. ne or space intervals gn.

: ared @t tme: .
INTROQUCTI(ZN o Observatlonls t%iassales,  oduction, prices oo, i
T}irrnoe Slf)rg“i:zaa:)erder. For instanc® populati®™ : .
chron0 ‘
; . < gg follows: ) ) ally a :
spiegel defined tm® S ; Jtions taken at° ccified times st y at equal inter,,
A time series is @ 5 | |
1E SERIES . ; ; .
142 UTILITY OF T M: el 10 koW he past pistory of the time Serl:s data.
i muc i i weather i
D ‘c/leryto predict the future demand, production; prices, conditions ey,
In order §
@ in planning of the future operatlons. |
d pelonging t0 the same reference Period

(3 It also helps
more time series ca

F TIME SERIES
f a time series.

(4) TwoOF
14.3 COMPONENTS' o
' There are four types 0. ¢
(i) Secular trend or Simp
@ Seasonal fluctuations
(i) Cyclical fluctuations an

(iv) lrregular components
or Simply trend:

qmponent 0
ly trend

d

(1) Secular trend
If the data of a time series are observed for a lon
_ known as trends. Sometimes series may provide upwar

take reverse direction after a period of growth and enter a

(2) Seasonal fluctuations
A perio;iic movement in a time series where the period is not longer than one year
Zifn?nfe i]ulctuatfngns. This movement repeats at regular intervals of time or periods
ple, sales of departmental stores during the 12 months of a year, regular claéées e
en days "

n et g

g time, then smooth, regulair mdvelnents ot
d or downward trend but some nd.

period of decline.

is calld

and so on.
(3) Cyclical fluctuations

The oscillato
ry movement in a ti 2o, :
oscillation ma ime series 1s called " R
cyclical ﬂuctu:tizi taken more than a year and on e Byo g ﬂuf:tuatl?ns
s are not necessarily periodic. 0 e complete period mi
. One complete period :

from7to 9 i
_ years in term «
relating to price, incomee(-j as a “cycle”. Most of the i '
Meknice » Investment, wage, prod .economlc and busine
ment of cyclical variatiop » Prociction etc, revealjag
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',a od. This line will cut the original series at Y
fit l“Ltl A

g0 s The upper portion. is positive and lower
Fall egaive: When the series changes sign from
1 psitive 18 called upcross, The various

qoted between two adjoining upcross. The
88" o of these distances 1s called mean period

?"“{;’1 g aVerages are calculated with this mean
[ jren the cyclical component C can be removed.
;n ihe €ase of multiplicative model of a time

e cyelic component is obtained in combined
" jividing the original series by trend and

1 the case of additive model of a time series, the cyclical components are obtained by
it yrend and seasonal components from the data.

cyclical variations are found by removing the random variation form t
., yere obtained by Cllmm.atmg trend and seasonal variation from the given
ing these residuals directly or through moving average.

he residual variation,
taple. This is done

gverag

) [rregular Components
hich are either totally unaccountable or happened by such unforeseen events }
kes etc. Such variations do not exhibit any definite pattern ard there is no
f their occurrence, hence they are named irregular varjations.-

The fluctuations W
a5 wars, floods, stri
regular period or time 0

|4, METHODS OF MEASURING TREND

(1) Free hand or graphic method
(2) Semi-average method

| (3) Moving average method

: (4) Least square method

| (1) Free Hand or Graphic Method

This is the simplest and most flexib
first obtaining a histogram by plotting the time
it free hand smooth curve through these poin
tendency of the data.

Important Points for drawing a curve

(I) It should be smooth.
() Number of points above and below S

() The sum of the vertical deviations 0

approximately equal to sum of the vertical de
@ Sum of the squares of the vertical deviations of the given points from the tr

should be minimum possible.
Merits;

Je method of estimating the secular trend and consists of
series value on a graph paper and then drawing

s so that it accurately reflects the long term

hould be nearly equal. »
f the given points about the trend line should be .
viations of the points below the trend line.
end line

This method s
g) Simple and time saving method, does not re
) Flexible method for all types of trends.

quire any mathematical calculation.

r , L
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e in nANLT decisions.

