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PEDEPAT
BBIITYCKHOM KBaM(DUKAITMOHHON PabOTHI
crynenta rp. 8JI4U Cabasar Cau Kupan
«IIpoekTHpOBaHHE TEXHOJIOTHYECKOI0 MPOLECCa U3TOTOBJIEHUSI KOHUYECKOT0
BaJIa»

Breimmycknas kBanudukanuonHas padorta BbloyiHeHa Ha 113 c. moscHUTENbHON
3aUCKH, COAEPKUT 96 puc., 12 Tab:., 13 UCTOYHMKOB, 2 JTUCTOB IIPHIL.

KnroueBpie cnoBa: Bajdl KOHMYECKUM, MPHUITYCK, TEXHOJOTHYECKUU pazmep,
pa3MEpHBIl aHAlIU3, PEXKUM PE3aHUs], TEXHOJIOTMYECKHI MPOIECC, HOPMUPOBAHUE
TEXHOJIOTUYECKOro  Mpollecca, 3akpeIuieHue Bada i ¢pe3epoBaHUs  Tasa,
MMHEBMATUYECKUN HUTTUH]ID, pacuér MIPUCIIOCOOICHMUS, TEXHOJIOTUYEeCKas
ce0eCTOMMOCTbD, COIMANIbHAS. OTBETCTBEHHOCTb.

OOBEKTOM HCCIENOBAHUSA SBISIETCA TEXHOJOTHS HW3TOTOBJICHUSA neTaiu ‘‘Ban
KOHUYECKUN .

[leas paboThl — TNOATBEpPXKACHUE KBaTU(pUKAIMK «OaKajgaBp TEXHUKH U
TexHosmorun» 1o HampaBiaeHuto 15.03.01 «MamuHOCTpOoeHHE», TIO MPOPHUITIO
noAroToBKU «TexHonorusi, o0OpyJOBaHUE U aBTOMATHU3AIMS MAITUHOCTPOUTEIHHBIX
MIPOU3BOJICTBY.

B nporecce uccienoBanusi IpoBOAWINCE: aHATU3 YEePTEkKa U TEXHOJIOTUIYHOCTH
JeTanv, BBIOOp  3aroTOBKM, MPOECKTUPOBAHHME  TEXHOJIOTMYECKOTO  Mpolecca
MEXaHMUYeCKON 00paboTku meranu “Banm  KOHWYECKHI”, pacu€T MPUITYCKOB Ha
00paboTKy BCEX IMOBEPXHOCTEW, pa3MEpHBIM aHaIM3 TEXHOJOTWYECKOTO IMporiecca |
pacy€T TEXHOJIOTHYECKUX Pa3MEPOB, PACUET PEKUMOB pe3aHus U TpeOyeMOil MOIITHOCTH
CTAHKOB, Pacy€T BPEMEHH BBITIOJIHEHUS KaXOM OMepaliiu U BCEro TEXHOJOTHUUECKOTO
mpoiiecca, MPOSKTUPOBAHUE CIEIUATBLHOTO MpHUCTIOCOONeHusT miig  (pe3epoBaHus
IITTOHOYHOTO Ta3a, pacy€T HEOOXOIUMOM CHUJIbI 3aKPEIUICHUs, OMUCAHUE KOHCTPYKIIUU
MPUCIIOCOOJICHUS, PACUET TEXHOJOTUYECKOM ce0eCTOMMOCTH HW3TOTOBJIEHUS JCTalH,
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aHalu3 BpPEIHbIX (PaKTOPOB HAa NPOM3BOJICTBE M PEUICHUE BOIPOCOB 0OE30MAaCHOCTH
paboThl, JEHUCTBHUS TPU UYPE3BBIYAMHBIX CHUTyallUsIX M MEPONPHUATUS IO UX
NPEIOTBPALICHUIO, aHAJIW3 BIMSHUS MPOU3BOACTBEHHBIX (PAKTOPOB HA OKPYKAIOIIYIO
cpeny.

B pesynbrare nccnenoBaHus ObUI CIPOEKTUPOBAH TEXHOJIOTMYECKHUI MPOLECC U
CHEIUaIbHOE MPUCIOCOOJIEHUE, pacCUyUTaHa TEXHOJOTHYecKas CcebecTOMMOCTh
W3TOTOBJICHUSI JCeTalM, KoTopas coctaBmwia 966,46 py0., pemeHsl BOIPOCH
Oe3zonmacHOCTH  pabOThL,  pa3pabOTaHbl  MEPONPHUATUS IO  MNPEJOTBPALICHUIO

YpE3BbIYANHBIX CUTYALUH.

OCHOBHbBIE KOHCTPYKTUBHBIE, TEXHOJIOTHYECKUE U TEXHUKO-IKCIUTyaTal[MOHHBIC
XapaKTepUCTUKU: TPH OPraHU3alud KPYMHOCEPUIHOTO MPOU3BOJACTBA IITY4YHO-
KAJIbKYJSIHUOHHOE BpeMs 0O0pabOTKM ofHOW getanu cocTaBUT 49,39 munyt. [Ins
MPOU3BOJICTBA JAeTanu «Bajl KOHWMYECKHi» MOTpedyeTcst cleayroliee 00opyaoBaHUE:
(dbpe3epHO-IIeHTpOBANIbHBIM cTaHOK MP-76M, Ttokapusiii ctaHok ¢ UITY 16K20D3,

dpesepnslii cranok Y251, kpyrnonutndoBanbHbIi cTanok 3M153.

CreneHb BHEAPEHHUS: MO PE3yJbTaTaM 3allUThl pabOThl HA TOCYJapCTBEHHOM
aTTECTAllMOHHON KOMHUCCUM OYAET pEelIeHO, CIELYeT JIU PEKOMEHI0BaTh Pa3padOTKH K
BHEJIPEHUIO HA ITPOU3BOJICTBE.

OO6nacTh NpUMEHEHUS: IPOU3BOACTBO MAIIMHOCTPOUTENIBHOM MPOTYKIIUH.

DKOHOMHYECKAs 3HAUMMOCTD pa6OTI>I JOCTAaTOYHO BBICOKas.

B Oynymiem ruianupyeTcsi yHacTBOBATh B OpraHU3al[ii POU3BOJICTBA JI€TANH.



THE ABSTRACT

Diploma Thesis
of the student Sabavath Sai Kiran, gr. 8J141

“Master schedule projection of the conical shaft manufacturing”

Diploma Thesis is executed on 113 p. of the explanatory note, containing 56 fig.,
12 tab., 13 references, 2 sheets in appendix.

Keywords: conical shaft, allowance, technological size, dimensional assaying,
cutting mode, master schedule, master schedule valuation, clamping of a shaft for
milling of a key slot, pneumatic cylinder, work-holding device calculation, technological
cost price, social responsibility.

Object is the manufacturing technology of part “Conical Shaft”.

The operation purpose - qualification affirming «The bachelor of engineering
and technology» in a major 15.03.01 “Mechanical Engineering” in a profile of training
“Technique, the equipment and automation of engineering manufactures”.

During the research work were carried out: the assaying of the drawing and
manufacturability of the part, an initial workpiece choice, projection of a master
schedule of the part “The Conical Shaft” machining, calculation of allowance in
machining of all surfaces, the dimensional analysis of the master schedule and
calculation of technological sizes, calculation of cutting mode and demanded power of
machine tools, calculation of time of part machining of each operation and all master
schedule, projection of special work-holding device for milling of key slot, calculation
of necessary force of fixing, the description of work-holding device, calculation of the
technological cost price of manufacture of the part, the assaying of harmful factors on
manufacture and the decision of safety issues of operation, operation at emergency
situations and actions for their prevention, the assaying of influence of production

factors on environment.



As a result of probe the master schedule and the special work-holding device
have been designed, the technological cost price of manufacture of the part is calculated
which is 966.46 rub, operation safety issues are solved, and actions for prevention of
emergency situations are developed.

The basic constructive, technological and technique-operational parameters: at
business lot production the standard time of one part manufacturing will be 49.39
minutes. For the part “The Conical Shaft” manufacturing is required following
equipment: the milling-center drilling machine MP-76M, the lathe with DNC 16K20®3,
the milling machine ®VY-251, the circular grinding machine 3M153.

Introduction degree: by results of defense of Diploma Thesis on the state
certifying commission it will be solved, whether it is necessary to recommend workings

out to introduction on manufacture.

Field of application: manufacture of engineering production.

Economic significance of Diploma Thesis is high enough.

In the future, it is planned to participate in organization of part manufacturing.
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INTRODUCTION

Mechanical Engineering is concerned with the understanding and application of
Engineering Procedures in Manufacturing Processes and Production Methods. It requires
the ability to plan the practices of manufacturing; to research and to develop tools,
processes, machines and equipment; and to integrate the facilities and systems for
producing quality product with the optimum expenditure of capital.

In addition to these, we use tools such as computer-aided design (CAD),
and product life cycle managementto design and analyze manufacturing
plants, industrial equipment and machinery etc. It is the branch of engineering that
involves design, production and operation of machinery.

The main aim of this Diploma work is to develop the manufacturing process and

design the work holding device which is used in the manufacturing of the given part.
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1. Technological part (Manufacturing process design)
1.1. Initial data

The task is to develop manufacturing process for the product shown in Fig. 1.

The annual volume of production is 9000 pieces.
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Fig.1. Drawing of the part



1.2. Manufacturability analysis

The part is made of Steel 40X which consists of 0.4% carbon C, 1% chromium
Cr, sulfur $<0.09%, phosphorus P<0.035%. The production of this part can be obtained
in different ways: by hot or cold rolling, die forging or by casting. Since the part has a
large difference of diameters, using rolled stock or casting makes the production of the
part complex. Therefore, using die forging in our case is the best possible way as we can
avoid cracks in the body of the blank. The material structure would be more uniform and
the allowance to be removed would be minimized making the tool life longer.

We use Centre milling-drilling machine to mill the face ends and drill the centre
holes on both sides which will later be used to hold the part while the external surfaces
are being machined on a lathe. We use a vertical milling machine to mill a key slot of
size 8H9. A special purpose fixture made of V-block and a pneumatic drive is used to
hold the part during the milling operation. The machining of thread M30-8g followed by
groove-cutting is done by a die and a grove cutting tool on the lathe respectively.

The conical surface of the part with conicity C= 1:2 should be machined on a
CNC lathe.

The final machining is made with the help of the cylindrical grinding machine to
achieve the required tolerance for ¢$40g6, ¢$50n6 (with 6™ grade of tolerance) and
required roughness of surfaces (Ra < 0.8 microns). The conical surface should also
undergo the process of grinding as it also has the roughness of Ra < 0.8 microns.

The shape of the part is convenient for manufacturing. The machining of the
external surfaces should be performed in rough and semi-finish operations. Centre holes
are used in order to provide higher accuracy of the peripheral surfaces @40g6, @50n6,
the conical surface with conicity C=1:2 (tolerance is 0.03 mm) and ease clamping of the
shaft. The shaft is machined between two centers; therefore, centre holes are drilled in

the first operation.
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The application of thermal operation is required. Material (Steel 40X) allows
carrying out quenching with the specified hardness (it is better to use steel 40X for
reduction of required speed of cooling and the possibility of warping of the part). Final
processing of surfaces with the exact sizes (34096, @ 50n6 and the conical surface
C=1:2) should be carried out after thermal operation for the elimination of the possibility
of warping of the part. Thus, for the final processing, sufficient stock (allowance) should

be left in the point of view of the part warping.

1.3. Calculation of type of production
The total number of products per year N=9000 pieces.
The actual available hours of equipment operation is taken from the table no.4
[4, page23] to work in two shifts F.=4015 hours.
To determine the time for processing step (manufacturing) is given by:

_F,-60 _4015-60 _ 26.76( min ]

t
" N 9000 piece

where F; is the actual available hours of the equipment operation [hours],
N — is the total number of parts per year.

Table 1. Duration of operations of the existing factory manufacturing process

Ne The name of operation Tt, min.

of operation

1 Centre Mill-Drilling 1.1

2 Turning 2.6

3 Turning 1.1

4 Cylindrical Grinding 1.3

5 Cylindrical Grinding 0.63
Total floor-to-floor time ) Tr = 6.73min. 6.73

Total number of operations n=>5.
We can determine the average floor-to-floor time by the given formula:

Tf(avg,) = Z Tt /n =6.73/5 = 1.346 min.
14



We can define the factor of manufacturing type by:

Km=tm/Tt(avg)=26.76/1.346=19.88

Since 10<K<20, the manufacturing type is medium-batch production.

1.3.1 Calculation of quantity of parts in a set (batch size)

The total number of parts per year N= 9000 pieces; Tfavg)=1.346 min.

Periodicity of start-release of products a=5 days.

Number of working days in one year is F=240 days.

We define the settlement quantity of parts in a set according to the given
formula:

n = Nxa/ F =9000x5/240 = 188 pieces,

where a is the quantity of storage in days. For small and inexpensive parts it is 5-
10 days but more storage days indicate more unfinished manufacturing, so we accept
a=5 days.

The settlement number of shifts for processing of parts set in machine shop is
defined as:

c= (Tt @avg)xn)/ (480%0.8) = (1.346x188)/ (480%0.8) = 0.66.

The customary number of shifts for processing of parts on a site: ¢,.=2 shifts.

The accepted number of parts in a set is:

Nac = €cacX480%0.8/ Tt qy = 2-480%0.8/1.346 = 570 pieces.

15



1.4. Manufacturing process
Table 1.1. Manufacturing process of a conical shaft
Number | Name and content Operation
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S
S
3

Transition

Operation

Name and content
of gperation and
fransition

Jperation
scheme

i

No

Turning

(tamp and unclamp
the workpiece

Turn the contour ensuring
ensuring the dimensions
1-6.

Make a Groove
ensuring sizes 7 and 8

Machine chamfer
ensuring size 9

Machine chamfer -
ensuring size 10 G2
S Ra 25
| Ny
Luf the thread ensuring <
size 11 ‘ [::: m
” d ’43.‘2‘?
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Number | Name and content U,DE’/"H Hop
s | § | of gperation and
S | & | fransition scheme
S | =

Jurning operation Ass

Llamp and unclamp
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Turn the contour fo

obfan the sizes 1-8

Milling
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Number | Name and content Operation
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1.5. Construction of a dimension diagram and graph tree

The dimensional scheme for manufacturing a product is a set of manufacturing
dimensional chains. The resulting dimensions in operational manufacturing chains are
allowances and design dimensions directly taken from the drawing. In addition to the
resulting dimensions in the chain, there are dimensions that are the manufacturing
dimensions obtained during all operations (processing steps) of the product

manufacturing [2, p. 21].

