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In the field of industrial automation and process control, the ability to analyze
electrical circuits is a fundamental skill for engineers and technicians. Whether you
are troubleshooting a complex control panel or designhing a new instrumentation
loop for a chemical plant, understanding how to determine current ($1$) and
voltage ($Vo$) is essential. While the specific request to find i and vo in the circuit
of fig. 2.100 often stems from fundamental electrical engineering
coursework—specifically regarding Kirchhoff's laws and nodal analysis—its
practical application is most visible in the integration of industrial level
measurement instruments.

For professionals working with Welk level measurement solutions, these
theoretical circuit problems translate directly into calculating loop resistance,
ensuring adequate power supply for 4-20mA transmitters, and maintaining signal
integrity across long cable runs. This article explores the principles of circuit
analysis as they apply to industrial level sensors and provides a comprehensive
guide to selecting the right measurement technology for your specific application.

The Fundamentals of Circuit Analysis in
Instrumentation

Before diving into specific level measurement technologies, it is crucial to
understand the electrical principles that govern how these devices communicate
with control systems. In a typical industrial setup, a level transmitter acts as a
component within a larger electrical circuit.

|Kirchhoff's Voltage Law (KVL) and Current Law (KCL)

To find $1$ and $Vo$ in any circuit, including the theoretical "Fig. 2.100," engineers
rely on two primary laws:

1. Kirchhoff's Voltage Law (KVL): The algebraic sum of all voltages around a closed
loop is zero. In a level measurement loop, this helps determine if the 24V DC
power supply is sufficient to overcome the voltage drops across the transmitter,
the cabling, and the load resistor.
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2. Kirchhoff’s Current Law (KCL): The sum of currents entering a node equals the
sum of currents leaving it. This is vital when multiple sensors share a common
return or when using signal splitters.

| The 4-20mA Current Loop

In the context of the Main Page of industrial instrumentation, the most common
circuit is the 4-20mA loop. Here, the "$1$" we are looking for is the current
representing the level of the liquid or solid being measured. A current of 4mA
typically represents 0% (empty), while 20mA represents 100% (full). The "$Vo$" is
often the voltage measured across a precision resistor (usually 250 ohms) at the
PLC or controller input, converting the current signal back into a voltage (1V to 5V)
for digital processing.

| Principles of Level Measurement Technologies

Welk provides a variety of level measurement instruments, each operating on
different physical and electrical principles. Understanding these is the first step
toward accurate circuit integration.

| 1. Radar Level Meters

Radar level meters use high-frequency electromagnetic waves (typically in the GHz
range). The device emits a sighal that reflects off the surface of the medium and
returns to the sensor. By measuring the Time-of-Flight (ToF), the transmitter
calculates the distance. From an electrical perspective, these devices are
sophisticated, often requiring stable power to support the onboard signal
processing required to filter out false echoes from internal tank obstructions.
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| 2. Ultrasonic Level Sensors

Similar to radar, ultrasonic sensors use ToF but rely on sound waves rather than
electromagnetic waves. They are cost-effective and ideal for water treatment and
simple chemical storage. However, they are sensitive to air temperature and
turbulence, which can affect the speed of sound and, consequently, the accuracy
of the measurement.

| 3. Hydrostatic Level Transmitters

These sensors measure the pressure exerted by a liquid column. The principle is
based on the formula $P = \rho \cdot g \cdot h$, where $P$ is pressure, $\rho$ is
density, $g$ is gravity, and $h$ is the height of the liquid. The transmitter converts
this mechanical pressure into an electrical signal ($1$).

| 4. Magnetic Level Gauges and Switches

Magnetic gauges provide local visual indication using a float equipped with a
magnet that flips colored flaps. When paired with a reed switch or a
magnetostrictive transmitter, they provide an electrical output. This is a "passive"
or "simple" circuit compared to radar, but it requires precise alignment of the
magnetic components.

| Selection Guide for Level Measurement Instruments

Choosing the right instrument involves balancing process requirements with
electrical constraints. The following table provides a comparison of common
technologies offered by Welk.
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Technology Typical Output Type Accuracy Key Limitation
Application

Radar Chemicals, Qil 4-20mA / HART +=2mm fo Higher initial

(GWR/Non-contact) & Gas, High / RS485 +5mm cost
Temp

Ultrasonic Water 4-20mA / +0.25% of Affected by
Treatment, Modbus range foam and
Open Channels vacuum

Hydrostatic Deep Wells, 4-20mA +0.1% to Dependent on
Vented Tanks +0.5% fluid density

