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AHAJIN3 CPABHEHUS MATEMATHYECKOM U KOMITBIOTEPHOI MO/IEJIEN
P UCCJEJOBAHUA YCTOMUYNUBOCTH BAIIEHHBIX KPAHOB

B cmamve npusedenvl pe3yibmamul UCcie008anus yCmoudugocmu OAuIeHH020 KpaHa 80
8peMsi IKCNILyamayuul ¢ y4emom 61usHus Hazpy30K Ha onopul. IIpusedenuvl pe3yibmamsl CPAGHEHUS.
pacnpeoenenusi Hazpy30K HA ONOPbl KPAHA, ONpeOeNéHHbIX 8 pe3yibmame Mamemamuieckoeo u
KOMNbIOMEPHO20 MOOCTUPOBAHUSL NPU NOBOPOME U NOObEME CIPEbL.

Knrwoueevie cnosa. Hccneoosanue, OawieHHbll KpaH, YCMOUYUBOCMb, pACnpeoeieHue
Ha2py30K, MAmMeMamuyeckas MoOeb, KOMNbIOMEPHAst MOOelb, A0eK8AMHOCHb.

Krupko V., Ilvanenko O.,Shcherbak O.

ANALYSIS OF THE COMPARISON OF MATHEMATICAL AND COMPUTER MODELS
IN STUDYING THE STABILITY OF TOWER CRANES

The article presents the results of the tower crane stability study during the operation taking
into account the influence of loads on the supports. The results of comparing the distribution of loads
on the crane support determined as a result of mathematical and computer simulation during the
rotation and lifting of the boom are given.

Keywords. Research, tower crane, stability, load distribution, mathematical model, computer
model, adequacy.
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THE DEVICE FOR ROTARY BROACHING OF BLIND POLYHEDRAL HOLES

The paper deals with the actual problem of obtaining polyhedral blind holes in a single
production environment. This problem is especially relevant when performing repair work in
machine-building production. The biggest problem is that obtaining multi-faceted holes using special
drills as a tool is associated with large efforts that arise during the processing process. . As a result
of the analysis of research on this issue, some shortcomings were identified that greatly complicate
the implementation of this method for obtaining faceted holes. Namely, processing with an additional
rocking motion requires special equipment, which in turn is not economically justified. A tool is
proposed-a device that will allow using conventional lathes, drilling or milling machines to obtain
the necessary hole profile. At the same time, the processing performance is significantly increased,
and the effort is reduced. The resource of the tool increases, since during processing not the entire
cutting edge is involved in the work. Recommendations on the choice of optimal processing modes
for soft materials are presented. There is also a clear economic effect.

Keywords. Polyhedral hole, force, back surface, processing, productivity, tool-fixture, rolling.

Problem statement. Currently, the problem facing the metallurgical, machine-building or
shipbuilding industry is the prompt execution of repair work, which will avoid forced downtime and

58



Hayka Ta BUpOGHHUIITBO

2023 p. Bun. 25
MamuHoOy1yBaHHs i 3BaploBajibHe BUPOOHHLTBO

economic losses. Repair work is most often associated with the restoration of expensive and difficult-
to-manufacture parts, but sometimes this is not enough and new parts have to be manufactured. In
this regard, the availability of the necessary equipment simplifies this process, but the repair shop
does not always have a full arsenal of special equipment and tools that would solve the problem
quickly and efficiently. Most often, difficulties arise with the processing of mounting holes (which
are blind holes of a multifaceted shape) in products. Multifaceted turnkey holes in the heads of
fasteners for mechanical engineering, shipbuilding, etc. are made according to 11, 12 and 14 accuracy
standards. These holes are most expediently obtained by plastic deformation methods. But the
availability of such equipment is not always economically justified in the conditions of a single
production. At the moment, the production of such holes in small-scale production is carried out using
a broaching tool or using electrical discharge machining. All this leads to an increase in the cost of
repair work, sometimes even 5-7 times.

Analysis of recent research and publications. It is known that multifaceted holes can be
obtained using triangular and pentagonal drills. However, this method requires the use of an
additional device and considerable effort.

