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Purpose. To reduce the time of development of the control programme for the multi-pass worm processing in the CNC
lathes.

M ethodology. The comparative anaysis of the technologica capabilities of the popular CAM-systems, and the special
programme development and its experimental testing at one of the machine-building enterprise has been carried out.

Findings. We have raised the efficiency of programming of the control programme for the multi-pass coil cutting on the
worm in the CNC lathe machines. A speciad macroprogramme for the cylindrical worm combined coil cutting scheme has
been developed. The time required for development of the control programme for the multi-pass worm processing under the
cutter in the CNC lathes has been reduced by seven times. The results are the most efficient for the worm combined coil
cutting scheme. In the short-term outlook we plan: to develop the macroprogrammes for the double-enveloping worm
processing in the CNC lathes; and to enhance the macroprogramme for the cylindrical worm processing.

Originality. We have determined and substantiated the ways of improvement of the computer-assisted design toolsfor the
control programmes to turn the worm in the CNC lathe machines.

Practical value. We have simplified the requirements to the qudification level of the developer of the control programme
so that CNC machine operator meets the requirements. The macroprogramme developed allows each CNC lathe machine
operator to develop the combined multi-pass coil cutting along the cylindrica worm independently, without a programme
engineer's participation. The offered approach has a significant value for the small and medium business enterprises along
with the mining machine builders.

Keywords: sngle-throated cylindrical worm gear, CAD/CAM-systems, CNC/CN lathe machines, control programme,

macroprogramme

Challenge problem. At the current speed of the
present-day machine building development the industry
flexibility and the ability to implement fast the new design
and engineering solutions is obtaining a greater significance.
Such requirements to the manufacturing technologies can be
fulfilled by using CNC equipment that can simultaneously
provide high capacities, industry flexibility and effective
mastering as opposed to the genera-purpose or the
automated machines The mentioned strengths of the CN
lathes are very dgnificant a the preparations in
manufacturing the polysurface parts, to which the screw
surface of the worm belongs. At the same time the worm
processing in the common screw-lathe is mostly popular a
the mining machine-building enterprises.

The processing in CN lathers is more preferable for
increasing the manufacturing capacities However, to
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achieve this goad both fast and efficient control program
development should be provided.

The advanced CAM-systems obtained have the
restricted capabilities in the development of the control
programmes for the screw surface processing. The ESPRIT
CAM-system isthe only exception from the kind.

Analyss of latest achievements and publications. The
works [1-2] ded with a programme package alowing to
develop the control programme for cutting the cylindrical
worms in terms of the minimum given data.

Earlier unsolved items of the general problem.
However, in terms of this programme package or the
advanced CAM-system use the independent (individua)
programme should be developed and, cetainly, a
programmer for developing such a programme is required.
Searching the variant for the aternative control programme
development and implementation is a burning task for the
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high-variety production of the single-throated worm gear
mechanisms.

The objective of this work is a selection and
implementation of the progress approaches in developing
the control programmes for the multi-pass processing the
worms in the CN lathes.

Basic research material and complete result proof
presentation. Fig. 1 shows the typical cylindrical worm
draft and the technical requirements to its production.

The accuracy norms for the single-throated cylindrical
worm gear and worm couples (not in case) being followed
accordingly to the GOST 1903694 are prescribed by the
National Standard GOST 367581.

Studying of the technological peculiarities of the worm
screw surface processing in CN lathers showed us the upper
edge restrictions for the cutting speed under these terms.
The restrictions exist due to the lathe capacities and the
screw line step since the cutting input is equal to the screw

line step. The formation of any screw surface in the CN
lathe (fig. 2) is based on the use of the special programme
functions that allow for the equipment parameters.

