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Abstract. Sucker rod pumping is the most common artificial lifting method used in the pe-

troleum industry especially for producing stripper wells. It’s a well-known technology and 

its simplicity makes it an ideal choice for low production rate wells. For such wells the cost 

efficiency of production control is extremely important. This paper reports on a new low-cost 

electrical measuring device invented for beam pumped wells. Development of this measure-

ment system was quite complicated because many aspects in connection with the available 

sensors, software, data acquisition system and cost had to be taken into account. The device 

is intended to be operated in the field so it requires a robust construction while its available 

power sources are limited. The main goal was to design a system that can work on low volt-

ages so an USB connector was chosen as the power source. During product development a 

good compromise between the accuracy, availability, and cost had to be found. After the 

selection of the main sensors the next steps were the development of the electrical circuit and 

that of the computer-based data acquisition system. The whole process was greatly affected 

by the availability of the parts and resources; this made the project a real challenge. 
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1. INTRODUCTION 

There is only one way to produce stripper wells economically in today’s petroleum 

industry: sucker rod pumping. Those well’s number is very high when comparing 

them with other artificial lifted wells [1]. The definition of a stripper well is the fol-

lowing: an oil well which produces 10 bpd or less oil. Operational and supervising 

costs are critical for those wells because low incomes mean low financial options. 

The industry deals with two basic supervising systems: dynamometer survey and rod 

pump controllers. The intelligent rod pump controllers provide all necessary infor-

mation about the well but they are too expensive for stripper wells. The dynamome-

ter survey is a good solution but it is still too expensive for wells with low production 

rates. This is the reason why new, low cost operation technologies should be in-

vented. 

The conventional supervising techniques of sucker rod pumped wells include dy-

namometer surveys. The dynamometer diagram is the result of the measurement and 

it is a very powerful method for effective well analysis. Every important operational 

parameter can be calculated from the dynamometer card like the loads in the surface 

system, loads in the rod string, and the subsurface dynamometer card. Moreover, any 

failures in the system can be identified. However, the dynamometer survey is expen-
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sive and there are some other disadvantages of using the dynamometer system. In-

stead of those expensive measurements a new, cheap measurement system will be 

explained in this paper. 

The speed-torque characteristics of prime movers working on sucker rod pump-

ing systems are well known. If the geometry and the prime mover’s behavior are 

known then the dynamometer card can be inferred from electrical measurements 

only. Measuring only the electrical parameters is cheaper and easier and the new 

measurements can be evaluated the same way as the conventional dynamometer 

card. 

 

2. CONVENTIONAL MEASURING METHODS 

The conventional measuring methods include smart well management systems and 

dynamometer surveys. The objective of every well supervising system is the same: 

to achieve the highest production rate with the lowest production costs thereby max-

imizing the profit. The smart rod pump controllers provide the biggest amount of 

information and are able to control the well’s production flexibly but they are expen-

sive. It is not worth the candle to install those controllers on stripper wells. 

The dynamometer survey is the basic measurement and supervising procedure of 

sucker rod pumped wells. It includes “well shooting”, and may include an electrical 

survey. „Well shooting” is an acoustic survey for annular liquid level determination 

which facilitates the calculation of flowing bottomhole pressure. The original elec-

trical survey is used to measure the system’s required electrical power and to calcu-

late the overall efficiency of fluid lifting or to check the system’s counterbalancing. 

Using the dynamometer card every important operational parameter can be deter-

mined: loads in the surface system (fluid load, counterbalance effect, gearbox 

torque), loads in the rod string, checking the rod string for fatigue endurance, sub-

surface dynamometer card can be evaluated, valve tests can be executed. However 

taking a dynamometer survey has some disadvantages: 

 it needs special trained staff and the evaluation process is complicated, 

 well production must be stopped while installing the sensors, 

 the equipment required is expensive. 

It is the present author’s intention to develop a novel, cheaper and easier system 

to eliminate the above listed drawbacks of the conventional dynamometer survey.  

 

3. BASIC REQUIREMENTS OF THE DATA ACQUISITION SYSTEM 

If the geometry and the prime mover’s behavior are known then the dynamometer 

card can be inferred from electrical measurements only. Therefore a new electrical 

measurement system has to be designed that is capable to deal with the needed raw 

data and provides the proper accuracy. The data acquisition system should be able 

to measure all electrical parameters (voltage, current, phase angle) and to register 

them. A speed transducer is also required to prove the system’s usefulness in the first 

stage, at the system validation period. The main objectives of the development are 

the following: 
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 the system must work in field conditions (low power requirements, robust-

ness for the harsh environment), 

 proper accuracy for the evaluation, 

 low cost because of the limited resources with a maximum budget of $ 1,000, 

 easy access to the SRP system when preparing the measurement, 

 the measurement has to be carried out without any effect on the production. 

