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1. Scope cascs with high or low temperatures. For some

1.1 Fhese methods describc notched-barim-  materials and temperatures, impact tests on
pact testing of metallic materials by the Charpy ~ Rotched specimens have been found to predict
(simple-beam) apparatus and the l2od (canti- the 'hkehhood of brittle fracture better than
lever-beam)apparatus. They give: (a)a descrip-  lension tests or other tests used in material
tion of apparatus, (b) requircments for inspec- specifications. Further information on signifi-
tion and calibration, (c) safety precautions, () €3ncc appcars n the Appendix.
sampling, (¢) dimensions and preparation of 4. i
specimens, (/') testing procedures, (g) precision B ic ¢ )
and accuracy, and (h) appended notes on the 4.1 General Requirements:
significance of notched-bar impact testing. 4.1.1 The testing machine shall be a pendu-
These methods will in most cases also apply 10 lum type of rigid construction and of capacity

tests on unnotched speciracns. more than sufficient to break the specimen in
1.2 The values stated in SI units are to be  ©one blow. o .

regarded as the standard. 4.1.2 The machine frame shall be equipped

with a bubble level or a machined surface

2. Summary of Methods suitable for establishing levelness. The machine

2.1 The esscntial features of an impact test shall be level to within 3:1000 and securely
are: (2) a suitable specimen (specimens of sev- bolted 1o 2 concrete floor not less than 150 mm
eral different types are recognized), (b) an anvil (6 in.) thick or, when this is not practical, the
or support on which the test specimen is placed machine shall be boltedto a foundation having
© receive the blow of the moving mass, (¢} a @ mass not less than 40 times that of the pen-
moving mass of known kinetic energy which dulum. The bolts shall be tightened as specified
must be great enough to break the test specimen Y the machine raanufacturer. . .
placedin its path, and (d) a devicc for measur- 4.1.3 The machinc shall be furnished with

ing the energy absorbed by the broken speci- scales graduatf:d cilhelt in degrees or Qirectly in
cnergy on which rcadings can be estimated in

men. :
increments of 0.25 % of the energy range of
3. Significance less. The scales may be compensated for wind-
3.1 These methods of impact testing relate __
specifically 10 the behavior of metal when sub- ! These methods ase under the jurisdiction of ASTM

jected to a single application of a load resulting COg‘milltle %‘2(8 on hiwhar;ial T;M;nrfgn B, e
3 A N < q urrenl egition approve MArc| . . Published Ju
in multiaxial stresses associated with a notch, 1982. Oniginally published as E 23- 33 T. Last previous cdff

coupled with high rates of loading and in some  tion E23-81.
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age and pendulum friction. The error in the
scale reading at any point shall not exceed 0.2
% of the range or 0.4 % of the reading, which-
ever is larger. (See 5.2.6.2 and 5.2.7)

4.1.4 The total friction and windage losses
of the machine during the swing in the striking
direction shall not exceed 0.75 % of the scale
range capacity, and pendulum energy loss from
friction in the indicating mechanism shall not
exceed 0.25 % of scale range capacity.

4.1.5 The dimensions of the pendulum shall
be such that the center of percussion of the
pendulum is at the center of strike within 1 %
of the distance from the axis of rotation to the
center of strike. When hanging free, the pen-
dulem shall hang so that the striking edge is
within 2.5 mm (.10 in.} of the position where
it would just touch the test specimen. When the
indicator has been positioned to read zero en-
ergy in a free swing, it shall read within 0.2 %
of scale range when the striking edge of the
pendulum is held against the test specimen.
The plane of swing of the pendulum shall be
perpendicular to the transverse axis of the
Charpy specimen anvils or lzod vise within 3:
1000,

4.1.6 Transverse play of the pendulum at the
striker shall not exceed 0.75 mm (0.030 in.)
under a transverse force of 4 % of the effective
weight of the pendulum applied at the center
of strike. Radial play of the pendulum bearings
shall not exceed 0.075 mm (0.003 in.). The
tangential velocity (the impact velocity) of the

ndulum at the center of the strike shall not
be less than 3 nor more than 6 m/s (not less
than 10 nor more than 20 ft/s).

4.1.7 Before release, the height of the center
of strike above its free hanging position shall
be within 0.4 % of the range capacity divided
by the pendulum weight, measured as de-
scribed in 5.2.3.3, If windage and friction are
compensated for by increasing the height of
drop, the height of drop may be increased by
not more than 1 %,

4.1.8 The mechanism for releasing the pen-
dulum from its initial position shall operate
freely and permit release of the pendulum with-
out initial impulse, retardation, or side vibra-
tion. If the same lever that is used to release
the pendulum is also used to engage the brake,
means shall be provided for preventing the
brake from being accidentally engaged.

