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TECHNOLOGICAL PROVISION OF THE ACCURACY
FOR THE THREAD FORM OF ROD PUMPS

Abstract. Aspects of thread manufacturing used in downhole rod pumps are considered. Technological
defects of distortion of lateral surfaces of a thread profile arising in the course of processing on CNC
machines are described, and the factors which most influence formation of these defects are established.
The influence of profile defects on the reliability of the threaded connection during the operation of rod
pumps is analyzed, as well as the research on the dynamics and oscillations of machine systems is
analyzed. With the performed analysis the mathematical model of real technological system in the
course of machining process is created and investigated. The main technological factors that have the
greatest influence on the occurrence of error in the shape of the thread surface are identified. With the
help of software for analysis of dynamic systems, the necessarily calculations were performed and the
behavior of the dynamic system in the process of forming the thread profile was considered. Based on
the analysis of the obtained results, a system for managing the parameters of the technological process
of threading and technological solutions formulated. The introduction of which had a positive impact on
the stability of the machining process and reduce the frequency of the above defect.

Keywords: threaded connection; thread profile; technological system; cutting mode; oscillations;
amplitude; mathematical modeling.

Introduction. There are different types of rod pumps, which differ in the
layout and design of the fastening system in the downhole, the design of certain
components. The pump is a device with a length of more than ten diameters, the
structure of which includes working, basing and connecting elements. Movable
units are made with precise fits. The general design of the downhole pump consists
of tubular parts connected by threads. That is, each pump part has at least two
threaded surfaces. Rod pumps use different types of threaded connections, which
differ in the type of profile, and generating, and technological requirements. The
accuracy of the dimensions of the various threads is regulated by the relevant
standards, which contain formulas for calculating the tolerance fields and/or a
number of marginal deviations for individual dimensions and surface shapes [1,2].

Formulation of the problem. When machining threads with CNC lathes, a
defect appears from time to time, which is a significant deterioration in the
roughness of the side surfaces of the thread. The appearance of large notches,
cyclically located along the turn of the thread is seen. Figures 1 and 2 show
examples of parts with this defect on the internal thread. As can be seen in the
figures, one part has more notches at the end of the threaded area (Fig. 1), and the
other almost along its entire length (Fig. 2).
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Figure 1 — Part with notches on the thread

All performed threads are machined on CNC lathes of different brands and
year of manufacture, using turning cutters with replaceable plates. Plates with a full
profile, which select the surface of the thread top on the last passes are also used,
as well as general purpose ones, which are more universal.

Figure 2 — Part with notches on the thread along its entire length

Cutting modes are selected according to the recommendations of the tool
manufacturer, other standards and are adjusted depending on the conditions of the
installment.

The appearance of the described defect is unsystematic. It takes place when
making parts of different designs, the use of material from different batches,
processing on different machines, different tools. But we can say that more often
its appearance is observed while:

- processing of internal and conical threads,

- processing of large diameter threads,

- large departure of the processed surface.
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Uncontrolled excessive reduction of surface roughness parameters and
accuracy of the thread profile shape has significant negative effects in the process
of further pumps functioning:

- stress concentration — areas with a small radius of curvature serve as a
focus of local concentrations of mechanical stress and provoke the emergence and
development of microcracks;

- violation of the tightness of the thread due to uneven load distribution on
the side surfaces of the profile and, including at the macro level due to deviations
in the contact density;

- undesirable deviation in geometry of the location of the connection parts;

- negative impact on the quality of galvanic coatings — insufficient
uniformity and adhesion leads to local destruction of the protective layer, which
contributes to unpredictable corrosion;

- provoking more intensive corrosion wear of products due to accumulation
in the irregularities of aggressive substances.

The appearance probability of the abovementioned problems indicates that
the considered production defect is unacceptable. In practice, in case the rejected
parts cannot be corrected by elaborating the thread to a satisfactory quality, these
parts are rejected and are not allowed to be used in the product. To minimize such
cases, the technology of manufacturing parts must ensure the stable performance of
threading operations on a given equipment with maintained quality.

