Anlal deformaton &f o Slepped  ban

5 .
& 14| b Tpdz |
L-l | LD. Lg
EJ A_1 ; P
Ly
-P Ao .
I |
P, T
= —
La
Lo KRR 30KN | 20KN ] 2 = qokN.
- = <« | 7
ef— f—tm
KN
Zf—. 70 KN

€ = = fiLs

\l

Phi, LQ—\_‘

-

KA
90 ’_QOM

S—




Statally Ddarinale  Stuchpe

If a atruedise can be SHwd for e N
e place menis Stauns ard  Stressea Uning only the |
Qfadee Qquahbnﬁ Gf E_qucb,ér,uum (56 =0, SE =0 !:
S fz =0, My =0, 5My =0 Z My =0), flen fhe |
ghwehwe 11 o AMokcaly debyvninalz Shuctune.
(56020 Rt achrg o the x-dmclon Gumdtond)
izm;q:o Summatitn 6f nmeedt ootk fre X-oxis.

i_graﬁmllx Tndkeleyventiode  shuckune.
. Tg o Shucture Can vef e gofvad .. ..,

Hew oo you Sofre o statiaally Trddexrnate shuctue.
B Wiy compalibilily Bqualton |
Dreplaevect tompati ki ldy RqUodion
Shown mmpattbibly cquation,

%; A eA |
(VPP !
3 | i
7] e
.Y:Lé.’;ltﬁ% l C
Re

Fvee Bqufhalum gquadion > R+ Re~ P

Mamen!- a_qwﬁby\myn Qqua"-!‘drf) doos et oxist becamse
T}’i\_.;nng..m no omendt BNDM&A in the Given
Compatibildy Bquotion o Elogadon . Bhotkny
Wy of- ?&m AR & Pocken
Kali . Rele

AE Py




&

Hl-"”ll‘A rl—aHa E_‘: .Q-ODC(YPQ

a
| Ef:QDoxbilia
Qob )] fom\'; nm

B By = \0b Gife
| 32
Y — rrTTa—— _B E‘Q - |Ob b o \O .L'\’)—,l—_
' am
|60 MM 71ooN
%
| RSmm, B, | N

|
Displacement  compak ilidy 2quatten:

- Elwgodon & Bnockeniy

Echon A of pocdion BC

Ra L1 Rela
| Al E Y=
| Ra 200 Re 9o
| o % %Db N5 x L0O

= Re 1. - 0.4K @
QA e 25 c

Sushitubng @ n © R

Spe = 38-57x R00
? [O% 2060

1i 8oy = 2.857F vm,

\ zldDN [
4 Re o, - RALs
Ro= Tl 42357; ;f P by
Ra = |66—T1 42857 N Sge = 1428 »100
25 % o0

RA = 2%67“’(285§ S.EC_': 2. 857 o,

Fru Equlibnium equiden RA+Re = 100 N—0 |




| Elergodion of @ tapered lron,

2L ‘ 'C’h‘ Ll 1
1‘, 2 / d d‘_‘_(’dgr-d\
]
b 74 - /A{‘\‘ ~ = ©
&x ': -:‘ | ‘r; d:oll
x| ,
: By = —L/
I dt d = dg
P

 Ovese-Sookoml Aaa ab diStomax = gdl

b+ P
lé— ? CL‘Z —d,
@5\\%—8:@

E\J)lgo:h}n of the Zhaded Fagism = _%OVE_&

i
ﬂ Coh —\-8,9() E.

-~

Elbngaten ¢ the erpemd St = j'WCO\m—SX)E

: ﬁ'_f(d-rgoc) OQ)L @+ax52\]

LTS 8
o
@*8 20]

\ \
= AP () _— -
1“5( dy—d| I""*ég"dt‘"" o\w:.“{i})

L

APy L L) elsslE L
ot D OL'Z A= ,4'__?_( D.__-E%

e da—dld
. 4P _ L~ dpdi _ 4Pk
B éﬁé’zgwlt dids  Ued do

a9




<] \ X
&k SNS COLLEGE OF TECHNOLOGY Page 1 of 2

UNIT - 1.2.1 STEPPED BAR -3 REGIONS PROBLEM

A stepped bar is shown in Figure. AB =800 mm, BC =500 mm and CD = 900 mm. Find

the force I, stresses and strains in all the regions and the total elongation of the stepped
bar. The stepped bar is in static force equilibrium.

B C D
A
— —p pre—  E—
60 kN 120 kN 50 kN P kN
¢ 20mm > 30mm
E =200 GPa ¢ 40mm E =100 GPa
E =170 GPa

For static force equilibrium condition of the stepped bar, ZFX =0, i.e., summation of
forces acting along x-direction = 0.

