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i What is Interpolation ?

Given (XOIYO)I (X]_IYI)I ------ (XnIYI’])I find the
value of 'y’ at a value of ‘X’ that is not given.
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Interpolants

Polynomials are the most common
choice of interpolants because they
are easy to:

mEvaluate
m Differentiate, and
m Integrate.



Lagrangian Interpolation

Lagrangian interpolating polynomial is given by
[, =2 L(x)f(x)
i=0

where ‘7’ in f, (x) stands for the n” order polynomial that approximates the function y = f(x)

given at (n +1) data points as (xo Vo ), (x1 , V) ), ...... ,(xn_l, Y, ), (xn YV, ) , and

L,(x) 1s a weighting function that includes a product of (n» —1) terms with terms of j =i
omitted.



Example

A trunnion is cooled 80°F to -1089F. Given below is the table of the
coefficient of thermal expansion vs. temperature. Determine the
value of the coefficient of thermal expansion at T=-14°F using the
Lagrangian method.

Temperatu re Thermal Coefficient of Thermal Expansion vs
(oF) Expansion Temeparture
Coefficient ,
(infin/°F) 5E P
80 6.47x 10 g< o«
- < 4
0 6.00x 10 SE ‘ ;|
-60 5.58x 106 gz ° 2.
o 14
-160 4.72x 106 S
_ 6 -400 -300 -200 -100 0 100 200
260 3.98x 10 Tempearture (F)
-340 2.45x 106




i Linear Interpolation

a(T) = ZL,- (Ta(T))

=Ly(T)a(Ty) + Li(T)a(T)) 5,, =

«d 57F
1

X2
Xg
:

T, =0,a(T,)=6.00x10"

T =—-60,a(T )=5.58x 10"



Linear Interpolation (contd)

L T-T, T-T

_ J 1
LO(T)_HT T T —-T
j=0 £90 0 1

S

j#0

I - J T TO
T -T,

L(T)= H

¢

Lﬂ

j 1

T-T, T-T,

a(T) = a(ly)+———

a(1))
o  *1 1 %o

T+60(6OO 109+ T-0

0+6 — 60—

Gl 58x10°)

—14+60 —14-0

a(-14) = - (6.00x 10°)+=

— 6 58x10°)

= 0.76667(6.00x 10°) +0.23333(5.58x 10)

=5.902x10°



Quadratic Interpolation

For the second order polynomial interpolation (also called quadratic
interpolation), we choose the coefficient of thermal expansion given by

o(T) = Y L,(N)a(T))
=L,(Ta(Ty) + L(T)a(T)) + L,(T)a(T,)
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Example

A trunnion is cooled 80°F to -1089F. Given below is the table of the
coefficient of thermal expansion vs. temperature. Determine the
value of the coefficient of thermal expansion at T=-14°F using the
Lagrangian method for quadratic polynomial.

Temperatu re Thermal Coefficient of Thermal Expansion vs
(oF) Expansion Temeparture
Coefficient ,
(infin/°F) 5E P
80 6.47 x 10° g< «
- < 4
0 6.00 x 10 SE ‘ ;|
-60 5.58 x 106 gz ° 2.
o 14
-160 4.72 x 106 S
_ 6 -400 -300 -200 -100 0 100 200
260 3.98 x 10 Tempearture (F)
-340 2.45x 106




Quadratic Interpolation (contd)

T =80, a(T,)=6.47x10

T =0, a(T,)=6.00x10°

T, =—60, a(T,)=5.58x10" R
00
f(range) o
f(xdesired)
><>< I5.8—
2 T-T, -7\ T-T
wo-Tl 777 57 s
j=8 0 j 0 1 0o 2
J* 558, 5 _|
2 T _ T T _ T T _ T 60, ange, 80,
L=117= :[T 7 j{T —sz
=04 j 1 0 1 2
J#*
2 T-T, -1, \( T-T,
LO=117= :(T ;][T le
Jj=g 2 j 270 2 1
J#
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Quadratic Interpolation (contd)

T-T \ T-T, T-T, \T-T, T-T, \T-T
a(T)_[To_le(To_Tz}Z(TO)_F[Tl_Toj[Tl_TzJa(Tl)—i_(Tz_To)(Tz_lea(Tz)
(—14-0)(-14+60) (647x10°)+ (—14—80)(—14 + 60)
(80 —0)(80+ 60) (0—80)(0 + 60)

, (£14-80)(-14-0)
(=60 —80)(~60 — 0)

a(—14) =

(6.00x10°)

(5.58x10°)

= (=0.0575)(6.47x 10) +(0.90083)(6.00x 10°*) + (0.15667)(5.58x 10°*)
a(~14)=5.9072*%10"° in/in/°F

