MIHICTEPCTBO OCBITU | HAYKN YKPAIHWN
HauioHanbHuin aepokocMivyHmi yHiBepceuTeT iM. M.€. XKykoBCbKOro
«XapKiBCbKMU aBialinHUW IHCTUTYT»

B.C. BinokoHb, M.K. KHsi3eB

PO3PAXYHKU PEXMIB PI3BAHHA
TOKAPHOI, CBEPOAJIUNBbHOI U ®PE3EPHOI
ONEPALIU

HaB4yanbHUN NOCIOHUK

B.S. Bilokon, M.K. Knyazyev

CALCULATIONS OF CUTTING CONDITIONS
FOR TURNING, DRILLING AND MILLING
OPERATIONS

Teacher’s aid

XapkiB «XAl» 2009



YK 621.91.014:669.15

binokons b.C. Po3paxyHKu pexXHMIB pi3aHHS TOKapHOi, CBEPIJIMIBHOI i
dpesepHoi omepamiii: HaBd. mociOHUK (aHmiI. MoBow) / b.C. bBulokoHb,
M. K. Kus3eB. — X.: Harl. aepokocm. yH-T «Xapk. aBiail. iH-1», 2009. — 83 c.

HaBeneHo MeTomuKy pOEKTYBaHHS Orepalii MexaHiqHOi 0OpOOKU TOUIHHSM,
CBEpJICHHSIM, (Ppe3epyBaHHSIM 3aroTOBOK 3 BaXKOJAe(hOPMIBHUX MaTepialiB.
[Tomano neranbHi adrOpUTMU BUOOPY Ta PO3PAXyHKIB TEXHOJOTTYHUX PEXKHUMIB 1
OCHOBHMX €HEpProCMJIOBMX IapamMeTpiB mpoueciB. Bukmanenuii Marepian
NpU3HAYeHO i OuUlbIl TVIMOOKOTO BUBYEHHSI TWTaHb, IOB’S3aHUX 3
POEKTYBaHHSIM ONepalliil MexaHiuHoi 00OpoOKH, KOHCTPYKIIHUMHU MaTepiaiamH,
a TAaKOX 3 pI3aHHAM MaTepiajiB, pi3aIbHUM IHCTPYMEHTOM Ta 00JIaTHAHHSIM.

JIns CTyHEeHTIB MEXaHIYHMX CIIeIialbHOCTEeH IIPH BUKOHAHHI KYpCOBHX 1
JTUTUIOMHHUX TIPOEKTIB 3 MPOEKTYBAHHS TEXHOJOTIYHUX MPOLIECIB, a TAKOXK JUIs
1HO3EMHHX CTYJICHTIB 3 aHTJIIMCHKOIO MOBOIO HaBUaHHS.

1. 9. Tabn. 43. bidmiorp.: 10 Ha3B

Methods for planning of machining operations of turning, drilling, and milling
of workpieces from hard-to-machine materials are submitted. Detailed algorithms
of selection and calculations of technological conditions and main energy-force
process parameters are given. Submitted information is destined for deeper
studying of problems connected with planning of machining operations, structural
materials, as well as with cutting of materials, cutting tools and equipment.

It 1s destined for students of mechanical specialties at performance of term and
diploma projects on planning of manufacturing processes and for foreign students
educating in English language.

Figures 9. Tables 43. Bibliogr.: 10 references

PenenzenTu: a-p TexH. Hayk, npod. M.B. Bepesyo0,
KaH[. ¢uosor. Hayk, fgoil. I.P. Canpyn

© HauioHanpHuii aepokocMiuHMi yHiBepcuTeT iM. M.€. XKykoBcbKoro
«XapkiBChbKuM aBialiiHui 1HCTUTYTY», 2009 p.



Introduction

Development of technology is connected with creation and mastering of proc-
esses for machining of workpieces from steels and alloys with special physical and
mechanical properties, the most important of them are corrosion resistance in vari-
ous mediums, high-temperature strength and large strength. Development of manu-
facturing processes for production of parts from such materials is connected with
difficulties because of absence of well-ordered data on machining of these materi-
als and properly developed teaching aids on planning of machining operations.

This teaching aid is based on the work [1] and includes data for calculations of
rational cutting conditions for turning, drilling and milling operations for machin-
ing of workpieces from hard-to-machine steels and alloys widely used in aircraft-
engines industry. Short information about thermal and force phenomena in zone of
chip formation is given for these materials, their classification and description of
classification groups. Each calculation method is supplied with detailed algorithm
of calculations including identification of work material. Selection of cutting-tool
material, specifying the depth of cut and feed are considered, as well as calculations
of main parameters of cutting process. The role of factors that influence these pa-
rameters is substantiated. Special emphasis is made on agreement of process pa-
rameters with equipment, on check of selected elements of cutting conditions.

Technological recommendations and calculation relationships for determination
of velocity and force of cutting are trustworthy enough, because they are devel-
oped on the base of large volume of experimental data and results of industrial
tests described in the book [2].

Calculation relationships are used for specified ranges of feed, geometric pa-
rameters of a tool’s cutting point, tool materials and cutting fluids when machin-
ing workpieces in versatile machines. Changed conditions are described by cor-
rection coefficients. The recommendations are right when workpieces are ma-
chined after typical thermal treatment specified in Appendix 1 with observation of
machining sequence given in Appendix 3.

When applying CNC machines, the single-tool machining is reasonable to perform:
in turning machines (characterized by large rigidity of technological system) with cut-
ting velocities 15...20 % more, and in drilling machine 10...15 % less than the calcu-
lated ones. The latter is explained by very short life of drills and their large ““sensitiv-
ity” to cutting velocity. Multi-tool (up to 10 tools) machining is performed at velocities
10 % less than the calculated ones, and with larger quantity of tools — 15...20 % less.

General instructions

Planning of operation is begun from development of sketch of operation
(Fig. 1.1). The sketch should include:
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Figure 1.1. Sketch for turning operation

Number of operation and its name according to the classification of manufac-
turing operations [3];

Blank is shown in an arbitrary scale with approximate observation of dimen-
sions ratios in the orientation corresponding to the working zone of a machine;
Mounting and clamping elements are shown by conventional symbols accord-
ing to the standard GOST 3.1107-81;

Work surfaces should be marked with thick lines and numbered;

Operation dimensions are specified with limits directed “into metal”. Refer-
ence dimensions are specified if necessary;

Roughness of surfaces is shown according to the standard GOST 2.309-73;
Cutting tools (fragments) are shown at the end of work strokes;

Cyclogram of cutting tool’s motions is shown near to cutting tool: work
strokes — solid lines; auxiliary strokes — dashed lines;

Manufacturing steps are written in the imperative mode according to the stan-
dard GOST 3.1702-79 in the order of their performance.

Report on planning of operation should include:
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— Exact and laconic description of operation planning;

— Substantiation of selected parameters;

— Paragraphs containing calculations are to be supplied with algorithm and ex-
ample of calculations; initial data and calculation results for all manufacturing
steps are included into the corresponding tables.

1. TURNING

1.1. Identification of work material

The first stage of operation planning is identification of work material with one
of the materials given in the classification (Appendix 1). The extract from GOST
5632-72 [4] 1s given in Appendix 2 for the same purpose. The identification is per-
formed by chemical composition, structure, physical and mechanical properties,
machinability. Machinability is characterized by cutting velocity (by its maximal
value at non-monotonic character of relationship “velocity-life””) corresponding to
the certain life of tool of optimal design for machining of considered material.

Materials with high specific strength find wide application in modern propul-
sion engineering. But when machining these materials it is necessary to reduce
cutting velocities because of their lower machinability. Thus, when machining the
workpieces from high-temperature steels cutting forces are 1.2...1.5 times, and
from high-temperature alloys — 2 times more than forces appeared when machin-
ing workpieces from the steel 45. Large cutting forces result in evolving of large
amount of heat in the cutting zone. Moreover, the most of hard-to-machine mate-
rials possesses low thermal conductivity that, in its turn, results in high tempera-
tures, 2-3 times more than in machining of ordinary structural materials.

Because of large forces for cutting these materials it is necessary that rigidity of
system “machine-device-workpiece-tool” (MDWT) would be high. Increase of
contact temperatures is a main cause of low life of cutting tools. In order to avoid
a temperature rise the machining of difficult-to-cut materials is performed at low
cutting velocities.

The classification (ref. Appendix 1) divides hard-to-machine materials [2] into 8
groups (the data of group VIII are not given). Each of them combines steels and al-
loys of approximately similar chemical composition, similar mechanical properties,
and similar machinability. Machinability coefficients with respect to steel 45 and
approximate values of cutting velocities used, when machining with tools from ce-
mented carbides for optimal (recommended) conditions are given. In the case of
machining with tools from high-speed steels (HSS) the cutting speed is reduced 4
times in average, when machining the titanium alloys — 3 times, and when machin-
ing the alloys of group VI the HSS cutting tools are not applied totally.

In the Handbook [2] the following determinations of special steels and alloys
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are submitted:

1) Heat-resistant steels are those possessing ability to resist to deformation and
fracture under a mechanical load in the temperature range of less than 550°C,
when there is no danger of intensive scaling;

2) Corrosion-resistant steels are those possessing resistance to electrochemical
corrosion (atmospheric, soil, alkaline, acid, salt, seawater, etc.);

3) Scale-resistant (refractory, oxidation-resisting) steels and alloys are those pos-
sessing ability to resist chemical surface decomposition in gaseous mediums at
temperatures more than 550°C and operating in unloaded and low-loaded condition;

4) High-temperature (creep-resisting) steels and alloys are those possessing
ability to operate in loaded condition at high temperature (more than 700°C) dur-
ing specified period of time and having sufficient scale-resistance;

5) High-strength steels are those having ultimate strength &, > 1600 MPa.

Steels placed into the group I are characterized by chromium content of up to
6 %, nickel — up to 3 %, molybdenum and vanadium — up to 1 % each and silicon
—up to 2 %. They are heat-resistant materials and may be applied for production
of intake and exhaust valves of motors, blades and disks of turbines operating at
temperatures of 500...600°C. Machinability of the I group steels is quite satisfac-
tory, it is near to machinability of carbon and low-alloyed structural steels of cor-
responding strength.

Steels of group II are characterized by high content (more than 10...12 %) of
chromium and low content (up to 4 %) of other alloying elements. They are
mainly applied for fittings, body-type parts, turbine blades and disks operating at
temperatures up to 500...550°C.

Machining of this group steels is performed both after annealing and after hard-
ening and tempering to 4, = 1000...1400 MPa. In the annealed condition these
steels have satisfactory machinability: cutting velocity 1.5 times lower those ap-
plied for machining of steel 45. With increase of the strength characteristics of
steels resulted from their heat treatment, the machinability of high-chromium
steels decreases abruptly.

When machining steels of this group in annealed condition it is difficult to obtain
low surface roughness, especially when performing thread cutting, broaching, slab
milling and other operations, when surface is formed by tool blades of large length.
With increase of steel strength the roughness of machined surface improves.

Austenitic steels ascribed to group III contain big amount of chromium (more than
15 %) and nickel (more than 5 %), as well as small amount of other alloying elements
(titantum, silicon, etc.). This group also includes steels of austenitic-martensitic and
austenitic-ferritic classes. After annealing the machinability of austenitic-martensitic
steels is near to machinability of steel 12X18H10T (12H18N10T), and after hardening
and tempering — to steels of the II group of the corresponding strength.

Steels of this group are applied as acid-resistant, corrosion-resistant and scale-
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resistant materials almost in all brunches of industry for production of compressor
vanes, fire tubes and other components operating under conditions causing metal cor-
rosion or under conditions of high temperatures (up to 800°C). Cutting velocities for
machining these steels are approximately 2 times lower as compared with steel 45.

Group IV includes composite-alloyed steels of austenitic class containing
chromium in large amount (12...25 %), less amount of manganese, molybdenum,
titanium, tungsten, vanadium and other alloy elements. In some steels the content
of nickel is reduced due to increase of amount of cheaper and not so scarce man-
ganese. Steels of this group are used for manufacturing disks and blades of gas
turbines, parts of gas pipelines and fastenings operating at temperatures of up to
650...750°C, and at moderate stresses — up to 800...950°C. Machinability of these
steels is 3—4 times lower than machinability of steel 45.

Group V includes high-temperature wrought alloys on nickel and iron-nickel
bases alloyed with large amount of chromium (10...20 %) and less amount of tita-
nium, aluminium, tungsten, molybdenum, cobalt and other elements. They are ap-
plied for production of parts operating at big loads and high temperatures of up to
750...950°C (disks, rotor and guide blades and other components of gas turbines).

When machining workpieces from these alloys, cutting tools from cemented
carbides are mainly used for continuous cutting. In many cases of non-continuous
cutting (face and end milling) it is reasonable to use tools from high-speed steels.
One of the causes of rapid wear and crumbling of tools from cemented carbides at
non-continuous cutting is sticking (adhesion) of work material particles to cutting
edges of tool at the moment of its exit from metal. At the sequent moment of cut-
ting-in the adhered particles are torn away from edges together with particles of
cemented carbides. Machinability of alloys of this group is 6...12 times lower
than machinability of steel 45.

Cast high-temperature alloys on the nickel and chromium bases are included
into group VI. They are widely applied for manufacture of nozzle blades, inte-
grally cast rotors and other parts of gas turbines. They possess bigger high-
temperature strength than wrought high-temperature alloys due to more additions
of alloying elements.

In these alloys there is large amount of intermetallic and carbide compounds,
because of which cutting tools from high-speed steels are rapidly worn. Therefore
nearly in all operations of machining the workpieces from cast high-temperature
alloys the tools with cemented carbides tips should be used. Phenomena causing
adhesive wear of tools appear here in significantly less measure (than in machin-
ing of the V group alloys) due to lower strength and plasticity of cast alloys. Cut-
ting velocity at machining of workpieces from cast high-temperature alloys
12...20 times lower than at machining of steel 45.

Alloys of the VII group on the titanium base are widely used in various branches
of industry and especially in aircraft engines building. In a number of designs they

7



force out aluminium alloys and corrosion-resistant steels due to high specific
strength, high-temperature strength, thermal stability and corrosion resistance up to
certain temperatures. Large group (more than 30 grades) of titanium-base alloys is
applied with wide range of machinability that mainly depends on alloy ultimate
strength. Blanks from titanium-base alloys with &, < 1000 MPa without scale, crust
and alphated (saturated with gases) layer are relatively easily machined by tools of
high-speed steels and cemented carbides. Machining of workpieces from alloys with
o, > 1000 MPa by tools of high-speed steels is difficult. And at machining with scale
and alphated layer only cemented-carbides tools should be applied.

Turning, milling and drilling of workpieces from titanium alloys do not involve
specific difficulties. However, owing to large elasticity of these alloys thread cutting
with taps, reaming and broaching of holes is problematic because of tool cramping
along side and end relief surfaces. In this connection the side and end relief tool an-
gles should be specified 3...5° larger than angles for machining the structural steels.

Most titanium-base alloys are applied in the annealed condition. However, the
alloys hardened by quenching and aging, as well as by thermomechanical treat-
ment (BT14 (VT14), BT15 (VT15), BT3-1 (VT3-1), BT22 (VT22)), are used for
production of many critical components. Machinability of these alloys after the
mentioned types of hardening is 20...25 % lower than after annealing.

Titanium alloys differing by high chemical inertness actively react with gases
at higher temperatures starting from 600°C. The most active element at gasing is
oxygen. Hardness of layer saturated with gases greatly increases (3...5 times).
Thickness of scale and depth of alphated layer depend on temperature and expo-
sure time. Therefore, method for production of blanks from titanium alloys influ-
ences the machinability with crust. Thickness of defective layer in castings can
reach several millimetres, in forgings — 1 mm, in rolled products — 0.5 mm. Ma-
chinability with crust of forged bars is lower than rolled ones. Cutting velocities at
machining of workpieces from titanium alloys depending on their ultimate
strength 1s 1.5...4 times lower relative to steel 45. When machining with crust, the
cutting velocities are additionally 2 times decreased.

1.2. Selection of design and geometric parameters of cutting tools

Selection of a cutting tool (its design and geometric parameters) is determined by
configuration of work surface, workpiece material and thickness of removed layer.

Outside, internal and butt open surfaces (which do not mate with surfaces that
prevent advance and retract of tool in the direction of feed) are machined with
straight turning tools with side cutting-edge angle ¢ = 45° and end cutting-edge
angle @; = 15° (Fig. 2), except boring tools that have ¢ = 60° and ¢; = 30°. If cy-
lindrical surface mates with a face, the side-facing or turning-and-facing tool (at
very small width of face) is applied. Slotting, parting, form and other types of
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tools are used too.

So as machining of workpieces from hard-to-
machine materials is accompanied with large
forces, applied to the MDWT technological sys-
tem, it is recommended to select machines of
increased stiffness and cutting tools with larger
cross-section of shank and small overhang
(1.0...1.5 of the shank cross-section height)
from tool post. Tools are applied both with
brazed tips and with changeable polyhedral tips.

Recommended geometric parameters of tool
cutting point in dependence on work material
and feed are given in the Table 1.1 (ref. Fig. 2).
Other parameters of tools are described in the
corresponding standards (GOSTs).

In cemented carbide tools, operating with
feeds more than 0.1 mm/rev, margin (chamfer)
1s made with zero or negative angle on the rake

45°

15°

Figure 1.2. Geometric parameters
of tool cutting point: @ — side relief
angle; y and y; — rake angles; r —
nose radius; m — corrective margin

surface that results in increase of their life, but also causes increase of cutting

force and press-out of tool.

Main geometric parameters of cutting points of tools from high-speed steels are

the same as for cemented carbide tools.

Table 1.1

Geometric parameters of cutting points of tools from cemented carbides for
turning of workpieces from hard-to-machine steels and alloys when working
with feed values of more than 0.06 mm/rev

Workpiece material Y ‘ a

B

m¥* r
" mm/
ni;gggr 6,, MPa f mm/rey degree mm
<03 I 5 0.1 01.02 1 05.10
03..0.5 3] 0304 1.0
LILIL | 600...900  —G=5e—T70 6 05..07 15
>0.8 24 0.1 08..1.0 2.0
0.3 10 10 5 [01..02 | 05..1.0
v 700...1000 1 53705 | 12 0.3...04 1.0
<03 5 15 0.1..02 | 05..1.0
V& VI | 700...1300 | g3 795 | 10 10 03...0.4 1.0
1 1200 <03 5 | 8..10
VII 600...1400 <0.8 0..-5 10 a 2.3 0.5...1.0

Note. * — Only for cemented carbides

In calculation paper a sketch of one of cutting tools is depicted, for other tools
only cutting points of upward view are shown. Main parameters are to be written
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into the numbered table with headline.
1.3. Selection of cutting tool material and cutting fluid

Turning and boring of workpieces from hard steels and alloys are performed
mainly by tools with tips of cemented carbides. In some cases — when turning and
boring non-continuous surfaces, when machining surfaces of complicated profile
with form tools, when producing special types of threads in automatic machines —
it is reasonable to apply tools of high-speed steels.

1.3.1. Tool cemented carbides

For machining workpieces from hard-to-machine steels and alloys the cutting
tools from the following cemented carbides are applied: 1) on the tungsten base,
which structure consists of grains of tungsten carbide bound with cobalt; 2) on the
titanium-tungsten base, which structure consists of grains of solid solution of
tungsten carbide in titanium carbide and excessive grains of tungsten carbide
bound with cobalt, or only of solid solution of tungsten carbide in titanium car-
bide bound with cobalt; 3) on the tantalum-titanium-tungsten base, which struc-
ture consists of grains of solid solution of titanium carbide — tantalum carbide —
tungsten carbide bound with cobalt.

Groups of cemented carbides are divided by chemical composition, physical,
mechanical and operation properties.

Alloys of tungsten group of the similar chemical composition differ by dimen-
sions of grains of carbide elements that determine their physical-chemical proper-
ties and applications. Cemented carbides (for example, BK8 (VKS8)) with grain
size of 3...5 micrometer have coarse-grained structure. Alloys (for example,
BK6M (VK6M)) with grain size of 0.5...1.5 pum are named fine-grained ones. Al-
loys (for example, BK6-OM (VK6-OM)) having 70 % grains of size less than
I um are superfine-grained or with superfine structure.

As compared with coarse-grained, the fine-grained alloys, having less porosity,
at cutting of thin chips are more abrasion-resistant due to smaller thickness of co-
balt binder that results in higher resistance to diffusion abrasion. At finish and
semi-finish machining the abrasion-resistance of tools made of BK6M (VK6M) is
higher than one of BK8 (VKS8), and of BK6-OM (VK6-OM) is higher than of
BK6M (VK6M). Application of BK6-OM (VK6-OM) is especially reasonable,
when it is needed to work with tools of high dimensional durability.

