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Abstract  A problem in the manufacturing of precision bearing rings is reduced outer diameter (OD) cylindricity when 

grinding inner diameter (ID). Shot blasting is used to remove surface scale from hardened rings prior to grinding. The basic 

hypothesis is that ID grinding releases residual surface stresses from blasting resulting in reduced OD cylindricity. In this 

study shot blasted rings are found to exhibit 300% reduced OD cylindricity after ID grinding. Moreover, outer diameters 

show a pronounced 2-point eccentricity after ID grinding. Sand blasting rings, while just as efficient at removing scale, 

imparts 40% lower residual surface stresses. No changes in cylindricity or eccentricity are found after ID grinding. 

Experimental data does not contradict the conclusion when residual surface stresses are high ID grinding imparts sufficient 

thermo-mechanical loading to release stresses resulting in reduced OD cylindricity. 
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1. Introduction 

A problem grinding shot blasted rings is decreased outer 

diameter(OD) cylindricity after grinding inner diameter (ID). 

Maintaining OD cylindricity is important since the OD 

serves as the support surface when grinding ID (Figure 1). 

 

Figure 1.  Supporting Ring on Outer Diameter when Grinding Inner 

Diameter 

Multiple grind passes are needed to round “popped” rings 

which increases costs and decreases productivity. 

When heated in the presence of air steel oxidizes. 

Oxidation, per Figure 2, appears as a tightly adhered black 

surface film called “scale.”[1] 

If rings are finish ground without removing scale (per 

Figure 3) corner radius is not visually acceptable. 

 

* Corresponding author: 

craig.seidelson@timken.com (Craig Seidelson) 

Published online at http://journal.sapub.org/scit 

Copyright © 2014 Scientific & Academic Publishing. All Rights Reserved 

 

Figure 2.  Scale on Tempered Bearing Ring 

 

Figure 3.  Corner Radius If Scale Is Not Removed 

While it is possible to prevent scale by tempering parts in a 

protective environment (i.e. molten salts, exothermic/ 

endothermic gases or nitrogen) such methods are not 

economical when compared to removal costs. Common 

methods of removal include blasting and vibratory polishing. 

Blasting, unlike polishing, is 20-30 times faster and does not 

generatewaste water needingtreatment for disposal.  

It is well documented that blasting workpieces with steel 

shot(or other media) imparts residual compressive surface 

stresses[1]. Likewise, there is no shortage of research 

detailing benefits (and shortcomings) of residual blasting 

stresses on mechanical performance[2]. What has not been 
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explored ishow problematic residual surface stresses are in 

the manufacturingof precision rings. The basic hypothesis is 

that ID grinding releases residual surface stresses resulting in 

reduced OD cylindricity. 

2. Materials and Methods 

ANSI 52100 steel bearing rings in this study measured 

83mm on outer diameter, 70 mm on inner diameter, and 20 

mm high. Rings were hardened and tempered. Before 

grinding, a blasting operation was used to remove temper 

scale. 

To evaluate a decrease in OD cylindricity attributed to the 

release of residual surface stresses during ID grinding 3 tests 

were performed. 

Test 1 imparted a high level of residual surface stress on 5 

rings. Test 2 imparted a lower level of residual surface stress 

on 5 rings. And in Test 3, the control group, scalewas 

removed on5 rings without blasting. 

Test 1 parameters: 

 Media was cast steel shot (hardness 54 HRC) 

 Each steel shot weighed 0.0014 grams and traveled at 

95 m/s 

 110 kg per minute of shot was blasted for 2 minutes  

 50 kg of rings were shot blasted at one time 

Test 2 parameters: 

 Media was Al2O3 abrasive  

 Each abrasive grain weighted 0.1 micrograms and 

traveled at 95 m/s 

 0.5 kg per minute of abrasive was blasted for2 

minutes  

 50 kg of rings were shot blasted at one time 

Test 3 control group test parameters: 

 Media was Al2O3 abrasive stones (4mm x 4mm) 

 1000 kg tank vibrated at 50 Hz for 1 hour   

 Tank was loaded with 335 kg of stones, 50 kg of rings 

and a constant feed/drain of water to maintain 4 liters of 

polish fluid in the tank   

In all three tests, the ring grinding process was identical. 

