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New solution of linear regression equations derived from
related plan experiment

Dragoslav R. Petrovi¢, PhD (Eng)"

Dimensional reasoning is a very powerful tool for determining the exponents ¢, , not requaring any experimental

work except for a coefficient K equation f, =K p p$* p{..p0 = KHP,@’,(I' =1,..,n) where p, are mechanical sys-
i=1

tem parameters. It has enabled us to deduce the parameter relationships even with very little knowledge, and cer-
tainly no mechanical analysis, of the mechanical system phisical problem. However,it is inadequate in problems where
there are n >3 parameters to be included on the right-hand side.

This paper is the result of an investigation process for determining exponents ¢, and coefficient K in the above

equation putting no restriction as for the number of parameters and actual problems asociated with it. One of the sig-
nificant results eliminating need for any numerical or analytical methods for solving a system of ordinary linear equa-

tions as a means of determining of the exponents ¢, and corrective factor -coefficient K . It is based on the new con-

struction plan experiment, that is when the order and number of variables is concerned, in close relation with linear

regression equations.
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Introduction

XPERIMENTAL data is often used for interpolation [1]

in engineering practice. Instead of this data can be
transferred and expressed in the form of any analytical
function. It is usually used in polinom form:

y=a,+ax+ax’ +ax’ +..+a,x" 1)

Polinom, for node points (x,-,y,- ), i=1,...,n can be of n-
th degree and then for x = x;; willbe y =y ; Fig.1, curve 2,
and if degree polinom is less than #, let n for example be
n=3,for x=x,; willbe y#y;Fig.1, curve 1. In this case
the least square method must be used for obtaining polinom
coefficients a;, ; for the number of node points (x,,y;) is
greather than the number of coefficients.

Y=o+ X**2
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Figure 1. Least square approksimation with » -th degree polinom

For high polinom degree, values among node points will
be unreal, esspecialy at the very beginning and end of the
interval in question.
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In the study of functional relationships of any mechani-
cal system by means of mathematical analysis, any single-
valued continuous function can be developed in the form of
an infinite series like (1). The mechanical system equation
f; often takes the following form:

fi=Kpf p& p¢..pl =K[]pf.(i=1...n) ()
i=2

where: K - multiplying factor; p, - system parametres -
varables; ¢, - appropriate exponents.

One of the clasical methods for determining the expo-
nents in eq.(2), if (2) is a physical equation, is by using di-
mensional analysis procedure under certain circumstances
[2], but it is not adequate in all problems. If eq.(2) is a
physical equation, it is necessary that every such term
should contain the same combination of units. There is no
means of developing such a series, but it is possible to find
the form which a single term must take. Then by use of the
proper multiplying factor, can be found a representative
form for the desired function in terms of the quanties in-
volved. Using of the multiplying factor K all terms in the
series would be grouped into a single equivalent value. It is
evident s that such multiplying factor can be determined
only by experiment. The value of K will vary with varying
physical parameters -values of variables or conditions of
experiment.

Dimensional analysis method procedure is inadequat in
all problems where there are n>3 parameters to be in-
cluded on the right-hand side. If the problem is in mechan-
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ics, all parametres can be expressed in terms of mass (M),
lenght (L) and time (7) (if the problem is in thermodynam-
ics temperature, is added to above parameters). In that case,
the final form of the relationship will include determinate
powers of three of these variables, along with arbitrary

functions of (n—3) non-dimensional parameters, each of

which is a group of some or all of the n variables. To over-
come these difficulties, for obtaining exponents in eq.(2)
when 7 >3, least square method procedure is used. When
logarithms are on both sides (2), the following is obtained

Inf,f=InK+@gInp +@, Inp, +¢,In p; +

+o,Inp, +...+@,Inp, A)

If logarithms from we neglected the above equation and
its arguments are considered, the well known linear regres-
sion equation can be recognized. Solutions for ¢, can be
obtained from (3) by least square procedure from the
formed n+1 equations. This means that at least n+1 ex-
periments must be performed. As a rule, the number of sta-
tistical processing varies from n> —n’ as lower limit, but it
is musc to extensive to do and rather expensive. A new
method was the result of author's investigation concerning
determining exponents in equations (2-3) without restric-
tion as for the number of parameters involved. It is not nec-
essary to use numerical methods that are used solving for
systems of ordinary linear equations, due to the established
procedure for deriving n+1 equations that are in concor-
dance with the experiment plan.

New method for ¢,

Close relation between experiment plan and eq.(2) for
determining ¢;, exponents and multiplying factor K [3]

should be established, as it was shown in the experiment.
One such experiment plan is given in Table 1.