Tools of fine-grained structure alloys (BK3M (VK3M), BK6M (VK6M)), as
well as of superfine structure (BK6-OM (VK6-OM)), due to their higher abrasion-
resistance than alloys BK3 (VK3) and BK6 (VK6), but of a little less operation
strength, resistance to shocks, vibrations and cyclic loads, are recommended to
apply for finish and semi-finish operations for machining workpieces of all
groups of hard-to-machine materials.
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As compared with fine-grained alloys, the coarse-grained ones possess lower
abrasion-resistance and thermal endurance, but higher strength; they resist much
better to shocks and cyclic loads. Due to these features, tools of BK8 (VKS) alloy
are reasonable to apply for rough turning of workpieces at conditions of large
runout, deep scale, large surface cavities, cracks and hair seams, that is, when
tools of cemented carbides of other grades crumble, and tools of high-speed steels
have very low endurance.

Tools made of cemented carbides of titanium-tungsten group are applied for
rough (T15K10), semi-finish and finish (T15K6) machining of steels of groups I
and II. Tools of the T15K6 alloy are also partially applied for semi-finish and fin-
ish turning workpieces from steels of groups III and IV.

Tools of three-carbide alloys are used for hard rough, semi-finish turning and
other types of machining that make rigid demands to resistance of an alloy to
thermal and mechanical cyclic loads.

Chemical composition and characteristics of physical and mechanical proper-
ties of cemented carbides are given in the Appendix 4, and data about application
of cemented carbides for machining the workpieces from hard-to-machine materi-
als at various operations are submitted in the Table 1.2.

1.3.2. High-speed steels

Steels of normal and improved productivity (thermal endurance) are mainly ap-
plied:

— Steels of normal productivity: P6AMS (R6AMS), P6MS (R6MS), POAM®D3
(R6AMEF3), P6MSKS (R6MSKS), P6AMS®3 (R6AMSF3) and others. Hard-
ness of these steels is HRC = 62...66, thermal endurance — 620...640°C, ulti-
mate bending strength &, = 3000...4000 MPa;

— Steels of improved productivity: P12d3 (R12F3), P9K5 (R9KS), POM4KS
(R9M4KS) and other. Hardness of these steels is HRC = 63...68, thermal en-
durance — 630...650°C, ultimate bending strength &, = 2200...3500 MPa.
Tools made of improved-productivity alloys (dispersion-hardening) have very

high endurance when machining high-temperature steels and especially titanium-

based alloys. But because of low strength these alloys are of restricted application.
Main characteristics of physical and mechanical properties of high-speed steels
are given in Appendix 5. Grades of high-speed steels are selected from the Table

1.2 and Appendix 6 assuring the longest tool life.

Wear along relief surface should be used as a criterion of tool dulling when
turning workpieces from hard-to-machine steels and alloys:
- 0.3 mm for finish turning;
- 0.3...0.5 mm for semi-finish turning;
- 0.8...1.0 mm for preliminary and rough turning;
- 1.5...2.0 mm for coarse turning.
11
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1.3.3. Cutting fluids

Cutting fluids greatly influence cutting process and quality of work surfaces.
Their application allows increasing life of a cutting tool. Cutting fluids mainly re-
duce abrasive and adhesion wear, decrease cutting temperature by 100...150°C.
Machined surfaces have higher accuracy (decrease of heat distortions of cutting
tool and work piece) and lower roughness (cutting fluid prevent adhesion of cutting
point with chip and creation of built-up edges). Effective power of cutting de-
creases by 10...15 % (friction decreases between tool and chip and between tool
and workpiece, deformation of removed layer becomes easier, etc.).

Special attention is paid to cutting fluids when high-speed steels are applied for
cutting tools.

Some information about cutting fluids is given in Appendix 7, and recommen-
dations for their application in operations of turning and drilling workpieces from
hard-to-machine materials — in Table 1.3.

Table 1.3

Recommendations for application of cutting fluids for machining workpieces

from hard-to-machine steels and alloys

Operation Groups of workpiece materials

I, 11, 11T IV,V, VI VII
Turning 1,2,3,5 1,2,3,5 1,2,6,7
Drilling 1,2,3,5 1,2,3,4,6,7 2,3,5,6,7

Note: Cutting fluids denoted with Arabic figures: 1 — 5-% emulsion from
Ykpunon-1 (Ukrinol-1) emulsol; 2 — 10-% emulsion from Ykpunon-1 (Ukrinol-
1) emulsol; 3 — 5-% emulsion from AxBon-2 (Akvol-2) emulsol; 4 — 10-%
emulsion from AkBon-2 (Akvol-2) emulsol; 5 — 5-% emulsion from AxBos-6
(Akvol-6) emulsol; 6 — MP-1y (MR-1u); 7 — MP-6 (MR-6)

In order to exclude cyclic thermal loads the cooling of tools should be continu-
ous, especially those made of cemented carbides.

Machining workpieces from the considered materials is non-manufacturable,
because they are often machined 3...5 times, and in many cases (materials of
groups V and VI) — 10...20 times worse in comparison with steel 45. Therefore
the investigations are conducted to improve their machinability.

Thus, for finish and semi-finish turning workpieces from steels of groups I, II,
IIT and 1V, alloys of groups VI and VII application of polyhedral tips with wear-
resistant coatings TiC and TiC+TiN, plated with GT or DT methods, allows to
improve 2 times the endurance of tools. Application of brazed tools with TiN
coatings plated with CIB method increases 1.5 times their life.

Short information about methods improving machinability of hard-to-machine
materials is given in Appendix 8.
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1.4. Specifying the depth of cut

To specify main elements of cutting conditions means to determine depth of
cut, feed and cutting velocity. And those cutting conditions would be optimal that
provide the highest productivity and economy (the least production cost) in some
specified machine at the severe condition of high quality of machined surfaces.

First the maximal possible and reasonable cut depth is selected, then — maximal
possible feed, and only then a cutting velocity is calculated taking into account
maximal tool life and other parameters of machining.

It is recommended to work with maximal possible depth of cut under specified
conditions. The limit of cut depth is machining allowance. Value of allowance is
determined by requirements for surface roughness and machining accuracy, and
depends on value of roughness, depth of defective layer and total spatial deflec-
tion (displacement and warping) resulted from previous machining operation and
locating error in the performed operation. Machining allowances may be calcu-
lated or specified according to the norms for interoperation allowances.

Calculated value of cut depth for external straight turning is one-side maximal
allowance or half the difference between maximal diameter of workpiece after
previous manufacturing step and minimal diameter after the step to be performed:

t =z, =Di—1max_Dimin,
C i max 2 b

for boring
t. =z =Dimax_Di—1min .
c rmax 2 o

for facing (h tolerance band)

tc = Zimax = Li-lmax - Limin-

If it is possible to remove all allowance in one pass (small strength of cutting
tool, low rigidity of workpiece or small power of machine), it is removed in sev-
eral passes. For example, if there is a need of 2 passes, then 60-70% allowance is
cut in the first pass, and the rest — in the second pass.

1.5. Calculation of feed value

In order to increase productivity by reduction of direct machining time it is rea-
sonable to work with maximal permissible feed taking into account all other fac-
tors that influence feed value.

In rough turning, when there are no severe requirements for quality of ma-
chined surface, the cutting forces could be very large. Maximal feed may be lim-
ited by strength and stiffness of cutting tool (shank, tip), rigidity of workpiece,
strength of components of feed gearing and mechanism of primary cutting mo-
tion, available power of a machine.
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In other cases, when there are higher requirements for quality of machined sur-
face, maximal feed is limited by specified surface finish, because the increase of
feed would increase surface roughness.

Feed value is determined from norms (tables) developed on the base of wide
laboratory investigations and production experience or from calculations. There
are several relationships that describe correlation between roughness R, and feed
f, various geometric parameters of cutting tool (r, @, ¢;) that influence roughness
directly (geometrically). Influence of many other factors (cutting speed, angles of
cutting tip, workpiece material and tool material, sharpness of cutting tool, pres-
ence of cutting fluid, etc.) is taken into account by product of coefficients that
consider changed values of parameters relative to normative ones.

Calculated value of feed could be determined from the formula

JR; - 8r
f, =+ —, mm/rev,
kR
where r — tool nose radius, mm; kg — total correction coefficient (for the most of
operations could be adopted as kg = 2); R, — roughness to be obtained after the op-
eration (R, = 4-R,), mm.

Solution of this relationship with the aid of nomograph is given in Appendix 9,
where the total correction coefficient is equal to two.

The value of calculated feed is to be corrected according to the type of turning
operation. Geometrically the type of machining does not influence roughness. But
other factors can influence. For example, in boring operations, when the length of
shank is large and chip-forming conditions are severe, it is necessary to apply cor-
rective coefficient. The values of coefficient that depend on the length / and
height H of tool shank for boring are the following:

I/H 1.0 1.5 2.0 2.5 3.0
k 0.7 0.6 0.4 0.3 0.24

Recommendations on selection of feeds when cutting off workpieces and turn-
ing grooves by tools with cemented carbide tips are submitted in the Table 1.4.
The calculated and corrected value of feed is to be agreed with technical data of
selected turning machine.
Table 1.4
Feeds for cutting off workpieces and turning grooves by tools with tips
from cemented carbides BK6M (VK6M) and BKS8 (VKS)

Tool shank | Sizes of tool head, mm Feed £, for workpiece material group, mm/rev
Cmssr'jf;“on’ Width | Length |I-VIL, 6, < 900 MPa|IL, IV, V, VL, VIIL, &, > 900 MPa
Cutting off
16 x 10 3 20 0.05...0.08 0.04...0.06
25 x 16 5 35 0.10...0.12 0.08...0.10
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Table 1.4, finished

Tool shank | Sizes of tool head, mm Feed f, for workpiece material group, mm/rev
Cross-SOCtiom | Width | Length |I-VII, 6, < 900 MPa| 11, IV, V, VI, VIIL &, > 900 MPa
32 x 20 6 40 0.10...0.15 0.08...0.10
40 x 25 8 60 0.08...0.10 0.06...0.08
Cutting grooves
16 x 10 3 15 0.07...0.10 0.05...0.07
5 20
25 %16 10 25 0.10...0.14 0.08...0.12
5 25
32 x20 8 30 0.12...0.15 0.08...0.12
12 40

Note. Feed values are 1.5 times increased for tools from high-speed steels

1.6. Express calculation of cutting velocity, tangential constituent of cutting
force and machine power

The values of calculated feed and geometric dimensions of workpiece are not suf-
ficient data for the selection of turning machine. Power required for cutting process
1s quite necessary parameter for the selection of a machine. Express calculation is
performed in order to estimate required power of machine from calculated values of
feed and cutting velocity. Thus, minimal set of initial data for the selection of turning
machine are sizes of its working zone and power of drive (electric motor).

Express calculation is performed according to the following formulas:

1) Cutting velocity V. (Para 1.9) from depth of cut 7. (Para 1.4), calculated and
corrected value of feed f. (Para 1.5), tool life T (Para 1.9.1). It is necessary to
determine values of corrective coefficients k,; that takes into account influ-
ences of various parameters on cutting velocity;

2) Tangential constituent of cutting force P, (Para 1.13) from the same parameters
t., f. and obtained value of V/;

3) Machine power N,, (Para 1.15) from parameters P, and V..

Initial data and results of calculations for all steps of manufacturing operation
are written into the table:

Number of manu-
facturing step

t,mm | f,, mm/rev | T,min. | V,, m/min | P, N Ny, KW

Another approach is applied for the case of reconstruction of production sector,
when power of machine electric motor is insufficient for operation at selected
conditions. It is needed to reduce cutting velocity or feed. Velocity reduction is
more favourable because direct machining time will be equal to the one for the
case of feed reduction, but tool life will increase.
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1.7. Selection of turning machine

When planning operation of manufacturing process it is necessary to know all
data characterizing technological equipment.

The choice of machine type is determined, first of all, by its capability to per-
form requirements for the workpiece parameters in this operation.

The following parameters should be considered when selecting a machine:

a) Correspondence of sizes of machine working zone to overall dimensions of

work piece;

b) Correspondence of machine productivity to quantity of machined parts dur-

ing planned period;

c) Capability of maximal utilization of machine by time and power, as well as

sufficient value of power for machining at the most hard step of operation;

d) Real ability to purchase machine.

Critical factor in selection of a machine is economy (the least value of produc-
tion cost) of workpiece machining. Choice of machine with larger sizes of work-
ing zone and higher power of drive is a mistake.

Minimal set of machine data includes:

- Name and type;

- Sizes of working zone;

- Minimal and maximal values of longitudinal feed and cross-feed;

- Number of feeds’ steps or sequence (row) of feeds;

- Minimal and maximal values of spindle rotational speed;

- Number of rotational speed steps or sequence (row) of spindle speeds;

- Power of drive.

Report should contain a reference on the source of machine data.

1.8. Agreement of feed value with technical data of turning machine

Agreement of calculated longitudinal and cross feeds with a machine could be
performed in 3 variants depending on available machine data.

In the first variant, when all technical data are known, that is, there 1s a row of
feeds, agreement is performed easily: the nearest smaller feed is specified for fur-
ther calculation and for setting-up the machine (or larger one, if it does not exceed
the calculated value more than 5 %).

All considerations given in this Paragraph are totally valid also for agreement
of calculated rotational speed of spindle with the machine data.

In the second variant, when only the values of minimal and maximal feeds
and number of steps m are known, then the following algorithm is used.

It is known that machines are produced with step regulation of feeds. Rows of
feeds are constructed in geometric progression. In machine-tool engineering 7
normalized geometric series are approved with following geometric ratios &: 1.06,
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1.12, 1.26, 1.41, 1.58, 1.78, 2.00. Middle values 1.26 and 1.41 are often used for
universal machines. The value 1.12 is mainly for universal machines when num-
ber of steps for feed regulation is large and more than number of steps for spindle
rotational speed; the value 1.58 is for machines with small number of steps, for
example, for some turret lathes and vertical drilling machines.
From geometric progression:
_fZ =f min ° ‘fa
f:? =f min ° ‘52:

fmax =fmt'n * ém_l-

From formula for f,,,. one can derive

\f
f:m—l max ,
fmin

according to which the whole row of feeds is obtained.

The calculated & value could differ a little from normalized one.

Full row of feeds is written for use in other manufacturing steps of this opera-
tion or in operations of this manufacturing process.

In the third variant, when only the values of minimal and maximal feeds are
known, the ™ value is derived from formula for Sfonax

gm-l = fm_ax
f min

Then, using the table (Appendix 10) for normalized ratios & raised to a power
[5], one can find value that equals or near to the calculated one. In the line of this
found value the &" is located in first column. The m value will be more by 1.

For example, for turret lathe of 1365 type the feeds of turret carriage are: fi, =
0.09 and f;,.c = 1.35 mm/rev. The ratio is 1.35/0.09 = 15. In the table this value
appeared to be 15.60 in the column of & = 1.41. This corresponds to &% (m — 1 = 8)
that means the number of regulation steps is m = 9.

Knowing foin, fumax m, & the row of feeds is calculated similar to the previous
variant.

1.9. Calculation of cutting velocity

Calculation of cutting velocity is performed with using the calculated depth of
cut and value of feed for the most favourable tool life.

A. For turning the workpieces from heat-resistant, rust-resisting and high-
temperature steels and alloys with tools with tips of cemented carbides T15K6
and T5K10:

V, = Cy

¢ T 03015 (015 ky , when 0.07 < < 0.20 mm/rev;
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P
¢ T0.35t0.15f0.45

ky , when f > 0.20 mm/rev.

Here and after the cutting velocity is in m/min.

B. For turning the workpieces from heat-resistant, rust-resisting and high-
temperature steels and alloys with tools with tips of cemented carbides BK6M
(VK6M), BK8 (VK8) and BK8B (VK8V):

"

Cy, :
V, = ESNREPINE ky , when 0.07 < f <0.20 mm/rev;

14444

C
Vv, = TO.ZStO.I;SfOAS ky,, when f > 0.20 mm/rev,

where Cy — coefficients characterizing workpiece material and cutting conditions;
ky — general correcting coefficient characterizing the changed cutting conditions
as compared with those characterized by coefficient Cy. Coefficient ky is equal to
the product of particular correcting coefficients described below.

C. For turning the workpieces from titanium alloys with tools with tips of ce-
mented carbides of the BK (VK) group:

CV
T0.35t0.2f0.4

The values of coefficients Cy for typical materials of groups I-VI are given in
the Table 1.5, for titanium alloys (group VII) — in the Table 1.6.

D. For finish turning the workpieces from hard-to-machine steels and alloys of
the [-VI groups, when f < 0.06 mm/rev:

704,012 £02

The values of coefficients Cy are given in the Appendix 11.
E. For finish turning the workpieces from titanium alloys, when f < 0.06
mm/rev:

V. =

c

ky , when f > 0.06 mm/rev.

ky , when f > 0.06 mm/rev.

c

CV
T0.4t0.12 f0.2

The values of coefficients Cy are given in the Appendix 12.

Calculated values of cutting velocities for all manufacturing steps of operation
are written into the table of Para 1.15.

Cutting velocity depends on the following factors [6]: life of cutting tool, physi-
cal and mechanical properties of workpiece material, material of cutting point, feed
and depth of cut, geometric parameters of cutting point, dimensions of tool shank,
cutting fluids, maximal permissible value of tool wear, and type of machining.

V =

c

ky , when f >0.06 mm/rev.
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Table 1.5
Coefficients Cy and Cp for calculations of velocities and forces of cutting
when turning workpieces from hard-to-machine steels and alloys

Glzﬁ)l?p Grade 6., MPa C ,'/ C ;; C ;; C ,';" Cp
34XH3M (34HN3M)

I 34XHAM® (34HN4MF) 600...650 | 1050 | 650 - - | 2900
20X3MB® (20H3MVF) 900 700 | 430 | - | - | 3750
12X13 (12H13) 600...700 815 | 505 - 210 | 3250
IX12H2BM® (1HI2N2VMF)

. 20X13 (20H13) 800...900 700 | 430 - 180 | 3750
14X17H2 (14H17N2) 950...1100 | 580 | 360 - 150 | 4300
09X16H4BA (09H16N4BA) 1000 640 | 395 - 165 | 3800

1300 350 | 215 | 145 | 90 | 4900
12X18HI10T (12H18N10T)
20X23H18 (20H23N18) 600 580 | 360 | 240 | 150 | 3400

11 12X21HST (12H21NST) 700...800 490 | 308 | 204 | 128 | 3800
X15H9I0 (H15N9U)

X17H5M3 (H17N5M3) 850...1100 | 520 | 320 | 216 | 155 | 3900
45X14H14B2M (45H14N14V2M) 700 465 | 288 | 192 | 90 | 3600
08X15H24B4TP (08H15N24V4TR) - - 145
07X21T"7AHS (07TH21G7ANS) 1000

v 12X25H16I"7AP (12H25N16G7AR) 300 350 | 216 | 145 | 90 | 4350
37X12H8I'SM®DE (37H12N8GSMFB)
10X11H23T3MP (10H11N23T3MP) 900 ) ) 110 | 69 4350
15X18H21C4THO (15HI8N21S4TU) | 700...750 3600
36XHTIO (36HNTU) 1200 ) ) 76 47 6800
XH77THOP (HN77TUR) 1000 5000
XH36BTIO (HN36VTU) 950 - - 58 36 | 4600
XH67BMTIO (HN67VMTU)

V. FXE7SMBIO (EN7SMVU) 1000 ; - | 48 | 30 | 5600
XH62BMKIO (HN62VMKU) 1250
XH60MBTHIO (HN60OMVTU) 1150 - - 36 23 800
XH82TIOME (HN82TUME) 1350
BX36-J12 (VZh36-1.2) 800

VI [KC6K, KC3JIK (ZhS6K. ZhS3DK)| 1000 ; - | 24 | 15 | 5400
XH67BMTIOJI (HN67VMTUL) 750

Table 1.6

Coefficients Cy and Cp for calculations of velocities and forces of cutting
when turning workpieces from alloys of the VII group

Grade 6,4, MPa Cy C,
BT-1 (VI-1), BT1-1 (VT1-1), BT1-2 (VT1-2) 450...700 260 1800
BT3 (VT3), BT3-1 (VT3-1) 950...1200 125 2100
OT4, OT4-1, BT5 (VT5), BT5-1 (VT5-1) 700...950 175 2000
OT6, OT6C (OT6S) 900...1000 140 2000
BT14 (VT14), BT15 (VT15), BT22 (VT22) 1000 130 2200
BT14 (VT14), BT15 (VT15), BT22 (VT22) 1300...1400 90 3300
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1.9.1. Life of cutting tool

The higher the cutting velocity, the lower the tool life will be as a result of
dominating influence of cutting velocity on the heat generation in the cutting zone
and tool wear.

