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APPLICATIONS OF SINGLE PHASE AND MIXTURE FLOW 
INTO LUBRICATION OF MILLING MACHINE TABLE 

BY 

E.A. Salem*,S.M.Serage**,M.A.Nasser***,A.M.Mansour**** 

ABSTRACT 

Comparative cutting tests have been carried out on a horizontal 
milling machine, having the worktable fitted, in turn, with pressurized oil 
"single phaseflow"bearings,pressurized mixture flow, and a conventional lub-
ricational system. Special table and saddle for that machine were designed 
and manufactured to be capable for applying all methods of lubrication. Awide 
range of depth of cuts and feed rates were used. Both surface roughness and 
vibrational parameters were measured. 	The use of pressurized oil and mix- 
ture flow bearings slideways increase the machine stability and produced more 
fine surface roughness than conventional lubrication slideways. 

INTRODUCTION 

The need has been felt for an investigation to study the charact-
eristics of using mixture flow as a lubricant for the separation of the mov-
ing parts of machine tool slideways. The mixture flow have the advantage that, 
it is exist in the machine cooling circuit known as a solbile oil. Whdn using 
externally pressurized oil "single phase flow" bearings in the machine tool 
slideways loops are required, first for the lubricant, and the second for the 
coolant. 

Conventionalslideways of machine tools are subject to consider- 
able static and dynamic frictional forces which make the accuracte position-
ing of the sliding elements is difficult. This difficulty is normally over-
come, or partly so, by the provision of relatively massive driving members 
together with pwoerful motors, but this solution is not logical npr econom-
ical. In recent years, efforts has been directed to the reductioh of slide-
ways friction by the use of low frictional materials 11-51, roller bearings 
16-81 or externally pressurized bearings.I9-131. 

The use of externally pressurized bearing slideways eleminates stick-
slip, reduces static and dynamic friction. Two phase flow as a lubricant in 
externally pressurized bearings were investigated in a several papersI14-161. 
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The use of mixture flow has no attention in machine tool slideways applica-
tions. The used fluid was the solbile oil 25% that was used in the cooling 
system in metal cutting process, the use of this fluid did not needs to 
separate scavenging requirements. It was decided to explore their possibil-
ities in machine tool applications. The work on such mixture flow pressuri-
zed bearings applications has proved encouraging and has shown that a mixture 
flow as a lubricatnt of externally pressurized work table is capable of 
supporting work loads during normal machining operations. To compare this 
performance with that of stiffer pressurized oil slideways. Special supply 
system was built to carry out the comparative study. Finally the results 
.indicates some success of using mixture flow as a lubricant fluid. 

EXPERIMENTS 

A milling machine was developed to be suitable for _carrying out 
the experimental program. 

A Series of machining tests was carried out on brass (57% Cu and 39.87% Zn) 
of 5 cm wide, 2 cm thick and 12 cm long under dry cutting condition. 

Vibrations parameters "displacement, velocity and acceleration" 
were measured during cutting conditions. 

No attempts were made to analyse the structural vibration modes 
of the machine casting; it was considered sufficient at this stage of deve-
lopment to comapre the normal cutting performance of the machine with that 
resulting from the use of the mixture flow supporting table. Even so, such 
variable as cutter sharpness and cutter eccentricity tends to prevent the 
closest correlation of results. 

Generally, light finishing cuts up to 1 mm depth using 10 cm 
diameter helical slab mill of 12 teeth of high speed steel. Various feeds 
and speeds were used in these tests, ranging from 28 to 116 mm/min. and 71 
to 355 r.p.m respectively. The surface roughness of the machined samples 
were measured using a Talysurf-5M-60 system taking centre line average as 
a reference for the comparison between the products. The surface roughness 
measurements were made in longitudinal direction of the feed. All the above 
procedure was made when using mixture flow as lubricant in externally pre- 
ssurized milling machine slideways worktable, externally pressurized oil 
bearings and conventionally. 

RESULTS AND DISCUSSION 

The variation of surface roughness " CLA " with feed per tooth, 
depth of cut and traverse feed "mm/min" were determined under different meth-
ods of milling machine slides lubrication. 

Externally pressurized mixture flow, externally pressurized oil and 
conventionally lubrication slides were used. 

