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Mechanical components such as gears and bearings operate with the working surfaces in intimate 
contact with a mating part. The performance of such component will be influenced by the quality of the 
working surface. In general , a smoother urface will perform better than a rou gher urface since the 
lubrication conditions are improved. For examp le, surfaces with a special near-mirror quality finish of low 
roughness performed better than ground su rfaces when tested using a block-on-ring arrangement (Ref. [ID. 
Bearings with near-mirror quality have been tested and analyzed; lower running torques were measured 
and improved fatigue litl was anticipated (Ref. [2]) . Experiments have been done to evaluate the 
performance of gears with improved, low roughness surface finishing. The measured performance 
improvements include an increased scuffing (scoring) load capacity by a factor of 1.6 (Ref. [3]), a 30-
percent reduction of gear tooth running friction (Ref. [4]) and longer fatigue lives by a factor of about four 
(Ref. [5]). One can also anticipate that near-mirror quality surface finishing could improve the 
performance of other mechanical components sllch as mechanical seals and heavily load d journal 
bearing. Given these demonstrated benefits, capable and economical methods for the production of 
mechanical components with near-mirror quality surfaces are desired. 

One co uld propose the production of near-mirror quality urfaces by several methods such as 
abrasive polishing, chemical ass isted polishing, or grinding. Production of the urfaces by grinding offers 
the possibility to control the macro-geometry (form), waviness, and surface texture with one process. The 
present study was carried out to investigate the possibility of producing near-mirror quality surfaces by 
grinding. The present study makes use ofa specially designed grinding machine spind le to improve the 
surface quality relative to the quali ty produced 'Ii hen using a spindle of conventional design. 

Experimental Procedure and Results 

Experiments were conducted to compare the surface quality of ground surfaces produced using 
two grinding machine spindles of different design. One spindle used was of conventional design and in 
new condit ion. The econd spind le used was of a special design using technology aimed to improve the 
surface quality. The grinding experiments were conducted using a universal grinding machine at the 
NASA Glenn Research Center. 

To compare the capability of the grinding machine equipped with each of the two spindles, 
hardened rings were ground and the reSUlting surface qualities 'Y ere evaluated. The rings used were 
hardened rolling-element bearing ring. The rings had an internal diameter of 62 mm. The machine was 
operated using the aJne grinding regime (same grinding wheel , peed, feed rate, and coo lant) for both 
spindle. The grinding regime wa chosen to optimize the surface quality when usil1g the spindle of 
conventional design. The ground urfaces were inspected and ana lyzed using a mapping interferometric 
microscope. Figure I shows the surface resulting from these tests. On the left hand ide of Figure 1 is a 
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urface grou nd u in g a spindle of conventional des ign. Track of contacts between the grindin g whee l and 
the working part can be seen on the urface. The measured . urface rougl1!1 s average (Ra) was 0.04! 
micrometers (1.6 mi cro-inches). On the right hand s ide of Figure 1 is a surface ground with the pindle of 
the new design. The roughn ess of this surface (Ra) is 0.0 19 micrometers (0.75 micro-inche ). The qua lity 
of the su rface , a quantified by roughness average, is im proved by a facto r of two by mak in g use of the 
spec iall y des igned pindle rather th an the spindle of conventional des ign. 
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Figu re I : Quality of grou nd surfaces produced us ing a spindle of conventional des ign (left side) 
and a pindle of a spec ial des ign (right side). 
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Surface to pographi e of the g round ur faces are provided in Figure 2. Th e images are plots of the 
inspection data w ith the fo rm removed to highli ght the urface roughne . T he improved urface quality 
due to the use of the spec ia lly des igned pindle is ev ide nt 

(a) 

(b) 

F igure 2. Co mpariso n of urface to pographi es of groun d surface as mea ured us in g ma pping 
interfe ro metri c mi croscope . (a) urface produced u ing a spindle of conventiona l de ig n. (b) urface 
produced us in g a spin d le of pec ia l des ign. 
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Discussion 

Production of near-Ill irror qua l ity surfaces by grind ing was demonstrated. The demonstration was done 
using a uni ve rsal gr indin g machine to fini sh the internal s urface~ ofsamp!e bearing rings . Us ing a spindle 
of a speci al des ign produced a superior qual ity. A typical example of the resulting surface is prov ided in 
F igure 3. The techn ology empl oyed in this demonstration proj ect can be empl oyed on many types of 
grinding Illac hines, inc luding gear-grind ing machines . 
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F igure 3: Typ ical grou nd sur face qua lity produced us ing the spec iaiiy des igned spindie. 
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