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Standard Test Method for
Effect of Surface Grinding on Flexure Strength of Advanced
Ceramics *

This standard is issued under the fixed designation C 1495; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.5 This standard does not purport to address all of the

1.1 This test method covers the determination of the effecéafety concerns, if any, associated with its use. It is the
of surface grinding on the flexure strength of advancede_sponsmlhty of the user of thls standard to e_stabllsh appro-
ceramics. Surface grinding of an advanced ceramic materidfiate safety and health practices and determine the applica-
can introduce microcracks and other changes in the nedtlity of regulatory limitations prior to use.
surface layer, generally referred to as damage. Such damage Referenced Documents
can result in a change—most often a decrease—in flexure’
strength of the material. The degree of change in flexure 2-1 ASTM Standards? _
strength is determined by both the grinding process and the C 1145 Terminology of Advanced Ceramics
response characteristics of the specific ceramic material. This C 1161 Test Method for Flexure Strength of Advanced
method compares the flexure strength of an advanced ceramic _Ceramics at Ambient Temperatures
material after application of a user-specified surface grinding € 1211 Test Method for Flexure Strength of Advanced
process with the baseline flexure strength of the same material. C€ramics at Elevated Temperatures
The baseline flexure strength is obtained after application of a C 1239 Practice for Reporting Uniaxial Strength Data and
surface grinding process specified in this standard. The base- Estimating Weibull Distribution Parameters for Advanced

line flexure strength is expected to approximate closely the _Ceramics o
inherent strength of the material. The flexure strength is © 1322 Practice for Fractography and Characterization of

measured by means of ASTM standard flexure test methods. _Fracture Origins in Advanced Ceramics _

1.2 Flexure test methods used to determine the effect of C 1341 Test Method for Flexural Properties of Continuous
surface grinding are C 1161 Test Method for Flexure Strength ~ Fiber-Reinforced Advanced Ceramic Composites
of Advanced Ceramics at Ambient Temperatures and C 1213 Terminology
Test Method for Flexure Strength of Advanced Ceramics at .
Elevated Temperatures. 3.1 Materials Related: _ _ .

1.3 Materials covered in this standard are those advanced 3:1-1 advanced ceramjcn—a highly engineered, high-
ceramics that meet criteria specified in flexure testing Standard%erformance_, predom!nately 'nonmeta.lhc, inorganic, ceramic
C 1161 and C 1211. material having specific functional attributes. C 1145

1.4 The flexure test methods supporting this standard 3.1.2 baseline flexure strengtin—in the context o_f this
(C 1161 and C 1211) require specimens that have a rectangulSjandard, refers to the flexure strength value obtained after
cross section, flat surfaces, and that are fabricated with specifPPlication of a grinding procedure specified in this standard.
dimensions and tolerances. Only grinding processes that are3-1-2.1 Discussior—For the advanced ceramics to which

capable of generating the specified flat surfaces, i.e. plandfiS this standard is applicable, the baseline flexure strength is
grinding modes, are suitable for evaluation by this method€XPected to be a close approximation to the inherent flexure

Among the applicable machine types are horizontal and"€ngth.

vertical spindle reciprocating surface grinders, horizontal and 3-1-3 céramic matrix composii@—a material consisting of

vertical spindle rotary surface grinders, double disk grinderstWO O more materials (insoluble in one another) in which the

and tool-and-cutter grinders. Incremental cross-feed, plungdP@Or, continuous component (matrix component) is a ceramic,
and creep-feed grinding methods may be used. while the secondary component(s) (reinforcing component)

1 This test method is under the jurisdiction of ASTM Committee C28 on 2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
Advanced Ceramics and is the direct responsibility of Subcommittee C28.02 owontact ASTM Customer Service at service@astm.org.Afoual Book of ASTM
Reliability. Standardssolume information, refer to the standard’s Document Summary page on

Current edition approved April 10, 2001. Published June 2001. the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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may be ceramic, glass-ceramic, glass, metal, or organic in 3.2.1 blanchard grinding n—a type of rotary grinding in

nature. These components are combined on a macroscale wiich the workpiece is held on a rotating table with an axis of

form a useful engineering material possessing certain properetation that is parallel to the (vertical) spindle axis.

ties or behavior not possessed by the individual constituents. 3.2.2 coolant n—usually a liquid that is applied to the

C 1341 workpiece and/or wheel during grinding for cooling, removal

3.1.4 grinding damagen—any change in a material that is of grinding swarf, and for lubrication.

aresult of the application of a surface grinding process. Among 3.2.3 coolant flow ratg n—volume of coolant per unit time

the types of damage are microcracks (Fig. 1), dislocationgjelivered to the wheel and workpiece during grinding.

twins, stacking faults, voids, and transformed phases. 3.2.4 creep-feed grindingt+—a mode of grinding character-
3.1.4.1 Discussior—Although they do not represent internal ized by a relatively large wheel depth-of-cut and correspond-

changes in microstructure, chips and surface pits, which are ig9ly low rate of feed.

manifestation of microfracture, and abnormally large grinding 3.-2.5 cross-feedn—increment of displacement or feed in

striations are often referred to as grinding damage. Residuéine cross-feed direction.

stresses that result from microstructural changes may also be3.2.6 cross-feed direction n—direction in the plane of
referred to as grinding damage. grinding which is perpendicular to the principle direction of

3.1.5 inherent flexure strengtin—the flexure strength of a  9rinding. (Fig. 2) _ _ _
material in the absence of any effects of surface grinding or 3.2.7 down-feedn—increment of displacement or feed in
other surface finishing process, or of extraneous damage thite down feed direction. (Fig. 2)
may be present. The measured inherent flexure strength may3-2.8 down-feed directiom—direction perpendicular to the
depend on the flexure test method, test conditions, and spedilane of grinding for a machine configuration in which the
men size. grinding wheel is located above the workpiece. (Fig. 2)

3.1.5.1 Discussion—Flaws due to surface finishing or ex-  3:2-9 down-grinding n—A condition of down-grinding is

traneous damage may be present but their effect on flexursfid to hold when the velocity vector tangent to the surface of
strength is negligible compared to that of “inherent” flaws inthe Wheel at points of first entry into the grinding zone has a
the material. component normal to and directed into the ground surface of

3.1.6 materials lot or batch n—a single billet or several the3 \;volrcl)(r:jlece._ (Fig. 3a) ditioni lied to th
billets prepared from defined homogeneous quantities of raw, ~ " re?smg r;—a godn ! |onr:ng|[t)ro_cess api)hle fﬁo. e
materials passing simultaneously through each processing st rasive surtace of a grinding wheel to improve the efiiciency

to th tis often ref t longing to a sing!§' 9"nding. . . .
I(())t Orek;a;(ihproduc Is often referred to as belonging oa5|n98 3.2.10.1 Discussior—Dressing may accomplish one or

3.1.6.1 Discussion—There is no assurance that a singlemore of the following:1) removal of bond material from
S . . around the grit on the surf: f the grinding wheel causing th
billet is internally homogenous or that billets belonging to the ound the grit on the surface of the grinding wheel causing the

L . grit to protrude a greater distance from the surrounding bond,
same IOt_ or.batch Is identical. o ) ) ) 2) removal of adhered workpiece material which interferes
3.2 Grlnd_mg. Process. RelatedBefinitions in this section \ith the grinding process, removal of worn g@), removal of
apply to grinding machines and modes that generate plangjong material thereby exposing underlying unworn grit, and
surfaces. Applicable grinding machines types are identified ifracture of worn grit thereby generating sharp edges.
(1.4). Some definitions may not be applicable when used in 3 5 14 grinding axis n—any reference line along which the

connection with non-planar grinding modes such as centerlegorpiece is translated or about which it is rotated to effect the
and cylindrical modes which are outside of the scope of thisgmoval of material during grinding.

standard.

