Volume XXVII 2024
@ ISSUE no.1
- o

MBNA Publishing House Constanta 2024

ik::i‘;}

Scientific Bulletin of Naval Academy

SBNA PAPER ¢ OPEN ACCESS

Contributions on the use of probability laws and
statistical tests in the analysis of ship maintenance
work in a shipyard

To cite this article: Emil Manea, Mihaela Greti Manea, Elena Gratiela Robe-Voinea, Alexandru
Pintilie, Scientific Bulletin of Naval Academy, Vol. XXVII 2024, pg. 189-196.

Submitted: 22.04.2024
Revised: 27.07.2024
Accepted: 13.089.2024

Available online at www.anmb.ro

ISSN: 2392-8956; ISSN-L: 1454-864X

doi: 10.21279/1454-864X-24-11-025
SBNA® 2024. This work is licensed under the CC BY-NC-SA 4.0 License


http://www.anmb.ro/

Contributions on the use of probability laws and statistical
tests in the analysis of ship maintenance work in a shipyard

E Manea', MG Manea?, EG Robe-Voinea®, A Pintilie*

'Head of Greece Branch Office, PhD. Eng., Constanta Shipyard, Romania

?Assoc. Prof., PhD, Eng., “Mircea cel Bitran” Naval Academy, Constanta, Romania
3Lecturer, PhD, “Mircea cel Bitran” Naval Academy, Constanta, Romania
*Researcher, PhD, Eng., “Mircea cel Bitran” Naval Academy, Constanta, Romania
MG Manea, greti.manea@anmb.ro

Abstract. Probability theory studies random experiences, which reproduced several times,
unfold each time differently, and the outcome cannot be predicted. Statistics studies phenomena
and processes that occur in many units, vary in level from one unit to another, are different in
time, space and organizational structure. The period during which a ship is detained in the
shipyard for the execution of maintenance works (dock and/or quayside) can easily be included
in the category of stochastic phenomena, influenced by many factors with deterministic or
random, essential, or non-essential action. Probability laws and statistical tests could be used to
solve this topic, the authors believing it is possible to develop original contributions in solving
aspects of the complex process of ship maintenance in shipyards for repair. This paper aims to
illustrate, by means of justifying examples, the opportunity to use probability theory in solving
complex problems from the maritime vessels shipyard maintenance and repairing activity,
conditioned by uncertainty, risk and variability.

1. Introduction

The period for carrying out maintenance work on ships in dock or at the quay of a shipyard shall be part
of the maintenance programme required by classification societies at predetermined intervals to confirm
that hull structure, machinery, installations, systems and equipment conform to the applicable
requirements and are considered in satisfactory technical condition, respecting the norms and norms in
force [1] [4]. In assessing the total period of time and docking period required to carry out the work
referred to in the Technical Specification drawn up by the Technical Owner/Manager of the ship,
account shall be taken of: identification of variables with significant influence and their interrelation as
a result of estimates made in bidding and programming-planning activities carried out in shipyards for
execution of ship maintenance works; elaboration of a mathematical model suitable for solving the
proposed problem [5] [9].

2. Theoretical aspects
Probability theory operates with a series of specific notions which, succinctly, present themselves as
follows [2]:

o the experiment (it is defined as the practical realization of a well-defined set of conditions,
according to a research criterion);

e theevent (it is defined as any result of an experiment, which can be said to have been or has not
been carried out, after the experiment under consideration has been performed).



The probability of an event is the ratio of the number of cases favourable to the event to the number
of possible cases.

The random variable, where only one measurement is made, is that quantity which, in an experiment,
can take an unknown value a priori, and if a sequence of measurements is made, it is a notion that gives
information on the numerical value of the measured quantity, and how often a numeric value occurs in
a string. If the numerical values of a data string belong to the set of integers or rational, then a discrete
random variable is defined, and if values belong to the set of real numbers, a continuous random
variable is defined [3] [6].