Table 1. New plan experiment

2 P Ps Pa (),
(m) (p) (ps), (p) (f)
() (p) (ps), (p.) (£)
() (p2) (»s), (p.) (£)
(») (p2) (p3), (p.) (5)
(Pl )z (Pz )7 (P3 )z (P/, )1 (/oo )
(p), (), (ps), (p.), (2.

If K and ¢,.; have to be determined for eq, the linear
equations are in the form (4), numerator - subdeterminants
D, ; and denominator - determinant D for ¢,.; are given

in (5) and solutions for ¢,.; (6).

*fo 1 *(p])l *(pZ)l *(p3)1
*fl _ 1 *(pl)z *(pZ)l *(p3)1 (4)
*f2 1 *(pl)z *(p2)2 *(p3)1
s L (p), (p2), "(ps),

D:[*(pl)z_ (
=LA h] ()
D, = [fz f:”:*(l’l)z_*
D=["fi-" ] (p)

o= = ()]
(/’2—[ S ﬁ:|/|: Pz (Pz)l]
R EAURISISY
where in (4-6) * is a sign for logarithms.
These particular solutions may be used for finding gen-

eral solutions. It can be proven that general solutions for
D, and D have the forms:

(6)

D=ANpA p,Ap;..A"p,
n,j#i
D =Nf][Api=1..m (7
J
A p, = (pa), = (pa) s N fi = fi =" fi

After finding expressions for D; and D, solutions for
@, are as follows:

AL

=1, 8
Ap, n ®)

¢ =

From (6, 8) it can be concluded that D, and D are

eliminated from process for determination ¢;, which is the
main mathematical result of the given new procedure.

Numerical example

To illustrate the application of the new procedure for ¢,

calculation, projectile flight through atmosphere described
in the following set of ordinary differential equations [4] is
considered:

dx _ . A _ o, dz _

dt =V dt =V dt =7

dx _R(V.-W,).

s Vi ’

d’y R7V,

R F 9
a2 v ©

dzz_Rx(Vz_Wz).

dr* Ve ’

Vo =AY 407+ (VW)

with symbols: x, y,z - mass centre position in space, V, .
- corresponding velocities, W, . - wind velocities, R, - air

resistance along absolute velocity V. For numerical solu-
tion set of ordinary differential eq.(9) initial values

V,
(%, 3.2)y (Venz)y» % (a = V‘j and C, - law of air resis-
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tence (taken for numerical example well known Soviet Un-
ion Cyus=f (M =%) defined 1943 must be supplied,

where: M - Mach number; a - air speed) and VENCEL-s
law of air temperature and pressure variation with height

7,{ () (7, - initial value of temperature 7 ) [4].

For numerical integration set of ordinary differential
eq.(9) of the Gill's modification Runge-Kutta metod fourth
order [5] of the fourth. Results of the calculated horizontal
distance X obtained for initial conditions V,, C, 6, W,,

Az, are given in Table 2.