4.2 Specimen Clearance—Toensure satisfac-
tory results when testing materials of different
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strengths and compositions, the test specimen
shall be free to leave the machine with a mini-
mum of interference and shall not rebound into
the pendulum before the pendulum completes
its swing. Pendulums used on Charpy machines
are of two basic designs, as shown in Fig. L.
When using a C-type pendulum, the broken
specimen will not rebound into the pendulum
and slow it down if the clearance at the end of
the specimen is at least 13 mm (0.5 in.) or if the
specimen is deflected out of the machine by
sorme arrangement as is shown in Fig. 1. When
using the U-type pendulum, means shall be
provided to prevent the broken specimen from
rebounding against the pendulum (Fig. 1). In
most U-type pendulum machines, the shrouds
should be designed and installed to the follow-
ing requirements: (a) have a thickness of ap-
proximately 1.5 mm (006 in.), {#) have a min-
irmum hardness of 45 HRC, (¢) have a radius
of less than 1.5 mm (0.06 in.) at the underside
corners, and (d) be so positioned that the clear-
ance between them and the pendulum over-
hang (both top and sides) does not exceed 1.5
mm {06 in.}.

MNoTte 1—In machines where the opening within
the pendulum permits clearance hetween the ends of
a specimen (resting on the anvil supporis) and the

shrouds, and this -:-E-aranuc is at least 13 mm (0.5 in.)
requirements (a) and () need not apply.

4.3 Charpy Apparatus:

4.3.1 Means shall be provided (Fig. 2) to
locate and support the test specimen against
two anvil blocks in such a position that the
center of the notch can be located within 0.25
mm {0010 in.) of the midpoint between the
anvils (see 11.2.1.2).

4.3.2 The supports and striking edge shall be
of the forms and dimensions shown in Fig. 2.
Other dimensions of the pendulum and sup-
ports should be such as o minimize interfer-
ence between the pendulum and broken speci-
mens.

4.3.3 The center line of the striking edge
shall advance in the plane that is within (.40
mm {0.016 in.) of the midpoint between the
supporting edges of the specimen anvils, The
striking edge shall be perpendicular to the lon-
gitudinal axis of the specimen within 5:1000.
The striking edge shall be parallel within 1:
1000 to the face of a perfectly square test
specimen held against the anvil.

4.3.4 Specimen supports shall be square with
anvil faces within 2.5:1000. Specimen supports

-
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shall be coplanar within (L1253 mm (0.005 in.)
and paraltel within 2: 1004,

4.4 Izod Apparatus:

4.4.1 Means shall be provided (Fig. 3) for
clamping the specimen in such a position that
the face of the specimen is parallel (o the
striking edge within 1:100). The edges of the
clamping surfaces shall be sharp angles of 90
+ 1° with radii less than 0.40 mm (0.016 in.).
The clamping surfaces shall be smooth with a
2-pm (63-pin.) finish or better, and shall clamp
the specimen firmly at the notch with the
clamping force applied in the direction of im-
pact. For rectangular specimens, the clamping
surfiaces shall be flat and parallel within 0,025
mim (0001 in.). For ¢ylindral specimens, the
clamping surfaces shall be contoured to match
the specimen and each surface shall contact a
minimum of #/2 rad (90%) of the specimen
circumference,

442 The dimensions of the siriking edge
and its position relative to the specimen clamps
shall be as shown in Fig, 3.

4.5 Energy Range—Energy values above 80
% of the scale range are inaccurate and shall be
reporied as approximate. [deally an impact test
would be conducted at a constant impact ve-
locity. In a pendulum-type test, the velocity
decreases as the fracture progresses. For speci-
mens that have impact energies approaching
the capacity of the pendulum, the velocity of
the pendulum decreases during fracture to the
point that accurate impact energies are no
longer obtained.

5. Inspection

5.1 Critical Parts:

5.1.1 Specimen Anvils and Supports or Vise—
These shall conform to the dimensions shown
in Fig. 2 or 3. To ensure a minimum of energy
loss through absorption, belts shall be tightened
as specified by the machine manufacturer,

MoTE 2—The impact machine will be inaccurate
o the extent that some energy is used in deformation
or movement of its component parts of of the ma-

chine 4z a whole; this energy will be registered as
used in fracturing the specimen.