Discrete random variables refer to experiments or phenomena that are governed by statistical laws
(when there is a certain degree of uncertainty as to the occurrence or recurrence of a result) and not by
deterministic laws (when it is known for sure what result will or will not occur). For such experiments
or phenomena to be known and therefore studied, the possible results of the experiment are important
and necessary and the statistical law or probabilities with which the results of the experiment under
consideration are likely to emerge [3] [7] [8].

If repeated measurements give results that are significantly different from most of results, it is to be
assumed that aberrant errors have been recorded and it is necessary to consider whether they should be
eliminated at the statistical processing stage of the results.

This operation is possible based on tests that require the choice of a probability according to which
the decision is made to preserve or eliminate them.

The tests for removing data affected by aberrant error are [6] [8]:

e Chauvenet test (30 test);
Romanovski test;
Irwin test (4 test);
Grubbs test;
Dean-Dixon test (Q test).

Tests to verify the concordance between a theoretical distribution and an empirical one

(experimentally determined) are [6] [8]:
e normality test (y? test);
e high number test (Kolmogorov-Smirnov test);
e Massey-Junior test;
e Shapiro-Wilk test.

3. Results
This chapter of the paper presents some suggestive results obtained by the authors in the research carried
out for the subject mentioned in the title.

3.1. Examples of the use of probability theory

Example 1:

Three sections of a shipyard, S;,S,,S; exceed the daily schedule of maintenance work
performed on a ship, with the probabilities of 0,.7; 0.8 respectively 0.6. It is required to calculate
the probabilities of events:

A - at least one section to carry out the works ahead of schedule
B - all sections to carry out the works ahead of schedule

Solution:

Let A; to be the event as Section S; to carry out the works ahead of schedule. It is known that
A=A UA,UA; s0P(A) =P(A;UA,UA;)=1—-P(A;NnA,NnA;)=1-P(A,) P(A,)-
P(A;)=1-(1-0.7)(1-0.8)(1—-0.6) =1—0.3:-0.2-0.4 = 0.976
B = A; N A, N Az and, considering the independence of events, it can be write:

P(B) =P(A; NA,NA;) = P(A,)-P(A,)-P(A;) =0.7-0.8-0.6 = 0.336




Example 2:

When performing maintenance work on a 4-cylinder inline diesel engine It is necessary to
replace the segments on the 4 pistons using parts from the spare stock which consists of a total of
26 segments. It is required the probability that by randomly extracting a segment 5 times and
placing them in the order of extraction, to obtain the order of mounting the segments on a piston
(compression-1, scraper-I, lubrication, compression -11, segment-11).

Solution:

Let note X the event that we are looking for, so to obtain by successive extractions the order of
mounting the segments on a piston. It is also noted:

A;=the event to obtain compression-1 segment at the first selection;

A, = the event to obtain scraper-1 segment at the second selection;

A5 = the event that at the third selection to obtain lubrication segment;

A, = the event that on the fourth selection a compression-Il segment is obtained;

Ac = the event that at the fifth selection a shaving-Il segment is obtained.

ThentheeventXifX=A; NA, NA;NA,NAs.

Results:
P(X) = P(A1)P(A;|A1)P(A3|A; NAy)P(AL|A; NA; NA3)P(As|[A; NA, NA3NAY)
_ 11111
2625242322
Example 3:

When drawing up a technical specification for maintenance work required to be carried out on
a ship, those n independent work Ay, A4,, ...A, have the probabilities of realization
P(Ax = px,k =1,n).Of interest is the average value and dispersion of the number of
independent works that are carried out when the ship enters a shipyard to carry out work according
to the technical specification.

Solution:

It is denoted by X random variable having as values the number of maintenance works carried
out on the ship in the shipyard according to the technical specification. Probability that X take the
value k (k = 0,1,2, ...,n) is, according to the generalized binomial-Poisson law, the coefficient
x¥ from the polynomial

Q(x) = (p1x + q1) (P2x + q2) ... (Pux + q)
whereq; =1—-p;,i=12,..,n
If it is written developed, Q(x) = ag + a;x + a,x? + -+ + a, x™, then the distribution table for

variable X is
0 1 2 )
X: (ao a; a, .. an)

