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FIG. 3

(57) Abstract: A jarring tool operable for coupling within and generating an impact imparted to 
a downhole tool string. The jarring tool includes an upper housing, a lower housing, and a shaft 
coupled with the lower housing and extending into the upper housing. The upper housing 
moves axially relative to the lower housing along the shaft. The jarring tool also includes an ac - 
celerometer for detecting acceleration caused by an impact generated by movement of the upper 
housing away from the lower housing until corresponding impact features of the upper and 
lower housings collide.
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Impact Sensing During Jarring Operations 

Cross-Reference to Related Applications
This application is a continuation-in-part application claiming priority to 

and the benefit of U.S. Application No. 14/316,767, entitled “Downhole­

Adjusting Impact Apparatus and Methods,” filed on June 26, 2014, which claims 

priority to and the benefit of U.S. Provisional Application No. 61/839,455, 

entitled “Smart Jar,” filed June 26, 2013, the entire disclosures of each of which 

are hereby incorporated herein by reference.

This application is also a continuation-in-part application claiming priority to and 

the benefit of U.S. Application No. 14/510,762, entitled “Hydraulic Impact Apparatus and 

Methods,” filed on October 9, 2014, the entire disclosure of which is hereby incorporated 

herein by reference.

This application is also a continuation-in-part application claiming priority to and 

the benefit of U.S. Application No. 14/510,781, entitled “Hydraulic Impact Apparatus and 

Methods,” filed on October 9, 2014, the entire disclosure of which is hereby incorporated 

herein by reference.

Background of the Disclosure
Drilling operations have become increasingly expensive as the need to drill 

deeper, in harsher environments, and through more difficult materials has become a 

reality. In addition, testing and evaluation of completed and partially finished wellbores 

has become commonplace, such as to increase well production and return on investment. 

Consequently, in working with deeper and more complex wellbores, it becomes more 

likely that tools, tool strings, and/or other downhole equipment may become stuck within 

the wellbore.

A downhole tool, often referred to as a jarring tool, may be operable to dislodge 

the downhole equipment when it becomes stuck. The jarring tool may be included as part 

of the tool string and deployed downhole along with the downhole equipment, or the 

jarring tool may be deployed downhole to free the downhole equipment after it becomes 

stuck. Tension may be applied to the deployed tool string via a conveyance means to 

trigger the jarring tool and, thus, deliver an impact intended to dislodge the stuck 

downhole equipment.
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Predicting the actual magnitude and other parameters associated with the impact 

realized at a downhole location is difficult due to many factors. Although the tension 

applied to the conveyance means at the surface of the wellbore may be within intended or 

predetermined ranges, the impacts delivered downhole by the jarring tool to the stuck 

downhole equipment may be less than intended or otherwise not as expected. Factors 

such as depth of the jarring tool, elastic properties and weight of the conveyance means 

and the tool string, including the jarring tool and the stuck downhole equipment, wellbore 

deviation, and friction forces caused by contact with sides of the wellbore and/or 

obstructions within the wellbore, may affect the actual impact to the tool string realized at 

the downhole location. Due to these factors, measuring the magnitude and other 

parameters of the impact realized at the downhole location using surface sensors or 

indicators is limited and unreliable.

Brief Description of the Drawings

The present disclosure is understood from the following detailed description when 

read with the accompanying figures. It is emphasized that, in accordance with the 

standard practice in the industry, various features are not drawn to scale. In fact, the 

dimensions of the various features may be arbitrarily increased or reduced for clarity of 

discussion.

FIG. 1 is a schematic side view of at least a portion of apparatus according to one 

or more aspects of the present disclosure.

FIG. 2 is a sectional side view of a portion of an example implementation of a 

portion of the apparatus shown in FIG. 1 according to one or more aspects of the present 

disclosure.

FIG. 3 is an enlarged sectional side view of a portion of the apparatus shown in 

FIG. 2 according to one or more aspects of the present disclosure.

FIG. 4 is a bottom view of the apparatus shown in FIG. 3 according to one or 

more aspects of the present disclosure.

FIG. 5 is a flow-chart diagram of at least a portion of a method according to one 

or more aspects of the present disclosure.
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Detailed Description

It is to be understood that the following disclosure provides many different 

embodiments, or examples, for implementing different features of various embodiments. 

Specific examples of components and arrangements are described below to simplify the 

present disclosure. These are, of course, merely examples and are not intended to be 

limiting. In addition, the present disclosure may repeat reference numerals and/or letters 

in the various examples. This repetition is for simplicity and clarity, and does not in itself 

dictate a relationship between the various embodiments and/or configurations discussed. 

Moreover, the formation of a first feature over or on a second feature in the description 

that follows may include embodiments in which the first and second features are formed 

in direct contact, and may also include embodiments in which additional features may be 

formed interposing the first and second features, such that the first and second features 

may not be in direct contact.

FIG. 1 is a schematic view of at least a portion of a wellsite system 100 according 

to one or more aspects of the present disclosure. The wellsite system 100 may comprise a 

tool string 110 suspended within a wellbore 120 that extends from a wellsite surface 105 

into one or more subterranean formations 130. The wellbore 120 is depicted as being a 

cased-hole implementation comprising a casing 180 secured by cement 190. However, 

one or more aspects of the present disclosure are also applicable to and/or readily 

adaptable for utilizing in open-hole implementations lacking the casing 180 and cement 

190. The tool string 110 may be suspended within the wellbore 120 via conveyance 

means 160 operably coupled with a tensioning device 170 and/or other surface equipment 

175 disposed at the wellsite surface 105, including a power and control system 172. The 

tool string 110 may comprise an uphole (hereinafter “upper”) portion 140, a downhole 

(hereinafter “lower”) portion 150, and a jarring tool 200 coupled between the upper and 

lower tool string portions 140, 150.

The jarring tool 200 is operable to dislodge the lower tool string portion 150 after 

the lower tool string portion 150 becomes lodged or stuck within the wellbore 120. Thus, 

the jarring tool 200 is coupled into the tool string 110 before the tool string 110 is 

conveyed into the wellbore 120.

The jarring tool 200 is a single downhole tool integrating an impact-generating 

section 300 and an impact-sensing section 500. In the context of the present disclosure, a 
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“single downhole tool” may be that which includes no more than two interfaces that are 

capable of being operably coupled or “made-up” with other downhole tools to form the 

tool string 110. Thus, coupling the jarring tool 200 with another downhole tool, such as a 

separate sub (not shown), does not result in a “single downhole tool” because such 

assembly would have four interfaces that are each capable of being coupled with other 

downhole tools to form the tool string 110 - namely, the two interfaces of the jarring tool 

200 and the two interfaces of the separate sub, such that assembling the jarring tool 200 

with the separate sub would result in two downhole tools instead of a “single downhole 

tool.”

The tensioning device 170 is operable to apply an adjustable tensile force to the 

tool string 110 via the conveyance means 160. The tensioning device 170 may be, 

comprise, or form at least a portion of a crane, winch, drawworks, top drive, and/or other 

lifting device coupled to the tool string 110 by the conveyance means 160. The 

conveyance means 160 may be or comprise a wireline, slickline, e-line, and/or other 

conveyance means, and may comprise and/or be operable in conjunction with means for 

communication between the tool string 110, the tensioning device 170, and/or one or 

more other portions of the surface equipment 175, including the power and control system 

172. The conveyance means 160 may comprise a multi-conductor wireline and/or other 

electrical conductor(s) extending between the tool string 110 and the surface equipment 

175. The power and control system 172 may include a source of electrical power 176, a 

memory device 177, and a controller 178 operable to receive and process electrical 

signals from the tool string 110 and/or commands from a surface operator.

The upper and lower tool string portions 140, 150 may each be or comprise one or 

more downhole tools, modules, and/or other apparatus operable in wireline operations. 

The upper tool string portion 140 may comprise at least one electrical conductor 145 in 

electrical communication with at least one component of the surface equipment 175, such 

as via the conveyance means 160. The lower tool string portion 150 may also comprise at 

least one electrical conductor 155 in electrical communication with at least one 

component of the surface equipment 175 via interconnection by one or more electrical 

conductors 205 of the jarring tool impact-generating section 300 and/or one or more 

electrical conductors 505 of the jarring tool impact-sensing section 500. Thus, the 

electrical conductors 145, 155, 205, 505 may connect with and/or form a portion of the
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conveyance means 160, and may include various electrical connectors and/or interfaces

along such path, including as described below.

Each of the electrical conductors 145, 155, 205, 505 and/or others may comprise a 

plurality of individual conductors, such as may facilitate electrical communication of the 

upper tool string portion 140, the jarring tool 200, and the lower tool string portion 150 

with at least one component of the surface equipment 175, such as the power and control 

system 172. For example, the conveyance means 160 and the electrical conductors 145, 

155, 205, 505 may be operable to transmit and/or receive electrical power, data, and/or 

control signals between the power and control system 172 and one or more of the upper 

tool string portion 140, the jarring tool 200, and the lower tool string portion 150. The 

electrical conductors 145, 155, 205, 505 may further facilitate electrical communication 

between two or more of the upper tool string portion 140, the jarring tool 200, and the 

lower tool string portion 150.

