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Summary. Design of instrument for regular topography making by vibrating rolling on inner cylinder
surfaces has been developed. It provides vibrorolling effort regulation for the materials with various physical and
chemical properties. The technique of the instrument structural parameters determination was suggested.
Analytical dependencies for interrelated structural parameters of the instrument on the pre-determined data have
been obtained.
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Problem statement. One of quality improvement of inner cylinder surface
(hydrocylinders of crane truck, hydrocylinders of control mechanisms of flywheel clutch,
steeling cylinder etc.) is surface strengthening by forming regular micro-reliefs on this surface.

Inner cylinder surface strengthening support is realized by surface plastic deformation
using specific instruments [1 — 4]. Structural parameters of such instruments [5, 6] are defined
by some peculiarities, particularly by parameters of roughness and indices of regular micro-
reliefs [1, 10].

At the same time, in cited literature [1, 5, 6, 8, 10] methods for determination of tool’s
size parameters are not explained enough, which are used for forming regular micro-reliefs on
inner cylinder surface and mutual influence of size parameters was not taken into account.

Hence, new type of instrument development for inner cylinder surface vibrating rolling
and methods for its structural parameters determination is crucial task.

Review of recent investigations and papers. In [1], by instrument for vibrorolling, a
holder for deforming elements fixation: balls; diamond and high-alloy tips and in some cases,
cutting tools and deforming elements is meant. To support effective work of these instruments,
it is necessary to create condition under which dominate rolling friction between deforming
element (ball) and surface takes place.

This condition occurs when friction between ball and working surface is higher than
friction between ball and lean surface, that is

F-ro>F-r,+F,-r, ado F-r,>F-r, +F,-r,

where F — frictional force between ball and working surface;
F1 — frictional force between ball and area of bearing;
F11 F"> — frictional force between ball and side of separator;
rp — radius of ball.

This condition is realized constructively by setting deforming element in ball bearing,
the use of bronze separators and fluoroplastics as area of bearing.

The known device burnisher [11], in which separator balls are set which lean on conic
surface of bearing disks and these balls give possibility to change their angle location in
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perpendicular surface to the axis of burnisher owing to that each ball is located in separator’s
hole and interacts with the wedge set in this hole. Such construction allows getting different
types of regular micro-relief because of different deep created grooves. The disadvantage of the
known technical decision is complexity of construction and setting up & impossibility to
support the given type of regular micro-relief because of different deep created grooves. In [1]
the given construction of three-ball vibrating head consisting of body in which deforming
elements are balls, the location of which are fixed from one side by a separator and from another
side by conic surface and this cone spring-loaded bottom-up. One more disadvantage of this
construction is the complexity and, sometimes impossibility of its use for forming regular
micro-reliefs in small diameter holes, in different alloys, absence of dependences for structural
parameters determination what complicates the process of design and manufacturing.

In [7], the given algorithm allowing choosing the scheme of instrument depending on
quality indices of working surface was suggested. For basic data the following parameters
should be taken into consideration: initial density and roughness; technological inheritance
(preprocessing history); physical and mechanical characteristics of process material and its
ability to strengthening.

Analyzed literature [1 — 4] showed, that at present time, there are no dependences
according to which structural parameters of the suggested instrument would be determined
taking into account the possibility of its construction, location of balls of the definite diameter
enclosed around a circle and determination of size of body according to diameter of deforming
element — ball and diameter of working surface.

Research objective. Design of instrument for inner cylinder surfaces vibrating rolling
and methods for determination of its structural parameters.

Problem statement. To develop three-ball instrument for vibrorolling of inner cylinder
surface supporting balanced vibrorolling and receive analytical dependences for determination
of structural parameters of the instrument on the base of analysis of known technical decisions
taking into account existing drawbacks of analogs.

Research results. Instrument for forming regular microrelief by vibration running
consists of the body 1 (Figure 1) made as hollow stepped cylinder with transparent cylinder
holes 14, 22, 23 around the circle in the bottom, where deforming holes 13, 24, 25 are fixed on
one side with the separator 12 and on another side they are fixed with conic surface of pointed
cone 15 made on the lower part with movable axle of cylinder rod 8 are located. The separator
is fixed in the lower part of outer cylinder surface of the body 1 with nut 11, which is fixed with
contra-nut 10.

Pointed cone cylinder rod with movable axle 15 is located on inner cylinder surface 7 of
bigger diameter of the body 1 spring-loaded to the bottom by compression spring 6 the length of
which is limited by plank 5 passing through the windows 4 and 18, which were made in the wall
of the upper part of the body 1. In the center of plank 5, transparent hole 19 was made. Through
this hole 19 and compression spring 6, screw 20 is free passing, which lower part is fixed in
cutting hole 16 of cylinder rod with movable axle 8.