Also, to obtain multifaceted blind holes, firmware is used, additionally giving the tool a
rocking motion.

It was shown in [1, 2] that giving the piercing a rocking motion along a circular cone with
the apex of the cone in the center of the pierced hole, compared to piercing on presses, reduces the
piercing force many times over. Relatively low axial forces, which make it possible to perform the
operation of forming a faceted hole on metal-cutting machines of the turning, milling or drilling
groups, since the piercing force is within the limits of the allowable feed mechanisms for these
machines.

The kinematics of any metal-cutting machine does not provide for the possibility of oscillating
movement of the tool or workpiece. Special devices that convert the rotational movement of the
spindle into the rocking movement of the tool are quite complex. It is proposed to implement not an
absolute, but a relative rocking motion due to the joint rotation of the tool and the workpiece with an
angular mismatch between the axes of the hole and the tool (Fig. 1) [1]. Synchronization of rotation
frequencies is easiest to implement by self-rotation of one of the pairs, i.e. either the firmware rotates
the workpiece in the fixture (for machines of the milling and drilling groups) or the workpiece rotates
the firmware in the fixture (for machines of the turning group). The design of devices for self-rotation
is not complicated. For turning operations, it is even possible to implement the swing stitching method
without any fixtures at all. The piercing, the shank of which has a center hole, is guided into the pre-
drilled workpiece by the rotating center of the tailstock, which is offset relative to the line of machine
centers, which ensures the angular mismatch between the axis of the hole and the piercing and relative
rocking motion.

When implementing this process, it is mandatory to have a positive clearance angle o greater
than the swing angle of the tool, a non-zero rake angle y leads to the fact that both the cutting edge
itself and its end projection will have deviations of the sides of the cutting edge from straightness. To
eliminate this error, it is customary to use a tool with a zero rake angle y=0°. An additional advantage
of zero rake piercing is the high strength of the cutting wedge, as well as the ease of sharpening and
resharpening of the tool.
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Picture 1 — Scheme of implementation of the principle of relative rocking
stitching movement due to the joint rotation of the tool and
workpieces with angular mismatch of their axes

This method also makes it possible to increase processing productivity due to the
concentration of operations, when a multifaceted hole is formed from a pre-drilled cylindrical hole
on metal-cutting machines that form the part itself. The additional rocking movement along the cone
with the tip of the cone in the center of the hole to be machined, compared to stitching on presses,
can significantly reduce the processing force. Relatively small axial forces make it possible to perform
the operation of forming a multifaceted hole on metal-cutting machines of a turning, milling or
drilling group, since the processing force is within the limits allowed for the feed mechanisms of these
machines.

However, metalworking machines do not allow for the oscillating movement of a tool or
workpiece. Therefore, there is a need to use a special device that converts the rotational movement of
the spindle into the rocking movement of the tool, which is difficult to implement.

Also, in scientific spaces, it is proposed to implement not absolute, but relative rocking motion
due to the joint rotation of the tool and workpiece with an angular mismatch between the axes of the
hole and the tool. However, this method is not universal either, since in order to implement the method
of using the oscillating motion, it is necessary to take into account the kinematics of the existing
machine, it is difficult to draw a clear dependence for choosing a method for minimizing the axial
piercing force. . Difficulties also arise with the correct choice of rational processing modes and
geometrical parameters of the tool, depending on the required hole quality parameters and the
technological capabilities of the metal-cutting equipment used.

Goal (task) research.. Thus, the task was set: to make it possible with the help of self-made
machines with a rotating working body (turning, milling, drilling) and, without resorting to such an
expensive tool, to obtain multifaceted blind and through holes in fasteners in production.

Main text. We propose to use the existing kinematics of machine tools to design a tool that
will allow the tool axis to be shifted relative to the main axis of the machine tool in the tool itself,
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which will significantly increase productivity, eliminate the use of additional devices, which in turn
will reduce the estimated cost of repair work.
4
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1 - tool spindle centerline, 2 - insert centerline, 3 - insert, 4 - tool spindle, 5 - tail section

Picture 2 — Tool-device for processing polyhedral holes
Author's development

The tool-device is a cylindrical body, inside of which a spindle 4 is installed (Fig. 2). During
rotation, the spindle axis performs orbital movements relative to the axis of the device shank. The
spindle of the device has a mounting hole for attaching the insert 3. The shank is welded to the body.
Shanks are manufactured in accordance with all major tool standards; Morse taper, Weldon, flat
cylinder, etc.