5.1.2 Pendufum Striking Edge—The striking
edge (tup) of the pendulum shall conform to
the dimensions shown in Figs. 2 or 3. To ensure
a minimum of energy loss through absorption,
the striking edge bolts shall be tightened as
specified by the machine manufacturer. The
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pendulum siriking edge (tup) shall comply with
4.3.3 {for Charpy tests) or 4.4.1 (for Izod tests)
by bringing it into contact with a standard
Charpy or Izod specimen.

5.2 Pendulum Operation:

5.2.1 Pendulum Release Mechanism-—The
mechanism for releasing the pendulum from its
initial position shall comply with 4,1.8.

5.2.2 Pendulum Alignment—The pendulum
shall comply with 4.1.5 and 4.1.6. If the side
play in the pendulum or the radial plays in the
bearings exceeds the specified limits, adjust or
replace the bearings,

5.2.3 Potential Energy—Determine the ini-
tial potential energy using the following pro-
cedure when the center of strike of the pendu-
lum is coincident with the line from the center
of rotation through the center of percussion. If
the center of strike is more than 2.5 mm (0.1
in.) from this line, suitable corrections in ele-
vation of the center of strike must be made in
5232, ,5233 52.46.1, and 527, so that ele-
vations set or measured correspond to what
they would be it the center of strike were on
this line.

3.2.3.1 For Charpy machines place a hali-
width specimen (see Fig, 4) 10 by 5 mm (0,394
by (L197 in.) in test position. With the sinking
edge in contact with the specimen, a line scribed
from the top edge of the specimen to the strik-
ing edge will indicate the center of strike on the
striking edge.

5.2.3.2 For lzod machines, the center of
strike may be considered to be the contact line
when the pendulum is brought into contact
with a specimen in the normal testing position,

NoTte 3—A method of accurately determining the
centers of strike of [zod machines is to place a
specimen, so machined that the distance from the
center of the notch to the top of the specimen is 22.66
mm (0.892 in.}, in test position. With the striking
edge in contact with the specimen, a ling scribed from
the top edge of the specimen to the striking edge will
indicate the center of strike on the striking edge.

5,233 Support the pendulum horizontally
to within 15:1000 with two supports, one at the
bearings {or center of rotation) and the other at
the center of strike on the striking edge (sce
Fig. 5). Arrange the support at the striking edge
to react upon some suitable weighing device
such as a platform scale or balance, and deter-
mine the weight to within 0.4 %, Take care to
minimize friction al either point of suppori.

*»
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Make contact with the striking edge through a
round rod crossing the edge at a 90° angle. The
weight of the pendulum is the scale reading
minus the weights of the supporting rod and
any shims that may be used to maintain the
pendulum in a horizontal position.
5.2.3.4 Measure the height of pendulum
drop for compliance with the requirement of
4.1.7. On Charpy machines measure the height
from the top edge of a half-width (or center of
& full-width) specimen to the elevated position
of the center of strike to 0.1 %. On Izod ma-
chines measure the height from a distance 22.66
mm {0892 in) above the vise to the release
position of the center of strike to 0.1 %.
5.2.3.5 The potential enargy of the sysiem is
equal to the height from which the pendulum
falls, as determined in 5.2.3 .4, times the weight
of the pendulum, as determined in 5.2.3.3.
524 Impact Velocity—Determing the im-
pact velocity, », of the machine, neglecting
friction, by means of the following equation:
r= &'m
where:
velocity, m/s (or fi/s),
acceleration of gravity, m/s" (or ft/s"),
and
initial elevation of the striking edge, m
{or i)
5.2.5 Center of Percussion—To ensure that
minimum force is transmitted to the point of
rolation, the center of percussion shall be at a
point within 1 % of the distance from the axis
of rotation to the center of strike in the speci-
men. Determine the location of the center of
percussion as follows:
5.2.5.1 Using a stop watch or some other
suitable tlime-measoring device, capable of
measuring lime to within 0.2 s, swing the pen-
dulum through a total angle not greater than
157 and record the time for 100 complete cycles
(to and fra).
5252 Determine the center of percussion
by means of the following equation:
{ = 0.2484p%, w determine / in metres
= U.El&pz. 1o determine [ in feet

where:

! = distance from the axis to the center of
percussion, m (or ft), and

p = time of a complete cycle (to and fro) of
the pendulum, s,

5.2.6 Friction—The energy loss from friction

i =
g =

h =

A T

.
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and windage of the pendulum and friction in
the recording mechanism, if not corrected, will
be included in the energy loss attributed to
breaking the specimen and can result in erro-
neously high impact values. In machines re-
cording in degrees, normal [rictional losses are
usually not compensated for by the machine
manufacturer, whereas they are vsually com-
pensated for in machines recording directly in
energy by increasing the starting height of the
pendulum. Determine energy losses from fric-
tion as follows:

5.2.6.1 Without a specimen in the machine,
and with the indicator at the maximum energy
reading, release the pendulum from its starting
position and record the energy value indicated.
This value should indicate zero energy if fric-
tional losses have been corrected by the man-
ufacturer, Raise the pendulum so it just con-
tacts the pointer at the value obtained in the
free swing, Secure the pendulum at this height
and determine the vertical distance from the
center of strike to the top of a half-width spec-
imen positioned on the specimen rests (sec
5.2.3.1). Determine the weight of the pendulum
asin 5.2.3.2 and multiply by this distance. The
difference in this value and the initial potential
energy is the total energy loss in the pendulum
and indicalor combined. Without resetting the
pointer, repeatedly release the pendulum from
its initial pasition wntil the pointer shows no
further movement. The energy loss determined
by the final position of the pointer is that due
to the pendulum alone. The frictional loss in
the indicator alone is then the difference be-
tween the combined indicator and pendulum
losses and those due to the pendulum alone,

5.2.6.2 To ensure that friction and windage
losses are within tolerances allowed (see 4.1.4),
a simple weekly procedure may be adopted for
direct-reading machines. The following steps
are recommended: (g) release the pendulum
from its upright position without a specimen in
the machine, and the energy reading should be
0 J {0 ft+1bf); (b) without resetting the pointer,
again release the pendulum and permit it to
swing || half cycles; and after the pendulum
starts its 11th ¢ycle, move the pointer to be-
tween 5 and 10 % of scale range capacity and
record the value obtained. This value, divided
by 11, shall not exceed 0.4 % of scale range
capacity. If this value does exceed 0.4 %, the
bearings should be cleaned or replaced.

T
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527 Indicating Mechanism—To ensure that
the scale is recording accurately over the entire
range, check it at graduation marks correspond-
ing to approximately 0, 10, 20, 30, 50, and 70
% of each range. With the striking edge of the
pendulum scribed to indicate the center of
strike, lift the pendulum and set it in a position
where the indicator reads, for example, 137 (10
ft-Ibf). Determine the height of the pendulum
to within 0.1 %. The height of the pendulum
multiplied by its weight, as determined in
5233, is the residual energy. Increase this
value by friction and windage losses in accord-
ance with 5.2.6 and subtract from the potential
energy determined in 5.2.3, Make similar cal-
culations at other points of the scale. The scale
pointer shall not overshoot or drop back with
the pendulum. Make test swings from various
heights to check visually the operation of the
pointer over several portions of the scale.

5.2.8 The impact value shall be taken as the
energy absorbed in breaking the specimen and
15 equal to the difference between the energy in
the striking member at the instant of impact
with the specimen and the energy remaining
after breaking the specimen.

6. Precaution in Operation of Machine

6.1 Safety Precautions—Precautions should
be taken to protect personnel from the swinging
pendulum, flying broken specimens, and haz-
ards associated with specimen warming and
cooling media.

7. Sampling

7.1 Specimens shall be taken from the ma-
terial as specified by the applicable specifica-
tion.

B. Test Specimens

8.1 Material Dependence—The choice of
specimen depends to some extent upon the
characteristics of the material 1o be tested, A
given specimen may not be equally satisfactory
for soft nonferrous metals and hardened steels:
therefore, a number of types of specimens are
recognized. In general, sharper and deeper
notches are required to distinguish differences
in the more ductile materials or with lower
testing velocities,

8.1.1 The specimens shown in Figs. 6 and 7
are those most widely used and most generally
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satisfactory. They are particularly suitable for
ferrous metals, excepting cast iron.*

&.1.2 The specimen commonly found suita-
ble for die cast alloys is shown in Fig, 8

8.1.3 The specimens commonly found suit-
able for powdered metals (P/M) are shown in
Figs. % and 10. The specimen surface may be
in the as-produced condition or smoothly ma-
chined, but polishing has proven generally un-
necessary. Unnotched specimens are used with
P/M materials. In P/M materials, the impact
test results will be affected by specimen ori-
entation. Therefore, unless ctherwise specified,
the position of the specimen in the machine
shall be such that the pendulum will strike a
surface that is parallel to the compacting direc-
tion.