Plank 5 is fixed with upper special nut 3 fastened with cutting surface 21 which is located
in the upper part of outer cylinder surface of the body 1 and this nut 3 is fixed with contra-nut 2.
In the middle part of cutting surface 21 of the body 1, the lower regulating nut 17 and contra-nut
9 are located.
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Figure 1. Tool for forming regular microrelief by vibration running
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The tool works in the following way. Firstly, the tool setting is done. Special device for
tensometric beam calibration is used for this purpose (Figure 2).

The movable rod 6 with spherical tags, the radius of which is not less than the radius of
deforming element — ball is put into side hole 9 of the body 8, which is fixed on the plate 1.
Transparent groove 5, where tensometric beam 3 is fixed with the screw 4 in wall 14 strongly
fixed on the plate 1 is made in the central hole 7 of the body 8. The compression dynamometer
11 is located on the stand 10, e.g. DOCM 3-01, which is leaned on spherical surface of movable
rod 6 and on spherical end of the screw 12 screwed up in cutting hole 13 made in wall 14
strongly fixed on the plate 1. Left spherical end of the movable rod 6 models deforming
element — ball of tool and it is leaned to the middle point of tensometric beam 3. The strain
meter 2 is fixed to the opposite side of tensometric beam 3 and to strain-gauge station (it is not
show in Figure).

Calibration strain meter 2 is made in the following way. The screw 12 is screwed up,
clearance is chosen and supported by contact of the following pair: the left spherical end of the
movable rod 6 — tensometric beam 3; the right end of the movable rod 6 — the left end 16 of the
compression dynamometer 11; the right end of the compression dynamometer 11 — spherical
end of the screw 12.

The preliminary tension is provided with creating screwed up screw 12, e.g. 0.5 H. The
movable scale 15 of the indicator of clock type 11 and indicator of recording device, e.g.
milliamperemeter to «zeroy is set (it is not shown in Figure).

Stage-by-stage, e.g. in 5 H screwing up the screw 12 the efforts are created on the
compression dynamometer 11 and registered corresponding indications of milliamperemeter.
Having made maximum loading, e.g. 250 H, the screw 12 is screwed off gradually, compression
dynamometer 13 is unloaded to 0.5 H and the indications of milliamperemeter are registered.

Hence, the diagram of loading and unloading is got with some hysteresis. For each
loading and unloading meanings of dynamometer, the average meaning and its corresponding
indication of electric current in milliamperes is found.

According to the received data, the calibration graph in coordinates is built: power
influencing tensometric beam — electric current.

Further, the screw 12 is screwed off, compression dynamometer 11 and stand 10 are
taken away, and the movable rod 6 is taken out from the body 8. The tool for forming regular
vibrorolling microrelief on inner cylinder surface (Figure 1) is put into the central hole 7 of the
body 8 of calibration device in such a way that top of deforming element — ball is located in the
middle of tensometric beam 3.

Screwing up the upper regulating nut 3 of the tool (Figure 1), the plank 5 is transferred
and while compression string 6 is deformed, and cylinder rod 8 with movable axle with pointed
cone 15 is transferred down and balls 13, 24, 25 are transferred radially from the centre.
Deforming element — ball 13 (Figure 1) influences tensometric beam 2 (Figure 2) of the
calibration device deforming it in this case and electric current is defined on the scale of
milliamperemeter. Having used calibration graph, the necessary effort of vibrorolling is created
by the deformation compression string 6, which will influence the working inner cylinder
surface of tool from the side of spherical surface of balls 13, 22, 24 showing the vertical position
of the plank 5. Then, the upper regulating nut 3 of tool is screwed off making free balls 13, 24,
25 and tool, is taken from calibration tool.

Hereafter, the upper regulating nut 3 is screwed up to earlier fixed location and
transferring the plank 5 down, the nut 3 is fixed with contra-nut 2 finishing tool setting to given
effort for forming regular vibrorolling microrelief on inner cylinder surface.
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Figure 2. Special device for calibration of
tensometric beam

Methods for determination of tool’s size parameters. Structural parameters of the
instrument for inner cylinder surfaces vibrating rolling is defined stage-by-stage in Figure 3 in
the next sequence of operations.

1. Depending on the value of diameter D, inner cylindrical surface of hole of the part
(Figure 3), the meaning of the diameter of deforming elements — balls are determined.

Taking into account Figure 3 b, it is possible to write

D, = 2(K,0, +0,0,+0,0)

Taking into consideration

K,O, = d2’< and AON,O (Figure 3) we will receive “N,0,0=7/6; N,O,=d /2,
Then
0O, = ON, [cos(7/6)=d, [ 2-cos(x/6).