The simplest function is the screw cutting with the
regular step. CN-system of the Fanuc series 0i-TC contains
this function is G32. When applying this function, each
cutting pass, idle travel of the cutter with its return to the
start trajectory point and the travel for the cutter positioning
before each new cutting pass are programmed (fig. 3). The
control programme (CP) based on the G32 function will
have a block structure with the number of the blocks equal
to the number of the formation passes. The manual
development of the control programme based on the G32
function use can be recommended only for the worm gap
formation made during one or three passes. Otherwise the
cumbersome control programme comprising the repeating
elements can lead to the programming errors and the
machine breakdown [2].
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where L — screw length; n — spindle revolution rate.

The approaches suggested by theCAM-systems for
developing the control programmes were considered:
ESPRIT, NX8, SprutCAM.

The ESPRIT CAM-system has:

- a very simple interface;

- a big cutter library, the own cutter with various geo-
metries can be created at need;

- a sufficient module quantity for the 3, 4 u 5-axis pro-
cessing of the various parts.

The ESPRIT CAM-system does not comprise the
individual module for the worm coil processing, but it has
the screw cutting module which is appropriate not only for
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processing the various cuttings but also for the cylindrical
worm processing.

The most principal and important advantage of the
ESPRIT CAM-system lies in a very powerful and distinct
visualization system that allows to see, analyse and
correct the whole worm processing with the accuracy up
to 0.001 mm (fig. 4, 5).

Fig. 4. The Visualization of the Cylindrical Worm
Processing in the CN lathe in the ESPRIT CAM-
system
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Fig. 5. The Visualization of the Processed Cylindrical
Worm Coils in the CN lathe in the ESPRIT CAM-
system

NXS is a CAD/CAM/CAE-system for the design and
engineering preparation of the production.

NX8 is one of the most popular and powerful
CAD/CAM/CAE-systems in the world. As the one
CAD/CAM/CAE-solution, NX allows to perform in the same
environment:

- simulation of the ingot, parts, tools, rigging and equip-
ment;

- drafts;

- routing;

- analysis of the metalware and parts against the various
loads etc.;

- 3, 4 and 5-axis processing of the various parts.

NX8 does not have a special module for the worm screw
processing as well, but it has the screw cutting module as
well as the ESPRIT does.

As we suggest, the weakness of the NX8 in comparison
with the ESPRIT CAM-system lies in the much lower
visualization level. During the turning operations the worm
coils cannot be distinctly seen (fig. 6), so that NX is not fully
applied for the multi-pass processing of the cylindrical
worm design.

Also, as we believe, one of the principal weakness of
the NX8 is a complicated interface causing the problems in
operating this very programme. The numerous functions
witin the system are not obviously grouped into the relative
clusters.

SprutCAM is the automated design system to develop
the control programmes for the multi-coordinative devices
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with any CN. In the SprutCAM the complete integration
with the following design packages is performed: AutoCAD,
Alibre  Design,  Inventor,  Rhinoceros,  SolidEdge,
SolidWorks, KOMITAC-3D etc.

The developing companies of the SprutCAM and
ESPRIT programme packages are the partners, so that
strengths and weaknesses of their CAM-systems are rather
similar.

Fig. 6. The Visualization of the Processed Cylindrical
Worm Coils in the CN lathe in the CAD/CAM/CAE-
system NX8

SprutCAM also does not have a special worm coil
processing module but when the screw cutting module
obtained it can be applied for these purposes (fig. 7, 8).
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Fig. 7. The Visualization of the Cylindrical Worm Pro-
cessing in the CN lathe in the SprutCAM-system
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Fig. 8. The Visualization of the Selection Wide Range
and the Cuttier Formation in the SprutCAM-system

The analysis o the most powerful and popular CAM-
systems brought us to the conclusion that they do not have
the special worm coil processing module and also are
restricted in the processing mode selection and options.
All the systems are equipped with the screw cutting module,
but only the ESPRIT and SprutCAM suggest the easy-to-
work interface, a great selection range of the cutters and,
what is the most important thing, the powerful and accurate
visualization. They allow the programmer to develop the
control programme to cut the screw on the worm.

Nevertheless, not every enterprise can afford purchasing
these CAM-systems. Moreover, such enterprises want a
developing of the special macroprogramme allowing the
CN lathe operator the fast and efficient developing the
control programme for the multi-pass cylindrical worm
cutting without the programmer's participation.
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Such a macroprogramme should be based on the definite
technological processing scheme.

