, rivet pitch, strap t hickness and eff 'C{‘"nc'? of the
Jjoint. Take the working stresses in tension and shearing as 80 MPa and 60 MPa m;‘pe(‘{!\ ely.
Solution. Given : 7= 10 mm ; 6, = 80 MPa = 80 N/mm? : T = 60 MPa = 60 N/mm~

1. Diameter of rivet
Since the thickness of plate is greater than 8 mm, therefore diameter of rivet hole
d =6t =610 = 1897 mm
1961 (Reaffirmed 1996), the standard

From Table 9.3, we see that according to IS : 1928 -
\ns.

diameter of rivet hole ( d ) is 19 mm and the corresponding diameter of the rivet is I8 mm
2. Pitch of rivets
Let p = Pitch of nvets.
Since the joint is a single riveted double strap butt joint as shown in Fig. 9.8, therefore there is
one rivet per pitch length (i.e. n = 1) and the rivets are in double shear.

We know that tearing resistance of the plate,

=(p-d)txo,=(p-19)10<80=800(p - 19)N ()
and shearing resistance of the rivets,
n >
P_=nx1875x Fy xd-x1 ...(" Rivets are in double shear)
Y/
=1 x1.875 x 2(19)260=3I9OON Len=1) (i)

From equations (/) and (ii), we get
800 (p—19) =31 900

According to 1.B.R., the maximum pitch of rivets,
P = C-t+41.28 mm
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From Table 9.3, We find that for double strap butt joint and 1 rivet per pitch length, the value of

e 175
( 15 - 3
. Pmar = 175710+ 41.28 = 58.78 say 60 mm

From above we sec thatp =p, =60 mm -

r nlates
kr1SN 0l cover | aies

hat thickness of cover plates,
t, = 0.6251=0.625x 10=625mm  Ans

we know t

sy of the joint
We know that tearing resistance of the plate,
P =(p-d)txac,=(60-19)10 = 80= 32800 N

4nd shearing resistance of the rivets,

T
P, =nx1875x 7 xdf xt=1x 1875 2 (19760=31 900N

-. Strength of the joint
= Least of P,and P =31 900 N

Strength of the unriveted plate per pitch length
P =pxtxc,=60x10x 80 =48 000 N

.. Efficiency of the joint,
Least of P, and P, _ 31900
n= P = 48000
utt joint with two cover plates for the longitudinal
d to a steam pressure of 0.95 N/mn?’. Assume joint
0 MPa : compressive stress 140 MPa ; and

=(.665 or 66.5% Ans

Example 9.7. Design a double riveted b
seam of a boiler shell 1.5 m in diameter subjecte
efficiency as 75%, allowable tensile stress in the plate 9

shear stress in the rivet 56 MPa.
\E'lu“(”L leen : D _ ]'5 m = ]500 mm ; P = 095 N/mm2 ; n[ = 75(y0 = 075 N G{ = 90 Mpa

-9 N/mm?; 6_= 140 MPa = 140 N/mm?; =56 MPa = 56 N/mm?

Thickness of boiler shell plate
We know that thickness of boiler shell plate,

.95 x 1500
. P.D +lmm=_(—)——5————6—7§+l:ll()sayl2mm \ns.
20, X, 2 x 90 x 0.
Diameter of rivet
l han 8 mm, therefore the diameter of the rivet hole,

Since the thickness of the plate is greater t
i & 61 ~ 612 =20.8 mm
ng to 1S : 1928 1961 (Reaffirmed 1996), the standard

From T accordi
able 9.3, we see that accord! ) . . L
i d the corresponding diameter of the rivet1s 20 mm. Ans.

(lame‘e’ of the rivet hole ( d ) is 21 mm an
] Ilil( h ”/ rivets

Let p

res; The pitch of the rivets is obtain¢d by equating th

'Stance of the rivets.