Magnetic Gauge Boilers, Visual + +5mm Moving parts
High-Pressure Switch/Transmitter (float)
Tanks

Level Switch Overfill Relay / PNP / N/A (Point No continuous
Protection NPN Level) measurement

Practical Application: Calculating |l and Vo in a
4-20mA Loop

When you are asked to find i and vo in the circuit of fig. 2.100, and that circuit
represents a real-world level transmitter loop, you must account for the following
variables:

1. Supply Voltage ($Vs$): Usually 24V DC.

2. Transmitter Minimum Operating Voltage ($V{min}$): Often around 10V to 12V
DC.

3. Loop Resistance ($RL$): Includes the wire resistance and the controller input
resistance ($R{in}$).

Using Ohm's Law ($V = | \cdot R$), the maximum allowable loop resistance can be
calculated to ensure the transmitter functions at its maximum current output
(20mA):

$$R{max} = \frac{Vs - V{min}}{0.020 A}$$
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If the total resistance exceeds this value, the current ($1%) will not reach 20mA
even when the tank is full, leading to significant measurement errors. Similarly,
$Vo$ (the voltage at the controller) is calculated as:

$$Vo = | \cdot R{in}$$

| Installation Considerations for Reliable Measurement

To ensure that the calculated $1$ and $Vo$ remain stable and accurate in an
industrial environment, several installation factors must be addressed:

Cabling and Shielding: Use twisted-pair shielded cables to protect the 4-20mA
signal from electromagnetic interference (EMI). The shield should be grounded at
only one end (usually the control room side) to prevent ground loops.

Power Supply Stability: Fluctuations in the power supply can introduce noise into
the measurement. For high-precision radar applications, a dedicated, regulated
power supply is recommended.

Environmental Protection: Ensure the transmitter housing (IP65, IP67, or IP68) is
appropriate for the environment. In chemical applications, the wetted parts must
be compatible with the process fluid (e.g., PTFE for corrosive acids).

Mounting Position: For non-contact sensors like radar and ultrasonic, avoid
mounting the sensor too close to the tank wall or directly above a filling inlet, as
this can cause false reflections and erratic $1$ values.

| Limitations and Challenges

While circuit analysis provides a mathematical foundation, real-world conditions
introduce complexities that "Fig. 2.100" might not cover:

1. Signal Damping: In turbulent liquids, the current output ($1$) may fluctuate
rapidly. Most Welk transmitters allow for adjustable damping to smooth the signal.

2. Dielectric Constant: Radar measurement accuracy is influenced by the dielectric
constant of the material. Materials with low dielectrics (like certain oils) reflect less
energy, requiring more sensitive radar units.
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3. Temperature Effects: Hydrostatic pressure is sensitive to density changes
caused by temperature fluctuations. Advanced transmitters include temperature
compensation to maintain accuracy.

|Frequent|y Asked Questions (FAQs)

| How do I troubleshoot a 4-20mA loop where | = OmA?

A current of OmA usually indicates an open circuit. Check for broken wires, loose
terminal connections, or a failed power supply. If the circuit is intact, the
transmitter itself may have failed.

What is the difference between 2-wire and 4-wire
transmitters?

In a 2-wire transmitter, the power and the signal share the same two wires (the
loop current powers the device). In a 4-wire transmitter, two wires provide power
(often 110V/220V AC or 24V DC) and two separate wires carry the 4-20mA signal.
4-wire systems are common for power-intensive devices like certain radar models.

Can | use a multimeter to find | and Vo in a live
circuit?

Yes. To find $I$, you must place the multimeter in series with the loop (in DC mA

mode). To find $Vo$, place the multimeter in parallel across the load resistor (in
DC Volts mode). Ensure your meter is rated for the circuit's voltage and current.

| Why is my Vo reading higher than expected?

This is often caused by high resistance in the loop or a ground loop issue. Verify
that the load resistor is the correct value (e.g., 250 ohms) and that the system is
grounded according to the manufacturer's specifications.
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| Conclusion

Whether you are solving a theoretical problem to find i and vo in the circuit of fig.
2.100 or commissioning a high-precision radar level meter in a refinery, the
underlying electrical principles remain the same. By understanding the relationship
between voltage, current, and resistance, and by selecting the appropriate level
measurement technology from a reliable manufacturer like Welk, engineers can
ensure accurate, cost-effective, and safe process control. For detailed
specifications and to explore our full range of measurement solutions, please visit
our Main Page.
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