Forces acting to the right are considered positive.

Forces acting to the left are considered negative.

Let us take P as positive. If, after calculation, P is negative, then P is acting to the left.

B C D

A

e

> — o
60 kN 120 kN 50 kN 130 kN

60 KN | Compression [ GoRN

— 1 )
180 kN Compression 180 kKN

C .
130_—’kN ompression 130 kN

F 3

é‘L:i I)ILI — RL‘ + 'PZLZ + I)JLJ
T AE, AE, AE, AE,
- 3 . 3 a5 3
5L=,E 60x10°)x 800 +( 180x10 )x500+( 130x10°)x 900
¥ 20°x200x10° %x402x70x103 §x302x100x103

=-3.44229 mm

Sy g Sug

ol e
LdZTITY 100 )
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CLLSTITU 10012

A slightly different problem — but a completely different answer:

Note this load B C D
A \
A  — P— ——
60 kN 120 kN 50 kN P kN
60-120-50+P=0 = P=110KkN
B C D
A
— I ——  —

e | s ‘
60 kKN Compression m

R Tension —
60 kN 60 kN

— Tension .
110 kN 110 kN
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UNIT - 1.3.1 INDETERMINATE STEPPED BAR PROBLEM

A stepped bar ABC has its both ends A and C fixed as shown in the Figure. The length,
diameter and Young’s modulus of region AB are 600 mm, 10 mm and 200 Pz,
respectively and that of region BC is 1000 mm, 30 mm and 100 (P2, respectively, An
Axial load of 25 kN acts at B along the positive x-direction. All the applied loads and
reactions act through the centroids of the cross-sections and form a collinear force
system. Find the stresses, strains and deformation in the regions AB and BC,

ﬁ A B C 4
%
7 25 kN 7
/) /,
% L] =600 mm L2= 1000 mm /
d|=]0 mnf d2= 30 mm
E;i =200 GPa E, =100 GPa

From the loading diagram, we can infer that region AB undergoes tension, ie., region
AB elongates and region BC undergoes compression, i.e., region BC shortens. Also we
can infer that some portion of the total load is used to elongate region AB and the
remaining portion of the total load is used to shorten region BC.

Let us call the support reaction force developed at A as Ry and that at C as Rg.

e o] — PP .
R, 25 kN Re¢
— Tension —
RA RA
Re Compression *—'—R(

From the free body diagrams, we can infer the static force equilibrium equation as
that R, + R. =25 kN ................. (1)
Equation (1) cannot be solved since there are two unknowns. Hence, the given stepped
bar is an indeterminate bar. To solve this indeterminate bar, we need “compatibility”
equation or “compatibility” condition which is given by

“Elongation of region AB = Shortening of portion BC”

P

5,=6 o I_L1_=£2_Il - R, %600 = R.x1000 2

BC
AE, AE, %xlﬂ’xzﬂﬂxlo’ §><302><100><103




ELONGATION / SHORTENING OF A UNIFORMLY TAPERED BAR

) 4
4 \
\‘| ﬁ
¢D | -
2 E ¢Dx A ¢ Dl
P N N - Y P
: Y
[y
! »
x|
L 7

Consider a uniformly tapered bar of length L and having diameter D at one end and diameter
D, at the other end, subjected to an axial centric tensile load P. We have to determine the
elongation of this tapered bar. The distance of any point along the centerline of the bar is
measured from B and is designated as x. At the right end B, x = 0 and at the left end 4, x = L.
First we find the elongation of a small strip of thickness dx at a distance x from end B. we
then integrate this term from “zero to L” to find the total elongation of the tapered bar. Since
dx is very very small, this dx length is assumed to be a prismatic region with diameter Dy.

DZ—D‘)x=D1+gx

The diameter at any section at a distance x from the end B= D, =D, +(

where g = (Dz ;D' ) = diameter gradient = slope = % . (Straight line equation y = mx + ¢).
Check: Atx=0,Dy=D;; Atx=L,Dx=Dy;
Pdc_ Pdc _4Pdx

t4P dx 4Pj‘~ dx

Total elongation of the entire tapered bar= 6 = | —==—|———F
o ¢ ;!.ﬂ'DiE ﬂEO(Dl+gx)2

Elongation of the strip of thickness dx =

(Why did we take the term (%J outside the integral?)
V4

n+l r
1 (a+ bx) J
S

4P % 2 f o =
5=;E;[(D'+gx) dx We know that :!(a+bx) dx [b —

Applying the above integration formula to the present case, we get
+4E L

5_ 4P 1(D+g)™ | __aP[ 1 J
nE|lg (-2+1) | nEg| (D +gx) |,

(Why did we take the term g outside the boundary term?)
Substituting the upper limit and lower limit values for x,




