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Standard Practice for
Qualifying Charpy Impact Machines as Reference Machines

This standard is issued under the fixed designation E 1236; 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.

INTRODUCTION

Some standards for impact testing require that the bias of the machines be evaluated by testing one
or more sets of specimens with known impact energy. These specimens are called verification
specimens. The known value is determined by tests using three machines which, by consensus, are
designated as giving correct results. Such machines will be referred to as reference machines and the
impact energy values determined from tests using these machines will be referred to as reference
values.

In order to assure an adequate supply of verification specimens and also to assure that the reference
values are not influenced by uncontrolled changes in one reference machine, it is necessary to
recognize several machines as reference machines. However, when several different machines are used
to test a large number of specimens from the same lot, the average impact energy from each machine
is usually different from the corresponding values from tests by other machines. This practice provides
procedures for minimizing these differences.

1. Scope 2. Referenced Documents

1.1 This practice lists the physical requirements that an 2.1 ASTM Standards:
impact machine shall meet in order to be registered as a E 23 Test Methods for Notched Bar Impact Testing of
reference machine. Metallic Materialg

1.2 This practice describes the procedure by which a refer- E 178 Practice for Dealing with Outlying Observatidns
ence machine shall be qualified to make tests to establish E 456 Terminology Relating to Quality and Statistics
reference values. E 691 Practice for Conducting an Interlaboratory Study to

1.3 These requirements and procedures are not intended to Determine the Precision of a Test MetRod
be applied to impact machines and testing procedures used for .
purposes other than to qualify machines for the determinatiod: Terminology
of reference values of verification specimens. 3.1 Definitions of Terms Specific to This Standard:

1.4 This practice does not describe the procedure by which 3.1.1 coordinator—the person or agency who conducts the
the reference value for a specified reference material ignnual interlaboratory coordination program and maintains a
determined. The procedure varies with the material beindile on all reference machines.
tested and is to be found in different standards for various 3.1.2 impact energy-the energy required to break a speci-

specified verification materials. men when tested by an impact machine. It is equal to the
1.5 Values stated in inch-pound units are to be regarded adifference in the potential energy of the pendulum at the start
the standard. S| units are given for information only. and at the end of a swing during which a specimen is broken,

1.6 This standard does not purport to address all of theminus the proportional amount of windage and friction loss
safety concerns, if any, associated with its use. It is thevhich corresponds to the angle of swing.
responsibility of the user of this standard to establish appro- 3.1.3 lot—a definite quantity of some commodity manufac-
priate safety and health practices and determine the applicatured under similar conditions of production.

bility of regulatory limitations prior to use. 3.1.3.1 Discussior—With the exceptions noted, the defini-
tions of statistical terms given in Terminology E 456 shall
apply.

* This practice is under the jurisdiction of ASTM Committee E28 on Mechanical
Testing and is the direct responsibility of Subcommittee E28.07 on Impact Testing————————
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3.1.4 reference machinesimpact machines meeting the These records shall be in permanent form suitable for evalua-
requirements of this practice. tion at any time until 1 year after all the specimens from the
3.1.5 reference value-the impact energy value furnished same lot have been tested or sold.
with verification specimens, determined from tests made using 6.1.2.4 If impact energy is automatically calculated and

reference machines. . printed, the value shown shall be rounded to 0.1 ft-lbf (0.1 J) or,
3.1.6 set—a group of specimens chosen at random from aoptionally, 0.5 % of the impact energy, if greater.
lot, to be later tested successively in a single machine. 6.1.2.5 If pendulum position is recorded, the record shall be

~ 3.1.6.1 Discussior-With the exceptions noted, the defini- readable to an angle corresponding to the larger of 0.2 ft-Ibf
tions of statistical terms given in Terminology E 456 shall (0.3 ) or 1 % of the impact energy.

apply. o e . 6.2 Environment of the reference machine shall be similar
3.1.7 specified verification materiakany one of several 4 that of the average quality control environment with specific

materials that meet a specification given in a standard thaliantion to the following factors:

describes verification specimens. 6.2.1 The machine shall be in an enclosed area with