Based on the manufacturing route of the shaft with a conical surface, a
dimensional diagram is compiled (shown in Figure 2), which contains all axial

manufacturing dimensions, machining allowances and design dimensions.

In the dimensional diagram given below (Fig. 2), the number of surfaces is 25,
the number of manufacturing dimensions is 24, the number of allowances is 11, and the
number of design dimensions is 13. Therefore, the dimensional diagram is constructed

correctly.

In order to facilitate the compilation of dimensional chains, a graph-tree is
constructed. The method for constructing a graph-tree is described in detail in [2, p. 29].
The graph-tree for the dimensional diagram for manufacturing the shaft with a conical

surface is shown in Fig. 3.
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Fig. 3. Graph-tree of manufacturing process of the conical shaft
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1.6. Tolerance Analysis

Tolerances are assigned to dimensions for manufacturing purposes, as
boundaries for suitable manufacture. No machine can hold dimensions precisely to
the nominal value, so there must be acceptable degrees of size variation. If a part is

manufactured, but has dimensions that are out of tolerance, it is not a usable part

according to the design intent. Tolerances can be applied to any dimension.

Table 1.2. Tolerances of designer’s sizes

K-sizes in axial direction

Tolerances of K-sizes in axial direction

Ki, mm TKi, mm
K1:214-1,15 TK1:115
Ky=2x45° TK,=0.50
K5=45+0.31 TK3=0.62
K4=5+0.15 TK,4=0.30
Ks=112+0.435 TKs=0.87
Ke=1.5x45" TKe=0.50
K;=1.5x45" TK7=0.50
Kg=27%0.26 TKg=0.52
Kg=1.5x45" TKy=0.50
K10=35%0.31 TK10=0.62
K11:25+0'52 TK11:O.52
K1,=8%0.18 TK1,=0.36
K13=1 .5x45° TK13=O.50

K-sizes in radial direction,

Tolerances for K-sizes in radial direction, mm

mm
K14:(I)26h14 TK14:O.21
Kis=¢50n6 TK15=0.016
K16=¢60h14 TK16:0.74
Ki7=¢50n6 TK17=0.016
K1s=040g6 TK15=0.016
K19:¢8H9 TK19=0.036
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Tolerances for manufacturing sizes are given by [2, pg. 38]:
Ti=wcitpi1

where, o statistical error of machining;
p — geometrical deviation of the datum surface of the part.
Residual spatial deviation of forgings on one side:

po=0.4mm.

We find the value of the residual spatial deviation after the rough turning through
the coefficient of residual warping:
p1 =Ky1Xpo = 0.06*0.4 = 0.02mm.

We find the value of the residual spatial deviation after the grinding through the
coefficient of residual warping:
p2 =Ky>%p1=0.05*0.02=0.001mm.

Tolerances for manufacturing sizes A;; (where i — is a number of manufacturing
(technological) operation on which workpiece’ surface is machined and ensuring of the
technological size A;j is executed, j — is a number of processing step) are given as

follows:
TA1 2= 0¢tpo=0.25+0.4 =0.65 mm.
TA121= ©c+0 =0.25 mm.
TA21=w:+0 =0.1 mm.
TA22 = oct p1=0.2+0.02 =0.22 mm.

TA23 = o¢t p1=0.2+0.02 =0.22 mm.
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TA25 = o¢t+ p1=0.2+0.02 =0.22 mm.

TA5 = o+ 0=0.2 mm.

TAz1 = o+ p1=0.2+0.02 =0.22 mm.

TAz2 = o¢t+ p1=0.2+0.02 =0.22 mm.

TA33 = o+ 0=0.2 mm.
TA34 = o+ 0=0.2 mm.

TAz5= w0+ 0=0.2 mm.

TAs1 = ot p1=0.2+0.02 =0.22 mm.

TA4> = o+ 0=0.2 mm.

TAs1 = e+ p1=0.1+0.02 =0.12 mm.
TAs2 = e+ p1=0.1+0.02 =0.12 mm.

TA63 = ¢+ p1=0.1+0.02 =0.12 mm.
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1.6.1. Ensuring accuracy of design dimensions

When using the maximum-minimum method, the condition for ensuring the

accuracy of the design size is verified by the formula [2, p. 60]:
n
TK > Z TA;.
i=1

Let us consider dimensional chain for K; size (Fig. 4).
K.

A12.1

Fig. 4. Dimensional chain for size K;

TK=1.15 mm >TA;,:=0.25 mm.
The size K; is ensured directly.

Let us consider dimensional chain for K; size (Fig. 5).
K:

p—

AZS

Fig. 5. Dimensional chain for size K;

TK2=0.5 mm>TA;5=0.22 mm.
The size K is ensured directly.

Let us consider dimensional chain for Kj size (Fig. 6).
K.

AZ‘.Z

Fig. 6. Dimensional chain for size K3



TK3=0.62 mm>TA,2=0.22 mm.
The size K3 is ensured directly.

Let us consider dimensional chain for K4 size (Fig. 7).
K.

A21

Fig. 7. Dimensional chain for size K4

TK4=0.3 mm>TA;1=0.1 mm
The size K4 is ensured directly.

Let us consider dimensional chain for Ks size (Fig. 8).
K.

AZB

A6.3 |

Fig. 8. Dimensional chain for size Ks

TKs=0.87 mm; TAs3+TA,3=0.12 mm+0.22 mm=0.34 mm.
The size Ks can be ensured.

Let us consider dimensional chain for Kg size (Fig. 9).
Kb Aﬁ'ﬁ

AZG

Fig. 9. Dimensional chain for size Kg
TKe=0.5 mm; TAs3+TA26=0.12 mm+0.2 mm=0.32 mm.

The size Kg can be ensured.

Let us consider dimensional chain for K; size (Fig. 10).
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’— AEE

Fig. 10. Dimensional chain for size K;

TK7=0.5 mm; TAs2+TA35=0.12 mm+0.2 mm=0.32 mm.

The size K7 can be ensured.
Let us consider dimensional chain for Kg size (Fig. 11).

Aﬁ‘l | Kﬂ

A 34

A62

Fig. 11. Dimensional chain for size Kg

TKg=0.52 mm; TAg2+TAz4+TAs1=0.12 mm+0.2 mm+0.12 mm=0.44 mm.

The size Kg can be ensured.
Let us consider dimensional chain for Kg size (Fig. 12).
K

Ao | A | A

Fig. 12. Dimensional chain for size Kg

TKo=0.5 mm; TA's2+TA33+TAs1=0.016 mm+0.2 mm+0.12 mm=0.336 mm.

The size Kg can be ensured.

Let us consider dimensional chain for Ky size (Fig. 13).
Ko

A3_2 | Am

Fig. 13. Dimensional chain for size Kio



TK10=0.62 mm; TA3z,+TAs1=0.22 mm+0.12 mm=0.34 mm.
The size Ky can be ensured.

Let us consider dimensional chain for Ki; size (Fig. 14).
Ko

ALX.Z

Fig. 14. Dimensional chain for size Ki;
TK{1=0.52 mm, TA4,=0.2 mm.
The size Ky is ensured directly.

Let us consider dimensional chain for K, size (Fig. 15).
K:

Aiﬂ

Fig. 15. Dimensional chain for size K,

TK1=0.36 mm; TA4:=0.22 mm.

The size Ky is ensured directly.

Let us consider dimensional chain for Ky3 size (Fig. 16).
Ko A

A

Fig. 16. Dimensional chain for size K3
TK13=0.4 mm; TA31+TA 1 =0.22 mm+0.016 mm=0.236mm.

The size Ky3 can be ensured.

Let us consider dimensional chain for Ky, size (Fig. 17).

29



Ko
2L,

Fig. 17. Dimensional chain for size Ky

TK14=0.21 mm; TD;,=0.21 mm.
The size Ky4 is ensured directly.

Let us consider dimensional chain for K5 size (Fig. 18).
K

3 P—

2L

———

Fig. 18. Dimensional chain for size K5

TK15=0.016 mm; TD¢3=0.016 mm.

The size Kys is ensured directly.

Let us consider dimensional chain for Ky size (Fig. 19).
Kie

2L,

Fig. 19. Dimensional chain for size K
TK16=0.74 mm; TDg3=0.74 mm.
The size Ky is ensured directly.

Let us consider dimensional chain for Ky size (Fig. 20).
K

Bl -

Fig. 20. Dimensional chain for size Ki7

TK17=0.016 mm; TDg»=0.016 mm.

The size Ky7 is ensured directly.
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Let us consider dimensional chain for Kg size (Figure 21).

K
211

-B——

Fig. 21. Dimensional chain for size Kig
TK15=0.016 mm; TDg1=0.016 mm.

The size Kyg is ensured directly.

1.6.2 Calculation of work-piece machining allowance

The establishment of optimal machining allowances and manufacturing
tolerances on the dimensions of blanks for all processing steps (transitions) has an
important technical and economic significance in the development of manufacturing
processes for the manufacture of machine parts. Exaggerated allowances cause an
excessive waste of material in the manufacture of parts and the need to introduce
additional manufacturing transitions, increase the laboriousness of machining processes,
consumption of energy and cutting tools, increase the prime cost of machining the part.
As a result of insufficient allowances, defect increases, which raises the cost of
manufactured products.

On the basis of optimal allowances, it is possible to reasonably determine the
mass of the initial blanks, the cutting parameters, as well as the time norms for
performing machining operations.

The allowances for machining the workpiece are selected depending on the
economically accepted method of machining, the configuration of the product and its
weight. Calculation of allowances can be made by statistical and analytical method.

The analytical method consists in the analysis of manufacturing errors that occur
under specific conditions for the machining of the workpiece and in determining the

values of the elements that make up the allowance and their summation.
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In general, allowance is a layer of metal for machining and obtaining the
necessary geometry and roughness of the product. Intermediate allowance can be
described as a layer of metal for the machining transition. The size of the allowance
should be sufficient to remove the defective layer of metal from the workpiece, as well
as to compensate for the error in locating and clamping the part.

The calculation-analytical method approximates the workpiece to the dimensions

of the part, reducing the metal layer to the allowance before other methods.

1.6.3 Calculation of allowances for diametrical sizes
The minimum allowance for the diameter to be machined is determined by the

formula from [2, p. 47]:

2-2,..=2-(Rz, 4 +hifl+m),
where z,.. —is minimum allowance for cutting the surface of rotation, um;
Rz, , — is roughness from the previous machining of this surface, um;
h,, — is thickness of the defective surface layer formed from the previous
machining of this surface, um;
Pi — is the total form error of form and position of surface obtained at the
previous machining of this surface, um;
¢ — error of clamping (e=0 for clamping between two centers).
Allowance 2Zo.»
Calculated minimum allowance:
2-Zoa,,,, = 2-(100 + 300 + 160) = 920 pm.
The sum of the tolerances of the components in the chain:
T2Zy, = TDy3 + TDy, = 300 + 800 = 1100 pm.
Calculated maximum allowance:

2" ZO-Zmax =2- ZO-Zmin + TZZO.Z = 920 + 1100 = 2020 um.
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Calculated average allowance:

2:Zog, . +2Zog, . N T2Zy, 2020 + 920 N 1100
2 - 2 2 )

2- Zo.za,,g =

= 1470 + 550 pm.

Allowance 2Zg3
Calculated minimum allowance:

2+ Zys,,,, =2 (100 + 300 + 160) = 920 pm.
The sum of the tolerances of the components in the chain:

T2Zy3 = TD33 + TDy5 = 740 + 800 = 1540 pum.
Calculated maximum allowance:

2-Zys, . =2Zos . +T2Zy3 =920 + 1540 = 2460 pm.
Calculated average allowance:

2:Zos, . +2Zo3, . N T2Zy3 2460 + 920 N 1540
2 - 2 2 )

2- Zo.3avg =

= 1690 £ 770 um.

Allowance 2Zo.4
Calculated minimum allowance:
2Zo4, . =2 (100 + 300 + 160) = 920 pm.
The sum of the tolerances of the components in the chain:
T2Zy4 = TD35 + TDy4 = 300 + 800 = 1100 pm.
Calculated maximum allowance:
2-Zoa, . =2Zog . +T2Z5, =920+ 1100 = 2020 pm.

Calculated average allowance:
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2 Zoa, 2 Zoa,, N T2Zo4 2020+ 920 N 1100
2 - 2 2 )
= 1470 + 550 pm.

Allowance 2705

2- Zo.4a,,g =

Calculated minimum allowance:

2 Zys,,,, = 2+ (100 + 300 + 160) = 920 pm.
The sum of the tolerances of the components in the chain:

T2Zys = TD3, + TDys = 250 + 800 = 1050 pum.
Calculated maximum allowance:

2 Zs,... =2 Zos, . +T2Zys =920+ 1050 = 1970 pm.
Calculated average allowance:
2 Z05mge + 2 Zosp , T2Z05 _ 19704920 1050

2 -2 2 -2

= 1445 4+ 525 pm.

2 Zo.sa,,g =

Allowance 2Z¢.1.1
Calculated minimum allowance:

2Zg14,,. =2 (20+ 50+ 20) = 180 pm.
The sum of the tolerances of the components in the chain:

T2Z¢ 11 =TDgq 4+ TDs, = 160 + 250 = 410 pm.
Calculated maximum allowance:

2-Zg11,,. =2 Zera,,, +T2Zs11 =40+ 410 = 450 pm.
Calculated average allowance:

2 Ze11,, Y2 Z611,,  T2Z611 450+40 410
2 Z6110y = > + > = > + >

= 245 £ 205 pm.
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Allowance 27621
Calculated minimum allowance:
2 Zg24,,, =2 (20+ 50+ 20) = 180 pm.
The sum of the tolerances of the components in the chain:
T2Z¢ 51 = TDg, 4+ TDs, = 190 + 300 = 490 pm.
Calculated maximum allowance:
2-Zggn,,. =2 Zega,, +T2Zs51 =40+ 490 = 530 pm.

Calculated average allowance:

2 Ze621pmue Y2 2621,  T2Z621 530+40 490
2 Z62145 = > + > = > + 5

= 285 4 245 pm.