ORTHOGONAL

ABRASIVE
PARTICLE

PARALLEL
CRACKS

FIG. 2 Machine Axes for Horizontal Spindle Reciprocating
FIG. 1 Microcracks Associated with Grinding (Ref. 1) Surface Grinder
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3.2.15 longitudinal grinding direction n—grinding direc-
tion parallel to the long axis of the flexure bar. (Fig. 4a)

+ 3.2.16 machine axesn—reference line along which trans-
lation or about which rotation of a grinding machine compo-
Wheel Depth of Cut nent (table, stage, spindle...) takes place. (Fig. 2)
Direction of Workpiece + 3.2.17 planar grinding n—a grinding process which gen-
Motion erates a nominally flat (plane) surface.
o 3.2.18 reciprocating grinding n—mode of grinding in
() Down Grinding which the grinding path consists of a series of linear bi-

directional traverses across the workpiece surface.

3.2.19rotary grinding n—modes of planar grinding in
which the grinding path in the plane of grinding is an arc,
+ effected either by rotary motion of the workpiece or of the
grinding wheel.
-

Wheel De;jh of Cut 3.2.19.1 Discussior—Grinding striations left on the work-

o ] piece surfaces are arcs.
D'm;r;t?;,‘,”mece 3.2.20 surface grinding n—a grinding process used to
generate a flat surface by means of an abrasive tool (grinding
wheel) having circular symmetry with respect to an axes about
which it is caused to rotate. (Fig. 2)

3.2.21 table speedn—speed of the grinding machine table

3.2.12 grinding direction n—when used in reference to carryi!”ng the workpiece usually measured with respect to the
flexure test bars, refers to the angle between the long (tensilg)‘achlne frame. o o o o
axis of the flexure bar and the path followed by grit in the ~3.2.22 transverse grinding directigm—grinding direction
grinding wheel as they move across the ground surface. Séerpendicular to the long axis of the flexure bar. (Fig. 4b)
longitudinal grinding direction and transverse grinding direc- 3.2.23 truing, n—process by which the abrasive surface of a
tion. (Fig. 4) grinding wheel is brought to the desired shape and is made

3.2.13 grit depth-of-cut —nominal maximum depth that concentric with the machine spindle axis of rotation.
individual grit on the grinding wheel penetrate the workpiece 3.2.24 undeformed chip thicknese—maximum thickness
surface during grinding. Synonymous with undeformed chipof a chip removed during grinding, assuming that the chip is

(b) Up Grinding
FIG. 3 Relative Wheel and Workpiece Directions of Motion for
Down Grinding and Up Grinding

thickness. _ displaced from the surface without deformation or change in
3.2.14 in-feed n—synonymous with wheel depth-of-cut and ghape.
down feed.

3.2.24.1 Discussior—Equivalent in size to grit depth-of-
cut.

3.2.25 up-grinding n—a condition of up-grinding is said to
hold when the velocity vector tangent to the surface of the
wheel at points of first entry into the grinding zone has a
component normal to and directed out of the ground surface of
the workpiece. (Fig. 3b)

] 3.2.26 wheel depth-of-cutn—depth of penetration of the
grinding wheel into the workpiece surface as it moves parallel
to the surface to remove a layer of material. (Fig. 3)

3.2.26.1 Discussior—Often abbreviated to depth-of-cut.

3.2.27 wheel specificationgr—description of the grinding
wheel dimensions, grit type, grit size, grit concentration, bond
type, and any other properties provided by the wheel manu-
facturer that characterize the grinding wheel.

3.2.28 wheel surface speed—circumferential speed of the
grinding wheel surface at points which engage the workpiece
during the process of grinding.

3.3 Surface Finish Related:

3.3.1 lay, n—refers to the direction a non-random pattern of

(a) Longitudinal Direction

(a) Transverse Direction surface roughness in the plane of the surface, e.qg. the direction
FIG. 4 Grinding Directions with Respect to Flexure Bar of abrasive striations on a surface prepared by grinding. (Fig.
Orientation 2)
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3.3.2 roughnessn—three-dimensional variations in surface applied to the tensile face of the test specimen. However, the
topography characterized by wavelengths in the plane of thether faces, especially the adjacent sides, must be prepared in
surface that are small compared to the design dimensions of tteeich a way that they do not sustain damage that will influence
workpiece. the fracture process that occurs on the tensile face. (Where a

3.3.3 waviness n—surface topographic variations charac- grinding process could result in a substantial loss in flexure
terized by wavelengths in the plane of the surface that are largarength, it is recommended that this process not be applied to
compared to the roughness but smaller than the design dimeaejacent faces.) Procedure A is useful for obtaining detailed

sions of the workpiece. information on the response of a material to surface grinding
3.4 Flexure Test Related: and for the systematic determination of the influence of
3.4.1 break load n—load at which specimen fractures different grinding parameters on flexure strength. Three sets of
(fails) in a flexure test. specimens (typically 10 to 30 specimens per set depending on
3.4.2 flexural strength n—a measure of the ultimate statistical requirements) will be required to evaluate a single
strength of a specified beam in bending. C 1145  grinding condition. Once the baseline strength is determined,
3.4.3 tensile facen—side of a flexure test specimen that is only two sets, longitudinal and transverse, will be required for
stressed in tension in a flexure test. evaluation of additional grinding conditions, provided there is
Other terms related to flexure testing can be found in C 116Ino change in the material from which the specimens are
3.5 Fractography Related: prepared.
3.5.1 crack n—as used in fractography, a plane of fracture 4.2 Procedure B is designed mainly for quality control
without complete separation. C 1322  purposes but it may also be used for process development

3.5.2 flaw, n—a structural discontinuity in an advanced purposes. This procedure is not restricted to linear grinding. As
ceramic body which acts as a highly localized stress riselin Procedure A, the flexure strength of specimens ground under
C 1322  user specified conditions is compared with the baseline flexure

