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Abstract

Results are reported of an Interlaboratory Comparison between NIST (National Institute of
Standards and Technology, Boulder, Colorado, USA) and ATMS (Anand Testing Machine
Services, Kabnur, India). The study consisted of testing certified Charpy reference specimens
produced by both Institutes in both locations, corresponding to four different absorbed energy
levels (18 J, 60 J, 108 J, and 150 J). Besides directly comparing test results obtained with the
same machine configuration (C-type hammer and 2 mm striker), the use of a different hammer
(U-type) and striker type (8 mm) at NIST allowed some insight into the influence of hammer and
striker types on Charpy test results.

Keywords

Certified Charpy reference specimens, Charpy hammer type, Charpy striker type, Interlaboratory
Comparison.
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1. Introduction

On September 27, 2022, Mr. Shital V. Anandache, Quality Manager of Anand Testing Machine
Services (ATMS, Kabnur, India), contacted the NIST Charpy Machine Verification Program (E.
Lucon and R. Santoyo) and proposed a peer (interlaboratory) comparison with NIST, consisting
in testing Charpy reference specimens at two energy levels. Impact tests were to be conducted
with a 2 mm striker! and at room temperature (21 °C).

The proposal was accepted by NIST, and an agreement was reached to exchange reference
Charpy specimens between the two Institutes, and test them under the same conditions (striker
type and test temperature).

Impact tests were performed at NIST and Anand Testing Machine Services, and results were
exchanged, during the months of September/October 2022. This report presents a detailed
comparison of such results, including basic statistical analyses.

Anand Testing Machine Services (ATMS) are accredited as a Reference Material Producer in
accordance with ISO 17034:2016.

2. Specimens and Test Matrix

Certified reference Charpy specimens produced by both NIST and ATMS were used in this
exercise, namely:

e Specimens from NIST

o Low-energy specimens, lot LL-189 (reference absorbed energy at -40 °C with 8§ mm
striker, KVg = 15.6 J)2.

o High-energy specimens, HH-190 (reference absorbed energy at -40 °C and with 8§ mm
striker, KVz = 103.8 J)*.

e Specimens from ATMS

o Medium-energy specimens, batch ATMS-60J-M20 (reference absorbed energy at 20 °C
with 2 mm striker, KVz = 62.5 J).

o High-energy specimens, batch ATMS-160J-M21 (reference absorbed energy at 20 °C with
2 mm striker, KVz = 147.1J).

For each of the lots/batches listed above, 10 specimens were tested by each institute. Due to a
wrong selection of the machine striker (8§ mm instead of 2 mm), 10 additional specimens of M20
and 10 additional specimens of M21 were shipped by ATMS to NIST and eventually tested.
Furthermore, 10 additional LL-189 specimens and 5 additional HH-190 specimens were tested at
NIST to assess the influence of the hammer type (C-type vs. U-type).

The complete test matrix of this interlaboratory comparison is shown in Table 1. Overall, 115
room temperature Charpy impact tests were performed (75 at NIST and 40 at ATMS).

! By “2 mm striker” we mean a striker having a radius of the striking edge equal to 2 mm, as opposed to 8 mm (*8 mm striker”), which is the
most commonly used striker geometry in the United States.
2 Currently, NIST low-energy and high-energy specimens are only certified at -40 °C £ 1 °C.



Table 1. Test matrix for the interlaboratory comparison between NIST and ATMS.

Specimen Lot/batch Striker Hammer Number of specimens
Producer id type type tested (Institute)
U-type 10 (NIST
LL-189  2mm  GB0 ) EII:IIIST;, 10 (ATMS)
NIST
HH-190 2 mm U-type 10 (NIST)
C-type 5 (NIST), 10 (ATMS)
M-20 2mm  C-type 10 (NIST), 10 (ATMS)
ATMS 8mm  U-type 10 (NIST)
M.21 2mm  C-type 10 (NIST), 10 (ATMS)
8 mm U-type 10 (NIST)

3. Testresults
3.1. NIST reference specimens

3.1.1. Tests performed at NIST

Two groups of 10 specimens from lots LL-189 and HH-190 were tested at NIST in Boulder,
Colorado, on September 29", 2022. The machine used was one of the NIST reference machines,
with a capacity of 359 J, equipped with a U-type hammer (Fig. 1) and a 2 mm striker.

U-type
hammer

Fig. 1. Reference Charpy machine (U-type hammer) used for the 15t series of tests performed at NIST on

lots LL-189 and HH-190.



The results are provided in Table 2.

Table 2. Results of the 15t series of tests performed at NIST on LL-189 and HH-190 (U-type hammer, 2
mm striker).

Specimen KV Specimen KV

Lot (J) Lot )
19.5 112.3
18.8 105.9
18.8 108.4
18.9 105.1
19.7 108.7
LL-189 o, HH19 | O
19.8 105.3
19.2 106.8
19.2 109.0
19.8 105.1
V:40)) 19.2 107.4
SD (J) 0.48 2.28
cv 2.5 % 2.1 %

KV = absorbed energy; KV = mean absorbed energy; SD = standard deviation; CV = coefficient of

tion. S2

variation, A

A second series of tests on 10 specimens of LL-189 and 5 specimens of HH-190 was performed
on October 19", 2022, using a different NIST reference machine (Fig. 2), equipped with a
C-type hammer and a 2 mm striker. This machine has a capacity of 360 J.

Fig. 2. Reference Charpy machine (C-type hammer) used for the 2" series of tests performed at NIST on
lots LL-189 and HH-190.



The results are provided in Table 3.

Table 3. Results of the 2" series of tests performed at NIST on LL-189 and HH-190 (C-type hammer, 2
mm striker).

Specimen KV Specimen KV

Lot (J) Lot )
17.7
17.5
17.1 109.7
17.8 112.3
17.5 105.5
LL-189 - HH-190 | =7
17.9 112.8
17.6
17.3
18.3
KV () 17.6 109.4
SD (J) 0.33 3.33
cv 1.9 % 3.0 %

Pictures of the LL-189 and HH-190 specimens tested at NIST (both series) are provided in
Appendix A.

3.1.2. Tests performed at ATMS

Two sets of 10 specimens from lots LL-189 and HH-190 were tested at ATMS in Kabnur, India,
on October 16, 2022. The test machine used (ITM-2) had a capacity of 400 J and was equipped
with a C-type hammer and a 2 mm striker.

The results are provided in Table 4. The dimensional measurements performed by ATMS on the
NIST specimens are reproduced in Appendix B.

Table 4. Results of the tests performed at ATMS on NIST lots LL-189 and HH-190 (C-type hammer, 2
mm striker).

Specimen KV Specimen KV

Lot (J) Lot )
17.2 104.4
18.0 102.4
18.4 105.6
18.0 101.2
18.4 106.0
LL-189 o HH19% |
18.4 108.0
18.4 102.4
17.6 102.0
18.0 110.4
KV Q) 18.0 105.2
SD (J) 0.40 3.29
cv 2.2 % 31 %




Pictures of the LL-189 and HH-190 specimens tested at ATMS are provided in Appendix C.
3.2. ATMS reference specimens

3.2.1. Tests performed at NIST

Two groups of 10 specimens from batches M-20 (samples #022 and #023) and M-21 (samples
#112 and 113) were tested at NIST on October 7", 2022. The machine used was the same shown
in Fig. 1 — however, the wrong type of striker (8§ mm instead of 2 mm) was used by mistake.

The results obtained are provided in Table 5. The dimensional measurements performed on the
20 specimens are reproduced in Appendix D.

Table 5. Results of the 15t series of tests performed at NIST on ATMS batches M-20 and M-21 (U-type
hammer, 8 mm striker).

Specimen KV Specimen KV
Batch (6)) Batch (0))

62.5 146.9
61.5 160.2
61.1 149.1
61.3 153.6
61.5 146.3
M-20 607 M21 149.5
61.6 158.7
58.6 150.6
60.3 150.9
62.5 157.0
KVJ) 6Ll 152.3
D) LI2 4.90
cv 1.8 % 32 %

A second series of tests on 10 specimens of M-20 and 10 specimens of M-21 was performed at
NIST on October 25%, 2022, using the NIST reference machine shown in Fig. 2, equipped with a
C-type hammer and a 2 mm striker.

The results obtained are provided in Table 6. The dimensional measurements performed on the
second series of 20 specimens are reproduced in Appendix E.

For both series of tests and at both energy levels, the NIST results satisfy the requirements of
both ASTM E23-18 (|[KV — KVg| <5 % KVg) and 1SO 148-2:2016 (|KV — KVg| < 10 % KV and
KViax — KVmin < 15 %) with respect to the certified values provided by ATMS.



Table 6. Results of the 2" series of tests performed at NIST on ATMS batches M-20 and M-21 (C-type
hammer, 2 mm striker).

Specimen KV Specimen KV

Batch J) Batch (@)
61.1 144.0
65.6 148.9
63.6 146.6
64.1 146.8
66.1 146.8
M-20 625 M-21 149.9
66.0 149.3
62.8 151.5
64.3 153.0
66.8 152.3
KV{J) 643 148.9
SDJ)  1.83 2.88
CV 2.8 % 1.9 %

Pictures of the M-20 and M-21 specimens tested at NIST (both series) are provided in Appendix
F.

