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Abstract 

This application note’s primary goal is to provide an easy-to understand primer for users who are not familiar with Strain Gage Measurement, 4-20mA current-loops and their applications. Some of the many topics discussed include: why, and where, Strain Gage Measurement, and 4-20mA current loops are used; the functions of their components found in a typical application; the electrical terminology and basic theory needed to understand current Strain Gage Measurement, and loop operation. As a reference, I will be using the ‘Pressure Sensor One’ (PS1) manufactured by Electrochem Solutions as an example. The PS1 is a powerful pressure transmitter which uses Strain Gage Measurement to measure the pressure, and 4-20mA current-loop to convert the signal. The PS1 is also the sensor team 08 will be using for the ‘Roadlailer Air Fault Break Localization’ project. 
Background

A pressure transducer is a transducer that converts pressure into an analog electrical signal. Although there are various types of pressure transducers, one of the most common is the strain-gage base transducer. The conversion of pressure into an electrical signal is achieved by the physical deformation of strain gages which are bonded into the diaphragm of the pressure transducer and wired into a wheatstone bridge configuration. Pressure applied to the pressure transducer produces a deflection of the diaphragm which introduces strain to the gages. The strain will produce an electrical resistance change proportional to the pressure. Pressure transducers are generally available with three types of electrical output; millivolt, amplified voltage and 4-20mA. This paper will focus on the 4-20 mA output, and how the transducer uses current loops to produce the electrical signal wanted.

Introduction

The ‘Pressure Sensor One’ (PS1) is a full-bridge strain gauge circuit with a, 4-20 mA Output. Highly accurate pressure measurements are transmitted wirelessly to a suitable base station and passed to a host system such as a PC. Because the information is transmitted as current, the signal is relatively immune to voltage drops from long runs and noise from motors, relays, switches and industrial equipment. That is why 4-20 mA output pressure transducers, also known as transmitters, are a great choice when signals have to be transmitted over a long distance with the sensor at a remote location. 
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Figure 1: PS1 Function Block Diagram

PS1 Integrated Data Aquisition
The signals of the PS1 are amplified, sampled and digitized into 24-bit words at a rate of up to 1 Ks/S.This is all accomplished using a precision mixed-signal microcontroller (MCU) which integrates an analog-to-digital converter (ADC) and a high-speed 8051-compatible CPU. Accurate measurements are passed to the wireless subsection for transmission. The PS1 also uses ZigBee wireless which combines an ultra-low power IEEE 802.15.4 transceiver with ZigBee software to form a wireless communication. This mesh network allows for ease of installation around obstructions, redundancy in communication paths, and longer range. 
Technical Information
	Performance
	

	Pressure range
	100 (psi)

	Pressure reference
	Absolute, Sealed Gauge, and True Gauge

	Error
	±0.1% of range

	Output format
	32-bit floating point (IEEE754)

	Output rate
	0.3 to 480 readings per second


	Environmental
	

	Operating temperature
	-40°C to 85°C

	Compensated temperature
	-40°C to 85°C

	Thermal effects 
	Zero shift ±0.1% of range

	
	Span shift ±0.1% of range


	Electrical
	

	Battery Type
	Lithium thionyl chloride (Li/SOCI2)

	Size
	2/3 AA (1 required)

	Voltage
	3.6 V

	Battery life
	2 months


	Wireless
	

	Range Indoor/urban
	100m

	Range Outdoor line-of-sight
	1500m

	Operating frequency 
	ISM 2.4 GHz


[image: image3.png]



Figure 2: PS1 Measurements Shown in Millimeters

Pressure Sensing - Strain Gage Measurement

The most universal measuring device for the electrical measurement of mechanical quantities is the strain gage. Strain gages depend on the proportional variance of electrical resistance to strain; if a strip of conductive metal is stretched, it will become skinnier and longer, both changes resulting in an increase of electrical resistance. Conversely, if a strip of conductive metal is placed under compressive force, it will broaden and shorten. If these stresses are kept within the elastic limit of the metal strip, the strip can be used as a measuring element for physical force, the amount of applied force inferred from measuring its resistance. Such a device is called a strain gauge. Strain gauges are frequently used to measure pressure, and it’s also used in the PS1which is used to measure extremely small changes in resistance with high accuracy. Strain gauges are very small, and they look something like this:
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Figure 3: Bonded Strain Gauge

