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FOREWORD

The textbook “Theory of mechanisms and machines: synthesis of mechanisms,
friction, vibration protection” is the second part of the textbook on academic discipline
“Theory of mechanisms and machines” and is intended for students of speciality 131
"Applied Mechanics”, subject areas "Dynamics and strength of machines"
and "Information Systems and Technologies in aircraft construction™.

Part 2 of the textbook is devoted to the consideration of problems of synthesis
of mechanisms with lower and higher kinematic pairs. It describes the basic principles
of the theory of gearing and cam mechanisms, friction in Kkinematic pairs
and evaluation of their wear resistance, problems of vibroprotection of mechanisms
and machines.

Part 2 of the textbook contains an introduction and five chapters.
Their numbering is a continuation of the numbering of the s chapters included in part 1
of the textbook — from chapter 8 to chapter 12.

Chapter 8 covers the basics of mechanism synthesis. Theoretical material
is accompanied by examples of implementation of methods of synthesis of hinged-
lever mechanisms, as well as formation of mating surfaces of links in mechanisms
with higher pairs.

Chapter 9 discusses the synthesis of gearings and their current classification.
The focus is on involute gearing, which is a staple among modern mechanical gears.
Here, their features, manufacturing methods and quality control are considered.
General information on spatial gears, in particular bevel and hyperboloid gears,
is also provided.

Chapter 10 presents the theory of cam mechanisms. Here, analytical

and graphoanalytical methods for their synthesis and analysis are considered.



Chapter 11 deals with the basics of dry friction theory and the theory
of lubrication in kinematic pairs. The influence of friction on the operation
of machines and mechanisms is analysed. In addition, the issues of wear in kinematic
pairs and the wear resistance of their elements are considered.

Chapter 12 discusses the issues of vibration in mechanisms, analyses the main
sources of their occurrence. Methods of vibration protection of mechanisms
and machines are also considered, examples of design of dampers, their types
and applications are given.

Each chapter of the textbook is accompanied by questions for students
to self-test knowledge.

The textbook contains a number of appendixes with reference information for use
in solving practical problems and in self-testing of knowledge, as well as an English-

Ukrainian terminological dictionary.



Chapter 8. SYNTHESIS OF PLANAR MECHANISMS

When designing mechanisms schemes (synthesis) by a chosen structure chart
and set kinematic parameters we should define dimensions of links of mechanisms,

which can provide necessary motion.

8.1. SYNTHESIS OF KINEMATICS SCHEMES OF MECHANISMS
WITH LOWER KINEMATIC PAIRS

Here we are talking about hinged-lever mechanisms. Their kinematic synthesis
consists of the set of concrete tasks:
— synthesis by several positions of links;
— synthesis by some set kinematic parameters (for example average speed);

— synthesis by a set path of a link’s point.

8.1.1. Crank existence condition for a pin-jointed four-bar linkage
(Grashofds criterion)
The linkages that were discussed hitherto contained cranks. That is, they each
contained a link that was capable of rotating through 360° relative to fixed frame.

Therefore, each of them could be driven by a continuously rotating shaft.

Franz Grashof (1826-1893)

German engineer and scientist, professor of Applied Mechanics

at the Karlsruhe Institute of Technology, a specialist in the field of kinematics
of mechanisms, strength of materials. He made a significant contribution

to the development of hydraulics and thermodynamics, developed analytical
methods for kinematic study of mechanisms, formulated a theorem on velocity
projections and on a four-bar hinged-lever mechanism.

He was one of the founders of the Association of German Engineers,

which still exists today.

When carrying out synthesis of such mechanism one of essential requirement
IS possibility of rotating of its links, in other words, there should be one or more cranks

in its scheme. This possibility depends on aspect ratio of links.


https://en.wikipedia.org/wiki/Germany

Let us study a pin-jointed four-bar linkage with lengths of links a, b, c
and d. (Fig. 8.1)

) L
L / d L /4
7

Fig. 8.1. Pin-jointed four-bar linkage
For the OA link to be a crank it should pass through two extreme positions:
OA; and OA4s.
Assume that the dimension a of the OA link is minimal, and the dimension d
(fixed OC link) is maximal. Then we study a triangle 4,B:C. As in the triangle
the length of one side is less than sum total of lengths of the other two sides, we write

down such inequality:

d+a <b e (8.1)
For a triangle 43B3C the following condition is true:

d-a < e (8.2)

As by the condition d > a, so inequality (8.1) provides fulfilment of inequality
(8.2) independently from ratio of side dimensions b and c. If the link AB (b>c >d)
or BC (c>b =d) is the longest, so inequality (8.1) is fulfilled.

Inequality (8.1) helps to formulate Grashof’s criterion.

The minimal link of a pinjointed four-bar linkage can be a crank, ithe sum
of lengths of the maximal and minimal links of the mechanism is less tlla@sum

of lengths of other links

10



Positions of the crank 04, and OA,; correspond to extreme positions
of a rocker CB.

8.1.2. Examples of synthesis of hinged-lever mechanisms

Synthesis of a rocker-and-crank mechanism by two positions of links. By set
distance between pivots O and C, which belong to the fixed frame (Fig. 8.2), length

of a rocker 3 |, and its angular data g, and g, in extreme positions of the mechanism

we should find necessary lengths of the crank 1 |, and the connecting rod 2 I,.

A) \_//

Fig. 8.2. Synthesis of a rocker-and-crank mechanism

For this we connect points B, and B, with a point O by straight lines. We have

Hence

11



Synthesis of a crank-and-slider mechanism by an average speed

of an output link. When designing machines the average speed of a slider V, (m/s)

Is often set. Let us study the in-line slider-and-crank mechanism (Fig. 8.3).

Fig. 8.3. Synthesis of a crank-and-slider mechanism

Here, the double stroke of the slider 3 corresponds to one full revolution
of the crank 1. We can write down

If turning speed of a crank (number of revolutions per minute) is denoted
by n, then

v, =2hn =in.
Hence, length of a crank
l, =v./4n.

Length of a connecting rod 2 is chosen, by setting the ratiol , #,/l,. The less
the ratio is, the less dimensions of a mechanism we have, but bigger pressures appear
in unfavourable positions of a mechanism in Kkinematic pairs. For example,

for mechanisms of internal-combustion engine we choose this ratio
intherange | , 3...5.

12



8.2. SYNTHESIS OF MECHANISMS WITH HIGHER
KINEMATIC PAIRS

8.2.1. The fundamental law of gear tooth action

(The main theorem for gearing)

The advantages of these mechanisms are: possibility to realize necessary laws
of motion by a minimum of links and comparatively higher playback accuracy

of these laws in comparison with hinged-lever mechanisms.

Surfaces of higher pairing elements, which provide a prescribed law of motion

of links, are called mating surfaces.

Mechanisms with higher pairs can have one pair of mating surfaces (profiles),
for example, cam mechanisms, or several pairs, as in wheelworks.

There is interrelation between geometry of mating profiles and law of relative
motion of higher pairing elements. It is established by the fundamental law of gear
tooth action or the main theorem for gearing.

In problems of synthesis of mating profiles the law of relative motion is set.

Really, in relationship

velocities W, andw, are known. Hence
Wi = W

In Fig. 8.4 there are examples, in which we see that velocity vectors W, and W,

can be parallel, intersect or skew.

13



Fig. 8.4. Types of axoids: a — cylinders; b — cones; ¢ — hyperboloids

The axis, which traverses point P, is an instant axis of one of the links

in coordinate system connected with another link.
Axoid is locus of instant axes in a primary reference system.

When axes of rotations are fixed and parallel, axoids are cylinders (Fig. 8.4, a),
which are tangent to moving line and roll over each other without sliding.

When axes of rotations are fixed and intersect in a certain point (Fig. 8.4, b),
axoids are cones with vertex angles 26w; and 20w,. These angles define position
of an instant axis in a primary reference system.

When axes of rotations skew (Fig. 8.4, c), relative motion of links is helical
or screw motion, so to say it consists of turning motion about some axis and sliding
motion along this axis. In such case we should say about instant screw axis. If angular
velocities of links W, and W, are steady speed, so axoids are hyperboloids of rotation
with rectilinear generator, which roll over each other, being tangent in instant screw
axis, and sliding along this axis.

In general case fundamental law of gear tooth action can be formulated as:

Mating profiles in arbitrary contact point have common normal to their
surfaces, which is perpendicular to the direction of velocity of contact point

in an assigned rlative motion of these surfaces.

It is very easy to prove this theorem by going from the contrary assertion:
non-perpendicularity of common normal in a contact point of mating surfaces

to the direction of relative velocity vector requires one more velocity component —

14



in the direction to this common normal. And in this case higher pairing elements
should either interpenetrate, or lose contact, which contradicts criterion of higher

kinematic pair creation.

8.2.2. The fundamental law of gear tooth action for planar
mechanisms (WillisNjneorem)
For planar mechanisms with higher pair we use the term instantaneous

centre of rotation.

Centrode or centroid line is locus of instantaneouasntresof rotation of links

at relative motions irthe primary reference system.

Centrode is formed as an intersection of axoid with crosscut secant plane.
As well as axoids, centrodes roll over each other without sliding.

Tangent point of centrodes P is called pitch point (See Fig. 8.4, a).

The fundamental law of gear tooth action for planar mechanisms

(Willis’ theorem) is formulated as:

A common normal in contact point of mating profiles in any moment of tooth
action ©passes pitch poigqfidin ipversa mproportcbm v i

to angular velocity ratio of links.

Robert Willis (1800-1875)

Professor of the University of Cambridge. He worked in the field of mechanics
and acoustics of human speech. In his most notable work, "Fundamentals

of Mechanisms,” a book that earned him general recognition in the technical
sciences, he outlined his ideas about mechanisms and proposed a new system
for classifying them. He also developed the theory of the form of gear teeth.

To prove this theorem we use Fig. 8.5.

15



Fig. 8.5. Planar mechanism with a higher pair

Here V,, and V, , are absolute velocities of the point K for the first and second

links respectively. For them the following equation is true:

Vi :\7K1 M x 1

According to fundamental law of gear tooth action, velocity of the point K
in the direction of common normal n-n for both links is equal: V), =V, 2/,
From the similarity of triangles 04K and KDC we can write down

the proportion:

OA_KD (8.3)
OK KC '
Considering that KD = ’\7K‘ %7}(”2 =(w @B and

KC :‘\7,(1‘ = v, i@ K), we rewrite proportion (8.3) as:

OA _W,( maB)
OK w( m@x)

or

OA_Ww,

OB w’

16



Now we study triangles O;AP and O,BP. They are similar, thus

OA_QP
OB QP

So to say

w, O,P

that is what we had to prove.

According to fundamental law of gear tooth action for planar mechanisms
a position of pitch point P is uniquely defined through axle base 0,0, (the line
connecting the centers of rotation of links) and velocity ratio u,;, which should be set

in synthesis problems.

8.2.3. Graphical methods of mating profiles synthesis

8.2.3.1. Method of consecutive positions of profiles

The method is based on the kinematic inversion principle, according to which
one of centrodes (Z/, in Fig. 8.6) stops, and the ground together with another centrode
(Z1,) is turning with the velocity —w,. The centrode I]; carries out relative turning
motion around the pitch point P with the velocity ws».

The method consists in plotting a sequence of serial positions of the profile 77,
and building profile 77, as inside envelope of these positions (Fig. 8.6).

On centroids the points by which they touch at rolling are shown: respectively 17
and 17; 2" and 2 etc. As centrodes roll without sliding, positions of relative points
are defined using the equality conditions of matched arcs of centrodes: CP1 = @1 ;
CPZ = ®2;..;CP10 = @10 .

In inverse motion the line, which connects centres of rotation of centrodes 0,0,
will take serial positions O,-1; 0,-2; ...; 0,-10. Points 17, 27, ..., 10" of a fixed
centrode /,, which are instantaneous centre of the centrode Z7; rotation, are considered

as pitch points at matched positions.

17



When the pitch point is in the point 2, so to say centrode ], takes position Zj;®

(Fig. 8.6, b), the ray 0,2 coincides with centre line O,-2. At the same time centrode

I, turns by angle ¢® (Fig. 8.6). Then we attach profile 17, to the line O.P (initial

position of the construction). In the position of centre line O,-2 the profile takes

position 2. The Fig. 8.6 shows the position of the profiles in the inverse motion

in circles.

Then we construct a required mating profile 77, as an envelope of obtained serial

positions of the assigned profile 77;. In the Fig. 8.6 this profile is emphasized

by hatching.

051 8
1 P—0 10
0
—oC
/l[(z)
1

D\
/
~
v}

IS .
WAV &
FF 0 oy =
g
)
[—
5 ,
‘J} 0
Q)
=)
s A
A ,

Fig. 8.6. Mating profiles synthesis by the method of consecutive positions of profiles
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8.2.3.2. Method of consecutive positions of normal

(Reuleaux method)

Mating profile can be constructed by positions of normal. This method is based
on the fundamental law of gear tooth action. It is rather effective in cases when we can

easily define positions of normal to the assigned profile.

Franz Reuleaux (1829-1905)

German scientist, a specialist in the field of mechanical engineering. He worked
at the Swiss Federal Institute in Zurich, later at the Berlin Royal Technical
Academy, and was its president. F. Reuleaux made an outstanding contribution
to the development of the theory of mechanisms and machines, formulated the
concept of a kinematic pair and built the doctrine of the mechanisms based on it.
He developed methods for the synthesis of mechanisms.

Let’s consider as set the axle base O;0,, the law of relative motion of links
u,= w: w GP: QP and profile 77, (Fig. 8.7). Then we construct profile 77,
mating with it.

We choose on the profile 17, a set of points 1,, 25, 35, ... 6,. Then we draw
normals to the profile through these points to the crossing with the centrode I/,
in the points 17, 2, 37, ..., 6 respectively. Then we put points 1°, 2, 3", ..., 6
on the centrode L[l*, with which matched points of centrode 1], make a contact
when passing the pitch point P. For this we use conditions: CPI = @71 ;
CPZ = ®Z ;..;CP6 = ®6 , as centrodes roll without sliding.

According to the fundamental law of gear tooth action the contact point
of mating profiles is on the normal, which passes pitch point. Proceeding from this,
we can find positions of points of the profile 77, on the fixed plane, when they are
in contact with the profile 77;. As an example we take the point 1,. It is a vertex
of triangle 01,1 (Fig. 8.7, b). Then we turn this triangle together with centrode I,
relatively to the point O, till point 1™ coincides with the pitch point P (Fig. 8.7, c).
As the side of triangle 1,1” coincides with normal to the profile /7, in the point 1,,
so the point 1 should be studied as the contact point of profiles.

In the same way we can find positions of other contact points on the fixed plane
(See Fig. 8.7, a).

19
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Fig. 8.7. Mating profiles synthesis by the Reuleaux method: Reuleaux
method fulfilment (a); stages of synthesis (b, c, d, e)
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Locus of contact points of mating profiles 1, 2, 3, ..., 6 is caliese of action.

Normal to the profile 77;, which passes the pitch point, is common normal
for both profiles. In the studied position, in the pitch point P the points 1" and 1~
of centrodes /; and 1], have met (See Fig. 8.7, c, d). By turning the centrodes
to the initial position we turn simultaneously the triangle 011" (Fig. 8.7, d, e).
The obtained point 1, of the profile 17; is mating with the point 1, of the profile 775.

In the same way we can find other points of the profile 77;. Connecting
the points 14, 24, 34, ... , 6; by a smooth curve we get the required profile 77;, mating
with the set profile 17, (Fig. 8.7, a).

21



QUESTIONS FOR SELF-TESTING
1. What is the problem of mechanism synthesis?
2. What link of the mechanism is called a crank?
3. Formulate the Grashof’s criterion on the existence of a crank.
Will the OA link of the pin-jointed four-bar linkage
carry out a full revolution if the links” lengths are:

lon =100mm, |, =500mm, I,. =450mm,
loe =250mm

5 s there a crank in the
shown mechanisms?

6. What methods of synthesis of four-link lever mechanisms are known
to you?

What should be the length of the crank 1 of the quick-
return link mechanism so that the angle of rotation

of the rocker 3 between its extreme positions is 60 .
Hinge centre distance |, =1000.1m

8. What surfaces are called mating ones?
9. What surfaces are called axoids?

10. Formulate a main theorem for gearing in the general case of interaction
of mating profiles.

11. What curve is called a centroid?

12. Formulate a main theorem for gearing for planar mechanisms
(Willis’ theorem).

13. What point of meshing is called a pitch point?

22



14. What principle underlies the method of consecutive positions in the
synthesis of mating profiles?

15. What is the Reuleaux method of constructing mating profiles?

16. The locus of what points is the line of action?

23



Chapter 9. GEARINGS

Geartoothing or gearingis a kind ofengagementin which continuous motion

of output link is provided by serigbair-wise interactionof several mating surfaces.

The history of gearing comes from ancient Egypt, when first primitive gears were
used (Fig. 9.1, a). They only remotely resemble today's. We may consider that direct
,ancestors” of present-day gears were pin gears, which belong to cycloidal gears.

Fig. 9.1, b shows pin gear scheme. Cylindrical teeth (trundles) of pin wheel 1
interact with teeth of gear 2. Tooth profile of this gear made as cycloid situated
equidistantly to the cycloid, built by some point of the circle of the pin wheel 1 which
is a locus of centers of trundles, when rolling by the centrode of gear 2. Displacement
of the cycloid for creation of a tooth profile, as is shown in the figure, is defined
by the diameter of trundle.

The main disadvantage of pin gears is high wear of trundles. These gearings

are not widely used.

Fig. 9.1. Pin gear scheme: a — ancient prototype; b — present-day pin gear

The Industrial Revolution, which began in the 18th century, promoted
to the search for effective means of transmission of motion. It is gears that have found
the most widespread use here, which have a number of advantages: compactness under
high carrying capacity, high efficiency and fidelity of reproduction of a given motion

law, constancy of kinematic characteristics etc.
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A real revolution in machine building happened in the middle of 19th century,
when a gear hobber was invented. This invention, as an embodiment of advanced
research ideas, allowed starting the mass production of high-quality machines,

significantly accelerating the processes of industrialization of society.
9.1. CLASSIFICATION OF GEARINGS

At present there are various types of gearing. They differ in construction, higher
pairing elements configuration, nature of executable motions. A big number of

different gearings needs its classification by some attributes. Here are the main ones.

|. By type of gearing:
— involute gearing;

— noninvolute gearing (cycloidal, circular etc.).

I1. By tooth forms:
— spur gearing (Fig. 9.2, a);
— helical gearing (Fig. 9.2, b);

— chevron or herringbone spur gearing (Fig. 9.2, ¢);

— with curved teeth of gears (Fig. 9.2, d).

Fig. 9.2. Forms of gear teeth: a — spur teeth; b — helical teeth;
¢ — chevron or herringbone teeth; d —curved teeth.

[11. By gear forms:
— with cylindrical gears (Fig. 9.3, a);
— with noncylindrical gears (Fig. 9.3, b).
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Fig. 9.3. Forms of gears: a — cylindrical gears; Fig. 9.4. Compound gear train
b —noncylindrical gears
IV. By drive stages:
— single gearings or two-gear train (Fig. 9.3);

— multiple gearing or compound gear train (Fig. 9.4).

V. By arrangement of gear axes:
— with parallel axes (cylindrical gearing);
— with intersect axes (bevel gearing);

— with skew axes (worm-, screw, hypoid gearing).
9.2. INVOLUTE CYLINDRICAL GEARING

L. Euler offered to use involute as mating teeth profiles.

In toothing transmission ratio u,, can be both fixed and variable. In practice

we often use gearing with fixed transmission ratio. Involute gearing exactly provides

constancy of this ratio.

Leonhard Euler (1707-1783)

Prominent Swiss scientist, member of many European academies. He worked
in Basel, Berlin, St. Petersburg, published over 850 scientific papers

on mathematical analysis, differential geometry, mathematical physics, optics.
He deeply studied chemistry, botany, medicine, music theory, knew

many languages, including ancient ones. He is rightly considered one

of the most prominent encyclopaedic scientists of all time, who laid

the foundations of modern science.
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9.2.1. General features

Involute is a curve that circumscribed by a point of a straight line, which rolls
by circle without sliding (Fig. 9.5).

The straight line, a point of which circumscribes an involute, is tangent to circle,
and at the same time it is a normal to involute profile. Points of tangency
of the straight to the circle are centers of involute’s curvature in the points. Thus, circle

is the locus of centers of involute’s curvature, i.e. an evolute of the involute.

Fig. 9.5. Involute formation

Let us show that involute profiles are mated.

For this reason we superpose centers of involutes with centers of gears
rotation (Fig. 9.6). The distance between them OO, is called centre distance.
Common normal in a contact point of involute profiles is at the same time common

tangent to evolutes, which is called the base tangent.

Let’s show that point P is a pitch point. That is,

O,P _
OP

2|2
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Fig. 9.6. Involute profiles

Let us draw centrodes with radiuses r,, and r,, through pitch point. In the pitch

point, velocities of the points of the centrodes are equal, as there is no sliding: V, =V,

or Wiy = ¥

Hence
w_h OP
W, 1, O,P

In such way involute profiles correspond the fundamental law of gear tooth
action for planar mechanisms, i.e. they are mated, and the point P, accordingly,
IS the pitch point.

Involute toothing has one feature, which is very important for their application —
fixed transmission ratio. Let us look at Fig. 9.6. During engagement contact point

of teeth profiles K is on the straight N;N,, which is common tangent to evolutes
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of gears. No matter what is a turning angle of gears, the line N;N, does not change
its position, as centers of evolutes are fixed. Thus the pitch point P does not change

its position on the center line O,0,. It means:

O,P _
OP

W

—L =, €ons|
2

W2

Let us introduce some definitions:

— the line N;N, (base tangent) is called a theoretical line of action
or a pressure line;

— angle between the line of action N;N, and normal to the center line 0,0,
(T a, in Fig. 9.6) is called pressure angle or angle of action;

— circles of radiuses r, and r,, — evolutes of involutes — are called
base circles;

— circles of radiuses r, and r,,, which are centrodes and are tangent

in the pitch point P, are called pitch circles.

Pitch circle is the imaginary circle passingthrough the teeth of agearwhee|
concentric with the gearwheel, and having eadius that would enableit to be in

contactwith a similar circle around amating gearwheef

From the similarity of triangles O,PN; and O,PN, we have:

OP_ON g _ Mo
= or ML=TBL gy
O,P QN Mo o2 ?

so the transmission ratio is uniquely defined by the ratio of base circle radiuses.
It means that when we change center distance a,, and thus, pitch circle radiuses I,

and r,, as well as pressure angle a,, transmission ratio u,, does not change.

! Collins English Dictionary. Copyri ght E HarperCollins Publishers
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9.2.2. Configuration of involute gearing

In gears similar teeth profiles are placed on the pitch distance along base pitch py
(Fig. 9.7) and, according to general features of involute, they are equidistant
(see Fig. 9.5).

Fig. 9.7. Involute gear configuration

Circular pitch is distance by circular arc of a set radius between similar profiles
of two adjacent profiles.

If number of teeth z, so pitch along base circle - base pitch:

_ 2pr,

- (9.1)

P

According to (9.1) pitch along circular arc of a random radius p = 2pr . Hence
z

=P
2pZ.

Generally r — is the irrational number, which greatly complicates measurement

and control of this magnitude. Let us mark

T lo
I
3
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Here m — metric module (forth module), which is taken as a rational number.
Module is measured in millimeters and is chosen from a standard set according
to Metric Gearing Standards 1SO 54:1996 “Cylindrical gears for general engineering
and for heavy engineering — Modules” or JICTY ISO 54-2001 “Tlepenadi 3y0uacTi
HAJTIHAPUYHI I 3arajbHOro 1  BaXKOro  MamuHoOyayBaHHs.  Momymi”

(See Appendix 2).

Circle, for which modulei is rational (standard) number is calledgtandard
or nominal pitch circle This circle divdes a tooth intathe point of a tooth (gear tip
addendun) and theroot of atooth (dedendun).

In Fig. 9.7 h, is tooth addendum, and hs is tooth dedendum. Here also are:
s — circular tooth thickness; e — circular notch width.

Standard pitch circles of gears, which are in toothing, in separate cases can pass
through a pitch point so to say coincide with pitch circles. But we should consider
that they belong to concrete gears, and pitch circles appear only in engagement.

Circle of the radius r; (See Fig. 9.7) is called dedendum or root circle,

and of radius r, — addendum or outside circle.

9.2.3. Methods of gear manufacturing

Today the basic method of gear manufacturing is gear cutting.

The majority of modern gearing was produced and improved on the basis
of development of their production by cutter. In order to get involute teeth profiles
we use two methods: forming process and generating process.

We use special gear-cutting machines as the equipment.

Forming process or form-cutting method consists in forming teeth surfaces with

the help of special end-mill type (Fig. 9.8, a) or disk-type gear cutters (Fig. 9.8, b).
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a )

Fig. 9.8. Forming process: a — with the help of an end-mill type
gear cutter; b — with the help of disk-type gear cutter

The contour of cutting part of a tool coincides with the contour of notch between
the teeth. When turning, milling cutter displaces along generating line of a tooth,
and as a result, one notch is formed. After this milling cutter returns to the initial
position, and gear blank turns on the angle 27/, where z — is number of teeth of a cut
gear, and the process repeats.

This method is rarely used, because it needs numerous toolkits for gear cutting.
Moreover, in comparison with other methods it is less productive and not accurate
enough.

Generating process was theoretically justified by French geometrician
Theodore Olivier, who offered two variants of this method:

1) both mating teeth surfaces of gears are cut by one generating surface

(see below), which differs from required mating surfaces;

2) generating surface coincides with one of required mating surfaces, relative

motion of a generating surface and a gear blank should be the same as

of required mating surfaces.
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Theodore Olivier (1793-1853)
T. Olivier was a French mathematician and mechanic, one of the founders

of the theory of gearing, developed a geometric theory of gearing,

and proposed the envelope method as the main way of obtaining any gears.
He was a military engineer, taught in the Artillery School at Metz, was one
of the organizers of the Polytechnic School in Sweden, and later he was one
of the founder of the Central School of Arts and Manufactures in Paris.

His main scientific research concerned descriptive and differential geometry.

First variant of methods, offered by Olivier, is shown on the example

of gear cutting by a tool, which is made either as generating gear with noses on teeth

(shaping cutter), or as a rack, which can be considered as limiting form of gears,

when number of teeth tends to infinity. For the rack all circles become straights,

and involute tooth profile — straight, which forms angle a with a perpendicular
to these straights (Fig. 9.9).

/

S

a_ pP=pm a
\ 0,5p 0,5p7 £ /h*_m
_/ \ ,e. S l ‘\ / \ _?I/' \ Reference
pitch line
\\ h* . m

Fig. 9.9. Basic rack

Today gear-cutting hob is often used instead of rack (Fig. 9.10). It is a screw with

noses on teeth. If we make axial section of a hob, we get a rack.

Fig. 9.10 Gear-cutting hob
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For a single-thread hob worm angle is not more than 5°. Shaping cutters are used,
as a rule, when cutting internal teeth (Fig. 9.11, a).

There are three main motions of a gear-cutting tool and gear blank in the process
of generating cutting of gears (Fig. 9.11):

— cutting motion (parallel motion for shaping cutters or turning motion
for a hob) — is made by the gear-cutting tool relatively to the housing and
stationary gear blank;

— generating motion — is the motion, which is made by the gear-cutting tool
relatively to the gear blank;

— feed motion is made by the gear-cutting tool relatively to the gear blank

in the direction to its center.

Gear-cutting hob

rd
e
/Shaping cutter

a
Fig. 9.11 Main motions of a gear-cutting tool and gear blank
in the generating cutting process: a — with using the shaping cutter;
b — with using the gear-cutting hob

\ Gear blank

In one cutting motion the gear-cutting tool forms a so-called generating surface
on a gear blank.

During generating motion the gear-cutting tool and gear blank reproduce relative
motion, which could belong to two gears, which are in true engagement. That is why
the tool is made in the form of gear (shaping cutter) or rack.

Feed motion is present in the process of cutting for reduction of cutting forces.

In order to understand, how the forming of teeth surfaces is carried out under
generating cutting of gears, let us study the interaction of a gear blank with

a rack-shaped cultter.
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As we see in Fig. 9.9, rack profile consists of straight and curvilinear parts.
Theoretical tooth profile of a rack should be straight. In reality tooth addendum
of a rack is extended by the value of radial (top) clearance (hatch in figure). The point
of tooth of cutter forms gear root, and at tooth action between point of tooth of one
gear and bottom land of another gear (in other words — between addendum circle
of one gear and root circle of another one) radial clearance should be guaranteed.

Let us suppose that within one cutting motion the gear-cutting tool enters by full
depth into the gear blank (feed motion is left out, though in practice it is impossible).
Rack tooth forms generating surface on the gear blank. Its straight part forms plane,
and curvilinear part — some radial surface.

Generating motion is followed by first cutting motion, so to say turning
of a gear blank and parallel motion of a rack that imitates relative motion
in the process of engagement of a gear and a rack. Further we have second cutting
motion. On the blank the second generating surface is formed etc. Within a turning
of a gear blank by one pitch a surface of one tooth, which is inside envelope
surface of all generating surfaces, is formed (Fig. 9.12).

Rack contour, which forms toothed surface on the gear blank, is called basic rack
tooth profile. It assigns form and dimensions of cut teeth.

Parameters of basic rack are standardized. According to ISO 53:1998
“Cylindrical gears for general and heavy engineering — Standard basic rack tooth
profile” (DSTU ISO 53-2001) they have such value:

— pressure angle a =20 ;
— addendum h, =m (h, = h,m, where h, =1 — coefficient of tooth addendum);
— dedendum h, 2 1.25m;

— whole depth h2 2.25m;
— radial (top) clearance ¢ =0, 25m (coefficient of radial clearance ¢ =0, 25);

We should mention that straight part of a basic rack tooth profile forms involute
part of a tooth, and rounded — fillet surface (transition curve from involute
to the root circle)
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Fig. 9.12. Generating surfaces on the blank

Depending on basic rack and gear blank positional relationship, in the finishing
moment of gear-cutting process there are three variants of gear cutting (Fig. 9.13).

a) reference pitch line of a rack tangents to standard pitch circle
of a gear (Fig. 9.13, a);

0) reference pitch line of a rack doesn’t tangent to standard pitch circle
of a gear (Fig. 9.13, b);

B) reference pitch line of a rack intersects standard pitch circle
of a gear (Fig. 9.13, ¢);

x=0 s '<i> s
e
R g
R
n n " ' :n 0
0 P “o 71 P o
X ‘J RS
o
s . d&““”
T S R . ) 1
= / l /
a b c

Fig. 9.13. Basic rack and gear blank positional relationships:
a — the zero placing of a tool; b — the positive placing of a tool,
¢ — the negative placing of a tool
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In the first variant there is zero placing of a gear-cutting tool, and the gear is told

to be cut without shifting:
c xm G; x=0.

Here y —is a magnitude, multiple by module, and is called a shift, mm;
X — Is shift factor or correction factor for profile shift.
Circular tooth thickness is equal to circular notch width of a rack

by reference pitch line:
s=0,5 pn.

In the second variant there is positive placing of a tool, and the gear is told

to be cut with positive shifting:
c xm G x> 0.

Circular tooth thickness is more than circular notch width of a rack by reference

pitch line. According to Fig. 9.13, b
s=0,5pn 2Zxmtg .
Thus circular tooth thickness of a gear, cut with positive shift is more than
of shiftless gear. It is also evident that the gear cut with positive shift, has bigger
circular tooth thickness s than circular notch width of a rack e (See Fig. 9.7).

In the third variant there is negative placing of a gear-cutting tool, and the gear

is told to be cut with negative shifting.
C =xXm & x<0.

Circular tooth thickness of a gear is less than circular notch width of a rack
by reference pitch line. According to Fig. 9.13, ¢

s=0,5m 2xmtg . (9.2)
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Thus, circular tooth thickness of a gear, cut with negative shift is less
than of shiftless gear, and correspondingly, circular tooth thickness is less than circular
notch width of a rack.

Independently of shift, gears are cut by one basic rack of a set module with any
number of teeth have mating surfaces, so to say they form an accurate flank clearance-
free toothing. Base radiuses, as it was already mentioned, does not change. According

to Fig. 9.13, they are related with nominal pitch radiuses by the ratio:
,=rcos ¢ or r,=0,9mzcosz

Hence we may conclude that shift affects only circular tooth thickness of a gear

and placement of a used involute section.

9.2.4. Determination of tooth dimensions

There are three types of gearing depending on shifts obtained when cutting gears
(Fig. 9.14). They differ in positional relationship of standard pitch circles and working

pitch circles (centrodes).

a b c

Fig. 9.14. Positional relationship of working and standard pitch circles:
a-%=% Dor[x[=] x[;b-x+x BDic-x+x<0
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1. Working and standard pitch circles of gears coincide (Fig. 9.14, a):

rlzrwl; r-2:"W2; aw = a2@;

This happens when circular tooth thickness of the first gear coincides with
circular notch width of the second gear (for pitch circles these dimensions of gears
always coincide). This condition can be realized, when gears are either shiftless,

or shifted, equal by absolute value, opposite in sign:
=% B or |x|=| %]

2. Circular tooth thickness of the first gear is bigger than circular notch width
of the second gear.
In such case working and standard pitch circles of gears do not coincide

(Fig. 9.14, b). Center distance a, will be bigger than the sum of standard

pitch radiuses:

d, +d,
>

aw>

Pressure angle also increases:

a, > az28.

Such type of gearing can be obtained under the condition

X +X D

3. Circular tooth thickness of the first gear is less than circular notch width
of the second gear.
As in a previous case, here working and standard pitch circles of gears do not

coincide (Fig. 9.14, c). But center distance a, will be less than the sum of standard

pitch radiuses:
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d, +d,

Pressure angle decreases:

a, < az28.

Such type of gearing can be obtained under the condition

X + X <0,

Thus, we should find a, and a,, other dimensions of the gearing and

w!

its elements. For this reason we should study some features of involute.

Let us study abstract point M of the involute (Fig. 9.15). Angle n,, between

radiuses OC and OB, built to a limit point C of the involute and in the tangent point B
of generating line g to base circle, is called sweeping angle of involute in the point M.

In the point C n. =0.

Fig. 9.15 Involute parameters

Angle a,, between radiuses OB and OM is called profile angle in the point M.

From a right-angled triangle OBM
a, =arccogr,/r, ),

where r,, =|f,,| — is magnitude of the radius-vectorof the point A/ of the involute.
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Angle

is called involute angle.

Considering features of involute, we have CCB =MB. Then from the AOBM

we have

MB CCB ¢n, _
oB oB g M

tgaM
Hence
oY :tg ML M ajanM-

Relationship q,, #v g is called involute function. With its help we can define

basic dimensions of gearing and its elements.
Linking criterion of two gears is absence of backlashes in toothing — so to say

creation of accurate toothing. In analytical form this criterion is:

Pv=Su S (9.3)

where p,, — is a pitch along pitch circular:

=Py 2 Puz (9.4)
4 %

P

Sa and s,, are circular tooth thicknesses along pitch circles of the first and second

gears respectively.
Tooth thicknesses along standard pitch circles are defined by formula (9.2).

Marking in this equation 2xtga =, we may write down the following equations for

the first and second gears relatively:

Qo
Qo
©

S = +.d > +,d. (9.5)

¢

N

O
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Members d, and d, characterize change in tooth thicknesses along standard pitch
circles as a result of tool shifting (See Fig. 9.13).
In order to define real pressure angle a,, we use a basic property

of involute (Fig. 9.16):
y, +:.d =y (9.6)
Hereq;, q — are involute angles:
g v ; q #nv ;

Y,y —are central angles:
S
y =2 y = (9.7)

S, S — are tooth thicknesses along random (radius r;) and standard pitch

circles respectively.