The sum of all elements on the second line of the distribution table is 1 because

aGta++a,=Q0) =1+ q)P2+q2) . (Pr+qn) =1
Mean value of variable X is E(X) = Y-, kay.
By deriving the expression of the polynomial Q(x) it is obtained

Q(x) = a; + 2a,x + 3azx? + -+ na,x™ !

and, finally

n
Q(1) = a; + 2a, + 3az + -+ na, = Zkak =M(X)
i=0
On the other hand,

Q) =p; H(pkx +qx) + P2 H(pkx +q) + -+ n(pkx + )
k=1 k=1 k=1

and for x = 1 becomes Q(1) = p; + p, + -+ py.




Hence, E(X) = X}=1 Pk-
For the calculation of dispersion, it is calculated initially E(X?) = Y}_, k%ay
It is obtained
xQ(x) = a;x + 2a,x? + 3a3x3 + - + na,x"
and by derivation is obtained
Q(x)+xQ(x)=ay + 2%2a,x + 3%2a3x? + -+ + n?a,x™ !
For x = 1 becomes Q (1)+x( (1) = ¥, k?ay, s0

B = Q) +0(1) = ) pi+G(D)
k=1

It is derived to calculate § (1) and it is obtained

() =ps [P, 1—[ (pjx +4;) +ps 1_[ (pjx +4;) -+ Pn 1_[ (pjx +q;) |+

j=1,2 j=1,3 j=1,n
et Pu|P1 1_[ (pjx+4q;) +p, 1_[ (pjx + q;) e 4+Pn-1 n (pjx +q;)
j=1n j=1n j=1n-1

For x = 1 becomes

Q(x)=plzpk+p22pk+-~+pn2pk=
k=1 k=2 k=n

= pi[EX) = pu] + p2[EX) — pal + -+ polE(X) — pp] = )

= E(X)(py +p2 + -+ pp) — (f +p5 + -+ ) = [ECOI* - z Pk

k=1
E(X?) —Zpk+ [ECO)? Z

The dispersion for E(X) is

Var(x) = EX?) - [ECOP Z +HIECOP - Zpk [ECOP ==Zpk—
=1

Z pr (1 —p) = Z PrAx

It is obtained

Pk

n
2.7
k=1

Example 4:

When inspecting the bottom of a ship in the dock for repairs, measurements of sheet metal
thicknesses are made at 256 points. What is the probability that the number of occurrences of sheet

thicknesses below the permissible limit is between 112 and 144?
Solution:

It is denoted by X, the random variable which has as values the number of occurrences of sheet
thicknesses below the permissible limit when executing measurements on the tabs of the sheet

metal at the 256 points.

The variable X has binomial distribution with parameters n = 256 and p = 1/2 (the probability
that a measurement executed on the sheet tabs will record a thickness below the permissible limit).

It is necessary to calculate P(112 < X < 144).
Because E(X) = np = 128 and g,, = \/npq = 8, the relationship takes place

X —128
P(112<X<144)=P(—2< 3 <2)




X—-128

Using the Moivre—Laplace theorem and approximating the distribution 5 with the standard
normal distribution Y, will lead to
— 128
p (—2 < z) = P(—2<Y <2) = ¢(2) — p(=2) = 2¢(2) = 0,95

3.2. Examples of applicability of tests for removing data affected by aberrant error

3.2.1. Romanovski Test
For the application of the Romanovski test to eliminate a disparate value x4, shall be calculate the

average value
X1+Xo+ " Xn

X = . (1)
and standard deviation
2R (x=x)?
5= [Hnlbe? @
The ratio shall be determined

Reqic = lxd_:l’ (3)

g |

n-—1

and compare with breakpoints established for a proposed risk, and if the value exceeds the critical value,
Reaic = Reritic, then the result x; can be removed with a certainty of conclusion at least the one
proposed. Otherwise, it must be concluded that there are insufficient reasons to eliminate the value x;.

3.2.2. Irwin test
The data string, n, shall be ordered upwards or downwards, the disparate value, x4, likely to be aberrant
one, being located at the ends of the string.