8.2 Sub-Size Specimen—When the amount
of material available does not permit making
the standard impaci Lesi specimens shown in
Figs. 6 and 7, smaller specimens may be used,
but the results obtained on different sizes of
specimens cannot be compared directly (X1.3).
When Charpy specimens other than the stand-
ard are necessary or specified, it is recom-
mended that they be selected from Fig. 4.

8.3 Supplementary Specimens—For econ-
omy in preparation of test specimens, special
specimens of round or rectangular cross section
are sometimes used for cantilever beam test.
These are shown as Specimens X, Y, and Z in
Figs. 11 and 12. Specimen Z is sometimes called
the Philpot specimen after the name of the
original designer. In the case of hard materials,
the machining of the flat surface struck by the
pendulum is sometimes omitted. Types Y and
Z require a different vise from that shown in
Fig. 3. each half of the vise having a semi-
cylindrical recess that closely fits the clamped
portion of the specimen. As previously stated,
the results cannot be reliably compared to those
obtained using specimens of other sizes or
shapes.

8.4 Specimen Machining:

8.4.1 When heat-treated materials are being
evaluated, the specimen shall be finish ma-
chined, including notching, after the final heat
treatment, unless it can be demonsirated that

* For testing cast iron, see 1933 Report of Subcommittes
XV on Impaci Testing of Commitiée A-3 on Cast Lros,
Proceedingy, Am. Soc. Testing Mats., Vol 33, Part 1, 1933,
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there is no difference when machined prior to
heat treatment.

8.4.2 Motches shall be smoothly machined
but polishing has proven generally unneces-
sary. However, since variations in notch dimen-
sicns will seriously affect the results of the tests,
it is necessary to adhere to the tolerances given
in Fig. 6 (X1.2 illustrates the effects from vary-
ing notch dimensions on Type A specimens).
In keyhole specimens, the round hole shall be
carefully drilled with a slow feed. The slot may
be cut by any feasible method. Care must be
exercised in cutting the slot to see that the
surface of the drilled hole opposite the slot is
not marked,

8.4.3 Identification marks shall not be
placed on any surface of the specimen that
contacts the striking edge or specimen supports,
All stamping shall be done in a way that avoids
cold deforming of the specimen at the notch
root or at any other portion of the specimen
that is visibly deformed during fracture,

9. Preparation of Apparatus

9.1 Daily Checking Procedure—After the
testing machine has been ascertained o comply
with Sections 4 and 5, the routine daily check-
ing procedures shall be as follows:

9.1:1 Prior to testing a group of specimens
and before a specimen is placed in position to
be tested, check the machine by a free swing of
the pendulum. With the indicator at the maxi-
mum energy position, a free swing of the pen-
dulum shall indicate zero energy on machines
reading directly in energy, which are compen-
sated for frictional losses. On machings record-
ing in degrees, the indicated values when con-
verted to energy shall be compensated for fric-
tional losses that are assumed 0 be propor-
tional to the arc of swing.

10. Verification of Charpy Machines

10.1 Verification consists of inspecting those
parts subjected to wear to ensure that the re-
quirements of Sections 4 and 5 are met and the
testing of standardized specimens (Notes 4 1o
6). It is not intended that paris not subjected to
wear (such as pendulum and scale linearity)
need to be remeasured during verification un-
less a problem is evident. The average value at
each energy level determined for the standard-
ized specimens shall correspond to the nominal
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values of the standardized specimens within 1.4
J{1.0ft-1bf) or 5.0 %, whichever is greater.

MNoTe 4—5Standardized specimens are available
for Charpy machines only.

Mg S—Information pertaining (o the availabil-
ity of standardized specimens may be obtained by
addressing: Director, Army Materials and Mechanics
Research Center, ATTN: DREXMR-MQ, Watertown,
Mass, 02174,

Motk 6—The Army Materials and Mechanics Re-
search Center has for many years condocted a
Charpy machine qualification program wherely
standardized specimens are used to centify the ma-
chines of laboratones using the test as an mspection
requirement on government contracts.” If the user
desites, the results of tests with the standardized
specimens will be evaluated, Participants desirous of
the evaluation should complete the questionnaire
provided with the standardized specimens, The ques-
tionnaire provides for information such as testing
temperature, the dimensions of certain critical parts,
the cooling and testing techniques, and the resalts of
the test. The broken standardized specimens are to
be returned along with the completed questionnaine
for evaluation (see Note 5 for address). Upon com-
pletion of the evaluation, the Army Materials and
Mechanics Research Center will return 4 report. [f a
maching is producing values outside the standardized
specimen tolerances, the report may suggest chanpes
in machine design, repair or replacement of certain
machine parts, 8 change in testing techniques, ete,

