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[57] ABSTRACT 
The torque imposed on premium thread connections 
between tubular goods is monitored and plotted as a 
function of time rather than the number of turns. In this 
manner, the torque at which “shoulder", either by met 
al-to-metal sealing contact or otherwise, is achieved 
during make-up of the premium connection can be de 
tected. Further, torque response of the connection after 
shoulder may be monitored. In addition, torque condi 
tions during back out or disconnection may be moni 
tored. Data obtained indicate if connections and seals 
are acceptable or not and often furnish evidence of the 
reason for certain types of unsatisfactory connections. 

63 Claims, 7 Drawing Sheets 

TRANSDUCER f /6 
” f '0 1 / 

1T1 mmsuuctn mggwg't'ys RELAY num 
mnmx '——-—-l D JOWT paosamuea t TRANSDUCER INPUT/CONTROL 

eowea STEADY -- 21 
qs?gm TONE 

/ I4 227 f 18 20 j 
AUDI 5|. E Powsn 

VOLT‘GE SPEAKER TONE suewu 
REM-‘Tm sen: anon 12 v 

‘ COMPUTER! 

CONTROLLER 

Amman-Lg, T 1 18V women a; 
4 cmcu/r s I‘ 1 

COMPUTER 
c , msPLms) 





US. Patent Sep. 15, 1992 

SELECT 

INITIALIZE SYSTEM 

Sheet 2 of 7 Re. 34,063 

YES 

L SET-UP pmmcrsnsf'“ 
a LIMITS 

‘ I06 
DISPLAY PARAMETERS / 

ON cm I //08 

FOR CRT DISPLAY 
SET-UP GRAPHICS GRID 

I 
SET- UP SPECIAL 

FUNCTIONS 

CHANGE 
PARAMETERS 

///4 

///2 

STORE PARAMETERS 
ON DATA DISK 

3 
MEASURE LOAD cam." 
VOLTAGE AT 'NO LOAD 

I 
CORRECT FOR LOW /”8 
LEVEL AMPLIFICATION 

* I20 
CALCULATE OFFSET f 

VOLTAGE 

DISPLAY 
~TORQUE 

I34 

MULTIPLY BY 
K FACTOR 

I STANDBY MODE 

I26 
READ‘ LOAD CELL 

VOLTAGE 

SUBTRACT OFFSET [/28 
VOLTAGE 

FIG. 2A 



US. Patent Sep.15, 1992 Sheet 3 of7 Re. 34,063 

(P 
/38 

SET KEYS FOR / 
RUN MoDE 

/40 
CONTINUE CONNECTION / 

MAKE-UP 

{ l4 
_ MEAsuRE LDAD cELL / 2 

VOLTAGE ‘—_"—""_ 

DISPLAY sueTRAcT OFFSET V144 DISPLAY 
TORQUE VOLTAGE TI ME 

A‘ {/48 /45 f [52 
@ MULTIPY BY N0 GR'TESIE HOLD TIME _ {3) 

K FAcToR RE?jEgggéE AT LAST vALuE 

2/2 as /64\_ P LOT TIME 
PLogNTgggui / sTART TIME ON on 

Q [/58 $07 I 
MULTIPLY BY /2/0 ‘3 “"5 REsET TIME 

TIME 
I62 J “ 

I66 

YES TEMP. ARRAY 
BYPASS FLAG 

7 

' N0 [/68 
TEMPORARY ARRAY OF 
AWOLDAD CELL voLTAcE 

/70 
no 

DATA POINT A, 

/72 

RESET COUNTER Ax 

SHOULDER F LAG 

7 [256 I fl 6 
sAvE EAcH Am sAvE EACH N'" Am 

DATA POINT DATA POINT 

i 1 
SET TEMP- “RAY cLEAR TEMR ARRAY 

BYPASS FLAG 



US. Patent Sep. 15, 1992 Sheet 4 of 7 Re. 34,063 

TAG LAsT Am 
WITH N FACTOR 

INCREMENT A,( 

i 
TEMPORARY STORAGE //84 
or LOAD cELI. VOLTAGE 

T 
INCREMENT A95 

A ,‘ COUNTER / 

i we 
STORE HIGHEST ./ 
TORQUE VALUE 

LESS THAN NO 
MAXI MUM 
TORQUE 

HAS NO 
SHOUL DER 
OCCURRED 

200 

SET SHOULDER 
FLAG 

i 
I96 STORE 
\ SHOULDER VALUE 

T 
/95\ CALCULATE MINIMUM 

TORQUE DIFFERENTIAL 

208 

no REAR T AIFI MmIMu "0 g" ACTORED" 
M N. 

YES r 

TORQUE 
GREATER THAN 

MINIMUM 

sET soon sET BAD 
CONNECTION FLAG CONNECTION FLAG 

i i 
2/6'\- AcTIvATE DUMP AcTIvATE ouMP /204 

vALvE RELAY VALVE RELAY 

l' i 
2/8 AcTIvATE soon ACTIVATE BAD {206 
K/ HORNVRELAY HORN RELAY 

FIG. 2C 



US. Patent Sep.15,1992 Sheet 5 of7 Re. 34,063 

@ 222 ) 
RESET HORN YES") 

AND DUMP VALVE 
CONTINUE 
MAKE- UP 

'I 

4 
RESET HORN AND f2‘? 

DUMP VALVE 

i 
ENTER comm-zms 226 

228 
YES YES 

RESTART 

'? 

PRINT OUT 
GRAPH 

1’ 
YES 232 

PRINT GRAPHICS 
DISPLAY 

—————h 
I 234 

PRINT JOINT NUMBER 

T 
PRINT MAXIMUM /236 
MAKE'UP TORQUE 

I 
PRINT MAKE-UP TIME 

PRINT TIME-OF- DAY 

242 
PRINT COMMENTS / 

(IF ANY) 
i 

s'roRE DATA ON /244 
DISK/MAG TAPE 

STORE PARAMETERS ON 246 
DISK/ MAG TAPE 

STORE MAX, SHOULDER, 
TIME TlME'OF-DAY OOMNEN 

r254 
INCREMENT @ 

JOINT NUMBER 

FIG. 20 



US. Patent 

TORQUE ———. 

TORQUE ——" 

TORQUE --—~ 

Sep. 15, 1992 

\J TORQUE -—’ 

\. TORQUE 

'\ TORQUE -—> 

Sheet 6 of 7 Re. 34,063 

/ L38 
o’ g ll'o 1s 2*0 is 

f__. 

F /G. 45 

W 
o, '5 1:0 1:5 $0 ‘is 

F IG. 4 

\s/o 

o r0 7: 2o 25 
’—§ 



U.S. Patent Sep.l5, 1992 Sheet 7 of? Re. 34,063 

"ks/2 
LU 
D 
G 
I 
O 
. 

{3/4 

0 5 :0 I5 20 25 

F c; ' 

‘s g " 

g g 
t- / 3/8 *- /324 

7 ~ 

% + I‘ a a : : l‘. ‘ : 
o 5 l0 I5 20 25 o 5 IO I5 20 25 

FIG. 6A ' FIG. 6 



Re. 34,063 
1 

MONITORING TORQUE IN TUBULAR GOODS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF INVENTION 

1. Field of Invention 
The present invention relates to monitoring of torque 

in connections between tubular goods, particularly in 
the petroleum industry. 

