MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF
KAZAKHSTAN

COTBAEB @ SATBAYEV
YHUBEPCUTETI UNIVERSITY

School of Industrial Automation and Digitalization

Department of Industrial Engineering
Mamyrbekov M. M.
3D MODELING OF BALL MILL DRIVE

DIPLOMA PROJECT

5B071200 — Mechanical Engineering

Almaty 2020



MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF
KAZAKHSTAN

COTBAEB @ SATBAYEV
YHUBEPCUTETI UNIVERSITY

School of Industrial Automation and Digitalization

Department of Industrial Engineering

APPROVED FOR DEFENSE
Head of the Industrial
Engineering Department, PhD
Arymbekov B.S.

DIPLOMA PROJECT
Topic: “3D Modeling of Ball Mill Drive”

5B071200 — Mechanical Engineering
Performed by: Mamyrbekov M. M.

Candidate of Sciences
Docent, associate professor
Isametova M.E

2020

Almaty 2020



\/

@ StrikePlagiarismcom

DATAOTYETA: 2020-05-16 20:43:31

HA3BAHME:

3D Modeling of ball mill drive

ABTOP: HAYUHbIA PYKOBOOMTENb:

IMambipbekos Mupac MambipGerynbl MaguHa McaMetosa MoxazaTe getanu: =

@ YpoBeHb 3aMMCTBOBaHUIA

OEP&THTE EHUMaH e Belcokne 2HaueHuA KDBqu)HU'HEHTOB He ozHauakT nnarvat. OTuet AOr+eH BhITE NpoaHanu3MpoeEaH IKCNepTOM.

. 0,62% 0,94%
KNt ® Knz @ KU ®

25 4041 24145
nuHa passl ANA Ko3MMULMEHTa KonuyecTso cnoe KonuyecTeo CUMBONOB
nogotunA 2

@ MpepynpexnoeHWe U CUrHanbl TPEBOTU

B 3T0M pasaens esl HaiAeTe MHCHOPMALKD. KACAKLLYKICR MaHUMYNALMI B TEKCTE, C LNk W3MEHUTE PE2yNETaTel NpoBepki. [INR Toro, kTo oLgHueasT paboTy Ha
BYMaKHOM HOCHTENE UMK B 3NSKTPOHHOM (DOPMATE, MAHUMTYNALMN MOTYT BbITh HEEMIMME! (MOKET DbiTs TAKKE LENeHanpasneHHoe BNuckIBaHne ownbok)
CregyeT oUgHITs, ABNAKITCA N M3MEHEHNA NP&IHaMEPEHHEIMM UMK HET.

3amMmeHa ﬁyKB 53 nokasaTtk B TEKCTe
MHTepBaﬂ bl 0 nokazaTk B TeKCTe
MwukponpoGensi 0 nokazatk & TekcTe
Benble 3Hakn 0 nokazaTtk B TekcTe

@ 3aumcTBOBaHMANO CNMUCKY UCTOYHUKOB

MpocmoTpuTe CAMCOK M NpoaHanu2upyiiTe, B ocobeHHOCT, Te dparmieHTkl, KoTopele NpessiwatoT KIMN2Z (BbigeneHHbIe XMpHEM LpudiTom). McnonesyiTe coelnky
«0B0ZHAYMTE (IPArMEHT: W NOCMOTPKTE, AENAKITCA MW BelENeHHE e (hparMeHTEl NOETOARKLUMMUCA KOPOTEMMM hpazami, pazdpocaHHLIMK1 B JOKYMEHTE
(coENagaklyMe cXoACTEE), MHOTOUMCMEHHEIMM KOPOTEMMY hpa3ami pacnonoxeHHsIe pAAOM APYT ¢ ApyromM (napadpazupoEaHie) Mnu oBLWMPHEIMK bparMeHTamu
Be3 ykazaHUA MCTOUHMEE [ KPUITOLMTATI' .

+ 10 camMbIX ANWHHBIX thpas (2,03 %)

+ w3 0a3sbl garnHbIx RefBooks (0,30 %)

4+ w3 gomawHer 6a3el AaHHbIX (0,00 %)

+ w3 nporpaMmbl o6meHa 6azamu gaHHbIx (0,00 %)

+ W3uWHTepHeTa (1,73 %)




MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF
KAZAKHSTAN

COTBAEB @ SATBAYEV
YHUBEPCUTETI UNIVERSITY

School of Industrial Automation and Digitalization

Department of Industrial Engineering
5B071200 — Mechanical Engineering

CONFIRM
Head of the Industrial

Engineering Department, PhD
Arymbekov B.S.