3.5.3 fractography n—means and methods for characteriz- strength of the same lot of material. Procedure B is applicable

ing a fractured specimen or component. C 1145 to any grinding method that generates a suitably flat surface to
3.5.4 fracture origin n—the source from which brittle meet the geometrical requirements for flexure bars (1.4). The
fracture commences. C1145 ground surface lay may consist of a straight-line pattern

3.5.5 mirror, n—as used in fractography of brittle materi- generated by linear grinding, arcs produced by rotary modes of
als, a very smooth region in the immediate vicinity of and grinding, or any other pattern. However, as in Procedure A,

surrounding the fracture origin. C 1322  careful consideration must be given to the directionality of the
Other terms related to fractography can be found in C 1322ay with respect to the tensile direction of the flexure bar. When
3.6 Statistical Analysis Related: different grinding parameters or different materials are to be

Terminology related to the reporting of flexural strength datacompared, care must be taken to maintain the angle between
and Weibull distribution parameters can be found in C 1239.the lay direction and the bar axis for all specimens. Alterna-
tively, similar to Procedure A, tests may be conducted to
4. Summary of Test Method determine the relationship between lay direction with respect to
4.1 This method compares the flexure strength of an adthe bar axis and flexure strength.
vanced ceramic material that has been subjected to a user-
applied surface grinding process with the baseline flexur®- Significance and Use
strength for the same material. The baseline flexure strength is 5.1 Surface grinding can cause a significant decfdagbe
obtained after application of a grinding process specified in thiflexure strength of advanced ceramics materials. The magni-
standard and is expected to approximate closely the inherenide of the loss in strength is determined by the grinding
flexure strength of the material. The user-applied surfacgonditions and the response of the material. This test method
grinding process may result in a decrease in flexure strengtltan be used to obtain a detailed characterization of the
no change in flexure strength, or in certain cases an increase islationship between grinding conditions and flexure strength
flexure strength. Two procedures, A and B, are availabldor an advanced ceramic material. The effect on flexure
depending on the objective of the measurement. Procedure Assrength of varying a single grinding parameter or several
restricted to linear grinding processes obtained, for exampleyrinding parameters can be measured. The method may also be
by a horizontal spindle, reciprocating-table surface grinder. Irused to compare and rank different materials according to their
linear grinding processes, the surface finish is usually charagesponse to one or more different grinding conditions. Results
terized by straight, parallel striations. Procedure A comparesbtained by this method can be used to develop an optimum
the baseline flexure strength of a material with the flexuregrinding process with respect to maximizing material removal
strengthl) after grinding parallel (termed longitudinal) to the rate for a specified flexure strength requirement. The test
long axis of the flexure bar arf®) after grinding perpendicular method can assist in the development of improved grinding-
(termed transverse) to the long axis of the flexure bar using thdamage-tolerant ceramic materials. It may also be used for
same grinding conditions. These two directions are employed
because many advanced ceramics exhibit a change in flexure ——

strength that is a minimum when grinding is in the Iongitudinal 3In some cases, an increase in flexure strength can be obtained by surface
rinding if a highly flawed or lower-strength surface layer is removed by grinding.

d!reCtion and a ma?(imum when grinding is in the transvers&n increase can also result if a sufficiently large surface residual stress is introduced
direction. The grinding processes to be evaluated need only hg grinding or if a favorable phase transformation is induced.
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quality control purposes to monitor and assure the consisten@nvironmental moisture. This and other interferences are dis-
of a grinding process in the fabrication of parts from advancedussed in C 1161 and C 1211.

ceramic materials. The test method is applicable to grindin .

methods that generate a planar surface and is not directlf: Materials

applicable to grinding methods that produce non-planar sur- 7.1 This standard covers materials that are suitable for

faces such as cylindrical and centerless grinding. testing by C 1161 Test Method for Flexure Strength of Ad-
vanced Ceramics at Ambient Temperatures and C 1211 Test
6. Interferences Method for Flexure Strength of Advanced Ceramics at El-

6.1 The condition and properties of the grinding machineevatGd Temperatures. ASTM Standards C 1161 and C 1211

and grinding wheel can have a significant influence on th equire th‘f"t the m‘?‘t_e”?" be is_otropic and homo_geneOL_Js, that
measured flexure strength. These conditions and properti Qe moduli of elast|C|ty_|n tension and compression be |de_nt|-

may not be easily identified, measured or controlled. Machin al, and thgt th? material be linearly elastlc.. I.t Is also required

characteristics such as static and dynamic stiffness can have %a;[ the girr?nnstlﬁs Eﬁ no greater than one fiftieth of the flexure
substantial effect on damage introduced by grinding. ThesSt Specime CKNESS.

characteristics are likely to differ for different grinding ma- g Specimen Dimensions

chines. Grinding wheel specifications give only a qualitative

identification and not a detailed or precise measure of proper- ~". . =
ties. Thus despite having commopn specifications gfindri)n pecm_ed in the flexu_re test standards (C 1161 and C 1211). In
wheels from different manufacturers may give different results reparing test specimens, allowance must be made for a

Wheels from the same manufacturer with the same specificét".(:kr.‘esszo"1 mm to be removed from the .surfa(.:e by the
tions may also perform differently due to manufacturinggrlndlng process being tested. For most materials this thickness

process variations. Grinding wheel condition, which is highvaiwlllselgmng]Ztlﬁ)Sva;n;gg(?sz?zgstsgng#igra)rtlgrbrgZirr]lligl\r/]eg dc}gfrti-e

sensitive to prior use and the truing and dressing procedure aﬁ(?indin rocess under%nvesti ation. A thickness smaller than

cycle, can also affect flexure strength. In connection with truin 4 mmgrﬁa be used. but testsgmust 'be carried out to determine
and dressing, the greatest variation is likely to occur Wheq‘ y '

these procedures are performed manually by the operator. hat_ pr|or.damage' h‘f"S been removed .and s_teady state Is
o . : achieved in the grinding process under investigation. These
6.2 Property variations in the test material may lead t

Gests will require comparison of flexure strength values ob-
differences in flexure strength. Such variations may be asso g P g

L ; . . ASS0Cined using the smaller thickness with values obtained for a
ated with differences in the population of inherent flaws in th

. " . SN N&pickness=0.4 mm.
material or to compositional and microstructural variations.