Allowance 27531
Calculated minimum allowance:

2 Ze31,, =2 (20+ 50+ 20) = 180 pum.
The sum of the tolerances of the components in the chain:

T2Zg31 = TDg 3 + TD3 5 = 190 4+ 300 = 490 pm.
Calculated maximum allowance:

2 Zes1,.. =2 Zgza1,,. +T2Z¢31 =40 + 490 = 530 pm.
Calculated average allowance:

2.Z631 +2.Z631 . TZZ631 530+4‘0 490
. — O-lmax 2-imin + Sl +
2 Z6.3.1avg 2 —_ 2 2 -9

= 285 4 245 um.
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Table 1.3. Allowances for diametrical technological sizes

Calculated Sum of Calculated
. toleranc Calculated

Elements of minimum es in the maximum average

Calculated allowance allowance, : allowance,
allowance chain, allowance, pum
pm pm
wm
Rzi, | hy | piy

272022 100 | 300 | 160 920 1100 2020 14701400
2703 100 | 300 | 160 920 1540 2460 16901770
27204 100 | 300 | 160 920 1100 2020 1470400
27205 100 | 300 | 160 920 1050 1970 1445400
27611 20 50 20 180 410 450 245+205
27621 20 50 20 180 490 530 285+245
276231 20 50 20 180 490 530 285+245

1.6.4 Calculation of allowances for axial dimensions
The minimum allowance for the axial sizes to be machined is determined by the

formula from [2, p. 47]:
Z.oo =Rz, +h  +p,
Allowance Zi.
Calculated minimum allowance:
Zy,,.. = (100 + 300 + 330) = 730 pm.
The sum of the tolerances of the components in the chain:
TZ,, = TA;, = 650 pm.
Calculated maximum allowance:
Zyg, =215 . +TZ, =730+ 650 = 1380 pm.
Calculated average allowance:

 Zigp + Zaapy  TZyp; 1380 +730 | 650
Z12,,, = T = +
g 2 2 2 2

= 1055 £ 325 um.
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Allowance Z;1
Calculated minimum allowance:

Zy4,,. = (100 + 300 + 330) = 730 pm.
The sum of the tolerances of the components in the chain:

TZy1=TA 51 +TAy, + TAgs = 250 4+ 650 + 2400 = 3300 pm.
Calculated maximum allowance:
Zyy, .. =24, +TZy; =730+ 3300 = 4030 pum.

Calculated average allowance:

Zygy +Z1ay,,  TZy, 4030 +730 3300
Z11,,, = + = +
g 2 2 2 2

Allowance Z>
Calculated minimum allowance:

Zy,,, = (100 + 300 + 330) = 730 pum.
The sum of the tolerances of the components in the chain:

TZ,, =TAg, +TAy, +TA,, = 1200 4+ 650 + 220 = 2070 pum.
Calculated maximum allowance:
Zog, .. =Zaa  +TZy, =730+ 2070 = 2800 um.

Calculated average allowance:

Z +Zy,  TZ 2800+ 730 2070
Zy, = 2.2max 2.2min 4222 _ +
g 2 2 2 2

Allowance Z;.4
Calculated minimum allowance:
Z4,. = (100 + 300 +330) = 730 pm.
The sum of the tolerances of the components in the chain:
TZy, =TAgy +TAy, +TAy3 = 1200 4+ 650 + 220 = 2070 pum.

= 2380 + 1650 pm.

= 1760 + 1035 um.
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Calculated maximum allowance:
Zya, . =Zya . +TZy, =730+2070 = 2800 pm.
Calculated average allowance:

Z +7Z . TZ 2800+ 730 2070
Zya = 24 max 24min + 24 _ +
9 2 2 2 2

= 1760 + 1035 pm.

Allowance Zs»
Calculated minimum allowance:

Zs,, . = (100 + 300 + 330) = 730 pm.
The sum of the tolerances of the components in the chain:

TZs, =TAgs +TAyo +TAy 54 +TAs, + TAps = 2400 + 650 + 250 + 220 + 1500
= 5020 pm.
Calculated maximum allowance:
Zay, .. =Z3z  +TZ3, =730+5020 = 5750 um.

Calculated average allowance:

Z +Z25 TZ 5750+ 730 5020
232 — 3.2max 3.2min i 3.2 — i
“avg 2 2 2 2
Allowance Z34

= 3240 + 2510 um.

Calculated minimum allowance:
Z3g . = (100 + 300 + 330) = 730 um.
The sum of the tolerances of the components in the chain:
TZs4 =TAos + TA1z + TA121 + TAs, + TAs s + Thg,
= 2400 4+ 650 + 250 + 220 + 200 + 1200 = 4920 pm.
Calculated maximum allowance:
Zsy, .. =Zz4 . +TZs3, =730+ 4920 = 5650 um.

Calculated average allowance:
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= +
“34av 2 - 2 2 )

_ Zatpes + L | TZ3a _ 5650 +730 | 4920

Allowance Zs 1
Calculated minimum allowance:
Ze1,,,, = (100 + 50 + 20) = 170 pm.
The sum of the tolerances of the components in the chain:
TZ¢, =TAg, = 120 pum.
Calculated maximum allowance:
Zgr, .. =Zg1,, +TZsy =170+ 120 =290 pm.
Calculated average allowance:

 Zgapge ¥ Zorpy , TZe1 290+ 170 120
Zo1pyy = e +
g 2 2 2

Allowance Zs
Calculated minimum allowance:
Zes,. = (100 + 50 + 20) = 170 pm.
The sum of the tolerances of the components in the chain:
TZg, =TAg, = 120 pm.
Calculated maximum allowance:
Zooyon =Zo2, . +TZey =170 + 120 = 290 pm.

Calculated average allowance:

" Zennun + Zoope | TZe2 2904170 120
262000 = + = +
g 2 2 2 2

Allowance Zs3

Calculated minimum allowance:

= 3190 + 2460 pm.

=230 + 60 pm.

=230 4 60 pum.
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Zgs,... = (100 + 50 + 20) = 170 pm.

The sum of the tolerances of the components in the chain:
TZ6_3 == TA6_3 = 120 um

Calculated maximum allowance:

Z6-3max = Z6-3min + TZ6_3 - 170 + 120 = 290 IJ.m.

Calculated average allowance:

_ Z6-3max + Z6-3min

TZes 290+ 170 120

A = + =230+ 60 um.
63ag 2 ) 2 T 2 o0 H
Table 1.4. Allowances for axial technological sizes
Calculated Sum of Calculated
e toleranc Calculated

Elements of minimum es in the maximu average

Calculated allowance allowance, . allowance,
allowance Chaln, a”owance, pm
pm pm
pm
Rz, , hi—l Pi

Z12 100 | 300 | 330 730 650 1380 10554325
Z11 100 | 300 | 330 730 3300 4030 2380+1650
Z22 100 | 300 | 330 730 2070 2800 1760+1035
Zoa 100 | 300 | 330 730 2070 2800 1760+1035
Z32 100 | 300 | 330 730 5020 5750 3240+2510
Z34 100 | 300 | 330 730 4920 5650 3190+2460

Zo1 100 50 20 170 120 290 230+60

Zs.2 100 | 50 20 170 120 290 230+60

Zs3 100 | 50 20 170 120 290 230+60

1.6.5Calculation of manufacturing sizes for diametrical dimensions

The calculation of manufacturing dimensions is determined from the tolerance

analysis of the manufacturing process, for which we make dimensional chains.
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Consider dimensional chains for machining the outer surface @ 50n6(*3:933
(Fig. 22).

Fig. 22. Dimensional chain for calculation

of manufacturing dimensions D, s and Dy

The manufacturing size of D¢ 3 must be equal to the design size Kis, i.e.: Dg3 =
= K5 =@ 50n6(*3:333) mm - the considered manufacturing size, which is obtained after
grinding the outer surface (IT6).

1. We find the manufacturing size D, :
De34y, = 49.984 £ 0.008 mm.

D2-3avg - D6-3avg + 2 - Z6-3-1a17g - (49984‘ i 0008) + (0285 i 024‘5) -

50.269 + 0.15 mm, sinceTD, ; = 0.3 mm,
We getDzlgavg = 50.269 £+ 0.15 mm.

2. We find the manufacturing size Do :
D;3,,, = 50.269 £ 0.15 mm.

Do24py = D234y T2 Z024p, = (50.269 £ 0.15) + (1.4 £ 0.4) = 51.739 +
0.4 mm,sinceTD,, = 0.8 mm,

We round out the nominal size to within a tenth of a millimeter:
We getDoz,,, = 51.8 + 0.4 mm.
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Consider dimensional chains for machining the outer surface @60h14 (.74
(Fig. 23).
2 ‘

33

s

l
Fig. 23. Dimensional chain for the calculation of manufacturing dimensions Dy 3

The manufacturing size of D33 must be equal to the design size K, i.e.: D33 =
Kis = @60h14 (.0.749mm - the considered manufacturing size.

1.  We find the manufacturing size Do :
Ds3,,, = 59.63 £ 0.37 mm.
Do3arg = D33ang + 2" Z0340g = (5963 £ 0.37) + (1.69 + 0.77) = 61.32 + 0.4 mm.

SinceTDy 3 = 0.8(*03) mm, then Dy 3_, = 61.32(*0:3) mm.
We round out the nominal size to within a tenth of a millimeter:

D0-3cal = 61.3(t8§) mm.

Consider dimensional chains for machining the outer surface @ 50n6(*3-933

(Fig. 24).
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! 1

Fig. 24. Dimensional chain for the calculation

of manufacturing dimensions D3, and D 4:

The manufacturing size of D3 must be equal to the design size Ki7, i.e.: Dg2 =
Ki7 =@ 50n6(*3:933) mm - the considered manufacturing size, which is obtained after
grinding the outer surface (IT grade 6).

1.  We find the manufacturing size D3:

De 2., = 49.984 + 0.008 mm.
= D6-2avg + 2 Z6-2-1a17g = (49984‘ i 0008) + (0285 i 024‘5) ==

3.2ag

50.269 + 0.15 mm,sinceT D, ; = 0.3 mm,
We geth_zavg = 50.269 £+ 0.15 mm.

2. We find the manufacturing size Do 4:

Ds3,,, = 50.269 % 0.15 mm.
2 Zoa,,, = (50269 4 0.15) + (1.47 + 0.4) = 51.739 +

D0.4avg = D3.2av
0.4 mm, since TD, , = 0.8 mm,
We round out the nominal size to within a tenth of a millimeter:

We getDMavg =51.8 £ 0.4 mm.
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Consider dimensional chains for machining the outer surface @ 40g6(Z3:992

(Figure 25).

N
2

1

Ko

l ! |

Fig.25. Dimensional chain for the calculation

of manufacturing dimensions D3;: and Dy

The manufacturing size of D¢ 3 must be equal to the design size Kig, i.e.: Dg1 =
= Kis = @ 40g6(Z0 552 )mm - the considered manufacturing size, which is obtained after
grinding the outer surface (IT grade 6).

1. We find the manufacturing size D3 :

D14y, = 39-984 £ 0.008 mm.

= Doy, + 2 Zo114,, = (39.984 + 0.008) + (0.245 + 0.205) =

3.1ag

40.229 + 0.125 mm,sinceT D5 ; = 0.25 mm,
We gethllavg = 40.229 + 0.125 mm.

2. We find the manufacturing size Dgs:
D3; =40.229 + 0.125 mm.
avg

= D31, +2"Zs,,, = (40.229 £ 0.125) + (1.445 + 0.4) =

0.5avg

41.674 + 0.4 mm,sinceT D, s = 0.8 mm,

We round out the nominal size to within a tenth of a millimeter:
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We getDO_Savg =41.7 £ 0.4 mm.

Table 1.5. Calculated diametrical manufacturing sizes

Manufacturing size Calculated (avg.) size, mm
Do. 51.8+ 0.4
Doas 6132+ 04
Do.4 51.8+ 0.4
Dos 41.7+04
D23 50.269 + 0.15
D31 40.229 + 0.125
D32 50.269 + 0.15
D33 59.63 + 0.37
Ds.1 39.984 + 0.008
Ds.2 49.984 1+ 0.008
Ds.3 49.984 + 0.008
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1.6.6 Calculation of manufacturing sizes for axial dimensions

Consider dimensional chain for manufacturingsizeA; 21 (Fig. 26).
K.

A121

Fig. 26. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of A;1is equal to the design Ky, i.e.:
A121 =K1 =214(1.14) mm.
1. We find the manufacturing size A12;1:

Ki,,, = 213.425 £ 0.575 mm.

A121,,, = 213425 + 0.125 mm; TA,;=0.25 mm.

Consider dimensional chain for manufacturing sizeA; s (figure 27).
K,

AZ.S

Fig. 27. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of A,sis equal to the design Ko, i.e.;:Az5 =K,
=2x45° mm.
1.  We find the manufacturing size A;s:
K, = 2x 45°mm.
A2-5avg =24+0.25mm; TA,5=0.50 mm.

Consider dimensional chain for manufacturing size A, (Fig. 28).
K,

—

AZ‘Z

Fig. 28. Dimensional chain for the calculation of manufacturing dimension
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The manufacturing size of Az.is equal to the design Ks, i.e.:Az, =Kz =45 +
0.31 mm.
1.  We find the manufacturing size Azs:
K3y = 45 4+ 0.31 mm.
A2-2avg =454+ 0.11mm; TA,5=0.22 mm

Consider dimensional chain for manufacturing size A, (Fig. 29).

K.

A21

Fig. 29. Dimensional chain for the calculation of manufacturing dimension
The manufacturing size of A,; should be equal to the design Ky, i.e.:
A21=K4=5%0.15mm.

1. We find the manufacturing size Az:
Kiopg = 4.85 + 0.15 mm.
AZ-lavg = 4.85+ 0.05 mm; TA,:=0.1 mm.

Consider dimensional chain for manufacturing size Ag 3 (figure 30).
2

Fig. 30. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of Ag3 is equal to the allowance Zg3, i.e.:
Ag3=Z63=0.23 + 0.06 mm.
Z6 34y = 0-23 £ 0.06 mm.

Ag 34 = 0231 0.06 mm;  TAg3=0.12 mm.
Consider dimensional chain for manufacturing size A3 (figure 31).
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Fig. 31. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of As is equal to the allowance Z, i.e.:
Agor=2Ze2=0.23 + 0.06 mm.
Z6 24y = 0-23 £ 0.06 mm.

Ag 2,y = 0231 0.06 mm; TAg,=0.12 mm.

Consider dimensional chain for manufacturing size Ag1 (Fig. 32).
7

AN NNNNNN

Fig. 32. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of Ag is equal to the allowance Zg 1, i.e.:
Ag 1= ZG.l =0.23 + 0.06 mm.
Z6.14, = 0-23 £ 0.06 mm.

Ag,. =023+0.06mm; TAs:=0.12 mm.
avg

Consider dimensional chain for manufacturing size A, 3 (Fig. 33).

K.

A6.3 Aza

Fig. 33. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size A;zs:
Ks =112+ 0435 Ag; = 0.23+ 0.06 mm.
avg avg
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= KSan — A6-3avg = (112 + 0.435) — (0.23 £ 0.06) = 111.77mm.