TASK
for completing the diploma project

For student: Mamyrbekov M. M.
Topic: “3D Modeling of Ball Mill Drive”
Approved by the order of university rector Ne762-b from "27" January 2020
Deadline for completion the work "24" May 2020
Initial data for the diploma project: computer modelling of ball mill drive
Summary of the diploma project:

a) Description and operation principle of ball mills

b) Modeling a Ball Mill Drive

c) Constructing of titanium-niobium powder for additive technologies

d) Study of the shaft for displacement, stress and deformation
List of graphic material: presented 20 slides of presentation of the diploma project
Recommended main literature:

a) Baisogolov V. G. Mechanical and transport equipment of factories of the

refractory industry. - M: Metallurgy, 1984. — 294p.



b) llyevich A. P. Machines and equipment for factories for the production of
ceramics and refractories. - M: Machine building,1968. — 355p.

c) Sapozhnikov, M. Y. Mechanical equipment of enterprises of building materials,
products and structures.

d) Leonova L. M., Chigrik N. N., Tataurova V. P. Gears. Elements of calculation
and construction: Guidelines.

THE SCHEDULE

For the diploma work preparation

Name of sections, list of
issues being developed

Submission deadlines to
the scientific adviser

Notes

Theoretical part 10.03.2020 Task completed

Technical part 23.03.2020 Task completed

Calculation part 8.04.2020 Task completed

Modeling part 15.04.2020 Task completed
Signatures

Of consultants and standard controller for the completed diploma work, indicating the
relevant sections of the work (project).

The section titles Consultant name Date Signature
(academic degree, title)
Theoretical part | Docent, Isametova M.E | 10.03.2020
Technical part | Docent, Isametova M.E | 23.03.2020
Calculation part | Docent, Isametova M.E | 8.04.2020
Modeling part | Docent, Isametova M.E | 15.04.2020
Normcontrol Docent, Isametova M.E | 22.05.2020

Scientific adviser Docent, Isametova M.E

Signature

The task was completed by student: Mamyrbekov M. M.

Signature

Date: “22” May 2020



ANNOTATION

Diploma thesis on "3D Ball Mill Drive Modeling".

In this diploma thesis the issues of 3D modeling of ball mill drive are considered.

In conducting the description of ball mills, as they are divided by drum design,
as well as on the principle of operation and type of lining.

In the first chapter of the work, general information about ball mills and their
devices, as well as their operating principles, was given. In addition, the method of
obtaining composite titanium - niobium powder for additive technologies was studied.

Drawings 2D have been designed in program "KOMPAS-3D".

3D models of ball mill drive were designed in the program "SolidWorks".
Initially, all components were made separately, and then the assembly of the gearbox
was made.

Calculation of shaft on tension, on moving and on deformation have been
calculated by the program "SolidWorks". According to the calculations, we can
conclude that tension and deformation appear at the fixing points. Since the forces are
not so great, they will not affect the subsequent operation of the shaft. As for the
displacement calculation, we can conclude that displacement occurs at the tooth
meshing points.



AHJIATIIA

JurmoMasIK xKyMbIC TakbIpbeIObL: "Ilapiel nuipmen sxeterin 3D moaensaey'.

by numiioMIbIK AKyMBICTa MIapibl AUipMeH xeterin 3D Mozaenbaey macenenepi
KapacThIPbUIJIBI.

Kipicnene coHbpIMEH KaTap, JKYMBIC ICTEy TPUHIMII OOWBIHINA >KOHE
(byTepoBKaHbIH Typl OOHbIHIIA O6TiHY1 KApaCTBHIPBLIIBI.

KympicTeiH ~ OipiHmmi  OeniMiHAE IHapibl  AWIPMEHIEP JKOHE  OJIapJblH
KYPBUIFBIIAPBl  Typajbl JKajlmbl akKmapar Oepuial, COHIal-aK OJapblH >KYMBIC
npuHuunTepi OasHpanapl. JKoHe 1€, aJJuTUBTI TEXHOJIOTHSIAP YIIIH KOMIIO3UTTI
TUTaH — HUOOUH YHTAFbIH aJly 9/1iC1 3€pTTEII].