The relationships for calculation of cutting velocity given above have been de-
veloped for the most reasonable ranges of cutting velocity at optimal tool life for
the given cutting conditions. For finish, semi-finish and preliminary machining the
tool life is set equal to 60 min., for rough machining — 120 min., for machining of
workpieces from cast high-temperature alloys of group VI — 30 min. In the last
case, like in several other cases, decrease of cutting velocity does not increase tool
life. And so recommended tool lives are not to be changed without special need.

Generally tool life and corresponding cutting velocity should be of such values
that provide high productivity and low production cost with obtaining specified
quality of machined surface.

Depending on cutting conditions, design of cutting tool and machine, general
technical level of production and other factors, the values of tool life and corre-
sponding cutting velocity could be various. For example, for multi-tool machining
(automatic and semi-automatic machines), when change of dull tool and its reset-
ting are connected with large losses of time and labour, tool life should be longer
than for single-tool and simpler operations.

Correlation between tool life and cutting velocity is expressed by correcting
coefficient kpy:

Tool life T, min 30 45 60 90 120
Coefficient k7y 1.15 1.06 1.00 0.92 0.87

1.9.2. Influence of workpiece material

Physical and mechanical properties of workpiece material have a large influ-
ence on cutting velocity permitted by tool. This influence is originated from heat
generation during cutting process and distribution of heat between chip, work-
piece, tool and surrounding environment. Also chemical composition of material,
its thermal treatment and type of obtained structure have their influence. All these
factors are taken into account by coefficient Cy.

If some material is not submitted in the Table 1.5, the Cy value i1s determined
by interpolation by ultimate strength. But it would be right only in the range of
one group, for materials near each other by chemical composition and after the
similar heat treatment, that is, for materials similar by machinability.

In this case the main characteristic of machinability is cutting velocity at speci-
fied tool life. In other cases the roughness of work surface (that is very important
for finish operations) or cutting forces could be used as such characteristic.

Cutting velocity also depends on type of initial blank and condition of its surface.
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If blank is a rolled product, then for hot-rolled steel the influence of blank material
on cutting speed could be estimated by coefficient equal to 1.0, and for cold-drawn
steel — 1.1. If for machining of steel blank from rolled product or forging without
crust (crust is already cut off or etched) the material influence could be estimated by
coefficient equal to 1.0, then for a steel casting the coefficient of 0.9 1s used.

In the case of machining of blanks with crust the correcting coefficient &,y is ap-
plied: for materials of groups I-V — 0.75, for group VI — 0.70, for group VII — 0.50.

Depending on the number of factors total material coefficient k;;, may be a
product of several particular coefficients.

1.9.3. Influence of cutting point material

Recommendations for selection of tool materials are submitted in the Para 1.3.
There are differences in cutting ability between cemented carbides in each group
— tungsten (single-carbide) and titanium-tungsten (two-carbide). These differences
in cutting ability are taken into account by correcting coefficient k-

- For single-carbide materials:

Grade of cemented carbide BK3M BK6-OM BK6M BK38 BK3B
(VK3M) | (VK6-OM) | (VK6M) (VKS) (VK8V)
Coefficient &,y 1.25 1.25 1.00 0.80 0.60
- For two-carbide materials:
Grade of cemented carbide T15K6 T5K10
Coefficient kyy 1.00 0.60

1.9.4. Influence of feed and depth of cut

These parameters are taken into consideration by exponents of power in the
formulas for determination of calculated cutting velocity. In general, power expo-
nent of feed is more than power exponent of cut depth, that is, increase of feed
produces stronger influence on decrease of cutting velocity than increase of depth.
It is explained by greater thermodynamic load on the length unit of cutting edge.
For similar cross-section of cut for ordinary cutting tool (¢; > 0, for f<7¥) it is eas-
ier to work with smaller feed and larger depth of cut.

1.9.5. Influence of geometric parameters of cutting point

Paragraph 1.2 and Table 1.1 contain optimal values of rake and relief angles for
specified conditions under the following limitations:

1. The increase of positive rake angle (sharpening of cutting wedge) is accom-
panied with reductions of deformations, heat generation and forces applied to the
tool that results in increase of tool life (or cutting velocity at the same tool life).
But simultaneously with this, the increase of +y is accompanied with reduction of
volume of cutting point, and, hence, with the decrease of its strength and heat sink
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that results in shortening of tool life starting from the certain value.

2. The increase of relief angle is accompanied with reduction of friction of tool
along a workpiece that results in reduction of wear and, hence, in increase of tool
life. But simultaneously with this, reduction of volume of cutting point gives the
known negative consequences.

Thus, recommended values of rake and relief angles, and data of corrective
margin are to be used without changes.

Also values of nose radii given in the Table 1.1 should not be changed. But if
the surfaces are machined finally in the planned operation and there is a need to
perform the requirements of drawing with another radius specified, then the fol-
lowing correcting coefficient is applied:

Nose radius, mm 1.0 2.0 3.0 4.0
Coefficient &,y 1.00 1.05 1.10 1.15

Here the increase of radius results in decrease of heat generation.

Side cutting edge angle greatly influences permissible value of cutting veloc-
ity. The greater the value of this angle, the larger thermodynamic load on length
unit of cutting edge will be, and, hence, the shorter its life. Influence of this pa-
rameter is described by the following coefficients:

Side cutting edge angle @, degree 10 20 30 45 60 75 90
Coefficient k1 1.55 | 1.30 | 1.13 | 1.00 | 092 | 0.86 | 0.81

Influence of end cutting edge angle is expressed by the following values of
coefficient k,;y:

Side cutting edge angle @;, degree 15 20 30 45
Coefficient k7 1.00 0.97 0.94 0.90

1.9.6. Influence of dimensions of tool shank

The larger the cross-section area of a tool shank, the more intensive heat sink
from the cutting zone and the higher rigidity of tool is. Therefore the tool shank
dimensions should be selected the largest according to dimensions of tool post.

It is clear that any of selected tools should be mounted in the tool post in such a
position that its nose would be at the line of machine centres.

1.9.7. Influence of cutting fluids

The role of cutting fluids as means for intensification of machining is consid-
ered in the Para 1.3.3. Recommendations are given in the Table 1.3. If the opera-
tion is performed without a cutting fluid, the coefficient taking into account the
changed cutting conditions is applied k.4 = 0.7 (if the fluid is applied, k. = 1.0).
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1.9.8. Influence of permissible limit of tool wear

The increase of ultimate permissible wear along relief surface results in some
increase of cutting velocity. But the limit values of wear given in the Para 1.3
should not be enlarged, because the costs for renewal of cutting ability (resharp-
ening) and consumption of a tool material rise with decrease of planned number
of possible resharpening operations.

1.9.9. Influence of type of turning operation

Cutting velocity for external straight turning, boring, facing, cutting and groov-
ing is calculated from the same formula. But the conditions, under which tool op-
erates, change depends on type of machining.

Thus, operation conditions of boring tools are much worse than of turning
tools, because of more restrained conditions for chip formation, cutting fluid sup-
ply 1s more complicated, worse conditions for heat sink, and less rigidity (less
cross-section area and larger overhang) of tool shank. Therefore in boring the cut
depth in decreased and cutting velocity is reduced.

The smaller the diameter of bored hole, the lower cutting velocity is:

Hole diameter Dh, mm up to 75 75...150 250 250
Coefficient kyy 0.80 0.90 0.95 1.00

In the case of cross-feed turning (facing) the cutting conditions are more fa-
vourable than in straight turning, because during motion of tool from periphery to
the centre of workpiece the diameter of turning gradually becomes smaller and,
hence, cutting velocity decreases. Therefore at the beginning of work stroke it
could be increased. The less ratio of final diameter D, to initial one D;, the higher
the permissible cutting velocity is:

D,/ D, upto 0.4 | 05..0.7 0.9
Coefficient k., 1.25 1.20 1.05

Grooving and parting tools operate at high conditions, because small cutting
edge angles and cross-section area of cutting point provide poor head sink. De-
pending on ratio of groove diameter D, to initial one D; the coefficient k) 1s ap-
plied (use of a cutting fluid is obligatory):

D,/ D, 0.4 0.7 0.9
Coefficient kg, 0.65 0.60 0.50

For machining of face grooves kg = 0.5. Besides this the recommended cut-
ting conditions for parting are submitted in the Table 1.7.
Recommendations for operations with grooving and parting tools are also valid
for operations with form tools that should be of cemented carbides, if possible.
Cemented carbide tools allow to increase approximately 4 times permissible
cutting velocities as compared with high-speed steels, and productivity of ma-
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chines in common with auxiliary time could be approximately 2 times improved.
Therefore, their application is more preferable.
Table 1.7
Cutting velocity (m/min) for parting workpieces from hard-to-machine steels and
alloys by parting tools with tips of cemented carbide BK6M (VK6M)
(f=10.07...0.12 mm/rev)

D| B |D|B|D| B |D| B | D| B
20 4 |30 4 [40]4.5|50]5..6/60] 6.8

70...75 | 75...80 | 80...85 | 85...90 | 90...95

Workpiece material

34XH3M (34HN3M), 34XH3M®
(34HN3MF), 20X3MB® (20H3MVF)
20X13 (20H13), 09X 16H4B
(09H16N4B), 14X17H2 (14H17N2)
12X18H10T (12H18N10T)
12X21H5T (12H21NST) 40...52 | 42...55 | 45...58 | 48...60 | 50...62
20X23H18 (20H23N18)

45X 14H14B2M (45H14N14V2M)
37X12H8T'8M®XB 30...40 | 32..43 | 35..45 | 36...47 | 32...48
(37H12N8GSMFHB)

08X 15H24B4TP (0SH15N24V4TR)
12X25H1617AP (12H25N1617AR)
07X21T7AHS (07H21G7ANS) 25..36 | 29...38 | 30...40 | 31..41 | 32...42
15X18H12CATIO (15H18N12S4TU)
10X11H23T3MP (10H1IN23T3MR)
XH77TIOP (HN77TUR), 36HXTIO
(36HNTU), XH60BT (HN60VT)
XH35BTIO (HN35VTU)
XH56MBTIO (HN56MVTU)
XH67BMTIO (HN67BMTU)
XH75MBIO (HN75MVU)
XH72MBKIO (HN72MVKU)
XH60MBTIO (HN60MVTU)
XH82BIOMB (HN82VUMB), ’KC6K | 8...11 | 9...12 | 9...12 | 10...13 | 10...13
(ZhS6K), )KC3-JIK (ZhS3DK),
SI1202J1 (EP202L)

BT (VT1), BT1-1 (VTI-1),

BT1-2 (VT1-2)

BT3 (VT3), OT4 (OT4), BT3-1
(VT3-1), BT5 (VT5), BT5-1 (VT5-1),
BT6 (VT6), BT6C (VT6S), BT14
(VT14), BT15 (VT15), BT22 (VT22)

Notes: 1. Emulsion cooling. 2. For tools made from cemented carbide BK8 (VKS8) the value of
cutting velocity should be multiplied by 0.75. 3. Lower values of cutting velocity should be set
at higher feeds. 4. Tools life is equal to 40...50 min. 5. Diameter of workpiece D and tool width
B are given in mm.

50...64 | 54...68 | 56...72 | 58...75 | 60...80

17...23 | 18...24 | 19...25 | 20...26 | 20...26

11...14 | 12...15 | 12...15 13...16 | 13...16

50...60 | 53...63 | 55...65 | 58...68 | 60...70

32...40 | 35...43 | 37...45 | 39...47 | 40...50
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Cemented carbide tools allow to increase permissible cutting velocities ap-
proximately 4 times in comparison with high-speed steels, and productivity of
machines could be risen approximately 2 times taking into account auxiliary time
[7]. Therefore their application is preferable.

In those cases when HSS tools are to be applied, the cutting conditions for ex-
ternal straight turning recommended in the Table 1.8 should be used.

Table 1.8

Cutting conditions for turning workpieces from hard-to-machine steels and alloys
by tools from high-speed steel POMSKS (R6MSKS)

L,
Group mm, f V,
No. Grade Ou MPa nrll(())rte mm/rev | m/min
than
34XH3M (34HN3M)
| 34XHAM® (34HNAMF) 600 . 0.1...0.2 | 55...66
20X3MB® (20H3MVF) 900 0.1...0.2 | 30...40
15X5M (15H5M) 0.3...0.4 | 20...30
12X13 (12H13), 25X13H2 (25H13N2),
11X11H2BM® (11H11N2VMF) 450 s | 0.1...0.2 | 30...40
| 1X12H2BM® (IH12N2VMF), 20X13
(20H13), 30X13 (30H13), 40X 13 (40H13) 0.3...0.4 | 20...25
09X 16H4b (09H16N4B),
95X18 (95H18) 1100 3 10.1...02 | 10...15
12X18H10T (12H18N10T) 0.1..02 | 25...30
10X23H18 (10H23N18) 600...800 0.3...0.4 | 10...20
20X23H18 (20H23N18)
Il | 12X21H5T (12H2INS5T) 5 10.1..02 | 15...20
09X 15H9IO (09H15N9U) 200...1000
09X 17H5M3 (09H17N5M3) 0.3...04 | 10...15
07X16H6 (07H16N6)
45X14H14B2M (45H14N14V2M) 700 12...18
08X 15H24B4TP (08H15N24V4TR)
07X21T'7AH5 (07H21G7AN5) 800...1000 10...15
v | 12X25HI6I7AP (12H25N16GTAR) s o1 oo
37X12HSI'8MDB (37H12N8G8MFB) e
10X 11H23T3P (10HI IN23T3R)
10X11H23T3MP (10H1 IN23T3MR) 700....1000 6...8
15X18I'21C4TIO (15H18G21S4TU)
XH60B (HN60V) 8...12
XH77TIOP (HN77TUR) 800...1000
V [ 36XHTIO (36HNTU) 3 0.1...0.2
XH35BTIO (HN35VTU) 1000...1100 6...8
XH56BMTIO (HN56VMTU)
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Table 1.8, finished

t, mm,
Gliﬁ)l_lp Grade o4, MPa nlllgge J.mm/rev | ¥ m/min
than
XH70MBTIO (HN70MVTU)
XH67MBTIO (HN67MVTU) | 1000...1100 5...8
y | XHT5MBIO (HN75MVU) 3 01..02
XH62MBKIO (HN62MVKU) e
XH60BMTIO (HN60OVMTU) | 1150...1350 4.6
XH82TKMB (HN82TKMB)
BXK36-J12 (VZh36-L2), 200 4.5
9T1202J1 (9P202L) 4...87
vi | KC6-K (ZhS6-K), 3 4"
JKC3-JIK (ZhS3-DK) 800...1000 16
AHB-300 (ANV-300) .
BX4JI (VH4L) 1100 6...10
BT1-0 (VT1-0), BTI (VT1), 0.1...02 | 35...40
BT1-1 (VT1-1) 450...700
BT1-2 (VT1-2) 0.3...04 | 20...30
OT4, OT4-1, BT5 (VT5), 0.1...02 | 25...30
VIL | B1sl1 (vT5-1) 600...950 5 03..0.4 | 18..22
BT6 (VT6), BT6C (VT6S), 0.1...02 | 20...24
BT14 (VT14) 900...1000
BT14 (VT14) 0.3...04 | 14...18
BT3 (VT3), BT3-1 (VT3-1), 0.1...02 | 16...20
- Egzl(xl%z)l) S 900...1200 03..04 | 10..15
BT15 (VT15) 1100...1350 3 0.1...02 | 15...16

Notes: 1. *' — continuous turning; ** — discontinuous turning. 2. Cooling with emulsion. 3. Life of
tool from steel POMSKS (R6MSKY) is near to 60 min; life of tools from other HSS grades is given in
the Appendix 6. 4. Lower values of cutting velocity are selected for larger feeds and depths of cut.

In the case of finish turning of surfaces with high hardness with tools from su-
perhard materials it is recommended to use conditions given in the Table 1.9.

Finish turning by tools with tips from mineral ceramics*,
2nboop-P (Elbor-R), I'ekcanut-P (Geksanit-R)

Table 1.9

HRC material Material of cutt; - Cutting conditions
hardness number atetlal ot Cutting pom t,mm | f, mm/rev | ¥, m/min
40 mineral ceramics B3 (V3), BOK-60 0.5...1.5] 0.1...0.2 | 250...300
50 (VOK-60), BOK-63 (VOK-63) 0.5...1.0 | 0.08...0.12 | 180...200
B3 (V3), BOK-60 (VOK-60),
55...60 BOK-63 (VOK-63) 0.2...0.5 | 0.05...0.08 | 80...120
Ons60p-P (Elbor-R), 'ekcanut-P
60...55 (Geksanit-R) 0.2...0.3 |1 0.04...0.07 | 60...80

Note. * — Apply only at rigid system “machine—fixture—tool-workpiece”.
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Influence of above considered factors on cutting velocity permitted by a tool is

recorded into the table:
Number of manu-
facturing step

kTV kMV ktV krV kqu k(olV kcﬂ/ ka kch kng kng kV

1.10. Calculation of rotational speed of workpiece

Calculated rotational speed of workpiece (of machine’s spindle) is derived from

_ 1000-V,
" z-D
where D — diameter of work surface — for external straight turning, mm; diameter
of machined surface — for straight boring; maximal dimension (“diameter”) of
work face — for turning with cross feed.

Calculations of Paragraphs 1.10 — 1.12 are stated on the calculation paper for one
manufacturing step. Data of all other steps are written into the table of Para 1.15.

n , rev/min,

1.11. Agreement of rotational speed value with technical data
of turning machine

It is performed in similar way with agreement of feed value (Paragraph 1.8) be-
sides cases, when machines with infinitely variable regulation of rotational speed
are used. Agreement results in the n,, value. Row of spindle rotational speeds is
submitted in the calculation paper.

1.12. Determination of actual cutting velocity

Actual cutting velocity is derived from formula

w-D-n ,
Va="T000 - m/min.

where the D values are the same as in Paragraph 1.10.

1.13. Calculations of constituents of cutting forces

Main constituent of a cutting force is a tangential one. It is used for determina-
tion of torque of machine spindle and power consumed by cutting. For different
groups of workpiece materials, when f > 0.07 mm/rev, the tangential force is de-
rived from:

A. For turning the workpieces from rust-resisting and high-temperature steels
of groups [-1V:

Pz — CpV_0°15t0'95f0'75,
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Here and after the cutting forces are expressed in Newtons (N).
B. For turning the workpieces from alloys of groups V, VI:

—0.15_0.85 »0.75

P =CV ="t .

C. For turning the workpieces from titanium alloys:
_ -0.10 ,0.90 ~0.75

P=CV ="t f"".

The values of coefficients for typical materials of groups I — VI are given in the
Table 1.5, for titanium alloys (group VII) — in the Table 1.6.

D. For finish turning the workpieces from steels and alloys of the I — VI groups,
when f < 0.06 mm/rev:

Pz — CpV—0.12t0.80f0.55-

The values of coefficients C, are given in the Appendix 11.
E. For finish turning the workpieces from titanium alloys, when f < 0.06
mm/rev:

—0.10_0.80 0.65
P, = C, V010080 065

The values of coefficients C, are given in the Appendix 12.

The values of actual cutting velocity, calculated depth of cut and agreed ma-
chine feed are used for calculations with above formulas.

Cutting forces depend on the following factors: properties of workpiece mate-
rial, velocity, depth of cut, feed, rake and side cutting edge angles, nose radius,
cutting fluids, tool wear. Influence of the first four factors is taken into account by
the relationships, and other ones are selected as recommended values.

Values of constituents P, and P, of cutting force can be derived from empirical
relationships similar to the P, calculation. But in practice their values are deter-
mined as portions of P, value. Forces ratios P, / P, and P, / P, are not constants,
and vary depend on geometric parameters of tools, cutting conditions, tool wear.
Thus, with the increase of side cutting edge angle the P, force reduces, and P,
rises; with increase of feed the P, force increases, etc.

For turning with cutting tool of the geometric parameters y = 15° ¢ = 45°,
A=0° the ratios of cutting forces are the following: P, = (0.4...0.5) P,
P.=(03...04) P,

Handbook [8] should be used for more exact data, if necessary.