The purpose of this article is to develop a mathematical model of the
dynamics of forming the surface of thread profile on lathes based on the
identification and study of factors that determine the errors of the shape of the
threaded surface profile, as well as control the parameters of thread formation to
ensure stable quality of the process.

The deviation of geometric shapes from the theoretically given ones is caused
by the circumstances inherent in the method of threading and arises as a result of
the manifestation of a number of technological reasons [3]. For the non-systemic
nature of shape errors, the most important factors are: unsatisfying mechanical
properties of the workpiece material; workpiece locating errors; inaccuracies in the
adjustment of all technological equipment and, as a consequence, dynamic
phenomena of the cutting process, such as vibrations. When considering the
conditions of vibration, it is necessary to make allowance for the rigidity of the
entire processing system. And this: the lathe machine itself, the foundation under
the machine, the device for different turning conditions, the tool, the part itself and
the processing modes (Machine-Tool-Workpiece system or MTW) [4]. The most
common type of vibration when working on metal-cutting machines is self-
oscillation [5,6]. Self-oscillating or «autoexcitation» is a process in which non-
extinguishing oscillations can be excited due to an energy source that does not
have oscillatory properties. Intense self-oscillations of the tool occur mainly in the
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direction of the tangential component of the cutting force, where the rigidity of the
cutter system is the lowest. They occur under the influence of friction forces on the
back surfaces of the tool [7]. Prof. A. I. Kashirin and his followers consider this
reason, along with the change of friction forces in the process of machining and
wear of the tool, to be one of the main factors supporting self-oscillations [8].
Moreover, I. S. Amosov showed that the role of changes in the cross section of the
cut during self-oscillations can be estimated at 85%, and the role of all other causes
only in 15% [9]. These studies are mostly general in nature and do not take into
account modern technological systems and their capabilities.

In [10] the issues of intensity of self-oscillations at change of effort due to
intermittent cutting process and influence of oscillations on shape errors during
processing by cutting tool are considered, and conditions of excitation of
parametric resonances, and also their intensity at boring of intermittent surfaces are
studied. The discontinuity of the bored surface is described by the piecewise
constant functions @(t). The calculations according to the proposed model are in
good agreement with the experimental data when varying the cutting modes.
Studies of the Provincial Key Laboratory for Green Cutting Technology and
Lanzhou Institute of Technology, Lanzhou, China [11] are devoted to the mutual
influence of cutting process parameters and equipment condition on the occurrence
of vibrations and their intensity during machining on CNC machines. In the
research [12] the issues of damping of self-oscillations during machining with a
cutting tool due to variation of the cutting depth parameter are considered.

However, all the considered works take into account the specific processing
conditions and MTW system, which differ from the existing ones for the studied
problem, and the use of these models requires reliable and complete information
about the dynamic state of the mechanical cutting system. The analysis of the
considered sources allows to use to some extent the techniques offered by authors
for development of dynamic model of thread cutting process, its further research
and development of recommendations for production.

The main elements of the MTW dynamic system, interacting with each other,
in the study of its characteristics are hysteretic damping system (springing system)
the working processes of friction, cutting and processes occurring in the engines.

Mathematical modeling is based on solving the Lagrange equation (1) for
individual coordinate directions:

d /dT dT dll dR

&(d_x) Tax _d_xi_d_xi-l_ZQi' (€Y
where T — the kinetic energy,

IT — potential energy,

R — the dissipative function,

Qi — external forces,
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Xi — coordinates of displacements.

A dynamic machining system can be represented by a system with one degree
of freedom. Figure 3 shows the surface of the part fixed in the chuck of the lathe,
and the cutter in the carriage, which is set to turning with a depth of t, mm. The
carriage is connected to the frame by stiffness j, N/m and damping coefficient b,
Kg/s.
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Figure 3 — Scheme of the process of longitudinal turning
in the plane perpendicular to the axis of the part

When set to a given depth of cut (t) turning process provides a cutting force
(P), which causes deformation of MTW system (y), which in turn affects the actual
position of the cutter edge. This closed-loop system can be described by the
following block diagram (Fig. 4):

—+ tactudl—» W1 P—» W2 ——y——

Figure 4 — Block diagram of the turning process
with one degree of freedom

For a single coordinate it can be expressed by:

Wl=K=-
t

assuming that at the initial moment of time P, t, K are constants;
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based on the equation of forces (linearization of the Lagrange equation).
Then the total transfer function of this system will be:

W1-w2 K
T1+W1-W2 m-s24+b-s+(G+K)

where m, b, j — dynamic characteristics of the system, adopted on the basis of
experimental studies for a specific MTW system,

K — the coefficient of proportionality of the cutting force, which reflects the
influence of the turning depth on the resulting force and is calculated by the cutting
modes,

s — the complex variable of Laplace transformation.

