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Abstract: In the paper, the experimental investigations obbing cutting of the gears with the
use of cooling fluids with minimal quantity lubriten (MQL) has been presented. The
experiments were prepared during milling of 42CrMailby steel at of 32 + 2 HRC hardness
using high speed steel HS6-5-2 hobs without coaf®eprs have been generated made in one
single pass, to the full depth of the cut. As alicgofluid in the MQL method, the vegetable oil
and synthetic mineral oil MICRO 3000 was used. Dgithe experiment, the size of the clamping
was measured on the worm blade application surfdmes determining the dired{B: wear
indicator and thé& cutting force value was recorded. Based on thainéd results, the influence

of the type of used oil with MQL on the wear of #o®l was assessed. The carried out analysis
revealed that the use of vegetable oil in the ffldissessed conditions gave better results than
dry milling.

Keywords: hobbing, minimal quantity lubrication (MQL), cutg fluids, vegetable oil, wear of
the hob, cutting force

achieved [3]. However, from the standpoint of
1. INTRODUCTION sustainable production, conventional cooling licuid

delivered to the cutting zone by floodplain mettisd

The primary goal of sustainable production is theconsidered to be an undesirable [4]. It depend

cost-effective manufacture of the products, whileprimarily due to economic reasons. Is commonly
minimizing its negative impact on the environment, o fact, given in literature [2, 5], that thests of

saving energy and natural_resgurce_}s. In additioa, tusing the cooling liquids are up to 17% of total
goal of sustamabl_e FJI’OC!UCIIOn Is 10 increase iety manufacturing costs and are significantly highemth
of yvorkers by gllmlnatlng the factors that threater}00| costs (2-4%) Another reason is ecological
their health and life [1.]' considerations and the need to adapt to increasingl
The above-mentioned goals also apply to th%tringent environmental regulations and to thetgafe

manufacturing processes ufilizing - the machiningand health of operators of the technological maehin
methods. In these methods one of the main facto[g 7

affecting for conditions for sustainable productisn Due to the above disadvantages, it trying to lead t
using of cooling liquids [1]. . ) . the total removal or reduction of expense of cgllin
_ Thg advantages pf using conve_ntlonal _COO"nQiqids in the machining processes [2]. Total
“qlﬂdi in the fgrm_l?rl: Q|Is or _aqueoll:s_on emlulswnreh elimination of cooling liquids, which occurs in the
well known [2]. el n_1a_|n task is to lower the ;,qo of dry machining (DM) often does not guarantee
temperature of the machining process and to removgeOod results of the machining process. This is Iyain

chlpl_st frorfntt:e cuttl;g Zone. 'g‘sts retsullt, It_?e rﬂqiub due to the commonly used a high speed steel tools a
quality of the workpiece an € tool lile can €., entional technological machines that do not
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provide the processing parameters required for dmesults obtained during DM. The paper presents the

cutting. results of the research and analysis and the di@iua
The use of DM in such cases increases machining

costs as a result of reduced a cutting tools G@ffen 2. MATERIALSAND METHODS

the temperatures during dry cutting exceed the ) ) ) L .
During the experimental investigations, machining

permissible temperatures of the material for a mive ith (MOL) and d hini DM d Th
machining tool, which results in a reduction in the!V't (MQL) and dry machining (DM) was used. The

cutting parameters and a reduction in the machinin'gvesugatlons were _performed at consta_nt cutting
capacity. In this situation it is possible to use peedv. and longitudinal feed rateby hobbing the

alternative lubrication and cooling methods. One ogearﬁ '? rc]me sngIe 'mac::lnlng pfassager,] tooéze full
them is the minimum quantity lubrication (MQL) epth of the cuts. During the experiment the toeamw

method [3, 8]. The main advantages of the MQLWaS measured n th_e following way-:
method include: — direct, as the width of the_ wear on the flank face
~ reducing direct production costs, pear the .comer of the cutting edg¥Bc |r.1d|cator,
- no trouble with separating chips and machining’ |nte_rmed|ate, as th_e value of the cutting fokce
fluid, acting along the axis of the gear.
As a criterion parameter for wear, a fixed milling
lengthL = 400 mm was assumed.
During investigations, the cylindrical helical gear
made for 42CrMo4 steel with a hardness of 32+2
HRC, were counterclockwise milled. The hobs NMFc-

h laboratories in the wid f ini
research anoralories In fne wide range o m".ichm3l20°/B type with modulem = 3 made for high speed
process. The studies widely described in the liteea ) .
steel HS6-5-2 without coating were used. Other

have shown that, under certain conditions, its i, ) .
application allows for results (cutting forces, Ittite, cutting conditions are summarized in Table 1.
surface roughness) much better than DM and ComI:ab 1. Cutting conditions during experimental investigatio
parable to machining in floodplain mode [2, 3, §, 9 o

- supporting environmentally friendly production,

- avoiding the thermal shock affecting the cutting
tool and object.
MQL is increasingly being used in industry and in