When the influence of machining damage on flexure strengtd. Grinding Dimensions
competes with the effect of inherent flaws, a material related 9.1 A comprehensive discussion of grinding conditions is

variation in flaw p_opulation could be mistakenly attributed to beyond the scope of this standard. More complete treatments
an effect of machining. _ _can be found in the open literature and in textbooks on grinding
6.3 Specimen surfaces can be scratched or indented during) The following description is included mainly to assist in the
handling, especially during mounting or clamping for grinding. jgentification and categorization of important factors. In prin-
This is most likely to occur when hard abrasive particles arg;jpje, grinding conditions comprise all grinding related factors
present on the specimen surface or on a surface that contagiyt influence the measured flexure strength of the specimen.
the specimen. An extraneous scratch or indentation can act @gme factors may be inherent to the design of the grinding
a source of premature failure during flexure testing. In SOM@nachine and not easily or directly subject to control, for
cases it may not be possible to distinguish between extraneodgample, the static and dynamic stiffness characteristics of the
and machining induced damage. machine, and vibrations inherent to the machine. Other factors
6.4 A grinding procedure is specified in this standard forsuch as the feed rates and wheel grit size are subject to direct
measuring a reference baseline flexure strength. Damage intreontrol. This standard is primarily concerned with the evalua-
duced by this grinding procedure is not expected to have @on of the influence of the latter factors. Grinding variables
significant effect on the flexure strength of most advancedypically available for direct control are identified in the
ceramic materials. For verification, fractographic examinatiorsections below.
of tested baseline-specimens is used to ascertain the absence 0.2 Directly Controlled Machining Variables-Machining
machining damage at the fracture origin. In some instancegariables that are subject to direct control can be placed in three
undetected grinding-induced damage may combine or join witltategories1) machine control parameters such as down-feed

the inherent flaw that acts as the source or origin of fractureand table speed (Table 13) grinding wheel characteristics
This may impose a negative bias on the measured flexure

8.1 The required specimen dimensions and tolerances are

strength result. Residual stresses introduced by the specified TABLE 1 Adjustable Machining Parameters
grinding procedure can also influence the baseline flexure Whoo! Spood
Strength' Down Feed
6.5 A number of flexure test related factors can influence the zab'e SFpeZd
ross-ree

value of the measured flexure strength. Among the most

) . . g Grinding Direction (with respect to specimen geometry)
important for susceptible materials is slow crack growth due to
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(Table 2), andB) coolant variables. As with any test, there are where:

limits in the precision to which a given parameter can be C = concentration per unit area of grit that are active
controlled. These limits can vary substantially for different during grinding,

machines. For example, a conventional grinding machine withr is a factor describing the shape of the grit,
hydraulically operated table feeds probably will not offer as vg the wheel speed, and

precise control over table speed and cross-feed as a CNd the wheel diameter.

(computer numerically control) type machine with precision Because of variations in height and location of grit on the
lead screw drives and encoder feed back. The importance ofsurface of the wheel, not all exposed grit will be engaged in
given parameter or variable will of course depend on itscutting under a given set of grinding conditions. Those grit
influence on the flexure strength of the material being testedactually engaged in cutting are referred to as active grit.
Low precision with respect to a parameter or variable does ndgrinding parameters should be chosen so lthat much less
necessarily adversely affect the application of this standardhan approximately 1/3 the nominal grit sizehlf is too large,
The standard can in fact be employed to assess the sensitivigxcessive wheel wear may occur and the grinding forces may
of flexure strength to a given parameter or variable. Foreach a level that results in complete failure of the wheel or
example, for a certain machine, wheel speed is reduced byamage to the machine and/or workpiece. The grit depth-of-cut
10 % under load during grinding due to limitations in motor also plays an important role in determining grinding induced
speed control and power. The question may be asked, “Will thisamage. It is reasoned that the greater the depth of penetration
reduction in speed influence flexure strength?” One or moref the grit into the surface of the specimen during material
tests can be conducted at 20 % higher and lower speeds temoval, the larger the cracks introduced, and consequently the
evaluate sensitivity to wheel speed. The outcome will helpreater the reduction in flexure strength. Supporting this
determine whether, indeed, a 10 % reduction in wheel speegrgument is the well-known fact that cracks introduced by
has a significant effect on flexure strength of the material undenardness indentation increase in size with increasing indenta-
study. tion load.

9.2.1 Guidance in the choice of an appropriate set of 9.2.3 Experiments have shown that flexure strength does
grinding variables is obtained by considering the two relationindeed decrease with increasing grit depth-of-cut. However,
ships used to determine removal rate, Eq 1 and grit depth-othe actual relationship between flexure strength and grit depth-
cut, Eq 2. For linear reciprocating surface grinding the removabf-cut is quite complex and must account for the introduction
rate,Q,, is given by: of residual stresses and thermal effects, as well as dynamic
o) material response factors and other aspects of the grit work-

Q= MG piece interaction process. From Eq 2, it is seen that increasing
where: the grit concentration, wheel speed or wheel diameter de-
v, = table speed, creases the grit depth-of-cut, while increasing the table speed
a = down-feed, and or down-feed increases the grit depth-of-cut. The effects of
Cy = cross-feed. down-feed and wheel diameter appear as the one-fourth root

Increasing any or all of the independent variables will resultand consequently are expected to have a smaller effect relative
in an increase in removal rate. Limits on the magnitudes ofg changes in the other parameters which exhibit a square root
these parameters are imposed by the capacity of the machinedgpendence. Although grit size does not explicitly appear in Eq
terms of range of operation, available power, and operating, experiment shows that grit size is the factor that is most
speed of the grinding wheel. The capacity of the workpiece t@onsistent in its influence on flexure strength. Namely, there is
sustain the imposed grinding forces without failure and wheehearly always an inverse relationship between grit size and
grit size are also limiting factors. Seeking a higher removal ratglexure strength. This is caused primarily by the fact the Eq 2
by increasing,, and/ora can adversely effect surface finish, does not explicitly account for the non-uniform height distri-

flexure strength, and wheel wear. bution of exposed grit that exists on most grinding wheels.
9.2.2 The grit depth-of-cuth,, for linear reciprocating Thus, larger heights and correspondingly greater grit depths of
surface grinding can be approximated (&y: penetration are almost certain to occur for larger grit sizes at a
1 11 given down-feed setting.
hy, = (LICN)Z (v, /v.)2 (ald)a @

9.2.4 Grinding Wheel Condition (Balancing, Truing, Dress-
ing, and Wear—In addition to the design characteristics of the
grinding wheel (Table 2), the condition of the grinding wheel

TABLE 2 Grinding Wheel Characteristics can exercise a significant influence on the damage introduced

\?\jme‘e’ (size range determined by machine) during grinding and consequently on flexure strength. The
Bond type condition of the grinding wheel can be described in terms of its
Grit Size balance, trueness, grit exposure, and state of wear.

