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Bending Tool Face - Definition   
 

 

 Continuous downhole bending moment measurements provide 
good estimates of local dogleg severity (SPE 90794, 2004)  

 Simple model: BHA curvature and hole curvature are same 
 Advanced model: Relationship calculated via mathematical BHA 

model (3D Finite Element Model)  Today standard application 

 Downhole tool processing enhanced to derive bending tool face 
w.r.t. gravity highside  

 

Bending Toolface BTF

Gravity 
Highside

Center of 
Curvature

Bending Toolface BTF

Gravity 
Highside

Center of 
Curvature



Bending Moment (BM)  
– Measurement in downhole BHA 

 Two independent strain gauge bridges  Mx, My 
– Sampled at 1000 Hz  

 Resulting bending moment M = SQRT ( Mx
2 + My

2) 
– Recorded in memory every 5 seconds 
– MWD transmission to surface 

 
– BHA Curvature  

 Bending stiffness of BHA: EI 
– Young Modulus E 
– Moment of Inertia I of BHA cross section at point of measurement 



 Algorithm Overview   
– 2 independent bending strain gauge bridges  BM_x, BM_y  
– 3-axis accelerometer and magnetometer in same tool  
– All sensors sampled simultaneously at 1000 Hz 
– Sliding case  SPE 128520  
– Rotating case (challenging due to vibrations, stick/slip):  

 Advanced signal processing to derive azimuthal reference from 
magnetometer signals  

 Derive phase angle Φaccel between accelerometer signals and azimuthal 
reference  

 Derive phase angle Φbend between bending moment signals and 
azimuthal reference  

 Obtain bending tool face as BTF = Φbend  - Φaccel  

Bending Tool Face - Definition   
 



Build and Turn RSS Section 
 

Recorded with 9 ½” 
tool in RSS BHA in 
12 ¼” borehole 

Bending moment 
measurement point 
5.4 m behind the bit 



Build and Turn RSS Section 
 

Bending Toolface in 
upper left quadrant as 
angle is built and well 
turned to left. Good 
agreement with well tool 
face derived from survey 
data. Changes in BM and 
BTF are due to changes 
in build and walk force. 

Azimuth turning 
from ~140° to 110°

BM increases at start 
of build and turn

Good agreement between 
BM and DLS confirms 
predicted relationship. 

Local borehole effect  
visible in BM and BTF 
data not fully 
recognized in survey 
data
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Casing Exit with RSS 
 

Recorded with 9 ½” 
tool in RSS BHA in 
12 ¼” borehole 

Bending moment 
measurement point 
5.4 m behind the bit 

High Bending Moment 
as well is steered away 
to left downwards. 
Bending tool face 
changes between -90°
and -135°. Variations in 
BM and BTF are result 
of stepwise drops in 
inclination.  

Bending Toolface noisy 
in straight borehole 
sections with low BM

Last survey data 
from existing well

First good survey 
in new well

Whipstock Exit
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Whipstock Exit

Real-time Benefits 
- Immediate 

confirmation of 
whipstock 
orientation 

- Confirmation of well 
moving away from 
old wellbore  
reduction in steer 
force, no 
oversteering 



High Dog-Leg Left Turns Avoiding Well Bore 
Collision 

Bending Tool-face provides Rotary 
Steerable system with the close 
Azimuthal control. Drilling these Steering 
Challenges require the best possible well 
path with Rotary Steerable especially for 
(build & turn & flat turn wells) these 
demand close to the bit azimuthal control 
for well bore collision avoidance. 



Smooth Turn left 5 
deg/100’ 

Drop 10 deg/100’ 
rock hardness 
change cause drop 
due hardness on top 
Slow increase in 
target Inc & build 
force  

Fault flips direction 
downlink 
To increase left turn 
force continue to 
increase turn force 
based from CoPilots 
bending tool-face 
and bending 
moment info close 
to the bit. 