3.2.2. Tests performed at ATMS

Two sets of 10 specimens from batches M-20 (samples #028-029) and M-21 (samples #070-071)
were tested at ATMS in Kabnur, India, on October 16™, 2022. The test machine used (ITM-2)
had a capacity of 400 J and was equipped with a C-type hammer and a 2 mm striker.

The results are provided in Table 7.

Table 7. Results of the tests performed at ATMS on batches M-20 and M-21 (C-type hammer, 2 mm
striker).

Specimen KV Specimen KV
Batches J) Batches (@)

61.6 147.6
64.0 154.0
63.6 144.0
64.4 149.6
62.4 148.0
M-20 620 M21 138.8
61.6 145.6
63.6 144.8
62.0 143.6
62.0 140.4
KVQ) 627 145.6
SDJ) 106 4.43
cv 1.7 % 3.0 %

Pictures of the M-20 and M-21 specimens tested at ATMS are provided in Appendix G.



4. Result Comparisons and Statistical Analyses

4.1. Direct Comparisons (C-type Hammers, 2 mm Strikers)

Seventy-five of the 115 Charpy tests performed in the framework of this Interlaboratory
Comparison were conducted under nominally identical experimental conditions:

e test temperature: 20 °C
e pendulum hammer type: C
e radius of striking edge: 2 mm.

Values of average absorbed energy, standard deviation, and coefficient of variation for these
tests are summarized in Table 8. The same information is illustrated in the form of box-and-
whiskers plots for the NIST (Fig. 3) and ATMS (Fig. 4) reference specimens. All results from
the two Institutes partially overlap.

Table 8. Summary data from the tests performed with C-type hammers and 2 mm strikers.

Specimen Lot/batch Institute umber of KV SD CV
Producer id specimens tested (J) ) (%)
NIST 10 17.6 033 1.9

st T atms 1o 180 040 2.
HH-190 NIST 5 1094 3.33 3.0

ATMS 10 105.2 3.29 3.1

M-20 NIST 10 64.3 1.83 2.8

ATMS ATMS 10 62.7 1.06 1.7
M-21 NIST 10 1489 2.89 1.9

) ATMS 10 145.6 443 3.0

18.4 114

18.2 112

18 110
x
x

108

KV (J)

17.4 104

17.2 102

ENIST BAMTS ENIST BAMTS

Fig. 3. Box-and-whiskers plots for NIST reference specimens tested with C-type hammers and 2 mm
strikers. Left: LL-189; right: HH-190.
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Fig. 4. Box-and-whiskers plots for ATMS reference specimens tested with C-type hammers and 2 mm
strikers. Left: M-20; right: M-21.

Statistical comparisons between mean absorbed energy values produced by NIST and ATMS on
the same type of reference specimens and under the same test conditions were performed by
means of two-sample #-tests assuming unequal variances [1]. Calculated p-values smaller than
the confidence level o = 0.05 indicate that the differences between data set means are
statistically significant. The smaller the p-value, the more significant the difference.

Calculated p-values for the 4 types of reference specimens are listed in Table 9.

Table 9. Two-tailed t-test results calculated for the tests performed with C-type hammers and 2 mm
strikers.

Specimen Lot/batch Kv Difference between

Producer id Institute (0)) P means is statistically...
Lr-189  NST 17606 0194 Significant
ATMS 18.0
NIST NIST 109.4
HH-190 ATMS 105.2 0.0516 Not significant
M-20 NIST = 643 1349 Significant
ATMS 62.7
ATMS NIST 148.9
M-21 ATMS 145.6 0.0707 Not significant

For two of the reference specimen types considered, differences between NIST and ATMS
means are statistically significant. Note, however, that all calculated p-values are quite close to
the significance limit of 0.05.

The acceptability of the results in Table 8 with respect to the requirements of ASTM E23 and
ISO 148-2 can only be assessed for the ATMS specimens, as the certified values for the NIST
lots can be only used for tests performed at -40 °C. Despite statistical differences between Labs
for the M-20 batch, as displayed in Table 9, results from both Institutes at both energy levels
(based on 10 tests per conditions instead of 5, which is the typical number of tests required for
indirect machine verification) are acceptable in accordance with both standards.



4.2. Influence of Hammer Type (C-type vs. U-type, 2 mm Strikers)

Thirty-five of the 75 Charpy tests performed at NIST were conducted on LL-189 and HH-190
lots using machines equipped with the same striker type (2 mm), but with different hammer types
(C and U).

Values of average absorbed energy, standard deviation, and coefficient of variation for these
tests are summarized in Table 10. The same information is illustrated in the form of box-and-
whiskers in Fig. 5.

The influence of hammer type appears to increase as reference energy decreases, with the U-type
hammer absorbing more energy for LL-189 specimens. This is in agreement with a recent NIST
investigation [2], which showed that C-type hammers tend to absorb less energy at lower energy
levels due to their higher stiffness/lower compliance (and therefore smaller vibrational energy
losses).

Table 10. Summary data from the tests performed at NIST using U-type and C-type hammers and 2 mm
strikers.

Specimen Lot/batch Hammer Number of KV SD CV
Producer id Type specimens tested (J) J) (%)
U-type 10 19.2 048 2.5
NIST LL-189 C-type 10 176 033 1.9
HH-190 U-type 10 107.4 2.28 2.1
C-type 5 109.4 333 3.0
g 18.5 g . :

Fig. 5. Box-and-whiskers plots for NIST reference specimens tested at NIST with U-type and C-type
hammers and 2 mm strikers. Left: LL-189; right: HH-190.

Based on two-tailed #-tests, the calculated p-values are listed in Table 9.



Table 11. Two-tailed t-test results for the tests performed at NIST with U-type and C-type hammers and 2
mm strikers.

Specimen Lot/batch Hammer KV Difference between
Producer id Type ) P means is statistically...
) U-type 19.2 4 .
LL-189 C-type 17.6 1.69x107  Very significant

NIST U-type 107.4

HH-190 o Pne  109.4

0.2846 Not significant

The calculated p-values confirm that there is strong evidence of a difference in mean absorbed
energies at the lower energy level (LL-189), while at the higher energy level (HH-190) the
differences is not statistically significant.

4.3. Influence of Striker Type (2 mm vs. 8 mm, U-type and C-type Hammers)

Based on the tests performed in this interlaboratory comparison, it’s difficult to investigate the
influence of striker type, as its effects are confounded by the fact that two different hammers
were used (U-type with the 8 mm striker and C-type with the 2 mm striker). Within this sub-set,
40 Charpy tests were performed at NIST on ATMS reference specimens.

Values of average absorbed energy, standard deviation, and coefficient of variation for these
tests are summarized in Table 10. The same information is illustrated in the form of box-and-
whiskers in Fig. 6.

Table 12. Summary data from the tests performed at NIST on ATMS specimens using two different
hammer/striker combinations (U-type/8 mm and C-type/2 mm).

Specimen Lot/batch Institute Hammer Striker Number of Kv SD CV
Producer id Type Type specimens tested (J) ) %)
M-20 NIST U-type 8 mm 10 61.1 1.12 1.8
ATMS C-type 2 mm 10 643 1.83 2.8
M-21 NIST U-type 8 mm 10 1523 490 3.2
C-type 2 mm 10 1489 2.89 1.9

67 165

66

° 160
65

155

64

KV ()
KV ()

63

e 150 )
62 T i
145 L
¥
-

60 140

61

‘ 0 U-type/8 mm O C-type/2 mm ‘ ‘ 0 U-type/8 mm O C-type/2 mm ‘

Fig. 6. Box-and-whiskers plots for ATMS reference specimens tested at NIST with two different
hammers/striker combinations (U-type/8 mm and C-type/2 mm). Left: M-20; right: M-21.
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Based on two-tailed #-tests, the probabilities calculated for the 2 types of reference specimens are
listed in Table 13.

Table 13. Two-tailed t-test probabilities calculated for the tests performed at NIST on ATMS reference
specimens with U-type hammer/8 mm striker and C-type hammer/2 mm striker.

Specimen Lot/batch Hammer KV Difference between
Producer id Type o) p means is statistically...
M20  OPC 0Ll 00003 Significant

ATMS P '

U-type 152.3

M-21 Ctype 1489

0.0803 Not significant

Based on relatively well-established knowledge [3-7], the influence of striker type is typically
observed above 100 J — 150 J, when significant interactions occur between the plastically
deforming specimen and the two sharp corners of the 8 mm striker (Fig. 7). It has also been
shown that absorbed energy differences become pronounced when specimens do not fully break
in two parts after impact [8], with 8 mm strikers absorbing more energy than 2 mm strikers.

e I~

Fig. 7. Comparison between the profiles of an 8 mm striker (left) and a 2 mm striker (right).