2.3avg

A,z =111.77 £ 011 mm; TA,5=0.22 mm.
avg

Consider dimensional chain for manufacturing size A; ., (Fig. 34).
Z

A

Fig. 34. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of A, is equal to the allowance Z; », i.e.:
A1,=2715=1.055+ 0.325 mm.
Zl-zavg = 1.055 + 0.325 mm.

Aiz,,, = 1.06 + 0.325 mm; TA;>=0.65 mm.
Consider dimensional chain for manufacturing size Ao s (Fig. 35).

2

/405

Fig. 35. Dimensional chain for the calculation of manufacturing dimension

1. We find the manufacturing size Ags:
= 2381 1.65; A131,,, = 213.425 £ 0.125; A1, = 1.06 + 0.325 mm.

1.1gyg

0.5avg Z1.1a,,g + A1.2.1an + Al.zan

= (2.38 + 1.65) + (213.425 + 0.125 ) + (1.06 + 0.325) = 216.985mm.
Agsyg =217+ 1.2mm;  TAgs=2.4 mm.
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Consider dimensional chain for manufacturing size A, (Fig. 36).
Kb Aﬁ.'j

A26

Fig. 36. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size Azs:
Ks =1540.25; Agz... =0.23+0.06 mm.
avg avg

Br6,0g = Kopg + Ao,y = (1.5 1 0.25) + (0.23 £ 0.06) = 1.73 + 0.1mm.

Ageyy = 173 £ 0.1 mm; TAy6=0.2 mm.

Consider dimensional chain for manufacturing size Ass (Fig. 37).
Asz K?

ASS

Fig. 37. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size Ass:
K70y = 1.5 £ 0.25; Ag, =023 +0.06 mm.
Assyy = Koy + As2,,, = (1.5 £0.25) +(0.23 £ 0.06) = 1.73 + 0.1mm.
A3_5avg =173+ 0.1 mm; TA35=0.2 mm.
K7 avg = Azsavg — As2avg; — Aszsavg = K7avg + As2avg= 1.5+ 0.23 = 1.73 mm.
Uk 7=Uass- Las2; — +0.25=Ua35- (-0.06); — UA35=0.25 - 0.06 = +0.09 mm;
Lk 7=Lass- Uas2; — -0.25=Lass- (+0.06); — LA35=-0.25 + 0.06 = -0.09 mm;
Azsag=1.73 +£0.09 mm; TA35=0.18 mm = 0.2 mm. — Azsag= 1.7 £ 0.1 mm;
More right and accurate: Assag=1.73+0.09 = 1.77%1%5 06 mm.
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We accept: Azs5=1.73 £ 0.1 mm.

Consider dimensional chain for manufacturing size As4 (Fig. 38).
A Ka

61 |
——f .‘=‘="

AEL

AE'E

Fig. 38. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size Az 4:

Ke =27+026;Ag;. =023+0.06; Ag, = 0.23+0.06 mm.
g avg avg

A3.43vg = Kgavg + A6.1avg — A6-2avg = (271 0.26) + (0.23 + 0.06) — (0.23 + 0.06)
= 1.73 + 0.1mm.

A3_4avg =27+ 0.1 mm; TA34=0.2 mm.

Consider dimensional chain for manufacturing size As (Fig. 39).

Ko

A3.2 Am

Fig. 39. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size As»:
K104, =35%0.31; Agy,,, = 0.23£0.06 mm.

A32,.y = Ki0ag — Abi1ayy = (35 £0.31) — (0.23 + 0.06) = 34.77 + 0.11mm.
Asz,,, = 34771011 mm; TAs;=0.22 mm.

Consider dimensional chain for manufacturing size A's1(figure 40).
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A

Fig. 40. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of A'g1is equal to the allowance Z'g1, i.e.: A'g1=Zs1
=0.245 4+ 0.20 mm.
7’614y, = 0.245 £ 0.20 mm.

Agi,,, = 0245 +0.008 mm; TA’6,=0.016 mm.

Consider dimensional chain for manufacturing size Ao1 (Fig. 41).
Lo

A A As
/422 | /4f2

[ Lonmn

Fig. 41. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size Ao:
Zy24p = 176 £1.03; Agp,, =451 0.11;A:,, = 1.06% 0.325 mm.

Ao-lavg = AZ'Zan + Al-zavg - Zz_zavg = (4‘5 i 0.11 ) + (1.06 i 0.325) - (1.76 i 1.03)

= 44.29mm.
Ao_lavg == 44‘.29 i 0.6 mmm, TAO_]_:]..Z mm.
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Consider dimensional chain for manufacturing size Ao (Fig. 42).

Z. i,

/42j /4ﬁ2

— | ——

Fig. 42. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size Ao 2:
=176 £ 1.03; Az3,,, = 111.77 £ 0.11 ;A ;, , = 1.06 £ 0.325 mm.

23avg

= A2.3a“,g - Zz.4a,,g +A

0.2avg 1.24vg

= (11177 £ 0.11) — (1.76 + 1.03) + (1.06 + 0.325) = 111.075mm.

Mgz, = 1111+ 0.6 mm; TAg,=1.2mm.

Consider dimensional chain for manufacturing size A4, (Fig. 43).
K

AL.Z

Fig. 43. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of A, should be equal to the design K, i.e.:
A42 =Ky =25.26 + 0.26 mm.
1.  We find the manufacturing size Az;:

Ki1,,, = 25.26 + 0.26 mm.

Agz,,y = 25261 0.1 mm; TA;,=0.2 mm.
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Consider dimensional chain for manufacturing size A1 (Fig. 44).
K12

A

Fig. 44. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of A4, should be equal to the design Ky, i.e.:A41=Ki

=8 £+ 0.18 mm.
1.  We find the manufacturing size Az;:
Klzavg =8 £ 0.18 mm.

A4'1an == 8 i 011 mm, TA41:022 mm.

Consider dimensional chain for manufacturing size As; (Fig. 45).
|<13 !\;1

Ay

Fig. 45. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size As;:
K13 = 1.5 i 0.25; A,6.1 == 0.245 i 0.20 mm.
avg avg

Az1,, = Kizgy + Ay, = (1.5 +0.25) + (0.245 + 0.20) = 1.745mm.

Az, = 17454011 mm; TA5,=0.22 mm.
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Consider dimensional chain for manufacturing size A's (figure 46).

Z;

Fig. 46. Dimensional chain for the calculation of manufacturing dimension

The manufacturing size of A'g,is equal to the allowance Zs,, i.€.:
A’6,2= Z’6,2 =0.285 + 0.24 mm.
Z' 624y = 0-285  0.24 mm.

Agpg = 0285 +0.008 mm; TA’6,=0.016 mm.

Consider dimensional chain for manufacturing size Ass (Fig. 47).
K,

1 Tp—

Aez A33 ‘ A61

I ‘

Fig. 47. Dimensional chain for the calculation of manufacturing dimension

1. We find the manufacturing size As:
Ky =154+0.25 A, =0.285+0.24;A,,.. =0.23+0.06 mm.
avg avg avg

= Koy = 620 — Bo1avg = (1.5 £ 0.25) — (0.285 + 0.24) — (0.23 + 0.06)

3.3avg

= 0.985 + 0.05 mm;
A3_3avg = 0.985 + 0.05mm; TA33=0.1 mm
Ko=Azz+ As1t Asz;
+0.25 = Ua33 +(+0.06) + (+0.24); — Uaszz =+0.25-0.06 - 0.24 = -0.05 mm;
-0.25 =La33+ (-0.06) + (-0.24); — La33=-0.25+0.06 + 0.24 = +0.05 mm.
Az 3=0.985+0.05 = 0.9940.05 = 1£0.05 mm; Ta3z3=0.1 mm.
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Consider dimensional chain for manufacturing size Ao s (Fig. 48).

Ais 32

/433
/4?2;'

A

/405

Fig.48. Dimensional chain for the calculation of manufacturing dimension

1. We find the manufacturing size Aozs:

Z32gyy = 3241 2.5, Ayyy = 213425+ 0.125;A,, =106+ 0325 A3,

= 3477 £ 0.11;Ag5,, = 217 + 1.2 mm.

A0-3avg = Ao.sa“,g + As.zavg - Zs.zavg - A1.2.1avg - A1.zavg

= (217 £ 1.2) + (34.77 + 0.11) — (3.24 + 2.5) — (213.425 + 0.125)

— (1.06 + 0.325) = 34.045mm.

A0-3avg = 34.1 i 0.75 mm, TAO.3:1.5 mm.

Consider dimensional chain for manufacturing size Ao (Fig. 49).

/4._’;4 34
| /432 | /4}.4
| A A
A, |

Fig.49. Dimensional chain for the calculation of manufacturing dimension

1.  We find the manufacturing size Ao4:

Zgl4avg = 3.19 i 2.4‘6; A1-2-1avg = 213.4‘25 i 0.125 ;Al_zavg = 1.06 i 0.325; A3_2avg

= 3477 £ 0.11; Ay, = 27+ 0.1; Ags,, =217 £ 1.2 mm.
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A0.4avg = A0.5an + A3.2avg + A3.4avg - Z3.4a,,g - A1.2.1avg - A1.2avg
= (217 £ 1.2) 4+ (34.77 £ 0.11) + (27 £ 0.1) — (3.19 + 2.46)
— (213.425 + 0.125) — (1.06 + 0.325) = 34.045mm.

Agan, = 611+ 0.6 mm; TAg=1.2mm.

1.7 Calculation of cutting parameters

When assigning elements of cutting parameters, take into account the nature of
machining, the type, dimensions and material of the tool, material and surface condition
of the workpiece, the type and condition of the equipment.

Cutting parameters are usually set in the order indicated below:

1. depth of cut (t);

2. feed (s);

3. cutting speed (V).

The following are calculated:

1. the number of revolutions (n);

2. actual cutting speed;

3. the main component of the cutting force (P,);

4. cutting power (Ne);

1.7.1Face milling on both face ends
The material of the cutting tool is selected in accordance with the
recommendations [3, p. 116] - T15K6.
1. The cutting depth for roughing is equal to the maximum machining

allowance: t = z1 smax. = 4 mm.
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2. The feed s is assigned according to table 11 [3, p.266]. For a given cutting
depth: s,= 0.1 mm / rev.

3. The cutting speed is determined by the formula:

B Cy.D4 _
Tm . X .Y . Bu - 2P

The tool life is: T= 60 min.

Values of the coefficients: Cy =332, m=0.2; x=0.1; y = 0.4; g=0.2; u=0.2;
p=0- are taken from tablel7 [3, p.269].

Coefficient Ky:

Ky

Ky = Kuv " Knv * Kny,

where K,y —coefficient that takes into account the quality of the machined
material,

Ky —coefficient reflecting the state of the surface of the workpiece;

Ky —coefficient that takes into account the quality of the tool material.

According to Table. 1, 5, 6 [3, p.261]:

Kmv = Kr (E)”V’
OB

The value of the coefficient of K- and the exponent n, for the material of the

tool from the hard alloy when processing the workpiece is taken from Table 2 [3, p.262]:

Kr ES 10 nV - 10

Then:
= (22) " = 1.0-(22) ~ 076
MV= ™ \og/ — 7 \og8o) T
Hence, Kmv= 076, Knv = 08, Kuv =1.0.

Finally, the coefficient Ky is defined as:
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Ky =Kyy Ky - Ky = 0.76-0.8-1.0 = 0.61
The cutting speed is determined fort = z; smax. = 4 mm,

_ Cy.D1 _ 332:100°2
- Tm.tX.SBZ/.Bu.Zp A 600.2.40.1.9 10.4.400.2.1 00

.0.61 = 2355 2
min

4. Calculated speed of spindle:
1000-V  1000-235.5
"TTrd T 314100
We take the actual number of revolutions, taking into account the type of

= 764.3 rpm.

machine, the type of machining and the machining tool material:

n = 630 rpm.
5. Actual cutting speed:
n-dn 3.14-100-630 m
= = =197 —.
1000 1000 min

6. Determine the main component of the cutting force by the formula:

10-Cp-t*-SY-BY-z
z = D4 - oW Kwmp

Values of the coefficients: Cp = 825; n =630; x =1.0; y =0.75; u=1.1; g=1.3;
w=0.2; t=4 mm — are taken from table 22 [3, p.273].

The coefficients in the formula take into account the actual conditions of cutting.
According to tables 9, 23 [3, p.264]:

og\" 980\
K, =(=—=—) =(=) =1.08.
Mp (750) (750) 08

The main component of the cutting force, formula
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10-Cp-t*-SY-BY-z 10-825-410-0.1°75 - 4011 - 10
b, = D4 - nW "Kwmp = 10013 - 6300-2 '
= 24405 N
7.  Cutting power:

N = P,V 24405-197
©1020-60 102060

1.08

= 7.2 kW.

1.7.2Turning of contour in operation 2
The material of the cutting tool is selected in accordance with the
recommendations [3, p. 116] - T15Ka®.
1.  The cutting depth for roughing is equal to the maximum machining
allowance: 2z 1max. = 2.5 mm i.e., t = 1.25mm.
2. The feed s is assigned according to table 11 [3, p.266]. For a given cutting
depth: s = 0.5 mm/ rev.

3. The cutting speed is determined by the formula:

V_Tm.tx.sy \4

The tool life is: T=30 min.

Values of the coefficients: Cy = 290; m =0.2; x =-0.15; y = 0.35- are taken
from tablel7 [3, p.269].

Coefficient Ky:

Ky = Kuv * Knv " Ky,

where K, —coefficient that takes into account the quality of the machined
material;

Ky —coefficient reflecting the state of the surface of the workpiece;

Kur —coefficient that takes into account the quality of the tool material.

According to Table. 1, 5, 6 [3, p.261]:
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750\
Kmy = Kr (_) ’
OB

The value of the coefficient of K- and the exponent n, for the material of the
tool from the hard alloy when processing the workpiece is taken from Table 2
[3, p. 262]:
Kr=1.0 ny=1.0

Then:

1.0

kv =k ()= 10-(29) " = 076
MV= ™M \sg/ ~ 77 \9go) 7

Hence, Kmv= 076, Knv = 08, Kuv =1.0.
Finally, the coefficient Ky is defined as:
Ky = Kyy "Kgy - Kyy = 0.76-0.8-1.0 = 0.61

The cutting speed is determined fort = 1.25 mm.

Cy _ 290
V = - Ky=
Tm.tX.qy 300.2.1_250,15.0_50.35

.0.61 =110.5 =
min

4. Calculated speed of spindle:

~1000-V _ 1000-110.5

n= 4 - 314.50 = 703.5 rpm.

