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PORTABLE MEMORY DEVICE FOR MOBILE 
WORKOVER RIG 

BACKGROUND OF THE INVENTION 

[0001] After an oil rig drills a Well and installs a Well 
casing, the rig is dismantled and removed from the site. 
From that point on, a mobile repair unit is typically used to 
service the Well. Servicing includes installing and/or remov 
ing inner tubing strings, sucker rods, and pumps, and also 
requires various other monitoring functions such as detect 
ing dangerous hydrogen sul?de gas. Such Work requires a 
myriad of tools Which are provided by the mobile repair unit, 
and these tools in turn provide a myriad of measured 
parameters such as torque turn, engine RPM, hook load, 
hydrogen sul?de concentration, etc. It is important to under 
stand and interpret these measured parameters, as they can 
be important to assessing the quality, reliability, and safety 
of the Work being accomplished at the mobile repair unit. 

[0002] The prior art discloses various Ways in Which these 
measured parameters can become knoWn to mobile repair 
unit operators and/or their supervisors. For eXample, in US. 
Pat. No. 6,079,490, Which is hereby incorporated by refer 
ence, the mobile repair units are ?tted With modems for 
Wirelessly sending the measured parameter data to a cen 
traliZed data analysis location. While the use of a modem can 
be useful, it suffers from shortcomings that can hamper its 
usefulness in the conteXt of a mobile repair unit. For 
eXample, Wireless or modem transmission techniques are 
relatively expensive to implement and may be subject to lost 
or corrupted data during transmission. 

SUMMARY OF THE INVENTION 

[0003] This invention provides a self-contained mobile 
repair unit having a universal set of hydraulic and pneumatic 
tooling for servicing Well equipment such as an inner pipe 
string, a sucker rod, or a pump. One or more transducers 
sense and collect data indicative of one or more parameters 
measured by the mobile repair unit, such as hook load, 
engine RPM, or tongue torque. The data is collected and 
saved in a non-volatile memory device, Which is then 
physically transferred from the mobile repair unit to a 
central of?ce location, Where the data can be compiled, 
analyZed, and/or posted on a netWork such as the Internet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a side vieW of a mobile repair unit With 
its derrick extended. 

[0005] FIG. 2 is a schematic vieW of a pneumatic slip in 
a locked position. 

[0006] FIG. 3 is a schematic vieW of a pneumatic slip in 
an open position. 

[0007] FIG. 4 is a schematic illustration of a set of 
hydraulic tongs. 

[0008] FIG. 5 is a side vieW of a mobile repair unit With 
its derrick retracted. 

[0009] FIG. 6 illustrates the raising and loWering of an 
inner tubing string. 

[0010] FIG. 7 describes one embodiment of the design of 
a data acquisition monitor as described herein. 
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DESCRIPTION OF THE INVENTION 

[0011] This disclosure ?rst details some of the basic tools 
present on a mobile repair unit and manner in Which various 
measurements are made by these tools. Thereafter, the 
disclosure discusses the Ways in Which these measurements 
are stored and processed in accordance With embodiments of 
the invention. 

[0012] Referring to FIG. 1, a retractable, self-contained 
mobile repair unit 20 is shoWn to include a truck frame 22 
supported on Wheels 24, an engine 26, a hydraulic pump 28, 
an air compressor 30, a ?rst transmission 32, a second 
transmission 34, a variable speed hoist 36, a block 38, an 
eXtendible derrick 40, a ?rst hydraulic cylinder 42, a second 
hydraulic, cylinder 44, a ?rst transducer 46, a monitor 48, 
and retractable feet 50. Monitor 48, of special importance to 
the disclosed invention, receives amongst other things vari 
ous parameters measured during the mobile repair unit’s 
operation. 