2. Description of Prior Art 
In the petroleum industry, failure of tubing or tubular 

goods has severe consequences. Replacing failed tubing 
in a well may often be more expensive than the expected 
value of oil or gas to be produced from the well. In gas 
wells where the gas is sour, containing hydrogen sul 
?de, a leak or failure in tubing could have fatal conse 
quences. 

Based on a study conducted some years past by a 
major oil company, it has long been customary in the 
connection, or make-up, of petroleum tubular goods 
with conventional, American Petroleum Institute, or 
API, speci?cation threads to monitor both torque and 
turns of the tubular goods being made up. Unless both 
the torque and turns observed during make-up fell 
within speci?ed limits of acceptability, a connection 

20 

25 

was rejected as unsatisfactory. Examples of this type of 30 
"torque-tums" monitoring are described in U.S. Pat. 
Nos. 3,368,396; 3,606,664; 3,745,820; 4,091,451; 
4,176,436; 4,199,032; 4,208,775; 4,208,919 and 4,210,017. 
An article in Petroleum Engineering lntemational, “Torque 
Turn in Principle and Practice", pp. 62 et al., 
J ul., 1980 provides a general summary of this technique. 
As the petroleum industry has gone deeper into the 

earth in exploratory and production wells, higher pres 
sures have been encountered. For this and other rea 
sons, specially threaded connections known as premium 
connections have been used in petroleum industry tubu 
lar goods. This type of connection is based on metal-to 
metal sealing or “shoulder” connect along specially 
shaped areas of the pin and box members being con 
nected. As pressure increased in the tubular goods, 
metal-to-metal sealing contact increased in the premium 
connections. Examples of premium threaded connec 
tions are described in U.S. Pat. Nos. Re. 30,647 and 
4,244,607. 
However, torque-turn monitoring was not well 

adapted for premium connections, since shoulder could 
occur in a much smaller portion of a turn than the inter 
vals, usually tenths, into which one revolution of a pipe 
was divided for monitoring turns. There have been 
indications that reducing the size of turn interval might 
help in shoulder contact detection, but this would re 
quire a- substantial increase in the number of lugs or 
projections formed for turn interval division purposes 
on the rotary jaw member of the power tongs used in 
makeup of petroleum tubular goods. 

SUMMARY OF THE INVENTION 

Brie?y, the present invention provides a new and 
improved method and apparatus for monitoring torque 
conditions during the make-up of premium tubular con 
nections, particularly in the petroleum industry. As a 
particular connection is being made up, the torque im 
posed on the connection is sensed. The sensed torque is 
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2 
displayed as a function of time, and the torque condi 
tions are monitored to detect if a metal-to-metal seal, or 
shoulder contact, is obtained. Since shoulder contact is 
typically achieved in a very small portion of a turn or 
revolution of a connection during make up, it has been 
found with the present invention that monitoring torque 
as a function of time, rather than turns, provides a sur 
prising and unexpected improvement in monitoring and 
analysis of premium connections of tubular goods. 

In detecting a shoulder contact condition, the torque 
imposed during two successive time intervals is moni 
tored and an indicating of the change is formed. When 
this indication of the change exceeds a speci?ed shoul 
der torque rate, a shoulder condition is achieved. De 
pending upon the torque at which the shoulder condi 
tion occurred, a satisfactory or an unsatisfactory con 
nection is indicated. Acceptable maximum and mini 
mum torque levels for achieving the shoulder condition 
are speci?ed. The maximum acceptable torque level 
represents an upper torque limit which, if exceeded, is 
an indication of an unsuitable connection or joint which 
should be rejected. The minimum acceptable torque 
level represents a threshold torque value below which 
the shoulder condition must be achieved. If the shoul 
der condition is not achieved before the minimum ac 
ceptable torque level is reached, an unsuitable connec 
tion is formed and should be rejected. 

Additionally, for premium connections which use the 
shoulder contact as a primary seal, an acceptable torque 
differential imposed after the shoulder contact condi 
tion is obtained may also be speci?ed. Once the shoul 
der contact condition is achieved, the acceptable torque 
differential is combined with the torque level at which 
shoulder contact was achieved, in effect serving as a 
new acceptable minimum level. This level represents 
the total torque which the connection must be able to 
take in service conditions to seal against well pressures. 
If the connection in question cannot obtain the total of 
shoulder torque and torque differential, it is not accept 
able since it could fail in service use. Also, the total of 
shoulder torque and differential torque is compared 
with the acceptable maximum torque level at the time 
shoulder is obtained. If the total torque exceeds the 
acceptable maximum, make up is stopped to prevent 
damage to the connection. 
When satisfactory torque levels and differentials are 

obtained during make-up of a connection, a satisfactory 
connection is indicated. If any of the speci?ed torque 
levels or differentials are not met, an unsatisfactory 
connection is indicated. Also, if any maximum torque 
level or differential is exceeded, an unsatisfactory con 
nection is indicated. ~ 

If no shoulder is indicated as being achieved, an un 
satisfactory connection is also indicated. Also, torque 
may be monitored as a function of time during discon 
nection or backout of the premium tubular connection 
to detect, among other things, possible thread galling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic electrical circuit diagram of an 
apparatus, according to the present invention; 
FIGS. 2A, 2B, 2C and 2D are schematic ?ow chart 

diagrams for the operation of the apparatus of FIG. 1 to 
achieve the desired results of the present invention; 
FIG. 3 is a graphical representation of a torque mea 

sured as a function of time with the apparatus of FIG. 1 
for a satisfactory premium tubular connection make up; 
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FIGS. 4A, 4B, 4C, 4D, 4E and ‘F are graphical rep 
resentations of torque measured as a function of time 
with the apparatus of FIG. 1 for various unsatisfactory 
premium tubular connection make up; 
FIG. 5 is a graphical representation of torque mea 

sured as a function of time with the apparatus of FIG. 1 
for a satisfactory disconnection or backout of a pre 
mium tubular connection; 
FIGS. 6A and 6B are graphical representations of 

torque measured as a function of time with the appara 
tus of FIG. 1 for disconnections of premium tubular 
connections indicative of thread galling in the connec 
tion. 

DESCRIPTION OF PREFERRED EMBODIMENT 

I. INTRODUCTION 

In the drawings, the letter A designates generally an 
apparatus according to the present invention for moni 
toring torque conditions during the makeup or intercon 
nection of a premium tubular connection or joint. As 
used in the present invention, the term premium is to be 
understood to be that generally understood in the petro 
leum industry. One type of premium connection is a 
threaded interconnection between pipes accomplishing 
a primary metal-to-metal seal along a surface known as 
a shoulder between the two tubular members being 
interconnected, although it should be understood that 
other types of premium threaded connections, such as 
those with primary sealing by thread interference or at 
other surfaces than the shoulder, may be monitored as 
well. Premium threaded connections have come to be 
increasingly widely used, due to higher pressure re 
quirements for tubular goods for safety reasons, and 
further as deeper wells to higher pressure formations 
have been drilled. 

II. APPARATUS 

The apparatus A may be used at any number of suit' 
able locations such as pipe yards, wells or drilling rigs 
or at test facilities to monitor torque in threaded con 
nections. The apparatus A includes a load cell trans 
ducer T suitably mounted for mechanical interconnec 
tion, such as by a lever arm, to any suitable type of 
threaded pipe connecting apparatus, generally referred 
to in the petroleum industry as power tongs. Such a 
connection of threaded members is usually referred to 
in the petroleum industry as make-up, while a discon 
nection is often generally referred to in the petroleum 
industry as a backout. As will be set forth, the apparatus 
A in addition to monitoring the torque conditions as the 
threaded connection is being formed or made up may 
also be used to monitor disconnecting or backout opera 
tions, equally as well. 