Insert 3 (Fig. 2) is made of hardened tool steel, the working part is a prism, the cross section
of which repeats the shape of the hole to be obtained. The rear surface of the insert is made with a
negative clearance angle, which reduces the effect of friction forces of the rear surface of the insert
with the surface of the hole being machined. Re-filling on the front surface is possible.

Picture 3 — Processing a hole with a tool fixture on a lathe
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Description of the process. A shaped multifaceted hole is machined on a lathe. The device
with the insert fixed in it is installed in the trunnion of the tailstock of the machine. A cylindrical
workpiece with a pre-prepared hole is installed in the lathe chuck. The workpiece is subjected to
rotational motion. Insert for 3 moves along the guides of the machine until it touches the prepared
hole in the workpiece. Under the action of friction forces, the insert begins to rotate together with the
workpiece, in parallel with this, the tailstock pin extends to the required depth.

Insert 3 in fixture 4 is installed with a slight inclination relative to the axis of rotation of the
workpiece, which causes the insert to move along an orbital trajectory.

As a result of the addition of all movements, it turns out that the cutting edge of the plate does
not participate in the work all at the same time, but only part of it, which is constantly changing. Thus,
we obtain a significant reduction in cutting force, which makes it possible to carry out the process of
piercing faceted holes not on specialized presses, but on universal metal-cutting equipment, including
CNC machines. The chips formed during the cutting process remain inside, filling the volume of a
part of the preliminary hole, which is drilled slightly deeper than the piercing depth.

This process is carried out at sufficiently high spindle speeds within 1500-3000 rpm, the
number of revolutions during this process does not affect the cutting speed, when the tool enters the
hole, it is recommended to reduce the number of revolutions, when outputting the firmware, the
revolutions must be reduced or stopped.

Optimal feed rates are between 0.03-0.06 mm/rev, depending on the material being processed.
With this method, cutting forces are reduced by approximately 80% of the traditional; it is
recommended to form a chamfer of 60°-90° in the inlet hole; the depth of the preliminary hole is 1.3-
1.5 relative to the depth of the firmware; during processing, it is recommended to use for cooling the
emulsion or oil.

CONCLUSION AND CONCLUSIONS

Thus, with the help of this tool-device, it is possible to refine with significantly reduced cutting
forces, which will allow processing multifaceted holes not on specialized presses, but on universal
metal-cutting equipment, including CNC machines. The chips formed during the cutting process
remain inside, filling the volume of that part of the preliminary hole, which is drilled a little deeper
than the required hole depth.
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YCTPOMCTBO AJIS1 POTALIMOHHOI'O JOJIBJEHUS ITYXUX MHOT'OT'PAHHBIX
OTBEPCTUU