3.1.8 verification specimensimpact specimens to be used . I :
Y : : sufficient lighting and clearance around the equipment to
to evaluate the suitability of a machine for material acceptance

testing by comparing the impact enerav measured b thaRermit convenient access for conducting the necessary periodic
9 by paring P gy y inspections and maintenance.

machine to the reference value furnished with the specimens. e .
6.2.2 Normal room temperature and humidity is satisfac-
tory. No concentrated heating or cooling sources shall be

4. Summary of Practice . ; A
: ) . . located near or directed toward the machine or its indicating
4.1 Any impact machine that meets the physical requireinechanism.

ments of this practice may be a candidate reference machine.
Before the machine is permitted to be used to determin?h
reference values, it shall be qualified by participating in an,
mterlaboratory coordination program that compares result quipment which would affect its performance.
from all candidate reference machines at low, medium, an

: o 6.2.4 The reference machine shall not be subjected to
high energy levels. The average value and variability of the teséf(ternal (random) vibrations induced by other equipment in

results from each machine are compared to correspondin - . .
ose proximity, such as forging hammers, presses, vehicular

values from all machines combined. If the differences betwee O . i
the value from a particular machine and the combined value i ovements, and so forth. Vibrations d|§cernable by p_Iacmg the
nd on the pendulum would be considered excessive.

less than the amounts specified in this practice, that machine
certified as a reference machine for the next twelve months or Nore 1—Excessive vibration from a machine firmly fastened to the
until the next report of the interlaboratory coordination pro-floor indicates the need of a separate foundation or base connected to the
gram is distributed. floor by vibration isolators.

6.2.3 The atmosphere shall be sufficiently clean to prevent
e accumulation of dust or foreign material that could con-
minate the bearings or otherwise cause damage to the

7. Selection of the Coordinator of the Interlaboratory

5. Significance and Use e
Coordination Program

5.1 This practice is expected to increase the availability of ) . o
verification specimens by permitting an increase in the number 7.1 The machine owner accepting responsibility for the

of qualified reference machines. coordinative function has the option of assigning an employee
or of contracting with a person or agency outside the owner’s
6. Apparatus organization to serve as coordinator.

6.1 Reference Machinesused to determine the reference 7'.2 Timing—.T.he coordinator of the .nexy program shall be
values for a specified verification material, shall comply withdesignated within 60 days of the distribution of the report of

the requirements of the standard for verification specimens dhe preceding pr-ogram. o
that material. 7.3 For the first year of the program, the coordinative

6.1.1 Unless specifically stated otherwise in the standard fdiesponsibility will be assigned to the owner of reference
verification specimens, reference machines shall comply witfachine A.
the requirements of Test Method E 23, except as modified in 7.4 For the second and subsequent programs, the machine
6.1.2. owner who last accepted responsibility will request succes-

6.1.2 The requirements for reference machines shall diffegively, in alphabetical order, the other owners to designate the
from those given in Test Method E 23, as follows: coordinator for the next program.

6.1.2.1 The capacity of a reference machine shall be 240 7.4.1 If none of the owners voluntarily accept the coordina-
ft-Ibf (330 J) or greater. tive responsibility, the responsibility shall be assigned to the

6.1.2.2 The portions of the striker and anvils that contact the@wner whose machine has the first alphabetical identification
specimen and apply or react to the impacting force shall havketter among those who have previously accepted the respon-
a hardness of 56HRC or greater. sibility the least number of times per reference machine owned.

6.1.2.3 The angular position of the pendulum at the exdf that owner refuses to accept the assignment, that machine
tremes of the swing or the impact energy calculated therefrorshall be excluded from the next program and thereby loses
shall be automatically recorded in digital or graphical form.reference machine status.
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8. Calibration and Standardization (d) The request shall require that the quotation include the
esults of tests on specimens randomly selected from the lot
conform to Test Methods E 23. eing offered. These results shall include average impact
. . . energy, the standard deviation, the test temperature, the number
8.2 Registration of Reference Machines of specimens tested, and all other information needed to show

8.2.1 Registration shall be initiated by a letter of applicationhat the offered lot meets the specifications of the standard for
from the machine owner to the coordinator. The letter shall,grification specimens of that material,

furnish the information and make the commitments that follow: (e) The request shall state that the minimum number of
8.2.1.1 Identify the machine and certify that the require-specimens required to be in each lot shall be equal to the