The first step of designing a new measurement system is always the determination 

of the measurement ranges. The system must be able to measure a three phase system 

in three voltage ranges: 230 V/400 V/690 V. The current to be measured for smaller 

and normal motors is about a few tens of Amps while running and 5–7 times greater 

at starting conditions. A laptop’s USB connector was chosen as the power source for 

the measuring system. That means a voltage of + 5 V and a max. available current 

of 500 mA for operating the measurement system. The low voltage power source 

was a really hard limiting factor when selecting the components. All sensors and 

proposed electrical circuits must meet the basic safety regulations (galvanic isola-

tion). Sensors based on magnetic operation are preferred because of the galvanic 

isolation. The evaluation software is another important factor and the National In-

strument’s Labview software package was selected because of its accessibility and 

modularity. The sensors, the data acquisition system and other parts of the system 

were selected according to these guidelines. 

 

4. DAQ AND SENSOR SELECTION 

The data acquisition system is the “heart” of any measurement system and it is very 

important for the proper operation. The budget available had a strong influence on 

the DAQ selection. Seven channels are needed for the measurements: 3-3 for the 

three phase voltage- and current measurements and one channel for the speed deter-

mination. The only power source used is the USB connector. The best match for our 

purposes was found in the MCCDAQ 1608 FS-Plus data acquisition system. Its spec-

ification is listed in the following [5]: 

 8 analog input channels ((±10 V, ±5 V, ±2 V, and ±1 V can be selected in 

the software; 16 bit resolution), 8 digital I/O, 

 Simultaneous sampling (1 A/D converter per input), 

 Up to 400 kS/s overall throughput (100 kS/s max for any channel; 800 kS/s 

in burst mode but only for 32768 sample), 

 1 event counter, 

 USB connection, no external power required, 

 NI Labview compatible. 



          Difficulties a Low Cost Measurement System Development for Sucker Rod Pumped…       133 

 

 
Figure 1.  

MCCDAQ USB 1608 FS-Plus data acquistion device (source: 

http://www.mccdaq.com/pdfs/specs/USB-1608FS-Series-data.pdf) 

 

The theoretical accuracy of this device is ±0.04% according to the 16 bit resolu-

tion. This low cost measurement device seemed to be the best solution for our pur-

poses. 

Since Lem PR 200 sensors were already available for the measurement system 

the current sensor selection had a predetermined solution. The Lem PR 200 sensor’s 

main parameters are: 

 Non-intrusive current measurement using current probe, 

 20 A/200 A current range, 

 Lower value for small motors while running 

 Higher value for starting conditions 

 Power source: 9 V alkaline, 

 Accuracy: ±1%. 

Selection of the voltage sensor is a more complicated task because the voltage 

measurement has to be transformed into current signals. Different circuits should be 

prepared for the different voltage ranges. The only electrical current sensor available 

with the designed accuracy that can work at + 5 V is the Honeywell CSLW series 

sensor, the Honeywell CSLW40BM. Its main features are the following: 

 Hall-effect operational principle, 

 Supply voltage: 4.5–10.5 Vdc (ready for USB powered solutions); supply 

current: max. 9 mA, 

 Accuracy: ±1.5%, 

 Needs additional sensing circuit, 

 Current range: ±40 mA. 

When comparing the measurement current (~30 mA) with the normal operational 

current (~10 A) it can be seen that the built-in failure is only about 0.3%. The sensor 

needs additional electrical circuit to set the measuring current always at about 30 

mA. Use of special measuring resistances is needed connected in series to the sensor. 

The measuring resistances have 1.5% accuracy which is very good for those high 
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resistance values. The selected measuring resistances and the actual measuring cur-

rents are summarized in the Table 1. 
Table 1 

Measuring resistances and currents 

Voltage range 
Measuring resistance 

value 
Peak measuring current 

230 Veff 10 kΩ 32,5 mA 

400 Veff 16 kΩ 35,4 mA 

690 Veff 28,2 kΩ 34,5 mA 

 

The schematic of the electrical circuit is seen in Figure 2. The switches (S1; S2; 

S3) are used to select the actual measuring line. The measuring wire can be con-

nected to the board and to the data acquisition system using connectors. 

 

 
Figure 2.  

Measurement circuit for the different voltage ranges 

 

The biggest problem was the accessibility of the Honeywell sensor that was only 

available from the USA and had to be imported. But there was no other option be-

cause this is the only available sensor on the market meeting the requirements. 

The speed sensor will be a simple inductive sensor that produces one signal per ro-

tation. The actual speed can be calculated by counting the signals. A permanent mag-

net will be installed on the belt sheave and the sensor will be mounted on the motor 

using a special, adjustable holder. The magnetic sensors work on the Hall principle. 

 

5. CONCLUSIONS 

This paper reports on a new system which is proposed to determine the surface dy-

namometer card using electrical measurements only. 
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The development of the new measurement system was a complicated task be-

cause of the limited resources and the limited power available at the wellhead. A 

good compromise had to be found between the difficulties and the accuracy. The 

paper presents the main influencing factors of the selection of the data acquisition 

system, the sensors and software package. The designed system is able to measure 

the voltage and current of a three-phase electrical motor and the speed of the motor’s 

shaft. A full analysis of the sucker rod pumping system can be accomplished by 

using the proposed measurement system. 
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