As shown in Table 11. Two-tailed t-test results for the tests performed at NIST with U-type and
C-type hammers and 2 mm strikers. the difference between the mean energies for the M-21 batch
were not statistically significant. At this energy level, differences were in the expected direction
(energy from 8 mm striker > energy from 2 mm striker), but the fact that all specimens fully
broke, coupled with the relatively small number of available data points (10 per condition) and
the fact that we also varied the hammer type, most likely caused the difference to be statistically
not significant.

5. Conclusions

An interlaboratory comparison between the National Institute of Standards and Technology
(NIST, Boulder, Colorado, USA) and Anand Testing Machine Services (ATMS, Kabnur, India)
was conducted by performing room temperature impact tests on certified Charpy reference
specimens of different energy levels produced by both Institutes. Absorbed energies for the four
specimen types were approximately 18 J and 108 J for NIST lots, and 60 J and 150 J for ATMS
batches.

11



Direct comparisons between the two Institutes were only possible when similar machine setups
were employed (2 mm strikers and C-type hammers). Based on two-tailed #-tests, mean absorbed
energies from NIST and ATMS were found to be statistically different for the two lowest energy
levels.

It’s interesting to note that all tests performed at both Institutes on ATMS specimens would
satisfy the indirect verification requirements of both the ASTM E23 and ISO 148-2 standards.
Additional tests performed at NIST using different machine characteristics (8 mm striker, U-type
hammer) allowed insight into the effect of hammer and striker type on the results:

e Using 2 mm strikers, (statistically) significantly lower energy is absorbed by the C-type
hammer at the 18 J level, confirming previous investigations that highlighted the role of
hammer compliance and corresponding vibrational losses. At the 108 J level, the C-type
hammer absorbed more energy, but the difference is not statistically significant.

e The influence of striker type was unfortunately confounded by the use of two different
hammers (U-type with 8 mm striker and C-type with 2 mm striker), so observations are
inconclusive. Furthermore, all specimens broke in two pieces, which tends to reduce the
effect of striker type. As a consequence, the 8 mm striker was found to absorb more
energy than the 2 mm striker at the 150 J level, as expected, but the difference was not
statistically significant.

References

[1] Snedecor GW and Cochran WG (1989), Statistical Methods, Eighth Edition, lowa State
University Press.

[2] Lucon E and Santoyo RL (2022), Analyzing the NIST Charpy Program Database: Influence
of Impact Hammer Type (C versus U) on Test Results. Journal of Testing and Evaluation,
published online July 20, 2022. https://doi.org/10.1520/JTE20220198

[3] Towers OL (1983) Charpy V-Notch Tests: Influences of Striker Geometry and Specimen
Thickness. TWI Industrial Member Report Summary 219/1983, TWI, Great Abington,
Cambridge, UK.

[4] Naniwa T, Shibaike M, Tanaka M, Tani H, Shiota K, Hanawa N, Shiraishi T (1990) Effects
of the Striking Edge Radius on the Charpy Impact Test. Charpy Impact Test: Factors and
Variables, ASTM STP 1072, American Society for Testing and Materials, Philadelphia, PA.
https://doi.org/10.1520/STP1072-EB

[5] Nanstad RK and Sokolov MA (1995) Charpy Impact Test Results on Five Materials and
NIST Verification Specimens Using Instrumented 2-mm and 8-mm Strikers. Pendulum
Impact Machines: Procedures and Specimens for Verification, ASTM STP 1248, American
Society for Testing and Materials, Philadelphia, PA. https://doi.org/10.1520/STP1248-EB

[6] Lucon E (2008) Influence of striking edge radius (2 vs. 8§ mm) on instrumented Charpy data
and absorbed energies. International Journal of Fracture, Vol. 153:1-14.
https://doi.org/10.1007/s10704-008-9283-6

[7] Lucon E and Splett J (2018) Effect of Charpy Striker Configuration on Low- and High-
Energy NIST Verification Specimens. Journal of Research of the National Institute of
Standards and Technology, Vol. 123, Article No. 123016.
https://doi.org/10.6028/jres.123.016

12


https://doi.org/10.1520/JTE20220198
https://doi.org/10.1520/STP1072-EB
https://doi.org/10.1520/STP1248-EB
https://doi.org/10.1007/s10704-008-9283-6
https://doi.org/10.6028/jres.123.016

[8] Heping L, Xing Z, and Weicheng X (2011) Correlation Between Charpy Absorbed Energy
Using 2 mm and 8 mm Strikers. Journal of ASTM International, Vol. 8, No. 9, paper ID

JAI103470. https://doi.org/10.1520/JAI1103470

Appendix A. Pictures of LL-189 and HH-190 specimens tested at NIST

U-type machine, 2 mm striker
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C-type machine, 2 mm striker
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Appendix B. Dimensional measurements of LL-189 and HH-190 specimens

performed at ATMS

ANAND TESTING MACHINE SERVICES, RMP DIVISION
L= |MNo.|mMP73/QR-20 | Revision No. | 01 [RevisienDate [o1012017 [Fage 10t 1
Lot Mo. - LL - 189 MEASUREMENT OF FINAL DIMENSIONS Date : 13.10.2022
T;eTI:‘r?\'.:e 54.7 to 55.0 mm *0.2 mm lO?(‘S;rr;m lﬂ?ﬁfn:lm 0.225 to 0,275 mm|44.00 to 46.00 deg| 7.975 to 8.025 mm £80.85 to B0.15 deg
ﬂ"'F'N°-f Length in mm. L C':;m;?: Widthin | Thickness| Radiusinmm | Angle in degrees Wm kngle Adjacent Sides in degre]
Yes / No. mm mm. W | in mm. B 1 2 1 2 1 2 A B [ D
307 54 0867 0.042 9.9a0 a.ga1 02511 | 0.26504 | 44237 44 .49 8.023 5.023 |80.08|80.08|80.08|080.03
Fﬁ:ﬁfl Yes Yes Yes Yes Yes Yes es Yes Yes Yes Yes | Yes | ¥es | Yes
318 54.8414 0.042 g.9a2 9.9 0.2547 | 0.2511 | 44.16 44.23 8.023 5.023 |80.97|80.97|80.85) 80.97
F:f:ﬁ‘lje] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes | Yes | Yes | Yes
782 54,6726 0.00a 0.9a7 9.002 | 0.2516 | 0.2487 | 44.51 4467 8.015 5.014 |80.02|80.05|00.02|00.02
Fﬁ:ﬁfl Yes Yes Yes Yes Yes Yes es Yes Yes Yes Yes | Yes | ¥es | Yes
1058 54.8631 0.072 9.985 9.9 0.2503 | 0.2534 | 44.21 44.14 g.0$12 5.013 |80.85|80.68|80.85)080.02
F:f:ﬁ‘lje] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes | Yes | Yes | Yes
1887 54.0460 0.012 0.006 9.008 | 0.2406 | 0.2634 | 44.23 44.74 8.016 5.0190 |090.02|80.05|80.08| 80.08
Fr.nf:ﬁf] Yes Yes Yes Yes Yes Yes es Yes Yes Yes Yes | Yes | ¥es | Yes
554 54.598 0.034 0.006 9.008 | 0.2500 | 0.2530 | 44.11 44.19 8.025 5.024 |80.08|00.02|80.08)80.08
F:f:ﬁ‘lje] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes | Yes | Yes | Yes
639 54 8785 0.063 g.9a2 0888 | 02466 | 02434 | 4424 4410 8.013 5.014 |80.03|80.08|80.05|80.08
Fﬁ:ﬁfl Yes Yes Yes Yes Yes Yes es Yes Yes Yes Yes | Yes | ¥es | Yes
855 54.8068 0.038 0.004 0.005 | 0.2563 | 0.2500 | 44.37 44.68 8.02 £8.017 |80.05|80.08|80.08)80.08
F:f:ﬁ‘lje] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes | Yes | Yes | Yes
1453 54837 0.064 8.891 9008 | 0.2520 | 0.2479 | 4441 44 85 8.012 5.012 |80.08|80.08|80.07|80.08
Fﬁ:ﬁfl Yes Yes Yes Yes Yes Yes es Yes Yes Yes Yes | Yes | ¥es | Yes
1730 54.8253 0.042 0.004 0.008 | 0.2508 | D.2487 | 4448 44.54 8.015 £8.015 |80.05|80.05|80.08 | 80.07
F:f:ﬁ‘lje] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes | Yes | Yes | Yes
ANAND TESTING MACHINE SERVICES, RMP DIVISION
F® |no|rmPr3iar-20 | Revision No. | 01 [RevisionDate  Jo1.012017 Page 10f 1
Lot Ne. 1 HH - 190 MEASUREMENT OF FINAL DIMENSIONS Date - 13.10.2022
Tc:?:fm 547t 55.0mm | £0.2mm 10%?3?;111 Iﬂ?ﬁfn:lm 0.225 to 0.275 mm| 44.00 to 46.00 deg | 7.975 to 8.025 mm £80.85 to B0.15 deg
m Length in mm. L ':::111";?9'5" Wit n [ Thickness| Radusinmm | Angle in degrees "Qm‘" hngle Adjacent Sides in degreel
Yes i No. mm mm. W] inmm.B 2 1 2 1 2 ale]c]o
0ooo 54.8803 0.045 10.005 10.005 | 0.2604 | D.2623 | 44.54 44.21 8.015 8.015 |80.85(80.08(00.05(80.95
;F:ﬁ:a] fes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0019 54.580 0.041 10.020 10.008 | 0.2550 | 0.2612 | 44.42 44.44 8.016 8.013 |80.93|80.93(00.03|00.03
;F:ﬁ:a] Yes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0034 54.8847 0.040 iD.o18 10.007 | 0.2678 | D.2673 | 4455 4450 8.024 8.016 |80.93(80.07(80.07(80.08
;F:ﬁ:a] fes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0035 54.8840 0.038 10,020 10.005 | 02808 | 02573 | 44.58 44.31 8.011 8.017 |B80.68|80.067 (8008|8003
;F:ﬁ:a] Yes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0044 54,8872 0.034 i0.008 10.015 | 0.2638 | 0.2533 | 4440 44 56 a.011 8.015 |B80.85(80.07(80.07(00.02
;F:ﬁ:a] fes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0080 54.8038 0.042 10,000 10.003 | 02858 | 02608 | 4448 44 64 8.014 8.012 |B80.67|80.08(80.08|80.85
;F:ﬁ:a] fes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0085 54.8848 0.015 10.020 10.003 | 0.2605 | D.2643 | 44.12 4464 8.7 8.013 |B0.08(00.08(00.05(80.95
;F:ﬁ:a] fes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0oao 54.8000 0.033 10,020 10.005 | 02548 | 0264 | 4444 4442 8.014 8.015 |B806.67|80.067(80.08|80.08
?rmﬁ Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes | Yes | Yes | Yes
0oas 54.8847 0.038 10.020 10.001 | 0.2671 | 0.2588 | 44.60 4452 8.3 8.005 |80.85(00.08(00.08(00.08
;F:ﬁ:a] fes Yes fes Yes fas Yes fes es as fes Yes | Yes | Yes | Yes
0oas 54,8072 0.024 10.008 10.007 | 02838 | 026838 | 4452 44 68 8.018 8.018 |B80.68|80.08(00.07|80.85
;ﬁ:ﬁ fes Yes fes Yes fes Yes Yes Yes Yes Yes Yes | Yes | Yes | Yes
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Appendix C. Pictures of LL-189 and HH-190 specimens tested at ATMS