We know that tearing resistance of the plate, |

P’ =(p ~d)tX 0":([7 ~-21)12 x90 = lOX()(p—ZI)N )

t, as shown in Fig. 9.9, therefore there are

Since the joint i i double strap butt join
. e joint is double riveted dou . 7 _ X
J 2) and the rivets are in double shear. Assuming that the rivets in

_ pitch of rivets.
e tearing resistance of the plate to the shearing
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s : l
double shear are 1.875 times stronger than in $ing

: 2
Shearing strength of the rivets, y g2 | 8T5% (21) x 56 N
- ndgs" (i}
P‘qnx|875’( .\ EL)
- 73 745N
From equations . and we get

5+21=28835 say 90 mm

10R0 (p - 21) = 72 745 |
f a boiler is given by

p- 21 =72745/108 el
R itu
According to 1.B.R .. the maximum pitch of rivets for long

,) r:( X’+4].28mm

From Table 9.5. we find that for a double riveted do

length, the value of C1s 3.50.
' p,. =3.5x12+41.28 =83.28 say 84 mm

e rivets,
Since the value of p is more than P e therefore we shall adopt pitch of th
p =P, =34 mm \ns.

0=67.35 or p’673
oint 0

uble strap butt joint and two rivets per pitch

Assuming zig-zag riveting, the distance between the rows of the rivets (according to I.B.R.),
p, =033 p+0.67 d=033x84+067%x21=41.8say42mm \ns

According to I.B.R., the thickness of each cover plate of equal width is
f, =0.625¢t=0.625x12=75mm Ans.

We know that the margin,

m =1.5d=1.5x21=31.5say 32 mm \ns,
Let us now find the efficiency for the designed joint.
Tearing resistance of the platc

=(p-d)txo,=(84-21)12x90= 68 040 N
Shearing resistance of the rlvels

P, =nx1875 Z xdix = ”><1875x~('>1)~x56=72745N

and crushing resistance of the rivets,
P‘ —n‘dx(xn =2x2
Since the strength of riveted joint is the lcdst value of
riveted joint,

P, = 68 040 N
We know that strength of the un-riveted plate

P - Pel=0, =84 < |2 9 =

. Efficiency of the designed joint, 2 720 N

- B _ 68040
p 90 720 " 0.75 or 75% \“\“
Since the efficiency of the designed joiny i €qual to the iy .
design is satisfactory. en efficiency of 75%, therefore the
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. & xample 10.1. 4 plate 100 mm wide and
QJ 0 mm thick is to be welded to another plate by means
of double parallel fillets. The plates are subjected to
a static load of 80 kN. Find the length of weld if the
permissible shear stress in the weld does not exceed
55 MPa.
Solution. Given: *Width = 100 mm ;
Thickness = 10 mm ; P = 80 kN = 80 x 10> N;
T =55 MPa = 55 N/mm? " -
Let / =Length of weld, and
s = Size of weld = Plate thickness = 10 mm
... (Given)
We know that maximum load which the plates can carry for double parallel fillet weld (P),
80 % 10 = 1414 x5 x I x 1=1.414 x 10x/x55=778]
. /1 =80x10%/778 =103 mm
Adding 12.5 mm for starting and stopping of weld run, we have
”17‘= 103+12,5=115.5mm ‘Ans.

Elecfric arc welding

Superfluous data.
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Voiu/lss§S X1 . s XI[”

\,\_// Example 10.2. 4 5¢0 mm diameter solid shaft is welded to a flat /sl ;
plate by 10 mm Jillet weld as shown in Fig. 10.12. Find the maximum | '
lorque that the welded Joint can sustain if the maximum shear stress

_ e e Fig. 10.12
intensity in the weld material is not to exceed 80 MPaq.
Solution. Given : d= 50mm;s=10 mm: Tpmax = 80 MPa = 80 N/mm?
Let T = Maximum torque that the welded Joint can sustain.
We know that the maximum shear stress (T, ),
— 287 2837 _283T

nsxd® . mx10(50)2 78550
T = 80 x 78 550/2.83
= 2.22x 10° N-mm = 2.2> kN-m Ans,
Example 10.3. 4 plate 1 m long, 60 mm thick is welded to
another plate at right angles to each other by 15 mm fillet weld as TQ
shown in Fig. 10.13. Find the maximum lorque that the welded
-joint can sustain if the permissible shear stress intensity in the
weld material is not to exceed 80 MPa. 7

: o} < N
siven: [ = = [ ; Thic = SN\ /
Solution. Given: /= Im = 1000 mm ; Thickness — 60 mm: | \\\\, .
s=15mm;t, = 80MPa=80N/mm? SN

1aAX ‘ “\\‘!
s T = Maximum torque that the ‘ k /

. == I,
welded joint can sustain. Fig. 10.13
g 10013



Welded Joints = 353

We know that the maximum shear stress (T ),
80 = 4242T 42427 0283 T
sx I 15 (1000)° 10°

T =80~ 10°/0.283 = 283 » 10° N-mm = 283 kKN-m A ns

1M 100 Clormnmradba ~8 D. A 1. 2.