All these results are presented in the table (1) 

I - The Effect of Feed Per Tooth. 

The vnriAi-inn 
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determined. A typical results for a samples that has been milled at 
traverse feed of 28 mm/min and depth of cut equals to 0.6 mm is shown in 
Fig.(1). It has been observed that the value of CLA of the machined samp-
les, first decreases with an increase in feed per tooth to a minimum,about 
0.7 pm for externally pressurized mixture flow lubricant, with a. further 
increase in the feed per tooth the surface roughness slightly increases. 
This variation in the surface roughness values of that sample produced using 
externally pressurized mixture flow takes an intermediate values between 
that samples produced by using externally pressurized oil bearings and con-
ventionally lubrication methods. When employing externally pressurized oil 
.bearings the product surface roughness is the finest. Figure (2) present 
.the variation of surface roughness with feed per tooth for larger values of 
'traverse feed (88 mm/min.) and depth of cut equals to 0.6 mm. 

From the figure, it is clear also in the case of using externally pressuriz-
ed mixture flow slideways that this method of lubrication gives a mean val-
ues of the product surface roughness, while externally pressurized oil bear-
ings give the most fine results and conventionally lubricated slideways give 
the most rough surfaces. When employing externally pressurized mixture flow 
slideways, the surface roughness are fluctuating with the increase in feed 
per tooth (between 1.3 pm and 0.55 pm). 

These results may be due to the high damping of externally pressurized mix-
ture flow slideways with respect to that of conventionally lubricated slide-
ways, while the stiffness and damping of pressurized oil bearings is larger 
than that of mixture flow for the same slideway geometry, pressures, 	and thickness of films. 

The vibration measurements helps successfully in the clearfication of the 
products surface roughness results. 

Theoretical finding clears that as the feed per tooth increase the roughness 
of the machined samples increases. 

2 - Effect of Depth of Cut. 

The variations of surface roughness with the depth of cut at the different 
feeds per tooth, traverse feed rates and depth of cut for the different lub-
rications methods (Single phase "oil bearings", conventional and mixture 
flow slides" were found. 	Fig. (3) shows the relationship between the cen3  
.tre line average of the workpieces, that were machined at a feed of 81x10 
-mm/tooth, traverse feed of 88 mm/min. and depth of cut. It can be observed 
that the mixture flow method of lubrication gives averaging values of the 
produced surface roughness between conventionally method of lubrication and 
hydrostatic slideways results for the same cutting conditions. While the 
point of theoretical view as the depth of cut increase the surface roughness 
of the machined samples decreases and becomes more fine.. 

3 - The Effect of the Worktable Sliding Velocity. 

The effect of traverse feed of the worktable on the surface roughness of the 
machined workpieces under all tests conditions were investigated, for con-
stant tool revolutions and depths of cut. 
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tie • 5 . Variation of surface roughness with depth of cut. 

Fig. (4) presents a typical results for surface roughness against worktable 
sliding velocity under a tool revolution of (90) r.p.m and depth of cut of 
0.8 mm. The results shows, that; the surface becomes more finer with the 
increase of the traverse feed "worktable sliding velocity" for externally 
pressurized mixture flow. 
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CONCLUSIONS 

The main purpose of the :work was to find out if a mixture flow 
using as a lubricant was a feasible propositions. This has been verified on 
one machine a fairly small single traverse, climb-climb cutting milling 
machine. It has been also that the performance of such a table, of moder-
ate stiffness and damping characteristics, is considerable with that of an 
oil-supported table of higher stiffness and damping ratings. 

Since the stiffness of arbor and over-arm were appreceiably higher than that 
of either of two pressurized tables, the workpiece surface texture would 
have been better when using the oil-supported table because of its higher 
stiffness. 

Neverthless, the numberical values of surface texture which were obtained 
from the different tests have shown that the machine performance with the 
mixture flow supported table is as good as with the conventionally lubrica-
ted table. 

Mixture flow bearings indicates some success whilst oil bearings can nor-
mally provide greater stiffnesses than mixture flow bearings it is possible 
that the latter will be used in suitable applications simply because of 
their clean in use, needing no complex scavenging system, as with oil bear-
ings, 

The mixture flow system needs to a great deal of pumping power than that of 
oil flow,that may be more expensive in running cost of the machine. 
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