For the proposed dynamic system as controlled parameters, it is advisable to
consider cutting modes (only depth and cutting speed, because it is not possible to
vary the feed when cutting threads), as well as the length of tool and workpiece as
elements that affect the rigidity of the system. The stiffness of other elements of
the MTW system was established experimentally, and in the proposed model is
taken into account as a constant. To control other characteristics related to the
rigidity of the equipment (design of the device and the machine) is also impractical
in this case, as it requires additional costs for equipment upgrades, in addition, the
equipment is used not only for machining threaded surfaces.

Simulation of process dynamics is performed using special software. Figure 5
shows an example of a simulated system, which is given by the block method (top),
as well as using a special block "transfer function™" (bottom). The second option is
more convenient, although it requires additional calculations to determine the
coefficients of the transfer function, which can be performed automatically in
Excel along with the variation of parameters.

Multiple simulations of the threaded surface forming with specific geometric
parameters with a step of 2 mm and a length of 40 mm was carried out.. In the
simulation process, the following parameters were varied separately: cutting depth
t, which depends on the number of passes of thread formation (and its dependent
cutting force P), cutting speed v, system rigidity j, which was set experimentally.
The values of all other parameters were fixed as constants. All parameter values
varied within the allowable ranges. The values of other parameters were constant
and equal to the previously accepted.

The cut depth (number of passes) varied from 0.236 mm to 0.071 mm. The
average of the values of the position deviation of the cutter from a set level was
0.0656 mm, and the average of the maximum position deviatons of the cutter from
the steady state was 0.121 mm.
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When changing the cutting speed (turning speed) in the range from 25 m/min
to 95 m/min, the average of the values of deviations of the cutter position from the
set level was 0.0805 mm, and the average of the maximum deviations of the cutter
position from the steady state was 0.1498 mm.
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Figure 5 — Modeling of a dynamic system

The rigidity of the system varied from 1-10° N/m to 1.9-105 N/m. When
changing this parameter, the average of the values of deviations of the cutter
position from the set level was 0.0688 mm, and the average of the maximum
deviations of the cutter position from the steady state was 0.1225 mm.

As shown by the results of the analysis of the proposed models, the position
of the cutting surface of the tool has not just a fixed position error, but is in an
oscillating state. Moreover, this condition has a significant amplitude during
surface cutting, and also has a clear relationship with the varied parameters.

For a more detailed assessment of the impact of the considered parameters,
the calculations were performed, which establish how the change of each
parameter is reflected in the change of the initial value. The considered parameters
have different degree of influence on the modeled system. For example, a small
relative change in the cutting depth parameter causes a larger relative change in
amplitude than the same or even a larger relative change in the cutting speed
parameter.
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This allowed to develop a software for managing technological parameters in
the processing of threaded surfaces. These calculations are valid only for the
considered specific processing system and the formed model of constant values of
parameters which are established experimentally, and ranges of the varied
parameters.

The calculation results, which were obtained on the basis of the proposed
model, were checked during the processing of specific threaded surfaces of rod
pump parts. The form errors in this case were avoided, which shows the adequacy
of the model and the software.

Based on the evaluation of the obtained data and analysis of the simulation
results, general technological measures are offered to improve the thread cutting
process for specific geometrical parameters and shapes of threaded surfaces used in
the manufacture of rod pumps (use of lubricants, timely control, sharpening and
changing of cutting tools for ensuring the energy characteristics of the process in a
given range, proper tightening of equipment connections, avoidance of imbalance
of movable joints, etc.)

The proposed general measures are fully in line with the abovementioned
recommendations.