Fig. 9.16. Involute tooth profile

After substitution into (9.6) we have:

s=9r/r) 2(inv,ainv ). (9.8)
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Taking into account (9.5) and (9.7) and the fact that standard pitch radius
is defined by the formula r =0,5nz, according to (9.8) tooth thicknesses along

working pitch circles:

&p Ad o
sa=s(t/n) 20 8 ) T 22252 .- ) 82 (99)
84 ¢4 = a2
e ad o @
S0 =5(6a/0) 20 8 ) Tl 2852 - ) q,l%w
&2 ¢%2 = G <. (9.10)

Hereq, =, & @V 3,

Let’s put (9.9) and (9.10) into (9.3). Considering (9.4) we obtain:

e adao 2 & 5 0 2r 2r
mes 2t §2( g 9 ar, %%; % .- 2) 0 geP e o)
84 ¢4 = + af

Transmission ratio of cylindrical gearing is i, =*2 =2. Hence we obtain ratio
rv\/l Zl

(z,/z,). After having substituted one of them into (9.11)

=rw2(z1/22) or Ty, =

and required transformations we obtain:

2p 2( ,d ;) z- z)inw, Az z)inv +2.

Hence, considering that d, 2xtg andd, 2x,tg , we may define involute

of the pressure angle of designed gearing a,, which is called working pressure angle:

inva, =nv a2+X1+—X2tg
z+7

Here inva g a -(a =20 according to ISO 53:1998 (DSTU ISO 53-2001)).

When we have found inva,,, we use tables of involutes to define value a,,,

which enables us to calculate all required dimensions of the gearing.
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1. Standard pitch radiuses:

2. Base radiuses:
I, =r,COS & I, =I,COS &
3. Working pitch radiuses:
=3 com LA
2 cosy,, 2 cosa,
4. Center distance:
aW=m(71+ z)cos J ©.12)
2cos,,
Equation (9.12) may also be written as
a,=a Hyr, (9.13)

where y — is coefficient of effective addendum modification aka centre distance

increment factor. From (9.13) we get

BB g
5. Root radiuses:
Mo =r Jm(ha & )g); Mo, =r, -m(ha1 & xz) (9.14)
6. Outside radiuses:
r,=a, ¥, ¢6m r,=a, I, cm. (9.15)
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These radiuses may be defined through correcting value Ay:

Dy % % v (9.16)

After having made some easy transformations the formulas (9.15) look like:
o=n Ml % ¥ = mh %y (9.17)

Let’s memorize that according to 15O 53:1998 (DSTU ISO 53-2001) h. =1, ¢ =0,25.

If gears are cut without shift (x=% ® and a, =), formulas

for determination of basic dimensions of a gearing are simplified:

1. Standard and working pitch radiuses

mz
r=r, =—.
2
2. Center distance
m
a,=a ‘rz(% ).
3. Root radiuses
m
r :E(z -2,5)
4. OQutside radiuses
n=—(z ).

9.2.5. Helical gearing
According to tooth forms there are spur and helical gears.
For spur tooth surface is made by parallel motion of involute in direction parallel

to axis of gear rotation. If standard pitch cylinder of a gear is developed on a plane
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(Fig. 9.17, a), intersections of tooth surfaces and standard pitch cylinder are shown
by straight lines, parallel to axis of gear rotation.

In helical gears tooth surface is formed as a result of helical motion of involute by
standard pitch cylinder. If we develop on a plane the standard pitch cylinder of such
gear (Fig. 9.17, b), helical intersections of this cylinder with tooth surfaces of gears

will be shown by straight lines, lopsided by the angle f to the axis of gear rotation.

\ '\ o //§
o Q
3
& 8l
b Gear-cutting tool
y /
Gear blank/

a b
Fig. 9.17. Spur (a) and helical (b) gears

Helical gears are cut by the same tool as spur gears, but it is installed obliquely
under T bto gear face t—t (See Fig. 9.17, b). As a result of obliquity circular pitch in

plane of rotation aka transverse circular pitch increases:

it means that module in face section increases in comparison with standard module m
(in this case it is called normal module because measured in a plane perpendicular
to the teeth):



The module m is called transverse module.
When defining dimensions of helical gears in calculating formulas we should put
transverse module of the gear instead of standard module m. For example, standard

pitch radius

r_mz . mz
2 2cod’

We should admit that dimensions of helical tooth in height do not change
in comparison with spur ones, as we use the same instrument for cutting. So when
finding dimensions of helical gears parameters of basic rack tooth profile h_, ¢’
as well as Dy and x in formulas (9.14) — (9.17) should be multiplied not by transverse

module, but by normal module. For example:

. mz

" 2cod m(t e

Due to turning of tool the pressure angle in helical gear increases
in comparison with standard value a =20 . It is called transverse pressure angle and

defined by formula:

_lga

tga
9 cosh "

9.2.6. External involute toothing elements

Let’s construct an image of toothing, so to say we show gear teeth, which are
in engagement (Fig. 9.17). For this reason we should calculate all required gear
dimensions and define coordinates of points of tooth profiles (methodology of such
construction is studied in term project and is described in details in [5]).

Let’s study toothing elements, shown in Fig. 9.18.

1. Theoretical line of action or pressure line — is a line N;N,, which is common

tangent to base circle (See item 9.2.1).
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2. Effective line of action or active portion of the line of action B, 5;,,.

Effective line of actioni is locus of contact points of one pair of teeth

from the beginning till the end of a gearing.

In points B, and B, theoretical line of action intersects with outside circle
of gears. In one of these points depending on the turning direction, for example

in a point B,;, mating profiles mesh, and in another — B,,,, they become disconnected.

rw\

Fig. 9.18. Toothing elements
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3. Active gear tooth flanks or working flanks.

Active gear toth flanks i are segments of mating profiles, points of which

interact in toothing.

In the Fig. 9.17 they are shaded. On gear tips working flanks are limited
by outside circles, so to say by points L; and L,, and on roots — by points M,
and M,, mated with them. Points L; and M,; L, and AM; meet on the line of action
in points B,, and B, in the first or last moment of profiles’ contact respectively.
In order to find the point M, on the root of the second gear, we should build an arc
by the radius O,B,, to the intersection with the tooth profile. In the same way we find

the point M; on the root of the second gear (See Fig. 9.17).
4. Arc of contact.

Arc of contacti is a segment of avorking pitch circle, which corresponds

to the rotation angle of a gear peinte of tooth pair engagement.

In order to find an arc of contact, for example for the second gear, we should
build tangents to a base circle from the points, which limit working flanks of gear
(in Fig. 9.17 these are lines L,L, and M,M,"). Their crossing points with a working
pitch circle will form the arc of contact Ca,b,. In the same way we define the arc

of contact for the first gear Cab.

As working pitch circles in toothing roll without sliding, so the following

condition should be fulfilled:
Cab = Gb.

9.2.7. Effect of gear-cutting tool shift on tooth forms during cutting

Fig. 9.19 shows tooth forms of three gears with equal number of teeth, cut by one
gear-cutting tool, but with different shifts.
From the figure we see that magnitudes of shift factors of gears

are interdependent as:
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X >% 2X.

As gears have equal standard pitch radiuses, so circular tooth thickness increases

with  the increase of shift ~magnitude, so to say s>s >S.
Here s,= @d s = & s =al Root radiuses and outside radiuses

also increase. Tooth roots become thicker, but their tooth points become thinner.

Fig. 9.19. Tooth forms depended on shift magnitude

If we consider a tooth as a cantilever bar, loaded with concentrated force,
the more the shift is, that is the thicker tooth root is, the more bending strength it has.

On the other hand, as base circles of gears are also equal between themselves,
so tooth profiles are outlined by the same involute. But depending on the shift
magnitude, congruous profiles are outlined by different segments of involute.
According to Fig. 9.19, the more the shift is, the farther from a base (point 4) segment
of the involute outlines the tooth profile. Radius of profile curvature increases. Contact
stresses, according to the Hertz formula, decreases, which contributes to the decrease

of surface deterioration.

Thus, choosinga shift factor when designinga gearing we may affect tooth

form, as wel as toothingquality.
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9.2.8. Gearing quality indicators

For the gearing quality rating we introduce gearing quality indicators.
They help to estimate the gearing from the point of view of a silent action and its
operation smoothness, possible wear and strength of teeth. With their help, optimal
gearings are designed by choosing the rational values of shift factors.

Quality indicators of a gearing include:

— contact ratio;

— specific sliding ratio;

— specific pressure ratio.

Contact ratio. In order for the engagement to be continuous and smooth, it is
necessary that at the disengagement of the first pair of teeth, at least one more pair
be engaged. It is possible under the condition that a length of an arc of contact will be
more than a circular pitch (along the working pitch circle).

Fig. 9.20 shows areas, which are locus of contact lines of teeth during

a spur gears engagement.

B 1 1
P2
sz A sz
] ] \ 2* 2*
< A
Q
= <
Y
B, 1 B,|_J B, '
2 2 . 3 3
Bwo pairs of teeth .
/ are in contact / One pair of teeth
are in contact

a h c

Fig. 9.20. Locus of contact lines of teeth during a spur gears engagement:
a — the first stage of engagement; b — the second stage
of engagement; ¢ — the third stage of engagement;
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Width of an area equals to width of a gear, and height equals to a length
of effective line of action BB, (See Fig. 9.18). Distance between two neighboring
contact lines in these figures are distances between two involutes along common
normal to them, so to say along the line of action. This distance according
to features of involute is equal to the distance along base circle between
these involutes, so to say it is equal to the base pitch py.

In the moment, when the pair 2-2 enters the mesh in the point B,,;, the pair 1-1
is on the plane of engagement on the base pitch distance from it (Fig. 9.20, a). Till
the moment of leaving of the meshing by the pair 1-1 in the point B,, two pairs of teeth
are in a mesh simultaneously (Fig. 9.20, b). In the course of further turning of gears
there is a unit pair in the meshing — 2-2, till it takes the position 2°-2", when the next
pair of teeth will mesh (Fig. 9.20, c).

In such a way the contacting pairs are overlapping each other, providing

continuity of engagement.

Contact ratio of spur gearing is the ratio d@he arc of contact length to the pitch

along the worling pitch circleor a length ofeffectiveline of actionto the base pitch.

Cab ByBy,
Pw P

€,

a

1 (9.18)

Admissible value of contact ratio [¢,] is defined by the degree of accuracy
of a gearing (See Appendix 3).

We shoul d menti on gtdeaebses cwithn tha aéntrease a

m

of the shift factor n

In helical gearing meshing duration of one pair of teeth increases, so contact ratio
of helical gearing ¢, is bigger than ,.

Let’s develop a standard pitch cylinder of a gear on a plane (Fig. 9.21). Helical
intersections of this cylinder with tooth surfaces of gears are represented as straight
lines tilted by angle B and are situated on the distance of circular pitch in plane

of rotation p; (See item 9.2.5).
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Fig. 9.21. Locus of contact lines of teeth during a helical gears engagement:
a-p,<g;b-p>g

For the helical gearing the contact ratio is defined as sum of two constituents:

Here e, — the total contact ratio e, — the transverse contact ratio, which is

calculated by the formula (9.18); e, =btib — the overlap (axial) contact ratio,

!
where b — is a width of a gear.

Fig. 9.21, b shows that even if the length of effective line of action g,,
is less than base pitch p,, so to say when transverse contact ratio &,<1,
the engagement stays continuous through a slope of teeth. That is the advantage
of the helical gearing.

In practice allowable magnitude of transverse contact ratio

in helical gearing is [¢,]=1.

Specific sliding ratio. It characterizes the slip level of meshed gear teeth
in the process of engagement. It is defined as the ratio of slip velocity in contact
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— — — — ¢
point K of profiles Vsip =Vix1 -Vk2 to the tangential constituent V« of velocity

of tooth’s point K of a given gear (Fig. 9.22).

| _VSIip _ — VSIip
1 t ) 2 t
VKl VKZ

€ & 1 0ol

Tl - Sl ¢ ——;

i u, b+l

1| o(; 12 f_ P1 (9.19)
i, a 1 Ol

’[l 5 _é- 4+ = KI

I C U, T Ip2

Here u, is the transmission ratio of gearing; I,— is the algebraic magnitude,

which expresses the distance from the pitch point P to the current position
of the contact point K of a pair of teeth; |,, and |, are modulus of lengths
of segments PN; and PN,.

In the process of toothing the contact point of teeth K moves along an effective
line of action from the point B, to the point B, (See Fig. 9.18). Then the distance |,

will change from (-B,,P) to zero, and further from zero to (+PB,;).
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Fig. 9.23 shows graphs of dependence between specific sliding ratios | ; and |,

and a position of contact point K on the theoretical line of action N;N,, built according
to the formulas (9.19).

=1
=

l
N, (e

Root

N

Fig. 9.23. Graphs of dependence between specific sliding ratios | , and | ,
and a position of contact point K

As we may see the specific sliding ratio |, takes the maximum value

on the effective line of action in the point B,,, so to say at the first moment of contact
between a pinion root and a gear tip (these are the points M; and L, of the profiles

in Fig. 9.18). Specific sliding ratio |, takes the maximum value in the point By,

when teeth disengage.

Specific slidingratios | ; andl , depend on shift factors of gears and x,.

Specific pressure ratio. Working capacity of a gear is defined by the magnitude
of contact stresses at a meshing of a pair of teeth in a contact zone. After these stresses

take certain limit values, considering their cycling, acting faces of teeth begin to spall,
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and the gearing fails. These stresses can be defined by the Hertz formula

for the cylinder-to-cylinder contact:

s, @,418/%5—6.

Here Q is the force in contact point; b is the width of a gear (the length of contact line);

2EE, iy R |
is a reduced coefficient of elasticity; r Is a reduced radius

E +E, ot

of curvature, where r, and r, are radiuses of involute profile curvatures

Erd =

in contact point (Fig. 9.24).

Fig. 9.24. Force in a contact point at a meshing of a pair of teeth

: - : N,K (KN
Using symbols in Fig. 9.24, we may write that r =¥'<2

I\I1N2

Specific pressure ratio takes into account the influence of geometry of teeth
(radiuses of their profile curvatures in contact point) on the magnitude of contact

stresses. It is defined as ratio

5 =m _mON N
r, NK KN,

Here m — is module of gearing.
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Ratio J does not depend on the module magnitude, as the radius
of curvature p is proportional to module.

As the point K at an engagement of a pair of teeth moves along the line of action,
so lengths of segments N;K and KN, change, specific pressure ratio also changes
depending on the position of contact point K on the line of action. The graph of such

change is represented in Fig. 9.25.

q A
NN, NN,
2 2
|
| | |
(o] O O o o] oO—>
N, g P K By N,

Fig. 9.25. The graph of a change of specific pressure ratio depending
on the position of contact point K on the line of action

Specific pressure ratiadd depends on shift factors of gears;;and .

The more the shift factors are, the less the specific pressure ratio we get.

At a designing of an involute gearing we should aim at the ratio J being the less.

9.2.9. Tooth interference. Undercutting and pointing of teeth

Interference isinterpenetrationof teeth at their meshing out of a line of action.

This effect is accompanied by plastic strains of tooth tip edges and their roots.

The cause of interpenetration is gear manufacturing errors, and it results in their
inadmissible approach after assembling. The other cause may be an incorrect choice
of a shift factors.

The interference of teeth of the gear blank and the tool in the gear-cutting process
results in the undercutting of tooth roots.

Consider the conditions under which tooth undercutting is possible.
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Standard pitch diameter of a blank d = mz. When the diameter d is unchangeable,
the number of teeth, which can be cut, decreases with the increase of module. Tooth
dimensions also increase.

Let’s define a minimum number of teeth, which can be cut without tool shifting,
in order not to have undercutting.

Fig. 9.26 shows rectilinear part of tooth tip of a rack between reference pitch line
and addendum line (the distance h.m), which forms the involute part of a tooth root

of a blank. The addendum line crosses the base tangent on left from the point N.
That is the engagement of teeth of the rack and the gear blank occurs out

of a theoretical line of action, which results in undercutting of tooth roots.

@)
Fig. 9.26. Scheme of rack and blank teeth engagement, when
undercutting of roots takes place

Undercutting of teeth at shiftless gear cutting does not take place when:
NP2 KP. (9.20)

Taking into account that

NP = OPsin a r-—nz—zsin :
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condition (9.20) looks like:

sina
Hence
2h,
2 ) 9.21
Zrvin S (9.21)
When h, =1 and a =20
Zrnin ° 17

The minimum number of teeth that can be cut without tool shifting so that there

is noundercutting Z,;, ° 17.

To cut a gear with teeth number z<17 without their undercutting, we should
provide positive tool shift y, so that addendum line of a rack passes through the point
on a base circle of a gear blank, that is on right from the point N, or, at least, passes

through it (See Fig. 9.26). For this case we have the condition:
NP = KP.

Here

_Pr [H-xm

sina sin a

NP:m?Zsin P KP

Then
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Hence
zsin*a =4Q x)

On the other hand, according to (9.21)

sinfa 2 2
Zmin 17
In such way
2
—2z=2(1 -X).
17 ( )
Finally we get:
17- z
X =
17

At positive shift, as it was already mentioned, a root thickens, but at the same
time, tooth tip becomes pointed, which decreases the strength of tooth edge at its
engagement with a root of another gear. So positive shift is limited by tooth point

thickness, which is proportionate to a module:
ST

Here s, is tooth point thickness ratio; its magnitude is set depending on heat treatment

mode of teeth. The recommendations for the choice of s, are in Appendix 4.

9.2.10. Choice of shift factors. Limiting contours

When choosing shift factors in the process of designing of gearings three
conditions should be fulfilled:

— absence of undercutting teeth (X 2 X1 % 2 %omin)s

— absence of inadmissible pointing of tooth tips (X ¢ X a0 % € X100

— continuity of gear meshing (e, 2_.8,)-
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So there is some admissible range for the choice of shift factors:

Xmin ¢ X qXnax

For responsible load-bearing gear trains, in which higher demands are set to
the drive operation smoothness, strength, life, shift factors should be chosen
in the mentioned range with the consideration of quality indicators of designed
gearing. It is rather complicated task, as we should optimize several parameters
simultaneously, considering operating conditions of a gearing (speed, loading
condition, lubrication conditions, pinion and weal materials and their heat treatment
modes etc.).

This task is solved with the help of so-called limiting contours.

Limiting contoursisag oup of | i nes i anadoniichdimin at
the admitted rangeof values of basic rack shift factors for a gearing with some teeth

number of a pinion and a weal,and 2.

For each gearing we can built its limiting contour. Fig. 9.27 shows a limiting
contour for spur gearing with teeth number of a pinion z;=12 and a weal z,=15 [2].

Here red lines show the bound of admitted range of values of shift factors x;
and x,. On the left and down this range is limited by the absence of undercutting

conditions (X = X,.1; % = X.,»)- And on the right it is limited by continuity
of meshing condition e, 2 _ &, . As it is seen from the figure, lines, which correspond
to the condition of inadmissible pointing of tooth tips (s, =0,s,,=0), go out
of the bounds of the region. It tells that for the gearing with z;=12, z,=15,

the limitation by e, % comes earlier than by pointing of tooth tips.
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Fig. 9.27. Limiting contours

Green lines show the bounds of dilated admitted range of values of shift factors x;
and x, But such extension is not recommended by the standard.

For optimal choice of shift factors inside the limiting contour are shown isolines,
which corresponded to best-case values of quality indicators of gearing for concrete

operation conditions.

9.3. SPATIAL GEARINGS

Here we will study geometrical and kinematical peculiarities of main types
of spatial gearings commonly used in mechanical engineering: bevel and hyperboloid
(specifically worm) gearings. In detail you can study the material by this subject

in scientific sources [1, 2, 3, 4, 6 etc.]

9.3.1. Involute bevel gearing

In bevel gearing axoids are cones, axes of rotations of which are intersected

(See item 9.2.1). Bevel gearing scheme is shown in Fig. 9.28.
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Here OP — is an instantaneous axis, which forms angles d, and d,,with gear

axes of rotation. This angles are called pitch angles. As pitch cones (axoids) roll over

each other without sliding, we may write down:
Vr1=Vp2,
or
wlsind, =Jwsin .

Velocity ratio of a gearing

U, =1 = v, 9.22)

Fig. 9.28. Bevel gearing scheme

Considering that
dy +u8 (9.23)

where X is a shaft angle, let us solve equations (9.22) and (9.23) together:
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sind,, ®,sin( S ;,)du,(sin cosg sih,,-cos) d

=u,sin ¢,(sin &g,,d cos) ; S

u,sinSctgg, ¥ ugcos.

Hence
in
tgdwz :Mc’
1+u,cos S
or
tgd, = sinS |
u, +cos <

Bevel gearing with shaft angle S 90 is called a right-angle bevel gearing.

For such gearing

tgdWZ :912;
1
tgd,, =—.
“ U,

All points of links 1 and 2 (Fig. 9.28) move along spherical paths. The trajectory
of the point P is placed on a sphere with a radius OP.

Basis for teeth dimensions measuring is a pitch cone. Pitch cone base is a circle,
which is in a plane, perpendicular to a bevel axis, and passes through the point P.

Diameter of base of pitch cone or pitch diameter is defined by module:
d, =mz; d,=mz.

The length of pitch cone generating line OP is called cone distance R.
Mating teeth profiles of bevels are generated as involute. As well as in cylindrical

gearing, involute profiles are the most manufacturable.
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For bevel cutting a generating process as a result of interaction between gear
blank and imaginary generating gear is used. Flank tooth surfaces of generating gear
are formed by cutting motion of gear-cutting tool. The most spread is an instrument —
rack analogue — with straight cutting edge. Under linear main motion a straight edge

forms flat generating gear with vertex angle d,.. 90 (Fig. 9.29, a), or flat-topped

WOoC

generating gear with d, . 90 -, ¢ (Fig. 9.29, b), where q,, IS a root angle

of a gear, which is cut in gear-cutting process (for details see [1-4, 6]).

Cutter

/////////

////////
Z

Gear blank
a b

Fig. 9.29. Generating process for bevel cutting: a — with flat generating
gear; b — with flat-topped generating gear

Gear blank

Bevel tooth thickness along generating line is a variable magnitude.
Correspondingly, the pitch is variable too (Fig. 9.30): p,> p,, >p. Thus, the module

along generating line is also variable.

Fig. 9.30. Bevel dimensions
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There are outer module

Pe
m=-"
P
middle module
P,
mn - )
P
and inner module
P,
m=--.
P

The outer module is standardized. This makes size control a lot easier.
The main dimensions of bevel gears should include (Fig. 9.31):

— outer diameters: d, — pitch; d,, —root; d,, — outside;

— middle diameters: d_, d,., d_.;

— inner diameters: d,, d;, d,.

Fig. 9.31. Basic bevel dimensions
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For defining of outer diameters of shiftless bevels, we should use following

design formulas:
d.=mz
d,=m,z -2 h.cos ;
d,,=mz -2 hcos .

Outer cone distance:

d
R = O,m :
Here d — is a pitch angle of set bevel.
Outer tooth depth:
h=h,

where h,,=Hh,m. is an addendum; h, =(ha +c) m, is a dedendum. Here h,=1;

¢ =0, 2 for shiftless bevels.

A middle module is connected with an outer module by the ratio:

m,=m

O Do

Vg
|-&Ron
S

Here b is a ring gear width (See Fig. 9.31).

9.3.2. Skew axes gearings

Unlike cylindrical and bevel gearing, here gears under relative motion turn
by some axis and slide along it. Such axis is called an instantaneous screw axis.

The loci of instantaneous screw axes for each of gears are screw axoids

of relative motion.
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If velocity ratio is constant, so the instantaneous screw axis positions do not
change, and screw axoids of relative motion are unparted hyperboloid of rotation

(Fig. 9.32). So such gearings are called hyperboloid gearings.

Fig. 9.32. Screw axoids

Unlike cylindrical or bevel gearing, gear pitch surfaces don’t coincide with axoids
in a shape, but are formed by contact point area of mating tooth profiles. Comparative
estimation of efficiency, dimensions and other hyperboloid gearing characteristics
showed that sometimes teeth are to be placed in areas distant from screw axoids.

There are first and second types of hyperboloid gearings.

In a case of the first type hyperboloid gearings both mating tooth surfaces may be
shaped by the same generating surface, and for the second type hyperboloid gearings

generating surface coincides with one of the mating surfaces.

Hypoid and screw gearing. These trains belong to the first type hyperboloid
gearings.

Hyperboloid gearing with cone pitch surfaces is called hypoid gearing
(Fig. 9.33, a), and with cylindrical pitch surfaces — screw gearing (Fig. 9.33, b).

Fig. 9.33, a and b show examples of hyperboloid gearings with axes intersected
by 90°, though this angle may not be right.

We should also note that in screw gearing the contact between teeth is occurred

in a point.
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Fig. 9.33. Hyperboloid g_earings: a — hypoid gearing; b — screw gearing;
C —worm gearing

Worm gearing. Fig. 9.33, ¢ shows a worm gearing. This gearing belongs
to the second type hyperboloid gearings.

In worm gearings there is a gear teeth linear contact. Here the small gear is called
a worm (a gear in the form of a screw), which is also called a worm screw. The large
gear is called a worm wheel or a worm gear, which is similar in appearance
to a helical gear.

The angle between skew axes of gears is always equal to 90°.

As common helical screws, worms can be single-threaded (z;=1)
and multithreaded (z;>1). Here z; is a number of worm starts.

Worm gearings are distinguished by the worm shape: with cylindrical

or single-enveloping worm (Fig. 9.34, a) and double-enveloping worm (Fig. 9.34, b).

Fig. 9.34. Worm shapes: a — single-enveloping worm;
b — double-enveloping worm
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According to a shape of screw tooth surfaces of worms they can be divided
into two types: with ruled surface and non-ruled surface. The most spread are two
types of worms with screw ruled surface: archimedean worm and involute worm.

It is easy to cut an archimedean worm, but it is difficult to finish it. Involute
worms are more practically feasible.

Fig. 9.35 shows a section of a worm gear pair, which is also called
a worm-and-worm pair.

Here d, and d, are pitch diameters of a worm and a worm wheel.

. SIS
13% o
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<« dy >
W
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Fig. 9.35. Worm-and-worm pair

Let us study a worm thread sweeping (Fig. 9.36).

9 Y
od, |

Y

Fig. 9.36. Worm thread sweeping
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Lead angle y is connected with a thread pitch p and a pitch diameter
of a worm by formulas:

— for asingle thread worm

_P
99 =—;
pd,
— for a multithread worm
tgg P4 , (9.24)
pd,
where z; is a number of threads in a worm.
From (9.24) we get:
=PZ
ptg g

Here g is a worm-diameter factor, which is defined according to DSTU 2458-94

(See Appendixes 5 and 6):

4=6,3 ... 25.

Basic dimensions of worm gearing and its elements are defined by the following
formulas (zero shift of a tool):

For a worm:

— pitch diameter of a worm
d, = mgq;
— root diameter
d, =d 2(H e)m
— outside diameter

d, =d 2hm
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For a worm wheel:

— pitch diameter of a worm wheel
d, =mz;

root diameter

d,=d, 2(h e&)m
— addendum circle diameter
d, =d, +2h;m;
— maximum worm wheel diameter
daw, =d, 40,(1 cos ).

Here d #00...110 (See Fig. 9.35).

In previous formulas parameters h. =1; ¢ =0, 2.

Center distance of a worm gearing
a,=0,5(q )

The main kinematic parameter of a worm gearing is a transmission ratio, which is

defined by the formula:
u,=2
Z

When moving, worm threads slide by worm wheel teeth. It is shown
in Fig. 9.37.

Linear velocities of a worm and worm wheel, turned in perpendicular planes,

are represented by vectors Vi and V: in the velocity diagram (Fig. 9.37). Here Vi

is sliding velocity. These velocities are connected by vectorial relationship
Vside =V1 -Va.
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Fig. 9.37. Velocities of pairing elements in worm gearing

We see very hard worm gearing usage: a direction of contact patch displacement

do not coincide with sliding velocity direction Vsice. It creates adverse conditions
for the formation of fluid wedge. So worm gearing elements are made of antifriction
materials. In power trains worms are made of steel, and worm wheels — of iron,

bronze, brass, depending on the charge and loading of a train.

Worm gearing coefficient of efficiency is defined in the same way

as for screw thread (See Chapter 11):

S e
tg(g +)j

Here y — is a worm angle; ¢ — is an angle of friction for set antifriction pair.

More information on hyperboloid gearings can be found in [1-4, 6].
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10.
11.
12.
13.
14.
15.

16.
17.

18.
19.

20.

21.
22.

23.

QUESTIONS FOR SELF-TESTING

What kind of mechanical gear do we call gear train?
What are the main features for gear train classification?

What gear trains are called involute gearings? Give examples of
noninvolute gearings.

What are the main advantages and disadvantages of using involutes
as mating tooth profiles for gear wheels?

What do we call the base circle of gear?
What are the names of centroids in gearing?

What line is called the theoretical line of action? What is called an effective
line of action?

What do we call the pressure angle?

What do we call the circular pitch?

What is the module of spur gear?

What is the standard pitch circle?

Do gears have to have the same module to engage?
What are the main methods of gear manufacturing?
What is the form-cutting method of gear manufacturing?

What is the essence of the manufacturing method of cylindrical gears by
generating cutting processes?

What are the main parameters of the basic rack tooth profile?

What relative motions do the tool and the blank carry out in the gear
cutting process?

What surface do we call the generating one when cutting gear teeth?

What gears can be obtained after gear-cutting process depending on the
relative position of the basic rack and the blank?

The module of gears m=10 mm, the number of teeth z =10, z, =15. With

what minimal shift should the gear be cut to avoid undercutting the profiles
of its teeth?

What are the main gearing quality indicators?

How does the shift of the tool in the manufacture of the gear wheels affect
the contact ratio?

How does the specific pressure ratio change as the tool shift increases when
cutting gears? If so, which way? Justify the answer.
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24,

25,

26.
217,
28.
29.
30.

What should be the specific sliding ratios on roots of gear teeth to maximize
the gear train life?

What surfaces are called pitch ones in bevel gears? What is the shape
of these surfaces?

What the bevel gear train is called orthogonal?

Which module in bevel gear is standardized?

What are hyperboloid gears?

Do pitch surfaces in hyperboloid gears coincide with axoids?

To which gearings do worm gearings belong, taking into account
the form of axoids?
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Chapter 10. CAM MECHANISMS

In order to provide an operating mode of many machines we should often add
to their structure mechanisms, the motion of output links of which is carried out
by strictly set laws, coordinated with motion laws of other mechanisms. In previous
chapters we studied different linkages and gear trains and it is evident that the range
of functions that can be fulfilled by such mechanisms are somewhat limited.

This problem is very easily solved with the help of compact cam mechanisms.

Cam mechanisns belong to thredink mechanisms, which consists of ixed
frame and two movable links, which form between themselves a higher kinematic

pair, and with thefixed framei two lower kinematic pairs.

Input link in cam mechanism is, as a rule, represented by cam, so to say a link
with a higher pairing element, made in a form of surface of variable curvature.

Output link — follower (because it is caused to “follow” the surface of the cam) —
carries out back-and-forth motion, swinging motion or space motion according to cam
mechanism construction. Translating follower is called a pusher, swinging follower —

is a rocker, rocker follower or oscillating follower.

10.1. TYPES OF CAM MECHANISMS

There are planar and space cam mechanisms. We will pay major attention

to planar cam mechanisms, as the most prevailing in technique.

10.1.1. Planar cam mechanisms
As for any other planar mechanisms, in a planar cam mechanism the whole
of its points move in parallel planes.

Planar cam mechanisms are classified according to their kinematics and design:

1 According to nature of motions, realized by a cam and a follower:
— Reciprocal sliding of a cam transforms into reciprocal sliding
of a follower (Fig. 10.1, a);
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— Reciprocal sliding of a cam transforms into swinging motion

of a follower (Fig. 10.1, b);
Cams are shown in Fig. 10.1, a and b are often called wedge cams

or sliding cams.

— Rotary motion of a cam transforms into reciprocal sliding of a follower.
This type of cam mechanisms are made with followers on line of cam’s axis
(Fig. 10.1, c) and with offset follower or with the eccentricity (Fig. 10.1, d);

—Rotary motion of a cam transforms into swinging motion
of a follower (Fig. 10.1, e).

These types of cam mechanisms are often referred to as plate cams.

12X

L

Fig. 10.1. Types of cam mechanisms according to their kinematic:
sliding cams (a, b); rotating cams (c, d, e)

1 According to the type of a follower:

Some of the types of follower configurations most commonly used with cams are
shown in Fig. 10.1 and Fig. 10.2. The followers in Fig. 10.1, a, c, d and Fig. 10.2
are sliding or translating followers. Fig. 10.1, b and e show swinging followers.

Moreover we also consider cam mechanisms:

— with pointed follower (Fig. 10.1, a, c, d);

— with roller follower (Fig. 10.1, b; Fig. 10.2 a);

— with spherical mushroom follower (Fig. 10.2, b);
— with flat-faced follower (Fig. 10.1, e; Fig. 10.2, c).
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a b c

Fig. 10.2. Types of cam mechanisms according to the type
of a follower: a — with roller follower; b — with spherical
mushroom follower; ¢ — with flat-faced follower
10.1.2. Space cam mechanisms
There are a great number of schemes of space cam mechanisms. The most
frequent are:
— with barrel cam (Fig. 10.3, a);
— with conical cam (Fig. 10.3, b);
— with hyperboloid cam (Fig. 10.3, ¢);
— with conoid cam (Fig. 10.3, d).

c d

Fig. 10.3. Space cams: a — with barrel cam; b — with conical cam;
¢ — with hyperboloid cam; d — with conoid cam
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10.2. MAINTAINING CONTACT BETWEEN
CAM AND FOLLOWER

For maintaining contact between cam and follower we need to assure
“cam-follower closing”. Theoretically a closing in higher kinematic pair may
be realized under follower dead weight. But this method of a closing is unreliable
taking into account the inertia imposed on a follower, which can separate a follower
from a cam, and that is inadmissible.

In cam mechanisms positive closing is used: force closure and form closure.

10.2.1. Force closure

Besides, the usage of dead weight of a follower should also be considered as force
closing methods for higher pairs in a cam mechanism. In case of a force closure
springs, liquid or gas pressure are used. Fig. 10.2 and Fig. 10.4, a show schemes
of spring usage for force closing of higher kinematic pairs in different types of cams.

As it was mentioned, the follower is influenced by inertia, which can separate
a follower from a cam, and so break an assigned motion law. In order to prevent
the unlocking of a higher kinematic pair, load-deformation curve of a spring should
be chosen as that maximum possible inertia acting on a follower was not more

than a minimum elastic force in a spring (Fig. 10.4, b):

|:9|min > Famax )
3 | laad;deﬂeaum_aunze_\
S

Follower displasments

Spring deflection

Inertia per cycle of follower motion

a b

Fig. 10.4. Force closure for cams: a — scheme of a cam;
b — force curves
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10.2.2. Form closure

At the form closure a possibility to separate one link from another is eliminated
by an insertion of a redundant constraint into the scheme of a mechanism.
This constraint must be passive, i.e. doesn’t change the motion freedom
of a mechanism.

One of the most spread ways of form closure is the usage of a groove or track
that is machined in the face of the disk so that as the disk rotates, the follower is forced
up or down in a prescribed manner (Fig. 10.5, a). This is referred to as a face cam
or a track cam.

Complexion of an accurate production of a groove and impact of a roller
with a groove contributed to the appearance of a conjugate cam (Fig. 10.5, b).
In these mechanisms the output link consist of two rigidly bound followers interacts
with two rigidly bound plate cams. Their shapes, although different from each other,
must be carefully coordinated with each other.

Instead of conjugate cams they use diametrical cam (Fig. 10.5, c), in which
an arbitrary profile can be made only for a part of cam lobe. Another part of a cam
lobe is defined from the condition of provision of cam touching to another plane
(for the formation of a redundant constraint). The easiest and the most spread among
such type of mechanisms is a mechanism, in which diametrical cam is

an eccentric (Fig. 10.5, ¢).

s‘L N

(=)

JlL

c

Fig. 10.5. Form closure in a cam mechanism: a — face cam;
b — conjugate cam; ¢ — diametrical cam

80



10.3. CENTRAL ADVANTAGES AND DISADVANTAGES
OF CAM MECHANISMS

The advantages of cam mechanisms:

— exact reproduction of a given displacement, velocity and acceleration laws
of an output link (machines can run constantly on repetitive tasks);

— compactness (for a given function, a cam mechanism almost always occupies
less space than does a linkage system);

— simplicity of designing and fast and accurate manufacturing.