The authors used the combination cutting scheme
(fig. 9), that provides the good chip-making conditions and
the cutter smooth wear at the rough processing, and at the
finishing processing it provides the required accuracy and
roughness [3].
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Fig. 9. The Combined Cutting Scheme [3]

The user’s macroprogramme functions also allow to use
the wvariables, arithmetical and logical operations and
conditional jumps (for the further facilitating the control
programme developing).

The results of the performed work are carried out as the
special macroprogrammes (tables 1, 2).

Table 1
The Universal Macroprogramme for the Combined
Scheme of the External Multi-Pass Cylindrical Worm

The macroprogramme can be adapted for any screw
surface processing along with the inside screw.

Table 2

The Macroprogramme for the Combined Scheme of the
Multi-Pass Trapezoid Internal Screw Surface Cutting

Cutting
Programme Programme
Start Proceeding

00001(THE WORM) #4=0.
G19 #5=8.034
T606G55 #6=1.8
G97M3S50 #7=54.24
MO8 G00X100.0 Z10.0 :
#1=011060. G76 P#I Q#2 R#3 :
#2=0.1 G76 X80.0 Z-145.0 R#4 P#5
#3=0.2 O#H6 F#7
Notations:

#1=01 — repetition number at the finishing processing (from 1
to0 99);

#1=10 — bevelling quantity;

#1=60 — cutting edge angle; coil profile angle in the axial
section;

#2=0.1 — minimal cutting depth (given wit the radius value);
#3=0.2 — finishing allowance;

#4=(0. — screw line radius discrepancy;

#5=8.034 — discrepancy between the diameters of the worm
top and depth; worm coil height;

#6=1.8 — cutting depth in the first pass (radius length);
#7=50.24 — screw line step; coil pass (equal to G32).
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Programme Programme
Start Proceeding
00001(NTS.1 INTERNAL G32Z-65.F24.0240000
TAPPING)
G1901D38.E103.5L100.K0. G0X103.
7606G55 GOZ#6
G97M3S50 GOX#]
G0X103.Z50. G327-65.F24.00
MO8 G0X103.
#1=103.5 GOZ#6
#1=103.5 GOX#]
#2=128.3 G32Z-65.F24.0120000
#3=0.5 G0X103.
#4=10. GOZ#6
#5=1.7 GOX#1
HO=H4+#5 G327-65.F24.0240000
HO=H4+#5 G0X103.
NI IF[#1 GE #2]GOTO2
N3 #H1=H#1+#3
G0X103. GOTO!
GO0Z#4 N2
GOZi4 #2=128.5
GOX#l1 #3=0.03
G32Z-65.F24.00 IF[#] GE #2]GOTO4
G0X103. HI1=H#1+#3
GOZi4 GOTO3
GOX#1 N4
G327-65.F24.0120000 GO0Z50.
G0X103. Mo65
GO0Z#4 G30U0W0
GOX#1 M30
Notations:
#1=103.5 — initial diameter;
#2=128.3 — finishing diameter;
#3=0.5 — cutting depth per pass;
#4=10. — initial cutting trapezium point against Z;
#5=1.7 — trapezium profile breakdown.

The CN lathe operator should perform the simple
actions: set the initial and finishing diameters, cutting depth,
initial point and the profile breakdown range on the control
panel. Beside the programme developing without the
programmer's participation, the macroprogramme also
allows the operator to match any cutter from available.

Conclusions. The task of the speed and efficiency
growth in developing the control programme for the multi-
pass cylindrical worm cutting in the CN lathes is solved.

The results of the work performed are implemented as
the special macroprogramme that led to the control
programme development time reduction by seven times in
average at the enterprise. At the same terms the control
programme is developed directly by the NC lathe operator
without the programmer's participation.