Table 2. Numerical integration results

K C 6 | W, | Az, X AX, AX,
I‘;%?)V 0500 | 25 | 10 | 10 [12021.20] -60.10 | -55.44

500 [ 0.500 [ 25 | 10 | 15 [12099.01| -65.87 -60.27

500 [ 0.500 [ 25 | 10 5 |11942.03| 2.30 5.36

500 [ 0.500 [ 25 [ 15 | 10 [12189.36| 5.79 7.07

500 [ 0.500 [ 25 [ 15 | 15 |12267.09| -0.77 1.43

500 [ 0.500 | 25 | 15 5 112044.23| 3.42 3.13

500 [ 0.500 | 25 5 10 [11919.49| 11.04 21.35

500 [ 0.500 | 25 5 15 [11997.58] 6.75 18.02

500 [ 0.500 | 25 5 5 |11776.67| 17.76 16.43

500 [ 0.500 [ 26 | 10 | 10 [12284.69| -59.11 -84.13

500 [ 0.500 [ 26 | 10 | 15 [12365.58| -63.63 -87.88

500 [ 0.500 [ 26 | 10 5 112202.49| 333 -22.97

500 [ 0.500 [ 26 | 15 | 10 |12458.79| 10.49 -18.24

500 [ 0.500 [ 26 | 15 | 15 [12539.58| 5.16 -22.83

500 [ 0.500 | 26 | 15 5 112309.29| 6.86 -23.13

500 [ 0.500 [ 26 5 10 [12178.36| 11.16 -7.64

500 [ 0.500 [ 26 5 15 [12259.55| 8.17 -9.84

500 [ 0.500 [ 26 5 5 112031.23| 6.60 -13.53

500 [ 0.500 [ 24 | 10 | 10 [11745.49| -68.51 -34.37

500 [ 0.500 [ 24 | 10 | 15 [11820.12] -75.62 -40.35

500 [ 0.500 [ 24 | 10 5 |11669.56| -6.01 26.23

500 [ 0.500 [ 24 | 15 | 10 [11907.58| -6.43 24.66

500 [ 0.500 [ 24 | 15 | 15 [11982.18] -14.26 17.95

500 [ 0.500 | 24 | 15 5 |11767.00| -7.41 21.81

500 [ 0.500 [ 24 5 10 [11648.51 3.54 42.76

500 [ 0.500 [ 24 5 15 [11723.43] -2.11 38.26

500 [ 0.500 [ 24 5 5 |11510.21 1.69 38.97

500 | 0.505 | 25 10 | 10 |11979.90( -87.83 -58.65

500 | 0.505 | 25 10 | 15 |12057.80( -93.42 -63.12

500 | 0.505 | 25 10 5 111900.62| -25.71 1.61

500 | 0.505 [ 25 | 15 | 10 [12148.63| -21.26 4.76

500 | 0.505 [ 25 | 15 | 15 [12294.42] 40.33 67.45
500 | 0.505 [ 25 | 15 5 [12003.11| -24.18 0.00
500 | 0.505 | 25 5 10 | 11877.82( -17.25 17.21
500 | 0.505 [ 25 5 15 [11956.06] -21.31 14.29
500 | 0.505 [ 25 5 5 [11734.62| -21.07 11.48
500 | 0.505 [ 26 | 10 | 10 [12242.22| -87.72 -87.58
500 | 0.505 [ 26 | 10 | 15 [12390.95| -24.30 -23.22
500 | 0.505 [ 26 | 10 5 [12159.83| -25.64 -27.06
500 | 0.505 [ 26 | 15 | 10 [12416.89| -17.43 -20.78
500 |1 0.505 [ 26 | 15 | 15 [12567.07| 46.72 44.29
500 | 0.505 [ 26 | 15 5 [12266.99| -21.63 -26.52
500 | 0.505 | 26 5 10 [12135.55| -17.98 -12.01
500 | 0.505 | 26 5 15 [12216.85| -20.77 -13.84
500 | 0.505 | 26 5 5 [11988.00| -23.12 -18.77
500 | 0.505 [ 24 | 10 | 10 [11705.38| -95.35 -37.32
500 | 0.505 [ 24 | 10 | 15 [11780.24| -102.14 | -42.82
500 | 0.505 [ 24 | 10 5 [11629.33] -33.13 22.73
500 | 0.505 [ 24 | 15 | 10 [11868.12] -32.51 22.68
500 | 0.505 [ 24 | 15 | 15 [11942.87| -40.10 16.38
500 | 0.505 [ 24 | 15 5 [ 11727.12] -34.06 18.98
500 | 0.505 | 24 5 10 [11608.06| -23.83 38.92
500 | 0.505 | 24 5 15 [11683.16] -29.21 34.85
500 | 0.505 | 24 5 5 [11469.39| -26.21 34.34
500 | 0.495 [ 25 | 10 | 10 [12062.84| -32.17 -52.40
500 | 0.495 [ 25 | 10 | 15 [12140.53| -38.16 -57.62
500 | 0.495 [ 25 | 10 5 [11983.91| 30.62 9.09
500 | 0.495 [ 25 | 15 | 10 [12164.38| -33.02 -56.85
500 | 0.495 [ 25 | 15 | 15 [12308.00| 26.21 3.14
500 | 0.495 [ 25 | 15 5 [12085.71| 31.23 6.12
500 | 0.495 [ 25 5 10 |11929.76( 7.80 -6.41
500 | 0.495 [ 25 5 15 [12039.48] 35.03 21.63
500 | 0.495 [ 25 5 5 [11819.10| 36.83 21.27
500 ) 0.495 [ 26 | 10 | 10 [12327.61] -30.21 -80.75
500 | 0.495 [ 26 | 10 | 15 [12408.26| -35.06 -85.00
500 | 0.495 [ 26 | 10 5 (1224551 32.49 -19.03
500 ) 0.495 [ 26 | 15 | 10 [12500.99| 38.56 -15.92
500 [ 0.495 | 26 | 15 15 [12581.69| 33.04 -20.87
500 [ 0.495 | 26 | 15 5 |12351.91( 35.51 -19.93
500 [ 0.495 | 26 5 10 [12221.62| 40.61 -3.33
500 [ 0.495 | 26 5 15 [12302.61| 37.32 -6.00
500 [ 0.495 | 26 5 5 |12074.85| 36.57 -8.41
500 [ 0.495 | 24 | 10 | 10 [11785.95| -41.46 -31.57
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500 | 0.495 | 24 | 10 | 15 |11860.44( -48.80 -37.94
500 | 0.495 | 24 | 10 5 |11710.15( 21.33 29.60