8.1 Calibration and verification of reference machines shal

ments of Section 6 are satisfied. product of 1.5 times the number of registered reference
8.2.1.2 State that the owner agrees to participate in thenachines and the number of specimens in each set. Unless
annual interlaboratory coordination program. otherwise required by the standard for the verification speci-

8.2.1.3 State that the owner will permit suppliers and user§ens, each set shall consist of 25 specimens. The inquiry shall
of the verification specimens tested by this machine to see thgfate that the quoted lot size shall be reserved for use in the
machine and examine the permanent records required by thigterlaboratory coordination program for at least twelve
practice. These inspections are to be by appointment at th@onths after the first specimens are delivered.

owner’s convenience. () The request shall require that the specimen be perma-
8.2.2 The coordinator will assign the next letter of the nently marked with coded letters to identify the lot from which
alphabet to that machine for identification. it was drawn and also with a number to uniquely identify that

8.2.3 The coordinator will acknowledge the receipt of thespecimen from all others within the lot and that the specimens

application by a letter addressed to the owner. An attachmer’ €ach set sE)haII fbe dra;lwn ath rﬁnbdom f_ron:j the lot. The
will list all currently registered reference machines by identi-SPecimen numbers for each set shall be retained in a permanent

fying letter and give the name, address, and telephone numbEfcOrd: _ _
of the owner of each machine. (g) The request shall state that only quotations submitted

8.3 The interlaboratory coordination program will consist Ofbefore the end of Fe_bruary will be conS|dered..
specimen procurement and testing, and the comparison of te$t8'3'3'2 The coordinator shall then send copies of all quota-

results to determine whether the deviation and variability ofiONS for specimens to participating machine owners. Each
each machine is within the limits specified in 8.3.6 and 8.3.7°Wner shall be requested to vote during April for a specimen

8.3.1 The specimen shall meet the dimensional requiresuppher at each energy level. Each owner shall have one vote

ments given in Test Methods E 23 for Charpy Impactfor each of the owner’'s machines that is to be qualified.

Specimens-Type A, and any additional requirements imposed 8.3.3.3 During May, the coordinator shall notify the supplier
by the standard for verification specimens. whose proposal received the most votes at an energy level to

8.3.2 If all of th did hi der th ﬁxpect orders for specimens at that level. The coordinator shall
3.2 IFall of the candidate machines are under the Controp,iiq, 4| others who quoted that their proposal did not receive

of one person or organization, that owner shall be responsiblg,e ¢t yotes, In the case of a tie, the coordinator shall cast the

for cond_uctmg the interlaboratory _coordlnatlon program an eciding vote.

for keeping a summgry report on file. ] 8.3.3.4 During May, the coordinator shall send a letter to
8.3.3 If the candidate reference machines are under thg;ch yoter stating that a set of specimens for each candidate

control of two or more owners, the coordinator shall conducteference machine at each level shall be obtained by sending a

the interlaboratory coordination program as described inyrchase order to the chosen supplier(s). The letter shall also

8.3.3.1-8.3.8.2. give a schedule for reporting the results of the tests and a blank
8.3.3.1 During January of each year, the coordinator shakllorm for recording the data and all other information required

request quotations of price and delivery for the specimensor the summary report.

needed for the interlaboratory coordination programs. 8.3.4 Each owner shall test a set of specimens at each
(@) Requests shall be addressed to each known supplier efiergy level and report the results on the forms furnished by

verification specimens and to all other manufacturers who havehe coordinator.

had experience in producing Charpy specimens and who haveg 3.4.1 Before testing any specimen from the set, all speci-

asked to be considered. mens shall be inspected for dimensional accuracy. If any are
(b) The request shall be for separate quotations for verificafound to be out of tolerance, the whole set shall be returned to

tion specimens in one or more of the following energy rangesthe supplier with a note listing the defects. A replacement set

low, 10 to 15 ft-Ibf (13 to 20 J); medium, 65 to 90 ft:Ibf (88 to shall be requested.

