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Purpose. Based on the existing Norms of technological design for mining enterprises with open-
pit mining of mineral deposits, provide an enhanced methodology for the effective solution of braking
task in industrial open-pit rail transport using the MS Excel spreadsheet; opening prospects for further
study, design, and analysis of research on the movement of industrial open-pit rail transport.

The methods. The methodology for solving braking task in industrial open-pit rail transport is
presented in Appendix B of the Norms of technological design for mining enterprises with open-pit
mining of mineral deposits. The authors of this article provided a detailed explanation and thorough
analysis of this methodology.

Findings. As a result of the performed analysis, errors have been corrected, and an improved
methodology for effective solution of the braking problem in industrial quarry railway transport has
been proposed using the MS Excel spreadsheet software. Specifically, it is suggested to consider
Knun.x (coefficient characterizing the track type; if it is a fixed track, then Kuunx = 1, if it is movable,
then Kwmunx = 1.3). Additionally, automation of the search for the value of V, (initial braking speed,
km/h) for the vertical profile i,; (slope at the i-th integration step where braking occurs, %o) is
proposed with the given value of the braking distance L.aus -

The originality. For the first time, a detailed analysis of the braking calculation algorithm for
railway transport, as outlined in the methodology of the current Norms of technological design for
mining enterprises with open-pit mining of mineral deposits, has been conducted. Recommendations,
adjustments, and corrections are provided to enhance the braking calculation algorithm for railway
transport. For the first time, with corrections to the deficiencies and errors of the methodology, an
improved Methodology for Solving the Braking Task of Open-Pit Rail Transport using the MS Excel
spreadsheet has been proposed. It takes into account the type of track and includes automated search
for the initial braking speed.

Practical implementation. The methodology presented in the article can be applied as a tool in
the design and execution of research for the effective solution of braking task in industrial open-pit
rail transport using the MS Excel spreadsheet.

Keywords: braking task solution, industrial open-pit rail transport, MS Excel.

Introduction. Currently, in the careers of the Kryvyi Rih iron ore basin, a
combination of automotive-rail and conveyor transport is used for transporting ore. This
article examines the use of rail transport in modern conditions, which have evolved during
the long-term development of mining operations in quarries and dumps.
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The main guiding document for calculating indicators of rail transport is the
Norms of technological design for mining enterprises with open-pit mining of mineral
deposits [1].

It should be noted that currently the website http://www.kipdiit.dp.ua, referenced in
the Norms of technological design for mining enterprises with open-pit mining of mineral
deposits [1], is unavailable. According to these norms, ready-made Microsoft® Office
Excel tables with formulas for solving braking and other tasks for calculating
technological indicators of rail transport are supposed to be available on this website. At
the same time, these norms [1, p. 198-203] provide a detailed description of the construction
of such Microsoft® Office Excel spreadsheets.

Main part. It should be noted that solutions to the braking problem of industrial
quarry railway transport have been considered previously [2—8], but the most detailed
methodology for solving the braking problem of industrial quarry railway transport is
provided in Appendix B of the Norms of technological design for mining enterprises
with open-pit mining of mineral deposits [1, pp. 178-203]. Let's analyze this proposed
methodology.

For the calculation, we will consider the same initial data as in [1, p. 198-200].

The need to note is that the methodology provided in [1, p. 178-203] does not
include the calculation in MS Excel of solving the braking problem with different types
of tracks (constant and movable). In other words, it is possible to perform the
calculation only when the entire track is constant or when the entire track is movable.
This is a drawback of the methodology.

For solving the braking problem using MS Excel, [1] provides an example based
on the proposed methodology B. In the example, EJI 10 traction units with cast-iron
brake shoes and 7-m dumpcars 2BC-105 - variant 1 with composite brake shoes are
used for transporting ore by rail transport without the use of magnetic rail brakes.

The solution to the braking problem using MS Excel in the methodology
[1, p. 178-203] is proposed to be carried out according to an algorithm. Detailed
explanation of this algorithm is absent in [1] and is provided in this article.

Firstly, it should be noted that the algorithm involves solving the braking problem
by calculating the train's movement indicators through step-by-step integration. Each
I-th integration step represents a time interval, for example (recommended), 1 second.
The indicators for each i-th step are calculated in MS Excel in rows. The indicators of
the zeroth step are located in the 6th row of the MS Excel table; the indicators of the
first step are located in the 7th row of the MS Excel table; the indicators of the second
step are located in the 8th row of the MS Excel table, and so on. That is, the i-th step
is located in the MS Excel table in the row with the number (i+7), where the value of i
IS not less than zero.

It should also be noted that all formulas of the 7th row are then copied to the lower
rows in the usual way (for example, using the Ctrl+C and Ctrl+V commands). It should
be ensured that the number of steps (rows filled with formulas, starting from the 7th
row) is sufficient to solve the braking problem — to calculate the time when the train
reaches zero speed.
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Initially, the corresponding cells are filled with the respective input data. In row

2 of the MS Excel table, data provided by the [1, p. 178-203] methodology are entered,
as shown in Table 1.

which are missing in [1, p. 178-203].