In the next-time perspective the development of the
macroprogrammes for the double-enveloping worm
processing in the CNC lathes is planned.
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Meta. 3MCEHIIEHHS 4Yacy pPO3POOKH YIIPABIIOUOL
MporpaMu Ijist 0ararornpoxiaHol 00poOKu YepB’ sIKiB Ha TO-
KapHUX BepcTarax 3 UIIY.

Metomuka. [lopiBHIOBaJIBHUI aHAJi3 TEXHOJIOTTYHHX
MoxJBocTer Bimomux CAM-cucteM, po3poOka crerria-
J30BaHOI TPOrpaMH Ta EKCIICPUMEHTANbHA MepeBipka Ha
OJTHOMY 3 MAIIMHOOYIIBHUX ITiIIPUEMCTB.

PesyabTraTn. Po3pobrena cremianizoBaHa MakpoIpo-
rpama Iyt KOMOIHOBAaHOI CXeMH Hapi3aHHS BUTKIB IIMITiH-
JPUYHOTO YepB’ sKa. 3MEHIIeHO Yac CKIANAHHS YIIPaB-
JISFOYOI TIPOrpaMu [UIs 0araTompoXigHOi 0OpOOKH HepB' s1-
KiB pi3lieM Ha TokapHuX Bepcrarax 3 UITY y 7 pasis. Haii-
OLIBII BIAMOBIIHMM BapiaHTOM 10 BUKOPHCTaHHS BHU3HAHA
KOMOIHOBaHa cXeMa Hapi3aHHSI BUTKIB 4epB’ska. Y mepc-
TIEKTHBI TUTAHYETHCSL:

- po3po0OKa MaKpOIPOrpamMu it 0OPOOKH TII000iTHOTO
yeps'sika Ha Bepcrarax 3 UITY;

- YIOCKOHAJICHHSI MAaKPOIIPOTpaMu st 0OpOOKH IHITiH-
JIPUYHUX YepB'sIKiB.

HayxoBa HoBH3Ha. Bu3Haueni ta oOrpyHTOBaHI Ham-
pSAMHU BIOCKOHAJICHHS 3aC00IB aBTOMATH30BAHOTO TPOEKT-
TyBaHHS YNPABILIIOYMX TPOTpaM Ui TOKapHOI 0OpOoOKM
4epB’ sIKiB Pi3IeM Ha TOKAPHUX BEPCTaTax.

IIpakTH4HAa 3HAYUMICTB. 3HIKCHO PIBCHH BUMOT 0
kBastiikaiii po3poOHHUKa YIIPaBJISAI0Y0i MPOrpaMu Bifl PiB-
HS IEKEHepa-mporpaMicra JI0 piBHS OIepaTtopa BepcTata 3
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UITY. Po3pobnena makpomporpama JI03BOJISIE KOXKHOMY
orrepatopy TokapHoro Bepcrara 3 UIIY camocrtiiiHo, 6e3
y4acTi iHKeHepa-TporpaMicTa CKIIagaTH IPorpaMu KOMOi-
HOBAHOTO 0araTOMpOXiMHOTO Hapi3aHHSI BHUTKIB IWJIiH-
JIPUYHOTO YepB’siKa. 3anpOrOHOBAHKHN MiJIXIJ Mae CYTTEBE
3HAUYCHHS U1 IMIANPHEMCTB MAJOTO Ta CEPeIHBOro Oi3-
HECy, y TOMY YHCII Uil MiANPHEMCTB TIPHUYOTO Malllu-
HOOY/TyBaHHSI.

KarwuoBi cioBa: yuninopuuna ueps’siuna nepeoaua,
CAD / CAM-cucmemu, moxapni sepcmamu 3 YIIK, xkepy-
104a npozpama, MiKponpozpama

Heab. CokpamieHre BpeMeHH pa3paOOTKH YIIpaBIIs-
IOIIeH MporpaMMBI 1T MHOTOIPOXOTHOM 00pabOTKH Hep-
BSKOB Ha TOKapHBIX cTaHkax ¢ YITY.