The disadvantages of cam mechanisms:

— in a higher kinematic pair there is a high specific pressure, and as a result,
higher wear of pairing elements, so there is a need of strengthening treatment, more
careful attention must be pained to surface finish and lubrication of link acting faces;

— in the course of a mechanism work, in a case of an out-of-tolerance
manufacturing of its elements, there is a loud noise, especially when a follower
reverses its movement;

— the need of a closing of a higher kinematic pair makes the mechanism

constructively more complicated.

10. 4 AM GEOMETRY

Let’s study cam geometry on the example of admission valve motion control
of reciprocating motor (Fig. 10.6). During one turn of a cam we have four phases
of valve work.

Phase 1 — valve 3 opening for working medium admission into engine
combustion chamber. The cam 1 turns by the angle j ., cam-follower contact

point 2 moves along an arc apa;.
Phase 2 — valve is fully opened and is in stationary and outermost position from

the pivot point of a cam. The contact point moves in the line of a cam contour
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by the circular arc a;a, with radius Ry, rested upon the central angle | , (so-called

high dwell angle).
Phase 3 — valve closing. Under a spring 4 action valve 3 returns from
the outermost position to the initial one, cam-follower contact point moves along

the arc a,as, and cam turns by the anglej ne *

Phase 4 — valve is closed and is in the nearest position from the pivot point

of a cam. The contact point slides by the circle arc asa, with radius Rpin,
and the follower stops. The cam turns by the anglej ,. In the course of a further cam
turning, when the contact point reaches the point ao, the cycle repeats.

The enumerated turning angles are called phase angles of a cam: j ,, — a rise

angle; j, — a high dwell angle; j ,, — a return or fall angle; j, — a low

dwell angle.

A total cam angle of rotation per cycle is equal to 2. Hence:

Joo *d K1 5 +2].

Fig. 10.6. Mechanism of admission valve motion control
of reciprocating motor
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A working angle:
j p = (;J) (-)'- J ne "’
In some cases there can be no dwell angles j , and j ,.

10.5. KINEMATIC ANALYSIS OF CAM MECHANISMS

The general problem of kinematic analysis chm mechanismss the definition
of follower displacements, velocities and accelerations fbeir analogs) under

a given cam motion law.

As well as for other planar mechanisms, for cam mechanisms we apply analytical
and graphical-analytical methods.
Let us study the examples of kinematic analysis of some cam mechanisms

by graphical-analytical method.

Example 10.1. To determine the displacement of point A

of translating in-line pointed follower at the
cam angle of rotation ¢ with angular

velocity o; (Fig. 10.7).

We’ll use the inversion principle. Let us give to the whole mechanism angular velocity = W\
The cam 1 stops, and the follower 2 with the fixed frame turn around the axis O with angular velocity
- Wand simultaneously moves along the axis x-x.

Let us turn the frame with the follower in a direction of angular velocity - W
by the angle ¢o0. The point 4 of the follower takes the position E The magnitude

of the follower linear displacement can be found when building an arc with a radius r =0OA

to the intersection with the axis x-x in the pointA. Here a segmentAjA is a searched

follower displacement.
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X

Fig. 10.7. The cam mechanism with translating in-line pointed follower
The obtained displacement is shown in the graph S, = S( ) in the form of a segment
1- 5 % (Fig. 10.8), where m, —is a scale factor for an axis of displacement.

When we turn the ground with the follower around the point O, we get
its consistent positions Rz, A etc., which correspond to the angles j o,, o3 €tc.

Showing in scale m, the obtained displacements in the graph S,= S(}),

we get follower displacement diagram per cycle (Fig. 10.8). It is the graph of follower

position function.
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Fig. 10.8. Graph of follower position function

If we have a roller follower, so the analysis is reduced to the previous one, when considering
a curve, equidistant to acting profile of a cam — cam surface (Fig. 10.9). This line forms theoretical
profile of a cam and is called a pitch curve. All necessary constructions are made for
the theoretical profile.

Theoretical profile of a cam (pitch curve)

Acting profile of a cam

Fig. 10.9. Cam surface formation
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Example 10.2. To carry out a kinematic analysis

of a cam mechanism with flat-face

swinging flower (Fig. 10.10).

Fig. 10.10. The cam mechanism with flat-face swinging flower

Let’s start kinematic analysis of a mechanism with the position corresponded with
the beginning of a follower (rocker) rise phase. In this position the rocker 2 touches the cam
profile 1 in the point Ay (See Fig. 10.10). The segment OO, is considered to belong to the frame.

For the analysis, as well as in the previous example, we will use the inversion principle.

We turn the frame by some angle go in direction —w1. The segment OO, takes position OQ.

Position of the rocker is defined, when building from the point Oj a segment that touches the cam

profile in the point A;.
The magnitude of travel of the rocker in this position is defined by angle change of rocker

oscillation y between segments OO and O1Ay:
Yi =Y o
For the second position we have:

Yo =¥ -0
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Making the same constructions for a set of the mechanism serial positions, and defining
in each of them the angle of rocker oscillation, we can construct follower displacement diagram
per cam motion cycle in coordinates w — @1, wWhich is the same as one shown in the Fig. 10.8
for a cam with a translating follower.

Both in the first and second cases the velocity and acceleration analogue diagrams

of a follower should be obtained via graphical differentiation of follower displacement diagrams.

10.6. CAM DESIGN

10.6.1. General remarks

Cam design problem consists in determination of a cam surface by know
link dimensions, scheme of a mechanism, and given motion law of driving

and driven links.

As a rule driving and driven link motion is given analytically as motion equations
or graphically in the form of diagrams. The nature of motion equations or diagrams
can be different, depending on given motion conditions. In respect to ease
of realization, it is better to set diagrams or motion equations as functions of cam angle
of rotation (position function).

Fig. 10.11 shows some examples of diagrams of follower motion

(cam’s SVA diagrams). Displacement diagrams S, = S( j) are shown here

in the form of straight lines (Fig. 10.11, a), straight lines passed on to circular arcs
(Fig. 10.11, b), fitted parabolas (Fig. 10.11, c) and cosine curve (Fig. 10.11, d).

When differentiating these diagrams, we obtain diagrams of follower velocity

gf%:d—_%( j), and when differentiating them once again — diagrams

1 h

analogues

2
of follower acceleration analogues d Sﬁ = dz_?( i)
d; di
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Fig. 10.11. Cam’s SVA diagrams: with “hard” impacts presence (a);
with “soft” impacts presence (b, ¢); without impacts (d)

Fig. 10.11, a shows that under the linear law of follower displacements,
in theory the acceleration tends to infinity in points of motion reversal. In this moment
there are so-called “hard” impacts.

For motion laws, represented in Fig. 10.11, b and c, under follower motion
reversal there is saltatory variation of acceleration. It means that there are also impacts,
but pressure change occurs immediately to finite size, rather than to infinity, as under
hard impacts. Such impacts are called “soft” impacts.

If the law of follower motion is given by a diagram in the form of a cosine wave
(Fig. 10.11, d), there are no jumps in the velocity and acceleration diagrams, which

means that there are no any impacts.
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From the point of view of dynamics the last example of laws of follower motion

Is the most acceptable among all represented ones.

As a rule at cam design in order to avoid impacts it is set the law
of follower acceleration analogue variations after a preanalysis of its motion phases.
And then by means of integration we’ll obtain diagrams of follower velocities

and displacements (Fig. 10.12).

a's,}
do,

2

s

Fig. 10.12. Cam’s SVA diagrams
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Cam design is carried out in two steps: determination of minimum
cam sizes (dynamic synthesis of a cam) and determination of cam surface (kinematic

synthesis of a cam).

10.6.2. Dynamic synthesis of a cam mechanism

Dynamic synthesis problem is to determine minimum cam sizes (minimum

radius of a cam, minimum length of a rocker, if it is not set, etc.).

Let us study some peculiarities of dynamic synthesis of some types

of cam mechanisms.

10.6.2.1. Cam mechanism with translating roller follower
Let’s analyze conditions, which are to be considered when choosing minimum
dimensions of such mechanism.

Fig. 10.13 shows a cam with offset follower.

Fig. 10.13. Cam mechanism with offset translating
roller follower

As it is known, pressure in a higher kinematic pair is directed along a common
normal in a contact point of profiles. Let us decompose the force F on two

components: along a follower line x — x (force Fi) and along a perpendicular
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to the line x — x (force F2). Considering the theoretical profile of a cam, here forces
are reduced to the contact point of pitch curve of a cam (dotted line) with a follower
nib which coincides with the roller center of rotation.

The angle 0 in the Fig. 10.13 is the pressure angle.

Pressure anglein a cam mechanisms the angle between a force direction

and a velocity direction of a point of this force application.

It is understandable that the more the angle 0 is, the more the force F should be,
in order to overcome resistance forces, exerted on a follower and make it move.

It means that under some angle 0., Seizure of cam follower is possible.

The angle g, which complements the pressure angle 0 till 90°, is called motion
transfer angle.

The magnitude of the angle 0 is limited, on the one hand, by the condition
of the absence of seizure (it means that it cannot be as big as possible), but on the other
hand, — by the coefficient of efficiency of a mechanism, which increases
with the decrease of the angle 0. The second condition is decisive: usually the optimal
angle 0 1s chosen from the condition of optimal efficiency, but it should be less than
one obtained from the absence of seizure.

For translating roller follower:
qmax 30 or gmin :60

It is understandable that under the set law of motion, in particular follower stroke

value, the angle 0 will be defined by the rate of rise of a cam profile fromR .. to R,
(See Fig. 10.13). Minimum radius of a cam R_.., which is called as prime radius, in its

turn determines the dimensions of the cam under the same follower stroke.

Let us study the methodology of determination of prime radius of a cam for this
type of cam mechanism.

Fig. 10.14, a and b shows kinematic scheme and velocity diagram

of the mechanism respectively.
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a b

Fig. 10.14. Cam with offset pointed follower: a — kinematic scheme;
b — velocity diagram

Let us combine the pole of the velocity diagram p with a point 4
of the mechanism, and a point a; — with a point O, and on this segment construct

the velocity diagram turned by 90°. The scale of this diagram

Vo Wi, lern

m = =. 10.1
Y OA L, ! (10.1)
Then
Vv
— A
pa, =—=. (10.2)
m,
Here
dS dS
=— = . 10.3
2odt dj (103)



We put (10.1) and (10.3) into (10.2):

as,,
oo LS
% wm

That is the velocity diagram superposed with the kinematic scheme (Fig. 10.15),
can be considered as an analogue velocity diagram constructed in the same scale
as the kinematic scheme of the mechanism. Then each segment of an analogue
velocity diagram should be summed with any segment of the kinematic scheme.

As a result, when studying the triangle aka,, we may write down:

_Pa, - €
t = <
gq OK
or
ds
g~ °
tgq = : (10.4)
S+ %in _é
For a follower on line of cam’s axis (e: O) :
ds
dj
t = ) 10.5
N SR (105)

Let us consider the procedure of determination of prime radius of a cam based

on geometrical solution of equations (10.4) and (10.5).

In this task laws of follower motion S- j and S—S J, its stroke hpax
J

and permissible pressure angle q,,,, or motion transfer angle g, should be set.
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1. We construct the follower motion cyclogram in coordinates S- S—S excluding
J

from follower motion diagrams S- | and ? j the parameter ¢ (Fig. 10.15).

The value of scales my and m,g of the cyclogram (Fig. 10.15, b) should be equal.

dj

At the force closure we may limit to construction of ancyclogram only
for the rise angle ¢, 4(Fig. 10.15), and at the form closurewe should construct

an cyclogramfor the totalcamangle of rotation (Fig. 10.16).

2. We determine the prime radius of a cam R, given permissible pressure

angle q,,. For this we should build a tangent to cyclogram S- j_S under
J

the angle g, to the axis S. For a follower on line of cam’s axis (e=0) the point
of its intersection with the axis S defines the magnitude R,,. Really, from

the triangle BB.B,

ds
BB _dj
t
o BB, s+ OB

When comparing an obtained equation with (10.5), we find thatm OB R, .
Here we should accept q =g

If the eccentricity is set, so, building the straight parallel to the axis S

on the distance e (Fig. 10.15), we will get from the triangle B;B;K

ds
g ©
tgg =

s+/BO -é

Thus,ifq =.gm BO R .

In both cases M = dM Ts-
dj
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Fig. 10.15 shows that if the angles are equal q =g prime radius of a cam

with in-line follower is more than with offset follower.

A
S
K
! B 15
=
dsk ¢ ; o das
do B, do
B
[ <—L>
¢ 7;
a b

Fig. 10.15. Prime radius determination: a — kinematic diagrams;
b —a cyclogram

The eccentridly is used in a&cam mechanisnwith an offset translating follower

decreases the dimension$ a cam

At the form closure a prime radius of a cam is chosen in such a way that an origin
of a radius-vector Rmin is situated in the shaded area (Fig. 10.16).
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Fig. 10.16. Prime radius determination at the form closure of a cam
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As well as for the mechanism with force closure, the use of eccentricity in this

case also decreases the dimensions of a cam.

10.6.2.2. Cam mechanism with swinging follower
For this type of cam mechanisms, as well as for mechanisms with translating
follower, minimal dimensions of a cam are determined by permissible pressure angles

in a higher kinematic pair (Fig. 10.17).

Fig. 10.17. Cam mechanism with swinging follower

Recommended permissible pressure angle and motion transfer angle

for swinging follower:
O 29
0., &5.

The procedure of a determination of a prime radius of a cam does not much
change from one depicted above. The peculiarity is that the follower motion cyclogram
iIs built in polar coordinates.

The law of rocker motion, its length and the angle of rocker oscillation pmax

and permissible pressure angles q,,, or motion transfer angles g.,,, should be set.
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Determination of prime radius of a cam is carried out in the following order.

1. We construct the follower motion cyclogram, excluding from follower motion

diagrams y - and (;_y | the parameter ¢. For this we sector the path
J

of point A of a rocker, which is an arc of a circle with radius Iz, (Fig. 10.18)

in compliance with the diagramy - . Through dividing points A4y, 45, A3, ... we build

~

0} dym% Here p, is a scale
dj =

a
rocker positions and lay off segments AC =%A
¢

of the rocker construction B4. We should mention that these segments are built from
the point A4; to the centre B of rocker rotation, if directions of rocker and cam rotations
coincide. If rotation directions are opposite, we should build segments

on the continuation of BA.

5Y

SY

Fig. 10.18. Prime radius determination: a — kinematic diagrams;
b —a cyclogram

2. Through the obtained points C; we build a closed curve, which is the rocker
motion cyclogram.

3. At the points C; on the sides BC; we build angles g, .
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4. Then we mark the area, which is limited by the sides of built angles
that correspond to rising and returning of the rocker (in the Fig. 10.18
this area is shaded). In this area any point can be the center of rotation of the cam.
The minimal value of its prime radius will be when the point O will be chosen

as the center of rotation.

10.6.2.3. Cam mechanism with flat-faced follower

The main condition at determination of prime radius of a cam for such mechanism
is assurance of a convex of its profile, as there should be the only one contact point
between the follower and the cam.

Let us show how to realize this condition in practice.

For the mechanism, shown in the Fig. 10.19, a, we construct an acceleration
diagram (Fig. 10.19, b). For this purpose we use the scheme of equivalent mechanism

delineated by the dot line.

x 1

Fig. 10.19. Cam with flat-faced follower: a — kinematic scheme;
b — acceleration diagram
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Let us superpose the pole of acceleration diagram = with the point A of equivalent
mechanism, and a point a; — with a point O. The scale of acceleration diagram

superposed with kinematic scheme:

_aﬁi V—VfIOA C")I
P& loa
Thus
m = fW|-
Then
a a
A — A
pPa, .
m W

Considering that under condition of uniform motion of a cam (e, ©)

a :dZS _dZS 2
o dt? dj z
we write down:
0 _dZSi

That is the acceleration diagram superposed with the kinematic scheme
(Fig. 10.19), can be considered as an analogue acceleration diagram constructed
in the same scale as the kinematic scheme of the mechanism. Then each segment
of the analogue acceleration diagram can be summed with any segments
of a kinematic scheme.

Convex camber condition of a profile in cam-to-follower contact point is

AK>0.
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According to the Fig. 10.19 this condition can be written as

2
Run+ S <5 0.
J

Or

2 2
Rin> o5 +5 . (106)
¢ d

The procedure of graphical determination of a prime radius of the cam Ry,
offered by Ya. L. Heronimus, supposes such order of actions.

1. The cyclogram is constructed by set follower motion diagrams S- |

2
and dj_§- j in coordinates S- %‘? (Fig. 10.20). Besides, scales m;, = u
dj 2
2. From the formula (10.6) we have
] d’s
dj ?
Rmin + S

It is fully conformed to the design shown in Fig. 10.20: from

<1.

2

the negative side of an acceleration analogue of a follower

dj ?
we build tangent to cyclogram angularly 45°.
If R, = R we have condition:
R +535 @ (10.7)
n dSZ

but this is inadmissible from the point of view of contact strength, as according
to condition (10.7) we have zero radius of curvature of cam surface in a contact point
with a follower. It means that we have break of a cam surface. So the following

condition should be met always
|%‘nin > I%
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do’

a b

Fig. 10.20. Prime radius determination: a — kinematic diagrams;
b —an cyclogram

3.1f as a result of made constructions the crossing point of the tangent and axis S

is placed higher than the point O, it will meet the condition R, <0, which does not

have any sense. In such case we accept

y a
‘Rnin‘o 'ZQS I(Kl %nin0 2
¢ dj

10.6.3. Determination of cam surface (kinematic synthesis of a cam)

Kinematic synthesisproblemis to determinehigher pairing element of a cam,

i.a. a cam is shaped according to follower displacements Bwj .

Kinematic synthesis is carried out by different methods: analytical
and graphical ones. Above we have studied graphical methods of kinematic analysis
of certain cam mechanisms. We should admit that the synthesis by graphical methods
is carried out in order reversed to analysis [1, 6].

So further we will get to know in detail analytical methods for determining
cam profiles.

As well as in the case of kinematic analysis, in kinematic synthesis the inversion

principle is used.
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10.6.3.1. Cam mechanism with translating follower
Let us study fixed reference system xOy, rigidly bound with the fixed link,
origin of which is superposed with a pivot point of a cam (Fig. 10.21). As an initial
position we take such position of the system, when the axis y passes through the point

Ay of a start of cam surface rise.

Fig. 10.21. Determination of cam surface (cam mechanism
with translating follower)

In compliance with inversion principle, turn of a cam by the angle ¢; is similar
to the turn of the fixed link together with a follower relatively to the immovable cam

on the same angle in inverse direction (See Fig. 10.21). Here S?(j 1) is a follower

displacement according to the set position function.

Radius-vector of point 4; can be represented as

f=OA OC €A
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Wemark OC=¢; CA=S( }) Ru- é.

So to say

(J VRa €.

Then the coordinates of this point:

fo=60053§;9 #J— \/Fﬁ.n S( o) V-’Sln("é‘% Q) 5'%
| . )
'IfyAzeSIn% + j__OS\f I%un é § )+ QCOJS(ZE ) Epg

10.6.3.2. Cam mechanism with swinging follower

For a mechanism with swinging follower the turn of a cam by the angle ¢; IS
similar to the turn on the same angle of a straight OO, (Fig. 10.22). The point O,
moves in the point O; .

Fig. 10.22. Determination of cam surface (cam mechanism
with swinging follower)
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We may write down:
OA=0g +d 2
Here ‘@‘ =I; [0/ A=r,
In projections onto coordinate axes we have:

gx,=lcosj Frco¢ | };
1ya= dsin j osin )

10.6.3.3. Cam mechanism with flat-faced translating follower
According to the Fig. 10.23 radius-vector of point A can be expressed as:
FA:(TA :68 @

Here ‘O_'B{ =R +S( 4.

R

Fig. 10.23. Determination of cam surface (cam mechanism
with flat-faced translating follower)
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Triangle OBA is similar to velocity triangle Vs, =V N a4. Hence:

Va _OA.
VA2 B
ds,

V 7d Wl d
AB=0O A = )1 —%
B VAi 2 wr, dj,

Thus,

Contact point coordinates of a cam with a face of follower at a set angle o;

are defined as:

%=8Ruw *S( ) §N 1P 80s ,

——) =) ——) —> (D

Va=8Ru 4S( ) S i > 8N

10.6.3. Barrel cam design

As an example let us consider barrel cam design with translating follower
moved in a direction parallel to the cam axis (Fig. 10.24).

Dynamic synthesis of such mechanism is reduced to the determination
of minimum radius of a barrel cam. Its magnitude is defined from the condition

of the absence of seizure of a mechanism, i.a. by meeting the condition g ¢ ].

Pressure angle q is the angle between velocity vector V. and normal
line n-n (Fig. 10.24).

Let us study velocity triangle, acute angles of which are expressed as
c, =;C, 90 -.
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According to the cosine law

MM _ V% or  Mn _ V, |
sinc, sing cosg sin ¢
2
X 777
VL VL
7 7, n 7
eg/ X2
" 1
X4
7.\

Fig. 10.24. Barrel cam mechanism
Hence
ds .
> Oy

. = V,co5 dj, *
"'w&n g, g

ds,

L =—=ctg (
1 dj . gt

d, dij

Taking the magnitude [q], we define the magnitude r, for a sequence

Here 9% = E( i) is transfer function of follower velocity analogues.

of successive values of generalized coordinate ¢; within a cycle of mechanism motion
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and build the diagram r; :rl( jl). By this diagram we choose the biggest magnitude
of radius r, as a minimum radius of a barrel cam.

Graphical determination of a cam profile is executed using cam development
on a plane (Fig. 10.25).

S,(¢y), -V,

(7,91),

Fig. 10.25. The cam development on a plane

Using the inverse principle, the cam development is considered immovable,
and follower axis Xx- x as one that moves with the velocity Vxx= Vi
(here V; = \r,). Follower displacements, in accordance to set position function,
are laid off in the direction of the axis X- X (See Fig. 10.25).

In the same way we shape cams for mechanisms with swinging follower [2].
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11.

12.

13.
14,

15.

16.

17.

18.

19.

QUESTIONS FOR SELF-TESTING

What are cam mechanisms?
What is a cam mechanism used for?

What are the different types of cam mechanisms by kinematic
and structural features?

List the main advantages and disadvantages of cam mechanisms.

In what ways is cam-follower kinematic pair closed
in cam mechanisms?

What is a face cam and what are the main disadvantages of mechanisms
with such cams?

A follower of a cam mechanism can be equipped with a roller.
For what purpose?

What profile of a cam do we call the theoretical profile and what
Is the acting one?

List the phases of follower’s motion per cycle of cam mechanism operation.

What phases of the follower's motion correspond to the working angle
of the cam turning?

On what principle are the methods of kinematic analysis of cam
mechanisms based? What is the essence of this principle?

Under what conditions do “soft” and “hard” impacts occur
in the cam-follower kinematic pair?

What is the task of synthesis of the cam mechanism?

Formulate the base tasks of dynamic and kinematic synthesis of cam
mechanisms.

What condition should be met when choosing a prime (minimum) radius
of cams for mechanisms with translating follower and with swinging one?

From what considerations is the allowable value of the pressure angle
in the cam mechanism chosen?

What is the purpose of designing cam mechanisms with an eccentricity
of the axis of follower movement (offset follower)?

What condition should be met when choosing a prime (minimum) radius
of a cam for a mechanism with flat-faced follower?

In what coordinates are the cyclorams of follower motion built during
the dynamic synthesis of such cam mechanisms: with a translating follower,
with a swinging follower and with a flat-faced pusher follower?
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Chapter 11. FRICTION AND WEAR-OUT
IN KINEMATIC PAIRS

During the work of machines and mechanisms dissipation of mechanical energy
takes place. Friction is the reason of such dissipation.

There are internal and external friction.

Internal friction is a friction between particles of material during
its deformation (Fig. 11.1, a). The demonstration of this type of friction is that a metal
has elastic hysteresis loop (Fig. 11.1, b). The wider the loop, the higher are damping
characteristics of material that is its ability to damp vibrations (natural oscillations

of the real materials damp even in vacuum).

£
a )
Fig. 11.1. The internal friction: the friction between particles of material
(a) and the elastic hysteresis loop (b)
External friction is the resistance to the relative displacement of contacting
bodies or attempt to cause this displacement. This resistance force is called

friction force.

Henceforth we will consider only external friction.

11.1 TYPES OF FRICTION

Physics of the friction isn’t completely studied. There are different schools which
interpret the nature of friction from different sides, for example, from the point of view
of physics of metals, electrical nature etc.

Let’s consider different types of friction, without deepening in the nature

of this phenomenon.
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11.1.1. Classification of friction by kinematic characteristic
We differentiate:

— Sliding or kinetic friction (Fig. 11.2, a);

— rolling friction (Fig. 11.2, b);

— pivoting friction (Fig. 11.2, ¢);

— rolling friction with slippage (in toothing, for example);

— friction by vibratory displacements.

Fig. 11.2. Types of friction by kinematic characteristic: a — sliding
friction; b — rolling friction; ¢ — pivoting friction.

11.1.2. Classification of friction by surface condition
We differentiate:

— unlubricated friction — dry or Coulomb friction;

— friction under lubrication — fluid friction.
11.1.3. Static friction and dynamic friction
Static friction aka stiction goes before dynamic friction akakinetic friction.
Static friction force is always greater than dynamic friction force.

Static friction force, any exceeding of which will set going, is called the greatest

static friction force.

Friction can be both helpful and harmful.
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In general in techniques static friction plays a positive role. Due to this type
of friction power transmissions can work, transport can move on the surface
and actually we can walk.

As a rule dynamic friction is harmful. It appears under relative displacement

of links, and is a cause of wear-out of kinematic pairing elements, power waste etc.

11.2. DRY FRICTION

This friction takes place when there is no lubricant on the friction surfaces

(surfaces free from liquids or films covering them).

11.2.1. The Amonton-Coulomb Law

The first systematic studies on friction were conducted by Leonardo da Vinci.
We can assume that it was he who introduced the concept of coefficient of friction.
Later, Amonton repeated his experiments with greater care and confirmed Leonardo's
conclusions that friction does not depend on the contact area of interacting bodies,
but is determined by their physical nature.

For the first time, Leonard Euler formulated the law of dry friction in a modern
interpretation. In turn, Coulomb, continuing the work of his predecessors in this field,
filled the dry friction law with physical content suitable for use in engineering practice.
Today, the law of dry friction is called the Coulomb’s law of friction or the law of

Amonton-Coulomb.

Guillaume Amontons (1663—1705)

French physicist who made a significant contribution to the development of
mechanics, thermodynamics, molecular physics. Being almost deaf from birth,
he had no opportunity to study at the university, so he studied mathematics,
physics, geodesy, architecture and other sciences independently. This did not
prevent him from becoming a member of the French Academy of Sciences

in 1699. In particular, he studied the properties of friction of solids, established
the thermodynamic point — the boiling point of water, and also he came out
with the idea of the existence of an absolute zero temperature, developed later
by Lord Kelvin
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Charles-Augustin de Coulomb (1736—1806)

Prominent French physicist, military engineer, member of the Paris Academy
of Sciences. He made a great contribution to the development of mechanics and
the doctrine of electromagnetism. He formulated a number of fundamental laws
and theories, named after him, which formed the basis of modern science:

one of the classical strength theories using the maximum shear stress criterion,
the law of dry friction, the law of interaction of electric charges and magnetic
poles. His name is on the list of the most prominent French scientists, located
at the base of the Eiffel Tower.

Let us study dry friction in the lower sliding kinematic pair, when a body contacts

with a plane (Fig. 11.3). Here F, are normal force, and F,, is friction force.

<l

S

Fig. 11.3. Forces in the lower sliding kinematic pair

Friction force depends on value afiormal force in kinematic pair, oppositely

directedto the slip velocityand is determined by the coefficient of friction.

Ffr=f Q

Here f is coefficient of friction.

According to Fig. 11.3 we can write down:

That is



Here the angle ¢ is called the angle of friction.

The value of a coefficient of friction and an angle of friction for the different
pairs of materials are given in reference literature on machinery, physics. For some

pairs of materials, the values of the friction coefficients are given in Appendix 8.

We differentiate  coefficient of static friction f and coefficient

st

of dynamic friction f . They are submitted to the condition

f<f

st*

11.2.2. Factors which influence on the coefficient of friction
The coefficient of friction isn’t a constant magnitude. It is influenced by a number

of design, technological and operational factors:
— the nature of contacting bodies;

— surface state — there is certain optimal surface roughness, under which friction
will be minimal (for example, ideally polished surface isn’t ideal from

the point of view of friction);
— slip velocity of the interacting bodies.

Let us consider the last factor in more detailed.
According to the Amonton-Coulomb law, the coefficient of friction does not

depend on slip velocity (Fig. 11.4, a). If F, =Constand F, =Const.

In practice dry friction depends on slip velocity (Fig. 11.4, b).

There is an optimal value of slip velocity v, (top speed), at which friction and

op
a coefficient of friction are minimal. In low slip velocity zone there is sharp friction
decrease when the velocity is enhancing. According to such dependence of friction
on sliding velocity under low traverse speed there is unstable (stick-slip) motion. Such
effect is typical for processing equipment. It accompanies by the movement judder,
the high wear of slideways and tool. Additional dynamic loads appear

in the mechanisms, the accuracy of equipment functioning falls.
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b

Fig. 11.4. Friction force — slip velocity dependence:
a —according to the Amonton- Coulomb law;
b — in practice

To eliminate this effect we can replace dry friction by fluid friction with special
hydrostatic lubrication. Instead of traditional cast iron and bronze for slideways
and sliders teflon is used, where it is possible. Sliding friction is replaced

by rolling friction.

11.2.3. Friction in lower kinematic pairs

Except for listed factors which have an influence on the coefficient of friction
value, the form and relative positions of pairing elements are also important. For their
different types so-called superficial coefficient of friction is determined. Let us
consider a sliding kinematic pair, formed by links 1 and 2 (Fig. 11.5), that contact
on the arbitrary shape surface.
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Fig. 11.5. Common sliding kinematic pair

Here | is the length of contact surface, r( b - radius of curvature of the contact

surface in arbitrary point. Let us separate out the surfent of contacting area | (@s.

Friction on it is

dF, = fdF :

n?

di,=p( Blds # ) b( )rd .

That is
dF, = fp( Bl (r)d.

Resulting force of friction:
b,
Fo=flAp( B O)d | (11.1)
- b

11.2.3.1. Friction in wedge-shaped slider

The design scheme of such slider is shown in Fig. 11.6.
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Fig. 11.6. Forces acted in a wedge-shaped slider

From the force diagram we have:
2F sinb = .

Then a pressure on the contact surface is

F
P) S sng:

Taking into account that in our example

b,

i (Bd b2s
- b

according to (11.1) we’ll have:

F, = fl F_
2lb sinb

Here superficial coefficient of friction for a wedge-shaped slider is

fi=—
sinb
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11.2.3.2. Friction in sliding pair with cylindrical slider

In the cylindrical slider (Fig. 11.7) the radius of curvature of the contact

surface r ( ) = Censt.

Sliding pair with unrun contact surfaces. In this case we accept uniform

pressure distribution p(b) =p €ons (Fig. 11.7).

F 1

)

‘iﬁ f
> 2
ds

()

Fig. 11.7. Cylindrical slider in sliding pair with unrun
contact surfaces

Then from equilibrium condition of the slider, if we project the force F,

to the direction of the force F, we will obtain:

p/2

F=2pprl Cbsdb Mort
0

Hence

Putting p(b) and r ( B into (11.1), we will have

p/2 F

F, = fl ﬁﬂ

@ o=l &F:
e 2
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Here superficial coefficient of friction is

Run-in sliding pair. In run-in pair cosine pressure distribution law is accepted

(Fig. 11.8):
p(b) =p,cos .
Then
p/2 -~
F. = fl qQp,cos brd Bfrkp,
- p2
E 1
>
r -
:\db 2
b ds
o p(b)

Fig. 11.8. Cylindrical slider in run-in pair

From the equilibrium condition of the link 1:

p/2 2 /8
F= fijplcosbs = @lcod rb fl= cofd
- P2 72 /2 p
Hence
0, =2F
° plr

118

(11.2)

5.



Then from the formula (11.2)

Fo=2f & AF firF

r

where superficial coefficient of friction

fiz2f
p

11.2.3.3. Friction in turning pair

In turning kinematic pairs (Fig. 11.9) with elements, made in the form
of cylinders and are loaded with the force F, pressure distribution is accepted

as in cylindrical slider. Force of friction is determined as for that case.

Total force Fy=F, 4 (Fig. 11.9) touches the circle with radius fr

that outlines the so-called friction circle. The moment of this force relatively to hinge

axis hinders to rotation.

Fig. 11.9. Turning pair

For ball-and-socket hinge (Fig. 11.10, «) superficial coefficient of friction
is fi=1,27f.
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a b

Fig. 11.10. Turning pairs: a — ball-and-socket hinge;
b — with conical elements

For pairs with conical elements (Fig. 11.10, b) superficial coefficient

of frictionis fj= L
cosb

11.2.3.4. Friction in sliding thrust bearing
The Fig. 11.11 shows a sliding thrust bearing with flat contact surfaces. Here

kinematic pair is formed by the abutment 1 and the socket 2, loaded by longitudinal
force F. In this case pivoting friction appears on the abutment surface, which follows

the Amonton-Coulomb law.

Fig. 11.11. Sliding thrust bearing
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If to consider pressure distribution p along the full width of ring as uniform, it can
be written down as:

(11.3)

Let us separate a ring with thickness dr. Moment made up by the force dF, on
this area, equals

der - der E,

dF, = fdF, =f @ rdr.

Hence

dM_ = f2p p*dr.

Integrating we will have

2. r)-r}
M, ==-fF2—=%
3 -1
If the abutment is non-ring, that is I, =0, so
2 ..
M,=—=-F Or,
3
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11.2.3.5. Friction in screw pair

Let’s study a screw-thread (a square thread in our case) is shown in Fig. 11.12.

\Z

‘r/.

Fig. 11.12. Screw pair

On the nut, represented by element 4, acts some force F, and moment in plane,

perpendicular to the axis z. This moment is represented by the force F:
M=F C

In order to make nut in immobility or in uniform motion condition along
the screw, equilibrium conditions of forces acting on nut must be fulfilled.

Let us study the development of one thread on a plane (Fig. 11. 13, a).

Equilibrium condition of the element A4, loaded by forces system, converged

to a single point is written down as:
F+F #, &
From the force diagram (Fig. 11.13, b)

F=Ftg(j . (11.4)

Here v is a lead angle of the thread.
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FY
a
Fig. 11.13. Screw pair: a — development of one thread; b — force diagram

So the moment, imposed to the nut
M=Frg( g 4.

Condition (11.4) obtained for the case, when a nut moves against the direction
of the force F, (tightening of screw-thread or jack lifting).

If the nut moves in the direction of the force Fq (Fig. 11.14), we will have
F=Fta(j -).

If g = j FY O, that is the nut moves uniformly under the force Fo (without

driving moment M).

If g > — we have accelerated motion under the force F,.
If g < — we have self-braking condition. Under this condition nut motion

is impossible without action of moment M = F ¥ .
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0

a b

Fig. 11.14. Screw pair: a — development of one thread; b — force diagram

Foregoing cases can be exemplified by chute in playground (Fig. 11.15, a), slide

for weight transfer from one floor to another (Fig. 11.15, b) etc.