In this and the following tables, we provide detailed explanations of the algorithm,

Table 1
Input data (values) to be entered in the 2nd row of the MS Excel table as specified in
the methodology [1, p. 178-203]

Ne Indicator Name Value Cell for
Filling

1 |i. -slope of the track at all i-th integration steps

where braking occurs, %o -40 A2
2 | V, - initial braking speed, km/h 26,8 B2

C2

3 | auwx - 1st empirical coefficient for determining

Ke.ox - COefficient of filling the brake cylinders

depending on (t.) time elapsed since the start of

braking. For locomotive EJI 10 with cast-iron

brake shoes.

[1, p. 190, table B.11, formula B.16] 0,0000107 D2
4 | baox - second empirical coefficient ... -0,0017300 E2
5 | Caox - third empirical coefficient ... 0,0760000 F2
6 | asw.— 1st empirical coefficient for determining

Keeae - COefficient of filling the brake cylinders

depending on (t.) time elapsed since the start of

braking. For cars (dumpcars) 2BC105 with

composite brake shoes.

[1, p. 190, table B.11, formula B.16] 0,0000237 G2
7 | bea - second empirical coefficient ... -0,002530 H2
8 | Ceue - third empirical coefficient ... 0,0880 12
9 | Fsorx- Sum (force) of the locomotive brake shoe

pressures (from [1, p. 186, table B.6] at a

pressure of 390 kPa 38400 kg - 3 units = 115200

kg), kgf 115 200 J2
10 | P - weight of the locomotive

[1, p. 194, table B.16] For EJI 10, t 360 K2
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Continuation of Table 1
Ne Indicator Name Value | Cell for Filling

11 | az,.i- 1st empirical coefficient for determining
¢ai - calculated coefficient of wheel-rail
coupling of the locomotive wheels at the end of
the i-th integration step. For locomotive EJI 10
with standard cast-iron brake shoes.

[1, p. 185, table B.4, formula B.14] 0,78 L2
12 | a2, - 2nd empirical coefficient ... 0,016 M2
13 | a3, - 3rd empirical coefficient ... 100,0 N2
14 | a4, - 4th empirical coefficient ... 0,080 02
15 | as,,i - 5th empirical coefficient ... 100,0 P2
16 | as,,i - 6th empirical coefficient ... 0,00 Q2
17 | a7, - 7th empirical coefficient ... 100,0 R2
18 | as.,i - 8th empirical coefficient ... 3,180 S2
19 | ag,,i - 9th empirical coefficient .. 100,0 12

20 | Noxaox - number of locomotive brake shoes
(from [1, page.186, table B.6] -

38400/2400 - 3 units, i.€., Nic.nox * No.ox

- see additional input data) 48 U2

For convenience, in row 2 of the MS Excel table, data not provided by
methodology [1, p. 178-203] (Table 2) is suggested to be entered. For clarity, the text
"Additional input data not provided by methodology [1, crop. 178-203]." is entered
into cell W2.

The additional input data (not provided by methodology [1, p. 178-203]) entered
into the MS Excel table is recommended to be used for automatic lookup of
corresponding input data in reference tables using the VLOOKUP function and the
HLOOKUP function.

In row 1 of the MS Excel table, the corresponding names of the indicators (for
clarity) entered in row 2 (i.e., those corresponding names listed in Tables 2 and 3) are
entered. Additionally, for clarity, more detailed information can be included in the
notes.

In row 4 of the MS Excel table, data provided by methodology [1, p. 178-203], as
listed in Table 3, is entered. In row 3 of the MS Excel table, the respective names of
indicators (not provided by the methodology [1, p. 178-203]) are entered for clarity,
which are input in row 4 (i.e., those corresponding names as listed in Table 3).
Additionally, for clarity, more detailed information can be included in the notes.
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Table 2

Input data (values) to be entered in the 2nd row of the MS Excel table, not provided

by methodology [1, p. 178-203]

Ne Indicator Name Value Cell for
Filling
Additional input data: W2
la | Kmun.x - COefficient characterizing the type of track 1 X2
(if it's a fixed track, then Kuuni = 1, if it's movable,
then Kuunx = 1.3)
2a | T, - locomotive type [1, p.198, table B.19] EJI 10 Y2
3a | T.en - locomotive power supply type with electric |  alternating Z2
current
[1, p.194, table B.16 and p.217, table B.27]
4a | No.aox - NnUMber of units (sections) composing the 3 AA2
locomotive (traction unit and two motorized
dumpcars) [1, p.217, table B.27], units
5a | Ngiciox - NnumMber of axles in one section of the 4 AB2
locomotive (3 sections)
(from [1, p. 186, table B.6] - 38400:2400 = 16 ;
16 : 4 =4), units
6a | T... - type of locomotive brake pads cast iron AC2
7a | M., - indicator of wagon load. 2 AD2
If the wagons are empty then M;, =1
If the wagons are loaded M;,, = 2
8a | Tea - type of wagons (dumpcars) 2BC105 -1st AE2
[1, p. 186, table B.6] option (k)
9a | T., - type of wagon (dumpcar) brake pads composite AF2
10 | Nga - number of wagons (dumpcars), units 7 AG2
a
11 | Ngic.eae - NUMber of axles in one wagon (dumpcar) 16 AH2
a | (from[1, p. 186, table B.6]21600:(2200+500)-2 = 16)
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Table 3

Input data (values) to be entered in the 4th row of the MS Excel table, as stipulated

by the methodology [1, p. 178-203]

Indicator Name

Value

Cell for
Filling

a'x - 1st empirical coefficient for determining w'o -
the main specific resistance of locomotives depending
on speed for idle mode. For locomotive EJI 10

[1, p.181-182, table B.2, formula B.2].

