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STUDY OF THE GEOMETRY OF GRINDING MACHINES
USED FOR LARGE SCALE CRANKSHAFT MACHINING

Abstract. In the paper, grinding process control problems that occur during the marine diesel
engine crankshaft production are addressed. The large size crankshafts have a length of up to 12 m
and weigh up to 25 tons, but the final grinding allowance for the diameter is ca. 0.3-0.4 mm. To
achieve this, very high accuracy of the mechanical parts of the grinding machine is necessary. The
study focused on the measurement of parameters such as level, linearity, parallelism, runout and
coaxiality of the respective mechanical parts of the grinding machine. Based on the results, some
recommendations were made on the inspection procedure in order to ensure a consisted quality of
the produced crankshafts. The obtained roughness parameters after grinding were found highly
satisfactory, allowing effective polishing afterwards.
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1. INTRODUCTION

The crankshaft is a crucial element of the marine engine, and special
standards prescribe how they must be projected, e.g. the one issued by PRS
Executive Board [1]. Its failure may threaten the life of the shipboard personnel
and passengers, so there is a need to continually improve the technology, quality
control, and the inspection of the machine tools’ performance. Nowadays, there
are three main technologies for large marine diesel engine crankshaft fabrication,
which produce assembled crankshafts, semi-built crankshafts and fully forged
ones [2]. The first two technologies have crankshaft parts that joined together
with the shrink-fitting method [3]. A critical step in the manufacture of forged
crankshafts is the grinding of its sidewalls by applying several strategies, e.g.
axial plunge grinding, axial face grinding, and multi-step axial face grinding [4].
The rising demands on quality also force the improvement of grinding
performance and are driving the development of machines for grinding [5].
Grinding parameters have direct impact on the integrity of machined surfaces
and their characteristics, such as residual stresses, surface roughness and
dimensional stability [6]. Improper grinding was reported to be a source of
misalignments in journals, high stress concentration, and high surface roughness
[7]. Shen et al. [8] examined the elastic  deformations of the large size
crankshafts generated by grinding
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process, while Torims et al. [9] analyzed the influence of grinding parameters on
the surface texture formation in the reparation process of marine diesel engine
crankshafts. Hashimoto et al. pointed out that the improvements aimed to
achieve fuel efficiency raise additional demands on the superfinishing of the
crankshafts [10]. Importance of the cooling conditions was analyzed by Maruda
et al. [11]. Tian et al. [12] proposed a portable power monitoring system for
grinding process.

The customer sets very high demands on the surface topography with
Ra < 0.3 um, which is almost impossible to obtain with the grinding technology.
Therefore, hand polishing is applied after grinding. Typically achievable Ra
parameters after grinding are between 0.5 and 1.4 pum, while after polishing it
lays between 0.1 and 0.3 pm [13]. However, hand polishing has very limited
impact on the surface, so the grinding process has to prepare the surface as
efficiently as possible. The study below is dedicated to the grinding process of
the crankshaft machining, as well as the inspection procedures aimed to control
the performance of the grinding machine.

2. MATERIALS AND METHODS

Grinding is one of the final machining processes of the crankshaft
fabrication. Main journals and cranks obtain the dimensions close to the upper
tolerance, so that the surface can be finished by hand (lapping and polishing
procedures). The examined grinding process was performed with a grinder
DB12500 type (Figure 1) equipped with the control system Sinumerik 840D,
measurement  system MARPOSS and eccentric machining system
PENDULUM.

@ (b)

Figure 1 — The grinding machine DB12500 type:
(a) overall view; (b) the crankshaft ready for being grinded
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The grinding tool was the disc-type grinding wheel MOLEMAB B126-
100639 S.630090 shown in the Figure 2. Its diameter was 62000 mm, and width
B = 140 mm, and it was covered with the cubic-form boron nitride (c-BN). The
use of large-diameter grinding wheels with abrasives of the highest hardness
(diamond, cubic boron nitride) in various tasks of precise shaping makes it
possible to carry out preliminary and final grinding of operationally responsible
external surfaces in one processing cycle, due to the increased durability of the
tool in the technologically correctly built cycle, for example, when grinding rolls
of rolling mills after surfacing with wear-resistant wire material [14]. The
maximal cutting velocity and rotational speed were Vma = 50 m/s and Nmax =
473 rpm, respectively.