122 J); high, 130 to 180 ft:Ibf (176 to 244 J), whose 8.3.4.2 The testing procedure shall be in accordance with

specifications are shown in standards for verification speci9.1.

mens. 8.3.4.3 If a testing error involving more than two specimens
(c) The request shall stipulate that the quotation shall includés known to have occurred, a replacement set shall be ordered

the material specification from the manufacturer and a certifiand tested. No substitution of specimens from outside the

cate stating that all material furnished to that specification wasriginal set is permitted. If the testing error involved only one

taken from a single billet or melt. or two specimens, the original set of specimens need not be
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replaced. If there is physical evidence to support the occumore machines exceeds the specified limit of the larger of 1
rence of the testing error, the results for the one or twdt:Ibf (1.36 J) or 5 % of the grand average, the grand average
specimens involved may be deleted from the calculations, bighall be recalculated after deleting the data from the machine
the reading obtained, type of error, and the evidence of errawith the largest deviation. The deviation shall then be recalcu-
must be included in the report. Examples of such evidence aréated for the remaining machines and the machine with the

(a) Atypical fracture appearance, largest deviation again eliminated if the deviation exceeds the

(b) Off-center anvil marks, and specified limit. This process of recalculation shall be continued

(c) An exceptionally high or low reading of impact energy until all the deviations are less than the specified limit. The
for a specimen that has lateral expansion typical of the othefleviation for the machine previously deleted shall then be
specimens. calculated using the grand average last calculated. If the

8.3.4.4 After all the specimens of a set have been tested, tfeviations last calculated exceed the specified limit, the coor-
owner shall identify outliers as described in 10.4. All speci-dinator shall follow the notification and retest procedure
mens identified as outliers shall be examined for physicaflescribed in 8.3.6 except that the retest results shall not be

evidence of a difference between the outliers and the othdpcluded in the grand average.
specimens. Examples of such evidence are: 8.3.8 The coordinator shall write a summary report for each

(a) Difference in hardness energy level and distribute copies to all participants in the

(b) Misplaced anvil marks, interlaboratory coordination program.

(c) Unusual fracture appeéirance and 8.3.8.1 The data summary shall be in the tabular form
’ . described in Practice E 691.

(d) Defects exposed by the fracture surface such as voids, 8.3.8.2 The summary report shall contain all the information

segr;aagol?s, oalnﬁluglor;s. id f a diff bet thfurnished by the manufacturer(s) concerning the specimens
S such physical evidence of a dilference between Mg 404 and also the test data from the guotation submitted by the
outlier and the other specimens is found, the value of impac

. pplier of those specimens.
enlerglytfor th?t specimen Sh(?” tbe gelgtid f.rotr.n th(?n.:,ub;elqt!enlf'&&g For a period of twelve months following the date of
calculations for average and standard deviation. 1he Gelelioggo of e report or until the next report is distributed, the

shall be noted and the physical evidence described in thFeference machine status shall be in force
report. If no physical evidence of specimen defect or testing 8.3.10 Additional candidate reference machines may be

error 1S found, the outlier shall b.e mclu_ded In SlJbsequenhualified or a repaired machine may be requalified at any time
calpulatlpns. The search for physical evidence shall be dq/'vhen interlaboratory test specimens are available. The owner
scribed in the report , shall register the machine in accordance with 8.2 and purchase
8.3.4.6 The test results anq broken specimens shall be sefteat of specimens from the same lot used during the latest
by the owner of each candidate reference machine t0 thgoahoratory coordination program. These specimens shall
coordinator. After the summary report has been issued, g tegted in accordance with 8.3.4 and the data and specimens
coordinator shall return the broken specimens to the OWn€len (o the coordinator. The test for excessive variability shall
who tested them, if the owner so desires. _be based on the pooled standard deviation from the latest report
8.3.5 After test results for each candidate reference machings 5 interlaboratory test program on the same lot. Similarly,
have been received, the coordinator shall tabulate the comne geviation shall be calculated using the previously deter-
bined data in accordance with the section in Practice E 691 Opyined |ast grand average. If neither the variability nor the
preparing Data for Evaluation. deviation are excessive, the coordinator shall inform the owner
8.3.6 The coordinator shall compare at each energy level thyat the machine has qualified for reference machine status
variability of each machine to all the others, as described ifntjl the next regularly scheduled interlaboratory test program.