Grit Size distribution 9.2.5 Balancing may be carried out manually by the opera-

Grit Concentration

Grit Characteristics (type, shape, friability, etc.) tor, or automatically if the machine is so equipped. An

out-of-balance wheel will result in vibration or oscillation of
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the wheel with respect to the workpiece causing the depth-ofmake this surface cylindrical and concentric with the spindle
cut to vary as the wheel rotates against the workpiece surfacaxis of rotation. Any departure in shape from a true cylinder
The extent of these depth variations will depend on the degreill cause a variation in the depth-of-cut as the wheel engages
of imbalance and stiffness characteristics of the machine anghe workpiece surface. For rotary grinding modes, the face of
on grinding conditions. Out-of-balance can be detected byhe wheel is the primarily operational surface and truing is
means of an accelerometer mounted on the grinding machingerformed to make this surface flat and perpendicular to the
Periodic depth waves in the surface finish topography of thgpingle axis. With continued use, wheel wear will eventually
workpiece may also be used to identify out-of-balance, howyetermine the steady-state form of the grinding wheel. The

ever similar variations in surface finish may be produced by Rteady state form is specific to the wheel width, grinding
wheel that is not true. Balancing of the wheel may be doneconditions and workpiece dimensions.

statically and/or dynamically, on or off the machine. Various . . . .
y y y 9.2.11 Efficient cutting requires the presence of sharp grit

devices and methods are available for accomplishing this. ) :
. that protrude fractionally above the surface of the surrounding
9.2.6 Awheel that runs true is one that, when mounted ojy ond material. Dressing refers primarily to the removal of bond
the machine, presents a grinding surface that exhibits circulatf terial f ' th gf fp th y di heel thereb
symmetry with respect to the axis of rotation of the spindle. agnatenal from the surtace of he grinding wheel hereby

noted above (9.2.5), a periodic variation in height (referred tdncreasing the height at which the grit stand above the surface,

as waviness) of the workpiece surface along the direction gfemoving worn grit, and/or allowing the exposure fresh grit.
grinding will result if the wheel does not possess circularSeveral methods for dressing are available. Most often dressing

symmetry. In reciprocating surface grinding, the wheel isiS accomplished by grinding a specially formulated block of
generally trued to obtain a cylindrical form for generation of material (dressing stick) composed of weakly bonded abrasive
flat workpiece surfaces. grit, commonly aluminum oxide or silicon carbide. The type
9.2.7 Since the waviness in the surface finish whethefnd size of the grit and nature of the bond characterizing the
caused by wheel imbalance, by lack of concentricity, or bydressing stick is chosen for the grinding wheel. Dressing is
both, reflects a corresponding variation in the depth-of-cut, théarried out at a relatively large grit depth-of-cut to enhance the
potential exists for an associated adverse effect on flexurabrasion of the bond material surrounding the diamond grit.
strength. Instead of a constant depth-of-cut, the actual depth-9.2.12 Coolant (Grinding Fluid}~Three principle effects
of-cut oscillates about an average value. The maximum depttare provided by the coolant or grinding fluid. These are
of-cut value is the relevant quantity with respect to assessingxtraction of heat generated during grinding from the work-
the influence of down-feed on flexure strength. piece and wheel, removal of chips from the grinding zone, and
9.2.8 Because of the elastic compliance of the machindubrication of the cutting zone. Any or all of these may have
grinding wheel, and workpiece, it should be noted that thedirect and indirect influences on damage introduced by grind-
actual depth-of-cut will be less than the set down-feed Va|ueing and consequently on flexure strength. Perhaps the most
Only after several successive advances in down-feed will theritical function of the coolant is chip removal. Without
depth-of-cut approach the set value of down-feed. In additiorffective removal, chips may accumulate on the wheel inter-
to elastic compliance, wheel wear also will result in a depthgring with the contact between the grit and workpiece. Under
of-cut that is less than the set down-feed value. Accuratgyireme conditions rubbing of accumulated chips may cause
determination of the depth-of-cut will require direct measure-, cossive forces resulting in stalling or catastrophic damage to

e workpiece, wheel or grinding machine. The direct effects of

Finally, it should be pointed out that the above influences OQ:ooIing and lubrication on damage are not fully understood
depth-of-cut might have only a minor effect on flexure strengt owever, both cooling and lubrication can reduce wheel Wea'r
because of _the fourth root depende_nce of depth-of-cut in Eq and in that way reduce damage, at least to the extent that wheel
9.2.9 Truing is _normally _done W'th_ the wheel mounted on,q5 jtseif affects damage. Some grinding fluids may perform
thoew%r'gg'?gtgaih'ne' Fdor ‘?"a”.‘ond grit Whleels, ?jbrTakg true.rtﬁf)etter than others. Thus, care must be exercised in selecting a
P y truing device 1s commonly used. Truing wi rinding fluid that is appropriate to the grinding conditions and
one of these devices is a grinding operation itself in which th he workpiece material. If a concentrate that must be mixed

truing device is equipped with a grinding wheel of the correct ith er i d it trati I
grade for the wheel being trued. Truing wheels are usuall)yvI waler 1S Uused, an appropriate concentration, usually