2D ceiz6anap "KOMITAC-3D" 6arnapinaMachiijia »o0anaHFaH.

[[lap nmuipmeni xereriniH 3D wmoxem "SolidWorks" 0Garmapmamaceiamga
KypacThIpblIFaH. bacramkpiga OapiiblK KOMIIOHEHTTEP KEKe jKacalslblll, ColdaH KEHiH
TOJIBIK PEAYKTOP KYPaCTHIPBUIJIBI.

binikTiH KepHeyiKKe, )KbUDKYFa koHe nedopmarnusira ecentenyl "SolidWorks"
OarnapiaMachblHBIH KeMeTriMeH ecenTenui. Ecenrepre coiikec, 0i3 KepHEy MeEH
nedopMaims OeKiTy opbIHIApBIHAA Taiaa 001aabl IS KOPBITHIH/BI Kacail alambi3.
ocep €Ty Kyl YJIKEH eMec OOJFaHIbIKTaH, COJ CeOernTi ojlap BaJIJbIH Keeci
JKYMBICBIHA ocep ermeii. OpbIH aybICTBIPYIBIH €CENTECYiHEe KEJEeTiH OO0JICaK, OpPBIH
aybICTBIPY TICTEpPAl LTy OpbIHAApbIHAA Maiia Oonaabl JIeN KOPBITHIHIABI >Kacayra
0oJ1aIbl.



AHHOTAIMSA

Jumiomuass pabora Ha Temy «3D wMonenupoBaHue TPUBOAA IIAPOBOI
MEJTBbHUIBD)

B nanHo# numnioMHON paboTe paccMOTpeHbl BOIpochl Mo 3D MoaenupoBaHuio
MPUBOJIA IAPOBON METHHUIIBI.

B BemeHum naercs onMcaHUE MIAPOBBIX MEJBHUL, KAk OHHM JAENATCS IO
KOHCTPYKIMHU O6apabaH, a Tak ke Mo MPUHIMUITY paOOThI U 10 BUAY (PYTEPOBKHU.

B mepBoii rmaBe paboThl Obuta H3I0XKEHa oOIIass MHGOpMAIUs O MIAPOBBIX
MEJBHUIAX UM HX YCTPOMCTBaX, a TaK € WX MNPUHUUIIBI padboThl. BrobaBok, ObL1
U3Y4YeH CMOCcOo0 MOIMy4eHUsI KOMIIO3UTHOTO TUTAHO — HUOOWMEBOrO MOPOLIKA IS
aJIUTUBHBIX TEXHOJIOTHH.

Ueprexu 2D Obutn cripoektrpoBanbl B mporpamme « KOMITAC-3Dy.

3D Mopenu mnpuBOIa IIAPOBOM MENBHUIIBI ObUIM CKOHCTPYUPOBAHBI B
nporpamme  «SolidWorksy. M3nauanbHO OBUIM CHAEIaHBI BCE KOMIIOHEHTBHI IO
OTJEJIBHOCTH, a IOTOM OblIa ciesiaHa cOOpKa peayKTopa.

Boluncienue Bajla Ha HaNpsH>KEHHOCTh, HA TEpEMENICHHE U Ha JepopMaliuio
OBUTH BBIYKMCIICHBI C MOMOIIIBI0 mporpammbl «SolidWorksy. CoriacHo pacueram, MbI
MOKEM CJIIeNIaTh 3aKII0YCHHUE, YTO HAMPSHKEHHOCTH U Ae(OPMUPOBAHUE TIOSIBIISIOTCS B
MecTax KperuieHusl. Tak Kak CUJIbl BO3JICUCTBUS HE TaKue OOJbIIKNE, IO ITOW MPUUUHE
OHM HE CTaHyT BO3JEHCTBOBaTh Ha MOCJIEAYIOLlyI0 paboTy Baia. UYTo kacaercs
pacyera Ha TMEpEeMELIEHUE, MOXHO CJenaTh 3aKIlOYeHUe, 4YTO MepeMElICHHEe
MOSIBJISIETCSL B MECTax 3alleIJIeHue 3yObeB.
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INTRODUCTION

Currently, ball mills are in high demand in various industries for grinding solid
materials. With this mill, you can get different types of grinding — coarse and
powdery.

By changing the speed of rotation of the drum, you can distinguish two main
modes of operation: at low speed — cascading, at high speed-waterfall.