In the apparatus A, the transducer T is electrically 
connected through a signal conditioning/switching 
circuit S to a computer C. Electrical signals formed in 
the transducer T indicative of torque conditions in a 
threaded connection being monitored are passed 
through the circuit S to the computer C, which moni 
tors such signals. The computer C also controls the 
operation of the circuit S, in a manner to be set forth, so 
than indication of whether a particular connection is 
satisfactory or unsatisfactory may be furnished to an 
equipment operator responsible for monitoring the vari 
ous connections in question. 

Considering the apparatus A more in detail the trans 
ducer T may be any suitable transducer, such as a force 
transducer providing an output electrical signal indica 
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4 
tive of the torque being applied to the pipe joint or 
connection being made up. The signal formed in the 
transducer T is furnished to a conditioning amplifying 
circuit 10 of the circuit S where gain adjustment and 
ampli?cation of the signal from the transducer T is 
accomplished. 1n the event that the length or spacing of 
the transducer T from the connection being monitored 
is changed between monitoring operations, calibrating 
adjustments may be made in the circuit 10 or in the 
computer C as required. The signal received from the 
transducer T and passed through the circuit 10 repre 
sents the torque being imparted to the connection being 
monitored. 
The main adjusted, ampli?ed signal from the circuit 

10 is furnished to a relay matrix or switching matrix 
circuit 12 of the circuit S. The matrix circuit 12 may be 
a matrix of controllable electric switches or relays or a 
matrix of controllable electronic or digital switching 
circuits, as desired. The matrix circuit 12 operates under 
the control of signals furnished from the computer C, 
routing signals to the computer C on request and trans 
ferring instructions from the computer C to other por 
tions of the apparatus A, as well as to indicators and to 
the control equipment for the power tongs applying 
torque to the connection currently being monitored. 

Operating power is provided for the transducer T, 
circuit 10 and matrix circuit 12 through a voltage regu 
lator 14 controlled by the computer C. The matrix cir 
cuit 12 transfers the amplified torque signals represent 
ing the torque being measured through an analog-to 
digital (A/D) converter circuit 16 where the torque 
signals received in analog format from the transducer T 
are converted into a digital format compatible for pro 
cessing in the computer C. 
The matrix circuit 12 also permits indications of the 

acceptability of the joint being made up to be sent by an 
operator of the apparatus A to an operator of the power 
tongs applying torque to the joint. As an example, dis 
tinguishable audible signals or tones are formed in a 
tone generator 18, powered by a battery or power sup 
ply 20 and transferred through matrix 12 to a horn or 
speaker 22 to indicate the condition of a connection 
being formed. In one embodiment, a warbling tone from 
the generator 18 passes through the matrix circuit 12 to 
the speaker 22 to indicate that an unacceptable connec 
tion is being or has been formed, while a steady tone is 
permitted to pass from the generator 18 through the 
matrix 12, under control of the computer C, to the 
speaker 22 when an acceptable connection is being or 
has been formed. The matrix circuit 12 additionally 
transfers a control signal to a dump valve relay of the 
type used in conventional power tongs in order that 
make-up, whether unacceptable or acceptable, of a 
particular connection by the power tongs may be termi 
nated at an appropriate time. Provision of such signal is 
schematically indicated in FIG. 1 in the drawings. 
The computer C may be any suitable portable, gen 

eral purpose programmable digital computer. Com 
puter C includes an input/output unit or multiprogram 
mer 24 by means of which commands and data are 
interchanged between the circuit S and the computer C. 
The operation of the multiprogrammer 24 is controlled 
by a main computer/control unit 26 operating under the 
control of a program P (FIGS. 2A, 2B, 2C and 2D) in 
response to received data, causing the apparatus A to 
monitor torque as a function of time according to the 
present invention. A display or display units 28 are 
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provided in the computer C to’fonn visible output indi 
cations (FIGS. 3, 4A through 4F inclusive, 5, 6A and 
6B) of data obtained with the apparatus A. The display 
unit 28 may have one or more types of displays. One 
group of displays found particularly suitable for the 
present invention includes both a dynamic display unit, 
such as a cathode ray tube (CRT), and a tangible record 
forming unit such as a printer. The dynamic display unit 
permits an operator to monitor progress of each con 
nection or joint as it is being made up, while the printer 
may be used to form a permanent record for the owner 
or user of the tubular goods of torque performance 
characteristics of the connections of such tubular goods. 

III. TORQUE-TIME MONITORING 
With the present invention, applicants have deter 

mined that the prior tubular goods torque monitoring 
techniques, with the acceptability-nonacceptability cri 
teria being based on the interrelationship between the 
torque sensed and the number of turns made during 
make-up, are unacceptable. Speci?cally, since a shoul 
der condition can be achieved in a smaller portion of a 
turn of the connection than that usually sensed in 
torque-turn monitoring, the prior torque-turns tech 
nique and philosophy are substantially unsuitable for 
premium threaded connections. 
With the present invention, applicants have found 

that monitoring torque conditions as a function of 
elapsed time once an initial reference torque has been 
reached permits an operator of apparatus according to 
the present invention to initially detect whether or not 
the shoulder conditions is achieved in making up a pre 
mium threaded connection. In addition, when a shoul 
der condition is achieved, the torque performance char 
acteristics of the threaded connection may be moni 
tored and recorded to determine whether or not such a 
threaded connection would be acceptable for service 
use, over and above a suitable shoulder being achieved. 

For instance, a threaded connection exhibiting a suit 
able shoulder might be intended for service use where a 
speci?c additional amount of torque performance is 
required once shoulder condition is reached, usually in 
instances where the shoulder functions as a primary 
seal. Thus, even though an acceptable shoulder might 
be formed, two unacceptable unknowns might still be 
present in the joint. First, the joint might not be capable 
of accepting the requisite additional sealing torque. 
Second, shoulder might occur at such a high level that 
a speci?ed maximum torque limits would be exceeded. 
Thus, the apparatus A permits advanced planning of 
torque performance characteristics of premium 
threaded connections and further permits monitoring to 
insure that these planned conditions are not only met 
but also not exceeded. 

Thus, with the present invention, acceptable maxi 
mum and minimum torque levels for achieving shoulder 
condition are speci?ed. Further, an acceptable torque 
differential which may be imposed after shoulder condi 
tion is obtained may also be speci?ed. If a shoulder is 
achieved before the minimum torque level is reached, a 
satisfactory shoulder is achieved. If the minimum 
torque is exceeded before shoulder, the joint is unac 
ceptable. The maximum torque limit must not, how 
ever, be exceeded after shoulder is achieved. 
Once a satisfactory shoulder condition is achieved, 

the acceptable torque differential is added or combined 
with the shoulder torque at which the shoulder condi 
tion was achieved. If the combined torques exceeds the 
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6 
maximum acceptable torque, make-up of the connection 
is stopped to prevent damage to the connection. Fur 
ther, if the joint cannot achieve the combined torques, 
meaning that the speci?ed supplemental sealing torque 
cannot be obtained in the joint, the joint is indicated to 
be unsatisfactory. 