500 | 0.495 | 24 | 15 | 10 [11882.73] -44.81 -38.17
500 | 0.495 [ 24 | 15 | 15 [12021.84] 11.78 19.36

500 | 0.495 | 24 | 15 5 |11807.23( 19.46 24.50

500 | 0.495 | 24 5 10 [11658.20| 0.01 15.35

500 | 0.495 | 24 5 15 |11764.11| 25.26 41.59

500 | 0.495 [ 24 5 5 |11551.43( 29.84 43.53

510 | 0.500 | 25 | 10 | 10 [12276.27] -35.03 -77.84
510 | 0.500 [ 25 | 10 | 15 |12357.03| -39.44 -81.62
510 | 0.500 | 25 | 10 5 |12131.31| -35.73 -79.61
510 | 0.500 [ 25 | 15 | 10 [12413.04| -2.48 -49.15
510 | 0.500 [ 25 | 15 | 15 [12526.54| 25.12 -20.93
510 | 0.500 | 25 | 15 5 112298.60( 28.56 -19.15
510 | 0.500 | 25 5 10 |12109.52| -25.64 -61.99
510 | 0.500 | 25 5 15 |12253.36| 34.25 -1.44

510 | 0.500 | 25 5 5 1196588 -27.08 -64.56
510 | 0.500 [ 26 | 10 | 10 |[12543.32| -35.48 | -109.68
510 | 0.500 [ 26 | 10 | 15 [12660.42| -5.41 -79.16
510 | 0.500 | 26 | 10 5 |12458.00( 26.59 -48.35
510 | 0.500 [ 26 | 15 | 10 [12718.88] 33.59 -44.82
510 | 0.500 [ 26 | 15 | 15 [12802.78| 29.73 -48.26
510 | 0.500 | 26 | 15 5 |12567.16( 30.51 -48.60
510 | 0.500 [ 26 5 10 |12370.59| -28.24 -95.39
510 | 0.500 [ 26 5 15 |12518.83| 34.21 -32.46
510 | 0.500 [ 26 5 5 11228526 31.71 -36.24
510 | 0.500 [ 24 | 10 | 10 [11996.93( -41.98 -53.58
510 | 0.500 [ 24 | 10 | 15 |12074.43( -47.78 -58.54
510 | 0.500 | 24 | 10 5 |11856.57 | -41.27 -54.27
510 | 0.500 [ 24 | 15 | 10 |[12128.19( -12.63 -27.75
510 | 0.500 | 24 | 15 | 15 [12237.80| 12.98 -1.32

510 | 0.500 | 24 | 15 5 112017.68( 19.11 2.63

510 | 0.500 [ 24 5 10 |11836.31| -30.36 -36.09
510 | 0.500 [ 24 5 15 |11975.56| 26.79 21.92
510 | 0.500 | 24 5 5 |11697.24| -30.38 -37.55
510 | 0.505 [ 25 | 10 | 10 |12232.71| -64.76 -82.43
510 | 0.505 [ 25 | 10 | 15 |12346.32| -36.24 -53.09
510 | 0.505 | 25 | 10 5 112150.45( -2.93 -21.95
510 | 0505 [ 25 | 15 | 10 |12402.83 1.25 -20.05
510 | 0505 [ 25 | 15 | 15 [12483.77| -3.61 -24.12
510 | 0.505 | 25 | 15 5 11225518 -1.08 -23.71
510 | 0.505 | 25 5 10 |12065.34| -56.19 -67.77

510 [ 0.505 | 25 | 5 | 15 |1220953| 414 | -6.61
5100505 | 25 | 5 | 5 [11983.13| 363 | -9.36