@ (b)

Figure 2 — The grinding wheel MOLEMAB B126-100639 S.630090 type:
(a) overall view; (b) during the operation

Like in any machining technology, the final surface quality was dependent
on the geometry and performance of the “machine — tool — workpiece” system.
For any type of fabricated crankshaft, the grinding operations sequence has been
assumed to be the same, namely, the main journals were to be grinded first (main
axis of the crankshaft), so the final dimensions were achieved, and then the
crank-pins were grinded. In general, the grinding process can be described as
follows:

e  The grinding allowances of the diameter were ca. 1 mm, maximally up to
1.5 mm. It was more desirable to leave larger allowances on the crank-pins,
in order to avoid the increased uncertainty when the angle of the reference
crank-pin was measured.
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e  After initial grinding of all the main journals, the fine grinding was
initiated.

e  The allowance for the fine grinding was ca. 0.3-0.4 mm on diameter.

e  Supporting tailstocks are always put down under the grinded main journal.
After grinding, the journal is again supported, and the position of the
crankshaft is corrected on the base of flexometer indications.

e  High pressure washing of the grinding disc after each operation is
performed in order to prolong durability of the tool.

The above procedure is presented schematically in Figure 3. It is crucial that,
after the initial grinding of all the main journals, MAROPSS device
measurements are processed by and form corrections are performed, so that final
grinding commences only after the main axis accuracy is assured.
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‘ DBI200 “ “ |

Crankshaft fixed in [ ‘.
[ MARPOSS - ‘
| Crankshaft positioned | [ form correction |

I Initial grinding of the journals I

l Final grinding of the journals [

| Initial grinding of the crank-pins |-

Final grinding of the crank-pins <

Figure 3 — Crankshaft grinding procedure

The grinding machine DB12500 is equipped with the measurement system
MARPOSS, which consists of three main units:
e  Automatic system MARPOSS WHEEL BALANCING designed to
continually supervise the balance of the grinding disc while it is in motion.
e  The main measurement system MARPOSS POST-PROCESS designed to
measure form deviations of the main journals and crank-pins. The unit has
three supporting points and the specially constructed arm, FENAR-L,
which enables the measurement of both main journals and crank-pins. The
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sensor collects 3600 points per rotation and is synchronized with the
control system SINUMERIK 840D. The measured values are averaged
down to 360 points using one of the delivered algorithms. These points are
the basis for the form compensation table correlated with the angle position
of the measured pivot. The form correction is performed using the
perpendicular support with defined virtual axis. Resolution of the device is

0.001 mm.

e  Thethird unitisa MARPOSS MONITORING equipped with the ultrasonic
microphones. It is designed to monitor the slot between grinding disc and
grinded material (the GAP function) in order to control the contact between
the tool and the ground material.

In order to maintain the consistent performance of the grinding machine, it
was checked regularly with additional devices. Figure 4 presents the electronic
level LEO51 type produced by MICROPLAN. It is equipped with a
digital/analog display, and its internal mechanism is submerged in an oil-bath
box. Achievable sensitivity of the level LE0O51 is 1 um/m or 0.2 second of arc. It
has 5 measuring scales providing resolutions from 250 pm/m per division down
to 1 pum/m per division. The data can be transferred to a PC through the serial
connections RS-232.

C

Figure 4 — The electronic level LE051 type

211



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexnono2iunux cucmemax, 2019, sunyck 91

Linearity of the bed with the fixed headstocks of the grinding machine was
inspected using the collimator device with a string and measuring magnifier,
presented in Figure 5.

Figure 5 — The linearity measurement of the bed:
(a) overall scheme; (b) measuring magnifier

Moreover, the parallelism of the bed with fixed headstocks and the support
was inspected. In the measurement, the electronic dial gauges (produced by
Kordt) were used, with a resolution of 0.001 mm. They were placed on the
grinding machine support and bed as illustrated in Figure 6.