Y<o

Y<® Y<Oo

a b

Fig. 11.15. Real examples of self-braking condition usage:
a — the chute; b — the slide

Let us determine friction in the screw. According to the Fig. 7.13:

F, =F;sin |.
From the force diagram
Fo=—
sin(j + )
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Then

B Sin;
F =F———
"sin(j o+

After trigonometric transformation:

(11.5)

FoeF—9 ¢ T
sing ¥g gos g sin fgces

Equation (11.5) can be used for square thread.
This equation can be also used for determining of friction in triangular thread

(Fig. 11.16), if to put superficial coefficient of friction f; instead of coefficient

of friction f (for wedge-shaped slider) with apex angle 2(90- &2):

f r_ (11.6)

—h

I °

a . a a a
sing®0- — g COS
c 2 2

1-O: Ot

Fig. 11.16. Triangular thread

Then
fi
" sing #ijcos’

Here superficial coefficient of friction fi is determined by the formula (11.6).
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11.2.3.6. Friction in kinematic pairs with flexible link

This task was first accomplished by L. Euler.
Let’s study a flexible body — a belt thrown over a pulley (Fig. 11.17). To move

the belt relative to the pulley, it is necessary that the tension forces in its sides

are subject to condition F, > F,.

.—\-nl
l

Fig. 11.17. Loading condition of a belt

We separate out the element of a belt within the bounds of angle da.
Equilibrium conditions of the projections of forces acting on it onto axes y and x are:
. . da _
ay=dr, {(F F dF)sm7 0; =

a x= dF, Fcosc%a (F dF)cosd?a C

From the first equation we can write down:
dF. @Fd ¢,

and from the second

dF, @dF. (11.7)
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According to the Amonton-Coulomb law

dF, = foF. =fFq .

Or

dF,
=

= fd ¢ (11.8)

Taking into account (11.6), we integrate the expression (11.8) within certain limits:

F a
2dF )
nF - fﬁ C
F 0
We will have:
aF, o
Ingz2 5 fic
or
FZ fia
_:e
Fl . (11.9)

The equation (11.9) is called Euler’s equation for tensions in belts.
For the full angle o (it is called wrapping angle) subtending the arc of contact

between the pulley and the belt we can write down
F= Fz 'Fl Efr :
Then friction force between the belt and the pulley is
F, =F(e™ 4),

r
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11.3. LUBRICATED FRICTION

Lubricated friction is a case ofluid friction where alubricant of any type

separates two solid surfaces

Lubrication functions:

—  to decrease the coefficient of friction;
— to remove heat;

—  to prevent corrosion;

— damping of dynamic loads.

Kinds of lubricants:

— solid lubricants;

— lubricating liquid, aka fluid lubricant;
— gas lubricant;

— lubricating grease or dope;

—  borderline or thin-film lubricant.

Consider the main characteristics of different types of lubrication.

11.3.1. Solid lubricant
Here rubbing bodies are separated with the help of solid greasing substance.

Usually it is powder-like or lubricating graphite. This substance has no specific
characteristics.

11.3.2. Lubricating liquid
These are natural and synthetic oil, water.

Let’s study the main characteristics of lubricating liquid:

Dynamic and kinematic viscosity. Dynamic viscosity is measured in poise and
kinematic viscosity is measured in  E (Engler unit). In techniques is more often used
kinematic viscosity, which is determined by the oil flow speed through calibrated
orifice with the diameter near 2,8 mm. Viscosity depends on temperature:
°E100 — kinematic viscosity at 100°C; °E50 — at 50°C and so on.

Kinematic viscosity is defined by special tables.
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Adherence. This is the ability of lubricant to wet the surface and that means
to create adsorption layer on rubbing surfaces.
Almost everybody knows that the water wets a surface worse than oil,

and mercury — much worse than water (Fig. 11.18).

Mercury

Water

B Y >
_ R ——
Fig. 11.18. Examples of wetting degrees of the surface with liquids

Flash temperature of oil fume. At some temperature a fire appears over
the surface of lubricant. For machines oil flash point are about 250...300°C. There are

synthetic lubricants with the flash point more than 600°C.

Thickening temperature. When the temperature is falling, a lubricant viscosity
increases and at some critical temperature it loses its qualities — thickens. Car engine
before starting is warmed to certain temperature, for lubricant to obtain

the necessary viscosity.
Acid-resistance. That is the ability of lubricants to resist degradation by acids.

There are other specific qualities. You can read about them in special manuals.

11.3.3. Grease

Grease is a semisolid lubricant. It includes, for example, fatty and synthetic solid
oil of different types, silicone grease, lithium complex grease etc. By the way,
rendered pork fat is one of the best lubricant grease.

Let’s consider main characteristics of viscous lubrication.

Penetration. The cone penetration method is used for grease testing. This method
employs a calibrated cone that is dipped into a fixed-size volume of grease for
a defined time period (Fig. 11.19). The depth that the cone is able to penetrate

the grease is used to rate the grease's consistency with a special scale.
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Fig. 11.19. Scheme of cone Fig. 11.20. Scheme of drop
penetration test temperature test

Drop temperature. We take some grease on a stick (Fig. 11.20) and heat it.

The temperature, at which the drop falls, is the drop temperature.

Water-resistance. Grease must be insoluble in the water.

11.3.4. Gas lubricant
The function of the lubricant here is performed by gas: air, nitrogen, rare gases.

Such kind of lubricant is widely used in kinematic pairs of precision instruments.

11.3.5. Thin-film lubrication

If the thickness of a fluid film is less than 0,0001 mm, lubricant properties differ
from bulk properties. That is why friction and wear of such bodies are defined
by the properties of contact surfaces and lubricant layer, different from bulk properties.

In Fig. 11.21 there is a section of contact zone of two bodies with hyperfine

fluid film.

-

F

n

Fig. 11.21. Scheme of the third body
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The intermediate layer 1 is called the third body between main materials
of friction pair 5. It consists of adsorption lubrication layer 2, oxide film 3

and defective layer of the main material 4.

We differentiate also:

a) hydrostatic and gas-static lubrication, when a fluid or gas is brought under
the external pressure;

0) hydrodynamic lubrication and gas-dynamic lubrication, when bodies that form
friction pair are separated with the help of pressure, self-oscillated in fluid film
under the relative motion of these bodies;

B) elastohydrodynamic lubrication when characteristics of friction and thickness
of fluid film between contact surfaces is defined by elastic properties, creep,

relaxation of material.

11.3.6. Sliding friction of lubricated bodies
The founder of hydraulic theory of lubrication is Nicolay Petrov, who published

its basic statements in 1883.

N.P. Petrov (1836-1920)

/ Russian mechanical scientist, professor. He headed the department of Steam
; Mechanics of St. Petersburg Institute of Technology, and then the department
| of Railway Affairs. N.P. Petrov made a significant contribution

to the development of the theory of friction, wear and grease. He was a member
of the Engineering Council of the Society of Russian Railways. In 1884 he was
awarded the Lomonosov Prize for his work "Friction in Machines
and the Influence of Lubricating Oils on It," where he laid the foundations
of the theory of hydrodynamic lubrication. From 1895 to 1905 N.P. Petrov
headed the Russian Technical Society. He was elected an honorary member
of the St. Petersburg Academy of Sciences.

Fluid friction can be considered as viscous shear between layers of fluid slices,
because there is no direct contact between rubbing bodies.
Coefficient of fluid friction f depends on relative velocity of lubricant layers V,

normal pressures F, and coefficient of fluid viscosity L
f=f(V,F, 1.

Here p — dynamic viscosity, N-s/m”.
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N. Petrov formulated such conditions for fluid friction:

— lubricating fluid keeps in a gap;

— there must be internal pressure in fluid film counteracting external force;

— lubricating fluid separates rubbing surfaces;

— fluid film thickness must be not less than minimal boundary which
is defined by asperities of rubbing surfaces.

To perform the first condition adhesion power of fluid with rubbing surface must
be more than adhesion power between fluid slices.

To perform the second condition a lubricating fluid must inject spontaneously
into the gap between rubbing surfaces. The wedge-shaped liquid film is formed
between them and sliding body come floats (Fig. 11.22). This is due to a pressure
normal to the sliding direction which is generated in fluid and tends to separate one
surface from another. For the journal 1 which lays in a bearing part 2 (Fig. 11.23),
appearance of fluid wedge 3 is connected with diameters disparity: diameter of bearing
part is bigger than one of a journal. During the journal rotation lubricating fluid injects
into a wedge gap. In a fluid film appears a pressure which counteracts external load
and shaft surfaces above the fluid film. At high speeds, the axis of journal tends

to coincide with the bearing axis.

Fig. 11.22. Scheme of fluid wedge formation Fig. 11.23. Hydrodynamic lubricated bearing

Define the coefficient of fluid friction for bearing.

132



Newton experimentally derived the formula for determination of a force needed
for shearing of one fluid surface in parallel with another. This force is called

viscous force:

F = |$d_v
dh”

Here c:j—\r: — velocity gradient (characterizes velocity change throughout the fluid film

thickness (Fig. 11.24)); S — shear area; p — dynamic viscosity.

Y -
Rl \%
Chl . o AT -—
.y
v
Fig. 11.24. Velocity gradient in the fluid film Fig. 11.25. Lubrication in the bearing

Viscous shear stress:

F dVv
- = )
S dh

and as dependence of velocity V on thickness h is linear (See Fig. 11.24), then:

.V .\ 2prn 4 *p’nl
M, =F O Ymso o amPhBa 2PN 1110
I h h 60 h 60h ( )

Here n — journal turning speed.
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On the other side:
M,,=Frf 2r1p rf (11.11)

Here p — pressure in fluid.
Equating right sides of expressions (11.10) and (11.11), we will get the formula

for determination of coefficient of fluid friction in a bearing:

_PT o

30h p
The first multiplier in the expression characterizes geometric sizes, the second —
friction regime. A diagram, which describes dependence of coefficient of fluid friction
on friction regime, is shown in Fig. 11. 26. Marked zone shows the range, in which

the most optimal friction conditions in a bearing are realized.

These expressions are true for lengthy journals. For short journals, as a result
of oil leak through flanks, a friction pattern will be another. The pressure law in fluid

film along the journal length for this case is shown in Fig. 11. 27.

f A Semifluid friction
o> Fluid friction

n/
 Onmunym. Hvp p(l)
Fig. 11.26. Dependence of coefficient of fluid Fig. 11.27. The pressure diagram
friction on friction regime in fluid film

To perform the third and the fourth conditions it is necessary to secure such
treatment of interacting surfaces to minimize surface roughness of the journal
and bearing part, not to let significant journal strain, that can cause journal

misalignments. It is also necessary to carry out qualitative filtration of oil.
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11.4. WEAR-OUT OF ELEMENTS OF KINEMATIC PAIRS

In the process of exploitation of mechanisms and machines the wear-out
of elements of kinematic pairs is observed. This is a harmful effect, because
it decreases strength and toughness of details, lowers mechanism accuracy, distorts

surface shape.

11.4.1. Wear modes

There are such main wear modes in mechanical engineering:

— mechanical wear as a result of mechanical effect;

— mechanochemical wear, when mechanical effect is accompanied by chemical
or electrical interaction of material of rubbing bodies with medium;

— abrasive wear as a result of cutting or scratching of surface with
particulate matter;

— erosion as a result of fluid or gas stream effect;

— fatigue wear connected with spalling of surface under repeated loading
of surface layer (is typical for higher kinematic pairs);

— seizure wear as a result of seizure, tear of material and its transfer from
one surface onto another (is typical for heavy specific pressure and sliding velocity

in contact zone, for example, in screw-nut gear, worm gear, hypoid gear etc.)

Physical model of wear. During sliding in front of microasperity appears a roll

of strained material (Fig. 11.28), in which compression stresses arise.

LV
n _»
ﬁfr
-
>

Fig. 11.28. Physical model of wear
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Having passed the microasperity in this zone due to the friction the material
stretches. That is, alternating stresses occur in the surface layer. We get fatigue
of a material, in which are accumulated damages leading to separation of wear

fragments.

11.4.2. Wear stages

There are two wear stages:

— first stage — attrition wear;

— second stage — normal wear or service wear.

At the attrition wear stage the initial surface roughness, obtained in the process
of a detail production, changes, and before the second stage a new equilibrium
roughness is formed, which doesn't change later on. At the stage of attrition
the roughness can both decrease and increase. For example, a running-in process
of polished detail is connected with increasing of its roughness to optimal.

To decrease the running-in time it is necessary to take tooling method, which
could provide roughness, closest to equilibrium.

In Fig. 11.29 there is a graph of the change in the roughness parameter
of the part — the arithmetic mean deviation of the profile R;, mm — depending

on the time of operation of the part.

Ra A

/

2
7/

Attrition wear Normal wear

— Y

Fig. 11.29. Diagram of change of detail's roughness parameter
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11.4.3. Quantitative assessment of wear-out

The result of wear-out is measured in units of length, volume or weight.

Limiting wear is wear that corresponds to the limit state of detail.

Permissible wear is wear, at which the operational integrity of machine

part remains.
Graphic presentation of wear value distribution on the surface is called

wear distribution diagram.

Wear rate:

dd

- mVn
dt PV

Here 6 — thickness of destroyed layer of material; p — specific pressure

in investigated point of a surface; V. — sliding velocity; k — wear factor (equals vy
at p=V. d); m=1..3 — coefficient, which depends on character of deformation
in contact zone: elastic strain, plastic strain or there is micro-cutting; n — coefficient,

which depends on wear mode.

For run-in pairs m=n 3. Then:
g *®pV..

The expression pV. is called friction power.

Wear rate:

29% s
ds dt ‘

g, =d_OI — wear per unit of sliding distance, mm
ds km

Wear resistance aka wearlessnessis the ability of material to resist

comprehensive externanfluences such as abrasion, cutting etc. during service

The wear resistance of the parts is influenced by the hardness of the materials,
their elastic properties, the mode of operation (sliding velocity V,, pressure
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on the contact area p, temperature t°), external factors (lubrication, environment),

design factors.

According to the value of g, there are three classes of materials:

~ O 1012...10'7r:—m — material with high wear resistance at elastic strain;
m

mm . . . .
~ O 107...10“k— — material with a midrange of wear resistance
m

at elastoplastic strain;

s mm o : : :
- 0 X0 4...103m — material with low wear resistance at micro-cutting.

11.5. FRICTIONAL POWER LOSSES.
MECHANICAL EFFICIENCY
Energy, which is applied to the input link in a steady run spends to perform useful

work and to overcome environmental resistance forces and frictions in kinematic pairs.

Efficiency is the ratio

h _Ausf .
‘4dr

Ayst. — Work of useful resistance forces; A4 — driving force work.

Efficiency can be expressed by corresponding powers averaged per cycle:

P

h = output

P

input

The ratio of frictional power loss to the power input is called power-loss ratio:

F%
P

input

r

y =

Between efficiency and power-loss ratio there is such connection:
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y =1 -.

If from the mechanism that is in a steady run, take off useful load (no-load

conditions, when B, =0), than total power is
I:i)nput = I:z)utput +Pfr Efr-

It means that the power input is spent to overcome friction. Atthat h D,and y =L

Let’s consider how to define the efficiency for different kinds of joining

of mechanisms in machines:

11.5.1. Series coupling

The kinematic scheme of series coupling is shown in Fig. 11.30.

Pt Y@ L . PP

Fig. 11.30. Series coupling of mechanisms in machines

We suppose that the efficiency of mechanisms is known. Then we define
the efficiency of machine. For the first mechanism P;=Pj,,.« — power input

for the whole machine. The power input for the second mechanism (according

to the scheme it is power output of the first mechanism) P, =R B; for the 3rd —

P=R b R, ;B Forthen-th mechanism:

Pn:Fi)nput(lﬂ Qh Ql)

Considering the n-th mechanism as the last in a chain, we find the power output
of the whole machine as:

I:3)utput = I:)input( li] Q h. Q)

The total efficiency
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P )
h =2 5 h,Oh

input

n-

11.5.2. Parallel coupling

The kinematic scheme of parallel coupling is shown in Fig. 11.31.

Pl ( :: )(P output)l
P 2 (P output)Z
P input P output
— —

ey NI T —

P m ( )(P output)m

Fig. 11.31. Parallel coupling of mechanisms in machines

Here for each i-th mechanism power output is:
(Pupu) =P k.

output

At the same time

and

R)utput = a ( Poutput)l. :

i=1

The efficiency of the whole machine is:
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m

P a (B)utput)i ma. ihi

h __ output i=1 i x
e AR &R
i=1 i %

To define the efficiency in this case, it is necessary to know in which way

the power input of the whole machine B, is distributed between mechanisms.

In other words it is necessary to introduce a coefficient known value:

Then

é VViFi)nput h
h —i=l
F)

input

Thus, total efficiency for such kinematic chains is calculated by the formula:
.
h=a W
i=1

11.5.3. Series-multiple coupling

The kinematic scheme of series-multiple coupling is shown in Fig. 11.32.

Here for each parallel chain loop:
(F%Utput)i =P Q, (i=1..m).

Here hg =;h ip'h zg
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QIPinput . . ( )(P autput)l
QZP input (P output)Z
P input o P output

- s 60— e 0 ——— P ... —— e e 0o — P

Q.P,,. . . O (P )

Fig. 11.32. Series-multiple coupling of mechanisms in machines

For the whole machine:

é. (Poutput)i apth| é.vi\‘:i)nput( 'i] 9 h. Q)
h —i=1 3 i = .
Pinput Pinput Pinput
Thus, efficiency for the whole machine is:
h=a WQ h Oh,)
i=1

142



QUESTIONS FOR SELF-TESTING

. What is internal friction? Give examples of internal friction manifestations

from the point of view of the mechanics of solids.

2. What is external friction?

3. What are the main types of friction that occurs in kinematic pairs?

4. Which friction force is greater: that which occurs during static

or dynamic friction?

5. Formulate the law of dry friction of Amanton - Coulomb.

6. List the factors that influence the magnitude of the coefficient of friction.

10.

11.
12.

13.
14.
15.
16.
17.

Non-lubricated wedge-shaped slider made
of bronze moves along the steel guide. Find

| » the superficial coefficient of friction in the sliding
paire if the angle b 60 . The indicative values
of the friction coefficients of different material
pairs are given in Annex 8.

v 2 The cylindrical rod forms a translational pair with
a guide. Find the superficial coefficient of friction
if the pair is unruned. Rod and guide material

M ! is steel.

Find the superficial coefficient of friction
@“” (() in the turning run-in paire. The material
1 of the links that make up this pair is steel.

Write down the equilibrium condition of forces applied to the nut
at its screwdriving.

Formulate a condition for self-braking in a thread.

What should be the maximum tension force of the driven side of belt
of the leather belt so that it does not slip relative to the steel belt pulley
if the tension force in the leading side is 500 N? Spanning angle a .20 .

What is liquid friction?

What are the main kinds of lubricants?

What is the difference between hydrodynamic and hydrostatic lubrication?
List the characteristics of known you lubricants.

Formulate the conditions for liquid friction laid by N.P. Petrov as the basis
of the theory of hydrodynamic lubrication.
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18.
19.
20.
21.
22,
23.
24,
25.
26.
27,
28.

29.
30.

What do we call a viscous force?

What is hydrodynamic lubricated bearing?

List the main types of wear in kinematic pairs.

What are the stages of wear.

In what units is the amount of wear and wear rate measured?
What wear is called permissible wear?

What is a limiting wear?

What is meant by wear resistance?

What factors affect the wear resistance of a part?

What is called the mechanical efficiency?

What is called the power-loss ratio and how is it related
to the efficiency factor?

Can the power-loss ratio be equal to one. If so, under what conditions?

How to find the total efficiency of a kinematic chain with a series, parallel
and series-multiple connection of its elements?
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Chapter 12. VIBRATION IN MECHANISMS.
VIBRATION PROTECTION

In modern high-dynamic machines there is mechanical oscillation. The source
of this oscillation (vibrations) is mass unbalances of movable links (the first group
of causes) and friction in kinematic pairs (the second group of causes).

If vibration is not a component of any process, so it will always be a hazard.

Lowering the vibration rate — vibration protection — is carried out in such

directions.

Lowering the source vibration activity. The reduction of dynamic reacting
forces by means of balancing of movable masses for the first group of causes and

the utilization of special lubrication for the second group of causes are carried out.

Restyling of the unit. In such way we achieve:

— changing of natural frequency of construction units, which are depended on
their geometry, i.e. elimination of resonance effects;

— increase of mechanical energy dissipation in the unit (vibration damping).
It is achieved by means of choosing the materials of high absorptive or dissipative
nature (wide elastic hysteresis loop); structural damping (friction in fixed
joints — spline connections, threaded connections, riveted joints etc., where we have
slight displacements in which work is carried out).

Dynamic antihunting. To the arrangement we add the vibroextinguisher, which
generates oscillation that are in antiphase to those generated by the vibration source
and, in such way, balances them.

Application of vibration absorbers — of dampers.

Vibration isolation. Its action results is in slackening of constraints between
a source and an object. But some negative effects appear, such as additional

objectionable unit displacements.
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12.1. VIBRATION DAMPING

Fig. 12.1 and Fig. 12.2 show schemes of vibration suppressors, which are widely
used in measuring instruments. They should provide such work of a device that
it could respond keenly to a small signal. But after the cessation of this signal
the meter needle should fluently return to ,,zero”. There should not appear
spontaneous meter needle oscillations at a certain scale mark, which corresponds

to a measured signal.

Fig. 12.1. Scheme of vibration suppressor | Fig. 12.2. Scheme of vibration
suppressor 11

Here M. is the excitation moment; M, is the moment of resistance forces.
Let’s study the example of analysis of a damper with rotating masses.
Resistance of damping medium is assumed as proportional to velocity (for liquid
or viscous dampers) or as proportional to velocity squared (for air dampers):
Let’s write down the motion equation of a unit with viscous damper:
dj . dj

J—+c— +*k | M z, 12.1

Here J is an inertia moment of movable masses; C:I—Jt — a resistance moment
of a damper.

Differential equation (12.1) describes vibration in a system.
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Let’s study such motion conditions:

1. We consider undamped system; resistance forces M, are also absent.
After object (meter needle) deflection the excitation moment A, was unloaded.
Then the equation (12.1) looks like:

dj ., .
J—+Kkj] 6
az )
We obtained an ordinary differential equation of free vibration for single-degree-

of-freedom system. The solution of this equation is

. . alk
j = dco%t , (12.2)
¢

. Kk
where the parameter | , is the angle ] at t=0; \/;= W — circular frequency.

The oscillation period T:@; frequency f:%. So we have simple harmonic
VVO

oscillation with period T and amplitude @, (See Fig. 12.3).

14

A
] o

Y

p
U/

T

@ L
< I

Fig. 12.3. Graff of harmonic oscillation

2. Let’s introduce a damper. Then the equation (12.2) can be written down as:

dj  dj .
J—+c— 4k jO. 12.
dt? dt J (12:3)
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We mark

b = C
2JIK

Here B is the damping factor.

C C
bw =< b e%’ |
¥ 5k ° % °Y STak

Hence
c=2wyJ .
We get
d’j d |
J—+2yw b— kt
preaiil 0. (12.4)
Ift=0j) =

The solution of the equation (12.4) is:

i =F bd”%sin(ﬁt)b co%k\/?t) - (12.5)

Let’s analyze the obtained expression. If t- =@, - 0, i.e. damping takes place

ift- © (Fig. 12.4), which is impossible.

1A

{\
Y

Fig. 12.4. Graff of the function (12.5)
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Amplitude decay rate according to (12.5) is governed by the magnitude f
(if b = we get undamped oscillation (see equation (12.3)).

In practice they set some tolerance D j (Fig. 12.5).

P
N
\\
\\,I —
Ap| | — = -
//
-~
tdp
-

Fig. 8.5 Scheme of tolerance D | determination

If parameters b, J, k are set we can find g, —the damping time. In calculations,
as a rule, the magnitude b 9,6 %),&is set.

So at damper analysis some magnitudes should be set (or defined):

b,J,c, |,t,.

Here c is a spring constant, if it is present in a unit; | =[ﬂ Is a deflection tolerance.
Jo

One of the known formulas for defining of the damping time
is the Arutunov’s formula:

1 1 J 1

= In = _
by 11-\Vkd 1 2

Ty

or considering that T :@, and \/E = W,
W, J

0

(12.6)



Fig. 12.6 shows a dependence diagram (12.6) for deflection tolerance A = 0,01.

t,/T

L5

0,5

0,5 0,75 1 1,25 1,5
Fig. 12.6. Diagram of dependence (12.6) for deflection tolerance A = 0,01
For spring-coupler damper we may use Rozumovsky’s formula. According

to this formula the spring constant is

c:2—lln |

Lap

12.2. STRUCTURES OF DAMPERS
AND SHOCK ABSORBERS

12.2.1. Accelerative dampers

Rolling dampers (Fig. 12.7).

N\
‘ pr777:74

N e ~YHd

/ z

b

Fig. 12.7. Rolling dampers
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The shape of the opening for the roller is important. So, if instead of a circle
in the cross section, take an ellipse oblong in motion direction, then the role of higher
harmonics in the spectrum of damper reactions increases. This is useful when
the corresponding harmonics are present in the oscillations to be suppressed.

The design of the damper shown in Fig. 12.7, b, unlike the one shown
in Fig. 12.7, a, allows us to do without guides, since in this case the lateral forces

are mutually balanced.

Pendulum dampers (Fig. 12.8).

|~ o

— -
|
:

||
|

a

Fig. 12.8. Pendulum dampers: for suppression of torsional (a)
and extensional (b) vibrations

Here are examples of dampers for suppression of torsional (Fig. 12.8, a)
and extensional (Fig. 12.8, b) vibrations. Pendulums are under the action of centrifugal
forces induced with movements of the object. Fluctuations in the speed of motion also
cause fluctuations in the magnitudes and directions of the inertia forces, which, in fact,

damp undesirable oscillating processes.

12.2.2. Air dampers
Dampers of such type are used in measuring instruments (Fig. 12.9
and Fig. 12.10).
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Fig. 12.9. Air damper | Fig. 12.10. Air damper |1

12.2.3. Viscous dampers

Fig. 12.11 shows structure of a damper, which contains an adjusting bolt.
With its help resistance to flow of liquid in pipe duct is changed and the damping time

is controlled.

W Kl

Adjusting bolt

Fig. 12.11. Viscous damper | Fig. 12.12. Viscous damper Il

In the unit, shown in the Fig. 12.12, the damping is held by increase
of the resistance of liquid under immersion of plates (the greater the immersion depth,
the bigger plate-liquid contact surface, so resistance force increases).

Fig. 12.13 shows a scheme of viscous damper for suppression

of torsional vibrations.
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As we see from the figure, when varying the blade geometry, we can control
the resistance force to a wheel movement in liquid depending on rotational direction

at vibrations. That is we can match necessary damper characteristics.

Fig. 12.13. Viscous dampers

Fig. 12.14 shows drip damper scheme used for movable objects damping in stiffly

precision instruments, specifically in photoamplifier.

Source of light

R eflector
/’/
|
Flat string
q P hotosensor

Fig. 12.14. Drip damper scheme
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12.2.4. Shock absorbers
Unlike dampers, shock absorbers are used for high speed suppression.

In Fig. 12.15 the scheme of the spring shock absorber is shown.

Y

/éé%
A

Fig. 12.15. Shock absorber

N

Shock absorbers can be also rubber, rubber-metal, rubber-spring, air-cushion and

other types.
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10.
11.

12.
13.
14.

15.

QUESTIONS FOR SELF-TESTING

What are the main sources of vibration in the mechanisms?

What are the main ways to reduce the negative effects of vibration
on the operation of mechanisms and machines?

How to reduce the source vibration activity in modern machine aggregates?

How does redesign of the object affect the elimination of negative
phenomena related to vibrations?

What does the term “vibration damping” mean? What are the main ways
to implement it?

What is structural damping?
What is the essence of dynamic vibration damping?
What causes damping of vibrations in air and viscous dampers?

For what types of vibration suppressors do the resistances of their damping
medium be proportional to the velocity of the object and for which
to the squared velocity?

What are free oscillations?

Write down the equation of free oscillations of a mechanical system
with one degree of freedom.

Write down the motion equations of an object with a viscous damper.
What principle is the work of inertial dampers based on?

What is the main purpose of shock absorbers? What is the principle
of their work based on?

What are the main types of shock absorbers used in modern
machine aggregates?
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The values of the involute function inva =tg a -

Appendix 1

a’ m%;dnei'tﬂe Oi 5i 10 15 20i 25 30i 35 40i 45 50i 55

1 | 0000 00117 | 00225 | 00281 | 00346 | 00420 | 00504 | 00598 | 00704 | 00821 | 00950 | 01092 | 01242
2 | 0,000 01418 | 01603 | 01804 | 02020 | 02253 | 02503 | 02771 | 03058 | 03364 | 03689 | 04035 | 04402
3 | 0,000 04790 | 05201 | 05634 | 06091 | 06573 | 07078 | 07610 | 08157 | 08751 | 09362 | 10000 | 10668
4 | 0,000 11364 | 12090 | 12847 | 13634 | 14453 | 15305 | 16189 | 17107 | 18059 | 19045 | 20067 | 21125
5 | 0,000 22220 | 23352 | 24552 | 25731 | 26978 | 28266 | 29594 | 30953 | 32394 | 33827 | 35324 | 36864
6 | 0,00 03845 | 04008 | 04175 | 04347 | 04524 | 04706 | 04892 | 05083 | 05280 | 05481 | 05687 | 05898
7| 0,00 06115 | 06337 | 06564 | 06797 | 07035 | 07279 | 07528 | 07783 | 08044 | 08310 | 09582 | 08861
8 | 0,00 09145 | 09485 | 09732 | 10034 | 10343 | 10659 | 10980 | 11308 | 11643 | 11984 | 12332 | 12687
9 | 000 13048 | 13416 | 13792 | 14174 | 14563 | 14960 | 15363 | 15774 | 16193 | 16618 | 17051 | 17492
10 | 000 17941 | 18397 | 18860 | 19332 | 19812 | 20299 | 20795 | 21229 | 21810 | 22330 | 22859 | 23396
11 | 000 23941 | 24495 | 25057 | 25628 | 26208 | 26797 | 27394 | 28001 | 28016 | 29241 | 29875 | 30518
12 | 000 31171 | 31831 | 32504 | 33185 | 33875 | 34555 | 35285 | 36005 | 36735 | 37474 | 38224 | 38984
13 | 000 30754 | 40534 | 41325 | 42126 | 42938 | 43760 | 44593 | 45437 | 46291 | 47157 | 43033 | 48921
14 | 000 49819 | 50829 | 51650 | 52582 | 53526 | 54482 | 54448 | 56427 | 54717 | 58420 | 59434 | 60460
15 | 000 61488 | 62548 | 63611 | 64686 | 65773 | 66873 | 67985 | 69110 | 70248 | 71398 | 72561 | 73738
16 | 000 07493 | 07613 | 07735 | 07857 | 07982 | 08107 | 08234 | 08362 | 08492 | 08623 | 08756 | 08889
17 | 00 09025 | 09161 | 09299 | 09439 | 09580 | 09722 | 09866 | 10012 | 10158 | 10307 | 10456 | 10608
18 | 00 10760 | 10015 | 11071 | 11228 | 11387 | 11547 | 11709 | 11873 | 12038 | 12205 | 12373 | 12543
19 |00 12715 | 12888 | 13063 | 13240 | 13418 | 13598 | 13779 | 13963 | 14148 | 14334 | 14523 | 14713
20 | 00 14904 | 15098 | 15293 | 15490 | 15689 | 15890 | 16092 | 16295 | 16502 | 16710 | 16920 | 17132
21 | 00 17345 | 17560 | 17777 | 17996 | 18217 | 18440 | 18665 | 18891 | 19120 | 19350 | 19583 | 19817
22 | 00 20054 | 20292 | 20533 | 20775 | 21019 | 21266 | 21514 | 21765 | 22018 | 22272 | 22529 | 22788
23 | 00 23044 | 23312 | 23577 | 23845 | 24114 | 24386 | 24660 | 24936 | 25214 | 25495 | 25778 | 26062
24 | 00 26350 | 26639 | 26931 | 27225 | 27521 | 27820 | 28121 | 28424 | 28729 | 20037 | 29348 | 29660
25 | 00 20975 | 30293 | 30613 | 30935 | 31260 | 31584 | 31017 | 32249 | 32583 | 32920 | 33260 | 33602
26 | 00 33947 | 34294 | 34644 | 34997 | 35352 | 35709 | 36069 | 36432 | 36798 | 37166 | 37537 | 37910
27 | 00 38287 | 38666 | 39047 | 39432 | 39819 | 40209 | 40602 | 40397 | 41395 | 41797 | 42201 | 42607
28 | 00 43017 | 43430 | 43845 | 44264 | 44685 | 45110 | 45537 | 45967 | 46400 | 46837 | 47276 | 47718

156




29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

o000
Ooococooo

ecNeoloNololNelolololNolololololololNoleloelNolNolololNol

48164
53751
58809
66364
73449
81097
89342
09822
10778
11806
12911
14096
15370
16737
18202
19774
21460
23268
25206
27285
29516
31909
34578
37237
40202
43390
46822
50518
54503
58804
63454

48512
54238
60353
66934
74064
81760
90058
09899
10861
11895
13006
14200
15480
16855
18329
19910
21606
23424
25374
27465
29709
32116
34700
37476
40459
43667
47119
50838
54849
59178
63858

49064
54728
60856
67507
74684
82428
90777
09977
10944
11985
13102
14303
15591
16974
18537
20047
21753
23582
25543
27646
29903
32324
34924
37716
40717
43945
47419
51161
55197
59554
64265

49518
55221
61400
68084
75307
83100
91502
10055
11028
12075
13199
14407
15703
17093
18585
20185
21900
23740
25713
27828
30098
32534
35149
37958
40977
44225
47720
51486
55547
59933
64674

49976
55717
61937
68665
75934
83777
92230
10133
11113
12165
13297
14511
15815
17214
18714
20323
22049
23899
25883
28012
30295
32745
35376
38202
41239
44506
48023
51813
55900
60314
65086

50437
56217
62478
69150
76565
84457
92963
10212
11197
12257
13395
14616
15928
17335
18844
20463
22198
24059
26055
28196
30492
32957
35604
38446
41502
44789
48323
52141
56255
60697
65501

50901
56720
63022
69838
77200
85142
93701
10292
11283
12348
13493
14722
16041
17457
18975
20603
22348
24220
26228
28381
30691
33171
35833
38693
41767
45047
48635
52472
56612
61083
65913

51363
57225
63570
70430
77839
85832
94443
10371
11369
12441
13592
14829
16156
17579
19106
20743
22499
24382
26401
28567
30891
33385
36063
38941
42034
45361
48944
52805
56972
61472
66340

51838
57736
64122
71026
78483
86525
95190
10452
11455
12534
13692
14936
16270
17702
19238
20885
22651
24545
26576
28755
31092
33601
36295
39190
42302
45650
49255
53141
57333
61863
66763

52312
58249
64677
71626
79130
87223
95942
10533
11542
12627
13792
15043
16386
17826
19371
21028
21804
24709
26752
28943
31295
33818
36529
39441
42571
43940
49568
53478
57698
62257
67189

52788
58765
65236
72230
79781
87925
96698
10614
11630
12721
13893
15152
16502
17951
19505
21171
21958
24874
26919
29133
31498
34037
36763
39693
42843
46232
49882
53817
58064
62653
67618

52368
59285
65798
72838
80137
88631
97459
10696
11718
12815
13995
15261
16619
18076
19639
21315
23112
25040
27107
29324
31703
34257
36999
39947
43116
46526
50199
54159
58433
63052
68050
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Appendix 2
Values of metric modules according to DSTU I1SO 54-2001

1 125 15 2 25 3 4 5 6 8 10 12 16 20 25 32 40 50

Series I 1,125 1,375 1,75 2,25 2,75354555 (65) 9 11 14 18 22 28 36 45
7
Appendix 3
Recommended values of contact ratios
Tooth roughness Degree of accuracy
parameter 5 6 7 8 9
Ra 0,63 1,25 2,5 — —
Rz - - - 20 40
B=0 1,3 1,25-1,3 1,2-1,3 1,1-1,2 1,1-1,05
£,
B#£0 1,0 1,0 1,0 1,0 1,0
Appendix 4

Recommended limit values of tooth point thickness ratio depending on the structure

of the material and the method of heat treatment

Non-hardened gears with homogeneous material structure s; 23
Gears with teeth surface hardening s; 2.4
Normalization, hardening and tempering S*a 2 0,25...0,:
Carburization, nitration .2 0,3...0,
Hardening s*a 20,4..0,¢
Appendix 5
Values of worm modules
1-th series {0,210 - |0,125( - [016[020|025| - |0315|040[050| - |063(080| - | 1,0
2-thseries| - |0,12| - |0415| - - - 1030 - - - 1060 - - - -
3-thseries| - | - - - - - - - - - - - - 1090 -
Continuation of the appendix 5
1-thseries | - [1,25| - - (16| - |20 - [25] - - 1315 -] 40| - |50]| -
2-th series - - - 15| - - - - - - |30 - [35] - - - 6,0
3-th series [1,125| - | 1375 | - | - |175| - [225| - |2,75| - - |- - |45] - -
Continuation of the appendix 5
1-th series |63 - [ 80 | - [100]| - - |125| - |160| - |200]| - |250
2-th series - 70 - - - - 120 - - - - - - -
3-th series - - - 9,0 - 110 - - |140| - [180] - |220| -
Appendix 6
Worm-diameter factors
l-ipan | 63 - |80 - 10,0 - |125] - 16,0 - |200] - 25,0
2-i pan - 71| - | 90 - 112 | - | 140 - 180 | - | 224 -
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Values of shift factor of basic rack for the following conditions: a — maximum increase in contact strength;

b — bending strength; c — ensuring wear resistance and seizing resistance [11]

Appendix 7

Z, n 12 15 1Z§ 22 28
a b Cc a b c a b Cc a b C a b c
1 n1 0,38 | 047 | 0,36
2 0,38 0,23 0,36
15 n1 030 | 053 | 043 | 045 | 058 | 0,44
2 050 | 0,22 | 0,34 | 045 | 0,28 | 0,44
18 n1 0,30 0,57 0,49 0,34 0,64 0,48 0,54 0,72 0,54
2 061 | 025 | 035 | 064 | 0,29 | 046 | 054 | 0,34 | 054
” n1 0,30 0,62 0,53 0,38 0,73 0,55 0,60 0,81 0,60 0,68 0,95 0,67
2 066 | 028 | 038 | 0,75 | 0,32 | 054 | 064 | 038 | 063 | 068 | 0,39 | 0,67
28 1 0,30 0,70 0,57 0,26 0,79 0,60 0,40 0,89 0,63 0,59 1,04 0,71 0,86 1,26 0,85
2 088 | 0,26 | 048 | 104 | 035 | 063 | 1,02 | 0,38 | 0,72 | 094 | 040 | 081 | 0,86 | 042 | 0,85
" A1 0,3 | 0,76 | 060 | 0,13 | 0,83 | 063 | 0,30 | 093 | 067 | 048 | 108 | 0,74 | 0,80 | 1,30 | 0,86
n2 1,03 0,22 0,53 1,42 0,34 0,72 1,30 0,37 0,82 1,20 0,38 0,90 1,08 0,36 1,00
2 A1 030 | 0,75 | 063 | 0,20 | 092 | 068 | 0,29 | 102 | 068 | 040 | 1,18 | 0,76 | 0,73 | 1,245 | 0,88
n2 1,30 0,21 0,67 1,53 0,32 0,88 1,48 0,36 0,94 1,48 0,38 1,03 1,33 0,31 1,12
50 A1 030 | 058 | 063 | 025 | 097 | 066 | 0,32 | 105 | 0,70 | 043 | 122 | 0,76 | 064 | 1,22 | 091
2 1,43 0,16 0,77 1,65 0,31 1,02 1,63 0,36 1,11 1,60 0,42 1,17 1,60 0,25 1,26
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Appendix 8

Approximate coefficients of static and dynamic friction

Coefficient of friction
Friction pair materials Static Dynamic (sliding)
Dry friction Llfjrbi::it(i:gtned Dry friction Ll]ﬂrt;[:it(i:gtr?d
Steel — steel 0,15 0,1-0,12 0,15 0,05-0,1
Steel — soft steel - - 0,2 0,1-0,2
Steel — cast iron 0,3 - 0,18 0,05-0,15
Steel — bronze 0,12 0,08-0,12 0,10 0,07-0,10
Steel — textolite - - - 0,02-0,06
Cast iron — bronze - - 0,15-0,2 0,07-0,15
Bronze — bronze - 0,1 0,2 0,07-0,1
Rubber — cast iron - - 0,8 0,5
Metal — wood 0,5—0,6 0,1-0.2 0,3-0,6 0,1-0,2
Leather — metal 0,3-0,5 0,15 0,6 0,15
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ENGLISH-UKRAINIAN GLOSSARY

TepMiHOIOTIYHNH AHTJIO-YKPATHCHKUI CJIOBHUK

Ability

Abrasion

1. (cun. attrition, deterioration, tearing, wear
wear-out) cTupaHHs, 3HOITYBaHHS,
CHpaltoBaHHI.

