YIK 621.763:717

D. Petryna
Ivano-Frankivsk National Technical
University of Oil and Gas

THE INCREASE OF THE STRENGTH
OF THE TOOTH - ROLLING CUTTER JOINT

© Petryna D., 2013

JocaimkyBanacs MillHICTB 3’ €1HAHHS “ 3y0elb-IIAPOMIKA” , IKA 3HAYHOIO MipPOI0 BIIMBA€ HA
JOBIOBiYHiCTL OypoBHX [0JiT. 30iNbIIeHHS] iHTepdepeHuil mix 4Yac CTUCKY NPHU3BOIUTHL 10
30iJIbIIIEHHS] KOHLIEHTPaUii HANpy:KeHb Y 3’ €IHAHHI 3 HATArOM 3yOus i Tisia mwapomku. Sk Oy;10
MOKA3aHO, /IS TaKoi KOHCTPYKHiI 32 MaKCHMAJIBLHHUX 3HA4YeHb HABAHTAKEHb KOHTAKTHI
HANPYKEHHSI MOXKYTh IePEeBUIYBATH JOIMYCTHMi 3HadeHHsi, W0 Hegomyctumo. o6 3amodirru
LOMY, 3aNPONOHOBAHA KOHCTPYKIisl 3 €THAHHA “3y0elb-1IIapomIKa” 3a J0MOMOroI0 NMpecyBaHHS.
Takmii THN KOHCTPYKIIi AaB 3MOry OTPHMATH OTHOPIMHIII 3’ €MHAHHA. 3MEHIIeHHS Pi3HUII MiX
MAKCHMAILHUMH i MiHIMAJILHUMH BeJIMYMHAMH KOHTAKTHHUX HANPY:KeHb MOKPAIILYE OTHOPIIHICTL
i, IK HACJTIIOK, AKICTD 3’ €AHAHHS.

There have been investigated the strength of the tooth-rolling cutter joining which
greatly affects the durability of the drilling bit. The increase of interference during the
compression results to the increase of the stress concentration in the tight coupling tooth
rolling cutter body. It has been shown that for the assembly with the maximal interference the
contact pressure exceed the permissible, which is unacceptable. To avoid this the selective
assembly of the tooth-rolling cutter body press-joint is proposed. The usage of the selective
assembly allows to have more homogeneous joints. The reduction of difference between
maximal and minimal values increasesthe homogeneity, and ther efore, the quality of thejoint.

The crack resstant of cemented rolling cutter is closaly connected to the strength of the tooth-rolling cutter
joining which greatly affects the durability of a drilling bit. The increase in interference during the compression
results in the increase of the stress concentration in the tight coupling tooth-rolling cutter body. It promotes cracks
in the cemented layer. In the process of interaction with rock the teeth are subjected to the complex loads which
further increase the stress concentration.

The existing methods of compression or soldering of hard alloyed teeth do not provide their
reliable fixing in the rolling cutter body. Up to 25 % of teeth fall out of the rolling cutter body in
the process of drilling, and this leads to the decrease in efficiency of the bit work. Therefore, the
problem of effective fixing of teeth in the rolling cutter body is very important now [1,2].

For the purpose of providing the strength of mating parts the accumulating of the permissible

pressure pper is done. According to the theory of maximal tangential stress, which corresponds to

experimental data to the most extent, the condition of parts strength is the absence of plastic
deformation on the contact surfaces of the hole and the shaft:

pper <0, 580-0,2 (1)
for the cemented layer with 1 % C, 0 »=1800 MPa.

Thus, pyer <0,58 1800 =1044 MPa The exploitation pressure should not exceed the permissible

one because the supporting power of fixing is decreased by the plastic deformation of the material of teeth
and the rolling cutter body. It is especially important under conditions of the dynamical load.
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The analysis of the tooth-rolling cutter body joint that was completed at Drogobych bit plant
showed that interferences in joint vary from N, =0,14 to N, = 0,058 mm. For this study the

rolling cutters with to hole size @10™%% and teeth 10,14. o027 Were used. It is known that the
interference value determines both the ability of press joints to endure the necessary loads and the
joint durability. The contact pressure on surfaces of the mating parts is the result of the interference.
Their value is determined from this condition of equality of the sum of the absolute values of radial
displacement of both parts to the difference between radiuses of mating surfaces before compression
(the half of the diameter interference).

Taking into account that the tooth is shaped as a solid shaft, the final formulae for the contact
pressureis:
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where N - interference in the joint; E; and E, - modulus's of easticity of male and femae parts,
respectively), E; = E, =2-10" Pa; d- diameter of mating surface; d=10 mm.

Cy, and C; - ratios, that are determined using the Poisson's rations £/ and (l» of male and female
parts, respectively; C; =0,7; C, = 1,3.

Inputting the values into the formula (2), the values of contact pressures have been derived:

for Npax= 0,14 mm, Py = 1400 MPa; for Nimin =0,058 mm, py = 580 MPa.

Thus, for the assembly with the maximal interference the contact pressure p, = 1400 MPa exceeds
the permissible px = 1044 MPa, which is unacceptable. In this case the cracks in the cemented layer of
rolling cutter will already appear in the process of compression. The decrease of interference during
compression results in the increase of the probability of tooth dropping.