Thus, once satisfactory torque levels, and differential 
if desired, are achieved during make-up, a satisfactory 
connection is indicated. However, if the speci?ed mini 
mum torque level is exceeded or if the differential level 
is not met or if the maximum torque level is exceeded, 
an unsatisfactory condition is indicated. Further, in the 
event that no satisfactory shoulder condition is indi 
cated as being achieved, an unsatisfactory connection is 
also indicated. Finally, torque may also be monitored as 
a function of time during disconnection or backout of 
the premium tubular connection to detect, among other 
things, possible galling of the threads. 

In FIG. 3, an example plot of torque versus time for 
an acceptable threaded premium connection make-up 
according to the present invention is set forth. Turning 
to FIG. 3, shortly after the connection is started and 
torque application begun, the measured torque T ex 
ceeds at a point 30 a set minimum reference torque at a 
level indicated by a line 32. This torque level is gener 
ally low, on the order of one-hundred or so foot pounds. 
As torque continues to be applied to the connection, the 
measured torque increases as a function of time in a 
substantially linear manner, with certain relatively 
minor torque rate increases such as that indicated at 34, 
until a point 36 is reached at which an abrupt change in 
torque rate occurs. 
With the present invention, it has been found that 

time of such an abrupt change in torque rate represents 
the point in time at which a shoulder condition is 
achieved in premium threaded connections. By moni 
toring for this point in time, rather than observing speci 
?ed acceptable torque levels as a function of a particular 
number of turns or fractional turns in the make-up of the 
threaded connection, it has been found that surprising 
and unexpectedly good torque monitoring results, par 
ticularly for premium threaded connections, can be 
achieved. 

Accordingly, apparatus A operates to determine 
whether an acceptable minimum torque, as indicated by 
a line 38, has been exceeded at the time when a shoulder 
contact condition is sensed. If the minimum torque has 
been exceeded, the joint is indicated as unsatisfactory. 
The apparatus A also monitors to detect when an ac 
ceptable maximum torque, indicated by line 40, is ex 
ceeded in a premium threaded connection. If this oc 
curs, the joint is indicated to be unsatisfactory. If the 
shoulder condition occurs at a torque below the speci 
?ed minimum level, a satisfactory connection has been 
achieved and is indicated by the speaker 22, in a manner 
to be set forth below, under control of the computer C. 

In addition, the torque performance of premium con 
nections once the shoulder condition is achieved and 
detected may be monitored and recorded for acceptable 
connections. Thus, an acceptable minimum torque dif 
ferential which must be imposed for the joint being 
monitored may be established in the apparatus A. The 
accepted minimum torque differential is added to the 
torque value at the time at which the shoulder condition 
is achieved to de?ne a minimum acceptable torque dif 
ferential indicated at line 41 which must be exceeded for 
the connection to be completely satisfactory. Addition 
ally, the combined minimum acceptable torque differen 
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tin] and detected shoulder torque may be compared 
with the maximum torque indicated by line 40 at the 
time the shoulder condition is detected. if the maximum 
acceptable torque is the lower value of the two values 
being compared, the make-up may be stopped to pre 
vent thread damage. 

lV. OPERATION OF APPARATUS 

Turning now to the program P, a desired ordered 
sequence of steps for controlling the operation of the 
computer C to cause the apparatus A to monitor torque 
as a function of time according to the present invention 
is set forth. The program P sets forth in flow chart form 
sufficient information to enable a competent computer 
programmer of ordinary skill in the computer program 
ming art to program a general purpose digital com 
puter, by way of example a Hewlett-Packard PIP-85 
computer, using a program language such as BASIC, to 
monitor and plot torque as a function of time. The pro 
gram P when selected is entered in a process step 100 
after which control is transferred to a step 102, causing 
all counters and storage locations to be cleared and set 
to zero values. A step 104 then assumes control of the 
computer C to permit a user to establish certain parame 
ters or numerical values of interest for the torquing 
conditions under observation. 

Control is then transferred to step 106 to display the 
parameters being set up, after which an instruction 108 
causes the control section 26 of the computer C to in 
struct the display 28 to establish the proper graphic 
parameters for displaying torque as a function of time. 
An instruction or step 110 assumes control of the com 
puter C to permit any of several functions to be per 
formed at the discretion of the user. The special func 
tions established in step 110 permit a user to depress a 
key and modify the parameter values of various read 
ings of interest for torquing conditions, such as the 
shoulder torque rate, acceptable torque differential, 
reference torque level, minimum torque level, and maxi 
mum torque level to be selectively changed. Further, 
the torque indicated under no load conditions may be 
displayed and a compensatory reading entered into the 
computer C. 
A decision instruction 112 then causes the computer 

C to inquire through the display 28 of an operator 
whether or not any of the displayed parameters are to 
be changed. If such is the case, control is transferred 
back to step 104 so that such changes may be made. If 
no changes are desired, the established parameters are 
then stored on a data disk for record purposes. An in 
struction 116 then causes the load cell voltage of the 
transducer at no load conditions to be transferred to the 
computer C through the matrix circuit 12. Correction is 
then performed under control of a step 118 for the req 
uisite amount of ampli?cation for calibration purposes 
and a step 128 calculates the proper amount of offset 
voltage to compensate for the no load cell voltage in 
step 116. A decision instruction 122 causes steps 116, 
118 and 128 to be repeatedly performed until the mea 
sured torque at no load conditions is zero. 
Once this condition is achieved, control of the com 

puter C is transferred to a step 124 at which time the 
computer C is in a standby condition until torquing 
begins on a particular connection being tested. Once 
torquing conditions begin, the load cell voltage from 
the trasducer T is measured during a step 126 and com 
pensation performed for the offset voltage during a step 
128 until make-up torque, indicated by the reference 
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torque level 32 (FIG. 3) has been detected to be 
achieved during a decision instruction 130. Until such 
make-up torque is achieved, decision instruction 130 
transfers control to a step 132 where the measured 
torque voltage is multiplied by a scaling factor and 
displayed during a step 134 on a dynamic display. 
Once the make-up torque level has been detected to 

be achieved by a decision instruction 130 in the com 
puter C, control is transferred to a step 136 (FIG. 28) 
causing the graphic grid, such as that of FIG. 3, without 
any torque or time readings thereon to be displayed on 
the dynamic display. 
An instruction 138 assumes control of the computer 