To apply the Irwin test to eliminate an aberrant value x4, shall be calculate the average value

and standard deviation
hoxi-%
s= T — )
The ratio shall be determined
x4
Acalc = |xdT (6)

where x, is the value closest to the disparate value x.

Compare the calculated value with critical ones set for a proposed risk, and if the value exceeds the
critical value, A.q;c = Acritic, then the result x; can be removed with a certainty of conclusion at least
the one proposed.

Otherwise, it must be concluded that there are insufficient reasons to eliminate the value, x.

3.2.3. Grubbs test

To apply the Grubbs test to eliminate a disparate value x4, shall be calculate the average value
g = Xatxetdn (7

and standard deviation

(8)

The ratio shall be determined
Gearc = a2 9




and compare the calculated value with critical ones set for a proposed risk, and if the value exceeds the
critical value, G g = Geritic, then the result x4 can be removed with a certainty of conclusion at least
the one proposed.

Otherwise, it must be concluded that there are insufficient reasons to eliminate the value, x.

Example 5:

For the execution of the same maintenance work on a series of 19 ships, relatively similar in
construction type and carrying capacity, in a shipyard there was a labor consumption, expressed
in working hours, according to the table below.

It is required to determine whether the disparate value x; = 149 hours, is wrong with respect
to the value string and whether it should be removed from calculations.

Solution:

Order the string in ascending order and solve the problem using, in turn, the tests to eliminate
aberrant errors (EXCEL software was used to resolve).

n X; oo x? x;—x | (x; — %)?
! orderly ascending . i :
. 149
Shipno. 1 | 164 | . 22201 | -23.842 | 568.446
likely to be aberrant

Shipno. 2 | 169 164 26896 | -8.842 | 78.183
Shipno. 3 | 176 167 27889 | -5.842 | 34.130
Shipno. 4 | 172 167 27889 | -5.842 | 34.130
Shipno. 5 | 167 169 28561 | -3.842 | 14.762
Shipno. 6 | 167 169 28561 | -3.842 | 14.762
Shipno. 7 | 179 172 29584 | -0.842 | 0.709
Shipno. 8 | 176 172 29584 | -0,842 | 0.709
Shipno. 9 | 189 172 29584 | -0,842 | 0.709
Ship no. 10 | 149 174 30276 | 1.158 1.341
Shipno. 11 | 181 174 30276 | 1.158 | 1.341
Shipno. 12 | 184 174 30276 | 1.158 | 1.3412
Shipno. 13 | 172 176 30976 | 3.158 | 9.972
Shipno. 14 | 172 176 30976 | 3.158 | 9.972
Shipno. 15| 174 176 30976 | 3.158 | 9.972
Ship no. 16 | 169 179 32041 | 6.158 | 37.920
Ship no. 17 | 174 181 32761 | 8.158 | 66.551
Shipno. 18 | 176 184 33856 | 11.158 | 124.499
Shipno. 19 | 174 189 35721 | 16.158 | 261.078

Critical values for the most used applications, set for a proposed confidence / risk level, are
tabulated in the literature (Table 1).

Table 1. Critical values for proposed confidence levels [8]
| Name of test | IRWIN | GRUBBS | ROMANOVSKI |