C-type hammer, 2 mm striker

LL189
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performed at NIST (first series)

Appendix D. Dimensional measurements of M-20 and M-21 specimens

CHARPY LOT DIMENSIONAL MEASUREMENT REPORT

Measurement date:

10/7/2022

Lot id: Anand Services 60 | M-20 #22-23
Measuring instruments: Keyence IM-7030 + Mitutoyo perpendicularity gage (*)

Machine: TO2

Specimen 106
Dirmernsion Uit Measured | Corrected | Mominal m_sr tolerances Acceptable? NOTES
value value value Min Max [YES/MNO)
Length [L] mim 54.9319 | 549254 55 54.7 55 YES
Motch centering T 0.0a97 0.0497 o 0.2 02 YES
width [w] mim 9.9982 99922 10 9.97 10.03 YES
Thickness [B] mim 9.99E8 99928 10 9.97 10.03 YES
Ligamant [b] mem 8.0016 7.9972 8 7975 B.025 YES
motch radius [p] mem 0.2448 02448 025 0225 0.275 YES
motch angle [o] o 4528 4528 a5 44 a5 YES
Angle ad] sides 1 = £D.98 o0 EO_BS 50.15 YES *]
angle adj sides 2 * 90,01 o0 EO.BS 90.15 YES *]
Angle adj sides 3 * B0.03 80 BO.BS 90.15 YES *]
angle adj sides 4 = 90.05 90 £9.85 90.15 YES *]
Specimen 107
Dimension Uit Measured | Corrected | Mominal m_sr tolerances Acceptabla? NOTES
value value value Min Max [YES/MNO)
Length [L] mim 54914 54,9075 55 54.7 55 YES
motch centering mim 0.0354 0.0354 o 02 02 YES
width [w] mim 10,002 9,996 10 9.97 10.03 YES
Thickness [B] mim 10.0033 | 99973 10 9.97 10.03 YES
Ligamant [b] mim 8,0019 7.9975 8 7975 B.025 YES
motch radius ] mim 0.2513 02513 025 0225 0275 YES
Motch angle [o] b 44.78 44 78 a5 44 45 YES
angle adj sides 1 * o0.05 o0 B985 80.15 YES *]
Angle ad] sides 2 ° 0.0 o0 B985 50.15 YES "]
Angle ad] sides 3 ° o006 o0 B985 50.15 YES "]
angle adj sides 4 * 50.00 o0 EO.B5 90.15 YES *]
Zpegmen 108
Dimension Unit Measured | Corrected | Mominal m_sr tolerances Acceptabla? NOTES
value value value Min Max [YES/MNO)
Length [L] T sa.9052 | s4.8o87 55 54.7 55 YES
Motch centering mim 0.038 0.03E ] 032 02 YES
width [W] mim 10,004 9.008 10 9.97 10.03 YES
Thickness [B] mim 9.9998 9.9938 10 9.97 10.03 YES
Ligament [b] mim 8.0005 7.9961 8 7975 B.025 YES
motch radius ] mim 0.2477 02477 025 0225 0275 YES
Motch angle [o] = 45 38 4538 45 44 A6 YES
angle adj sides 1 = 90.05 o0 BO.ES 00.15 YES *]
angle adj sides 2 * 90.03 o0 B985 80.15 YES *]
angle adj sides 3 * 90.02 o0 B985 80.15 YES *]
Angle ad] sides 4 : 90.04 o0 £9.85 50.15 YES *]
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Specimen 109

19

Dimension Unit Measured | Corrected | Mominal HI_SI' tolerances Acceptable? NOTES
value value value Min Max [YES/MNO)
Length [L] mim 549437 | 54.9372 55 54.7 55 YES
Motch centering mim 00317 0.0317 o 0.2 0.2 YES
Width [W] mim 10.0064 | 10,0004 10 9.97 10.03 YES
Thickness [B] mim 10.0023 9.9963 10 9.97 10.03 YES
Ligament [b] mim 7.9957 7.9913 8 7.975 B.025 YES
motch radius [p] mim 0.2464 02464 025 0.225 0275 YES
motch angle [io] ° 45.14 45.14 a5 a4 a5 YES
angle adj sides 1 : 90.07 90 B9.B5 80.15 YES *]
angle adj sides 2 : 90.06 90 B9.B5 80.15 YES *]
Angle adj sides 3 * 90.06 90 BO.B5 90.15 YES *
angle adj sides 4 : 90.02 90 B0.B5 90.15 YES *]
Spedmen 110
Dimesssion Unit Measured | Corrected | Mominal HI_Sr tolerances Acceptable? NOTES
value value value Min Max [YES/NO)
Length [L] mim 549683 | S54.9618 55 54.7 55 YES
Motch centering mim 0.057 0,057 o 0.2 0.2 YES
width [W] mim 10.0036 9.9976 10 9.97 10.03 YES
Thickness [B] mim 10,0007 9.9947 10 0.97 10.03 YES
Ligament [b] mim 8.0016 7.9972 8 7975 B.O2S YES
motch radius [p] mim 0.2511 02511 025 0.225 0275 YES
motch angle [io] " 45.53 45.53 a5 a4 45 YES
angle adj sides 1 : 90.02 90 B9.B5 80.15 YES *]
angle adj sides 2 S 90.02 90 BO.B5 90.15 YES *]
angle adj sides 3 : 90.00 90 B9.B5 80.15 YES *]
Angle adj sides 4 * 90.03 90 B9.85 80.15 YES *]
Specimen 111
Dimension Unit Measured | Corrected | Mominal HI_Sr tolerances Acceptable? NOTES
value value value Min Max {YES/NO)
Length [L] mim 549270 | s4.9214 55 54.7 55 YES
Motch centering mim 0.0261 0.0261 o 0.2 0.2 YES
width [W] mim 9.9975 9.9915 10 9.97 10.03 YES
Thickness [B] mim 10,0025 9.9965 10 9.97 10.03 YES
Ligament [b] mm 7.9908 7.9864 8 74975 B.O25 YES
motch radius [p] mim 0.2455 0.2455 025 0.225 0275 YES
motch angle [u] * 45.08 45,08 a5 LE] 45 YES
angle adj sides 1 : 90.01 90 BO.BS 90.15 YES *
Angle adj sides 2 : 90.06 90 BO.BS 90.15 YES *
Angle adj sides 3 : 90.03 90 80.85 00.15 YES *
angle adj sides 4 : 90.11 90 B9.B5 90.15 YES *]
Specimen 112
Dimesssion Unit Measured | Corrected | Mominal HI_SI' tolerances acceptable? NOTES
value value value Min Max [YES/NO)
Length [L] mim 549576 | 54.9513 55 54.7 55 YES
Motch centering mim 00441 0.0441 o 0.2 0.2 YES
width [W] mim 10.0031 9.9971 10 9.97 10.03 YES
Thickness [B] mim 10.0047 9.9987 10 9.97 10.03 YES