DECHIN of  cowpIne
J (]

; Shap/ cocapron
l S— -

«79[-.0{’/9 aye “uscwatsy eavastebtre uvp fO  Fmetes ;e(n]fA o L

40  inconvensence on fvaﬂ;ﬁoa/- D ovYey fo have adfe/cb
;eUM, of becomes necessar’y  #0 Joonf fwo oy IDOU'Q'D)EC8¢

coSPLoOn
‘op fhe Q[aD/ bY meong of a cowprin S % ’¢£ d
K—¥m
27 29 an vy emen/ by whsch two Shapf C8P be

soon/  forethern M'm‘aia femporary JoInt o TS AempoTer)
~Soond  of rnowr ag COUP[p‘rH.

'a(iqua-f,'(:m)(?r)/S n{\) o /j(wnf g Adf)/ Copy o'n
- /4

B
P d”f Q/;Orf’; Cmf/’/”‘(”[ showtd have pPosiowrn pc/eunepen/
() eer
® s¢ Shotrd froncms/ the Pl powey Prom oOre Sharf
t0  fhe ofheT Shap/f wothowf 1ossel

@ of Skotory be eas’y 4o connec/ 0 992%¢

® of Shotwrd hotd £ Shapfs On /,e,peC/' e_n(‘]nfnen/

@ 5f Showtd be vedUCe fthe TaenSmd»So0/) OF SAOC‘K
| toad Psom one Shapnf £0 onofhCD SAo.Pf

l© #¢ Showtd be po /D‘FOB"G’C/U pazr/< o

TYPES 0P Qhapf Cowprsn
_— d

-

D @30 cowpron
| (j 7 Pd — ¢ 9% Uusey yo cormec/ f@0 Shers
| whoTh OFC peypect /Y atgjn eof .

po/;owOU TYPCS op r{bdgy Coteprp aye
g Greeve o5 mupp Cowproy ﬁ
Cramp oF - A
g P10/ - mupp oy cd/mm’sc'?bf) GO&PMU

© propre Cocnpfzg -



o9

i
A ltf

i

@ .Pte:ss‘éff GO&P{D‘DJ’

2 of 95 vsey fo connect

eny eu(vjcm'n oo tadnmen/-

es
piexsbre coczme are (’ouowzb/ TYP

(® pusheyd .pin PYPE cocapm(n]
® Unwe'vgo/ cocypra(‘nj
@ O/9 Ao coca,o/ogj

—

Qreeve 00 PP COWPIID
. | 292
pe Sompresf - #YPC OF -o*d

I

7, cch,Df:rCn/,ma«/C’ op
9t 95 1 |

cas{ o¥oN

7

OB cofes o oomefCs OF fAC greeve D = 291 /3 PP

Ierzrfh oP‘ Sreeve L

U

3+ of

o = yramefes op the Shalf

® @cs'gn fov Sreeve
o —

T - Torpue fo be f'wnsmowej by the coupw(v/-
- A

5 pewmosso‘ére Sheas gf'yesg
TOTIEC 'r'runsmo‘//ff bY HOrrowd gecfwf)

T %XQ[‘CDV-O/V]: %XEX @50,& /‘a'

D

oW 48




® ﬁr)csan Fos KEY

;erarfk op Fhe KeY(L€)
6 = L = B'Q_°/'

r—

2 & .
TOBGE T FOnSm>77C 7’

7T = EXWXTXY

Cc,onsa"a’e'a*o‘n ghen'wnda o
we
T =¥l X € xg

)
T C

Tl
& & CC"”’S""/C""”‘D crushony of £he
(J C] ey )