The absolute relative approximate error

€ | obtained between the results from the first and second order

polynomial is

5.9072x 10 —5.902x 10|
= ~ x100
5.9072x 10 |

=0.08761%

a
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Cubic Interpolation

For the third order polynomial (also called cubic interpolation), we choose

the coefficient of thermal expansion given by
3
a(T) =) L(T)e(T))
i=0

= Ly(T)e(Ty) + Li(T)a(T)) + L (T)a(T, ) + Ly (T)a(T5)

~200 ~150 ~100 =50 0 50 100
80,



Example

A trunnion is cooled 80°F to -1089F. Given below is the table of the
coefficient of thermal expansion vs. temperature. Determine the
value of the coefficient of thermal expansion at T=-14°F using the
Lagrangian method for cubic polynomial.

Temperatu re Thermal Coefficient of Thermal Expansion vs
(oF) Expansion Temeparture
Coefficient ,
(infin/°F) 5E P
80 6.47 x 10° g< «
- < 4
0 6.00 x 10 SE ‘ ;|
-60 5.58 x 106 gz ° 2.
o 14
-160 4.72 x 106 S
_ 6 -400 -300 -200 -100 0 100 200
260 3.98 x 10 Tempearture (F)
-340 2.45x 106
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i Cubic Interpolation (contd)

T =80, a(T,)=6.47x10° T =0, a(T,)=6.00x10"

T, =—60, a(T,)=5.58x10° T, =—-160, a(T,)=4.72x 10"

(T-T,\T-T, (| T-T,
T,-T, \T,-T, \T, - T,
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Cubic Interpolation (contd)

T-T, T-T. T-T. T-T T-T. T-T,
a(T) = ! J - > a(T,) + 0 2 ja(T)
TO_TI To_Tz To T3 Tl_To TI_TZ T T
T-T T-T, T-T. T-T, T-T, T-T,
+ 0 ( ! > Na(T,) + 0 ! Ja(T)
T,-T, \T,-T \T,-T, T,-T, \T,-T, \ T, - T,
o(~14) = (—14-0)(-14+60)(—-14 +160) (6.47X10'6)+ (—14 -80)(—14 + 60)(—14 +160) (6.00X10'6)
(80— 0)(80 + 60)(80 +160) (0 —80)(0 + 60)(0 +160)
L (F14-80)(-14-0)(- 14+160)( 5.58x10°) + (—14 —80)(—14 — 0)(—14 + 60) (472x10°)
( —60 — 80)(—60 — 0)(—60 +160) (—160 — 80)(—160 — 0)(—160 + 60)

= (—0.03498)(6.47 x 10°) + (0.82201)(6.00x 10°) + (0.22873)(5.58x 10°) + (=0.01576)(4.72x 10*)
a(—14)=5.9077*10"° in/in/°F

The absolute relative approximate error ‘ea‘ obtained between the results from the second and third order

polynomial is

5.9077 x 10 —5.9072 x 10|
= ~ x100
5.9077 x 10 |

=0.00839%
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Comparison Table

Order of 1 2 3
Polynomial
Thermal Expansion | 5.902 x 10° | 5.9072 x 10° | 5.9077 x 10
Coefficient
(in/in/°F)
Absolute Relative | ---------- 0.08761% 0.00839%

Approximate Error




Reduction in Diameter

The actual reduction in diameter is given by
U

AD =D [ adT
Tr

where T, = room temperature (°F) T » = temperature of cooling medium (°F).

Since 7, =80°F T, =—-108°F

-108

AD:Djmﬁ
80

Find out the percentage difference in the reduction in the diameter by the above integral formula
and the result using the thermal expansion coefficient from the cubic interpolation.
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Reduction in Diameter

We know from Cubic Interpolation that
a(T)=6.00x10°+6.4786x10°T —8.1994 x 10" T* +8.1845x10°T°, —160<T <80

T, =-108°F to T, =80°F

AD f
= = (od
D 7_[05 T

-108

j(6.00 x10°+6.4786x10°T —8.1994 x 10"°T° +8.1845x 10" T°)dT
80

2 3 4 7108
{6.00 x10°T +6.4786x107 %—8.1994 x 107 %+8.1845 x10™ TT}

80

& =—1105.9*10°° in/in
D

18



Reduction in diameter

Using the average value for the coefficient of thermal expansion from cubic interpolation

&:aAT
D

=a(T, -T,)
=5.9077 x10°(~108 - 80)

=—-1110.6x10°

The percentage difference would be

. 6 6
_ 11059x10” +1110.6x10 <100

~1105.9x10°

€

a

= 0.4250%



