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Introduction
Understanding the relationship between load cell sensitivity, excitation voltage, and signal
amplification is crucial in designing accurate and reliable measurement systems. When
working with a load cell rated at 100 kN (kilonewtons) and specified with a sensitivity of
3.43 mV/V, engineers often need to determine the appropriate excitation voltage to
produce a measurable output signal, especially when subsequent amplification is involved.
This article explores the fundamental concepts behind load cell operation, the significance
of sensitivity, and the calculations necessary to determine the excitation voltage for a given
amplification requirement.

---

Fundamentals of Load Cells

What Is a Load Cell?
A load cell is a transducer that converts mechanical force or load into an electrical signal.
They are widely used in weighing systems, force measurement, and industrial automation.
Load cells operate based on various sensing principles; strain gauge load cells are among
the most common, utilizing strain gauges bonded to an elastic element.

How Does a Strain Gauge Load Cell Work?
- Strain gauges are resistive elements that change resistance when deformed.
- When a load is applied, the elastic element within the load cell deforms, causing the strain
gauges to stretch or compress.
- This deformation alters the resistance of the gauges, resulting in a change in the output
voltage when excited with a voltage supply.



Output Signal Characteristics
- The electrical output of a load cell is typically very small, often in the millivolt range.
- To produce a usable signal, the load cell is powered with an excitation voltage, and the
resulting output is proportional to the applied load and the sensitivity of the cell.

---

Understanding Sensitivity and Its Role

Definition of Load Cell Sensitivity
Sensitivity, expressed in millivolts per volt (mV/V), indicates how much output voltage the
load cell produces per volt of excitation at a specified load. It is a measure of the load cell's
responsiveness.

Implication of the Given Sensitivity
- In our case, the load cell has a sensitivity of 3.43 mV/V.
- This means that when the load cell is subjected to its rated load (100 kN), it produces an
output of 3.43 mV for every 1 V of excitation voltage applied.

Rated Load and Maximum Output
- The rated load of 100 kN is the maximum load the load cell is designed to measure
accurately.
- The maximum output voltage at full load can be calculated once the excitation voltage is
known.

---

Calculating the Required Excitation Voltage

Basic Relationship Between Load, Sensitivity, and
Output Voltage
The output voltage (\( V_{out} \)) at a given load can be expressed as:
\[
V_{out} = \text{Load} \times \text{Sensitivity} \times \text{Excitation Voltage}
\]

However, since the sensitivity is given in mV/V at full load, the maximum output voltage at
rated load is:



\[
V_{max} = \text{Sensitivity} \times \text{Excitation Voltage}
\]

Applying the full load (100 kN), the expected maximum output voltage at the rated load is:
\[
V_{full\_load} = 3.43\ \text{mV/V} \times V_{exc}
\]

The goal is to determine \( V_{exc} \) such that the output signal, after amplification, is
within a measurable and optimal range.

Determining the Excitation Voltage Based on
Amplification Needs
Suppose the measurement system requires the maximum load signal to be amplified to a
certain voltage level (\( V_{amp} \)). For example, if the amplifier is designed to produce a
10 V output at maximum load, then the load cell's raw output must be scaled accordingly.

The steps are:
1. Determine the raw maximum output voltage at full load:
\[
V_{raw} = 3.43 \text{ mV/V} \times V_{exc}
\]
2. Decide on the amplification factor (\( AF \)) needed:
\[
AF = \frac{V_{amp}}{V_{raw}}
\]
3. Rearranged, the excitation voltage needed is:
\[
V_{exc} = \frac{V_{amp}}{AF \times 3.43 \text{ mV/V}}
\]

---

Practical Example Calculation

Assumptions:
- We want the final amplified signal to be 10 V at full load.
- The amplification factor is determined by the system, but for simplicity, assume we want
to amplify the raw load cell output to 10 V.



Calculating Excitation Voltage:
- First, choose an excitation voltage (\( V_{exc} \)) to produce a manageable maximum
output voltage.

Suppose:
- Desired maximum output after amplification: \( V_{amp} = 10\ V \)
- Amplification factor: \( AF \) (depends on the amplifier settings)

If the amplifier is set to amplify the signal directly without additional gain, then:
\[
V_{raw} = V_{amp} = 10\ V
\]
But the raw signal is:
\[
V_{raw} = 3.43 \text{ mV/V} \times V_{exc}
\]
Expressed in volts:
\[
V_{raw} = 0.00343 \times V_{exc}
\]
Rearranged to find \( V_{exc} \):
\[
V_{exc} = \frac{V_{raw}}{0.00343}
\]
Plugging in \( V_{raw} = 10\ V \):
\[
V_{exc} = \frac{10}{0.00343} \approx 2918.07\ V
\]

This indicates that to produce a 10 V raw signal at full load without amplification, an
excitation voltage of approximately 2918 V would be required — which is impractical in
most systems.