2. Ilnipysanus.

Abrasion resistance (cur. wearlessness, wear
resistance) ormip 3HOIITYBaHHIO,
3HOCOCTIHKICTB.

Absence  BifCYTHICTb; HEJOCTATHICTb.

Absolute shift abCOITFOTHE 3MIIICHHS.

Absolute velocity a6comoTHa IBUAKICTS.

Absorptance mornuHaNbHA 3MATHICTS.

Absorptive  mornunansHUiL, a6COpOIIHHUIA.

Abutment  toperp, n'sTa, MeKa; OOPHUIA.

Acceleration mpuckopeHHs
Accelerated motion mpuckopeHuii pyx.
Acceleration analogue AHAJIOT IPUCKOPEHHSI.
Acceleration diagram IUIAH [TPUCKOPEHb.
Normal acceleration HOPMAaJIbHE IPUCKOPEHHSL.
Tangential acceleration taureniiansue

MPUCKOPCHHS.

Total acceleration  moBHe MPHUCKOPEHHS.
Accelerative damper  iHepiiiHuii racHUK.
Accompany  cynpoBOKYBAaTH; IPOBOJUTH.

be accompanied (by)  cynmpoBoKyBaTHCh.
Accrued 3pocii (MOXKIIMBOCTI), HAKOTTHYCHH.
Accuracy  TOYHICTb.

Accuracy grade (cun. degree of accuracy, order

of accuracy) CTYIiHb TOYHOCTI.

Accurate npaBWIBHHH, TOYHUH, KaniOpOBaHHN.
Accurate toothing  mpaBuibHE 3a4YerICHHS.

Achieve  nocsraru, ycminiHo BUKOHYBATH; JTOBOJAUTH
10 KIHII.

Achievement  gocsirHeHHs.

Acid-resistant (cun. acid-fast, acid-proof)
KHACJIOTOCTIHKHIA.

Acting  nirounii, pobouHii, MPAIFOIOYHIL; [II0 BUKOHYE
000B'sI3KH.

Acting face poGoua moBepxHsi.

Acting profile of a campo6ounii npodine kymauka.
Action (cun. effect, impact, influence) Bmms.
Active axTuBHUH, Iir0unl, TIHCHUI.

Active gear tooth flank (cun. working flank)

pobounit npodins 3yors

Acute angle  rocTpiii KyT.

Addendum (cun. depth of pitch line)  BucoTa ronoeku
3y0a 3y04acToro koieca, rooBka 3yba 3K; koo
BepiumH (cun. outside circle).

Addition  nomaTok, TONOBHEHHS, PUETHAHHS,
JO/IaBaHHs (mam.).

Adherence 34EIIJICHHS; [iJbHE 3'€THAHHS,
JMITYYicTh (02 Macmuaa).

Adhesion [adhesive] power cuna 34enseHHs.

Adjacent cymixHuii, puUiIerIuii, cyciamii (t0).

BMIHHSL.

A

Adjust  yB’s3yBaTH.

Adjusting perymoBanbHHii; BCTAHOBITIOBAIbHHUIA,
CKIagambHUI

Admissible momycTuMuii.

Admission  BITYCK, JOCTYII, HAJIXOKEHHS; BITYCKHHIA.
Admission valve (cun. inlet valve, intake valve)

BIIYCKHUH KJIamlaH.

Admitted gomycTrMuUii; BU3HAHMIA, 3aTATBHOBU3HAHHA.
Admitted region  06macTh TOMYCTUMHUX 3HAUCHb.
Admitted range  momyctuma 067acTh (Iiamason).

Adsorption  ancop0irisi, moBepxHeBe BOUPaHHSI.
Adsorption layer  ancopOruiiiauii map.

Advanced mepeaoBHii, MPOTPECUBHUIA.

Advantage  mepesara.

Adverse conditions HecnpHATIHBI YMOBH.

Algebraic  anrebpaiunuii.

Alteration 3MiHa, TepepooKa.

Alternating  3miHHU#, TepeMiHHUIL; 10 YEPTYETHCS.

Ambit  rpanumi, rianazoH, po3Max, OKiI (TOYKH).

Amplitude amruiityza.
Amplitude decay  yOyBaHHs 3a aMILTITY1010.
Amplitude of oscillation  ammmityna KonuBaHs.
Analytical method ananitTuunuii MeTo.
Angular acceleration  kyToBe MPUCKOPEHHS.
Angle kyT; KyTOBHIi; TOYKa 30pYy, MOTJISI; KOCHHEIIb.
Angle of action (cun. pressure angle) xyt
3aUCIUICHHST; KYT THUCKY.
Angle of friction  kyt TepTs.
Angle of thread KyT IpodiTto pi3bou.
Cam angle of rotation KyT HIOBOPOTY KyJ1auKa.
Involute angle  eBosbBEeHTHHUIA KYT.
Lead angle  kyT migiioMy rBUHTOBOI JIiHIT; KyT
nigiomy pizeou.
Vertex angle Kyt mpu BepIuHi.
Angular velocity KyTOBa IIBUJIKICTb.
Angularly i KyTOM.
Annex (cun. appendix, addition) gomarok, TOTOBHEHHS.
Antifriction material AHTUQPUKIIHHUIA MaTepiall.

Antihunting  raciHHs KONHBaHb.
Antiphase nportudasa.
Apex  BepxiBKa, BEpIIMHA.

Apex angle kyT npu BepuiuHi, KyT
PO3KpUTTS (KOHYCa).

Appear moka3zyBaTHCH, 3'IBIATUCS, 31aBaTHCS;
BUSIBJISITHCS; TIPOSIBIISITHCS.

Appendix (cun. annex)  TOMOBHEHHS, I0JATOK
(o KHHTH)

Application  mpakTiyHe 3acTOCYBaHHS.

Approach HaOIMOKCHHS, HACTaHHS, TIXiI;
HaOIMKATHUCS, HIAXOJUTH.

Arbitrary  noBinbHuil.
Arbitrary scale
Arbitrary shape

Arbitrarily chosen

JIOBUIBHUM MacTal.
JIOBUIBHA (hopMma.
JIOBUTHHO BUOpaHUH.
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Arc nyra.

Arc length  nomxwuna nyru.
Arc of circle (cun. circular arc)
Arc of contact

Archimedean worm

Arithmetic mean

Arm moBOJIOK.
Arm of force rmreue cunu.

Arrangement  MOHTaX, YCTAaHOBIJICHHS; IIPUCTPIH,
MEXaHi3M; pO3TalllyBaHHs; KIacU(iKaIlis;
MPUBEICHHS 10 JIA/Y; BIOPSIKYBAHHS.

Asarule SIK TIPABHJIO, 3a3BUYAH.

As few as possible (cun. a minimum of) minimansna
KUTBKICTb.

Aslant (cun. obliquely)  moxwuo.

Aspect ratio  criBBiITHOIICHHS PO3MIpiB.

Asperities  BHCTYIH HIOPCTKOCTI IIOBEPXH.

Asperity (cun. roughness) mopcTKicTh, HIEPIIABICTh;
HEpIBHICTb.

Assembling cknaganss.

Iyra Koja.
Iyra 3a4eIUICHHS.
apxiMeIiB 9epB’sK.
cepenHe apupMeTHIHE.

Assemblage of forces (cun. force system) cucreMa
CHII.

Assertion  TBepKeHHS, YOPMYITIOBAHHS (Mam.).
ASSign IIPUCBOIOBATH, 3a/1aBATH.

Assigned profile
Assur group
Assurance

3aIaHIi IPOQiTE.

rpyna Accypa.
3a0e3MeueHHs], 3alICBHCHHS; TAPAHTIS.

Back-and-forth motion
pyXx.
Backlash  3a3op, xonoBuit 3a30p B 3y6uacrtiit nepeaaui,
nrodT, MEpTBHUHN Xij.
Balanced state piBHOBa)kHUit CcTaH.
Balancer Ganancup.
Balancing 3piBHOB)XYBaHHs, OalaHCYBaHHS.
Ball-and-socket hinge chepuuHHil MApHIp.
Ball-to-ball contact koHTakT 1BOX KyIib.
Barrel cam ITIHAPUIHUHN KyTadoK.
Base  <¢yHmameHT, ocHOBa, Oa3uC; 3aKJIAATH OCHOBY.
Base circle ocnoBze kouo.
Base of cone  ocnoBa koHyca.
Base pitch  ocHoBHHI1 KpOK.
Base radiuses  pajiyc OCHOBHOTO Ko0Jia, OCHOBHHIA
paxiyc.
Base tangent (cux. common normal)
HOpMaJIb (3y0uacme 3auenyieHHs).
Basic  HaiiBaxiuBilI (pakTH, OCHOBH (40TOCH);
OCHOBHHI.
Basic dimensions
Basic link 0a3ucHa JIaHKa.
Basic property  OCHOBHA BIIACTHBICTb.
Basic rack 3y6uacra [iHcTpymeHTanbHA] pelika,
rpebiHKa.
Basic rack tooth profile
kouTyp [BTK] petikm.
Barren backoff HENPOAYKTHBHI BTPATH MOTYXHOCTI.
... be accompanied (by) cympoBomxyBaTUCh.
Beam (cun. connecting rod, con-rod, coupler) marys.
Beam-and-crank mechanism  kpuBommmHo-
[IATYHHUH MEXaHI3M.

3BOPOTHO-TIOCTYNAJIbHUI

CIIIbHA

OCHOBHI PO3MIpH.

BHIX1THUH TBipHUH

As-turned finish (cun. surface roughness)
MTOBEPXHi.

Atleast  xoua 6, mpuHaHMHI.

Atrightangleto... mepmeHauKyIsSIpHO JIO ...

Attach (to) TIPHUB’SI3yBaTH.

Attachment  npuenHanHs, 3’ €IHAHHS, TPUKPITUICHHS;
OPIIAJIIs, TOMOMIKHA IeTallb.

Attempt  cnpo0a; HamaraHHs; Tpo6a; NpoOyBary,
Hamaratucs; OpaTucs.

Attribute  osnaka.

Attrition (cun. deterioration, tearing, wear,
wear-out)  3HOC, 3HOIIYBaHHSI.
Attrition [attritious] wear  3HOC mijg yac
TIPUPOOIITHHSL.

Augmentation migBUIIEHHS.

Availability (cun. working capacity, operational

MIOPCTKICTh

integrity)  poGOTOCIPOMONKHICTB.
Average speed  cepeaHs MBHIKICTb.
AXxes  oci.

Axial contact ratio (cun. overlap contact ratio)
KOe(DilieHT GIYHOTO MEPEKPUTTS.

Axial section ocboBuii nepepis.

AXiS  Bicbk, OCHOBA JIiHis, BaJI, INITUHEIb.
Axis of a journal  Bice nangu.

Axle base Mixkocb0Ba BifCcTaHb.

Axoid aKCOI L.

Bearing part (cun. bearing)  mimmunauk.

Become disconnected  po3’emHyBaTHCh.

Below (cun. from below, underneath)  3um3y.

Belt mac.

Belt pulley  wikiB mpuBinHOTO TMaca.
Belt transmission macoBa nepenauva.

Bench CTEH/I.

Bending strength  wminHicTs Ha 3ruH.

Best-case value HaWKpale 3Ha4YeHHSI.

Beyond (cun. outside, out of)  mosa, Hax, noHa, BuIIE.

Bevel ckic, 3aroctpents, acka; KOCHIA, CKiCHHU.

Bevel gear KOHIYHa 3y04acra repejiaya;, KOHIUHe
3ybuacre koyeco

Bevel gear drive (cun. bevel gear) xoniuna
3ybuacTta nepenadga.

Bevel gear wheel (cun. bevel gear, bevel wheel)
KOHIYHE 3y0dYacTe I KOJIeco.

Bevel gearing KOHIYHE 3yOuacTe 3a4erIeHHs,
KOHIYHa 3y0uacTa rnepeaada.

Blade 1ne30, momars.

Borderline lubrication (cux. thin-film lubrication)
IpPaHUYHE 3MallIeHHS.

Both  o6uxsa, Toii i apyrui.

Bottom land JIHO 3anauHu (3y6uacmozo koneca).

Bound (cun. boundary)  rpanuus, mexa.

Break 3mam, oTBip; TpimMHa, po3KOJIMHA, IIiIHHA,
nmamatu(cs); po3duBatu(cs); pBaTu(cs);
po3puBatu(cs); pyiHHyBaTH(CS); 3TaMyBaTH.

Break of a curve  3mam kpHBOi.

Breast umiHis BepumH 3y0OuiB.

Bulk properties  06’eMHi BIacTHBOCTI.

By hand  Bpyuny.
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Calibrated orifice xkamiGpoBanwuii OTBip.
Cam  kymadok.
Barrel cam  wuIiHAPUYHHIA KYIaydoK.
Cam angle of rotation KyT HOBOPOTY KyJIauKa.
Cam lobe koHTyp Kysauka.
Cam mechanism (cux. cam box, cam gear)
KyJIauKOBHH MEXaHi3M.

Conical cam  KOHIYHUIA KyTa4oK.
Conjugate cam  JIBOIMCKOBHIT KyJTauoK.
Conoid cam  KOHOIIHHI KyJTauoK.

Diametrical cam  niamerpanbHHiT KyTauoK.
Face cam (cun. track cam) ma3oBwuii Kymadok.
Hyperboloid cam  rinepGonoinuuii Kysadok.
Cancel BiJIMiHa, 3aKpECIIOBaHHA, aHYIIOBATH,
BIZAMIHSTH, CKOPOYYBaTH (Api0, piBHIHHS).
Cantilever bar  koHCONBHHIA CTEPXKEHB; KOHCOJILHA
Ganka.
Carrying capacity
Castiron  uaByH.
Cause  mpuumHa.
Centre  wmeHtp.

Centre distance  MiXIIEHTPOBA Bi/ICTaHb.

Centre distance increment factor (cun. coefficient
of effective addendum modification)
KOEQIIEHT CIPUIMAaHOTO 3MIIIIEHHS.

Centre line  minis ueHTpiB.

Centre line of thrust ~ minis aii piBHOAIHHOL.

Centre of curvature  1eHTp KpUBHHU.

Centre of gravity LIEHTp Bar.

Centre of mass LIEHTp Mac.

Centre of oscillation  meHTp KOMTMBaHb (XUTAHHS).

Centre of rotation LEHTP 00epTaHHSI.

Centripetal acceleration JIOLIEHTPOBE MPHUCKOPEHHSI.
Centrode (cun. centroid line) LEHTpOIA.

Certain neskuil.
Cessation 3yIIMHKA, TPU3YIIUHCHHSI, [ICpEpBa.
Chain  mammror.
Chain loop  rinka manmrora.
Changing  3MiHa, KOpeKIlis MapaMeTpiB.
Chord  xopna.
Chord method
Chute CITYCK, 5K0JIO0, KaHaJI.
Circle  kono, kpyr.
Base circle  ocHoBHe koO.
Pitch circle (cun. working pitch circle) mouarkose
KOJIO.
Standard pitch circle (cun. nominal pitch circle)
IUIHIBHE KOJIO.
Circular  komoBmii, KpyroBuit; KpyTIIHii.
Circular arc  gyra xona.
Circular notch width  konosa (ninunbHa) MWHPHHA
3amaJMHy 3y0uacToro Kojieca.
Circular pitch  kosoBuii kpok.
Circular pitch in plane of rotation (cun. transverse
circular pitch)  Topueswuii kpox.
Circular tooth thickness  komosa (minnibHa)
TOBIIMHA 3y01s 3y09acToro Komieca.
Circumference  noBxuHa Kouna.
Circumscribe  omucysaru.

BaHTaXKOII JMOMHICTD.

METOJ XOP/I.

C

Clarification  pexrudikariis, OUHIICHHS;
MIEPETBOPEHHS, BUIO3MIHA.
Clarification filtration

(bINBTPYBaHHSIM.

Closing 3MUKaHH:, IPUIATAHHSA, 3aKPUTTS; 3alIUPAaHHS,
3aKiHYEHHS, KiHEI[b.

Closure condition ~ ymoBa 3aMKHEHOCTI.

Clutch  mydrTa.

Coefficient  koedirient.

Coefficient of efficiency (cun. efficiency, coefficient
of performance, COP)  koedirtienT
KOPHUCHOI Aii.

Coefficient of effective addendum modification
(cun. centre distance increment factor)
KOe(DIiIEHT CIPUIMAHOTO 3MIIIICHHS.

Coefficient of elasticity momyms mpyxHOCTI.

Coefficient of fluid friction KoehilieHT
PIAMHHOTO TEPTSL.

Coefficient of friction (cun. friction coefficient)
KOeQIIieHT TepTsL.

Coefficient of speed fluctuation
HEPiBHOMIPHOCTI PYyXY.

OYHCTKa

KoeimmieHT

Cog-wheel 3yb4acTe KoJeco.
Coincidence 306ir, cymileHHs.
Combustion  3ropanss.

Combustion chamber  kamepa 3ropanss.

Combustible mixture po6oua cymiur (ABC).

Common normal  crinsHa HOpMaJsb.

Common tangent cminbHA JOTHYHA.

Compactness KOMIaKTHICT.

Comparative estimation mopiBHsJIbHE OI[IHIOBAHHS.

Comparatively  BigHOCHO.

Compensate 0anaHcyBaTH, 3piBHOBaXXyBaTH,
KOMIIEHCYBATH, HAJIONTY)KYBaTH.

Compensating kommeHcallist, KOMIEHCYIOYHH.

Complement JOMNOBHIOBATHU,; KOMIUIEKT, 104AaTOK.

Compliance  3roxa, MoAaTIMBICTh, MOCTYILUIUBICTS.
in compliance with  3rigno 3

Compound motion  ckiaaHuii pyx.

Concentrated force 30Cepe/KeHa Cuia.

Concurrence of lines neperu miHii.

Cone  komyc.

Cone distance JUTHIbHA KOHYCHA BiJICTaHb.

Condition of equilibrium ymoBu piBHoBarm.

Confine  obmexysaru.

Conform  y3romkyBaTHCSI, TAKOPATHCS (TIPABHIAM)
TPHCTOCOBYBATH(CsI), 3BakatH (Ha - 10) ;
MOTOKYBaTHCs (3 - t0).

Congruous BI/IIIOBI THHIA.

Conical (cun. taper) KOHIYHHH.

Conical cam KOHIYHUH KyJIQuOK.

Conjugate 3'eqHaHwmil, CIOTYyYCHUH, CIPSDKEHUI (mam.).
Conjugate cam  JIBOJMCKOBHI KyJIadyoK.

Connecting rod (cun. con-rod, coupler, beam) maryH.

Conoid cam  KOHOIJHHUH KyJIauOK.

Consecutive mocmigoBHHIL
Consecutive positions

Constancy  cramicts.

Constant magnitude

MOCIIOBHI MOJIOKEHHS.

cTajia BCJIMYHUHa.
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Continuous  Ge3nepepBHMI, CYIIILHIMA, ITOCTIHHAI Crankshaft  xomingacTuii Baj.

(npo cmpym). Cross  xpecr, IepeKpeCIIOBaTH, epeTHHATH(CS),
Constituent  ckimamoBa, KOMIIOHEHTA. HepexpenryBaTu(cs), IEPEXOIUTH.
Constraint B’513b, 0OOMEKEHHS, HAIPYIKEHICTb, Cross section (cun. Crosscut) momepeunuii mepepis.
CKYTICT. Crosscut  momnepe4Huii nepepiz, MONEPEUHHUH.
Construction KkoHCTpYKLLis, Oy AIBHUUTBO, TOOY10BA. Crosshead (cun. slider, sliding block, cylinder piston)
Construction unit €JIEMEHT KOHCTPYKIIii. TIOB3YH.
Contact KOHTaKT, TOTHK, 3B’ I30K. Cumulative  cymapHwuii.
Contact area momanka (IOBEPXHs) KOHTAKTY. Curvature KpuBH3HA; BUTMH, 3THH; BUKPUBIICHHSI.
Contact line  ntinist KOHTAKTY. Curve kpusa (JIiHifl); BUTMH; KDMBUM3HA; 3aKPYIJICHHS;
Contact patch ~ uisamMa KOHTaKTy. THYTH, 3TUHATH; BUTHHATH(CS).
Contact point (cux. point of tangency, tangent Current  MOTOYHHIA
point)  TouKa JOTHKY. Current value mOTOYHE 3HAYCHHSL.
Contact ratio KOC(ILIEHT EPEKPHUTTL. Current position moTouHe MOJIOMKEHH.
Contact stress KOHTaKTHE HaIlpyKCHHS. Smooth curve rmanxa kpuBa.
Contact zone koHTaKTHa 30Ha. Cutter pisenp; ppesa; pizak; pi3aJbHUA IHCTPYMECHT.
Contacting bodies xonTakTyrodi Tina. Shaping cutter  os6au.
Contacting pair  KOHTaKTHa mapa. Cutting  pizanss.
Continuous  Ge3nepepBHHUiA, CyLibHHUIA, Cuttingedge  pixyue 130, BicTpsL.
noctiiiunit (npo cmpynm). Cutting force  cuna pisaHns.
Continuous motion  HemepepBHuii pyx. Cutting machine MeTaNopi3anbHU BepcTar.
Contrary MIPOTHJIEIKHUH; 3BOPOTHE, IIPOTUIIEIKHE, Cutting motion pyx pizanms.
MPOTUIICIKHO, BCyTIEped. Cycle mmxm.
Contrary assertion NPOTHJICKHE TBEP/UKCHHA.  Cyclically  rmxmivHo.
Converting  mepeTBOpEHHS. Cycling  mukmiuHicTs.
Convex (cun. convex camber)  BHITyKIICTb. Cyclogram  mukmnorpama.
Co—oro_linates _ cHCTeMa KOOpJuHAT. Cycloid (cun. cyclic curve)  uumknoina.
Coordinate origin I104YaTOK KOOpAHHAT. Cycloidal LHUKIOINAIbLHIM, ITUKIIOTHUI.
Coordinated  KOOpAMHOBAaHHUH, y3TOIKEHHIA. Cycloidal gear nukmnoinne 3y64acre Koneco,
Coriolis acceleration npuckopenns Kopiamica. [MKJIOiIHA 3y0UacTa rnepeaaya.
Correction factor for profile shift (cun. shift factor) Cycloidal gearing  mmkioinansHe 3y6uacre
KOE(DII[IEHT 3MIIIECHHS. 3aUeIIeHHS.
Corrective KOpETyBaJIbHHIA. Cylinder LUITHAp.
Corresponding  BigmoBinuwuii. Cylinder piston (cux. crosshead, slider, sliding
Corrosion  kopo3sist; po3'imaHHs; BUTPABIIOBAHHS; ipKa. block) IHIOB3YH.
Corrosion prevention  3axucT Bix KOpO3ii. Cylinder-to-cylinder contact ~ konTakT 1BOX
Cosine  KOCHHYC, KOCHHYCOIaTbHUH. AT H/IPIB.
Coulomb friction (cuw dry friction, unlubricated Cylindrical gear uumningpuune 3y64acre Koieco,
friction)  cyxe TepTs. LM HApMYHA 3y0YacTa repeaaya.
Count  paxysaru. Cylindric(al) slider (cun. piston) wuIiHAPHYHWUIA TOB3YH.
Counteract  3piBHOBa)KyBaTH, IPOTHIIATH. Cylindric(al) surface (cun. radial surface) uwrtingpuaHa
Crank (cun. crankshaft)  kpuoruum. TIOBEPXHSL.
Crank-and-rod mechanism  kpuomrurHo- Cylindrical worm (cux. single-enveloping worm)
IIaTYHHUN MEXaHI3M. WTIHAPUIHUHN YepB’sIK.

Crank-and-slider mechanism  kpuBomumHo-
MTOB3YHKOBHI MEXaHi3M.

Crank existence condition ymoBa icHyBaHHS
KpUBOLIUIIA.

Crank mechanism  KpUBOIIMITHHI MeXaHi3M

Crank-rocker mechanism (cun. crank-guide,
crank-and-slot mechanism, quick-return link
mechanism,) KpUBOLIMMHO-KYJIiCHUH

MeXaHi3M.
D
Damage  momIkomKeHHS, OIIKOKYBATH. Air damper  noBiTpsiHHI racHUK (HeMIdep).
Damage accumulation HaKOIMYECHHS Drip damper  kpamnenbHuii nemmdep.
TIOIIKO/IKEHb. Liquid damper (cun. viscous damper) pinuHHuit
Damp (cun. decay) TacUTH, 3racaTH, 3aTyXaTH, racHUK (nemidep).
nemiipyBaTH, ralbMyBaTH, aMOPTU3YBATH. Pendulum damper  MasTHUKOBHI racHHK
Damper  nemmndep, racHUK, aMOPTH3ATOP. (nemmngep).
Accelerative damper  iHepuifiHHii racHHK. Rolling damper  kOTKOBHii racHHK.
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Damped [decaying] oscillation  3aryxaroui KoJMBaHHS.
Damping neMryBaHHS, 3aTyXaHHsI, TAIbMYBaHHSI.
Damping capacity  memmdyroya 31aTHICTb.
Damping characteristic  xapakrepuctrka
JneMIi)yBaHHSI.
Damping time gac 3aryxaHHs (3aCITOKOEHH).
Structural damping  koHCTpyKIiliHe
JaeMidipyBaHHS.
Vibration damping  memmndipyBaHHs KOJIHBaHb.
Datum  paHa BeJMYMHA, CIIEMEHT JaHUX; BUXITHHUI
piBEHB.
Datum point Touka 3BeJeHHS.
Datum link  manka 3BencHHS.
Datums 0a3a, 6a30Ba Touka (JTiHis, TUIONIMHA), TTOYATOK
BiIUTIKY; peniep; Touka (JIiHis, IUIOMIWHA) 3BEJCHHS.
Dead weight  Biacua Bara.
Decay of oscillation ~ 3aTyxaHHs KOJIHBaHb.
Decelerate  ynoBinbHeHHS; 3MEHIIYBATH IIBUAKICThH
(KiTBKICTB 00EpTIB).
Decisive  BupilmanbHUiA, TEPEKOHIHBHIA.
Dedendum  Bucora HikKKH 3y0a 3y6UacToro Koieca,
Hi)XKa 3y0a 3y04acToro koieca;
KOJIO 3amauH (cuH. root circle).
Deepening  3armu0ieHHs.
Defective layer  nedexrHuii map.
Degradation Jerpajarisi, BUPOKCHHS, TIOTipIICHHS.
Degree of accuracy (cun. accuracy grade, order
of accuracy) crymiHb TO4YHOCTI.
Degree of freedom  crymiub cBoGOAN.
Delineate  300pakaTu, KpECIUTH, POOUTH HAYEPK.
Demand BHMOTa; BUMAraTH, moTpedyBaTH.
Dependence  3anexHicTb.
Depth  rimbumna.
Derivative of function  moxigna dyHKIi.
Derivative sign  3Hak moximHoi.
Design  xpecieHHs, €CKi3, pUCYHOK; TPOCKTYBATH,
KOHCTPYIOBaTH, POOHUTH €CKi3.
Design factor  po3paxyHKOBHiT KOeDII[i€HT.
Design formula (cun. design equation)
po3paxyHkoBa hopmyria.
Design size  mpoexTHuit po3mip.
Design stage  cTaist mpOEKTYBaHHSL.
Deterioration (cun. attrition, tearing, wear, wear-out)
3HOC, 3HOIITYBaHHSI.
Develop  possuBaTH(Cs), KOHCTPYIOBATH, PO3POOIATH;
po3KIanatu (mam.); poO3ropTaTH.
To develop on aplane  posropraTd Ha IUIOLIUHY.
Development PO3BHUTOK, 3pOCTaHHS, PO3LIMPEHHS,
PO3rOpTaHHS; NOJMIIIICHHS, BIOCKOHAICHHS
(mexanizmis); BUCHOBOK, PillICHHS; PO3TOPTKA.
Device  npwuiaza, mpucTpiil, IPUCTOCYBAHHS; aNapaT.
Devise  po3po0iaTH, BUHAXOIUTH, IPUAYMYBATH.
Diametrical cam  giamerpaibHUil KyJlauoK.

Each other  oaun mo ogHOMY, OJIHH OHOTO.

Eccentric ekcuenrtpuk.

Eccentricity  excueHTpucurer.

Economy in use exoHOMiuHHI (IIPO MAILIKHY,
00aTHaHH).

Differential  mudepenrian (vam., mex.);
nudepeHIaTbHIH.
Differential gear (mechanism) mudepeHtian
(mex.), mudepeHIiaNbHUi 3y0UacTHii MEXaHi3M.
Differentiation T epEHITIFOBAHHSI.
Dilated domain  posmupena oGacTb.
Dimension  po3mip, BUMipHICTb.
Dimensions  rabapuru.
Disadvantage Henomik, HEBUTIHICTb,
MepeIKo/a, 3aBajia.
Disengage po3’eqHyBaTH, BUXOAUTH 3 3a4CILICHHS.
Disengagement  po3’exHaHHS, BUXIJ i3 3a4CTIICHHS.
Disk  muck.

Disk-type gear cutter ~ 3yGopisHa auckosa ¢pesa.

Disparity  HepiBHiCTb, HEBIIIIOBIIHICTS.
Dissipation po3citoBanHs (€Heprii), AUCHTIALLISL.
Dissipative  po3scitoBaibHHIA.

Distinguish  po3spi3usty, BiapizusTu(cs),

BiZ3HavaTH(Csl); TOOAUYNTH, IIOMITUTH.
Dope (cun. grease, lubricating grease) koHcHCTEHTHE
(Tycre) MacTHIIO.
Dotted line (cun. dot line, line dotted)
JIHisl, TyHKTHP.
Double MOJIBIMHUIA, 3/IBOEHUI, CIAPSHUI; Y IBIYi.
Double arm groups  aBomoBiakoBa rpymna.
Double-enveloping worm  rino6oigauii 4yeps’sik.
Double stroke mnoagiiiHuii Xif (TTOpIIHS).
omip cepenoBHIIA.
KpamaTH; KparnaHHs.
Drip damper kpanensHuii gemmdep.
Drive mepenaua, mpuBiz, IPUBIIHAH MEXaHI3M.
Drive operation smoothness  miaBHicTh poboTH
nepeaadi.
Drive power mOOTYKHIiCTh TIPHBO/IA.
Drive shaft npusinawuii (rosoBHUIT) Ba.
Drive stage cryminb nepeaadi (MeXaHiuHOT).
Driven BezneHwuii.
Driving Bemyuwii, npuBiHUI.
Driving force pyuiiiiHa cuna.
naJaTH, KpanartH, Kparis.
Drop temperature  TemmepaTypa Kparuiena iHHs.
Dry friction  cyxe tepTs.
Durability (cuwn. reliability) waniitaicTs.
Duration (cun. time)  TpuBaicTs.
Dyad niana.
Dynamic jguHamMivHMi, aKTHBHUH, AIFOYMH.
Dynamic friction (cun. kinetic friction)
pyxy.
Dynamic viscosity

IIyHKTUPHA

Drag
Drip

Drop

TepTs

IMHAMIYHA B'SI3KICTD.

Dynamics JIMHAMIKa, pyLIiiHi crim.
Dynamotor  aBUTYH-reHEpaTOpHHIA arperar.
Dwell angle  kyt crosians (01 Kyrauxis).