Ball mills are divided according to their structural features:

1) cylindrical single-chamber and multi-chamber;

2) conical;

- according to the types of work:

- 1) periodic action; 2) permanent action-with peripheral unloading and with
unloading through a hollow axle;

- by type of lining and types of grinding media:

- 1) with non-metallic lining and metal grinding bodies;

- 2) with metal lining and metal grinding bodies-spheres, with small cylinders or
rods;

- by transmission specifics:

- 1) with a gear drive;

- 2) with main drive.

In the non-stop position, the mill can operate in open or closed cycles. Different
types of material can be crushed, both wet and dry. [1].



1 General information about ball mills
1.1 The device of the ball mill

The ball mill is a drum with an empty inside, closed with loading and unloading
end caps, filled with bodies that rotates around its axis. The ball mill drum, Figure 1,
is a steel cylinder with a void, lined inside with armored lining plates, protecting it
from the impact and rubbing effects of balls, and grinding material. The shape of the
lining of the mill drum has a noticeable effect on its operation. Lining drums of ball
mills operating on large source material, have ribs. For mills that work on small
material, lining with small ribs or very smooth ones are used. The height, relative
position and shape of the ribs determine the adhesion of the grinding medium to the
drum and the results of the mill. Therefore, it is important that when the lining is
worn, the nature of its surface remains unchanged [1].

Figure 1 - Ball mill drum [1]

Depending on the method of unloading the crushed product, there are mills with
central unloading and unloading through a grate. In mills with central discharge, the
crushed product is removed by free discharge through a hollow discharge trunnion.
For this, it is necessary that the pulp level in the drum be higher than the level of the
lower generatrix of the discharge trunnion. Therefore, mills with central discharge are
sometimes called drain type mills or mills with a high pulp level. The discharge neck
(funnel) has a slightly larger diameter than the loading neck to create a slope and
maintain a high level of pulp in the mill [1].

Mills with unloading through a grate have a lifting device, forcibly unloading the
crushed product. Therefore, in mills of this type, the pulp level may be lower than the
level of the unloading journal. Mills with discharge through the grate are sometimes
called mills with forced discharge or mills with a low level of pulp. This type of ball
mill has a grill with discharge holes in the discharge end of the drum

loads of crushed material. On the side facing the end discharge cover, the grill
has radial lift ribs dividing the space between the grill and the end cover into sector
chambers open in the journal. When the drum rotates, the ribs act as an elevator wheel



and raise the pulp to the level of the unloading journal. This device allows you to
maintain a low level of pulp in the mill and reduces the residence time of the material
in it due to a decrease in the volume of pulp. Ball mills are widely used for coarse and
fine grinding of materials. The principle of operation of ball mills consists in grinding
material by impact and partially abrasion of freely falling grinding media in a rotating
drum [1].

Ball mills are distinguished by a wide variety of designs: with a short and long
drum, without partitions and with partitions, with different grinding media, etc.

Advantages of ball mills: obtaining high and constant grinding fineness and its
regulation; the possibility of drying the material in the mill itself; simplicity of design;
reliability in operation; the possibility of grinding rocks of different hardness.

Disadvantages: significant energy consumption; large mass and size; high
starting torque [2].

1.2 The principle of operation of ball mills

A ball mill is a hollow drum rotating around a horizontal axis, which is
approximately half filled with crushing balls (percussion elements) [3].

1 - case; 2- grinding bodies; 3 - lining plates; 4 — drive

Figure 2 - Diagram of a drum ball mill [3]

As a result of rotation, the balls, being on the inner surface of the drum, rise,
and then under the influence of gravity fall down. Through one of the pins, the source
material is constantly supplied. Particles of raw materials are crushed, crushed, erased
and stressed. Through another pin, the drum is unloaded.



If the mill is designed for dry grinding, then the processed raw materials are
removed using air flow. Air occurs when it is sucked out of the drum. If wet grinding
occurs, the material is removed by a stream of water.

With increasing speed, the performance of the drum mill first increases. This is
due to the fact that the balls first begin to rise to a great height. However, soon, if the
speed continues to increase, the balls begin to “stick™ to the inner surface of the drum.
In this case, there is a sharp decrease in the productivity of the crushing plant.

Over a period of operation of the mill, its working elements (balls) wear out. In
this case, they are simply added to the drum along with the starting material. The
maximum load level of the shock elements is 50 mm lower than the circumference of
the inlet pipe, Figure 3 [3].