Paccmompena akmyanvuas 3a0aua noayueHuss MHO202PAHHBIX 2JIYXUX OMEEPCmull 8 eOUHOU
npouszeoocmeennoli cpede. (OcobeHHO aKmMyanbHO NpU BbINOJIHEHUU PEMOHMHBIX pabom 8
MawuHocmpoumenvHom npouzgoocmee. Camas Oonvuias npobrema 3aKioyaemcsi 6 mom, 4mo
NOLyYeHUe MHO20ZPAHHBIX OMEEPCMUlLL C UCNONIb308AHUEM 8 Kauecmee UHCPYMeHma CReyudibHblX
C8EpNL CBA3AHO C OONBUUMU VCUTUAMU, BOZHUKAIOWUMU 6 npoyecce obpabomku. Buiseneno 6
pesyivmame aHaIU3a UCCIe008aHUll N0 OAHHOMY BONPOCY HEKOMOpble HeOOCMAMKU, 3HAYUMENbHO
VCILOJCHAIOWUE Peanu3ayuio OAHH020 Memooa NOLYYeHUsT MHO2OZPAHHbIX omeepcmuil. A uMeHHo,
00pabomxa ¢ OONOIHUMENbHBIM KAYAMeNbHbIM 08UdICeHUeM mpedyem CReyuaibHo20 000py008aHusl,
Ymo 6 C6010 ouepedb IKOHOMUYECKU He onpasdano. IIpednoscen uncmpymenm-ycmpoucmeo,
KOMOpoe No360/18em ¢ NOMOWbI0 OObIYHBIX MOKAPHBIX, CEEPIULLHBIX UIU (PPe3epHbIX CMAHKOS
nOAYYUmMs HeobXooumbslli npoguns omeepcmus. Ilpu 3mom npouzeooumenvHocmsb 00paboOmKu
3HAYUMETLHO NOBLIULAEMCL, A MPYO0eMKOCHb CHUNcaemcs. Pecypc uncmpymenma yeenuuusaemcs,
maxk Kak npu obpabomke 6 pabomy 606ieKaemcs He 6cs pexcyuwas kpomka. IIpedcmasnenvl
PEKOMeHIayUuU no 8b160PY ONMUMATLHBIX PEHCUMOB 0OPAOOMKU MACKUX Mamepuanos. Ecmb u seHblil
IKOHOMUYEeCKUll 3¢hghexm.

Knwuesvie cnosa. Muozoepannoe omeepcmue, ycunue, 3a0Hsisi NOBEPXHOCMb, 00pabomka,
nPoU3800UMENbHOCIb, UHCIMPYMEHM-NPUCNOCODIeHUe, NPOKAMKA.

Manoilov O. V., Kudinova K. V.

MPUCTPIA JJI POTAIIMHOIO TOBBAHHSA I''TYXUX BATATOTPAHHUX
OTBOPIB

Posensinymo axmyanvhe 3a60anHs OMPUMAanHs 6a2amoepanHux 2iyXux omeopié y €OUHOMY
supoonuuomy cepedosuwi. OcobIU80 aKmyaibHO Ni0 4AC BUKOHAHHA DEMOHMHUX poOim Y
MawunobyoigHomy eupobHuymei. Haulbinewia npobrema nonseae 6 momy, WO OMPUMAHHSL
bazamozpaHHux omeopie 3 BUKOPUCMAHHAM IHCMPYMEHM) CHeyialbHUux ceepoiié nos'szame 3
BENUKUMU 3YCUTIAMU, WO BUHUKAIOMb 6 npoyeci 06poOKu. Buseieno 6 pezynrbmami ananizy
00CNIOIHCEHb 3 Y020 NUMAHHS 0esIKI HeOOIKU, SIKI 3HAYHO YCKAAOHIOIOMb Peanizayito 0aH020 Memooy
ompumanHs bazamocpaHuux omeopis. A came, 00pobKa 3 000AMKOBUM DPYXOM DPYXY BGUMASAE
cneyianbHo20 O00NAOHAHHA, WO 6 CB0I0 Uepey eKOHOMIYHO He GUNpasoano. 3anponoHo8aHo
IHCMpYMeHm-IPUCmpii, AKUL 0036018€ 3a OONOMO2010 36UHAUHUX MOKAPHUX, CEEPOTUNLHUX YU
@pesepnux eepcmamise ompumamu HeoOXIOHUU npoine omeopy. VY yvomy npoOyKmuHicmv
00poOKU  3HaAUHO NiOBUWYEMbCA, a mpyoomicmKicms  3uHunicyemucs. Pecypc incmpymenmy
30iIbULYEMBCS, MOMY WO Nnpu 06pobyi 6 pobomy emscyemuvcs He 6ca Kpauka. Hasedeno
peKomeHOayii wooo UOOPY ONMUMATILHUX PedcuUMie 00pooKu m'akux mamepianis. € i 0ue8UOHUL
eKOHOMIUHULL egheKxm.

Knwuoei cnoea. bacamozcpannuii  omeip, 3ycuiii, 3a0HA  NOBEpXHs, 00OpooKa,
NPOOYKMUBHICb, IHCMPYMEHM-NPUCMOCYBAHHS, NPOKAMKA.
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