510 | 0505 | 26 | 10 | 10 [12498.51| -66.17 | -114.58
510 | 0.505 | 26 | 10 | 15 |12615.93| -35.68 | -83.46
510 | 0505 | 26 | 10 | 5 [12413.07| -438 | -53.82
510 | 0.505 | 26 | 15 | 10 |12674.68| 3.64 | -48.75
U os0s | 26 | 15 | 15 [12758.70| -0.01 | -51.80
ool 0505 | 26 | 15 | 5 [1252257| 000 | 5339
510 | 0.505 | 26 | 5 | 10 |1232520| -59.71 | -101.46
510 | 0.505 | 26 | 5 | 15 |12473.82| 322 | -37.87
I losos |26 | 5 | 5 [1223078] 001 | 4285
510 | 0.505 | 24 | 10 | 10 [1195461| 7078 | -57.89
510 | 0.505 | 24 | 10 | 15 |1206427| -4432 | -30.43
510 | 0.505 | 24 | 10 | 5 |11875.66| 883 | 2.39

510 | 0.505 | 24 | 15 | 10 |12118.60| 859 | 1.01

510 | 0.505 | 24 | 15 | 15 |12196.25| -14.85 | -4.26

510 | 0.505 | 24 | 15 | 5 |1197561] 948 | -1.53

510 | 0.505 | 24 | 5 | 10 [11793.43| -59.91 | -41.52
510 | 0505 | 24 | 5 | 15 [11933.05| 230 | 17.12

M losos| 24| 5 | 5 [1171445| 000 | 1668

510 | 0495 | 25 | 10 | 10 1232026 -5.02 | -73.34
510 | 0.495 | 25 | 10 | 15 |12400.86| -9.60 | -77.54
510 | 0495 | 25 | 10 | 5 [12175.66| -520 | -7429
510 | 0495 | 25 | 15 | 10 |12456.54| 2692 | -45.48
510 | 0.495 | 25 | 15 | 15 |12569.78| 5417 | -17.79
510 | 0495 | 25 | 15 | 5 [1234236| 5839 | -1476
510 | 0495 | 25 | 5 | 10 [1215412] 519 | -56.29
510 | 0495 | 25 | 5 | 15 |12297.56| 6457 | 3.59

510 | 0495 | 25 | 5 | 5 [1201083] 425 | -58.06
510 | 0495 | 26 | 10 | 10 |12588.52| -4.57 | -104.92
510 | 0.495 | 26 | 10 | 15 |1267230| -7.91 | -108.00
510 | 0495 | 26 | 10 | 5 |12439.48| -6.05 | -106.84
510 | 0.495 | 26 | 15 | 10 |12730.16] 3047 | -7433
510 | 0495 | 26 | 15 | 15 |12847.23| 59.67 | -44.88
510 | 0495 | 26 | 15 | 5 [12612.11] 6123 | -43.97
510 | 0495 | 26 | 5 | 10 |1241636] 345 | -89.47
510 | 0495 | 26 | 5 | 15 |1256424| 6545 | -27.16
510 | 0495 | 26 | 5 | 5 |12268.67| 121 | -92.21
510 | 0495 | 24 | 10 | 10 |12039.62| -12.96 | -49.41
510 | 0495 | 24 | 10 | 15 [12116.99| -18.98 | -54.76
510 | 0495 | 24 | 10 | 5 [11899.65| -11.71 | -49.26
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510 [ 0495 | 24 | 15 | 10 |[1217042| 1581 | -24.37
510 | 0495 | 24 | 15 | 15 |12279.70| 4100 | 1.46

510 [ 0495 | 24 | 15 | 5 [1206020| 4801 | 6.75

510 [ 0495 | 24 | 5 | 10 [11879.64| -050 | -30.71
510 [ 0495 | 24 | 5 | 15 [12018.50| 5617 | 26.65
Solodos | 24 | 5 | s (1174003 001 | 3137
490 | 0.500 | 25 | 10 | 10 |11831.91| -19.17 | 31.92
490 [ 0500 | 25 | 10 | 15 [11907.00| -26.07 | 26.26
490 [ 0500 | 25 | 10 | 5 |11689.88| -22.33 | 26.65
490 [ 0500 | 25 | 15 | 10 |11931.78| -19.62 | 28.55
490 [ 0500 | 25 | 15 | 15 [12075.05| 4096 | 90.37
490 [ 0500 | 25 | 15 | 5 |11855.74| 4438 | 90.48
490 [ 0500 | 25 | 5 | 10 |11666.65| -14.87 | 41.07
490 [ 0500 | 25 | 5 | 15 |11807.59| 4525 | 102.46
490 [ 0500 | 25 | 5 | 5 |11525.97| -1867 | 35.13
490 [ 0500 | 26 | 10 | 10 [12003.16| -15.42 | 7.68