Figure 3 - Ball mill for grinding quartz sand [3]

Let us consider in more detail the design, as well as the scheme for grinding the
material in a ball drum mill.

The drum of a modern ball mill is a welded construction made of sheet steel, the
inner surface of which is lined with removable armor sheets.

The working parts (grinding bodies) of a ball mill can be balls, rods and other
bodies that are raised by a rotating drum to a certain height, and then fall and, thus,
work on grinding the material by the impact method. Also, the rotation of the drum
body causes the movement of balls, which, moving, abrade the processed bulk
material, figure 4 [3].



Figure 4 - Movement of balls in a drum ball mill [3]

Depending on the design of the ball drum mill, the speed of rotation of the drum,
loading the housing with grinding media, the properties of the material being
processed, the impact or abrasion effect on the material being processed becomes
predominant. So when loading the drum mill body with grinding media for 60% of
the drum volume, the abrasive effect on the material being processed is enhanced [4].

In general, by the nature of the destruction of materials, ball drum mills are
aggregates for grinding abrasive-impact action. Modern ball drum mills are classified
by the following features [8]:

- operation mode: mills of cyclic and continuous action;

- grinding method: mills for dry or wet grinding of materials;

- the method of loading and unloading material: loading and unloading material
through hatches, through hollow trunnions, or other types of unloading and loading
devices.

Figure 5 shows a diagram of a continuous ball drum mill used for fine grinding
of quicklime. Ground quicklime, which was processed by a ball drum mill, was used
in the production of silicate and foam silicate products. It is the continuous ball mills
of this design that are most often used at enterprises of various industries, where there
is a need for large volumes of finely dispersed materials [4].

To intensify the grinding process, it is carried out in a liquid medium, which
prevents the spraying of the material. In addition, penetrating into microcracks of
particles, the liquid creates a large capillary pressure, contributing to grinding. The
liquid also reduces friction both between the grinding bodies and the interparticles of
the processed material.
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1 - case; 2 - armor plates; 3 - boot heat; 4 - unloading estrus; 5 - perforated wall;
6 - a gear wheel; 7 — sieve

Figure 5 - Diagram of a continuous ball mill company "Zemag-Zeitz" [4]

1.3 A method of obtaining a composite titanium-niobium powder for
additive technologies

This mixture of powders can be used in the production of low-modulus alloys
based on the titanium-niobium system using selective laser melting methods, which
can be used as materials with a low modulus of elasticity for the manufacture of
individual implants in medicine.

A known method of producing a composite powder based on the titanium-
niobium system, including the placement of titanium powder in an amount of 60 wt.
% and niobium powder in an amount of 40 wt. % to the planetary mill. Steel grinding
balls are also added to the chamber. A small amount of sodium chloride is added to
the chamber to prevent powder from sticking together. Then, to ensure the so-called
mechanical welding, the planetary mill rotates at a speed of 250 rpm. The process
continues for 40 hours with stops every 15 minutes to cool the chamber. The result is
a composite powder of the composition TiNb.

The specified technical result is achieved in that the method of producing a
composite titanium-niobium powder for additive technologies involves the
mechanical activation of a mixture of titanium and niobium powders with the addition
of an anti-agglomerating component, while the mechanical activation of a mixture of
titanium and niobium powders is carried out in a shock-friction type planetary ball
mill for 10-20 min, with an acceleration of grinding media 40 g, with a ratio of
volumes of a mixture of powders and grinding media equal to 1:20, and as an anti-
agglomerating component, comfort ethanol.



In this case, a mixture of powders of titanium and niobium is used, with a mass
ratio of titanium powder and niobium powder equal to 6: 4.

Ethanol is used in a quantitative ratio to a mixture of titanium and niobium
powders equal to 1: 250.

After mechanical activation, the composite powder is packaged in a sealed
container filled with argon.

The amount of titanium powder, comprising 60 wt. %, and niobium powder in an
amount of 40 wt. % is preferred, since the composite powder can be a raw material for
producing a low-modulus TiNb beta alloy, i.e., an alloy of the composition Ti + Nb.

In this case, the ratio of the volume of the mixture and the grinding media 1:20 is
chosen. The indicated ratio of the volumes of the mixture and grinding media was
selected based on the experiments.

Ethyl alcohol is used as the anti-agglomerating and surfactant component.