The obtained results are written into the table of Para 1.15.

1.14. Calculation of torque

If a tool is subjected to the force P, then a workpiece is subjected to the same
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force of opposite direction. Moment of this force, that is, cutting moment
_PD

€ 2000’

where the D value is the same as in Paragraph 1.10.

9

1.15. Calculation of machine drive power

Power consumed by cutting (effective power)
Py,
°60-1000°
Power of electric motor necessary for cutting is determined with a machine’s
efficiency coefficient (#,, = 0.7...0.8)

Mm
Results obtained in Paragraphs 4, 8-15 are written into the Table:

Number of manu- Lt | [ V., n,, n,, Vi, | P, | M., | Neme,
facturing step mm |mm/rev| m/min | rev/min | rev/min |m/min| N | Nm kW

1.16. Check of selected parameters of cutting conditions

Power of machine is checked, and for new-planned production section a ma-
chine power is selected. Power of electric motor for drive of the main work mo-
tion of selected machine NV,,,, should not be less than the calculated value NV,

N, ems = N, emc-

It is necessary for cutting process that cutting moment is to be overcome by
machine torque, that is, machine torque at the selected step of spindle rotational
speed is not to be less than cutting moment:

M,>M..
Machine torque (data are given the machine specification) is derived from

N .
M, =9550~ems Tm q

n,,

1.16.1. Check of feed

Specified feed is checked by strength of parts of feed mechanism at rough turn-
ing, and in the rest of cases (non-stiff and hard conditions of cutting) — also by ri-
gidity of a workpiece, by strength and rigidity of a tool.

A. By strength of parts of feed mechanism the feed is checked in the following
way. Axial force at the selected feed should not be more than maximal force P,
permitted by machine’s feed mechanism (the P, value is given in the machine
specification): P, < P,,.
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B. Ultimate values of feed permitted by strength and rigidity of a workpiece
can be approximately derived from the formulas of “Mechanics of materials” sub-
ject. A workpiece is considered as a beam fixed in a specified manner. Thus,
when mounting a shaft in a chuck with support by centre, the back end supported
by centre is considered resting on the free support, and the end fixed in the chuck
— tightly restrained. If compare 3 diagrams for mounting of long cylindrical shaft:
in a chuck with support by rear centre, in centres, and only in the chuck, — then it
would appear that ultimate permissible forces for the workpiece rigidity are in the
ratio 25:16:1 respectively. Permissible bending deflection of a workpiece is: for
rough turning — 0.2...0.4 mm; for turning before sequent grinding — < 0.1 mm; for
precise turning — < 20 % tolerance value of machined dimension [6]. But for real
parts with varying rigidity along the length a development of force diagram often
is a difficult task.

C. By strength of tool shank the specified feed is checked by comparison of
forces P, and P, (maximal load permitted by strength of tool shank in critical
section):

p _B H®. o,
str 6-1 >
where B and H — respectively width and height of tool shank in critical section,
m; / — tool’s overhang, m; &, — permissible working bending stress of tool shank
material: 6, = 200 MPa for unhardened carbon steel, 65, =~ 400 MPa for hardened
carbon steel.

By rigidity of tool shank the specified feed is checked from condition P, < P,
Maximal load permitted by rigidity of tool shank:

3-fi-E-J
P zrid — fil—3
where f; — permissible bending deflection of tool shank: f; ~ 0.1:10° m for pre-
liminary turning, f;~ 0.05-10~> m for finish turning; E — elasticity modulus of tool
shank material: E = 20-10*...22:10* MPa for structural carbon steel; J — inertia
moment of tool shank (J = BH */12 for rectangular cross-section).

More detailed calculation procedure is given in the book [6].

Maximal feed is limited not only by strength of shank, but also by strength of
cemented carbide tips. Recommended values of feed are much lower than break-
ing feeds.

Then the calculations of direct manufacturing time for all manufacturing steps,
time per piece and for optimization of cutting conditions by time per piece are
performed.

b
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2. DRILLING

Turning operations usually precede drilling operations (Fig. 2.1). In spite of dif-
ferences between turning and drilling there is much in common in planning of op-
erations: practically most of calculations and algorithm itself coincide. Therefore
when considering the drilling operation in many cases the references are given to
the correspondent paragraphs of turning chapter to avoid repetitions.

2.1. Selection of geometric parameters and tool material for drill

Drilling workpieces from heat-resistant steels (group 1), chromium corrosion-
resistant steels with &, < 1000 MPa (group II) and chromium-nickel corrosion-
resistant steels (group III) should be performed with standard drills from high-

45 Drilling AA

!
|

| !
i N\ ——
|

|

% :

N !

.A. Q D+AD :
60°+(A°/2) 6 holes

%QB

* — Reference dimensions /

1. Drill 6 holes 1

ad i

Figure 2.1. Sketch for drilling operation: a — through drilling; b — blind drilling; ¢ — enlarging
drilling (drilling-out). Note: Drill in the sketch “c” 1is shown conventionally not at the end of
work trave
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speed steels POM5SKS (R6MSKS), P6MS (R6MS) or others (ref. Table 1.2) with
shortened body (up to 10 diameters).

Workpieces from high-temperature steels (group IV), high-temperature
wrought alloys (group V) with a, < 1200 MPa, corrosion-resistant steels (group
IT) with ¢, > 1000 MPa and titanium alloys with &, > 1000 MPa are machined
with special-purpose drills of increased rigidity from high-speed steels POM5KS5
(R6MS5KS), POM4KS8 (ROIM4KS) or other high-speed steels of improved thermal
endurance. Length of drill body should not be more than 6-8 diameters. Web of
drills with diameter of up to 5 mm should be approximately 0.4D; drills with di-
ameter of 6-10 mm — 0.3D; drills with diameter of more than 10 mm — 0.25D. He-
lix angle should be 30...35° reverse taper — 0.1...0.15 mm per 100-mm length.
Width and height of margins should be made possibly smaller, especially of drills
for machining of workpieces from titanium alloys; point angle 2¢ should be 140°%
lip relief angle — 12°; rake angle of approximately 10° results from grinding of
web to w=0.1D (Fig. 2.2).

Drilling holes in workpieces from cast high-temperature alloys (group VI),
high-chromium high-temperature steels (group II) and wrought high-temperature
alloys (group V) with ¢, > 1000 MPa and titanium alloys (group VII) with &, >
1000 MPa should be performed with drills from cemented carbides recommended
in the Table 1.2. Workpieces from titanium alloys could be machined with drills
from high-speed steels, though when machining these alloys with ¢, > 1000 MPa
the drills from cemented carbides provide higher productivity.

When drilling holes of diameter of up to 3 mm it is reasonable to apply spade
drills from cemented carbide BK6-OM (VK6-OM); when drilling holes of diame-
ter of 3...7 mm — solid twist drills from cemented carbides BK10M (VK10M),
BKS8 (VK8) or BK6M (VK6M). Holes with diameter of more than 8 mm are ma-
chined with drills with tips from cemented carbides BK8 (VKS8) or BK6M
(VK6M). Solid carbide drills of
diameter of up to 12...15 mm
are also recommended. They are
| stronger than drills with brazed
carbide tips and larger feeds can
be specified when working with
them. However, drills with di-
ameter of more than 8§ mm are
applied with brazed carbide tips
for saving cemented carbides.

Drills from cemented car-
bides should have rake angle of

Figure 2.2. Geometric parameters of drills forma-  0° relief angle — 12°; point an-
chining of holes in worrli<£[1eer§i:§lssfrom hard-to-machine gle — 140° web should be
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ground to w = 0.1D; body length — not more than 6 diameters. When drilling
through holes it is reasonable to apply drills with double sharpening (2¢ = 140°
and 2¢y = 90° on the length b = 0.1...0.15D).

Data of tool materials are given in Para 1.3 and Appendices 4 — 6.

Wear along flank surface of drill periphery should be considered as a criterion
of drill dulling. Values of wear for drills of various diameters from high-speed
steels and cemented carbides are given in the Table 2.1.

Table 2.1
Permissible drill wear along relief surface
Tool material Drill diameter D, mm Wear, mm
1...3 0.2
High-speed steels 4...7 0.4
7 0.6...0.8
1...3 0.15
Cemented carbides 4...7 0.3
7 0.4...0.5

Oil fluids are used as cutting fluids at drilling holes of up to 3 mm, at drilling
larger diameters — water emulsions (ref. Table 1.3).

2.2. Calculation of cut depth

Depth of cut for drilling is considered to be the distance between machined
hole surface and axis of drill, that is, £ = D/2.
For drilling-out (ref. Fig. 2.1,c) the depth of cut
_D-d
5
where D — diameter of drill, mm; d — diameter of hole obtained earlier, mm.

t

2.3. Specifying a feed

Feed is specified depending on work material, work diameter, tool material and
other technological factors. Recommended feeds for machining deep holes with
drills from high-speed steels are given in the Table 2.2 and with drills from ce-
mented carbides — in the Table 2.3.

When machining through holes with automatic feed, it is recommended to
switch off feed at the moment of drill coming out the hole and complete drilling
with hand feed to avoid drill break. If it is impossible to perform (for example,
when machining in automatic or semi-automatic machines), the recommended
feeds should be reduced by 20...25 %.

The deeper a hole, the worse conditions are for a drilling operation. Therefore,
when specifying feed the ratio of drilling depth to diameter should be taken into
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account with correction coefficient k:

I/D 3 5 7 10
k, 1.0 0.9 0.8 0.75

When drilling-out the table data are to be increased 1.5...2 times, that is, cor-
rection coefficient taking into account type of machining k,, = 1.75.

Table 2.2
Feeds for machining with drills from high-speed steels, mm/rev
Workpiece material
Drill diameter, | Steels of groups I, IT (with 6, < | Steels of groups II (with &, > 1200
mm <1200 MPa), III, titanium MPa), 1V, alloys of groups V, VI and
alloys with ¢, <1000 MPa titanium alloys with g,, > 1000 MPa
1 0.010...0.015 0.006...0.010
2 0.020...0.030 0.010...0.020
3 0.030...0.070 0.020...0.030
5...6 0.050...0.080 0.030...0.050
8 0.070...0.120 0.050...0.090
10...12 0.090...0.150 0.070...0.100
15 0.100...0.180 0.080...0.120
18 0.120...0.200 0.100...0.150
20 0.120...0.220 0.100...0.150
24 0.150...0.250 0.120...0.180
30 0.180...0.300 0.150...0.200
Table 2.3

Feeds for machining with drills from cemented carbides, mm/rev

Workpiece material
Drill diameter, Titanium alloys with Titanium a}loys with &,, > 1000 MPa, steels of
mm &, < 1000 MPa group II with ¢, = 1200...1600 MPa, alloys of
groups V and VI
1 0.006...0.009 0.003...0.006
2 0.012...0.018 0.006...0.012
3 0.015...0.030 0.010...0.018
4 0.030...0.050 0.020...0.040
8 0.050...0.080 0.040...0.060
10 0.060...0.100 0.050...0.080
12 0.070...0.120 0.060...0.100
15 0.100...0.150 0.080...0.120
20 0.120...0.180 0.100...0.150

Note. Drills of 1...3 mm diameter — spade drills from carbides BK6-OM (VK6-OM), BK10-OM
(VK10-OM); drills of 4...7 mm diameter — solid ones from carbide BK10-OM (VK10-OM);
drills of diameter of more than 7 mm — with tips of carbides BK6M (VK6M), BK8 (VKS).
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2.4. Express calculations of cutting velocity, torque and machine power

Purpose of the calculations is described in Para 1.6. Calculations are performed
according to the following relationships:

1) Cutting velocity V, from Para 2.7 for the given drilling diameter D according to

the specified feed f. (Para 2.3) and recommended drill life (Para 2.7.1);

2) Torque M, from Para 2.12 with the same D and f, values and obtained V;
3) Machine power N, from Para 2.13 with the same D value and obtained V,

and M..

If operation has several drilling steps, calculations with substitution of parame-
ters into formulas are performed only for one step in the term project. Initial data
and obtained results for all steps are written into the table similar to that given in
the Para 1.6. Machine is selected according to the most powerful step.

2.5. Selection of machine

Selection of machine is performed in a similar manner to turning (Para 1.7).

It should be taken into account that machining small workpieces, when mass of
a workpiece and drill jig are small and alignment of drill axis with axis of work
hole (for example, through a jig bushing) is realized by displacement of jig with a
workpiece along the table surface, is performed in vertical drilling machines, and
of large workpieces — in radial drilling machines.

In the case, when drilling is a step of turning operation (for example, drilling
central hole), the further calculations become easier, as rows of feeds and rota-
tional speeds are already prepared for this turning operation. But some difficulties
could arise, if power for drilling appears to be more than power of machine se-
lected earlier. Then the machine should be changed or 2 manufacturing steps (if it
would be enough) should be planned — machining with smaller drill diameter with
sequent drilling-out to the specified diameter.

In the case of machining holes with parallel axes in turning machine (for exam-
ple, with application of cumbersome indexing device), the critical factor for selec-
tion of machine could be its dimensions of work zone necessary for attachment of
the device to machine’s spindle.

2.6. Agreement of feed value with technical data of turning machine

General considerations for agreement of feed value with technical data of turn-
ing machine are given in Para 1.8.

Ratio of geometric row of feeds for drilling machines in most of cases is ap-
proximately equal to 1.41. Exceptions are vertical drilling machines with small
number of feed steps (3...5), which have ¢ = 1.78, and radial drilling machines
with large for this type of machines number of feed steps (for instance, 18), which
have ¢ = 1.26. Row of feeds is shown in a term project.

37



If it is necessary to use hand feed an operation chart of machining is filled with
the feed value specified according to the Para 2.3 with word “hand” in the corre-
sponding column. This value is used in further calculations as a final one.

It is also applied for holes machining in turning machines that have non-
mechanized (hand) drive of a tailstock.

2.7. Calculation of cutting velocity

The calculation is performed with the given value of workpiece diameter, feed
agreed with a machine for the most favourable life of cutting tool.

A. For drilling the workpieces from steels and alloys of groups I-VI with drills
from high-speed steels:

0.75
V=i b
7025 0.

where Cy — coefficients characterizing workpiece material and cutting conditions;
ky — general correcting coefficient characterizing the changed cutting conditions
as compared with those characterized by coefficient Cy. Coefficient ky is equal to
the product of particular correcting coefficients described below.

Here and further the cutting velocity is in m/min.

Values of coefficients Cy for typical representatives of hard-to-machine materi-
als of groups I-VI are given in the Table 2.4.

B. For drilling the workpieces from alloys of groups V and VI with drills from
cemented carbides:

po7s
Ve = COI;S 085 Fv -

T 0 f o
Values of coefticients Cy for alloys of groups V and VI are given in the Table 2.5.
C. For drilling the workpieces from titanium alloys of group VII with drills

from high-speed steels:
0.7
7 105 06
D. For drilling the workpieces from titanium alloys of group VII with drills
from cemented carbides:

ky .

o CVD0.65
c T0.55f0.65 V:

The values of coefficients Cy for titanium alloys of group VII for Points C and
D are given in the Table 2.6.

The above relationships for calculation of cutting velocity are for blind holes.
When drilling through holes the values of cutting velocity should be multiplied by
coefficient k7 = 0.9 taking into account the type of a hole. When drilling holes of
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diameter of more than 15 mm, the large axial forces and torques appear, and so
machining of such holes is reasonable to perform in 2 steps: to drill hole with a
drill of diameter of 0.4...0.5 specified diameter, and to drill it out with a drill of
specified diameter.

Cutting velocity at drilling is influenced by the following factors: tool life, ma-
terial of drill point, depth of cut, physical and mechanical properties of work ma-
terial, drill diameter, feed, shape of drill point, cutting fluids.

Table 2.4
Coefficients Cy, Cp, Cy, for drilling workpieces from steels and alloys
of groups [-VI with drills from high-speed steels

ni;?ggr Grade o,, MPa Cy | Cp | Cy

|| 34XH3M (34HN3M), 34XHAM® (34HNAMF) 000 o7
20X3MB® (20H3MVF) ) 1100 | 80
20X13 (20H13), 1X12H2BM® (1H12N2VMF) | 850...900 1.04

1 30X13 (30H13), 09X16H4b (09H16N4B) 900...1000 | 0.95 1400 | 100
20X13 (20H13), 14X17H2 (14H17N2) 1000...1100 | 0.80
09X16H4BbA (09H16N4BA) 1300 0.47 - -

I 12X18HIO0T (12H18N10T) 600 0.08 | 1100 | 80
12X21H5T (12H21N5T) 200 0.65 | - | -
45X14H14B2M (45H14N14V2M) 0.67 - -
X15H24B4T (H15N24V4T)

07X21T7AHS (07H21G7ANS)

IV 12X25H16I"7AP (12H25N16G7AR)
37X12H8I'SM®E (37H12N8G8MFB)
10X11H23T3MP (10H11N23T3MP)
15X18I'21C4TIO (15H18N21S4TU)

800...1000 | 0.48 | 1400 | 100

700...900 | 0.38 | 1200 | 90

36XHTIO (36HNTU) 800...1200 | 0.28 | 1600 | 140
XH77TIOP (HN77TUR) 1000
XH35BTIO (HN35VTU) 1150...1300 | 0.21
XH67BMTIO (HN67VMTU), 900950

V | XH56BMTIO (HN56VMTU) 0.18 | <00 | 140
XH75MBIO (HN75MVU) 900...1000
XH62MBKIO (HN62MVKU)
XH6OMBTIO (HN6OMYTU) 1000...1100 | 0.18
XH82TIOMB (HNS2TUMB) 1200...1400 | 0.13 | 1800 | 150
BIK36-J12 (VZh36-L2), ATIB-300 (APV-300), | o0 000 [ o oo

VI | )KC6K (ZhS6K), JKC3JIK (ZhS3DK) 711450 | 125
XH67BMTIOJI (HN67VMTUL) 750 0.09

Note. Cooling with emulsion is obligatory.

39



Table 2.5
Coefficient Cy for drilling workpieces from alloys of groups V,VI with drills from
cemented carbides

n(l}liggle)r Grade 6., MPa Cy
36XHTIO (36HNTU), XH77TIOP (HN77TUR) 800...1200 | 0.64
XH35BTIO (HN35VTU) 1150...1300 | 0.48

V' [XH75MBIO (HN75MVU), XH67BMTIO (HN67VMTU) 900...1000 |
XH62MBKIO (HN62MVKU), XH60MBTIO (HN6OMVTU) | 1000...1100 | =
XH62MBKIO (HN62MVKU), XH60MBTIO (HN6OMVTU),

vl | XH82TIOMB (HN82TUMB) 1200...1400 | 0.30
BXK36-J12 (VZh36-L2), )KC6K (ZhS6K), )KC3JIK (ZhS3DK), | 750...1000 | 0.20
XH67BMTIOJI (HN67VMTUL)

Table 2.6

Coefficients Cy, Cp, Cy, for drilling workpieces from alloys of group VII

Drills from high- | Drills from

cemented

Grade oy, MPa speed steels carbides

Cy | Cp | Cy Cy
BT-1 (VT-1), BTI-1 (VT1-1), BT1-2 (VT1-2)| 450...700 | 42 | - | - 6.3
BT3 (VT3), BT3-1 (VT3-1) 950...1200 | 2.1 | - | - 3.1
OT4, OT4-1, BTS (VT5), BT5-1 (VT5-1) 700...950 | 2.8 | 850 | 60 42
BT6 (VT6), BT6C (VT6S) 900...1000 | 2.3 - - 3.5
BT14 (VT14), BT15 (VT15) 1000 21 | - | - 3.1
BT14 (VT14), BT15 (VT15) 1300...1400| - - - 2.5

2.7.1. Life of cutting tool

The higher the cutting velocity, the greater is generation of heat, more intensive
wear, a drill will faster become dull and shorter life it will have.

Calculation of the most reasonable cutting velocity from the above relation-
ships is performed for the following values of drill life:

a) Drills from high-speed steel:

Drill diameter, mm 1...2 3...5 8...10 | 12...15 | 18...20 24 30

Drill life, min 4 6 10 12 15 20 25
b) Drills from cemented carbide:

Drill diameter, mm 1...2 3...5 6...8 10...12 15...20

Drill life, min 5 6 10 15 20

2.7.2. Material of drill point

The higher high-temperature material stability of a drill point, the higher ad-
missible cutting velocity is.
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Correction coefficients ky,y for cutting velocity in dependence on drill material
for all groups of hard-to-machine materials are given in Table 2.7.