We take the actual number of revolutions, taking into account the type of

machine, the type of machining and the machining tool material:
n = 630 rpm.
5. Actual cutting speed:
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_n-d-n_3.14-50-630_98 m
1000 1000 7 min’

6. Determine the main component of the cutting force by the formula:
P,=10-Cp-t*-SY-V" -Kp
Values of the coefficients: Cp = 300; n =-0.15; x = 1.0; y = 0.75; — are taken
from table 22 [3, p.273].
Coefficient Kp = Kyp
The coefficients in the formula take into account the actual conditions of cutting.

According to tables 9, 23 [3, p.264]:

Ko = =) == = 1.22.
w=(750) = (550

The main component of the cutting force, formula
7. PZ:10'Cp'tX'Sy'Vn'Kp=
=10-300-1.25*- 0.5%75-98(-01% . 122 = 1235.7 N

8.  Cutting power:
N = P,-V 12357 -98_2kw
©1020-60  1020-60 '

1.7.3Threading with a cutter
The material of the cutting tool is selected in accordance with the
recommendations [3, p. 116] - T15K6.
1.  The cutting depth for roughing is equal to the maximum machining
allowance: 2zg1max. = 2.5 mm i.e., t = 1.25mm.
2. The feed s is assigned according to table 11 [3, p.266]. For a given cutting

depth: s =P=3.5 mm/ rev.
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3. The cutting speed is determined by the formula:

Cy
=Tm.tx.Sy.KV

The tool life is: T= 70 min.
Values of the coefficients: Cy = 244; m = 0.2; x = 0.23; y = 0.3— are taken from
tablel7 [3, p.269].
Coefficient Ky:
Ky = Kyv * Knv * Kny,
where K, —coefficient that takes into account the quality of the machined
material;
Ky —coefficient reflecting the state of the surface of the workpiece;
Ky —coefficient that takes into account the quality of the tool material.
According to Table. 1, 5, 6 [3, p.261]:
Kwmv = Kr (E)n"’
OB
The value of the coefficient of K- and the exponent n,, for the material of the
tool from the hard alloy when processing the workpiece is taken from Table 2 [3, p.262]:
Kr=1.0 ny=1.0
Then:

=K (22) " = 1.0-(22) "~ 076
MV™ ™ \eg/ — 77 \ogo) T

Hence, KM\/: 076, Kr[\/ = 08, K]/]\/ =1.0.
Finally, the coefficient Ky is defined as:
Ky =Kyy Ky " Kyy = 0.76-0.8-1.0 = 0.61

The cutting speed is determined fort =P= 3.5 mm.
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v = Svi* _ 244
T mmgy V7T 5002.3503

.0.61 = 63.3 2
min

4. Calculated speed of spindle:
1000-V  1000-63.3
"TTord T T314-30
We take the actual number of revolutions, taking into account the type of

= 672 rpm.

machine, the type of machining and the machining tool material:

n = 630 rpm.
5. Actual cutting speed:
_m-d'n_ 3.14-30-630 cg m
~ 1000 1000 77 min’
1.7.4Slot milling

The material of the cutting tool (end milling cutter) is selected in accordance
with the recommendations [3, p. 116] — high speed steel P6M5.

1.  The cutting depth for roughing is equal to the maximum machining
allowance: t = Zyax, = 8 mm.

2. The feed s is assigned according to table 11 [3, p.266]. For a given cutting
depth: s,= 0.02 mm / tooth; si= 0.02*2*1250 = 50mm/ min.

3. The vertical feed s,= 0.007 mm/tooth; s,=0.007*2*1250= 17.5 mm/min.

4.  The cutting speed is determined by the formula:

Cy.Dd

_Tm'tX'SZ'Bu'Zp

Ky

The tool life is: T=30 min; B= 1 (i =6 passes)
Values of the coefficients: Cy =467; m=0.33; x =0.5; y = 0.5; q=0.45;
u=0.1;p=0.1; — are taken from table17 [3, p.269].
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Coefficient Ky:
Ky = Kyv * Knv * Kny,

where K, —coefficient that takes into account the quality of the machined
material;

Ky —coefficient reflecting the state of the surface of the workpiece;

Ky —coefficient that takes into account the quality of the tool material.

According to Table. 1, 5, 6 [3, p.261]:

Kwmv = Kr (E)"V’
OB

The value of the coefficient of K- and the exponent n,, for the material of the

tool from the hard alloy when processing the workpiece is taken from Table 2 [3, p.262]:

KF =1.0 ny = 1.0

Then:
e = (22) = 10-(20) 076
op 980
Hence ,Kmy=0.76; Kny =0.8; Kyuy =1.0.
Finally, the coefficient Ky is defined as:
Ky = Kyy - Ky - Kyy = 0.76-0.8-1.0 = 0.61

The cutting speed is determined for t = 8 mm.

V= Cy.D4 Ko= 46.7-8045
~ TM.X.sY.BU.zP V™ 300.33.80.5.0,040.5.10.1.20.1

.0.61 = 36.35 =
min

5. Calculated speed of spindle:
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_ 1000-V _ 1000 - 36.35
"TTad T 314-8
We take the actual number of revolutions, taking into account the type of

= 1447 rpm.

machine, the type of machining and the machining tool material:

n = 1250 rpm.
6. Actual cutting speed:
n-d-n 3.14-8-1250 m
= = =314 —.
1000 1000 min

7.  Determine the main component of the cutting force by the formula:

10-Cp-t*-SY-BU-z
Z= Dq_nw .KMP

Values of the coefficients: Cp = 62.8; n = 1250; x = 0.86; y = 0.72; u=1,; q=0.86;
w=0; t=8 mm — are taken from table 22 [3, p.273].

Coefficient Kp = Kyp
The coefficients in the formula take into account the actual conditions of cutting.
According to tables 9, 23 [3, p.264]:

op \0 (980)0'3
K,=(=—) =(=——] =1.08.
w=(755) = (750

The main component of the cutting force, formula

10-Cp-t%-SY-BY-z 10-68.2:89:86.0,02072.61-2
8. P, = — Kvp = 505612500 -1.08 = 528.6 N.

9. Cutting power:

P,V  5286-314

N=1020-60 1020-60 _ V7KW
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1.7.5Groove cutting
The material of the cutting tool is selected in accordance with the
recommendations [3, p. 116] - T5K10.
1.  The cutting depth for roughing is equal to the maximum machining
allowance i.e., t = 5mm.
2. The feed s is assigned according to table 11 [3, p.266]. For a given cutting
depth: s =0.15 mm / rev.

3. The cutting speed is determined by the formula:
Cy

V=Tmsy

Ky

The tool life is: T= 60 min.
Values of the coefficients: Cy = 47; m = 0.2y = 0.8— are taken from tablel7 [3,
p.269].
Coefficient Ky:
Ky = Kuv * Knv - Kyy,
where K, —coefficient that takes into account the quality of the machined
material,
Ky —coefficient reflecting the state of the surface of the workpiece;
Ky —coefficient that takes into account the quality of the tool material.
According to Table. 1, 5, 6 [3, p.261]:
Kmv = Kr (E)”V’
OB
The value of the coefficient of K- and the exponent n,, for the material of the
tool from the hard alloy when processing the workpiece is taken from Table 2 [3, p.262]:
Kr=1.0 ny=1.0
Then:

750>”v 10 <750 1o

Kuo = K- [—— —) =076
MV F(GB 980)
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Hence, KM\/: 076, Kov = 08, Kuv =1.0.
Finally, the coefficient Ky is defined as:
Ky = Kyy Ky - Kyy = 0.76-0.8-1.0 = 0.61

The cutting speed is determined fort, = 1.25 mm.

C 47
V=—_. KV: -
Tm-Sy 600-2:0.150-8

1061 =573 —
4. Calculated speed of spindle:

1000-V  1000-57

"TTrd T 31426

We take the actual number of revolutions, taking into account the type of

= 698rpm.

machine, the type of machining and the machining tool material:

n = 630 rpm.
5. Actual cutting speed:
zn-d-n=3.14-26-630= &1 1.
1000 1000 min

6. Determine the main component of the cutting force by the formula:
P,=10-Cp-t*-SY-V"-Kp
Values of the coefficients: Cp =408; n =0; x = 0.72; y = 0.8; — are taken from
table 22 [3, p.273].
Coefficient Kp = Kyp
The coefficients in the formula take into account the actual conditions of cutting.

According to tables 9, 23 [3, p.264]:
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Kap = (750) B (750) =122

The main component of the cutting force, formula
7. PZ:10'Cp'tX'Sy'Vn'KP=
=10-408-5%72-.0.15%8-51(0). 1,22 = 3476.5N

8.  Cutting power:
P,-V 34765 -51

N=1020-60 102060 _ 237 KW:

1.7.6 Cylindrical grinding
1. Allowance for grinding zmax. = 0.14 mm.
We chose t = 0.014 mm in one pass.
2. Designation of grinding wheel ITB/] 100x40x40,
24A 32 CT2 5 K5 30 m/s TOCT 2424-83.
3. Vuheel=35 m/s.
4. Vwork=30m/min.

5.  Calculated speed of spindle:
1000-V _ 1000-30

fwork = g = 3z.50 101 TP
Naccepted = 200 rpm.
6. Calculated speed of spindle of the wheel:
1000V 1000-35-60
= = 6687.89 rpm.

Mwheel = 47 = 7" 314-100

Naccpwd  200-3.14-50
1000 1000

8. Cutting power :

7.V acceptea IS Calculated: Vyeop =

= 31.4 m/min.
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No = Cy-VI-tX-s¥-dd=13-30°75-0.014%85 - 1207 - 40 = 2.52 kW

V — rotational speed of workpiece;

t — depth of cut = 0.014 (i= z/t = 0.14/0.014=10);
s =0.3-B=0.3-40 = 12 (mm/rev of work spindle);
where B is width of the wheel (B =40 mm).

1.8 Calculation of standard time

The basic time for turning operations is determined by the formula [4, p. 603]:

_L-i

° " n-S’
where L - calculated machining length, mm;
I— number of working passes;
n — frequency of rotation of the spindle, rpm;
S —feed, mm/ rev.
Estimated machining length:
L=1l+1+1,+1,

We accept: ., = L,y = 1mm.

The main time for the first milling and center drilling operation 1:

Li_ 40+1+1 .
Ty =—= = 0.66min.
nS 630:0.1

_ Li_ 445
02 ™ p.s 1250-0.15

= 0.05min.

The main time for turning operation 2:

Li_ 30+40+27+1+1

Ty, =—= = 0.26min.
n-S 630:0.6
Li_ 24+1+1 .

Ty, = —= = 0.01min.
n'S 630'0.6

The main time for grove cutting operation 2:

_ Li_ 241
03 7 ns 630:0.15

= 0.031min.
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The main time for thread cutting operation 2:

_Li_ 7-40+1+1
04 7 5" 63035

The main time for turning operation 3:

= 0.13min.

Li_ 1.5+1+1

T,y =—= = 0.009min.
n:S 630:0.6
T, = Li_ (35°1+35:4)+(27-1+27-4)+40+1+1 — 0.93min.
n-S 630-0.6
The main time for turning operation 4:
= -5 _ - 0.98min.

01 = 1S 1250-0.04

The main time for grinding operation 6:

_ Li_ (35.10)+1 _ i
T nS 20003 5.93min.
_ Li_ (2710)+1

02 7 n.s 20003
The main time for grinding operation 7:

Li_ (40.10)+1 _ i
nS 20003 6.6min.

Tauszm/d+Tc/u+Tcontr0I+Tmeasur.

ol

= 4.5min.

ol =

where,
Taux= Auxiliary time
Tme=Time to mount and dismount the cutting tool.
Tew=Time to clamp and unclamp the work-piece.
Teontroi=Time for control.
Tmeasur= Time for measurement.
therefore we get,

Taux=0.15+0.1+0.2+0.8=1.25min.
Calculation of operation time

Operation time is calculated by the given formula Top=) To+Taux
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Operation cycle is calculated by the given formula Toc=Top+Trest™ Tmaint,
where Trest=3% Of Top(Time for rest).
Tmaint.=10% of Top(Time for maintenance).
Operation time for operation 1:
Top=(To1+To2)+ Taux=0.66+0.05+1.25=1.96 min.
Trest=3% 0f 1.96 =0.06 min
Tmaint=10% of 1.96=0.196 min
Toc= Topt Trestt Tmaint=1.96+0.06+0.196=2.2 min.

Total time is given by,
H=2 + T, .= —+2.2 =2.24 min.
n 200

where n is the lot size .

Operation time for operation 2:
Top=(To1+ Tt Toz+ToatTos)+ Taux=

= 0.26+0.031+0.01+0.009+0.13+1.25=1.69 min.
Trest=3% 0f 1.69 =0.05min
Tmaint=10% of 1.69=0.169 min
Toc= Topt Trestt Tmaint=1.69+0.05+0.169=1.91 min.

Total time is given by,
HES + Tpe= ——+1.91 =1.95 min.
n 200

where n is the lot size .

Operation time for operation 3:

Top=(To1+To2+ To3+Toa)+ Taux=0.93+0.009+0.009+0.009+1.25=2.2 min.
Trest=3% 0f 2.2 =0.06 min

Tmaint.=10% of 2.2=0.22 min



Toc= T0p+Tre5t+Tmaint=2.2+0.06+0.22 =2.48m|n.
Total time is given by,
H=2 + T,,= —+2.48 =2.52 min.

n 200

where n is the lot size .

Operation time for operation 4:

Top=(To1)+ Taux=0.98+1.25=2.23 min.

Trest=3% of 2.23 =0.06min

Tmaint=10% of 2.23=0.223 min

Toc= Topt Trestt Tmaini=2.23+0.06+0.223=2.5min.

Total time is given by,
H=Z + T, .= —+2.5 =2.54 min.
n 200

where n is the lot size .

Operation time for operation 6:

Top=(Toat+Toa+To3)+ Taux=5.93+4.5+4.5+1.25=16.1 min.
Trest=3% 0f 16.1 =0.48min

Tmaint=10% of 16.1=1.61 min

Toc= ToptTrestt Tmain=16.1+0.48+1.61=18.1min.

Total time is given by,
HES + T,.= ——+18.1 =18.14 min.
n 200

where n is the lot size .

Operation time for operation 7:
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Tmaint=10% of 7.85=0.785 min
Toc= Top+Trest+Tmaint=7.85+0.23+0.785=8.86min.

Total time is given by,
H== + T, ,= —+8.86 =9.0 min.
n 200

where n is the lot size .

1.9. Conclusion of technological part
In this part of work I’ve gained the knowledge to design manufacturing process
for the given complex part. During the work I’ve learnt to calculate the dimension chain
analysis, tolerance analysis, allowances, and manufacturing sizes. I’ve also studied how
to choose the cutting parameter which includes cutting speed, speed of spindle rotation,
and main component of the cutting force and the power of the machine tool by using

different types of handbooks and literature.
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2. Design part

In this section, two V-blocks are designed with the help of which the workpiece
is located, a pneumatic drive which supports the V-block by clamping the workpiece. In
addition, a base plate is also designed where the V-block and the pneumatic drive are
placed. This base plate is located on the working bed of the universal milling machine
®VY251 where the key slot is milled.