Metoauka. CpaBHUTENBHBINA aHATM3 TEXHOJOTHIECKUX
BO3MOKHOCTEH M3BeCTHBIX CAM-cructeM, pa3paboTka cre-
LUATM3UPOBAHHOM MTPOTpaMMBI B SKCIIEpHIMEHTaIbHAs TPO-
BEpKa Ha OJIHOM U3 MAIIHHOCTPOUTEBHBIX MPEIIPUSITHH.

PesyasTatnl. B pabore peleHa 3ajgada MOBBIIICHHS
5((EKTHBHOCTH COCTaBJIEHUS YIPABISIOUICH MPOrpamMMBbI
JUIS. MHOTOIIPOXOHOTO HAape3aHMsl BUTKOB YepBsKa Pe3lioM
Ha crankax ¢ YIIY. Pa3paborana crnenmann3upoBaHHas
MakporporpamMMa it KOMOMHUPOBAHHOM CXEMBI Hapesa-
HUSI BUTKOB IWITMHAPIYECKOTO YepBsika. COKpalieHo BpeMs
COCTaBIICHHS YTIPABILIIONMICH TPOTPaMMBI JII MHOTOIPO-
XOHOI 00pabOTKM YepBsika Pe3loM Ha TOKAPHBIX CTaHKaX
¢ UITY B 7 pa3. Haubosee moaxomsimyM BapuaHTOM K HC-
MOJTb30BAaHUIO TIPU3HAHA KOMOWHHPOBAHHAs CXeMa Hape-
3aHMS BUTKOB YepBSKa. B MepcrieKTuBe miaHupyeTcst:

- pa3paboTKa MaKpOIpOrpaMMbl JJisi 00pabOTKH TII000-
HHOTO uepBsika Ha ctaHkax ¢ UITY;

- YCOBEpIICHCTBOBAaHHE MaKpOIPOrpaMMBbl Uit oOpa-
OOTKH IWITMHAPUYECKUX YEPBSIKOB.

Hayunasi HoBu3Ha. OnpeneneHsl M1 00OCHOBAaHBI Ha-
TIPABJICHUS] COBEPIICHCTBOBAHUS CPENCTB aBTOMATH3HPO-
BaHHOTO IIPOEKTHPOBAHUS YIPABISIONIAX TPOTPaMM IS
TOKapHOH 00pabOTKH YepBsIKOB Ha cTaHkax ¢ UITY.

IpakTnyeckass 3HAYUMOCTD. [[oHIDKEH YpOBEHb Tpe-
OoBaHMi K KBaM(HKALMK pa3pabOTUMKa YIIPABISIOIIEH
MIPOrpaMMBI OT YPOBHS MHXKEHEpa-TIPOrpaMMHCTa JI0 YPOB-
Hs omeparopa ctanka ¢ YITY. Pa3paboranHas mMakpompo-
rpamMMa TI03BOJISIET KKIOMY OIepaTopy TOKapHOTO CTaHKa
¢ UIIY camocrositenbHO, 0e3 y4acTust MHXeHepa-TIpor-
paMMHuCTa COCTaBJIATH IPOTPaMMBI  KOMOHMHHPOBAHHOTO
MHOTOIIPOXO/THOTO Hape3aHHs] BUTKOB IMJIMHIPUYECKOTO
yepBsika. [IpeuioKeHHbIH MOIXOA HMMEET CYIIECTBEHHOE
3HaYCHHUE IS TIPENNPHUATHI Maloro M cpenHero Om3Heca, B
TOM YFHCIIE JUTS IPEIIPHSATHI TOPHOTO MAIIMHOCTPOSHUSI.

Kniwoueevie cnosa. yununopuyeckas uepssiyHas nepe-
oaua, CADICAM-cucmemvt, moxapmuvie cmanku ¢ IV,
VAPAGIAIOWAs NPOSPAMMA, MAKPONPOSPAMMA

Pexomenoosano 0o nybnixayii 0oxm. mexH. HAyK
P.I1. Jliouxom. [lama naoxooxcenus pykonucy 08.10.13.
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