Attention, in [1, p. 199, table B.20] incorrect data
were mistakenly entered, which are provided here;
according to table B.2 [1, p. 182], the corresponding
coefficients should be as follows: a'x=2,8; b'x=0,023;
c'x=0,00075 !

2,9

A4

b'x - 2nd empirical coefficient ...

0,080

B4

C'x - 3rd empirical coefficient ...

0,0

C4

a’o - 1st empirical coefficient for determining w"o -
the main specific resistance of wagons (dumpcars)
depending on speed V for loaded wagons. For wagons
(dumpcars) 2BC105. [1, p.183, table B.3, formula B.5]

Attention, in table B.3 [I, p.183], there is a
typographical error: BC105 is indicated, but it should
be 2BC105.

3,6

D4

b’ - 2nd empirical coefficient ...

0,04

E4

¢”o - 3rd empirical coefficient ...

0,0

F4

M,.,.. - indication of considering magneto-rail brakes.
Specify "1" for their consideration; otherwise, enter
"0"_

G4

t.z.. - time to reach full brake pad pressure for the
locomotive [1, p. 190, table B.11], sec

30,4

H4

t.1.« - time to reach full brake pad pressure for wagons
[1, p. 190, table B.11], sec

30,0

10

Fseaex - SUM of brake pad pressures for wagons [1,
p.186, table B.6], multiplied by the number of wagons
21600-7=151200), kef

151 200

Nz

11

M., - train composition weight
locomotive), [1, p. 222, fig. I".1], t

(excluding

1095

K4
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Continuation of Table 3

each dumpcar fully loaded at 105 tons (7 units - total
number of dumpcars)
[1, p. 222, fig. T".1], t

Ne Indicator Name Value Cell for
Filling

11 | Attention!!! In the provided example [1, p. 199,

table B.20), M., = 1095 tons. 1095 tons : 7 units =

156 tons per wagon. From [1, p. 222, fig. I''1]: tare

weight = 47 tons; 156 tons - 47 tons = 109 tons. Thus,

the wagons are overloaded. Each wagon is not 105

tons but 109 tons.
12 | a1, - 1st empirical coefficient for determining ¢.; (the | 0,603 L4

actual coefficient of friction of the brake pad against

the wheel at the beginning of the i-th integration step).

For wagons (dumpcars) 2BC105 with composite brake

pads.

[1, p.185, table B.4, formula B.14]
13 - 2nd empirical coefficient ... 0,005 M4
14 | a3, - 3rd empirical coefficient ... 100 N4
15 - 4th empirical coefficient ... 0,02 04
16 | as, - Sth empirical coefficient ... 100 P4
17 | as, - 6th empirical coefficient ... 0 Q4
18 - 7th empirical coefficient ... 100 R4
19 - 8th empirical coefficient ... 1,406 S4
20 | ay - 9th empirical coefficient .. 100 T4
21 | N.xaox - NUMber of brake pads for wagons (dumpcars) 112 U4

from [1, p.186, table B.6]. 2BC105 1 variant (k) with

a pressure of 390 kPa in the brake cylinder.

(Number of axles N.i.=16 - see Additional input data)

(7 dumpcars - 16 axles = 112)
22 | Myae.cpm - weight of all loaded dumpcars 2BC105, with 1064 X4

4 are entered, and in row 7, the respective data is entered.

In row 6 of the MS Excel table, the corresponding names of indicators from Table

It should be noted that the data provided in item 1 and item 4 of Table 4 are not

covered by the methodology for solving the braking problem of industrial open-pit
railway transport, as outlined in Appendix B of the Norms for Technological Design
of Mining Enterprises with an Open Development Method of Mineral Deposits [1,
p. 178-203].
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Table 4
Input data for the 6th and 7th rows of the MS Excel table
Ne Indicator Name Value | Column
1 | Tso - time from the beginning of braking at the start of
the zero integration step (this is input data), (specified at| 0,0 S

intervals of 1 sec, starting from 1 sec), sec

2 | So - final traveled distance (i.e., the distance traveled from
the beginning of the first integration step to the current Oth | 0,0 T
(initial) integration step) (Always equal to zero), m

3 | Vo - velocity at the end (i.e., at the end of the Oth (initial)
integration step), (This is the train speed at the start of | =$B$2 U
braking), km/h
4 | i-integration step 0 X

According to Table 5, in row 8 of the MS Excel table, values or formulas specified
in curly brackets, as provided in [1] methodology, are entered. In row 6, for clarity, the
names of the indicators, also listed in Table 5, are proposed to be included. It should
be noted that the formula given in item O and item 1 of Table 5 is not covered by the
methodology for solving the braking problem of industrial open-pit mining railway
transport, which is presented in Appendix B of the Norms of Technological Design of
Mining Enterprises with Open Development of Mineral Deposits [1, p. 178-203].