RGP SR AR G T T e,

the same end ot cacll SAATLOTHICY Hdy DEAHVER TTom opposite ends.
paample LV Design and make a neat dimensioned sketch of a muff coupling which is used to
connect two steel shafts transmitting 40 kW at 350 r-p.m. The material for the shafts and key is plain
carhon steel for which allowable shear and crushing stresses may be taken as 40 MPa and 80 MPa
respectively. The mater tal for the muff is cast iron for which the allowable shear stress may he
assumed as 15 MPa.
Solution. Given @ P = 40 kW = 40 x 10} W;
\ - 380rpmi T, - 40 MPa =40 N/'mm?*; 6, = 80 MPa -
ON mme; =10 MPa=15 N/mm?
The muft coupling is shown in Fig. 13.10. It is
designed as discussed below :
Nesten for shaft

Let d = Diameter of the shaft.

We know that the torque transmitted by the shaft,
kev and muff,

A ryper of muff couplings.

3
_ Px60 = 40 x 10" x 60 _ Note : This picture is given as additiona
= 21N 2 X350 1100N-m information and is not a direct exampie of the
current chapter.
= 1100 x 10°* N-mm .
We also know that the torque transmitted (7), .

1100 ~ 10° ;%xrs x d’ =%x40xd3 =786 d°
d* = 1100 x 10%/7.86 = 140 x 103 or d = 52 say 55 mm Ans.

Nen Jor \i(’n’\'t‘
We know that outer diameter of the muft,
D-2d+ 13mm=2x55+13=123say 125 mm Ans.

and length of the muff,
L ~35d-3.5x55~192.5say 195 mm Ans.
Let us now check the induced shear stress in the mutl. Let 7_be the induced shear stress in the
Mt which is made of cast iron, Since the muf is considered 1o be a hollow shatt, therefore the torque
Tansmined (1),

) - d n
LHOG -~ x X T ' ! : }- X1
16 ‘A ) 1o

370 * 10 ¢t
1100 ~ 10370 10" 297 N/mm’

‘ Since the induced shear stress i the mufl (castiron) is less than the permissible shear stress of
SN
-

i!}

heretore the design of mutt s sale

NIgN for ke
From Fable 13 1. we find that for a shaft of 38 mm diameter,
Width of key, w = 18 mm Ans.

Sinee the ¢ rushing stress for the key matenial s twice the shearing stress, theretore a square key
“s\\ l\\\ “\\ "

-



- Thickness of key, 7= w= 18 mm Ans.
We know that length of key in each shaft,
[=L/2=195/2=97.5mm Ans.
L et us now check the induced shear and crushing stresses in the key. First of all, let us consider
shearning of the kev. We know that torque transmitted (7)),

55
1100 x 103 = Ixwx T, x§=97.5x 18 x 1, x? =482~ 10°1

T = 1100 x 103/ 48.2 x 103 = 22.8 N/mm?
Now considering Lrushmg, 2 of the key. We know that torque transmitted (7),

t d 18 55
11 ]3=lx—><om_><—=97.5><——xocs><—: 4.1 3
00 x 10 5 X2 5 5 24.1 x 10 o
g -llOO><]O3/24l><103—456N/mm2

Since the induced shear and crushing stresses [ —
are less than the permissible stresses, therefore the

|
design of}iy{gafe. {
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~ & ~ {ak o IS () 3. 4
Note: The value of i may be taken as (. . m. The all
| Example 135 Design a clamp coupling to transmit 30 kW at 100 rp. owable Sheqy
LNal -~ e -

‘ ' C 'ti two halve: ;
or the shaft and kev is 40 MPa and the number of bolts connecting th;)? " theg are six. 1,

eI\ . > ‘~ ( . A { " ) ) ;
musimfh,n, mjj/(. stress for the bolts is 70 MPa. The coefficient of friction between the muff gy, dih,
permissible tensile stress.

» D s by tradng 0.3

shaft surface mav be taken as 0.5. o i o

 aolution. Given s P — 30 kW =30 x 103 W N =100 rp.m. ; T = 40 MPa = 40 N/mp:.
n=6.0 - 70 MPa =70 N/mm’; n=0.3
Let | d = Diameter of shaft.
We know that the torque transmitted by the shaft,

3
T = £ RO0 _ 0= 10 akil = 2865 N-m = 2865 x 10° N-mm
2mN 2nx100

We also know that the torque transmitted by the shaft (7),

2865 x 103 = £><~c><al3 :£><40><d3 =786d3
. 16 16
d,

]

2865 < 10° /7.86 =365 x 10% or d=71.4 say 75 mm Ans.
ien for mufi

We know that diameter of muff,
D =2d+13mm=2
and total length of the muff,

L=35d=35x75= 262.5 mm Ans.

x 75+ 13 =163 say 165 mm Ans.