C and inquires whether any keys should be set for the 
run mode at this particular time. Example types of keys 
which are set for controlling subsequent operations of 
the computer C during torque monitor operations are 
those permitting the operator to clear the time reading, 
i.e. reset elapsed time to zero for beginning torque mon 
itoring for a new connection; sounding the horn 22 to 
alert the tong operator; stopping operation of the horn 
22; resetting the horn 22 for detecting a new alarm 
condition; restarting torquing operations; causing the 
computer to store particular data values and continue 
operations; and, finally, restarting torquing operations. 
An instruction 140 is then given control of the com 

puter C so that make-up of a connection may be contin 
ued. Thereafter, control is transferred to a step 142 and 
the signal level from the load cell or transducer T is 
measured and transferred to the computer C. In the 
computer C, an instruction 144 assumes control of oper 
ations and causes the offset voltage stored in memory to 
be subtracted from the level measured during instruc 
tion 142. in a decision instruction 146, the resultant 
value from subtraction step 144 is compared with the 
reference torque level to determine whether or not 
reference torque has been achieved. If reference torque 
has not been achieved, the value formed in instruction 
144 is multiplied by a scaling factor in a step 148 and 
displayed on the dynamic display 150 before control is 
returned to instruction 142. Simultaneously with perfor 
mance of the steps 148 and 150, an instruction lS2 causes 
a change to be made to the time value and an instruction 
154 causes the time value to be displayed. 
,Performance of steps 142, 144 and 14-6 and iterations 

through these steps continue until decision instruction 
146 determines that reference torque has been exceeded, 
at which time control is transferred to an instruction 156 
causing a time counter to begin timing operations. Next, 
a decision instruction 158 compares the present time, as 
the time is successively incremented, with the estab 
lished maximum time. If the maximum time has been 
exceeded, control is transferred to an instruction 160 
which causes the time reading to be set to zero and time 
to be scaled and plotted on the dynamic display during 
steps 162 and 164, after which, control is transferred to 
instruction 154. Until the measured time exceeds the 
established maximum time, control is transferred from 
decision instruction 158 to a decision instruction 166. 

For operations of the computer C initially after refer 
ence torque has been exceeded, decision instruction 166 
transfer control to an instruction 168 which causes a 
temporary array of transducer measurements or load 
cell voltages to be created. The purpose of the tempo 
rary array is to permit the computer C to retain only a 
predetermined lesser number of torque and time read 
ings to be stored until a shoulder condition has been 
obtained. At this time, the computer C is caused to 
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change operations so that each torque and time reading 
are stored in memory. For example, the number X de 
?ning the number of data storage locations in the tem 
porary array A1,, may be set at four or ?ve. After per 
formance of the step 168, a decision instruction 170 
determines whether or not the highest number of stor 
age locations in the temporary array created during step 
168 has been achieved. If this is the case, control is 
transferred to an instruction 172 which causes the 
counter counting the number A, in the temporary array 
to reset to zero. Control is then transferred to a decision 
instruction 174 which detects whether or not a shoulder 
condition ?ag has been sensed. If such condition has not 
been sensed, control is transferred to an instruction 176 
which causes the computer C to save only a predeter 
mined fraction, such as one of four or ?ve of the data 
points, and clear the temporary array during a step 178 
while tagging during a step 180 (FIG. 2C) the last 
torque reading as being the identical torque reading 
which occurs at each time interval of monitoring. 

Control is then transferred to an instruction 182 
which increments storage location counter Ax, after 
which an instruction 184 causes the load cell voltage 
sensed by the transducer T to be temporarily stored. An 
instruction 188 causes the highest torque value previ 
ously sensed to be stored, and thereafter a decision 
instruction 190 compares this stored highest torque 
value with the speci?ed maximum torque. If the stored 
value is less than the speci?ed maximum torque, control 
is transferred to a decision instruction 192. 

In decision instruction 192, the torque imposed on the 
connection during successive time intervals is com 
pared and an indication of the change in torque between 
successive time intervals is formed. If this indication of 
change is greater than the speci?ed shoulder torque rate 
established in the input parameters, a shoulder condition 
has occurred, and an instruction 194 causes a shoulder 
?ag indicator to be set in the computer C while an 
instruction 196 causes the torque value at which shoul 
der occurred to be stored. Control is thereafter trans 
ferred to an instruction 198 which determines a mini 
mum acceptable torque differential level. This level is 
achieved by forming a sum signal which represents the 
sum of the torque level at which the shoulder condition 
is achieved and a speci?ed acceptable minimum torque 
differential, representing the additional torque which 
the connection in question must undergo after the 
shoulder condition is achieved before an acceptable 
connection is present. If it is not necessary or desirable 
to monitor torque performance after a satisfactory 
shoulder condition is obtained, the differential may be 
set as zero or at some rniniscule number of foot-pounds 
of torque. 

Returning again to decision instruction 192, in the 
event a shoulder condition has not been achieved, as 
indicated during decision instruction 192, control is 
transferred to a decision instruction 200 to determine 
whether or not the currently measured torque value 
exceeds the minimum torque with no shoulder being 
detected. If this is the situation, control is transferred to 
an instruction 202 which causes a bad connection flag to 
be set in computer C causing the dump relay of the 
power tongs to be activated during an instruction 204 
through the switching matrix 12, and concurrently a 
bad connection indication to be indicated on the speaker 
22 under control of the computer C during an instruc 
tion 206. 
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If, however, torque conditions are still within accept 

able limits at the time of performance of decision in 
struction 200 and instruction 198, control is transferred 
to a decision instruction 208. During instruction 208, a 
determination is made as to whether or not the pres 
ently sensed torque level is greater than the minimum 
torque level as well as the minimum torque differential 
level. If this is not the case, control of the computer C 
is returned to instruction 162 (FIG. 2B) for time scaling 
purposes and simultaneously to an instruction 210 for 
torque scaling purposes. Thereafter, instruction 164 
causes the time to be plotted on the dynamic display, 
while simultaneously, an instruction 212 causes the 
observed or monitored torque to be plotted on the dy 
namic display. Control is then returned to the step 142 
for continuation of torque monitoring as a function of 
time in the manner set forth above. 

Should, however, the presently monitored torque be 
greater than the minimum torque and the factored mini 
mum torque, instruction 208 (FIG. 2C) transfer control 
of the computer C to an instruction 214 which causes a 
good connection flag to be set, thereafter transferring 
control to an instruction 216 which causes the dump 
valve relay controlling the dump valve on the power 
tongs to be activated during a step 216, after which the 
speaker 22 is caused to give off a good connection indi 
cation by means of the matrix circuit 12 in response to 
the computer C operating an instruction 218. 

After the step 218, an operator of the computer C is 
questioned by a decision instruction 220 (FIG. 2D) as to 
whether or not make-up of the connection is to con 
tinue: if this is the case, an instruction 222 causes the 
horn and dump valve to be reset and control is trans 
ferred to step 210 and 162 (FIG. 25) so that operations 
may continue in the manner set forth above. 

In the event that the operator does not wish to con 
tinue make-up of the connection in question in response 
to decision instruction 220, or in the event that a bad 
connection has been detected, control is transferred to 
an instruction 224 which causes both horn and dump 
valve relay to be reset, after which the operator may 
enter any comments that seem to be appropriate into the 
memory of computer C during performance of an in 
struction 226 (FIG. 2D). Control is then transferred to 
an instruction 228 which queries the operator as to 
whether or not torquing operations should be restarted. 
If the operator activates the restart key, decision 228 
transfers control of the computer to instructions 210 and 
162 (FIG. 2B) for continuous and further operation. 

