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S1. Hardness Measurements 

Figure 1 shows how a specimen is cut to perform hardness measurements on holes 1 and 4 
to determine if a series of drilling and tapping operations affects the hardness of the 
material. Tables 2 and 3 present the raw hardness data for the first and fourth cutting 
threads respectively. It can be observed that the hardness measured in the first hole is 
similar to the one in last hole. Tables 4 and 5 present the raw hardness data for the first and 
fourth flow processed threads. No difference is noted between the first and the last hole. 

 

 
Figure 1. Cutting samples for hardness measurement from the threaded specimens 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Hardness measurements of conventional specimen, sample 1.A and 1.B 



 

 

 

 

 

 

 

Table 2 Hardness measurements of conventional specimen, sample 4.A and 4.B 



 

 

 

 

 

 

 

Table 3 Hardness measurements of flow processed specimen, sample 1.A and 1.B 



 

 

 

 

 

 

 

 

 

 

Table 4 Hardness measurements of flow processed specimen, sample 4.A and 4.B 



S2.  Fatigue Tests Raw data 

Table 5 shows the raw data from the fatigue tests conducted during this study. It is noted 
that 6 F specimens were tested with a maximum loading level of 700 N. It should be 
reminded that the tests were run at a stress ratio of 0.1 and the run-out is set at 10^7 cycles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Fatigue test raw data 



S3. Material analysis  

The following figures present an analysis conducted using an SEM on samples from a test 
specimen related to the project that have not undergone any testing. The samples were 
polished up to the OPS stage to reveal the microstructure at the thread’s root (Figure 2), 
crest (Figure 3), and in the bulk material (Figure 4) where the influence of flow drilling and 
flow tapping is no longer present. These microstructure images are accompanied by EDS 
analyses performed in the three mentioned zones. The chemical composition does not vary 
across the sample. The microstructure near the surface of the threads (both crest and root) 
is very fine owing to : the work hardening induced by flow drilling and flow tapping, the 
heating of the material during flow drilling and the air cooling. The grain orientation induced 
by the material flow during flow drilling and flow tapping is also visible at the root and crest 
of the thread. As shown by the Figure 5, the increase in hardness observed is consistent 
with the reduction of the grain size. 

 

 

 

 

 

 

 

 

Figure 2. Microstructure and EDS analysis at the thread's root 



 

 

 

 

 

 

 

 

Figure 3. Microstructure and EDS analysis at the thread's crest 

Figure 4. Microstructure and EDS analysis of the bulk material 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Hardness measurement related to grain size 



S4. Evolution of the temperature during a flow drilling sequence 

The flow-drilling tool was instrumented with a thermocouple placed at its center. The 
temperature was measured during a drilling operation. Figure 6 shows the temperature 
reached by 316L during a flow-drilling operation with the operating parameters used during 
this study. As can be seen, the material does not reach its melting temperature; at most, it 
reached 85% of its melting temperature. 

Figure 6. Evolution of the temperature at the tip of the flow drilling tool during a flow drilling sequence 