FIG. 2 is a sectional view of an example implementation of the jarring tool 200 

and the sensor tool 500 shown in FIG. 1 according to one or more aspects of the present 

disclosure. Referring to FIGS. 1 and 2, collectively, the jarring tool impact-generating 

section 300 comprises the electrical conductor 205 in electrical communication with the 

electrical conductor 145 of the upper tool string portion 140 and the electrical conductor 

505 of the jarring tool impact-sensing section 500. The electrical conductor 505 of the 

jarring tool impact-sensing section 500 is also in electrical communication with the 

electrical conductor 155 of the lower tool string portion 150.

For example, the jarring tool 200 comprises an upper interface 2f0, for connecting 

with the upper tool string portion 140, and a lower interface 516, for connecting with the 

lower tool string portion 150. The upper interface 210 comprises or otherwise operates in 

conjunction with an upper electrical connector 215 operable to electrically connect with a 

corresponding lower electrical connector (not shown) of the upper tool string portion 140, 

thus establishing electrical connectivity between the electrical conductor 145 of the upper 

tool string portion 140 and the electrical conductor 205 of the jarring tool impact­

generating section 300. The lower interface 516 comprises or otherwise operates in 

conjunction with a lower electrical connector 546 operable to electrically connect with a 

corresponding upper electrical connector (not shown) of the lower tool string portion 150, 

thus establishing electrical connectivity between the electrical conductor 155 of the lower 
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tool string portion 150 and the electrical conductor 505 of the jarring tool impact-sensing 

section 500. The jarring tool impact-generating section 300 and the jarring tool impact­

sensing section 500 are depicted in FIG. 2 as being electrically connected via an electrical 

connector 217 of the jarring tool impact-generating section 300 and an electrical 

connector 528 of the jarring tool impact-sensing section 500, although other means for 

establishing electrical connectivity between the jarring tool impact-generating section 300 

and the jarring tool impact-sensing section 500 are also within the scope of the present 

disclosure.

Thus, the electrical conductor 145 of the upper tool string portion 140 may be in 

electrical communication with the electrical conductor 155 of the lower tool string portion 

150 via the electrical conductor 205 of the jarring tool impact-generating section 300, the 

electrical conductor 505 of the jarring tool impact-sensing section 500, and one or more 

electrical connectors 215, 217, 528, 546. Consequently, the electrical conductor 145 of 

the upper tool string portion 140, the electrical conductors 205, 505 of the jarring tool 

200, and the electrical conductor 155 of the lower tool string portion 150, including via 

one or more additional electrical connectors 215, 217, 528, 546, may be in electrical 

communication with the surface equipment f 75, such as via the conveyance means f 60.

The jarring tool 200 and/or associated apparatus may be operable to detect an 

electrical characteristic of the electrical conductor 205, impart a first impact force on the 

lower tool string portion 150 when the electrical characteristic is detected, and impart a 

second impact force on the lower tool string portion 150 when the electrical characteristic 

is not detected. The second impact force may be substantially greater than or otherwise 

different from the first impact force. For example, the first impact force may be about 

3,500 pounds (or about 15.6 kilonewtons), whereas the second impact force may be about 

9,000 pounds (or about 40.0 kilonewtons). However, other quantities are also within the 

scope of the present disclosure. For example, the first impact force may range between 

about 1,000 pounds (or about 4.4 kilonewtons) and about 6,000 pounds (or about 26.7 

kilonewtons), and the second impact force may range between about 6,000 pounds (or 

about 26.7 kilonewtons) and about 12,000 pounds (or about 53.4 kilonewtons). A 

difference between the first and second impact forces may range between about 1,000 

pounds (or about 4.4 kilonewtons) and about 6,000 pounds (or about 26.7 kilonewtons), 

although other differences are also within the scope of the present disclosure.
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The electrical characteristic detected by the jarring tool 200 may be a substantially 

non-zero voltage and/or current, such as in implementations in which the electrical 

characteristic is a voltage substantially greater than about 0.01 volts and/or a current 

substantially greater than about 0.001 amperes. For example, the electrical characteristic 

may be a voltage substantially greater than about 0.1 volts and/or a current substantially 

greater than about 0.01 amperes. However, other values are also within the scope of the 

present disclosure.

In the example implementation shown in FIG. 2, the jarring tool 200 comprises an 

upper housing 242, which may include a first upper housing portion 245, a second upper 

housing portion 250 coupled to the first upper housing portion 245, a connector 255 

coupled to the second upper housing portion 250 opposite the first upper housing portion 

245, and a third upper housing portion 260 coupled to the connector 255 opposite the 

second upper housing portion 250. The several portions of the upper housing 242 

comprise a central bore 211 extending therethrough, such as may be operable to contain 

therein the upper electrical connector 215 and other components, as described below.

The jarring tool 200 may further comprise a lower housing 265 containing the 

jarring tool impact-sensing section 500, and a shaft 270 extending between the lower 

housing 265 and the upper housing 242. The shaft 270 may be fixedly coupled with the 

lower housing 265 and slidably coupled with the upper housing 242, wherein the shaft 

270 and the upper housing 242 move axially relative to each other. The shaft 270 extends 

into the third upper housing portion 260, the connector 255, and the second upper housing 

portion 250, and terminates at a latching mechanism 240. An upper end of the upper 

housing 242 includes the upper interface 210, such as may comprise upper mechanical 

fastening means 212 for coupling with a corresponding interface of the upper tool string 

portion 140. A lower end of the lower housing 265 includes the lower interface 516, such 

as may comprise lower mechanical fastening means 514 for coupling with a 

corresponding interface of the lower tool string portion 150. The upper and lower 

mechanical fastening means 212, 514 may comprise internal or external threads, one or 

more fasteners, box-pin couplings, other oil field component field joints and/or coupling 

means, and/or other means known in the art.

The latching mechanism 240 may comprise a female latch portion 275, a male 

latch portion 280, and an anti-release member 285. The female latch portion 275 may be 
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slidably retained within the second upper housing portion 250 between a detector housing 

290 and at least a portion of an upper adjuster 295. A floating separator 305 may be 

disposed between the female latch portion 275 and the detector housing 290. In the 

depicted implementation, the separator 305 is a Belleville washer retained between the 

female latch portion 275 and a lock ring 310. The lock ring 310 may be threadedly 

engaged with the detector housing 290 to retain mating engagement between 

corresponding conical or otherwise tapered mating surfaces 315 external to the detector 

housing 290 with corresponding conical or otherwise tapered mating surfaces 317 internal 

to the first upper housing portion 245, thus positionally fixing the detector housing 290 

relative to the first upper housing portion 245.

The male latch portion 280 comprises a plurality of flexible members 320 

collectively operable to detachably engage the female latch portion 275. While only two 

instances are visible in the figures, a person having ordinary skill in the art will readily 

recognize that more than two instances of the flexible member 320 collectively encircle 

the anti-release member 285. The male latch portion 280 is coupled to or otherwise 

carried with the shaft 270, such as via threaded means, fasteners, pins, press/interference 

fit, and/or other coupling 272. Thus, the female latch portion 275 is carried with and/or 

by the upper housing 242 and, thus, the upper tool string portion 140, whereas the male 

latch portion 280 is carried with and/or by the lower housing 265 and, thus, the lower tool 

string portion 150. The detachable engagement between the female and male latch 

portions 275, 280 is between an internal profile 325 of the female latch portion 275 and 

an external profile 330 of each of the plurality of flexible members 320.

The anti-release member 285 is moveable within the male latch portion 280 

between a first position, defining a first configuration of the latching mechanism 240, 

shown in FIG. 2, corresponding to when the jarring tool 200 detects the electrical 

characteristic on the electrical conductor 205, and a second position (not shown), defining 

a second configuration of the latching mechanism 240, wherein the external profile 330 is 

disengaged from and disposed below the internal profile 325, corresponding to when the 

jarring tool 200 does not detect (or detects the absence of) the electrical characteristic on 

the electrical conductor 205. The anti-release member 285 prevents radially inward 

deflection of the plurality of flexible members 320 and, thus, disengagement of the 

female and male latch portions 275, 280 when the tensile force applied across the latching 
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mechanism 240 is substantially less than the first impact force when the anti-release 

member 285 is in the first position, and substantially less than the second impact force 

when the anti-release member 285 is moved downwards to the second position. Such 

operation is described in greater detail below.