2.1. Initial data for designing of work-holding device
Material of the workpiece — Steel 40X with tensile strength o, = 980 MPa
and hardness HB 210...220. Diameter of the shaft where the key slot is made ¢
40mm; diameter of the key slot is 8H9; depth of cut t= 8mm; width of cut B=
6mm; number of passes i = 1; time of machining T=0.98 min. We choose the
cutter high speed steel end mill with the mark P6M5. Machining tool is universal

milling machine ®¥Y251.

Selecting the cutting mode
We choose the following parameters from section 7.4 manufacturing part:
depth of cut t=zma= 8mm.
feed rate s,=0.02 mm/ tooth.
rotational speed of the spindle n=1250rpm.
accepted cutting speed : V=31.4m/min.

Determination of torque, axial force and power

We choose the following parameters from section 7.4 manufacturing part:

75



The main component of the cutting force, formula

10-Cp-t*-SY-B" -z 10-68.2-80986.0.02072.61 -2
b, = D4 - nW ‘Kump = 80.86 . 12500 -1.08 =
= 528.6 N.

Torque: M, = 2.11 Nm.
Axial cutting force for one pass: P, = 0.4-P, = 0.4- 528.6 = 211.44 N.
The cutting power: N, = 0.27 kKW.

2.2. Pneumatic Drive

R=140

H3=25

H1=155

H2=80
S=13

12=90 L3=155

L1=410

Fig. 1. Pneumatic drive front (closed) view

76



The above figure shows the pneumatic drive with a single stroke piston at its maximum

position which helps the arm to hold the workpiece on the V-block.
This system of the drive is clamped to the base plate with the help of four M10 bolts.

The tolerances between all the assemblies are H9/h9 as we don’t need a very high

accuracy.

The diameter of cylinder, rod and other parameters are chosen from table IV.I
[pg.205,5].

Deying. =70 mm=0.07m
drod = 21mm.
Pressure P =5 Kg/cm? = 5bar=500000 Pa.

The force exerted by a single acting pneumatic cylinder can be expressed as Q=P - A

D2 d?
where A= 2— %
4 4

we get

D?xmg d? *n) <0.252 1w  0.03%x*7
*p = —

Qpiston = < ) 1 1 ) * 0.4 *%10° = 19352 N

16333.3 N

Calculation of clamping force:

K+ M 2x10.5
W = . — = 5250 N.

r (f* sing + f3) - 0.025 (0,1 * sin% + 0,1)

Mo =P xS = 528650 __10572N
cut. = K2 F5 = 0L00 % 5m 000 m
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Merict requered. — Mcut. -K=105-2=21Nm

Fig. 2. Scheme of cutting and clamping torgues

a‘@g

;;!?/3;/,; e

(2

D

/; [

Fig. 3. Scheme of clamping force
Torque equation:

W*llereq*lz
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Wl 5250+ 0.14

= = 163333 N.
1, 0.045

Qreq =

Qpiston = 19352 N > Q;¢q=16333 N

2.3. V-block

V-block is chosen according to GOST standard 12195-66 which is made of
steel 20X. It has a very smooth surface finish on the sides where the workpiece is
held (Ra=0.4) and these sides (faces) have o =90°. The distance between two faces
B1=70mm, width of the V-block is given by B=85mm.

Two V-blocks are designed with a hole in their centers where the bolt M10 is
placed together with a washer, with the help of this setup V-blocks can be adjusted to
any required horizontal position on the base plate in between the slot provided for V-
block. V-blocks also have a slot and key at their base with the help of which they are

attached to the base plate.

Angle plate
There is an angle plate that is fixed to the base plate with the help of T-
bolt M10-7H/8g. It has a bolt with ball head that is used to give the 5" locating
datum for the work piece. Ball head bolt has the dimensions M10-7H/8g.
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— Base plale

Fig. 4. Angle plate

MIO-TH/ 8 —zm,
[

Base plate

Base plate can be made of cast iron or steel. It is designed to hold the V-block
and the pneumatic drive and locate them on the working bed of the machine tool. The
base plate has height =25mm with 4 slots in its corners with the help of which it is
clamped to the bed of machine tool using four M12 bolts (T-shape).It has a slot and
key in the center where the V-blocks are placed and adjusted to their required

position. It has four holes where pneumatic drive is place with the help of four M10

bolts.
Conclusion:

We figured out that the force of pistons (Qpiston) Which we are going to get is
much higher than the required force (Qreq). Although the piston force is much higher
we are not going to change parameters of pneumatic mechanism. The reason is that if
there will be some oil the coefficient of friction will dramatically change and

required force will be higher.
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3. Section "'Financial Management, Resource Efficiency and Resource

Saving"'

ASSIGNMENT FOR THE SECTION «FINANCIAL MANAGEMENT, RESOURCE
EFFICIENCY AND RESOURCE-SAVING»

Student:
Group Last, first name
8J141 Sabavath Sai Kiran
School The School of Advanced Manufacturing Technology (SCAMT)
Major 15.03.01 “Mechanical engineering”

Division of School

Division for Materials Science (DMS)

The initial data to the section ""Financial management, resource efficiency and

resource-saving' :

1. The cost of resources for the manufacture of
parts
"Conical shaft"

1. The cost of basic materials

determine on the basis of price lists
organizations-sellers of materials

2. Hourly tariff rates by categories

works:

1% class - 40 rubles per hour.

2"class - 51 rubles per hour.

3" class - 65 rubles per hour.

4™ class - 82.96 rubles per hour.

5t class - 105.81 rubles per hour.

6" class - 135 rubles per hour.

The work orders should be determined on the
basis of the Unified tariff-qualification guide,
section "Mechanical treatment of metals and
other materials »

3. Tariff for electricity - 5.8 rubles / kWh.

2. Norms of expenditure of resources

To calculate the following limits

norms of resource consumption:

-cost of transport-procuring

expenses - 0.06

-costs on the maintenance of workers
maintenance of machinery and equipment,
not directly occupied by manufacture
products - 40% of the total salary and
deductions from its main workers
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costs for materials used for

operation of the equipment, it is

- 20% of depreciation

-costs for repair of equipment -100-120% of
basic salary of the main workers.

- general workshop costs - 50 - 80%, from the
main

salaries of basic workers

- general business expenses -50% of the main
salaries of the main workers.

-expenditures for sale - 1% of

production cost

3. The used taxation system, rates
taxes, deductions, discounting and lending

The rate of deductions for social needs -
30% of wage fund

The rate of deductions to the social fund
accident insurance for

production - 0.7% of wage fund

Value Added Tax - 18% from product prices.

List of issues to be investigated, designed and

developed:

1. Calculation of the cost of manufacturing
parts
"Conical shaft"

1. To carry out calculation of expenses for
main and auxiliary materials (after deduction
return waste)

2. Take the calculation of costs for the main
and additional salaries of basic production
workers, deductions for social needs.

3. To carry out the calculation of the

cost of maintenance and operation of
equipment.

4. Carry out a calculation of the value of
general shop, general economic, non-
productive costs.

5. To conduct calculation of the cost price.

2. Calculation of the price of the "Conical
shaft" part with VAT

Calculation is done using normative method of
pricing. The norm profitability should be
within 5-20%

The assignment was issued by:

Post Last, first, Scientific degree Signature | Date
middle name
Senior Lecturer Potekhina N.V.
The assignment was executed by the student:
Group Last, first name Signature Date
8J141 Sabavath Sai Kiran
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The purpose of this section is to calculate the cost and price of the product,
manufactured according to the developed technological process in standard production
conditions.

3.1. Calculation of costs under the item ""Raw materials"*

The article includes the cost of the main materials that are directly included in
the composition of manufactured products (parts), as well as auxiliary materials used for
technological purposes. Costs for basic materials for each (i-th) type separately are

calculated by the formula

200

N, =——=0.022K
OTX = 5000 0.0 9g

Cost of the material: 1 piece (would be):
Cwo =N - C = (2.7 +0.022) - 49.89 = 135.8rub.
Where, N is the mass of the workpiece; C - the price of one kg of material.
Auxiliary materials: we will take 15% of the material cost
Cus =Cyo - 0.15=0.15 - 135.8 =20.37rub.
Transportation and procuring expenses: we will take 15% of the material cost
Cips =Cyo - 0.15=10.15 - 135.8 = 20.37rub.
The total costs included in this article are equal to the sum:

Cy =Cyo + Cys + Crps = 135.8 + 20.37 + 20.37 =176.54 rub.
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3.2. The calculation of the costs of the item ""Reusable products and semi-finished
products"

This section includes the cost of waste at the rate of their sale to the side. The

present value is excluded from the manufacture cost of production.

COT = MOT : ]—[OT = (qu - B'—ICT) : (1 - ,8) : ]—IOT
whereM,; - quantity of waste in physical units, obtained in the manufacture of a unit of
production;

I,.-price of waste,I][y,;,= 7.2 rub/Kg;

B.,- mass of the workpiece;
Bucr- Net weight of part;
B-share of irreversible losses (accepted 0.02).

Com= (3.17-2.72) - (1 -0.02) -7.2 =3.18rub.

3.3. The calculation of costs under the item ""The basic payroll of production

workers"

This section includes the costs for the labor of workers connected with the

manufacturing products.

Cosn = 35 t]iHT'K/ *UTC; *K
60 Lo

where ¢;""* is unit time of the i-th operation, min;

Ko - number of operations in the process;

YTC:- hourly tariff line for i-th operation;

K- coefficient taking into account surcharges, payments and bonuses provided for by

the labor legislation. When planning, you should take it equal to 1.4.

For the production of a "Conical shaft" part, 7 workers will be required.
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. Stamping - 1 worker of the 4" category
. Centre drill and milling - 1 worker of the 4""category
. Turning on CNC and general lathe — 2 workers of the 4"category

Milling a key slot -1 worker of the 4™category

g A W N P

. Grinding- 2 worker of the 4"category

_2.24+195+ 2.52 +2.54 +18.14+9.0

Co3sm = -~ - 82.96 - 1.4 =70.44rub.

3.4. The calculation of costs under the item ""Additional pay for
manufactured products workers'

Calculation of additional wages is carried out according to the formula:
Coon = Cosn * Kz
where C,,,;- basic salary ;
k- coefficient that takes into account the additional salary. When planning, it
should be taken equal to 0.1
C,en=70.44 - 0.1= 7.04rub.

3.5. Calculation of costs under the item *"Taxes, deductions to the budget and
off-budget funds™

Here deductions are included according to the norms established by the
legislation in-fund of social protection of the population, pension fund, medical

insurance and other social needs.

(Cen4 Cemp)

CH = (C03n + C/:[3r[) : 100

where C,,, — basic salary of workers;
Cn — additional salary of workers;

Ce.. — social tax rate( accepted 30%);
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Cerp — rate of insurance premiums (compulsory insurance) (accepted 0,7%).

3.6.

(304 0.7)
100

Cy. = (70.44 +7.04) - = 23.786rub.

Distribution of costs under the item ""Consumption and maintenance of
machinery and equipment”

This section includes the following types of costs:

1.

A T

Amortization of equipment and valuable instruments, designation Cj;
Operation of equipment other than costs (for repairs);
Operation of equipment other than costs;
In-plant movement of goods;
Repayment of the cost of general-purpose tools and appliances;
Other expenses.
T m

Aoy = 24) "Hyi +z¢ Hy;

i=1

1 i j j

where @; — the initial book value of the unit-type, typei,i=1, .., T,

T — number of types of equipment used;

®@; — the same for the j-typej=1, ..., m;

m — number of types of equipment used;

Ha and Hy; — appropriate depreciation rates.
Table 1. Cost of machines

Machine tool Price, rub.
Hot stamping pressTMIIK8045 1 250 000
Milling-center drilling machine MP76-M 1100 000
Turning machine 16K20d3 1 500 000

General lathe 16K20 800 000
Milling machine ®¥y251 1030 000

Circular grinding machine 3M153 900 000
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The depreciation rate in general form is determined by the formula:

_ 1
_TTu

Hq

whereT ., — useful life, years.
Then the depreciation rate for all machines: Hy= 1—10= 0.1

Let's calculate the cost of depreciation of equipment:

Arox= (1250000+1100000+1500000+800000+1030000+900000)* 0.1 = 658 000 rub.

Expected average load used:

. \'P wt.k
_ Np-2i-1t

lk
14 P
i=1 1

whereN,, — annual output of the product ( parts), pieces;
P — number of operations in the technological process;
t""* — piece-calculation time for i-th operation, process, i=1, .., P;

Fi- the actual annual fund of the operating time of the equipment used in the i-th

operation with the account of the accepted number of shifts.

For a two-shift mode of operation, the actual annual fund of equipment operating time
Fi = 4029 hours.

9000-(224+1,95+2,52+2,54+18,148.9)
= 60 —

lep = 0.23

40296

If 1y, < 0,6, then the amortization of equipment and valuable tools

Ar {np
Ca = (E) ' (]13.:{.)
where n,, - normative coefficient of equipment loading (for small-scale 0.85).
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(658000) (0.23

C. =
@ 9000 0.85

) = 19.78 rub.

Coce = (Cosn + Cpon + Cyy) - 0.4 = (70.44 + 7.04 + 23.786) - 0.4 = 40.5 rub.

The cost of materials spent for work equipment is taken to be 20% of the depreciation

amount, i.e.
Cuoe = C4-0.2=19.78 - 0.2 = 3.95rub.

Costs for all types of energy consumed during the operation of equipment. Only

electricity costs are calculated by the formula:

Co =L Py (1+Ky)
where 11, — unit rate of the resource, rub;
P,, — output energy consumption per unit, KW;
ks — coefficient of transport costs (k.,=0)

The energy consumption is equal to the sum of the power expended for all transitions

multiplied by unit time.

P
Can.n=u3 'KH'ZVVi'I(Bi'timT-K

i=1

P
Po= ) Wi Ky t™
i=1

2.24 1.95 2.52 2.54 18.14

P,=95-222 1 22.125 1 99.2%2 4 17222 L 9 52. 2812 1 9 52.8%-1 66 kWh:
60 60 60 60 60 60

Tariff for electricity I1,,= 5.8 rub/kWh;

then:

88



Cymn=5.8*1.05*1.66 = 10.11 rub.

Cpem = Cos(1.0-1.2) = 70.44 *1 =70.44 rub.

3.7. The cost of the fixture

Table 2. The cost of fixtures

Fixture Cost, rub. Life, years Cost per year, | Cost per unit
Rub. product, rub.