Ligament [b] mim 7.9885 79841 8 7975 B.O2S YES
Motch radius [p] mim 0.2483 02483 035 0.225 0275 YES
Motch angle o] " 45.16 4516 a5 a4 45 YES
angle adj sides 1 : 90.01 90 BO.B5 90.15 YES *
angle adj sides 2 : 90.07 90 BO.B5 90.15 YES *
aAngle adj sides 3 : 90.02 90 BO.B5 90.15 YES *
angle adj sides 4 : 90.10 90 80,85 90.15 YES *]
Specimen 113
Dimension Uit Measured | Corrected | Mominal HI_SI' tolerances acceptable? NOTES
value value value Min Max [YES/ND)
Length [L] mim 549133 | 54.9058 55 54.7 55 YES
Motch centering mim 0.005 0,005 o 02 0.2 YES
width [W] mim 10,0049 9.9989 10 9.97 10.03 YES
Thickness [B] mim 10.0029 9.9960 10 9.97 10.03 YES
Ligament [b] mim 7.9905 7.9861 8 7975 B.O2S YES
motch radius [] mim 0.2472 02472 025 0.225 0275 YES
mMaotch angle [ux] * 45.14 4514 a5 a4 45 YES
angle adj sides 1 : 90.10 o0 B9.B5 80.15 YES *]
Angle adj sides 2 : 90.02 90 BO.B5 90.15 YES *
aAngle adj sides 3 : 90.11 90 BO.B5 90.15 YES *
angle adj sides 4 : 90.00 S0 B0.B5 90.15 YES *]
Spedimen 113
Dimension Uit Measured | Corrected | Nominal HI_Sr tolerances Acceptable? MOTES
value value value Min Max [YES/ND)
Length [L] mim 549798 | 54.9733 55 54.7 55 YES
motch centering mim 0.0583 0.0583 o 02 0.2 YES
Width [W] mim 10.0053 9.9993 10 9.97 10.03 YES
Thickness [B] mim 10,0044 9.9984 10 9.97 10.03 YES
Ligament [b] mim 7.9940 7.9905 8 7975 B.O2S YES
motch radius [p] mim 0.2482 02482 025 0.225 0275 YES
motch angle o] : 44.85 44 85 45 44 45 YES
Angle adj sides 1 : 90.04 90 805 00.15 YES *]
angle adj sides 2 : 90.00 o0 B9.B5 80.15 YES *]
angle adj sides 3 : 90.08 o0 B9.B5 80.15 YES *]
angle adj sides 4 : 90.02 S0 B0.B5 90.15 YES *]
Specimen 115
Dimansion Unit Measured | Corrected | Nominal HI_Sr tolerances Acceptable? NOTES
value value value Min Max [YES/ND)
Length [L] mim 549798 | 54.9733 55 54.7 55 YES
Motch centering mim 0.0583 0.0583 1] 0.2 0.2 YES
width [W] mim 10,0053 99993 10 9.97 10.03 YES
Thickness [B] mim 10,0044 9.9984 10 9.97 10.03 YES
Ligament [b] mim 7.9940 7.9905 8 7975 B.O2S YES
motch radius [p] mim 0.2482 02482 025 0.225 0275 YES
Motch angle o] " 44 85 44 B5 a5 a4 45 YES
aAngle adj sides 1 : 90.06 90 BO.B5 90.15 YES *
angle adj sides 2 * 90.03 90 B9.8B5 90.15 YES *
aAngle adj sides 3 : 90.05 90 BO.B5 90.15 YES *
angle adj sides 4 : 90.05 ] B9.B5 90.15 YES *]
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CHARPY LOT DIMENSIONAL MEASUREMENT REPORT

Measurement date: 10/7/2022
Lot id: Anand Services 160 ] M-21 #112-113
Measuring instruments: Keyence IM-7030 + Mitutoyo perpendicularity gage [*)

Machine: TD2

Spedmen 556
Dimension Uniit Measured | Corrected | Mominal NIST tolerances Acceptable? NOTES
walue valua valua Min Max [YES/ND)
Length [L] mm 54.8917 | s54.8852 55 54.7 55 YES
MNotch centering mm 00682 0UDEE2 o 0.2 0.2 YES
wWidth [w] mm 10,0143 10.0083 10 9497 10003 YES
[Thickness [8] mm 10,0117 | 10.0057 10 9497 10,03 YES
Ligament [b] mm B.0013 7.9969 B 7.975 8.025 YES
MNotch radius [p] mm 0.2316 02316 0.25 0225 0275 YES
MNotch angle [ox] " 45 .65 A5 65 45 a4 A6 YES
Angle adj sides 1 ® 90.05 80 B9.B5 90.15 YES ™
Angle adj sides 2 ® £9.99 80 B9.B5 90.15 YES ™
Angle adj sides 3 ® 90.02 80 B9.B5 90.15 YES ™
| Angle adj sides 4 ° £9.99 o0 BO.B5 90.15 YES *)
Specimen 557
Dimension Uniit Measured | Corrected | Mominal NIST tolerances Acceptable? NOTES
walue value value Min Max [YES/ND)
Length [L] mm 54.9768 | 54.9703 55 54.7 55 YES
Motch centering mm 0.1128 01128 4] 0.2 0.2 YES
Width [w] mm 10,0127 | 10.0067 10 9497 10,03 YES
[Thickness [B] mm 10.0103 10.0043 10 9497 10003 YES
Ligament [b] mm 79971 7.9927 B 7.975 8.025 YES
|Not|:h radius [p] mm 0.2285 02285 0.25 0.225 0.275 YES
motch angle [o] - 4523 4523 a5 LY a6 YES
Angle adj sides 1 ° 90.02 o0 BO.B5 90.15 YES ™
Angle adj sides 2 ° £9.98 o0 BO.B5 90.15 YES ™
Angle adj sides 3 e 90,04 a0 BO.BS 90.15 YES *
| angle ad] sides 4 ° 90.00 o0 BO.B5 90.15 YES %)
Spegimen 558
f } . Measured | Comrected | Nominal NIST tolerances Acceptable?
Dimension unit walue value value Min Max [YES/ND) NOTES
Length [L] mm 54.9354 | 54.9289 55 54.7 55 YES
MNotch centering mm 00354 00354 o 0.2 0.2 YES
Width [w] mm 10.014 10,008 10 9497 10,03 YES
[Thickness [8] mm 10.0083 | 10.0023 10 9497 10,03 YES
Ligament [b] mm £.0031 7.9987 B 7.975 8.025 YES
|Not|:h radius [p] mm 0.2307 02307 0.25 0.225 0.275 YES
MNotch angle [ox] " 45.55 4555 45 a4 A6 YES
Angle adj sides 1 ® 90.03 90 BO.ES 90.15 YES *
Angle adj sides 2 ° £9.97 o0 BO.B5 90.15 YES ™
Angle adj sides 3 ° 90.07 o0 BO.B5 90.15 YES ™
| _sngle adj sides 4 ° 90.00 o0 BO.ES 90.15 YES {*)
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Specmen 559

22

i MNIST tolerances 2
Dimension it Measured | Commected | Nominal Acceptable? N
walue value value Min Max [YES/ND)
Length [L] mm 34.9508 34.9443 33 4.7 33 YES
MNotch centering mim 00121 00121 1] 0.2 0.2 YES
wWidth [w] mim 10.0175 10.0115 10 997 10003 YES
[Thickness [B] mm 10.0138 10.0078 10 9497 10003 YES
Ligament [b] mm £.0032 79988 B 7.975 8.025 YES
MNotch radius [p] mim 0.2314 02314 0.25 0.225 0.275 YES
MNotch angle [o] ® 4519 4519 45 a4 A6 YES
Angle adj sides 1 ° 90.07 o0 BO.B5 90.15 YES ™
Angle adj sides 2 ° 90.04 o0 BO.B5 90.15 YES ™
Angle adj sides 3 v 00,01 o0 BO.ES 90.15 YES "
| angle adj sides 4 ° 90.05 o0 BO.ES 90.15 YES {*)
Zpedmen 560
Dimension Uit Measured | Comrected | Nominal NIST tolerances Acceptable? N
walue value value Min Max [YES/ND)
Length [L] mim 54.9509 54.9444 55 54.7 35 YES
MNotch centering mim 0.0477 0.0477 1] 0.2 0.2 YES
wWidth [w] mim 10.0075 10.0015 10 997 10003 YES
[Thickness [B] mim 10.0133 10.0073 10 997 10003 YES
Ligament [b] mm 80107 80063 B 7.975 8.025 YES
MNotch radius [p] mim 0.2312 02312 0.25 0.225 0.275 YES
MNotch angle [ox] " 45.57 45.57 45 44 A6 YES
Angle adj sides 1 ° 90.11 a0 B9.ES 90.15 YES "
Angle adj sides 2 ° 90.08 o0 BO.B5 90.15 YES ™
Angle adj sides 3 ° £9.97 o0 BO.B5 90.15 YES ™
| Angle adj sides 4 ¢ 90.02 o0 BO.ES 90.15 YES %)
Spedmen 561
i 7
Dimension it Measured | Commected | Nominal NIST tolerances Acceptable? N
walue value value Min Max [YES/ND)
Length [L] mm 550471 | 55.0406 55 547 55 NO
MNotch centering mim 0.0516 00516 1] 0.2 0.2 YES
wWidth [w] mim 10.0011 99951 10 997 10003 YES
[Thickness [B] mim 10.0125 10.0065 10 997 10003 YES
Ligament [b] mm B.0088 8.0044 B 7.975 8.025 YES
Motch radius [p] mm 0.2321 02321 025 0.225 0.275 YES
MNotch angle [ox] " 44.9 449 45 44 A6 YES
Angle adj sides 1 . 90.02 o0 BO.BS 90.15 YES "
Angle adj sides 2 ® 90.00 90 BO.ES 90.15 YES *
Angle adj sides 3 . 90.03 o0 BO.BS 90.15 YES "
| Angle adj sides 4 ° 90.01 o0 BO.B5 90.15 YES *)
Spedmen 562
i NIST tolerances 7
Dimension Uit Measured | Corrected | Nominal Acceptable? N
walue value value Min | Max [YES/ND)
Length [L] mim 54,5466 54.9401 55 54.7 35 YES
MNotch centering mm 00189 0.0189 o 0.2 0.2 YES
wWidth [w] mim 10.015 10,009 10 997 10003 YES
[Thickness [B] mim 10.0125 10.0065 10 997 10003 YES