In the event that the operator does not indicate that 
torquing operations should be restarted in response to 
decision instruction 228, control is transferred to a deci 
sion instruction 230 which queries the operator'as to 
whether or not the graphical display of torque as a 
function of time is to be printed. In the event that the 
operator indicates that a graphical display is to be 
printed, control is transferred to an instruction 232 
which causes the printing operation to be performed. 
After the graphics display is printed, or in the event no 
graphics display is indicated as necessary in response to 
decision instruction 230, control is transferred to an 
instruction 234 which causes the Joint number to be 
printed. Thereafter, the maximum make-up torque is 
printed in response to an instruction 236, the make-up 
time for the connection is printed in instruction 23 and 
the time of day printed in response to an instruction 240. 
An instruction 242 permits the operator to print any 
comments felt necessary and the data obtained for the 
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particular joint of pipe in question is stored in response 
to an instruction 244, while the speci?ed input parame 
ters are stored in response to an instruction step 246. 
Thereafter, an instruction step 248 causes the maximum 
torque, shoulder torque, make-up time, time of day and 
comments to be stored as well. An instruction 250 then 
causes the operator to indicate whether or not the last 
joint to be monitored has been monitored. If this is the 
case, a stop instruction 252 causes operation of the appa 
ratus A to cease. If more connections or joints are to be 
monitored, an instruction 252 causes the joint number to 
be incremented, and control transferred to instruction 
106 (FIG. 2A) for continuing operations. 
As another feature of the present invention, during 

torque monitoring operations, after a shoulder condi 
tion has been detected, the number of readings stored 
and recorded can be expanded from the reduced num 
ber normally maintained prior to detection of a shoulder 
condition. As has been set forth above, when the shoul 
der condition is achieved as detected in decision instruc 
tion 192 (FIG. 2C), the shoulder ?ag 194 is set. During 
succeeding performance of measurement of the load 
cell voltage during step 142 and assignment of the mea 
sured voltage to a data point, decision instruction 174 
(FIG. 2B) detects that the shoulder ?ag has been set and 
transfers control to an instruction 256 which causes the 
computer C to save each data point thereafter obtained 
and to set a temporary array bypass flag in the computer 
C during a step 258 so that each torque-time reading 
thereafter obtained may be stored for analytical pur 
poses. This is done during the next iteration after the 
measurement of a load cell voltage by means of decision 
instruction 166 (FIG. 2B), which detects that the tem 
porary array bypass flag has been set, so that each 
torque reading after shoulder conditions have been 
obtained is recorded and stored in memory. In this 
manner, valuable information as to the torque charac» 
teristics of a particular connection after shoulder condi 
tions are obtained may be closely monitored. 

V. EXAMPLES OF CONNECTIONS 
MONITORED WITH THE PRESENT 

INVENTION 

By monitoring torque as a function of time with the 
present invention, not only can an unsatisfactory con 
nection be detected, but also the reasons for the occur 
rence of the unsatisfactory connection can often be 
apparent to an operator either as the connection is being 
made up or afterwards. Thus, the operator may observe 
the torque versus time plot on a dynamic display as the 
connection is being made up and detect the reasons for 
the occurrence of an unsatisfactory connection. Alter 
natively, a printed record or display may be formed for 
use as an analytical tool for research purposes or as a 
teaching tool for training purposes. Several examples of 
torque-time displays of unsatisfactory connections 
which indicate the cause of a particular type of unsatis 
factory connection are set forth in the drawings. 

In FIG. 4A, a torque-time plot of the makeup of a 
premium threaded connection of the type having a 
synthetic resin, usually a ?uorinated hydrocarbon, seal 
ring as an additional seal to the shoulder in a premium 
connection is set forth. In the portion of the plot in FIG. 
4A indicated generally at 300, the torque values change 
from normally increasing ones, dropping substantially 
before the torque again begins increase as a function of 
time. It has been found with the present invention that 
such an occurrence is indicative of the seal ring being 
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pushed out into the threads of the connection during 
make-up. This occurs under the influence of pressures 
imposed by the torque on the seal. This is usually caused 
either by the present of excess thread dope on the con 
nection joints or because of the poor thread alignment. 
FIGS. 4B and 4C indicate two of the more common 

types of unsatisfactory connections. In FIG. 4B, the 
shoulder condition occurring at a point 302 is at an 
excessively high torque, above the acceptable limit 
defined by the line 38. Usually, this is due to thread 
tolerances not being proper, causing too much thread 
interference. In FIG. 4C, the shoulder condition occur 
ring at a point 304 is at a very low torque and at a late 
time, almost twenty seconds, indicating insufficient 
thread engagement and that the connection is too loose. 
In FIG. 4D, the abrupt torque peak at point 306 early in 
the make-up of what would otherwise be a satisfactory 
connection indicates that one or both of the box and pin 
members in the connection has a shaved thread. In FIG. 
4E a point 308 in what would be an otherwise satisfac 
tory connection indicates the presence of a sand grain 
or grains in pipe dope at the nose of the pin member. 
This plateau or ?at spot at 308 represents the time that 
the sand grain or grains are crushed, causing a small 
galled spot on the pin member. In FIG. 4F, the oscilla 
tion in torque values indicated at 310 prior to the pres 
ence of shoulder condition indicate that one or both of 
the box and pin members are out of round, usually due 
to a flat spot on a threaded surface. 

In addition, the apparatus A of the present invention 
may be used to monitor torque as a function of time as 
a premium threaded connection is being disconnected 
or backed out as commonly termed in the petroleum 
tubular industry. FIG. 5 indicates a plot of torque at a 
function of time for a satisfactory disconnection, rising 
to an initial peak torque very early in the backout or 
disconnection as indicated at 312, falling abruptly be 
fore rising to one minor prominence or bump at point 
314 and decreasing in a generally linear manner thereaf 
ter. Another feature found useful in the apparatus of the 
present invention is that, by observing torque as a func 
tion of time during backout or disconnection is the 
ability is afforded to detect indications of galled thread 
in the connections. In FIG. 6A, a backout or disconnec 
tion of a premium threaded connection with galled 
threads is set forth. In contrast to the display in FIG. 5, 
the torque rather than decreasing substantially 
smoothly as a function of time after a ?rst torque peak 
316 and ?rst bump or prominence 318, a second bump 
or prominence 320 is noted after which the torque de 
creases as a function of time in an uneven and ranged or 
rough manner. With the present invention, a torque 
time plot of this kind is an indicator of galled thread in 
at least one of the premium threads in the connection 
being monitored. In FIG. 68, a second example of ad 
vantages of the present invention in monitoring torque 
as a function of time during backout of a premium 
threaded connection is set forth. In this situation, the 
torque rises to an initial high peak 322 and falls to a 
point 324 after which a number of successive peaks or 
saw teeth 326 are detected and displayed in the torque 
as a function of time. This type of display has been 
found, when used on pipe on a drilling rig, to be an 
indicator that the pipes being joined by the connection 
being monitored are moving or waving relative to each 
other, usually on a derrick at an oil rig and the ragged 
torque plot at 326 in FIG. 6B is indicative of damaged 
threads in the connection. 
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The foregoing disclosure and description of the in 
vention are illustrative and explanatory thereof, and 
various changes in the size, shape, materials, compo 
nents, circuit elements, wiring connections and 
contacts, as well as in the details of the illustrated cir 
cuitry and construction may be made without departing 
from the spirit of the invention. 
We claim: 
1. A method of monitoring torque conditions during 

the makeup of a threaded premium tubular connection, 
wherein shoulder contact for metal-to-metal seal is 
formed in the threaded connection, comprising the 
steps of: 

(a) sensing the torque imposed on the connection 
during makeup; 

(b) monitoring the torque conditions during said step 
of sensing the torque to detect if a satisfactory 
threaded connection is obtained; 

(c) establishing a supplemental torque level for an 
acceptable minimum torque differential imposed 
after [metal-to-metal seal is formed] shoulder contact; 
contact; 

(d) displaying the sensed torque as a function of time. 
2. The method of claim 1, further including the step 

Of: 
forming an alarm indication when no threaded con 

nection is obtained. 
3. The method of claim 1, further including the step 

of: 
forming an alarm indication when an unsatisfactory 

connection is obtained. 
4. The method of claim 1, further including the step 

Of: 
forming an indication of acceptability when a satis 

factory threaded connection is obtained. 
5. The method of claim 1, further including the step 

Of: 
establishing an acceptable maximum torque level for 

the threaded connection. 
6. The method of claim 5, further including the step 

of: 
forming an indication of whether or not the accept 

able maximum torque level has been exceeded. 
7. The method of claim 5, further including the steps 

Of: 
(a) forming a sum signal representing the sum of the 

acceptable minimum torque differential and the 
torque level at which metal-to-metal seal is actually 
achieved; 

(b) comparing the sum signal with the acceptable 
maximum torque level; 

(c) interrupting torquing of the connection when the 
sum signal exceeds the acceptable maximum torque 
level. 