[0013] Engine 26 selectively couples to Wheels 24 and 
hoist 36 by Way of transmissions 34 and 32, respectively. 
Engine 26 also drives hydraulic pump 28 via line 29 and air 
compressor 30 via line 31. Compressor 30 poWers a pneu 
matic slip 84 (FIGS. 2 and 3), and pump 28 poWers a set of 
hydraulic tongs 66 (FIG. 4). Pump 28 also poWers cylinders 
42 and 44 that respectively eXtend and pivot derrick 40 to 
selectively place derrick 40 in a Working position (FIG. 1) 
and in a retracted position (FIG. 5). In the Working position, 
derrick 40 is pointed upWard, but its longitudinal centerline 
54 is angularly offset from vertical as indicated by angle 56. 
This angular offset 56 provides block 38 access to a Well 
bore 58 Without interference from the derrick frameWork 
and alloWs for rapid installation and removal of inner pipe 
segments (i.e., inner pipe strings 62) and sucker rods (FIG. 
6). 
[0014] Individual pipe segments (of string 62) and sucker 
rods 64 are screWed together using hydraulic tongs 66 (FIG. 
4). Hydraulic tongs are knoWn in the art, and refer to any 
hydraulic tool that can screW together tWo pipes or sucker 
rods, such as those provided by B]. Hughes company of 
Houston, TeX. In operation, pump 28 drives a hydraulic 
motor 68 in either forWard or reverse directions by Way of 
valve 70. Motor 68 drives pinions 72 that turn a Wrench 
element 74 relative to clamp 76. Wrench element 74 and 
clamp 76 engage Hats 81 on mating couplings 78 of a sucker 
rod or inner pipe string. HoWever, rotational jaWs or grippers 
that hydraulically clamp on to a round pipe (i.e., With no 
?ats) can also be used in place of the disclosed Wrench 
element 74. The rotational direction of motor 68 determines 
Whether the couplings 78 are assembled or disassembled. 

[0015] The transducer 80 of FIG. 4 detects by feedback 
the amount of torque that is used to assemble or disassemble 
the string 62 or sucker rods 64, and provides an analog signal 
82 (e.g., from 0-5 Volts DC) indicative of that torque value. 
This signal 82 is provided to monitor 48 and is stored in a 
manner to be described shortly. 

[0016] Referring to FIGS. 2 and 3, When installing inner 
pipe string segments 62, pneumatic slip 84 is used to hold 
the pipe string 62 While the neXt segment 62‘ is screWed on 
using tongs 66 as just described. Compressor 30 provides 
pressuriZed air through valve 86 to rapidly clamp and release 
slip 84, as shoWn in FIGS. 2 and 3 respectively. A tank 88 
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helps maintain constant air pressure. Pressure sWitch 90, a 
type of transducer, provides monitor 48 With a signal that 
indirectly indicates that repair unit 20 is in operation. 

[0017] Referring back to FIG. 1, Weight applied to block 
38 is sensed by Way of a hydraulic pad 92 that supports the 
Weight of derrick 40. Hydraulic pad 92 is basically a piston 
Within a cylinder such as those provided M. D. Totco 
company of Cedar Park, TeX., but can alternatively consti 
tute a diaphragm. Hydraulic pressure in pad 92 increases 
With increasing Weight on block 38, and this pressure can 
accordingly be monitored to assess the Weight of the block. 
Thus, pad 92 constitutes another type of transducer, and it 
too transmits a signal (not shoWn) to the monitor 48. 

[0018] In short, and as is Well knoWn, the mobile repair 
unit contains numerous tools for performing various repair 
tasks, and most of these tools contain some sort of trans 
ducer for providing an indication of the Work being per 
formed. (As used herein, “transducer” should be understood 
as any sort of detector, sensor, or measuring device for 
providing a signal indicative of the Work being performed by 
a particular tool). Using such transducers, important param 
eters can be measured or monitored, such as hook load, tong 
torque, engine RPM, hydrogen sul?de concentration. 
[0019] As noted, of the signals provide by the various 
transducers associates With the tools are sent to data acqui 
sition monitor 48. The primary objective of monitor 48 is to 
gather Well maintenance data and save it so that it can be 
transferred and subsequently monitored at a site other than 
the location of the mobile repair unit, such as a central office 
site. Monitor 48 is generally installed in an openly accessible 
location on the mobile repair unit. For eXample, on a mobile 
repair unit, monitor 48 is installed someWhere outside the 
cab for easy access by human operators Who may Walk up 
to the mobile repair unit to interface With the system and 
collect data. In addition to storing the measured data from 
the tools, the monitor 48 may also include a screen display 
for displaying the data. 