While the grinding process and tolerances were proprietary 

to the manufacturer, Table 1 listed values necessaryto 

interpret results. 

Table 1.  Grinding Parameters 

Tangential Grinding Force 50 newtons 

Cylindricity <2 µm 

Grinding power (P) was measured with a watt meter 

(discounted for machine idle power). Power was converted 

to tangential grinding force (Ft) using the speed of the 

grinding wheel (Vs) per Equation (1)[4]. 

𝑃(𝑤𝑎𝑡𝑡𝑠) = 𝐹𝑡(𝑛𝑒𝑤𝑡𝑜𝑛𝑠)𝑉𝑠(
𝑚𝑒𝑡𝑒𝑟𝑠

sec
)      (1) 

Cylindricity was measured using a least squares method. 

To evaluate cylindricity profile traces were done in the polar 

domain. 

Residual surface stresses were measured using x-ray 

diffraction. Measurements were taken at the same 3-points 

(120° apart) per ring. Residual stress tolerances per 

measurement werealso recorded.  

3. Results 

Residual surface stresses were presented in Table 21. 

Table 2.  Residual Surface Stress Measurements 

Residual Surface Stress Min (Ksi) 
Max 

(Ksi) 

After Heat 

Tempering (HT) 

First point 3.06 -5.58 

Second Point 8.21 -1.55 

Third Point 3.21 -6.45 

After Vibratory 

Polishing 

First point -18.48 -26.12 

Second Point -17.98 -24.76 

Third Point -18.44 -26.16 

After Sand 

Blasting 

First point -98.99 -103.37 

Second Point -117.8 -121.14 

Third Point -108.08 -111.34 

After Shot 

Blasting 

First point -142.91 -145.21 

Second Point -163.85 -165.69 

Third Point -148.69 -150.41 

Shot blasted rings’ OD cylindricity before and after ID 

grinding were recorded in Table 3. 

Table 3.  Change in Outer Diameter Cylindricity after Inner Diameter 
Grinding for Shot Blasted Rings 

No. 
OD CylindricitybeforeID 

Grinding (μm) 

OD Cylindricity after ID 

Grinding (μm) 

1 0.5 1.5 

2 0.6 1.9 

3 0.5 1.4 

4 0.6 1.0 

5 0.5 2.1 

OD cylindricity traces after ID grinding (Figure 4b) 

showed 2-point eccentricity not present prior to ID grinding 

(Figure 4a)2. 

Sand blasted rings’ OD cylindricity before and after ID 

grinding were recorded in Table 4. 

Table 4.  Change in Outer Diameter Cylindricity after Inner Diameter 
Grinding for Sand Blasted Rings 

No. 
OD Cylindricity before ID 

Grinding(μm) 

OD Cylindricity after ID 

Grinding (μm) 

1 0.5 0.8 

2 1 1 

3 0.6 0.8 

4 0.6 0.8 

5 0.3 0.6 

For sand blasted rings OD cylindricity traces after ID 

                                                             
1 A negative sign (-) indicated residual compressive stress 

2 In all polar traces 1 gradation equals 0.05 µm 
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grinding (Figure 5) did not show 2-point eccentricity. 

 

Figure 4a.  Shot Blasted Rings’ Outer Diameter Cylindricity before Inner 

Diameter Grinding 

 

Figure 4b.  Shot Blasted Rings’ Outer Diameter Cylindricity after Inner 

Diameter Grinding 

 

Figure 5.  Sand Blasted Rings’ Outer Diameter Cylindricity after Inner 

Diameter Grinding 

Vibratory polished rings’ OD cylindricity before and after 

ID grinding were recorded in Table 5. 