Realistic Approach with Amplification
- Instead of relying solely on high excitation voltage, use amplification.
- For example, if the system amplifies the load cell output by 1000 times, then:
\[
V_{raw} = \frac{V_{amp}}{AF} = \frac{10}{1000} = 0.01\ V = 10\ mV
\]
- Now, calculating excitation voltage:
\[
V_{exc} = \frac{0.01}{0.00343} \approx 2.92\ V
\]
- This is a realistic excitation voltage, commonly used in load cell systems (typically
between 5 V and 15 V).

---



Additional Considerations

Choosing the Excitation Voltage
- Many load cells operate at standard excitation voltages of 5 V or 10 V.
- Using higher excitation voltages can increase the output signal, but also increases power
consumption and heat.
- Excessively high excitation voltages risk damaging the load cell or causing measurement
errors.

Amplifier and Signal Conditioning
- Amplifiers should have low noise and high stability.
- Signal filtering and shielding are essential to prevent noise interference.
- Calibration is necessary to ensure the scaled output accurately reflects the applied load.

Safety and Practical Limits
- Always adhere to manufacturer specifications regarding maximum excitation voltage.
- Use proper power supplies and protective circuitry.
- Ensure the measurement system is designed to handle the amplified signals safely.

---

Summary
Calculating the required excitation voltage for a load cell involves understanding the
sensitivity, the desired output signal, and the amplification factor. For a 100 kN load cell
with a sensitivity of 3.43 mV/V:

- If aiming for a certain amplified output, determine the raw signal needed.
- Use the relationship \( V_{raw} = \text{Sensitivity} \times V_{exc} \) to find the
excitation voltage.
- Practical systems typically operate at excitation voltages between 5 V and 15 V, with
amplification used to scale the raw signal to measurable levels.

By balancing excitation voltage, amplification, and signal conditioning, engineers can
ensure accurate, reliable force measurements suitable for various industrial and laboratory
applications. Proper understanding and application of these principles are essential for
effective load cell system design and implementation.

---

Note: Always consult the load cell's datasheet and manufacturer guidelines when designing
measurement systems to ensure compatibility and safety.



Frequently Asked Questions

What is the primary purpose of an excitation voltage in
a load cell system?
The excitation voltage powers the load cell's strain gauges, enabling the sensor to produce
a measurable millivolt output proportional to the applied load.

Given a load cell with a sensitivity of 3.43 mV/V and a
load of 100 kN, how do you calculate the required
excitation voltage?
The required excitation voltage is determined based on the load cell's sensitivity and the
load. Typically, the output at full load is calculated, and the excitation voltage is adjusted to
produce this output within the measurement range.

What is the significance of the load cell's sensitivity
value (3.43 mV/V) in selecting the excitation voltage?
The sensitivity indicates the millivolt output per volt of excitation at full load. It helps
determine the excitation voltage needed to produce a desired output signal for a given
load.

If the load cell's rated load is 100 kN, how do you
convert this into a usable voltage signal when
amplifying?
You multiply the load by the sensitivity (in mV/V) to find the output voltage at full load, then
select an excitation voltage that results in this maximum output suitable for amplification.

What factors influence the choice of excitation voltage
for a load cell in a measurement system?
Factors include the load cell's sensitivity, maximum output voltage, power supply
limitations, noise considerations, and the desired resolution of the measurement.

How does amplifying the load cell signal impact the
selection of excitation voltage?
Amplification increases the signal strength, allowing for more precise measurements. The
excitation voltage must be chosen to produce a sufficient baseline output without
exceeding the load cell's specifications or causing saturation.



What is the typical calculation process to determine the
excitation voltage for a load cell given its sensitivity
and maximum load?
Calculate the maximum output voltage at full load by multiplying load (in N) by the
sensitivity (mV/V), then divide this by the desired output range to find the appropriate
excitation voltage that produces that maximum output.

Additional Resources
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In the realm of industrial instrumentation and precise force measurement, load cells serve
as the backbone of countless applications—ranging from structural testing to industrial
weighing systems. Among these, the 100 kN load cell stands out for its capacity to measure
substantial forces with high accuracy. A critical parameter in its operation is sensitivity,
which directly influences how the raw signal is interpreted and processed. This article
explores the intricacies of load cell sensitivity, the role of excitation voltage, and how
engineers determine the optimal excitation voltage when signal amplification is involved,
all through a detailed, reader-friendly lens.

---

Understanding Load Cell Sensitivity and Its Significance

What Is Load Cell Sensitivity?

Load cell sensitivity is a measure of how much electrical output (usually in millivolts) is
generated per unit of excitation voltage when a known load is applied. It effectively
indicates the efficiency of the load cell in converting mechanical force into an electrical
signal.

In our scenario, the load cell has a sensitivity of 3.43 mV/V. This means that for every volt
of excitation applied, the load cell produces 3.43 millivolts of output when subjected to its
rated load.

Why Is Sensitivity Important?

Sensitivity impacts several aspects of measurement systems:

- Signal Level: Higher sensitivity results in larger output signals, which are easier to read
accurately.
- Amplification: Knowing the sensitivity helps determine the necessary amplification to
bring the signal within the optimal range of data acquisition systems.
- Accuracy and Resolution: Adequate signal levels reduce the risk of noise interference and
improve measurement resolution.
- Calibration: Sensitivity values are fundamental to calibrating load cells and ensuring
measurement traceability.