Table 2.7
Correction coefficients ky,y for cutting velocity in dependence on drill material
Group High-speed steels Cemented carbides
number, P6MS | P6MSKS | P9M4K8 | BK6-OM | BK6M | BK8 | BK10-OM
6. MPa | (R6MS) | (R6M5KS5) | (ROMAKS) |(VK6-OM)| (VK6M) | (VK8) | (VK10-OM)
I 0.94 1.0 1.10 - - - -
I <1200 0.91 1.0 1.13 - - - -
11> 1200 0.95 1.0 1.3 1.25 1.15 1.0 0.9
I 0.91 1.0 1.13 - - - -
v 0.86 1.0 1.30 - - - -
A% 0.88 1.0 1.40 - - - -
V>1200 - - - 1.25 1.15 1.0 0.9
VI 0.88 1.0 1.40 1.25 1.15 1.0 0.9
VII 0.73 1.0 1.29 1.25 1.15 1.0 0.9

2.7.3. Depth of drilling

With the increase of drilling depth the operation conditions for drill become
more hard: chip coming-out gradually becomes more difficult (chip is in contact
with drill and hole walls more time that is accompanied by friction); supply of
cutting fluid to cutting zone worsens; strengthening of machined surfaces in-
creases (that is, at large depth drill margins will rub against more hardened sur-
faces of hole). All these result in more heating of drill and reduction of its endur-
ance (at greater degree for drills of small diameters). Therefore, when drilling at
the depth more than 3D, cutting velocity should be decreased. This is taken into
account by correction coefficient k;y:

Hole depth in drill diameters, up to 3D 4D 5D 6D 8D 10D
Coefficient k;p 1.0 0.85 0.75 0.70 0.60 0.5

2.7.4. Physical and mechanical properties of work material

The higher mechanical properties of work material, the larger the work con-
sumed for chip forming at drilling is, the bigger heat generation and thermody-
namic load on length unit of cutting edge is, the more intensive drill wear and the
less its endurance is, and, hence, the less the cutting velocity admitted by drill at
the same drill life is.

2.7.5. Drill diameter

With the increase of drill diameter (all other things being equal) the cutting ve-
locity admitted by drill increases. It is explained by more intensive heat sink from
drill surfaces into its body and workpiece that reduces calorific intensity on the
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rubbing drill surfaces and improves its endurance in spite of the increase of cross-
section area of cut and work consumed by cutting process. Larger volume of drill
flutes makes easier chip coming out hole along with improvements in delivery of
cutting fluid to chip-forming zone.

2.7.6. Feed

The increase of feed raises cross-section area of cut that results in increase of
forces applied to drill, increase of work consumed by the cutting process, and,
hence, total quantity of evolved heat. All these raise thermodynamic loading of
drill and reduce its endurance (or cutting velocity at the same life).

2.7.7. Shape for drill grinding

Optimal geometric parameters of drills for making holes in workpieces from
hard-to-machine materials are recommended in Para 2.1. Double-angle grinding
with angle 2¢,=90° gives an opportunity to increase the cutting velocity ap-
proximately by 15...20 %. It is connected with that the cutting edge becomes
longer, chip at the edge formed by additional grinding will be thinner, and corner
(at the place of mating of cutting edges and margins) being the weakest element
of drill becomes more massive. This improves strength of the corner and reduces
thermodynamic loading on the length unit of cutting edge.

2.7.8. Cutting fluids

Along with improvement of chip-forming process and reduction of drill tem-
perature the cutting fluids contribute to the increase of drills endurance (or cutting
velocity) and improvement of quality of a machined surface. Recommendations
for application of cutting fluids are given in the Para 1.3.3. If the operation is per-
formed without cutting fluid, the coefficient taking into account the changed cut-
ting conditions 1s applied k. = 0.7 (if the fluid is applied, k. = 1.0).

Thus, almost all main factors having influence on the cutting velocity are taken
into account either by calculation relationships or by selection of recommended
parameters. Total correction coefficient ky would include only k,,y taking into ac-
count influence of tool material, k; taking into account depth of drilling and k.

2.8. Calculation of drill rotational speed

Calculated rotational speed of drill
_ 1000V,

n
Y )
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2.9. Agreement of rotational speed with technical data of drilling machine

Agreement of rotational speed is performed similarly to agreement of feed.

It is worth pointing that the ratio of geometric row of speeds, as a rule, for ver-
tical drilling machines approximately equals 1.41, and for radial drilling machines
— @ = 1.26.

As a result of agreement the n,, value is obtained. Row of rotational speeds of
machine spindle is written in the explanatory note.

2.10. Determination of actual cutting speed

Actual cutting speed
_n-D-n,
“ 1000

2.11. Calculation of axial cutting force

For all groups of hard-to-machine materials when machining with drills from
high-speed steels the axial cutting force is derived from

P0=CP.D.fm0-7'

Here and further the axial force is expressed in newtons (N).
Values of coefficient Cp for typical materials of groups I-VI are given in Table
2.4, for titanium alloys — in Table 2.6.

2.12. Calculation of torque

For all groups of hard-to-machine materials when machining with drills from
high-speed steels the torque is derived from

M, = CMVa_0'15D1'9fm0'8-

Here and further torque is in N-cm.

Values of coefficient Cy, for typical materials of groups I-VI are given in Ta-
ble 2.4, for titanium alloys — in Table 2.6.

The following main factors influence the axial force and total torque of cutting
at drilling: work material, geometric parameters of drill, cutting fluids, drill wear,
depth of drilling, cutting velocity, drill diameter, feed.

The last three factors are taken into account by calculation relationship (for ex-
ample, for determination of M,), and other — either by selection of recommended
parameters, for which the relationship is right, or by corresponding correction co-
efficient.
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2.13. Calculation of machine drive power

Power consumed by cutting (effective power), kW:
_ McVa
“ 3000D°
Power of electric motor necessary for cutting is determined with machine effi-
ciency coefficient (#,, = 0.7...0.8), kW:

N =N".

emc
Nm
Short-time overloading of electric motor up to 25 % its nominal power is per-
mitted.
If drilling operation consists of several manufacturing steps, the obtained re-
sults for each step are written into the table similar to one of Para 1.15.

2.14. Check of selected parameters of cutting conditions

Check is performed on the strength of weak element of machine feed mecha-
nism, strength of weak element of machine main motion mechanism (when oper-
ating at small spindle rotational speed) and on the adequacy of power of machine
electric motor.

If strength of weak element of feed mechanism would appear to be insufficient,
that is P, > P,,,, or of main motion mechanism, that is M. > M,, or Newe > Neps,
another, more powerful machine is selected, or feed is reduced.

Machine torque, N-cm:

N .
M, = 955000~ ems Tm_
nm
Check on adequacy of power of machine electric motor is performed from con-
dition that N, < N, (or M. < M,,). If it would appear that M. > M, (or N e >
> N.ms), another machine is selected, or rotational speed n,, (and, respectively, ve-

locity V) is reduced.
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3. MILLING

Milling is a machining process for producing various shapes with rotating mul-
tiple-edged tools called milling cutters. Milling involves simultaneous rotary mo-
tion of the cutter and, usually, linear feed motion of the workpiece [9].

Milling may be done, insofar as the directions of cutter rotation and workpiece
feed are concerned, by either of two methods: 1) up, or conventional, milling in
which the work is fed against the cutter rotation and 2) down, or climb, milling in
which the cutter rotation and work feed directions coincide.

In conventional milling the load on each tooth of the cutter gradually increases
and reaches its maximal value as the tooth leaves the cut. This ensures smoother
operation of the milling machine and less tool wear if castings with a chilled skin
or forgings with scale are milled. Not a very high quality of surface finish is at-
tained, however, and therefore this method is used in roughing.

In climb milling the cutter tooth cuts a chip of maximal thickness at the begin-
ning as it enters the cut so that it is subject to maximal load. This method can
never be used in a machine unless it is equipped with a backlash eliminator on the
feed screw. The forces are directed downwards in milling by this method (the op-
posite being true for conventional milling); this facilitates the clamping of work-
pieces that cannot be easily held. Another advantage is the better finish obtained.

The cutting velocity V is the peripheral speed of the cutter measured at its out-
side diameter. Cutting velocity depends upon the properties of the material being
milled, the cutter material, diameter and life of the cutter, feed, depth and width of
cut, as well as the number of cutter teeth, cooling facilities, etc.

The feed f in milling is the movement of the workpiece relative to the cutter
axis in a unit of time. It may be expressed as feed per tooth (mm/tooth), feed per
cutter revolution (mm/rev) or feed per minute (mm/min). The heaviest feasible
feed is employed for rough milling; thus, for high-speed steel plain milling cutters
the feed may be 0.05 to 0.6 mm/tooth for milling steel and 0.1 to 0.8 mm/tooth for
cast iron. In semi-finish and finish milling the rate of feed is limited by the speci-
fied surface finish that must be obtained.

The depth of cut ¢ is the thickness of the layer of metal removed in one cut. A
depth of cut from 3 to 8 mm is common in roughing operations and from 0.5 to
1.5 mm in finishing.

The width of cut B is the width of the work surface contacting the cutter in a di-
rection perpendicular to the feed.

Machining time in milling is the time required for the process of metal cutting in
one pass of the cutter. When calculating the machining time it is necessary to take
into consideration the total travel of table (or cutter) in the direction of feed (includ-
ing cutter approach and over-travel), the rate of feed and the number of passes.
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3.1. Selection of diagram and cutter for milling operation

In a term paper the sketch of milling operation should be developed according
to the General instructions (see p. 3) and standards GOST 3.1107-81 (mounting
and clamping elements), GOST 2.309-73 (surface roughness), GOST 3.1702-79

(list of manufacturing steps).

Configuration of work surface and type of equipment determine type of applied
milling cutter (Fig. 3.1). Its dimensions are specified by dimensions of work surface
and depth of removed layer. Cutter diameter is selected as small as possible for reduc-
tion of direct manufacture time and consumption of tool material, taking into account
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Figure 3.1. Types of milling
46

rigidity of technological
system, cutting diagram,
shape and dimensions of
work piece [10].

For providing high-
productive cutting condi-
tions at face milling the
diameter of milling cutter
D should be more than
width of milling B, that
is, D = (1.25...1.5)B, and
at machining steel work-
pieces their asymmetrical
position relative to mill-
ing cutter is obligatory:
for workpieces from
structural carbon and al-
loyed steels — their dis-
placement to the side of
cutter tooth cutting-in
(Fig. 3.2,a) that assures
start of cutting at small

thickness of removed
layer; for workpieces
from  high-temperature

and  corrosion-resistant
steels — displacement of a
workpiece to the side of
exit of the cutter tooth
from cutting process (Fig.
3.2,b) that assures exit
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'\\

b

Figure 3.2. Position of steel workpiece relative to the milling cutter at face milling: a — cutting-
in of cutter tooth at ¢; = (0.03...0.05D); b — exit of cutter tooth at ¢; =0

from cutting process with minimal thickness of removed layer. Violation of these
rules results in significant reduction of tool life.

This paragraph should be completed with the sketch of selected milling cutter
and data about the type, number of teeth, material, and geometric parameters.

3.2. Depth and width of milling

The depth of milling # and the width of milling B are definitions connected with
dimensions of workpiece layer removed during milling (ref. Fig. 3.1). In all types
of milling, except face milling, # determines duration of contact of a cutter tooth
with workpiece; ¢ is measured in direction perpendicular to the cutter axis. Width
of milling B determines the length of blade of cutter tooth engaged in cutting; B is
measured in direction parallel to the cutter axis. At the face milling these defini-
tions change the places.

3.3. Feed

At milling there are feed per one tooth f;, feed per one revolution fand feed per
one minute f,,, mm/min, which are in the following relationship

Jfu=fn=fzn,
where n — rotational speed of milling cutter, mm/rev; z — quantity of teeth of mill-
ing cutter.

Initial value of feed for rough milling is its value per one tooth f;, for finish
milling — per one revolution of milling cutter fthat further is used for calculation
of feed per one tooth

f=f7z

Recommended values of feed for various milling cutters are given in Tables
3.1 —3.6. When using Tables 3.1 and 3.2, the smallest power of machine (up to 5
kW) should be selected for the first iteration. The condition of Para 3.8 is checked
after performance of calculations according to Paragraphs 3.4 — 3.7.
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In Tables 3.1 and 3.2 the rigidity of system “workpiece-workholding device” is to
be selected with taking into account the following considerations. Rigidity of work-
piece depends on its design features: material, shape, thickness of wall, presence of
holes, ratio of length to diameter, etc. Hollow, long parts of small cross-section area
possess low rigidity. Such parts would be deformed elastically (and sometime plasti-
cally) by cutting forces applied to their surfaces during the cutting process.

Table 3.1
Feeds at rough milling with face, cylindrical and disk-type milling cutters
with carbide tips

Machine power Steel | Cast iron and copper alloys
KW ’ Feed f., mm per cutter’s tooth, for cemented carbide

T15K6 T5K10 BK6 (VK6) BK8 (VKS)

5-10 0.09-0.18 0.12-0.18 0.14-0.24 0.20-0.29

More than 10 | 0.12-0.18 0.16 —0.24 0.18 - 0.28 0.25-0.38

Notes: 1. The given values of feed for cylindrical mills are actual at milling width of B < 30
mm; at B > 30 mm the table values should be reduced by 30 %. 2. The given values of feed for
disk-type mills are actual for milling of planes and steps; when milling slots the table values
should be 2 times reduced. 3. When milling with the feeds specified in the table, the roughness
parameter R,= (0.8 + 1.6) um is obtained.

Table 3.2
Feeds at rough milling with face, cylindrical and disk-type milling cutters
from high-speed steels

Milling cutters
Power machine | Stiffness of Face and disk-type ‘ Cylindrical
or milling head, | system work- Feed f,, mm per cutter’s tooth, at machining of
kW piece—fixture Structural | Castiron and | Structural | Castiron and
steel copper alloys steel copper alloys
Mills with coarse teeth and mills with inserts
Increased 0.20-0.30 0.40-0.60 | 0.40-0.60 0.60 —0.80
More than 10 |Middle 0.15-0.25 0.30-0.50 | 0.30-0.40 0.40 - 0.60
Lower 0.10—-0.15 0.20-0.30 | 0.20-0.30 0.25-0.40
Increased 0.12-0.20 0.30-0.50 | 0.25-0.40 0.30-0.50
5-10 Middle 0.08-0.15 0.20-0.40 | 0.12-0.20 0.20-0.30
Lower 0.06-0.10 0.15-0.25 | 0.10-0.15 0.12-0.20
Uptos Middle 0.06 -0.07 0.15-0.30 | 0.08-0.12 0.10-0.18
Lower 0.04 - 0.06 0.10—-0.20 | 0.06-0.10 0.08-0.15
Mills with fine teeth
Increased 0.08-0.12 0.20-0.35 | 0.10-0.15 0.12-0.20
5-10 Middle 0.06-0.10 0.15-0.30 | 0.06-10.10 0.10-0.15
Lower 0.04 —0.08 0.10—0.20 | 0.06 —0.08 0.08-0.12
Uptos Middle 0.04 - 0.06 0.12-0.20 | 0.05-0.08 0.06-0.12
Lower 0.03 -0.05 0.08—-0.15 | 0.03 -0.06 0.05-0.10

Notes: 1. Larger values of feed should be selected for smaller depth and width of milling, the
smaller — for larger values of depth and width. 2. When milling the high-temperature and cor-
rosion-resistant steels, the feeds should be selected the same for structural steel, but not more
than 0.3 mm/tooth.
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Table 3.4

Feeds at milling of planes and steps in steel workpieces with carbide end mills

Rough milling
Type of | Mill Feed f;, mm per one tooth of mill, at depth £, mm
carbide | diameter 13 5 2 12 20 30 40
element | D, mm
Crown | 10—-12 |0.01-0.03 - — - — - —
14— 16 |0.02-0.06|0.02-0.04 - - - - -
18 —22 0.04-0.07|0.03-0.05|0.02-0.04 - — - —
Helical | 55 10.06-0.10{0.05-0.08[0.03-0.05| - - - -
plates
25 10.08-0.12]0.06-0.10{0.05-0.10{0.05-0.08 - - -
30 |0.10-0.15]0.08-0.12{0.06—0.10/0.05-0.09 - - -
40  10.10-0.18/0.08-0.13{0.06-0.11{0.05-0.10{0.04-0.07 - -
50  ]0.10-0.20(0.10-0.15/0.08-0.12]0.06-0.10{0.05-0.09|0.05-0.08 |0.05-0.06
60 ]0.12-0.20/0.10-0.16/0.10-0.12|0.08-0.12|0.06-0.10/0.06-0.10/0.06-0.08
Finish milling
Mill diameter D, mm 10-16 20-22 25-35 40 — 60
Mill feed £, mm/rev 0.02 - 0.06 0.06—0.12 0.12-0.24 03-0.6

Notes: 1. At rough milling of cast iron the feeds given for rough milling of steel may be in-
creased by 30 — 40 %; at finish milling of cast iron the feeds are the same as recommended
for finish milling of steel. 2. Upper values of feeds at rough milling should be applied for
small width of milling on machines of high stiffness, lower values — at large width of milling
on machines of insufficient stiffness. 3. When working with feeds for finish milling, the
roughness parameter R, = 0.8+0.6 um is obtained.

with face, disk-type and cylindrical mills

Feeds, mm/rev, at finish milling of planes and steps

Table 3.5

Parameter Efﬁfs if/lic‘lhdirsll;?t]gg Cylindrical mills frqm high—speeq steel With' diameter, mm,

of surface blades depending on workpiece material

roughness| From From high- Structural carbon and Cast iron, copper and

R, ,um cemepted speed steel alloy steel aluminium alloys
carbide | °P 40 —75 |90 — 130|150 —200 | 40 —75 |90 — 130|150 — 200

6.3 — 1.2-2.7 — — — — — —
3.2 0.5-10| 05-12 |1.0-2.7{1.7-3.8123-50|1.0-23{14-3.0{1.9-3.7
1.6 04-0.6|023-0.5{06-15/1.0-2.1{13-28|0.6-1.3{0.8-1.7|1.1-2.1
0.8 02-0.3 — — — — — —
0.4 0.15 — — — — — —

Short workpieces of solid cross-section with holes of small diameter have high
stiffness. These parts would not be deformed elastically in a noticeable magnitude
under action of cutting forces.

Rigidity of thin-walled parts (and whole system “workpiece-workholding de-
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vice”) could be improved with the application of special-purpose devices, which
have their own high stiffness, and special elements (mandrels, etc.) that assure
additional (auxiliary) support to the workpiece.

Such workholding devices have complicated design and high cost. Therefore their
manufacture and application is economically sound under batch production condi-
tions and when high accuracy is to be obtained for thin-walled and flexible parts.

In pilot and small-batch production, as a rule, the standardized fixtures are ap-
plied: vices (high stiffness), screw clamps (low rigidity), V-blocks, etc.

When performing the calculations of cutting conditions one should estimate
and specify rigidity of a workpiece, workholding device and their total rigidity as
a system, taking into account experience and those mentioned above.

Table 3.6
Feeds at milling steel workpieces with keyway mills from high-speed steels

Milling on keyseaters with pen- | Milling on vertical milling machines per one pass
Mill di- dulum feed at milling depth per Axial cutting-in at Traverse travel at milling
one double stroke as a part of
?)m::r‘iirl key-slot depth depth of key slot of key slot
Milling depth 7, Feed f,, mm per one tooth
mm
6 0.10 0.006 0.020
8 03 0.12 0.007 0.022
10 ' 0.16 0.008 0.024
12 0.18 0.009 0.026
16 0.25 0.010 0.028
18 0.4 0.28 0.011 0.030
20 ' 0.31 0.011 0.032
24 0.38 0.012 0.036
28 0.45 0.014 0.037
32 0.5 0.50 0.015 0.037
36 ' 0.55 0.016 0.038
40 0.65 0.016 0.038

Note. Feeds are given for structural steel with &, < 750 MPa; at machining steels of higher
strength the feeds are reduced by 20 — 40 %.
3.4. Cutting velocity

The cutting velocity is considered to be equal to peripheral velocity of milling
cutter

C, D!
Vc ~ mx - ypu_p
T t" f, "Bz
Values of coefficient Cy and indexes of power are given in Table 3.7, and val-
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ues of tool life T — in Table 3.8.