Table 5
Input data and formulas entered in row 8 of the MS Excel table, as provided by the
methodology for solving the braking problem of industrial open-pit mining railway
transport [1, p. 178-203]

Indicator Name, Calculation Formula, or Value

o (entered in the 6th row)

(In this column, at the end of each position, the calculation formula for filling
the corresponding cell of the 8th row is indicated in curly brackets)

1 2

0 |i - integrationstep { =1+X7}
1 |Ts, - time from the beginning of braking at the beginning of the i-th integration
step (these are input data), (specified at 1-second intervals, starting from the first

second), sec. Enter the value 1 in row 8, 2 in row 9, and so on.
{=1+A7}

2 V., - speed at the beginning of the i-th integration step, km/h. B
If Vii-1) > 0, then V., = Vii-1). Otherwise, V,.,i = 0.

> (X0 ~rtian
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Continuation of Table 5

2 E

V1) - speed at the end of the previous (i-1)-th integration step (column U),
km/h.
{ =IF(U7>0,U7;0) }

Keaoxi - filling coefficient of the brake cylinders for the locomotive at the end of|C
the i-th integration step [1, p.190, table B.11, formula B.16].

If TS,i <t ) then kt.zwx,i = ok * TS,i + bJZOK g TS,i2 + Crox * TS,i3

Otherwise, Keroxi = 1

t.z. - time to reach full brake pad pressure for the locomotive [1, p.190,
table B.11] (input data (constant) in cell H4), sec

Quoxy Dok, Caox - €mpirically determined coefficients (input data (constants) in
cells F2, E2, D2).

Ts,i - time from the beginning of braking at the beginning of the i-th integration
step (these are input data), (specified at 1-second intervals, starting from

1 second), (column A), sec.
{ =IF(A8<$H%$4,3D$2A8N3+$ES2A8MN2+$F$2*A8,1) }

Ks.ioxi - actual (considering the filling coefficient of the brake cylinders Ke.ox,i)| D
total force (> K) of the locomotive brake pad pressure at the end of the i-th
integration step, kgf

KS.JIOK,i = kt.J'lOK,i - F S.JIOK.K

Keox,i - Tilling coefficient of the brake cylinders for the locomotive at the end of
the i-th integration step [1, p. 190, table B.11, formula B.16], (column C)
Fs.oix - SUM (force) of the locomotive brake pad pressures, kgf (from [1, p. 186,
table B.6] for BJI 10 at a pressure of 390 kPa - 38,400 kgf - 3 units = 115,200
kgf) (Input data, cell J2)

{= C8*$J%$2}

@.,i - actual friction coefficient of the locomotive brake pad on the wheel at the E
beginning of the i-th integration step. (For locomotive EJI 10 with standard cast
iron brake pads.) [1, p. 185, table B.4, formula B.14]
Pni = arn '( (aZ,Jl 'KS.mm,i . NZ.K.J'IOK + a-3,./l) . (a4,0 'KS.JwK,i . NZ.K.JIHK + a5,/1)) ¢

¢ ((a6,fl 'Vn,i + a7,Jl) . (a8,ﬂ 'Vn,i + a-9,./l))
Ks.ioxi - actual (considering the filling coefficient of the brake cylinders Ke.ox,i)
total force (3. K) of the locomotive brake pad pressure at the beginning of the i-
th integration step (column D), kgf
N.xaox - NUMber of locomotive brake shoes (from [1, page.186, table B.6]
38400/2400 - 3 units, i.e., Ngiciox * Noox ; S€€ additional input data); (cell U2).
V.,i - speed at the beginning of the i-th integration step (column B), km/h
ai. ... a9, - empirical coefficients [1, p. 185, table B.4], (Input data, cells L2 ...
T2).
{=$L$2*(($M$2*D8/$US$2+$N$2)/($0$2*D8/$US$2+$P$2))*($Q$2*B8+
$R$2)/($S$2*B8+$T$2)}
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Continuation of Table 5

2

E

Keeaz,i - Tilling coefficient of the brake cylinders for the wagons at the beginning
of the i-th integration step [1, p. 190, table B.11, formula B.16]

If TS,i <tre then kt.eaz,i = Asga: * TS,i + beaz y TS,i2 + Ceaz * TS,i3

Otherwise, Kieai =1
t.1.« - time to reach full brake pad pressure for the wagons [1, p. 190, table B.11]
(input data (constant) in cell 14), sec
Qeaz, Deaz, Coaz - COETficients determined empirically (input data (constants) in
cells G2, H2, 12).
Ts,i - time from the beginning of braking at the beginning of the i-th integration
step (these are input data), (specified at 1-second intervals, starting from

1 second), (column A), sec
{=IF(A8<$1$4;$G$2*A8*A8*A8+$H$2*A8*AB8+$1$2*A8;1)}

F

Ks.ea,i - actual (considering the filling coefficient of the brake cylinders Ke.ga.,1)
total force (3. K) of the wagon brake pad pressure at the beginning of the i-th
integration step, kgf