Table 5.  Change in Outer Diameter Cylindricity after Inner Diameter 
Grinding for Vibratory Polished Rings 

No. 
OD Cylindricitybefore ID 

Grinding (μm) 

OD Cylindricity after ID 

Grinding (μm) 

1 1.0 1.0 

2 0.7 0.7 

3 1.5 1.4 

4 1.1 0.7 

5 0.8 0.9 

For vibratory polished rings OD cylindricity traces after 

ID grinding (Figure 6) did not show 2-point eccentricity. 

 

Figure 6.  Vibratory Polish Rings’ Outer Diameter Cylindricity after Inner 

Diameter Grinding 

4. Analysis 

To evaluate whether the release of residual surface 

stresses during ID grinding could have caused an increase in 

OD cylindricity Student’s t tests were performed. T tests 

were single-sided, paired, of repeated measure and 

accounted for heteroscedastic variance in test data. 

Differences in cylindricity were evaluated at a 95% 

confidence interval. 

For shot blasted rings there was a 99.7% probability OD 

cylindricity decreased after ID grinding. The 1.04um 

average OD cylindricity decrease was significant 

considering (a) this represented a 300% change and (b) 

cylindricity tolerance was 2 µm. Moreover, outer diameters 

exhibit a pronounced 2-point eccentricity which did not exist 

prior to ID grinding. 

For sand blasted and vibratory polished rings there was no 

statistical difference in OD cylindricity before and after ID 

grind. There was also no observed shift in eccentricity. 

Student’s t tests of X-ray diffraction results showed 

polishing, sand blasting, and shot blasting imparted different 
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levels of residual surface stress (Figure 7). The -153 ksi 

average residual compressive surface stress after shot 

blasting was 40% higher than sand blasting and 6 times 

higher than polishing.  

 

Figure 7.  Residual Surface Stresses on Bearing Rings 

For the ring geometry tested when ID grinding at 50 

newtons of force if retained compressive surface stresses 

were ≤100 ksi no changes in OD cylindricity or eccentricity 

were observed. If, under the same ID grinding conditions, 

retained compressive surface stresses were ≥153 ksi, OD 

cylindricity decreased and eccentricity increased. 

5. Discussion 

Previous researchers found heavily shot peened metal to 

be thermodynamically unstable[4]. Instability was traced 

back to heterogenous plastic deformations between 

workpiece core and surface[4]. Prior studies, likewise, found 

residual stresses could relax significantly under thermo- 

mechanical loading[4]. The low ID grinding force used in 

this work resulted in high specific grinding energy[4]. 

It was not inconsistent with prior findings to surmise ID 

grinding specific energyin this research provided sufficient 

thermo-mechanical loading to release residual surface 

stresses. When residual surface stresses were high enough it 

was not incompatible with the data to conclude their release 

resulted in decreased OD cylindricality. Following this line 

of logic the residual surface stresses from polishing and sand 

blasting were so low their release during ID grinding did not 

affect OD cylindricality. 

Besides decreased OD cylindricality, shot blasted rings in 

this study showed a pronounced shift to 2-point eccentricity 

after ID grinding. Findings were consistent with prior studies 

on retained core stresses in rings. Metallic rings, when 

releasing heat treatment stresses, were found to exhibit 

eccentricity. This was especially true of rings with large OD 

to wall thickness ratios[4]. In this study rings had an OD to 

wall thickness ratio of 12.8 (consistent with a thin wall 

definition.)[5] It is not incompatible to conclude the release 

of surface stresses in the rings during ID grinding introduced 

eccentricity.  

6. Future Research 

This work provides a foundation for answering future 

questions. For the ring geometry studied at what minimum 

retained surface stress level does ID grinding lead to a 

decrease in OD cylindricity? Is there athreshold specific 

grinding energy needed to release retained surface stresses? 

Does this specific grinding energy level vary with ring 

geometry? If these questions could be answered it may be 

possible to tailor specific ID grinding energies to the retained 

stress levels and ring modulus thereby preventing OD 

cylindricity changes. 
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