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Abstract: The paper presents requirements for axial piston pumps and motors. The
technological process is analyzed. The transport between the different operations is
examined. Also the productivity of superfinishing machine is investigated and
determinated. The theoretical tact is calculated on basis of 250 000 details/year with
8 hours work shift. To determine the actual tact, a number of experimental laboratory
tests have been carried out in differently selected operating modes.
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1. Introduction

The increasing interest in the use of hydraulic drives as a specific form of power
transmission is widely used in the various branches of industry in the automation of
continuous and discrete processes and operations in transport, machine building,
chemistry, metallurgy, construction, etc. A special place in hydraulic drives is the
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axial piston pumps (axial piston engines) built into hydraulic machines and systems.
They are in the basis of drive components of hydraulic systems and possibility for
automatic regulation and control [1, 2, 3, 4, 5, 6].

The aim of the present work is to analyze the technological process and the
productivity of the superfinishing of the pistons embedded in axial-piston pumps and
motors.

2. Functional Purpose and Requirements

The pistons are designed for use in axial piston hydraulic pumps and motors. From a
functional point of view, the pistons slides into the cylinder block and forms a "rotor
group™. It is the main working organ of this type of hydraulic products, converting
hydraulic power into mechanical - hydraulic motors, or mechanical energy in
hydraulic - hydro pumps [1, 7].

On Fig. 1 is shown the structural drawing of the piston type: Bt. 17 [01.A] (Bt
14.2 [01.A] and Bt 21 [01.A]). In the constructive drawing are presented the
extremely high requirements such as: very small deviations of form and high class of
roughness of working surfaces, narrow tolerances of fields of functional dimensions;
the presence of a very hard and wear-resistant layer on the work surfaces, etc.
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Fig. 1. Drawing of type size Bt.17 [01.A]

3. Analysis of the Technological Process

The sequence of the existing developed technological process is consistent with the
very varied 13 basic operations performed on different automatic machines, semi-
automatic machines and other non-automated equipment, implemented by operators.
In this connection, these discrete operations, basic and auxiliary with a substantial
difference in times, make it difficult to automate the whole process. Even more of the
machines makes and other details in three-shift work regime [2, 3, 4, 8, 9, 10,].
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The developed inter-operative transport is implemented with carts, fitted with
three-dimensional "drawers" mounted on telescopic strips. This allows the
installation of three types of base cartridges allowing them to be used in all operating
states of the treated pistons/parts. The size of the base cartridges is consistent with
the basket size of semi-automatic machines.

The tenth superfinishing operation of the piston's outer cylindrical surface is
carried out on a non-centrifugal semi-automatic superfine machine (SASM), model
5M-45r, Supfina, Germany. (Figure 2). It is compiled of a chute 1 that pulls out the
processed pistons; ironing head 2 for superfinish; chute 3 loaded with pistons for
treatment and a set of rollers 4 providing the linear axial feed of the pistons. The
process represents smoothing by means of oscillating abrasive stones (fastened to the
smoothing head) whereby unevenness with a height of 1 + 1,5 um is removed from
the treated surface without altering the geometry.

Fig. 2. Semi-automatic SM57-452 superfinishing machine

4. Determining the productivity of SASM

From marketing researches made on the international markets a desired productivity
of Q = 250,000 pcsfyear is formed from the proposed three sizes of pistons. It is
assumed that in that quantity the remaining existing axial-piston pumps and motors
will also be included [2, 9, 10, 11, 12].

Theoretical tact

It is preferable to use the calculation of the theoretical performance with a
coefficient of utilization n,.; = 0,7 of SASM in the lower operating range in order to
have the opportunity if needed to be increased the productivity for the pistons,
respectively axial-piston pumps and motors.

Calculations for the theoretical and actual tact of the average piston - Bt17 type.
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The calculations are based on the set productivity Qy, = 250 000pcs/year and
intended Qi = 275002,5 pcs/year. productivity; at 250 and 260 working days per year
with one shift of 8 hours and one-hour working regime, indicated in Table 1. It is
evident that in the calculations made, the time difference is minimal and falls within
the permissible limits and as a result, are used for comparisons the highest tact t =
25.45s/pc. [2, 8, 10, 11, 12, 13].

Table 1. Calculation of the theoretical tact
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Actual tact

To determine the technological limitation working hours — tw. in superfinishing
of the cylindrical part of the piston, a number of experimental laboratory tests have
to be made in differently selected operating modes [2, 5, 6, 11, 14, 15].

On figure 3 is shown s a schematic diagram of the superfinishing of the piston
(2). By the chute (5), the piston (1) enters the working area (L1) of the SASM.