Table 3.7
Values of coefficient Cy and indexes of power in formula for cutting velocity at
milling
Material Parameters of cut Coefficient and indexes of power
Mills |of cutting] Operation layer, mm in formula for cutting velocity
point Blt | f [ & lglx]y|lulp|m
Machining of structural carbon steel, 6, = 750 MPa
T15K6*' - - - 332 [0.2({0.1| 04 [0.2 0.2
Face |P6MS5* <0.1 | 64.7 0.2
(R6MS) - - S01 41 0.25| 0.1 0.4 0.15 0.2
Milling of |[< 35| =2 390 16 171919 628 | ~ 0.1 ]0.33
TI5K6*!|  planes >2 i 443 0.38 0.05
Cylindri- >35| >2 616 0.19
P6M5** <0.1 55 0.2
(R6MS5) - - 201 | 354 0.45/ 0.3 0.4 0.10.1]0.33
Milling of <0.12 | 1340 0.12
planes and | - - >0'12 740 02104 64 0 0 035
Disk-type|[T15K6*!|  steps - )
with in- Milling of <0.06 | 1825 0.12
serts slots |~ |~ |>006] 690 |%%|%3| g4 |O1] 0 ]035
P6M5** | Milling of <0.1 [ 755 0.2
(R6M52 planes, - - S01 | 485 0.25/ 0.3 0.4 0.10.1]0.2
Disk-type | PEM5*“| steps and
solid | (R6MS) dlofs - - - 68.5 [0.25/03 | 0.2 [0.1]0.1|0.2
End with -] - | 145 |o.44lo.24] 0.26 | 0.1 ]0.13]0.37
Crowns %l
End with || 1OK¢
- - - - 234 10.44(0.24| 0.26 | 0.1 |0.130.37
brazed tips
. | P6M5**
End solid (R6MS) - - - 46.7 10.45/0.5| 0.5 [0.1]0.1{0.33
Slotting PEM5*2 Cutting
and cut- (R6MS5) slotsand | - - - 53 10.25{03| 0.2 [02]0.1]0.2
ting-off cutting-off
Form
with con- Form mill-
Vex pro- ing ) - - 53 10.45{03| 0.2 {0.1]0.1]0.33
file 2
P6M5* —
Angle Milling of
and form (R6MS) angle
with con- grooves 44 10.45/03] 0.2 [0.1]0.1]0.33
cave pro- and form
file milling
Keyway 2| v pis
P6MS5*” | Milling of
two- - - - 12 103](03]025]| 0| 0 |0.26
lipped (R6M5) | key slots
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Table 3.7, continued

Material Parameters of cut | Coefficient and indexes of power in for-
Mills |of cutting| Operation layer, mm mula for cutting velocity
point Blt | f |G lglx|y|ulp|m
Machining of high-temperature steel 12X18HI9T (12HI8NYT) in as-delivered condition
x1
BKS - - ] 108 [o2]o.06] 03 [02] 0 |0.32
Face (VKS)
v [N
5?6\41\/5[5) M;zﬁfs"f |- | - | 496 |015]02] 03 |02]0.10.14
Cylindri- | P6EM5*°
cal (R6M5) - - - 44 10.29/0.3]0.34 [0.1]0.1]0.24
P6M5*2 Milling of
End (R6MS) planes and | - - - 22.5 (0.35]0.21| 0.48 [0.03]| 0.1 |0.27
steps
- Machining of grey cast iron, HB 190
BK6 S| oo | - | 445 [o02]015] 03502 0 [032
F (VK6)
" [PoMsH 42 |o2]01| 04 [0.1]0.1]0.15
(R6M5) = = = . . . . . .
BK6*! M;lgﬁgs"f - |<25 203 | 2 [037]0.13] 047 [0:23/0.14] 0.42
Cylindri-| (VK6) <0.2 | 1180 0.19
cal - 12250 205 | 750 0.37(0.40 0.47 0.23[0.14{0.42
P6M5* <0.15| 57.6 0.2
(R6MS5) - - 12015 27 0.710.5 06 0.3]0.3]0.25
Disk- 1 11
.| P6M5*' | Milling of
t};gzg:tgch (R6MS5) | planes, - - - 85 102(05] 0.4 |0.1]0.1]0.15
- teps and
Disk-type| PEM5*" |
solid | (R6MS) slots - - - 72 102]05| 04 [0.1]0.1(0.15
«1 | Milling of
End fﬁg’f\is) planesand| - | - | - | 72 |07]05| 02 |03[03]0.25
steps
Slotting P6M5*! Cutting
and cut- (R6MS) slotsand | - - - 30 10.2]05( 04 10.2]0.1(0.15
ting-off cutting-off
Machining of malleable cast iron, HB 150
BK6*' <0.18 | 994 0.1
- (VK6) - - 12018 695 0.22(0.17 0.32 0.22| 0 {0.33
%2 c1qs
(ROMS) M;lgﬁfs"f S-S0 e Joasjoa | o7 Joas| o | 02
Cylindri- | PEM5** <0.1 | 77 0.2
cal | (R6MS) | 501 | 495 [999] 03] gq [O1]01]033
DiSk- 2 [
... | P6M5*° | Milling of <0.1 | 105.8 0.2
pe Withi Roms) | planes, | T | T | >01 | 68 |02 03| a4 |O1]01) 02
. teps and
Disk-type| P6M5** | S'P
solid | (R6MS) slots - - - 95.8 10.25{0.3| 0.2 [0.1]0.1]0.2
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Table 3.7, finished

Material Parameters of cut Coefficient and indexes of power
Mills |of cutting| Operation layer, mm in formula for cutting velocity
point B | t f. Cy |lgl|x| y |u|p|m
P6M5*2 Milling of
End R6MS planes and | - - - 68.5 (0.45103] 0.2 {0.1|101]033
( ) steps
Slotting PEM5*2 Cutting
and cut- R6MS slots and | - - - 74 10.25/03( 0.2 [0.2]0.1] 0.2
ting-off ( ) cutting-off
Machining of heterogeneous copper alloys of middle hardness, HB 100 — 140
P6M5*! 0.1 | 136 0.2
Face | ReMs) | Millingof| = |~ | 01 | 862 [*F]%1] g4 |O15]01]02
Cylindri-| P6M5*' | planes 0.1 | 1155 0.2
cal (R6MS) - - 0.1 743 0.45/ 0.3 0.4 0.110.1{0.33
Disk- 1 i1
... | PEM5*" | Milling of 0.1 158.5 0.2
pe With) (ReMs) | planes, | T | T | o1 | 102 |%33)03 | g4 |O1]01]02
. teps and
Disk-type| P6M5*! | S
solid | (R6MS) slots - - - 144 10.25/03| 0.2 |{0.1]0.1] 0.2
«1 | Milling of
End |7 oMo fplanesand| - | - | - | 103 |o4s|03| 02 [01]01[033
( ) steps
Slotting P6M5*! Cutting
and cut- R6MS slots and | - - - 111.3 10.25{ 03| 0.2 |{0.2]0.1] 0.2
ting-off ( ) cutting-off
Machining of silumins and cast aluminium alloys, ¢, = 100200 MPa, HB < 65
and duralumin, ¢, = 300400 MPa, HB < 100
P6M5*! <0.1 | 245 0.2
Face | ReMS) | Milling of |~ >0 | 155 |02 %1 oq [O15[01] 02
Cylindri-| P6M5*' |  planes <0.1 | 208 0.2
cal (R6M5S) ) ) >(0.1 | 133.5 0.450.3 0.4 0.110.110.33
Disk- 1 i1
... | P6M5*" | Milling of <0.1 285 0.2
pe With) (R6Ms) | planes, | T | T | >o0.1 | 1834 |%23)03 | g |O1]01] 02
. teps and
Disk-type| P6M5*' | $
solid | (R6MS) slots - - - 259 10.25{0.3| 0.2 [0.1]0.1]0.2
P6M5*! Milling of
End R6MS planes and | - - - 185.5 {0.4510.3] 0.2 |0.1[0.1]0.33
( ) steps
Slotting P6M5*! Cutting
and cut- REMS slots and | - - - 200 (0.25{0.3] 0.2 |0.2(0.1] 0.2
ting-off ( ) cutting-off

*! Without cooling.

*2 With cooling.

Note. Cutting velocity for face mills calculated from the table data is actual at side angle
¢ = 60°. At other values of this angle the values of velocity should be multiplied by coeffi-
cients: at ¢ = 15° — by 1.6; at ¢ = 30° — by 1.25; at ¢ = 45° — by 1.1; at ¢ = 75° — by 0.93; at
¢ =90° — by 0.87.
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Table 3.8
Mean values of life periods T for milling cutters

Life 7, min, at milling cutter diameter, mm
20[25] 40 [ 60 [75] 90 [110]150]200]250]300]400

Face - 120 180 240 [300(400
Cyhndrlcal with inserts and solid i 130 240 i
with coarse teeth

Milling cutters

Cylindrical solid with fine teeth - | 120 | 180 -
Disk-type - | 120 [150[180[240] -
End 80/90]120]180 -

Slotting and cutting-off - 60 75| 120 [150] -
Form and angle - | 120 180 -

Total correction coefficient for cutting velocity that takes into account actual
cutting conditions is
ky=kyy % ksy x kry % ke,

where k) — coefficient describing the quality of workpiece material (Tables 3.9 —
— 3.12); ksy — coefficient describing condition of workpiece surface (Table 3.13);
kry — coefficient describing the milling cutter material (Table 3.14); k.4 — coeffi-
cient taking into account the application of cutting fluid (if the fluid is applied,
k.= 1.0). For milling the considerations for cutting fluids application are similar
to those given in Para 1.9.7.

Rotational speed is calculated from formula

1000V,
Y )

where D — diameter of milling cutter, mm.

h , rev/min,

3.5. Cutting force

Main constituent of cutting force at milling is peripheral force

P IOCPtxfzyB"z
¢ Dn.”
where z — number of milling cutter teeth; n. — calculated rotational speed of mill-
ing cutter, mm/rev.
Values of coefficient Cp and indexes of power are given in Table 3.15. Correc-
tion coefficient for quality of workpiece material kyp for steel and cast iron is
given in Table 3.16, and for copper and aluminium alloys — in Table 3.17.

Values of other constituents of cutting force (Fig. 3.3 and 3.4): horizontal (feed
force) Py, vertical P,, radial P,, axial P, are determined from relationship with
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Figure 3.3. Constituents of cutting force at milling with a
cylindrical mill: a — at conventional (up) milling (opposite
to feed); b — at climb (down) milling (in direction of feed)

c AYz

Figure 3.4. Constituents of cutting force at face milling:
a — symmetrical; b — asymmetrical conventional; ¢ —
asymmetrical climb

main constituent P, speci-
fied in Table 3.18.

Formula for calculation
of arbour under bending
is

2 2
P,=\P}+P] N

3.6. Torque

Torque of spindle
_PD
2-1000
where D — diameter of
milling cutter, mm.

>

3.7. Power of cutting

Effective power of cut-
ting
PV
N,=—"T",
1020- 60

Power of electric motor
necessary for cutting is
determined with a ma-
chine efficiency coefti-
cient (#,, = 0.7...0.8)

kW.

N
N e = =5, kW.
M

If power NV, necessary
for cutting is more than
initially adopted value (for

example, up to 5 kW), then one should select larger power of machine in the Tables
3.1 and 3.2 and repeat calculations according to Paragraphs 3.3 — 3.7.
The results of calculations are written down into the Table

Number of
. t, B) ./;7 nc’ Pz’ M, Nemc’
Isltlsg ufacturing mm | mm | mm/tooth k| ksy| krv| ky m/min [rev/min| N | Nm | kW
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3.8. Selection of machine

When planning operation of manufacturing process it is necessary to know all
data characterizing technological equipment.

The choice of a machine type is determined, first of all, by its capability to per-
form requirements for the workpiece parameters in this operation.

The following parameters should be considered when selecting machine:

a) Correspondence of machine type and sizes of machine working zone to

overall dimensions of work piece (ref. Fig. 3.1 and the sketch of operation);

b) Capability of maximal utilization of machine by time and power, as well as

sufficient value of power for machining at the most hard step of operation;

c) Correspondence of machine’s productivity to quantity of machined parts

during planned period;

d) Real ability to purchase machine.

Critical factor in selection of a machine is economy (the least value of produc-
tion cost) of workpiece machining.

The choice of a machine with larger sizes of working zone and higher power of
drive is a mistake.

Minimal set of machine data includes: name and type; sizes of working zone;
minimal and maximal values of traverse, cross and vertical feed; number of feeds
steps or sequence (row) of feeds; minimal and maximal values of spindle rota-
tional speed; number of rotational speed steps or sequence (row) of spindle
speeds; power of drive.

Power of electric motor for drive of the main work motion of the selected ma-
chine N,,,s should not be less than the calculated value V,,,.:

N, ems > N, emc-

Term project paper should contain a reference on the source of machine techni-

cal data.

Table 3.9
Correction coefficient ks taking into account influence of physical
and mechanical properties of workpiece material on cutting velocity

Workpiece material Calculation formula
ny
Steel kyy = kc[mj
O-ll
: 190\
Gray cast iron koo = —
y My ( HBJ
ny
Malleable cast iron kyy = 150
HB

Notes: 1. 6, and HB are actual parameters characterizing work material, for which a cutting ve-
locity is calculated. 2. Find coefficient k¢ characterizing group of steel by machinability and
index of power ny in Table 3.10.
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Table 3.11

Correction coefficient &y taking into account influence of physical and
mechanical properties of high-temperature and corrosion-resistant steels
and alloys on cutting velocity

Grade of steel .. MP Mean value of | Grade of steel .. MP Mean value of
or alloy w M o oefficient Ky or alloy w MIFQ o oefficient Ky
12X18HOT XH60BT
(12H18N9T) >0 1.0 (HN60VT) 750 0.48
13X11H2B2M® XH77TIO
(3H1N2V2ME) [100-1460 0803 | Gungopy | | 00
14x17H2 800 1300| 1.0-0.75 | ~H77TIOP 0.26
(14H17N2) 0-0. (HN77TUR) :
13X14H3B20OP XH35BT
(13H14N3V2FR) - 0.5-04 1 HN35VT) 950 0.50
37X12H8TSMdB XH70BMTIO
B IaNSGsMER) 700~ 12000 095072 | TN D 11000 - 1250 0.25
45X 14H14B2M XH55BMTKIO
GOHANLA A | 700 106-085 | asynMTKD)[1000~ 1250 025
10X11H20T3P XH65BMTIO
(OH1IN20TaR) | 720800 0.65 (INGSVAMTU) (9001000 020
12X21H5T XH35BTIO
(AHZINST) 820100000  0.80 (dIN3svTU) | 900950 0.22
20X23H18 BT3-1 (VT3-1):
COHINIE) . 0.40 T3 w13y (950~ 1200 040
31X19HOMBBT 0.50 BTS (VIS | 550 _osg 070
(31H19N9MVBT) : BT4 (VT4) :
LS ISHI2CATIO BT6 (VT6):  |900—1200|  0.35
(15H18N12C4TU) | 739 BT8 (VT8)
e 0.75 BT14 (VT14) |900—1400| 0.53—0.43
CHNTET) 780 12X13 (12H13) [600—1100| 1.5-1.2
0.53 30X13 850—1100| 13-0.9
XH75MBTIO B G0H 1 3):
(HN7SMBTU) 40X 13 (40H13)
Table 3.12

Correction coefficient ks taking into account influence of physical and
mechanical properties of copper and aluminium alloys on cutting velocity

Copper alloys kyy Aluminium alloys kyy

Heterogeneous: Silumin and cast alloys (hardened),

HB > 140 0.7 -~

HB 100 — 140 1.0 6, =200...300 MPa, HB > 60 0.3
Leaded with basic heterogeneous 17 Duralumin (hardened),
structure ) 6, =400...500 MPa, HB > 100
Homogeneous 2.0 Silumin and cast alloys,
Alloys with lead content < 10 % with o, = 100...200 MPa, HB < 65.
basic homogeneous structure 4.0 Duralumin, 1.0
Copper 8 o, = 300...400 MPa, HB < 100
Alloys with lead content > 15% 12.0 | Duralumin, g, = 200...300 MPa 1.2
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Table 3.13

Correction coefficient kg taking into account influence
of workpiece surface condition on cutting velocity

Workpiece surface condition

with crust
without crust|  Rolled . Steel and iron castings with crust Copper and alu-
Forging with large amount .
product normal : I minium alloys
of impurities
1.0 0.9 0.8 0.8-0.85 0.5-0.6 09-1.0
Table 3.14

Correction coefficient k7y taking into account influence of tool material
on cutting velocity

Work material Values of coefficient k7 depend on grade of tool material
T5K12B BKS
T5K10 | T14KS8 T15K6 |T15K6 | T30K4
Structural steel (T15K12V) 0.65 0.8 1.00 115 1.4 (VKS8)
0.35 0.4
Corrosion-resistant BK&8 P18
and high-temperature | (VKS) T5K10 | TI5K6 (R18) -
1.4 1.9
steels 1.0 0.3
HRC 35-50 HRC 51-62
BK6 BKS BK4 BK6 | BKS
Hardened steel T115(I)<6 Ti% %I§4 (VK6) (VK8) | (VK4) | (VK6) | (VKS)
' ' 0.85 0.83 1.0 0.92 0.74
Gray and malleable BK3 BK6 BK4 BK3 BK3
y (VKS) (VK6) | (VK4) (VK3) | (VK3) -
cast iron 0.83 1.0 1.1 1.15 1.25
Steel, cast iron, cop- P6MS5 BK4 BK6 9XC XBI' | V12A
per and aluminium (R6MS) (VK4) (VK6) (9HS) | (HVG)|(U12A) -
alloys 1.0 2.5 2.7 0.6 0.6 0.5
Table 3.15

Values of coefficient Cp and indexes of power
in formula for peripheral force P, at milling

s Material of cutting Coefficient and indexes of power
Milling cutters .

point Glx|ylulqg[w

Machining of structural carbon steel, 6,, = 750 MPa

Face Cementedcarbide 825110 |0.75| 1.1 | 1.3 | 0.2

High-speed steel [ 82.5][0.95] 0.8 | 1.1 | 1.1 0

g Cemented carbide | 101 | 0.88 [0.75| 1.0 | 0.87| O

Cylindrical High-speed steel | 68.2 | 0.86 [0.72| 1.0 | 0.86| 0

. . . Cemented carbide | 261 | 0.9 | 0.8 | 1.1 | 1.1 | 0.1

Disk, slotting and cutting-off | "pi 1 oo oqsreel | 68.2]0.860.72 1.0 |0.86| 0

End Cementedcarbide 12.5]10.85]0.75| 1.0 | 0.73 |-0.13

High-speed steel [ 68.20.86]0.72 ] 1.0 [0.86| O
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Table 3.15, finished

o Material of cutting | Coefficient and indexes of power
Milling cutters .
point C,| x|y | u q w
Form and angle High-speed steel | 47 [0.86]0.72 ] 0.1 | 0.86 | 0
Machining of high-temperature steel 12X18HIT (12HI18N9T) in as-delivered condition, HB 141
Face Cemented carbide | 218 | 092 |0.78 | 1.0 | 1.15 | O
End High-speed steel | 82 [0.75] 0.6 | 1.0 ] 0.86 | O
Machining of grey cast iron, HB 190
Face Cqmented carbide | 54.5| 0.9 [0.74| 1.0 | 1.0 0
High-speed steel | 50 | 09 [0.72|1.14]| 1.14 | O
Cylindrical Cqmented carbide | 58 | 09 | 0.8 | 1.0 | 0.9 0
High-speed steel | 30 [0.83 [0.65|1.0] 083 | O
Disk, end, slotting and cutting-off | High-speed steel 30 [0.83/065]1.0] 083 | 0
Machining of malleable cast iron, HB 150
Face Cemented carbide | 491 | 1.0 |0.75] 1.1 | 1.3 | 0.2
High-speed steel | 50 [0.95] 0.8 | 1.1 | 1.1 0
Cyhndmal’C‘Etstli‘r’lg‘(?f’fsmt“ng and| proh-speed steel | 30 |0.860.72| 1.0 | 0.86 | 0
Machining of heterogeneous copper alloys of middle hardness, HB 100-140
Cyhnd“cal’C‘fl‘tstli‘r’lgg%f“"“mg and| pioh-speed steel | 22.6 | 0.86 | 0.72 | 1.0 | 0.86 | 0

Notes: 1. Calculate peripheral force P, at milling of aluminium alloys similar to steel with ap-
plication of coefficient 0.25. 2. Peripheral force P, calculated from the table data corresponds
to operation of milling cutter without dulling. When dulling up to permissible value of wear
the force rises: at machining of mild steel (6, < 600 MPa) 1.75 — 1.9 times; in all other cases —

1.2 — 1.4 times.