AW -

b

5= 4p F 1 _ 1 ]z— 4p 1 1
7Eg| (D +gL) (D, +0)| 7Eg (DI+D2—D, LJ—E
L
5=_£(L_LJ=_ 4P [D,—D2]= 4P l:Dz—D,:I_ 4PL
7Eg| D, D, nEg| DD, | _pD,-D| DD, | zEDD,
L

(Negative sign is used to change (D, —D,) to (D, —D,)since c. Refer Figure.)

In case of a prismatic bar, D, =D, =D,

4PL PL L 2
then 6 = > = ~— = where 4= 7
mED (ﬂ'D ) AE
E
4
P ) P
Normal stress o, at the left end A = — Normal stresso, at the right end B =
=P %Df

4

Since D, >D,, o,>0, .

Applications of taper
In tapered bearings.
To secure cutting tools or tool holders in the spindle of a machine tool or power tool.

In Conically tapered joints.
Luer Taper, a standardized fitting system used for making leak-free connections between

slightly conical syringe tips and needles
Tapered thread, a conical screw thread made of a helicoidal ridge wrapped around a cone

Tip chord

Taper ratio in a wing = .
P E Root chord
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UNIT = 1.5.1 ELONGATION / SHORTENING OF A UNIFORMLY TAPERED BAR

A
" X r
5D : —
2% L ¢D, Ysp
D T . T Y|
P ! r
y
‘ —’l
e 'Y
dx X
L »

Consider a uniformly tapered bar of length L and having diameter Dy at one end and
diameter D, at the other end, subjected to an axial centric tensile load P. We have to
determine the clongation of this tapered bar. The distance of any point along the centerline of
the bar is measured from B and is designated as x. At the right end B, x =0 and at the left end
A, x = L. First we find the elongation of a small strip of thickness dx at a distance x from end
B. we then integrate this term from “zero to L” to find the total elongation of the tapered bar.
Since dx is very very small, this dx length is assumed to be a prismatic region with diameter
Dy.

D,-D
The diameter at any section at a distance x from theend B= D _= D, + (—2—1——'—)\‘ =D, +gx

dy

where g = (22—;—D—') = diameter gradient = slope = e (Straight line equation y = mx + ¢).
a

Check: Atx=0,D,=D,; Atx=L,D,=Dy;

Pdcx Pdx 4P dx

AE ED;E 7Z'D:E
4

L4de_4PJL- dx

Elongation of the strip of thickness dx =

Total elongation of the entire tapered bar= 6 = = -
'([ﬂ'DzE nE 4 (D, +gx)

(Why did we take the term (%) outside the integral?)
T

T
4Pt 2 f : 1(a+bx)"
o= E-!:(D' + gx) dx We know that !(a +bx) dx = [;T ‘_
lyi bove integration formula to the present case, we get
AMRERERE P ... DEPT. OF AERONAUTICAL ENGG L6ME207 SOM
5. 4P 1 (D, +gx) _ 4P 1

“nE|g (-2+1) 0——7rEg (D, +ex) |,

(Why did we take the term g outside the boundary term?)
Substituting the upper limit and lower limit values for x,
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LTI 1T
0.:*41’[ 1 }z_u) 1 1
nEg (D,+gL) (D,+0) TEg (D1+DZ—D' L) D,
. L
s__ 4P [L_L}_ 4P [D,—Dz ___ 4P [D,-D]]_ arL
nEg| D, D, 7Eg| DD, g2-D| DD, 7ED/D,
Elongation of a tapered bar} PL
due to axial loading - %DIDZE
(Negative sign is used to change (DI —Dz) to (D2 —Dl)since c. Refer Figure.)
In case of a prismatic bar, D, =D, =D,
4PL PL :
then 6 = T = s where A= z2
7ED (ﬂDIJ
) 23
4
. P : P
Normal stress o, at the left end A = P Normal stress o, at the right end B=
2 ' 7 n?
e 30

Since D,>D,, o,>0,.

Applications of taper
In tapered bearings.
To secure cutting tools or tool holders in the spindle of a machine tool or power tool.
In Conically tapered joints.
Luer Taper, a standardized fitting system used for making leak-free connections between

slightly conical syringe tips and ncedles
Tapered thread, a conical screw thread made of a helicoidal ridge wrapped around a cone

Tip chord

Taper ratio in a wing = 5
3 & Root chord
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