KS.saz,i = kt.eaz,i - F. s.6az.K

Ke.eaz,i - Tilling coefficient of the brake cylinders for the wagons at the beginning
of the i-th integration step [1, p. 190, table B.11, formula B.16], (column F)
Fs.cae.c - sum (force) of the wagon brake pad pressures, kgf [1, p. 186, table B.6]
with multiplication by the number of wagons 21600-7=151200 kgf) (Input data,
cell J4), kgf

{=F8*$J%$4}

0., - actual friction coefficient of the wagons (dumpcars) brake pad on the wheel
at the beginning of the i-th integration step. For wagons (dumpcars) 2BC105 with
composite brake pads. [1, p. 185, table B.4, formula B.14]
Pes,i = die '((aZ,s 'KS.Gaz,i . Nz.K.s + a3,e) . (a4,3 'KS.saz,i . NZ.K.B + a5,3)) ¢

¢ ((a6,a 'Vn,i + a7,3) . (a8,3 'Vn,i + a9,3))
Ks.ioxi - actual (considering the filling coefficient of the brake cylinders Keuoxr)
total force (3. K) of the locomotive brake pad pressure at the beginning of the
I-th integration step (column G), kgf
N...i0c - nUmMber of brake pads for wagons (dumpcars) from [1, p.186, table B.6].
2BC105 1 variant (k) with a pressure of 390 kPa in the brake cylinder.
(Number of axles N4=16 - see Addit. input data) (7 dumpcars - 16 axles = 112)
Vi - speed at the beginning of the i-th integration step (column B), km/h
aie ... ase - empirical coefficients [1, p. 185, table B.4], (cells L4 ... T4).

Warning !'! There was an erroneous formula here [1 p. 200]:
=$L$4*((SMP4*G8/$USA+INS$4)/($O$4*G8/US2+$P$4))* ($Q$4* B8+
$R$4)/($S$4*B8+$T$4) but correctly it should be like this:

{(=SL$4*((SMSA*GB/SUSA+SNSA)/(SO$4*G/SUSA+$PSA))*($Q$4* B8+
$R$4)/($S$4*BE+$TS4)}

H
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Continuation of Table 5

2

E

Fs.nne,i - total braking force from the pneumatic brake at the beginning of the i-th
integration step, kgf

FS.nHe,i = KS.JwK,i * Qn,i + KS.eaz,i * Pe,i

Ks.qoxi - actual (considering the filling coefficient of the brake cylinders Ke.ox,i)
total force (3. K) of the locomotive brake pad pressure at the beginning of the
I-th integration step (column D), kgf

@.,i- calculated coefficient of wheel adhesion of the locomotive to the rails at
the beginning of the i-th integration step. (For the EJI 10 locomotive with
standard cast iron brake pads.) [1, p. 185, tab. B.4, formula B.14], (column E)
Ks.eae,i - actual (considering the filling coefficient of the brake cylinders Keea.,i)
total force (>, K) of the wagon brake pad pressure at the beginning of the i-th
integration step (column G), kgf

0., - calculated coefficient of wheel adhesion of the wagons (dumpcars) to the
rails at the beginning of the i-th integration step. For wagons (dumpcars) 2BC105
with composite brake pads. [1, p. 185, table B.4, formula B.14]  (column H).
{=D8*E8+G8*H8}

10

B, - braking force from the electromagnetic rail brakes at the beginning of the
I-th integration step (this braking force reaches its full value 4.6 seconds after
the start of braking, so in the time range Ts; from 0 sec to 5 sec, the value of B,
needs to be multiplied by the coefficient 0,2-Ts,) [1, p. 191, formula B.17], kgf
If Tsi<5 then By,i=0,2Tsi* M,.p.- 21940 - %0184 Vi
Otherwise, Bu,i=M,.p.. 21940 - %184 Vi
Vi - speed at the beginning of the i-th integration step, km/h
Ts,i- time from the start of braking at the beginning of the i-th integration step
(these are input data), (specified at intervals of 1 sec, starting from 1 sec),
((column A), sec.
Warning !!! There was an erroneous formula here [1 p. 200]:
= IF(A29<5;0,2* A29*$G$4*21940*EXP(-0,0184*B29); $G$4*21940*EXP(-
0,0184*B29))
but correctly it should be like this:
{=1F(A8<5;0,2*A8*$G$4*21940*EXP(-0,0184*B8);
$G3$4*21940*EXP(-0,0184*B8))}

11

Fs, - total braking force (due to the application of brakes) at the beginning of
the i-th integration step, kgf

FS,i = FS.nHz,i + BM,i

Fs.nne,i - total braking force from the pneumatic brake at the beginning of the i-

th integration step (column I), kgf.
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Continuation of Table 5

1] 2

E

11

B..i - braking force from the electromagnetic rail brakes at the beginning of the i-
th integration step, (this braking force reaches its full value 4.6 sec after the start
of braking, therefore, in the time range Ts,; from 0 sec to 5 sec, the value of B,
must be multiplied by the factor 0.2- Ts;) [1, p. 191, formula B.17], (column J),
kgs

{=18+J8}

12

W'xi - primary specific resistance of locomotives for idle mode at the begin-ning
of the i-th integration step [1, p. 181-182, table B.2, formula B.2], kgf/t

Wlx,i = a'x + blx ° Vn,i + C'x ° I/n,i2

a'v, by, C'x - empirical coefficients [1, p. 182, table B.2], (Input data, cells A4,
B4, C4).