10.2 Frequency of Ferification—Charpy ma-
chines shall be verified within one year prior to
the time of testing. Charpy machines shall,
however, be verified immediately after replac-
ing parts, making repairs or adjustments, after
they have been moved, or whenever there is
reason to doubt the accuracy of the results,
without regard to the time interval,

11. Procedure

11.1 The Daily Checking Procedurc (Sec-
tion 9) shall be performed at the beginning of
each day or each shift.

11.2 Charpy Test Procedure—The Charpy
test procedure may be summarized as follows:
the test specimen is removed from its cooling
{or heating) medium, if used, and positioned
on the specimen supports; the pendulum is
released without vibration, and the specimen is
broken within 5 s after removal from the me-
dium. Information is obtained from the ma-
chine and from the broken specimen. The de-
tails are described as follows:

*Diiseoll, D, E. "Reproducihility of Charpy Impact
Test." Symposium on Impact Testing, ASTM 8TP 176, Am.
Soc. Testing Mats., 1935, p. [70.
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11L.21 Temperature of Testing—1n most ma-
terials, impact values vary with temperature.
Unless otherwise specified, tests shall be made
at 15 to 32°C (60 to 20°F). Accuracy of results
when testing at other temperatures requires the
following procedure: For liquid cooling or
heating fill a suitable container, which has a
grid raised at least 25 mm (I in.) from the
bottom, with liquid so that the specimen when
immersed will be covered with ai least 25 mm
(1l in) of the liquid. Bring the liguid to the
desired temperature by any convenient method.
The device used to measure the temperature of
the bath should be placed in the center of a
group of the specimens. Verify all temperature-
measuring equipment at least twice annually.
When using a liquid medium, hold the speci-
mens in an apitated bath at the desired temper-
ature within £1%C (£2°F) for at least 5 min.
When using a gas medium, position the speci-
mens s0 that the gas circulates around them
and hold the gas at the desired temperature
within £1°C (£2°F) for at least 30 min. Leave
the mechanism used to remove the specimen
from the medium in the medium except when
handling the specimens.

NoTe 7—Temperateres up 1o +260°C (+300°F)
may be obtained with certain oils, but “flash-point™
temperatures must be carefully observed.

11.2.2 Placement of Test Specimen in Ma-
chine—It is recommended that self-centering
tongs similar to those shown in Fig. 13 be used
in placing the specimen in the machine (see
4.3.1). The tongs illustrated in Fig. 13 are for
centering V-notch specimens. 1f keyhole speci-
mens are used, modification of the tong design
may be necessary. If an end-centering device is
uséd, caution must be taken to ensure that low-
energy high-stremgth specimens will not re-
bound off this device into the pendulum and
cause erroneously high recorded values. Many
such devices are permanent fixtures of ma-
chines, and if the clearance between the end of
a specimen in test position and the centering
device is not approximately 13 mm (0.5 in.),
the broken specimens may rebound into the
pendulum,

11.2.3 Operation of the Machine:

11.2.3.1 Set the energy indicator at the max-
imum scale reading; lake the test specimen
from its cooling {or heating) medium, if used;
place it in proper position on the specimen

E 23

anvils; and release the pendulum smoothly.
This entire sequence shall take less than 5 s if
& cooling or heating medium is used,

11232 If any specimen fails to break, do
not repeatl the blow but record the fact, indi-
cating whether the failure to break occurred
through extreme ductility or lack of sufficient
energy in the blow. Such results of such tests
shall not be included in the average.

11.2.3.3 If any specimen jams in the ma-
chine, disregard the resulls and check the ma-
chine thoroughly for damage or maladjusi-
ment, which would affect its calibration.

11.2.3.4 To prevent recording an erroneous
value caused by jarring the indicator when
locking the pendulum in its upright position,
read the value from the indicator prior to lock-
ing the pendulum for the next lest.

11.2.4 Information Qbtainable from the Test:

11.2.4.1 Impact Energy—The amount of en-
ergy required to fracture the specimen is deter-
mined from the machine reading.

