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ABSTRACT

The static and dynamic load capacity in slewing rings depends on the
contact geometry and the surface and subsurface hardening parameter.
Usually, for the large diameter slewing rings, the raceway treatment is
the induction hardening. The specific depth varies between 1 mm to 8
mm, depending upon the hardening technique and the material
composition and quality. In this paper, the surface and subsurface
stresses will be examined taking into account the link between the ball
diameter and the material structure using a hardness compression
algorithm. This reflects the contact limitations induced by the ball
diameter and shows two possible regions for crack initiations in this
rolling contact.

Keywords: slewing rings, CIF (high frequency induction hardening), C45 steel
grade, 42CrMo4 steel grade, Hertzian contact, non-Hertzian contact
analysis, compression Jominy curve, ball diameter limitation

1. ANALYSIS

The rolling contact stresses and the quasi-static parameters discussed in the literature
are considered as already known [1, 2]. The maximum shear stress below surface and its
position are functions of the contact parameters, the friction coefficient and the film
parameter A. Two different materials were chosen in this analysis, the steel grades C45 and
42CrMo4. The chemical composition of the two materials is presented below [3].

Table 1. Chemical composition of the steel grades

C Si Mn P S Cr Mo Ni Cr+Mo+
Ni
C45 0.42- | <0.40 | 0.50- | <0.035 | <0.035 | <0.40 | <0.10 | <0.40 | <0.63
0.50 0.80

42CrMo4 | 0.38- | <0.40 | 0.60- | <0.035 | <0.035 | 0.90- | 0.15-
0.45 0.90 1.20 0.30
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A compression hardening algorithm was applied for the specific Jominy curve, taking
into account the inductor time passing and the inductor frequencies. Usually the deep
hardness is given as function of time passing and working frequency by the following
formula as 5(f,t)=8,5/f>°+2,4*t°* [5,6], where f represents the working machine frequency
in kHz, and t is the time passing of the inductor piece in front a specific surface. According
to [3, 4] the hardenability diagrams for C45 and 42CrMo4 are presented in Figure 1.
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Fig. 1. Hardening diagram for C45 and 42CrMo4

Some interpolation functions were created to insert in computer the two Jominy
curves and the results are presented in Figure 2 and Figure 3. RM=RM(HRC) and
602=c02(HRC) were also computed.
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Fig. 2. Jominy, Rm and 602 for C45

— <ZCrMod - G5 — 420wt -J) ||

[=42CMo4 - RN — 42004 - 522

Z40CH---bonbes
22004
Z,00C
FITTIR S
A -
14004
1,200
10004

o & B4 1299 TR 202228 06 2 3132 43 505 41037 93 dR AR sl Rl rererr e Fr—rreer ]
™ o L 7 TN T T B - T L I B W S T o I 1
Modelled Jominy curve RM and 602 as function of HRC

Fig. 3. Jominy, Rm and 602 for 42CrMo4

With these initial data 3(f, t) and HRC=HRC (Jominy), a compressed Jominy curve is
created by scaling the initial Jominy curve just to fit into d(f,t) value. These data are
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presented in Fig. 4 as function of machine frequency for 2 seconds as passing time
machine.

16 KHz
Fig. 4. Jominy curve and Compression algorithm

The theoretical hardening depth depends [5, 6] on the CIF (high frequency induction
hardening)machine parameter (Fig. 5, [7, 8, 11]) and can be computed according to the
process parameter.

s € .5 Dy,
) é_._a: - T \\ “4:,50
: R Dy
a___/ 06 & %_4 \N\ ’un:4s
P o =
§ / E ? a8 [ DW;’40
3 =
= 6 4 2 R
S / # g ) 3 f— \\ )“"35
- I v = \\ [——
< g% === D,
2 g8 [T—— W=39
s y z" 2] [t
= i IS R g L
= 2 ) I \\ i
8 3 ) '\\
2 Il 00 3 \ DWm o
=) L~ 1 Y00 o~ 20
Z / § 360 g o
8oy
S Heat Treatments raceways = gear My
a

Fig. 5. CIF installation and hardness depth
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Using the Hertz theory [1, 2], a computer code was developed [9] and the stress
parameter was computed for quasi-static and quasi-dynamic cases and it results
distributions with the following forms (Fig. 6 a, b, ¢, d, e and f) for Dw=20, f=0.52.
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Fig 6.a — O friction coefficient
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Fig 6.c — 0.15 friction coefficient effect
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Fig 6.d — 0.15 friction coefficient effect
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Fig 6.e — 0.15 friction coefficient effect

Fig 6.f — 0.15 friction coefficient effect

The contour of the stress given by contact stress analysis and the results from the
compression algorithm were superimposed and one / two possible danger areas were
revealed (Fig.) [7, 8], for two different values of the friction coefficient.
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Fig. 7. Possible danger area for static and dynamic contact

The stretch area depends on the ball diameter, raceway conformity, hertzian or non
Hertzian contact ellipse area (cutting or non cutting point contact) and from here results the
obligation to choose another material for the same contact pressure value. Rm(HRC),
602(HRC) as function of material and machine parameters for 2,5 mm for C45 and
42CrMo4 are exposed in figure 8, where the yellow curve is T admissible.
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Figure 8. The admissible values and Rm(HRC), c02(HRC), t admissible as function of material
Jominy parameter

Figure 8 presents the Rm(HRC), c02(HRC), t for C45 min, C45 max, 42CrMo4 min
and 42CrMo4 max, where “min” corresponds to HL grade and “max” corresponds to HH
grade (see Fig. 1). For different ball diameters, it was compared sigma_tau (from Fig. 6) in
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depth with t admissible on each layer along the direction surface -> depth (Fig. 8). That
method was applied and static and dynamic analyses were performed considering the same
contact pressure. From that analysis, it results one or two stretch areas, which have to be
taken into account (see Fig. 9)
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Fig. 9. Analysis for C45, sigma_tau, t admissible, 16 KHz, f=0.52

If the grinding process is applied to a raceway, a small quantity of material is
eliminated. Figure 10 shows this effect on C45 m, 16 KHz, f=0.52, Dw=20 mm for 0 mm
and 0.31 mm deep of grinding process applied to a raceway. The same type of analysis is
made for C45 max, 16 KHz, f=0.52, Dw=20 mm for 0 mm and 0.31 mm deep of grinding
process applied to a raceway and the results are presented in Fig. 11.
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Fig. 10. Grinding effect in superimposed model for C45 m, 16 KHz, f=0.52, Dw=20 mm
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Fig. 11. (continuing) Grinding effect in superimposed model
for C45 max, 16 KHz, f=0.52, Dw=20 mm

2. CONCLUSIONS

This mathematical model is useful for slewing rings constructors in order to correctly
choose a ball diameter according to the material type and hardness grade and shows the
potential risk in the subsurface. This model can specify where will start the raceway
problems and will indicate the allowed limits of the material. It also points out the
maximum grinding deep in raceway as function of the induction machine parameters. The
manufacturing process of slewing rings at SIRCA S.A takes into account all these
parameters and a link between theory and practice is done to assure the customers of the
correct construction of demanded slewing rings.
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