8. The method of claim 1, further including the step 
Of: ' 

establishing an acceptable minimum torque level for 
the threaded connection. 

9. The method of claim 8, further including the step 
of: 

forming an indication of whether or not the accept 
able minimum torque level has been exceeded. 

10. The method of claim 1, further including the step 
Of: 

forming an indication of whether or not the accept 
able minimum torque differential is achieved. 

11. A method of monitoring torque conditions during 
the make-up of a threaded premium tubular connection, 
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wherein shoulder contact for metal-to-metal seal is 
formed in the threaded connection, comprising the 
steps of: 

(a) sensing the torque imposed on the connection 
during makeup; 

(b) [a] monitoring the torque conditions during said 
step of sensing the torque to detect if a satisfactory 
threaded connection is obtained; 

(c) establishing a shoulder torque rate indicative of 
obtaining shoulder contact; 

(d) displaying the sensed torque as a function of time. 
12. The method of claim 11, wherein said step of 

monitoring torque conditions comprises the steps of: 
(a) monitoring the torque imposed on the connection 

during successive time intervals; 
(b) forming an indication of change in torque between 
each successive time interval; 

(c) comparing the indication of change in torque with 
[a speci?ed] said shoulder torque rate to detect 
whether or not [metal-to-metal] a shoulder condi 
tion is achieved. 

13. The method of claim 12, further including the step 
Of: 

storing in a memory the monitored torque values for 
each successive time interval. 

14. The method of claim 13, further including the step 
of: 

selectively erasing from the memory a predetermined 
percentage of the monitored torque values ob 
tained prior to [metal-to-metal seal being 
achieved] shoulder contact. 

15. The method of claim 14, further including the step 
of: 

ceasing said step of selectively erasing once [metal 
to-metal seal] shoulder contact is achieved. 

16. An apparatus for monitoring torque conditions 
during the make-up of a threaded premium tubular 
connection, wherein shoulder contact for metal-to 
metal seal is formed in the threaded connection. com 
prising: 

(a) means for sensing the torque imposed on the con 
nection during makeup; 

(b) means for monitoring the torque conditions dur 
ing said step of sensing the torque to detect if a 
satisfactory threaded connection is obtained; 

(c) means establishing a supplemental torque level for 
an acceptable minimum torque differential imposed 
after [metal-to-metal seal is formed] shoulder 
contact; and 

(d) means for displaying the sensed torque as a func 
tion of time. 

17. The apparatus of claim 16, further including: 
means for forming an alarm indication when no 

threaded connection is obtained. 
18. The apparatus of claim 16, further including: 
means for forming an alarm indication when an unsat 

isfactory connection is obtained. 
19. The apparatus of claim 16, further including: 
means for forming an indication of acceptability 
when a satisfactory threaded connection is ob 
tained. 

20. The apparatus of claim 16, further including: 
means for establishing an acceptable maximum torque 

level for the threaded connection. 
21. The apparatus of claim 20, further including: 
means for forming an indication of whether or not the 

acceptable maximum torque level has been ex. 
ceeded. 
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22. The apparatus of claim 20, further including: 
(a) means for forming a sum signal representing the 
sum of the acceptable minimum torque differential 
and the torque level at which [metal-to-metal 
seal] shoulder contact is actually achieved; 

(b) means for comparing the sum signal with the 
acceptable maximum torque level; 

(c) means for interrupting torquing of the connection 
when the sum signal exceeds the acceptable maxi 
mum torque level. 

23. The apparatus of claim 20, wherein the means for 
establishing a supplemental torque level includes: 
means for establishing a shoulder torque rate indica 

tive of obtaining shoulder contact. 
24. The-apparatus of claim 23, wherein said means for 

monitoring torque conditions comprises: 
(a) means for monitoring the torque imposed on the 

connection during successive time intervals; 
(b) means for forming an indication of change in 

torque between each successive time interval; 
(c) means for comparing the indication of change in 

torque with [a speci?ed] said shoulder torque 
rate to detect whether or not [metal-to-metal 
seal] shoulder contact is achieved. 

25. The apparatus of claim 24, further including: 
memory means for storing the monitored torque val 

ues for each successive time interval. 
26. The apparatus of claim 25, further including: 
means for selectively erasing from said memory 
means a predetermined percentage of the moni 
tored torque values obtained prior to [metal-to 
metal seal] shoulder contact being achieved. 

27. The apparatus of claim 16, further comprising: 
means for establishing an acceptable minimum torque 

level for the threaded connection. 
28. The apparatus of claim 27, further including: 
means for forming an indicative of whether or not the 

acceptable minimum torque level has been ex 
ceeded. 

29. The apparatus of claim 16, further including: 
means forming an indication of whether or not the 

acceptable minimum torque differential is 
achieved. 

30. A method of monitoring torque conditions during the 
make-up of a threaded tubular connection, wherein shoul 
der contact is formed in the threaded connection, compris 
ing the steps of‘ 

(a) sensing the torque imposed on the connection during 
makeup; 

(b) monitoring the torque conditions during said step of 
sensing the torque to detect if a satisfactory threaded 
connection is obtained; 

(c) establishing a supplemental torque level for an ac 
ceptable minimum torque dt?'erential imposed a?er 
shoulder contact; and ' 

(d) displaying the torque sensed during make-up. 
3]. The method of claim 30. and including: comparing 

the monitored torque conditions with planned torque condi 
tions from beginning to end of make-up to determine 
whether such a threaded connection would be acceptable 
jbr service. 

32. The method of claim 31. and including; establishing 
an acceptable minimum torque level for the threaded con 
nection, and forming an indication of whether or not the 
acceptable minimum torque level has been exceeded 

33. The method of claim 32, and including; establishing 
an acceptable maximum torque level jbr the threaded 
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connection, and forming an indication of whether or not 
the acceptable maximum torque level has been exceeded. 

34. The method of claim 30, and including: establishing 
an acceptable minimum torque level for the threaded con 
nection. and forming an indication of whether or not the 
acceptable minimum torque level has been exceeded. 

35. The method of claim 34, and including,‘ establishing 
an acceptable maximum torque level for the threaded 
connection, and forming an indication of whether or not 
the acceptable maximum torque level has been exceeded. 

36. A method for determining the torque required for 
shoulder contact when making up a threaded connection 
between tubular members which comprises 

operating pipe connection apparatus to cause thread 
engagement by relative rotation of the tubular mem 
bers in a make-up direction, 

sensing the amount of torque being applied by said appa 
ratus during make-up, 

identi?ting from the sensed torque changes in torque rate 
during make-up. and 

signalling shoulder contact in response to a change in 
torque rate. 