To avoid this the selective assembly of the tooth-rolling cutter body press-joint is proposed. The
usage of the selective assembly allows to have more homogeneous joints: in press fit the maximal
interference decreases, the minimal interference increases, and both of them approach the intermediate
value. The reduction of difference between maximal and minimal values increases the homogeneity, and
therefore, the quality of the joint.

For studying of the impact of the selective assembly on the preciseness of the press joint of the hard
alloyed tooth - the rolling cutter, the determining of the part preciseness characteristic was done at
Drogobych bit plant.

The sample of hole sizes in rolling cutters Np, =100 and teeth N;=100 was taken from the big
group of rolling cutters and teeth of mentioned sizes. The parts were measured with a horizontal
projection optical caliper with the value of a division 1 mkm. The obtained real dimensions D; (the
diameters of holes) and d; (the diameters of teeth) were set in the order of the growth of their values
(table 1 and 2).

We have received the set of random discrete numbers using the method mentioned above. For our
investigation the results dispersal range was divided into 9 intervals. There was determined the average

value of sizesin the interval (I;); aswell asempirical (n;) and theoretical (n;k ) frequencies.
The arithmetical average of real sizesis:

- 9
[ — lim +...+1gng :Zl-ﬂ ?)
Mm+Ny+..4+ng S 'N

for teeth |y = 10,12644 mm, for rolling cutter hole | 14:=10,02808 mm.
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Table 1
Preciseness char acteristics of teeth d;-

Theinterval of sizes Averagevalue of sizesinthe|  Empirical frequencies Theoretical frequencies
(diameter) dj, mm interval l;, mm n; n?
10.113-10.116 10.116- 10.1145 1 1
10.11910.119-10.122 10.1175 4 4
10.122-10.125 10.125- 10.1205 10 13
10.128 10.128-10.131 10.1235 23 20
10.131-10.134 10.134- 10.1265 28 25
10.137 10.137-10.140 10.1295 18 20
10.1325 10 11
10.1355 5 4
10.1385 1 1
Table 2
Preciseness characteristics of holesin rolling cutters D;
Thsinterval of sizes Averagevalue of sizesinthe|  Empirical frequencies Theoretical frequencies
(diameter) D;, mm interva l;, mm n; ”i*
10.000-10.006 10.006- 10.003 1 1
10.012 10.012-10.018 10.009 3 4
10.018-10.024 10.024- 10.015 11 10
10.030 10.030-10.036 10.021 17 19
10.036-10.042 10.042- 10.02 26 25
10.048 10.048-10.054 10.033 24 22
10.039 10 13
10.045 6 5
10.051 2 2

Standard deviation is;

9 - 9
s:\/Z(It—I)zni/Zni’ @
i=1 i=1
for teeth s = 0,0046; for rolling cutter hole s = 0,0094.
The normal distribution curveis defined by the formulae:

1 (x— a)2
Y = - : )
o\2or =P 2072

where O — standard deviation; a — average of random quantity totality; x — random quantity.

Using the Laplace's function there have been determined the theoretical frequencies for interval
centers.

The empirical and theoretical distribution functions have beet compared. On the basis of the
obtained, results the empirical and theoretical distribution curves were plotted (fig 1). The displacement of
grouping centers is insignificant, and therefore the distribution curves are very close to Gauss's one. And
thus, the quantity of the tooth - rolling cutter joint in each group is approximately the same.

It is important to mention that the selective assembly can be used as the method that allows to have
the necessary joint preciseness. As the result, the optimal value of interference (Nop = 0.1 mm) is obtained.
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Inputting this value into the formulae (2), we found out that the value of the contact pressure is Py =
1000MPa. Thisvaueisin the permissible limits.
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Fig. 1 Normal distribution curves of sizes: a — in teeth; b — in rolling cutter holes;
1 — diagram of empirical frequencies; 2 — diagram of theoretical frequencies
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IIpencraBiieHo MOPIBHSUILHUN aHANI3 pe3yJbTATIB JAOCTIIKeHHsT KoM 0TepHoro 3D-mo-
JeJIIOBAHHS JIAHIIOTOBOI Tepega4yi y MeTajeBOMY Ta MOJIMepHOMY BMKOHAHHI 3a JOIOMOIOI0
nporpamuoro komiuiexkcy SolidWorks. 3 anaiizy rpadgiuHuX 3a/IesKHOCTE MPOCTEKYIOThCS
nepeBaru 3acTOCYBaHHSI JeTajieil 3 MOJiMEPHUX KOMIIO3UTIB MOPIBHAHO 3 TpPaguUiiiHUMHU
MeTaJleBUMHU AeTAJSIMH JIAHIIOTOBOI Nepeaayi.

Comparative analysis of research results of 3D computer design modeling of chain
transmission is in metal and polymer design by means of program complex SolidWorks are
presented. From the analysis of graphic dependences advantages of traceable components of
polymer composites as compar ed with conventional metal parts of chain transmission.

Statement of the problem. Today the development of formalized methods of synthesis of chain
transmission for mechanical engineering are observed. Solving it gives the opportunity to raise designing

89



