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presented graphically in Fig. 4. It can be seen from these tables that there is no significant effect of diameter on the
Nut Factor for B7 bolts, which is consistent with previous test results. Small variations were experienced, and the
Nut factor for the larger bolt sizes was slightly lower than that for the 7/8” and 1-1/8” bolts, but this variation is to
be expected for torque assembly.

However, the Nut Factor results for BSM bolts, with the exception of 1-1/8” bolts also display no significant
effect of diameter. While the 1-1/8” bolts did exhibit the previously observed increase in Nut Factor, the Nut Factor
for the 1-1/2” and 2” bolts was consistent with that for the 7/8” bolts. This is an interesting result, in that the
previous testing showed little increase in Nut Factor for the 1-1/8” bolt diameter and significant increase for larger
sizes.

Table 1. Average Nut Factor Results B7.

MO2a CuU3
7/8" 0.110 0.127
1-1/8" 0.134 0.125
1-1/2" 0.100 0.126
2" 0.092 0.105
Overall 0.11 0.12

Table 2. Average Nut Factor Results BSM.

MO2a CU3
7/8" 0.179 0.171
1-1/8" 0.227 0.216
1-1/2" 0.184 0.146
2" 0.177 0.167
Overall 0.18 0.18

It has been noted in previous studies that the Nut Factor at bolt stress levels below 200 MPa is highly variable.
This is demonstrated in Figs. 5 to 8, with significantly greater scatter at low stress values. Comparing the 95%
confidence intervals for the Nut Factor at bolt stresses below 200 MPa to that above 200 MPa, Figs. 9 and 10 there
is up to 90% reduction in the confidence interval. The general inaccuracy of bolt torque assembly must also be noted,
with the test results varying up to £30% about the mean even at stress levels above 200 MPa. This variability is
inherent to torque assembly. Consequently, this inaccuracy must be taken into account when selecting assembly bolt
loads using torque load control.

Fig. 5. Test results for coated B7 bolts with MO2a anti-seize.
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Fig. 6. Test results for coated B7 bolts with CU3 anti-seize.
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Fig. 7. Test results for BEM bolts with MO2a anti-seize.
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Fig. 8. Test results for B8M bolts with CU3 anti-seize.

In the case of the 1-1/8” B8M bolts, the Nut Factor was found to be higher than the overall average for both
MO2a and CU3 anti-seize compounds. The increase in Nut Factor was on average 30%, which means that the
achieved assembly bolt load would have been around 20% lower than intended. Examination of the bolts used in
the MO2a tests found that the surface finish of the threads was poor, with lapping on the thread contact surface, refer
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Figs. 11 and 12. This introduced irregularity to the thread contact area, resulting in the higher Nut Factor for this
sample. No such lapping was found on the 1-1/8” CU3 samples, instead, concavity on the nut face of approximately
0.5mm (0.02 inches) was found, see Fig. 13. This resulted in greatly reduced contact nut/washer contact area, hence
increasing the contact pressure. Consequently, a higher Nut Factor was obtained. This is within the limit for
maximum runout for the nut face per ASME B18.2.2 [5] of 0.8 mm (0.033 inches).
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Fig. 11. Lapping on bolt thread; 1-1/8” BSM Bolts. Fig. 12. Close-up of lapping on thread faces; 1-1/8” B8M Bolts.

Fig. 13. Concavity on nut face.
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The initial concern, prior to identifying the problems with the component threads outlined above, was that the
current test results do not agree with the previous test results in terms of increasing Nut Factor for BSM bolts at
larger diameters. There was an extremely high confidence in the validity of the previous results. In addition, no
general trend was found between the B7 and B8M bolts that would explain some inherent flaw in the test equipment
in either case. Therefore, after careful consideration it was determined that the most likely cause of the difference in
results was that similar flaws in the fastener components were present in the 1.5” and 2” bolts from the previous
tests.

Given, therefore, that the problem has been identified in testing of bolts sourced from three different continents
and, in all cases, the effect on the Nut Factor was to increase it by approximately 30% this has been identified as an
item of considerable concern for bolted joint assembly using torque control. These manufacturing defects in the
thread or nut form would result in only 80% of the desired assembly bolt load being achieved. In many cases, this
reduction in load is sufficient in many cases that it would cause leakage of piping bolted joints. This is particularly
the case, considering that the defects were identified on stainless steel bolting, which can be far more susceptible to
leakage due to lower specified assembly bolt loads due to lower bolt yield strength.

In all cases the defects were subtle and unlikely to be detected in a visual inspection prior to joint assembly. Even
if detected in the field, remedial work on all bolts/nuts in a batch by the assembler would be inefficient. In all cases,
the nuts were found to run freely on the threads, so the standard thread condition check would not have identified a
problem. Therefore, additional manufacturing specifications should be introduced with regard to the surface finish
of the threads and nut face in order to avoid these imperfections in the first place.

5. Conclusions

These test results contradict the previous study’s findings with regard to the relationship between Nut Factor and
bolt diameter. Instead, the results indicate Nut Factor appears to be largely independent of bolt diameter and that a
single Nut Factor can be used across all bolt sizes for the bolt materials and anti-seize compounds tested.

It has been highlighted that manufacturing tolerances have a significant influence on the Nut Factor, and thus the
integrity of a bolted joint. Small defects on the nuts and bolts resulted in a 30% increase in Nut Factor. Additions
should be made to the ASTM A193 and ASTM A194 standards for bolt and nut material. This study proposes the
inclusion of requirements regarding:

1. Thread surface finish - both the A193 and A194 requirements should be expanded to include a limitation on
maximum permissible surface finish for the threads. A suitable surface finish limit is suggested as 1.6 um
AARH. This value was significantly exceeded in the poorly formed thread cases and easily achieved in other
cases without thread problems.

2. Tolerance for flatness and surface finish on the nut contact surface - A194 should include a tighter tolerance on
nut contact surface flatness (0.05 mm is suggested) and surface finish (once again, 1.6 um AARH is suggested),
in order to avoid the problems identified with this testing.

It would be of interest to examine the head-to-head performance of fasteners complying with the above limits, by
comparison to non-conforming fasteners. It is also important to note the basic variability in Nut Factor, with up to
30% variation about the average Nut Factor. This variability should be considered when selecting bolt loads to
prevent over/under stressing joint components. The increased variability in Nut Factor at bolt stress levels below
200 MPa (29 ksi) must be acknowledged, and assembly bolt stress below this level avoided due to the greatly
increased inaccuracy. Both of these considerations are covered in the methodology for assembly bolt load selection
outlined in ASME PCC-1 [4] Appendix O.
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