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Engineering problem ? Problem solution

Experimental data

Math. models Analysis
Interpretation

fl
P T
Differential equations |- Verification Visual information
Boundary conditions |, Validation Derived quantities
¥
1
Grid generation
Discretization Visualization
Evaluation
Algebraic Algorithms Numerical
equation systems Computers solution

Procedure for the application of numerical simulation techniques for the solution of

engineering problems
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How do we solve an engineering problem?

Problem Description }

|

Mathematical Model

|

|

| |
[ Solution of Mathematical Model J
| |

|

Using the Solution

Ref> http://numericalmethods.eng.usf.edu
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Example of Solving an Engineering Problem

http://numericalmethods.eng.usf.edu
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A=uoa1a2.ooanan+looo

o&T a1 =5 51
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e(a) = |4 — a
w2510 Bl A gw a5 £ a=0.33 6T A =3 51 -l
e(a) =|z—0. 33‘
(a) ‘3 300
>> format rat
>> e=abs(1/3-0.33) Lo uS

e=
1/300
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A—§, a=0.67,
e, = 0.004
A—2 = 0.66
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e, =0.01

J

()—2 °71__1 _ 0033
=137 100l 300

ol A G3LS| s 45 Sy @=0.67

()—2 06 | 2 0.0066
=137 100l T300 "

el A il w5 Sy a=0.66

T T L FI T e TR DTS



L

’005 *

02310 oS (il A sue 31 o i ylgie aa oo Gl sbse, o5

|A—al <e,

pda il A ulfddt o T Pl g, e T



L o

wlpboe, =0.003, a=1.324 uus p,8
e(a) =|A—al <0.003

—0.003<4-—-a<0003 » a—-0.003<4<a+0.003

$

1.321 < A <1.327
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V17 = 4.123 + eq, e <
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€3 < 31+32= 10_3

6.359 —103</17+V5<6.359 + 1073
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“TV2 = (3.1416 X 1.4142) + e;

>>3.1416*1.4142
ans =
4.442850720000000
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4.4429 —2.7779 x 1074 < V2 < 4.4429 +2.7779 x 10
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4.4426 < V2 < 4.4432
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L=
V =xyz3
V = (1.3333)(3.1416)(1.6667)3 + e, = 19.3933 + ¢/,

J= aolol
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eV<exax+eyay+eZaZ
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a=(1.3333,3.1416,1.6667)

J= aolol

1
ey < > X 10~%(14.5453 + 6.1731 + 34.9072) = 0.0028

1

ey < 5 X 10~* + 0.0028 = 0.00285

V =19.3933 + 0.00285
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Lo o5
>> n=2;
>> f=((1/3)"(n+1))/factorial(n+1)
f=
0.006172839506173
>> f<=(5%10"-4)
ans =
0
>> n=4;
>> f=((1/3)"(n+1))/factorial(n+1)
f -
3.429355281207132e-005
>> f<=(5*10/-4)
ans =
1
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= 0.3333(4D)

pd

e3 =1+0.3333+0.0556 +0.0062 + 0.0005
= 1.3956

1
e3 = 1.396(3D)
>> format short
>> 1+1/3+917-1/2+277-1/6+811-1/24
ans =
1.3956
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Ldgo 9 (& 5

— (=1)" 2l _ z? 2
sin Zz: 2?1—|—1)’ —I—3!—|—5!—... for all =
— (=1)" , x? ot
COST = ;(En}f —1—2!—|—4!_... for all «
& B4 L2 2 m
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D Ol digod SO
A=a+e,
B=b+eb

AB =(a+ey).(b+ep,) =ab+ ae, + be, + ey ey

S o0 S po (o] jlEg) ylie Gog Kz gS o &
AB — ab = aey + be,

bl plp opm Jolbb sl
|lae;,, + be,| < |ae,| + |be,]

! —k ! —k
Iaeb+bea|S|a|><Ex10 a+|b|><E><10 b
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L

““Example
The strain in an axial member of a square cross-section is given by:
&e=
h’E
where
F=axial force in the member, N
h=length or width of the cross-section, m
E=Young’s modulus, Pa
Given

F=72£09N /42=420.1mm FE=70x1.5GPa

Find the maximum possible error in the measured strain.?
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L 72

: - - .
Solution <= G107y (T0x107) = 6428610 = 64.286 1
0 e
A e= —AF —Ah —AE
oF
0e 1 56_ 2F oe F

oF WE  gn pE OE  KE

AE = ! AF| + 2—FAh il AE| = ! x 0.9] + 2x72 % 0.0001
W E WE hE? (4x107°)*(70x10%) (4x107°)*(70x10%)
+‘ 72 x1.5%x10°
(4x107%)*(70x10°)?
=8.0357x1077 +3.2143x10™° +1.3776x10° —53955%x10° — 53955,

Hence

e= (64.286 11+ 5.3955 11)

implying that the axial strain,eis between 58.8905: and 69.6815u
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L problem with Patriot missile fus 3

v’ Clock cycle of 1/10 seconds was represented in 24-bit fixed point
register created an error of 9.5 x 10 seconds.

v The battery was on for 100 consecutive hours, thus causing an
inaccuracy of

95510 S x100hr x 22098 — 03425

0.1s 1hr

46
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