The upper adjuster 295 is threadedly engaged with the female latch portion 275, 

such that the upper adjuster 295 and the female latch portion 275 float axially between, 

for example, the lock ring 310 and an internal shoulder 335 of the second upper housing 

portion 250, and such that rotation of the female latch portion 275 relative to the upper 

adjuster 295 adjusts the relative axial positions of the female latch portion 275 and the 

upper adjuster 295. The jarring tool 200 also comprises a lower adjuster 340 disposed 

within the second upper housing portion 250 and threadedly engaged with the connector 

255, such that the axial position of the lower adjuster 340 is adjustable in response to 

rotation of the lower adjuster 340 relative to the connector 255 and/or the second upper 

housing portion 250. The jarring tool 200 also comprises a carrier 345 slidably retained 

within the second upper housing portion 250, an upper spring stack 350 slidably disposed 

within the annulus defined within the carrier 345 by the shaft 270 and/or the male latch 

portion 280, and a lower spring stack 355 slidably retained between the carrier 345 and 

the lower adjuster 340. The upper and lower spring stacks 350, 355 may each comprise 

one or more Belleville washers, wave springs, compression springs, and/or other biasing 

members operable to resist contraction in an axial direction.

The lower spring stack 355 biases the carrier 345 away from the lower adjuster 

340 in an upper direction, ultimately urging an upper-facing shoulder 360 of the carrier 

345 towards contact with a corresponding, downhole-facing, interior shoulder 365 of the 

second upper housing portion 250. The upper spring stack 350 biases the upper adjuster 

295 away from the carrier 345 (perhaps via one or more contact rings, washers, and/or 

other annular members 370), thus urging the interior profile 325 of the female latching 

portion 275 into contact with the exterior profile 330 of the plurality of flexible members 

320, when the anti-release member 285 is positioned within the ends of the flexible 

members 320. The upper spring stack 350 also urges the female latching portion 275 (via 

the adjuster 295) towards contact with the separator 305, when permitted by engagement 

between the female and male latch portions 275, 280.
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Thus, as explained in greater detail below: (1) the lower adjuster 340 is disposed 

in the second upper housing portion 250 at an axial location that is adjustable relative to 

the second upper housing portion 250 in response to rotation of the lower adjuster 340 

relative to the second upper housing portion 250, (2) the upper spring stack 350 is 

operable to resist relative movement (and thus disengagement) of the female and male 

latch portions 275, 280, and (3) the lower spring stack 355 is also operable to resist 

relative movement (and thus disengagement) of the female and male latch portions 275, 

280, wherein: (A) the female latch portion 275 is axially fixed relative to the second 

upper housing portion 250, (B) the male latch portion 280 is axially fixed relative to the 

second upper housing portion 250, (C) the difference between a first magnitude of the 

first impact force and a second magnitude of the second impact force is adjustable via 

adjustment of the relative locations of the female latch portion 275 and the upper adjuster 

295 in response to relative rotation of the female latch portion 275 and the upper adjuster 

295, and (D) the second magnitude of the second impact force is adjustable in response to 

adjustment of the location of the lower, “static” end of the lower spring stack 355 relative 

to the second upper housing portion 250, which is accomplished by adjusting the location 

of the lower adjuster 340 via rotation relative to the second upper housing portion 250 

and/or connector 255.

Rotation of the female latch portion 275 relative to the second upper housing 

portion 250 may be via external access through an upper window 375 extending through a 

sidewall of the second upper housing portion 250. The upper window 375 may be closed 

during operations via one or more of: a removable member 380 sized for receipt within 

the window 375; and a rotatable cover 385 having an opening (not numbered) that reveals 

the window 375 when rotationally aligned to do so but that is also rotatable away from 

the window 375 such that the cover 385 obstructs access to the window 375. A fastener 

390 may prevent rotation of the cover 385 during operations.

Rotation of the lower adjuster 340 relative to the second upper housing portion 

250 may be via external access through a lower window 395 extending through a sidewall 

of the second upper housing portion 250. The lower window 395 may be closed during 

operations via one or more of: a removable member 405 sized for receipt within the 

window 395; and a rotatable cover 410 having an opening (not numbered) that reveals the 

window 395 when rotationally aligned to do so but that is also rotatable away from the 
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window 395 such that the cover 410 obstructs access to the window 395. A fastener 415 

may prevent rotation of the cover 410 during operations.

The detector housing 290 contains, for example, a detector 420 operable to detect 

the electrical characteristic based upon which the higher or lower impact force is imparted 

by the jarring tool 200 to the lower tool string portion 150. For example, as described 

above, the detector 420 may be operable to detect the presence of current and/or voltage 

on the electrical conductor 205, such as in implementations in which the detector is 

and/or comprises a transformer, a Hall effect sensor, a Faraday sensor, a magnetometer, 

and/or other devices operable in the detection of current and/or voltage. The detector 420 

may be secured within the detector housing 290 by one or more threaded fasteners, pins, 

and/or other means 425.

The detector 420 also is, comprises, and/or operates in conjunction with a 

solenoid, transducer, and/or other type of actuator operable to move the anti-release 

member 285 between the first position (shown in FIG. 2) and the second position (not 

shown), below the first position, based on whether the electrical characteristic sensor of 

the detector 420 detects the electrical characteristic. In the example implementation 

depicted in FIG. 2, such actuator comprises a plunger 430 extending from the detector 

420 and coupled to a mandrel 435 that slides axially with the plunger 430 inside the 

detector housing 290. The plunger 430 and mandrel 435 may be coupled via one or more 

threaded fasteners, pins, and/or other means 440, which may slide within a slot 292 

extending through a sidewall of the detector housing 290. The mandrel 435 includes a 

recess 445 within which a retaining ring and/or other means 455 retains a head 450 of the 

anti-release member 285. A spring and/or other biasing member 460 disposed within the 

recess 445 urges the head 450 of the anti-release member 285 towards the retaining 

means 455 and/or otherwise resists upward movement of the anti-release member 285 

relative to the mandrel 435.

The detector housing 290 and the mandrel 435 may each comprise one or more 

passages 294 through which the electrical conductor 205 may pass and then extend 

through the anti-release member 285 and the shaft 270. Accordingly, the electrical 

conductor 205 may be in electrical communication with the electrical conductor 505 of 

the jarring tool impact-sensing section 500.
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The anti-release member 285 may comprise multiple sections of different 

diameters. For example, the head 450 of the anti-release member 285 may have a 

diameter sized for receipt within the recess 445 of the mandrel 435 and containment 

therein via the retaining means 455. For example, a blocking section 465 of the anti­

release member 285 may have a diameter sized for receipt within the male latch portion 

280 (e.g., within the plurality of flexible members 320), such that the anti-release member 

285 prevents disengagement of the female and male latch portions 275, 280 when the 

blocking section 465 is positioned within the male latch portion 280. For example, the 

blocking section 465 of the anti-release member 285 may be sufficiently sized and/or 

otherwise configured such that, when positioned within the ends of the plurality of 

flexible members 320, the flexible members 320 are prevented from deflecting radially 

inward in response to contact between the inner profile 325 of the female latch portion 

275 and the outer profile 330 of each of the flexible members 320 of the male latch 

portion 280.

The detector 420, the plunger 430, the mandrel 435, and the biasing member 460 

may also cooperatively operate to axially translate the anti-release member 285 between 

its first and second positions described above. For example, in the example 

implementation and operational stage depicted in FIG. 2, the blocking section 465 of the 

anti-release member 285 is positioned in the first position, including within the flexible 

members 320 of the male latch portion 280, such that the blocking section 465 of the anti­

release member 285 prevents the radially inward deflection of the flexible members 320, 

and thus prevents the disengagement of the female and male latch portions 275, 280 until 

the tensile force applied across the jarring tool 200 sufficiently overcomes the biasing 

force(s) of the upper and/or lower spring stacks 350, 355. That is, to disengage the 

female and male latch portions 275, 280, the tensile force applied across the jarring tool 

200 is increased by an amount sufficient to cause relative translation between the 

blocking section 465 of the anti-release member 285 and the male latch portion 280 by at 

least a distance 470 sufficient to remove the blocking section 465 of the anti-release 

member 285 from the ends of the flexible members 320 of the male latch portion 280, 

thereby permitting the radially inward deflection of the ends of the flexible members 320 

and, thus, their disengagement from the female latch portion 275.
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In the example implementation depicted in FIG. 2, the distance 470 is about 0.5 

inches (or about 1.3 centimeters). However, the distance 470 may range between about 

0.2 inches (or about 0.8 centimeters) and about 2.0 inches (or about 5.1 centimeters) 

within the scope of the present disclosure, and may also fall outside such range while 

nonetheless remaining within the scope of the present disclosure.