operated at a surface speed that is different from that of thecOmmended by the supplier, must be chosen.
wheel being trued. The ratio of grinding wheel surface speed to 9.2.13 In general, coolant is delivered by a nozzle that is
truing wheel surface speed is chosen to optimize the truinglirected at the junction between the wheel and workpiece and
process, i.e. to maximize the rate of volume removal from thecarried into the contact by the rotation of the wheel. Flow rate
grinding wheel and minimize the volume lost from the truing and nozzle direction may be adjustable. Some machine designs
wheel. The run-out of an effectively trued wheel is typically may utilize more than one nozzle. For example, a second
less than 2 pm. Truing is rarely, if ever, applied to single-layemozzle may be directed normal to the wheel surface using the
plated or brazed diamond wheels. force of the coolant flow to flush accumulated chips from the
9.2.10 The form of the grinding wheel is also determined bysurface of the wheel. Alternatively, or in addition to delivery by
truing. For planar surface grinding where the wheel peripherynozzles, coolant may be supplied radially through holes in the
is the operational surface as in Fig. 2, truing is performed tavheel surface.
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9.2.14 The coolant supply facility should be equipped withderived from the center of a billet and others were located near
a filtration system typically capable of removing particlesthe outer surface, approximately equal numbers of specimens
greater than 5 um in size. Large hard particles, especiallfrom each source should be assigned to each set. Similarly, if
diamond grit lost from the wheel, entrained in the coolant andspecimens were prepared from five billets, each set should
delivered to the wheel/workpiece contact zone may scratch theontain approximately the same number of specimens from
workpiece introducing damage that degrades flexure strengtieach of the five billets. Furthermore, specimens should be
- chosen randomly from each source for assignment to each set.
10. Grinding Test Procedures The baseline strength of each new lot of material shall be
10.1 Grinding Test Procedure-A-This procedure compares measured to establish that a materials-related change in flexure
the flexure strength of a material after application of astrength is not attributed to or mistaken for the effects of
user-specified grinding condition with the baseline flexuregrinding damage.
strength of the same material. The baseline flexure strength is 10.1.4 Preparation of Specimens for Measurement of Base-
determined using grinding conditions specified in 10.1.4. On|y|ine Flexure Strengt.h_A thickness of=0.4 mm must be
planar grinding modes that generate a surface finish consistingmoved from each side of the specimen by surface grinding to
of nominally parallel striations are evaluated by this proceduregbtain the dimensions and tolerances specified by the appli-
Initially, three sets of specimens are required to evaluate gable flexure test standard (C 1161 and C 1211). Two stages of
given grinding condition. One set of specimens is used tqyrinding are defined—rough grinding (Table 3) and finish
determine the baseline strength of the material. The second agginding (Table 4). Only the tensile face requires finish
third sets are used to measure flexure strength after longitudingtinding. One face of each specimen will be selected and
grinding and transverse grinding. If additional grinding condi-identified as the tensile face in the flexure test. Rough grinding
tions are to be evaluated for the same lot of material, then onlyill be applied to the remaining faces, removing the requisite
two sets of specimens, one for longitudinal and one for=0.4 mm from each face. For the tensile face, rough grinding
transverse grinding, will be required for each condition. is applied until the final 0.1 mm is reached. Finish grinding is
10.1.1 Initial Specimen Preparatier-A minimum of 10  then employed to remove the final 0.1 mm of thickness. All
specimens per set is recommended in order to provide grinding is done in the longitudinal direction, i.e. parallel to the
sufficiently large sample size for statistical analysis. Forlong axis of the flexure bar.
rigorous statistical analyses employing Weibull probability 10.1.5 Preparation SchemeDepending on the available
distribution (Section 13), a minimum of 30 specimens per sestock material, preparation of each specimen will require
is recommended (see C 1239). When testing is performed fafeveral separate grinding operations. Unless the stock material
design or size scaling purposes, a minimum of 30 specimeris of such a size that cutting is not required, it will be necessary
per set is recommended. Increasing the number of specimensgi some point to perform one or more cutting operations with
each set will in general reduce scatter associated with statisticalthin grinding blade to separate the specimen(s) from a larger
sampling effects. Ultimately, variability in the material, in the pijllet. To gain overall efficiency, grinding to complete one or
grinding process, and in the flexure test will determine themore specimen sides may be carried out prior to cutting
measurement uncertainty. individual specimens from the billet. However, to minimize the
10.1.2 Flexure Test Specimen Siz&@est specimens of three possible introduction of extraneous damage during handling
different sizes A, B, and C are specified in flexure testand mounting, it is recommended that the tensile surface be the
Standards C 1161 and C 1211. Unless constraints are imposggt surface to be ground before chamfering. To gain additional
by the amount and dimensions of the available material, thefficiency, several billets or individual specimens may be
larger B or C size specimen should be chosen to take advantaggunted together and ground as a unit. The ends of the
of the potential reduction in statistical variation resulting from specimens do not require grinding.
the larger volume under tension during flexure testing with 10.1.6 General specifications of grinding wheels to be used
these larger specimens. in preparation of baseline strength specimens are given in
10.1.3 Specimen  Orientation, Identification and Tables 3 and 4. Friable types of diamond and non-metallic
Distribution—Depending on dimensions, one or more speci-honds (usually identified as resin or polymer) have been found
mens may be prepared from each piece of stock material. In theitable for grinding advanced ceramics. The wheel should be
flexure test, typically only a small region adjacent to the tensileyalanced, trued and dressed (9.2.4-9.2.10) prior to the initiation
surface of the specimen influences the flexure strength. Theref grinding.
fore, consideration must be given to the existence of property 10.1.7 Chamfering of the two edges at the tensile face of the

variations within each piece of the stock material and tospecimen is to be done using the finish grinding procedure. The
variations among different pieces of stock material. Each

specimen should be marked for identification and its location

and orientation with respect to the stock material geometry TABLE 3 Rough Grinding

should be recorded. If the stock piece or billet exhibits Whee'it32t‘? 9”;(21750(;325 "&?Sh? tFEPf:“) dian_wdcigd, 75-100
. are . - . concentration, = mm diameter, mm wi
identifiable manufacturing features then location and orienta- Wheel Surface Speed: 25 - 30 m/s
tion should also be referenced with respect to such features. Table Speed: 125 - 200 mm/s
Preferably, all specimens should belong to the same lot of Down Feed: 0.025 mm

ial. The distribution of specimens among the test sets CrossFeed 0.5~ 1.0 mm
material. Istribut peci g Coolant: Flood application

should be balanced. For example, if some specimens are
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TABLE 4 Finish Grinding orientation with respect to stock material, and assignment
Wheel: 600 grit (10/20 um; FEPA M16) diamond, 50 - 75 among sets are given in 10.1.3. One set of specimens will be
concentration, = 150 mm diameter, > 6 mm width used to determine the baseline flexure strength characteristic of
Wheel Surface Speed: 25 - 30 m/s I f . h d f . .
Table Speed: 125 - 200 mm/s all sets of specimens. The procedure for preparing specimens
Down Feed: 0.0025 mm for measurement of baseline strength is given in sections
Cross-Feed: 0.5 - 1.0 mm 10.1.4-10.1.8. The remaining set or sets will be used to

Coolant: Flood application

measure the flexure strength for the grinding condition(s) to be
evaluated. The evaluation may consist of comparing a given
grinding process over time as a quality control measure, or it
rough grinding procedure may be used to chamfer the twgnay determine the influence on flexure strength of one or more
edges not bounding the tensile face. Chamfer sizes must adh%’ﬁnding variables for the purpose of process development.

to limits given in C 1161 and C 1211. 10.2.1 In evaluating a grinding condition or process, care

10.1.8 Mounting of stock material and of partly completedmust be taken to insure that the grinding lay is the same for all
specimens during the various stages of grinding may be dongphecimens. Flexure strength is highly sensitive to the angle
mechanically or by the use of wax or cement. Care must bgetween grinding striations and the tensile direction in the
taken during handling and mounting not to scratch, chip, oflexure test. Specimens with different lays can exhibit different
damage the specimen surfaces and edges. flexure strengths. Rotary grinding methods in particular can

10.1.9 Preparation of User-Specified Grinding Condition result in a lay that differs among specimens located at different
Evaluation SpecimersThe tensile face of the specimens positions in the path traversed by the grinding wheel.
selected for user-specified grinding condition evaluation will  10.2.2 Lay may also differ over the surface of a single
be identified in advance (10.1.4). The grinding evaluationspecimen resulting in non-random local differences in flexure
conditions will be applied only to that surface. Unless other-strength. Such differences can be revealed by fractographic
wise required by the grinding conditions being evaluated, @&xamination whereby a bias may be found in the location of
minimum thickness of 0.4 mm shall be allowed for depths offracture origins. For example, most or all fracture origins may
cut =0.080 mm. For depths of cut larger than 0.080 mmpe |ocated near one edge of the specimens where the lay
allowance should be made for the removal of a thickness agrientation is closest to the transverse direction. When lay
least 5 times the depth-of-cut. For creep feed grinding, aries locally over the specimen surface, the standard Weibull
thickness equal to the creep feed depth should be allowed. Thgatistical analysis (C 1239) will not be applicable. That analy-
rough grinding condition specified in Table 3 shall be used tasis assumes a random distribution of flaws.
grind the remaining faces of the specimens. The tensile faces of 10.2.3 Procedure B may be used to evaluate the effect of lay
the entire set of longitudinal specimens are to be ground as gn flexure strength but will require sets of specimens with
unit using the grinding condition under evaluation. Similarly, identical lay patterns.
the tensile faces of the transverse set of specimens shall be10.2.4 Chamfers applied to edges bounding the grinding
ground as a unit. Where possible it is recommended that botévaluation face are ground in the longitudinal direction; that is,
the longitudinal and transverse sets be mounted and ground @ grinding lay on the chamfers must be parallel to the long
a unit. In any case, the sequence and grouping of specimesis of the specimen. The procedure given in 10.1.10 is to be
during grinding is to be recorded. used.