432 nat
Demcrit b “vegna d for making determine the trenq |
les de ¢ frend Jjp,
a of the ¢ SRR
- e "b}’j,‘.ee
”01m,?
0

TR EEE g
cpugsgs2882 .
gf—t-"f'"""-

ji-Averages !
. values are to be computed are divided iy,

(2) Method of Sem
th the parts. If there is odd number of yegy

Under this method the data for which trend
equal parts and averages are computed for bo
value of the middle year is omitted. e
The avérage value of these two halves should be calculated. These;aye‘rggg “’?‘l'_es wWouly
plotted against the mid value of each half. By joining these tWo points we get the texd
This line can be extended on both ways. e

Merits
(1) Itis asimple method.
(2) The trend figures are objective.

(3) Future and past estimates can be obtained by extending thé li‘nés., j ‘7‘ i

vemerits i
. (1) This method is based on linear relationship but fails in non-linear{rei:aiib.nShiP:
(2) This‘method ignores the extreme values. | | B

(3) The prediction is not reliable.

o e i N S
! {

hod of sem-0*%.
Rk o

| Example 2. Calculate trend values from the following data by thé m
Year : ]
ear: | 1974 | 1975| 1976 | 1977| 1978| 1979 ‘,\']‘93:0 1%’81
i

Salesv 2110 11 '
13 8 4 | 12
}/ea : ] o) /
ri | 1982 | 1983| 1984 | 1985| 1986| 1987, ,_’9,88/

Sales : | 13 iy
10 12 16 14 16 —>]7/ y
— mldd]c y

A\ =\s\

Solution. We have odd numb .,
1981 ¢r of years, therefore we neglect the vﬁ]ﬂé"bf
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ot
or 1974 10 1980 = (10 +11 +
fi l3+8+14+12+9)-7_7=”

o0
1982 to 1988 == (13+
o 10+12+16+14+16+17) _-9£-l4
7

A

a8
yerse

A 5 the mid year 1977 of the first half and 14 shoylq b
e

| f, is o other hi:,]f These two points are Jomed to get a trend line Plotted against the mid year
1 H | :
17F
16[
C15F
14F B
A | (1985, 14)
12[
1"f
10
of
sEEbBEFEagaesEE

equatlon of the trend line
e end line passes through the point A (1977, 11) and the point B (1985, 14).

[y—yl =M.(x—xl)]
X=X

14-11
y=11 = i5g5 1977 * 77
3 1.
> y-1 ~3 (x-1977)

E y =11 +0.375 (x - 1977)
Example 3. From the following series of annual data, find the trend line of semi-averages.

Ans.

Ao estimate the value for 2009.
2001 | 2002 | 2003 2004 | 2005 2IOO6 2007 | 2008
302 | 299 | 298 | 340

(U.P. I1I Semester; 2010-11)

Years 2000
falVie | 170 | 231 | 261 | 267 | 278

Ylution: We have odd number of years, therefore we neglect the value of middle year 2004

29
Average for 2000 to 2003 = —(] 70 + 231+ 261+267)=—= 232.25

Mid year = %(2000 +2001+2002 +2003) = 20015

)= 12—32 =309.75

A¥erage for 2005 to 2008 = (302 + 299 +298 +340
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Lt s
B f;"

i Y 007+ 2008)” - 30065 151 il
Mid year . (2005 d 5 of the first ha;f and 309 75
' i mid ¥ ¢ joined to get a trend |
2322518 plorted the " These p ints areJ v ge tre
2006501’ the other hatl: * _
" onof the 1t ] o
The equa®! the poin ook il
. through 3 8
he rend PO B 00065 0075 ast
15,23 25)and B E
A (200195 2001 o
y-23225 ° 2006.5— 20013 o)
s 15511625 257 A/ ;
5y - 116125 _77.50-15 . ] Al
sy~ T1.5,7 1161 55 - 155116 ] ,
5y - T1.5% _ 153955 2004 |
If ¢ = 2009 § — %
- 5y 1556975 =~ 153955 | g &
= y =348.5 .
Exercise 141~ o ek ;
llowing data aﬁa

hod of semi average to the fo
% M.