Ligament [b] mm 7.9984 7.994 B 7.975 B.025 YES
Motch radius [p] mm 0.2289 02289 0.25 0.225 0.275 YES
MNotch angle [ox] " 45.55 4555 45 a4 A6 YES
Angle adj sides 1 " 90.03 o0 E9.B5 90.15 YES ™
Angle adj sides 2 ® 90.05 90 BO.ES 90.15 YES *
Angle adj sides 3 " 90.05 o0 E9.B5 90.15 YES ™
| Angle adj sides 4 ° 90.04 o0 BO.B5 90.15 YES *)
Specimen 563
Dimension it Measured | Corrected | Nominal MIST tolerances Acceptable? NOTES
walue value value Min Max [YES/ND)
Length [L] mm 54.8943 | 54.8878 55 54.7 55 YES
MNotch centering mm 00164 0.01564 o 0.2 0.2 YES
Width [w] mm 10.0179 | 10,0119 10 9.97 10.03 YES
[Thickness [B] mm 10.0124 | 10.0064 10 9.97 10.03 YES
Ligament [b] mm B.0087 B.0043 B 7.975 B.025 YES
|Not|:h radius [p] mm 0.2304 02304 0.25 0.225 0.275 YES
MNotch angle [ox] " 45.35 4535 45 a4 A6 YES
Angle adj sides 1 ° 90.10 o0 BO.B5 90.15 YES ™
Angle adj sides 2 " E£9.98 o0 E9.B5 90.15 YES ™
Angle adj sides 3 " 90.07 o0 E9.B5 90.15 YES ™
| Angle adj sides 4 - B9.96 o0 B9.B5 90.15 YES [ ]
Zpegmen S64
f } . Measured | Comrected | Nominal NIST tolerances Acceptable?
Dimension Linit NOTES
walue valua valua Min Max [YES/ND)
Length [L] mm 54.8983 | 54.8918 55 54.7 55 YES
MNotch centering mm 0.0129 00129 1] -0.2 0.2 YES
wWidth [w] MM 10.0152 10.0082 10 9497 10,03 YES
[Thickness [B] mm 10.0059 9.9999 10 9.97 10.03 YES
Ligament [b] mm B.DDG B.0016 B 7.975 B.025 YES
Motch radius [p] mm 0.2349 02349 0.25 0.225 0.275 YES
MNotch angle [o] " 4546 45 46 a5 44 46 YES
Angle adj sides 1 ° 90.02 o0 BO.B5 90.15 YES ™
Angle adj sides 2 ° 90.03 o0 BO.B5 90.15 YES ™
Angle adj sides 3 ° £9.85 o0 BO.B5 90.15 YES ™
ﬂje adj sides 4 - 50.01 o0 B9.B5 90.15 YES [ ]
Spedmen 565
Dimension it Measured | Commected | Nominal NIST tolerances Acceptable? NOTES
walue value value Min Max [YES/ND)
Length [L] mm 55.0247 55.0082 53 547 55 NO
MNotch centering mm 0.007 0.007 o 0.2 0.2 YES
Width [w] mm 10.0145 | 10.0085 10 9.97 10.03 YES
[Thickness [B] mm 10.008 10u00z 10 9497 10003 YES
Ligament [b] mm B.O0092 B.0D48 B 7.975 B.025 YES
Motch radius [p] mm 0.2334 02334 0.25 0.225 0.275 YES
MNotch angle [o] " 45 66 45 66 45 44 46 YES
Angle adj sides 1 " 90.06 o0 E9.B5 90.15 YES ™
Angle adj sides 2 " 90.05 o0 E9.B5 90.15 YES ™
Angle adj sides 3 " 90.00 o0 E9.B5 90.15 YES ™
| Angle adj sides 4 ° 90.05 o0 BO.B5 90.15 YES *)
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Appendix E. Dimensional measurements of M-20 and M-21 specimens
performed at NIST (second series)

CHARPY LOT DIMENSIONAL MEASUREMENT REPORT

Measurement date: 10,/24,/2022 Machine: TK
Lot id: Anand Services 60 J M-20 #26-27
Measuring instruments: Keyence IM-7030 + Mitutoyo perpendicularity gage (*)

Specimen 126
i NIST tolerances ?
Dimension Unit Measured | Corrected | Mominal - Acceptable? N
walue value value Min Max [YES/MNO)
Length [L] mm 54933 54927 55 54.7 55 YES
motch centering mim 0.055 0055 o 0.2 0.2 YES
Width [w] T 0.992 9086 10 o497 10.03 YES
Thickness [B] i 10.027 10021 10 997 10,03 YES
igamen mm 1 L 1
t[b B.013 8009 8 7875 B.025 YES
motch radius [p] mim 0251 0251 025 0.225 0275 YES
motch angle [o] ® 4312 4217 a5 44 a5 VES
Angle adj sides 1 ° £809.91 o0 BO.BS 90.15 VES )
angle adj sides 2 o 90.07 90 E9.B5 90.15 YES *]
angle adj sides 3 . £9.98 90 B9.B5 90.15 YES *
angle adj sides 4 = 90.15 90 BO.ES 00,15 YES *}
Specmen 127
i NIST tolerances ?
Dimension — Measured | Corrected | Nominal - Acceptable? N
value value value Min Max [YES/MNO)
Length [L] mm 54 870 54.863 55 54.7 55 VES
motch centering i 0.055 0055 1] 0.2 0.2 YES
width [w] i 10.005 9999 10 997 10,03 YES
Thickmess [B] mim 9992 9086 10 997 10,03 YES
Ligament [b] e B.O21 8017 8 7975 B.02S VES
motch radius [p] T 0.240 0240 025 0.225 0275 YES
motch angle [] o 34.57 44.57 45 44 45 YES
angle adj sides 1 . £9.91 90 B9.B5 90.15 YES *]
angle adj sides 2 = 90.12 90 B9.ES 90.15 YES *}
angle adj sides 3 ® £9.95 o0 BO.BS 90.15 VES ™
Angle adj sides 4 ° 00.08 o0 BO.B5 90.15 VES *)
pedmen 128
Measured | Corrected | MNominal NIST tolerances e?
Dimension Unit N Acceptabl MOTES
value value value Min Max [YES/MO)
Length [L] i 54.732 54.725 55 54.7 55 YES
mMotch centering i 0.143 0143 1] -0.2 0.2 YES
whidth [w] mim 0983 9977 10 997 10,03 YES
Thickness [B] T 0.995 9080 10 o.97 10.03 YES
Ligament [b] mm 7.986 7.982 8 7.975 B.0Z5 YES
Motch radius [p] i 0271 0271 025 0.225 0.275 YES
motch angle o] * a4, 36 44 36 a5 a4 a6 YES
angle adj sides 1 * 90.04 o0 E9.BS 90.15 YES *]
Angle adj sides 2 ° 89.88 S0 E9.BS 50.15 YES "]
angle adj sides 3 o £9.96 90 E9.B5 90.15 YES "]
angle adj sides 4 : 90.00 90 B9.B5 90.15 YES *]
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imen 129