It is typical in the superfinishing processes the choice of double acting
oscillating fluctuations of the abrasive stones (4) fixed to the smoothing head (3) by
pneumatic cylinders (7). In the case of reciprocating movements, a new trajectory of
the grains of the abrasive stone (4) is provided at each revolution of the piston,
eliminating consecutively the existing roughness without creating new traces. After
removing the roughness between the abrasive stones and the treated cylindrical
surface, a "solid" oil film is formed which acts against the further release of metal
from the piston. The technological process is carried out with very little pressure on
the abrasive stones on the cylindrical surface of the piston and a minimum, low
cutting temperature. The removal of the micronutrients is of the order of 1-2 um
without alteration of the piston's macrogeometry.

The linear velocity of the piston is determined by the axial displacement of the
rollers (2) arranged at a certain angle, polished in a hyperbolic shape, providing after
adjustment of the upper line of the cylindrical part of the piston to lie exactly on one
straight. Spiral grooves are provided along the length of the rollers, ensuring the rapid
leakage of the contaminated, specially honing oil, also providing the role of cooling
liquid.

To ensure the desired prescribed narrow field tolerances and the high class of
precision and smoothness of the working surfaces of the three types of pistons in
superfine treatment (Table 2) and to meet the requirements of the BDS and the
international DIN, ISO and EN standards in Table 3, summed intervals of: the
peripheral piston speeds; linear piston feed rate; the oscillating velocity of the stones
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located on the ironing head; the direct pressure of each abrasive stone on the surface
of the piston, and what the removed addition to be. After experimenting, the actual
experimental speeds are also described.

In addition to the tolerances in Table 2, the dimensions of: the length of the
rollers - Ls; the distances of penetration and removal of the pistons from the rollers -
L»; the distance between the rollers and the chute - L4; the total distance between the
two chutes - Ls and the total working length for the superfinishing treatment
performed by five abrasive stones in an non-central arrangement.
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To determine the optimal modes of operation in a non-central superfinishing
process, ensuring that the prescribed narrow tolerance fields, high accuracy and
smoothness classes, cylindrical deflection, etc. are achieved. For the three types of
pistons, a number of experimental tests have been made.

After capturing, processing and analysis of the results for the technological
working time limit were obtained for Bt 14.1, t%,=23.47 s; Bt 17, t2,=23.97 s, and Bt
21, t§v1=25.00 s, and for the empty strokes - supply and outlet Bt 14.2, t1,;=2.32 s; Bt
17,13,=2.92 s, and Bt 21, t3,=3.95 s.

The obtained data is presented in Table 4. Also, the total own losses, the
accumulated losses from repair activities as well as the total over-cyclical losses were
also applied. The cyclic times, the time losses caused by tools, equipment,
organizational and technical reasons, adjustments and adjustments, ongoing repairs
and planned repairs are reported [2, 3, 8, 9, 11, 12, 13].

The actual obtained values are necessary in developing the structural component
options for the implementation of the feeder operations of SASM. If these values are
assumed to be theoretically true, calculations of the adjustable semiautomatic
machine of declared and desirable performance can be made for a one-year period
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shown in Table 5. The calculations made are for the three types of pistons. Of the
total declared annual productivity of 250,000 pcs/year it is accepted that the three
sizes are equal. The performance is calculated for each type of seconds, minutes,
hours, and work shifts. Calculated and productivity at declared Qy = 250,000 pcs/year
and desired with added 10% as spare parts and for a waste of the order of 0.001%,
which is Qyq = 275,005 pcs/year. Calculations are made at 8h workday, double-shift
and quarter-shift work. Calculated with the yearly desired productivity for 260
working days and one-shift work Qy = 275,756 pcs/year.

5. Constructive reliability

When designing a new AT, constructors always take into account its predictable
reliability. But recently, people talks about the predicted structural reliability of the
manufactured AT, for how long it will work. In other words, the manufacturers of
articles and automation equipment, even with the conclusion of the contract for
development, production and implementation, take into account the envisaged
structural reliability. On this basis they set the warranty period in which they will
work. The colossal development of new materials, new technologies, a new element
base, etc., lead to sensitive changes in the new modules and NGEs. Therefore, the
device itself very quickly undergoes a change during its development [2, 8, 9, 6, 11,
12, 13].

6. Conclusions

The following conclusions can be drawn from the calculations for the performance
and reliability of the technological process undergoing superfinishing:

1. Extremely high requirements and working regimes for superfinishing the
cylindrical part of the pistons (Table 2 and 3) are analyzed.