The use of ethyl alcohol in the present invention is due to the fact that it easily
evaporates and has little effect on the composition of the final product. Ethyl alcohol
performs in the present invention not only anti-agglomerating, but also a surfactant
function and contributes to the mixing process. After mechanical activation, the
composite powder is packaged in a sealed container filled with argon. Gas protects the
finished product from oxidation, as the surface of the composite powder is very
active.

The final product that implements the proposed method is a mechanocomposite
TiNb powder (40 wt.%) With a particle size of 10-50 microns.

Thus, the use of the proposed method provides a composite powder of a given
composition with certain properties, with a uniform distribution of titanium and
niobium throughout the volume of the particle, which is environmentally friendly due
to the absence of foreign substances in the synthesis products, and also reduces the
duration of the process.

Figure 6 — titanium-niobium powder

2 Calculation of the ball mill drive
Input data:



Power on the machine's working shaft................................. Nws. = 17,9
kW

Turning speed of the machine working shaft.............................. nys= 50
nmm

Electric motor rotation speed............cooeiiiiiiiiiiiiiiii e, ns= 1500 rpm

Full cycle time = 100%

Kinematics scheme

M "L g
O

Optimise drive selection.

Since the machine working shaft’s and motor rotational speeds are known, let us
determine the approximate total drive ratio.

—_  nNg
Udr -
NMmw.s. 500
n 1
Uy =—e— = 1590 _ 3
Nmwss. 50

Kinematic calculation of the drive and selection of the electric motor.
Determining the coefficient of efficiency of the drive

Ndr = Nrb.p. N0.cd Negt. = 0,99%0,97%0,95 = 0,87

Where: mg - C.0.e. of gearbox,

No.c.d - C.0.€. Open chain drive,

Nrbp - C.0.€. rolling bearing pairs,

Ncgt - C.0.€. closed gear transmission.

Determine the rated power of the electric motor

N
p — Nws,
N elec —

Ndr
P -
N elec —

Sws. = 272 20,6 KW

Ndr 0,87



Choose an electric motor

We know that n,= 1500 rpm, NP = 20,6 KW
By the State standard GOST 19523-81 we choose “4A180M4VY3” electric motor,
Netec = 22 kW, S=2% - normal sliding

Electric motor will work with underload,

20,6—100%

1,4—X% => X =

1,4-100
20,6

=6,8% it is admissible as<15%

Determine the asynchronous speed of the motor

S%
Nasyn = -
aSyn nC (1 100%)
2%

100%

Nasyn = N (1 — ) = 1470 rpm

Calculation of a two-level reducer.

Calculation of toothed wheels on the first step of the gearbox.

Type of transmission — cylindrical helical.

Material selection: for gears - Steel 45, quenching with high tempering

HB = 269-302

Wheel: HB = 269

Gear: HB = 302

Because the hardness of the surface of the teeth of the wheel is less than the

hardness of the surface of the gear, then we calculate the contact stress along the gear
K
[on]2 = OHo2 - SLHL
oHo2 - contact endurance limit of the tooth surface with a basic number of stress
cycles, MPa
According to the moment M,,, choose a gearbox (M ;= 1972,7 N-m)

2000 — 100 %
273 X% =>x=2319 _1379
2000

We choose “1112Y-160" gearbox

3. Determine the allowable contact voltage
GHoz = 2-HB + 70 =2-269 + 70 = 608 MPa
Ky=1- life factor

Sy = 1,2- safety factor

[on], = 222 =507 MPa

12

Determine the center distance

o 3 Mill *Kup
A= Ka (U1-2 + 1) \/O'HZ'IIJO(B' ul-22

K, =430, helical gear



https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/State+standard

V. = 0,315 — the ratio of the width of the rim of the gear relative to the center
distance by the GOST 2185- 66

Wea= 0,5 you(Upn +1)=0,5-0,315(3,55 + 1) =0,72

K ,s=1,07 — coefficient of uneven load distribution over gear width
456,5-1,07

A =430(3,55+ 1)3\/ =153 mm
5072-0,315-3,552

160 — 100%

7 X% = X=112%%_ 430

Because the underload is less than 15%, then according to the standard we take
the value ag =160 mm

We determine the module

0.01 0.01
mg, = (m) * Qg = (m) 160 =2,5 mm

and take mg; = 2,5 mm

Determine the total number of teeth
Z:=(50) - cos B

2160
Zy=( 2.5

) - cos 10° = 126 pieces.