490 | 0500 | 26 | 10 | 15 [12170.12] 2123 | 2095

490 [ 0500 | 26 | 10 | 5 |11946.85| -19.85 | 1.45

490 | 0.500 | 26 | 15 | 10 |12197.52] -1356 | 631

490 | 0500 | 26 | 15 | 15 |12345.05| 4948 | 70.42
490 [ 0500 | 26 | 15 | 5 [1211843| 5043 | 68.52
490 [ 0500 | 26 | 5 | 10 |11922.06] -13.28 | 1521

490 [ 0500 | 26 | 5 | 15 [12067.24| 4933 | 7892
490 [ 0500 | 26 | 5 | 5 [11777.14] <1835 | 830

490 [ 0500 | 24 | 10 | 10 |11558.62| -30.25 | 4861
490 [ 0500 | 24 | 10 | 15 |11630.61| -3844 | 41.84
490 [ 0500 | 24 | 10 | 5 [11421.03| -32.05 | 44.42
490 [ 0500 | 24 | 15 | 10 [11653.85| -33.13 | 43.14
490 | 0500 | 24 | 15 | 15 |11792.60| 24.86 | 10253
490 [ 0500 | 24 | 15 | 5 |11580.86| 30.83 | 104.72
490 [ 0500 | 24 | 5 | 10 [11399.27| -23.79 | 59.38
490 [ 0500 | 24 | 5 | 15 [11471.40| 3070 | 53.92
490 [ 0500 | 24 | 5 | 5 |11263.00| -2621 | 54.55
490 [ 0505 | 25 | 10 | 10 [11793.14| -44.63 | 3037
490 [ 0505 | 25 | 10 | 15 [11868.35| -51.32 | 25.00
490 [ 0505 | 25 | 10 | 5 |11650.68| -4838 | 24.25
490 [ 0505 | 25 | 15 | 10 [11927.50 -10.48 | 61.82
490 | 0505 | 25 | 15 | 15 |12037.02| 1645 | 90.15
490 | 0505 | 25 | 15 | 5 |11817.14] 19.04 | 88.99
490 | 0505 | 25 | 5 | 10 |11627.20| 4120 | 3829
490 | 0505 | 25 | 5 | 15 |11768.56| 1943 | 10035
490 [ 0505 | 25 | 5 | 5 |11486.10| -45.58 | 3151

490 | 0.505 | 26 | 10 | 10 |12053.17| -41.81 5.82

490 | 0.505 | 26 | 10 | 15 |12131.35( -47.31 1.56

490 | 0.505 | 26 | 10 5 |11906.41( -46.85 -1.31

490 | 0.505 | 26 | 15 [ 10 |12192.75| -4.62 40.00
490 | 0.505 | 26 | 15 | 15 |12305.85( 24.09 69.94
490 | 0.505 | 26 | 15 5 |12078.72| 24.27 66.82
490 | 0.505 | 26 5 10 [11881.48| -40.46 12.19
490 | 0.505 | 26 5 15 [12027.10| 22.68 76.59
490 | 0.505 | 26 5 5 |11736.16( -46.08 4.44

490 | 0.505 | 24 | 10 [ 10 |11521.01| -54.85 47.31

490 | 0.505 | 24 | 10 [ 15 |11593.15| -62.80 40.93
490 | 0.505 | 24 | 10 5 | 1138298 -57.24 42.26
490 | 0.505 | 24 | 15 10 [11616.58| -57.27 42.50
490 | 0.505 | 24 | 15 15 [11755.85 1.23 102.57
490 | 0.505 | 24 | 15 5 |11543.48( 6.42 103.55
490 | 0.505 | 24 5 10 [11361.07| -49.17 56.95
490 | 0.505 | 24 5 15 [11498.02| 8.84 116.55
490 | 0.505 | 24 5 5 |11224.40( -52.14 51.30
490 | 0495 | 25 | 10 [ 10 |11871.08| 6.55 33.37
490 | 0495 | 25 | 10 [ 15 |1194597| -0.65 27.26
490 | 0495 | 25 | 10 5 |11729.48( 3.97 28.98
490 | 0.495 | 25 | 15 | 10 |11970.58 | S5.61 29.31

490 | 0495 | 25 | 15 15 [12113.38| 65.63 90.39
490 | 0495 | 25 | 15 5 |11894.70( 69.93 91.83
490  0.495 | 25 5 10 |11706.43 | 11.65 43.69
490 | 0.495 | 25 5 15 |11781.42( 5.73 38.87
490 | 0.495 | 25 5 5 |11566.16( 8.41 38.59
490 | 0495 | 26 | 10 | 10 |12133.46| 11.13 9.35

