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JOINT MACHINING: HARD TURNING AND GRINDING

Abstract. The manufacturing of increasingly complex components and, at the same time, production of
parts of superior quality is a growing trend in industry today. This tendency is realized through
advanced machining processes that take advantage of the capabilities of the new machine tools, the
properties of cutting tools and the advancements in control and CAD/CAM/CAE systems available
today. However, productivity is important and it is not always possible to reduce machining times,
while difficult-to-cut materials, successive processes and tool replacements hinder the desired goal.
However, ready-machining of the components is a feasible way to achieve the aforementioned
requirements. A possibility for this is machining the workpieces on one machine tool, with only one
clamping. The fulfilment of the processing and finishing of parts with one clamping and the application
of several processes, i.e. hard turning and grinding, in one machine tool is called joint or combined
machining. There are several advantages to this arrangement in manufacturing processes, which are
discussed in this paper.
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1. INTRODUCTION

The idea behind joint machining involves the integration of hard turning and
grinding. Hard turning is characterized by efficient material removal and flexibility,
while grinding can offer unsurpassed surface quality to the finished product. The
concept lies in exploiting, on one hand, the high material removal ability and the
flexibility of hard turning and, on the other, the advantages of the reliability and the
high quality of grinding. Other manufacturing processes such as boring or honing
can be included in the scheme [1]. However, in order to have a beneficial set-up,
all this has to be carried out with only one clamping of the workpiece.

Grinding has been the finishing process for almost all high-end industrial
products for a long time; the finishing of hardened materials implied exclusive use
of grinding wheels, as there were no other cutting tools suitable for such a task.
However, some grinding processes, e.g. internal grinding, can be very slow, due to
the allowance in the range of pum that is to be removed at each pass. As an
alternative, boring can perform the same task faster. In order to attain the same
quality requirements, however, new materials for cutting tools had to be developed.
The main developments in cutting technology include coated tool materials that
offer the opportunity to fine tune the cutting tool to the material being machined
and superhard cutting tool materials that are suitable for cutting components of the
highest hardness.
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Furthermore, machining accuracies down to 10 um can now be achieved for
conventional cutting processes and dry or near dry cutting is finding widespread
application [2, 3, 4].

Indeed, new advanced hard tools, such as cubic boron nitride (CBN), reached
the phase of industrial application at the end of the previous century. Since then,
many improvements on these materials and tools with CBN have been introduced
and productivity of the processes has dramatically increased — by four to five times
or even higher — maintaining at the same time the accuracy and surface quality in
terms of surface roughness obtained by grinding. Among the advantages of hard
turning are higher rigidity, high thermal stability, minimal use of cutting fluids and
quick workpiece clamping.

Nevertheless, the complete substitution of grinding with hard turning is not
without problems. First of all, turning operations leave a distinct pattern of cutting
marks on the finished workpiece; a thread-like regularly repeating line that creates
a non-desired topography on the surface. This periodic topography, depending on
the feed and depth-of-cut applied in the process, can be at the microscopic scale
and invisible to naked eye, but it is disadvantageous where sealing surfaces,
connecting surfaces and fixed junctions are involved [5]. In grinding, however, a
random topography is created, due to the cutting action of the grains on the
grinding wheels, and the problem is diminished. Although the two manufacturing
processes can provide the same roughness, the functionality of the finished surface
is different in each case. Another problem that hinders the substitution of grinding
with hard turning is connected to tool life. The wear of CBN inserts is difficult to
assess and depends on many factors. There are several studies that are connected
with this issue, see [6]; however, it can be stated that the process safety of hard
turning, in terms of accurately predicting CBN insert wear, is worse than that of
grinding.

The advantage of changing from manufacturing on different machine tools to
joint machining is without doubt the remarkable reduction in the lead time and the
drastic shortening of the production chain. In cylindrical components or shapes of
bodies of revolution, the clamping errors from consecutive centring are completely
eliminated; thus, axisymmetric bodies, for instance, can be processed with different
processes, with the same defining position, without the possibility of clamping
errors. Furthermore, errors from repeated clamping and errors from positioning the
distance measuring systems after each clamping are also removed [7].