Such demanding precision calls for a bridge measurement circuit such as the null-balance detector which is a strain gauge bridge circuit that indicates measured strain by the degree of imbalance, and uses a precision voltmeter in the center of the bridge to provide an accurate measurement of that imbalance. To be able to measure even more accurately, the PS1 uses a full-bridge configuration which is much more sensitive. For example, quarter-bridge and half-bridge circuits provide an output (imbalance) signal that is only approximately proportional to applied strain gauge force. Linearity, or proportionality, of these bridge circuits is best when the amount of resistance change due to applied force is very small compared to the nominal resistance of the gauge. With a full-bridge, however, the output voltage is directly proportional to applied force, with no approximation.
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Figure 4: Quarter-Bridge and Half-Bridge Circuits
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Figure 5: Full-Strain Gauge Circuit

The PS1 generates output signals in the millivolt range (spans of 100 mV to 250 mV). These are amplified to the voltage level (1 to 5 V) and converted to current loops, normaly (4-20 mA).

Signal Conversion Using a Current Loop
The 4-20mA current loop is a common method of transmitting sensor information in many industrial process-monitoring applications. Transmitting sensor information via a current loop is particularly useful when the information has to be sent to a remote location over long distances (1000 feet, or more). The loop’s operation is straightforward: a sensor’s output voltage is first converted to a proportional current, with 4mA normally representing the sensor’s zero-level output, and 20mA representing the sensor’s full-scale output. Then, a receiver at the remote end converts the 4-20mA current back into a voltage which in turn can be further processed by a computer or display module.Kirchhoff’s current law (KCL) states that the sum of currents flowing toward a point is equal to the sum of currents flowing away from that point. In theory, all current present at the beginning of a loop must reach the end as demonstrated in the figure: 
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Figure 6: Kirchhoff’s current law, all current present at the beginning of a loop must reach the end
This is the basic principle on which a current loop operates. Measuring current at any position along a single loop produces the same result. By using current signals and low impedance data acquisition devices, industrial applications benefit from better noise immunity and longer transmission cable lengths.
Current Loop Components
A typical 4-20mA current-loop circuit is made up of four individual elements: a sensor/transducer; a voltage-to-current converter (commonly referred to as a transmitter); a loop power supply; and a receiver/monitor. In loop powered applications, all four elements are connected in a closed, series circuit, loop configuration. Sensors provide an output voltage whose value represents the physical parameter being measured. The transmitter amplifies and conditions the sensor’s output, and then converts this voltage to a proportional 4-20mA dc-current that circulates within the closed series-loop. The receiver/monitor, normally a subsection of a panel meter or data acquisition system, converts the 4-20mA current back into a voltage which can be further processed and/or displayed.
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Figure 7. Typical Components Used in a Loop Powered Application
Conclusion
After working with and also doing a lot of research on 4-20mA output transducers, I guess the best way to describe these devices would be by saying that they are a new means to satisfy demanding data measurement requirements in a range of industrial environments. Without the use of common cables, power supplies or data acquisition equipment. Providing accurate data in remote and at times unsafe locations, wireless sensors measure, record and transmit data in real time and in critical applications such as oil and gas drilling, food and beverage production, metal fabrication and machining, chemical, paper and pulp processing, along with other manufacturing applications. Built for durability, pressure transducers like the PS1, can withstand the harsh and dirty conditions of these often dangerous and hazardous environments. It also allow for widespread energy saving, enabling preventative maintenance for reduced unplanned downtimes, increasing productivity, and saving on wiring costs.
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