High dwell angle
Low dwell angle

KYyT TaJJbHBOT'O CTOSTHHS.
KYT OJMKHBOTO CTOSIHHSI.

Edge  kpaii (vococw), BicTpsl, J1e30, TpaHb; TOUUTH;

3aroCTPIOBATH.

Effect nis, BrunB, siBHILE, pe3ysbTaT; pOOUTH, YHHUTH;
BUKOHYBATH, 3/11HCHIOBATH.

Effective  nifioBwmii, ehexTHBHUN, YNHHUIN, HASIBHU;

KopucHuit (mex.).
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Effective line of action (cun. active portion of line
of action)  akTuBHA JIiHis 3aYEIUICHHS.
Effective addendum modification crpuiimane
3MIIICHHS.
Efficiency (cun. coefficient of efficiency, coefficient
of performance, COP)  koedirtieHT KOpHUCHOT Jii.
Elastic mpyxHuii, rHy4dkuii, ryma (IIHYP).
Elastic force mnpyxHa ciia, cuia pyXHOCTI.
Elastic foundation Mpy>KHA OCHOBA.
Elastic hysteresis loop  metss npyxHoro
ricrepesucy.
Elasticity mpyxHicTb.
Elastohydrodynamic lubrication enacrorizpoxunamidne
3MAIICHHSL.
Eliminate ycysaTu, BUnpaBisTy.
Elimination  ycyHeHHs, BUKJIIOUCHHS; JTiKBiaIlis,
SHUIIEHHS.
Ellipse  emimc.
Embodiment srinenns, 06'e1HaHHS; BKIIOYEHHS;
3IHTTS.
End-capping (cun. locking)
End-mill type gear cutter

3aMUKarOYui.
3y0opi3Ha nanbiieBa (pesa.

Engage BXOIUTH B KOHTaKT, BXOAUTH B 3a4YCTUICHHS.
Engagement 3advericHHS.
Engine  mBuryH, MmoTop.

Engine drive shaft  roxoBHuii BaJ ABUTYHA.
Engineered value pospaxyHkoBa BenH4HHA.
Engineering wmammHOOyayBaHHS, iHXCHEPIs,

TEXHIYHHH.

Engineering data  Texuiuni nani

(XapaKTepUCTHKH), TEXHIYHA JOKYMEHTAITiS.

Engineering decision TexHiuHe pillleHHS.

Engineering factors  TexHiuHi XapaKTEPUCTHKHU.

Engineering Kinematics kinemarnka MexaHi3MiB.
Engineer’s system of units 6puTanchka cucrema

3 OCHOBHHMH OJUHHLSIMHU: (YT, CEKYHIa, ClIar.
Engler unit  rpaayc Enrnepa.

Face (mex.) moBepxHs, 3pi3, acka; Juile, TUIHOBUI OiK;
TpaHb; MOJIIPYBaTH, 00TOIYBATH.
Face cam (cun. track cam) na3oBwuii Kyaa4ox.
Face width mmpuna 3y6uacroro Binus (3K).
HeBJlaua, 3a3HATH HEBJAYi, BUXOAUTH 3 JIajy,
JTaMaTHCs.
Fall mamartw; ciagaTu, 3HMXKYBATHCS; OCIIAaTH; MAIiHHS;
3aHETa; 3HIKEHHS, CXHJL.
Fall angle (cun. return angle) kyrt noBepHeHHS.
Farther Bigmanenuii, OUIBLI BiganeHUN.
Fatigue yroma (mamepiany).
Fatty >xupoBwHii.
Feature o3Haka, BIaCTHUBICTb.
Feed migTpuMyBatH; MoaaBaTH CHPOBUHY; KUBIICHHS,
rojiaya Marepiany.
Feed motion pyX nopadi.
Fidelity TouHicTh, MpaBUIBHICTS.
Fidelity of reproduction  ToumicTh BiATBOpEHHSI.
Field environment eKCIUTyaTaIliiiHi yMOBH.
Fillet surface mnepexinua nmosepxus (3y6a 3ybuacmozo
Koeca).

Fail

Enhance 36inburyBaty, HOCHIIOBATH.
Envelope o6Bigna (iHis).
Envelope curve  o0BinHa miHis.
Inside envelope (curve) (cun. inner envelope curve)
BHYTpIIIHA 00BiHA.
Outer inner envelope (curve) 3oBHimHS 06BiHA.
Environment cepeloBHUINe, TOBKIIIA.

Environmental resistance forces cuau omopy
CepeIOBHIIA.
Equality piBHicTs.
Equation piHsHHS.
Equation of motion  piBHsAHHS pyXY.

Equidistant  piBHOBimmaneHwMit, €KBiAUCTAHTHHUIA.
Equilibrium  Ganamuc, piBHoBara.

Equilibrium equation  piBHsHHS piBHOBaru

Equilibrium roughness  piBHOBakHa ITOPCTKICT.
Equivalent mechanism 3aminauii (€KBiBaJICHTHHMIA)

MeXaHi3M.

Erosion  eposis; po3'inaHHs, BUTpaBICHHS, TIOCTYIIOBE
pyHHYBaHHS.

Error moxu0Oxa, moMuiKa.

Estimate orinoBaTy.

Essential BaxnuBwmii, cyTTEBUH, HEOOXITHUIA.

Evolvent (cun. involute)  eBonbBenTa.

Except 3a BHHSTKOM, KpiM; BUKIIFOUATH, 3a[lePEUyBaTH,

BIIKMIATH.

Except for (cun. except)
Excitation 30YIKSHHSL.
Exploitation EKCILTyaTallisl.

Exact TOYHHMN.

Excess (cun. surplus)  Haamuiiox.
Exemplify waBoauTu mpukmam.
Exert JisATH (TIpO CUITy).
External  3oBHimmHiil

External friction  3oBHirHe TepTsL.

External toothing 3oBHimIHE 3a4erIeHHS.
Extreme position of the mechanism KpaiiHe

MOJIOKEHHST MEXaHI3MYy.

Kle, 3a BUHATKOM.

Finish (cun. burnish, furbish, glaze, grind, polish, slick)
1T yBaHHS, TOMIPYBAHHS.

Finite size KiHIIEBA BEJIMYMHA.

Fit npupaTHui; BiANOBIAHUIA, TOAUTHCS, OYTH

NPUIATHUM, TIOCTAYaTH.

Fitted curves cnpspkeni kpusi (3’enHyBaHi pu
mo0y/10Bi, HATIPHKIIA], TPAEKTOPIT).

Fitting  cxmamanss.

Fixed wnepyxommii, 3aKkpimieHni, MOCTIHHIIA,

CTarfioHapHUH.

Fixed joint (cun. permanent connection) uepyxome

3’€IHAHHSL.

Fixed link nepyxoma nanka.
Flank clearance  Giunuii 3a30p.
Flash temperature (cun. flash point)

crianiaxy; TO4YKa 3aiiMaHHs.

TeMIepaTypa

Flat mromuHa, rIocka MOBEpXHsl, IIOCKHIA, [IACKHIA;
PIBHHIA.
Flat-faced follower  tockwii Tapimuactuii
[ITOBXAH.

Flat generating gear  mIocke TBipHE KOJIECO.
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Flat-topped generating gear
TBipHE KOJIECO.

TIOCKOBEPIIMHHE

Float maBaTy; CrMBAaTH, TPEMATHCS Ha TOBEPXHI.
Flow  TekTw, TUTHCS, CTPYMEHITH; TeUisl, TOTIK.
Fluctuation  HecrilikicTh, KONMBaHHS, XUTAHHS,

(hiykTyartis; BaraHHs.
Fluently mmaBHo, riaaKo; BiIbHO.
Fluid texyue cepenoButiie (piouna abo 2as); piaKui,

TEKY4Ui.
Fluid friction  pimunHe TepTs.
Fluid film thickness  ToBmmHa MacTHILHOTO
apy.

Fluid wedge (cux. lubricating oil wedge, physical
wedge) MAacCTHIbHHUI KJIHH.

Follower mwroBxau (kyrauxkogoeo mexanizmy).
Flat-faced follower mockuit TapimuacTuit

IToBXay.

Pointed follower

Roller follower

Sliding follower (cun. pusher, translating follower)
MOCTYNANbHO PYXOMHUH ILITOBXAY.

Spherical mushroom follower  cdepuunnit
rpubononiOHuit mTOBXaY.

Swinging follower (cun. oscillating follower,
rocker, rocker follower)  xurHmit
(TOBOPOTHMIA) IITOBXAY.

Force cwuna, nonatu ormip, 3MyIIyBaTH.

Elastic force mnpy»xHa cia, cuia Opy»XHOCTI.

Force closure CHJIOBE 3aMHKAHHSI.

Force couple napa CHilL.

Force polygon MHOTOKYTHHUK CHII.

Force system (cun. assemblage of forces) cucrema
CHII.

Foregoing monepeHiii; BUIe3a3HAYCHHIA.

Form ¢opma, 0Opuc, popmyBaTH, CKIIaaTH,
YTBOPIOBATH.
Form closure
Form of loading
Form surface

TIOBEPXHSL.

Frame (cun. fixed link, fixed frame, housing)
pama, KOpIIyC, Kapkac.

Forming process (cun. form-cutting method) meron
KOTTIFOBaHHSI.

3aroCTPEHUH MITOBXAu.

T€OMETPHUIHE 3aMUKAHHS.
3aKOH HABAHTA)KCHHSI.
(aconHa (KpuBOJIiHIlHA)

CTOSIK,

Gap 3asop, a0dT, IPOMIKOK, IIIIHHA, IHTepBaJI, POOL,
MIPOIIYCK, BeJIMKa pO30iXKHICTh, pO3PUB.
Gas ras, moch ra3onofioHe; BUIIIATH a3,

HANOBHIOBATH Ta30M.
Gas lubricant ra3oBa MacTHIIO.
Gas-dynamic lubrication ra3oiHaMiyHe
3MaICHHS.
Gas-static lubrication
Gas stream  moTik (cTpymiHb) razy.
3y04acTa nepejaya, IeCTipHs, IPUBiJI, MEXaHI3M,
amapar; npwiaj; IpUCTpii; 3uirumosatu(cs) (npo
3y0yi Koic).
Bevel gear KOHIYHe 3y0JacTe Kojieco, KOHiuHa
3ybuacra mepenaya.
Gear toothing 3y0Ouacte 3aueruieHHs.

Gear

mIToBXay, CHOpH,Z[)KeHI/Iﬁ POJIMKOM.

ra30CTaTU4HC 3MalllCHHA.

Free vibrations  BineHi (BIacHi) KOJIUBaHHS.
Friction  rteprs, cuia TepTs.
Dry friction (cun. Coulomb friction, unlubricated
friction) CyXe TepTs.
Dynamic friction (cun. Kinetic friction)
pyxy.
External friction 30BHIIIIHE TEPTSL.
Fluid friction piAnHHE TEpTS.
Friction by vibratory displacements
3a BiOponepeMilleHsb.
Friction circle  xpyr Teprs.
Friction coefficient (cun. coefficient of friction)
KOeQIIieHT TepTsL.
Friction(al) disk bpuKIiiHIi THCK.
Friction(al) force (cun. friction)  cuna teprs.
Friction gear ¢puKIiiiHa mepenaya.
Friction pattern xapaxrep (kapTuHa) TepTs.
Friction power  moTy»XHiCTb TepTSL.
Friction torque  mMomeHT TepTs.
Frictionwork  poGota cui TepTs.
Internal friction BuyTpiuHe TepTs.
Kinetic friction (cun. sliding friction)
KOB3aHHSI.
Lubricated friction
Pivoting friction TEPTsI BEPTIHHS.
Rolling friction = tepts koueHHs.
Rolling friction with slippage Tepts koueHHs
3 IPOKOB3yBaHHSM.
Sliding friction (cun. Kinetic friction)
KOB3aHHSI.
Static friction (cun. stiction)  TepTs crokoro.
Unlubricated friction Tepts 6e3 3mamieHHs, cyxe
TEPTA.
From the direction of ... 3 6oky.
Fuel delivery (cun. fuel feeding) momaua mampHOTO.
Full noBHuM, HATOBHEHWMIA, 3aBEPIICHUIA; TyKe, CHIBHO,
TIOBHICTIO.
Full angle  noBuuii kyT (KyT y 360°).
Full line  cyuinbHa miHis.
Full revolution per cycle
Full turn  noBHwuii 06epr.
Fume mapa, Bunap, auMm, KiNTsBa; BUNAPOBYBATUCS
(fume away).
Functioning  ¢yskmionyBaHHSL.

TEpPTA

TepTs

TepT

TCPTA 31 SMaIICHHAM.

TepPTS

TTOBHHI 00€pT 3a UK.

Chevron gear (cun. herringbone gear) mieBponne
3ybdacre koyieco, MeBpoHHa 3y04yacTa
nepenaya.

Cylindrical gear  umninapuuHe 3y0uyacrte KOJIECO,
OWJTIHAPUYHA 3y0UacTa nepeaada.

Gear blank  3arotoBka 3y04acToro xoneca.

Gear cluster 60k 3y04YacTHX KOJIC.

Gear cutting 3y0OoHapi3yBaHHsI, Hapi3aHH:
3y04YacTHX KOJIiC.

Gear-cutting hob  3y6opisna yeps’siuna ¢pesa.

Gear-cutting tool  3yGopi3Huii iHCTpyMEHT.

Gear face  Topems 3y0uacToro KoJjeca.

Gear hobber (cun. hobber)  3yGodpesephuii
BepCTar.

Gear tip (cun. addendum, point of a tooth)

roJIOBKa 3y0a 3y0JacToro KoJjeca.
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Gear teeth spalling
repenayi.

Helical gear (cun. helical)
Koco3y0a mepemaya.

Hypoid gear  rimoixne 3y6uacrte KoJeco, rimoiaHa
3yOuacTta nepemada.

Involute gear €BOJIbBEHTHE 3y0JacTe Kojeco,
€BOJIbBEHTHA 3y04acTa nepenaya.

Screw gear (cun. spiral gear) rBunTOBE 3yOuacTe
KoJIeco, TBUHTOBA 3y04acTa nepejada.

Skew axes gear 3yGuacra mepemaya
3 MUMOODKHUMHE OCSIMU.

Spur gear  mpsMo3y0e IMITIHAPHIHE KOJIECo,
psiMo3y0a NMITIHAPUYIHA TIepeaaya.

Worm gear deps’sidHa mepegada, 9epB’SIHE
KOJIECO.

Gearing  3deruieHHs; 3youacra nepenaya, mpUBij.

Bevel gearing xoniuHe 3y0uacTe 3aueruieHHs,
KOHIYHa 3y0uacTa rnepeaaya.

Cycloidal gearing [UKJIOiJajbHe 3y0uacte
3a4eruIeHHS.

Gearing quality indicators moka3sHHKH SKOCTI
3a4erUICHHS.

Helical gearing  koco3y6a nepenaua.

Herringbone gearing ieBponse 3youacte
3a4erUIeHHs, IIeBPOHHA 3y0uacra rnepejiaya.

Hypoid gearing rinoinHe 3y04acTe 3a4eIlieHHs,
rinoigHa 3y09acra rnepegaya.

Involute gearing  eBosibBeHTHE 3ybOUacTe
3a4eruIeHHs1, €BOJIbBEHTHA 3y0yacTa rnepeaaya.

Multiple gearing (cun. compound gear train)
OaratocTymiH4acTa 3ybuacra nepeaaya.

Right-angle bevel gearing  oproronansHa KoHiuHa
nepenaya.

Skew axes gearing 3y04acTe 3aueruIeHHs
3 MUMOODKHUMHE OCSIMU.

Single gearing (cun. two-gear train)
OJIHOCTYMiHYACTA 3y0uacra nepeaya.

Spatial gearing  npocropoBe 3ybuacte
3a4erUIeHHs, MPOCTOPOBa 3ybuacra repeiaya.

Spur gearing (cun. Spur gear)  npsmo3yba
HWTIHAPUYHA TIepeaya.

Toothed gearing  3yGuacra nmepejava.

General  3aranbHwMi, TOJOBHUH, OIIUPEHHH,
3arajabHONPUIHITUM,

BHUKpaIlyBaHHS 3y04acTol

KOC03y0e KoIeco,

Harmful wxignusuii.

Hatch  wTpuxoBa JtiHis, LITPUXOBKA.

Hatching (cun. hatch)  mrpuxoska.

Hazard wkinmmswuii pakrop.

Heat rejection  BigBexeHHs Terua.

Heel pivot ’siTa.

Helix  cmipans.

Helical CripanbHUM, TBUHTOBHH, T'e€TIKOIqaIbHUMA,
Koco3y0e koJeco.
Helical gear (cuwn. helical)  xocozy6e koneco.
Helical gearing  xoco3y0a nepenauva.
Helical motion (cun. screw motion) rBuHTOBHIA PyX.
Helical screw TBUHT.
Helical tooth I'BHHTOBUI 3Y0.

General form  saranbHui BUI.
Generalized coordinate y3arajJbHeHa KOOPIHHATA.
Generally (cun. in the general case/way) B 3aransHOMY

BUIAJIKY.
Generating  TBipHWMIA; IKHif YTBOPIOE.
Generating motion  pyx 0OkoYyBaHHS
(oruHaHHA).
Generating process  Metoq 06KOYyBaHHS
(oruHaHHA).

Generating ray (cuxn. generating line) TBipHa.
Generating surface  TBipHa MOBEpXHS.
Generator TeHepaTop.
Geometric(al)  reomerpuunmii(a).
Geometric(al) constraint  reomerpudHa B’s13b.
Geometric(al) diagram (cun. vector diagram)
BEKTOpHA Jiarpama.
Graphical plotting rpadiuna mo0yoBa.
Geometrician  reomerp.
Geometry reomerpis.
Get to know in detail  metanpHO O3HAHOMHUTHUCE.
Governor PEryasTop.
Grade (cun. nature, property, quality) sxicts.
Gradient rpamieHT; yXui, CXUII.
Velocity gradient IPaiEHT MIBHIKOCTEH.
Graphic  npiarpama, puCyHOK, KpeclieHHs1, rpadik;
rpadivHAH, TOJaHU K KpecaeHHs abo rpadik.

Graphical (cun. graphic) rpadiuHuii.

Graphical differentiation rpadiune nudepeHiitoBaHHs.

Graphical-analytical method  rpadoananitnannit
MCTOA.

Graphite rpadir.

Grease (cun. lubricating grease, dope) koHCHCTEHTHE
(Tycre) MacTHIIO.

Greasing substance (cun. lubricant)
Marepia.

Groove  ma3, BHIMKa, K0JIO0O0K.

Ground (cun. fixed link, housing, rack) crosik, ocHoBa.

Guaranteed rapaHTOBaHHIA.

Guide chpsMoByOYa, HAPSIMHUIN PUCTPIH, KyJtica;
HepeaaTOYHHI BaXilb; BECTH; KEPyBaTH,
CKEpPOBYBATH; HAIIPABIISITH.

Guideline pexomenmariisi, 3aranbHUIA KypC, HAPSIMOK.

Gyrating mass  obeprambHa Maca.

Gyration obepranHsi, 06epTanbHUI PYX.

MAaCTHJILHUMN

Helpful  xopucHuii.

Henceforth Bixrenep, BixHuHI, Hagai.

Herringbone gear wieBpoHHe 3y04acte KoJieco,
meBpoHHa 3y0yacTa rnepeaaya.

Herringbone gearing LIEBPOHHE 3y04acTe
3a4YCIIJICHHS.

Hertz formula

High

¢dbopmymna ['epra.

HaWBHIIIA TOYKA, MAKCUMYM, BUCOKO, CHJIBHO,
IHTCHCHBHO.
High dwell angle KyT JaIbHBOTO CTOSTHHSI.
High-quality = BucokoskicHuii.
High speed shaft MIBUAKICHUH BaJI.
High tech  cyuacuHa rexHomoris;

BHCOKOTEXHOJIOTYHUIA.
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Higher  Bumimii.
Higher harmonic  Buma rapmonika.
Higher pair  Bwma mapa.

Higher pairing element  exement Buoi mapw.
Hinder mnepemkokaTy, 3aBaxkaru, OyTH MIEPEIITKOIOFO.
Hinge (cun. hinge pivot) IapHip.

Hinge axis BICh IIAPHIpA.

Hinged-lever mechanisms
MEXaHi3M.

Hitherto  noci, 10 uporo yacy.

Hobber (cun. gear hobber)  3y6odpesepuuii Bepcrar.

Hold tpumatw, nepxati, yTpUMYBaTH, BOJOIITH, MATH;

CTpUMYBATH, CIIUHATH, OIIOpA.
Housing (cun. ground, fixed link, frame)

CTaHMHA, pama, CTOsK.

Hydraulic theory of lubrication rigpoauHamiuma Teopis

LIAPHIPHO-BaXKIIEHUN

KopIIyC,

3MAILCHHS.
Hydrodynamic rigpoauHaMigHuii.
Hydrodynamic lubrication rigpomunamiune
3MAaILEHHs.

Idle mode (cuw. idling, no-load conditions) pexum
XOJIOCTOTO XOJY.
Idling  xomoctwuii Xij, po6oTa Ha XOJIOCTOMY XOIi.
Image  300paxeHHs, 0Opa3, KapTHHA; 300paKaTH,
3MaJIbOBYBaTH.
Imaginary ysBHuii.
Imaginary generating gear  ysiBHe TBipHE KOJIECO.
Imbalance (cuxn. unbalance) HeBpiBHOBaXEHICTb.
Immediately mwuTTEBO, HEraliHO, HEBIIKIIAIHO.

Immersion 3anypeHHs.

Impact ymap.

Impossible (cux. inadmissible; intolerable)
HENPUITYCTUMUM.

Improve  BIOCKOHAJIOBATH, HOKPAIyBaTH.

In-line follower (follower on line of cam’s axis)
HEHTpaIbHIN mTOBXaY.

In compliance with  3rizHo 3.

In inverse proportion  oGepHEHO HPOIOPIINHHO.

In the general case (way) (cun. generally)
B 3arJIbHOMY BHIIQ/IKY.

In the line of B370BX, Yy HANPAMKY.

Inthe range B mexax.

In theory (cun. theoretically)  teopernyno.

Inadmissible (cun. intolerable, impossible)
HENPUITYCTUMMM.

Incorrect (cun. irregular, mis-, violent, wrong)
HENPaBWIbHU.

Increment  mpupicr.

Inertia  inepuist; cuna iHepiri.

Inequality  HepiBHicTb (Mam.), pi3HULS B po3Mipi
(xUIBKOCTI), HECXOXKICTh, HEPIBHICTH (IIOBEPXHI).

Infinite  HeckinueHHMIA, Oe3MEKHMI
The infinite (cun. infinity)  HeckiH4YeHHICTB,

0e3MeXHICTh, OE3MEXHHUI NPOCTIp.

Infinitesimal displacement  enementapue
TepeMiIIeHHs.
Infinity (cun. the infinite) HECKIHYEHHICTh,

0e3MeXHICTh, OE3MEKHHM MTPOCTIP.
Inhomogeneity  HeomHOPIAHICTE.

Hydrostatic  rigpocraTHyHmii.
Hydrostatic lubrication

3MallICHHSI.

Hyperbolic(al) gearing (cun. hyperboloid gear drive)
rimepbornoinHa 3y0uacTa nepenada.

Hyperboloid  rimep6omnoin.

Hyperboloid cam  rinep6onoiguuit Kygadok.
Hyperboloid gearing rinep6osoigsa nepeaaya.
Hyperboloid of revolution (cun. hyperboloid

of rotation)  rimep6onoin obepTaHHs.

Hyperfine HaaToHKwHA.

Hyperstatic system (cux. redundant system, statically
indeterminate system) craTH4HO HEBH3HAUYBaHA
cHucTeMa.

Hypoid gear rinoinxe 3y64acte Kojeco, TinoiaHa
3ybuacTa nepeaaya.

Hypoid gearing  rimoigHe 3y6Guacre 3adernyieHHs,
rinoigHa 3ybyacra nepeaaya.

Hypotenuse rimoteny3a.

Hysteresis  ricrepe3suc.

Hysteresis loop  metins ricrepesucy.

TiApoAMHAMIYHE

Initial  mouarkoBwii, monepeHiA.

Initial link MOYaTKOBA JIAaHKA.

Initial state  BuximHuit cTaH.

Inject  HacWIIBHO BBOJMTH PiAHHY, BIIOPCKYBATH;
BIIyBAaTH.

Inner module  BHyTpimIHIN AITHIBHUA MOIYIb.

Input  BXigHi gaHi.

Input link  BXigHa gaHKa.

Insertion  BKIIOYCHHS, BBEOCHHS.

Inside cepeauHa; BHYTpIlIHIN; BCEPEIHHI.

Inside envelope BHyTpiriHs 00BigHA (JTiHis).
Insoluble wepo3unHHHIA.

Install BCTaHOBJIIOBATH, TIPOBOJIUTH, MOHTYBATH.
Instant axis (cux. instantaneous axis)  MuTTEBA BiCh

obepTaHHsI.
Instantaneous MUTTEBUI, MOMEHTaIbLHUN, OJTHOYACHUH.
Instantaneous axis (cun. instant axis) mwurreBa Bich
obOepTaHHS.
Instantaneous centre of rotation  mMuTTeBHIl LIEHTP
obOepTaHHS.

Instantaneous [instant] screw axis murresa
TBHUHTOBA BiCh.
Interaction  B3aemomis.
Interacting bodies  Bzaemomiroui Tina.
Interference  imrepdepenrris.
Intermediate  mpomixHHiA.
Internal  BHyTpimHiii.

Internal-combustion engine aBuryH BHYTpilIHBOTO

3ropaHHs.

Internal friction BHyTpiuHe TepTs.

Internal toothing BHyTpiuIHE 3a4erieHHS.
Interpenetration B3a€MOIIPOHUKHEHHS.
Interpret TiymMayuTH, MOSCHIOBATH; IHTEPIPETYBATH.
Interrelation B3aemo3asexHiCTh, B3a€MO3B’A30K.
Intersect mepeTMHATHUCH.

Intersection  minis mepetuny.
Intolerable (cun. inadmissible, impaossible)

HETIPUITYCTUMHUMN.

Invent  BWHAXOAWTH, CTBOPIOBATH.
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Invention BuHaxiz.
Inventor BWHAaXigHHK.
Inverse oOepHeHMIT; 3BOPOTHHIA; IEPEBEPHYTHH;
MIPOTUIIEKHUM.
Inverse motion  obGepHeHwit pyx.
Inverse proportion o0OepHeHa MPONoPIIis,
oOepHEeHa MPOIOPLIHHICTS.
Inversion iHBepcis, 3MiHa OPSIKY HA 3BOPOTHHUIT
(obepHeHUin).
Inversion principle  mpunun iHBepcii.
Kinematic inversion  kiHemaTu4Ha iHBepCis.
Inversely o6epHeHO; 06EpHEHO MPOMOPIHHHO.
Inversely oriented  oGepreHoO opieHTOBaHHI
(HampaBIeHHN).

Jack Baxinb; JOMKpaT; migHIMATH ZOMKpaToM (jack up).
Jack lifting  migifom qoMKpaToM.

Joint  o0'eqHaHwMii, COITBHKIN; TOYKA CIIONTYYEHHS, CTHK;
3'eJHYBaTH, CIIOJIy4aTH; IPUIIACOBYBATH (YACTHHU).
Joint solution CYMiCHH PO3B’SI30K.

Keenly roctpo, pi3ko, CHIBHO.
Kinematic xinmemaTu4HuUii.
Kinematic chain (cun. kinematics)
JJaHIIOTr
Kinematic diagram  kinemaTu4Ha Jiarpama.
Kinematic pair  kinematu4Ha mapa.
Kinematic scheme KiHEeMaTH4YHa CXeMa.
Kinematic viscosity = kinematudHa B’SI3KiCTb.

Laid off  s3BimpbHEHMIA.
Lateral O1YHMIT; TOPU30HTANBHIIA; TOOIYHHUI;
JPYTOPSIAHUN.
Lateral force  momepeuna (6iuHa) cuia.
Law 3akoH.
Law of motion  3akon pyxy.
Lay off sBigkmamatu (Bimpizok).

Layer mmap, HamapyBaHHS.
Defective layer nedextHuil map.
Lead angle «kyrt migiioMy rBHHTOBOI JIiHIT; KYT migioMy
pi3som.
Leave out  BukirouaTH, He OpaTH 10 yBaru.
Leftmost position KpalHe JIiBe IOJIOKEHHS.
Leg (cun. side) cTopoHa TPHKYTHHKA.
Lever Baxinb; pyKOsITKA, IJI€YE BayKEIs.
Leverage CHUCTEMa BaXKEJIiB, BAXKIILHUN MEXaHi3M.
Liable wmoxsmBwHii, IMOBiIpHHIA.
Limit rpawnums, Mexa; TpaHUYHHUI PO3MIp, TOMYCK;
iHTEepBaJI 3Ha4eHb; OOMEKYBaTH.
Limit(ing) point  rpaHuYHa TOYKa.
Limit state  rpaHu4HUii cTaH.
Limit(ing) value  rpaHu4He 3HAYCHHS.
Limitation oGmexeHHs.
Limiting oOMexyBanbHUil, rPaHUYHHUH, CTPUMYOUYHH.
Limiting contour  6J0KyOUHIi KOHTYP.
Limiting form  rpannuna dopma.
Limiting wear rpaHuyHHi 3HOC.

KiIHEMaTUYHHI

Involute  eBonbBeHTa, PO3ropTKa; CHipabHUH,
3aKpy4eHHH; MIJHOCUTH A0 CTETICHS.
Involute angle  eBonbBEHTHHIT KYT.
Involute function  eBomsBeHTHA QYHKITIS.
Involute gear €BOJIBBEHTHE 3y0UacTe KOJeco,
€BOJIbBEHTHA 3y04acTa nepenada.
Involute gearing eBonbBeHTHE 3yOUacTe
3a4eIuIeHHs, €BOJIbBEHTHA 3y0UacTa nepeaaya.
Involute worm  eBonbBEHTHUIT YepB’sK.
Irrational number ippalioHaIbHE YHCIIO.
Irregular (cun. incorrect, mis-, violent, wrong)
HEIPABUIbHUN.
Irregularity  HepiBHOMIpHICTB.
Isoline i3omiis.

J

Journal InIMiKa Baia, namda.
Journal misalignment
KOB3aHHSI.
OOIPYHTYBATH.
3aKJIHHIOBAHHSL.

MEePEKiC MiANIMITHUKA

Justify
Jamming

K

Kinematically similar  xinemaTn4HO 1OXiOHMIA.
Kinematics xiHnemaruxa.
Kinetic xiHeTw4HUiA.
Kinetic energy  kiHeTH4Ha eHepris.
Kinetic friction (cun. sliding friction)
KOB3aHHS.
Kinetostatics  kinerocraTuka.

TepT

L

Line minis, pucka, ITpHX; COOCIO Jiil; HATIPSIM.
Line dotted (cun. dot line, dotted line) mynkrup,
NYHKTHPHA JIHis.
Line of action  ninis 3auensenss, minis aii (Cuim).
Theoretical line of action (cun. pressure line)
TEOPETUYHA JIiHIs 3a4eIIICHHS.
Effective line of action (cun. active portion of line
of action) axruBHa NiHis 3a4YeIEHHS.
Linear mniniitHuii, BATATHYTHII B JiHIO.
Linear depentanizer iniiiHa 3aJI€XKHICTb.
Linear displacement  niniliHe mepeMilieHHs.
Linear function miniiina ¢yHKIisL.
Linear law niHiiiHuU# 3aK0H.
Linear velocity  miniiiHa IIBHAKICTS.

JaHKa, KyJlica; 3B’ 3yBaTH, 3’ €THyBaTH,
smukatu (together, to), suimmstu (k. link up).
Input link BXIJIHA JIaHKa.
Output link  Buxinna nanka.
Linkage (cun. leverage, link mechanism)

MEXaHi3M.
Linking cknaganss.

Link

BaXXUIbHUI

Liquid damper (cun. viscous damper) piguHHU# TaCHUK.

Load wHaBaHTa)XeHHs, BaHTaX.

Load-bearing (cux. load-carrying) HaBanTa)XeHHH, TO1,

1O HECC HaBaHTAXXCHHA.
Load-deformation curve (cun. load-deflection curve)
KpHBa 3aJIe)KHOCTI Aedopmariii BiJi HABaHTaKECHHS.
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Loading HaBaHTa)XyBaHHS, HABAHTAXKEHICT.
Loading diagram (cun. design model)
PO3paxyHKOBa CXeMa.
Loading condition XapakTep HaBaHTaKEHHS.
Locus (cun. locus of points, point curve)  reomerpudre
MICIIE TOYOK.
Longitudinal  mo3moBxHiii.
Longitudinal force N0310BXKHs (0ChOBA) CHIIA.
Lopsided HaxuneHuil, mepeKolIeHU, 0THOCTOPOHHIHH,
HEepiBHOMIpHHH.
Lose contact (with)  BigpuBaTHCB.
Loud ryuHuii, ry4gHo, roJIOCHO, CHIIBHO, JIYKeE.
Loud noise  ry4Huit mym.
Loud noises  ryd4Hi 3BYKH.
Lower pair  mmxua mapa.
Lowering 3HWXEHHs, 3MEHILIECHHS.
Lubricant MAacTHUJIO0, 3Ma3Ka.
Fluid lubricant (cun. lubricating liquid) piake
MAacTHIIO.
Gas lubricant  rasosa macTtuio.
Semisolid lubricant  maacTHYHMIT MACTHIBHUIA

MaTepiat.
Solid lubricant  tBepme mactuo.
Lubricated  3malueHwuii, MaciIssHHN, CIU3BKUM.

Lubricated friction TEPTSI 31 3MAILCHHSM.

Machine mamuna; mignaBaTu MexaHiuHii 06poOIIi;
00po0IIATH Ha BEPCTATI.

Machine oil MaIllMHHEe MacTUJIO (0JIMBa,
MacJio).
Main  rosoBHMIi; TOJIOBHE, OCHOBHE.

The main theorem of gearing
3a4CIIVICHHA.
Magnitude Benuumna, po3mip.
Magnitude of vector  aGcomorHa BenHUnHA
BCKTOpa
Magnitude of vector magnitude
Manufacturable (cun. practically feasible)

OCHOBHa T€opeMa

TEXHOJIOTTYHHUH.

Manufacturing BHUPOOHHUIITBO; 00pOOKa;
IIPOMUCIIOBUH.

Mass production MacoBe, MOTOYHE, CepiiiHe
BHPOOHHUIITRO.

Match  mobuparu; migxoauTH, BiAMOBIATH;

NPOTHCTABIIATH; 3MaraHHsl.

Matched  BigmoBimHMiA, y3roKEHHIA.

Mating CHIPSKEHHS, 3’ €IHAHHS, 3WICHYBaHHS;
BXOJKCHHSI B 3a4YCTUICHHSL.
Mating pair  crnpspkena mapa, mapa TepTs,

¢pukniiHa mapa.

Mating surfaces cmpspkeHi moBepxHi.
Mating profiles  copsoxeni mpodisi.

Maximum
1. (cun. Mmaxima) MakcHUMyM; HalBHIIHiT
CTYIIIHB.
2. (cumn. maximal) makcumanbHHIA.

Maximum possible MaKCHMaJIbHO MOJKJIMBUH.

Measure  wmipa, oquHULS BUMIpY, MacuITad, MipHJo,
KpUTEpii; TUIBHUK (Mam.); MIpSTH, BUMIpIOBaTH,
BIZIMIPSITH; MaTH PO3MIpH.

MOAYJIb BEKTOpPA.

Lubricating  3mamryBaHHs; 3MalllyBaTH; MaCTHIBHHUM,
3MallyBaJIbHUIL.
Lubricating fluid mactwibHa pignHa.
Lubricating graphite 3martyBansHuit rpagir.
Lubricating grease (cun. grease, dope)
KOHCHCTEHTHE (TyCTe) MacTHIIO.
Lubricating liquid (cun. fluid lubricant) pigke
MaCTHJIO.
Lubricating oil wedge (cun. fluid wedge, physical
wedge  piauHHUIA (MACISIHUI) KIHH.
Lubrication 3mamenss.

