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found is based on fairly conservative round figures.  If 50,000 
wells are drilled each year worldwide, ranging in day cost 
from $45,000 on land to $450,000 for semisubmersible to     
$1 million on a drillship, the average daily cost could be 
approximately $250,000 per day.  Therefore, based on an 
estimate of 6 days of downtime for a well, the average cost is 
$1.5 million per well.   

 
Why Taper Threads Don’t Fit? 

The notion that the root cause of most rotary shouldered 
connection damage and drill string failure is the lack of thread 
cone interference in connections is not new.  In January 1949, 
American Machinist published “Why Taper Threads Don’t 
Fit” written by W.E. Burndrett, sales engineer of Pratt & 
Whitney.  In this paper, Burndrett discussed the difficulty that 
manufacturers experienced in maintaining their standards and 
controlling the interchangeability of the threaded ends.   He 
pinpointed how a slight lead error of a taper threaded product 
leads to rapid change in pitch diameter and then small changes 
in pitch diameter produce large changes in axial travel which 
leads to variations in gauge standoff.   

Sixty years ago, Burndrett identified that gauge tolerances 
ultimately affect gauging results and produce discrepancies.  
His article advocated for examining each element of the thread 
with a specific focus on lead, which is a required measurement 
today. 

In conclusion, Burndrett stated:   
“No solution can be offered to relieve this problem, 

except to stress the necessity for trying to reduce errors 
in individual elements, with particular emphasis on lead, 
and to exert more vigilance over each phase of 
manufacture and particularly on gauges in order to 
reduce the variable to a minimum.” 

This acclaimed article has been referenced for over 60 
years and various inspection methods evolved from his 
analysis.   However, the problem of taper threads not fitting 
still exists and the reason was brought to light by Burndrett 
long ago – “…small changes in pitch diameter produce large 
changes in axial travel.”    

Drilling methods have evolved over the years and have 
become much more severe placing a tremendous amount of 
stress on the string and more specifically on the connections.  
Gauging technology has also evolved and it’s now possible to 
measure every element over each phase from manufacturing to 
the field. 
 
Inspecting the Drill String 

The American Petroleum Institute (API) released 
Recommended Practice RP7G in 1970 to establish an industry 
wide standard for accepting or rejecting used drill string 
components.  This release established five arbitrary classes of 
drill pipe, numbered 1 (new) to 5 (junk).  Classes 2 to 4 
represented graduated levels of pipe displaying signs of wear 
and tear.  Very quickly the industry determined that the best of 
class (class 2) was not sufficient for many applications, 
therefore the premium class was added by 1975.  Premium 

class quickly became the industry standard for the most part.  
Since today’s drilling practices are pushing drill strings and 
particularly their connections to the limits and beyond, the 
standards are truly being taken beyond their limits. 

The stresses imposed on the drill string during drilling 
operations can result in rapid accumulation of fatigue damage 
and regular inspections are performed to detect mechanical 
damage and cracking in the rotary shouldered connectors and 
in the tubes of drill pipe.  Normally, rotary shouldered 
connections undergo visual, dimensional and either magnetic 
particle or penetrant inspections.  RP7G does not have any 
guidelines for thread inspection nor does it address connection 
size in reference to fatigue damage and wear.  

 As an inspector examines any element of a drill string, it’s 
very important to be cognizant that the acceptable standards 
being used are arbitrary and not necessarily adequate.    

 
Specifications for Threading and Gauging of Rotary 
Shouldered Connections 

The API Spec 7-2 1st Edition (released in 2008) is the 
Specification for Threading and Gauging of Rotary 
Shouldered Thread Connections. It specifies requirements on 
rotary shouldered connections for use in petroleum and natural 
gas industries, including dimensional requirements on threads 
and thread gauges, stipulations on gauging practice, gauge 
specifications, as well as instruments and methods for 
inspection of thread connections.    

API Spec 7-2 outlines five basic thread attributes that 
control the size of the new and recut pin and box connectors.  
Connectors 

Standoff: The standoff of the working gauge is 
intended as a method to locate the plane 
of the pitch diameter in relation to the 
sealing shoulder of the connection. It is 
dependent on the other elements of the 
thread, notably lead and taper. (Figures 1 
and 2) 
 

Lead:   The distance a screw thread advances 
along a taper cone in one revolution. 
 

Taper:   The increase in pitch diameter of the 
thread in inches per foot. 
 

Thread 
Height:   

The distance between the crest and root, 
normal to the axis of the thread. 
 

Thread 
Form:   

The form of thread is its profile in an 
axial plane for a length of one pitch. 
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design, connections can perform more efficiently and last 
longer. 

Amazingly after new connectors have been coated or used, 
no other means or method of measurement is currently 
“required” to verify the reliability of thread elements.  Adding 
precise pitch diameter measurements to API RP7G will enable 
operators to detect fatigue, box swelling and loss of thread 
engagement in the field and on the rig floor earlier and usually 
BEFORE stress cracks occur.    

 
Finally, a response is offered to Burndrett’s final 

conclusion that “No solution can be offered…”  Sixty two 
years later, a solution to relieve the problem of errors in 
individual elements with particular emphasis on the lead as 
well as the equally important pitch diameter is available.   The 
application of precision gauges measuring lead, taper, form, 
height, and pitch diameter can and will minimize error and 
prevent rotary shouldered connection failures. 
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