Table 3.16
Correction coefficient kyp for steel and cast iron taking into account influence of
quality of work material on force calculation relationships

Power index n when determinin
constituent P, of cut- | torque M and axial | peripheral
Work material Formula ting force when ma- |force P, when drill-| force P,
chining with single- |ing, drilling-out and {when mill-
point cutting tools core drilling ing
Structural carbon and
alloy steel, &,,, MPa: [ o,
<600 kvp = 750 0.75/0.35 0.75/0.75 0.3/0.3
> 600 0.75/0.75 0.75/0.75 0.3/0.3
Cast iron kyp = ﬁg 0.4/0.55 0.6/0.6 1.0/0.55
. HB
Malleable iron kyp = 150 0.4/0.55 0.6/0.6 1.0/0.55

Note. In nominator the values of power index 1 are given for cemented carbide, in denomina-

tor — for high-speed steel.
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Table 3.17
Correction coefficient ky,p for force calculation relationships
taking into account influence of copper and aluminium alloys

Copper alloys kup Aluminium alloys kyp
Heterogeneous: Aluminium and silumin 1.0

HB 120 1.0 Duralumin, o, MPa:

HB > 120 0.75 250 1.5
Leaded with basic heterogeneous 350 2.0
structure and leaded with lead 0.65 — 0.70 >350 2.75
content 10 % with basic homoge- ’ ’
neous structure
Homogeneous 1.8-2.2
Copper 1.7-2.1
With lead content > 15 % 0.25-0.45

Table 3.18
Relative values of constituents of cutting force at milling
Type of milling | P:P. | P:P. | P:P. | P.:P
Cylindrical, disk, end*', angle and form mills (ref. Fig. 3.3)
Conventional (opposite feed) 1.1-1.2 0-0.25
Climb (in direction of feed) ~08-09) | 07-09 | 24706 |(02-04) o
Face and end* mills (ref. Fig. 3.4)
Symmetrical 0.3-04 0.85-0.95
Asymmetrical conventional 0.6-0.8 0.6-—0.7 03-04 0.5-0.55
Asymmetrical climb 0.2-0.3 09-1.0

Notes: *' Mills operating by diagram of cylindrical milling, when face teeth do not partici-
pate in cutting. ** Mills operating by diagram of face milling. Changes of constituents P, and
P, at face milling depend on side angle ¢ see in Handbook [10].

3.9. Agreement of rotational speed with technical data of milling machine

All considerations given in the Para 1.8 are totally valid also for agreement of
calculated rotational speed of spindle with the machine data and determination of
machine rotational speed n,,.

3.10. Agreement of feed with technical data of milling machine

Agreement of feed for milling machines has one peculiarity as compared with
turning and drilling machines. Rows of feeds for a milling machine are typically
given as minute feed f,, in mm/min, and calculations are performed with the ap-
plication of feed per tooth f; in mm/tooth. And so before agreement the selected
feed f; should be converted into the feed f,, using the formula of Para 3.3

Jme= [ 20
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Agreement of calculated traverse, cross and vertical feeds with a machine
should be performed according to the Para 1.8 by one of 3 variants depending on
available machine data.

The final point of the agreement is the value of minute feed f,,,, selected from
the machine row of feeds.

3.11. Actual parameters of cutting process

Actual cutting velocity
_7n-D-n,
¢ 1000

Actual feed per tooth f;, is calculated with application of the minute feed
agreed with machine’s data

ﬁa = fmm /(z nm)a mm/tooth.

Actual main constituent of the cutting force P, and other constituents are calcu-
lated from formulas of Para 3.5 with the application of actual tooth feed f;, and
rotational speed n,,.

Actual torque M, and power of cutting N,,, are calculated from formulas of
Paragraphs 3.6 and 3.7.

The results of calculations and selection are written down into the Table

, m/min.

Number of
manufac- 2 B’ fmma -ﬂ“’ ny, Vaa qua Maa Nemaa Nems:

mm | mm | mm/min | mm/tooth | rev/min | m/min| N Nm kW kW

turing step

Calculations are repeated for all steps of milling operation. If necessary, a ma-

chine of another type is selected according to the maximal value of calculated cut-
ting power Np.
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APPENDIX 1

Classification of hard-to-machine steels and alloys by their machinability

Approximate
cutting veloc-
Heat treat- Oy, HB ity with tools

ment MPa | (HRC) |from cemen-
ted carbides,

m/min

Grade Kyus*

I. Heat-resistant chromium, chromium-nickel, chromium-molybdenum steels of perlitic,
martensitic-ferritic and martensitic classes

34XH3M (34HN3M) 600 — -

34XH3M® (34HN3MF) Amnealing | “gpg | [ 250-3001 1
Quenching 900 — | 269 - B

20X3MB® (20H3MVE) and tempering | — 1300 331 120150 0.5

15X5M (15H5M) _ —

15X6CIO (15H6SU) Annealing | > 650 ~ 1200-250 | 0.9

I1. Corrosion-resistant chromium and compound-alloyed steels of ferritic, martensitic-ferritic
and martensitic classes

Quenching 197 - B
12X13 (12H13) and tempering >600 | 229 180-220 | 0.7
: 700 — | 207 —
25X13H2 (25H13N2) Annealing 1000 | _265 200-250 | 0.9
11X11H2BM® (11H11IN2VMF) -
1X12H2BM® (1H12N2VMEF) Quenching | =70 | _ | 170-220) 063
20X13 (20H13) and tempering | 1100 — {180 — 249 B
30X13 (30H13) 1400 | - | 80-1001 03
40X13 (40H13) Annealing ~900 [143-229 120-150 | 0.5
>1000 {27 -31.5) 130—-160 | 0.55
09X16H4b (09H16N4B) Quenching > 1300 | (>38) 70 — 90 03
14X17H2 (14H17N2) : — B
20X17H2 (20H17N2) and tempering | > 1100 — 120-150 | 0.5
Annealing ~900 | <225 | 90-120 | 0.45
95X18 (95H18) Quenching
and tempering | > 1900 | (<66) 20-30 0.12

II1. Corrosion-resistant, acid-resistant, oxidation-resisting chromium-nickel steels of austen-
itic, austenitic-ferritic and austenitic-martensitic classes

12X18H10T (12H18N10T) 180 [ 120—150 [ 0.5
10X23H18 (10H23N18) > 560
20X23H18 (20H23N18) Austenization 140—180 | 0.6
12X21H5T (12H21N5T) > 700 -
09X15H9O (09H15N9U) 850 — — | 110-130 | 045
08X 17H5M3(08H17N5M3) Normalization | — 1100 -
07X16H6 (07H16N6) Normalization

and tempering | > 1100 - 120150 1 0.5
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APPENDIX 1, continued

Grade

Heat
treatment

o, MPa

HB
(HRC)

Approximate

cutting ve-
locity with
tools from
cemented
carbide*s,
m/min

x)
Kyys

IV. High-temperature, oxidation-resistant, acid-resistant chromium-nickel, chromium-n

manganese compound-alloyed steels of austenitic and austenitic-ferritic classes

ickel-

10X11H20T3MP(10H11N20T3MR)

10X11H23T3MP(10HI IN23T3MR) |Austenization| >900 [222 3ol 50-60 | 0.23
37X12H8I8M®PB(37H12N8G8MFB) |  and aging
45X14H14B2M (45H14N14V2M) ~ 700 — 100 —120 | 0.40
08X15H24B4TP (08H15N24V4TR) Aging — 70-90 | 0.30
15X18H12C4TIHOP(15H18N12S4TUR Austenization 700 — 900 — 50-60 | 0.23
07X21T"7AHS (07TH21G7ANS) -

Austenization| 00~ 80-100 | 0.30
12X25H16T"7AP (12H25N16G7AR) and aging | 1000 {190 —220

V. High-temperature wrought alloys on iron-nickel and nickel bases
36HXTIO (36NHTU) Austenization| 55, |35 _ 49y
and aging
XH60BT (HN60OVT) Austenization 800 -
XH38BT (HN38VT) . - 40-50 | 0.16
XH77TIOP (HN77TUR) Austenlzgtlon 1000 321 -225
XH35BTIO (HN35VTU) and aging ™~ 7950 - 27-28 [0.12
XH56BMTHIO (HN56VMTU) Austenization| 900 —
XH67BMTIO (HN67VMTU) 321-329] 5 _ 95 0.1
XH70BMTIO(HN70VMTU) > 1000 310 '
XH75BMIO (HN75VMU) Austenization -
XH62MKBIO (HN62MKVU) and aging 1250
XH60MBTIO (HN62MVTU) 1150 - 18—20 | 0.08
XH82THOMB (HN82TUMYV) 1350 _
VI. Oxidation-resisting and high-temperature cast alloys on nickel and chromium bases
BX36-J12 (VZh36-1L2) 800 -
AHB-300 (ANV-300 L
KC6-K (Zng6-K) : Austenization 1805000 18-20 | 0.05
KC3-JIK (ZhS3-DK) andaging | -
XH67BMTIOJI (HN67VMTUL) -
BX4-JI (VH4-L) Annealing 1100 250 20-25 0.1
VII. Alloys on titanium base

BT1-0 (VT1-0), BT1 (VT1),
BT1-1 EVTI—I%, BTl—(Z (VT)1-2) 450-700f - | 100-150 | 0.5
BT3 (VT3), BT3-1 (VT3-1) 950 —1200((27 —36)] 50-70 | 0.28
OT4 (0T4), OT4-1 (0OT4-1) Annealing 600 — 850(200 - 300{ 70—100 | 0.4
BT5 (VTS5), BT5-1 (VT5-1) 700 —950] -
BT6 (VT6), BT6C (VT6S) 900 — 1000 — 60—-80 | 0.32
BT14 (VT14), BT15 (VT15), 1000 —
BT22 EVTzzg (VT1) ~1100 - | 30-75 | 03
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APPENDIX 1, finished

Approximate
cutting ve-
locity with

Grade Heat 0, MPa HB | ools from |K a5 2
treatment ’ (HRC) cemented
carbide*s,
m/min
Quenching 1150 - | 340-
Quenching, aging, 1300~ | (41—
BT3-1 (VT3-1), BT22 (VT22) |thermo-mechanical
— 1500 | —44)
treatment

Notes: 1. *1 — approximate cutting velocity at machining with tools from high-speed steel is
equal to 0.25 of cutting velocity of tools from cemented carbides. 2. *2 — machinability coeffi-
cient in respect to steel 45. 3. The table contains cutting velocities and relative machinability for
semi-finish and finish turning after typical heat treatment for the given material. 4. The given
data corresponds to the tool life of 45...60 min.

APPENDIX 2

Fragments from GOST 5632-72 “Alloyed steels and corrosion-resistant,
scale-resistant and high-temperature alloys. Grades and technical
requirements”

The standard is effective for wrought steels and alloys on iron, iron-nickel and
nickel bases designed for operation in corrosion-active mediums and at high tem-
peratures.

High-alloy steels are those with iron content of more than 45 %, and total con-
tent of alloying elements is not less than 10 %, when taking into account the upper
limit, at content of one of the elements not less than 8 % at the lower limit.

Alloys on iron-nickel base are those alloys that have main structure of solid so-
lution of chromium and other alloying elements in iron-nickel base (total amount
of nickel and iron is more than 65 % at approximate ratio of nickel to iron 1:1.5).

Alloys on nickel base are those that have main structure of solid solution of
chromium and other alloying elements in nickel base (nickel content is not less
than 55 %).

1. Classification

Steels and alloys are divided into groups depending on basic properties:

I — corrosion-resistant (stainless) steels and alloys having resistance to electro-
chemical and chemical corrosion (atmospheric, soil, alkaline, acidic, salty), inter-
crystalline corrosion, corrosion under stress, etc;

IT — oxidation-resistant (scale-resistant) steels and alloys possessing resistance
to chemical surface decomposition in gaseous mediums at temperatures more than
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550°C and operating in unloaded or low-loaded condition;

IIT — high-temperature (creep-resisting) steels and alloys possessing ability to
operate in loaded condition at high temperature (more than 700°C) during speci-
fied period of time and having sufficient oxidation-resistance.

Steels are divided into classes depending on structure:

- Martensitic — steels with main structure of martensite;

- Martensite-ferritic — steels that contain not less than 10 % ferrite in structure
beside martensite;

- Ferritic — steels having structure of ferrite (without o «» y transformations);

- Austenite-ferritic — steels having structure of austenite and ferrite (ferrite
content is more than 10 %);

- Austenitic — steels having structure of austenite.

2. Grades of steels and alloys
The table contains new and old designations of 127 grades of wrought steels
and alloys with specifying the groups and classes.

Grades of steels and alloys Group
I—cor- | II —oxi- |[III —high-
No. New designation Old designation rosion- | dation- | tempera-
resistant | resisting ture
Steels
1. Steels of martensitic class
1-1 | 15X5 (15H)5) X5 (HS) — ++ +
1-2 | 15X5M (15H5M) X5M (H5M) — — ++
1-3 | 15X5B® (15H5VF) | X5B® (H5VF) — — +
1-4 | 12X8B® (12H8VF) | 1X8B®d (1H8VF) — — +
1-5 [ 40X9C2 (40H9S2) 4X9C2 (4H9S2) - + + +
1-6 40X10C2M 4X10C2M (4H10S2) B y .
(40H10S2M) BU107 (E1107)
1-7 (1155);111}\1’\[4(11;) 1X11M® (1H11MF) _ - ;
1-8 18X11MH®b 2X11M®BH (2H11MFBN) B o .
(18H11MNFB) DI1291 (EP291)
19 20X12BHM® 2X12BHM® (2H12VNMF) B 3 N
(20H12VNMF) DI1428 (EP428)
11X11H2B2M®
1-10 (11H1 IN2V2MF) X12H2BM® (HI2N2VMF) - — +
111 16X11H2B2M® 2X12H2BM® (2H12N2VMF) B B
(16H11N2V2MF) DOU962A (EI962A)
1-12 | 20X13 (20H13) 2X13 (2H13) + — +
1-13 | 30X13 (30H13) 3X13 (3H13) + — —
1-14 | 40X13 (40H13) 4X13 (4H13) + — —
1-15 30X13H7C2 3X13H7C2 (3H13N7S2) B n B
(30H13N7S2) DU72 (E172)
1-16 13X14H3B2®P X14HBO®P (HI4NVFR) B 3 N
(13H14N3V2FR) BU736 (E1736)
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APPENDIX 2, continued

Grades of steels and alloys Group
I—cor- | II —oxi- |III —high-
No. New designation Old designation rosion- | dation- | tempera-
resistant | resisting ture
1-17 25X13H2 2X14H2 (2H14N2) N B 3
(25H13N2) DU474 (E1474)
1-18 | 20X17H2 (20H17N2) | 2X17H2 (2H17N2) + — —
1-19 | 95X18 (95H18) 9X18 (9H18), D229 (E1229) + — —
1-20 09X16H4b 1X16H4b (1H16N4B) N 3 3
(09H16N4B) OI156 (EP56)
191 13X11H2B2M® 1X12H2BM® B B n
(13H11N2V2MF) (1H12N2VMF)
2. Steels of martensite-ferritic class
2-1 15X6CHO (15H6SU) | X6CHO (H6SU) — + —
22 I15X12BHM® 1X12BHM® (1H12VNMF) B 3 4
(15H12VNMF) OU802 (EI802)
-3 18X12BMBPD 2X12BMB®P (2H12VMBRF) B B n
(18H12VMBRF) BH1993 (E1993)
2-4 | 12X13 (12H13) 1X13 (1H13) +
2.5 14X17H2 1X17H2 (1H17N2) 3 n
(14H17N2) DU268 (E1268)
3. Steels of ferritic class
31 10X13CHO 1X12CHO (1H12SU) B n B
(10H13SU) BH404 (E1404)
0X13 (0H13)
3-2 | 08X13 (08H13) 1496 (E1496) — +
3-3 [ 12X17 (12H17) X17 (H17) + —
0X17T (OH17T)
3-4 | 08X17T (08H17T) DH645 (E1645) ++ —
3-5 | 15X18CHO X18CHO (H18SU) B n B
(15H18SU) D484 (El484)
X25T (H25T
36 | 15X25T (15H25T) | K231 o 43)9) + ++ _
X28 (H28)
3-7 | 15X28 (15H28) D349 (E1349) ++ —
3-8 | 08X18T1 (0O8H18T1) | 0X18T1 (OH18T1) ++ —
4. Steels of austenite-martensitic class
4.1 20X13H4I'9 2X13H419 (2H13N4G9) N B B
(20H13N4G9) BU100 (EI100)
42 09X15HSIO X15H9IO (H15N9U) N B 3
(09H15N8U) BU904 (E1904)
4.3 07X16H6 X16H6 (H16N6) N B B
(07H16N6) DI1288 (EP288)
09X17H7HO
4-4 (09H17N7U) 0X17H7HO (OH17N7U) + — —
4-5 ?093(1{11771{1\?%}) 0X17HTIO1 (OH17N7U1) 4 - -
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APPENDIX 2, continued

Grades of steels and alloys Group
I—cor- | II —oxi- |III —high-
No. New designation Old designation rosion- | dation- | tempera-
resistant| resisting ture

46 08X17H5M3 X17H5M3 (HI7N5M3) 4 B 3
(O8H17N5M3) DUN925 (EI1925)

5. Steels of austenite-ferritic class

5.1 08X20H14C2 0X20H14C2 (0H20N14S2) B 4 B
(O8H20N14S2) DU732 (EI732)

59 20X20H14C2 X20H14C2 (H20N14S2) 3 n B
(20H20N14S2) OU211 (EI211)

53 08X22H6T 0X22HST (0H22NS5T) . B B
(O8H22N6T) OI153 (EP53)

5.4 12X21HST 1X21HST (1H21NST) N 3 B
(12H21NST) DU811 (EI811)

55 08X21H6M2T 0X21H6M2T (OH21N6M2T) n B B
(O8H21N6M2T) DI154 (EP54)

5-6 | 20X23H13 X23H13 BDU319 — + -

5-7 | 08X18I'SH2T 0X18I'8H2T KO-3 + — —

5-8 | 15X18HI2C4THO | 31654 + — —

6. Steels of austenitic class
08X10H20T2

6-1 (0SH10N20T2) 0X10H20T2 (OH10N20T2) + — —

6.2 10X11H20T3P X12H20T3P (H12N20T3R) 3 3 n
(10H11N20T3R) BU696 (E1696)

6-3 10X11H23T3MP | X12H22T3MP (H12N23T3MR) B B n
(10H11N23T3MR) | OI133 (EP33)
37X12HSI8M@p | X 12HST 8MDh

6-4 (37H12N8G8MFB) (IH12N8G8MFB) — — +

DH481 (EI481)

6-5 10X14I'14H3 X14I'14H3 (H14G14N3) . B B
(10H14G14N3) J11-6 (DI-6)

6-6 10X14I'14H4T X14I'14H3T (H14G14N3T) 4 B 3
(10H14G14N4T) BU711 (EI711)

6-7 10X14T°15 X14AT'15 (H14AG15) n B B
(10H14G15) JI1-13 (DI-13)

6-8 45X14H14B2M 4X14H14B2M (4H14N14V2M) B B 4
(45H14N14V2M) | BDU69 (E169)

6-9 09X14H16b 1X14H16b (1H14N16B) 3 n n
(09H14N16B) D694 (E1694)

6-10 09X14H19B2BP 1X14H18B2bP (1H14N18V2BR) B B n
(09H14N19V2BR) | DHM695P (EI695R)

6-11 09X14H19B26P1 |1X14H18B2bP1(1H14N18V2BR1) 3 n
(09H14N19V2BR1)|3U1726 (E1726)
40X15H7T702MC | 4XISHTT 792MC

6-12 (40H15N7GTF2MS) (4H15N7G7F2MS) — — +

DOU388 (EI388)

6-13 08X16H13M2b 1X16H13M2b (1H16N13M2B) 3 B n

(O8H16N13M2B) | DM680 (EI680)
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APPENDIX 2, continued