[0020] In one embodiment, monitor 48 contains special 
iZed circuits that are programmed to process the measured 
signals and store that data, either in raW or processed form, 
on a removable storage media containing nonvolatile semi 
conductor memory chips. A human operator physically 
interfaces With the system on site and removes the storage 
media from its plug in port on the monitor 48 and then 
physically transports the storage media from the mobile 
repair unit to a predetermined, central location, such as a 
central of?ce site, for processing and analysis. 

[0021] In a preferred embodiment, the removable storage 
media constitutes a memory stick, as Will be disclosed in 
further detail herein. Alternatively, the storage media may 
constitute another device containing nonvolatile memory 
chips, such as a hand-held computing device, for eXample, 
a Palm PilotTM, a Pocket PC, or a laptop computer. The 
hand-held computing device may be connected to monitor 
48 via a Wire connection using an available Ethernet port or 
an RS-232 port on the monitor 48. Alternatively, the hand 
held computing device can connect With monitor 48 using 
radio frequency (RF), infrared, or some other type of Wire 
less means for the transferring the data to the hand-held 
computing device. As With the memory stick, the hand-held 
computing device can be physically transported from the 
mobile repair unit in the ?eld to the central of?ce site for 
processing and analysis. 
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[0022] Once the processed data has been physically trans 
ported to the central location, it Will be coupled to a 
computing station having a port similar to the port on the 
monitor for reading the data out of the storage media. In a 
preferred embodiment, the computing station Will comprise 
or include computers or Web servers capable of storing and 
if necessary processing the data into a format more readily 
useful to those at the central location Who are responsible for 
monitoring the operation of the various mobile repair units 
deployed in the ?eld. In a preferred embodiment, the com 
puting station is connected to Web servers so that oil Well 
oWners or others can access the mobile repair unit operation 
data using standard Web broWsers from any computer in the 
World via the Internet. 

[0023] FIG. 7 illustrates one embodiment of monitor 48. 
Monitor 48 consists of sensor and interface module 210, data 
acquisition module 220, communication module 230, user 
console 240, and data storage module 250. Generally, sensor 
and interface module 210 receives analog and digital signals 
from various transducers present on the mobile repair unit. 
For eXample, the hook load, tong torque, pressure, and 
temperature transducers might provide analog data to mod 
ule 210, While the engine RPM, block position, rotary RPM, 
and pump strokes transducers might provide digital data. In 
any event, sensor and interface module 210 is equipped to 
handle one or more analog input signals 212 and one or more 
digital input signals 214. Module 210 is also capable of 
producing one or more analog output signals 216 and one or 
more digital output signals 218. One skilled in the art Will 
recogniZe that module 210 includes other electrical circuitry, 
such as ampli?ers, multiplexers, and analog-digital convert 
ers, Which are used to condition the input signals and if 
necessary to convert them to digital signals to facilitate 
further processing. 