Smooth Turn left 
6.5 deg/100’ 

-109° TF 

-95° TF 

High Dog-Leg Left Turn control method  



 Bending Tool-face provides Rotary 
Steerable system with close Azimuthal 
control. Drilling these Steering 
Challenges require the best possible well 
path with Rotary Steerable especially for 
(build & turn & flat turn wells) these 
demand close to the bit azimuthal control 
for lease line avoidance with10 deg/100’ 
flat turn. 

Trace Lease Line with 
 Perfect Clearance 



Bending & Bending Toolface Information Prevents the Need for a Wellbore 
Correction Disregarding the Survey 25 feet Behind 

SPE -160121 - Information from a Downhole Dynamics Tool Provides Real-Time Answers for Optimization While 
Drilling 10,000 ft Laterals in the Middle Bakken Formation of the Williston Basin - James Hood  

  

14000 to 14057 ft 
bend toolface ID’s a 
slight build trend 
w/slight right turn 
SVY @ 14122confirms 

14205 to 14320 ft 
Bend & bend toolface 
ID’s a  couple strong  
drop local dog-legs . 
SVY @14311 confirms  

14058 to 14075 ft 
bend toolface ID’s 
slight drop w/ slight 
left turn 

14090 to 14140 ft 
bend toolface  a  mod 
build trend w/slight 
right turn  

14140 to 14190 ft 
bend toolface  a  
slight build trend 
w/slight left turn  SVY 
at 14216 confirms 

14216 Inc 91.5 deg  
demands a slide to 
drop Inc  Bend 
Toolface ID’s drop 



SPE -160121 - Information from a Downhole Dynamics Tool Provides Real-Time Answers for Optimization While 
Drilling 10,000 ft Laterals in the Middle Bakken Formation of the Williston Basin - James Hood  

  

More Consistent  Results With Dynamics Sub 



Case History 
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Well-path  within 25 feet 
CoPilot vs surveys 
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Which is the correct well path?  
Surveys every 90 feet 
which Minimize local dog-legs; 
 or continuous measurement 
Bending Moment & Bending 
Toolface allow increased 
significance of local dog-leg 
severity. 

Well paths start to separate at high local dog-leg 

Well paths start to separate at high local dog-leg 

Well paths start to separate at high local dog-leg 
A - MWD reference wellbore 

B – CoPilot Inclination correction wellbore 35’ separation w/A 

C – CoPilot No correction wellbore 60’ separation w/A 

C 
B 
A 
 



Discussion and Outlook  
 Directional Drillers have included bending tool face BTF 

information in their real-time decision making processes  

 Mostly qualitative use of BTF information to improve 
directional control in special situations    
– Challenging wells with elevated risk of unwanted azimuth 

changes 
– Casing exits, open hole sidetracks 
– Redundancy in case of directional sensor failures 

 More work necessary to use measurement in quantitative way  
– Indicator for survey quality and frequency  
– Derivation of interim survey stations w/ equations above e.g. in 

zones of magnetic interference 
– Reduction of azimuthal uncertainty with independent 

measurements 



Conclusions 

 Downhole bending moment measurement provides 
good estimate of dogleg severity  
– Direct estimate via bending stiffness 
– Calculation via BHA model depending on BHA design  

 
 

 Continuous DLS estimates provide insight into local 
hole geometry between survey stations including 
– Local doglegs 
– Hole spiraling 

  DLS estimates complement directional data set 
 
 



Conclusions   
 Theoretical analysis has demonstrated that well path 

calculation can be made based on dogleg severity DLS 
and well tool face WTF along well path  
 

 Downhole bending tool face BTF complements bending 
moment BM in providing good estimates of dogleg 
severity and well tool face (build rate and walk rate)   
– Measurements made close to bit  Improved 

directional control  wellbore quality 

– Optimized execution of special operations  
 

 More work necessary to fully explore potential of new 
measurements  
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