In another implementation and/or operational stage, the detector 420, the plunger 

430, the mandrel 435, and/or the biasing member 460 may cooperatively translate the 

anti-release member 285 to its second position, such as in response to the detector 420 

detecting a current, voltage, and/or other electrical characteristic of the electrical 

conductor 205. Consequently, the blocking section 465 of the anti-release member 285 

may be positioned further inside (i.e., further downward) the male latch portion 280 

relative to the first configuration depicted in the implementation/operational stage shown 

in FIG. 2. Accordingly, the distance 470 may be increased due to relative axial 

translation between the blocking section 465 and the ends of the flexible members 320 of 

the male latch portion 280. For example, the distance 470 may increase to about 0.8 

inches (or about 2.0 centimeters). However, the increased distance 470 may range 

between about 0.3 inches (or about 0.8 centimeters) and about 4.0 inches (or about 10.1 

centimeters) within the scope of the present disclosure, and may also fall outside such 

range while nonetheless remaining within the scope of the present disclosure.

As described above, the detector 420, the plunger 430, the mandrel 435, and/or the 

biasing member 460 may be collectively operable to move the blocking section 465 of the 

anti-release member 285 from the first position to (or at least towards) the second 

position. However, the detector 420, the plunger 430, the mandrel 435, and/or the biasing 

member 460 may also be collectively operable to return the blocking section 465 of the 

anti-release member 285 from the second position to (or at least towards) the first 

position. To facilitate such movement, the anti-release member 285 may also comprise 

an aligning section 480 having a diameter at least small enough to permit sufficient 

radially inward deflection of the ends of the flexible members 320, such as to 

consequently permit disengagement of the female and male latch portions 275, 280. The 

length of the aligning section 480 may vary within the scope of the present disclosure, but 

may generally be long enough that the end 485 of the anti-release member 285 remains 
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within the male latch portion 280 and/or the shaft 270 during operation of the jarring tool 

200.

The detector 420, the plunger 430, the mandrel 435, and/or the biasing member 

460 may also be collectively operable to move the blocking section 465 of the anti-release 

member 285 to a third position between the first position and the second position. For 

example, the detector 420 may be operable to measure a quantitative value of the 

electrical characteristic of the electrical conductor 205, instead of (or in addition to) 

merely detecting the presence or absence of the electrical characteristic. Consequently, 

the extent to which the detector 420, the plunger 430, the mandrel 435, and/or the biasing 

member 460 collectively operate to move the blocking section 465 may be based on the 

measured quantitative value of the electrical characteristic of the electrical conductor 205. 

For example, the detector 420, the plunger 430, the mandrel 435, and/or the biasing 

member 460 may collectively operate to position the blocking section 465 of the anti­

release member 285 in: (1) the first position when the electrical characteristic of the 

electrical conductor 205 measured by the detector 420 is greater than a first 

predetermined level (e.g., a first predetermined current and/or voltage), (2) the second 

position when the electrical characteristic of the electrical conductor 205 measured by the 

detector 420 is zero or less than a second predetermined level (e.g., a second 

predetermined current and/or voltage), and (3) a third position between the first and 

second positions. The third position may be a single predetermined position between to 

the first and second positions, or may be one of multiple predetermined positions each 

corresponding to a quantitative interval between the first and second predetermined 

levels.

The detector 420, the plunger 430, the mandrel 435, and/or the biasing member 

460 may also or instead collectively operate to position the blocking section 465 of the 

anti-release member 285 at a third position offset between the first and second positions 

by an amount proportional to the difference between the measured electrical characteristic 

and the first and second predetermined levels. For example, if the first predetermined 

level is ten (10) units (e.g., volts or amperes), the second predetermined level is zero (0) 

units, the measured electrical characteristic is three (3) units, and the distance between the 

first and second positions is about ten (10) centimeters, then the third position may be 
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about three (3) centimeters from the second position, which is also about seven (7) 

centimeters from the first position.

FIG. 2 also depicts a floating piston 262 disposed within the annulus 264 defined 

between the outer profile of the shaft 270 and the inner profile of the third upper housing 

portion 260. The floating piston 262 may fluidly isolate a lower portion of the annulus

264 below the floating piston 262 from an upper portion of the annulus 264. At least a 

portion of the annulus 264 may thus be utilized for pressure compensation of wellbore 

fluid and/or hydraulic oil contained within the jarring tool 200.

FIG. 3 is a sectional view of an example implementation of the jarring tool 

impact-sensing section 500 shown in FIGS. 1 and 2 according to one or more aspects of 

the present disclosure. FIG. 4 is a bottom view of the example jarring tool impact­

sensing section 500 shown in FIG. 3. For simplicity and clarity, FIG. 4 omits the lower 

electrical connector 546 to facilitate an improved view of some portions of the jarring tool 

impact-sensing section 500.

Referring to FIGS. 1-4, collectively, at least a portion 502 of the lower housing

265 containing the jarring tool impact-sensing section 500 may have a substantially 

tubular configuration. The housing portion 502 may comprise a first inner surface 508, a 

second inner surface 509, and a third inner surface 511 collectively defining a 

substantially cylindrical bore 504 (or multiple contiguous bores) extending longitudinally 

through the housing portion 502 along a central axis 506 of the jarring tool impact­

sensing section 500. The second inner surface 509 may have an inner diameter that is 

larger than an inner diameter of the first inner surface 508, and the third inner surface 511 

may have an inner diameter that is larger than the inner diameter of the second inner 

surface 509. The housing portion 502 may further comprise a first shoulder 518 at the 

transition between the first inner surface 508 and the second inner surface 509, and a 

second shoulder 519 at the transition between the second inner surface 509 and the third 

inner surface 511. The first shoulder 518 may protrude radially into the bore 504 from 

the second inner surface 509 and extend circumferentially between the first and second 

inner surfaces 508, 509. The second shoulder 519 may protrude radially into the bore 504 

from the third inner surface 511 and extend circumferentially between the second and 

third inner surfaces 509, 511.
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The jarring tool impact-sensing section 500 further comprises an internal framing 

or support assembly, referred to herein as a chassis 520, to support or maintain one or 

more electronics boards 522, a power source 524, and an accelerometer 526, and perhaps 

the upper electrical connector 528 when included, in corresponding predetermined 

positions within the bore 504 of the housing portion 502. For example, an upper end of 

the chassis 520 may comprise a support member 530 that may aid in maintaining at least 

a portion of the chassis 520 centralized within the central bore 504 of the housing portion 

502. The support member 530 may also function as a mounting bracket or surface, such 

as may maintain the upper electrical connector 528 in a predetermined position at or near 

the upper end of the jarring tool impact-sensing section 500. The support member 530 

may comprise a plate or another member having a substantially cylindrical shape or 

otherwise have a curved outer surface that may facilitate contact with the cooperatively 

curved first inner surface 508 of the housing portion 502. The support member 530 may 

comprise an outer diameter that is sufficiently smaller than the inner diameter of the first 

inner surface 508 so as to permit the support member 530 to axially move within a 

corresponding portion of the bore 504 while minimizing radial movement within the 

corresponding portion of the bore 504. The support member 530 may comprise one or 

more threaded openings 531 for receiving one or more threaded fasteners 532 to fixedly 

couple the upper electrical connector 528 to the support member 530 and, thus, in a 

predetermined position relative to the upper end of the jarring tool impact-sensing section 

500.

The upper electrical connector 528 may comprise a plurality of sockets 534 

electrically connected with the plurality of individual conductors of the electrical 

conductor 505. The plurality of sockets 535 may receive therein a plurality of pins from 

the electrical connector 217 of the jarring tool impact-generating section 300. Although 

one implementation of the upper electrical connector 528 is shown, the upper electrical 

connector 528 may be or comprise other electrical connectors operable to electrically 

interconnect the conductor 205 of the jarring tool impact-generating section 300 and the 

jarring tool impact-sensing section 500. For example, the upper electrical connector 528 

may be omitted, and the individual conductors of the electrical conductor 505 of the 

jarring tool impact-sensing section 500 may be spliced or otherwise connected with 
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individual conductors of the electrical conductor 205 of the jarring tool impact-generating 

section 300.

A lower end of the chassis 520 may comprise a receptacle portion 540 defining an 

open area or a cavity 538 containing the power source 524 and/or a container 542 

containing the power source 524. The cavity 538 may have a substantially cylindrical 

shape, such as to permit the power source 524 and/or the container 542 to be slidably or 

otherwise disposed within the cavity 538. The receptacle portion 540 may have a 

substantially cylindrical shape, with an outer diameter that is sufficiently smaller than the 

outer diameter of the second inner surface 509 of the housing portion 502 so as to permit 

the receptacle portion 540 to axially move within a corresponding portion of the bore 504 

while minimizing radial movement within the corresponding portion of the bore 504. An 

upper end of the receptacle portion 540 may comprise an edge or a shoulder 570, such as 

may contact the first shoulder 518 of the housing portion 502. The power source 524 

may comprise one or more rechargeable batteries, such as lithium ion batteries, and/or 

other means operable to store electrical energy for powering components coupled to the 

electronics boards 522, the accelerometer 526, and/or other electrical components.