11.2.4.2 Lateral Expansion—The method
for measuring lateral expansion must take into
account the fact that the fracture path seldom
bisects the point of maximum expansion on
both sides of a specimen. One half of a broken
specimen may include the maximum expansion
for both sides, one side only, on neither. The
technique used must therefore provide an ex-
pansion value equal to the sum of the higher of
the two values obtained for each side by mea-
suring the two halves separately. The amount
of expansion on each side of each half must be
measured relative to the plane defined by the
undeformed portion of the side of the specimen,
Fig. 16. Expansion may be measured by using
a gage similar to that shown in Figs. 17 and 18,
Measure the two broken halves individually.
First, though, check the sides perpendicular to
the notch to ensure that no burrs were formed
on these sides during impact testing; if such
burrs exist, they must be removed, for example,
by rubbing on emery cloth, making sure that
the protrusions to be measured are not rubbed
during the removal of the burr. Next, place the
halves together so that the compression sides
are facing one ancther, Take one half and press
it firmly against the reference suppors, with
the protrusion against the gage anvil. Note the
reading, then repeat this step with the other
broken half, ensuring that the same side of the
specimen is measured. The larger of the two
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values is the expansion of that side of the
specimen. Next, repeat this procedure to mea-
sure the protrusions on the opposite side, then
add the larger values obtained for each side.
Measure each specimen.

MNore B—Examine each fracture surface Lo ascer-
tain that the protrusions have not been damaged by
contacting the anvil, maching mounting surface, eic.
Such specimens should be discarded since this may
CHILSE SITONSOUSs readings.

11.2.4.3 Fracture Appearance—The percent-
age of shear fracture may be determined by
any of the following methods: (/) measure the
length and width of the cleavage portion of the
fracture surface, as shown in Fig. 14, and de-
termine the percent shear from either Table |
or Table 2 depending on the units of measure-
ment; (2) compare the appearance of the frac-
ture of the specimen with a fracture appearance
chart such as that shown in Fig. 15; (5 magnify
the fracture surface and compare it to a precal-
ibrated overlay chart or measure the percent
shear fracture by means of a planimeter; or ()
photograph the fracture surface at a suitable
magnification and measure the percent shear
fracture by means of a planimeter.

Mote 9—Because of the subjective nature of the

evaluation of fracture appearance, it i5 not recom-
mended that it be used in specifications.

11.3 fzod Test Procedure—The lzod test
procedure may be summarized as follows: the
test specimen is positioned in the specimen-
holding fixture and the pendulum is released
without vibration. Information is obtained
from the machine and from the broken speei-
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men. The details are described as follows:

I1.3.1 Temperature of Testing—The speci-
men-holding fixture for lzod specimens is in
most cases part of the base of the machine and
cannot be readily cooled (or heated). For this
reason, lzod testing is not recommended at
other than room temperature.

11.3.2 Clamp the specimen firmly in the sup-
port vise so that the centerline of the notch is
in the plane of the top of the vise within 0,125
mm (0.003 in.). Set the energy indicator at the
maximum scale reading, and release the pen-
dulum smoothly, Sections 11.2.3.2 to 11,234
inclusively, also apply when testing Tzod spec-
imens.

11.3.3 Information Obtainable from the
Test—The impact energy, lateral expansion,
and fracture appearance, may be determined
as described in 11.2.4.

12. Report

12.1 For commercial acceptance testing, the
following is considered sufficient:

12.1.1 Type of specimen used {and size if
not the standard size),

12.1.2 Temperature of the specimen.

12.1.3 When required any or all of the fol-
lowing shall be reporied:

12.1.3.1 Energy absorbed,

12.1.3.2 Lateral expansion, and

12.1.3.3 Fraciure appearance (see Note 9).

13. Precision and Accuracy

13.1 The precision and accuracy of these
methods are being established.

TABLE 1 Percent Shear for Measurements Made in Millimetres
MoTe— 100 % shear = to be reported when either 4 o7 B is zero.