10.5. If this comparison identifies one or more machines ag excessive variability or deviations are found, 8.3.6 and 8.3.7
producing results with excessive variability, the coordinatorsha|| apply.

shall notify the owner and suggest that the owner inspect the
machine for abnormal conditions such as worn parts, misalign9- Procedure
ment, excessive friction, or loose foundation bolts. The coor- 9.1 The procedure for the operation and inspection of a
dinator shall also invite the owner to compare the specimengeference machine shall conform to the requirements of Test
broken by the machine in question to the specimens broken hylethods E 23 and to the following additional requirements.
other machines. The owner shall have options of withdrawing 9.1.1 Impact energy or pendulum position shall be automati-
the first results and replacing them with data from another satally recorded rather than observed and recorded by an
from the same lot or withdrawing from the present annualoperator. This automatic record shall be retained until one year
coordination program. In order to be included in the grandafter all the specimens of the same lot have been tested or sold.
average and standard deviation, any replacement data must be9.1.2 The combined windage and friction loss during 11
received by the coordinator within 21 days after notification. successive half-cycles shall be measured before and after each
8.3.7 The coordinator shall calculate the deviation for eacldaily use, and the values recorded in a permanently retained
qualified reference machine. This is equal to the grand averageg book.
of the results of all machines that did not show excessive 9.1.3 The reported value of impact energy shall be compen-
variability minus the average for the machine whose deviatiorsated for windage and friction loss as shown in 10.3. Other
is being calculated. If magnitude of the deviation for one orcorrections or calibration terms shall not be used.
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9.1.4 If cemented carbide anvils or strikers are used, extoss = friction and windage loss per half-cycle.
posed carbide surfaces and bond lines shall be inspected wiBrimes indicate angles during a swing without the specimens in
fluorescent penetrant quarterly. The anvils and striker shall bplace.
removed from the machine annually for a complete inspection. 10.3 Impact energy, as used in this practice, is the value
Any cracked parts shall be replaced and the interlaboratory testlculated by the formula of 10.1.1, minus an amount of the
program repeated. The dates and pertinent details of aftiction and windage loss proportional to the angle of the swing
inspections shall be documented in a log book. that breaks the specimen, or:

9.15 During the annual in_spection of the reference ma- | = Ul — Loss(180+ a + b)/(180+ a + b) 3)
chines, the flatness of the anvil surfaces that absorb force from
the striker and the adjacent radii shall be measured fromwhere:
contact impressions using low melting point metals, plaster ofl = impact energy of specimen broken.
Paris, or other suitable substances that harden while in contact
with the anvils. A slice of these castings at the mid-plane of théAll angles are measured in degrees.
specimen, perpendicular to the notch root, shall be photo- 10.4 The treatment of outliers among the values of impact
graphed or examined with an optional comparator to determinenergy for a set is in accordance with Practice E 178 using the
the minimum and maximum values of radii at the noses of bottupper 5 % significance level. The steps in the calculation are
anvils and the deviation of the adjacent supporting surfacsummarized as follows.
from the plane of the unworn portions of that surface. The 10.4.1 Step 3—List in order of increasing values the impact
photograph or slices made during successive inspections shalhergy for all specimens in a set, tested in a single machine.
be retained until the anvils are replaced or remachined. The 10.4.2 Step 2—Calculate the average, which is equal to
radius at the striking edge of the striker shall be measured ithe sum of all the values in the set divided by the number of

the same manner. specimens tested. The algebraic form is:

9.1.6 If it becomes necessary to repair the recording system, K= (x4 +% +% +...x)n )
it shall be recalibrated by setting the pendulum at known
elevations before additional tests are made. where:

first value in the set,

9.1.7 Ifit becomes necessary to replace, repair or adjust anya
second value, etc, and

part of the machine other than the recording system, theX

interlaboratory coordination program for this machine shall ben = total number of values in the set.
repeated before any further tests to determine reference valuesl0.4.3 Step 3—Calculate the standard deviatics),by:
are made. s= V(X — X + 0 — X + .+ %~ — 1) (5)