2. FEASIBILITY OF HARD CUTTING REPLACING GRINDING

In industry today, one can often encounter the machining of hardened
surfaces. In general, in order to improve the reliability of products, the durability of
parts must be also increased. The latter can be accomplished either by the
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formation of ever harder surfaces and/or a higher number of hard surfaces. Due to
the fact that finish machining is connected to high costs, making machining more
economical is associated with improvement of the technological parameters, i.e.
tools and machine tools, the techniques of finish machining, and the reduction of
the amount of machining time and number of processes. Grinding is a well-
established and theoretically supported manufacturing process; therefore,
replacement it requires careful examination. Several significant factors strongly
connected to the performance of the process need to be examined: quality,
flexibility, economy and ecology. A prominent trend in investigations is the
examination of the cutting capability of hardened steels with hard tools. In Figure 1
an overview of hard-turning performance in connection to IT (ISO tolerance) and
roughness (values of Rz) is presented [8]. The trend is moving towards lower Rz
values and more demanding 1SO classes; it is now possible to obtain 1T3 at Rz
values below 1 um.

10
1
Hmr :
s : Rough hard turning
1
N - I e -
(1’4 I
2 6F !
Q
c B I
-
2 ! |
g 4r High precision| 1......
hard turning | |
_____——Realisable under
_DEV§'°P"‘;I % _____ specific conditions
trends
0 1 1 1 1 1 1
0 2 4 6 8 10 12 14

IT (ISO tolerance)

Figure 1 — Roughness Rz versus IT class in hard turning [6]

In previous works the authors have carried out experimental and theoretical
research the comparing hard boring and internal grinding [9, 10]. The results
clearly exhibit that hard boring can be applied for precision machining of internal
cylindrical surfaces, i.e. bore holes, offering important advantages in the machining
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of parts with the examined geometry. Hard cutting is a suitable alternative to
grinding operations, when economy, ecology, flexibility and quality are considered.

Regarding the economic aspects of the operation, material removal and
surface rate in bore machining is better when applying hard turning than grinding;
in hard boring the machining times decrease significantly in the case of the disc-
type parts with a bore hole examined so far [9]. From an environmental point of
view, hard cutting is more advantageous compared to grinding, as no cutting fluid
is required [10]. One of the main benefits of hard turning over grinding is its high
flexibility and the ability to machine complex workpiece geometry at one setting.
This is true especially in the machining of parts that have many short surfaces of
various forms and where both external and internal surfaces are to be machined. In
the case of bore holes, where the plane and cone surfaces of the gears are to be
machined, the advantages of hard turning continue to increase. Finally, the
specified accuracy and roughness requirements for the parts’ surfaces can be
achieved through hard turning.

When machining with a single point tool, tool wear may cause problems
affecting stability of the process, accuracy and rigidity. Moreover, process
kinematics create scroll-forming on the machined surface, which needs to be
eliminated for certain applications; in these cases the application of grinding is
unavoidable. Of course, by modifying the turning kinematics, the periodical
topography of the surface can be altered. However, this only partially resolves the
problem [11].

3. APPLICATION OF JOINT MACHINING

As hard turning and grinding have certain advantages and disadvantages, a
suitable combination of them allows most of the disadvantages to be avoided [12].
By application of joint machining, supplementary times decrease, machining
efficiency increases and surface quality improves. In order to demonstrate these
benefits an experimental study with three different machining strategies is carried
out and the results are analysed. As a case study, the machining of a gear wheel is
selected. The first strategy (Fig. 2a) is hard turning of the face and bore; the second
(Fig. 2b) is bore grinding; and the third (Fig. 2c) is the combination of these: hard
turning of the face, bore and cone, then bore and cone grinding, with all activities
carried out in a single clamping.

In the third version, the workpiece is machined in one clamping on one
machine tool, namely EMAG VSC 400 DDS; the aim is not to replace one process
by another but for them to complement each other in an optimal way. To ensure the
prescribed topography of the finished surface and exploit the high capacity of
material removal achieved by hard turning, grinding is performed after hard
turning. In other words, a traditional machining chain is applied. This way
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transportation, storage and clamping time are dramatically reduced, positioning
errors are diminished and coolant is applied only at the grinding stage, thus it is
minimized. Performing the two processes on one machine tool and in one clamping
reduces grinding allowance to its minimum, which is significant, especially in
grinding high length bores.
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Figure 2 — Material removal by (a) hard turning, (b) grinding and (c) joint machining

4. RESULTS AND DISCUSSION

After applying the three different machining strategies the geometrical
accuracy of the bores of the gears was measured. After finishing, it was found that
joint machining provides tolerance IT5, as can be seen in Figure 3.