V.,i - Speed at the beginning of the i-th integration step (column B), km/h

Note: Primary specific resistances of movement for industrial locomotives,
electric locomotives, and AC traction units on mobile tracks, calculated using
formulas B.1 and B.2 [1, p. 181], are assumed to be 30% higher than on fixed
tracks. Add and consider K.« - @ coefficient characterizing the track type (if
it's a fixed track, Kmun.x = 1; if it's mobile, then Kuunx = 1.3).

{=$A%$4+$B$4*B8+$C$4*B8*B8}

13

w",i - primary specific resistance of wagons for industrial loaded wagons (if the

wagons are empty, use a"'ox, b"0x, C'"ox instead of a"*,, b''s, ¢"'o) at the beginning

of the i-th integration step [1, p. 183, table B.3, formula B.5], kgf/t
W'i=a"s+b" Vit o Vn,i2

a's,b"o, "o - empirical coefficients [1, p. 183, table B.3], (Input data, cells D4,

E4, F4).

V,.,i - Speed at the beginning of the i-th integration step (Column B), km/h.

Note: Primary specific resistances of movement for all types of wagons on mobile
tracks, calculated using formulas B.5 and B.6 [1, p.183], are assumed to be 30%
higher than on fixed tracks. It is necessary to add and take into account

Kounx - coefficient characterizing the type of track (if it's a fixed track, Kumun.x = 1;
if it's mobile, then Kuunx = 1.3).

{=$D$4+$E$4*B8+$F$4*B8*B8}

14

W""ox,i - primary specific resistance of the train (due to friction between surfaces)
determined as the average for the locomotive and wagons at the beginning of the
I-th integration step [1, p. 183, formula B.7], kgf/t

W oxi = (Wi * P+wmi < Q) : (P+Q)

P - mass of the locomotive [1, p. 194, table B.16] For EJI 10. (Input data, cell
K2), t
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Continuation of Table 5

1] 2 E

14|Q — mass of the wagons (from table B.16) (Mass of the train (excluding the
locomotive), [1, p. 194, table B.16; p. 222, fig. I".1] (Input data, cell K4), t

W'xi - primary specific resistance of locomotives for idle mode at the beginning
of the i-th integration step [1, p. 181-182, table B.2, formula B.2], (column L),
kof/t

w",,i - primary specific resistance of wagons for industrial loaded wagons (if the
wagons are empty, use a"'ox, b"0x, C""ox instead of a"*,, b'"s, c"'o) at the beginning
of the i-th integration step [1, p. 183, table B.3, formula B.5], (column M), kgf/t
{=(L8* $K$2+M8* $K$4)/($K$2+$K$4)}

15|ri — total specific (braking) force acting on the train at the beginning of the i-th|O
integration step, kgf/t

ri = iz + WHOX,i + FS,i c (P +Mc.n)

Warning ! This formulais notin [1] the methodology, itis only in table B.21 [1,
p. 201], and in table B1 [1, p. 180] it is indicated what the sign r means, that is,
how r is calculated in [1] is not indicated.

I. - track slope on all i-th integration steps where braking occurs (input data,
cell A2), %o

W"oxi - primary specific resistance of the train (due to friction between surfaces)
determined as the average for the locomotive and wagons at the beginning of the
I-th integration step [1, p. 183, formula B.7], (column N), kgf/t

Fs.i - total braking force (due to the application of brakes) at the beginning of the
I-th integration step (column K), kgf

P - mass of the locomotive [1, p. 194, table B.16], (input data, cell K2). For
EJI 10, t

M... - mass of the train (excluding the mass of the locomotive), [1, p. 222, figure
I'.1], (input data, cell K4)

{=$A%$2+N8+K8/($K$2+$K$4)}

16 |4V - speed reduction during braking at the beginning of the i-th integration step| P
[1, p. 197, formula B. 33], km/h

AVi=r1i:30

ri - total specific (braking) force acting on the train at the beginning of the i-th
integration step (column O), kgf/t

{=08/30}

17|V, - average speed at the i-th integration step, km/h Q
Vc,i= Vn,i'AI/i 12
V.,i - speed at the beginning of the i-th integration step (column B), km/h
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Continuation of Table 5

1]

2

E

17

AV - speed reduction during braking at the beginning of the i-th integration step
[1, p. 197, formula B.33] (column P), km/h
{=B8-P8/2}

18

Sui - initial traveled distance at the beginning of the i-th integration step (i.e., the
entire distance traveled from the beginning of the first integration step to the
beginning of the current i-th integration step), m

Sui = Sk-)

Sk-1) - final traveled distance on the previous (i-1)th step of integration (i.e., the
distance traveled from the beginning of the first integration step to the beginning
of the previous (i-1)th integration step) (column T), m