One or more damping members 548 may be disposed within the cavity 538 

between the receptacle portion 540 and the power source 524 and/or the container 542, 

such as may aid in damping and/or otherwise reducing shock transmitted to the power 

source 524 during jarring and other operations. The damping members 548 may 

comprise rubber, poly ether ether ketone (PEEK), and/or other damping material.

The power source 524, the container 542, and the damping members 548 may be 

retained within the cavity 538 by a fastener 550 operable to engage the receptacle portion 

540. The fastener 550 may be or comprise a threaded retaining ring having external 

threads operable to engage corresponding internal threads of the receptacle portion 540 

and, thereby, prevent the power source 524, the container 542, and the damping members 

548 from moving out of the cavity 538. One or more of the receptacle portion 540, the 

container 542, the damping members 548, and the fastener 550 may comprise one or 

more openings 552 extending therethrough, such as may permit leads, wires, and/or other 

electrical conductors 525 to extend from the power source 524 and communicate 

electrical power with at least one of the electronics boards 522, the accelerometer 526,



WO 2015/199762 PCT/US2015/018923
18

5

10

15

20

25

30

and/or the electrical conductor 505 (such as to recharge the batteries of the power source

524).

Portions of the chassis 520 may further comprise cutout portions or channels 544 

extending longitudinally with respect to the central axis 506. Such features 544 may, for 

example, permit the electrical conductor 505 to extend through the bore 504 between the 

housing portion 502 and the chassis 520 from the upper electrical connector 528 to the 

lower electrical connector 546.

In addition to (or instead of) using the power source 524 as the source of electrical 

power for the jarring tool impact-sensing section 500, electrical power may be provided 

from the wellsite surface 105 to the jarring tool impact-sensing section 500 via the 

conveyance means 160 and the electrical conductors 145, 205, 505. In such 

implementations, the jarring tool impact-sensing section 500 may further comprise an 

electrical conductor 580 extending between the electrical conductor 505 and a power and 

communications interface 581 of at least one of the electronics boards 522. For example, 

individual wires of the electrical conductor 580 may be spliced or otherwise connected 

with selected individual conductors of the electrical conductor 505 within or at selected 

electrical sockets 534. The electrical power communicated through the conveyance 

means 160 and the electrical conductors 145, 205, 505, 580 may be utilized to operate 

electrical components of the jarring tool impact-sensing section 500 and/or to reserve (or 

perhaps even recharge) the energy of the power source 524. In a similar implementation, 

the power source 524 may be omitted, wherein the electrical components of the jarring 

tool impact-sensing section 500 may be powered solely from the wellsite surface 105 via 

the conveyance means 160 and the electrical conductors 145, 205, 505, 580.

The chassis 520 may further comprise one or more mounting plates 536 extending 

longitudinally within the bore 504 between the support member 530 and the receptacle 

portion 540. The mounting plates 536 may comprise one or more substantially planar 

surfaces, which may receive or abut one or more of the electronics boards 522. The 

mounting plates 536 may have sufficient thickness and/or strength so as to aid in 

preventing or minimizing flexing during jarring and other operations, which may aid in 

preventing or minimizing physical damage to the electronics boards 522.

The mounting plates 536 of the chassis 520 may comprise one or more openings 

(not shown) to receive one or more fasteners 554 operable to fixedly connect the 
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electronics boards 522 to the mounting plates 536. The electronics boards 522 may 

comprise coupled thereto a processor 556, a memory device 558, and a plurality of 

sensors, such as a temperature sensor 560, a pressure sensor 562, and/or an inclination 

sensor 564. The electronics boards 522 may facilitate mounting of the sensors 560, 562, 

564 on the chassis 520 and communication between the sensors 560, 562, 564, the 

processor 556, and the memory device 558. One or more of the sensors 560, 562, 564 

may function as a detector for detecting a quality of an operating environment of the 

sensor tool 500, which may affect the measurement of the impact imparted by the jarring 

tool impact-generating section 300 during jarring operations. For example, during, prior 

to, or after the jarring operations, the sensors 560, 562, 564 may generate electrical output 

signals indicative of the quality of the operating environment, such as temperature, 

pressure, and inclination of the jarring tool impact-sensing section 500. The output 

signals may be communicated to the processor 556 and the output signals or data 

generated by the processor may be stored on the memory device 558. This information 

may be utilized to calibrate the impact measurements obtained via the accelerometer 526.

The jarring tool impact-sensing section 500 may further comprise a load cell 568 

or another strain measuring sensor connected to the second inner surface 509 of the 

housing portion 502. The load cell 568 may be operable to measure strain within the 

housing portion 502 during jarring and other operations. The strain data generated by the 

load cell 568 may be utilized to calculate the forces imparted to the lower tool string 

portion 150 during jarring and other operations.

The accelerometer 526 may be mounted on the housing portion 502, one of the 

electronics boards 522, or the chassis 520, including the mounting plates 536 and the 

receptacle portion 540. The accelerometer 526 may comprise a one, two, or three-axis 

accelerometer operable to measure acceleration/deceleration of the housing portion 502 of 

the jarring tool impact-sensing section 500 along the central axis 506 of the jarring tool 

impact-sensing section 500 and/or along axes perpendicular to the central axis 506. The 

central axis 506 may substantially coincide with the longitudinal axis of the wellbore 120. 

The accelerometer 526 is operable to measure acceleration ranging between about 2,000 

times the force of gravity (G) and about 5,000 G. That is, the accelerometer 526 does not 

measure the shock and/or acceleration of normal handling of the jarring tool 200 and non­

jarring operations of the tool string 110, which are generally less than about 1,000 G. The 
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Applicant has determined that the accelerometers capable of accurately measuring the 

shock and/or acceleration of normal handling of the jarring tool 200 and non-jarring 

operations of the tool string 110 cannot also accurately measure the acceleration of jarring 

operations. Implementations within the scope of the present disclosure may also 

comprise multiple instances of the accelerometer 526, including implementations in 

which each accelerometer 526 may detect a different range of acceleration. The 

acceleration data generated by the accelerometer 526 may be utilized to calculate the 

impact forces imparted to the lower tool string portion 150 during jarring operations.

The accelerometer 526 and the load cell 568 may be electrically or otherwise 

operably connected with at least one of the electronics boards 522 by leads, wires, and/or 

other electrical conductors 565 connected with another power and communications 

interface 566 of the electronics boards 522. The accelerometer 526 and the load cell 568 

may generate electrical output signals indicative of quantities or parameters, such as 

acceleration and strain, experienced by the jarring tool impact-sensing section 500 during 

jarring operations. The output signals may be communicated to the electronics boards 

522, processed by the processor 556, and stored on the memory device 558.

Instead of storing the electrical output signals from the accelerometer 526 and/or 

the sensors 560, 562, 564, 568 on the memory device 558, the output signals may be 

communicated to the wellsite surface 105 in real-time through the electrical conductors 

580, 505, 205, 145 and the conveyance means 160. For example, the output signals 

generated by the accelerometer and sensors described herein may be received by the 

electronics boards 522, processed, amplified, and communicated to the wellsite surface 

105 through the electrical conductors 580, 505, 205, 145 and the conveyance means 160. 

Thereafter, the output signals may be analyzed at the wellsite surface 105 and/or recorded 

by the surface memory device 177. The electrical output signals may also be recorded by 

the downhole memory device 558 and simultaneously communicated to the wellsite 

surface 105, such as to be recorded by the surface memory device 177. The data stored 

on the memory device 558, communicated to the wellsite surface 105, and/or stored on 

the surface memory device 177 may include the raw data from the accelerometer(s) 526 

and/or the sensors 560, 562, 564, 568, or processed data obtained utilizing the raw data, 

such as in implementations in which the raw data from the accelerometer(s) 526 is 
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calibrated to account for the potentially extreme temperature, pressure, strain, and/or 

other factors of the operating environment downhole during jarring operations.

In the context of assembling the jarring tool impact-sensing section 500 prior to 

incorporating the jarring tool 200 into the tool string 110, the first and the second inner 

surfaces 508, 509 of the housing portion 502 may be substantially smooth and/or 

otherwise permit the chassis 520 to be slidably inserted and moved axially along the bore 

504 until the shoulder 570 of the chassis 520 contacts the first shoulder 518 of the 

housing portion 502. Once fully inserted into the bore 504, the chassis 520 may be 

retained in the bore 504 by a fastener 572 operable to engage the chassis 520 and the 

housing portion 502. The fastener 572 may be or comprise a threaded retaining ring 

having external threads operable to engage corresponding internal threads of the housing 

portion 502 and, thereby, prevent the chassis 520 from moving out of the bore 504. 