1 for key

. The width and thickness of the key for a shaft diameter of 75 mm (from Table 13.1) are &
OHOWS

Width of key, w
Thickness of key, ¢
and length of key

4. Design for bolr

=22 mm Ans.
= 14 mm Ans.

= Total length of muff = 262.5 mm Ans.

l,t,‘.l d, = Root or core diameter of bolt.
We know that the lorque transmitted (7)
2
T[_ R
2865 < 103 = — x ’ L 2 ‘
6 “Pd) 0, xnx o = T <03 (dy)? 70 x 6 x 75 = 5830(d,)

B | (d)* = 2865 « 103, 5830 =492 ,=222
From Tabfe 111, we find that the standy d o P the "
. p 5 < r Y T At E ¥ > fes
23.32 mm and the nominal diameter of he bolt is "7u)rc 2ot the BT 10F cpare st

mm (M 27) Aps.
123168 Flanma oo bin ). Ans
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W hen the Key matctial s sdlliv ds a5 i =y 7 -

| =1571d .. [From equation (vi)]
: *.1. Design the rectangular key for a shaft of 50 mm diameter. The shearing and
/mcr ing stresses for the key material are 42 MPa and 70 MPa.

S _Given : d= 50 mm ; T = 42 MPa = 42 N/mm*; 6, = 70 MPa = 70 N/mm*
The rectangular key is designed as discussed below:

From Table 13.1. we find that for a shaft of 50 mm diameter,
Width of key. w =

= 16 mm Ans.
and thickness of key, ¢

10 mm Ans.

The length of key 1s obtained by considering the key in shearing and crushing
Let [ = Length of key.

Considering shearing of the key. We know that shearing strength (or torque transmitted)
of the key,

d
= I><wx1x5=1x16x42x% =16 800 / N-mm
and torsional shearing strength (or torque transmitted) of the shaft

n
T = I—-thd3=£

3
N P 16 <4260 =1.03 x 10° N-mm
From equations (/) and (//), we have

['=1.03x10%/16 800 = 6131 mm
Now considering crushing of the key. We know th

the key, at shearing strength (or torque transmitted) of

T—~1XLX0 x£=lxl0 §0
2 2

3‘ X70x — =8§750 I N-mm UL
and (/1) , we have B

[=1.03<10° 8750 = 1177 mm
Taking larger of the two values, we have length of key

l

From equations (/1)

F17.7 say 120 mm Ans

RU———
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e 1,‘; “;um) ppm. motor has a mild steel shaft of 40 mm diameter and the
| oshide | ' resses ' cmild steel key
\ h S mm. The permissible shear and crushing stresses for ”“} } ( ‘ &t;m
B e e . ) AN , — ] s shear stren )
(’»\11:1-‘[‘“‘" ; !;\\ MPa ”(‘\‘1\2" the keyvway in the motor A‘lhl/f ¢xtension ( hl ck the 15 1 ,,,/
56 MPaana ll. ! NI | ,
3 Cnor areneth of the shaft.
the kev against the normal strength o ( | | |
T ob Given - P = ISKW 15 < 10" W, N = 960 rp.m. . d = 40 mm ;[ T5 mm
o 1VEN : $ :
)
= S6MPa- SeNmm .o 112 MPa - 112 N/mm#

We know that the torque transmitted by the motor,

Px60 15x10% x 60

2N 27X 960
Let w = Width of keyway or key.
Considering the key in shearing. We know that the torque transmitted (7)),

149 N-m = 149 ~ 10’ N-mm

40
149 x 10 = wax1x%=75xw><56><-2- =84 « 10 w
o w =149 x 10*/ 84 x 10* = 1.8 mm
This width of keyway is too small. The width of keyway should be at least d / 4.
I
2 i = mm Ans.

Since 6_ = 21, therefore a square key of w = 10 mm and ¢ =
According to H.F. Moore, the shaft strength factor,

o)) () e

10 mm is adopted.