---

The Relationship Between Load Cell Output, Excitation Voltage, and Amplification

Basic Operation of a Strain Gauge Load Cell

Most load cells operate based on strain gauges arranged in a Wheatstone bridge
configuration. When a load is applied, the strain gauges deform, changing their electrical
resistance. This resistance change unbalances the Wheatstone bridge, producing a small
voltage proportional to the load.

The fundamental relationship can be expressed as:

V₀ = Sensitivity × Excitation Voltage × Applied Load / Rated Load

However, since the sensitivity is often specified per volt of excitation at the rated load, the
typical output voltage for a given load is:

V_out = Sensitivity × Excitation Voltage (V)

This is under the assumption of the rated load and that the load cell's output is linear within
its measurement range.

Amplification of the Load Cell Signal

In practical applications, the raw signal (in millivolts) from the load cell is often too small for
direct input into data acquisition systems, which may have input ranges of volts. Hence,
amplification is necessary. The goal is to:

- Increase the signal to a suitable level.
- Maintain signal integrity and avoid saturation or noise amplification.

Suppose an amplifier provides a gain (G). The amplified output voltage (V_a) is:

V_a = G × V_out

To determine the appropriate excitation voltage, engineers need to consider:

- The desired amplified signal level.
- The maximum allowable input range of the measurement system.
- The load cell's sensitivity and the applied load.

---

Determining the Excitation Voltage for a 100 kN Load Cell with Amplification

Given Data Recap:
- Load capacity: 100 kN
- Sensitivity: 3.43 mV/V
- The load applied: (assumed to be the rated load of 100 kN)
- The goal: Find the excitation voltage (V_ex) needed if the signal is to be amplified to a



specific level.

Step 1: Establish the Load and Sensitivity Relationship

Assuming the load applied equals the rated load (100 kN), the load cell's output voltage at
this load (before amplification):

V_out = Sensitivity × V_ex

Where:
- Sensitivity = 3.43 mV/V
- V_ex = excitation voltage (unknown, to be determined)

Therefore:

V_out = 3.43 mV/V × V_ex

---

Step 2: Decide on the Amplified Signal Level

Suppose the measurement system requires a signal of approximately 1 V for optimal
resolution after amplification.

If the system has an amplifier gain of G, then:

V_a = G × V_out

Given:
- Desired V_a: 1 V
- Amplifier gain G: (chosen based on system design; for example, G = 100)

Rearranged:

V_out = V_a / G

Plugging in:

V_out = 1 V / 100 = 0.01 V = 10 mV

This indicates the load cell's raw output at the rated load should be 10 mV pre-
amplification.

---

Step 3: Calculate the Required Excitation Voltage

From earlier:

V_out = 3.43 mV/V × V_ex



To achieve V_out = 10 mV:

10 mV = 3.43 mV/V × V_ex

Solving for V_ex:

V_ex = 10 mV / 3.43 mV/V ≈ 2.915 V

---

Practical Considerations and Safety Margins

While the calculation suggests an excitation voltage of approximately 2.92 V, in practice,
engineers will consider several factors:

- Linearity and Stability: Higher excitation voltages can improve signal-to-noise ratio but
may also introduce non-linearities or damage.
- Manufacturer Specifications: Many load cells are rated for a maximum excitation voltage
(often 10 V or 15 V). Operating within these limits preserves load cell integrity.
- Power Supply Tolerance: Using a stable and low-noise power supply is crucial for
consistent measurements.
- Environmental Conditions: Temperature, humidity, and mechanical vibrations can affect
the load cell's response.

Given these factors, a common practice is to select an excitation voltage well within the
maximum rated value—say, around 5 V—to balance safety, accuracy, and stability.

---

Summary of Key Points

- Load cell sensitivity (3.43 mV/V) indicates how much millivolt output is generated per volt
of excitation at rated load.
- To amplify the load cell's output to a usable level (e.g., 1 V), appropriate amplification
(gain) must be considered.
- Based on the calculated requirement, an excitation voltage of approximately 2.92 V
ensures the raw signal before amplification is suitable.
- Practical applications often choose excitation voltages like 5 V or 10 V, depending on load
cell specifications and measurement system requirements.
- Proper calibration, stable power supplies, and safe operating limits are essential for
accurate and reliable force measurement.

---

Final Thoughts

Understanding the relationship between load cell sensitivity, excitation voltage, and signal
amplification is fundamental for engineers and technicians working in force measurement
systems. Proper calculation and careful selection of excitation voltage ensure accurate
readings, system safety, and longevity of the load cell. As technology advances, digital
signal processing and intelligent amplifiers further enhance the precision and ease of



measurement, but the core principles remain rooted in these fundamental relationships.

By mastering these concepts, professionals can design more reliable, sensitive, and
efficient measurement systems capable of supporting the demanding needs of modern
industry.
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