Furthermore, the fastener 572 may comprise an opening 574 extending therethrough, such 

as may permit the electrical conductors 505, 525 to extend therethrough and electrically 

connect with the lower electrical connector 546.

Although FIG. 3 shows the chassis 520 as being a single, discrete member, the 

chassis 520 may also be formed from two or more separate and distinct portions. For 

example, the support member 530, the mounting plates 536, and the receptacle portion 

540 may be separate and distinct portions coupled together via threaded engagement, 

fasteners, interference/press fit, and/or other fastening means.

As shown in FIG. 3, the lower electrical connector 546 is operable to electrically 

connect the jarring tool 200 with the lower tool string portion 150. The lower electrical 

connector 546 may comprise a substantially cylindrical body and be disposed within the 

central bore 504 at or near the lower end of the jarring tool impact-sensing section 500. 

The lower electrical connector 546 may be disposed against the third inner surface 511 of 

the housing portion 502 and in contact with the second shoulder 519 protruding radially 

into the bore 504, such as to maintain the lower electrical connector 546 in a 

predetermined position with respect to the lower mechanical fastening means 514. The 

lower electrical connector 546 may comprise a plurality of pins 578 extending therefrom 

and electrically connected with the plurality of individual conductors of the electrical 

conductor 505. The plurality of pins 578 may engage a plurality of sockets of the 

corresponding electrical connector (not shown) of the upper interface of the lower tool



WO 2015/199762 PCT/US2015/018923
22

5

10

15

20

25

30

string portion 150. Although one implementation of the lower electrical connector 546 is 

shown, the lower electrical connector 546 may be or comprise other electrical connectors 

known in the art, such as may be operable to mate or otherwise electrically connect with 

the corresponding electrical connector of the upper interface of the lower tool string 

portion 150.

During operations, the tool string 110 with the jarring tool 200 may be conveyed 

within the wellbore 120 that extends into the subterranean formation 130, as shown in 

FIG. 1. During such conveyance, the jarring tool 200 may be in the first configuration, as 

shown in FIG. 2, in which the detector 420 is detecting an electrical characteristic (e.g., 

current and/or voltage) from the electrical conductor 205, such as may be received via 

electronic communication with surface equipment 175 via the electrical conductor 145 of 

the upper tool string portion 140 and the conveyance means 160. However, the jarring 

tool 200 may also be in the second configuration described above (not shown), in which 

the detector 420 is not detecting the electrical characteristic (or is detecting the absence of 

the electrical characteristic) from the electrical conductor 205. The operation of the 

jarring tool 200 may comprise actively setting or adjusting the jarring tool impact­

generating section 300 between the first and second configurations, such as by operating 

the surface equipment 175 to establish the electrical characteristic detectable by the 

detector 420. During subsequent operations, the lower tool string portion 150 may 

become lodged or stuck in the wellbore 120. Consequently, the jarring tool impact­

generating section 300 may perform a power stroke when the jarring tool impact­

generating section 300 is in either the first or second configuration.

During the power stroke, the tensioning device 170 of the surface equipment 175 

increases the tension applied across the tool string 110 by pulling on the conveyance 

means 160. As the tension increases, the engagement between the female and male latch 

portions 275, 280 operates to overcome the biasing force of the upper and/or lower spring 

stacks 350, 355, thus causing the upper housing 242 to translate axially away from the 

lower housing 265. The tension is further increased in this manner by an amount 

sufficient for the blocking section 465 of the anti-release member 285 to emerge from 

within the ends of the flexible members 320 of the male latch portion 280, resulting in an 

impact actuation.
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As stated above, such impact may be initiated in the first or “low-force” 

configuration of the jarring tool impact-generating section 300, when the detector 240 is 

detecting the electrical characteristic via the electrical conductor 205, or in the second or 

“high-force” configuration of the jarring tool impact-generating section 300, when the 

detector 240 is not detecting (or is detecting the absence of) the electrical characteristic. 

The resulting impact force is imparted to the lower tool string portion 150, such as along 

a load path extending from the jarring tool 200 to the lower tool string portion 150.

In the first or low-force jarring tool configuration, the detector 420, the plunger 

430, the mandrel 435, and/or the biasing member 460 may move the blocking section 465 

of the anti-release member 285 in the upward direction to decrease the distance 470 by 

which the upper and/or lower spring stacks 350, 355 may be compressed for the flexible 

fingers 320 to deflect radially inward and disengage from the female latch portion 275. 

Consequently, the upper ends of the flexible members 320 of the male latch portion 280 

are able to deflect radially inward, thus permitting the disengagement of the female and 

male latch portions 275, 280, such that the upper housing 242 rapidly translates away 

from the lower housing 265 until one or more shoulders, bosses, flanges, and/or other 

impact features 490, connected to the shaft 270, collide with a corresponding one or more 

shoulders, bosses, flanges, and/or other impact features 495, connected to the third upper 

housing portion 260. During jarring operations, one or more of the temperature sensor 

560, the pressure sensor 562, the inclination sensor 564, the load cell 568, and the 

accelerometer 526 may generate one or more output signals relating to or indicative of the 

impact imparted by the jarring tool impact-generating section 300 and/or the current 

operating environment of the jarring tool impact-sensing section 500, as described above. 

The output signals may be recorded on the downhole memory device 558 and/or 

communicated to the wellsite surface 105, such as to be recorded on the surface memory 

device 177.

Operation of the jarring tool 200 may comprise multiple iterations of the low- 

force power stroke and reengagement of the female and male latch portions 275, 280 until 

the impact force iteratively imparted to the second tool string portion 150 is sufficient to 

dislodge the second tool string portion 150. However, the impact force imparted to the 

second tool string portion 150, when operating the jarring tool impact-generating section 

300 in the first configuration, may not be sufficient to dislodge the second tool string 
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portion 150. In such situations, the jarring tool impact-generating section 300 may then 

be set or adjusted to the second or high-force configuration, as described above, in which 

the detector 420 is not detecting the electrical characteristic (or is detecting the absence of 

the electrical characteristic) from the electrical conductor 205, so as to produce a high- 

force power stroke. In the second configuration, at least portions of the tool string 110 

may be “turned off’ such that the electrical characteristic is not detected by the detector 

240, causing the blocking section 465 of the anti-release member 285 to extend 

downwards further into the male latch portion 280 and therefore increase the distance 

470. However, at least in implementations in which the jarring tool impact-sensing 

section 500 is at least partially powered by an on-board energy storage device (such as the 

power source 524), the accelerometer(s) 526 and one or more of the sensors 560, 562, 

564, 568 may continue to operate. A greater tension may then be applied by the 

tensioning device 170 to the conveyance member 160 to compress the upper and/or lower 

spring stacks 350, 355 by the increased distance 470, such that the flexible fingers 320 

may deflect radially inward and disengage from the female latch portion 275, thereby 

generating the high-force impact. Operation of the jarring tool 200 may then comprise 

multiple iterations of the high-force power stroke and reengagement the female and male 

latch portions 275, 280, until the impact force iteratively imparted to the lower tool string 

portion 150 is sufficient to dislodge the lower tool string portion 150.

As also described above, the jarring tool impact-generating section 300 may also 

be operable between the low-force and high-force configurations. Accordingly, the 

process described above may include one or more iterations at one or more intermediate­

force configurations prior to commencing operation in the high-force configuration.

FIG. 5 is a flow-chart diagram of at least a portion of an example implementation 

of a method 600 according to one or more aspects of the present disclosure. The method 

600 may be utilized to operate at least a portion of a jarring tool, such as at least a portion 

of the jarring tool 200 shown in one or more of FIGS. 1-4. Thus, the following 

description refers to FIGS. 1-5, collectively.

The method 600 may comprise conveying 605 a tool string 110 comprising a 

jarring tool 200 within a wellbore 120 and applying 610 tension to the tool string 110, 

ultimately including triggering 615 the jarring tool 200 to impart an impact to the tool 

string 110. As described above, the jarring tool 200 may comprise a housing, a shaft 270, 
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and a sensor system disposed within the housing. The housing may comprise an upper 

housing 242 and a lower housing 265 slidably connected by the shaft 270, and triggering 

615 the jarring tool 200 to impart an impact to the tool string 110 may comprise 

triggering the jarring tool 200 such that the upper housing 242 rapidly moves in an upper 

direction relative to the lower housing 265 until the upper and lower housings 242, 265 

collide, thus generating the impact imparted to the tool string 110.

The sensor system may comprise one or more accelerometers 526, one or more 

environment sensors 560, 562, 564, 568, and a memory device 558. For example, the 

sensor system may substantially comprise the above-described jarring tool impact-sensing 

section 500. The method 600 also comprises detecting 620 acceleration during the 

impact, via the accelerometer(s) 526, and storing 625 impact acceleration data generated 

by the accelerometer(s) 526 on the memory device 558. The detected 620 and stored 625 

data may also include data from one or more of the environment sensors 560, 562, 564, 

568.