[0024] Sensor and interface module 210 sends the digi 
tiZed signals to data acquisition module 220. Applications 
programs in Data Acquisition Module 220 process the 
signals and send processed data to Communication Module 
230. Data Acquisition Module 220 comprises CPU 222, 
?rmWare 224, clock 226 and memory 228. FirmWare 224 
contains application programs that are designed to process 
the input signals received from sensor and interface module 
210. Clock 226 (like clock 236 present in the communica 
tion module 230) is preferably a real-time clock With battery 
back up and alloWs the data to be time stamped. Memory 
228 is preferably a non-volatile one-megabyte ?ash ROM 
storage device, but can be any type of suitable memory 
device. Memory 228 is used to store calibration parameters 
and other user parameters. The address space of memory 
228 is distinct and separate from the memory address space 
in CPU 222 and CPU 232. The application programs in 
?rmWare 224 are eXecuted in CPU 222 to process the mobile 
repair unit sensor measurement signals received from sensor 
and interface module 210. For eXample, the CPU 222 might 
process the hydrogen sul?de transducer data to determine 
the concentration of hydrogen sul?de, or process the hook 
load and tong torque data to provide a measurement indica 
tive of the completeness of the connection of tWo sucker 
rods. 

[0025] The processed data results are then transferred 
from the data acquisition module 220 to the communication 
module 230 to facilitate storage of the data and communi 
cation to the operators. Bus 229 is preferably an 8-Wire 
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parallel data bus, and preferably connects to an 8-bit parallel 
slave port on CPU 232 in module 230. Firmware 234 
contains application programs executable by the CPU 232 
that are designed to: enable presentation of the processed 
data results (graphical and text) on a user console 240; 
enable storage of the processed data results in data storage 
module 250; and/or enable communication With a hand-held 
computing device such as those disclosed earlier and in the 
manners disclosed earlier. As noted earlier, user console 240 
is integrated into monitor 48 via a direct-Wired connection 
242 through the Ethernet port in interfaces 238 of commu 
nication module 230. A human operator preferably interacts 
With monitor 48 via user console’s 240 touch-screen inter 
face or keyboard, Which alloWs the operator to run applica 
tion programs in module 230 and to vieW graphical or 
textual representations of the processed data results. The 
operator may also use the interface to enter data into monitor 
48 (such as job ticket information) or to manipulate cali 
bration parameters stored in memory 228 of module 220. 

[0026] Communication module 230 also stores the pro 
cessed data results in data storage module 250. In one 
embodiment, data storage module 250 consists of a ?xed 
memory device 252 and the removable storage media device 
254 alluded to earlier (e.g., the memory stick). On one 
embodiment, ?xed memory device 252 comprises a ?ash 
ROM memory device or a magnetic disk drive. The remov 
able storage media device 254 can comprise any number of 
portable non-volatile means for storing data, such as a ?oppy 
disc, a CD (compact disk), or a magnetic tape, but preferably 
constitutes a memory stick as Will be disclosed in further 
detail herein. In any event, both memory devices interface 
With communication module 230 by any suitable means, 
such as by direct Wire connections via separate 2-Wire serial 
data buses 256 and 258 respectively. When module 230 
receives the processed data from module 220, one complete 
copy of the data results is stored in the ?xed memory device 
252 and a separate but identical complete copy of the data 
results is stored in the removable storage media device 254. 
When a human operator uses console 240 to vieW processed 
data results, the application programs in ?rmWare 234 of 
module 230 access the data stored in ?xed ?ash ROM 252. 

[0027] As previously explained, a copy of the processed 
data results that are stored in the ?xed memory device 252 
must be physically transported to the central of?ce site. To 
accomplish this result, the operator has tWo options: the 
removable storage media option or the hand-held computing 
device option. 