10.1.10 The rough grinding condition (Table 3) shall be 10.2.5 Results of Procedure B can only be considered valid
used for applying chamfers unless the grinding conditionyhen tests are carried out on sets of specimens derived from
evaluated utilizes a wheel with a grit size smaller than 320 gritthe same pool of material (10.1.3). Specimen sets derived from
Where this is the case the smaller grit size wheel shall be useg different pool of material require re-measurement of the
for grinding chamfers bounding the tensile face utilizing baseline strength for that lot.
conditions given in Table 4, replacing the designated 600 grit 10.2.6 All grinding conditions, e.g. Tables 1 and 2, shall be
wheel with the condition evaluation wheel. Alternatively, recorded and reported (14). The report will include specimen
chamfers may be applied with a 600 grit wheel. Chamfeimaterial type and lot identification information, and specimen

diemnsions must adhere to limits and tolerances given iensile face location with respect to stock material boundaries.
C 1161.

10.1.11 All grinding evaluation conditions should be re-11. Flexure Test
corded and reported (14). The report will include specimen 11.1 The detailed procedures for conducting flexure tests are
material type and lot identification information, and specimengiven in C 1161 Test Method for Flexure Strength of Advanced
tensile face location with respect to stock material boundariesCeramics at Ambient Temperatures and C 1211 Test Method
Grinding condition evaluation parameters shall be reported ($or Flexure Strength of Advanced Ceramics at Elevated Tem-
and 14). peratures. C 1161 and C 1211 cite procedures for conducting
10.2 Grinding Test Procedure-B-No requirements are im- tests in both three-point and four-point flexure. Only the
posed on the grinding process except that it must be capable fifur-point flexure test applies to this standard.
generating a flat surface meeting the dimensional requirements
of C1161 or C1211. Two or more sets of specimens ard2. Fractography
required depending on the number of conditions to be evalu- 12.1 Examination of the fracture surfaces to locate and
ated. Requirements for specimen identification, selection andssess the nature of the fracture origin is an important
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requirement of this standard. This examination carries speciditacture origin is shown schematically in Fig. 5. Additional
significance for baseline strength evaluation specimens, sin@xamples can be found in C1322 and R@&).
the results can indicate whether failure of a given specimen .
was due to an inherent flaw, necessary for the baseliné3. Analysis of Data
measurement, or was associated with machining or extraneous13.1 Flexure strength values for each specimen are deter-
damage. In addition, the fractography results indicate thenined from failure load, specimen width and thickness, and
validity of the flexure test. An inordinate number of failures atflexure span as described in C 1161 and C 1211. In general,
or outside of the inner beating contact region suggest incorredtexure strength data for advanced ceramic materials are found
specimen/fixture alignment or damage caused by the bearintp be adequately described by the Weibull distribution. Proce-
Similarly, a preference for failures at the chamfer edgeglures and recommendations for conducting Weibull statistical
suggests improper application of chamfers. analyses are given in C 1239 Practice for Reporting Uniaxial
12.2 Fractographic examination can require a considerablgtreéngth Data and Estimating Weibull Distribution Parameters
expenditure of time, especially when the number of specimen®" Advanced Ceramics. Results for each set of specimens
is large or when optical microscope observation does nothould be evaluated with respect to scatter and uniformity of fit

suffice and SEM is necessary to establish the nature of thio the Weibull distribution curve. Special note should be taken

origin. When it is not feasible to examine all specimens aof the presence of outliers and non-uniformity in the distribu-
' tion of values.

minimum often specimens from each set shall be examined' ) - . .
When each set consists of 10 specimens, this would require 13.2 Typlcally, machlnlng ev_alua'uon specimen sets that are
X ound in the transverse direction show the greatest reduction

examination of all specimens. For larger sets, the specime .
from each set shall be chosen as follodsthe three lowest |n.str9ngt_h c;ompared to th? basglme_ strength. H_owever, when
grinding is in the longitudinal direction, many, if not most,

strength specimens) the three highest strength Speclmens’advanced ceramics exhibit little reduction in strength, even

and 3) four specimens randomly selected from the remainder: : S o >

e ; under relatively severe grinding conditions. This is because the
Preference is given to the highest and Iovyest strength Spe.c('famage introdyuced byggrindingg is highly anisotropic and the
;n:mnz givciﬁltl:saisgfatrr;?jugteégr?riilfls;(ﬁreecg?:g)nn t;hforrgigmmr\%eakest tensile direction is perpendicular to the grinding
camag ) gth. 'P'Sirection. Even for the transverse direction, machining damage
if it is found that the three highest strength specimens all faile

from machining dam there is an incr 4 likelihood th oes not always cause a reduction in strength. To be the
thc') aih g da a;g;e_,l efe sa ¢ creased fike thoo . referred source of failure, machining induced flaws must in

IS was Ihe source of faiure for most specimens in € SeL. a4 e larger than inherent flaws in the material. Also,
contrast, if none of the low strength specimens failed fro

- S , achining induced residual stresses, which are compressive in
machining damage, then it is likely that most of the SPecimeng vre. may act to compensate for the strength reduction
did not fail from machining damage.

caused by machining flaw(8).

12.3 Procedures and techniques for conducting fractography 13.3 Fractography results are especially important with
are given in C 1322 Practice for Fractography and Charactefespect to indicating whether failure of a given specimen was
ization of Fracture Origins in Advanced Ceramics. Record they consequence of machining induced damage or was due to the
following information for each specimen examined: presence of an inherent flaw in the material. For specimens in

12.3.1 Location of the Fracture Origin-Determine and the set used for inherent flexure strength determination, failure
record the location of fracture origin with respect to the innershould not have occurred at machining induced flaws or at
span bearing contacts, the specimen edges, and depth below gxraneous surface damage. Any such specimens should be
surface. excluded from the evaluation of baseline strength. If all or a

12.3.2 Nature of the Fracture Origin-Determine whether Majority of specimens in the baseline strength set are found to
fracture originated at an inherent flaw in the material (incly-n@ve failed from machining or extraneous damage, then it will
sion, pore(s), large grain, or other heterogeneity) or at e necessary to repeat the baseline strength determination

machining flaw or non-machining-related scratch or otheff@king care to apply the specified conditions. One easily
extraneous damage. overlooked source of unexpected machining damage is the

12.3.3 Optiona—Measure length and depth of fracture grinding wheel. The presence of even a single grit larger than

origin and mirror. These measurements can be used to ascertain

that the fracture origin identified is consistent in size with the ) ‘ ( !
measured flexure strength (C 1322). N \‘ ) y/ .