The method 600 may further comprise disposing 630 the sensor system within the 

housing prior to conveying 605 the tool string 110 within the wellbore 120. For example, 

the sensor system may further comprise a chassis 520 disposed within the lower housing 

265, and a battery pack 524 connected to the chassis 520, wherein the accelerometer(s) 

526 and the memory device 558 may be disposed on the chassis 520. The method 600 

may further comprise replacing 635 the battery pack 524 by disconnecting and removing 

the battery pack 524 from the chassis 520 and the lower housing 265 and inserting and 

connecting a replacement battery pack 524 into the chassis 520 and the lower housing 

256.

The method 600 may also comprise determining 640 whether the stuck portion of 

the tool string 110 has become dislodged or unstuck. If it is determined 640 that the stuck 

portion of the tool string 110 has become dislodged, the method 600 may comprise 

retrieving 645 the tool string 110 to the wellsite surface f 05. The method 600 may then 

comprise electrically connecting 650 a surface memory device 177 with the sensor 

system, retrieving 655 the impact acceleration data from the downhole memory device 

558, and storing 660 the impact acceleration data on the surface memory device 177.

If it is determined 640 that the stuck portion of the tool string 110 has not become 

dislodged, the method 600 may comprise assessing 665 the risk of damage to the tool 
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string 110 by impact acceleration forces, such as by comparing the acceleration caused by 

the impact to a predetermined level of acceleration that the tool string 110 can 

operationally withstand. If it is determined 665 that the acceleration caused by the impact 

is at or near the predetermined level, the impact may be repeated by again applying 610 

the tension to the tool string 110, including ultimately triggering 615 the jarring tool again 

impart the impact to the tool string 110. However, if it is determined 665 that the 

acceleration caused by the impact is substantially less than the predetermined level (e.g., 

by at least about twenty percent), then a second tension that is greater than the first 

tension (e.g., by about ten percent) may be applied 670 to the tool string 110, including 

ultimately triggering 675 the jarring tool to impart a second, greater impact to the tool 

string 110. In such instances, the method 600 may also comprises detecting 680 the 

greater acceleration during the second, greater impact, via the accelerometer(s) 526, and 

storing 685 impact acceleration data generated by the accelerometer(s) 526 on the 

memory device 558. The detected 680 and stored 685 data may also include data from 

one or more of the environment sensors 560, 562, 564, 568.

As described above, the tool string 110 may further comprise one or more 

electrical conductors 145, 205, 505, 155 extending between the jarring tool 200 and a 

wellsite surface 105. The method 600 may further comprise transmitting 690 the impact 

acceleration data from the sensor system to the wellsite surface 105 through the one or 

more electrical conductors 145, 205, 505, 155, and storing 660 the acceleration data on 

the surface memory device 177, after one or more of the impact generation 615, 675, 

whether instead of or in addition to connecting 650 the surface memory device 177 with 

the sensor system and retrieving 655 the impact acceleration data from the downhole 

memory device 558.

In view of the entirety of the present disclosure, including the figures and the 

claims, a person having ordinary skill in the art will readily recognize that the present 

disclosure introduces an apparatus comprising: a jarring tool operable for coupling within 

and generating an impact imparted to a downhole tool string, wherein the jarring tool 

comprises: an upper housing comprising a first bore extending longitudinally 

therethrough; a lower housing comprising a second bore extending longitudinally 

therethrough; a shaft coupled with the lower housing and extending into the first bore of 

the upper housing, wherein the upper housing moves axially relative to the lower housing 
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along the shaft; and a sensor system disposed within the second bore of the lower housing 

and comprising an accelerometer for detecting acceleration caused by an impact 

generated by movement of the upper housing away from the lower housing until 

corresponding impact features of the upper and lower housings collide.

The accelerometer may generate an output signal indicative of the acceleration of 

the second housing caused by the impact. The sensor system may further comprise: a 

processor for processing the output signal; a memory for storing the output signal; and an 

electrical energy source for powering the accelerometer, the processor, and the memory.

The jarring tool may comprise no more than two interfaces for incorporation into 

the downhole tool string. The no more than two interfaces may comprise: an upper 

interface at an upper end of the upper housing, wherein the upper interface comprises 

upper mechanical fastening means operable for coupling with an upper portion of the 

downhole tool string; and a lower interface at a lower end of the lower housing, wherein 

the lower interface comprises lower mechanical fastening means operable for coupling 

with a lower portion of the downhole tool string. The upper interface may further 

comprise an upper electrical connector electrically connected with at least one component 

of the sensor system, wherein the upper electrical connector may be operable for 

electrically connecting the jarring tool with the upper portion of the downhole tool string. 

The lower interface may further comprise a lower electrical connector operable for 

electrically connecting the jarring tool with the lower portion of the downhole tool string. 

The jarring tool may further comprise one or more electrical conductors extending 

through the first and second bores and electrically connecting the upper and lower 

electrical connectors.

The jarring tool may further comprise a chassis disposed within the second bore of 

the lower housing, wherein the chassis may comprise a curved outer surface contacting a 

cooperatively curved inner surface of the second bore, and wherein the accelerometer 

may be coupled to the chassis. The lower housing may comprise a shoulder extending 

radially into the second bore and contacting the chassis to maintain an axial position of 

the chassis within the lower housing. The chassis may comprise a cavity containing an 

electrical energy source electrically connected with at least one component of the sensor 

system.
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The jarring tool may further comprise a detector for detecting a quality of an 

operating environment of the jarring tool affecting the acceleration detected utilizing the 

accelerometer. The detector may be a temperature sensor.

The present disclosure also introduces a method comprising: conveying a 

downhole tool string within a wellbore, wherein the downhole tool string comprises a 

jarring tool comprising: an upper housing connected to an upper portion of the downhole 

tool string; a lower housing connected to a lower portion of the downhole tool string; a 

shaft coupled to the lower housing and extending into the upper housing; and an 

accelerometer disposed within the lower housing; applying tension to the downhole tool 

string to trigger the jarring tool to impart an impact to the downhole tool string; and 

detecting acceleration with the accelerometer during the impact.

The jarring tool may further comprise a memory device disposed within the lower 

housing, and the method may further comprise storing impact acceleration data generated 

by the accelerometer on the memory device.

Triggering the jarring tool to impart the impact to the downhole tool string may 

cause the upper housing to move relative to the lower housing along the shaft until 

corresponding impact features of the upper and lower housings collide to generate the 

impact imparted to the downhole tool string.

The method may further comprise: electrically connecting a surface memory 

device with the jarring tool; and storing the impact acceleration data on the surface 

memory device. Electrically connecting the surface memory device with the jarring tool 

may be via one or more electrical conductors extending between the jarring tool and the 

surface memory device.

The tension may be a first tension and the impact may be a first impact, and the 

method may further comprise: comparing the detected acceleration to a predetermined 

level of acceleration that a component of the lower portion of the downhole tool string 

can operationally withstand; and based on the comparison, applying one of the first 

tension and a second tension to the downhole tool string to trigger the jarring tool to 

impart a second impact to the downhole tool string, wherein the second tension is greater 

than the first tension.

The present disclosure also introduces an apparatus comprising: a jarring tool for 

coupling between upper and lower portions of a downhole tool string, the jarring tool 
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comprising: an impact-generating section comprising: an upper housing connected to the 

upper portion of the downhole tool string; a lower housing connected to the lower portion 

of the downhole tool string; and a shaft coupled to the lower housing and extending into 

the upper housing, wherein, upon sufficient tension being applied across the downhole 

tool string, the upper housing moves relative to the lower housing along the shaft until 

corresponding impact features of the upper and lower housings collide and generate an 

impact imparted to the downhole tool string; and an impact-sensing section contained 

within a central bore of the lower housing, wherein the impact-sensing section comprises: 

a chassis disposed within the central bore: an accelerometer coupled with the chassis for 

generating an output signal indicative of acceleration caused by the impact; a processor 

carried with the chassis for processing the output signal; and a memory device carried 

with the chassis for storing the output signal or data generated by the processor.

The chassis may contact a shoulder protruding into the central bore to maintain an 

axial position of the chassis within the central bore. The chassis may comprise: a 

longitudinal channel adapted for receiving an electrical conductor extending through the 

central bore; a support member having a first curved outer surface contacting a curved 

inner surface of the central bore; a receptacle portion having a second curved outer 

surface contacting the curved inner surface of the central bore; and a substantially planar 

surface between the support member and the receptacle portion. The impact-sensing 

section may further comprise a battery retained within the receptacle portion, wherein the 

battery may be electrically connected with at least one of the accelerometer, the 

processor, and the memory device. The impact-sensing section may further comprise an 

electronics board coupled to the substantially planar surface, wherein the processor and 

the memory device may be coupled with the electronics board. The apparatus may 

further comprise: an upper electrical connector disposed within the upper housing and 

electrically connected to the upper portion of the downhole tool string; a lower electrical 

connector disposed within the lower housing and electrically connected to the lower 

portion of the downhole tool string; and one or more electrical conductors electrically 

connecting the upper and lower electrical connectors.