Determine the number of gear teeth and wheels
Zs

T Uz +1)

_ 126 _ .
1= G5 28 pieces.

Z,=2Zs- Z,=126 - 28 = 98 pieces.

Z

Specify the gear ratio
_Z

Up,=22= % =353

Zy

Specify the center distance
aca = 0,5y (Zy +Z2) - —

cos 3

We accept, that cos f=10°
m, = M, -cos B =2,5-cos10°=2,46
aca = 0,5-2,46 (28 + 98) - ——= 160 mm

0os 10°
Specify the angle of inclination of the teeth

Z1+2Z, )
ast

28498
160

B = arccos(0,5- my-

B = arccos(0,5-2,46-

)= arccos 0,98 = 14,4°



Determine the calculated contact stress, MPa

Ze Mill (u+1)3-KHa-KuB-Kav

At B-u2

GH2:6160' ZH :

Z,,— the shape coefficient of the mating surfaces of the tooth
We take a=20°

ZH= \/Z.cos B — \/ 2~.cosl4,4° — 1’74
sin 2a sin 2-20°

ea — mechanical overlap coefficient

ea= (1,88 - 3,2(i + i)) - cos f3

sa=(1 88 - 3,2(— +=)) - cos 14,4 = 1,68
— coefficient of the total length of the contact lines

J \/ =0,77
a

6, — Width of gear rim, mm

6 = Ypa" der

6=10,315-160=50 mm

Kue = 1,046 — coefficient taking into account the distribution of load between the
teeth

Determine the peripheral speed

m-d2:n2
_$h
=34 53 mis
60-1000
d,=m, Z,=2,5-98 =245 mm
n, = 1470 rpm
n=23,14

Kup = 1,14 — coefficient of uneven load distribution along the width of the gear
Knv = 1 — gearing dynamic load factor

6160-1,68:0,77 456,5-(3,55+1 3-1,046-1,14-1
Gy = \/ (355+1)71, = 453 MPa
160 50-3,55
506— 100%

53 — X% =>X=222-10%

Because the overload is less than 15%, then the conditions for calculating contact
stresses are satisfied

Determine the allowable bending stress of the gear teeth




[6]F = 0Fo KFL Kpc
Sg'Ys

or, — endurance of teeth during bending, corresponding to the base number of
stress cycles, MPa

OFo — 1,8-HB

OFo1 = 1,8269 = 84,2 MPa

OFo2 = 1,8:302 = 543,6 MPa

Kg =1 — life factor

Kr. = 1,1- influence factor of two-sided load application

Sk — safety factor

Sy = SFl_SFll

St = 1,75 - the coefficient of instability of the properties of the material of the
gear wheel and the responsibility of the gear

Se = 1 - the coefficient of the method of obtaining the workpiece gear:

Sp=1-1,75=1,75

Ys = 1,035 - stress gradient coefficient and material sensitivity to stress

concentration
_ 484,2-1-1,1-1,035

[G] F1— e = 315 MPa
[G] e 543,6'11'%7,;'1,035 — 354 MPa

Define the estimated bending stress of the teeth of the gears and wheels, MPa
Yg2-Yp-2000-M,, -Kpo Kpy

OF2 =

By-dy Mgt
Y ¢ = tooth shape coefficient
Y F1— 3,6
Y F2 — 3,8
Cles - 3% - 98 MPa
Y p1 3,6
lolrz _ 315 _ g3 \pg
Y p2 3,8

As [::] > [g] P2 then we determine the calculated bending stress of the teeth of
F1 F2
the wheel
Yp - tooth inclination coefficient
_1-B _1-144 _
B~ 140 140 __0_’9 _ o
Kr, = 0,81 - load distribution coefficient between teeth

Krp = 1,17 - coefficient of uneven load distribution along the width of the rim

Krv = 1,15 - dynamic load factor

3,6-0,9-2000-465,5-0,81-1,17-1,15
Op = = 105 MPa
50-245-2,5

The value of the calculated tooth bending stress should be less than the allowable




[6]r2 > O
354 > 105
The calculation condition for bending stress is satisfied.



3 Construction of a 3D model of a ball mill drive

To build a 3D model of a ball mill drive was used SolidWorks program. With
this program, every detail has been created.