Xg =% g =l | Reqre = 242
Analytic expression Aeqie = | d . U Gogre = ds cale . [
n—-1
Number of elements in the TRUST LEVEL
string 95% | 98% | 99% | 95% | 98% | 99% | 95% | 98% | 99%
6 1.39 | 1.81 | 245 | 278 | 3.64 | 4.36 | 2.07 | 2.13 | 2.16
7 1.31 | 169 | 230|262 |3.36|396 |218 | 2.27 | 2.31
8 1.24 | 157 | 2.16 | 251 | 3.18 | 3.71 | 2.27 | 2.37 | 2.43
9 1.20 | 1.51 | 2.09 | 2.43 | 3.05 | 3.54 | 2.35 | 2.46 | 2.53
10 1.18 | 1.46 | 2.03 | 2.37 | 2.96 | 3.41 | 2.41 | 2.54 | 2.62
11 1.14 | 1.43 | 2.00 | 2.33 | 2.89 | 3.31 | 247 | 2.61 | 2.69
12 1.11 | 1.41 | 197 | 229 | 2.83 | 3.23 | 252 | 2.66 | 2.75
13 1.09 | 1.39 | 1.94 | 2.26 | 2.78 | 3.17 | 2.56 | 2.71 | 2.81
14 1.07 | 1.37 | 1.91 | 2.24 | 2.74 | 3.12 | 2.60 | 2.76 | 2.86
15 1.06 | 1.35 188 | 271 | 2.27 | 3.08 | 2.64 | 2.80 | 2.91
16 1.05 1133|186 |268 |268|3.04 267|284 ]| 295
17 1.04 | 1.31 | 184 | 266 | 2.66 | 3.01 | 2.70 | 2.87 | 2.98
18 1.03 | 1.29 | 1.82 | 2.64 | 2.64 | 3.00 | 2.73 | 2.90 | 3.02
19 1.03 | 1.28 | 1.81 | 2.62 | 2.62 | 2.95 | 2.75 | 2.93 | 3.05
20 1.03 |1.27 | 1.80 | 200 | 2.60 | 2.93 | 2.78 | 2.96 | 3.08
TEST IRWIN TEST GRUBBS TEST ROMANOVSKI
s Di=1Xi _ Y121 % 7 Die1 X _ Y21 % 7 Vet X _ Y121 %
n 19 n 19 n 19
_ 3284 _ 3284 _ 3284
19 19 19
= 172.842 = 172.842 = 172.842
n 32 _
n—1 S = n—1 n—2
s=177.75 s =173.035 s = 8.645
_ _ lxq — x|
A _|¥a"*a lxq — %I Reqic = )
cale — | S | Geale = S o
A149 = 0.084 Gi49 = 0.138 n-l
For a confidence level of For a confidence level of Ri49 = 2.684
95% 95% For a confidence level of
ACTitic = 1.03 GCTitiC = 2.62 95%
For a confidence level of For a confidence level of Reritic = 2.75
98% 98% For a confidence level of
Acritic = 1.28 GUcritic = 2.62 98%
For a confidence level of For a confidence level of Rcriti_c =293
99% 99% For a confidence level of
Acritic = 1.81 GUcritic = 2.65 R 990_/03 05
A149 < Acritic G149 < Acritic critic = -
149 shall NOT be deleted 149 shall NOT be deleted t1a9 < Acritic
149 shall NOT be deleted

. Discussions




The information necessary to develop analyses or predictions of the very complex processes carried out
in the shipyards for repairs work must be of a quantitative nature, to allow the expression in numerical
form of the specific characteristics of the analysed phenomena.

This condition implicitly supposes the need for appropriate instruments for measuring the
characteristics of phenomena and units of numerical expression (with or without physical equivalent).
However, both the instruments used for expressing themselves in a quantitative form and the units of
measurement are characterized by some inaccuracy and instability, and their use generates a multitude
of errors.

5. Conclusions
Studies and researches carried out — supported by examples suggestive of the various processes and
activities carried out in a shipyard for the repair of seagoing ships — have led to the conclusion of the
need to develop a relevant mathematical model that allows a more accurate estimation of the time the
ship is detained in the repair dock and/or quayside, to carry out the works included in the Technical
Specification drawn up by the owner/Technical Manager of the vessel. It was concluded that the use of
probability theory and probability tests could satisfactorily answer the subject of interest.

Future research will aim to develop examples of the use of modelling and simulation methods in
shipyard maintenance projects, with contributions to: systematization of data collection and processing
methods; correlation of information in the management of repair operations; analysis of possible risks
during the evolution of ship maintenance projects in maritime repair yards, through the Critical Path
Method — CPM; elaboration of examples of planning of ship maintenance projects in maritime repair
yards, from a probabilistic point of view, through the PERT Method (Programme Evaluation and Review
Technique); analysis of the resources required for a project according to the available method, using the
diagram method, which provides a comparative view of the daily requirement profile for a certain
resource associated with the project compared to the daily available profile.
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