The value 0,0, = NL, = MK, like opposite sides of the corresponding parallelograms
NO,O,L, and NLM,K;.
The value M, K, is determined by AMM:K1.

ZMMK, =a/2.
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l\o/lﬁzl ~tg(a/2); 00, = MM, -tg («/2).
_05.d |92 et s
0.0, =054, cos(7/6) 1-ctg(e/2) (cos(;z/6) cos(a/Z)J:l t9(e/2) @)

MM, = FC —KO-0OC.
The value FC is determined by AMCF
FC =MF -ctg (a/2).

. d . .
Taking into account MF- = ———~=—— we will receive
2-cos(7/6)

_d,-ctg(a/2)
c= 2-cos(7/6) @

The value OC is determined by A LOC (Figure 3).
OC=L0O-cig(af2).

In its turn

d, d, _df 1t 1
LOZOOl_OlL:2c08(7r/6)_2c08(0!/2)_ 2 (COS(”/GS) cos(a/2)j i

d( 1 1
H0=5 (cos(;r/G) B cos(a/z)}

Then value OC is determined by formula

1 1
0€=0.5-4, .Ctg(a/z).(cos(nm) - cos(a/Z)] '

Hence KO =d, /2, we will have

M _dK-ctg(a/Z)_d_K_%'ctg(a/z)_( 1 1 J

' 2.cos(7z/6) 2 cos(z/6) cos(a/2)

Simplifying we will receive the expression

MM, =0,5-dK[M—l—ctg(a/2)-[ 1 1 J] 3)

cos(7/6) cos(7/6) - cos(a/2)

Substituting the corresponding meaning of value from right side of equation (3) we will
receive
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a4 jete(@/?) oy ] a/2)s %
D = {2 2 l:COS(ﬂ'/6) 1-ctg(/2) [cos(;r/G) cos(a/Z)Htg( /2) 2cos(7r/6)}'

Moreover, after simplifying we will have

d - D,-cos(a/2) _
" 2,155-cos(a/2)+1-sin(0/2) 4)

Provided that a=30, dependence (4) will be in the following way d . =0,342-D, .
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Figure 3. Analytical model for determination of tool’s size parameters

From equation (4) we will write

z[dDO— 2,155}
- (5)

2
dD"—2,155J +1

K

o = 2arccos

Determining minimal value of flat angle at top of pointed cone in secant plane passing
through longitudinal axis of rod, it is taken into account that to support working capacity of the
instrument it is necessary to keep condition of self-releasing pair of cone-ball.

This condition is realized in the following way, that angle between trace of conic surface
of pointed cone 9 and trace of cylindrical surface with movable axle of cylindrical rod 8 (Figure
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1) in secant plane passing through longitudinal axle of the body should be bigger than angle of
friction of gliding, that is « /2> arctgg,,, where ¢, =~ — coefficient of friction of gliding

between conic surface of cone and spherical surface of a ball. According to data we take that
angle ¢,, =0,2. Than arctg0,2=11719'".

According to data [9] we choose the nearest meaning of angle — o/ 2=15".

Having determined the meaning of angle a within 30 <« <85 we can define the
correlation between diameter of working hole and diameter of deforming part (ball).

Substituting the limit value of angle o in expression (5) and showing d_ through D, we

will find the interval of meaning of diameter of deforming balls d_ expressed through the
diameter of inner cylindrical surface of working hole of part D,

0,32D, >d_>0,22D,.

At that the diameter of a ball — d_ is chosen on the base of recommendations [1].

2. Determination of the value of diameter D, of outer cylindrical surface of the body,
which depends on the diameter d_ of deforming part — ball.

The value of outer diameter D, of the body is determined under the condition of support

of possibility to set separator on the body when all three balls are touching and located in the
nearest from longitudinal axle of the body (Figure 2).

This condition is available in the following way. From AONO, we will have.

ZN0O=7/6; N,O,=d_/2, Toni D, =20P =2(00, + O,P).
0O, = ON, [cos(r/6)=d, [ 2-cos(x/6).

Then

1
D, de'(lerJ. (6)

Taking into consideration cos(7/6)= 0,866 after simplifying we will receive
D, =2,155-d,.
3. We take such meaning, which is equal to diameter of circle passed in secant plane,

which is perpendicular to longitudinal axle of the body through the centers of three balls, as
bigger diameter d, of inner cylindrical surface of the body.

Taking into account Figure 3 we will receive

d =2.00-—% __1155.4 0

4. We will determine vertical movement of cone h_, at which balls are located in radial

direction from the nearest location placed in longitudinal axle of the body to contact of balls
with working inner cylindrical surface of the part using Figure 3.
Firstly, we determine the height of cone — h. .