37. A method as de?ned by claim 36, and including: 
monitoring the torque conditions during the sensing of the 
torque to detect if a satisfactory threaded connection is 
obtained. 

38. A method as de?ned by claim 3 7, and including: 
adding the torque at shoulder contact to a predetermined 
minimum torque differential, and stopping the operation of 
the pipe connection apparatus when the sensed torque ex 
ceeds the sum of the torque at shoulder contact and the 
predetermined minimum torque dt?erential. 

39. A method as defined by claim 38, and including: 
stopping the operation of the pipe connection apparatus 
before the sensed torque reaches a predetermined maxi 
mum torque. 

40. A method as defined by claim 36, and including: 
adding the torque at shoulder contact to a predetermined 
torque differential, and stopping the operation of the pipe 
connection apparatus when the sensed torque exceeds the 
sum of the torque at shoulder contact and the predeter 
mined torque dt?‘erential. 

41. A method as defined by claim 40, and including: 
stopping the operation of the pipe connection apparatus 
before the sensed torque reaches a predetermined maxi 
mum torque. 

42. A method of monitoring torque conditions during the 
make-up of a threaded tubular connection, wherein shoul 
der contact is formed in the threaded connection, compris 
ing the steps of‘ 

(a) sensing the torque imposed on the connection during 
make-up; 

(b) establishing an acceptable minimum torque level for 
the threaded connection at shoulder contact; 

(c) monitoring the torque conditions during said step of 
sensing the torque to identify the torque at shoulder 
contact; 

(d) displaying the torque sensed during make-up: 
(e) and forming an indication of whether or not the 

acceptable minimum torque level has been exceeded. 
43. The method of claim 42 and including: establishing 

an acceptable maximum torque level ?rr the threaded 
connection, and forming an indication of whether or not 
the acceptable maximum torque level has been exceeded 

44. A method of monitoring torque conditions during the 
makeup of a threaded tubular connection, wherein shoul 
der contact is ?armed in the threaded connection. compris 
ing the steps of? 
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(a) sensing the torque imposed on the connection during 
makeup; 

(b) establishing an acceptable minimum torque level for 
the threaded connection at shoulder contact; 

(c) monitoring the torque conditions during said step of 5 
sensing the torque to identify the torque at shoulder 
contact; 

(d) displaying the torque sensed during make-up; 
(e) comparing the monitored torque conditions with 
planned torque conditions from beginning to end of 
make-up to determine whether such a threaded con 
nection would be acceptable ?sr service, 

(f) and forming an indication of whether or not the 
acceptable minimum torque level has been exceeded. 

45. The method of claim 44, and including: establishing 
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an acceptable maximum torque level jbr the threaded 
connection, and forming an indication of whether or not 
the maximum torque level has been exceeded. 

46. A method of monitoring torque conditions during the 
make-up of a threaded tubular connection, wherein shoul 
der contact is formed in the threaded connection, compris 
ing the steps of: 

(a) sensing the torque imposed on the connection during 
makeup; 

(b) monitoring the torque conditions during said step of 
sensing the torque to detect if a satisfactory threaded 
connection is obtained; 

(c) establishing a shoulder torque rate indicative of ob 
taining shoulder contact; and 

(d) displaying the torque sensed during make-up. 
47. The method of claim 46. wherein said step of moni 
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toring torque conditions comprises the steps of‘ 
(a) monitoring the torque imposed on the connection 
during successive intervals; 

(b) forming an indication of change in torque between 
each successive interval; 

(c) comparing the indication of change in torque with 
said shoulder torque rate to detect whether or not a 
shoulder condition is achieved. 

48. The method of claim 47, and including: 
storing in a memory the monitored torque values for 

each successive interval. 
49. The method of claim 48, further including the step 
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of: 45 
selectively erasing from the memory a predetermined 

percentage of the monitored torque values obtained 
prior to shoulder contact. 

50. The method of claim 49, further including the step 

ceasing said step of selectively erasing once shoulder 
contact is achieved. 

5]. An apparatus for monitoring torque conditions dur 
ing the make-up of a threaded premium tubular connec- 55 
tion, wherein shoulder contact is formed in the threaded 
connection. comprising: 

(a) means for sensing the torque imposed on the connec 
tion during makeup; 

(b) means for monitoring the torque conditions during 
said step of sensing the torque to detect if a satisfactory 
threaded connection is obtained; 

(c) means establishing a supplemental torque level jbr an 
acceptable minimum torque dt?'erential imposed after 
shoulder contact; and 

(d) means for displaying the sensed torque. 
52. The apparatus of claim 51, further including: 
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means for forming an alarm indication when no 

threaded connection is obtained. 
53. The apparatus of claim 51, ?trther including: 
means of forming an alarm indication when an unsatis 
factory connection is obtained. 

54. The apparatus of claim 51, further including: 
means for forming an indication of acceptability when 

satisfactory threaded connection is obtained. 
55. The apparatus of claim 51, further including: 
means ?ar establishing an acceptable maximum torque 

level for the threaded connection. 
56. The apparatus of claim 55, further including: 
means for forming an indication of whether or not the 

acceptable maximum torque level has been exceeded. 
57. The apparatus of claim 55, further including: 
(a) means for forming a sum signal representing the sum 
of the acceptable minimum torque differential and 
the torque level at which shoulder contact is actually 
achieved; 

(b) means for comparing the sum signal with the accept 
able maximum torque level; and 

(c) means for interrupting torquing of the connection 
when the sum signal exceeds the acceptable maxi 
mum torque level. 

58. The apparatus of claim 55, wherein the means for 
establishing a supplemental torque level includes: 
means for establishing a shoulder torque rate indicative 
of obtaining shoulder contact. 

59. The apparatus of claim 58, wherein said means for 
monitoring torque conditions comprises: 

(a) means for monitoring the torque imposed on the 
connection during successive intervals; 

(b) means ?Jr forming an indication of change in torque 
between each successive interval; 

(c) means for comparing the indication of change in 
torque with said shoulder torque rate to detect whether 
or not shoulder contact is achieved. 

60. The apparatus of claim 59, further including: 
memoq: means for storing the monitored torque values 
for each successive interval. 

6]. The apparatus of claim 51, further including: 
means for establishing an acceptable minimum torque 

level for the threaded connection. 
62. The apparatus of claim 61, further including: 
means ?or forming an indication of whether or not the 

acceptable minimum torque level has been exceeded 
63. A method for making up a shouldered threaded 

connection between tubular members which comprises. 
operating pipe connection apparatus to cause thread 

engagement by relative rotation of the tubular mem 
bers in a make-up direction, 

sensing the amount of torque being applied by said appa 
mtus during make-up, 

identt?iing from the sensed torque changes in torque rate 
during make-up. 

identifying from changes in torque rate the point at 
which shoulder contact is achieved. 

continuing to make-up the connection until the sensed 
torque exceeds the total of the torque at shoulder 
contact and a predetermined minimum torque di?er 
ential, and 

stopping the make-up of the connection when the sensed 
torque exceeds the sum of the torque at shoulder 
contact and the predetermined minimum torque dijl 
ferential but is less than a predetermined maximum 
acceptable torque ' ‘ . ' 