490 | 0495 | 26 | 10 [ 15 [12211.33]| 5.13 4.26

490 | 0495 | 26 | 10 5 |11987.58( 7.29 4.00

490 | 0495 | 26 | 15 | 10 |12237.45( 12.50 7.27

490 | 0.495 | 26 | 15 | 15 |12384.50( 74.97 70.63
490 | 0495 | 26 | 15 5 |12158.60| 76.90 70.18
490 | 0.495 | 206 5 10 [11962.97| 14.08 18.06
490 | 0.495 | 26 5 15 [12107.74| 76.18 81.10
490 | 0.495 | 206 5 5 |11818.43( 9.55 11.97
490 | 0.495 | 24 | 10 | 10 |11596.56 -5.47 49.76
490 | 0495 | 24 | 10 | 15 |11668.39 -13.91 42.58
490 | 0495 | 24 | 10 5 |11459.41( -6.67 46.44
490 | 0495 | 24 | 15 10 [11691.38] -8.87 43.56
490 | 0495 | 24 | 15 15 [11829.77| 48.57 102.25
490 | 0495 | 24 | 15 5 |11618.65| 55.50 105.83
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490 [ 0.495 | 24 5 10 |11437.90 1.87 61.77

490 [ 0.495 | 24 5 15 [11509.77| -5.39 55.79
I

490 0.495 | 24 5 5 111302.03| 0.00 57.75

The results in Table 2 are obtained for parameters ar-
rangement given in Table 3. Rows in Table 2 correspond
eq.(2) andits sequences are denominated from I-VI. These

sequences are used for ¢, calculation using NEW method

and results are given in Table 4. Coefficient K is calcu-
lated from data given in the first row of the Table2.

Table 3. Example experiment plan of least square method

P 2 Ds Ds P fi
(p.), | (f)
(Pn )z (fl)z
(p2) (r), | ),
(),
(p2),
(pl)1 (P4 )z
(P4 )3
(ps),
(p; )3
(pZ )2
(P2),
(p),
(pl)3

The same sequences of ordinary linear equations OLE
are used for obtaining coefficients as numerical solution
and data in Table 2 for the same solutions by least square

method LSQ. On the basis of the calculated ¢, and K dif-

ferences AX,,, AX,, given in Table 2 are derived. Mean
square root differences from differences AX,, AX,, are
also given in Table 4.
Table 4. Calculated values for (¢;, K, m,,, )
0. K,m,, LSQ OLE NEW
Oy 1.1470986 9.5233440E-01 | 9.5233440E-01
. -3.1752747E-01 |-1.1291144E-01 | -1.1291145E-01
Dy 6.0951495E-01 5.4807090E-01 | 5.4807090E-01
O 2.1482959E-02 2.0790317E-02 | 2.0790317E-02
Oar 1.6819049E-02 1.7004655E-02 | 1.7004658E-02
K 1.0000201 4.718855 4.695382
My 50.60136 35.36713 64.77618

For eq.(8) and Table 4, it is easy to see the advantages of
the new procedure for obtaining ¢, and K . It can be stated

as follows:

- number of experiments is significantly reduced com-
pared to the least square method for the same results;

- simplicity of the expression (8) eliminates any need for
using numerical methods for solving ordinary linear
equations;

- new method is predominantly compared to the existing,
least square and other methods, due to the established
correspodent parameter sequences in eq.(2) and experi-
ment plan given with Table 1.

Conclusion

Dimensional analysis procedure used in all problems
where there are n >3 variables to be included on the right-
hand side of equations like (2) is inadequate.

In that case, the final form of the relation will include de-
terminate powers of three of these variables, along with the

arbitrary functions of (n—3) non-dimensional parameters,

each of which is a group of some or all of the n variables.
The result of author's investigation concerning determin-
ing the exponents in equations like (2) without restrictions
as for number of parameters and associated problems is
given.
The advantage of the new procedure for obtaining ¢,
and K can be stated as follows:

- number of experiments is significantly reduced com-
pared to the least square method for the same results;

- simplicity expression (8) eliminates the necessity to use
any numerical method for solving ordinary linear equa-
tions;

- -new method is predominantly compared to the existing,
least square and other methods, due to the corresponding
parameter sequences established in eq.(2) and experi-
ment plan given in Table 1.
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Novo resenje posebno formirane jednacine linearne regresije

Prikazan je nov nacin dobijanja koeficijenata ¢, i korektivnog faktora K u izrazu oblika
fi=K pP p? p¥..pY =KHp§”’,(i =1,..,n) gde su p, parametri mehanitkog sistema. Novim nac¢inom je eliminisana
i=1

metoda najmanjih jednacina za koju treba obaviti daleko ve¢i broj eksperimenata nego $to ima koeficijenata ¢, plus
jedan za korektivni faktor K . Po datom postupku, dovoljno je izvr$iti ta¢no onoliko eksperimenata koliko ima koefi-
cijenata ¢, ijedan viSe zbog K .

