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i 

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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 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 striker1 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. 

 Specimens and Test Matrix 

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

• Specimens from NIST 
o Low-energy specimens, lot LL-189 (reference absorbed energy at -40 °C with 8 mm 

striker, KVR = 15.6 J)2. 
o High-energy specimens, HH-190 (reference absorbed energy at -40 °C and with 8 mm 

striker, KVR = 103.8 J)2. 

• Specimens from ATMS 
o Medium-energy specimens, batch ATMS-60J-M20 (reference absorbed energy at 20 °C 

with 2 mm striker, KVR = 62.5 J). 
o High-energy specimens, batch ATMS-160J-M21 (reference absorbed energy at 20 °C with 

2 mm striker, KVR = 147.1 J). 
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). 
 

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

Specimen 
Producer 

Lot/batch 
id 

Striker 
type 

Hammer 
type 

Number of specimens 
tested (Institute) 

NIST 
LL-189 2 mm U-type 

C-type 
10 (NIST) 
10 (NIST), 10 (ATMS) 

HH-190 2 mm U-type 
C-type 

10 (NIST) 
5 (NIST), 10 (ATMS) 

ATMS 
M-20 

2 mm C-type 10 (NIST), 10 (ATMS) 
8 mm U-type 10 (NIST) 

M-21 
2 mm C-type 10 (NIST), 10 (ATMS) 
8 mm U-type 10 (NIST) 

 Test results 

 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 29th, 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.  

 
Fig. 1. Reference Charpy machine (U-type hammer) used for the 1st series of tests performed at NIST on 
lots LL-189 and HH-190. 
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The results are provided in Table 2. 

Table 2. Results of the 1st series of tests performed at NIST on LL-189 and HH-190 (U-type hammer, 2 
mm striker).  

Specimen 
Lot 

KV 
(J) 

Specimen 
Lot 

KV 
(J) 

LL-189 

 19.5 
 18.8 
 18.8 
 18.9 
 19.7 
 18.4 
 19.8 
 19.2 
 19.2 
 19.8 

HH-190 

 112.3 
 105.9 
 108.4 
 105.1 
 108.7 
 107.4 
 105.3 
 106.8 
 109.0 
 105.1 

KV���� (J) 
SD (J) 
CV 

19.2 
0.48 
2.5 % 

 
107.4 
2.28 
2.1 % 

KV = absorbed energy; KV���� = mean absorbed energy; SD = standard deviation; CV = coefficient of 
variation, SDKV���� . 

A second series of tests on 10 specimens of LL-189 and 5 specimens of HH-190 was performed 
on October 19th, 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 2nd series of tests performed at NIST on 
lots LL-189 and HH-190. 
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The results are provided in Table 3. 

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

Specimen 
Lot 

KV 
(J) 

Specimen 
Lot 

KV 
(J) 

LL-189 

 17.7 
 17.5 
 17.1 
 17.8 
 17.5 
 17.6 
 17.9 
 17.6 
 17.3 
 18.3 

HH-190 

 109.7 
 112.3 
 105.5 
 106.4 
 112.8 
  

KV���� (J) 
SD (J) 
CV 

17.6 
0.33 
1.9 % 

 
109.4 
3.33 
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 16th, 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 
Lot 

KV 
(J) 

Specimen 
Lot 

KV 
(J) 

LL-189 

 17.2 
 18.0 
 18.4 
 18.0 
 18.4 
 18.0 
 18.4 
 18.4 
 17.6 
 18.0 

HH-190 

 104.4 
 102.4 
 105.6 
 101.2 
 106.0 
 109.6 
 108.0 
 102.4 
 102.0 
 110.4 

KV���� (J) 
SD (J) 
CV 

18.0 
0.40 
2.2 % 

 
105.2 
3.29 
3.1 % 
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Pictures of the LL-189 and HH-190 specimens tested at ATMS are provided in Appendix C. 

 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 7th, 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 1st series of tests performed at NIST on ATMS batches M-20 and M-21 (U-type 
hammer, 8 mm striker).  

Specimen 
Batch 

KV 
(J) 

Specimen 
Batch 

KV 
(J) 

M-20 

62.5 
61.5 
61.1 
61.3 
61.5 
60.7 
61.6 
58.6 
60.3 
62.5 

M-21 

146.9 
160.2 
149.1 
153.6 
146.3 
149.5 
158.7 
150.6 
150.9 
157.0 

KV���� (J) 
SD (J) 
CV 

61.1 
1.12 
1.8 % 

 
152.3 
4.90 
3.2 % 

A second series of tests on 10 specimens of M-20 and 10 specimens of M-21 was performed at 
NIST on October 25th, 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���� – KVR| ≤ 5 % 𝐾𝐾𝐾𝐾𝑅𝑅) and ISO 148-2:2016 (|KV���� – KVR| ≤ 10 % 𝐾𝐾𝐾𝐾𝑅𝑅 and 
𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 – 𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 15 %) with respect to the certified values provided by ATMS. 
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Table 6. Results of the 2nd series of tests performed at NIST on ATMS batches M-20 and M-21 (C-type 
hammer, 2 mm striker).  