Special fixture |44 000 4 11 000 4.4

Spare parts (3 | 40 000 4 10 000 4.2

pieces)

Caoo= 4.4+4.2=8.6 rub/piece

k., 1S the coefficient of transport procuring expenses k., =0. 06.

Table 3 - Cost of the instrument

Name of the Time of Tool life, Price, L, - tye,

Instrument work, min Rubles Tom
min
Disc mill 0.66 60 2200 24.2
Drills bits 0.05 15 400 1.30
Turning cutter 1.0 30 1500 50.0
Groove cutter 0.031 60 200 0.10
Thread cutter 0.13 70 400 0.75
End mill 0.98 30 1200 39.2
Grinding 6.0 120 900 45.0
wheel(circular)

Cunc= (1+0.06) - (24.2+1.30+50.0+0.10+0.75+39.2+45.0) = 170.18 rub.

3.8. Calculation of costs under the item "All-purpose costs"
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General shop costs are distributed between the products produced in proportion
to the basic salary of production workers using the standard coefficient k,,, calculated
separately for each shop. We accept it equal to 50 - 80%, from the basic salary of

industrial workers, i.e.

Con = Cosn - kon = Cosn - (0.5 — 0.8) = 70.44-0.6 = 42.26 rub.

Approximately, we can differentiate the values of k., depending on the type of

production: medium-scale — 0.6.

3.9. Calculation of costs under the item ""General economic expenses"*

This section includes costs for general management of the enterprise, not related
to the process of production and including expenses for maintenance of administrative
personnel; depreciation charges and expenses on maintenance and repair of the main
types of management and general government (office equipment, buildings and
structures); expenses for heating, illumination and payment of the enterprise; payment
for water and land, etc. The calculation is made with the help of the coefficient k.,
which establishes the normative ratio between the amount of these data and the basic

salary of the production workers. Recommended value kox = 0.5, i.e.,

Cox = Cogn : kon: 7044 : 05 = 3522 rUb

3.10. Calculation of expenses under item ""Expenses for realization"'

The section includes the costs associated with the sale of manufactured products:
storage and packaging in warehouses of finished products; delivery of products to the
station and to the ports of departure; advertising and distribution network; commission
fees of intermediary organizations, etc. These expenses are recommended to be taken

equal to 1% of the production cost.
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Cpms= 2, C; - 0.01 = (176.54-3.18+70.44+7.04+23.786+19.75+3.95+40.5+
+10.11+70.44+170.18+8.6+42.26+35.22) -0.01= 6.75 rub.

3.11. Calculation of profit
The profit should be taken in the amount of 5 + 20% of the total cost of the project

IT =) C;-0.2=(176.54-3.18+70.44+7.04+23.786+19.75+3.95+40.5+
+10.11+70.44+170.18+8.6+42.26+35.22+6.75) -0.2= 136.5rub.

Total cost Cp0,=682.49rub.

3.12. Calculation of VAT (HAC)
VAT is 18% of the total cost of the product and profit.

VAT = Crom-0.18= (682.49+136.5) - 018 =147.42 rub.
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3.13. Price of the product

Table 4. Price of the product

Type of Cost Expenditure per Unit, ruble
1 | Cost of material 176,64
2 | Cost of reusable material 3,18
3 | Basic salary of workers 70,44
4 | Additional salary 7,04
5 | Taxes and deductions from the wage fund 23,79
6 | Consumption and maintenance cost 323,53
6.1 | Depreciation cost 19,75
6.2 | Maintenance of equipment 40,5
6.23 | Cost of materials spent for work equipment 3,95
6.4 | Cost of electricity 10,11
6.5 | Cost of repair 70,44
6.6 | Cost of fixture and instruments 178,78
7 General economic expenses 35,22
8 All purpose cost 42,26
9 Expenses for realization 6,75
10 | Total cost 682,49
11 | Profit 136,498
12 | Manufacturer whole sale price 818,988
13 | VAT (18%) 147,418
14 | Selling whole sale price 966,406
Conclusion:

After calculating the expenses for different situations we have the cost price of one piece
as 682.49 rub and the selling price would be 966.406 rub which include the profit 20%
and VAT of 18%. We can also chose different types of selection of material like rolled
stock and follow the same procedure to find the expenditure for the production.
According to me this is the most optimal way of production as the initial workpiece is
forged to the closest shape of the part which results in less wastage of material.
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4. Section “Social responsibility and Safety management”

Assignment for section

Student:
Group Last, first name
8J141 Sabavath Sai Kiran
School The School of Advanced Manufacturing Technology (SCAMT)
Major 15.03.01 “Mechanical engineering”

Division of School

Division for Materials Science (DMS)

Initial data to the section *"'Social responsibility:

1. Characteristics of the object of investigation
(substance, material, instrument, algorithm, technique,
working area) and the field of its application

Analyze harmful and dangerous factors in
the process of manufacturing a Conical
shaft.

List of issues to be investigated, designed and developed:

1. Production safety

1.1. Analysis of identified harmful factors in the
development and operation of the proposed solution.

1.2. Analysis of identified hazards in the design and
operation of the projected solution.

Analyze harmful and dangerous factors in
the workplace:1.1

1. Deviation of the microclimate indices in
the room;

2. Increased noise level in the workplace;
3. Insufficient illumination of the working
area;

1. Danger of electric shock;

2. Fire hazard.

2. Environmental safety
Analysis of the impact of the object on the
environment.

Analyze the negative impact on the
environment.

3. Safety in emergency situations

Development of measures to prevent the
most  typical emergency for the
educational building (fire).

4. Legal and organizational issues of security:
Organizational arrangements for the layout of the
work area.

Analyze the compliance of the workplace
with technical requirements and sanitary
standards.

The assignment was issued by:

Post Last, First, middle name | Scientific degree, Grade | Signature Date
Professor of Department of
Control and Diagnostic Nazarenko O.B. D.Sc.
The assignment was executed by the student:
Group Last, First name Signature Date
8J14U Sabavath Sai Kiran
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This section is devoted to the analysis and development of measures to ensure
favorable working conditions used for creative work of an engineer-technologist. It
addresses issues of industrial safety, ergonomics, fire safety and environmental
protection.

Introduction

Technological progress has made a major change in the conditions of knowledge
of workers in industrial activity. Their work has become more intensive, requiring
significant investment of mental, emotional and physical energy. This required a
complete solution of problems of ergonomics, sanitation and labor organization,
regulation of modes of work and rest.

Nowadays computer technology is widely used in all fields of human activity.
When working with the computer the person is exposed to a number of dangerous and
harmful production factors: electromagnetic fields (frequency range: 5 Hz to 2 kHz, 2
kHz - 400 kHz), ionizing radiation, noise, static electricity, etc. Of great importance for
the rational design and layout of the workplace is to maintain an optimal working
posture of the human operator.
4.1. Analysis of dangerous and harmful factors

The production conditions in the workplace are characterized by the presence of
some dangerous and harmful factors (GOST 12.0.002-80 "SSBT. Basic concepts terms
and definitions™), which are classified by groups of elements: physical, chemical,
biological and psycho-physiological (GOST 12.0.003-74 "SSBT. Dangerous and
harmful factors classification™). On working at the computer engineer can have a
depressing affect following dangerous and harmful production factors:

1. Physical: elevated levels of electromagnetic, x-ray, radiation, the lack of
natural light, inadequate artificial illumination of the working area, increased brightness,
increased contrast, a direct and a reflected best cost, excessive dust, risk of electric
shock, noise from equipment operation.
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2. Chemical: increased content in the air of working zone of carbon dioxide.

3. Psychophysical: eyestrain and consideration; intellectual, emotional, and
prolonged static loads; the monotony of work; a large amount of information processed
per unit time; inefficient organization of the workplace.

Industrial noise. The noise worsens the conditions causing a harmful effect on
the human body. Working in conditions of prolonged noise exposure, the worker
experiences irritation, headaches, dizziness, memory loss, fatigue, loss of appetite, pain
in the ears, etc. Such violations in a number of organs and systems of the human body
can cause a negative change in emotional state of a person up to stress. Under the
influence of the noise reduced concentration, physiological functions are violated; there
is fatigue due to increased energy costs and mental stress, deteriorating speech
switching. All this reduces the efficiency, productivity, quality and safety. Prolonged
exposure to intense noise [above 80 dB] at the hearing of the person leads to its partial
or total loss.

The main sources of noise in the office are fans of the power supply units of the
computer. The noise level ranges from 35 to 60 dB. By SanPiN 2.2.2.542-96 in carrying
out the basic work on the computer is the sound level at the workplace should not
exceed 50 dB. To reduce noise walls and ceiling of the room where there is a computer
can be lined with sound absorbing materials.

Electromagnetic and ionizing radiation. Most scientists believe that both short
and prolonged exposure to all types of radiation from the monitor is not dangerous for
the health of the personnel operating the machines. However, comprehensive data on the
risk of radiation exposure from the monitors at working with computers does not exist
and research in this direction continues.

Valid values for the parameters of non-ionizing electromagnetic radiation from

your computer monitor are represented in table. 4.1.

95



The maximum level of x-ray radiation in the workplace of the operator of the
computer usually does not exceed ber/h, and the intensity of ultraviolet and infrared

radiation from the screen of the monitor lies within 10...100mWt/m?.

Table 4.1. Valid values for the parameters of non-ionizing electromagnetic
radiation (in accordance with SanPiN2.2.2/2.4.1340-03)

Parameters name
electricity
Magnetic flux density in the frequency range 5 Hz - 2 kHz {250 nT
in the frequency range 2 kHz - 400  {25nT
kHz
The electrostatic field 15 kV/m

To reduce the impact of these types of radiation monitors are recommended for
use with low level radiation (MPR-11, TCO-92, TCO-99), install protective screens, and
comply with regulated regimes of work and rest.

Electric shock. To dangerous factors may include the presence in the premises
of the large amount of equipment that uses single-phase electric current voltage of 220 V
and frequency 50 Hz. The danger of electrocution study relates to the premises without
increased risk, because there is no humidity, high temperature, conductive dust and the
possibility of simultaneous contact with the ground bonding metal objects and metal
equipment housings.

During normal operation of the equipment danger electrocution small, however,
possible modes, called emergency, when there is a random electrical connection of parts
under voltage with grounded structures.

Defeat by an electric current or by an electric arc may occur in the following
cases:

- when touching live parts during repair;
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- single-phase (single pole) touch non-insulated from the ground of the person to
uninsulated live parts of electrical installations under tension;

- in contact with the floor and walls, trapped under voltage;

- if possible short circuit in the high voltage units: the power unit, the scanner
monitor.

The main measures to ensure electrical safety are:

- isolation (fencing) live parts, eliminating the possibility of accidental contact
with them;

- install protective earthing;

- the existence of a common switch;

- timely inspection of technical equipment, insulation.

4.2. Ergonomic analysis of the work process

The microclimate. The parameters of the microclimate can vary within wide
limits, while a necessary condition of human life is to maintain constancy of body
temperature through thermoregulation, i.e. the body's ability to regulate heat loss to the
environment. The principle of normalization of microclimate is creation of optimal
conditions for heat exchange of human body with the environment.

Computer science is a source of significant heat, which may result in increase of
temperature and decrease of relative humidity in the room. In areas where there are
computers, should conform to the defined parameters of the microclimate. Sanitary
norms SanPiN 2.2.4.548-96, SanPiN 2.2.2/2.4.1340-03 set the values of parameters of
microclimate, creating a comfortable environment. These standards are set depending on
the time of year, the nature of the labour process and the nature of the workplace (see
tab. 4.2).
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The volume of the premises occupied by employees of the data center shall be
greater than 19.5 m3/person. Feed rate of the fresh air into the premises, where the
computers are given in table. 4.3.

Table 4.2. The parameters of the microclimate in rooms where computers

The period of the year The microclimate parameter Value
The temperature of the air in the room 22...24°C
Cold Relative humidity 40...60%
The speed of air movement up to 0,1m/s
The temperature of the air in the room 23...25°C
Warm Relative humidity 40...60%
The speed of air movement 0.1...0.3mf/s

Table 4.3. Regulations for supplying fresh air to the rooms where

the computers are located

Volume flow supplied to the
Description of room premises of fresh air, m® /per
person per hour
Volume up to 20m? per person Not less than 30
20...40m3 per person Not less than 20
More 40m?3 per person Nature ventilation

To ensure comfortable conditions are used as organizational methods (rational
organization of work, depending on time of day and year, the alternation of work and
rest) and technical equipment (ventilation, air conditioning, heating system).

Lighting. Properly designed and implemented industrial lighting improves
visual work, reduces fatigue, improves productivity, positively affects the production
environment, providing a positive psychological impact on employees, increases safety
and reduces injuries.

Insufficient lighting results in eye strain, weakens attention and leads to the onset
of premature fatigue. Overly bright lighting causes glare, irritation and pain in the eyes.
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Wrong direction of light in the workplace can create harsh shadows, glare, confusion
working. All these reasons can lead to an accident or occupational diseases, hence the
importance of a correct calculation of illumination.

There are three types of lighting - natural, artificial and combined (natural and
artificial) .

Natural lighting — daylight uses penetrating through the light apertures in the
outer walling of the premises. Natural light is characterized in that it varies widely
depending on time of day, time of year, the nature of the field and a number of other
factors.

Acrtificial lighting is used when working in the dark and during the day when you
are unable to provide normalized values of the coefficient of natural light (cloudy
weather, short daylight hours). Lighting, which is insufficient according to the norms of
natural light supplemented with artificial, is called a combined lighting.

Acrtificial lighting is divided into operating, emergency, evacuation, security.
Illumination, in turn, can be shared or combined. Total - lighting in which the lamps are
placed in the upper zone of the room evenly or in relation to the location of the
equipment. Combo — lighting is that added to the total local lighting.

According to SP 52.13330.2011 "Natural and artificial lighting, actualized
edition of SNIiP 23-05-95" in the premises of the data center you want to apply a
combined lighting system.

When carrying high visual accuracy (the smallest size of an object distinguish
between 0.3...0.5 mm) the coefficient of natural lighting (KEO) should not be below
1.5% when visual work average precision (smallest size of an object distinguish between
0,5...1,0 mm) KEO should not be below 1.0%. As sources of artificial light typically use
fluorescent lamps type LB or DRL, which are combined in pairs in the lamps, which

must be placed above the working surfaces evenly.
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Requirements for lighting in rooms with computers, the following: when you run
the visual works of high precision General illumination shall be LC, and combined - LC;
similar requirements when performing work average precision - 200 and LC
respectively.