One of the recent research issues, which is retated Process Hobbing

the MQL method is the replacement of used oils Gyinding Conventional hobbing machine ZFC20
(mineral, synthetic, ester and fatty alcohols) leger machine produced by CBKO Pruszkéw, Poland
table oils [1, 3, 10]. Cutting Vs = 34.4 m/minf = 0.5 mm/rev,

Hobbing is the most common method of parameters 3 =6.6 mm
producing gears in an uncured state, when using
modern tooling materials, also in the hard statd.[1 In the MQL method, the MicroJet MKS-G100
Available scientific publications and studies ore th system produced by Link (Germany) for external
hobbing process indicate that the impact of used trsingle-channel oil mist generation was used [9]e Th
MQL on process effectiveness has not yet beemachining liquid was delivered at flow rate of 15
investigated or is limited in scope [12, 13]. Besmu ml/hr. During experiments the esterified mineral oi
during hobhing of the gears removing the machinind!ICRO 3000 (MQL_1) supplied by the MKS-G100
allowance through many of teeth of the hob results System producer and the refined rapeseed oil (MQL_2
uneven load and also uneven clash of the cuttingas used. The selected physical and chemical
edges, experimental testing of efficiency of the IMQ properties of the used oils are summarized in Table
method in this application is fully justified.
In Institute of Machine Tools and ProductionTab. 2. The physical and chemical properties of the usisd oi

Engineering at the Lodz University of Technology, Esterified -
researches related with using of the MQL during Property mineral oil E\(:)fg:id oil
hobbing process are carried out since few years [14 MICRO 3000 (MQL_2)
16]. One of the important research problems is to— S . MQL_1) —

. . . . . . Kinematic viscosity
determine the impact of the used cooling liquid)(oi (at 40°C), 48 36
on the wear of the hob. The research carried ofdrso mn?/s
was aimed at verifying that there is a rational Flash-point, ~non- 332
possibility of replacing expensive oils dedicated t_°C inflammable
MQL applications by cheaper vegetable oils widely
available on the market. The experimental stand for measurement of the

Efficiency evaluation of the supplying of various cutting force F, has been designed for the ZFC-20

machining fluids was carried out by measuring th&onventional hobbi‘ng maghine. The gears were
wear of hob during the entire tool life. The result mounted on a specially designed spindle. The spindl

obtained for the MQL method were compared with thdS Uused to mount the KISTLER Type 9321B
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piezoelectric dynamometer. The test signal from th@hereas for vegetable oil MQL_2, the number of &ad
dynamometer is directed to KISTLER Type 5011Bwith visible wear was significantly higher and wis&
single channel laboratory amplifier and converted t  This indicates a lack of adequate lubrication ia th
a voltage signal. Then from the amplifier the sigea case of vegetable oil, most likely due to the latk
sent to the KEITHLEY Type KPCMCIA-12AI-C suitable lubrication properties compared to the
measuring card located on the computer. The saftwaMICRO 3000 oil, which is dedicated by the producer
for recording of the measurement data was designéd the wide range of the machining process. Tradde
and produced in Institute of Machine Tools ando an excessive increase in the cutting temperatude
Production Engineering at the Lodz University ofincreased thermal stresses on the individual bjaates
Technology [10]. is the case with DM. It is worth noting that foetBM

Measurements of wear were carried out on thenachining, the number of blades with visible wear
MWDc workshop light microscope produced by PZOtraces was greater only by one than for oil MQL_2.
(Poland) equipped with an electronic digital indica

EWC-3 , enabling readings with a resolution of 0.00 16 -
mm. The wear of the hob blades was on the flank & 14{@) ;':T)?‘Iﬁ;?r/gm‘
surfaces and took the form of a clash near thengutt % 1.2 ap= e r——
edge. The largest value U8, was found around the c.; 1 [ =400 m
corner at the side of tooth contact zone. Thise/alor X 08

the most worn blade, was taken as a measure of wea§ 06 //,7‘{\"\

when analyzing test results. In Figure 1, an imafje E 0.4 ////-5-\\'\\\\

the wear trace observed by the microscope eyepieceS 0.2 // N \

was presented. There was no significant wear on the 0 L S

=4

56 7 8 910111213141516 17 18 19 2
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analysed rake surfaces.

1.6
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Fig. 1. Image of the wear on the rake face observed inthe  § -1 /// Zp:fog rr?lr;
eyepiece of the workshop light microscope MWDc o // \N

~ 0.8

5 06 A\
3. RESULTSAND DISCUSSION g G /,’////\\\\\

~ /4 Z SN
3.1. Wear of therakeface (VB¢) g 02 //A\\\\ \

In Figure 2 shows the distribution UBc, values = / e

on all blades covered by measurable wear traces, 567 8 910111213 14151617 18 19 20
during processing with MQL. The graph in Figure 2a teeth’s number

refers to the use as cooling liquid supplied with
minimal flow rate of synthetic oil MICRO 3000
designated MQL_1, whereas Figure 2b of refined
rapeseed oil designated MQL_2. For comparison, thegg. 2. t'?]istr:ibgltion ?fVIB;g-mW?«’:l_r on the CL::]tif:_g e_fiigsls of
distribution of VBC-in wear on the blades during b)evegetzsbi: gﬂ‘ill?ﬂnQoL_I;%)e:l)\/iilzroluteI;(ég-D_I?;I’
machining without cooling liquid is presented in
Figure 2c.