In Figure 3 roundness and cylindricity are compared. In addition, the micro
profiles of the three machined surfaces were analyzed. The Abbott-Firestone
curves were plotted; from their agreement of their shape with the shape of the
normal distribution function, conclusions can be drawn about the randomness of
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the topography (Fig. 4). The joint procedure was found to be the closest of the
three. That is why it can be stated that the topography of the surface machined by
the joint procedure was proved to best fit to the working specifications for the
machined surface in this comparison.
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Figure 3 — Roundness and cylindricity measured for the three different cases
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Figure 4 — 3D topography of finished surfaces

5. SUMMARY

In this paper, advantages and disadvantages of removing material from
metallic parts by hard turning or by grinding were studied. A third alternative was
also examined: joint machining, namely the removal of bulk material with hard
turning and finishing with grinding, with one clamping of the workpiece. A
comparative analysis of the three procedures was carried out in a case study,
analysing the accuracy and 3D surface roughness of the machine surfacesto
identify the random features of the topography. It was concluded that joint
machining can achieve the same levels of accuracy as grinding and at the same
time provide a surface topography of the finished workpieces that meets the
working specifications.
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Snowm Kynnpak, Bikrop Monbaap, Mimikoinsli, YropuiuHa,
Anrenoc P. Mapkonynoc, Adinu, ['penis

HOEJHAHA OBPOBKA: YACTOBE TOYIHHSA TA HIJIIITY BAHHSA

AHoTauis. Bupobruymeo 6ce Ginbut CKIAOHUX KOMNOHEHMIE I, 6 MOl Jice Uac, BUpOOHUYMBO demaliell
suwoi’ Akocmi - 3pocmaroya meHOeHyiss 6 2anysi. Lls menoenyia peanizyemvcs 3a60aKU YCRIUHOMY
npoyecy 006poOKu, WO BUKOPUCIIOBYE MONCIUBOCHI HOBO2O —YCIMAMKYSAHHS, — GIACMUBOCHIEN
iHcmpymenmig i docsiehenb 6 obnacmi ynpaeninus a makoxc CAD / CAM / CAE, docmynHux cb0200Hi.
OOHAK NPOOYKMUBHICMb 8AXNCIUEA, | He 3A8HCOU MONMCIUBO CKOPOMUMU 4dc 0OpOOKU, a came MAaxi
Gakmopu, sk 8axickoobpobNI0eani mamepianu, OesKi NOCHIO06HI NPOYecu ma 3MIHU [HCIPYMEHN,
3aeaicaioms docsaenenHio basxcanux pezynomamis. OOHaK CRilbHA Mexaniuna 0OpoodKa KOMNOHEHMIs ¢
MONCIUBUM CROCOOOM OOCACHEHHS BUfe BKA3AHUX 6umoe. [ia Yb0o2o ICHye Moxcaugicms 006pobKu
3a20MOB80K HA OOHOMY epcmami 3 OOHI€l ycmanosKu. Buxkonawus uopHo60i i uucmogoi o6podku
Odemanneii 3 OOHUM 3AACUMOM I 3ACMOCYBANHS OEKITbKOX Npoyecis, modmo moyHoi moxapnoi 06pooxu i
wighysanns Ha OOHOMY Gepcmami, sIKe HA3UBAEMbCs CRIIbHOIO ab6o Kom6iHo8anoio 0bpobroio. €
KinbKa nepesaz yiei cninbHoCmi 6 UpoOHUUUX npoyecax, AKi | 006eoeopioomsca 8 yiil cmammi. Y ybomy
docnidoicenni Oynu 6ugueni nepesacu i HeOONKU GUOANEHHS MAMePIanry 3 Memanesux 3az0mogoxK
WAXOM MOUIHHA a60 uinighysants. Byno makosc posenanymo mpemitl 6apianm: NOEOHAHA MEXAHIYHA
00pobka, a came uoanexuss 06poONIEAH020 Mamepiany 3a ONOMO20I0 MOYHO20 MOYIHHA | YuUcmose
winighysanns 3 oouici yemanosxu 3aeomosxu. Ilopignsanvhuii ananiz mpbox npoyedyp 6y6 nposeoenuii 6
MmemMamuyHOMy OOCNIONHCEHH I, AHANIZVIOUU MOYHICIb | MPUBUMIPHY WOPCMKICMb 00pOOIeHOT nosepxHi,
wob euasumu 8uUNaokosi ocodoausocmi monoepagii. bys 3pobaeHull BUCHOBOK, WO NOEOHAHA 0OPOOKA
Modice docseamu mux dice PieHi6 MOYHOCI, Wo 1 OKpeMo winighysans, i @ moii dice yac 3abesnewysamu
MiKpopenvegh nogepxti 2comosux demainetl, AKUll 8I0NOBIOAE pOOOYUM BUMOAM.

KurouoBi ciioBa: yucmose mouinms;, winipysanna; 2ibpuona o6pobxa; eghexmusHicmo 00poOKu;
WOPCMKICIb NOBEPXHI; OKPY2ICMb, YUNTHOPUYHICI.
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