Using A MFC (Figure 3) we can write
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h.=FC.

From equation (2), the height of cone h_ is defined by formula:

~ d, -ctg(a/2)
“ 2-cos(7/6)

For case when o =30, substituting meaning in formula ctg(«/2) and cos(z/6) we
will receive

h. =2,155-d_.

Then the value of vertical movement of cone h_(Figure 3 a) is determined by the
dependence.

h, = MM,

Taking into account the dependence (3) we will receive

h —0,5-d. M—l—ctg(a/Z)-( L 1 J] ®)

cos(7/6) cos(7/6) - cos(a/2)

For case when « =30° the received formula is the following

h =143-d .

5. The value of radial centrifugal movement h_ of balls from their initial location to the

contact with working cylindrical surface of the part (Figure 3) will be equal to the value O,0, .
Taking into account dependence (1) we will receive

h —05-d %—1—0@(0{/2)( L L )ﬂ-tg(a/Z) ©)

cos(7/6) - cos(a/2
For case, when « =30° the value h, will be equal to
h =1,43-d_-0,2679=0,383-d_.

7. The depth h, of the central hole of smaller diameter d , in body (Figure 3 b) will be
equal.

h, =C0, =KC,—KC,+A;
d_-ct 2
KC, = FC = h, = J19(«/2)
2-cos(7/6)
ctg (a/2)
h =d | —————2—-1+Kk, |.
M K[ZCOS(]Z'/6) + 0 (10)

; KC, =d_; A=k,-d_ ; k,=0,1..0,4.
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8. The value of smaller diameter d of central hole in body will be equal to
d,=2-QC, +A.

From A COQC1 - QC1 = C1C0 = C1CO0 * tg (a/2);

C,C, =KC,~KC,=h —d_=d (M_l}
" " 2-cos(7/6)

QG =d, 10 (a/z)‘(Z.cos(zz/G)

Taking into account the last we will receive

1
d’¢,=2-dk(m—tg (a/2)+k0J. (11)

In case, when « =30" and k, =0,1 the value d, will be equal to d, =0,818-d, .

Received dependences (4) — (11) give the possibility to develop efficient instrument for
inner cylinder surfaces vibrating rolling.

According to received dependences at initial date d.=0,27D, mm; ko=0.1 mm, diagrams

of dependences of corresponding structural parameters on diameter of working surface of the
instrument are built.
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Figure 4. Value of tool’s size parameters for forming regular microrelief by vibration running at different
value of diameter D, inner cylindrical surfaces

1-d,;2-h;3-h;4—h;5-h ;6-4d,
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Conclusions

1. The suggested new construction of the instrument for inner cylinder surfaces vibrating
rolling has substantial differences of novelty and is free from the main disadvantages of famous
analogs.

2. Received dependences allow determining structural parameters of the instrument for
forming regular microrelief by vibration running on inner cylindrical surface of working parts.
The corresponding software for automated calculation of these parameters can be developed on
the base of these dependences in future.
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V]IK 621.753.5

IHCTPYMEHT JIJISI BIBPALIIMHOI'O OBKOYYBAHHS
BHYTPIIIHIX MUWITHAPUYHUX ITOBEPXOHb I METO/IUKA
BU3HAYEHHS MOT'O KOHCTPYKTUBHUX ITAPAMETPIB

IHerpo Kpusuii; Boronumup /I310pa

Teprnoninbcokuu HayioHanrbHuu mexHivHuu yHieepcumem imeni leana Ilynios,
Ykpaina

Pe3ztome. Po3pobreno KOHCMPYKYilo iHCMpYMeHma 015 (popMySanHs GioOpayitiHum 0OKOUY8aAHHAM HA
BHYMPIWHIX YUTTHOPUYHUX NOBEPXHAX pPeSVIApHUX MIKpopenvedie i3 3a0e3neyeHHAM pecyir08aHHs 3YCUILI
8IOPO0OKOYYBAHHS /i MAMePIanie 3 pisHUMU QI3UKO-MeXAHIYHUMU 8IACMUBOCIAMU. 3aNPONOHOBAHO MEMOOUKY
BUBHAYECHHS KOHCIMPYKMUBHUX napamempis incmpymenma. Ompumano aHanimudni 3a1eicHoCmi 0iisl 6USHAYEHHs
83AEMON0G'A3AHUX KOHCIMPYKMUBHUX NAPAMEMPIE THCIMPYMEHMA 3AeHCHO 8I0 3A0AHUX SUXIOHUX OAHUX.

Knrouoei cnosa: 6iopoobroyyeanns, incmpymenm, KOHCMPYKMUGHI napamempu, omeip, deg)opmyroyuil
efleMenm, YUNiHOpUIHA NOBEPXHS, KYIbKdA.
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