25

Dimension Unit Measured | Corrected | Mominal HI_Sr tolerances Acceptable? NOTES
value value value Min Max [YES/MO)
Length [L] mam 54.970 54.963 55 54.7 55 YES
Notch centering mam 0.160 0.160 o 0.2 02 YES
Width [W] mam o.COR g.g93 10 997 10.03 YES
Thickness [B] mam 10,004 9.998 10 9.97 10.03 YES
Ligament [h] mam B.025 8.020 8 7475 B.025 YES
Motch radius [g] mam 0.234 0.234 0.25 0.225 0.275 YES
mMotch angle [o] * 4434 44 34 a5 a4 a5 YES
angle adj sides 1 : £9.95 o0 B9.B5 90.15 YES *]
angle adj sides 2 s 90,15 o0 B9.B5 90.15 YES "]
angle adj sides 3 : 90.14 o0 B9.B5 90.15 YES *]
angle adj sides 4 : 9013 o0 £9.85 90.15 YES *]
Zpedmen 132
Dimension Uit Measured | Corrected | Mominal Hljsr tolerances Acceptable? NOTES
value value value Min Max [YES/MO)
Length [L] mam 54731 54724 55 54.7 55 YES
Motch centering mam 0.186 0.1B6 o 032 02 YES
Width [W] mam 10,028 100232 10 9.97 10.03 YES
Thickness [B] mam 100002 9.995 10 9.97 10.03 YES
Ligament [h] mam 7.9ER 7.983 8 7475 B.025 YES
notch radius [g] mim 0.237 0.237 0.25 0.225 0.275 YES
Motch angle [o] : 45.51 4551 a5 a4 a6 YES
Angle adj sides 1 : £9.86 o0 BO.ES o0.15 YES "]
angle adj sides 2 . £9.92 o0 B9.B5 90.15 YES *]
angle adj sides 3 : 90,02 o0 BO.ES 90.15 YES *]
Angle adj sides 4 * £9.86 S0 £9.85 80.15 YES *]
Specimen 131
Dimension Unit Measured | Corrected | Mominal Hl_sr tolerances Acceptable? NOTES
value value value Min Max [YES/MO)
Length [L] mam 54,906 54.900 55 54.7 55 YES
Motch centering mam 0.064 0.064 o 032 02 YES
width [w] mam 9936 9.950 10 9.97 10,03 YES
Thickness [B] mam 100012 10.006 10 o.97 10.03 YES
Ligament [b] mm E.015 B.011 ] 7875 B.O25 YES
notch radius [g] mam 0.266 0.266 0.25 0225 0.275 YES
motch angle [eo] : 4583 4583 a5 a4 a5 YES
Angle adj sides 1 : £9.95 o0 BO.ES o0.15 YES *]
angle adj sides 2 : 9015 50 B9.B5 90.15 YES *]
angle adj sides 3 : £9.96 o0 BO.ES 90.15 YES *]
angle adj sides 4 : 9003 o0 B9.B5 90.15 YES {*]
Specimen 132
Dimension Uit Measured | Corrected | Mominal m_sr tolerances Arceptabla? NOTES
value value value Miin I Max [YES/MO)
Length [L] mam 54782 54776 55 54.7 55 YES
Motch centering mam 0.150 0,150 o 0.2 02 YES
width [W] mam 10,009 10.003 10 9.97 10.03 YES
Thickness [B] mam 0.986 9.080 10 997 10.03 YES




Ligament [b] mim B.013 8.009 8 7.975 B.025 YES
motch radius [p] mim 0.272 0.272 0.25 0.225 0.275 YES
motch angle [o] ° 45.55 45.55 a5 44 a5 YES
angle adj sides 1 = 90,12 o0 B9.BS 90.15 YES *
angle adj sides 2 = o014 50 B9.BS 90.15 YES *
angle adj sides 3 = 000 o0 B9.BS 90.15 YES *
Angle ad] sides 4 : £9.89 0 B985 o0.15 YES *]
Specimen 133
Dimension Unit Measured | corrected | Mominal HI_SI' tolerances acceptable? NOTES
walue value value Min Max [YES/NO)
Length [L] mim 54727 54.721 55 54.7 55 YES
motch centering mim 0131 0.131 0 0.2 0.2 YES
width [w] mim 100019 10.013 10 9.97 10.03 YES
Thickness [B] mim 0999 9.003 10 9.97 10.03 YES
Lizgament [b] mm 7.995 7.901 8 7.975 B.025 YES
motch radius [] mim 0.271 0.271 0.25 0.225 0.275 YES
Motch angle o] ® 45 .04 45,04 a5 a4 a5 YES
angle adj sides 1 = o014 o0 B9.BS 90.15 YES *
angle adj sides 2 ° o006 o0 BO.BS 90.15 YES ™
angle adj sides 3 = @009 o0 B9.BS 90.15 YES *
angle adj sides 4 = £0.89 o0 B9.BS 90.15 YES *]
Epedmen 134
Dimension Uit Measured | Corrected | Mominal m_sr tolerances Arceptahla? NOTES
value value value Min Max [YES/MO)
Length [L] mim 54.B55 54.848 55 58.7 55 YES
motch centering mim 0.075 0.075 o 0.2 02 YES
width [w] mim 0,000 9.084 10 9.97 10.03 YES
Thickness [E] mim 100008 10.002 10 9.97 10.03 YES
Ligament [b] mim B.019 8.014 8 7.975 B.025 YES
motch radius [g] mim 0269 0.269 0.25 0.225 0.275 YES
motch angle [x] 2 45.43 45.43 a5 a4 45 YES
angle adj sides 1 s S0.04 90 B985 90.15 YES "]
angle adj sides 2 = 90.07 90 B985 90.15 YES *}
angle adj sides 3 : 0,02 o0 B9.ES 90.15 YES *]
Angle adj sides 4 : .11 o0 BO.BS5 90.15 YES *]
Spedimen 135
Dimension Unit Measured | Comrected | Mominal HI_Sr tolerances Acceptable? NOTES
value walue value Min Max [YES/NO)
Length [L] mim 54862 54.856 55 54.7 55 YES
motch centering mim 0111 0.111 0 0.2 0.2 YES
wiidth [w] mim 9,978 9.972 10 9.97 10.03 YES
Thickness [B] mim 10,026 10.020 10 9.97 10.03 YES
Lizamant [b] mim 7.981 7.977 8 7.975 B.025 YES
motch radius [] mim 0.244 0.244 0.25 0.225 0.275 YES
motch angle [x] " a4.20 4420 a5 a4 a5 YES
angle adj sides 1 = £0.94 o0 B9.BS 90.15 YES *
Angle adj sides 2 s £9.95 o0 £0.85 00.15 YES *]
angle adj sides 3 = 0,00 90 B985 90.15 YES *]
angle adj sides 4 = B9.89 90 BO.ES 00.15 YES *}
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CHARPY LOT DIMENSIONAL MEASUREMENT REPORT

Mezsurement date: 10/24/2022 Machina: TO2
Lot id: anand Services 160 1 M-21 #111-114
Measuring instruments: Keyence IM-7030 + Mitutoyo perpendicularity gage (*)

Specimen 551
Dimension Uit Measured | Corrected | Mominal NIQ tolerances Acceptable? NOTES
value value value Min Max [YES/NO)
Length [L] mm 54749 54.743 55 547 55 YES
MNotch centering mm 0.153 0.153 o 0.2 oz YES
idth [w] mim 10,008 10,002 10 9.97 10.03 YES
ickness [B] mim 9.998 0.553 10 .97 10.03 YES
Ligament [b] mim B.0OS B.001 B 7.975 B.025 YES
Motch radius [p] mim 0.274 0.274 0.25 0.225 0.275 YES
rotch angle [o] = 45.33 45.33 45 a4 45 YES
angle adj sides 1 = 90.12 90 BOBS 90.15 YES |
angle adj sides 2 = 90.03 90 B9.ES 90.15 YES "
Angle adj sides 3 = 90.01 90 BOBS 90.15 YES |
angle adj sides 4 " £9.88 90 EO_ES 90.15 YES *)
Specimen 552
Dimension Uit Measured | Corrected | Mominal NIQ tolerances Acceptable? NOTES
value value value Min Max [YES/NO)
Length L] mim 54.906 54.599 55 54.7 55 YES
Motch centaring i 0.042 0.042 o 02 0.2 YES
idth [w] mim 10,028 10,018 10 9.97 10.03 YES
ickness [B] i 0.084 007 10 9.97 10.03 YES
Ligament [b] mim B.011 B0 B 7.975 B.D25 YES
Motch radius [p] i 0.230 0.230 025 0.225 0.275 YES
rotch angle [o] ® 45.330 45.33 45 44 45 YES
angle adj sides 1 : o0.14 90 EO.ES 00.15 YES "l
angle adj sides 2 s 90.14 90 EO.ES 90.15 YES "
angle adj sides 3 = 90.02 90 BO.ES 90.15 YES *
Angle adj sides 4 ° 0.00 90 BO.ES 90,15 YES *)
Specimen 553
. . Measured | Corrected | Mominal MNIET tolerances Acceptable?
Dimension Unit - NOTES
value value value Min Max [YES/NO)
Length [L] mim 54.764 54.758 55 54.7 55 YES
Motch centering mim 0.014 0.014 o 02 0.2 YES
idth [w] mim 10,020 10,014 10 .97 10.03 YES
ickness [B] mim 10,020 10,014 10 9.97 10.03 YES
Ligament [b] mim 7.593 7.980 B 7.975 BID2S YES
Motch radius [p] mim 0.239 0.239 0.25 0.225 0.275 YES
Motch angle [o] - 24.52 44.52 a5 a4 45 YES
angle adj sides 1 . 90.00 90 ED_ES 90.15 YES *
angle adj sides 2 ® 90.11 90 EO_ES 00.15 YES *
angle adj sides 3 . 90.02 90 ED_ES 90.15 YES *
Angle adj sides 4 = ED.08 90 BO._BS 90.15 YES ")
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Specimen 554