Dhmen- Dimension 4, mm
iy - -
Bomm L0 15 20 15 30 35 40 45 50 35 60 &5 70 75 BO BS 90 B3 Q0
1.0 99 9§ GE 97 W W 95 G4 94 93 8 92 91 91 SO B9 ED  BE BB
L5 GE 97 W6 95 94 93 97 W2 91 W &Y KR OB B4 33 B4 B} K2 H
20 98 % 9% 94 %2 91 90 =20 85 #5 35 B4 B2 Bl B T 77 T 75
2.3 97 ©5 94 92 %1 8% HBF EB6 B4 B3 Bl B0 TR T 73 TZ 72 MW a8
10 % 94 9 91 E% K7 ES R} OBl 79 77T Té 4 71 70 6B 66 64 62
15 G 93 91 B9 ET RS B2 RO TR Té 74 T2 &9 &7 65 63 &1 B 56
4.0 95 93 90 & 5 82 B0 77T 75 7T M 67T 65 61 40 5T 35 32 50
4.5 04 92 B9 R K3 R TV 5 0TI 69 &6 63 61 3B 55 52 49 46 44
50 94 91 BE &S BRI TR O0TE 72 &% 66 62 59 56 53 S0 47 44 41 W
5.5 93 90 % 83 T¢ M 0TI &% 66 62 % 55 52 48 453 42 M 35 3
6.0 92 89 K5 B T M T & 62 59 55 51 47 44 4 3 33 19 IS
65 o B B4 RO TE T2 67 &3 S99 55 31 47 43 39 35 3 1 1319
10 9] A7 & 78 T4 & 65 61 56 52 47 43 ¥ 3 M % I 17 .12
1.5 91 & Bl 7T T2 &7 &2 5B 53 48 44 ¥ M W 25 MW 16 1 &
g0 o) &S BD 75 T &% 60 5% S0 45 40 35 3o 15 w0 1% 10 ] 1]
0 Py —
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TABLE 2 Percent Shear for Measurements Made in Inches
MNoTE— 100 % shear &5 1o be reported when either 4 or 8 is zero.

Dimen- Dimension A, in.
sion —— Fm—— g

Boin. 005 010 012 014 Ol6 008 D20 022 024 026 02B 030 032 03 036 038 040
0,05

OE W B3 94 B4 03 92 9] o 90 B9 A8 KT EA B BS B4
0.10 D6 92 %O ®9 BT 85 B4 82 Hl ™77 WM™ T4 T T 6% &R
[N ] % %) BB Bs &S HD B ™ T T3 73 T 6% a7 65 63 6l
0.4 4 B B6 B4 B2 R0 7T T3 0TI &fF w6 B4 62 5O 57 A%
016 4 BT BS  R2 O T¢ 77T T4 T2 &% AT w4 &1 5% 54 53 5] 48
(R 1] 43 BS B} B0 TY T4 TR oB 65 61 59 56 5l 48 45 42
.24 2 &% 8 TT T4 T2 68 6% 4l 58 55 52 48 45 42 3 34
022 g1 2 T 7 7 &8 65 61 5T 54 M 47 43 40 3 33} 29
0.24 o0 Bl 7T T3 68 65 61 7 54 S0 46 42 3 3 W T 23
0,26 G0 T2 TF T 67 &2 58 M 5D 46 4] I o»n » 3 N &
0.2 B 7T T3 68 &4 59 3 0 46 41 37 32 »® 13 13 i4 I
0.30 B T 71 &6 &1 56 52 47 4 37 3 w2 18 13 b 3
031 & T3 70 65 &D 55 0 45 4 MW 50 18 10 5 o

= TAPER EXTENDS
ARIL » C-TYPE FENDULLM TO A POINT
speCIMEN-fp 4}
SPACER Unmaodif ied Modified
{will jam) { jomming minimized)
L AL
k== r n

SHROUD
ANV IL Direction of
Pendulum Swing
Unmaodified
{will jam ] (jamming minimized)

FIG. 1 Typical Pendulums and Anvils for Charpy Machines, Shown with Modifications to Minimize Jamming
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B-mm rod (0.3158")

f—
30"2*

STRIKING EDGE

0. 25-mm rod (0.010")
4mm (0. I5T")

SPECIMEN

At | T I\;b‘:g.

Center of
Hmm Strike ANVIL
(00397 40omm (1574
iftand
SPECIMEN /1 90719
Fr Center of
TN (W/2)
‘:: pecimen
AHV[L..—-—"“f Support
A
. . T

All dimensional tolerances shall be £0.05 mm ((L002 (n,) unless otherwise specified.
Mote I—aA shall be parallel o B within 2:1000 and coplacar with B within 0.05 mm (0002 in.).
Mote 2—C shall be parallel 1o D within Z.0:1000 and coplanar with [ within 0,125 mm (00005 in),
MoTe 3—Finish oo unmarked paris shall be 4 pim (125 gia ).
FIG. I Charpy (Simple-Beam) lmpact Test
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