U isto vreme, ¢, se dobijaju elementarno, bez kori$éenja numericke ili bilo koje druge analiti¢ke metode za reSavanje
sistema obi¢nih linearnih jednacina. Ovo je omoguéeno zahvaljujuéi posebno definisanoj strukturi sistema obi¢nih li-

nearnih jednacina koja prati raspored parametara p, u planu eksperimenta.

Kljucne reci: linearna regresija, sistem linearnih jednacina, planiranje eksperimenta

Une nouvelle solution d’une équation de regression linéare
spécialement formée

On a démonré une nouvelle maniére d’obtenir le coefficient ¢, et le facteur correctif X dans I’expression en forme

fi=K pl p¥ p?..pY =KHp,”",(i =1,..,n) oule p, représente les paramétres du systéme mécanique. Par ce nou-
i=1

veau procédé on a éliminé la méthode des plus petites équations pour lesquelles il faut effectuer le nombre d’essais

plus grand que chez le coefficient ¢, plus un pour le facteur correctif K . Selon le procédé donné il suffit juste

d’effectuer un nombre d’essais correspondant au nombre du coefficient ¢ plus un, toujours a cause du K.

Simultanément on obtient ¢, de facon élementaire, sans appliquer la méthode numérique ou d’autres méthodes ana-
lytiques afin de résoudre le systtme d’équations linéaires ordinaires. Ceci est possible grace a une structure du sys-
téme d’équations linéaires ordinaires spécialement définie qui suit la répartiton des paramétres p, dans la planifica-

tion d’un essai.

Mots clés: regression linéaire, systéme d’équations linéaires, planification d’un essai

Hosoe PE€IICHUEC CIICHUAJTBHO YCTAHOBJICHHOT'O YPAaBHCHUS
JINHEWHOMI perpeccum B ILJIAHC SKCIICPUMCHTOB

B aT0il paGoTe mpepcTaBlI€H HOBBIN cHOCOO ¢, mNodydeHus kKoagdunumeHTa M KOPPEKTHPOBOYHOI'O
0

xoac¢ummenta K B ypaBHeHHE: f, =K p{" p?* pP..pl =K H pl,(i=1l,..,n), e p, SABIAIOTCS IIApaMETPaMBbI Me-
i=1

XaHW4ecKoii cucreMbl. HOBBIM clocOGOM 3IAMAHAPOBAaH METON HAMMEHBINX KBaJpaTOB, 9TO0H! GBLIO BO3MOXKHO
CIIOXWUTh CHCTEMy OOBIKHOBEHBIX JIMHEHHBIX YPOBHEHHMH, YIS KOTOpPOH HyXHO CAENaTh TOpasfjo Ooibmoie

SKCIEPEMEHTOB OT CYIIECTBYIOIIETO JHuclia K03 GUIueAToB ¢, ¢ [oGaBIeHNEM OTHOT'O [ KOPPEKTHPOBOIHOTO
ko3¢ dmpmenra K . ITo ;arOM IOCTYIIKE, ZOBOILHO CAENATh TOYHO CTONBKO BKCIEPHMEHTOB, CKOJIBKO CYIIECTBYET
k03(pUIHEHTOB ¢, W 3a OfuH Oonbmie u3-3a K .

B TO ke BpeMsi, ¢, IOIy4YalOTCs 3NIEMEHTAapHO, 6€3 MOJIb30BaHMs YACIEHHOTO METO/a MIIH KaKOro-HUOYAbL APYroro

aHAJIMTHYECKOTO METOJja AJI PEINESHNs CACTEMBbI OOBIKHOBEHbIX JIMHEHHBIX YPOBHEHHH. DTO CENaHO BO3MOXHBIM
6narofapsl CHEeIEANbHO ONpElENCHHOH CTPYKType CHCTEMBI OOBIKHOBEHBIX JHHEWHBIX ypPOBHEHHH, CIefsIeit

pacnpefesieHAe MapaMETPOB p, B IUIAHE SKCIEPAMEHTOB.

Kibraeproe cropa: TMHEHHAD Perpecchb, CACTEMA JIMHEEHHIOX YPOBHEHNI, ITaH &KCIEpAMEHTOB