Fit a trend lin¢ by the met

1.
1987: E—
1982 983 1984
Sales (in *000) : 444 | 454 470 482 |
b
Hint: The trend line will pass through the points (1980.5, 437) and ( 19845
2. Fit atrend lin€.....ccoonr g
Year : 1030 | 1981 | 1982 | 1983 | 1984 1985 |
‘ Production : 12 10 14 11 13 15.2‘!
Hint: The trend line will pass through the points (1981, 12) and ( 1985 j

3. Fitatrend line....

Years g - . .
1971 1972 197 {i
Profit (in ¥ lakhs) 28.0 294 30 ; 12?77;J : 32755;
: . ‘,.ﬂ
Ans. y =2

4, The sales of
280 3((;0 a COZmOdny in tonnes varied from 1985 to 1997 as fonows
80 270 :
1 3 240 ‘:‘
Fit a trend line by the method of semj-av. o o eedl ;
-averages. : ;

14.5 METHOD OF MOVING AVERAGES

Moving average
s consi
of success sts of a serics of ’
ive values of a time serie arithmetic means calculated fm
S.

Case 1. When period is odd:
Let the peri i y

period of moving averages be 3 b ‘ P

s and the items a, b, G}
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3
t year value and aqq
ing the firs adding the va]
propp _b+c+d 4€ of the next years the average becomes
!
c+d+e

, o his W moving averages are
a+tb+c b+c+d

Crd+e

—_— ’ R T Ty

3 -3 3
a+b+c. . .

3 isto be written against the mid year p,
b+c+d . o

3 isto be written against the mid year .

i c+td+e |

| 3 1s to be written against the mid year d.

!ise|1~ When period is even.

the averages.
1 2 3 4 5 6 7 -8 |
a b c d e f g h ‘
atbicdd
4 against to be placed between 2 and 3.
b+ |
\C# against to be placed between third and fourth and so on.

These two moving averages will then be average and this new average would be written
o

Sainst the third year, This process is called centering of the averages.

N¢ase of even period of moving averages the trend values are obtained after centering the
Werages. '

ote; Centering of the moving averages is required only in the even period and not in odd
Period

?li)erits’ This method is

Simple (2) Flexible to add more ﬁglfres
Objective (4) To eliminate the ﬂl{ctl.latlon
N Used for determining seasonal cyclic and irregular variations.
Meritg

") There jg no trend value for some years in the beginning and at the ena.
Q) Umeang there will be no trend values for the first three yéarsf and the last three years.
B) 1,.¢ 18 N0 fluctuation relationship be.tween the :’;‘lfs a;:i tlmle'
4 Is Method is not helpful in forecastln_g and. ;'re lltctmlg( e value,
5 “Clection of period of moving average 15 ‘{ di l‘:u th.as ) hod are bi

M case of non-linear trend the values obtained by this method are biased.
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Introduction to 'Engineeﬁng‘ ul s
erage taking @ 3 years period andf&:% \
1989 '
21020 | 26120

436

tion of movirg &

A

Example 4. Compt!d

Profits (in ) m

Solution. Procedure:
(1) Putthe original data of
(2) Obtain the 3 years moving t0 ddle“

e ar value in the‘

da successwe ye gmup Flnd

first year value, ad : L

® gfo Xlslglf}f and place it against the middle of the years. |
s are utilized. dat

less all value |
(4) Keepon contmumg un it avera
(5) Now, divide each 3 years moving total by 3toge g ge as per ﬂley%

~and shown in (i) column. "
(6) We can plot the moving averages on a graph paper by taking years along Xy

moving averages along y-axis by choosing suitable scales. The resultmg Bl’aph Povi

&
ts in column (i) & (ii) as Sl‘lgﬂ\x‘n in able.

and profits
ol g from first year and put against fhe .-

tals startin

the trend.
_ Table ; ot
Year Profits (in %) 3- Year 3- - year movmg \\« :
0) (i) moving totals (iii) average (zv)
1985 15420 = L i
1986 - R 45410 15136,.7 e
1987 15520 ) ovesssessesfesssssne 51010 17003.3
1988 21020 p ereeeeereseseferernnenes 62660 20886 7
1989 26120 | s 79090 | 26363. 3
1990 J 31950 e 93440 311467+
1991 35370 ....................... 102990 34330 0 ‘ |
1992 35670 i
Y4
40,0004
30'0m<-
20,000- .
o
-
10,000 ¢

OM
1985 1986 1087 1g .

Example 5. Calculate the fve year]
: Jollowing datq Y

Year 1925 | 1926 | 1957 19
in 1000.acres)| 672 | 679 | 6op
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i thods -
istical Quality Control Me .
Sy (Control Charts) -

/M

15.1 INTRODUCTION

Quality control is very important in case
of the products depends upon the quality o

quality of a product.