Specimen 
Batch 

KV 
(J) 

Specimen 
Batch 

KV 
(J) 

M-20 

61.1 
65.6 
63.6 
64.1 
66.1 
62.5 
66.0 
62.8 
64.3 
66.8 

M-21 

144.0 
148.9 
146.6 
146.8 
146.8 
149.9 
149.3 
151.5 
153.0 
152.3 

KV���� (J) 
SD (J) 
CV 

64.3 
1.83 
2.8 % 

 
148.9 
2.88 
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 16th, 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 
Batches 

KV 
(J) 

Specimen 
Batches 

KV 
(J) 

M-20 

61.6 
64.0 
63.6 
64.4 
62.4 
62.0 
61.6 
63.6 
62.0 
62.0 

M-21 

147.6 
154.0 
144.0 
149.6 
148.0 
138.8 
145.6 
144.8 
143.6 
140.4 

KV���� (J) 
SD (J) 
CV 

62.7 
1.06 
1.7 % 

 
145.6 
4.43 
3.0 % 

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

 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: 

• test temperature: 20 °C 
• pendulum hammer type: C 
• 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 
Producer 

Lot/batch 
id Institute Number of 

specimens tested 
KV���� 
(J) 

SD 
(J) 

CV 
(%) 

NIST 
LL-189 NIST 

ATMS 
10 
10 

17.6 
18.0 

0.33 
0.40 

1.9 
2.2 

HH-190 NIST 
ATMS 

5 
10 

109.4 
105.2 

3.33 
3.29 

3.0 
3.1 

ATMS 
M-20 NIST 

ATMS 
10 
10 

64.3 
62.7 

1.83 
1.06 

2.8 
1.7 

M-21 NIST 
ATMS 

10 
10 

148.9 
145.6 

2.89 
4.43 

1.9 
3.0 

 
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 t-tests assuming unequal variances [1]. Calculated p-values smaller than 
the confidence level α = 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 
Producer 

Lot/batch 
id Institute KV���� 

(J) p Difference between 
means is statistically… 

NIST 
LL-189 NIST 

ATMS 
17.6 
18.0 0.0194 Significant 

HH-190 NIST 
ATMS 

109.4 
105.2 0.0516 Not significant 

ATMS 
M-20 NIST 

ATMS 
64.3 
62.7 0.0349 Significant 

M-21 NIST 
ATMS 

148.9 
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. 
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 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 
Producer 

Lot/batch 
id 

Hammer 
Type 

Number of 
specimens tested 

KV���� 
(J) 

SD 
(J) 

CV 
(%) 

NIST 
LL-189 U-type 

C-type 
10 
10 

19.2 
17.6 

0.48 
0.33 

2.5 
1.9 

HH-190 U-type 
C-type 

10 
5 

107.4 
109.4 

2.28 
3.33 

2.1 
3.0 

 
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 t-tests, the calculated p-values are listed in Table 9. 
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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 
Producer 

Lot/batch 
id 

Hammer 
Type 

KV���� 
(J) p Difference between 

means is statistically… 

NIST 
LL-189 U-type 

C-type 
19.2 
17.6 1.69×10-7 Very significant 

HH-190 U-type 
C-type 

107.4 
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.  

 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 
Producer 

Lot/batch 
id Institute Hammer 

Type 
Striker 
Type 

Number of 
specimens tested 

KV���� 
(J) 

SD 
(J) 

CV 
(%) 

ATMS 
M-20 NIST U-type 

C-type 
8 mm 
2 mm 

10 
10 

61.1 
64.3 

1.12 
1.83 

1.8 
2.8 

M-21 NIST U-type 
C-type 

8 mm 
2 mm 

10 
10 

152.3 
148.9 

4.90 
2.89 

3.2 
1.9 

  
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 t-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 
Producer 

Lot/batch 
id 

Hammer 
Type 

KV���� 
(J) p Difference between 

means is statistically… 

ATMS 
M-20 U-type 

C-type 
61.1 
64.3 0.0003 Significant 

M-21 U-type 
C-type 

152.3 
148.9 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.  

 
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. 

 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. 
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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 t-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: 

• 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.  

• 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. 
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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 

 

 

  

LL-189

HH-190 
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Appendix B. Dimensional measurements of LL-189 and HH-190 specimens 
performed at ATMS 
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Appendix C. Pictures of LL-189 and HH-190 specimens tested at ATMS 

C-type hammer, 2 mm striker 
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Appendix D. Dimensional measurements of M-20 and M-21 specimens 
performed at NIST (first series) 
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Appendix E. Dimensional measurements of M-20 and M-21 specimens 
performed at NIST (second series) 
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Appendix F. Pictures of M-20 and M-21 specimens tested at NIST (both series) 

U-type machine, 8 mm striker 

 

C-type machine, 2 mm striker 
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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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