Conclusions:

1. Based on the analysis of the defect nature, the causes and factors that
affect the appearance of defects in the side profile of the threaded surface of the
rod pumps parts are identified. The quantitative nature of the occurrence of
springing deformations in the MTW system during machining was also established,
which allowed to create a dynamic model of the thread machining process.

2. The proposed model allows to determine the technological parameters of
the operation (cutting speed and depth, tool departure parameters) for a specific
thread profile with specific geometric parameters (diameter, pitch, length, profile),
which will provide the required accuracy of the threaded surface shape. The
software block of models allows to define processing parameters from the point of
view of optimization of two factors: maintenance of stable process of cutting
without return of self-oscillations and maintenance of the maximum productivity
(minimum time of forming of a carving surface). The proposed model allows to
use it to determine the parameters of operations of processing of threaded surfaces
by cutters on similar equipment.
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Irop Sxosenko, FOpiit Bacunercekmit, €Brenis bacosa, XapkiB, YkpaiHa,
Minan Emn, [Tnzens, Yecska PecryOmika

TEXHOJIOI'TYHE 3ABE3INEYEHHS TOYHOCTI
®OPMU ITPOPLIIO PI3bBEN ITAHTI'OBUX HACOCIB

AHoTauis. Pozensanymo achexmu 6u2omogiens pisboaenn, aKi 6UKOPUCTIOBYIOMbCS 8 C8ePONIOBUHHUX
wmanzosux Hacocax. ONUCAHO MexXHON02IuHI dedekmu cnomeoperHs: GOKOBUX NOSepXOHb Npodiis
Ppi3bOnents, wo sunukaroms 6 npoyeci obpobku na eepcmamax 3 YIIK, ma ecmanoeneno paxmopu, sxi
HaubibW 6NIUEAIOMb HA YMEOpenHs yux Oegexmis. [Ipoananizoeano éniue oegexmis npoino na
Haoiltinicmb  pi3zb006020 3’€OHAHHA 6 npoyeci ekcnayamayii WMAaHe08UX HACOCIB, a MAKOMXMC
npoananizoeano O0CHIONCeHHA 3 NUMAHb OUHAMIKU 1 KOIUSAHb Gepcmamuux cucmem. 3agosaxu
BUKOHAHO20 AHANIZY CMBOPEHO | OOCTIOHCEHO MAMEMAMUYHY MOOelb PealbHOI MEeXHON02INHOI cucmemu,
AKA 8UKOPUCIOBYEMbCA 8 npoyeci 06pobKu pizb0060i nogepxHi. Bcmanosneno ocHO8HI MexHON02IuHI
haxmopu, axi maiomv HAUOITLWIUL 6NAUE HA GUHUKHEHHS NOXUOKU hopmu pizb6060i nogepxmi. 3a
00NOMO2010 NPOSPAMHO20 3a0e3NneYeHHs 05l OOCIIOHNCEHHA OUHAMIYHUX CUCTEM BUKOHAHO HeoOXiOHi
PO3pAxynKu ma posenaHymo nogedinka cucmemu Bepcmam-IIpucmocysanns-3azomosxa-Incmpymenm
6 npoyeci popmyeanns npoghimo pizbou. Ha niocmagi ananizy ompumanux pe3ynomamie po3pobrena
cucmema KepysamHs NaApamempamu MmexHono2iuno2o npoyecy o00podku pizbboeoi noeepxni ma
cpopmynvosani  MEXHON02IUKI  pileHHs, 6NPOBAOIICEHH AKUX MAN0 NOUMUSHUL 6NIUE HA
cmabinenicme akocmi npoyecy 00OpoOOKU Ma HA 3MEHUWIEHHS YACMOMU NOAGU PO3NAHYMOZ0 6Ulle
decpexmy mounocmi popmu npointo pizebreHHs ma niOBUWUTIO ePeKMUBHICIb 8UPOOHUYMEA.
KurouoBi ci10Ba: pizs006e 3’ €OHaHHA; NPODinb pizbOIeH s, MEXHOIO2IMHA CUCEMA; PEXCUM DI3aHHS,
KOMUBAHHS, AMNIIMYOa; MamemMamuine MoOen06aHHs.
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