Figure 6 — The parallelism measurement:
(a) view from the top; (b) side view
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Similar electronic dial gauges were used in the measurement of the
grinding disc runout as well as of the fixed headstocks. In the latter case, both
radial and axial runout was measured. Additionally, the following parameters
were inspected:

e  parallelism between the axes of the disc cone during the headstock
movement,

e  distance between the vertical positions of the disc and headstock axes,

e runout of the disc cone,

e and the coaxiality of the fixed headstocks.

Since the roughness of the crankshaft surface is a very important parameter
obtained after grinding, it was also measured. On-machine and in-process
surface metrology is important for quality control in manufacturing of precision
surfaces [15].

According to the documentation, the main journals must have a very
smooth surface with Ra < 0.3 um, so the grinding prepares the surface leaving
only little deformation that can easily be removed during polishing. After
grinding, the Ra parameter was measured with the portable surface roughness
tester Surftest SJ-201P. It was chosen because of the obvious difficulty with
applying the stationary profilometer to a huge detail such as the crankshaft
18W46 type. The most important parameters of SJ-201P device are as follows:
e  measuring range 350 um (from -200 to +150 pm),
diamond stylus tip of radius 5 pum,
sampling length 0.25 mm, 0.8 mm, 2.5 mm,
displaying range from 0.01 pm to 100 um,
resolution is dependent on the measuring range, with the highest being 0.01
pm/10 pm,

e data output via RS-232 interface unit.

As such, this device was considered sufficient to inspect the roughness of

the crankshaft surface both after grinding and later, after hand polishing.

3. RESULTS AND DISCUSSION

The inspection of the abovementioned parameters was performed in June
and again 5 months later, in November. The results are presented and discussed
in the respective subsections below.

3.1. Level declinations

Figure 7 presents the results of level measurements obtained at different
measuring points along the bed with fixed headstocks, in June and in November.
The measurement was performed both in parallel and perpendicular directions.
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Figure 7 — Level check of the bed with fixed headstocks:
(a) parallel; (b) perpendicular

The general observation is that after 5 months, the level deteriorated, so its
regulation was needed to avoid the dimensional errors in the grinding process.
Moreover, it is seen that the dispersion of the results is larger in the parallel
direction (between 0 and 0.03 mm/m in June and between 0.03 and 0.16 mm/m
in November) than in the perpendicular measurement (between -0.005 and
0.005 mm/m in June and between 0.175 and 0.24 mm/m in November).
However, the dispersion of the respective results obtained both in the parallel
and perpendicular directions was smaller in June than in November. It was
concluded that the most instable level was the parallel direction, therefore it was
recommended to check it more frequently, with the measurement taken at a
minimum 3 points, to check for any trend.

Similarly, the bed level declination was checked along the z axis, both in
the parallel and perpendicular directions. Figure 8 shows the positioning of the
electronic level and the results of the measurement.

Again, the parallel direction displays a larger dispersion, particularly in the
June measurements. The November measurement results are biased towards the
negative values and are more dispersed than those of June. Thus, it can be
recommended that the z-axis level is checked and corrected more often, and the
measurement should be performed at all 13 measuring points.
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Figure 8 — Level check of the bed in the z axis:
(a) parallel; (b) perpendicular

3.2. Linearity and parallelism deviations

The measurement results for the linearity of the bed with fixed headstocks
are presented in Figure 9a. On the other hand, Figure 9b presents the results of
the parallelism measurement between the bed and the support. The
measurements were performed at 11 points distanced ca. 1 m apart, and each
point was given a subsequent number.
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Figure 9 — The measurement results for the bed with the fixed headstocks:
(a) linearity and (b) parallelism between the bed and the support

It should be noted that the linearity measurement in June revealed
deviations between -0.01 and 0.01 mm, while in November twice as larger,
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namely, between -0.02 and 0.02 mm. Nevertheless, the latter is still acceptable,
since the permissible non-linearity of the bed with the fixed headstocks is 0.02
mm per 1000 mm, but the obtained results indicated immediate need of
correction. It was also observed that the right part of the bed (points from 1 to 5)
tended to reveal positive values of non-linearity, while negative values dominate
in the left part.

In the case of parallelism deviations, the trend is clear and a correction of
the mutual position of the bed and support can easily be made.