SolidWorks is a computer program for solid modeling (CAD) and computer
aided design (CAE) that runs on Microsoft Windows. SolidWorks was created by
Dassault Systémes. SolidWorks is a solid-state modeler and uses a function-based
parametric approach that was originally developed by PTC (Creo / Pro-Engineer) to
create models and assemblies [8].

First, the parts will be shown separately, and after that there will be a complete
assembly of the gearbox.

Figure 8 shows one of the varieties of the shaft that will be used to assemble the
gearbox.

Figure 8 - Shaft 1

Figure 9 shows another type of shaft that will be used to assemble the gearbox.

Figure 9 - Shaft 2

Figure 10 shows the bearing that will be inserted onto the shaft.



Figure 10 — Bearing

Next, proceed to the assembly of the gearbox. We open all the parts separately
and complete the assembly of the gearbox, we took all the bolts and screws from the
program itself and selected them according to ISO standards, Figure 11.

Figure 11 - Assembly of the gearbox without cover

Figure 12 shows the gearbox assembly with cover.

Figure 12 — Reducer

Figures 13 and 14 show a top view and a side view of the gear assembly.



Figure 13 - Top view of the gearbox

Figure 14 - Left gear view

The final drive model of the ball mill is shown in Figure 15, it shows the gearbox
itself, which was modeled in the work above, as well as the electric motor and the part
where it will be connected to the ball mill itself for operation.

Figure 15 - Model of a ball mill drive



4 Static calculation of the ball mill drive shaft

For the calculation, the «Solidworks» program was used. «Solidworks» software
allows you to perform many calculations, including a static analysis of any solid parts.
Statistical analysis of the shaft will determine the most susceptible places to stress,
displacement, and deformation.

Open the shaft necessary for the calculation in the program, select "Static
calculation". The next step is to select the material of the shaft, in my case | chose
alloy steel.

Figure 16 - Shaft model with selected material

Next, apply the necessary load on the shaft. We apply torque to the tooth
engagement zone.

Figure 17 - Shaft with applied torque

After applying the torque, we apply fastening bearings to the engagement zones.



Figure 18 - Shaft with mounts in the area of the bearings

Figure 18 shows a shaft with all installed forces and mounts for a successful
calculation.

Figure 19 - Shaft with all forces applied

The next step is to install the grid. Click on the “Grid” icon and select the
required grid density, Figure 19




Figure 20 - Shaft with selected mesh density

The final step is the calculation of the shaft itself. Click on the “Run” button and
our calculation has started. Ultimately, the result will be given on three types of loads,
this is a calculation of stress, displacement and deformation.

Now, for each calculation, a small conclusion can be made.

Figure 20 shows the voltage calculation of the shaft. It can be concluded that
small stresses arise in the fastening zones, which means that no changes will occur
and will not affect further shaft operation.
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Figure 21 - Calculation of the shaft for voltage

The next view is the calculation of the shaft to move. In Figure 21, you can see
that the largest displacement occurs in the tooth engagement zone, you can determine
how much it is about the schedule.

URES (mm)
2.265e+010
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Figure 22 - Calculation of the shaft for displacement




The last calculation is the deformation calculation. From Figure 22, it can be
determined that deformation occurs in the zones of fixation. The conclusion is the
following: deformation arises small, which means that it will not affect further work.

3.849e+ 002
3.528e+002

3.208 ¢+ 002
. 2.887e+002
. 2.566e+002
2.246e+002
B 1.925e+002

. 1.604e+ 002

-~ 1.284e+002
9.628 e+ 001

6,427+ 00"
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Figure 23 - Calculation of the shaft for deformation




CONCLUSION

So, ball mills are grinding machines for abrasion and impact. Ball drum mills
allow rough, medium and fine grinding of solid, bulk materials. Despite the relatively
weak impact on the processed material, bulkiness and high energy consumption, ball
drum mills are widely used in various fields of production and continue to be used
today. The bulk of bulk materials of various origin is grinded precisely on ball drum
mills.

You can also draw a small conclusion regarding the shaft calculations for stress,
displacement and deformation in the SolidWorks program. When calculating the shaft
voltage, in the areas where the bearings are mounted, the voltage appeared
insignificant, this is proved by the voltage scale on the side of the shaft. Calculation of
displacement, regarding this calculation it can be said that the largest displacements
occurred in the tooth engagement zones. And the last calculation, this is the
calculation for deformation, from the calculation we can conclude that not a large
deformation occurs in the zones of fastening, this can be seen in the graph next to the
shaft.
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