Elastohydrodynamic lubrication
€JIaCTOT1IpOAMHAMIYHE 3MAICHHS.
Gas-dynamic lubrication rasomunamiune

3MaIIeHHS.

Gas-static lubrication rasocratuuse 3MameHHS.

Hydrodynamic lubrication rigpomunamiuxe
3MaIlleHHs.

Hydrostatic lubrication rigpocraruuse
3MalleHHsI.

Thin-film lubrication (cux. borderline lubrication)
rpaHUYHE 3MAICHHS.
Viscous lubrication  3mameHHs mTacTHIHAM
(TycTM) MacTHIIOM.
Lumped mass 3ocepemkena maca.

Measurement  Bu3Ha4YeHHs PO3Mipy, BUMipIOBaHHS.
Measuring instrument  BumiproBaIbHHI MpUTa, 3aci0
BUMIPIOBaHb.

Mean level (cun. midrange) cepenniii piBeHb.
Mechanism wmexani3m, amapar, KOHCTPYKILisi, IPUCTPiif;

TeXHiKa (BUKOHAHHS).

Actuating mechanism (cun. actuator) sBukonaBumii
MEXaHi3M.

Beam-and-crank mechanism kpuBoummnHo-
OIATYHHUH MEXaHi3M.

Cam mechanism (cur. cam box, cam gear)
KyJIAYKOBUH MEXaHi3M.

Crank mechanism  kpuBOIIWMHHI MEXaHi3M.

Crank-and-rod mechanism  kpuBomumnHo-
HMIATYHHUI MEXaHi3M.

Crank-and-slider mechanism
MTOB3YHKOBHUI MEXaHi3M.

Crank-rocker mechanism (cun. crank-guide,
quick-return link mechanism, crank-and-slot
mechanism) KpHBOIIKMMHO-KYTiCHUT
MEXaHi3M.

Differential mechanism (gear) nmudepeHmian
(mexn.), mudepeHIiaTbHIN MEXaHI3M.

Equivalent mechanism 3aMiHHUH MeXaHi3M.

Geared linkage mechanism  3y6uacto-BaxinpHuit
MEXaHi3M.

Hinged-lever mechanisms
MEXaHi3M.

Link mechanism (cun. leverage, linkage)
BaXUIEHUI MEXaHI3M.

Planar mechanism TUTOCKUI MEXaHi3M

Planetary mechanism IUIAaHETApHUH MEXaHi3M.

Primary (elementary) mechanism  mouatkoBuii
MEXaHi3M.

KPUBOIIHUITHO-

IapHipHO-BaXKIILHAN
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Mechanical MamuHHMIL; MEXaHIYHMIA;, AaBTOMATUYHUM;
TEXHIYHNM; MaIIMHAIbHAM.
Mechanical efficiency  mexaniunwmii K.K.1I.
Mechanical wear MEXaH{YHH# 3HOC.

Mechanochemical wear KOPO3iifHO-MeXaHI THHIH
3HOC.

Medium  cepeauHa; cepeHe YUCIIO; CepPeNOBHIIE; 3aci0,
cnoci0, nusx; cepeanii, MPOMKHUIA.

Mentioned BKa3aHUH.

Mercury (cun. quicksilver)  ptyTs.

Mesh  sagimistu(cs); 3uimustu(cs)/

Meter needle  crpinka BUMipIHOBAIIBHOTO MPUIALY.

Method METOJI; CIIOCi0, CHcTeMa, TIOPSIIOK.

Microasperity  MiKpOHEpiBHICTb.

Microcutting MIKpOpi3aHHsI.

Midrange (cun. mean level)  cepemwiii piBeHs.

Milling cutter ¢pesa.

Minimal  nafimMeHmImiA
Minimal boundary

Minimization  miximizaris.

Misalignment HecmiBBicHICTB, BiAXHICHHS Bil OCi;
HETOYHE CYMIIICHHS; 3MIIICHHSI, PO30PIE€HTAILiS;

MiHIMaJIbHa TPAHHUIIS.

PO30IXkKHICTb.
Journal misalignment nepekic miammumHUKA
KOB3aHHS.
Mismatch  we 36irarucs.
Mobility  pyxnuBicTh, MOGLITBHICTS.
Mobility degree  crymiHb pyXJHBOCTI.
Mode croci6.

Module (cun. metric module) momyns 3adernneHHs.
Inner module  BHYTpimIHIi AITHABHUA MOZYITb.
Middle module  cepenniit AiUABHUIA MOZYITH.
Normal module  HOpManbHHUIT MOYJTb.
Transverse module  ToprieBuii MOIYJIb.
Outer module 30BHIUIHIMi AITHIBHAN MOIYIb.

Natural  nmpupoaHUii, HATYpAIbHUIA; CIIPABKHIN;
3BUYAMHUN; HOPMaJIbHUM.
Natural frequency BJIACHA YaCTOTa.
Natural oscillation BJIACHi (BilTbHI) KOJMBAHHSI.
Nib  kiHYHK, BUCTYII, KITHH, BiCTpS.
Nitrogen asor.
Noise  mrym, meperikou.
No-load conditions (cux. idle mode, idling)
XOJIOCTOTO XOJY.
Non-perpendicularity
Non-ruled surface HeJHIHYacTa TOBEpXHSI.
Non-uniform  HepiBHOMipHHIA.
Non-uniformity HepiBHOMIpHICTE, HEOJHOPIIHICTb.
Non-uniformly  uepiBHOMIpHO.

PEXUM

HeHepHeHILI/IKyHHpHiCTL.

Object  006’exT, mpeaAMeT, pid; MeTa; 3amepeyyBary,
NpOTHBUTHUCS, poTecTyBatH (10, against).

Objectionable HebaxaHuii; 10 BUKJIHMKAE 3aMEPEUCHHS.

Obliquely (cun. aslant) moxwuno, koco, HaBcKic, HAOIK;
MOMEpPEK.

Obliquity  maxu.

Oblong JIOBraCTHi, BUIOBKEHHI; IOBFACTHI TIPEIMET;
noBracta (ImooBxkeHa) irypa.

Modulus abcomoTHe 3HaYeHHS, a0COIIOTHA

BEJIMYMHA.
Moment MOMEHT (CHJI), MOMEHT (IIPOMIXKOK 4acy),
MHUTb.
Moment about MoMeHT BiZHOCHO.
Moment arm TUIede CHIIH.

Moment of couple  momeHT mapu cuiL.
Motion  pyx, xin (MaIiuHu), TPUBOAUTH B PYX.

Inverse motion O0OCpHEHUIT PyX.

Motion distance  BennuuHa HEpeMilIECHHS.

Motion equation  piBHAHHS pyXY.

Motion link  cnpsmoByroua.

Motion path TPAEKTOPIS PYXYy.

Motion reversal o6GepHeHiCTE pyXy.

Motion transfer angle kyrt mepenaui pyxy.

Motion transmission  mepemaua pyxy.

Transportation motion  nepeHOCHHI pyX.

Uniform motion  piBHOMipHH#i pyX.
Moveable connection  pyxome 3’enHaHHS.
Moveable link  pyxoma naHka.

Moving line  TtBipHa (moBepxHi 0O6epTaHHS).
Movement  pyx; mepemilieHHs, epecyBaHHSsI.
Movement judder  HepiBHOMIpHICTB

(TIepepuBYATICTD) PYXY.

Multiple  6araropa3oBwuii; 6araToKpaTHHIA; YUCICHHUIA;
CKJIaJHUH, CKIIAICHUHN; KpaTHUH (mam.), KpaTHE
quciIo (mam.).

Multiple gearing (cun. compound gear train)
OararoctymniHdacta 3y09acra mepenaya.

Multiply  36inbrryBatu(cs); MHOXKUTH (Mam.), KDATHHIA.
Multiply by  nomuOXuTH Ha.

Multithreaded  6ararosaximgHuii (4epB’siK, TBHHT).

Multitude 6e3miu.

Mutual  B3aemunii.

Mutually balanced B3aEMHO 3PiBHOBAYKCHHIA.

Normal  HopmasbHUiL, 3BUYAHUIT, TPaBHIBHUN;
HEepIeHINKYJSIPHUN; CepeIHil.
Normal acceleration  HoOpMasbHE IPUCKOPEHHSI.
Normal line (cun. normal, perpendicular) nopmans.
Normal module HopmansHuUit MOy IIb.
Normal wear (cun. service wear) HOpMaIbHHIT

(excrmyaTamiifHuI) 3HOC.

Notch 3amaguna (3K), npopis, ma3, BUiMKa.

Numbers arrays  MacuB 4uce.

Number of revolutions mBuaKicTH 0OEpTAHHSL.

Number of threads (cux. number of starts) xinbkicTb
3aXO0/iB.

Number of worm starts

Nut raiixa, mydra.

KUTBKICTh 3aX0/1iB Y€PB’ KA.

Occur  TpamnsTHCcs; BigOyBaTHCA.

Offset  Bigramy»eHHs; rajqy3b; 3MilICHUIL.
Offset follower  HeuenrtpanpHiii mroBxau.
Offset position  3MilieHe MOIOKEHHS.

Oil leak Butik Macna (MacTiia).

On/to/from the right (of)  cnopasga.

One more e oauH.

Opening OTBIp, IIJIMHA; BiIKPUBAHHS.
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Operate

Operating
MIOTOYHUI
Operating condition
Operating mode
Operating speed

obepranns (en.).

Operation  xis, po6oTa, mpolec; eKCILTyaTalis;
po3pobKa, yIpaBiiHHS, KEPyBaHHS.

Operational
Operational integrity ~ po6oTo3aaTHICTS;

eKCILTyaTalliiiHa MpUAaTHICTb.

Optimal  onTumanbHMIA.
Optimal choice OINITUMAJIbHUH BUOIp (H06ip).

Order of accuracy (cun. accuracy grade, degree of
accuracy,) CTymiHb TOYHOCTI.

Ordinate Op/MHATA.

Ordinary differential equation
nudepeHnianbHe piBHAHHS.

Origin  moYaToK, MOXOKEHHS, HKEPEIIO.

Orthogonal (cun. rectangular) OPTOTOHAITLHHUHA,
NIPSIMOKYTHUH.

Oscillating follower (cun. swinging follower, rocker,
rocker follower)  xuTHuil (MOBOPOTHHUIA) IITOBXAY.

JUSITH, IPAIFOBATH, IPUBOAUTH B PYyX.
onepariiuui, podounii (Ipo pexum),

YMOBH €KCILUTyaTaIlii.
POOOUMIA PEIKIIM.
poboya IIBUIKICTH, YACTOTA

3BHYaliHE

Pair mapa (qBa OJHAKOBHX MPEAMETH).
Pair of compasses  mupkys.

Pair-wise interaction mnomapHa B3aeMoIisl.

Pairing element  eneMeHT KiHEeMaTHYHOT APH.

Parallel napaneiabHHUH.

Parallel coupling mapanenbhe 3’exHaHHs.

Parallel motion mocrynanbHuii pyX.

Parallel motion link  moctynansHO pyxoMa JlaHKa.

Parallel-plane movement  mocko-napanenbHui
pPyX.

Part ngerass, yactuna; yactkoBo (cun. partly);

BiJJTITISITHCE, Bill’€THYBaTHUCh.
Part restyling (cun. restyling)
JeTani.

Particle wmarepiansHa ToUKa.

Particulate matter  TBepi YacTOYKH, TIOPOIIIOK.

Pass pyxarwucs Brepem; MpOXOaAUTH; IEpEeTUHATH;
MePEXOJIUTH; IEPEBHUIIYBATH, BUXOIUTH 32 MEXI;
BUTPUMATH, IPOUTH (BUTIPOOYBaHH!) ; BIIIOBIATH
(BUMOTaM); 3HUKATH; TIPUTTHHSTUCS.

Pass on mepexonut.

Passing npoxokeHHs; MOOKHUIN, BUIAIKOBUH.

Passive constraint [IACUBHA B’SI3b.

Peculiarity oco6nuBicts, crierudiuHicTh, BIaCTHBICTS,
XapakTepHa puca.

Pendulum damper MasTHUKOBHI T'aCHHK.

Penetration  npoHWKHEHHS, TPOHUKIHBICTb.

Perform BUKOHYBATH, 3/IICHIOBATH.

Performance BukoHaHHs, 37iHCHEHHS; XapaKTEPUCTHKA
(pobomu mawunu mowo) ; eKCILTyaTaliiHi SKOCTI;
MIPOJyKTUBHICTH; KOe(illieHT KOPUCHOT Aii.

Permanent connection (cux. fixed joint) Hepyxome
3’€IHAHHSL.

Permissible (cuxn. admissible, possible) no3Bonenui,
MIPUITY CTUMU.
Permissible wear

3MiHa KOHCTPYKIIi1

JIOIYCTUMHUI 3HOC.

ornepariiHui, podounii; eKCIuTyaTaliitHuii.

Oscillation (cun. vibration)
Out of (cun. beyond, outside)
Out-of-balance condition HEBPIBHOBaKCHHM CTaH.
Out-of-tolerance  HeTouHHiT; TO3a TOMYCKOM.
Out-of-tolerance cut  Herouna 06poOKka (demani).
Outer module  30BHINIHI AITHITEHEA MOYITH.
Outermost  HaiiBignaTCHIIINNA.
Outermost position  waiiBinnanenime
MOJIOYKEHHSI.
Output  mpPOXYKTHUBHICTB.
Output link  Buxinna nanka.

Outside 30BHIimIHS cTOpOHA (YaCTHHA, IOBEPXHS);
30BHIIIHIN; CTOPOHHIHN, III0 3HAXOAUTHCS 30BHI; 1034,
3a MeXaMH, 32 MEXi; KpiM, 32 BUHATKOM.

Outside circle (cun. addendum) ko0 BepIIHH.
Outside radiuspaniyc xKomna BepIIuH.

Overcome mepeMorTH, MOOOPOTH; TOIONIATH.

Overlap mepekpuBaTH, 3aX0UTH OJHE 32 OJIHE;
YaCTKOBO MOKPHUBATH; IIEPEKPHUTTS (mex. ).

Overlap contact ratio (cun. axial contact ratio)
Koe(DilieHT O1YHOTO MEPEKPUTTSI.
Oxide OKHCEJI, OKCHL.
Oxide film OKCH/THA TUTiBKa.

BiOpartisi, KOJTUBaHHSI.
3a, 30BHI, BHIIIE, [1034.

Permit nosBossiTu, qaBaTH 03B, HAJABATH
MOXJIMBICTb; JOIYCKATH.

Perpendicular planes B3aemHo neprneHIUKYISAPHI
TUTOTIMHH.

Persistence cramicth, iHepIiHHICTD.

Phenomenon sBuiite, peHoMeH.

Physical model  ¢isuuna momens.

Photoamplifier  ¢oTonincunrosay.

Piecewise kycodHO-IIiHIHHUIA.

Pilot analysis  minotHwuii (nepenHiit) anamis.

Pin naneus; nanda; wrudt, 60T; BiCh; IILIIHT;
MPOTUHATH; TPOOUBATH.

Pin gear IiBKOBa 3y0UacTa nepenaya.
Pin joint HIapHipHe 3’€IHaHHS, MIAPHIp.
Pin wheel  uiskose koneco.

Pinion mrecrepHs.

Pipe  tpy6a; TpyOOmpoBi; mycKaTH TpyOamu.
Pipe duct  Tpybomposiz.

Piston mnopuieHs.
Piston stroke xix nopuiss.

Pitch  kpox, cTymiHb, piBeHb, MiT4, 3a4ilUTIOBATH
(npo 3yoyi).
Base pitch OCHOBHHH KpOK.
Circular pitch  konoBuii Kpok.
Pitch angle  xyr mouarkoBoro konyca (311).
Pitch cone MMOYATKOBHH (IITHIBHUN) KOHYC.
Pitch curve  teopernunuit npodins (kyrauka).

Pitch distance
Pitch of thread  xpok pi3s6u.
Pitch point  momroc 3aueneHHs.

Pivot  mapHip, nanda; Touka onopu; To4YKa 0OSpTaHHS;
CTEpIKEHB; BiCh; KDYTUTHCS, 00SPTATHCS; HAIBaTH Ha
CTEpIKEHb.

Pivot(al) point  Touka [Bick] moBOpOTY.

Pivoting friction Tepts BepTiHHSL.

KpPOK, BEJINYMHA KPOKY.
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Planar [plane] mechanism  mrockuii MexaHism.

Plane rmuromuHa; miocka NOBEPXHS; IPaHb; MPOEKIIis;
piBeHB (PO3BUTKY, 3HAHB TOIIO); KPHUJIO (JIiTaKa);
IUTACKUH, TIOCKUH; IIIOMIMHHUI; PIBHATH,
BHPIBHIOBATH.

Plane curve  mrocka kpuBa.

Plane [planar] mechanism miockuit mexanizm/
Plane of changing  momuHa KOpeKIii.

Plane pinion caTetir.

Planetary gearing (cun. planetary gear mechanism)
TUIAaHETapHUN 3y0UacTUi MeXaHi3M.

Playground  maiimaH4uk aist TpH; CIIOPTUBHUIL
MalJaHYHUK.

Point  Touka; MoMeHT (dacy); Kpamka (B JeCATKOBUX
Ipobax); MOoAIIKA ITKaJIM;, MeTa, HaMip; BicTps,
TOCTpHUH KiHelb; KiHYUK; HAKOHCUHHK.

Point curve (cun. locus, locus of points)

TEOMETPUYHE MiCIIe TOYOK.

Point of attack Touka nmpukiTagaHHs.

Point of force application  Touka npuknagaHHs
CHJIN.

Point of inflection Touka meperuny.

Point of tangency (cun. contact point, tangent
point)  Touka IOTHKY.

Point of a tooth (cun. gear tip, addendum)
roJIoBKa 3y0a 3y09acToro Koieca.

Pointed 3arocrtpenuii, rocTpuii.

Pointed follower  3aroctpenwuii mrtoBxad.

Pointing  3aroctpenHs, 3aTOYyBaHHSI;, 3a3HAYCHHS
(ranpsmxy, micys mowyo).

Poise  myas.

Polar coordinates  momsipHi KOOpAMHATH.

Pole momroc; momocHuMIA.

Pole of acceleration diagram
MIPUCKOPEHb.

Pole of inertia  mosmtoc inepuii.

Pole of velocity diagram  nosmtoc miany

HOJIOC TIaHY

IIBUIKOCTEMN.
To be poles apart 6yru giameTpanbHO
MPOTHIICKHUM.
Polished  BignonipoBanwuii.

Position momoxewHs; 3BudaitHe (MPaBUIIbHE) MICIIE;

CTaBHUTH; PO3TALIOBYBATH.

Leftmost position kpaiide yiBe MOJOXKEHHS.

Position function of a mechanism ¢ynkiris
MIOJIOKEHHSA MEXaHI3MYy.

Position of extremum TOYKa EKCTPEMYMY.

Position of load application Touka npukiIagaHHs
HaBaHTAXKCHHS.

Position vector (cun. radius-vector)
BEKTOD.

Rightmost position

paniyc-

KpaifHe IpaBe MMOJIOKEHHSL.
Positional relationship  B3aemue po3ramryBanHs.
Positive  mo3uTHBHUI, pealbHHUI, TOYHUHN; JOAATHHI
(mam.); npuMycoBwHii (PO pyx).
Positive closing mnpuMycoBe 3aMHUKaHHSL.

Powder-like MOPOIIKOTIO{IOHUH, TTHIOBHTHHH.
Quadrangle  YOTHUPUKYTHHK.
Qualitative  sixicuuii.

Q

Power cwia; moTyXHICTh, €HEPTis; TPOYKTHBHICTD;

3JATHICTh, MOXKIIMBICTB; CTEMiHb (Mam.).

Power train cuioBa mepemaua.

Power transmission  MmexaHiuHa mepenaya.

Power waste (cun. power loss) BTpaTH eHeprii.

Power input MOTY>KHICTb, IO ITiTBOTUTHCA,
CIIOKMBAHA TIOTYXKHICTh.

Power output  BuXiJgHA IOTYXHICTB.

Power-loss ratio  koeditieHt yrpar.

Practically feasible (cun. manufacturabl)
TEXHOJIOTIYHUH.

Precision TouHicTh, 4iTKICTh, aKYPATHICTH; TOUHHIA.
Precision instrument  tounuit mpua.

Predecessor momnepenHuK.

Prescribed 3amanwmii (3aKoH).

Pressure  THCK; CTHCKaHHS; IPECyBaHHSL.

Pressure distribution  posmoain Trcky

Pressure angle (cun. angle of action) «xyr
3a4eIUICHHST; KYT TUCKY.

Specific pressure (cun. unit pressure)
THCK.

Prevailing (cun. outstanding, predominant, prevalent)
NaHiBHUH, TPEBATIOI0YNH, TOMIHYIOUHH,
nepeBaxkHuit, (cun. widespread) mrpoko
PO3MOBCIOKEHHUA.

Prevalent (cun. abundant, ample, common, copious,
plentiful, prevailing, rife, widespread)
PO3MOBCIOPKEHUI, TOLTUPEHUH, IEPEBAXKHUM.

Prevent  momepemxartu, BinBepTaTH; 3amodirary,
3aBaXKaTH, MEPEHIKOKATH (Y0Mych - from).

Primary [elementary] mechanism  mouatkoBwuii
MeXaHi3M.

Prime radius of a cam

Primitive npumiTHBHHIA.

Principal romoBHwuii, OCHOBHHIL.

Principle npuHImmn, mpaBuio, 3aK0H; MEPHIONPUINHA;
MPUYKHA, JHKEPEIO.

Procedure mporenypa, METOAMKA.

Process TexHOJOTIYHUII MpoOIIEC.

Processing o6po6usiHHs; 06poOKa gaHuX (KOMN.).
Processing equipment  TexHoJjoriude 00J1aIHAHHS.

Product  mpoamykuis, mpoaykt, BUpi0; 100yTOK (Mmam.);
pe3ynbTat, HacliJ oK.

Production mpoayKTHBHICTh; BUPOOHHIITBO;
BUT'OTOBJICHHS, BUIOOYTOK; POIYKIIisi, BUDIO;
BHPOOHUIHH.

Profile
1. TIpodins, oOpuc, KOHTYp; BEPTHKAIBHUHA PO3pi3,

nepeTrH; (HaCOHHMIA.
2. (cun. shape) npoodimoBath.

Proportion crmiBBigHOLICHHS, NPONOPLIsL.

Proportional  mponopuiitHuii.

Pulley  wmkiB, GioK.

Belt pulley  wikiB mpuBigHOTO TMaCa.

Push warmckaTn; THCK, HATHCKAHHS.

Pusher (cun. translating follower, sliding follower)
MOCTYNAJbHO PYXOMHIA IITOBXAY.

MU TOMMH

MiHIMaIBHUHA PAIiyc Kyaauka.

Qualitative properties
(6upoby).

XapaKTCPpUCTUKU SIKOCTI
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Quality (cun. nature, property, grade) sKictb;
BIIACTHBICTh; OCOOJMBICTh; XapaKTepHA pHCA.
Quality coefficient (cun. quality indicator)

MTOKA3HUK SIKOCTI.
Quality metrics MOKA3HUKH SKOCTI.
Quality rating ominka sKoCTi.

Rack
1. (cun. fixed link, ground)
cxemi).
2. (cumn. basic rack) 3ybuacra
[incTpymenTanbHa] peiika, rpebiHka.

CTOSIK (y CTPYKTYpHIiH

Rack-shaped cutter (cun. rack-type cutter) 3yGopizHa
peiika (rpebinka).
Radial clearance (cun. top clearance) panmianbHUi

3a30p.

Radius-vector (cun. position vector)

Radius of curvature  paaiyc kpuBUHU.

Random JTOBUTHHHIA.

Range inTepBai; kiacudikyBaTH; KOJMBATHCS B IEBHUX
MeEXKax.

Rapprochement  36mmKeHHS.

Rare gas iHepTHuii ras.

Rarely  pinko, HedacTo; Ha[3BUYaitHO, BUHATKOBO.

Rate  BigmoBigHa YacTHHA; MPOMOPIis; KOC]ILieHT;
CTYIiHb; BiICOTOK; 4aCTKa; BU3HAYATH;
BCTaHOBJIFOBATH.
Rate of rise  cTymiHb (IIBHAKICTE, KPYTH3HA)

oMy,

Ratio  BigHOWIEHHS, MPOMOPIIist; KOeDII[iEHT;
CITIBBIHOIICHHS;, IEPEIATHE YUCIIO.

Ratio of side dimensions  cmiBBigHOIICHHS PO3MipiB
CTOpiH.

Rational number pamionansue guco.

Ray mpominb, HamiBpsMa.

Reaction (cun. reacting force)  peakuist, cuna mpoTumii.

Reasonable parionanbHuii, KOPEKTHHUIN, TPUAHATHHN.

Reciprocal sliding (cun. reciprocal motion) 3sopotHo-
MOCTYyTaIbHE KOB3aHHS (PYyX).

Reciprocating motor mopIiIHeBHii IBUTYH.

paniyc-BeKTop.

Rectangle  mpsmokyTHHK.

Rectangular (cun. orthogonal) OPTOTOHAITLHHMA,
HIPSIMOKYTHUH.

Rectilinear (cun. rectilineal)  npsimoniuiiiHuiA.

Rectilinear generator  mpsmoutiHiiiHa TBipHa.
Reduce 3BoauTH, 3MEHITYBaTH, CKOPOUYYBATH;
MPUBOJIMTH JI0 CIIILHOTO 3HAMEHHUKA (Mam.).
Reduced 3Benenwuii, 3MeHIIEHHI, CKOPOYCHUIA.
Reduced coefficient of elasticity 3Benenuii Mmoayns
MIPY’KHOCTI.
Reduced inertia moment
iHeprii.
Reduced [equivalent] mass 3Bemena maca.
Reduced forces 3BeICHA CHIIA.
Reduction  3BeneHHs, 3MEHIICHHS, 3HUKEHHS,
CKOpPOYCHHS;, IEPETBOPCHHS; IPUBOICHHS JI0
CMIJILHOTO 3HAMEHHHKA (Mam.).
Reduction of masses 3BeneHHs Mac.
Reduction of forces 3senenns cui.
Reduction ratio (cun. transmission ratio)
nepeIaTHE YUCIIO.

3BEeJIEHUI MOMEHT

Quantitative assessment  kinbkicHa oLiHKa.
Quantity  kineKicTb; Benmuuuna (Mam.).
Quantity of rotations per second
00epTiB 3a CEeKyHAY.
Quick mBHMIKWMIA; IBHIKO, CKOPO.
Quickly mBuaxo.

KIJIBKICTD

Redundant  3aiiBuii, HaJJTUIIKOBUH, HaIMipHHUIA;
3BUTILHEHHN, CKOPOUYCHUIA.

Redundant constraint 3aiiBa [HamiuiikoBa] B’53b.

Redundant system (cun. hyperstatic system,
statically indeterminate system)  cratu4so
HEBU3HAYYBAaHA CHCTEMA.

Refem line  minist Bigmiky.

Reference  mocwuianusi, 3rajyBaHHs; CITIiBBIIHOIIICHHS;
€TaJIOH; JIOBIIKOBU; TIOaBaTH MPUMITKH; 3HAXOIUTH
3a TIOCHJIAHHSIM, TOBiyBaTUCS.

Reference frame (cun. reference system)
BIJUTIKY.

Reference pitch line of a rack
peuku.

Relation BiIHOILIEHHS; 3aJIKHICTD; 3B'I30K.

Relationship  cmiBBigHOIIEHHS, 3a1€XKHICT.

Relative  BigHOCHUIt; MOPIBHAIBHUIA; B3AEMHHUIA;
MOB'SI3aHUI OJTUH 3 OJJHUM; BiJTIOBIIHHUI.

Relative displacement BIJIHOCHE 3MIIIIEHHS.
Relative motion  BigHOCHHU pyX.

Relaxation penakcarisi, ocnabieHHs, po3CiabIeHHS;
MOM'SIKIIICHHST; 3MEHIIICHHS HAITPY>KSHHSI.

Reliability (cun. durability) nagidiHicTb.

Render BignaBatu Hanie:KHE; BIATBOPIOBATH, 300paxaTH;
BUKOHYBAaTH (p0./ib); IepeKIaiaTu (Ha iHuy MogY);
MIPUBOJIMTH JIO TIEBHOT'O CTaHY; TOMHUTH (CA0).
Rendered fat TOIJIEHE CAaJIo.

Repeated  moBTOpHWUIA; YacTHi.

Repeated loadinguukiiune HaBaHTaXKEHHS.

CHUCTEMA

IUTHIIbHA TIpsSiMa

Repetition  Garatopa3oBicTh; MOBTOPEHHSI.
Repetitive  moBToproBanwuii.
Represent  300pakaTu; BTIIFOBaTH, YOCOOIIOBATH,

SIBIIATH CO00¥0.
Reproduction BIZITBOPEHHSI.
Resistance  omip, nporuuis.
Resistance force  cuna omopy.
Resistance to rolling  TepTs ko4eHHsI.
Respond  Biamosimatw, BiArykyBarucs, pearysaru ( 10).
Responsibility  BixnmoBigaiabHICTb.
Responsible  BignosinansHuii, BaXKIHBHIA.
Resonance  pe3oHasc.
Rest (upon)  ommparucs (Ha).
Restyling (cun. part restyling)
neTani.
Resultant  piBHoniliHa, FONOBHUIA BEKTOD.
Resultant vector  rosioBHHit BEKTOP.
Return  moBepHeHH:.
Return angle (cun. fall angle) xyt moBepHeHHs.
Reversal  peBepcyBaHHs, 3MiHa HAIPSIMKY Ha
NIPOTUJIEKHUH.
Reversibility  mactusicts 06epHEHOCTI.
Reversing movement  3miHa HanpPsAMKY PyXy.
Right-angled triangle  npsMokyTHMI TPUKYTHHK.

3MiHa KOHCTPYKIIi1
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Right-angle bevel gearing
nepenaya.

Rightmost position KpaiHe MpaBe TOJI0KEHHSI.

Rigid body a6comoTHo TBEpE TiJO.

Rigidity  »opcTKicTs.

Rigidly bound sxopcTtko 3B’ si3aHmiA.

Ring «kinsIie, 06ia.

Ring gear 3y04acTHii BiHEIb.
Ring pivot KiJIbLIeBa I1°sITa.

Rise migHiMaTHCs, BCTaBaTH; MiJHOCUTHCS (HA YUMCH -
above); migBuIyBaTUCS, 301TBIITYBATHCS;
ITiABMILECHHS, ITiTHECEHHS; ITiJHAOM, HiAHSITTS;
301IbIIICHHAS; BUCOYHMHA, Taropo.

Rise angle KYT BiJTaJICHHSL.
Rise phase (basa BigmaneHHs.

Rivet(ed) joint (cun. riveting)  3aknenkose 3’€IHaHHS.

Rocker xopomucio, 6amancup, MATYH, XHTHUI BaXijb,

Kyica.

Rocker-and-crank mechanism
KOPOMHUCJIOBUN MEXaHi3M.

Rocker follower (cun. rocker, swinging follower)
XUTHUH (IOBOPOTHUIA) IITOBXAY.

CTep>KeHb, OpyC; LITOK, TATa.

oOepTaHHs;, XUTaHH, BaJ, OapabaH, HWITIHID;
BaybIi; KpyTuTH(CS); 00epTaTH(cs);
nepexkouyBatr(cs); HOBepTaTH(Cs); MPOKATYBATH;
BaJIBITIOBATH, TUTIONITUTH (METAI).

Roll over mnepekouyBatuch, HepeBepTaTUCH.

Roll over each other mnepexouyBaTuch 0UH MO
OJTHOMY.

Roller ponuk.
Roller follower

Rolling xarauss, npokaTyBaHHs, BaIbIIOBAHHS;
00epTaNbHUIN; XUTHUN; POJTUKOBHIA, KOTKOBHIA.
Rolling damper KOTKOBHH FaCHUK.

Rolling friction TEpPTsI KOUCHHSI.

Rolling friction with slippage  tepts koueHHs
3 MPOKOB3YBaHHSIM.

Rolling mill  mpokatuuii cran.

OpTOTOHAJIbHA KOHIYHA

KPUBOILMITHO-

Rod
Roll

Saltatory variation  crpubkomnomiOHa 3miHa.

Scale  macma0.
Scale factor MaciTabHui KoeilieHT.
Scale mark  miTka mkanu.

Scaling magnitude MacuTabHe 3HaYeHHS.
Scratching apsimanHs, Haciuka.
Screw TBUHT, LIHEK, YEPB'SK; TBUHTOBUIA;
3arBUHYYBATH; Hapi3aTu pi3p0y.
Helical screw  rBunT.

Screw axoids of relative motion  reuHTOBI
aKCcoiIu BiTHOCHOTO PYXY.

Screw driving  3arBuHYyBaHHS.

Screw gear (cun. spiral gear) IBHHTOBE

3y0uacTte KoJjieco, TBUHTOBA 3y0JacTa
nepezaaya.
Screw motion (cun. helical motion)
pyx.
Screw pair  rBHHTOBa mapa.
Screw-nut gear mepenadya rBUHT-raika.
Screw-thread  pi3s0a, rBUHTOBA Hapi3Ka.

TBUHTOBHI1

mToBxad, CHOpS[I[)KeHI/II‘/'I POJIMKOM.

Root  kopiHb, IpUYKHA, IHKEPENO; KOPiHb (Mam.); HiXkKa

3y0a 3y09acToro koieca

Root circle (cur. dedendum) koo 3amaaus.

Root of a tooth (cun. root, dedendum) wixkka 3y6a
3y04acToro Koieca.

Root radius  paxiyc komna 3amaauH.

Rotating  obepTansHuil, TOBOPOTHHIL.

Rotating sense HanpsiMok oOepTaHHsI.

Rotation  oGepTaHHs; mepiognYHE TOBTOPEHHS;
YepryBaHHS.

Rotation angle  kyt moBopory.

Rotational axis  Bice oOepranHs.

Rotor potop.

Roughness (cun. asperity)
Equilibrium roughness
Roughness parameter

Rounded 3akpyrienwuii.

Route kypc, HanpsiMOK; 3aci0, nuisx (nepen.).

Routine  3aBenenwmii NOPsJOK, y3BUUa€Ha IPAKTHUKA,
NEBHUI peXuM; I1a0JIOH.

Routine problem Tunosa 3anauva.
Rubbing Ttepts; ctupanus.
Rubbing bodies Tina, oo TpyThCs.
Rubbing path (cun. sliding distance) uwisx tepTs.
Rubbing surface  nosepxHs Tepts.

Ruled surface miniiiuata moBepxHs.

Run 6ir; mpo6ir (JTokoMOTHBA, BaroHA), BIAPi30K IUIAXY,
TIPOTiH (3aJi3HUIII ); TIOJIIT, IEPEiT, peiic, BiACTaHb,
SIKY TIPOJIITAE JiTaK; XiJ, po00Ta, Iist (MAIIHHH,
JIBUTYHA); TPUBAIOYN, HETIEpepBHUI; OIrTH,
KPYTHTHCh, 00€pTaTUCh; PAIIOBATH,
(bYHKIIOHYBaTH; pyXaTH, TIepeMillIaTH.

Run down 3YOUHATHUCS (IIPO MAIINHY).
Run-up myck.

Running  xin, po6ouwnii xix, pobounii cTaH (MAIIHHK);
HETIepepBHUH, TTOCITiTOBHHI.

Running-in process  mporuec npupoOKu.
Running-in time uac npupoOsHHS.
Run-in surface pUpoOIIeHa TOBEPXHSI.

HEPIBHICTh; MMOPCTKICTB.
piBHOBaKHA IIOPCTKICTb.
mapaMeTp MIOPCTKOCTI.

Secant plane ciuna rutonmHa.