Dimension Unit Measured | Corrected | Nominal NI_SI tolerances Acceptable? NOTES
value value value Min Max [YES/MO]
Length L] mm 54.974 54.967 55 54.7 55 YES
Motch centering mm 0.007 0.007 o 02 0.2 ¥ES
idth [w] T 10,030 10,024 10 9.97 10.03 YES
ickness [B] mm 9,990 9.984 10 9.97 10.03 ¥ES
Ligament [b] mm B.DDG B.O02 B 7975 BOZS YES
Motch radius [p] mm 0.244 0.244 0.25 0.225 0.275 YES
rotch angle o] ® 45.05 45.05 45 as a5 YES
angle adj sides 1 ¢ £0.89 90 EO.ES 9015 ¥ES *
angle adj sides 2 e £9.93 90 EO.ES 90.15 YES "
angle adj sides 3 ® £9.91 90 B9.ES 90,15 ¥ES *
Angle adj sides 4 " 0,09 90 BO._BS 90,15 ¥ES ")
Zpedmen 555
. . . Measured | Corrected | Nominal MNIST tolerances Acceptable?
Dimension Uit - MOTES
value wvalue value Min Max [YES/MNO]
Length [L] mm 54791 54784 55 54.7 55 YES
Motch centering mm 0.076 0.076 o 02 0.2 YES
idth [w] mm .50 9. 900 10 9.97 10.03 YES
ickness [B] mm 9,954 9,988 10 9.97 10.03 ¥ES
Ligament [b] mm B.DOE E.004 B 7.975 B025 YES
rotch radius [p] mm 0.240 0.240 0.25 0.225 0.275 YES
Motch angle [m] ® 44 28 44 28 a5 a4 46 YES
Angle adj sides 1 ® 90.05 o0 EO.ES o015 YES "
angle adj sides 2 ® S0.04 90 B9.ES 90.15 YES *
angle adj sides 3 s ED.87 90 EO.ES 9015 YES *
Angle adj sides 4 ° £0.88 90 BO.ES 90,15 ¥ES *)
Specimen 566
Dimension Uniit Measured | Corrected | Mominal NI_SI tolerances Acceptable? NOTES
value wvalue value Min Max [YES/MNO]
Length L] mm 54771 54.764 55 54.7 55 ¥ES
Motch centaring T 0.149 0.149 o 02 0.2 YES
idth [w] mm 100019 10,013 10 9.97 10.03 YES
ickness [B] mm 10,001 9.995 10 9.97 10.03 YES
Ligament [b] mm B.007 B.002 B 7.975 8025 YES
rotch radius [p] mm 0.264 0.264 0.25 0.225 0.275 YES
Motch angle [o] ® 44.00 43.00 45 as a5 YES
Angle adj sides 1 v £0.92 99 B985 90,15 YES "
angle adj sides 2 ® @007 90 B9.ES 90,15 YES *
angle adj sides 3 ® £0.99 90 B9.ES 90,15 YES *
angle adj sides 4 N S0.07 90 BO_ES 90.15 YES ")
Specimen 567
Dimension Unit Measured | Corrected | Mominal NI.SI tolerances Acceptable? NOTES
value wvalue value Min | Max [YES/MO]
Length [L] mm 54912 54.906 55 54.7 55 ¥ES
Motch centering mm 0.006 0.0 o 0.2 0.z YES
idth [w] mm 9.999 9.993 10 9.97 10.03 ¥ES
ickness [B] T 0.9E7 0.981 10 9.97 10.03 YES
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Ligament [b] mim 7980 7.976 B 7975 ED25 YES
Motch radius [p] mim 0271 0271 025 0.225 0275 YES
Motch angle [o] s 44.44 44.44 45 44 46 YES
angle adj sides 1 e 0.03 90 ED_ES 90,15 YES *)
Angle adj sides 2 ® 0.02 a0 ED_EBS 015 YES *
Angle adj sides 3 ¢ B985 90 EO_BS o015 YES "
Angle adj sides 4 ¢ 90.06 a0 BO_ES 90.15 YES [*)
Specimen 568
Dimension Unit Measured | Corrected | Mominal NI_SI tolerances Acceptable? NOTES
value walue wvalue Min Mlax [YES/ND)
Length [L] mim 54.990 54.984 55 54.7 55 YES
Notch centering mm 0.041 0.041 o 0.2 0.2 YES
idth [w] mm 100030 100024 10 9.97 10.03 YES
ickness [B] mim 9.997 9.901 10 g.97 10.03 YES
Ligament [k] FriFTY B.024 E.01T B 7975 £025 YES
Notch radius [p] FriMm 0270 0270 035 0235 0275 YES
Motch angle [o] s 45.97 45.97 45 a4 46 YES
angle adj sides 1 s £9.93 90 ED_BS 90,15 YES *
Angle adj sides 2 s 50.11 a0 BD_ES 90.15 YES |
angle adj sides 3 e 0.15 90 ED_ES 90,15 YES *)
angle adj sides 4 N £9.97 90 ED_ES 90.15 YES *)
Spegimen S5
Dimension Uit Measured | Corrected | Mominal NI_SI tolerances Acceptable? NOTES
value valua value Min Max [YES/NDY)
Length [L] mim 54736 54728 55 54.7 55 YES
Motch centering mim 0.134 0.134 o 0z 0.z YES
it ] mim 9.976 9.970 10 9.97 10.03 NO
ickness [B] mim 9.970 9,064 10 9.97 10.03 NO
Ligament [b] mim 7.983 7.970 B 7.975 ED25 YES
Notch radius [p] mim 0.233 0.233 025 0235 0275 YES
notch angle ] . 44,94 44.94 a5 a4 a6 YES
angle adj sides 1 ° 89.98 a0 EO.ES 90.15 YES *]
Angle adj sides 2 ° £0.96 a0 EO.ES 90.15 YES *]
angle adj sides 3 ° £9.89 a0 BO.ES 90.15 YES *]
angle adj sides 4 N 90.03 90 BO_BS 90.15 YES [*]
Epecdimen 370
Dimension Uniit Measured | Corrected | Mominal MIST tolerances Acceptable? NOTES
value valus value Min Max [YES/MD)
Length [L] FTirTY 54977 54971 55 54.7 55 YES
Motch centering FriMm 0.101 0.101 o 0z 0.2 YES
it W] mim 9.979 9.973 10 9.97 10.03 YES
ickness [B] mim 9.972 9,966 10 9.97 10.03 NO
Ligament [k] mim B.022 B.017 B 7.975 B.025 YES
Notch radius [p] mim 0.242 0.242 0.25 0.225 0.275 YES
notch angle o] e 45.66 45.66 45 a4 465 YES
Angle adj sides 1 ® 0.07 a0 ED_EBS 015 YES *
Angle adj sides 2 ® 90.02 a0 ED_EBS 015 YES |
Angle adj sides 3 e 80.02 a0 BO.ES 90.15 YES *)
Angle adj sides 4 ° 89.95 90 BO_ES 90.15 YES *)

29




Appendix F. Pictures of M-20 and M-21 specimens tested at NIST (both series)

U-type machine, 8 mm striker

-

Material Code : ATMS-60 )
W) Batch Number :M-20
Sample No 1026

Material Code : ATMS-160J
R Batch Number :M-21
?‘( Sample No oGl
scum  Certificate No. : ATMS-160 J-M-21 No. 111
CERTIFIED REFERENCE MATERIAL
Steel Charpy V notch reference test pieces
ANAND TESTING MACHINE SERVICES

Accreditation Certificate No. : RC-1009

Steel Charpy V notch reference test pieces
ANAND TESTING MACHINE SERVICES
Accreditation Certificate No. : RC-1009

Material Code : ATMS5-60J
) Batch Number :M-20 Material Code
S SampleNo  :027 ; S d } Batch Number :M-21
e Certificate No. _: ATMS-60 J-M-20 No. 027 A i = SsampleNo  :114
CERTIFIED REFERENCE MATERIAL 4 o wowe  Certificate No. : ATMS-160 J-M-21 No. 114
Steel Charpy V notch reference test pieces - X 2 3 CERTIFIED REFERENCE MATERI.l‘\L
ANAND TESTING MACHINE SERVICES Steel Charpy V notch reference test pieces

— — = B ANAND TESTING MACHINE SERVICES
‘- Accr.edltatlon Certificate No. : RC-1009 2 e diaon Cortiicale N6, “RC=1009

1 ATMS-160 J
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Appendix G. Pictures of M-20 and M-21 specimens tested at ATMS

C-type machine, 2 mm striker
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