{=T7}

19

ASi — distance (interval) traveled on the i-th integration step (during the i-th
integration step) [1, p. 197, formula B.34], m

AS = Vc,i . 3,6

V., - average speed at the i-th integration step (column Q), km/h

{=Q8/3,6}

S

20

Sk — final traveled distance at the i-th integration step (i.e., the distance traveled
from the beginning of the first integration step to the current i-th integration step),
m

SK,i = Sn,i + ASI

Sui - initial traveled distance at the beginning of the i-th integration step (i.e., the
entire distance traveled from the beginning of the first integration step to the
beginning of the current i-th integration step) (column R), m

ASi - distance (interval) traveled on the i-th integration step (during the i-th
integration step) ([1], p. 197, formula B.34) (column S), m

{=R8+S8}

T

21

V.i— speed at the end of the i-th integration step, km/h

VK,i = Vn,i -A Vvl

Vi - speed at the beginning of the i-th integration step (column B), km/h

AV - speed reduction during braking at the beginning of the i-th integration step
[1, p. 197, formula B.33] (column P), km/h

{=B8-P8}

For convenience and to maintain the created structure of the MS Excel table, the
formula for determining the braking distance (L....x) IS proposed to be entered into
cell C2, which is located next to cell B2 containing the initial speed value (V.). Also,
it is appropriate to enter the name of the indicator in cell C1, which is located in cell
C1. Thus, in cell C1, the text "Result. L....x - braking distance, m" is entered.
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To obtain the value of the braking distance (Lzawx) in cell C2, initially in MS
Excel format, the corresponding formulas are entered into cells Y8, Z8, AAS:
"=IF(T78>0,3,-3)", "=IF(Y9<0,IF(Y8>0,11,-5),-5)", "=1F(Z8>0,T8,0)".

Then, copying is performed (for example, using Ctrl+C Ctrl+V) to other
integration rows. Afterward, the formula "=SUM(AA8:AA211)" is entered into cell
C2. If the last integration step is not 211, then in this formula, instead of 211, the row
number in which the last integration step is located is specified (see the "X" column).

Next, use the MS Excel "Goal Seek" function, located in the "Data" tab under the
"What-If Analysis" menu. Then, in the "Goal Seek" window, enter the following data:
Set cell C2; Value 300; By changing cell B2. After that, click the "Ok" button. As a
result, cell B2 will contain the value of V,, (initial braking speed, km/h) for the vertical
profile i. (track gradient on all i-th integration steps where braking occurs, %o).

In this case, i, = constant. However, if necessary, it is possible to organize a
separate column and, for each integration step, specify the required gradient value for
each i-th integration step.

Conclusions.

1. For the first time, a detailed analysis of the braking calculation algorithm for
railway transport, presented in the methodology [1, p. 178-203], is provided. The
analysis reveals deficiencies and errors in the methodology. It is demonstrated that the
example calculations [1, p. 198-203] are incorrect. Recommendations, corrections,
and improvements are provided to enhance the braking calculation algorithm for
railway transport.

2. Currently, the website http://www.kipdiit.dp.ua, referenced in the Norms of
Technological Design for Mining Enterprises with Open Pit Mining [1], is not
available. According to these norms, this website contained ready-to-use Microsoft®
Office Excel tables with formulas for solving braking and other tasks related to
calculating technological indicators for railway transport.

3. For convenience, additional data not covered by the methodology [1, p. 178—
203] is suggested to be entered into the MS Excel table. Explanations, also not covered
by the methodology [1], are proposed for clarity.

4. Incorrectness is identified in the input data regarding wagon overload in cell
K4 of the MS Excel table [1, p, 199].

5. Data is entered into cell X4 of the MS Excel table regarding the maximum
weight of all loaded wagons (hopper cars) for comparison with M.., - the mass of the
train (excluding the locomotive), preventing the case of wagon (hopper car)
overloading.

6. An error is found in the formula for calculating ¢.,; - the coefficient of wheel
adhesion for wagons (hopper cars) with rails at the beginning of the i-th integration
step, to be entered into cell H8 of the MS Excel table [1, p. 200].

7. An error is found in the formula for calculating B..: (braking force from
electromagnetic rail brakes at the beginning of the i-th integration step) to be entered
into cell J8 of the MS Excel table [1, p. 200].

8. It is suggested to consider Kuun« (COefficient characterizing the type of track;
If fixed track, then Kuunx = 1, if movable, then Kuunx = 1.3).
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9. Automation is proposed for finding the value of V, (initial braking speed, km/h)
for the vertical profile i,; (gradient on the i-th integration step where braking occurs,
%o) at the value of the braking path L.aism .