The foregoing outlines features of several embodiments so that a person having 

ordinary skill in the art may better understand the aspects of the present disclosure. A 

person having ordinary skill in the art should appreciate that they may readily use the
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present disclosure as a basis for designing or modifying other processes and structures for 

carrying out the same functions and/or achieving the same benefits of the embodiments 

introduced herein. A person having ordinary skill in the art should also realize that such 

equivalent constructions do not depart from the spirit and scope of the present disclosure, 

5 and that they may make various changes, substitutions and alterations herein without 

departing from the spirit and scope of the present disclosure.

The Abstract at the end of this disclosure is provided to comply with 37 C.F.R.

§ 1.72(b) to permit the reader to quickly ascertain the nature of the technical disclosure. It 

is submitted with the understanding that it will not be used to interpret or limit the scope 

10 or meaning of the claims.
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WHAT IS CLAIMED IS:

1. An apparatus, comprising:

a jarring tool operable for coupling within and generating an impact imparted to a 

downhole tool string, wherein the jarring tool comprises:

an upper housing comprising a first bore extending longitudinally therethrough; 

a lower housing comprising a second bore extending longitudinally therethrough; 

a shaft coupled with the lower housing and extending into the first bore of the 

upper housing, wherein the upper housing moves axially relative to the lower housing 

along the shaft;

a sensor system disposed within the second bore of the lower housing and 

comprising an accelerometer for detecting acceleration caused by an impact generated by 

movement of the upper housing away from the lower housing until corresponding impact 

features of the upper and lower housings collide, and

a chassis disposed within the second bore of the lower housing, wherein the 

chassis comprises a curved outer surface contacting a cooperatively curved inner surface 

of the second bore, wherein the accelerometer is coupled to the chassis, and wherein the 

lower housing comprises a shoulder extending radially into the second bore and 

contacting the chassis to maintain an axial position of the chassis within the lower 

housing.

2. The apparatus of claim 1 wherein the accelerometer generates an output signal 

indicative of the acceleration of the lower housing caused by the impact.

3. The apparatus of claim 2 wherein the sensor system further comprises:

a processor for processing the output signal;

a memory for storing the output signal; and

an electrical energy source for powering the accelerometer, the processor, and the 

memory.

4. The apparatus of claim 1 wherein the jarring tool comprises no more than two 

interfaces for incorporation into the downhole tool string.
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5. The apparatus of claim 4 wherein the no more than two interfaces comprise:

an upper interface at an upper end of the upper housing, wherein the upper 

interface comprises upper mechanical fastening means operable for coupling with an

5 upper portion of the downhole tool string; and

a lower interface at a lower end of the lower housing, wherein the lower interface 

comprises lower mechanical fastening means operable for coupling with a lower portion 

of the downhole tool string.

10 6. The apparatus of claim 5 wherein:

the upper interface further comprises an upper electrical connector electrically 

connected with at least one component of the sensor system, wherein the upper electrical 

connector is operable for electrically connecting the jarring tool with the upper portion of 

the downhole tool string; and

15 the lower interface further comprises a lower electrical connector operable for

electrically connecting the jarring tool with the lower portion of the downhole tool string.

7. The apparatus of claim 6 wherein the jarring tool further comprises one or more 

electrical conductors extending through the first and second bores and electrically

20 connecting the upper and lower electrical connectors.

8. The apparatus of claim 1 wherein the chassis comprises a cavity containing an 

electrical energy source electrically connected with at least one component of the sensor 

system.

25

9. The apparatus of claim 1 wherein the jarring tool further comprises a detector for 

detecting a quality of an operating environment of the jarring tool affecting the 

acceleration detected utilizing the accelerometer.

30 10. The apparatus of claim 9 wherein the detector is a temperature sensor.

11. A method, comprising:
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conveying a downhole tool string within a wellbore, wherein the downhole tool 

string comprises a jarring tool comprising:

an upper housing connected to an upper portion of the downhole tool string; 

a lower housing connected to a lower portion of the downhole tool string;

5 a shaft coupled to the lower housing and extending into the upper housing;

an accelerometer disposed within the lower housing; and

a memory device disposed within the lower housing;

applying tension to the downhole tool string to trigger the jarring tool to impart an impact 

to the downhole tool string;

10 detecting acceleration with the accelerometer during the impact; and

storing impact acceleration data generated by the accelerometer on the memory 

device.

12. The method of claim 11 wherein triggering the jarring tool to impart the impact to the

15 downhole tool string causes the upper housing to move relative to the lower housing 

along the shaft until corresponding impact features of the upper and lower housings 

collide to generate the impact imparted to the downhole tool string.

13. The method of claim 11 further comprising:

20 electrically connecting a surface memory device with the jarring tool; and

storing the impact acceleration data on the surface memory device.

14. The method of claim 13 wherein electrically connecting the surface memory device 

with the jarring tool is via one or more electrical conductors extending between the

25 jarring tool and the surface memory device.

15. The method of claim 11 wherein the tension is a first tension and the impact is a first 

impact, and wherein the method further comprises:

comparing the detected acceleration to a predetermined level of acceleration that a

30 component of the lower portion of the downhole tool string can operationally withstand; 

and
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based on the comparison, applying one of the first tension and a second tension to

the downhole tool string to trigger the jarring tool to impart a second impact to the

downhole tool string, wherein the second tension is greater than the first tension.

5 16. An apparatus, comprising:

a jarring tool for coupling between upper and lower portions of a downhole tool 

string, the jarring tool comprising:

an impact-generating section comprising:

an upper housing connected to the upper portion of the downhole tool string;

10 a lower housing connected to the lower portion of the downhole tool string; and

a shaft coupled to the lower housing and extending into the upper housing, 

wherein, upon sufficient tension being applied across the downhole tool string, the upper 

housing moves relative to the lower housing along the shaft until corresponding impact 

features of the upper and lower housings collide and generate an impact imparted to the

15 downhole tool string; and

an impact-sensing section contained within a central bore of the lower housing, 

wherein the impact-sensing section comprises:

a chassis disposed within the central bore, wherein the chassis contacts a shoulder 

protruding into the central bore to maintain an axial position of the chassis within the

20 central bore;

an accelerometer coupled with the chassis for generating an output signal 

indicative of acceleration caused by the impact;

a processor carried with the chassis for processing the output signal; and

a memory device carried with the chassis for storing the output signal or data

25 generated by the processor.

17. The apparatus of claim 16 wherein the chassis comprises:

a longitudinal channel adapted for receiving an electrical conductor extending 

through the central bore;

30 a support member having a first curved outer surface contacting a curved inner

surface of the central bore;
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a receptacle portion having a second curved outer surface contacting the curved 

inner surface of the central bore; and

a substantially planar surface between the support member and the receptacle 

portion.

5

18. The apparatus of claim 17 wherein the impact-sensing section further comprises a 

battery retained within the receptacle portion, wherein the battery is electrically connected 

with at least one of the accelerometer, the processor, and the memory device.

10 19. The apparatus of claim 18 wherein the impact-sensing section further comprises an

electronics board coupled to the substantially planar surface, wherein the processor and 

the memory device are coupled with the electronics board.

20. The apparatus of claim 19 further comprising:

15 an upper electrical connector disposed within the upper housing and electrically

connected to the upper portion of the downhole tool string;

a lower electrical connector disposed within the lower housing and electrically 

connected to the lower portion of the downhole tool string; and

one or more electrical conductors electrically connecting the upper and lower

20 electrical connectors.

21. An apparatus, comprising:

a jarring tool operable for coupling within and generating an impact imparted to a 

downhole tool string, wherein the jarring tool comprises:

25 an upper housing comprising a first bore extending longitudinally therethrough;

a lower housing comprising a second bore extending longitudinally therethrough; 

a shaft coupled with the lower housing and extending into the first bore of the 

upper housing, wherein the upper housing moves axially relative to the lower housing 

along the shaft;

30 a sensor system disposed within the second bore of the lower housing and

comprising an accelerometer for detecting acceleration caused by an impact generated by
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movement of the upper housing away from the lower housing until corresponding impact 

features of the upper and lower housings collide; and

a chassis disposed within the second bore of the lower housing, wherein the chassis 

comprises a curved outer surface contacting a cooperatively curved inner surface of the

5 second bore, wherein the accelerometer is coupled to the chassis, and wherein the chassis 

comprises a cavity containing an electrical energy source electrically connected with at 

least one component of the sensor system.
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FIG. 3
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FIG. 4
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FIG. 5