3.3. Other results for the grinding machine
The results of other measurements are shown in Table 1.

Table 1 — Measurement results for various features of the grinding machine

Permissibl
Measured feature Measurement result ermissible
error
Grinding disc point A point B point C 0.02/300
perpendicularity [mm/mm] 0.01/400 | 0.015/300 | 0.02/600 '
Headstock S2 runout point A point B
0.025/300
[mm/mm] 0.025/350 0.01/300
Headstock S1 runout point A point B
.02
[mm/mm] 0.01/350 0.025/350 0.025/300
Disc cone coaxiality point A point B
0.03/300
[mm/mm] 0.007/300 0.02/300
Vertical position of the di
ertical position of the disc 0.25/920 0.4/1000
and headstock axes [mm/mm]
Disc cone runout [mm] point A point B 0.005
0.002 0.001 '
- point A point B
Headstocks coaxiality [mm] 0.01 0.02 0.02

The presented results proved the proper performance of the grinding
machine. In some cases, where the values approached the permissible error, it
indicated the need for calibration of the machinery. Since the quality control of
the produced crankshafts confirmed the final form and dimension tolerances
obtained, the inspection procedure of the grinding machine geometry was
deemed satisfactory with the addition of the improvement recommendations
discussed above.
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3.4. Roughness after grinding
The examples of the roughness measurement results after grinding are

shown in the Tables 2 and 3. Main journals were marked CG with subsequent
number, while crank pivots were marked CK with subsequent number.

The results are highly satisfactory, so that the final roughness below
Ra = 0.3 um is easily achievable through hand polishing.

Table 2 — Roughness measurement results [pum] for the main journals CG after grinding

Journal number Point 1 Point 2 Point 3 Point 4
CG1 0.36 0.40 0.33 0.31
CG2 0.32 0.36 0.41 0.35
CG3 0.28 0.32 0.39 0.34
CG4 0.31 0.36 0.33 0.32
CG5 0.31 0.36 0.39 0.33
CG6 0.28 0.38 0.29 0.35
CG7 0.36 0.40 0.41 0.40
CG8 0.32 0.36 0.40 0.38
CG9 0.28 0.38 0.35 0.30

CG10 0.41 0.35 0.32 0.43

Table 3 — Roughness measurement results [pum] for the crank pivots CK after grinding

Pivot number Point 1 Point 2 Point 3 Point 4
CK1 0.36 0.34 0.32 0.31
CK2 0.29 0.38 0.38 0.38
CK3 0.34 0.32 0.34 0.36
CK4 0.36 0.34 0.29 0.34
CK5 0.37 0.28 0.38 0.33
CK®6 0.39 0.27 0.28 0.30
CK7 0.37 0.39 0.34 0.28
CK8 0.25 0.34 0.41 0.40
CK9 0.31 0.45 0.38 0.34

4. CONCLUSIONS

The presented study aimed to evaluate the inspection procedure of the
grinding machine involved in the marine diesel engine crankshaft production
process. It was found that the most instable parameter was the level of the bed
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with fixed headstocks in the parallel direction. Based on this finding, it is
recommended to monitor the fixed heastocks’ bed level in shorter intervals, e.g.
every 3 months, not necessarily comprehensively, but with measurements taken
at a minimum of 3 points to check the trend. Additionally, it was recommended
that the z-axis level is checked and corrected at least every 3 months, and the
measurement should be performed at all 13 measuring points. Measured linearity
of the bed with the fixed headstocks revealed an immediate need for correction,
no such correction of the inspection procedure was considered necessary. Under
the above conditions, the roughness obtained after grinding was fond to be highly
satisfactory.
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306irneB CeMeHTKOBCKiM, Mupocnas Pynpkuii,
Jmutpo Mopo3zos, Panom, [lonpima,
Pob6ept MapruroBChKHit, OcTpoBenb-CBeHTOKIINCEKHA, [Tonbma,
Omexcannp Ilenxosuit, FOpiii I'ynanenko, Xapkis, Ykpaina

BUBYEHHA TEOMETPII IIIJTI®YBAJILHAX BEPCTATIB,
AKI BUKOPUCTOBYIOTHCA AJI1 ObPOBKHU BEJIUKO-
TF'ABAPUTHHUX KOJIIHYACTHUX BAJIIB