15.2 WAYS TO CONTROL OF QUALITY OF A PRODUCT
There are two ways to control the quality of product

of product manufactured in factory. The sale/prf;
f a product. So it is necessary to contro ih,

1. Physical inspection
2. Statistical quality control.
(1) Physical Inspection.

‘This method is suitable in those cases where the product produced are costly and of big siz
such as engines, boilers - plants etc. They are manufactured generally on make to order.

Here the number of product is small.

(2) Statistical Quality Control (S.Q.C.)

When the number of the products is on | ’ .
: arge scale or mass producti is such as biscults
screws, medicines, etc. p on basis su

Sialiesien. quality control refers to stalistical techniques which are \émployed.fdr’the céhtrol

; f [he i (

(1) to fulfill the specification
(2) to control the variation

(3) to find causes of variation -

15.3 CAUSES OF VARIATION
(i) Chance variations or Random Variations
(i) Assignable variations

442
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i Quality Control Methods (Contyol Charts)
* . “3
() Chance variation or Random variation

These are natural inherent and smg) variations
) Assignable variations

The variations due to fault in machip
aterials are called assignable variay

. ADVANTAGE OF 5.Q.C.

(1) It increases we confiaence of the customer rely on the quality of the product
) Effective Check up

€, mi . ;
0nmlStake of workman, defective tools, defective raw
.

(3) Consciousness of the workers

(4) Protection against losses to the producer.

(5) Avoids rejection of the large number of products.
(6) Reduces the cost of inspection

(7) Limits of the quality

(8) We can take corrective measures

(9) Guide for setting up a new plant.

(10) Good will of the product.

(11) working life ot equipment.

55 TYPES OF QUALITY CONTROL
1. Process control

2. Product control

Process Control

Here the quality is controlled while the product being produced. A chart is also prepared to
control the quality. ’ .

Product control

The quality of the product is checked before sale

56 CONTROL CHART i _

A control chart is a graphical chart used for presenting a sequence of suitable sample
characteristic. According to Dr. Walter Chart serves three purposes.

(1) To define the goal or standard for the process.

(1) It is an instrument to maintain the goal.
(i) It serves as means of judging whether the goal is being achieved or not.

IUis the most i  statistical quality control.
ost important tool of statis q g

there are three horizontal lines in a control chart. T!ley start from R'H'S°l?f th;t;:ir:z?‘lel;:;

“ paralle] to the base line of the chart. The vertical line represents the quality

*mple. These three horizontal lines are known as control lines.

L Central line. (C.L.) It passes through the middle of the chart an
Presents the prescribed standard quality of the product.

d is parallel to the base. It
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15.7

[ntroduction to Engineering Mathe"‘aﬁc;
: B

o imit (U.CL- h the chart above and pay
% Uppir Control L line that passes throug | ‘ alle] o the

1t is shown in the chart by a doued {imit of tolerance.

central line and represent the upper ! ’

3. Lower Control Limit (L'C'L')]. (hat passes through the chart below and pargj,, 01
d line v

It is shown in the chart by a dotted f1n¢ lerance.

central line. It represents the lower limit of to

Y Out of control
4
Upper Control Limit ( ucL) ___. _
---------------- B
30 §
Central Line (C.L.) g
2 0 |5
'g ------ - o= e
PPy
S Lower control Limit (L.C.L.
o
3
p
Out of control
(@) T T T T T T —» X Base
Sample numbers ————»

ADVANTAGES OF THE USE OF A CONTROL CHART

1. It acts as a guide for getting up of a future standard quality.

2. It is a flexible tool for controlling the quality of the products between two tolerance limits.
3. It detects 'any unusual variations in the production.

4. It gives,warning immediately when the process goes out of control.

5. It is economical and time saving device which needs no inspector.

6. It indicates whether the process is satisfactory or not.

15.8 DETERMINATION OF CONTROL LIMIT

indicates to some factor contributing to the qu

If a variable x is normally distributed thep the probability lies between 1 + 35 (0.997), which

.is very high, where | is the mean and G is the standard deviation.

s in th.e process of production that the said point
ality variation i the process.

—] ™S

kg -\\\. |

68.26%

(X+0)

L 95.44%,

(Xt20)\_y
X X

 (x=30) 99.739, (x+20

(X + 3q)

(X=0)
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