10. Calculation of Results 10.4.4 S_tep 4—Calculate the discriminating ratid, for the
. ) _ values of impact energy at or near the top and bottom of the
10.1 Impact energy uncorrected for friction and windage iSis; continue in the list until the calculated values are less than

equal to the difference between the potential energy of thg,e 4jiowable value in accordance with Practice E 178, Table
pendulum at the start of the down swing, before the specimeg, cyjical Values forT, for example 2.663 for a set of 25:
is struck, and that at the end of the up swing, after the specimeg,oe-

is broken. _ _
10.1.1 The pendulum elevation shall be measured by the To=Pa = X[l T, =Pq = x|hs... ©)
angle, from the horizontal, of a line from the center of rotation To = 1% = XI5 Ty =% — X|/5...

to the center of gravity of the pendulum. Consider positions 10.4.5 Step 5—Examine the broken specimens correspond-
above the horizontal to have a plus value of angle and positiomhg to the values of impact energy giving a valueTofreater
below the horizontal to have a minus value. Therefore: than the allowable value. If physical evidence indicates that
Ul = W L(Sina — Sinb) (1)  any of these specimens are not typical of the majority of the
set, the values of those specimens shall be deleted from the list.

wherf ) 10.4.6 Step 6—Using the reduced list, recalculate the aver-

\llJvI = un(_;orr]rec]:ced mdlplact energy, age and standard deviation and use these values for all
= weight of pendulum, . subsequent calculations.

L = distance from center of rotation to the center of

10.5 The comparison of machines for significant differences
in variability shall be made using the formula given in Practice
E 691. These formulas are shown as follows with the simplified

otation resulting from considering each material separately.

Ihe subscript letters shall now refer to the reference machines;
that is, subscripa indicates that the value was calculated from
the results of tests made using reference machine A, similarly

gravity of the pendulum,
angle at the start of the down swing, and
angle at the end of the up swing.

10.2 The friction and windage loss per swing is calculate
by the formula above using angles measured before and aft
11 half-cycles with no specimen in place or:

a
b

Loss= W L(Sina— Sinb’)/11 2) for b and B, etc.
where: 10.5.1 Step +—Tabulate in columns the machine designa-
a is measured before the first down swing drichfter the last tion (A, B, etc.), the average of the values of the impact energy,
upswing, and and the standard deviations for tests made on the corresponding
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machines. These numbers shall be copied directly from the last 10.5.4 Step 4—These values ok shall be compared to the
iteration of Step 6 in 10.4.6 for each reference machine usedritical values in Table 1. The critical values are such that the

10.5.2 Step 2—Calculate the estimated pooled standard

deviation within laboratoriess, by using the formula: TABLE 1 Critical Values of k&,
5= (52 at<2b.. P @) Machines, Number of Specimens in a Set, n

P 107 15 20 25 30

where: _ _ 3 1.38 1.32 1.28 1.25 1.23

P = number of machines being compared. 6 1.47 1.39 1.33 1.30 1.27

. . 9 1.49 1.41 1.35 1.31 1.28

(Eq 7) shall be used in the typical cases where the number of  ;, 151 142 136 132 129

results utilized is the same for each machine. If this condition 15 1.52 1.42 1.37 1.32 1.29
is not met, then (Eq 8) shall be used instead: AThis column is taken directly from the table in Practice E 691. The other

5= columns were obtained by extrapolation of the values in that table.

VS a1+ Ly — D+ .dny =)+ — 1) +...

@ Value for a machine of average variability will shovkaalue
_in excess of the critical value only once in 100 trials. Therefore,
10.5.3 Step 3—Add another column to the table used in 5 k value in excess of the critical value indicates that the
10.5.1 and insert the ratit, for each machine. This is equal to yachine used may not be a suitable reference machine.
the standard deviation for the corresponding machine (already
tabulated) divided by the estimated pooled standard deviatiohl. Keywords

between laboratories, or algebraically: 11.1 CVN verification program; impact machine; impact
k, = si/s k, = s,/s, etc. (9) reference machine; impact verification
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