AHoTauis. Y cmammi posensoaiomecs npobnemu  YAPAGNiHHA NPOYEcoM WIQyeanHs, ujo
BUHUKAIOMb NPU BUPOOHUYMEI KOTIHYACMO20 6ana cYOH06020 Ousens. Koninuacmi eanu eenuxozo
PO3MIpY Maioms 008cuny 00 12 m i easicams 00 25 moHH, ane ONYCK HA OCMAmMouHe Wlighy6anHs
ons diamempa cmarnosums 0,3-0,4 ym. s yboeo neobxiona Oyoice GUCOKA MOYHICb MEXAHIYHUX
demaneil wnighyeanvHo2o eepcmama. J{ocuiodceHHss OYI0  30CepediCeHO HA  GUMIDI  MAKUX
napamempisg, K NIOWUHHICMY, TIHIIHICMb, NApanenbHicmy, 6UMMs i CniesiCHiCMb 8I0N0BIOATLHUX
30 GUXIOHY MOYHICMb MEXAHIYHUX YacmuH unigyeanrvinozo eéepcmama. Po6oma euxonana 3i
winigpysanvrum eepcmamom muny DB12500, ochawernum cucmemoro ynpasninus Sinumerik 840D,
a makodic cucmemami BUMIDIOBAHHA ma ekcyeHmpuyHoi obpobku. Ha nidcmasi ompumanux
pe3ynomamie 6yau 3pobaeHi 0esKi pekomeHOayii no npoyedypi nepesgipKu 3 Memor 3abe3neyeHus
CcmabinbHol sKocmi 6UNYCKy Koninuacmux eanie. LLnigpysanvrum incmpymenmom 6y uinipysanbruil
Kpye ouckosoco muny MOLEMAB B126-100639 S.630090. Bubip ximiuno inepmmnoco 0o
00pobosano2o mamepiany 3 emicmom gyzieyio i 600HOYAC 0COOIUBO MEepO020 AOPA3UBHO2O
incmpymenmanvnozo mamepiany (c-BN), a maxosc swauna npomsicnicms pobouoi yacmunu
winighysanvioeo Kkpyea no nepugepii (nonad 6 m), € 6axiciugoio nepedymosoro 3abesneuents
cmitkocmi  IHCMpyMeHmy 6 YuKli NpoOYKMUGHOI [ AKICHOI 308HIWHbOI 00pOOKU 3a0aHUX
DYHKYIOHATLHUX NOBEPXOHL PO3NAHYMUX GenuKoeabapumuux Koninuacmux eanis. Ilpunycku na
00pOOKY PO3NOOINATUCA MidIC NONEPeOHIM 1 HUCMOBUM Nepexo0amu Wnipysants 3 OesKuM
30I1bUeEHHAM (De3ep8YBaAHHAM 3a0e3neyeHHss MOYHOCMI) 0Nl WAMYHHUX WULOK, 00poOKa AKUX
senaca Opyeum nianom. Mikpoceomempuuny aKicmos noeepxmi KOHMPOMOBANU 34 OONOMO0I0
nopmamuenoco eumipiosaua wiopcmxocmi nogepxui Surfiest SJ-201P, wo 00360muno yHukmymu
0UeBUOHUX NPOONIeM GUMIPIOBANHS NPOQINIO 8 3A0auax KOHMPONIO GeIUKO2A0aApUmMHUX demaneil
cknaoHoi cmyninyacmoi gopmu, axumu € cyonoei xoxinvami eanu. Ompumani napamempu
wopcmxocmi nicas waigpysanna (Ra<0,4 mxm) 6ynu eusnani 6a20mMor0 Miporo 3a006iTbHUMU, WO
003601UN0 NICIA YbO2O eheKMUBHO NOXIPY8amu 00 HeoOXIOHO20 3a OCHOBHUMU (DYHKYIOHATbHUMU
nosepxusamu piss Ra 0,3 mxm.

KarouoBi cioBa: kozimuacmuil  6an; winipyeamms;  WOpPCMKICmb;  Oumms,;  JiHIUHICMb,
napanenbHicme.
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