Grades of steels and alloys Group
I —cor- | II — oxi- |III — high-
No. | New designation Old designation rosion- | dation- | tempera-
resistant | resisting ture
6-14 08X15H24B4TP | X15H24B4T (H15N24V4T) 4
) (O8H15N24V4TR) | OI1164 (EP164) B B
6-15 03X16H15M3 00X16H15M3 (00H16N15M3) n
) (03H16N15M3) | D11844 (EI844) B B
6-16 03X16H15M3b 00X16H15M3b (00OH16N15M3B) 4
) (03H16N15M3B) | D18445b (EI844B) B B
6-17 09X16H15M3b X16H15M3b (HI6N15M3B) N
) (O9H16N15M3B) | D847 (EI847) B B
6-18 15X17T'14 X17AT'14 (H17AG14) n
) (15H17G14) OI1213 (EP213) B B
6-19 12X17T9AH4 X17T9AH4 (H17G9AN4) n
) (12H17G9AN4) | U878 (EI8TS8) B B
03X17H14M2
6-20 (03H17N14M2) 000X17H13M2 (000H17N13M2) + - —
08X17H13M2T
6-21 (0SH17N13M2T) 0X17H13M2T (OH17N13M2T) + — —
6-22 10X17H13M2T X17H13M2T (H17N13M2T) n
) (10H17N13M2T) | D448 (E1448) B B
6-23 10X17H13M3T X17H13M3T (H17N13M3T) 4
) (10H17N13M3T) | U432 (El432) B B
6-24 08X17H15M3T 0X17H16M3T (OH17N16M3T) n
) (O8H17N15M3T) | D580 (EI580) B B
12X18H9
17X18H9
6-26 (17H18N9) 2X18H9 (2H18N9) + — —
12X18HI9T
6-27 (12H18N9T) X18HIT (H18NOT) ++ + +
6-28 04X18H10 00X18H10 (00H18N10) n
) (04H18N10) DOU842 (E1842), O11550 (EP550) B B
08X18H10
6-29 (0SHISN10) 0X18H10 (OH18N10) + + + —
6-30 08X18H10T 0X18HI10T (OH18N10T) 1914 Ly .
) (O8H18N10T) (EI914) B
12X18H10T
6-31 (12H18N10T) X18H10T (H18N10T) ++ + +
6-32 12X18H10E X18HI10E (H18N10E) n
) (12H18N10E) OI147 (EP47) B B
03X18H11
6-33 (03HISN11) 000X18H11(000H18N11) + - —
6-34 06X18H11 0X18HI11 (OH18N11) n
) (06H18N11) DU684 (E1684) B B
03X18H12
6-35 (03HI18N12) 000X18H12 (000H18N12) + — -
08X18H12T
6-36 (0SHI8N12T) 0X18HI2T (OH18N12T) + — —
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APPENDIX 2, continued

Grades of steels and alloys Group
I—cor- | Il - oxi- |III — high-
No. | New designation Old designation rosion- | dation- | tempera-
resistant | resisting ture
12X18H12T
6-37 (12H18N12T) X18HI2T (H18N12T) + + + +
6-38 08X18H12b 0X18H12b (OH18N12B) N
) (O8H18N12B) BH402 (E1402) B B
6-39 31X19HOMBBT 3X19HOMBBT (3H19NOMVBT) n
7 | (31H19N9MVBT) | DU572 (EI572) - -
36X18H25C2
6-40 (36H18N25S2) 4X18H25C2 (4H18N25S2) — + —
6-41 55X20I'9AH4 5X20H4AT9 (SH20N4AG9) B n n
) (55H20G9AN4) DI1303 (EP303)
6-42 07X21T"7AHS X21I'"7AHS5 (H21G7ANS) n
) (07H21G7ANS) DI1222 (EP222) B B
6-43 03X21H2IMA4I'E | 00X20H20M4b (00H20N20M4GB)( | B B
“* | (03H21N21M4GB)| D135 (EI35)
6.44 45X22H4M3 4X22H4M3 (4H22N4M3) N N
) (45H22N4M3) DI148 (EP48) B
10X23H18
6-45 (10H23N18) 0X23H18 (OH23N18) — ++ +
20X23H18 X23H18 (H23N18)
6-46 | HOH23N18) DU417 (E1417) - t "
6-47 20X25H20C2 X25H20C2 (H25N20S2) n
) (20H25N20S2) ON283 (E1283) B B
6-43 12X25H16T"7AP | X25H16I'7AP (H25N16G7AR) B Yy .
) (12H25N16G7AR) | D835 (EI835)
6-49 10X11H20T2P X12H20TT2P (H12N20T2R) L
) (10H11N20T2R) | DU696A (EI696A) B B
Alloys
7. Alloys on iron-nickel base
XH35BT
7-1 (HN35VT) BU612 (E1612) — — +
XH35BTIO
7-2 (HN35VTU) BU787 (E1787) — — +
X20H32T (H20N32T)
7-3 | XH32T (HN32T) TI670 (EP670) — — +
7-4 | XH38BT(HN38VT)| 511703 (EI703) — ++ -
X21H28B5SM3BAP
7.5 f%fg\%ﬁm (H21N28VSM3BAR) - ; _
DI1126 (EP126)
06XH28MJIT 0X23H28M3 13T
7-6 (06HN28MDT) (OH23N28M3D3T) + — —
D943 (E1943)
000X23H28M3 13T
7.7 ?gﬁil\fzgé\ﬁgn (000H23N28M3D3T) + _ _
DI1516 (EP516)
7.8 06XH28MT 0X23H28M2T (0H23N28M2T) N B B
) (06HN28MT) DU628 (E1628)
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APPENDIX 2, finished

Grades of steels and alloys Group
I —cor- | Il — oxi- |III — high-
No. | New designation Old designation rosion- | dation- | tempera-
resistant| resisting ture
8. Alloys on nickel base
H70M27® (N70M27F)
8-1 | H70M® (N70MF) DI1496 (EP496) + — —
) XH65MB 0X15H65M16B (OH15N65M16V) . B B
) (HN65MV) DOI1567 (EP567)
XH60BT
8-3 (HN60VT) DU868 (EI868) — + ++
8-4 | XH60IO (HN60U) | DUS59A (EIS59A) — + + +
8-5 | XH7010 (HN70U) | 1652 (E1652) — + + +
8-6 | XH78T (HN78T) | DH435 (EI435) — + + +
XH75MBTIO
8-7 (HN75MBTU) BH602 (E1602) — + + +
XHS0TBIO
8-8 (HNSOTBU) BU607 (E1607) - — +
XH77TIOP
8-9 (HN77TUR) BU437b6 (E1437B) - — +
XH70BMIOT
XH70BMTIO
8-11 (HN70VMTU) BU617 (E1617) - — +
XH67MBTIO
8-12 (HN67MVTU) 3I1202 (EP202) — - +
XH70MBTIOb
8-13 (HN70MVTUB) BU598 (E1598) - — +
XH65BMTIO
8-14 (HN65VMTU) BU893 (EI893) - - +
XH56BMTHO
8-15 (HN56VMTU) BI1199 (EP199) - — +
XH70BMTIO®
8-16 (HN70VMTUF) DU826 (E1826) - - +
XH57MTBIO
8-17 (HN57MTVU) BOI1590 (EP590) — — +
218 XH55MBIO XHS55M6BIO (HN55M6VU) n
) (HN55MVU) DOI1454 (EP454) B B
XH75BMIO
8-19 (HN75VMU) DU827 (EI1827) — — -
220 XH62MBKIO XH62BMKIO (HN62VMKU)
) (HN62MVKU) DU867 (EI867) B B B
XH56BMKIO
8-21 (HN56VMKU) 3I1109 (EP109) — — —
XHS55BMTKIO
8-22 (HN55VMTKU) BU1929 (E1929) - - -

Notes: 1. Chemical elements in grades of steels and alloys are designated by the following let-
ters: A —nitrogen, B (V) — tungsten, /[ (D) — copper, M — molybdenum, P (R) — boron, T — tita-
nium, O (U) — aluminium, X (H) — chromium, b (B) — niobium, I" (G) — manganese, E — sele-
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nium, C (S) — silicon, @ (F) — vanadium, K — cobalt, 11 (Ts) — zirconium. 2. Names of alloys
grades include only letter symbols of elements excluding nickel, after which digits show its av-
erage percentage. 3. Symbol “+” denotes application of steel (alloy) for the specified purpose,
symbol “++” denotes basic application. 4. Steels and alloys produced with special methods are
additionally designated via dot at the end of grade name with the following letters: B[ (VD) —
vacuum-arch remelting, III (Sh) — electric-slag remelting, BU (VI) — vacuum-induction melting.

APPENDIX 3

Recommended sequence for machining and thermal treatment of workpieces
from hard-to-machine materials

Workpiece material Shape of part
Group Typical thermal . Sequence of processing
No. treatment 6,, MPa | Simple | Complex
Annealing 600 — 800 + + Thermal treatment, ma-
+ chining
[ | Quenching and tem- 900 — 1300 Preliminary machining,
pering + thermal treatment, finish
machining
Annealing or
Quenching and tem- | 600 — 1000 + + Thermal treatment, ma-
pering chining
II 1100 — 1400 +
Quenching and tem- Preliminary machining,
erin thermal treatment, finish
peine 1700 -1500 machining
Austenization 550 — 800 + Thermal treatment, ma-
_— 1000 - 1100  + chining
I Normahza‘qon or n Prelimi hini
Normalization and relininary machining,
tempering therm_al. treatment, finish
machining
Austenization or
IV | Austenization and 700 — 1000 + + Thermal treatment, ma-
aging chining
950 — 1350 +
Austenization and + Preliminary machining,
v aging thermal treatment, finish
machining
Austenization 800900 | + + | Thermaltreatment, ma-
chining
Austenization and
Vi aging 750 - 1100 Thermal treatment, ma-
Annealing 450 — 1200 + chining
1150 - 1500 +
VII | Quenching and ag- + Preliminary machining,
ing thermal treatment, finish
machining
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APPENDIX 4

Chemical composition and characteristics of physical-mechanical properties
of cemented carbides*

Alloy composition Bending '
Grade Tungsten | Titanium| Tantalum | ;ﬁg;ii Dge/r;i;? * | HRA
carbide | carbide | carbide MPa
Tungsten group
BK3M (VK3M) 97 — - 3 1180 | 15.0...15.3 | 91.0
BK4 (VK4) 96 — — 4 1520 | 14.9...15.2 | 89.5
BK6M (VK6M) 94 — - 6 1420 | 14.8...15.1 | 90.0
BK6-OM (VK6-OM) 92 — 2 6 1270 | 14.7...15.0 | 90.5
BKS (VKS) 92 — - 8 1660 | 14.4...14.8 | 87.5
BK8B (VK8V) 92 — - 8 1800 | 14.4...14.8 | 86.5
BK10M (VK10M) 90 — - 10 1600 | 14.3...14.6 | 88.0
BK10-OM (VK10-OM) 88 — 2 10 1470 | 14.3...14.6 | 88.5
BK15M (VK15M) 85 — — 15 1850 | 13.8...14.1 | 87.0
BK15-OM(VK15-OM) 83 — 2 15 1500 | 13.8...14.3 | 87.0
Titanium-tungsten group
T15K6 79 15 - 6 1170 [ 11.1...11.6 | 90.0
T5K10 85 5 - 10 1420 [ 12.4...13.1 | 88.5

Notes: 1. * Data for cemented carbides of titanium-tantalum-tungsten group are not submitted.
2. Thermal endurance of cemented carbides is 900...1000°C.

APPENDIX 5
Characteristics of mechanical properties of high-speed steels
HRCe? after HB in an- Red-
Grade Gpu, MPa quenchlng and nealegl condi- hardness, °C

tempering tion
P18* (R18) 2600...3000 63...65 255 620
P6AMS (R6AMS) 3200...3600 64...66 255 620
P6AMS®3 (R6AMSF3) 2700...3100 65...67 269 630
P12®3 (R12F3) 2400...2800 64...67 269 630
P18K5®2 (R18KS5F2) - 64...66 285 640
PI9KS (RIKS) 2300...2700 64...67 269 630
P6MS5KS (R6MS5KS) 2600...3000 65...67 269 630
P9M4K8 (ROM4KS) 2200...2600 65...68 285 630

Note. * Application is not recommended.
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APPENDIX 6

Relative endurance* of tools from high-speed steel

Group Grade of high-speed steel

No. | P6AMS (R6AMS) | P6MSKS (R6MSKS) | POKS (R9KS) | P9M4KSE (ROM4KS)
I 1.0 1.2 1.2 1.5

11 1.0 1.2 1.2 2.0

111 1.0 1.2 1.2 2.0

1\ 0.8 1.5 1.5 2.0

\Y 1.0 2.0 2.0 3.0

VI 1.0 2.0 2.0 3.0

Vil 0.8 1.5 1.5 2.5

Note. * Ratio of tool life from this steel to the tool life from steel P18 (R18).

APPENDIX 7
Cutting fluids applied for machining hard-to-machine materials

Cutting fluids are divided into two categories depending on their influence on
cutting process.

1. Fluids having cooling and partially lubricant properties: water solutions of
mineral electrolytes and water emulsions. They are mainly applied in rough and
semi-finish operations, when cooling property of fluid providing improvement of
tool life is of great importance. In some cases emulsions are used in finish opera-
tions (for example, in reaming).

2. Fluids possessing lubricant and partially cooling properties: mineral, vegetable
and animal oils, kerosene, solutions of surface-active substances in oil or in kerosene.
They are applied in finish operations, when fluids’ lubricant properties reducing
roughness of machined surfaces and improving a tool life are of great significance.

Water emulsions are produced from ready-made emulsols: Ykpunon-1 (Ukri-
nol-1), AxkBon-2 (Akvol-2), P3-COXS (R3-SOZh8) and other.

Soda solutions, compositions with borax, with trisodiumphosphate and other
are applied as electrolytes, if absence of fat particles on the machined parts’ sur-
faces should be guaranteed according to operation conditions.

MP-1y (MR-1u), MP-6 (MR-6), MP-99 (MR-99), sulphofrezol and others are
applied as oil cutting fluids.

APPENDIX 8

Methods applied for improvement of machining hard-to-machine
steels and alloys
Intensification of machining of hard-to-machine materials is provided by:
1) improvement of operability of the cutting tool, 2) supply of additional energy
into cutting zone.
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1. At present great attention is paid to improvement of operability of the cutting
tool by application of wear-resistant coatings (hardening) to its work surfaces.
The widest use found the following methods of hardening:

- Condensation of gaseous compositions from gas medium with creation of
hard films on surfaces of a cutting tool (GT method);

- Thermal diffusion of hard compositions from metallic powders into the tool
material (DT method);

- Condensation of substances from plasma phase under conditions of ionic
bombardment (CIB method).

First two methods are high-temperature ones: temperature of tool base (back-
ing) reaches 1000°C at hardening process. Therefore they are applied only for
deposition of coatings on the tools from cemented carbides, mainly on detachable
polygonal tips.

When hardening is performed with the CIB method, temperature of backing is
relatively low (450°C). This allows using it for hardening of cutting tool both
from cemented carbides and from high-speed steels.

Coatings of titanium carbides (TiC) or double-layer coatings of titanium car-
bides and nitrides (TiC + TiN) are applied with GT and DT methods to detachable
polygonal tips from cemented carbides. Coatings of titanium nitrides are applied
with the CIB method. So as efficiency of wear-resistant coatings applied with GT
and DT methods is higher and these both methods are more productive than CIB
method, the latter is not reasonable to use for polygonal tips from cemented car-
bides. Coatings of titanium carbides and nitrides deposited with GT and DT
methods on polygonal tips from cemented carbides 1.5...2 times elongate tool life
at the same cutting velocity or allow to increase the cutting velocity by 10...20 %
at the same tool life.

CIB method allows hardening: brazed and solid tools from cemented carbides
difficult in production (fine-module gear cutters, taps, and form cutting tools);
tools from high-speed steel — gear cutters, hobs, taps, broaches, reamers, end mill-
ing cutters, form and other cutting tools.

Hardening 1.2...2 times improves a tool life.

Endurance of tool from high-speed steel is similarly improved by carbonitrid-
ing in gaseous products of decomposition of carbamide (urea), nitriding, liquid
carbonitriding (lower manufacturability).

Regular replacement of tools, centralized sharpening and careful preparation of
surfaces for coatings play important role in improvement of cutting tool endurance.

2. When cutting hard-to-machine steels and alloys the methods with supply of
additional energy into cutting zone are applied: machining with preliminary heat-
ing of the cut layer; machining with vibrations of low frequency; machining with
oscillations of ultrasonic frequency.

Machining with preliminary heating of cut layer, for example, rough turning of
blanks from titanium alloys with crust or cutting with heating by plasma arch
(plasma-mechanical machining), are applied not often, because of high complex-
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ity of manufacturing process.

Machining with vibrations of low frequency finds application at drilling of holes
in workpieces from high-temperature alloys and from alloys on titanium base.

Oscillations of ultrasonic frequency are used at threading with taps in work-
pieces from high-temperature alloys.

Workpieces from high-temperature alloys and from titanium alloys with diame-
ter of more than 60...100 mm are reasonable to be cut off with anode-mechanical
method. Form (shaped) surfaces, elements with difficult access, holes with diame-
ter less than 1 mm are reasonable to be machined with electro-impulse, electro-
spark or electrochemical methods, slots and holes with dimension less than 0.2
mm — with electronic or laser beam.

APPENDIX 9

Nomograph for determination of feed value at turning
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APPENDIX 10

Values of normalized geometric ratios ¢ raised to the power

E | 106 | 112 | 126 | 141 | 158 | 178 | 2.00
g | 112 | 126 | 150 | 2.00 | 2.50 | 3.16 | 4.00
g | 119 | 141 | 200 | 280 | 4.00 | 5.64 | 8.00
g | 126 | 158 | 250 | 395 | 632 | 10.08 | 16.00
g | 134 | 178 | 318 | 557 | 10.08 | 17.92 | 32.00
g% | 141 | 200 | 400 | 7.86 | 16.00 | 32.00 | 64.00
g | 149 | 224 | 504 | 11.08 | 2528 | 56.80 | 128.00
g8 | 158 | 250 | 6.36 | 15.60 | 40.00 | 104.66 | —
& | 167 | 2.81 | 8.00 | 22.03 | 64.00 | 18629 | —
g’ | 178 | 3.16 | 1009 | 31.06 | 101.12] - _
g | 1.89 | 355 | 1271 | 4512 | 159.77| - -
g% | 200 | 400 | 16.00 | 64.00 | 258.00| — _
g” | 212 | 448 | 20.18 | 90.24 | 406.00| - -
g | 224 | 504 | 2542 | 127.24 | 646.00| - -
g” | 236 | 5.64 | 32.00 | 179.41| - _ _
g' | 250 | 632 | 4036 | 254.00| — _ _
g7 | 265 | 7.12 | 50.85 |328.00| - - -
g | 281 | 800 | 64.07 |504.00| - _ _
g” | 298 | 896 | 8077 | - _ _ _
g | 316 | 1008 | 101.72] - _ _ _
g | 335 | 1128 |128.17] - _ _ _
g2 | 355 | 12.64 | 16140 | — _ _ _
g” | 377 | 1424 | 20348 | - _ _ _
g | 400 | 16.00 | 25639| - _ _ _
g® | 424 | 17.92 |323.05| - _ _ _
g® | 448 | 2016 | - _ _ _ _
e | 475 | 2056 | - _ _ _ _
g® | 504 [ 2528 | - _ _ _ _
g” | 534 | 2848 | - _ _ _ _
g0 | 564 [ 3200] - _ _ _ _
g' | s98 | - _ _ _ _ _
g | 632 | - _ _ _ _ _
g | 670 | - _ _ _ _ _
g 72| - _ _ _ _ _
g | 755 | - _ _ _ _ _
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APPENDIX 11

Coefficients C, and C, for turning workpieces from hard-to-machine steels
and alloys with < 0.06 mm/rev

Group No. Grade 0., MPa C, C,

I 20X3MB® (20H3MVF) 900 350 2000
I 20X13 (20H13) 850 310 2000
09X16H4b (09H16N4B) 1500 108 3300
111 12X18H10T (12H18N10T) 600 150 1800
1A% SX18H12C4THO (5H18N12S4TU) 750 68 1900
HRC. 36...42 54 2800

v 36XHTIO (36HNTU) HRC, 45 1 —
XH67BMTIO (HN67VMTU) 1000 54 3500
XH62BMKIHIO (HN62VMKU) 1250 15 4000

APPENDIX 12

Coefficients C, and C, for turning of workpieces from titanium alloys of
group VI with £<0.06 mm/rev

Grade o4, MPa C, C,

BTI (VT1),BT1-1 (VTI1-1), BT1-2 (VT1-2) 500...700 58 1300
OT4, OT4-1, BTS (VTS), BT5-1 (VT5-1) 700...900 39 1450
BT3 (VT3), BT3-1 (VT3-1) 950...1200 29 1500
BT6 (VT6), BT6C (VT6S), BT14 (VT14), BT15

(VT15), BT22 (VT22) 900...1000 32 1450
BT14 (VT14), BT15 (VT15), BT22 (VT22) 1300 75 2300
(after quenching and aging)
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