Depending on the machining fluid used (MQL_1

—— 50mm —*— 100 mm 150 mm ——200 mm
—— 250 mm 300 mm ——350 mm ——400 mm

In Figure 3 shows the changeVBc., flan wear in

the most heavily loaded blade of the hob as a fonct
and MQL_2), the number of blades that are affecte f time t and milling lengthL during machining with

by wear traces changed. For synthetic oil MQL_#, thminimal quantity lubrication (MQL) and without
wear occurred on a smaller number of the blades - ?nachined liquid (DM)
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Fig. 3. Max. VBc.i» flan wear as a function of time and
milling length
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The curves corresponding to the forces for MQL_1
and MQL_2 have a similar inclination, with the valu
of the cutting force during processing with vegétab
oil MQL_2 being up to 30% greater than for syntbeti
oil MQL_1. It is worth noting that the significant
difference between the force values for MQL_1 and
MQL_2 indicates that there is insufficient lubricet
when using vegetable oil during the entire mactgnin
period.

TheF, force curve for milling without the share of
machined liquid (DM) shows similar tendencies te th
other two curves to the milling length=300 mm
which corresponds to approximately 130 minutes of
machining. After this time, the DM values incredse
19% compared to the vegetable oil MQL_2 and up to
26% for the synthetic oil MQL_1.

As shown in Figure 3, the wear trace on the blades

using MQL_2 vegetable oil and dry milling (DM)
occurs at the earliest (~ 10 min). This indicatéack
of comparable, with MQL_1 synthetic olil, lubricatio
during the initial cutting period. In the case oQU 1

4. CONCLUSIONS

On the basis of the results presented above, it can
be stated that within the range of tested machining
conditions:

and MQL_2 the wear curves show similar tendencies

and their inclination is similar. However, diffexzs
in wear values are significant throughout the manbi
period. This indicates a significant differencepiocess
temperature values. Finally, after 208 minuteshef t

machining, theVBc.i, value for MQL_2 is 43% higher

than for MQL_1.

In the case of hobbing without the share of

machining fluid (DM), the wear curve shows a simila

inclination compared to the other two methods up to
130 minutes of the machining. After this time, the

curve rises rapidly, an¥Bc, reaches a value of 1.4

mm after 208 minutes and is 100% greater than that
obtained for MQL_1 oil and 40% greater than MQL_2~

oil. This indi-cates for a better cutting conditsofor
machining with MQL than DM regardless of the type
of fluid used.

3.2. CuttingforceF,

In Figure 4 shows the course of the cutting force
Fc for MQL method depending on the machining fluid
used (MQL_1 and MQL_2). For comparison, the_

course of cutting force during DM is also shown.

800 OMQL 1 @MQL 2 @ DM )
700 /./

600

500 ‘/._,.'_/__?.—
400+

._Q/./', -

cutting force F. [N]

300 v =34.4 m/min[|

200 /=0.5 mm/rev [

100 ap=6.6 mm H
0

50 7100 150 200 250 300 350" 400
machining distance L [mm]

Fig. 4. Cutting forceF. as a function of time and milling
length

for MQL_2 vegetable oil, the number of blades
covered by the wear trace is 40% greater than that
of MQL_2 synthetic oil, which indicates higher
cutting temperatures and less lubrication during
machining with refined rape oil;

the wear curves for the most heavily loaded blade
in the case of MQL_1 and MQL_2 are similar and
their inclines are similar. However, in the case of
vegetable oil MQL_2 the VBC-in consumption
values are significantly, even 100%, higher than
the synthetic oil MQL_1. This indicates a signi-
ficant difference in process temperature values;

for hobbing without the share of machining fluid
(DM) after 208 minutes of the process, the VBC-
in value is 100% greater than that obtained for
MQL_1 and 40% greater than MQL_2. This
indicates a better cutting condition in case, where
the machining is carried out with minimal
lubrication (MQL) regardless used type of
machining fluid;

the cutting forces by the use of MQL_1 and
MQL_2 have similar tendencies, but the constant
large difference in cutting force since beginnirig o
the process (up to 30%) indicates a lack of
sufficient lubrication when using vegetable oil;

the use of the vegetable oil in the MQL method
does not produce comparable effects to the
MICRO 3000 synthetic oil but provides better
machining conditions compared to machining
without a DM;

it is expedient to carried out further researchten
use of vegetable oil supplying with minimal
quantity during hobbing of the gears. Future
research should include other types of vegetable
oils, increased the oil flow supplying through
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MQL method and other types of workpiecesl6. Stachurski W., Midera S., Kruszski B. (2016). Mathema-

(uncured steel).
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