2. Examined and analyzed is the existing technological process of the basic
superfinishing and auxiliary - feeding / unloading operations of the semi-
automatic machine for superfinishing of cylindrical part of piston model
"SM57-452"

3. Laboratory tests have been carried out in different modes of operation
ensuring the desired technological limitation time tw = 25,45s/pcs. based on
the theoretical (Table 1) and actual (Table 4) tact, used to calculate the
productivity for monthly and yearly time periods (Table 5).

4. By means of automation of auxiliary feeding/unloading operations, an
increase in the productivity and quality of a semi-automatic superfinishing
machine for non-adjustable and adjustable hydraulic axial piston pumps and
motors is achieved.
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Table 2. Piston tolerances
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Bt 142 -0.020
1| 142 T -0.025 | 55+0.15 41.33 | 50/20 | 530 1 540 | to5 | 01| tol5
[0LA]| A 0.0015
-0.020
2 E']tlli] 17 -0.025 | 69.19+0.15 | 52.91 | 50/20 | 530 1 540 | to5 | 01| tol.5
R 0.002
Bt21 | 21 0020 N
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Table 3. Cutting speeds
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1 | Peripheral speed of the piston Vr m/min 30+120 52
2 |Linear speed feed rate of the piston Vs m/min 0.5+3 1.425
3 Oscﬂlaltlonlvelomty of the stones located Va m/min 6:12 g
on the ironing head
4 Direct pressure on .each of the stones Ve | MN/m? 01203 0.1-0.3
located on the ironing head on the piston
5 |Removed addition ) pm 2 1=1.5
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Table 4. Actual tact
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1 2 3 6 7 9 10 11 12 | 13 | 14 15 | 16 | 17
1 |Bt142 | ¢0=2575|23.37| 232 [2569]| 002 | 0.01 | 0.03 | 0.01 | 0.001 |0001/0.012| 0.01 | 0.008 |0.018| 0.06
2 [Bt17 | ¢5=26.95|2397| 292 |26.89| 0.02 | 001 | 0.03 | 001 | 0.001 [0.001]0.012| 0.01 | 0.008 |0.018| 0.06
3 |Bt21 |+§=29.01|2500| 395 |28.95| 0.02 | 0.01 | 0.03 | 0.01 | 0.001 |0.001/0.012| 0.01 | 0.008 |0.018| 0.06
Table 5. Productivity for yearly period
Type sizes Calculated actual tact Working shifts
No Yearly Trs rilrnin T?h 8 16 24
Indications | pecs./year | working
days S/pcs. | min/pcs. h/pcs. h/pcs. h/pcs. h/pcs.
1 2 3 4 5 5] 7 8 9 10
1 Bt142 83 334 . 5575 | 233 139.80 | 11184 | 22368 | 3355.20
2 |Bt17 83 333 ~ 26.95 2.23 133.80 10704 2140.8 3211.20
3 | Bt 21 83 333 _ 2901 2.07 124.10 9928 1985.6 2978.40
4 | average . 5724 | 251 13257 | 106053 | 2121.06 | 3181.53
5 | claimed 250 000 - . - - 265133.32 - -
6 |desired 275 005 - . - - 275737.80 - -
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IS

ABTOMAaTH3AIUs BCIIOMOTATEILHBIX ONIEpauii cynep GUHUTITHOI

MaIlllrHbI
Yacmo 1. Ananuz mexuono2uuecko2o npoyecca u 8binoJIHeHue cynep
QuHUWUPOBaHUA NOPUIHET OISl 0CEBbIX NOPUIHEBbIX HACOCO8 U O8ucameinel

JI. Jlumumpos, JI. Knoukos, H. Cmoumerog

Peztome: B doxnade npedcmasietvt mpebosanus K 0Ce8blM NOPUHEBLIM HACOCAM U
ogucamensm. Ilpoananuzupoean mexuonocuveckutl npoyecc. Paccmampusaemcs
MPAHCNOPM  MeAHCOY PA3IUdHbLIMU onepayusmu. Hccredyemcess u onpedensiemcs
maxaice npou3soOUMeNbHOCMy cynep unuwnol mawunvl. Teopemuueckutl maxm
paccuumvigaemcsi Ha ocHoge 250 000 demaneti 6 200 ¢ 8-uacogou paboueii CMeHOU.
s onpedenenus gpakmuueckoco makma ObLL HPOGEOeH PO IKCNEPUMEHMATLHBIX
NAOOPAMOPHBIX UCTIBIMAHULL 8 PASHBIX PENCUMAX PAOOMUL.

Knwueevie cnosa: Aesmomamuueckue JUHUU, meXHolocUuU, cynep gbuHuwupoeaHue,
zudpaeﬂuka, HAacocwsl, asmomamusayus, l’lpOMleﬂeHHblep06OMbl.
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