¢ 2d

10 10
. 1~().2(—-)~ oo |
2 (2X40) 0.8125

" Strength of the shafi with keyway,

X } l
X Txd xe = 16 < 56 (40) 08125 - 57 gaq N
and shear strength of the key
wax'cx‘l._-’fﬁxl() aA.
5 ; x 56 x N 840 000 N
Shear strength of (he key 840 000 “

Normal strength of the shafy 571 844 1.47 o

Gt e S
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K = Kadius ol the pulley.

i vample 14.1. 4 line shaft rotating at 200 r.p.m. is to transmit 20 kW. The shaft may be assumed
10 be made of mild steel with an allowable shear stress of 42 MPa. Determine the diameter of the
shaft, neglecting the bending moment on the shaft.

Solution. Given : N=200 r.p.m. ; P =20 kW =20 x 10° W; T = 42 MPa = 42 N/mm?
Let d = Diameter of the shaft.
We know that torque transmitted by the shaft,

_ Px60 _20x10° x 60

2IN - 2mx 200
We also know that torque transmitted by the shaft ( 7'),

=955 N-m = 955 x 10° N-mm

\
o
’},Uﬂ

955 x 103 = %xrxd3 =%><42><d3= 8.25 43
: & =955x103/8.25=115733 or d=48.7 say 50 mm Ans. -
Example 14.2. 4 solid shaft is transmitting 1 MW at 240 r.p.m. Determine the diameter of the

shaft if the maximum torque transmitted exceeds the mean torque by 20%. Take the maximum allowable
shear stress as 60 MPa.

Solution. Given: P=1MW=1x 10°W ; N=240tpm.; T, =127, ;7T =60 MPa=60 N/mm’
Let d = Diameter of the shaft.
We know that mean torque transmitted by the shaft,

Px60 1x10°x60
- - — 39784 N-m = 39 784 x 10° N-
Tnean = SuN = 27x 240 S N-m=3 =




'EXibook

of Maa:-

514 = A Textbook of Machine Design

-, Maximum torque transmitted,

r =121 =1.2-x39784>«103=47741><103N-mm

max

We know that maximum torque transmitted (70

or

F.xa

47 741 ~ 10} = %xrxd3 =—1€x60xd ~-11.78d

d® = 47741 % 103/ 11.78 = 4053 * 10°

d = 159.4 say 160 mm Ans.
mple 14.3. Find the diameter of a solid steel shaft to transmit 20 kW at 200 rp.m. The

ultimate shear stress for the steel may be taken as 360 MPa and a factor of safety as 8.

Ifa

when the

hollow shaft is to be used in place of the solid shaft, find the inside and outside diameter
ratio of inside to outside diameters is 0.5.

<olution. Given : P =20 kW =20 % 10 W:; N=200rpm. 5T, = 360 MPa = 360 N/mm’;

FS.=8:
We

Diamete

k=d/ d = 0.5
know that the allowable shear stress,

T=_1L=_3_§9:45N/mm2
_ F.S. 8
r of the solid shaft

Let d = Diameter of the solid shaft.
We know that torque transmitted by the shaft,

. Px60 20%10° x 60 — 055 x 10° N
= — = = - bt X -
AN 2mx 200 m mm

We also know that torque transmitted by the solid shaft (1),

Diameter of hollow shaft

T T
955><103=—-x'c><d3=—x45xd3= 3
16 16 8.84d

d? =955 x 10°/8.84 =108 032 or d=47.6say 50 mm ADS.

Let d = Inside diameter, and

We know that the torque_transmitted by the hollow shaft (T),

and

d, = Outside diameter.

955 x 10® = lltéx t(d,) (1- kY

ATTROSENRIR S o ey

- s, 1~ 0911 =83y

(d ) =955 x 10°/83=115060 or d,=48.6say 50 mm Ans.
d =05d,=05x 50=25 mm Ans.

T Py O o YN Y

IR R T



two values i adopted.
pxample 14.5. 4 solid ci
. circular .
10 000 N-m. The shaft is ma d:}:);f; 515 subjected to a bending m
C 8 steel having ultimate ten()s,ir;z’;tt ’ 3{?0 Wl
ress of 700 MPa and

a ultimate
shaf.