In addition the entire field of view must be lit evenly is a basic hygiene
requirement. In other words, the degree of illumination of the room and the brightness of
the computer screen should be approximately equal, because the bright light in the area

of peripheral vision significantly increases eye strain and, consequently, leads to fatigue.

4.3. Ergonomic requirements to the workplace

Design of workplaces, equipped with terminals, is among the important
problems of ergonomic design in computer science.

Working place and relative location of all of its elements must correspond
to the anthropometric, physical and psychological requirements. Of great importance is
also the nature of the work, in particular, when workplace design engineer must meet the
following basic conditions: optimal placement of equipment that is part of the workplace
and sufficient working space that allows you to perform all the necessary movements
and displacement.

Ergonomic aspects of design Video terminal jobs, in particular, are: the height of
the working surface, the size of legroom, location requirements documents in the
workplace (availability and sizes stand for documents, varying placement, the distance
from the user's eyes to screen, document, keyboard, etc.), characteristics of the work
chair, the requirements to the table surface.

The main elements of the workplace and engineering are the Desk and chair. The
main working position is the sitting position.

Working sitting posture causes minimal fatigue engineer. The rational layout of
the workplace provides a clear procedure and the permanence of the placement of
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objects, tools and documentation. It is required to perform work more often located in
the zone of easy reach of the workspace.

Motor field is space of the workplace, which can be a physical action of a
person.

The maximum range of the hands is a part of the motor field workplace, limited
arcs described by the maximally outstretched arms during their movement in the
shoulder joint.

The optimal zone is a part of the motor field workplace, limited arcs described
by the forearm when moving the elbow with support at the point of the elbow and with

relatively immobile shoulder.

800 600 4 ooﬂ 0 2 00 600 800 a - zone maximum distance;
800 ]
—1( ~._ a 6 - the reach of the fingers at
arm's length;
600 [ — G
\ >~ B - in area easy reach of the
hand;
100 al L
\ \ S~9|:| s .
\ \ N r - optimum space for rough
200 - A\ manual work;
\}
\ \l (\}/) ) 4, - optimal space for fine
Handicrafts.

Fig. 1. Zones of arm in horizontal surface

Optimal placement of items of work and documentation in the areas of distance:
The DISPLAY is located in zone a (center);

The SYSTEM UNIT is provided in the recess of the table;
KEYBOARD - in zone r/x;

"MOUSE" - in the right;

The SCANNER in the zone a/6 (left);

The PRINTER is in zone a (right);
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DOCUMENTATION: required when working in the area easy reach of palms,

and in the drawers of table - literature, constantly unused.
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)

[ | s [ s s s

\ \\iD @
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Fie. 2. Personal computer’s components

In Fig. 2 shows an example of placement of the main and peripheral components
of a PC on the desktop programmer.

1 scanner, 2 — monitor, 3 — printer 4 — the surface of the desktop,

5 — keyboard 6 — manipulator of type "mouse".

For comfortable work Desk should satisfy the following conditions:

- the height of the table should be selected based on the ability to sit freely in a
comfortable pose, if necessary, based on the armrests;

- the lower part of the table needs to be designed to be able to sit comfortably,
was not forced to draw in the legs;

- the surface of the table must have the following properties, eliminates glare in
the field of view of the programmer;

- the design of the table should have drawers (at least 3 for documentation,
listings, stationery).

102



- the height of the work surface is recommended in the range of 680-760mm.
The height of the surface onto which the keyboard is placed should be about 650mm.

Great importance is attached to the characteristics of the Desk chair. So,
recommended seat height above floor level is in the range of 420-550mm. The seat
surface is soft, the front edge rounded, and the back angle is adjustable.

It is necessary to include in the design the possibility of posting documents: at
the side of the terminal, between the monitor and keyboard, etc. in addition, in cases
where the video display is of low quality images, such as visible flicker, the distance
from the eye to the screen make more (about 700 mm) than the distance from the eye to
the document (300-450mm).Generally with a high quality image on the video display
the distance from your eyes to screen, document and keyboard to be equal.

The screen position is determined by:

- reading distance of (0.6...0.7 m);

- angle reading, the viewing direction 20° below the horizontal toward the center
of the screen, and the screen perpendicular to this direction.

Must also be capable of regulating the screen:

- height +3 cm;

- tilt from -10° to +20° relative to the vertical,

- in left and right directions.

An uncomfortable working position may have pain in the muscles, joints and
tendons. The requirements for the operating posture of the user video terminal the
following:

- the head should not be tilted more than 20°,

- shoulders should be relaxed,

- elbows - angle of 80°...100°,- forearms and hands in a horizontal position.

103



The reason for poor posture of users due to the following factors: there is a good
stand for documents, the keyboard is too high, and documents - low, no place to put
hands and arms, not enough legroom.

In order to overcome these drawbacks provide General advice: better mobile
keyboard; must be provided with special devices for adjusting the height of the Desk,
keyboard and screen and the palm rest.

Essential for productive and quality work at the computer to have the dimensions
of the labels, the density of their placement, contrast ratio and brightness of the
characters and background screen. If the distance from the eye of the operator to the
display screen is 60...80 cm, the height of the sign shall be not less than 3mm, the
optimal ratio of the width and height of the sign is 3:4, and the distance between the
marks — 15...20% of their height. The ratio of the brightness of the screen background
and characters should be from 1:2 to 1:15.

While using the computer, the physicians are advised to install the monitor at a
distance of 50-60 cm from the eye. Experts also believe that the upper part of the video
display should be at eye level or slightly below. When a person looks straight ahead, his
eyes are opened wider than when he looks down. Due to this, the area is significantly
increased, causing dehydration of the eyes. Besides, if the screen is mounted high and
eyes wide open, disturbed function of blinking. This means that the eye does not close
completely, not washed by the lachrymal fluid, do not receive sufficient moisture,
leading to fatigue.

The creation of favorable working conditions and the right aesthetic design jobs
in manufacturing is of great importance both to facilitate and to enhance its

attractiveness, positive impact on productivity.
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4.4. Development of measures of protection

from dangerous and harmful factors

As measures to reduce noise it is possible to propose the following:

1. Veneer ceiling and walls with sound-absorbing material (reduces noise by 6-8
dB);

2. Shielding the workplace (raising of walls, diaphragms);

3. Installation in computer rooms equipment, producing minimal noise;

4. The rational layout of the room.

Protection from noise should be performed in accordance with GOST 12.1.003-
83 "Noise. General safety requirements and sound insulation of enclosures shall meet
the requirements of Chapter SNiP 23-03-2003 "Protection against noise. Design
standards".

When protection against external radiation arising from work with display, take
the following actions:

According to SanPiN 2.2.2/2.4.1340-03 for optimal health and maintaining
health during the work shift must be installed regulated breaks — when 8-hour day
duration 15 minutes every hour;

1. The display is set so that from the screen to the operator not less than 60-70

cm;
2. Must be used in displays with built-in protective screens.
3. Electrical safety technical ways and means:
Since all live parts of the computer are isolated, accidental contact with live parts
is excluded.

To provide protection from electric shock when touching metal natcoweb parts
that may be under stress as a result of damage to the insulation, it is recommended to use

protective grounding.
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Chassis ground of the computer is provided by summing the grounding
conductor to the supply outlets. There must be grounding resistance of 4Q), according to
(PUE) for electrical installations with voltage up to 1000 V.

Organizational measures to ensure electrical safety:

The main organizational activity is instruction and training in safe methods of
work, as well as a test of knowledge of safety rules and instructions in accordance with
the position in relation to the work performed.

When performing unscheduled and scheduled maintenance of computing the
following steps:

- Remove computer from network

- Voltage testing

After performing these steps we proceed to the repair of faulty equipment.

If the repair is carried out on live parts under voltage, execution of work is
carried out by at least two individuals with means of electrical safety.

Fire safety. The fire in the study, can lead to very adverse consequences (loss of
valuable information, property damage, loss of life, etc.), it is therefore necessary to
identify and eliminate all causes of fire; to develop a plan of measures for the
elimination of fire in the building; the plan of evacuation of people from buildings.

The causes of fire can be:

— malfunction wiring, sockets and switches which may cause a short circuit or
breakdown of insulation;

— damaged (defective) electrical appliances;

— use indoor electric heaters with open heating elements;

— the occurrence of a fire due to a lightning strike to the building;

— fire building due to external influences;

— careless handling of fire or non-observance of fire safety.
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Prevention of fire. Fire prevention is a complex of organizational and technical
measures aimed at ensuring the safety of people on the prevention of fire, limiting its
distribution and also creation of conditions for successful fire extinguishing. For the
prevention of fire is extremely important proper fire risk assessment of buildings,
identification of hazards and justification of the ways and means of protection.

Modern computers come with a very high density of elements of electronic
circuits,

In close proximity to each other are arranged to the connecting cord, patch cords.
When flowing over them electric current is allocated a significant amount of heat, which
may result in raising the temperature to 80°-100°C, it is possible to melt the insulation of
the connecting wires, their exposure, and, as a result, a short circuit.

For removal of excess heat from computers serve as ventilation and air
conditioning. However, they can be an additional fire hazard to the building if the fire
spread.

The premise computing laboratory for explosion safety concerns to the category
(in accordance with the Federal law from July, 22nd, 2008 N 123-FZ "Technical
regulations on fire safety requirements").

One of the conditions of fire safety is the elimination of possible ignition
sources.

In the office of the ignition sources can be:

— faulty electrical faults in wiring, electrical outlets and switches. To eliminate
the risk of fire for these reasons, it is necessary to identify and eliminate defects, carry
out routine inspection and eliminate all faults;

— faulty electrical appliances. Necessary measures to prevent fire include the
timely repair of electrical appliances, high-quality correction of damage that do not use

faulty electrical appliances;
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— space heating electric heaters with open heating elements. Open heating
surface can cause a fire, as in the room are paper documents and reference materials in
the form of books, manuals, and paper — flammable object. In order to prevent fire, do
not use outdoor heaters indoors;

— short circuit in the wiring. In order to reduce the probability of fire due to short
circuit it is necessary that the wiring was hidden.

— getting into the building from lightning. In summer during a thunderstorm,
possibly a lightning strike might result in possible fire. To avoid this, it is recommended
to install on the roof of the lightning arrester;

— non-observance of measures of fire safety and Smoking indoors can also lead
to fire. To eliminate the ignition as a result of Smoking indoors is recommended to
strictly forbid Smoking, and allow only in strictly designated place.

In order to prevent fire hold with engineers working in the room, fire drill, has to
be familiarized between employees with fire safety rules, and to teach the use of primary
fire extinguishing means.

In the event of a fire you must first disconnect the power, to call the fire
Department, evacuate people from the premises in accordance with the evacuation plan
and proceed to extinguish the fire with fire extinguishers. If there is a small hearth fire,
you can use the means at hand for the purpose of preventing access of air to the object of
fire.

In the laboratory are the primary means of fire suppression, a box of dry sand,
water, ashestos blankets, manual powder extinguisher OP - 4. To prevent fire and fire
prevention systematically conducted inspection of electrical circuits and equipment are
detected early and eliminated the fault. The laboratory has developed an evacuation

plan, which made available to the laboratory staff.
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4.5. Environmental Protection

Environmental protection is really important and meaningful process. That is

Fig. 3. The evacuation plan

why these issues are devoting a lot of time and attention. Environment is the complex of

measures aimed at preventing the negative impact of human activity on nature,

providing favorable and safe conditions of human life.

Creation of conditions for improvement of ecological conditions - the process is

long, requires coherence and consistency of action. Priority in the environmental policy

of the Russian Federation today the following questions:

- ensuring environmentally safe living conditions;

- rational use and protection of natural resources;

- ensuring environmental and radiation safety (MPE);

- the greening of industry;

- increase of ecological culture of society and the formation of ecological

consciousness in humans.

Important role in the protection of the environment is given to the procedures for

the rational placement of the sources of contaminants. These include:

109



1) making industrial enterprises of major cities and new construction in sparsely
populated areas with unsuitable and unsuitable for agricultural use of land;

2) the optimum location of industrial enterprises taking into account the
topography of the terrain and the wind rose;

3) establishment of sanitary protection zones around industrial plants.

4) the rational layout of the urban area, providing optimal environmental
conditions for humans and plants.

In the environment play an important role in the quality of the environment
designed to conduct systematic monitoring of the condition of the atmosphere, water and
soil for the actual levels of pollution. The information obtained about the dirt allows you
to quickly identify the causes of increasing concentrations of harmful substances in the
environment and actively to fix them.

Environmental protection is a complex problem that requires the efforts of
scientists of many specialties. Of particular importance is the quantitative assessment of
the impact of environmental pollution and, above all, damage to the national economy of
pollution. Protecting the environment from contamination at the present stage in addition
to economic objectives are increasing social productivity and also includes socio-
economic task of improving the conditions of human life, the preservation of his health.

To minimize the level of pollution emitted by the enterprises, it is necessary to
make the following mandatory measures for the environmental protection (EP).
Measures for environmental protection are:

1. The identification, assessment, permanent control and limitation of harmful
emissions into the environment, creating environmental and resource-saving
technologies and equipment.

2. The development of legal laws, legal acts on protection of the natural
environment, as well as material incentives for compliance with these laws and
environmental measures.
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3. The prevention of environmental degradation and the environment from
harmful and hazardous factors through the creation of dedicated areas (SPZ).

Non-waste technology is the most active form of protection of the environment
from the harmful effects of industrial emissions. Under the concept of "soft technology"
IS understood as the set of activities in production processes from raw materials to ready-
made products, thereby reducing to a minimum the amount of harmful emissions and
reduces the impact of waste on the environment to an acceptable level. In this set of
activities includes:

1) creation and implementation of new processes for products with the formation
of the least amount of waste;

2) development of various types of closed technological systems and water
cycles on the basis of methods of wastewater treatment;

3) development of systems for recycling of production waste into secondary
materials;

4) creation of territorial-industrial complexes having a loop structure material
flows of raw materials and waste inside the complex.

Until full implementation of non-waste technology important areas of greening
of industrial production should be considered:

1) improvement of technological processes and development of new equipment
with lower emissions of pollutants and waste into the environment;

2) the replacement of toxic waste on non-toxic;

3) replacement of non-recyclable waste recyclable;

4) the use of passive methods of environmental protection.

Passive methods of protection of the environment include a complex of measures
to limit emissions from industrial production and subsequent recovery or disposal of
waste. These include:

- treatment of wastewater from impurities;
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- treatment of gaseous emissions of harmful impurities;

- the dispersion of harmful emissions into the atmosphere;

- suppress noise in its distribution;

- measures to reduce levels of infrasound, ultrasound and vibration in their ways
of spreading;

Enterprises, individual buildings and facilities production processes that are
sources of negative impact on the environment and human health, should be separated

from residential buildings sanitary-protective zones.
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