12.4 The small width and close proximity to the surface of M,\ﬂ { W‘
machining induced cracks (Fig. 1) can make them difficult to N};\\Q AN _l,/,f,. /
detect. However, when it can be concluded that the origin of ‘:\Q'\ o "//;é
failure is not an inherent flaw and fractography indicates that .‘_:Q 7 \ '*‘f&/
the origin lies at the surface, there is a possibility that - - ;&

machining damage is the source of failure. Under these
circumstances, it is clear that attention should be focused on a R —

search for the tell-tail signs (C1322) of machining damage.  FiG. 5 Schematic Drawing of Machining Crack (Arrow) at
One example of the appearance of machining damage at a Fracture Origin(C 1322 and Ref. 1)

10
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is specified for the wheel could result in excessive damage. The 14.1.1 Material specifications (Source, Type, Lot Number,
wheel supplier should be consulted concerning the diamon8illet Dimensions).
particle size distribution employed. If after repeating the 14.1.2 Specimen size.
baseline strength determination, the majority of failures are 14.1.3 Layout of Specimens in each billet and Associated
still found to originate at machining damage, then this tesBillet and Specimen Number.
method is not applicable to the material under investigation. As 14.1.4 Number of Specimens per Set.
an additional step, polishing might be applied after final 14.1.5 Set designation and list of specimens in each set. Sets
grinding to reduce or eliminate grinding damage, but specifiare identified as follows:
cation of polishing procedures is outside the scope of this Baseline Strength Set
standard. Grinding Evaluation Set x,—Longitudinal

13.4 Fracture origins of baseline flexure strength specimens Grinding Evaluation Set x—Transverse
should be randomly distributed within the area bounded by the Here x represents a number assigned by the user. If more
inner span bearing contacts, although an occasional origithan one grinding condition is evaluated then sets for each
outside the inner span does occur. A nhonrandom grouping afondition must be assigned a unique number.
origins, for example a high concentration in the region below 14.1.6 The grinding parameters that must be specified for
one of the inner beating contacts or near a chamfer edge cout@rinding Evaluation Set -Longitudinal and Set x—
result from misalignment during flexure testing. The alignmentTransverse are listed below. If complete specification requires
should be corrected and the test repeated. A non-randosadditional parameters, then these should be added.

distribution of failure origins could also occur if the material Grinding machine Type, Manufacturer and Model
itself is inhomogeneous. In this case, the standard is not Grinding wheel specifications

applicable. Caution should be exercised in drawing conclu- e e and Dressing Procedure

sions solely based on an apparently non-random distribution of Table speed (workpiece feed rate) in grinding direction
failure origins. For small numbers of specimens, the distribu- Crr?ssl-';eedhincljement

. Wheel depth-of-cut

tion may only appear nonrandom for lack of a large enough Coolant manufacturer, type, and concentration
sample. Coolant flow rate

13.5 The distribution of fracture origins for grinding-
condition-evaluation specimens should be inspected as a mea
to assess the validity of each test. If the fracture origins are n
randomly distributed within the inner span region, the flexure
test should be checked for proper alignment as noted in 13.
A large concentrations of origins at one or both of the chamfer;e

edges could result if edge damage was not removed by 14.1.8 Areport on fractography results shall be prepared for

chamfering or if the chamfgrmg process itself mtroduced ach test set. The contents of the reports are prescribed by
excess damage. The chamfering process should be reviewed 10

. . . . A 1322.
be certain that it complies with 10.1.10. For grinding evalua- . : N
tion specimens, a nonrandom distribution of origins associategtld"l'9 Final Analysis of Results and Determination of

X o L e ~Statistical Significanee-C 1239 should be consulted with

with grinding damage not necessarily indicate a deficiency in . ! . .

e respect to conducting a Weibull statistical analysis on each test

the test procedure. A preponderance of origins at a certain X > I ; )

. ) - set. Alternatively, or in addition, commercially available soft-

location could result from transient exposure to a large grit on o )

L : ) ware may be used to conduct the statistical analysis. Such

the grinding wheel as it passed over several specimens in . : | ;

- . Software can be especially valuable in connection with estab-

transverse grinding. The presence of an unusually large stria-

tion at the origins could be evidence of such an event.'Shmg the extent to which statistically significant differences

Additional tests will be required to determine whether this isexISt between different data sets.

. L . .~ 14.2 Report for Procedure B (10.2The report for Proce-
representative of the grinding process under evaluation or is 'Hure B diffgrs from the report for( Prozc-:}edure Ap(14 1) only with
effect an infrequent occurrence. respect to the grinding evaluation conditions 14i3 Procedure

13.6 A failure origin associated with machining or extrane- P 9 9 o

ous damage that is located on the side of the specimen requirésdoes not require grinding in the longitudinal and transverse

14.1.7 Areport on flexure test results shall be prepared for
Zch test set. The contents of the report are prescribed by

1161 or C 1211, which ever test method was used. Specifi-
ations on specimen preparation and machining included in
ese standards are not required since that information will be
ported in 14.1.

that the observation be discarded. Failures originating at th Irections for evaluation of a given grinding condition. Indeed,

side of the specimen due to machining damage are only likel o?grlgl:g:nalrnacljrgjcés'tr%r;SV(:,i:]s;nW|Ilalrllcc))\fvgg Leriz\é?n;gizggfgogs
to occur when the procedure used to grind the tensile fac y 9 9 :

causes less damage than the procedure specified in 10.1.9 %?cnon 14.1.3 ShOL.'Id be modified to include the relev_ant
the sides. In the event that a large number of failures fro arameters. Otherwise, the report contents should duplicate

machining damage occur on the sides, the procedure used 61'1'

grind the tensile face should also be used to grind the sides qf - .
the specimen. C_)L5. Precision and Bias

15.1 Precision—Round robin tests have not been con-

14. Reporting ducted, therefore no statement can be made regarding the
14.1 Report for Procedure A (10.1) shall contain the follow-precision of this test method. Procedures for the calculation of
ing: confidence bounds on Weibull statistical parameters, which are

11
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important for the assessment of the statistical significance of
differences between different test sets, can be found in C 1239.

15.2 Bias—No statement can be made about bias for this
method since no standard reference materials (SRM’s) are
available for determination of bias.
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