518 = A Textbook of Machine Design

Solution. Given :
c,, = 700 MPa = 700 N/mm?; 1, = 500 MPa = 500 N/mm*

We know that the allowable tensile stress,

o, _ 700 5
c,0r o, 7 —6— = 116.7 N/mm

and allowable shear stress,

T, 500
= =— =83.3 N/mm?
"“FSs 6

Let d = Diameter of the shaft in mm.

M = 3000 N-m = 3 % 10° N-mm ; 7" = 10 000 N-m

According to maximum shear stress theory, equivalent twisting moment,

10 7 106 Ny,

T, = [M? +T% = \J3x10°)% + (10 x 10°)> = 10.44 » 10° N-mm

We also know that equivalent twisting moment (7)),

n d3=%x83.3xd3=l6.36d3

6 = — XTX
10.44 < 10 16

]

d3

10.44 x 106/ 16.36 = 0.636 x 10° or d =86 mm



"ol

According to maximum normal stress theory, equivalent bending moment,

M =1 (M+\/M2+T2) L(M+T)

= 1 (3%10° +10.44 x10°) =6.72 x 10° N-mm

|

We also know that the equivalent bending moment (M),
6.72 x 106 = I x5, xd® =T x1167xd> =li.46d3
' 32 32 :

d3 = 6.72 x 10%/ 11.46 = 0.586 x 10° or d=83.7 mm
Taking the larger of the two values, we have
d = 86 say 90 mm AnS.
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QUICTCIN HatUial 1V
Drrmiie 23.1. A compression coil spring made of an alloy steel is having the following
gNCifications : - .
Mean diameter of coil = 50 mm ; Wire diameter = 5 mm ; Number of active coils = 20.
If this spring is subjected to an axial load of 500 N ; calculate the maximum shear stress
(neglect the curvature effect) to which the spring material is subjected.
Solution. Given: D=50mm ;d=5mm ; *n=20; W=500 N

We know that the spring index,
: D 50
s ew T we— 10

© g §

~. Shear stress factor,
K = 1+——I—-=l+ 1 =1.05
. ak 2x10
and maximum shear stress (neglecting the effect of wire curvature),
T = Ky X e = 1,05 x 2200 X350 _ oo o Niee?
nd nx5

s AR : = §34.7 MPa Ans.




from a wire of 6 mm diameter and has outside diame,
V - r

,_ 310 4 helical spring is made b
"/ g > il s is 350 MPa and modulus of rigidity 84 kN/mm? find i,

* ¥ R P s vhear st
75 mm. If the permissible shear . | i
- oy deflection per active turn.

. - spring can carry and the
axial load which the spring can carry ane o
7§ mm : T = 350 MPa = 350 N/mm*; GG = 84 KN/

Solution. Given : d = 6 mm; D,
=84 ~ 10 N'mm’
We know that mean diameter of the spring,
D=D -d=75-6= 69 mm

(‘— 2:92:115

- Spring index, 46
W = Axial load, and
8/ n = Deflection per active turn.

Let

1. Negiecting the effect of curvature

We know that the shear stress factor,

K = 1+L=1+—1——=1.O43
2C 2x11.5

and maximum shear stress induced in the wire (7),
. W x 69
350 = Kg ><§—VFTD= 1.043><8—3
nd X6

W =350/0.848 =412.7 N Ans.

We know that deflection of the spring,
8W.D’.n
-G
-. Deflection per active turn,
5§ 8W.D' 8x4127 (69)

n o Gd' 84x10°x 6

2. Considering the effect of curvature

=0.848 W

=996 mm Ans.

We know that Wahl’s stress factor, .
4C | . 0615 4x115-1 0615

K = e — + =1.123
’ 4C -4 ( 4x115 -4 115
We also know that the maximum shear stress induced in the wire (1),
8W.C 4 S
350 = K x s = (123 x X XULS _hoiw
nd’ X6

W = 35070913 - 383.4 N Aus.
and deflection of the spring,
KW, 1)*,,’1
. (r"([%
. Deflection per active turn,
6  BW.D' ¥x 3834 (69)
s e T T 0T 29,26 ANS.
/ H G.d* 84 x 10" x 6* A fasn?
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