Section  mepepis; BiApi30K; cerMeHT, YaCTUHA; maparpad;
PO3Ii7 KHUTH; TUTATH HA YaCTHHHU.

Sector cektop, YaCTHHA; AIBHHUII, KyJIica; MOIUIATH Ha

CEKTOPH.

3a0e3neuyBaTy, rapaHTyBaTH OC3IEKY;

OJIep)KyBaTH, JiCTaBaTH, 3700yBaTH; Oe3IeUHNUH,

B Oe3reli; rapaHTOBaHUH.

Seizure 3ainadus, 3aKIMHIOBAHHS; 3aXBaT, 3aXOILICHHI.

Seizure wear  3HOC IpH 3aigaHHi.

Self-braking condition  ymoBa camoragbMyBaHHSI.

Semisolid lubricant mmacTuaHwMit MacTHITBHAIIT MaTepia.

Separate okpewmwuii, i30JIbOBaHUI; BiTOKPEMIICHUA;
0COOJIMBHIA; IHIUBITyaTbHUHN, CAMOCTIHMIA;
BiokpemitoBatu(cs), BigaisaTu(cs), po3asru(cs);
pO3KIIanaTy (Ha YaCTHHHU).
Separate out BHJIIATH, BiJ’ € THYBaTH.

Separation  BigmineHHs.

Sequence mOCHITOBHICTE; OPSIOK, PSIT; HACIIJIOK,
pe3yIbTar.

Secure
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Sequential  mocigOBHHIA.

Serial positions  mocItiOBHI MOJIOKEHHS.

Series cepis, s, Tpyma, OCTIOBHE 3’ €THAHHS.

Series coupling (cun. series connection)
MOCHIIOBHE 3’ €THAHHS.

Series-multiple coupling (connection) 3mimane
3’€IHaHHS.

Set-point  3amanwmii.

Several kinbka; KOKHHIA, OKpEMHI; CBil, BJTaCHHUH,
IHIMBITyaIbHUH.

Severe  HecHpUATIUBHH.

Shaft  san.

Shaft angle wmix BicHuit KyT (Koniuna nepedaua).

Shaded samrtpuxoBanmii.

Shaping cutter xoBGau.

Sharp piskuif, rocTpuii, TOCTPOKIHIICBUH, BUTOCTPEHUIA;

Ppi3K0, panToBoO, KPyTO.

Shift 3mimienns, 3cyB, nepeMukanus (weuokocmetl);
nepemimatu(cs); nepecyBaTu(csi).

Shift factor (cun. correction factor for profile shift)
KOCQII[IEHT 3MIIICHHS.

Shock absorber amoprusarop, 6ydep.

Side 6ik, cropoHa, kpaii; risika (naca).

Silent action Oe3mrymHa Jiisl.

Similar noniGHuUM, ageKBaTHUIA.

Similarity  momiGHICTS.

Simultaneously  omHodacHo, pa3oMm, CHiIBHO.

Single gearing (cun. two-gear train) oaHocTymiH4YacTa
3y04acTa nepegava.

Single-enveloping worm (cux. cylindrical worm)

AT HAPHYHUH YepB’ K.

Single-threaded omHo3axigHwUit (4epB’sIK, TBUHT).

Sinusoid  cunycoina.

Skew Kkocwuii; aCHMETPHUYHHN; CXUJI, HAXHJI; BIIXUJIATHCS,
nepexperryBaTuch (mpo MEMOGXKHI Oci);
TepeKOITyBaTh(Cs).

Skill maiicTepHicTh, yMiHHS; BIPABHICTS.

Slackening mpuTymuieHHs, OCIa0JIeHHS, BACHAXKECHHSI,
craj.

Slide «oB3anus; piBHUH, po3MmipeHuil xia (mMawunu);
CIYCKHUH K0JI00, MOXWJIA IUIOIMHA; 3CyB; KOB3HA
JacThHa (MAIllMHM); KOB3aTH, 3aCOBYBATH,
BCOBYBATH.

Slider (cun. crosshead, cylinder piston, sliding block)

MOB3YH.

Slider-crank mechanism
MOB3YHKOBHI MEXaHi3M.
Sliding  koB3aHHS, TPOKOB3YBaHHSL.
Sliding block (cun. crosshead, cylinder piston,
slider) moB3yH.
Sliding cam (cun. wedge cam)
(kIMHYACTHI) KYJIAYOK.
Sliding distance (cun. rubbing path) wsx Teprsi.
Sliding follower (cun. pusher, translating follower)
MOCTYMAIBHO PYXOMHIT IITOBXAY.
Sliding friction (cun. Kinetic friction)
KOB3aHHS.
Sliding motion  pyx i3 KOB3aHHAM, KOB3aHHSL.
Sliding pair mnocrynanbHa mapa.
Sliding thrust bearing  miam’STHUK KOB3aHHSL.
Slideway cmpsmoBytoua (BepcTata).
Slight displacement MaJie epeMillleHHs.

KPUBOMIUITHO-

nepecyBHUN

TepTs

Slip velocity  mBuaKicTE KOB3aHHS.
Slippage  1pokoB3yBaHHI.
Slope ratio (cun. slope) TaHreHC KyTa HaXWiIy.
Smooth curve rmaaka kpusa.
Smoothed (cun. stepless)
Smoothness UIABHICTb.
Operation smoothness  mnaBHicTs poOOTH.
Socket THI3/I0, 3arTHOJIEHHS, 3amaanHa, MypTa;
aTpyooxK.
TBEP/IUIL; CYNITbHUN; MACUBHUHN; TPUBUMIPHHIA,
MPOCTOPOBHIA, KyOiuHUi; TBepe TiIO (¢hi3.).
Solid greasing substance Teepna 3maiiyBajibHa
pedoBHHA.
Solid lubricant TBepme mMacTwiIO.
Solid oil  comigom.
Somewhat mouacTy, 10 AESKOT MipH; IIOCH, JETIIO.
Source  mKepeno, IEPUIONPUINHA, TOYATOK.
Source activity ~ akTHBHICTB JKepena.

TUTAaBHUH.

Solid

Spall  ymamok, Tpicka, CKajKa; BiKOIIOBATH.
Space motion  mpocTOpoBHii pyX.
Spalling  BukparryBaHHs (KOHTAKTHHUX TIOBEPXOHB),

PO3TpiCKyBaHHSI, BiAIapyBaHHSI.
Gear teeth spalling  Bukpamrysansst 3y6uactoi
repeadi.
Spanning angle  kyt o0xBary (0XOIICHHS).
Spatial MPOCTOPOBHIA.
Spatial force system  mpocropoBa cucTema cui.
Spatial gearing MPOCTOPOBE 3y0UacTe
3a4eIUIeHHs, IPOCTOPOBa 3ybyacTa nepeaaya.
Specific cneniansHuii, 0COOIMBHUI, KOHKPETHHI;
MIEBHU, TOYHUH; XapaKTepHUI; TUTOMUH.

Specific pressure (cux. unit pressure) nuToMuiA
THCK.

Specific pressure ratio  koediriedT mTUTOMOTO
THCKY.

Specific sliding ratio  koediuieHt muTomMoro
KOB3aHHS.

Specific weight  rycruna (Matepiany).

Specifically 30Kpema.

Spectrum  cmektp, AianazoH.
Speed of rotation 4acToTa 00epTaHHS.

Spend BHATpAavyaTH, TPAaTUTH, 3aTpavyBaTH.
Sphere  coepa, Ky,
Spheric(al)  cohepuunmii.

Spherical mushroom follower
rpuOOMOAiOHMIA ITOBXAY.
Spiral gear (cun. screw gear) rBuHTOBE 3ybuacte KOJeco,
I'BHHTOBA 3yO4acTa nepeyaya.
Spline connection (cun. slip joint) mutinboBe 3’€AHAHHS.
Spontaneous CIIOHTAHHUN, MUMOBLILHHH,
OesrnocepeHiil, HEBUMYIICHUH; CTUXIHHHH.
Spontaneously crnoHTaHHO, CAMOYHHHO, MEMOBIIIBHO.
Spring mpyxuHa, pecopa; MPyXKHICTh, eACTHIHICTE;
BIJICKIK, BUTIPSIMIICHHS.
Spring constant KOpPCTKICTh MPY>KUHH.
BUCTYII, LIHII, 3y0, HAKOHEUHHK.
Spur gear  mpsaMo3y0e IIITIHAPHYHE KOJIECO,
psiMo3y0a NUITHIPUYIHA IIepeaaya.
Spur gearing (cun. Spur gear)  mpsmo3y6a
LWIHPUYHA [Iepeiaya.
Square thread  mpsiMokyTHa pi3b0a.
Stable equilibrium cTilika piBHOBara.

chepuuHuit

Spur
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Standard cranmaprTHuii.
Standard pitch circle (cun. nominal pitch circle)
IUTAIBHE KOJIO.
Standard pitch radius (cux. nominal pitch radius)
paziyc OJUIMIEHOTO KOJa, TiMMIBHINA paziyc.
Standardized crammapTH3OBaHHIA.
Standing 10 cTOiTh, HEPYXOMHIA; HE MEPECyBHHI;
CTOSTHHSI.
Standing axis BEpTHUKaJIbHA BiCh.
Staple ronoBHuit eneMeHT (4Orock), TOIOBHUIA,
OCHOBHHUU
Start
1. moumHaTm; OpaTHcs (32 MOCH); ITyCKATH
(MammHy); MycK B XiJl; pyIIaHHs 3 MiCIIAL.
2. (cun. run) po3Gir, po3riH (MaIIMHM, arperary).

Static(al) craruunwmii, cranioHapHHUi, HEPYXOMHIA.
Static friction (cun. stiction)  TepTst crokoxo.
Statics  craruka.

Stationary Hepyxomuii.

Stationary state Hepyxomwuii cTaH.

Steady  crifikuii; MillHHIH, TBEpANI; PIBHUI; CTAIHIA;
PIBHOMIpHHMH; MOCTIHMI, HE3MIHHMH; CTaBaTH
TBEpAUM (CTIMKKUM); OTIOpa, JIIOHET.

Steady speed ITOCTIfHA BHIKICTE.
Steady regime (cun. steady run, steady state mode)
YCTAJICHUHN PEXKUM.

Stepless (cur. smoothed)
0e3CTymiHYaCTHil.

Stick-slip  mepepuBuacrte nepemiieHHs;
CTpUOKOITO1I0HA TT0/1ava.

Stiffly precision instrument  Bucoko TouHHIi pHIAL.

Stipulated  ¢ikcoBanwmii, 00yMOBICHHUIA.

Stop

1. 3ynuHSATH(CS); MPUMUHATH(CS); 3aKiHIYBaTH(Cs);
3yMUHKA, 3aTPUMKA, IPUITMHEHHS; KiHellb; 11ay3a,
nepepsa; 0OMEXKHHUK, CTOTOP.

2. (cun. running-out)

Store  HakomuuyBatu.

Strain-hardening  3milHOBaIbHHIA.

Stream  1OTIK, CTPyMiHb, HAPSIMOK, PYX.

Strength  minmicTs.

Strengthening treatment  3minHOBaIBbHA 0OPOOKA

Stretch  posrsarysaru(cs), ButsryBaru(cs),
MOJIOBKYBATH, TATTU(CSI, HATATYBATH(CS); BUTSITAHHS,
PO3TATAHHS, ITOIOBXKECHHSI.

TUTaBHUH,

Strict  ToYHMI, IEBHUN.
Strictly Ttouno, Bu3HaUeHO, O€3 BiIXUIEHD.
Structural CTPYKTYpHUH; OyniBeTbHA.

Structural damping koucTpykiiiHe
neMIipyBaHHs.
Structural group (cun. Assur group, structure

group) cTpykTypHa rpyia, rpymna Accypa.

Tangent  noTHYHA; TAHTEHC; TOTUYHHI
Tangent to circle gotuuna mo xona.
Tangent to curve moTwyHa 10 KPHUBOI.
Tangent point (cux. point of tangency, contact
point)  Touka AOTHKY.
Taper (cun. become pointed/sharp; become more acute)
3aroCTprOBATUCD.

Tangential acceleration  TanrenmiansHe IPUCKOPEHHS.

BUOIr (MalIMHK, arperary).

Structure crpykTypa; Oymosa; OymiBis, criopyza.
Structure chart crpykrypHa cxema.
Structure synthesis crpykTypHuii cunTes.

Successive values mociiIOBHI 3HAYEHHS.

Suitable  migxoXuit; M0 BiAMOBIAAE; PUIATHHIA.

Sum cyma, miacyMOK; CKIaJaTH.

Sum total 3aranpHui miACYMOK (Cyma).

Summand poxaHOK.

Sun gear coHsYHE KOJIECO.

Superficial ysBHuit; moBEpXOBHIA, HETTHOOKHUH,
30BHIIIHIH.

Superficial coefficient of friction
KOeQiIieHT TepTs.

Superpose  cymimaTy, HaKJIagaTH.

Superposed  cymileHHiA.

Support reaction OITOpHA PEaKIis.

Support point  Touka omopwu.

Suppress  kimactH Kpail, CTpUMYBAaTH, IPUIYLIYBaTH.

Suppression CTPUMYBaHHs, IPUIYIICHHS, 3200pOHa.

Surface moBepxHs; 0OPOOIATH OBEPXHIO, TOKPUBATH

noBepxHio (With - unm-He6yab.).

Surface abrasion a6pa3uBHHMiT 3HOC TOBEPXHi.

Surface bed noBepxHeBwmii map.

Surface capacity noBepxHeBa MIlIHICTb.

Surface condition  cran moBepxHi, uucroTa
MTOBEPXHI, SIKICTh TTOBEPXHi.

Surface deterioration  3HOC OBEpXHi.

Surface finish  ¢inimna 06podka moBepxHi;
IIOPCTKICTh; KBANITET MOBEPXHI, AKICTh 00POOKH
MOBEPXHI.

Surface roughness (cun. as-turned finish)
HIOPCTKICTh OBEPXHI.

Surface treatment (cun. surfacing) o6po6xa
MOBEPXHI.

Surfacing (cun. surface treatment)  06po6ka moBepxHi.

Surfent of area enemenTapHa IIOIIAAKA.

Sweeping (sweep) angle of involute  kyt po3ropranHs
€BOJIbBCHTH.

Swing xommBaru(cs), roigaru(cs); xuraTu(cs);
rOMIaHHs, XUTAHHS; KOJIMBAHHS; aMIUTITy 12
KOJIMBaHb.

Swinging roiigaHHs, XUTaHHsI, KOJMBAHHS; TOBOPOTHHUIA.
Swinging arm XWTHHIA Baxijb, KyIica.

Swinging follower (cun. oscillating follower,
rocker, rocker follower)  xutHwuit
(TTOBOpOTHMIA) IITOBXAY.

Swing link  xuTHMIT Baxib.

Swinging motion (cun. swinging movement)
3BOPOTHO-00EPTATbHHUN (XUTATHHH,
TIOBOPOTHHH) PyX.

Synthetic cuHTeTHYHHH, WITYYHHH.

Synthetic oil  cunTeTHYHE MacTHIIO.

3BeJICHUH

Tear  BupHB, BUPHBaHHS, 3HOC.

Tear(ing) (cun. attrition, deterioration, wear, wear-out)
3HOC, 3HOLTYBaHH:.

Teflon ¢roporact, Tedom.

Tend to infinity mpsmyBaTH 10 HECKIHYEHHOCTI.

That is (cun. i.e., that is to say, in other words)

Theoretical line of action (cun. pressure line)
TEOpPETUYHA JIiHIs 3a4eTICHHS.

TOOTO.
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Theoretically (cun. in theory)  Teopernuno.
Thicken  moToBIIyBaTHCH.
Thickening temperature  Temmeparypa 3TyIIeHHS;
TeMIleparypa 3acTUTaHHs (Macmuna).
Thin-film lubrication (cun. borderline lubrication)
IPaHUYHE 3MAICHHS.
Thread pi3p0a, HUTKA.
Angle of thread KyT o UITIo pi3sou.
Square thread  npsMokyTHa pi3b0a.
Threaded connection (cun. threaded fastener,
screw joint, threaded joint) piss6oBe
3’€IHaHHS.
Thread pitch  kpok pi3bow.
Triangular thread TPUKYTHA pi3b0a.
Through depes, 3aBmaxw.
Thrown over TIePEKHHY THIA Yepes.
Tightening (cun. torqueing) 3aTskka, 3aTAryBaHHS.
Tighting force  cuna Harsry.
Tilt moxwuie MONOKEHHS; HAXIT; HAXUIATH(CS).
Tiltangle  xyr maxuny.
Tilted wHaxuneHwuii.
Time  4ac; TepMiH, CTPOK; KHTTS, BiK; pa3;
NepioMYHMI; IPU3HAYATH Yac.
Time axisBich uacy.
Time derivative moxigHa o yacy.
To decompose a force  poskiacTu cuiy.
To meetina point  mepeTWHATUCH B TOUIII.
To prove a theorem IOBECTH TEOPEMY.
Tolerance  momyck.
Tool  iHCTpYMEHT.
Toolkit kommekT [Habip] iHCTpYMEHTIB.
Tooling method  crioci6 (TexHomorist) MexaHiuHOT
00poOKH.
Tooth 3y0, 3yGels.
Tooth gear 3yGuacra mepejiava.
Tooth interference intepdepeniris 3ydyacTux
mpodiniB
Tooth profile (cun. tooth form) podiab 3yors.
Tooth surface 6iyHa MOBEPXHS 3yOLs.

Tooth-wheel 3ybuacte KoJeco.
Toothed  3yGuacruii.
Toothed gear 3y04acTe KoJieco; 3ydyacTa
nepezaya.
Toothed gearing (cun. toothed drive)  3yGuacra
nepezaya.

Toothed rack  3yGuacra peiika.
Toothed wheel 3yGuacte xoneco, mectepHs;
XparoBe KOJIECO; XParnoBHUK.
Toothing 3aueruieHHs.
Gear toothing 3y0uacTe 3a4eruieHHsI.
Top speed rpanuvHa (MakcHMasbHA) IIBHAKICTD.
Torqueing (cun. tightening)  3aTskka, 3aTAryBaHHSL.
Touch motukaruce.
Touch on BoAMBaTU; MaTH BiIHOLIEHHS; JOCATATH;
3a4inaTy, TOpKaTUCS MOO1KHO.

Unbalance (cun. imbalance) neBpiBHOBaXeHICTb.

Unclosed kinematic chain  nesamxnenuit
KiHEMaTHYHU I JTaHLIFOT.

Undamped nenemmdoBaHuii.

Undercutting  miapizaHHs.

Total mnoBHUI, HiNKOBATHH, A0COIIOTHUI; TOTAIBHUIA,
BECh, IUTHIA;, CYKYITHHM, CyMapHUH; I1ijie, CyMa;
miaOWBaTH MiACYMKH, ITiApaX0OByBaTH.

Total acceleration TIOBHE TIPUCKOPECHHSL.
Total cam angle of rotation  moBHHIT KyT TOBOPOTY
KyJa4Ka.

Total work cymaphua po6oTa.
Track  wHampsmuumil npucTpiit; ciin, KOst
Track cam (cun. face cam) ma30Buii KynayuoK.
Transfer TMEPECHECCHHSA nepeMimeHHa; IMCPCHOCHUTH,
nepemiugaru (3 - from, B - t0).
Transfer function of a mechanism nepenaraa
(GyHKIIL MeXaHI3MY
Transfer of material mepenoc marepiaiy.
Transient regime  HeycTaleHHH peKUM.
Transition curve  KpuBa CIIpsDKEHHS, TIEpEXiIHa KpUBa.
Translation  3mimeHHs, 3cyB, epEeMIIICHHS; TIEPEKIA,
TIIYMA4YCHHS.
Translation movement (cun. translation motion)
OPSMOJIHIHUI PyX; TIOCTYNANBHUN PyX.
Translating follower (cun. pusher, sliding follower)
NOCTYIAJIBHO PyXOMHUI1 INTOBXa4.
Transmission ratio (cun. reduction ratio)  nepenarue
YUCJIO.
Transportation motion  mepeHocHH# pyX.
Transverse  momepedHUit; TOMH, IO IEPETUHAETHCS.
Transverse circular pitch (cun. circular pitch in

plane of rotation) TOPIIEBUI KPOK.
Transverse contact ratio KOEQIIiEHT TOPIIEBOTO
MEPEKPUTTSL.

Transverse module  TopueBuii MOIYIIb.
Transverse section MIOTIEPEYHUI PO3Pi3,
MOTIEPEYHHH TIepepis.

Trapezoids (cun. trapezium) Tpamneris.

Traverse speed  MIBHAKICTH MEPEMIlICHHSI.

Triangle TpuxkyTHUK.

Triangular thread TtpukyTtHa pi3nba.

Tribological conditions  ymoBu teprs.

Trigonometric transformation  Tpuronomerpudne
TIepPETBOPECHHSI.

Triple arm group (cun. triad)  TpunosinkoBa rpyna
(Tpiana).

Trundle wiBka, iBKOBa MIECTEPHSL.

Turn  xpyrutu(cs); moBepratu(cs), odepratu(cs); ooept
(xoueca); MOBOPOT; 3MiHa HANPSMY.

Turn of thread BUTOK Pi3b0H.

Turning  obepraHHs; 00TOYyBaHHS; TOKapHa Po0OOTa;
TOKapHE PEMECIIO; IEPETBOPEHHS; TOKAPHUH; 110
00epTaeThes; 00epTOBUil; MOBOPOTHHH.

Turning moment 00epTaIbHUIl MOMEHT.
Turning movement  obepraibHUI pyX.
Turning operation TOYiHHS; 00TOYKA.
Turning pair (cun. hinge)  ob6epranbha mapa.
Turning speed gacToTa 0GepTaHHs.

U

Undesirable HeOa)xaHWH, He3pyYHHH, HETIPUJaTHHH,
HEIIIX0XKHI.
Unfavourable wecnpusitiuBwmii.
Unfavourable effect  necnpustnuBuit Bruius (mis).
Unfavourable position mecipusiTianBee Hon0XKeHHs.
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Uniform  opHoMaHiTHHIN; OXHOPIIHMIN; TOCTIHHKH,
CTaJIUH.
Uniform acceleration  piBHOMipHE pHUCKOpEHHS,
PIBHOMIPHO IPHUCKOPEHUH PYX.
Uniform distribution  piBHOMipHWMii po3momis.
Uniform motion pisHOMipHHii pyX.
Uniform rotation pieHOMipHE 00epTaHHS.
Uniformly accelerated motion PIBHONIPHCKOPEHUIt
pyXx.
Unique oxHO3HAYHUIA; OMHO3HAYHO BH3HAYYBAHUM
(mam.); yHikambHUIL.
Uniquely defined (cun. unique)
BHU3HAYyBaHU.
Unit arperar, cexiis; By30JI; €JIEMEHT; OJXUHUIIS,; I1iJIE;
OJJMHHMIIS] BUMIPIOBaHHS.

OJHO3HA4YHO

Unit pressure (cun. specific pressure) MIUTOMUI
THCK.
Validation mepesipka 10CcTOBIpHOCTI (IIPABHIBHOCTI).
Variable 3minHuii, 3MiHHA BeIUYMHA.
Vector  BekTOp; BEKTOPHHIA.

Vector equation
Vector polygon
Vector form BEKTOpHA (hopma.
Velocity  mBHAKICTS.
Velocity analogues anasnor mBHIKOCTI.
Velocity diagram  miaH mBHAKOCTEH.
Velocity gradient  rpamieHT HIBUAKOCTEH.
Vertex angle  kyr mpu BepIiuHi.
Vertex of triangle  BepmnHa TPUKyTHHKA.
Varying  3MiHHHI.
Vibration  BiGpariisi, KOJMBaHHS.
Vibration absorber  Bibponoraunau; nemndep.
Vibration damping  aemndipyBaHHS KOJIHBaHb.
Vibration isolation BiOPOI30ISIIis.
Vibration protection (cun. vibroprotection,
vibrodamping) BiGpo3axucr.
Vibration suppressor (cun. vibroextinguisher)
BiOpOracHUK.
Vibration source

BEKTOPHE PIBHAHHA.
BEKTOPHUH MHOTOKYTHUK.

JoKepeIto BiOpaiil (KOJIMBaHb).

Warm  rerumii, 3irpituii, migirpituii; rpitu(cs),
HarpiBatu(cs), 3irpiBatu(cs).

Waste 3aiiBa BUTpara; mIKOAa, 30UTOK, BTpaTa; AapeMHO
BUTpAyaTH; CIIpallbOBaHUM, HETIPUJATHUH,
OpakoBaHM, 3aBUI; MapHUIT; HEMOTPiIOHHIA.
Power waste  BTpaTu eHeprii.

Water-resistance BOJIOCTIHKICTb.

Wear (cun. abrasion, attrition, deterioration, tearing,
wear-out)  3HOC, 3HOIITYBaHHSI.

Abrasive wear a0bpa3uBHuii 3HOC.

Attrition [attritious] wear  3Hoc mix yac
TIPUPOOIITHHS.

Limiting wear rpanu4Huii 3HOC.

Mechanical wear wmexaniunuit 3HOC.

Mechanochemical wear  kopo3iiiHo-MexaHiuHuit
3HOC.

Unlike Ha BinMiHy Bix; He CX0XHMI Ha; HE TAKHA, SIK.
Unlocking  po3smukaHHs, po3’€IHAHHS, PO3UEILICHHS.
Unlubricated friction Tepts Ge3 3mareHHs, cyxe TepTs.
Unparted hyperboloid oxHOmopokHUHHMI TiepOOITOis.
Unproductive  HempoXyKTHBHHIA.
Unreliable  uenaniitamii.
Unrun surface HenpupoGieHa MOBEpXHI.
Usage BHKOPHCTAaHHS, KOPUCTYBAHHSI.
Usage conditions ymoBu ekcrutyaTariii.
Useful  kopucHuii, mpuaaTHUA.
Useful load KOPHCHE HaBaHTAXKCHHSI.
Useful work  kopucha pobora.
Unstable HecraGinbHMiA, MiHIMBHI, HETBEPINH,
HECTIHKHUH.
Unstable motion (cun. hunting, wobble) necriiikuii
pyx.
Utilization BukopucTaHHs, 3aCTOCYBaHHS, YTHTI3AIlisl.

\

Vibratory displacement  BiGpomepeMireHHs..
Vibroextinguisher (cun. vibration suppressor)
BiOpOTacHUK.

Vibrodamping (cun. vibroprotection)  Bibpo3saxwucr.
Vibroprotection (cun. vibrodamping) Bibpo3axwucr.
Vice versa HaBmaku, MPOTHICKHO.

Viscosity B'SI3KICTB, JINTIKICTh, KJICHKICTD; TATYIICTh

Dynamic viscosity = muHamivHa B'SI3KiCTb.
Kinematic viscosity =~ kiHemaTudHa B’sI3KiCTb.
Viscosity coefficient (cun. coefficient of viscosity)
KOe(DIilIEHT B’SI3KOCTI.
VisCOUS  B'S3KWH, JMIIKUM, KICHKHUIA; TATYYIHH, TYCTHIA.
Viscous damper (cun. liquid damper)
PIOMHHUI TaCHUK.
Viscous force  cuia B’s3K0ro 3cyBy; cuiia
B’SI3KOr0 TEPTSL.
Viscous lubrication  mmactuune mactuio.
Viscous shear  B’si3kwmii 3cyB.
Viscous shear stress  HampysKeHHS MPH B’ I3KOMY
3CYBI.
Visual  HaouHuiil; BUAUMMIA.
Visualization = waounicTh; Bizyasizaris.

w

Normal wear (cun. Service wear) HopManbHUI
(excruryaraniitHuii) 3HOC.

Permissible wear  nomyctumuii 3HOC.

Run-in wear 3HOC B mepio IpUpOOKH.

Seizure wear 3HOC Tpw 3aigaHHi.

Wear factor koedimienT 3H0CYy.

Wear fragment gacrouka (pparmenr)
3HOIIIYBaHHS.

Wear distribution diagram

Wear mode  Buz 3HOCY.

Wear rate  mBHIKICTH 3HOCY.

Wear resistance (cun. abrasion resistance,
wearlessness)  omip 3HOIIYBaHHIO,
3HOCOCTIHKICTB.

Wear-out  3HOC, 3HOLTYBATH(CS).
Wearlessness (cun. abrasion resistance, wear resistance)
3HOCOCTIHKICTB.

CIIropa 3HOCY.
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Wedge

Fluid wedge (cun. lubricating oil wedge, physical
wedge) MAacCTHIbHHHN KJIHH.

Wedge cam (cun. sliding cam)  kmuHYacTHi
(mepecyBHHIA) KyIauoK.

Wedge gap  kimHOBHiT 3a30p.

Wedge-shaped  knuHOBHOHUIL.

Wedge-shaped slider xmur9acTHit TIOB3YH.
Wedging phenomenon  kiuHOBHiA edekT.

Wet Moxpuii, BOJIOTHI; MOYNTH; 3MOYIYBATH,

3BOJIOKYBATH.

Wheel
1. Komeco; koo , KpyXJIsHHs, 00epT; KOTHUTH,

BE3TH; , KPYIKJISITH.

2. (cun. wheel gear) 3yGuacte Kojeco, MECTIpHS.
Wheelwork
Widespread (cun. prevalent)
Width mmpuna.

While wuac, Bifpi3ok dacy; 10KH, B TOU Yac fK;
HE3BKAIOUM Ha Te, I10; TOJI sIK.

Work pob6ora, npartist; o0po6usiaast; pobora (¢iz.);
POOOUHMIA; IPAIIOBATH, TPYIUTHCS; HAJABATH Jii
(Pyxy); KepyBaTH (MawuUHOO MOWo).

Work of driving force po6ora pymiiiHux cui.

Work of resistance forces po6ota cui omopy.

Work up  po3po6usith.

KJIMH.

Jly’K€ IIOIUUPEHUN.

3yO4acTuil MexaHi3M (3y0Ouacrta nepenaya).

Working NpaLIOI0YHii; poboYMil; Iirounii; podoTa,
IlisT; eKCILTyaTallist; po3pooeHHS.
Working flank (cun. active gear tooth flank)
pobounii mpodisk 3yOIIs.
Working medium poGoue Tiso.
Working pitch circle mouaTkose koo.
Working pitch radius paniyc moyaTkoBOro koia,
MOYaTKOBHH pajiyc.
Working pressure angle Kyt 3auerieHHs
(8iOminnuil 6i0 cmandapmmozo).
Worm (cun. WOrm sCrew)  4epB’sik, IIHEK, YepB’ sITHHUIT
TBUHT.
Archimedean worm  apximesiB 4epB’sK.
Involute worm  eBonbBeHTHHIT UepB’sIK.
Worm-diameter factor  koedimienr giamerpa
YyepB’sKa.
Worm gear pair (cun. worm-and-worm pair)
YyepB’AYHa napa.
Worm thread sweeping  posropTka BuTKa pi3pou

yepB’siKa.
Worm wheel (cun. worm gear) uepB’siuHe Koyeco.
Worm shaft  geps’stunuit Bas, Bas miHeKa.

Worm toothing 4eps’suHe 3auerieHHS
Worm-gear (cun. worm drive, worm gear set, worm

gearing) uepB’s4Ha nepeaaya.

Worse  ripmmii, ripire.
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ABSTRACT IN UKRAINIAN

«Teopis MexaHI3MIB 1 MaIllIUH: CHHTE3 MEXaH13MiB, TEPTs, BIOPO3aXUCT» € JPYToi0
YACTHHOIO TIJIPYYHHKA 3 JUCHUIIIIHUA «Teopiss MexaHi3MiB 1 MallluH» JJIS CTY/ACHTIB
cnermianbHocTi 131 «[Ipukitamna mexanikay, cremiamizarii «/[uHamika 1 MIIHICTH
MammH» Ta “lHdopmariiiini cucTeMu Ta TEXHOJIOTIi B aBiaOyayBanHi1”. B 1iit yactuni
MIJPyYHUKA BUCBITJEHI MUTAHHS CUHTE3Y PI3HMX THUIIIB MEXaHI3MIB, PO3TJISIAI0THCS
OCHOBH T€OPii TePTs, 3HOCOCTIMKOCTI Ta BIOPO3aXUCTy MEXaHI3MIB 1 MaIlIMH.

YactuHa 2 miipydyHuKa MICTUTH 5 po3auniB. Hymeparlis iX € MpoaoBKEHHAM
HyMepallii po3AiUIiB, [0 YBIMIIIM A0 YacTUHM | MiIpydYHHKAa — 3 BOCHBMOIO
710 IBAHAIISITOTO.

VY po3gin 8 po3riisHYTI Hayanda CHUHTE3y MexaHi3MmiB. TeopeTwyHuil marepiai
CYNPOBOJKYEThCA TMPUKIAJAAMU peati3allii METOAIB CHUHTE3y IIAPHIPHO-BAXUIBHUX
MEXaHI3MIB,  YTBOPEHHS  CHPSDKEHMX  [OBEPXOHb  JIAHOK Yy  MEXaHi3Max
3 BUIIIUMH TTAPaAMHU.

Po3nin 9 npucBsueHuil cuHTE3y 3y04acTHX 3auyerlyieHb, MPUBOJUTHCA CydacHa
ix kimacudikaris. Haitbinpiia yBara CKOHIIEHTpOBAaHA Ha €BOJIbBEHTHOMY 3a4eIlICHHI
K OCHOBHOMY B CyYaCHUX MEXaHIYHHX 3y0dacTHX Mepeaadax, WOro OCOOIMBOCTSIM,
METOJIJaM BUTOTOBJIEHHS, KOHTPOIIO sikocTi. HaBoAUTHCS Takox 3arajibHa iHGOpMalis
I0JI0 MPOCTOPOBUX 3y0UaCTUX Mepead, 30KpeMa KOHIYHHUX Ta T1nepOoIoiTHUX.

VY pozmumn 10 BuknageHa Teopis KyJauKOBUX MexaHi3MiB. TyT mnpuBeneHa
Kiacudikaiis TakuX MEXaHI3MIiB 3a KOHCTPYKTHMBHOIO Ta KIHEMATHYHOIO O3HAKaMHU.
PosrisparoTecs aHamiTuyHi Ta rpadoaHaiTUYHI METOAM 1X CHHTE3Y Ta aHali3y.

Po3nin 11 mpucBsiueHU BHCBITJIEHHIO OCHOB TEOpPil CyXOro TepTd Ta Teopii
3MAIlleHHsS B KIHEMAaTHYHUX Tapax, BIUIMBY TEPTS Ha pOOOTY MalluH 1 MEXaHI3MiB.
KpiMm TOro, po3risgaioTbcsi MUTaHHS 3HOCY B KIHEMAaTHYHHMX Mapax Ta 3HOCOCTIMKOCTI
iX eJIEMEHTIB.

VY pozaini 12 po3risHyTi nuTaHHA BiOpalliil B MEXaH13Max, aHaJi3yIOThCS OCHOBHI

JuKepesia iX BUHUKHEHHS. PO3risHyTI TakoXX MeToau BiOpO3axHUCTy MEXaHI3MiB
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1 MallliH, HaBeJIeHl MNPUKIAAM TPOEKTyBaHHS JeMrgepiB, iX KOHCTPYKIIiS
Ta c(hepu 3aCTOCYBaHHS.

Teoperuunuii ~ martepiall  CYNpPOBOKYETHCS  MPUKIANAaMH  PO3B’SI3aHHS
NPaKTUUHUX 3a7ad I PI3HUX THUIIB MexXaHi3MmiB. KoxHuM po3ain miapyyHUKa
CYIPOBOJDKYETbCS MUTAHHSMHU JUIsI CAaMOIIEPEBIPKU CTYACHTaMH 3HaHb B IPOIECI
BUBYCHHS AUCLUILTIHU.

[linpydHuk  MICTUTH  psAd  JAOJATKIB 3 JIOBIAKOBOIO  1H(opMali€ro
IUI BUKOPUCTAHHS NPU pO3B’sI3aHHI MPaKTHYHUX 3a7iad Ta IPU caMOIepeBipili 3HaHb

Ta CIIUCOK PEKOMEHAOBAHOI JIITEPaTypH.
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