[0028] Pursuant to the ?rst option, the removable storage 
media device 254 is accessible to an operator from the 
outside of monitor 48. Preferably, removable storage device 
254 comprises a small, Weatherproof cylinder containing a 
non-volatile memory chip (such as a Flash EEPROM) or 
memory module containing numerous such chips. The cyl 
inder of device 254 is preferably ?lled With a suitable epoxy 
to stabiliZe the chip(s) and to protect them from moisture and 
mechanical shock. Pins connected to the chip(s) project 
from the epoxy along one end of the device and are 
insertable into the port on the monitor 48. Care should be 
taken When choosing an epoxy to ensure that the chips Will 
not overheat When they are operating. A human operator 
manually removes the removable storage media device 254 
by physically removing the storage media from the data 
storage module 250 of the monitor 48 after it has been 
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Written With data. The operator then physically transports the 
removable storage media device 254 to the central office 
site. The operator then transfers the data to computers or Web 
servers at the central of?ce site by placing the removable 
storage media 254 into a memory reader that is connected to 
the Web servers (e.g., via a local area netWork or a Wide area 

netWork). 
[0029] Pursuant to the second option for transporting the 
data, the operator can connect a hand-held computing device 
260 such as those disclosed herein to a port on monitor 48. 
As mentioned earlier and as FIG. 7 contemplates, this can 
be accomplished via a physical Wired connection using an 
available Ethernet port or RS 232 port, or can be accom 
plished via a Wireless connection such as a RF or infrared 
connection. Computer application programs residing in the 
hand-held device 260 and ?rmWare 234 Work together to 
transfer a copy of the processed data results from ?xed 
memory device 252 to the memory storage space of the 
hand-held computing device 260. Once a copy of the pro 
cessed data results has been stored in the hand-held device 
260, the operator then disconnects the hand-held device 260 
from the port (if any) on the monitor 48 and physically 
transports the hand-held device from the remote mobile 
repair unit in the ?eld to the central of?ce site. Once the 
hand-held device 260 has been physically transported to the 
central of?ce site, the operator transfers the data to Web 
servers by connecting the hand-held device 260 to a com 
puter at the central of?ce site Which is itself connected to 
central of?ce site Web servers (e.g. via a local area netWork 
or a Wide area netWork). 

[0030] Once the processed data is transferred to Web 
servers using either one of the tWo foregoing options, oil 
Well oWners and customers may access the processed opera 
tions data using standard Web broWsers from any computer 
in the World via the Internet or other more limited netWork, 
such as a intranet. Preferably, this is accomplished using 
secure UNIX-based Web servers that require customers to 
enter a username and passWord at a login prompt before they 
are granted access to the processed data results. In this 
manner, mobile repair unit operations data may remotely 
assessed. 

[0031] Although the invention is described With respect to 
a preferred embodiment, modi?cations thereto Will be 
apparent to those skilled in the art. Therefore, the scope of 
the invention is to be determined by reference to the claims 
that folloW. 

I claim: 
1. A system for monitoring operations at a Well, compris 

ing: 
a mobile vehicle containing a data acquisition monitor 

and at least one tool for monitoring an operation of the 
Well; 

at least one transducer associated With each tool for 
providing a parameter indicative of the operation of the 
Well, Wherein each transducer provides an electronic 
signal to the data acquisition monitor; 

a hand-held non-volatile memory device coupled to the 
data acquisition monitor, Wherein the memory device is 
physically removable from the data acquisition monitor 
for relocation to a predetermined location. 
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2. The system of claim 1, wherein the mobile vehicle 
further comprising a truck frame supported on a plurality of 
Wheels. 

3. The system of claim 2, further comprising an engine 
selectively coupled the Wheels. 

4. The system of claim 3, Wherein the engine is selectively 
coupled to a hoist. 

5. The system of claim 3, Wherein the engine drives a 
hydraulic pump. 

6. The system of claim 5, Wherein the hydraulic pump 
poWers a set of hydraulic tongs for use in the instillation and 
removal of pipe segments Within the Well. 
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7. The system of claim 5, Wherein the hydraulic pump 
poWers a plurality of hydraulic cylinders for moving a 
derrick attached to the mobile repair unit. 

8. The system of claim 1, Wherein the parameter is 
selected from the group consisting of a hydrogen sul?de gas 
concentration, hook load, engine RPM, and tong torque. 

9. The system of claim 1, Wherein the electric signal is 
selected from the group consisting of analog and digital 
signals. 