10. To automate the search and input of relevant input data into MS Excel cells,
taken from reference tables provided in the methodology [1, p. 178-203], it is suggested
to use the VLOOKUP function and HLOOKUP function.
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AHOTANIA
Merta. Ha ocHoBi aitounx HopM T€XHOJIOT1YHOT0 MPOEKTYBAHHS MPHIYOJ00YBHUX MIIPUEMCTB 13 BlJI-
KPUTHM CIIOCOOOM pO3pOOKH POJOBHIL KOPUCHUX KOTAIMH, HA/IaTH YJOCKOHAJIEHY METOAMKY JUis ede-
KTUBHOTO PILIEHHSI TaJbMIBHOI 3a/1a4l MTPOMHUCIIOBOTO Kap €PHOTO 3aI3HUYHOTO TPAHCIIOPTY 3a JIOTO-
Mororo TabaumyHoro nporecopa MS Excel; mo BiakpuBae MepcleKTUBH I MMOJANBIIOIO BUBUCHHS,
MIPOEKTYBAHHS Ta aHaJI3y JOCIIIKEHb PyXy IPOMHUCIIOBOTO Kap €PHOTO 3aJII3HUYHOTO TPAHCIIOPTY.

Metoauka. MeToauka pillleHHs FaJIbMIBHOI 3a]1a4l IPOMUCIIOBOIO Kap’ €PHOTO 3a113HUYHOTO TPaH-
CIOPTY BHKJIaZieHa Y A0oAaTky B HopM TexXHOJOriuHOro MmpoeKTyBaHHS TipHUYOJO0YBHUX MiANPH-
€MCTB 13 BIAKPUTHUM CHOCOOOM pO3pOOKH POAOBHUI KOPUCHUX KONAJIWH. ABTOPH LII€i CTaTTI BUKO-
HaJIW JIeTaJIbHE MOSICHEHHS Ta JOKJIaJHUH aHai3 1i€l METOIUKH.

Pe3yabTaTn. B pe3ysnbrari BAKOHAHOTO aHaJIi3y BUITPABJIEHI TOMUJIKH Ta 3alPOIIOHOBAaHA CKOpEroBaHa
YAOCKOHAJIEHAa METOAMKA €()eKTUBHOTO PIllIEHHS TraJbMiBHOI 3aJa4l IPOMHUCIOBOTO Kap’ €PHOTO 3a-
J3HUYHOTO TPAHCIOPTY 3a JA0MOMOro0 TabauuHoro npouecopa MS Excel, y Tomy uucai: 3anporo-
HOBAHO BPaxoBYBAaTH Kyunx (KOE]IIIEHT, 1110 XapaKTepU3ye TUI KOJIii; SKIIO MOCTIHHA KOJis, TO

mun.x = 1, AKIIO TIepecyBHA, TO Kuunx = 1,3), TAKOX 3alIPOINIOHOBAHO aBTOMATH3yBaTH MOIIYK 3HA-
yeHHs V, (IT0YaTKOBA IMIBUIAKICTh TaIbMYyBaHH, KM/TO) I BEPTHKAILHOTO podio i,; (yXum Ha
I-My KpOLli iHTeTpyBaHHS, Ha SKOMY BiOYBa€ThCs TallbMyBaHHS, %o) TPU 3HAYEHHI TaJIbMIBHOTO
XY Learon.
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HaykoBa HoBH3HA. Briepiiie BUKOHAHO JOKJIAJHUNA aHAI3 alTOPUTMY PO3paxyHKY rajbMiBHOI 3a/1adi
IS 3aTI3HUYHOTO TPAHCIIOPTY, IO BUKJIAJEHO Yy METOMII Aifounx HOopM TEXHOJIOTIYHOTO MPOEKTY-
BaHHS TIPHUYOAO00YBHUX IIIMPUEMCTB i3 BIAKPUTHM CIOCOOOM PO3POOKH POIOBHUII KOPUCHHUX KO-
nanuH. Hamano pexomeHanii, KoperyBaHHs Ta BUIIPABJICHHS], 1010 HOJIITIIEHHS aITOPUTMY pO3paxy-
HKY raJIbMiBHOI 3a/1a4i 7151 3aJ1i3HUYHOTO TPAHCIOPTY. Briepiiie, 3 BUIIpaBIIeHHSM HEAOJIKIB Ta TOMUIIOK
METO/IMKH, 3alPOIIOHOBAaHA yJJOCKOHA/IeHa MeToarKa pillieHHs TaJIbMiBHOT 3a/1a4i Kap’ €pHOTO 3ali3HH-
YHOT'0 TPAHCIIOPTY 3a JOIOMOTOr0 TabimuyHoro npouecopa MS Excel, 1o BpaxoBye tumn kodii, aBToMa-
TH30BaHHH MOIIYK 3HAYCHHS IOYaTKOBOI IIBUAKOCTI TAJIbMyBaHHSI.

IIpakTHyHa 3HAYNMIicTB. BuKIageHy y cTaTTi METOAMKY MOXHA 3aCTOCOBYBATH Y SIKOCTI IHCTpyMEHTa
P [IPOEKTYBaHHI Ta MPY BUKOHAHHI JJOCIKEHb /U1 €()eKTUBHOTO PillIEHHs rajJbMiBHOI 3aa4i Ipo-
MHCJIOBOTO Kap’€pHOTO 3alli3HUYHOTO TPAHCIIOPTY 3a JOMOMOTO0 TaOJIMYHOTO MpoIlecopa
MS Excel.

Knwuogi cnosa: pivienns 2anvMisHOi 3a0ayi NPOMUCIOB020 KAP EPHO20 3ANIBHUYHO20 MPAHCHOPHLY
MS Excel.
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