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ABSTARCT

The paper presents the results of experimental and computer research on hogging process of
gpatial crankshafts with five rod journals at hardening their fillets by stamping. We describe the
computer program with which it is possible to produce a computer research on the influence of
various factors such as crankshaft hogging value, to calculate an expected value and a direction of

hogging, as well as to choose a combination of strengthened fillets rates where the total hogging
value is the smallest.
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INTRODUCTION

CrankshaftdCS) are widely used in modern engineering. Howevespie extensive experience
gained by experts in design, manufacture and dperatf CS, they are often destroyed during
operation due to insufficient margin of fatigueesigth. Destruction occurs mainly in fillets. The
most effective and easy viable job to har@Shfillets is to use surface plastic deformation(SPD

), for example, by rollers rolling, stamping, etld]. However, experience and numerous
experiments have shown that processing8ffillets by means oSPD leads toCS hogging [2].
Moreover, the more efficient treatment method fréne standpoint of the fatigue strength
improving is, the greater crankshaft hogging ide#o. Intensification of hardening rates leads to
increase of crankshafts fatigue strength, but atséime time the range G5 hogging increases
also.

Main principles of theory abo@S hogging through fillets hardening wiPD are given in [3].
There was made an experimental and computatiorsdareh on hogging process of spatial
crankshafts with six rod journals arranged pairengéd angles of 120 ° [4]. The purpose of this
article is to research and describe consisten¢pettof hogging of spatial crankshafts with five ro
journals, which have not previously been studied.
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MATERIALS AND METHODS

Routing Protocols A CS of engineWH was chosen for investigation purposes. The crarikbha
five rod journals RJ), angled 72° to each other. Main bearing jourg8J) diameteris 58mm,
rod journalgRJ) diametens 48mm Crankshaft throw radius is 38.7 mm. Crankshaftsuedve the
same thickness - 19.6 miMBJ fillets radiusis 3.2 mmRJ fillets radiusis 2.5 mmCS length =
396mm.

Experiments were carried out by the sequential gagnof fillets. Impact energy equaled to 18.5 J.
Basing on the experiment results there was builbxgerimental curve of engindH CS hogging.
Analysis of the diagram shows that vectors of hongglue to hardening single fillets lie in the plane
of the crankshaft throw with an error not exceedii. The totalCS hogging amount after
stamping of fillets 1-19 isé = 0,55 mm, the hogging vector is directed at agl@a = 261 °
relative to the firsRJ. Basing on theoretical models G5 hogging process [3] and experimental
data we worked out a computer program both with e of pogramming languag€ # (C
Sharp) and programming environment Microsoft VisDat 2010 Express.

With the help of this program we calculated: theoant ofCS hogging after stamping of 19 fillets
and a deflection angle of the hogging vector wébpect to hogging of the fir&J. Deviation of
total CS hogging estimated value from an experimental oas 10.4%, direction deviation of the
hogging vector became 19.2%.

RESULT AND DISCUSSION

Experimental and theoretical (calculated) curvesA engine CS hogging valueswere built
depending upon the distance to fillets supports, fillets number (Fig. 1). The curves are
characterized by a wavelike rate. Average mismaiclexperimental and theoretical points is
43.3%. The result can be considered satisfactoryigw of the fact that fillets were stamped
manually. It follows that the developed programis$attory describes th€S hogging process.
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Fig. 1. Experimental and theoretical characteristiccurves of CS hogging values on
distance between CS fillets and their supports (ofillet number)

With the help of this program we investigated thftuence of various factors on crankshafts
hogging. As a basis there was adopted a "perfeaetikshaft - symmetrical with respect to the
middle of centerRJ (not taking into consideration outer main bearjogrnals), MBJ and RJ
diameters are equal (54mnmyIBJ and RJ fillet radii are equal (3mm), and crankshaft webs
thickness is the same (19.6 mm). Crankshaft throwadius - 38.7 mm.
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Fig. 2 shows characteristic curves @6 hogging depending on impact energy when stamping
different fillets. It follows from Fig. 2 that inemse of impact energl¢i during single fillets
processing leads to growth &S hogging amount. Besides, the closer to @& middle the
processed fillet is, the stronger impact energluerices hogging amount. However, total hogging
amount of processed fillets 1-20 rises slightly,hagging vectors from single fillets hardening
considerably cancel each other out.
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Fig. 2. Characteristic curves ofCS hogging depending on impact energy:
1- stamping fillet No 1; 5 - stamping fillet No 5;10 — stamping fillet No 10;
Sum 1-20 - stamping fillets 1-20.

Fig. 3 shows characteristic curves ©6 hogging depending on main bearing journals
diameter. It is evident that with increase MBJ diameter during single fillets processi@H
hoggingamount grows. As in the previous case, the clas¢énéCS middle the processed fillet is,
the strongerMBJ diameter influences hogging amount. Total hoggargount growth after
processing of fillets 1-20 is more sizeable than ithe previous case.
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Fig. 3. Characteristic curves ofCS hogging dependingon MBJ diameter:
1- stamping fillet No 1; 5 - stamping fillet No 510 - stamping fillet No 10;
Sum 1-20 - stamping fillets No 1-20.
Fig. 4 shows characteristic curvesG8 hogging dependingn crankshaft webs thickness. It
is evident that with increase @S webs thicknes<CS hogging value decreases sharply. This
dependence increases with approach of the procddkgdto the middle of theCS. During
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overlapped processing of fillets 1-20 this depewden decreases.
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Fig. 4. Characteristic curvesCS hogging depending orCS webs thickness:
1- stamping fillet No 1; 5 - stamping fillet No 510 - stamping fillet No 10;
Sum 1-20 - stamping fillets No 1-20.
With the help of this program we calculated totab@ing value during stamping of all
fillets of the «perfect£S. It amounts to 0,133 mm, hogging vector is dirdetan angle = 36 °.
During stamping of all engine WES fillets estimated hogging amount became 0.461 mm,
anglea = 216 °.
As long as even during stamping of «perfe@$ fillets there is a significant (but
inadmissible) hogging, there appears a task toldp\esS fillets stamping so as to reduce hogging
value to an allowable amount. To solve this problem must process differei@S fillets with
different impact energy. The table below shows mlwoation of different impact energy values
for different pairs of engine WIS fillets, which allowed to reduc€S hogging amount té@ =
0,002 mm, with hogging vector directiom = 36 °. Processing fillets in pairs is mainly die
design features of equipment for processing craafksHillets by means of SPD.

Table-1

Impact energy for stamping of engine WH CS fillets

Fillets 1, 23| 45| 6,7 8,9 10,1112,23| 14,15| 16,17 | 18,19| 20

No

Ei,J| 22| 22 20 | 20| 23 16 23 20 20 22 2P

CONCLUSION

Thus, computational research on hogging procespatfal crankshafts with five rod journals has
revealed the following:

- CS hogging value is mainly influenced by a power dactimpact energy, Ei, together wi€s
configuration and mutual arrangement @$ supports, a hardened fillet and a section where
hogging amount is measured,;
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- Even during stamping of «perfecGS fillets there is a significant (but inadmissibledgging.

With the help of developed computer program we can:

a) produce a computer research about influenceawbws factors on hogging of spat@b with
five rod journals having any sizing combinations tbéir structural elements, which basically
cannot be investigated by experiment;
b) calculate expected values of hogging and itsction as early as the design stage of fillets
hardening operation by means $®D, as well as choose such a combination of hardéhets
rates, when total hogging value will be the smalles
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